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CATALYTIC PYROLYSIS FRACTIONS AT LOW TEMPERATURES

JABBAROVA LALA YUSIF
dosent Institute of Physics, Ministry of Science and Education Republic of Azerbaijan, Baku

SULEYMANLI AGAKARIM ISRAFIL
master Azerbaijan State Oil and Industry University, Baku, Azerbaijan

Abstract. Research was conducted on the catalytic pyrolysis of Baku oil fractions: 120-230°C
and wide vacuum gas oil (350-500°C). Mordenite and clinoptilolite zeolites, sourced from
Azerbaijan, served as catalysts. The optimal temperature for the process was identified as 650-
700°C. Employing modified mordenite (NiCl> — 6H>0) at 700°C boosted ethylene production to
40.2% and increased the quantities of propylene and alkane isomers. The pyrolysis of the 120-
230°C fraction yielded about 78-79% olefins, while the vacuum gas oil fraction produced 35-37%
olefins.
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Introduction

The worldwide demand for ethylene and propylene, the primary feedstocks for petrochemical
synthesis, has been steadily increasing. In 2015, the combined production capacity of ethylene and
propylene plants exceeded 160 million tonnes per year. In petroleum refineries, propylene is
obtained as a by-product of catalytic cracking and is co-produced with ethylene through the
pyrolysis of gasoline fractions, gas oil, and liquefied petroleum gases (LPG). The growth in
propylene production has been significant, increasing from 51.5 million tonnes per year in 2001 to
90 million tonnes per year in 2011. Since propylene is largely produced in conjunction with
ethylene, the scale and regional distribution of propylene production influence the selection of
feedstocks for olefin production units. Steam-cracking facilities operating on light hydrocarbon
feedstocks, such as ethane and propane, are unable to meet the continuously growing demand for
propylene. Addressing this challenge requires the utilization of heavier feedstocks, including
naphtha and gas oil, the implementation of propane dehydrogenation technologies, or an increase in
propylene production at petroleum refineries. Therefore, the development of catalytic pyrolysis
processes capable of enhancing the yields of light olefins, particularly propylene, while reducing
production costs, represents an important and timely research objective. Olefinic hydrocarbons,
including ethylene, propylene, and butenes, constitute the foundation of the petrochemical industry.
Ethylene serves as a key feedstock for the production of a wide range of chemicals and materials,
including ethanol, ethylbenzene, ethylene oxide, polyethylene, and dichloroethane. Propylene is
likewise indispensable for the manufacture of cumene, polypropylene, isopropyl alcohol, and
glycerol. Consequently, these light olefins are produced on a very large scale, and their global
production continues to grow steadily. Traditionally, these olefins are produced through thermal
steam cracking in tubular furnaces. Since this technology has reached a high level of maturity and
already provides high yields of the target products, increasing attention has been directed toward
catalytic pyrolysis. The introduction of catalysts offers the potential for significant reductions in
both energy consumption and capital investment. Furthermore, the extensive experience
accumulated in the field of catalytic cracking, including the development of various reactor—
regenerator configurations, provides a solid foundation for the design and implementation of
efficient catalytic pyrolysis systems. Low-temperature catalytic pyrolysis is a modern approach for
the conversion of hydrocarbon feedstocks, including petroleum fractions, biomass, and polymers,
at moderate temperatures (350—700 °C) in the presence of catalysts. Unlike conventional thermal
pyrolysis, which typically requires temperatures of 770-900 °C, catalytic systems lower the energy
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demand of the process, making it more economically attractive and less energy-intensive. The
optimum operating temperature for catalytic pyrolysis is generally around 700 °C. This technology
has been successfully applied to the processing of light petroleum fractions (naphtha) and coal for
the production of valuable chemicals, including ethylene, propylene, and aromatic hydrocarbons
such as benzene, toluene, and xylene. The performance and product distribution of the process are
largely determined by the nature of the catalyst employed. The following types of catalysts are
widely used in catalytic pyrolysis:

» Zeolites (ZSM-5, HY, HBeta, and USY): This class of catalysts is the most widely
employed in catalytic pyrolysis processes. Owing to their unique microporous structure and the
presence of acidic active sites, zeolites effectively promote cracking and isomerization reactions
while enhancing product selectivity. In addition, their structural properties contribute to suppressing
coke formation, thereby improving catalyst stability and process performance.

* Modified metal oxides: These catalysts include systems based on NiO/ZSM-5 as well as
cobalt- and nickel-containing compounds. They promote dehydrogenation reactions and enhance
the production of valuable light gaseous products, thereby improving the yield of target olefins.

* Natural clays (bentonites): These materials represent a cost-effective alternative to
conventional catalysts and are widely used in waste conversion processes. Their availability, low
cost, and catalytic activity make them attractive for the pyrolysis of various waste-derived
feedstocks.

Key advantages over conventional thermal pyrolysis include:

* High selectivity: Catalysts enable precise control over product distribution, allowing the
yield of specific products, such as propylene, to be increased relative to ethylene.

* Reduced coke formation: Catalytic systems suppress undesirable side reactions responsible
for coke deposition, thereby improving catalyst lifetime and process efficiency.

» Simplified equipment design: Lower operating temperatures, typically around 600 °C,
reduce the need for expensive high-temperature-resistant alloys in reactor construction, resulting in
lower capital costs.

* Environmental benefits: The process is inherently more sustainable due to reduced fuel
consumption for heating, which leads to lower direct carbon emissions and improved overall energy
efficiency.

Pyrolysis of hydrocarbon feedstocks in tubular furnaces, followed by product separation in
low-temperature gas fractionation systems, is the principal method for producing these and other
unsaturated hydrocarbons, such as butadiene, butenes, acetylene, allene, methylacetylene,
cyclopentadiene, as well as bi- and polycyclic aromatic hydrocarbons. The essence of pyrolysis lies
in the high-temperature thermal decomposition of hydrocarbon feedstocks. This process represents
a complex system of interconnected chemical reactions proceeding both simultaneously and
sequentially, resulting in the formation of a broad spectrum of products.

The feedstock for pyrolysis is extremely diverse and includes ethane, various propane—butane
and propane—butane—pentane mixtures, as well as butane, pentane, and hexane fractions. It also
comprises wide cuts of light hydrocarbons, naphtha (straight-run and raffinates), their narrow
fractions, and atmospheric gas oil. In the United States, due to the early development of the gas
processing industry, the petrochemical sector has traditionally been supplied with light hydrocarbon
feedstocks such as ethane and liquefied petroleum gases. In Western Europe, by contrast, straight-
run naphtha was long the primary feedstock; however, there is now a growing trend toward the
increased use of C2—C4 fractions and gas oils [1].

The primary feedstock for Russian pyrolysis units consists of various naphtha fractions [2].
To date, steam cracking in tubular furnaces remains the only widely applied industrial method for
the production of unsaturated hydrocarbons. Despite the introduction of technological
improvements, including optimization of furnace coil design, which has contributed to increased
yields of light olefins and improved economic performance, this method has inherent limitations
[3].
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Research in the field of pyrolysis is actively developing, and one of the key directions is the
implementation of catalytic systems. The use of such catalysts opens up opportunities for optimizing
the processing of both light and heavy feedstocks. This enables a significant increase in the yield of
target light olefins while minimizing the formation of coke and undesirable by-products. Moreover,
pyrolysis catalysts can enhance the concentration of valuable aromatic hydrocarbons, which is
particularly important when processing heavy petroleum feedstocks [4].

For efficient pyrolysis of hydrocarbon feedstocks, catalysts must exhibit high activity and
selectivity. Important factors also include resistance to deactivation, mechanical strength, and a low
tendency toward coking, which together ensure prolonged operational stability without the need for
frequent regeneration. These key characteristics are achieved through the synergy between the
active components and the properties of the supports used. A variety of materials can serve as
catalyst supports, including clays, highly active alumina oxides, rare-earth metal oxides, different
types of silica gels, zeolites, and ceramic materials [5].

At the initial stage of catalyst development for pyrolysis, various metals (nickel, iron, copper,
aluminum, etc.) and their oxides were investigated [4]. The initially studied catalysts demonstrated
low efficiency due to significant methane formation and coke deposition. Subsequent research
focused on compounds of different elements of the periodic table. Among these, metal oxides with
variable valence states (vanadium, indium, manganese, chromium, molybdenum), oxides and
aluminates of alkali and alkaline-earth metals (calcium and magnesium), as well as rare-earth metal
oxides and crystalline or amorphous aluminosilicates were predominant [3].

To improve catalyst performance, active components are typically dispersed on suitable
support materials. These may include pumice, various forms of alumina or zirconia, as well as
certain aluminosilicates. In the case of pyrolysis catalysts, the most effective and extensively studied
systems include potassium metavanadate, indium oxide, calcium and magnesium oxides, and
selected zeolites. It is also worth noting iron—chromium catalysts modified with potassium oxide,
which have attracted considerable interest [3].

Researchers have developed catalysts based on barium chloride for the pyrolysis of straight-
run naphtha, reformate raffinates, and cracked gasoline fractions. Currently, high-silica zeolites are
being actively investigated due to their outstanding catalytic properties, particularly in the
production of olefins and aromatic hydrocarbons from low-quality feedstocks. Among them, H-
ultrasil with a S102/Al2Os ratio of 200 demonstrates high efficiency in the production of C2—-C4
olefins. When H-forms of high-silica zeolites are used, n-hexane undergoes more complete
conversion, leading to the formation of up to 75% aromatic hydrocarbons (benzene, toluene,
xylenes) in the liquid products.

At a temperature of 650 °C, condensed aromatic compounds (e.g., naphthalene and
phenanthrene) are also detected in these products, which contribute to coke formation on the catalyst
surface. An increase in the SiO2 content of zeolites reduces coke formation [6]. The implementation
of catalytic systems enables a substantial reduction in energy consumption, capital investment in
equipment design, and other operational costs. The catalytic cracking process is characterized by a
high degree of technological maturity, and the availability of numerous developed reactor—
regenerator configurations provides a solid basis for the design of catalytic pyrolysis reaction
systems.

A naphtha fraction was used as the pyrolysis feedstock, which under thermal treatment
exhibits increased yields of unsaturated hydrocarbons [7, 8].

Objects and Methods of Research

The objective of this study is to investigate the catalytic pyrolysis of hydrocarbon feedstocks.
To achieve this goal, it was necessary to select an experimental setup for conducting the catalytic
pyrolysis process, choose and evaluate the catalysts and feedstocks used in the experiments, and
examine the influence of process conditions on product yields.The tubular reactor was a stainless-
steel tube with an internal diameter of 15 mm. It was placed inside an electric furnace. The furnace
temperature was monitored using a thermocouple, while temperature control was maintained using
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a temperature regulator. At the feed inlet section, a thin metal mesh was installed, on which quartz
particles were placed to ensure uniform flow distribution. Gas samples collected during the
experiments were analyzed using gas chromatography. The catalyst was loaded into the reactor. For
the dehydrogenation reaction, the standard Gibbs free energy (AG®) becomes zero at a temperature
of 669 °C. At temperatures above 827 °C, the isobaric potential of all saturated hydrocarbons (except
methane) is higher than that of ethylene; therefore, all of them can be used as feedstock for ethylene
production. These thermodynamic considerations are important for thermal processes, in which the
main governing parameters are temperature and residence time in the reaction zone. An increase in
residence time of the feedstock in the reactor leads to its decomposition into carbon and hydrogen.
Therefore, residence times in the range of 0.1-4 s are typically applied [9,10].

Experimental procedure: Natural zeolites, specifically mordenite and clinoptilolite, were
used as catalysts in this study.

All zeolites possess a framework composed of tetrahedral layers (11). The chemical
composition of zeolites can be expressed as:

Mx/n(Al0O2)x-(Si02)y-zH20,

where (M) represents cations with valence (n) (Na*, K¥, Ca?*, Ba**, Sr**, Mg*"),

(z) denotes the number of water molecules, and the ratio (y/x) varies from 1 to 5 depending
on the zeolite type.

A common feature of both zeolites used in this study is the presence of a three-dimensional
framework forming a system of cavities and channels, within which cations and water molecules
are located. Clinoptilolite and mordenite are widely distributed in nature and represent valuable
natural zeolite materials. Clinoptilolite is characterized by high ion-exchange rates. Both mordenite
and clinoptilolite exhibit high thermal stability and are distinguished by a high Si/Al ratio.A
common feature of both zeolites used in this study is the presence of a three-dimensional framework
forming a system of cavities and channels, within which cations and water molecules are located.
Clinoptilolite and mordenite are widely distributed in nature and represent valuable natural zeolite
materials. Clinoptilolite is characterized by high ion-exchange rates. Both mordenite and
clinoptilolite exhibit high thermal stability and are distinguished by a high Si/Al ratio.During
successive introduction of feedstock samples into the reactor, changes in the degree of conversion
were observed, indicating a variation in catalyst activity. The activity of the catalysts gradually
decreased with an increasing number of injected samples; however, after a certain period, it reached
a steady-state condition.Pyrolysis was carried out at a temperature of 650 °C, with a contact time of
approximately 2.8-3.0 s. The volume of each injected sample was 6 mm?.

Table 1

Presents the full component composition of the gaseous sample obtained during catalytic
conversion of the 120-230 °C fraction at temperatures ranging from 600 to 700 °C.

Substance, Temperature, 0C
yield %
mass.
600 | 650 | 700 600 | 650 | 700

on modified mordenite on natural clinoptilolite
Hydrogen 0,39 0,65 1,95 0,2 0,3 0,1
Methane 2.4 4 6 1 2,3 2
ethane 4,6 3,5 5,2 1,2 2,8 1,9
propane 12 5 2 4 3,9 2,8
butane 5,25 3 1,75 6,3 4,7 4.2
pentane 3 0,95 0,55 2 1,6 1,4
1-butane 7 3 2 7.5 6,8 6
I-pentane 3,83 2,3 1,4 4 3,4 2,8
ethylene 21,88 38,54 40 30,4 33,5 34,6
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propylene 28 28 28 28 28,3 32
butenes 11,85 10,5 10 15,3 12,4 11,9
olefins 61,78 77,34 79 74 74,2 79

As can be seen from the data in Table 1, clinoptilolite more strongly promotes isomerization
reactions; therefore, higher yields of isobutane and isopentane are observed compared to ethane,
methane, and hydrogen. An increase in the yields of butenes and propylene is also observed, while
the ethylene yield slightly decreases. The total yield of unsaturated hydrocarbons at temperatures of
650-700 °C remains approximately the same.When both catalysts are used, the reaction proceeds
via a carbonium-ion mechanism; however, this mechanism is more pronounced in the case of
clinoptilolite.The formation of C;—C, products via the carbonium-ion mechanism is relatively low,
and C3—C4 and C1—C: fractions in the gaseous products formed during the process over mordenite
at 650 °C amount to 7.17%, while over clinoptilolite they reach 22.5%. Since the most stable
intermediate is the tertiary carbonium ion, at 600 °C the amount of isobutane and isopentane formed
over mordenite is 10.73%, whereas over clinoptilolite it is 11.4%. At 700 °C, significant amounts
of ethylene, propylene, and butenes are produced; however, the formation of methane and ethane
over clinoptilolite is lower than that observed during pyrolysis over mordenite.An increase in
hydrogen formation during the process over mordenite indicates that radical-chain reactions begin
to play an increasingly important role with rising temperature. In the case of clinoptilolite, the
reactions still predominantly proceed via a carbonium-ion mechanism. Predicting the pyrolysis
pathway of hydrocarbons is a complex task, as the mechanism of higher alkane pyrolysis represents
a combination of numerous primary and secondary reactions. Therefore, it can be stated that at 600
°C the carbonium-ion mechanism predominates, whereas with an increase in temperature to 700 °C
and above, the contribution of radical-chain mechanisms becomes more significant.Pyrolysis at high
temperatures without the addition of steam leads to a decrease in the specific surface area of the
catalyst (12).The decrease in specific surface area is likely caused by the removal of hydroxyl groups
from the catalyst surface, resulting in the formation of a certain amount of water vapor. In this
process, two protonic centers disappear, while one aprotonic center is formed, leading to the
generation of acid—base pairs (13).For comparison, catalytic pyrolysis of vacuum gas oil boiling in
the range of 350-500 °C, obtained from the distillation of a mixture of Baku crudes, was also carried
out. The total content of paraffinic-naphthenic hydrocarbons in the vacuum gas oil is 59 wt.%.
During pyrolysis, the product composition differs significantly from that obtained from the 120-
230 °C fraction. The yields of ethylene and propylene decrease, while the amount of liquid products
increases. In addition, coke formation increases significantly during the pyrolysis of vacuum gas
oil.

CONCLUSION

As a result of studies on catalytic pyrolysis over nickel salt-modified mordenite and natural
clinoptilolite, it was established that the highest yields of C2—C4 olefins are obtained in the
temperature range of 650700 °C. During pyrolysis of the straight-run 120-230 °C fraction at 700
°C, approximately 35-40% ethylene and 28—32% propylene are formed. When clinoptilolite is used
as the catalyst, the yields of propylene and butenes increase.In the case of vacuum gas oil pyrolysis
(350-500 °C), the yield of olefinic hydrocarbons decreases by more than two times, while the
formation of liquid products and coke increases. The use of clinoptilolite also leads to an increase
in the formation of isobutane and isopentane.
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A REVIEW OF INNOVATIONS IN WATER-GAS SHIFT AND STEAM
REFORMING FOR HYDROGEN PRODUCTION

JABBAROVA L.Y., MURSALIYEVA N. C.
Institute of Physics, Ministry of Science and Education Republic of Azerbaijan, Baku

Abstrakt. Hydrogen is considered the clean fuel of the future, with the highest mass-based
energy density among known fuels. Water gas shift (WGS) and steam reforming (SR) are the main
reactions used for hydrogen production, and improved catalysts are essential for the future of WGS
and SR processes. Major advances have been made recently in various aspects of these fields,
including approaches to preparation and characterization, doping and promotion, and evaluation
of catalysts, especially nanocatalysts. Significant progress has been made in improving the stability
of catalysts, overall feedstock conversion, and selectivity of hydrogen production. The aim of this
review is to introduce these hydrogen production processes, present developments in these areas,
and discuss recent advances that have had notable impacts.
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Introduction

Environmental concerns about greenhouse gas emissions have become a major issue that has
prompted the development and application of techniques to reduce the impact of fossil fuel
combustion [1]. Carbon dioxide (CO2) capture is a technology that can be applied to existing plants
that produce large amounts of CO2, and as new efficient technologies are developed, its application
to existing plants is becoming a more viable option [2], [3], [4], [5]. CO2 emissions can also be
reduced by using alternative fuels for energy production methods, such as the use of hydrogen (H2),
the production of which will be investigated in this study.Hydrogen is one of many fuel options for
the future and is particularly attractive because it can be stored and transported efficiently and burns
cleanly, producing only water as a byproduct. Although hydrogen production from fossil fuels is
not sustainable, a stable supply of renewable fuels is currently not possible. Some promising
renewable technologies for hydrogen production include water splitting and biogas reforming.
Water splitting separates oxygen and hydrogen from water and breaks these bonds by various
methods, such as photoelectrochemical decomposition, photocatalysis, and electrolysis.
Photoelectrochemical (PEC) water splitting uses a PEC cell that contains a photocatalyst-coated
anode, an electrocatalyst-coated cathode, and an electrolyte that together generates electron-hole
pairs that drive oxidation and reduction reactions [6], [7], [8], [9]. The use of particulate
photocatalysts for direct conversion is also an important area of research, as it is a one-step
conversion process using a single catalyst instead of two catalysts as in PEC [10].Since sunlight
does not have a high enough energy density to enable high-energy activities such as transportation,
these processes allow the energy from the sun to be stored and used later. Another renewable source
of hydrogen is biogas reforming, and bioethanol produced from biomass is a typical biogas [11],
[12], [13]. Biomass is usually obtained from agricultural crops, although some plants are grown
exclusively for energy production. Neither water splitting nor biogas reforming is a mature
technology that can be applied on a large scale. Therefore, hydrogen production from fossil fuels
can meet energy needs in an environmentally conscious manner, facilitating immediate reductions
in greenhouse gas emissions.Many things need to happen for hydrogen to become a viable fuel
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option. It needs to be produced in larger quantities in a clean and efficient manner, the infrastructure
needs to be put in place to distribute the hydrogen to customers, and the production costs need to be
reduced. The deployment of infrastructure by industry depends on a stable and efficient supply, so
the first step in hydrogen energy production is to develop methods to ensure that these requirements
are met. To reduce production costs, catalysts need to be found that can increase the activity of the
water gas shift (WGS) and steam reforming (SR) reactions, the main producers of hydrogen, while
at the same time reducing the problems encountered with traditional catalysts, such as low
conversion, high energy demand, and deactivation during startup and shutdown [14], [15], [16].

Reforming of gaseous fuels is currently the main source of hydrogen. In 2012, SR from
methane (CH4) accounted for 95% of hydrogen production in the United States [17]. The SR
reaction (R1) uses methane and steam to produce H2 and carbon monoxide (CO). The CO can be
further converted using the WGS reaction (R2) to produce additional hydrogen by converting CO
and steam to CO2 and H2. Together, these reactions form an overall reaction (R3) that converts
methane to carbon dioxide and hydrogen [18], [19].

To achieve large amounts of H2 production, a catalyst that facilitates activation must be
selected. Traditional catalysts are intolerant to poisons and require special activation procedures
[20]. Recently, many studies have focused on catalysts that can overcome these problems, as well
as achieve a theoretical yield of nearly 100% hydrogen in WGS and SR reactions, while also
increasing stability and reducing energy input [21], [22].Although single metal systems on activated
supports have been extensively studied and characterized, a more innovative approach to hydrogen
production through catalysis comes in the form of bimetallics. Bimetallics can have capabilities that
are very different from those of the individual metals that compose them. These features, as well as
the extremely promising results of previous studies, have led to an increase in research focused on
bimetallic compounds. Higher conversions and selectivities are achieved by using bimetallics with
dispersed nanoscale interacting particles. On the contrary, these compounds are more difficult to
prepare and characterize due to the presence of additional metals [17]. A large number of metal-
support combinations have been investigated, some of which have outperformed traditional
catalysts by a large margin. These new catalysts have not only increased the conversion of desired
gases, but also increased the selectivity, stability, and energy costs required for the conversion.

Reforming

Steam reforming can be used with a wide variety of feedstocks, including methane, ethane,
methanol, ethanol, acetone, and higher hydrocarbons, and much research has been devoted to the
characterization of catalysts using these feedstocks. Methane has received much attention due to its
favorable byproduct formation compared to other feeds [17]. Methanol and ethanol are increasingly
being studied, and a number of reaction mechanisms have been proposed.Common products of
gasification and reforming include CO2, which the WGS reaction converts while producing
additional hydrogen, making WGS very important for increasing hydrogen production. WGS is a
generally exothermic system

Common Problems with Reforming and WGS Catalysts

SR and WGS reactions are affected by many variables, including reaction conditions such as
temperature and pressure, S/C ratio, feedstock used, reactor properties and residence time; and
physical parameters such as catalyst composition, additive dispersion, sintering and poisoning. All
of these factors affect how the catalyst performs and can produce very different results . The same
catalyst can produce very different results due to these variations, and to account for these.

Conclusion

Advances in catalysis technologies and methods have improved the status of SR and WGS.
Nanoscale particle synthesis methods, including impregnation, co-spraying, and chemical vapor
deposition, allow for highly dispersed additives and high activity. The addition of metal or bimetallic
species to the catalyst can improve selectivity, durability, and activity. Many typical problems
associated with catalysts, including coke formation, active agents, can be overcome by the addition
of these metals.

0 “MexayHapoJHBIA HAyYHO-UCCIefoBaTenbcKui 1eHTp “Endless Light in Science”



TEXHUYECKUE HAYKHU
Impact Factor: SJIF 2023 - 5.95 TECHNICAL SCIENCES
2024 -5.99

REFERENCES

1. The progress in water gas shift and steam reforming hydrogen production technologies — A
review International Journal of Hydrogen Energy.V 39, 1. 30, (2014)

2. M. Antoniadou et al.Platinum-free photoelectrochemical water splittingCatal Commun (2014)

3. Y. Moriya et al.Recent progress in the development of (oxy)nitride photocatalysts for water
splitting under visible-light irradiation Coord Chem Rev(2013)

4. J.H. Oakley et al.Industrial scale steam reforming of bioethanol: a conceptual studylnt J
Hydrogen Energy(2010)

5. Z.Khilaet al A comparative study on energetic and exergetic assessment of hydrogen
production from bioethanol via steam reforming, partial oxidation and auto-thermal reforming
processesFuel Process Technol (2013)

6. C.-C. Cormos Renewable hydrogen production concepts from bioethanol reforming with carbon
capturelnt J Hydrogen Energy(2014)

7. Tanksale ef al. A review of catalytic hydrogen production processes from biomassRenew Sustain
Energy Rev(2010)

8. J. Yu et al.Char-supported nano iron catalyst for water-gas-shift reaction: hydrogen production
from coal/biomass gasification. Process Saf Environ (2006)

9. F. Joensen et al.Conversion of hydrocarbons and alcohols for fuel cells] Power Sources(2002)

10. M.H. Halabi ef al. Low temperature catalytic methane steam reforming over ceria—zirconia
supported rhodium. Appl Catal A(2010)

11.L. He et al. Dynamic separation of ultra-dilute CO2 by nanoporous amine-based sorbent
Chemical Engineering J. (2012)

12. M. Antoniadou et al. Platinum-free photoelectrochemical water splitting. Catal Commun. (2014)

13. Y. Moriya et al. Recent advances in the preparation of (oxy) nitride photocatalysts for water
splitting under visible light irradiation Coord Chem Rev (2013)

14.J H Oakley va digorloriBioetanolun sonaye miqyashi buxar islahatlari: konseptual
tadqiqatBeynoalxalq Hidrogen Enerjisi(2010)

15. Z. Khila et al. Comparative study on energy and exergy evaluation of hydrogen production from
bioethanol via steam reforming, partial oxidation and autothermal reforming processes Fuel
Process Technology (2013)

16. C.-C. Cormos Renewable hydrogen production concepts from bioethanol reforming with carbon
capture International Hydrogen Energy (2014)

17. Tanksale et al. Overview of catalytic hydrogen production processes from biomass Sustainable
Energy Innovation (2010)

18. J. Yu et al. Coal-supported nano iron catalyst for water-gas shift reaction: hydrogen production
from coal/biomass gasification Process Safety Environment (2006) F. Joensen et al. Conversion
of hydrocarbons and alcohols for fuel cells J Energy Sources (2002)

19. MH Halabi et al. Low-temperature catalytic methane steam reforming over ceria-zirconium
supported rhodium Appl Catal A (2010)

20. X. Wang et al. Effect of Fe and other promoters on Pd/ceria activity for water-gas shift reaction
Appl Catal A (2003)

21. AE Aksoylu et al. Bimetallic Pt—Sn catalysts supported on activated carbon. II. CO oxidation
Catal Today (2000)

22. DW Jeong et al. Effect of preparation method on catalytic performance compared with superior
MgO promoted NiCe 0.8 Zr 0.2 O2 catalyst for CH4 to CO2 reforming International Hydrogen
Energy (2013)

0 “MexayHapoJHBIA HAyYHO-UCCIefoBaTenbcKui 1eHTp “Endless Light in Science”


https://www.sciencedirect.com/science/article/pii/S0360319914023416
https://www.sciencedirect.com/science/article/pii/S0360319914023416
https://www.sciencedirect.com/journal/international-journal-of-hydrogen-energy/vol/39/issue/30
https://www.sciencedirect.com/science/article/pii/S1566736713003464
https://www.sciencedirect.com/science/article/pii/S0010854513000209
https://www.sciencedirect.com/science/article/pii/S0010854513000209
https://www.sciencedirect.com/science/article/pii/S0360319910009389
https://www.sciencedirect.com/science/article/pii/S0378382013000830
https://www.sciencedirect.com/science/article/pii/S0378382013000830
https://www.sciencedirect.com/science/article/pii/S0378382013000830
https://www.sciencedirect.com/science/article/pii/S0360319914001943
https://www.sciencedirect.com/science/article/pii/S0360319914001943
https://www.sciencedirect.com/science/article/pii/S1364032109002093
https://www.sciencedirect.com/science/article/pii/S0957582006713131
https://www.sciencedirect.com/science/article/pii/S0957582006713131
https://www.sciencedirect.com/science/article/pii/S0378775301009399
https://www.sciencedirect.com/science/article/pii/S0926860X10006484
https://www.sciencedirect.com/science/article/pii/S0926860X10006484
https://www.sciencedirect.com/science/article/pii/S0360319910009389
https://www.sciencedirect.com/science/article/pii/S0360319910009389

TEXHUYECKUE HAYKHU
Impact Factor: SJIF 2023 - 5.95 TECHNICAL SCIENCES
2024 -5.99

https://doi.org/10.5281/zenod0.20814765
UOT 62.523.8 (075.10)

ELEKTRIK SOBOKOLORINDO TEXNIiKi ITKILORIN STRUKTUR ANALIZi VO
MODERNLOSMO TEXNOLOGIYALARININ SOMOROLILIYI

AGAMIRZOYEV K.Y
Magistrant.
Azorbaycan memarliq vo Insaat Universiteti
Azarbaycan, Baki

Elmi rohbor: HOSONOV T.Q

Xiilasa. Miiasir dovrda enerji resurslarimin samorali istifadasi biitiin diinya olkalari iigtin
strateji prioritet sayilir. Elektrik enerjisinin istehsali va paylanmasi proseslarinda bas veran itkilor
bazon timumi istehsalin 10—15%-na qador yiiksalir ki, bu da ham iqtisadi, ham do texniki baximdan
ciddi naticalora gatirib ¢ixarir. Togdim olunan maqala paylayici elektrik sabakalorinda mévcud olan
texniki itkilorin yaranma mexanizmlarini, onlarin strukturunu va bu itkilarin minimuma endirilmasi
tictin tatbiq edilon miiasir modernlagma texnologiyalarinin samoaraliliyini tahlil edir.

Elektrik sabakalorindaki itkilar asasan iki boyiik qrupa boliiniir: texniki itkilar va kommersiya
itkilori. Texniki itkilor fiziki proseslar naticasinda yaranir va 6z novbasinda yiikdon asili olan
(dayisan) itkilor, sabit (yiikdon asui olmayan) itkilor va iqlim amillorindan yaranan itkilor kimi ii¢
kateqoriyaya ayrilir. Analizlor géstorir ki, xiisusilo 0.4 kV sabakada itkilorin yiiksak olmasinin asas
sababi fazalararasi qeyri-simmetriyadw. Simmetrik olmayan yiiklonma neytral nagqildon
barabarlasdirici corayanin axmasina sabab olur ki, bu da timumi itki balansini ciddi sakilda artirir.
Digor torafdon, sabakolordaki reaktiv giiciin (induktiv xarakterli yiiklorin) idara olunmamasi da
itkilorin yaranmasinda halledicidir.

Bu problemlarin aradan qaldiriimas: iigiin maqaloda kompleks modernlasma tadbirlori toklif
olunur. Texniki modernlagma istiqamatinds miiasir amorf arintili transformatorlara kegid prioritet
taskil edir. Bu transformatorlarin bosuna isloma itkisi ananavi transformatorlara nisbaton 60-70%
daha azdw. Eyni zamanda, kéhna aliiminium nagqillarin kompozit niivali va ya yiiksak temperaturlu
miiasir naqillorla avaz edilmoasi, xattin aktiv miigavimatini va dolayist ila itkilori ahomiyyatli
daracada azaldr. Fiziki avadanlqlarin yenilonmasi ilo yanasi, reaktiv giiciin kompensasiyasi ti¢iin
sabakaya kondensator batareyalarimin qosulmasi xatlords corayani azaldr va gorginlik profilini
yvaxsilasdirr.

Bununla bels, ananavi idaraetmadan "intellektual” idaraetmaya kegid modernlagmonin an
vacib marhalasidir. Bu kec¢idin moarkazinds SCADA sistemlori va Paylayici Sabakalorin
Avtomatlagdiriimasi dayanir. SCADA sistemlori real vaxt rejiminda gorginliyi tanzimlomaya imkan
verir. Masalon, FLISR sistemi qaza bas verdikda avtomatik olaraq zadali hissani lokallasdirir va
xidmatin barpa olunmasini tamin etmakla yanasi, yiikii alternativ xatlor arasinda el boliigdiiriir ki,
itkilor minimum olsun.

Yekun olaraq, tatbiq olunan bu texniki vo avtomatlasdirma tadbirlori yiiksak iqtisadi va ekoloji
somaralilik niimayis etdirir. Optimallagdirma layihalarina ¢akilon kapital xarclori amaliyyat goanaati
hesabina qisa miiddatda geri doniir (masalon, hesablamalara gora Geri Doniis Miiddati taxminan
3.18ildir). Ekoloji baximdan isa ganaat edilan har kWh enerji iiciin elektrik stansiyalarinda yanacaq
yvandirilmasina ehtiyac qalmwr ki, bu da atmosfera atilan COZ2 emissiyalarinin kaskin sokilda
azalmasini tomin edir. Belalikla, sabakalorin kompleks modernlasdirilmasi hom dayaniql enerji
tachizatini, ham da igtisadi rentabelliyi tamin edan an ugurlu strategiyadir.

Acar sozlar: Texniki itkilor, Elektrik sabakalori, SCADA, Smart Grid, Enerji somaraliliyi,
Amorf transformatorlar.
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Abstract. In modern times, the efficient use of energy resources is considered a strategic
priority for all countries of the world. Losses occurring in the processes of production and
distribution of electric energy sometimes reach 10—-15% of the total production, which leads to
serious consequences both from an economic and technical point of view. The presented article
analyzes the mechanisms of occurrence of technical losses in distribution electric networks, their
structure and the effectiveness of modern modernization technologies applied to minimize these
losses.

Losses in electric networks are mainly divided into two large groups: technical losses and
commercial losses. Technical losses arise as a result of physical processes and, in turn, are divided
into three categories: load-dependent (variable) losses, constant (load-independent) losses and
losses caused by climatic factors. Analyses show that the main reason for the high losses, especially
inthe 0.4 kV network, is interphase asymmetry. Unsymmetrical loading causes the flow of equalizing
current through the neutral wire, which significantly increases the total loss balance. On the other
hand, the lack of control of reactive power (inductive loads) in the networks is also decisive in the
occurrence of losses.

To eliminate these problems, the article proposes complex modernization measures. In the
direction of technical modernization, the transition to modern amorphous alloy transformers is a
priority. The idle loss of these transformers is 60-70% lower than that of traditional transformers.
At the same time, replacing old aluminum wires with modern wires with composite cores or high-
temperature ones significantly reduces the active resistance of the line and, consequently, losses.
Along with the renewal of physical equipment, the connection of capacitor banks to the network for
reactive power compensation reduces the current in the lines and improves the voltage profile.

However, the transition from traditional control to "intellectual” control is the most important
stage of modernization. SCADA systems and Distribution Network Automation are at the heart of
this transition. SCADA systems allow for real-time voltage regulation. For example, the FLISR
system automatically localizes the damaged section in the event of an accident and, while ensuring
the restoration of service, distributes the load between alternative lines in such a way that losses
are minimized.

In conclusion, these technical and automation measures implemented demonstrate high
economic and environmental efficiency. Capital expenditures incurred on optimization projects are
returned in a short time due to operational savings (for example, the Payback Period is estimated
to be approximately 3.18 years). From an environmental point of view, for every kWh of energy
saved, there is no need to burn fuel in power plants, which provides a sharp reduction in CO2
emissions into the atmosphere. Thus, complex modernization of networks is the most successful
strategy that ensures both sustainable energy supply and economic profitability.

Keywords: Technical losses, Electrical networks, SCADA, Smart Grid, Energy efficiency,
Amorphous transformers.

GIRIS

Miiasir global igtisadiyyatda vo texnoloji inkisaf morhalosindo enerji resurslarindan somorali
istifado hor bir dovlotin milli tohliikesizlik vo dayamigli inkisaf strategiyasinin ayrilmaz torkib
hissosidir. Xiisusilo elektrik enerjisinin istehsali, Otliriilmasi vo paylanmasi zoncirindo bas veron
itkilorin minimuma endirilmasi hom ekoloji tarazligin qorunmasi, hom do iqtisadi rentabelliyin
artirllmasi baximindan xiisusi aktualliq kosb edir. Azorbaycanin enerji sisteminin movcud voziyyati
vo golacak inkisaf perspektivlori fonunda elektrik sobokalorinds texniki itkilorin struktur analizi vo
onlarin modernlogdirilmasi iigiin totbiq olunan texnologiyalarin effektivliyinin qiymatlondirilmasi
miihiim elmi-praktiki ohomiyyot dasiyr. Umumi gobul edilmis statistikaya gdro, paylayici
sobokoalords enerji itkilori bazon timumi istehsalin 10—15%-na qodar yiiksalo bilir ki, bu da sistemin
imumi somarsliliyine ciddi monfi tosir gostorir. Bu itkilorin dorindon dyronilmasi vo azaldilmasi
istigamotindo effektiv strategiyalarin iglonmosi {igiin ilk névbado onlarin fiziki mahiyyaotini vo
strukturunu anlamaq lazimdir. Elektrik sobokolorinds bas veran itkilor 6z xarakterino gors texniki
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va geyri-texniki (kommersiya) olmagqla iki asas qrupa boliiniir. Texniki itkilor elektrik enerjisinin
otiliriilmosi vo ¢evrilmasi prosesindo avadanliglarin fiziki xassolori ilo bagli olan vo gagilmaz
xarakter dagiyan proseslordir. Lakin bu itkilorin hacmi sobokonin texniki voziyyotindon, yiiklonmo
rejimindon vo idaraetmo metodlarindan birbasa asili olaraq doyisir [1. s. 12-18].

Texniki itkilorin daxili strukturu tohlil edildikds, onlarin yiikdon asili olan (dayison) va sabit
(yiikdon asili olmayan) hissalordon ibarot oldugu goriiniir. Doyison itkilor asason hava vo kabel
xatlorinin, eloca do transformator sargilariin aktiv miigavimatinds corayanin kegmasi zamani Coul-
Lens ganununa uygun olaraq istilik soklinds ayrilan enerjidir. Bu itkilor 6tiiriilon corayanin kvadrati
ilo diiz miitonasib oldugundan, sobokonin yiiklonmo dorocasinin artmasi itkilorin koskin
coxalmasina sobob olur. Sabit itkilor iso transformatorlarin polad niivalorinds magnitlonmo
(histerezis vo burulganli coroyanlar) noticosindo yaranir vo gorginlik soviyyosi sabit qaldigi
miiddotds yiikiin miqdarindan asili olmayaraq mdvcud olur. Azorbaycanin movcud paylayici
sobakoalarinin struktur analizi gostorir ki, texniki itkilorin bdyiik bir hissasi mohz 6-10 kV-luq orta
gorginlikli vo 0.4 kV-luq alcaq gorginlikli xotlordo comlonmisdir. Bu sahado aparilan yerli
arasdirmalar siibut edir ki, soboko elementlorinin kéhnolmasi vo texniki parametrlorin miasir
tolobloro cavab vermomasi itkilorin strukturunda sabit itkilorin payini ohamiyyatli deracedos artirir
[2. s. 45-52]. Xiisusila, 25 ildon artiq istismarda olan transformator parki vo xatt izolyasiyasi enerji
somaraliliyinin agag1 diigsmosinin asas sobablorindon biridir.

Sobokonin struktur analizinds reaktiv giiciin tosiri do miihiim amil kimi ¢ixis edir. Reaktiv giic
axinlart xatlorin vo transformatorlarin slave yiiklonmasine, gorginlik diisgiilorinin artmasina vo
naticods aktiv gilic itkilorinin ¢oxalmasina gotirib c¢ixarir. Azaorbaycan enerji sistemindo
istehlakc¢ilarin induktiv yiik xarakterli olmasi (miihorriklor, transformatorlar vo s.) reaktiv giic
balansinin tonzimlonmasini zoruri edir. Modernlogsmo texnologiyalar1 garcivasinda reaktiv giiciin
kompensasiyasi ligiin totbiq edilon kondensator batareyalar1 vo intellektual kompensasiya qurgulari
hom sabokonin buraxilis qabiliyystini artirir, hom do gorginlik profilini yaxsilasdirir. Bu ciir
texnoloji miidaxilalar sobakaonin etibarliligini tomin etmakls yanas, illik enerji itkisini orta hesabla
8-10% civarinda azaltmaga imkan verir. Miiasir elmi yanasmalar gostorir ki, itkilorin azaldilmasi
yalniz texniki vasitolorlo deyil, hom do soboko rejimlorinin operativ idare olunmasi vo
optimallagdirilmasi ilo miimkiindiir. Enerji sistemlorindo avtomatlagdirma vo rogomsallasdirma
meyllari, xiisusilo SCADA (Nozaratci Idaroetmo vo Moalumat Toplama) sistemlorinin v intellektual
O0lcmo cihazlarinin totbiqi, real vaxt rejimindo enerji axinlarmi izlomoyoa vo itkilorin
lokallagdirilmasina sorait yaradir [3. s. 22-29].

Beloliklo, texniki itkilorin struktur analizi gostorir ki, enerji somoraliliyino nail olmaq tigiin
kompleks yanasma totbiq edilmoalidir. Bura hom fiziki avadanhqlarin yenilonmasi, hom do
intellektual idaroetmo sistemlorinin inteqrasiyasi daxildir. Azorbaycanin miiasir enerji
strategiyasinda roqomsal transformasiya vo "Agillt Soboks" (Smart Grid) elementlorinin totbiqi
prioritet istigamot kimi miioyyon edilmisdir. Bu texnologiyalarin totbiqi noticosindo soboko
konfiqurasiyasinin dinamik optimallagdirilmast miimkiin olur ki, bu da 6z ndvbasinde yiikiin
fiderlor arasinda borabor paylanmasina vo on qisa enerji 6tiirmo yollarinin se¢ilmasina xidmaot edir.
Bu yanagma, homg¢inin borpa olunan enerji monbalarinin sobakoye inteqrasiyasi zamani yaranan
rejim geyri-sabitliyini kompensasiya etmoyo do komok edir. Texniki itkilorin analitik todqiqi vo
modernlogsmonin somaralilik gostaricilari bir-biri ila six baghdir; bels ki, har bir texnoloji yenilik
itki strukturunda miivafiq azalma ilo miisayiot olunmalidir. 1k iki sohifs iiciin miioyyon edilmis bu
nozori vo struktur bazasi ndvboti marhalolordo konkret hesablama metodlart vo modernlosmo
texnologiyalarinin totbiqgi naticosinds aldo olunan iqtisadi somaranin tohlili ilo davam etdirilocokdir.

Miuiasir elektrik sobokolorindos texniki itkilorin doqiq giymatlondirilmasi {i¢iin totbiq edilon
analitik hesablama metodlari, sobokonin rejim parametrlorinin diizgiin miioyyon edilmosindo
halledici rol oynayir. Xiisusilo, deterministik vo ehtimal metodlarinin kombinasiyasi vasitasilo
miirokkab konfiqurasiyali paylayici sabokolords enerji axinlarinin riyazi modellosdirilmasi hoyata
kecirilir. Yerli todqiqatgilarin apardigi tohlillor gostorir ki, Azorbaycanin regional paylayici
sobakolorindas itkilorin boyiik hissasi gorginlik saviyyesinin asagi oldugu 0.4 kV-luq xatlords qeyds
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alimir. Bu sahodo movcud olan asas problemlordon biri do fazalararasi yiiklorin qeyri-barabar
paylanmasi, yoni asimmetriya hadisosidir. Asimmetriya naticosindo neytral naqilds yaranan corayan
axinlar olava giic itkilorine vo avadanliglarin vaxtindan avvel kohnalmasing sobab olur. Bu neqativ
hallarin aradan qaldirilmasi iigiin avtomatik fazatonzimloyici qurgularin totbiqi vo yiikiin dinamik
balanslasdirilmasi texnologiyalart toklif edilir [4. s. 33-41]. Sobokolordo bas veron itkilorin
minimallagdirilmast hom do elektrik enerjisinin  keyfiyyot gostoricilorinin  standartlara
uygunlugundan asilidir. Garginlik soviyyasinin nominal qiymotdon konara ¢ixmasi itkilorin geyri-
xotti sokildo artmasina sorait yaradir ki, bu da hom istehlak¢ilarin moigot avadanliglarinin siradan
¢ixma riskini artirir, hom do timumi sistemin etibarliligini zosifladir.

Modernlosms strategiyalarinin digor miihiim istigamati nagqillorin vo kabellorin texniki
parametrlorinin tokmillagdirilmesidir. K6hna tipli agiq aliiminium nagqillerin (masalon, AS markalr)
miiasir dziiniidastyan izolyasiyali nagqillorlo (SIP) avoz edilmosi ham tohliikosizlik, hom do texniki
somoralilik baximindan yiiksok noticolor verir. SIP kabellori xottin aktiv miiqavimotini sabit
saxlamagqla yanasi, konar miidaxilslorin vo qisagapanma hallarinin qarsisini alir ki, bu da dolayisi
ilo texniki itki strukturuna miisbat tosir gostorir. Eyni zamanda, paylayici transformatorlarin se¢imi
zamani amorf polad niivali transformatorlardan istifade edilmasi bos isloma itkilorini, yoni sabit
itkilor1 70-80% nisbotindo azalda bilir. Azorbaycanin enerji tochizati sistemindo bu ciir yiiksok
somaroali avadanliglarin genismiqyash totbiqi hom dovlet biidcasine qonast, ham do sobakonin
xidmot miiddotinin uzadilmast demokdir [5. s. 62-69]. Modernlosmo prosesinds xiisusi
transformatorlarin vo xott elementlorinin optimal yerlosdirilmosi do miihiim amildir. Yik
morkazlorinin  diizglin  miisyyan edilmasi vo qidalandiricti menbolorin  bu morkazlora
yaxinlagdirilmasi 6tiirmo masafasini qisaldir vo xatt itkilorini koskin sokildo asag: salir.

Igtisadi baximdan modernlosma texnologiyalarinin somoraliliyi yalniz fiziki itkilorin azalmasi
ilo deyil, ham ds investisiya qoyulusunun geri doniis miiddati (ROI) vo xalis cari doyor (NPV)
metodlar ilo qiymatlondirilir. Tadqiqatlar gostorir ki, "Agilli Soboke" elementlorinin, xiisusilo
avtomatlasdirilmis ugot sistemlorinin (smart-saygaclarin) totbiqi sobokonin idarsetmo xarclorini
minimuma endirir vo enerji balansinin soffafligini tomin edir. Sobokolordo rekonfiqurasiya vo
avtomatlagdirilmig agarlarin totbiqi, o ciimlodon FLISR (Fault Location, Isolation, and Service
Restoration) funksiyasi qoza hallarinda xidmaotin boarpa miiddatini vo SAIDI (sistemin orta kasilmo
miiddoti indeksi) gostoricisini koskin sokildo azaldir. Bu ciir texnoloji istiinliiklor soboko
operatoruna imkan verir ki, illik qonast olunan, masalon, toxminon 110,000 AZN vo daha artiq
vosaiti digor strateji ohomiyyoatli infrastruktur layiholoring, xiisusilo do 0.4 kV sobokalorin
yenilonmasino yonoltsin. Enerji somoraliliyi layiholorinin tohlili zamani ekoloji faktorlar da nozoro
alimmalidir; ¢iinki itirilon hor bir kVt-saat enerji slava yanacagin yandirilmasi vo atmosfers zararli
gazlarin atilmas1 demokdir [6. s. 110-118].

Optimallagdirma layiholorinin adaton 3 ildon az geri doniis miiddati ilo xarakterizo olunmasi,
onlarin qisa miiddotdo 6lkonin enerji tohliikasizliyino miisbot tohfo verdiyini siibut edir. Beloliklo,
texniki modernlogsmo hom iqtisadi, ham do ekoloji toraqqinin horakotverici qiivvasidir. Novbati
morholodo rogomsal transformasiyanin daha dorin gatlar1 vo miiasir proqram tominatlarinin itkilorin
monitoringindoki rolu daha genis sokildo nozordon kecirilocokdir. Bu texnologiyalar enerji
sisteminin ¢evikliyini artirmaqla yanasi, hom do borpa olunan enerji monbalorinin sobokoyo
inteqrasiyast zamani yaranan texniki cotinliklorin hallino imkan yaradir. Hazirda totbiq edilon
intellektual idaroetmo sistemlori sayasindo enerji axinlarinin  optimallasdirilmasi  prosesi
avtomatlagdirilmis rejima kecir ki, bu da insan amilindon qaynaqlanan sshvlori va geyri-doqiqliklori
minimuma endirir.

Rogomsal transformasiya vo intellektual texnologiyalarin enerji sistemloring inteqrasiyast
elektrik sobokolorinds texniki itkilorin monitoringi v idars edilmosinds yeni bir morhalo agmigdir.
Miiasir dovrdas itkilorin tohlili yalniz riyazi modellosdirms ilo mohdudlagmir, eyni zamanda bdyiik
verilonlor (Big Data) vo siini intellekt alqoritmlori vasitosilo hoyata kegcirilir. Bu yanasma soboko
operatorlarina enerji axinlarini saniyslik doqiqlikls izlomaya vo geyri-optimal is rejimlorini dorhal
miloyyon etmoys imkan verir. Xiisusilo, paylayict sobakolorin ragomsal okizlorinin yaradilmast,
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miixtolif ssenarilor {izro itkilorin prognozlagdirilmasina vo on somoarsli rekonfiqurasiya variantinin
secilmosine xidmot edir. Azorbaycanin enerji sektorunda rogemsallasma meyllorinin gliclonmosi,
texniki itkilorin diinya standartlari soviyyosino (toxminon 5-8%) endirilmasi {ligiin genis imkanlar
yaradir. Bu prosesds intellektual 6lgmo sistemlori morkozi rol oynayir; ¢linki doqiq ugot olmadan
texniki itkilori kommersiya itkilorindon ayirmaq vo hadafoyonlii todbirlor gormoak miimkiin deyil [7.
s. 88-95].

Modernlosma texnologiyalarinin effektivliyi hom ds borpa olunan enerji monbalarinin (BEM)
sobokayo qosulma torzi ilo six baglidir. Giinas vo kiilok elektrik stansiyalarinin paylayici sobokalara
inteqrasiyasi enerji axinlarinin istigamotini doyisdire vo bozi hallarda yerli gorginlik artimlarina
sobab ola bilor. Lakin diizgiin planlasdirilmis paylanmis istehsal (Distributed Generation) manbalori
yiik morkozlorine yaxin yerlosdikds, magistral xstlordon kegon giic axinlarini azaldir vo naticods
imumi texniki itkilorin asag1 diismasine sabab olur. Bu kontekstds "Smart Inverter" texnologiyalari
vo aktiv soboko idaroetmo sistemlori gorginliyin tonzimlonmasindo vo reaktiv gilic balansinin
qorunmasinda holledici rol oynayir. Yerli todqiqatlar gostorir ki, BEM-in sobokoys inteqrasiyasi
zamani totbiq edilon miiasir rele miihafizosi vo avtomatika sistemlori sobakonin dayanigligini
artirmagqla yanasi, ke¢id proseslorinde yaranan alave enerji itkilorini do minimuma endirir [8. s. 124-
132].

NOTICO

Aparilmis elmi-nazari tohlillor vo struktur analizi gostorir ki, elektrik sobokslorinda enerji
itkilorinin idare edilmasi miiasir dovriin on aktual texniki-iqtisadi problemlarindon biridir. Elektrik
enerjisinin Otliriilmasi vo paylanmasi prosesindo yaranan texniki itkilor tokco sistemin somoraliliyini
asag1 salmir, hom do shomiyyaotli doerocode maliyyos va ekoloji zarorlore sobab olur. Sabokslords
itkilorin strukturunun dorindon dyranilmasi siibut edir ki, xiisusilo k6hnalmis infrastruktur, geyri-
optimal rejim parametrlori vo algaq gorginlikli 0.4 kV-luq sobokolordoki faza asimmetriyasi timumi
itki balansinin artmasinda hslledici rol oynayir. Lakin qeyd edilon problemlorin yalniz anonavi
vasitolorlo halli glinlimiiziin artan enerji tolobati fonunda kifayst etmir. Buna goro do, miiasir
morholodo enerji somoraliliyini tomin etmok {i¢iin sobokolorin tam vo kompleks sokildo
modernlogdirilmasi labiiddiir.

Texniki modernlogms tadbirlori ¢orgivasindo amorf polad niivali innovativ transformatorlarin
tatbiqi, yiiksok kegciriciliye malik vo 6zilinlidasiyan izolyasiyali miiasir naqillorden istifads, habelo
reaktiv giliclin optimal kompensasiyasi texniki itkilorin fiziki limitlors godor minimuma endirilmasi
iiclin mohkom zomin yaradir. Bununla yanasi, todqiqat neticesinde aydin olur ki, fiziki
avadanliglarin yenilonmosi miitloq sokildo intellektual idaroetmo sistemlori ilo dostoklonmalidir.
SCADA, rogomsal ugot sistemlori vo "Agilli Sobake" (Smart Grid) elementlorinin mévcud sobakaya
inteqrasiyast goza hallariin qgarsisinin operativ alinmasini, enerji axinlarinin real vaxt rejimindo
izlonilmasini va optimal rekonfiqurasiya gorarlarinin gabulunu tomin edir. Mohz bu ciir rogamsal
transformasiya vo qabaqcil alqoritmlorin, o ciimlodon faza balanslagdirilmasinin dinamik totbiqi
sayosindo paylayici sobokolordoki itkilori global standartlar soviyyosino endirmok miimkiindiir.
Borpa olunan enerji monbolorinin sobokoyo inteqrasiyasi prosesindo do intellektual monitoring
sistemlorinin rolu avazsizdir.

Biitiin bu sadalanan modernlogmo todbirlorinin texniki-iqtisadi osaslandirilmas1 gostorir ki,
ilkin kapital qoyuluslarinin yiiksok olmasina baxmayarag, bels layihalor operativ xarclorin azalmasi
hesabina qisa miiddot orzindo 6ziinii tam dogruldur. Qonast olunan har bir kilovat-saat enerji hom
dovlst biidcosinin maliyys resurslarina qonast, hom do stansiyalarda olavo yanacagin
yandirilmasinin, dolayisi ilo atmosfers atilan karbon emissiyalarinin garsisinin alinmasi demokdir.
Yekun olaraq qeyd etmok lazimdir ki, elektrik sobokalorindo itkilorin azaldilmasina yonolmis
struktur optimallasdirmasi vo innovativ modernlogsma siyasati sadoco texniki bir zorurst deyil. Bu,
eyni zamanda 6lkonin enerji tohliikosizliyinin qorunmasi, iqtisadi arttmin dayanigliliginin tomin
edilmasi vo qlobal iglim hoadoflorine catmaq istigamatindo atilan on vacib strateji addimdir.
Golocokds  bu  yanagmalarin  davamli  olaraq  tokmillogdirilmosi  enerji  sisteminin
roqabotqabiliyyatliliyini qoruyub saxlamaga imkan veracokdir.
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SOYYAR TELEVIiZiYA STANSIYASINDA ELEKTRIK AVADANLIQIARIN i$
PRINSIPININ ARASDIRILMASI

SOMODOV AZAD RAUF OGLU
Azorbaycan Memarliq vo Insaat Universitetinin magistrant:

CAVADOVA MIRFATMA MIRBABA QIZI
Azorbaycan Memarliq va Insaat Universiteti

Xiilasa. Sayyar Televiziya Stansiyasimin (STS) elektrik taochizati sistemi onun fasilasiz, etibarli
va tahliikasiz faaliyyatinin tomin edilmasi iigiin asas va halledici rol oynayir. Ciinki bu sistem
televiziya yayimi iigiin istifada olunan biitiin avadanliglari, kamera, video-audio emal qurgulari,
rabita avadanliglar, isiqglandirma sistemlori va kémakgi texniki vasitalari va s. ahata edir va sabit
enerji ilo tomin edilmasina xidmat gostorir.

Bu moaqala xiisusi toyinatlt naqliyyat vasitalori iizovinda qurulan Sayyar Televiziya
Stansiyalarimin (STS) elektrik sistemini va onun miirakkab miihondislik arxitekturasini tadqiq edir.
Isd> yiiksak garginlikli xarici gidalanma manbalari ilo stansiva daxilindaki hassas ragamsal yayim
cithazlar arasindaki texniki alagalar, elektrik dévralorinin qurulma prinsiplorvi va sistemin stabil
islomasini tomin edan qoruyucu mexanizmlar tohlil olunur. Homginin maqalada sayyar televiziya
stansiyasinin elektrik sisteminin c¢oxpilloli strukturu va bu sistemi taskil edon asas texniki
qovsaqlarin funksional xiisusiyyatlari ardicil sakilda tadqiq edilir.

Bu prinsiplarin hor biri kompleks elektrik sisteminin miihandislik baximindan qiisursuz va
tohliikasiz faaliyyatini sortlondiron fundamental amillardir. Magsad, canli yayimlar va ¢akiliglor
zamani bas vera bilacok nasazliglarin (garginlik diismoasi, qisaqapanma, tezlik siiriismasi) yayim
avadanhiqlarina manfi tasirini aradan qaldirmaq iigiin edilon texnoloji hallori miiayyan etmoakdir.
Elektrik tochizati sistemi hom gorginliyin sabitliyini qorumali, hom db> kritik avadanhqlarin
(kameralar, serverlor, peyk otiiriiciilori) 24/7 rejiminda fasilasiz isini tomin etmalidir. Noatica
etibarila, bu miihandislik hallori STS-in texnoloji resurslarmmin omriinii uzadr va biitévliikds
televiziya stansiyasimin istismar effektivliyini nazoragcarpacaq daracada yiiksaldir.

Acgar sozlar: Sayyar Televiziya Stansiyasi (STS), elektrik tachizat sistemi, fasilasiz faaliyyat,
televiziya yayimi, yayim avadanliqlari, elektrik dovralori.

RESEARCH OF THE WORKING PRINCIPLE OF ELECTRICAL EQUIPMENT IN
A MOBILE TELEVISION STATION

SOMODOYV A. R.
Master’s student at Azerbaijan University of Architecture and Construction

Abstract. The electrical power supply system of a Mobile Television Station (MTS) plays a
fundamental and decisive role in ensuring its continuous, reliable, and safe operation. This system
supplies stable energy to all equipment used in television broadcasting, including cameras, video
and audio processing units, communication equipment, lighting systems, and auxiliary technical
devices.

This article examines the electrical system of Mobile Television Stations (MTS) installed on
special-purpose vehicles and analyzes their complex engineering architecture. The study focuses on
the technical interconnections between high-voltage external power sources and the sensitive digital
broadcasting equipment inside the station, the principles of electrical circuit design, and the
protective mechanisms that ensure stable system operation. In addition, the multi-level structure of
the mobile television station’s electrical system and the functional characteristics of the main
technical units forming this system are examined in a systematic manner.
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Each of these principles represents a fundamental factor that ensures the fault-free and safe
operation of a complex electrical system from an engineering perspective. The objective of the study
is to identify technological solutions designed to eliminate the negative effects of potential failures—
such as voltage drops, short circuits, and frequency deviations—on broadcasting equipment during
live broadcasts and recording sessions. The power supply system must maintain voltage stability
while also ensuring the uninterrupted 24/7 operation of critical equipment, including cameras,
servers, and satellite transmitters. As a result, these engineering solutions extend the service life of
the MTS’s technological resources and significantly improve the overall operational efficiency of
the television station.

Keywords: Mobile Television Station (MTS), electrical power supply system, continuous
operation, television broadcasting, broadcasting equipment, electrical circuits.

GIRIS. Miiasir dovrdo informasiya mozmununun toqdimat siiroti televiziya sirkotlori iigiin
halledici amils g¢evrilir. Xiisusilo miixtalif kiitlovi tadbirlor zamani hadise yerindon xabar istehsall
vo yayimi kritik shomiyyot kasb edir.

Soyyar televiziya stansiyasi (STS) studiadan konarda televiziya programlarinin ¢okilisi vo
canli yayimi ii¢lin nozordo tutulub, hadiso yerindon ¢okilis, montaj vo signal otiiriilmasi ii¢lin
avadanliq vo miitoxassislori vahid mobil kompleksds birlosdirir. Onun strukturuna videokameralar,
mikserlor, video ¢okilis serverlori, montaj va rabits avadanliglari, eloco do rejissor, sas rejissoru vo
miihandislar {iglin otaqlar daxildir ki, bu da ¢akilis prosesinin mobilliyini tomin edir.

Sakil 1. Sayyar televiziya stansiyasi.

Vozifa:

—Siiratls ¢okilis yerine ¢atmagq.

—Tam spektrdo iglorin aparilmasini tomin etmok: siijetlorin ¢okilisi, miisahiboalor, canli
yayimlar.

—Rejissor, sos rejissoru, mithandis, miixbir vo bir ne¢s operatorun eyni vaxtda islomasing
imkan yaratmagq.
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—Video materialinin studiyaya mobil sobokoalor vasitosilo 4K vo ya daha yiiksok keyfiyyotdo
otiiriilmasi vo montajini tomin etmak.

Is soraiti:

—Biitiin fasillor iizrs 15 (qis-yay).

—Vaxt faktoru — maksimum kritik (“c¢okilis yolda”).

—is¢i yerlorinin rahat planlasdirilmasi, avadanliq ilo operator heyatinin komfortlu islomasi.

—Tam avtonom is imkani.

Miiasir sayyar televiziya stansiyalarinin dizayni va igloma prinsiplari yalniz enerji tachizatinin
tominati ilo mohdudlagsmir, hom do sistemlorin tohliikesizliyi, avadanliglarin uzunémiirliiliiyti vo
yayim keyfiyyeotinin qorunmasi baximindan miihiim rol oynayir. Bu sabobdon, soyyar televiziya
stansiyalarinda elektrik avadanliglarinin is prinsiplorinin dyronilmasi hom nozori, hom do praktik
baximdan shamiyyatlidir.

™ Abon MR
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Sakil 2. Sayyar televiziya stansiyasinin video nazarat hissosi.

Bu todqiqatin mogsodi soyyar televiziya stansiyalarinda elektrik avadanliqlarin is
prinsiplorini arasdirmaq, movcud problemlori miioyyonlosdirmok vo onlarin halli yollarim toklif
etmokdir. Arasdirmanin naticolori mobil yayim stansiyalarinda enerji tominati sistemlorinin
optimallagdirilmasi vo yayim keyfiyyastinin artirilmasi ii¢ilin praktiki tovsiyalor toqdim edocokdir.

Tahlil

Miiasir televiziya yayiminda informasiyanin 6tiiriilms siirati vo keyfiyyati rogabotodavamliliq
iclin osas sortdir. Xiisusilo kiitlovi todbirlorin hadise yerindon canli yaymmi zamani mobil
mithondislik komplekslorinin (STS) rolu kritik shomiyyat kasb edir. STS-lorin asas vozifasi ¢okilis
yerina siiratlo ¢gatmaq va tam avtonom is rejiminde yliksok keyfiyyatli (4K vo daha yuxar1) yayimi
tomin etmokdir.

Tahlilor gostorir ki, STS-in elektrik tochizati sistemi yayim omoliyyatlarinin etibarlilig: iiciin
baza rolunu oynayir. Miihondislik hallorinin kompleks totbigi hom ¢okilis heyatinin komfortlu isini,
hom do sistemin texniki potensialinin tam reallagdirilmasini tomin edir. STS sistemi yiiksok
gorginlikli xarici monbalorlo stansiya daxilindoki hassas rogomsal yayim cihazlar1 arasinda texniki
olagoni tonzimloyon ¢oxpillali struktura malikdir.

Canli yayim zamani yarana bilocak gorginlik diismasi, qisaqapanma va tezlik siiriismasi kimi
amillorin avadanliglara manfi tosirini minimuma endirmok {igiin xiisusi qoruyucu mexanizmlor
totbiq olunur.

Sistem kritik avadanliglarin (kameralar, serverlor, peyk otiirtictilori) 24/7 rejiminds fasilosiz
isini tomin etmok iiclin nazords tutulmusdur. STS-lords IP texnologiyalarinin va 5G sabokslorinin
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totbigi yayim operativliyini 40% artirir vo infrastruktur xorclorini optimallagdirir. Bu texnoloji hallor
hom do stansiyanin texnoloji resurslarinin istismar miiddotini uzadir. STS-in elektrik tochizati
sistemi yayim omoliyyatlarinin etibarliligi vo yiiksok keyfiyyaeti liclin osas baza rolunu oynayan
ovozsiz mithondislik komponentidir.

NOTICO

Tohlillor gostorir ki, STS-lordo IP texnologiyalarinin vo 5G sobokalorinin totbigi mobil
yayimin operativliyini 40%-o godar artirir va infrastruktur xorclorini optimallasdirir. Maqgalodo STS-
lorin galacak inkisaf perspektivlori, o ciimlodon bulud (cloud) ssash istehsalat texnologiyalarinin
inteqrasiyasi barads elmi prognozlar verilir.

Sayyar televiziya stansiyalarinda bas vers bilocok gorginlik diismesi, qisagapanma va tezlik
stirismoasi kimi nasazliglarin yayim avadanliglarina monfi tosirinin qarsisin1 almaq {igiin totbiq
edilon texnoloji hallor, hamginin kritik avadanliglarin 7/24 rejimindo fasilosiz isini tomin edir.
Naticada, STS-in elektrik tochizati sistemi stansiyanin texnoloji resurslarinin dmriinii uzadir, yayim
keyfiyyatini vo istismar effektivliyini artirir. Elektrik dovralorinin diizgiin qurulmasi vo qoruyucu
mexanizmlarin totbiqi sayasinde sistemin stabilliyi qorunur vo har hansi bir qaza vo ya nasazliq
zamani avadanliqlarin tohliikesizliyi tomin edilir. Coxpillali struktur vo asas texniki qovsaqlarin
funksional bolgiisii mithondislik baximindan stansiyanin fasilosiz foaliyyotini sortlondiron osas
amillordir.

Umumiyyatlo, soyyar televiziya stansiyasinin elektrik tochizat: sistemi yalniz enerji tominati
funksiyasini yerino yetirmir, ham ds biitiin yayim omsliyyatlarinin etibarli vo tohliikasiz hoyata
kecirilmosindo miihiim rol oynayir. Bu sistem, miihondislik hallorinin doqiq totbigi vo kompleks
yanagsma sayosindo STS-in texniki potensialini maksimum dorocado reallasdirir vo televiziya
yayimimin pesokar soviyyado davamlihgini tomin edir. Umumilikde, STS-in elektrik tochizati
sistemi televiziya yayiminin etibarlilig1 vo yiiksok keyfiyyaeti li¢iin ovozsiz miihondislik komponenti
olarag 6n plana ¢ixir vo soyyar yayim omoaliyyatlarinin ugurla hoyata kegirilmosinds asas baza
rolunu oynayir.
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B XKypHaje Becmuuk cesazu M JIp.) — HCTOPUYECKHE M TexHH4Yeckue marepuainsl no [1TC
(mepeABMKHBIM TEJIEBU3HOHHBIM CTAHIUAM); TOJE3HO JIsl 0030pa acreKkTa pa3BUTHS CUCTEM

13. KoBanés M.A. — HcTtounuku OecnepeOOHOTO MUTAHUS B PATHOdIEKTPOHHBIX CHCTEMAX.
Yyebnoe nocobue onsn unscenepos-npaxmuxos, Mockpa: Jueproaromusaar, 2019.

14. JIamun U.H., ITaBnoB A.}O. — 3amuTa OT nepepplBOB MUTAaHUS U CHH)KEHUE PHUCKA OTKAa30B
obopynoBanus Bemanus. XKypHan «{ughposoe menesuoenue u paouosewarnuer, 2023, No2.

15. XapuronoB F0.b. — ABromaruzanusi >JIeKTPONUTAHHUS pPACTIPENCIEHHBIX OOBEKTOB CBS3U.
Tesucsl konpepenuuu Cogpemennvie npooemst cessu, 2022.

16. Hiiseynov T. — “Azarbaycanda rabitonin inkisafi / Sovet Azarbaycaninda rabita, radioyayim
va televiziyanin inkisafi "— Azaorbaycan televiziyasinin tarixi vo texniki yonlori haqqinda klassik
islordon biridir. Bu monba STS-in kontekstino daxil olan televiziyanin inkisafinin texniki
tohlilini verir.

17. “Televiziya iki osrin ayricinda” (prof. E. Quliyev) vo “Televiziya: nozoriyya vo inkisaf
meyllori”— Azorbaycan televiziyasinin struktur vo inkisafini sistemli sokildo aragdiran kitablar,
texnoloji infrastruktur vo yayim sistemi baximindan asasl kontekst verir.
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CUCTEMA CTPATEIT'HMYECKOI'O YIIPABJIEHYECKOI'O YUETA KAK
BAKHBIU DJIEMEHT HNUDPPOBU3AIIUNA COBPEMEHHBIX ITPEANPUSTUAX

HUIIIOHBOEB AJIMIIIEP HUIIIOHBOEBNUY
crapumii ipenogosarens TT YIIBIL, ropon Xymkana, Pecrryomika Tamxukuctan

TOILIMATOBA XYCHUY0OH MYMHWHOBHA
accuctent TI'YIIBIL ropox Xymxann, Pecryonuka Tampkukuctan

Annomayua. Cmpamezuueckuii ynpasieHyeckuul yuem s6aAemcsi NepCneKmusHbiM U
paccmampusaemcs Kak 8603MONCHOE HANPALeHue paseumusl, CnocoOHOe NOGbICUMb 3HAYUMOCHIb
VNPABNIeHYeCcKo20 yuema 8 cucmeme YNpasieHus: Npeonpusmuem, OOHOBPEMEHHO hopmupys.
VUEMHO-aHATUMUYECKYI0 Ccucmemy, Komopas omeeuaem UHQOPMAYUOHHLIM NOMPEOHOCAM
cmpame2uiecko2o ynpasieHus npeonpusmus 0Jis 6y0ywe2o pazeumus.

Knroueevte cnoea: ynpasnenueckuti yuem, yugpoeusayus, OyxearmepcKuti  yuem,
npeonpusmus, peanusayuy nPOOYKYuu, pPuIHOYHOU UHGOPMAYUU, KOHMPOIb, CMpameuyecKoe
nAAHUPOBAHUe.

VYnpaBiaeHUeCKUil ydyeT — 3TO BHYTPEHHssI cUCTeMa cOopa, aHaliu3a M IpeACTaBICHUS
uHpopmanuu (puHAHCOBOH M HE(PUHAHCOBOH) JUIA PYKOBOJCTBA, KOTOpbIE MPUHUMAIOT
00OCHOBAaHHbIE pEIIEHUs, IUIAHUPYIOT MOKa3aTeNsIM AEATENbHOCTH, KOHTPOIMPYIOT PacXobl U
ONTUMM3HUPYIOT ICSITEIbHOCTh KOMIIAHWM, B OTJIMYHE OT OyXraJITepCKOTO YydYeTa, KOTOPBIH
OPMEHTUPOBAH Ha BHELIHMX I10JIb30BaTesel U TpeOoBaHUAM rocynapcrsa. OH ruOKHid, HE UMeeT
CTPOTHUX CTaHJApTOB MU aJalTHUPYETCs MOJ HYXAbl KOHKPETHOrO OM3HEeca, OMOrasl OLIEHHUBATh
3G (GEKTUBHOCTb, BBIABIATH NPUOBUIbHBIE M YOBITOUHBIE HANpABICHUS, a TaKXKe YIPaBIATH
pecypcami.

B menom crpaternyeckuil ympaBlI€HYECKMH ydYeT MOXET OBITh OXapaKTepH30BaH Kak
HaNpaBJICHUE YIPABICHYECKOTO ydeTa, B paMKax KOTOpPOro (GopMmupyercss WHPOPMALHUOHHOE
obecrieueHne NPUHATHSI CTPATETHYECKUX YIPABICHYECKUX PELICHUH.

B pamkax crparermueckoro ymnpaBi€HUYECKOTO y4eTa BBIMOIHSETCS TIIATEIbHBIA aHaIU3
BHEIIHEH Ou3Hec-cpe/bl (KOHKYPEHTOB, MOCTaBIIMKOB, MOTpeOnTeNel, BHEIIHUX SKOHOMUYECKUX
YCJIOBHH, IEUCTBUI MPABUTEIIBCTBA), T€ OPTaHU3AINSI OCYIIECTBISIET CBOIO JICSITEIILHOCTD, B XO/I€
KOTOpPOH JIOJDKHBI OBITH  YYTEHBl CTpaTerMueckas IO3MLUS OpraHM3allud Ha pPBIHKE,
muddepeHranys ee MpoayKIUH, a TAKKe JT0JKHA ObITh IOCTPOEHA MOJIHAs LENoYKa [IEHHOCTEH
JAaHHOM opraHu3auuu.[7,c.535]

CrpaTternyeckuii aHajM3 HaIpaBI€H Ha OIpPENEJICHUE COCTOSHUS XO3SHCTBEHHOU
JesITeIbHOCTH (OM3Heca) OpraHu3aluyd B KOHKPETHBI MOMEHT BpeMeHH. [lomumo 3Toro B xoxe
BBIIIOJIHEHUSI CTPAaTETMYEeCKOr0 aHajM3a JaeTcs OLEHKa SICHOCTM U PEAJUCTUYHOCTH €€
CTPATETMYECKUX LETICH.

[TockonbKy cTpaTerust pa3BUTHUs, KaK IPaBUIIO, JOCTATOYHO TECHO CBSI3aHA C BHEIIHUMHU
YCIIOBUSIMH, B KOTOPBIX OpraHM3alMsl OCYLIECTBIIIET CBOIO XO3SANCTBEHHYIO NESATEIBHOCTb, TO
CTpaTErM4ecKuil aHaJIN3 MPEXJEe BCEro MpU3BaH MCCIEN0BATh BHEUIHME YCJIOBUS Kak (haKTOpHI,
OKa3bIBAIOLINE BIMSHUE Ha JOJITOCPOYHBIE (CTpAaTerMuyecKHue) LeIM OpraHu3aluH, ocobo He
KOHIIGHTPUPYACh TOJBKO Ha TaK Ha3bIBA€MbIX TPAJAULHUOHHBIX 3a/JadaX HSKOHOMHYECKOIO
yIPaBIECHYECKOIO aHAIN3A.

Bropoii Ba)KHBIH 3JI€MEHT CTPATETMYECKOro YIPABICHUECKOIO0 y4eTa - CTpaTerMyeckoe
IUTaHupoBaHue. B xoze ero ocymecTBieHus pa3padaTbIBalOTCs IUIAHbI JOJATOCPOYHOTO XapakTepa,
KOTOpBbIE, B CBOIO OU€PE/Ib, IPEHAZHAUEHBI JUIs TOCTHKEHUS 10JITOCPOYHBIX, T. €. CTPATErH4eCKUX
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ueneit opranuzanuu. CTpaTeruvyeckoe IUIAHUPOBAHUE TAaKXKE HM3BECTHO KaK KOPIOPATHBHOE
IJJAHUPOBAHUE WM JOJITOCPOYHOE IJIAHUPOBAHUE

Nzydenne GyHKIIMOHUPOBAHUS CHCTEM OYXTaITEPCKOTO y4eTa, a TAKIKE OIMbITa OPTaHU3AIUN
Y BBEJICHUS YIPABJICHUECKOTO yueTa B KOMMepUeckux npeanpuarusax Pecnyonuku Tamxukuctan
MOATBEPKIAET, YTO PYKOBOJAWUTEIM W  CHEUHAIMCTHI  MPEANPUATHHA  BOCHPUHUMAIOT
YIIPaBICHYECKUN YUYET CKOpee KaK CUCTEMY yueTa 3aTpaT, KaJbKyJIMpOBaHHbIC, IEPBOHAYAIBLHOMN
ce0eCcTOMMOCTH, pacIipe/ie]ieHUe 3aTpar Mo MeHTpaM (UHAHCOBOW OTYETHOCTH, IICHTpaM 3arpar,
MeCTaM BO3HMKHOBEHHs 3aTpaT, BUJAM W €IMHMIIAM BBIIYCKAEMOM MpOAyKUMU. Takoll TOYKH
3peHUsT TMPUJIECPKUBACTCS U OOJBIIMHCTBO YYCHBIX U AHAIMTUKOB B O0JACTH YIPaBICHYCCKOTO
yuera. [8,c.200]

B wactHocTH, uccnegoBarens M.M. [llaMCUIIMHOB YyTBEPKAAET, YTO «METOAOJIOTMUECKOM
OCHOBOM YIIPaBJICHYECKOTO yueTa SIBJISETCS M3MEpPEHHEe U OIEHKa 3aTpaT, a B OOIIeM cliyyae —
MIPOIIeCC onpeeeHus GaKTHIeCKo ce0eCTOMMOCTH poAyKiuu PazpaboTka Takoro Metoaa Jis
MPEANPUATHI MOKET 0a3upoBaThCsA HA CO3[AHUM €AMHON CUCTEMBbI ydera 3aTpaT.» [lo MHeHuio
b.X. KapuMoBa OCHOBOW CHCTEMBI YIIPABJICHUYECKOIO y4e€Ta 3aTpaT SBIACTCS HAKOIUICHHE WU
knaccuuKalus 3aTpaT, paclpelesieHHe 3aTpaT Mo OO0bEeKTaM yuyeTa (€OUHHIBI TMPOAYKIIHH,
LIEHTPBHI 3aTPaT).

Ha camom gene B ynpaBiaeHYECKOM yUETE POJIb yUeTa 3aTPaT ABJISIETCS BAKHEUILIEH, TOJIBKO
TpaHc(OpMUPOBAB CUCTEMY yUeTa 3aTpaT Ha MPEANPUITAN MOKHO MIPUCTYMHUTH K (POPMHUPOBAHUIO
KIIFOUEBBIX TOKa3aTenei 3(h(EeKTUBHOCTH, KOTOpPHIE OKa3ald BIMSHHE W YBEIUYWIM MPHOBLIb
koMmmanu. OJIHaKO Ha HaIl B3IV B paMKaxX CHUCTEMBI YIPaBICHYECKOTO y4yeTa JIOJDKHA OBITh
BKJIIOUEHA MHQOpMAIUS O cpele (PYHKIMOHUPOBAHUS MPEANpPUATHS, Takas Kak WHpopMalus o
JIEUCTBUAX TOCYJApPCTBEHHBIX OPraHOB, KOHKYPEHTOB, IMOKyNaTeled, MOCTaBIIUKOB, KAdyeCTBE
NPOAYKLIHMH. OCHOBHAS IEJb YIPABICHUYECKOIO ydeTa — HAUEIUTh YYETHBIE IPOLECCHl Ha
JTOCTI)KCHHE TAKTUUECKUX M CTPATeTUUECKUX 1eNiel pa3BuTHs, byner paspadorana a3 pexTnBHOCTH
OpPTraHHU3aI[MOHHON CTPYKTYpPHI MPOU3BOJICTBA, METOJBI CTUMYJIHUPOBAHHUS OOBEMOB pean3alluu
NpOAYKIMH W JApyrue. bonee TOro, CTpaTerMyeckuid YNpaBICHYECKUH YY€T MCIOIb3YET
WH(GOPMAIIHIO O BHYTPEHHEM COCTOSIHUU MPEATNPHUATHUS C UCIIOJIB30BAHUEM JTAHHBIX JAPYTUX BUIOB
ydeTa — CTaTUCTUYECKOT0, OTIEPAaTUBHOTO, (PMHAHCOBOTO, HAJIOTOBOTO.

Pazymeercs, Takas nHdopMaIus BaKHa IS TOCTHKEHUS CTPATETUIECKUX [eJIeH yIpaBlIeHUs
npeanpustTueM.[6,c.125]

AHaJOTUYHBEIM 00pa3oM CHUCTeMa YIPaBIECHYECKOrO0 Yyd4eTa Ha MNPEANPUSTHH JIODKHA
MPEAOCTARISTh BCE YCIYTH U BCIO WH(OOPMAIMIO O €ro TeKyIler W Oyaymed XO3sSiCTBEHHOM
JEATENBHOCTH.

Jloctrxenune 3TOM Leiau oOecreurBaeTcsi 3a CYET YCWJICEHHS CTpPAaTerHYecKUX AacleKTOB
YIIPABJIEHYECKOI0 YUYETa, TO €CTh Pa3BUTHS CTPATETUUECKOIO YIIPABICHUYECKOTO YUETa.

Crparerndyeckuil ynpaBJIEeHUECKUI YUET ABIIAETCS MEPCIEKTUBHBIM U PACCMATPUBAETCS KAK
BO3MOXXHOE HATPaBIICHUE PAa3BUTHS, CIIOCOOHOE MOBBICUTH 3HAYUMOCTH YIIPABIEHYECKOTO YUeTa B
CUCTeME yMpaBICHUs MPEANPUITHEM, OJHOBPEMEHHO (opMHpYys YUYETHO-aHATIUTUYECKYIO
CUCTEMY, KOTOpasi OTBe4aeT WMH(OPMAIMOHHBIM MOTPEOHOCTSIM CTPATETUYECKOTO YIPABIICHUS
MpEeANPUATHS 7151 OyAYIIeTro pa3BUTHS.

Jnsg  pa3BuUTUS  yYETHO-AaHAJUTUYECKOM CHCTEMBI JICSITEJBHOCTH MPEANPUATUS Kak
nH(GOPMaLIMOHHON 0a3bl IS MPUHATUS TAKTUYECKUX U CTPATETHUYECKUX YIIPABICHYECKUX PELICHHH
Heo0x0IMMO 00JIee MUPOKOE BKIIFOUEHUE HAMIPABICHHA CTPATETUIECKOTO YIIPABIICHHSI B PA3BUTHE
(bMHAHCOBO-IIPOM3BOJCTBEHHON JAESITeNbHOCTU. [l ympaBieHus STHUMH OU3HEC-IpoleccaMu
HEO0OXOUM aHaIN3 OU3HEC-MOJIEIeH MPenpHUsITHS U THOKUE TIpaBUIIa.

[To MHEHHIO y4YeHBIX, TJIaBHOE OTJIMYME aHajin3a OWU3HEC-TMPOLECCOB OT TPATUIIMOHHOTO
KOMILIEKCHOTO SKOHOMHUYECKOTO aHallh3a 3aKJII0YaeTCsl B TOM, YTO aHAJINW3 OM3HEC-TIPOIIECCOB U
BHYTpEHHUH (aHanmu3 OW3HEC-MPOLIECCOB) M BHEIIHMN (aHANIM3 OKPYXKAIOIIEH Cpelbl), aHAIHU3
OCHOBAHHBIM Ha OIEHKE MHOXECTBA KPUTEPHEB B COOTBETCTBUU C TPEOOBAHUSIMHU Pa3TMUHBIX
3aMHTEPECOBAHHBIX CTOPOH, CBOEBPEMEHHO KOPPEKTHUPOBATh OW3HEC-MOJENb U CTPATErHIO
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MPEANPUATHS U 00ECIeunuBaTh €ro YCTOWYMBOE pa3BUTHE. TakuMm o0OpazoMm, aHaIM3 OW3HEC-
MIPOLIECCOB M BHEIITHEH Cpeibl MOKHO MPEJICTaBUTh KaK CTpaTernYecKuil aHamus.

OmHVM W3 TJIaBHBIX NPEUMYIIECTB CTPATETUYECKOTO YIMPABICHUYECKOTO y4YeTa SIBIISICTCS
HCIIOJIb30BaHNE BO3MOXHOCTEH CTPATErHueCKOro aHajan3a, KOTOPBIN 3aKII0YaeTcsl B IPUMEHEHUH
IIUPOKOTO CIIEKTPa WHCTPYMEHTOB, 00ECIIEUNBAIONINX PAa3pabOTKy U peann3anuto dheKTHBHON
CTpaTeruy pa3BUTHs NPEANPHUATHSA, OOecleyrBaeT IUIAHWPOBAHME, Y4e€T U KOHTPOJb OH3HEC-
MIPOIIECCOB C LENBI0 CO3/IaHUS ONTHUMAaIbHON OU3HEC-MOIEIH IS CTPATETUIECKOTO Pa3BUTHSL.

Jlis [OCTHKEHUs CTpaTerMYecKuX Leled mnpeanpustue pa3zpadaThiBaeT I0JTOCPOYHBIC
IUTAHBl  Pa3BUTHS, pead3alus KOTOPBIX HEBO3MOXKHA 0€3 y4acThs CTpPaTerHyecKoro
yIpaBIECHYECKOTO yueTa.

OcHOBHasi poJIb CTPATETHUECKOTO YIPABICHYECKOTO y4deTa B 3TOW 00JacTh 3aKITI0YaeTCs B
OTIpe/IeNICHUU MyTel JOCTUKEHHS CTPATETUUYECKUX LIeJIel 1 aHamu3e TeHACHIIUN peaTu3aluu dTHX
maHoB. [3,c.34]

[Ipu sTOM pelieHusi, MpUHUMAEMble B KOHTEKCTE CTPATETHYECKOro IJIAHUPOBAHHS Ha
OyyIue mepuoibl, J0KHBI TIEPEeCMAaTPUBATLCS B COOTBETCTBUHY ¢ MH(OPMAIIHEH, TIOTYYSHHON U3
CUCTEMBI CTPATErMYECKOTO YIPABICHYECKOTO YUeTa.

[ToaTomMy ISl BBIIOJTHEHHS 3a/1ad CTPATETHYECKOr0 YIPABICHUYECKOrO y4eTa HeoOXOIUMO
UMETh UHPOPMAITMOHHYIO CUCTEMY, UCIIONB3YIOUIYI0 HHCTPYMEHTHI IU(PPOBU3ALINHU, YCKOPSIOLIUE
nporuecckl 00padoTku U 00001IeHUSI UH)OPMALIUH.

CrpaTernyeckuii yIpaBJICHUECKUH YYeT IMO3BOJSET BBIBECTH YIMPABICHUECKHH yuyeT 3a
TIpeIeIbl BHYTPEHHEH Cpeibl MIPEANPHUATHS U BKIIOYUTH B chepy ero 00bEeKTOB BHEITHEH OM3HEC-
CpEJIbI.

[ToaTOMy B KOHTEKCTE UCTIOIB30BAHUS COBPEMEHHBIX U(DPOBBIX HHCTPYMEHTOB €0 MOXHO
paccMaTpuBaTh Kak KOMIUIEKCHOE HampaBlieHUE YIPABIEHYECKOTO y4eTa, BKIIIOYAIOIIee B CeOs
COBOKYITHOCTh TE€XHOJIOTHI cOOpa, perucTparui, 0000meHUsT U MpeACTaBiIeHUsT HHPOPMAIH B
[esiX obecrneueHusi, mpolecca NPUHATHS CTPATETUYECKUX YIPABICHYECKUX PEHICHUN, KOTOPBIiA
coueTaeT B ce0e yUeT U aHaIu3 KaK BHYTPEHHUX (DaKTOPOB Pa3BUTHS MIPEITPHUATHSI, TAK U BHEIITHEH
ousnec-cpensl.[5,c.80]

[Ipu 5TOM B yCIOBUSX HH(PPOBU3ANNN, HAPSIY CO CTPATETHYCCKHUM aHAIN30M OH3HEC-
MIPOLIECCOB M OIEPAIMOHHOW Cpefbl, B COJIEPKAHUU CTPATETHYECKOTO YIPABIEHYECKOTO ydeTa
MOSIBJISIIOTCSL  CIEAYIOLIME  KIIOYEBbIE  DJIEMEHTBL:  CTpaTermyeckoe  IUIaHMpPOBaHHE,
OroKeTHPOBaHUE, KOHTPOIIb, OlleHKa U MoTuBanus (puc.1.1).

B ycnoBusix nudpoBuzanuu s CTpaTErHYECKOTO YIPABIEHYECKOTO ydyeTa KaK CpeicTBa
WH(GOPMAIIMOHHON MOAIEPIKKH MPUHSATUS CTPATETHUSCKUX PEIICHUH 1O Pa3BUTHUIO MPEATPHUSTHUL
aKTyaJIeH BOIIPOC KOJMYECTBEHHOTO ydeTa M3MEHEHHH OTHOCUTEIbHOW KOHKYPEHTHOW MO3ULIUU
MPEANPUATHS, B CPABHEHUH C 3TUM 0CO0O€ 3HAUYCHHWE MMEIOT YYaCTHUKH phiHKA. Kpome Toro
HE0O0X0aUMO cOoOpaTh yriyOneHHYI0 MH(POPMAIMI0 0 KOHKYPEHTHOW MO3UIIMHA TPEANPHUATHS, Ha
OCHOBE KOTOPOH OIICHUTH TOTEHIUAN YBEITUUCHUS JTOTH PHIHKA, & TAK)KE TIPOBECTH CPABHUTEITHHBIN
aHaJIU3 YPOBHS €ro 3aTpat ¢ aHAJIOTMYHBIMU 3aTpaTaMu NPEANPUATHI-KOHKYPEHTOB.[2,¢.50]

OcBenieHbl OCHOBHBIE BOIPOCHI CTPATETHYECKOTO YIPABICHUYECKOTO Y4eTa B YCIOBHSX
un(pOBU3AIIH, UUCIIONIB3YEMBbIE ITPH STOM MOAXO0/IbI BKIIOYAIOT HE TOJIBKO cO0p nHGOpMaIuu, HO
U COCTABJICHHE Ha €€ OCHOBE pEHUTHHra OCHOBHBIX KOHKYPEHTOB IO HX CTPAaTErHYECKOMY
MOJIOXKEHUIO Ha phiHKe OH MPOTHO3HPYET CUJIbHBIC U clladble CTOPOHBI OM3HEca KOHKYPEHTOB, a
TaKk’)K€ WX OCHOBHBIC KOHKYPEHTHBIC IMPEUMYIIECTBA. DKCHEPTHBIE METOJbI, OCHOBAaHHBIC Ha
WCIOJIb30BAaHUU HIMPOKOTO CHEKTPa PHIHOYHON MH(GOpPMAaLMU U JAIOUIe TOYHbIE PEe3yJbTaThl 3a
CYeT NMPUMCHCHHS COBPEMCHHBIX NU(POBBIX MHCTPYMEHTOB, TPEIOCTABISIOT OoOJiee IIUPOKHE
BO3MOYKHOCTH JIJISI pEUICHHsI 3TOM 3a/1a4H.
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bnarogapss Mcnonb30BaHUIO COBPEMEHHBIX MHCTPYMEHTOB LM(POBU3ALINHU, MPEXKIE BCETO
IIPOrpaMMHOT0 OOecIieyeHusi Ha 0a3e BCTPOEHHBIX CHUCTEM U METOAMYECKOIO MHCTPYMEHTapHs
YIPaBJIEHYECKOr0 yuyeTa B YCIOBHSIX HU(PPOBU3ALNU, CCTPATETHMYECKUH YIPaBIEHUYECKUH yueT
MOXET JOCTUYb 3HAYUTEIIBHBIX YCIIEXOB B BBIITOJIHEHUH CBOMX 33/1a4 U PEILIEHUHU CBOUX OCHOBHBIX

poosIeM.
bes

HCIIOJIBb30BaHUA

COBPCMCHHBIX HH(prBLIX HHCTPYMCHTOB CTpaTel"I/ILICCKI/II\/'I

YIPaBJIEHYECKUI Y4eT HEe MOKET 00ecneuuTh TpeOOBaHMs 10 CBOEBPEMEHHOCTH M CPOYHOCTH,

IOJIHOTC MW  TOYHOCTH

uHpOpMaIuy,

HCO6XOHHMOﬁ il TIPUHATHA ~ CTPATCTHYCCKUX

YIIPaBJIEHYECKUX PELIEHUH, @ TAK)KE CBOEBPEMEHHOI'O PEArNPOBAHUS HA U3MEHSIOIIUECS YCIOBUS

nestenbHocTu.[1,.90]

[Ipy >TOM BaXHO YETKO IOHUMAaTh, YTO MCIIOIB30BAHME COBPEMEHHBIX MHCTPYMEHTOB
mUpoBU3aAMK U HWH(POPMAIIMOHHBIX TEXHOJOTHMH HE JOJDKHO YCIOXKHSITH JCHCTBYIOLIHE HAa
NPEeIIpUATHH OM3HEC-TIPOLECCHl, TPUBOJANUTh K BOSHUKHOBEHHIO HEJONOHUMAHUM U CHUKECHHUIO
OTBETCTBEHHOCTHU COTPYIHHUKOB.

3akjao4yeHue

Cnenyer OTMETUTh, YTO €CJIM Ha MPEANPUSATAM BHEAPEHA aBTOMATHU3MPOBAHHASA CHCTEMa
o0miero ydera, B 3HaYUTEJbHOM CTENEHH COOTBETCTBYIOIIAsl YCIOBHUSIM (DMHAHCOBOIO yyeTa, TO
CEPhE3HBIX MPOOJIEM B Mpoiiecce ee pa3pabOoTKu U BHEAPEHUs HE BO3HHUKHET, TaK MPOTPaMMHOE

obOecreyeHue,

npcaHa3Ha4YCHHOC

14 aBTOMaTHu3aluu (bl/IHaHCOBOFO yucra, SABIICTCA

OTHOCHUTEIILHO OOIIIMM U HE 3aBUCHUT OT CIICIU(DUKH JIEATETHHOCTH KOHKPETHOTO TPEATIPUSTHS.
OpHako, MOCKOJIbKY YTPaBICHUECKUN y4eT, TaK M CTpaTerMYecKUil yrnpaBiIeHUECKUN yuer,
KaK MX OCHOBHOH 3JIEMEHT, 3aBUCAT OT OCOOEHHOCTEW OTpacid M TEXHOJOIMH MPOM3BOACTBA
MpOAYyKIMH, B 3TOM ciyuyae BHIOOp KOMaHABI pa3pabOTUMKOB MPOrPAMMHOTO OOeCTIeUeHUS IS
ABTOMATH3AIMHA CTPATETUYECKOTO0 ydYeTa Ha KOHKPETHOM IMPEANPUSTHH IPEACTABISET COOOU

BC€CbMa CJIOKHYIO 3a/1avy.
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Abstrakt. At present, the principal method for producing synthetic motor fuels from natural
gas is the Gas-to-Liquids (GTL) technology. In its hydrocarbon-based form, the modern GTL
process is a two- or three-stage technology that relies on catalytic reactions. In the first stage, the
relatively inert paraffinic hydrocarbons that constitute the major portion of natural and associated
petroleum gases are converted into a more reactive mixture of carbon monoxide and hydrogen,
commonly referred to as synthesis gas (syngas). This conversion is primarily achieved through
steam reforming or autothermal reforming, while partial oxidation is employed less frequently.

These technologies are well established and are widely employed in industry for the
production of ammonia, methanol, oxo alcohols, and other chemical products. The first stage of the
GTL process is the most capital-intensive; therefore, any improvements in this area can significantly
enhance the overall economic efficiency of the process.The second stage, namely the synthesis of
hydrocarbons from carbon monoxide and hydrogen (the Fischer—Tropsch synthesis), represents the
core stage of the GTL process, as it determines both the yield and composition of the resulting
hydrocarbons, as well as the necessity and method of subsequent product upgrading and
refining. The economics of this stage largely depend on the ability of the catalyst to promote the
reaction while minimizing the formation of gaseous hydrocarbons, which constitute the principal
by-products of the process. In the third stage, the hydrocarbon products are upgraded to commercial-
quality fuels through hydrocracking or hydroisomerization. At this stage, excessive gas formation
also adversely affects process economics and overall efficiency. It should be noted that the
development and operation of natural gas fields are generally less technologically complex than
those of oil fields. However, the costs associated with the transportation and storage of natural gas
are significantly higher than those for liquid hydrocarbons. The development of natural gas
processing technologies worldwide is directly influenced by the distance between the gas field and
the end consumer, and consequently by transportation costs. Natural gas is transported either in
compressed form through pipelines or in liquefied form using specialized tankers. Another viable
approach is the chemical conversion of natural gas at the production site into liquid hydrocarbons,
followed by transportation of these petroleum products using conventional methods, such as rail or
marine transport. In a number of cases, this latter approach proves to be the most economically
efficient method for transporting natural gas. Environmental concerns have stimulated considerable
interest among petroleum companies in the processing of carbon-containing gases. Unfortunately,
current oil production practices in our country generally do not provide for the efficient utilization
of associated petroleum gas. In the most favorable cases, associated gas is recovered as relatively
inexpensive but difficult-to-transport liquefied petroleum gas (LPG) or reinjected into the reservoir
to enhance oil recovery. However, it is often simply flared. Consequently, the development of
modern methods for the utilization of associated petroleum gas has become a particularly important
challenge in the creation of environmentally safe and waste-free oil production technologies. One
approach to addressing this problem is the liquefaction of associated petroleum gas and the
transportation of the liquefied gas to major consumers, such as gas and energy suppliers in Japan
[1].

This strategy is most effective in regions with substantial reserves of onshore natural gas.
Another method for the utilization of associated gas involves the production of synthetic crude oil
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using Gas-to-Liquids (GTL) technology, followed by its transportation and processing together with
conventional crude oil. It should be noted that interest in the Fischer—Tropsch synthesis and other
alternative methods for the production of hydrocarbon products is largely influenced by conditions
in global oil markets [2].

Thus, during the 1960s, the rapid development of the petroleum refining and petrochemical
industries led to a significant decline in research activities related to the Fischer—Tropsch synthesis.
At present, political instability in a number of OPEC member countries, including Venezuela, Iraq,
and Nigeria, has contributed to sharp increases in global oil prices and has stimulated renewed
interest in the development of technologies for the production of synthetic petroleum products. At
the same time, the development of gas chemistry (the chemical conversion of natural gas), as well
as the implementation of gas-to-chemicals processes aimed at producing valuable carbon-containing
compounds, is constrained by several factors. Natural gas production sites are often located far from
industrial centers, and its transportation requires substantial capital investment and energy
consumption. Advanced chemical processing of natural gas near production sites is also difficult to
implement, as it demands significant investment, highly qualified personnel, and appropriate
infrastructure. In general, the practical realization of gas-to-chemicals technologies is associated
with high capital costs [3].

To date, there are only three industrial plants worldwide producing synthetic fuels via Gas-to-
Liquids (GTL) technology: the Shell plant in Malaysia with a capacity of 1.2 million tonnes per
year, the Mossgas plant in South Africa with a capacity of 1.1 million tonnes per year, and the Oryx
plant operated by Qatar Petroleum and Sasol in Qatar with a capacity of 1.5 million tonnes per year.
At present, there is a growing trend toward the practical implementation of GTL processes. Pilot
and semi-industrial facilities for the production of synthetic hydrocarbons using this method are also
operating in South Africa, the United States, Norway, Italy, and the United Kingdom.Almost all
leading global oil companies (Shell, BP Amoco, ExxonMobil, Conoco, and others) are involved, to
varying degrees, in the development of their own GTL projects. The interest of oil companies in
this process is driven by the need to expand the feedstock base, as well as by the opportunity for
corporate growth through investments in new projects for the production of middle distillates from
low-cost natural gas in remote fields located in countries such as Malaysia, Qatar, Nigeria, and
others. It was projected that by 2010, the total capacity of GTL plants would exceed 20 million
tonnes per year [4,5].

The primary modern method for producing synthesis gas and hydrogen is the oxidative
conversion of methane. Three main approaches to this process are known:

(a) Steam reforming:CH4 + H.O = CO + 3Hz, AH = +226 kJ/mol;

(b) Dry (CO3) reforming: CHs + CO2 = 2CO + 2H2, AH = +264 kJ/mol;

(c) Partial oxidation: CH4 + 1/202 = CO + 2Hz, AH = 44 kJ/mol.

Combinations of these reactions are also used, for example steam—CO. reforming of methane.
For industrial implementation, the strongly endothermic reactions (a) and (b) require an external
heat supply. In contrast, reaction (c) is exothermic. The integration of endothermic methane
reforming processes with exothermic partial oxidation enables the production of synthesis gas with
little or no external heat input (autothermal reforming, ATR).Current improvements in natural gas
conversion processes are mainly focused on reducing capital investment and increasing the scale of
individual process units. The following technologies are considered the most promising in this
regard:

1. Next-generation ATR (autothermal reforming): reduction of the steam-to-carbon ratio
from the current value of 0.6 to 0.2—0.3 without causing degradation of the reactor metal.

2. Heat-exchange reforming: a combined process in which the heat generated during ATR
is utilized to drive the steam reforming reaction.

3. Membrane-assisted reforming: a process based on the use of dense ceramic membranes
that enable ionic oxygen transport from air into the reaction zone.
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The main stage of the GTL process is the synthesis of hydrocarbons from synthesis gas. This
stage determines both the quality and quantity of the target products. The catalyst and process
configuration of this stage form the core of the entire GTL technology and represent the primary
subject of licensing.The Fischer—Tropsch synthesis can be considered as an oligomerization of
carbon monoxide, which may be expressed in simplified form as:

CO + 2H2 — [CHz] + H:20.

This is an exothermic reaction occurring in the presence of catalysts. The Fischer—Tropsch
synthesis begins with the simultaneous chemisorption of CO and H: on metal active sites. Cobalt
and iron are mainly used as catalysts for this synthesis. The optimal synthesis temperature for cobalt
catalysts is 170-270 °C (low-temperature Fischer—Tropsch synthesis), whereas for iron catalysts it
is 250-325 °C (high-temperature Fischer—Tropsch synthesis). Cobalt catalysts typically operate at
pressures of up to 130 atm, while iron catalysts operate at 20—30 atm. Improvements in natural gas
conversion processes currently focus on reducing investment costs and employing larger-capacity
single-train units. A characteristic feature of the Fischer—Tropsch synthesis is the sharp change in
selectivity with increasing temperature. An increase in temperature may lead to catalyst self-heating
and a complete loss of its ability to produce liquid and solid hydrocarbon products.

Therefore, effective heat removal is a critical requirement in the implementation of this
process.

The products of the classical Fischer—Tropsch synthesis consist mainly of linear paraffinic
hydrocarbons. Small amounts of isoparaffins, olefins, aliphatic alcohols, aldehydes, and acids are
also formed. The relative yield of these products varies significantly and strongly depends on the
catalyst and operating conditions of the synthesis. The Fischer—Tropsch synthesis products are
formed according to the following principles [6]:

1. Thermodynamically, the formation of hydrocarbons of any molecular mass, structure, and
type from CO and H: is possible, except for acetylene.

2. The probability of hydrocarbon formation decreases in the following order: methane >
other alkanes > alkenes.

3. The probability of formation of normal alkanes decreases, while the probability of
formation of normal alkenes increases with increasing chain length.

4. An increase in total system pressure promotes the formation of heavier products, whereas
an increase in the partial pressure of hydrogen in the synthesis gas favors the formation of alkanes.

Since the synthesis of hydrocarbons from CO and H: is a polymerization-type process, the
resulting products form a distribution of aliphatic hydrocarbons ranging from methane up to
compounds containing 100 or more carbon atoms. The molecular weight distribution of these
products is described by the Schulz—Flory equation [7]:

gn=(1la)2 - n-an 1, rae gn — mass fraction of hydrocarbons with n number of carbon atoms.

In this equation, the parameter o (Schulz—Flory alpha) represents the ratio of chain
propagation to chain termination rates. The Schulz—Flory a is an important indicator of catalyst
performance, as it characterizes its ability to promote the polymerization reaction.The Schulz—Flory
equation imposes certain limitations on the selectivity of the most valuable Fischer—Tropsch
synthesis products, namely liquid hydrocarbons: the yield of the gasoline fraction (Cs—Ci1) and the
diesel fraction (Ci2—Cis) cannot exceed 48 wt.% and 30 wt.%, respectively.At the same time, solid
hydrocarbon products characterized by a Schulz—Flory a value exceeding 0.9 are formed without
significant limitations. This feature of the product distribution in the Fischer—Tropsch synthesis
imposes a specific influence on the process design and technological configuration. In order to
obtain a higher yield of liquid hydrocarbons, the synthesis is carried out in two stages (the “two-
stage Fischer—Tropsch synthesis™). First, hydrocarbon mixtures rich in heavy products are produced
from CO and Ha. These products are then subjected to hydrocracking to obtain middle distillates,
i.e., commercial fuels such as diesel fuel and jet kerosene.At present, cobalt-based systems are
considered the most promising Fischer—Tropsch synthesis catalysts, enabling the production of
liquid and solid paraffinic hydrocarbons from CO and H: with selectivity of up to 90%.It is well
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established that the activity and selectivity of cobalt Fischer—Tropsch catalysts are influenced by a
wide range of factors, such as the nature of the support and promoters, the preparation method,
reduction conditions, and others [8].

For the preparation of cobalt Fischer—Tropsch synthesis catalysts, impregnation is the most
commonly used method. Catalysts prepared by this technique are characterized by the fact that the
specific surface area of the reduced catalyst is close to that of the support, which essentially acts as
a matrix controlling the formation of cobalt crystallites of a certain size. The highest yield of liquid
products is achieved when the cobalt crystallite size is approximately 50—-100 A [9].

Cobalt catalysts exhibit activity in the Fischer—Tropsch synthesis only when metallic cobalt
is present. Since these catalysts are typically prepared from cobalt salts, they require prior reduction
at 350-500 °C (the reduction temperature depends on the catalyst composition and is an optimized
process parameter).

The polymerization properties of cobalt catalysts can be significantly influenced by
promoters. Oxide promoters (such as ZrO, TiO2, MnO-, and others) improve process selectivity by
increasing the yield of liquid hydrocarbons [10].

Metallic promoters, typically noble metals of Group VIII, can also be used to enhance catalyst
activity [11].

Their characteristic feature is ease of reduction and the ability to adsorb hydrogen in atomic
form, which facilitates the reduction of cobalt species. As a result, both CO conversion and the yield
of liquid hydrocarbons increase. When a metallic promoter is introduced, as in the case of oxide
promoters, its concentration in the catalyst must be optimized. It should be noted that the preparation
of an active catalyst for hydrocarbon synthesis from CO and H. imposes stringent requirements on
the quality of the materials used. For example, changing the supplier of the support may lead to a
noticeable decrease or even a complete loss of catalytic activity. This may be caused by changes in
the phase composition of the support, the presence of catalyst poisons (such as sulfur), as well as
other compounds capable of forming new phases with cobalt or promoters.GTL projects are
typically aimed at supplying petrochemical products to various markets (12—18).

These markets can be divided into fuel, petrochemical, and specialty product segments. The
crude oil market is the largest, most accessible, and virtually unlimited market for GTL products.
Synthetic crude oil can be sold on global markets at a price approximately 30% higher than Brent
crude due to the absence of sulfur, nitrogen compounds, benzene, and other harmful impurities. In
the context of Russia, achieving such a price advantage is possible when synthetic crude is
transported from a GTL plant to export consumers using railway tank cars or marine
tankers.However, in most cases, the primary method of crude oil transportation to the market is the
main pipeline system, where synthetic crude oil will inevitably be blended with conventional

“mineral”) crude oil, leading to a loss of quality differentiation. Nevertheless, the production of
synthetic crude oil and its sale even at standard market prices remains economically justified in
cases where the feedstock consists of low-cost associated petroleum gas, low-pressure gas, or gas
from fields with reserves of less than 200 billion m?. The diesel fuel market is the most important
segment for synthetic liquid fuel (SLF) end-use products. Synthetic diesel fuel surpasses petroleum-
derived diesel fuel (meeting the EN590 standard) in key performance indicators: the cetane number
exceeds 75 compared to 55 for conventional diesel; the content of polyaromatic hydrocarbons is
0.1% compared to 6%; sulfur content is 0 ppm compared to 50 ppm; and density is 767 kg/m?
compared to 835 kg/m?3.Significant opportunities for these products exist in developed markets,
where environmental issues associated with vehicular emissions represent a serious concern.In this
context, cleaner GTL diesel fuel can be blended with conventional diesel fuel in order to improve
the quality characteristics of the latter. A market for such “environmental additives” already exists.
At present, pure GTL diesel fuel is used in specially adapted engines in Germany, Austria, and
Sweden. In France, Italy, and other countries, blends of GTL and conventional diesel fuel are used.
The diesel fuel market is considered the fastest-growing and most promising global petroleum
product market. A projected annual growth rate of approximately 3% in diesel fuel consumption is
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expected. However, even with 50% implementation of new GTL capacity projects, the contribution
of synthetic diesel fuel to the total market volume would account for only about 2.3%.For this
reason, the development of even very large-scale GTL capacities is not expected to cause oversupply
in the market. The energy strategy of the Russian Federation envisions a future transition toward
the export of high-quality diesel fuels.

The solution to this problem can be largely achieved through the development of the GTL
industry at Russian gas fields. The second most important GTL product is naphtha, which is
analogous to natural gas liquids (NGLs). In conventional practice, NGLs are obtained during the
processing of associated petroleum gas at gas processing plants. NGLs are a highly valuable
feedstock for the petrochemical industry. GTL-derived naphtha is an ideal raw material for the
production of ethylene and propylene. Other GTL products, such as lubricating oils and paraffins,
despite their high quality characteristics, have limited markets. Therefore, the introduction of new
GTL capacities may lead to oversupply in these product segments. The synthetic liquid fuels (SLF)
market is a rapidly growing sector. The main factors driving this market include the urgent need to
monetize large reserves of natural gas, associated petroleum gas, and coal-bed methane that are
difficult to utilize by other means such as pipeline transport or conversion into heat and electricity.
This trend is reinforced by the continuously increasing global demand for liquid hydrocarbons, as
well as increasingly stringent environmental regulations regarding the quality and emission
characteristics of hydrocarbon fuels.
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VR KYPAJIJAPBIMEH BU3YAJIN3AIUAJTAYABIH OKY YAEPICIHE OCEPI

AJIJABEPT'EHKbI3bI OMUHA
1. YonuxaHoB aTbiHaarsl Kekieray yHuBepcuteti, Matematuka, @u3nka xoHe
WNndopmartuka kadeapacbHbIH MaruCTpaHThI

Feumeivu sxerexmn — XAM3UHA B.E.
Kexkieray, Kazakctan

Annomauun: Makanaoa eupmyanovr weiHauvliblk (VR) owcone  mobIKMublpulizat
wvlHauvlvlk (AR) mexnonoeusnapvin 6inim Oepy yoepiciHOe 6uzyanuzayus KYpaivl peminoe
KONOanyobly MYMKIHOIKMeEpI MeH epeKulenikmepi Kapacmulpuliadvl. Busyanuzayusnvly oKy
Mamepuanvii meHeepyoe2i peni manoanvin, VR sicone AR mexnonozusnapwinsiy Kypoeiui yeuimoap
MeH yoepicmepdi KepHeki mypoe mycindipyoeai muimoiniei cunammanean. ConviMen xKamap,
amanzan — MexHoNO2UANAPObIY — OINiM  alyWbLIapObly — OKY — MOMUBAYUACHIHA,  MAHLIMObBIK
bencenoinicine, Kbl3bl2YUbLILIZLIHA JHCIHE OKY Jicemicmikmepine acepi &blabiMu 3epmmeyiep
He2i3iHOe Kapacmuipbiiean. Maxanaoa eupmyanoel cone MONLIKMBIPLINRAH —UWbIHAUBLILIK
MexXHOI02UANApbIH wem mindepin okvimyoa, STEM bagvimeinoagvl nandepoi meneepmyoe JHcaHe
Kypoeni HulcaHOapObl BU3YAIUZAYUALAYOA KOAOAHY madicipubenepi manoanean. 3epmmey
Homudicenepin wony Hezizinoe VR odicone AR mexHon02usnapulHbly OKY YOepiciHiy muimoinicin
apmmuipyaa, OilimM anryuvliapobly 0Ky madcipubecin Oaublmy2a JHcaHe 3aMaAHayu Yuppavlk Oinim
bepy opmacuvli KaIblnMacmulpyea blKNal ememini aHbIKmanobl.

Kinm ce30ep: supmyanovi wwlHalblblK, VR mexnonoeusiapvl, moablKmulpoli2aH
WBIHALBLILIK, GU3YATU3AYUSL, OLLIM bepy, OKY Yoepici, UUdpiblK mexHoI02usnap.

Hudpaslk TeXHOIOTUATAPABIH KapKBIHABI 1aMybl 011iM Oepy KyleciHe kaHa MYMKIHAIKTep
enrizyne. COHFBI JKbUTIApbl BUPTYaiabl bIHAWBUIBIK (Virtual Reality - VR) sxoHe TONBIKTHIpBLUTFaH
mpHARBUTBIK (Augmented Reality - AR) TexHONOTHSUIApBl OKBITY KYpalIapbl PeTiHIC KEHIHCH
KosgaHbuia Oactazbl. byn eki TexHonorus IMQPIbIK KOHTEHTIEH e3apa 9peKeTTeCYiH kKaHa
TOCUIZIEPIH YCHIHATHIH OoJiamarsl 30p €Kl TexHojorusra aitHanabei[ 1], [2], [3]. VR — Oy anamasr
TOJIBIFBIMEH IIBIHAWBI OQJIEMHEH OKIIayjan, KOMIBIOTED apKbUIbl JKacalfaH WMHTEPAaKTUBTI
ymenmemMal  TUPPIABIK  KEHICTIKKE €HTI3€TIH  TEeXHOJIOTHS. BupTyannbl  IBIHAWBUIBIK
TEXHOJIOTUsUIaphl OiiM Oepy canachlHAa KEHIHEH KoigaHbulbll Kejeldi. OcbklFaH OaiaHbICThI
"BUpTyasabl OUTIM Oepy" YFbIMBI KaJbIITACHII, OKBITY YIEpICIHAE KaHa MYMKIHIIKTEpAIH Maijaa
Oo0IybIHA BIKIAT €TTi. ByJ1 — alaMHBIH €Hill, ©3apa dpeKeTTece aJaThIH KacaH/Ibl MHTEPAaKTUBTI OPTa.
VR-611iM  GepyziH GacTbl apTHIKIIBUIBIKTAPBIHBIH Oipi — HIbIHAWBI eMmipAe OOJIbI KaTKaH
yAepicTepai TepeHIpeK opl JKaKChlpak TyciHyre MyMKiHIiK Oepyi[4]. An AR — Bupryamabl
HBICAHJIAPMEH TOJBIKTBIPbUIFAH HIbIHAWBI MaTEepUANIBIK oeM. TOJBIKTBIPbUIFaH IIBIHANBUIBIK
TEXHOJIOTHsUIapbl cMapT(OH HEMece TUIAHIIET KaMepachl apKblIbl HAKTHI OpTaJaFbl 00bEKTiIepAi
HAKThl YaKbIT PEXKUMIHIE AaHBIKTAIl, OJAapJblH YCTIHE BHUPTYyaJJbl HbICAHIAP MEH LUDPIBIK
aKmapaTThl OpHAJACThIpyFa MYMKIHIIK Oepeni. by Oinmim amymisiiapra HaKThl )KOHE BUPTYaJIIbl
oJleM JJIEMEHTTEpiH Oip Mesriaae KaObuimayra jkarjaid jkacar, aiHaJachlHAa OOJBINT JKaTKaH
Karaalmapapl TepeHIpeK TYCiHyiHe, aKmapaTThl THIMAI KaObUIlayblHa KoHE OUTIMIH apTThIpyFa
KOMeEKTece .

Busyanuzanus — aknaparTbl MEHIepy/IiH THIM/TI Kypasibl 00JIbIT TaObUTa b1, ce0e0l agamM MUbL
KOPHEKI aKMapaTThl MOTIHAIK MAJIIMETTEpPre KaparaH/Ia JKbUIIaM opi camayibl eHuelai. OcbiFaH
OaiimanpicTbl VR TexHoNOTMsuIapsl HaKThl OpTaga Oakpulay KHBIH HEMEce MYMKIH eMmec
KYOBUIBICTAp/Ibl BU3YaJbl TYpPIAE KOPCETy apKbUIbI OUTIM aldylIbUIapJblH OKY MaTepHallblH
TEPEHIpeK TYCiIHyiHE >karmail xkacaiiapl. COHBIMEH KaTap, BUPTYaJIbl IIBIHIBIK aJaMHBIH CE31M
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MYIIENIEpiHe dcep €TiM, aKHapaTThIH THIMII KaObUIIaHybl MEH €CTe CaKTalyblHa bIKNaN eterdi [4].
Hotmwxkecinne, VR Texnonorusapsl 0i1iM 6epy yaepiciHae KypAael KypblIbIMIap MEH yaepicTepai
KOPHEKI TYp/e TYCIHAIPYIiH THIMAI KYpaJibl peTiH/Ie KapacThIPbUIAIbI.

Kasipri Tanga BHUpPTyanAbl IMIBIHAWBUIBIK JKOHE  TOJBIKTBIPBUIFAH  HIBIHAWBUIBIK
TEXHOJIOTHSUIapHI OiniM Oepy canachklHAa KEHIHEH KOJIaHbLIyaa. Ocipece nHopMaThKa, Qpusmka,
OMOJIOTHSI JKOHE MaTeMaTHKa CHSAKTHI TMOHAEpAe aOCTPaKTiM YFBIMAAPIALI TYCIHIIPY Ke31HJe
KOPHEKIUTIKTIH MaHbBI3bI JKOFapbl. Byl TeXHOJOTHsIap OKy MaTepHajblH KOpHEKI TYpAE YChIHYFa
XKoHe OUTIM aNyIIbUIApABIH KbI3BIFYIIBUIBIFBIH apTThIpyFa bIKHal etefi. COHbIMEH KaTap, Kypaeni
TEOPMSUIBIK  YFBIMAAPABI BU3YyajJbl MOJENBACY AapKbUIBl OUTIM  adylIbUIApPIBIH TAaHBIMIIBIK
OeNICeHAUIITH BIHTANAHBIPHIN, OJIApFAa MHTEPAKTUBTI OpTaja TIKIpUOETiK Jarapliapabl Kayirncis
KAJIBINITACTRIPYyFa MYMKIHJIK Oepemi. VR TeXHONOTHICH OUTIM aylibuIapAbl BUPTYAJIbl OpTara
€HT'13y apKbUIbl TOKIpUOENiK AarAblIapbpl KAIbIITACThIPyFa jKaFnai jkacaca, AR TEXHOIOTHICHI
HAKThI OpTara MUQPIBIK HBICAHIAPIbI €HT13y apKbUIbI OKY YISPIiCIHIH THIMIUIITIH apTThipaasl. AR
TEXHOJIOTHUSICHI apKbUIbI O11iM amymibuiap Oedriai O0ip OpbIHFa KaTBICTHI dPTYPIIL JepEKKO3AepAcH
JKUHAKTAJIFaH aKmapaTka j>Kelel KOJ JKeTKI3y MYMKiHAIriHe ue Oomanbl. by o3 Keserinme oxKy
YAEpICiHIH KOJDKETIMAUTITIH apTThIPBIN, OUTIMJII HaKTHl OpTa >KaraalblHIa MEHIepyre MYMKIHIIK
oepei.

Buptyanapsl mbIHAMBUIBIK TEXHOJOTHMACHI JOCTYPJl OKYy MaTepuanjgapbl MEH MOOMIIbII
KOCBhIMILIAJIapFa KaparaHjaa OuTIM ajylibllapra TEPEHIPEK OKY TIKIPUOECIH YChIHYFa MYMKIHJIK
Oepeni. VR KypbUIFbIIapblH NaianaHy Ke3iHJe OUTIM allylibl CHIPTKbI QJIEMHEH OKIIAYJIaHBIII,
KOMIIBIOTED apKbUIBI JKacajfaH BHU3yalnbl OcifHenmepii, ABIOBICTApAbI JKOHE KeW IKarmaima
TaKTUIBAI Kepi OaimaHbicThl KaObuimaiinpl. CoHbIMEH KaTap, VR TexHomorusmapsl Oimim
aylIbUTApbIH KaTelllK )kacay/iaH HeMece OarallaHy1aH KOpBIKIai, O111M alyFa MYMKIH/IIK OepeTiH
KayiIrci3 opi KoJlaisiel OKy OpTachIH *acayFa MYMKIHJIK O6epeni [5].

bipkaTap 3epTreymuriiiep BUPTYyasabl IIBIHAWBUIBIK TEXHOIOTHSUIAPBIH TUT YHPETY canachlHIa
KOJIJaHYJIbIH MYMKIHIIKTEepiH 3epTTereH. Tin ylpeHy YIIiH IIeTenre casxarray Keiiie KbiMOaT
HeMece MPaKTUKAJIBIK TYPFbIAAH KOJANChI3 O0Jybl MYMKIH. AJ BUPTyanabl HIbIHAHBUIBIK (VR)
opTachl 0acka TULAIK opTaaa 0oy TOXKIpUOECiH Kayirci3 opi SKOHOMHUKAIBIK TYPFBIIAH THIMJI
Typae amyra MyMKIHAIK Oepeni. OcbLiaiiina, naijanaHylibuiap Ierenre (U3MKalIblK Typhe
OapMaii-ak, TUIIK JaFAbUIaphIH JAMBITHIN, OKY YAEPICiHIH MKEMIUTIr MEH THUIMAUIITIH apTThipa
anazpl [6]. Spruk sxone opinTectepi xyprisren «LingoVerse: Virtual Language Learning Through
Gamification» 3eptreyinge [7] Hemic TUmiH Yyiperyre apHamraH VR-KockIMIa o3ipJiCHTeH.
KoceiMmagarsl BUpTyanabl KeHWilNKepiaepMeH JUalor KYprizy, YIIedmeMIl HbICaHIapMeH
OpeKeTTeCy KOHE OMBIH DJIEMEHTTEpPiH KOJJaHy OuliM alyIlIbulapAblH OKYy YAepiciHe Oenceni
KAaThICYbIH KaMTaMachl3 ereai. MyHaail opTaja ojap KaTelecylleH HeMece ChIHFa YIIbIpayAaH
KOPBIKIai, TOKipruOeep jxacay apKbUIbI )KaHa JaFabuiapasl MeHrepe anaapl. ConpiMeH Katap, VR
opTachblHa OWBIH JJEMEHTTEpiH €Hri3y (ymaimap, ACHresep, JKeaen Kepi OaillaHbIC JKOHE
MaparnaTTay Kyienepi) OUTIM amylmIbUIapAbIH KbI3BIFYIIBUIBIFBIH APTTHIPBIN, OKY MOTHBALIMSCHIH
KymenTeai. BupTyanasl MIbIHAWBUIBIKTBIH TaFbl Oip MaHBI3IBI €PEKIIENiri — OeJICeHAl OKBITYIbI
Kongaybl. JIocTypii OKbITyZlarbl MAcCHBTI OaKpuIaylaH albIpMAIIbUIBIFBl — OUTIM aymIsuiap
BUPTYaJbl OOBEKTIIEPMEH TiKeNeH OpeKeTTEecCiM, KO3Fallbic MeH (PU3UKAJIBIK e3apa opeKeTTecy
apkputbl  OimiM  amansl.  LingoVerse muaTdopmachiH maiianany OOMBIHIIA SKYPTi3UIreH
AKCIIEPUMEHT HOTIDKEJIEpl BUPTYaJAbl OPTaarbl BU3YAIU3AUSIHBIH OKY HOTHIKEJIEpIHE TiKenei
ocep eTeTiHiH KepceTTi. 3epTTeyre KaTbicKaH 15 acTarbl OUTIM alylIbUIapIbIH OKY JKETICTIKTepi
VR KypaiblH KoNJaHFaHHAaH KeWIH CTAaTUCTUKAJBIK TYPFBIIAH >KaKcapraH. Ocipece, OMbIH
OapbICBIHIA JKHI OPEKETTECKEH TAaKBIPhINTap OOWBIHIIA TECT HOTIDKENIEPIHIH IKOFapblIaFraHbl
Oaiikanran. CoHbIMEH KaTap, MMMEPCHUBTI BU3yalIHM3alus OiTIM anylIbUTapAbIH Ha3apblH OKY
TaTNChIPMAacChlHA IIOFBIPJIAHABIPHIN, CHIPTKBI aJaHIATYIIBl (aKTOpiapAbl a3alTy apKbUIBI OKY
MaTepHablH TUIMJI MEHTepyre bIKNan eTkeH. by HoTmxkenep OUTIM amylIbIapIblH BUPTYaabl
opTara JereH OH Ke3KapachIMEeH Je pacTajajabl. 3epTrey OapbIichiHAAa Karbicymbuiap VR
TEXHOJIOTUSTAPBIHBIH MHTEPAKTUBTUIITIH A9CTYPIIi OKBITY 9AICTEpIMEH CaNbICThIpFaH/Ia dJAeKania
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TapTHIMIBI JIen OaFanarn, OHbl 5 OanbIK mkana OoipHma 4,7 6amiMen Oaranaran. MyH/ai skorapbl
KOPCETKIII  BUPTYaJAbl  IIBIHAWBUIBIK  TEXHOJOTHSUIAPbIHBIH ~ OUIIM  alylIbUIapAblH
KBI3BIFYIIBUIBIFBIH APTTBIPBIN, OJIAPJBIH OKYy MaTepHaliblHA JIETeH BIHTAachl MEH OEJCEeHIUTIriH
KYIIEHTETIHIH JoNeAeial. 3epTTeyuijiep BUPTYa bl IIBIHAWBUIBIK TEXHOJIOTHUSIAPBIHBIH TUIIK
opTara eHy MYMKIHJITH KaMTaMachl3 €Till KaHa KoiMaii, epekie 0imiM 0epy KaKeTTUTIKTepi Oap
T11 yiipeHyuIiepre e THIMA1 KOJJlay KepceTe ajJaThIHbIH aHbIKTaFraH [7].

BupTtyanapl mIBIHAWBUTBIK TEXHOJIOTUSUIAPBIHBIH OiimM Oepyneri tuimainiri STEM (FeuibIM,
TEXHOJIOTUS, MH)KEHEepUsl >KOHE MaTeMaTHhKa) OaFbIThIHIAFbl 3epTTeyliepe /€ JoJIEIJICHIEH.
Maheshwari 1. xone Maheshwari P. xyprisren «Effectiveness of Immersive VR in STEM
Education» aTThl 3epTreyne MMMepcUBTI VR TeXHOJOrMsUIapbIHBIH OKY HOTHIKEJIepiHe acepi
kapacteipputran [8]. Kenteren Oumim amymbuiap STEM monzmepiH, sSFHH JKapaTbUIBICTaHY
FBUIBIMJIAPbI, TEXHOJIOTHS, MH)KEHEpUs >KOHE MaTeMaTHKaHbl KypZeslli HeMece KbI3BIKChI3 eIl
KaObU11aiipl. BupTyanapl MIBIHAWBUTBIK TEXHOJIOTHIIAPEI OCBIHIAN Tepic KO3KapacThl ©3repTil,
STEM OarbIThIHIAFBl TOHJEpPre JEereH KbI3bIFYIIBUIBIKTEl apTTHIPBIN KaHa KoHMai, Kypaeini
YFBIMAAp/Ibl BU3YyaJIu3alusiiay apKbUIbl OJIap bl TYCIHY/Il )KEHUIJETETIHIH KOPCETKEH [8].

3eprreyne kapactelpsulraH CalcVR mnatdopmackl MatemaTukagarsl rpaduKajiblK ecentep
MEH YFhIMJApibl Bu3yanusauusiayra apHamrad. STEM mnonpepinne, ocipece MaTeMaTHKala,
KOMTEreH OUTIM amylIbIapablH a0CTPAKTLIl YFBIMIAP MEH KEHICTIKTIK OOBEKTLIEp/Il Ko3 aljibiHa
enecTeTyl eTe KHUbIH OOlybl MYMKIH, OYJl OJIapIblH OKY YJAEpiCiH Texelai, cebebl kenoip
YFBIMIAPIBl TYCiHY Kypaeni Oomanpl. ATanfaH KOCBIMIIA OUTIM allylibliapFa rpaduKaiblk
ecenTepAl KeHICTIKTEe KapacThIpyFa, OJIap/ibl opTypill OyphIllITaH TajlgayFa MyMKIHAIK Oepeni, Oy
03 Ke3eriH/Ie Kyp/eli TaKbIphINTapAbl MEHrepy Al )KeHUIIETe 1 ’KIHE OKYFa JIeT€H KbI3bIFyIIBUIBIKTHI
apTTBIPAabl. AJ BUPTyaJIAbl [IBIHAWBUIBIK TEXHOJOTHSUIAPHl apKBUIBl MYHIAH YFBIMIAPIIBI
ymemnmeMai Gopmarta KepceTy OUTIM alylIbUIapAbIH OJIApJbl KAKCHIPAK TYCIHYyiHE MYMKIHIIK
oepeni [8].

3epTTey HOTHXKeNepi KepceTkeHaeH, VR TexHonorusnapblH naijganany OapbIChiHAa OLTiM
alyHIbUIap OKy yJAepiciHe KeOipeK KbI3bIFYIIBUIBIK TaHBITAbl, OYJI TEOPUSIIBIK TYPFbIIAH aJFaH/a
OJapJblH 3€HiHIH MIOFBIPIAHIBIPYbIHA KOHE OUTIMAI JKaKChIpaK MEHIepyiHe BIKMNald eTel.
ABToprnap BUpTyasabl MbIHANBUIBIK KemerimeH STEM monzaepiH okbITy OapbIChHIA KOJAAHyFa
0omaThIH OipKaTap apTHIKIIBUIBIKTAP MEH THIM/II MIeTIiMAEP/l YChIHABI. VR TeXHOIOTUsAIaphIHBIH
MaHBI3JIBl APTHIKIIBUIBIFBI — OYJI JKaHa KOTHUTHBTI JaFIbUIAPABI KETULAIPYIIH THIMII TOCLII.
MyHpaii HoTIOKeNnepre 6acka OKBITY oficTepi apKbUIbl JAa KOJ JKeTKi3yre OoJFaHbIMEH, OipKaTap
3epTTeysiep BUPTYaNIbl BIHANBIIBIKTHIH OYJI MIHIETTI THIMIIPEK KOHE JKOFApPhI IOpPEXKeEIe Ky3ere
acelpaThlHBIH ~ Xabapimaasl [8]. CoHbIMEH Katap, 3€pTTE€yA€ BUPTyaldbl IIbIHAMBUIBIK
TEXHOJIOTHSIIAPBIHBIH, OKBITYABI JKEKEJICHIIPYAETI MYMKIHIIKTEp1 Kepcetiieni. VR opraceiHma
KOJITAHBUIATBIH «BHPTYAJJIbl areHTTEP» - apHaiibl OarnapiamMalaHFaH, HHTEPAKTUBTI BUPTYaJIbl
KeHinmKepsep MeH Kypajaap MaHbI3 bl pel aTkapaasl. Onap OUTiM anynibuiapra Ke3 KeJreH yaKbITTa
camaibl 9pi Ma3MyHJIbl OKy MaTepuajapblHa KOJ JKETKi3yre MYMKIHIIK Oepim, oKy yHepiciHae
MKeMIUTIKTI KaMTaMmachl3 eteni. Conpaii-ak, Oy opta Oi1iM amyIibLIapIblH 63 OKY KapKbIHBI MCH
OKy CTWIJIIHE COiKec OUTiM amyblHA JKaraai skacaiiel. HoTwkeciHzme, olapIblH Ha3apblH OKY
TaIChIPMAaChIHA IIOFBIPJIAHIBIPHIIN, CBIPTKBI aJlaHAATYLIbI (PaKTOPJIAPBbIH 9CEPiH a3alTaibl.

Enpai AR TexHOMOTHSIAPBIHBIH OKY YIEpiCiHEe dcepiH KapacTeIpaiibik. biniM 6epy camaceiaga
TOJIBIKTBIPBIIFAH IIBIHAWBIIBIK TEXHOJIOTUSIAPBIH KOJIAHYAbIH KEH TapajFaH OarbITTapbIHbIH O1pi
— BUPTYyaJIABI TypJiap MEH 3KCKYpCHsIIapbl YibIMAACTRIpY. AR KypangapbIHbIH KOMeTiMeH Oi1im
allylipliap My3€Wlepal apanial, TapuxW OpbIHAApAbl 3€pTTEeN HEMece oJIEMHIH opTypill
aiiMaKTapsIMEH TaHbICa anajbl. Bysr omapabH TYpili MOICHHETTEp MEH KOFamaap Typajsl OiTiMiH
KEHEHTIN, OKy YJAEpiCiH aHarypibiM KbI3bIKTHI erefi. CoHbIMeH KaTap, AR TeXHoJorusiapbl
MHTEPAKTHBTI OKYy MaTepHaIapblH d3ipieyle KeHIHeH KOJIaHbUIanbl. BupTyannsl mMoaenbaep
apKpUIbl OUTIM allyIIbuiap MOJIEKYJIANbIK OMOJIOTHS, XUMUSL HeMmece (U3MKa CUSKTHI MOHAEpAeT]
KYpJemi YFeIMIApAbl KOpHEKI TypJae 3epTred anaabl. Mbicalibl, OHOJIOTHsAIA aF3a MYyIICIEPiHiH
KYPBUIBIMBIH YLIeNIEeMl (opMaTTa 3epTTeyre, XUMUs1a XUMUSUIBIK peakusIapabl MOJEIbIEYTE,
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Tapux MeH reorpadusiga TapuxXu HbICAHIAPABI BU3yalIH3alusUIayra, Gpu3nkana MexaHu3MIepIiH
KYMBICBIH Tajljayfa, aj IIeT TULAEPIH OKBITYJa CO3[epiH AaWThUIyblH »OHE MAarbIHACHIH
MHTEPAKTHBTI TYpAE KepceTyre MYMKiHAIK Oepeni [9]. AR TexHONOTHsANApBIHBIH TaFrbl Oip
apTHIKIIBUIBIFBI — OJIApJbl KOJIJaHy YLIIH Kell XaFaaiga cMapT(oH HeMece MJIaHIIEeT KEeTKUIIKTI
OOJFaHIBIKTaH, OLTIM Oepy TOKipruOeciHe SHT13yIiH KOJDKETIMAUIITT )KOFaphl OOJIBIN TaOBLIA B,

AR TexHomorusmapbiH O0iiM Oepy yAepiCiHIIe KOJIaHYABIH apTHIKIIBUIBIKTAPBIMEH KaTap,
Oipkarap mekreynep ne Oadikamaael [10]. Onapra TEXHOJOTHSUTAPABIH  I1EarOrHKAJIBIK
MYMKIHJIKTEPIHIH KETKUTIKTI 3epTTeNIMEY1, KYPBUIFbUIAP/IBIH KOFAPhl KYHBI, aKapaTThl OHICY MEH
caKTayFa KOWBUIATBIH JKOFapbl  TajamnTap, COHIAH-aK  ICHXOJOTHSIIBIK-TIEIarOTHKAIIBIK
acCMeKTUIEp1H TOJBIK aHbIKTaaMaysbl xkatajbsl. CoHIbIKTaH AR TexHONOrusaapbelH OKy ylepiciHe
TUIMJII CHTI3y YIIiH OJIAPABIH TEXHHUKAIBIK YXOHE TEIarOTHKAIIBIK EPEKIICIIKTepPIH KaH-)KaAKThI
3epTTey KaXKeT.

Kyprizinren 3eprreynepai Tanmay VR xone AR TexHomorusutapeiHbH —OitiMm - Oepy
YAEpiCiHIe BU3yaIM3AlMSIHBI JKY3€Te achIpyIblH THIMII Kypajiaapbl €KeHiH kepceTTi. by
TEXHOJIOTHUSIAp OKY MaTepUajblH KOPHEKI KoHE MHTEPAKTUBTI TypJle YChIHYFa MYMKIH/IK Oepit,
O1J1IM aTyIIbUIAP/IbIH OKY MOTHBALIMSACHIH, TAHBIM/IBIK O€JICEHALTITIH KOHE OKY YEpiCiHe KaThICy
JCHIeiH apTThIpyFa BIKMall eTeli. BupTyanapl ’KoHE TONBIKTHIPBUIFAH MIBIHAWBUIBIK KYpaslIaphl
KYypJesi YFeIMIap MEH YHAepicTepll BU3yaiau3alusiay apKbUIbl OJIapiAbl TYCIHYHAI JKEHIJIAETIN,
aKMmapaTThl Y3aK MEP31MJIi €CTE CaKTayFa )Kar/1ai KacanIbl.

Ocputaiiiia, VR sxoHe AR TexHojorusuiapbiH Oi1iM Oepy yAepiCiHE €HIi3y OKBITYIbIH
TUIMIUIITIH apTThIpyFa, OLIIM alylibUlapJblH OKYy ToXipuOeciH OalbITyFa »KOHE 3aMaHayH
uGpIabIK Ol1iM Oepy OpTachlH KaJbIITACTBIpPYFa MYMKIHAIK Oepeni. 3epTTeynep KepceTKeH e,
aTaJfaH TEXHOJOTUSAJAPAbIH TUIMJIUIITT OJIap/bl MEAaroruKaiblK TYPFbIIaH TyphIC ko0ajay MeH
OKy MakcaTTapblHa Coiikec KojjaHyFa Tikened OainmanbicThl. COHIBIKTAH — aTaliFaH
TEXHOJIOTHSIapAbl OKY YIepiciHae KojgaHy OuriM Oepynal JaMbITYAbIH IEPCIEKTHBAIbI
OarbITTapBIHBIH Oipi 00BN TaOBLTAIBL.
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TEOPETUYECKHUE OCHOBBI IPOCTPAHCTBEHHOI'O AHAJIM3A B
KAJIACTPE U 3EMJIEYCTPOMCTBE

BEKBOJIAT EJITAP
CTyneHT UHCTUTYTA YIIPABIICHUS 3eMEJIbHBIMU PECYPCAMH U aPXUTEKTYPBI
Kazaxckoro arporexHu4eckoro uccienonarenbckoro ynusepeutera um.C.Ceiidynamna

MOJIAYMAPOBA XKYJIIbI3 EJMGAEBHA
[IpenonaBaTens HHCTUTYTA YIPABICHUS 3€MEJIBHBIMU PECYPCAMU U apXUTEKTYPBI
Kazaxckoro arpoTexHu4eckoro uccienoBaTenbckoro yaupepcuteta um.C.Ceitdymmna
Actana, KazaxcTtan

Annomauun: B cmamve paccmampusaiomcsi meopemuyeckue U NPUKIAOHblE ACHEKMbl
NPOCMPAHCIBEHHO20 AHAIU3A KAOACMPOBLIX OAHHLIX C UCNONb308AHUEM 2€OUHPOPMAYUOHHBIX
cucmem. Packpvima ponv npocmpamcmeeHHoOU uH@opmayuu 8 YNpaeieHuu 3eMelbHbIMU
pecypcamu, meppumopuaibHOM NIAHUPOSAHUU U NPUHAMUY YNpagieHyecKux peuteHut. Ilokazanul
BO3MOJICHOCIU ~— UHMe2payuu  KA0acCmposblx — C8eOeHUll,  CO0epHCauux  KOOPOUHaAmvl U
cemManmuyeckue OaumHvle, 8 eOUHYI0 AHATUMUYECKVIO cpedy O/l GblsGNIEeHUA 3aKOHOMEPHOCMell
pazmewjenus — 00beKMo8 U OYeHKU  mMeppumopuu ¢  NOCAeOVIOWUM — 30HUPOBAHUEM.
Paccmampuearomea  6osmodcnocmu  npumeneHus — NPOCMPAHCMBEHHO20 — AHAAU3A U
yenmpozcpaguyeckoi CMamucmuxu. Pacxpviearomes NOHAMUSL asmoxkoppenayuu,
NPOCMPAHCMBEHHOU HEeOOHOPOOHOCMU U 3asucumocmu 00vekmos 6 npocmpancmee. Ocoboe
BHUMAHUE YOeeHO Memooam Yyenmpospapuu, eKIuas paciem cpeoHeco YeHmpda, MeouaHHo20
yenmpa u yeHmpanvho2o obvexma. Ha npumepe npucopoonoii 30Hbl 2opoda Acmana noxkasamo
UCNONb306AHUE OYEHKU COYUATLHO- IKOHOMUYECKO20 NOMEHYUANA HACENEHHBIX NYHKMOS.

Knwoueevie cnosa: npocmpancmeenHwlli aHAIU3, YeHMpozpagus, NpoOCMpaHCMEeHHAs.
ABMOKOPPeNsIYUsl, MePPUMOPUATLHOE NIAHUPOBAHUE, MEOUAHHBLU YEHMD, UEHMPATbHLIIL 00bEKN.

[IpocTpancTBeHHas HH(OpPMAIUS CTAHOBUTCS HEOOXOAMMOI MTpakTUYECKH B 1100011 chepe u
KHU3HEACSATEIIbHOCTH vesoBeka. KanacTpoBble cBeleHHS € MPOCTPAHCTBEHHOM NPUBS3KON (C
KOOpAMHATaAMU TPAHMIl B COUETAHMU C CEMAHTUYECKOH MH(popMmanuei) CTAaHOBUTCA IPEIMETOM
aHanuza. Takum oOpa3oM, KalacTpoBble 0a3bl JaHHBIX SBJSIOTCS OCHOBOM MHOTHX HCCII€AOBAHUN
NPUKIAJAHOTO XapakTepa. M Gojee HaryIiaHBIM MOJAOOHBIN aHAIN3 CTAHOBUTCA B COYETAHHM C
ucnonb3oBanueM ['MC texHomoruii. COBOKYIHOCTb pAa3jMYHBIX HHCTPYMEHTOB U METOOB
00BbEIMHAET MECTOIOJIOKEHUE U aTPUOYTHI M aeT HATJISAHYIO U MOHATHYIO KApTHHY HPOLIECCOB,
JIEUCTBYIOIINX B MPOCTPAHCTBE. TO €CTh MPOCTPAHCTBEHHBIN aHAJIN3 JA€T OTBET HA MMOMCK PENICHUN
HaY4YHBIX Ipo0saeM. DTO JOCTaTOYHO IIMPOKUI TEPMUH: MAaHUIYJIHMPOBAHUE MM MOJCINPOBAHHE
JAHHBIMU JJIs1 BBISIBJICHHSI B3aUMOCBSI3U U IPOTHO3UPOBAHUSL.

Conmanbuple arpuOyThl (HaIM4YMe B YYETHOM KaJacTpOBOM KBapTaje OOBEKTOB
3IpaBOOXpPAaHCHHUS WM 00pa30oBaTeNbHBIX yupexaeHuii, o00bexkToB KBO), uHKeHepHbIe
XapaKTEPUCTUKHU, HKOJIOTMUYECKUE I103BOJIAIOT OLICHUTh U 30HMPOBATh TEPPUTOPHUIO C YUETOM
MIPABOBBIX OrpaHWYeHHUI U XapakTepucTuk. C Ipyroil CTOPOHBI, MPUMEHSS, JaHHbIE MPUPOIHBIX
SABJICHUH (K TPUMEPY 30HBI OJATOIUICHHUS ) MOXKHO IJIAHUPOBATh TEPPUTOPUIO OyayIei 3acTpOHKy.
['panoctpouTenbHOE 30HMPOBAHHE B CBOIO OUYEpelb CBA3aHO C MapaMeTpaMHu SKOHOMUYECKOM
AKHU3HU. MOKHO CKa3aTh, YTO aHAJIU3 MO3BOJSAET BBIABUTH 3aKOHOMEPHOCTH B PACIIOJIOKEHUU U
OCYUIECTBIISATH TEPPUTOPUATILHOE TUIAHUPOBAHKE, YTO HECOMHEHHO BXOAUT B TIOHATHE YIIPABJICHUS
3eMeJIbHBIMU pecypcami [1].

Kax npasuno, B 'MC BbigensieTcs ToueyHble, TMHEWHbIE U MOJUTOHANBHBIE TaHHbIe. Touka-
3TO MPOCTEUIINE JAaHHBIE U TYT BaKHO MOHUMATh: CTPYIIITHPOBAHBI JIN TOYKU- OOBEKTHI CITydaitHO
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WA UMEET MecTo ObITh BiustHUE (pakTopa. [lpudem aTpuOyThl MOTYT UMETh BpeMEHHOH (hopmar.
entporpadusi- OCHOBHOM aHAIN3 COBOKYITHOCTH OOBEKTOB MO cXeMe (IIEHTP- pa3dpoc ¥ TPEeH.).
AHanm3 MONMUTOHANBHBIX JJAHHBIX MOYKHO CBECTH K aHAIM3Y TOUCYHBIX TaHHBIX (Yepe3 PU3nuecKuit
LIEHTP MaccuBa), UJIU HA00OPOT, TeHEepaIU3alMsl JaHHBIX (00beIUHEHNE OJHOPOJHBIX YYaCTKOB) B
30HBI. [1J11 MOJ00HOTO aHaNM3a XapakTepHbl TEPMHUHBI: TPOCTPAHCTBEHHAS! HEOIHOPOJHOCTh WIIH
knactepusanus. s TuHeHHBIX 00bEKTOB TOXE BO3MOXKHO BBISIBICHHE 3aKOHOMEPHOCTEH B BUJE
BBISIBIICHUS, IPOOOK B YaCHI-IMK WM PACCUYMTHIBAEMBIC M30JUHHUH BBISBISIEMBIX ITPOLIECCOB B
COUYETaHUH C UHTEPIIONSIHUECH.

MOHO BBIICTTUTD YTO BU3yaIH3alHs JAHHBIX U IPABUIIbHAS HHTEPIIPETALIUS - 9TO KIIFOUEBBIE
3Tambl TOCJEA0BAaTEIbHOCTH aHanmu3a. OOBsSCHEHHE MPOUCXOIUT uepe3 MPOCTPAHCTBEHHOE
MoOJIeIUpOBaHue: noueMy U kak. Hampumep, kak pocT HaceleHus BAUSET Ha ypOaHu3auuo. Mbl
MbITaeMCS OOBSCHUTH SIBJICHUSI- IEPEMEHHYIO U H3MEPSIEM IIePEMEHHBIE Yepe3 MPOCTPAHCTBEHHYIO
perpeccuto. Hepenko pe3ysbraT HaM JaeT BO3MOXHOCTb BEPHYTHCS K Hadally aHaJIM3a U BbIOpaTh
JIPYTHe UHCTPYMEHTHI.

CnoxHO  pa3nuyaTb  TEPMUHBl  «reorpauyecKuil»,  «IPOCTPAHCTBEHHBIN» WU
«TeONPOCTPAHCTBEHHBINY. [I0 MHEHHIO 3KCIEPTOB, «reorpauiyeckuin» BKIOYAET UHPOPMALIUIO
MECTOIOIOXKEHHS Ha MOBEpXHOCTU 3emiu. «[IpocTpaHCTBEHHBIN»- yKe BKIIIOYaeT UH(DOpMAIIIIO
aTpuOyTOB.  «l'€0mpoCTPaHCTBEHHBII»- 3TO  COYETAaHHWE AaHAIM3a MECTONOJNIOKEHUS MU
MIPOCTPAHCTBEHHOI'O MOJIETMPOBAHMUSL.

Bo3Bpamasice K OCHOBHBIM CIOCOOaM BH3yalM3allMU SBICHUHA (TOYKa M MOJMIOH).
Hanpuwmep, HaceneHHbIE TYHKTHI B HIDKE MPUBEICHHOM aHAJIN3E MPEICTABICHBI KaK MOJUTOHBI, a
MO’KHO 0TOOpa3uTh Kak (U3NYEeCKUil IeHTp- ToUKy. [loauronansHoe npeacTaBieHne JaHHBIX PU
3TOM, KaK MpPaBHJIO, HCIIONB3YyEeT PACTPOBBIA THUN IaHHBIX, UISI OTOOpaKEHUS MEHSIOIIHXCS
cBoiicTB. Hanpumep, ssueliku ¢ TaHHBIMH 3arps3HEHHOCTH, OOHUTUPOBKU WM TeMrepatypsl. [Ipu
ATOM BEKTOPHYIO MOKHO TIpeo0pa3oBaTh B paCTPOBYIO M, HA0OOPOT.

BaxxHo mOHMMATh OCHOBHYIO TPYNIHMPOBKY aTpUOyTOB: HOMHUHAJTbHAs, TMOPSAIKOBAs H
uHTepBasibHas. HoMUHANBHBIE HENb3sI U3BMEPUTh: Ha3BaHUS OPOJIOB, YeJIOBEUYecKas paca, Ha3BaHHUE
MMOYBEHHOTO MOKpoBa. K HUM NpPUMEHUMBI TaKUE OMEPATOPHI, KAaK «PABHO» WU «HE PABHOY.
[MopsinkoBble (HampuMmep, Ha3BaHWsl MMouB Kaszaxcrana), MOXHO YIOPSIOYUTH, HO HEIb3s
WCTIONIb30BaTh JJIsi BBIYUCIICHUH, TaKKe HA3bIBAIOTCS «KaTeropHalbHbIMH». K HHUM MOXKHO
MIPUMEHSITh ONIEPAaTOPbI «OOJIBIIIE YEM)» U «MEHBIIIE YEM).

WuTepBanbHble (OTHOCUTENBHBIE) TEPEMEHHBIE WM, TaK HAa3bIBAEMbIE, YUCIIOBBIEC, €CIIH OHU
OTpaHMYEHBbl KaTErOpHsIMHU, TO HA3bIBAIOTCS IHUCKPETHBIMHU. TO €CTh 3TO KJIACC OTHOCHUTEIHHO
KaKOro-TO YpPOBHSI M IO3BOJISIIOT BBHIMOJHATH ONEpAIlMH CIIOKEHUS W BbluMTaHui. Ho maHHBIE
MepeMEHHbIE MOTYT HE COXpaHATh oTHouieHus. [IpuBenem mpumep: KagacTpoBbIid ydacTok «By»
JIOpOXke B 2 pasa, 4eM «A». IT0 He UHTEPBAJIbHBIE JAHHBIE, a IIKaJIa OTHOIIEHUH. J[MXxoTOMHUUecKue
MEPEeMEHHBIE TAK)Ke MOTYT pacCMaTPUBATHCS KaK TUCKPETHbIE MHTEPBAJIHLHOTO YPOBHSI.

HaGop mnepeMeHHBIX (HaHHBIX) MO3BOJSIOT MCIIOJIB30BAaTh CTATHCTUYECKUE METOMbI
(omucaTenbHasg CTaTHUCTHKA, CTATUCTHUKA BBHIBOJIOB UM MOSCHUTENbHAS CTaTUCTHKA). OnucaTenbHas
CTaTUCTHKAa 0000IIaeT KOHKPETHYIO BBIOOPKY M MpPHUMEHHMa TOJBKO K KOHKPETHOMY HaOOpy
naHHbIX. CTaTHUCTHKA BHIBOJIOB HA OCHOBE TEOPUH BEPOATHOCTEH, MOXKET ClIeTIaTh BHIBOIbI 1JIsl BCEit
reHepaJbHOW COBOKYMHOCTH (TpOBEpKa T'MIIOTE3, ONPEEIIEHUE JOBEPUTEIBHOIO MHTEPBAJa WU
OaifecoBCKMi BBIBOJ). A MOSICHUTENbHAS CTATHUCTHKA Yepe3 3aBUCHMYIO MEPEMEHHYIO BBIABIISET
B3aMMOCBSI3U MEXKIY TIEPEMEHHBIMHU U TaeT BO3MOXHBIE 00BbsICHEHHS (PErPECCHOHHBIN aHAIN3).

B nporecce npeoOpa3zoBaHus JaHHBIX B CBSI3U C MECTOIOJIOKEHHUEM B MPOCTPAHCTBEHHYIO
BU3YJIN3aLUIO TI03BOJIICT BBIOJIHITH KOMAHIBI-3aMIPOCHL: TIE€ MPOXKHBAET OOJBIIMHCTBO, TIE
3eMIis IOpoKe, Kak JIydIlle MpoexaTh, YTO OJMKe WM B KaKOM paJuyce 0OCIy>KHMBaeTCs, KaKoB
COLIMAJIBHO-)KOHOMUYECKH YPOBEHb HTOIO HACEJIEHHOrO IyHKTa. M NaHHBIM Kpyr BOIPOCOB
HeoOXoIMMa CBS3b C  MecTomojoxeHueM. [loucky CKpeiToil uHGOpManuu MOMOTaeT
WCTIOJIb30BAaHMUE TPHEMOB M METOAOB CTATHUCTUKU: pACCTOsSHUE, (opMa 3eMIICTIONb30BaHUs,
CMEXHOCTh YYaCTKOB, B3aUMOCBSI3b U T.[I. 3/1eCh BAKHO OTMETHUTh, UTO HATMYHE MPOCTPAHCTBEHHON
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aBTOKOPPEISAIINI/3aBUCIMOCTH (IIEpBEIi 3aK0oH reorpaduu Tobnepa). Hanmnure npocTpaHCTBEHHOM
aBTOKOppEISLMK B HAaOOpe MPOCTPAHCTBEHHBIX AAHHBIX HE 00s3aTENIBHO SBISETCS MPoOJIeMOil,
IIPOCTO TPeOyeT MPUMEHEHUS CIIEUAIbHBIX UHCTPYMEHTOB [1].

[To cyTu 00BEKTHI CBSI3aHBI MEXIy COOON (COLMaIbHO, SKOHOMHUYECKU U TP.) U ATHU CBSI3U
MOXHO W3MEPHUTh: OJM3KUA WM B aCIEKTe BpeMeHU. TakuMm o00pa3oMm, 3TO TIO3BOJISIET
KOHLENTYaJIU3UpOBaTh MPOCTPAHCTBEHHBIE OTHOIICHUSA. THMNUYHBIA M XOPOLIMM NpUMEpP- 3TO
po0iieMa U3MEHSIOMIENCs TPOCTPAHCTBEHHOM euHUIIbI. OILIEeHOYHOE 30HUPOBAaHUE OIPEIETISETCS
II0 TPaHMIIAM YK€ YTBEPXKACHHBIX YyYETHBIX KBapTasoB. Ha Teppuropun KBapTajioB BO3MOXKHO
PacrojioKeHUE YYaCTKOB C pa3HbIM (YHKIIMOHAJIBHBIM Ha3HAYeHUEM. VT BO3MOXKHO pa3inyue mno
IUIOLIAM  KBapTajoB B CEJIbCKOM MECTHOCTH JOCTaTOYHO 3HA4YMMBIM. B Takom ciydae
arperupoBaHKe JaHHBIX TEPSAET YacTh LIEHHON UH(pOpMaIIIH.

I'ereporeHHOCTH (HEOJHOPOAHOCTD) MPOCTPAHCTBA: CTOUMOCTB 3€MJIH Ha JIEBOM O€pery peku
cromuibl Kazaxctana Bellie BBUAY OOJIBLIETO pa3BUTUS TEPpPUTOpUU. MM HEOAHOPOIHOCTH
PACIIONIOKEHUST KUJIBIX KOMILJIEKCOB: JIIOKC- KOM(OPT PACIONOXKEH PAJOM C KOMIUIEKCAaMHU
rOCyapCTBEHHBIX MpOrpaMM il 0€3BO3ME3JHOTr0 MpeNoCTaBieHus X uibsi. HeolHOpoaHOCTh
pacmpenienieHndss TEPEMEHHBIX BHYTPU KBapTajoB (KOHLEHTpAIMs COOBITUH) HEOOXOAHMMO
YUYUTBIBATH JIJIS1 BBIYMCIICHUS IOKa3aTeeH.

[lo cytu HEOJHOPOJHOCTH TEPPUTOPUU CBsA3aHAa C KOJUYECTBOM SBICHUM U MOMKET
o0pa30BbIBaTh KiacTepbl. HO HE0OX0IUMO yUUTHIBATh HEOAHOPOJHOCTh B CBSI3U C KOJIMYECTBOM
3TUX coObITUH. Takum 00pa3oM, HEOTHOPOAHOCTh HE O3HAYAET OTCYTCTBUS MPOCTPAHCTBEHHOU
aBTOKoppensanuerd. boiee TOro, TpyIHO OTIMYUTH MOCIEAHIO OT MPOCTPAHCTBEHHOMU
3aBUCUMOCTH. Toraa uMeeT MecTo OBITh «0OpaTHas 3a/1a4a»: SBIAIOTCS JIM KJIacTepa pe3yIbTaToM
CTPYKTypHOU HeomgHopoaHocTU. Takxke npobiema KpaeBbIX 3(PEKTOB CYIIECTBYET MPH aHAIIK3e
pacronoxxeHusi 00BEKTOB B TPAHHUIAX AJMHUHUCTPATHBHBIX OOBEKTOB (PAlOHOB) MM YYETHBIX
KBapTaioB. Torga kKak Takue OOBEKTHI MOTYT pacrojaraThCsi BOJH3HM, HO 3a YepTOil KBapTania
(paitona). Ilpomie roBOps, MOXHO BBIACIUTh TaKHE MOHSITHUS, Kak: OJIM30CTh, CMEKHOCTb,
HaJOXeHHe, OKpecTHOcThb. [Ipu ucclenoBaHWU arJoMepaloOHHBIX CBsi3el I1enecooOpa3Hee
WCIIONIB30BaTh (DYHKIINIO 3aTyxaHus (00paTHOE pacCTOSHUE): YeM JAJIbIIE OT LIEHTPa, TEM MEHBIIIE
COOBITHH.

Lentporpadudeckas cTaTHCTUKAa — 3TO OCHOBHOH HHCTPYMEHT B 3€MEJIbHO-KaJaCTPOBOM
30HUPOBaHMU. B mpoekTax ariomepanuil WIA TI'paJOCTPOUTEIBHOM 30HHUPOBAHUHU, IPOEKTaX
MIPOJIOBOJILCTBEHHOIO M05ICAa BOKPYT KPYITHBIX FOPOJIOB WM pacyeTaxX rpaHHIIbl IPUTOPOIHON 30HBI
PacCUUTHIBAIOTCS CPEIHUIM LIEHTP, A CPaBHEHUS MEIUAHHbBIM LEHTP, LEHTPaJbHbIH OOBEKT,
CTaH/IapTHOE PACCTOSIHUE U AJIJIUIIC CTAHAAPTHOTO OTKIOHEHHUSI.

Cpennuil neHTp - 3T0 reorpaduyeckuil IeHTp Habopa MPOCTPAHCTBEHHBIX 00BEKTOB, Mepa
LEHTPaJbHOW TEHJEHIMH; BBIUUCIISIETCS KaK CpeJHEee 3HAa4YeHHE Xi M Yi 3HAUCHMs IIEHTPOMJIOB

MMPOCTPAHCTBCHHBIX 00BEKTOB.
_ n

X = i=1Xi

n

re:

N - KOJIMYECTBO OOBEKTOB (PallOHOB, YYaCTKOB U T.1I.)

Xi — KOOpJIMHATA 1- TO 00beKTa (HarpuMep, KaJacTpoBasi CTOMMOCTD)

X - KOOP/MHATA CPEIHETO [EHTpPa

pUYEM CpeIHUIN LIEHTP MOKHO PAcCUUTATh C YYETOM Beca:
Y = Yies WiX;
PRIRTS

rje:

Wi — Bec i- T0 00BeKTa (HapuMep, TPYA0EMKOCTh JAHHOTO CeBOOOOPOTA)

[TpuMeHHUTENBHO JJISI TPUTOPOIHBIX 3€MENb CTOJIMIBI T.ACTaHa, TO JUIS OINpPEIEICHUs
LEHTPOB MECTHBIX CHCTEM PACCENICHUS- ONTUMAIBLHOTO MECTOMOIOKEHUS «TOYEK POCTa» - OCHOBOM
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JUTSL pacdeToB ObUTa MpuHATA Gopmyna npod. , 1.3.H., wieH-koppecrnoraenta PAH A.I1. OrapkoBa
[2].

P =Yk_| Euy(Xu — Xx)% + (Yu — Yx)2

re:

P-myuHHManbHOE CYMMAapHOE pACCTOSHUE;

Eu- «Bec» 3a1aHHOTO MacCHBa;

Xu, Yu-koopauHaThl 3aJaHHBIX MACCHBOB;

Xote, Voic- KOOpAMHATBI pACCMATPUBACMBIX «TOUYCKY,;

u...k- 9UCI0 3aJaHHBIX MaCCHBOB.

Yepes MHIUKATOPBI BBICYUTHIBAICS KOIDPHUITUESHT (kj) M0 KXKJIOMY HaCeJICHHOMY MYHKTY.

Torna ¢popmyna mpuMeT BHI:

P = k.2?=1Ei*Di
7 Z?=1Ei

rae:

P-myuHHManbHOE CYMMAapHOE PaCCTOSHUE;

k]-- K03 (HULHUEHT COUATbHO-OKOHOMUYECKOTO MOTEHIIMATIA TOUKH j;;

E;- «Bec» 3aJaHHOTO0 MacCuBa i

D;- paccTosiHuE OT TOYKH j JO MaccHBa i;

i...n-4MUCJI0 3aJaHHBIX MACCHBOB;

Jj...n-4UCIO 3aJaHHBIX HACEJICHHBIX MyHKTOB (TOYEK)

[Mpuuem camo 3HaueHwe E;- 3TO TPYIOEMKOCTH JaHHOTO CEBOOOOPOTA, BhIpaKaeMoe B
yen*yac ¢ yueToM IUIOMIaId MacCHBa:

Ei =H hi * Si

rue:

E;- «Bec» 3aIaHHOTO MacCHBa I}

Hh;-3aTpatsl Tpyaa Ha 1 ra B 3aBUCUMOCTH OT THIIA CEBOOOOPOTA;

S;-1omaas ceBoobopoTa.

Brauane Obimu mpousBe[eHBI MpeaBapHUTeIbHbIE pacyeTel B ArcMap mo ¢gopmyne mpod.,
n.3.H. OrapkoBa A.Il. Pe3ynbTaTel mpeacTaBieHbl HA pucyHKe 1.
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pj-HaceIeHne B TOUKE j;

E;- «Becy 3a1aHHOrO MaccHBa i,

D;- paccTosiHuE OT TOYKH j 10 MaccHBa i,

i...n-9MCJI0 3aJaHHBIX MaCCUBOB;

J...n-4UCIIO 3aJaHHBIX HACEJICHHBIX ITyHKTOB (TOYEK)

AHanusupysl TOJIY4YEHHBIE [JaHHbIE, HYXHO NOJYEPKHYTb, YTO PACIOJIOKEHHE CPEIHUX
LIEHTPOB PA3JIMYHO U 3[1€Ch YUUTHIBAETCS MOTEHIIMAJ Ka)KOT0 HACEJIEHHOT O ITYHKTA.

CpenHuil IEHTp UCHIOIB3YETCS AJIS OIpeesieH s reorpaduyeckoro eHTpa pacrpeaeseHus,
a C y4eToM Beca- B3BEIICHHOIO LIEHTpa. B 1gaHHOM ciyyae Mbl HOJy4YaeM XapaKTEPUCTHUKY
pacnpeseseHus: COLMAIbHBIX U SKOHOMUYECKH BaXKHBIX 0OBEKTOB B NMPHUrOpogHOM 30He. OH Majo
MH(GOPMATUBEH M 4Yallle MCHOJb3yeTCs JJIi CPAaBHEHHS HECKOJBKHMX PpACHpeleleHUi C y4eToM
BPEMEHHBIX PSIOB IS BBISBICHHUS TEHIEHIMH, MPUYEM C Y4eTOM Beca- aTpuOyTa. 37ech BaXHO
YYUTBIBATh Teorpadudeckue BHIOpOCHL. [IpemcTtaBuMm pailoHBI TOpPOJA W IEHY >KHIbS (apEHIBI).
Ecnu B cpeanem Bce paBHO KoJeOar0Tcs 0ko0 10TH, a 01uH U3 00BEKTOB AOCTUT 3HaUeHHs S0TH.
To ecTp mpeBbllIaeT B 5 pa3 cpeAHee 3HAUYCHUE. 3HAYEHHWE CHIJIBHO OTJIMYAETCA OT COCEICH.
MeauraHHbIi HEHTP- 3TO TOUYKA C MUHUMAJIbHBIMY 3HAUYEHUSIMU PACCTOSHUH (TaKKE BO3ZMOXKEH YUET
Beca B pacyeTax). OH UCHONB3YeTCs AJI MOMCKAa MUHUMAIBHOTO MEPEMEIICHUS WU B3BEIIEHHBIX
3arpat. [lo cyTu, 3T0 HOBOE MECTOIOJIOKEHUE, KOTOPOE MOKET HE COBIAJATh C CYLIECTBYIOIIEH
CEThI0 HACEJICHHBIX MyHKTOB. HO MOXET MCIOab30BaThCs ISl Pa3BUTHS TEPPUTOPUHU U CO3JAHUSA
HOBBIX OTKOPMOYHBIX IUIOIIAJOK, K IpUMEPY, B IMPOEKTaX IPOJOBOJILCTBEHHOIO IIOsCA.
MenuaHHBIN TIEHTP — 3TO MPUOJIU3UTENHHBIA OTBET HA TIOCTABJICHHBIA BOIIPOC O MECTOMOJIOKCHUH
(ecu UMeeTCs HECKOJIBKO LIEHTPOB- aJTOPUTM BEPHET TOJIBKO 0J1HO). [ToToMy 4TO 1O CyTH, 3TO
UTEPaLMOHHBINA MpOIecC, KOr/Aa BHIOMpAETCs HaudaJbHOE MOJIOKEHUE IIEHTpa M YTOYHSETCS ero
II0JIO)KEHHE II0/ICUETOM PACCTOSHUN U IOCIEAYIOIIEro CMEUICHMsI 10 HaXOXJIEHHUS LIEHTpa C
3a/laHHOM TOYHOCTHIO. [IpH 3TOM UyBCTBUTENBHOCTH K TeorpaduyeckuM BeIOpocaM HU3Kast[3].

LenTpanbHplii 00BEKT (B3BELICHHBIN)- 3TO YXK€E CYIIECTBYIOLUINI 0OBEKT Cpeau, HalpuMep,
MPEIJIOKEHHBIX HACEJIEHHBIX IYHKTOB C MHMHHMHM3UPYIOUIUM PpACCTOSSHUEM JO OCTalbHBIX
00bekTOB. Mcmonp3yercss sl TOMCKa, KOTOPBIA HAaXOAWTCSA Ommke K LEHTpy. BusyanbHO
B3BEIICHHBII IEHTPAIbHBI 00BEKT MOXKET HaXOJUTCS B CTOPOHE, TaK Kak 3/ech JCHCTBYET Bec,
KaK CWJIa MPUTSHKEHUs. 3/1eCh BOZMOKHO UCIOJIB30BaHUE JJIs TOMCKA LIEHTPa Pa3BUTHUS CEIbCKOTO
OKpyra- Touku pocta. OH Takke yCTOMYMB K reorpaduyeckuM BeIOpocam.

B mpoekte AcTaHMHCKOI ariomMepaliid MOXKHO OTMETUTh Haubosnee OJIM3KHE K
HeHTporpaduu cieayromue pa3padoTaHHbIE CXEMBI:

- C BbIJICJIEHUEM 3€MeJIb HU3KOr0 KauecTBa,

- MacCUBOB Han0oJiee LIEHHBIX CeIbCKOX03IUCTBEHHBIX YIOJIHI;

- 30H Pa3BUTUS 3€PHOBbIX, TACTOUIIIHOTO KUBOTHOBO/ICTBA U TIP.;

- 110 YCJIOBMSIM IJIOIOPOAMS 110YB;
CEIIbCKOXO035MCTBEHHOM CIEIUMAIN3alii C YYETOM CTPYKTYPhl YTOAUM;
IIPOEKTHBIX PEKPEALIMOHHBIX 30H;
pa3MeILEHNUs IPOEKTHBIX XO35HCTBEHHBIX LIEHTPOB[4].
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