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THU-SSS-AMT&ASVM-01

INTEGRATED PEST AND DISEASE MANAGEMENT IN RAPESEED
(CANOLA) CULTIVATION

Durim Verrija — Student
Technical University of Moldova
168 Stefan cel Mare Blvd.,
Chisinau, Moldova, MD-2004

Petya Angelova, PhD

Department Agriculture machinery,
University of Ruse “Angel Kanchev”
Tel.: +359 082 888 288

E-mail: pangelova@uni-ruse.bg

Abstract: Integrated Pest and Disease Management in rapeseed (canola) is a balanced approach that combines
three types of methods. Agronomic practices (such as crop rotation and resistant varieties) create an unfavourable
environment for the development of problems. Biological methods encourage the natural enemies of pests, while chemical
controls are used precisely and only when necessary to preserve their efficacy and minimize environmental impact. The
goal of this comprehensive approach is sustainable and economically viable production.

Keywords: canola, pest, disease.

INTRODUCTION

Brassica napus L., commonly known as rapeseed or canola, is a globally significant oilseed
crop, prized for its high-quality vegetable oil and protein-rich meal. Its cultivation, however, is
consistently challenged by a diverse array of fungal pathogens, insect pests, and viral diseases that
can cause substantial yield losses and economic damage. Conventional crop protection has
historically relied heavily on the prophylactic application of synthetic pesticides. While often
effective in the short term, this approach has led to unintended consequences, including the
development of pesticide resistance in pest populations, the disruption of beneficial arthropod and
microbial communities, and growing environmental and food safety concerns.
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Fig 1. Main Growth Stages of Winter and spring rapeseed
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In response to these challenges, Integrated Pest and Disease Management (IPDM) has emerged
as the cornerstone of sustainable canola production. IPDM is not a single tactic, but a holistic,
knowledge-based strategy that synergistically combines multiple control measures. This approach
aims to maintain pest and disease populations below economically damaging thresholds while
minimizing harmful effects on human health and agroecosystems. The core pillars of IPDM are
agronomic (cultural) practices, biological control, and the judicious use of chemical pesticides.

This report will provide a comprehensive overview of the modern IPDM framework for
rapeseed cultivation. It will detail the specific agronomic strategies designed to suppress pest
pressures, explore the role of biological control agents, and outline the principles for the rational and
targeted use of chemical interventions. By integrating these methods, producers can enhance crop
resilience, ensure long-term productivity, and align with the principles of agricultural sustainability

EXPOSURE

The cultivation of rapeseed (Brassica napus L.), particularly its canola variant, is a cornerstone
of global oilseed production. However, its agronomic success is perpetually challenged by a complex
of fungal pathogens, insect pests, and viral diseases that threaten yield stability and economic
viability. For decades, reliance on synthetic pesticides served as the primary line of defense. While
effective in the short term, this approach has unveiled significant drawbacks, including the accelerated
evolution of resistant pest strains, the detrimental disruption of beneficial ecosystems, and mounting
environmental concerns. In response to these challenges, Integrated Pest and Disease Management
(IPDM) has emerged as the paradigm of modern, sustainable agriculture. [IPDM is a dynamic and
knowledge-intensive strategy that moves beyond singular solutions, instead advocating for a
synergistic integration of agronomic, biological, and chemical methods. The overarching goal is not
the eradication of pests and diseases, but rather their sustainable management below economically
damaging thresholds, thereby ensuring long-term crop productivity, environmental health, and farm
profitability.

The foundation of any successful IPDM program in rapeseed is built upon robust agronomic,
or cultural, practices. These methods are primarily preventative, designed to create an environment
inherently suppressive to pests and diseases while promoting crop vigor. The most critical of these
practices is extended crop rotation. By rotating canola with non-host crops such as cereals or legumes
for a minimum of three to four years, the life cycles of host-specific pathogens like Plenodomus
lingam, the causal agent of Blackleg, and Sclerotinia sclerotiorum, responsible for Sclerotinia stem
rot, are effectively broken. This practice drastically reduces the inoculum potential present in soil and
infected crop residues. Complementing rotation is the strategic deployment of genetically resistant
varieties. Plant breeding has developed cultivars with both qualitative resistance, based on single
major genes, and more durable quantitative resistance, which is polygenic and partial. The use of such
varieties, especially when combined with other practices, provides a highly effective and low-input
form of control. Furthermore, meticulous attention to sowing practices—such as optimizing sowing
date to avoid pest peaks, ensuring shallow sowing in optimal soil conditions for rapid emergence, and
using high-quality seeds - establishes a uniform and competitive crop stand that is more resilient to
initial pressures.

Building upon this agronomic foundation, biological control methods introduce a layer of
natural regulation into the cropping system. This pillar of IPDM involves the conservation and
augmentation of living organisms to suppress harmful populations. A key aspect is the preservation
of naturally occurring beneficial arthropods, such as predatory ground beetles and parasitoid wasps,
which act as natural enemies to common pests like the cabbage stem flea beetle and pollen beetle.
Conservation is achieved by minimizing the impact of broad-spectrum insecticides and by enhancing
biodiversity on farm margins, for instance through the establishment of flowering strips that provide
nectar and habitat. Beyond macrobials, microbial biocontrol agents offer targeted solutions.
Commercially available formulations of beneficial fungi like Trichoderma spp. or bacteria like
Bacillus subtilis can be applied as seed treatments or soil amendments to protect against damping-off
and soil-borne diseases through competition and antibiosis. Additionally, the practice of
biofumigation, which involves growing and incorporating specific mustard species that release
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natural biocidal compounds (glucosinolates) into the soil, provides a potent tool for reducing the load
of soil-borne pathogens and weeds.

Within the IPDM framework, chemical methods are not abandoned but are instead employed
as a precision tool of last resort, guided by the principles of necessity and selectivity. The prophylactic
and calendar-based spraying is replaced by a decision-making process rooted in continuous
monitoring. The application of insecticides and fungicides is triggered only when scouting data and
established economic thresholds indicate that the cost of damage by the pest or disease will exceed
the cost of control. This threshold-based approach prevents unnecessary applications, thereby
conserving beneficial insect populations and delaying the development of resistance. Furthermore,
the strategic use of insecticide- and fungicide-treated seeds exemplifies a targeted chemical
intervention, protecting the vulnerable seedling stage with a minimal environmental footprint. When
in-season chemical applications are unavoidable, strict anti-resistance strategies are paramount. These
include the conscientious rotation of active ingredients from different mode of action (MoA) groups
and the use of pre-approved mixture partners to mitigate the selection pressure on pest and pathogen
populations, thereby preserving the efficacy of existing chemistries for the future.

During the growing season, rapeseed is attacked by diverse groups of pests. Flea beetles
(Phyllotreta spp.) cause characteristic holes in leaves, reducing photosynthetic activity. Pollen beetles
(Brassicogethes aeneus) damage flowers and negatively affect pollination and pod formation. The
cabbage aphid (Brevicoryne brassicae) weakens plants by sucking plant sap and transmitting viral
infections. Cutworms (Agrotis segetum) and diamondback moths (Plutella xylostella) damage stems,
leaves, and pods, with their larvae posing particular danger. The hairy rose chafer (Tropinota hirta)
acts during sunny days during flowering, damaging petals and stamens.

Significant economic losses are also caused by disease pathogens. Phoma stem canker
(Leptosphaeria maculans) appears in early development stages and leads to stem base infection and
plant lodging. Alternaria leaf spot (Alternaria brassicae) causes dark spots on leaves and pods, which
deteriorates seed quality. White mold (Sclerotinia sclerotiorum) and gray mold (Botrytis cinerea)
develop under high humidity conditions and damage stems, flowers, and pods. Powdery mildew
(Erysiphe cruciferarum) forms a characteristic white coating on leaves and reduces photosynthesis
intensity.

The application of integrated protection systems involves combining agronomic, biological,
and chemical methods. Among agronomic practices, the most important are crop rotation, selection
of resistant varieties, and adherence to optimal sowing dates and rates. Biological control includes
using natural enemies such as parasitic wasps (Braconidae) and predatory beetles (Carabidae), as well
as applying microbial preparations based on Bacillus thuringiensis and Trichoderma spp.

Chemical protection is applied targetedly and when necessary, following integrated
management principles. Fungicides such as Folicur and Amistar are used against main rapeseed
diseases, with treatment timing strictly linked to crop phenological phases. Insecticides like Sherpa
and Fastac are applied when economic thresholds are reached, considering their impact on beneficial
entomofauna. The growth regulator Moddus reduces lodging risk and improves plant stability.

—

-14 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2025, volume 64, book 1.2.

5
Fig 2. The major insect pests of canola: 1) Phyllotreta atra L.; 2) M.aeneus; 3 u 4) A dense colony
of cabbage aphid on the inflorescence apex; 5) Entomoscelis adonidis 6) T. hirta

Fig. 3.Rapeseed Diseases: Phoma and Alternaria

Effective rapeseed protection requires balanced application of all these methods, considering
specific farm conditions and the dynamics of pest and disease development. The comprehensive
approach ensures achievement of high and stable yields while maintaining ecological balance in
agroecosystems.

In conclusion, Integrated Pest and Disease Management in rapeseed cultivation represents a
sophisticated and holistic philosophy. Its efficacy is derived not from the isolated application of any
single tactic, but from the strategic synergy between its core components.
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Agronomic practices establish a resilient and suppressive foundation, biological control
introduces self-regulating stability, and chemical interventions provide a calibrated, emergency
response. By embracing this integrated approach, producers can navigate the challenges of rapeseed
cultivation towards a future that is not only productive and profitable but also environmentally sound
and sustainable.

CONCLUSION

The successful cultivation of rapeseed requires an integrated approach to pest and disease
management that combines agronomic, biological, and chemical methods in a balanced system.

The main pests - flea beetles, pollen beetles, cabbage aphids, cutworms, and diamondback
moths - cause significant damage to different plant organs during various growth stages, requiring
timely monitoring and intervention.

Diseases such as Phoma stem canker, Alternaria leaf spot, white and gray mold, and powdery
mildew can lead to substantial yield losses and quality deterioration, especially under favorable
weather conditions.

Agronomic practices, particularly crop rotation and selection of resistant varieties, form the
foundation of protection by creating unfavorable conditions for pest and pathogen development.

Biological control methods using natural enemies and microbial preparations provide an
environmentally friendly alternative that helps maintain ecological balance in agrocenoses.

Chemical treatments should be applied judiciously, based on economic thresholds and with
strict adherence to application timing, while implementing anti-resistance strategies.

The integration of all protection methods, adapted to specific growing conditions and pest
dynamics, ensures sustainable rapeseed production with high economic indicators while minimizing
environmental impact.

Continuous monitoring and implementation of modern scientific developments remain crucial
elements for effective rapeseed protection and yield optimization..
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Abstract: The strawberry (Fragaria % ananassa) is one of the most popular and economically important crops in
the world. It is highly susceptible to various diseases and pests that can cause significant damage. To ensure high yield
and fruit quality, it is essential to correctly identify problems and implement appropriate management methods. Spain is
a leading producer of strawberries in Europe, with the province of Huelva (Andalusia) producing 97% of the strawberries
for the domestic market and 30% for the global market. Despite the crop's economic importance, strawberry plantations
are exposed to a number of pests and diseases that can reduce yields and fruit quality. This report presents a review of
the main diseases and pests affecting strawberry crops, with particular emphasis on modern integrated management
approaches. The study critically evaluates the effectiveness of various control strategies, including cultural, biological,
biotechnical, and chemical methods, as well as their optimal integration into practice.

By systematizing the most current scientific data and practical achievements in the field, this report aims to serve
as a valuable source of information for researchers, practicing agronomists, plant protection product manufacturers,
and governing bodies involved in the development of agricultural policy.

Keywords: strawberry, pest, disease.

INTRODUCTION

The province of Huelva, located in the southwestern part of Andalusia, has become a global
leader in strawberry production, having established itself over recent decades as one of the most
competitive regions in the world in this sector. The region accounts for over 90% of Spain's national
strawberry production and a significant share of the European market, with supplies from Huelva
dominating the supermarkets of Central and Northern Europe during the winter and spring months.

The success of the sector is due to favourable natural conditions, the implementation of modern
technology, and the extensive experience accumulated since the late 19th century when the crop was
first introduced to the region. This unique synergistic effect is supported by a comprehensive
production chain, encompassing research institutions, efficient logistics, and a specialized workforce.

Huelva's Mediterranean climate, characterized by mild winters and warm summers, provides
ideal conditions for strawberry cultivation. - The region's average temperature ranges from 10°C in
winter to 25°C in summer, allowing for multiple harvests per year. The soil in Huelva is primarily
acidic, with a pH range of 5.5-6.5, which is well-suited for strawberry growth. The soil's high organic
matter content and good drainage also contribute to the region's success in strawberry production.
Strawberry cultivation in Huelva typically begins in September, with the planting of new crops.

Farmers use a variety of cultivation techniques, including: mulching to retain moisture and
suppress weeds; drip irrigation to optimize water use; integrated pest management (IPM) to minimize
chemical use; harvesting takes place from January to May, with the peak season occurring in March
and April; most strawberries are hand-picked to ensure quality and minimize damage. This report
aims to conduct an in-depth analysis of the multidisciplinary factors behind the exceptional
productivity and competitive advantage of the strawberry sector in Huelva. It will examine both the
physical-geographical determinants - climate, soils, and hydrology - as well as the technological
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innovations, socio-economic dimensions, and institutional framework that together form one of the
most successful models in modern European agriculture.
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Fig 1. Varieties of strawberries that exist in Huelva(March 2025)

EXPOSURE

Strawberries are a crop that is frequently attacked by various diseases and pests, which can
seriously affect both the quantity and quality of the harvest. Due to their high susceptibility to a wide
range of diseases, both bacterial and fungal - with the latter causing the most significant damage -
successful cultivation requires recognizing the main threats and implementing appropriate
management measures.

The disease Anthracnose is caused by Colletotrichum acutatum, a phytopathogen of fungal
origin. High air humidity and warm temperatures above 21°C favor the development of the disease,
with the optimum temperature being between 26 and 28°C. Spots appear on the leaves at the edges
and tips, with a variable shape, developing from the edges inward, with a dark brown color and a dry
appearance. Initially, small round spots with a gray or black color may appear. Round and concave
spots are noticeable on the fruits. At the beginning of the infection, the spots are light brown if the
humidity is high. Over the days, the spots darken until they turn black. Usually the pathogen attacks
ripe fruits, but if conditions are favorable, it also affects unripe fruits.

To prevent the spread, healthy plants are planted. Weeds that are hosts to the disease are also
controlled. In the presence of plants affected by the pathogen, the affected plant organs must be
removed, if the degree of infection is very serious, the entire plant must be removed. These measures
significantly reduce the spread of the disease, but it is good to apply others related to crop rotation
with others resistant to these pathogens.

Fungal diseases are the most common and dangerous for strawberries (Fig.2.). Gray Mold
(Botrytis cinerea) is particularly harmful, as it attacks the fruits, covering them with a characteristic
gray mold. The disease develops rapidly under humid conditions and can destroy a large part of the
crop. To prevent it, it is important to maintain good ventilation between plants, avoid overwatering,
and quickly remove infected fruits. When symptoms appear, treatment with suitable fungicides is
recommended.

One of the most common and dangerous diseases in strawberries is gray mold (Botrytis
cinerea), caused by the fungal pathogen Botrytis cinerea. The disease can attack leaves, flowers, and
the fruits themselves. When infected, the fruits are typically covered with a web of grayish spores,
after which they begin to decay and develop an unpleasant odor.
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Humid conditions and poor air circulation in the bed are main factors that favor the spread of
gray mold. Control measures include optimal plant spacing to ensure good air flow, regular removal
of damaged fruits, and, if necessary, treatment with fungicides approved for garden use.

Phytophthora cactorum (Root Rot): A fungal disease-causing damage to roots and vascular
system. Phytophthora is caused by a soil-borne fungus that attacks the crown and roots of strawberry
plants. Symptoms include dark brown lesions on the crown and lower part of the stem, as well as
yellowing and wilting of the leaves. Prevention measures include planting in well-drained soil and
avoiding excessive watering. Fungicides can also be used to treat the disease.

Powdery mildew (Podosphaera aphanis) is another common disease in strawberries, also
provoked by a fungal pathogen. The first sign is the appearance of a fine white coating on the leaf
surface, which can gradually cover the flower stalks as well. Over time, the leaves curl, wilt, and the
plant weakens significantly. Prevention against powdery mildew includes good soil drainage,
moderate watering, and reducing excessive moisture. It is recommended to avoid planting
strawberries too close together, and in case of severe infection, the use of specialized products may
be necessary.

Fig. 2. Diseases in strawberries: 1) Botrytis cinerea (Gray Mold; 2) Colletotrichum acutatum
(Anthracnose); 3) Phytophthora cactorum (Root Rot); 4) Powdery mildew

Strawberry pests are also diverse and can cause significant damage. Strawberry mites
(Tetranychus urticae) are one of the most common, causing yellowing and wilting of the leaves. They
develop rapidly in dry and warm conditions. Acaricides are used to control their population, as well
as biological methods with predatory mites.

Aphids (Aphis spp.) are another important problem, as they not only suck plant juices, but also
transmit viruses. They can be controlled with insecticides, but biological solutions, such as natural
enemies (e.g. ladybugs), are increasingly preferred.

Two-spotted spider mites do the most damage in hot, dry weather, which happens to coincide
with peak strawberry season. These mites will weaken the plants to the point where the greenery is
more vulnerable to adverse weather and hungry pests, and will likely not survive the following winter.
The mites primarily feed on leaves, especially on the undersides where they like to hide.
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They pierce the leaves with their sharp mouthparts, drinking the sap within the leaves and
causing the leaves to become stippled. This may not seem like a big deal in the grand scheme of
strawberries, but it gets worse when the number of aphids multiply drastically throughout the year.

Fig. 3. Strawberry pests: 1) Anthonomus rubi; 2) Damage caused by A. rubi adults on
strawberry fruit; 3)Myzus persicae; 4)Tarsonemus pallidus; 5) Two-spotted spider; 6)
Thrips; 7) Aphis spp.; 8) Spodoptera exigua

The two-spotted spider mite can lay up to 200 eggs at a time, all of which will hatch and live
on the strawberry plants throughout their adulthood. These pests are yellow and tiny, so they can be
difficult to spot if you are just scanning the tops of the plants. They leave behind wispy webs all over

-21 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2025, volume 64, book 1.2.

the plants they invade, and they look more like fake cotton webs than actual spider webs. The damage
from two-spotted spider mites can cause the strawberry plant to expand out of self-defense, but this
is not necessarily a good thing. It can grow to a dangerous size and eventually become too weak to
ward off other pests that come to feast on the leaves.

The strawberry mite develops about seven generations per year, which overlap and are
harvested at harvest time, when maximum density is reached, all stages can be observed on the
attacked plants - eggs, larvae and adults. It has a preference for young leaves with a delicate
consistency. each one remains hidden in the rosette of the plants and causes damage only there.
Depending on the degree of fall, crops can reduce their yield by 20 to 70-80%. The resulting fruits
are of reduced quality - small and with a low sugar content, and in very severe cases they can dry out.
Damaged leaves remain small and deformed, turn yellow and dry in dry weather or rot in wet weather.
The thinning of the leaves leads to a decrease in nutrients in the rhizome and to poor bud formation
in the first year. The symptoms resemble damage from stem nematodes and some viral diseases. The
grown leaves are damaged, but mites cannot be found on them, which makes it difficult to identify
the causative agent in a timely manner. The green peach aphid (Myzus persicae) is a common pest of
strawberries that can cause significant damage. It feeds on the sap of the plants, which leads to leaf
deformation, slowed growth and reduced yield. In addition, aphids are vectors of viral diseases that
can further damage the crop.

Thrips are tiny yellow-brown insects, can be found on any part of the plant. When thrips feed
on strawberry plants for long enough, they will cause multiple health issues for the crop. One is that
the flowers will start browning prematurely and be unable to eventually become the fruitful blossoms
that they need to be. Another effect is any fruit that does grow will be deformed from the start. Any
strawberries that are directly attacked by thrips will typically be any combination of hard, dull, tiny,
and unripe. When thrips invade in large numbers, they can ruin that year’s production of strawberry
plants and therefore render the surviving strawberries unsalvageable .

The larvae of some ground insects, such as leathoppers and other soil pests, damage the roots
and base of the stem, which leads to the loss of the entire plant. Proper soil cultivation, crop rotation
and, if necessary, soil insecticides are important for their management.

Spodoptera exigua poses a serious threat to strawberries because, due to warmer climatic
conditions, it reproduces rapidly and causes significant damage to the crops. The larvae of Spodoptera
exigua feed on the leaves of strawberry plants, leading to a loss of leaf mass and a weakening of the
plants. Damage to the leaves and fruits results in a reduction in the quality and quantity of the harvest.
In more severe cases, the pest can also damage the fruits themselves, rendering them unsuitable for
consumption.

Spodoptera exigua reproduces quickly and can produce multiple generations within a single
season, leading to a rapid spread of the population. In addition to strawberries, the pest can also feed
on many other crops and weeds, which further complicates control. Spodoptera exigua is developing
resistance to many pesticides, making its control even more difficult.

Integrated pest and disease management is the most effective approach. This includes a
combination of agrotechnical practices (regular cleaning of plant residues, proper feeding), biological
methods (use of beneficial insects) and limited use of chemical agents. The selection of resistant
varieties and compliance with correct agrotechnical practices significantly reduces the risk of mass
infections and attacks by pests.

Regular monitoring of crops allows for early detection of problems and timely response, which
is essential for the successful discovery of strawberries. With proper application, you will be able to
minimize all errors, and the harvest will be high-quality and abundant.

CONCLUSION

Proper crop management reduces the risk of infections. Integrated disease and pest
management, which is a combination of biological, mechanical and chemical methods, gives the best
results: crop rotation (not to plant strawberries after strawberries); the seedlings must be healthy and
certificated; the varietal composition must be correctly chosen according to the conditions under
which the crop is grown; to plant varieties that are resistant to most of the main pests in strawberries;
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new plantations must be as distant as possible from old ones and free from soil pests that attack
strawberries, including perennial weeds.Regular monitoring helps with early detection and rapid
response and limitation of damage.
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Abstract: The study outlines the stages involved in creating virtual test benches in the Matlab/Simulink/Simscape
programming environment. Two virtual test benches for research have been synthesized using appropriately selected
blocks: one for fluid transport systems and one for water level changes in two reservoirs, where water from one reservoir
flows freely into the other. The operation of the second bench is simulated for a specific object, whose data is entered into
an M-file. Graphics were obtained for the water flow rates supplied to the reservoirs, the change in the water level in
them, and the time at which the fluid supply to the first reservoir stops. The mathematical model describing the operation
of the test bench is presented.
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BBBEJIEHUE

[IporpamMuuar mpoaykT Matlab pasmonmara ¢ MHOXECTBO MaTeMaTHYEeCKH METOJH,
MpPOTpaMHUPaHH KaTo TOTOBU (YHKIIH, KOMTO TIO3BOJISIBAT PEIIABAHETO HA IIMPOK KPBI' OT 3a7a4 OT
obractTa Ha MUdepeHIINATHOTO U HHTETPATHOTO CMSITaHe, HEIMHEHHUTE CUCTEMH, ONITUMHU3AIIHATA.
Toii € MOIIIHO CPEeCTBO 3a CUMYJIMpaHe padoTaTa Ha peaTHU CUCTEMH.

[Tpu Moxenupane Ha MpoLeCUTe, MPOTUYAIIM B CHCTEMHUTE 32 TPAHCIIOPT Ha QUIyUAH, MOTaT Ja
ce ompenersT ABe cThIKH. [IbpBaTa € Mogenupane paboTara Ha OTJECITHUTE €IEMEHTH — IIOMIICHU
arperatu, TpHOOMPOBOIM, PE3EPBOAPU U JIp., a BTOpaTa — HACTPOWBAHETO M HHTETPUPAHETO UM
(Ivanova D., Krasteva A., Andonov K., 2005). 3a nenta morar ga ce moja3BaT rOTOBH OJIOKOBE OT
oubmmorekara SimPowerSystem (Krasteva A.,2020, Hristova M., Krasteva A., 2012), kato TpyaHOCT
P HACTPOMBAHETO UM € OTIPE/ICISTHETO Ha TEXHUTE mapaMeTpu. ChIecTByBaT pa3pabOTKH, B KOUTO
ce MoJienupa paboTaTa KaKTo Ha U3MOI3BaHUSA B €IEKTPO3aBIKBaIaTa cuctema asuraren (Krasteva
A.,2020, Hristova M., Krasteva A. Ruseva V., 2013), Taka u Ha 3aJBMXBaHUs O0OEKT (IToMIiaTa)
(Andrade-Cedeno, R.J. et al., 2022). AntepHaTUBeH MOAXO/ 32 pEIIaBaHE U aHATN3 Ha XUAPABINYHU
TpbOHU Mpexku B Matlab/Simscape e npeacrasen B (Gérémino Ella Eny et al., 2024), koiiTo ce cbcTou
B HAaMHUpaHEe Ha HEOOXOIUMHUS eOUT HAa M3TOYHHIINTE TPU M3BECTHA Tomorpadus Ha XUApPaBINIHA
Mpexa. C U3MON3BaHE BB3MOKHOCTUTE Ha BHCOKO DPAa3BUTHTE KOMITIOTHPHU TEXHOJIOTHH W
JOCTBITHUTE MPOTPaMHU TPOAYKTH 3a Ch3JaBaHE Ha MOJICNH, BU3YaIH3UPAHE U CHUMYJIHpaHE
paboTarta Ha pa3TMYHUTE BHIOBE CHCTEMH 3a TPAHCTIOPT Ha (QIYUAM € aHAIM3UPAH U ONTHMHU3ZHPAH
pa3xoabT Ha enlekTpuyecka eneprus B Tax (Dinolov O., 2011).

Henra Ha Hacrosuiata padora e B cpenata Matlab/Simulink/Simscape na ce cunTesupar
BUPTYaJIHU CTEHJOBE 3a M3CIIEJBaHE: HAa CUCTEMM 3a TPAHCHOPT Ha (UIyHIUM M M3MEHEHHETO Ha
HUBOTO Ha BOJaTa B JIBa pe3epBoapa, Mpu CBOOOIHO ¥ U3THYAHE OT MIBPBUS KbM BTOPHSI.

! JloknaasT € mpecTaBeH Ha CTyAeHTCKaTa Hay4dHa cecus Ha AVM® na 08.05.2025 T. ¢ OpHIHHAIIHO 3aIJIaBHE Ha
Owirapcku  esux: MOJEJIMPAHE HA CUCTEMU 3A TPAHCIIOPT HA ®JIYUWIU B CPEIATA
MATLAB/SIMULINK/SIMSCAPE.
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N3J10)KEHUE

EtanuTe npu ch3gaBaHe Ha BUPTyaJleH CTEH]I 3a M3CIIEABAHE HA CUCTEMHM 3a TPAHCIOPT Ha
dbayunu B cpeaata Ha Matlab/Simulink/Simscape ca Busyanusupanu upe3 06;10koBa cxema Ha ¢ur. 1.
ITpu odopmsaneTo Ha cTeHna, HeoOXoauMuTe OnokoBe oT Ombimorekara Simulink/ Simscape ce
pasnoJjarat B pabOTHOTO NMPOCTPAHCTBO HA HOBOCH3AaeHHs (Daiiil, HaIMUCBAT CE U CE HACTPOWBAT.

1 ) 2 ) 3 =) 4

OdopmsHe

CrapTtupaHe Cb3gaBaHe ha Hactponka
Ha Matlab/ | =) |1 3ana3saHe| EEE) ) Ha
. . 9 BUpTyaneH
Simulink Ha chann onokoseTe
CTeHA,

@ur. 1. Eranu npu ch31aBaHe Ha BUpTyalieH cTeH ] B cpeAata Ha Matlab/Simulink

Upes moaxosamio noaopaHu 0J10KoBe OT mporpamHara cpena Matlab/Simulink/Simscape, B
pa3paboTkaTa ca CHHTE3UPaHU JIBa BUPTyaJlHU CTCH/IA 3!

u3cieBaHe HAa CHCTEMH 3a TPAHCIIOPT Ha (QIIyn/u;

+ u3ciIeIBaHe M3MEHEHHETO HA HUBOTO Ha BOJATA B IBA PE3€PBOApa.

Bupryannust crenn (¢ur. 2) 3a u3cinenBaHe Ha CHUCTEMH 3a TPAHCHOPT Ha (Guyuad e
pa3paboTeH ¢ MoMolITa Ha porpaMuus npoaykT Matlab u npunoxenusita Simulink/Simscape kato
ce u3nosBar ciueaaute 0siokose (https://www.mathworks.com): Asynchronous Machine SI Units —
rotoB Mozen (6110k) Ha TpudazHa acuuxpoHHa mammHa; Three-Phase Programmable Voltage Source
— W3TOYHUK Ha TpHda3zHO mpoMeHnBo Hanpexenue; Three-Phase V-1 Measurement 3a m3mepBaHe
Ha TpU(a3HOTO HAMpex)eHue U Tok; Bus selector — Ha W3xoda My ce MoOJyyaBaT CTOWHOCTH 3a
YeCTOTaTa Ha BHPTEHE Ha Bajla Ha JBUTATENSI U €JIEKTPOMArHUTHUSI MOMEHT; Scope, Scope 1, Scope
2 — OCIWJIOCKOIIM 3a BU3yaJM3UpaHE HA 3aXpaHBAIIOTO JIMHEHHO HANPEKECHHE Ha aCHHXPOHHUS
JIBUTATEN, HUBOTO Ha Bojiata B pe3depBoap 1 (Tank 1) u peseproap 2 (Tank 2); Ideal Torque Sensor —
npeoOpa3yBa MPOMEHINBaA, TPEMHUHABAIIA TTPE3 CEH30pPa, B YIIPaBIISIBAILl CUTHAJ, MPOIIOPLIUOHAIICH
Ha BepTsusa MomeHT; Centrifugale pump —1ieHTpobexHna nommna; Solver Configuration — onpenens
napaMeTpuTe Ha BUPTYaJIHUS] MOJIEN NIpey crapTupane Ha cumyinanus; PS-Simulink Converter —
npeoOpa3yBa (pu3nyecku CUrHai B uzxojeH curnai Ha Simulink; Hydraulic Fluid — mocouBa tuna
XHMJIPABIMYHA TEYHOCT, U3MOJI3BAHA B IUKBJI OT XUJApaBIU4HU OnokoBe. [IpencraBenusT Ha ¢wur. 2
CTEH]| 3a W3Clie/iBAaHE Ha (IyHau € CTPYKTYpHpaH OT pa3iIUdHU OOEKTH: 3axpaHBaml OJIOK,
ACHHXPOHEH JBUTaTeN; IIEHTPOOES)KHA MTOMIIa; HAMOPHU M CMYKaJTHH TPHOOMPOBOIN; PE3EPBOAPH.

Three-Phase Confinuions
Programmable Three-Phase
Voltage Source V-l Measurement

Asynchronous Machine Bus
Vabe ¥
A A Scope SI Units Selector

<Rotor current ir_a (A)>
il labe ———»—] Tm

<Stator current is_a (A)>
B B a A

m
b B 307uipi
<Rotor speed (wm}>

c c

»—
*—

<Electromagnetic torque Te (N*m)>

Constant Head Tank1
A B o>
e I PS-Simulink 3 Y
imulinke cope:
Simulink-PS Ideal Angular Hydraulic Pipe LP Converler
Converteri -
Velocity Source1 T

Ci Constant Head Tank2

R .
C PS-Simulink A B v
T Converterd Centrifugal Pump T [
|deal Torque Sensor PS-Simulink
D

Hydraulic Pipe LP1 Converter1 Scope2

Solver
Configuration

Hydraulic Fluid
®ur. 2. BuptyaneHn Mozel 3a u3cieIBaHe Ha CHCTeMa 3a TPAHCTIOPT Ha QuIyuIu
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Cw3naneH e BUpPTyasieH cTeHa — Qur. 3, 3a u3cie/BaHe N3MEHEHHETO Ha HUBATa Ha BOJaTa B
JIBa pe3epBoapa, KaTo Ts ce U3TH4Ya CBOOOIHO OT IIbPBUSI BB BTOPUS Upe3 TPHOa, YUETO CEUCHHE CC
03Ha4aBa ¢ d;, m?. Toil ce CbCTOM OT TPH MOACUCTEMHM, O3HAUCHU Ha (QUT. 3 U noka3aHu Ha Qur. 4
karo: Subsystem 1, Subsystem 2, Subsystem 3. HactpoiiBaHeTo Ha OJIOKOBETE, U3MOI3BAHU B TSX, €

omrcaHo moapooHo B (https://www.mathworks.com).
o e

Subsystem 3

h2

ge scz wpt
chharge scap

Q2

» hz

1 = omioff|
Seth2

on/off

Set h2

Subsystem1

)

on/Off

Dicharge scape

Q1

h1

(o3]

i

h1

i

Subsystem2
®ur. 3. BI/IpTyaJ'IeH MOJCI 3a U3CJICABAHC HAa HUBATA HA BOAATA B ABA pE3€pBOaApa

MaremMaTHuHUIT MOJIEN, C KOMTO ce onucBa paboTaTa Ha CTEH/A, €:

dh
Ay = Q1 — a/2g((D); (1)
p dh, )
27— v 2g(h,(¢)) (2)

KBJIETO A, € IIomra Ha pesepsoap 1, m?;
A, — momnra Ha pesepsoap 2; m?
h, — HUBOTO Ha BoJlaTa B pe3epBoap 1, m;
h, — HUBOTO Ha BOJaTa B pe3eproap 2, m;
Q1 — neOUTHT Ha BO/IaTa, MOJIaBaHa KbM BTOPHSI pe3epBoap,
g — 3EMHOTO yCKOpeHue m/s?,

m3/s;

O—O——{ i —

On/Off
Relay

Seth2

L

Constant —
x Divide

Product
Dicharge scape

0) B)

@ur. 4. Bupryanau moaenu Ha: a) Subsystem 1; 6) Subsystem 3; B) Subsystem 2
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[TepBara moacucTeMa € ymHpaBisBaIlla UM OMpenesisi MOMEHTa, B KOWTO ce INpeyCTaHOBSBa
MoJlaBaHe Ha BOJA KbM IbPBUS pe3epBoap. B HacTosmus Moaen ToBa CTaBa, KOraTO HUBOTO Ha
BOJIaTa BB BTOPHUS PE3epBOAp CTaHEe 2 m. Y CIOBUETO MOXKeE Jja Objie MPOMEHEHO, aKo B Oyioka Set ho
(¢ur. 3) ce BbBene apyra croitHOCT. [1eOuThT, mogaBan B Subsystem 2, e o3HaueH ¢ Q.

JlaHuuTe 32 M3caeBaHus 00CKT U HEOOXOAMMHTE 3a LIENIUTE HA M3CIICIBAHETO N3UHCIICHHS Ce
BbBEXJAT B M-(aiin B cpegara Matlab. IIpeau craptupane Ha cumysanusaTa Ha BUPTYaTHUS CTEH]T
oT ¢ur. 3, Te ce 3apexkaaT B padOTHOTO MPOCTPAHCTBO, KAKTO € IMoKa3aHo Ha ¢wur.S. M3nons3Banu ca
cnennute o3Havenus: Dy, D, — nuameTpu Ha JiBaTa pesepBoapa, d — JuaMeTbp Ha TpbhOaTa, OT KOSTO

BOJIaTa C€ U3THYA OT I'bPBUS KbM BTOPHS pe3epBoap, L — IbiKuMHATA M.

rs\UseryDesktop\KOKO\tanks12.m (O Workspace

+ Name
2 cle “ @ al
3 D1=1;% meters Al
4 D2=1;% meters A2
5 d=2;% centimeters ans
6 L=2.5;% litres cl
7 s=1; % seconds d
8 D1
9 1-L/1000; % meters cubic D2
10 Q=1/s; % m"3/ sec dn
11 Al=(pi/4)*D1"2; % Area tankl !
12 A2=(pi/4)*D2"2; % Area tank2 = I{‘)ut
13 dn=d/10@; % meters
14 al=(pi/4)*dn"2; % Area dicharge ?
15 cl=sqrt(2%9.81);%
16

@

Command Window

% meters

centimeters

L=2.5:%

s=1; % seconds

1=L/1000; % meters cubic
Q=1/5; % m"3/ sec
Al=(pi/4)*D1~2; % Area tankl
R2=(pi/4)*D2~2; % Area tank2

dn=d/100; % meters
al=(pi/4)*dn*2; % RArea dicharge
cl=sgrt(2*9.81) ;%

Value

3.1416e-04
0.7854
0.7854

5

44294
2
1

1

0.0200

0.0025

2.5000

TxT SimulationO...
0.0025

1

@ur. 5. M-daiin (tanks12 m) u 1aHHU 32 U3caeABaHUS 00EKT, BU3yaJTU3UpaHHu B pabOTHOTO

npoctpancTBo Workspace

Upes mopenute Subsystem 2, Subsystem 3 morar ga ce HaOt01aBaT U3MEHUATA HA: IEOUTHTE
Ha BOJiaTa KbM ITbPBHUS U BTOPHs pe3epBoap M M3MEHEHHeTo Ha HuBaTa M. Ha ¢ur. 6 e nokaszan
MOMEHTHT Ha BKIIIOUBAHE Ha CUCTeMaTa, hy — HUBOTO Ha Bojara B pe3epBoap 1, m; @ — AeOUTHT Ha
BOJaTa, I01aBaHa KbM BTOpHs pesepsoap, m>/s, a Ha gur.7 — h, (HMBOTO Ha BOJaTa B pe3epBOap
2), m.

on/off, hl,m %107 Q1
T T T T

el — \ 1 osf

.
~

of T ot

L L L L L L L L
1500 2000 2500 3000 0 500 1000 1500 2000 2500

s 1,5
a) 0)
@ur. 6. I3mMeHeHue Ha: a) hy — HUBOTO Ha Bojara B pe3epBoap 1; 6) @, — 1eOUTHT Ha BojarTa,
nojaBaHa KbM BTOpHs pesepBoap, m3/s.

0 500 1000 3000
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. ‘ ‘ ] N3BOIHN

st 1 Cw3nazieH e BUPTyaJieH CTeH]I 3a U3Clie[IBaHe
3t 1 Ha CHCTEMHM 3a TPAaHCHOPT Ha ¢UIyHaud B cpeaara
257 1 Matlab/Simulink/Simscape. M3non3BaHu ca roToBH
OJI0KOBE OT MporpamMHara cpeia, C BbBEICHUTE B
LT ] TAX apaMeTpH.

1 Cw3aaneH e BUpPTyalleH CTeH]] 3a M3CIIeIBaHE
HAa HUBOTO Ha BojJaTa B JBa pe3epBoapa, Mpu
| | | | | CBOOOMHO W3THYaHE HAa BOJA OT MBPBUS KbM
0 00 1000 1500 2000 2500 wo  propus. Ilpu KOHKpeTHM JaHHM 3a O0O€KTa,

t,s

@ur. 7. I3MeHeHNe Ha HUBOTO Ha Bojgara B~ UPC/ACTABCHU B M-oaiin, e cumynupana paborara
peseproap — hy, m Ha crenza. Upes MOJENbT MOXKE J1a ce HaOJIIoAaBar

(BU3y3nmu3upar) AeOMTHUTE, TMOCTHIIBAIM B JIBaTa
pe3epBoapa, HUBaTa Ha BOJaTa B Pe3epBOAPHUTE, KAKTO U MOMEHTHT Ha BKJIFOUYBAaHE/U3KIIOYBAHE HA
cTeHa. MojenuTe ca OCHOBA 3a pa3padoTBaHe Ha BUpTyasieH cTeHa B Matlab/Simulink/Simscape 3a
OLICHKA Ha eHepruiiHaTa e()eKTUBHOCT HA MOMITCHH/BOJJOCHAOIUTCITHH CUCTEMHU.

REFERENCES

Andrade-Cedeno, R.J., Pérez-Rodriguez, J.A., Amaya-Jaramillo, C.D., Rodriguez-Borges,
C.G., Llosas-Albuerne, Y.E. & Barros-Enriquez, J.D. (2022). Numerical Study of Constant Pressure
Systems  with  Variable  Speed  Electric ~ Pumps.  Energies 2022, 15, 1918.
https://doi.org/10.3390/en15051918.

Dinolov, O., Krasteva, A., Andonov, K., Popov, G., Klimentov, KI. (2011). Energy efficiency
assessment of pumping and ventilation systems. Methodological guidelines for conducting
experimental research. Ruse, MEDIATECH, 2011, p. 56, ISBN 978-954-8467-12-4 (Opuzunanno
3aznasue: /{unonos, O., Kpvcmesa A., Anoonos, K., Ilonos, I'., Knumenmos, Kn.2011. Obcneosane
3a eHepauuHa epexmueHoCm Ha NOMNEeHU U BeHMULAMOpPHU Ypeobu. Memoouunu ykazanus 3a
npogesicoare Ha ekcnepumenmannu uzcieosanus. Pyce, MEJJTMATEX, 2011, cmp. 56, ISBN 978-954-
8467-12-4).

Gérémino Ella Eny, Honorine Angue Mintsa Eya, Gamany Luthenda & Abbas Aouissi. (2024).
Modelling and Simulation of Hydraulic Pipe Networks using Matlab /Simulink / Simscape. January
2024. International Journal of Engineering and Technical Research (IJETR) Volume 13 (2), pp.13-
19.

Hristova, M. & Krasteva, A. (2012) Study of a three-phase induction motor in the
Matlab/Simulink programming environment.// Proceedings of the Union of Scientists — Ruse,
Technical Sciences Series, 2012, issue 1, pp. 35-41 (Opucunanno 3aznasue: Xpucmosa, M.,
Kpvcemesa, A.,2012. Hzcnedsane ma mpughazen acunxpouen oOsuecamen 8 NpoOSpAMHAmMa cpeoa
Matlab/Simulink.// H36ecmus na cvroza na yuenume — Pyce, Cepus Texnuuecku nayxu, opoti 1, cmp.
35-41).

Hristova, M., Krasteva, A. & Ruseva, V. (2013). Determining the load on induction motors
under operating conditions using models in MATLAB and SIMULINK.// Energetika, issue 5, page
34-40 (Opucunanno 3aznaeue: Xpucmosa, M., Kpvcmesa, A., Pycesa B. 2013. Onpeoensne
Hamo8apeanemo Ha aACUHXPOHHU 08U2AmMenl 8 eKCHA0AMAYUOHHU YCI08UsL HOCPEOCMBOM MOOeNU 8
cpeoama Matlab/ Simulink. // Enepeemuxa, opou 5, cmp. 34-40).

Ivanova, D., Krasteva, A. & Andonov, K. (2005). Modeling of processes in a water supply
system. In: Scientific Papers of Angel Kanchev University of Ruse, Ruse, vol. 44, series 3.1, page
99-106 (Opuzunanno 3aznasue: Hsanosa, /., Kpvcmesa, A., Anoonos, K. 2005. Mooenupane na
npoyecume b8 6000cHabOumenna cucmema. B: Hayunu mpyoose PY ,, Aneen Kvnues “, Pyce, m. 44,
cepus 3.1, cmp. 99-106.).

-28 -


https://doi.org/10.3390/en15051918

PROCEEDINGS OF UNIVERSITY OF RUSE - 2025, volume 64, book 1.2.

Krasteva, A. (2020). Modeling and optimization of electrical energy consumption in electric
drives. Ruse, Academic Publishing House of the University of Ruse, page 110,ISBN 978-954-712-
825-5 (Opuzunanno 3aznaeue: Kpvcmesa, A.,2020. Mooenupane u onmumuszupane pazxooa Ha
efleKmpuiecka emepeus npu eiekmpuyecku 3aosudceanus. Pyce, Axademuuno uzdamencmeo Ha
Pycenckus ynueepcumem, cmp. 110, ISBN 978-954-712-825-5)

https://www.mathworks.com

-29 -


https://www.mathworks.com/

PROCEEDINGS OF UNIVERSITY OF RUSE - 2025, volume 64, book 1.2.

THU-SSS-THPE-02

FLOOD RISK MAPPING IN BISKRA CITY USING REMOTE SENSING
AND GIS TECHNOLOGIES

Billal Kheloufi, PhD student in Hydraulic

Department of Civil Engineering and Hydraulics, Faculty of Sciences and Technology,
University of Biskra, Algeria

E-mail: billal.kheloufi@univ-biskra.dz

Hachemi Ali, professor in Hydraulic

Ecology of Arid Ecosystems and Climate Risks Division, Scientific and Technical Research
Center on Arid Regions, CRSTRA Biskra

E-mail: alihachemi.hyd@gmail.com

Leila Mimeche, PhD in Hydraulic

Department of Civil Engineering and Hydraulics, Faculty of Sciences and Technology,
University of Biskra, Algeria

E-mail: Lmimeche@yahoo.fr

Meriem Boultif, PhD in Hydraulic

Ecology of Arid Ecosystems and Climate Risks Division, Scientific and Technical Research
Center on Arid Regions, CRSTRA Biskra

E-mail: boultif.meriem05@gmail.com

Abstract: Floods in all their form are considered a real threat to many regions of the world. There are various
types of floods, including those caused by the collapse of dams. Urban flooding is the most common and destructive type
of natural disaster. One effective strategy for managing and mitigating such floods involves using flood risk maps to
support informed decision-making. This study focuses on the delineation of the flood plain area caused by Manbaa-Al-
Ghozlan dam failure in the city of Biskra using the HEC-RAS 2D for hydraulic modeling, and evaluating three key aspects
of urban flooding: exposure, vulnerability, and overall flood risk, resulting from a potential failure of the Dam located
upstream of the city. A multi-criteria decision-making (MCDM) approach was employed to carry out the assessment. Six
factors were considered in determining vulnerability: land use, proximity to major watercourses (Oued), nearness to
drainage convergence zones, elevation, population density, and distance from primary roads. Each factor was weighted
based on its influence on flood vulnerability. The final flood risk map was developed by integrating hazard and
vulnerability data, enabling assessment of potential damage and economic impact. The map categorizes risk into four
levels: very high, high, moderate, and low. Findings show that over 63% of the study area falls within the high-risk
category, with water depths potentially exceeding 10 meters in the event of dam failure. This map serves as a valuable
decision-support tool for managing flood risks in arid and semi-arid regions.

Keywords: HEC-RAS 2D, Dam-breach, Remote sensing, Multi-criteria decision-making (MCDM), Flood risk

mapping.

INTRODUCTION

Flash floods are among the most dangerous natural hazards due to their severe social, economic,
and infrastructure impacts, particularly in developing countries (Da Silva et al., 2020). Understanding
the physical and spatial characteristics of risk factors like exposure and vulnerability is essential for
effective flood prevention (Tanoue et al., 2016). This makes flood assessment and mitigation a critical
challenge, especially in arid regions. Globally, several dam-related flood disasters have occurred,
including the 1979 Machu dam failure in India, which resulted in 5,000 casualties (Lempéricre, 2017).

Flood risk analysis linked to dam failure has gained attention recently, due to growing urban
development near reservoirs (Bales et al., 2001; Balogun & Ganiyu, 2017; Butt et al., 2013). The
complexity of flood control, involving many stakeholders and technical challenges, requires
integrated approaches like multi-criteria decision-making (MCDM) (Kopackova et al., 2007).
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MCDM tools, such as AHP-GIS, are widely used to identify flood-prone areas using various factors
like precipitation, slope, drainage, elevation, and land use (Armenakis & Nirupama, 2014).

Despite being highly vulnerable to climate variability, Algeria has limited knowledge and
preparedness regarding flash floods (Sumi et al., 2022). The country has faced both prolonged
droughts and urban expansion, often encroaching on natural waterways. In many areas, channels have
been rerouted, filled, or piped, as observed in the study area. Biskra, a rapidly growing city in
southeastern Algeria, lies along a major watercourse and has suffered significant flood events. This
study therefore aims to assess and map flood risks resulting from a potential failure of the Gazel
Fontaine Dam, located about 40 km upstream of Biskra.

METHODOLOGY

Case Study

Biskra City is located in southeastern Algeria, between latitudes 34.877° — 34.822° N and
longitudes 5.799° — 5.706° E. It lies 205 km inland from the Mediterranean Sea, separated by
mountainous and highland terrain, and is characterized by a dry climate with marked seasonal
variations. The average annual temperature is 20.05 °C, ranging from 3.75°C in December to
41.54 °C in July. Annual rainfall averages 307.69 mm, with precipitation levels varying between 6.81
mm in July and 36.82 mm in November (Benedib, 2021). The region sits at an elevation of 177 meters
above sea level and features flat terrain with minimal slope (Fig. 1).

1570 W 10°00'% SOTW 00T SOTE OTE
I 1 1 1

N

7 s
Legend
- State of biskra

- Nieghbors state
[ study Area
= D Biskra city
by [ Eloutaya city
[j Manbaa-Al-Ghozlan Dam

z DAgricultural area
2 550 275 O

SVON

S0u N
1

= W _ SSOU
F0YT

5'550°C S400°C

Fig. 1. Geographical location of the study region

Biskra is positioned at the base of the Aurés Mountains, 40 km downstream from the Gazelle
Fountain Dam, which has a storage capacity of 55.49 hm?. The city lies at the junction of Wadi El-
Hai and Wadi Djemora, which merge to form Wadi Biskra running through the city center. Rapid
population growth has driven urban expansion, particularly near Oued Biskra, resulting in disruption
of the wadi bed and a reduction in rangeland and bare soil areas between 2003 and 2020
(Boumsenegh, 2007) (Fig. 2).
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Fig. 2. Manbaa-Al-Ghozlan Dam (Watershed; Localization ; Dike and Spillway)

The Gazelle Fountain Dam is an earth-fill structure measuring 385 meters in length and 42.5
meters in height (crest elevation: 390 NGA), with an initial capacity of 55.49 hm?>. It was completed
in 2000 and became operational in 2006 to manage flooding from Oued El-Hai and support irrigation
for over 1,100 hectares in the El-Outaya region (NASP, 2003). The dam is fed by Oued El-Hai and
Oued Tamtam, located at elevations between 347 m and 2134 m, with an annual flow exceeding 20
hm?. The watershed spans two climatic zones, covering more than 175,871 hectares. a desert zone in
the province of Biskra and a semi-arid zone in Batna, each with an area of 32.739.71 ha. This region
is characterized by a flat terrain, of which 74.25% do not exceed 12 °C, while 25.75% of the watershed
has slopes greater than 12°C (Bendib, 2021).

Hydraulic modeling

Modeling is about reproducing, as much as possible, the course of a real process (Kepa, 2021).
The hydraulic model is a simplified representation of a hydraulic phenomenon; it is based on the
resolution of fluid flow equations at the level of artificial or natural channels. The efficiency and
precision of the calculations will depend directly on the quality of the basic data. In this work, we
will use HEC-RAS (Hydrologic Engineering Center River Analysis System) (version 6.1) software
to Modeling; this choice depends on the availability, simplicity, and quality of the exploitable and
interpretable results that are provided by this software. The model is capable of simulating 2D flow,
which gives it an advantage for estimating flood inundation. The model was developed based on the
full 2D St. Venant equations, solved using a finite difference scheme (Yakti et al., 2018).

Hazard Simulation

The HEC-RAS hydrodynamic model is used to create a flood exposure map for overflowed
dam failure scenarios. The water level in the dam is supposed to be at a normal level when a flood
with peak discharges of 4500 m>.s™! occurs, which is more than 1.5 times the total discharge capacity
of the dam spillway. The breach parameter of the scenario is estimated according to Froehlich (2008).
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Vulnerability Assessment and Input Criteria

The GIS tool was used here to collect and proceed with six (6) different thematic layers
according to their weights: Landuse, distance from the main watercourse (Oued), distance from the
drainage accumulation, Elevation, population density and distance from the main roads (Figure 4).
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Fig. 3. Input Criteria

Flood Risk Calculation

The above criteria will undergo an AHP (Saaty, 1988); this approach can be used to derive
flood priorities from a matrix of pairs of comparative flood judgments that lead to weighting each
criterion based on its impact on vulnerability to urban flooding. The final flood map was derived from
the sum of the weights multiplied by the rate of each criterion (factor) (Kittipongvises et al., 2020);
the main advantage of using the AHP pair comparison method is the ability to obtain a reliable
vulnerability and more flexible and easier to update the map (Kittipongvises et al., 2020), the degree
of vulnerability to flooding is calculated as:

Risk = Vulnerability * Hazard

Both vulnerability and hazard maps underwent a fuzzy membership analysis before multiplying
the two layers using the raster calculator tool in ArcGIS software; the MSlarge membership was used
because higher values of vulnerability and hazard indicate a higher risk value.

RESULTS AND DISCUSSION

Vulnerability Map

The assigned weights to each criterion, were used in a weighted sum approach using ArcGIS
10.4 software in order to estimate flash flood vulnerability; the result is a classified map according to
pixel values into four different vulnerability classes: The low vulnerability class Occupies 7.24%;
these areas are mainly situated away from the city center and the dense urban network and from flow
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accumulation areas. Moderate vulnerability Areas occupy nearly 25,24% of the city area; these areas
are relatively distant from the major waterway (Oued Biskra) but are relatively of low elevation and
characterized by a high population density and a denser road network; this area is a part of the old
city were the houses and especially the road network are less developed. High vulnerability class
occupies 27 28%, characterized by a higher population density, commercial activity and popular
markets, situated on low elevation around the city centre are the old city; old houses are concentrated
in this area, some of which are over a hundred years old. Areas of very high vulnerability occupy 40,
24% of the study area, mainly around the significant watercourse (Oued) and in areas of higher
density, situated in the centre of the old city, and on the El Alia section. In addition to high population
density, these areas are characterized by narrow, bifurcated roads and overlapping buildings,
especially in the Old city, making intervention in the event of a flood very difficult (figure 4a).

Hazard Map

In case of a dam failure, a submerged area measuring 13.21 km? becomes a critical concern;
the water depth in some parts of the city of Biskra can reach a staggering 43 m, posing a significant
threat to residents. Within the submerged area, approximately 12.85% (1.68 km?) experiences water
depths between 0 and 1.8 m notably some parts of the old city. Another 11.32% of the total emerged
area (1.48 km?) will potentially be emerged by 1.9 to 5 m of water around the city centre, the
equipment area, and the train station. While water could reach from 5 to almost 43 m of depth on 9.6
km? of the submerged surface which is more than 70% of the total area; this part presents one of the
largest population density centres in the city mainly near the major Oued where the depth ranges
between 11 and 43 m (Haret El Oued Area), as well as El Alia section that contains the principal
hospital, the central university and many administrative buildings (Figure 4b).
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Fig. 4. Output maps; a) Vulnerability map, b) Exposure map
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Fig. 5. Fuzzified vulnerability and hazard map

Risk Map

The risk is the result of vulnerability and exposure multiplication. For this, these two factors
were mapped and then fuzzified before the risk calculation (Fig. 6). The risk-situated zone covers an
area of 2.84 km?. Within this zone, approximately 22.25% is classified as a low-risk zone, making it
relatively safer in case of potential hazards, mainly far from the city centre, the major Oued and on
the peripheries of the El Alia section. Areas of moderate risk occupy 14.27% of the zone, indicating
a need for cautious monitoring and planning, mainly on some parts of the old city and the Northern
part of El Alia (residential neighbourhoods). The equipment zone is also within this area, it has a
significant economic importance, due to the factories and warehouses located there, in addition to the
railway and the train station, which is a vital centre for the logistics supply in the region. Conversely,
high and very high-risk regions, spanning 8.12 km?, constitute a significant 63.48% of the risk-prone
surface. These areas pose substantial threats to the population due to their situation on mainly
residential neighbourhoods. It is crucial to implement robust safety measures and emergency
preparedness in these regions, considering their dense population. Notably, this high-risk area is
inhabited by tens of thousands of people, as well as many popular markets, shops and several vital
infrastructures, including the principal hospital, children and maternity hospital, the central
university, banks, hotels, schools, health institutions, and an administrative district that houses
numerous government buildings.

The concentration of essential facilities further underscores the need for disaster resilience
planning and mitigation strategies (Figure 6b).
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CONCLUSION

The main objective of this study was to assess and spatially depict the flash flood risk degree
within the city of Biskra, situated in the South East of Algeria, through a comprehensive mapping of
vulnerability and exposure factors. Employing a GIS-based methodology, the research utilized the
AHP multicriteria analysis to evaluate six pivotal factors, which played a crucial role in
determiningvulnerability. Additionally, a HEC- RAS simulation was employed to assess exposure,
specifically evaluating water depth and potential flooding areas in the event of dam failure. The
outcomes of this analysis yielded two crucial maps, a vulnerability map and an exposure map.

The results show that the risk area is located on a surface of 2.84 square kilometres, of which,
the majority are located in the El Alia region and adjacent areas of the water stream (Oued Biskra).
Some parts of the Old City are located in areas of moderate risk due to the old age and the fragility
of buildings, in addition to the equipment area, which is dedicated to industry and storage; it has a
critical economic importance, as well as the train station, making it necessary to intervene in order to
protect this area. Al-Alia region in the northeast is mostly situated at high and very high-risk areas; it
is a highly populated section of Biskra. El Alia also includes many administration facilities,
infrastructure, residential buildings, shops and a popular market. Haret El Oued region is also a
classified area with a high risk due to its alignment with the main water stream, its low altitude and
its containment of a large number of ancient popular homes, residential buildings and several
important facilities such as the city's main post centre, court and general police directorate.

The main purpose of developing these comprehensive maps is to provide stakeholders with an
effective decision-making tool, facilitating their tasks in devising optimal management plans.
Additionally, these maps serve to communicate the risk situation prevailing in various parts of the
city and to caution against the haphazard expansion of residential neighbourhoods near the
mainstream of the oued; by providing essential insights into flood risk, this research aims to promote
informed decision-making and proactive urban planning to enhance the city's resilience to flash
floods.

-36 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2025, volume 64, book 1.2.

REFERENCES

Armenakis, C., & Nirupama, N. (2014). Flood risk mapping for the city of Toronto. Procedia
Economics and Finance, 18, 320-326. https:// doi. org/ 10. 1016/ s2212- 5671(14) 00946-0.

Bales, J., Sarver, K. M., & Giorgino, M. J. (2001). Mountain Island Lake, North Carolina:
Analysis of Ambient Conditions and Simulation of Hydrodynamics, Constituent Transport, and
Water-quality Characteristics, 1996-97 (Vol. 1, No. 4138). US Department of the Interior, US
Geological Survey.

Balogun, O. S., & Ganiyu, H. O. (2017). Development of Inundation Map for Hypothetical Asa
Dam Break using HEC-RAS and ARC GIS. Arid Zone Journal of Engineering, Technology and
Environment, 13(6), 831.

Bendib, A. (2021). High-resolution Alos Palsar for the Characterization of Water Storage at the
Fountaine des Gazelles Dam in Biskra, Eastern Algeria. Journal of the Indian Society of Remote
Sensing, 49, 1927-1938. https:// doi. org/ 10. 1007/ s12524- 021- 01365-y.

Boultif, M., & Benmessaoud, H. (2017). Using climate-soil-socioeconomic parameters for a
drought vulnerability assessment in a semi-arid region: Application at the region of El Hodna,
(M’sila, Algeria). Geographica Pannonica, 21(3), 142—150. https:// doi.org/ 10. 5937/ GeoPa n1703
142B.

Boumsenegh, A. (2007). Les inondations dans la ville de BISKRA Causes et Impacts. Magister
thesis. Faculty of Engeneering science,University of El Hadj Lakhdar, Batna Butt, M. J., Umar, M.,
& Qamar, R. (2013). Landslide dam and subsequent dam-break flood estimation using HEC-RAS
model in Northern Pakistan. Natural Hazards, 65, 241-254. https:// doi. org/10. 1007/ s11069- 012-
0361-8.

Da Silva, L. B. L., Humberto, J. S., Alencar, M. H., Ferreira, R. J. P., & de Almeida, A. T.
(2020). GIS-based multidimensional decision model for enhancing flood risk prioritization in urban
areas. International Journal of Disaster Risk Reduction, 48, 101582. https:// doi. org/ 10. 1016/j. 1jdrr.
2020. 101582.

Froehlich, D. C. (2008). Embankment dam breach parameters and their uncertainties. Journal
of Hydraulic Engineering, 134(12), 1708-1721.

Kittipongvises, S., Phetrak, A., Rattanapun, P., Brundiers, K., Buizer, J. L., & Melnick, R.
(2020). AHP-GIS analysis for flood hazard assessment of the communities nearby the world heritage
site on Ayutthaya Island, Thailand. International Journal of Disaster Risk Reduction, 48, 101612.
https:// doi. org/ 10. 1016/j. ijdrr. 2020.101612.

Kopackova, H., Komarkova, J., & Sedlak, P. (2007). Knowledge preprocessing in decision
making. In 7th WSEAS International Conference on APPLIED COMPUTER SCIENCE, Venice,
Italy.

Saaty, T. L. (1988). What is the analytic hierarchy process? Introduction In our everyday life,
we must constantly make choices concerning what tasks to do or not to do, when to do them, and
whether to do them at all. University of Pittsburgh.

Sumi, T., Kantoush, S. A., & Saber, M. (2022). Wadi flash floods: Challenges and advanced
approaches for disaster risk reduction. Berlin: Springer.

Tanoue, M., Hirabayashi, Y., & Ikeuchi, H. (2016). Global-scale river flood vulnerability in the
last 50 years. Scientific Reports, 6(1), 36021. https:// doi. org/ 10. 1038/ srep3 6021.

-37 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2025, volume 64, book 1.2.

THU-SSS-EC-01

BIOFERTILIZERS AND SUSTAINABLE CULTIVATION OF
LEGUMINOUS CROPS IN THE CONDITIONS OF SOUTHEASTERN
KAZAKHSTAN: ECOLOGICAL AND AGRONOMIC ASPECT

Zhanna Zhumabek — Student / PhD Student
Department of Soil Science, Agrochemistry and Ecology,
Kazakh National Agrarian Research University

Tel.: +7 702 358 0804

E-mail: zhanna.zhumabek@gmail.com

Assoc. Prof. Margarita Vasileva Filipova, PhD

Department of Heat, hydraulics and environmental engineering,
University of Ruse “Angel Kanchev”

Phone: +359 88 730 8311

E-mail: mfilipova@uni-ruse.bg

Assoc. Prof. Anarbekova Gulshat

Institute of Natural Sciences,

Kazakh National Women’s Teacher Training University
Phone: +7 702 899 2101

E-mail: gulchi 09@mail.ru

Abstract: Modern agriculture faces the challenge of soil degradation caused by excessive use of mineral fertilizers,
irrational agronomic practices, and climate change. This review article examines the impact of leguminous crops (Cicer
arietinum, Lens culinaris, Pisum sativum) on improving soil characteristics and the potential of using biofertilizers under
rainfed farming conditions in Southeastern Kazakhstan.

An analysis of global scientific literature shows that the inclusion of legumes in crop rotation promotes
atmospheric nitrogen fixation, improves soil structure, and reduces dependency on synthetic fertilizers. The paper reviews
studies conducted in various regions, including Iran, Russia, and Kazakhstan, confirming the effectiveness of biological
fertilizers—with properties similar to BioAzoPhosphite, Bioprotect, and Trihoderma Fighter—in increasing crop yields
and enhancing soil fertility.

Based on existing research, the article substantiates the necessity of studying these leguminous crops and
biofertilizers in the agro-climatic conditions of Southeastern Kazakhstan. Future research is aimed at assessing the effects
of biopreparations on soil characteristics, microflora, and crop productivity, which will allow the development of
recommendations for their effective use in sustainable agriculture in the region.

Keywords: soil degradation, leguminous crops, biofertilizers, nitrogen fixation, rainfed agriculture, Southeastern
Kazakhstan.

INTRODUCTION

Chickpea (Cicer arietinum), lentil (Lens culinaris), and pea (Pisum sativum) are key
leguminous crops that play an important role in ensuring food security and nutrition. Due to their high
content of plant-based protein, vitamins, and micronutrients, as well as their ability to fix atmospheric
nitrogen, these crops help reduce anthropogenic pressure on ecosystems [1]. Within the framework
of sustainable agriculture, they are considered tools for the biological intensification of farming and
restoration of soil fertility [1].

However, the productivity of legumes largely depends on agroecological conditions, including
water availability, soil type, and levels of agrochemical stress. Southeastern Kazakhstan is a region
of rainfed agriculture characterized by low precipitation, dry summer periods, and a moderately
continental climate. The dominant soils are light chestnut and sierozem (gray soils), which are low in
humus and prone to degradation. Under these conditions, it is critically important to implement
adapted agrotechnologies that improve nutrient efficiency and stress tolerance. One such solution is
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the use of biofertilizers—biological preparations containing beneficial microorganisms that enhance
nutrient availability and protect plants from pathogens.

Biofertilizers such as “BioAzoPhosphite,” “Bioprotect,” and “Trichoderma Fighter,” produced
in Kazakhstan, are intended for seed inoculation and plant treatment to improve nutrition and
protection. These formulations are presumed to contain a combination of nitrogen-fixing bacteria
(e.g., rhizobia), phosphate-solubilizing microorganisms, and antagonistic fungi of the Trichoderma
genus. It is known that Trichoderma strains are capable of synthesizing phytohormones and
stimulating plant growth, making them effective biofertilizers and biostimulants for agricultural crop
development [2]. Below is a review of studies on the effects of such biofertilizers on the planting and
yield of chickpea, lentil, and pea, as well as an analysis of current cultivation challenges and a
discussion of their importance for sustainable agriculture.

EXPOSITION

Biofertilizers and the Yield of Chickpea, Lentil, and Pea

Chickpea is an important food and fodder crop known for its ability to form symbiosis with
nodule bacteria and its high drought tolerance. However, to realize the yield potential of chickpea,
adequate nitrogen and phosphorus supply is essential, along with protection against pathogens during
the early growth stages. Traditionally, chickpea seeds are inoculated with rhizobia (Mesorhizobium
ciceri) prior to sowing, promoting the formation of a greater number of nitrogen-fixing nodules.
Experimental data indicate that the use of effective rhizobial strains can significantly increase
chickpea grain yield compared to untreated controls [3]. Additionally, the use of phosphorus-
containing biopreparations (phosphate-mobilizing bacteria) and biocontrol agents has a synergistic
effect. According to field trials in Punjab (India), the highest chickpea yield (~1.81 t/ha) was achieved
through the combined application of 100% phosphorus along with inoculation using rhizobia,
phosphate-solubilizing bacteria (Pseudomonas), and Trichoderma fungi [4]. In this integrated
treatment, significant improvements were observed in chickpea agronomic traits: increased plant
height, number of branches and nodules, dry matter weight, pod count per plant, and 100-seed weight
[4]. Such a technology, similar to the use of “BioAzoPhosphite” (nitrogen-fixing and phosphate-
mobilizing bacteria) in combination with “Bioprotect” and Trichoderma, can result in yield gains and
is recommended for adoption [4]. Besides improving yields, chickpea inoculation with biofertilizers
contributes to sustainable farming by reducing the need for mineral nitrogen and increasing fertilizer
efficiency.

Lentil is a valuable pulse crop widely cultivated in temperate and subtropical regions. It forms
symbiosis with Rhizobium leguminosarum, but the efficiency of biological nitrogen fixation depends
on the presence of effective strains in the soil. In practice, seed inoculation with specialized rhizobia
is often justified even in fields with a history of legume cultivation. A recent multi-year study in the
North American plains showed that lentil inoculation resulted in an average grain yield increase of
approximately 344 pounds/acre (~0.38 t/ha) in 30% of trials, and in no case was a yield decrease
observed compared to the uninoculated control [5]. This confirms the appropriateness of using
rhizobial inoculants: even if the effect is not always pronounced (depending on weather and soil
conditions), inoculation remains a cost-effective insurance practice for nitrogen nutrition in lentil.

In addition to nitrogen-fixing bacteria, other microbial preparations also positively influence
lentil. In particular, Trichoderma-based biofungicides can stimulate growth and productivity. Field
trials have shown that treating lentil seeds with certain 7Trichoderma strains significantly enhanced
plant growth and seed mass per plant. For example, inoculation with Trichoderma strain TH1 led to
a 169% increase in seed mass per plant compared to the control [6]. Other Trichoderma strains also
showed significant yield increases: seed mass per plant increased by 53—112% depending on the
isolate used [7]. These results highlight the strong biostimulant effect of Trichoderma on lentil,
expressed in improved yields. The product “Trihoderma Fighter,” containing highly active
Trichoderma strains, is potentially capable of providing similar gains by improving the phytosanitary
condition of crops (through suppression of soil pathogens) and stimulating root development.
Integrated use of rhizobial inoculants and biocontrol agents (7richoderma, Pseudomonas, etc.) in
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lentil may become a component of a resource-efficient agrotechnology that enhances yield without
increasing mineral fertilizer use.

Pea is a traditional temperate-zone legume widely used as both food and feed. As a legume, pea
can meet a significant part of its nitrogen needs through symbiosis with nodule bacteria (Rhizobium
leguminosarum). In cultivated fields with a history of legume production, the native rhizobial
background often ensures satisfactory nitrogen fixation. However, in new territories or where
legumes have not been grown for a long time, inoculation with highly effective rhizobia significantly
boosts productivity. For example, in southern Russia’s Non-Chernozem zone, inoculation improved
pea yield, increased grain protein content, and reduced soil impact due to enhanced nitrogen fixation
[8]. A dissertation study in the forest-steppe of Central Black Earth Region examined the effect of
seed inoculation and fertilizer application on nitrogen fixation, growth, development, yield, and seed
quality of pea. Results showed that inoculation increased the number and mass of active nodules,
leghaemoglobin content in nodules, and improved yield structure and seed quality [9]. These findings
confirm the importance of selecting the right strain and formulation of inoculants to boost pea yield.

In addition to nitrogen-fixing bacteria, peas—Ilike other legumes—respond positively to
microbial products that improve nutrient uptake and protect against diseases. It has been noted that
combining Trichoderma with peas promotes better plant growth and development. In one study, seed
treatment with Trichoderma asperellum T42 increased overall root absorption capacity, plant
biomass, and yield [10]. It is believed that Trichoderma improves pea nitrogen utilization (including
stimulation of nitrate reductase), leading to enhanced growth, particularly under good nitrate
availability [10]. Overall, integrating biopreparations into pea cultivation—such as rhizobial
inoculation (“BioAzoPhosphite” equivalent for nitrogen and phosphorus) and crop protection via
Trichoderma (“Trihoderma Fighter”)—helps increase yield through improved nitrogen and
phosphorus availability and reduced losses from root rot and other diseases. This is especially relevant
in intensive crop rotations where peas face increased phytopathogenic pressure and often suffer from
phosphorus deficiency amid declining organic matter in soils.

Current Challenges in Legume Cultivation

Despite agronomic advancements, producers of chickpea, lentil, and pea continue to face a
number of serious challenges. The key contemporary issues affecting the yield and sustainability of
these crops in various regions of the world are outlined below.

Global climate change is leading to an increase in extreme weather events—droughts,
heatwaves, and irregular precipitation—which negatively affects legume crop yields [11]. Chickpea
is traditionally considered a drought-tolerant crop, capable of withstanding hot and dry conditions
better than other legumes due to its deep root system and ability to enter anabiosis under water stress.
However, even chickpea suffers from extremely high temperatures during flowering and grain filling
stages. It has been observed that for every 1 °C increase above the optimal temperature, chickpea
yield decreases by 10—15% [12]. Modern chickpea genotypes may suffer complete yield loss (up to
100%) under extreme heat due to disrupted flowering and pod setting [13]. Similarly, combined
effects of heat and drought can reduce chickpea yields by 40-50% [12]. Lentil and pea are less heat-
tolerant, and high temperatures during flowering cause flower drop and a sharp reduction in pod
number. Prolonged drought is especially detrimental to pea due to its relatively shallow root system—
yield losses in dry regions can reach 40% or more [ 12]. Climate zone shifts are also causing traditional
growing regions to face atypical conditions—for example, an increase in spring droughts or excessive
moisture—necessitating adaptation of farming practices.

To maintain stable yields, climate adaptation measures are required: breeding of heat- and
drought-resistant varieties, optimization of sowing dates (e.g., earlier chickpea sowing to avoid heat
during critical growth phases), use of mulching and water-conserving techniques, and implementation
of stress-protective biostimulants. In this context, the use of biofertilizers discussed earlier can play
a valuable role: it is known that Trichoderma inoculation can enhance plant resistance to abiotic
stresses and improve water and nutrient use efficiency, thereby mitigating the impact of climatic stress
[14]. Thus, even highly adaptive crops like chickpea require comprehensive support—from breeding
to the application of stress-protective bioformulations, including biofertilizers.
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Soil Degradation and Declining Fertility

Alongside climate-related stresses, soil degradation contributes to yield instability. In
Southeastern Kazakhstan, where these processes are intensifying, it is especially important to
introduce crops capable of restoring soil fertility. The inclusion of legumes in crop rotations and the
use of biological preparations in such conditions become not only an agronomic but also an ecological
necessity.

Intensive agriculture and imbalanced fertilizer application have led to the degradation of soil
resources in many regions. According to FAO estimates, about one-third of the world’s soils have
already degraded, posing a serious threat to food security for millions of people [15]. Depletion of
organic matter, erosion, disrupted soil structure, and reduced natural fertility all negatively impact the
productivity of chickpea, lentil, and pea. These crops themselves contribute to the restoration of soil
fertility by fixing nitrogen and leaving behind a significant amount of residual nitrogen and organic
matter. For example, chickpea can fix 25-30 kg N/ha per season, enriching the soil with nitrogen
[16].

Nevertheless, on severely degraded soils, this may not be sufficient—plants may suffer from
deficiencies in phosphorus, sulfur, and micronutrients, as well as from poor water-holding capacity.
The degradation of chernozem and chestnut soils in arid zones reduces the yield potential of legumes,
even drought-tolerant ones, due to diminished reserves of productive moisture and nutrients.
Combating soil degradation requires a transition to more sustainable farming systems: the inclusion
of legumes in rotations, the use of green manures, reduced or zero-tillage practices to prevent erosion,
and the return of crop residues to the soil.

Biofertilizers are also part of the solution. For instance, phosphate-solubilizing bacteria can
convert poorly available soil phosphorus into plant-available forms, increasing the utilization
efficiency of legacy phosphorus accumulated in the soil. This is especially relevant on soils with a
long history of phosphate or superphosphate application, where a significant portion of phosphorus
remains locked in insoluble forms. In general, restoring soil fertility and preventing further
degradation are essential conditions for the stable cultivation of chickpea, lentil, and pea in the future
[17].

In this context, the development of rainfed agriculture becomes particularly significant—
especially in Southeastern Kazakhstan, where limited water resources and nutrient-depleted soils
demand effective and sustainable solutions. The present study is dedicated to improving legume
yields under rainfed conditions using biological preparations. To achieve this, it is especially
important to determine which of the available bioformulations demonstrate the highest efficiency
under the specific soil and climatic conditions of the region.

Phytosanitary Threats: Diseases and Pests

Leguminous crops are susceptible to a range of harmful diseases and pests that can significantly
reduce yield and product quality. In chickpea, one of the most serious diseases is fusarium wilt
(Fusarium oxysporum f.sp. ciceris), which can cause widespread plant mortality. Another major
threat is ascochyta blight (caused by Ascochyta rabiei), a fungal disease that affects chickpea leaves
and pods. Under weather conditions favorable to the pathogen (e.g., a rainy summer), ascochyta can
destroy nearly the entire crop—there have been documented cases of 100% yield loss in infected
fields [18]. In pea, a similar disease is caused by a complex of ascochyta pathogens (Ascochyta pisi,
Phoma medicaginis var. pinodella, etc.) and also leads to yield loss when untreated [ 19]. Lentil suffers
from fungal diseases such as anthracnose (Colletotrichum lentis), prevalent in North America, and
rust (Uromyces spp.), common in South Asia—both of which can reduce yield by 30-50% if not
managed. The spread of soil-borne phytopathogens such as Rhizoctonia, Pythium, and Aphanomyces
leads to root rot, suppressing plant growth; in recent years, outbreaks of Aphanomyces euteiches in
pea and lentil crops in Canada have rendered many fields temporarily unsuitable for cultivation.

Among pests, notable threats include cutworms and aphids in pea, and the chickpea pod borer
(Helicoverpa armigera), a chickpea-specific pest whose larvae damage pods and can destroy up to
30% of the crop without insecticide protection.
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Overcoming phytosanitary threats requires an integrated system of measures: breeding for
resistant varieties, seed treatment (including with biopreparations), fungicide application when
necessary, crop rotation, and spacing the return of crops to the same field. A promising direction is
biological control—using antagonistic microorganisms. One example is 7richoderma—a genus on
which many commercial preparations (including “Trihoderma Fighter”) are based, applied to
suppress soil fungal infections. Trichoderma competes with phytopathogens in the rhizosphere,
produces enzymes and antibiotic-like compounds against pathogens, and stimulates plant immunity
[20]. Studies on chickpea and other legumes show that 7Trichoderma inoculation reduces incidence
of wilt and root rot and can increase yield by 25-30% compared to infected but untreated controls
[21].

Bacterial preparations (e.g., “Bioprotect,” containing Pseudomonas or Bacillus strains with
antagonistic activity) used for seed treatment protect seedlings from fungal and bacterial infections
at early development stages, increasing field germination and initial plant vigor [21]. Combining
biological seed treatment with moderate use of chemical plant protection products yields the best
results: in production conditions, preventive fungicide application reduced chickpea yield losses from
ascochyta from ~96% to ~51% in susceptible varieties [22]. Thus, combating diseases and pests
requires an integrated approach where biological methods complement traditional ones, reducing
pesticide load and enhancing the ecological safety of agroecosystems.

Efficiency of Fertilizer Use

Another significant challenge is improving fertilizer use efficiency in legume cultivation
systems. Although legumes can partially meet their nitrogen needs through biological fixation,
achieving their full yield potential often requires supplementation with phosphorus, potassium, sulfur,
and micronutrients (such as molybdenum, boron, and zinc, which are critical for nitrogen fixation and
seed formation). In intensive farming systems, the problem of low fertilizer uptake efficiency is
especially acute. Global statistics show that plants absorb only about 25-50% of applied nutrients,
while the rest is lost from the soil through leaching, gaseous emissions, or conversion into insoluble
forms [23]. Specifically, the global average nitrogen use efficiency does not exceed ~50% [24],
meaning that nearly half of the applied nitrogen does not contribute to yield formation, instead
escaping into the atmosphere (as NoO, NOx) or leaching into groundwater (as nitrates). This not only
increases production costs (due to inefficient fertilizer use) but also causes environmental issues such
as eutrophication of water bodies and greenhouse gas emissions.

A similar situation is observed with phosphorus: a large share of mineral phosphorus becomes
unavailable to plants by binding with calcium in alkaline soils or with iron and aluminum in acidic
soils. Therefore, improving the fertilizer use efficiency (FUE) is a crucial goal in chickpea, lentil, and
pea agrotechnologies.

Addressing this issue requires both optimization of application rates and methods (e.g.,
localized starter phosphorus application at sowing) and the use of innovative agents that improve
nutrient uptake. In this regard, biofertilizers are a promising tool. Rhizobia provide plants with fixed
atmospheric nitrogen, reducing the need for mineral nitrogen. Phosphate-solubilizing bacteria (as in
products like “BioAzoPhosphite”) increase the share of plant-available phosphorus in the soil and
fertilizers by producing organic acids and phosphatases [25].

For example, in chickpea trials, inoculation with effective phosphate-solubilizing strains such
as Lysinibacillus macrolides and Pseudomonas pelleroniana, combined with moderate phosphorus
doses, improved plant phosphorus uptake by ~90% compared to the control [25]. The combined use
of biopreparations and fertilizers allows for reduced mineral fertilizer rates without yield loss.
Moreover, microbial activity improves root development and root absorption capacity, enhancing
uptake and utilization of mineral nutrients.

The use of biostimulants (such as seaweed extracts, humates, etc.) is also seen as a way to
increase nutrient absorption capacity and fertilizer efficiency [23]. Ultimately, improving fertilizer
use efficiency in chickpea, lentil, and pea cultivation is key to increasing yields and profitability—
especially in the context of rising mineral fertilizer prices and the need to reduce agriculture’s
environmental footprint.
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The Importance of Chickpea, Lentil, and Pea for Food Security and Sustainable

Agriculture

The aforementioned crops——chickpea, lentil, and pea—hold strategic significance in the global
food system and for the advancement of environmentally sustainable agrotechnologies. With their
high protein content (20-25%) and essential amino acids, they serve as a primary protein source for
hundreds of millions of people, especially in regions with traditionally plant-based diets. Not without
reason are legumes referred to as “the meat of the poor”—they provide nutritional value comparable
to animal protein at significantly lower resource costs. FAO emphasizes that promoting the
cultivation and consumption of legumes addresses several key challenges at once: improving
population nutrition, enhancing food security, and transitioning to more sustainable food systems [1].

Globally, chickpea and pea are among the most widely cultivated pulses (each with an annual
production exceeding 14 million tons), and lentil is a staple in the diets of populations in South Asia,
Africa, and the Middle East. Thus, expanding their production is directly linked to the goal of
eradicating hunger and malnutrition (UN Sustainable Development Goal #2: Zero Hunger).

Beyond nutrition, leguminous crops offer agronomic benefits that make agriculture more
sustainable. Their ability to fix atmospheric nitrogen through symbiosis reduces dependence on
industrial nitrogen fertilizers, whose production is energy-intensive and associated with CO:
emissions. Incorporating chickpea, lentil, or pea into crop rotations improves soil structure, enriches
the soil with nitrogen for subsequent crops, and interrupts the life cycles of many cereal pests and
diseases. For example, growing legumes as cover crops or in mixed sowings can enhance
agroecosystem biodiversity and reduce pesticide requirements. It has also been noted that legumes
improve soil water regimes and structure: their root residues and crop remains contribute to humus
formation and increase soil moisture retention [1]. These effects are particularly critical in the context
of land degradation and climate change.

Thus, increasing chickpea, lentil, and pea production contributes not only to food but also
ecological security.

Finally, the economic importance of these crops is growing in the global food market. Demand
for plant-based protein and healthy nutrition is driving legume trade: many importing countries (e.g.,
European nations, where chickpea-based hummus and lentil soups are popular) depend on stable
supply from producers such as India, Canada, Australia, Russia, Kazakhstan, and others. Improving
the yields and resilience of chickpea, lentil, and pea directly impacts the incomes of millions of
farmers and the accessibility of these products for consumers. Therefore, investment in scientific
research—such as the use of innovative biofertilizers and the development of new varieties—is of
not only scientific but also socioeconomic importance.

Research Prospects

Southeastern Kazakhstan is characterized by rainfed (non-irrigated) agriculture, an arid climate,
and soils with low humus content [26]. These conditions significantly limit crop yields due to
moisture deficits and low natural soil fertility. Therefore, future research efforts are aimed at
identifying resilient agrotechnologies, including the use of biofertilizers that can improve the
productivity of legume crops without increasing chemical input loads on the ecosystem.

One example of such promising research is the ongoing dissertation project titled “Ecological
Assessment of Soil Conditions During the Cultivation of Leguminous Crops (Chickpea, Lentil, Pea)
Under Rainfed Conditions in Southeastern Kazakhstan.” This study involves a comprehensive
evaluation of the effects of the following factors:

* Soil types: soils from fields previously cultivated with legumes, soils from fields without prior
legume cultivation, and commercially available universal soil (control substrate);

* Fertilizer types: four fertilizer variants based on Kazakhstani biological products:
BioAzoPhosphite, Bioprotect, Fighter Trichoderma, and Ikar Fosfo;

* Cultivated crops: three legume species (chickpea, lentil, pea) of Kazakhstani and Canadian
breeding.
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The experiments are conducted under greenhouse conditions using native regional soils,
allowing for the inclusion of local agroecosystem characteristics such as limited moisture and low
organic matter content. The goal of the study is to develop scientifically substantiated
recommendations for the application of biofertilizers to improve legume crop yields without
increasing doses of mineral fertilizers and pesticides.

This research direction aligns with global trends in the development of sustainable agriculture,
where biofertilizers are seen as a cost-effective and environmentally friendly tool for enhancing
productivity and crop quality. The need to implement such biotechnologies to improve natural fertility
and yield stability is confirmed by the fact that this issue is a focus of international scientific attention
[26]. For example, in the dry steppe zone of Kazakhstan, combined application of phosphorus-
containing biofertilizers and rhizobial inoculants has been shown to increase chickpea yields by 88—
95% compared to the control [27]. This effect demonstrates the high potential of biofertilizers in
boosting legume productivity in arid ecosystems.

Earlier, in the same region with similar soil types, field trials were conducted to assess the effect
of sowing methods on the structure and yield of the “Aksary” pea variety [29].

It is worth emphasizing that the dissertation research in question is nearing completion, and
specific results have not yet been published. Nevertheless, its implementation holds great practical
significance for local farmers, as the expected findings will allow for optimization of biofertilizer
application, increased legume yields, and preservation of soil fertility with minimal chemical input.
The resulting knowledge and recommendations will make an important contribution to the
development of sustainable agriculture in Kazakhstan and clearly define the prospects for further
research in this field.

CONCLUSION

Chickpea, lentil, and pea are crops with enormous potential, the realization of which requires
modern, science-based approaches. An analysis of existing studies shows that the use of biological
products (BioAzoPhosphite, Bioprotect, Trihoderma Fighter, and similar agents) during sowing and
the growing season enhances yields by improving nitrogen and phosphorus nutrition and reducing
losses from diseases [11]. Integrated inoculation with rhizobia, phosphate-solubilizing bacteria, and
Trichoderma fungi has proven to be an effective technique, enabling yield increases in chickpea of
up to 20-30% and improving plant growth and development parameters [12]. Similar approaches
have also been successfully applied to lentil and pea, increasing the efficiency of fertilizer use and
stabilizing productivity even under stress conditions.

At the same time, addressing the current challenges in legume cultivation requires
comprehensive measures. Climate change adaptation, soil fertility restoration, biological crop
protection, and increased agrochemical efficiency must all be addressed as part of a unified system.
The biologization of agriculture, based on the potential of soil microorganisms, offers a promising
path toward sustainable legume production. This approach can reduce the environmental footprint of
agriculture (by decreasing the use of synthetic fertilizers and pesticides) while simultaneously
increasing plant-based protein output—an essential factor for the planet’s growing population.

Thus, leguminous crops are valuable not only for their nutritional content but also for their
agronomic utility. The introduction of innovative bioformulations adapted to the conditions of
Southeastern Kazakhstan will ensure ecologically safe and resource-efficient production. The
practical significance of this research lies in the opportunity to develop recommendations for farmers
and agronomists on the use of the most effective strains and inoculation schemes, potentially
increasing yields under rainfed conditions without significant cost increases.
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Abstract: The treatment of wastewater effluents is a significant challenge for environmental protection. This study
investigates the use of biochar prepared from pumpkin peel as an adsorbent for treating effluent from the Ghoufi
wastewater treatment plant, located in Batna, Algeria. The adsorption process was analyzed by varying key parameters,
including adsorption kinetic, pH effect and biochar dosage effect. The efficiency of the treatment was assessed by
monitoring chemical oxygen demand (COD), turbidity, and conductivity. Results showed that the biochar achieved
removal efficiencies exceeding 86 % for each parameter after 45 min, demonstrating its potential as an effective,
sustainable, and locally sourced adsorbent for wastewater treatment.

Keywords: wastewater effluent, adsorption, biochar, water quality, COD, turbidity, conductivity

INTRODUCTION

The treatment of wastewater effluents is a critical component in safeguarding water quality and
protecting aquatic ecosystems. Traditional treatment methods often fall short in removing certain
pollutants, necessitating the exploration of alternative approaches (Wang et al., 2024). Adsorption
has emerged as a promising technique for the removal of residual contaminants from wastewater
(Barkahoum et al., 2025; Xiang et al., 2020).

Biochar, a carbon-rich material produced through the pyrolysis of biomass, has garnered
attention for its high surface area, porosity, and functional groups, making it an effective adsorbent
for various pollutants (Wu et al., 2024). In this study, biochar derived from pumpkin peel (p-biochar)
was utilized to treat effluent from the Ghoufi wastewater treatment plant in Batna, Algeria. This
locally sourced biochar offers an environmentally friendly and cost-effective alternative to
conventional adsorbents (Ozer & Imamoglu, 2024).

The primary objective of this research was to investigate the adsorption of the effluent onto
pumpkin peel biochar, considering the effects of contact time ,pH and biochar dosage. Key indicators
of pollution, including chemical oxygen demand (COD), turbidity, and conductivity, were monitored
to assess the treatment efficiency. The results demonstrated that p-biochar achieved removal
efficiencies of 88%, 86%, and 89.1% for COD, turbidity, and conductivity, respectively, highlighting
its potential as an effective adsorbent for wastewater treatment. These findings confirm the high
effectiveness of p-biochar, making it a promising material for water treatment applications; however,
further studies are recommended to evaluate its performance with other types of pollutants and under
real-world conditions.
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EXPOSITION
II. Material and method

I1. 1. Adsorbent preparation (P-biochar)

Pumpkin peels were used as biomass for biochar production. The peels were first washed, cut
into small pieces, and air-dried. Pyrolysis was then carried out in a muffle furnace under limited
oxygen conditions. The resulting sample underwent acid washing to remove impurities, followed by
thorough rinsing with distilled water until a neutral pH was reached. Finally, the material was dried
and stored for subsequent use. The overall preparation steps are illustrated in Fig.1, and the detailed
preparation protocol can be found in a previous study (Barkahoum et al., 2025).

Washing and

Biomass

Pyrolysis

Pumpkin peels.

Synthesized biochar

Fig. 1. Schematic representation of the preparation process of pumpkin peel-derived biochar

Muffle furnace

Acid washing
followed by

rinsing

Vacuum pump

I1. 2. Wastewater treatment plant effluent (WWTP effluent)

The effluent used in this study was collected from the wastewater treatment plant located in
Batna, Algeria. The sampling was carried out after the preliminary treatment steps. At this stage, the
effluent had not yet undergone any biological or chemical treatment. The main physicochemical
parameters of the collected effluent

are summarized in Table 1.

Table. 1 physicochemical parameters of the collected effluent

Parameter Unit Value
pH / 7.28
COD mgO,/L 600
Turbidity NTU 120
Conductivity ms/cm 1900

I1. 3. Experimental protocol

Adsorption experiments using pumpkin-based biochar were conducted on real wastewater
collected from a treatment plant. Each test was performed in a 100 mL flask containing 50 mL of
wastewater and 0.5 g/L of biochar, under magnetic stirring. After agitation, the mixtures were filtered
using a vacuum pump and microporous filters. Water quality after treatment was monitored by
measuring Chemical Oxygen Demand (COD), turbidity, and electrical conductivity. Defirent
parametres were varied to determine the optimal conditions of the process, such as;

Adsorption kinetic: to identify the time needed to reach equilibrium.
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pH effect: to assess its influence on adsorption efficiency. Knowing that, the pH of the effluent
was adjusted using HCI and/or NaOH as needed.

Adsorbent dose effect: to evaluate the effect of adsorbent quantity on removal performance.

The removal efficiency of each parameter was calculated using the following equation:

Removal efficiency (%) = w 100 (1)
Where, C; (X) and Cr (X) are the initial and final concentration of X parameter, respectively.

II1. Results and discussion

II1. 1. Adsorption Kinetic
Fig. 2 illustrates the adsorption kinetics of a real wastewater effluent treated with p-biochar,

tracking three key water quality parameters: COD, turbidity and conductivity. A rapid decrease in
all three parameters is observed during the initial contact period, particularly within the first 30
minutes. This indicates a high availability of active sites on the biochar surface at the beginning of
the process. Turbidity and conductivity reached near-equilibrium quickly, showing minimal variation
beyond 45 minutes, suggesting that physical and ionic interactions responsible for their removal occur
rapidly. In contrast, COD removal continues to increase slightly before stabilizing, indicating that the
degradation or adsorption of organic matter is a relatively slower process compared to the removal of
suspended solids or dissolved ions. Overall, equilibrium was approximately reached after 45 minutes,
with COD reduced to 72 mgO-/L, turbidity to 16.8 NTU, and conductivity to 207 ms/cm.
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Fig. 2. COD, turbidity and conductivity variation as function of contact time.

I1I. 2. pH effect
The graph presented in Fig. 3 illustrates the impact of pH (ranging from 2 to 12) on the removal

efficiency of COD, turbidity and conductivity in wastewater with an initial pH of 7.28. The efficiency
is lowest under strongly acidic and alkaline conditions, while maximum removal (90 %, 98 % and
89.1 % for COD, turbidity and concuctivity, respectively) occurs near neutral to slightly alkaline pH
values (around 7-8). This indicates that p-biochar exhibits pH-dependent adsorption behavior, with
optimal performance near the natural pH of the wastewater. These findings are in agreement with
those reported by Barad et al (Barad et al.). The reduced efficiency at extreme pH levels may be
attributed to alterations in surface charge, functional group ionization, or pollutant speciation.
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Fig. 3. Effluent pH effect on adsorption process

III. 3. Adsorbent dose effect

Fig. 4 illustrates the relationship between p-biochar dose (0.1-3 g/L) and the removal efficiency
of COD, turbidity, and conductivity. As the dose increases from 0.1 to 1 g/L, removal efficiency rises
significantly, reaching maximum values of 94% for COD, 98% for turbidity, and 89.5% for
conductivity at 1 g/L. Beyond this optimal dose, additional increases do not result in substantial
improvements, likely due to the saturation of active sites, adsorption equilibrium, or particle
aggregation. Therefore, 1 g/L is considered the most effective and economical dose, as it ensures high
pollutant removal without unnecessary material use. This behavior aligns with typical adsorption
dynamics, where efficiency plateaus once maximum capacity is reached (Liang et al., 2021).
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Fig. 4. Variation of COD, turbidity and conductivity as function of the variation of p-biochar
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CONCLUSION

The use of pumpkin peel biochar has proven to be an effective method for treating wastewater
effluent from a treatment plant in Ghoufi, Batna, Algeria. By examining various parameters, including
adsorption kinetics, pH effects, and biochar dosage, significant removal of pollutants was observed,
particularly in terms of COD, turbidity, and conductivity. With removal efficiencies of 88 %, 86 %
and 89.1 % for COD, turbidity and conductivity, the study highlights the potential of p-biochar as a
viable and sustainable alternative to commercial adsorbents. This research underscores the
effectiveness of locally sourced, natural, and eco-friendly solutions in improving wastewater
treatment processes, with potential applications for larger-scale use in similar regions.
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Abstract: Environmentally responsible or so-called sustainable design is a fundamental topic at the moment —
both in construction and interior architecture, and in all other spheres of life. At the same time, the application of
environmental criteria and techniques in the practice of interior design continues to be neglected, especially when
choosing ecological materials. We are witnessing a large-scale development in the construction industry, but recent
scientific studies prove what we see with the naked eye — the unconscious and unregulated choice of materials together
with the lack of standards lead to serious harm to people and the environment.

1t is time for Bulgaria to become part of the global trend of sustainable interior solutions. Along with the high
quality of the materials and the ecological and economic benefits, this approach is also of significant importance for
human health. The need for conscious choice — avoiding toxic and difficult-to-recycle materials in favor of natural,
biodegradable and sparing resources — is proven by more and more studies.

Keywords: Design, Sustainable interior solutions.

BBBEJIEHUME

Exo70ru4HO OTTOBOPHMST WM T.HAp. YCTOMUYUB W3aiiH € (yHaMEHTaJlHa TeMa B MOMEHTA -
KaKTO B CTPOUTEJICTBOTO M BBTPELIHATA apXUTEKTypa, TaKa U BbB BCUUKH APYTH Cepu Ha )KUBOTA.
CrplieBpeMEeHHO NpOAbIKaBa Ja ce IMpeHeOpersa MpUIaraHeTo Ha KPUTEPUM M TEXHUKU 3a
€KOJIOTUYHOCT B MPAKTHKaTa Ha MHTEPUOPHOTO U3rpakJaHe, 0cOOEHO MpU M300pa Ha €KOJOTHYHU
Matepuanu. CBueTeNn cMe Ha MalabHO pa3BUTHE B CTPOMTENTHATAa MHAYCTPHUS, HO MOCIEIHUTE
Hay4YHM H3CIENBAHUSA JOKa3BaT TOBA, KOETO BWXKJAaM€ M C IPOCTO OKO — HECH3HATEIHUAT U
HeperyaupaH n300p Ha MaTepHaiIy Hapes ¢ JIMIcara Ha CTaHJapTH BOJAT 10 CEPUO3HU 3PaBOCIOBHU
BpENIM 3a XOpara U OKOJIHATA CpeJa.

JlomuaT HaBUK U HMHEPpLHUATA Aa YaKaM€ HallpCaHaIl HKOHOMHUYCCKU AbPrKaBH J1a HA ITOKa3BaT
BT KbM I10-€KOJIOTHYHU UHAYCTPUH TPsIOBa /1a ce mpoMeHu. Bpeme e bbarapus na craHe 4acT ot
CBE€TOBHATa TCHACHIIUS Ha yCTOfI‘II/IBHTe HUHTCPHUOPHU PCIICHMHA. Hape)l C BHCOKOTO Ka4Ye€CTBO Ha
MaTEpUAINTE U €KOJIOTUYHUTE U MKOHOMHYECKH I0JI3H, TO3U MOAXO/ UMa ChILECTBEHO 3HAYEHHUE U
3a yoBewmwkoTo 3apaBe. Hyxknara or cb3HareneH n300p — M30ArBaHETO HA TOKCUYHU U TPYIHO
PELMKIMPYEMHU MaTepUaly B 110JI3a Ha €CTECTBEHU, OMOpa3rpa My M A SIIU PECYpCH Ce JJ0Ka3Ba
OT BCE [TOBEYE U3CIIC/IBAHMS.

N3J0KEHUE
YceroituuB AM3aH: MUHAJI0 U HACTOSAIIE

B MHHAIOTO CTPOUTENICTBOTO € TSACHO CBBP3aHO C HM3IOJ3BAHETO HA MECTHH, HATypallHU
MaTepuaiy, J00MBaHU OCHOBHO OT 3a00WKasIara H1 NpupoaHa cpeaa. [lo ectecTBeH HauMH Xopara
ca M3MOoJI3BaJIM 3a00uKassara ru ¢iaopa, ¢payHa u HATUIHUTE, TOCTHITHU PECYPCH.

2 JIOKIambT € IpeacTaBeH Ha CTyJEHTCKAaTa Hay4yHa cecust Ha AM® Ha 08.05.2025 r. ¢ OpHrHHAIIHO 3aryaBie Ha
owsrapcku e3uk: CbBPEMEHHU TEHJEHIIMW B YCTOUYMBUTE UHTEPMOPHU PEHIEHU .
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JlHeC B CbBPEMEHHOTO CTPOUTEICTBO MHOTO OT XUJISIOJIETHUTE IPAKTUKU B apXUTEKTypara u
MHTEPUOPHOTO M3rpa)JaHE C€ pasmiekIaT KaTo €KOJIOrMYHO ycroiluuBH. IloBeueTo OTHOBO
BKJIFOUBAT U3I0J3BaHE Ha €CTECTBEHUTE MaTepHalii, KOUTO CE HAMUPAT B CbOTBETHATA reorpagcka
30Ha M MPUPOJICH Xaburar. B npeBHara Obirapcka apxXuTeKTypa KAMBbKbIm U MyXJaama ca OCHOBHU
CTPOMTEIHM MaTepualld, NPEANOYUTaHHM 3apajy CBOSATAa U3APHKIMBOCT. Te ca M3MON3BaHMU 3a
U3rpakJaHe Ha LIbPKBU, MAHACTUPU U KPENOCTU. B TpaiuLIMOHHUTE CEJICKU KBIIU I'bK ObPEOMO U
niemoeeme ca 1o-rojsiMaTa 4acT OT KOHCTPYKLUUTE, a 2IUHama, KUPRUYbm U 6apma ca CIIy>Xelu
3a BBTPEILHO M BBHIIHO M3Ma3BaHe. TpaJUIIMOHHUTE CTPOUTEIHU TEXHUKU KaToO mpamooeane Ha
3ema U pedene Ha KAMeHHU NIOYHUYY Ca TIONYJISIPHU B pa3IMYHU PErMOHU Ha bbirapus.

@ur. 1. Tpanuumonna ovarapcka kbiua. U3rounuk: https.//unsplash.com/photos/brown-wooden-

house-near-trees-during-daytime-tYhmb2YXOZU

[TocTpoiikuTe U ToOMOBeTe ca OWiIM ChOOpa3eHH ¢ OKOJIHATA Cpefa Upe3 PasIoIOKEHUETO CH
BBPXY, I1O]] WJIH B 3eMs U CKaJla ¥ OPUEHTAIMATA CH CIIPSIMO CIIBHIIETO U CIIPSIMO BOJIOM3TOYHHIIUTE B
OJIM30CT.

Te3u mpakTHKuU THEC ca BALXHOBEHHE B CBETOBHUTE TEH/ICHIIMU Ha CbBPEMEHHOTO €KOJIOTHYHO
CTPOUTEIICTBO U HHTEPUOP, CTPEMSIIHU C€ KbM €CTETHKA, YCTOMIMBOCT, 3[PAaBOCIIOBHOCT M BPB3Ka C
pHupojaTa.

CpueTaHHe HA eCTETHYECKHTE H q)ymcunonamm aCIeKTH HAa AU3aifHA ¢ eKO0JOrHYHaTa
OTroBOPHOCT

Exomornuno ycrowuumBuAT nuzaiiH (,,design“ — B mpeBoA OT aHMI. €3. JU3aiiH, IMPOEKT,
KOHCTPYKITHS, O(GOpMIICHHE, 3aMHCHJ, YCTPOWCTBO) € KOHIICTIHsS, KOATO € (hoKycupaHa BBPXY
CH3JIaBaHETO Ha IMTPOAYKTH, CTPAJH U CUCTEMHU, KOUTO MUHUMH3HPAT HEraTUBHOTO BB3ICHCTBUE BEPXY
OKOJTHAaTa cpelia M ONTUMHU3UPAT e(heKTUBHOTO M3ION3BaHe Ha pecypcute. Llenra ca aparorpaiiny,
EKOJIOTOChOOpa3HH W E€CTETUYECKH PEIICHHs, KOUTO Ja HU MPENOCTABAT MO-3IPaBOCIOBEH W
XOMOT€HEH C IPUPOJIaTa KUBOT.
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Buaose yCTOfI'lHBH MaTepHaJjJIi 3a CTPOUTECJICTBO

XapakTepHO 3a YCTOMUMBUTE CIPAJH €, Y€ MOIXOABT € HACOUEH KbM MaTepUanTe, BOJA, 3eMs
u eHeprus. CTpeMexXbT B MOMEHTa € BCHUYKO TOBA Jia CE€ HW3IMOJI3Ba MO-C(EKTHBHO B MAacCOBOTO
CTpouTescTBO. HO BBTpELIHUTE MPOCTPAHCTBA Ha 3€JIGHUTE CrpaAu TpsAOBa Mpeaud BCHUYKO [1a
OCHTYpSIBAT 3IpPaBOCIIOBHA, KOM(OPTHA M MPOAYKTUBHA 32 0OMTaBalIUTE Cpeaa. A TOBa BKIIOYBA U
BCUYKU KOHCTPYKTUBHU €JIEMEHTH HAa UHTEPHOPA — BBTPEIIHU U IPETPAIHU CTEHH, I1010BE U TIOJOBU
HACTWJIKH, TAaBaHU, BETPEIIIHA U30JIAIUsl, MA3WIKH, MTHTEPHUOPHHU OOU U JIp.

®ur. 2. Konaxx Ha aBropute. 3TOUHNK HAa CHUMKH: Sevarex u Pinterest.

BBI‘JICPOIIHO HEYTPAJIHUTEC KOHCTPYKIHHU M MaTe€puajv, HAJUYHA B MOMCHTA Ha
CBE€TOBHMS IMa3ap, ca CJICAHUTEC KAaTCropuun:

» Marepuanu Ha 3eMHa OCHOBA, KbJieTo nomnajar: “Earthbags” — HabIIHEHU ¢ JIOKAIHA [TOYBA
KOHOTICHHW YyBajii 3a M3rpaKJaHe Ha CTEHHM W KOHCTPYKIWHU, kKuprnudeHu Tyxiu (Adobe);
Komnpecupanu 3eMHH 610koBe (CEBS); IMMHEHN M1049M; TIMHEHU U BAPOBH MA3WIKH U JIp.;

» Kommo3uTHH MaTrepralii Ha pacTUTENIHA OCHOBA — TAKbB € JIMHOJICYMBT, KONTO Hali-4eCcTo ce
Obpka ¢ OamaTyM W BUHWI-NIOAOBUTE HACTWIKU. Toil e HambiaHO ectecTtBeH M 100%
6uopasrpagum. IIpaBu ce oT jeHeHO Macio, OOpoBa CMONa, KOPK, ABPBO, Pa3IUYHU
NUTMEHTH ¥ BapoBUK. brarogapenne Ha cbecTaBa cu, TOW € aHTUCTATUYEH, aHTHAJIEPTUYEH U
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anTuOakTepuasneH Marepuai. [lo Bpeme Ha MPOU3BOACTBOTO MY M M3IOJI3BAHETO My HsMa
10s1Ba HA TOKCUHU BPEJIHU 3a YOBEKA U CpelaTa, JaKe € U MOJIE3EH 3a Xopa C AUXaTelIHU
npobieMu, Mopaau H3MapeHuaTra Ha OopoBara cMmoia. Jpyr mpumep 3a KOMIIO3UTHHU
MarepHuaal ca MajJIMOBOTO IbPBO, KOMTO € CTPAaHMYEH IMPOAYKT OT MAJIMOBO MAacio WIH
bypMu. XapTHEHUAT OETOH, KOMTO € JIEK KOMIIO3UT OT PELIMKIIMPAaHA XapTHs, BOJIA U IUMEHT.
Cpuro Taka OMOIIACTMACUTE, KOUTO CE€ U3BJIMYAT OT LIAPEBUYHO HUIIECTE WIIM 3aXapHa
TPBCTHKA,

» Marepuany ¢ MeTalHa ¥ MUHEPAJIHAa OCHOBA — PEIUKIMPAHUAT alyMUHHMA, €CTECTBEHUST
KaMbK, KaTo I'PAaHUT WM IIUCTH C MECTEH NPOU3XOJ, INIMHEHHUTE IUIOYKU U KEePEMUIH,
TUIICOKAPTOHBT — €KOJIOTMYHO YCTOWYMB IIPU PELUKIMPAHE WM OTTOBOPEH M3TOYHUK Ha
THIIC;

» Penuknupanu v pereHepupanu MaTepHalii — peUKINpaHa IbpBEeCHHa OT ChOOPEHH Crpaiy,
CTOMaHa C MO-HUCHK BBIVIEPOJEH OTIEYATHK, KAKTO U IUIACTMACA U CTHKIIO, U3MOJI3BAHHU 32
HACTWJIKM, OOJIMLOBKU M mioroBe. Cpen anTepHaTUBUTE ca OIlle Bb3CTAHOBEHU TYXJIH,
PELMKIUpaH KaydyyK 3a I[OJOBM U IOKPUBHM HACTWIIKM, OETOH OT JIeTiauBa memnen (oT
BBIJIMINA) U KWIMMHH TUIOYKH, TPOU3BEACHHU OT OTNAIbYHH TEKCTHIIH;

» VHOBaTMBHM W aJITEpHATHBHU MaTepUaU — ra300€TOH U I'eOIOJIMMEPEH OETOH C IMO-HUCHK
BbINIepoeH otnevyarbk, CLT (kpbcTocano namuHupaHo 1bpBo) U SIP manenu c Bucoka
Toruton3onanus. Cpes HOBUTE pelleHus ca IPO3payHOTO IbPBO (aJITepHATHUBA Ha CTHKJIOTO),
permkimpanusaT acant u Ferrock — GeToH, kxoiito abcopOupa BBIVIEpOJ, HANpaBeH OT
CTOMaHEH Ipax.

EcTecTBenu n3oaanuu cpemy myMoBOTO 3aMBbpPCABAHE

ITocTosHHUST rpaiCkKu IMyM, KaKTO U CTPOUTCIIHUTC U PEMOHTHU HeﬁHOCTH OKa3Bar
SHAYUTCIIHO HECTAaTUBHO BJIIMAHUC BHPXY KA4CCTBOTO Ha KUBOT. CB’BpSBaMe qyucTOoTara Ha OKOJIHara
Cpc€la OCHOBHO C KaU€CTBOTO HA Bb31yXd, KAUCCTBOTO HA JXKUBOT U HUBATA HA KOM(I)OpT, HO TC 3aBUCAT
HU3KITIOYUTCIIHO U OT aKyCTUYHHUTC CBOICTBa Ha MaTCpuaInTeC, U3MO0J3BaAHU B CTPOUTCIICTBOTO U B
HHTCPHUOPHOTO U3IrPAKAAHC — HE3AaBUCUMO JaJIM CU JaBaMC CMCTKaA 3a TOBA HUJIN HE.

EcrecTBenn marepuay ¢ 100pH aKyCTHYHHU CBOICTBA

EcrecTBeHuTEe Marepuanau NMposiBABaT pa3sHOOOPAa3HM aKyCTUYHU CBOMCTBA, KOETO T'M IpPaBU
[IEHHHU U 32 MPHJIOKEHUS KaTo 3BYKOIOTITBIIAHE U H30anus. HaTtypamHuTe BIakHa KaTo KOHOM, JIeH,
10Ta, KOKOCOBH BIJIAKHA, KallOK M BJAaKHA OT JIUCTa OT aHaHAac MMaT o0ellaBallyd Bb3MOXXHOCTH 3a
3ByKonormeiiane. [IpoydyBaHusTa IOKa3Bar, Y€ TE3M pPACTUTEIHH BJIaKHa Ca Ha HHUBOTO Ha
KOHBEHI[MOHAJIHUTE MaTepuaid Karo CTHKJIEHH BJIaKHA, OCOOCHO B CPEAHOUYECTOTHMS JAMANa30H
(500-2000 Hz) — xputuueH 3a uyoBemkus ciayX. KmrouoBu ¢axropu, BiMsielin BbpPXy TEXHUTE
aKyCTHYHU XapaKTE€PUCTHKH, BKIIFOUBAT:

» [loppO3HOCT W CTPYKTypa Ha BIIaKHATa — TOpecTaTa MpUpoaa M CIOKHUTE CTPYKTYpH Ha

BJIAKHATA MOI00PSIBAT 3BYKOIOIIBIIAHETO YpE3 yIaBsIHE Ha 3BYKOBU BBJIHU;

» ChIpoTHBICHHE Ha BB3AYIIHHS IOTOK — TOBA OIpENeNs KOJKO JIECHO BB3AYXbT (|
CJIEZIOBAaTE€IHO 3BYKHT) IpEMHUHABa Mpe3 Marepuaia; ONTHUMAJIHOTO CBIPOTHUBICHUE
Mo1I00psIBa MOTIIBIIAHETO;

» JlebenrHa M TUTBTHOCT — MPU MarepUalIuTe, MOJTYYEHH OT eCTeCTBeHHM (HUOpH M BIIaKHA,
JIECHO C€ MOCTUTA OallaHC MEXITy JIEKOTaTa i e()eKTUBHOCTTA Ha MaTepHara.

MunensbT, KOpEHONOJ00HATa CTPYKTypa Ha I'bOUTE, ce ouepTaBa KaTo YCTOMYUB aKyCTUUEH
Mmarepuai. [lanenure, n3pabOTEeHN OT MUIIET, MOKa3BaT 3BYKOMOIIBIIAIIN CBOMCTBA, CPABHUMH C
TPaJUIMOHHUTE MaTepHaly KaTo MsHa U KOpK, ocodeHo npu yectotu Haa 3000 Hz. Benpeku ToBa,
TSIXHOTO IMPEJCTABSIHE TPU TIO-HUCKH YECTOTH € TO-MaJIKO €(EKTHBHO.

JIpyru eCTeCTBEHN MaTepHalii KaTo KOPK, OBYa BbJIHA U KOKOCOBHU BJIaKHA CBHIIO IMPHUTEkKABAT
3a0eNeXHUTEIIHN aKyCTHYHH CBOWCTBAa. KierpuHara CTpykTypa Ha KOpKa OCHUTypsiBa Jo0pa
3BYKOHM30JIallMs U MOTIIbIAHE.
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[Ipu oByara BbJIHA MBK €CTECTBEHO HAKBAPEHHUTE BIIAKHA YIABAT Bb3yXa, MOAOOpABANKHU
3BYKONOIJTBIIAHETO B AMANA30H OT 4ecToTH. KOKOCOBUTE BIIakHA ca TBBPIU U rpyOu, mpeaiaraiiku
U3IPBKIUBOCT U NPUIMYHU aKyCTUYHU XapaKTEPUCTHKHU.

@wur. 3. Bunose xopkoBu nzonarun. M3rounuk: https://cork-bg.com/

[Topanu TsixHATa OMOPA3TPATUMOCT, HUCKA TUTBTHOCT M €()EKTHBHO 3BYKOIIOTIIBIIIAHE, B HAKOU
JbpKaBU €CTECTBEHUTE MaTepHali C€ M3MOJI3BAaT BCE MO-YECTO B IIYMOM3OJAIMs Ha Crpaau (3a
CTEHH, TaBaHM ¥ TOI0BE). B cTyama, 3amu 3a ayquTOpUH U OPHCH pa3IMIHN aKyCTUYHU MaHENN OT
010 MaTepHalM ce U3IO3BaT 3a M0J00psABaHE HAa KaueCTBOTO Ha 3Byka. Hanmocienbk Te ce u3mosissar
B€YE U B aBTOMOOMJIHATAa UHAYCTPHS 3a HAMaJIsiBaHE Ha [IIyMa B MHTEpUOpa Ha KyIerara.

ConcTosiHUe HA 3eJIeHUTe crpaama u yCTOﬁqHBH MarepuajJu B B’b.]'ll"apl/lﬂ

ChIIecTBYBaIINTE )KUIUIIHK CTpajin B Bhiarapus 4ecTo uMaT HECKa U30JIaIMOHHA CIOCOOHOCT.
Tosa Biomasa koM¢popTa Ha OOUTATEIUTE M BOAU J0 BUCOKO MOTPEOICHNE U CMETKH 3a CHEPIus 3a
OTOIUICHWE M OXJaxkaaHe. Korato Ta3um eHeprus wiBa OT HM3KOMAEMH TOpPWBA, BBHIVICPOIHUST
OTIEYaThK HapacTBa — MPo0OIeM, KOWTO 3acsara BCHUKU HH.

CTpoUTENCTBOTO M apXUTEKTypara B bhJrapus ca ce MpOMEeHsUIH HeTPEKhCHATO B Pa3IMUHUTE
eIIOXH U TOJIMTUKOHOMHYECKH ycioBus. DakT e, ue ,,3eJIeHn” Crpajid Be4e ce CTPOST U y Hac.

Beue mma KoMmImaHwmM, KOWTO Tpemiarar H3IUI0 €KOJOTWYHH M yCTOWYMBH WHTEPHOPHU
Marepuai ¢ 6orat Habop OT U30JALUOHHH MAHEIH, €CTECTBEHU BaTH, EKOJIOTUYHHU OOU, Ma3HIIKH U
JIeTHyIa ¢ HaITBJIHO HaTypasieH nponsxon. Cpes apTHKYIUTE UM TPUCHCTBAT U PA3IMYHHA €KOJIOTUIHU
TareTH OT F0Ta, KaKTO YeprH U ojeaja, MpousBeneHu B buarapus. Ha Obirapckus mazap Beue uma
MPOMYKTH KaTO KWJIUMH U MOKETH OT KallIMHp B KaTETOPHUATA €KOJIOTWYCH JHM3aifH, POU3BEICHNA B
I'epmanus.

B koHIenmusATa Ha yCTOWYMBHS TU3aiH M Ha HapacTBaIara HyX/1a OT 3€JIEHO CTPOHUTEIICTBO U
SKOJIOTHYCH UHTEPUOP € PEIHO J1a CH 33/1aJIeM CIICTHUTE BBIIPOCH:

» Ilo xakBU KpuTepuu Ja M30MpaMe WHTCPUOPHHUTE M CTPOUTEIIHU MaTEpHUaH 3a JIoMa HH,

oduca, 0OIIECTBEHUTE 3aTH U TOMEIIICHUS ?

» Konko n kakBM oT M30poeHHTE B KiIacu(UKAIUATA CTPOUTEIIHA U HHTEPUOPHHU MaTepHaH

MOXKEM U Ou OWIIO y[adHo J1a MPOU3BEeXIaMe camute Hue B buirapus?
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» KakBo mMame 1 KaKBO MOYKEM J1a CH HA0aBUM KaTo pecypcu?
» Kou ca Haif-moOpuTe NpenrnocTaBku U Hali-CEPHO3HUTE TIPEIU3BUKATEIICTBA 32 CBCHTYAIHU
MECTHH IPOU3BOACTBA?

BREEAM: Cranaapr 3a yCTOM4YMBOCT U 3IPAaBOCJ0BHA Cpela B MHTEPUOPHUS TU3AHH

Crannaprer BREEAM otroBapsi 3a Hail-moOpuTe NMPaKTUKH B YCTOMYMBHUS TU3alH U CE€
IpEeBpbIIA B MAPKa 33 €KOJIOTHYHUTE TIOKa3aTeNu Ha 00eKTHTe. B cuctemara My 3a olleHsBaHE BIM3aT
yIpaBlieHUE Ha €HEPrusTa, TPAHCIOPT, KAUeCTBO Ha BOJaTa, OTHAAbLM U Ap. [0JIsIM MpOIEHT OT
KpUTEPUUTE 3a OLICHSBAHE NMa UMEHHO KaTeropusiTa Ha MaTepuainTe - ¢ Texect oT 14%. B Tiax ce
pasmiexaar BIMSHHETO Ha >KU3HEHHS IUKBJI Ha BCEKM CTPOUTENIEH MarepHall, BKIIOYUTEIHO U
HauyMHAa Ha Jo0uBaHe Ha cypoBuHara. CrienBar MPOU3BOJACTBOTO, TPAHCIOPTAa M MOHTaXa,
€BEHTYaJIHUTE IOMPABKU U OKOHUYATEITHUTE MEPKH 3a OTCTPAHSIBAHETO, MOBTOpHATa yrorpeda u
YHUIII0)KaBaHETO HAa CbOTBETHUS MaTepHall U MPOAyKT. Bzemar ce nmpeaBu 1 OTTOBOPHUST IPUHLIMIT
IIpH TOCTaBKaTa Ha MaTepUAINTE, U30JIAIUATA U IPOCKTHUPAHETO.

Biusinne BbPXy 40BELIKOTO 3/ipaBe HA HAW-U3MOJI3BAHUTE B HHTEPUOPA MaTepHaIu

CrpounTencTBoTo U pa3pylIaBaHETO Ha Crpajy IIPOU3BEXKIAT OTPOMHH KOJIMUYECTBA OTIAIbIH,
BKJIIOUUTEIIHO OETOH, TyXJIM, METaJll M IUIaCTMACH, a T€ MHOTO 4€CTO HE ce penukiaupar. Penuna or
TE€3H OTHAABLIHU ChIbpKAT ONIAaCHU XMMHKAJIU, KOUTO 3aMbpcsBar rnousara u soaure. [Iponssoactsoro
Ha MaTepuajy KaTo LMMEHT (OCHOBHA ChCTaBKa Ha OETOHA) I'e€HEepUpa 3HAUMUTEIHHU KOJIMYECTBA
BBIVIEPOJICH JUOKCU. M3cneBaHus coyar, ye Mporu3BOICTBOTO Ha IIMMEHT € OTTOBOPHO 3a 611130 7%
oT m100amHUTe eMucHU. Bb3HUKBAL BIPOC TYK € - MMa JIM KakK Jla C€ U3I0JI3Ba [10-MaJIKO OETOH B
CTpaloCTPOCHETO 3a CMETKA Ha aITEPHATUBHU PELIEHUS B IIPErPAaJHU U BBTPEIIHU CTEHU HAIIpuMep?

Hsxon mmpoko u3Mnon3BaHu MHTEPUOPHU MATEpUAIM MOraT Ja UMar HETaTUBHO Bb3/ICHCTBUE
BbPXY YOBEIIKOTO 3[paBe IMOpagu ChAbPKALIUTE CE B TAX XUMHUYECKU BELIECTBA M EMUCHM.
dopManaexuabpT, HaIpUMeEp, KOMTO C€ M3MO0J3Ba B IIPOU3BOJICTBOTO HA IbPBECHHU IJIOCKOCTH KaTO
149 u M/I®, KakTo ¥ B HSKOM JICIIWJIA U ITOKPUTHUSA, MOXKE [1a C€ Pa3lpOCTPaHsIBa BbB Bb3JyXa B
ITOMEIICHMATA U J1a IPEAN3BHKA JPA3HEHE HA OYUTE, HOCA U I'bPJIOTO, KAKTO M aJIE€PrUYHU PEAKIIHH.
JIbArOCpOYHOTO M3/1araHe Ha (opMalZiexXu] € CBbP3aHO C TOBUIIEH PHUCK OT pa3BUTHE Ha
pecnupaTtopHu 3a00JsIBaHUSI U JOPU HSIKOU BUIOBE PaK.

Jlpyr HIMpOKO HM3MOJI3BaH Marepuain € CTUPONOpPbhT (EKCHaHIUpaH MOJMCTUPOII), KOHTO ce
U3II0J13Ba KaTO U30JallMOHEeH Marepuai. OCHOBHATa My CbCTaBKa, CTUPEHBT, € TOKCHYHO BELIECTBO,
KOETO NpPU BUCOKM KOHIEHTpAaIlMM MOXeE Ja NPUYMHU 3a00JIIBaHUS Ha KPbBTAa M HApyLICHHs Ha
HepBHaTa cuctema. Bblpekn ye KOHUEHTPAaLUUUTE B TOTOBUTE MPOIYKTH OOMKHOBEHO Ca HUCKH,
CTHUPEHBT UMa CIIOCOOHOCTTA J1a C€ HAaTPyIBa B OPraHU3Ma upe3 BAUIIBAHE, KOETO MOXeE J1a JJOBEE
710 3APaBOCIOBHU IIPOOIEMU NP MPOABIKUTEIIHO U3JIaraHe.

CriocoObHOCTTa J1a MpOIycKaT Mapa € BaXKHO KaueCTBO 3a M30JAIMOHHUTE MaTepHalid, HO
MOJIUCTUPOJIOBUTE JIMCTOBE MIPAKTUUYECKH HSIMAT TakaBa. ToBa B MHOT'O CiIy4dau BOJU JO JIOII OOMEH
Ha BB3JlyX, MyXbJI U IIJIECEH 10 CTEHUTE U CE€ yBEJINYaBa PUCKBT OT PAa3BUTHE HA IATOJOTUH Ha
JXaTesiHaTa CUCTeMa, MUTPEHa, JIOIIO XpaHOCMUJIaHe WU JUCHYHKIMS Ha BbTpelIHuTe opranu. [1o
OTHOILIEHHE Ha 3alaJIMMOCTTa TO3U IPOAYKT C€ cuuTa 3a Hail-omaceH W uma kareropus G3-G4.
ITopanu ToBa, 4e € Jiek, HO 00EMHCT (a TOBa yBelIMYaBa pa3XxoAMTe, 3a HEroBara JI0CTaBKa, a ocie U
TPAHCIOPT 3a U3BO3BAHE IO CMETUIIATA) CTUPONIOPHT NIPAKTUUECKH HE CE PELUKIIUPA.

bescnopHara ucTrHA €, Y€ € MO-€BTUHO M IO-JIECHO J1a C€ IPOU3BEKJAa HOB IOJIMCTUPOIL,
OTKOJIKOTO J1a ce chOMpa, TPaHCHOPTHPA U W3IOI3Ba MOBTOPHO, MOPAAM KOETO MHOTO (hUpMHU U
ChOPBKEHUS 34 PEHUKIMPAHE HIMAT HUKAaKBa U3rojia OT TOBa. Taka 4ecTo ce Hajara Mu3rapsHeTo Ha
OTHAIBIHUTE OT TaKbB THII, KOETO caMo Mo-cede cu e ekojoruuHa karactpoga. Koraro ce ropu npu
MO-HUCKHM TeMIepaTypu (JlarepeH OrbH WM JOMAalllHa KaMUHA), MOJUCTUPOIBT MOXKE CBIIO Ja
npousBexja [TAB (monuuukiandeH apomareH BBIVIEBOAOPOA), KAKTO M KAHLIEPOTEHHU CTUPEHOBU
MOHOMEDPH U CMBPTOHOCEH BBIVIEPOACH OKCHUA. M3cnenBanusara ca KaTerOpUYHU — MATEPHAIIUTE OT
TO3HU THUII €A KAHLICPOT'CHHMU.
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@wur. 4. Otnaxsum ot cruponop. M3rounuk: https://builderhuben.techinfus.com/penoplast/varianty-
dekora/

MHoro 6ou, TakoBe U MMOKPUTUS ChABPKAT JIeTNIUBH opraHndHu cheauHenus (JIOC), kouto ce
nu3napgaBaT BbB Bb3yXa U MOraT ga NpCAU3BUKAT APA3HCHC HA NUXATCIIHUTC IIbTUIIIA, r1aBoOoIMeE U
3amaiiBane. Jpiarocpounoro minarane Ha JIOC e cBbp3aHO C XpOHUYHH 3PAaBOCIOBHH MPOOIEMH,
BKIJIFOUUTEITHO YBPEKIAHE HA YepHUS Apo0 1 ObOperuTe.

Jlomara BeHTMIAalMS W BUCOKAaTa BIAKHOCT B MOMEIIEHUATA, 00pa3yBaHETO Ha IIECEHU U
MYXbJI, KOUTO OCBO60)K)IaBaT CIIOpHY BBB Bb3AyXa €Ca YECTU IMPUYMHHU 3a aJICPTHUYHU PCaKIIMU, aCTMa
U APYTH peCIUPATOPHU MPOoOIeMH, 0cOOEHO 3a JielaTa B Hali-paHHa Bb3pacT.

3AKVIIOYEHUE

[IpencToAT HU BayKHU U PEIIaBaIlM KPauKH — HE CaMO KbM I10-YCTONYHMB HAaYUH Ha KUBOT, HO U
KbM JbJI00Ka IPOMsHa B pa30MpaHETO 3a TOBA KAKBO 0O3HaUYaBa OTrOBOpEH Au3aiiH. [Ipeqnaranero Ha
YCTOMYMBM HWHTEPUOPHU peEUIEHHMs] B bbirapus € JIOTMYHO 3aBpBIIAHE KbM TpaJWLUOHHUTE
CTPOMTEIIHU U UHTEPUOPHHU MPAKTUKH, HO U KpalfHO HEOOXOIMMO — KAaKTO 3a Olla3BaHE Ha OKOJHATa
cpela, Taka M 3a CbXpaHsSBaHE Ha YOBEIIKOTO 37paBe. ToBa 03HauaBa Ha MPaKTHKa IPEMUHABAHE OT
TOKCUYHM ¥ HEPELUPKYJIUPYEeMH Marepuald U Cb3HAaTE€JIHO HACOYBaHE KbM €CTECTBEHH,
Ouopasrpa MM U MECTHH pecypcH. Bpeme e 1a MUCITUM HE caMo 3a €CTETUYHOTO U KPacuBOTO, HO
U 33 OTTOBOPHOTO U 3[paBOCIOBHOTO — C BU3Hs, KOSITO I1a3H HAC U IUIaHEeTara.
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