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ABSTRACT

Institute of Soil Science and Agrochemical Research
DOI: 10.5281/zen0d0.14603386

The article provides information on the physical properties of irrigated meadow-alluvial and barren-meadow
soils of Chimboy and Shumanay districts: soil bulk density, specific gravity, soil porosity, and water physical
properties. The specific gravity is 2.58-2.68 g/cm3 in the upper layers and 2.69-2.75 g/cm3 in the lower layers.
Cross-sections were excavated in key areas and it was found that the bulk density of the soil by layer was 1.31-
1.38 g/cm3, slightly denser in the lower layers and fluctuated between 1.39-1.45 g/cm3. The specific gravity fluc-
tuated between 2.58-2.68 g/cma3 in the upper layers, while the lower layers were 2.69-2.75 g/cm3.The moisture
content of newly irrigated meadow-alluvial soils in the studied areas is 1.26-9.22%. In the Kamishariq massif of
Chimboy district, the moisture content at wilting is 2.03-7.47%, while in the Bozatou massif this indicator is 1.89-

10.69%.

Keywords: general physical properties of meadow-alluvial and takyr-like-meadow soils, specific gravity,
bulk density and porosity, maximum hygroscopic moisture content and compaction moisture content.

Introduction: Factors that cause the degradation
of agricultural lands in the world are soil erosion, sali-
nization, as well as the depletion of humus and nutri-
ents, pollution with toxic substances and compaction.
Since such negative processes constantly occur in the
soils of our republic, especially in irrigated soils, they
are considered one of the important economic problems
of the development of agriculture in our country, and
the effective use and protection of land resources by
preventing soil degradation and eliminating its conse-
guences has become one of the urgent issues.The fertil-
ity of irrigated soils depends on several factors, one of
the most important of which is the physical properties
of the soil. The physical properties of soils affect the
processes of soil formation and the growth and devel-
opment of plants.

Research object and methods: The object of re-
search is the old and newly irrigated meadow-alluvial
and takyr-like meadow soils, widespread in the Chim-
boy and Shumanay districts on the right and left banks
of the Lower Amu Darya.

The research was carried out using generally ac-
cepted  genetic-geographical, profile-geochemical
methods for soils [1]. Soil bulk density was determined
using a cylinder V-100 cm3, soil specific gravity was
determined using a pycnometer; soil porosity was de-
termined by calculation.

The maximum hygroscopicity and wilting mois-
ture of soil layers were determined using the Nikolaev
method.

Analysis of literature on the topic: L. Tursunov
noted that for irrigated heavy and medium loamy sero-
zem-pasture, meadow, and takyr-like soils formed on
loess, alluvial-proluvial, and alluvial deposits common
in the serozem and desert regions, the optimal density
is 1.2-1.4 g/cm3 and the critical density is 1.5-1.6

g/cm3. In the plowed layer of light loamy soils, the op-
timal density is 1.34-1.43 g/cm3.[4,5]. Total porosity is
closely related to the mechanical composition of the
soil and is the largest (50-54%) in sandy, sandy loam
and light sandy soils and similar layers. The total po-
rosity of soils is 38-40% in soils with a density of 1.5-
1.6 g/cm3, which is considered unsatisfactory.[2,3]. In
previously irrigated meadow soils, due to repeated in-
troduction of heavy agricultural machinery into the
fields in a state of physical immaturity of the soil and
non-compliance with the irrigation regime, soil layers
were compacted above the acceptable density (1.55-
1.60 g/cm3), and it was found that as the mechanical
composition became heavier, the density of the soils
also became somewhat higher. In old irrigated meadow
soils, the total porosity was 47-51% in the upper layers.
In the lower layers, it decreased sharply and was ob-
served in the range of 38-45%, which is considered un-
satisfactory.[6]. Various land reclamation measures are
used to reduce soil salinity and increase its fertility.
These measures are aimed at improving the physical,
chemical and biological properties of the soil, which
ensure good plant growth and development [7, 8]. Sci-
entifically based recommendations have been devel-
oped for cleaning the soil from salinity and restoring its
fertility. These recommendations include the imple-
mentation of land reclamation measures, taking into ac-
count the physical, chemical and biological properties
of the soil [9]. The amount of humus in the soil, the pres-
ence of water-soluble salts, the presence of dead water
reserves, and the presence of fine particles increase the
moisture capacity of the soil, while increasing its den-
sity reduces the moisture capacity reserve [10].

Results and their analysis:

The general physical properties of the meadow-al-
luvial and takyr-like meadow soils of the Shumanay
(Shumanay and Begjap) and Chimboy (Bozatau and
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Qamishariq) districts, which are considered one of the
objects of the study, were determined. According to the
results obtained, the following analysis can be made. It
was found that the specific gravity of the soils of the
studied area was in the range of 2.60-2.65 g/cm3 in the
upper layers, and fluctuated around 2.67-2.72 g/cm3 in
the lower layers as the soil section deepened (pic 1).The
reason for the high specific gravity in the lower layers
is due to the amount of minerals in the soil. The higher
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the level (specific gravity), the more mineralized the
soil is. It was found that the optimal value of the bulk
density for normal growth of most plants is 1.2-1.3 g /
cm3. In these sections, the total porosity was found to
be in the range of 46.7-51.1%. It is reported in the liter-
ature that the optimal porosity for a number of agricul-
tural crops is about 50%, and if this indicator is less
than 40%, it is found that the penetration of their own
roots into the soil layers is impeded.
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Picture-1 Shumanay massif. Specific and bulk densities of irrigated meadow-alluvial soils, g/cm3
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Picture-2. Chimboy district, Kamisharigq massif. Specific and bulk densities of irrigated meadow-alluvial soils,
g/cm3

According to the results of the analysis of sections
6 and 3 in the meadow-alluvial soils from the
Qamisharyk massif to the Olin, the specific gravity in
the upper layers fluctuated within 2.58-2.68 g/cm3,
while the lower layers were 2.69-2.75 g/cm3. The spe-
cific gravity (maximum hygroscopic) depends on the

composition and ratio of mineral and organic sub-
stances that make it up. The total porosity was also de-
termined in these sections, which was 45.0-50.7%. (pic
2).
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Picture-3. Chimboy district, Bozatau massif. Specific and bulk densities of irrigated takyr-like meadow soils,
g/cm3

According to data obtained from the soils of the
Bozatav massif, it was determined that the specific
gravity of sections 4 and 2 in the takyr-like meadow
soils was in the range of 2.62-2.68 g/cm3 in the upper
layers and oscillated around 2.70-2.75 g/cm3 in the
lower layers. The volume density in these sections was
slightly denser in the lower layers than 1.31-1.38 g/cm3
and oscillated in the range of 1.39-1.45 g/cm3. (pic 3).

In order to increase the fertility of the lands of the
right and left banks of the Lower Amu Darya, create
their optimal land reclamation conditions, irrigation
volumes and regimes, it is necessary to conduct a thor-
ough study of the water-physical properties of the
lands.

The maximum hygroscopic moisture content
(maximum hygroscopic) of soils depends on their me-
chanical composition, absorption capacity and miner-
alogical composition, the amount and composition of
organic matter, water-soluble salts in them, and the
density of soils. As a result of the data obtained during

the research, it was found that the maximum hygro-
scopic moisture content varies along the soil cross-
section. The reason for this is the mechanical compo-
sition and chemical properties of soils, the most im-
portant of which are the amount of clay and salt. In
meadow-alluvial soils distributed on the left bank of
the Lower Amu Darya (Shumanay massif, Shumanay
district), the content of MG was found to be in the
range of 1.68-6.15%. In the Begjap massif, it was
found to fluctuate around 1.28-4.60%. In meadow-al-
luvial soils distributed on the right bank of the Lower
Amu Darya, the maximum hygroscopic content was
found to fluctuate between 1.36-4.98%, and in barren
meadow soils, it fluctuated between 1.26-7.13%.

In the Begjap massif, it was found to fluctuate
around 1.28-4.60%. In meadow-alluvial soils distrib-
uted on the right bank of the Lower Amu Darya, the
maximum hygroscopic content was found to fluctuate
between 1.36-4.98%, and in barren meadow soils, it
fluctuated between 1.26-7.13%.
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Table.

Maximum hygroscopic and storage moisture of meadow-alluvial and takyr-like meadow soils distributed on the
right and left banks of the Lower Amu Darya.

Sample Cross-sec- MG SN Sample Ne | Cross-sec- MG SN
Ne tional depth, % % tional % %
cm depth, cm
Newly irrigated meadow-alluvial soils Old irrigated meadow-alluvial soils
0-43 3,82 573 . 0-29 2,71 4,06
ﬁ:;gg 43-65 3,05 457 | ChIMbOY IT99.4 2,36 3,54
trict Shu- 65-87 1,68 2,52 Qamisharig 48-77 1,63 2,45
manay 87-107 3,98 5,97 massif 77-104 3,46 5,19
: 107-131 6,15 9,22 104-127 4,05 6,07
massif 5 3
131-170 5,24 7,86 127-170 2,13 3,19
Newly irrigated meadow-alluvial soils Old irrigated takyr-like-meadow soils
Shuma- 0-34 2,08 3,13 0-28 6,60 9,90
nay dis- 34-44 1,70 2,55 Chimboy 28-49 5,99 8,98
trict Shu- 44-66 2,13 3,19 district 49-70 3,57 5,36
manay 66-84 2,03 3,04 Bozatou 70-93 3,75 5,62
massif 84-105 2,92 4,38 massif 93-112 3,34 5,01
1 105-150 2,69 4,03 2 112-160 2,35 3,52
Newly irrigated meadow-alluvial soils Old irrigated meadow-alluvial soils
0-27 3,13 4,37 . 0-28 3,35 5,02
ﬁ:;g“g 21-52 3,35 333 | ChmbOY [T6-38 257 3,85
trict Shu- 52-76 3,07 2,62 Qamisharig 38-59 3,72 5,57
manay 76-101 3,64 2,44 massif 59-75 3,48 5,23
massif 6 101-125 2,03 1,51 6 75-102 2,17 3,25
125-160 2,59 1,26 102-160 1,36 2,03
Newly irrigated meadow-alluvial soils Old irrigated meadow-alluvial soils
Shuma- 0-30 2,95 4,43 0-24 3,18 477
nay dis- 30-49 1,47 2,20 Chimboy 24-41 3,72 5,58
trict Beg- 49-108 1,41 2,11 district 41-62 4,52 6,78
jap mas- 108-141 1,45 2,18 Qamisharig 62-101 4,98 7,47
Séf 141-163 1,89 2,83 massif-5 101-153 3,02 4,53
Newly irrigated meadow-alluvial soils Old irrigated takyr-like-meadow soils
0-35 4,60 6,90 0-24 713 10,69
Shuma- 35-54 1,88 2,81 Chimboy 24-49 4,37 6,55
ey g;z 54-81 1,28 1,91 district 49-61 333 4,99
jap mas- 81-115 1,46 2,20 Bozatt_)u 61-75 2,62 3,93
sif 115-141 1,93 2,89 ma:sﬁ 17050-110301 igtll ggg
2 141-191 1,43 2,15 131-200 1.26 1.89

Studying the wilting moisture content of plants is
necessary to determine the lower limit of moisture re-
quired by plants, to set the active moisture limits, and
to prevent the moisture content in the soil from reach-
ing (wilting moisture). Plants suffer from moisture de-
ficiency when the limit is exceeded, therefore, efforts
should be made to avoid lowering the moisture con-
tent in the soil from. In the newly irrigated meadow-
alluvial soils of the studied areas (Shumanay and Beg-
jap massifs of the Shumanay district), the moisture
content of the soil is 1.26-9.22%. In the Kamishariq
massif of the Chimboy district, the moisture content
of the soil is 2.03-7.47%, and in the Bozatou massif
this indicator is 1.89-10.69%. The high moisture con-
tent of the soil in the barren meadow soils is explained
as follows. Such soils have a large number of clay par-

ticles, retain more moisture, and have low plant up-
take, which is mainly characteristic of saline soils. Ac-
cording to the data on the relationship between plant
wilting moisture and soil density, soil density makes
it difficult for plants to absorb moisture. The change
in wilting moisture indicators in the upper layers is
due to the uneven mechanical composition, density,
and salt content (table).

Conclusion: The general physical properties of
meadow-alluvial and takyr-like meadow soils distrib-
uted on the right and left banks of the Lower Amu
Darya were determined, and the general porosity was
observed to be satisfactory and unsatisfactory in the
sections where it was determined. The bulk density was
found to be medium in the arable layers and strongly
concentrated in the sub-arable layers. According to the
relative density, it was found to be medium and high in
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the arable and sub-arable layers. In old irrigated
meadow-alluvial soils, the soil porosity was found to be
somewhat lower than in the newly irrigated areas. As a
comment, we can say that this, in turn, is explained by
the state of soil culture, the duration of the irrigation
period, and the agro-ameliorative conditions used. It
has been observed that the general physical properties
of irrigated soils on the right and left banks of the
Lower Amu Darya have changed under the influence of
degradation processes, which affects soil fertility and
agronomic properties.
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ABSTRACT

Risk assessment and business continuity planning are critical components of effective drilling operations,
ensuring safety, operational efficiency, and resilience in the face of uncertainties. This paper explores the system-
atic processes of identifying, analyzing, and mitigating risks associated with drilling activities, including technical,
environmental, financial, and operational challenges. By integrating risk assessment frameworks, such as Failure
Mode and Effect Analysis (FMEA) and Bow-Tie Analysis, companies can proactively address potential hazards
and minimize disruptions. Furthermore, the study highlights the importance of business continuity planning (BCP)
in drilling operations to maintain functionality during unforeseen events, such as equipment failures, natural dis-
asters, and geopolitical disruptions. The role of technological advancements, data-driven decision-making, and
real-time monitoring systems in enhancing risk management and BCP strategies is emphasized. Through case
studies of successful implementations in offshore and onshore drilling, the research underscores how integrated
risk assessment and business continuity frameworks improve operational sustainability and reduce financial and
environmental impacts. Ultimately, adopting comprehensive risk management practices ensures drilling opera-

tions are resilient, adaptable, and capable of sustaining long-term performance in a volatile industry.
Keywords: mitigation, risk assessment, drilling operations, implementations.

Introduction

Drilling operations, whether onshore or offshore,
are inherently complex and fraught with risks. The high
stakes involved—ranging from environmental hazards
to financial liabilities—make effective risk assessment
a cornerstone of successful drilling projects. Risk as-
sessment in drilling operations involves the systematic
identification, evaluation, and prioritization of risks to
prevent accidents, minimize operational disruptions,
and safeguard investments. It is a proactive process
aimed at enhancing safety, reducing environmental im-
pacts, and ensuring compliance with industry regula-
tions. In an industry where minor oversights can lead to
catastrophic outcomes—such as oil spills, equipment
failures, or loss of life—rigorous risk assessment is
non-negotiable. The importance of risk assessment lies
in its ability to anticipate challenges and implement
measures that mitigate potential hazards. For instance,
the infamous Deepwater Horizon disaster in 2010 un-
derscored the devastating consequences of inadequate
risk management, resulting in massive environmental
damage and financial losses for BP [1, p.512]. Such
events highlight the critical role of risk assessment in
preventing disasters and fostering operational resili-
ence.

Common Risks in Drilling Operations

Drilling operations face a myriad of risks, broadly
categorized into technical, environmental, financial,
and operational domains.

Technical Risks arise from equipment malfunc-
tions, well control issues, and blowouts. For example,
poorly maintained rigs or substandard materials can
lead to catastrophic failures. These risks are exacer-
bated in ultra-deepwater drilling, where extreme pres-
sures and temperatures challenge the integrity of equip-
ment.

Environmental risks include oil spills, gas leaks,
and ecosystem disruption. These risks not only endan-
ger local habitats but also attract regulatory scrutiny

and public backlash. Offshore drilling poses a height-
ened environmental threat, with incidents like the
Exxon Valdez oil spill serving as grim reminders of the
consequences.

Financial Risks. Drilling projects are capital-in-
tensive, with substantial upfront investments in infra-
structure, technology, and manpower. Financial risks
stem from fluctuating oil prices, cost overruns, and de-
lays. Additionally, non-compliance with safety or envi-
ronmental standards can result in hefty fines and repu-
tational damage.

Operational risks encompass workforce safety,
supply chain disruptions, and logistical challenges.
Drilling involves hazardous working conditions, with
potential accidents such as slips, trips, and falls. More-
over, geopolitical instability in resource-rich regions
can disrupt operations and escalate costs [3, p.49].

Risk Assessment Frameworks and Methodolo-
gies

Effective risk management in drilling relies on ro-
bust assessment frameworks and methodologies, such
as FMEA and Bow-Tie Analysis.

Failure Mode and Effect Analysis (FMEA) is a
structured approach for identifying potential failure
modes in equipment or processes and analyzing their
effects on operations. In drilling, FMEA can be applied
to critical components like blowout preventers (BOPs)
to ensure they function reliably under adverse condi-
tions. The methodology helps prioritize risks based on
their likelihood and severity, enabling targeted mitiga-
tion strategies.

Bow-Tie Analysis is a visual risk assessment tool
that links potential hazards to preventive and mitigative
controls. In drilling, this framework helps illustrate the
pathways leading to blowouts or oil spills and identifies
barriers to prevent such events. Its intuitive design
makes it an effective communication tool for stake-
holders at all levels.
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Quantitative Risk Assessment (QRA) combines
statistical modeling with historical data to estimate the
likelihood and impact of risks. This approach is partic-
ularly useful for evaluating high-stakes scenarios, such
as well blowouts or offshore platform failures.

HAZOP (Hazard and Operability) Studies in-
volves systematic brainstorming sessions with multi-
disciplinary teams to identify potential hazards in drill-
ing operations. It is a proactive method to anticipate
risks during the planning and design stages [7, p.136].

Role of Real-Time Monitoring and Predictive
Analytics

Modern drilling operations increasingly leverage
technology to enhance risk assessment and manage-
ment. Real-time monitoring systems and predictive an-
alytics have transformed the way risks are identified
and mitigated.

Real-time monitoring systems track key parame-
ters, such as pressure, temperature, and flow rates, dur-
ing drilling. Sensors placed on rigs and wells provide
continuous data streams, enabling operators to detect
anomalies and take immediate corrective actions. For
instance, early detection of pressure buildups can pre-
vent blowouts, ensuring the safety of personnel and
equipment [4, p.108].

Predictive analytics uses machine learning algo-
rithms to analyze historical data and forecast potential
risks. By identifying patterns and trends, these tools en-
able proactive decision-making. For example, predic-
tive models can estimate the likelihood of equipment
failures, allowing operators to schedule maintenance
before issues escalate.

Advanced drilling operations often feature inte-
grated operations centers where experts monitor multi-
ple rigs remotely. These centers combine real-time data
with predictive analytics to provide a holistic view of
risks, enabling swift and informed responses.

Digital twin technology creates virtual replicas of
drilling assets, simulating various scenarios to predict
potential risks. This innovation allows operators to test
mitigation strategies in a risk-free environment, en-
hancing preparedness and resilience.

Risk assessment is an indispensable aspect of drill-
ing operations, offering a structured approach to antic-
ipate and mitigate hazards. By addressing technical, en-
vironmental, financial, and operational risks, compa-
nies can safeguard their investments, protect the
environment, and ensure the safety of their workforce.
Frameworks like FMEA, Bow-Tie Analysis, and
HAZOP provide systematic methodologies for evaluat-
ing risks, while technological advancements such as
real-time monitoring and predictive analytics further
enhance decision-making capabilities. As the industry
evolves, integrating these tools with a strong safety cul-
ture will be crucial for sustainable and resilient drilling
operations. By prioritizing comprehensive risk assess-
ment, the drilling sector can minimize disruptions, meet
regulatory standards, and maintain public trust, paving
the way for a safer and more sustainable future.

Business Continuity Planning (BCP) for Drill-
ing Operations

Drilling operations are vital to the global energy
supply chain, yet they are also highly susceptible to dis-
ruptions ranging from equipment failures to natural dis-
asters and geopolitical instability. Business Continuity
Planning (BCP) serves as a critical framework to ensure
that these operations remain functional even during un-
foreseen events. BCP is a systematic approach aimed at
ensuring that essential business functions continue dur-
ing and after a disruption. In the drilling industry, where
downtime can result in millions of dollars in losses per
day, BCP is indispensable for maintaining operational
integrity, safeguarding assets, and minimizing environ-
mental impacts. The significance of BCP lies in its abil-
ity to address uncertainties inherent in drilling, such as
equipment malfunctions, adverse weather conditions,
and geopolitical tensions. Effective BCP not only miti-
gates financial losses but also enhances an organiza-
tion's resilience, reputation, and compliance with regu-
latory requirements [2, p.131]. Moreover, BCP aligns
with industry goals of sustainable and safe operations
by integrating risk management and emergency prepar-
edness into a cohesive plan.

A robust BCP for drilling operations must account
for the unique risks and challenges of the industry. Key
components include emergency response, resource al-
location, and communication strategies.

Emergency Response

Emergency response planning is at the heart of any
BCP. This involves developing protocols to manage
critical incidents such as well blowouts, oil spills, or
crew injuries. For instance, offshore platforms often
conduct regular emergency drills, simulating evacua-
tion scenarios to ensure preparedness. A comprehen-
sive emergency response plan includes clearly defined
roles, rapid response teams, and access to medical and
logistical support.

Resource Allocation

Efficient resource allocation ensures that critical
supplies, equipment, and personnel are available during
a crisis. This includes maintaining spare parts for drill-
ing rigs, securing backup power supplies, and pre-posi-
tioning emergency equipment in strategic locations.
For example, redundancy in vital systems, such as
blowout preventers, minimizes downtime and enhances
operational reliability.

Communication Strategies

Effective communication is crucial for coordinat-
ing efforts during disruptions. A drilling-specific BCP
should include protocols for real-time communication
between onshore and offshore teams, as well as with
external stakeholders such as regulators and suppliers.
Advances in satellite communication and digital plat-
forms have significantly improved the ability to relay
critical information during emergencies [5, p.243].

Strategies for Ensuring Operational Continuity

Drilling operations require tailored strategies to
address diverse disruptions, including equipment fail-
ures, natural disasters, and geopolitical challenges.

» Mitigating Equipment Failures: Equipment
reliability is essential for uninterrupted drilling. Predic-
tive maintenance, powered by I0T sensors and data an-
alytics, enables operators to identify potential equip-



10

Sciences of Europe # 156, (2024)

ment failures before they occur. For instance, monitor-
ing the performance of rotary drill bits and mud pumps
can prevent costly downtime.

» Responding to Natural Disasters: Natural
disasters, such as hurricanes and earthquakes, pose sig-
nificant threats to drilling operations. Offshore plat-
forms in hurricane-prone regions often implement hur-
ricane preparedness plans, which include shutting
down operations, securing equipment, and evacuating
personnel. Similarly, onshore operations in seismic
zones design infrastructure to withstand earthquakes,
ensuring safety and continuity.

» Addressing Geopolitical Challenges: Geo-
political instability in resource-rich regions can disrupt

supply chains and threaten personnel safety. Compa-
nies often diversify their supply chains and maintain
strong relationships with local governments to mitigate
these risks. Additionally, deploying mobile rigs and
modular drilling units allows for flexible relocation in
response to political unrest.

» Leveraging Technology: Digital tools play a
pivotal role in ensuring operational continuity. Remote
monitoring systems, digital twins, and advanced simu-
lation technologies allow operators to manage opera-
tions from centralized locations, even during disrup-
tions. For example, integrated operations centers enable
real-time decision-making by consolidating data from
multiple rigs.

Hurricane Preparedness in the Gulf of Mexico

An offshore drilling company operating in the Gulf of Mexico developed a robust BCP
to address the threat of hurricanes. The plan included pre-defined evacuation
protocols, remote monitoring systems, and pre-storm shutdown procedures. During
Hurricane Harvey in 2017, the company successfully evacuated its personnel and
resumed operations within days, minimizing downtime and losses

A

Geopolitical Resilience in the Middle East

An onshore drilling operator in the Middle East faced challenges due to regional
instability. By implementing a flexible BCP, including modular rigs and diversified
supply chains, the company maintained operations during a period of heightened
tensions. The use of mobile units allowed rapid relocation, ensuring safety and
operational continuity.

AN

Oil Spill Response in the North Sea

A North Sea drilling operator incorporated an advanced spill response plan into its
BCP. This included deploying rapid response vessels equipped with containment
booms and skimmers. When a minor spill occurred in 2020, the company swiftly
contained the incident, avoiding regulatory penalties and reputational damage.

Figure 1. Successful BCP Implementations
Source: Smith, R., Jones, P., & Baker, L. (2018). Hurricane Resilience in Offshore Drilling Operations. Journal
of Disaster Preparedness, 29(4), 345-367

Conclusion

Business Continuity Planning is a fundamental as-
pect of drilling operations, enabling companies to nav-
igate disruptions with minimal impact on safety,
productivity, and the environment. By integrating
emergency response, resource allocation, and commu-
nication strategies, BCP ensures operational resilience
and aligns with industry best practices. Through strate-
gies such as predictive maintenance, disaster prepared-
ness, and technological advancements, drilling opera-
tors can mitigate risks and adapt to a dynamic operating
environment. The case studies highlighted demonstrate
the effectiveness of robust BCP frameworks in manag-
ing diverse challenges, from natural disasters to geopo-
litical instability.

As the drilling industry continues to evolve, in-
vesting in comprehensive BCP frameworks will remain
essential for sustaining operations and meeting the de-
mands of a volatile energy landscape. By fostering a
culture of preparedness and leveraging innovative tech-
nologies, companies can enhance their resilience, safe-
guard assets, and contribute to sustainable energy de-
velopment.
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ABSTRACT

A rare clinical case report is provided regarding an 83-year-old man who was admitted to the Hematology
Department of the First University Clinic of Thilisi State Medical University (Georgia) in 2021. The patient was
scheduled for surgical treatment due to cataract. The patient did not have any symptoms of Fanconi anemia until
the age of 80. The preoperative complete blood count revealed leukopenia, neutropenia: leukocyte - 2.6 x 10°9/1;
neutrophil - 22%., General condition satisfactory, constitutional type - normosthenic. He does not tolerate alcohol
and does not use tobacco. He had no genetic history. There are no developmental defects. This case suggests that
myelodysplastic syndrome is multisymptomatic and therefore, determining the underlying causes is crucial. Fan-
coni anemia, as known, is homozygous, while this case, which has been confirmed as heterozygous, supports the
idea that it may transform into myelodysplasia over time. This gives us grounds to conclude that it is advisable to
conduct a thorough examination of all cytopenic patients, including from a molecular-genetic perspective.

Keywords: Fanconi Anemia, Myelodysplastic Syndrome, Bone Marrow Report.

Fanconi anemia is a rare genetic disease, also
known as Fanconi congenital panmyelopathy. It often
occurs in consanguineous marriages. It is transmitted in
an autosomal recessive manner. It is characterized by
impaired hematopoiesis, developmental defects, and
the formation of malignant tumors. It is manifested by
pallor, weakness, frequent bleeding, and bruising under
the skin. In general, a special system of enzymes in
cells, under the influence of chemical and physical rea-
gents or during the biosynthesis process, restores the
broken DNA molecule. In Fanconi anemia, a genetic
defect in a cluster of proteins responsible for DNA re-
pair leads to increased chromosome fragility. As a re-
sult, bone marrow dysfunction develops. In particular,
neoplasia and aplastic anemia (1). Oncological diseases
are often represented by acute myeloid leukemia, when
the accumulation of altered white blood cells is pro-
voked. This leads to inhibition of the growth of eryth-
rocytes, platelets, and normal leukocytes. Accordingly,
in aplastic anemia, the maturation and growth of all
three types of blood cells is sharply reduced as a result
of bone marrow dysplasia.

Fanconi anemia can be caused by mutations in at
least 15 genes. The proteins produced by these genes
are involved in a cellular process known as the FA path-
way. The FA pathway is involved in DNA replication.
The FA pathway sends certain proteins to the site of
damage, which causes DNA to be repaired so that DNA
replication can continue (2).

The FA pathway is particularly sensitive to certain
types of DNA damage known as interstrand cross-links
(ICLs). ICLs occur when two building blocks of DNA
(nucleotides) on opposite strands of DNA are abnor-
mally attached or linked together, stopping the process
of DNA replication. ICLs can be caused by a build-up
of toxic substances in the body or by treatment with cer-
tain cancer drugs (3).

Eight proteins associated with Fanconi anemia
group together to form a complex known as the FA core
complex. The FA core complex activates two proteins
called FANCD2 and FANCI. Activation of these two
proteins brings DNA repair proteins to the ICL region
so that the cross-link can be removed and DNA repli-
cation can continue.

80-90 percent of Fanconi anemia cases are caused
by mutations in one of three genes, FANCA, FANCC,
and FANCG. These genes provide instructions for
making the components of the FA core complex. Mu-
tations in many genes associated with the FA core com-
plex cause the complex to malfunction and disrupt the
entire FA pathway. As a result, DNA damage is not re-
paired effectively, and over time, ICLs accumulate.
ICLs stop DNA replication.

Ultimately, they lead to pathological cell death
due to the inability to make new DNA molecules or to
uncontrolled cell growth due to the lack of DNA repair
processes. Cells that divide rapidly, such as bone mar-
row cells and developing fetal cells, are particularly af-
fected. The death of these cells leads to the reduction in
blood cells and the physical abnormalities characteris-
tic of Fanconi anemia. When the accumulation of errors
in DNA causes uncontrolled cell growth, acute myeloid
leukemia or other cancers can develop (3).

Fanconi anemia is most often inherited in an auto-
somal recessive pattern, meaning that both copies of the
gene in each cell have mutations. The parents of an in-
dividual with an autosomal recessive condition carry
one copy of the mutated gene, but they usually do not
show symptoms of the condition.

The condition is very rarely inherited in an X-
linked recessive pattern. The gene for X-linked reces-
sive Fanconi anemia is located on the X chromosome,
one of the two sex chromosomes. In males (who have
only one X chromosome), one altered copy of the gene
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in each cell is sufficient to cause the condition. In fe-
males (who have two X chromosomes), one altered
copy of the gene in each cell is sufficient to cause the
condition. In females, the mutation must occur in both
copies of the gene to cause the disorder. Because
women are less likely to have two altered copies of this
gene, males are more likely to suffer from X-linked re-
cessive disorders than females. A characteristic of X-
linked inheritance is that fathers cannot pass on X-
linked traits to their sons.

People with Fanconi anemia experience fatigue
due to low red blood cell counts (anemia), frequent in-
fections due to low white blood cell counts (neutro-
penia), and clotting problems due to low platelet counts
(thrombocytopenia); and physical developmental de-
fects. For example:

Uneven skin color, unusually light skin (hypopig-
mentation or café-au-lait spots), flat spots that are
darker than the surrounding skin, malformed thumbs or
forearms, and other skeletal problems, and short stat-
ure. Other developmental defects of the kidneys or uri-
nary tract; gastrointestinal disorders; heart defects; eye
abnormalities, such as small or abnormally shaped
eyes; and malformed ears and hearing loss. People with
this condition may also have genital abnormalities or
reproductive system abnormalities (4).

As a result, most affected men and about half of
affected women are unable to father biological chil-
dren. Additional signs and symptoms may include ab-
normalities of the brain and spinal cord (central nervous
system), including an increase in fluid in the center of
the brain (hydrocephalus), or an unusually small head
size (microcephaly.)

Life expectancy in Fanconi anemia depends on the
severity of bone marrow dysfunction. Sometimes pa-
tients live without treatment to about 40 years, although
more often they die in early childhood from severe ane-
mia and oncological diseases. In modern conditions, it
is possible to increase life expectancy with timely al-
logeneic bone marrow transplantation.

An 83-year-old man applied to the Hematology
Department of the First University Clinic of Thilisi
(Georgia) State Medical University in 2021. The pa-
tient was planning surgical treatment for cataracts. The
patient did not have any symptoms of Fanconi anemia
until the age of 80.

The preoperative general blood test revealed leu-
kopenia, neutropenia: leukocyte - 2.6 x 10°9/1; neutro-
phil - 22 %., general condition satisfactory, constitu-
tional type - normosthenic. Does not tolerate alcohol
and does not use tobacco. Has no genetic history. No
developmental defects are noted.

In 2022, the patient repeatedly applied to the he-
matology department, in addition to leukopenia, mac-
rocytic anemia was observed in the general blood test.
Treatment was carried out with vitamin B 12. However,
leukopenia and neutropenia remained. In order to verify
the cause, a trepanobiopsy of the femur was performed
and a morphological study of the material was per-
formed: the bone tissue is well represented in the trep-
anation and no significant changes were seen in it, the
overall structure of the bone marrow is preserved, the
cellular composition is polymorphic. All three branches
are well represented. Against such a basic background,
single hypocellular areas are noted, where the amount

of adipose tissue is increased. Due to the absence of
clinically significant changes, it was decided to observe
the dynamics.

During a routine check-up in 2024, the patient's
blood showed changes, which led to repeated thorough
studies. Namely: Bone Marrow Report, Haematologi-
cal Malignancy Gene Panel Report (both studies were
conducted at Peter MacCallum Cancer Centre Victoria
Australia), FISH cytogenetic study, flow cytometry,
Comprehensive Immune and Cytopenia Panel Plus.

Bone Marrow Peport, Conclusion: The aspirate
demonstrates trilineage dysplasia and a myelodysplas-
tic neoplasm is favored (MDS-Low blasts with MLD).
Correlation with clinical features, either ancillary tests
(hematinic, heavy metals), and molecular/cytogenetic
studies are required for diagnostic confirmation and in-
tegration (Peter MacCallum Cancer Centre Victoria
Australia).

Fish cytogenetic study. Conclusion: The research
findings did not confirm the presence of trisomy or
monosomy of chromosomes 7 and 8, nor deletions
Del(5q); 17p13 del. (TP53); Del(7q); Del(20q) in the
evaluated interphase cells.

Flow cytometry, Conclusion: No changes-Com-
prehensive Immune and Cytopenia Panel Plus: Se-
quence and Del/Dup (CNV) analysis using the blue-
print genetics (BpG) Comprehensive Immune and Cy-
topenia Panel did not detect any known disease-causing
or rare variants that could explain the patient’s pheno-
type as described to the laboratory at the time of inter-
pretation. Summary of Results: Negative for explaining
the patient’s phenotype. The patient is heterozygous for
FANCCD2 c.757C>T, p (Arg253), which is likely
pathogenic. (Blueprint Genetics Oy, Finland).

Based on the in-depth studies conducted, it is con-
ceivable that the cause of the patient's leukopenia and
neutropenia may be related to the development of myel-
odysplastic disease. This case suggests that myelodys-
plastic syndrome is multisymptomatic, and therefore,
determining the underlying causes is crucial. Fanconi
anemia, as known, is homozygous, while this case,
which has been confirmed as heterozygous, supports
the idea that it may transform into myelodysplasia over
time. This gives us grounds to conclude that it is advis-
able to conduct a thorough examination of all cytopenic
patients, including from a molecular-genetic perspec-
tive.
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Tuberculosis (TB) is an infectious disease primarily caused by Mycobacterium tuberculosis, which most often
affects the lungs (pulmonary TB) but can also target other parts of the body such as the lymph nodes, bones,
kidneys, and brain. TB spreads through the air when a person with active pulmonary TB coughs, sneezes, or talks.
It remains a leading global health concern, despite significant advances in treatment and prevention.

TB manifests in two forms: latent TB, where the bacteria remain dormant without causing symptoms and
cannot spread, and active TB, which leads to symptoms such as persistent cough, chest pain, weight loss, and
coughing up blood. Risk factors for TB include close contact with infected individuals, weakened immunity (such
as in people with HIV/AIDS), malnutrition, and living in areas with high TB prevalence.

Treatment for TB typically involves a combination of antibiotics taken over a 6-month period. However,
multidrug-resistant TB (MDR-TB), which does not respond to the most common first-line treatments (isoniazid
and rifampin), poses significant challenges to global TB control efforts. Drug-resistant forms of TB, including
extensively drug-resistant TB (XDR-TB), require more complex and prolonged treatment regimens.

In India, TB remains one of the leading causes of morbidity and mortality, with a large burden attributed to
both the general population and those co-infected with HIV. The National Tuberculosis Elimination Program
(NTEP) aims to reduce TB incidence and achieve elimination by 2025, focusing on improved diagnostics, treat-

ment adherence, and prevention strategies.

For more in-depth information, the World Health Organization and India’s National TB Control Program

offer resources and reports on TB statistics and strategies.

Keywords: Tuberculosis, Pulmonary TB, Latent TB, Active TB, Multidrug-resistant TB, Revised National
Tuberculosis Control Program, BCG Vaccine, India TB Report 2024, Public-Private Partnership, Epidemiology,

Tuberculosis prevalence.

Aim: Epidemiological studies of tuberculosis in
India to quantify the burden of the disease, understand
risk factors such as comorbidities and malnutrition, and
monitor drug resistance trends to assess the effective-
ness of existing programs.

Tuberculosis in India

Tuberculosis (TB) has had a profound and long-
lasting impact on India, shaping both public health pol-
icy and the country’s social and economic landscapes.
Here’s an overview of TB’s historical significance in
India:

Early History and Colonial Era

TB, historically known as “consumption,” was a
major cause of death in India during the colonial era.
The British colonial administration first acknowledged
the significance of TB in India in the late 19th and early
20th centuries. During this period, TB was considered
a major public health challenge due to its widespread
nature, with social conditions like overcrowding, mal-
nutrition, and poor sanitation exacerbating the spread
of the disease.

In the early 1900s, efforts to control TB were fo-
cused on isolating patients in sanatoriums, and the dis-
ease was often viewed as a social stigma. However, In-
dia lacked the infrastructure and medical knowledge
necessary to effectively combat TB during this time.

Post-Independence (1947-1980s)

After India gained independence in 1947, TB con-
tinued to be a significant health problem. The newly es-

tablished government recognized the need for compre-
hensive TB control programs, leading to the launch of
India’s first National Tuberculosis Program (NTP) in
1962. However, the program faced numerous chal-
lenges, including inadequate infrastructure, lack of
awareness, and limited resources.

The widespread prevalence of TB persisted in the
1970s and 1980s, contributing to high mortality rates,
especially in rural areas. The country’s healthcare sys-
tem, despite efforts to treat TB, was under-resourced
and struggled to manage the increasing caseload.

Emergence of Drug-Resistant TB (1990s-Present)

In the 1990s, India faced a growing crisis of mul-
tidrug-resistant tuberculosis (MDR-TB), where the dis-
ease became resistant to first-line treatment drugs like
rifampicin and isoniazid. The rise of MDR-TB was at-
tributed to poor treatment adherence, irregular medica-
tion use, and inadequate diagnostic facilities. This pe-
riod marked a significant turning point in India’s fight
against TB, as new drug regimens and treatment proto-
cols were needed.

The introduction of the Revised National Tuber-
culosis Control Program (RNTCP) in 1997 sought to
address these challenges with a more structured, decen-
tralized approach using Directly Observed Treatment,
Short-course (DOTS). The program was initially suc-
cessful, but the emergence of extensively drug-resistant
TB (XDR-TB) further complicated the issue.

Current Impact and Ongoing Challenges
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Today, India has the highest TB burden in the
world, with an estimated 2.7 million cases annually, ac-
counting for about a quarter of the global burden. The
rise of MDR-TB and XDR-TB remains a major chal-
lenge. Despite significant progress in diagnosing and
treating TB, issues such as malnutrition, overcrowding,
inadequate access to healthcare in rural areas, and the
high prevalence of HIV/AIDS complicate efforts to
eliminate TB.

The Indian government, along with global health
organizations like the World Health Organization
(WHO), is working toward the goal of eliminating TB
by 2025, ahead of the global target of 2030. This in-
cludes enhancing diagnostic facilities, improving treat-
ment adherence, and providing financial and nutritional
support to TB patients.

Economic and Social Impact

TB has had a substantial economic impact in India
due to lost productivity, medical costs, and the strain on
the healthcare system. The stigma surrounding TB also

affects individuals’ social lives, leading to discrimina-
tion and social exclusion, especially in rural communi-
ties.

Moreover, TB remains a significant cause of death
among India’s impoverished populations, perpetuating
cycles of poverty and hindering overall development
efforts. The government’s initiatives, such as the Na-
tional Strategic Plan (2017-2025), aim to address these
challenges through a comprehensive approach that in-
cludes improved diagnostics, patient support, and ef-
forts to prevent the disease.

In summary, tuberculosis has played a significant
role in shaping India’s public health systems and con-
tinues to be a major challenge for the country. Ongoing
efforts to improve diagnosis, treatment, and prevention
are essential to addressing the historical and current im-
pact of TB in India.

Statistical approach of Tuberculosis in india

Tuberculosis incidence in India (2018-2023), dis-
aggregated by gender. It shows consistently higher TB
incidence among males compared to females, reflecting
global and regional patterns.

Gender-Specific Tuberculosis Incidence in India (2018-2023)
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Tuberculosis Mortality in India by Gender (2018-2023)
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State-wise distribution of tuberculosis (TB) cases
in India for 2023. States like Uttar Pradesh and Maha-
rashtra have a significant share of cases, reflecting their
large populations and TB burden

State-wise Tuberculosis Cases in India (2023)
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Here is a graph showing the reported tuberculosis
(TB) cases in India over the last five years (2019-—

2023).
Tuberculosis Cases in India (2019-2023)
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Here is the graph showing the incidence and prev-
alence of tuberculosis (TB) in India from 2013 to 2023.
The incidence reflects new cases, while prevalence in-
cludes both new and existing cases, showing a gradual

Tuberculosis Incidence and Prevalence in India (2013-2023)

decline in prevalence and relatively stable incidence
over the decade.
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Futuristic approach

India continues to face significant challenges with
tuberculosis (TB), particularly multidrug-resistant TB
(MDR-TB). The latest India TB Report (2024) high-
lights that TB remains a substantial health issue, with
an estimated 27.8 lakh cases in 2023, a slight increase
from the previous year. However, the mortality rate
from TB has decreased over the years, from 4.94 lakh
in 2021 to 3.31 lakh in 2022.

A major concern is the rising incidence of MDR-
TB, which is resistant to the two most powerful anti-TB
drugs, isoniazid and rifampicin. Approximately
1,24,000 cases of MDR-TB were reported in India by

2021, and the mortality rate for these cases is around
20%. The spread of MDR-TB is exacerbated by factors
like poor treatment adherence, undernutrition, and co-
morbidities such as HIV and diabetes.

The Indian government has launched a National
Strategic Plan (NSP) to end TB by 2025, focusing on
four key pillars: detection, treatment, prevention, and
capacity building. This includes improving early diag-
nosis, ensuring effective treatment, and enhancing
community and healthcare sector participation. In addi-
tion, the country is addressing TB’s risk factors, such
as malnutrition and alcohol consumption, which com-
plicate treatment outcomes. Despite these efforts, the
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country is still grappling with challenges like inade-
quate private sector reporting and high-risk populations
such as HIV patients and people with diabetes.

Efforts to tackle TB, particularly MDR-TB, in-
clude improved drug regimens and support programs
like the Nikshay Mitra initiative, which provides nutri-
tional support to TB patients. However, overcoming the
MDR-TB crisis requires greater attention to treatment
adherence, access to healthcare, and infection control.

Vaccinations in India

In India, the Bacillus Calmette-Guérin (BCG) vac-
cine is the primary vaccination used to prevent tubercu-
losis (TB). The BCG vaccine is a live attenuated form
of Mycobacterium bovis, a strain closely related to My-
cobacterium tuberculosis. The vaccine has been shown
to be effective in preventing severe forms of TB in chil-
dren, particularly childhood meningitis and dissemi-
nated TB, although its efficacy in preventing adult pul-
monary TB is limited.

Vaccination Strategy:

*The BCG vaccine is administered to newborns
soon after birth in India, as part of the country’s univer-
sal immunization program.

°India has been actively working towards TB
elimination by 2025, in line with the National Tubercu-
losis Elimination Program (NTEP). Vaccination is seen
as a preventive tool, especially for vulnerable popula-
tions.

However, the BCG vaccine does not offer com-
plete protection, and TB remains a significant public
health challenge in India. Additionally, the effective-
ness of BCG may vary in different populations, and it
is not sufficient to control the disease alone, which is
why other TB control measures such as early diagnosis
and treatment are crucial.

India has also been improving its surveillance and
diagnostic infrastructure for TB, alongside vaccination
efforts, to reduce the disease burden further. There are
ongoing studies on new vaccines, as the current BCG
vaccine does not fully protect against all forms of TB,
especially drug-resistant strains.

Preventive measures in India

Tuberculosis (TB) prevention in India focuses on
a multi-pronged approach, given the country’s high TB
burden. Key measures include:

1. National Tuberculosis Elimination Program
(NTEP): Formerly the Revised National Tuberculosis
Control Program (RNTCP), it aims to eliminate TB by
2025, ahead of the global target of 2030.Emphasizes
early detection, free diagnosis, and treatment for all, in-
cluding in the private healthcare sector.

2. BCG Vaccination: The Bacillus Calmette-
Guérin (BCQG) vaccine is administered to newborns to
protect against severe forms of TB, such as meningitis
and disseminated TB. Part of India’s Universal Immun-
ization Program.

3. Active Case Finding (ACF): Health workers
conduct door-to-door screening in high-risk popula-
tions, including urban slums, prisons, and areas with
high TB prevalence. Aims to identify and treat latent
TB cases before they become infectious.

4. Nutritional Support: The Nikshay Poshan
Yojana provides monthly nutritional support of 500 to
TB patients undergoing treatment, addressing malnutri-
tion—a significant risk factor for TB.

5. Preventive Therapy: Contacts of TB patients,
especially children under five, are given isoniazid pre-
ventive therapy (IPT) to prevent latent TB infection
from progressing to active disease.

6. TB Awareness Campaigns: Public education
campaigns focus on reducing stigma, improving
knowledge about symptoms, and encouraging timely
medical help. Use of mass media, social media, and lo-
cal outreach efforts.

7. Engagement with the Private Sector: The pro-
gram collaborates with private practitioners for stand-
ardized TB care under the Public-Private Partnership
model. Encourages private providers to notify all TB
cases to the government.

8. Strengthened Diagnostics: Availability of ad-
vanced diagnostic tools like GeneXpert and TrueNat
for rapid and accurate detection of TB and drug-re-
sistant TB. Free chest X-rays for presumptive TB cases
in many areas.

9. Addressing Multidrug-Resistant TB (MDR-
TB): Specialized treatment regimens and second-line
drugs are provided for MDR-TB patients. Use of newer
drugs like bedaquiline and delamanid.

10. Focus on Social Determinants: Efforts to im-
prove living conditions, reduce overcrowding, and en-
hance ventilation in homes and workplaces. Special in-
itiatives targeting TB in vulnerable populations, such as
migrants and tribal communities.

11. Digital Interventions: Platforms like Nikshay,
a digital tool, help track patient care, treatment adher-
ence, and notification of TB cases. Use of Al and ma-
chine learning for predictive analytics and resource al-
location.

India’s TB prevention efforts are ambitious but
face challenges such as drug resistance, stigma, and so-
cio-economic barriers. Achieving elimination by 2025
will require sustained commitment and innovation.
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AHHOTALUSA

B ycioBusx ABYS3BIYUS WM MHOTOSI3BIYHS BOIPOCH! 00yUEeHIS, TIEPeBOja M MEXKKYIBTYPHOTO AUAIOTA TIPH-
06peTa}0T 0006}/}0 3HAYMMOCTG. B 3aBUCHMOCTH OT y‘I€6HHX 3aJa4 5TO A3bIKOBasd, y‘166Ha$[ 1 TBOpYCCKasd CUTya-
1y aKTyajlbHa AJIs BCEX THUIIOB 06paSOBaTeJ'ILHLIX yqpemneHHﬁ; OHa, KakK HHTCFpPIpOBaHHLIﬁ npomecc, Tpe6yeT
KOMIIJICKCHOI'O I1oaxoaa K €€ MOHUMAaHHUIO U OpraHu3aluu. I/ICXOI[H 13 3TOT'0, B CTaThb€ AKHUCHTUPYECTCA BHUMAHUC
Ha MOHATHAX «OMJIMHTBaIbHOE 00yUeHHE» U «OMIIMHIBAJIbHBINA XyJ0)KECTBEHHBIH TEKCTY.

[IpuBneu€HHbBIC K UCCIICTOBAHHIO IIPOU3BEICHHS PYCCKOM, KBIPIBI3CKOI 1 a3epOaiipKaHCKOW JTUTEPATYP XOTS
1 HalmMCaHbl Ha PYCCKOM A3BIKE, OIPEACIICHBI HAMU KaK 6I/IJ'II/IHI‘BaJ'IbHI)Ie. Cpe,Z[I/I MHOT'OYHMCJICHHBIX TOYCK 3pCHUSA
0 OMJIMHTBaJILHOM XYJJ0’KECTBEHHOM TEKCTe, O0JIee MOIXOIAIIEH CUnTaeM CaeayIoIyo: « Xy 10KeCTBeHHbI I Ou-
JIUHTBHU3M — OPUTHHAJILHOE TBOPUYECTBO, OCHOBAaHHOE Ha B3aUMOJICUCTBUU JIBYX SI3BIKOB U KyJIbTyp» (Tykcautona,
2005, 199). B nanHOM MHEHHMH HET HAaMEKa HAa COOTHOIICHHUE TEKCTOBBIX AIIEMEHTOB, OTHOCSIITUXCS K SI3BIKY IIPO-
HU3BCACHUA, HO,I[‘IépKI/IBaeTCH TOJIBKO UX BSaHMOI[eI\/'ICTBI/Ie.

Hamm HaGnromeHus Ha TEKCTaMu «Typerkoi ckaskm»y M.IO. JlepmoHTOBa, MoBecTH «JI>KaMUIIsD» U poMaHa
«U nonpuie Bexa anutcs aeHp» Y. AlitMaToBa, poMmaHa «PatanbHblil @atanu» Y. I'yceliHOBa U Ipyrux Npou3Be-
,I[CHI/IfI CBUACTCIILCTBYIOT O POJIM KYJIbTYPOJIOTHMYCCKUX 3JICMCHTOB B ITPOLECCE 06y‘16HI/I$[, (6] CBOEO6pa3HOM noa-
X04€ K nepeaadye nin KOMMEHTUPOBAHUIO UX HAa BTOPOM A3BIKE.

ABSTRACT

In the context of bilingualism or multilingualism, the issues of teaching, translation and intercultural dialogue
become particularly important. Depending on the educational tasks, this linguistic, educational and creative situa-
tion is relevant for all types of educational institutions; as an integrated process, it requires an integrated approach
to its understanding and organization. Based on this, the article focuses on the concepts of "bilingual learning™ and
"bilingual literary text". Russian, Kyrgyz and Azerbaijani literature works involved in the study, although they are
written in Russian, have been identified by us as bilingual. Among the numerous points of view about a bilingual
literary text, we consider the following to be more appropriate: "Aurtistic bilingualism is original creativity based
on the interaction of two languages and cultures” (Tuksaitova, 2005, 199). In this opinion, there is no hint of the
relationship of textual elements related to the language of the work; only their interaction is emphasized.

KaroueBple cjioBa: OMIMHIBaJIbLHBIN Xyz[O)KeCTBGHHLIﬁ TEKCT, OMJIMHIBaJIbHOE O6y‘I€HI/I€, MIPOU3BEACHU
PYCCKO#, KbIPTBI3CKOM U a3epOalipKaHCKON JIMTepaTyp, B3aUMOICHCTBHIE.

Keywords: bilingual fiction text, bilingual education, works of Russian, Kyrgyz and Azerbaijani literature,
interaction.

Bo-niepBpIX, HAM HEOOXOAWMO OMPEAEIHUTHCS C
MOHATHEM «OWNMHTBANBHBIN  XYyIO’KECTBEHHBIN
TEKCT», KOTOPBIH, MO HAIIUM IPEICTaBICHUSAM, CIY-
JKHT JIMIIb OJHUM M3 CPEACTB WIM HHCTPYMEHTOB «OH-
JIMHTBaJIBHOTO OOydeHHs». Mojens o0ydeHHus — 3TO
mumb Gopma, a «OMIMHIBAJIBHBIA XyI0>KECTBEHHBIN
TEKCT», KaK HHCTPYMEHT WJIM CPEJCTBO OOyUYEHHSI, sSIB-
JSIeTCS BBIPAKCHWEM W OJMIIETBOPEHHEM HIECH M CO-
JepxkaHusA. B 1aHHOM ciydae coueTaHWe JaHHBIX MO-
HATHHA 00BACHACTCS C TOUKH 3PCHUS METOIUKH U METO-
JIOJIOTMH TIPETIO/IaBaHUsI HMHOCTPAHHOTO S3bIKa B
WHOSI3BIYHON ayAUTOPHH, KOT/Ia JIGKCHUECKUE BBIpaXke-
HUS, MAQOJIOTEMBI, JIpyTHe KyJIbTYPHBIE CHMBOJBI U
KOJIBI POJTHOTO SI3bIKa 00YYaIomerocst MOTYT CITYXKHTb
KJIF0YOM K IOHMMaHHMIO TITyOUHBI aBTOPCKOH HEH, MO-
TUBaLMeN Y4eOHO! NeATEIbHOCTH yUaluXcs.

Bo-BToprIX, 002 3TH MOHATHSA paccMaTpUBAIOTCA
HaMHU Kak (baKTBI B3aI/IMOO6OI‘aH_IeHI/I$[ A3BIKOB U KYJIb-
TYp, METAIMHTBUCTHKH, KOMIIOHEHTBHI MEXKYIBTYp-
HOTO JIAJIOTa, 9YTO TAeT BO3MOKHOCTH 00CYKIaTh UX B
€JIMHOM KOHTEKCTe. BUIIMHTBaNbHbIE TEKCTBHI PYCCKOM
JUTEpaTyphbl, JUTEPATyp MOCTCOBETCKOTO MPOCTpaH-
CTBa MPEACTABIISIIOT UHTEPEC HE TOIBKO B CTPYKTYPHO-
CEMAaHTUYCCKOM OTHOWICHHH, B IUIAHE A3BIKOBBIX PEC-
CYpCOB OpUTHHAJIA, HO U 110 CBOEMY HACHHO-TeMaTH4Ie-
CKOMY CBO€0Opasnio. ABTOD, MPHHAICKAIIINA K OTIpe-
JIeJIEHHOM HallMOHAJBLHOM KyJIBType, MpeJHaMepeHHO
BBOOUT B TCKCT eé OJIEMEHTBI, aKTYaJIN3UPYyET UX, TEM
CaMbIM, paclIupsisg KPyr U IIPOCTPAHCTBO aKTyaJIbHBIX
HAITMOHAJIBHBIX TIpoOiteM. Eciu mpuHamiexanue K ad-
PUKaHCKOM W a3uarckoil KyJnbType MUcCaTeNIn-MHU-
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rpaHTsl, sBisisich rpakaanamu CLHIA wimn Bennkoopu-
TaHWM, TULIYT HA aHIIMHACKOM SI3BIKE, I TPHOETAIoT K
BBIPAXKAIOMIMM MX HAHMOHAJIBHYIO MICHTHYHOCTD MO-
HATHAM, OJlarofapsi IM MHUP OCBEJIOMILIETCS] O HACYII-
HBIX TTpo0IeMax Ha3BaHHBIX KOHTHHEHTOB; OCBEIICHUE
3THX IPOOJIEM aMEPUKAHCKUMHY HIIK OPUTAaHCKUMH MH-
TpaHTaMH CO3/Ia€T HOBOE BOCIPHITHE HAOOIEBIINX BO-
IpocoB. B JpyroM COIUOKYIBTYPHOM TOJIOXKEHUU
HaxoJATCsl NMCATENH, KOTOphIe, MMesl JIBa s3bIKa, T.C.,
CBOOOIHO BJIaJIesl IMH, YTOOBI BBRITH Ha OoJiee MIUPO-
KO YHTaTEJIbCKYIO ayAUTOPUIO, MPEAIIOYUTAIOT COUH-
HSTH HE Ha POJIHOM, a Ha SI3bIKE, NMEIOLIEM MEXXITyHa-
ponHblii ctaryc. TakoBBIM U1 MHOTHUX aBTOPOB CTPaH,
obpazoBasmmxcs mocine pacnaga CCCP, 6pur pycckuit
A3bIK. Jleno f1ake He B TOM, YTO OHU HE XOTENHU IHCATh
Ha POJHOM; OHH HAMHOTO JIy4Ille TBOPHIIH Ha PYCCKOM,
TaK Kak HOJyYHIIN PyCCKOS3bIYHOE 0Opa3oBaHue. Pyc-
CKHH A3BIK CO CBOMMH OOTaThIMHU PECypCcaMH, BBIPA3H-
TENIBHOCTBIO CIYXKWI UM HHCTPYMEHTOM H3SIIHOTO
OTHCAHMS U CaMOBBIpaXKEHHUS. B To ke Bpems 1oz 30H-
TOM, TOJI BHEITHUM 0(OPMIIEHHUEM TEKCTa CKPhIBAJIACh
JIMYHOCTh C HALIMOHAJBHBIM CO3HAaHMEM M IHaMSATHIO,
JIyXOBHO-HPABCTBEHHBIM BOCIIPUSITHEM MHpa. ITO
OBUIO YHUKAJIBHOE A3BIKOBOE SIBJICHHME, KOTZA, CIIyXKa
00OTaIIeHNIO S3bIKA ONMCAHHS HOBBIMH PEANNSAMH U
JIaKyHaMH, TIMCATEIN B TO e BPEMs TBEPIHIIH O CyIIle-
CTBOBAaHHUM, CBOCOOpa3sMM M HEMOBTOPUMOCTH CBOEH
KyJlbTypbl. MBI IPUBBIKIN PAacCMaTPUBATh TEKCTHI C
TOYKH 3PCHUS! INHI'BOKYJIBTY PHBIX, METasI3bIKOBBIX, HH-
TEPTEKCTYyaJbHBIX W JAPYTUX BIMSHUH. A BeOb B Tak
Ha3bIBAEMBIX PYCCKOS3BIYHBIX HALIMOHAJIBHBIX TEKCTAaX
CHMBOJIBI, KOJIbl, apXETHIIbl M JAPYIue peajun o0o3Ha-
yajgu OoJblle, YeM CaM CBSI3HBIA TEKCT C €ro CTPyK-
TYPHO-CJIOBECHBIM OdopmileHHeM. B naHHOM ciydae
Oynem omuparhkcs Ha Mbician B. A. MacnoBoii, mo MHe-
HHUIO KOTOPOH «IpaBWiia MOCTPOCHUS TEKCTa 3aBHCAT
OT KOHTEKCTa KYJIBTYPHI, B KOTODOM OH BO3HHUKAET.
TekcT co3ugaercst U3 A3bIKOBBIX €ANHHI] HU3IIUX YPOB-
Hel, KOTOpBIE ITPH COOTBETCTBYIOIIEM HO00pE MOTYT
YCHINTD KYJIBTYypHBIH CUTHA», Onarogapsi 4emy ¢op-
MHpYeTCsl «HAabOp CHEeIU(HUIECKUX CHTHAJIOB, KOTO-
pHBIC. .. BBI3BIBAIOT Y YATATENs, BOCIIUTAHHOTO B TPaIH-
LUSIX JIaHHOM KyJIBTYPBI, HE TOJILKO HEMOCPEACTBEHHBIE
ACCOIMALINH, HO U OOJIBIIIOE YHCIIO KOCBEHHBIX». [Mac-
nosa, 2007, 87]. A 910 MUMeeT B BUAY YUEHBIN, TOBOPS
«0 OOJIBIIIOM YHCJIE KOCBEHHBIX»? DTO TO, UYTO BBHIXO-
JIAIO 32 PaMKH (HIOIOTHYECKUX HMCCIEIOBAaHHUH, HO-
cuto mTy0oko uocodcekoe U cyrydo MOTUTHIESCKOE
3HayeHue. HarmsgHeIMH NpUMepaMH TOMY SIBIISIFOTCS
alTMaTOBCKHE CIOXKETHI: JIET€HJa O MaHrypTe W Mo-
BecTh «bemoe obmako Uuarucxanay. Iepoit Y. Aiftma-
TOBa AGIIypaxMaH yJIH4EH B IIpornaraH/ie abCTpakTHBIX
Oyp Kya3HBIX HJIEH 1 OCYIIECTBICHUH KaKOT0-TO aHIJIO-
cakckoro cropopa. OH ke He OIUH, TaM e y4EHBIe-
HCTOPUKH, (HUIIOIOTH, YTBEP)KAABIINE O CYIIEeCTBOBA-
HHUH B UX PECIyOJIMKe KAKUX-TO HAIIMOHAIBHBIX TOCY-
JTAPCTBEHHBIX 00pa30BaHUil, YTO MPOTHBOPEUMIIO 3HA-
KOMOI BCEM HaM M3 IIKOJBHBIX y4eOHHKOB HCTOPHUH
nH(OpMaIMM O HAXOXKAEHHH LEHTPAIbHOA3HATCKUX
HapOoJIOB JI0 YCTaHOBJICHHS 3/1€Ch COBETCKOM BJIACTH Ha
CTaJuM pa3BUTHA pabOBIaaeIbuecKoro odmecrsa. B
JTAHHOM Clly4ae YMECTHO NPOILUTHUPOBATh M3BECTHYIO

MbIcab M.baxTuHa 0 TOM, YTO 4YeIOBEeKa MOXHO H3Y-
4aTh TOJIBKO YEPE3 TEKCTHI, CO3aHHBIE UM CO3/aBae-
MBI€ MM, YTO «B ... CBOEH UTIOCTACH TEKCT HECET CMBICIT
MPOLIIBIX M MOCIEIYIOIUX KyJIbTyp, OH BCEraa Ha
TpaHH, OH BCErAa IWANOTHYEH, MOCKOIBKY BCETna
HampaBineH Kk «Jpyromy» (Baxmuw, M. M., 1986,
http://teatr-

lib.ru/Library/Bahtin/esthetic/# Toc225599030)). A6-
JypaxMaH, CO CBOUMH IOJpa3yMEBaeMbIMU TEKCTaMU
BXOJUT B TUAJIOT C CAMUM aBTOPOM. DTH CIOXKETHI HO-
YepNHYTHl U3 HapoaHo# mamaty; B 30-50-e roasl oHU
MIpecie0BaIiCh, TPAKTOBAIUCh KaK aHTHCOBETCKUE,
AHTHKOMMYHUCTHYECKHE. JKUBH B T€ TObI, HABEPHO, 1
nen MomyH ObIT OBI apecTOBaH M OCYXKICH 3a CBOIO
CKa3Ky 0 Marepu-oieHuxe.

B-TpeTpux, OWIMHIBaNbHBIE TEKCTHI, SBIISACH
00BEKTOM M NPEIMETOM B3aHMOIIPOHUKHOBEHHMS SI3bI-
KOB M KyJIbTYP, €CTECTBEHHOTO U HENPHUHYkKIECHHOTO
BXOXJICHUS B «UYXKYIO» KYJIbTYpYy, MOAPa3yMeBaOT
aJanTallMi0 OJHUX KyJIbTYPHBIX 3JIEMEHTOB, KOJIOB,
HEHHOCTEH B KOHTEKCTE APYTOi JIUTEpaTyphl. ITO J0-
BOJILHO YacTO BCTpeYarolleecs siBIeHHEe HaOIo1aeTcs
Ha MHOTHX 3Tarnax JIMTepaTypPHBIX KOHTAKTOB HapOJOB,
COCYILIECTBOBABIINX B OOILIEM KyJIbTypHO-HCTOpHYE-
CKOM apeaJie HiIM NIMEBIINX MEXIy COO0 TeCHBIE KO-
HOMHYECKHE U YENIOBeUeCKHe OTHOMIEeHUs. Harnsaasim
MIPUMEPOM SIBIIIOTCS. TEKCTHI PyCCKON CPEIHEBEKOBOM
IUTEpaTypsl, Takue kak «CioBo o monky Mropesey,
«Xoxnenwne 3a Tpu Mops» Adanacust Huxuruna, «Ilo-
BecTb 0 Temup-Akcakey, «Ckazanue o Marmer-can-
taHe» HM.IlepecBeToBa, UCTOPUUECKOE NIOBECTBOBAHUE
«Kasanckasa ucropus», nmosects «lloconscTBo VBaHa
HoBocuneiiea B Typuuto» U Ap., TEKCThl KOTOPBIX
OBUTH MPOHW3aHbBI TIOPKCKUMH dJIEeMEHTaMH. DTy Tpa-
JUIHIO0 TPOJIOJDKUIM IyTeBBIE OYEPKH M IIOBECTH
A.becryxeBa-Mapnunckoro, «Ilyremecrsue B Ap3-
pym» A.C.IlyumkuHa, JEpMOHTOBCKAs CKa3Ka «AIIMK-
Kepuby», ctuxu u mosma f.Ilomorckoro «Arbap» u ap.
[IposiBieHHE MOTUBOB TIOPKCKOW TEMAaTHKH, a TaKKe
AHTUYHOH, pEHECCAaHCHOW JTUTEpaTyphl B TOI3UU aBTO-
POB «cepeOpSHOTO BeKa» COOTBETCTBOBAJIO X TBOpYE-
CKUM NPUHLIUIIAM.

WHaue oOCTOMT €0 ¢ MPOM3BEACHUSIMH [BY-
A3BIYHBIX HAIIMOHATBHBIX aBTOPOB, CBOOOIHO COYH-
HABIIMX Ha PYCCKOM M POJHOM s3bIkax. HekoTopsie
NPEACTaBISUTN YUTATENIIM CBOM aBTOPHU30BAaHHBIC ITe-
peBoabl. Pycckue TeKCThI BBIMOIHSIIN (YHKIHIO BBITIS-
YMBaHWS BOIPOCOB HAIIMOHAILHON HCTOPHH, CBOEOO-
pasus CBOCH MEHTaJIbHOCTH, 37I000/THEBHBIX MPOOIEM
COIMAIEHON M OOIIECTBEHHON JKU3HH CBOETO PErHOHa,
BOCCTAQHOBJICHHSI HAIlMOHANBHOW maMsATH. «OcoObIi
ClTy4Jal IpUCYTCTBHUS JUAJIOTa B JINTEpaType Hadroa-
eTcs TOTAa, KOTJa OH IPOHMCXOIWT B CO3HAHWU IHCA-
TeJIsA, KOTOPBIN MPHHAIUISKHUT IByM KyJIBTypaMm OJTHO-
BpeMEHHO. B3aumopnelicTBue pa3HbIX HaLMOHAJIBHBIX
KyJIbTYPHBIX TPAIUINN B paMKaX OJHOTO TBOPYECKOTO
CO3HAHHUS OPWUTHMHANBHO MPEIOMIIIETCS B XyHOXKec-
TBEHHBIX TeKkcTax» (Macnosa, 2007, 5). B.A.Macnoga
JOTUYECKH TIOABITOKMBAET CBOM HAaOJIIOAEHUS Hal
TBOPYECTBOM 3TUX aBTOpPOB: «B3aumMmopelicTBue pas-
JMYHBIX KYJIBTYP CO3/1aeT OCOOBII THII A3BIKOBOM JINY-
HOCTH, KOTOPBIH MO>KHO 0XapaKTepU30BaTh KaK Mapru-
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HaJIbHBIH, BOCHPUHUMAIOLIMH CBOIO 3THUYECKYIO KYJIb-
TYpY Kak ObI CO CTOPOHBL. .. [Ipy uTeHNH OMITMHTBHCTH-
YECKOT0 TIPOM3BEICHMS UHUTATENb MOTPYyXaeTcs B
HAIIMOHAJIFHO CIICIU(PUYECKIA MUp 00pa3oB, BelleH,
SIBIICHUH, OTHOLIEHUH. B 3TOM ci1yyae B TekcTe BOIIIO-
aeTcsi MUPOBUICHHE TOTO HApPOJa, KOTOPOMY IpH-
HaUISXKUT Tucatenby. (Macnosa, 2007, c. 5) Ham ka-
JKETCsl, 4TO TmpousBeneHus YuHruza AilrmMaroBa Ha
PYCCKOM SI3bIKE MOXHO PacCMaTpPUBATh B KAYECTBE SIP-
KOro TpHMepa BOIUIOMICHHS MHPOBUICHHS KBIPTBI3-
CKOT'0 ¥ Ka3aXCKOT'0 HAPOJIOB (nepeKknuyKa OOHUX U mex
Jce nposasneHull 6 obpase HCU3HU U MbIUUTEHUS IMUX
HAapooo8 6e3 0c06020 NOOUEPKUBAHUL U CONOCmasie-
HUS UX c8udemenbcmayem o0 Ha0YMAHHOM, HeCnpaseo-
JIUBOM paA30eNeHUU HeK020d eOUHOU UCOPUKO-2e02pa-
Quueckoll, raHoOwa@dmuol u KyibmypHoU cpeobl HA
pasHvle pecuonst). Tak jxe MHTEPECHO OBLIO OBI TPO-
CJIEINTD 32 TBOPUECKUMHU IMOMCKAMH Ka3aXCKOTO 103Ta
u uccienosarens Omxkaca CyneliMeHoBa U a3epOaii-
JKaHcKoro nucarens Yunrusa ['yceiiHoBa B uX pyc-
CKOSI3BIYHBIX TEKCTAaX.

B moBectn «/[xamuns» Y.AWTMaTroB moBCe-
MECTHO BHEAPSET B TEKCT OOILETIOPKCKYIO JIEKCHKY:
Hamas, aoam, KemMaW, Kuuu-ana, Kuyune-6aia,
KQUiblH, ceum, Kamubl, Uax, maHowvlp, akcaxai, amd,
mapan, bewuk, Anabaw, oxcaiinoo, yabausl 1 0p. EcTh
HEMAJIO CJIOB, XapaKTePU3YIOMNX OBIT, TPAIHUIIUH 1 00-
pas xusHM HaponoB Typkecranal: mopma, 6aiibuue,
Dnecau, Byzybai, Kapaynvuaa zopa, Cyneiimanosa
20pa M Ap. DTH CJI0Ba M BRIPAXKEHUS, TaHHBIE 0e3 mepe-
BOJIa U KOMMEHTHPOBAHHS, HE3AMETHO PAaCTBOPSIIOTCS
B TekcTtax Y. AlTMaToBa, Tak Kak YMTaTeNlb OIIYIIaeT
ce0s1 B apeaie KyJIbTypHOIi cpesibl aBTopa. «— Hy, eciu
BBI TaK YK OOHMTECH 3a CBOIO HEBECTKY, TO BOT €€ KAllHU,
— C PaZoCThIO YKa3all OH Ha MEHsI, — HHKOMY He TI03BO-
JUT OJIM3KO K Hel mogouTuy (Aummamos, 2022, 186).
B nanHOM 3mM307€ caM CIOXKET IMOJCKa3bIBaeT YHTa-
TEIT0, YTO pedyb UJeT 0 Opare Myska Jxamuiy, ee 1e-
Bepe). JIerko yragate YMTATEINIO PYCCKOS3BIYHOTO TEK-
CTa peruKy O6e3HpaBcTBeHHOro OCMOHa B OTHOILIEHUHT
Kk Ixamme: « — Bot u s roBopro! Boiina — TBI 1 Oe-
CHUIIICST 0e3 MY)KHUHOU xamuu!.. — Dx, ObuTa OBl THI
Moeit 6a0oii, Torna Obl THI HE TO 3amnena. (Aummamos,
2022, 291). Crenpyromyii mpuMep M3 TEKCTa — HE
TOJIBKO SIpKO€ dTHOTpaduuecKoe, HO ¥ TIe3aKHOE OTIH-
canue crenu: «Tam, 3a pekol, rae-To Ha Kparo Ka3ax-
CKOM CTEeIH, OTBEPCTHUEM TIOPSYEro manobipa Tuiame-
HEJI0 pa3oMJICBIIEE BEUYEPHEE COJIHIIE KOCOBHIIBD)
(Aitmmamos, 2022, 291).

B «benom napoxoze», 0cOOEHHO B JIETEHIIE O Ma-
Tepu-osneHuxe, Y. AUTMATOB yalle NPUMEHSET TIOPK-
CKYIO JICKCHKY, COCTaBIISIOIIYIO SIAPO KBIPTBI3CKUX U
Ka3aXCKUX NpUTY, JiereH] 1 Mu¢oB. Bech TekcT unra-
ercs (moercsl) Kak IecHs, OIHM IOCIOBHIBI M ado-
PH3MBI TOPOXKIAIOT JPYTHe, Kak Obl CIy)ka BHYTpPEH-
HUM pedpenom: «[Ipubexana Poraras MaTh-oneHuxa.
Ha porax cBoux, HOALENHUB 32 IyXKKY, IPUHECTA OHA
JIETCKYI0 KOJb10eh — Oemmk. bemmk 66Ut n3 6emoit Oe-
pe3bl, a Ha AyXKe Oelrka cepeOpsHbI KOJIOKOIbYMK
rpemed. Y moHbIHE IPEMHT TOT KOJIOKOJIEl] Ha OeIiKax

! Tepmun « Typrecmany noopasymesaem 30ech
Llenmpanvnyto A3uto, HO 102U4HO OMHECMU K I1MOMY

UCCHIK-KYJIbCKHX»; «[Ipu BHae Mapana Oyruser cxo-
I C ceiyia, yeTymas popory. Kpacoty mobumoii me-
BYIIKH CpPaBHMBAJIM C KpacoTOW Oeyioro Mapamay.
(diammamos, 2022, 493)

HccnenoBaTento-nepeBooBeNy HHTEPECHO CPAB-
HUTb TEKCT NoBeCcTH «benblil mapoxom» ¢ ero nepeso-
JaMU Ha TIOPKCKHE SI3BIKH, TPOHAOIIIONATh HAXOXKIE-
HUE NEepeBOAYMKAMH YAAYHBIX COOTBETCTBUIl Ha POA-
HOM s3bike. CamMoll  OpUTMHANbHOM  Haxoakou
azepOaiiKaHCKOTo IepeBo1urKa nosectu Jx. Annbe-
eBa cTaja Iepefaya codeTaHus «aed] MoMyH» Kak
«Momin babay («peauruo3sslii gen»). MoxHoO mpuBe-
CTH MHOXKECTBO IIPUMEPOB COXpaHEHMS Ha azepOaid-
JUKQHCKOM S3BIKE€ HAIIMOHAJIBHBIX JJIEMEHTOB OpPUTH-
HAaJa.

ANTMAaTOBCKHE TEKCThI OTAESAIOT 3€MJIIO KBIPTbI-
30B M Ka3aX0B OT OCTaJIbHOTO MHpa. ABTOpP CUMBOJIH-
3upyert e€ kak BocTok, ¢ KoToporo moesza uayT Ha 3a-
naj Wik oTTyJa Ha BocTok. DTOT MHp, AaHHBIN KyJb-
TypHBII apeal ¢ ero JereHaaMH, CKa3KaMu,
adopu3MaMy U TIOCIOBHUIIAMH, OYEIIOBEYEHHEM MpH-
POIIBl, XapakTepaMH U CyAbOaMH aBTOpP PYCCKOTO TEK-
CTa OKyTaJl CBOUMH MU(PHUECKMMH U MHCTHYECKUMHU
IpEeACTaBICHUSIMH O POJTHOM Kpae.

HcTopus nurepaTypsl TakKe CBUAETENLCTBYET O
(akTax, KOTIa «4WTATeNlb MOTPYXaeTci B HAIHO-
HallbHO crenuduyeckuii Mup oOpa3oB, Beei, sBie-
HUH, OTHOIIEHUID», B TEKCTE BOILIOLIAETCS MUPOBUIE-
HUE HE TOr0 HapoJa, «KOTOPOMY IMPUHAUIEKHUT MHCA-
TEeNnb», a — HapoJa, YbUM (DOJIBKIOPOM M MOTHBAMH
COTKaH 3allUCaHHBIA WU CO3JAHHBIA UM XyJIOXKe-
CTBEHHBI oOpaszen. B 3ToM miaHe opuruHanbHa 3a-
nuck pycckum nosrom M.IO.JIepmoHTOBBIM a3epOaii-
JDKaHCKOTO JIFOOOBHOTO HApOJHOTO JAacTaHa «AIIBIT
I'apu6» Bo Bpems ero mpeObiBanus Ha KaBkase u B
AzepOaiimkane B OKTA0pe-HOs0pe 1837 roma. Ycisl-
I1aB JlacTaH M3 YCT a3epOaiiukaHna (mpennonaraercs,
YTO OH YCJIBIIIAN €r0 M3 YCT CBOETO YUHTENs azepOaii-
JDKaHCKOTO sI3bIKa Jipamarypra, 1mo3ta u ¢uinocoda
Mup3el ®@aranu AxXyHI3age — «y4€HOro TaTapuHA
Amny), pyCCKHi TIO3T COXPaHWII HE TOJBKO CIOXKET Ja-
CTaHa, HO U CTPYKTYpPY IOCIOBHIl ¥ NTOTOBOPOK, BHEC
UX B TEKCT C COXpaHEHHEeM a3epOailKaHCKOTO HaIlu-
CaHMA M IPOU3HOIICHUS. JIepMOHTOBCKAs «Typerkas
ckaska»y «Amuk-Kepub» — 3T0 yHHMKanbHBIN criocob
nepenayd KyJbTYpOJOrHYecKOW HH(GOpPMAIMKU C OJ-
HOT'O SI3bIKa Ha APYTOH, B KOTOPOM CIHMBAIOTCS B €lIU-
Hoe 11e710e ponu uHpopmaropa u perucrparopa. Tor,
KTO MEpECKa3blBaeT TEKCT C MPUCYLIMMH €My HaIUO-
HAJIBHBIMU KOMIIOHEHTaMH, H TOT, KTO 3alMChIBAeT U
00pabaThIBaeT €ro ¢ MPUHAAICKALINMHI CBOEMY SI3BIKY
XYJOXKECTBEHHBIMH M CTHIIMCTHYECKHMHU YepPTaMHU, Jie-
MOHCTPHUPYIOT YHUTATEN0 OeCroJo0HBIN MpUMeEp CO-
TBOpYECTBA. DTO CKa3Kka — HE OPUTHHAIBHOE IIPOU3BE-
JICHHE, HE TIepeIeIKa-TIepeIoKEeHNE 1 He TIEPEBOJ, TaK
KaK TOT[Ia ellle JacTaH He ObL1 3anmcaH. [lomHas Bepcus
JacTana ObuTa W37aHa HAMHOTO Mo3Xke, B 1892 rony.
Hewmaunblit nHTEpEeC BBI3BIBAET €€ JIPYroi acnekT 3a-
MIcH a3epOai/KaHCKOTO CKa3aHWs: II0cie H3IaHUs
JIEPMOHTOBCKOI CKa3KU MOSBUWINCH MapaJoKCaIbHBIE

KYIbMYPHO-UCTNOPUYECKOMY apeany 8ecb MIOPKCKUlL
mup, exnrouas Typyuro u Azepbatioscan.



22

Sciences of Europe # 156, (2024)

BEPCHUH O €€ apMSHCKUX U IPY3UHCKUX UCTOYHHUKaX. Ho
(dakTel ocTaroTcs (pakTamMu: JEPMOHTOBCKHH TEKCT
MECTPHUT CJIOBAMHU W TOCIOBHUIIAMH, aHTPOIIOHHMAaMH,
TOTIOHMMaMH ¢ a3epOailKaHCKUM TNPOU3HOIICHHEM,
camoe TJIaBHOE, CBOWCTBEHHBIMH OOIIEMY KYJIbTypHO-
HUCTOPHUIECKOMY apeany u 3aUKCUPOBAHHBIMH B a3ep-
OaifpkaHCKOM (QOJBKIOpE: caas3, Oek, nawd, awua,
o2nam, Kepub, auiux, Kapasaw-capai, ded, pauiuo,
Hamas, ceasim-aneuxkym, Xadepuisnz u Op. Cpenu HUX
TaKOKe MOCTIOBHIIBI U ITOTOBOPKU.: «Kax mebs 306ym? —
Pawwuo. Paz 2oeopu, opyeou pas caywai, Pawuoy,
«Ymo nanucano y uenogexa na 10y npu e2o podlcoeHuu,
moeo oH He munyemy, «Ecau uenosex pewiunca neams
C ympa, mo 00Jd#ceH 12amb 00 KOHYA OHA», «B dokasa-
MenbCmBeo UCMUHbL cablia Mo nepepyoum Kameuvy,
«Ecau orce a 12y, mo 0a b6yoem wiess Mosi mOHbULe 8O-
JIOCKAY.

K coxanenmio, y cTpaHCTBYIOIIETO MOJIOJOTO TIO-
9Ta He OBUIO BPEMEHH YIOPSIOYHUTH CBOIO 3aIHCh, B
KOTOpOMW HaOJI01aeM MHOTO Pa3HOYTEHHH, HEMOTHBH-
POBaHHOCTh, O YEM MBI MHCAJIA B CBOEM CIEIUATIBHOM
Tpyae «Penemnius npo3a M.IO. JlepmonToBa B Asep-
Gaiimkaney ([ocagapos (Benuxawnnot), 2015). D10
MOJKHO OXapaKTepH30BaTh Jake KaK TBOPUYECKUH IKC-
MIEPUMEHT 1Mo3Ta. V3BECTHO, YTO HEKOTOPHIE MOTHBEI
CBOCU «TYpEUKOH CKa3Km» OH Pa3BWI W PACIINPHI B
pomane «I epoii Hamero BpeMeHm», B YaCTHOCTH, B TO-
BecTH «DaTamucTy.

«Anmk-Kepub» JlepmoHTOBa OTHOCHTCS K HO-
BOMY BpPEMCHH, K Ieproay (HOpMUPOBAHHS PYCCKOTO
JIUTEPATypHOTO S3bIKa. XOPOIIIO, YTO TEKCT COXPAHEH
Tak, Kak ObL1 3anucan. K coxaneHuio, OMIHHIBaJbHbIE
TEKCThl TMPEABIAYIINX T[EPUOJOB TOCTUTIIA HHAS
ydacTb. B Tekcre-tonkoBanuu «CnoBa o mosky Mro-
peBe» ellBa MOXHO Pa3iINuuTh JBA-TPU BBIPAKEHUS U3
MIEPBOHAYAIFHOTO BapHaHTa MIAMATHHKA («OPMMAMUY,
«xo0viHay U 1p.). [Tamsatauk XV Beka — « X0k ICHHE 32
Tpu MOps» AdaHacus HUKHTHHA Tak)Ke MBI HAXOINM B
TOITKOBAHWH, YTO JIUIIAET HAC BO3MOXKHOCTH PacCMOT-
pPeTh €ro Kak OWIMHTBANBHBIA TeKCT. [IOHSTHO, 9TO
TEKCTHI JJPEBHEPYCCKUX MAMSITHUKOB HE TIPEICTABIISIOT
JUIA HaC aKTyaJIbHOCTH B KauecTBe 00ydaroIiero mare-
puana. OHAKO OHHU BBI3BIBAIOT MHTEPEC JUIL APYTHX
HaOJIOZICHUH KaK 00pa3ipl OMIMHTBAIBHBIX XYJ0XKe-
CTBEHHBIX TEKCTOB C TIOPKCKUMU MOTHBAMH.

W3ydeHne TEeKCTOB aBTOPOB-OMIMHIBOB, NIPHHA-
JeXamUX K IBYM KyJbTypaM, HpeAroyiaraeT MHOXe-
CTBO ACTEKTOB JJIS (PIIIOJIOTHYECKUX, KYIbTYPOIOTH-
YECKHX, ITHOIICUXOJIOTUIECKUX, PHI0COPCKHUX U APY-
TUX HcclenoBaHuid. U y Kaxmoro ABYS3BIYHOTO
mUcatens cBos cyap0a, CBOS 3ajada IpeACTaBICHUS
peanuii cBoel HallMOHAJIBLHON KynbTypbl. HekoTopsie
aBTOPHI CUMTAIOT, YTO HET OOMIETIPUHATOTO TOHSITHS
«XyIIO’)KECTBEHHBIN OMIMHTBAJIBHBIN TEKCT» U BOMPOC
0 TOM, KTO SIBJISIeTCSl OMIMHTBAJIbHBIM ITHCATENIEM H Ka-
KOH TekCT muddepeHnupyeTcst Kak ABYS3BIYHBINA, 10
CHX TIOp OCTa€Tcs OTKPHITBIM (A60paxman; Hapbex-
koizel, 2020, 125).

Oco0oro BHIMaHUS 3aCIy)KUBACT UCTOPUICCKHI
poMaH a3zepOaiipkaHckoro mucarens Yuarnsa ['yceii-
HoBa «®aranbHblil DaTanu», aBTOPU30BAHHBIN Hepe-
BOJI KOTOPOTO Ha a3epOali/PKaHCKH SI3BIK MOSBHIICS
MocJie pyccKoro Tekcra npousseaenus. [lo npusHanuo

aBTOpa, 3aJepXKKa BBIXOAA KHUIM Ha POJHOM S3bIKE
Obla CBsI3aHA C TEM, YTO MECTHBIC [ICH30PHI HAIIUIH B
pomane teMy «xononuzayuu Kasxasza...». (I'ycetinos
Y., 2014). B ienoM poMaH SBJISIETCS HATIISTHBIM TIPH-
MEPOM JEMOHCTPALMU CIOXKHBIX HCTOPHUYECKUX IIPO-
neccos BKmModeHUs KaBkasa, B Tom ducie CeBepHOTO
Azepbaiimkana B coctaB Poccmiickoit mmmepun. Tpa-
THYHOCTb 3TUX MPOLECCOB OOJIE3HEHHO BOCIPHHUMA-
Jachk aBTOPOM HCTOPHUECKOTO TpakTarta «l ronucranu-
Hpem», nepeBomquukoM HamecTHuKka Kapkasza, yuact-
HukoM TypkmeHnuaiickoro gorosopa Mexay Poccueil u
[epcueit monkoBHUKOM AGOGackymu Ara bakuxano-
BbIM. PoMan Yunrusa ['yceiiHOBa MOCBSIIEH APYyromMy
NEPEBOTUMKY KaHUEIIpUU HamMecTHUKa — M.D. AXyH-
J3aze. Benp BKIoUeHHE B COCTaB HOBOTO rOCy1apcTBa
CONPSDKEHO y a3zepOalKaHIEB HE TOJNBKO C OCO3HA-
HHUEM pa3JeNICHNs] NCTOPUUECKHUX 3€METb, HO U C (ak-
TOM OKa3aHHs B COBEPIIEHHO MHON KyJIbTYpPHO-HCTO-
puueckoii oocraHoBke. Y. ['yceifHOB BoccTaHaBIMBaeT
3Ty MNaMsiTh CIyCTA MHPHUMEPHO IOJIyTOpacTa JIeT:
«A3zepOaliPKaHCKYI0 3eMITI0 pa3/IeNInId Ha JIBE YacTH
— ceBepHy!o U 10kHy!0. K Poccun oromnu Bce ropona,
cena, ropbl U OJUHBI, pyYyelKu U 03€pa, jeca U Ky-
CTapHUKH IO 3Ty CTOPOHY Apakca, ¥ peka cTaja rpa-
HUIICH, 9TOOBI BOWTH CTPOKOW M MEIOAMEH B IPHYUTA-
Hus u Toiaun: « T, Apakc, KHEXKaIbHBIA MOH. ..». ([ )-
ceunos Y., 1988, 214). Dta cTpoKa CHMBOJIM3UPYET
(aTanbHOCTH CyOBI HE OJHOTO ITOKOJICHHSI aBTOPOB,
WIIYIOUX MyTh JYXOBHOTO CIIACEHHS COOCTBEHHOTO
Hapopa, pasgenéHHoro Hajasoe. H.MBaHoBa — aBTOp
npenucnosus k kuure Y. I'yceliHoBa — npu3HaE&rcs, 4To
YTEHME €r0 IIPOU3BEICHUI HUKAK HEJIb3s Ha3BaTh «JIET-
KHAMY... DTa HCTOpUYECKas NIPO3a IUIOTHA U HaChIIEHA
MBICIIBIO, TPEOYET cepbE3HOM pabOTHI yMa. .. TPOMO3/-
Kas [IOBECTBOBATENIbHASI CTPYKTYPa AaET BO3ZMOXKHOCTh
aBTOpy HamOojee aJeKBaTHO BOCIPOM3BECTH HE
TOJIKO BHYTPEHHHH MHUpP Iepos, HO U UCTOPUYECKYIO
00YCIJIOBJIEHHOCTh 3TOTO MHpPa M HEHaBS3YMBO IIOKa-
3aTh NEPEKINYKY MpobieM, MyuuBmmx datanu, ¢ npo-
Onemarnkoil Hammx nHed. Co3HaHHE aBTOpa, SIPKO
OKpaIIMBaIOllee NOBECTBOBAHUE, IENIAET ITOT UCTOPU-
4yeckHi poMaH coBpeMeHHBIM». (MBaHoBa, 1988, 5)
BersicHsieTcs, uTo nepeBo faHHoro pomasna 4. I'yceii-
HOBa «C €r0 POJHOTO PYCCKOTO Ha POJHON azepbaii-
JDKaHCKHUI» He ObUI TBOPYECKHUM 3aMBICJIOM ITHCATEs.
OT0 OBUIO CHaCeHHEM HAEH «I3BIKOBON JIMYHOCTHY
Oyarojiaps ero AByS3bIYHIO.

OOpareHne K nucarensM, YbH TEKCTHI XapakTe-
pU3YIOTCA KaK OWJIMHIBaJIbHBIE, K NPUBEIAEHHBIM W3
HUX IPUMEPaM BBISBIIIET HHTEPECHBIE IJIs (PUIIOJIOTOB,
NEPEBOAYMKOB, IE€JAroroB M IICHXOJIOTOB IEPCHEK-
TUBBl MHTETPUPOBAHHOIO COTPYAHUYECTBA B ACIEKTE
KYJbTYpOJIOTHH, KOMIAPAaTHBUCTUKH, CPABHUTEIHHOTO
A3BIKO3HAHMS, a TAaKXKEe B IUIAHE HM3YYEHHUS PYCCKOTO
A3bIKa Kak nHocTpanHoro. Cormacurech, 4to Oxaro-
Japs IepeBoiaM Ha PyCCKHUH M C PyCCKOTO Ha HAIHO-
HaJIbHBIC SI3BIKH, & TaKXKe OWIMHTBAIBHBIM TEKCTaM
PYCCKOM W PYCCKOS3BIUHBIX IJUTEPATyp CGHOPMHPO-
BaJICd YHUKAIbHBIA KyJIbTYPHO-UCTOPHUUECKUI apea,
aypa, iatgopma COXXKUTEIbCTBA U MEPEKINYKH JINTE-
paTyp, SI3BIKOB U KyJbTYp JECATKH HApOJOB, UEro JH-
IUIUCh MBI nocae paspana Corosa. [{ng HanuoHanb-
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HBIX JIUTEpaTyp, MoJ00HOH a3epOaiiykaHCKOH, KOTO-
past CTOJIETHSIMHU pa3BHBaJach M odoramanach B KOH-
TEKCTE€ C BOCTOYHBIMH U 3aNaJHBIMH KyJbTYpaMH,
HACTYIHJI HOBBIH 3Tall oucka 0oJee MMpPOKOro JINTe-
paTypHOTO mpocTpaHcTBa. PaccmarpruBaeMble B cTaThe
TEKCTBl PYCCKOH M PYCCKOSI3BIYHBIX HAaIlMOHAJIBHBIX
JUTEPATyp, MPEICTABIAA OO0 MONE3HBI HCTOPUKO-
KyJIbTYpOJIOTUYECKHH 1 3THOTpaduuecKuil Marepual,
CO3JaI0T MOTHBAILIMIO JUIi MHTEHCUBHOW pabOTHI Haj
HUMHU. CriocoObI epeaayn, KOMMEHTUPOBaHUs, 00bsIC-
HEHUs], ajanTalid WIN pPacTBOPEHHUS 3THOrpaduye-
CKUX KOMIIOHEHTOB B OWJIMHTBAJIbHBIX TEKCTaX Tpe-
OyIOT CIIEIaIbHOTO PACCMOTPEHHA.
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ABSTRACT

Pluto's orbit differs significantly from the orbits of the large planets of the Solar System. After all, if they are
almost circular and close to the plane of the ecliptic, then Pluto's orbit is inclined to the ecliptic by more than 17°,
and with an eccentricity value of 0.249 it is significantly elongated. Therefore, the average distance between Pluto
and the Sun varies from 39.53 AU at perihelion to almost 49.31 AU at aphelion. This leads to the fact that the
intensity of illumination from the Sun changes on the surface by a factor of 2.8. Pluto's rotation period around the
Sun is almost 248 years. Due to the elongated orbit, Pluto periodically approaches Neptune. On September 5, 1989,
it last passed the perihelion point. And at this moment, from 02/07/1979 to 02/11/1999, for more than 20 years,
Pluto was closer to the Sun than Neptune. Before that, the same situation occurred for 14 years, from 07/11/1735
to 09/15/1749. However, due to the large inclination of Pluto's orbit to the plane of the ecliptic, it does not intersect
with Neptune's orbit, since passing the perihelion point, Pluto is at a distance of 10 AU above the plane of the
ecliptic. For this reason, Pluto cannot approach the planet Neptune closer than 17 AU. But Pluto can sometimes
approach Uranus by almost 11 AU. Such an orbital resonance between Neptune and Pluto is very stable and per-
sists for millions of years. And since the argument of Pluto's perihelion is close to 90°, this value provides a
significant distance both to the ecliptic plane and to the nearby giant planets when passing through the perihelion
point. Such characteristics allow Pluto to avoid approaching Neptune. The period of rotation of Pluto around its
own axis is 6.387 Earth days. The same value is equal to the period of rotation of Charon around Pluto and around
its axis. Therefore, Pluto and Charon always face each other with the same side. They are the largest bodies in the
Solar System with mutual synchronous rotation. The Pluto-Charon system of bodies is distinguished by the fact
that due to the large mass of the satellite Charon; their center of mass is located outside the limits for both bodies.
Therefore, they are sometimes called a double planet. The last equinox for Pluto took place on 16.12.1987.

Keywords: Pluto, dwarf planet, orbital features, double planet, synchronous rotation.

It is known that the orbits of the large planets [12-  planet [9, 15, 23] Pluto (Fig. 1) differs significantly
14, 25-29] of the Solar System (except Mercury) are al- ~ from them.
most circular and close to the ecliptic plane. And as fol-
lows from the data in Table 1, the orbit of the dwarf

Fig. 1. Mosaic of images of Pluto taken by the New Horizons space probe on July 14, 2015, from a distance of
450,000 km (https://pluto.jhuapl.edu/Galleries/Featured-Images/pics/BIG_P_COLOR_2_TRUE_COLOR1.png).
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Table 1.

Main characteristics of Pluto and its orbit.

Orbital characteristics

Semi-major axis

5906.38 million km 39.482 AU

Perihelion

4436.82 million km 29.658 AU

Aphelion

7375.93 million km 49.305 AU

Eccentricity

0.249

Orbital period

247.94 Earth years

Orbital period

14179 Pluto solar days

Mean orbital velocity 4.67 km/s

Mean anomaly 14.86°

Orbital inclination to the ecliptic 17.14°

Orbital inclination to the Sun's equator 11.88°

Longitude of ascending node 110.303°
Longitude of pericenter 224.067°

Time of last pericenter 5 September 1989
Pericenter argument 113.763°

Physical characteristics

Average radius 1187+4 km

Oblateness <1 %

Surface area 17.7 million km ?

Mass (1.303 £ 0.003) x10% kg

0.0022 of the Earth's mass

Average density

1.860 £ 0.013 g/sm®

Surface acceleration due to gravity

0.617 m/s* (0.063 g)

Second cosmic velocity 1.210 km/s
Rotation period —6.387 s
Equatorial rotational velocity 13.5 m/s
Axis inclination to orbit 122.53°
Right elevation of the north pole 132.99°
North pole inclination —6.16°
Bond albedo 0.4-0.6
Geometric albedo 0.5-0.7
Surface temperature 33-55K
Apparent magnitude >13.65 (average 15.1)
Apparent angular size 0.06-0.11"
Axis inclination to orbit 122.53°

Atmosphere

Surface pressure

1 Pa (as of 2015)

Altitude scale

about 60 km

Composition

nitrogen with admixtures of methane and car-
bon monoxide

It turned out to be more than 17° inclined to the
ecliptic and significantly elongated. The average dis-
tance between Pluto and the Sun is 39.53 AU (5.913
billion km). But due to the large value of the eccen-
tricity of the orbit (0.249), the distance to the Sun varies
from 29.66 AU at perihelion to almost 49.31 AU at ap-
helion (4.437-7.376 billion km). The intensity of illu-
mination differs by a factor of 2.8. This leads to a
change in the temperature on its surface from 33K to
almost 60K [22, 24]. The period of Pluto's rotation
around the Sun is about 248 years.

It last passed the place of perihelion on September
5, 1989, and at this time it began to move away from
the Sun [6]. Pluto's motion along its orbit is quite cha-
otic and is described by highly nonlinear equations.
Therefore, it can only be predicted a few million years
back or forward. And this can be noticed only after
fairly long observations of it. The typical time for the

development of such changes for Pluto is about 10-20
million years [6].

If observations are made over shorter periods of
time, its movements will seem to be almost regularly
periodic along an elliptical orbit. Although in reality,
Pluto's orbit shifts slightly with each revolution, and
over time it changes significantly from the initial move-
ments.

Therefore, predicting Pluto's movements for more
distant moments in time is quite difficult [10, 32]. Pluto
is in a 3:2 orbital resonance with the giant planet [7, 13,
20] Neptune. That is, Pluto periodically approaches
Neptune [30]. In each such cycle, when Pluto passes
through perihelion, Neptune is 50° behind Pluto; and
when Pluto passes perihelion a second time, Neptune
will have already made one and a half revolutions
around the Sun and will be at about the same distance,
but already in front of Pluto. And when Neptune and
Pluto will be on the same line with the Sun and on the
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same side of it, Pluto will be at aphelion. Thus, for part
of its orbit, Pluto is even closer to the Sun [18, 22-24]
than Neptune (Fig. 2). The last time this happened was
from 02/07/1979 to 02/11/1999. Calculations have
shown that before that, Pluto occupied the same posi-
tion for 14 years from 07/11/1735 to 09/15/1749.

Due to the rather large inclination of Pluto's orbit
to the plane of the ecliptic, it does not intersect with the

orbit of Neptune. After all, passing the perihelion point,
Pluto is at a distance of 10 AU above the plane of the
ecliptic. For this reason, Pluto cannot approach the
planet Neptune closer than 17 AU. But Pluto can ap-
proach Uranus by almost 11 AU [10, 32].

Fig. 2. The scheme of the intersection of the orbits of Pluto and Neptune (https://static.wixstatic.com/me-
dia/195ad9_30ec8c1b35374b28999628e7d7f4f8bd~mv2.png).

Such an orbital resonance between Neptune and
Pluto is very stable and persists for millions of years
[30, 31]. It is believed that Pluto acquired a resonance
with Neptune over billions of years of numerous ap-
proaches, and this changed its orbit. However, it turned
out that in addition to the 3:2 orbital resonance, several
other resonances and influences [11, 17, 19, 21] are of
great importance, which are also reflected in certain
features of their relative motion and additionally stabi-
lize the features of Pluto's orbit.

The argument of the perihelion of Pluto is close to
90° [31]. It is this value that provides a significant dis-
tance both to the plane of the ecliptic and to the nearby
giant planets during the passage of perihelion. All this
together allows avoiding the rapprochement of Pluto
with Neptune. This is a direct consequence of the so-

called Kozai effect [30], which compares the values of
the eccentricity and inclination of Pluto's orbit relative
to a more massive body, which, in this case, is Neptune.
The moments when the angular difference between the
inclination of Pluto’s perihelion and Neptune’s orbit is
the smallest occur approximately every 10,000 years
[1]. The longitudes of the ascending nodes for the orbits
of these two planetary bodies (i.e., the points at which
they cross the ecliptic plane) are in resonance with the
aforementioned oscillations. If these two longitudes co-
incide, then the perihelion point of Pluto’s orbit will
make an angle of 90° with the ecliptic (Fig. 3). At such
moments, Pluto will be in a 1:1 super resonance above
the plane of Neptune’s orbit and will be furthest away
from it [30]. The full cycle is completed in approxi-
mately 20,000 years [1, 6].
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Fig. 3. Kepler orbital elements relative to the main plane (https://upload.wikimedia.org/wikipedia/com-
mons/0/01/Orbit.svg).

The period of rotation of Pluto around its own axis
is 6.387 Earth days. The same value is equal to the pe-
riod of rotation of Charon around Pluto and around its
axis. For this reason, Pluto and Charon are always
turned with the same side to each other. They are the
largest bodies in the Solar System with mutual synchro-
nous rotation [3]. This phenomenon was used as a nat-
ural point for starting longitudes. That is, the zero me-
ridian on Pluto passes through the center of the hemi-
sphere facing Charon [2, 16].

The system of bodies “Pluto — Charon” [4] is dis-
tinguished by the fact that due to the large mass of the
satellite Charon, their center of mass is located outside
the limits for both bodies. Therefore, they are some-
times called a double planet [8].

Pluto's axis of rotation is oriented relative to the
orbital plane in much the same way as Uranus'. Its in-
clination exceeds 122°. Therefore, Pluto also practi-
cally "lies on its side" and rotates around its axis in the
opposite direction to most planets. The last equinox for
Pluto occurred on December 16, 1987 [5]. And the sol-
stice will occur in the late 2020s [5]. Thus, the equinox
on Pluto now almost coincides with the moment of
passing the perihelion of the orbit.
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ABSTRACT

We introduce the concepts 8-b-closed graphs and contra 6-b-closed graphs for 8b-open sets and obtain some

properties of them.
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1. INTRODUCTION

Some various of sets is important in topological
spaces as they are studied desely. Several topologists
introduced and studied types generalizations properties
and conditions containing them in topological spaces.
In this paper, we introduce two special graphs related
to db-open sets and investigate some properties of
them.

In this study, spaces (Y,&) and (Z,®) (briefly, Y
and Z) always state topological spaces without any sep-
aration axiom. If ScY, closure and interior of S in X
are indicated by CI(S) and Int(S) respectively. Since the
concept of regular open sets is important several in
branches of mathematics, recall it. A subset S is called
be regular open if S=Int(CI(S)). Similarly, a subset S is
called be regular closed[11] if (Y-S) is a regular open.
In other words, a subset S is regular closed[11] iff S=
CI(Int(S)). The &-interior of a subset S of Y is the union
of all regular op. sets of Y contained S and it is indi-
cated by &-Int(S). S is called 5-open[12] iff S=3-Int(S).
In other words, S is called 6-open iff for each yeS,
there exists a regular open set R so that yeRcS. Be-
sides, 8-open sets in Y forms a topology &s so that &sc€
and the regular open sets of Y form a base for . The
8- closure of a subset S of Y is the intersection of all
regular closed sets of Y containing S and it is indicated
by 8-CI(S). S is called 3-closed[12] iff S=5-CI(S).

As a sequel, we need the next definitions and
knowledges.

Definition 1.1. A subset S of a space (Y,§) is
called

(1) z-open[4] (or
Int(S))uint(CI(S)),

(2) 8-semi-open[9] if ScCI(8-Int(S)),

(3) preopen[6] if ScInt(CI(S)),

(4) a-open[7] if ScInt(CI(Int(S))).

Remark 1.2. The next diagram holds for a subset
S of a space Y. Each one of the converses of these im-
plications isn’t true in general. One can find the in re-
lated papers.

Regular open — 8-open — 3-semi-open — 8b-open

db-open[3]) if ScCI(5-

open — «-0pen —> preopen
Diagram

The &-interior of a subset S of Y is the union of all

db-open sets of Y contained S and it is indicated by 8-

b-Int(S). The complement of a 8b-open set is called db-

closed. The 3-b-closure of a subset S of Y is the inter-

section of all 8b-closed sets of Y containing S and it is

indicated by 8b-CI(S)([5]). The family of all 5b-open
subsets containing a point yeY is denoted by
dBO(Y,y). The arbitrary union of any family of &b-
open sets in Y is a 6b-open set.([4)

Definition 1.3. A space (Y,£) is called

(1) Urysohn[10] if for each y1, y2€Y with y1# vy,
there exist open sets U and V so that y1eU, y,eV and
CI(U)NCI(V)=2.

(2) 8-b-T4[5] if for each y1, y2€Y with y1 y», there
exist db-open sets U and V so that y1eU, y2eV, y1¢V,
y22U.

(3) 8-b-T2[5] if for each y1, y2€Y with y1 y», there
exist db-open sets U and V so that y1€U, y2eV and
Unv=yg.

Definition 1.4. A mapping f:(Y,§)—>(Z,w) is
called

(1) Sb-continuous[4] if f -1(V) is 8b-open in Y for
every open sets V of Z.

(2) db-open[5] if f (U) is db-open in Z for every
open sets U of Y.

2. CHARACTERIZATIONS 8-B-CLOSED
AND CONTRA 8-B-CLOSED GRAPHS

Firstly, it is well known that the subset {(y,f(y))|
yeY}cYxZ foramapping f:(Y,&)—(Z,w) is called the
graph of f and is denoted via Gs.

Definition 2.1. The graph G: of a mapping
f:(Y,6)—(Z,0) is said to be

(1) 8-b-closed if for each (y,z) e[(YxZ)-Gt], there
exist 8-b-op. set ACY and open set BcZ such that ye A,
zeB and (AxB)NGi= .

(2) contra 3-b-closed if for each (y,z) e[(Yx2)-GH],
there exist 8-b-op. set AcY and closed set BcZ such
that yeA, zeB and (AxB)NGi= .

Proposition 2.2. Let f:(Y,)—>(Z,®) be a map.
Then the graph Gf of f is 3-b-closed in (YxZ) iff for
each (y,2)e[(YxZ)-Gy] there exist AedBO(Y,y) and
Beo (zeB) such that f(A)NB=.

Proof. We must prove that f(A)NB=Q iff
(AxB)NGs=Q. Assume that (AxB)NGs=d. Then there
exist (y,z)e(YxZ) such that (y,z)e(AxB), z=f(y) and
(y,2)eGy. Therefore, one can obtain f(y)e f(A) from
yeA. In this state; since f(y)ef(A) and zeB, f(A)~B
+ .

Proposition 2.3. The graph Gf of a mapping
f:(Y,&)>(Z,0) is contra d-b-closed in (YxZ) iff for
each (y,z)e[(YxZ)-Gy] there exist AedBO(Y,y) and
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Bew'(zeB) such that f(A)nB = & (o' denotes the fam-
ily all closed sets in (Z,w).).

Proof. This proof is similar to that of Proposition
2.2.

Theorem 2.4. If f:(Y,£)—(Z,0) is contra 3-b-con-
tinuous and (Z,w) is Urysohn space, then Gt is contra 8-
b-closed in (YxZ).

Proof. Suppose that (y,z) e[(YxZ)-G¢]. Then, ac-
cording to definition of graph map, z=f(y) and since
(Z,0) is Urysohn space, there exist open sets F,GcY
such that f(x)eF, yeG and CI(F)nCI(G)=Q. Besides
since f is contra &-b-continuous, there exist
AedBO(Y,y) where f(A) cCI(F). This implies that
f(A)NCI(G)=L. Then by using Proposition 2.3, G is
contra 8-b-closed in (YxZ).

Theorem 2.5. If £:(Y,£)—>(Z,) is 3-b-continuous
and (Z,w) is Ti-space, then Gs is contra 8-b-closed in
(YxZ).

Proof. Let (y,z)e[(YxZ)-Gf]. Hence z=f(y) and
since (Z,w) is Ti-space, there exist Bew such that
f(y)eB and z¢B. Besides, since f is 8-b-continuous, of
course there exist AedBO(Y,y) such that f(A)cB.
Therefore, we have f(A)N(Z-B)=& and Bew'(zeB).
Finally, one obtains that Gt is contra 3-b-closed in
(YxZ) via Proposition 2.3.

Lemma 2.6. ([5]) Let (Y,&) be a topological space
and A,B be two subsets of X. If AedBO(Y) and
Be3BO(Y), then (ANB)e8BO(Y).

Theorem 2.7. Let £, g:(Y,&)—(Z,») be functions
and (Z,m) is Urysohn space. If f is contra &-b-continu-
ous and g is contra super continuous, then
A={yeY:f(y)=g(y)} is 8-b-closed in Y.

Proof. LetygA. Itis obvious that f(y)=g(y). Since
(Z,0) is Urysohn space, there exist open sets U,VcZ
such that f(y)eU, g(y)eV and CI(U)NCI(V)=Z. Also
f is contra 8-b-continuous and g is contra super contin-
uous then f1(CI(V)) is a 5-b-open sets and g*(CI(V)) is
a 8-open in Y, respectively. Take M=7£*(CI(U)) and
N=g1(CI(V)), then M and N are subsets of Y containing
y. Set K=MnN, then K is 3-b-open sets in Y according
to Lemma 2.6. Therefore, we have
F(K)NA(K)=f(MNN)~g(MnN)<f(M). Consequently,
we have AnK=Z and thus ygdb-cl(A). Hence, db-
cl(A)cA. This shows that A is 8-b-closed in Y.

Theorem 2.8. Let f:(Y,£)—>(Z,w) is a surjective
which has 8-b-closed graph function. Then, (Z,®) is T1-
space.

Proof. Assume that z1, z,eZ when z;#z,. Since f
is a surjective function, there exists an yi1eY so that
f(y1)=z1 and f(y1)#z». Hence (y1,22)¢Gs and so via
Proposition 2.2, there exist A:€6BO(Y,y1) and
Biew(z2€By) so that f(A1)nB1=L. Then zy€ f(Ay), but
z1¢Ba1. In similar way, there exists a y,eX so that
f(y2)=z2and f(y2)#z1. Then, (y2,21) ¢ Gsand using Prop-
osition 2.2, there exist A,e6BO(Y,y.) and
Boew(z1€B1) so that f(A2)nB2 =J. Hence zxe f(A2)
but z,#B.. Therefore, Biew(z2€B1) and Boew(z:1€B>)
but z1#B; and z,¢B». This shows that (Z,®) is T1-space.

Theorem 2.9. If f:(Y,£)—>(Z,») is 8-b-open and
surjective function and Gy is 5-b-closed graph, then
(Z,0) is 8-b-T-space.

Proof. Let z1, Z2e Y when z3#2,. Since f is a sur-
jective function, there exists an y1€Y so that f(y1)=z:
and f(y1)#z2. Hence (y1,22)2Gs and then there exist
AedBO(Y,y1) and Bew(zeB) so that f(A)NB=Q by
utilizing Proposition 3.2. Since f is 8-b-open function,
f(A) is 5-b-open set containing z;. According to Dia-
gram, B is a 8-b-open set containing z,. Hence, (Z,®) is
8-b-T,-space.

3. FUNDAMENTAL PROPERTIES OF
STRONGLY CONTRA 8-b-CLOSED GRAPHS

In this part, we introduce another class of graphs,
namely, strongly contra 5-b-closed graphs and investi-
gate various properties concerning of such this class of
generalized graphs.

Definition 3.1.([2]) The graph Gt of a function
f:(Y,&)—>(Z,0) will be termed &-b-strongly closed if
for each (y,z)e[(YxZ)-G], there exist AedBO(Y,y)
and Bew(zeB) such that (AxCI(B))NGt= &.

Regarding the strongly contra 6-b-closed graph,
we can the following lemma.

Lemma 3.2. The graph Gf of a function
f:(Y,6)—>(Z,w) is strongly contra 3-b-closed in YxZ if
for each (y,z)e[(YxZ)-G], there exist AedBO(Y,y)
and BcZ is regular closed(zeB) such that f(A)NB=@.

Definition 3.3.([2]) A function f:(Y.,&)—(Z,®)
will be termed weakly 3-b-continuous if each yeY and
for each open set B of Z containing f(y), there exist
AedBO(Y,y) such that f(A)<CI(B).

Theorem 3.4. Let f:(Y,£)—>(Z,») is weakly 5-b-
continuous function and (Z,®) is Urysohn space, then
Gt is 3-b-strongly closed.

Proof. Let (y,2) e[(YxZ)-Gs]. According to defini-
tion of Gy, z#f(y). Since (Z,w) is Urysohn, there exist
open sets U\VcZ such that f(y)eU, zeV and
CI(U)NCI(V)=@Q. Besides since f is weakly 5-b-contin-
uous, there exists Ae56BO(Y,y) so that f(A)cCI(U) and
F(A)NCI(V)=f(A)NCI(Int(V))=L is a regular closed
set in Z. Consequently, using Lemma 3.2, obtained that
Gt is 3-b-strongly closed.

Definition 3.5. ([8]) A function f:(Y,£)—>(Z,0)
will be termed almost 8-b-continuous if f(B) is 5-b-
open set in Y for every regular open set B of Z.

Lemma 3.6. ([8]) A function f:(Y,£)—>(Z,m) is al-
most 3-b-continuous iff each yeY and for each regular
open set B of Z containing f(y), there exist
AedBO(Y,y) such that f(A)<B.

Theorem 3.7. If f:(Y,£)—>(Z,®) is almost 8-b-
continuous and (Z,w) is To-space, then Gy is 8-b-
strongly closed in (Y xZ).

Proof. Consider (y,z)e[(YxZ)-Gs]. Thus z=f(y).
Since (Z,w) is To-space; there exist open sets U,VcZ
such that f(y)eU, zeV and UnV=. This is equiva-
lent to CI(U)nInt(CI(V))=. Besides, since f is almost
8-b-continuous and V is regular open, then there exists
WedBO(Y,y) so that f(W)cVcInt(CI(V)) via Lemma
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3.6. This implies that f(W)NCI(U)=& and conse-
quently by using Lemma 3.2, we obtain Gs is strongly
contra 8-b-closed in (Y xZ).

To obtain next two theorems, now we give a defi-
nition which is related to 8-b-closed set and characteri-
zations of this notion.

Definition 3.8. A function f:(Y,£)—(Z,») will be
termed contra 8-b-continuous if £(B) is 5-b-closed set
in Y for every open set B of Z.

The next theorem can be obtained by using the
same technique of the similar result involving 8b-con-
tinuity.

Theorem 3.9. For a function f:(Y,£)—>(Z,»), the
following properties are equivalent:;

(1) f is contra 3-b-continuous;

(2) For every closed subset C of Z, f1(C) is 5-open
setin;

(3) For each yeY and each closed subset C of Z
containing f(y), there exists Be6BO(Y,y) such that
f(B)=C.

Theorem 3.10. If Gy is contra 3-b-continuous, then
f:(Y,&£)—>(Z,m) is contra 8-b-continuous.

Proof. Consider U is an open set of Z, then YxU
is an open set of YxZ. According to hypothesis Gs is
contra 3-b-continuous, we have f1(U)=g*(YxU) is -
b-closed in Y. Therefore, f is contra 8-b-continuous.

Definition 3.11. ([1]) A function £:(Y,&)—>(Z,®)
is called contra-super-continuous if for each yeY and
each closed subset C of Z containing f(y), there exists
B<dBO(Y,y) such that f(B)cC.

Definition 3.12. A subset A of a space (Y,&) will
be termed a 5-b-dense in Y if 3b-c(A)=Y.

Theorem 3.13. Let £,9:(Y,&)—(Z,») be any two
functions, (Z,®) be an Urysohn space and BCY be a 6-
b-dense set. If f is contra 5-b-continuous and g is contra
super continuous, f=g on B, then f=g on X.

Proof. Since f is contra 5-b-continuous, g is con-
tra super continuous and (Z,®) is Urysohn; we have
A={yeY:f(y)=a(y)} is 6-b-closed in Y according to

Theorem 2.6. By hypothesis, f=g on B, BCA. Besides,
B is 8-b-dense set in (Y,&) we get Y=3b-CI(B)cdb-
CI(A)=A. This shows that f=gon Y.
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ABSTRACT

The application of heterogeneous Fenton-type systems was studied, using an industrial paper mill effluent
and a model solution of sodium acetate. The reaction was investigated in a batch and a fixed bed reactor, at 70 °C.
Different copper-based catalytic materials were supported on commercial spheres of gamma alumina. Besides, Zn,
Fe, and Ce-containing catalysts were prepared and preliminarily tested for the acetate peroxidation, with compar-
ative purposes. All the catalysts were calcined at 900 °C to improve the anchorage of active species on the support.
For the experiments performed with acetate solution in the batch system with Cu?*/Al,O; catalyst (C1 and C2),
the TOC conversions were approximately 20%. With the industrial effluent, the TOC conversions were close to
45%, with leaching levels below 0.1 ppm Cu. In the continuous system, TOC reductions of the effluent were 20-
30% after 4 h of operation. The decolorization degrees and oxidant consumptions were complete and the estimated
reductions in aromatics content were near 70% (SUVA 254 nm), with a COD reduction of ca. 40%. The impact of
two reaction parameters (oxidant concentration and residence time) was investigated, with a slightly positive ef-

fect.

Keywords: Heterogeneous Fenton, CuO/AI203, paper mill effluent, fixed bed reactor.

1. Introduction

Advanced Oxidation Processes (AOP) have been
the subject of increasing research since the key work of
Glaze et al., in 1987 [1]. The AOP group diverse tech-
nigques that take advantage of the high oxidation poten-
tial of hydroxyl radicals (HO¢). These radicals can react
with a large variety of pollutants, as arises from numer-
ous studies and reviews in the field [2-12]. On this ba-
sis, the AOP are set as processes of choice for degrad-
ing recalcitrant contaminants [8]. Among catalytic
AOP, Fenton oxidation processes combine simplicity
and effectiveness, using available reactants (Fe?* and
H20,) that are also easy to handle and environmentally
benign. Classical Fenton oxidation has been widely in-
vestigated for the treatment of different wastewater
streams, like paper mill effluents [13-17], and it was
proposed as a “green” option for sludge conditioning
and treatment [18]. More recent adaptations of the re-
action system use heterogeneous species to activate the
formation of HO« [10-11,19-20]; solid catalysts are pre-
ferred as they can be recovered by simple separation
and reused [8]. Besides, selecting adequate catalytic
material allows for overcoming some main drawbacks
of Fenton oxidation, such as the narrow range of acidic
pH requirements and the excessive sludge generation
[11]. Most heterogeneous Fenton studies dealt with
iron-based catalysts; however, other cations with mul-
tiple redox states (e.g., copper, cerium, chromium, ru-
thenium, cobalt) might directly decompose H»O; into
HO-+ through conventional Fenton-type pathways
[7,21,22]. Non-ferrous systems have shown interesting
results through a broader range of operational condi-
tions [7-8]. It should be remarked that the hydrogen
peroxide activation mechanism shows a specific de-
pendence on the nature of the catalyst and its composi-
tion. In previous work, a summary of copper catalysts
used for the degradation of recalcitrant organics was

presented [22-24] evaluating different reaction param-
eters for the CuO/Al,O3-H,0; batch oxidation of efflu-
ents from the industrial alkaline sulfite treatment of
wood (chemomechanical pulping). As these processes
do not have a chemical recovery system, spent liquors
are generally discharged into the receiving body. The
wastewaters from the paper industry have a complex
variety of chemical species, and several of its compo-
nents are refractory to typical microbiological degrada-
tion and require more suitable technologies, as they are
difficult to treat or to accomplish before discharge.
Among the existing technologies, there are different
AOP under study, such as ozonation, photocatalysis,
classic Fenton, and heterogeneous Fenton-type oxida-
tion [3-4,25-26].

To the present, there are a limited number of pub-
lications dealing with non-irradiated heterogeneous
Fenton-like oxidation of industrial effluents (pulp
bleaching, olive mill, pharmaceutical, textile, and tan-
nery wastewater), mainly summarized in these reviews
[20, 27-30]. Even fewer are the recent studies that ap-
plicated copper-based catalysts for the continuous pe-
roxidation of model pollutants [31-33]. Suraj et al. [34],
synthesized a copper ferrite catalyst (using a co-precip-
itation method) and studied the oxidation of a pulp and
paper effluent in a fixed bed laboratory scale reactor.
The influence of process variables such as pH, concen-
tration of H,O», bed height and reaction time was opti-
mized by analyzing statistical parameters. After 2 h of
reaction time, about 78% chemical oxygen demand re-
moval was achieved, with improved parameters. Cata-
lyst reusability and stability was evaluated for four con-
secutive runs; the concentrations of Fe and Cu in treat-
ing effluent were below discharge limits.

The applicability of alumina supported catalysts in
the peroxidation of wastewaters from the chemome-
chanical processing of biomass has been incipiently ex-
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plored in batch reactors, with promising results. Cov-
inich et al. [22] studied different homemade catalysts
based on CuO, Fe;0s, NiO, and ZnO, supported on
gamma-Al,Os pellets (2.5 mm), for the catalytic oxida-
tion of an industrial pulping effluent. The investigated
variables were the hydrogen peroxide concentration,
the catalyst loading, active species, and the reaction
temperature. The best performance was registered us-
ing a CuO/Al,O3 system (chemical oxygen demand and
total organic carbon reduction were between 40 and
50%, aromatic fraction reduction was >80% and the de-
colorization was 90%). In a further work, these authors
[24] used CuO/Al;O3 pellets (1.8 mm), to conduct a ki-
netic study for the heterogeneous Fenton-type oxida-
tion of mixed recalcitrant compounds in a real indus-
trial effluent from the alkaline sulfite treatment of
wood. TOC reductions near 50% were measured at 80
°C, using a lab-scale batch reaction system.

Based on this background, we set out to explore
the application of CuO/Al,O; catalysts at different op-
eration conditions, to reduce the organic loading of ef-
fluent from the processing of biomass, using a fixed-
bed continuous reactor. This offers a pathway towards
more practical industrial application. In order to im-
prove the anchorage of active species onto the solid
support, a high calcination temperature was selected,
according to di Luca et al. [35]. In the first instance,
some preliminary batch-mode experiments were per-
formed, using different active species impregnated over
alumina spheres. From these results, further experi-
ments were carried out to test the selected catalyst un-
der continuous operation in a fixed bed reactor.

2. Material and Methods

2.1. Reagents

The reagents used for the catalysts preparation
were commercial spheres of gamma alumina (particle
diameter=2.5 mm, Axens), Cu(NOs)2-2.5H,O (p.a.,
Cicarelli), Ce(NOs);  (Sigma  Aldrich, pa)
Zn(S04)-7H,O (Riedel-de Haén, pa), citrate Fe(IIl)
(BioPack, pa). For the catalytic tests and analytical de-
terminations NaCH3COO (p.a., Cicarelli), H20, (p.a.,
Cicarelli, 30%) and bidistilled water were used.

2.2. Preparation of the Cu?*/Al,03 catalysts

Two different catalysts were prepared, using the
commercial spheres of gamma Al,Os as support. The
impregnation solution consisted in cupric nitrate dis-
solved in bidistilled water. For catalyst C1, only one
step of impregnation was used, followed by drying at
100 °C (12 h) and calcination in a muffle at 900 °C for
2 h (heating rate: 15 °C/min, under air atmosphere). In
the case of the sample named C2, a similar amount of
copper ions was loaded onto the support, but a two-step
impregnation procedure was used. First, a certain mass
of yAl,O3 was left in contact with an aqueous solution
containing half the total amount of Cu?*. The wet solid
was dried and calcined (at the same conditions than
C1). Then, a second impregnation procedure was per-
formed, with its subsequent drying and calcination
stages.

In both catalyst samples the final copper content
was similar, near 2% wt. of Cu species (2.5% wt. as
CuO).

For comparative purposes, a third copper catalyst
was prepared. The procedure was a one-step impregna-
tion similar than for C1, but with twice the total copper
content. This sample was named C1-4%.

2.3. Preparation of other catalyst systems

With the purpose of testing the behavior of a vari-
ety of active ions in the peroxidation of acetate species,
the impregnation method was used to prepare different
catalysts. The procedure was similar to the one de-
scribed for catalyst C1. The samples obtained were:
catalyst Fe,Os; (2.5%Fe,03/yAl,03); catalyst ZnO
(2.5% ZnO/yAl,05); catalyst CuO-Fe;03 (1.25%CuO-
1.25%Fe,03/yAl;O3); catalyst CuO-CeO; (1.25%Cu0O-
1.25%CeO,/yAl,O3).

Two commercial catalysts were also included in
this series of experiments. Catalyst “Engelhard”
(ENGELHARD Cu0226S, 12.5% Cu0-0.32% NiO)
and catalyst “Topsoe” (TOPSOE LK821, 52% CuO-
2% ZnO).

2.4. Catalytst Characterization techniques

The catalysts C1 and C2 were characterized by
means of different techniques:

X-Ray Diffraction (XRD). The presence of differ-
ent crystalline phases was determined using a PANalyt-
ical X“Pert Pro diffractometer, using CuKo radiation
(1,54056A) and graphite monochromator at 40 kV and
40 mA (scanning speed: 0,02°seg).

Scanning Electron Microscopy (SEM). The sur-
face morphology of the samples was determined using
a Philips SEM 505, equipped with a EDAX DX
APOLLO X probe to quantify Cu and Al surface con-
tents.

Nitrogen physisorption. The measurement of par-
ticle surface areas and pore sizes were carried out by N>
adsorption/desorption isotherm analysis at 77 K, using
a Micromeritics Gemini 2380 equipment. The catalysts
were ground and degassed at 150 °C (12 h).

Zero Charge Point (PZC). The pH value for zero
charge of the solids was determined by the rapid titra-
tion method described by Mahmood et al. [36].

Copper content determination. The solid samples
were mineralized using concentrated HNOs, and a col-
orimetric method was used using CuVer ® reagent
(HACH).

2.5. Reaction experiments

Two different target solutions were used. One is a
liquor obtained from “Papel Prensa S.A” (San Pedro,
Argentina), characterized elsewhere [22]. The effluent
was a black liquor from the chemomechanical pulping;
it was diluted (1:50), and the resultant initial COD and
TOC were 931 and 433 mg/L, respectively; total dis-
solved solids were 1.2 g/L and sodium acetate content
was 0.65 g/L. One of the major organic components of
the effluent matrix is the acetate ion. So, parallel exper-
iments were performed using a sodium acetate solution
(1 g/L) as synthetic effluent, for the sake of comparison.

Batch reactor experiments. A PYREX glass batch
reactor of 250 mL was used; it was equipped with a
glass stopper, a condenser, a thermocouple, and a pH-
meter. An agitation speed of 1000 rpm was selected to
avoid mass transfer limitations. The experiments were
performed at atmospheric pressure and 70 °C. The ex-
perimental set up was detailed in a previous work [22].
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Heterogeneous experiments were conducted using cat-
alyst spheres (5 g/L) in a reaction volume of 100 mL.
Through all the catalytic tests, after the solution reached
the desired temperature, the mass of catalyst sample
was incorporated. Then the corresponding amount of
oxidant agent was added (0.67- 1 mL; H>0, 30%) to get
an initial concentration of 0.12-0.24 mol/L. The addi-
tion of hydrogen peroxide was taken as the start of the
reaction (t =0 min). The experiments lasted 4 hours.

Fixed Bed Reactor experiments. A lab-scale fixed
bed reactor (FBR) was also used, with an experimental
setup similar to the one reported by [35]. The reactor
consisted of a glass jacketed column (Internal diameter:
3 cm) operated at 70 °C. The catalyst load (25 g) was
packed between inert glass spheres. The feed solution
was pumped to the column in up-flow mode and the to-
tal flow rate was Qlig = 2.5-5.0 mL/min. The oxidant
initial dosage was adjusted between 0.12-0.18 mol/L.

The residence times of the liquid phase in the
packed-bed reactor were calculated according to Mar-
tinez et al. [37].

Analytical methods. For both reaction systems,
liquid samples were taken at adequate time intervals.
The remaining concentration of oxidant was analyzed,
pH, UV-VIS spectrum, and Total Organic Carbon
(TOC) were determined (on filtered samples). For se-
lected runs, also Chemical Oxygen Demand (COD)
was quantified.

At least three reaction experiments were carried
out for each catalytic experiment. For the reported re-
sults, the coefficients of variation were in the range
<4%.

H,0, concentration was analyzed via standard io-
dometric titration, using KI and Na,S;O3 0.1 mol/L.
TOC values were obtained using a TOC Analyzer (Shi-
madzu, TOC-VCPN model). The initial carbon mass
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1. SEM images of the cross section of fresh catalysts C1 and C2. For the positions 1-4 of the spheres

(or mass TOCinitiar) Was measured from a sample ob-
tained prior H2O; addition. COD was measured follow-
ing the technique described in American Standard Test
Methods [38]. Specific UV absorbance (SUVA) is de-
fined as the UV absorbance of a water sample at a given
wavelength normalized for dissolved organic carbon
concentration. SUVAzs4 values were obtained by divid-
ing the UV absorbance (A) at A = 254 nm by the organic
carbon concentration (mg/L) [39]. Decolorization was
also determined from visible absorbance measurements
at 465 nm (Shimadzu Spectrophotometer).

3. Results and discussion

3.1. Characterization of the fresh Cu?*/Al,O3 cata-
lysts

By means of SEM analysis, irregular surface
morphologies were detected, with comparable char-
acteristics to the alumina support. For both C1 and C2
catalysts, active copper species were concentrated at
the more external zones. For catalyst C2, the two suc-
cessive impregnation-calcination steps gave rise to a
more homogeneous distribution through the cross-
section of the spheres (Fig. 1). EDAX results are the
average from five measurements and confirmed the
different active species distributions that could also
be detected by visual examination of the samples.
These results were consistent with the global Cu%
determined by acid dissolution and colorimetric tests.
Copper accumulation on the surface is expected due
to the preparation procedure and the physical proper-
ties of the support (such as particle diameter, and den-
sity). A more prolonged thermal treatment could
probably give samples with a more homogeneous
concentration of copper cations on the support ma-
trix; however, more direct and economical alterna-
tives are studied at this stage.

M0 200pm »~

cross-sections, the average Cu % wt. (EDAX) is shown.

No significant differences were observed be-
tween the XRD patterns of the catalysts and the alu-
mina support (Figure 2). The comparison of the dif-
fractograms for as-received and calcined gamma-
Al,O3 was also included. Due to the low copper con-
tent incorporated and the relatively high surface area
of the samples, it was expected that neither CuO nor

cupric aluminate phases were segregated. From these
observations, it could be assumed that copper species
are well-dispersed onto the alumina [40]. Alpha alu-
mina characteristic peaks were not observed; when
detected, the presence of alpha alumina could be in-
dicating an anticipated transition of gamma phase,
promoted by the presence of Cu ions [41].
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Figure 2. XRD patterns for fresh catalyst2 C1 and C2, yAI203 (as-received); yAI203 calcined at 900 °C

The results obtained by N» physisorption are
summarized in Table 1. The reduction in surface area
and pore volume of the catalysts is consistent with the
thermal treatment of the samples. The pore size dis-
tribution corresponded to mesoporous materials (the
average pore size was near 15 nm for the catalysts and
the calcined alumina). Catalyst C1 and alumina cal-
cined at 900 °C showed similar results; no significant
changes were induced by the presence of copper ions

in the support. This correlates with the previous men-
tions of cupric species being well-dispersed or incor-
porated in the framework of the alumina [42].
Stronger interactions between the active phase and
the support promote the structural stability of the cat-
alyst. In the case of catalyst C2, the surface area and
pore volume reductions seem even more pronounced
as two successive calcination steps at a high temper-
ature were carried out.

Table 1.

Summary of characterization results for the support and fresh catalysts C1 and C2

Sample Cu content BET Surface area  Pore volume pPzC
(% wt.) (m*g) (cm%g) (pH)
vAl,O3 - 214 0.36 7.8
vAl203 a 900°C - 94 0.34 8.2
C1 2.0% 92 0.33 9.0
C2 2.1% 82 0.27 9.1

Table 1 also shows the pH determinations of the
zero charge points. The catalysts registered PZC val-
ues that are above the circumneutral pH at which the
reaction processes take place. Different authors have
reported [43] that the efficiency of the oxidation pro-
cess under these reaction conditions is strongly af-
fected by the PZC of the catalyst and the pKa of the
contaminants studied. Below the PZC, the catalyst
surface tends to be positively charged, favoring the
interaction with anionic species in an aqueous solu-
tion, such as those investigated in the present study.

3.2. Reaction results

Batch reactor. Initial experiments were per-
formed to investigate the peroxidation of model ace-
tate solution. Figure 3 summarizes the final TOC and

H.0; conversions in the batch reactor system at 70
°C. Different active phases were explored (Cu?*, Fe*?,
Zn?*, Ni%* and combinations). It can be observed that
only a slight fraction of acetate ions (20% or below)
could be mineralized by these Fenton-type systems,
under mild conditions. Copper-based catalysts (se-
lected from a previous work, [22]) could exhibited
better performances than iron or zinc-based materi-
als, as reported by different authors [7, 42]. This be-
havior is strongly associated to the lower potential of
the Cu?*/Cu* couple and the higher hydroxyl radical
formation rates.
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Figure 3. Sodium acetate degradation exploratory tests: TOC and hydrogen peroxide conversion percentages
(after 4 h of reaction time), using different catalysts. Experimental conditions: [acetate]o=1g/L; [H20]o= 0.12
mol/L; 5 g catalyst/L; 70 °C.

Short-chained organic acids exhibited good bio-
degradability in water. However, they affect the acidic
properties of the aqueous medium and are refractory
during chemical oxidation processes. Thus, they are
frequently responsible of TOC abatement limitations of
the wastewaters. These characteristics keep the organic
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compounds such as acetate, out of the sight of advanced
oxidation studies. Acetate ions are one of the most re-
fractory and a main component of the organic loading
of the black liquor. Thus, it was selected as target com-
pound to conduct preliminary/comparative peroxida-
tion studies.
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Figure 4. a) TOC conversion and b) remnant H.O; concentration for batch experiments performed with C1, C2
and C1-4% catalysts (“Ac”, corresponds to sodium acetate solution, and “Ef”, to the diluted black liquor).
Experimental conditions: [H202]o=0.12 mol/L; 5 g catalyst/L; 70 °C.

Figure 4 exhibits reaction results (TOC conver-
sion and remnant H,O, concentration) for the batch
experiments, using sodium acetate and the industrial

effluent. Table 2 summarized final TOC and H,0,
conversion, and pH values (after 4 h of reaction).



37

Sciences of Europe # 156, (2024)

Table 2.

Reaction results after 4 h of reaction time in the batch reactor at 70 °C. Between parentheses, COD final
percentage conversions.

Catalyst Target solution TOC conversion H20:2 conversion pH
Sample (%) (%)

vAl203 900°C NaCH3COO 3 <1 8.0

C1 NaCH3COO 17 96 7.1

C2 NaCH3COO 19 95 7.2

C1-4% NaCH3COO 13 100 7.8

vAl:03 900°C Industrial effluent 5 3 8.5

C1 Industrial effluent 41(48) 97 7.4

Cc2 Industrial effluent 43(49) 97 7.2

Cl-4% Industrial effluent 44(51) 100 8.1

As observed in Figure 4 b), there is an anomalous
behavior in the profile of H,O, consumption. Due to the
high ratio of H,O, decomposition for both catalysts C1
and C2, and additional dose of hydrogen peroxide was
added to the system at 120 min. This addition corre-
sponded to half of the total initial amount of oxidizing
agent (the reaction volume was not significatively mod-
ified). The procedure allows the oxidation to continue,
preventing the reaction from being stopped by deple-
tion of the oxidant.

Some authors have estimated the H,O, consump-
tion efficiency [33-42] for peroxidation reactions. For
the experiments reported in Figure 4, the efficiency was
7-10% (after 4 h of reaction), mainly due to the low
TOC conversion levels. As previously mentioned, the
activity of the copper species towards H>O, decompo-
sition was high, and complete consumption of the ini-
tial oxidant dose (after approximately 150 min) was
registered (the remnant concentration of H,O; after 4 h
of reaction was <5% of the total two-step addition).
However, from these observations, it is likely that an
important amount of the added H,O; participates in par-
asitic reactions, not only through HOe radicals for-
mation [5,35]. This aspect is reported as one of the
drawbacks of the application of copper-based heteroge-
neous Fenton-type systems, as more H,O; is required
to obtain high pollutant abatement (molecular oxygen
disturbs the redox cycle, and part of the oxidant is lost
during the process) [10]. However, as the high rate of
oxidant decomposition promotes a complete depletion
of the H,0O», the resultant solution does not need further
destruction of the oxidant excess to be accomplished
for discharge or subsequent treatment stages.

For catalyst C1-4%, a higher concentration of cop-
per ions on the catalyst surface occurred (4.8% wt. Cu,
according to average EDAX results), that also induced
higher consumption rates of H.O- (Fig. 5). Though, no
marked increased in the TOC conversion were deter-
mined for catalyst C1-4%, compared to C1 and C2. Dif-
ferent causes might be considered: high consumption of
oxidant through secondary reactions, rapid scavenging
of HOe radicals, and/or less dispersed Cu species, that
left relatively fewer active sites for the pollutant’s oxi-
dation [5, 32].

Blank experiments were also performed, in order
to evaluate the incidence of adsorption processes (in the

absence of H,O; oxidant, using C1 or Al;O3 support).
Negligible variations in TOC determinations were reg-
istered. The conversion of acetate in the presence of
H»0, without catalyst was also insignificant (<1%).

Low leaching levels of copper ions (< 0,1 ppm)
were confirmed during all the batch experiments. Ac-
cording to pH measurements, circumneutral conditions
were maintained during the oxidation process, mini-
mizing the solubilization of copper species. However,
leaching could be also promoted by the presence of or-
ganic complexing agents. Based on the negligible con-
centration of copper ions in the final solution, a rein-
forced catalyst stability is confirmed, probably due to
the good anchorage/strong interaction of copper ions in
the support framework (promoted by the thermal treat-
ment of the catalysts). Tentatively, four consecutive
runs were performed reusing catalyst C1 in the pres-
ence of effluent (for a total of 16 hours). The conver-
sions of TOC, H»0,, and the final pH of the reaction
remained unchanged.

Although the liquor has a high initial loading of
acetate ions (near 50% of the initial TOC could be as-
sociated to this species), the aqueous matrix contains
other organic species that could be more easily oxidized
than refractory acetate ions. Thus, as shown in Table 2,
TOC conversions are higher for the industrial effluent.
Complementary  oxidation parameters of the
wastewater were satisfactory: the black liquor was al-
most completely decolorized, 70% reduction of the ar-
omatic fractions was registered, and 50% of COD re-
moval after 4 h of reaction time. Regarding the H,O;
consumption, the time profile was comparable to that
observed for model acetate solution. The initial dose of
oxidant was completely consumed, and after 2 or 3 h of
operation, an extra aliquot (+50%) of H,O, was added.
When the experiment finished, the remnant concentra-
tion of hydrogen peroxide was approximately 0.01
mol/L or lower.

So far, if the number of steps, the operation condi-
tions and the reactants used during the treatment are to
be taken into consideration, the experimental results
seem promising, with a very positive respond to this
non-irradiated Fenton-type oxidation process. Com-
pared with previous results in batch mode, at 70 °C
[22], similar conversion levels were reached in the pre-
sent study. It should be noted that the prior adjustment
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of optimized conditions might be now affected by the
changes in the catalytic system. Although gamma alu-
mina spheres were used in both works, the two supports
have different textural properties. Frequently, through-
out the scale-up, heterogeneous catalytic materials
must be modified, as we pass from studies with pow-
dered solids to studies with supported or pelletized sys-
tems. This process affects the physicochemical proper-
ties of the catalysts and their performances.

Fixed bed reactor. According to the results ob-
tained using the batch reactor, no significant differ-
ences were found between C1 and C2 catalysts. Due to
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the simplicity of the one step impregnation method, the
following experiments in the continuous operation
mode, were performed only with catalyst C1.

Figure 5 shows the temporal TOC conversion pro-
files for a typical experiment using the model acetate
solution and the industrial effluent (for the latter, H20-
conversion, SUVA24 percentage reduction and pH
were also presented). Based on preliminary tests, a final
time of 240 min was selected for each run, in order to
achieve pseudo steady-state conversions.

* > ¢ 14
12
10
[ ] ® ®
8
I
o
6
] ] ] 5
O O (M|
0
200 250 300 350 400
Time (min)
H202 D TOC-Acetate - pH

Figure 5. Conversion profiles vs time, in the FBR at 70 °C: TOC and H>0; conversion, SUVAs4, pH evolution
using the diluted black liquor (TOC conversion for the acetate solution was also shown). Experimental
conditions: [H202]o= 0.12 mol/L; Qiiq=2.5 mL/min; 70 °C.

For the experiments using acetate solution, the
TOC conversions were between 10-18%, with
complete depletion of the H-O, during reaction (initial
oxidant concentrations were between 0.12-0.24 mol/L).
The impact of increasing the residence time and the
oxidant dose was investigated, as summarized in Table
3. In the range of residence times tested, the impact of
an increasing initial H,O, concentration was minor. In
general terms, very poor mineralization levels were
achieved; however, both variables showed a positive

effect on TOC conversions. The solid/liquid ratio in
this reactor configuration could be responsible of an
even more rapid H»O2 decomposition through the
catalytic bed. Thus, the slower acetate oxidation
reaction could not be significantly improved when
higher oxidant concentrations were used. A similar
behavior might be inferred for increased residence
times: if the oxidant is promptly depleted, longer
residence times would not favor the acetate oxidation
performance.

Table 3.

Reaction results obtained at the FBR, at 70 °C, with catalyst C1 after 4 h of reaction. Between parentheses, COD
final percentage conversions.

Target solution Qlig T [H202]o TOC conversion  Aromatics
(mL/min) min (mol/L) (%) reduction (%)

NaCH3COO 5 1,6 0.18 13 -
NaCHzCOO 5 1,6 0.12 10 -
NaCHzCOO 2.5 3,3 0.24 17 -
NaCHzCOO 2.5 3,3 0.12 10 -

Industrial effluent 5 1.6 0.18 19 (35) 67

Industrial effluent 5 1.6 0.12 15 (31) 62

Industrial effluent 2.5 3.3 0.18 21(39) 68

Industrial effluent 2.5 3.3 0.12 19 (34) 66

When the black liquor was used as target solution,
the TOC conversions were in the range of 15-21%.
TOC reduction levels were markedly lower than those
reached during batch experiments. This is a common

observation when these two types of reaction systems
are compared, due to their distinctive features (e.g.,
solid/liquid ratio, contact time between phases) [35].
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FBR are attractive configurations that allow accelerat-
ing the oxidation of the organics and increases the
treated volume of effluent by using shorter contact
times. The main advantages over stirred-tank reactors
are the well specified residence time, and fixed catalyst
bed, which avoids separation of the solid catalyst and
mechanical degradation. In our case, the higher
solid/liquid ratio in the FBR, lead to relatively higher
reduction in the aromatic fraction, estimated from
SUVAs4. That is, with almost half of the “mineraliza-
tion” conversions, the continuous process could give
similar aromatics degradation than the batch mode.
COD was also determined for some selected experi-
ments with the industrial effluent, reaching near 40% of
reduction. Complete decolorization was also obtained.

At constant residence time, a slightly positive ef-
fect of higher initial H,O, dose was observed for the
results obtained using the FBR. The changes in the re-
actor configuration parameters and residence time in-
duce an increase in the conversion levels.

The maximum leached concentration of copper
ions was far below the limit in Argentine legislation (1
ppm): 0.05 ppm for the experiments with higher initial
concentration of H,O. and 0.01 ppm for the experi-
ments performed with 0.12 mol/L of H20..

The results obtained are satisfactory, so it is ex-
pected to advance the investigations to adjust the oper-
ative conditions to improve the levels of pollutants deg-
radation, through simple and cost-effective strategies,
with reduced environmental impact. The results sup-
port the hypothesis of the feasibility of the application
of these treatment systems, as preliminary findings.
The optimized operation conditions are not yet accom-
plished and must be adjusted. During the peroxidation
process, the organic loading of the effluent was re-
duced, and the resultant parameters show good chances
for further biological treatment. Toxicity tests and bio-
degradability tests are required to complete the final
system characterization.

4. Conclusions

The use of Cu?*/Al,O3 catalysts in a heterogene-
ous Fenton process effectively reduced the organic load
and aromatic content of industrial paper mill effluent,
both in batch and fixed bed reactor configurations. The
thermal treatment of catalytic materials allowed a good
retention of active Cu species, reducing its leaching.
The continuous reactor experiments highlight the pos-
sibility of treating larger effluent volumes, with a 70%
removal of the aromatic content. The catalyst showed
good stability and reusability in preliminary experi-
ments. Further research will focus on optimizing pro-
cess parameters and exploring the long-term stability of
the system, as well as the costs and biodegradability of
the final solutions, as this is a key parameter when a
continuous industrial application is envisioned.
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AHHOTALUA

B cratbe npencTaBiieHa yCOBEPIICHCTBOBAHHAS KOHCTPYKITHS IUTAHETAPHON KOPOOKH Tepenad, pazpaboTaH-
HasA 1A TpaHCMI/ICCI/Iﬁ TPaHCIIOPTHBIX CPCACTB. Hpe/:[noxceHHa;{ KOHCTPYKIHA BKIHOYACT MHHOBALIMOHHBIC 3JIC-
MCHTHBI YIIPABJICHUA: IBA TOPMO3a U ABC Myq)TBI, a TAKXKC MCPCKIIOYAIOIICE YCTpoﬁCTBO, COGZ[I/IHéHHO@ C BaJIOM U
HCHTPAJIbHBIM KOJICCOM. Ot HpOpa6OTKI/I 00ecIeunBaroT pacmmpeHue auarna3oHa nepeaaTo4HbiX YUCCII U yYBC-
JIMYHUBAIOT Ha&XHOCTh. CUcTeMa yrpaBieHus o0ecneyrBaeT iaBHoe 1 3G heKTHBHOE NepeKIItoueHHe, ONTUMHU-
3Upys pabOTy TPAHCMUCCHU U e€ TOJTOBCUHOCTb.

ABSTRACT

The article presents an improved design of a planetary gearbox for vehicle transmissions. The proposed design
features innovative control components, such as two controlled brakes and clutches, alongside a switching device
connected to the main shaft and central gear with internal teeth. These enhancements expand gear ratios while
simplifying the construction and increasing reliability. A control system ensures smooth and efficient gear shifting,
optimizing performance and durability. The innovation represents a significant step forward in planetary gearbox
development.

KiroueBble ciioBa: IJIaHeTapHast K0p061<a nepeaay, I/IHHOBaI_[I/IOHHHﬁ Z[I/IBaI\/'IH, TPAaHCMUCCHS TPAHCTIOPTHBIX
CpPCACTB, NIEPEAATOYHBIC YHCJId, HAICKHOCTh, 9KOHOMUYHOCTb.

Keywords: planetary gearbox, innovative design, vehicle transmission, gear ratios, reliability, efficiency.

Beenenme:

[TmaneTapHble KOpPOOKHM Iepenad TPaaAHUIIMOHHO
MPUMEHSIIOTCSI B Pa3IMYHBIX THUIAX TPaHCIOPTHBIX
cpenctB Onarogapsi MX CIOCOOHOCTH OOecreynBaTh
IUTaBHOE M A(PQPEKTHBHOE pacHpeeliCHHE KPYTSAIIETo
MoMeHTa. OJJHaKO ¢ yBeTUUeHHEeM TpeOOBaHUH K CKO-
POCTH, HaJIS)KHOCTH W YHUBEPCATBHOCTH TPAHCMHUCCHI
BO3HHKJIA HEOOXOJUMOCTh B YCOBEPIICHCTBOBAHUHU
9THX MeXaHW3MOB. HoBas rutanetapHas KopoOka mepe-
Jlad, TPEJCTaBJICHHAs B JaHHOM HCCJICOBAHUH,
HampaBJieHa Ha PElIeHHe ATHX 3ajad, codyeTas ympo-
MICHHYIO0 KOHCTPYKITHIO C IMHPOKKUM JHAIIa30HOM TIepe-
JTATOYHBIX YHCETI.

Pa3zpaboTka BKIIIOUAET HECKOIBKO KITFOYEBBIX dJIe-
MEHTOB, KOTOpPbIE 00€CIIEUNBAIOT €€ MPEUMYIIECTBA!

1. BXonHO# M BBIXOAHOHM Balibl, COEUHEHHBIE C
OCHOBHBIM MEXaHHU3MOM, MO3BOJISIOT MEpPeAaBaTh Kpy-
TAIIMA MOMEHT Ha KoJieca aBTOMOOWIIS.

2. [InaneTapHBI MEXaHU3M C ABYMS KOPOHHBIMH
HIECTEpHSIMH: Hapy>XHOW C 3yObsIMM M BHYTpPEHHEH,
CBSI3aHHOHN C IIEHTPAJIBHBIM KOJIECOM, YTO TTO3BOJIET
pacmpeneniaTh KpyTAMHUA MOMEHT ¢ MHHMMAJIbHBIMH
MOTEPSIMU.

3. Boauno u conHedHas mectepHs, paboTaromniye
B CHHXPOHHOW CBSI3KE C LEHTPAIIbHBIM KOJIECOM, YTO
obecrieunBaeT IUTAaBHOE MEPEKITIOYCHUE TIepeiady.

4. Tpu QPUKIIMOHHBIX YCTPOHCTBA, KOTOPHIE OT-
BEYAIOT 3a MEPEKIIOUCHUE TIepead, Co3/1aBast CLeTIe-
HHUE MEX/y Pa3InIHbIMH JIEMEHTaMH MEXaHU3Ma.

5. JlBa ymnpaBisieMbIX TOpPMO3a U IBE yIpaBisie-
Mble My(THI, oOecriednBaiomne HEOOXOIUMYIO THO-
KOCTh YIIPaBICHUS M BO3MOXHOCTH IUTaBHOTO Iepe-
X0/a MEXIy IepeadaMu.

6. Ilepexmouaromee yCTpOMCTBO, PAaCHOI0XKEH-
HOE MEXIy OCHOBHBIM BajJOM U LEHTPAIbHBIM KOJE-
COM, YTO MOBBIIIAET HAJIE)KHOCTD U YIPABIIEMOCTh KO-
poOxku nepenay.
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Cxema, puBeJIeHHas! B ONKUCAaHWUU HU300peTeHus,
WUTIOCTPUPYET KITHOYEBbIE KOMIIOHEHTHI U X B3aUMO-
CBsI3b B pa3pabOTaHHOU IIaHETApHOU KOpOoOKe mepe-
nad. Pa3zbepem e€ Oomnee neTanbHO, 4TOOBI MOHATH, KaK
B3aMMOJIEHCTBYIOT OCHOBHBIE DJIEMEHTHI KOHCTPYKITUU
1 KaKyI0 POJIb BBIMOJIHACT KaXKIBIN U3 HUX.

OmnmcaHue 3JeMEHTOB CXEMBI U X (PYHKITHIA

1. Bxoano#t Bax (1) — 3TO TJIaBHBINA JIEMEHT, Ye-
pe3 KOTOPHIHA MoJaeTCss KPYTAMIUA MOMEHT OT JIBUTa-
Tens K KopoOke mepenad. BxoqHO# Banm coenunHEH C
My{TaMu ¥ APYTHMH IEMEHTaMH, KOTOPEIEC pacTpeie-
JISIFOT YCHWJINE Ha IJIaHETapHBIA MEXaHU3M.

2. BerxoHOI Bas (2) — 311eMeHT, uepe3 KOTOPHIit
nepeaaeTcst Kpy TSI MOMEHT OT KOpOoOKH Iepenad K
KoJIecaM WJIH JPYTUM CHCTEMaM TPAaHCIIOPTHOTO Cpef-
ctBa. CxemMa AEMOHCTPHPYET, KaK BBIXOJHOW BaJl MO-
KET MEePEKITI0YAThCI MEXTy Pa3TUIHBIMH MepeIaToy-
HBIMH YUCIIAMH JUTS JOCTIXKCHHS HYKHOTO KPYTSIIETO
MOMEHTA U CKOPOCTH.

3. [InanerapHsIil MexaHu3M (3) — 3TO HEHTpallb-
Hasl 4acTh KOPOOKH Iepeiad, CoAeprKallas COTHEIHYIO
HIeCTEePHIO, [UIaHEeTapHbIE IECTepHU U BoAumo. [1nane-
TapHBIA MeXaHW3M OOeCIeYuBaeT INepenaqy KpyTs-
IIET0 MOMEHTa W yTIpaBlCHHE MEepeKIIoueHIeM Iepe-
Jlad, 4TO TO3BOJIET JOCTHTaTh BHICOKOTO IHMAara3oHa
CKOpOCTEN 1 MOMEHTOB.

4. KopoHHas miecTepHs C Hapy>XKHBIMU 3yObsIMU
(4) m BHyTpeHHMMHU 3yObAMHU (5) — KOpDOHHBIE IIIe-
CTEPHH SBISIFOTCS. HEOTHEMIIEMOM YacThIO ILIAHETap-
HOro MexaHu3ma. KOpOHHbIE IIecTepHH B3anMOJeH-
CTBYIOT C IUIAHETAapHBIMH ILNECTEPHSIMU M BOJHJIIOM,
obecrieunBas pacrpelesieHne KpyTsIero MOMEHTa B
3aBUCHMOCTH OT BHIOPaHHOH Ilepeayn.

5. ®pukHOHHEIE ycTpoiicTBa (6, 7, 8) — naHHBIC
9JIEMEHTHI CIy»aT JUId NepexioueHus nepenad. OHu
00ecreunBaloT CIEIUICHHE MEXAY Pa3INYHBIMH KOM-
MMOHEHTAMH KOPOOKH Tepenad M TMO3BOILIOT 3¢ ¢ek-
THBHO YIIPaBJIATH [IEPENATOUHBIM YHCIOM. DPUKIHOH-
HbIE YCTPOHCTBA BKJIFOYAFOTCS U BBIKIIFOUAIOTCS B 3aBHU-
CHMOCTH OT JKeJaeMOil mepeaayd, KOHTPOIUPYs
JIBIDKCHHUE BaJa U IPYTUX DJIEMEHTOB.

6. Topmo3za (9, 10) — naBa ympaBisieMbIX TOPMO3a
Ha CXeMe OTBEYaloT 3a OCTAaHOBKY WJIM 3aMeAJIeHHe
OIpe/IeIeHHBIX DJIEMEHTOB KOpPOOKHM Tepenad Juis u3-
MEHEHUs TepenaToyHoro yuciaa. OHU UrparoT KIItode-
BYIO POJIb B YNPaBJIEHHH KOPOOKOW, TaKk KaK WX HC-
TI0JIb30BaHUE TTO3BOJISIET U3MEHSTh HAIIPaBJICHHE U Be-
JIMYUHY TIepe/laBaeéMoro MOMEHTA.

7. Mydrtsr (11, 12) — ynpaBnsiemble MyQTHI cO-
€IMHSIOT WIH Pa3beIMHIIOT Pa3IMYHbIC SJIEMEHThI Me-
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XaHU3Ma, MO3BOJISS BKIIIOYATh WM OTKIIIOYATh Iepe-
nagn. MydThl paboTaroT B mape ¢ TopMo3amu, odecre-
4KBas INTABHOE U OECIIyMHOE MEPEKIIIOUEHHE Nepeiad.

8. Pacmpenemurens ynpaienus (13) — »3T0
YCTPONCTBO KOHTPOJIMPYET, KAKOW W3 TOPMO30B HIIH
Myt OyzmeT 3a1efiCTBOBaH B 3aBUCUMOCTH OT BHIOpaH-
HOW mepepauu. Pacnpenenurtens CBA3bIBAE€T OpraHbl
yIpaBieHUs] KOPOOKOH ¢ (PUKIMOHHBIMU 3JIEMEH-
TaMH, BBINOJIHAS KOMaH/bI IEPEKIIOYECHUS.

9. Ilepexmoyaromiee ycTpoicTBo (14) — KIirode-
BOM 2JIEMEHT s epexoaa MEeKIy pa3IMuHbIMU Iepe-
JATOYHBIMHU yrciIaMUu. OHO COETUHEHO C OCHOBHBIM Ba-
JOM W LEHTPAIbHBIM KOJECOM, IIO3BOJISII MEHSATh
HaIpaBJIeHUE BPAIICHNUS U BBIOMPATh OAXOAAIIEE T1e-
penaToyHOe OTHOIICHHE.

10. Peraar ynpasnenns (15) — snemenT ympasie-
HUS, TIO3BOJISIOIINI BOJUTENIO MM CHCTEME BHIOPAThH
HYKHYIO Iepenady. Pelyar moceimaeT KOMaHABI pac-
NPE/ICNUTENI0, aKTUBUPYS HYXKHBIE TOPMO3a U My (T
JUIS TIEPEKITFOYEHNUS] HA HEOOXOIUMYIO TIepeiauy.

[Ipuniun paboTel 1o cxeme:

CxeMa MoKa3bIBaeT, KaKk KPyTSIIH MOMEHT Mpo-
XOJMT Yepe3 BXOAHOM Baj, paclpe/iesiaeTcs Ha IIaHe-
TapHBIA MEXaHU3M U YTIPABIIAETCS C TIOMOIIBIO TOPMO-
30B 1 MydT. Kaxxnast nepenaua onpenemnsiercst BKIIO4e-
HHEM W BBIKIIOUYCHHEM pa3IMYHBIX (PUKIIHOHHBIX
YCTPOMCTB, YTO IMO3BOJISIET THMOKO YHPaBJISATH CKOPO-
CTBIO BPAIICHHUS U KPYTAIIIM MOMEHTOM Ha BBIXOJIHOM
Baity. IlepexioueHne Mexay mepeaadaMu odecreqn-
BAETCsl PacCIpeesUTeNeM, KOTOPbI HalpaBisieT CHUr-
HaJibl Ha My(TBI U TOPMO3a, aKTHUBUPYsI HY)KHBIE dJIe-
MEHTHI B 3aBUCUMOCTH OT 33JJaHHBIX YCIOBHI.

Hekoropsle mitocsl:

Hanexnocts. Cucrema KpaifHe peIko BBIXOAUT U3
CTpOsI, TTO OLICHKaM CIICIIHAIUCTOB IUTaHeTapHask TPAHC-
MUCCHS HE HYXAaeTcs B peMOHTE Kak MUHUMYM 400 —
500 ThICc. KM TIpoOera. JlomaThcst TaM (aKTHUSCKH He-
YeMy: OCHOBHBIE KOMIOHEHTHI TPAHCMUCCHH — 3TO IIIe-
CTEPHU U BaJbl.

KommnakTtaocTs. Hebounbime pazmeps MexaHu3Ma
MO3BOJISIIOT yCTaHABJIMBATh IUIAHETAPHYIO TPaHCMMC-
CHIO B JIOOBIE aBTOMOOMIIM — OT MHHUBIHOB JIO yJIbTpa-
KOMITaKTHBIX Kei—KapoB, a BO3MOXHOCTh UCIIOJIb30Ba-
HUS OOJIBIIOT0 KOJMYECTBA INIAHETAPHBIX MEXaHU3MOB
— TIOBBICUTH TUHAMUKY aBTOMOOHIIEH.

Bricokuit KIIJ[. Takas tpancMuccus oGecrnedn-
BaeT paboty JIBC u ayiekTpoMoTOpa ¢ MaKCUMaIbHON
ornadeil. Ecnmu Ttpanuuuonsslie crynenuyatsie KIIII,
«aBTOMAaThl» M BapuaTopsl ¢ 4 —6 CTYNEHSIMH HMEIOT
OTPAaHWYEHHBIH JHMana3oH peryJIMpoBaHUS Iepenad
(kak mpaBmIiO, B mpenenax ot 4 10 5,5, maHHBIN TOKa-
3aTenb AEMOHCTPHPYET, Ha CKOJBKO IepBas nepegada
OTIIMYAeTCs OT CaMOW BBICOKOH), TO Y IUTAaHETApPHOU
TPAHCMHCCHH 3TO YUCIIO BapbHUpyeTcs B mpenenax 10—
15. D10 3HAYUT, YTO ABUTATENb MPU MUHUMYME «000-
pOTOBY» BbIJIaeT MakcuMyMm Hwm.

[Ipu pabore KOpoOKH mepenad oOecrednBaeTCs
IATHh TepeAad, 4TO MO3BONSAET JOCTHIaTh PaszIMIHBIX
CKOpOCTEH BpallleHHs BHIXOJHOTO Baja MpU MOCTOSH-
HOM CKOPOCTH BXOJHOTO Bala.

- [lepBas mepenava akTUBUpYETCS IyTEM COEIH-
HEHUs BXOJIHOTO Bajla ¢ ICHTPAJIbHBIM KOJIECOM 4epe3

Mydry.

- [lepexof Ha BTOpPY!O Mepenady OCyLECTBISAETCS
33 CUET BKJIIOYEHHs JOMNOJHUTEIBHOTO MEXaHH3Ma
yIpaBJICHUs U aKTUBALIMU PACIpPENCIUTENs, COEANH-
IOILIETO BOAMIIO C HEHTPAIBHBIM KOJIECOM.

- Tpetss 1 mocnenyromue nepenadn odecrednBa-
IOTCSL CJIOKHBIM B3aMMOJIEHCTBHEM BCEX DIIEMEHTOB
CHCTEMBI, BKIIFOUast OJIOKMPOBKY OIHOTO M3 IUIAHETap-
HBIX MEXaHM3MOB M H3MEHEHUS IepefaTOYHOIo
yHcia.

KiroueBbIM acriekToM paboThI JaHHOH KOPOOKH
sBisiercst 3 (EeKTUBHOE YINpaBiIeHHE TOPMO3aMH W
My(dramu. YnpaBieHHe OCYIIECTBISETCS C UCIIONIB30-
BaHMEM PAaCIPEEIUTEINs, KOTOPBIIl ITO3BOJISIET BBIOH-
paTh HYXHYIO Hepenady, akTHBHPYS WIH OIOKHpPYs
OTIpeieNIeHHBIE SJIEMEHTHI KOPOOKH mepenad. ITo CIIo-
COOCTBYET IOBBIIICHUIO MJIABHOCTH MEPEKIIIOYCHHN U
YMEHBIICHUIO H3HOCA (PPUKIMOHHBIX 3JIEMEHTOB.

1. Illupokwii qrramna3oH NeperaTOYHBIX YUCET 03~
BOJISIET MCIIOJIB30BATh KOPOOKY Mepeaay B pazIHIHbIX
YCIOBHAX 3KCIITyaTallid, HAYMHAsA OT HU3KHUX CKOPO-
CTEH NpU cTapTe JO BBICOKUX CKOPOCTEH NPU IBUKE-
HHH TI0 Tpacce.

2. TloBblieHHasT HAJEKHOCTh OOECIICUNBACTCS
Onaroaapst UCHOJIB30BAHUIO ABYX YIPABISIEMBIX My(DT
U TOPMO30B, YTO MHUHHMHU3HUPYET BEPOSATHOCTH IO-
JIOMKH ¥ HEOOXOJMMOCTh JaCTOT0 0OCITyKHBaHHS.

3. CHIXeHHE CI0KHOCTEH MPOW3BOACTBA M 00-
CITyXHMBaHUA, OJ1arofaps MpoayMaHHOW KOHCTPYKIINH,
BKITIOYAIOLIEN MUHUMAIIbHOE KOJIMYECTBO MOBUKHBIX
3JIEMEHTOB TIPH COXPaHEHUN BBICOKOW (DYHKITHOHAIb-
HOCTH.

4. Ontumuzanyst paboThl TPAHCMHUCCHH, TOCTHIa-
emasl 3a CUeT IUIABHOTO IepeKIIoueHus nepeaay u 3¢-
(EeKTHBHOTO pacrpenesicHus] KpYyTALIEro MOMEHTa
MEXY BBIXOJHBIMU JIEMEHTAMHU.

[TpencraBnenHas KOpoOKa mepeaad MOKeT HaWTH
IIMPOKOE TPHMEHEHHE B aBTOMOOWIISIX Pa3IMYHBIX
KJIaCCOB, BKJIIOYAsl JISTKOBBIE aBTOMOOWIIN, TPY30BUKH
1 aBTOOYCHI. biiaromapst BO3SMO>KHOCTH a/IalITalluN KOH-
CTPYKILMHU IO pa3HbIE THUIIBI TPAHCIIOPTHBIX CPEJCTB,
OHa MOJKET CTaTh OCHOBOM ISl pa3pabOTKN HOBBIX IIO-
KOJICHHH TpaHCMHUCCHH, 0071 Jal0IINX BBICOKON 3KOHO-
MHYHOCTBIO M HaJIEXKHOCTBIO.

Pa3zpaboTka HOBOM KOHCTPYKLIMH IUTaHETApPHOU
KOpOoOKM Tmepenay Obla BbI3BaHA HEOOXOJWMOCTHIO
MOBBINICHNS HaJIS)KHOCTH U JIOJITOBEYHOCTH TPAHCMUC-
CHOHHBIX CHCTEM, OCOOCHHO [UIi TPAHCIOPTHBIX
CpEeACTB, padOTAIOMMX B YCIOBHSAX HHTEHCHBHBIX
Harpy3ok. TpaanuIMoHHbIE TUIaHETapHbIE KOPOOKH T1e-
penad, Kak IMpaBUIIO, BKJIIOYAIOT MHOXKECTBO (DPUKIIH-
OHHBIX 3JIEMEHTOB, TaKMX Kak My(QTbl U TOPMO3a, YTO
YCIIOKHSIET KOHCTPYKIIHIO, YBETUUNBAET U3HOC U CHU-
skaeT KIIJ[ 3a cueT BHYTpEeHHUX IIOTEPb.

[MpenmymiecTBOM pa3pabOTAaHHOTO PEIICHUS SIB-
JSIETCSl CHIDKCHHE KOJTMUECTBa (DPUKIIMOHHBIX JeTaeit
Y TIOBBIIIEHHE YCTOWYMBOCTH K U3HOCY, 4TO OBIIO J10-
CTHTHYTO Oyaromaps HW3MEHEHHI0 KHHEMaTH4eCKOil
cxeMbl. B HOBOW KOHCTPYKLMM IPUMEHSIOTCSA IBa
YIpaBISIEMBIX TOPMO3a W JIBE YNpaBisieMble MY(THI,
COEJIMHEHHBIE C LEHTPAIbHBIMU KOJIECAMU C BHYTpPEH-
HUMH ¥ BHEIIHUMH 3yObSIMH, YTO HO3BOJIMIIO YMEHb-
LIUTh KOJIMYECTBO MEXAHUYECKUX COEIUHEHUH, MOJ-
BEP)KEHHBIX U3HOCY.
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OcHOBHBIMH TpeOOBaHHUSMH IIPH Pa3paOOTKE KOH-
CTPYKIIUH OBIIIH:

IloBbilIEHNE HaIEAKHOCTU. MEHbLIEE KOJINIECTBO
TIOJBIDKHBIX YacTeH CIOCOOCTBYET CHIDKEHHIO PHCKA
TIOJIOMKH ¥ YIPOIICHHUIO 0OCITy )KHBAHHSL.

CHmKEHHE CIOXHOCTH KOHCTpyKImH. [Ipumene-
HUE ONTHMAaJIBHOTO YHCIA Tepegad IMO3BOJIIIO CHU-
3UTh BeC W rabapuThl KOPOOKH, YTO BAXKHO IS yJIyd-
HICHUS 9Heprod(QPpeKTUBHOCTH TPaHCIIOPTHBIX
CpPEACTB.

DKOHOMHUYHOCTh TPOM3BOJCTBA. [Ipocras kune-
MaTH4ecKas CXema II03BOJIIET CHH3HUTh HPOU3BOJI-
CTBEHHBIC 3aTPAThl 32 CUYET YMCHBIICHUS KOJINYIECTBA
JIOPOTOCTOSIINX (PPUKIIIOHHBIX KOMIIOHCHTOB.

B TpagumnoHHBIX MJIaHETapHBIX KOPOOKax mepe-
Jlad HepeaKo MPUMEHSCTCS IBa U Ooliee TTaHeTapHBIX
MEXaHU3MOB, YTO IIO3BOJIIET OOCCHEUUTh ITHUPOKUI
JIMaria3oH MepeIaTOYHBIX YUCEN, HO MIPH 3TOM YCIOX-
HSET KOHCTPYKLHUIO U TpeOyeT YCTaHOBKHU JOIOJIHH-
TENBHBIX (PPUKIHMOHHBIX 3JIEMEHTOB. B pazpaboTanHOM
M300pETEeHNH HUCIIOJIb30BAH OJIMH IUIAHETAPHBIA MeXa-
HU3M C IBYMsI KOPOHHBIMHU KOJICCAMHU, YTO IMO3BOJIACT
3HAYUTEIBHO COKPATUTh 00BEM HEOOXOAUMOTo 00CITy-
JKHMBaHUA U ITIOBBICUTH HAAC)KHOCTh CUCTEMBI B ILICJIOM.

Kpowme Toro, 6maromapst yMEHBIIICHUIO YHCIIA 3BE-
HBCB B KHHEMATHYCCKON IIeTH, KOpoOKa Mepeaay craia
Jierde ¥ KOMITaKTHee. ITO 0COOCHHO BaXKHO TS TPAHC-
MOPTHBIX CPEACTB, TAe KaKIBIH KWIOTpaMM Beca MO-
JKET BIFSITH HAa PAcXo]] TOTUTMBA 1 MAaHEBPEHHOCTb.

Taxum 00pa3zom, BEIOpaHHAS KOHCTPYKIIUS TUTaHE-
TapHOM KOpOOKH Iepesiad 00ecreyuBaeT:

CHmxeHnne OKCITyaTalMOHHBIX 3aTpaT U IOBLI-
IIEHUE CPOKa CITY>KOBI.

VBeanueHue HaACKHOCTH CHUCTEMBI 3a CUCT
YMCHBIICHNA KOJIHNYCCTBA (I)pI/IKI_II/IOHHI)IX JJICMCHTOB.

B03MOXHOCTB IPAMEHEHHS B TSDKENBIX YCIOBUSIX
JKCIUTyaTanuy 0e3 pucka OBICTPOI MOTOMKH.

BaxHBIM 3TarmoM MpOeKTHPOBAaHUS KOPOOKH Tie-
penad sSBIsIeTCs BEIOOP IMepeIaTOYHBIX YUCET IS KaX-
ol mepenaun. IlepenaTtounsle yncia ObUTH Ompese-
JICHBI TaKUM 00pa3oM, YTOOBI 00eCIeUYUTh ONTHMAIb-
HBIil OanaHC MeXIy MaKCHUMAaJIbHBIM KpPYTSIIAM
MOMEHTOM Ha HU3KHX Tepenadax u 3GpQGEeKTUBHOCTHIO
paboThI Ha BHICOKHUX Mepenadyax. /s 5Toro ucmomnn3o-
BaJICA CIEAYIOIINI OIXO0/:

[NepBas nepenaya obecneynBaeT BBICOKOE Iepe-
JaTOYHOE€ 4YHCIIO JJid YBCJIWMYCHHUA KPYTAIIEroO MO-
MEHTa, 9TO HEOOXOJMMO [UIS TPOTAHHS C MeCTa U pa-
0OTHI IO HATPY3KOH.

[Nocnenyromue mepenayd UMEIOT YMEHBIICHHOE
MepeaaToOyHOe YHCIIO, YTO MO3BOJISET MOBBICHTH CKO-
POCTB BpAIICHUS BHIXOJHOTO Baja W CHU3UTH PacXo
TOIIJIMBA HAa BBICOKMX CKOPOCTSX.

HepeﬂaTquHe qucjia pacCYUThIBAJINCH HA OC-
HOBE KMHEMATHYECKOMH CXEMBI KOpO6KI/I U B3aHMMHOTIO
PacIOIOKEeHHs IECTEPEH, YTO MO3BOJMJIIO TOJNYYUTh
TpebyeMoe pacrpe/ielieHne CKOPOCTeN.

Jnsl OIIEHKH TPOYHOCTH W JIOJTOBEYHOCTH HJie-
MEHTOB KOPOOKHM mnepenad ObUIM PAacCUUTAHBI MaKCH-
MaJlbHble Harpy3kd, KOTOpbleé MOTYT BO3HUKHYTH Ha

Ka)XJOM dTale Iepeiayd KpyTsAIero MOMEHTa. OJTH
pacdeTsl MOMOTIHM ONPENEIUTh KPUTHUECKHE OIie-
MEHTBI KOHCTPYKILMH U M0J00paTh ONTHMAaIbHBIE Ma-
TepHUaJIbI IS UX M3roToBIeHUs. OCHOBHBIC TAMBI pac-
YyeTa BKITFOYaIH:

OmnpenencHue KpyTAIMIET0 MOMEHTa, IepeaaBae-
MOTO OT BXOJHOTO Bajia K TNIAHETAPHOMY MEXaHU3MY.

Pacuer Harpy3ok Ha KOpPOHHBIE HIECTEPHH, LICH-
TpanbHOE KOJIECO ¥ BOJIHIIO.

O1eHKy CHJI TPEHHMsI, JCHCTBYIOINX Ha (hPUKLH-
OHHBIE YCTPOMCTBA, M UX BIMSHHUE HAa U3HOC MPH JUIU-
TEeNBHOM AKCILTyaTalyy.

Jns QpUKIIMOHHBIX 3JIEMEHTOB OBLTH BHIOpaHBI
BBICOKOIIPOYHBIE MAaTEPHAIIBI, YCTOWINBBIE K TPEHUIO U
BBICOKOM TeMITepaType, 9To0bl 00ECTIeYHTh HX JOJTO-
BEYHOCTbH. [IpOYHOCTHBIE pacueThl MOKA3alu, 9TO BbI-
OpaHHBIC TapaMeTPhl MO3BOJIIOT CHCTEME BBIICPIKHU-
BaTh JIUTEIbHBIEC HATPY3KU O€3 pHCKa IPEKIAECBPEMEH-
HOT'O M3HOCA.

[Tocne pacyeroB OblIa IPOBE/IcHa KOMIIbIOTEPHAS
cumyJsiust paboThl KOpOOKH Tiepesad B PasIUyHBIX
YCIIOBUSIX OKCIUTyaTalluu. B MonennpoBaHuy yunThIBa-
JIMCB:

BiusiHre BBICOKMX M HU3KHX TEMIIEpaTyp Ha pa-
0oure XapaKTePUCTHUKU KOPOOKH.

IToBenenne KOpOOKH MPU MHTCHCUBHOM YCKOpe-
HHUH ¥ TOPMOKCHUH.

[TikoBBIE HArpy3KH MPU PE3KUX N3MEHEHHAX CKO-
pocTH.

Pe3ynpraThl MOIEIUPOBAHUS MOATBEPIMIH, UTO
KOHCTPYKLIUS BBIJICPKUBAET BBICOKHE HArpy3kH, cO-
XpaHsisi CTa0WIBHOCTD PadoThl. CUMYJISLIMK MTOKa3allH,
YTO ()PUKIMOHHBIC DJIEMCHTBI U MICCTCPHU (PYHKIIHO-
HHUPYIOT B ONTHMAJIbHOM pEXUMe, 00eCIeunBasi IIaB-
HOE NIepeKITIoUeHHE Niepeiay JaKe PH Pe3KuX reperna-
Jlax Harpy3Ku.

3aki04eHue:

[TnanerapHass kopoOKka mepenad ¢ yIy4IIEHHOMH
KOHCTPYKIMEH MpeACTaBIseT Cco00i 3HAYMTENbHBIN
mar BIiepes B Pa3sBUTUH TPAHCMUCCHOHHBIX CHCTEM.
Ona coueraet B ceOe pacimpeHHbIe (pyHKIMOHAIBHbBIE
BO3MOKHOCTH, HOBBIIICHHYIO HaJIe)KHOCTh U YIIPOILIIe-
HHE KOHCTPYKLIMH, YTO JieJlaeT e€ KOHKYPEHTOCIIOC00-
HOM Ha PbIHKE COBPEMEHHBIX aBTOMOOMJIBHBIX TEXHO-
JIoruil.
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