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IMPROVEMENT OF THE DESIGN
OF TURBOMACHINES

Abstract. The purpose of the research is: the study of hydraulic losses in pumping units during pumping and transportation of liquids, development of
constructive and technological solutions to improve the energy efficiency of centrifugal pumps. The study used theoretical and experimental analyzes of hydraulic
losses during the transportation of liquids. Centrifugal pumps operating with incompressible fluid flows are a type of hydraulic turbomachines. Increasing the
efficiency of centrifugal pumps is one of the goals that are solved in this article by coaxial arrangement of the impellers in the flow part of the pump. Based on
the results of calculations and experimental studies to substantiate the proposed design and technical solutions, establish rational operating modes and determine
hydraulic losses with coaxial impellers, it has been established that, compared with existing schemes for the axial arrangement of impellers, the energy efficiency
of centrifugal pumps increases by 23%, pressure-flow characteristics increase.
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TypOoomamuHaIapAbIH KbI3METiH KeTiaaipy

AmnpaTna. 3epTTey/IiH MaKcaThl: CYHBIKTBIKTAp/IbI aii/iay jKOHE TachIMalliay Ke3iHAeTi COPFbI KOHBIPFbUTAPIHIAFbI THPABIHKAIBIK BICHIPANITAP/IBI 3€PTTEY, OPTa-
JIaH TETKIill COPFBIIAP/IBIH SHEPTHsI THIMIUIITH apTThIpy OOMBIHIIA KOHCTPYKTHBTI JKOHE TEXHOJIOTHSUIBIK HICIIIM/Iep i 93ipiey. 3epTTey OapbIChIHa CYHBIKTBIKTAP bl
TachIMaJIIay Ke3iHJeri THApaBIUKaIIbIK BICHIPANITAP/IbIH TEOPUSIIBIK )KOHE TOKIPHOEIIK Taaayiapbl KOiaaHbuLibl. ChIFbIMANTBIH CYMBIKTBIK aFbIHAAPBIMEH )KYMBIC
iCTEWTIH OpTafiaH TENKilll COPFbIIAP TMAPABIMKAIBIK TypOOoMarmHanapabiH Oip Typi 6osbin Tadbbutaabl. OprasaH TENKill COPFhUIAPABIH THIMIUIITIH apTThIPy OCHI
MaKajaga COPANTBIH AFBIH/BIK OOJIriHAeri JAOHreIeKTep/l KOAKCHaAbl OPHATIACTBIPY ApKbUIbI MICHIICTIH MakKcaTTapAblH Oipi Oomibin TaGbutagbl. ¥ CHIHBUIFAH
JKOOAIIBIK-TEXHUKAJIBIK, MICIIIMAEP/l Heri3aey, YThIMIbI )KYMBIC PEXKUMJICPIH OPHATY JKOHE )KYMBIC JOHFAIAKTapBIHBIH KOAKCHAJ/Ibl OPHAIACYBIMEH T'HAPABINKAIIBIK
BICBIpANTap/ibl AHBIKTAY YIIIH JKYPTi3UIreH ecenreysiep MeH TOKIpHOerik 3epTTeyliep/IiH HOTHKeaepi OOMbIHIIA JKYMBIC JOHFATAKTAPBIHBIH OCHTIK OPHAIACYbIHBIH
Oerii cxemMaapbIMEH CallbICTBIPFAaH/1a, OPTAIBIKTAH TEHKIIl COPFUIAP/IBIH YHEPTUs THIMALNIrT 23%-Fa apTa/ibl, aJl KbICKIM — aFbIH/IBIK CUIIATTaMajIaphbl apTajibl.

Tyiiinodi co3zdep: cuopompancnopmmeix xcyiienep, OpmanblKman menkiu copan, 2UOPAIUKANbIK bICIPANMAap, KYpolibiMObIK-MeXHOA0SUAIbIK CXeMA, HCYMbIC
OOH2ANAKMAPBIHBIH KOAKCUATIObL OPHALACYbL, KbLCIM-A2bIHbIHbIY CUNAMMAMACHL.

CoBeplIeHCTBOBAHUE KOHCTPYKIMH TYPOOMAIIIMH

AnHoTauus. L{enpro MCCIeI0BaHUil SIBISIFOTCSL: UCCICIOBAHNE THAPABINYCCKUX MMOTEPh B HACOCHBIX YCTAHOBKAX MPU OTKAYKE M TPAHCIIOPTUPOBAHUU HKUJI-
KOCTEii; pa3paboTKka KOHCTPYKTHBHO-TEXHOJIOTHIECKUX PELICHHUH 10 MOBBIMICHUIO YHEProd(hHEKTHBHOCTH EHTPOOESIKHBIX HACOCOB. [IpH HCCIIeI0BAHUH HCIIONb-
30BaJIMCh TEOPETUYECKHI M SKCIICPUMEHTAJIBHBII aHAIM3bl THAPABINYECKHAX [OTEPh IPH TPAHCIIOPTUPOBKE KUAKOCTEH. LICHTPOOEKHBIE HACOCHI, Pa0OTAIOIIHE C
HEC)KMMAEMbBIMU ITOTOKAMHU TEKYYEro, sIBJISIIOTCS PA3HOBUIAHOCTHIO IHAPABINYECKUX TypOoMaiuuH. [ToBbimeHne 3()(EKTUBHOCTH LEHTPOOSIKHBIX HACOCOB BXOIUT
B YHCIIO LEJIeH, KOTOPBIC PELIAIOTCS B JAHHOM CTAThe, IIyTEM COOCHOTO PACHOJIOKEHHs pabouMX KOJIEC B IPOTOYHOMN yacTh Hacoca. [1o pesysibratam BBINOIHEH-
HBIX PAaCU€TOB U IKCIICPUMEHTAIBHBIX MCCIICJAOBAHUN 110 00O0CHOBAHHIO MIPEUIOKEHHBIX KOHCTPYKTHBHO-TEXHUYIECKUX PELICHUH, YCTAaHOBICHUIO PAIIHOHAIBHBIX
PEKMMOB PAabOTHI U ONPEICICHHUIO IMAPABIMYECKHX TOTEPh IIPH COOCHOM PACIIOJIOKEHHU PAOOYHMX KOJIEC YCTAHOBJICHO, YTO 110 CPABHEHHIO C CYIIECTBYIOIMMHI
CXEeMaMM OCEBOT'0 PAacOIOKEHUs pabounx Kosec YHeprodhGHeKTUBHOCTL PabOTHI LIEHTPOOSIKHBIX HACOCOB yBeIHUUBAeTCsl Ha 23%, HATOPHO-PACXOJHbBIC XapaK-
TEPUCTHKH BO3PACTAIOT.

Knroueesvie cnosa: myp60MamuHa, Moz)ud)ukauuﬂ, ueHmpoﬁlecnan Hacoc, npomovHas 4acmo, zu()pa(;fm'-tecrcue nomepu, KOHCMpYKMUBHO-MEXHOJIocU4ecKas

cxema, COOCHoOe pacnoJiodicenue pa6otmx Kognec, Hlll’lOpHO—plleOaHaﬂ xXapakmepucmuxa.

Introduction

A promising direction in the modernization of pump
designs is to improve the geometry of the impeller, since
both the efficiency of the pump and the hydrodynamic loads
on the rotor of the hydraulic machine depend on the nature
of the fluid flow in the flow path of the impeller of the pump.

Pumping units are part of the majority of transport and
technological systems of the mining, metallurgical and oil
refining industries. According to expert estimates, 20-25%
of the world's electricity consumption is accounted for by
pumping equipment, and in some industries this figure
can reach 50%. The level of development of industries
currently requires constant modernization of pumping
equipment: improving its design and manufacturing
technology, as well as improving energy efficiency and
global competitiveness. In this regard, the problem of
improving the energy efficiency of pumps should be
considered not just as a priority, but as a national one.

In the transportation of energy carriers and various
working media, centrifugal pumps are widely used, which in
this article are considered as an object of research and design.

A promising direction in the modernization of pump
designs is to improve the geometry of the impeller, since
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both the efficiency of the pump (its energy efficiency)
and the hydrodynamic loads on the rotor of the hydraulic
machine (the service life of the pump) depend on the nature
of the fluid flow in the flow path of the pump impeller.

The wear of the impellers, in turn, causes significant
vibration stresses transmitted to the support units of the
pumping unit — bearings, the service life of which is sharply
reduced and leads to a decrease in efficiency [1].

The existence of these shortcomings is largely due to
the design of the installations, namely the presence of
elements with high values of hydraulic losses.

Increasing the efficiency of the use of renewable energy
sources and the use of existing potential are among the goals
that are being addressed in the field of sustainable development.
In the case study in Iran, dual regulation is the most efficient
scheme with an efficiency of 0.4037, but the mechanical
scheme has the greatest potential with 0.4230. The results
showed that, compared to using average head and head values
for pump selection, optimization can improve efficiency by up
to 20%. but the mechanical design had the most potential with
0.4230. The results showed that, compared to using average
head and head values for pump selection, optimization can
increase efficiency by up to 20% [2].
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Research methods Muttiplier
Methods for optimizing the flow parts of centrifugal pumps
can be classified according to various criteria. First of all,
they can be divided on the basis of human involvement in the
process of evaluating the results of calculations and choosing
the direction of the next optimization step, i.e. to intuitive  pive shafe
methods and methods using formal mathematical algorithms.
Comprehensive optimization of the flow part of pumps
makes it possible to take into account the mutual influence
of individual elements of the flow part on each other. This
is especially important when evaluating non-stationary
effects, for example, vibroacoustic properties. However,
complex optimization requires large material resources'.
One of the promising directions in the study of pump
operation can be attributed to the work devoted to modeling
non-stationary flows in centrifugal pumps' [3], which
provides a formalized approach to optimizing centrifugal
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Figure 1. Centrifugal turbomachine with coaxial
impellers.
Cyper 1. Koakcuajabl 16HrejaeKkTepi 6ap
HeHTpudyrajipik TypooMalinHa.
Puc. 1. [lenTpo6exHasi TypOOMAaIIMHA
€ KOAKCHAJIbHBIM PacloJIo:KeHHeM Padounx KoJec.

pumps, taking into account the turbulence of the fluid flow To achieve the set goals, it was necessary to solve
caused by the rotation of the impellers in a fixed casing. the following tasks:

The study used theoretical and experimental analyzes = study of the process of energy exchange in the
of hydraulic losses during the transportation of liquids. interblade space of centrifugal superchargers, taking

a)

a — appearance of the experimental setup;

b — structural elements of impellers of a centrifugal pump with a coaxial arrangement of impellers;

¢ — arrangement of impellers in the pump housing;

1 — centrifugal pump 1XM-2-2V; 2 — flow meter; 3 — control valve; 4 — flow meter; 5 — storage tank;
6 — waiting for wheel rotation; 7 — outer wolf wheel

Figure 2. Appearance of the experimental setup and structural elements of a centrifugal pump with a coaxial
arrangement of impellers.
Cyper 2. JloHrejeKTepiHiH KOaKCHAIAbI OPHAJIACYBI 0ap OPTAJBIKTAaH TENKIll COPFLIHBIH TIKipHOeTiK
KOH/BIPFBICHIHBIH 7K9HE KYPBLIBIMABIK 3J1eMeHTTePiHiH CHIPTKbI TYPi.
Puc. 2. BHemHuii BUJ 3KCIIEPUMEHTAJILHOH YCTAHOBKH M 3JIEMEHTHI KOHCTPYKIMH LEHTPOOEKHOI0 HAacoca
€ COOCHBIM PAacCIoJI0KeHHeM padoyuX KoJiec.

Lomakin V.O. Development of a method for optimal design of the diverter of an oil main pump. / Abstract of the dissertation. — St. Petersburg State
Polytechnic University, 2012. — 21 p. (in Russian)
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into account known mathematical models and theories
describing the movement of a fluid flow;

= analysis of existing criteria for selecting the
geometric parameters of centrifugal superchargers;

= development of a methodology for determining
rational operating modes and design geometric parameters
of centrifugal superchargers with coaxial arrangement
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Initial impeller d=128 mm:

Turned impeller d=107 mm:

— — — Coaxially mounted outer impeller with blade angle < 90°;

— — — Braked coaxially mounted outer impeller with blade inclination < 90°;

The outer impeller is installed coaxially with a blahe inclination angle ~90°:

Braked coaxially mounted outer impeller with blade angle > 90°;

Figure 3. Pressure-flow H = f,(Q) and power N = f,(0)
characteristics of a centrifugal pump with coaxial
impellers.

Cypert 3. Koakcuajabl JOHFaJaKTapbl 0ap opraaaH
TeNKilll COPANThIH KbIChIM arblHbl H = fI(Q) JKOHEe KyaT
N = f,(Q) cunarTamaJapsbl.

Puc. 3. Hanopno-pacxoaunie H = f,(Q) n MOIIHOCTHbIE
N = f(Q) XapaKTepUCTHKH LHEHTPOOEKHOr0 HACOCA
€ COOCHBIM PAacIoJI0KeHHeM padovyuxX KoJiec.

Standard design

Design with coaxial impellers

b

1 — internal impeller; 2 — external impeller; 3 — standard impeller;

0 — radial clearance; b — wheel width;
d,, d,— outer diameters of inner and outer impellers

Figure 4. Centrifugal pump.
Cypet 4. OpTagaH Tenkim copari.
Puc. 4. llenTpoOexHbIi HACOC.

of impellers, taking into account the specifics of their
operation in mining conditions [4].

Theoretical and experimental studies

The improvement of modern designs of axial centrifugal
turbomachines follows the path of further increasing
the power density while simultaneously tightening the
requirements for energy efficiency, reliability and service
life. Along with the search for ways to improve the forms
of execution of these machines, the search for methods for
their calculation does not stop, first of all, the calculation
of characteristics that express the patterns of change
in parameters from the design and mode of operation.
However, the analysis of the operation of existing designs
of turbomachines still reveals shortcomings, the presence
of which is unacceptable in modern production conditions.
These shortcomings are expressed in the form of a narrow
range of effective operation, reduced energy efficiency in
off-design modes and low hydraulic efficiency?.

The existence of these shortcomings is largely due
to the design of turbomachines, namely the presence
of elements with high values of hydraulic losses. Such
elements include transfer channels of multistage designs
of centrifugal turbomachines. The share of hydraulic
losses in these elements is about 50% [5].

Improvement of the characteristics of known designs of
multistage centrifugal turbomachines by existing methods
is possible only in a small range. The expansion of the
range of effective operation of turbomachines becomes
possible as a result of the development of an alternative
scheme for the movement of a flow flowing from stage to
stage without the use of transfer channel systems [5].

One of the most rational solutions as this alternative
could be a centrifugal turbomachine with a coaxial
arrangement of impellers.

A centrifugal turbomachine with a coaxial arrangement
of impellers means such a design in which one impeller is
coaxially located inside the other (Figure 1).

Losses in the flow path of a centrifugal pump with
coaxial impellers can be divided into four categories:
volumetric, disc friction, hydraulic and hydraulic braking
losses. In the design (rational) mode, there are usually
no losses of hydraulic braking, and the total efficiency
can be determined based on the ratio:

n=mn,xn,x*nd (D)
where , = (H )/H, — hydraulic efficiency (H — the obtained value of the
head; H, — theoretical pressure);

n, = Q/(0+q,) — volumetric efficiency (¢, — leakage through the front
seal of the impeller; O — is the flow rate of the fluid);

n,= 1 —N,/N—mechanical efficiency (N, — total power losses due to
disk friction; N — is the power consumption).

Based on the design features of the coaxial arrangement
of the impellers (Fig. 5), namely, the identity of the total
dimensions of the coaxially located impellers to the
dimensions of the impeller of a standard design, the values
of volumetric and mechanical efficiency will remain
unchanged. Only hydraulic efficiency and corresponding
hydraulic losses are subject to consideration [6].

’Lomakin V.O. Development of an integrated method for calculating the flow parts of centrifugal pumps with parameter optimization. // Abstract of the
Dissertation of the Doctor of Technical Sciences. — Moscow, 2018. — 32 p. (in Russian)
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Hydraulic losses in the flow path of a centrifugal pump
can be represented as:

Zh=h+h+h, =(ExV20)+(EXW228)+E, < Uz/22),(2)

where h, h, h p — ATC losses in the inlet, impeller and outlet;

V,» W,,, U,, — characteristic speeds in the elements of the flow part

of the centrifugal supercharger;

& & fm,, — coefficient of local hydraulic losses in the inlet,
impeller and outlet;

g — is the free fall acceleration.

Due to the fact that the absolute speed of the fluid flow
entering the impeller blades is approximately equal to
the relative speed of the fluid flow, when calculating the
hydraulic losses in the flow path of a centrifugal pump,
the losses in this element can be neglected.

The increment of energy (energy exchange) of a
moving flow flowing on coaxially located impellers
becomes possible due to a change in the circumferential
components of the absolute inlet and outlet velocities,
i.e. when twisting or untwisting the flow passing through
it by the impeller. The value of energy exchange between

the blades of the turbomachine and the fluid flow in this
case is expressed by the value of the theoretical pressure
(pressure). The value of the latter is found from the well-
known Euler equation:

H=1/gu,c, +u,c, ),

where u U, —are the circumferential speed at the inlet and outlet;
¢,, ¢, — are the tangential components of the absolute velocity
at the inlet and outlet.

The components of this equation, in turn, are
determined by the geometric dimensions of the impellers
(diameter, width, outlet angle of inclination of the
blades) and operating parameters (direction and speed of
rotation of the impellers) [6].

According to equation (3), a change in the values of
one of the parameters leads to a proportional change in
the value of the developed pressure (head).

At the first stage of research, the influence of regime
parameters (the direction of rotation of the impellers and the
value of their circumferential rotation speeds) was considered.

3
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Figure 5. Dependences of energy losses in the impeller, depending on the relative flow velocity of the outer stage.
Cypert 5. ChIPTKBI CATBIHBIH CAJBICTHIPMAJIbI AFIHBIHBIH KbLIAAMAbIFbIHA 0AHJIAHBICTBI 2KYMbIC JOHIeJIerinaeri
JHEPIHsl WbIFLIHBIHBIH TOyeJAiIiKTepi.

Puc. 5. 3aBucumMocTH noTepsb JHEPruy B padodeM KoJiece B 3aBUCHMOCTH OT OTHOCHTEILHON CKOPOCTH
JBHKEHHSI IOTOKA HAPY KHOM CTylEeHH.
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Figure 6. Dependences of losses on the transition of the fluid from stage to stage, depending on the relative flow
velocity of the outer stage.
CypeTt 6. ChIPTKBI CATBIHBIH CAJIBICTBIPMAJIbI AFbIHBIHBIH KbLIAAMABIFBIHA 0AHJIAHBICTHI CYHBIKTBIKTHIH
CATBIIAH CATBIFA OTYiHEe bICHIPANTAPABIH TIYyeJIALIiKTepi.
Puc. 6. 3aBucuMoOCTH IIOTEPh OT MEePexXoa TeKy4ero oT BHyTPEeHHeH K BHEIIHel CTyleHH
B 3aBHCHMOCTH OT OTHOCHTE/IbHOI CKOPOCTH JABHKCHUS NMOTOKA HAPY’KHOMH CTYIIEHH.
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During the study, 2 options for the operation of the
installation were analyzed:

= rotation of wheels in one direction;

= rotation of the wheels in the opposite (opposite)
direction.

In order to confirm the results of theoretical studies,
laboratory experiments were carried out.

The equipment for experimental studies of a two-stage
centrifugal pump with a coaxial (coaxial) arrangement
of impellers, made on the basis of a monoblock pump
1XM-2-2v, is shown in Figure 2.

The discussion of the results

As a result of the experimental studies, it was found
that the change in the head pressure of a centrifugal
pump with coaxial impellers was 28% of the maximum
value (from 1.3 kg/cm? to 1.8 kg/cm?), the change in
the flow rate was 42% (from 2 to 3.5 m®/s ), without
significant changes in the power characteristics, and,
consequently, the power consumption.

Graphic pressure-flow and power characteristics
of a centrifugal pump with a coaxial arrangement of
impellers are shown in Figure 3 [7].

A diagram of the design of the impellers of a two-
stage centrifugal pump and a standard design impeller
are shown in Figure 4 [7].

An increase in the number of steps leads to an increase
in ns, but this method is not optimal in all cases. Due to
the narrowness of the channels in a low-speed pump, the
flow of the working fluid is significantly affected by the
boundary layer, which makes standard calculation methods
incorrect, and also limits the operating range of viscosities
of the fluid pumped by the pump. Thanks to the methods
of hydrodynamic modeling, it is possible to calculate the
parameters of fluid flow in hydraulic machines with great
accuracy. This significantly speeds up the pump design

REFERENCES

procedure and allows you to select the optimal parameters
without a large number of full-scale tests. Low-speed
pumps are used in low-power installations (various
thermal stabilization systems), where the efficiency value
is not a determining parameter [8].

Based on the experimentally established dependences of
hydraulic losses in the structural elements of a centrifugal
pump with coaxially mounted impellers, hydraulic losses
were calculated for the most effective design and operating
parameters in the elements listed below:

Outer impeller:

= energy losses in the impeller depending on the
deceleration (Figure 5a) or acceleration of the fluid flow
(Figure 5b) with a change in the relative velocity at the
inlet to the outer stage of the impeller, show a decrease
in losses during deceleration and an increase in losses
during flow acceleration and have the following form;

= losses from the transition of the fluid flow from the
inner stage of the impeller to the outer one (Figure 6 a, b)
show a decrease in losses with an increase in the relative
flow velocity from the outer to the inner stage, and have
the following form.

Conclusion

The main result of the research performed is reasonable
recommendations for design and technological solutions for
the modernization of the flow path of centrifugal pumps, by
coaxial arrangement of the impellers, providing an increase
in energy efficiency and trouble-free operation of pumping
units. At the same time, it was experimentally established
that in superchargers with a coaxial arrangement of impellers
with the same weight and size dimensions, compared with the
existing axial arrangement of impellers of centrifugal pumps,
hydraulic losses are reduced by 23%, and pressure and flow
characteristics increase: in terms of pressure by 28%, in terms
of flow — up to 42%, the increase in efficiency is 2-3.9%.

1. Shuang J., Fusheng N., Ting L. Research on the multi-loop control system for swing
process of cutter suction dredger. // «ACM International conference proceeding series»:
4th International conference on automation, control and robotics engineering.

— 2019 — Ne43. — P. 1-6 (in English)

2. Kandi A., Moghimi M., Tahani M., Houreh, S.D. Optimization of pump selection
for running as turbine and performance analysis within the regulation schemes.
// Energy. — 2020. — Ne217. — P. 119402 (in English)

3.  Xiao-Qi Jia, Bao-Ling Cui, Zu-Chao Zhu, Yu-Liang Zhang. Experimental investigation
of pressure fluctuations on inner wall of a centrifugal pump. — 2019. — Ne36(4).

— P. 401-410 (in English)

4.  Ukhin B.V. Effect of variation in the diameter of a centrifugal dredge impeller
on its characteristics. // Power technology and engineering. — 2017. — Ne41(1).

— P. 8-13 (in English)

5. Podbolotov S.V., Kolga A.D. Viiyaniye rezhimnykh parametrov na davleniye,
razvivayemoye tsentrobezhnoy turbomashinoy s koaksialnym raspolozheniyem rabochikh
koles [Influence of operating parameters on the pressure developed by a centrifugal
turbomachine with a coaxial arrangement of impellers]. // Vestnik Magnitogorskogo
gosudarstvennogo texnicheskogo universiteta im. G.I. Nosova = Bulletin
of the Magnitogorsk State Technical University named after G.I. Nosov.

—2017. — Nel. — P. 81-85 (in Russian)

T'opnuui sccyprnan Kazaxcmana Ne9’ 2022




[opHbIE MaTIMHBI

Grigoriev S.V., Savin L. A., Shakhbanov R.M. Obosnovanie vozmozhnostej povysheniya
energeticheskih harakteristik centrobezhnyh nasosov [Substantiation of the possibilities
of improving the energy characteristics of centrifugal pumps]. // Izvestiya TulGU =
News of TulSU. — 2015. —Ne7(2). — P. 122-126 (in Russian)

Podbolotov S. V., Kolga A.D. Matematicheskoye i eksperimentalnoye modelirovaniye
rezhimov raboty tsentrobezhnoy turbomashiny s koaksialnym raspolozheniyem
rabochikh koles [Mathematical and experimental modeling of operating modes

of a centrifugal turbomachine with a coaxial arrangement of impellers]. // lzvestiya
Ural'skogo gosudarstvennogo gornogo universiteta = Proceedings of the Ural State
Mining University. — 2018. — Nel. — P. 80-84 (in Russian)

Pestryakov A.N., Kolga A.D., Filatov A.M. Vozmozhnosti ispol’zovaniya gidroklapanov 2/2
[Possibilities of using hydraulic valves 2/2]. // Sbornik trudov XVIII mezhdunarodnoj
nauchno-texnicheskoj konferencii « Chteniya pamyati V.R. Kubachekay, provedennoj

v ramkax Ural'skoj gornopromyshlennoj dekady = Proceedings of the XVIII International
Scientific and Technical Conference «Readings in memory of V.R. Kubacheky, held within
the framework of the Ural Mining Decade. — Yekaterinburg, 2020. — P. 63-66 (in Russian)

TTAUAJIAHBIIIFAH OAEFUETTEP TI3IMI

1.

Shuang J., Fusheng N.,Ting L. Keckiw copeviuumoiy 6Ypaiy npoyecine apHaiean Ken
yuxaoi backapy sicyieci bouvinwa sepmmeyaep // « ACM xanvikapaivlk KOH@epeHYUsICbIHbLY
Mamepuanoap scunagvly: 4-ui Xanvlkapaivlk agmomammanovlpy, 0acKapy Hcame
POOOMOMEXHUKA UHICEHEPUICLL OOUbIHUA KOHpepenyus. — 2019. — Ne43.

—b. 1-6 (azvinwvin mininoe)

Kandi A., Moghimi M., Tahani M., Houreh S.D. Typouna peminde scymoic icmey yulin
COpebIHbL MAHOAYObl OHMAULAHOBIPY JHCIHE pemme) CXeManiapsvl ascblH0d OHIMOLNIKMI
manoay. // Onepeus. — 2020. — Ne217. — b. 119402 (azviniwvin mininoe)

Xiao-Qi Jia, Bao-Ling Cui, Zu-Chao Zhu, Yu-Liang Zhang. Opmaoan menkiul coOp2blHblH
[WKi Kabblp2acvblHOA2bl KbICLIMHBLY AVbIMKYbIH IKCnepumenmmix zepmmey. — 2019.
—Ne36(4). — b. 401-410 (azvlrwbin mininoe)

Ukhin B.V. Opmaoan menkiut 3KCKABAMOPObLY HCYMbLC 00H2eNe2iHiy OuamMempin
032epmyo0iy OHbIH CUNAMMAMALAPLIHA dcepi. // Duepeemura JHaHne UHICeHepUus.

—2017. —Ne4l(1). — b. 8-13 (agvinwvin mininoe)

Iloob6onomoe C.B., Koavea A./]. JJonearaxmaposiy KOaKcuaiovl OpHaiacyvl oap
opmanvlKman menkKiu mypooMawuna JHCacagan KblCblMead Pedcum napamempiepiniy acepi.
// T.HU. Hocoe amvinoazet Machumozopck MemaeKkemmiK mexHuKaivlk YVHUgep cumeminiy
xabapwoicol. — 2017. — Nel. — b. 81-85 (opwic mininoe)

I'pucopves C.B., Casun JI.A., lllax6anoe P.M. Opmadan menkiui copauliapovlH
9HepeemuKaIblK CUNAMMAMALAPBIH HCAKCAPMY MYMKIHOIKmepin Hezizoey. // H3secmus
Tyal’'V. — 2015. — Ne7(2). — b. 122-126 (opvic mininoe)

Iloob6onomoes C.B., Koavea A./]. /lonearakmapovlyy KOAKCUALObL OPHALACYbIMEH
opmanvlKman menKiul mypooMauHAHbIY AHCYMbLC PeHCUMOEPIiH
MamemMamuKaivlK-9Kcnepumenmmix mooeavoey. // Opan memiekemmik may-Ken
yuugepcumeminiy eyoexmepi. — 2018. — Nel. — 5. 80-84 (opvic mininoe)

Ilecmparkoe A.H., Konvea A.J]., @Quriamoe A.M. ['uOpasiukaivik K1ananoapovl naoaiamy
mymxinoixkmepi 2/2. // Opan may-ken 6HepKaciOi OHKYHOI2l asiCbiHOA OMKEH

«B.P. Kybauexmi ecke any oxyrapwoi»: XVIII Xanvikapanvlk 2blablMu-mexHUKALbLEK
KOHpepenyuscoinbly eyoexmep scunagvl. — Examepunoype, 2020. — 5. 63-66 (opvic mininoe)

CIIUCOK UCIHIOJIB3OBAHHbBIX HCTOYHHUKOB

1.

Shuang J., Fusheng N., Ting L. Hccredosanue MHOCOKOHMYPHOU CUCHEeMbl YNPABAECHUS
npoyeccom nogopoma zemiaecocnoco chapaoa. // « Cepus mamepuanios medxiscoyHapooHou
xongepenyuu ACM»y»: 4-1 Mexcoynapoonas KoHpepeHyus no admomamusayui,
ynpasienuto u pooomomexnurke. — 2019. — Ne43. — C. 1-6 (Ha anenutickom s3viKe)
Kandi A., Moghimi M., Tahani M., Houreh S.D. Onmumuszayus evlbopa Hacoca

0151 pabomul 6 Kauecmee mypounvl U AHAIU3 NPOUIBOOUMENbHOCIU 8 CXeMAX
peeynuposanus. // Inepeemura. — 2020. — Ne2l17. — C. 119402 (na anenutickom s3vike)
Xiao-Qi Jia, Bao-Ling Cui, Zu-Chao Zhu and Yu-Liang Zhang. DxcnepumenmaibHoe
uccredoganue nyibcayull 0a8ieHuss Ha 6HYmpeHHel CmerHKe YyeHmpobexicHo20 Hacocd.
—2019. — Ne36(4). — C. 401-410 (ha aneautickom s3vlKe)

Topustit scypnan Kazaxcmana Ne9’ 2022




[opHbIE MaTIHHEI

4.  Ukhin B.V. Barusnue usmenenus ouamempa pabouezo Koieca yeHmpooeincno2o
zemMcHapsaoa Ha e2o xapakmepucmuru // Iuepeemuxa u unscenepus. — 2017.

—Ne4l(l). — C. 8-13 (na anenuiickom s3viKe)

5. Iloobonomos C.B., Konvea A.J]]. Bausnue pedxcumuvlx napamempos Ha 0asieHue,
pazeusaemoe yeHmpooeicHou mypooMauuHol ¢ KOAKCUATbHBIM PACNONONICEHUEM PAbOUUX
konec // Becmnux Maenumo2opckozo cocy0apcmeenno20 mexHuyeckKko2o YHugepcumema
um. I'"¥. Hocosa. — 2017. — Nel. — C. 81-85 (na pycckom sa3vike)

6. Ipuecopwves C.B., Casun JI.A., lllax6anose P.M. Obocnoganue 803M0AICHOCMEU NOBbLULEHUS
OHepeemuuecKkux XxapaKxmepucmurx yeHmpooeicnvlx nacocos. // Useecmusn Tyrl'V.

—2015. —Ne7(2). — C. 122-126 (na pycckom s3viKe)

7. Iloobonomos C.B., Koavea A.J]. Mamemamuueckoe u 3KCnepumMeHmaibHoe
MOOeNUPOBAHUE PEACUMOE PADOMbL YeHMPODEeAHCHOU MYPOOMAUUHBL C KOAKCUATbHBIM
pacnonosicenuem pabouux xouaec. // Uzsecmus Yparvcrkozo cocydapcmeenno2o
eoprnoeo ynugepcumema. — 2018. — Nel. — C. 80-84 (na pyccxkom sa3vike)

8. Ilecmpsakos A.H., Konvea A./]., Qunamos A.M. Bozmosxcnocmu ucnoivb308anus
euopokarananos 2/2. // Coopnux mpyooe XVIII medxncoynapoorot HayyHO-mMexHUYeCKOoU
Konpepenyuu « Ymenus namamu B.P. Kybauexay, nposedennoul 6 pamkax Ypaivcrkou
2OPHONPpOMbBLUAEHHOU deKaovl. — Examepunoype, 2020. — C. 63-66 (na pycckom s3vike)

Information about authors:

Akanova G.K., Master of Economics and Business, Doctoral Student at the Department «Technological Machines and
Transport» of the Institute of Energy and Mechanical Engineering of the Satbayev University (Almaty, Kazakhstan),
g.akanova@satbayev.university; https://orcid.org/0000-0002-7182-0386

Stolpovskikh I.N., Doctors of Technical Sciences, Professor at the Department «Technological Machines and
Transport» of the Institute of Energy and Mechanical Engineering of the Satbayev University (Almaty, Kazakhstan),
stolpovskih_i@mail.ru, https://orcid.org/0000-0003-2893-5070

Kolga A.D., Doctors of Technical Sciences, Professor at the Department «Mechanics and Repair of Machines» of the Ural
State Agrarian University (Yekaterinburg, Russia), kad-55@magtu.ru; https://orcid.org/0000-0002-3194-2274
Podbolotov S.V., Candidate of Technical Sciences, Associate Professor at the Department of Mining Machines and
Transport and Technological Complexes of the Magnitogorsk State Technical University named after G.I. Nosov
(Magnitogorsk, Russia), podbolotov_sergey@mail.ru; https://orcid.org/0000-0002-7870-7183

ABTOpJIAp TypaJbl MAJiMeTTep:

Axanosa I'. K., DxoHomuka xxoHe OusHec maructpi, K.M. CorbaeB atbiHnarbl Kazak YITTHIK FRUIBIMU-3EPTTECY TEXHUKAIBIK
yHUBepcUTeTI MeTauryprust )koHe OHEPKSCINTIK NH)KEHEPHUs] MHCTUTYTHIHBIH « T€XHOJIOTHSUIBIK MalIMHAIAP, KOJIIK JKOHE
JIOTUCTHKA» Ka(eapachIHbIH JOKTOPaHThI (AnMaThl K., KazakcTaH)

Cmonnoeckux H.H., texnuka reulbIMIapbiHbIH AokTopbl, K.M. CorbaeB ateiHnarel Kazak YJITTBIK FBUIBIMU-3€PTTEY
TEXHUKAJIBIK YHUBEPCUTETI DHEPreTHKa JKOHE MallWHA jKacay MHCTUTYTHI « TeXHOJIOTHSUIBIK MalllMHAJIAP YKOHE KOJIK»
kadenpacelHbIH podeccopsl (Anmartsel K., Kazakcran)

Konvea A.J]., TexHWKa FBUIBIMAAPBIHBIH JOKTOPHI, mpodeccop, Opan MEMIIEKeTTIK arpapiblK YHHBEPCHTETI
(ExaTepunoOypr K., Peceit)

Iloo6onomos C.B., TexHWKa FHUIBIMIAPBIHGIH KaHauaatel, [.J1. HocoB arbiHaarsl MarHMTOropcKk MEMIIEKETTIK
TEXHUKAJIBIK YHUBEPCUTETIHIH, «Tay-KeH ManInHaIapbl )KOHE KOJIIK-TEXHOJIOTHUIBIK KeIeHAepi» KadeapachbIHbIH JOLEHTI
(MarauToropck K., Peceii)

Cgenenusi 00 aBTOpax:

Axkanosa I'.K., maructp SKOHOMHKH M Ou3Heca, JOKTOpaHT Kadeapbl «TexHOJIOrMYecKre MallMHbl U TPAHCIOPT»
WHctnuryTa sHEpreTuku 1 MammHocTpoeHust Satbayev University (. Anmatsl, Kazaxcran)

Cmonnoeéckux H.H., n-p texH. Hayk, npodeccop kadeapbl «TeXHOJIOrMYECKHE MAIIMHBI M TPAHCIOPT» HWHCTUTYTa
DnepreTuku u MammHocTpoeHus Satbayev University (r. Anmatsl, Kazaxcran)

Konvea A.J1., n-p texH. Hayk, npodeccop kadenpsl «MexaHUKa U PEMOHT MaIIMH» Y PalbCKOTO TOCYAapCTBEHHOIO
arpapHoro yuusepcurera (1. EkarepunOypr, Poccust)

Iloobonomoe C.B., kann. TeXH. HayK, TOIEHT Kadeapsl «[ opHbIe MAITMHBI U TPAHCIIOPTHO-TEXHOJIOTHYECKNE KOMITIIEKCHD)
MarHuToropcKkoro rocy1apcTBEHHOro TexHuieckoro yuupepcurera uM. I'.M. Hocosa (r. Marauroropck, Poccust)

The authors express their gratitude to the colleagues of the Magnitogorsk Technical University. Nosov to Professor, Doctor of
Technical Sciences Pytalev I.A., Head. Department «Mining machines and transport-technological complexes)» Mazhitov A.M., for
assistance in conducting this study in the laboratory of the University of Moscow State Technical University named after G.1. Nosov.

T'opnuui sccyprnan Kazaxcmana Ne9’ 2022




