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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcmar Pecriybriukacbl ¥nmmolk fbinibiM akademusicel "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miq xaHanaHraH Hyckacbl Emerging
Sources Citation Index-me uHOekcmeriyze KabbindaHraHbiH xabapnaldsl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicbl xypHanObl o0aH opi the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke Kabbinday MaceneciH
kapacmeipyda. Webof Science 3epmmeywinep, asmoprap, 6acrnawsbinap MEH MeKeMmesiepae KOHMeHm
mepeHODiei MeH canacbiH ycbiHadbl. KP YFA Xabapnapbl. XuMusi XXeHe mexHosioausi cepusicbl Emerging
Sources Citation Index-ke eryi 6i30iH KoFamdacmbiK yWiH eH 63eKkmi xoHe 6edendi XUuMUsibIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobiFbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo HayuyHbll XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaudy 6bin
npuHam Ons uHOekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
ColepxxaHue 8 amom UHOeKcuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komrnaHuel Clarivate
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INVESTIGATION AND DESIGN TESTING OF THE
CENTRIFUGAL GYRATORY MILL OF A COULISSE TYPE

Abstract. Every year in the world it is milled billions of tons of mineral raw materials. The process of crushing
demands a huge amount of energy. The mining enterprises generally use mills of spherical type, the history of use of
such mills contains more than 200 years.

Now the situation has changed, the energy efficiency becomes the most important indicator of work of a mill as
energy rises in price, the status of environmental problems was considerably raised, the content of minerals in ore
decreases. The question of a to create of energy efficient mills becomes very relevant.

Centrifugal gyratory mills are intended for a grinding of various mineral raw materials. Mills of this kind
known already for a long time have also shown quite good results in work, lowered consumption the electric power
is one of the main advantages of these mills.

In this work, the design of a centrifugal gyratory mill on the basis of the rocker mechanism is investigated. The
mill has a number of advantages over analogs: simplification of a design, high dynamic stability, expenses of energy
are reduced twice, etc.

For the first time, practical tests of mills were carried out on the ground of Scientific research institute of
mineral processing of the National center for processing of mineral resources of the Republic of Kazakhstan. The
principle of work of a mill which consists in plainly - a parallel movement of cylindrical grinding cameras — pipes in
the plane of their perpendicular axis, at which each point of the grinding camera moves on a circle with a radius r of
the mechanism of a mill equal to length of a crank [4] is investigated. The centrifugal force of counterbalances,
unbalanced dynamic force and the moments are calculated, the power analysis is carried out.

Results: From indicators of a research it is visible that the offered mills have an indicator of specific
productivity of equal 140 kg/kW or 8 kW on production ton. The offered mills surpass spherical mills in this
indicator twice. In this scheme, theoretical steadiness of the mechanism is received. There are essential constructive
achievements: there is one crank shaft, there is no excess communication, application of cogwheels isn't required
that has considerably simplified a design.

The mill differs in the low level of metal consumption. For comparison we will tell that the spherical mill with
a productivity of 10 tons/hour weighs 30 tons, the weight of the offered mill with the same productivity will be at the
level of 8-10 tons. The mill has the low level of complexity of a design. Simplification of a design of a mill and
reduction of its metal consumption has allowed to reduce mill cost in comparison with spherical approximately by 3
times, in comparison with the existing centrifugal mills by 1.5 times. The mill has high maintainability.

Results of the presented work are perspective for introduction at the enterprises of the mining and concentrating
industry of Kazakhstan and can be used in is mountain - concentrating plants.

Scientific novelty. The novelty of the received results consists in the creation and the research of designs of
centrifugal - gyratory mill at which optimum process of a grinding, power consumption, metal consumption and
productivity of the mill is provided.

Practical importance is on the basis of calculations and experimental data and also in determination of its
rational design and technological data. It is revealed that in the process of the experimental-industrial period, the mill
on the ground of the State scientific production association of industrial ecology Kazmekhanobr (Almaty), which is a
part of the National center for complex processing of mineral raw materials of the Republic of Kazakhstan, differs in
the low level of metal consumption, has the low level of complexity of a design, mill cost in comparison with
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spherical approximately by 3 times, in comparison with the existing centrifugal mills by 1.5 times thereby decreases.
The mill has high maintainability. Tests of mills have shown their profitability in energy consumption that is the
most important indicator. And also an indicator of specific productivity of 140 kg/kW or 8 kW on production ton (in
the course of test different types of raw materials have been used).

Key words: centrifugal - gyratory mill, crushing of mineral resources, metal consumption, energy
consumption, a design, productivity.

1. INTRODUCTION

Every year billions of tons of mineral raw materials are ground in the world;

600 million tons of ore undergo milling in Kazakhstan. One of the main engineering procedures of
the mineral processing is the process of grinding. Grinding is carried out in mills that is meant to be a
greatly power-consuming process.

It should be noted that for the last 100 years the structural engineers have not made any significant
changes to the conceptual design of the mills. Ball mills are mainly employed in the ore mining industry,
roller mills and disintegrators are used in the construction engineering.

Ball-type tumbling mills have got widespread use, the history of their usage goes back for more than
150 years. The grinding bodies in ball mills are spherical balls, the force of grinding is the force of
gravity. The grinding process takes place in special barrels with mixing balls. Ball mills are slow, simple
in design, durable, reliable, nevertheless, the grinding process is inefficient; most of the energy of falling
balls is spent on impacts against each other, resulting in high power consumption. The ball mill consumes
approximately 15 ... 20 kW of energy (the main fraction of grinding is less than 74 um) for the grinding of
1 ton of ore.

In the ball mill, balls move chaotically at the fall colliding with each other, contact of balls occurs
along the point; the contact area is very small. As a result, the energy of the ball interference basically
falls on the other ball. A fairly small amount of energy is spent for grinding raw materials.

The ball mill consists of a gear reduction with several stages. Reductor increases the cost of the mill,
requires high maintenance, protection from abrasive dust that is very much in the conditions of grinding
mineral raw materials in the mines.

The main element of the ball mill is a cylindrical drum having a measurable diameter from 2.5 to 5 m
and length of 5 to 15 m. The given overall and expensive part requires protection against abrasive wear, it
is usually armour plate made of manganese steel or rubber coating. The presence of such armour also
increases the cost of the mill [2].

In many countries with a developed mining industry, including Kazakhstan, grinding ore and other
mineral resources is one of the primary energy consumers. Previously, little attention was drawn to this
indicator as energy was cheap, and there was a lot. At present, the situation has changed, energy
efficiency is becoming an important indicator of the mill operation as energy is rising in price, the status
of environmental problems has significantly grown, energy needs to be saved and preserved.

It is necessary to develop and implement mills with low energy consumption.

2. METHODS AND RESULTS. CENTRIFUGAL GYRATORY MILLS — OPERATION
PRINCIPLE

Centrifugal gyratory mills are designed for grinding various mineral raw materials. Mills of this type
have been known for quite some time (since the beginning of the 70s of the last century), they showed
good results in the work, one of the main advantages of these mills is a reduced consumption of
electricity.

The operation principle of such mill resides in a plane-parallel movement of cylindrical grinding
chambers — tubes in plane perpendicular to their axes, where each point of the grinding chamber moves
along a circle with a radius equal to the length of the crank r of the mill mechanism.

The plane-parallel movement of the grinding chamber enables the charging hopper to be at the top all
the time, and the discharging nozzle to be at the bottom, which creates a great convenience for filling raw
materials and unloading the end product from the grinding chamber [4].

— ] —
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Figure 1 - Operation principle scheme of the centrifugal gyratory mill, crank-1, crank rod — carrier gear -2,
grinding chamber -3, grinding body -4, charging hopper -5, discharging tube -6

Let us consider the motion of a cylindrical grinding body 4 with mass of m and diameter of D in a
grinding chamber - tube 3 with an internal diameter of Dt when crank 1 rotates with a radius of » with a
frequency of n (Fig. 1). When crank is rotated, the grinding body 4 is affected by:

1. Gravity force P = mg, always directed downwards.

2. Centrifugal force directed across the crank position and, together with the crank, rotating in the
same direction with the same frequency of x.

*
Fe :m*’”*(%)2

Under the action of this force, the grinding body begins to move along the inner surface of the
grinding chamber tube. The motion occurs along the circle with the radius Rx = (Dt — Dg)/2 in the same
direction as the rotation of the crank.

The force of F; is directed along the tangent to the circumference of the grinding body motion. With
this motion, the second centrifugal force F., appears that is directed along the radius of the grinding
chamber tube, its value is equal to:

7*n, )2
30

n; — is rotation frequency of the grinding body inside the grinding chamber, n;<< n. The rotation of

the grinding body inside the chamber is prevented by raw materials. It can be assumed that

n =3%n,

Fe, =m*R,*(

The force always squeezes the grinding body against the wall of the tube in the grinding chamber. It
can be seen from these considerations that in the general case, the grinding body is affected by three
forces that are involved in the grinding of raw materials. The forces of P and Fc;, squeeze and use up the
raw material and the force of F¢; breaks up the raw materials.

We shall consider the interaction of several identical grinding bodies. It can be seen from Fig. 1 that
all the grinding bodies are affected by the force F.; and the gravity force P, grinding bodies occupy
different positions in the tube of the grinding chamber, therefore only one body can occupy such position
under which its force Fcl is directed along the tangent to the circumference of the motion, and it is a fully
movable force only for that body. It is the body 3 in Fig. 2. For the remaining bodies, the force Fc; is
partly movable, they are bodies 2 and 4 opposing the movement of body 1. In this case, it turns out that

— § —
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only one grinding body is fully driven, and acts as the engine of the entire system of grinding bodies.
Some bodies assist it, some of them counteract. Certainly, the rotation of the entire system of grinding
bodies runs at a frequency n; which is much inferior in magnitude to the frequency n, since there is an
opposition to some grinding bodies and raw materials in this case. It can be seen from practical survey
that the rotational frequency n, is approximately S = 4-6 times lower than the value of the frequency n,
substantial fluctuation of the value depends on n (the greater n the smaller the S), the hardness of the raw
material and etc. Under diverging of the rotation frequencies, all grinding bodies of the system in order
are found in the role of an engine of the entire system.

For the successful operation of the grinding bodies system, it is very important to ensure their
movement with force against the tube walls, but taking into account n;<< n, the condition of constant
force of the grinding bodies against the tube walls is not always fulfilled, especially in the course of the
upper point passage. In this case, it should be ensured that the upper grinding body cannot fall to the
centre of the tube, which instantly causes the entire rhythm of the grinding bodies motion. It is possible to
provide by selecting the geometric parameters - Dg, D, and the number of grinding bodies - N. It is clear
from practical experience that the optimal value of N =4, at N = 3 and N = 5, the efficiency of grinding
bodies motion deteriorates. It also follows from the experiments to choose the parameters Dg and D; from
the following ratio D,/Dg = 3.1 — 3.0.

Since forces F, are forwarded to all directions, their vector sum is small and its effect on the
dynamical stability of the mill will not be so noticeable, but these centrifugal forces are not balanced and
have an impact on the device workability. We shall determine their approximate value. We shall take the
ratio of D/Dg = 3,1. It can be seen from Fig. 1 that forces Fc, of bodies 1 and 4 are directed in
diametrically opposite directions at this ratio, and they are self-destructed. Forces Fc,0f bodies 2 and 3 are
directed at the angle of 60°. Their summing vector force is equal to:

F.,.=2*F.*cos30" =1,73*F,,

The force of Fc,c passes through the centre of the grinding chamber and rotates at a frequency of n.
The summing force F¢; is equal to their sum since all the forces are equal and forwarded to one
direction:

FCIC :4*FC1

The point of application of the force is at a distance of / =0.12 e D, from the centre of the grinding

chamber. This point rotates at a frequency of

We shall carry out a force analysis of the scheme taking into account the movement of grinding
bodies in the grinding chambers. The design parameters of the mill: tube diameter is Dy = 140 mm, pig
diameter is Dg = 45 mm, crank length is r = 15 mm, rotation frequency is n = 500 min™', frequency is n,
=170 min™', pig weight is m = 7 kg, crank weight is m, = 20 kg, grinding chamber-tube weight is m = 10
kg, number of tubes is 2 pcs.

Let us define the total centrifugal force Fcio according to the formula:

%

Fop =(8*m+2%m, +m,()*r*(%)2 =3600..H

The force can be counterbalanced (destroyed) by installing the counter-weight.
Centrifugal forces Fc; and F¢, of one disc

*

TN
F.=m*pr*

o =m¥rE(

) =262,5..H
0

_ D,-D, 014-0,045
2

Ry =0,0475..m - rolling radius of the grinding body
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%
F.,=m*R, *(%)2 =105,27..H

Unbalanced force of Fcyc from the rotation of pigs in the tube.
Fo,o=L73*F,, =182,1.H
Unbalanced moment from the movement of pigs in the tube.
M, =(0,12%D,)*4*F. =17,6..Hu

It can be seen from the calculations that the unbalanced dynamic force and moment are not large in
comparison with the total centrifugal force, but their impact ought to be taken into account in design of
the mill. In particular, it is necessary to ensure sufficient joints rigidity and their good lubrication to
reduce wearout. The calculation does not take into account the influence of raw materials, which has a
balancing effect, since its basis weight is in the grinding chamber on the opposite side of the grinding
bodies, but the mass of raw materials is much less than the mass of the steel grinding bodies.

At present, there is a basic design of the mill operating on the described principle [7].

The scheme of the mill has a number of serious shortcomings preventing wide spread of mills of such
type (Figure 2). It is a dynamical unbalance of the mill, large metal capacity of the structure, its
complexity and cost, there is an excessive kinematical connection (cranks are rotated simultaneously by a
crank rod and gearwheels), which creates problems in the assembly and exploitation. The scheme of the
mill is shown in the Fig. 2[6].

It consists of two identical cranks 4 connected with the carrier gear-crank rod 5 which contain
parallelogram together with the mounting rack 7. The grinding chamber 1 is fixed on the crank rod 5.
Cranks have counterweights 6. Cranks 4 are driven by the engine 2 through gearwheels 3.

L
Fc

% 6
Fese Fc/2

Figure 2 - Basic scheme of a centrifugal mill

In order to fully balance the mechanism, it is necessary that the vector sum of all the static forces
applied to the mechanism (1), the rotational moments sum of these forces (2), the vector sum of all the
dynamic forces (3) and the rotational moments sum from these forces (4) become zero, i.e., the next
condition should be fulfilled:

— 10 ——
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P; =0 (1); IM; = 0 (2); ZF4 = 0 (3); ZMg; =0 )

In the abovementioned scheme, condition (4) is not always satisfied. When the condition (3) is
satisfied, the centrifugal force of the grinding chamber Fc should be equalized by the centrifugal forces of
the two counterweights, hence the force of one counterweight is equal to Fc/2. The grinding chamber is
installed in the centre of the crank rod 5, length of which is equal to L (Figure 2). The gravity centre of the
grinding chamber 1 in the given scheme is always raised by amount h towards the crank rod line 5. It is
dictated by the design requirements for free passage of the counterweights. The condition (4) for the
scheme is as follows:

F,
TC*L*sina—FC’{%*sina+h*cosa}=0

The given equation becomes zero only if h = 0 either o= 90° or 270°.

At @ =0..0r..180° we have an unbalanced moment M =F I °h . Let us take the following
data for calculation: F.=500 H; L= 0.8m; h=0.1 m. Figure 3 shows the diagram of formula 5.

Table 1
Angles of rotation, degrees | 0 30 60 90 120 | 150 180 240 270 300 360
Centrifugal moment, Nm -50 -43 -25 0 25 43 50 25 0 -25 -50

60

40
£
2
< 20
c
]
£
o
£ 0
& 100 200 300 400
=
s -20
c
]
i / \

-40

R ~

Angles of rotation, degrees

Figure 3 - Diagram according to the formula 5

3. DISCUSSION. CENTRIFUGAL GYRATORY MILL OF A COULISSE TYPE

In [9, 10] the following scheme is proposed (Figure 4). Two prototype models have been produced
(Figures 5 and 6).

Practical mills tests were carried out in the testing area of the Scientific Research Institute of Mineral
Processing of the National Centre for Processing Mineral Resources of the Republic of Kazakhstan.
Features of the mills are shown in Table 2.
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Table 2 - Characteristic of a mill

2
= g
() ~
. g g -
g 2 = e g
= = 4 E Z a
g h §= 5 .
= gn oh > 3 5
.2 g ks = b % Z 5
g = = Eﬁ 8 =] b5 g >
S = &b 5 I g £ g £
o g - [ 2 g o = =
“ s = ° g g o g g g
s | = £ 5 g 5 g 2 5 g
= < Q e = = = & )
= | % |5 = |E |3 |2 |8 |g |2 |z
S |z | & S z = s £ = £ a
1 350 1000x900x800 2,2 2 45 140 500 320 20-30 20..70
2 380 1600x1200x1000 22 4 70 220 450 3000 30-40 20..70

According to the indicators, it can be noticed that the proposed mills have a specific output of 140
kg/kW or 8 kW/ton of production. According to this indicator, proposed mills exceed the ball mills by 2
times.

[~15

Figure 4 - Schematic diagram of the proposed centrifugal gyratory mill

The given scheme applies a coulisse mechanism. The two grinding chambers 1 are mounted
symmetrically on the crank rod - carrier gear 5 which engage with the crank 4. The crank 4 is rotated by
the engine 2 around the axis 9 through the belt transmission 3. At the opposite end of the crank 4, there is
a counterweight 6 and a cylindrical finger 12 which engages with the fork 14 mounted on the link 8
through the inserts 13. At the opposite end of the coulisse 8 there is a straight pin 15. The coulisse 8
rotates about the axis 10. The pin 15 interacts with the fork 16 through the insert 17. The fork 16 is
installed on the rod 11 rigidly connected to the crank rod - carrier gear 5 [7].
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In this scheme, the theoretical balance of the mechanism is obtained (grinding chambers are
considered as whole bodies). There are significant design achievements: there is one crank shaft, there is
no excessive coupling, no need for gears which greatly simplifies the design.

The mill is distinguished by a low level of metal consumption. As a comparison, a ball mill with the
capacity of 10 tons/hour weighs 30 tons, the weight of the proposed mill with the same capacity will be at
the level of 8-10 tons.

The mill has a low level of structural complexity. Presently existing gyratory centrifugal mills
described above are more sophistic, for example, the option (Figure 3) has two eccentric shafts, 14
bearings, 3 gearwheels. The proposed mill has 1 eccentric shaft, 5 bearings, no gearwheels. Weight is
reduced by 1.5 times.

Mill design simplification and reduction of its metal consumption enabled to reduce the cost of the
mill in comparison with the ball mill by approximately 3 times, in contrast to the existing centrifugal mills
by a factor of 1.5. The mill has high maintainability. It does not require rigid protection of the grinding
chambers, they are quickly replaced with new ones under the severe wear. The cost of grinding chambers
is not high, they are made from standard steel tubes of small diameter.

Data from the experiments demonstrate that mill productivity is affected by shaft rotation frequency,
grinding chamber volume, crank length, and inclination angle of the grinding chambers. Shaft rotation
frequency, grinding chambers length, the hardness of the grinding bodies and their asperity, mass of
grinding bodies, inclination angle of the grinding chambers produce effect on the dispersion of the
obtained product.

Tests were carried out (Mill No. 1). Raw-barite to determine the mill productivity from the shaft
rotation frequency. The results of the test are summarized in Table 3.

Table 3 - Mill productivity from rotation frequency

Rotation frequency, min’’ 300 350 400 500
Productivity, kg/hour 130 150 190 350
400
S
g 350 v=0,004x2-2,830x + -;27
2 _
i 300 R%=10,999 /
b0
= 250
2 200
>
‘> 150
o
> 100
©
g 50
0
0 100 200 300 400 500 600
Rotation frequency, min-1

Figure 5 - Dependence diagram of the productivity from the shaft rotation frequency.

Figure 5 shows a plot of -3 points, a regression equation is taken, a quadratic function of the
dependence of productivity on the rotational speed:

Y =0,0049* x> —2,.8309* x + 538
Coefficient of determination R*> =0,9999

It became clear from tests for durability that the weaker places of the mill are the fork and especially
the finger and groove into which it enters, which are subject to rapid wear. These elements should be
made of high-strength steels and ensure good Iubrication.
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Tests of the mills showed their economy in energy consumption, however, they revealed drawbacks,
one of the main is the lack of durability of separate units, the necessity for a lubrication system.

Figures 6, 7, 8 show the assembly drawing of the corrected mill. The coulisse joint is considerably
strengthened in the design, self-contained lubricators are installed, the frame is reinforced and etc.

= D 7
—H = \ [N
1 %‘1 60 ] =] / -
g [ o Y L | [T E

|
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40
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‘ 1000%

Figure 6- Drawing: general view of mill number 1

, qas0L463  2,2/1500

b

Figure 7 - Longitudinal section of mill number 1
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Figure 8 - Cross-section of mill No.1

The coulisse is substantially strengthened (Figure 10), hardened steel plates with high hardness are
installed with the inserts at the point of interface. 4 grinding bodies are put in the grinding chambers, and
they have different lengths and a smaller diameter is made at the end. It accelerates the retraction of large
pieces of raw material into the grinding zone.

In the future, the authors are going to create a mill without a counterweight that will increase the
efficiency of the equipment [10].

Conclusion: the original design of the centrifugal mill on the basis of coulisse mechanism has been
proposed, full-scale tests of two patterns have been conducted, a specific power consumption level of 8
kW/ton of ore has been obtained, which is two times better than ball mills.
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KYJIUMCTI TUIITI HEHTPAEH TEKIIIII - THPAINMOH/IbI IMTPMEHHIH
KOHCTPYKIUSICBIH 3EPTTEY )KOHE CbIHAY

Annoranus. JKbul callblH olleMje MWUIMApATaraH TOHHA IIMKI3aT yaTy apKbUIbl eHjaerneni. byn mporecc
SHEPTUsSHBI KOI KaXeT eredi. Tay — KeH eHIey OHIpic amaHmapblHIa KeOiHece IIapiibl THOTH IHipMEHIED
KoJaanbuiael. Onapasl naitnananyasid Tapuxsl 200 KbULIaM acTaM yakbITThl KYpaiabl.

Kasipri tagna Oyn >xaraail KypT e3repic ajnjsl, cede0l SHEpTrUsHbIH YHEMI TalijanaHybl JHipMEHHIH )KYMBbIC
ictey KaOBUICTIHIH HETI3ri KepceTKimTepiHiH Oipi OoxbIn caHamanbl. OWTKEHi, SHEprUs Ke3i KeIMOATTaFbl,
9KOJIOTHSUIBIK axyaijap Haiaa OoJiibl, COHBIMEH KaTap pylajarbl naiinansl KaszOamapabH mesmepi azaiiapl. Comn
ce0enTi SHepTrUsHBl YHEMACHTIH AWIpMEH/II oiiiar Tady akTyansl cypakTapbiH Oipi O0bII TaObLIa b

LenTpneHren - rHpanWoHABl IUIPMEH OPTYPIi MHHEpaAbl IMUKI3aT Ke3iH yaTyFa apHaNfaH IuipMeH. by
TUNTI JUipMeHIep OypblHHaH OENrisi JKoHE JKYMBIC icTey OapbICBIHIA JKaKChl HOTHOXKeNep KepcerTi. JuipMeHHIH
HETI3r1 epeKIIeNiri AIeKTPKyaThiH THIM/II Maiiianany OOJbIN caHaIa/IbL.

JKazpurFaH JKYMBICTa KyNWCTI MeEXaHW3M Heri3i OOoNaThIH LEHTPJICHTeH - THPANHOHIB AHiPMEHHIH
KOHCTPYKIMSCHI 3epTTeired. byn auipMeHHIH aHbBIK 0ipa3 apTHIKIIBLIBIKTapbl 0ap: KOHCTPYKLMSHBIH OHAMJIaTyBbl,
JKOFaphl JUHAMHKAJIBIK TYPaKThUIBIFI, SHEPTUs KO31H €Ki ece a3 naiiananybl xoHe T.0.

En amram per toxipuOemepni «llafimamsl kazOamapmer OaitelTy FrulbIMH — 3€pTTEY WHCTHTYTHIHBIHY»
noJuronsiHaa kyprisired. On Kaszakcran PecryOnuKachblHBIH MHHEpalIbl PECypCTapblH OHJICHUTIH YIITTBIK
ueHTpiHe eHeai. JIMipMEHHIH J>KYMBIC ICT€y NPHHIMII 3€pTTENiN, LWIMHIPII YHTaKTarblll KaMmepallapAblH
MapauIeNnbl Ka3bIKTHIK apKbUIbl KO3FAJbIC JKacal, KamMepalapAblH CHIPTKBl AnaMeTpi OOWBIHINA KPHUBOLIMIITIH
Y3BIH/BIFBIHA ColiKec Ko3fayaabl. L[eHTpAeH Tenkiml KYIITIH MOHI, CajJMaKChl3 JWHAMHUKAIBIK KYILITEp MEH
MOMEHTTEp, COHBIMEH KaTap KYILITIK aHaJIH3 )KacallFaH.

Y CHIHBUTBIT OTHIPFaH IUiPMEHl 3€PTTEY HOTIDKECIHIE OHIMIUTIKTIH YIIECTIK KepceTKimibip TonHa eHimre 140
kr/kBT Hemece 8 KBT kypaiiabl. Ocbkl KOPCETKILITIH apKachlHa 3€PTTENII OTHIPFaH JUIpMEH LIapiibl JHipMEHHEH 2
ece apThiK. by cyybana MexaHU3MIIEp/IiH TCOPHUSIIBIK TCHIACCY] ajblHFaH. Ejieyii KOHCTPYKTHBTI JKETICTIKTEp Oap:
Oip KpUBOIMIHAIITI OLTIK, TICTI JOHTeNEKTEPAl KONJaHYAbI Talall eTIICH I, apTHIK OaifJIaHbIC KOK.

Mertan chIMBIMIBUIBIK JIopeskeci ToMeH. Mbicainra, eHimMautiri 10 1/car 60osaThIH Mapiibl JUIpMEHHIH CaJIMaFrbl
30 tonHa 0oJjica, al YCBHIHBUIBII OTHIPFaH TUIPMEH J0J OChIHIAa# eHimaulikte 8 — 10 ToHHA canMaka OOJajbl.
CoHBIMEH KaTap ICHTPICHIeH — THPAIMOHIB AWIPMEH KOHCTPYKIUACH OOWBIHINA Ha aca Kypaeni eceM. OcvI
JKaFaiiapapl ecKepe OTBIPBINT JAWIPMEHHIH ©3KYHIIBUIBIFBIHBIH ap3aH OONIybIH aiiTyra OoJalbl, MBICAJIBI, IIApPJIBI
JUIPMEHMEH CalbICThIpFaHAa 3 ecere, Kasipri TaHAa KOJNJAHBUIBII JKaTKaH LEHTPICHIeH JUipMEHIEPMEH
cansicThIpranna 1,5 ecere TemeH. COHBIMEH KaTap IUIpMEHIl JKOHAEY, KOHICYIre XapaMAbUIBIK KYMBICTApBI
KHBIH]IBIKCHI3 JKYPTi3lIei.

JKacanpiHFaH >KyMBICTapAbIH HOTHXKENEpI Tay — KEH OpbIHIAp MeH OaiibiTy (abpuKkajapblHIa KeHIHeH
KOJITaHYBI BIKTUMAJL.

Hotmxenepniy FbUIBIMM JKaHAJIBIFBl LIEHTPJICHTEH — TMPAalMOHABl JWIPMEHHIH KOHCTPYKLMSCHIH 3€pTTell,
OWipMEeHJe OTeTiH MpoLecTepll, SFHH YHTaKTay, AHEPrOCHIMBIMABUIBIKTEL, METAUICBIHBIMIBUIBIKTEL  JKOHE
TUipMEHHIH OHIMIUTITIH OHTAHIbI IpoIecTep KaTapblHa eHri3y.

OKcHepyMEHTaNIbl KOHE €eCeNTey, COHBIMEH Karap palMOHAIIAbl KOHCTPYKTHUBTI JKOHE TEXHOJIOTHSIIBIK
mapaMeTpiiep Heri3iHAe, IUIPMEHHIH METaJICBIMBIMIBIIBIK KOPCETKIII JKOFAphl €MeC EKEHIIr CHIaTTaJbIII,
TUIpMEHHIH ©3KYHIBUIBIFBIHBIH ap3aH OONYBIH aiiTyFa Ooiaipl, MBICAJbBI, MApibl THIPMEHMEH CallBICTBIPFaHAa 3
ecere, Kasipri TaHJa KOJJAaHBUIBII JKAaTKAH LEHTPJCHI'eH AWipMEHIIEpPMEH cajbICThIpraHna 1,5 ecere TemeH.
CoHbIMEH KaTap JUipMEH/Ii KOHJIEYTe KapaMAbLUIbIK HKYMbICTApbl KMBIHABIKCHI3 XKYpriziieni. EH Heri3ri kepcerkirii
0O0JIBIT - OYJT PHEPTUSHBI YTHIMIBI TalIaIaHy KOPCETKIIIi OaCThI pell aTKapabl.

Tyiiin ce3aep: MUHEPALABIK PECYPCTAP, SHEPTHSI TYTHIHYBI, METAICHIHBIMIIBUIBIK [IEHTPJICHICH - THPALIMOH/Ib,
ycakray, THipMeH, KOHCTPYKIHUSCHI, OHIM/LITIK.
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HNCCIIEJOBAHME U UCIIBITAHUE KOHCTPYKLIUN
HEHTPOBEXHO-TUPAIIMOHHON MEJILHUIIBI KYJIUCHOI'O THUITA

AnHoTauus. Kaxzaplii roq B Mupe rnepeMalipiBaeTcsi MAIUIHAPAbl TOHH MUHEPAJIBLHOTO ChIphs. [Iporiecc n3aMenpyeHus
TpeOyeT OrpoOMHOr0 KOJIMYECTBa JHEpPrud. Ha TOpHOPYAHBIX MPEANPUSATUSX B OCHOBHOM HCIOJIb3YIOT MEIbHHUIIBI
LIapOBOTr0 THUIIA, HCTOPHS UCIIOJIB30BaHMA TAKMX MEIbHUI HacuuThiBaeT 6omee 200 net.

B Hacrosiiee Bpems cUTyalusi U3MEHUIACh, SHEProdQ(PEeKTHBHOCTh CTAHOBUTCS BaXKHEHIIMM IOKa3aTesleM pPaboThI
MEJIBHUIIBI, TaK KakK JHEpPrus JOpO’KaeT, 3HAYMTEIbHO IOBBICWIICA CTAaTyC O3KOJOTWYECKHUX IpoOJiieM, COAepiKaHHue
MIOJIE3HBIX HCKONAeMbIX B PyAe yMeHbImaercs. Bompoc coszmanus sHeprodd@deKTHBHBIX MEIBHHUI CTAHOBUTCS OYEHb
aKTyaJbHBIM.

LenTpoOeXHO- THUpAalMOHHBIE MEIBHUNBI NPEeJHA3HAYeHBl JUIA ITEePEeMONa Pa3IMYHOTO MUHEPAIBHOTO CHIPHS.
MenpHubl MOA0OHOTO THIA W3BECTHHI YXKE JOCTATOYHO JABHO M IOKA3aJd HEIUIOXHE Pe3ysbTaThl B paboOTe, OIHUM U3
OCHOBHBIX TOCTOMHCTB 3THUX MEJBHHUII SIBJISETCS TOHIKEHHOE MOTPEOIEHUE dIICKTPOIHEPTUH.

B nanHoif paboTte wuccieayercs KOHCTPYKIMS IEHTPOOEKHO- TMPALMOHHOW MENbHHIBI Ha 0a3e KyJIMCHOIO
MexaHu3Ma. MenbHUIIa UMeeT PsiJi IPEUMYILECTB Mepe/l aHAJIOraMu: YIPOIeHHe KOHCTPYKIMH, BbICOKas AMHAMHUYECKast
YCTOHUUBOCTb, 3aTPaThl 3HEPIHH YMEHbBILEHBI B 2 pa3a U T.[.

Brnepsble npakTuueckre UCIBITAHUSA MEJIBHUILL IPOBOJMINCH Ha noiaurone HaydHo - uccie10BaTesIbCckoro HHCTUTYTa
oOoraiieHus TOJIE3HBIX HCKOMaeMblx HannoHanbHOro IeHTpa nepepaboTKH MHHEpalbHBIX pecypcoB PecryOmuku
Kazaxcran. HMccnenoBan npuHIMI pabOThl MEIBHUIBI, KOTOPBIH 3aKII0YAETCs B IUIOCKO - HapalIeIbHOM HEepEeMEIeHUH
LWINHAPUYECKUX MOMOJIBHBIX KaMep — TpyO B IUIOCKOCTH IEPIEHAMKYJSPHOW HMX OCH, NPH KOTOPOM KaXKaas TOYKa
MIOMOJIBHOM KaMepbl JIBUKETCS M0 OKPYKHOCTH C PaJMyCcOM paBHBIM JUIMHE KPUBOULIMIIA I' MEXaHHM3Ma MEJIbHMLEI [5].
PaccunTanbl neHTpoOeXHasi cuila IMPOTHBOBECOB, HEYypaBHOBEIIEHHAs JUHAMHYECKHE CHJIa U MOMEHTHI, IPOBEICH
CUJIOBOH aHAIH3.

W3 noxasatened wuccienoBaHMs BMJHO, YTO IIpe/JlaraéMble MEJIbHHMIBI MMEIOT II0Ka3aTellb  yJIeJIbHOU
MPOU3BOUTENFHOCTH paBHBIN 140 Kr/kBT mimm 8 KBT Ha TOHHY mpoaykuuu. [lo 3TOMy MOKasaTelo MpeaiaraeMble
MEJIBHUIIBI TPEBOCXOJIAT IAPOBbIe MeNbHUIBI B 2 pa3a [3]. B aToii cxeme mosyueHa TeopeTryeckasl ypaBHOBEIICHHOCTb
MexaHu3Ma. lVIMmeroTcs CyliecTBEHHbIE KOHCTPYKTHUBHBIE JOCTHIKCHHUS: HMEETCS OIMH KPHUBOLIMIIHBIA BaJl, HET
U30BITOYHOM CBSI3H, HE TPeOyeTCsl IPUMEHEHUs 3y04aThIX KOJIEC, YTO 3HAYUTEIBHO YIIPOCTHIIO KOHCTPYKIIUIO.

MenpHuIa OTIMYAETCS HEBBICOKMM YPOBHEM METAJUIOEMKOCTH . Il CpaBHEHMS CKaXKeM, 4TO IapoBas MEJIbHMLA
poU3BOAUTENBHOCTEIO 10 ToHH/Uac BecuT 30 TOHH, Bec MpeAsaraeMoil MENbHHIBI ¢ TaKOH k€ MPOU3BOAUTEILHOCTHIO
Oyzner Ha ypoBHe 8-10 ToOHH. MenbHUIIA UMEET HEBBICOKMH YPOBEHB CIIOKHOCTH KOHCTPYKLHUH. Y IPOIICHUE KOHCTPYKIUH
MEIBbHUIBI M YMEHBIICHUE €€ METaUIOEMKOCTH MO3BOJIMIO YMEHBUIUTh CTOMMOCTh MEJBHHUIEI 10 CPAaBHEHUIO C
[IapOBBIMU MPUMEPHO B 3 pasa, 110 CPaBHEHHIO C CYIIECTBYIOIIMMH LEHTPOOSKHBIMH MeNbHHIAMU B 1,5 paza [4].
MenpHHLIa UIMEET BBICOKYIO PEMOHTONPUTOJHOCTD.

Pesynbrarthl mpeacTaBiIeHHON pabOTHl MEPCHEKTUBHBI U BHEAPEHMS HAa NPEANPHUATHSX TOPHOAOOBIBArOUIeH M
0o0oraTuTenbHOM mpoMelnieHHocTH KasaxcraHa U MOTYT OBITh MCIIOJIB30BAaHBI B TOPHO - OOOTaTUTEIbHBIX KOMOMHATAX
3apyOeXHbIX CTpaH.

HoBu3Ha mMOMy4eHHBIX PE3yJBTATOB 3aKIIOYAETCs B CO3MAHMM W HCCIIEAOBAHMM KOHCTPYKIHMH IEHTPOOEKHO —
TUPAlMOHHON MENBHUIBI, IIPpH KOTOPHIX OOecreYnBaeTcsi ONTUMAJbHBIA IpPOLIECC TOMOJIA, 3HEProeMKOCTb,
METAJUIOEMKOCTb Y IPOU3BOIUTEIBHOCTD MEIbHUIIBL.

Ha ocHOBe pac4eToB U 3KCIIEPUMEHTAIbHBIX JaHHBIX, & TAKXKE B ONPEAETICHUH €€ PAllMOHAIBHBIX KOHCTPYKTUBHBIX U
TEXHOJIOTHYECKUX NapaMeTpoB. BhIABICHO, YTO B MIPOLIECCE OMBITHO - MPOMBIIIUIEHHOTO TIEPHO/A MEJIBHULIBI Ha TTOJIUTOHE
l'ocynapcTBeHHOro Hay4dHO- IPOU3BOJICTBEHHOrO0 OOBEIMHEHUS NMPOMBINUICHHOW sKonoruu «KasmexanoOp» (Anmartsl),
BXOJAIET0 B cocTaB HammoHambHOro IEHTpa IO KOMIUIEKCHOH IepepabdoTKe MHHEPAIBLHOTO CHIpbi PecrmyOmuku
Kazaxcran, 4To MeJbHUIIA OTIIMYAETCSI HEBHICOKMM YPOBHEM METAJUIOEMKOCTH, UMEET HEBBICOKHH YPOBEHb CIIOKHOCTH
KOHCTPYKLUHM, TEM CaMbIM YMEHBIIAETCS CTOMMOCTb MEJIBHUIIBI 110 CPABHEHHUIO C IIapOBBIMU IPUMEPHO B 3 pasza, IO
CpPaBHEHHMIO C CYIIECTBYIOUIMMH LEHTPOOEXKHBIMM MeJbHHIAMM B 1,5 pa3za. MenbHHIA HMEET BBICOKYIO
PEMOHTONPHUIOAHOCT. MICIIBITAHUS MENIBHHUL] TOKA3aI1 UX SKOHOMHUYHOCTh B MOTPEOJICHUH YHEPIHH, YTO SBJISIETCS CAMBIM
TJIaBHBIM TIOKa3aTesieM. A TakXe [0oKa3aTeib YAEIbHOM NMPOU3BOIUTEIbHOCTU paBHBIA 140 kr/kBt mnu § KBT Ha TOHHY
MPOAYKIHH (B MPOIECcCe UCIIBITAaHKUS OBUTH MCIIOJIb30BaHbI Pa3HbIC BU/IBI CHIPbs) [8].

KuaroueBble cj10Ba: LEHTPOOEKHO-TUPALIMOHHAS MEJIbHHIIA, M3MEJIbUeHHEe MHHEPAJIbHBIX PECYpPCOB, METAJIOEM-
KOCTb, DHEPronoTpedaeHne, KOHCTPYKIHS, IPOU3BOJUTEILHOCTS.
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