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TECHNOLOGICAL RESOURCES
FOR IMPROVING THE QUALITY AND COMPLETENESS
OF USE OF THE MINERAL RAW MATERIALS

Abstract. It was noticed, availability of the own mineral reserves is a guarantee of stable development of the
economy, the industry, including smart-technologies and cyber-physical systems. Due to non-renewability and
exhaustibility of these resources, the processes of their extraction and processing should be subject to the special re-
quirements, which provide the integrated and full use of all the components contained in mineral raw materials. The
place of Kazakhstan in the world by the reserves of various kinds of minerals and the role of mining and metallur-
gical complex (MMC) in the country economy are shown. The data on the minerals extraction and production over
the past 5 years are provided. It is noted that in the deteriorating situation on the world metal markets there is an
urgent need to diversify the MMC, providing increasing comprehensiveness and completeness of all the useful
components contained in mineral raw materials and the mastering of the subsequent repartition. Also a strong de-
mand for noble, rare and rare-earth metals for the needs of high-tech and knowledge-intensive branches of industries
is taken into account.

The urgency of the scientific work acceleration is based, aimed at the development and introduction of new
technologies, processes and technical tools, providing a more complete extraction in a marketable product of all the
components contained in the ore. It is proved that such results can be achieved with the full conformity of the tech-
nology of ore processing to its natural properties and technological characteristics.

It is shown that all technologies of geological-prospecting, mining, mineral processing and chemical-metal-
lurgical industries, providing increasing comprehensiveness of the mineral useful components extraction, consist in
increase their numbers, enhancing the values of the coefficients of their extraction in the concentrate, metal. These
solutions are the technological resources to increase the quality and completeness of the use of mineral raw material.
It is illustrated by specific examples. It is calculated that the total revenue from the sale of related noble and rare
metals exceeds the income from core metals (copper, molybdenum) in 9.33.

It was noticed, introduction of scientific developments of the scientists - geologists, miners and metallurgists of
Kazakhstan — by the full and integrated use of mineral raw material (including oil, uranium, coal) into practice will
significantly improve the efficiency of the natural resources sector and the economy as a whole. At the same time it
makes an invaluable contribution to the development of high-tech industries and provide srapid joining of Kazakh-
stan to the number of the 30 most developed countries of the world.

Key words: mining and metallurgical complex, noble, rare and rare-earth metals, technological indices of
minerals processing, useful components, integrated use.
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State of the integrated use of mineral resources. Availability of the own mineral reserves is a
guarantee of stable development of the economy, the industry, including smart-technologies and cyber-
physical systems. Due to non-renewability and exhaustibility of these resources, the processes of their
extraction and processing should be subject to the special requirements, which provide the integrated and
full use of all the components contained in mineral raw materials.

Regarding the assessment of the issue status in Kazakhstan it should be noted that in the last century
by the geologists of the Republic under the leadership of an outstanding scientist, academician of the
Academy of Sciences of the USSR Kanysh Imantayevich Satpayev, were discovered and registered reser-
ves of all the mineral deposit exploited now [1]. It is ranked first in the world reserves of zinc, tungsten
and barite, the second place by the reserves of silver, lead and chromite, the third place by the reserves of
copper and fluorite, the fourth place by the molybdenum reserves, the sixth place by the gold reserves.
Kazakhstan is the biggest rhenium producer (second-third place), beryllium (first-fourth place), titanium
sponge (second place), tantalum, niobium, gallium, technical thallium, arsenic (third place), uranium (first
place), vanadium (fifth place), bismuth (sixth place) [2, 3]. Such resources have allowed our Republic to
enter the top ten mining nations of the world. Mining and metallurgical complex (MMC) has a great in-
fluence on the formation of macroeconomic indicators of the country. Share of the industry branch is 13%
of Gross Domestic Product (GDP), 23% — in the total industrial production, 48% — in the production of
manufacturing industry output, 20% — in the country's export [4].

In addition, under the leadership of K. I. Satpayev the scientific foundations and pioneering tech-
nologies were created for extraction a variety of metals from complex ore raw material. Thanks to this
currently Kazakhstan is the biggest producer of rhenium (the second-third place), beryllium (the first-third
place), titanium sponge (the second place), tantalum, niobium, gallium (the third place), vanadium (the
fifth place), bismuth (the sixth place), etc. [5].

Dynamics of extraction and production of the base metals over the past five years is characterized by
the data in the table 1. They imply that the production volume of the mining and metallurgical complex is
located almost on the same level. However, most of them are exported to the foreign countries in the form
of a concentrate, even as raw materials, the value of which by one or two orders below the value of the
finished product of the second-fourth stage of processing.

The global financial and economic crisis of recent years demonstrates the unpromising character
of the industry branch policy. So, in 2015 demand for the production of MMC decreased sharply (in 1.3—
1.8 times), and its prices fell in 1.5-2.0 times.

Table 1 — Extraction and production of minerals for 2012-2016 years

Product name Units 2012 2013 2014 2015 Gl nz(g/le?nber
Coal Th. Tons 120510,9 119 860,1 113 843,5 107 318,8 91 121,7
Uranium Th. Tons 20,9 22,5 22,83 23,80 24,08
Iron ores Th. Tons 25997,8 252418 24 628,3 17 111 14 670
Iron in ore components Th. Tons 7360,3 6919,7 6250,5 3283,6 3100,3
Chromium ores Th. Tons 52331 5255,0 5410,4 53828 5048,6
Manganese ores Th. Tons 2975,0 2 852,1 26173 1625,7 14504
Copper ores Th. Tons 383529 41731,7 38 660,6 42 420,1 69 9543
Copper powder type Th. Tons 367 161 350 837 293 948 492 346 377079
Lead -zinc ores Th. Tons 4 805,6 4909,9 5260,2 5380 5263,1
Zinc in zinc concentrate Th. Tons 370,5 361,1 346,6 342,5 293,5
Lead in lead concentrate Th. Tons 38,5 40,8 37,8 40,7 60,5
Gold ore type Tons 21,134 23,219 26,680 30,97 36,07
Silver ore type tons 963,179 963,580 976,434 1 303,361 2093,011
Bauxite ores Th. Tons 4 852,0 5170,2 5192,8 4682,6 4391,8
Asbestos Th. Tons 241,2 2433 2132 179,8 182,1
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Technological capabilities of increase the integrated use of mineral resources. In such a situation
there is an urgent need for diversification in the mining and metals sector, which should start with a
comprehensive and full use of all the useful components contained in mineral raw materials and the
development of subsequent stages of processing. Most of the mining and metallurgical enterprises of
Kazakhstan often do not extract from the raw material the precious components (platinum, gold,
palladium, rhenium, osmium, thallium, etc.), concomitant to the core metals, and they go to waste of the
processing and metallurgical industries. At these enterprises the extraction coefficient is very low (about
0.4) [3]. This paradox stems from the fact that by the process of the approval of the deposit's reserves, the
concomitant useful components often are not estimated and so are not put to the balance sheet. There are
no requirements to the subsoil users on extraction of useful components, identified in ores in the process
of the deposit exploitation.

At the same time it is known that with the development of high-tech and knowledge-intensive manu-
factures (electronics, robotics, aircraft and rocket construction, space technology, software, nanotech-
nology, nuclear, solar and hydrogen energy, biotechnology, genetic engineering, etc.) demand for noble,
rare and rare earth metals grows very quickly. Moreover, the cost per mass unit (ton, kg.) of these ele-
ments is in a thousand times higher than the cost of core metals (copper, zinc, lead), and the cost of
osmium is more than a million times greater.

In this connection, the question of accelerating scientific work aimed at the development and in-
troduction of new technologies, processes and equipment to ensure a complete recovery in the commercial
product of all the components contained in the ore, becomes extremely relevant.

The solution of this major problem could be based on the account of the features of substance tran-
sition from one state to the other, respectively, by the geological exploration and mining extraction works,
enrichment and metallurgical processing. Selected technologies and means of processing should ensure
the maximum extraction of useful products at the each of these stages. These results are achieved with full
accordance of the ore processing technology to its natural properties and technological characteristics [2].

By this the control of amount and quality is carried out on the basis of the mathematical models of the
material composition of the mineral raw (MR) at each of the processing stages, represented in the form of
[5.6]:

n n r p
Mb :Zmi; Moe :Soezmi ) M[r :goezgyimi; Mc :goezgcimi; (1)
i=1 i=1 i=1

i=1

s q q !
Mt = 8()ezgtimi > Mvt = ZMmi = goezgcigmimi ; me = 8oezgwimi~
i=l i=1 i=1 i=l

where, My, are the ore mass at the counter of the balance reserves; M, is mass of the extracted ore; M, is
mass of the lumpy rock, removed from ore mass; M. is mass of the all concentrate (concentrates); M; is
mass of the tails of enrichment; M,,; is mass of the i-th finished product (metal); M,, is mass of the whole
finished product (all metals); M, is mass of the waste of metallurgical processing; m; is mass of the i-th
component in the balanced reserves; €, is the coefficient of ore extraction of mineral; g,; is the coefficient
of removal of the i-th lumpy rock from ore; g is the coefficient of extraction of the i-th component from
ore into the concentrate; € is the coefficient of extraction of the i-th component from ore to tails; €, is the
coefficient of extraction of the i-th component from concentrate to metal; &, is the coefficient of extrac-
tion of the i-th component in waste of metallurgical processing; n is the number of all the components in
the reserves volume, including waste; r is the number of components extracted from ore; p is the number
of minerals extracted from ore to the concentrate; s is the number of components extracted to tails; q is the
number of minerals extracted from concentrate to metal; / is the number of components in waste of
metallurgical processing.

By the wide used technologies of the ore extraction and processing, n>p>(q, €,,=0,5+0,97 (the low
limit corresponds to underground mining, the upper limit — to open-cast mining), &,~0,15+0,4,
£.~0,4+0,98, £,=0,02+0,5, £,~0,85+0,98, €,,~=0,02+0,15.

For the sustainable exploration of the mineral reserves, full and comprehensive use of MR at every
stage of its processing it is necessary to perform a certain amount of the survey and measurement works,
as well as provide the possibility of application of the advanced and efficient technologies of processing.
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For example, during the exploration phase with the use of modern high-precision equipment it is
necessary to improve the completeness and reliability of the geological study of the individual blocks of
deposits, determine more thoroughly the material composition of the core components as well as of the
concomitant useful components, explore more fully the technological properties of ores, limit clearly the
volume of the balance reserves. For each deposit it is necessary to approve the list of the useful compo-
nents, subject to extraction, with indicating the minimum value of the extraction coefficient into the
concentrate and metal.

By mining works it is necessary to refine systematically the mineralogical and technological para-
meters of useful components, provide the most complete extraction from the depths of all the balance
reserves, envisage extraction of the over-balanced reserves.

At the stage of enrichment it is necessary to build and use several technological schemes of the ore
processing into collective concentrate, which sharply increase the extraction coefficient for each useful
component.

In the cycle of metallurgical processing it is necessary to create additional manufactures, non-
standard technologies, ensuring maximum extraction of all the useful components, apply the repeat
sequential processing of the concentrates.

Technical and economic impact of improving the quality and completeness of the use of mine-
rals. Analysis of the mathematical models of the material composition of the ore production (1) at each
processing stage shows that all the technologies of geological prospecting, mining extraction, mineral
processing, chemical and metallurgical industries, providing improvement of quality, increase fullness and
completeness of extraction of the core and concomitant components of minerals, consist in increasing of
the numbers #n, aspiration the numbers p and ¢ to n, increase the values of the extraction coefficients &,
€yi, €ci» €mi and decrease the values of the extraction coefficients €, €y These solutions are the techno-
logical resources to increase the quality and completeness of the use of mineral raw material. This
conclusion reflects the essence of the technical, technological and organizational solutions to improve the
completeness and the complexity level use of ore raw materials [2, 5].

Table 2 — Mass of the separate components in ore and price of the same metal

Corpponents Content of m; t oy m;,, t e, M, t Mg t o, St
in ore components

Copper (Cu) 0,7% 7000 0,95 6650 0 0 6650 55°10°
Molybdenum (Mo) 0,015% 150 0,95 142,5 0 0 142,5 27°10°
Gold (Au) 1,0g/t 1,0 0,95 0,95 0 0 0,95 34,23°10°
Silver (Ag) 10 g/t 10 0,95 9,5 0 0 9,5 0,44 10°
Bismuth (Bi) 0,0005% 5,0 0,95 4,75 0 0 4,75 19 10°
Platinum (Pt) 0,0005% 5,0 0,95 4,75 0 0 4,75 27,81 °10°
Palladium (Pd) 0,0005% 5,0 0,95 4,75 0 0 4,75 18,08 10°
Cobalt (Co) 0,0005% 5,0 0,95 4,75 0 0 4,75 24°10°
Selenium (Se) 3,8g/t 3,8 0,95 3,61 0 0 3,61 21°10°
Tellur (Te) 2,6g/t 2,6 0,95 2,47 0 0 2,47 4410°
Cadmium (Cd) 0,4g/t 0,4 0,95 0,38 0 0 0,38 0,1-10°
Rhenium (Re) 0,3 g/t 0,3 0,95 0,285 0 0 0,285 1,4-10°
Indium (In) 2,0 g/t 2,0 0,95 1,9 0 0 1,9 0,26 10°
Osmium (Os) 0,02g/t 0,02 0,95 0,019 0 0 0,019 20°10°
Thallium (Ti) 0,0002 % 2,0 0,95 1,9 0 0 1,9 0,7 10°
Useful components 71922 0,95 6832,514 0 0 6832,514
Waste rocks 992807,8 | 0,95 | 943167,486 | 0,2 | 188633,49 | 754533,99
All components 1000000 | 0,95 950000 188633,49 761366,5
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Let us demonstrate the possibility of implementing a processed ore quality management system on
example of the model deposit, developed by the open pit method. It is close in ore composition to the real
copper-molybdenum deposits as Aktogay and Bozschakol. The content of useful components in the ore,
the mass of the individual components at the ore and the value of 1 ton metal of the same name is shown
at table 2. As can be seen from the table 2, the mass of the extracted ore from the quarry field is taken to
be 950,000 tons, taking into account &,.=0,95. Coefficient of the lumpy rock removal from the ore mass is
assumed to be g, = 0.2. The mass of all the useful components (UC), received at the processing plant, is
6832.514 tons, including the noble and rare earth metals of 40.014 tons, mass of the waste rock (WR) is
754,933.99 tons, all components (AC), including the waste rocks, are 761,366.5 tons.

Let consider change in the mass of all components, depending on the indices of mineral raw
processing. The mass values of specific useful components in the concentrate, the metal, by various values
of the coefficients of component extraction from ore in the concentrate, from the concentrate to metal, are
shown at the table 3. At the first option, for the core metal, g, varies in limits 0,7-0,8, &, — in limits 0,7-
0,85, for concomitant components g, = 0,5-0,6, &, = 0,6-0,75. At the second option, for the core metal
£.~0,8-0,9, &,=0,8-0,9, for concomitant components &. = 0,6-0,7, g,= 0,7-0,85. Masses of the useful
components and waste rock in the ore and concentrate at the second option of the processing are adduced
at the figure 1.

a b c

UC=6832,5t UC=6832,5t UC=61241t

WR=943167,5 t WR=754534 t WR=22636 t

Figure 1 — Masses of useful components and waste rocks in:
the loaded ore (a), ore received at the processing plant (b) and in the concentrate (c)

From the data of the table 3 it follows that with increasing ec from 0.8 to 0.9 the copper mass in the
concentrate increased to 5985 from 5320 tons (per one million tons of ore), i.e. on 12.5%. By increasing ec
from 0.5 to 0.6 the bismuth mass in concentrate increases from 2.375 to 2.85 m, i.e. on 20%. By in-
creasing em from 0,6 to 0,75 the platinum mass increases from 142,5 t to 213,75 t, i.e. for 50%. By chan-
ging ec from 0,6 to 0,7 the gold mass increases from 0,57 to 0,655 t, i.e. for 16,6%, changing em from 0,7
to 0,85 increases the gold (metal) mass from 0,399 to 0,5652 t, i.e. for 41,65%, etc.

Data of the table 3 clearly demonstrate the role of technologies of mineral raw processing in raising
of the level of the useful components extraction from the raw material, and their high potential. Through
the development and implementation of the innovative technologies and technical facilities the current
level of extraction of noble and rare metals can be increased in 2 times.

The economic consequences of fuller use of the mineral raw are required careful attention. To their
determination it is necessary the values M., M. and M,, from the formula (1) to multiply by the cost of the
1 t of the i-th finished product.

Calculations by the prices for the metals, listed at the table 2, show that in the second option of the
ore processing with mass 761366.5 t (see the table 3, the column with the value m,, ) the cost of the

obtained copper is 30 613 275, cost of molybdenum is 2 616 300, cost of gold is 19 348 507,5, silver -
2 481 100, bismuth - 43 320, platinum - 63 406 800, palladium - 41 222 400, cobalt - 54 720, selenium -
36 388,8, tellurium - 52 166,4 cadmium - 18 240 , rhenium - 191 520, indium - 237 120, osmium -
182 400 000, thallium - 638 400, cost of the total final production is 343 366 257,7 US dollars. If the cost
of core metals (Cu, Mo) is 33 229,575 US dollars, the cost of the noble and rare earth metals is
310 136 682,7 US dollars. Masses and costs of the core and rare metals are plotted at the figure 2.
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In these conditions, total revenue from the sale of concomitant noble and rare metals exceeds the
income from the core metals (copper, molybdenum) in 9.33 times. Income from the possible sale of
osmium is 5.5 times higher than the total revenue of the core metals. This example also shows that the
current size of the revenue from the sales of MMC production by integrated use of ores can be achieved
when the ore amount in at least 8.0-10.0 times less than at present.

For large-scale implementation of the measures to improve the comprehensive utilization of mineral
raw materials on the legislative, the state level it is necessary to solve the question of the necessity of
extraction all concomitant, especially high-value mineral components from raw material. This naturally
requires the construction of additional workshops, industries, tangible investments, to which investors are
reluctant. However, the state's interests require the decisive action.

Table 3 — Mass of the separate component in the concentrate,
in the enrichment tails, in the metals and in the waste depending on the processing indices

€ my;, t & my;, t Emi, M » t| Emiz Myt €y ., | Ewi Myt
First option

Cu 0,8 5320 0,2 1330 0,8 4256 0,85 4522 0,2 1064 0,15 798
Mo 0,7 99,75 0,3 42,75 0,7 69,825 | 0,75 | 74,8125 0,3 29,925 | 0,25 | 24,9375
Au 0,6 0,57 0,4 0,38 0,7 0,399 0,75 0,4275 0,3 0,171 0,25 | 0,1425
Ag 0,6 5,7 0,4 3,8 0,7 3,99 0,75 4,275 0,3 1,71 0,25 1,425
Bi 0,5 2,375 0,5 2,375 0,6 1,425 0,7 1,6625 0,4 0,95 0,3 | 0,71,25
Pt 0,5 2,375 0,5 2,375 0,6 1,425 0,7 1,6625 0,4 0,95 0,3 | 0,71,25
Pd 0,5 2,375 0,5 2,375 0,6 1,425 0,7 1,6625 0,4 0,95 0,3 | 0,71,25
Co 0,5 2,375 0,5 2,375 0,6 1,425 0,7 1,6625 0,4 0,95 0,3 | 0,71,25

Se 0,5 1,805 0,5 1,805 0,6 1,083 0,7 1,2635 0,4 0,722 0,3 0,5415
Te 0,5 1,235 0,5 1,235 0,6 0,741 0,7 0,8645 0,4 0,494 0,3 0,3705

cd | o5 0,19 0,5 0,19 0,6 0114 | 0,7 | 0,133 0,4 0,076 | 03 | 0,057
Re | 0,5 | 01425 | 0,5 | 0,1425 0,6 0,0855 | 0,7 | 0,09975 | 04 0,057 | 03 | 0,04275
In | 05 0,95 0,5 0,95 0,6 0,57 0,7 | 0,665 0,4 0,38 03 | 0,285
Os | 05 | 00095 | 0,5 | 00095 | 0,6 0,0057 | 0,7 | 0,00665 | 04 | 00038 | 03 | 0,00285
Ti | 05 0,95 0,5 0,95 0,6 0,57 0,7 | 0,665 0,4 0,38 03 | 0,285
ucC 5440,80 1390,6 4339,08 4611,86 1101,72 828,94
WR | 0,04 [30181,36 | 0,96 |724352,63] 0 0 0 0 1,0 |30181,36 | 1,0 [30181,36
AC 35622,16 72574323 4339,08 4611,86 31283,08 30930,30

Second option

Cu | 0,9 [ 5985 0,1 665 0,9 5386,5 | 0,93 [ 5566,05 [ 0,1 5985 | 0,07 | 418,95
Mo | 08 114 0,2 28,5 0,8 912 | 085 | 969 0,2 228 | 015 17,1

Au | 07 | 0,665 | 03 | 0285 0,8 0,532 | 085 [ 0,56525 | 0,2 0,133 | 0,15 | 0,09975
Ag | 07 6,65 0,3 2,85 0,8 532 | 0,85 | 5,6525 0,2 133 | 0,15 | 0,9975

Bi | 06 2,85 0,4 1,90 0,75 | 21375 | 0.8 2,28 025 | 07125 | 02 0,57
Pt | 06 2,85 0,4 1,90 0,75 | 2,1375 | 08 2,28 025 | 07125 | 02 0,57
Pd | 06 2,85 0,4 1,90 0,75 | 2,1375 | 08 2,28 025 | 07125 | 02 0,57
Co | 06 2,85 0,4 1,90 0,75 | 21375 | 0.8 2,28 025 | 07125 | 02 0,57
Se | 0,6 | 2,166 | 04 | 1444 | 075 | 1,6245 | 08 | 1,7328 | 025 | 05415 | 02 | 0,4332
Te | 06 | 1482 | 04 | 0988 | 0,75 | 11115 | 0,8 | 1,1856 | 025 | 03705 | 0,2 | 02964
cd | 06 | 0228 [ 04 | 015 | 075 0,171 | 0.8 | 0,1824 | 0,25 0,057 | 02 | 0,0456
Re | 0,6 | 0,171 | 04 | o114 | 0,75 | 0,12825] 0,8 | 0,1368 | 025 | 0,04275 | 0,2 | 0,0342
In | 06 1,14 0,4 0,76 0,75 0855 | 08 | 0912 0,25 0285 | 02 | 0,228
Os | 0,6 | 00114 | 04 | 00076 | 0,75 | 0,00855| 0,8 | 0,00012 | 025 | 0,00285 | 0,2 | 0,00228
Ti | 06 1,14 0,4 0,76 0,75 0855 | 08 | 0912 0,3 0342 | 02 | 0,228

ucC 6124,05 708,46 5496,86 5683,36 627,19 440,69
WR | 0,03 | 22636,02 | 0,97 |731897,97 0 0 0 0 1,0 22636,02 | 1,0 |22636,02
AC 28760,07 732606,43 5496,86 5683,36 23263,21 23076,71

— 121 ——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

An example of increasing the integrated use of mineral raw material,as in Soviet times,shows the
LLP "Kazzinc", where the number of the useful components extracted from the ore has reached 20. This
result was achieved due to producing a bulk concentrate, its multiple sequential processing, the construction
of additional productions for extraction from the concentrate the accompanying expensive elements [6].

Moreover, the implementation of these measures may cover the investments over and aboveand
provide obtaining of the high revenues due to increasing the range of the produced metals. And this is
achieved with a much smaller volume of raw materials, which will allow go to the extended wise use of
subsoil resources and reduce the negative impact on the environment.

c.%
[ b
a 310,14-10° L 7
M, T 1
5662 L % 4
3323 -10° |
204 - B2
PM RM P R M

Figure 2 — Masses (a) and costs (b) of the obtained core and rare metals from 950 000 tons of ore

In 2015 LLP JC «SARECO» produced 67 tons of bulk concentrate of rare-earth metals (REM). JSC
Ulba Metallurgical Plant produced 404.05 tons of beryllium, 30.08 tons of tantalum and 4.67 tons of
niobium production. In 2016, it is planned to build another plant that will separate the rare-earth oxides
and metals from the ore concentrate [7].

For the production of REM some kinds of coals are suitable (Karazhyra deposit, East Kazakhstan
Region), and also natural shungites, phosphates, fluorides, etc. The raw material for extraction of the dis-
persed rare metals (indium, thallium, selenium, tellurium, germanium, gallium, rhenium) are the products
of processing of lead-zinc, copper and aluminum-containing ores, ash from burning coal, as well as solu-
tions and sledges of producing sulfuric acid [8].

Together, these sources could provide REM in sufficient amounts to Kazakhstan could take its
rightful place in the global rare-earth metal market.

Conclusions.

1. The developed mathematical models of the material composition of the mineral raw successfully
interconnect the indices of MR processing with the final results. They allow to estimate objectively the
level of the applied technology of processing and to find ways to improve the extraction of core and
concomitant useful components from MS.

2. Technical facilities and technologies adapted to the natural and technological properties of mineral
raw provide a high level of extraction of noble and rare metals.

3. These solutions are the technological resources to increase the quality and completeness of the use
of mineral raw material.

4. An important direction of the MMC diversification is a deep processing of the obtained product,
the creation of high-tech and knowledge-intensive industries and obtaining of the products of higher
commodity readiness.

5. Introduction of scientific developments of thescientists - geologists, miners and metallurgists of
Kazakhstan - by the full and integrated use of mineral raw material (including oil, uranium, coal) into
practice will significantly improve the efficiency of the natural resources sector and the economy as a
whole. At the same time it makes an invaluable contribution to the development of high-tech industries
and provide srapid joining of Kazakhstan to the number of the 30 most developed countries of the world.
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b. P. PakuiueB
K. . CotbaeB aThIHIAFHI Ka3aK YITTHIK TEXHUKAJBIK 3¢pTTCY YHUBEpCHUTETI, Anmarbl, Kazakcran

MHUHEPAJLIBI HTUKIZATTAP OHIMJEPIHIH CAITACBI MEH
TOJIBIKTBIFbIH KOTEPY IIH TEXHOJIOTI'USAJIBIK PECYPCTAPBI

AHHOTanMs. Op eNfiH e3iHiH maiaanel Ka3damnap Kopiapbl OOTysl OHBIH ©HEPKICIIN, OHBIH IMIiHAE CMapT-TEXHOJIOTHSIAP
JKoHE KHOep(HU3NKAIBIK JKYHenepai, SJKOHOMUKACHIHBIH TYPaKThl JaMyBIHBIH Keiai 0okl Tadbuansl. by Kaiita eHOipinMeiTin
JKOHE KaHAPTHUIMANTBIH 3aT OONFaHBIKTAH MUHEPAJIIbI IIHKI3aTThIH KYPaMbIH/IAFbl OapIIblK KOMIIOHEHTTEPIH TeTic )KOHE TOJIBIK
HaiilaIaHbLTy Il KAMTaMAachl3 €TETiH, HAKThI TAJIANITap KO KepeK.

OpTypIli Manaabl Ka3banap sy aIeMaeri Kopiapbl OoitbiHia KazakcTaHHBIH KoHE €JIIeri Tay-KeH-METaUTyprusi KeIIeHi-
HiH (TKMK) opbinbl kepcetinred. COHFBI 5 JKbLT iLIIHCTI Maiiaanbl Ka30anap/ sl irepy MEH OHIIpyIeTi MOJTIMETTEpPi KEITipisireH.
OJIeMIIK MeTaJll HapbIFbIHIAFbI XKaFAaiiIbIH HallapJiayblHa OalIaHbICTh OApIIBIK MUHEPAJABl LIMKI3aTTapAbl KYPAiThIH OapiblK
naiaanel KOMIOHSHTEP/Il TONbIKTal maiianany, COHPIMEH KaTap Keleci HIeKTepaeri OHIMIep/i TOIbIKTal maiiianany MakcaThIH-
na TKMK nuBepcudukanus Kaxerriniri kepcerinren. Conpaii-aK achll, CHPEK jKOHE 0Te CHPEK Ke3eCEeTiH MeTajJap/IblH jKOFa-
PHI OHAIpICTEP i TEXHOJIOTUSIAPFa KAKETTUTIKTEP1, OFaH YJIKEH CYpaHbIC 0ap eKEeHITr1 alflKpIHAAIFaH.

Taiimanel Ka30a KypaMblHIaFbl OapiblK KOMIIOHEHTTEP/CH TONBIKTAil OHIM alyabl KaMTaMachI3aHAbIPaThlH TEXHHKAJIBIK
Kypajiap/isl ’KoHE TIPOIECCTEPi, )KaHa TeXHOJIOTHSUIApABI UTepyTe jKOHE SHTi3yre OarbITTalFaH FHIIBIMU JKYMBICTap/Ibl JKeIelie-
TYJIH ©3eKTUIIrl Heri3/enreH. ATalFaH XYMbBICTap/IbIH HOTIDKEIIUITT TEXHOJIOTVSUIBIK CHIIaTTaMalIapMeH XoHe Mainanbsl Kazoa-
Japasl OHIeyAeri oJapablH TaOUFH KaCHeTTepi TEXHOJIOTHACHIMEH TOJBIKTAll ColKeCTeHJipiIreH ie FaHa KOJI )KeTKi3yre 001aThIH-
JIBIFBI AanenaeHi. THbIMABI TEXHOJIOTUsIIap bl MaiilallaHy apKbUIbI 1IECIIeNi achll XKOHEe CUPEK MEeTaAap/bl LIBIFApHIIT Ty, OHAH
TyceTiH Tabbic Oeiinai MeTangapMeH (MbIc, MOJIHOIeH) canbIcThipranaa 9,33 ece ko GONaThIHBI TAJISIICHICH.

Kaszakcran reosortapblHbIH, KEHILIUIEPIHiH XoHE METAJUTyprIepiHiH MUHEpaIbl TAOUFH pecypcTapabl maiiganany >KOJbIH-
JIaFbl FBIFBUIBIMU-3EPTTEYJICD XKYMBICTAPBI OTE XKOFaphl JeHreine. OHbI TOJNBIKTAH OHAIPICKE eHri3ce, MUHEpaIbl IHKI3aTTapabl
TUIMZI MaiifanaHyra ce0eOiH THri3eai, e IKOHOMUKACHIH jKaH KaKThl koTepeai. CoHbIMEH KaTap Oy mapajap »KOFapFbl TEXHO-
JIOTHSUTBIK OHJIp icTepai TaMbITyFa Oara »KeTrec yiec Kochln, KazakcTaHHBIH oyleMHIH eH aambirad 30 eliHiH KaTapblHa Kipyre
MYMKIHIIK Gepexni.

Tyiiin ce3aep: Tay-keH KewIleHIepi, TYCTi, acblUl, CHpPEK MeTajuliap, MHHEpaIbl MIMKI3aTThl OHAIPYIeTi TEeXHOIOTHSIIBIK
KOpCEeTKIITep, KeIeH Il aliaanany, JaiibIH OHIM, KailTa Kypy.

b. P. PakuieB

Kazaxckuii HaMOHaIBHBIA UCCIeN0BaTeNbCKIH TexHndeckuil yausepeuteT uM. K. WM. Carnaesa,
Anmarel, Kazaxcran

TEXHOJIOI'HYECKUE PECYPCBHI IOBBIIIEHUS KAYECTBA
N IMTOJIHOTBI UCITOJIB30BAHUSA MUHEPAJIBHOI'O ChIPbS

AnHoTamms. OTMEYEHO, YTO HaJIW4YMe COOCTBEHHBIX 3aIlacOB ITOJIE3HBIX MCKOMAEMBIX SBISIETCS FapaHTOM CTAOMIIBHOTO
pa3BUTHsI YKOHOMUKH CTPaHbl, BCCH WHIYCTPUH, BKJIIOYAs CMapT-TEXHOJIOTMH M KuOepdU3HMYecKue CUCTeMbl. B cuily HeBo-
300HOBIISIEMOCTH M HCYSPIIAEMOCTH TAKUX PECYPCOB, K IMPOIECCaM MX HOOBIYH ¥ MepepabOTKU JOIDKHBI IPEIbSBIATHCS 0COOBIE
TpeboBaHus, MPeIyCMATPUBAIOLINE KOMILIEKCHOE U MOJHOE HCIIOIh30BAHUE BCEX KOMIIOHEHTOB, COEPIKAIMXCS B MHHEPAIbHOM
CBIPBE.

ITokazanbr Mecto Kazaxcrana mo 3amacam pas3iMYHBIX BHJOB IOJIC3HBIX MCKOIAEMBIX B MHUPE, POJIb TOPHO-METAJLTYPTH-
yeckoro komiuiekca (I'MK) B sxkoHOMuKe cTpanbl. [IprBeICHBI AaHHbBIC MO JOObIUE W MPOU3BOJCTBY MOJIE3HBIX HCKOMACMBIX 32
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nocienHue 5 ger. OTMEYEHO, YTO B YCIOBUAX YXY[UICHUS CUTYallMH Ha MUPOBBIX PbIHKaX METAJUIOB BO3HHKIA OCTpasi HE0OXo-
quMmoctb B nuBepeudukain I'MK, npenycMarpuBaromieil moBbIIeHHE KOMIUIEKCHOCTH U TIOJHOTHI MCTIONIB30BaHHs BCEX IOJIE3-
HBIX KOMIIOHEHTOB, COJICPKAIIMXCS B MUHEPAJIbHOM ChIPhE M OCBOCHHE MOCIICAYIOIINX MEPEAENIOB. YUTEH TaKoKe OO0JIbIIOH crpoc
Ha OaropojHble, peKkue M PeIKO3eMeNbHBIE METAIIBI Ul Hy)KI BBICOKHX TEXHOJIOTHH, HAQYKOEMKHX OTpacieil MpOMBIIIICH-
HOCTH.

OO0ocHOBaHa aKTyaJbHOCTh YCKOPEHHsSI HAy4YHBIX paboT, HaIpaBJICHHBIX Ha pa3pabOTKy ¥ BHEIPEHHE HOBBIX TEXHOJIOTHH,
HPOLECCOB U TEXHUUYECKUX CPE/ICTB, 00ECIIEUNBAIONINX OOJiee ITOJHOE W3BJICUSHNE B TOBAPHBIN IPOAYKT BCEX KOMIIOHEHTOB, CO-
Jepxaluxcs B pyze. JJokasaHo, 4To Takue pe3y IbTaThl JOCTUTAOTCS IIPU MOJIHOM COOTBETCTBHH TEXHOJIOTHH NepepadOTKH Py Abl
€e NPUPOAHBIM CBOHCTBAM U TEXHOJIOTHUECKUM XapaKTEPHCTHKAM.

TToka3aHo, YTO BCE TEXHOJOIMH I'€0JIOr0-pa3BeJOYHOr0, FOPHOJOOBIYHOTO, OOOTaTUTEILHOTO U XUMUKO-METaTyprudec-
KOT'O MPOU3BOJICTB, HPEIyCMaTPHBAIOIIKE TTOBBILICHHE KOMIUIEKCHOCTH M3BJICUCHHS IOJIE3HBIX KOMIOHEHTOB HCKOMAEMbIX, CO-
CTOSIT B YBEJIMUCHUH MX YHCIIA, TIOBHIIIEHUN 3HAUYCHUH KOX(Q(UIMEHTOB UX U3BJICUCHUS B KOHIEHTpAT, MeTaiul. OHM NpencTaB-
JSFIOT CO00M TEXHOJIOTHYECKHE PECYPCHI MOBBIIIEHHSI Ka4eCTBA U TOJIHOTHI HCIOJIB30BAHNSI MHHEPATIBHOTO CHIPBS. DTO IPOMIIIO-
CTPHBAHO Ha KOHKPETHBIX Mpumepax. [loacynTaHo, YTO COBOKYIHBIE JOXOJbI OT peajHu3alliy COIYTCTBYIOIIUX OJIaroJapHbIX U
PEOKHX METAJLIOB IPEBBINIACT JOXOABI OT MPO(GUIBHBIX MeTAIUIOB (Meau, MosnbaeHa) B 9,33 pasa.

BHeznpeHue Hay4HBIX pa3pabOTOK YUCHBIX - T€0JIOrOB, FOPHAKOB M MeTajulypros KasaxcraHa 1o nojiHomy U KOMILIEKCHOMY
HCHOJIb30BAHUIO MUHEPAJILHOTO ChIPbs (B TOM 4Hcie HE()TH, ypaHa, YIisi) B NPAKTHKY CYLIECTBEHHO YJIy4IIUT 3(PEKTHBHOCTH
paboThl MUHEPAIBEHO-CHIPHEBOTO CEKTOPA M SKOHOMHKH CTPaHbI B 11e710M. OTHOBPEMEHHO OHO BHOCHT HEOLICHHMBIH BKJIa] B pas-
BUTHE HAyKOEMKHX OTpacieil MPOMBINUIEHHOCTH U OblcTpeiiiee BxoxkaeHne Kaszaxcrana B uuciio 30 Hanbosee pa3BUTHIX CTpaH
MHpa.

KnioueBble cJI0Ba: TOPHO-METAUIYPIrHIECKHH KOMIUIEKC, IBETHBIC, OJIArOpoJHBIE, PEKHE METalIbl, TeXHOJIOTHYECKHe
MOKa3aTelv NepepadoTKH MUHEPAIBEHOTO ChIPBsI, KOMIIEKCHOE HCIIONB30BaHKE, TOTOBAs MTPOIYKIHS, TUBEPCH(DUKALISL.
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