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Abstract. This article examines the key factors involved in the production of electrolytes for vanadium batteries. It delves
into various important parameters, including the optimal concentration of vanadium in the electrolyte, the composition of the
electrolyte itself, and the necessity of maintaining appropriate levels of ionic strength, viscosity, temperature, and electrical
conductivity in the solution. Moreover, the article highlights the significance of preventing electrode wear and sediment for-
mation, offering insights into different reagents used and their specific mechanisms of action. By providing such valuable
information, this article emphasizes the utmost importance of manufacturing high-quality vanadium batteries and their essen-
tial electrolytes, especially considering the rapid advancements in this field. This comprehensive study sheds light on the cru-
cial parameters that must be carefully considered during the production of electrolytes for vanadium batteries. It stresses the
criticality of maintaining optimal concentrations, proper composition, and suitable levels of ionic strength, viscosity, tempera-
ture, and electrical conductivity. It is also underscoring the need to prevent electrode wear and sediment formation. Generally
speaking, this article serves as an invaluable resource in the production of top-notch vanadium batteries and their indispensable

electrolytes in light of the rapid progress in this domain.

Keywords: vanadium batteries, electrolyte concentration, electrolyte viscosity, redox processes, electrodes.

1. Introduction

Vanadium batteries have gained significant attention in
recent years as a promising energy storage solution for re-
newable energy sources [1-3]. The ability to store and release
energy efficiently is crucial for the integration of intermittent
renewable energy sources into the electricity grid. Vanadium
batteries, particularly the vanadium redox flow batteries
(VRFBs), have emerged as a viable option due to their scala-
ble design, long cycle life, and high energy efficiency. Cen-
tral to the functioning of these batteries is the electrolyte
composition, which plays a crucial role in determining their
performance and overall efficiency [4].

Research efforts have been focused on improving the
composition of electrolytes to enhance the storage capacity,
charging efficiency, and stability of vanadium batteries.
Electrolytes are critical components as they enable the flow
of ions between the positive and negative electrodes during
the charge and discharge processes. The choice of electrolyte
composition affects the battery's performance, energy densi-
ty, and overall efficiency. Thus, understanding and improv-
ing the electrolyte composition is of paramount importance
for the development of more efficient vanadium batteries.

Several studies have investigated the effects of different
electrolytes on the performance of vanadium batteries. For
instance, Puleston et al. [5] conducted a comprehensive re-
view of the electrolyte compositions used in VRFBs and
highlighted the significance of optimizing the concentration

and composition of vanadium species. They emphasized the
need for developing high-performance electrolytes with
improved stability and higher energy density. Despite the
growing interest in vanadium batteries and their electrolytes,
there are still gaps in our knowledge. One area that requires
further research is the development of low-cost and sustaina-
ble electrolyte solutions for large-scale applications. Tradi-
tional VRFBs utilize expensive and environmentally hazard-
ous vanadium salts as electrolytes. However, recent studies
have explored alternative electrolytes, such as organic com-
pounds and non-vanadium redox couples. These alternative
electrolytes offer the possibility of reducing costs, enhancing
sustainability, and expanding the range of applications for
vanadium batteries [6].

The schematic structure of vanadium batteries (Figure 1),
specifically vanadium redox flow batteries (VRFBS), consists
of several key components that enable their operation. These
components include the electrolyte tanks, the stack of elec-
trochemical cells, the flow loop, and the power management
system. Understanding the principle of operation of VRFBs
is crucial for comprehending their potential in energy storage
applications.

At the heart of VRFBs are two separate electrolyte tanks,
typically referred to as the positive electrolyte tank and the
negative electrolyte tank. These tanks contain vanadium-
based electrolyte solutions with different redox states. The
positive electrolyte tank houses the positive electrolyte solu-
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tion with vanadium ions in the +5 oxidation state (V5+),
while the negative electrolyte tank contains the negative
electrolyte solution with vanadium ions in the (+2) oxidation
state (V2+). The distinction in redox states of the electrolytes
is one of the distinguishing features of VRFBs [1,7].
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Figure 1. Schematic representation of vanadium batteries - re-
drawn from [1]

The electrochemical cells of a VRFB stack are the main
units responsible for converting chemical energy to electrical
energy and vice versa. Each cell consists of a positive and a
negative electrode, separated by a membrane. The electrodes
are typically made of carbon-based materials that provide a
large surface area for the exchange of ions. The membrane,
often made of an ion-conducting polymer, allows the
selective passage of vanadium ions while preventing the
crossover of other species [8].

During the charge process, the electrolytes flow through
the stack of electrochemical cells in a continuous manner.
The negatively charged vanadium ions (V?*) from the
negative electrolyte solution are oxidized at the positive
electrode, releasing electrons and transforming into
positively charged vanadium ions (V3*). These electrons flow
through the external circuit, providing electrical energy.
Meanwhile, the positively charged vanadium ions (V) in
the positive electrolyte solution are reduced at the negative
electrode, accepting the electrons and transforming into
negatively charged vanadium ions (V#*). Conversely, during
the discharge process, the flow of electrolytes through the
electrochemical cells is reversed. The negatively charged
vanadium ions (V#*) from the positive electrolyte solution
are oxidized at the negative electrode, releasing electrons and
transforming into positively charged vanadium ions (V°*).
These electrons again flow through the external circuit to
provide electrical energy. Meanwhile, the positively charged
vanadium ions (V**) in the negative electrolyte solution are
reduced at the positive electrode, accepting the electrons and
transforming into negatively charged vanadium ions (V2*).
The overall reaction can be represented as follow:

VOZ + V3 + H,0 — VOu* + V2 + 2H* (1)

As the electrolytes flow through the cell stack, the
vanadium ions undergo continuous oxidation and reduction
reactions, enabling the storage and release of electrical energy.
The flow loop, consisting of pumps and pipes, facilitates the
circulation of the electrolytes between the electrolyte tanks and
the stack of electrochemical cells. This flow-based design
allows for flexible scalability and long cycle life [9].

The power management system of VRFBs controls the
charging and discharging processes, ensuring efficient
operation and preventing overcharging or overdischarging. It
monitors and adjusts the flow rates of the electrolytes based
on energy demand and manages the potential imbalances
between the positive and negative electrolyte solutions.

2. Materials and methods

2.1. The essential requirements for the concentration of
vanadium electrolyte in the usage of vanadium batteries

Figure 2 illustrates the increasing research efforts aimed
at addressing the challenges associated with the concentra-
tion of vanadium electrolyte in vanadium batteries. These
batteries are gaining popularity in various industries due to
their high energy density and long service life. However, the
strict requirements for the concentration of vanadium electro-
lyte pose a significant obstacle to their widespread use. Im-
proving the conditions and properties of the electrolyte in
vanadium batteries is crucial for further enhancing their
existing advantages. Therefore, research work in this area is
on the rise, with the aim of overcoming the problems and
limitations associated with vanadium batteries and their elec-
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Figure 2. Scientific publications published from 2010 until
mid-2020 on vanadium batteries - redrawn from [10]

Extensive research has established that the optimal con-
centration of vanadium in the electrolyte falls within the
range of 1.5 to 2.0 m (molarity) [11,12]. Within this range,
vanadium batteries exhibit the most favorable combination of
energy density, specific power, and service life.

However, issues may arise if the concentration of vanadi-
um electrolyte exceeds the recommended range. Primarily, a
higher concentration elevates the viscosity of the electrolyte,
impeding the movement of vanadium ions within the battery.
This results in increased internal resistance and reduced
overall efficiency. Moreover, utilizing a highly viscous solu-
tion necessitates additional operational requirements, conse-
quently raising the costs associated with vanadium battery
applications. Another drawback of excessive vanadium con-
centration in the solution is the formation of solid sludge or
sediment-like precipitates within the battery. The formation
of such a precipitate creates blockages in the flow channels
within the battery, hindering the movement of vanadium
ions. As a consequence, the battery's efficiency may de-
crease, and the functioning of the operational systems can be
compromised [13].
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Optimal performance of the battery necessitates maintain-
ing the concentration of vanadium electrolyte within the
recommended range. Insufficient concentration results in
diminished energy density and restricts the battery's energy
storage capacity. Additionally, a low vanadium concentration
can result in decreased voltage, rendering the battery unsuit-
able for high-power applications. Insufficient electrolyte
concentration also elevates the self-discharge rate of the
battery, reducing its ability to retain stored energy over an
extended period.

To emphasize the significance of maintaining the optimal
concentration of vanadium electrolyte, let us consider an
example. Suppose the concentration of vanadium in the bat-
tery electrolyte exceeds the recommended range. As a result
of increased viscosity, the internal resistance of the battery
rises, causing substantial energy losses during charge and
discharge cycles. This decrease in overall efficiency leads to
reduced operating time and diminished energy production.
Furthermore, the elevated concentration can result in the
formation of a precipitate within the battery, obstructing the
movement of vanadium ions and clogging the flow channels.
These negative effects significantly curtail the energy capaci-
ty of the battery, consequently shortening its lifespan [14].

Conversely, if the concentration of vanadium electrolyte
falls below the specified effective range, the energy storage
capacity of the battery will be diminished. Deviations in the
vanadium electrolyte concentration from the recommended
range can give rise to various issues, including increased
electrolyte viscosity, sediment formation at the bottom of the
battery, and decreased specific energy and power. Therefore,
meticulous attention must be given to maintaining the appro-
priate concentration of vanadium electrolyte to ensure the
efficiency and optimal functioning of batteries utilizing va-
nadium electrolytes.

2.2. The fundamental operational principle of vanadium
batteries

Vanadium batteries consist of two cells: one with a low
oxidation state electrolyte containing vanadium ions (V2* and
V34, and the other with a high oxidation state electrolyte
containing vanadium ions (V4 and V®"). Maintaining the
correct balance of these oxidation states is crucial for the
long-term lifespan and overall efficiency of the battery.

The electrical energy in vanadium batteries is stored as
chemical potential energy through reversible redox reactions
at the positive and negative electrodes. During charging,
electrons from an external power source convert V2* ions in
the negative electrolyte to V3* ions, and V°* ions in the
positive electrolyte to V** ions. During discharge, these
redox reactions are reversed, converting V®* ions back to V2
ions in the negative electrolyte and V#* ions back to V°* ions
in the positive electrolyte. The ability of vanadium batteries
to store and deliver electricity depends on redox reactions
involving vanadium ions of different oxidation states.
Therefore, maintaining the balance of these reactions is vital
for the overall performance and cost-effectiveness of these
batteries. Imbalances in the oxidation state balance can lead
to capacity loss, reduced efficiency, and battery failure [15].

One of the key factors affecting the balance of oxidation
states is the transfer of vanadium ions between the positive
and negative electrolytes. This transfer occurs through an
ion-selective membrane during a transition period. However,
the use of low-quality diaphragm materials can disrupt the

oxidation state balance and decrease performance. This
chaotic migration of vanadium ions between electrolytes is
termed cross-movement. To address this issue, research is
focused on using highly selective ion-selective membranes,
such as Naphion, that prevent the chaotic mixing of
vanadium ions by selectively transporting protons.

Another research [16] focus is optimizing the
composition and concentration of electrolyte solutions to
maintain the balance of vanadium ion oxidation states.
Various additives can be incorporated to improve the
selectivity of ion-selective membranes and reduce the
negative mutual effects of vanadium ions. The design and
configuration of vanadium batteries also play a role in
oxidation state balance. Factors like electrode area,
geometry, and electrolyte flow rate influence redox reactions
and vanadium ion migration. Thus, correctly shaping the
electrodes and controlling electrolyte flow aid in maintaining
the proper distribution of vanadium ions in the solution.
Other factors such as temperature, pH, and electrolyte
composition can also impact redox reactions and vanadium
ion migration. Therefore, managing and optimizing these
operational parameters are crucial for achieving optimal
battery performance.

Furthermore, the use of advanced materials and
technologies can enhance battery efficiency and performance.
Researchers are exploring the utilization of various electrode
materials, such as carbon-based materials and metal oxides, to
improve redox reactions and increase energy density.
Additionally, the development of new ion-selective
membranes with enhanced selectivity and stability can further
enhance electrolyte balance and overall battery performance.

3. Results and discussion

3.1. Effect of ionic strength

The ionic strength is a critical factor in the utilization of
vanadium redox batteries, directly impacting their efficiency
and performance. It plays a vital role in determining the
overall effectiveness of these batteries.

Firstly, the ionic strength significantly influences the
conductivity of the electrolyte solution. Higher ionic strength
results in increased conductivity, enhancing the overall effi-
ciency of the battery. This improved conductivity facilitates
faster transport of ions between the electrodes, reducing
internal resistance and voltage losses. Additionally, higher
ionic strength enhances the solubility of vanadium ions,
which is crucial for maintaining the power and energy densi-
ty of the battery. Insufficient solubility can lead to the for-
mation of deposits on the electrodes, compromising the per-
formance and overall integrity of the battery. Furthermore,
the electrochemical reactions occurring at the electrodes are
also impacted by the ionic strength. The speed of redox reac-
tions involving vanadium ions is directly related to the ionic
strength of the electrolyte. High ionic strength promotes
faster charging rates for the battery. However, it is important
to note that excessively high ionic strength can have detri-
mental effects on battery performance [17].

Elevated ionic strength can increase viscosity and reduce
ion movement (diffusivity), ultimately slowing down the
kinetics of redox reactions. Therefore, ongoing research is
focused on finding the optimal balance of ionic strength that
maximizes battery performance without compromising its
overall efficiency.
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3.2 Effect of conductivity of the electrolyte

lonic conductivity refers to the capacity of an electrolyte
to facilitate the flow of electric current via ion movement. In
the case of vanadium batteries, the electrolyte solution
comprises vanadium ions in different oxidation states
(VZ/V3 and V*/V®). To ensure optimal conductivity, a
strong acid, typically sulfuric acid, is commonly employed.
As the movement of vanadium ions within the electrolyte
greatly impacts the power output, efficiency, and overall
performance of the battery, it is a crucial factor in the
functionality of vanadium batteries [7].

The pace at which vanadium ions move through the
electrolyte solution hinges on the ionic conductivity of the
electrolyte. Higher conductivity translates into swifter ion
mobility, resulting in amplified power generation and
efficiency for vanadium batteries. Numerous elements
influence conductivity, including the concentration of
vanadium ions, temperature, electrolyte viscosity, and the
presence of impurities in the electrolyte solution [1,18].

3.3 Effect of vanadium concentration

Raising the concentration of vanadium ions enhances ionic
conductivity by providing additional ions for the conduction of
electric current. However, exceedingly high concentrations can
result in heightened viscosity, which inhibits the movement of
ions and leads to a decline in ionic conductivity. The figure 3
clearly demonstrates a strong correlation between the con-
centration of vanadium in solution and its electrical conduc-
tivity.
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Figure 3. Conductivity due to different oxidation states of
vanadium at 20 °C [19]

This relationship is supported by scientific evidence and
can be explained by the oxidation states of vanadium. When
comparing different degrees of oxidation of vanadium, it
becomes evident that a higher degree of oxidation is associ-
ated with a higher electrical conductivity. This can be at-
tributed to the alteration in electronic structure and charge
distribution within the vanadium ions as they undergo oxida-
tion. As the oxidation state of vanadium increases, so does
the number of available valence electrons, enabling a higher
mobility of charge carriers within the electrolyte. A concrete
example of this phenomenon is observed when comparing
vanadium electrolytes with different concentrations of vana-
dium ions. A higher concentration of vanadium ions results
in a larger number of vanadium atoms available for oxidation
and consequent increase in electrical conductivity. This can
be visually represented in the figure, where higher concentra-
tions are clearly associated with higher electrical conductivi-
ty values.

3.4 Effect of temperature

Temperature is a crucial factor in influencing electrolyte
conductivity. Elevated temperatures generally enhance ion
mobility, thereby increasing ionic conductivity. This occurs
because higher temperatures provide the ions with greater
Kinetic energy to overcome electrostatic forces, allowing
them to move more freely. However, excessive temperatures
can lead to thermal degradation of the electrolyte and a sub-
sequent decrease in battery performance (Table 1).

Table 1. The effect of electrolyte temperature on voltage effi-
ciency and electrical conductivity [20]

Ne | Temperature, = Voltage efficiency, = Conductivity,
°C (%) mS-cm *
1 15 86,5 430
2 25 87,6 480
3 35 88,4 525
4 45 89,2 560
5 55 90,5 620

The rise in temperature induces an increase in kinetic en-
ergy, causing the movement of charged particles within the
electrolyte to accelerate. This accelerated motion leads to
more collisions between the charge carriers, resulting in
enhanced ion mobility and increased electrical conductivity.
The relationship between temperature and electrical conduc-
tivity can be mathematically described by the Arrhenius
equation. According to this equation, the electrical conduc-
tivity (o) of the electrolyte increases exponentially with in-
creasing temperature (T), following the equation:

6 = co'exp(Ea/RT) 2

Where oo - represents the pre-exponential factor, Ea - the
activation energy barrier, R - is the ideal gas constant, T -
represents the absolute temperature.

From this equation, it is evident that an increase in temper-
ature leads to a higher value for 6. The improved electrical
conductivity at higher temperatures has several benefits for
vanadium batteries. Firstly, it results in reduced internal re-
sistance, allowing for more efficient charge transfer between
the vanadium ions during the redox reactions. This increased
efficiency translates into higher energy conversion and storage
capabilities. Additionally, the enhanced electrical conductivity
promotes better electrochemical kinetics and higher power
output, making vanadium batteries more suitable for demand-
ing applications that require rapid energy transfer.

However, it is important to note that excessively high
temperatures can have detrimental effects on the overall
performance and lifespan of vanadium batteries. Extreme
temperatures can cause accelerated degradation of the elec-
trolyte and electrode materials, leading to reduced capacity
and decreased cycle life.

3.5 Effect of viscosity

Viscosity is a significant factor influencing the ionic
conductivity of electrolytes. It refers to the internal resistance
of a liquid. An increase in the viscosity of the electrolyte
results in greater resistance for ions to move through the
solution, leading to a decrease in ionic conductivity. Thus,
maintaining an optimal range of viscosity is crucial to ensure
adequate ion transport and efficient operation of vanadium
batteries [20,21].
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The presence of impurities in the electrolyte can also
impact ionic conductivity. However, certain additives can
increase ionic conductivity by enhancing the solubility and
mobility of vanadium ions. These additives may include
organic compounds, surfactants, or salts that can modify the
properties of the electrolyte and enhance its ionic
conductivity. In recent years, researchers have been
exploring various methods and materials to enhance the ionic
conductivity of electrolytes in vanadium batteries. Through
their work, new electrolyte compositions have been
developed that exhibit low viscosity and high ionic
conductivity, without compromising the essential properties
required for battery operation. For instance, researchers have
investigated the addition of phosphoric acid and acetic acid
to electrolytes, which has been found to increase their ionic
conductivity and improve overall battery performance [22].
In addition to acid concentration, the vanadium content in the
solution can also influence the viscosity of the electrolyte.
For instance, as mentioned in article [23], the authors assert
that an increase in vanadium concentration leads to a
corresponding rise in the electrolyte's viscosity (Figure 4).

Overall, research efforts are focused on optimizing the
composition and properties of electrolytes to enhance the
ionic conductivity and efficiency of vanadium batteries.

Viscosity, poise

(=T - IR VS I S )

2M 25M 3M 35M 4M 45M 5M
V concentration, M

Figure 4. The effect of vanadium concentration on the elec-
trolyte viscosity [23]

One area of research with promising results focuses on
the development of ion-permeable membranes for use in
vanadium batteries. These membranes are designed to sepa-
rate the positive and negative electrolyte solutions, enabling
the movement of vanadium ions. Researchers [24] are work-
ing to optimize the properties of these membranes, such as
porosity, thickness, and chemical composition, in order to
increase the ionic conductivity and improve the overall effi-
ciency of vanadium batteries.

Another study has found that the incorporation of nano-
materials in vanadium batteries can enhance the ionic conduc-
tivity of the electrolytes. Nanomaterials such as carbon nano-
tubes, graphene, and metal oxides can be added to the electro-
Iyte solution or used as additives to improve the transport
properties of ions. These nanomaterials provide a large surface
area for ion adsorption, leading to an increased rate of ion
diffusion. This, in turn, improves the ion conductivity capacity
and overall performance of vanadium batteries.

4, Conclusions

The review article presents a meticulous analysis of the re-
quirements for vanadium electrolytes in batteries, consolidat-
ing data from various published works. The article extensively
covers significant aspects related to the operation of vanadium
batteries, including the impact of ionic force, vanadium con-

centration, temperature, and viscosity on battery performance.
The findings highlight the crucial role played by these parame-
ters in determining the efficiency and functionality of vanadi-
um batteries. The article provides essential data on the optimal
values for each of these variables, enabling researchers and
industry professionals to enhance the overall performance of
vanadium batteries. By synthesizing a multitude of research
papers, this review article assumes a unique position as a valu-
able source of information. It serves as a comprehensive refer-
ence for individuals seeking to expand their knowledge and
understanding of vanadium batteries.
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Anpatna. Makanana BaHaguii OaTapesyiapblHJa KOJIIAHBUIATHIH 3JIEKTPOJUTTEPAl OHAIpYre KajaralaHaThlH HErisri
(hakTopmap TanmaHFaH. DIEKTPOIUTTEP OHIpici OaphICHIHIA CaKaTalaThIH MapaMeTpiIepHi, COHBIH IMIiHAE JIEKTPOJIHUTTETI
BaHAIUUAIH THIMII KOHIICHTPALUACHIH, JCKTPOJHUTTIH KYPaMBIH JKOHE CpITiHIIAeri MOHIBIK OCPIKTIKTIH, TYTKBIPIBIKTHIH,
TEeMIIepaTypaHblH JKOHE 3JIeKTP OTKI3TIITIKTIH THICTI ACHIeWJepiH caKTray KaKeTTUIriH aikeiHmaiasl. COHBIMEH KaTap,
Makalaaa dJICKTPOATAPABIH TO3YbIH JKOHE IMIOTiHAUIEpIiH Maijaa O0JysIH OONABIPMAYIBIH MaHBI3ABUIBIFEl KOPCETLTIM, OChI
MaKcaTTa KOJNJaHBUIATBIH SPTYPIIl PeareHTTep KOHE OJIApABIH dcep €Ty MEXaHHM3MIepi Typansl TYCiHik Oepinren. OchiHOaH
KYHIIBI aKIapaTThl KaMTBIFAH MaKalaja >KOFaphl camajbl BaHAa[Ui Oatapesuiapbl MEH OJIApAbIH MaHBI3/Ibl AJIEKTPOIUTTEPIiH
OHJIPY/iH, ocipece OCHl cajlalarbl KapKBIHABI JKETICTIKTEpAl ecKepe OTBIPHIN, OCHI OHJIPICTIH MaHBI3ABUIBIFEIHA Oaca Hazap
ayznapbuiansl. byi skaH-KaKThl 97101 3epTTey KYMBICH BaHaJui OarapesulapblHa apHaJFaH JIEKTPOIUTTEP/l OHIIpY Ke3iHe
MYKHUST KapacThIPBUIYbl KEPEeK MaHBI3/bl NapaMeTpiiepi aHblKTaiasl.COHBIMEH KaTap Makauaja dJIeKTPOATapIbIH TO3YbIH
JKOHE LIeTiHAUIEepiH naiaa 60iybIH O0JABIpMay XKOJIBIHAA JKacalaThlH ic-IIapajiap Typalibl HETi3ri MpolecTep CUIlaTTajFaH.
Kanner aiitkannma, Oyl Makama OCHl calaiarbl KapKbIHABI INPOTPECTEp/i €CKepe OTBIPHIN, JKOFaphbl camanbl BaHAAWH
GarapesutapbIH XoHE OJIApbIH AJIEKTPOIUTTEPIH OHIIPYIe KYHIBI PECYPC PETiHAE KbI3MET eTe/i.
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AnHotanus. B cratbe paccMaTpuBaroTcsi KitodeBbie (PaKTOpPbI, CBA3aHHBIE C TIPOU3BOJCTBOM JJIEKTPOJIUTOB /I BaHaUe-
BBIX AKKyMYJSITOpPOB. B HeM paccMaTpuBaroTCs pasjiMYHbIE Ba)KHbIE IIAPaMETpPbl, BKIIIOYAs ONTUMAJIbHYH) KOHLEHTPALHUIO
BaHaJMs B JJIEKTPOJIUTE, COCTAB CaMOTO JICKTPOJINTA U HEOOXOJUMOCTh IMOJICPXKAHUSI COOTBETCTBYIOIIMX YPOBHEH MOHHOM
CHIIBL, BA3KOCTH, TEMIEPATYPBl U AIIEKTPONPOBOAHOCTU B pacTBope. KpoMme Toro, B cTaree AaHbl METOIbI IPEJOTBPALIECHHS
M3HOCA JJIEKTPOJOB U 00pa30BaHMs OCaKa, TACTCs IPEACTABICHUE O PA3IMYHbBIX HCIIOIb3YEMbIX pearcHrax 1 ux crenugpude-
CKMX MexaHu3Max naeiicTBus. IlpenocTaBisist BBIIICONUCAHHYIO MH()OPMAIHIO, 3Ta CTAaThsi NOAYEPKUBACT UCKIIOYUTEIHHYIO
B)XHOCTH IIPON3BOJICTBA BHICOKOKAYECTBEHHBIX BAHAJMEBBIX AaKKYMYIATOPOB M MX OCHOBHBIX 3JIEKTPOJIUTOB, OCOOCHHO Y4H-
TBIBasi CTPEMHUTEJNIBHBII MPOTpecc B 3TOH 00sacTH. DTO MCCIEIOBAaHIE OXBATHIBACT BaXKHEHIINE MapaMeTpsl, KOTOPbIE HE00X 0-
JUMO TIIATENBHO YYUTHIBATH MPH NPOU3BOJCTBE DIEKTPOIUTOB U BaHAJUEBBIX aKKyMYJIATOPOB. B HEM IpOMILTIOCTpHUPOBA-
HO Ba)KHOCTb IOJJECPKAHUS ONTUMAJIBHBIX KOHLEHTpalLuil, HaJJIeXkallero cocTaBa U MOAXOAALIUX YPOBHEH MOHHON CHIIBI,
BSI3KOCTH, TEMIIEPATyPhl U 3JIEKTPOIPOBOTHOCTH. Takxke NoAUepKUBAETCS HEOOXOUMMOCTD NMPEAOTBPAILICHUS H3HOCA DIIEKTPO-
JIOB 1 00pa3oBaHust ocajika. B oOriiem, cTaThs sIBISETCS 3HAYUMBIM PecypcoM MH(GOPMAIMH JAJIs IPOU3BOJICTBA BaHAIMEBBIX
AKKyMYJISITOPOB M X HEOTHEMJIEMBIX AJIEKTPOJIMTOB, OCOOEHHO YYHMTHIBasi OBICTPHII ITpOrpecc B JaHHOH cdepe.
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Abstract. The paper presents the results of comprehensive studies of the processing of ferrous metallurgy dust by high-
temperature sintering together with CaCl,. Using modern research methods of X-ray fluorescence spectroscopy, inductively
coupled plasma mass spectroscopy ICP-MS (Agilent 7700s ICP-MS System Technologies), powder X-ray diffraction (Ultima
Il (Rigaku Corporation, USA), the composition of dust and the forms of metals in them have been studied: zinc in dust is
mainly represented in in the form of zincite (ZnO) and in the form of franklinite (ZnFe;0.). Zinc chloride hydrates
(ZnsClz-(OH)8-H20) were found in a small amount. Lead was found in a metallic form. The results of the influence of temper-
ature and consumption of CaCl; on the distribution of Zn, Pb between sintering products (clinker, sublimates) are presented.
The optimal process parameters were established: t = 900°C, t = 60 minutes, the consumption of CaCl; is 1.3 times higher than
its consumption from the SRQ. High quality zinc sublimates were obtained, % by weight: 40.87 Zn; 0.16 Pb; 44.82 Cl; 13.04
O; others. A high recovery of zinc in distillates has been achieved — 98.9%. The presence of a minimum lead content in the
distillates will not significantly affect their quality. New data on the extraction and distribution of zinc and lead between the
products of high-temperature sintering of clinker together with CaCl, have been obtained. It was found that at temperatures
above 700°C, the zinc content in the clinker decreases sharply. The minimum zinc content in the clinker of 0.62% corresponds
to a temperature of 900°C. An increase in temperature to 1000°C only slightly reduces the zinc content in the clinker to 0.6%.

Keywords: dust, sintering, temperature, calcium chloride, lead, zinc, thermodynamics, extraction, clinker, sublimate.

1. BBenenue CYeT MX Pa3Ma3blBaHHs MEXIY MPOJYKTaMH IPOM3BOACTBA.
ITpn 3TOM MPOMCXOANUT PE3KUH POCT IMHKA B OOIIEM MTPOM3-
BOJICTBE, HAJIMYHE KOTOPOTO OKa3bIBAET CYIIECTBEHHOE BIIU-
SHUE Ha KadecTBO TOBApHOM HPOIYKIMH. DTO INPHUBEIO K
OTKa3y OT TakoW nepepabOTKH NBUIM, YTO NPHUBENIO K 0O0JIb-
IIOMY MX HaKOIUICHHIO M POCTY MX 00beMa B reoMeTpHhue-
ckoif mporpeccun. CloKUBIIEECs MOJIOKEHUE C TBUIBIO Yep-
HOW METaJIIypTrHH TaKOBO, YTO €€ COBIT MPaKkTHYECKH HEBO3-
MOJKEH, BBUY OONIBIIOrO COAEPKaHHUs B HUX CBHHILA. CHUTY-
aryst TpeOyeT KapAMHAIBHOTO PEeIICHHUS.

ITo MHEHHIO GOJIBIIMHCTBA DKCIEPTOB, €Cin padoTa npe-
NPHUATHIA YePHON METAILTYPTUH ¢ OOJBIIMMH MX MOIIHOCTSMHU
He OyJer mojyiepkaHa TOCYIAapCTBOM B YacTH YITy4IIEHUS
9KOJIOTMYECKOI 00CTaHOBKM B KPYIHBIX ropopax Kaparanna,
AxTroOnHCK, TemupTay n BOKpYT HHX, TO )KHU3HEIEATEIEHOCTh
3aBOZIOB MOXeET ObITh HpHOcTaHOBIEHA. CIpaBeUTMBOCTH
paay Hy»HO HNOAYEPKHYTb, UTO 110 CTPAHE PETYIAPHO MPOBO-
JIITCS Pa3NIMIHbIE SKOJOTMYECKHE MEPOIPHITHS M Hay4dHbBIC
(OpYMBI COBMECTHO C MECTHBIMH TPEACTABUTEIHHBIMU Opra-
HaMH{, OOIIECTBEHHOCTHIO W JPYTHUMH 3aWHTEPECOBAHHBIMU
CTOPOHAMH, TIOBECTKOH JTHS KOTOPBIX SIBISACTCS MOUCKH pellie-
HUH 10 03/I0POBJIEHHUIO OKpYy’Karomeil cpenpl. OqHaKo CcyIe-
CTBEHHBIX CIBHTOB II0 DPEUICHHIO MPOOIEMBI YTHIH3AINN
MIBUTH YE€PHOM METaJUTypruy He HaOJII0/1aeTCs.

B nactosmee Bpemst B KazaxcTane He3aBHCHUMO OT TOTO,
YTO BEJETCSl Y4eT HAKOIJIEHUS BTOPHUYHOIO CHIPbS, B TOM

B coBpeMeHHBIX YCNIOBHUSX BOIIPOCHI NEpepabOTKU TEKY-
el 1 HaKOIUIEHHOW mbuin yepHoil Metamtypruu Kazaxcra-
Ha SIBJSIFOTCS. HE MOJHBIM TPEH/IOM, a TPeOYIOT KapAWHAaIb-
HOTO PEIICHUS C LENBI0 «O3IOPOBJICHHUS» 3KOJOTHIECKON
curyanuu crpanbl. OCHOBBIBAsICh Ha MaTepuayax, MOCBS-
IIEHHBIX TPOOJIeMaTHKe MepepadOTKH TEXHOT€HHBIX OTXO-
JIOB YEpHON METaJUTypruu, MOXHO BBIACIHTH CIEIYIOIIHE
BakHbIe acnekThl. B KazaxcraHe HemocTaTodHO yaemsercs
BHUMAaHHS BOIIPOCY pa3esIbHON NepepaboTKH MHOTOKOMIIO-
HEHTHOW IMHKCOJeprKaIiien meiau. OpraHu3aius ux mnepepa-
00TKH cliepKUBaeTcst OOJBIINM COIEpP)KaHUEM B HUX CBHHIIA,
KOTOPBI BappUpyeTCs B MIMPOKHUX NpeAenax U JOXOIAUT 10
6% [1, 2]. B pe3yabrate 3TOro 0oJbIuasi YacTh MOTSHIHANA
BTOPHUYHOIO CBIPbsSI TE€PSIET CBOIO NPHUTOJHOCTh K JallbHEH-
meit nepepaborke. OTCyTCTBHE pa3fenbHON IepepaboTku
OBUIM BEJET K MX HAKOIUIEHUIO, YTO BCErja NpPUBOIUT K
HanOOJIbIIEH 3arPSI3HEHHOCTH OKpY Karomei cpeapl. XOTs Ha
NPEANPHUATHAX YEePHOM METAITypruul W 3a/JeHCTBOBaHA JIO-
KaJbHas mepepaboTKa MBUTH OT NMPOU3BOJCTBA CTAIN U (ep-
POCIUTIaBOB, OHH HE PEIIAlOT MPOOJIEMBI B KOMILIEKCE.

M3BecTHBIC TEXHOJIOTHH IO BO3BPATy IBIIM B TEXHOJO-
THYECKUH TpoIiece W mepepadoTKa MX H3BECTHBIMH CIIOCO-
6amu arjomepanuy U JpyruMu MeToaamu [2-9], conpoBoxk-
JIAIOTCSl 3HAYUTENBHBIMHM IIOTEPSIMH IIEHHBIX METaJUIOB 3a
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YUCJIe TEKYIIEH W HAaKOIJICHHOW NbLIM YePHOW METaJLTypriuu,
cHCcTeMa pa3lIesIbHON KOMIUIEKCHOH MX mepepaboTku U paspa-
00TKa HOBBIX TEXHOJIOTHH 0 YTHJIN3ALUH IBUTK OCTaeTcs 0e3
JOJDKHOTO BHMMaHMs. He oTpaboTaHbl MOpasIbHBIH M 9KOHO-
MHUYECKHUI CTUMYIBI y NIPEANPUATUH IS BEJCHUS pa3AenbHON
nepepaboTKU MBUIM U HE aKTyaJIU3UPOBAHO JKOJIOIMYECKOE
CO3HaHME, COBEPIIEHHO HE pa3BUTa CHUCTEMA PhIHKA BTOPHUY-
HOT'O CHIPbSI, KOTOpasi MOrJia Obl 0XKUBUTH Pa3BUTHUE «3€JICHBIX
TEXHOJIOTHID Mo ux mepepaborke. OCHOBHOH mpoOIeMoit
ABJIICTCSI M TO, YTO HE BEIETCSI TOCYapCTBEHHBIN CTaTHCTH-
YecKril ydeT 00heMOB MCTHHHOTO HAKOIUICHHS, IepepaboTKH
W YTHIM3AIWHU TBUIH, T.6. HE peanusyercs 3(QeKTHBHAS CHU-
CTeMa y4eTa M OTYETHOCTH O ASSITEILHOCTH 10 OOPAIEHUIO C
MOJIy4aeMbIMH Ha MPEANPHUATHAX HEKOHJMIIMOHHBIX II0JTY-
MPOIYKTOB U TEXHOT'€HHBIX OTXOIOB.

B nenom, B Kazaxcrane nomkHa ObITH pa3BHTa HOJINTHKA
rocy/lapcTBa YeTKOrO y4eTa M PeryIMpOBaHUS MOIYNPOIYK-
TOB M TEXHOTEHHBIX OTXOJIOB MPEANPHUATHN U JOJDKHA OBITh
chopMHUpOBaHa eluHAs TOJHUTHKA B 3TOH cdepe. Bee Haum-
HaHUS 0 JaHHOHM mpoOiieMe HaxXOoAATCS B 3a4aTOYHOM CO-
CTOSIHWHM, XOTSI B MHPOBOH IpPaKTHKE aKTHBHOE pPa3BUTHE
MOJTy4aroT HOBBIE JOCTYIHBIC TEXHOJOIHWH, KOTOPHIE B paM-
Kax IUpKyIsipHO# »xoHOMHKH [10] ycmemHo ¢(yHKITHOHH-
PYIOT B pa3BUTHIX CTPaHaXx.

B MupoBoii mpakTHKe B HANPaBICHUH MepepabOTKHU MBIIH
YepHON M IBETHOW METAJIypTHH aKTUBHO BeAyTCs pabOTHI
[0 NPUMEHEHHUIO HOBBIX JOCTYNHBIX TEXHOJIOTHH, HaIpaB-
JICHHBIX Ha paCIIMpPEeHHE SKOHOMHYECKOTO, COIHAIBHOIO
pa3BUTHA U OXpaHy OKpYy’Kalollel cpeabl, KOTOPbIE SBISIOT-
Csl TpeMsI B3aMMOCBSI3aHHBIMY U IOIMPAIOIIUMHU IPYT Apyra
OCHOBAaMH YCTOWYHMBOTO pa3BUTHs O0mecTBa. B HaydHOU
JIUTEpaType M3BECTHO JIOCTATOYHOE KOJIMYECTBO padoT, MO-
CBSIILICHHBIX KOMIUIEKCHOH IepepaboTKe NbUIM YepHOi u
[[BETHOH METaJIypIH{ MUPO-, THAPO- U KOMOMHUPOBAHHBI-
MU cniocobamu ux nepepadortku [11-16]. B mocmegane roast
JUIsl IepepabOTKU CIIOKHOTO 110 COCTaBY MHOTOKOMIIOHEHT-
HOTO TEXHOTE€HHOTO CBIPhS IIHMPOKOE PACHpPOCTPaHEHHE MO-
Jy4daroT xJjopupyromue texHoxoruu [17, 18, 19], otinuato-
muyecss BBICOKOH 3((EKTHBHOCTHIO M COOTBETCTBYIOIIHE
CTaHJApTaM «3EJICHBIX TEXHOJOTHI.

Pe3ynpTathl panee MpoBeIeHHBIX HAMH HCCIIEIOBAaHHUH 110
nepepaboTKe MbUTH C UCITIOJIB30BAaHUEM XJIOPHUPYIOIIETO CIIe-
kauus [20] mokasanu NPHHIMITHAIGHYIO BO3MOXHOCTh Ce-
JIEKTUBHOTO M3BJICYCHHS CBHHIIA M IIMHKA M3 TBUIK OT TIepe-
pabOTKM YEpHOTrO JIOMa B 3JIEKTPOJIYrOBOH MNEYH ITyTeM
JBYXCTaJIMHHOTO €€ CIIEKaHMs: Ha IIEpPBOM CTajuu — C XJIO-
pUIIOM aMMOHHS TIPH HU3KUX Temmeparypax (no 600°C) c
MOIY4YEeHUEM YHUCTBIX CBUHIIOBBIX BO3TOHOB, Ha BTOPOM —
XJIOPHUJIOM KaJIbLIUs IIPU BhICOKMX Temneparypax 800-1000°C
C BBIZICTICHWEM IIMHKA B BO3TOHBI B BUE €T0 XJIOPHAA.

IIpennoxeHHble B paboTe TEXHOJIOTHYECKHE PEIICHUs
HANpaBJeHBl, B IEPBYI0 OYepelb, HAa BBIBOJ TOKCHIHOTO
CBHHIIA U €T0 COSIMHECHUH B HAYaJIbHOM CTaIH TEXHOJIOTHYE-
CKOM CXEeMBI C TOJIHOM yTUIu3anuei BpeqHbIX BemiecTs. Mc-
MOJb30BAHUE BBICOKOTEMIIEPATYPHOIO CIIEKaHHUs, MOITyUYEHHO-
ro mocie MepBOM CTaJUK KJIMHKEpa COBMECTHO C XJIOPUAOM
KaJIBIIUS, TTO3BOJISIET C BBICOKOH 3()(EKTHBHOCTBIO MOJIY4aTh
IIMHKOBBIE BO3TOHBI C MHHUMAIBHBIM COJIEp)KaHUEM B HHX
npuMeceil. Vcrionp3oBaHue Mpyu CIIEeKaHUH TBUTH 0e30IacHBIX
u JemeBslx xjopcojepikamux pearearoB (NH4Cl, CaCly)
MPHIAET TEXHOJIOTUH OCOOYIO NMPUBJIEKATEIBHOCTD C TEXHOJIO-
TUYECKOU U DKOJIOTUIECKON TOUEK 3PEHUSI.

Hcnonp3oBanne pa3paboTaHHONW TEXHOJIOTHH Hambojee
3¢ PeKTUBHO 115 TIepepabOTKU MBUTH C BEICOKHM COJEpKaHHU-
eM cBHHIA. [Ipy HU3KUX colep)KaHUSIX CBUHIIA MTPE/ICTABIISET-
Cs1 1e7IecO00Pa3HBIM POBOJIUTH TEXHOJIOTHIO B OJJHY CTa/IUIO
C HCIIOJIb30BaHMEM BBICOKOTEMIEPATYPHOTO CIICKaHUS IBUIH
coBMmecTHO ¢ CaCly ¢ celleKTHBHBIM HW3BJICUCHHEM IIMHKA B
BO3TOHBI B BHJIE XJIOpUAOB. [Ipu 3TOM He3HaYMTEIbHOE KOJIH-
YEeCTBO CBMHIA B TIOJy4aeMbIX IIMHKOBBIX BO3TOHax Cyllle-
CTBEHHOT'O BIIMSHUS HAa UX KA9E€CTBO HE OKaXKET.

Hemp HacTosimeil paboOTHI — HCCIIEOBAHUE ITOBEICHUS
IIMHKA W CBHHIIA B YCJOBHSX BBICOKOTEMIIEPATYPHOTO IIPS-
Moro cnekanus e coBMecTHO ¢ CaCly ¢ ycraHOBICHHEM
ONTHMAJIBHBIX TaPaMETPOB TEXHOJIOTHH, OOECIIeUNBaIOIICH
BBICOKOE CEJIEKTUBHOE M3BJICUCHHE [IMHKA B BO3TOHBI B BUJIE
XJIOPUOB, U TOJy4eHUE KIMHKEPA C BEICOKHM COJIEpKaHUEM
JKeJie3a, MPUTOAHOTO JUIA IPOU3BOJICTBA Yyr'yHa U CTaJIH.

2. MarepuaJbl 1 METOIBI

2.1. Ucxoanblii MaTepua

B kauecTBe MCXOIHOTO MaTepHalla HCIIOJIb30BAHBI IBLIH
OT nepepaboTKH JKEeJIE30PYAHOTO CHIPbsl OT 3JIEKTpOCTalle-
TUIABMJIBHOM TI€YM Ka3aXCTaHCKOTO METaIyprH4ecKOro
3aBoga. CocTaB MBUTH IO U MOCIE 00pabOTKH XapaKTepU30-
BaIM MeTofioM peHTreHodayopecuentHoit (PDA) crnekrpo-
cxoruu (pyunbie XRF-ananuzatopsr Niton, R.B.M. Control
& Mechanization Ltd, W3pauns). KonuuectBeHHoE ompee-
JICHHE JJIEMEHTOB B NBUIH 00ECIICYUBAIN C MIOMOIIBIO Macc-
CHEKTPOCKOIINH C WHAYKTHBHO-CBsI3aHHOM Tumazmoii |ICP-MS
(Agilent 7700s ICP-MS System Technologies) mocine 24-
4acOBOT'O PACTBOPEHHS IBUIA M MOPOIIKOB KIMHKepa B Lap-
CKOI BOJIKE TPH KOMHATHOM TeMIepaType B YCIOBHUSAX He-
MPEPHIBHOTO IIEPEMEIIHBaHUS.

ITopomkoByto peHTreHoBckyto nudpakuuio (POA) mpo-
Bojwin Ha audpakromerpe Ultima 111 (Rigaku Corporation,
CIIA). Unentudukanuro $ha3 u KonnuecTBeHHbIH (Ha3oBblii
aHaJIM3 POBOJMIIM C MCIOJIb30BAHUEM ITPOrPaAMMHOr0 0bec-
neyenus Jade Pro (MDI, Kamubopuus) u 6a3bl JaHHBIX
HeopraHuyeckux Kpucrauinueckux crpykryp (ICSD).

PesynbTaThl MPOBEICHHBIX HCCIICNOBAHUI MOKa3aHbl Ha
pucynke 1.

VCTaHOBINIEHO, YTO LIMHK B MBUTH MPECTABICH, B OCHOBHOM,
B Bujie rHKUTA (ZNO) 1 B popme dpanxmmauTa (ZNnFe,04). B
HE3HAYMTENILHOM KOJNMYECTBE B IBUIM OOHAPY)KEHBI TMIPATHI
xiopuaa 1uHKa (ZnsCly(OH)s'H2O. Ceuren oGHapyxeH B
MeTadeckoil popme. M3-3a HU3KOTO COAEp)KaHUS B MBLIH
npUMecel OHM Ha PEHTTEHOTpaMMe He 0TOOpaXKatoTCsl.

XVAMUYECKUH COCTaB UCXOMHOHN TPOOBI MBUTH 10 JaHHBIM
ICP-MS nipencrasinen B Tabsmie 1.

Taonuya 1. Xumuueckuit cocmae ucxoOHol nuliu

Copnepxanue, % macc.
Zn Pb  Cu Fe Cd As Sh Sn Au Ag
3769 136 0.2 848 0.054 0.004 0.017 0.031  0.008 0.004

[TosryuenHsle pe3yasTaTsl IO (OpMaM HaXOXKIEHUS Me-
TaJUIOB B TIBUIM OBIIM HCIIONB30BAHBI AJIS yCTAHOBIICHUS
(U3UKO-XMMHUYECKUX 3aKOHOMEPHOCTEH, MPOTEKAIOUINX B
[IPOLIECCE CIIEKAHUSl IBbLIM COBMECTHO C XJIOPUIOM Kajb-
LS.
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Pucynok 1. Penmezenozpamma ucxoonoit noiau (a) u P®@A-
cnekmpul ucxoonoii notau (6): 1 — Huuxkum, ZnO; 2 — @panknu-
num, ZnFe204; 3 — Ceuneu, Pb; 4 — I'uopam xnopuoa wumnka,
ZnsClz+(OH)s°H20; * — Heudenmugpuyuposannsie nuxu

W3ydeHne MexaHW3Ma Mpolecca MPOBOAWIM Ha OCHOBE
TEePMOJMHAMUYECKUX PACYCTOB, KOTOPbIE CBOIWIHCH K
orpezieeHu0 cBoboiHOM sHeprun ['nobca (AGT) peakiuii
B3aHMOHeﬁCTBHﬂ KOMIIOHCHTOB IIbIJIU C XJIOPHUJIOM KaJIbIIUA B
uHTepBasie Temmepatyp 673-1473 K (400-1200°C). Pacuersr
MPOBOJIMIIM C TIOMOILIBIO TporpaMMHoro obecnieuenuss HSC
Chemistry 8.1.5, Outotec.

2.2. DKkcnepUMeHTAJIbHAS YaCcTh

Jlis criekaHus NCTIOB30BaJICS M3TOTOBJICHHBIN 110 MHIU-
BUAYyaJIFHOMY 3aKa3y KBapLEBbIH TpyO4aTeIi peakTop u
nabopaTopHas eyb ¢ KOHTPOIUPYEMOH TEMITEPaTypPOH.

Cxema J1abOpaTOPHOM YCTAHOBKH IOKa3aHa Ha PUCYHKE 2.

OmnbITEl POBOIIIIH TipH Temriepatype 973, 1073, 1173 u
1273K. Bo Bcex ombITax BpeMsi ObUIO MOCTOSIHHBIM M COCTaB-
1o 60 MuHYT. J{14 BCCleoBaHUs BIMSHUS XJIOPHJA Kallb-
M K WCXOJHOM HaBeCcKe IbUIM JIO0ABISUIM 33aJaHHBIA €ro
pacxon m3 pacuera B 1.1; 1.3 u 1.5 pa3sa npeBblmaromuii ero
KOJIMYECTBO OT CTEXHOMETPHUYECKOTO HEOOXOJMMOro KOJIHye-
crBa (CHK) mnst xiopupoBanus nuHka. KonmdecTBo mcxon-
HOHM HaBECKH IBUTH BO BceX ombITax coctasisuio 100 r. Mero-
JIMKa TIPOBEICHUS OIBITOB 3aKII0Yalach B CIEAYIOIIEM.
CMech MBIIM M XJIOpWZA KaJbLMsA 3arpyXKaid B alyHIOBBIN
TUTENh 9 W MOMENIAd B KBaplEBHIH PEeakTop 7, KOTOPBIH
pasMeInan B reyu 8.
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Pucynok 2. Cxema nadopamopnoii ycmanosku:. 1 — éannon c
azomom; 2 — 0anon ¢ 6030yxXoM; 3 — 2az06blil cOOpHUK; 4 — pacxo-
oomep; 5 — mpyoka 0ns 2aza; 6 — Kianawn; 7 — Keapueswlii peaKkmop;
8 — neuw c pecynamopom memnepamypul; 9 — muzenv ¢ HaGecKoli;
10 — cocyo onsa noznowenusn 2azo6; 11 — ghunomp ons yrasnuseanusn
60320106 U KoJuiekmop; 12 — mpyoka ona é60oa 6030yxa

[epen HarpeBOM IeYr KBapIEBEIA PEAKTOP OYMIIAH IO-
TOKOM CYXOTO Ta3000pa3HOTO a30Ta, KOTOPHIH IOJABAIU W3
6amtona 1 co ckopoctbio 100 Mi/MuH B TedeHue 15 MUHYT.
Pacxon a3ota perynmpoBaiy ¢ MOMOIIBIO Ta30BOT0 COOpHUKA
3 u pacxogomepa 4. Jlajee meyb HarpeBajiy ¢ PaBHOMEPHOM
CKOPOCTBIO JI0 3aJaHHOW Temrieparypbl. [lo moctmxeHuu
HEOOXOAMMOHN TemIepaTypbl HauMHAIM II0/ady BO3JIyXa B
KBapILEBBIH peakTop W3 OaUIoHAa 2 W BBIACPKUBAIH I€Yh B
atMocepe Bo3ayxa B TeueHHe 60 MUHYT.

Bosrons! ymaBnmuBanmu ¢ momombio ¢gmiprpa 11 B KoOI-
nexrope 12. Orxoasiue ras3sl noriowmanu B cocyne 10. Ilo
UCTEYCHHE HEOOXOAMMOTO BPEMEHH MedYb OXJIKIAlld B aT-
Mocepe Bozmyxa. Ilocie ocCThIBaHUS TI€YH W3BICKAIA
HaBCECKY, B3BCIIMBAJIN, U3MECIIbYAIU U HOHy‘IeHHLII‘/'I Mmarepu-
an (KJIMHKep) MOJBEpraly aHAIW3Y Ha COJEepXKaHHE B HEM
MeTayuloB. Kakaplii ONBIT HpM 3aJaHHBIX IMapaMeTpax —
temrieparypa, pacxo CaCl, moBTOpsuM Tpu pasa. 3a KOHEU-
HBbIM pe3yJbTaT NPUHUMAIUA CPEIHEE 3HAUYCHUE 10 JAHHBIM
Tpex ombIToB. C y4eTOM KOJWYECTBA HMCXOTHOW HABECKHU U
MOJMYYCHHOTO KIMHKEpa W COJCPKAaHWSA B HHUX METAJIOB
pacCcUUTHIBAIN MaTepHaIbHBIN OaNaHC M M3BJICYCHUE CBUHIIA
Y [IMHKA B IIPOAYKTHI CLIEKaHUS! (BO3TOHbI, KIIMHKED).

3. Pe3yabTaThl 0 00Cy:KIeHHE

3.1. TepmoanHAMUYECKHIT aHAIN3 PeAKIU B3anMo/1eii-
CTBHSI KOMIIOHEHTOB MBLIH CO CMECHI0 XJIOPHAA aMMOHUS
H KaJbLUSA

MexaHu3M B3aUMOACHUCTBUS KOMITOHEHTOB mbLTH ¢ CaCly
YIOOHO paccMaTpHBaTh C TOYKH 3PCHHS MPOTEKAHUS IBYX
rpymm peaknuid. K nepBoii rpymmne MOXHO OTHECTH MPOTeKa-
Hue peakuuit (1)-(6), KoTopble UMEIOT BHJ (3lleCh M Jaiee:
(S) — craHmapTHOE COCTOSIHHE BEIIECTBA — TBEPIOE; (J — ras):

PbO(s)+CaCl,-2H20(s)=PbCl,(g)+CaO(s)+2H,0(g), @)
Zn0(s)+CaCly-2H20(s)=2ZnCl(g)+Ca0(s)+2H20(g), 2
CuO(s)+CaCl,-2H20(s)=CuCly(s)+Ca0(s)+2H20(g), (3)
ZnFe;04(s)+CaCl,-2H0(s)=ZnClx(g)+Fe203(s)+CaO(s)+

+2H,0(0), ¢))
Fe203(s)+3CaCl,-2H,0(s)=2FeCls(s)+3Ca0(s)+6H20(g) (5)
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IIporekanne peakuuii (1)-(6) cMmemaeTcst B CTOpOHY 00-
pa3oBaHUA XJIOPUAOB METAJUIOB IIPH CBA3BIBAHUH 00pa3yro-
Ierocs OKcuaa Kayiblus ¢ kpemHeseMoM. [Ipu sToMm B mpe-
JieJlax BBICOKUX TEMIIEPaTyp MOKHO OXHIATh yBEIWYCHHS
CKOPOCTH TpoTeKkaHus peakuuit (1)-(6) 1 MOIHOTHI NepeBoaa
IIMHKA B BO3TOHBI B BUJE €ro xjopuaa. [y mpoBepku naH-
HOTO TIOJIOKEHHS HaMH TMPOBEICH TEePMOANHAMUYECKHUN
aHaIM3 peakUUi B3aUMOJCIHCTBUS KOMIIOHEHTOB IBIIH C
CaCl; ¢ yuactreM KpemHE3eMa, MPEICTaBISIONIAX BTOPYIO
rpynny peakuuid. MexaHus3m 3TOM I'pylibl IPOLIECCOB ONHU-
CBhIBA€TCS CUCTEMON pEAKIUIL:

PbO(s)+CaClz-2H,0(s)+SiOx(s) = PbCl,(g)+CaSiOs(s)+

+H0(9), (6)
Zn0(s)+CaCly-2H,0(s)+Si0Ox(s) = ZnCly(g)+CaSiOs(s)+
+H20(g)l (7)
CuO(s)+CaCl,-2H20(5)+SiO2(s) = CuCly(s)+CaSiOs(s)+
+2H,0(9), 8
ZnFe04(s)+CaCly-2H,0(8)+Si02(s)=ZnClx(g)+Fe205(s)+
+CaSiOy(s)+2H:0(g), ©
Fe205(s)+3CaCly-2H20(5)+3Si02(s)=2FeCl3(s)+3CaSiOs(s)+
+6H,0(0). (10)

CpaBHHUTENBHBIA aHANMW3 YOBUIH CBOOOJHOW SHEPTHH
I'u66ca, AG°T ot Temneparypsi s peakimii (1)-(10) moka-
3aH Ha PUCYHKE 3.
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Pucynok 3. Hzmenenue yoviniu ceodoonou snepeuu I'uooca
(AG®T) om memnepamypwi: A) — npamoe xiopupoeanue, peax-
yuu (1) — (5); B) — xnopuposanue ¢ npucymcmeue SiO2, peak-
yuu (6) - (10)

Ha pucynke 3 BuaHO, 4TO IpOTEKaHUE peakluil nepBoit
rpymnns! (1)-(5) B nuntepBane remneparyp 673-873K 3arpyn-
HEHO, O Y€M CBUAETENILCTBYIOT IMOJIOKUTEIbHBIE 3HAUECHUS
cBoOoHOM 3Heprun ['mboca.

11

JlanpHeiimee moBbIIIeHHe TemmepaTypsl (Boime 873 K)
BeZeT K pe3skomy pocty AGCr peaxmwmii (1)-(5). 3nauenus
cBoOOHON SHepruu ['mb6ca yKka3aHHBIX peakUHMid B MHTEp-
Basie Temriepatyp 873-1473 K moxasbiBaroT IpUMEPHO paB-
HBlE BBICOKHE OTpHUarensHble 3HadeHus, AG°r = -50...-
450 xJIx/momnb. IIpu aToM mpoTekanue peakuuu (5) Hanbo-
Jjee MpEeIIIoYTHTENIbHEE, O 4YeM CBHUJICTEIBCTBYIOT Ooliee
BBICOKHE OTpHLATEIbHbIE 3HA4YeHUs CBOOOJHOW JHEPrHH
I'n66¢ca (AG°t = -72...-1141 x/I/Momb).

B mpucyTtcTBHE KpeMHe3eMa BOCCTAHOBIICHHE COCIMHE-
HHUH METaJUIOB XJIOPHAOM KaJbLHSA IO HX XJIOPHIOB HpOTe-
KatoT Oosee WHTEHCHBHO. OO 3TOM CBHIETEIHCTBYIOT YCTa-
HOBJICHHBIC OOJIBIIIME OTPHLATENILHBIC 3HAYCHH CBOOOJHOM
sHepruu 'm60ca ms peakiuii (6)-(10), 3HaYEHUST KOTOPHIX B
1.5 pasa npeBblmaer aHaJorn4Hele 3HaueHNs AG®t peakuii
(1)-(5), mpoTekaronux 6e3 yuacTus KpeMHe3eMa.

HOHy‘IeHHLIe Pe3yabTaThl MOKA3bIBAIOT, YTO IPHU BBICOKO-
TEeMIEPaTYpPHOM CIIEKaHHM MBUIM COBMECTHO C XJIOPHIIOM
KaJibIUA BIIOJIHE MOTYT 6])ITL JOCTUTHYTBI BBICOKHEC pE3YyJIbTa-
THl TI0 W3BJICYCHUIO IIMHKA B BO3TOHBI B BHJE €r0 XJIOPHIA.
[Tpu 5TOM B BO3rOHAxX CIEIAyeT OXKHAATh KOHIIEHTPALMU XJIO-
puza ceuHIA. JKeme3o ocraeTcs B KIMHKEPE, U BIIOJIHE MOXKET
OBITh WCIONB30BAaHO B KAa4eCTBE CHIPbSA U MPOU3BOJCTBA
YyryHa u ctaid. I IpoBEepKH yCTaHOBJICHHBIX 3aKOHOMED-
HOCTeHl HaMH IPOBEICHBI JIA0OPATOPHBIC HCCIICNOBAHHS IO
OLICHKE BJIMAHUA XJIOpHUJa KaJIbLHA Ha paclpeacICHUC Zn u
Pb nipu BEICOKOTEMITEPATYPHOM CIIEKAHHUH TBLIH.

3.1. JlaGopaTopHbIe ONBITHI 10 BHICOKOTEMIIEPATYPHOMY
CIIEKAHUIO NBLJIH COBMECTHO € XJOPHIOM KaTbIUs

3.1.1. UccienoBaHue BIMSTHAS TEMIEPATYPhI HA H3BJIe-
YyeHHe IMHKA U CBUHIA U3 KJINHKepa

Jlunamuka u3MeHeHus cojepkanus Zn u Ph B mpoaykTax
CIHeKaHHs 3aBUCHMOCTH OT TeMIlepaTypbl MOKa3aHa Ha pH-
cyuke 4. Ycnosus crnekanust: =60 munyTt, pacxox CaCl, B
1.3 paza mpeBBIIAIONINN CTEXHOMETPUIECKOE HE0OX0IuMOe
ero koimuectBo (CHK) nnst BoccTaHOBIEHUS OKCHA ITMHKA
Jo xnopuaa. VI30BITOK XJIopHuaa Kanblus BEIOPaH C y4eToM
€ro pa3JoKeHHUs IO OKCHAa W 00pa3oBaHUs ra3o00pa3HOrO
XJIOpa B MIPUCYTCTBUE KUCIOPOJa B CUCTEME.

Ha pucynke 4(a) BUIHO, YTO B WMHTEpBAlle TEMIICPaTyp
600-700°C nabmromaeTcsi MOHOTOHHOE CHIDKEHHE COZIEpiKa-
HUS IUHKa B KiuHKepe ¢ 49.46% no ~30%. B paccmaTpuBsa-
€MOM OTpE3Ke TeMIIepaTyp MOXHO TPEIMOJIOKHUTh O Hadaie
0o0pa3oBaHus XJOpWIa LIMHKA 32 CYET B3aWMOZICHCTBHUS OK-
cruJia TMHKa C XJIOPHUJAOM KaJIbIUA C HE3HAYUTCIBHBIM IICPE-
XO0OO0M HHWHKa B BO3IOHBI B BHUJE XJIOpHUIA. JIaHHoe SIBJICHUC
XOPOIIIO COTJIACYeTCs C TEOpPHEH Mporiecca pa3IokKeHus XJIo-
pruoa KalbOus B INPUCYTCTBHE KHCIOPOJA IO DPEAKLIMM:
2CaCl,+0,=2Ca0+2Cl,. O6pa3syronmiicss akTHBHBIN ra3000-
Pa3HBIH XJIOp, BCTyNas BO B3aUMO/IEICTBIE C OKCH/IOM IIMH-
Ka, BOCCTaHABIMBAaET €ro J0 XJOopHia IUHKAa. B obmactu
temrniepatyp 600-700°C ynpyrocts aucconuaniu oopasylo-
merocst XJIopujia LMHKAa HE BENMKa, TeM He MEHee, MOXKHO
OKHMJaTh HE3HAYMTENbHOM ero Bo3roHkH. Ilo nmocTmxeHuu
TOYKM KuneHus xiopuna nuHka (732°C) u BbImIe, CIemyer
0KHJaTh, KAK MHTEHCU(PUKAIINN TPOIIecca Pa3ioKeHUs XJI0-
pua Kajblus, TaKk U 00pa3oBaHHs ra3000pa3HOro XJIOpHIa
IOUHKa 3a CYeT BSaHMOHCﬁCTBHﬂ XJiopa € OKCHUIOM IIWHKA.
OO06pa3yromuicss mpu 3TOM XJIOPHUA ITUHKA, 00JIaZaeT BBICO-
KOH yIpyTOCTBIO Iapa, 4To BeeT K PE3KOMY €ro Mepexoay B
BO3TOHBI. DTO BUJIHO HA PUCYHKE 5: MPH TeMIlepaTrypax Bbl-
e 700°C coaepaxaHue UHKA B KIIMHKEPE PE3KO CHUXKAETCS
¢ ~30%, u npu remneparype 800°C noxoaur a0 8%.
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Pucynox 4. [unamuka uzmenHeHus cOO0EPHCAHUA UUHKA U
ceUHUA 6 KNuHnKepe (a) u 6 60320nax (0) om memnepamypol

MuHnManbHOE COAEp)KaHHE IIMHKA B KJIMHKEpE PaBHOE
0.62% nocturayto npu temmeparype 900°C. JlanpHeimii
poct temneparypsl g0 1000°C BeneT nuib K HE3HAUYUTENb-
HOMY CHIDKEHHUIO CO/IEPXKaHUs IIMHKa B KinHKepe 1o 0.6%.
3TO CBUIIETEIBCTBYET O TOM, YTO B YCIIOBHSAX BBHICOKOTEMIIE-
paTypHoro crnekaHusi B uHtepBaie Temmneparyp 700-900°C
IpoLecC Pa3JIOKEHUS XJIOpHAa Kaiablus ¢ 00pa3oBaHUEM
ra3o00pa3HOTO XJIopa 3aBeplIaeTcss MPAKTHUECKH ITOJHO-
CTBIO, 4TO OOECTHeYNBAaET IIOJHOE BOCCTAaHOBJIEHHE OKCHJA
[MHKAa 0 XJOpHJa M MAaKCHUMalbHYI0 BO3TOHKY IIMHKa B
BUJIE €TO XJIOPUAA U3 KIMHKEpA.

B uccnenoBaHHOM HHTEpBajie TEMIEPAaTyphl YCTaHOBIIE-
HO CHIDKEHHE COJIEpXKaHHSA CBHHIA B KIWHKEpe (PHUCYHOK
4(a)). TIpu 5TOM, yUYUTBHIBas HE3HAYUTEIHLHOE COJAEPIKAHUE
cBuHna B wucxomHoMm wmarepuane (0.19%) moxHO yTBep-
JK/1aTh, UTO KOJMYECTBO BBIIENAIOUIET0OCS CBHHIA B BUJE €r0
XJIOpUZIa B BO3TOHBI, CYIIECTBEHHOI'O BIIMSHHS Ha KauecTBO
MOJTY4aeMBbIX IIUHKOBBIX BO3TOHOB HE OKaXXeT. DTO HETPYIHO
BUJIETHh Ha pUCyHKe 40, TJie oKa3aHa AMHAMHUKA N3MEHEHHS
COJIEpKAHUS IIMHKA U CBUHIA B BO3TOHAX OT TEMIIEPATypBHI.

MaxkcuManbpHOE COAepKaHNE IIMHKA B BO3TOHAX PaBHOE
40.64% nocturayto npu temmneparype 900°C. JlanpHeiiiee
yBenuueHnue temneparypbl g0 1000 °C nuimrs He3HAYUTEINb-
HO, 10 40.88%, MOBEIIIaeT copepKaHKNE IIMHKA B BO3TOHAX,
OJTHAKO TIPH 3TOM HAOJIOAIOTCS YYACTKH OTUIABICHUS KITMH-
kepa. Kak BunHO Ha pucynke 4(6) npu temneparype 900°C,
obecrieynBaomed MakCHMaJIbHOE COJEp)KaHWE LHHKAa B
Bo3roHax (40.64%), comepkaHue CBHHIIA COCTaBIISIET BCErO
mumb 0.1%, KOTOpoi MOXKHO IIPaKTHYECKH ITpeHeOpeys.

[TosmyueHHsle pe3yabTaThl MOKAa3bIBAIOT, YTO AJIS YCIOBUIL
BBICOKOTEMIIEPATYPHOI0 CIEKaHUs KJIMHKEpa XJIOPUIOM
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Kalpllusl Hambosiee TpueMyeMol (ONTUMAIBHON) TemIiepa-
Typoii sBusercs 900°C. C apyroii cTopoHBI, HamboJee 3Ha-
YUMBIM TEXHOJOTHYECKUM MapaMeTPOM TEXHOJIOTHH SIBIISET-
csl pacxoi XJIOpHJa KajbLUs, ONpelelieHHe ONTUMAaJIbHOTO
pacxosia KOTOPOTO BO MHOTOM BJIMSIET HE TOJBKO Ha TEXHO-
JIOTHYECKUE MOKA3aTeIH TEXHOJOTHH, HO M 9KOHOMHUYECKHE.
C neJsplo yTOYHEHHsI ONTUMAaJIbHOTO pacxo/ia XJIOpHIa Kajlb-
st ObUIM TIPOBEJCHBI ONBITHI 110 CIIEKAaHUIO KIMHKepa ¢
pasmuunbiM pacxomom CaCl, mpu mocTostHHO#M Temreparype
900°C u Bpemeru, T=60 MHHYT.

3.1.2. UccnenoBanue Bausinusi pacxoga CaClz na ussie-
YeHHe IMHKA U CBHHIIA U3 KINHKepa

JluHaMuKka HM3MEHEHMs COJEp’KaHWA LIMHKA U CBUHIA B
KJIMHKEpE U B BO3TOHAX B 3aBUCHMOCTH OT Pacxoja XJIOpHaa
KaJIbIHsI TOKa3aHa Ha PUCYHKE 5.
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Pucynox 5. 3asucumocms usmenenus cooeprycanus Zn u Pb ¢
Kaunkepe (a) u 6 60320nax (06) om pacxooa xnopuoa Kaivyus

Zn

Y CTaHOBIICHO, YTO CO/IEPXKAHUE IMHKA B KIMHKEPE PE3KO
cHMkaetcs npu nosbimieHun pacxoga CaCl, or 1.0 go 1.3
pasa, npesbimatomiero ero CHK mi1s BoccraHOBieHHS OKCH-
Ja LOUHKa JI0 XJOpHJIA: COAEp)KaHWe LUHKAa B KINHKEpe
nagaer ¢ ~4% mo 0.62% (pucyHok 5(a)). JanpHemuii poct
CHK cymiecTBeHHOTO BJIMSHUS Ha CHW)XXCHHE COJIEpPIKaHUS
[MHKA B KIIMHKEpe He okasbiBaeT: mpu pacxone CaCly B 1.5
pasa npesbrmatonuii ero pacxon ot CHK, coneprxanue mus-
ka B kimHKepe coctaBisieT 0.6%. I[lomydeHHBIH pe3ynbTar
YKa3bIBaeT, 4TO BBIOOp onTuMansHoro pacxoaa CaCl, pasHo-
ro B 1.3 pa3za npesbimaromuii ero pacxon ot CHK, asnsercs
BIOJIHE 000CHOBaHHBIM. JlanbHeHIIMK POCT pacxoja XJIOopH-
Jla KaJIbLsl 9KOHOMHUYECKH HelleJiecooOpaseH.

Kak oTMeuasnoch BbIlIe, HE3HAYUTEILHOE U3MEHEHHE CO-
JIep>)KaHHsl CBUHIIA B CTOPOHY €ro CHMIKEHUS B KIMHKEPE B
3aBUCHMMOCTH 0T pocra pacxoma CaCly, cymecTBenHoro
BIHMSHMS HA TEXHOJOTHMYECKHE ITOKA3aTeNd TEXHOJOTHH He
OKaXKeT.
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Kak BuaHo Ha pucynke 5(0) comepkanue MUHKA B BO3rO-
Hax MOBBIMIAETCS ¢ yBenmmdeHuem pacxomga CaCl, B unTep-
Basne pocra pacxozaa CaCly ¢ 1.0 mo 1.3 pasa, npeBblmiaoiie-
ro ero pacxona ot CHK, coaepxkaHue IIMHKa B BO3TOHAaX yBe-
myuBaetcs ¢ 36.23% no 40.64%. Mansueitnmii poct CaCly
Jo 3HaueHus 1.5 paza mpesslmaromuid ero pacxoa ot CHK,
JUIIb He3HauuTedbHO 10 41.3% mnoBbILaeT cojaepikaHue
IIMHKA B BO3TOHAX.

Ha oCHOBaHMU TMOJIyYEHHBIX PE3YJILTATOB PACCUUTAHBI
3HAYEHHS W3BJICUYCHUs LIMHKA M CBUHIA B MPOJYKTHI CIIEKa-
HUSL. 3aBUCHMOCTD M3BJICYCHUS IMHKA M CBUHIA B POYKTHI
criekanust ot pacxona CaCl, mokasana Ha pucyske 6.
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Pucynox 6. 3asucumocms usenevenus Zn u Pb ¢ npodyxmur
cnekanus om pacxooa CaClz

Hawuny4umme pe3ynbTaTsl IO U3BJICYEHHIO IMHKA B BO3TO-
Hbl nocturHyTo npu pacxone CaCly B 1.3 pasa npeBbiiato-
meM ero pacxop ot CHK, xoropoe cocrasuino 98.9%. Ilpu
3TOM, XOTSl U YCTaHOBJICHO BBICOKOE HM3BJICUCHHE CBUHIA B
BO3TOHHI (84%), 3HAUNTENBHAS €r0 YaCTh KOHIIEHTPUPYETCS
B kimHKepe. [Ipu pacxome CaCl; =1.3 ot CHK, u3Bneuenne
CBUHIIA B KIIMHKEp cOocTaBisieT ~16%. YcTaHOBICHHBIE TaH-
HbI€ MOKa3bIBAIOT MPEHMYIIECTBEHHOE YIaJeHHE LUHKA U3
KJIMHKEpa W MOJIyYeHHEe BO3TOHOB XJIOPUAA IMHKA BBICOKOTO
Ka4ecTBa.

Takum 00pazoM, Ha OCHOBaHMM IIPOBEIEHHBIX Jlabopa-
TOPHBIX OITBITOB OIPEJENICHbl ONTHMaJbHbIE TEXHOJIOTHYe-
CKHE TapaMeTpbl BBICOKOTEMIIEPATYPHOTO CHEKaHUS KIWH-
Kepa, o0ecreunBaroNIie MOJIyYeHHE YUCThIX [IMHKOBBIX BO3-
TOHOB C MHUHHMAaJIbHBIM COZEp)KaHueM cBHHI@. [Ipu onrtu-
MaJbHBIX Mapamerpax mporecca: 1t=900°C, 1=60 muHyT,
pacxox CaCl, B 1.3 pasa mpeBbIIIAONIMI €r0 Pacxoj OT
CHK, noxy4eHsl IMHKOBBIE BO3TOHBI COCTaBa, % Macc.:
40.64 Zn; 0.1 Pb; 44.82 Cl; 13.04 O; npouwne. ITonyueHHbIE
pe3yNbTaThl TOJHOCTBIO COTNIACYIOTCS M TMOATBEPKAAIOT
BBIBOJIBI TEPMOJMHAMHYECKOTO aHaJIM3a O BO3MOXKHOCTH
CEJIEKTUBHOI'0 M3BJICYCHUS LIMHKA U3 MBIJIH B BO3TOHBI.
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OTtnuunTeNbHas 0COOCHHOCTh TMPOBEIACHHBIX HCCIEH0-
BaHMH M WX OPHUIHHAIBHOCTH COCTOMT B TOM, YTO B HHUX
0oJee CHCTEMHO PacCMOTPEHBI MPOOIeMBI cladoro (yHK-
LUOHUPOBAHUSA CUCTEMBl HAKOIMJICHMS U YIPABJICHUS IIbI-
JbI0 YEPHOM U LBETHOM MeTayrypruu. Iloxasanel Heno-
CTaTKU K OpraHu3aluy JajdpHeimed HX paluoHaIbHOU
nepepabOTKU Ha OCHOBE MOCJIEAHUX JOCTH)KEHHH MUDPOBO-
ro ONbITa U MPAKTUKHU. J[OCTHXKEHHe ONpeneNeHHBIX pe-
3yJbTaTOB B OOJIACTH palMOHANBHOW, 3¢ dexTuBHOH, Oe3-
OTXOJIHOM TepepabOoTKN TBIIM YepHOW W IIBETHOH MeTall-
JypTUH MOKAa3bIBACT MyTh K MUHUMHU3ALNU UX OTPHULATEIb-
HOTO UX BIMSHUS HA OKPYKAIOIIYIO CPELy.

Hcnonp3oBanne BBHIOpAaHHOTO B pPadOTe peIICHUS Ha
MPaKTHKE MO3BOJHUT B JANBHEHIIEM HCIOIB30BAaTh 3KOJIOTH-
YECKU YUCTYI0, OE30TXOAHYI0 KOMOWHHMPOBAHHYIO TEXHOJIO-
T'Uro, HalIpaBJICHHYIO Ha KOMIIJICKCHOC M3BJICUCHHUC CBUHIIA U
[[MHKA B [I€JI€BBIC TOBAPHbBIC MPOAYKTHI (BO3TOHBI) BBICOKOIO
kauecTBa. JlanpHelllee pa3BUTHE U BHEIPEHUE TEXHOJOTUU
OyzeT cnocoOCTBOBATh UCKITIOUEHHIO HAKOIUICHUS MBLIH, YTO
CYLIECTBEHHO YIIYUIIUT COCTOSIHHE OKpY’KAIOIIeH Cpesbl.
Hcnonp30BaHUE TEXHOJIIOTHH CKaXXETCS M HA MOBBIIICHUH
COLMATBHON c(ephl B PETHOHE 33 CYET OPTaHHU3ALMH JIOTIOT-
HHUTEJILHOTO ITPOU3BO/ICTBA C HOBEIMU PaOOYMMHU MECTaMH.

[TepcriekTHBBI JambHEHIINX HCCICAOBAHUM CBSI3aHBI C
MPOJIOJDKEHUEM aHaJi3a MpoOIeM HAKOIUICHNS TOHKOH IIbI-
JI1 YEPHOM M LBETHOWM METAJULypPrUM, U IIOUCKA IIyTEeH HX
pPallMOHAJIBHOTO PELICHUS Ha OCHOBE («3EJICHBIX TEXHOJO-
THi», K KOTOPBIM MOYKHO OTHECTH NPEUIOKESHHYIO B paboTe
TEXHOJIOTHIO.

4. BuiBOABI

1. Ilony4yeHbl HOBbIE JaHHBIE 1O TOBEICHUIO LIMHKA,
CBUHIIA M COITyTCTBYIOIIMX META/UIOB B YCIJIOBUSIX TBEPJO-
¢asnoro cnekanus kiuHkepa ¢ CaCly. YcraHoBieHna Bo3-
MOXHOCTh CEJIEKTUBHOTO H3BJICUCHMS] LIMHKA B BO3TOHBI B
BHUJIE €TO XJIOPHJA 110 CTaJHaIbHOMY MEXaHU3MY BOCCTAHOB-
JICHUsI OKCHJIa IIMHKa XJIOPUIOM KaJbLUs: B Tpelenax TeM-
nepatyp 673-873 K mpoucxomur o0pa3oBaHHE TBEPOro
XJIOpUAA IIMHKA, 3aTeM — C POCTOM TEMIIEpaTyphbl, IPOUCXO-
qut dasoseiii niepexoq ZNnCly(s) = ZnCly(g), cesi3anHBIH C
TeMIlepaTypoi kumneHus xjaopuaa nunka (732°C).

2. Ilomy4eHpl HOBbIE [@HHBIE [0  HW3BJICUCHHUIO-
pacrpe/ieiieHHIO [IMHKAa U CBUHIA MEXY MPOIYKTaMH BBICO-
KOTEMIIepaTypHOro criekaHusi KinHkepa coBmecTHo ¢ CaCly.
VYcranoBneHo, uTo npu Temneparypax Beie 700°C copepika-
HHE LMHKa B KIMHKEpE PE3KO CHIDKaeTcs. MHHHUMaibHOe
coJiep:kaHue MUHKa B kiuHKepe 0.62% cOOTBETCTBYET TeMIle-
patype 900°C. Poct Temneparypst 1o 1000°C nuurbs He3Hauu-
TEeJIbHO CHMIKAET COZIepKaHKe IMHKA B KinHKepe 1o 0.6%.

3. MNogsimenne pacxogaa CaCly ¢ 1.0 mo 1.3 pasa, npessi-
maromiero ero pacxon or CHK, yBenmnmuuBaeT conepkaHue
IIMHKAa B BO3roHax ¢ 36.23% mo 40.64%. JlangpHeimuii poct
pacxoma CaCl, Ha cojepxkaHue HUHKA B BO3TOHAX BIIMSET
HE3HAYHUTEINILHO.

4. VYcraHOBJIEHBl ONTHMAJbHBIE MapaMeTPhl BBICOKO-
TEMIEPaTypHOTO CIICKaHHUs KJIMHKEpa COBMECTHO C XJIOPH-
oM kanmbims: t =900°C, =60 munyTt, pacxox CaCl, B 1.3
paza npessluatomuii ero pacxon or CHK. Iony4yens! nus-
KOBELIE BO3IOHBLI BBICOKOTO KauecTBa, % Macc.: 40.87 Zn;
0.16 Pb; 44.82 CI; 13.04 O; npouue. N3BneueHue UHKA B
BO3roHBI coctaBwio 98.9%. Hammume MHHHMAaNBHOTO CO-
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Jlep KaHus CBUHIIA B BO3TOHAX Ha WX Ka4eCTBO CYIIECTBEH-
HOT'O BJIUSHHS HE OKaXKET.

5. IlomyuyeHHBbIE pe3yAbTAThl COCTABIISIOT OCHOBY 3aKJIIO-
YUTEIBHON CTaJIMU XJIOPUPYIOUICH TEXHOJIOTHH MePepadOTKU
CBHUHEI| cojiepxalliell TUHKOBOM MBbLIH YEPHON METaJUTypruu
U WCIOJB30BAHBI MPU MOCTPOCHUM OOIIEH TEXHOJIOTUH IS
CEJIEKTUBHOTO W3BJICYEHHsS] LIMHKAa U CBUHIA B TOBapHbIE
MPOJYKTHI.

DuHAHCUPOBAHME

HccnenoBanus MpoOBOAMINCH B paMKax TPaHTOBOTO (u-
HaHcHpoBaHus Komwmrera Haykm MuHHCTEpCTBa HAyKH M
BEIcIIero oOpa3zoBanmsa Pecrmyommku Kasaxctan ma 2023-
2025 roapl O NPUOPUTETHOMY HallpaBiieHUIO «PannoHab-
HOE HCTIONIb30BaHNE BOJHBIX PECYPCOB, )KUBOTHOTO M PacTH-
TEJIBHOTO0 MHpa, dKojiorus» mnpoekta AP19679572 «Paspa-
0OTKa HOBOM TEXHOJIOTHH yTUin3anuu IlI/IHKOBOﬁ TIBIJIIN
CTAJICTIVIAaBUJIBHBIX TIPOMU3BOJACTB C MOJYYCHUEM TOBAPHBIX
HPOJYKTOBY.
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DJIeKTP NemTepi MAHIAPbIHAH MBIPBIIITHI KOFAPbl TEMIIEPATYPAaJIbl
XJIOpJIaNl KYHAIPY apKbLIbI 061 anxy

I''M. Koitmmna®, H.K. Jlocmyxamenos'”, B.A. Kannan?, E.E. Xonnac6aii®, A.O. Aprein®, }0.5. Nuesa®

Satbayev University, Azmamei, Kazaxcman
2Betiyman amulnoazvl uiabimy uHcmuntymol, Pexoeom, Hapaunn
30.0. Baiikoyvipos amuinoazwl XKesxazzan ynusepcumemi, XKesxazean, Kazaxcman

*Koppecnonoenyust ywin asmop: nurdos@bk.ru

Angarma. XXywmeicta kapa metamtyprustasiy mansie CaCly-mMeH Gipre skoraphl TeMIepatypaia KYHIipy apKbUibl OHACY/IiH
KEIICH/II 3epTTeYJICPiHIH HOTHIKeNepi KeNTipiireH. PeHTreH-¢uyopecueHTTi CHeKTPOCKONHSHBI, WHIYKTHUBTI OaillaHbICKaH
ICP-MS mmasmaceiMen Macc-criektpockommstast (Agilent 7700s ICP-MS system Technologies), yarakTs! peHTreHmix audpak-
musaer (Ultima 1T (RIGAKU Corporation, AKIII) 3eprreymin 3aMaHayd omicTepiH HaiifailaHa OTBIPBIM, MIAHHBIH KYPaMbl
JKOHE OJTapaFbl METAAapAbIH TaObUTy (hopMarapsl 3epTTeNIi: MBIPHIII MIaHJa HeTi3iHeH NUHKUT TypiHge (ZnO) xoHe dpan-
KIMHUT Typinjae (ZnFe204) tabbutran. A3 Memiuepae MbIpsiit xiaopui ruaparrapst (ZnsCly-(OH)8-H20) tabsutran. Koprackin
MeTaiul Typiaae kesmaeceni. Temmeparypa MeH CaCly, IIBIFBIHBIHBIH KYHIIPY ©HIMIEpi (KIHHKEp, CyOIMManus) apacsiHaa Zn,
Pb Oeminin TapamysiHa ocepi HOTWXKeJepi YCHIHBUTFaH. [IpomecTiH oHTaimel mapameTpiepi opHatsuimel: t = 900°C, 1= 60
munyT, CaCly mbirsiael CKM-Hen 1.3 ece kem. JKorapbl camansl MBIPBIII YIIKBIHIAPHI alblHAbL, % Macca.: 40.87 Zn; 0.16 Pb;
44.82 Cl; 13.04 O; Oackamapbl. YIIKbIHAAPFa MBIPBIIITHIH KOFapbl Oeumin amysl skeTkizinmi — 98.9%. YmkeiHmapaa
KOPFACBIHHBIH MHHHUMAIIIBI MOJIICPiHiH GONybI ONApbIH canackiHa aiTapibikrait ocep etmeiini. CaCly-men Gipre knunkepai
JKOFapbl TEMIIEpaTypaibl KYHAIpY OHIMJIepi apachiHa MBIPBIII IIEH KOPFACHIH/BI 0eJIin any — OelliHin Tapary OOHbIHIIA jKaHa
nepekrep anbiaabl. 700°C-TaH jkOFapbl TeMIeparypaja KIMHKEpJETi MBIPBII MeJIIepi KypT TOMEHICHTIHI aHBIKTaJbl.
Knunakepzaeri MeipeimThiH MuHEMaInsl Memmepi 0.62% 900°C Temmepatypara cofikec keneni. Temmeparypansl 1000°C-kxa
JIeHiH ecyl KIIMHKepeTi MBIPBIITHIH Meepid 0.6% - ra neifin ToMeHaeTe .

Hezizei ce3oep: wiay, Kyuodipy, memnepamypa, Kaubyuili XA0puodi, KOPEACbiH, MbIpblul, MepMOoOuHamuxa, 6enin any,
KIUHKED, YUKbIHOAD.

HN3Bj1eYeHne HUHKA M3 NbLJIU OT IJIECKTPOAYIOBbIX neyemu nyTeEM
BBICOKOTEMIICPATYPHOTI'O XJIOPUPYIOLIECT0 CIICKAHUA

I''M. Koitmmna?!, H.K. Jlocmyxamenos!”, B.A. Kamnan?, E.E. Xonnac6aii®, A.A. Apreie®, 10.5. Nuepa®

1Satbayev University, Azmamot, Kazaxcman
2Hayunwiii uncmumym um. Betiymana, Pexosom, Hzpauns
8)Kesxazeanckuii yuueepcumem um. O.A. Baiikonyposa, JKesxazean, Kazaxcman

*Aemop onst koppecnondenyuu: NUrdos@bk.ru

AnHoTanusi. B pabote npuBeeHbI pe3ysibTaThl KOMIUIEKCHBIX HCCIIEAOBAHUI MepepaOboTKH MbUIM YEePHONH METaJUTypruu
MyTEeM BBICOKOTEMIIEpAaTypHOTO X crekaHus coBMecTHO ¢ CaCly. C ucmonb30BaHHEM COBPEMEHHBIX METO/I0B MCCIIEOBAHUS
PEHTTeHO(DITYOPECILIEHTHOM CHEKTPOCKOMHHU, MacC-CIIEKTPOCKOIIMHU ¢ HHAYKTUBHO-CBsI3aHHOM miazmoit ICP-MS (Agilent 7700s
ICP-MS System Technologies), mopomkoBoii pearreHoBckoii mudpaxuuu (Ultima 11T (Rigaku Corporation, CIIA) n3yuens
COCTaB NBUTM U (OPMBI HAXOXKICHUSI METAIJIOB B HUX: IIMHK B IBUIM TPEJCTaBJICH, B OCHOBHOM, B Bujae IMHKUTA (ZnO) u B
¢bopme  dpanknuauTa  (ZnFe;Os). B He3HauuTeNBHOM — KONWYECTBE OOHAPYXKEHBI THApPATBl  XJOpHOA  LMHKA
(ZnsCly-(OH)8-H20). CBunen oOHapyxeH B Metamnndeckoil ¢opme. IIpeacTaBieHsl pe3ysbTaThl BIHSHHS TEMIIEPaTyphbl U
pacxona CaCl, Ha pacnpenenenue Zn, Pb Mexay npoaykTaMu criekaHus (KJIMHKEp, BO3TOHBI). Y CTAaHOBJIEHBI ONTHMAJIbHBIE
napametpsl mporecca: t =900°C, =60 munyT, pacxox CaCly B 1.3 pasa npesimnaromiuii ero pacxox or CHK. ITonydeHs! 1iuH-
KOBBIE BO3TOHBI BRICOKOTO KauecTBa, % macc.: 40.87 Zn; 0.16 Pb; 44.82 Cl; 13.04 O; npouwe. JIOCTHTHYTO BBHICOKOE U3BJIEYE-
HHe [MHKa B Bo3roHbl — 98.9%. Hannune MUHMMAaIbHOTO COJICpP)KaHMsI CBHHIA B BO3TOHAX Ha MX KaYeCTBO CYIIECTBEHHOTO
BIIMSTHHSL HE OKakeT. [1oiydeHbl HOBbIE JIaHHBIE 110 M3BJICUEHHIO-PACTIPEICTICHHUIO IIMHKA M CBUHIIA MEXAY MPOAYKTAMHU BBICO-
KOTEMIIepaTypHOTO CrieKaHus KinHkepa coBMecTHO ¢ CaCly. YcraHoBieHO, 4TO Tpu Temmeparypax Beie 700°C comepxanne
IIMHKa B KJIMHKEpE pe3Ko CHmKaeTcs. MUHMMaJIbHOE cojepiaHue IuHKa B kiuHkepe 0.62% cooTBeTCTBYET TemiiepaType
900°C. Poct Temnieparypsl 10 1000°C nuiip He3HAYNTEIBHO CHIDKAET coJiep KaHue IIMHKa B KinHKepe 10 0.6%.

Knrwouesvle cnosa: noliv, cnekauue, memnepamypa, Xiopuo Kaabyus, ceUHey, YUHK, mMepMOOUHAMUKA, U3GTeHeHuUe, KIUH-
Kep, B0320HbL.
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Analysis and research of flocculant reagents for thickening operations
of flotation concentrate in the processing technology of fine-dispersed
chrome ores
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Abstract. This research presents a systematic review of innovative methods for determining the influence of the concentra-
tion of flocculant reagents TOPFLOC 714, NALCO 8172PULV, and Magnofloc 5250 in recycled water for the purpose of
dewatering sludge from treatment facilities during the processing of fine-dispersed chrome ores using the gravity-flotation
method of enriching aged tailings at the Donskoy GOK. It also examines the degree of influence of amine components of floc-
culants in recycled water on the technological processes of gravity and flotation beneficiation, as well as the corrosion re-
sistance of equipment. A review of modern water treatment methods is provided. A systematic review and analytical assess-
ment of the results of 10 selected scientific studies on the methodology for determining the efficiency of flocculants for de-
watering sludge from treatment facilities in the processing of fine-dispersed chrome ores was conducted, covering the period
from 2006 to 2023. The study results show the use of easily accessible, safe, and cheap biodegradable polymers through inno-
vative methods. Additionally, the research demonstrates successful examples of thickening oxide minerals after gravity separa-
tors and flotation machines to achieve good results in sedimentation of sludge from treatment facilities in fine ore processing.
The pH of the solution influences the behavior of polymer chains. The clarification of industrial wastewater from gravity and
flotation processes depends on both the type and concentration of the applied flocculants. A systematic review of dewatering
methods for sludge from treatment facilities processing fine-dispersed chrome ores was carried out with an analysis of the
advantages and disadvantages of the selected methods. Overall, the results highlight the importance of using flocculant rea-
gents and applying innovative methods for the sedimentation of fine-dispersed chrome ores to enhance beneficiation efficiency
and improve resource utilization.

Keywords: fine-dispersed chrome ores, processing, beneficiation methods, flocculant, flotoconcentrate, thickening.

1. BBegenue MOMOTAIOT CTaHIUSAM BOJIOOYUCTKH 00pabaThiBaTh OOJbIIE
YKHUJIKOCTH.

OTH MONUMEPHI TMO3BOJSIOT YCKOPHUTH (PHIBTPOBAIHHEIN
mporiecc, OO0ECMeYnBAIOT YHaleHHE IpuMeceld OONbIIHIX
MacimTaboB P MUHUMAIBHBIX 3aTpaTax. VX mpuHOWT Jei-
CTBHSI OCHOBAaH Ha pa3JClICHUH >KUAKOW M TBEPAOH (a3bl.
Jns MakcuManpHOTO 3(QeKTa ClIeayeT NMPUMEHSITh TaKHe
peareHTsI ociie KOaryJisHTOB.

K OCHOBHBIM JOCTOMHCTBaM HCIIOJIB30BAHUS PACTBOPOB
(ITOKYISTHTOB JUTSI OYUCTKH BOJIBI OTHOCAT CIEAYIONINe (ak-
TOPBI:

— YCKOpEHHE TIpoIecca OCaXACHU, IPUAaHNE KUIKOCTH
MIPO3PavHOCTH;

— COKpAIlleHHE TPOAODKUTEIBHOCTH IPOLEAYpPhl (HIIb-
TpaluK, YTO MO3BOJIAET CHU3UTH 3aTPaThl PU 3HAYUTEIbHBIX
o0bemax;

— MPOJUICHUE IKCILTYyaTAIIHOHHOTO CPOKa (DUIIBTPYIOMINX
CUCTEM 3a CUET YJAJICHUs] KPYIHbIX 3arpsi3HEHU;

— OTCYTCTBHE BJIHSHUS Ha Mokas3arenb pH oOpabartkiBae-
MO CyOCTaHITHNH;

— 9aCTHUYHOE yJaJeHHe BUPYCOB, OaKTepuUil, BOJOPOCIEH;

— noBbImeHne 3 dexTuBHOCTH Tpouenypsl Ha 30% mo
CPaBHEHHIO C aHAJIOTMYHBIMU METOJIaMH.

TOO «Hay4Ho-HcClIeIOBaTeNbCKUI HHKHUHUPHHIOBBIH
nertp ERG» (TOO HUULL ERG) 6v11 mpoBenéH psia mccie-
JIOBATEIILCKAX PabOT MO OMpPEICNICHUIO BIHMSIHUS aMHUHHBIX
KOMIIOHCHTOB cOOMpaTeNs W TIOJHMEPHBIX (DIOKYISTHTOB
KJlacca MOJMAKPUIaAMUIOB B 000POTHOW BOJIE HA TEXHOJIOTH-
YeCKWI TPaBHTAIMOHHO-(IIOTAITHOHHBIN IIpoIlecc Iepepa-
0OTKH XpOMOCOJAEPKAIIUX IIIAMOBBIX XBOCTOB J[OHCKOTO
JI'OKay. @notarust XpOMHUTOB U XPOMIIITHHENHIOB SBIISET-
Cd B HACTOsIIIEe BpeMsl MaJIOM3y4E€HHBIM MpolieccoM. B u3-
BECTHBIX cIydasx s (JIOTallid XPOMOBBIX MHHEPAIOB
WCIIOJIb30BAJIM OKCUTHIPUIIbHBIE peareHThl. llpumeHeHue
JIAHHBIX PEareHTOB W3BECTHO JUISA TpaBUTAMU M (QIOTalu
ONMU3KHX IO XapaKTePUCTUKaM THIIOB PYH, OJHAKO IS Jie-
JKaITBIX XBOCTOB I'PAaBUTAIIMOHHEIX (aOpHK paHee HE TpUMe-
HsUACh. 1711 epepaboTKH MENKHX KIIACCOB XPOMCOJEepKa-
MIMX [UIAMOBBIX HPOIYKTOB paHee OBUTH PEKOMEHIOBaHBI
TOJIBKO CXEMBI U PEXUMBI, BKIIOYAIOIUE TUAPOXUMUYECKYIO
nepepaboTKy.

@DIIOKYISHTH YCHIINBAIOT 3PQPEKT OT KOATYISIHTOB: yCKO-
pAIOT OTAeNeHHEe TpuMeceid OT BOXBI, (GOpMHUPYIOT Ooiee
KPYIHBIN U IUIOTHBIA OCaJOK, 3KOHOMST PAacXol KoaryJisiH-
ToB. OHM TPOANIEBAIOT CPOK IKCIUTyaTanmuu (QUILTPOB H
© 2024. B.B. Abdurzakova, L.S. Kauanova, N.K. Saimaganbetova
B.Abdurzakova@erg.kz; Lyazzat. Kauanova@erg.kz; Nurslu.Saimaganbetov@erg.kz
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IIpomykuus Taxke He TpeOyeT MOAKIIOUCHUS JOMOIHU-
TENBHBIX OYHMCTHBIX YCTAHOBOK, YTO ITO3BOJISIET YBEJIWYHUTHh
MPOU3BOJIUTENBFHOCTh HpeRnpusIThs. MOXET NPUMEHSTHCS
Tam, rjie Apyrue cnocodOsl He paboraror. He noBsIIaeT KoH-
LEHTPAIMIO PAaCTBOPEHHBIX METAJUIOB, IIPH COOJIIOACHUU
PEKOMEH/IOBaHHBIX JIO3UPOBOK Oe30macHa Jyis 3/10pOBbSI.

KoarynsHTBl cIIOCOOCTBYIOT YHAJEHUIO MEJIKOJIUCIIEpPC-
HOTO MycOpa, 00bEANHSISI €0 YaCTHIBI MEXIy CO00il 1 BIIO-
CIeNCTBUU ocaxnaas ux. Ho OHM MMEHT HEMHOro Ipyroi
MEXaHN3M ACHCTBUS: B €r0 OCHOBE JICKHUT JleCTAOMIN3aIns
3apsII0B 3arpsI3HSIONINX BEIIECTB M YCTPAHCHUE 3IEKTPOCTa-
THYECKOTO B3aNMOJACHCTBUSL.

[Ipomecc ¢mokynsammuu MpOTEKaeT 3a CYET CO3JaHUs IO-
JUMEpHOH CBsi3U. B pesynbrare (uibTpyemble YacTHUKH
YKPEIUISIOTCS. M 3HAYMTENBHO YBEJIMYMBAIOTCS B 00beMe, a
3aTeM C JIETKOCTBIO YAAJSIOTCS CO JHA €MKOCTH. Bpems
BO3ACUCTBHS JaHHBIX PEarcHTOB TOXKE pas3IndaeTcs: Koary-
JSIMA IPOXOAUT B TeueHue 1-3 MuHyT mpu Temneparype 20-
25°C mocne TIATENBHOTO MepeMelINBaHusl, (DIOKYISIUS —
ot 30 mo 60 MHHYT, TaKk KaK TpeOyeT OONBIIETO BPEMECHH IS
OTCTauBaHUs. DTO 00yCIOBICHO POJOIKUTENBHOM cTaguen
(opmupoBanus ocanka. KoHIEeHTpays BOJOPOIHBIX HOHOB
(pH cpenpl), mpu KOTOpOil IIPOM3BOAWTCS PAcTBOPECHHE,
BBIOMpAETCS B 3aBUCHMOCTH OT YCJIOBHH NMPUMEHEHHS TTOJH-
MepHbIX (rokynsaToB. Kak npasuno, Ha O® amst pacTBope-
HHUSL MCIOJB3yeTCS TEXHUYECKas BOJa C MPaKTHYECKU
HEUTpanbHOU cpetoi. YacTo NMPUMEHSETCS TaKXKe LEN0YHON
rugponu3  (uokynsaToB. I[lpu ruppommze [TAA 1menous
Jno0aBiseTcs Ha MEepBOH CTaTUM PAaCTBOPEHHS B KOIUYECTBE
0.0375 xr Ha 1 xr 8%-HOro ()JIOKYJISHTA M MEePEMEIIHBACTCS
JI0 TIOJTHOTO pacTBOpeHHs. [losrydeHHbII pacTBOp BBIICPKH-
BaloT 16 gacoB mpu temmeparype 50-80°C.

Konuenrpatyst BOXOpOIHEIX HOHOB B 0OOPOTHBIX BOJAx
O Onm3ka K HEUTPAIBHOMH, YTO, KaK MPABUIIO, OJIArOMPHST-
HO JUIsl IPUMEHEHHS MOJIMMEPHBIX (JIOKYJISTHTOB C Pa3iind-
HOU NOHHON aKTUBHOCTBIO.

C IOBBIIEHHEM CTENEHU ANUCIEPCHOCTH YacTHI] B CyC-
MeH3UH, TPU MPOYUX PABHBIX YCIOBHAX, MOBBIIIAETCS pac-
XOJ MOJUMEPHBIX (IIOKYJISIHTOB, HEOOXOJUMBINH JJIsI MOJY-
YeHUS 3aJJaHHOTO TEXHOJIOTHYECKOTO 3 deKTa.

KpymHOCTh (JIOKYyNHUpYyeMbIX YacTHI[ JOJDKHA YYUTHI-
BaTbCSl IPH BHIOOpE TIOJUMEPHOrO (DIOKYJISIHTA C MOJIEKY-
JISIPHOM Maccoi, ONTUMaJIbHON Ui NaHHBIX yciioBui. Eciu
pa3Mepbl TBEPIBIX YACTHI[ U MaKpOMOJEKYJ CHJIBHO Pa3iH-
4aroTcsl MEXIy coOoM, To Beien 3a ajcopOIuei mocieqHux
¢okkynbl He oOpasyrorcs. CienoBarensHO, Uit Haubosee
BBICOKO/IUCTIEPCHBIX YacTHIl 3()(EKTUBHBIMH JIOJDKHBI OBITH
nonmMepHble (GIOKyISHTB ¢ Hu3koi (<105) wmm cpenHen
(105-106) MoneKyIAPHO#T MACCOTA.

Konnenrpanus tBepmoit ¢assl B 00pabaTeiBaeMBIX CyC-
nensusax usmensercss ot 20-50 kr/m® (oTxomel QuoTanumu,
CTYIIEHHBIE Tepel] LEeHTPU(YTHpOBaHNEM; (DIOTOKOHICH-
TpaTel, HampaBisemble HA GuIbTpel). [Ipu crymeHnn ma-
MOB B OCBETHTEIIBHBIX YCTPOWCTBAX, IEHCTBHE KOTOPBIX
OCHOBAHO Ha KCIIOJb30BaHWU CHJIBI TSDKECTH (CTYCTHTENH,
OTCTOMHUKM), NpUMEHEHHE (IIOKYJITHTOB OKa3bIBacTCs He-
3¢ QEKTUBHBIM, €CIIM KOHIIEHTPALUs TBEPAOTO IIPEBLINIAET B
cpennem 100 kr/m3. B uentpudyrax, rae cIokyiMpoBaH-
HBII 0CaJIOK YIUIOTHSETCS IIEHTPOOEKHOHW CHIION, coepika-
HUE TBEPIOTO B CYCIIEH3HSX, 00pabaThiBaeMbIX (IIOKYIISH-
tamu, MoxkeT gocturayth 400 kr/m3. IMoBeleHHMe KOHLEH-
Tparuu cycnensuu 10 500 kr/mM° u Gonee OKa3bIBAETCS Iele-
C000pa3HBIM U MPHU UX QUIBTPOBAHUH.
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Llenbio MCCIIEAOBAHUSL SIBISIETCS] ONPEICIIUTD HAMITYYITHNA
peareHT (UIOKYJISHT MO CTYIICHHIO (PIOTALMOHHOTO KOHIICH-
TpaTa U3 MePEUUCICHHBIX TOJHAKPUIAMUAIOB:

Onoxyrisum  Topfloc  RHH 714 (mpousBomutenb
Solutions, Beurpus), npemnoxena TOO «HUUL] ERG» mis
cryiieHns QIOTalHnOHHOTO KOHIICHTPATa,

Daoxynaum Nalco 8172 PULV (mpoussBoautens Humep-
naHnel), momobpan JJonckum 'OKom mist crymieHus KoH-
LEHTPAI[MOHHBIX XBOCTOB, M JJs CUYIIEHHS IOJrOTOBKH
muTaHus TOHKUX ¢paknnn-0.120+0.03 mym;

Dnoxyranm  Magnofloc 5250 (mpoussomurens Basf,
I'epmanns), momobpan «Agseptence Group» mpom3BoxuTE-
neM obopynoBaHUi PUIBTPOB-TIpecca, CryCTHTENEH.

2. MaTtepuaJsbl 1 METOJIBI

2.1. MMoaroroBka Mpoo6 K J1a00PATOPHBLIM HCCJIET0OBAHUSM.
I'panyjioMeTpuyecKasi XapaKTepUCTHKA NPOJIYKTOB

ITpn mpoBeneHUM HMCCIEAOBAHUM IO CTyHIEHUIO (ioTa-
IIMOHHOTO KOHIICHTPAaTa MPUMEHSIIN CIIeIyIONINe BCTIOMOTa-
TeNbHBIE JTabOpaTOpHbIe 000PYIOBAaHHS KaK MEPHBIE IIMIINH-
napel oobemMoM 1000 M. B MepHBIX LMIIMHIpaX €MKOCTHIO
1000 M1 mynbIbl - IIOTAIIMOHHBIN KOHLEHTPAT C COAEpIKa-
HueM 13% 1Bepnroro (130 rpaMM cyxoro KOHIIEHTpaTa JI0BO-
num 1o 1000 rpamMM BOJOM B MWJIMHJPE), C KOHLIEHTpaIuen
0.05% (1 rpamm ¢uokynsiaTa moBoamwtu a0 200 TpamMM Bo-
JIbl) Ha pasHbIX pacxoxax: 10 r/t, 20 r/t, 25 1/, 30 v/T 1 40
/T C OIMHAKOBBIMHU YCJIOBUSIMH TIEPEMEIIUBAHNS.

B pesynpraTe NpOBEAEHHBIX OIBITOB OIEHHBATIACH CKO-
POCTb CT'YIIEHHMS, BBICOTA CTYIICHHOTO CJIOS, YHCTOTA OCBET-
JICHUsI BEPXHEro ciosl. Pe3ynbTaTbl aHAaIM3MPOBAIUCH U
CPaBHMBAINCh MEXIy co00i Ui omnpenesneHus 3PQeKTHs-
Horo mnojoopa ¢iuokyinsHTa. B Hacrosiiee Bpemst 1Jisi onpe-
JIeJICHUs] aJIKUJIAMUHOB B BOJIHBIX CpellaX HPUMEHSIOT ra3o-
Byto xpomarorpaduo (I'X), BbICOKOI(D(EKTUBHYIO KHI-
KocTHyI0 xpomatorpaduio (BOXKX), nonnyro xpomarorpa-
¢uro (MX) n kanwmwispuslii anekrpogopes (K3). B razopoii
Xpomarorpaduy OmNpe/ieieHue aMUHOB MOXET OCYIIECTB-
JATBCS. € Pa3IMUHBIMM  THUIAMH  JICTEKTOPOB: A30THO-
¢dochopHBIM, TIIAMEHHO-()OTOMETPHUYECKHUM, 3JIEKTPOHHOTO
3axBaTa M Macc-crekTpoMerpudeckuMm. Kax mpasmmo, I'X
IIMPOKO HCTIONB3YETCs VISl ONPEAEICHHsST HU3KOMOJIEKYJISIp-
HBIX aMHHOB M3-3a €T0 BBICOKOW pa3peraromiei crocoOHo-
CTH, YyBCTBHTEILHOCTH, KPATKOTO BPEMEHH aHAJIN3A.

Ilpn omnpeneneHUd  BBHICOKOMOJIEKYJSIPHBIX ~ aMHHOB
BCJIC/ICTBHE UX TOJIIPHOCTH, @ TAKXKE U3-32 UX Pa3JI0KEHHS B
Xpomarorpapuueckoil KOJIOHKE YyBCTBUTEIBHOCTh JIETEKTHU-
POBaHMSI CHUIKACTCSI.

TexHu4eckasi XapakTepucThka (QIoKyJISIHTOB:

Topfloc RHH 714 (Soiutions, Benepus) — 310 TpaHyupo-
BAaHHOE TBEP/IOE BEIIECTBO, NOHHBIM XapakTep - aHHOHHBIH,
MOJIEKYJISIDHBII BeC Marepualla - O4YeHb BBICOKHMH, 3apsn
Marepuasa - CpeJJHHH, 3anax - 6e3 3amaxa, pa3mMep 4acTHII - 2
MM = 2%; <0.15 MM = 6%, oO6beMHas 1IOTHOCTH — 0.71MM,
pH-6-8:5¢/L, pabouas KoHUEHTpalys - 31/, BpeMsl pacTBO-
peHns (MUHYTHI) B ICHOHU3UPOBAHHOW BoJE MpH 5 I/ U 25
rpajycoB.

[Ipurorosnenue pactaopa:

BpeMs pacTBopeHHs 60 MUHYT B IEMOHU3UPOBAHHOH BO-
e mpu S5 /1 U 25 rpamycoB, CPOK TOMHOCTH-12 MecsIes,
HECOBMECTUMO C CHJIBHBIMH KHCIOTAMH M OKHCIISIOIIUMH
CpEACTBaMH, MPH BBICOKHX TEMIIEPAaTypax MOXKET NMPHUBECTH
K obOpazoBanuro: okcuaoB azora (NOX), okcunoB yriepona,
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OKCHIBI CEpbI, IMaHUI BOAOPOAa, TOKCHYHOCTH- LD 50
(opampHO)>5000 MI/KT;

Ic 50 (96 1acoB)>100 mr/n, He pa3apaxkaeT, He ABIACTCS
OBICTPO paziararoyM, OHOKYyMYJISIIMS HE HaKaluIMBaeTcCsl,
XPaHUTHCS B CYXOM MeECTe, IIPH CTa0UIIBHOW TeMIeparype oT
5-30 rpamycos.

Nalco 8172 (NalCO, Huoepnanoei) - 310 TMOPOLIOK, C
AQHMOHHBIM XapaKTepPOM, BBHICOKOMOJIEKYJISIPHBIN Ha OCHOBE
aKkpwIoBbIX KHCIOT 95-100%, conmepkaHme akprmiaamuaa 75
ppm, uMeeT cpenHMil 3apsAA, XMMHYECKOe HaMMEHOBaHHUE -
MOJIMEpP TIPOI-2-€HOBOW KHCJIOTHI C TIPOI-2-€HAMHIOM
HaTpHeBast COJIB, XUMHYECKast dopmymna-
[[c3h402]m[c3h5no]n[na]y]x [9], cas-25987-30-8, Ge3 3ama-
xa, pabodas KoHIeHTparus nepex mo3uposkor 0.05-0.1%,
BpeMsl pacTBOpeHHsi (MHHYTBI) B JEMOHWU3UPOBAHHOI BOzE
npu 5 r/nm u 25 rpaaycoB- TOTOBST B 1Be craguu: 40 MUHYT
0.25-0.5%, mnepen mosuposkor 0.05-0.1%, crabunbHOCTH
JICMOHU3UPOBAaHHBIX PAaCTBOPOB CTaOWIIbHAsI MpU COOJIIOZE-
HHUH YCJIOBHH, HECOBMECTHMbIE MaTepHalbl KOHTAaKTHPOBATh
C CHJIBHBIMH OKHCIHTEIAMH (HAalpUMeEp, XJIOPOM, MEPOKCH-
JaMH, XpOMaTaMH, a30THOM KHCIIOTOM, epXJIopaTaMy, KHI-
KUM KHCJIOPOJIOM, IIepPMaHTaHATaAMH) MOXET COIPOBOXKAATH-
Csl HarpeBaHUEM, BCIIBIIIKOM, BBIICICHHEM B3PBIBOOIIACHBIX
W/WIA TOKCHYHBIX IapoB, NPH IIOXKAPE MOTYT BBLACIATHCS
OKcUjIbl yrieposa (COX), aMMHak U OKcujbl azota (noXx) [1],]
TOKCHYHOCTh MaTepualla MajJoolacHasi MpOAyKIUs 10 CTe-
MeHU BO37eicTBHUsl Ha opranu3m mo roct 12.1.007, 4-wiit
KJIacC OomacHOCTU. MOXKeT 3arps3HiITh OOBEKTHI OKPYKaro-
1ieit cpe/ibl, MOXKET BBI3BATh Y JIUIL C MTOBBIIICHHON 4yBCTBH-
TENBHOCTHIO, M3MEHYUBOCTh B IOYBE MPOAYKIIMH MOXET
3arpsi3HATH OKPYXKAIOLIYIO CpPely: BOJOEMBI, MOYBBI, aTMO-
chepHblil Bo3nyx. [lonanas B BOAHYIO cpeny, MOXKET HaHe-
CTH YPOH BOJIHBIM OpraHM3MaM, OHOKYMYJISLHMS IPOLYKTA TO
YTO JaHHOE BELIECTBO HE CYUTACTCS OYEHb YCTOWYMBBIM H
He 00J1aiaeT BBICOKOH CIIOCOOHOCTBIO K OMOKYMYJISILIUH, TTIK
p.3.Mr/M3-10%, aHMOHHBIE TIONMMEPHI M COMOJMMEPHI Ha
OCHOBE AaKpWJIOBBIX M METaKpHJIOBBIX MOHOMEpOB, a-
a’3p030Jib, KJIACC OMACHOCTH - 4, YCIOBUE XpaHEHHsS 3TO H3-
OexaHue BBICOKHX TeMIeparyp.

Magnofloc 5250 (Basf, I'epmanus) — 310 IOpOMIOK, HMe-
€T aHUOHHBIM XapakTep, TaKKEe BbICOKOMOJIEKYJISIPHBIN Bec,
3apsn - 30% (cpenuuit), 6e3 3anaxa, pasmep vactui - 98%<
1000mk, obwvemHast mioTHOCTH, pH-7.2 (mpm 1% pacTtBOp
npu 25 rtpan), pabouas konuenrtpamms — 0.25-0.5% wmax
0.025-0.1% wmax, crabwieH NpH HOPMAaJIbHOM XpaHEHHH,
CpPOK TOAHOCTH - 4 TO/Ia, HECOBMECTUMBIE MaTepualbl -
CHJIbHBIE KHCJIOTBI, KOHIIEHTPUPOBAaHHBIE OCHOBBI, CHJIbHBIE
OKCHJIaHTBI, OTIACHBIE MPOJYKTHI ITPU pasjioxkeHUH. B ciryuae
coOJIoIeHHsT TIpeIMCAaHUH YKa3aHUH 110 XpaHEHHUIO, Orac-
Hble POJYKThI HEe pacrajarorcs. B ciyuyae moxxapa Bbigess-
I0TCSI OKCHIBI YTJIEPOAa, OKCHJIBI a30Ta, OYE€Hb CKOJIb3KUH BO
BIIQYKHOM COCTOSTHMH, TOKCHYHOCTB- LD 50 (opaybr0)>5000
mr/kr; LC 50 (48x)>100 mr/n. Pa3mpaskaroriee qeiicTBHE - HE
pa3zapaxaeT, HeJerKo IoAJaeTcsi OMOJIOrHYecKOMy paciay,
CJIe/TyeT OXKHAaTh aacopOIuy B TBepAylo (asy Mmoysbl, mpo-
JIYKT HE COJICPKUT BEIECTB, KOTOPBIE yaoBiIeTBOpsitoT PBT-
KpUTEpHsIM  (YCTOWYMBBIH, OMOAKKYMYJIATUBHBIH, TOKCHY-
HBII), HAa OOJIBIINX CTAHJIAPTHBIX KOHCTPYKIMOHHBIX Mare-
puasnoB cinabee, OJJHAKO cileayeT u30eraTtb KOHTaKTa C ako-
MHHHEBBIM IIPOXYKTOM M JIETAIAMU C TaJbBAaHUYECKUM I10-
KPBITHEM.

TexHuyeckas XapakTepUCTHKA IAaHHBIX ITOJIHAKPUIAMH-
JIOB COCTOHUT B TOM, 4T0 MarHodiok 5250 umeeT TIOTHOCTh
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3apsia 30%, KoTopeIil oTHOCHTCS K Kiaccy cpenaux 50%. B
OCTaNIbHBIX (PIOKYJSTHTOB ONMCAHO, YTO B TPEX Mapku (Iio-
KYJISTHTOB CXOXKH€ CBOMCTBA: aHMOHHOT'O THIIA, B XapaKTepH-
cruke ¢nokyasaTa Nalco 8172 ecth BBICOKOMONIEKYISPHBIC,
Oenoro nBeTa, HE UMEIOT 3amaxa, TPeOYIOT NPH XpaHEHHU
n30erarhb BHICOKHX TEMIIEPaTyp.

B ciyuaae obpasytorcs okcunsl azota (NOX), okcnmpl yr-
nepoxaa. M3 nuteparypHOro o030pa BBISICHEHO, YTO Ha Kade-
CTBO 0OOpPOTHOW BOIBI, CMEHAa MapKu (DJIOKYJISIHTa HE BIHS-
€T, HO Ha TPOIeCC CTYIIeHH U QribTpann 3PQPEeKT MOXKET
ObITh CymecTBeHHBIM. [l BBIOOpA HAaYadbHBIX KOHIIEHTpA-
Ui OBLIM MCIONTB30BAHBI JTaHHBIE SKCIIEPUMEHTOB 110 U3Me-
PEHHUIO OCTaTOYHOW KOHLIEHTPAllMM PEareHTOB B BOAHOMU
¢aze onepauuii crymenus U ¢uiotanuu, a Takxke pasbasiie-
HHE CJIMBOB M (DPUIIBTPATOB B YCJIOBHAX BHYTPEHHETO BOJIO-
o6opoTta. C yueToM BO3MOXKHOT'O HaKOTUICHHUSI PeareHTOB JIs
OIIBITOB II0 6I/IOOKI/ICHCHI/IIO BI)I6paHbI HUCXOJHBIC KOHIICHTpA-
muu GuIoKyasHTa U cobuparens S u 30 mr/n. HauaneHbie
KOHIICHTpalunu q)HOKyHSIHTa IIpU UCCICAOBAHUAX USMCPSAIIN B
CHelUaIbHO OTOOpaHHOW B Hadaje 3KCICpUMEHTa Ipode
OJTHOBPEMEHHO C H3MEPEHHEM KOHIICHTPAIllMd B IEPBOM
ompoOoBaHuM (depe3 4 daca), 9TOOBI yUeCTh (PAKTOp XMMH-
YECKOTO pa3NoKeHUs (UIOKYJSIHTAa B IpoOe moj JAeHCTBHEM
KOMITOHCHTOB 0OOPOTHOH BOJBI.

Bcé ompenenseT KOHKPETHOE COOTHOLIEHUE MOJICKYJISp-
HOTO Beca M 3apsija, U TO, Ha CKOJILKO «Yy3KO» BBIZEJIEH 3a-
psa. BeiBaeT, 4T0 BO (PIIOKYJISIHTE MPHUCYTCTBYIOT MOJICKYJIBI
¢ 20% u 40% aHMOHHOCTH, W MUIIYT, YTO 3apsA] COCTaBIAET
30% B cpeaHeMm, a ObIBae€T y3KO BBIJICJICHHBIH MPOIYKT C
30% 3apsaa. Takue OpoOAYKTHI, AaKe MPU OJUHAKOBOM MO-
JIEKYJIIPHOM Bece OyayT padoTaTh Mo-pasHOMY.

B tabmuue 1 npencrasiieHa rpaHylIoMeTpHUUYeCcKas Xapak-
TepUCTHKa (DIOTAMOHHOTO KOHIICHTPATA.

Tabnuya 1. I'panynomempuueckas xapaxmepucmuka ¢hno-
mayuonHo20 Konyenmpama

Knacc kpynHocty, MM Brixoxn, %
+0.071 6.10
-0.071+0.040 20.70
-0.040+0.026 20.10
-0.026 53.10
Uroro 100.00

CornacHo, TrpaHyJIOMETPHUYECKO XapakTepucTuku (iio-
TAI[MOHHOTO KOHIIEHTpAaTa COJCpKaHHEe Kiacca KPYIMHOCTH -
0.040+0 MM cocrasiser 73.20%.

3. Pe3yabTaThl U 00Cy:KIeHHE

ITo pe3ynpTaTaM aHAIM30B CrYIICHUS (GIOTALIMOHHOTO
KOHIIEHTpaTa MPEICTaBIICHBI Pe3yJbTaThl TECTUPOBAHUS Ha
pasubix GuokynsaTos Topfloc RHH 714, Nalco 8172, Mag-
nofloc 5250 ¢ xouuentpanueit 0.05% c¢ pacxomamu: 10 /T,
20 r/t, 25 1/1, 30 /T u 40 r/T. B Tabaune 2 u Ha pucynke 1
MpECTaBlIeHA CPABHUTEIbHAS XapaKTEPUCTHKA IMOJHAKPH-
mamunoB pu pacxoznelO r/t. BeicoTa mymbnel ¢IoOKOHIIEH-
TpaTa 3aHsUI0 B UMIUHAPE 325 MM.

W3mepeHns: KOHIEHTpaUUK (IIOKYJISHTOB MPOBOJHINCH B
npobax obopoTHOH Boabl Akxap, I'urant u POOP, B koTto-
peie  mosupoBanu  Quokymsutel  Topfloc 714, Nalco
8172PULV u Magnofloc 5250. CnexyeT OTMETUTB, YTO MPU
NPOBEICHUH KCIIEPUMEHTA PH OJJHOBPEMEHHOM J03UPOBa-
HUU (UIOKYJISIHTa CKOPOCTH OMOOKHCIICHUS pPaBHA WM IIpe-
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BBIIIAET CKOPOCTh OKHCJIECHHUS YHCTOTO (DIOKYJSIHTA, 4YTO
BO3MOJKHO CBSI3aHO C YIy4YIIEHHEM YCIOBHH IEHCTBUS OWO-
OpPTraHu3MOB (POCT KOJIMUECTBA MUTATEILHOI Macchl).

Tabnuua 2. Cpasnumenvnas Xapaxmepucmuxa HOAUAKDU-
namudoe npu pacxooel 0 /m

BricoTa ocBeTICHHOTO CJIOS, MM

Bpems
OCaXEHU, CEK pacxon 10 r/r
Topfloc 714 = Nalco 8172 = Magnofloc5250
20 15 20 60
40 25 70 200
60 40 215 250
80 55 235 260
100 75 240 265
120 105 243 267

BBICOTA OCBETIIEHHOI 0 CJ108

Pucynok 2. @omozpaghuu ocarcoenusn wacmuy no spemenu

0
0 20 0 50 50 100 120 140 B Tabnune 3 u Ha PHUCYHKE 3 IpeacTaBj€Ha CPaBHUTEIIb-
Has XapaKTCPUCTUKA MOJTUAKPHUIAMUIOB IIPHU pacXxoae 20 r/T.
BpEMA, CEK
=@ BLICOTA OCBETIEeHHOr 0 cIos, MM pacxon 10 /T Topfloc -714 Tabnuya 3. CpagnumenvrHas Xapaxmepucmuka ROAUAKPU-

namuoos npu pacxooe 20 2/m
=8 EBICOTA OCESTISHHOrO CJIo4, MM pacxon 10 /T Nalco-8172

Bpewmst BbIcoTa OCBETIICHHOTO CIIOS (30Ha OCAXK/ICHUS YaCTHIL), MM
== BRICOTA OCEBETIEeHHOT0 cI0s, MM pacxon 10 r/T Magnofloc-5250
OCaXKJIEHUS, pacxon 20 r/t

Pucynox 1. I'paghuk oceemnennozo cnosa ceyuienus c npume- cex Topfloc 714 Nalco 8172 Magnofloc 5250
Henuem Qaokynanmos c pacxooom 102/m 20 20 30 70
40 220 210 240
Kak BUAHO M3 PUCYHKA 2, BBICOTa OCBETJIICHHOI'O CJIOS 60 iio 23(7) ;47
(SOHBI CB060,I[HOFO ocameHI/m), BbIIIIC IIPpU CryHICHUH C 80 0 50
npuMeHeHreM QuokyiasaTa Magnofloc-5250 ¢ pacxonom 10 100 245 250 254
120 250 255 260

I/T B CPaBHEHUH C JPYTHMMHU HCCIeyeMble (IOKYISHTaMHU.
Ha rpaduke BUIHO, YTO KPUTHYECKON TOUKOW OCaXKIEHHS C
Magnofloc-5250 -senstercs Bpems Ha 40 cek. C 40 cex mo 60
cek oOpasyeTcs 30Ha yIUIOTHeHHs1 ocajka. C yBeIMYeHHEeM 300
BpeMmeHH, ¢ 60 cexyHabl obpasyercs cioil ocanka. ITomHoe
BpEeMs OCaXICHUS U YIUIOTHEHHUS ocaaka -120 cek.

CpenHioo CKOpoCcTh (M/C) OCa)XIEHHUS YacTHUIl OIpee-
JSTIOT 10 (hopMyIIe ¢ UCTIONBb30BaHUEM NapaMETPOB!

Vcp — 30Ha OCaXACHHS — 30Ha YIUIOTHEHHs ocagka /
BpEMsI OCAXJICHHS B MOMEHT, KOTJla 30Ha OCAXICHUS I0-
CTHUTHET 30HBI YIJIOTHEHHSIO.

CpenHsisi CKOPOCTh OCAaXJICHHsI TBEPABIX 4acTHI[ (IIOTO-
KoHIeHTpata ¢ npuMenennem Magnofloc 5250 ¢ pacxogom
10 r/t, momyuaunocs ((250-200)/1000)/40=1.25*10"3wm/c. o

o 20 40 60 80 100 120 140

BEICOTA OCBETIEHHOT O Cl108, MM
A
[}

BpeMsH, CeEK

—&— EBICOTa OCEBETIeHHOIO caosd, MM pacxon 20 1/t Topfloc -
714

=—#— BRICOTA OCEETIESHHOTO CIOA, MM pacxon 20 /T Nalco-
8172

BEICOTA OCBETISHHOTO CI0A, MM pacxon 20 I/'T
Magnofloc-5250

Pucynok 3. I'pagpuk oceemnennozo cnos ceywjenus ¢ npume-
HeHuem (paoKyaanmos ¢ pacxooom 20 2/m
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W3 pucynka 3 BHAHO, YTO OCAaXIEHHS YACTHI[ CO BCEMH
HCCIIeTyeMBIME (IIOKYIISTHTAMH MPOUCXOTUT OBICTpee C pac-
xoxoM 20 /T u Ha 20 cek. Ha 40 cex BHauM, 4TO CTOJI0O BBICO-
ThI OCBETIICHHOTO ciios Bbiite y ¢iokymstara Magnofloc 5250.
CpenHsisi CKOpPOCTh ocaxjaeHus mnomydaercs 115/40%10°
3=0.003 m/c.

B Tabnuiie 4 u Ha pUCYHKE 4 MpPECTaBICHA CPABHUTEIIb-
Hasl XapaKTePUCTHKA MOJHUAKPUIIAMHUJIOB MPHU pacxoje 25 1/T.

Tabnuua 4. Cpasnumenvnas xapaxmepucmuka NOJIUAKPU-
aamuooe npu pacxooe 25 2/m

Bpewms BbricoTa 0CBETIICHHOTO €105, MM
OCQXKIICHHS, pacxon 25 t/T
CeK Topfloc 714 Nalco 8172 Magnofloc 5250
20 40 50 60
40 230 240 215
60 247 250 230
80 250 257 245
100 255 260 248
120 255 265 251
_ 350
; 2
% 250
g 200
£
£ 130
E 100 .
£ ]
o
0
0 20 40 60 80 100 120 140
Bpems, cex

—@— BLICOTA OCBETICHHOTO CTOR. MM pacxoa 25 /T Topfloc-714

=& BHICOTA OCBETICHHOTO ¢7108, MM pacxoa 23 1/t Naleo-§172
BRICOTA OCBETICHHOTO CTOR, MM pacxon 25 r/t Magnofloc-5250

JInHeiiHAR (BLICOTA OCERTISHHOTO CI0A., MM pacxod 25 rit Magnofloc-5250 )

Pucynok 4. I'paguk oceemnennozo cnos ceywjenus ¢ npume-
HeHnuem (aoKyIAHMO8 ¢ pacxooom 25 2/m

Io pesynbraTam mccienoBaHus CrymeHns (GpIoKyIstHTOB
C pacxomoM 25 I/T, BUIUM, YTO OCAKAECHHE HPOUCXOIHUT Y
Bcex (mokymsaHTOB ObIcTpee yke Ha 20 cek. Ha 40 cex
HaOI01aeM, 4TO BBICOTA OCBETJICHHOTO CJIOSI BBIIE C HC-
nosb3oBanueM ¢uiokyisatoB Nalco 8172 u Topfloc 714.

B Tabnuie 5 u Ha pUCyHKe 5 MpeCcTaBIeHa CPABHUTEIb-
Hasl XapaKTepUCTHKA MMOTHAKPUIaMUI0B C pacxogom 30 1/T.

Tabnuua 5. Cpagnumenvhas Xapakmepucmuka NOAUAKPU-
aamuooe npu pacxooe 30 2/m

Bpems BrIcoTa OCBETIIEHHOTO CIIOSI, MM
OCaXJICHHUS, pacxox 30 r/T
CeK Topfloc 714 Nalco 8172 Magnofloc 5250
20 50 60 70
40 230 220 240
60 240 250 255
80 243 255 260
100 247 257 263
120 250 260 265

W3 pucynka 5, Buanum, 4to ¢ pacxojoMm (iokynsHToB 30
/T, OCaXIICHHUE YaCTHII 3aMEJISICTCS [0 CPABHEHHIO C PAacXo-
nmamu 25 u 20 1/T. BeIcOTa OCBETIIGHHOTO CJIOS TIOYTH Y BCEX
HCCIICTyeMbIX (UIOKYIISTHTOB OIMHAKOBOE.

PaccmotpuM nanHOE HaOMIOACHUS 1O TPadUKy PUCYHOK O.
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2 Bpems. cek

" =& BEICOTA OCBETIEHHOTO 105, MM pacxo 30 1/t Topfloc-714

—&— BEICOTA OCBETAEHHOTO 1051, MM pacxon 30 1/t Nalco-§172

BEICOTA OCBETIEHHOTO 104, MM pacxof 30 1/t Magnofloc-5250

Pucynok 5. I'pagpuk oceemnennozo cnoa czywienus ¢ npume-
HeHuem PaoKyaanmoe ¢ pacxooom 30 2/m
350
300
250
200
150

100

—8—Pacxoz perenta Topfloc 714.1/1 10 T/1 BEICOTA OCBETIHHOTO CT0S

=&~ Pacxoz pererta Topfloc 714.1/1 20r/T BrIcOTa 0CBETIEHHOTQ €0
Pacxox pererta Topfloc 714,1/T 25 /T BEICOTA 0CBETICHHOTO €10
—8— Pacxox perenta Topfloc 714.1/1 30 /T BbicoTa OCBETIGHHOTO CI08

~®—Pacxox perenta Topfloc 714.1/1 40 1/1 BELCOTA 0CBETIEHHOTO CI10T

Pucynok 6. Junamuka ocaxcoenus wacmuy ¢ npuMenenuem
Topfloc- 714 na pasnsix pacxodax

W3 pucyHka 6 BUIIHO, 9TO CKOPOCTh OCAXJECHHUS YacTHII C
tdnoxynsiutrom Topfloc- 714 nourn oxuHAKOBOE € pacxoaoM
20 r/T U BbILIE.

PaccmoTpuM mcciaeoBaHUS MO CTYIIAEMOCTH C HpUMe-
HenueM ¢utokymsiata Magnofloc -5250 mo rpaduky (puc. 7).

m

BMCOTE OCHETICHINT O CRON

0 20 0 ] 80 1 120 140

—8— Pacxoa peresra MagsoBoc.1/r 10 £/t BRCo: oepersesmions 308
=0 Pacx0a perestra MageofBoc.1/t 20 £/ BIROOES OSerasinoo £aot

= PN perestra MagsoBoc.171 2§ 1/t BUCOTA OSRerienniro caon
=8 Pacxoa perears MagsoBoc1/r 30 1/t BACOTR 0Caessiinogo 308
~8— Pacx01 perestra MagaoBoc 1/t 40 £/1 BRco2a ocnes 3o Cro8

Pucynok 7. Junamuxa ocax;coenusa wacmuy ¢ npumeHeHuem
Magnofloc -5250 na pasnsix pacxodax
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W3 pucyHka 7 BUAHO, 4TO C MpUMEHEHHEM (IIOKYIISTHTA
Magnofloc -5250 myumiee ocaxxmeHne 4aCTHIT TPOUCXOAUT C
pacxomom 20 r/1. Ilpu OONBIIUX 032X OCAKICHHS YACTHII
MeJIJICHHEE.

CpaBuum eme pa3 pesyiabratel Magnofloc -5250 u
Topfloc- 714 ¢ no3uposkoii 20r/T.
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BBICOTA OCBETIICHHOTO CIIOA

40 60 80 100 140

—&— Pacxoj pereata Magnofloc.1/T 10 /1 BEICOTa 0CBETIREROTO C10%
=8~ Pacxox perenta Magnofloc.1/T 20 /1 BEicoTa 0cBeTI2EHOTO cl0%

Pacxox pererta Magnofloc.r/1 25 1/1 BEIC0Ta 0CBSTISEROTO CI0A
—&— Pacxoj pereata Magnofloc.1/T 30 /T BEICOTa 0CBETIREROTO ClOK

Pacxox pereata Magnefloc.r/T 40 1/1 BEiC0Ta 0CBSTIREROTO Cl0%

Pucynok 8. Cpasnumenvnas xapaKmepucmuka noaiuaxkpuia-
MU0 ¢ pacxooom 20 z/m

Kak Buaum, uto Magnofloc 5250 mokasbiBaet yuiiee
ocaxneHue dactuil ¢ pacxomgom 20 1/T. Takum oOpazom,
HanOonee 93((eKTHBHBIM (DIOKYIAHTOM TIPH CTYUICHUU
seisiercss pearent Magnofloc 5250. CoBpemeHHbIE TpOU3-
BOJICTBEHHBIE TIPOIECCH, B TOM YHCIE W MPOIECCHl odora-
IIEHUS MOJE3HBIX MCKONAEeMBIX, MPEAyCMAaTPHUBAIOT CryIIe-
HHEe ¥ 00e3BOXKHMBaHHE NUIAMOB. L{esbio mpu 3TOM sIBIISIETCS
ONTHMAJILHOE pa3JelICHUue KUAKON U TBepAOoi (a3 mpu Mak-
CHUMaJIbHO BO3MOJKHOI 4HMCTOTE *uakoil dasel U Haumbosee
HHU3KOH BJIaXHOCTH CyXOro BemiecTBa TBepaod daser. s
JOCTHXEHUSI 3TOW LeNN MPU CTYIIECHUN YTOJIbHO-TIIMHUCTHIX
CYCIIEH3UIl B paJMalibHBIX CTYCTHTEISX, a TaKXKe Ipu 00e3-
BOXKMBAaHMM NIJJaMa HAa KaMEpHBIX W JICHTOYHBIX (HIBTP-
npeccax, AUCKOBBIX BaKyyM-(QHIbTpax, LEHTpU(pYyrax HpH-
MEHSIOTCS OPTaHWYECKHE CHHTCTHYECKHE (IIOKYJIISHTHI.
Onokynsatsl psga MAGNAFLOC® xuMudeckoro KOHIEp-
Ha BASF oTBe4aroT 3TMM MHOTOTPaHHBIM TpPEOOBAHUSIM:
ONTHUMaNbHAsl HAJAEKHOCTh IMpOIlecca, MAKCHMAaJbHO BO3-
MOXKHasl YMCTOTa OCBETJICHHOW (Da3bl, HauOonblIee Coaep-
JKaHWEe TBEPJIOT0, pa3yMHasi CTOMMOCTh NoIuMepoB. Tak kak
oOpabaTbiBaeMble LIJIAMbI UMEIOT Pa3IM4HbIA cocTas, (uio-
kymstHTH psiga MAGNAFLOC umerot 3apsig OT BRICOKOAHH-
OHHOT'O Yepe3 HEHOHOTE€HHBIH /10 BBHICOKOKAaTHOHHOTO. Jlna-
Na30H MOJIEKYJIIPHOW Macchl 3THX MPOIYKTOB TAaKXKe OYECHb
MIMPOK: OT HHU3KOMOJICKYJISIPHBIX (OKOJIO | MIIH.) IO BBICO-
KOMOJIEKYJIIPHBIX (OKOJIO 27 MJIH.).

CyMmMmapHOe cojepkaHue coduparensi ¢ (GIOKyITHTOM
MOKHO OMPEAEIATh CHEKTPO(POTOMETPHIECKIM METOJIOM C
B®C, a Taxke ucnonszoBarh XIIK (xumMudeckoro morped-
JICHUS KHCIIOpOJa). XUMHUYECKOe MOTpeOsieHne KHCIopojaa
ABIISICTCS TIOKA3aTeNIeM COAEPKaHMs OPTraHHIECKHX BEIIECTB
B BOJIE, BEIpAKAaeTCsl B MIJUTUTPaMMax KucyiopoJa (Wi Apy-
TOro OKUCIIMTEJIS B IIepecuéTe Ha KUCIOPO.1), MOMIEANIEro Ha
OKHCJICHHE OPTaHMYECKUX BEILIECTB, COJEPIKAIINXCS B JIUTPE
(1 nm®) Bogpl. XIIK wucmonb3yercst ISl OUEHKHU CTENCHH
3arpsi3HEHUS TIPUPOJIHBIX M CTOYHBIX BOJI OPraHUYECKHMH
coenuHeHusiMU. [loTpebiieHre KuCIopoa onpenenseTcs: Kak
TaKas Macca OKHCIHUTENs B IepecuyéTe Ha KHUCIOpOJ, BhIpa-
JKEHHas B MI/JI, IPU KOTOPOH BECh YIIEpo, BOAOPOL, cepa,
dbochop m apyrue 3IEMEHTHI, €CIM OHH TMPHUCYTCTBYIOT B
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OpPraHUYeCKOM BEIECTBE, OKUCIISIOTCS 0 BBICIINX OKCHJIOB,
a a30T NPEBPAIACTCS B AaMMOHUIHYIO COJIb.

[Tpn npuMeHEeHNN METOIUKH OINPEAETICHUSI XUMHYECKOTO
MOTpeOIeHUsT KUCIIOPO/a B Mpolieccax aTMOC(epHOro oKuc-
JICHUS! JUTS OLIEHKH KOHIIEHTpalWil OpraHuYecKuX 3arpssHe-
HHUH B BOZE, a TaKXKE OTCIECKHBAHHUS M3MEHEHUH, MPOHCXO-
JIIMX ¢ OpraHuveckod Maccoll (peareHTaMmu) B Ipolecce
aTMOC()EepHOTO OKHUCIICHHUS, oOmpeJnensercss OuxpomarHas
okucisgeMocTb. CTaHIapTH30BaHHBIE METOBI MPEAyCMaTpH-
BalOT 00pabOTKy MPOOBI BOJBI CEPHOI KHCIOTOW U OMXpoMa-
TOM KaJius TP ONpeAeiEHHOI TeMeparype B MPUCYTCTBHU
KaTaan3aTopa OKUCIICHHS.
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¥ cak AuCHepCcTi XpOM KeH/IepPiH OHey TEXHOJIOTHACHIHIAFbI
(G10TANUAIBIK KOHIEHTPATTHI KOKJIAH/BIPY ONepalusIapbl YIIiH
(JIOKYJISIHT peareHTTEPiH TAJAay JKIHe 3ePTTey

B.B. A6aypsaxosa’, JI.C. Kayanosa, H.K. Caiimaran6eToBa
«ERG evinvimu-3epmmey srcane unscunupune opmanvizely XXIUIC, Xpommay, Kazaxcman

*Koppecnonoenyus ywin asmop: B.Abdurzakova@erg.kz

Angarna. By zeprrey TOPFLOC 714, NALCO 8172PULV sxone Magnofloc 5250 ¢urokyastHT peareHTTepiHiH KOHIIEH-
TPALMSACHIHBIH 9CEp €Ty ASPEKECiH aHBIKTAY/IbIH MHHOBAIMSUIBIK 9IICTEPiHIH KYHEeIeHJIpIIreH MIOMYbIH YChIHA/IBI, OJIap YCaK
JICIIEPCTI XpOM KEHAEPIH aybIPJbIK KoHe (UIOTalMsUIbIK O0ailbITy omiciMeH eHuey kesinae Jlon 'OK kannblkrapbelH eHIEY
KOHIBIPFBIIApBIHAH LIBIKKAH TYHOAHBI CYChI31aH/IBIPY MaKcaThIH/Aa Kepi aliHaIbIMAAFhl cyna KojaaHeuiaael. CoHmaii-ak, Kepi
aifHANBIMAAFbI Cy/ia (IIOKYJISTHTTap/IbIH aMHH KOMIIOHEHTTEPIHIH aybIPJIBIK JKoHE (IIOTAMSIIBIK OAHBITY TEXHOJIOTHSUIIBIK IIPO-
LecTepiHe JKoHE YKaOIbIKTap/AblH KOPPO3USUIBIK TO3IMALIIrIHE 9cepiH aHbIKTay KapacThlpbuUiaasl. CyAblH 3aMaHayd Ta3apTy
oxictepine mwomy xacanapl. 2006 xpurnan Oacran 2023 >kburFa JeHiHTI Ke3eHAI KAMTHTBIH YCaK AMCIEPCTI XpOM KeHIEpiH
OHJICY Ta3apTy KOHIBIPFhUIAPBIHAH IIBIKKAH TYHOAHBI CYCBHI3NAHIABIPY YLIIH (DIOKYISHTTapABIH THIMALUIITIH aHBIKTAY OMicTe-
Meci OoifpiHma TaHmanraH 10 FRUIBIMH €HOCKTIH HOTIDKEJepiHe >KYHENCHIIPUIreH MIONY JXKOHE aHAIWTHKANBIK Oaranay
KYPriziiai. 3epTTey HOTIDKENepi OHail KO KeTiMIi, Kayilci3 >kKoHe ap3aH OHOBLABIPANTHIH MONUMEpIepAi WHHOBAIMIIBIK
anmicTepMeH KonnaHyabl kepcereni. COHBIMEH Kartap, 3epTTey aybIpiibIK cernaparopiapbl MeH (GIIOTalMsUIBIK KOHABIPFBUIApAAH
KeHiH OKCHITI MHUHEpalAapibl KOIJIAHABIPYABIH COTTI MBICAJAPbIH JKOHE YCaK KeHAI OHIey Ke3iHAe Ta3apTy
KOHIBIPFBUIAPBIHBIH TYHOACHIH TYHIBIPY Ke3iHJE JKaKChl HOTIDKENIEPTe KOJ JKEeTKi3yre OomaThiHbIH KepcerTi. Epitinainin pH
KOPCETKIIITEPl MOJUMEp Ti30CKTepiHIH MIHE3-KYIKbIHA OCep eTeldi. AYBIPIBIK JKOHE (IOTALMSUIBIK MPOIECTEPACH
KaJIJIBIKTap/Ibl Ta3apTy CYJIapbIHBIH MOJIPJIIri KOJINAaHbUIATHIH (IOKYISIHTTapIbIH TYpPiHE Jie, KOHIIEHTpauuschiHa 1a GaiinaH-
BICTBI. ¥ CaK JMCICPCTI XpOM KEHICPIH OHICY KOHIBIPFhLIAPHIHBIH TYHOACHIH CYCBI3NAHABIPY OMICTEpiHE KYHEICHIIPIIreH
IIOJTY JKYPTi3iial XKoHe TaHJalFaH 9IICTeP/iH apTHIKIIBIIBIKTAPEl MEH KeMIIUTiKTepl Tanaanbl. )Kanmsl, 3epTTey HOTHXKeNepi
(IOKYISIHT peareHTTEpiH KOJNAHYAbIH MaHBI3bUIBIFBIH JKOHE YCaK JUCIIEPCTI XpOM KEHJIEpiH TYHABIPY/bIH MHHOBAIHMSIBIK
dmicTepiH KONTaHy OaWbITYABIH THIMAUITIH apTTRIPY JKOHE pecypcTappl MaiiianaHy THIMIUITIH jKaKCapTy YIIiH MaHBI3IBI
eKeHIH KepceTei.

Hezizzi co30ep: ycax oucnepcmi Xpom Keni, oyoey, oaiivimy a0icmepi, proKyIsHmM, PIOKOHYEeHMpPam, KORIAHObIDY .

AHaJIM3 U MCCJIeIOBAHHUE PEAreHTOB - (JJIOKYJISAHTOB ISl ONepanuii
CryleHusi NIOTALMOHHOI0 KOHLEHTPATA B TEXHOJIOTMH MepepadoTKu
MEJIKOAMCIIEPCHBIX XPOMOBBIX PYA

B.B. AGmypsakosa’, JI.C. Kayanosa, H.K. CaiimaranGetoBa
TOO «Hayuno-uccrnedosamenvckuil unscunupureossii yenmp ERGy, Xpommay, Kaszaxcman

*Aemop onsn koppecnonoenyuu: B.Abdurzakova@erg.kz

AHHOTanMsi. DTO HMCCIIEI0OBaHNE NPEICTABISIET COO0H CHCTEMAaTH3MPOBAaHHBIH 0030p MHHOBALlMOHHBIX METOJIOB OIpeje-
JICHUE CTETICHH BIMSHUS KOHIEHTpanuu peareHToB - quiokyssiatoB TOPFLOC 714, NALCO 8172PULV u Magnofloc 5250 B
000pOTHOH BOJIE C IIETBbI0 0OE3BOXHMBAHUS OCAJKA OYHCTHBIX COOPY)KEHHUI MpH mepepaboTKH MENKOIUCIIEPCHBIX XPOMOBBIX
Py Ha TPaBUTAIIMOHHO-(IOTAIIMOHHBIM METOJIOM OOOTAIIeHNUS JEeKAIBIX NIIaMOBBIX XBocTOB JloHckoro I'OKa. Taxke omnpe-
JICTICHNE CTETICHH BIMSHUS aMUHHBIX KOMIIOHEHTOB (DJIOKYJITHTOB B 0OOPOTHOM BOJIE HA TEXHOJIOTHIECKHE MPOIECCHl IPaBH-
TaIlMOHHOTO W (hJIOTAIMOHHOTO OOOTAIIeHUs W KOPPO3HOHHYIO YCTOMYMBOCTH oOopymoBaHus. [IpemoctaBiieHust 0630pa co-
BPEMEHHBIX METOJIOB OYMCTKH BOJ. BBIT MpoOBeIeH CHCTEMaTH3MPOBAHHBIA 0030p M aHATUTHYECKas OICHKAa Pe3yJbTaTOB,
BbIOpaHHBIX 10 HaydHBIX TPYJOB Ha TeMy, METOJIuKa ompezaeneHne 3(dexTnBHOCTH paboThl (PIOKYISIHTOB I 00E3BOKUBA-
HHS 0Ca/IKa OYMCTHBIX COOPYKEHHH MepepadoTKH MEIIKOIMCIIEPCHBIX XPOMOBBIX Py, OXBaThIBatomux nepuos ¢ 2006 roxa mo
2023 roj. Pe3ynprar nccieqoBaHus MOKa3bIBaeT UCIIOJIB30BAHMS JIETKOJOCTYITHBIX, O€30IIaCHBIX U JICIIEBBIX OHOpa3iiaraeMbIx
HNOJIMMEPOB Ha MHHOBALMOHHBIX MeToAax. Kpome 3Toro, uccienoBanue nokasajao NpUMEPH] YCIENUHOro MPUMEHEHHS Ha CTry-
IIEHUH OKCHJIHBIX MHHEPAJIOB MOCJIC TPABUTALIMOHHBIX CENapaTopoB M (JIOTAIMOHHBIX anmnaparoB IS MOJYYEHHs XOPOLINX
NoKazaTesael MpH OCaKAECHHUAX 0CaJKa OYHCTHBIX COOPYXKEHHH NpH nepepaboTke MeskomuciiepcHbIx pya. Ilokasarenn pH
pacTBOpa OKa3bIBACT BIMSIHUE HA MOBEACHUH Lieniel monmmepa. OCcBETICHNE TEXHOTCHHBIX BOJ OTXOO0B IpaBUTalMu U (raoTa-
IIMM 3aBUCHUT KaK OT TUIIA, TAK U OT KOHICHTPAINU IIPUMEHAEMBIX (DIOKYJSTHTOB. BBIT MpoBeseH cHCTEMAaTH3UPOBaHHBIN 00-
30p METOJIOB MO 00E3BOKMUBAHMUS OCAIKa OUUCTHBIX COOPYXKEHHUH MepepaboTKN METKOAUCIIEPCHBIX XPOMOBBIX Py C aHATH30M
MPEUMYIIECTB M HEAOCTATKOB BBRIOPAHHBIX METOOB. B menom, pe3ynbTaTshl HOAYEPKUBAIOT Ba)KHOCTD IPUMEHEHHN PEarcHTOB
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- (IOKYJSIHTOB ¥ TPHMEHEHHS WHHOBAIIMOHHBIX METOOB OCAXICHHS MEJKOIMCIIEPCHBIX XPOMOBBIX PYI ISl TIOBBIIICHHSI
3¢ exTHBHOCTH 00OTAIIEHNS U YIYUIICHHUS UCTIOIB30BaHUS PECYPCOB.

Knrouesvie cnosa: meikooucnepcHole Xpomosvie pyobl, nepepadomra, Memoovl 0602aujenus, QIoKYISHM, GHI0MOKOHYEH-
mpam, czyujenue.
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The effectiveness of the use of geophysical research in the
underground development of ore deposits
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Abstract. The article is devoted to reviewing the issues related to the application of geophysical methods for solving the
problems of monitoring the development of solid mineral deposits. The problems considered in the work are highly relevant in
connection with the recent increase in the frequency of natural and man-made disasters caused by the disturbance of the rock
mass during the construction of mine workings and the exploitation of ore deposits developed by underground methods. This is
especially pertinent for deposits at a late stage of development. Based on an analysis of foreign and domestic scientific litera-
ture, the authors provide a detailed examination of the possibilities of using various modifications of geophysical methods in
the mining industry at the stages of deposit development and operation. Particular attention is paid to the efficiency of seismic
exploration methods in monitoring the development of ore deposits mined by underground methods at great depths. It is shown
that the use of geophysical methods is one of the most effective ways to account for the behavior of natural and technical sys-
tems in underground workings, depending on the current state of the geological environment and artificial impacts on rock
massifs. A well-founded conclusion is made that systematic monitoring and prevention of the technogenic state of underground
workings, as well as the study of the current state of the rock mass and ore deposits in hard-to-reach areas using modern geo-
physical technologies, form the basis for the effective and safe development of long-exploited solid mineral deposits. The
presented review is used for the scientific and practical substantiation of research work carried out by a team of specialists
from KazNITU named after K.I. Satpayev, focused on developing a technology for assessing the geomechanical state of
mined-out spaces using seismic methods during underground mining of minerals in the complex mining and geological condi-
tions of copper sandstone deposits in Kazakhstan.

Keywords: geophysical monitoring, underground works, mineral deposits, geomechanical characteristics.

MOHHUTOPHHI  TIPOLECIHIH  KKETTUIIH  TybIHIATaIbl.
I'eoorusIbIK ~ JKOHE  TEXHOTSHIIK  IIBIFYy  Teri  Oap
AHOMAJIMSUIBI KYpJIeJli alMaKTap/ipl, SCipece Urepiin )KaTKaH
OHIMJII KabaTTap/blH YCTiH/E OpHAJIACKaH Tay JXbIHBICTApBI
KabaTTapblH aHBIKTayFa epeKIlie Ha3ap ay/apy Kepek.
Pynmanbik maiinansl Ka30anap/IslH KeH OPbIHIAPBIH THIMII
UTepillyl TEOJOTHSIBIK OPTAHBIH ©3TepyiHe XKOHE >KacaHIbI
MACCHBTIH KepHeyli-IeGopMaisuiblK KyiHiHe acep eTeTiH
JKEepacThl JKYMBICTaPBIHIAFbI TaOUFU-TEXHOTEH/TIK
JKYHENepIIiH OpeKeTiH eCeNKe ayIblH TOJBIKTBIFE MCH
3eprrenyiHe Oaitmanbictel (pebeHuirent; PpuibHHKOBA).
XKorapsiga aifTeuFaHAapra OailIaHBICTHI PYHAJIBIK Al gasIsl
Ka30amap KeH OPBIHIAPBIH THIMII JKOHE KAyiIlci3 HrepyiiH
HETi31 - jKepacThl Ka3z0aJapbIHBIH TEXHOTCHIIK KaFAailbiH
OakplIay S>KOHE aNJblH amy Oonbin Tabbutamel. Kazipri
3aMaHayd TeO(U3HKAIBIK 3epTTeY OMiCTepiH KOJIJIaHy Oyl
Macenenepii menryre anTapiablKTall KOMeKTeCce]Ii.

1. Kipicme

Kyprneni reosiorusuibik Ty3utiMaep MeH naiijaibl kazoanap
KEH OPBIHIAPBIHBIH KYPbUIBIMBI MEH ILIBIFY TETiH, OJIapbl
OHJIIpY TOyeKeNJepiH a3ailTy MakKcaThlHAa 3epTTey, KaTThl
naiansl Ka3banap KeH OpBIHAApbIH THIMJI JKOHE Kayilci3
Urepyai  KamTamachl3s eTyOiH Herisri MiHAeTi OOoJIbI
TaOBUIAIBL.

Kypreni >xoHe mnpoOneManbIK TEOJIOTHSUIBIK MOJEIBIEP
ke0iHece YIIKEH TEepeHIIKTe OpHAIACKAH, TU3BIOHKTHBTI
TEKTOHHUKAJBIK, OJOKTBIK KYPBUIBIMABI, Tay >KBIHBICTAPBIHBIH
JIMTOJIOTHSUTBIK, KaHE (hanraiibl KYpaMbIHBIH alyaH TypJILUIiTi,
KEH JIeHeCi MEH KOpIIaFraH OPTaHBIH KYPT ©3TepreH OpTeKTi
PYJaIBIK KeH OpBIHAApBIHAA Oalikamansr [1,2].

Ken opHBIH oOChIHIAW >Karjaiifa y3aK yakbIT Hrepy
NpOLECiHAEe Tay-KeH JKYMBICTapbl Tay-KeH MaccaiapbiHia
XKapbIKTap, KYyBICTAp, KOIIKiHAEp MEH Wiy aiMakTapbl
CUSIKTBI TEXHOTEHIIIK OPTEKTLTIKTIH maiaa OoybIHa, COHIAM-
aK Cy OTKI3eTiH >KapbIKTapIblH JKOHE WIEpIiN >KaTKaH

MaCCUBTEP/IiH (PU3UKAITBIK-MEXaHUKAIBIK CATIATTAMAIAPBIHBIH
e3repyiHe OalimaHpIcTBl 0acka Ja KyOBUIBICTApBIH Iaiina
0O0ITybIHA OKETIe .

Madinansl  Ka3Oamapabl Kep acThl Wrepy oJiciMeH
OHJIpy/le Tay-KeH KOCIMOPBIHAAPBIHAAFE  amaTTap.IbIH
KOO0l I'COIOTUSIIBIK KYPBUIBIMIBI TEPEHIPEK 3€pTTECy MEH

© 2024. S.A. Istekova, D.N. Tolybayeva, L.D. Issayeva, Z.N. Ablessenova, M.A.Talassov

2. 3epTTey dicTepi MeH MaTepuasap

ITatimansr Ka30amap el urepymi OaKpUIaYABIH
reoU3MKaNIBIK 9/1iCTepi - Maiiansl Kazdanap KEHOPBIHAAPHIH
urepyi 0akpulay MaceseepiH MemyaiH THIMI SaiCTepiHiH
Oipi OonbIn TaOBLIAaABI, COHIABIKTAH OJlap Tay-KeH, MyHaii
JKOHE Ta3 eHEepKaciOiH/Ie KEeHiHEeH KOJIAaHbUIAAbl. 3amMaHayd
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reo@u3uKaIblK  Kypal-)KaOABIKTap Kep  KbIPTHICHIHBIH
JKOFapFel  OeNiriHAeri TaOMFU-TEXHOTEHAIK OOBEeKTiIepi
KAIIBIKTBIKTaH Oapiiayra JKOHE Oaranayra, KYpPbUIBIMIBIK
OipKenKki  eMeCTIKTepi, TEKTOHHKAJBIK Oy3bUIyNapibl,
KYBICTapJbl, OPTYPJdi TEPCHIIKTEri Tay IKBIHBICTApHI
MaccaJapbIHIAFbl dPTYPIIl OpTaIapAbIH JKaHACY aMaKTaphIH
aHBIKTAyFa  MYMKIHIIK Oepeni [3-5]. AnbiHFaH
HOTIDKENICP/IH ~ JIOJNIINT  KOJIAHBUIATBIH — T'eO(U3UKAIBIK
omicKe, TCONOTHSIIBIK OpPTAHBIH  ©3repy  CHIIATHIHBIH
KYpIeNiJirine >KoHe KeH [eHeNepiHiH MapaMeTpiepie,
COHBIMEH KaTap KEH OpHBIH Wrepy >JKoHE IaimainaHy
TEXHOJIOTHACHIHA OAMIaHBICTHI.

Kazipri TaHma nyHHWe OXKY3iHIH KONTEreH eJaepiHae
(Peceit, AKII, Asctpamus, Eypoma, Kanama, OHTyCTik

Adpuka xkoHe T.0.) Tay IKBIHBICTApBIHBIH MAacCHUBIH
3epTTeYIiH reo()U3NKAITBIK omicrepi pyIajbIK
KEHOPBIHAAPbIH Wrepy THUIMIUITT MeH Kayilci3airin

apTTHIpy/a KeHIHEH KOJIAaHbLIabI.

Peceii rputbiM akaneMusicbHbIH Opai (GHIHAJIBIHBIH Tay-
KCH iCl WHCTHTYTHIHBIH MaMaHIApbl OpTYPJi MocenelepIi
[mienry YIIiH, COHBIH IIIiHAE XepacThl IaxTajlapbl MEH
KapbepliepiHAeri CTaHIApTTBl eMec eCeNTepAi  LIemry
MaKcaThIHAa Te0(PU3UKAIBIK 9MICTepAl KeHIHEH KOJIaHaIbI.
Ocsl minnmertepain 6ipi — «C.M. Kupos aterapars! [laxTtay
OKIaHBIHIAFBl TOMBIPAK THIFBIHBIHBIH KATBIHABIFEIH JKOHE
TIPEK CBHIHBIKTapbIH aHBIKTAY, OHBI OKIIAyJay MYMKIHAIrH
Oarajay >KOHE amaTThl  OKIAHJa HWIepy J>KYMBICTApbIH
TOKTaTy OOMBIHIIA KaXXeTTi Imapanapabl a3ipiey. «Kep actel
KeHiliHaeri Tay-KeH MaCCHUBIHIH reo(3UKabIK
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3eprreynepi» MakanaceiHga (T.dD.Xapucos, B.B. MenbHuK,
O.Jd. Xapucoa, AJL 3amarun, 2015 x.) 3eprrey
HOTIDKENIepi MEH JKep OeTiHmeri  paauoSIOKAlUsIIBIK
30HATAYIBIH TEO(PU3UKAIBIK OMICTCPIHIH CaJBICTHIPMAIBI
Tangaybl JKOHE JKEPACThl KEHI JKarmaiiblHAa CICKTPIIiK
ceiicMuKasbIK poduibaey kepcetinreH [6]. I'eopanap omici
JNIEKTP-MArHUTTIK TOJKBIHIAPIBIH UMITYJIBCTEPiH 3ePTTCYTe
JKOHE 3CepPTTENETIH OpPTAaHBIH OpTYPdl OOBEKTiIepiHeH
IIAFBUTBICKAH ~ CHUTHAJIAAPIAbl  TIPKEyre  HETi3JeNreH.
CriekTpiik  ceiCMHKaNBIK TpoUiIbIey oIiCi MacCHBTIH
amblK OeTiHEe ocep eTKeHne maiaa OOJaTeIH TepOemMerni
MPOIIECTIH  CHEeKTPJIK KypaMBl MEH OCBHl MAaCCHBTIH
KYPBUIBIMJIBIK KYpaMbl apachlH/Iarbl OaiIaHbICThI AaHBIKTAYFa
Heri3menreH. ['eopaiapiblk 30HATAY OJiCi, aBTOPJIAPIBIH
HIKIpiHIIe, )Kep acThl XKarIaibIH/A, Tay KbIHBICTAPbl MACCHBI
OonraH Jkarmaiina eH TuiMai Oonbim TaObuiagbl. On Tik
OaFpITTalIFaH  ONIIEMIEPIi  MaijagaHa OTBIPBIN, Tay
MAacCaChIHaFbl OppTEKTUTIKTEPII, KYPBUIBIM/IBIK
Oy3bLUTYIap/bl KOHE 0acka a KapaMma-Kapchl OOBEKTLIepIl
aHBIKTayFa MYMKIiHIIK Oepemi. CHEKTpIiK CEHCMUKAIBIK
npoduIBAey omici TiK OarbITTaFaH eJIeMIepIi OpPBIHIAY
Ke3iHJe THIMIIpeK, Oipak enmey KaTelikTepiHiH OoxysiHa
OalfTaHBICTHl 3EpPTTENCTIH ayMaKrTa ONIeylIepaiH KeOipek
CaHBIH Tamam etedi. bys omic HeTi3ri omiCTiH HOTHXENepiH
pacray HeMece TeKCepy MaKCaThIHIAa KOCBIMILIA 9iC PETiH/e
o31H  JKakchl  jpanengeni.  [eopu3umkanblk  3epTTey

HOTIDKEJICPiHIH MaKCHMAJIbl CCHIMIUTIN MEH aKmapaTThIK
Ma3MyHbIHa KOJI JKETKi3y OJICTepli KelIeHAeY apKbUIbI
KamTamachki3 etinmi (1-2-cyper).

Kamepa koHTypbl

Cypem 1. Cnexmpnix ceilicMukanwvix, npoguavoey 20iciH KOn0aHy apKbliabl Kamepanapoazvl 60c OpbuiHOapovl i30ey Ke3iHoezi

2eou3uKanviK, 3epmmeynepoir; Hamudicenepi [6]

2022 XbUIBL 197 OCbl MaMaHJap IlaxTa OKMaHbIHBIH
KYpBUIBIC aflaHbIHIA Oy3bUTFAaH alMaKTHl 3epTTey YIIiH
3aMaHayu reo(U3UKaNbIK 9AiCTep i KOIJaHy TaxipuoeciMeH
TaHBICTBIPABL. DByl 3epTTeyiepaiH  ©3eKTilri Tay-KeH
Ka3bamap OpHBIH caily JKOHE MaiiianaHy Ke3iHAe Tay-KeH
MacCHBiHIH OY3BUTybIMEH OalIaHBICTBI TaOWFU JKOHE

25

TEXHOTEH/IIK amaTTapAblH KEH TapalybIMeH TYCIHIipiieni
(«KepacTtbl KeHImTepin cally  KoHe naiianany
ydackesnepinzueri reousuKaibk 3eprreyiepy, llleBuenko.
M., Mensauk B.B., 3amarur A.JL., Tay-keH ici mHCTHTY-
ThI, Peceld FpuThIM akafeMuschiHbIH Opan ¢unmans, 2022)

[71.
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Cypem 2. Tay maccuei Oy3vinean sneepze mikeneii HeaKblH OPHANACKAH PAOUOPAMMA

JKYMBICTBIH MakcaThl, KEHIIl KYPBUIBIMBIHBIH KYPBLIbIC
aiimarpiHa xKep OeTiHiH OY3bUTYy ceOenTepiH aHBIKTay YIIiH
Tay SKBIHBICHI MAacCCHUBIHIH KYPBUIBIMABIK Kypambl Typaibl
MOJTIMETTEp aixy OOoJbl. 3epTTey HbICAaHBI KEH Ka30aaapbiH
KOpIIan TypraH xep OeTiHIe OpHATacKaH KYPAET KypbUIbIC
OOBEKTIICPIHIH HETi3iHAe JKaTKaH Tay JKBIHBICTAPhI OOJIBL.
l'eodusuka 3epTTeieTiH ayMaKTarbl Tay JXOTaChIHBIH KYpbI-
JBIMABIK OY3bUTYJIAp aiiMarblH aHBIKTayFa, KayilTi jKaraaii-
JapablH JaMmy ce0enTepiH aHbIKTayFa JKOHE JKaraalljbl
TYpaKTaHIBIPY OOWBIHINA IIemiMaep KaObUImayra OarbIT-
TaJIFaH.

YCBIHBUFaH 3epTTEYJEepAiH HOTIKenepi OOWBbIHIIA Kep
OeTiHIH Kyay ceOenTepi kKoHE ayMaKTHIH OapibIK KYPBLIBI-
MBIHBIH EpEKIIeNIiKTepl aHBIKTangbl. Tay >KbIHBICTapbIHA
AHTPOIIOTEH/IIK OoCepAiH (IIaxTa OKHNAHBIHBIH KYPBUIBICH)
dCepiHEeH T'eOJIOTHSJIBIK OpTa/ia ©3repicTep OpbIH aJIbIIl, JKep
Oerinze Oy3bUIYABIH Maiija OONybIHa OKeJeTiHI aHBIKTAIbI.
leopamap MmomiMertepi OOMbIHIIA Oy3bUTYy aiiMarbl Kypbl-
JIBIMABIK OY3bUTyMEH OCNTiIeHIl, OJ COKKbI OOMBIMEH TiK
celicCMHMKaJIbIK NpoduiIbaey HOTIKEIepIMEH KaKChl Coiikec
keni, Oipak Oapiay OapbICEIHIA MACCHUBTIH Y3IIKCI3IITiHIE,
ydJackeZle HeMece FUMapaTTa KOChIMIIa Oy3bUTy aiMakTapbl
tabbutManbel. Kymay KpaTepiHiH KaJBIlITacy MPOIECiHIH
AsKTATYbl AalKbIH OOJABL. ¥ CHIHBUIFAH Te0(pU3NKAIBIK 3epPT-
Tey dAicTepiH OipIKTIPY MOCENCHI STy e ONap.IbIH KOFaphl
TUIMJLIITIH KOPCETTi; aIbIHFaH aKIapaTThIH CEHIMALUIITT OCBI
cayiajia Kypri3uires Oypreiiay skoHE UTepy JKYMBICTapBIHBIH
HOTHKeNepiMeH pactamasl [7].

Opan MeMIIeKeTTIK Tay-KeH WHCTHTYTHIHBIH (P®) wma-
MmaHzapel  a3ipmeren  «MUKOH-I'EO» 6armapmamainsik-
anmapatteiK kemeHi ([Tucenknii B.b., Jlanuna C.E., 3yaunun
A.E., Tlatpymes [0.B., Ilnaiinep NU.B., 2017 x.) pymamsIk
JKOHE KeMIp KeH OpBIHAAPbIH XKepacThl eHIpy Ke3iHze Tay-
KEH MacCachIHBIH TYPaKTBUIBIK JKarJaiiblH Oaranay »MoHE
KayinTi TeoAMHAMUKAIBIK KYObUIbICTApAbl OOJDKay YIIiH
cotTTi KonaHbuiabl. JKep acTsl KeHilliHeH OipHenie MeTpJeH
IFAIKGl  OHJAFAaH JKOHE OKY3IEreH MeTpre JieHiHri
KAIIBIKTBIKTAFbl ~ Tay-KeH  MacCalapblHBIH  KepHeylli-
nedopmanusnblk KyHiniH (KAK) KypsUIBIMBI MEH TTapameTp-
JepiHiH MOHJEpiH KaIIBIKTHIKTaH Oarajay CEeHCMUKAIBIK
omicrepni KoyimaHyFa HerizmenreH. JKepacTsl Tay-KeH oHIIpY
TEXHOJIOTHSUIAPBIHBIH (MEXaHUKAIAHBIPBIIFaH KOHE XKapy)
epekmrenikrepin eckepe oteipbin, MMUKOH-T'EO TexHomorn-
SCBl CEHCMUKAJIBIK-KEPTLTIKTey OOMBIHINA IOy HYCKAaChIH-

26

Ja IIAFbUIBICKAH TOJKBIHAAD OJICiH KOJAaHAIbl (Calibl-
CTBIpMANBl  TYpJC KbICKA HEri3le MAacCHBTI  «KOPY»
MYMKIHIITiMeH OipHeme KaObUIaay sxyieci — MeTUIIMHATaFbI
YIIBbTPAABIOBICTEIH TOMEH JKHUIUIIKTI aHamorsl). «MHIyKIH-
SUTBIK HEMECE SMHUCCHSIIBIK CHITATTaFbl CEHCMUKAIIBIK TOJIKBIH
epici ceHCMUKAJIBIK TOJKBIHIAP/IBIH MIAFbLTY, Oepiny Hemece
HIBIFAPY HYKTCJICPIHICTI CCHCMUKAIBIK TONKBIHHBIH «KIiIITi»
KEpHEYJIEPiHiH TEH30pbIH Tay >KbIHBICBI MAaCCHBIHIH COJ
HYKTEJIepiH/Ie 9PEKET eTETiH (YJIKeH» KepHeyJepaAiH TeH30-
pbIMEH OaitnanbicThIpaabl» [8].

TONKBIHABIK ©PICTePAiH UMITYNECTIK (0aiFa COKKBLIAPEI,
THIPABJIMKAIBIK OalFanap, JKapbUIbIC CaHbLIAYJAPbIHIAFHI
JKapBUTBICTap XOHE T.0.) KOHE KOATHIK-MMITYJIBCTIK TYPJIEpi
(maxta poTopel) KO3YBIHBIH Ke3xepi 50—100 m-re nmeitinri
MIAFBUTBICKAH — TOJIKBIHIBIK ~ CHTHAJJIAp/arbl  MAacCHUBTIH
HIONYBIH ~ KaMTamMachi3  erefi.  MaMaHaaHIAbIPbUIFaH
ceiicmukanpik MUKOH-T'EO xyiteci 2012 — 2015 ok Opadn,
IMeuepck, onenk xone Kysuenk Oacceitanepingeri (CYBP,
Anmvaznas, Komcomonenr  Jlombacca,  bBalikaumckas,
Pacnanckas, KOOuneiinas, Ecaybinckas sxoHe T.0. maxranap)
PYAQIBIK JKOHE KeMip [IaxTalapblHAa ChIHAKTAH OTiIl,
TOKIPUOCTIK OHEPKACINTIK TaligamaHyFa eHri3imi. 3-
CyperTe TYHHEIbJEP/iH KYpbUIBICHIH OaKpUIay TMpoleci
Ke3iHJe TyHHeNnb OeTkeifiHeH 50 M inrepi OpHajackaH Tay-
KEeH MaCCHBIiHIH THITIK CEHCMUKAIBIK OeifHeci KOpCEeTIITeH,
OHJa TIpeyilll KBICHIM JKOHE Tay IKBIHBICBI MAaCCHBIHIH

BIIBIpAY ~ aliMakTapbIMEH  OaiUIaHBICTBI  IIAFBUIBICKAH
TONKBIHAAPABIH CHTHAJIAAPBIH Ka3yAblH CHIIATTaAMAJIBIK
HHTEPBAJIIaphl aHBIK KOPCETIITEH.

4-cyperre MUKOH-TEO  xyiieci  aucmerdepiHiy

MOHHTOPBIHBIH OeiHe Tycipimimi kepcerinmren, on KJ/IK
Oaranmay ymiiH Ka30a >KYMBICTaphl KE3iHIE CEMCMUKAIBIK
Gapiay TEKIIECiH Y3IIKCi3 KepceTei.

[laxTanblk OakpUIay KBI3METiIHIH CYpPaHBICHI OOWBIHIIA
JIOJI CON MOHHTOpP OTKEH KEe3EHJIEri, arbIMIarbl OakKbuIay

COTIHIETI JKOHE OEpuUIreH apaibIKTaFbl «ajFa» urepy
JKYMBICBIHBIH OCi  OOWBIMEH Kallbl Tay KBICBIMBIHBIH
MOHJEPIHIH  CaJBICTHIpManbl  OarajayblHBIH — OipKarap

rpadukTepin kepceTenmi; OacTamkpl akKmapar (MMITYJIbCTIK
(hopMaTTarsl TYPJICHIIPYACH KeHiHTi celicMorpaMmanap);
Tay-KeH JKYMBICTapbIH TOKTATy peKuMIepiHaeri
CEeHCMUKAJBIK OKUFANIAPIbIH JKUUTN MEH IKWHAKTaIFaH
SHEPTUACHIHBIH, KOMOAaWHHBIH  KEHXapra ocep  eTy
SHEPTHACHIHBIH IpaduKTEpi KoHE T.0
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TipeKTi KbiCbIM
anmMarbl

Tay XblHbICbl MAacCCUBIHIH

blAbIpay anmarbl

Cypem 3. Tacvimanoay mynHeni KeHIHCAPLIHBIH, AI0bIHOAZLL MAY HCOIHBICHL MACCUBIHIY CCUCMUKANBIK Oapnay oepexkmepi Hezi3iHOe
KbICbIM 032€PICHIH, CANbICIbIPMAIIbL MIHOEPIH 6az2anayoviy KeHicmikmik deiineci [8]
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Cypem 4. «Komcomoney /[Jonbacca» waxmacwvinsvly 0aiiblHObIK May-KeH NPoyecin azviMoazvl CelicMUKablK 0aKuliayea apuanean
acepycmi Kvizmeminiy MUKOH-T'EO xcyitecinoezi oucnemuepoiy, monumopuinviy 6eiineci, /loneux K, 2014 ne. [8]

5-cyperre Ecaypin KeHilmiHIH Y3bIH KaObIPFachIHIAFbI
Tay-KeH MACCHBIHIH JKali-KYHiH aFbIMIAFrbl OaKbUIayIbIH
HoTIKeci kepeerireH. (Kysbace, 2014x.).
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Cypem 5. Exi mayencizs MUKOH-TI'EO cyitecinen anvinzan
K/JIK  nopmamusemix  Oazanaynapvlnoazel  mazaiaHamulH
KEHMCApbIHbIY,  a2blmoazbl  CEUCMUKABIK, — OAKbLIAYbIHbLH
Komnozummik Kyowt (Ecaynvckasn wmaxmacwt, Kyzoacc, 2014xc.)

By chiHaKTapABIH epeKmIeNiri Ta3alaHaThIH KeH)XKapIbIH
Y3BIHABIFBI 263 M JIaBaHBIH €Ki XKarbIHJa TIYeJCi3 KYMBIC
icreiiTin exi MUKOH-T'EO >xyiiecin Oip yakpITTa naiiaaisany
Ooseim TabObuTazpl. OChl HYCKaja KepHEYy KYHiHIH peTTey
OipuikTepiH/ie albIHFAH €Ki TOyeJCi3 HapaMeTpiiK TeKIle
MacCHUBIHIH (JIUTp Kaja) Ty#icy aliMarblHOa alTapiibIKTai
OypMaaHyChl3 KUCBIHIBI TYpZeE Oip Tekmiere OipiKTipiareH.

leopamap  omiciH  maiimamany  xep  OenmepiHzeri
Kargaiapra OalaHBICTRI  KUBIHAAWTHIH  KaFjgaiiapnaa,
xanmbl Tepenaik aHykreci (JKTH) omicremecinne kenneHeH
TOJIKBIH/IApAAFbI IIAFbUIBICYIIap/Ibl 06Ty ie MIaFblIFaH TOJFaH
TonkpiHmap  omicin  (IUTO)  maiinamana  oThIpHII,
celficMUKabIK Oapiay sl KoJimanyra 0omaast [9].

XKobanaHelll KaTKaH Cy OKLIAYJNAFBIII FUMAapaThIHBIH
aliMarbIHAAFbl Tay-KEH-T€OJIOTHAJIBIK KaFJaiaapblH 3epTTey
BepxHekamck  Ty3  KeHilll  IIaxTaJapblHBIH  OipiHIH
mIaxrachlHaa  kyprisiimi.  JKoOamaHelll  KaTkaH — Ccy
OKIIAyJaFrbllll FUMapaTblHa KaKblH OpHAJacCKaH MAacCHB
TEOJOTHSIIBIK OPTEKTIIKTEpAIH OO0MMayBIH KaMTaMachl3 €Ty
YIIiH CeHIMIi TYpAE 3epTTenyi KepeK. ACTBIHFBI Tac TY3BI
KaOaThIHBIH JKYMBICHIHIA KeIlpiep caly Ke3iHme KeH
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OpHBIHBIH OYKiJ ayMmarbIHIa KaOaTTBIH JKOFaprbl OelniriHme
OpHAJIaCKaH TaHOAJayIIbl ca3 KabaThIHBIH I'MIICOMETPUSICHIH
eckepy kaxker [10]. TamOamaymel ca3 KabOaTBIHBIH
(u3MKaNbIK KacHeTTepi Herisri Ty3AaplaH eTe KaTThl
epeKIIeIICHETIHIIKTCH )KOHE OHbI KYPalTBhIH ca3lap >KOFaphl
OTKI3TIIITIKIIEH CHUNATTaJaThIHABIKTAH, TY3Ibl EpiTIHIIep
OJ1 apKBLJIBI aFbIll KeTyi MyMKiH. TanOanaymibl ca3 KabaTbIHa
JKaKbIH JKepJie Cy OKIIAayJIaFbllll FUMapaTbhlH Cally THIMCI3,
SFHU OAapJIBIK KETKSH KYII 3251 K€Tyl MYMKiH.

Kemenni reodu3mKamblk 3epTTEylepre >Kepre CHEeTiH
pPaIMONOKALMA JKOHE MIAFBUIBICYJapasl  Oely  apKbUIBI
KOJNIEHEH TOJKBIHAAPAAFel CEHCMUKANBIK Oapiay Kipemi.
JKepre eHeTiH pagMONOKAIMSIIBIK OMICIICH XYMBIC jKacay
OapbICBIHIA CTaHAAPTTHl MOJIMETTEpl ajlyFa ocep eTeTiH
Heri3ri JKarbIMChI3  (akTopiap asblKTanabl. Onap xep
OeriHmeri >KariailapMeH, JBIMKBUI KOKBICTap/bIH JKOHE
TY3/bI OaNIIBIKTApbIH OOyblHA OaiinaHbicThl. COHBIMCH
KaTap, TEOdJIeKTPIIK ydackenepie TaHOalaymiel —cas
Ka0aThIHBIH JKaObIHBI MCH TaOaHBIH HAKTHI Oaiikayra 0oJabl

(6-cyper).
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Cypem 6. Tacvimanoay wmpezi OoUubIHWA 2€03IEKMPIIIK
Kuma TS1

ACTBIHFBI ~ Tac  TY3bIHBIH  JKOFaprel  OeJririHzeri
KeciHinepae 6ip METpJieH acraiTbiH KaTmnap
aMIUIMTYAajapbl 0ap TUOTIK OipiHII peTTi Karnapiap
Oaiikamanpl. ['eonoTusIBIK TYPFBIIaH ajFaH/a, TaHOATAYIIbI
ca3  KaOaTeIHBIH  OOHBIMEH  KaTmapiaHy  €peKIe
KBI3BIFYIITBUTBIK TYIBIPAJIBL, KEKe KaTmapiaapabH
aMIUTUTYAaNapel SM-re, an eHi maMmameH 10M-re KeTemi.
MyHpjaii KaTmapiapja TajluTIICH TOJTHIPBUIFAH JKaphIKTap
6onysl MyMKiH (7-cyperT).

ACTBIHFBI Tac Ty3bl KaOATBIHBIH JKEPTiTIKTI OpPTEKTLIIri
aHpIKTanMaabl. COHABIKTAH JKep acThl pajapbl  YIIiH
KOJIAaMiCBI3 JKepiiepJie MOCeNeHI MIenly VIIH KeJACHeH
TOJIKBIH/IAPBIH Taii/laiaHa OTBIPBII, IAXTAIBIK CEHCMHUKAIBIK
Oapnay omici konmausuAbl. LIIBKT marsiisicy Oeminyi 6ap
KOJJICHEH TOJIKBIHAAD JICPEKTEPiH OHJEY JKOHE Tajjuay
HOTIDKECIHIE aCTBIHFBI Tac TY3bl KAaOATBIHBIH JKYMBICHIH/IA
npo¢uibaep OOHBIMEH TOMEHTI KapPThl KSHICTIKTIH TEPEHIIK
KuManmapsl — anbiHael.  TaceiMangay — mrperidin  (TS1)
OOWBIHIAFBl TOMEHII >KapThl KCHICTIKTIH Yy4YacKeJepiHjae
TaHOANTayIIel ca3 KaOAaTHIHBIH »KaOBIHBIHA COHKEC KEJCTiH
LIaFBUIBICATBIH LICKapa aHbIK KepiHeni (8-cyper).

[TalijanmanpulFaH  KEIIEH  TeOJOTHSUIBIK — yYacKeHiH
MaKCaTThl apaJIBIFBIH Te3 JKOHE HAKTHI 3epTTeyre MYMKIHIIK
Oepai, ocpUTalilia Tay-KeH MoceleNepiH jkobamay KoHe
menry YOrH OacTamksl MONIMETTEpAl alyFa MYMKIHIIK
Gepi.
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TN kaBaThbl (kabbiHbl, TabaHbI) Mapkwengepnik HyKTe, OHbIH HOMepi

Cypem 8. Tacvimanoay wmpezi TS1 boitbimen ceiicMuKkanvik-
2€01102UANBIK, KUMA

JKypriziiren 3epTreyiep Cy OKIIAyJaFbllll FAMapaT
koOalaHAaThIH ayMaKTarbl Tac TY3bIHBIH AaCTBIHFBI Ka0aTbl
OolfbIMEH caJbICTBIPMaNbl TYPJE Tas3 TEPEHMIIKTE >KaTKaH
TaHOanaymsl ca3 KaOaTHIHBIH THUIICOMETPHSICHIH aHBIKTayFa
MYMKIHZIK Oep/i.

I'eodusukanblk KUManapa TaHOANAYIIbl ca3 KaOaThIHBIH
KapKbIH/bI KaTMapiaHybl KOPCETUIreH. 3epTTey HOTHXKenepi
OOMBIHIIA Tay-KeH MOCEJeNIepiH INemly YIIiH TaHalFaH
reou3MKaNbIK OMiCTep KEIIeHIH NaijanaHy eTe THiIMII
€KEeHI aHBIKTAJIIbI.

Conrycrik-Taparam aynaHbBIHAAFEI TEMip pyAaibl KeH

OpHBI ayMarblH]a, MarHeTHTTIK KBapIUTTEPIIH
KyBaTanbabik Ke3zaecyi LIETIHIE IU3BIOHKTUBTI
TEKTOHUKAJBIK Oy3bLITYNapIbIH reoMHAMUKAJIbIK

OCNCCHIUIIrIH aHBIKTAY JKOHE Oarallay MaKCaThIHJA YHFBI
JKOHE JKep YCTI TreoM3MKaNbIK oficTtepiH  OipikTipy
HOTWKeNepi KYPri3inmi. YHFBIMaHBI 3epTIeyre
reoakycTukaislk smuccus (I'”AD) koHe 3JeKTp-MarHUTTIK
coyneneny (OMC) curnanmapeiH kasy kKipai. JKepycri
reoQU3NKaIBIK YKYMBICTap KeIeHi ayMaKTBIK
MarHUTOMETPHSITBIK TYCipiJliMHEH, Kasty ramma
TYCIpUTIMIHEH J>KOHE SMaHAIUSUIBIK TYCIpUTIMHEH TYPIBIL.
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Ochl yyackeseri YHFbIManapAarbl Te0aKyCTHKAJIBIK dYMHCCHS
MEH JJIEKTP-MarHUTTIK COyJIeNleHy CHTHAJIAPBIH 3epTTey
HOTIXKeNepi  OOWBIHINIA TEKTOHUKAIBIK  OY3BUTYJIapIbIH
JKaKpIH OONybIHA OaiJaHBICTBI ayBITKYJap AaHBIKTAJJIbL.
YHFbIMaFra JKaKplH KEHICTIKTErl T'COJIOTHUSIIBIK OPTaHBIH
TCOJMHAMHUKAIBIK OCJICEH/I TEKTOHHUKAIBIK OY3bLIBICTAPBIH

aHBIKTayFa MYMKIHJIIK OepertiH re0aKyCTHUKAaJIbIK
SMUCCHSHBIH JKOHE JJIEKTP-MarHUTTIK coyJeneHy
CUTHANIAPBIHBIH ~ JKUUTIK  JAWAma3oHAapel  OeNTilneHmi.

Kaporaxx HoTIXeNnepiH pacTay YIIiH 3epTTeNIeTiH YHFBIMaap
aliMaFrpIHAA Kep YCTi Teo(pH3UKAIBIK KYMBICTap KYPTi3iimi.

OpbIHIAIFaH KYMBIC OaphICHIHAA aHOMAJTHSUTBI MAarHUT Opici
MEH SKCIIO3HMIMSUIBIK 1033 JKBUIIAMIBIFBIHBIH KapTajiapsl,
coH/lali-aK paJOHHBIH KeJIEeMJIIK OeJICeHATIriHIH rpaduKTepi
anbiHAbl. JKYMBIC ajlaHbIHBIH KYPBUIBIMBI Typajbl Kojaa Oap
TEOJIOTHSUIBIK aKMaparThl Taiujay, YHFbIManapipl eJiey
JKOHE Kep YCTI reoH3MKaNbIK 3epTTeyiiepl HOTHKECIHJE

Oenriyli  TEKTOHUKAJIBIK ~ OY3bUTyJap  pacTalbl  KOHE
3epTTeNeTiH reo(hU3UKaIIBIK epicTepae OJIap/IbIH
T€OJUHAMHUKAIIBIK OeJICEHIUTITIH KOpPCETETiH JKaHa

TEOTEKTOHUKANIBIK OY3bUIBICTAap aHBIKTAIIBL. [11].
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Cypem 9. Cuznanoaposl scaszy: a) IneKmp-mazHUmmiK cayneneny, 6) yncemi yHepImaazsl 2e0aKyCIMUKAIbIK IMUCCUS

Kapotax HOTHXeINepi ANEKTPOMArHUTTIK epic
CHTHAJJIapBIHBIH TC0aKyCTHKAJIBIK JKOHE 3JIEKTP-MAarHUTTIK
Kypam/1acTapbIHbIH ©JIILICHI'€H JKOHE €cenTerex
rapameTpiIepiHiH AuarpaMmanapsl TYPiHIE YCBIHBUIFaH. 9-
cyperre H mapamerpiHiH yII S>KHMITIK JUana3oHBIHIAFbI
quarpaMmanapel  kepcetinmred. 100-500 T'm (H1) xwmimix
JMana3oHbIHIA ajFalikel ymr yHrbIMaga ['AD  ¢GoHIBIK
MoHJIepi Oipielt nepiik neHreiae, al KaFaH TOpT YHFbIMaja
Tay JKbIHBICTAPBIHBIH JKaHAacy ailMakTapbIMeH KEHICTIKTe
ColKeC KeJeTiH KEePTUTIKTI aybITKyIap 6ap.

H2 mapamerpi Ooiipiama (500-5000 TI'm) Gapisik
yHrpiManapna  [AD  cuUTHaIIapblHBIH — aHOMAIUSUIBI
esrepictepi Oaikamanasl. bynm JKympIic aliMarbl VIIH €H
cesimTan mapametp H4 (2500-5000 I'r) Gonbin TaObLIambL.
Bapnbik  yHFeiMasiapga  H4  mapamerpiniH - KeprijikTi
aHOMaJMsUIap FaHa €MEC, COHBIMEH KaTap >KapbIKIIaK

MPOLIECTEPiHIH OONYbIH KOpCeTeTiH (OHIBIK IeHTeHIiH

caTpUlbl  e3repyl  Oaiikamambl. ¥kKcac okarmait [AD
CUTHAJIJAPBIHBIH TIK CEHCOpPBIHAH aJbIHFAH JIEPEeKTep.Ii
CaNBICTBIPDY  Ke3iHme Oaiikamagel. DOMC  xome ['AE

napaMeTpIiepin 0ipre KapacTbIpFaH Ke3/le T'€0aKyCTHKaJIBbIK
SMHCCHSl TapaMeTpiepi OOMBIHINA HETI3IHEH >KEepPriTiKTi
aHomaimusiiap OMP mapamerpiepi OOMbIHIIA aHBIKTAJIFaH
YHFBIMAa MaHBIHIAFBl KEHICTIKTETi Tay IKBIHBICTAPBIHBIH
KepHeyJTi-1ehopManmsuIbK KYHiHIH aliMaKTapbIH
OenrineiTiHi aHBIKTANABL. bByn yHFBRIMamapabl Oypreuiay
Ke31HJIe TeOJIOTHSUTBIK OPTAaHBIH Y3IIKCi3AiriHiH Oy3blUTybIHAH
TYyBIHJIaFaH KepHeyi-1ehopMaIHsIIbIK KaranIbIH
JKOFapbUTaybl  aliMakTapbIHBIH IIE€KapachblHAa  OCJICEHII
JKapbIKIIAKTap TY31y IpoLecTepiHiH O0NaTHIHBIH KOPCETEI].

Kep Oerinzeri reo()U3HUKaIbIK 3epTTEYNICPIiH
HoTmXenepi OoiibiHma ATa aHOManMsIbl MarHUT OPICiHIH
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JKOHE OKCTIO3HMIMSIBIK 1032 JKbUIIaMABIFBIHEIH  (D1K)
KapTajapbl KYpacTHIPbULIBI. HoTiokeciHOe TEKTOHHMKAJIBIK
Oy3pUTyslap  30HAacChl  @HBIKTAIABI, OJ  TEOJOTHSUIBIK
JICPEKTEPICH OCNTiNi JKapBIKIIAKTAH 3€PTTEICTIH ayMaKThIH
OHTYCTIK-IIBIFBIC OOJiriHe JeiiH CO3BIIATBIH TapTHUIBIC
CBI3BIFBI 00BN TaObLIanbl. JXKepaiH MarHuTTiK eJmeMi MeH
Kasgy TaMma TYCIpUTIMICPIHIH HOTHXKEJIEPIH CalbICThIPY
Ke3iHJIe AJbIHFAH MOJIIMETTepiH HOTIDKENepl Koijaa Oap
TeOJIOTHSIIBIK aKIIapaTIieH Yilliece .

TyracTaii anraHaa, T€0aKyCTHKAIBIK AMHICCHS ITapaMeTpi
H4 (2500-5000 T'my) MarHeTHTTIK  KBapUUTTEPHiH
KyBaTaJbAbl Ke3[lecyl MIEeTiHAe KPEKWHT TPOIecTepiHe €H
ce3iMTall €KeHi aHBIKTAIBL. ODJEKTP-MAarHUTTIK COYJICICHY
mapaMeTpi 3epTTEICTIiH ayMaK MICTiHAerl JIU3bIOHKTUBTI
TEKTOHMKAJBIK Oy3bUTyJap/blH KOPCETKIIll peTiHAe SpeKeT
eTeni, oNapplH 0ap OONyBl TEK IeOJOTHSIBIK IEPEKTCPMEH
FaHa eMeC, COHbIMEH Karap JKepycTi Treo(pH3UKaIbIK
9/IICTEpPMEH e PacTaIbl.

Kemipii MaccUBiHIH KYpBUIBIMBI MEH KYHIHIH Tay-KeH-

TEOJOTHSUIBIK ~ JKaFmailapelH ~ OoJpkay — YIOIH — KeMip
KaOaTBIHBIH JKOHE OHBIH AaiHaJaChIHIAFbl JKBIHBICTAPBIH
naiiga ooy JKaraiIapbIH 3epTreyae maxra

reo()M3UKACHIHBIH QMICTEepi COTTI KOJMAHBIIAAeL. Byn perte
MICTIUIETIH HETi3rl MIiHIeTTep MBIHAMap OOJBIN TaOBIIaIIbI:
KeMip KabaTTaphIHBIH IIAFBIH aMIUTUTYAAIbl TEKTOHUKAJIBIK
OY3BUTBICTApBIH OOJKAY, KOMIp KabaTTapbIHBIH KaOBIHBIH
(TOmBIPAaKTAPBIHBIH) YIFaliFaH )Kapbuly aliMaKTapblH O0JDKAY,
JKaOBbIHBI KUBIH JKOHE OHAll KYJIAHTHIH ayMaKTapra capaiay;
ra3jiblH JKOHE Tay JKbIHBICTAPBIHBIH KCHETTCH OOJiHYiHCH,
KeH Ka30aJlapbIHa Kep acThl CYJIAPbIHBIH KCHETTCH JKapbLIBIIT

CuHTEeTUKanbIK

TepeHaik (km)

3

KeTyiHeH TybIHJaFaH KayinTi OpbIHAapAb! (y4acKelepmi)

Ookay; KeMip KaOaTHIHBIH MOP(OITOTHSITBIK
Oy3bUIbICTaphIH  Ooipkay — (3posustiap, — CyHbLITynap,
ayBICTHIpYJIap KoHE 1.0.); Tay-KeH-TE0JIOT USUIBIK

acKpIHyJIApJaH TYBIHJAFaH KayinTi aiiMakrapja Kayimncis
JKOHE THIMJII JKYMBIC XKYpri3y YIIiH KeMip KabaTTapblH
OHJIPYIIH Tay-KeH-TeOJOTHSIIbIK JKaFlailapelH  KelIeHl
TeOJIOTHSIIBIK-Te0(pU3UKaJIbIK Oomkay [12] .

ToxipuOene KeH OpPBIHIAPBIH HTepyAl OakpUiay VIIiH
ceiicMuKkanpIK Oapiayapl KoimaHy MyMKiHairi Oenrimi (4D
ceificMukanplk Oapiay). bynm OareiTTa KEHOPBIHAAPHIHBIH
NalJanaHelUIFaH OJOKTapBIH aHBIKTAY JKOHE KCHOPHBIH OJaH
opi THIMII Wrepy YIIiH >KepacThl Ka3z0aJapbIHBIH YITiJIEpiH
camy OOWBIHIIA KEH OpBIHAApHI YIIIH OH HATIXKE Oap.
KpeliToH cynb(GuATI KEH OpHBIHIAFBl CHHTETHUKANBIK JKOHE
Oaiikanran 2D kemripinMereH ydackeHiH xoHe Canbepu
aiimarbinnarel (Kanaga) I'epTpyna KeHOPHBIHBIH MacCHBTIK
Cynb(QUITI KCHOPHBIHBIH  TalJaybl KEH MAacCHBIHIH
TUUIMETEH KOHE OHJIpinreH OelsikTepi  apachbIHAAFbI
IIeKapaHbl CEHCMHUKAIBIK CHIHAI SHEPIHACHIHBIH Tapanry
OarpITBI MCH CHIIATBIHA Kapail aHBIKTay MYMKIHZITIH
kepceteni. [13]. CelicMUKaIBIK MATIMETTEPAlI MOICIBACYIIH
OCBI JKOHE Oacka HOTIDKENIepi JIMH3a Topi3 i
KEHOPBIHAAPBIHBIH TYCY OarbITBIHAA TiKEIeH MIalIbIpayablH
TapaJyblH KOpCEeTeHdl, al CEeHCMHUKAIBIK TOJKBIHAAPIBIH
aMIUTMTYIACBIHBIH YJIKEHITNIMEH KEHOPHBIHBIH MaKCUMAJIJIbI
TU(PaKUMSUIBIK ~ PEaKHUsIMEH CHIIATTAIATBIH  OHAIPUIreH
y4acKeciHiH 1mekapachl abikranasi (10-cyper).

Celcmukanblk

Cypem 10. Caoodepuoezi I'epmpyda Kenopnvindazvl maccuemi cynvpuomi Ken OpHbIHAH CUHMEMUKANLIK (CON1 MCAKmMa) dHcane
oaiikanzan (oH dcaxma) wazvlivicmap. Ken Oenecinin co2apevl HcazblHOG2bl CEUCMUKATBLIK MOJIKLIHOAPObIH, OUPPAKYUACHL KeH

ODHULIHBIY, ~— MuUinmMezeH  JHcaHe  OHOIpinzen  Oonikmepi

3. 3epTTey HOTH:KeIepi HKIHE 0JIaAPAbI TAIKBLIAY

JKorapsina KeITipijareH MBbICaJIIapIaH Kepim
OTBIPFaHBIMBI3/IAl, Ka3ipri 3aMaHFbl CEHCMHUKAIIBIK 3epTTeY
ozicTepiHiH 0acka reou3MKaiblK MOJIIMETTepPMEH Yilecyi
JKep  acThl  JKYMBICTAPbIHBIH  Tay  IKbIHBICTAPBIHBIH
MAaCCHBTEPIHIH  OpPTEKTI  ailMaKTapblH  CHIIATTAWTBHIH
TOJIKBIHIBIK ~OPICTIH epeKLIETIKTepi Typasibl KOCBIMIIA
aKmapar ajyra MYMKIHIIK Oepeni. Byrinri Tanma *xep actsl

apacvlHoazpl

30

wekapanvt  kopcemedi.  (Milkereitetal,  1996)
(maxrtamblK) CceHCMHKaNBIK Oapiay KYMBICTapel  KeH
Ka30aJapbl apachlHAaFbl ceiicMuKabIK Kepiny aaicin (CKO),
JKaJIFbI3 KEHIII )KYMBICHIHAH MAFbLUIBICKAH TOJIKBIHAAP 9MiCiH
(IITO) xoHe KamFbi3 Ka3da TyOiHZeri CceicMUKaIbIK-
aKyCTUKAJBIK OPHANACTBIPY OMICIH KOJ/JaHa  OTBHIPHIII
Kyprizeni. An kep yeri 3eprreyinepi (IITO, JKTHO)
OHJIpIITeH KEH OpPBIHIAPBIHBIH ayMarblHAA JKepPacThl
JKYMBICTApbIHBIH OPKEJIKUIriH Oarajayra >koHe OakKbliayra

MYMKIHZIK Oepei.
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Byriari tamma KasakcTaHHBIH KeHII ayJaHIapbIHBIH
KOMIIiTiri >xep OeTiHeH OipmmaMa »Xakchl 3epTTENIi KOHE
Tasi3 JKOHE OHAll allbUIaTBIH KEH OPBIHAAPBIHBIH KOPHI iC
Ky3inzae Taycbuiibl. O0bIcThIH enayip Oemirinae 1000-1500
METp JKOHE OJaH Jia KOl TEPEHIIKTeri KeH OpbIHIAPBIHBIH
OipKeNKi eMECTITiH i37ey JKOHE 3epTTey MIHICTI Typ.
MyHpait mMacenenepai menry KesiHae KeHII aydaHAap.blH,
KeH OpBIHIApbl MEH KEH OpBIHIAPBIHBIH  KOJIEeMJIIK
TCOJIOTHSJIBIK KYPBUIBIMBIHBIH, SPEKILIENIKTepiH 3epTTeyre
JKOHE KOJIIAaHyFa HETi3/ICNTeH, SIFHU KOJIEM/IIK T'€OIOTHsIbIK
MOJIeNBICYTe HETI3NeNTeH TiKelnel i3mey omicTepi kaHama
Q/IICTEpPMEH aybICTHIPHLIA/IBI.

Kasipri yaksitta Kasakcranma KaTTel maiigansl Ka3oamap
KEHOPBIHAAPbIH urepyre reo(u3MKajblK Oakpliay —eTe
HIEKTeYJI JeHreine xyprisimyne. Kaszakcran HapbIFbIHIA
KEH OpBIHAAPbIHAFBI JKepacThl Ka30aJapbIHbIH TEXHOTEHIIIK
JKaFaiiblH OakpuIay JKOHE QJABIH alXyAbIH Teo(U3HKaIbIK
OicTepiH KOJJaHy OOWBIHINA OTAHIBIK JKOHE INETEIIIK
KOMITaHMSUIapJaH YCBIHBICTAp iC XKY3iHIIE JKOK.

K.M. CornaeB arbiHparel Kazak YITTBIK 3epTTey
TEXHUKANBIK  YHHBEPCHUTETiHIH Oip TOm  FaubIMIaphl
«KemeHni  reoMexaHMKaNbIK  JKOHE  TeO(H3UKAIBIK

3epTTeyliep HeTi3iHAe KeHII KeH OpBIHAApHIH Hrepy KesiHme
Tay-KeH MAaCCHBTEpiHIH KepHeyli-Ie(opManisibslK KyHiH
MOJENBACY»  TaKpIpblObl  OOMBIHIIA  FBUIBIMH-3EPTTCY
JKYMBICTAPbIH KYpri3y YIIIH MEMIICKETTIK TpaHTKa He
6onapl. XKoba K.M.CotnaeB arbiamarsl KazY T3V reuIbIMU
TOOBIHBIH KEIICHJI TCOMEXaHUKAIBIK JKOHE Treo(hHU3UKaIIBIK
3epTTeyNiep  HETi3iHAe  KYpAen  Tay-KEeH-TeOJOTHSIIBIK
JKaFfaiaapaa pyjaaidbl  maiganel - Kaz0amapbl  JKEPaCThI
OHJIpY Ke3iHAe OHIIPUITeH KEHICTIKTIH TeOMeXaHUKAIbIK
KYHiH Oaranay TEXHOJOTHSCHIH d3ipyiey OOWBIHIIA FHUTBIMHU-
3epTTey JKYMBICTAPbIH XKYPrizyai KapacTeipaipl. JKe3kasraH
THIOTI  MBICTBI ~ KYMTaC KEH OpHBIHBIH  HIEpUIreH

Yemitei ka6ammapdeir
wep Gemueliise morbi
myeyi

Taburu mene-mendi
| dorace: naiida Gonranman Kelin
| veminei ka6ammapdsin kamysi

ydackesnepiHiH OipiHIH MBICaNBIH TaiganaHa OTBIPHII,
TeOMEeXaHUKAIIBIK JKOHE Te0(U3UKAIBIK TOCIIAEp i OipiKTipim
KOJIJJaHY HETI31HIE dpTYpii OEpiKTIK jKoHE e(OpMAanUsIIBIK
cumarramaigapsl 0ap alMakrapAbl aHBIKTay oJicTeMeci
93ipJIeHeTiH Gouasel. 3eprrey CeCMUKAIIBIK
TEXHOJIOTHSUIAp/Abl TaiijaaHa OTBIPHIN, Tay >OTACBIHBIH
TepeHJITIHAEr1 KOJI JKETNEeHTiH aliMaKTapJaH aKnapar alryra
MYMKIHIIK OCpeTiH COHreH IIaXTaJbIK MaHeIbICPIiH
ycringeri kabatrapaelH OypeiH Oenricis OoiFaH Kyjay
MPOIICCiHIH TaOWFaThl MEH 3aHIBUIBIKTAphl Typaibsl OifliM
ayra OarbITTaJFaH.

YCHIHBUIFAH ~ TEXHOJOTHSHBI  93ipiey  OoifpIHIIA
ToXipuOemk xympeictap JKoMmMapT KeHIIIiHAE UrepiireH
KamaH-AHOAT MBICTBI KYMTac KEH OPHBIHBIH IPOOJIeMatbl
afiMakTapblHbIH ~ OipiHge  okyprizimemi.  JKamaH-Aibat
KEHOPHBIH/IAFbl KAJIBIHABIFBI 2-12 M MBIC KYMTacTapbIHBIH
aKBIPBIH KYJIaiThIH eHIMII KabaTrTapsl 500-800 M TepeHmikTe
TEKTOHHMKAIBIK KEpHey JEHIeil >KOoFapbhl JKyka KaOaTThl
HIeriHAI Tay >KbIHBICTapbhIHAA Ke3lecedi. KapacThIpbuibli
OTBIPFaH ayMakTa KYPBUIBIMIBIK >KarblHaH Tay)KbIHBICTAPBI
MaccHBi  adpbIKIIa  Oy3bUIyNapbIMEH  CHIATTATAJBL
Yarinepaeri KeHHIH KbICBIMFa OEpIKTIri oprama ecemnreH
160 MIla. Tay-keH >XKYMBICTapBl OYpFBUIAY-)Kapy omiciMeH
HaHelbIi-0aFaHalbIK Tay-KeH KYHeCiH maiinagaHy apKbUIbI
JKy3ere achIpblIapbl.

2017 >xpUIIBIH eKiHINI JKapTHICBIHAH OacTan KeHilTeri
reOMEXaHUKaJbIK JKaFaaid KypT Hamapiajbl: MacCHUBTIH
ceiicmukanbik Oencenainiri Kaszakcran PecmyOnukachiHBIH
OapiblK  CeMCMHKAaJbIK  CTAHIWSUIAPBIMEH  TIPKEIreH
TEXHOTEH/IIK JKep CUIKiHICTepiHe AeHiH ecTi; xep OeTiHIH
IIery IIamMachl MEH KbUIIaMIBIFBl KYpT ecti. Urepiiaren
MaHeIbACpIe Tayibl KOTAJIAPHIHBIH JKOFApFBl OOINIKTEpiHIH
TYCyJIepi MeH KyJIaylapsl Kemren Tipkenmi. (cyper 11).

Ka6artiwinikikapbiKwakrap

Cypem 11. Hzepinzen nanenvoepoezi KypulibiMObIK RiiHOEPOil, MbICANOapbl:a) MAcblManoay icone Koneeliep uimpexkmepiniy
Jcozapevl bontizininy mycyi yncane Kyaaywl 6) Kymmac maccuginir ncapoinyvt (Maxapog A.b., Mocaxun /1. B., Kapnukoe A.A, 2005)

I'eoMeXxaHUKAIBIK  JKaraaiIbIH
Oerrrepi:

— JKePriKTI yyacKeeri KbICKa COHY apasbIFbl 0ap Tipek-
TepAl ally allaHJapbIHBIH KTl OOJybI, OJIap/blH apachIHAAFbl
ayMaKTap/IbIH [IaMaJlaH ThIC KYKTeIyi;

— Tay JKbIHBICTAPBIHBIH KaJIBIH/BIFBIH Ka30aFaH TOCKAYbLI
tipekrepine (TT) xoHe Kamepa apansik Oaranamapra (AB)
i71in, oJlapFa >KOHE OHBIH aifHaJachIHIAFrbl MacCHUBKE TipeK
KBICBIM JKacay.

Kana aymakrapapl omaH opi Hrepyre KaTbICy Tay-KeH
JKYMBICTAPBIHBIH TEPEHAIrHIH YJIFAIOBIMEH JXOHE COHBIH
caljlapblHaH Tay-KeH-T€OJOTHSUIBIK JKardalap/blH KypJe-
JICHYIMEH CHINATTaNaIbl.

HallapJaybIHbIH  CC-

31

KonnanOais! urepy xyleciniH napameTpiiepid HaKTbuIay
JKOHE KEHIIITErl Tay-KeH-TeXHHKAaJbIK JKaFJaiaapIblH arbIM-
JAFbl JKaFmaiblH Oakpliay YIIIH HMIePUIMEreH MAacCUBTIH
JKOHE OHIIpUITeH TayXbIHBICTAPBIHBIH KepHeyIi-
nedopManusuIbIK KYHiH Oaranay yIIiH KOCBIMIIIA 3epTTEyIIep
Kyprizy kKaxker. CelcMUKanbIK OapiayablH Teo(pU3UKaIIbIK
OmicCiHIH 3aMaHayH TEXHOJIOTHSUIAPBIH KOJAaHy KEeHIl KeH
OPBIHIAPBIHBIH OHIIPUITeH KeHICTITiH 3epTTey koHe XKomapT
KeHIIIHIH YCTiHri KabaTTapblHOAFBl Tay >KBIHBICTAPBIHBIH
OipKenKi eMecCTiriH KepTiiKTey MOCeNeNepiH IIemnryre
MYMKIHZIK Oepei.
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4. KopbITBIHABI

Pynanslk KeH OpBIHAAPBIH OHAIPY KE3iHIE TayKbIHBICHI
MaCCHBTEPiHIH ©HIMII KabaTTapeIHIAFBl JKOHE OHIIPUITeH
KEHICTITIHAErT  aHOMAJNMSUIBIK  aliMakTapAbl  aHBIKTAy
MaKcaThIHa JKep acThl CYJIapblHBIH KeH Ka3z0ajapbIHa
Oy3bLTYBI )KOHE €Hyl MYMKIH OOJaTBhIH JK€p YCTi, XKep acThl
JKOHE IKEPYCTi-)KEPacThl dicTepl MEH Ieo(U3UKAIIBIK JKIHE
reOMEXaHHUKaJbIK KeIIeHAepl KOJJaHBbUIAAbl. ABTOpIAp
TEeOMEXaHUKAIBIK JKOHE Te0(U3NKAIBIK TOCIIIep i OipikTipim
KOJIIaHy HeTi3iHAe OHAIPIIreH KEHICTIKTETi KoHe OHIMII
Ty3ltiMaepaeri aprypi (hM3HKAIBIK-MEXaHHUKAIIBIK
KacuerTepi Oap alMakTapAbl AHBIKTAYIBIH THIMII OMiCiH
YCBHIHABI.

By o00a keH OpBIHAAPHIH THIMII KOHE Kayilci3 urepy
MIapTTapbIHA 9CEP €TETiH OPTEKTIIIKTI aHBIKTAY YLIIH OYpbhIH
naiagaHpUIMaraH HKOFaPBI QKBIPATHIMIBLIBIKTAFbI
CeliCMHMKaJbIK OapyiayAbl MaijanaHynsl  KapacThIpajbl.
9cipece  pyAajdblK  MAacCHBTEPIHIH  YHFbIMA  apajbIK
KEHICTITIH/ErT JKOHE  OHJIIpUIMereH  aiMaKTapbIHIAFbI
TEOJIOTHSJIBIK KELICHAEP MEH Tay-KeH MacCHBTEpIiH 3epTTey,
Tay-KCH-MEXaHHUKaJbIK KACHECTTCPIHIH arbIMIarbl JKafAaibIH
Oaranay >XOHE OJIApABIH HETi3iHIE Tay >KbIHBICTAPHIHBIH
KayinTi gedopManusuiapbl MEH ONBIPBUIYBIH — TYABIPYBI
MYMKIiH >KOFapFbl KaOaTThIH TYPaKChI3 aiiMaKTapblH aHBIKTAY
©Te MaHBI3/bL..

KeHimmriH eHIIpIIreH KCHICTITIHEH OTKEeH HpPOQHIbICD
GoiibIHIIIA CEHCMUKAIIBIK Gapnay JKYMBICTapbIHBIH
HOTIKENIepi OOWBIHIIA CEHCMHKANIBIK Oapiay OmiCiHIH
MYMKIHJIITIHE TOMEH/IETiIe Oara Oepinei:

— COHIeH MIAXTANbIK IaHENbAEPIIH YCTIHAE JKAaTKaH
KabaTTapJbplH  Kylay  aiiMakTapblHBIH  LIeKapaiapblH
aHBIKTAY,

— KeH TOPH3OHTTAPBIH JXEP acThl OHIIPY HOTHXKECiHIe
maiia OOMaThIH KO3FaIlbIC OCTiHAeri OaKplIaymap,

— OHIIPUITEH  KCHICTIKTIH  TEXHUKAaJBIK
Oarainay.

'eoMexaHUKANBIK kKoHE Treo(U3UKAIBIK MOJIIMETTEP/I
JKAH-)KAKThI TAJZIay HOTHXKCCIH/IC UTEPIITIM KATKAH KCHIIITIH
Kaz0ajapbl MEeH eHIMII KabaTTapAblH OpTYpil (pH3MKaNIbIK-
MEXaHUKAJIBIK KacuerTepi Oap aiiMakrap aHbBIKTAIabl.
CeiicMukanbslk  0apnay oIiCTEepiH TNaiijanaHa OTBIPHII,
OPKEJIKITIKTI  JKEPruTiKTEY MOCEJECIH IICITy  OJIap/IbIH
OHJIPIITeH KCHICTIKIIEH ©3apa OpEeKeTTeCyiHeH KeHiHTi
0aKpUTayIBIH THIMJIUTITIH KAMTaMachl3 eTeIl.

JKarIaibIH

AJIFBIC

Byn  3eprreymep:  AP19680360 WPH  «Kemenni
reoMEeXaHHKaJIbIK JKoHe Teo(n3nKaIbIK 3epTTeyiep Heri3ine
KeHAI KeH OpBIHIApbIH  Hrepy  Ke3iHae  Tay-KeH
MaccaJlapblHbIH KepHeyIi-1e(opMaIisuIbIK KYHiH
MOJIENTBACY» KOOACHI asSCHIHAA KY3€Te aChIPBUIIBI.
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PynajbIK KeHAOPBIHAAPBIH KeP aCThI JAiCIMEH Urepyae reo(pu3snKaIbIK
3epTTeyepai KOJIAHYIbIH THIMALTIri

C.A. Ucrekosa, JI.H. Tonsi6aesa”, JI.JI. Ucaesa, 3.H. A6necenosa, M.A. Tanacos
Satbayev University, Arvamoi, Kazaxcman
*Koppecnondenyus ywin asmop: dina_tol@mail.ru

Angarna. Makana KaTThl Haijaiel Kaz0aiap KeH OPBIHIAPBIH UTepydi Oakplaay MOceNenepiH memyae reo(u3nKaibK
omicTepi KOJNJAaHY MocelelepiHe IOy jkacayra apHairaH. COHFBI XKBUITAphl KCH Ka30allapblH caly JKOHE Kep acThIHIA
UTepUIreH KEeH OpBIHJAPBIH MaijanaHy Ke3iHIe Tay cileMmJIepiHiH Oy3bUIyblHaH TybIHJaFaH TAaOWFU >KOHE TEXHOTEHIIK
amaTTap/IbplH KHUUICTSHAITIHeH )KYMBICTa KapacThIPBIIFAH MaceJeliep oTe ©3eKTi 00JbIn Tadkuansl. by ocipece urepymiy ket
CaTBICBIH/IAFBI K€H OPBIHAp YIIiH MaHb3bL. [leTenik xxoHe OTaHIBIK FEUIBIMA 9ICOHETTEep/Il Talay HEeTi3iHe aBTopiIap KeH
OPBIHIAPBIH HWrepy IKOHE TaljamaHy Ke3eHiHIe Tay-KeH ©HepKociOiHme Teo(H3HWKaimblK —omiCTepIiH  opTypdi
MOTUPHKANHUATIAPEIH KOJIAaHy MYMKIHIITIHE emKeH-TerKeln Tanaay skacaasl. YJIKEH TePeHIIKTETi KeH OpBIHAAPAbI UTepyi
OaxpuTayia CEHCMUKAIBIK Oapiay OiCiH KONTaHyABIH THIMAUIITIHE epekiie Ha3ap ayaapbuianpl. | eodmsukansik omicTepni
KOJIJIaHY TeOJIOTHSIIBIK OPTaHbIH Ka3ipri »arJaiblHa jKOHE Tay KbIHBICTAPbIHA )KACAHIbI dCep eTyiHe OalIaHBICTHI Kep acThl
Ka30asapbIHBIH TaOMFU-TEXHUKAJBIK KYHeNepiHiH TOpTiOiH ecemke alxyAblH THIMAI omicTepiHiH Oipi eKeHIIri KepceTireH.
KepacTsl kKa30amapeIHBIH TEXHOTCHIIK >KaFIadbIH JKYHell TypAe Oakpuiay KoHE alfblH aly JKoHe Tay ciiemaepi MeH KO
JKETIEHTIH KepJiepleri KaTThl Maianbl Kaz0amap/plH KSH OPBIHAAPBIH Ka3ipri 3aMaHFbl re0(U3HUKaIbIK TEXHOJIOTHSIAPIbI
nalangana OTBIPBII 3epJesiey y3aK Mep3iMAl NalianaHbUFaH KeH OPbIHIAAPBIH THIMI )KOHE Kayilci3 urepyiH Herisi 0ol
TaOBUIABI JETCH HETI3/[i KOPBITHIHIBI JKacaiabl. ¥ CHIHBUIFAH IIONY/bl FRUIBIMHU-TIPAKTUKAIBIK Herizaey yurin K. Corbaes
ateianarel Kas¥YT3Y mamanpaper KazakcraHmarbl KYMTAac KCHOPBIHIAPBIHBIH KYPJAETi Tay-KEH-TCOJOTHSIIBIK JKaFIaibIHIIA
JKepacThl OHAIPY Ke3iH/Ae CeHCMUKAIBIK IiCTep Il KOJIIaHa OTHIPBII, OHAIPUIreH KeHICTIKTIH reOMeXaHUKaJbIK KyHiH Oaramay
TEXHOJIOTHSCHIH 93ipJIeIi.

Hezizzi co30ep: ceopuzukanvly MOHUMOPUHS, JICEPACMbL  JICYMBICIAPLL, NAUdaIbl  Kazoanap KeH OpblHOApbl,
2€0MEXAHUKANLIK CUNAMMAMANAp.

IPpdekTUBHOCTH NPUMEHEHUA re0(PU3NIEeCKUX UCCIIeI0OBAHUN NTPH
pa3padoTKe PyIHbIX PYIHBIX MECTOPOKICHUN MOA3eMHbIM CIIOCO00M

C.A. Ucrekosa, JI.H. Tonsi6aesa”, JI.JI. Ucaesa, 3.H. A6neceHoa, M.A. Tanacos
Satbayev University, Arvamoi, Kazaxcman
*Aemop onst koppecnondenyuu: dina_tol@mail.ru

AnHoTtamusi. Ctaths IOCBSILEHA 0030py BOIIPOCOB O MPUMEHEHHH Ie0(U3MIECKHX METOIOB IIPH PELICHUH 3a/1ad KOHTPOJIS
3a pa3pabOTKON MECTOPOXKACHHUI TBEP/bIX MOJIC3HBIX MCKOMAaeMbIX. PaccMarprBaeMbie B paboTe MPOOICMBI, SBISIOTCS BEChMa
AKTYAJIbHBIMU HU3-3a YYACTUBHIMXCA B MOCJICAHUC T'OJAbI NPUPOAHBIX U TEXHOICHHBIX KATAKJIM3MOB, BbI3BAHHLIX HAPYHICHUEM
TOPHOTO MAacCHBa IPU CTPOUTEIHLCTBE TOPHBIX BHIPAOOTOK M DKCIUTyaTallMd PYAHBIX MECTOPOXICHHH, pa3padaThiBaeMble MO/-
3eMHBIM c11oco0oM. OCOOEHHO ITO Ba)KHO JJIsl MECTOPOJK/ICHUH, HAXOSIIMXCSl Ha MO3/IHEH cTajnu pa3pabotku. Ha ocHoBe aHa-
JM3a 3apyOe)KHOW M OTEUECTBEHHOM HAay4yHOW JIUTepaTypbl, aBTOpaMU JaH MOJPOOHBINH aHalnu3 O BO3SMOXKHOCTH NPUMEHEHHS
Pa3IMYHBIX MOIU(PHKALUKA TeOPU3MIECKUX METOJOB B FOPHOW IPOMBIIUICHHOCTH Ha ATAlle OCBOCHUS M DKCIUTyaTallHd MECTO-
poxxnenuit. Ocoboe BHUMaHHE yaeneHO d(POEKTHBHOCTH NPUMEHEHHSI METOA CEHCMOpa3BEAKU P MOHUTOPHHTE pa3paboTKu
PYIOHBIX MECTOPOXKICHHH, OCBaEMBIC ITOJ3EMHBIM CIIOCOOOM Ha OONbIIMX riyOnHax. [TlokazaHo, YTO UCIONB30BaHHE reodU3HIe-
CKHMX METOJIOB SBISICTCSl OJHHUM M3 Haubousiee 3p(EeKTHBHBIX COCOOOB ydyeTa MOBEACHHS NPUPOAHBIX M TEXHHYECKHX CHCTEM
HOJ3EMHBIX BBIPAOOTOK B 3aBUCHMOCTH OT TEKYILETO COCTOSHHS T€OJIOTHYECKOM Cpellbl U MCKYCCTBEHHBIX BO3JICHCTBHI Ha Mac-
CHBBI TOPHBIX Nopoa. CrenaH 000CHOBaHHBIN BBIBOJ, YTO CHCTEMAaTHYCCKHI MOHHUTOPHHI U NMPOQHIAKTHKA TEXHOTCHHOTO CO-
CTOsSIHUS ITOA3E€MHBIX BI)Ipa6OTOK 1 U3YUCHUE TCKYHICTO COCTOSHUA I'OPHOI0 MacCuBa 1 pyI[HOfI 3aJIC)KH B HCJOCTYITHBIX YacCTAX C
MPUMEHEHHEM COBPEMCHHBIX I'€O(PHU3MYCCKUX TEXHOJOTUM SIBJISIOTCS OCHOBOW 3(h(eKTHBHOW M OE30MacHOW pa3pabOTKH IjIH-
TCJIBHO JKCILTYaTUPYEMbBIX MeCTOpO)KI[eHI/Iﬁ TBEPABIX MOJIC3HBIX UCKOTIACMBbIX. HpeI[CTaBHeHHBIﬁ 0630p HCIIOJIb30BAaH JId HAYy4-
HO-TIPaKTHYECKOr0 000CHOBAHMS IIPOBEJICHHSI UCCIIEIOBATENLCKUX paboT koiuiekTuBoM crenpanuctoB KasHUTY K. U. Carnae-
Ba 0 pa3pabOTKe TEXHOJIOTMU OLIEHKH COCTOSIHHMS BBIPAOOTAaHHOI'O MPOCTPAHCTBA CEHCMHYECKUMH METOJAMH IIPH HOI3EMHON
I[O6I)I‘Ie B CJIOKHBIX TOPHO-TCOJIOTUYECKUX YCIIOBUAX MeCTOpO)KI[eHI/Iﬁ MEIUCTHIX ITECHAaHHUKOB Kazaxcrana.

Kntouesvie cnosa: ceoguszuieckuil MOHUMOPUHE, NOO3EMHbIE PAOONIbI, MECHOPONCOCHUsS NOJLE3HbIX UCKONAEMbIX, 2eoMe-
XaHUYeCKUe XapaKmepucmuxu.
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Abstract. The study is devoted to the analysis of metasomatic zoning and features of mineralization of porphyry copper
deposits of the North-Eastern Balkhash region, comparing them with other analogs around the world. Based on geological,
mineralogical, and hydrothermal changes, the key characteristics of the Aktogay, Aidarly and Kyzylkiya fields were identified.
Methods included rock and mineral analysis, geochemical studies, and comparative analysis with global deposits. The results
showed the uniqueness of Kazakhstan deposits in terms of mineral composition and zoning structure. The conclusion empha-
sizes the importance of these deposits for understanding the formation of porphyry copper systems and the potential for further
research in this direction. The copper ore deposit of North-Eastern Balkhash region is located 450 km northeast of Almaty,
within the Balkhash-1li suite of the Central Asian Orogenic Belt, an orogenic structure over 800 million years old. The
porphyry formations are found within the Koldar plutonic massif, which dates from the Late Devonian to the Early Carbonif-
erous period. Laccolith intrusions of diorite-granodiorites extend 17 km in an east-west direction here. The Koldar plutonic
massif includes plates of volcanogenic sedimentary rocks consisting of Carboniferous andesites and dacite-rhyolites. The Ak-
togay deposit occupies the central plate, composed of volcanic rocks and bounded by magmatic formations. The stocks of
porphyritic granodiorites that intrude into the volcanic layers date from the Middle Carboniferous period.

Keywords: porphyry copper deposits, metasomatic zoning, hydrothermal changes, mineralogical composition, North-

Eastern Balkhash region, Aktogay, Aidarly, Kyzylkiya.

1. Introduction

Porphyry copper deposits occupy an important place in ge-
ological science and industry due to their great economic po-
tential. However, despite extensive studies of deposits around
the world, many aspects of their formation remain poorly
understood. In particular, the metasomatic zoning and mineral-
ization features of porphyry copper deposits in the Northeast-
ern Balkhash region, including Aktogay, Aidarly, and Ky-
zylkiya, require detailed consideration for a better understand-
ing of these unique systems. The purpose of this study is to
analyze the metasomatic zoning and mineralization features of
these deposits, considering the comparison with world analogs
and identifying their unique characteristics. At the Aktogay
deposit, drilling data identifies three main groups of rocks:

Keregetas suite rocks consist of volcanogenic sandstones
with interlayers of siltstones, tuffs, and conglomerates, overlain
by a layer of rhyolite-dacite tuffs and tuffaceous sandstones.

Diorites of the Koldar massif extend southwest from the
Aktogay fault within the open pit, as well as to the west and
north of the deposit. These rocks are mostly porphyritic, rang-
ing from fine- to medium-grained. The Koldar massif is char-
acterized by intermediate to acidic intrusions (granodiorites,
porphyritic granodiorite-plagiogranites, monzogranites), which
are primarily described as granodiorites in the drill core data.
Additionally, sheet-like intrusions of diabase porphyry of later
origin are present. Small intrusions of quartz-dacite porphyry
are found in the northwest section of the area.

© 2024. E. Orynbassarova, A. Bekbotayeva, T. Abdullayeva, D. Urmanova, M. Nurtas

The central part of the massif consists of silicified volcanic
rocks and granodiorites, surrounded by a dense stockwork of
barren quartz veins and a thin zone of sericite-quartz metaso-
matism. The silicified zone intersects a large potassic altera-
tion zone, which consists of early potassium feldspar and bio-
tite. Localized zones of quartz-sericite-pyrite alteration are
represented as narrow linear sections along the contacts of
granodiorite porphyries. The periphery of the copper-porphyry
system is bounded by a large propylitic halo containing epi-
dote-amphiboles and albite-chlorite.

Mineralization extends in zones from the central part of the
deposit to the periphery. In the center, bornite-chalcopyrite
zones dominate, transitioning to chalcopyrite-pyrite zones,
while a pyrite halo is observed at the outer boundaries. In the
central part of the deposit, copper and molybdenum ores over-
lap, while lead-zinc mineralization is confined to the edges of
the ore body. The main vein mineral is quartz, although early-
period veins also contain potassium feldspar and biotite [1-5].

2. Materials and methods

The study is based on field work, laboratory analysis of
rock and mineral samples, as well as a comparative analysis
of data on porphyry copper deposits around the world. Meth-
ods of petrography, mineralogy, geochemistry, and structural
geology were used [6-7, 9-16]. Spectral analysis and micros-
copy data were used to assess metasomatic zoning. Analysis
of hydrothermal changes included the study of the miner-
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alogical composition and textures of the rocks. The compari-
son with the fields of Kazakhstan and the world was carried
out based on a comparison of geochemical indicators and
structural features. The use of statistical analysis made it
possible to identify patterns in the distribution of elements
and their correlation with types of mineralization [8].

2.1. Geological structure of the Aktogay, Aydarli, and
Kyzlkiya fields

The Aktogay field and the ore field of the same name are
located in the southeastern part of the side of the Bakanas
synclinorium, which belongs to the northeastern segment of
the andesite herzin Pribalkhash-llei of the intrusive volcanic
belt (Figure 1).

Analysis of the geological features of the Aktogay, Ay-
darli, and Kyzylkiya fields revealed their complex structure,
in the center of which is the Koldar intrusive massif. This
massif, laccolith, composed of diorite and granodiorite, is a
key element in the architecture of the region, stretching 17
km from west to east and covering an area of 75 km?. It is
surrounded by younger volcanogenic and sedimentary rocks
of a variety of geological formations. Of interest is the geo-
physical profile of the massif, showing its expansion to 216
km? at a certain depth and subsequent narrowing, which
indicates an active magmatic origin. The depth of the lacco-
lite neck reaches 4.7 km, and its root part at a depth of about
4 km forms an ellipse with an area of about 4 km?, projected
to the surface between Aktogay and Aydarly. Below 3 km,
the massif acquires a subconsonant position in the volcanics
of the Keregetas formation with a thickness of up to 2500-
2600 m. Two additional shallow troughs are also visible in
the east and west of the laccolith. A particularly noticeable
decrease in the depth of the intrusion is observed near Ak-

togay, where it decreases from 3 to 2 km and possibly reach-
es 500 m to the east.

The Aktogay ore field, together with the adjacent Aydarli
and Kyzlkiya deposits, is located at the intersection of im-
portant tectonic faults, which indicates the decisive role of
tectonic processes in their development. The influence of
magmatic uplift led to the creation of horst-anticline and
caldera structures filled with volcanic and sedimentary layers
of the Keregetas Formation. The structural position of the
Koldar Intrusive Massif, coupled with its hydrothermal activi-
ty, has been determined by a network of faults, including the
key Aktogay fault zone with an orientation of 290°, and other
faults with a direction of approximately 60°. The Aktogay
fault zone encompasses the Aydarli and Aktogay fields, while
the Kyzylkiya fault zone is located in the area of the Ikbass
faults directed to the northeast. The magmatic activity led to
the deformation of the upper part of the massif, forming horst-
anticlinal structures. Closer to the eastern part of the vein, a
caldera-like depression with an area of 5.5 km? appeared,
covering most of the Aktogay deposit and filled with volcanic
and sedimentary rocks of the Keregetas formation up to 600
m thick, known as the Central Aktogay xenolith.

The geological picture of the deposits is also determined
by significant geological faults with a long history of activi-
ty, including the Aktogay (sub-latitudinal), Koldar (north-
eastern) and northwestern directions. The faults of the Koldar
direction demonstrate the greatest amplitudes of vertical
displacements, reaching hundreds of meters, while the dis-
placements along the Aktogay faults, although less pro-
nounced, are confirmed by satellite images with the width of
the fault zones of 200-400 m and additional cracks that ex-
pand this zone to 600-1000 m, making these zones more
ancient compared to the Koldar ones.

Figure 1. The map of the Dzungarian-Balkhash folded system (fragment of the state geological map [3])
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In the context of mineralogy and petrology, vein rocks
are noteworthy, among which diorite and diabase porphyri-
tes, quartz and dacite porphyries, as well as special for-
mations of granodiorite-porphyries stand out. These rocks
enrich the mineralogical spectrum of the area and testify to
the multi-stage activity of magma. The Koldar massif
demonstrates magmatic connections with the volcanic com-
plex of Keregetas. Among the intrusive rocks of the Koldar
massif are:

Gabbro-diorites in the Northwest Block.

A variety of diorites, from uneven-grained and porphyrit-
ic to fine- and medium-grained, are found in the Central,
Southern, Geophysical, Southeastern, and Far blocks. In
some blocks, diorite with prismatic grain and needle horn-
blende are found, as well as porphyrites based on diorite and
diabase, while quartz and dacite porphyries are also present
in the Northwest block.

Medium-grained diorites and granodiorites, as well as
porphyritic granodiorites in the eastern parts of the Central
and Southern Blocks, as well as in the Diagonal and Eastern
Blocks.

«Porphyry» subphase, which includes small formations
and dikes of granodiorite porphyries with a fine-grained
base, as well as porphyry plagiogranites with a vitreous base.

In addition, thin ore dikes of granite-aplites and fine-
grained granites are common within the territory, which may
be associated with the granites of the second phase of the
Aktogay complex.

Post-ore dikes with almond-shaped diabase and andesite
porphyrites stand separately.

Diorites with varying degrees of granularity, from irregu-
lar to fine to medium, are distinguished by their diversity in
composition and the presence of structures characteristic of
gabbro, ophite, and subophyte. Their appearance resembles
hypabyssal rocks, and they occupy more than half of the site.

Diorite porphyrites stand out as an important geological
component, forming a ring structure in the south of the site.
They form several large masses and several adjacent apophy-
ses and independent dike formations, especially near the
southern edge of the orebody.

Diabase porphyrites are relatively gentle formations lo-
cated mainly along the C33 direction, with a slope to the
south. Their thickness usually reaches about 20 meters.
These rocks, which have a fine and fine grain, are colored in
dark gray and almost black tones with a greenish tint, and are
younger compared to diorite porphyrites, but also contain ore
minerals.

Quartz and dacitic porphyries are found mainly in
northwestern and northern blocks, with the dike direction
from sublatitudinal to northwestern. Their incidence angles
vary from 55 to 75 degrees in south-westerly directions,
increasing to 75-85 degrees near the Small Koldar Fault,
which indicates their ore-bearing nature.

Medium-grained full-crystalline diorites and granodio-
rites, which form the third phase of development, are distrib-
uted in the northeastern part and most of the eastern half of
the Koldar massif. These rocks correspond to quartz diorites
and biotite-hornblende granodiorites.

Porphyritic granodiorites form separate small masses in
the eastern part of the Central and Southern Blocks, as well
as in the Diagonal and Eastern Blocks, covering an area of
about 0.4 km?. Their location emphasizes the closure of the
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annular ore-bearing structure with the pinkish-gray color of
the rocks.

Granodiorite porphyries with a fine-grained base create a
chain of significant vein formations and dikes running along
the Aktogay deep fault, passing through the central, drilling,
and northwestern parts of the site. Their shape varies from
isometric to elongated, resembling dikes with various thick-
enings and narrowings. The total length of such structures is
approximately 1500 meters, with a steep slope in the north-
eastern direction and a pinkish tint, while granodiorite por-
phyries are distinguished by the absence of hornblende
among the disseminated ones.

Plagiogranite-porphyry forms extensive dike structures
of a light gray hue, which demonstrate the western boundary
of the ore-bearing formations of the deposit. Extend in a
northwesterly direction, tilting at angles of 65 to 75 degrees
to the northeast. Their thickness varies between 18 and 41
meters, with some dikes containing little or no ore. Plagio-
granite porphyries also form compact masses in the area of
the Central and Drilling blocks and are also embedded in the
form of dikes among porphyritic granodiorites and granodio-
rite porphyries in the eastern part of the Central Block with a
thickness of up to 40 meters. In areas where stockwork is
most rich in ores, porphyry plagiogranite dikes can be heavi-
ly mineralized. In general, porphyritic granodiorites, gran-
odiorite porphyries, and plagiogranite porphyries are tightly
interrelated, forming a complex geological structure.

Metasomatic processes, which are especially active in the
deep layers of intrusions, where the process of «granodioriti-
zation» due to siliceous-alkaline metasomatic occurs, are key
to understanding the development of deposits. These phe-
nomena, which cause changes in the mineral and chemical
composition of rocks, play an important role in the formation
of ore-bearing systems and their metallogenesis.

In the Aktogay deposit, there is a classic concentric zoning
in the distribution of metasomatic rocks to ore formations.
Propylites, biotite and quartz-potassium, quartz-sericite meta-
somatites predominate, surrounding the inner zone of strong
quartz up to monoquartzites. These metasomatites, formed
against the background of orogenization of volcanogenic-
sedimentary rocks of the Keregetas formation, affect all
known rocks of the deposit, except for tourmalinized breccia
and late basite dikes. Quartz-potassium metasomatites, togeth-
er with the surrounding biotite metasomatites, are typical of
the center of the deposit, where they create an oval field elon-
gated in a northwesterly direction, denoting the zone of the
main distribution of copper and molybdenum mineralization.
In zones of tectonic activity, these metasomatites turn into
migmatites with characteristic structures.

On the periphery, sericite-quartz metasomatites predomi-
nate, crossing the central part. The outer zone, mainly outside
the field, is represented by propylites, in the north by the epi-
dote-amphibolite facies, and in the south by mainly the albite-
prehnite-chlorite facies.

The ore stockwork of the Aktogay deposit is part of a large
zone of sulfide (mainly pyrite) mineralization, which also
unites the Aydarli ore stockwork, covering an area of 15 km?.

The changes affected all the rocks around the orebody
except the later main. The central empty space is occupied by
a siliceous zone with quartz formations surrounded by a
dense network of quartz stockwork and a zone of shallow
sericite-quartz transformations. As it approaches the edges,
this siliceous zone is replaced by an extensive layer of early
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potassium variations of potassium feldspar and biotite sur-
rounding the main orebody. In this potassium zone, there are
several lines with low mineralization but strong changes in
potassium feldspar, surrounded by a broad biotite halo. The
zoning of the stockwork: the presence of the epicenter
(quartz stockwork), the closure of the structure, and the con-
centric-zonal plan of the structure, fragmentarily manifested
in the position of the pre-ore geological formations, but quite
clearly in the spatial distribution of copper and molybdenum,
and to a lesser extent sulfuric, gold-silver and lead-zinc min-
eralization, the mineral composition and technological prop-
erties of the ores, as well as the metasomatic zoning of the
altered rocks of the region.

Phyllite transformations, distinguished by the presence of
quartz, carbonates, chlorite, and sericite, occur as ephemeral,
narrow bands located along the boundaries of granodiorite-

porphyry apophyses and along fracture zones along the sides
of the orebody. The surrounding zone of the porphyry copper
system is represented by an extensive propylite halo, includ-
ing epidote-amphibole and albite-chlorite-prehnite.

The orebody as a whole is an elliptical overturned cone
with thick walls, the base of which is framed by jagged,
jagged edges that break up into a series of disappearing con-
ductors with small and irregular cross-sections. The bounda-
ry of this body at depth in the southern and eastern parts
inclines to the east at an angle of 25 to 40 degrees. The axis
of the cone is inclined to the south-southwest at an angle of
75 to 80 degrees, and the angles of inclination of the outer
surface vary from 40 to 65 degrees in the south, 80 to 85
degrees in the north, 20 to 40 degrees in the west, and 70 to
85 degrees in the east.

South-west

North-east

ogical Cross Section

eologic Legend

Permo-Carboniferous - terrigenous voleano-sedimentary
sequence

Explosive breccia

Late Carboniferous - grancdiorite & plagicgranite
porphyries

Late Carboniferous - porphyritic granodiorite

Late Carboniferous - Koldar Pluton quartz diorite
and granodiorote
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Figure 2. Geology, alteration and mineralisation at the Aktogai Group of porphyry Cu-Au deposit in southeastern Kazakhstan. The
geology and alteration-mineralisation are also separately shown on a NE-SW oriented section through the Aktogai deposit. After
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In the eastern part, the complexity of the stockwork con-
figuration is due to the presence of a branched apophysis
filled mainly with ores with low grades.

Tectonic shifts have little or no effect on the shape and in-
tegrity of the ore stockwork as an open-pit mining object. The
only separate part is the balance section of the stockwork in
the north-western block, which is also adjacent to the Drilling
block in its eastern part along the Small Koldarsky fault.

The internal structure of the ore stockwork is characterized
by a high degree of homogeneity of mineralization and well-
defined vertical and lateral zoning, both in sulfide and oxi-
dized ores.

The Aktogay deposit is characterized by vertical miner-
alogical zoning of ores, including:

— leaching subzone;

— zone of oxidized ores;

— subzone of mixed ores;

— secondary sulfide subzone;

Primary sulfide ore zone.

The zoning of the stockwork exhibits a complex struc-
ture, starting from the central quartz core, through concentri-
cally arranged layers to the peripheral zones, where the dis-
tribution of mineralization from copper and molybdenum to
gold, silver, and base metals changes gradually, emphasizing
the stepwise change in mineral composition and enrichment
of the ore bodies. The predominance of primary sulfide ores
in the zone provides the bulk of the resources, with a high
concentration of copper over wide areas.

The level of copper in the ores shows stability, with a co-
efficient of variation not exceeding 40% for copper, indicat-
ing the uniformity of mineralization within the stockwork,
considered as a homogeneous object in three-dimensional
space when mining methods are chosen.

A distinctive feature of stockwork is its lateral and verti-
cal mineral zoning, which is reflected in a decrease in the
concentration of copper from the center to the periphery and
with depression, as well as a change in the amount of pyrite
and other sulfides in different zones. This zoning confirms
the gradient decrease in copper content with depth and the
change in mineral composition from the outer to the inner
layers of the stockwork.

The oxidized ores above the sulfide ores form a stable
layer that occupies about 5% of the reserves and is expressed
in separate «windows» on the surface, where the contours of
the oxidized and sulfide ores do not coincide. This indicates
the distribution of copper mineralization and its movement
along the slopes and into the lowlands in the central parts of
the stockwork.

The mixed ores underlying the oxidized ores are distin-
guished as a thin layer of variable thickness, where sulfides
make up a significant portion of the copper mineralization,
accompanied by cuprite and native copper.

The zone of secondary sulfides, located at the boundary
of oxidized and primary sulfide ores, is characterized by
uneven thickness and is represented by coulis zones of sul-
fide veins, accompanied by complex rock changes.

The small Kyzylkiya field, located near Aktogay, shows
deeper erosion, indicating the diversity of erosion processes
in the region. Copper-molybdenum mineralization is associ-
ated with granodiorite-porphyry rod penetrating through the
granodiorites of the Koldar massif and is accompanied by
potassium-silicate and phyllite changes (Figure 2).
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3. Results and discussion

In general, the geological characteristics of the Aktogay,
Aidarly, and Kyzylki deposits represent a complex network
of processes covering magmatic activity, metasomatic
changes, and volcanic-sedimentary events. This makes them
valuable for the study of the geodynamics and mineral re-
sources of the Carboniferous period in a given region.

The richness of molybdenum and copper in these deposits
emphasizes their importance as molybdenum-copper objects,
while the relatively low presence of gold, silver, and seleni-
um is noted.

The relationship of the structure of these sites to deep tec-
tonic faults indicates their importance in understanding the
region's long-term tectonic activity, including shallow intru-
sions and explosive breccias.

A well-defined zonality in the distribution of mineraliza-
tion confirms the complex interaction of geological processes
at different depths and in different parts of the deposits.

Changes in the stockwork structure at different depth lev-
els emphasize the dynamic development of these geological
formations.

The vertical gradient of the distribution of molybdenum-
copper mineralization is indicative of the complexity of the
region’s geological history and mineral potential.

Differences in erosion levels between the Aydarli and
Kyzylkiya fields reflect variations in the geological devel-
opment of the region.

Deep tectonic activity in the region affects the formation
and preservation of mineral resources, which requires addi-
tional study for effective development.

The diversity of minerals and unique structures in these
deposits, including prehnite and quartz with unique structural
features, provide an important source of information on the
geological processes and conditions of mineral deposits in
this region.

Thus, the study of these deposits opens up broad pro-
spects for understanding the mechanisms of the formation of
molybdenum-copper deposits and the influence of tectonic
processes on mineralization during the Carboniferous period.

The discussion of the results highlights the importance of
metasomatic zoning for understanding the processes of field
formation and suggests that these fields may contain un-
tapped potential for exploration.

4. Conclusions

The study confirmed the hypothesis of complex metaso-
matic zoning and unique features of mineralization of
porphyry copper deposits in the North-Eastern Balkhash
region. The results can be used to refine the models for the
formation of such fields and develop new approaches to
prospecting and exploration. The analysis showed that a
thorough understanding of metasomatic processes and hydro-
thermal changes is key to assessing the economic potential of
the region.

Given the significant technological breakthrough in re-
cent years, particularly in the quality and availability of satel-
lite imagery, we recommend integrating modern remote
sensing data into our research on metasomatic zonality and
associated minerals. Current methods for mineral exploration
and geological mapping often fail to fully utilize the potential
of these advanced digital technologies. By incorporating a
spectral signature library and developing a predictive explo-
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Coarycrik—Ibirsic bajgkam ayMaFrbIHbIH MBIC OPpUP
KEHOPBIHAAPbIHBIH MUHEPAJIOTHSJIBIK ePeKIIeJTiKTePi xKIHe
METACOMATHKAJIBIK OesgemMaepi

D. Opsmbacaposa, A. bex6oraesa, T. A6xymiaesa’, JI. Ypmanosa, M. Hyprac
Satbayev University, Arvamei, Kazaxcman
*Koppecnonoenyus ywin asmop: t.abdullaeva@satbayev.university

Anparna. 3eprrey Contycrik-Ibirbic Bankamn aliMarbiHAarbl TOpGUPII MBIC KEHOPBIHIAPBIHBIH METAaCOMAaTHKAJIBIK
OenmeMaepl MeH MUHEpalIM3als epeKIIeNiKTepiH TalliayFa, COHIai-aKk oiapsl 9JeMHIH 0acka ykcac KeH OpbIHAapbIMeH
CAJIBICTBIPYFa apHANFaH. | €ONOTHAIIBIK, MHHEPAJIOTHSIIBIK KOHE THAPOTEPMANIBIBIK ©3repicTep HeriziHae AKTorail, Aiimapis
xoHe KpI3pUTKNS KeH OpBIHIAPBIHBIH HETI3I1 CHUIaTTaMajaphl aHBIKTAJAbL. OJIICTepre Tay >KbIHBICTAphl MEH MHHEPaJIap.Ibl
Taiay, TEOXUMUSUIBIK 3epTTEYJIep JKoHE 9JIeM/IIK KEHOPBIHAAPhIMEH CaNIBICTRIpMaIbl Tanaay Kipai. Hotmwxenep KasakcranHbig
KEH OPBIHAAPBIHBIH MUHEPAIJIBIK KypaMbl MEH 30HAIBIIBIK KYPBUIBIMBI TYPFBICBIHAH Oipereil ekeHiH kepceTTi. KopbIThiHABI A
OChl KEH OpBIHIAPBIHBIH TOPQUPII MbIC >KYHENEpiHIH KaJIBINTACYbIH TYCIHYJETi MaHbI3/IBUIBIFEl JKOHE OYi OarbITTarbl
3eprreynepain Oomamarsl artan etineni. Conrycrik-1lbreic bankam aliMarblHIAFEl MBIC KEH OpHBI AJIMAaThlJaH COJTYCTIK-
HIBIFBICKA Kapaid 450 KM KalIbIKTHIKTA, skachkl 800 MIJUTHOH KbUIIaH acaTeiH OpTanblk A3us oporeHaik OenjaeyiniH bankam-
Ine xarmapner kemeHinge opHanackaH. [Topdupni opmarmmsuiap Kommap mimyTOHABIK MacCHBIHAE Ke3leceli, O KeHiHTi
JIeBOHHaH Oactam eprte KapOOH oyipiHe >kaTaasl. MyHIA IHOPHUT-TPAHOTMOPHUTTI JAKKOJIWTTIK HHTPY3HsIap OaThICTaH
IIBIFBICKA Kapalh 17 KM KaIIBIKTBIKKAa co3pUTFaH. Kommap IUIyTOHIBIK MaccHBi KapOOHABIK AaHIE3UTTEp MEH MJaluT-
PHONHTTEPACH TYPATHIH BYJIKAHOTCHJIK-IIOTIHII JKBIHBICTAD KaOaTTapblH KAMTHABL. AKTOFail KEH OpHBI OPTANBIK TaKTaHBI
aNBIN KAThIP, OJ BYJKAHABIK JKBIHBICTAPAAH TYpPajbl jKOHE MarMaiblK TY3UIIMAEPMEH MIeKTelareH. BynkaHIplK KabaTTapra
€HeTiH NOP(HPIIi TPAHOAUOPUTTEPIIH ITOKTAPEI OpTa KapOOH 19yipiHe xKaTazpl.

Hezizzi co30ep: mvic nopghup KenopulHoapbvl, MemacoMamukaibly berdemoep, 2uOpoOmepManbly o3zepicmep, MUHepad-
ovIK Kocwiivicmap, Conmycmik-wbievic Banxaw aymaswl, Akmoeaii, Audapnol, Kvizvlakus.
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MeTacomaTu4yeckasi 30HAJIbHOCTh U 0COOCHHOCTH MUHEPAJTHU3ANUN
MeTHO-TIOP(PUPOBBIX MecTOpPO:KIAeHuil CeBepo-BocToO4HOrO pernona
baaxama

D. Opeiabacaposa, A. Bex6oraesa, T. A6xymnaesa’, JI. Ypmanosa, M. Hyprac
Satbayev University, Arvamoi, Kazaxcman
*Aemop ons koppecnonoenyuu: t.abdullaeva@satbayev.university

AnHoTauus. /laHHOE HCCIIEOBAaHIE MMOCBSMICHO aHAIN3Y METACOMATHUECKONW 30HAIFHOCTH M OCOOCHHOCTEH MUHEpan3a-
1K TOPPHUPOBBIX MEAHBIX MecTopokaeHni CeBepo-Bocrounoro banxaina, a Takke CpaBHEHUIO UX C aHAJOTMYHBIMH MECTO-
POXIEHUSIMH TI0 BceMy MUpY. Ha ocHOBE reosornueckux, MUHEpaJOrHYeCKUX U I'HAPOTEPMAlIbHBIX N3MEHEHUH OBIIH BBISB-
JIEHBI KJIIOUEBbI€ XapaKTePUCTUKH MecTOpoxkaeHuil Axrorail, Aitnapnsl 1 Kei3puikud. B MeTonax ucciaeqoBaHus UCIONb30Ba-
JIMCh aHAJIN3 MOPOJ] M MUHEPAJIOB, TEOXUMHUYECKHE UCCIIEI0OBAHMS U CPABHUTEIBHBIN aHaIH3 C MUPOBBIMU MECTOPOXKICHUIMHU.
Pe3ynbpTaThl MoKa3aid YHHUKaJIBHOCTh MeCTOpOXAeHUH KazaxcTraHa 1o cocTaBy MHHEpPAJIOB U CTPYKType 30HalbHOCTU. B 3a-
KITFOYCHUH TOJYEPKUBAETCSI BAXKHOCTD 3TUX MECTOPOKACHHUHN JUIsl IIOHUMAaHUs MPOoLeccoB (popMUpOBaHUs MOPPHUPOBBIX Mel-
HBIX CHCTEM M TOTEHIHAI JUIS JAIPHEHIINX MCCICAOBAHUMA B 3TOM HalpaBlIeHHH. MeaHoe pyaHoe MecTtopoxaeHue CeBepo-
Bocrounoro banxama pacnosnoxeHo B 450 KM K CEBEpO-BOCTOKY OT AJjmarthl, B mpezenax banxam-Wnuiickoro kommiekca
HenTpansH0-A3HaTCKOTO OPOT€HHOTO T05Ca, OPOTCHHOM CTPYKTYPHI, BO3PAacT KOTOpOoH coctaBisier Oonee 800 MUILTHOHOB
net. [Topdupossre popmarm oOHapyKeHsI B penenax Konmaapckoro myTOHOTEHHOTO MacCHBa, KOTOPBIH OTHOCHTCS K TTO3/1-
HEJIEBOHCKOMY — PaHHEKapOOHOBOMY IEpUO.Y. 31€Ch JTaKKOJINTOBBIC HHTPY3HH JHOPUTOB U TPAHOJHOPUTOB IPOCTHPAIOTCS
Ha 17 KM B HampaBlEeHHH C 3amaja Ha BOCTOK. Koimapckui NIyTOHOTEHHBIH MacCHUB BKIIOYAeT IJIACTU BYJIKAHOTEHHO-
0Ca/IOYHBIX TIOPOJI, COCTOSIINX W3 KapOOHOBBIX aHIE3UTOB W JAIMT-PUOIMUTOB. MecTopoxaeHne AKToraidi 3aHMMaeT IIeH-
TPaJbHYIO IUIACTHHY, COCTOSIIYIO M3 BYJIKAHMYECKHX TOPOA M OTPAaHHUEHHYI0 MarMaTHUecKMMHU oOpazoBaHuAMHU. llIToku
nop}UpPOBBIX IPaHOAMOPHUTOB, KOTOPHIE BHEAPSIOTCS B BYJIKAHHYECKHE CJIOM, OTHOCSTCS K CPEAHEKApOOHOBOMY IEPHOTY.

Kniouegvie cnosa: meono-nopuposvie mecmoposicoenus, Memacomamuyeckas 30HaIbHOCMb, UOPOMEPMATbHble U3Me-
HeHus, munepanocuieckue coeounenus, Cegepo-Bocmounwiii pecuon banxawa, Akmoeaii, Atioapnvl, Keizviikus.
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The use of geothermal energy using the example of the Zharkent
geothermal water deposit
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Abstract. Today, Kazakhstan, like many other countries, is actively seeking ways to adapt to global climate change, seek-
ing to ensure sustainable economic development, social responsibility and environmental protection in the context of interna-
tional cooperation. In early 2023, the «Strategy for Achieving Carbon Neutrality of the Republic of Kazakhstan until 20605
was adopted, which was the result of significant work on the implementation of the «Concept of Transition of the Republic of
Kazakhstan to a Green Economy», as well as the development and implementation of state programs of industrial-innovative
development and implementation of the UN Sustainable Development Goals. The main goal of the Strategy is to achieve sus-
tainable development of Kazakhstan's economy to climate change and carbon neutrality by 2060. There will be a gradual
planned reduction in the share of coal-fired generation with an increase in the share of RES and alternative energy, as well as
the use of natural gas as an intermediate fuel. In the medium and long term, there is uncertainty about the availability of suffi-
cient water resources, so a long-term vision for the development of hydropower in Kazakhstan will be formed. In this regard,
there is a need to develop the production of alternative energy in our country. Among non-conventional energy sources, geo-
thermal energy - heat generated naturally in the Earth's interior - occupies the second place, second only to solar radiation. In
recent years, unique factual material on thermal waters of Cretaceous deposits has been obtained in the territory of Zharkent
depression. Zharkent depression possesses a huge potential of natural thermo-mineral resources, which have not found rational
economic application so far. Development of thermal waters is actual in conditions of development of production of alternative
kinds of energy and at transition of the republic on rails of «green economyy.

Keywords: thermal waters, geothermal energy, well, Zharkent depression.

1. BBenenne K smuTepManbHBIM HCTOYHHKAM OTHOCSITCS HMCTOYHHUKH
ropsiueil Bozsl ¢ Temmeparypoir 50-90°C, pacmosyioxeHHbIe B
BEPXHHUX CJIOSX OCAJOYHBIX MOPOJI, Ky/a MIPOHUKAIOT TOYBCH-
HBIC BOJIBL.

I'eoTepMaiibHbIC HMCTOYHHKH, COMJIACHO KiAacCH(UKAIIUU
MeXayHapOIHOTO SHEPrEeTUIECKOr0 areHTCTBA, JCIATCS Ha 5
THUIIOB:

1) MecTOpoKIeHUs] TeOTepMAaIbHOTO CYXOro Tapa: CpaB-
HUTENBHO JIETKO pa3pabaThIBarOTCS, HO TOBOJIBHO PEIIKH.

2) UCTOYHUKH BJIAYKHOTO TIapa (CMecH ropsiaei BOJIbI U I1a-
pa): BCTpPEYArOTCs Yallle, HO TPH UX OCBOCHUHU TPHXOIHUTCS
pemars BOIPOCH MPEIOTBPAIICHUS KOPPO3HH 000PYIOBAHUS
I'eoTOC u 3arps3HeHHsT OKpyKaromewl cpepl (ymaleHue
KOHJIEHCATa M3-3a BHICOKOH CTEIEHH €ro 3aCOJICHHOCTH);

3) MecTOpOKAEHHS Te0TepMAaTBbHOIM BOBI (CoepkaT Topsi-
9yI0 BOJy WU TIap U BOJY): MPEJCTABIIIIOT COOOM, TaKk Ha3bIBa-
eMble, TreoTepMajIbHBIC PEe3epPBYyaphl, KOTOPbIE 00pa3yrOTCS B
pe3yJibTaTe HAaroJIHEHUs! TOJA3EMHBIX MOJOCTeM BOJION aTrmo-
c(pepHBIX 0CaIKOB, HArPEBAEMOH OJIM3KO JIeKAIICH MarMow;

4) cyxue ropsiaue CKallbHBIC MTOPOJIbI, Pa30TPEThIe MarMou
(Ha TryOuHe 2 KM M OoJiee): WX 3amachl SHEPrUu Hambolee
BEJIUKHY;

5) Marma, TpeACTaBIsOmas co0Oi pacIulaBIieHHBIE TOP-
Hble Iopobl, HarpeTbie 10 1300°C [3].

B Hacrosiee Bpemsi, MUPOBO NPAKTUKONH MMEETCsl Olpe-
JICTICHHBIN TIOJIOXKUTENIBHBI OINBIT KOMIUIEKCHOTO OCBOEHHSA
reoTepMaNIbHBIX T0J3eMHBIX BoJ. Hambonee mmpoko 3TH
BOJIBI HCIIOJIB3YIOTCSI BO MHOTHX CTpaHaXx JUIsf TemIoCHabxke-
HHS, a TaKoke B OAIIBHEOJIOTHH U B PEKPEAIIMOHHBIX IEJIX.

B mro60ii yactu 3emutn, Ha OoNpeeNIeHHON TITyONHE, KOTO-
pas 3aBHCHT OT TI'€OTEPMHYECKHX OCOOCHHOCTEH pEermoHa,
3aJIETal0T IUIACTBI TOPHBIX TOPOJ, COAEpPIKAIINe TepMalbHbIE
BOJIBI (rMApoTepMbl). B cBs3M ¢ 4eM, B 3eMHOM KOpe HYXHO
BBIICJIUTE €IIIE O/IHY 30HY, KOTOPYIO MOXKHO yCIIOBHO Ha3BaTh
«THApOTEpMalIbHON 000J104KOi». OHa INpoCieXuBaeTcsl Ho-
BCEMECTHO, 10 BCEMY 3€MHOMY IIIapy TOJIFKO Ha Pa3HOU IITy-
6une [2].

Temrmiepatypa MOJ3eMHBIX BOJ MEHSETCS B IIUPOKHX IIpe-
Jienax, OOyCIIOBIIMBasl X COCTOSIHHE, BIIHSIA Ha €€ CBOWCTBA M
cocraB. B coOTBETCTBUU C TEMIIEPAaTypoOl TEIIIOHOCUTENS BCE
reoTepMalbHbIE MCTOYHHUKH ACTAT Ha TUIOTEPMAalbHBIC, Me-
30T€PMAIIbHBIE U SMTUTEPMAIIbHBIE.

K rumorepMaibHBIM HCTOYHHKAaM OOBIYHO OTHOCATCS HC-
TOYHUKHU Topsiueil Boxael ¢ Temneparypoit 200°C, u xoropas
NpakTUYECKH HE 3aBUCUT OT IOYBEHHBIX Box [2].
K Me3oTepMmalbHBIM HCTOUYHHKAM OTHOCSITCS UCTOYHMKU C
temneparypoii Bozst 100-200°C.
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2. MeTtoabl 1 MaTepHAaJIbI

IIpakTudeckoe MCHOIB30BAHUE T€OTEPMAIbHON 3HEPIUU
YCIIEIIHO NPUMEHSETCS BO MHOTUX CTpaHaX MHUpA, AEMOH-
CTpUpys €€ 3HAuUUTENbHBbIE MPEUMYIIECTBA U IIHMPOKHE BO3-
MOXHOCTH Ui pa3Butus. B UMcnanauu oxono 90% momos
OTaIUIMBAIOTCS C UCIOJIb30BaHUEM IeoTepMalbHOM SHepruuy,
YTO TIO3BOJIAET 3HAYUTENHEHO COKPATHTh BBIOPOCHI YIJIEKHC-
JIOTO ra3a M CHU3UTHh 3aBUCHUMOCTb OT MCKOIAE€MBIX BUIOB
ToruiBa [4].

Ha ®ununnunax u B Kenuu reorepmanbHas 3HEprus
TaKXXe UIPaeT KIF0UEBYIO POJIb B SHEPrOCUCTEME, TI03BOIISSA
STHM CTpaHaM 3HAYMTEIHHO COKpAIaTh yIJIEPOAHBIA CIEH.
B Kwutae reorepManbHble HCTOYHHKH AKTUBHO HCIIONB3Y-
I0TCSl U1l 000TpeBa M OXJaXICHHs 3JaHud, OCOOCHHO B
KPYNHBIX TopojaX, Takux kak IlekuH u TAHBIB3HHB, UYTO
CIOCOOCTBYET YJIYYIICHHIO 3KOJIOTHH U CHIDKEHHUIO pacxo-
JIOB Ha dHeproHocutenu [4]. OOuwmit 00beM yCTaHOBJICHHOM
MOIITHOCTH I'€0TepMAaIbHBIX 3JIEKTPOCTaHIUIN IO BCEMY MUY
Ha 2023 rox coctapisier okono 13-14 I'Bt. CrpaHbl-nuaeps!
TI0 TIPOU3BOJICTBY I'€0TEPMaIbHON SHEPTUH:

— Wnpounesusa n @wnunnuusel: 2 Bt

— Typuus u Utamus: 1 Bt

Kpynneimuii npon3BoaAuTe s re0TEpMaIbHON SHEPIUU -
CIIA. O0mas MOITHOCTh T€OTEPMAIBEHBIX UCTOYHHKOB 00-
nee 4000 MBT. OcHOBHBIE PETrHMOHBI Pa3MEILIECHUSI CTAHLIUH -
paiionsl Can-®pannucko, Kanudopuun, HeBana. B Hcnan-
qun (700 MBT) 1 Ha @ununnurax (1930 MBT). B Mekcuxke,
Kennu, Utanuu, U3paune AeiicTBYIOT TeoTepMasbHbIe dJIEK-
TPOCTAHIIUHN C YCTaHOBJIEHHOH MoIIHOCThI0 OoT 600 mo 800
MBT B ka0 u3 cTpas [5].

[IpakTHueckoe NPUMEHEHHE TeOTepMAIbHONW SHEPTHH B
MHpE JEMOHCTPHPYET YCIICIIHBIE TPUMEPBI, KOTOPHIE MOXKHO
UCIIOJIb30BaTh JUISl JajbHEHIEro pa3BUTHsI 3TOT0 UCTOYHHKA
SHepru. BOT HECKOJIBKO NMPUMEPOB YCIEUIHOTO HCHONB30-
BaHMS T€OTEPMAIbHON SHEPTUH:

1) Ucnangus:

Peiikbsinec. ['eorepmanbHas anexktpoctanius B Mcnanauu,
KOTOpasi MCIOJb3yeT Topsiyie MUCTOYHUKHU AJIST MPOU3BOJICTBA
anekTpudectsa u otoruieHus. [Toutu 90% nomos B Mcnanauu
OTaIUTMBAIOTCS C TOMOIIBIO T€0TEPMAIBHOM YHEPTUH.

I'ennumaunau. I'eorepmanbHas cTaHLuUs, KOTOpas IIPOU3-
BoauT 0oKkoyio 303 MBT anexTpuyecTBa M HCIONB3YET TEIIO0
JUIst 000rpeBa TeTUIHIL ¥ TUIaBaTeNbHBIX OacCeHOB.

2) CLIA:

Ieizepc (Kaymmudopuns). Camplid 00JIBIION KOMIUIEKC Teo-
TepMaJIbHBIX AIEKTPOCTAHIMIA B MUPE, YCTAHOBJIEHHAs MOII-
HOCTh KoTOporo cocramiser okono 1517 MBt. Kommueke
cHabxaet 3ekTposHeprueii npumepro 725 000 nomos.

HeBaga. ['eorepMarnbHble 3JE€KTPOCTAHIIMU 31ECH MPOU3-
BOJAT 3HAYMTEIFHOE KOJIMYECTBO HIICKTPUYECTBA, MPHUYEM
mraT 3aHuMaeT Bropoe Mecto B CHIA mo yctaHoBmeHHOMN
MOIITHOCTH T€OTePMAIbHBIX 3JEKTpocTaHnui mocie Kamm-
thopHUM.

3) OwunnuHeL:

Ionoknuuo. OnuH U3 KPYyNHEHIIMX KOMIIJIEKCOB I€0-
TE€pMalbHBIX CTAHLUUI B MHpPE, KOTOPBII MPOU3BOAUT OKOJIO
724 MBT. OunmunnuHbl ABISIOTCA BTOPBIM MO BEJIWYMHE
MPOU3BOJUTEIEM IeoTepMalbHOI 3Heprun B mupe [6,10].

4) Kenus:

Onxapust. KoMIUIeKC reoTepMalIbHbIX CTaHIIMHA, KOTOPBIH
mpou3BoguT okosio 810 MBT, 9TO coCTaBiseT 3HAYUTENb-
HYIO 9aCTh JHEPTETHUYECKUX HYKZA CTpaHbl. KeHust akTuBHO
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pacIIupsieT CBOM TeOTepMallbHble MOIIHOCTH, CTPEMSCh K
YBEIMUYCHUIO UX JOJIM B SHEPTETUYECKOM OanaHce.

5) Unnone3us:

Basur Bunmxka. I'eotepmaiibHas cTaHLUs, KOTOpask IPOU3-
BOIUT OKOJI0 227 MBT, 1 3T0 ML O/THA U3 MHOTHX CTAHIIMA
B cTpaHe. MHnoHe3us mMeeT OO0JIBIION MOTEHIMAN Il pa3BU-
TUS TeOTEPMAIIbHOM AHEPreTUKH Oarofapsi CBOeMy pacroio-
JKeHUI0 Ha THXOOKEaHCKOM OTHEHHOM KOJIBIIE.

Uro kacaercsi 3MEKTPOCTAHLMN B MHUpPE CYIIECTBYIOT pa3-
JUYHBIE BHIBl TEOTEPMANBHBIX 3JIEKTPOCTAHLMMN, KOTOpPBIE
pa3IMYalOTCs MO NMPHHIOUIY PabOThl M MCHOJIB30BAHUIO T'€0-
TepMalIbHBIX pECYPCOB. BOT OCHOBHBIE THIIBI:

1. CyxomapoBsIe 3IEKTPOCTAHIHH

CyxomnapoBble 3JEKTPOCTAaHIMU SBJISIOTCS CTapeHIINM
TUIIOM T€OTePMalbHBIX 3JeKTpocTaHUUNA. OHU HUCHONB3YIOT
nap, IOCTYIAIOIINH U3 Te0TePMAaIbHBIX PE3epBYapoB, YTOOBI
BpamaTh TypOMHBI U IIPOU3BOAUTH 3JIeKTpHUdecTBO. [Ipume-
poM sBIIeTCS TeoTepMalibHasl JieKTpocTaHIys B Jlapaepen-
1o, Utanus [4].

2. OI31-napoBhIe AIEKTPOCTAHLUN

@IBII-NapOBhIE IEKTPOCTAHIUU HCIOJB3YIOT BBICOKO-
TEMIEpaTypHYI0 TIeoTepMalbHyl0 >XHAKOcTh. Korma sTa
JKUIKOCTh MOJHUMAETCS Ha MOBEPXHOCTH, MMPOUCXOAUT BHE-
3allHO€ MaJCHHE JaBICHUS, YTO BBI3BIBAECT HCIAPEHUE YACTU
JKUJIKOCTH. DTOT Map MCITONb3yeTcs ISl BpAIlCHUS TYpOWH.
IIpumepsl Takux cTaHUUM MOXHO HaiTu B Mcnannuu u Ha
OununnuHax [4].

3. buHapHBIe 3JIeKTPOCTAHIUH

BuHapHBIe 2JIEKTPOCTAHIIMHM HCIOIB3YIOT YMEPEHHO TO-
pSAUyI0 TeOTEpPMaNbHYIO KUAKOCTh Ul HarpeBa BTOPHYHOIO
pabodero BemiecTBa ¢ HU3KOW TOYKOW KHUIEHHsA. DTOT pado-
ynii (iIronz IpeBpamniaeTcs B 1map, KOTOPBIH BpamaeT TypOou-
Hbl. Takne cranyu ocoOeHHO 3((PEKTUBHBI IS UCHONB30-
BaHUsI HU3KOTEMIIEPATYPHBIX pecypcoB. [IpumepoM sBiseT-
cs reotepManbHas craniys B Kamudopruu, CLLIA [4,10].

4. T'uOpuaHbIe AIEKTPOCTAHIINN

I'nbpuHbIe 3MEKTPOCTAHINE KOMOWHHMPYIOT pa3iuyHBIE
TEXHOJIOTUH JUTsl MakcuMaibHOH 3¢ dexTuBHocTH. Hampumep,
OHHM MOTYT KCIIOJIb30BaTh Kak (hJI3LI-TIapOBbIe, TaK U OWHAp-
HBle TexHoJMornu. OHM MOTYT OBITH OCOOEHHO IIOJIE3HBI B
pErMoHax ¢ MepeMEHHBIMU T€0TePMAaIbHBIMU pecypcami [10].

3. Pe3yabTaThl U 00Cy:KI€HHE

O00cHOBaHHE UCTIONH30BaHMS T€OTEPMAIILHOIM SHEPTHHU Ha
npumMepe ckBakuHbl 3T. JlanHOE 000CHOBaHNE BO3MOXKHOCTEH
UCIIOJIb30BAaHMs T€0TEPMANIbHOM SHEPTHH PACCUUTAHO MCXOMS
M3 MCXOAHBIX JIaHHBIX, MOJy4eHHbIX B HioHe 2022 ronma. B
Tabnuuax 1 v 2 npencTaBieHbl COOTBETCTBYIONINE IaHHBIE.

Ilo cpaBHEHMIO ¢ MpenbIYLHIUMU HCCIEJOBaHUSIMU
UMeIoTCs u3MeHeHus [8]. AHanu3 NpOBEIEHHBIX HCCIIEN0Ba-
HUH MMOKa3BIBAaeT, YTO HanOOJee PAMOHAIBHBIM U TIEPCIICK-
TUBHBIM SBJSIETCS WCHOJH30BAHHE TEIJIOBBIX 3aIllacOB Tep-
MAaJbHBIX BOJ JJIS1 00OTpeBa TEIUIHII, OTOIUICHHS IPOU3BO-
CTBEHHBIX H XKIJIBIX IOMEIICHNH, B OabHEOIOTHH H Jp.

IIpennosxeHa mpUHIUNHANBHAS TEXHOJIOTMYECKas cXema
OIIBITHOTO MPOM3BOICTBA Ha 0a3e reoTepMalbHON CKBaXKHHBI
3T XKapkeHTckoro MectopoxaeHus (puc. 1), BKIOYaromas:
UCTOYHMK 3JIEKTPOIHEPTUH PabOTAIOIMA OT CKBaXWHBI —
Mukpol DC (50 xBT); mpoW3BOACTBEHHOE MOMELICHUE —
3nanue anrapHoro tuna (400 kB.M); TEIUIMIy C CHCTEMOM
KaIleIbHOTO TOJIMBA W KIMMAaTKOHTPOJEM; MHUHHM3ABOI PO3-
JIMBa CTOJOBO-MHHEPAILHOM BobI [9].
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Taonuya 1. Kpamkue céedenus no mepmanwvhoii ckeaxcune 3T

CkBazknna 3T
AnmatuHcKkast 06aacTb, [landunos-
CKuil pailoH, B 33 KM I0XKHee T.
Kapkent
3281
Bepxuemenossle rpy0o- i cpeHe-
3epPHUCTHIE ecuanuky, 2270-2350

IToka3aTean
MecTononoxeH1e CKBaKHH

I'yOuHa CKBaXKMHBI, M
TepMOBOIOHOCHBII KOMIUIEKC,
HHTEPBAJ OMPOOOBAHMS, M
W36bITOYHOE IaBJICHHE HA YCThE

220
CKBQKMHEI, M
Pacxo/ Ha camou3iuBe (M°/c) 33.2
MpH U30BITOYHOM JaBJICHHH, M 220
Temmeparypa BOIbI Ha CAMOU3-
patyp il 66-72

juse, °C
Munepanuzanus Bogs! 0.535 1/
CocraB: ruJpoKkapOOHaTHO-
cynb(aTHBI HATPHEBbIN
(mr/mm®: HCO;-350.1, SO4-22.6, Cl-
10.9; Na+K 143.3, Ca -1, Mg — 0.6)
B 50 M ot ckBaxkuubl 3T umeercst
NIEWCTBYIOIIAst HErTyOOKast CKBaXKMHA
(300 — 400 m), TemnepaTypa BOABI
12°C

XHUMHUYECKUH cocTaB
TEepPMaJIbHOH BOJIbI

Hanuure oxnakmaromieii Bo bl
JUTSL TIPOM3BOJICTBA AJIEKTPOIHEP-
THUH

Kinmatnueckue mokasarenu, °C:
— MakCHMaJIbHasl TEMIIEpaTypa
BO3/lyXa

— CpeaHss TeMIlepaTypa Bo3ayxa
— MUHHMMaJlbHas TeMIeparypa
BO3/lyXa

+41.5 (urosib)

+9 (cpemHeron.)
- 42 (saHBapb)

Taonuya 2. Xumuueckuit cocmag mepmaisHbIX 600

HaumenoBanue TTapameTpst CkBakuna 3T TTosicuenue
Pacxon 33.2 alc
M306bITOUHOE
JIaBJICHHE Ha 220 m
Texnonoruue-
CKHE [TapaMeTpsbl YCTBC CRBKIH
Pabouee
220 m
JIABJICHHE
t° 66-72°C
YmepenHo
BBICOKOE YHCIIO
pH 8.4 pH ymenbmraer
pacTBOPUMOCTH
HCO3
MUHEpaH3aIHus 535 mr/am®
SiO, 35.5 mr/mm® Manas xonuen-
Tpauus
CO;2 8 mr/om®
Oxumaercs
HCOy 305.1 mr/pu® | icomwmoe
N oOpazoBaHue
XuMHYECKAN OKAJIMHEL
anaams CI 24.8 mr/oqm®
SO,7? 22.6 mr/am®
NO;5 1.8 mr/am®
NO, < 0.01 mr/am®
F 0.31 mr/mm®
Na* 142 mr/om®
K* 1.3 mr/am®
Ca*? 1.0 mr/am®
Mg*2 0.6 mr/mm®
NH,* <0.05 mr/om®
Fe*? <0.1 mr/om®
Fe*s <0.1 mr/am®

Temmeparypa pe3epByapa B JKapKeHTCKOM MECTOPOXKIe-
HUM CIUIIKOM HH3Kas Jis oOecredeHuss pabOTHI reorep-
MaJIGHOW 3JICKTPOCTAHIIMU OOBIYHOTO THIA. ENMHCTBEHHBIM
MPaKTUYCCKU PEAJIM3YEMBIM BAapHaHTOM [JId IIPOU3BOACTBA
JNEKTPOIHEPTHH OT TEOTEPMAIBLHOTO MOTOKA C TeMIlepaTy-
poit 70-96°C siBnsieTcst OMHApHAS TEXHOIOTHS [7].

43

bnok
B80/1bT0206a804HBIX
TpaHchopmaTopos

leHepatop  [—>| nyckatens

’ Crabunuzatop H Pacnpepenutens

Perynatop
8036ywaeHua

JnekTpuyecKan
3aBUKKa

Pucynox 1. Ilpunyunuanvnas cxema ckeaxcunnoii muxpol 3C

Pa3paboTtano ob6ocHOBaHME HOOBYN U YTUIIM3ALUH TEOTep-
MaJIbHOM BOJIbI CKBayKMHBI 3T 10 CleAyroIUM HalpaBIeHUsIM:

— MCIOJIB30BAHUE TEIUIOBOTO IOTEHIIMANA CKBAKUHBI IS
TETIO- ¥ BOAOCHAOXKEHUSI TETIIMIHOTO XO3SHCTBA;

— MCIOJIB30BaHUE JIeUeOHO-MHHEPAIHLHOTO ITOTEHIIHANIA
CKBaXHHBI U1 OadbHEOJOTHH MPU CTPOUTENBCTBE MPOIle-
JIypHOTO KOMIIEKCA;

— UCTIOJIb30BaHMUE JIeueOHO-MHUHEPANIbHOTO IOTEHIHANA
CKBOXWHBI Ul  NPOMBIIUICHHOTO  pPO3JIMBAa  Je4eOHO-
CTOJIOBBIX BOJI.

B mocnenHue necatuneTuss MpoOU3BOJCTBO 3NEKTPOIHEP-
THHU C MCIIOJBb30BaHUEM TEXHOJIOTHH OMHAPHOTO IWKJIA MpH-
oOpeTaeT Bce OONBIIYIO MOMYJSAPHOCTH. Takas TEXHOIOTHS,
SBISIETCS HAJECKHOM M MPAaKTHYECKH HE MMEET BIMSIHUS Ha
OKPYXXAIOLIYI0O Cpexy, KpOME 3TOro, MO3BOJISIET HCIOJB30-
BaTh KHUIKOCTH M3 MEHEE TOPSINX TEPMATBbHBIX HCTOUHHKOB,
IyTEM HarpeBaHHs padodel *KUAKOCTH ¢ Oosiee HU3KOH TeM-
[epaTypoy KUIECHUs.

CronMOCTh OMHApHBIX T€OTEPMANIBHBIX 3JIEKTPOCTAHINI
(T'eoTDC) 3aBuCHT OT psina PaKTOPOB, TAKUX KaK TEMIIEPATY-
pa ¥ XMMHUYECKHIi COCTaB reoTepMasIbHOM JKUKOCTH, TITyOHuHa
CKBQ)KHH, T€OJIOTHYECKHE YCIIOBHS, a TaKKe BHIOpAaHHBIE TEX-
HOJIOTHH ¥ 000pyioBaHME. DTH JIEKTPOCTAHIMN HCHOJIB3YIOT
reoTepMalIbHbIe HCTOYHUKH C OTHOCUTEIFHO HU3KUMHU TEMIIe-
parypamu (06srqHO 0T 70 1o 150°C) m obmamaroT GoibIeit
THOKOCTBIO B BHIOOPE MECT ISl CTPOUTENBCTBA MO CPABHEHHIO
C TPaJUINOHHBIMH YCTaHOBKAMH.

OCHOBHBIE TIPOM3BOJIUTENN OOOPYNOBaHUS Uil OWHAp-
HbIX ['e0TOC BKIIOUAIOT KOMIIAHUN TaKHE KaK:

Ormat Technologies - MupoBoit muep B MpOU3BOACTBE U
skcrutyataiuu ouHapHbix ['eoTOC. VX TeXHONIOTHH TpUME-
HSIIOTCSI B Pa3JIMYHBIX CTPAHAX U PErHOHAX.

Turboden - wrambsiHCKasi KOMITaHHs, KOTOpas MPOU3BO-
Ut TypooreHepaTops! ainst OmHapHBIX ['€0TOC m apyrmx
MPOMBIIICHHBIX TPUMEHEHUH.

Exergy - emé oxHa WTaNbSHCKas KOMIIAHUS, CIIELUAIIH-
3upyromascss Ha OMHApHBIX TEXHOJIOTHSX, HCIIOJB3YIOMINX
npuHIun Pagkuana (1ByX(a3Hble [UKIIH).

Atlas Copco - mBe/ckasi KOMIaHUsI, KOTOpasi IPOU3BOAUT
o0opynoBaHue I KOMIPECCHM W PACIIMPEHMs rasa, 4To
MOeET OBITh UCTIOJIH30BAaHO B OMHAPHBIX yCTaHOBKax [12].

Croumocte koHKpeTHOH ['eoTOC Oymer 3aBuCeTH OT
MIPOEKTa, BKIIFOYAIOMIETO HCCIICAOBAHMS W OypeHHe, CTpOH-
TENBCTBO U yCTAaHOBKY oOopyzoBaHus. B cpennem, oHa Mo-
KeT BapbupoBaThecs OT $2 10 $5 MWILIMOHOB 3a MeraBarT
YCTaHOBJICHHOIN MOII{HOCTH.

Taxxe paccMOTpPEH BapUaHT yCTaHOBKH MHUKpol' DC mis
npeoOpa3oBaHusl TUAPOAMHAMUYECKONW JHEPIHU CKBAXKHHBI
3T B anexTpuueckyro sHepruro. Mukpol OC sBnseTcs 3Ko-
JIOTHYECKH YUCTBIM HCTOUYHUKOM 3JEKTPOIHEPIUHU, HE Tpe-
OyroIMM TpH 3IKCIUTyaTallMM MOCTOSHHOT'O IIPHCYTCTBHS
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obcmyxuBatoniero mnepconana. Mukpol DC mpenHazHaueHa
Juist pabOTHl HA ABTOHOMHOTO - W30JMPOBAHHOTO OT JHEpre-
TUYECKOH CHCTeMBI OoTpeOuTess. TeXHUIeCKrue XapakTepu-
ctuku Mukpol DC npuBeneHsl B Ta0HUIE 3.

Tabnuua 3. Ocnosénvle mexHUYECKUe XAPAKMEPUCMUKU MUK-
pol'3C

Harmop (HerTo), M 160-180
Pacxopx Bozsl, M° /cex 0.03-0.04
BripabarbiBaemasi MOIIHOCTh, KBT 10 50
Yacrora BparieHus, 00/MUH 750
Hanpsoxenue, B 230 (+15 -30)
Yacrora ToKa, ['11 502

UYucno a3, mt 3

Coenunenue da3s U
Jlnamerp pabouero xomeca, MM 460
— 3HeprobIIoka 1400
— OJ10Ka OaJUTACTHOM HArPY3KH 85
Macca, kr -
— yCTpOiicTBa aBTOMATHYECKOTO 200

peryiupoBaHus

Obopyoosarue 01151 MENIUYHO20 XO3AUCMBA

[ImanupyeTcss CTPOUTENBCTBO TEIIMYHOTO KOMILIEKCA
wiomaneto 0.5 ra I KpyIVIOTOAMYHOTO BBIPAIIMBAHUS
OBOIIHBIX KyJIbTyp. KoMmieke OyneT ocHaIeH coBpeMEeHHBIM
000pyI0OBaHHEM, BKIIOYAsi aBTOMATHYECKYIO CUCTEMY YIIPaB-
JIeHUsT MUHEPAJIbHBIM THTaHHEM M MHUKpPOKIMMarToM. Beipa-
IIMBaHUE OBOIIEH OYIET OCYIIECTBIISITHCS HA OCHOBE Mallo-
00BEMHOI TEXHOJIOTUH, YTO 00ECIIEYHUT BHICOKYIO ddeKTnB-
HOCTB U CTa0MJIbHOE POU3BO/ICTBO B TEUEHHUE BCETO TOJa.

[pennaraemple pa3Mepbl TEIUIUIBI COCTABIISIOT: IIUPUHA
- 5 M, BBICOTA - 2.5 M, AnMHA - KpaTHasg 2.10 M, mpu 3ToM
BO3MOJKHa Jifo0as anuHa. Kapkac Temmunsl OyaeT BBIIOJIHEH
U3 OLMHKOBAHHBIX CTAJIBHBIX NMPOQMILHBIX TPYO M CHEIH-
IBHBIX CTHIKOBOYHBIX y3JI0B. Terumia mMoxer ObITh ycTa-
HOBJICHAa Kak Ha OCTOHHBIN (QyHAaMeHT, Tak U 0e3 Hero, ¢
UCIIOJIb30BAaHUEM JOTIOJIHUTENILHBIX METANIMYECKUX (QyHIa-
MEHTHBIX CTOJI00B, KOTOPBIE 3aKalbIBAIOTCS B TPYHT.

CucreMa OTOIUICHHUS TEIUIMYHOTO KOMIUIEKCA BKIIFOYAET B
ce0sl UCTOYHUK TEIUIOCHAOXKEHUsI, HapyXXHble M BHYTPEHHHUE
TEIUIOBBIE CETH, a TaKKe OOBEKTHI TEIUIOMOTpeONeHMs. DTa
CHCTEMa IpeiHa3HaueHa Ui MOJJIEP)KaHUsl ONTUMAILHOTO
TEMIEPATYPHOTO peKMMa BHYTPHU TEIUIUIIEI B COOTBETCTBHH C
TEXHOJIOTHUECKUMH TpeboBaHMsAIMH. B cucreme ortoruieHus
NPETyCMOTPEHO TPH HE3aBUCHMBIX KOHTYpa: MOJUIOTKOBBIH,
IIATPOBBIM M HAJIIOYBCHHBIH. B KauecTBe TEIUIOHOCHTENS
OylleT MCIOJIb30BaThCs reoTepMalIbHast BOAA U3 CKBXXUHBI 3T.

CucreMa KarnenbHOTO IOJIMBa C y3JIaMHU IPUTOTOBIICHUS
MO/Ia4¥ pacTBOpa MUHEPAIbHBIX YIOOpEeHHil, a Takxke ¢ BO3-
MOYKHOCTBIO [TOBTOPHOTO HCIIOJIb30BAHUS IpEHAaXka MMUTATENb-
HOT'O PacTBOpa, pazpaboTaHa B COOTBETCTBHH C JICHCTBYIOIIHN-
MH HOPMaTHBHBIMH JoKyMeHTamu EBpomsl u PD. Ora cucre-
Ma IpeiHa3Ha4YeHa Ul NPUTOTOBICHHUS U HOJAY MMUTATENb-
HOTO pacTBOpa HY)XHOM KOHIEHTPAIMM K PacTeHWsIM, BbIpa-
IIMBAEMbIM 110 METOAY MaJOO0OBEMHOM TEXHOIOIMH Ha KOKO-
COBOM WJIM MHHEpaJlOBaTHOM cyOcTpare, B COOTBETCTBHH C
TEXHUYECKNM 33/IaHAEM 3aKa3YHKa.

[IpuMeHeHHe KamnenbHOTO IMOJMBa B TEIUIMYHOM OBOIIE-
BOJICTBE CIIOCOOCTBYET OpraHM3alliM BBICOKOI()(EKTHBHOTO
MPOMBIIIUICHHOTO MTPOU3BOJICTBA OBOLIHOW MPOIYKIIUH BBICO-
KOTO KauecTBa, OJHOBPEMEHHO CHIDKasi ceO0ECTOMMOCTh. AB-
TOMAaTH3alys TPOLEecca MPHUTOTOBICHHUS IHUTATENBHBIX pac-
TBOPOB M TMOJAY¥ MUHEPAILHOTO IMHUTAHUS MO3BOJSIET COKpa-
THTh KOJHMYECTBO pabOYMX B TEIUIMLAX U MOBBICHTH OOLIYIO
MPOU3BOAUTENBFHOCTD TPYZA B TCIUINYHOM XO3SHCTBE.
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CoBpeMeHHbIE TEXHOJIOTHH BBIPAIIMBAHUS OBOILCH Tpe-
OYIOT MOCTOSIHHOTO TOJAEPKAHUS OINPEACICHHBIX PEXNMOB
MUKpPOKJIMMAaTa B TEIJIMIax. ABTOMaTH3alus CUCTEM YIIPaB-
JICHUS MUKPOKJIMMATOM B 3alUIIEHHOM TI'PyHTE MO3BOJISIET
COKOHOMUTH 15-25% TennoBoil sHepruu, OJHOBPEMEHHO
MOBBIINIAS YPOXKAWHOCTD, YIydllas YCIOBHUsS TpyJa IepcoHa-
Jla ¥ TIOBBIIIAs OOIIYI0 KYJIbTYpY NMPOM3BOACTBA. DTa CUCTeE-
Ma MpeJHa3HadeHa Ui aBTOMAaTH3MPOBAHHOIO KOHTPOJIS
MapaMeTpoB M YIPABJICHHS MUKPOKIMMATOM B TEIUIMYHOM
Omoke, obecreynBasi ONTUMAIBHBIE YCIOBUS IJIsL pOCTa pac-
TeHUH 1 3(p(PEeKTHBHOTO UCTIONB30BaHIS PECYPCOB.

Obopyoosarue 0715 30800a pO3IUBA 1€4eOHO-CIMOLO0BbIX U
CMOJLOBLIX (NMUMbEBBIX) 600

[Tnanupyercst ycTaHOBKA JBYX JIMHUI pO3JMBa JyIs JieueO-
HO-CTOJIOBBIX U CTOJIOBBIX IHMTBEBBIX BOJ C MPOM3BOAUTEIb-
HocThio He MeHee 1000 OyTbulok oObemoM 1.5 nmTpa B yac,
npu obueM pacxone Boabl 1800 mUTpoB B uac, BKIIOYAs UC-
MOJIb30BaHUE TEXHUYECKOW BOJBI. Boja u3 ckBaxkuH, Oyap TO
TepMaibHasi WIM MUThEBas, CHaJaia rmocrymnaer B OydepHyio
€MKOCTb, a 3aTe€M HalpaBisIeTCs B CHCTEMY OXJIQKACHHS.

[ocne oxnaxaenus 1o remneparypsl +4°C Boaa nopaetcs
B caTypaTop, Iie OHA HachlmaeTrcs yriieKucasM razoM (COz).
JI71st 3TOrO MCHONB3YIOTCS YTIIEKUCIOTHBIE OANIOHBI C THIIE-
BOW YIJIEKHUCIIOTOH, MOAKIIOYEHHbIE depe3 ra300auIOHHYIO
CTaHIUIO, a Takxke cucteMa (umprparu. [Tocne HachIIEHUS
CO: Bofa IOCTYMAET Ha MOTyaBTOMAaTHIECKUI PO3IIHB.

IIpousBonctBo [I2T-OyThUTIOK OCYIIECTBIIAETCS Ha MOTY-
aBTOMAaTHYECKOM BBLIYBE U3 MPe(OPMBI METOAOM BBITSIKKH
u pasaysa. ['oroBeie [I9T-OyThUIKH MPOXOAST HOIyaBTOMA-
THUYECKOE OIOJIACKMBaHKE JJIsl BHYTpEHHEH o0paboTKH, 3a-
TEM HANpaBIAIOTCS Ha KOHBEHEPHYIO CHCTEMY, KOTOpas
nepeMelaeT ux B 30HY HanmuBa. Hanomuennsie I19T-
OYTBUIKH NEepeMeIatoTcs 10 KOHBeWepy K MoJIyaBTOMAaTH4e-
CKOM YKYNOpOYHON MamuHe i ykynopusaHus. Ilocie
3TOTO OYTBUIKH MPOXOJAT Yepe3 STUKETUPOBOYHYIO MAILIUHY,
rJile Ha HUX HAHOCWTCS IOJHIIPOIMICHOBAas 3THKeTKa. Jlo-
MOJTHUTEIHHO MOJKET OBITh HaHECeHa JaTa M3TOTOBICHUS U
CPOK XpaHEHUs ¢ IOMOIIBI0 MAPKUPOBOYHOTO MIPHHTEPA.

ITocne Toro xak II9T-OyThulka HamoJHEHa, YKYIOpPEHa,
cHa0XeHa ATUKETKOH M aToil MpOn3BOACTBA, OHA MOCTYIAeT
Ha HAKONMTEJIbHBIA CTOJI JIMHUU PO3JMBa JUI JajbHeuuen
ynakoBku. OmnepaTop TEpMOTYHHelNsi OepeT TOTOBBIH IMpO-
JYKT C HaKOIHUTEJHHOTO CTOJIA M YCTaHABIMBAcT €ro Ha
HAKOIWTENILHBIA CTOJI TEPMOTYHHEJIS, NIPEABAPUTEIIBHO I10-
MECTHB IIOJUIOKKY M3 ro()poKapToOHa, KOTOpas MOXET ObITh
Kak ¢ Oyprukom, Tak u 0e3 Hero. Ilocie sToro Tonkarens
nepeMeriaer OyThIIKY B yCTPOWCTBO 0OOpauMBaHMs M CBa-
pUBaHUs IUIEHKH, a 3aT€EM OHA HAIpaBIsIETCs B TepMoyca-
JIOYHBIN TYHHENb JUIS 3aBEPUICHNS IPOIecca YIaKOBKH.

O300pogumenbHblil KOMIIEKC

O310pOBUTENBHBIA KOMIUIEKC, HCIIOJB3YIOMNN TeoTep-
MaJIbHYI0 SHEPTHI0 B BOJOJICYEOHMIIAX M IPYTHX OaHHBIX
YUPEeKACHUAX, SBIAETCS KpaitHe 3(pPEeKTHBHBIM pEIICHUEM.
Temmeparypa Boabl B OacceiiHax OOBIYHO COCTaBIIAET 26-
29°C, a B BanHax — 38-42°C. TemnsyoBas Harpyska IpH HcC-
MOJb30BAHUU T€OTEPMAaTbHOM SHEPrHU 3aBUCUT OT MHOXe-
cTBa (JAKTOPOB, TAKMX KAaK KOHIYKTUBHBIN U KOHBEKTHBHBIN
TEIJIOOOMEH, a TakXke TeIulolepeiaya Mexay OacceiHOM |
OKpy>Karoliel cpefoi. BaxHyro ponb urparT Temmeparypa
HApYXHOTO BO37yXa, CKOPOCTb WCIAPEHUs, OCAJKH U THII
CUCTEMBI (3aMKHYTAasl HITH OTKPBITAS).
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IpoekTnpoBaHne W OKCIUIyaTals ICOIHEPreTHYECKOro
KOMIUIEKCa TPeOYIOT pEIUCHHsS MHOXECTBA  TEXHHKO-
9KOHOMMYECKHX 3a/1a4, CPEIH KOTOPBIX:

—BBIOOP ONTHMAJIBHBIX TEXHOJIOTMYECKHX PEXHUMOB ISl
Pa3pabOTKH M SKCIUTyaTallly re0TepMaIbHBIX MECTOPOXKICHHI;

— yBeNu4eHHE 00bEMOB TOOBIYM TEPMaNbHOM BOJBI M MaK-
CHMaJIbHOE UCIIONB30BaHUE €€ SJHePreTUUeCKOro IOTeHInaa,

— COKpallleHHEe CPOKOB BBOJA B JKCILIYaTalldI0 T€PMOBO-
J103a00pOB U YBEIIMUYCHHE CPOKA UX CITYKOHI,

— NOBBILICHHE HAJSKHOCTH M KadecTBa padOTHI reoTep-
MaJIbHBIX CHCTEM,;

— obecriedeHne IKOIOTHIECKOH Oe30MacHOCTH TIPU H3BIIE-
YEHHH M YTHIIH3ALMU Te0TePMAIIbHOTO TEITIOHOCHTEIS;

— HCTIONIb30BaHNE COBPEMEHHBIX METOJIOB MapKETHHTa JUIs
MaKCUMH3aLUH IPUOBIUIH BCEX YIaCTHUKOB TPOEKTA.

4. BLIBOADI

B pesynbraTe NpOBENECHHBIX UCCIEJOBAHUN B IIpelenax
XKapkeHTckol nenpeccuy OOLIME MPOTHO3HBIE 3arachl reo-
TEepMaJbHBIX BOJ (C Temmeparypoii 6onee 40°) oleHUBAOTCS
B 295 ThIC. M¥/CyTKHM, U3 HUX 41.63 ThIC. M%/CYTKH - METOIOM
onpoOoBaHMs CKBaXHH. J[eONUT CKBaXXMHBI IIPU CaMOM3IIHBE
6onee 30 am%/c, TeMmepaTypa BoJbl Ha yCTbe - 66°C.

AHanu3 oOIyOJIMKOBAaHHBIX JAaHHBIX IIOKa3bIBAET, 4TO
Hanboiee palyOHAIBHBIM W IEPCICKTHBHBIM SBISIETCS HC-
M0JIb30BaHNE TEIUIOBBIX 3aIlacOB TEPMANIBHBIX BOZ I 000-
rpeBa TEIUIUI], OTOIUIEHUS IPOU3BOJCTBEHHBIX M KHIIBIX
MMOMEIIEHUH, B OabHEOIOTHH.

MunepanbHas Boja ckBaxuHbl 3T sBiIsIeTCS MpeacTaBu-
TeeM 0CO00M TPyl CIIA00MUHEPATH30BAHHBIX JICUCOHBIX
BOJI, Ha3BIBAEMBIX A30THBIMHM aKpPOTEpMaMH, MIMPOKO HC-
MOJb3yeMbIMU JUIsL JiedeHusl kKak B Poccum — AHHEHCKHe
(XabapoBckmit kpaii), AmaunHckue (Kamuarka), [opsraus-
ckue (CasnHo-Baifkamsckas 001.), Kympaypckue (danpauit
Boctok), Tak n B bonrapun, Pymeiaun, HOrocmaBum u As-
crpun. B Kaszaxcrane OiM3KMMH aHaJIOTaMH €€ SIBIISIOTCS
tepmbl Capblarama, Apacan-Kamana, bapabik-Apacana.
Bony ckxBakunbsl 3T MOXHO HCHOJNB30BaTh JAJSL NMPOMBIII-
JICHHOTO PO3JIBa B Ka4eCTBE CTOJIOBO-MHHEPAJIHHOI NMUThE-
BOM. AHAJIOTHYHBIE TEPMBI yXKe pa3iauBaioTcs — bepe3anckas
(P®), 3amopoxckas (Ykpauna), Tamxenrckas (Y306eku-
ctan), Capsli-Arauckas (PK). Taxke ecTh BO3MOXHOCTBH
UCITIONIB30BAaHUSI TEPMOMHUHEPAIBHBIX BOJ JJS  Pa3BUTHA
CaHATOPHO-KYPOPTHOTO HANpPaBIICHUS.

OcHOBaHUEM JUI TPUBIEKATEIBHOCTU I€0TEPMAILHOTO
KOMIUIEKCa SIBIISIETCSI HAIMYKME CIIEIYIOINX NoKasarenen a¢-
(heKTHBHOCTH:

— 9KOHOMMYECKOH (00mmecTBeHHOH) 3pheKTHBHOCTH, yuu-
TBIBAIOILUE 3aTPAThI U PE3YJIbTATHI, CBA3aHHBIE C pealu3anueil
MPOEKTa, BBIXOJSIIHE 33 MPEACIbl MPSIMBIX (PMHAHCOBBIX WH-
TEPECOB YIACTHUKOB MPOEKTA U JIOMYCKAIOIINE CTOMMOCTHOE
U3MEpEeHue;

— KOMMepuecKoil ((puHaHCOBOI) 3((EKTUBHOCTH, YIUTHI-
Baromue (pMHAHCOBBIC TOCIEICTBHS PEATH3AIN MTPOESKTa IS
€r0 HEeMOCPECTBEHHBIX YUaCTHUKOB;

— 3¢ (PEeKTUBHOCTH aKIMOHEPHOTO KalWTala, XapaKTepH-
3YIOILIME COOTHOIIEHHE YHCTOrO J0XOJa WHBECTHIHOHHOIO
MIPOEKTa W BEJIWYMHBI aKIIHOHEPHOTO (COOCTBEHHOI'O KalMTa-
na);

— Oro/pKkeTHOM 3((EKTUBHOCTH, OTpakaroue (GuHaHCO-
BBIC TOCJICCTBHUS OCYILECTBICHUSI MPOEKTa Ul pECIyOin-
KaHCKOTO, PETHOHAIBHOTO MIIM MECTHOTO OIOJKETa.
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JImUTensHOCTD MEPHOia OLEHKH ISl TEOTEPMAalbHBIX 00b-
€KTOB NPHHATA Ha ypoBHE 20-25 meT. 3T0 00yCIOBICHO TpeMs
IJIaBHBIMU (paKkTopaMu: CpeIHEB3BEIICHHBIH CPOK aMOpTH3a-
IIMM CO3/1aBaeMbIX OCHOBHBIX (DOHIOB (TeOTEpMAaJbHBIX CKBa-
JKHH, TETIOTPACC, 3IaHUH U COOPYKEHHI) COCTaBIISIET B CPe-
HeM 20-25 neT; pacueTHbIH Mepuo| OLEHKH SKCILTyaTal[oH-
HBIX 3aIlacOB IeOTEePMaJIbHBIX MECTOpOXKAeHHi — 25-30 ner.
OmnbIT pacyeToB 3(P(HEeKTUBHOCTH T€OTEPMANIBHBIX MECTOPOXK-
JIEHUH MOKa3bIBaeT, yTo nocie 10-15 et ocHOBHbIE KpUTEPUH
3¢ PEKTUBHOCTH CHIIBFHO HE MEHSIOTCS, KOJEOAaHMUs COCTABII-
1ot 1-3%.

Takum 00pa3zomM, IO pe3ysbTaTaM MPOBENCHHBIX paboT, a
TaKKe C BBICOKMMH IOKa3aTessIMH 3(P(EeKTHBHOCTH TeoTep-
MaJIbHOTO MPOEKTa MOKHO CKa3aTh 3TO OYAET CIYXKUTh OCHO-
BaHUEM JUISl IPUBJIEKATEILHOCTH Ie0TepMalIbHOTO KOMILUIEKCa
W UMETh IIEPCIEKTHBY €ro BHEIPEHHUSI.
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/KapkeHT reorepmMaJjiibl Cy KeH OPHbIHBIH YJITIiCIHAE re0TepMAaJIIbl
JHEPrUsHbI NaNJaJIaHy

A.M. Baiikagamosa”
Satbayev University, Arvameor, Kazaxcman
*Koppecnonoenyus ywin asmop: ainurchuk90@mail.ru

Anpgarna. byriari tagna Ka3akcran, 6acka ga KeNITEreH enjep CHAKTH, jKahaHABIK KIMMAaTTHIH e3repyine Oedimaenymin
JKONIAPBIH 13[€CTIpiN, XanbIKapajblK BIHTBIMAKTACTHIK AaACBIHAA TYPAKThl SKOHOMHKAJBIK JaMy[bl, QJICYMETTIK Kayarl-
KEpIILTIKTI JKOHE KOpIIaraH OPTaHBI KOPFayIbl KaMTaMack3 eTyre Teipbicyaa. 2023 sxpuiabie Oaceina «Kasakcran Pecry6mm-
KaceIHBIH 2060 XpITFA EHIH KeMipTeri OedTapanThIFbIHA KOJI XKETKi3y CTpaTertsichk» KaOowurnanmsl, o «Kasakctan Pecmy0-
JIMKACBIHBIH YKaChlJ1 9KOHOMHUKAFa KOIIy TYKBIPhIMAAMaChIH» ICKE achIpy, COHAAN-aK WHLYCTPHUSUIBIK-HHHOBAIMSIIBIK 1aMyAbIH
MEMJICKETTIK OarlapriamaiapbiH a3ipiey *koHe icke achipy, b¥ ¥-HbiH TypakTsl JaMy MakcaTTapblH JKY3€re achlpy OOWbIHIIA
AyKbIMZBI J)KYMBICTBIH HOTHXeci Oosabl. CTpaTerusHblH Heri3ri Makcatsl — 2060 KpuFa Kapail KIMMAaTThIH e3repyiHe KoHe
KeMipreri OeitapanThiFbiHa Oeifimmeny yiriH Ka3akcTaH SKOHOMHMKACBIHBIH TYPAKThl JaMyblHA KOJI JKeTkizy. Kemipmen
JKYMBIC 1CTEHTIH SHEPrHsl OHIIPICIHIH YiIeciH OIpTiHAEN KbICKAPTHII, XKaHAPTHUIATHIH SHEPTHUsl KO3Aepi MeH OallaMalbl SHEPTHsl
YJISCIH apTTHIPY, COHJAM-aK apayblK OTBIH PETiHAe TAOUFU ra3ibl Maiinanany xocmapianyna. Opra skoHE y3aK Mep3iMIi mep-
CIEKTHBAJa Cy PECYPCTapbIHBIH JKETKUTIKTITIriHE KaThICTHI Oenrici3mik Oap, coHaplkTan KaszakcTaHma THOpOIHEPTeTHKAHBI
JMaMBITYIBIH Y3aK Mep3iMai Ke3Kapachl Kanbinracansl. OChIFaH OaiIaHBICTH eliMi3e Oamamaibl SHEPTUs OHIIPICIH JaMbITy
KaXCTTUTIr TysIHAayAa. JJocTypiti eMec sHEepTUs KO3/IepiHiH IMIiHAe TeOTePMAIBIK YHEPT U — JKep KOMHAybIHIa TAOUFU TYpIe
naiaa OoJaThIH XKbUTy — KYH paJuallisIChIHaH KEHiHT1 eKiHIm opbiHAb! HeneHeni. CoOHFbI XKbUaaphl JKapkeHT oNMaThIHAAFHI
0op moyipiHiH MIeTIHAUIEPIHACTI TepMalabl cylap Typaisl Oiperell ¢axTinep ambHIBL. JKapkeHT ofmathl o KYHTE ICHiH
YTBIMIBI 5KOHOMHKAJIBIK KOJIZaHBUIMaFraH TaOUFH TEPMOMHUHEPAIIB! PECYPCTapAbIH YIIKEH dJieyeTiHe He. TepMalibl cyaapabl
OHAIpy OajaMayibl SHEprusi Ke3JepiH OHIIpYHi AaMBITY OHE pecryOIHMKaHbl <OKAachbll SKOHOMHUKA» JKOJIBIHA KOLIipy
JKaFaiibIHaa ©3€KTi OOJIBIN TaObLIA b

Hezizzi co3oep:. mepmanovl cynap, 2eomepmanovix snepeus, Yynevima, Kapkenm ovnamot.

Hcnonb3oBaHue reoTepMaibHON JHEPruu Ha npumepe ’KapKeHTCKOro
MECTOPOKACHHUS Ire0TePMAJIbHBIX BOJ

A.M. Baiikanamona”
Satbayev University, Arvameoi, Kazaxcman
*Aemop ons koppecnonoenyuu: ainurchuk90@mail.ru

Annorauus. Cerogns KazaxcraH, kak 1 MHOTHE JIpyTHe CTPaHbl, aKTUBHO MIIET MyTH aJalTallU K TI100IbHOMY U3MEHe-
HHIO KJIMMara, CTPeMsICh 00ECIeYHTh YCTOWYNBOE YKOHOMUYECKOE PAa3BUTHE, COLMAIBHYIO OTBETCTBEHHOCTh U OXpPaHy OKpY-
JKarolieil cpeibl B KOHTEKCTE MEXIYHAPOJAHOTO coTpyAHnuecTBa. B Hauane 2023 roga Obina mpuHsaTa «CTparerust TOCTHXe-
HUS yriiepoaHoi HelTpansHOocTH Pecny6nukn Kaszaxcran no 2060 romay, koTopas crajna pe3yabTaTOM 3HAYHTEIbHON paboTHI
no peanm3anuu «Kornenimu nepexona Pecrrybnmmkn Kazaxcran k 3e7eHOI SKOHOMEKE», a Takke pa3paboTKH M pean3anuu
rOCyJapCTBEHHBIX MPOrpaMM HHAYCTPHUAIbHO-UHHOBAIL[MOHHOTO PAa3BUTUS M BbINONHEHUs llenell yCcTOHYMBOro pa3BUTHUS
OOH. OcHoBHas uenb Ctparerum — AOCTUYb YCTOWYUBOTO pa3BUTHA SKOHOMUKHM Ka3axcTaHa B yCIOBUSIX UBMEHEHHUS KIIMMa-
Ta U yriaeponHoi HelTpansHOocTH K 2060 roxy. IlnanupyeTcst nOoCTeNEHHOE U INIAHOMEPHOE COKpallleHHe JOJU YTOJIbHOU re-
Hepaluy ¢ yBenuueHueM nonu BUD u aneTepHaTHBHOM SHEPreTHKHU, a TaKXkKe UCIOJIb30BAHUE NMPHPOJHOIO ra3a B KauecTBE
MPOMEKYTOUHOIO TOIUIMBA. B cpenHecpouHOl U JOATOCPOYHON NMEPCHEKTUBE CYIECTBYET HEONPEIENIEHHOCTh B OTHOILIEHUH
HAJIMYXS TOCTATOYHBIX BOJHBIX PECYPCOB, MTO3TOMY OyZeT chopMHUPOBAHO JOITOCPOYHOE BHUACHUE PA3BUTHUS THIPOIHEPTETH-
ku B Kazaxcrane. B ¢Bs3u ¢ 3TUM BO3HHKAaeT HEOOXOANMOCT Pa3BUTHSA IIPOU3BOICTBA AIETEPHATUBHON SHEPTeTHKY B HAIIECH
ctpane. Cpean HETPaIUIIMOHHBIX HCTOYHUKOB HEPTHH BTOPOE MECTO IOCIIE COTHEYHOH paauanui 3aHHNMaeT TeoTepMabHas
SHEeprus — TeIIo, 00pa3yroIIeecss €CTECTBEHHBIM 00pa3oM B Henpax 3emud. B mociemnue roast Ha Teppuropuu JKapkeHT-
CKOM BITQJAWHBI OBUTH TOJTYYEHBI YHUKAJIbHBIE (DaKTHYECKHE JaHHBIC O TEPMAJIBHBIX BOJIaX MEJIOBBIX OTIIOXKEeHHH. JKapKkeHTCKas
BIIaJIHA 00JIalaeT OTPOMHBIM MOTEHIIMAIOM IMPHUPOJHBIX TEPMOMHUHEPAIBFHBIX PECYPCOB, KOTOpPHIE TOKAa HE HAIUTH PaIno-
HaJIbHOTO YKOHOMHMYECKOTo MpHMeHeHus. Pa3paboTka TepMalbHBIX BOJ aKTyalbHa B YCIIOBHAX Pa3BUTHS NMPOM3BOACTBA AJlb-
TEpHATUBHBIX BUJOB SHEPIUH U TIPH NIEPEXOJIe PECITyOINKN Ha PEIIbCHI «3€JICHOH IKOHOMHUKHY.

Knrwouegvie cnosa: mepmanvhvle 8600bl, 20MePMaANbHAS IHEP2USA, CKEANCUHA, HKapKenmCcKas 6naOuHd.
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