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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.
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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.

F.o=m*p* 7[_*}1 2
o =m*r( 30 )

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:

Foy=m* R, (7 luye
c2 K 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,

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:

Fo,.=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:

FClC :4*F01

The point of application of the force is at a distance of / =0.12 @ 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 Fci0 according to the formula:

T*n

Fop=@8*m+2%m, +m,)*r*( 0 ) =3600..H

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

%

T*n

— k5. %k
Foo=m*r*(

) =262,5.H
0

_ D,-D, 0,14-0,045
2

Ry =0,0475..m- rolling radius of the grinding body
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%
fQ2=m*RK*(f§§92=1012111

Unbalanced force of Fc,c from the rotation of pigs in the tube.
Fo o =1713*F., =1821.H
Unbalanced moment from the movement of pigs in the tube.
M, =(012*%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

L
Fe/2 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 a= 90" or 270°.

At o =0..0r..180° we have an unbalanced moment M =F n °/ . 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
£
o
€ 0
S 100 200 300 400
=
s -20
c
[}
5 / \

-40

~ ~

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
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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 lubrication.
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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.
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1 %‘1 60 ] =] / -
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Figure 6- Drawing: general view of mill number 1
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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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HYDRODYNAMICS OF A SWIRLING FLOW
IN THE CYCLONE-VORTEX APPARATUS

Abstract. Despite the wide spreading of apparatuses, using the centrifugal force,the process of heterogeneous
systems’ separation, occurring in them, is not sufficiently studied because of the difficulty in taking into accounting
allparameters, influencing on it.

In view of the fact that the dusty gas stream enters the cyclone through the branch pipe located tangentially to
the cylindrical dust collection chamber, passes circumferentially around the exhaust pipe and moves spirally down
the wall of the cone and then up, the resulting centrifugal force isinfluencing on solid particles, causing them to cling
to the inner wall of the housing and then, under the influence of gravity, to slide to the outletbranch pipe.

To calculate the cyclones,there was offered a large number of models describing the processes of flow motion
and gas-solid separation system. Many researchers accept as a separating boundary the imaginary vertical cylindrical
surface, corresponding to the radius of the inner tube for gas outflowfrom the apparatus.Others, to calculate the
hydraulic resistance, usethe medium cylindrical surface with a radius of y/ryr,and height h, assuming that there
occurs an abrupt flow ratechange on it. On both sides of this surface the potential flowis prevailing. As a result, there
have beenderived the equations for calculation of local resistance coefficientsfor input and output in the cyclone and
those of total resistance.

Some researchers propose to calculate the hydraulic resistance of the cyclone via the inlet gas velocity. To
calculate thecyclone hydraulic resistance, we havesuggested the equation, takinginto account the resistance of the
inlet zone, vortex zone and output zone.The results of calculation according to the proposed equation correlate well
with the data of other researchers.

Keywords: cyclone, tangential branch pipe, centrifugal force, solid particles, gas velocity, resistance
coefficient, hydraulic resistance.

Introduction. It is known that the application of a centrifugal force can increasegreatly the limits of
separation of heterogeneous dust-gas systems [1,2-5]. However, despite the wide spreading of
apparatuses, using the centrifugal force [6-13], theprocess of heterogeneous systems’ separation,
occurring in them, is not sufficiently studied because of the difficulty intaking into accounting all
parameters,influencing on it.

In the basis of the centrifugal separation process thefollowing physical model is studied [1]. The dust-
laden gas stream enters the cyclone through the branch pipe, located tangentially to the cylindrical dust
collection chamber, passes circumferentially around the exhaust pipe and moves spirally down the wall of
the cone and then up into the exhaust pipe.The diameter of the flow, ascending in a spiral, is almost equal
to the diameter of the exhaust pipe. The gas flow at the entrance to the cyclone is moving with
acceleration in the annular space between the walls of the housing of the cyclone and the exhaust pipe.
The kinetic energy of the annular flow is dissipated as a result of exchange between momentumsand
return flows,occurring at the boundaries of stagnant zones.

The hydraulic resistance of the apparatus, as well as the energy consumption for separation of the
preset volume flow rate of the dust-gas mixture,are closely related to the geometrical dimensions of the
cyclone.

— 18 ——
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To establish the correlation between the optimal geometric dimensions of the cyclone, its
performance, power consumption and separation capacity is possible only approximately, with using
empirical data. To calculate the cyclones, there was offered a large number of models [14], describing the
processes of flow motion and gas-solid system separation. The distribution of flows in the cyclone
(especially in its conical part) is still not studied sufficiently.

Methods of studies.To carry out the studies, there were used the method of direct measurement of
hydraulic resistance by a well-type manometer and a micro manometer, and also the computer-aided
numericalmethods.

Results of studies. It was established experimentally that the path of the gas stream inside the
cyclone conforms to the Archimedean spiral’s form. This is especially important to know for proper
placement of the outlet branch pipe for dust[1,15,16].

The hydraulic resistance changes inside the apparatus depending on the velocity distribution and
therefore can be approximatelycalculated in assuming a certain form of the gas (liquid) — solid system
separating boundary. Many researchers assume as a separating boundary the imaginary vertical cylindrical
surface with a radius of r; (equal to the radius of the inner tube for gas outflow from the apparatus).
Recently [1] for calculation of hydraulic resistance there is used the average cylindrical surface with a
radius of \/r;r,and height h, assuming that there occurs an abrupt flow ratechange on it.On both sides of
this surface the potential flow is prevailing.

The pressure change at the entrance to the cyclone can be expressed by the moment of momentum M,
on the outer side (r,) of the separation space (the correction should be allowed for the fact that the
momentum in the cross-section of the inlet branch pipe My will be slightly different from M,). The
momentumon a cylindrical surface with a radius r;is expressed by the difference

MBx:Ma 'Mcp (1 )
with
My,=A - 2y h % w;w, 2)

As a friction coefficient A in the first approximation there can be assumed the value A..,defined in the
conditions of existence of a turbulent boundary layer on the outer wall of the cyclone at a constant
pressure[17]:

Aer = 0,074Re;>? (3)

where
Re = w, - 211, /v, with5 - 10° < Re., < 107

With taking into account these dependencies, there can be obtained the equations for calculation of
coefficients of local resistances for input and output in the cyclone. For the input pipe[1]:

b= =2 6D |y ! @
For the output pipe: -
\N4/3 N 2
fu = 222 = k (%) 4 () ®

Under the experimental data [1],the constant K=4,4. The ratio of velocities at the entrance to the
apparatus and the exit of it can be calculated according to the ratio of the cross-section areas of the inlet
branch pipe and the outlet pipe:

wi 1

v T g Ry ©)

Fppix 'px  T1

wherea — the correction factor, taking into account the ratio of moments of momentumsM;,/M,:
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—_ % —_ Vpx Tex
a= M, o W,y (7)

The total hydraulic resistance of the cyclone is calculatedtotally as[1]:
AP, = APy + AP, ®)

or

2
AP, = EEE, ©)

Wheref = €BX + EBBIX

ByLIOTprocedure[18], the hydraulic resistance of cyclones of various types is calculated by the
conventional (fictitious) gas flow rate in the horizontal cross section of the cylindrical part of the empty
apparatus as

2
AP, = §, 20 (10)

orby the velocity in theinput branch pipe as

AP, = &, 2 (11)
To reduce the hydraulic resistance of NIIOGAZ cyclones, on the exhaust pipe
thereareinstalledthevolute or the annulardiffuser, reducingAP, in average by 10 %[1].

The hydraulic resistance coefficients &,,andéyare given in [1] (CN-11&,, = 6,1,&, = 150; CN-15
& = 7,6, =160; CN-24 &, = 10,9,&, = 80).

It should be taken into account that the hydraulic resistance of the cyclone largely depends on the
dust content of gas, and the coefficients of hydraulic resistance & in the dusty gas flow are changing in
average from 2 to 20% depending on the dust concentration [1]. According to experimental data, the
presence of dust in gas in amounts exceeding 1 g/m3, causes the heterogeneity of the gas-solid
systemseparation process, the formation of secondary circulation flows, the boundary layer separation and
deceleration of the circumferential gas velocity. At concentrations > 10 g/m3 the influence of dust content
on the hydraulic resistance cannot be neglected.

According to [19], during the sedimentation of particles under the conditions corresponding to the
Stokes law, the theoretical settling velocity in m/s is calculated by the formula:

_ d?(p1—p)wi
Wo = g (12)
herew,. — the circumferential gas velocity in the cyclone, assumed to be equal to 12 — 14 m/s; D —the
cyclone diameter in m.

The diameter of the cyclone should be first preset, and then checkedby the subsequent calculation. To
pre-select the diameter of the centrifugal dust precipitator, one can be guided by the data [19, 20], in
which there are given the approximateratios of the main dimensions of centrifugal dust precipitatorsand
the inletbranch pipewidth b or the cyclone diameter D.

The cross-sectional area of the inlet branch pipe in m2

f = bh = x| (13)

Wigx

whereV, — the actual second volume of gas coming into the cyclone at a preset temperature, in m’/s;
W~ 20 m/s — the gas velocity in the inlet branch pipe of the cyclone.
The correct application of the formula (12) is checked by the equation

— 20 ——
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Re=22<0,2. (14)

V2

AtRe>0,2the theoretical settling velocity is calculated asfollows.
After defining the criterion of Archimedes by the equation

d® pi-p;
Ar = 44 . Pa7P2 15
v3 P2 ( )
the separation factor is found:
wZ  2w?
b, =t =" (16)

The criterion of Reynolds should be calculated according to the formulas:
at Ar®,<84000

Ar®p)1/1'4

Re = (13,9 ! (17)

atArd,>84000

Re = 1,71,/Ar®, (18)

By the found values of the criterion Re the theoretical precipitationrateis determined.
Based on the pre-determined performance of the cyclone,the internal diameter of the exhaust pipe is

determinedaccording to the equation
VCEK
d. =113 /W—T, (19)

wherew, — thegasvelocityintheexhaust pipe inm/s (in practical calculations) w,is assumed to be equal to
4-8 m/s).
The outer diameter of the exhaust pipe

D, = d, + 25; (20)

hered — the wall thickness of the exhaust pipe.
The correctness of the chosen value of the cyclone diameter is verified by the formula

__ D
D= 1-102%¢" (21

The height of the cylindrical part of the centrifugal dust precipitator

_ 2Veex

M = B pw, (22)

Theheighth,of the conical part of the cyclone can be determined by the data, given in [19, 20]. The

reliable withdrawal of entrained particles from thecyclone is provided with the value of the angle at the
top of the cone of 30-40°.The hydraulic resistance of the cyclone is calculated by the formula:

2
AP, = &, 22, (23)
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where¢,, — the resistance coefficient, depending on the design of the cyclone (for CKKB design cyclones
&y = 2,5, for VTI cyclones &, = 6, for NIIOGAZ cyclones¢,, ~ 7[5]).

As can be seen from the formula (12), the settling rate of particles in centrifugal dust precipitators can
be increased by increasing the gas flow rate w, or decreasing the radius of rotation R. the First way is
inefficient, as it causes a sharp increase in the hydraulic resistance of the apparatus, with increasing the
turbulence of the gas flow and, finally, the reduced efficiency factor. The second way has resulted in the
creation of multiclonestructures.

In paper [20] to calculate the pressure drop in a cyclone there is proposed the equation:

ap =2 24)

According to the preset efficiency, the actual gas velocity in the cyclone iscalculated, and the gas
velocity in the cyclone should not deviate from the optimal one by more than by 15%.

According to the tables, given in the paper, there isassumedthe hydraulic resistancecoefficient,
corresponding to the predetermined type of a cyclone. For NIIOGazcyclones (single ones or group ones)
the specifyingcorrections are made bythe formula

§ = KiKz&500 + K, (25)

where &5 - the hydraulic resistancecoefficientof a single cyclone with adiameter of 500 mm. Index «c»
meansthat the cyclone operates in a hydraulic network, while«m» - without the network, i.e. directly with
exhausting intothe atmosphere; K; — the correction factor for the cyclone diameter; K,— the correction
factor for gas dust content; K5 — the coefficient, taking into account the additional pressure losses, caused
by the arrangement of cyclones in a group.

To calculate the hydraulic resistance of a cyclone,we have proposed the equation:

AP, = APy + AR, 5 + APy, (26)

where AP,, — thehydraulicresistanceof the entrance area, Pa; AP, , — thehydraulicresistanceof the vortex
area, Pa; AP, , - the hydraulic resistance of the exit area, Pa.
Thehydraulicresistanceof the entrance area:

WixPr
DRy = £y 22, @7)
where &,, = 3,32 — the resistance coefficient at the entrance to the apparatus.
Thehydraulicresistanceof the vortex area:

2

Ws3Pr
3 28)

APB.S = EB.B

where &, , = 4,1 — theresistancecoefficientof the vortex area; wy , — gas velocity in the vortex area, m/s.
The hydraulic resistance of the exit area:

2
APy = G222, (29)

where &, = 5,7 — theresistancecoefficient at the exit of the apparatus.
Figure 1 gives the results of the cyclone hydraulic resistance calculations according to the equations,
presented by various authors.
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Figure 1 — the cyclone hydraulic resistance APdepending on the gasflow velocityat the entrancew,,.

As it can be seen from the figure, the cyclone hydraulic resistance, depending on the gas flow rate at
the entrancetothe apparatus increases. It is obvious, because with increasing speed there are growingthe
expenditures on overcoming the local resistances and creation of a swirling flow. Calculations on the
equations,proposed in papers [1, 20], and our data have close values, whereas the data in paper [19]
areslightly overvalued.

Conclusions.There has been considered the model of centrifugal separation of a dust-laden gas
stream.

There has been given the analysis of different approaches to determination of the cyclone hydraulic
resistance.

Proceeding from the analysis done, there has been proposed the equation that takes into consideration
the resistance of the entrance area, vortex area and exitarea, well correlated with the data of other
researchers.
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IT'MAPOJUHAMMUKA 3AKPYUYEHHOTI O IIOTOKA
B AIIITAPATE ITUKJIOHHO-BUXPEBOI'O JIEMCTBUSA

Annotanusi.OpTajaH TeNKIill KYINTi KOJIAaHATBIH alllapaTTap/blH KeH TapajfaHblHa KapamacTaH, oJiapza
eTeTiH OipKenmik eMec Kyidenepai Oeyly mporeci ojapra ocep eTeTiH OapiblK MapameTpiepli eCKepydiH
KypAenitirine 0aillaHbICThI )KETKLTIKCI3 3ePTTE/reH.

[lapnanraH ra3 aFbIHbI HUKJIOHFA [IFIMHIPII MIAHTYHABIPFBII KaMepachlHa TaHTCHIMAIIBI OpPHAIACKaH KellTe
KYOBIp apKbUTBI KipeTiHAIKTEH Tra3 MIBIFapaThiH TYTIKIIEe aifHalTachblHOAa MIeHOep OOWBIMEH OTil KOHYC KaOBIPFACHI
OolbIMEH cHHpalbIbl TYpAE TOMEH Kapail Ko3Fasla/bl /1a )KOHE COIaH COH JKOFapbl Kapail Kosramaiabl, Oy perre
naiia OoJIaThIH OpTaJaH TENKIN KYII KaTThl OeJeKTepi KaHKaHbIH iIIKi KaObIpFachlHa jkabbICybIHA MOKOYpIei
OTBIPBIII ACEP €Te/i, oJlap KeHiH aybIPJIbIK KYII SCEPIMEH LIbIFapyILIbl KENTe KYObIPFa CHIPFBII TYCEI.

I{uknoHmapasl ecenTey YINIH Ta3-KaTThl 3aTTap JKyHeciH Oeily MeH arblHAap KO3FAJIBICHI HPOLECCTEpiH
CHIIATTaWTBIH KOINTETreH MOJENbACP YCHIHBUIIBL. KemnrtereH 3eprreyiuinep Oeny Imekapachl peTiHAE almaparTaH
ra3gpl [IBIFApyFa apHANFaH ImKi KYOBIp paguyChlHA COMKEC KeJeTiH eJEeCTeTUITeH TiK IMIHHAPIL OeTTi
KaObUIAlABl. ©O3renep IMAPAaBIUKAIBIK KeAeprini ecentey yurid h OWIKTINIMEH >KOHE pamuychl /7,7, opraiia
LWWITMHAPII OeTTi, OHJAa aFbIH XKbUIIAMIBIFBIHBIH CEKipMeni e3repici 6oiazpl aen oitnarn, naiinananaisl. byn 6erTin
€Ki Karbl Jia MOTEHIUAIAbI arbicka ue Oomnanbl. HoTrrkeciHnae »Kaimbl Kelepri MEH LUKIIOHFa Kipy JKOHE HIBIFyFa
apHaJIFaH XepriTiKTi Kexepriiep KodQuIHeHTTepiH ecenteyre apHajiFrad TeHICY aJbIHIbIL.

3eprreyminepain Oip Oeiri OIBIFY KaKTarbl Ta3 SKBUIIAMIBIFBl OOWBIHINA LUKIOHHBIH THIPABIHKAIBIK
KeJepriciH ecenTeyli YChHAmbl. bi3 IMKIOHHBIH THAPABIMKAIBIK KEIEpPriCiH ecenTey YUIH Kipic aiMarbIHBIH,
KYWBIHIIBI aiMaFbIHBIH JKOHE LIBIFBIC aliMaFbIHBIH KEACPIiiepiH eCKepeTiH TEHACY YCBIHBIN OTHIPMBI3. ¥ CHIHBUIBII
OTBIPFaH TeHJCY OOMBIHINA €CENTEeY HOTIKENEP] 63re 3epTTEYIIIePAiH MOHACPIMEH JKAKChI YHIeCe .

Tyiiin ce3gep: UMKIOH, TaHreHUUAABIKENTEe KyOBIp, OpTajaH TeNKill Kyll, KaTrThl Oeliekrep, TIas
JKBUIIAMIBIFBI, Keaepri K03()(UIIUESHTI, THAPABINKAIBIK KEACPT1.
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Ir'mjPOOINHAMUKA 3AKPYUEHHOI'O IIOTOKA
B AIIMTAPATE IIUKJIOHHO-BUXPEBOI'O JTEMCTBUSI

AnHoTanusi.HecMOTpss Ha IIMPOKOE PAaCHpPOCTPAHEHHE AalNapaToB, HCHONB3YIOIIUX IEHTPOOESKHYIO CHIY,
MPOTEKAIOIINH B HUX MPOLECC Pa3/eNICHNs] HEOJHOPOIHBIX CHCTEM HEJOCTATOYHO M3Y4YEH H3-3a CJIIOKHOCTH ydeTa
BCEX JICHCTBYIOMNX HA HETO ITapaMeTPOB.

B Buay ToOro, 4ro 3ambUICHHBIH TA30BBI MOTOK BXOAWT B LUKJIOH dYepe3 MNaTpyOOK, pacriojoKEHHBIH
TAQHTE€HIMAJIBHO K IWINHAPHUECKON MbIJIEOCaiUTENbHON KaMepe, MPOXOAUT MO OKPYKHOCTH BOKPYT BBIXJIOITHOM
TpYOBI ¥ IBMIKETCS CTUPAILHO BHU3 110 CTEHKE KOHYCa M 3aTeM BBEPX, BOZHUKAOIIAs IPU 9TOM LIEHTPOOEKHas! cuila
BO3/IeIICTBYET Ha TBEPJbIC YACTHILIBI, 3ACTABIISISI X MPY)KUMATHCS K BHYTPEHHEH CTEHKH KOpITyca, KOTOpBIE 3aTeM,
IOJ] IEWCTBUEM CHIIBI TSKECTH, CIIOJI3AI0T K BBIITYCKHOMY MaTpyOKy.

Jnst pacuera UKIOHOB MPEAI0XKEHO OOJIBIIOE YNCIIO MOJETIEH, ONMCHIBAIOIINX MPOLECCH IBIKEHNUS TIOTOKA U
pa3feneHus CHCTEMBl TIa3-TBEpJOE BEIECTBO. MHOrHME HCCIEAOBaTeNN IPUHUMAKOT B KAauyecTBE TI'PaHMIIBI
paszenieHuss BOOOpaKaeMyl0 BEPTUKIBHYIO LMIMHIPUYECKYIO ITOBEPXHOCTh COOTBETCTBYIOUIYIO pPagHycy
BHYTpeHHEH TpyObl JUIs BbIXOJA ra3a W3 ammapara. Jlpyrume st pacdera TMIpPaBIUYECKOIO COINPOTHUBICHHS
HCIOJIB3YET CPEAHIOK IMIMHIPUYECKYIO MOBEPXHOCTh PAJHyCOM /77,1 BBICOTON h, mpearoraras, 4To Ha Heil
MIPOUCXOIUT CKAYKOOOpa3HOe M3MEHEHHE CKOpPOCTH MOoToKa. IIo 00e CTOpOHBI 3TOM MOBEPXHOCTH Ipeodiafact
MOTEHIMAJIbHOE Te4YeHHe. B pe3ynpTare NONMydYeHBI ypaBHEHHMs JUId pacuera Kod(pQUIMEHTOB MeECTHBIX
COIIPOTHBIICHUH JUTS BXOJIa ¥ BBIXOJIA B IIUKJIOHE U OOIIETO CONPOTHBIICHUS.

YacTp HccuenoBarened NpejaraeT pacCUUTHIBATh THAPABINYECKOE CONPOTHBIEHHE LMKIOHA MO CKOPOCTH
raza Ha Bxome. Hamm pams pacdera THJIpaBIMYECKOTO CONPOTHUBIEHHS LHUKIOHA IPEUIOKEHO YpaBHEHHE,
YUUTHIBAIOLIEE CONPOTUBJICHUE 30HBI BXOJa, BHUXPEBOH 30HBI M 30HBI BbIXOZA.Pe3ympTaThl pacuera 10
MIPEATI0KEHHOMY YPAaBHEHHUIO XOPOIIO KOPPETUPYIOTCS C JTaHHBIMHU JPYTHX HCCIIEIOBATENEH.

Ki1roueBble €JI0Ba: IUKJIOH, TAHT€HIIMAIBHBIN MaTpyOOK, IIEHTPOOEKHAsI CHJIa, TBEPAbIC YaCTHIBI, CKOPOCTh
rasa, KO3 (QHUIUEHT CONPOTHUBIIEHHS, THAPABIMYECKOE CONPOTUBIICHHE
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SUPRAMOLECULAR COMPLEXES
OF IONITES WITH ORGANIC SUBSTRATES

Abstract. In the present work, the general laws of the interaction of aromatic and heterocyclic acids with the
anionite AV-17-8 have been studied by IR spectroscopy. Adsorption was studied under static conditions. The nature
of the interaction was judged by the appearance of new bands, the shift of their maxima and the change in intensity
on the spectrograms of fresh and spent ionite samples. IR absorption spectra of the freshly prepared anion exchanger
in the OH form were obtained and after mixing it with organic acids. Based on the data on the IR spectra of the
anionite AV-17-8 after adsorption of carboxylic acids, various aggregate supramolecular complexes of adsorbed
molecules with active centers of the ion-exchange resin are proposed. It has been shown that the molecules with
pyridine derivative substituents have the best tendency to adsorb, owing to the high degree of intramolecular
resonance and the formation of anions upon adsorption on the anion exchanger. It was found that acid adsorption is
carried out due to the formation of a hydrogen bond with hydroxyl groups located on the surface of the adsorbent. In
the anionite spectra after the adsorption of organic acids, absorption bands corresponding to symmetric and
antisymmetric valence vibrations of the carboxylate of anions were observed.

Keywords:adsorption, carboxylic acids,anion exchange.

Supramolecular chemistry studies the associates of two or more particles held together by
intermolecular forces. It can be said that supermolecules refer to molecules and intermolecular bonds, as
molecules belong to atoms and covalent bonds [1]. From these positions, it seems to us, it is more
convenient to consider ion exchangers, which are increasingly used in the purification of waste water and
flue gases from harmful impurities. In addition, they are increasingly used as heterogeneous catalysts in
organic synthesis.However, the mechanism of intermolecular interaction between adsorbates and active
groups of ion exchangers has not been sufficiently studied[2-11]. The knowledge of the laws governing
the formation of associates, their structure and intermolecular forces, which hold together different
molecules and active surface centers of adsorbents, will allow them to be used more efficiently and
selectively for these purposes.

The present work is devoted to the study of the adsorption of organic acids on the anioniteAV-17-8 in
the OH form by IR spectroscopy, the formation of intermolecular aggregate associates of adsorbed
molecules with active ionite centers.

Experimental part

In the work, commercial ion exchanger with a grain diameter of 0.3-0.5 mmhas been used, which was
conditioned and transferred to the OH-form by the method [12]. The static exchange capacity of 0.1 N
hydrochloric acid solution was 4.2 mg-eq / g.

The adsorption was carried out in a glass reactor equipped with a reflux condenser, with a
temperature of 25 to 75 © C for 1-2 hours and an adsorbate: ionite: water ratio of 1: 2: 8. After treatment,
the ion exchanger was filtered, washed with water, dried in air in a drying oven at 30-50 ° C., then kept in
a desiccator over P,Osfor 24 hours, tableted with pre-recrystallized and dried up to the complete
disappearance of KBr bands and recordedspectra on thespectrometer Impact 410 (USA) in the field of
4000-400 cm’".

— 26 ——
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Results and their discussion

We first studied the adsorption of pyridinecarboxylic and aromatic acids on the anioniteAV-17-8 in
the OH form.

Pyridinecarboxylic acids and their derivatives are part of the waste water of coke production, in
particular, in the production of vitamins and antituberculosis drugs. Therefore, a study of the mechanism
of their sorption is of interest both from the point of view of environmental protection and the capture of
valuable raw materials.

In the spectrum of fresh ionite (1), a number of bands in the region of 1380-1500 cm'pertain to the
deformation vibrations of the CH,, CH; groups and the skeletal vibration of the benzene ring. The wide
band in the field of 1600-

1700 cm™ corresponds to the deformation vibration of the OH groups of water

[13-18].

The spectra of nicotinic (2), isonicotinic (3), benzoic (7) acids and the products of their interaction
with anionite (4), (5) and (6), respectively, are shown in the figure.
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Figure - IR adsorption spectra of the anioniteAV-17-8 in the OH form (1) of nicotinic (2), isonicotinic (3),
benzoic (7) acids and their interaction products with anionite (4, 5, 6, respectively)

Comparing them in pairs, one can see that in spectra 4-6 there are no absorption bands characteristic
of acids (a very strong band of the stretching vibration of the

C = O group at 1700 cm'for benzoic and 1725 cm' for nicotinic and isonicotinic acids: about 1300
cm’'- stretching vibration of C-O bonds, about 1400 cm™'for nicotinic and isonicotinic acids and 940 cm’
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'for benzoic acid, related to non-planar deformation vibrations of the OH group).The continuous
absorptionhas been disappeared, characteristic for both acids and anion exchanger. The intensity of the
band in the region of deformation vibrations of water (1600-1700 cm™) has sharply decreased. At the
same time, a very intense pair of bands appeared at 1370 and 1620 cm™' (1615 cm for the reaction product
of benzoic acid). This pair of bands should be attributed, respectively, to symmetric and antisymmetric
stretching vibrations of the group - COO- adsorbed on the surface, according to [19,20]. In addition,
absorption bands at 1560 cm™'for isonicotinic and 1575 cm™'for nicotinic and benzoic acids appeared in
spectra 4-6.

In [21] the origin of the band in the region 1550-1600 cm™is explained by the oscillation of the
skeleton of the ring, and the increase in its intensity by conjugation. As for conjugation, we can agree with

497

—"
the statement, since the conjugation between the group 0 and the benzene and pyridine rings should
be strong.
The observed changes in the spectra of the products of the interaction of acids with anion exchanger
suggest a rearrangement of the structure of the molecules: the proton of the acid breaks off, neutralizing

the groupings Hon-104 to water.

Formedanions

TN { \ see i \ T
~o Qc\‘o IR o

— I

become counter ions of positively charged fixed centers of the resin surface. The absence of continuous
absorption in the spectra of the interaction products indicates that there are no bridged hydrogen bonds
between the water molecules and the oxygen atoms of the carboxylate groups with proton transfer, ie, in
contrast to the formate anion, aromatic carboxylate anions of non-carboxylate-hydrate rings.This implies
that the negative charge on the oxygen atoms of the carboxylate groups is insufficient to form such
bonds.The results confirm the presence of conjugation between the aromatic rings and the carboxylate
group in the anions and the large double bond of the C-C bond between these groups, which is probably
responsible for the appearance of an intense band in the field of 1560-1600 cm™. Along with this, it is
pointed out in [19] that the plane of the aromatic nucleus of adsorbed molecules is located parallel to the
surface of the adsorbent.
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Therefore, it can be assumed that most of the negative charge in these ions is at the center of the
aromatic or heterocyclic nucleus. These rings seem to surround the fixed cation of anionite like
carboxylate hydrate rings, stabilizing due to interactions between m-electrons of the ring and quaternary
ammonium of hydrogen atoms.
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'Koxa Axmer Scayu atbiHnarsl XalbKapasiblk Ka3ak-Typik yausepcuteti, Typkicran, Kasakcran
2[[.B.C0K0JILCKI/H71 aTeiHjarbl JKaHnapMai , KaTanu3 xoHe dJ1eKTpoxuMust UHCTUTYThl, AK, Anmatsl, Kazakcran

NOHUTTEPAIH OPTAHUKAJIBIK CYBCTPATTAPMEH CYIIPAMOJIEKYJIAPJIBI
KOMIIVIEKCTEPI

Annotanus. KapacTeIpbutein oTeIpFaH xkyMbicTa MK- CIeKTpOCKOMUs 9IICIMEH apOMTTHI )KOHE TeTePOIIUKIIII
KBIIKBUTIApAbIH AB-17-8 aHUOHUTIMEH OpEKETTECYIHIH JKAIIMbl 3aHIBUIBIKTAPBl 3EPTTENTCH. AJICOPOLUSHBI
CTaTHUKAJIBIK JKaFaaiia sKyprize/ii. OpeKeTTeCy IiH CUIIATHI XKOHIHAC aIBIMCH JaWbIHIAIFAH J)KOHE OHJCY/ICH OTKCH
HOHUT YITUIEPIHIH CHEKTPOrpaMMalIapblH/a jKaHA JKOJIAKTap/bIH Taijaa OONybIHA, OJapAbIH MaKCUMYyMIAPBIHBIH
BIFBICYBIHA JXKOHE WHTCHCUBTUIIKTIH e3repicTepiHe Kapail tamnmaiinel. AHMOHUTTIH OH —(hopMachIHBIH JKOHE OHBI
OpTraHWKAaJIBIK KBIIKBUIIApMEH apanacTeipynaH keiinri UK- cnekrpriepi ameiHgasl. Anmonut AB-17-8 Oeringe
KapOOH KBIIIKBUIIAPBIHBIH aIcOpOIMsIChIHAH KeliH anbiaran WK-cnekTpriepaiH HeTi3iHae ancopOuusuIaHFaH
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MOJICKYJIAJIAp/IbIH  MOHAIMACTBIPFBII  IIAWBIPABIH aKTHBTI OpPTAJIBIKTAPBIMEH TY3UIFEH OpPTYPJl arperarTsl
CYIPaMOJIEKYJIISIPIIbl KOMILIEKCTepl YChIHbUIFaH. MoOJeKyIailliiik pe30HAHCTBIH JKOFaphl JIOPEXeci MEH aHHOHUTTE
ajicopOIMst Ke3iHJe aHMOHAAPIBIH TY3UlyiHe OaijaHbBICTHI €H JKaKChl aacopOuusuiany OeHiMIuIiri nupuauHiai
OpBIHOACYIIBLIAPEI 0ap MoOJIeKyJanapFa TOH eKeHJIri KepcerinreH. KbIIKbUIAAPIBbIH aacopOIMsCchl aacopOeHT
OeriHIe OpHANaCKaH THIAPOKCHJI TONTAPBHIMEH CYTEKTIK OailaHbicTap Ty3y ece0iHeH JKy3ere acaThIHIBIFbI
aHpIKTa’dFad. OpraHuKaiIbIK KbIIIKbUIIAPIBIH aICOPOIMICHIHAH KEiliH aHMOHWUTTIH CIEKTPJIEpIHIe CHMMETPHSIIBI
KOHE AHTUCHMMETpHUSUIBI BaJICHTTIK TepOericTepre colikec KapOOKCHIAT aHMOHIAPABIH CIHIPY JKOJaKTaphbl
TaOBIIFaH.
Tyiiin ce3aep: agcopOuys, KapOOH KHIIKbUIIAPHI, AHKOHUT.

C.A. I[myMaz[y.ﬂ.naeBal, A.B. Baemos’, M.O. Aarsinéexosa’, B.C. AGxanos'
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2I/IHCTHTyT Tomnusa, katanuza u snekTpoxumun umenu J[.B.Cokonbckoro, AO, Anmatel, Kazaxcran

CYIIPAMOJIEKYJISIPHBIE KOMILVIEKCbhI HOHUTOB C OPTAHUYECKUMHA CYBCTPATAMMA

AnHotanus. B Hactosmeit pabore meromom WK- cmekrpockonmm u3ydeHBl OOMME 3aKOHOMEPHOCTH
B3aMMOJIEHCTBHS apOMATHYECKUX M TETEPOLUKIMYECKHX KHUCIOT ¢ aHHOHUTOM AB-17-8. AncopOrmro m3ydann B
cratuueckux ycinoBusx. O Xapaktepe B3aUMOJCHCTBHUSI CYAWIM [0 MOSBICHHIO HOBBIX II0JIOC, CABHUTY HX
MaKCHMMYMOB M HM3MEHEHHIO MHTEHCHBHOCTH Ha CIIEKTPOrpaMMax CBEKEro M OTpabOTaHHBIX OOpa3loB HOHHTA.
beutn  monyuenst MK-cnekTpbl mormomieHust cBexenpurorosieHHoro anuonuta B OH- ¢dopme u mocie
TIepEeMEIINBaHUs €0 ¢ OpraHuvYecKUMH Kuciotamu. Ha ocHoBanmu maHHbIX mo MK-cnektpam anwonuta AB-17-8
nocie afcopouun KapOOHOBBIX KHCJIOT HPEIUIOKEHBI Pa3iIM4YHbIe arperaTHble CYNPaMOJIeKYJSPHbIE KOMILICKCHI
a/ICOPOMPOBAHHBIX MOJIEKYJ C AKTUBHBIMHU IIGHTpAaMH HOHOOOMEHHOW cMouibl. [loka3aHo, YTO HAWITYYIIYIO
CKJIOHHOCTb aJICOPOMPOBATHCS UMEIOT MOJEKYJbl C MHUPHIMHIIPOU3BOJAHBIME 3aMECTUTEIISIMHU, Oaroiapsi BbICOKOM
CTETIeH! BHYTPHUMOJIEKYJISIPHOIO Pe30HaHCca U 00pa30BaHHMI0 aHUOHOB IPH aJCOPOLIMKM Ha aHUOHHTE. Y CTAHOBJICHO,
4TO aJcOpOLMUs KHCIOT OCYLIECTBIISETCS 3a cueT 00pa30BaHUsi BOJOPOIHON CBSI3U C TMIAPOKCHIIbHBIMH IPYIIIIAMH,
pacIioyoKEHHBIMU Ha TOBEPXHOCTH aJicopOeHTa. B crekTpax aHMOHUTA Mocie aacopOliHu OpraHHYeCKUX KUCIOT
OOHapyKeHbl TI0JIOCHI IOTJIOLICHUS, COOTBETCTBYIOUIME CHMMETPUYHBIM M aHTHCUMMETPHYHBIM BaJCHTHBIM
KoJIeOaHHUSIM KapOOKCHUIIAT aHHOHOB.

KiroueBblie ciioBa: ancopOims, KapOOHOBBIE KHCIIOTHI, aHHOHHUT.
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INVESTIGATIONS OF PYROMETALLURGICAL AND ELECTROLYTIC
CLEANING PROCESSES OF BISMUTH CONNECTIONS AND SURVEY
OF NEW TECHNOLOGIES FOR PROCESSING OF VISIBLE DROSSES

RECEIVED AFTER RAINING OF BLACK LEAD WITH MINERAL
WASTE DISPOSAL

Abstract. The article presents a literature review and possible ways of obtaining high purity bismuth of the
Vu000, Vio0000 grades with a combination of pyrometallurgical and electrolytic cleaning schemes using simple
equipment that ensures its competitiveness at cost and simplicity of technical solutions. The technology of obtaining
bismuth is a unique connection with this, it is not fully disclosed. The results of the study show the high purity of the
product obtained, the work on the selection of the electrolyte composition, the preparation of the anodes and the
electrolytic refining of bismuth and the processing of the technology regimes are completed.

Key words: bismuth grade Bi000, impurities, electrolysis, refining, waste.

Bismuth is a very rare and rather scattered element. According to various estimates, the average
content (clarke) of a given element in the earth's crust is from 9 * 10-7% to 2 ¢ 10-5% by mass, which
means that per ton of the material of the earth's crust there are only 0.2 grams of bismuth [1- 3]. By the
prevalence in the bowels of our planet, bismuth occupies the seventy-first place. Its less than silver, less
than many elements of the rare and scattered - thallium, indium, cadmium. Today, this element is
necessary for every country with a highly developed industry. Over the past decades, the demand and the
price of this metal have risen sharply, as electronics and nuclear power have added to such traditional
consumers of bismuth (primarily high-purity brands) as metallurgy, pharmaceuticals and the chemical
industry [4-6].

Currently, the main producers of high purity bismuth are China (up to 70%), Russia, Bolivia, Peru,
Mexico, Australia and the USA [7].

In the Republic of Kazakhstan during the Soviet period, the main producers of bismuth metal were
lead-zinc and copper-smelting industries, since in the process of processing of basic metals, it was
required to clean the bismuth that was present without fail. The ordinary bismuth grades were produced,
which were sent mainly to Russia, where the brands of higher purity were produced, mainly by the
method of repeated recrystallization, by the vacuum distillation method, the main disadvantages of which
were low productivity, the complexity of the process and the use of expensive equipment. It was for these
years that the main research was devoted to developing technologies for further purification of bismuth to
the highest purification grades. One of the main producers of bismuth in the Republic of Kazakhstan until
2011 was the corporation "Yuzhpolimetall", which produced bismuth of certain brands of high purity. A
small amount of bismuth of ordinary grades produces lead-zinc production of the corporation "Kazzinc".

The program for the development of the mining and metallurgical industry provides for an increase in
processing of the main types of mined raw materials for obtaining products with high added value and,
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ultimately, the creation of metallurgical industries and subsequent redistribution, ensuring the
development of high-tech industries and exports. In Kazakhstan, the main source of bismuth production of
ordinary grades is lead-copper production, in the technological process of which, redistribution from
bismuth to bismuth-containing drosses is envisaged, electrolytically processed to produce bismuth sludge,
smelting it to rough bismuth and purging of impurities to B1 grades , Be2, Bu0, and B00. The most pure
in content impurities in the process of such redistribution is Bio. Bismuth grades B000, BO00O are
obtained by zone recrystallization in an inert gas atmosphere, by a vacuum distillation method. These
methods are not characterized by high productivity and do not give a high extraction of bismuth into the
final product.

The scientific novelty of the work is to obtain high purity bismuth of the brands Vi000, Vio0000 with
a combination of pyrometallurgical and electrolytic cleaning schemes on simple equipment, which
ensures its competitiveness at cost and simplicity of technical solutions.

At present, we have preliminary results of studies on the production of Bi000 bismuth with a
pyrometallurgical method, including a phased purification from the impurity impurities. The purification
regimes, the characteristics of the main equipment have been worked out, which are the novelty of this
study. The next step is to obtain Bio0000 by electrolytic refining of B0OO in electrolyzers with solid
anodes. There are preliminary positive results on the composition of the electrolyte, the preparation of
anodes, the electrolytic refining of bismuth, the melting of cathode metal, the nomenclature and the
technological strapping of the main equipment. This method completely has a scientific novelty.

The starting materials for the production of bismuth with a content of the main substance 99.999%
and 99.9999% (B000 and B0000) can be the ordinary bismuth brands Bio and BvOO, obtained during the
electrolytic processing of bismuth dyes from the refining of leaded lead. The technology of
pyrometallurgical purification consists of 1) removal of lead impurities, special additives having a close
affinity for lead 2) carrying out desulfurization operation - removal of silver, nickel and copper 3) removal
of cadmium, thallium and residual lead content 4) qualitative refining - removal of chlorides. This stage
allows the above impurities to be removed to the content specified in GOST 10998 for 99.999% purity
bismuth (B000). The mode parameters and additives used contain novelty. The technology of the second
stage provides for the electrolytic refining of Bi000 bismuth in electrolyzers with solid anodes. The
technology is based on the anodic dissolution of Bi000 bismuth and the deposition of dendrides on a
portable titanium cathode. The composition of the electrolyte, the regime parameters of the process have
scientific novelty. The technology consists of the following stages: 1. Preparation of anodes - melting of
Bi000 bismuth, intercalation of the reagent for fine cleaning from the residual quantity of suspended
impurities in the form of sulphides, bottling of the anodes in the form of blocks. 2. Preparation of
electrolyte 3. Carrying out electrolysis 4. Stripping of cathode metal 5. Washing of dendrides 6. Melting
of cathode metal 7. Filling of metal.

The equipment used in the process must be made of inert materials to prevent contamination by
impurities of the guest metals - titanium, graphite of special purity. Reagents used for cleaning should
have a mark not lower than "hh" / or "och".

There are no analogues of the proposed production in the RK and the CIS countries. The
competitiveness of the proposed bismuth production of the brands Vi000, Bio0000 at the cost and
simplicity of technical solutions will allow us to compete only with the main producer - China [8-15].

All existing technologies are based on pyro- or hydrometallurgical cleaning methods, which do not
allow achieving the required purity. The method of purification of bismuth [16] does not allow to purify
from Te and Ag to the required content, the method of vacuum distillation of bismuth [17] allows to
significantly reduce the lead content in bismuth, but this method is effective only for pre-purified bismuth
and is used only at the finishing stages of bismuth refining and in small volumes. A hydrometallurgical
method for processing bismuth-containing materials to produce bismuth powder [18] is known, B00O,
however, the disadvantages of this method is the complexity of the process, the use of expensive and
complex in composition reagents.

The purpose of this article is to show the possibility of organizing an experimental production of
bismuth production of the brands Vi000, Vi0000, and attracting investments for the commercialization of

— 3 ——
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products of the developed technology. The commercial attractiveness of the technology is the steadily
increasing demand for high purity bismuth, the scope of which is expanding due to the development of
such high-tech industries as the semiconductor industry, the development of nuclear power [19-23]. The
cost of high-grade bismuth reaches § 100 per kilogram. World production currently amounts to about
10,000 tons per year [24-29]. The proposed production of bismuth in the case of commercialization of the
results of the study will yield more than 200 tons per year. The volume of the market is unlimited.

The spectrum of potential consumers of high purity bismuth is extensive [30-34, 25,10].

1. The pharmaceutical industry has a share that accounts for 45% of world consumption. In Russia
and abroad (manufacturers Gist-Brokades (Netherlands), M / S Elder Pharmaceutical Ltd (India), Torrent
Pharmaceuticals (India), Yamanouchi Europe (Japan), Laboratories INC (USA) )) used compounds made
on the basis of high purity bismuth - basic and average nitrates, basic carbonate, salicylate, tartrate,
gallate, tribromophenolate, bismuth citrate. These compounds are used as substances in the synthesis of
drugs "Vikalin", "Vicair", "Xeroform", "Dermatol", "Bismoverol", "Bijohinol", "De-Nol", "Tribimol",
"Telen", Desmol "," Pilorid ", etc. As modern studies have shown, bismuth compounds have antitumor
activity and can be promising for the treatment of HIV, AIDS and AIDS-related diseases.

2.Metallurgical industry - (production of low-melting alloys with lead, tin, cadmium, in the
manufacture of molds for precision casting, dies, marking, assembly and control devices, for improving
the machinability of aluminum, cast iron and steel alloys in the manufacture of aircraft and motor
vehicles)

3. The chemical industry - as a catalyst in the production of synthetic fibers, etc.

4. Nuclear power - bismuth - a liquid coolant and a cooling agent. A small cross section for the
capture of thermal neutrons by bismuth and a significant ability to dissolve uranium, together with a
significant boiling point and low aggressiveness to structural materials, make it possible to use bismuth in
homogeneous nuclear reactors

5. Electronics - an alloy of 88% Bi and 12% Sb in a magnetic field exhibits an anomalous effect of
magnetoresistance; of this alloy, high-speed amplifiers and switches are manufactured. tungstate,
stannate-vanadate, silicate and bismuth niobate are part of the high-temperature ferroelectric materials,
bismuth ferrite BiFeO; in the form of thin films is a promising magnetoelectric material. Bismuth is one
of the components of lead-free solders, as well as low-melting solders, used for mounting particularly
sensitive microwave components.

6. Ceramic industry - fusible enamels, etc.

The enumeration of all industries where it is possible to use high purity bismuth will take a
sufficiently large page volume. Bismuth salts are used in areas very far from each other. This, for
example, the production of pearlescent lipstick and the production of paints for road signs.

The proposed technology for the production of high purity bismuth of the brands Vi000, Vi0000 will
allow the production of high-tech and export-oriented products with a wide range of applications for such
industries as metallurgical (in the form of wvarious alloys), pharmaceutical, chemical, nuclear,
semiconductor, etc., will contribute in the implementation of the Program for the Development of the
Mining and Metallurgical Industry of the Republic of Kazakhstan, will subsequently allow the production
of various high-purity commercial products from bismuth that is, products with high added value, the
development of Kazakhstan's scientific potential in the production of ultrapure metals, and the reduction
of imports of similar products.

We believe that the main social and economic effect of the implementation of this technology can be
attributed first and foremost to the transfer of unique knowledge and great practical experience in setting
up the production of ultrapure metals of the main technology developers, young scientists, since even in
the Soviet era there were a limited number of such specialists.

REFERENCES

[1] Kuang Z; Lu L; Shen J; Xiang Q. Recycling bismuth from bismuth slag placement smelting lead-bismuth alloy and then
carrying out silicon acid system electrolysis, acid leaching anode slurry, filtering, and putting bismuth replacement in the leaching
solution. Patent Number: CN102586627-A; CN102586627-B. 2012.




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

[2] Fedorov P.I., Dimitrov J.A., Fedorov P.P. Mineral raw materials of rare and dispersed elements and small metals /
Methodological instruction. - Moscow: MITHT, 2003. 107 p.

[3] Kostov I. Mineralogy. Moscow: Mir. Edition of literature on the question of geological sciences, 1971. 584 p.

[4] Cinotti, L. Smith, C.F., Sekimoto H., etc. Lead-cooled system design and challenges in the frame of the Generation IV
International Forum. Journal Of Nuclear Materials Vol. 415, Iss. 3, P. 245-253.

[S] ZHANG S. High-vacuum electric smelting method for chromium, niobium, bismuth and iron alloy. Patent Number:
CN102080166-A., 2011.

[6] Novoselov II, Shubin Yu.V., Byzov GP, Makarov 1.V. Patent - RU No. 2385294 C01G 29/00. A method for producing a
powder of bismuth (IIT) oxide. Application 16.06.2008. 15 sec.

[7] Izatt, S.R., Izatt, N.E., Bruening L. Metal separations of interest to the Chinese metallurgical industry. Journal Of Rare
Earths. Vol.28. P.22-29.

[8] Yan, C.Y. Lee P.S. Bismuth-Catalyzed Growth of Germanium Nanowires in Vapor Phase. Journal of Physical
Chemistry C. Vol.113 Iss.6. P.2208-2211.

[9] Busev A.I. Analytical chemistry of bismuth. Moscow, 1953. 383 p.

[10] Liu W; Tang X; Zhang Q; Zheng Y. Preparation of bismuth telluride thermoelectric compound nanopowder involves
degassing bismuth trinitrate pentahydrate containing solution in the presence of argon gas, and washing centrifuging product
using deionized water and ultrasonic. Patent Number: CN101327916-A. 2009.

[11] Mischenko K.V. Obtaining of metallic bismuth and its oxides of nanoscale range. Abstracts of the report at the XVII
International Scientific and Practical Conference "Modern Technology and Technology". 2s. Section 6. Material Science.
S. 195-196.

[12] Yukhin Yu.M., Mikhailov Yu.l. Chemistry of bismuth compounds and materials. Novosibirsk: SB RAS, 2001. 360 p.

[13] Kudra O., Gitman E. Electrolytic production of metallic powders. K .: Publishing house of Acad. Sciences of Ukr. SSR,
1952. 144 p.

[14] Wang S; Wang H. Method of extracting indium, zinc and bismuth from ash of blastfurnace gas involves using vacuum
distillation to remove impurity and electrolysis to get high-purity indium after rough indium is obtained. Patent Number:
CN101078053-A; CN100557045-C. 2008.

[15] Cheng J; Chen J; Yu S; Meng Z. Method for preparing bismuth lanthanum ferrites-lead titanate solid solution ceramics
under effect of high magnetic field. Patent Number: CN101037338-A; CN100509703-C. 2008.

[16] Patent No .: 2281979. Shevtsov Yu.V., Novoselov II, Byzov G.P. Method for obtaining bismuth. It is published on
August 20, 2006.

[17] Alexandrov BN et al., Preparation of pure bismuth by vacuum distillation and zone melting, Izv. AN SSSR, Metals,
1969, Ne6.

[18] Yukhin Yu.M., Bokhonov BB, Tukhtaev RK, Udalova TA Method for obtaining powdered bismuth (patent of the
Russian Federation No. 2225282. Published on 03/10/2004.

[19] Zhereb V.P. Metastable states in oxide bismuth-containing systems. Monograph, Moscow: MAX Press, 2003.

[20] Busev Al, Titstova VG, Ivanov V.M. A Guide to Analytical Chemistry of Rare Elements / 2 nd ed., Pererab. and
additional. -Moscow: Chemistry, 1978. 432 p.

[21] Ren W; Ren Z; Xu Y; Deng K. Preparation of a nanometer P-type bismuth tellerium base composite thermo-electric
material areas adopting bismuth chloride, carrying and stirring. Patent Number: CN101186283-A.

[22] Hossain S.M., Mukherjee A., Basu S., Pal M. Effect of Ni-Co on the structure and properties of multiferroic BiFeO3
nanoparticles. Micro and Nano Letters. Volume 8, Issue 7, 2013, Pages 374-377.

[23] Gil Novoa, O. D., Landinez T¢llez, D.A., Roa-Rojas, J. Synthesis and structural and electrical characterization of new
materials Bi 3R2FeTi 30 15 Physica B: Condensed Matter. Volume 407, Issue 16, 15 August, 2012, Pages 3099-3101.

[24] Samsonov GV, Abdusalyamova MN, Chernogorenko VB. Bismuthids. Kiev: Naukova Dumka, 1977. - 184 p.

[25] Logutenko, O.A., Yukhin, Y.M., Evseenko, V.I. Bismuth compounds for medicine: Synthesis of bismuth (III)
subgallate trihydrate Proceedings of IFOST-2008 - 3rd International Forum on Strategic Technologies. 2008, Article number
4602848, Pages 58-60.

[26] He, Z., Xiao, Z., Xiong, L., Ma, C., Liu, W., Dai, Y. Sulphur deleadization of refined bismuth by vacuum distillation /
Journal of Vacuum Science and Technology. Volume 26, Issue 1, February, 2006, Pages 32-35

[27] Garmaev BL Gold-telluride and gold-bismuth mineral types of mineralization of the western flank of the Bokson-
Gargan metallogenic zone (Eastern Sayan). The dissertation author's abstract on competition of a scientific degree of the
candidate of geologo-mineralogical sciences. Ulan-Ude, 2011. 26 pp.

[28] Horvat, J., Guo, Y. C., Dou, S.X. Formation of weak and strong links in Ag / Bi-2223 superconducting tapes. Physica
C: Superconductivity and its Applications. Volume 271, Issue 1-2, 1 November, 1996, Pages 59-66.

[29] Briand, G.G., Burford, N., Chem. Rev. 1999. V. 56. P 2601.

[30] Duan F., Zheng Y., Liv L. et. al. // Materials Letters. 2010. V. 64. P. 1566.

— 34 ——




ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 2. 2018

[31] Xie D; Wu Z; Dai Y. High purity micron bismuth oxide micro powder manufacture for electronic industry synthesis
synthesizing sub-bismuth nitrate, carrying out filtering of sub-bismuth nitrate, and heating up of sub-bismuth nitrate. Patent
Number: CN101049966-A, 2008.

[32] Xie D; Lei R; Wu Z; Dai Y. Technology of nanometer stearic acid bismuth by solution dispersion. Patent Number:
CN100999459-A; CN100999459-B. 2008.

[33] Pinard D; Guimont J. Bismuth removal from particulate lead-silver oxides. Patent Number: W09918248-A;
W09918248-A1. 1999.

[34] Mevkov, M.A .; Smolkov A.A .; Sedova N.A Processing bismuth @ -contg. sulphide concentrates by leaching with
soln. contg. sulphuric acid and sodium chloride, followed by extn. and re-extn. Patent Number: SU1558016-A1. 1997.

A.E. Ceiicendae’, A.M. Ycrumos !, U.0. AiimGeroBa >

! M.Byes08 aTbimarsl OHTYCTiK KazakcTan yHMBEpCHTETI;
? A Slcaym atbiHzarsl XanbIKapablk Ka3aKk-TYPiK YHHBEPCHTET

BUCMYTTbIH KOCBUIBICTAPBIH IMPOMETAJLTY PI'USUIBIK KOHE 3JIEKTPOJIN3
APKbBUIBI TA3AJIAYbBI 3BEPTTEY MEH MUHEPAJIIbI KAJIIBIKTBI YTUJIBJAEYI'E
KOPFACBIHHBIH PAONHALIUSACBIHAH BOJITHETIH BUCMYTTI JPOCCTAPJAH
KANTA OHJIEY/ITH ’KAHA TEXHOJIOT USIJIAPBIH JKACAY

Annotanusi: makanaga Bu000, Bu0000 mapkanbl BHCMYT any OOMbIHINA 9[e0HM IOy YKOHE OHBI )KOFaphI
Ta3aJIbIKTa OHIIPY YIIIH MHUPOMETAITYPIHsUIBIK JKOHE DIIEKTPOJIUTTIK Ta3apTy CXeMalapblHbIH KOMOWHALUSCHI
HeTi3iH/le TEeXHUKAIBIK IIEeIIiMIepi OHTaHIbI MEH KaparmaibiM xab/pIKTa 0ocekere KaOlIeTTUIriH KaMTaMachi3 eTy
MaKCaThIH/Ia BIKTUMAJ dJicTepl KapacThIpbuiaibl. BUCMYT aimy TEXHOJOTHsCHI Oipereil OONFaHABIKTaH Makajaja
TOJIBIFBIMEH AllIbUIBIIT KOPCETIMEreH. 3epTTey HOTHXKeJIepl OHIMHIH JKOFapbhl Ta3aJIbIFbIH KOPCETTi, aHO/ IeH
AIIEKTPOIMUT KYPaMbl aHBIKTAIIbI, BACMYT aJlyAbIH TEXHOJIOTHSIIBIK PEKUMICPIH aiKbIH Qb

Tyiiin ce3nep: Bu Mapkanbl BUCMYT, KOCIIa, 3JIEKTPOIIU3, paduHaLMsIIAY, KaTIbIKTap

A.E. Ceiicentaes ', A.M. Ycrumos', U.0. Aiim6eroBa’

" JOxmn0-Ka3axcraHckuii yuuBepcuTeT nMeHn M.Aye30Ba;
2 MesxayHapOHBIA Ka3aXCKO-TYPEIKUi YHUBEpCUTET IMEHH A.SlcaBu

UCCJEJOBAHUSA MUPOMETAJTYPTHUYECKOM U AJIEKTPOJIMTUYECKOM CXEM OYUCTKH
COEJVUHEHMI BUCMYTA U U3BICKAHUE HOBBIX TEXHOJIOT Ui TEPEPABOTKH
BUCMYTHUCTBIX APOCCOB, IOJTYYEHHBIX ITIOCJIE PAOMHUPOBAHUS YEPHOBOI'O
CBUHIIA C YTUIN3AIIMEA MUHEPAJIBHOT'O OTXO/IA

AHHOTanMsl. B CTaTbhe IMPEJCTABICHbI JUTEPATYPHBI 0030p M BO3MOXKHBIE CIOCOOBI MOJYYEHHsS BHCMYTa
BbICOKOW umcToThl Mapok Bn000, Bu0000 c coueTaHneM MHUPOMETALTYPTUYECKON U 3JIEKTPOIUTHIECKON CXEeM
OYNCTKH Ha IPOCTOM 000pyIOBaHHUH, 00ECIICUNBAIONIAs €€ KOHKYPEHTOCIIOCOOHOCTh IO Ce0ECTOMMOCTH U IPOCTOTE
TEXHHUUYECKHUX pelieHnil. TeXHOIOTHs MOMy4YeHHs] BUCMYTa SIBJSICTCSl YHHKAJIbHOW CBSI3U C 3THM OHO HE PAaCKpPBITO
MOJHOCTBIO. Pe3ysbTaThl HCCIEOBaHMs IOKA3bIBAIOT BBICOKYIO YHCTOTY IOJYYaeMOro MPOJYKTa, 3aBEPIICHBI
paboThl 10 MOAOOPY COCTaBa AIEKTPOJIMUTA, MOJATOTOBKH aHOJOB M MPOBEIACHHUIO AJIEKTPOIUTHOTO papUHUPOBAHUS
BUCMYTa 1 0TPabOTKa PEKUMOB TEXHOJIOTHH.

KiroueBblie ciioBa: BucmyTt Mapku Bu000, mpumecH, 31eKTposn3, papuHUPOBAaHHUE, OTXO/BI.
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PRODUCTION OF COPPER BROMIDE
AT POLARIZATION BY AN ALTERNATING CURRENT

Abstract. The electrochemical method for the production of copper (I) bromide at polarization by an alternating
current at 50 Hz frequency in the potassium bromide solution was developed for the first time. The effects of basic
electrochemical parameters on the copper bromide formation were studied. The electrode pairs, “copper-copper” and
“titanium-steel” electrodes in the two electrolysis, were connected to the electrochemical circuit and impulse current
was obtained. It was shown that the copper bromide formation depends on the current density of the copper electrode
in the first electrolysiscell and the current density of the titanium electrode in the second electrolysiscell. At the
current density 800 A/m?on the copper electrode and 60 kA/m”onthe titanium electrode, the current efficiency of the
copper bromide formation showed the highest value and accounted for 81% respectively. It was observed that when
the concentration of potassium bromide solution is increased up to 2 mol/l, the current efficiency of the copper
bromide formation increases, and it is decreased due to electrode surface passivation at higher concentrations.
Increasing the solution temperature leads to the redissolution of the formed copper bromide, thereby to the decrease
of the current efficiency value. It has been shown that as the alternating current increased, the current efficiency of
the copper-bromide formation decreased, when the current frequency was 300 Hz, it showed the lowest value.
Optimum values of electrolysis parameters were determined and the obtained copper (I) bromide content was
identified by the X-ray phase analysis.

Keywords: copper bromide, alternating current, copper electrode, titanium electrode, current efficiency,
electrolysis.

At present, alternating current (AC) electrolysis is of interest to many researchers in the field of
electrochemistry due to the rapid development of electrochemical processes. Various forms of using AC
allow to eliminate the electrode passivation and to intensify synthesis of many compounds [1].

Copper (I) bromide is a strong reductant that is widely used in chemical production, especially in the
synthesis of organic matters. It acts as a catalyst in many organic reactions [2]. Brominating reactions and
polymerization reactions of aromatic cycle compounds are carried out based on copper bromide [3-7].

Works [8-10] show that copper bromide forms coordination compounds with organic compounds and
[11] presents the first results of the visualization of nanoparticles synthesis process at high speed by using
the CuBr-laser.

Russian scientists [.P.Chernobayev, L.A.Kasatkina and V.G.Kolesnikova obtained copper bromide by
electrolysis in the presence of the anodic current. They carried out their study based on the copper and
graphite electrode in the presence of aqueous solution of the copper vitriol, potassium bromide and
sulfuric acid. The disadvantage of this study is that the SO,gas released as a result of electrolysis which is
poisonous and causes discomfort for the study from the sanitary and hygienic point of view [12].

As previously reported, the electrochemical properties of copper in chloride, iodide, sulphate aquatic
media were investigated and an electrochemical method of obtaining various copper compounds was
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developed [13-16],and the electrochemical methods of synthesis of copper and zinc inorganic compounds
were presented [17].

In our previous study we investigated the formation of copper bromide by polarizing copper electrode
with anodic current and established the optimum conditions of electrolysis [18]. The current efficiency of
the copper bromide formation reached 72%.

In this work, electrochemical production of copper bromide was carried out in the presence of the
alternating current with a frequency of 50 Hz. The experiments for obtaining copper bromide were carried
out in 100 ml thermostatic glass electrolysis. The second electrolysis cell was connected to the
electrochemical circuit for impulse current transmission from the circuit. In the first electrolysis cell, two
flat copper plates (Sc,=0.0006 m?) were placed and 2M KBr solution was used as an electrolyte. In the
second electrolysis cell, a small titanium wire (S;= 0.000006 m”) and a large stainless steel (Sss = 0.0015
m’) were used as electrodes and 5% NaOH solution as electrolyte. It is known from literature [1] that a
small titanium electrode is used as an additional electrode to produce impulse current of such frequency
from the industrial alternating current of 50 Hz frequency. This method is typically used for synthesis of
compounds by dissolving metals at polarization by an alternating current. It should be noted that the
results of the preliminary study revealed that the copper electrode was dissolved to form copper bromide
when performing the electrolysis by using the copper electrode and the titanium wire in 2M KBr solution
with an alternating current, but at that time the titanium wire was agitated and caused difficulties in
performing the electrolysis. In this regard, to avoid titanium agitation, the main copper electrodes in the
first electrolysis cell were immersed in KBr solution, while the titanium wire in the second electrolysis
were immersed in NaOH solution and connected to an AC source (Figure 1). After the electrolysis, the
copper (I) bromide formed in the first electrolysis was filtered, rinsed with distilled water and absolute
alcohol, dried and weighted by the weight method. The current efficiency value was calculated by the
anodic half-cycle period of AC.

Preliminary studies have shown that the amount of the copper bromide formed in the first electrolysis
cell directly depends on the current density of the copper electrode in this electrolysis cell and the current
density of the titanium electrode in the second electrolysis cell. Therefore, the effect of the current density
in these electrodes on the current efficiency of the copper bromide formation was comprehensively
studied.

~220V
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v-24 |7
GCF 8 9
—
10 6

3
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1 - first electrolysis cell; 2 - second electrolysis cell; 3 - copper electrodes; 4 - titanium electrode; 5 - stainless steel electrode;
6 - ammeter; 7 - alternating current source(V-24); 8 - AC frequency generator(GCF); 9 - oscillograph; 10 - resistance (1 Om).

Figure 1 - The principal scheme for the installation used for obtaining copper bromide by impulse current polarization




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

The effect of the current density on the titanium electrode polarized by an alternating current in the
second electrolysis cell on the current efficiency of the copper (I) bromide formation was studied at the
range of 20-120 kA/m’. At this time, the current density of the copper electrodes polarized by an
alternating current in the first electrolysis cell was kept constant (800 A/m?). As a result of increasing the
current density of the titanium electrode, the current efficiency of the copper bromide formation in the
first electrolysis cell can firstly be increased and then decreased. At the current density in the titanium
electrode 60 kA/m?, the current efficiency reached the maximum value (81%). This can be explained by
the formation of an oxide layer with semiconductor properties on the surface of the titanium electrode in
anodic half-cycle period. This is due to the current density increase that the oxide layer on the surface of
the titanium electrode is loose, its valve properties become weaker, and the alternating current is poorly
formed in the circuit (Figure 2).
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ica = 800 A/m?, [KBr]=2M, t=0.5 h, t=20"C, v= 50 Hz.

Figure 2 - The effect of the current density in the titanium electrode on the dissolution
of the copper electrode forming copper bromide at impulse current polarization

When the copper electrode is polarized by the production frequency alternating current, the following
electrochemical reactions can take place during its anodic half-cycle period:

Cu’-¢ e Cu’ E’=+0.52V (D)
Cu'-e o Cu* E°=+0.15V )

The results of the study have shown that single valence copper ions are stable in bromide solutions
[19].

It is known that the solubility of copper (I) bromide is low (SP = 5.3:10”%) [20, 21], so the formed Cu
(I) ions are interconnected with Br™ ions and copper (I) bromide is formed. It can be observed by the
formation of orange sediment formed at the bottom of the solution:

Cu" + Br— CuBr | (3)

The effect of the current density in the copper electrode polarized by an alternating current on the
current efficiency of the copper bromide formation was studied. The electrolysis of the copper electrode
was performed at the current density of 200-1200 A/m?; the current density increased up to 800 A/m*and
showed the highest value (81%). Further increase in the current density decreases the current efficiency.
This is explained by the increase of the current density, the increase in the percentage of additional
reactions and by the gradual passivation of the electrode after the formation of thin film of the copper
bromide on the surface of the copper electrode (Figure 3).
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Figure 3 - The effect of the current density in the copper electrode on the formation of the copper bromide polarized by AC

During the polarization of copper electrode by an alternating current, the effect of the electrolysis
duration on the current efficiency of the copper (I) bromide formation was considered. The electrolysis
was carried out for 0.5-1.5 hours. As the duration of electrolysis increased, a decrease in the current
efficiency of the copper bromide formation was observed. This can be explained by the increased number
of additional reactions in electrodes due to increased reaction time as well as decreased concentration of
bromide ions in the solution and the passivation of the copper electrode surfaces with electrolysis products
(Figure 4).
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Figure 4 - Effect of the electrolysis duration on the dissolution
of copper electrode forming copper bromide at polarization by AC

The current efficiency of CuBr formation at polarization by AC was investigated in solutions of 1-5
M potassium bromide and results are shown in Figure 5. When the electrolyte concentration exceeded 2
M, the current efficiency was 81% of maximum value. As a result of the further increase of the solution
concentration, a gradual decrease can be observed in the current efficiency. At first, the interaction of the
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bromide ions with the copper (I) ions in the solution increases due to the increased electrolyte
concentration. At high concentrations of the bromide ions, the copper electrode is covered with its
bromide film and the process of passivation take place (Figure 5).
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Figure 5 - The effect of the potassium bromide concentration on the copper bromide formation at polarization of AC

The influence of the solution temperature on the current efficiency of the copper bromide formation
at polarization of AC in the copper potassium bromide solution was investigated. The electrolysis was
performed between the temperature intervals 20-70°C. As the solution temperature increases, it is possible
to observe that the current efficiency has gradually decreased. This phenomenon can be presumed by the
increase of the oxygen gas release, an additional reaction, due to the increase of the solution temperature
or the dissolution of the formed copper (I) bromide (see Figure 6).
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Figure 6 - Effect of the solution temperature on the dissolution
of the copper electrode forming copper bromide at polarization by AC
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The effect of the alternating current frequency on the current efficiency of the copper bromide
formation at polarization by AC was investigated at 50-300 Hz (Figure 7). Since the AC frequency
increases, the current efficiency of the copper bromide formation decreases, and the lowest dissolution of
the copper electrode was observed at the 300 Hz current frequency. This phenomenon can be assumed
that the periods which rapidly change at high current frequencies cannot fully provide the duration of the
anodic half-cycle period required for the formation of the copper (I) ions, and copper ions, which have
already been formed in the anodic half-cycle period, do not manage to be fully diffused into the solution
volume while the metal ions in a dual and diffusive layer can participate in the reverse oxidation reaction.
This phenomenon is repeated cyclically. As a result, the current efficiency of the copper dissolution
decreases.
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icy = 800 A/m?, ir; = 60 kA/m?, [KBr] =2 M, t1=0.5 h, t = 20°C.

Figure 7 - The effect of AC frequency on the dissolution of copper electrode forming copper bromide at polarization by AC

Thus, the effect of basic electrochemical parameters (current density in the copper and titanium
electrode, electrolyte concentration, solution temperature, electrolysis duration, and AC frequency) on the
copper (I) bromide formation by pairing the copper electrode with the titanium electrode in the potassium
bromide aqueous solution at polarization by alternating impulse current was investigated and favourable
conditions for the formation of copper (I) bromide were established: i, =800 A/m’, ir=60 kA/m’,
[KBr]=2 M, t=20°C, 1=0.5 h, v=50 Hz. In these favourable conditions, the current efficiency of the copper
() bromide formation reached 81%. The obtained copper (I) bromide content was identified by the X-ray
phase analysis. The results of the study have shown that they can be used in production copper bromide.
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AMHBIMAJIBI TOKITEH MOJAPU3ALIASIIAY APKBLIBI MBIC BPOMUJIIH AJTTY

AHHOTanMsi. DJEKTPOATApIbl Kanuii Opomuai epitiHaicinae xwuimiri 50 'l UMOynbCTi aliHBIMAJBI TOKICH
noJsipu3auusiiay apkpuibl Mbpic (I) OpOMHIIH anyablH 3JEKTPOXMMMSUIBIK TOCUI ajFaml peT »Kacaiabl. Meic
OpoMUIIHIH Ty3lTyiHE HEri3ri AJIEKTPOXMMUSUIBIK MapamMerpiepiaiH ocepiepi 3eprreimi. Eki ajekrponusepie
OpHAJIACKAH «MbBIC-MBIC» MOHE «THTaH-00JIAT» DJIEKTPOATAp KYMNTaphl AJIEKTPOXHUMUSUIBIK Ti30ekKke Ti30eKTese
JKAJIFAHBIN, UMITYJIBCTI TOK aNbIHABL. MbIC OPOMHUAIHIH TY311yl OIpIHII ANIEKTPOIU3EPIAETI MBIC AJIEKTPObIHIAFbI
TOK THIFBI3/IBIFBIHA YKOHE EKIHIII JIEKTPOIM3EPIAET] TUTAH DJICKTPOABIHIAFbI TOK THIFBI3BIFbIHA TIKENEH Toyen/i
eKeHIri KepceTinai. MbIC 3JeKTPOABIHAAFEl TOK THIFBI3ABIFEI 800 A/M® MoHIHIIE JKOHE TUTAH AJIEKTPOABIHAAFEI TOK
THIFBI3IBIFBL 60 KA/M-Te TeH OONFaHIa, MBIC OPOMHUIIHIH TY3U1yiHiH TOK OoWbiHIIa 1ibiFbiMbl (TLH) eH sxoraps
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MOHJI Kepcertin, colikecinmie 81% kypansl. Kanuit 6poMui epiTiHAICIHIH KOHUEGHTPAIMSICHIH 2 MOJb/J-Te JeiiH
KOFapbUIATKAH/NA, MbIC OpPOMH[IIHIH TY3UIyiHIH TOK OOWBIHINA IUBIFBIMBI  apTafAbl, &l OJAaH IKOFaphI
KOHLIEHTpALMsIap/ia dJEKTPO OCTiHIH MacCUBTENyiHe OalIaHbICThl OYJI KOPCETKILITIH TOMEHACHTIHI aHBIKTANIbI.
EpiTiHai TemMniepaTypachiH XKOFapbuiaTy TY3UIreH MbIC OPOMHM/IIHIH KaiiTa epyiHe oKeleTiHi, COHbIH cainapbsiHan TIII
MOHIHIH TOMEHIEHTIH/AIr aHBIKTAIAbI. AWHBIMANbI TOK JKUUTITIH )KOFapbUIaATKaH CailblH MbIC OPOMUIIIHIH TY3UTyiHIH
TOK OOMBIHINA IIBIFBIMBI TOMEHIEH, TOK jkuimiri 300 I'm OosraHza, €H TOMEH MOHIE M OOJIATBIHBI KOPCETLIII.
DJIeKTPOJIN3 MapaMeTpiepiHiH OHTAMIbl MOHAEPI aHBIKTaubl, ansiaFaH MbIC () OpoMuIIHIH —KypaMbl
peHTreHoha3abIK aHAIN3 dICIMEH HACHTH(DUKANITAHIBL.

Tyiiin ce3nep: Mbic OpOMHU/II, UMITYJIbCTI alHBIMAJIBI TOK, MBIC 3JIEKTPOJIbI, TUTAH 3JIEKTPOAbI, TOK OOMbIHIIA
IIBIFBIM, DJIEKTPOJIH3.
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HOJYYEHUE BPOMUJA ME/IM ITPHU TOJISIPU3AIIMA HEPEMEHHBIM TOKOM

AnHoTauus. BrepBeie pa3paboTaH 3NEKTpOXMMHYECKHH crmocod momydeHus Opommma mean (1) mpum
MOJISIPA3ALMHN 3JEKTPOJOB HMMITYJIbCHBIM MEpEeMEHHBIM TOKOM ¢ dacToToi 50 I'm B pacTtBope OpomMmma Kaiws.
HccnenoBaHo BIHMSIHUE OCHOBHBIX JJIEKTPOXMMHUYECKHX MapamMeTpoB Ha Mpoiecc o0pa3oBaHHs OpoMmHIa MeEu.
WMnysieCcHBIN TOK OBLT MOyYeH BCIICACTBHE MOTPYKEHHS IBYX Iap 3JEKTPOJIOB «MEIb-MEIb» U «TUTAH-CTAJb» B
ANIEKTPOIM3EPH], COCAMHEHHBIE B AIIEKTPOXMMHYECKYIO IIeTIh IocienoBareibHo. [lokazaHo, 4To oOpazoBaHHe
OpoMma MeaH 3aBUCHUT OT IUIOTHOCTH TOKA HAa METHOM JJIEKTPOJE B IIEPBOM AIIEKTPOIM3EPE U IUIOTHOCTH TOKA Ha
THTAHOBOM JIEKTPOZE BO BTOPOM dJIeKTponu3sepe. [IpH IIOTHOCTH TOKa, paBHOH 800 A/M*Ha MEIHOM IEKTPOJC U
60 KA/M’ Ha THTAHOBOM DJIEKTPOJE, BBIXOL IO Toky (BT) oOpa3zoBanust 6poMuaa MEAH TOCTHUraeT MaKCHMaIbHOTO
3HaYeHHsA U cocTaBisieT 81%. YCTaHOBIEHO, YTO MPH YBEIMYCHUH KOHIICHTPAIIMH pacTBOpa Opommaa Kayus A0 2
MOJIB/JI BBIXO/J] TI0 TOKY 00pa3oBaHKs OpOMHU/Ia MEIH MOBBILIAETCS, a MPH 00Jiee BHICOKUX 3HAUCHUSX KOHLIECHTPAIHH
BCJIE/ICTBHE MACCHUBAIIMH MMOBEPXHOCTH DJIEKTPOJA JAaHHBIN IMOKA3aTeNlb YMEHBIIACTCA. BBIABICHO, YTO MOBBIIICHHUE
TeMIepaTypbl pacTBOpa TPHBOAWT K pacTBOpeHHIo oOpas3oBaBmierocs OpoMmaa meaud W yMmeHbmieHnio BT.
[ToxazaHo, 9YTO ¢ MOBBIIEHHNEM YaCTOTHI TOKa YMEHBIIAETCS BBIXOJ 10 TOKY 00pa30BaHM OpoMHIa MEAH U caMoe
HU3KO€ 3HAYEHHE ero HabmrogaeTcs mpH JacToTe Toka, paBHOW 300 I'l. YcTaHOBIIEHBI ONTHMAJbHBIC MapaMeTPh
ANIEKTPOIIN3a, COCTAB MOTydeHHOTO Opomuna meau (I) maeHTnduInpoBaH peHTTeHO(Pa30BEIM aHATN30M.

KiroueBble cjioBa: OpoMuI MeIH, UMITYJIbCHBINA MEPEMEHHBIA TOK, MEIHBIN 3JIEKTPOJ], THTAHOBBIN 3JEKTPO/,
BBIXO/I IO TOKY, DJIEKTPOJIU3.
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THE PHYSICO-CHEMICAL COMPOSITION OF THE NATURAL
ALUMINOSILICATE SORBENTS USED FOR THE PHOSPHORUS
EXTRACTION FROM PHOSPHORIC SLIME

Abstract.The research results of the physico-chemical features of initial raw materials of bentonite clay,
vermiculite and Lenger clay of the South Kazakhstan fields with definition of chemical and material structures are
given in the article.

The mechanism of phosphoric slime formation, technogenic withdrawal of production of the yellow phosphorus
which is formed at a phosphorus condensation stage is studied. According to modern representations, phosphoric
slime represents the phosphorus emulsion in water, stabilized with fine firm particles.

Considering phosphoric slime as stabilized with highly active pollution of an emulsion in the water, the way of
phosphorus extraction is chosen from slimes, with usage firm porous sorbents on the basis of natural
aluminosilicates.

The researches on definition of physico-chemical features of initial materials for obtaining from them sorbents
were conducted with usage of modern methods of the physico-chemical analysis. The analysis of the scientific
results has shown that intensive ranges of absorption are characteristic to fluctuations of valent link of the
alumosilicate and hydroaluminate compounds. The microstructure of the studied tests is characterized by prevalence
of montmorillonite crystals in bentonite clay and sodium-potassium-calcium minerals of feldspar in the vermiculite.
As a result of acid activation of sulfuric acid and heat treatment was reached the high mechanical durability, bloating
and bulk density of the received granules.

Keywords: Vermiculite, bentonite, montmorillonite, kaolinite, aluminosilicate, sorbents, hydromica.

Introduction.The production of yellow phosphorus with electrothermal method is large tonnage,
material-andpower-intensive production[1-3], necessary for electrothermic treatment production and
preparation of phosphorites more than 50%, the sizes 0+10 mm appear thin details and off-balance
phosphatic and siliceous slate stone[4-7]. Besides, during preparation of technological processing, and
crushing of metallurgical coke to 20% and more [8-10], the size 0~5 mm appear thin details. Therefore
reusage of production wastes of the phosphoric industry will allow along with the solution of economic
problems on improvement of the ecological state [11-13].

The phosphorus-containing slimesappear at the production of yellow phosphorus under the influence
of many factors (quality, preparation of raw materials, furnace conditions, etc.) [14-16]. There is a
question of utilization of these slimes, processings, considerably, and today topical issue, and not just
"new" slimes, and development of the slimes [17-19]., which are saved up for many years, is a problem.
Now in devices of cyclonic thermal phosphoric acid by combustion of phosphorus there are remains in the
infusion composition not less than 40-50% . However, in the course of combustion of slag,the mineral part
of slime is secondary waste[20].
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ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 2. 2018

Experimental part. By means of the sorbents obtained from natural aluminosilicates with absorption
method and phosphorus-containing slimes are also refinedfrom organic and mineral impurity, allocating
from composition pure phosphorus in this article. For preparation of the specified sorbents, are used the
aluminosilicatesobtained from the local field, emergence and stabilization of phosphoric slime happens at
phosphorus concentration at a stage of free energy at phosphorus-water the interphase borders which are
developed for the moment. The adsorptive layers formed phosphorus reduce growth of the emulsion
consolidated stabilizers, the drop on the surface of phosphoric drops is adsorbed and creating their
liofilization the organic substancesobtained from the phosphoric phase and mineral additives from firm
oven are considered as the emulsions stabilizer.

Silicon and fine details of carbon make basis of the phosphoric slime, their small portion is simple
phosphorus and create gel like colloidal structure, this disperse environment is yellow phosphorus.

Table 1- Analysis of some samples of slimes of the enterprises on the yellow phosphorus production

Slime composition, %

Wet In conversion to dry

P, H.O. H,0 P, H.O.
35,50 18,70 45,30 25,60 34,40
36,65 21,73 31,62 23,42 31,78
30,50 18,67 40,83 38,45 31,55
14,99 22,53 62,48 29,95 60,05
21,10 35,04 43,86 37,68 62,38
17,95 38,04 44,01 32,06 67,94

Table 2 -The chemical composition of raw materials obtained from different fields

The name of the field Componenents, %
SiO, AlLO; TiO, Fe,0; | MgO CaO K,O0 Na,O | P,Os T
1 2 3 4 5 6 7 8 9 10 11
Kulantau vermiculite 37,65 13,2 3,42 14,72 15,31 1,81 5,16 0,41 - 8,22
Syrdarya bentonite 60,51 16,06 1,95 6,43 3,03 1,27 1,2 2,41 0,12 6,92
Lenger clay 58,29 20,76 2,17 4,16 1,59 0,52 1,16 1,40 1,29 8,56

Raw materials vermiculite is a mineral class of the silicates of layer type relating to hydro mica group
when heating they are bent as worms and bulk up to 1,5-2,5 times [7-8]. The biotite belongs to
pseudomorphoses. Its colour is brown, yellow, bronze colors, gloss as a glass, hardness -1-1,5MPa very
mature, specific weight -2, 4-2, 7 g/em’ when burning becomes very easy, both bulk up and does not sink
in water. Vermiculite is formed generally at a low temperature the phlogopite and biotite breeds at
hydrothermal changes, and sometimes it is formed at slaking biotite. Vermiculite in the burned look is
applied in production of wallpaper as warmly-and soundproofing material.

Consumer importance of vermiculite arises when calcinating it is increased and turns into light
material with a volume density from 0,06 to 0,15 kg/m’ a polyfoam. The uniqueness of the increased
vermiculite in the adsorption is connected with the increased humidity processes. The vermiculite can
absorb and carry out 4-5 times more water more than its body weight.

The vermiculite microstructure obtained from Kulantau field, element structure is given in Pic.1.
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Elements Weight%o
O 46.73
Na 0.15
Mg 862
Al 7.69
Si 1727
C1 0.24
K 283
Ca 245
Ti 1.23
Mn 0.08
Fe 12.71
onHaa wkana 5183 wwmn. Kypcop: 0.000

Picture 1- Ultimate composition and microstructure of the vermiculite obtained from Kulantau field

Unique properties of vermiculite can be used as a sorbent for absorption of mineral and organic
compounds at extraction of phosphorus from phosphorus-containing slimes.

Now raw materials of vermiculite have loose weight and are friable adjournment which consist from
the closed cover of feldspar, mica and amfibold. IR spectrum of the vermiculite received from the
Kulantau field is given in the picture 2.
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The picture 2 - IR Spectrum of the vermiculite obtained from the Kulantau field v * cm?

For Kulantau vermiculites are characteristic 700-1500sm-1 length of waves of a range of the
absorption territory. Poorly intensive 600-650sm™ and 70-850™' ranges of absorption o and p characterizes
modifications AI-O compounds, and on average intensive waves 830-850 cm™ characterizes
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alumocalcium compounds Ca-AI-O. on 980-1010 cm™ of the territory intensive absorption range Si-O
valent linked compounds and on 1380 c¢m™, territories show-OH valent groups, on 3180-3250 cm™ and
3500-3730 cm™ territories characterizes ranges of absorption of O-group magnesium (Mg™) and (Fe™,
Fe™)compounds of iron hydrate.

Bentonites are formed as a result of chemical decomposition of volcanic ashes, tuff and lavas in sea
water or at land aeration (generally from granules it is lower than 0,001 mm). He doesn't conduct heat and
sound as light filler of concrete, etc.It is applied to production of construction materials and products.
Bentonites are fire resistant 1350-1430 °C, fusion point is 900 - 950 °C. Chemical formula (Mg, Fe+2,
Fe+3) 3 [(S 1, Al) 4010] « (OH)2+4H20.

The microstructure of the bentonite obtained from Syrdarya field the element and chemical
composition and IR spectrum are provided in the picture 3,4.

Elements Weight%o
O 52.08
Na 1.31
Mg 148
Al 8.87
Si 23.00
p 032 T —
5 1.78
(o} 0.34
K 2.48
Ca 0.93
Ti 0.54
Fe 6.87
Doresan wkans 7015 wwan. Kypeop: 0,000

The picture 3 - The microstructure of the bentonite obtained from Syrdarya field the element and chemical composition
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The picture 4 - IR spectrum of the bentonite obtained from Syrdarya field, v * cm
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Absorption spectra of Syrdarya bentonites is characterized by length of waves in the territories of
1400 cm™ and 1570sm™. weak intensive lines of absorption in the territory of 430-500 cm™ Si-O - Fe
characterizes strain stress state. In the territory of 930-1010 cm™ is characteristic to wavelength of
oscillations Si-O valent link. In the territory of 1320-1400 cm™ ranges of intensive absorption is
characteristic on OH-groups to diffraction oscillations.In the territory 3050-3230 cm™ oscillations in
wavelength characterizes absorption spectra H-OAI, H-OFe™ group.

The microstructure of high-melting clays of Lenger, element composition and roentgenogram are
given in pictures 5,6.

Elements | Weight %
0 57.24
Na 0.09
Mg 1.37

Al 6.84

Si 25.02

K 1.41

Ca 5.53

Ti 0.18

Fe 2.32

Picture 5 - Microstructures of high-melting clays of Lenger, element composition
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Picture 6 - IR spectrum of high-melting clays of Lengerv * cm?
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The choice of activization method of their porosity of sorbents mechanically determines acid surface
areas, the absorption volume and development. Chemical activation of sorbents is their processing
average acids at a different temperature. The increase in absorption properties of acid activation of natural
clays is considered in the article. For obtaining sorbents is used burned porous vermiculite, bentonite and
refractory clays of Lenger.

Mechanical cleaning and fractional sifting on the vibrosieve (0,13 mm) was carried out for this
purpose. The method applied when crushing directly influences chemical activity of the received product.
At Vibro and spherical crushing granulation happens on the surface of clay particles and granulation
process significantly influences properties of absorption sorbents. The sorbents on the sphericalmill are
stirred for production of the granulated clays then it is necessary to mix with a speed about 40-60 v/m in
the optimum volume of water is at 5-10 minutes. The granulations of sorbents occurs on the plate
granulator in the diameter of d=3-1,5 mm.

The granulated sorbents are dried constantly on air and undergo to heat treatment. Heat treatment of
the granule is carried out in the mode: T = 473-773K within 1-4 hours in the muffle furnaces on the
certain temperature and at the scheduled time.The samples of sorbents were determined with usage of real
kerosene density, by means of Le-Chatelie's device.

The processing of clay minerals with hot acids, their catalytic and adsorptive properties of sorbents
was known that their activity sharply increases at a research.

Result and its discussion.Theprocessings and influence on the structure of sorbents and the
adsorptive properties with hot sulfuric acid is considered in this article. The last in temperature volume
700 - 1100°C for 4 hours, firm and liquid phase in T:I in the correlation = 1:5 in the ratio 25% H,SO,are
activated.: G.C=1:10 in the ratio, in others similar conditions, have been investigated also influence of the
adsorptive properties 5,10, 15, 20, 25 of % of H,SO,4 [19].

Table 3 - Test volumes after activation

Temperature, | The diameter of granules The diameter of granules after thermo
Probe numbers, Ne °c before thermo treatment,mm

treatment,mm 1 hour. 2 hour. 3 hour. 4 hour.

1.High-melting clays of 700 9-11 9-12 11-12 12-13
Lenger 900 8-11 10-12 11-13 12-15 14-17
1100 10-13 12-14 13-16 15-18

2.Kulantau vermuculite 700 8-12 11-12 11-13 12-13
900 8-11 911 10-12 11-12 12-13

1100 9-12 11-14 15-17 16-19

3.Syrdarya bentonite 700 10-11 10-13 11-13 10-13
900 8-10 10-12 11-13 12-13 12-14

1100 10-12 12-13 12-15 14-16

In this scientific research were studied initial raw materials i.e. Kulantau vermiculite, the obtained
bentonites of the Syrdarya field and physical and chemical characteristics of refractory clays from Lenger
and Syrdarya areas have been investigated.

During the research on the absorption method for phosphorus extraction from slime, the granulated
raw materials in the technological plan sorbents in the composition of aluminosilicates of natural
minerals, high-quality technologies have been developed.

Such process of sorbents absorption of organic and mineral impurity with effective and during
lifetime therefore stability on phosphorus water is broken.

In the structure of phosphorus extraction from phosphoric slimes, porosity directly influences
porosity of minerals as a part of which there are aluminosilicates. Such bentonites can belong to refractory
clays from Lenger and bentonite raw materials and vermiculite. The method of absorption is provided by
cleaning of technogenic waste in the nature from impurity. Therefore the production technology of
sorbents of mineral raw materials is “a new theme”.




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

REFERENCES

[1] Battalova Sh.B. Physico-chemical bases of receiving and usage of catalysts and adsorbents from bentonites. Alma-Ata:
Science, 1986, 168p.

[2] Breen, C. Acid activated organoclays: preparation, characterization and catalytic activity of acidtreated
tetraalkylammonium exchanged smectites / Breen C., Watson R., Madejova J. et al. // Langmuir. 1997. Vol. 13, Ne 24. P. 6473—
6479.

[3] Characterization of acid activated montmorillonite clay from Tuulant (Mongolia) / J. Temuujin, Ts. Jadambaa, J. Burmaa
et al. / Ceramics International. 2004. Vol. 30, Ne 2. P. 251-255.

[4] Christidis, G.E. Acid activation and bleaching capacity of bentonites from the islands Milos andChios, Aegean, Greece /
G.E. Christidis, P.W. Scott, A.C. Dunham // Appl. Clay Sci. 1997. Vol. 12,Ne 4. P. 329-347.

[5] Eloussaief, M. Efficiency of natural and acid—activated clays in the removal of Pb (II) fromaqueous solutions / M.
Eloussaief, M. Benzina // J. of Hazard. Mat. 2010. Vol. 178, Ne 1-3. P. 753-757.

[6] Kipshkbev A.D. Struktura fosfornyh shlamov I metody ih razrushenie. Aftoref. dis. kan. Leningrad, 1982, -36 s.

[7] Smirnov N.A. Stabilizaciy emulsii fosfora v vode pri promyshlennom proizwodstve fosfora / Jurn.prik.himii, 1985, Ne 1,
25-28s.

[8] Murzagaliev E.Sh., Bishimbaev V.K., Viktorov S.B., Sorbcionnay gipoteza mehanizma shlamobrazovania i prosessa
shlamopodavlenia v electrotermishescom proizvodstve malomyshiakovistogo fosfora. Doclady Nacionalnoi akademii nauk
respubliki Kazahstan. 2008. Ne 1.

[9] Tleuov A.S., Arystanova S.D., Altybayev Zh.M., Tleuova S.T., Sagat M., Shapalov Sh.K. Issledovanie fisiko-
chemishescih characteristic I wozmojnosti ispolzovania aluminosilicatov dlia oshistci fosforsoderjashih shlamov Doclady
Nacionalnoi akademii nauk respubliki Kazahstan ISSN 2224-52276. 2016.02 89-95.

[10] A.S. Tleuov, S.D. Arystanova, S.T. Tleuova Zh.M. Altybayev,A.Zh. Suigenbayeva. Studies of Acid Activation and
Thermodynamic Characteristics of Aluminosilicates in Sorption Process of Phosphorus Release from Sludges ORIENTAL
JOURNAL OF CHEMISTRY ISSN: 0970-020 X CODEN: OJCHEG2016, Vol. 32, No. (5): Pg. 2577-2584.

[11] Murzagaliyev E.Sh., Bishimbayev V.K., Viktorov S.V. The sorption hypothesis of the mechanism of a slime formation
and process of the slime reductionin electrothermal production of low-arsenous phosphorus. Reports of National academy of
Sciences of RK, 2008. No. 1p. 41-48.

[12] Eren, E. Removal of basic dyes using raw and acid—activated bentonite samples / E. Eren, B. Afsin// J. of Hazard. Mat.
2009. Vol. 166, Ne 2. P. 830-835.

[13] Breen, C. Acid-activated organoclays: preparation, characterization and catalytic activity of polycationtreated
bentonites / C. Breen, R. Watson // Appl. Clay Sci.1998. Vol. 12, Ne 6. P. 479-494.

[14] Hart, M.P. Surface acidities and catalytic activities of acid-activated clays / M.P. Hart,D.R. Brown // J. of Molecular
Catalysis A: Chemical. 2004. Vol. 212, Ne 1-2. P. 315-321.

[15] Heyding, R.D. Acid activation of montmorillonite / R.D. Heyding, R. Ironside, A.R. Norris /Can. J. Chem. 1960. Vol.
38, Ne 4. P. 1003-1015.

[16] Novakovié, T. Synthesis and characterization of acid-activated Serbian smectite clays obtainedby statistically designed
experiments / T. Novakovi¢, L. Rozié, S. Petrovi¢ et al. / J. Chem. Eng. 2008. Vol. 137, Ne 2. P. 436—442.

[17] Sadek, O.M. Ca-montmorillonite clay as thermal energy storage material // O.M. Sadek,W.K. Makhamer //
Thermohim. Acta. 2000. Vol. 363, Ne 1-2. P. 47-54.

[18] Salem, A. Physicochemical variation in bentonite by sulfuric acid activation / A. Salem, L. Karimi// Korean J. Chem.
Eng. 2009. Vol. 26, Ne 4. P. 980-984.

[19] Sand, L.B. Comparison of a natural bentonite (Wyoming) with its synthetic analogue / L.B. Sand L.B., M.S. Crowley //
Clays and clay minerals. 1956. V. 4. — P. 96-100

[20] Suarya, R. Interkalasi tetraetil ortosilicate (TEOS) para lempung teraktifasi asam sulfat dan pemanfaatannyasebagai
adsorben warna limbah garmen / R. Suarya, A.A. Bawa Putra, dan Devi Wisudawan// Jurnal Kimia. 2010. Vol. 1, Ne 4. P. 43-48.
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M. OyesoB atbiHgarsl OHTYCTIK Kazakcran MmemiiekeTTik yausepeuteri, Lsimkent, Kazakcran,

OOCPOP LIJTAMBIHAH ®OC®OPAbI BOJIIII AJTY YIIIH KOJITAHBIJIATBIH TABUTU
AJIIOMHUHOCUJ/IMKATTBI COPBEHTTEPIIH ®U3UKA- XUMUAJIBIK K¥YPAMbBI

AnHotanusi. Makanana Onrycrik KazakcraH aymarbIHIarbl KEPriulikTi KeH OpBbIHAAPbIHBIHAH aJIbIHFaH
IIMKI3aTTap OCHTOHWUT, BEPMUKYJIUT >koHE JIeHripJiH KubIH OAJKWUTHIH Ca3-OaILIBIFBIHBIH XUMHSIBIK JKOHE
MaTepUaNbIK KOMIO3UIMSIAPBIH aHBIKTAy apKbUIbl (U3UKAIBIK JKOHE XHMUSUIBIK EPEKLICTIKTEpiH 3epTTey
HOTHKENEPi KeNTIpireH.

®ocdopapiH KOHIEHCAUMACH Ke3eHiHae naipa OosateiH (ocdop nuiamsl, capsl (ochop eHIIpICiHIR
AQHTPOIOTEH/IIK KAJABIKTAPbIH TY3y MEXaHU3MIi apKbUIbl 3eprreinieni. Kasipri 3aMaHfbl TY>KbIpbIMIaManapra colikec,
¢ochop mutamMbl Maiiga IMIAMIBIPAaHKbl KAaTThl OOJIIIEKTEPMEH TYPaKTaHABIPbUIFaH cynarbl (ochop SMYNIBCHSCHI
OOJIBII TaOBIIAEL.
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@dochop NUIAMBIH CyHa OMYJIBCHSHBIH JKOFapbl OENICEHIi JIaCTAHYBIMEH TYPaKTAaHIBIPBUIFaHBI peTiHIe
KapacThIpa OTBIPHIN, TAOWFH aTIOMOCHIIMKATTap HETi3iHIE KATTHI KEYeKTi COPOSHTTEp i KOMAaHy apKbeUIbl (ochop
nuamMbiHa" Gocdopasr 6ery omici Tagmanael. CopOSHTTEpAl OHIIPY VINiH TaOUFU IMHUKI3aTTHIH (PU3UKO-XHUMHUSITBIK
CUIIaTTaMallapblH aHBIKTAay OOMBIHIIA 3epTTeyiep, (QU3HKA-XMMHSIBIK TAIAAyIblH 3aMaHayH OIICTepiH KoJaHa
OTBIPBIIT JKYPTi3iIi.

ATBIHFaH HOTIKENEpIi Taygay KepCceTKeHAeH, KapKBIHABI CiHIPY CIIEKTpPi alFOMOCHIIMKAT MEH THAPOIIIO-MIHAT
KOCBUIBICTAPbIHBIH BaJICHTTIK OailJIaHBICBIHBIH JIplliHE TOH. 3epTTeNreH YAriiepaiH MUKPOKYPBUIBIMBI BEPMUKY -
TTeri, OEHTOHUT OAIIBIKTAPbIHAAFBl MOHTMOPHJIOHHT KPHCTAJIAPBIHBIH JKOHE HATPU KallMi-KaIbIMWANI Jana
IINATTAPbIHBIH MHUHEpAIapbIHBIH 0achiM OOJybIMEH cumartaiaibl. KYKIpT KBIIIKBUIBI MEH TEPMHSJIBIK OHJACY
aPKBUTBI KBIIIKBULIEI OCICEHAIPLTY HOTHXKECIHAC albIHFAH TYHIPIIKTEPAiH WHTCHCUBTI JKOHE THIFBI3/IBIFEI KOFAPBI
MEXaHHKaJBIK OEpIKTIKKe ne OOoIbl.

Tyiiin ce3nep: Bepmukynur, OEHTOHWUT, MOHTMOPWJUIOHHT, KAaOJHHHUT, aJlIlOMOCHJIHMKATTap, COpPOEHT,
THIPOCIIOaap.

A.C. Taneyos, C./I. ApbicTanoBa, b.A. JlaBpos,
I. K. Mananos, O.I1. baiivicoaii A.M. locoaeBa, K.2K. MagbsipoBa

IOxH0-KazaxcraHCKui rocy1apcTBEHHBIN yHUBEpcHTeT UM. M. Ayesosa, llIsiMkenT, Kazaxcran

®U3UKO- XUMHUYECKHA COCTAB ITPUPOTHBIX AJTIOMAHOCHUJIMKATHBIX COPBEHTOB
HUCITIOJIB3YEMBIX JJIAA U3BJIEYEHUA ®OCPOPA U3 ®POCPOPHOI'O HIJIAMA

AnHOTanus. B crartee npuBeneHbl pe3ynbTaThl HCCIEN0BAHNN (PU3NKO-XUMHYECKNX OCOOEHHOCTEH MCXOMHBIX
CBIPBEBBIX MaTE€pHAIOB OCHTOHUTOBOH TJIMHBI, BEPMHUKYJIHTa M JleHrepckod TiamHBI MecTopokaeHui HOxHOro
Kazaxcrana ¢ onpezaeneHreM XUMUIECKOT0 M BEIIECTBEHHOTO COCTABOB.

Wzyuen mexanm3Mm ¢QopmupoBanus ¢(ochopHOTro NuIamMa, TEXHOTEHHOTO OTXOJa IPOW3BOJCTBA HKEITOTO
¢docdopa, obpasyromerocs Ha craguu KoHaeHcamuu ¢ocdopa. B cOOTBETCTBUHM ¢ COBpEMEHHBIMH IpeICTaBlle-
HUAMH, (HOCOpHBIA IIIaM HpencTaBiseT coOoi sMmynbcuio docdopa B Boxe, cTaGMIM3UPOBAHHYIO TOHKOAWC-
MEPCHBIMU TBEPIBIMH YACTUL[AMHU.

PaccmarpuBast hochopHblii uU1aM Kak CTaOMIM3MPOBAHHYIO BBHICOKOAKTHBHBIMHU 3arpsi3HEHUSIMU OMYJIbCHU B
BOJle, BbIOpaH crioco0 BbieneHus (ochopa M3 HIIAMOB, C MCHOJIB30BAHUEM TBEPABIX MOPUCTBIX COPOEHTOB Ha
OCHOBE NPHUPOTHBIX ATFOMOCHINKATOB.

HccnenoBanus 1o onpenesieHuo GU3UKO-XUMHUUECKHX OCOOCHHOCTEH MCXOAHBIX MaT€pPUaAJIOB IS ITOJy4EHHS
U3 HUX COpPOEHTOB, NMPOBOJMJINCH C HCIIOJIB30BAaHHEM COBPEMEHHBIX METOJIOB (DPU3MKO-XMMHYECKOTO aHallu3a.
AHanu3 IOJy4eHBIX pe3yJbTaTOB I0Ka3aj, YTO MHTEHCHBHBIE CIIEKTPHI IOTJIOIICHUS XapaKTEpPHBI KOJEeOaHWSIM
BJICHTHBIX CBS3€H aIFOMOCHIMKATHBIX W THAPOATIOMHHATHBIX COCIMHEHNH. MHUKpPOCTPYKTypa UCCIEoyeMbIX pod
XapakTepHu3yeTcsl MpeoOsialaHueM KpPUCTAIOB MOHTMOPWIOHHTa B OCGHTOHWTOBOW TIJIMHE W HAaTpHUH-KaIWH-
KaJbIMEBEIMA MHUHEPAJTaMH TIOJIEBOTO IINAaTa B BEPMHKYJHUTE. B pe3ynbrare KHCIOTHON aKTHBAILMM CEPHON KHC-
JIOTOM M TEPMHUYECKOH 0OpabOTKH JOCTUTHYTa BBICOKAs MEXaHHUYECKAs MPOYHOCTb, BCIyUYHMBAEMOCTb U HACBHIITHOM
IUIOTHOCTb MOTyYCHHBIX IPaHyII.

KaioueBble cioBa. BepMmukynuT, OEHTOHMT, MOHTMOPWUIOHHUT, KAaOJHHHUT, AIIOMOCHJIMKATBHI, COPOEHT,
THJIPOCITIOJIBL.
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THE STUDY OF CHEMICAL COMPOSITION
OF ATRAPHAXIS VIRGATA FROM THE ALMATY REGION

Abstract: The qualitative composition (moisture, total ash content, extractive substance) of the Atraphaxis
virgata plant, Polygonaceae family harvested in the ravine Aksay of the Almaty region was determined. Atomic-
absorption spectroscopy studied the composition of macro- and microelements of the plant. The qualitative and
quantitative composition of the basic biologically active substances groups was studied, as well as the basic
technological parameters for obtaining the biologically active complex.

Keywords: Atraphaxis virgata, moisture, total ash content, extractive substance, macro- and microelements,
biologically active substances.

The study is aimed at finding and improving new drugs based on the local flora. Unlike synthetic
drugs, there is a chain of privileges, such as a lack of (or fewer) side effects in phytopreparations,
biological similarity to the human body, lightness, long and steady effect, relative simplicity of
production, low cost with high demand.

The search for promising plants became possible due to the use of empirical data from folk and folk
medicine, from the least studied taxon and photochemical studies of taxa and related species.

At the same time, research aimed at using extracts of biologically active compounds in medicine and
industry, the use of new sources of raw materials, their use and storage are very important. This issue is
very important for Kazakhstan with a rich and unique flora. In this case, the plant Atraphaxis Atraphaxis
virgata of the Polygonaceae family is of interest.

Objective: Determination of biologically active substances on the surface of the plant Atraphaxis
virgata, belonging to the family Polygonaceae, collected from the Aksay gorge of Almaty, qualitative and
quantitative analysis.

Object of the study: Plants Atraphaxis virgata family Polygonaceae, collected in the Aksay gorge
of Almaty region of Kazakhstan.

Objectives of work: To achieve this goal, the following tasks were put forward:

e Authenticity of the plant surface 4. virgata (moisture, total ash, extractives)

e Quantitative analysis of raw materials using spectrophotometry and titrimetry

e Development of basic technological parameters for obtaining a biologically active complex based
on plant raw materials.

The Polygonaceae has about 1250 species, distributed in about 55 genera. Here mainly perennial
grasses, although there are several tree-like and shrubby plant [1].

Atraphaxis - a height of 0.2 to 2 m, usually significantly branched directly from the soil level. The
bark is gray or brown, scaly. Shoots are elongated and shortened, often ending with thorns. Flowers in
apical small hands, bisexual, perianth simple 4-5-membered. Stamens 6-8, at the base of fused into a
glandular ring, with nectaries. Leaflets of the perianth do not fall off with fruits and grow; outer, smaller,
bend downward; Internal, much larger[2].

In many places of the universe, as well as in the desert, in the foothills, in clay, it grows in 14 species
on the territory of Kazakhstan from 18 species of the Flora of the USSR [3].

Biologically active preparations were obtained from rich flavonoids of Afraphaxis species [4,5]. In
addition, polyphenolic compounds of some species of Atraphaxis plants are growing in Kazakhstan, which
for the first time were analyzed by Chumbalov T.K., Mukhamedyarova M.M. and Omurkamzinova V.B.

— 50 ——
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Doctor of Chemical Sciences Omurkamzinova V.B. studied the chemical composition of the plant
Atraphaxis in 1978. As a result, 21 phenolic substances and new derivatives not included in the literature
were identified: 8-oxflavonol and O-acylated flavonoid glycosides [6,7].

Atraphaxis is used to treat stomatitis, bleeding and acetaminophen tissue. In addition, in the desert,
some species of plants are used for feeding camelids [8].

Practical part and results
The qualitative analysis of plant raw materials was carried out according to the methods adopted in
the 1st edition of the State Pharmacopoeia of Kazakhstan. The moisture, total ash content of the model

were determined during the drying of the Atraphaxis virgata plant growing in the Almaty region

Table 1 - Results of raw materials authenticity determination.

Amount for absolute dry raw material.%
Name of plant Humidity Total ash content
A.virgata 8.02 8.94

Extractive substances are a complex of organic and inorganic substances that dissolve plant raw
materials in suitable solvents. Presence of extractant substances in vegetable raw materials is the main
quantitative indicator of its reliability [9].

Depending on the chemical composition of plant raw materials and the solvent used, the active and
additives therein may pass into the solvent as the results of the determination of extractives (Table 2)

Table 2 - Results of quantitative determination of extractive substances of the plant Atraphaxis virgata

No Extragent X, amount of extractive substances
1 Ethanol (50%) 27.26

2 Ethanol (70%) 21.27

3 Water 26.59

In the table 2, it can be seen that the amount of extractant in the 50% alcohol solution is greater than
water and the extractant is 70% alcohol solution.

The total amount of macro- and microelements in the spectroscopic ash method was absorbed in the
ash (Table 3)

Table 3 - The amount of macro- and microelements of A.virgata plants

Macro and Microelements Amount in ash,% Macro and Microelements Amount in ash,%
Zn 0.025 Mn 0.078
Cd 0.0002 K 6.990
Cu 0.007 Na 1.396
Pb 0.0007 Mg 2.224
Fe 0.228 Ca 21.897
Ni 0.004

According to the results of the study, the most important element of the A4.virgata plant is Ca, Na K,
Mg, Fe and the smallest number of elements of Cd, Cu, Ni and Pb. the number of toxic elements does not
exceed established concentration [10].

Phytochemical analysis of A.virgata plant surface using the developer showed the main groups of
biologically active substances: amino acids, organic acids, carbohydrates, tannins, phenolic compounds,
flavonoids, alkaloids (Table 4)
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Table 4 - Phytochemical analysis of A.virgata

Biologically active substances Developer A.virgata
Amino acids ninhydrin Purple
Carbohydrates O-Toluidine Brown, green
Tannins Iron alum Blue-green
Vanillin Red color
Phenolic compounds FeCl; Blue-green
Flavonoids NH; White-yellow
AlCl, Yellow
Phenolic acids Diazotization of p-nitroaniline Red-yellow

This table shows the groups of biologically active substances A4.virgata plant.
For determination of quantitative analysis of raw materials in groups of biologically active
substances using spectrophotometry and titrimetry.

Table 5 - Quantitative analysis of A.virgata plants

Amount for absolute dry raw material.%

Name of plant Polysaccharides Organic acids Tannins Flavonoids

A. virgata 1.12 345 3.59 5.5

As shown in the table, the plant contains a large number of flavonoids and tannins.

Extraction of dried and crushed material is a complex physicochemical process (diffusion). The
efficiency of the extraction process in the diffusion process depends on many factors that can be obtained
from the choice of extraction conditions. [11] The effects of an extractive, crude solvent, labor-consuming
effects are investigated. The choice of the extractant was determined using ethyl alcohol at various
concentrations and the cost of the biologically active complex from the plant Atraphaxis virgata (Table 6).

Table 6 - The yield of the biologically active complex obtained from Afraphaxis virgata when used with various extractants

Extragent Ethanol (50%) Ethanol (70%) Ethanol (90%)
Output of the complex, %

25.74 20.27 12.83

Also, the ratio of the raw material to the biological activity is affected. Extragenic amount
determines the total release of biologically active substances in raw materials (Table 7).

Table 7 - Complex yield, depending on the "crude-solvent" ratio

[ukizaT (r) *&oHEe IKCTPAreHT 1:4 1:5 1:6 1-8
(MJT) KaThIHACHI
Output of the complex, % 4.19 15.71 25.74 19.35

It was found that the selected extractant is optimally equal to 1: 6 in the ratio of the starting material
to the extractant. The definition of "extract-raw material" parameters is mainly determined by the
economic concept, since the quantity of extractant used for the production enterprise is significant.

Table 8 - A.virgata is a complex of extraction processes that are time-dependent

Time, hours 24 48 72
Output of the complex, g 0.5851 0.4903 0.4344

Based on the properties of the raw materials and the extraction process, the extractant is 50% ethyl
alcohol, the ratio of crude and solvent is 1: 6, 24-250 °C, twice the extraction time is 24 hours.
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Conclusion:

As a result of the quantitative analysis of A4.Virgata plant raw materials collected from the Aksay
gorge of Almaty region in accordance with the State Standard of Pharmacopoeia of the Republic of
Kazakhstan: humidity, ash content and extractives.

Atomic absorption spectrometry studied the mineral content of ash and identified 11 elements, of
which four are macro-elements: magnesium, sodium, calcium, calcium, and the remaining trace elements,
copper, zing, iron, nickel.

Within the biological active biological raw materials, tannins, organic acid, flavonoids and
polysaccharides have been identified.

The technology of extraction of plant raw materials is being studied. The investigations made it
possible to obtain the optimum value of the parameters (extraction agent, its ratio with raw materials,
extraction time and multiplicity), which influence the extraction of biologically active substances in the 4.
Virgata plant. Based on the properties of the raw materials and the extraction process, the extractant is
50% ethyl alcohol, the ratio of crude and solvent is 1: 6, 24-250 °C, twice the extraction time is 24 hours.
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Ywmb6eroBa A.K., Caan I'.O., OmapoBa A.T., Bypamesa I'.I11., K.T. AouakynoBa
on-Oapadu arernarsl Kazak yitTeik yHEBEepcHuTeTi, AnMatsl, KazakcTan

AJIMATBI OHIPIHJAEI'T ATRAPHAXIS VIRGATA ©CIMAITI'THIH
XUMUAJIBIK KYPAMBIH 3EPTTEY

Annorauusi: Polygonaceae TykpiMaacbiHa >kaTaThiH 2016 >KbUTBI maspiaHFaH AJMaThl Kajlackl AKcai
LIATKAIBIHAH JKUHAIFaH Atraphaxis virgata ©CIMAITIHIH UIBIHAWBUIBIFBL (BUIFAIABUIBIK, JKAJMbl KYJJILTIK,
OKCTPAKTUBTI 3aTTap) aHBIKTAIABI. BHOMOTHSIBIK OENCEeHi 3aTTapIblH HETI3Ti CaHIBIK JKOHE CammaliblK KYpaMbl
Oenrini 00BN, OMOJOTHSIIBIK OENCEH I KeIIeH aly YIIIH Heri3ri TeXHOJIOTHUSUIBIK HapaMeTpliep oHIeNIl. ATOMIbI-
abCOpUHMSUIBI CIIEKTPOCKOIHMSUIBIK 9[ICIMEH OCIMIIKTIH MaKpO- )KOHE MUKPOAJIEMEHTTEPIHIH MOJIIIepi aHbIKTaJIbL.

Tyiiin ce3nep: Atraphaxis virgata, pIFaIABUIBIK, KYJIAUIK, 9KCTPAKTHBTI 3aTTap, MUKPO-, MAaKpPO3JIEMEHTTED,
OHOJIOTUSIIBIK OCJICeH Il 3aTTap.

A.K. Ym0eToBa, I'.O. Cnan, A.T. Omaposa, I'.11l. Bypamesa, K.T. Aouakynosa
Kazaxckuit HallMOHANBHBIN yHUBEpcUTET UMeHH anb-Dapadu, Anmarsl, Kazaxcran

HNCCIIEJOBAHUE XUMHNYECKOI'O COCTABA ATRAPHAXIS VIRGATA
AJIMATUHCKOI'O PETHUOHA

Annoranusi. OmnperneneH /100pOKayeCTBEHHBIH COCTaB (BJIaXKHOCTb, OOIIasi 30JILHOCTh, OJKCTPAKTUBHAsS
BEILIECTBA) pacTeHus Atraphaxis virgata cemeiictBa Polygonaceae 3aroToBieHHbBIE B yIelbe AKcail AJIMaTHHCKON
obnactu. M3yueHbl Ka4eCTBEHHBIH, KOJMYECTBEHHBIH COCTAB OCHOBHBIX I'PYIIT OMOJIOTMYECKH aKTHBHBIX BELIECTB.
OTtpaboTaHbl OCHOBHBIC TEXHOJIOTHYECKHE MapaMeTphbl sl IOJyYeHHs OMOJIOTHYECKH aKTUBHOTO KOMILIEKCA.
N3y4yeH MeroaM aTOMHO-a0COPIIMOHHON CIIEKTPOCKOMHEH COCTaB MaKpO- H MHUKPO3JIEMEHTOB PaCTCHHUS

KiroueBble cnoBa: Atraphaxis virgata, BIaXHOCTb, 00IIast 30JbHOCTh, KCTPAKTHBHOE BEIIECTBO, MAaKpO- H
MHKPO3JIEMEHTBI, OMOJIOTHYECKN aKTHBHBIE BEIIECTBA.
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CUMULATIVE INFLUENCE OF INFORMATIVE FEATURES
ON THE ASSESSMENT OF THE CONDITION
OF THE FIRE SITUATION IN THE SEALED AREAS OF COAL MINES

Abstract.The analysis of various ways of discernment of low-temperature coal oxidation and possibility of
prevention of its transition to self-ignition is made. The feature of determination of a stage of coal self-heating in the
isolated volumes of the mined-out spaces of coal mines is noted. The known informative signs of self-ignition, a
possibility of their practical application are considered. The cumulative way of determination of oxidation
temperature and self-heating of coal on composition of tracer fire gases in the mine atmosphere is offered.

Keywords: coal mine, mined-out spaces, coal oxidation, self-heating, self-ignition, the endogenous fire, tracer
gases.

Introduction.One of the serious problems of fight against the endogenous fires is the search of ways
and methods of their discernment at early stages that draws attention of scientists and experts not only in
the Republic of Kazakhstan, but also in other coal-mining countries. The danger of emergence and
development of the endogenous fires at underground coal mining is aggravated with a possibility of
explosions of gas-dust-and-air mixture consequences of which, as we know, are catastrophic.

Active processes of coal oxidation in the mined-out spaces of extraction areas of coal mines are the
most dangerous and hardly distinguished. At a combination of certain conditions the sources of oxidizing
processes can pass into the self-ignition places.

One of the approaches to determination of a stage of coal self-heating in the mined-out and isolated
spaces on the basis of results of the laboratory analysis of tests of air-gas mixture in the mine atmosphere
is considered in [1]. In basin instructions on prevention and suppression of the underground endogenous
fires the content of fire tracer gases — carbon oxide, hydrogen and carbon dioxide — as features of the fire
is specified, and the corresponding actions of technical services of coal mines, rescue services of the
region are regulated.

Authors [1] recommend to use the feature of active coal self-heating - a steady lack of the assigned
value of oxygen in the samples which are selected from the considered isolated area, in comparison with
its calculated value in an assumption of simple mechanical replacement with impurities (methane,
hydrogen, oxide and carbon dioxide) which are contained in the sample. Calculated assay of oxygen in the
sample in an assumption of simple mechanical replacement is determined by a formula

iy}, = (mo - Zafgﬂ:sss)- 0,209
(1)
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where Zef pazes - 1s the sum of percentage (on volume) content of gases-impurities in the sample (the

oxygen percentage in the sample isn't considered). Further the lack of oxygen as the difference between
the calculated assay and assigned value of oxygen in the sample is determined by a formula

AC(O,) =C(0,), —C(O,), ©)

The fulfillment of the condition AC(0O,) > AC(O,) demonstrates the existence of the source of

Kpum

intensive low-temperature oxidation in a coal congestion of space from where the studied sample of air-
gas mixture is taken. This method of discernment of intensity of low-temperature oxidation is approved in
the Karaganda basin in case when two neighboring mines were aerodynamically connected in the process
of conducting mining operations. By researches of gas samples of the mine atmosphere for the continuous
period it was established that in the isolated space of one of the mines where access is inaccessible, there
is an active oxidizing process, with features of self-ignition.

The task also becomes complicated with the fact that the endogenous fire danger of coal changes
regionally even within the same extraction area. Therefore in the certain areas of the mine field
implementation of measures is inexpedient, and in others they have to be strengthened. Thus, creation of
an effective method of discernment of a stage of endogenous fire danger of extraction areas in the process
of conducting mining operations is relevant.

Authors of the article [2] also consider that control of concentration of oxygen is the most sensitive
indicator of early emergence of the source of coal self-heating as it gives the chance to track all the
process of low-temperature oxidation. It is necessary to consider that influence of oxygen content in the
mine atmosphere sharply increases with raise of temperature: the higher it is, the smaller concentration
oxidation process can proceed at it. Dependence of self-heating on the content of oxygen in the mine
environment is one of the main factors influencing the endogenous fire danger of mining operations
during development especially flammable coal layers.

However, the authors specify that the complexity of calculations and at times inadequacy of the
received decision on the developed program because of instability of a numerical method complicate the
use of this method in the process of production.

The famous scientists in the field of the endogenous fires in the article [3] consider that modern
practice of early - on time and temperature - detection of the endogenous fires is based on gas and
temperature control of the atmosphere in zones of potential formations of coal and coal dust congestions.
As the most informative tracer gases for this purpose carbon oxide and hydrogen are used. Increase in
reliability of control on these gases is caused by inertness at the low temperatures which are distinctive for
the stages of self-heating and coal ignition, their low sorption by the loosened coal and breeds in the
mined-out space and weak solubility in water.

In conclusions authors [3] note that the existing gas-analytical method not always allows to classify
unambiguously the endogenous fire at the stage and to determine source temperature. At the emergence of
the fire in the fulfilled part of layer and impossibility of control of air-break, excess of background content
of carbon oxide of hydrogen can be fixed already at a decay stage with stabilization of their percentage at
a low level. Additional researches on the search of the indicators allowing to find the sources with a
temperature not above the critical temperature of coal self-heating are necessary.

In this regard it is necessary to notice the researches carried out in the former Karaganda department
of All-union Scientific Research Institute of Mine Rescue Work, and explicitly directed to determination
of a stage of low-temperature coals oxidation of the Karaganda basin on natural measurements of tracer
gases content in the mine atmosphere [4]. The results of researches in the form of dependences of
percentage volume content of tracer fire gases on temperature of coal self-heating for the most flammable
coal layers are given in table 2.
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In figures 1 and 2 in more graphic form diagrams of dependences of concentration of tracer gases on
temperature of coal self-heating in the process of oxidation by oxygen of the incoming air are represented.

As it is seen from the figure 1, the concentration of carbon monoxide 0,1 volume % (it is considered
critical for initiation of efficient measures for prevention of coal self-ignition) appears at a temperature of
coal heating of 110°C.

Table 2 — Empirical formulas of dependence of percentage volume content of tracer fire gases on temperature
of coal self-heating of K, and D¢ layers of mines of the Karaganda basin

Index of coal layer Dependences of percentage contentof carbon oxide (CO), hydrogen (H,) and carbon dioxide
(CO») on coal self-heating temperature

C(CO) =0,0004 - exp(0,186-1>7%),%

Kip C(H,) =0,0002 + 0,0078 - exp(—0,59 -107° - (300 — £)>*%)), y
0

C(CO,) = 0,02 - exp(0,0401-¢%%), y

0

C(CO) =0,0001-exp(0,0103-7"3),
De %

C(H,) = 0,0002 + exp(—0,026 - (300 — )" /(t —100)), y

C(Coz) =0,01-exp(0,406 - 1074 . tz,zs)’

%

It is known from practice of observations and researches that release of hydrogen begins to be shown
considerably at a temperature above 250 - 300°C that, by the way, is visible from an empirical formula
and the diagram in the figure 2.
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Figure 1 — Diagram of dependence of volume concentration of oxide (CO)
and dioxide (CO,) of carbon on temperature of coal self-heating, °C
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Figure 2 — Diagram of dependence of volume concentration of hydrogen (H,)
on temperature of coal self-heating, °C
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The presented formulas and graphic dependences are received by authors [4] only for K;, and Dg
layers as these layers of coal are most inclined to self-ignition, were repeatedly used for expert estimates
at investigations of fire-dangerous situations in the mines of the basin. Laboratory analyses of samples of
the mine atmosphere on unsaturated hydrocarbon for comparison and correlation of these ways were
carried out at the same time. Positive experience confirmed acceptable reliability and the practical
importance of the dependences received on researches.

Conclusion. 1. The practical experience of researches (investigations) of possible self-ignition of coal
in mines showed that it isn't enough to use only one criterion of danger of the endogenous fire emergence
for reasonable acceptance of difficult and expensive measures. It is necessary to operate with a number of
the known informative features allowing to estimate more adequately the degree of endogenous fire
danger.

2. Laboratory researches of dependences of content of fire tracer gases and oxygen in the mine
atmosphere depending on self-heating temperature in the result of oxidation need to be continued on all
coal layers inclined to self-ignition.

3. To enter into basin methodical documents on prevention of the underground endogenous fires in
coal mines the section of discernment of a stage of coal self-heating on cumulative features.
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KOMIP IIAXTAJIAPBIHBII OKIIIAYJIAHFAH AUMAF bIHJAYBI OPT KAFTAVBIHBIH
BATACBIHA AKITAPTTBI KACUETTEPAIH TYTACTAHN 9CEP ETYI

Annoranusi. KeMipziH TeMeHri Temmeparypaja KbIIKbULIAHY YPAICIH aHBIKTAyIBIH Op TYpJIi SficTepiHiH
caparnTtamachl JKacajJibl )KOHE OHBIH ©3JirHEH XKaHybl MYMKIH Typajibl ecKepTieiep ailTeuiasl. Kemip maxransapsi-
HBIH OHJICITeH KEHICTIKTepiHAe KejieMi OOMBIHIIA KOMIpIiH e3IiriHeH XaHy Ke3eHIEpiH aHBIKTay epeKIIeNiKTepi
ecKepiai. O37irineH >KaHyIbIH OeNriTl aKmapaTrThl KacHeTTepi jKOHE OlapAbl KOJJaHy MYMKIHIIKTEpi KapacTbl-
pouiabl. KBIIIKbUIIaHY TEMIIepaTypachlH aHbIKTAY/IbIH O1piHFaii o/ici MeH Hiaxtaibl atMochepasia HHANKATOPIIBI OpT
ra3JapblHbIH Kypambl OOMbIHIIA KOMIPJIH ©3/1irHEH KbI3YbIH aHBIKTAY YCHIHBUIIBIL.
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COBOKYIHOE BJIUSHUE NHO®OPMATHUBHBIX ITPU3HAKOB HA OLEHKY COCTOSHUSI
MMOKAPHOU CUTYAIIMA B U30JIMPOBAHHBIX YYACTKAX YI'OJIBHBIX ITAXT

AHHOTanMs. BbINONHEH aHaIM3 pPa3IUYHBIX CIOCOOOB paclo3HaBaHMA IIpollecca HU3KOTEMIIEPaTypHOIO
OKHCJIEHHs YISl M BO3MOXKHOCTH IIPEIyNpPEXICHUS Iepexoja ero B camoBosropaHue. OTMedeHa OCOOCHHOCTD
OTIpeJIeTICHNs] CTaJlu CaMOHArpeBaHUs Yl B U30JIMPOBAHHBIX 00bEMax BHIPAOOTAHHBIX IPOCTPAHCTB YTIOJNBHBIX
maxrt. PaccMOTpeHbl M3BeCTHBIE MH(OPMATHUBHBIE NPHU3HAKKA CAMOBO3TOpPaHMUS, BO3MOXXHOCTh MX HPaKTHYECKOTO
npuMeHeHus. 1IpeyIoskeH COBOKYITHBIHM cItoco0 ONpeAeIeH s TEMIIEPaTypbl OKUCICHUSI M CAMOHArpeBaHus yIiis Mo
COCTaBY MHIMKATOPHBIX IIOXKAapHBIX Ta30B B IAXTHOH aTMocdepe.

KiroueBble c10Ba: yrompHas IaxTa, BBIPa0OTaHHBIE HPOCTPAHCTBA, OKWCICHHWE YIS, CaMOHarpeBaHHe,
CaMOBO3TOPaHNE, SHIOTCHHBIH 10Kap, WHIUKATOPHBIE T'a3bl.
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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
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the low level of metal consumption, has the low level of complexity of a design, mill cost in comparison with
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.
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HCCJIEIOBAHUE U UCIIBITAHUE KOHCTPYKIIUHN
HEHTPOBEKHO-T'HPALIMOHHOU MEJIbHUILbI
KYJMCHOTI'O THUITA

AnHoTanusi. Kaxnelii ron B MHpe IepeMasblBacTCs MIJUIMApAbl TOHH MHHEpPalbHOTO ChIpbs. Ilpomecc
NU3MCJIbYCHUA Tpe6yeT OTPOMHOI'0 KOJIMYECTBA DHECPTUU. Ha TOPHOPYAHBIX NPCANPUATUAX B OCHOBHOM HCIIOJB3YIOT
MEJBHUIIBI IIAPOBOTO THIA, HICTOPHUS MCIOIB30BAHUS TAKUX MEIbHUIl HacuuThIBaeT 6osee 200 neT.

B Hacrosimiee BpeMmsi CUTyalusi M3MEHHJIAch, 3HEprod(p(eKTHBHOCTh CTAHOBUTCS Ba)KHEHIIMM IOKa3aTeleM
paboTBl MENBHUILBI, TaK KaK SHEPIusi JIOpPOXKaeT, 3HAYMTENBHO IOBBICHIICS CTaTyC AKOJOTMYECKHX IpolIeMm,
COJICp’)KaHME TIOJIE3HBIX HCKOINIAEMBIX B pyJe yMeHblnaercsi. Bompoc cosmanust 3Heproa(eKTHBHBIX MEIbHUIL
CTaHOBUTCS OYEHb aKTYaIbHBIM.

LlenTpoOexHO- THpALMOHHBIE MEIBHHUIBI MPEeIHA3HAYEHBI I MepeMolia Pa3IMIHOTO MHHEPAIBLHOTO CHIPBSI.
MenbHuUIIBI TO00HOTO THUIA N3BECTHBI YK€ TOCTATOYHO JIABHO ¥ ITOKA3aJIM HEIJIOXHE Pe3yIbTaThl B paboTe, OHUM
13 OCHOBHBIX IOCTOMHCTB 3THX MEJIbHHIL SIBIISICTCS IOHMKEHHOE MOTPEOIEHUE IIEKTPOIHEPTHH.

B nanHoii pabore mccnenyeTcss KOHCTPYKLHMS LEHTPOOESKHO- TMPAlMOHHONW MENBHMIBI Ha 0a3e KyJIHCHOTO
MEXaHM3Ma. MenpHHIIAa MMEeT psAA TNPEUMYINECTB IEPE] AaHAJIOTaMu: YNPOIIECHWE KOHCTPYKLHUH, BbICOKAs
JUHAMHYECKasl yCTOMYMBOCTD, 3aTPaThl SHEPTUH YMEHBIICHBI B 2 pa3a U T.J.

BHepBbIe MPaKTUYCCKUC HUCIIbITAHUSA MCEJIbHUIL NPOBOJUWIMCH Ha IMOJUI'OHE Haquo - HCCJICI0BATCIBCKOI'O
MHCTUTYTa OOOTaIlleHHsl IOJIE3HbIX HCKOINaeMbIX HalnoHabHOTO 1eHTpa nepepadoTKH MUHEPAJIbHBIX PECYpCOB
PecniyOnmkn  Kazaxcran. HccnenoBaH NpUHLIMI PaOOTHI  MENBHUIBL, KOTOPBI 3aKJIIOYaeTcsi B IUIOCKO -
NapajuIebHOM MEPEMELICHUH [MIMHAPHYECKUX MOMOJIBHBIX KamMep — TpyO B INIOCKOCTH NEpPHEHAMKYJSPHOH HX
ocH, TIPM KOTOPOM KaKAash TOYKa IOMOJIBHOM KaMepbl JIBIDKETCS IO OKPY>KHOCTH C PaMycoM paBHBIM JUIMHE
KPHMBOILMITA I MeXaHW3Ma MeJbHUILBI [5]. PaccunraHpl 1eHTpoOeKHAs CHila IPOTUBOBECOB, HEypaBHOBELICHHAS
JMHAMHYECKHE CHJIa 1 MOMEHTHI, ITPOBEJCH CHIIOBON aHAIU3.

W3 moxkasareneil vccienoBaHusl BUAHO, YTO IpeUIaraeMble MEIbHHUIBI UMEIOT MOKa3aTeldb YACIbHOW MPOM3-
BOJMTEIBHOCTH paBHbIA 140 kr/kBT mnu 8 kBT Ha TOHHY npoxykuuH. I1o 3TOMy HoKa3aTesro npeagaraeMele Mejb-
HUIIBI TPEBOCXOAAT IIapOBHIE MENBHUIEI B 2 pa3a [3]. B aToli cxeme momydeHa TeopeTHIecKasi ypaBHOBEIICHHOCTh
MeXaHH3Ma. VIMEIOTCsl CyIeCTBEHHbIE KOHCTPYKTHBHBIE NOCTHIKCHUS: MMEETCS OAWH KPUBOLIMIIHBIN Baj, HET
M30BITOYHOH CBSI3U, HE TPEOYETCs MPUMEHEHHs 3y0UaThIX KOJIEC, YTO 3HAUUTENBHO YIIPOCTHIIO KOHCTPYKLUIO.

MeJII)HI/II_la OTJINYACTCA HCBBICOKMM YPOBHEM MCETAJJIOEMKOCTHU . I[J'lﬂ CpaBHCHHS CKa)X€M, 4YTO MIapoBas
MeNIBHHIIA MTPOU3BOANTENbHOCTRI0 10 TOHH/4ac Becur 30 TOHH, BeC Ipe[JylaraeMoi MEJBbHHUIBI C TaKOH Ke
MIPOM3BOIUTEIBHOCTRIO Oyner Ha ypoBHe 8§-10 TOHH. MesnbpHHIIA HWMEET HEBBICOKMH YPOBEHb CJIO0XXHOCTH
KOHCTPYKIMH. YTPOUIEHHE KOHCTPYKIMH MEJBHHIBI U YMEHBIICHHE €€ METANIOEMKOCTH IO3BOJIMIIO YMEHBIIUTh
CTOMMOCTh MEJBHHIBI MO CPaBHEHHIO C IIApOBBIMH NPHUMEPHO B 3 pas3a, IO CPaBHEHMIO C CYNIECTBYIOMINMH
HEeHTPOOESIKHBIMU MEeTTbHULIAMU B 1,5 pa3a [4]. MenpHAIIA IMEET BHICOKYIO PEMOHTOIIPHTOJHOCTb.

PesynbraThl npeacTaBIeHHON PaObOTHI IEPCIICKTHBHBI ISl BHEIPEHHS HA MPEATIPUATHAX TOPHOLOOBIBAIOIIEH 1
oborarurenbHONH TpoMbinuieHHOCTH KaszaxcraHa W MOTYT OBITH HCIOJNIB30BaHBI B TOPHO - OOOTAaTHUTENBHBIX
KOMOWHaTax 3apyO0eKHBIX CTPAH.

HoBu3Ha nmomay4eHHBIX pe3ysIbTaToB 3aK/I0YaeTCsA B CO3JaHUU U HCCIIEIOBAHMH KOHCTPYKIMH IEHTPOOEKHO —
THPALMOHHOM MEJIBHMIBI, TPH KOTOPBIX OOECHEYMBAETCS ONTHMAJIBHBIN IPOIECC I[OMOJIA, 3HEPrOEMKOCTb,
METAJUIOEMKOCTDb U NPOU3BOJAUTECIILHOCTL MEJIbHUILIBI.
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Ha ocHOBe pacueToB W SKCHEPUMEHTANBHBIX HaHHBIX, a TAaKXKE B ONpEIeNICHHH € PallMOHANBHBIX KOHCTPYK-
TUBHBIX W TEXHOJIOTHYECKHUX TMapaMeTpoB. BEIABIEHO, WTO B MpOIEcCe OIMBITHO-IIPOMBIIIICHHOTO IIEPHOAa
MENBHUIIB Ha TOJIHroHe [ 0CyIapcTBeHHOTO HayYHO- POU3BOJCTBEHHOTO OOBEINHEHHS POMBIIUIEHHON YKOJIOTHH
«Ka3zmexanoOp» (Aamarbl), BXOISAIIEr0 B COCTaB HalMOHANBHOTO IICHTPA IO KOMIUICKCHOW mepepadoTke
MHUHepabHOTO CBHIphs Pecrybmmkn KazaxcraH, 94To MeIbHUIIA OTIMYAETCSI HEBBICOKUM YPOBHEM METAJUIOEMKOCTH,
UMEeT HEBBICOKHH YPOBEHb CJIOXHOCTH KOHCTPYKIIMH, T€M CaMBIM YMEHBIIAETCS CTOWMOCTH MENBHUIIBI II0
CPaBHEHHIO C IIAPOBBIMHU MPUMEPHO B 3 pasa, M0 CPAaBHEHHUIO C CYIIECTBYIONIMMHU IEHTPOOSKHBIMA MEIbHUIIAMH B
1,5 pasa. MeanI/Iua HUMECT BBICOKYIO PEMOHTOIIPUTOJHOCTD. WcnbiTanus MCEJIbHUII ITIOKa3aJId UX 3KOHOMHYHOCTH B
l'[OTpe6J'leHI/ll/I OHEPIuu, 4YTO ABJIACTCA CaMbIM I'JIAaBHBIM ITOKAa3aTCJICM. A Taxke mokasarellb y]leHI)HOﬁ IMpoOn3BOAU-
TeNbHOCTU paBHBIA 140 kr/kBT wim 8 KBT Ha TOHHY NMPOAYKIWU (B MPOIECCE HCIBITAHUS OBLIM HCIOJIH30BAHBI
pasHble BUIBI ChIphs) [8].

KoroueBble cioBa: 1eHTPOOSKHO-THPALMOHHAS MEIIBHHUIA, M3MEIbUYCHHE MUHEPAJIbHBIX PECYpCOB, METaJIOEM-
KOCTb, YJHEPTonoTpeOIeHNEe, KOHCTPYKIIHS, IIPOU3BOAUTEIEHOCTb.

OnHMM M3 TJABHBIX TEXHOJOTHYECKUX IPOIECCOB OOOTaIlCHHS IOJIC3HBIX HMCKOIACMbBIX SIBIISICTCS
MpoIece u3MejbueHUs. V3MenbueHUE MNPOU3BOJAT HA MEJbHHUIIAX. OJTO MPOLECC SBIAETCS OYCHb
9HEPrOCMKUM.

Bo wMHoOrux crpaHax C pa3BUTOM TOPHOPYAHOM MPOMBIIUIEHHOCThIO, BKiItouas Kazaxcras,
M3MEJIbUCHUE PYAbl M JPYTMX MUHEPAIBbHBIX PECYPCOB SBJSCTCS OJHUM W3 IVIABHBIX JHEPreTUYCCKUX
norpedureneii. Panbiie Ha 3TOT MOKa3arenb oOpamaii Majao BHHUMAaHWs, SHEPIHsl ObUIa JIEIIeBas, U €
O0but0 MHOro. B HacTosiiee Bpemsl CHUTyalusl M3MEHWIACh, SHEProd(dEeKTUBHOCTh CTAHOBUTCS Bax-
HEHIIUM TI0Ka3aTejieM paboThl MEIIbHUIIBI, TAK KaK 3HEPTHUs JA0POXKACT, 3HAUUTEIBHO MOBBICUIICS CTaTyC
JKOJIOTUYECKUX MPOOJIeM, SHEPTUI0 He00X0auMo Oepeub W SKOHOMHUTh. HeoOxoaumo pa3pabaThiBaTh U
BHEJIPSITH B pa0OTy MEbHHUIIBI C HU3KUM MOTpeOIeHneM SHepruu [2].

LleHTpoOEKHO - THpalMOHHBIC MEJBHHUIBI MPEAHA3HAYCHBI JUISI IIEPEMOJia  Pa3IMYHOro
MHUHEPAJIBHOTO ChIPbsi. MENbHUIIBI TOJ0OHOT0 THIA M3BECTHBI yXKE JOCTATOYHO JaBHO ( ¢ Hayanma 70-x
TOJIOB TPOIILIOTO BEKa) , MOKa3alu HEIUIOXUE Pe3yJIbTaThl B paboTe, OJHUM M3 OCHOBHBIX JIOCTOMHCTB
3THX MEJIbHUIL SBJISCTCS IIOHWKEHHOE MOTPEOJICHUE IEKTPOIHEPIHH.

[MpuHumn pabOTBI TaKOW MEJBHHUIBI 3aKIOYACTCS B IUIOCKO- MapajlIeIbHOM IEPEMEIICHUN
MWIMHIPUYECKUX MMOMOJIBHBIX KaMmep — TPyO B IUIOCKOCTH NEPIEHAMKYISPHON HX OCH, IPU KOTOPOM
Ka)J1asi TOYKa MOMOJILHON KaMephl JABHIKETCS MO OKPY>KHOCTH C PAIMYCOM PABHBIM JJIMHE KPUBOIIMIA T
MEXaHM3Ma MEJILHHUIIEL.

[Tnocko- mapaiensHoe MepeMelieHIe TIOMOJIBHOM KaMephl MO3BOJISICT 3aChIMTHON BOPOHKE BCE BPEMSI
HAXOJUTCS HAaBEPXY, a BBICBIMTHOMY MATPyOKy HAaXOJMTCS BHU3Y, YTO CO3MAeT OOJBIIOE yIO0OCTBO JUIs
3aCHITIKH CHIPHS M BBITPY3KE TOTOBOTO MPOAYKTA U3 IIOMOJIBHON KaMepHlI [4].

%) 0,12xDT

Pucynok 1 - Cxema npuHIuNa paboThl HEHTPOOEKHO- THPALOHHON MEIIbHUIIEI, KPHUBOIIHII -1,
MIaTyH- BOIWIO -2, TIOMOJIBbHAsI KaMepa -3, TOMOJIBHOE Tello- 4, 3aCBIITHAs BOPOHKA -5, BBICHIITHAS TPy0a-6.
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PaccmoTpum xapakTep IBWKEHHS OJHOTO LWJIMHIPUYECKOTO TMOMOIBHOTO Tena 4 ¢ Maccoil m u
nuametrpoM Dp B TOMONBHO# Kamepe —Tpy0Oe 3 ¢ BHyTpeHHHM JuaMeTpoM Dy mpu BpalieHny KpUBOIIUIIA
1 pagumycoMm r ¢ gactoToit n (pucynok 1). IIpu BpameHnun KpuBOIIHIIA HA IOMOJIBHOE Tello 4 MEHCTBYET
[5,6]:

1. Cuna tsxectu P=mg , HampaBiieHHAs BCErla BHU3.

2. lentpoOexHas cuia HampaBi€HHas NapaliebHO TIIOJOKEHWI0 KPUBOIIWIA W BMECTE C
KPHBOIIUIIOM BPAaIAIOLIASCS B Ty K€ CTOPOHY C TAaKOH K€ YaCTOTOH n.

T*n %
30

Ilon nmeiicTBHEM ATOM CUJIBI MOMOJBHOE TENO HAYMHAET JBUTATbCS MO BHYTPEHHEN MOBEPXHOCTU
TpyOBI- MOMOJILHON Kamephl. J[BIKEeHHE POUCXOAUT TI0 OKPY>KHOCTH ¢ paguycoM Rg = (Dt — Dg)/2 B Ty
K€ CTOPOHY , YTO W BpallleHHe KPUBOIIIHUTIA.

Cuna F,, HampaBieHa Mo KacaTeIbHOHW K OKPYKHOCTH NBIDKEHHS MOMOJbHOTO Tema. [lpm sTom
JIBUKCHUM BO3HUKAET BTOpas ICHTpoOexkHas cuina F, , KoTopas HampaBjieHa BIOJb paauyca TPyObl-
MIOMOJIBHOM KaMephl , €€ 3HAUCHHUE PABHO:

TEn .,
30 )

n; — 4acToTa BPAaIIEHHs IOMOJIFHOTO Tella BHYTPH IMOMOJIBHON KaMephl, N << n. BpameHuto moMoasHOTo
TeJa BHYTPU KaMephl MPEISATCTBYET Chipbe. MOXKHO MPUHSATH , YTO

n =3%*n,

Fey =m* R *(

Ota cuia Bce BpeMs NPHKUMAET NOMOJIBHOE TEJIO K CTEHKE TPyOBl MOMOJIBHON Kamepbl. M3 3Tux
paccy’KAeHUI BHIHO, YTO Ha NMOMOJIBHOE TEJO B 0OIIEM cilydae ACHCTBYET TPH CHIIBI, KOTOPBIE y4acT-
BYIOT B iepemouie cbipbsi. Cuiibl P u F, naBsit u ucctuparor ceipbe, a cuna Fe; pa3OuBaer coipbe.

Js ycnemHo# paboThl CHUCTEMBI IIOMOJIBHBIX TeJl OY€Hb Ba)KHO OOECIICUHUTh UX JBHKEHHUE C
NPKUMaHUEM K CTEHKaM TPYOBI, HO € yYETOM TOTO, YTO Ny<< N, YCIOBUE NOCTOSHHOTO MPWKUMAaHHSI 110-
MOJIBHBIX T€JT K CTEHKaMm TpyObl He BCEr/a BBHIMONHSAETCS, OCOOCHHO BO BpeMs MPOXOXKACHUS BEpXHEH
Touku. B 3TOM ciydae cnemyer obecneuuTb HEBO3MOXKHOCTH MaJ€HHs BEPXHETO MOMOJIBHOIO Tesla K
LEHTPY TPyObl, YTO MCHOBEHHO COMBAET BECh PUTM JABHMKCHUS TOMOJIBHBIX T€1. DTO MOKHO 00ECIIeUUTh
moa00pPOM TE€OMETPUIECKUX mapaMeTpoB — Dp, D; ¥ umcioM moMonbHBIX Tel - N. M3 mpakThudecKkux
OTBITOB BHJHO, 4TO onThMaibHoe 3HadeHue N = 4, npu N = 3 u N = 5 3(h(exTHBHOCTD IBHKEHHS
MOMOJIBHBIX TEJ yXyamaeTcs. Takke U3 OIBITOB clielyeT BRIOMpaTh napameTpsl Dy u D, u3 ciengyromiero
cootnomenus D,/Dg = 3,1 — 3,0.

Tax kax cuibl Fip, HanpaBieHs! B pa3Hble CTOPOHBI , TO UX BEKTOPHAs CyMMa HEBEJIMKA U €€ BIHMSHUE
Ha JUHAMHUYECKYI0 yCTOWYMBOCTb MEJBHMLBI OyAeT HE TaK 3aMETHA, HO 3TH LCHTPOOEKHBIC CHIIBI HE
YpaBHOBEIIEHbl M OKa3blBalOT BIMSHHE Ha pPabOTOCNOOHOCTH ycTpoiictBa. OmnpenenuM uX
npubau3uTensHoe 3HadeHue. [Ipumem cootnomenne D,/Dg = 3,1. U3 pucynka. 1 BUAHO, UTO TIPH ITOM
coOoTHOUIeHUH cuiibl Fer Ten 1 v 4 HampaBieHbl B AMAMETPATIbHO MPOTHBOIIOIOKHBIE CTOPOHBI, U OHH
camoyHnuToxaorcs. Cuibl Fe, Ten 2 u 3 HanpasieHs! mox yriom 60°. X cyMMEpyoIas BEeKTOpHAs
CHJIa paBHA:

—J* % 0 _ %
Foye =2%F.,*cos30" =1,73* F,
Cuna Feyc mpoxoauT yepes LEeHTP NOMOJIbHOM KaMepPhl U BPALAETCs ¢ YaCTOTOM N .
Cymmupyrorias ¢l Fey paBHa HX cyMMe, a Tak KaK BCE CHUIBI paBHBI M HAMPABIICHBI B OJHY CTOPOHY:

— 4%
Frie =47 F
Touka HPUIOKEHHsI ITOH CHibl Haxoautcs Ha paccrosHuu [ =0,12e D, or ueHTpa mOMOIBHOM

KaMephbl. JTa TOUKa BPAILaeTCs C YaCcTOTOM N

IIpoBenem cutoBO# aHATN3 ATON CXEMBI C YI€TOM MEPEMEIICHHS B IIOMOJIBHBIX KaMepaX MMOMOJIbHBIX
Ten. KoHCTpYyKTHBHBIC TTapaMeTphl METBHUIIBL: quameTp Tpyos! Dt = 140 MM, nuamerp 6omBanku Dg = 45
MM, JUTMHA KpuBommwmma r = 15 mwM, gactoTta Bpamierus n = 500 MuH! , yacrtora n; =170 MUH , Macca
OonBaHkn m = 7 Kr, Macca KpuBomwumna m, = 20 Kr, Macca MOMOJBHOH Kamepbl- TpyObl mr= 10 kr,

KOJIMYECTBO TPYyO — 2 IIT.
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OmnpenenuM o0IIyI0 HEHTPOOeXKHY0 crty Feio o dopmye:

T*n
Foo=@*m+2%m, +m; )*r*( 30

DTy CHIIy MOKHO YPaBHOBECHUTH ( YHUUTOKUTH) YCTAHOBKOM IIPOTHBOBECA.
Hentpobexusie cuibl Fey u Fe, ogHoi OonBanku

*
FCl = m*r*(T)z = 262,5H

)? =3600..H

D, -D, 0,140,045
K — 2 -

R =0,0475..m - paanyc Ka4eHUs IOMOJIHOTO TeJa

%
F.,=m*R, *(%)2 =105.27..H

Heypasuoremennas cuina Feoc 0T BpareHus 601BaHOK B TpyOe.
Fope =1,73%F., =182,1.H
HeypaBHOBeLIeHHBI MOMEHT OT IepeMeIIeHHs OOJIBaHOK B TpyOe
M, =(0,12*D,)*4*F. =17,6..Hu

W3 pacueTroB BUAHO, YTO HEYPAaBHOBEIICHHAS JAMHAMUYECKHE CHJIAa W MOMEHT HE BEIUKU I10
CpPaBHEHHI0O C OOIIeil [EHTPOOCIKHOW CHIOH, HO WX BIUSHHC HEOOXOAMMO VYHTHIBATH MpPH
MPOCKTUPOBAHUH MEJNBHUIIBI. B 4acTHOCTH HEOOXOIUMO OOECTICUYHTH JOCTATOYHYIO YKECTKOCTh Y3JIOB H
HUX XOpOoUIyro CMasKy IJid YMCHBUICHUA H3HOCA. B pacueTe HC YUTCHO BJIMAHUC CBIPbA, KOTOPOC
OKa3bIBacT ypaBHOBEIIMBAIOIIEE JISHCTBHIE, TaK KAK OCHOBHASI €r0 Macca HaXOJUTCS B IIOMOJIBHON Kamepe
C MPOTHBOMOJIOXHOW CTOPOHBI OT TOMOJBHBIX TEJ, HO Macca ChIPhsi HAMHOTO MEHbIIIE MAcChl CTABLHBIX
IIOMOJIBHBIX TCJI.

B nHacrosiee Bpems cymiecTByeT 0a30Bas KOHCTPYKIMS MENBHHUIBI, paboTarolas Ha ONHCAHHOM
npuHIMme [7].

Cxema 3TOH MENBHHUIBI UMEET pPsjl CYIIECTBCHHBIX HEJOCTATKOB, MPEMSATCTBYIONUX ITUPOKOMY
pacIpoCTpaHCHUIO MEIBHUI] TTOJMOOHOTO THIA (PUCYHOK 2). OTO IWHAMHYECKas HEYPaBHOBEIICHHOCTH
MCJIbHUIIBI, 6OHBH12151 MCTAJIJIOEMKOCTb KOHCTPYKIUH, €€ CJIOKHOCTL U CTOUMOCTL, UMCETCH I/I36LITO‘-IHa$[
KHHEMAaTHYECKasl CBs3b (KPUBOIIUIIBI OJIHOBPEMEHHO MPHUBOJSATCS BO BpallleHUE MIATYHOM M 3y04aThIMU
KOJIECaMH), YTO CO3/[aeT MpoOJeMbl Mpu cOOpke  SKcrutyararuu. CxeMa 3TOW MENBHUIIBI TI0Ka3aHa Ha
pucyHke. 2 [6].

L
Fes2 Fc/2

PucyHnok 2 — ba3zoBast cxema IeHTPOOEKHON MEITbHHIIBI
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Jns ToMHOW ypaBHOBEUIEHHOCTH MeEXaHH3Ma HeoO0XOAMMO, dYTOOBI BEKTOpHAas CyMMa BCeX
CTaTUIECKUX CHJI, IPIJIOKEHHBIX K MeXxaHu3My (1), CymMMa KpyTSAIIUX MOMEHTOB 3THX CHJI (2), BEKTOpHAs
CyMMa BCeX IWHAMHUYECKUX cui (3) U cymMMa KPYTAIIMX MOMEHTOB OT 3THX cui (4) paBHAIACh HYIIO, TO
€CTb BBIIIOJHSIOCH YCIIOBHE:

¥Pi=0 (1); ZMi =0 (2); ZFqi =0 (3); SMqi =0 “)

B paccmotpenHoit cxeme ycnoBue (4) BeimosHsieTcss He Bceraa. Ilpu ocymectiennn ycioBus (3)
LHEHTPOOEKHAsI CUla TIOMOJILHOW KaMepbl Fc 1oikHa ypaBHOBEIINBATHCS LIEHTPOOSKHBIMU CHIIAMH JIBYX
MIPOTHUBOBECOB, CJIEIOBATEIHHO CHIJIa OJHOTO MpOoTHBOBeca paBHa Fc/2 . [lomonbHas kaMmepa yCcTaHOBJICHA
M0 IEHTPY MaTyHa 5 , amuHa KoToporo paBHa L ( Pucyrok 2). LleHTp TsyKecTH MOMOIBHOU KaMmephl 1 B
JAHHOW CXeMe BCeraa NPUIOAHAT HA BEJIMYUHY h OTHOCHTENBHO JIMHMM IIaTyHa 5. DTO TUKTyeTCs
KOHCTPYKTHBHBIMU TPEOOBAHUSIMHU I CBOOOIHOTO MPOXOAa MPOTHBOBECOB 6. YcinoBue (4) ans naHHOU
CXEMBI BBITJISIIHUT CIETYIOIAM 00pa3om:

F . L, .
TC*L*sma—FC *[5*s1na+h*cosa}:0

JlaHHOE ypaBHEHHE Gy/IeT paBHO HYIIO TOJIbKO TpH ycaouu h =0 umm o= 90° umm 270°,
Hpu o =0.u1u..180° uMeeM HeypaBHOBEUICHHBII MOMEHT M — F, eh. Ilpumem ans pacuera

cnenyromue panasie: Fi=500 H; L= 0,8 m ; h=0,1 m. Ha pucynke 3 mokazan rpaguk ¢GopmMys 5.

Tabmuna 1- [IpakTHyeckne TaHHbBIE

Yrasl BpallieHus, rpajg 0 30 60 90 120 150 180 240 270 300 360
I{eHTpOOEKHBII MOMEHT -50 -43 -25 0 25 43 50 25 0 -25 -50
60
» /‘\
i} / \

0 50 /100 150 200 250 \300 350 400
-20 /

-40 (’

-60

Centrifugal moment, Nm
o

Angles of rotation, degrees

Pucynok 3 - I'paduk 3aBucumoctu mo ¢popmyie 5

B [9,10] mpemmoxena crieayroras cxeMa (pUCYHOK 4). BbUTO H3roTOBICHO 2 OMBITHBIX 3K3EMILISAPa.

HpaKTH‘-IeCKI/Ie HUCIIbITaAHWA MCJIbHUL] MPOBOJWINCL Ha ITIOJIMI'OHE Haquo- HCCIICA0BATCIBCKOT'O
WHCTHTYTa OOOTAIlICHUs IOJIE3HBIX HMCKOMAaeMblX HalMoHaIBHOTO IeHTpa TepepaboTKH MUHEpPaTbHBIX
pecypcoB Pecrryonmukn Kazaxctan. XapakTepuCTHKHA MEIBHUI] YKa3aHbI B TA0IHIIE 2.
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Tabnuna 2 — XapakTepUCTUKU MEIbHHLIBI

0] " =
= 3 = =
< = = N o
B I - - S g
= = = o S o Z o =
s | . 2 2 2 z S | 8| 2§ g £ g
= i s | E | §| 22 | 8| B - =z
| g 2 2 | 5| 22 | §| g4 5 ¢
5 2 o 2 = S »= O g g 2 = g2
< g a = = = > 5 =
= = Q© 2 e & 28 S 8 = > 9
~ = 5 2 g - g g - )
3 S = s [ & 5
=2 = =3 ) = = =
= = ] & =
g jas Q 3
< & ~
1 350 1000x900x800 2,2 2 45 140 500 320 20-30 20..70
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W3 »sTux mnokaszarenedl BHIHO, 4YTO MpeliaraeéMble MENbHHIBI MMEIOT TOKa3aTellb YIeIbHON
MPOU3BOAUTEILHOCTH paBHBIM 140 kr/kKBT miam 8 kBT Ha TOHHY mpomykuud. Ilo 3TOMy mokazaTeio
npeajraracMbi€ MEJILHUIBI ITPEBOCXOAAT HIaPOBBIC MCJIbHUIIBI B 2 pasa.

[~15

Pucynok 4 — Cxema npearaeMoii IeHTpOOEKHO- TMPALliOHHON MEIbHHUIIBI

B nanHOIl cxemMe NpUMEHEH KyJIMCHBIH MexaHu3M. J[Be MOMOJbHbIE KaMepbl | YCTaHOBIICHBI
CUMMETPUYHO Ha IIaTyHE — BOJIWIE 5, KOTOPBIM LIAPHUPHO B3aMMOJIEICTBYET C KpHUBOIIMIIOM 4.
KpuBomun 4 mpuBoguTcs BO BpallleHHE JBUTATEIEM 2 BOKPYT OCH 9 depe3 peMeHHylo nepenaudy 3. Ha
MIPOTHUBOIIOJIOKHOM KOHLIE KPHUBOIIMIA 4 YCTaHOBJICH IMPOTHBOBeC 6 M LWIMHApPHYECKMHA nanen 12,
KOTOpPBIH depe3 BCTaBKM 13 B3amMoOIeHCTBYyeT ¢ BmIKoW 14, ycranoBineHHOW Ha kyiuce 8. Ha
MIPOTUBOIIOJIOKHOM KOHIIE KYJIHCHl 8 uMeeTcsl nninHapuyueckuil nanen 15. Kymnuca 8 Bpamaerca Bokpyr
ocu 10. ITaner; 15 B3aumogeiicTByeT ¢ Bunkoi 16 uepes BcraBky 17. Bunka 16 yctaHoBIEHa Ha CTep)KHE
11 ’KecTKO COeTUHEHHOM C IMMaTyHOM — BOIUION 5 [7].

B or0if cxeme momyudeHa TeopeTHUEcKas YpaBHOBEIIEHHOCTh MeXaHH3Ma (IIOMOJbHBIE KaMepsl
paccMOTpEHBI Kak Lienble Tena). MIMeroTes cylecTBeHHbIE KOHCTPYKTUBHBIE TOCTUKEHHS: UMEETCA OJUH
KPUBOIUIMITHBIN Bajl, HET W30BITOYHOM CBA3M, HEe TpeOyercss NpPUMEHEHHs 3yOuaTbIX KOJIEC, YTO
3HAYUTEINIBHO YIIPOCTUIIO KOHCTPYKIIHUIO.

MenbHHLIa OTJIMYAETCS HEBBICOKUM YpPOBHEM METATIOEMKOCTH. [l CpaBHEHHSA CKaKeM, YTO
1I1apoBasi MeJIbHULA TPOU3BOAUTENBHOCTEIO 10 ToHH/4ac Becut 30 TOHH, BeC NpeAgaraeMoi MeJIbHHULBI C
TaKOU e TPOU3BOIUTEIBHOCTHIO OyAeT Ha ypoBHE 8-10 TOHH.
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MenpHAIIA UMEET HEBBICOKUI YPOBEHB CIIOKHOCTH KOHCTpYyKIuH. [Ipeanaraemas MenpaAIIa nMeeT |
AKCIICHTPUKOBEIHN BaJI, 5 TIOIIIMITHIKOB, 3y0UaThIX Koyiec HEeT. Bec ymensIieH B 1,5 pasa.

YHpOHIeHI/IC KOHCTPYKIUHN MCEJIbHUIBI U YMCHBIICHUE €€ MCTAIJIOCMKOCTH IMO3BOJINJIO YMCHBLIIUTDL
CTOMMOCTb MEJIBHHIIBI 10 CPAaBHCHUIO C MIAPOBHIMH MPUMEPHO B 3 pasa, MO CPaBHEHUIO C
CYNIECTBYIOIUMH  IIGHTPOOSXKHBIMH ~MeNbHHIIaMu B 1,5 pa3za. MenpHUIIA WMEET BBICOKYIO
pemMoHTOnpUrogHocTb. OHa He TpeOyeT KEeCTKOW 3alIuThl MOMOJBHBIX KaMep, NMpH CHIIBHOM H3HOCE
KaMepbl MPOCTO OBICTPO 3aMEHSIOTCS Ha HOBble. CTOMMOCTH TIOMOJILHBIX KaMmep HE BBICOKAs, OHU
W3TOTaBIMBAIOTCS U3 CTAHAAPTHBIX CTAIBHBIX TPYO MaJIOTO TUaMeTpa.

W3 onbITOB MOTyYeHbI JaHHBIE, 9TO HA MPOU3BOAUTEIHFHOCTS MENTBHUIIBI OKA3bIBACT BIUSHIE YaCTOTa
BpalicHuA Baja, OG’LCM IIOMOJIBHBIX KaM€p, AJIMHA KPHUBOIIHWIIA, YIroJI HaKJIOHa IMOMOJIbHBIX KaMeEp. Ha
JIUCTIEPCHOCTh MOJIY4YaeMOT0 MPOAYKTa BIMSET 4YacTOTa BpalleHUs Baja, JIMHA TOMOJBHBIX Kamep,
TBEPAOCTHh MOMOJBHBIX TE€J M HMX IIEPOXOBATOCTh, Macca IMOMOJBHBIX TEJ, YTOJ HAaKJIOHA TTOMOJBHBIX
Kamep.

Hnst ompeneneHusT NPOU3BOJUTENBHOCTA MEJIBHUIIBI OT YacTOThl BpallCHHs] Bajla IPOBEIU
ucnbitanus. Ceipbe - 0aput. Pe3ynbTaThl UCTIBITAHNS CBEACHEI B TA0IUITY 3.

Ta6JII/IIIa 3-— HpOI/I3BOI[I/ITCJ'II>HOCTI> MEJIbHULBI OT YaCTOThI BpalllCHUA

Rotation frequency, min’! 300 350 400 500
Productivity, kg/hour 130 150 190 350

400

0,004x%-2,830x+538
R%=0,999
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PI/ICyHOK 5— Fpa(bm( 3aBUCUMOCTH MTPOU3BOAUTCIIBHOCTHU OT 4aCTOTHI BpalllCHUS Bajla

Ha pucynke 5 mnokasaH rpaguk 3aBUCMMOCTH — 3 TOYKH, HOJY4YEHO YpPaBHEHHE PETPECCHH,
KBaJpaTHyeckas QyHKUUS 3aBUCUMOCTH IIPOU3BOIUTEIBHOCTH OT YaCTOThI BPALLICHHUS:

Y =0,0049* x* —2,8309* x + 538

Kosdduuuent nerepMunanuu R*=0,9999

N3 wucneiTannii Ha JOJIOBCYHOCTh CTaJI0O BHUJHO, 4YTO HaI/IGOHCC ci1a0bIMM MECTaMH MCEJIbHUIIBI
SIBJISICTCS BUJIKA M OCOOCHHO Tajell W Ma3 B KOTOPBIA OH BXOIHUT, KOTOPBIC MOABEPIKEHBI OBICTPOMY
W3HOCY. DTH 3JIEMEHTHI HEOOXOAUMO U3rOTABIUBATH U3 BHICOKOIIPOYHBIX CTAJICH M 00ECIEYUTh XOPOIIYIO
CMa3Ky.
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HcnplTanust MeNIbHUL IMOKa3ald HMX 3KOHOMUYHOCTH B IOTPEOJICHUM SHEPrHH, HO BBIIBHIN
HEIOCTaTKH, OCHOBHOI M3 HHMX HEIOCTaTOYHYIO JIOJTOBEYHOCTb OTIEJIBHBIX Y3JI0B, HEOOXOAMMOCTH B
CUCTEME CMa3KU.

Ha pucynkax 6, 7, 8 mokasaH cOOpOUYHBIH UYEPTEK HCIPaBICHHON MeENbHUIBL. B KOHCTpyKUMU
3HAQUUTENPHO YCHJICH Y3€J1 KYJIMChl, YCTAaHOBJICHBl aBTOHOMHBIE MACJIE€HKH, yCWJIEHa paMa U T.A.
3Ha4YUTENIBHO YCUJICHA KYJIHCA B MECTE CONPSDKEHMS C BKJIAbIIIAMU YCTAHOBJICHBI 3aKaJICHHBIE CTAIbHBIE
IUTACTUHBI C BBICOKOIM TBEPJOCTHIO. B MOMONBHBIE KaMephl 3aKiabIBacTCs 4 MOMOJBHBIX Teja, MpUYEeM
OHM HUMEIOT Pa3HyI0 IJIMHY M Ha KOHIE BBIIOJIHEH IHaMETP MEHBILIEro pasMmepa. JTO YCKOpSeT
BTSITMBAHKE B 30HY ITIOMOJIA KPYITHBIX KYCKOB CBIPbSI.
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PucyHnok 6- OOmmiuii BU MEIEHUIIB
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Pucynoxk 8 — [lonepeunslii pa3zpe3 menbHULBI Nel

B nampHelitiieM aBTOpBI COOMpAIOTCA CO3[aTh MENbHUIYY O3 NPOTHBOBECA, 4YTO YBEIUYUT
s dexTuBHOCTL 000pyHOBanwms [10].

BeIBOBI: TpemioKeHa OpPUTHHAIBbHAS KOHCTPYKIMS IEHTPOOEKHOHW MENbHUIIBI Ha OCHOBE
KYJINCHOTO MEXaHM3Ma, MPOBE/ICHBI HATYPHBIC HCIIBITAHUS JBYX 00pas3IiOB, MOTyUeHa YACIbHbIH YPOBCHb
SHEPreTHUYECKHX 3aTpaT 8 KBT Ha TOHHY PY/JIbL, YTO B JIBA pa3a Jydllle, YeM Y [IaPOBBIX MEIbHUII.
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KYJUCTI TUIITI HEHTPAEH TEKTIII —- THPAIIMOH/1bI
JUIPMEHHIH KOHCTPYKIUMSICBIH 3EPTTEY KOHE CBIHAY

Annoranus. JKpul callblH olleMze MIUUIAApATaraH TOHHA MIMKi3aT yaTy apKbpUIbl eHpaeneni. bym mpomecc
SHEPTUSHBI KOI KaXeT eredi. Tay — KeH eHIey OHAIpic amaHmapblHIa KeOiHece IIapiibl TUOTH IHipMEHIED
Konganeutansl. Onapaspl maigananyabH Tapuxel 200 KeIIIaM acTaM YaKbITTHI Kypaiiib.

Kasipri Tanna Oy skarqail KypT e3repic anjbl, ce6e0l SHeprusiHbIH YHEM/II HalijaiaHybl JHIPMEHHIH )KYMBbIC
icTey KaObUICTIHIH HEri3ri KepceTkilrepiHiH Oipi Oonbln caHanaapl. OWTKEeHi, JHEPrus Ke3l KpIMOATTaipbl,
SKOJIOTHSUIBIK axyaifap maima Ooyifsl, COHPIMEH KaTap pyAajarbl Haigansl KazbamapaslH Mesepi azaiapl. Coi
ce0enTi SHeprUsHBl YHEMACHTIH ANIpMEH/II oiiian Tady akTyanbl cypakTapbiH Oipi O0bII TaObLIa b

LleHTpJIGHTEH - THPalMOHABI JUIPMEH OpPTYpJi MHUHEpalibl LIMKIi3aT KO3iH yaTyFa apHairaH AmipMeH. by
TUNTI JUipMeHJep OypblHHAH OENrisi JKoHE JKYMBIC icTey OapbIChIHIA JKaKChl HOTHXKENep KepcerTi. JuipMeHHIH
HETI3r1 epeKIIeNiri AIeKTPKYaThIH THIMII Maiiianany OOJbIN CaHaJIa/IbL.

JKasputraH JKYMBICTa KYyJNUCTI MeEXaHW3M Heri3i OONaThIH I[EHTPJICHTCH - THPAIMOHIBI JIHiPMECHHIH
KOHCTPYKIUSCHI 3epTTENTeH. bysl MuipMeHHIH aHBIK 0ipa3 apTHIKIIBUIBIKTApEI 0ap: KOHCTPYKIUSHBIH OHAMIATYHI,
JKOFaphl TUHAMHKAJIBIK TYPAKTHUIBIFbI, SHEPTUs KO3iH €Ki ece a3 naiiananysl xoHe T.0.

Ex amram per toxipuOemepni «llafimamsl kasOamapmer OaitpiTy FrulbiMM — 3epTTEY WHCTHTYTHIHBIHY»
moyuronsHAa kyprizinren. Onm Kasakcran PecrmyOnukachlHBIH MUHEpaNIbl PECypCTapbhlH OHACHTIH YIITTHIK
LHeHTpiHe eHeai. JIMipMEHHIH JKYMbIC ICT€y NPHHLMII 3EpTTENil, LWIHHIAPII YHTAKTaFblll KaMmepalapAblH
napauienb/i Ka3bIKTHIK apKbUIbI KO3FaJbIC JKacall, KamepajaplblH CHIPTKbl JAWAMETpi OOWBIHIIA KPHUBOLIMIITIH
Y3bIH/IBIFbIHA COMKeC Ko3fanaabl. LIeHTpAeH Tenkilml KyYINTIH MOHI, CajJMaKChi3 JWHAMHUKAIBIK KYILITEp MEH
MOMEHTTEp, COHBIMEH KaTap KYIITIK aHaJIHu3 )KacallFaH.

¥ CHIHBUIBII OTBIPFaH JUIPMEH/II 3ePTTEY HOTH)KECIHJIE OHIMIUIIKTIH YJIECTIK KopceTKimidip ToHHa eHimre 140
kr/kBT Hemece 8 KBT kypaiiabl. Ocbkl KOPCETKIIITIH apKachlHa 3€PTTENII OTHIPFaH JUIpMEH LIapiibl JUipMEHHEH 2
ece apThIK. byn cyinbana MexaHM3MIEPIiH TEOPHSUIBIK TeHAeCyi anblHFaH. Eneyni KOHCTPYKTHBTI JKEeTiCTIKTep Oap:
0ip KpUBOIIMNTI OLIK, TICTI IOHIreIeKTEpl KOJIAaHy bl TaJlall eTIIeH I, apThIK OaiJIaHbIC XKOK.

MerTanmn CEITBIMABLTBIK Aopexkeci ToMeH. Mbicanra, oHiMAiTiTi 10 T/car 60MaThIH mapiel AHiPMEHHIH CalMaFbl
30 ToHHa GoJica, al YCHIHBUIBIN OTBIPFAaH IAWIPMEH IO OCBIHAAW eHimuirikTe 8 — 10 TOHHa camMaka OOIajbI
CoHBIMEH KaTap ICHTPICHTeH — THPAIMOHIB AWIPMEH KOHCTPYKIHMACH OOWBIHINA Ha aca Kypaeni eceM. OcvI
JKarIainap/pl ecKkepe OTHIPBIN JAWIPMEHHIH ©3KYH[IbUIBIFBIHBIH ap3aH OONYbIH aiTyra 0Oiajibl, MbICAJIbI, LIAPJIbI
JUIPMEHMEH CalbICThIpFaHAa 3 ecere, Kasipri TaHAa KOJNJAHBUIBIT JKaTKAH LEHTPICHICH UipMEHIEPMEH
canpicThiprania 1,5 ecere TemeH. COHBIMEH KaTap IUIPMEH[l JKOHJACY, MKOHIEYre KapaMIbUIBIK KYMbBICTAPbI
KHBIH/IBIKCHI3 JKYPri3iIe/i.

XacanblHFaH >KyMbBICTapAbIH HOTWXKENEpI Tay — KEH OpbIHZAp MeH OailbiTy (abpukaiapblHIa KeHIHEH
KOJIIAHYBbI BIKTUMAJI.

HotmxkenepaiH FhUIBIMU JKAHAJBIFB [EHTPJICHTCH — TUPALNMOHIBI IUIPMEHHIH KOHCTPYKIHUSCBHIH 3EpTTEIL,
JIUIpMEHAE OTEeTiH NpOLEeCTepli, SFHM YHTAaKTay, 3HEPrOCHIHBIMIBUIBIKTEL, METAICHIMBIMABUIBIKTEL  JKOHE
JTUIpMEHHIH OHIMJIUTITIH OHTAMIBI IPOIecTep KaTapblHa HII3Y.

DKCHEepUMEHTAN/Ibl JKOHE €CeNTey, COHBIMEH KAaTap palMOHANJbl KOHCTPYKTHUBTI IKOHE TEXHOJIOTHSLIBIK
mapaMeTpiep HeTi3iHAe, IUipMEHHIH METaJICBIMBIMIBUIBIK KOPCETKIII JKOFapbl eMec eKEHIIr CHIaTTaJbIIL,
TUipMEHHIH ©3KYHIBUIBIFBIHBIH ap3aH OONYBIH aiiTyFa Ooiaipl, MBICAJbI, IIApJIbl THIPMEHMEH CallBICTBIPFaHAa 3
ecere, Kasipri TaHJa KOJJAHBUIBII JKATKAH LEHTPJCHIeH AWIPMEHIEPMEH calbICThIpFaHma 1,5 ecere TeMeH.
CoHbIMeH KaTap JUipMEH/Ii KOHIEYTe HKapaMIbLUIbIK HKYMbICTApbl KMBIHABIKCHI3 XKYpriziieni. EH Heri3ri kepcerkirii
©OBII - OYJT SHEPTUSHBI YTHIM/IbI MaiilalaHy KOpCeTKill 6acThl pej aTKapabl.

TyjiiH ce3aep: MUHEpPANBIK pecypcTap, JHEPTUs TYThIHYbI, METAIChIMBIMIBIIBIK LIEHTPJIEHT€H - THPALOHIBI,
ycakTay, TuipMeH, KOHCTPYKIHUSCHI, OHIMIILTIK.
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HYDRODYNAMICS OF A SWIRLING FLOW
IN THE CYCLONE-VORTEX APPARATUS

Abstract. Despite the wide spreading of apparatuses, using the centrifugal force,the process of heterogeneous
systems’ separation, occurring in them, is not sufficiently studied because of the difficulty in taking into accounting
allparameters, influencing on it.

In view of the fact that the dusty gas stream enters the cyclone through the branch pipe located tangentially to
the cylindrical dust collection chamber, passes circumferentially around the exhaust pipe and moves spirally down
the wall of the cone and then up, the resulting centrifugal force isinfluencing on solid particles, causing them to cling
to the inner wall of the housing and then, under the influence of gravity, to slide to the outletbranch pipe.

To calculate the cyclones, there was offered a large number of models describing the processes of flow motion
and gas-solid separation system. Many researchers accept as a separating boundary the imaginary vertical cylindrical
surface, corresponding to the radius of the inner tube for gas outflow from the apparatus.Others, to calculate the
hydraulic resistance, use the medium cylindrical surface with a radius of /r;r,and height h, assuming that there
occurs an abrupt flow ratechange on it. On both sides of this surface the potential flow is prevailing. As a result,
there have beenderived the equations for calculation of local resistance coefficientsfor input and output in the
cyclone and those of total resistance.

Some researchers propose to calculate the hydraulic resistance of the cyclone via the inlet gas velocity. To
calculate thecyclone hydraulic resistance, we have suggested the equation, takinginto account the resistance of the
inlet zone, vortex zone and output zone.The results of calculation according to the proposed equation correlate well
with the data of other researchers.

Keywords:cyclone,tangential branch pipe, centrifugal force, solid particles, gas velocity, resistance coefficient,
hydraulic resistance.
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I'HAPOJUHAMMUKA 3AKPYYEHHOTI'O IIOTOKA
B AIIITAPATE IMKJIOHHO-BUXPEBOT'O AEUCTBUA

AnHoTanus.HecMoTpss Ha IIMpoKOe pacHpoCTpaHEHHE amIapaToB, UCIOJIB3YIOMINX IEHTPOOSKHYIO CHILY,
MPOTEKAIOIUH B HUX MIPOLIECC Pa3/eNICHNUs] HEOJHOPOIHBIX CUCTEM HEJOCTaTOYHO U3Y4YEH H3-3a CIIOKHOCTU ydeTa
BCEX JEUCTBYIOIUX Ha HETO MapaMeTpoB.

B Buay Toro, 4ro 3ambUICHHBIH TA30BBIA IMOTOK BXOAWT B LUKIOH dYepe3 MNaTpyOOK, pacriojoKEHHBIH
TAQHTE€HIMAIbHO K LWINHAPHUUYECKOH MbIIEOCAAUTENbHON KaMepe, MPOXOAUT MO OKPYKHOCTU BOKPYT BBIXJIOIMHOM
TpyOBI ¥ IBIMKETCS CITUPAIFHO BHU3 TI0 CTEHKE KOHYCa M 3aTEM BBEPX, BOHUKAOIIAst IPH 3TOM LEHTpOOEeKHast chiia
BO3/IEIICTBYET Ha TBEpPJbIC YACTHIIBI, 3aCTABISS UX MPY)KUMATHCS K BHYTPEHHEH CTEHKH KOpITyca, KOTOpBIE 3aTeM,
TIOJ] IEWCTBUEM CHIIBI TSKECTH, CIIOJI3AI0T K BBIITYCKHOMY MaTpyOKy.
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Juis pacueTa MUKIOHOB MPEIUIOKEHO OOJBIIOE YUCIIO MOJIEIEH, ONMMMCHIBAOIINX POLECCH ABIDKEHIS TIOTOKA U
pa3meneHus CHCTEMBI Ta3-TBEpJOE BEIIECTBO. MHOTHE WCCIIEAOBATeN IPHHAMAIOT B KAadecTBE TPAHHIIBI
pa3meneHus BOOOPaKAEMYI0 BEPTHKAIBHYIO IIIUIMHIPHYECKYIO TIOBEPXHOCTH COOTBETCTBYIOIIYIO PAIHyCy
BHYTpeHHEH TpyOBl A BBIXOAA Ta3a W3 ammaparta. [[pyrme s pacyera THUOAPABIMYECKOTO COMPOTHBICHHS
UCTIONB3YET CPEAHION IMIMHIAPUYECKYIO MOBEPXHOCTH PAgMyCoOM /77,1 BBICOTOM h, mpexmmosaras, uTo Ha Hel
MPOMCXOJUT CKaYKOOOpa3HOe M3MEHEHHE CKOpPOCTH NoToka. Ilo o0e CTOpOHBI 3TOH MOBEPXHOCTH Ipeodiiafaet
MOTeHLMAJbHOE Te4deHHe. B pesynbrare NONydYeHbl ypaBHEHHMs Uil pacuera Kod(pQUIMEHTOB MeECTHBIX
COIIPOTHUBIICHHH JUTS BXOJIa ¥ BBIXOJIA B IIMKJIOHE U OOIIETO CONPOTHBIICHUSL.

YacTte wmccrnenoBaTeneil mpeanaraeT pacCUMUTHIBATh THAPABIMYECKOE COIPOTHBIICHHE IMKIOHA IO CKOPOCTH
raza Ha BXoze. Hamm mms pacuera THAPABIMYECKOTO COIPOTHBICHHS IMKIOHA TIPEIIOKEHO YpaBHEHHE,
VYHTBHIBAIOIEE COMPOTHBICHHE 30HBI BXOJa, BHXPEBOW 30HBI W 30HBI BbIXOAa.Pe3ympTaThl pacdera 1m0
MPEUIOKEHHOMY YPAaBHEHHIO XOPOIIIO KOPPEIUPYIOTCS ¢ JAHHBIMHU IPYTHX HCCIIEOBATENCH.

KiroueBble cj10Ba: [TUKIOH, TaHT€HIIMAIBHBIN NaTPyOOK, EHTPOOEKHAS CHIIA, TBEPABIE YaCTHIIBI, CKOPOCTh
rasa, Koo pUIHEHT CONPOTUBIICHHS, THIIPABINYECKOE COIIPOTHBIICHUE

BBenenue. /3BecTHO, YTO NMPUMEHEHUE HEHTPOOEKHON CHIIBI MO3BOJIACT CYIIECTBEHHO YBEIMYHUTH
Mpeaesbl pa3fesieHus HEOAHOPOIHBIX MbLIEra3oBeix cucreMm [1,2-5]. OpHako, HECMOTPS Ha IIMPOKOE
pacrpocTpaHeHHE alapaToB, HCIOJB3YIOMMX ICHTPOOEKHYI0 Ccmiry[6-13], mpoTekaromuii B HHX
MpOIIeCC pa3lIelCHUs] HEOJAHOPOIHBIX CHCTEM HEIOCTAaTOYHO HM3yYEH H3-3a CJIOKHOCTH YUYeTa BCEX
JIEHCTBYIONIMX HAa HETO apaMeTpPOB.

B ocHoBe mporiecca 1eHTpoOeKHOTO pa3fesieHus] paccMaTprUBaeTCs cienyoomas Gu3ndeckas MOIeib
[1]. 3anbUICHHBIN Ta30BbIM MOTOK BXOJHT B IIMKIIOH Uepe3 MaTpyOOK, pacloIoKEeHHbBIH TAHTeHIIMATbHO K
MWIMHPUYSCKON IMBUICOCATUTEILHON KaMepe, MPOXOAUT MO OKPYKHOCTA BOKPYT BBIXJIOITHOW TPYOBI H
JIBUKETCS CHHPAIGHO BHHU3 IO CTEHKE KOHyca M 3aTeéM BBEpPX, B BBIXJIONHYIO TpyOy. mamerp
BOCXOJIAIIETO O CIHPaJU MOTOKA MOYTH PABEH JUAMETPy BBIXJIONHOW TpyObl. [IoTOK rasa Ha BXoje B
LUUKIIOH JBUXETCS C YCKOPEHHEM B KOJIBIICBOM IPOCTPAHCTBE MEXAY CTCHKAMHU KOpIyca IIUKIOHA U
BEIXJIOITHOW TpyObl. KnHeTHueckass 3Heprusi KOJBIEBOTO MOTOKA TUCCHITUPYETCS B pe3yjbTaTe oOMeHa
KOJIMYECTB IBMKEHHUS C OOpPaTHBIMH NTOTOKAaMH, BOSHUKAIOIINMH Ha TPAHUIIAX 3aCTOWHBIX 30H.

MunpaBaudeckoe CONMPOTHBICHHUE ammapara, a TakKe pPacxo]] SHEPTrUM Ha pas3felicHHue 3aJaHHOTO
00BEMHOT0 PacXxo/ia MBUIEra30Boi CMECH TECHO CBSI3aHBI C TEOMETPHUECKUMHU pa3MepaMHy ITUKIIOHA.

YCTaHOBUTH CBSI3b  MEXAY ONTHMAIbHBIMH TE€OMETPHYECKUMH pa3MepaMyd I[HKIIOHA, €ro
MPOU3BOAMTEIBHOCTHIO, PACXOJOM OJHEPIMH M Pa3C/IUTCIIbHON CIIOCOOHOCTHIO BO3MOXHO TOJIBKO
NpUOMKEHHO, C HKCHOJb30BAaHHEM OMIMPUYCCKHX JdaHHBIX. JlJIg pacyera IUKIOHOB MPEATIOKEHO
OombIoe Yncino Moaenei [14], onmuchBarOINX MPOIIECCH ABIKEHHUS TTOTOKA U pa3ziefieHHs] CUCTEMBI Ta3-
TBep/Oe BemecTBO. Pacmpenenenne NOTOKOB B IIUKJIOHE (OCOOEHHO B €r0 KOHMYECKOH 9acTH) JI0 CUX TIOP
HE U3YYEHO B JOCTATOYHON CTEIICHHU.

MeToasl uccieJ0BaHU

JUie  TpoBeneHHS MCCICNOBAaHWI HCIONB30BaHBI METOJA  HETMOCPEACTBEH-HOTO  HM3MEPECHHS
TUAPABINYECKOTO CONPOTHUBIICHHS YALIE€YHBIM MAHOMETPOM M MHUKPOMAHOMETPOM, a TaKKEUMCIICHHBIE
METOJIbI ¢ MpuMeHeHneM DBM.

Pe3yabTaThl ucciaeaoBaHui

OKCIepUMEHTaIbHO YCTaHOBJEHO, YTO IYTh Ta30BOr0 IMOTOKAa BHYTPH LUKIOHA COOTBETCTBYET
¢dopme criupanu Apxumena. IT0 0OCOOCHHO Ba)KHO 3HATH IJISl MPABMUIIBHOTO PACIIONOXKEHUSI BBIXOJHOTO
naTpyOka s e[ 1,15,16].

l'unpaBnndyeckoe CONMpOTHBIEHHE MEHSETCA BHYTPH ammapara B 3aBHCHMOCTH OT paclpeaeeHHS
CKOpOCTEH U MOITOMY MPUOTMIKEHHO MOXKET OBITh PACCYMTAHO B MPEATIONIOKEHUHN OIPeelICHHOW (hopMBbI
TpaHUIlBl pa3fiefieHus] CUCTeMBI Ta3 (KHIKOCTh) — TBepIoe. MHOTHE HCCIeqoBaTely NPUHUMAIOT B
KayecTBe TpPAaHMIbI pa3[ENeHUs BOOOPAKAEMYIO BEPTHKANBHYIO LWIMHIPUYECKYIO ITOBEPXHOCTD
paamycoM 1 (paBHBIM paauyCy BHYTPEHHEU TpyOBI JUIsl BRIXOJIA Ta3a W3 ammapara). B mocinennee Bpems
[1] mns  pacueta THIPABINYECKOIO CONPOTHUBIEHUS HCIHOJB3YET CPEIHION LMIMHIPHUYECKYIO
HOBEPXHOCTH PaIMyCOM /T 7;HM BBICOTOM h, mpemonaras, 4To Ha HEHW NPOMCXOIUT CKAYKOOOpasHOeE
W3MEHEHUE CKOPOCTH MOTOKa. [lo 00e cTOpOHBI ATOH NOBEPXHOCTH MpeodiajaeT MOTEHIHATBHOE
TEYECHHE.
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W3MmeHeHune naBrieHNs Ha BXO/IE B IUKIIOH MOXKET OBITh BHIPAYKEHO MOMEHTOM KOJIMUYECTBA JIBUKECHHS
M, Ha HapyXKHOI CTOpPOHE (75) CEeNapanOHHOTO IPOCTPAHCTBA (CIIEIyeT yUIUTHIBATh MOMPABKY HA TO, YTO
KOJIMYECTBO JIBM)KCHHS B CEUYCHHUU BXOJHOrO mnarpyOka M;,0yJeT HECKOJIbKO OTIMYaThCS OT My).
KonunuecTBo nBUXEHUS HA UIMHIPUUECKONU MOBEPXHOCTH PAIUYCOM 7 BBIPAXKACTCS pa3sHOCTHIO

MBx:Ma 'Mcp (1 )
TIpuuem
My,=A - 2nryryh % w;w, 2)

B xauectBe koddduipieHTa TpeHHss A B MEPBOM NPUOIIKCHUH MOXKHO TIPUHSTH BEIHYUHY A,
OTIpEIeNIIEMYI0 B YCIOBHSIX CYIIECTBOBAHHA TYpPOYJIEHTHOIO HMOTPAaHMYHOTO CJIOS Ha BHEIIHEH CTEHKE
LUKJIOHA IPU MTOCTOSHHOM AaBienud [17]:

Ay = 0,074Re; 02 3)

rae
Re = w, * 211, /v,, npuuem 5 - 10° < Re,,, < 107

C yd4eroM S5THX 3aBUCHMMOCTEH MOTYT OBITh TOJyYeHbl ypaBHEHHUsS il pacdera Kod(pQHUIUEHTOB
MECTHBIX COTIPOTHBIICHUH /AJIsl BXOJa M BbIX0Ja B LMKJIOHE. {7t BX0aHO# TpyOBI[1]:

Aper % 1
fex = ﬁ - :_:(‘:71_1) (1_‘:_: .%/1)2 -1 (4)
Ji1s1 BBIXOTHOH TPyOBI:
G = 2o = g (2 () ©

[To ombrtHeM mauHHBIM [1] KoHCTanTaK=4,4. CoOTHOIIEHNE CKOPOCTEH Ha BXOJE B ammapaT ¥ Ha
BBIXOJIE U3 HETO MOXKET OBITh PACCUUTAHO B 3aBUCUMOCTH OT COOTHOILCHHMS TUIOIIA/ACH CEYCHUSI BXOIHOTO
naTpyOKa v BEIXOIHOU TPYOBI:

ol rewn (©)

vy JFeeri R
Fopx Tex 71

re o — MOMPABOYHBIA KOI(PPHIIMEHT, YUUTHIBAIONIMNA OTHOIICHHE MOMEHTOB KOJHYECTB IBHUKCHHS
M.,/M,:

— Aﬁ —_ VpxTex
o= M, - Wyl (7)

OO6mIee ruAPaBINIECKOE COMMPOTHUBIICHNE ITUKIIOHA pACCUNTHIBACTCS CyMMapHO Kak[1]:

AP, = APy + APy ®)
1501050
2
AP, = 5%, ©)

F'He f = 58)(' + be[X

ITo wmeronuke JIMOT [18] ruagpaBiuyeckoe COMPOTUBICHHE LHMKIOHOB PA3JMYHBIX THUIIOB
pacCUMTHIBACTCA IO YCIIOBHOH ((DUKTHUBHOWM) CKOPOCTH Ta30BOTO ITOTOKA B TOPH3OHTAILHOM CEUCHUHU
UMIMHAPUYECKON YacTy MyCTOro ammapara Kak

2
_z PW
AP, = &5 (10)
WY TI0 CKOPOCTH BO BXOJHOM MaTpyOKe Kak

AP, =&, 2 (11)
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Jns ymeHbmieHus ruapaBindeckoro comnportuierus nukioHoB HUMOI'A3 Ha BeIXIIOMHON TpyOe
CTaBATCS yJIMTKA WK KOJIbLEBOU nuy3op, camkaromue AP, B cpennem Ha 10 %[1].

Koadduuuents ruapasnuueckux conpotusieHuit &, u &g npuseaens B [1] (HH-11¢,, = 6,1, §; =
150; IH-15 &, = 7,6, &, = 160; [1H-24 ¢, = 10,9, &, = 80).

CrnemyeT y4ecTb, 4YTO THAPABIUYECKOE COMPOTHUBIICHNE ITUKIOHA B 3HAYMTEIHFHOW CTETICHH 3aBHCHT
OT 3amlbUICHHOCTH ra3a, Npu4eM KO3(QQHUIMEHTHI THAPABINYECKOTO COMPOTHBICHUS & B 3allbJICHHOM
MOTOKE Tra3za U3MEHSIOTCA B cpegHeM oT 2 no 20% B 3aBucUMOCTH OT KoHUeHTpanuu neutu[l]. Io
ONBITHBIM JIAHHBIM TNPUCYTCTBHE TbUIM B Ta3e B KOJNMYECTBAX, NPEBBIIAIOMKMX | T/M’, BBI3bIBACT
HEOJHOPOJIHOCTh TpOIecca pPa3lesieHHss CHCTEMBI TI-T, 00pa3oBaHHE BTOPUYHBIX UPKYISIHOHHBIX
MTOTOKOB, OTPHIB TOTPAHUYHOTO CJI0S U 3aMEIJIEHUE OKPY>KHOM ckopocTu rasa. [Ipu koHuenTpanusax > 10
/M’ BIMSHUEM 3aIbUICHHOCTH HA FHPABIHYECKOE COMPOTHBIICHHE MPEHeOperaTh Helb3sl.

Cormacao [19], mpm oOCaXIEHHWW 4YaCTHUI] B YCIOBHUSAX, COOTBETCTBYIONMX 3akoHy CTOKca,
TEOPETUUECKYIO CKOPOCTh OCAKACHUS B M/C TOICUUTHIBAIOT 10 hopMmyJie:

— d? (pl_pZ)WZZ (12)
0 9v,p2D
3IeCh W, — OKpYXKHAas CKOPOCTh Ta3a B ITUKIIOHE, MpWHMMaeMmas paBHor 12 — 14 m/c; D — mmamerp
LUKJIOHA B M.

JuaMeTpoM IMKIIOHA cIelyeT MpelBapuTeNbHO 3a/1aBaThCs, a 3aTEM IIPOBEPATH €ro MOCIEAYIOINM
pacueroM. /[l mIpeABapUTENBbHOrO BbIOOpa AMaMeTpa LEHTPOOEKHOIO MBUICOCAIUTENS] MOXKHO
pykoBoAcTBOBaThCs AaHHBIMH[19,20], B KOTOpBIX NPUBEICHBI OPUEHTHPOBOYHBIE COOTHOILICHHS
OCHOBHBIX pa3MEpOB LIEHTPOOEKHBIX MbUICOCATUTENEH U MIMPUHBI BXOAHOTO MaTpyOka b wim nuamerpa
nukioHa D.

T10mab ceueHns BXOIHOTO NaTpy6Ka B M

f =bh =2 (13)

W@X

rae V... — NEeHCTBUTEIbHBIH CEKYHIHBIH O0BEM Tra3a, MOCTYIAIOIICTO B IMKJIOH MPHU 3aJaHHOTO
TeMIeparype, B M/c; w,, = 20 M/c — CKOpOCTb ra3a BO BXOJJHOM NaTpyOKe IUKIIOHA.
[IpaBmibHOCTE TpUMeHeHHe (popmysl (12) mMpoBepsIOT IO ypaBHEHUIO
WD

Re=-2<0,2 (14)

V2

IIpu Re>0,2 TeopeTHIecKyt0 CKOPOCTh OCAXKICHHS MTOJACYUTHIBAIOT CICAYIOMNAM 00pa3oM.
Onpe/euB 10 ypaBHEHUIO KPUTEPHA ApXumena,

d —_
Ar =94 - s (15)
V2 P2
HaxoIiT (hakTop pa3AeseHus:
2 2
N —
) = e = (16)

Kpurepuii Pefinonsica cienyer moacuyuTeBaTh 0 (HopMysiam:

npu Ar®,<84000
_ prontLE
ke = (13,9) ’ (17
npu Ar®,>84000
Re = 1,71,/Ar®, (18)
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[To HalieHHBIM 3HaUEHUEM KpUTEpUs Re onpenesnstoT TeopeTHIeCKy0 CKOPOCTh OCAKACHHUS.
Hcxons u3 3a7aHHON MPOM3BOAUTENHHOCTH LIUKJIOHA, HAXOJAAT BHYTPEHHUM JUAMETP BBIXJIOMHOU

TpyOBI 110 ypaBHEHHUIO
I/Cel('
d, =113 /W— (19)

rlie W,, — CKOpPOCTb r'a3a B BHIXJIOITHOW TpyOe B M/C (B MPaKTHYECKHX pacdeTax ) W,, IPUHUMAIOT PaBHOH
4-8 M/c).
Hapy»xHoli 1uaMeTp BBIXJIOMTHON TPyObI

D, =d,, + 26; (20)

3]IeCh § — TOJIIIUHA CTEHKU BBIXJIOITHOW TPYOBI.
[TpaBriibHOCTH BRIOPAHHOTO 3HAUCHUS TUAMETPa IIUKJIOHA MMPOBEPSIOT 110 (hopMyJie
D
D =—F5. (21)

1-10%2¢
W

BricoTa MUIMHAPHYECKONW YaCTH MEHTPOOCIKHOTOIBIIICOCATUTENSI

ZVE‘EK'

= Gogw,

(22)

Bricoty h, KOHYCHOW YacTW IMKJIOHAa MOXHO OINPEAEIUTh IO JaHHBIM, NpuBeneHHBIM B [19,20].
HanexHpIif BEIBOA U3 MUKJIOHA YIIABIIMBAEMBIX YACTHIT 00CCIICINBACTCS TP 3HAUCHUH YTJIa TIPH BEPITHHE
konyca 30-40°.

lMunpaBnuyeckoe CONMPOTUBICHUE IIUKIOHA PACCUMTHIBAIOT MO (popmyiie:

W2
AP, =§, "2, (23)
rae &, — KodQQHUIMEHT CONPOTUBICHHS, 3aBUCAIMH OT KOHCTPYKLIMH UHMKJIOHA (i LMKJIOHOB
xoncTpykumu LIKKB &, = 2,5, mna nukinonos BTU &, = 6, nua muknonos HUMOI'A3a &, ~ 7[19]).

Kak BumHo u3 dopmyssl (12), cKOpOCTh OCaXICHHUS YACTUI[ B IEHTPOOCIKHBIX MBIICOCATUTENIX
MOKHO MOBBICHTh YBEIHUCHUEM CKOPOCTH ra30BOT0 MIOTOKA W, WJIM YMCHBIIICHHEM paiyca BpaieHus R.
[TepBblii myTh HEI(D(HEKTUBEH, TaK KaK BhI3BIBACT PE3KOE BO3PACTAHHUE THAPABIMYCCKOTO COMPOTUBICHHS
ammapara, yBEIHYEHHE TypOYJIEHTHOCTH Ta30BOTO IIOTOKA M, B KOHEYHOM WTOTEe, CHIDKEHHE
ko3 duiMeHTa mone3Horo ACHCTBHS. BTOpoi MyTh MpHBEN K CO3AAHUIO KOHCTPYKIMH OaTapeiHbIX
[IUKJIOHOB.

B pa6ote [20] mist pacueTa nMoTepy JaBICHHS B IIUKIOHE TPEJIOKEHO YPaBHEHUE!

ap = §2 (24)

ITo 3amaHHOW TPOM3BOIUTEIIBHOCTH BBIYHUCIISIOT JIEHCTBUTEIHHYIO CKOPOCThH Ta3a B ITMKJIIOHE, NPH
3TOM CKOPOCTH I'a3a B IUKJIOHE HE JIOJIKHA OTKJIOHATHCS OT ONTHMaJIbHOU Ooiee yeM Ha 15%.

I[lo nmpuBeneHHbIM B paboTe TaOIMIAM NPUHUMAIOT  KO3(PPUIMEHT TUAPABIHMYECKOTO
COTIPOTHUBIICHHSI, COOTBETCTBYIOIIUI 3aaHHOMY Tuly nukioHa. J[ns muxinonos HUMOI a3 (oguHOYHBIX
WJTN TPYTIT) BBOIAT YTOUHSIONTUE TIOMIPABKH 110 (hopMyIie

§ = K1K8, 500 + K, (25)
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e §,'500- KOOQQUIMEHT TMAPABIMIECKOTO COMPOTUBIIEHUS OJMHOYHOTO IUKJIOHA auameTpom 500 mm.
WNupeke «c» 03HaYaer, YTo HUKIOH PadoTaeT B THAPABIMYECKON CETH, a «II» - 0e3 CeTH, T.e. MPsSMO Ha
BBEIXJION B atMocdepy; K; — MONpaBOYHBI KOA(h(HUIMEHT Ha muaMeTp NMHUKIOHA; K,— TONpaBOYHBII
k03 PUIIMEHT Ha 3amBUIEHHOCTH ra3a; K3 — KOA(pQUIMEHT, YYUTHIBAIONIUKA JTOTOJHUTENbHBIE MOTEPU
JaBJICHUS, CBSI3aHHBIE C KOMIIOHOBKOH LIMKJIOHOB B TPYIIILY.

Hammu jy1s1 pacyera rujpaBIndecKoro CONPOTUBIICHUS IUKJIOHA MTPETIOKEHO YpaBHEHHUE:

AR, = AP, + AR, + AR, (26)

rae AP,, — TUIpaBIMYECKOe COMPOTHUBIEHUE 30HBI BXoAa, 11a; AP, — ruIpaBInYecKOe CONMPOTUBICHUE
BUXpeBOM 30HbI, [1a; AP, , - ruipaBiIruecKoe CONPOTUBJICHUE 30HBI BbIXoAa, [1a.
I'mnpasinndeckoe COMPOTUBIICHNE 30HBI BXOJA:

2
APy = & ™2F, (27)

rae &, = 3,32 — k03 (PULHMEHT CONPOTUBIICHHUS Ha BXOJIE B ammapar.
I'uapaBnnyeckoe CONpOTUBICHUE BUXPEBOM 30HBI:

AP, = §,, 20 (28)

rae &,, = 4,1 — ko3pPunreHT cOnpOTHBIICHUST BUXPEBOW 30HBI; W,, — CKOPOCTh ra3a B BUXPEBOW 30HE,
m/c.
lugpaBinyecKoe CONMPOTUBICHNUE 30HBI BBIXO/IA!

2
AP,y = Eg b2, (29)

2

rae &, = 5,7 — K039 HUIHEHT CONMPOTUBIICHHS HA BBIXOJIE U3 amrapara.
Ha pucynke 1 mpeacraBieHbl pe3ynbTaTbl BEIYMCICHUN THAPABINYECKOTO CONPOTUBIICHHUS LUKIOHA
10 YpaBHEHUSIM, IIPECTaBICHHBIM PA3JIMYHBIMU aBTOPAMH.

3000
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CkopocTs raza Ha Bxoze Wy , M/C
m - AP[19]; @ - AP[1]; A - AP[20]. JIunus — HaII TaHHBIC.

Pucynok 1 — I'napaBnideckoe CONpOTUBICHHE UKIOHA AP B 3aBHCHMOCTH OT CKOPOCTH Ta30BOTO ITIOTOKA HA BXOME W,y.
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Kak BUgHO W3 pHCyHKA, THAPAaBINYECKOE COMPOTHBIICHHE IHMKIOHA B 3aBHCHMOCTH OT CKOPOCTH
ra30BOTO MOTOKA Ha BXOJEB ammapar pacTeT. ITO OYEeBHIHO, TaK KaK C YBEJIHMUYEHHEM CKOPOCTH PaCTyT
3aTpaThl Ha TPEOAOJCHHUE MECTHBIX COMPOTHBICHHN M CO3MAaHMS 3aKPYyUYEHHOTO IMOTOKa. Pacuersl mo
YPaBHEHUSM, MPEUIOKECHHBIM B padoTax [1,20] u HammM NaHHBIE UMEIOT OJIM3KWE 3HAYCHHS, TOTJAa KaK
JlaHHbIe [ 19] HECKOJIBKO 3aBBIIICHBI.

BsiBoabl.PaccMoTpeHa Moziesh EHTPOOEIKHOTO pa3AeTIeHHs 3abUIEHHOTO Ta30BOT0 MOTOKA.

Jan ananus pa3nuyHbIM MOAXOAAM K ONPEACICHUIO TUAPABINYECKOTO COMPOTUBICHUS I[TUKIIOHA.

Hcxons u3 mpoBeneHHOTO aHaimn3a, NPEesIoKEHO YpaBHEHHE, YUUTHIBAOIIEE COMPOTUBICHUE 30HEI
BXOJla, BHXPEBOM 30HBI W 30HBI BBIXO/A, XOPOMIO KOPPENUPYIOUIEeCs] C MaHHBIMHA JAPYTUX
HCCIeN0BaTeNei.
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I'HAPOJAHAMHUKA 3AKPYYEHHOI'O IIOTOKA
B AIIITAPATE IMKJIOHHO-BUXPEBOI'O IEUCTBUS

AnHotanusi. OpTajaH TenKill KYWITI KOJIaHATHIH amnapaTTapiblH KeH TapaliFaHblHa KapaMmacTaH, oJjiapia
oTeTiH Oipkenik emec xydenepai Oeiy mpolieci onapra dcep eTeTiH OapiblK MapaMeTpliepAl eCKepy.IiH Kyple-
JITiriHe OaiIaHBICThI KETKUTIKCI3 3epTTE/reH.
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lannanFan ra3 arbIHbI IMKJIOHFA [MJIMHIPII [AHTYHABIPFBIII KaMepachlHa TaHTE€HIIMAIIbI OPHAIACKAH KEJTe
KYOBIp apKbLIbl KipEeTIHIIKTEH ra3 IIbIFapaThlH TYTIKIIE ailHaJIachlHAa LIeHOep OOWbIMEH OTIll KOHYC KaObIPFachl
OoiibIMEH cHMpaliblIbl TYpAE TOMEH Kapail Ko3fasiajibl J1a OHE COJAH COH JKOFapbl Kapail Ko3ranaibl, Oyi perre
naiiga OoJaThIH OPTaJaH TENKIIl KYII KaTThl OeJeKTep/Ii KaHKaHbIH 11IKI KaObIpFachIHa jKaObICybIHA MOKOYpIeii
OTBIPBIII dCEpP eTe/i, oJap KeliH aybIpPJIbIK KYIII dCEPIMEH LIbIFAPYIIbl KENTe KYObIPFa ChIPFBIIN TYCEII.

Huknongapael ecentey YIIIH Ta3-KaTThl 3aTTap JKyleciH 0elly MEH arblHIap KO3FallbIChl IMPOLECCTEPiH
CHUIMATTANTBIH KONTEreH MOJeNbAep YChIHBUIAbL. Kemreren 3eprreyuriniep Oeiy LieKapachl peTiHAE alnaparTaH
ra3[pl ULIbIFApyFa apHalfaH 1K KYObIp paauychiHa COMKeC KeJeTiH eNeCTeTUIreH TiK LMIMHAPIL OerTi
KaObUIIaliael. O3renep I'MAPaBIMKAIBIK KEASPrini ecentey ymrn h OWiKTIriMeH >XOHE pamMychl +/7;7, oprarma
HUWIAHAPITI OETTI, OHJa aFblH JKBUIIAMIBIFBIHBIH CEKipMeT e3repici 0omanasl aen oian, naimanradaabsl. byn OeTTiH
€Kl Karbl J]a MOTEHIUAIAbI arbicka e Oonansl. HoTkeciHae »ambl Kelepri MEH LUKIIOHFa KIpy JKOHE MIBIFYFa
apHaJIFaH XXepPriTiKTi Kexepriiep KodQuIreHTTepiH ecenreyre apHajiFraH TeHACY aJIbIHIbIL.

3eprreyuiiiepain Oip Oeuiri WIBIFYy JaKTarbl a3 JKbUIIAMJbIFI OOWBIHIIA LMKIOHHBIH THAPABIUKAJIBIK
KEZEPriCiH ecenteyi YChIHa/bl. Bi3 LUKIOHHBIH T'HIPABIMKAIBIK KEIEpriciH ecenrtey YIIiH Kipic aliMarbIHBIH,
KYHBIH/IbI aliMarbIHbIH JKOHE HIBIFBIC aliMarbIHBIH KelleprijiepiH eCKePeTiH TeHIEY YCBIHBIN OTHIPMbI3. ¥ ChIHBUIBII
OTBIPFaH TeHJIey OOMbIHIIA ecenTey HOTWKENepl 03re 3ePTTeyILIeP IiH MOHIEPIMEH JKaKChI yiIeceIi.

TyifiH ce3jep: UMKIOH, TaHreHIUAABIKENTe KyObIp, OpTajaH TeNKill Kyll, KaTThl OellleKkrep, ra3
JKBUIIAMIBIFBI, Keaepri K03()(UIIUESHTI, THAPABINKAIBIK KEACPTi.
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SUPRAMOLECULAR COMPLEXES
OF IONITES WITH ORGANIC SUBSTRATES

Abstract. In the present work, the general laws of the interaction of aromatic and heterocyclic acids with the
anionite AV-17-8 have been studied by IR spectroscopy. Adsorption was studied under static conditions. The nature
of the interaction was judged by the appearance of new bands, the shift of their maxima and the change in intensity
on the spectrograms of fresh and spent ionite samples. IR absorption spectra of the freshly prepared anion exchanger
in the OH form were obtained and after mixing it with organic acids. Based on the data on the IR spectra of the
anionite AV-17-8 after adsorption of carboxylic acids, various aggregate supramolecular complexes of adsorbed
molecules with active centers of the ion-exchange resin are proposed. It has been shown that the molecules with
pyridine derivative substituents have the best tendency to adsorb, owing to the high degree of intramolecular
resonance and the formation of anions upon adsorption on the anion exchanger. It was found that acid adsorption is
carried out due to the formation of a hydrogen bond with hydroxyl groups located on the surface of the adsorbent. In
the anionite spectra after the adsorption of organic acids, absorption bands corresponding to symmetric and
antisymmetric valence vibrations of the carboxylate of anions were observed.

Keywords: adsorbtion, carboxylic acids, anion exanger.
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CYIIPAMOJIEKRYJIAPHBIE KOMIIVIEKCbI HOHUTOB
C OPTAHUYECKHUMMU CYBCTPATAMNA

AnHoranusi. B Hacrosmiedi pabore meromom WMK- crmekrpockomnuu H3ydeHBl OOIIME 3aKOHOMEPHOCTH
B3aUMO/ICHCTBUSl apOMaTHYECKUX M T'€TEPOLMKINUECKHX KUCIOT ¢ aHnoHUTOM AB-17-8. Ancopbumio nszyuanu B
cTaTudeckux ycnoBusx. O XapakTepe B3aUMOJCHCTBUS CyAMIM MO MOSBICHHIO HOBBIX IIOJOC, CABHULY UX
MaKCHMYMOB M HM3MEHEHHIO MHTEHCHBHOCTH Ha CIIEKTPOTpaMMax CBEXEro M OTpabOTaHHBIX OOpa3lloB MOHHTA.
beumn  momyuenst MK-cmekTpbl mormnomeHust cBexenpurorosieHHoro anuonuta B OH- ¢dopme u mocie
MEPEMEILMBAHUS €0 ¢ OpraHuyeckumMu Kucioramu. Ha ocHoBanum pansbeix no MK-cnexkrpam anunonuta AB-17-8
rocse anacopOuuu KapOOHOBBIX KHCIOT HPEUIOKEHBI PAa3IMYHbIE arperaTHBIE CYNPaMOJIEKYJISIPHBIE KOMILIECKCHI
a7IcOpOMPOBAHHBIX MOJIEKYJI C AKTUBHBIMHM IIGHTpAaMH HOHOOOMEHHOHW cMouibl. [loka3aHo, 9YTO HAMITyYIIyIO
CKJIIOHHOCTb aJCOpPOMPOBATHCS] NMEIOT MOJIEKYJIbl ¢ MUPHINHIIPOU3BOAHBIMH 3aMECTUTEISIMU, Oarofapsi BBICOKOH
CTEIICH! BHYTPHUMOJIEKYJIIPHOTO PE30HAHCA ¥ 0Opa30BaHHUIO AHUOHOB IIPH aJCOPOLUH HA aHUOHHTE. Y CTAHOBJICHO,
9TO afCcoOpOLUs KHCIOT OCYLIECTBIAETCSA 3a CUeT 00pa30BaHUsI BOJAOPOIHON CBSI3U C TMIPOKCHIBHBIMH IPYIIIAMH,
pacIioyoKeHHbBIMU Ha TOBEPXHOCTH ajJicopOeHTa. B crekTpax aHMOHUTa Iocie aacopOLH OpraHUYeCKUX KUCIOT
OoOHapyeHbl TI0JIOCHI IOTJIOLICHUs, COOTBETCTBYIOUIME CHMMETPUYHBIM M aHTHCUMMETPHUYHBIM BaJEHTHBIM
KoJIeOaHUSIM KapOOKCHIAT aHHOHOB.

KitroueBble ciioBa: ajgcopOuusi, KapOOHOBBIE KUCIOTHI, AaHHOHUT.
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CynpaMoliekyisipHasi XUMEsI W3y4aeT acCOIMaThl JBYX M 0OJee YacTull, yAepKHBaeMBbIX BMECTE
MEXMOJICKYJISIpHBIMA cUJaMu. MOXHO CKa3aTh, UYTO CYIEPMOJEKYJIbl OTHOCATCS K MOJIEKYJaM u
MEXMOJICKYJIIPHBIM CBSA3SIM, KaK MOJICKYJIBI OTHOCATCS K aroMaM M KOBaJIeHTHBIM cBsizsM [1]. C atux
MO3UIIMIA, HaM KaxeTcs, YJIoOHee paccMaTpuBaTh M HWOHHUTHI, HAxXOJAIIME BCe Oojiee IIMPOKOE
MPUMEHEHNE B OYMCTKE CTOYHBIX BOJ M JABIMOBBIX Ta30B OT BPETHBIX mpumeceii. Kpome Toro, oHm Bce
Yale WCIONB3YIOTCS B KAdeCTBE TeTepOTEHHBIX KaTaln3aTOpPOB B OpraHWYeckoM cuHTe3e. OgHako
MEXaHH3M MEXMOJIEKYJSIPHBIX B3aUMOJICCTBHY MEXIY aJcopOaTaMy M aKTUBHBIMH TPYTIIaMHd HOHUTOB
elIe HeI0CTaTOYHO m3ydeH [2-11]. 3HaHWE 3aKOHOB, YIPABISIONMX OOpPAa30BAaHHEM acCOIMATOB, HX
CTPYKTYPHl M MEXMOJICKYJISIPHBIX CHJI, YACPKHBAIONIUX BMECTE Pa3IUYHBIC MOJEKYJIBl U aKTUBHEIC
HEHTPBI TTOBEPXHOCTU a/ICOPOEHTOB, TIO3BOIUT OoJiee dS(PPEKTHUBHO M CENEKTUBHO MCIIOJIB30BATh UX JUIS
YKa3aHHBIX 1EJIeH.

Hacrosmas pabota nmocssmiera n3ydeHnio aacopOuy opraHnIecKuX KACIOT Ha aHnonnte AB-17-8
B OH - ¢opme meromom UK — cmexrpockonuu, 00Opa30BaHHIO MEXKMOJEKYISPHBIX arperaTHBIX
accoIuaToB afcopOUPOBaHHBIX MOJIEKYJ C aKTUBHBIMH IIECHTPAMU HOHUTA.

IKCNepruMeHTAIbHAN YaCTh

B pabore wucnonb3oBamu TOBapHBIA HOHMUT ¢ amamerpoM 3epeH 0,3- 0,5 MM, KOTOpbBIH
KOHIUITHOHHPOBaIH U mepeBoamiu B OH-dopmy mo meroxy [12]. Crarnueckass oOMEHHass €eMKOCTh I10
0.1 = pacTBOpY COJSHOMN KUCIOTHI cOCTaBmiIa 4,2 Mr- 9KB./ T.

Ancopbuusi mpoBOAMIACH B CTEKISIHHOM PEAaKTOpe, CHAOKEHHOM OOpPAaTHBIM XOJIOIMJIBHUKOM,
MEIIATIKOM, MpHU BapbUpOBAaHUM TeMIeparypbl oT 25 no 75 °C B TedueHue 1-2 4acoB M COOTHOILIEHHH
ajcopbar : MOHMT : Boza, paBHoM 1: 2 : 8. [locne 0OpabOTKM MOHUT OT(HUIBTPOBBIBAIN , MPOMBIBAIH
BOJIOM, CYIIWIIM Ha BO3/AyXe B cyurwibHOM Ikady npu 30-50 °C,3aTeM BBIICP)KUBAIN B DKCHKATOPE HAJl
P,Os B TeueHne cyToK, TaOIETUPOBAIM C IPEABAPUTEILHO IEPEKPUCTAI-TU30BAaHHBIM U BBICYILICHHBIM JIO
nmosHOTo WcYe3HoBeHUs mmonoc KBr m cHmmanm crektpsl Ha cnektpomerpe Impact - 410 (CIIA) B
o6mactu 4000- 400 cm™' .

Pe3yabTaTrhl U MX 00CyXKIeHHUE

Hamu BriepBble u3yueHa aacopOlMs MUPHIMHKAPOOHOBBIX M apOMAaTHUECKHX KHCIOT Ha aHUOHHUTE
AB- 17- 8 B OH- ¢dopme. [TupunuHKkapOOHOBBIE KUCIOTHI H UX MPOU3BOIHBIE BXOJST B COCTAB CTOYHBIX
BOJI KOKCOXMMHYECKHX IPOU3BOJCTB, B YAaCTHOCTH, NPU TOJIYYEHHH BHTAMHHOB W TPOTHBOTYyOep-
KyJe3HbIX TpenaparoB. [loaTroMy m3yueHre MexaHu3Ma HX COPOIMH MPEICTABISIET HHTEPEC KaK C TOUKU
3peHus OXpaHbI OKPYKAOIIEH CPEeIbl, TAaK U YIABIUBAaHUS [ICHHOTO CHIPbSL.

B cnmektpe cBexero wnonmta (1) psx momoc B obmactm  1380-1500 cm”' orHocuTCs K
nepopmanonHeiM  kKonebanusim CH,, CH; rpynm u ckeneTHoMy KoyiebaHUIO OCH30JILHOTO KOJBLA.
IInpokast mosoca B o6mactu 1600-1700 cm™ coorBercTBYyeT nedopmarmonHoMy Koiebannio OH-rpyrmm
Bozw! [13-18].

CrekTpsl HUKOTHHOBOW (2), W30HMKOTHHOBOH (3), OeHzoiHOW (7) KHUCIOT W TPOIYKTOB UX
B3aMMOJAEUCTBUS ¢ aHHOHUTOM (4), (5) u (6) COOTBETCTBEHHO, MPUBEACHHI Ha pucyHke . CpaBHUBas MX
MEXKIy co0Oi HomapHO, MOXXKHO BHIETb, YTO B CIHEKTpax 4-6 OTCYTCTBYIOT MOJOCHI TOTJIOIIEHHS,
XapaKTepHbIE IS KUCJIOT (O4eHb CHIIbHAs 10JI0ca BaJeHTHOro KoneGanus C = O rpymms! npu 1700 cm™
i OeH3oiHoi u 1725 cM Uit HUKOTMHOBOM M W30HMKOTHHOBOM KuCIOT: okomo 1300 cm' —
BanentHoro konebannst C — O ceszeit; okono 1400 cm™' 11 HUKOTHHOBON ¥ M30HUKOTHHOBOM KHCJIOT M
ipn 940 cM™' 115t GeH30MHOM KHCIOTHI, OTHOCSIIHUECS K HEMIOCKOCTHBIM JIeOPMALIMOHHBIM KOJIEOaHHAM
OH-rpynmsr). Mcuesno HenmpephIBHOE IOTIIONICHUE, XapaKTepHOe KaK I KUCIIOT, TaK ¥ JUIS aHUOHUTA.
Pe3ko cHU3MIIACh MHTEHCHBHOCTH TOJIOCHI B 00JacTu AedopManroHHbIX KojieOanui Boabl (1600—1700
cM™ ). B To %e Bpems MosBMIACH OYeHb HHTEHCHBHAS Tapa mojoc npu 1370 u 1620 em™ ( 1615 em™ s
MPOAYKTa B3aUMOACHCTBHS OCH30MHOW KUCIOTHI). DTy Mapy MOJIOC CIEAYEeT OTHECTH COOTBETCTBEHHO, K
CHMMETPUYHBIM M aHTHCHMMETPHYHBIM BaJCHTHBIM KoJieOa-ausaM rpymisl — COO™ , ancopOupoBaHHOM
Ha noBepxHOCTH, cornacHo [19,20]. Kpome toro, B criekrpax 4—6 MOSBUIUCH MOJOCHI MOTJIOMIEHUS MTPU
1560 cm™! 11 U30OHUKOTHUHOBOM U 1575 em’! JUISL HUKOTMHOBOM M O€H30MHOUN KUCIIOT.




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

1270
1300 9725

JMW

1040 1340 1725

3
1370 1620

1370 1620~ "
| "
2 _,///—V\/ Motn 1370 2
z K 1615
: W
=)
=
= 6
1300

MON

| I Yol I TS N T S T NS T S
3y

400 600 700 1100 1500
v, cM!

1700 —

Pucynok - UK cniextpsr nornonienus annonuta AB- 17- 8 B OH-¢dopwme (1), HukoTHHOBOM (2) , M30HUKOTHHOBOH (3) ,
OCH30i1HOI ( 7) KUCIIOT ¥ MPOIYKTOB UX B3aUMOJICUCTBHS C aHHOHUTOM (4, 5, 6 COOTBETCTBEHHO)

B [21] mpoucxoxaeHne monockl B obnacti 1550 — 1600 cm™' oObsicHseTCs KoTeObaHHeM CKeneTa
KOJIbIA, & YBEJIMYCHHE €€ MHTCHCHUBHOCTH — COMPsDKEHHEM. YUTO KacaeTcsi COMPSIKCHHUS, TO MOXKHO

U OEH30JBbHBIM U

COIJIACHTBCS C yTBEPXKICHHUEM, TOCKOIBKY CONPSIKCHHE MEXy rpymmoi —C.,

HMUPUAMHOBBIMH KOJIBLIAMM JIOJDKHO OBITh CHiIbHBIM. HaOitogaeMble W3MEHEHUS B CHEKTpax MPOAYKTOB
B3aUMOJICHCTBHSI KHCIIOT C aHHOHUTOM T'OBOPST O IEPECTPOMKE CTPYKTYpPHl MOJIEKYJI: IIPOTOH KHUCIOTHI

H>

OTpBIBAETCS, HEUTPATIN3YsI TPYIITUPOBKU 2101 JIO BOABI.
O06pa3oBaBIInecs: aHUOHBI

20
O




ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 2. 2018

CTAHOBSTCSA TPOTUBOMOHAMH TIOJIOXKUTEIBHO 3apSHXKCHHBIX (UKCHPOBAHHBIX I[EHTPOB TOBEPXHOCTH
cMonbl.  OTCyTCTBHE HENPEPHIBHOTO IOMJIOMIEHHS B  CHEKTpax MPOAYKTOB  B3aUMOJCHCTBHS
CBUACTCIILCTBYCT O TOM, YTO MCXKAY MOJICKYJIaMH BOJbI U aTOMaMU KHCJIOpOAa Kap6OKCI/IJIaTHI)IX rpymm
HET MOCTHKOBBIX BOJIOPOJIHBIX CBSI3€H C MEPEHOCOM IMPOTOHA, T.€., B OTIUYKE OT (POPMHUATHOTO aHUOHA
apoOMaTUYCCKUE KapOOKCUIIATHBIC aHUOHBI HE 00pa3yloT KapOOKCHIAT — THApPATHBIX Kouyer. M3 storo
BBITEKAET, YTO OTPUIATEIBHBIN 3apsij] HA aTOMaX KHCIOPOaa KapOOKCHIIATHBIX TPYIIT HEJIOCTATOUCH ISt
oOpa3oBaHus Takux cBsi3eil. [lomydeHHBIC Pe3yJbTaThl MOATBEPIKIAIOT HAJIHYKE COIPSDKCHUS MEKITY
apOMATUYCCKUMHU KOJIbIIAMU M KapOOKCHJIATHOW IPYNIOi B aHHMOHAX U O0IbInoi aBoecssizanHoctd C—C
CBSI3U MEXKJIy TUMH IPYIIIaMH, KOTOPasi, BEPOSTHO, M OTBETCTBEHHA 3a MOSIBIICHHE WHTEHCHBHOM MOJIOCHI
B 06macti 1560 — 1600 cm™ . Hapsimy ¢ tum B [19] yKkasbiBaeTcs, 4TO IUTOCKOCTh aPOMATHYECKOTO SIAPa
a7IcOpOMPOBaHHBIX MOJICKYJ PaCIIOIOKEeHA NapaslIeIbHO ITOBEPXHOCTH aJICOPOCHTA.

— C -
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[ToaTOMYy MOXHO MPEIIOIOKUTH, YTO OOJIbINAS YaCTh OTPHUIATEIBHOTO 3aps/ia B yKa3aHHBIX HOHAX
HaxOJUTCSl B LIEHTPE apOMAaTUYECKOTO WM TeTEPOLUKINYECKOTo sfpa. OTH KOJbLA, [0 — BUAUMOMY,
OKpYXarT (UKCUPOBAHHBIA KATHOH AaHWOHUTA TOJOOHO KapOOKCHIIAT — THAPATHBIM KOJBIIAM,
CTAOWIM3UPYSACh 32 CUET B3aMMOJCHCTBUHA MEXAY T —DJICKTPOHAMH KOJbIIa W aTOMaMH BOIOpOIa
YETBEPTUYHOTO aMMOHUSI.
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'Koxa Axmer Slcayu arbiHAarbl XallbIKapajblK Ka3ak-Typik yHuBepcureti, Typkicran, Kazakcras;
ZI[.B.COKOHBCKI/Iﬁ aTeiHAarsl JKaHapMaii , KaTanus jkoHe 3JeKTpoxumusg HHCTUTYTHL, AK, Anmater, Kazakcran

NOHUTTEPAIH OPTAHUKAJIBIK CYBCTPATTAPMEH
CYIIPAMOJIEKYJISIPJIBI KOMIIVIEKCTEPI

Annotanusi. KapacTeIpbuibin oTbipraH xymbicTa MK- criekTpockonus oiciMeH apOMTThI )KOHE T'eTePOLMKIIII
KbIIIKbUIAAPAbIH AB-17-8 aHHOHHTIMEH OpEKEeTTeCYiHIH >KaJbl 3aHJBUIBIKTAPbl 3€PTTENreH. AJICOPOIHSHBI
CTAaTUKAJIBIK JKaFai/a Kyprize/ii. OpeKeTTeCyAiH CUIIAThl )KOHIHIE albIMEeH JaibIH/aIFaH )KOHE OHJICYICH OTKEeH
MOHUT YJTUIEPiHIH CHEeKTporpaMMalapbliHia jKaHa JKOJAKTap/blH Maina OoybIiHA, ONapiblH MaKCHMYMIapbIHbIH
BIFBICYBIHA JKOHE WHTEHCUBTUIIKTIH e3repicrepiHe Kapail Tangaiabl. AHMOHUTTIH OH-(hopMachbiHBIH JKOHE OHBI
OpraHMKaJIbIK KbIILIKbUIIApMeH apanacteipysad keiinri MK-cnekrpriepi anbinapl. Annonutr AB-17-8 Oertinpme
KapOOH KBIIIKBUIIAPBIHBIH aaCOPOLMsIChIHAH KeliH anbiaran WK-cnexTpriepaiH HerisiHae amcopOuusiaHraH
MOJICKYJIAJIAp/IbIH  MOHAIMACTBIPFBII  IIAWBIPABIH aKTHBTI OpPTAJIBIKTAPBIMEH TY3UIFEH OpPTYPJl arperartsl
CYIPaMOJIEKYJISIPIIbl KOMILIEKCTepl YChIHBbUIFaH. MOJIEKyIailliliKk pe30HAHCTBIH JKOFaphl JIOPEXeCci MEH aHHOHUTTE
ajicopOIMst Ke3iH[e aHMOHAAPIBIH TY3UlyiHe OaijaHBICTBI €H JKaKChl ajcopOuusuiany OeHiMIuIri nupuanHiai
OpBIHOACYIIBIIAPEI 0ap MoOJIeKyJanapra TOH eKeHJIri KepcerinreH. KbIIKbUIAAPIBIH aacopOIMsCchl aacopOeHT
OeriHIe OpHAJACKaH THIPOKCHJI TONTAPBHIMEH CYTEKTIK OailiaHbiCTap Ty3y ece0iHeH JKy3ere acaThIHIBIFbI
aHpIKTa’dFaH. OpraHUKadbIK KbhIIIKbUIIAPIBIH aJCOPOIMACHIHAH KEiliH aHMOHWUTTIH CIEKTPJIEpIHIe CHUMMETPHSIIBI
KOHE AHTUCHMMETpHUSUIBI BaJICHTTIK TepOericTepre coiikec KapOOKCHIAT aHMOHIAPABIH CIHIPY JKOJaKTaphbl
TaOBLIFaH.

Tyiiin ce3aep: agcopOuys, KapOOH KHIIIKBUIIAPHI, AHKOHUT.
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THE STUDY OF CHEMICAL COMPOSITION
OF ATRAPHAXIS VIRGATA FROM THE ALMATY REGION

Abstract: The qualitative composition (moisture, total ash content, extractive substance) of the Atraphaxis
virgata plant, Polygonaceae family harvested in the ravine Aksay of the Almaty region was determined. Atomic-
absorption spectroscopy studied the composition of macro- and microelements of the plant. The qualitative and
quantitative composition of the basic biologically active substances groups was studied, as well as the basic
technological parameters for obtaining the biologically active complex.

Keywords: Atraphaxis virgata, moisture, total ash content, extractive substance, macro- and microelements,
biologically active substances.

A.K. YmOertoBa, I'.O. Caan, A.T. Omaposa, I'.1ll. Bypamesa, K.T. Aouaky;oBa

on-Dapabu arermarsl Kasak yiTTeIK yHEBEepcuTeTi, AnMatsl, KazakcTan

AJIMATBI OHIPIHAEI'T ATRAPHAXIS VIRGATA OCIMAIT'THIH
XUMMUAJIBIK KYPAMBIH 3EPTTEY

Annoranusi: Polygonaceae TykpiMiacbiHa sxataTbiH 2016 KbUTbl asipianFad AMarthl Kajlackl AKcail naTka-
JbIHAH KUHAIFaH Atraphaxis virgata eCIMIITiHIH LIBIHAWBUIBIFBI (BUIFAJIIBUIBIK, JKAJIIbBl KYJIUTIK, SKCTPaKTUBTI
3aTTap) aHbIKTaJNAbl. BHONOTHANBIK OeJICeH Il 3aTTapAblH HETI3ri CaHABIK XXKOHE CamlajblK Kypambl Oenrimi Ooiblm,
OuosorHsIbIK OeceHli KelleH aily VINiH HEeri3ri TEeXHOJIOTHSUIBIK Mapamerpiep eHAENIl. ATOMAbI-aOCOpUHUsUIBI
CHEKTPOCKOIMSIIBIK 9/1ICIMEH ©CIMIKTIH MaKpO- )KOHE MUKPOAJIEMEHTTEPIHIH MeJIIIepi aHbIKTaJI/IbL.

Tyidin ce3nep: Atraphaxis virgata, PUTFaNABUIBIK, KYJIIUTIK, SKCTPAKTUBTI 3aTTap, MUKPO-, MAaKPOIJIEMEHTTED,
OHMONOTHSITBIK OeJICeH Il 3aTTap.

Keprinikti ¢iopa HeriziHIeTi XKaHa ASPUTIK IpenapaTTapsl i37ieyre KoHe KEeTUAipyre OarbITTalFaH
3epTTeY JKYMBICTaphl KBI3BIFYIIBUIBIK TyIbIpafsl. CHHTETHKAIBIK ASPUIIK Kypajjapra KaparaHzia,
¢duTompemaparrapia xaHaMa dpeKeTTep i 0oaMaybl (HeMece a3 9CepJIiri), agam ar3achiIMeH OHMOJIOTHSIIBIK
VKCACTBIFBI, JKCHUIIUTIT, Y3aK JXOHE TYPaKTHl ocepi, OHMIPICTIH CANBICTHIPMANIbl KapanaibIMIBIIBIFEI,
JKETKIUTIKTI )KOFapbl CYpPaHbIC Ke31HAe TOMEH KYH/IBUIBIFBI CUSKTHI apTHIKIIBUTBIKTAp Ti30€T1HEH TYpaibl.

IlepcriekTuBTI  OCIMAIKTEPAI i37Iey, XAIBIKTHIK JKOHE JOCTYPJi MEAMIMHAHBIH SMITUPUKAIIBIK
JTIeTIIeMeNepiH KOJIAaHy apKbUIBI a3 3€PTTENreH TAaKCOHIAp apachlHAH KOHE OepiireH TaKCOHAAP.bIH
’KOHE OJIapJIBIH TYBICTBIK TYPJCPiHIH (POTOXUMHSIIBIK 3€PTTEYJICPl HOTHKECIHAC XKYPri3iieai.

CoHbIMEH KaTap, MEAWLMHAA JKOHE OHAIpicTe OMONOTHSIIBIK O€ICEHAl KOCBUIBICTAPIbIH SKCTPAKTHI-
JapbIH, JKaHA IIMKi3aT Ke3JepiH Taly, alny TOCUIEPiH JKETUIMIpy, caKkTay >KaFmaiinapsl, KOJIAaHBLTYbIHA
OarpITTaIFAaH FBUIBIMU 3E€pPTTEYJIEp ©TE MaHBI3ABI JKOHE ©3€KTI Mocene. by mocene 6aif ykoHe Oipereit
¢nopacer 6ap Kaszakcran ymin ete manpabl. Ocel opaiina, Polygonaceae TYKbIMAACHIHBIH Atraphaxis
TeKTi Atraphaxis virgata eCiMAIri KbI3bIFYIIBUIBIK Ty IIPAIbL.

JKyMbICTBIH MaKcaTbl: AJsMaTel Kamachl AKcail [IaTKauslHaH JKkuHaimFaH Polygonaceae
TYKBIMJIAChIHA JKaTaTbIH Atraphaxis virgata ©CIMAITIHIH Xep ycTi OeMiriHiH KypamMbIHIAFbl OUOIOTHSIIBIK
OeJiceHl 3aTTapAbl aHBIKTAY, CallNIbIK KOHE CaHIBIK capanrama Xyprizy.
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3eprTey HbIcanbl: Kazakcran AnMaTel oONbICHl, AKcail maTkanblHAa >KuHaFaH Polygonaceae
TYKBIMIACBIHA KaTaThlH Atraphaxis virgata Teri eCiMIiri.

ZKymbicTbiH MiHgeTi: Ke3enren MakcaTKa jKeTy YIIIH MbIHAJai MIHICTTEP ajFa KONBLIIbL:

e A.virgata eciMIiriHiH »ep OeTi OeJiriHiH IIBIHAMBUIBIFBIH aHBIKTAY (BUIFAJIBUIBIK, KaJIIIbl
KYJIIUTIK, 9KCTPAaKTUBTI 3aTTap)

e [luxizaTKa crieKTpOPOTOMETPHSIIBIK JKIHE TUTPIIEY SAicTepiMEH CaHIBIK capanTay.

e OcCIMJIK IUKI3aThl HETi31H/Ie OUOJIOTHSIIBIK OCJICEHl KEIICH ally YIIiH HEri3ri TEeXHOJOTHSUIBIK
napameTpiiepi eHzey.

Polygonaceae tTyxpimaace — 55 Tek xxoHe 1250 Typi Oap eki OemikTi eciMaik TyKpIMAackl. by Typre
KOIDKBUIIBIK ©CIMIIKTEpPMEH aFalll TeKTeC, LIBIPMAYHIK JKoHe OyTamap kipeai[l].

Atraphaxis TeKTI ©CIMIIKTEp >XamnbIpaKTapbl XHWi TIKEHEK KEJeTiH, KaTThl, KOH TOopi3/di KoHE
TapMaKTajFaH, OyTanapel Omik Hemece anmaca Oomambl. ['yimepi KOC KBIHBICTBI, TYJICEpIri 4-5 OeiikTeH
TYpaTblH KapamaibiM OOJBIN KeJielli, jkeMic OepeTiH Ke3ie 2 CHIPTKBI Kalblpakianapbl TOMEH Kapai
Oypkeneni, an ilIKi >KanblpakIIagapsl >KalbUIBIT ©CIM KEMICIIeH KOWbIHAacanpl. ATaJbiFbl 6 Hemece §,
XKITITIIeNIepl YIFAWBI CaKHHAMEH KOCBUIBIT ©CKEH. TO03aHIBIKTaphl COMAKIIA >KOHE JOFai, aHaIBIFBl 2-3
KbIcKa, 0oc Oonanbl >koHe Oac Topi3Al aHANBIK ay3bl MEH JKyaHJaraH OaraHaHBIH JKOFaphl >KarblHA
KOCBUIBIN oceni. KaTelH Oip YAJIbl, jKeMicl — aHFaK, YII KbIpJbl HEMece >KalluFaH KaChIMBIK TopPi3ai,
YPBIK Oyrinmmeni 6ombin kenemi[2].

FamamHBIH KONMIUTIK JKepiepiHie, COHMah-ak OapibIK IMeNai JKepiiepae, OaNIbIK, YCaK TacThl
aiimakrapna, tay ereringe tapanraH. OueiH CCCP ¢raopaceinga kesmecetin 18-typinen Kazakcran
aymarbsiHIa 14-Typi eceni[3].

Atraphaxis TexTi eciMmikTepiH ¢aBoHOUATapFa Oall TYpl aHBIKTAJBIN, OHOJOTHUSIBIK OeJICeHi
nopurik  mpenaparrap anbiarad[4,5]. ConbiMeH Karap, Kaszakcranma ecerin Atraphaxis TEKTI
ociMIIKTepAiH Kehbip Typiaepinin mnonudenonapl KoceuibictapeiHa T.K.  UymbamnoB, M.M.
MyxamenbspoBa xoHe eH anram B.b. OMypkamM3uHOBa Talgay *Kyprisrex.

1978 xputel x.F.K. B.b. OwmypkaM3uHOBa JUCCEepTAlMSUIBIK JKYMBICBIHIA Atraphaxis TeKTi
OCIMIIKTEPAIH XUMISUIBIK KypamblHa 3epTrey XyprisreH. Hormxkecinme 21 ¢eHonasl 3aTTap >KoHE
omeOueTKe EHri3UIMEreH jkaHa TybIHAbUIAp: §-okcuduaBoHon MeH O-anuiaupieHreH (IaBOHOMITHI
TJIMKO3UATEPl naeHTHGuKausaran[6,7].

Atraphaxis TEKTI ©CIMIIKTEp XaJIblK MEIUIIMHACHIHJIA CTOMATHT, KaH TOKTATYIIbI, acKa3aH-1IIeK
aypynapelH eMjeyae Koimaneuianpl. COHBIMEH Kartap, IIend Janaja eCIMIIKTIH KeWlOip Typriepi Tylere
JKEM peTiHJIe aigamanbuansi[8].

Taxipubestik 00J1iM KoHEe HOITHKeIepi

KazakcTanHpIH MeMIIeKeTTIK (hapMaKomesiIChIHBIH 1-11i 0achUIBIMBIHAA KaOBUTIAHFaH oficTeMeENep
OolibIHIIIA 6CIMIIK IIMKI3aThIHA CallaJIbIK TaJAAy KYPri3uial. AJIMarel OHIpiHAe eceTiH Atraphaxis virgata
OCIMJIITIH KeNTipy Ke3iH/e YATiHIH bUFaIbUIBIFGL, KAl KYJIIUTIr aHbIKTaas! (1-kecre).

1 xecre - IITUKi3aTThIH MWIBIHAHBUIBIFBIH aHBIKTAY HOTHXKENIEPI

AGCOMIOTT] KYpFaK MIMKi3aTKa eCenTeNnreH Memmepi.%

IMJIIK aTbl —
Ocimn BblnranasuibiK Kanmsr kynainik

A.virgata 8,02 8,94

Kecrene xepinrennieli oCiMIIKTIH bUFAIIBLIBIFBL 8,02% 00iFaH Ke3je xanmbl Kyiaimiri 8,94%-1bt
KYpaJIbl.

OKCTPaKTUBTI 3aTTap AETeHIMI3 - OCIMIIK IIMKI3aThIH COMKec KeJNeTiH epiTKiluTepae epiTin, oxaH
aNbIHFaH OPTaHUKAJBIK JKOHE OeWOpraHWKalbIK 3aTTap KemleHi. OCIMIIK IUKI3aThIHIA YKCTPaKTHUBTI
3aTTapAbIH OOTYBI OHBIH IIBIHAWBUIBIFBIH aHBIKTAYIBIH HETI3T1 CAaHIBIK KOPCETKIII 00BN Ta0bUTamsI[9].

OciMIIK MIMKI3aThl MEH KOJIJAHBUIFaH €PITKIIITIH XUMUSUIBIK KypaMblHa OailIaHBICTBI OHJIAFBI dCEp
eTyII X9HE KOCBIMIIA 3aTTap EpITKIMIKEe OTyi MYMKiH. DKCTPaKTHUBTI 3aTTapllbl aHBIKTAYy HOTIKEIepi
KOpCETUIreH (2 — KecTe)
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2 kecte - Atraphaxis virgata 6CIMIITiHIH CTPAKTHBTI 3aTTapbIH CaHIBIK aHBIKTAY HOTIKEIEpi

Ne OKCTpareHT X, 9KCTPaKTHUBTI 3aTTapAbIH Meepi,%
1 Orun cimpri (50%) 27,26
2 Orun cnupri (70%) 21,27
3 Cy 26,59
Kecrene Oepinren wmonzepreH 50% CyJbI-CIMPTIEH aNbIHFAH OKCTPAKTTHIH KYPaMBIHAAFBI

9KCTPAKTHUBTI 3aTTapAbIH Memepi cy xoHe 70% Cymbl-ClIUPT epiTiHAICIHEH aJbIHFaH SKCTPAKTTaH apTHIK
eKeHIH OalKalMBbI3.

XKanmer  kynme — aToMIIbI-a0CcOpOIUSITBI
MHUKPOIJIEMEHTTEPIiH MOJIIEPi aHBIKTaIAbI(3-KecTe)

CIICKTPOCKOIIUAIIBIK Q,I[iCiMeH Maxkpo- JKOHC

3 kecte - A.virgata eciMAiriHiH xep OeTi OeiriHAeri MaKpo- )koHE MUKPOIJIEMEHTTEPAiH MOIIepi.

Maxkpo xoHe Kynzeri memnmuepi,% Maxkpo xoHe Kynperi memnmepi, %

MHKPOIJICMEHTTEP MHKPOJICMEHTTEP
Zn 0.025 Mn 0.078
Cd 0.0002 K 6.990
Cu 0.007 Na 1.396
Pb 0.0007 Mg 2.224
Fe 0.228 Ca 21.897
Ni 0.004

3eprTey HoTHXKECl OOWBIHIIA A.Vvirgata eciMIiri KypaMblHIA €H KeIl caHAbIK yiiec KypaiTeiHaap Ca,
Na K, Mg, Fe anementrepi, an e a3 cangsik memmepai Cd, Cu, Ni, Pb anemenTrepi exenairin xepyre
Oomaapl. YIIBI JIEMEHTTEPAIH MOJIIIepl 3USHCHI3 JIeN OCNTUICHIeH KOHIICHTpaUsJIapAaH aclaibl, SFHU
Oys1-aliMaKTapIbIH ayblp METaJIJApPMEH JiIacTaHOAFaHHBIH alKbIH Oeirici 0okl Tadbbutansl[10].

AVKBIHIAYBIIITAP/ABI TIAKIAIaHA OTHIPHIN, A.virgata eciMairiHig sxep OeTi Oeirine GUTOXUMHUSIIBIK
Tangay skacay OapeichiHAa Herizi BB3 ToObl aHbIKTangpl.. Onap aMHHKBIIIKBUIIAPHI, OPTaHHKAIBIK
KBIIIKBIIIAP, KOMIpCyap, Tepi WIETill 3aTTap, PeHON KOChUIBICTAPhI, (pIaBoHOUATAp, AlKajIouaTap, (4-
KecTe)

4 xecre - A.virgata eciMairine GUTOXUMISITBIK TaIay

bb3 AWKBIHAAFBILITAD A.virgata
AMUHKBIIKBUTAAPHI Hunrunpua Kynrin
Kewmipcymnap O-ronyuauH Konplp, xacsu1 TyC
Tepi mierim 3arTap KAK Kexmrin-»kacsut Tyc
BaHWINH Ken3rsur TYC
DeHOI KOCBUTBICTAPHI FeCl; Kexkmrin-xaceun Tyc
®drnaBoHOUTAD NH,; alIbIK-Capbl TYC
AlCl; Capsl TYC
DeHOoM KBIIKbUIAAPHI J3IMHA Kp13bL1-Caphl TYC

Byn kecrene A.virgata eciMAIriHIH KypaMbIHAarbl OWOJIOTHSUIBIK OEJICEHII 3aTTap/blH TONTaphl

KOpPCETUITEH.

A.virgata eciMuiriHiH KypambiHa bb3-fa xacairaH CaHIBIK aHAIH3 CIIEKTPO(OTOMETPHSIBIK JKOHE

TUTPJICY dAICTEPIMEH aHBIKTAIABI (5-KecTe).
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5 xecre - A.virgata 6ciMIiriHiH CaH/BIK capanTtay HOTHXelepi

AOGCONIOTTI KYpFaK MINKI3aTKa ecenTeIreH Momepi.%

OciMIIK aThl

Kemipcyiap OpraHukaiblk Tepi wieriw 3arTap ®diaBoHOUATAD
KbIILIKBLILIAD
A. virgata 1,12 3,45 3,59 5,5

Kecrene xepcerinrenaei, ociMaik KypaMmblHAa (IaBOHOWATAP MEH Tepi WJETIII 3aTTap Memepi
JKOFapBhI.

KenTipinren »oHe ycaKTajqFaH INMHKI3ATTBl OSKCTPAKIFSUIAy KypAaem (HU3UKa-XUMISUIBIK —YPIic
(muddysust) 6onpin TabbuTaABl. Anddy3usuiblK YpAiC peTiHAeri dKCTpakiusiay YpAIiCiHIH THIMALIIr,
OKCTPAKIMs IIAPThIH TaHJAy Ke3iHAE alblHATBIH, KOITEereH bIKMaajaapra Toyenmi Oomamer. [11]
DKCTpareHT Typi, IIUKI3aT-ePIiTKIl KATBIHACKI, YAKbIT HIBIFBIHBIH AHBIKTAWTBIH BIKIANAAD 3EPTTEIIN.
OKCTpareHT TaHjayJa OpTYpJi KOHLEHTpauWsAarbl STHI CHHUPTI KOJAAHBUIBIN, Atraphaxis virgata
OCIMIITiHEH OMOJIOTHSUIBIK OCJICeH/II KeIlIeH IIBIFBIHBI aHBIKTAIIBI (0-KecTe).

6-KecTe - OPTYPIIi IKCTPAreHT KOJIaHFaH Ke3/ieri Atraphaxis virgata TeriHeH aJIbIHFaH OUOJOTUSUIBIK OCJICCH/Il KEIICH IIBIFBIMbI

9 0
OKCTpareHT 50% sTaHoNI 70% sranon 90% oranon

Kemen mbirbvMer, %

25,74 20,27 12,83

BB3 1mbiFbIMBbIHA «IIMKI3AaT-EPITKIID) KATHIHACHI J1a 9cep e€Tedi. DKCTPareHT MOJIIEp] IUKi3aTTaFbl
OMOJIOTHSUTHIK OeJICeH/I 3aTTapAbIH TOJIBIKTal OeliHyiH aHBIKTal b (7-KecTe).

7 xecre - «llInKi3aT-epiTKilD KaTIHACKIHA TIYEINI i KSIIECH MIBIFBIMBI

[Iukizar (T) *KaHE IKCTPareHT 1:4 1:5 1:6 1:8
(MJ1) KaThIHACHI
Kemen msirpiMbl, % 4,19 15,71 25,74 19,35

TaHganFaH SKCTPareHTTEe IIUKI3aT — SKCTPAreHT» KAThIHACKIHAA 1:6 ONTHMAN/Ibl €KeHi aHBIKTAIIIbI.
«l1InKi3aT-3KCTpareHT IMapaMeTpiIepiHiH aHBIKTAy MAaKCaThl €H aJJAbIMEH JKOHOMHKAJIBIK TYCIHIKIICH
aHBIKTANIA/Ibl, OUTKEHI OHMAIPICTIK KOCINOPBIH YIUIIH TalAajaHbUIFaH SKCTPAreHT MOJIIepi MaHBI3IbI
00BN TaOBLIAIEL.

8-Kecte - A.virgata TeTiHEH KCTpaKIUs YPAICIHIH yaKbITHIHA TOYEJIl KSIIECH MIBIFBIMBI

VYakpIT, car 24 48 72

KerteH mbIFBIMBL, T 0,5851 0,4903 0,4344

OcCb! aJIbIHFaH MOHJIEP MEH HOTHIKEJIEPIe Heri3ese OThIPBII, SKCTPAKIUAHbIH Keneci pexumi— 25 °C
Temreparypana, 1:6 «muKizaT-epiTKilD» KaTblHACBIHAA, 24 caF yakpIT apanbiFbiHaa, 50% staHon
epITIHAICI TAHIAJIBIIT AJTBIHIBI.

KopbITbIHABI:

Kazakcran Pecniy6nmkacsiasiy MemiekerTik @apmakonest HopMacbiHa cail Anmatbl 00JIbICH AKcai
LIaTKANbIHHAH JKUHANFaH A.virgata eCIMAIK INWKI3aThlHA CaHIBIK Taljay >KYprizy HOTHXKeciHze:
BUIFQJITBUTBIFBI, KYJIUTIT], DKCTPAKTHUBTI 3aTTap aHBIKTAJIIBI.

OciMIiK KyJIiHIH KypaMblHAaH MUHEPAIABI 3aTTap aTOMbI-a0COPOLIUSUIBI CIIEKTPOMETp KemerimeH 1 1
9JIEMEHT AHBIKTAJIIbI, COHBIH IIIIHAEC TOPTEYl MAKPORJIEMEHTTEP: HATPUH, Kajiuid, MarHui, KajabLul
KaJIFaH XKeTeyl MUKPO3JIEMEHTTEP: MbIC, MBIPBIIII, TEMIpP, HUKEIIb, MapraHell.

ukizaTTeiH KypaMbiHAarsl bB3-Fa canabIk Tanmay xyprize Keje Tepi Wieriil 3aTTap, OpraHuKaiblK
KBILIKBLIAAP, (JIABOHOUITAD JKOHE MOIMCAXaPUATEP aHBIKTAIIIBI.

3epTTemniHin XaTKaH ©CIMIIK MIMKI3aThIH aly TEeXHOJOTHICH jKacanjsl. JKypri3iiareH seprreynep
A.virgata eciMIiriHIeri OHONOTHSUIBIK O€JCeHIl 3aTTaplbl OKCTPAaKLIUsIIay YpAiCiHE ocep eTeTiH
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KOPCETKIITEePIiH (IKCTpareHT TYPIILIiri, OHBIH MIMKI3aTIEeH KAaThIHACHI, IKCTPAKIUS YaKbITHI MEH €CelIiri)
OHTAMIIBI MOHIH aayFa MyMKiHAIK Oepxi. Ilukizar KacweTiHe »XoHE KCTpaKIMUIAy YpHiCiHE Herizmemne
OTBIPBITI, IKCTPAareHT — 50 % JTHI CHHPTI, «IIHKi3aT-epiTKiun KatbiHackl — 1:6, 24-25°C Temneparypana,
€Ki eceJliK dKCTPaKLUs YaKbIThl — 24 caF )Karnaiibl TaHAAJIbI aTbIH]IBL.
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A.K. YmoOeToBa, I'.O. Cnan, A.T. Omaposa, I'.11l. Bypamesa, K.T. Aouakynosa
Kazaxckuii HartmoHaIbHBIN YHUBEpCUTET UMEHH anb-Dapadbu, Anvatsl, Kazaxcran

HNCCJIEJOBAHUE XUMHNYECKOT'O COCTABA ATRAPHAXIS VIRGATA
AJIMATHHCKOI'O PETHOHA

Annotanusi. OmnperneneH 100pOKayecTBEHHBIH COCTaB (BJI@XHOCTb, OOIIas 30JIBHOCTh, OSKCTPAKTHUBHAS
BEILECTBA) pacTeHus Atraphaxis virgata cemeiictBa Polygonaceae 3arotoBieHHbIE B ylelbe AKcail AJIMaTHHCKON
obnactu. M3yueHbl Ka4eCTBEHHBIH, KOJMYECTBEHHBIH COCTaB OCHOBHBIX T'PYIIT OMOJIOTMYECKH aKTHBHBIX BELIECTB.
OTtpaboTaHbl OCHOBHBIC TEXHOJIOTHUECKHE IMapaMETPhl A IOJyYeHHS OHOJIOTHYECKH AKTUBHOTO KOMILIEKCA.
N3y4yen MeTrogaM aTOMHO-a0COPIIMOHHON CIIEKTPOCKONHEH COCTaB MaKpO- H MHUKPO3JIEMEHTOB PaCTCHHUS

KaroueBnle ciioBa: Atraphaxis virgata, BIaXHOCTb, 00IIas 30IbHOCTh, SKCTPAKTUBHOE BEILIECTBO, MaKpo- U
MHKPO3JIEMEHTBI, OHOJIOTMYECKN AKTUBHBIE BEIIECTBA.
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HACHUPOB PAXMETOJLJIA

(K 70-/Iemuto co Onsa posncoenusn)

22 anpens 2018 roxa ucnonusercs 70 et mpodeccopy, MOKTOpPY XUMHUECKUX Hayk HacupoBy
Paxmerymry. OH ponuiicsi B MHOTOAETHON CeMbe CeJIbCKOro yunTens — poHToBuka Hypmamesa Hacupa
B cexe Ak-Apan Hcaraiickoro paiiona ['ypseBckoii (HbiHE ATBIpaycKoif) 00acTu.

MarneHbkue NeTH CTENH, HaXOAWIN PaKOBHUHBI JBYXCTBOPYATHIX MOJUIIOCKOB B TaKbIpax MM B TPYHTE
BBIKOMIAHHBIX KOJIOJLEB, LEMJIUIM MakKyIIKM 3THX PAaKOBUH JIpYyr 3a JApyra M C CWIOH TSHYJIH UX B
MPOTHBOIIOJIOKHBIE CTOPOHBI, YTOOBI BBIOpaTh caMble Kpemnkue. B TO BpeMsi HUKTO M3 HUX HE AyMmal O
TOM, YTO y 3THUX PAKOBMH MOPCKUX MOJUIFOCKOB €CThb CBOU CEKPETBhl, U €CIM MX y3HAaTh, TO MOXXHO
MOJYYHUTh OYCHb IIEHHbIC (DAKTBhI U CBEIICHHS. Y3HATh I3THU CEKPETHI OBLIO BO3MOXKHO CITYCTSI HECKOJBKO
JECATKOB JIET JIMIIb TIOCJIE Hayaja COBMECTHOM Hay4YHO-HCCIIEIOBATENbCKOM PaldOThl C W3BECTHBIM
AMIOHCKUM Yy4eHbIM Vkes 1O H3yYyeHHMI0O HX [apaMarHUTHBIX CBONCTB METOJOM 3JIEKTPOHHOIO
napamMarautHoro pesonanca (OIIP). B 2001 romy na MexaynapogHoMm cumnosuyme «Ilo HOBbIM
npumenenusiM OIIP — chexTpockonum», KOTOpBI mpouien B yHuBepcuTere Ocaka, OH COOOIIWII
9KCIIEPUMEHTAJIbHbIE PE3yJIbTaThl IO JATUPOBAHUIO KPYNHBIX HACTYIUIGHHM (TpaHCrpeccwil) u
oTcTymieHuil (perpeccmii) Kacmuiickoro Mops B YETBEPTHYHOM TIEPHOJE, a TakKe JaHHEIE,
no3BoJsAonIre 6osee JOCTOBEPHO MOAEIMPOBATH KoneOaHuu ypoBHs Kacmusi B OyAylieM ¢ MOMOIIBIO
PaKoBUH IBYXCTBOPYATBHIX MOJIJIIOCKOB, B3SITBIX W3 HOBOKAaCHHMHCKOTO M XBaJIbIHCKOTO OTJIOXKEHHM
MIPUKACTTUHACKON BraguHBL. B 1956 rom, xorma oH yYuics B IIKOJIC, CHIDKCHHUE YPOBHS MOPS, HAYaTOE BO
BTOpoil mnosoBuHe XIX Beka MpUBEIO K MacCOBOMY INepeceseHuto xurtenei Mcaraiickoro paiiona,
KOTOpbIE 3aHMMaJINCh Ha MoOepekbe Kacmuiickoro Mopsi peIOHBIMH HPOMBICTIAMHU, B JPYTYIO CTOPOHY
HIDKHEW 4acTH IeJIbThl peKH Y para.

P. HacupoB B 1969r. 3akoHumn pusnko-mMaTemMaTiueckuii GpakynbreT ['ypbeBCKOro meaarornieckoro
MHCTUTYTA (HbIHE ATBIpayCKHUi roCcy1apCTBEHHBINM YHUBepcUTeT UM. X. JlocMyxamenoBa).

[locne OKOHYaHHUSI 3TOr0 HMHCTHTYTa OH ObU1 HalpaBiIeH Ha JBYX TOJUYHYIO CTaXHPOBKY OT
Axagemun Hayk KazCCP mms ocBoeHHs MeToia DJIEKTPOHHOTO TMapaMarHuTHOro pesoHanca (OIIP) B
WucTtutyT 3nemenroopranndeckux coeaunennit Axagemun Hayk CCCP. 3xech e OH 3aKOHYMI OYHYIO
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aCIMPaHTYPY U 3aIUTHII KaHIUAATCKYIO TUCCEPTAIMIO TI0J PyKoBoICTBOM akageMuka M. U. KaGaunnka
u npodeccopa C. II. ComomoBHuKOBa. PaboTa, koTopas jeria B OCHOBY KaHIHUIATCKOW JHCCEpTAITUU
(paboTa 3aKJIIOYacTCss B YIPABJICHUH JBHKCHUEM HECIAPEHHOTO 3JICKTPOHA B aHUOH — paauKaiax
nonueHUIMETaHOB) TpuHecsia HacupoBy Mo — HacTosIeMy KpYIHBIA ycIieX; oHa Oblla OTMEYCHa
BTOpOH mpemued 1Mo WHCTUTYTYy, a HacupoB Obim Harpaxkaen IlodeTHoil rpaMoTOl OCHOBATEINs
anemeHtoopranndeckort xumun CCCP akagemmka HecmessHoBa A. H.

ITo pesynpTaTam MHOroJIeTHEH wuccienoBaTenbcekoil nestenbHoctd P. HacupoB B 1993 romy B
nmuccepranioHHOM coete PI'Y HedTr 1 raza um. M. M. I'yOkuHa 3alIUTHI TOKTOPCKYIO IUCCEPTAIUIO HA
Temy «VcciemoBanue mapamarHeTusMa HeTed M HedTEHOCHBIX Topoxa [Ipukacnmifickoro pernoHa» u
CTaJl IepBBIM JTIOKTOpOoM Hayk B KaszaxcraHe, o crneruanbHocTd «HedrexuMus u oxpaHa OKpy Karomien
Cpelbl M palMOHAILHOMY HCIIOJIL30BAHUIO IMPHUPOIHBIX pecypcoB». B a3roit pabore P. Hacuporsim
3aJI0’)KEHBl OCHOBBI HOBOTO HAay4YHOTO HamNpaBieHWS B He(YTEXMMHUHW W HE(PTErasoBoil T'e€OXVMHH -
napamariernuama Hedredd u mopoj Kaszaxcrana, a Takke MNpemararTcs IyTH HPaKTHYECKOro
KCIIOJIb30BAHUS 3TOTO SBJICHUS U €r0 HOCUTEICH.

Pesynprarel HayuHbIX uccieoBaHuii HacwpoBa P. HaxomsaT mnpakThdyeckoe IpPHUMEHEHHE B
HaIMOHATbHON He(TAHON KoMIaHuu «Ka3MmyHalrasy, IpONU3BOJICTBEHHOM OOBEAMHCHUH «MaHTBIMITAK-
He()Th», MPOU3BOACTBEHHOM  T€OJIOTOPa3BEJOYHOM  OOBEAMHEHUH  «AThIpayHE(TEra3reoorusy,
HedTenoObBatoem ynpaenennn «XKaitbikaedTs» u «Jloccopredth» u nmp. Ero mpoekt «1meKTpoHHBIH
MapaMarHUTHBIA pE30HAHC Kak METOA KOHTPOJIS 3a pa3paboTKod 3ajeked HEPTH» XOpOIIo
3apEKOMEH/IOBaJI ce0sl B MHOTOILIACTOBBIX MECTOPOXKACHUAX MExaypedbd Ypan u Bomra, Ypan-Omo0a,
MOJTYYHIT BEICOKYIO OIICHKY CO CTOPOHBI CIICIIHATUCTOB —HE(DTIHUKOB ¥ TEM CaMbIM ITOATBEPAMII IIUPOKUE
BO3MOXKHOCTH OTEUYECTBEHHOW Hayku. B pesynbraTe peanm3anuy TpPOEKTa OBLIM IIOJYYEHBI HOBBIC
MPAKTHYECKUE PEe3yJIbTaThl, WMECIONIME 3HA4YCHHWs B HE(PTEMPOMBICIOBON Teosiorud. B mporecce
JKCIUTyaTallud MECTOPOXKJCHUS COCJUHCHHS NapaMarHUTHOTO BaHAJHWS W CTAOWIBHBIX CBOOOIHBIX
pasrKaioB B AOOBIBAEMBIX HE(PTSIX MOTYT CIYXKUTh €CTECTBEHHBIMH HHIMKATOPAMH MECTOIOJIOKEHHSI
HeTell B MOpPOBOM OOBEME 3aleKd B TEUEHHE BCErO0 CPOKa HKCIUTyaTallud 3ajiekd, TaK KakK HX
KOHIICHTpAIlMsl HE 3aBHCUT OT CIOCO0a SKCIUIyaTalliM CKBaXUH - JUaMeTpa IITylepa, MPUMCHECHUS
HacocoB # T.0. [lo 3TUM WHAWKAaTOpaM MOXHO pa3JelIUTh MHOTOIUIACTOBBIE MECTOPOXKICHUS Ha
OTJIeNbHbIE OOBEKTHl Pa3pabOTKH, YCTAHOBHUTH HAIWYHE THIPOAMHAMUYECKOW CBS3M MO 00BEMY
MECTOPOX/ICHHUS, OLICHUTh HAJIMYUE MEPETOKOB HEPTU MKy IJIaCTaMH, ONPEACIIUTh AeOUTh HePTU U3
COBMECTHO DKCIUIyaTHPYEMBIX ILIACTOB, YCTAHOBUTH IIOJIOKEHHE BOJOHE(PTSAHBIX KOHTAaKTOB U
MIPOTHO3UPOBATH OCTATOYHBIE KOJIMIECTBA U3BJICKAEMBIX 3aI1acOB HETEH.

Jna pemieHus mepedncIeHHBIX pobiaeM pa3paboTaHa METOAMKA JTaOOPATOPHBIX MCCIEAOBAHUH IS
onpejeNcHus] NapaMarHUTHOTO BaHAAWS M CTaOWIBHBIX CBOOOJHBIX PAJIUKAIOB HEIOCPEACTBEHHO B
He()TSAX, B3ATBIX W3 JOOBIBAIOIICH CKBXHWHBI, NPU TEMIIEpaType >XHAKOTO a30Ta B COYETaHHU C
WCIIOJIb30BAaHMEM B TIOJIEBBIX YCIOBHSX MajorabaputHbeIx crekrpomerpoB OIIP. IlpemmymiectBamu
JAHHOW TEXHOJOTUH SIBIISIOTCS HEOOXOIUMOCTh OTOOpa Malblx Mpo0d (IFOHI0B, HEJECTPYKTHBHOCTD
aHAIM3UPYEMBIX TPO0 M SKCIPECCHOCTh W3MEPCHHH TIPU BBICOKOW JOCTOBEPHOCTH PE3yJIbTATOB
WICCIIEIOBAaHNH B CPAaBHEHUH C TPAJUIIMOHHBIMU METOTAMH.

P. HacupoBbiM pa3paboTaH 3KCIPECC - METOJ ONPEICICHUS COJICPKAHUS BaHaIus B HEQTAX U
YCTAaHOBJICHa 3aKOHOMEPHOCTb paclpeiesicHus BaHaaus B Henpax I[lpukacmuiickoro peruoHa, 4To
SIBIIIETCSI OCHOBOW ONpe/eNIeH!s] ePCIEeKTUBHBIX 001acTel A MPOMBIIUICHHOTO BBIJICICHUST BaHAIMS.
PesynpraTer onpeneneHus BaHaaAua B ChIPBIX HeTsax ¢ momompio DIIP —paanocmekTpockonuu ObuH
UCIIOJIb30BaHbI Te0JIoraMu Beecoto3Horo HeTSHOTO Hay4HO-UCCIIEI0BATENILCKOTO Te0I0T0pa3BeI0uHOr0
nacturyta (BHUI'PU) kak sTtamoHHBIE 00pas3lpl MpPH IOJCYETE TEOJOTHYECKHUX 3allacoOB BaHAIUS B
Hedprasx  Kapaxanbacckoro, Ceepo-by3aumnackoro, Kamamkacckoro wu  JKanrbI3TIOOMHCKOTO
MECTOPOKAeHUH MaHTBIIIITaKCKOH 00IacTH.

K ero pabore «M3ydyeHHe T€OJIOTMYECKOTO pa3pe3a He(TerasoBbIX CKBaxHH MeTojgom OIIP —
PaMOCTIEKTPOCKOIINWY TIPOSIBUII UHTEPEC IPeJICeAaTelh KOMUTETA 110 T€OJIOTHH U MCIIOIb30BaHUIO HEJP
AcTtpaxaHCKoil 0051acTH, MOKTOp TIeoJIOTO-MHUHepanorndeckux Hayk Bopommrn H. UW. ¢ uensio
WCIIOJIb30BAHMS €€ JIJISl IPOTHO3UPOBAHMS He(DTEra30HOCHOCTH JIECBOHCKHUX OTJIOKCHUM.

HoBele mowcku B 3TOM HalpaBlieHMHM OBUIM TMOJJEPXKaHBI TPAHTOM OOJACTHON aJMUHUCTpAIlUN
AcTpaxaHCKOH 00J1acTH.
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Metoauka OI1P- kaporaxka MpolUIa OMBITHO-METOAMYECKOE arnpoOMPOBAaHHE IO T'EOJOTMYECKUM
paspesam ckB. 2 Bonogapckoro u ckB. 1 AcCTpaxaHCKOro MecTOpokIeHud. B pesynbraTe npoBeneHuUs
OTIBITHO-METOINYECKUX PabOT HOBBIK pa3pabOTaHHBI T€OXMMHUYECKUI METOJ XOPOLIO 3apEeKOMEHI0BAI
ceOsi TpU BBIJICJICHUH MPOAYKTHUBHOM 4YacTH JEBOHCKHX OTIOKEHHH AcTpaxaHckoro u Bomomapckoro
MectopoxaeHnit FOro-3amannoit wactu [Ipukacimiickoit BaauHbl (AcTpaxaHCKas 00J71acTh) U TOTYUYHII
MOJIOKUTENIBHYI0 OLEHKY CHEHHUAINCTOB, OTMETHUBLIMX €ro 0Ooyiee BBICOKYIO S(QEKTHBHOCTE H
HKOHOMHUYHOCTH B TOMCKE HEPTHU U raza.

VYcraHOBIEHHAsT B3aWMOCBSI3b  IOBBIIICHHOTO COAEpKAHWS [MApaMarHWUTHOTO  MapraHia c
HEPTEra30HOCHOCTBHIO JEBOHCKHUX OTIOXKEHHH sBisieTca 3()(EKTUBHBIM JOMOIHEHHEM K BBISABICHUIO
HOBBIX W TPOMYLICHHBIX 3aiexeid He(TH W3BECTHBIMU T'eOJOT0-TeOpU3UNUECKUMH METOJAMH, OCOOCHHO
MpH TPOTHO3MPOBAHWN HE(TETa30HOCHOCTH T€OJOTHYECKOTO pa3pe3a He(Tera3oBbIX CKBOXKWH B
npoiecce OypeHusl.

PesynbTarhl JaHHBIX HCCIEAOBAHUN KaK CIIOCOO MMPOTHO3MPOBAHUS 3aliekeil He(hTH 1 Taza B pazpes3ax
He()TETa30BhIX CKBAXHH 3allWIIeHbl AByMs TareHTamMu Poccuiickorr @enmepanmu (Ne2068190,
Ne2068188). B aTtux mareHTax IMOKa3aHO, YTO JAHHBIA CIIOCO0 YJIA4HO JOMOJHSET CYIIECTBYIOILIUC
TPaJUIMOHHBIE TEOXUMHUYECKHE METOMABI IMOMCKOB HE(TU W Ta3a, OJJHAKO OTJINYaeTcsi OoJiee BBICOKOM
OKCIIPECCHOCTBI0O W OINEPATUBHOCTHIO TONy4YeHHS WHGOpMAIMK. OTOT CIOCO0 TakKe TO3BOISIET
ONTUMHU3HUPOBATH MECTO 3AJI0KEHHUS MOCIENYIOIIMX TOMCKOBO-OLIEHOUHBIX U Pa3BEIOYHBIX CKBAYKUH.

IIpropUTeTHOCTh ¥ KOHKYPEHTOCTIOCOOHOCTh MPOBOAUMBIX P. HacMpoBBIM Hay4HBIX HCCIEIOBaHUN
TaKkKe TOATBEPXKAAeTCS  NpeABapuUTENbHBIMH  mnaTteHTamu PecnyOmmkm — Kazaxcran u  ero
MHOTOYHCIICHHBIMH BBICTYIUICHHAMH Ha MEXIyHapOIHBIX KOH(QEPEHIHMSX, CUMIO3UyMax U (opymax,
koTopsle npouutn Bo @nopenuuu (1991, Utanus), B Kazanu (1991, 1992, 1994, Poccust), Tomcke (1988,
1991, 1994, 2000, 2013 ,Poccust), HoBocubupcke (1989, 2006, Poccus) Mockse (1991, 2006, Poccus),
Oo6nuncke (1998, Poccus), Tromenn (1991, Poccus), Cankt-IlerepOypre (1992, 2007, Poccus), Kuese
(1990, Ykpauna), Actpaxanu (1999, 2000, 2003, 2005, 2007, 2009, 2010, 2011, 2012, 2013, 2014, 2015,
2016, 2017 Poccust), Kentepoepu (1996, BemukoOpuranwus), Jlednmure (1997, I'epmanus), bepnuae
(1998, TI'epmanust), I[loznanm (1999, 2002, Ilonsma), Codun (1999, Bonrapus), Jluccabone (2000,
Moptyranus), Kobe (2001, Anonus), Ocake (2001, SAmonus), Kamnyc ny XKopman (2003, Bpazumus),
JInnne (2004, ®panmus), Mopke (2006, BemukoGpuranus), Bpexenpumke (2006, CIIA), Manpume
(2006, Ucnanwus), bononsu (2006, Utanus), nmpencTaBieHUs MU pe3yJIbTaTOB B BUJE craTeil B Jlokimagax
HAH PK (30 pa3za) u B pa3nuuHbIx xypHanax Poccuu. B mepeueHb pycCKOSI3BIYHBIX )KYpHAJIOB B 0ase
nmaHHbIX Scopus Bxoaut —«Hedrsarnoe xozsiictBo» («Oil Industry») (croma Bkiodensl ¢ 1991 roga 11
crareil). Taxxe B 0a3y nanHbix Scopus ¢ 2016 roga BxoauT pecnyOimukaHckuil xypHan M3sectus HAH
PK (Cepust reonoruu v TeXHHYECKHX HAYK), B KOTOPOM OBLIH OIyOIMKOBAHBI 2 CTATHH.

B 1995-96 rr. naypear rocyiapCTBEHHON Hay4HOW CTUIIEHIMU [JIsl BBIJAIOLIUXCS UCCIEAOBATENCH
Kazaxcrana. HacupoB P. cranm unenom mexnyHapoanoro JIIP ob6mectBa mo mnpumenenuto OIIP-
CIEKTPOCKONHHU B 00J1acTH n3ydeHus reonornueckux o0bekToB (EPR Newsletter.Urbana, USA, 1993.V.5.
Ne2.P.1-30).

Hacupo P. mpukazom NeS75 MOH PK or 23 pmekabps 2010 1. yTBEep)KAEH CTHIIEHAWATOM
rOCyIapCTBEHHOW HAYYHOW CTHUNCHIWHU I YUCHBIX M CHEIHAINCTOB, BHECIINX BBIAAIONINICS BKIIAJ B
pa3BUTHE HAYKW U TEXHHUKH B OTPACIH «XHUMHUS U HAYKHA O MaTepraiax».

OH BHeC CYIIECTBEHHBIH BKJaJ B CO3JaHHME HAYYHOW MIKOJNBI HE()TEXUMHKOB M TEOXHMMHUKOB H
MOJTOTOBKY MPO(eCCHOHAIBHBIX KaapOB B 3allaJHOM PErHOHE HaIlle CTPaHBbI.

Ilox ero pykoBOACTBOM 3allMIIEHBI 6 KaHAUAATCKUX IUCCEPTALMM 25 MarucTepCcKuxX AuccepTanuil
Mo HEPTEXUMHUH U PU3MUECKON XUMHHU, SKOJIOTHH.

B mnepmarormueckoM HampaBiI€HWH WM OOJbIIe BHUMAaHHWS YAENSETCS PErHOHAIBHOM HAyYHO-
WCCIIeJIOBATENBCKON JESITETLHOCTH CTYACHTOB — KaK CPEACTBY MPOGECCHOHAIBHOM MOATOTOBKU Oy IyIIINX
cneuuanuctoB. HacupoBbiM P. BHegpeHBI COOCTBEHHBIE MPAaKTUUECKUE PE3YJbTaThl B IMPENOAABAHUU
XUMHUH ¥ 3aHUMAaTeNbHBIE OMBITHl 110 XMMHH, KOTOpBIE OBUIM OITyOJMKOBAHBI B JKypHaJIaX «XHUMHS B
mkone» (Poccus, Mocksa) u «Kazaxcran mexte6i (IlIkona Kazaxcrana)» B pa3Hble TObI.

3a BBICOKHE HAay4HbIE U MEJarorndeckue NOCTIKEHUs eMmy npucyxaeH 2006 r. rocynapcTBEHHBIN
rpaHT «JIyuimmii npenoaBareins Bysay.
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B pamkax mporpammer (©.03.52) ¢yHIaMEeHTANBHBIX UCCIeA0BaHUN MUHHCTEPCTBA 00pa3oBaHUS U
Haykn PecnyOmmku Kazaxcran ma 2006-2008 romer mom pykoBoacTBoM P. HacupoBa BBIMOTHSIETCS
roCyIapCTBEHHBIN 3aka3 1o Teme: «VccnenoBanue napamaraeTu3Ma mopoJ ¥ yIiieBOIOPOIOB P TIOKCKE
MECTOPOKACHUI HEPTH U razay.

ITo mporpamme "MexayHapomHOe COTpyAHHYECTBO B oOnact Hayku Ha 2007-2009 romsr" mexmy
Pecrryommmkoii Kazaxcran u IlpaButenbctBoM Kwuraiickoir Hapommoit PecryOnmku B HampaBiIeHUH
«100bIYM ¥ TIepepabOTKU YIIIEBOAOPOIHOIO CHIPBS» OH SBJISETCS HAyYHBIM PYKOBOJMTENIEM MPOCKTa
"Co3aHrie HOBBIX KOMIUIEKCHBIX TEXHOJOTHI TPOTHO3UPOBAHUS COCTaBa M CBOMCTB HedTed u
ra30KOHACHCATOB TIPH pa3BeAKe, TOOBIUE U mepepaboTKe yIiIeBOAOPOIHOTO CHIPhS'.

[To pesynbraTam HayuHbIX HccnenoBanuii P. HacupoBbiM onyOnukoBano 370 Hay4HBIX paboOT, B TOM
gyucie 2 monorpaduu: 1. Ilapamarnermsm nHedreit m mopon Ilpukxacmusi. M.:Henpa.1993. 2. «3IIP-
CITIEKTPOCKOITMYECKOE HCCIeoBaHNe OMoorndeckux otiokennit Kacmus. Mzmar. Palmarium Academic
Publishing. 2016. Saarbriicken, I'epmanus. A TakKke OH aBTOp MHOTMX Y4YeOHHUKOB TaKHX Kak:
«Oprannyeckas xuMmusa», «KpaTkuii kypc mo opraHuyeckodl Xumum», «Kanmel jkoHE aHOPTaHUKAJBIK
XUMUSD», «OpraHuKanblK epKiH pagukangapy, « Ou3nKo-XMMUYECKUH aHaIN3 MapaMarHeTusmMa Hered u
mopon Ilpukacnmiickoil BHamuHB), «BaHaguii W MeTauIONMOPp(PUPUHOBBIE KOMIUIEKCH HedTeH
Mectopoxkaenuit [Ipukacnusy», « Tepmuueckue npoiecch nepepadotku HedTH», «OcHoBBI MeTona JIIP u
€ro NpUMEHEHHE B XUMHUU U T€0JIOTHU» U JIp., KOTOPhIE LIMPOKO HCIIONB3YIOTCs B 6nbOnnorekax BY3oB n
Hay4HbIX yupekaeHuil PecnyOmuku, xak ydeOHOe mocoOue Uis CTYAEHTOB XUMHUYECKHX, XHUMUKO-
TEXHOJIOTHYECKHX M HEPTAHBIX CIEIHAIbHOCTEH W Ui CIIENUANNCTOB, Pa0OTAOIMX B 00JIACTH
HEPTEXMMHUH U UCCIEIOBaHUs IPUPOAHBIX CMECEH.

Mpt no3apasisieM Paxmerymry HacupoBa ¢ roOuieeM U kesiaeM €My HOBBIX TBOPUECKHX YCIIEXOB B
HAYYHBIX U MeIarOTUYeCKUX ACSTENLHOCTSIX, JOITUX JIET CYACThs, CEMEWHOT0 OJIarononyus.

Konnexmus Amvipayckozo 2ocydapcmeenozo
yhugepcumema um. X. JJocmyxamedosa
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