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Abstract. The article provides a comprehensive analysis of the multifaceted
impacts of geophysical emergencies — such as earthquakes, volcanic eruptions,
tsunamis, and mud volcanism — on industrial facilities, engineering infrastructure,
the environment, and human health. The characteristics, formation mechanisms,
and consequences of geophysical risks are explained using specific examples (the
Tohoku earthquake, the La Palma volcanic eruption, mud volcanoes in Azerbaijan
etc.). The study highlights the effects of earthquakes in terms of building collapses,
the failure of engineering structures, increased risks of technological accidents and
fires, as well as the impacts of volcanic eruptions such as air pollution, soil

salinization, and the destruction of local ecosystems.
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G.R.Mustafayeva, S.A.Geraybeyli

Issues of geophysical risk management are examined separately in the context
of sustainable development and climate change. The indirect influence of
climate change on certain geodynamic processes and the necessity of considering
these factors in risk assessments are scientifically substantiated. Ecosystem-based
restoration and rehabilitation measures — including land reclamation, restoration
of saline soils, purification of water sources, and biodiversity conservation
programs are described in detail.

In conclusion, the article emphasizes that taking geophysical risks into
account is a critical component of sustainable development in the design of
industrial facilities, urban planning, and infrastructure development. It is noted that
collaboration between the state, science, and industry, as well as the application of
international best practices, are key to achieving success in this field.

Keywords: earthquake, volcanic eruption, tsunami, mud volcanism, industrial
safety, technological risks, environmental protection, human health, climate
change.

Introduction. The article provides a comparative analysis of the legislative
framework of the Republic of Azerbaijan for managing geophysical risks [4,5]. It
highlights the importance of implementing preventive engineering and
organizational measures, constructing seismically resilient buildings, creating
ecological buffer zones, and deploying modern monitoring systems to reduce risks
in the context of sustainable development and climate change [1,2,11]. Post-
emergency environmental restoration and rehabilitation measures including
ecosystem-based approaches, land reclamation, water body purification, and
biodiversity restoration programs are systematically examined [6,8,9]. The article
emphasizes that ensuring environmental safety and promoting the sustainable
development of communities are key priorities. Scientific and practical
recommendations are provided to enhance risk reduction and emergency

preparedness. Geophysical emergencies are manifestations of the Earth's internal
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geodynamic processes and have complex, multifaceted impacts on human society,
industrial facilities, the environment, and public health [10]. Throughout
history, events such as earthquakes, volcanic eruptions, tsunamis, and mud
volcanism have claimed millions of lives, devastated major cities and settlements,
and caused economic losses amounting to billions of dollars.

Earthquakes occur as a result of the sudden release of accumulated stress in
the Earth's crust, spreading seismic waves across large areas. Volcanic eruptions
are accompanied by explosive events as magma and volcanic gases rise from the
mantle to the surface. Mud volcanism is mainly associated with oil and gas fields,
occurring when gas, oil, and mud emerge from deep layers of the Earth. Tsunamis
are giant waves generated by underwater earthquakes or volcanic processes that
strike coastal areas. There are seismically active regions in Azerbaijan such as
Shamakhi-Ismayilli, Zagatala, and Lerik-Lankaran, as well as volcanically active

zones including Absheron, Gobustan, and the Caspian coastal area [1,2] (figure 1).

Geographic Distribution of
Seismic and Volcanic Hazard Zones

Zaqatala Shamalkhi—
Ismayilli

Absheron

Y Gobustan

Seismic Hazard Zones

A Volcanic Hazard Zones

Figure 1. Geographical distribution of seismic and volcanic hazard zones in Azerbaijan.
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Geophysical emergencies cause severe damage to industrial facilities and

engineering infrastructure, creating risks of technological accidents and
environmental disasters. Earthquakes destroy buildings and communication lines,
increasing the likelihood of technological accidents and fires. Volcanic eruptions
destroy industrial facilities through lava and ash flows, and cause air pollution.
Tsunamis and mud volcanism have a destructive impact on coastal infrastructure
and engineering structures (table 1). The impact of geophysical emergencies on
the environment results in long-term consequences that are sometimes difficult to
restore [6,8]. Earthquakes and volcanic eruptions alter landscapes, change river
courses, create new lakes, and destroy fertile soil layers. Tsunami waves
contaminate coastal soils and drinking water sources with saltwater, leading to the

decline of biodiversity and the cessation of agricultural activities.

Table 1. Effects of Geophysical Emergencies and Recovery Measures.

_ _ Recovery and
Geophysical | Impact on Industrial Impact on the o
o _ Rehabilitation
Emergency Facilities Environment
Measures
Damage to buildings, Landslides, o _
) Seismic construction,
Earthquake power lines, and watercourse _ _
riverbed restoration
technology systems changes
Volcanic Lava damage, Air pollution, Ash cleanup, forest
eruption | disruption of operations | vegetation loss restoration
Destruction of coastal Saltwater _ o
_ ) ) Soil desalinization,
Tsunami and offshore intrusion,
_ coastal rehab
infrastructure ecosystem loss
Soil
Mud Damage to roads, _ Land recovery, water
_ o - degradation,
volcanism | pipelines, drilling sites | cleanup
biodiversity loss
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Volcanic gases (such as sulfur dioxide, carbon dioxide, and hydrogen
chloride) change the chemical composition of the air, cause acid rain, and lead to
soil acidification and water pollution. Volcanic fluorine compounds adhere to
ash particles, and when these settle on the ground, they contaminate pastures and
water bodies, causing severe diseases and losses among livestock. Mud volcanism
disrupts soil structure and destroys local flora and fauna.

Geophysical emergencies pose numerous threats to human health. Their
impact is not limited to physical injuries and fatalities. Earthquakes, volcanic
eruptions, and tsunamis cause stress, depression, and post-traumatic disorders that
can persist for a long time. For example, the 2008 Sichuan earthquake in China
resulted in the deaths of more than 87,000 people, left millions homeless, and had
psychological effects that lasted for decades. In 2011, the Tohoku earthquake and
tsunami in Japan triggered a nuclear accident at the Fukushima Daiichi Nuclear
Power Plant, releasing radioactive substances into the environment and displacing
tens of thousands of people [8,10,11]. The 2021 volcanic eruption on La Palma led
to the evacuation of thousands of residents, with land areas buried under lava and

rendered unusable for a long period (figure 2).

[ Geophysical Disasters ]

A 4 Y

Infrastructure Environmental
Damage Contamination

A 4 A 4

[ Disruption of Industry ]

A 4

[ Impact on Public Health }

Figure 2. Impact flow diagram of a geophysical disaster.
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In the modern era, advanced technologies are applied for monitoring and
forecasting geophysical emergencies [7]. A network of seismic stations records
seismic waves, while satellite monitoring and GPS technology track micro-
deformations of the Earth’s crust. Volcanic activity is observed through gas
analyzers, seismic activity sensors, and temperature sensors. In industrial facilities,
smart sensor networks detect vibrations and structural changes, integrating with
early warning systems to help reduce the impact of emergencies. In such countries
as Japan and Chile, early warning systems play a crucial role in minimizing human
casualties [9,11]. Coastal zones are designed with barrier walls and evacuation
routes to protect against tsunami threats. Some countries, including Japan and
Italy, implement seismic isolation technologies — special elastic supports that
reduce the impact of earthquake waves on buildings [12]. These practices can serve
as examples for Azerbaijan. Studying these experiences and integrating them into
national measures can strengthen industrial safety and population protection.
Normative-legal documents and engineering-technical solutions are of great
importance for managing geophysical hazards. The regulatory framework in this
area is shaped not only by national legislation but also by international standards
and frameworks. In the Republic of Azerbaijan, key documents include the Law on
Emergency Situations, the Law on Industrial Safety, Technical Safety Regulations
in Construction, seismic safety building codes, and other normative documents. In
addition, at the international level, the Sendai Framework for Disaster Risk
Reduction (2015-2030), 1SO 22327:2018 — Security and resilience — Emergency
management — Guidelines for community-based landslide early warning systems,
and the UN Sustainable Development Goals (in particular Goals 11 and 13) define

the main directions for geophysical risk management [6,7,8] (table 2).

10



G.R.Mustafayeva, S.A.Geraybeyli

Table 2. Comparative Table on International and National Regulation of Geophysical

Emergencies.

Area Azerbaijan Regulation International Practice/Standards
Regulatory | Laws on Emergency Situations Sendai Framework, ISO
Framework and Industrial Safety 22327:2018

Construction |  Seismic safety construction Japan’s seismic isolation
Standards codes, SNIPs standards, European EMS scale

o UN Sustainable Development
_ Ministry of Emergency
Risk o Goals (Goals 11 and 13),
Situations (MES) plans, local ) )
Management _ _ community-based risk
executive authority measures
management

Seismically resilient structures are designed for industrial facilities, along
with emergency valves against gas leaks, filters to protect against volcanic ash, and
evacuation plans. As part of occupational safety measures, regular emergency
drills are conducted, and personal protective equipment is provided. Instruction
manuals and guidebooks are prepared to raise public awareness, and warning
systems are established using sirens, SMS, and mobile applications [3,5]. Based on
international experience, work is carried out in the preparation of geophysical
hazard maps, seismic zoning, and risk assessment. That means, it should be noted
that comprehensive measures are essential to reduce the impact of geophysical
emergencies on industrial facilities, the environment, and human health. The
application of modern monitoring technologies, the development of engineering
and technical solutions, improving public preparedness, and studying international
experience are of great importance in this field. Considering geophysical risks
should be one of the main conditions for sustainable development in the design

of industrial facilities. Reducing the impact of geophysical emergencies is a key
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component of sustainable development [6,8]. Although there is no direct link
between geophysical risks and climate change, modern research shows that climate
change can indirectly influence certain geodynamic processes (for example,
changes in tectonic stresses due to glacial melting). This may increase the
likelihood of intensified volcanic activity or more frequent earthquakes.

In sustainable urban planning and industrial development, taking geophysical
risks into account — such as constructing seismically resilient buildings, creating
ecological buffer zones in coastal areas, and establishing special protection zones
near mud volcanoes and active fault lines — serves to protect both human life and
the environment. The UN’s Sustainable Development Goal 11 “Sustainable Cities
and Communities” and Goal 13 “Climate Action” play a strategic guiding role in
this area [6]. The integration of geophysical emergencies into sustainable
development strategies enhances the risk resilience of industrial facilities,
contributes to ecosystem protection, and supports economic sustainability.
Environmental restoration and rehabilitation measures after geophysical
emergencies require a long-term and systematic approach. The destruction of
coastal zones, soil cover, water bodies, and biodiversity as a result of tsunamis,
volcanic eruptions, and earthquakes disrupts ecosystem balance. During the
rehabilitation phase, programs for ecological monitoring, land reclamation, water
source purification, and restoration of damaged landscapes are implemented. For
example, after the 2011 Tohoku tsunami in Japan, long-term projects were carried
out to combat soil salinization, and artificial ecological buffer zones were created
along coastal areas. In Indonesia, forest restoration and soil erosion control
programs have been successfully implemented following volcanic eruptions [9]. In
Azerbaijan, special agrotechnical measures and land reclamation projects are being

planned to restore soils damaged by mud volcano eruptions [2].
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Damage and risk
assessmenit

4

Ecological monitoring
and cleanup

+

Soil and water
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¢

Biodiversity
restoration programs

v

Long-term monitoring
and sustainability
assurance

Figure 3. Stages of rehabilitation measures.

Environmental rehabilitation serves not only to restore natural resources but
also to re-establish sustainable living conditions for local communities. These
measures are also aligned with the UN’s Sustainable Development Goal 15 — “Life
on Land,” specifically the target of preventing land degradation and protecting
ecosystems.

Conclusion. The application of ecosystem-based approaches, adherence to
environmental safety standards, and the development of scientifically grounded
rehabilitation plans are essential for eliminating the consequences of geophysical

disasters.
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GEOFIiZIKI FOVQOLADO HALLAR VO ONLARIN SONAYE
TOHLUKOSIZLiYi, OTRAF MUHIT VO iCTIMAi SAGLAMLIGA
KOMPLEKS TOSIiRI

Xiilasa. Mogalodo geofiziki mongali fovgolade hallarin — zalzalolor, vulkan
puskiirmolori, sunami va palciq vulkanizmi kimi proseslorin sonaye obyektlorino,
miihondis infrastruktura, otraf miihito vo insan saglamligina gostordiyi ¢oxsaxoli
tosirlor genis sokilda tohlil olunmusdur. Geofiziki risklorin xiisusiyyatlori, onlarin
yaranma mexanizmi vo naticolari konkret niimunoslor (Tohoku zslzslasi, La Palma
vulkan piiskiirmosi, Azorbaycandaki palciq vulkanlart vo s.) osasinda izah
edilmisdir. Zslzalolorin binalarin dagilmasi, miihondis qurgularinin siradan
c1xmasi, texnogen qozalar vo yangin riskini artirmasi, vulkan piiskiirmslorinin hava
cirklonmasi, torpagin soranlasmasi vo saha ekosistemlorinin mohv olmasina gatirib
cixarmast kimi tosirlori vurgulanmigdir. Davamli inkisaf vo iqlim doyisikliyi
kontekstindo geofiziki risklorin idaro olunmasi mosalolori ayrica arasdirilmisdir.
Iqlim doyisikliyinin dolayis1 ilo bozi geodinamik proseslora tosiri, risklorin
qiymatlondirilmasindo bu faktorlarin nozoro alinmasinin zoruriliyi elmi osaslarla
asaslandirilmisdir. Ekosistem osasli barpa vo reabilitasiya todbirlori — torpagin
rekultivasiyasi, soran torpaglarin borpasi, su monbalorinin tomizlonmasi, bioloji
miixtolifliyin qorunmasi lizro proqramlar genis tosvir olunmusdur. Mogalonin
noticasi olaraq, geofiziki risklorin nozors alinmasinin sonaye obyektlorinin
layihalondirilmosi, sohorsalma planlasdirilmast vo infrastrukturun inkisafinda
davamli inkisafin vacib komponenti oldugu vurgulanmis, dovlst, elm vo sonaye
omoakdashiginin va beynalxalq tacriibanin tatbiginin bu sahade ugurun tominatgisi
oldugu geyd edilmisdir.

Acar sozlar: zolzolo, vulkan piiskiirmosi, sunami, pal¢iq vulkanizmi, sonaye
tohliikasizliyi, texnogen risklor, otraf miihitin qorunmasi, insan saglamligi, iqlim

doyisikliyi.
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TEO®U3NYECKUE YPE3BBIYAMHBIE CUTYALIUU U UX
KOMILIEKCHOE BO3JIEMCTBHUE HA TPOMBIIIJIEHHYIO
BE3OITACHOCTD, OKPYKAIOIIYIO CPEAY U 3/IOPOBBE

HACEJIEHUA

Pe3srome. B crarbe mNpoBEnEH BCECTOPOHHUM aAHAIWM3 MHOTOIPAHHOTO
BO3JCHCTBUSL TeOPU3MYECKUX  YPE3BBIYAMHBIX CHUTyallMd — TakKUX Kak
3eMIJICTPSICEHUS, U3BEPXKCHHSI BYJIKAHOB, LyHAMU W TpsSI3€BOM BYJIKAHM3M — Ha
IPOMBIIIIEHHBIE O0BEKThI, HHKEHEPHYI0O UHPPACTPYKTYPY, OKPYKAIOIIYIO CpEeay
U 370pOBbe uenoBeka. OCOOEHHOCTH TE€O(PHU3UUYECKHUX PHUCKOB, UX MEXAHU3MBbI
BO3HMKHOBEHUS M IIOCIEJICTBHS PACCMOTPEHBl HAa KOHKPETHBIX IIpUMEpPAX
(3emnerpsicenne B ToXoKy, u3BepxkeHue ByikaHa Jla-Ilanpma, rpsi3eBbie ByJlKaHbI
AzepOaiipxana u ap.). OTMEUYEHO, YTO 3eMJIETPSICEHUS MPUBOIAT K Pa3pyLICHUIO
3JaHUW, BBIXOAY U3 CTPOsS HWHXKEHEPHBIX COOPYKEHUM, IOBBIIICHUIO PHUCKA
TEXHOT€HHBIX aBapHMil M TI0KAapOB, a M3BEPKEHUSA BYJKAHOB BBI3bIBAIOT
3arpsi3HEHHE BO3/yXa, 3aCOJIEHHWE MOYB M pa3pylleHHe 3KocucTeM. B KoHTekcTe
YCTOMYMBOTO Pa3BUTHSA U MU3MEHEHUs KJIMMara MOJPOOHO pacCMOTPEHBI BOIPOCHI
yhOpaBieHus reopusnuyeckuMu puckamu. HayduHo oOocHOBaHa HEO0OXOAMMOCTH
y4€Ta BIMSHUS U3MEHEHHs KJIMMaTa Ha OTAENbHbIE I'€OAMHAMUYECKUE MPOLECCHI
IpyU OLEHKE pHUCKOB. OmnucaHbl MEPONPUATUS IO BOCCTAHOBICHHIO U
peadWIMTallid Ha OCHOBE 3KOCHUCTEMHOrO MOAXO0AAa — PEKYJIbTHBALUS 3EMEIb,
BOCCTAHOBJIEHME 3aCOJEHHBIX II0YB, OYHMCTKAa BOJOEMOB, MPOrpPaMMbl I10
COXpaHCHHIO  OHMOJIOTMYECKOro  pa3HooOpasus. B kadecTBe  BbIBOJIA
NOMYEPKUBACTCS, UYTO YUYE€T TeOPU3NYECKUX PUCKOB SBISIETCS  Ba)KHBIM
KOMIIOHEHTOM YCTOWYMBOIO Ppa3BUTUS NPU NPOEKTHUPOBAHUHU IPOMBIIIIEHHBIX
OOBEKTOB, TPaJOCTPOUTEILHOM IUIAHUPOBAHMM M PA3BUTUU HHPPACTPYKTYPHI.
OTmeueHa  HEOOXOJUMOCTb  COTPYIHHMYECTBA  TOCYJapcTBa, HAyKd U
IPOMBIIUIEHHOCTH, a TaKXe MPUMEHEHHS MEXIyHapOJHOTO OIbITa s

JOCTHXKCHHA YCIIEXA B 3TOM 00JIaCTH.
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KawuyeBble cj0oBa: 3eMIICTPSICEHUE, W3BEP)KEHHE BYJIKaHA, I[yHAMH,
IpSA3€BOIl  BYJIKAHW3M, MPOMBIIUICHHAs O€30MacHOCTh, TEXHOTEHHBIC PHCKH,

oxXpaHa Opr}KaIOIHCﬁ CpCabl, 3J0POBLC YCITOBCKA, N3MCHCHUC KJIMMATaA.
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ETIOLOGICAL RISK FACTORS AND OCCUPATIONAL DISEASE
EXPOSURE AMONG EMPLOYEES OF A CIGARETTE PRODUCTION
ENTERPRISE IN THE REPUBLIC OF AZERBAIJAN

P.M.Veliyev

Ph.D. Senior Researcher, Corresponding Member of the International
Academy of Sciences Azerbaijan State Scientific Research Institute
of Occupational Safety and Health “AzDEMTTETI”

Baku, Republic of Azerbaijan
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Abstract. Occupational and environmental diseases remain an important
public health problem in industrial sectors worldwide. Workers employed in
cigarette production facilities are exposed to various harmful factors, including
chemical agents, noise, vibration, and unfavorable microclimatic conditions, which
may increase the risk of occupational diseases.

Aim. To estimate the rate of etiological risks factors and harmful agents of
occupational and environmental diseases exposure development among the
employees in cases of cigarette production enterprise activity in the Republic of
Azerbaijan.

Materials and methods. The number of technical equipment as presented for
estimation of risk exposures of occupational and environmental diseases among
employees in cases of activity in cases of cigarette production enterprise activity.

The number of technical equipment as presented for estimation of risk exposures
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of occupational and environmental diseases among employees in cases of activity
in cases of cigarette production enterprise activity.

Results. It was demonstrated obtained abnormal results related with
attestation process at workplaces related with noise, chemical substances,
microclimate parameters, vibration, gas measurement, air pollution and light
parameters.

Conclusion. In order to mitigate the exposures process of occupational and
environmental diseases in cases of activities among Employees of company
medical examination, (including additional payment) for the Staff is recommended
to be provided and improvement the work conditions is essential.

Keywords: etiological harmful occupational risk factors, occupational and
environmental diseases, stress, ecological factors.

Introduction. Occupational and environmental diseases represent a
significant group of health disorders associated with exposure to harmful factors in
the workplace. In many cases, these diseases are clinically and pathologically
similar to non-occupational conditions, which complicates their diagnosis and
identification [1,2,3,4].

Exposure to harmful occupational factors during professional activity can lead
to the development of chronic pathological conditions affecting various
physiological systems. The diagnosis of occupational diseases is often challenging
because clinical manifestations may not always clearly indicate the relationship
between the disease and workplace exposure [4].

According to international standards, including those established by the
International Labor Organization (ILO), an occupational disease is defined as a
disease contracted as a result of exposure to risk factors arising from work activity.
The recognition and classification of occupational diseases vary between countries,
and compensation systems for affected workers differ depending on national

legislation [3,4].
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Ensuring adequate protection of workers and proper compensation
mechanisms for occupational diseases is an important component of occupational
health policy. In many countries, official lists of occupational diseases are
periodically revised to include new work-related conditions, such as
musculoskeletal disorders, work-related mental health disorders, and diseases
associated with exposure to hazardous substances [3,4].

In this context, studying occupational risk factors in cigarette production
enterprises is particularly relevant, as workers may be exposed to a combination of
chemical, physical, and environmental hazards [3,4].

The objects of investigation. The objects of this study was to assess
etiological risk factors and harmful agents contributing to the development of
occupational and environmental diseases among employees of a cigarette
production enterprise in the Republic of Azerbaijan.

Materials and Methods. Workplace assessments were carried out using
certified technical measurement devices to evaluate occupational exposure levels.
Measurements included noise intensity, microclimatic parameters, air pollution,
toxic gas concentration, electromagnetic radiation, illumination levels, and other

environmental indicators within the production areas.

Table 1.
Provided databases of devices for estimation.

N Purpose of devices usage Type of devices Place of production
1. Noise condition testing Assistant-SIUV Russia

2. Microclimate condition H/h Metrel Slovenia

3. Electromagnet resting BE-METR-AT-004 Russia

4, Pulsimetr-luksimetr ARQUS Russia

5. Air pollution testing IKP-5 Russia

6. Gas concentration testing ®I1-34 Russia

7. Radioaktiv indicator SOEKS Russia

Provided databases of devices for estimation. Certificate is presented.
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In order to achieve our purpose of investigation, had been used a number of
several devices for providing of audit monitoring process in case of cigarette
production enterprise work activity such as: “Assistant SIUV” for noise control,
“Metrel” for microclimate control, “BE-METR-AT-004 for electromagnetic
condition control, “IKP-5" for air pollution control, “ARGUS’ for light control and
®I1-34, to control of toxic or hazardous carbon monoxide concentration in air.

All obtained Results without calculation accurately were included in “Official
Protocol” of the Institute and had been analyzed in detail. This way, officially
reliable Results had been provided in detail in our investigation. That also is
recommended to be noted, that the equipment was correlated and certificate is
presented. The Results were obtained accurately was included and estimated
graphically.

So, as a matter of fact, was demonstrated various harmful factors related with
cigarette production plant work activity. It is already known, that the harmful
factors are able to deteriorate Employees health status and which is actual aspect
and very problematic ever time and everywhere.

By the Staff of our “Radiation, Sanitary-Hygiene in production” laboratory of
State Scientific-Research Institute of Labor Protection and Safety Engineering in
detail had been carried out an estimation process of the Harmful occupational risk
factors in case of activity of cigarette production enterprise.

It had been carried out an estimation process of the harmful factors by the
Staff of our laboratory and included information in the “control Protocol Results”,
sooner being calculated by us appointed databases. In (table 2) being provided
databases of the harmful factors were presented which have harmfully influenced
for normal health status of employees.

In (table 2) provided databases of the harmful risks factors, had been
presented as well as: noise, radiation, electromagnetic factor and microclimate

parameters were clear during our audit control procedure.
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Table 2.

Workplace Harmful Factors in Cigarette Production Industry
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Occupational Hazard Factors

Harmful factor Percentage
Noise 41.9 %
Humidity 36.0 %
Carbon Monoxide (CO) 14.6 %
Airborne Dust 6.8 %
Nicotine Aerosols 0.6 %
Radiation 0.1%

As a normal Figure for air pollution is 6 mg/m3, but during control attestation
process is 13-15 mg/m3. It should be noted that, low light factor was demonstrated
also for lift operator as harmful factor for visual organ one (for monitor was
estimated — 13,2 mg/m3, for Employee responsible for electric problems was
estimated — 12-14 mqg/m3, and for others were being estimated — 13-15 mg/m3
which is twice more than normally). Light estimating for lift Employee was 74 LK,
but normally is 100 LK. which is less than normal. There were no problems with

vibration.
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So, refer to presented data in (figure 3) can be estimated the risk factors of
employee’s health status deteriorated as well as: for monitor person, Staff of
cigarette department and Staff of technical department which is also finally also

demonstrated clear.

Figure 3. Composite Risk Profile (Radar Chart)

Worklgad

Microclirima Psycho-errotional Tension

The acceptable normal rate of noise factor is 80 dBA, but control rate during
attestation process was resulted as: department monitor — 82 dBA, temporary
Employee — 86.2 dBA, technology assistant — 61-84 dBA, operator — 71-83 dBA,
Employee — 73-86 dBA and sanitarian service Employee — 72-84 dBA, that were
resulted abnormal.

Precisely, noise factor was presented as a matter of fact in case of industrial
operations and this study identified the risks of exposure of occupational and
environmental diseases of Central Nervous System (mental disorders), cardiac

system, ulcer of digestion tract, deterioration of acoustic organs activity and other
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chronic disorder complications. We should also remember about long time of
duration of existence the above harmful factors, which should be taken into
appointment.

About CNS, that should be noted about noise is stressful factor and had been
influenced for a long time of duration. It could be resulted with by different
deteriorated conditions as nervousness, psychosis, decreasing the ability of activity
of persons at the places of job, especially decreasing concentration of listening,
vision, thinking, problems with emotional stability and other different chronic
disorder complications [1].

In (figure 3) provided databases of the harmful risk factor of microclimate
data especially humidity of air at work places: Normal rate was presented — 70%
but 72-80% more than normal rate for Employees. It should be noted about
microclimate parameters, that also can be estimated as the risk factors of
employee’s health deterioration such as: for monitor person, Staff of cigarette
department and Staff of technical department which is also finally also clear.
Precisely microclimate parameters factor was presented as a matter of fact in case
of industrial operations and this study identified the risks factors of exposure of
occupational and environmental diseases also related with respiratory tract such as:
tuberculosis, pneumonia, bronchial asthma and other different complications. We
should note about duration of harmful factor, which is also complicated appointed
situation for example chronic type of pneumonia, complicated types of
tuberculosis, severe type of bronchial asthma condition and others complications
[6,7.8].
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Table 3.

Prevalence of Occupational Diseases at a Tobacco Factory

Percentage (%)

Diseases

Chronic Bronchitis — 27%;
Bronchial Asthma — 18%;

Allergic Reactions — 22%;
Cardiovascular Diseases — 15%;
Occupational Hearing Loss — 10%;
Musculoskeletal Disorders — 26%;
Skin Diseases — 14%.

Discussions:

S A R A

This study provides a comprehensive overview of different types of risk
etiological factors related with occupational and environmental diseases exposure
in cigarette production enterprises in the Republic of Azerbaijan. Provided findings
of harmful etiological risk factors are deterioration of worker’s health and target
for improving of job conditions including additional payment for workers in
cigarette enterprise.
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Abbreviations:

* (ILO) — International Labor Organization;

* (CNS) — Central Nervous System.
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Conclusion.

1. According to an agreement 31.08.2021 year T.A.-21/219-09 among
Azerbaijan State Scientific-Research Institute of Labor Protection and Safety
Engineering of the Ministry of Emergency Situations and cigarette production
plant had been provided audit control for appearance of the harmful factors for
employee’s health status in case of cigarette production industrial operations.

2. During the occupational health audit had been demonstrated several
harmful risk factors for employee’s health status deteriorated in case of industrial
operations and refer the adopted rules of Labor Protection of the Republic of
Azerbaijan additional payment for Employees should be paid.

3. It is strongly recommended to organize an additional medical examination,
dispanserization during a year for employees of cigarette production plant in order
to make clear and mitigate the risks of occupational and environmental diseases
exposure and following in future complication.

4. It is vital to improve job conditions, according to the adopted rules of

Labor Protection of the Republic of Azerbaijan.
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Abstract. TIpo6iema mnpodeccHoHaNbHBIX 3a00eBaHUil Oblla W €CTh
aKTyaJbHOW, KaK B INPOLUIOM, TaK M B HACTOsAIlIEee BpeMs. B maHHOU crarhe
yKa3aHbl BPEAOHOCHBIE (DAKTOPBI, BO BPEMs MPOM3BOJCTBEHHON NE€ATEIHLHOCTH
curapetHoil (GaOpuKu TMpU TPOU3BOJACTBE CHUTapeT HA COCTOSIHUE 370POBBS
pabOTHUKOB.

[TonpoOHO mpuBeNEHbI AaHHBIC, NMPU MPOBEJACHUU aAyAWTa YCIOBUN PabOTHI
coTpyauukamu Jjaboparopuun  «Pamuanmm, Canutapuum u ['urbeHsl Ha
MIPOU3BOJICTBEY TPHU MPOM3BOJCTBE cUTapeT B Asepbaiimkanckor Pecrybnuke, a
TaK)K€ BO3MOXKHBIE PHUCKH  BO3JCHCTBUS  BPEAOHOCHBIX  (DaKTOPOB  Ha
BO3HUKHOBEHHS  COOTBETCTBYIOIIMX  MPO(ECCHOHAIBHBIX  3a00JICBaHUM Yy
pabOTHUKOB  JA@HHOTO  TPEANPHUSATHSA.  bbUIM  JaHBI ~ COOTBETCTBYIOIIHE

PEKOMEHIAIIMU COTJIACHO JIAaHHOM MPOOJIEMBI.
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Keywords:  epedonocnvle  pucku,  gaxmopwsi,  npogeccuonanvivie
3abonesanus, cmpecc, IKoaocudecKue akmopuol.

Xiilasa. Peso xostoliklorinin problemi hor bir zaman aktual olub. Siqaret
istehsalinda isloyon is¢ilorin saglamligina vo is gabiliyyatino monfi tosir gostoron
omok soraiti 1lo sociyyelonir.

Bu problemin todqiqi mogsadilo “Radiasiya, sonayeds gigiyena vo sanitariya
laboratoriyasi”nin miitoxossislori torofindon is yerlorinin attestasiyast zamani
zororli istehsalat amillorinin 6lgmoalori aparilmis, alinmis noticoloro osason sigaret
istehsali ila is¢ilorinin omok soraitinin yaxsilasdirilmasi tizra tovsiyalor verilmisdir.

Acgar sozlor: zororli istehsalat amillori, olgmoalor, pesa xastoliklori, ekoloji

faktor.
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PARTLAYICI MADDOLORIN ASKAR OLUNMASINDA ISTIFADO

OLUNAN ION MOBIL SPEKTROMETRiYA TEXNOLOGIYASININ

IQTISADI SOMOROLILIYININ SU-FIELD ANALIZI VASITOSILO
TOHLILI

9hmadova Saids Tahir qiz1

Milli Aviasiya Akademiyasi
“Aviasiya tohliikasizliyi” kafedrasinin miiallimi, doktorant

e-mail: sahmadova@naa.edu.az

Xiilasa. Bu mogalado partlayict maddslorin askarlanmasinda istifado olunan
ion mobil spektrometriya (IMS) texnologiyasinin iqtisadi somoraliliyi Su-Field
analizi wvasitosilo tohlil olunur. Tohliikasizlik sistemlorinin  somorsliliyinin
artirtlmasi, xiisusilo miilki aviasiyada, risklorin qgarsisinin alinmasi baximindan
IMS texnologiyasinin rolu osaslandirilir. ©Ononavi askarlama metodlarinin
mohdudiyyatlori nozoro alinarag, IMS texnologiyasinin texniki iistiinliiklori
yiiksok hassasliq, stlirotli analiz vo asagi istismar xorclori iqtisadi baximdan
qiymotlondirilir. Todqigatda TRIZ metodologiyasinin Su-Field analitik aloti
vasitosilo IMS sisteminin “madds-saha-madds” modeli qurulur va funksional
ziddiyyatlor miioyyon edilir. Analiz naticosindo kalibrasiya intervalinin qisaligi,
operator asililig1 va saxta pozitiv signallar kimi problemlor askar olunur. Su-Field
transformasiyasi ilo toklif olunan tokmillosdirmoalor — avtomatik kalibrasiya
modulu, nano-katalizatorlu pre-kollektor, plazma ionlagsdirma sahasi vo siini

intellekt modulu — sistemin texniki va iqtisadi gostaricilorini shomiyyatli daracado
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yaxsilagdirir. Hesablamalar gdstorir ki, bu yeniliklor illik texniki xorclori 20-25%
azaldir, analiz siirotini 10-15% artirir vo imumi somaraliliyi yiiksaldir. Naticodo
IMS texnologiyas1 tohliikasizlik vo iqtisadi baximdan optimal sistem kimi
qiymatlondirilir vo miilki aviasiyada totbiginin genislondirilmasi mogsadsuygun
hesab olunur.

Acar sozlar: ion mobil spektrometriya, partlayici maddolorin askarlanmasi,
Su-Field analizi, TRIZ, iqtisadi somaralilik, aviasiya tohliikasizliyi, texniki
sistemlor, optimallagdirma.

Mduasir dinyada tohlukssizlik sistemlorinin etibarliligi, xtisusilo do midlki
aviasiya, sorhod kecgid montogalori vo strateji obyektlor kimi yuksok riskli
mahitlordo partlayici maddslorin vaxtinda vo doqiq askarlanmasindan asilidir.
Qlobal tohlika risklorinin artmasi, terror hadisolorinin garsisinin alinmasi vo
ictimai tohllikasizliyin tomin olunmasi bu istigamotdo yeni texnologiyalarin
totbiqini zoruri etmigdir. ©nonavi Usullar — rentgen qurgulari, kimyavi analizatorlar
vo mexaniki yoxlama sistemlori muiosyyan effektivlik gostorsa do, onlarin ham
texniki, hom do iqtisadi baximdan mohdudiyyatlori vardir. Belo soraitds Ion Mobil
Spektrometriya (IMS) texnologiyasi yiiksok haossasliq, siiratli analiz vo asagi
istismar xorclori kimi Usttnliklorina goro xususi ohamiyyat kasb edir. Bu
texnologiya partlayict maddslorin iz miqdarlarin1 saniyalor orzindo askarlamaga
imkan verir va bu xisusiyyat onu hava limanlar1 va digar nazarat moantagalari iciin
ideal edir [1].

lon mobil spektrometriya osason qaz fazasinda ionlarin elektrik sahasindo
horokat surstina asaslanir. Niimunoadon ayrilan hissaciklor ionlagdirildigdan sonra
muoyyan gorginlik altinda drift borusundan keg¢ir vo ionlarin ugus vaxti onlarin
Kimyavi torkibini misyyanlosdirmays imkan verir. Bu tsul hom nitrat, peroksid,
xlorat asasl partlayicilarin askarlanmasinda, ham da narkotik maddalarin miisyyan
edilmosinds effektivdir. Texnologiyanin asas Ustlinliyl ondan ibaratdir ki, analiz
prosesi comi 5-10 saniya ¢okir, cihazlar portativdir vo nimuna miqdar1 ¢oxX az

tolob olunur. Lakin bu Ustunliklorlo yanasi, cihazlarin istismarinda muayyan
30



S.T.Ohmadova

igtisadi va texniki ziddiyyatlor do mdévcuddur: tez-tez kalibrasiya talabi, filtrlarin
doyisdirilmoasi, operatorun miudaxilosi vo sistemin saxta signallara meyilliliyi
istismar xorclorini artirir. Buna goéro do texnologiyanin iqtisadi samaraliliyinin
sistemli tahlili vacib masaladir.

Bu mogsadlo magalodo TRIZ nazariyyasinin asas analitik alatlorindon biri
olan Su-Field analizi totbig olunur. Su-Field (Substance-Field) analizi texniki
sistemlorin struktur-funksional modelini quraraq onlarin daxilindoki qarsiligh
tosirlori, enerji vo informasiya axinlarini, eloco do funksional ziddiyyatlori
miayyan etmoyo imkan verir. Bu yanasma vasitasilo sistemdoki “maddo-sahe-
maddo” oalagalari tohlil edilir va texniki, hom do igtisadi baximdan daha samarali
formaya gotirilir. Ion mobil spektrometriya texnologiyasi bu baximdan tipik
“maddo-saha-madds” sistemidir: analiz edilon nidmuns (hava va ya sath
hissacikloari) birinci madds kimi, detektor va ionizasiya kamerasi ikinci madds kimi
cixis edir, aralarindaki garsiligli tasir iso elektrik sahasi vasitasilo bas verir. Sistem
asagidaki sokildo tomsil oluna bilor: S; (niimuns) — F (elektrik sahasi) — S:
(detektor). Bu modelds malumat signali natica kimi alinir [2].

Su-Field analizi gostorir ki, movcud IMS sistemlorindo boazi ziddiyyatlor
movcuddur. Hassasliq artdigca saxta pozitiv hallar ¢oxalir, bu iso analiz vaxtini
uzadir va noaticads daha ¢ox operator midaxilosine ehtiyac yaranir. Digar torafdon
kalibrasiya intervallarinin qisa olmasi texniki xidmoat Xarclorini artirir vo cihazin
fasilosiz isloma rejimini mohdudlasdirir. Bu kimi problemlor igtisadi baximdan
alava Xorclor formalasdirir, sistemin imumi samaraliliyini azaldir. Bu marhalods
moqgsad Su-Field transformasiyasi vasitasilo yeni funksional sahalor vo kdmokgi
maddalar alava etmokls sistemi daha optimal vaziyyats gatirmakdir.

Igtisadi somaraliliyin giymetlondirilmasi (iclin asas parametrlor cihazin alis
qiymati, illik texniki xidmat xarci, istismar middati va alds olunan tahliikasizlik
faydas1 kimi gostaricilorlo Olcilir. Masalon, hava limaninda istifado olunan
tipik IMS cihazi (mosalon, Smiths Detection IONSCAN 600) toxminan 45 min
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ABS dollarma basa golir. Illik texniki xidmat vo Kalibrasiya xorci orta hesabla
3500 dollar toskil edir [3]. Operatorlarin talim xarclori isa ildo 1000-1200 dollar
civarindadir. Cihazin orta istismar miiddati 7 ildir vo bu muddat orzindo onun
askarlama doqiqliyi 95-98% arasinda doyisir. ©gor belo bir cihazin totbiqi
naticasinds hava limaninda potensial tohliikolorin azaldilmasi ilo illik 100 min
dollar ekvivalentinds fayda oldo edilarss, bu halda igtisadi somaralilik omsal1 2.14
toskil edir. Yoni cihaz 0z investisiya dayarini iki dofodon ¢ox dogruldur. Bu natica
IMS texnologiyasinin tokca texniki deyil, hom do iqtisadi cohotdon effektiv
oldugunu gostoarir [4].

Su-Field transformasiyasi moarhalasinds toklif olunan doyisikliklor bu
somaraliliyi daha da artirmaga yonalib. Ovvala, sistema alave molumat sahasi kimi
avtomatik kalibrasiya modulu daxil edilo bilar. Bu, texniki xidmat Xarclarini va
operator asililigini azaldir. lkinci morhalodo komokci madds kimi nano-
katalizatorlu pre-kollektorun slavs edilmasi ionlarin daha sabit toplanmasini tomin
edir vo hossashig artirir. Ugiincii addimda isa elektrik sahosi plazma ionlasdirma
sahasi ilo avazlonarak segiciliyi vo analiz siratini artirir. Nohayat, operator rolu
suni intellekt modulunun tatbigi ilo avoz olunur ki, bu da insan faktorundan
yaranan sshvlori minimuma endirir. Noaticods formalasan “agilli IMS” sistemi ham
texniki gostaricilori, hom da igtisadi somaraliliyi shomiyyatli doracads artirir [5].

Belo yanasma noticoasindo sistemdo illik texniki xidmat xarclorinin 20-25%
azalmasi, analiz siiratinin iss 10-15% artmasi1 miisahido edilir. Bundan basqa,
avtomatlasdirma doracasinin yulksalmosi sayasindo operator tolimino vo omok
xarclarina ganast olunur. Bu isa bir cihaz Ggin illik taxminan 1500-2000 dollar
igtisadi fayda demokdir. Hava liman1 miqyasinda 20 cihazin tatbiqi halinda illik
gonast 30-40 min dollar saviyyasino cata bilor ki, bu da Umumi amoliyyat
Xarclorinin azaldilmasina ohamiyyatli tesir goOstorir. Bununla yanasi, sistemin
etibarliliginin yiiksalmasi tohltikasizlik risklorini azaldir vo xidmatin keyfiyyatini

artirir.
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Butln bu noticolor gostorir ki, ion mobil spektrometriya texnologiyasinin
iqtisadi samaraliliyinin Su-Field analizi vasitasilo tohlili, texniki sistemlorin tokca
fiziki deyil, hom do maliyys aspektlorini optimallasdirmaga imkan verir. Bu metod
vasitasilo sistemdoki enerji vo maddo axinlari arasinda balans tomin olunur,
funksional ziddiyyatlor aradan qaldirilir vo cihazin mohsuldarligi artir. TRIZ
metodologiyasinin bu istiqgamotdo totbiqi yalniz IMS texnologiyasi ii¢lin deyil,
digor askarlama sistemlori U¢ln do universaldir. Golocok todgiqgatlarda bu
yanasmanin real istismar molumatlari ilo statistik tosdigi vo iqtisadi modellarin
daha genis totbiqi magsadouygun olard.

Natica. Natico etibarilo, ion mobil spektrometriya texnologiyasinin Su-Field
analizi gostorir ki, bu sistem hom texniki, hom do iqtisadi baximdan yiiksok
somaraliliya malikdir. Su-Field transformasiyalar1 vasitasilo tokmillogdirilmis IMS
sistemi muasir tohlikasizlik tolablarino cavab verir, istismar Xarclorini azaldir vo
askarlama prosesinin doqiqliyini artirir. Bu iso texnologiyanin miilki aviasiya,
gomriik vo sorhad tohliikasizliyi sahslorinds genis totbigi Gglin yeni imkanlar
yaradir. Beloaliklo, TRIZ yanagsmasinin totbigi tokco texniki yaradiciliq vasitasi
deyil, hom do iqtisadi gorarlarin optimallasdirilmasinda miihiim analitik metod

kimi ¢ixis edir.
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ANALYSIS OF THE ECONOMIC EFFICIENCY OF ION MOBILITY
SPECTROMETRY TECHNOLOGY USED FOR EXPLOSIVES
DETECTION THROUGH SU-FIELD ANALYSIS

Abstract. This paper analyzes the economic efficiency of ion mobility
spectrometry (IMS) technology applied in the detection of explosive materials,
using the Su-Field analytical model of the TRIZ methodology. The study identifies
functional and economic contradictions within IMS systems, such as frequent
calibration, operator dependency, and false positive responses. Based on Su-Field
transformations, optimization approaches including automated calibration, nano-
catalyst-based pre-collectors, and artificial intelligence modules are proposed to
improve cost efficiency and reliability. The analysis demonstrates that IMS
technology, through TRIZ-based modeling, can reduce operational costs by up to
25% and increase detection speed by approximately 15%. This makes IMS a
technically advanced and economically viable solution for civil aviation and border
security applications.

Keywords: ion mobility spectrometry, explosives detection, Su-Field
analysis, TRIZ, economic efficiency, aviation security, system optimization,

artificial intelligence.
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Xiilasa (Azarbaycan dilinda). Bu mogalado tibb miiossisalorindo saglamliq,
omayin tohliikosizliyi vo otraf miihitin miihafizosi (SOTOMM) sisteminin ISO
45001:2018 standart1 osasinda strateji totbiqi masalolori arasdirilir. Todqigatin asas
maoqsadi sohiyyo sektorunda tohliikosizlik idarsetmo sisteminin effektiv qurulmasi
va tatbiqi ligiin praktiki modelin togdim edilmasidir. Magalods “Referans Medical
Group”un ¢oxprofilli tibb miiassisalarinda tatbiq etdiyi SOTOMM sistemi niimuna
kimi tohlil olunur vo bu modelin osas komponentlori — liderlik, risklorin
qiymatlondirilmasi, operativ idaroetmo, monitoring vo davamli tokmillogdirmo
mexanizmlari izah edilir.

Todqgiqat zamami sistemli yanasma, risk osash idaroetmo prinsiplori vo
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ISO 45001 standartinin miivafiqg maddolori asasinda analiz aparilmisdir. Mogalodo,
homg¢inin sohiyyo miiossisalorindo rast golinon osas tohlitko monbolori vo onlarin
idara olunmasi yollart gostorilmisdir. ©1lds olunan naticolor gostorir ki, SOTOMM
sisteminin diizgiin totbiqi is¢i tohliikasizliyinin artirilmasina, istehsalat qozalarinin
azaldilmasina va togkilati davamliligin giiclondirilmasino shomiyyatli tosir gostorir.
Toklif olunan model sohiyyo miiossisolorindo tohliikosizlik modoniyyatinin
formalagdirilmasi tiglin praktik baximdan ugurlu yanagma kimi qiymsatlondirile
bilor.

Abstract (English). This article examines the strategic implementation of the
Occupational Health, Safety, and Environmental Management System (HSE-MS)
in healthcare institutions in accordance with the requirements of 1SO 45001:2018.
The primary objective of the study is to present a practical model for the effective
establishment and implementation of a safety management system within the
healthcare sector. The study analyzes the HSE-MS implemented across the
multidisciplinary healthcare facilities of “Referans Medical Group” as a case study
and elaborates on its core components, including leadership, risk assessment,
operational control, monitoring, and continuous improvement mechanisms.

The research is conducted using a systematic approach, grounded in risk-
based management principles and aligned with the relevant clauses of the 1SO
45001 standard. In addition, the study identifies the main hazard sources
commonly encountered in healthcare institutions and outlines appropriate control
measures. The findings demonstrate that the effective implementation of an HSE-
MS significantly enhances employee safety, reduces occupational incidents, and
strengthens organizational resilience and sustainability. The proposed model can
be considered an effective approach for fostering a strong safety culture within
healthcare institutions.

AnHoranust (Russian). B pgaHHOM cTaThe paccMaTpUBAaIOTCS BOIPOCHI
CTPATErMYECKOTO  BHEAPEHHUS  CUCTEMBI  YIPABJIEHHUS  OXPAHOM  TpyJHa,

0e3onacHocThio U okpyxarotieil cpeaoit (CYOT) B MEOUIMHCKUX YUPEKICHUSIX
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Ha ocHoBe ctanaapta [SO 45001:2018. OcHOBHOM 11€J1bIO0 UCCTICIOBAHUS SIBJISIETCS
NOpE/CTaBICHUE  MpaKTUYeCKo  Moaenud  A(P(GEKTUBHOTO  TMOCTPOCHUS U
BHEJIPEHUSI CUCTEMBI yIpaBJIeHHs] 0€30MacCHOCThIO B cepe 3npaBooxpaHeHus. B
ctatbe aHanmuzupyercs cucreMa CYOTuD, BHenpEéHHass B CETH MEIUIIMHCKUX
yupexkaenuii “Referans Medical Group”, a taxke pacKkpbIBalOTCS €€ KIIFOUEBBHIC
AJIIEMEHTBI: JTUAEPCTBO, OILICHKA PUCKOB, ONEPAIMOHHOE YIIPaBICHUE, MOHUTOPHUHT
¥ MEXaHU3MBbI TIOCTOSIHHOTO COBEPIIICHCTBOBAHMUS.

HccnenoBanne OCHOBAaHO Ha CHUCTEMHOM TIOJIXOJi€, MPHUHIUIAX PHUCK-
OPHUEHTUPOBAHHOTO YIIpaBJICHUS U mosiokeHuax crangapra [SO 45001. B cratee
TaK)K€ PACCMATPUBAIOTCS OCHOBHBIE WMCTOYHUKHA OITACHOCTEH B METUITMHCKHUX
YUpPEKACHUSIX U METOJbl UX KOHTpoJisi. [lomydeHHbIe pe3ynbTaThl MOKa3bIBAIOT,
yto 3¢ dextuBHOoe BHeapeHue cucrembl CYOTuD cnocoOCTBYET MOBBIMICHUIO
0e30MacHOCTH TepCOoHaNa, CHIDKCHHUIO MPOU3BOJCTBEHHOTO TpaBMaTU3Ma M
YKPEIUICHUIO YCTOWYMBOCTU opraHuzanmu. [IpeoxkenHas Mozesilb MOXKET ObITh
UCIIOJIb30BaHA KakK A(Q(EKTUBHBIA HMHCTPYMEHT (OPMUPOBAHUS  KYJBTYpPbI
0€30MacHOCTH B METUIIMHCKUX YUPEKICHUSX.

Giris. Miiasir dovrda sohiyya sektoru yalniz tibbi xidmatlorin gostarilmasi ilo
mohdudlasmir, eyni zamanda mirokkab vo ¢oxsaxoali risklorin idaro olunmasin
tolob edon strateji foaliyyot sahosino c¢evrilmisdir. Tibb miiossisolorindo 1is¢i
heyatinin, pasiyentlorin vo ziyaratcilorin tohliikasizliyinin tomin edilmasi, homg¢inin
otraf miihito tosirlorin minimuma endirilmasi idaroetmo sistemlorinin ayrilmaz
torkib hissasi kimi ¢ixis edir. Bu baximdan saglamliq, amayin tohliikasizliyi vo
otraf miihitin miihafizosi (SOTOMM) sistemlorinin totbiqi sohiyya toskilatlarinda
prioritet istigamotlordon biri hesab olunur.

Azorbaycan Respublikasinin ©mok Macallosinin 207-209-cu maddslorinag
osason, hor bir is¢i tohliikesiz vo saglam omok soraitindo islomok hiiququna
malikdir vo igogotiiron bu soraiti tomin etmok 6hdsliyi dasiyir. Bu hiiquqi ¢or¢ivo
tibb miiassisalorindo do SOTOMM sisteminin totbiqini ganunvericilik tolobi kimi

hoyata kegirilmosini zoruri edir [6].
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Beynolxalq tocriibodo omoyin miihafizosi vo tohliikasizlik sahosindo on miiasir
idaroetmo yanasmalarindan biri 1SO 45001:2018 standart1 ilo miioyyon olunur.
Bu standart togkilatlarda risk asasli yanagmanin totbiqini, liderliyin aktiv istirakini,
is¢i heyotinin colb olunmasini vo davamli tokmillosdirmo prinsipini osas gotiirorok
tohliikosizlik idaroetmo sistemlorinin somoraliliyini tomin etmoys yOnolmisdir.
Xiisusilo sohiyya miiossisolorindo bu standartin totbiqi bioloji, kimyovi, fiziki vo
psixososial risklorin kompleks sokilds idaro olunmasina imkan yaradir.

Son illordo Azorbaycanda sohiyyo sektorunda tohliikosizlik idaroetma
sistemlorinin inkisafi istiqgamotinde miihiim addimlar atilmigdir. Bu istigamatda
qabaqcil yanagmalardan biri “Referans Medical Group” terofindon totbiq olunan
vahid SOTOMM modelidir. Bu model ¢oxsayli tibb miiossisalorini ohato etmoklo,
risklorin sistemli sokildo qgiymatlondirilmasi, tohliikesizlik {izra vahid siyasatin
formalasdirilmasi, audit mexanizmlorinin totbiqi vo omokdaslarin  davamhi
tolimlondirilmasi kimi 9sas komponentlori 6ziinds birlogdirir.

Togdim olunan moqgalonin mogsadi tibb miiossisalorinde SOTOMM
sisteminin ISO 45001:2018 standarti osasinda strateji totbiqini arasdirmaq vo
“Referans Medical Group™un praktiki tocriibasi osasinda somorali idaraetmo
modelini tohlil etmokdir. Moagalado bu modelin asas elementlori, totbiq
mexanizmlari vo oldo olunan naticalar sistemli sokildo toqdim edilir.

Tadqigatin metodologiyasi. Bu todqiqat keyfiyyot xarakterli analitik
yanasma osasinda hoyata kecirilmisdir. Arasdirma zamani ISO 45001:2018
standartinin toloblori, beynalxalq tocriibs vo milli ganunvericilik sonadlori sistemli
sokildoa tohlil edilmisdir. Eyni zamanda “Referans Medical Group” miiassisalarinda
aparilmig daxili auditlorin naticoalori, risk qiymotlondirmo gdéstoricilori va totbiq
olunan idaroetmo mexanizmlori miiqayisali sokildo arasdirilmisdir. ©ldo olunan
molumatlar iimumilosdirilorak praktiki model ¢or¢ivasindo togdim edilmisdir.

Bu todqigat corgivesindo ¢oxmiiossisali miiqayisali risk idaroetmo
yanasmasindan da istifado olunmusdur. “Referans Medical Group”un torkibina

daxil olan tibb miiossisalorindo foaliyyat ndvlorinin oxsarligi sobobindon risk
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profillorinin do boylik 6l¢lido eyni xarakter dasidigir nozoro alinmisdir. Bu osasda
eyni risklor iizro miixtalif miiassisalords totbiq olunan nozarat tadbirlori miiqayissli
sokildo tohlil edilmis, onlarin risk soviyyasinin azaldilmasina tosir dorocosi
qiymatlondirilmisdir. Tohlilin naticolorine osason, daha yiiksok somaralilik
gOstoron nozarot todbirlori miioyyon edilorok digor miiossisolordo totbiq olunmasi
tovsiyo edilmisdir. Bu yanagma risklorin qobul oluna bilon hodds daha operativ
endirilmasina  vo vahid SOTOMM  sisteminde idaroetma  gorarlarinin
optimallasdirilmasina imkan yaradir.

SOTIOMM sisteminin ISO 45001:2018 Jsasinda idars olunmasi
prinsiplari.

Sohiyya miiossisalorindo saglamliq, omoyin tohliikosizliylr vo otraf miihitin
mihafizosi (SOTOMM) sisteminin noticoyonlii  togkili  {i¢lin  beynalxalq
yanasmalarin totbiqi xiisusi ohomiyyst dasiyir. Bu istigamotdo ISO 45001:2018
standarti risk osasli idaroetmo modelini 6n plana c¢ixararaq toskilatlarda
tohliikosizlik madaoniyyatinin formalasdirilmasina sistemli yanasma togdim edir.

Standartin osasin1 togkil edon prinsiplor — liderliyin aktiv istiraki, is¢i
heyatinin colb olunmasi, risklorin gqabagcadan miioyyon edilmosi vo davamli
tokmillogdirma — sohiyyo miisssisalorinin faaliyyastine uygunlasdirildiqda yiiksok
naticolor aldo olunur. Bu yanasma tohliikosizlik masalalorinin operativ ¢or¢ivodon
konara ¢ixaraq strateji idaroetma soviyyasindo inteqrasiya olunmasini tomin edir.

“Referans Medical Group”da SOTOMM modelinin qurulmasi.

“Referans Medical Group”un torkibino daxil olan ¢oxsayli tibb
miiassisalorinds vahid SOTOMM sisteminin totbiqi toskilati idarsetmads yeni
morholonin formalagmasina sorait yaratmigdir. Sistem morkozlosdirilmis idaroetmo
prinsipi osasinda qurularaq biitlin miiossisolordo vahid siyasot vo prosedurlarin
totbigini tomin edir.

Modelin asas komponentlori agagidakilardir:

« vahid SOTOMM siyasotinin hazirlanmasi va tatbiqi;

« hor miiossisodo cavabdeh soxslorin toyin olunmas;
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« risklorin sistemli sokildo giymotlondirilmost;

o illik audit vo monitoring planlarinin icrast;

« fovgolado hallara hazirliq todbirlorinin togkili;

o davaml tolim vo maariflondirma programlarinin hayata kegirilmasi.

Totbiq olunan model toskilatda tohliikosizlik foaliyyotlorinin sistemli vo
strukturlasdirilmis idaro olunmasini tomin edir.

Risklarin kompleks qiymatlondirilmasi vo idars olunmasi.

Aparilmis aragdirmalar vo Avropa tocriibasi ilo miiqayisoli tohlil gostorir ki,
sohiyya sektorunda movcud risklor ¢oxsaxali vo dinamik xarakter dasiyir. EU-
OSHA torofindon toqdim olunan molumatlarin yerli tocrilbbo ilo miigayisasi
noticosindo miioyyon olunur ki, bu risklorin noticoyonlii idaro olunmasi yalniz
vahid vo sistemli SOTOMM yanasmasinin tatbiqi ilo miimkiin olur [4].

“Referans Medical Group”da totbiq olunan yanasma risklorin kateqoriyalar
lizro sistemlosdirilmosino asaslanir:

o fiziki risklor: elektrik tohliikolari, yangin riski, avadanliqlarin nasazligi;

bioloji risklar: infeksiyalar, tibbi tullantilar, mikrobioloji tohliikolar;

kimyavi risklar: dezinfeksiya vasitolori, doarman preparatlari;

erqonomik risklor: uzunmuddatli statik ig, agir yiiklorin qaldirilmast;

o psixososial risklor: stress, emosional gorginlik, ndvbali is rejimi.

Risklarin qiymatlondirilmasi ehtimal va tasir gostariciloring asaslanan sistem
lizro aparilir vo oldo olunan naticoloro uygun olaraq preventiv todbirlor plani
formalasdirilir. Bu yanagsma tohliikolorin basvermo ehtimalinin minimuma
endirilmasing vo risklorin idars olunmasinin proaktiv soviyyade toskiline imkan
yaradir. Bununla yanasi, vahid idarsetmo modeli ¢arcivasindo oxsar foaliyyot
profilli tibb miiossisalorindo eyni xarakterli risklor iizro totbiq olunan nozarot
tadbirlarinin effektivliyi miiqayisali sokilds tohlil edilir vo bu yanagsmanin praktik
totbigi vo oldo olunan noticolorin miiqayisali tohlili coadvel 1-do togdim
olunmusdur. Aparilan tohlil naticasinds texniki vo miihandislik yoniimlii nozarat

tadbirlorinin risk saviyyasinin azaldilmasinda daha yiiksok effektivliys malik
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oldugu miioyyan edilir vo bu todbirlorin digor miiossisolords totbiqi tomin olunur.

Beloliklo, risklorin idaro olunmasi prosesi yalniz qiymatlondirmo ilo

mohdudlasmir, eyni zamanda togkilat daxili on yaxs1 tocriibolorin sistemli sokildo
yayllmas:t vo idaroetmo qorarlarinin optimallasdirilmasi ilo miisayist olunaraq,

risklorin qobul oluna bilon hoddo operativ sokildo endirilmosine vo tohliikolorin

daha qisa miiddotdo aradan galdirilmasina zomin yaradir.

Cadval 1. Klinikalar iizra risklorin miiqayisali giymatlondirilmasi va nazarat tadbirlarinin

effektivliyi.
. Ilkin i Todbirdon | Risk
50'35 Klinika| risk :;f:;g;g‘:;;;:i sonra risk || azalma |Effektivlik
(R) (R) (%)
. Avtomatik goruyucu
Elektrik) o | 15 sistemlorin 6 62.5% | Yiiksok
riski
quragdirilmasi
Ele_ktr_lk B 15 Dovri texniki baxis 10 33% Orta
riski Va nazarat
Elektrik Tolim va 0 -
riski C 14 maariflondirma 11 21% Asagi
< Yangin signalizasiya
Yﬁgﬁn A | 20 sisteminin 5 75% | Yiiksok
yenilonmasi
Yangm | g | qg |  Odsondiron 11 39% | Orta
riski vasitalorin artirilmasi
Yangm |~ | 47 | Tolimva toxliyyo 12 20% | Orta
riski mosqlori
Bioloii Dezinfeksiya
010] A 15 protokollarinin 7 53% Yiiksok
risk .. )
sartlosdirilmasi
BI(_)IOJI B 14 PPE 1§t1fad951n9 9 36% Orta
risk nazaratin artirilmast
BI(_)IOJI C 13 Maarlﬂeqdlma Vo 10 23% Asagi
risk tolim
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Audit vo monitorinq mexanizmloari.

SOTOMM sisteminin effektivliyinin qiymotlondirilmasi mogsodilo “Referans
Medical Group”da miitomadi daxili auditlor hoyata kegirilir. Bu yanasma ISO
45001:2018 standartmmin 9.2-ci maddesindo nozordo tutulmus daxili audit
toloblorinoe uygun olaraq hoyata kegcirilir. Bu auditlor ovvolcodon hazirlanmis illik
todbirlor plani gorgivasinds aparilmagla yanasi, risk osasli yanasmaya uygun olaraq
yeni texnologiyalarin totbiqi zamani, struktur doyisikliklor bas verdikds vo
rohborliyin tapsirigi osasinda olavo sokildo toskil olunur vo biitiin miiossisolori
ohato edir. Bununla yanasi, tibb sahasindo innovativ inkisaf morholasini 6z
foaliyyotino inteqrasiya edon “Referans Medical Group” klinikalarin1 miitomadi
olaraq yeni tibbi avadanliglarla tochiz edir ki, bu da risklorin dinamik sokildo
doyismosino sabaob olur vo audit, monitoring mexanizmlorinin fasilosiz hoyata
kegirilmosini zoruri edir.

Audit prosesindo asagidaki istiqgamatlor {izro qiymatlondirmo aparilir:

o elektrik vo yangin tohliikasizliyi;

tibbi1 tullantilarin idara olunmasi;

radiasiya tohliikasizliyi;

texniki avadanhqlarin vaziyyati;

sonadlosma vo geydiyyat sistemi.

Qiymatlondirma naticolari balla ifado olunur vo miiassisalor iizro miigayisali
analiz aparilir. Risk soviyyolori vizual olaraq tosnif edilir vo bu, rohbarliys operativ
gorarlarin gobulunda miihiim dostok verir.

Bu mexanizm tohliikosizlik sisteminin real voziyyatini obyektiv sokildo
miiloyyoan etmoyo vo askar olunan uygunsuzluglar iizro operativ todbirlorin
goriilmasina sorait yaradir.

Tolim, maariflondirms va tohliikasizlik madaniyyati.

SOTOMM sisteminin davamliligi omokdaslarin bilik va bacariglarinin inkisafi
ilo birbasa olagolidir. Bu moagsadls “Referans Medical Group™da illik tolim planlari

hazirlanir vo bUtin omokdaslar iizro morhalali sokildo hoyata kegirilir. Bununla
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yanasi, risk osasli yanasmaya uygun olarag, yeni avadanliq vo texnologiyalarin
totbiqi zamani, normativ toloblordo doyisiklik bas verdikdos, eloco do yeni iscilorin
150 qobulu vo ya omokdaslarin vozifo doyisikliklori zamani olavo tolimlor toskil
olunur. Bu yanasma togkilatda tohliikosizlik modoniyyotinin davamli inkisafim
tomin edir.

Tolim proqramlar1 asagidaki istiqamatlori ohato edir:

o giris, tokrar, ndvbadonkonar tolimatlar va biliklorin yoxlanilmast;

elektrik vo yangin tohliikasizliyi;

bioloji tohliikasizlik;

fovgolada hallara hazirhq;

risklorin idara olunmasi.

Bu todbirlor naticosinds omokdaslar tohliikolori vaxtinda miisyyan etmo vo
diizgin reaksiya vermo bacarigl qazanir. Notico etibarilo, toskilatda tohliikasizlik
modoniyyati formalasir vo tohliikasizlik giindalik faaliyyotin ayrilmaz hissasine
cevrilir.

Umumdiinya Sohiyyo Toskilatinin  yanasmasma goro, tohliikesizlik
modoniyyati sohiyyos miiassisalorinds risklorin ugurlu idars olunmasinin va
tohliikasiz xidmat miihitinin tomin edilmasinin asas determinantlarindan biri hesab
olunur [7]. Bu yanagma gostorir ki, tohliikasizlik madoniyystinin formalasdirilmasi
birbasa amokdaslarin bilik va bacariglarinin saviyyasi ila baglidir. Bu baximdan
SOTOMM sisteminin effektivliyinin tomin olunmasinda amokdaslarin saristolilik
soviyyasinin artiritlmasi asas sortlordon biri kimi ¢ixis edir.

Bu mogsadlo “Referans Medical Group™un torkibino daxil olan tibb
miiossisolorindo  omoyin mihafizasi ilizro mosul soxslor {iglin xiisusi tolim
programlar1 togkil olunur vo onlarin SOTOMM sahosinda bilik vo bacariqlar

sistemli sokildo inkisaf etdirilir.
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Sakil 1. “Referans Medical Group ” muassisalarinda SOTOMM iizra masul saxslarin

ixtisasartirma tolimindon sonra sertifikatlagdiriimast prosesi.

Tolim programlarim1 ugurla bagsa vuran omokdaslara miivafiq sertifikatlar
togdim olunmusdur ki, bu da ISO 45001:2018 standartinin saristaliliklo bagh
toloblarinin praktik tatbiginin gostaricisi kimi giymatlondirils bilor.

Fovgolado hallara hazirhgin  giiclondirilmasi  mogsadilo  Azarbaycan
Respublikasinin Févgalads Hallar Nazirliyinin yanginsondiirma bolmalari ila birgs
praktiki talimlor toskil olunur. Bu talimlor amoakdaslarin fovgelada vaziyyatlorda
dizgin davranmis bacariglarinin  formalasdirilmasina vo operativ - reaksiya
gabiliyyatinin artirilmasina xidmaot edir.

Tolimlar gargivasinds ilkin yanginsondiirma vasitalorinin iimumi yoxlanilmasi
hoyata kegirilir, onlarin texniki vaziyyati giymatlondirilir vo amokdaslara bu
vasitolordon diizgun istifade gaydalar1 praktiki sokilda Oyradilir. Bu yanasma
yanginin ilkin marhalasinds effektiv midaxilo imkanlarinin artirilmasina miihiim

téhfo verir.
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Sakil 2. “Referans Medical Group ” miiassisalarinda Azarbaycan Respublikasinin Fovgalada
Hallar Nazirliyinin yanginsondiirma bolmoloari ilo birgo kegirilon “Févgalada hallara hazirlig”

va “Toxliyya” iizra praktiki talim prosesi.

Bununla yanasi, tibb miiossisalorinds yangin tohliikasizliyi signalizasiya
sistemlorinin mitomadi yoxlanilmasi tomin olunur, agkar olunan nasazliglar
operativ sokildo aradan qaldirilir vo sistemlorin fasilosiz islok vaziyyatdo
saxlanilmasi tomin edilir.

Eyni zamanda, movcud toxliyo planlari miitomadi olaraq yenilonir,
rekonstruksiya olunmus miiassisalor tgiin yeni toxliya sxemlori hazirlanir, tasdiq
olunur vo totbiq edilir. Tohllkasizliyin praktiki saviyyado mohkomlondirilmasi
moqsadilo miassisalorda miintazom toxliyya masqlari kecirilir vo bu proseslor
tohllikasizlik modaniyyatinin formalasdirilmasma sistemli sokildoa inteqrasiya

olunur.
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Bu yanasma noticosindo muassisalords tohllikasizlik zra masul soxslarin
pesokar hazirliq soviyyasi ohomiyyotli dorocodo yiksalmis vo tohlikasizlik
idaraetmo sisteminin dayanigliligi tamin olunmusdur [1].

Bu foaliyyatlor ISO 45001:2018 standartinin 7.2 (Soristolilik) vo 7.3
(Maariflondirmo) maddalarinin taloblarine uygun olaraq toskil olunur.

Olds olunan naticalor va sistemin effektivliyi.

Totbiq olunan SOTOMM modelinin naticalari togkilati soviyyado miithiim
gostaricilorlo miisahids olunur.

Aparilan tadbirlorin effektivliyini tosdiq edon miithiim gostaricilorden biri
Kimi, 2026-c1 ilin fevral ayinda “Leyla Medical Center”do hoyata kegirilmis is
yerlorinin attestasiyast zamani oldo olunmus noticolor geyd oluna bilor.
Qiymoatlondirme zamami hor hansi uygunsuzluq askar olunmamisdir ki, bu da
miiossisada totbiq olunan vahid SOTOMM sisteminin effektivliyini bir daha tosdiq
edir [5].

Totbiq olunan SOTOMM modelinin effektivliyini xarakterizo edon asas
gostoricilordon biri istehsalat qozalarinin dinamikasinda miisahido olunan
doyisikliklordir. Bu dinamika totbiq olunan vahid SOTOMM modelinin yiiksok
effektivliyini oks etdiron asas gostaricilordon biri kimi qiymatlondirilir. Aparilan

tadbirlar naticasinda:

Klinikalar uzra badbaxt hadiszalarin azalma dinamikasi

12 +

10

Hadisa sayi
o
|

T T T
2024 2025 2026
ilar
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Natica. Todqiqat naticolort gostorir ki, tibb miiossisolorindo saglamliq, omoyin
tohliikasizliyi vo otraf miihitin miihafizosi sisteminin ISO 45001:2018 standarti
osasinda qurulmasi togkilati idaroetmonin keyfiyyotini ohomiyyatli dorocodo
yiiksaldir. Risk asaslt yanagsmanin tatbiqi, liderliyin foal istiraki vo omokdaslarin
sistemo inteqrasiyasi tohliikosizlik foaliyyatlorinin effektivliyini tomin edon osas
amillor kimi ¢ixis edir [1].

“Referans Medical Group” tocriibasi gostorir ki, SOTOMM  sisteminin
morkozlogdirilmis  vo  strukturlasdirilmis  sokildo  totbigi  ¢oxsayli  tibb
miuassisalorindo vahid tohliikasizlik yanasmasinin formalasmasina imkan yaradir.
Aparilmis auditlor, talim proqramlari va risklarin qiymatlondirilmasi mexanizmlori
noticosindo tohliikosizlik gostoricilorindo nozorogarpacaq irsliloyis oldo olunmus,
istehsalat qozalarinin garsis1 alinmis va toskilati dayanigliliq giiclonmisdir [2].

Eyni zamanda miioyyon olunmusdur ki, sohiyyo miiassisslorindo SOTOMM
sisteminin ugurlu totbiqi yalniz normativ toloblorin icrasi ilo mohdudlagmir, hom do
tohliikasizlik modoniyyatinin formalasdirilmas: ilo six baghdir. Bu kontekstda
davamli tolim, monitoring vo tokmillogdirmo mexanizmlori xiisusi rol oynayir [3].

Natica etibarila, ISO 45001 standart1 asasinda qurulmus vo “Referans Medical
Group” modeli ilo totbiq olunan SOTOMM sistemi sohiyye miiossisolorindo
tohliikosizliyin tomin olunmasi, risklorin effektiv idaro olunmasi vo uzunmiiddotli
toskilati inkisafin tomin edilmosi liciin etibarli vo effektiv idaroetmo aloti kimi

qiymatlondirils biloar.
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Xiilasa. Miiasir dovrds iqlim doyisikliklori, elmi vo texnoloji sferada toraqqi
sonaye infrastrukturunun miirokkoblosmasino, notico etibarilo, fovgolads hallarin
zancirvari falakatlora ¢evrilmasing sabab olmusdur. Tagdim olunan tadqiqat i1sinin
asas mogsadi folakot risklorinin yayillma dinamikasini xotti vo geyri-xotti riyazi
modellar vasitasils analiz etmakdir. Tadqiqat metodologiyasi ¢ar¢ivasinda risklarin
foza-zaman xarakterli yayilmasi kosilmoz miihitlor iiciin reaksiya-diffuziya
tipli diferensial tonliklorlo modellosdirilmisdir. Python miihitindo aparilan
simulyasiyalar gostormisdir ki, ononovi xotti-deterministik vo avtoreqressiv
modellar risklarin yalniz ilkin marhoalosinda effektivdir. Hadisolorin miirokkabliyi
artdiqca, xotti tonliklor sistemin kritik bifurkasiya noqtolorini vo infrastrukturun
cokiis hoddini miioyyon etmokdo geyri-adekvatliq niimayis etdirir. Toklif olunan
geyri-xatti kaskad modeli iso falakatlorin yarada bilacayi asimmetrik sigrayislart vo
eksponensial risk artimini yiiksok daqiqlikls prognozlasdirmaga imkan verir.

Acar sozlor: folakot riski, kaskad effekti, qeyri-xotti dinamika, reaksiya-

diffuziya tonliklori, bohran idarsetmasi.
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Son illordo global iglim doyisikliyi fonunda bas veron tobii vo texnogen
xarakterli fovgolado hallarin bas vermo tezliyi vo onlarin ohato etdiyi orazilorin
miqyasinin genislonmasi siiratli sokilds artmisdir. Xiisusilo geyd etmok vacibdir Ki,
muxtolif xarakterli folakotlorin — meso yanginlari, dagqinlar, seysmik aktivliklor vo
noaticods bas veran digar texnogen xarakterli fovgolado qozalar iqtisadi vo sosial
zomindo kaskad folakotlori ilo noticolono bilir [1]. Belo miirokkob xarakterli
hadisolorin idaro edilmosi, movcud risklorin prognozlasdirilmast vo belo hallar
noticosindo doymis zororin minimuma endirilmasi homin hadisslor zamani gorar
gobuletma proseslorindo effektiv vo doqiq riyazi modellarin totbiqini zoruri edir
[2]. Folakot risklorinin prognozlasdirilmasi vo idars edilmosi anonovi formada vo
doyismoyon sabit sortlor bas veron xotti yanasmalara osaslanmisdir. Xotti riyazi
modellor falakot risklorinin uygun amillorlo miitonasib olaraq doyismasini vo
mohdud ohato dairosino malik ki¢ik miqyash hadisolorin analizindo miioyyon
doracado effektivlik gostorir. Lakin beloa folakatlorin miqyasinin genislonmasi, o
ciimlodon mévcud infrastrukturun siradan ¢ixmasi ilo naticolon miirakkob hadisalor
zaman xotti dinamika effekti deyildir. Tobii vo texnogen folakotlords ola bilocok
olago hadisonin gozlonilmoz, geyri-miitonasib vo eksponensial olaraq artan
noticoloro sobob olur. Belo mohdudiyyatlorin aradan qaldirilmast mogsadils
dinamik sistemlorin elementlorini 6ziinds birlesdiron qgeyri-xotti diferensial
tonliklorin totbiqi mogsadouygun hesab oluna bilor. Qeyri-xatti riyazi sistem
folakoatlorin doyisma ndqtasini, zoncirvari effektlorin siirotlonmo mexanizmlorini vo
otraf mihit daxilinde  geyri-borabor  yayilma  qanunauygunluqlarini
modellagdirmays imkan verir. Belo diferensial tonliklor sistemi sayasindo mévcud
risklorin qarsiliglh tosir proseslorinin hom ilkin, hom do sonraki téroma folakatlorin
qarsisinin alinmasinda uygun idaroetms rejiminin hazirlanmasina zomin yaradir.

Toqdim olunan elmi isin asas maqgsadi iimumi yangin va digar tabii-texnogen
mongali folakot risklorinin yayilma dinamikasini tosvir edon xotti vo geyri-xatti

riyazi tonliklorin miiqayisoli analizini hoyata kegirmokdir.
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Qeyd edildiyi kimi, tobii vo texnogen xarakterli fovgolado hallarin miixtolif
soviyyalordos inkisaf morhalalorini miioyyon etmok mogsadilo, ononovi olaraq riyazi
modellogdirmodo xotti yanasmalar genis totbiq olunur. Xotti modellordo osas
istiqgamot sobab vo notico proseslori arasindaki proporsionalliq vo superpozisiya
prinsipind osaslanir. Yoni, folakoto sobob olan monbonin giicii iki dofo artarsa,
onun yaratdig1 risk vo ya zorarin miqyasi da miivafiq olaraq iki dofo artir [3].

Fovgolado hal risklorinin yayilma dinamikasini xotti diferensial tonliklor
sistemi vasitosilo zamanla (t) inkisaf etmokdo olan proses kimi tosvir etmok
miimkiindiir. Bela tonliy1 imumi sokilde asagidaki kimi ifads etmok miimkiindiir:

= = Ax(t) + Bu(t) (1)

Burada:

e X(t) — fovgolado hal riskinin voziyyatini zamanin t aninda ifado edon n
olcull vektordur;

e A — fovgelada hal riskinin daxili dinamikasimni vo yayilma istiqgamati Uzra
suratini tayin edan sabit amsal matrisidir;

e u(t) — hadisays edilon koanar midaxilalori ifads edon vektordur;

e B — konar midaxilalorin sistems olan tosir siddatini muayyan edan
matrisdir.

Folakot risklorinin prognozlasdirilmasinda, homginin stoxastik vo Xotti
avtoreqressiv vo ya inteqrasiya edilmis horokotli ortalama metodlarinin bazis
tonliklorindan do istifads edilir. Bu zaman riskin hazirki voziyyati avvalki ddvrlarin

Xatti kombinasiyas1 kimi istirak edir:
Yi=c+dVg+-+ (l)pyt—p + & (2)

Burada, Y prognozlasdirilan folakat riski, ¢ sabit omsal, ¢ muvafiq parametr
omsallari, & 1so tosadiifi bas veron xota amilidir.

Xotti riyazi modellorin hesablanmasi baximindan sads olmasi vo mivafiq
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sortlor daxilindo doqiq noticolor vers bilmosi onlarin iistiinliiyiidiir. Maosoalon,
kiiloyin siiratinin, relyefin vo floranin sabit oldugu homogen miihitdo bas veran
meso yangiminin ilkin yayilma siirotini xotti tonliklorlo kifayot godor doqiqliklo
modellosdirmok miimkiindiir [4]. Eyni zamanda, belo modellora zoncirvari
effektlora sobab olmayan vo mohdud miqyash texnogen xarakterli févgolado hallar
da aiddir.

Lakin, qeyd etmok zoruridir ki, xatti tonliklor irimiqyash falaket ssenarilorinin
modellogdirilmasindo  vo doqiq naticalorin oldo olunmasinda cidd sokildo
mohdudiyyatlo tizlosir. Bunlara asagidakilart misal gostormok olar:

e Zorcirvari (kaskad) effektlorin nazors alina bilmomasi — xotti asililiglarda
fovgolado vaziyyato sobab olan bir folakotin digor bir folakoto sobob olmasini ifado
edo bilmir;

e Kiritik doyismo diiylinlori — bas veran fovgolado halin qofloton doyismosi
xotti tonliklorlo ifado oluna bilmoz. Belo qeyri-sabit amillor xotti matrisin
naticolorinin konara ¢ixmasina sabab olur.

Qeyd olunan amillor gostorir ki, xotti tonliklora osaslanan prognozlagdirma
miirokkob tobioto sahib olan, yiiksok risk qrupuna malik orazilordo bdhran
voziyyatlorinin idars olunmasinda natamamliq toskil edir. Belo folakat risklorinin
1dars olunmasi geyri-xatti riyazi modellors ehtiyaci zoruri edir.

Miirokkab proseslordo geyri-xatti dinamikani vo zoncirvari (kaskad) effektlori
modellosdirmak {i¢iin sistemin daxilindeki movcud mohdudiyyastlori vo sistemin
miihitlo alagasini nazars alan reaksiya-diffuziya tonliklarindan istifads olunur [5]:

dR(x,t)
dt

= DV2R(x,t) + f(R) 3)

Burada:
¢ R(X, t) — t zamaninda va X ndqtasinda falakat riskinin intensivliyidir;
e DV?R(x,t) — tohliko monbayinin otraf oraziloro fiziki sokildo yayilma

suratini ifado edir;
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e f(R) — riskin eksponensial béyumasini vo infrastrukturun davamlilig
hesabina sonmasini toyin edon funksiyadir.

Zoncirvari proses naticosindo meydana golon texnogen xarakterli folakotlor
infrastrukturun zodolonmo vo ya ¢6kmaosi naticosindo su tochizati, rabito vo s. kimi
digor sistemlords falakatlorin ehtimalliliq doracasini artirir [6]. Belo hadisalordo
belo miirokkob voziyyotlorin kaskad effektini modellosdirmok iigiin bir-biri ilo

alaqoali geyri-xatti differensial tonliklor sistemindon istifads edilir:

dx;

—L= fi(x) + T Ciig (xi %) (4)
Burada:
e x; — I-Ci kritik infrastrukturun yiklonmo vo zadolonmo voziyyati Uzra

Ssaviyyasini gostorir;

o f:(x;) — infrastrukturun xarici tosir amillorindoan tam tacrid olunmus haldaki
daxilinds olan geyri-xatti dinamikasidir;

e (;;j — muxtalif infrastrukturlar arasindaki olago gticiini toyin edon matrisdir;

e g(x;x;) — hadiso naticosinda bir obyekto olan ziyanin geyri-Xotti olarag
digor obyekta necoa 6tlruldiyind misyyan edon funksiyadir.

Qeyri-xatti yayllma mexanizmlorinin folakotlor zaman1 verdiyi an bdyiik tohfo
riyazi olaraq movcud xaotik sistemin dayaniqliligini itirdiyi vo idarsolunmaz
fazaya keg¢diyl qirilma aninin miioyyon edilmosidir [7]. Folakotin dinamikasini
miioyyon edon daxili vo xarici amillorinin voziyyatino nozaroati 4 parametri ilo

qabul etsak, sistemin voziyyat tanliyini asagidaki yazmaq olar [8]:

dx — Fo D)
PTG

Fovgolada vaziyyatin ilkin fazasinda A kigik oldugda sistem 6ziiniin dayanigl
stasionar vaziyyatini qoruyur. Lakin 4 6zinin kritik Ac haddins ¢atdiqda sistemdoki
geyr-xatti proseslor iistlinliik togkil etmayo baslayir.

Qeyri-xotti vo xotti kaskad modellorinin prognozlasdirma doqiqliyini vo
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adekvatliginmi giymotlondirmok moqsadilo virtual miihitdo (Python) eksperiment

hoyata kecirilmisdir. Soziigedon simulyasiya hesablamasi zamani miirokkob

infrastruktura malik gsobokolordo bas veron falakotlorin ilkin fazasindan dorhal

sonra genismiqyaslt vo dagidici tasira ¢evrildiyi miisahide olunmusdur.

Eksperiment zamani uygun tonliklorin holli iiglin baslangic sortlor vo

parametrlor toyin olunaraq, xatti avtoreqressiv vo geyri-xotti alagoli soboko modeli

ilkin olaraq eyni risk soviyyesindon basladilmigdir. Simulyasiyanin naticalori

cadval 1-do gostorilmisdir:

Cadval 1. Simulya hesablamasi iigiin baza parametriari.

Dayison Parametr Qiymot Riyazi izah1
diapazonu

Fovgelads halin baslangic

T1kin risk Ro 10 morhoalasindaki sistemin ilkin
zadslonma soviyyasi

?T:;Lesr?r;gl K 1000 Sistemin maksimal davamliliq
haddi

tutumu

éi‘;‘giartlm . 15 Sabit yayilma doracosi

Qeyri-xatti

artim vo ya o 0.25-0.45 | Sistem daxilinds eksponensial artim

yayilma tempi

Bifu r_kasiya C, ~400 S-i-stem.in davamliliq haddinin 6tmo

hoddi noqtasi

Qeyd olunan baza parametrlori osasinda ilkin sortlor daxilindo xatti vo geyri-

xottt modellorin falakat risklorinin hansi trayektoriyalarla prognozlasdirdigini

interaktiv qrafik vasitosilo miisahido edilmisdir (sokil 1):
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B et vodel [l Qevriovattt Kaskad Model

T Zararin Migyas / Risk (R)

Maksimal Tutum
1.000

Q00
800
700
&00
500
400
300
200
100

9]

Xatti Artim Temp —'— | 15 | Qeyri-xatti Artim (a —'— | 8.25

Sakil 1. Folakatin yayilmasinin xatti vo qeyri-Xatti modellarlo prognozlasdiriimast.

Sokil 1-doki grafikdon do goriindiiyli kimi, prosesin baslangic morhalosindo
geyri-xotti model (qirmiz1 oyri) falakot riskinin asta sokildo artmasini vo bas vera
bilocok zararin nazarat altinda oldugunu oks etdirir. Xotti model iso 6z ndvbasindo
folakoatin eyni templo todricon artacagini prognoz edorak diizxatli sabit trayektoriya
cizir. Lakin geyri-xotti modelin risk soviyyasi kritik agma ndqtosine catana qodor
sistemin dayaniqliligini saxlaya bilir. Mohz bu noqtads C; (bifurkasiya haddi) asilir
vo prosesin ¢okmosi sababindon bas veran zoror koskin eksponensial artim edorak,
qisa miiddot orzindo sistemin maksimal tutum hoddine (K=1000) c¢ataraq orada
sabitlogir. Xotti riyazi model iso tohliikali eksponensial artimi vo prosesin ¢okma
limitini tamamilo nozaratdon ¢ixarib, falakotin real tohdidinin realligdan dofalorlo
asag1 qiymatlondirdiyini gostarir.

Notica. MoOvzu lizro arasdirilan todqiqat isindo tobii vo texnogen xarakterli
fovgoalada hallarin riyazi analizlorinds folakat risklorinin yayilmasi dinamikasinin

Xotti vo geyri-xatti riyazi tonliklor osasinda miiqayisali tohlili hoyata kegirilmis vo

55



M.M.Yunusov

zoncirvari bohran vaziyyetlorinin idars edilmosinde dinamik yanasmanin
zorurililiyi osaslandirilmisdir.

Todqgiqat zamani differensial tonlikloro vo xotti avtoreqressiv metodlara
asaslanan risk prognozlari qisa zaman intervalinda, mohdud mokanda vo homogen
miihitlordo effektiv olmasi askarlanmisdir. Belo modellor miirokkob va bir-birino
six inteqrasiya olunmus olaqgali sistemlords risklorin eksponensial artimint vo
qirilma noqtalarini prognozlasdirmaq ¢atinlik ¢akir.

Bir-birino bagli geyri-xatti differensial tonliklor iso 6z ndvbasindo tobii va
texnogen xarakterli folakotlorin yayilma ganunauygunluglarini daha doqiq oks
etdirir. Belo tonliklor folakot zorbasinin proses daxilindo digor infrastrukturlara

Otilirtilmasini vo ¢okmo anin1 adadi olaraq qiymatlondirmoys imkan verir.
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AHAJIN3 JUHAMUKHU PACITIPOCTPAHEHUSI PUCKOB BEJCTBUM C
MMOMOIIbIO MATEMATUYECKUX YPABHEHUI
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AHHOTanus. B coBpeMeHHyIO0 310Xy M3MEHEHHsS KJIMMara U TMPOrpecc B
HAyYHO-TEXHOJOTHYCCKON cdepe TpHuBeIM K YCIOXKHEHUIO MPOMBIIUICHHON
UHOPACTPYKTYPhI, YTO, B KOHEYHOM HWTOTE, CIIOCOOCTBOBAJIO MPEBPAIICHUIO
Ype3BbIYAMHBIX  CHUTyalluid B  1enHble  katactpodel. OcHOBHas  1elb
MIPEICTABIICHHON HCCIIEA0BATEIIbCKOW pabOThI 3aKII0YASTCS B aHAIN3E JHHAMUKH
pPacIpoCTpPaHCHUS PHUCKOB OCICTBHUH C TIOMOINBIO JWHEHHBIX M HEJIMHCHHBIX
MaTeMaTUYeCKuX  Mojeneil. B pamkax  MeTOAONOTMHM  WCCIENOBaHUS
MIPOCTPAHCTBEHHO-BPEMEHHOE PaCIPOCTPaHECHUE PUCKOB OBLIO CMOICIMPOBAHO C
UCIOJIb30BaHUEM AU (pepeHIInanbHbIX YpaBHEHUN TUNA peakius-quddysus s

HenpepbIBHBIX cpen. CuMyIsnuu, MpoBeJeHHbIC B cpenae Python, mokasamu, uto
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TpPaJMLIMOHHBIE JINHEWHO-AETEPMUHUPOBAHHBIE M aBTOPEIPECCUOHHBIE MOJAEIIN
¢ (}EeKTUBHBI TOJHKO Ha HAYaJbHOM CTaIWK BO3HMKHOBEHHUs pHUCKOB. [lo mepe
YCIIOKHEHUSI COOBITUN JIMHEWHBIC YPaBHEHUS JTEMOHCTPUPYIOT HEaJeKBAaTHOCTh B
OTIpEICTICHNN KPUTUYECKUX TOUYEK OM(PYpKallMu CUCTEMBbl U TOpOra OOpYIICHHS
uHppacTpykTypsl. [Ipemnaraemas HenmuHeWHas KackajgHas MOJENb IO3BOJISET C
BBICOKOM ~ TOYHOCTBIO  NPOTHO3UPOBATH  ACUMMETPHYHBIE  CKaykd U
HKCIIOHEHIIUATBHBIA POCT PUCKOB, BO3HUKAIOIIMX MPU KaTacTpodax.

KiroueBble cioBa: puck karacTpodbl, KackaaHbli 3¢hdexT, HeluHerHas

JMHAMUKa, YpaBHEHUs peakuuu-1udPpy3un, Kpu3uc-MeHEHKMEHT.

MATHEMATICAL ANALYSIS OF DISASTER RISK SPATIOTEMPORAL
DISTRIBUTION DYNAMICS

Yunusov Mir Ramin Mir Gasim oglu

PhD student at the Institute of Mathematics, Ministry of Science and Education
Lecturer at Baku Engineering University
e-mail: myunusov@beu.edu.az
Orcid ID: 0009-0005-8323-4279

Annotation. In the modern era, climate change and progress in the scientific
and technological spheres have led to the increasing complexity of industrial
infrastructure, consequently causing emergencies to evolve into chain-reaction
disasters. The primary objective of this research is to analyze the propagation
dynamics of disaster risks using linear and non-linear mathematical models. Within
the methodological framework, the spatio-temporal propagation of risks was
modeled using reaction-diffusion differential equations for continuous
environments. Simulations conducted in the Python environment demonstrated that
traditional linear-deterministic and autoregressive models are effective only during
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the initial stage of risk onset. As the complexity of events increases, linear
equations exhibit inadequacy in determining critical systemic bifurcation points
and infrastructure collapse thresholds. In contrast, the proposed non-linear cascade
model enables high-precision forecasting of asymmetric leaps and exponential risk
growth occurring during disasters.

Keywords: disaster risk, cascade effect, nonlinear dynamics, reaction-

diffusion equations, crisis management.
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TOKSIK MAYE DAGILMALARI VO “B” SINiF YANGINLARINA QARSI
UNIVERSAL VASITOLORIN HAZIRLANMASI USULLARI
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Xilasa. Yanar mayelorin sondurilmasi va toksik maye dagilmalarinin aradan
qaldirilmasit ti¢in movcud isullarin tohlili asasinda, bu moqsadlor UGglin eyni
zamanda yararli olan perspektivli vasitalorin se¢cimi aparilmigdir. Bunun iigiin hom
mayelorin sondirtlmasine, ham do havada toksik mayelorin konsentrasiyasinin
azaldilmasina tosir edon osas amillor nozordon kecirilmisdir. Mayelarin
sondirilmasi vo buxarlanmasi proseslarino tosir edon amillor kimi mivafiq
vasitolorin ~ Gzmo  qgabiliyyati, izolyasiyaedici  xususiyyatlori,  soyuducu
xususiyyatlori vo davamliligi nozardon kegirilmisdir. Segilmis amillorlo baxilmis
vasitolorin  Umumi effektivlik gOstoricisine tasirini  giymatlondirmak Ggin
giymatlondirmo skalas1 toklif edilmisdir. Soxsi va adobiyyat molumatlar asasinda
yanar va toksik mayelorin séndirtilmasi vo dagilmalarinin aradan galdirilmasi {igiin
vahid vasito kimi hava-mexaniki va tez sartloson képuklarin, hamginin slava gel
qatinin tatbigi ilo yungil donavar materiallar asasli vasitalorin nazardan kegirilmasi
mogsadouygun hesab edilmisdir. Yanar vo zohorli mayelorin sondlrilmasi

vo dagilmalarmin aradan galdirilmasi Gg¢ln vahid odsonduricl vasitonin son
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seciminin edilmasi mogsadilo onlarin  yanginsondiirma Vo izolyasiyaedici
xususiyyatlorinin  oalavo nozori vo eksperimental todgiqatlarinin aparilmasi,
hamcinin ekoloji va iqtisadi gostaricilorin nozors alinmasi zaruridir.

Abstract. Based on an analysis of existing methods for extinguishing
flammable liquids and eliminating toxic liquid spills, promising agents suitable for
both purposes simultaneously have been selected. For this purpose, the main
factors affecting both the extinguishing of liquids and the reduction of the
concentration of toxic liquids in the air were considered. Factors affecting the
extinguishing and evaporation processes of liquids, such as the buoyancy,
insulating properties, cooling properties, and stability of the corresponding agents,
were considered. An evaluation scale was proposed to assess the influence of the
selected factors on the overall effectiveness indicator of the considered agents.
Based on personal and literature data, it was considered appropriate to examine air-
mechanical and fast-hardening foams, as well as agents based on lightweight
granular materials with the application of an additional gel layer, as unified means
for extinguishing flammable and toxic liquids and eliminating their spills. In order
to make the final selection of a unified extinguishing agent for suppressing
flammable and toxic liquids and eliminating their spills, it is necessary to conduct
additional theoretical and experimental studies of their firefighting and insulating
properties, as well as to take environmental and economic indicators into account.

AHHoTanmus. Ha ocHOBe aHanmm3a CyIIECTBYIOIIMX METOJOB TYIICHUS
TOPIOYMX KUIAKOCTEW Y JIMKBUAALMU PA3JIMBOB TOKCUYHBIX XKUIKOCTEN MPOBEAEH
BBIOOP MEPCIEKTUBHBIX CPEJICTB OJTHOBPEMEHHO MPUTOAHBIX IJIsl 3TUX Liener. J{s
9TOIr0 PaCCMOTPCHBI OCHOBHBIC CI)aI(TopI)I BJIIMAONIUC KAK HAa TYIICHUC )I(I/II[KOCTGf/i,
TaK 1 Ha CHH’)KCHUEC KOHOCHTPAINH TOKCUYHBIX )KI/I)IKOCTGfI B BO3yXC€. B xauectBe
(GakTOpOB BIMSIONIMX Ha TPOLECCHl TYIICHUS W WCHAPCHUS IKUIKOCTEH
pPaCcCMOTPCHBI TIABY4YCCTb, U30JUPYHOIIUC CBOfICTBa, OXJIAXKAAKOIIIHNEC CBOICTBA U
CTOMKOCTh COOTBETCTBYIOIIMX CpeACTB. [IpemnoxkeHna oneHoOYHas MIKajia BIUSHUS

BbIOpaHHBIX (PAKTOPOB HA CyMMapHbIH IeneBod mapameTp 3¢(EeKTUBHOCTH
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BI)I6paHHOFO cpcacrTBa. Ha ocnoBanuu IIOJIYUCHHBIX PC3YJIbTATOB H adHAJIU3a
JUTEPATYPHBIX JTAHHBIX LEIECO00Pa3HO pACCMOTPETh B KAUECTBE YHUBEPCAIBHOIO
CpCACTBA JI TYHICHUS ITOKAPOB U JIMKBUAAINWH PA3JIMBOB I'OPIHOYUX U TOKCUYHBIX
)KI/II[KOCTef/'I BO3AYIIHO-MCXaHHUYCCKHUC U 6BICTp0TBepI[eIOH_II/Ie IICHBI, a TaK¥XKCEC
CpcacCTBa Ha OCHOBC JIETKUX CBIIYYUX MATCPHUAIOB C IIOCICAYIOIIINM HAaHCCCHHCM
JOIIOJIHUTCIIBHOI'O CJIOA TI'CIIA. I[J'IH OKOHYATCIIBHOI'O BBI60pa CINHOI'0 CpCACTBA
JI1 TYIICHHUA MW JIMKBHJIAOWHW PA3JIMBOB TOPIHOYHMX W TOKCHYHBIX )KHI{KOCTCﬁ
H€O6XOIIPIMO IMPOBCACHUC AOIIOIHHUTCIBHBIX TCOPCTHUYCCKH U SKCIICPUMCHTAJIbHBIX
WCCIICAOBAHAM MX OTHETYIIAIMX U WU30JUPYIOLINX XAPAKTEPUCTHUK, a TAKKE YUET
9KOJIOTHUYCCKUX U DKOHOMHUYCCKUX ITapaMCTPOB.

Acar sozlor: mayelorin sondurilmasi, toksik maye dagilmalarinin aradan
galdirilmasi, hava-mexaniki kopuklar, tez sortloson kopuklor, yingil denavar
materiallar, gel amalogatiran sistemloar.

Keywords: extinguishing of liquids, elimination of toxic liquid spills, air-
mechanical foams, fast-hardening foams, lightweight granular materials, gel-
forming systems.

KaroueBnle cioBa: TYHOICHHC )I(HIIKOCTCﬁ, JIMKBU AU Pa3JIMBOB TOKCUYHBIX
)KI/II[KOCTeﬁ, BO3AYIIHO-MCXaHUYCCKUC IICHBLI, 6BICTpOTB€p):[CIOI_HI/I€ IICHHI, JIETKUE
CBIIIY4YHUC MATCPHAJIbI, reneo6pa3yfoume CUCTCMBI.

Giris. Hazirda dovriyyada minlarlo maye mdovcuddur. Onlarin oksariyyati
tohlika xususiyyatlidir. Mayelorin osas tohlika novlori onlarin yanmasi va
toksikliyi ilo baghdir. Onlarla mitomadi olarag yanginlara vo toksik mayeloarin
otraf mihito yayilmasina sobab olan goza vaziyyatlori bas verir [1-2]. Neft vo gaz
hasilatinin inkisaf etdiyi, hamcinin kimya sonayesinin yiiksok saviyyada oldugu
Olkomiz UGgln mayelorin tohlukali xisusiyyatlori ilo bagh bas veron gozalarin
yaranma ehtimali daha ytksakdir [3].

Osasim yanar maddanin toskil etdiyi mayelorin oldugu yanginlar “B” sinif

yanginlar kimi tosnif edilir. Bu cir yanginlarin séndurilmasi FOvgalado Hallar
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Nazirliyinin yanginsondirma bolmolori tglin an mirakkob vazifalordon biridir.
Onlar bir ¢ox hallarda uzunmiddst davam etmosi, yanginsondirma qlvve Vo
vasitalorinin béyuk migdarda calb olunmasina ehtiyacin olmasi ilo xarakterizo
olunur [4].

Mayelarin yanmas: mirokkab ¢ox morhalali bir prosesdir. Bu prosesin ilk
morhalosi mayenin maye halindan qaz halina ke¢mosi prosesidir. Kimyavi
gozalarda toksik mayelorin dagilmast zamani, qozanin ilkin morhalasinds
Fovgolado Hallar Nazirliyi yangisondiiran va xilasetmo bélmalarinin asas vozifasi
zohorli hava buludunun formalagmasinin garsisint almaq vo onun atmosferdo
yayllmasina yol vermamakdir [5]. Toksik buxarlarin otraf mihito yayilmas1 toksik
mayelorin buxarlanmasi ilo alagodardir.

Beloliklo, belo naticoya golmok olar ki, hom mayelorin yanmasi, hom do
toksik buxar buludunun formalagsmasi halinda holledici morhalo mayenin
buxarlanmasi prosesidir. Bu iso “B” sinif yanginlar vo toksik maye dagilmalari ilo
mibarizo Ucln mivafiq vaziyyatlorin aradan qaldirilmasina yonalmis vahid
vasitonin yaradilmasinin magsadauygun oldugunu gostarir [6].

9dobiyyat malumatlarmin tohlili va problemin qoyulusu. Yanar mayelorin
sondlrilmasi ticlin ¢oxlu sayda iisullar movcuddur. Onlarin arasinda asagidakilar
geyd etmok olar: mixtalif név yangmsondiirmo kopiklari, su va gaz torkibli
mohlullar, emulsiyalar vo suspenziyalar, toz halinda vasitolor, aerozollar, bork
karbon qazi, durulasdirici qazlar, yanmani longidon qaz halinda inhibitorlar.
Bunlardan on effektivlori izolyasiya mexanizminin dstunluk toskil etdiyi hava-
mexaniki kopuklordir. Lakin yanginsondiirmo kOpiklorinin bir sira ciddi
catismazliglart vardir. Onlarin asas ¢atismazligr mayenin sathinds kopliyiin asagi
davamliligidir.

Kopiikls yanginséndiirme metodunun miihiim inkisafi tez sartloson kdpuklarin
hazirlanmasidir [7-9]. Bu koOplk bir-birindon ayr1 saxlanilan bir nega maye
komponentin hidrodinamik garisdirilmasi vo daha sonra kdpuklandirilmasi prosesi

naticosindo aldo olunur. Tez borkiyan koplklor yanginsondiirms vasitolori Ugin
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unikal olan bir sira xiisusiyyotloro malikdir: ylksok istilik dayanighigi, yuksok
yapisma qabiliyyati vo ylksok ekoloji tohlikasizlik bunlara aiddir. Tez sortlogon
kopiiyiin toksik maye dagilmalarinin lokallagdirilmasi {i¢lin izolyasiyaedici vasito
Kimi istifado olunmasi da toklif edilmisdir. Bu islarin x{susiyyati ondan ibaratdir
ki, belo kopuklarin alds olunma texnologiyasinin asasli tasviri verilmomisdir.

Qeyri-lUzvi maddalor asasinda tez barkiyan kopiklorin alinmasina dair oxsar
ideya [10] isindo toklif edilmisdir. Axiciligin itirilmosini tomin etmok Ug¢ln
hommdialliflorlo gel amologalmo (gelasiya) prosesindon istifado etmoyi toklif
etmisdik. Bu moaqgsadlo “A” sinif yanginlarin sondiriilmasi ¢in oavvallor toklif
edilmis bir sira gel amalagatiron sistemlor segilmisdir [11]. Bu iglorda tez barkiyan
kopuklar zohorli maye dagilmalarinin buxarlanmasinin garsisinin alinmasi vasitasi
Kimi toklif edilmisdir. Lakin belo tez borkiyan kopuklorin yanginsondiirma
parametrlori  todgiq edilmomisdir. Bununla bels, bu kopiklorin  yuksok
izolyasiyaedici xususiyyatlori vo davamliligi onlarin yanar mayelarin sondurilmasi
ucln do istifads oluna bilacayi ehtimalina imkan verir.

Mayelarin sondiriilmasi t¢iin yeni vasitalor arasinda slava gel qatinin totbiqi
ilo ylngul donovar materiallar asasinda hazirlanmis yanginsondiirma sistemlorini
xususi olarag geyd etmok olar [12]. Donover material kimi xirdalanmis vo ya
granullasdirilmis kopiik siisonin totbiqi asaslandirilmigdir. Xiisusila geyd olunur ki,
kopiik stiso (KS) tobagosi zaman baximindan geyri-mohdud davamliliga malikdir,
halbuki gel tobagosi bir sutkadan sonra dagilmaga baslayir. Belo sistemin
izolyasiyaedici  xususiyyatlori  hava-mexaniki  kopiklorin  izolyasiyaedici
xususiyyatlarindan yuksokdir. KS + gel yanginsondiirmoa sistemlorinin ¢atismazligi
ondan ibaratdir ki, li¢ ayr1 yanginséndiirma maddasinin va onlarin verilmasi U¢un
lic ayr1 vasitonin istifadoasing ehtiyac yaranir. Yiiksok izolyasiyaedici xususiyyatlori
nozars alinaraq, bela sistemlorin ham yanar mayelorin séndirtilmasi vasitasi, hom
do toksik maye dagilmalarinin izolyasiyasi vasitasi kimi perspektivli ola bilacayi

ehtimal edilo bilor. Yuxarida geyd edilon mayelorin sondurilmasi iisullarindan

64



M.E.Musayev, L F.Dadasov

olave, yanmanin dayandirilmasinda {istiinliik toskil edon soyuducu mexanizmoa
malik vasitolordon do istifado etmok olar: piiskiirdiilmiis su vo bark karbon gazi
(quru buz). Mayenin soyudulmasi onun buxarlanma siirotini azaltdigindan, bu
vasitolor toksik maye dagilmalarinin aradan galdirilmasi ti¢iin do totbiq oluna bilor.
Belo halda su soyuducu xlsusiyyatlorini yalniz qizdirilmis mayelorin dagilmasi
zamani gostoro bilor. Lakin su tcln toksik mayelarin buxarlanma sdiratinin
azaldilmasinin daha bir mexanizmi do mimkundlr — maye fazanin toksik olmayan
maye ilo durulasdirilmasi.

Toksik maye dagilmalarinin aradan qaldirilmasi iigiin ¢oxlu sayda tisullar
toklif edilmisdir [13]: su pardslorinin yaradilmasi, istilik axinlari vasitasilo buludun
pargalanmasi, neytrallagdirict mohlullardan istifado etmoklo maye pardalarinin
yaradilmasi, hava-qaz axinlari ilo buludun dispersiyasi, dagilmanin bondlonmasi,
sopalanan sahanin danavar sorbentlorlo Ortlilmasi, toksik mayelarin sathinin kdpuk
vo ya polimer plyonka ilo Ortilmasi vasitasilo buxarlanma intensivliyinin
azaldilmasi, toksik mayelorin su ilo durulagdirilmasi, maye fazaya qatilagdiricilarin
daxil edilmasi, mayenin kriogen materiallarla soyudulmasi, bark sorbentlorlo
orttlmo va sonradan yandirilmasi, toksik mayelorin gatilagdirilmasi vo daha sonra
dasinaraq utilizasiyasi.

Belalikla, belo naticoya galmok olar ki, hazirda ham “B” sinif yangmlarin
sondarilmasi, ham do toksik mayelorin buxarlanmasinin garsisinin alinmasi tiglin
istifado oluna bilon bir sira vasitalor movcuddur. Qeyd olunan iki vazifonin
toloblorini on yiksok dorocado nozoro alan vahid vasitonin secilmosi aktual
mosaladir.

Bu iisullar arasinda on universal olani izolyasiyaedici kopiiklorin istifadasidir.
Hazirda zohorli mayelorin sothlorinin izolyasiyasi bu moagsad Ugln Xxususi
hazirlanmis kopiiklorlo deyil, mixtalif név yanginsondiirma kopiklari ilo hayata
kecirilir.

Tapsini@in qoyulusu. Yanar maye yangmlarinin sondiiriilmasi va zohorli

maye dagilmalarinin lokallagdirilmasi (gin istifado oluna bilon vasitonin
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yaradilmasi yollarim1 miioyyanlosdirmak. Bunun Ugln ilkin morhalads asagidaki
vazifalarin halli zaruridir:

1. zohorli mayelorin buxarlanmasinin garsisinin  alinmasi vo “B”  sinif
yanginlarin  sondiiriilmesi  Uglin  vahid  vasitoya olan  Umumi  tolablori
formalasdirmagq;

2. zohorli mayelorin buxarlanmasinin qarsisinin  alinmasit vo “B”  sinif
yanginlarin sondiiriilmasi ¢un vasitolorin funksional xususiyystlorino tasir edon
asas amillari miayyanlosdirmoak;

3. secilmis amillarin se¢ilmis vasitanin Gmumi effektivlik gostaricisina (hadof
parametri) verdiyi tohfoni giymotlondirmak Gglin komiyyat gqiymatlondirme
skalasini islayib hazirlamag;

4. mévcud vasitolor {iglin baxilan wvasitolorin effektivliyinin - mogsadli
gOstaricisinin adadi giymatini hesablamag;

5. effektivliyin moagsadli gostaricisinin adadi giymatina asaslanarag, zsharli
mayelorin buxarlanmasinin garsisinin alinmasi vo yanar mayelarin sondirilmasi
Uclin vasitalori sonraki tadgigat tigtin segmoak.

Tayin olunmus vazifanin halli. Hom mayelorin yanmasi, ham do toksik buxar
buludunun formalagmasi halinda halledici moarhalo mayenin buxarlanma prosesinin
olmasi nazars alinaraq, bu ciir vaziyyatlora qarsi vahid vasito hamin prosesi
longitmokdir. Buna mayenin soyudulmasi vo ya onun Sothinin izolyasiyasi
vasitosilo nail olmaq miimkiindiir. Izolyasiyaedici vasito Yylksok wzctlik
gabiliyyatino vo yiiksok dayaniqliga malik olmalidir. Oksor hallarda toksik maye
dagilmasi zaman1 mayenin temperaturu otraf miihitin temperaturuna yaxin olur.
Buna goro bels hallarda soyutma effektinin alds olunmasi {igiin izolyasiyaedici
vasitonin soyudulmus vaziyyatds totbiqi talob olunur ki, bu da maye dagilmalarinin
aradan qaldirilmasi prosesini ohamiyyatli doracads gatinlogdirir. Yanar maye vo
zoharli maye dagilmalarinin sondiiriilmosi vo aradan galdirilmasi {igiin vasitalars
goyulan diger imumi tolob onlarin odadavamliligi, hamginin termiki vo Kimyavi

dayanmiqligidr.
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Yanar mayelorin sondirilmasi vo toksik maye dagilmalarinin aradan
qaldirilmast iigiin  vahid wvasitonin se¢ilmasi zamani onlarin  funksional
xususiyyatlarino tosir edon ¢oxsayli amillorin nozoro alimmasi zoruridir. Yanar
mayeloar vo toksik mayelor t¢tin séndiirms vo buxarlanma proseslorino tosir edan
amillor kimi asagidakilar nozordon kecirilmisdir: {iziiciiliik gabiliyyati, izolyasiya-
edici xususiyyatlar, soyuducu tasir, izolyasiya qatinin davamliligi, qaz fazasinin
durulasdirict tosiri, ekoloji va igtisadi gostaricilor. Bu xtsusiyyatlor [10-12, 14-16]
islorinin tahlili asasinda qiymotlondirilmisdir.

Secilmis wvasitalorin effektivliyinin  mugayisali giymatlondirilmoasi Ggln
komiyyat skalasindan istifads edilmasi toklif olunur. Bels bir skalada har bir amilin
ohomiyyati onun secilmis vasitonin tmumi effektivlik gostaricisina verdiyi tohfa
osasinda  giymotlondirilir. ~ Mivafiq  tOhfonin  asagidaki  skala  lizro
giymatlondirilmasi toklif olunur:

* 0 — t6hfonin olmamasi;

1 — asag1 tohfa Saviyyasi;

* 2 — orta t6hfa saviyyasi;

3 — yuksok tOhfa saviyyasi.

Effektivliyin hodof parametri yanar mayelorin sondiriilmasi vasitolori vo
zohorli maye dagilmalarinin aradan qaldirilmas: vasitolori  {iclin  ayrica
hesablanmigdir. Ilkin morholods hom yanar mayelorin séndiiriilmasi, hom do
zohorli maye dagilmalarinin aradan qaldirilmasi iigiin eyni vaxtda istifads olunmasi
miimkiin olmayan vasitolor nozordon ¢ixarilmisdir. Beloliklo, yanar mayelorin
sondiiriilmoasi vasitolori arasindan asagidaki vasitolor nozordon ¢ixarilmisdir: toz
halinda vasitalor, aerozollar, durulasdirict qazlar vo yanmani longidon qaz halinda
inhibitorlar.

Zohorli maye dagilmalart ilo miibarizo vasito vo Tisullar1 arasindan
asagidakilara baxilmir: maye pordslorinin yaradilmasi, istilik axinlari vasitasilo
buludun dispersiyasi, hava-qaz axinlari ilo buludun dispersiyasi, zshorli maye

dagilmasinin sothinin polimer plyonka ilo ortiilmosi, neytrallagdirici mohlulla
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doldurulmasi, bark sorbentlorlo ortiilorok sonradan yandirilmasi, zohorli mayelorin
qatilasdirilmasi vo daha sonra dasinaraq utilizasiyas.

Beloliklo, nozordon kegirilon vasitolor asagidakilardan ibarotdir: hava-
mexaniki kopiiklor, tez borkiyon kopiiklor, sopolonmis su, ylingiil donaver
materiallarin gelo bonzor gatlarla kombinasiyasi vo bork karbon qazi. Asagida geyd
olunan vasitolor li¢ilin sec¢ilmis amillorin yanar mayelorin sondiiriilmosi vo zohorli
maye dagilmalarinin aradan qaldirilmasi prosesloring tosiri nozordon kegirilocokdir.

Hava-mexaniki kopiiklorin, tez borkiyon kopiiklorin vo KS + gel sistemlorinin
tizliclliik gabiliyyoti vo izolyasiyaedici xiisusiyyatlori hom sondiirmoa, hom do
zohorli maye dagilmalari ilo miibarizo hallarinda yiiksokdir [10, 12, 14-16]. Quru
buzun iizma gabiliyyati asag1 qiymoatlondirilmisdir, ¢iinki oksor mayelords o batir,
bozi hallarda iso intensiv qaz ayrilmasi hesabina sotho galxir. Sondiirmo zamani
hava-mexaniki kopiiklorin, tez borkiyon kopiiklorin vo KS + gel sistemlarinin
soyuducu tosiri orta soviyyado, sopolonmis su vo quru buz igiin iso yiiksok
qiymatlondirilmisdir. Zoharli maye dagilmalarinin izolyasiyasi halinda yiiksok
soyuducu tosir yalniz quru buza moxsusdur, ¢iinki zohorli mayelorin temperaturu
otraf miihitin temperaturuna yaxin olur, quru buzun temperaturu iss  — 79°C togkil
edir.

Ortiiyiin davamlilign baximidan tez borkiyon kopiik vo KS + gel sistemi
adobiyyat molumatlarina goroa hava mexaniki kopiiklori {istoloyir [10-12, 14-16].
Qaz fazasinin durulagdirict tosiri hom yanar mayelorin sondiiriilmosi, hom do
zohorli maye dagilmalar1 ilo miibarize zamani imumilikdo az tohfe verir. Bu
parametr iizro {stiinlilk maye ilo tomas zamani intensiv qaz ayrilmasi sababindon
quru buza moxsusdur.

Ekoloji gostoricilorin qiymaotlondirilmosi zamani nozore alimmusdir ki, tez
sortlogon kopiiyiin digor kopiik vasitolori kimi, torkibino kdpiikomologatiricilor
daxildir. Lakin tez sortloson kopliylin alinmasi {ciin plyonka omsolagatiron
kopiikomologatiricilordon  istifado  olunmur ki, bu da onlarin ekoloji

xtisusiyyatlorini Xeyli yaxsilasdirir. Bundan olava, tez sortlogon koplyln daha
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yiiksok davamlilig1 geyd olunur ki, bu da yanginlarin sondiiriilmosi vo toksik maye
dagilmalarinin aradan qaldirilmasi zamani ekoloji baximdan tohliikoli maddslorin
daha az sorf olunmasmi tomin edir. KS + gel vasitolorinin torkibino
koptlikomologatiricilor daxil deyil, onlarin torkibindo az vo orta dorocods tohliikoli
maddolor az migdarda mévcuddur.

Tez sortloson kopiiyilin iqtisadi gostoricilorinin qiymatlondirilmasi zamani
miisbot amil kimi maddslorin kiitlo sorfinin shomiyyatli dorocado az olmasi nozors
alimmalidir. Manfi xiisusiyyat kimi iso gel amologolma prosesini tomin edon alavo
komponentlorin istifadosi geyd olunmalidir. Tez sartlogon kopiiylin verilmasi iigiin
texniki vasitalor iki gel omologatirici sistem komponentinin garigdirilmasi zorurati
sabobindon daha miirokkobdir. Bu, homg¢inin tez sortloson kopiik generatorlarinin
isini ¢otinlogdirir, ¢iinki qgeyri-adi is soraitindo qarigdirma kamerasinda gel
omologolmoasi miimkiindiir. Bu isa tez sortlogon kopiiyiin iqtisadi gdstoricilorinin
hava-mexaniki kopiiklorlo miiqayisado daha asagi olmasi barados natico ¢ixarmaga
imkan verir. Lakin tez sortloson kopiiyiin iqtisadi somaraliliyi masalasi yangin vo
ya zohorli maye dagilmasinin aradan qaldirilmast zamam sorfiyyatin
daqiqlosdirilmosindon sonra tam sokildo hoall edilo bilor. [12]-do togdim olunan
molumatlara goro, KS + gel sistemindo istifado olunan maddslorin doyori
kopitiklorin xorcindon daha asagidir. Lakin yangin yerino verilmo sistemlori daha
miurokkobdir. Quru buzun asagi iqtisadi gostoricilori onun saxlanilmasi zamani
soyuducu avadanligin daim islomosinin zoruriliyi ilo baglhdir.

1 vo 2-ci cadvellorde secilmis amillorin yanar mayelorin sondiiriilmasi
proseslorino vo zohorli maye dagilmalar1 ilo miibarizoys tosir doracosinin

qiymatlondirilmasi verilmisdir.
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Cadval 1. Yanar mayelarin sondiiriilmasi proseslorina segilmis amillarin tohfasi.

Tezalisan mayenin sondiirmo vasitolori

Amil képiiklor Tezks;)r[tjlissn pusku;iulmus KS + gel qblijr;
lizmo qgabiliyyoti 3 3 0 3 1
izolyasiya 3 3 0 3 0
xususlyyati
Soyutma qabiliyyati 2 2 3 2 3
davamlilig 2 3 0 3 0
durulasdima 1 1 2 1 2
Xususiyyati
ekoloj1 parametrlori 2 2 3 2 3
iqtisadi gostaricilor 2 2 3 2 1
timumi somaralilik 15 16 11 16 10

Cadval 2. Zohorli maye dagilmalari ilo miibarizaya se¢ilmis amillorin tohfasi.

Zshorli maye dagilmalarinin aradan qaldirilmasi vasitolori

: Tez
Amil Piiskiirdiilmii
kopiiklor | sortloson Uskdrdilmis KS + gel qurd
- su buz
kopuk
lizmo gabiliyyoti 3 3 0 3 1
izolyasiya 3 3 0 3 0
xUsusiyyoti
soyutma qabiliyyati 1 1 1 1 3
davamlilig 2 3 0 3 0
duralagdirma 1 1 1 1 2
xususiyyati
ekoloji parametrlori 5 5 3 5 3
iqtisadi gostaricilor 2 2 3 2 1
imumi somaoralilik 14 15 8 15 10
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1 va 2-ci cadvallords verilmis naticolordon belo qonasto golmok olar ki, yanar
mayelorin sondiiriilmasi vo zsharli maye dagilmalarinin aradan galdirilmas: ii¢lin
vasitolorin iimumi moagqsadli gqiymatlondirmo effektivlik gostaricisi hava-mexaniki
kopulk, tez sortloson kopiik vo KS + gel sistemlori {igiin yiiksokdir. Quru buz va
puskiirdiilmiis su tiglin 1so bu effektivlik gostoricisi hom yanar mayelorin
sondiiriilmosi, hom do zohorli maye dagilmalar1 ilo miibarizo hallarinda yuxarida
geyd olunan vasitolordon nozorogarpacaq dorocodo asagidir. Yanar mayelorin
sondiiriilmosi vo zohorli maye dagilmalarinin aradan qaldirilmasi tigiin on effektiv
vasitonin son se¢imi li¢lin tez sortloson kopiik vo KS + gel sistemlori {izro olava
todqgiqatlarin aparilmasi zoruridir.

Burada nozoro almaq lazimdir ki, secilmis moaqgsodli gostorici effektivliyin
subyektiv qiymoatlondirilmasidir. Se¢ilmis {i¢ vasitodon biri “B” sinif yanginlarin
sondiiriilmosi tigiin genis yayilmis vasitoys (hava-mexaniki kopiikloro) aiddir. Eyni
zamanda, kopiiklor zohorli maye dagilmalarmin izolyasiyasi li¢lin vasito kimi
tovsiya olunur. Onlarm qiymatlondirilmasi lciin ekspert qiymatlondirmo
metodundan istifado etmok olar. Secilmis digor iki vasito 1s9 yeni vasitalora (TSK
va alava gel qatinin totbiqi ilo yiingiil donover materiallar asasinda vasitalor) aiddir.
Onlar praktiki olaraq miitoxassislorin oksoriyysti liclin tanis deyil. Bu i1so ekspert
qiymoatlondirms metodundan istifado etmoyo imkan vermir.

Natico.

1. Zohorli mayelorin buxarlanmasinin qarsisinin  alinmast vo  “B”  sinif
yanginlarin sondiiriilmosi tiglin vahid vasito maye sothinin soyudulmasini vo (vo
ya) onun izolyasiyasini tomin etmoli, homg¢inin yiiksok tziiciiliik qabiliyyatino,
yiiksak termiki va kimyavi dayaniqliga malik olmalidir.

2.Yanar mayelorin sondiiriilmosi vo zoharli mayelorin  buxarlanma
proseslorino tosir edon amillor kimi asagidakilar nozordon kecirilmisdir: lizmo
qabiliyyati, izolyasiyaedici xiisusiyysotlor, soyuducu tosir, izolyasiya gatinin

davamlilig1 va qaz fazasinin durulasdirici tosiri.
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3.Se¢ilmis amillorin  secilmis vasitonin  mumi mogsadli  effektivlik
gostaricisino verdiyi tohfoni giymotlondirmok {i¢iin dord balli komiyyoat skalasi
toklif edilmisdir. Bu skalada hor bir amilin ohomiyyoti onun timumi effektivlik
gostaricising verdiyi tohfo asasinda qiymatlondirilir.

4. Yanar mayelorin sondiiriilmosi vo toksik maye dagilmalarinin aradan
qaldirilmasi tiglin baxilan vasitolor iizro moagsadli effektivlik gostoricisinin ododi
qiymatlori hesablanmisdir.

5.Mogsadli effektivlik gostoricisinin ododi qiymotino osaslanaraq, zohorli
mayelorin buxarlanmasinin qarsisinin - alinmast vo  “B” sinif yangilarin
sondiiriilmasi liclin sonraki arasdirma moqsadilo asagidaki vasitolor secilmisdir:
hava-mexaniki kopiiklor, tez sartloson kopiiklor vo yiingiil donavar materiallarin

gelo bonzar gatlarla kombinasiyasi.
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XuUlasa. Sonaye obyektlori mirokkab texnoloji qurulusa vo Yyuksok enerji
sixligma malik olduglari tiglin fovgalads hallar baximindan yiiksak riskli sistemlor
hesab olunur. Yangin, partlayis, toksik sizma vo digor texnogen hadisalor insan
hayati, otraf muhit va istehsalin davamlilig ti¢iin ciddi tohliks yaradir. Magaloda
sonaye obyektlorindo fovgolade hallarin  struktur tosnifatt vo  onlarin
giymatlondirilmasi (¢lin goxmeyarli yanasmaya osaslanan ilkin model toklif
olunur. Fovgolado hallar monsoyi, tesir mexanizmi vo notico miqyast iizro
sistemlosdirilmis, riskin giymotlondirilmasi {i¢iin basverma ehtimali, tohllkalilik
Soviyyasi, noticolorin agirligi, struktur hossasliq, askarlama vo cavab vermo
gecikmasi, homginin midafia vasitalorinin effektivliyi asas meyarlar kimi gsbul
edilmisdir. Bu gostoricilorin inteqrasiyasi asasinda formalasdirilmis model riskin
yalniz ehtimal vo noticoloro deyil, hom do obyektin texnoloji vo idaroetms
xususiyyatlarino asason daha obyektiv giymatlondirilmasine imkan verir. Alinmis
naticolor risklorin prioritetlogdirilmosi, kritik zonalarin miisyyon edilmasi vo
preventiv tadbirlorin planlasdirilmasi ti¢iin metodoloji asas kimi istifade oluna

bilor.
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Acar sozlor: coxmeyarl risk giymotlondirilmasi, struktur tosnifat, inteqral
risk indeksi, struktur hossasliq, risk idaraetmaosi.

Giris. Miiasir sonaye obyektlori miirokkab texnoloji qurulusa, yiiksok enerji
vo material konsentrasiyasina, fasilosiz istehsal rejimine vo g¢oxsayli texniki
sistemlorin qarsiliqh foaliyyotino malikdir. Bu xiisusiyyotlor sonaye obyektlorindo
fovgolade hallarin yaranma riskini artirir. Texnoloji proseslorin intensivliyi,
tohliikoli maddolorin istifadosi, yiiksok tozyiq vo temperatur soraiti, eloco do insan
amili yangin, partlayis, toksik sizma vo digor texnogen hadisalorin bagverma
ehtimalinmi ytiksaldir. Bu hadisalor insan hayati, otraf miihit va iqtisadi sabitlik tigiin
ciddi tohliiko yaradir. Sonaye obyektlorindo fovgolads hallarin tohlili tohliikosizlik
elmlorinin osas istiqgamotlorindon biridir. Ononovi yanasmalarda risk osason
hadisonin bagverma ehtimali vo naticalorinin agirligi asasinda qiymatlondirilir.
Lakin bu yanasma sonaye sistemlorinin miirokkob struktur xiisusiyyatlorini tam
ohato etmir. Tacriiba gostarir ki, eyni ehtimala malik hadisslor obyektin hassasliq
soviyyosi, agkarlama siliroti vo miidafio mexanizmlorinin effektivliyindon asili
olaraq forqgli risk soviyyoesi yarada bilor. Buna goro riskin daha obyektiv
qiymatlondirilmasi {li¢iin coxmeyarli yanagsmanin tatbiqi zoruri hesab olunur.

Bu metodlar tohliikolorin identifikasiyas1 vo ilkin qiymotlondirilmasi
baximindan effektiv olsa da, struktur hassasliq, askarlama gecikmosi vo miidafio
sistemlorinin effektivliyi kimi amillor bir ¢ox hallarda kifayst qoder nazara alinmur.
Mogqalonin mogsadi sonaye obyektlorindo bas veron fovqgolads hallarin struktur
tosnifatin1 aparmaq ve onlarin qiymsotlondirilmasi liclin ¢oxmeyarli yanagmaya
osaslanan ilkin risk modeli toklif etmokdir. Bu ¢or¢ivads fovgolado hallarin osas
kateqoriyalari sistemlosdirilir vo riskin formalagmasina tosir edon osas gostaricilor
miioyyon edilir. Todqgigatin elmi yeniliyi ondan ibarotdir ki, riskin
qiymotlondirilmasi yalniz hadisonin basvermo ehtimali vo naticolorinin agirlhigr ilo
deyil, hom do obyektin struktur xiisusiyyatlori, hossasliq soviyyssi, askarlama vo
cavab vermo gecikmosi, eloco do miidafio sistemlorinin effektivliyi nozoro

alinmagla aparilir. Bu yanagma risklorin daha obyektiv qiymotlondirilmosi vo
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prioritetlogdirilmasine imkan verir. Praktik baximdan toklif olunan model
tohliikosizlik tlizro qorarlarin qgobulunda, resurslarin prioritet istigamotlor iizro
boliisdiiriilmosindos vo preventiv todbirlorin planlasdirilmasinda istifads oluna bilor.

Noazariyya. Sonaye obyektlorindo bas veron fovqgolado hallar tohliikosizlik
elmlori vo risk idaroetmosinin miithiim todqiqat istigamotlorindon biridir. Bu
hadisolor texnoloji proseslorin pozulmasi, avadanliglarin nasazligi, tohliikoli
maddolorin nozaratsiz yayilmasi, insan amili vo xarici tosirlor noticasindo
yaranaraq insan hoyati, istehsal infrastrukturu vo otraf miihit {iclin ciddi tohliiko
yaradir. Sonaye miihitindo fovgolado hallarin osas xiisusiyyati onlarin ¢ox sobabli
vo zoncirvari xarakter dasimasidir. Fovgolado hallarin struktur tosnifati onlarin
Moansayi, tosir mexanizmi vo natico miqyasinin sistemlosdirilmasine imkan veron
mithiim nazori vasitadir [3,4]. Bu yanasma risklorin daha doqiq qruplasdirilmasi vo
miigayisali tohlili iiglin osas yaradir. Mansoyino goro fovgolado hallar texnogen,
antropogen vo qisman tabii amillorle alagalondirilir. Texnogen hallar texnoloji
proseslorin pozulmasi vo avadanliglarin nasazligi noticosindo yaranir. Antropogen
hallar insan foaliyyati, operator sohvlori vo idaroetma gorarlarinin geyri-kafiliyi ila
baghdir. Tabii amillor iso sistemin tUmumi hossashgimi artiraraq risklorin
reallagmasina gorait yarada bilor. Tosir mexanizming goro fovqgolads hallar yangin,
partlayis, toksik sizma, mexaniki daginti vo enerji tochizatinin pozulmasi kimi
formalarda tozahiir edir. Bu hadisalor yayilma siiroti vo naticalorinin xarakterino
goro forglonir. Notico miqyasina gors iso fovgolado hallar lokal, obyekt soviyyali
vo regional xarakter dasiya bilor.

Risk anlayis1 sonaye tohliikasizliyl nazoriyyasinin asas kateqoriyalarindan
biridir [1,7]. ©Ononovi yanagsmalarda risk osason hadisonin basvermo ehtimali vo
noticalorinin  agirhigr osasinda qiymatlondirilir. Lakin bu yanasma sonaye
obyektlorinin struktur xiisusiyystlorini tam nozors almir. Buna gora coxmeyarli
risk yanasmasimin totbiqi zoruri hesab olunur. Bu yanasmada risk ehtimal vo
naticolorlo yanasi struktur hossasliq, askarlama siirsti, cavab vermo gecikmasi vo

miidafio sistemlorinin effektivliyi kimi olavo gostaricilor asasinda qiymatlondirilir
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[1,5]. Beloaliklo, sonaye obyektlorindo fovqgolado hallarin giymotlondirilmosi
struktur tosnifat vo coxmeyarli tohlilin birgo totbiqi osasinda daha obyektiv
naticolorin oldo edilmasino imkan verir vo risk idaraetmosinin effektivliyini artirir.

Metod. Todgiqatda sonaye obyektlorindo bas veron fovqgolado hallarin
qiymotlondirilmasi iigiin struktur tosnifat, ekspert yanasmasi vo ¢oxmeyarl riyazi
modellosdirmoya osaslanan kompleks metod toklif olunur [1,3]. Metodun mogsadi
miixtolif xarakterli fovgoalado hallar1 vahid qiymatlondirma sisteminds birlogdirarak
onlarin miiqayisali risk soviyyasini miioyyon etmokdir. Bu mogsadlo todqiqat
ardicil marhaloalor asasinda qurulmusdur.

Birinci morhoalodo sonaye obyektlorindo bas vers bilon fovgolado hallar
mioyyan edilmis vo onlarin struktur tosnifat1 aparilmisdir [2,4]. Struktur tosnifat
hadisolorin  mongoyi, tosir mexanizmi V9 notico  miqyast  9sasinda
formalasdirilmisdir.

Ikinci marholado riskin formalasmasina tosir edon osas gdstoricilor miioyyon
edilmisdir. Coxmeyarli yanagsmaya uygun olaraq, asagidaki parametrlor osas
qiymotlondirmo meyarlari kimi qobul edilmisdir:

* P — hadisonin bagverma ehtimali;

T — tohliikalilik soviyyasi;

* N — miimkiin naticalorin agirhigs;

* V — obyektin struktur hossasligi;

» D — agkarlama vo operativ cavab vermoa gecikmosi;

* M — moévcud miidafio vo idaroetms vasitolorinin effektivliyi.

Bu gostaricilor sonaye obyektlorinds riskin yalniz hadisonin basverma
ehtimal1 va naticalari ils deyil, hom ds struktur dayanigligi, askarlanma siirati va
miidafio sistemlorinin effektivliyi ilo miioyyon olundugunu nozora almaq
moagsadilo secilmisdir. Ugiincii morholoda géstericilar iizra balla qiymotlondirmo
skalas1 hazirlanmigdir. Parametrlorin vahid sistemdo miiqayisasi liclin hor bir
gostarici 1-don 5-0 godor interval lizra qiymotlondirilmisdir [5]. Burada 1 minimal,

5 iso maksimal tosir soviyyosini ifado edir (codval 1).
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Bu skala fovgolado hallarin miiqayisali tohlili vo miixtslif risk amillorinin
vahid qiymotlondirmo sistemindo inteqrasiyasi tglin nozordo tutulmusdur.
Parametrlorin balla qiymotlondirilmosi miixtalif tohlilko ndévlorinin miiqayisali
tohlilino imkan verir. Miidafio vasitolorinin effektivliyi iso riskin azaldilmasina

xidmot etdiyindon, yekun modelds azaldici amil kimi nozors alinir.

Cadval 1. Sanaye obyektlarinda fovqalada hallarin coxmeyarlt risk qgiymoatlondirilmasi iigiin

gostaricilorin 5 balliq skalas:.

Gostorici 1 bal 2 bal 3 bal 4 bal 5 bal
Cox nadir
hallarda, Nadir Miioyyon Tez-tez Cox yiiksok
Bl? tsi‘r;frll? ?P) yalniz hallarda bas soraitdo miisahido | chtimalla bas
¢ a istisna vera bilar mimkindlr | oluna bilor vera bilor
hallarda
s - Son doraco
Tahliikalilik Cuizi Zsif tohlike | Orta tohlitko | 190! yiiksok
. . tohliiko tohliiko .
soviyyasi (T) yaradir yaradir tohliiko
yaradir yaradir
yaradir
Lokal vo | Qismon zoror Nozorogarpan Genis Folakatli
Naticalorin mohdud Vo aisa ZOTar Vo ZJrar vo notico vo
agirhg (N) tosir ozgn tu istehsal ciddi genismiqyasli
P fasilosi pozuntu itki
Obyekt ¢ox
Struktur Opyekt Qbyekt Orta Obyekt yiksak
h hq (V) ytksak nisboton hossashiq hossasdir hossasliga
assasiq dayaniqhdir | dayamiqlidir | mdvcuddur 118
malikdir
Tohliiko Gec Cox gec
Askarlama dorhal agkar askarlanr agkarlanir vo
casvab ermze olunur vo | Az gecikmo | Orta vaxtda ? vo cavab
ab ver operativ ilo agkarlanir askarlanir . verma kritik
gecikmasi (D) . miidaxilo
reaksiya o doracada
verilir zaifloyir longiyir
Mudafio . .
Miidafio sistemi cox | Mudafio Miidafio Midafio | Mudafio
. . s . sistemi . . . . sistemi COX
vasitalarinin yiiksok iksok sistemi sistemi 70if vo va
effektivliyi (M) soviyyado yu . | gonaotboxsdir zoifdir ik f}" di
etibarlidir soviyyadadir geyri-kafidir

Dordiincii morholodo ¢oxmeyarli inteqral risk modeli formalasdirilmisdir.
Model miixtalif gostoricilorin vahid riyazi ifadods birlosdirilmasi asasinda timumi
risk soviyyesinin miioyyon edilmasine xidmot edir (1). Todqgiqat ¢orgivasinda i-Ci
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fovgolado hal {igiin inteqral risk gostoricisi asagidaki kimi ifado olunur:

Ri = W1Pi + WZTi + W3NL' + W4Vi + W5Di - W6Mi (l)

Burada:

* Ri—i-ci fovgolado hal iizra yekun risk indeksi;

* P;—bagsvermo ehtimali;

 T:— tohliikalilik saviyyasi;

* N; —naticolorin agirhigs;

* V;— struktur hossasliq;

* D;— askarlama vo cavab vermo gecikmosi,

* M;— midafis vasitalorinin effektivliyi;

* W1, W2, W3, Wa4, W5, We — uygun ¢oki omsallaridir.

Model xotti xarakter dasiyir vo parametrlor arasinda qarsiligh tasirlor nozars
almmir. Miidafio vasitolorinin effektivliyi modelo monfi isaro ilo daxil edilmisdir
ki, bu da miidafio sistemlorinin etibarlilig1 artdigca timumi risk saviyyosinin
azalmasini ifads edir.

Besinci morhoalodo gostoricilorin nisbi shomiyyatini nozaore almaq tiglin ¢oki

omsallart miiayyan edilmisdir [6]:
w1=0,20, w»=0,15, w3=0,25, w4=0,15, ws=0,15, ws=0,10

Bu bolgii naticalarin agirligi va bagverma ehtimalinin daha yiiksok shamiyyato
malik oldugunu gostorir. Struktur hossasliq vo operativ reaksiya gecikmosi do
miihiim faktorlar kimi qiymeotlondirilir. Golocok todqgiqatlarda ¢oki omsallarinin
ekspert qiymotlondirmolori vo ya analitik iyerarxiya prosesi (AHP) osasinda
doaqiqlosdirilmasi mogsadauygundur. Altinci morhalodo yekun risk indeksinin
saviyyalor lizro interpretasiyasi toqdim olunmusdur:

» 0<R;<2,0-asagi risk;

» 2,0<R;<3,5-ortarisk;
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» 3,5 <Ri<5,0 - yiiksok risk;

» R;>5,0— kritik risk.

Bu tosnifat risklorin prioritetlosdirilmosine vo daha ciddi nozarat tolob edon
tohliikolorin miioyyon edilmasino imkan verir.

Yeddinci morholodo metodun totbiq ardicilligi asagidaki kimi {imumilos-
dirilmisdir:

1. tohliikolorin identifikasiyasi;
struktur tosnifatin aparilmasi;
qiymatlondirma gostaricilarinin sec¢ilmasi;
gostoaricilar iizro ballarin verilmosi;
coki amsallarinin tayini;

inteqral risk indeksinin hesablanmast;

N o g bk~ DN

risklorin qruplasdirilmasi vo prioritetlogdirilmasi.

Beloliklo, toklif olunan metod struktur tesnifat vo coxmeyarli riyazi
qiymoatlondirmoni birlosdiron kompleks yanasma kimi ¢ixis edir [3,5]. Model
golocokdo real sonaye molumatlart vo ekspert qiymatlondirmolori osasinda
doqiqlosdirilorak praktik totbiq ligiin uygunlasdirila bilor.

Natica. Aparilmis nozori vo metodoloji tohlil gostorir ki, sonaye obyektlorindo
bas veron fovqgolado hallar ¢oxsayli texnoloji, struktur vo togkilati amillorin
qarsiligh  tosiri  noticosindo  formalasan  miirokkob  risk  sistemi  kimi
qiymatlondirilmalidir. Texnoloji proseslorin intensivliyi, tohliikali maddslorin
istifadosi vo insan amili risklorin daha obyektiv vo ¢oxmeyarli yanasma osasinda
qiymatlondirilmasini zoruri edir. Todqigat naticolori gdstorir ki, riskin yalniz
bagverma ehtimali vo naticalorin agirligi asasinda qiymatlondirilmasi real tohliiko
saviyyasini tam oks etdirmir. Buna gora tohliikalilik soviyyasi, struktur hassasliq,
askarlama va cavab verma siirati, eloca do miidafis sistemlorinin effektivliyi kimi
olavo gostoricilorin nazara almmasi vacibdir. Islonmis struktur tosnifat fovgelado
hallarin mansayi, tesir mexanizmi vo natico miqyasi lizro sistemlasdirilmasing

imkan verir vo risklorin miiqayisoli tohlili Ugln osas yaradir. Todqiqat gostorir Ki,
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eyni kateqoriyaya aid hadisoalor belo miixtolif risk soviyyasi yarada bilor.

Formalasdirilmis ¢oxmeyarli risk modeli miixtalif parametrlorin inteqrasiyasi
osasinda risklorin daha osaslandirilmis qiymotlondirilmosine imkan verir. Model
sonaye obyektlorindo risk xoritolorinin hazirlanmasi, tohliikesizlik todbirlorinin
optimallagdirilmasi vo gorar qobuletmo proseslorinin dostoklonmaosi tigiin istifado
oluna bilor. Todqiqatin osas elmi noticosi ondan ibarotdir ki, risk
qiymotlondirilmosi struktur tosnifat vo ¢oxmeyarlt modelin birgo totbiqi asasinda
daha obyektiv xarakter alir. Bununla yanasi, togdim olunan model ilkin nozori
corcivo xarakteri dasiyir vo golocokds real sonaye molumatlari asasinda empirik
yoxlanilmalidir. Modelin totbiqi zamami subyektiv qiymoatlondirma vo qeyri-
miuoyyanlik amillori nozoro alinmalidir.

Notico etibarilo, toklif olunan yanasma sonaye tohliikasizliyi sahosindo
sistemli vo praktik yoniimlii metodoloji ¢or¢ivo kimi qiymoatlondirilo bilor. Bu
metod fovgolado hallar orqanlar1 torofindon risklorin  qiymatlondirilmasi,
monitoringi vo idars olunmasi proseslorinds praktik olaraq istifado oluna bilor.
Toklif olunan model ononavi HIRA vo FMEA metodlarindan forqgli olaraq riskin

struktur vo operativ aspektlorini do nozors alir.
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Abstract. Industrial facilities are considered high-risk systems for
emergencies due to their complex technological structure and high energy density.
Fires, explosions, toxic leaks, and other technogenic incidents pose serious threats
to human life, the environment, and production sustainability. The article proposes
a preliminary model based on a multi-criteria approach for the structural
classification and assessment of emergencies at industrial facilities. Emergencies
are systematized according to their origin, impact mechanism, and scale of
consequences. The main assessment criteria include probability of occurrence,
hazard level, severity of consequences, structural vulnerability, detection and
response delay, as well as the effectiveness of protection systems. The proposed
model integrates these indicators to provide a more objective risk assessment that
considers not only probability and consequences but also technological and
managerial characteristics of the facility. The obtained results may serve as a
methodological basis for risk prioritization, identification of critical zones, and
planning of preventive measures in the field of industrial safety.

AnHoTanusi. [IpomblieHHbIE OOBEKTHI PAcCMATPUBAIOTCA KaK CHUCTEMBI
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IMOBBIICHHOTO PHCKa BO3HHUKHOBCHHA I-IpC3BI>I‘IaI\/IIHI>IX CI/ITyaLII/Iﬁ BCJICACTBUC
CJIIO)KHOM TEXHOJIOTMUECKOM CTPYKTYPBI H BBICOKOM KOHIOCHTPpAIUU SHCPIUMH.
HO)KapBI, B3PBIBBI, TOKCUYCCKHUC YTCUKU N APYIUC TCXHOI'CHHBLIC ITPONCIICCTBUA
MPEJCTABISIOT CEPHE3HYIO  YIpo3y IS JKU3HU JIFOJICH, OKPYXKAIOIIEH Cpelibl U
YCTOﬁqHBOCTH IMPpOU3BOACTBA. B cratbe MpCaIOKCHA MPCABAPUTCIIbHAA MOICIIb
CTPYKTYpHOM KiIacCU(UKAUA ¢ OICHKM Ype3BbIUaWHBIX CHTyallMil Ha
IMPOMBIIIJICHHBIX 06’beKTaX, OCHOBAHHAasA Ha MHOI'OKpUTCPHUAJIbHOM IIOAXOAC.
qp€3BBIqaﬁHBIC CUTyalu CUCTCMATU3HUPOBAHLI 110 IIPOUCXOKACHUIO, MCXAHU3MY
BO3JICUCTBUS U MacIITady MociecTBUIl. B kauecTBe OCHOBHBIX KPUTEPUEB OLICHKU
PHUCKa IIPHUHATBI BCPOATHOCTbL BO3HHKHOBCHHSA, YPOBCHb OIIACHOCTH, TSIKCCTDb
HOCJIGIICTBHﬁ, CTPYKTYpHasa1 YyA3BHUMOCTb O6'[>€I(Ta, 3aJCPKKa O6Hapy>i(€HI/I$I u
pearupoBaHus, a Takxke S(PPEKTUBHOCTb 3alIUTHBIX cucTeM. lIpemnoxeHHas
MozieNib oOecrieynBaeT 0Oojiee OOBEKTUBHYIO OIICHKY pHCKAa 3a CUET ydéTra He
TOJIBKO BCPOATHOCTHU U HOCH@HCTBHﬁ, HO W TCXHOJIOTHMYCCKUX W YIIPABJICHUYCCKUX
ocobeHHocTel 00bekTa. [lomydeHHbIe pe3ynbTaThl MOTYT OBITh MCIIOIB30BaHbI B
Kadue€CTBEC MGTOI[OJ'IOFI/I‘-IGCKOI\/JI OCHOBBI JIA IMPHUOPHUTHU3AIUH PUCKOB, OIIPCACICHUA
KPUTUYECKUX 30H M IUIAHUPOBAHMSI TMPEBEHTHUBHBIX MEPONPUATHNA B 00J1aCTH
MPOMBITIUICHHON O€30MaCHOCTH.

Keywords: multi-criteria risk assessment, structural classification, integral
risk index, structural vulnerability, risk management.

KiaroueBble ¢J10Ba: MHOTOKpUTE-pHalibHAsl OLIEHKA PHUCKA, CTPYKTypHas
KJaccu(ukanus, WHTErpajbHbIi HWHIEKC PHUCKA, CTPYKTYpHasi YSI3BUMOCTb,

YIIPaBJICHUE PUCKAMM.
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Abstract. The declaration of a State of Emergency constitutes a critical
instrument through which states respond to extraordinary threats that exceed the
capacity of normal governance mechanisms. This article examines the institutional
foundations and practical implementation of State of Emergency regimes through a
structured analytical framework focusing on legal authority, organizational
structure, personnel training, and civil-military coordination. Drawing on
comparative experiences from selected countries and internationally recognized
frameworks-including national emergency legislation, NATO civil emergency
planning concepts and United Nations disaster management standards-the study
identifies key determinants of effective emergency governance.

The methodological basis of the research consisted of general scientific
methods of cognition, including analysis, synthesis, classification, comparative
analysis, and the systematization of scientific sources and normative legal
documents. The analysis demonstrates that successful State of Emergency
implementation depends on the clarity of legal mandates, the existence of
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centralized yet accountable organizational structures, and the preparedness of
civilian and military personnel through continuous and integrated training systems.
Particular emphasis is placed on civil-military coordination as a force-multiplying
function that enhances national response capacity while preserving civilian control
and institutional legitimacy.

The article also highlights governance models characterized by centralized
executive authority, with specific reference to the Azerbaijani approach to
emergency management. By synthesizing lessons learned and best practices from
comparative country experiences, this study contributes to a deeper understanding
of how states can institutionalize emergency preparedness as a permanent
governance function. The findings offer practical insights for policymakers,
defense planners, and emergency management professionals seeking to strengthen
national resilience and crisis response capabilities in an increasingly complex
security environment.

Keywords: state of emergency, emergency governance, civil-military
coordination, personnel training, crisis management, national resilience.

Introduction. The declaration of a State of Emergency constitutes one of the
most significant instruments available to a state for responding to extraordinary
threats that exceed the capacity of normal governance mechanisms. Such threats
may include large-scale natural disasters, armed conflict, internal instability,
pandemics, or complex hybrid crises that endanger national security, public order,
and the safety of the civilian population. Under these conditions, governments are
authorized to activate exceptional legal powers, reorganize institutional structures,
and mobilize specialized personnel to restore stability and maintain continuity of
state functions [1].

From a security and defense perspective, the State of Emergency represents
a transition from routine administration to crisis governance, characterized
by centralized decision-making, accelerated command-and-control processes,

and enhanced coordination between civilian authorities and military forces.
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International legal frameworks recognize that while extraordinary measures may
be necessary, they must remain bounded by legality, proportionality and temporal
limitation in order to preserve democratic governance and fundamental rights.
Consequently, the effectiveness of a State of Emergency depends not only on the
scope of emergency powers but also on the clarity of institutional responsibilities
and the professionalism of personnel executing these powers.

Modern crisis environments have demonstrated that emergency response is
inherently interagency and multidimensional, requiring the synchronized
employment of civil protection agencies, law enforcement bodies, armed forces,
intelligence services, and emergency management institutions. NATO civil
emergency planning doctrine emphasizes resilience, preparedness, and continuity
of government as critical components of national security, particularly in situations
where civilian systems are under stress or direct threat. In this context, civil-
military coordination becomes a decisive factor in ensuring unity of effort and
avoiding operational fragmentation.

Furthermore, experiences from recent global crises have underscored that
personnel training and institutional preparedness are as decisive as legal authority.
The United Nations disaster management framework highlights the importance of
trained leadership, operational readiness, and pre-established coordination
mechanisms to reduce response time and mitigate cascading effects during
emergencies. States that invest in structured training systems, joint exercises, and
doctrinal clarity demonstrate higher resilience and operational effectiveness when
emergency regimes are activated.

This article examines the State of Emergency through four interrelated
dimensions: legal authority, organizational structure, personnel training, and civil-
military coordination. By analyzing comparative practices from different countries
and aligning them with international standards, the study aims to identify

best practices and structural principles that enhance national preparedness and

crisis response effectiveness.
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Legal and Institutional Framework of State of Emergency.

The legal foundation of a State of Emergency derives from constitutional and
statutory provisions that authorize the temporary concentration of state power in
response to exceptional threats. In most political systems, the declaration of a State
of Emergency is grounded in the constitution and further regulated by framework
laws that define its scope, duration, oversight mechanisms, and the distribution of
authority among state institutions. These legal instruments establish the conditions
under which normal legal regimes may be partially suspended to enable rapid and
decisive action by the executive branch [2].

From a governance perspective, emergency legislation typically reallocates
decision-making authority toward the central executive, often empowering the
head of state or government to issue decrees with immediate legal effect. However,
comparative legal practice demonstrates that effective emergency regimes balance
executive authority with institutional safeguards, such as parliamentary
notification, judicial review, and predefined temporal limits. This balance is critical
to preventing the normalization of emergency powers and maintaining the
legitimacy of crisis governance.

Institutionally, the declaration of a State of Emergency activates a special
crisis management architecture that operates parallel to, or supersedes, routine
administrative structures. This architecture commonly includes a national crisis
headquarters, emergency councils, or coordination commissions composed of
senior representatives from defense, internal security, emergency services,
intelligence, and key civilian ministries. The primary function of these bodies is to
ensure unity of command, strategic coordination, and rapid transmission of orders
across the state apparatus.

NATO civil emergency planning doctrine emphasizes that legal clarity
regarding institutional roles is a prerequisite for operational effectiveness.

Ambiguity in authority during emergencies can result in delayed decision-

making, duplication of effort, or interagency friction. Therefore, member and
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partner states are encouraged to predefine legal responsibilities and command
relationships among civilian authorities and military forces before a crisis occurs,
ensuring seamless transition from peacetime governance to emergency command
structures.

At the international level, United Nations frameworks underscore that
emergency legal regimes must remain consistent with international obligations,
particularly in relation to human rights and humanitarian principles. While certain
rights may be temporarily restricted, core non-derogable rights and the principle of
proportionality must guide all emergency measures. Institutional accountability
mechanisms are therefore considered an integral component of lawful and
sustainable emergency governance.

In comparative perspective, states with well-institutionalized emergency legal
frameworks demonstrate greater resilience and adaptability under crisis conditions.
Clear legal authority, coupled with predefined institutional structures, enables rapid
mobilization of national resources while preserving strategic control and civilian
oversight. These factors form the legal backbone upon which effective personnel
deployment and civil-military coordination is built.

Organizational Structure During State of Emergency.

The organizational structure activated during a State of Emergency is
designed to ensure centralized command authority, accelerated decision-making,
and synchronized action across all state institutions. In contrast to routine
administrative governance, emergency organizational models emphasize
operational effectiveness, command unity, and interagency integration. This
structural shift reflects the necessity to respond rapidly to threats that exceed the
capacity of normal civil administration, in accordance with the principle of unity of
command [3].

Within this framework, many states employ a centralized executive-led crisis
management model, in which strategic authority is concentrated at the highest level

of government. This approach is particularly evident in governance systems such
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as that of the Republic of Azerbaijan, where emergency management is
characterized by strong vertical control, clear institutional subordination, and
centralized coordination. Upon the declaration of a State of Emergency, decision-
making authority is consolidated under the executive branch, ensuring rapid
transmission of directives and minimizing bureaucratic delay.

In the Azerbaijani model, the organizational core of emergency response is
formed through the coordinated action of the executive leadership, the Ministry of
Emergency Situations, internal security bodies, and, where required, the Armed
Forces of the Republic of Azerbaijan. These institutions operate within a
hierarchical command structure that enables centralized strategic control combined
with regionally executed operations. Such an arrangement reflects a governance
philosophy that prioritizes state cohesion, discipline, and operational clarity during
crises.

At the strategic level, a national crisis coordination body or emergency
headquarters functions as the principal command element. This body integrates
representatives from defense, internal affairs, emergency services, intelligence,
transportation, health, and critical infrastructure sectors to maintain a unified
situational awareness and coordinate national resources. Subordinate regional and
local emergency commissions operate under direct vertical authority, ensuring
alignment with national intent and preventing fragmentation of response efforts.

A defining characteristic of the Azerbaijani-style emergency structure is the
institutionalized role of civil-military integration. Military forces may be tasked
with infrastructure protection, engineering support, logistics, border security, and
reinforcement of internal stability measures, while remaining under civilian
political control. NATO doctrine identifies such pre-defined civil-military
coordination mechanisms as essential to maintaining legitimacy and operational
effectiveness during domestic emergencies.

Furthermore, emergency organizational structures rely heavily on centralized

information and coordination nodes, such as national situation centers and joint
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operational headquarters. These entities function as hubs for intelligence fusion,
operational planning, and resource allocation, enabling leadership to adapt
responses dynamically as the crisis evolves. In centralized governance models like
Azerbaijan’s, such nodes reinforce command unity and reduce the risk of
interagency competition or informational asymmetry.

Comparative analysis indicates that states employing centralized, vertically
integrated emergency organizational structures-when supported by legal clarity and
trained personnel-achieve high levels of responsiveness and control during States
of Emergency. The Azerbaijani governance model exemplifies how strong
executive coordination, disciplined institutional hierarchy, and integrated civil-
military structures can translate emergency authority into effective national action.

Personnel Training and Preparedness During a State of Emergency.

Personnel training constitutes a decisive factor in the effectiveness of a State
of Emergency, as extraordinary legal authority and organizational structures can
only function as intended when executed by professionally prepared human
resources. Emergency environments are characterized by uncertainty, time
pressure, legal complexity, and high psychological stress, requiring personnel at all
levels to operate beyond routine administrative or operational conditions.
Consequently, states that institutionalize comprehensive emergency training
systems demonstrate superior resilience and crisis response performance.

Training requirements during a State of Emergency are typically differentiated
across three command echelons: strategic, operational, and tactical. At the strategic
level, political leaders and senior officials must be trained in crisis decision-
making, legal boundaries of emergency powers, civil-military coordination, and
strategic communication. Their ability to issue timely, lawful, and coherent
directives directly affects the legitimacy and effectiveness of emergency
governance [4]. Deficiencies at this level often result in delayed responses,
contradictory orders, or erosion of public trust.

At the operational level, commanders and senior managers from emergency
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services, internal security bodies, and armed forces require specialized training in
interagency coordination, joint planning, and resource prioritization. NATO civil
emergency planning doctrine emphasizes that operational leaders must be capable
of integrating civilian and military capabilities within a unified command
framework while respecting civilian control and legal constraints. Regular joint
exercises and scenario-based simulations are considered essential tools for
developing such competencies.

Tactical-level personnel-including first responders, law enforcement units,
military detachments, and civil protection teams-require training focused on
execution under emergency conditions. This includes disaster response techniques,
crowd control, infrastructure protection, search and rescue, and logistical support.
Equally important is training on rules of engagement, use of force limitations, and
protection of civilian populations, ensuring that emergency measures remain
proportional and lawful.

In governance systems such as that of the Republic of Azerbaijan, personnel
training during States of Emergency reflects a centralized and vertically integrated
approach. Emergency responders, security forces, and supporting military units are
trained within standardized national frameworks coordinated by state authorities,
particularly through institutions responsible for civil protection and emergency
management. This approach emphasizes discipline, command subordination, and
interoperability among agencies, reinforcing unity of effort during crisis situations
[5].

Beyond technical skills, modern emergency training increasingly incorporates
psychological resilience, leadership under stress, and information management.
United Nations disaster management frameworks highlight that personnel fatigue,
cognitive overload, and misinformation represent significant operational risks
during prolonged emergencies. Training programs that address stress management,
ethical decision-making, and information discipline enhance both individual

performance and institutional stability.
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Comparative experience demonstrates that personnel training must be
continuous, adaptive, and exercise-based rather than purely theoretical. States that
invest in regular national-level drills, civil-military exercises, and after-action
reviews are better positioned to translate emergency legal authority and
organizational structures into effective operational outcomes. Personnel
preparedness thus serves as the human foundation upon which the entire State of
Emergency system rests.

Comparative Country Experiences.

Comparative analysis of civil-military coordination during a State of
Emergency reveals substantial variation in governance models, command
relationships, and the scope of military involvement in domestic crisis response.
These differences are shaped by constitutional traditions, civil-military relations,
threat perceptions, and historical experience. Despite this diversity, effective
national models share common principles, including civilian political control, legal
clarity, and institutionalized coordination mechanisms [6].

France represents a highly centralized emergency governance model, where
civil-military coordination is directed under strong executive authority. During the
declaration of an état d 'urgence, civilian leadership retains strategic control while
military forces support internal security missions, critical infrastructure protection,
and public order maintenance, notably through Opération Sentinelle. Coordination
is conducted through centralized crisis management structures linking the Ministry
of the Interior, Ministry of the Armed Forces, and national-level crisis cells. This
model emphasizes rapid force employment and centralized command while
maintaining firm civilian oversight.

The United States applies a federal and decentralized civil-military
coordination model, reflecting its constitutional division of authority between
federal, state, and local governments. Emergency response is coordinated through
the Federal Emergency Management Agency (FEMA), with the National Guard

serving as the primary military instrument due to its dual state-federal status.
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Active-duty armed forces provide support under specific legal frameworks, such as
the Stafford Act, and remain restricted in domestic law enforcement roles. While
legally robust, this model requires complex coordination across multiple
governance levels.

Germany exemplifies a legally constrained and civilian-centric model of civil-
military coordination. The Basic Law (Grundgesetz) strictly limits the domestic
deployment of the Bundeswehr, permitting its use primarily for disaster relief and,
under exceptional circumstances, internal security support. Military involvement is
focused on logistics, engineering, and medical assistance, coordinated under
civilian authority. This restrictive approach prioritizes constitutional safeguards
and public legitimacy over operational flexibility.

Turkey provides an example of a security-oriented emergency governance
model, particularly during periods of declared State of Emergency (OHAL).
Historically, civil-military coordination involved extensive military and security
force participation in internal stability and counterterrorism operations under
strong centralized authority. Subsequent legal and institutional reforms have
sought to redefine military roles and reinforce civilian oversight, illustrating the
evolving nature of emergency coordination frameworks.

The Republic of Azerbaijan follows a centralized and vertically integrated
civil-military coordination model, aligned with its national security environment
and governance traditions. During a State of Emergency, military forces operate in
support of civilian authorities under direct executive control, contributing to
infrastructure protection, disaster response, logistical support, and reinforcement of
internal security measures. Coordination mechanisms emphasize unity of
command, disciplined subordination, and rapid execution, enabling effective
national-level crisis management [7].

Across these national cases, the effectiveness of civil-military coordination
during a State of Emergency depends less on the scale of military involvement and

more on the clarity of legal mandates, predefined command relationships, and joint
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preparedness measures. States that institutionalize coordination through legislation,
doctrine, and regular exercises demonstrate higher levels of operational coherence
and public trust. Conversely, ambiguous or ad hoc coordination arrangements
increase the risk of inefficiency and legitimacy challenges during prolonged
emergencies.

Best Practices in State of Emergency Goverance.

Comparative analysis of legal frameworks, organizational structures,
personnel training systems, and civil-military coordination models reveals a set of
recurring lessons that define effective State of Emergency governance. While
national contexts differ, successful emergency regimes consistently demonstrate
alignment between legal authority, institutional design, and human capability.
Failure in any one of these dimensions significantly degrades overall crisis
response effectiveness.

One of the most consistent lessons is the necessity of clear, predefined legal
authority governing the declaration, implementation, and termination of a State of
Emergency. States that codify emergency powers within constitutional or statutory
frameworks-while explicitly defining scope, oversight mechanisms, and duration-
are better positioned to act decisively without undermining legitimacy.
International experience demonstrates that ambiguity in emergency legislation
often leads to institutional hesitation, interagency conflict, or post-crisis legal
disputes. Best practice indicates that emergency laws should:

« clearly define triggering conditions;

- establish centralized but accountable executive authority;

« include sunset clauses and review mechanisms.

Such provisions enable rapid action while preserving the rule of law. Another
key lesson concerns the institutionalization of emergency organizational structures
prior to crisis onset. States that rely on ad hoc coordination mechanisms during
emergencies frequently encounter delays and fragmentation. In contrast,

governments that maintain standing crisis management bodies, predefined
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command hierarchies, and permanent coordination centers achieve faster and more
coherent responses. Effective structures are characterized by:

« unity of command at the strategic level,

« Vvertical integration between national, regional, and local authorities;

« clearly defined interagency responsibilities.

These principles are particularly important in centralized governance systems,
where rapid execution depends on disciplined institutional subordination.
Personnel preparedness consistently emerges as a decisive determinant of
emergency performance. Legal authority and organizational design cannot
compensate for inadequately trained personnel. Best-performing states invest in
continuous, tiered training systems that address strategic leadership, operational
coordination, and tactical execution. Lessons learned indicate that effective
training programs:

« emphasize scenario-based and exercise-driven learning;

« integrate civilian and military participants;

. address legal, ethical, and psychological dimensions of emergency
response.

Joint civil-military exercises are especially effective in reducing friction,
clarifying roles, and reinforcing interoperability under stress conditions.
Comparative country experience confirms that civil-military coordination is most
effective when guided by the principles of support, subsidiarity, and
proportionality. Military forces should augment-not replace-civilian authority, and
their involvement should be legally grounded and mission-specific. States that
predefine military support roles and establish liaison mechanisms achieve higher
operational coherence and public acceptance. Best practices include:

« pre-designated military support functions;

« embedded liaison officers;

« shared situational awareness platforms.
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These measures reduce coordination costs and enhance unity of effort during
emergencies. An increasingly important lesson concerns the role of strategic
communication. States that maintain transparent, consistent, and authoritative
communication during States of Emergency are more successful in sustaining
public compliance and institutional legitimacy. Poor communication,
misinformation, or contradictory messaging has been identified as a force
multiplier for crisis escalation [8]. Best practice integrates communication
planning into emergency governance structures, ensuring alignment between
political leadership, operational authorities, and public messaging.

Overall, the lessons learned from comparative practice indicate that effective
State of Emergency governance is not improvised but institutionally cultivated.
Legal preparedness, structured organization, trained personnel, and disciplined
civil-military coordination together form a resilient national emergency system.
States that internalize these lessons demonstrate greater adaptability, control, and
legitimacy when confronted with extraordinary crises.

Conclusion. A State of Emergency is a special system used by governments
to respond to serious threats that normal systems cannot handle. Its success does
not depend only on having strong emergency powers, but on how well laws,
institutions, trained staff, and civil-military cooperation work together.

Countries with clear emergency laws can respond faster and more effectively
while still protecting constitutional order and public trust. Good laws clearly
explain when emergencies can be declared, who is responsible, and how long
measures can last. Without clear laws, governments become less effective and less
trusted.

Strong emergency institutions are also important. Governments need well-
organized crisis management systems that can quickly switch from normal work to
emergency response. Clear command structures and coordination between agencies
help ensure fast and unified action, especially when supported by proper

cooperation between civilian authorities and the military.
97



R.A.Rzazade

Training and preparedness are another key factor. Countries that regularly
train their leaders and emergency teams perform better during crises. Exercises and
simulations help improve decision-making and reduce confusion. Joint training
between civilian and military staff is especially important.

Civil-military cooperation is a central part of emergency management, not just
an extra feature. When responsibilities are clearly defined and coordination is
strong, both sectors can work effectively while civilian control is maintained.

Overall, a State of Emergency should not be seen as a break from normal
government, but as an organized way for the state to act during crises. Countries
that treat emergency preparedness as an ongoing process are better able to stay
stable and maintain public trust.

Future research should focus on improving training methods, using digital
tools and simulations, strengthening cooperation between agencies, and exploring

the use of new technologies like artificial intelligence in emergency management.
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mihim idaraetmo vasitosidir. Mogalada belo sistemlorin foaliyysti ganunvericilik
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bazasi, toskilati struktur, kadr hazirligi, hamginin mulki hakimiyyst orqanlart ilo
horbi qurumlar arasinda amokdasliq baximindan arasdirilir.

Todqgigat zamami analiz, miiqayisa Vo normativ-hiquqi senadlorin, eloco do
elmi monbalarin Gyranilmosi kimi Gmumi elmi metodlardan istifads olunmusdur.
Bundan olava, mixtalif 6lkalorin fovgolads hallarin idars olunmasi sahasinds
tocriibasi, 0 cimladon NATO vo Birlosmis Millotlor Toskilatinin beynalxalq
tovsiyalari nazordan kegirilmisdir.

Aragdirma gostorir ki, fovgoalads hallara effektiv reaksiya aydin qanunvericilik
bazasindan, giiclii vo yaxsi toskil olunmus institutlardan, homg¢inin pesokar
hazirlanmis kadrlardan asilidir. Miilki vo horbi strukturlar arasinda omokdaslhiq va
mutomadi talimlar siratli vo slagalondirilmis faaliyyatin tomin olunmasinda, eyni
zamanda mulki nozarstin qorunmasinda miihiim rol oynayir.

Magaloda, hamginin Azorbaycan modelini do ohato edon morkazlosdirilmis
fovgolads idaroetmo yanasmalar1 tohlil edilir. Muxtalif Olkalarin tocriibalarinin
mugayisasi milli hazirliq saviyyasinin artirtlmasina komok edon ugurlu tacribalori
muayyan etmaya imkan verir.

Todqgiqatda vurgulanir ki, fovgolade hallara hazirhiq dovlet foaliyyatinin
davamli bir hissasi olmalidir. ©lda olunan naticalor dovlat siyasatini formalasdiran
soxslor vo févgolads hallarin idars olunmasi tizro mitoxassislor ¢tin bohranlara
cavab mexanizmlorinin tokmillogdirilmasi vo milli dayanighigin giiclondirilmasi
baximindan faydali ola bilor.

Acar sozlar: fovgolads vaziyyat, fovgelado hallarin idars olunmasi, miilki-
horbi koordinasiya, saxsi heyatin hazirlanmasi, béhranlarin idars olunmasi, milli

dayaniglq.
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AHHOTanMs. BBeneHue pexuma 4YpPE3BBIYAWHOIO IIOJOKEHUS SIBISETCS
WHCTPYMEHTOM, HMCIOJIB3YEMBIM I'OCYIapCTBOM Ul PEarnpoBaHUsl Ha CEPHE3HbBIC
yIpO3bl, C KOTOPHIMU OOBIYHBIE CUCTEMBI YIPABIEHUS HE CIOCOOHBI 3(DPEKTUBHO
CHpaBUTbCA. B TaHHOM cTaThe paccMaTpUBAIOTCS MEXaHU3MbI (DYHKIIMOHUPOBAHUS
TaKMX CHCTEM C AakIEHTOM Ha 3aKOHOJATENbHYIO 0a3y, OpraHM3alOHHYIO
CTPYKTYpY, HOJTOTOBKY KaJpOB, a TAK)XXE B3aUMOJCHCTBUE MEXKIY T'PaKIaHCKUMHU
OpraHamu BJacTH U BOSHHBIMU CTPYKTypamu.

B uccnenoBanuy MCNosib30BaHbl OOILIEHAYYHBIE METO/Ibl, TAKUE KaK aHaJu3,
CPAaBHEHUE M M3YyYEHHE HOPMATUBHO-IIPABOBBIX M HAYUYHBIX HCTOYHHMKOB. Takxke
paccMaTpuBaeTCsl  ONBIT  PAa3lMYHBIX CTpaH B O0JIaCTH  YIIpaBJICHUS
YpE3BbIYAHBIMYU CUTYyalsIMH, BKJIIOUYas MeXIyHaponaHble pekomennanmu HATO
u Opranmzarnuu O0benuHeHHbx Harmii.

WccnegoBanne mnoka3biBaer, 4YTO A((EKTUBHOCTh pearupoBaHUs Ha
Ype3BblUaiiHbIE CUTYallMU 3aBUCUT OT HAJIMUUs YETKOM 3aKOHOJATENbHOM 0a3bl,
CIJIBHBIX M XOpOLIO OPraHU30BAHHBIX MHCTUTYTOB, a TakXe MpodeccroHaIbHO
MOJATOTOBJIEHHOTO nepcoHana. Oco0oe 3HaUeHHE UMEIOT peryisipHasl MOATrOTOBKA
KaJ[pOB M B3aWMOJCHCTBHE MEXIy TPaKJAHCKMM UM BOEHHBIM CEKTOpaMH,
oOecrieuynBaromme OBICTPOE U CKOOPAMHUPOBAHHOE pearupoBaHUE  MPHU

COXpPaHCHUHU I'pa’XJaHCKOT'O KOHTPOJIA.
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B craThe Takke paccMaTpUBAarOTCS LIEHTPAIM30BAaHHBIE MOJENN YIPABICHUS
Ype3BbIYAHBIMU CUTYalUsIMU, BKJIIOYas MOJXOM, IPUMEHsIEMbIN B A3zepOaiikaHe.
CpaBHUTENBHBIN aHAIU3 PA3JIMYHBIX CTPAH MO3BOJIAET BBIIBUTH IOJIOKUTEIBHBIN
OTIBIT, CIIOCOOCTBYIOIINI MOBBIIICHUIO HAIMOHAIBHON TOTOBHOCTH K KPU3HCHBIM
CUTYaLUsIM.

HccnenoBanue Mog4epKUBAET, UTO TOTOBHOCTh K UYPE3BbIYAHBIM CUTYaL[USIM
JOJKHA OBITh TOCTOSIHHOM COCTaBIIAIONIEH TOCYJapCTBEHHOM JesITebHOCTH.
[TommyueHHble  pe3ynbTaThl MOTYT OBITH  MOJIE3HBI I Pa3pabOTUYUMKOB
roCyJapCTBEHHOM TOJUTUKKM U CHEHUAIMCTOB B O0JacTH YpE3BBIYANHOIO
VIOPABJIECHHUS C LENbI0 COBEPIICHCTBOBAHMS MEXAHW3MOB pEarupoBaHMs Ha
KPU3UCHI U YKPETUICHHUSI HALIMOHAJIBHON YCTOMYMBOCTH.

KiroueBbie cioBa: 4Ype3BbIYAWHOE IMOJOKEHUE, YIIPABICHHE B YCIIOBHUAX
YpE3BbIYANHBIX CHUTyalluii, TIPakJIaHCKO-BOCHHAs KOOPAMHALMS, IOATOTOBKA

IIepCoHalIa, YIIPaBJICHUC KpU3UCaMH, HAlTHOHAJIbHAA YCTOIZLIHBOCTB.
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Abstract:

The article examines the problem of modeling pump-hose systems (PHS) in
order to optimize the firefighting process. The aim of the study is to develop a
Python-based software tool for the hydraulic calculation of PHS operating
parameters. The research methods include the creation of an object-oriented library
implementing a graph-based model of PHS, and the application of an iterative

calculation algorithm wusing the direct method of hydraulic analysis. The
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practical significance of the work lies in the development of the nrs.py library,
which makes it possible to model PHS of arbitrary complexity, perform a
comprehensive analysis of the influence of equipment characteristics, carry out
scenario modeling of various operating modes, and assess the effectiveness of PHS
configurations. The main results demonstrate the possibility of more accurate
calculation of pump-hose system operating parameters, compared to the methods
currently adopted in Russia, including head losses, water flow rates, and flow
distribution in branched sections. The developed object-oriented model takes into
account various factors: elevation differences, hose characteristics, nozzle
parameters, and pump equipment parameters. The practical applicability of the
results lies in the development of a tool that can be used to support decision-
making in firefighting operations, in the educational process at EMERCOM
training institutions, in scientific research in the field of firefighting tactics, and in
the development of specialized software for fire-tactical calculations. The results
obtained can be used to increase the efficiency of firefighting by optimizing the
operation of pump-hose systems.

Keywords: fire service, pump-hose systems, modeling, programming,
Python, hydraulics.

Pe3tlome. B crathe paccmarpuBaercd npoOiieMa MOAEIMPOBAHUS HACOCHO-
pykaBHbix cucteMm (HPC) mns ontumuzanuu mporecca mnoxkapoTyiieHus. [lensio
UCCJICIOBAHUS SIBIISIETCS pa3pad0TKa MNPOrpaMMHOTO HMHCTPYMEHTA Ha S3BIKE
Python nns rugpaBmuueckoro pacuera mnapamerpoB pabdotst HPC. Mertogasl
WCCJICIOBAHMS BKIIIOUAIOT CO3/IaHUE OOBEKTHO-OPUEHTUPOBAHHOW OMOIMOTEKH,
peanm3yromieit  rpadgoByro  Mozenr HPC, u mnpumeneHwe uTEparmoOHHOTO
ajlropuTMa pacderta C HCIOJbB30BAHUEM IIPAMOIro METoda THAPABINYCCKOIO
aHaJin3a. HpaKTI/I‘JeCKaSI 3HAYUMOCTb pa6OTBI 3aKJIIFO4YacTCA B pa3p360TKe
OubnuoTexku nrs.py, no3Bossitonieil, wmonenupoarb HPC  npou3BosibHOM
CJIOKHOCTH, IMPOBOJANTH KOMILJIEKCHBIN aHaJIn3 BIIUSAHUA XapaKTCPUCTUK

060py,Z[OBaHI/I$I, BBIIOJIHATE CHCHAPHOC MOACIHMPOBAHUC PA3JIMYHBIX PCIKUMOB
103



O.C.Mantomun, C.O.Kypmos

paboTsl, orieHuBaTh 3¢ dekTuBHOCTH KoHpuUrypanuiit HPC. OcHoBHBIE pe3ynbTaThl
JEMOHCTPUPYIOT BO3MOXHOCTh 00JIe€ TOYHOI'O 10 CPAaBHEHUIO C NPUHATHIMHU B
Poccun pacuera mnapameTrpoB paOOTBl HACOCHO-PYKAaBHBIX CHUCTEM, BKIIOYast
NOTEpU HANopa, pacxoibl BOJABI U paCHpEACIICHHE MOTOKOB B Pa3BETBIEHHBIX
yuacTkax. Pa3paboTaHHass OOBEKTHO-OPUEHTUPOBAHHAs MOJIENb YYUTHIBACT
pa3nuuHbie (DaKTOPBI: MEpenajbl BHICOT, XapaKTEPUCTUKU PYKABOB, MapaMmeTphl
CTBOJIOB U HacOCHOTO oOopynoBanus. [IpakTuueckas MpUMEHUMOCTh PE3YJIbTATOB
3aKJIIOYAeTCsl B pa3pabOTKe MHCTPYMEHTA, KOTOPBI MOXKET MPUMEHSTHCS IpU
NOAJIEP)KKE MNPHUHATHS PEUICHUH MpU TYLIIEHWU TO0KapoB, B 00pa30BaTEIbHOM
npouecce B yueOHbIX 3aBeneHusix MUC, HayuyHBIX HCCEIOBaHUSAX B oOJacTu
NOKapHOM TaKTHKH, IpU pa3paboTke crenuanusupoBanHoro 110 mist mpoBeneHus
MO’KAPHO-TAKTUYECKUX pacueToB. llomydeHHble pe3ynbTaTbl MOTYT  OBITH
UCIOJIb30BaHbl /Il MOBBILEHUS 3((EKTUBHOCTH MOXKAPOTYLIEHUS 3a CUeT
ONTUMH3ALUU PAOOTHl HACOCHO-PYKABHBIX CUCTEM.

KuroueBnble cioBa: 1noxkapHas OXpaHa, HACOCHO-PYKaBHBIE CHCTEMBI,
MOJICTTUPOBaHUE, IporpamMmmupoBanue, Python, ruapasnuka.

Beenenue. OOecrieueHne HEOOXOAMMOrO pacxoAa BOMABI SABISETCS OJHUM M3
00s13aTeNbHBIX YCIOBUI yCIEHOTO TylIeHHs noxapa. HenocrarounocTs pacxona
YW Hamopa BOJbl Ha MNpuOOpax MOJAYM OTHETYHIAIMX BEIIECTB HEMHHYEMO
NPUBOJUT K YBEJIMYEHUIO BpEMEHU TylleHus mnoxapoB [1]. Takum oOpazom
NPUHATUE YIPABJICHYECKUX PELIEHUH, CBA3aHHBIX C OPraHMU3aluel 1T01a4u BOJbI B
TpeOyeMbIX 00beMax ¢ TpeOyeMbIM HAMOPOM K MPUOOpaM MOAAauM OTHETYIIAIIUX
BEILECTB, SBJIAETCS OJHOM M3 BAKHEWINMX 3a7ad, BCTAIOUIUX IEpe] OpraHaMu
YIPABJICHMS CUJIAMH U CPEACTBAMU IIPU TYLIEHUHU KPYITHBIX MOXKAPOB.

JIma perienust 3Tou 3a1a4i ¢ TEXHUYECKOW CTOPOHBI UCTIOJIB3YHOTCS HACOCHO-
pykaBHble cuctembl (manee — HPC), mpencraBnsitomue co0oil COBOKYIMHOCTH
npuOOPOB TMOAAYM OTHETYIIANIMX BELIECTB, MMOXAPHBIX HACOCOB, MOKAPHBIX
PYKaBOB M pYKaBHOW apMarypbl (COEIMHHUTENbHBIE TOJOBKH, pPYKaBHBIE

pa3BeTBieHHs U T.1.). CioxHocth HPC MoeT CyliecTBEHHO BapbUpOBAaThCS B
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3aBUCUMOCTH OT KOJMYECTBA M XapaKTepa UCTOIb3YEMbIX dJIEMEHTOB.

3amauy pemaemyto HPC MoxkHO chopMynupoBaTh CIEIyIOUIUM 00pa3oMm:
TpebyeTcsi o0ecneunTh 1nojauy TpedyemMoro oobema BoJbl C TpeOyeMbIM HAIIOPOM
K KaXIOMY W3 WCIOJb30BAaHHBIX MPUOOPOB TMOJAYM BOABI C YYETOM WX
XapaKTEePUCTHK.

Cno’)XHOCTh ~ OpTraHM3aIlid  HACOCHO-PYKaBHBIX CHCTEM MOXET OBITh
MIPOJIMKTOBAHA CIEAYIONIMMH YCIOBUSIMHU UX PaOOTHI:

— Toja4a BOJIbI Ha 3HAUUTEIbHBIE PACCTOSHUS;

— IIoJJa4a BOJAbI IIPHU 3HAYMUTCIIBHBIX IICPCIiagaxXx BbICOT (KaK BBCPX, TaK H

BHU3);

— HE00XOUMOCTh M0JIa4H 3HAUUTEIbHBIX 00bEMOB BOJIbI;

— Hanuyue OOJBIIOro KOJUYECTBA MO3UIUI CTBOJIBIIHUKOB;

— ucnons3oBanue B HPC mnoxapHbIX pykaBOB M NpUOOPOB MOJAYU
orHerymamux BemiectB (namee — OTB) ¢ pa3nuuHbBIMU THUIPABINYECKUMU
XapaKTEPUCTUKAMH.

OrpaHnueHusMH, HaKJIaIbIBAEMbIMU Ha BbIOOp ToM mwin nnoit HPC sBnsitorcst:

— JIOCTYITHOE KOJMYECTBO TEXHUYECKUX cpencTB dneMeHToB HPC (moxapHbie
pyKaBa, IpuOOPHI OJaYM OTHETYILIAIINX BEUIECTB U T.1.);

— XapaKTEPUCTUKU JIOCTYNHBIX TEXHUYECKUX cpeAcTB 3nemeHToB HPC
(rumpaBiIMUECKUE COMTPOTUBIIECHUS, MPOMYCKHASI CIOCOOHOCTD, JIJTUHA U T.1.).

Hanuune nepeuncieHHbIX (PAKTOPOB MOKET CYIIECTBEHHO YCIOXKHATDH 3a7a4y
BbIOOpa cTpykTypel HPC, xoTopas obecneunmBana Obl pelieHHE TOCTABICHHOU
3a/1aud M0 OOECIeUeHUI0 MPUOOPOB MOAA4YM OTHETYIIAIIMX BEIIECTB BOJOH. Bo
MHOTHX ciydasx mnpokiaaka HPC koropas pemama Obl 3Ty 3amady MOXKET
OKa3aThbCs HEBO3MOXXHOW B BUJY TEXHUYECKUX OrpaHMUYeHUi. B Takux ciyyasx
3aJ1ay TpaHcPOpMUPYETCs B ONTUMH3ALMOHHYI0 — TpeOyeTcs BhiOpaTh Takyto HPC
13 BO3MOJKHBIX, KOTOpasi MOTJ1a Obl 00ECTIEYNTh HAMITYYIIINE TTapaMeTphl pabOTHI.

Tymenue KpynHbIX MOXapoB  TpeOyeT mnpokianku  ciaoxkubix HPC
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BKJIIOYAIOIIMX  MHOXKECTBO MPUOOPOB  MOJIaud  OTHETYIIAIUX  BEIIECTB,
MOCJEAOBATENBHO WM MAPAJUIENbHO TIPOKIIAIBIBAEMBIX HAMOPHBIX IMOKAPHBIX
pyKaBOB U HacocHbIX YycTaHOBOK. CocrtaBnenue Ttakux HPC Tpebyer ot
JIOJDKHOCTHBIX JIMI] Ha TOXKape HE TOJIbKO HaJIW4Msl COOTBETCTBYIOIIETO OIbITa
TYIICHUS] TIO’KApOB, HO U TIIyOOKOTrO MOHUMAaHUS MPUHIUIIOB PaOOTHI CIOKHBIX
HAaCOCHO-PYKaBHBIX CUCTEM.

B pesynprate HeBepHoro BbIOOpa KoH(purypanmu HPC moxkeT cioxuThes
CUTyallMsi, KOrja He Oyner oOecrnedeH HEOOXOIUMBIM pacxoJ M Hamop Ha
npubopax MoJilauynd OrHeTymanux BemecTB. Kpome TOro, BO3MOXKHO MOSIBJICHUE
CUTyalluid, KOrJa BO3HHMKAeT yrpo3a >KU3HU U 3JI0POBBIO YYACTHHUKOB TYIICHUS
no)kapa BCJECACTBHE CIMINIKOM BBICOKMX HAlOpOB Ha TMpuOOpax Mojaydu
OTHETYIIAIUX BEIIECTB.

CymiecTBYIOT pacueTHbIe METOJbI OmpejesieHus mnapamerpoB padotrst HPC
[2-4]. Yame Bcero B TakWx pacueTax HUCIOIB3YETCS YHPOIICHHBIA TaKTHYECKUM
METOJ pacyeTa, IO3BOJIAIONIMM OIEHWBATh TpeOyeMblid HAmop Ha Hacoce
MOKapHOTO aBTOMOOUJISL HCXOs U3 TPEOYyeMOoro pacxo/ia Ha JUKTYIOMIEM ITpruoope
MoJa4Yy OTHETYIIAIUX BEIIECTB.

Kak mnokaseiBatoT pe3ynbrarthl pabor [5,6] Takoil MeTod, Ha3bIBaeMbIN
«OOpaTHbBIl» HE MO3BOJISIET TOUYHO OIleHUBaTh napameTpsl padotel HPC B 1ienom,
YTO MOXET ObITh KPUTUYHO JyIsl cliokHBbIX HPC.

Jlnst 6onee mosHOTO pacyera mapameTpoB pabotsl HPC pexkomenmyetcs
ucnoJib3oBath «lIpsAMoii» MeTon pacyera, NMO3BOJISIOIMIMNA MUCXOASA U3 3aJaHHOIO
HaIropa Ha Hacoce MOKAPHOTO aBTOMOOWIIS OMPENETUTh HAMOPhl M PAcXo/abl Ha
BCeX MprOOpax Moaaur OTHETYIIAINUX BEIIECTB.

Kak mokazano B [6] Takoii MeToj Oojiee TOUEH W MO3BOJISET MOIYYUTh OoJiee
OTUETJIMBOE MpeCcTaBiIeHue o nmapamerpax padborst HPC B nemom. Bmecrte ¢ Tem,
Takol MeToJ| pacuera Ooisiee cnoxkeH. Ero mnpoBeneHue 3aTpyAHHUTENBHO 0e€3
WCIIOJIb30BaHUs CPEJICTB BHIUUCIUTEIIBHOM TEXHUKHU.

B paGote [7] nmpuBenen npumep peanm3anuyd MPsIMOTO METOAA pacyera C
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UCTIONIB30BaHUEM  si3blKa mporpammupoBanuss VBA B cpene Visio B
aBTOMAaTU3UPOBaHHON MH(popMarmoHHo-Tpaduueckoit cucteme ['pa®uC-TakTuk.
Orta peanuzaius no3BOJSIET MpoBoAUTH pacyeT HPC mio00ii cTeneHu clioXHOCTH,
OJTHAKO TMOJIpa3yMeBaeT, UTo MOJIb30BaTelb cocTapisieT uudposyto moaens HPC ¢
UCIIOJIb30BAHUEM HHCTPpYMEHTOB VIiSiO. B psje ciiydyacB 3TO MOMKET OKa3aThCs
HEYTOOHBIM — HampuMep, B padoTe mTada MokapoTyIIEHHEe MOXKET HE OKa3aThCs
OBM c 3apaHee YCTaHOBJICHHBIM IMpOorpaMMHbBIM obOecriedeHreM Visio u AUT'C
['pa®uC-Taktuk. Kpome Toro, B peanusix COBPEMEHHOW MOJIUTHYECKON
00CTaHOBKH MCMOJIb30BAaHUE 3apyOEIKHBIX MPOTPAMMHBIX MPOTYKTOB MOKET OBITh
BOBCE HEBO3MOKHO.

B nannoit pabote npemiaraercst peanusaius npsiMmoro Mmeroaa pacuera HPC ¢
UCIIOJIb30BaHUEM S3bIKa IIporpaMmmMupoBanus Python.

MartemMaTndeckasi MoJeJb.

Ypasenenue nomepwv nanopa é pyxasnou aunuu:

B ocHOBe THapaBIMYECKOTO pacyéTa JIEKHUT KBAJAPATUUHBIA 3aKOH MOTEPh
Haropa, KOTOPbIN Il pyKaBHOU JIMHUUA UMEET BU/L:

h=s-n-q? (1)

rae h — moreps Hamopa, M; S — THAPABIMYECKOE COMPOTHBIICHHUE OIHOTO
pykaBa, M/(J1/C)*; n — 4KCIIO pyKaBOB B JINHUH;  — PACXO/] BOJIbI, JI/C.

Ypaeuenue pacxooa cmeona:

Pacxon Bopl U3 oskapHOTO CTBOJIA onpenensercs hopmyiion [8]:

QCTB =p- HCTB' (2)
rae p — IOPOBOAMMOCTL Hacaaka crTBona; H,,, — Hamop Iepel HacaaKkoM
CTBOJIA, M.
HpOBO}IHMOCTB HacaaKa BBIYUCIIACTCA 110 HOMUHAJIBHBIM ITapaMeTpaM CTBOJIA
[8]:
QoM . (3)
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JUIst  cTaHAApTHBIX PYYHBIX TIOKAPHBIX CTBOJIOB TMPHUHSATHI CIIEIYIONTHE
HOMHUHaJIBHBIC TIapaMmeTphl: cTBod «b» (Hacamok 13 mMm) — @0, = 3,7 A/c mpu
H,.,, = 40 M, otkyna p = 0,585; ctBonm «A» (Hacamok 19 Mm) — q,. = 7,4 1/cC
upu H,,,, = 40 M, otkyna p = 1,170 [8].

Ypaeunenue oananca nanopog:

I[JDI KaXa0ro 3JICMCHTA CUCTEMbI CIIPABCIJIMBO YPABHCHHUC OanaHca HaIopoB:
HBI)IX = HBX + H)lon —h— Z, (4)

rae Hy,x, Hyx — Hammopsl Ha BBIXOJIE M BXOJIE DJIEMEHTA COOTBETCTBEHHO; H
— JOTIOJIHUTENBHBIN Hamop, CO3/1aBaeMbIii HACOCOM (ISl TTAaCCHBHBIX 2JIEMEHTOB
paBeH HYJI0); h — oTepsl HAamopa B 3JEMEHTE; Z — Te€0/Ie3UYECKUH Mepenal BHICOT
MEX/1y BBIXOJIOM U BXOJIOM 3JIEMEHTA.

ApxuTeKTypa OM0/IMOTEeKH:

bubnuoTeka nrs.py peanusyer rpadoByro rujpaBindeckyro moaeias HPC, B
KOTOpOW cHuCTeMa MPEJCTaBIsETCs] B BHUIE OpPHUEHTHUPOBAHHOTO rpada. Y3mamu

rpada sIBISIOTCA 3JE€MEHTHI TPEX TUIIOB, onpeaenseMbix nepeuncienueM EType:

— PUMP (uctounuk) — mOXapHBIM HAcOC, 3aJalOIIMKi JIOMOJTHUTEIbHBIN
Harop H,qp;

— CONNECTOR (cBsizb) — pykaBHas JIMHHS, pa3BETBICHHUE  WIU
BOJIOCOOPHUK;

— NOZZLE (pacxox) — mpubop mojadu BOAbI (pydHOW wuiu JadeTHBIN
CTBOJN).

Pebpa rpada orpaxaror cBs3p anementoB HPC  wmexay coboit u
ompenensaoTcs cnuckamu elements next u elements previous, 3aJarnIMMU
HampasieHue noroka OTB. PeOpa He MMEIOT MHBIX CBOMCTB KpOME JJIEMEHTOB,
COEJIMHSEMBIX 3TUM PEOPOM.

OcHoBHBIME KiTaccamu OuOimoTeku nrs.py sBisitores: Element, NRS Model,

NRS_Observer E, NRS_ Data.
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Knacc Element.
Kmacc Element mnpeacraBnser otaenbHbii 3memeHT HPC u  comepkut
OCHOBHBIE aTpuOyThI, IpeAcTaBieHHbIe B Tabauie 1. Knacc siBiasieTcsi OCHOBHBIM

aiieMeHTOM 00bexkTHOU Monenu HPC.

Tabnuya 1. Ocnosnvie ampudbymei kiacca Element.

ATpubyt Onucanue En. uzm.
name Wnentudukarop sneMeHTa —

type Tumn snemenra (EType) -

q Pacxon yepe3 anemeHT n/c

s ['unpaBiyeckoe conpoTuBiIeHue | M/(J1/c)?
H in, H out | Hamop Ha BXxozae/Beixone M

h IToreps Hanopa M
H_add JononaurenpHbIA HAMOp (Hacoc) | M

z [Tepenan BeicOT M

p [TpoBomumocTs Hacanka (cteon) | i/c/m®5
n Yucino pykaBoOB B JIMHUU IIIT.

ri, ro Yucito BXOJI0B/BEIXOI0B IIT.

[Tomo6Has peanm3anusi MPOJUKTOBAHA COOOpPaKEHUEM, UTO JIFOOOM SJIEMEHT
HPC wumeer oanHaKOBBIM Ha0Op THUIPABIMYECKUX CBOWCTB, B TIOJHON Mepe
OMUCHIBAIOIINX €T0 XapaKTEPUCTUKH.

Knacc NRS Model:

Kiacc NRS Model cinyXuT KOHTEMHEpOM [JIsi BCEX DJIEMEHTOB CHUCTEMBI U
peanuszyeTr UTEpalMoHHBIN pemiarenb. Meton build() BeIOTHSET pEeKYpPCHUBHBIN
o0xon Tpada OT HAYATBLHOTO DJJIEMEHTA, AaBTOMATHYECKH KIACCUDUIUPYS
AJIeMEHThl Ha HCcTOYHUKHM (elmnts in) m pacxoasl (elmnts out) mpu BbI30BE
interpretate=True.

Knacc NRS Observer E:

JUist OTClIe)KMBAaHMSI HBOJIIOIMU MAapaMEeTPOB B MPOLIECCE HMTEPALMOHHOTO
pemieHus peanusoBan nattepH «HaoOmogarens» [9]. Kmacc NRS Observer E
MO3BOJISIET (PUKCUPOBATH HCTOPUIO M3MEHEHUS JIOOBIX MapaMeTpoB 3JIEMEHTa
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(pacxoma, Hamopa, MOTEPH HAIOpa) MO UTEPALHSIM, YTO HEOOXOAUMO sl aHAIH3a
CXOJIMMOCTH U MEPEXOAHBIX MPOLECCOB.

Knacc NRS Revision:

Knacc peBusun snementoB HPC. CopepkuT MHCTpyMEHTaJdbHBIE (PYHKIHUU
ananu3za sremeHToB HPC. Peanusyer:

— IlevaTs nepevHs ANEMEHTOB, MOAKIIOUCHHBIX K 33JJAHHOMY 3JIEMEHTY,

— Iledats nepedHs 3IEMEHTOB, K KOTOPBIM MOAKIIOUEH 3aJJaHHbIN AJIEMEHT;

— Ilevars 3HaUYEHUI BCEX NTApaMETPOB 3aJAHHOTO AJIEMEHTA;

— Pacuer nmpoBogumMocTu Hacanka o popmyie (3);

— Pacuer mnoTepp Hamopa s 3aJaHHBIX 3HAYEHUW TUIAPABINYECKOTO
COMPOTUBJICHUSI B OJHOM TOXapHOM pYyKaBe, KOJUYECTBA MOXKAPHBIX PYKABOB U
pacxojia BOJIbl YepE3 CEUEHUE OJHOIO PYKaBa;

— Ileuats Bcex aneMeHTOB, cogepxamuxcs B mogenu HPC.

Knacc NRS Data:

Kimacc NRS Data copepxuT TaOauM4HbIE 3HAYEHUS TUIPABINYECKOTO
CONPOTHUBJIEHUSI S ISl CTAHAAPTHBIX THUIIOB TOXKAPHBIX PYKAaBOB, BKIIOYas
MPOPE3UHEHHBIE HANOpPHBIE pykaBa auamerpoM oT 38 mo 150 mMm, a Ttakxke
HETPOPE3NHCHHBIC U pyKaBa ¢ IBYXCTOPOHHHMM 3alUTHBIM MOKpbiTHeM [10-13].

HNrepauMoOHHBIN aJITOPUTM pacyéra.

Pemienne cuctemMbl ypaBHEHMH, ONPEAEISIIOIINX THUAPABIMYECKUNA PEXKUM
HPC, OCYIIECTBJISIETCS ~ METOJOM  TMOCJENOBATENbHBIX  MPUOIMKEHUN
(UTepallMOHHON penakcanuu). AJTOPUTM 3allycKkaeMblii MeToIoM calc() BKItouaer
CJIEAYIOIIME IIIaru:

1. ITpsimoii mpoxona. st KakJI0ro >SJeMEHTA-UCTOYHHMKA YCTAaHABIMBACTCS
Hamop H,,, KOTOpBI PEKYPCHUBHO pacmpocTpaHsieTcs Mo Tpady B CTOPOHY
anemeHToB-pacxooB (NOZZLE) ¢ Beruucinenuem Hy,, 111 KaXA0T0 3JE€MEHTa 10
bopmyne (4).

2. O6nynenue pacxomoB. st Kaxxmaoro cTBona oOHymsieTcs pacxos Q..,, 9TO

PEKYPCUBHO PACIPOCTPAHSAECTCS HA BCE BXOSIIIUE AJIEMEHTHI.
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3. Obpatupiii mpoxoa. /Jlins KakIoro crBoja BBIYUCIAETCA PACXOI IO
dopmyre (2) U peKypCHBHO paclpOCTpaHseTcsi Mo Tpady B CTOPOHY AJIEMEHTOB-
ucrounukoB (PUMP). Ilpu Hanuuuu HECKOJIBKMX BXOMISIIUX BETBEH pacxoj
JICIATCS. IOPOBHY MEXKTy HUMH.

4. KOoHTpOJIb CXOAWMOCTH. BBIUHCISIETCS CYMMapHBIH pacxXxoJ CHCTEMBI
Qoo = 2.Qcrsi- HWTepammu mnpomoipKarTcd [0 TeX IOp, IOKa H3MEHEHHE
CYMMapHOTO pacxoia MEXIy IIOCIeI0OBaTeIbHBIMA HTEpAIMSIMH HE CTaHET

MCHBIIC SaHaHHOﬁ TOYHOCTH €.

el (5)

o0 o0
bubnuoTeka nmoaiep >KUBaeT ABa peKUMaA pacyeTa: ¢ GUKCUPOBAHHBIM YHCIIOM
utepanuii (iters=N) 1 aganTUBHBIN (accuracy=¢), aBTOMaTUUYECKH OIPECISIOMINMA
MOMEHT JIOCTUKEHUS CTAIMOHAPHOI'O COCTOSIHUSI CUCTEMBI.
IIpumepsl npuMeHeHH.
IIpocTast HacOCHO-pyKaBHAasl cCUCTEMaA !
Paccmorpum  mpocrerimyro  HPC, cocrosimyro W3 moKapHOro Hacoca C

Hariopom H,,, =40 ™M, MaructpanbHOM pykaBHON auHuUM u3 10 pykaBoB

A
nuameTpoM 51 mm (s = 0,13 m/(i1/c)?) u pyuHoro noxapHoro ctBoia «b» (p =
0,585).

[IporpaMMHBIN KOJI COCTaBICHUS JAHHOW MOJEIHN IIPUBEIACH HUXKE:

1: from nrs import NRS_Model, Element, EType, NRS_Revision

2: from nrs import NRS_Data as nd

3: from nrs import g_out_nozzle

4:

5: p = NRS_Revision.calc_p(3.7, 490)

6: pump = Element('Hacoc', EType.PUMP, H_add=40)

7: hose = Element('PykaBHas nuHua', EType.CONNECTOR, s=nd.ss["51"], n=10)
8: nozzle = Element('PC-50', EType.NOZZLE, p=p, q_out=q_out_nozzle)

©)¢

10: pump.append(hose).append(nozzle)

11: model = NRS_Model( 'MpocTas’)

12: model.build(pump, interpretate=True)

13: model.calc(accuracy=0.05)

14:

15: print('CymmapHas NMpouM3BOAMTENbHOCTb cucTembl: ', model.summaryQ(), 'n/c')
16: print('Hanop nepes ctBonOM:', nozzlel.H_in, 'm")

17: print('MoTeps Hamopa B pyKaBHON AuHUKU:', hoseWl.h, 'mM')
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B ctpokax 1-3 mpomnuceiBaeTcs UMIIOPT HEOOXOIUMBIX 00BEKTOB OMOIMOTEKU
nrs.py. B crpoke 5 Beiuncisiercs MpoBOJMMOCTh Hacagka P (mo ¢gopmyne 3), npu
Harnope 40M u pacxoze u3 cTBoJia 3,7 METPOB, XapakTepHbIX st cTBOJIOB PC-50. B
cTpoke 6 coznmaercs aneMmeHT «Hacoc» ¢ tunom «pacxom» (PUMP). B ctpoke 7
co3maercs dieMeHT «PykaBHas muHuHs» ¢ THOM «cBsizb» (CONNECTOR),
OTpaXkarollass PYKaBHYIO JIMHUIO COCTABJICHHYIO M3 10 HAmOpHBIX MOMXKapHBIX
pyKaBoB  auamMeTpoM  S1MM, ¢  COOTBETCTBYIOIIUM  THAPABIMYECKUM
conporuBieHueM S. B crpoke 8 coznaercs snemeHt «PC-50» ¢ TumnoMm «pacxom»
(NOZZLE) orpaxaromuii pyaroii ctBos1 PC-50 ¢ mpoBOAHMOCTBIO P.

B crpoxke 10 onpenensieTcs MOpsiOK COSAMHEHUS AIIEMEHTOB MEX Ly co0oil. B
ctpoke 11 coznmaercs monmens HPC ¢ umenem «lIpocras». B crpoke 12
3amycKaeTcsl nmpoueaypa cOOpkrM Mojaenu HauuHas ¢ 3iemeHTa «Hacoc» (MOkHO
yKa3bIBaTh JIIOOON U3 COEUHEHHBIX MEXIy coOoi anemeHToB). HakoHel B cTpoke
13 mpoucxouT pacyeT MOAENH.

Pesynperar pacuyéra: cymmapHbIi pacxon cucteMbl Qugy = 3,07 n/c (cTpoka
15), nanop nepen crBosiom H., = 27,8 M (cTpoka 16), moTeps Hanopa B pyKaBHON
auauu h = 12,2 m (ctpoka 17). Pacxon cHMXKEH 1O CpaBHEHHIO ¢ HOMHUHAJIbHBIM
(3,7 n/c) BcmenacTBUe THAPABIMYECKOTO COMPOTUBIICHUS pyKaBHOW JuHUU. Cxema

npoctoi HPC npuBenena Ha pucynke 1.

Pucynok 1. Cxema npocmoti HaCOCHO-PYKABHOU CUCMEMbL. HACOC — PYKABHAS TUHUSL — CIMBOL.
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Pa3zeemenénnan HACOCHO-PYKABHAA CUCHEMA C OBYMA CHIBOTAMU.

MonenupoBanue cucTeMsl ¢ OIHMM HacocoM (H,,, = 60 M), marucTpansHON
JUHUEH W3 5 pyKaBOB AWaMeTpoM 77 MM, PyKaBHBIM pa3BeTBICHHEM (ro=3) U
JIByMsl paOouyMMH JIMHUAMM: JuHUEd u3 10 pykaBoB 51 mm co ctBosioM «b» un
JIMHUEHN 13 S5 pyKaBOB 77 MM CO CTBOJIOM «A».

CymmapHbIli ~ pacxox — cucTeMbl  cocraBiseT Q6 = 11,34 n/c.
MopenupoBaHnue nepemnajaa BeICOT (MoabEéM nepBoi nuHuu Ha 10 M, BTOpoil — Ha 5
M) cHmwkaeT pacxon npo 10,71 n/c. MopenupoBaHue TMEpPEKPHITUS CTBOJA
(oOHyJIeHHE MPOBOJAMMOCTU P BTOPOTO CTBOJIA) CHUYKAET CYMMAapHBIM pacxojl A0

3,4 n/c. Cxema pazserBiéunoit HPC mpencraBnena Ha pucyHke 2.

n=5. 0=77 n=10, =51 5 50)“
05,0577 270 e

Pucynox 2. Pazeemenénnas HPC c 0oeyma cmeonamu muna A u b.

Chosicnan HacocHo-pyKasHasa cucmema ¢ pyKagHoIMu pa36emeneHuimMu.

Haunbonee noka3aTeiabHbIM IPUMEPOM SIBIISIETCSI CUCTEMA M3 OJIHOTO HAcoca,
JIBYX PYKaBHBIX PA3BETBJICHUHN W IMSATH padoTaronux CTBOJIOB (4 cTBojia «b» + 1
cTBOJI «Ay). Tornonorus cuCTEMbI: HaCOC MOJAET BOAY B MaruCTpajibHYHO JTUHUIO
77 mm (3 pykaBa), KOoTopas MNHUTaeT nepBoe pa3BerBieHue. OT MepBOro
pa3BeTBJICHUS OTXOAIT JABE padbouune JuHuM (51 MM X 3 k ctBosty P1-1 u 51 MM X
1 x ctBoNy P1-2) u MarucTpanbHas JMHUS KO BTOPOMY pa3BeTBIeHUI0. OT BTOPOTO
Pa3BETBJICHUS MUTAOTCA €II€ Tpu padouynx JUHUHU. CxeMa CUCTEMBI MTOKa3aHa Ha

puUCyHKe 3.
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| Creon P1-1(E) | | Creon P2-1(6)

Crtson P1-2(B) Crtson P2-3(B)

Pucynok 3. Cnoocnas HPC: 1 nacoc, 2 pazeemenenus, 5 cmeonos.

Hcxoaubliii Hanop Ha HACOCe MoXKapHoro apromoomna H,, = 40m.

Pesynbrater pacuéra (pexum accuracy=0,05 1/c): cyMmapHsbIi pacxon Qg =
16,67 n/c. Pacxonpl MO OTJAEIBHBIM CTBOJaM HEPAaBHOMEPHBI U COCTABJISIIOT OT
2,70 no 4,33 n/c, uTo OOYCIOBJICHO PA3IMYHON THUAPABINYECKON YIATIEHHOCTHIO
CTBOJIOB OT Hacoca.

JIyisi aHanmm3a CXOJIMMOCTH HMTEPAlMOHHOTO MpoIecca K KaKIOMY CTBOJY
noAkou€éH Hadmoaarenb NRS Observer E, dpukcupyrommii uctopuro pacxoaa u
Haropa. Ha pucynke 4 mokazaHa AMHAMHUKA PAacXOJIOB CTBOJIOB IO HUTEPAIUSIM.
Cucrema BBIXOAWT Ha CTAIMOHAPHBIN PEXHUM B Mpefenax 3aJaHHOW TOYHOCTU 3a

2’7 utepauuil.

MpPON3BOANTENLHOCTE CTBOJIOB:
CTeon P1-1(B)
71 CTBON P1-2(B)
—— CTeon P2-1(B)
—— CTBon P2-2(A)
—— CTBON P2-3(B)

(o] 5 10 15 20 25
wTepaunn

Pucynok 4. JJunamuxa pacxo0o8 cmeonos no umepayusim.
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Hapamempuueckuii ananu3: niaeHoe Hapauwiueanue Hanopa.

bubnuoTexka MO3BOJIAET NTPOBOJUTH MapaMeTpUUYECKUe uccienoBanus. B
JTAHHOM BBIYHMCIIUTEILHOM dKcIiepuMenTe i Toit ske Tononoruu HPC (1 nacoc, 5
CTBOJIOB) BBIMOJIHSUIOCH MOIIArOBOE HapallBaHUE Hamopa Hacoca oT 1 10 80 M ¢
BBINIOJIHEHUEM OJHOM WTepaluu pacu€ra Ha KaKIOM Iare, IOCIE Yero
BBITIOJTHSUTACH 20) TOTIOTHUTEIBHBIX UTEPANHK cTadun3anuu npu Hamope 80 M.

3aBUCUMOCTh pacxo/Ji0OB CTBOJOB OT Hamopa Hacoca (pPUCYHOK 5)
JIEMOHCTPUPYET HEJIMHEHHBINA XapaKkTep, O0yCIOBIEHHBIN KBaJAPaTUIHBIM 3aKOHOM
NOTEPh HANopa M 3aBHCHUMOCTBIO pacxojia CTBOJIA OT KOpHS KBaJApPaTHOTO W3
Haropa (popmyna 2). CymmapHbslid pacxoj BozpactaeT ot 12,3 n/c npu Hanope 1 M

10 26,3 1/c npu Harope 80 M.

26 MponssoanTensHOCTb HPC:
HPC B uenom

24 4

22 4

204

Q. nfc

18

16 4

14 4

12 1

o 20 40 60 80 100

MpPorsBOANTENBHOCTE CTEONOE:

—— CTeon P1-1(B)
Cteon P1-2(B)

—— Cveon P2-1{(B)

—— CTeon P2-2(A)

—— CvBon P2-3(B)

Q, njc

o 20 40 60 80 100

Hanopbl Ha cCTBONax:
—— CTeon P1-1(B)

607 Cteon P1-2(B)

—— CTeon P2-1(B)
s0 4 —— CTeon P2-2(A)
—— Cvson P2-3(B)

40

H M

30 4

204

10 4

uTepaunn

Pucynok 5. Pesynemamol pacuema napamempos HPC npu niagnom ysenuueHuu Hanopa Ha

Hacoce noascaproco asmomoouis.
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Hapamempuueckuii ananu3: yeeaudeHue HAnNOpa U pe3Koe nepekpvimue
00HO020 U3 CME0J106

B naHHOM BBIUMCIMTEIHHOM DKCIIEPUMEHTE JIJIsl TOM e TonoJsioruu (1 Hacoc,
5 CTBOJIOB) BBINOJHSJICS pacyeT Uil Hamopa Ha Hacoce MOKAPHOTO aBTOMOOMIIS
40 M (pexxum accuracy=0,05 1/c), 3aTeM Hamop mnosbimaercs g0 80 M, pacuer
MOBTOPSIETCA /IO TOM K€ TOYHOCTH, MOCJE Yer0 UMUTUPYETCS MEPEKPHITUE CTBOJIA
«A» U BBIMOJIHAETCS pacyeT AJi TOM e TOUHOCTH.

WrtoroBasi mpou3BOIUTEILHOCTh CUCTEMBI cocTaBisier 17.91 n/c. I'paduxu

M3MEHEHUS pacxo/10B Ha nmpubdopax nogaun OTB npencraBieHsl Ha pucyHke 6.

Mpon3BOANTENbHOCTb CTBOJIOB:
—— CtBon P1-1(B)
~——— CTBon P1-2(B)
—— CtBon P2-1(B)

8 —— CTtBON P2-2(A)

—— CTtBOn P2-3(B)

Q, nj/c

0 20 40 60 80
uTepauunn

Pucynok 6. I pagpuxu usmenenus npousgooUumenbHOCMU NONCAPHBIX CIMB0I08 NPU USMEHEHUU

pexcumog pabomvr HPC.

Oo6cy:xxnenue.
[IpencrabienHass OuONMMOTEKAa OOECreynBaeT (POPMaATM30BAHHOE OIHUCAHUE
HPC u aBTomaTtusupoBauubiii ruapasmmueckuii pacu€t mius HPC mroboii crenenn

CJIOKHOCTH.
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bubnnorexka peamusyer mnpsmoit merox pacuéra HPC — ompenenenue
pacxoJloB W HAMOPOB TMpHU 3aJaHHBIX TapaMeTpax CHUCTeMbl. bubinorteka
MO3BOJIAET MOJEIUPOBATh CUCTEMBI MPOU3BOJIBHON CTPYKTYPbl IMYTEM MPOCTOTO
onucanus rpada CBI3EH.

JIOCTOMHCTBAMH MOAX0Aa MOKHO HAa3BaTh:

— ruokocth omucanuss HPC 3a  c4€r 00BEKTHO-OPHEHTHPOBAHHOTO
MIPEICTABIICHUS JIEMEHTOB U UX CBS3€EH;

— BOCHPOM3BOAMMOCTh Pacu€ToB Ha OCHOBE €IMHOrO0 Habopa TaOJIMYHBIX
JAHHBIX U SIBHBIX MATEMATHYECKUX 3aBUCUMOCTEN;

— BO3MOXKHOCTh CIEHAapHOrO0 aHaju3a T[pU HU3MEHEHUH MapaMeTpoB
000pyOBaHUS U PEKUMOB PAOOTHI.

CrnenyeT OTMETUTh OTPaHUYEHUSI MOJEIH, PEeaJU30BaHHON B OMOIMOTEKE Ha
TEKYLIIMHA MOMEHT. Bo-nepBbIX, HACOC MOJEIUPYETCS KaK UCTOYHUK MOCTOSHHOIO
Hamnopa (H,,; = const), Toraa Kak peajlbHas HACOCHAsl XapaKTEPUCTHKA MOKAPHOTO
Hacoca ONMCHIBAETCA KpUBOM (—H, Hamop Ha KOTOPOM CHWXKAETCA C POCTOM
pacxona. Bo-BTopblx, pacu€r pacxolla B y3/1aX C HECKOJbKUMH BXOJSIIKMMHU
BETBSIMU BBIIIOJIHAETCS, MOPOBHY J€Js IIOTOK MEXKIy BETBAMM, TOI/IA Kak B
JNEHUCTBUTEIBHOCTH pacnpeneneHue onpeaensieTcs COOTHOIIIEHHEM
TUAPABINYECKAX COPOTUBIIEHUN BETBEU.

HecmoTpss Ha ykaszaHHbIe yIpoIlleHUs, OuONMOTEeKa oOecrneynBaeT
JIOCTAaTOYHYIO JUISI MPAKTHYECKUX Leyiel TouyHOoCTh npu pacuére HPC u moxer
UCIIOJIB30BAaTbCS KaK B HAy4YHBIX MCCIIEIOBAaHUAX, CBSI3aHHBIX C aHAIU30M
sbdexTuBHOCTH pazmuuHbix kKoHuryparuii HPC, tak m B 00pa3zoBarenbHBIX
HelasX Npu OO0ydyeHUH criymiarenaeii o0pa3oBaTENbHBIX YUPEXKIECHUNA OCHOBaM
I'MJIPABINYECKOTO Pacu€ra HACOCHO-PYKaBHBIX cHcTeM. Kpome Toro, oHa MOKET
CIY’)KUTh OCHOBOM 1Jisi pa3paOOTKU MPUKIAAHBIX MPOTPAMMHBIX KOMILIEKCOB
NOJJIEPKKA OPUHATUS ~ pElIEeHUud Il PYKOBOJAUTENEH TYILLIECHHUS

I[MOXapa, IMMO3BOJIAIOHIMX OIICPATHUBHO OLCHHUBATHL IIOCIICACTBUA peKOH(l)I/IpraI_[I/II/I
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HPC (u3meHeHusi cxembl NPOKIAIAKA PYKABHBIX JIMHAA W PEXKUMOB padOTHI
HAcoCOB).

3akioyenue. PaspaboranHas OuOIMOTEKa MOJEIMPOBAHUS HACOCHO-
pYKaBHBIX cucTeM Ha s3bike Python peamusyer enumHblii  00BEKTHO-
OPUEHTHPOBAHHBINA MOAXOJ K mpezacTaBiieHuto cTpykrypsl HPC u BeimoiaHeHH:o
TUApaBINYECKUX pacy€ToB. [IpuMenenne OUOIMOTEKN TTO3BOIISET:

— COKpamarb TPYAOEMKOCTh pPAacdy€ToB IO CPAaBHEHHUIO C PYYHBIM
UCIIOJIb30BaHUEM TaOJIMYHBIX METOJIOB;

— MOBBIIIATh TOYHOCTh U BOCITPOU3BOJAUMOCTD PE3YJIbTATOB;

— IPOBOJUTH KOMILJIEKCHBIN aHaJIn3 BIIUSTHUSA XapaKTEPUCTHUK
TUAPABINYECKOr0 000pyoBaHus Ha 3¢ dpextuBHOCTh padoTel HPC;

— UHTEIPUPOBATh PpACUETHBIE MOJEIM C COBPEMEHHBIMH CpPEACTBAMU
BHU3YyaJIM3AlMHU U aHAJIN3A JaHHBIX.

JlanbHeiiiee pa3BuTHE OMOJIMOTEKH MOKET OBITh CBS3aHO C PACIIUPEHUEM
Habopa THUIOB 3JIEMEHTOB (HampHMEp, HCIIOJIb30BAHHE HACOCOB C 3aJaHHBIMU
HAIMlOPHO-PACXOJAHBIMU XaPAaKTEPUCTUKAMM), peaju3alreit 00aee TOUHbIX MOJeIen
pacnpeneseHuss pacxoJ0B B Pa3BETBIEHHBIX Yy4yacTKaX, MHTErpamuei c
reouH(OPMallMOHHBIMU CHUCTEMAaMM, a TaKXe CO3JaHUEM TOJIb30BaTEIbCKUX
rpaduueckux HMHTEP(ENCOB MJII MHTEPAKTHUBHOTO NPOECKTHUPOBAHUS M OLIEHKH
BapuantoB HPC.

Peno3utopuii 6MOJIMOTEKH U TPUMEPHI UCTIOIB30BAHUS JOCTYIHBI MO a/IpeCy:

https://github.com/Obsidian-pb/NRS modeller
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Abstact. Retaining walls are important retaining structures constructed to
prevent soil failures that may be caused by sudden slope changes. Today,
reinforced concrete cantilever walls, soil-reinforced walls with geogrid or metal
strip reinforcement, and economical stone walls up to certain heights are
commonly used. Since soil-wall interaction is complex, the correct design of
retaining walls is of great importance. Static soil pressures acting on walls are
examined in quiescent, active, and passive states, depending on the wall's
movement, soil properties, and deformation behavior. Certain displacements are
necessary for active and passive soil pressures to occur, and these values vary
depending on the soil type. Coulomb and Rankine theories are fundamental
approaches in calculating static soil pressures, with Rankine theory, in particular,
determining active and passive soil pressure coefficients with homogeneous,
isotropic, and planar surface soil assumptions. Developed for cohesive and
cohesive soils, this theory allows for the calculation of lateral soil pressures by

considering parameters such as the effect of the slope behind the wall, friction
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angle, cohesion, and soil unit weight. This study explains in detail the static soil
pressures acting on retaining walls, the conditions under which active and passive
states occur, and the fundamental principles of Rankine's theory.

Keywords: retaining walls, acting force, sliding surface.

Introduction. Retaining walls are structures built to prevent the collapse of
soils with sudden slope changes. Retaining walls have many applications today.
The wide range of uses makes the correct selection and design of retaining walls
even more important. While there are many types of retaining walls, the most
preferred today are reinforced concrete cantilever retaining walls and, especially in
recent years, reinforced and earth-reinforced retaining walls created using
geogrid/metal strips, which have rapidly increased in use. Another commonly used
type of retaining wall is stone walls. The inability of stone walls to provide
economical and feasible solutions beyond a certain height has led to the
widespread use of reinforced concrete cantilever and reinforced concrete ribbed
retaining walls. With the development of the textile industry and the use of
woven/non-woven materials from the textile industry in the construction sector,
geosynthetic reinforced retaining walls have rapidly become widespread. This
article describes the properties of retaining walls in detail.

Static Pressures Acting on Retaining Walls in Non-Earthquake
Conditions.

The static soil pressures acting on the wall are affected by the movements of
the wall and the soil. When the wall moves slightly outwards due to soil thrust, a
stress reduction will begin in the soil stresses at rest. After this reduction exceeds a
certain limit, the soil equilibrium will be disrupted, and a slip surface will form. A
soil wedge will emerge, attempting to move outwards along the slip surface. In this
case, the pressure exerted by the wedge on the wall is called the active soil
pressure. A very small movement of the wall is sufficient for this pressure to occur;

rotational and shear movements in the wall create lateral strain in the form of
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elongation in the soil. Therefore, retaining walls are generally designed according

to the minimum active soil pressure (figure 1. a-b).

¥ / ] mﬁ'—
U
|
H ‘_lf_i_lril-
|
H < Sliding b
surface I! !
| i |
+ —
Wall movement

Figure 1. Wall movements caused by active soil pressure.
a) Wall movement occurring in the form of rotation. b) Wall movement occurring in the form of

sliding.

When the wall moves slightly towards the ground, an increase in resting soil
stresses occurs. After this increase exceeds a certain limit, heaving and subsequent
disruption of soil stability lead to the formation of slip surfaces. The pressure
exerted by the wedge on the wall when it moves towards the ground behind it is
called passive soil pressure. Passive soil pressures developing as the retaining wall
moves towards the ground cause lateral strain in the soil in the form of
compression. If the wall movement is sufficient, it acts upon maximum passive soil
pressures.

For active and passive pressures to occur, a certain displacement must be
exceeded. The relationship between the required displacement amount and wall

height (H) for cohesive and non-cohesive soils is given in table 1.
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Table 1. Displacement ratios required for active and passive states to occur (Coduto, D, P., 200)

Required displacements
Ground Type Active state Passive state
Compact sand 0,001 H 0,020 H
Loose sand 0,004 H 0,060 H
Hard clay 0,010H 0,020 H
Soft clay 0,020 H 0,040 H

The value of passive soil pressure (Kp) is greater than the value of active soil
pressure. Accordingly, the inequality K,<Ko<K, is valid for soil pressure
coefficients [2]. The formation of active and passive pressure according to wall

movement is shown in figure 2.

K Lateral Ground Pressure

Passive

3 \ -
e | M
L u
\;\ l Silence
Passive ~\ ¢

Active

Active

- Ax
Rotation H

Figure 2. Active and passive thrust according to wall movement.

The forces and displacements acting on retaining walls create a complex soil-
structure interaction problem. Displacements are often not used directly in design.
Generally, the forces acting on the retaining wall are calculated, and the wall is
designed to resist these calculated forces with a safety factor, provided that the
displacements remain within allowable limits. Studies on the calculation of static
soil pressures were conducted by Coulomb (1776) and Rankine (1857).
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These two theories are valid methods for calculating static pressures acting on
retaining walls.

Rankine's Theory.

In Rankine's Theory, when plastic equilibrium is reached, the soil pressure
problem is solved with the following assumptions:

1. The soil is homogeneous and isotropic.

2. The shear surface is assumed to be planar.

3. The ground surface is assumed to be planar.

4. The wall is of infinite length and the problem can be solved planarly.

5. The wall moves enough for active and passive stresses to occur.

6. The resultant force consisting of normal and shear stresses acting on the
wall acts parallel to the slope of the fill.

* Except for assumption 4, it is assumed that the other 5 assumptions do not
conform to reality. It is accepted for the general solution because it does not cause
large errors in terms of facilitating calculations.

* Even if the soil is homogeneous, it is not isotropic. Since the fill placed
behind the retaining wall is often compacted, it exhibits anisotropic properties.
This anisotropy is a natural property of the fill.

* The planar nature of the shear surface is not valid for many soils. Because
the slip surface is close to a parabola. The planarity of the ground surface is created
by two or more fractures for architectural reasons, so the Rankine solution is
usually invalid.

» The assumption that there is no friction between the wall and the ground
(0=0) is the weakest aspect of the Rankine theory. For example, if the back of a
concrete wall with an inclined ridge is filled with sand, the friction angle between
the wall and the ground reaches significant values [3].

Rankine's theory was developed for cohesionless soils and has been

generalized to cohesive soils, layered soils, groundwater, uniformly distributed
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loads, etc. In a semi-infinite medium, under two-dimensional conditions, shear

stresses are zero in an element of depth z under horizontal and vertical loads, and

principal stresses act on the element (figure 3).

The wall after the turn \

In front of the wall —+
]

Wall
T Tz
= I |
Behind z
the wall J’ E""— K.yz
ar ] -
B E_ s SEEEES E‘ S Geostatic (frictional) ground

pPressure

K,=1-sind* (Graniler)
K,=0.95-sind* | NC Kil)

K. =Koy I);cu«:;vﬁ-‘i

Ku_
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Figure 3. An element of depth z in two-dimensional conditions [4].

According to Rankine's Theory, in a semi-infinite medium, considering the

horizontal displacements of soils, a state of rest (elastic equilibrium) and a state of

plastic equilibrium (active and passive states) occur.

The state of rest (elastic equilibrium) is the lateral pressure acting on a

retaining wall when there is no displacement in the soil medium. This pressure is

called the soil pressure at rest, and the state of rest is calculated using Equation 1.

Here;

c0 = oy = KO x od

- 6o. Horizontal soil pressure at rest;

- o4. Vertical stress;

- Kq: Coefficient of soil pressure at rest.
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Commonly used relationships in practice are given in table 2. Some Ko values

depending on the soil type are given in table 2.
KO = (1-Sin [0') or KO =v/(1-v) (2)

- KO: Coefficient of soil pressure at rest;
« [1': Effective shear resistance angle;

* v : Poisson ratio of the soil.

Table 2. Typical Ko values according to soil type (Uzuner, 2007)

Soil Type Ko
Loose sand 0,4
Compact sand 0,6
Soft clay 0,6
Hard clay 0,5

Plastic Equilibrium State: In a soil environment, a plastic state occurs when
the soil undergoes lateral deformation (compression or expansion).

Rankine Theory in Cohesionless Soils.

Active Rankine State: If the soil is subjected to lateral expansion, the lateral
pressures acting on the retaining structure are called active pressures; this state is
called the active state. An active state occurs behind the wall when the wall is
rotated or moved forward, and active lateral soil pressure acts on the wall (figure 4).

The distribution of active lateral soil pressure increases linearly with depth. In
Rankine theory, it is assumed that there is no friction between the wall back and
the soil, and that the wall back surface is smooth. While this assumption greatly
simplifies the calculation of lateral soil pressures, it should not be overlooked that

some friction actually occurs.
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Figure 4. Active state behind retaining wall in cohesionless soil.

In the active state, the following relationships exist between horizontal and
vertical stresses:

.ca=KaXxod=Kaxynxz (3)

Ka = tan? [45-( 0/2)] 4)

- Ka : Active ground pressure coefficient;
- oa . Active lateral ground pressure;
- od : Vertical stress;

« [J : Internal friction angle.

Passive condition (passive Rankine condition): If the soil is subjected to
lateral compression towards the backfill, the lateral pressures acting on the

retaining structures are called passive pressures, and this condition is called the
passive condition.
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When the retaining wall moves or rotates towards the backfill, a passive
condition is created behind the wall, and passive lateral soil pressure acts on the
wall. The distribution of passive lateral soil pressure increases linearly with depth.
In the passive condition, the following relationships exist between horizontal and

vertical stresses.

op =Kp xod=KpXxynxz (3.5)

Kp = tan? [45+(0/2)] (3.6)

- Kp: Passive ground pressure coefficient;

- op: Passive lateral ground pressure.

According to Rankine theory, the active lateral soil pressure acting on a

retaining wall in a general soil, i.e., a cohesive soil (¢c£0, [1#0), is given in figure 6.
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Figure 6. Active condition behind retaining wall in cohesive soil.

In Figure 6, tensile stress (-) occurs in the soil at depth AC. In practice, since
the soil does not experience tensile stress, no lateral soil pressure occurs behind the

wall along the AC depth.

Cann = ~2¢,/K, (3.7)

Oape = _ZC\/Z+ KaxyqxH (3.8)
2¢K,

~20 K, +K, xy,x2p =0 = gz :KaXYn (3.9)

In a general soil type, i.e., a cohesive soil (c#0, [1#0), the passive lateral soil

pressure acting on a retaining wall according to Rankine theory is shown in figure 7.

O pan = 264K, (10)
G p(a-g) :2CK+Kp xynxH (11)
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Figure 7. Passive condition behind a retaining wall in cohesive soil.

The equation (4) giving the active lateral soil pressure coefficient K, and the
equation (6) giving the passive lateral soil pressure coefficient K, as defined in
Rankine's Theory, are valid when the backfill of the retaining wall is horizontal. If
the fill makes an angle g with the horizontal, K, and K, are calculated using the

following equations (12 and 13) (figure 8).

K, =cosf cosP R _ (12)

cos B + \/cosz B —cos?

K, =cosf cosb N _ (13)

cosf — \/cosz B —cos? ¢

st 3

Figure 8. Case of backfill making an angle with the horizontal in cohesive soil.
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The minimum shear and rotation amounts required for active pressure to occur

in retaining walls are given in table 3.

Table 3. Minimum shear and rotation amounts creating active pressure in retaining walls [5].

Soil Type Sliding Rotation
Sand (0,001-0,002)H 0,001

Hard clay (0,01-0,02)H 0,004

Soft clay (0,02-0,05)H 0,004

Conclusion. The risk-free development of retaining walls depends on the
correct assessment of the soil-wall interaction. As a result of the movement of the
wall, calm, active and passive states arise in the ground, and depending on the soil
type, the changes in the soil necessary for the formation of these states occur. It
changes. Although Rankine's theory is based on simplified assumptions, it is
widely applied in the calculation of active and passive soil pressures for both
cohesive and non-cohesive soils.

As a result, the correct determination of soil parameters, consideration of the
effect of wall movement and the selection of an appropriate soil pressure theory

ensure the durability of retaining walls. These are the main conditions.
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SUMMARY

The article considers the issue of mathematical modeling of water pollution risks
during oil production on the Absheron Peninsula. During oil production in the
Absheron region, the water flow rate directly affects the spread of the risk of
poisoning. As a result of the study, it was found that a fast flow can cause pollution

over a wider area, but the decomposition process can reduce this effect. Models of

135


mailto:abdullayevanuriyye@aztu.edu.az
mailto:gunayabbaszade5@gmail.com

N.Z.Abdullayeva, G.S.Aliyeva

this type are important for environmental control and forecasting. Regression
equations are presented that can be used to assess the impact of advection and
diffusion processes on the spread of poisoning in water. These equations are
empirically and analytically constructed based on simulation results. The
simulation showed that the flow rate is one of the main factors in the spread of
poisoning in water. A multi-component regression model can be used as an
effective tool to predict this relationship. A multi-component regression model
allows us to quantitatively explain how the process of poisoning in water depends
on various parameters and to make predictions with these models in the future. The
model shows that solar radiation plays an important role in increasing the level of
environmental toxicity. This effect can be stronger, especially at noon and in open

air conditions. This model can be used for ecological forecasts and risk assessment.

Introduction

The Absheron Peninsula, along with its rich oil reserves, is one of the areas
exposed to high anthropogenic impact. During the oil production process, oil
leakage into the aquatic environment causes damage to flora and fauna,
deterioration of water quality, and environmental pollution with toxic substances.
Therefore, the use of mathematical models for the preliminary assessment and

prediction of ecological risks is of great importance.

The process of spreading oil in a water basin during an oil spill mainly depends on

the following factors:

- Physical properties of oil (viscosity, density, etc.)
- Water flow velocity

- Diffusion and advection process

- Temperature and wind direction

Taking into account these parameters, mathematical expressions modeling the
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spread of oil in water are established.

The two-dimensional advection-diffusion equation is used to describe the

dispersion of oil in the aquatic environment:
dC/ot +u 6C/ox + v 6C/dy = Dx 62C/ox? + Dy 62C/oy? - AC (1)
where:
- C(x, y, t) — concentration of oil in space over time (mg/L),
- U, v — velocities of water in the corresponding x and y directions (m/s),
- Dx, Dy — diffusion coefficients (m?/s),
- A — oil degradation coefficient

Analysis shows that as the water flow rate increases, oil spreads faster, but its
concentration decreases. In cases where the diffusion coefficient is large, the oil
slick spreads over a wider area. When the degradation coefficient increases, the
amount of oil remaining in the water begins to decrease over time. Mathematical
modeling and simulation are effective tools for assessing environmental risks
arising in the aquatic environment during oil production on the Absheron
Peninsula. The model can be applied for predicting and monitoring harmful

impacts on nature.)
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Figure 1: Oil spread trajectory (t=1 hour)
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Oil and other pollutants leaking into water bodies during oil production on the
Absheron Peninsula pose a serious threat to the ecosystem. The aim of this study is
to investigate the effect of water flow velocity on the spread and decomposition of
toxic substances and to present this process with a mathematical model and

simulation.

The model is based on the advection-diffusion-decomposition differential
equation:

o0C/ot + voC/ox = D&*C/ox? - kC
(2)Where:

C(x,t) — concentration,
v — water flow velocity (m/s),
D — diffusion coefficient (m?/s),

k — decomposition coefficient (1/s)
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The model was simulated with the following parameters:
- Flow velocity (v): 0.05 m/s

- Diffusion coefficient (D): 0.01 m?/s

- Disintegration coefficient (k): 0.02 1/s

- Distance: 100 m

- Simulation time: 1 hour (3600 s)

The graph below depicts the spatial concentration level of the toxic substance at
different time points (0, 15, 30, 45, 60 minutes). It is shown that although the flow

carries the substance far, the decomposition process gradually reduces its amount.

FIGURE 2. Spread of poisoning during water flow in the Absheron region
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Model and simulation show that the water flow rate during oil production in the
Absheron region directly affects the spread of the risk of poisoning. Fast flow can
cause pollution over a wider area, but the decomposition process can reduce this
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effect. Models of this type are important for environmental monitoring and
forecasting. [1]

This section presents regression equations that can be used to assess the impact of
advection and diffusion processes on the spread of poisoning in water. These
equations are established empirically and analytically based on simulation results.
The presented regression equations can be used to assess the impact of diffusion
and advection processes on the spread of toxic substances and to build simplified
forecast models. Each equation should be calibrated according to specific site
conditions.

In this section, a simulation of the concentration of poisoning in water depending
on distance and water flow rate was carried out based on a multi-component
regression model. The model was built based on the following parameters.

Regression Equation
C=12-31v+28:D-45k-0.0003-t-0.02:x (3)

Where:

- v — water flow velocity (m/s)

- D — diffusion coefficient (m?2/s)

- k — partition coefficient (1/5)

- t—time (S)

- X — distance (m)

Simulation Parameters

- D =0.015 m?/s

-k=0.02 1/s

-t =1800 s (30 minutes)

-v =[0.02, 0.04, 0.06] m/s (three different cases)

- X € [0, 100]

Simulation Graph

The graph below shows the variation of concentration with distance for different
flow velocities. As speed increases, the concentration of the toxic substance
decreases, although it is transported over a greater distance. [2]
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FIGURE 3. Dispersion concentration of oil in water.

The simulation showed that flow velocity is one of the main factors in the spread

of waterborne contamination. A multi-component regression model can be used as

an effective tool to predict this relationship. Multi-Component Regression Model:

Toxic Concentration in Water

This model describes the dependence of the toxic concentration in water on factors

such as water flow, diffusion, decomposition, time and distance using the Multiple

Linear Regression method

The general regression equation is as follows:

Where:

- C — Concentration

C=Bo+PBiv+PaD+Bsk+Pat+Psx+e(4)

- v — Flow velocity (m/s)
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- D — Diffusion coefficient (m?/s)

- k — Disintegration coefficient (1/s)

-t—Time (s)

- X — Distance (m)

- ¢ — Error (model residual)

Exemplary regression equation based on simulation and analysis results:
C=12-31v+28D-45k-0.0003t-0.02:x (5)

Example of Use

For example, if:

-v=0.05

-D=0.01

-k=0.02

-t=1800s

-Xx=40m

Then:

C~=12-3.1-0.05+2.8:0.01-4.5-0.02 -0.0003-1800 - 0.02-40 = 0.088

The multi-component regression model allows us to quantitatively explain how the
process of poisoning in water depends on various parameters and to make

predictions with these models in the future.

Modeling and simulation of the effect of solar radiation on the concentration of
poisoning is one of the important factors. An increase in radiation energy
accelerates the evaporation and diffusion of toxic substances. This effect was

evaluated together with temperature and wind. [3]

Mathematical Model
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C=aT+b-W+cR+d(5)
Where:

- C — Concentration (relative unit)
- T — Temperature (°C)

- W — Wind speed (m/s)

- R — Solar radiation (W/m?)
-a=0.01,b=-0.05¢=0.0004,d=0.4
Simulation Parameters

- Temperature: 30°C (fixed)

- Wind speed: 2.0 m/s (fixed)

- Solar radiation: 100 — 1000 W/m?
Simulation Graph

The graph below shows the effect of solar radiation on concentration. The graph
shows that as radiation increases, the evaporation and presence of toxic substances

in the air increases.
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The effect of solar radiation on the poisoning concentration
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Figure 4. Effect of solar radiation on poisoning concentration

The model shows that solar radiation plays a significant role in increasing the level
of toxicity in the environment. This effect may be particularly strong during the
midday hours and in open weather conditions. This model can be used for

ecological predictions and risk assessment. [4]
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H (%) v (m/s) D (m¥5s) C (nisbi)
49.96 0.0567 0.0068 0.0115
96.06 0.0284 0.0124 -0.0457
78.56 0.0375 0.0055 -0.0463
67.89 0.0420 0.0186 0.0460
32.48 0.0474 0.0089 0.0506
32.48 0.0671 0.0149 0.0841
24.65 0.0320 0.0097 0.0554
89.29 0.0509 0.0128 -0.0163
68.09 0.0555 0.0132 0.0194
76.65 0.0228 0.0078 -0.0371
21.65 0.0565 0.0195 0.1299

145




N.Z.Abdullayeva, G.S.Aliyeva

97.59 0.0302 0.0166 -0.0174
86.60 0.0239 0.0191 -0.0019
36.99 0.0769 0.0184 0.1089
34.55 0.0779 0.0140 0.0942
34.67 0.0685 0.0188 0.1150
44.34 0.0383 0.0063 0.0095
61.98 0.0259 0.0079 -0.0161
54.56 0.0611 0.0057 0.0038
43.30 0.0464 0.0099 0.0310

Calibrated Regression Model with Artificial Real Data

Calibrated Regression Equation

C =0.0216 + -0.0016-H + +0.5920-v + +5.4437-D (6)

The model built based on the above artificial real data reflects the effect of

humidity, flow rate and diffusion coefficient on water toxicity. [5]
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Component

Concentration (%)

Function

Cationic surfactant (amine- | 3-5% Turns oil droplets into

oxide based) microemulsions

Oxidizing complex 5-7% Breaks down the C-H bonds

(potassium of oil

peroxymonosulfate + Fe**)

Silica-nanocomposite 5-10% It captures oil particles in the

adsorbent form of emulsion and
separates them from water.

Ascorbate buffer 1-2% Reaction control and
protection of aquatic
microflora

Chitosan micronized 1-2% Flocculation and
sedimentation of biologically
incompatible substances

Citrus bioenzyme blend 0.5-1% Bioactive transformation of
fractionated petroleum
components

Distilled water Residue Carrier phase of matter
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Mechanism of Action [6]

» Surfactant transforms oil droplets dispersed in water into a micron-sized

emulsion.

» Oxidizing complex neutralizes toxins by breaking down the carbon-hydrogen

bonds of oil.

» Silica adsorbent separates oil fragments from water by attracting them.

* Chitosan and ascorbate together stabilize water biologically and physically.

» Citrus enzymes degrade the broken molecules to carbon dioxide and water.

4. Economic Efficiency (per 1 m3 of water)

water

Component Quantity (approximate) Price (AZN)
Surfactant 30 ml 2.5
Oxidizing complex 50q 3.0
Silica adsorbent 100 g 2.5
Chitosan 10 q 1.0
Ascorbate buffer 5¢ 0.5
Enzymes 2ml 0.7
Operation and carrier — 1.5
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TOTAL: ~11.7 AZN / 1 m3 water

5. Advantages

* 90-95% removal of 100-300 ppm oil in 1000 liters (1 m?3) of water.
* Biologically compatible and maintains the pH balance of the water.

» Multi-component system provides both physical, chemical and biological

treatment. [7]
40-60% more efficient than traditional coagulants and filtration systems
AQUA-PETRO-CLEAN X7 Preparation Costs

This document presents the components, quantities and approximate costs required
to prepare 1 liter of AQUA-PETRO-CLEAN X7 chemical. This quantity is

sufficient to treat 1 m3 (1000 liters) of oil-contaminated water. [8]

1. Preparation Costs Table [9], [10]

Component Quantity Price (AZN) Note

Cationic 30 ml 2.50 For

surfactant (amine- microemulsion
oxide based) and dispersion
Oxidizing 50q 3.00 For the

complex (KHSOs breakdown of oil
+ Fe?) molecules
Silica- 100 q 2.50 Capture of
nanocomposite emulsion particles
adsorbent

Chitosan 10 1.00 Flocculation and
(micronized) sedimentation
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Ascorbate buffer [5q 0.50 Redox balancing
Citrus bioenzyme |2 ml 0.70 Enzymatic bio-
blend degradation
Distilled water 900 mi 0.50 Carrier medium
Ultrasonic 1 doza 1.50 Energy and
Dispersion and container costs
Packaging
Results

1. During oil production in the Absheron region, the water flow rate directly affects
the spread of the risk of poisoning. Fast flow can cause pollution over a wider area,
but the decomposition process can reduce this effect. Models of this type are

important for environmental monitoring and forecasting.

2. Regression equations are presented that can be used to assess the impact of
advection and diffusion processes on the spread of poisoning in water. These

equations are empirically and analytically constructed based on simulation results.

3. A multi-component regression model has been developed to quantitatively

explain how the process of poisoning in water depends on various parameters.

4. Solar radiation plays an important role in increasing the level of poisoning in the
environment. This effect can be stronger, especially at noon and in open air

conditions. This model can be used for ecological forecasts and risk assessment.
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SUMMARY

The article considers the issue of mathematical modeling and simulation of
environmental risks arising in the soil during oil production on the Absheron
Peninsula. As a result of modeling, the trajectory of oil impact on the soil and risk
zones can be determined in advance. It is calibrated with field data. The results
obtained from the simulations can be used for land reclamation and preventive
measures. Mathematical modeling of the process of changing the impact of oil on
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the soil depending on the advection diffusion process is given. The spread of oil in
the soil layers is described by the following differential equation:

At the same time, the change in the rate of evaporation of oil from the soil
depending on meteorological conditions is given. Mathematical modeling of the
impact of oil on the soil depending on the degradation coefficient is given. The
issue of mathematical modeling and simulation of the impact of oil on the soil
depending on meteorological parameters is also one of the decisive factors.

Introduction

The Absheron Peninsula is the most intensive region of Azerbaijan in terms of oil
production. Oil production causes soil pollution, ecosystem damage and health
risks. It is important to assess, model and simulate these risks.

The main sources of soil pollution are accidental oil spills, equipment wear and
tear and man-made leaks, pipeline corrosion, and leakage of residual oil products
into the soil. Let's look at the ecological risk factors

» Spread of oil in the soil profile (depth, radius)
* Soil type and structure

* Reaction of microorganisms in the soil

* Toxic components in the oil (BTEX, PAH)

* Precipitation and water movement in the soil
Oil Spread Model in Soil

To investigate the ecological risks posed by oil in soil, let us first give the
advection-diffusion equation

0C/ot =D ¢*C/ox? - v 0C/ox - ACC - Oil
concentration (mg/kg)

D - Diffusion coefficient (m2/s)
v - Flow velocity (m/s)
A - Degradation coefficient (1/s)
Risk Assessment Model (Toxicity Based)
R =[] C(x,t) * S(x) dx dtR - General ecological risk
S(x) - Soil sensitivity function
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A - Contamination area

T - Time range

Safety and Management Recommendations

* Application of soil monitoring systems (sensors, geodetectors)

* Ecological barriers and absorption layers

* Bio-remediation (use of microorganisms that will break down oil)

As a result of modeling, the trajectory of oil impact on the soil and risk zones can
be determined in advance. Calibration with field data is important. The results
obtained from simulations can be used for land reclamation and preventive
measures.

Mathematical modeling of the process of changing the impact of oil on the soil
depending on the advection diffusion process is one of the main factors. The
spread of oil in soil layers is described by the following differential equation:

0C/ot =D ¢*C/ox? - v 0C/0x - \CWhere:
C(x,t) — oil concentration in soil (mg/kg)
D — diffusion coefficient (m?/s)
v — advection velocity (m/s)
A — decomposition coefficient (1/s)

Based on the physical model results, the following regression equation was
constructed:

C=Bo+ Pi1:D + B2:v + B3:D? + Ba-v* + Bs-D-vWhere:
C — average oil concentration in soil (mg/kg)
D, v — diffusion and advection coefficients
Bi — statistical coefficients
Sample Regression Equation
C=85.3+1.2-Dx10°-3.5-vx10*-0.8-D?>x10"2 + 1.1-v*x108 - 2.4-D-vx10'°
Model Application Areas
- Prediction of ecological risk levels
- Analysis of oil spillage in different soil conditions

- Optimization of soil protection and restoration plans
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Mathematical modeling of the evaporation process in oil-contaminated soil is a
relevant issue.

The evaporation of oil from the soil surface occurs when volatile components of
the oil (e.g. BTEX, gasoline) are released into the air. This process depends on
factors such as soil temperature, moisture, wind speed, and oil concentration.

1st order Kkinetic approach
dM/dt = -k-M(t)Solution:
M(t) = Mo-e”\(-k-t)
Where:
M(t) — amount of oil remaining in the soil at time t
Mo — initial amount of oil
k — evaporation rate constant (1/s)
t—time
Dependence of Evaporation Rate on Meteorological Conditions
k=oT-V-(1-W)-e"-B-H)Where:
T — Temperature (°C)
V — Wind speed (m/s)
W — Soil moisture content (%)
H — Oil thickness or depth (mm)
a, p — experimentally based constants
Alternative Model — Diffusion Approach
J =-D-(0C/ox)Where:
J — evaporation flux (g/mz-s)
D — diffusion coefficient (m?/s)
0C/0x — concentration gradient (at the soil-air interface
The model gives the following results
- Warm air and dry soil increase evaporation
- Wet soil and high oil concentration reduce evaporation

- Evaporation is fast at the initial stage and then slows down
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With this model, the following issues can be solved

- Ventilation and restoration measures in oil-contaminated areas

- Ecological risk assessment

- Optimization of soil ventilation projects

Simulation of evaporation process in oil-contaminated soil

Model: M(t) = Mo - e(-K-t)

Initial oil amount Mo = 100 mg

Evaporation constant k = 0.05 1/h

Time interval: 0-72 h

Simulation Graph

Here:

J — evaporation flux (g/m2-s)

D — diffusion coefficient (m?/s)

0C/0x — concentration gradient (at the soil-air boundary

The model gives the following results

- Warm air and dry soil increase evaporation

- Wet soil and high oil concentration reduce evaporation

- Evaporation is fast at the initial stage and then slows down

With this model, the following issues can be solved

- Ventilation and restoration measures in oil-contaminated areas

- Ecological risk assessment

- Optimization of soil ventilation projects

Simulation of the evaporation process in oil-contaminated soil
Model: M(t) = Mo - e”(-k-t)

Initial oil amount Mo = 100 mg

Evaporation constant k = 0.05 1/h

Time interval: 0-72 h

Simulation Graph
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Simulation of oil loss through evaporation
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The graph below shows the amount of oil remaining in the soil over time.
Image 1: Exponential decrease in oil volume due to evaporation
Real Observation Data

Oil quantity observed in the soil for 3 days (synthetic, similar to real):
t = 0.0 hours, M = 100.96 mg

t = 3.8 hours, M = 84.59 mg

t=7.6 hours, M =69.72 mg

t=11.4 hours, M =58.42 mg

t =15.2 hours, M = 46.27 mg

t =18.9 hours, M = 38.60 mg

t =22.7 hours, M = 33.02 mg

t =26.5 hours, M = 27.07 mg

t =30.3 hours, M = 23.76 mg

t =34.1 hours, M = 18.56 mg

t =37.9 hours, M = 15.90 mg

t=41.7 hours, M = 11.44 mg

t = 45.5 hours, M = 10.76 mg

t =49.3 hours, M = 8.27 mg

t =53.1 hours, M = 6.99 mg

t =56.8 hours, M =7.12 mg

t =60.6 hours, M =5.24 mg

t =64.4 hours, M = 3.93 mg
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t =68.2 hours, M = 3.48 mg

t=72.0 hours, M =2.18 mg

Regression Equation

Model: M(t) = Mo - e™(-k-t)

Calibration Results

Mo (initial oil amount) = 101.39 mg

k (evaporation rate constant) = 0.0498 1/h
Graph 1

Evaporation-Regression equation and calibration

100 + x realobservation
—— calibrated model

sy o)l @
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o
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0 10 20 30 40 50 60 70
time (hour)

Image: Model calibrated based on observational data

Let's look at the issue of mathematical modeling and simulation of the impact of
oil on soil depending on the degradation coefficient.

The distribution and decomposition of oil within the soil is expressed by the
following equation:

C(x,t) = (Co/ N(4nDt)) - exp(-(x - vt)2/ 4Dt) - exp(-it)
Co =100 mg/kgD = 1.2e-06 m?/sv = 1.0e-04 m/sx = 1.0 mt = 3.0 saat
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Simulation Result

The graph below shows how increasing the degradation coefficient reduces the
concentration of oil within the soil. Graph 2

The concentration of oil in the soil, depending on the
source of degradation

218
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degradation coefficient A (x10-¢ 1/s)

The issue of mathematical modeling and simulation of the impact of oil on the soil,
depending on meteorological parameters, is also one of the decisive factors.

This simulation was developed to assess the impact of meteorological factors -
precipitation and wind - on the spread of oil in the soil.

Parameters

Precipitation (mm/day): 0-50

Wind speed (m/s): 0-10

Initial concentration: Co = 100 mg/kg
diffusion: Do = 1.5%107° m?/s
advection: vo = 1.0x10"* m/s

Modified diffusion and advection:
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D =Do (1 +0.05-rain)v = vo (1 + 0.1-wind)Concentration:

C=Co - exp(-a-D) - exp(-b-v)

Simulation Result

The graph below shows the change in the concentration of oil in the soil due to
changes in rainfall and wind.

Theimpact of oil on soil depending on meteorological parameters

10 70.5
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8 2
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= 57.0 -
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€ 4 5
= 2
{480 3
=

2
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% 10 20 30 40 so 20

precipitation (mm/day)

Image 2: Simulation result based on meteorological factors.
Calibration data based on real samples for meteorological parameters:
Rainfall (mm/day): 0, 10, 20, 30, 40, 50

Wind speed (m/s): 0, 2, 4, 6, 8, 10

Calibration Model
C =Co - exp(-a:D) - exp(-b-v)
D =Do (1 + 0.05-rain)

161



G.S.Aliyeva, N.Z.Abdullayeva

V =vo (1 +0.1-wind)

Calibration Results

a (precipitation impact factor) = 9.93e+04
b (wind impact factor) = 2008.44

Simulation Graph

Model calibrated on meteorological parameters
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Image 3 : Meteorological parameters according to the calibrated model

Mathematical modeling and simulation of the radius of spread of oil in the area

The radius of spread of oil in the soil or on the surface is modeled by the processes
of biodegradation and decrease in concentration over time, along with diffusion
and advection effects.

C(r,t) = (Co / N(4nDt)) - exp(-(r - vt)2/ 4Dt) - exp(-At)From this
model, the radius function for the threshold concentration is obtained:

r(t) = vt + \[ -4DtIn(C_thresh-\(4nDt)/Co) - 4Dt-At ]

Parameters
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o =100 mg/kg
C_threshold = 1 mg/kg
D =1.5e-06 m?/s
v = 1.0e-04 m/s
A =1.0e-06 1/s

Simulation Result

The graph below shows the change in the oil spread radius as time increases:

Oil spread radius over time

w -
- s L4

Oil spill radius (m)

N
T

0 2 & 6 8 10 12
time (hour)

Image 4 : Growth of the radius of influence of oil over time.

A New Chemical Compound That Breaks Down Oil from the Soil: “OXI-BIO-
KAT-7”

Consists of the following substances

1. Composition (at the molecular level)
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Component Function

Hydrophobic catalyst (Alkyl-siloxane |Recognizes and attaches to oil

based) molecules
Mikroemulsiya formalasdirict Microemulsion former (Nonionic
(Noniyonik surfaktantlar) surfactants)

Oxidizing agent (Peroxymaleate ions) |It breaks down the C-H bonds of oil
by oxidizing them.

Biostimulating amino acids (glycine, |Increases the activity of

serine) microorganisms
Mineral carrier (zeolite powder) Stabilizes the reaction on the soil
surface

In general, the change in environmental risks arising during oil production
depending on various parameters is a very important and urgent issue.

Results

1. Based on the obtained model, the trajectory of oil impact on the soil and risk
zones can be determined in advance.

2. The results obtained from the simulations can be used for land reclamation and
preventive measures.

3. Mathematical modeling of the process of changing the impact of oil on the soil
depending on the advection diffusion process is given, depending on factors such
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as the spread of oil in the soil profile (depth, radius), soil type and structure, the
reaction of microorganisms in the soil, and toxic components in the oil
composition (BTEX, PAH).

4. A description of the spread of oil in soil layers is given by a differential
equation.
5. Dependence of evaporation rate on meteorological conditions

6. Mathematical models of the impact of oil on soil, depending on the degradation
coefficient and meteorological parameters, allow determining the ecological risks
arising in the soil.
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9. B crarbe 10MKHBI OBITH CCHUIKHM Ha HAYYHBIE
UCcTOYHUKU. CIIHCOK JIUTEpaTypsl NPUBOIUTCS
B KOHLIE M JOJDKEH ObITh NPOHYMEPOBaH B
NOpsIKE CCBUIKM. EciM Ha TOT K€ MCTOYHMK
€CTh CCBUIKA B JPYIrOM MECT€ TEKCTa, TO OHA
yKa3bIBaeTcs IO

paHee  Ha3HAYCHHOMY

HOMEDY.

10. B cratbe momkHBI OBITH CCHLUIKM Ha

Hay4yHbIE HCTOYHUKHU. Crucox
UCIIOJIb30BAaHHOM JIMTEpaTyphl B KOHIE CTaThbU
JIOJDKEH TPOHYMEPOBaHBl HE B ajl(paBUTHOM
HOpsIZIKE, @ B TOM MOPAJKE, B KOTOPOM CCHUIKU
HaxXOZATCs B TEKCTe, Hanpumep, [1] wmm [1, c.
119]. Ecnu Ha Ty e auTepaTypy €CTh CCBUIKH
B JIpyTOM MECT€ B TEKCTE€, TO CChUIKA Ha
JAUTEpaTypy  JOJDKHA  ObITh  0003HaueHa

MPEAbIIYIIUM HOMEPOM.
11. Hayynsle craThbM, MOHOTpapuu U Jp.
CCBUIKM TocienHux 5-10 nmer B cHucke
JIUTEPATYPHI NPEAIIOYTUTEIIHHEL.

12. CtaTb¥ JOJDKHBI OBITH OPUTHHAIBHBIMUA U

HE TIIpeICcTaBICHHBIE paHee B JIpyrue
HAllMOHAJIbHBIE U MEXIyHapOIHbIE
YKYpHAJIBI U KOH(PEPECHITHH.

13. AHHOTaIus CTaTbu IOJIDKHA
COOTBETCTBOBATH COAEPIKAHUIO CTaTbHU.
AHHOTaIUIO CIENyeT CEpPbE3HO
OTPEAKTUPOBATH c HAay4YHOU u
rpaMMaTH4YE€CKOM TOYKH 3PEHUS.

14, ABTOpLI MOTYT IOPEKOMEHA0BATH

4 perieH3eHTaM MPOKOMMEHTUPOBATH CTAThIO.

15. TlpuHATHE W OTKIOHEHHE CTaThbu OyIeT
0O0BSBIICHO TIOCIIE OOCYKIEHUS PEIaKITMOHHON
KOJIJIETHEH.
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