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ECOLOGY AND ENVIRONMENTAL PROTECTION
EKOLOGIYA VO OTRAF MUHITIN MUHAFiZOSi

UOT 697.94

MOMMODOV N.Y., RZAYEV M.F.

AzMIU

QARABAG VO SORQi ZONGOZURDA GUNOS ENERJIiSINDON
ISTIFADO IMKANLARININ ELMi-TEXNIiKi TOHLILI

Introduction. In the modern era, the reli-
ability of energy supply and the protection of
the ecological environment are among the
issues of strategic importance worldwide. The
acceleration of climate change, the increase in
greenhouse gas emissions, the depletion of
natural resources, and the unequal distribution
of energy carriers demand new approaches in
current energy policy. Therefore, reducing
dependence on traditional energy resources
and expanding the use of renewable energy
sources has become a global priority. Among
these sources, solar energy holds a special
place due to its long-term sustainability,
environmental advantages, and technological
efficiency.

One of the main directions of the energy
strategy implemented in the Republic of
Azerbaijan is the expansion of opportunities
for utilizing alternative energy potential. In
this regard, the declaration of the Karabakh
and Eastern Zangezur regions as a “Green
Energy Zone” is considered a significant step.
The level of solar radiation, topographical
features, and climatic indicators of these areas
create favorable conditions for the widespread
use of solar energy. At the same time, the
application of solar energy technologies in the
region’s restoration and development stage
can contribute to strengthening energy susta-
inability, preserving ecological balance, and
promoting the implementation of modern
technological solutions.

The main purpose of this article is to
conduct a scientific and technical assessment
of the solar energy potential in the Karabakh
and Eastern Zangezur regions, to identify the
economic and environmental advantages in

this field, and to evaluate future prospects. In
this direction, both international experience
and Azerbaijan’s national energy policy will
be taken into account, and the renewable
energy opportunities of the region will be
analyzed on a scientific basis.

Main Part. The Karabakh and Eastern
Zangezur economic regions of Azerbaijan are
distinguished by their abundance of renewable
energy resources and, in particular, are consi-
dered among the most promising areas of the
country in terms of solar energy potential. Me-
teorological observations and reports from in-
ternational organizations demonstrate that
these regions have high levels of solar radi-
ation and long sunshine duration. Specifically,
the annual sunshine hours range between
2,200 and 2,500, while the average annual so-
lar radiation is estimated at 1,600-1,700
kWh/m?. These indicators provide a strong
basis for the utilization of solar energy for both
electricity generation and thermal applications
[World Bank, 2022; IRENA, 2022].

Satellite observations and Geographic
Information System (GIS)-based analyses in-
dicate that the districts of Fuzuli, Jabrayil,
Zangilan, and Khojavend are among the most
suitable zones for the implementation of solar
energy projects. In these areas, the average
annual radiation level is estimated to exceed
1,700 kWh/m?. Notably, the Zangilan district
has drawn attention through the application
of solar panels within the framework of the
“Smart Village” project, and this experience
lays the groundwork for the region’s future
development as a “green energy cluster” [Mi-
nistry of Energy of the Republic of Azerbai-
jan, 2023].
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Manba: IRENA (n.d.-b)

The climatic and topographical features
of Karabakh and Eastern Zangezur create
favorable conditions for the deployment of
solar energy. Lowland areas provide appro-
priate land plots for the construction of large-
scale solar power plants, while in mounta-
inous and foothill zones, the higher intensity
of solar radiation enhances the efficiency of
technologies. At the same time, low cloud co-
ver and high atmospheric transparency are
essential natural factors that further increase
the productivity of solar panels.

The direct utilization of solar energy is
based primarily on three principles: conver-
sion into thermal energy, photovoltaic con-
version, and thermoelectric conversion. To
implement these processes, specific technical
devices - helioreceivers and solar collectors -
are used. These systems perform the function
of energy collection and transfer, thereby not
only increasing efficiency but also optimi-
zing energy consumption.

Solar thermal systems are classified into
two groups - passive and active systems -
based on their functional and technological
characteristics. Passive systems have a simp-
ler and stationary structure and are usually
integrated into south-facing walls and roof
structures. The surfaces of such systems are
equipped with special coatings and glazing to
maximize the absorption of solar radiation.

Their operating principle is based on solar
rays passing through the glazing, being ab-
sorbed by dark-colored surfaces, and trans-
ferring the accumulated heat to the interior
space or a heat carrier through conduction
and natural convection. Passive systems are
mainly applied for space heating, ventilation
support, and water heating.

Active solar thermal systems, on the
other hand, have a more complex structure
and are capable of providing heat at both low
and high temperatures. In these systems,
energy is collected through collectors euip-
ped with flat panels or vacuum tubes. Collec-
tors are generally manufactured in three
types: flat-plate collectors, flow-type vacuum
tube collectors, and vacuum tube collectors
operating on the “heat pipe” principle. These
devices heat a heat transfer fluid, usually
water or antifreeze, and direct it toward vari-
ous purposes - such as domestic hot water
supply or other heating systems. For instance,
a 1.5 m? collector can heat 100 liters of water
to 55-60°C within 5—6 hours during the sum-
mer season.

The application areas of active systems
are broader compared to passive ones. They
are used for heating and ventilating residen-
tial and industrial buildings, drying agricul-
tural products and wood, purifying and desa-
linating drinking water, as well as generating
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electricity and mechanical energy. However,
in practice, most systems simultaneously
perform only one or two functions and are
traditionally installed in a stationary manner.

Solar collectors are widely applied as an
alternative energy source for water heating,
which helps reduce electricity and gas costs
and enhances the economic efficiency of
thermal energy. In thermosiphon systems,
solar radiation is transferred from the collec-
tor to the storage tank, where water is heated
through natural circulation. The front glazing
of the collectors is made of tempered glass
with low reflectivity, while the absorber sur-
face inside consists of copper pipes and cop-
per plates. When solar rays enter the collec-
tor, the wavelength changes, and the heat is
trapped inside the collector, creating a gre-
enhouse effect that heats the water.

The movement of water occurs due to the
temperature difference between the collector
and the storage tank. Heated water loses
density, expands in volume, and increases in
pressure, while colder water becomes denser
and re-enters the circulation loop. Driven by
gravity, the hot water flows into the storage
tank, and once the temperatures equalize,
circulation stops. When heat is consumed and
the temperature decreases again, the move-
ment of water resumes. For this reason, ther-
mosiphon systems mainly operate on the
principle of natural circulation.

The main factors affecting water circula-
tion are the temperature difference between
the collector outlet and the bottom of the
storage tank, as well as the height difference
between the devices. The greater these values
are, the more favorable the circulation beco-
mes. Pump-assisted systems also exist; altho-
ugh they improve heat transfer capacity, they
reduce overall energy efficiency and cannot
operate in locations without an external po-
wer supply.

Flat-plate collectors convert both direct
and diffuse radiation into heat and are sui-
table for low-temperature heat production
(below 70 °C). They are primarily applied for
space heating and domestic hot water supply.
Their efficiency depends on weather conditi-

ons and decreases as the temperature of the
heat transfer fluid increases. During the sum-
mer season, they can ensure high efficiency
in heating swimming pools and water supply
systems.

Simple flat-plate collectors are usually
composed of black plastic pipes, while more
advanced designs are equipped with thermal
insulation. Water can be heated either directly
through the collector or indirectly via an
intermediate heat transfer fluid. Copper and
aluminum are commonly used in collector
manufacturing; copper provides higher ther-
mal conductivity, whereas aluminum is chea-
per but more prone to corrosion. The panel
surfaces can be anodized or painted; howe-
ver, paint tends to degrade over time under
ultraviolet radiation. The front cover is made
of glass or plastic, while the back wall is
insulated with materials such as fiberglass,
polyurethane foam, or other insulating sub-
stances.

Vacuum tube collectors consist of two
concentric cylinders: an outer glass tube and
an inner fluid-carrying tube. The space bet-
ween the two cylinders is vacuum-sealed to
minimize heat loss. These collectors are ca-
pable of heating the fluid up to 80°C or hig-
her. Typically, the collector is composed of
several tubes, with a reflective surface placed
beneath them to enhance solar radiation
absorption and increase heat gain.

In air-type solar collectors, air is used as
the heat transfer medium. These systems can
be constructed in the form of flat, corrugated,
perforated panels, or as a network of metal
tubes. The simplest design is a flat-plate
absorber panel, which is installed within an
insulated casing along with inlet and outlet
ducts. Panels are usually made of copper or
aluminum, painted black, and covered with a
transparent protective layer (glass, plastic, or
polycarbonate).

As air comes into contact with the absor-
ber surface, it gains heat and warms up, while
fins within the panel enhance heat transfer. For
maximum efficiency, the collector must be
oriented southward and protected with high-
quality insulation. The system can operate ba-
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sed on natural or forced circulation; however,
forced circulation requires a fan. Natural cir-
culation is rarely used, as the slow movement
of air masses causes significant heat loss.

Unlike water-based systems, air collec-
tors operate at lower temperatures (around
25°C) and are suitable only for space heating
through air circulation. They are not capable
of heating water. Although these devices have
a relatively low efficiency and require larger
dimensions, they are advantageous due to
their simple design, ease of installation, and
low cost. To ensure effective operation, all jo-
ints and connections must be carefully insu-
lated. Air collectors can heat air when the
temperature difference with the external
environment is about 15-17 °C.

Solar collectors are generally installed
on rooftops, which provides sufficient sur-
face area and enables maximum utilization of
solar radiation. The collected heat is transfer-
red to a heat carrier (water, antifreeze, or an-
other fluid). In most cases, a mixture of 40%
glycol and 60% distilled water is used as the
heat transfer fluid. The heated fluid is then
directed through pipes to radiators or other
heating systems. The movement of the fluid
can be regulated by a pump, while natural
circulation occurs through the expansion of
the heated liquid.

For the system to operate efficiently,
thermal insulation should be at least 25-30
cm thick. The storage tank must be rectangu-
lar in shape and can be equipped with additi-
onal heating elements to ensure that when so-
lar energy is insufficient, the liquid is heated
to the required temperature. During the sum-
mer months, solar collectors can fully meet
the household demand for hot water. In tran-
sitional seasons, they reduce the load on ele-
ctric or gas boilers, thereby optimizing both
energy consumption and financial costs.

The main drawback of the system is the
high initial investment cost. The price of a
single collector ranges between USD 500-
1000, while the full installation of a system
consisting of two collectors costs approxima-
tely USD 2300-3000. Since solar radiation
intensity varies throughout the year, collec-
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tors cannot serve as the sole source of hea-
ting.

Several technical and practical aspects
should be considered when selecting a solar
collector. Flat-plate collectors are generally
more durable than other models; however,
minor malfunctions may cause the entire sys-
tem to stop functioning, leading to additional
expenses. To reduce costs, a simple flat solar
water heater can also be constructed domes-
tically, capable of raising the temperature of
the heat carrier by 30-40°C above the ambi-
ent level.

Vacuum tube collectors, on the other
hand, are more sensitive to external impacts
and less resistant to mechanical shocks. Ne-
vertheless, if one tube fails, it can be easily
replaced. These types of collectors are more
efficient in winter compared to flat-plate mo-
dels, operate over a wider temperature range,
and retain heat for longer periods. The length
of the tubes has a direct impact on performan-
ce; the optimal configuration typically con-
sists of several tubes measuring 2 m in length
and 6 cm in diameter. To enhance heat tran-
sfer, straight or U-shaped elements are in-
stalled inside the tubes.

Air-type collectors have a simpler de-
sign, require minimal maintenance, and can
operate at lower temperatures. Their service
life is longer compared to other systems; ho-
wever, their heating capacity is relatively
weak. The installation site of the collector
also plays a significant role: it should be
oriented southwards or at an angle of up to
30° from the south. For easier snow removal
in winter, the collector may be installed ver-
tically, though this may reduce its efficiency
factor.

The efficiency of a solar collector de-
pends on several factors: the method of heat
generation, the season of the year, weather
conditions, and the circulation system. For in-
stance, the average hourly heating capacity of
a system with a surface area of 1 m? is as
follows: 100 liters of water — 7°C, 50 liters —
14°C, 25 liters — 28°C, 15 liters — 46°C, and
10 liters — 70°C. On cloudy days, the water
heating process is slower, whereas on sunny
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days the rate significantly increases. In sum-
mer, a collector with a surface area of 1.5 m?
can provide approximately 200 liters of hot
water at 40°C per day. In winter, however, an
additional storage tank is required to ensure
sufficient hot water supply. Under cold wea-
ther conditions, water is heated only through
an indirect heating system, making a fully
independent system infeasible.

The economic efficiency of a solar col-
lector is determined by several factors: the
cost of the collector and installation, heat
transfer capacity, payback period, and opera-
tional lifespan. Collectors made from cheap
or low-quality materials carry the risk of low
productivity and premature failure; therefore,
selecting reliable equipment is crucial. If the
collector is used year-round and for commer-
cial purposes, it typically pays for itself
within a few years. However, if it is used only
during the summer season, the payback pe-
riod is approximately 78 years.

Conclusion: The study demonstrates
that the Karabakh and Eastern Zangezur re-
gions are among the strategically significant
areas in terms of solar energy potential. The
favorable climatic conditions, high levels of
solar insolation, and long sunshine duration
create advantageous opportunities for the im-
plementation of renewable energy projects.
These factors serve as a solid foundation both
for the construction of large-scale solar po-
wer plants and for the deployment of local
heating and hot water supply systems.

The expansion of solar energy utilization
not only enhances the reliability of energy
supply in the region but also reduces environ-
mental burdens, mitigates greenhouse gas
emissions, and generates economic benefits in
line with the principles of sustainable deve-
lopment. From a technical perspective, the ap-
plication of solar collectors and photovoltaic
systems improves energy efficiency, while
from an economic standpoint, it reduces ener-
gy costs and strengthens the investment at-
tractiveness of the region.

Within the energy policy of the Republic

of Azerbaijan, the declaration of Karabakh
and Eastern Zangezur as a "Green Energy
Zone" and the integration of renewable ene-
rgy technologies into the regional develop-
ment model can be considered a strategic step
aligned with global trends. This approach
ensures environmental safety while laying
the foundation for a new stage in the socio-
economic development of the region.

Thus, the scientific assessment and prac-
tical application of solar energy will play a
decisive role in strengthening the energy se-
curity of Karabakh and Eastern Zangezur,
maintaining ecological balance, and achie-
ving the sustainable development goals of the
national energy strategy.
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Qarabag va Sarqi Zongozurda Giinas
Enerjisindon Istifado iImkanlarinin
Elmi-Texniki Tahlili

XULASO

Bu mogalodo Qarabag vo Sorqi Zongozur
igtisadi rayonlarinin giinos enerjisi potensiali
kompleks sokildo Oyronilmisdir. Todqiqatda
regionun iqlim gostaricilori, glinas radiasiya-
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smin saviyyasi, relyefin tasirlori vo texnoloji
totbiq imkanlar1 tohlil olunmusdur. Naticolor
gostarir ki, bu arazilor gilines enerjisindon hom
elektrik istehsali, hom do istilik va isti su
tochizatinda istifado {¢iin olverisli soraito
malikdir. Aragdirmada giinos kollektorlarinin
vo fotovoltaik panellorin somoraliliyi, enerji
saxlama sistemlorinin ohomiyyati, ekoloji vo
iqtisadi  istlinlikklori  do  vurgulanmigdir.
Beloliklo, Qarabag vo Sorqi Zongozur Azor-
baycanin barpa olunan enerji siyasotinda stra-
teji ohomiyyatli zonalar kimi qiymatlondirils
bilor.

Acar sozlar: Qarabag, Sorqi Zongazur,
glinag enerjisi potensiali, alternativ enerji
texnologiyalari, giinas kollektorlar, fotovol-
taik panellar, enerji effektivliyi

Scientific and Technical Analysis of Solar
Energy Utilization Opportunities in
Karabakh and Eastern Zangezur

ABSTRACT

This article provides a comprehensive
assessment of the solar energy potential of the
Karabakh and Eastern Zangezur economic
regions. The study analyzes climatic indica-
tors, solar radiation levels, the influence of
relief conditions, and technological applica-
tion possibilities. The findings indicate that
these areas possess favorable conditions for
the utilization of solar energy in both electric-
ity generation and thermal applications, in-
cluding hot water supply. The research also
highlights the efficiency of solar collectors
and photovoltaic panels, the importance of
energy storage systems, and the ecological
and economic advantages of renewable ener-
gy integration. Consequently, Karabakh and
Eastern Zangezur can be considered strategic
zones in Azerbaijan’s renewable energy
policy.
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Keywords: Karabakh, Eastern Zangezur,
solar energy potential, alternative energy
technologies, solar collectors, photovoltaic
panels, energy efficiency.

HayuyHo-TexHuYecKuii aHAIU3
BO3MO;KHOCTeil MCI0JIb30BAHUS
coJIHe4yHOli JHeprun B Kapabaxe

u Bocrounom 3anresype

AHHOTALIUS

B nanHoi1 cTarbe npeacrasieHa BCECTO-
POHHSIS OLICHKA [TOTEHI[aJ1a COJTHEYHOM SHEp-
ruu Kapabaxckoro u Boctouno-3anre3ypcko-
ro SKOHOMHUYECKUX PaioHOB. B uccienosa-
HUM [IPOaHAJIU3UPOBAHbI KJIMMAaTHUECKUE I10-
Ka3aTeilu, YpOBEHb COJIHEYHOM paJHalIUH,
BIMSIHUE penbeda U BO3MOKHOCTH TEXHOJIO-
TMYECKOro MpUMEHEHHUs. Pe3ynbrarsl okasbl-
BAIOT, YTO JAaHHBIE TEPPUTOPUU OOJIATAIOT
OJaronpUATHBIMU YCIOBUSIMU JJISI UCHIOJIB30-
BaHUs COJIHEYHOM SHEPruu KaK B MPOU3BOJI-
CTBE 3JIEKTPO3HEPTUH, TaK U B TEIJIOCHA0XKe-
HUU U o0ecTieueHnH ropsiueii Bonoil. B pabote
TaKXXe 0TMeUYeHbI 3(P(HEeKTUBHOCTb COTHEUHBIX
KOJUIEKTOPOB U (POTORIEKTPUUECKHUX TaHETIeH,
3HAUEHUE CHUCTEM HAKOIUICHWs DJHEPrUH, a
TaKXKE IKOJIOTUYECKHE U DKOHOMUYECKHE TIpe-
MMYIIECTBA BHEAPEHHS] BO3OOHOBIIIEMBIX HC-
TOYHUKOB 3Hepruu. Takum ob6pazom, Kapabax
u Bocrounslii 3aHre3yp MOryT paccMarpu-
BaTbCs KaK CTPATEernyecKue 30HbI B 3HEPTeTH-
yeckol monuTuke AzepOaiixana.

Knrwoueevie cnosa: Kapabax, Bocmou-
HblU 3aH2e3yp, NOMEHYUA COTHEYHOU dHep-
eull, anbmepHamueHvle SHepeemudecKue me-
XHOJIO2UU, CONHEeYHble KOMIeKmopbul, homo-
aeKmpuyeckue naweiu, dHepeodghghexmu-
BHOCMb.

Maqalaya AzMIUnun “Miihondis sistem-
lari vo qurgularumin tikintisi” kafedrasinin
dosenti G.A. Olasgarov ray vermigdir.
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PLASTIK TULLANTILARININ iNNOVATIV TOKRAR EMAL TEXNOLOGIYASININ
TOTBIQi ILO ALINAN KOMPOZIT BETON-PLASTIK MATERIALLARIN
XASSOLORININ OYRONILMOSI

Isin aktualligi. Diinya iqdisadiyyatmin
stiratli inkisafi ister istehsal, istorsados istehlak
tullantilarinin armasina sobab olur. Tullan-
tilarin artmasi hom otraf miihitin ¢irklonmo-
sing, hom do ekaloji problemlorin yaranma-
sina gotib ¢ixarir. Ona gors do tullantilarin
otraf miihitin miihafizasi vo ekoloji voziyyatin
yaxsilagdirilmasi mosadi ilo saxlanilmasina vo
mohv edilmasi nazarat edilir, utilizasiyast hor
zaman digqot morkozindo saxlanilir. Tul-
lantilarin mohv edilmosi xiisusi avadanliq-
larda yandirmagqla, kimyovi madslorlo ney-
trallagdirmagqla vo maye halinda alinan tullan-
tilar1 iso gillo garigdirmala yerina yetirilir. Bu
zaman otraf mihitin c¢irlonmosi, zahorli
qazlarin havaya qarismasi vo s. monfi hallar da
bas vers bilir. Tullantilarinin utilizasiya - tor-
kiblarinds ola bilon qiymatli garisiglarin - me-
tallar, siiso vo basqa komponentlorin ayirdig-
dan sonra qalan madds hissasinin yandirilma-
s1 vo ya moisot tullantilarimi qicqirtma iisulu
ilo bioqazin vo ya giibronin almasi ligiin tot-
biqi, eyni zamanda istehsalat tullantilar1 ikinci
doracali mohsul, xammal kimi miixtalif ingaat
materiallar istehsalinda istifads edilir.

Hazirda diinyanin haor yerinds daha ¢ox
istehsal vo totbiq edilon materiallardan biri do
plastik materiallardir ki, bu sobabdon dos zibil-
xanalara atilan, toplanan, doniz vo okeanlar
cirklondiron tullant1 da mohz plastik tllantilar-
dir. Ona goro da plastik tullantilar global, eko-
loji problemlor yaradir. Plastik tullantilar mii-
asir dovrda otraf miihit ti¢iin an ciddi tohliiko-
lordon biri hesab olunur [1].

Azorbaycanda sonaye vo tikinti sektoru-
nun inkisafi plastik materiallarin istehsal va is-
tifadosinin artmasi naticodo belo tullantlarin
hocmi do ohamiyyetli dorocods ¢oxalmisdir
[6]. Plastik materiallarin ononovi mohv edilmo
tisullart ham enerji tolobatina gora, hom do
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ekoloji ¢irklonmo baximindan bir sira mohdu-
diyyetlora malikdir. Bu baximdan, plastik tul-
lantilarin tokrar emal prinsipi osasinda igloyon
innovativ texnologiyalarin islonmasi otraf
miihitin miihafizesi vo iqtisadi somaraliliyin
artirilmasi baximindan aktual istigamot hesab
olunur. Qlobal atraf miihitin ¢irklonmasi fo-
nunda plastik tullantilarin tokrar emali mase-
losi getdikco daha da aktuallagir.

Umumiyyatlo, plastik materiallar yiingiil-
lilyii, davamliligi, emal rahatligi vo asag qiy-
moati naticesinde hom giindslik hayatin, ham
do tikinti vo istehsal sektorlarinin ayrilmaz
hissasine ¢evrilmisdir. Lakin bu iistiinliiklorlo
yanast, plastiklorin yliksok kimyavi dayaniqli-
&1 vo bioloji parcalanmaya garsit miigqavimati
onlarin utilizasiyasini vo tokrar emalini ¢otin-
losdirir [7]. XX osrin ortalarindan etibaron
plastik istehsali siiratlo artmig, 2020-ci illorde
illik istehsal 400 milyon ton saviyyasini keg-
misdir va 2050-ci ilo godar bu gostaricinin iki
dofs artacag prognozlasdirilir [7].

Plastiklorin kimyoavi dayaniqligi sobe-
bindon onlarin torpag, su vo atmosferds y181l-
mas1 qlobal ekoloji bohran yaradir. Mikro-
plastiklar su hovzalarinds va canli orqanizm-
lorda toplanir, toksik olavaler iso torpaga vo
gida zoncirine daxil olur [6, 7]. Yandirilma
zamant dioksin vo furan kimi kanserogen
gazlarin omolo golmosi otraf miihit {i¢iin
olavo tohliiko yaradir [8].

Plastiklorin yiiksok fiziki-kimyovi daya-
niqlig1 senaye ii¢lin mithiim iistiinliik olsa da,
ekoloji cohotdon ciddi problemdir. PVC va
PP kimi materiallarin tabiotdo 100-1000 il
orzinds pargalanmasi onlarin tobistds toplan-
masina vo mikroplastik ¢irklonmasinae gotirib
cixarir [9]. Bu sobabdon plastiklorin yenidon
istifado, kimyovi tokrar emal vo innovativ
kompozitlords tatbiqi istigamatinda elmi tad-
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giqatlar vacibdir [10].

Plastik tullaantilar anonavi iisulla tokrar
emal1 zamani adoton dord osas omoliyyat ye-
rina yetirilir.

1. Tullantilarin toplanmasi vo ¢esidlonmosi—
tullant1 toplusunda miixtalif polimer tiplo-
rinin (PE, PP, PVC va s.) ayrilmasi;

2. Yuyulma vo qurutma — mexaniki ¢irklorin,
etiket vo yag qaliglarinin tomizlonmasi,

3. Oridilmo va ekstruziya prosesi — plastik
materiallarin yliksok temperaturda (150—
280°C) aridilmoasi vo formaya salinmast;

4. Donovarlosdirma vo yenidon emal — alinan
orimis materialin qranul sokling gatirilorak
yeni mohsullarin istehsalinda istifadosi [6].

Bu proseslor texniki baximdan sads go-
riinso do, enerji sorfi, emissiyalar, keyfiyyot
itkisi vo iqtisadi somarasizlik kimi problem-
lor yaradir [10].

Plastik tullantilarin tokrar emali ilo va tot-
biqi diinya alimlori torofindon dyronilmokde-
dir.

Gomi tomiri vo goamiqayirma meydancga-
larinda vo limanlarda gomilorin vo sahil su
gomilorinin istismart zamani yaranan plastik
tullantilarin tokrar istifadosi potensiali tohlil
edilmis vo miioyyan olunmusdur ki, bu név
tullantilarin denizo axidilmasi qadagandir. Bu
da onlarin zibilxanalarda (poliqonlarda) bo-
yik miqdarda toplanmasma vo sonradan
emal ehtiyacina sobab yaradir. Bu tip tullan-
tilarin emali {igiin osas tisul kimi tokrar emal
tisulu toklif olunur. Gostarilir ki, plastik ma-
teriallarin bu név maddonin fiziki-kimyavi
xassolori ilo miioyyon edilon miixtolif tokrar
emal perspektivlori vardir. Tokrar emal po-
tensiali baximindan faktiki olaraq biitiin plas-
tiklori iki qrupa bolmak olar: termoplastik vo
termoset. Termoplastik plastiklorin tokrar
emal1 texnoloji cohatdon daha sado prosesdir,
maddolorin vo materiallarin tokrar istifadasi-
ni artirmaga imkan verir vo bununla da tabii
ehtiyatlardan rasional istifadoni tomin edir.
Xammal kimi tokrar emal edilmis plastikden
istifado etmoklo, masalon, gomi tomiri vo ya
gomiqayirmada istifado olunan miiayyon
mohsullarin 6z daxili istehsalin1 togkil etmok
imkanlarini yaradir [1].

Plastik materiallarin tokrar emalinin mov-
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cud tsullarinin otrafli tohlili aparilmig, hom-
¢inin ekoloji voziyyetin yaxsilagdiriimasi
ticlin effektiv hall yolu kimi biokatalizatorlar-
dan istifads perspektivlori aragdiriligdir. Apa-
rilmis elmi analiz xiilasosino osaslanaraq
plastik tullantilarin totbiqi yollar1 miioyyon-
losdirilmis vo yeni mohsullarin istehsali -
plastik gablagdirma, tikinti materiallari, teks-
til vo hatta yeni plastik mohsullar kimi miix-
tolif mohsullar hazirlamaq iigiin istifados edilo
bilinmasi gonaitino golinmisdir [2].

Son illorde polietilenglikol tereftalatin
biodeqradasiyasi plastik tullantilarin ¢irklon-
mosi probleminin hsllindo miihiim vasitays
cevrilmisdir. Bu sahado ¢oxlu todqiqatlar
aparilir vo miioyyon edilmisdir ki, qonaatcil
va yliiksok texnoloji biodeqradasiya proseslo-
rinin inkisaf etdir. Bu sahods golocok iralilo-
yislor sintetik biologiya vo metabolik miithon-
dislik strategiyalarina ssaslanacaq, stini mik-
rob konsorsiumlarinin yaradilmasi vo polieti-
len glikol tereftalat vo digor miirokkob poli-
merlorin daha tam biodeqradasiyasi vo bio-
konversiyasina nail olmaq ti¢iin mikrobial
polietilenglikoltereftalat hidrolazalarinin mo-
difikasiya edilmosi nozords tutulur [3].

Polietilentereftalat torkibli plastik tullan-
tilardan liflin hazirlanmasi vo fibrobeton qa-
risiqlarinin hazirlanmasinin miimkiinliiyii 6y-
ronilmisdir. Miioyyon edilmisdir ki, polieti-
lentereftalat torkibli plastik tullanti liflorin-
don istifade etmoklo suya davamli, ¢atlarada-
vamli, asinmaya davamli fibrobetonlar oldo
etmok miimkiindiir [4].

[12]-do fibrobeton istehsalinda armatur-
layict liflor kimi ohali torefindon bdyiik mig-
darda istehlak edilon qazli vo qazsiz igkilarin
saxlanmasi ti¢lin istifado olunan plastik qab-
larin (tullantilarin) potensial imkanlarindan
istifadosisinin miimkiinlilyli aragdirilir. Mii-
ayyan edilmisdir ki, bu tip tullantilar miixtalif
o6l¢iili liflore goklindo dogranmaqla hazirlana
bilar va adi betoni arlaturlayicr 1if kimi istifa-
do edilo bilor. Tocriibalor gostormisdir ki, bu
tullantilar asasinda hazirlanan liflori sement
betonun six1lmada méhkamlik haddini 1,76%
artirir, orta sixligini iso 1,11% artirir.

Tadqigatlarda metal vo ononovi plastik
liflarlo yanas plastik iski qablarinda hazirlan-
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mus liflor asasinda fibrbetonun alinmasi va
bozi istismar gostaricilori dyronilmisdi. Mii-
oyyon olunmusdur ki, metal lifli fibrobeton
niimunslarinin zarbaya davamliligr adi beton
nliimunsloari ilo miiqayisade 14,6 % yiiksok-
dir; polipropilen lifli beton niimunalorindon
11,5% yiiksokdir; va polietilentereftalat osas-
I1 tullantilardan hazirlanmis liflior in totbiqi
ilo alinan fibrobetonlarda bu gostarici 10,6%
yiiksokdir. Hor iki niimunado metal vo poli-
propilen lifli domir-betonun zorbays davam-
liligr 14,75%, polietilentereftalat asaslt lifli
domir-beton tullantilarinin zorboys davamli-
l1g1 150 14,3% yliksokdir [5].

Isin maqsadi. Cari todqigat isindo plas-
tik tullantilar1 oritmadon tokrar istifadesine
osaslanan “EMI” Kompozit Beton-Plastik
Material (KBPM) texnologiyasinin totbiqi
toklif olunur. Bu magsals plastik tullantilar:
oritmadon tokrar emal prinsipli innovativ tex-
nologiyaanin totbiqi ils plastik doldurucunun
hazirlanmasini nozards tutulmusdur.

Istifado olunan materialar. Tocriibelordo
PVC vo PP kimi sintetik plastik tullantilardan
istifado edilmisdir. Polipropilen (PP) termo-
plastlar elastik vo yumsaqdir, lakin PVC
plastiklor daha sortdir [6]. Plastiklor bir ¢ox
kimyovi reagentlora qarst dayanigl olur. Belo
ki, PVC (polivinil xlorid) tursulara, duzlara vo
orqganik hoalledicilars qarst yliksok dayaniglidir
[8], PP (polipropilen) iso yiiksok temperaturda
belo kimyavi sabitliyini qoruyur vo oksidlos-
moys qarst miigavimot gostorir [6]. Bu daya-
niqliq tobiotdo pargalanmani ¢otinlogdirir vo
uzunmiiddatli ekoloji yiik yaradir [10]. Plas-
tiklor istiliyo gars1 miixtolif doracode davamli-
dirlar. Termoplastlar (PVC, PP) qizdirildigda
yumsalir vo formalasir, soyuduqda iss barkiyir
[6]. PVC 75-105°C araliginda yumsalir,
140°C-don yuxarida iso deqradasiyaya ugrayir
va HCI qazi1 ayrilir ki, bu da otraf miihit {igiin
tohliikali emissiyadir [11]. PVC 140-160°C
temperaturda HCI emissiyasi ilo parcalanir [9].
Davamli mexaniki tosirlor (oymo, sixilma, siir-
tlinma) polimer zancirlorini qisaldir, naticads
plastik kovraklasir [10]. Bioloji pargalanma
¢ox yavas gedir. Yalniz bazi mikroorqanizmlor
polietilen vo polilaktid kimi bioplastiklori par-
calaya bilir, lakin PVC vo PP kimi sintetik
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plasplastiklor yiiz illorlo sabit galir [7].

PVC va PP kimi sintetik plastik tullantilar
beton garisiginin hazirlanmasinda doldurucu
kimi istifads edilmisdir. Tacriibalords sement,
qum, ¢inqil kim komponentlor do istifads edil-
misdir.

Isin gedisi. Todqiq olunan EMIi-—Kom-
pozit Beton-Plastik Material (KBPM) hazir-
lanmasi yeni texnologiyanin taotbiqi ilo hoyata
kecirilmigdir. Bu texnologiyada plastik tullan-
tilart oritmodon xirdalanmis, beton kompo-
nentlori 1 m® beton qarisig1 hesabr ilo dozalan-
mis, mexaniki garigdirmig vo presloma tisulu
ilo sixlagdirilmigdir. Bu metod ham enerji sor-
fini, hom do qaz emissiyalarin1 shomiyyatli
doracads azaldi. Preslomo omaliyyati anonovi
vasitasi ilo aparilmisdir. Totbiq olunan ekstru-
der prosesi plastik materiallar istehsalinda
totbiq olunan asas emal1 texnologiyasidir.

Belos texnologiyalar hom plastik tullantila-
rin azaldilmasina, hom do sirkulyar iqtisadiy-
yatin giiclonmasine miihiim t6hfo vers bilor.

Todgiqat gorgivesinda toklif olunan EMI
Kompozit Beton-Plastik Material (KBPM)
texnologiyasi plastik tullantilarin oridilmodon
tokrar istifadosine osaslanir. Bu texnologiya-
nin asas Ustiinliiklori:

— Enerji sorfiyyatinin minimuma endiril-
mosi;

— Kigik istehsal sahasinds totbiq imkani;

— Modvcud beton istehsal xotlorinag inteqrasi-
ya oluna bilmasi;

— Hidroizolyasiya v istilik izolyasiyasinin
yaxsilagdirilmast;

— Xammal sorfiyyatinin vo mohsul ¢okisinin
azalmasi.

Tacriibalorin PVC va PP kimi sintetik plastik

tullantilardan 5-30 % hesab1 ilo ayriligda

totbig edilmoklo niimunslor hazirlanmis,

borkidilmis, sinanilmigdir. Alinmis sinaq ne-

ticolorino osaslanaraq torkibdoki komponent-

lor sorfi vo alinan kompozit betonun fiziki-

mexaniki gostaricilorinin toyin edilmisdir.

Noaticalar cadval 1, 2 va 3-do verimisdir.
Cadval 1 va 2-don goriindiiyii kimi alinan

"EMI" Kompozit beton blastik materialinin

asagidir. Alinan materialin mihkomliyini se-

ment-qum mohlulu ils plastik qirintilarinin
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sothi iligkonliyininin artirilmasi ilo alds et-
mok olar. Biitiin digor xiisusiyyatloro goro
"EMI" Kompozit beton plastik material adi
betondan {istiindiir. PVC va PP istifadoasi ilo
alinan betonlarin sinaq naticolorinin miiqayi-
sosi gostarir ki, PP tullant1 asasli doldurucular
beton qarigiginda istifadosi vo onlarin PVC

ilo miiqayisado daha elastik olmasi sobabin-
don son mohsulun méhkamliyin daha az ol-
musgdur. Lakin PP torkibli dolduruculu be-
tonlarin biitlin digor fiziki xiisusiyyatlori
PVC dolduruculu betonla miigaisado gismon
yiiksokdir (coadval 3).

Cadval 1.
PVC torkibli tullantilar asasinda hazirlanmis iri doldurucunun
tatbiqi ilo alimnan KBPM fiziki-mexaniki gostaricilori
b | PYCRN g, Cmaim | Umumi | Cinqi-PVC EURC LI
xiisusiyyoat ﬁle.ﬂ . |PVC-nin fiziki . tarklbd.e |, AATINBIMN e xassolorin-
Xassdiori faizi xassalori  |cinqul faizi| fiziki xassalori doki forg
Sixilma 75 MPa 5% 190 MPa 95 % 184 MPa -3,03 %
mohkamliyi| 75\ 1p, 10% | 190MPa | 90% 179 MPa -6,05 %
75 MPa 15 % 190 MPa 85 % 173 MPa -S,08 %
75 MPa 20 % 190 MPa 80 % 167 MPa -12,11 %
75 MPa 30 % 190 MPa 70 % 156 MPa -18,16 %
Istilikkegir | 0,20 W/(m-K) | 5% [1,55 W/(m-K)| 95% | 1,48 W/(rrvK) -4.35%
md omsah 0,20 W/(m-K) | 10% (1,55 W/(m-K)| 90 % 1,42 W/(m-K) -8,71 %
0,20 W/(m-K) | 15% (1,55 W/(m-K)| 85 % 1,35 W/(m-K) -13,06 %
0,20 W/(m-K) | 20% (1,55 W/(m-K)| 80 % 1,28 W/(m-K) -17,42 %
0,20 W/(m-K) | 30% [1,55 W/(m-K)| 70% 1,15 W/(m-K) -26,13 %
Xiisusi 1,4 qr/sm3 15% | 2,6 qr/sm3’ 95% 2,54 qr/sm3 -2,31 %
gokisi 14qr/sm3 | 10%1 | 2,6qr/smd | 90% | 2,48 qr/sm3 4,62 %
1,4 qr/sm3 15 % 2,6 qr/sm5 85 % 2,42 qr/sm3 -6,92 %
1,4 qr/sm3 20% 2,6 qr/smb6 80% 2,36 qr/sm3 -9,23 %
1,4 qr/sit13 30 % 2,6 qr/sm7 70% 2,24 qr/sm3 -13,85 %
Su ¢akmo 0,0 % 5% 0,8 % 95 % 0,29 % -63,31 %
omsall 0,0 % 10 % 0,8 % 90 % 0,72 % -10,00 %
0,0 % 15 % 0,8 % 85 % 0,68% -15,00%
0,0 % 20 % 0,8 % 80 % 0,64 % -20,00 %
0,0 % 30 % 0,8 % 70 % 0,56 % -30,00 %
Sas udma 0,17 a 5% 0,30 a 95 % 0,29 a 2,17 %
amsah 0,17 a 10 % 0,30 a 90 % 0,29 a -4,33 %
0,17 a 15 % 0,30 a 85 % 0,28 a -6,50 %
0,17 a 20 % 0,30 a 80 % 0,27 a -8,67 %
0,17 a 30 % 0,30 a 70 % 0,26 a -13,00 %
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Cadval 2.

PP torkibli tullantilar asasinda hazirlanmus iri doldurucunun totbiqi
ilo aliman “EMI” KBPM fiziki-mexaniki gostaricilori

GoOzlanilan naticalar PP iizra

Cinqil vo cin-

- oo | Umumi Cmnqilin Umumi | Cinqil-PP qa- |qil-PP qarisigi-
Xufl‘lzsgi‘ o Pia';‘s‘;fizr‘ik‘ tarkibdo fiziki | torkibde | risigminfiziki | nrn fiziki xas-
y PP-nin faizi| xassalori |cinqilfaizi xassalari salarindaki
forq
25 MPa 5% 190 MPa 95 % 182 MPa -4,34 %
25 MPa 10 % 190 MPa 90% 174 MPa -8,68 %
Smilma * 5 Mpy 15% 190MPa | 85% 165 MPa -13,03 %
mohkamliyi
25 MPa 20 % 190 MPa 80% 157 MPa -17,37 %
25 MPa 30% 190 MPa 70 % 141 MPa -26,05 %
0,16 W/(m K) 5% 1,55 W/(m-K)[ 95 % 1,48 W/(m-K) -4,48 %
0,16 W/(m-K) 10% 1,55 W/(m-K)[ 90 % 1,41 W/(mK) -8,97 %
I“;";;‘}‘::;l"m 0,16 W(m-K)| 15%  [1,55W/(m-K)| 85% | 1,34 W/(m-K) | -13,45%
0,16 W/(m-K) 20% 1,55 W/(m-K)|  80% 1,27 W/(m-K) -17,94 %
0,16 W/(m-K) 30% 1,55 W/(m-K)| 701 1,13 W/(m-K) -26,90 %
0,9 qr/sm3 5% 2,6 qr/sm3 95% 2,52 qr/sm3 -3,27 %
0,9 qr/sm3 10% 2,6 qr/sm4 90% 2,43 qr/sm3 -6,54 %
0,9 qr/sm3 15% 2,6 qr/sm5 85% 2,35 qr/sm3 -9.81 %
Xiisusi ¢okisi
0,9 qr/sm3 20% 2,6 qr/smb6 80 % 2,26 qr/sm3 -13,08 %
0,9 qr/snr.3 30 % 2,6 qr/sm7 70% 2,09 qr/sm3 -19,62 %
0,0 % 5% 0,8 % 95% 0,76 % -5,00 %
0,0 % 10% 0,8 % 90% 0,72 % -10,00 %
S:ﬁs‘;‘l‘l"" 0,0 % 15% 0,8 % 85% 0,68 % -15,00 %
0,0 % 20% 0,8 % 80 % 0,64 % -20,00 %
0,0 % 30% 0,8 % 70% 0,56 % -30,00 %
0,40 a 5% 0,30 a 95% 0,31 a -1,67 %
0,40 a 10% 0,30 a 90% 0,31a -3,33 %
Sesudma 0,40 a 15% 0302 85 % 0322 5,00 %
amsah
0,40 a 20% 0,30 a 80% 0,32 a -6,67 %
0,40 a 30% 0,30 a 70 % 0,33 a -10,00 %
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Cadval 3.

PVC va PP torkibli tullantilar 3sasinda hazirlanms iri dolduruclarin tatbiqi
ilo alinan “EMI” KBPM-lorin fiziki-mexaniki gostoricilorinin forqi

Fiziki PP vaya PV.C- Cimnqul vavaqll--P-VC Cmnqul ve Clnqll.-IrP PVC vo PP
xiisusaiyot nin imumi qansigmin fiziki qansigmin fiziki arasmdakiforg
tarkibda faizi xassalorindaki xassalorindaki forq
Sixilma 5% -3,03 % -4,37 % -1,34 %
moéhkamliyi 10 % -6,05 % -8,68 % -2,63 %
15 % -9,08 % -13,03 % -3,95 %
20 % -12,1 % -17,37 % -5,26 %
30 % -18,2 % -26,05 % -7,89 %
Istilikkecirma 5% -4,35 % -4,48 % -0,13 %
amsali 10 % -8,71 % -8,97 % -0,26 %
15 % -13,1 % -13,45 % -0,39 %
20 % -17,4 % -17,94 % -0,52 %
30 % -26,1 % -26,90 % -0,77 %
Xiisusi ¢okisi 5% 2,31 % -3,27 % -0,96 %
10 % -4,62 % -6,54 % -1,92 %
15 % -6,92 % -9,81 % -2,89 %
20 % -9,23 % -13,08 % -3,85 %
30 % -13,9 % -19,62 % -5,77 %
Su ¢akma 5% -5,00 % -5,00 % 0,00 %
omsal1 10 % -10,00 % -10,00 % 0,00 %
15 % -15,00 % -15,00 % 0,00 %
20 % -20,00 % -20,00 % 0,00 %
30 % -30,00 % -30,00 % 0,00 %
Sos udma 5% 2,17 a 1,67 a 0,50 %
amsal 10 % 4,33 a 3,33 a 1,00 %
15 % 6,50 a 5,00 a 1,50 %
20 % 8,67 a 6,67 a 2,00 %
30 % 13,00 a 10,00 a 3,00 %

Noaticalar. Aparilmis todqiqatlara osason

~ sinda EMI-KBPM texnologiyasi ekoloji

asagidaki texnoloji vo ekoloji naticolor
miioyyan edilmisdir:

Beton momulatlarin ¢okisi 8—12% azalir;
Hidroizolyasiya qabiliyyati 25-30% artir;

Istilikkegirmo omsali 0,7 W/mK-don 0,4
W/mK-5 qodor azalir;

Plastik tullantilarin emali zamani otraf
miihito zorar minimuma endirilir;

Enerji sorfiyyatt anonavi iisullarla miiqa-
yisado 35-40% azaldilir;

M50-M75 markal1 betonlar osasinda ¢ox-
mortobali binalarin arakosmo divarlarinda
hazirlanmasinda tatbiq oluna biler;

Toklif olunan oritmadon PVC vo PP plas-
tik tullantilarinin tokrar emal prinsipi osa-
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cohotdon tomiz vo iqtisadi somorali tex-
nologiyadir.
Bu sababdon, golocokda ekoloji cohatdon

tomiz, enerjiys qonaotli vo oritmadon tokrar
emal texnologiyalarinin inkisaf etdirilmaosi
vacib istigamaet kimi qiymatlondirilmalidir.
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Macidov E.I.

Plastik tullantilarinin innovativ tokrar
emal texnologiyasinin tatbiqi il alinan
kompozit beton-plastik materiallarin
xassalorinin 0yranilmasi

XULASO

Moqaloads plastik tullantilar1 ayritmadon
tokrar emalina asaslanan, ekoloji cohotdon to-
miz vo enerji baximindan somorali innovativ
texnologiyanin isglonmasi vo onun osasinda
kompazit beton materialinin alinmast dyra-
nilmigdir. Tacriibalordo PVC (polivinil xlo-
rid) va PP (polipropilen) kimi genis totbiq sa-
hasi tapmisg plastik tullantilar asasinda kom-
poit beton-plastik materiallar (KBPM) isteh-
salinda istifadosi osasindirilmisdir. Yeni tex-
nologiyanin tatbiqi bu nov tullantilarin hoc-
minin azaldilmasina, enerji sorf etmasini mi-
nimuma endirmasine imkan yaradir. ©ldo
edilon son mohsulun suya dayaniqlig, sos-
izolyasiya vo istilik-izolyasiya gostoricilori
ilo adi betonla miiqaisodo daha yiiksok olmasi
miioyyon edilmisdir. Islonmis texnologiyanin
totbiqi ilo M50-M75 markali betonlar alinmig
vo bu betonlar asasinda ¢oxmartobali binala-
rin arakosmo divarlarinda hazirlanmasinda
totbiqi oluna bilor. Toklif olunan oritmadon
PVC va PP plastik tullantilarinin tokrar emal
prinsipi osasinda EMI-KBPM texnologiyast
ekoloji cohotdon tomiz vo iqtisadi somarali
texnologiya oldugu asaslandirilmigdir.

Acar sozlar: tullantilar, plastklor, beton,
tokrar emal, ekoloji, atraf miihit.

Majidov E.I.

Study of the properties of composite
concrete-plastic materials obtained
through the application of innovative
plastic waste recycling technology

ABSTRACT

The article examines the development of
an environmentally friendly and energy-
efficient innovative technology based on the
recycling of plastic waste without melting,


https://scilead.ru/public-journal/230
https://scilead.ru/public-journal/230
https://www.researchgate.net/profile/Denis-Belov-2
https://www.researchgate.net/profile/Sergey-Belyaev-8
https://www.researchgate.net/journal/Proceedings-of-universities-Applied-chemistry-and-biotechnology-2500-1558?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Proceedings-of-universities-Applied-chemistry-and-biotechnology-2500-1558?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Proceedings-of-universities-Applied-chemistry-and-biotechnology-2500-1558?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.21285/2227-2925-2022-12-2-238-253
https://doi.org/10.21285/2227-2925-2022-12-2-238-253

Journal ecology and water economy
Ekologiya va su tasarriifati jurnali,

Ne§, 12.2025

and the production of composite concrete
materials using this method. The experiments
substantiated the use of widely applied plastic
wastes such as PVC (polyvinyl chloride) and
PP (polypropylene) in the production of com-
posite concrete-plastic materials (CCPM).

The application of this new technology
enables the reduction of plastic waste volume
and minimizes energy consumption. It has
been determined that the obtained final pro-
duct exhibits higher water resistance, sound
insulation, and thermal insulation compared
to ordinary concrete.

Through the implementation of the
developed technology, MS50-M75 grade
concretes were produced, which can be used
in the construction of partition walls in multi-
storey buildings.

The proposed EMI-CCPM technology,
based on the non-melting recycling principle
of PVC and PP plastic wastes, has been
proven to be environmentally friendly and
economically efficient.

Keywords: waste, plastics, concrete, re-
cycling, ecological, environment.

9.A. Mem:xuaoB
HcciaenoBanue cBOiiCTB KOMIIO3UTHBIX
0eTOHHO-TJIACTHKOBBIX MATepPHAJIOB,
MOJIy4YeHHBIX ¢ MPUMeHEeHHEeM UHHO-
BAI[HOHHOM TEXHOJIOTUH MepepadoTKH
IJIACTHKOBLIX 0TX010B

PE3IOME

B crarbe npencrasnena pa3paboTka K0
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JIOTHYECKH YHUCTOM M 3HeproddhdeKkTuBHOM
MHHOBAllMOHHOW TEXHOJOIMM IepepaboTKU
IUTACTUKOBBIX OTXOZOB 0€3 UX IUIaBICHUS U
[IOJIy4eHHE Ha €€ OCHOBE KOMIIO3UTHOIO Oe-
TOHHOTO Marepuaia. B skcniepumenrtax odoc-
HOBaHO HCIOJIb30BAHUE IIJJACTUKOBBIX OT-
X0J10B, TakuX Kak [IBX (MOIMBUHUIXIOPHT)
u Il (momumpornusieH), MMPOKO MPUMEHS-
€MBIX B Pa3jIMYHbIX OTPACIAX, IS MPOU3-
BOJICTBA KOMIIO3UTHBIX OETOHHO-ILIACTHKO-
BbIXx MarepuaioB (KBIIM). Ilpumenenue Ho-
BO TEXHOJIOTMH TIO3BOJIIET COKPATUTH 00bEM
MOIOOHBIX OTXOOB U CBECTH K MHUHUMYMY
SHEPro3arparsl.

VYCTaHOBJIEHO, YTO MOJYYEHHBIH KOHEY-
HBII IPOAYKT 001a1aeT 60Jiee BHICOKMMH T0-
Ka3areJsIMU BOAOCTOMKOCTH, 3BYKOU30JIALIUN
U TEIJIOW3OJSIUKU TI0 CPAaBHEHHUIO C OOBIY-
HbIM OeToHOM. C UCTIOIB30BaHUEM Pa3pado-
TaHHOM TEXHOJIOTUU OBUTU TMOJy4eHBbI OeTo-
Hbl Mapok M50-M75, koTopsle MOTYT IpH-
MEHATHCSI MPU H3TOTOBJICHUU MEKKOMHAT-
HBIX IE€PEropoJIOK B MHOIOATAXHBIX 37a-
HUSX.

[IpennoKeHHbIN NPUHIUN 1epepadoTKU
macTukoBeIx 0oTx0om0B [IBX u TIIT Ge3 ux
IUTABJICHUS, PEAJM30BAHHBIN B TEXHOJIOTUU
OMU-KBIIM, 060CHOBaH Kak JKOJOTHYEC-
KM YHCTBIM M IKOHOMUYECKU 3(P(HEKTUBHBIN
METOZ.

Knioueevie cnosa: omxoovl, niacmmac-
cbl, bemoH, nepepabomKa, 3KOLOSUYHOCD,
OKpYHCaIOwas cpeoa.

Mbaqalaya AzMIU-nun
aterialstinashq” kafedrasinin
professoru T.A. Haqverdiyeva

ray vermisdir.
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IKOJIOI'MYECKH - BE3OITACHBIE JAKOKPACOYHBIE MATEPHUAJIBI HOBOI'O
INOKOJIEHUA AJIA BAIIUTBI METAJIVIMYECKUX KOHCTPYKIIUU B
CYJOCTPOEHUU U MAIIMHOCTPOEHUU

BBeaenue. Kopposuss meTamimyeckux
KOHCTPYKLUH SBJISETCS OAHON M3 Haubosee
cepbE3HBIX MPOOJIEM B CYAOCTPOCHUH U Ma-
muHocTpoeHuu. [lo maHHBIM MeEXIyHaApon-
HBIX HCCJIEOBAHUN, €XKErOJHbIE YKOHOMH-
YECKUE NIOTEPU OT KOPPO3UU COCTABIIAIOT 10
3-4% BBII pa3Butbix crpan. OcobeHHO
0CTpO IpobiieMa MPOSIBIAETCS B MOPCKOM
cpelie, rie KOHCTPYKLUHU TI0JIBEPTatoTCs BO3-
JEHCTBUIO XJIOPUIOB, BJIary, epenagoB TEM-
neparypbl 1 6MoJorudeckux (pakTopos.

TpaguuuoHHO OIS 3alMTHl METAJUIOB
IPUMEHSIOTCSI JJAKOKPACOYHbIE MaTepUalIbl
Ha OCHOBE OpraHu4eckux cpsazyrommx. On-
HUM M3 HauboJjiee pacnpoCTpaHEHHBIX SBJIS-
etca nenragranesas smanp [1D-115, obna-
Jaroniasi  JIOCTYIHOCTBIO U yJIOBJIETBOPH-
TEJIbHBIMU JKCIUTyaTallUOHHBIMU XapakTe-
puctukamu. OpHaKo cpok e€ ciyxObl B
MOPCKHX YCJIOBHSX HE MPEBBILIAET 2—3 JIET.

CoBpeMeHHbIE TEHACHIIMU B OO0JacTH
paspabotku JIKM HanpaBiieHb! Ha:

— yBEJIMYEHUE CPOKA CIYKObI MOKPBITUH,

— CHIKEHHE dKOJOTHYECKON HarpysKu,

— HCIOJIb30BaHUE HAHOMOIU(UKATOPOB (OK-
CHJIOB METAJUIOB, HAHOKapOOHATOB, OHO-
IU7IOB),

— COOTBETCTBHE MEXIYHApOAHBIM CTaHAp-
tam (ISO 12944, ASTM D1654 u np.).

B nanHoil pabote nmpoBOIUTCS CpaBHU-
TEJIbHBIM aHaIU3 TPAAULIMOHHOM dManu [1D-
115 u e€ HaHOMOIM(DULIMPOBAHHBIX BapUaH-
TOB I IPUMEHEHMS B CyJOCTPOEHUH U Ma-
HIMHOCTPOCHUH.

Koppo3uss MeTamnueckux KOHCTPYK-
AN SIBJISIETCS OAHOM W3 Hambojee Ccephes-
HBIX MTPOOJIEM B CYZOCTPOCHUU U MAILIMHOCT-
poenuu. [lo gaHHBIM MeXIyHapOAHBIX HC-
CIIEIOBaHMI, €XETrOoJHblE HKOHOMUYECKHE
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MOTEPU OT KOPPO3UU COCTaBIsAOT 10 3—4%

BBII pa3zButsix crpan. OcoOeHHO OCTPO MPO-

Osema TIpOSBISETCS B MOPCKOM cpene, rae

KOHCTPYKIUHU TOJABEPraroTCsl BO3JCHCTBHUIO

XJIOPUJOB, BJaru, repenagoB TEMIIEpPaTypbl

1 Ouonorundeckux (hakropos [1-4].

TpaguuuoOHHO A 3alIUTHl METAJJIOB
MPUMEHSIOTCS] JTAKOKPACOYHbIE MAaTepUalIbl
Ha OCHOBE OpraHMYecKux cBszyrommx. On-
HUM M3 HauboJiee pacpOCTPaHEHHBIX SBIIS-
ercs neHradraneBas smanp [ID-115, obna-
Jaroniasi JIOCTYIHOCTBIO U YJIOBJIETBOPH-
TEJBHBIMHA SKCIUTYyaTallHOHHBIMH  XapakKTe-
puctukamu. OgHaKko cpok e€ chmykObl B
MOPCKHX YCJIOBMSIX HE MpeBbIIIaeT 2—3 JeT.

CoBpeMeHHbIE TEHACHIMH B 001acTH
pa3pabotku JIKM HampaBieHsl Ha:

— YBEJIHMUYEHHE CPOKA CIY>KObI MOKPBITHH,

— CHW)XECHHE DKOJIOTMUECKON Harpy3Ky,

— HCIIOJIb30BaHHE HAHOMOAU(UKATOPOB (OK-
CHJIOB METaJUIOB, HAaHOKapOOHAaToB, OU-
OIIHJIOB),

— COOTBETCTBUE MEXIYHAPOJHBIM CTaHJap-
taMm (ISO 12944, ASTM D1654 u np.).

B nanHo# paboTe mMpoBOIUTCS CpaBHU-
TEJIBbHBIN aHAIN3 TPaAULMOHHON dMany [1D-
115 u e€ HanHOMOAU(PUIIMPOBAHHBIX BapHaH-
TOB JIJIsl IPUMEHEHUS B CYyJJOCTPOCHHH U Ma-
IIMHOCTPOEHUH.

OcHoBHast yacTh. VccnenoBanus moc-
JIeTHUX JIET TOKA3bIBAIOT BBICOKYIO 3 dek-
THUBHOCTh HaHouacThl] B coctaBe JIKM. Ha-
HOJI00aBKU TO3BOJISIIOT 3HAYUTEIBHO H3Me-
HUTh MUKPOCTPYKTYPY TIOKPBITHS, YIIyd-
IUTH OapbepHbIE CBOICTBA U MTOJIABUTH JICK-
TPOXMMHUYECKHE MPOLECChl Ha I'PaHULIE Me-
TajI—cpena.

— Hanomen (CaCQs) yMeHbIIaeT Mopuc-
TOCTb IUIEHKHU U MOBBIIIAET €€ TIOTHOCTb.


mailto:nice.natali92@mail.ru

Journal ecology and water economy
Ekologiya va su tasarriifati jurnali,

Ne§, 12.2025

— Oxcupa nuHka (ZnQO) BBIIOIHICT ABOM-
HYI0 (QYHKIUIO: HHTUOUTOP KOPPO3UU H
dboTokaTanu3arop, odecreynBas naccrupa-
LU0 TIOBEPXHOCTH.

— Oxcuna mean (Cuz0) mimpoko mpuMeHseT-
Csl B CYJIOBBIX MOKPHITHAX Kak d()PeKTuB-
HBII IPOTHBOOOPACTAIOIINI KOMITOHEHT.

— Twuranosbiii quokcua (Ti0:) crocobct-
BYET YBEIMUEHUIO (OTOCTAOUIBLHOCTH U

YCTONYMBOCTH K yJAbTPapHOIETY.

PaboTel 3apyOeKHBIX HCCIeI0BaTENCH
MOJTBEPKIAl0T, YTO BBelIeHUE 2—5% HaHO-
HAIOJIHUTEIIEW B PELENTYPY IMAIEH MOXKET
YBEJIMYUTh CPOK CIYKObI B arpeccCUBHOU
cpene 6onee yem B 2 pasa.

Jlist uccnenoBaHuii ObLUTH TTPUTOTOBIIC-
HBI CJIEIYIOILHE COCTABBI, IPEICTABICHHBIC B
tabmmme 1:

Tabauuna 1
CocTaB Hcci1e1yeMbIX NOKPBITHIT
IHokpbiTHE CocraB OcobeHHOCTH
PF-115 bazoBas smainb KonTtponsHsIit 00pazern

PF-115 + Hanomen

3% HaHoMela

[ToBbITIEHHAS IUNIOTHOCTH TIIOKPBITHA

PF-115 + manomen + ZnO

3% manomena + 2% ZnO

WNuruburopusrit apdexr ZnO

PF-115+aanomen+ZnO+Cu0

3%mnanomena+2%Zn0O+3%Cu.O

KomriekcHOe TPpOTHBOKOPPO3HOHHOE
¥ IPOTUBOOOpACTaoOIIee HOKPHITHE

Memoouxu.

- MuxkpocTpyKTypHbIii aHaiu3 — SEM
(JEOL JSM-6610LV).

- DJIeKTPOXUMHYECKHE HCNBITAHUS —
M3MepeHre KOPPO3UOHHOTO MOTeHIINANA U
IUIOTHOCTH ToKa (MeTox Taderns).

- Kiammarudeckue MCIBITAHUS — Kamepa
cojsiHOro TyMasa (720 u).

- MexaHn4yeckue CBOMCTBA — aaresus
(I'OCT 15140), TBEpAOCTH MO KapaHIAITY
(ASTM D3363).

®opmyna  kodpPUIMEHTAa 3alUTHOTO
JENCTBUS MOKPBITHSA:

_ Icorr,O ~loorr .100%
ICOI’I’,O

I71€ icorr,0 — INIOTHOCTH KOPPO3HOHHOIO TOKA
JU1s He0OpaOOTAHHOTO METAIIA, [oopy — JJIA
MTOKPBITHSI.

Pezynomamut u oocyycoenue. 1. Muk-
pocTpyKTypHblii anaiau3 (SEM). Hccneno-
BaHUS MIOBEPXHOCTH MOKPHITHI HA CKAaHHUPY-
IOIIEM AIEKTPOHHOM Mukpockone JEOL

JSM - 6610LV noka3zanu:

— 6a3zoBas smaib [ID-115 xapakrepusyercs
BbIPQ)KEHHOW IOPUCTOCTBIO M HEPABHO-
MEpPHBIM pacipeesieHHeM TUTMEHTa;

— BBEJICHUE HAaHOMeNa MPUBOJUT K YIUIOT-
HEHHIO CTPYKTYPBHI M YMEHBIICHUIO YHCIIa
nop Ha 20-25%;

— nob6aBka ZnO crocoOCcTBYeT popMUpOBa-
HUIO OoJyiee OAHOPOAHOW MaTpHIbl, IO-
puctocTh ymeHbInaercst Ha 30-35%;

— cucrema «"Haomen + ZnO + Cu20» noka-
3aya HanOoJiee TUIOTHYIO U PaBHOMEPHYIO
CTPYKTYpY 0€3 BUIUMBIX Ae(PEKTOB.

Takum 00pa3zoM, MUKPOCTPYKTYpHBII aHa-

73 TIOATBEPIMI  YyIydllleHHe OapbepHbIX

CBOWCTB MOKPBITHH 3a CuéT HaHO100aBOK [5, 6].

2. DJIEKTPOXMMHYECKHE HMCIbITAHMA.

H3mepeHne KOPPO3HOHHBIX XapaKTEPUCTHK

IPOBOAMIIOCH METOIOM TOTEHLUOJMHAMU-

yeckoil momnspuzanuu. B Tabmune 2 npen-

CTaBJIEHBI PE3YIbTaThl AIEKTPOXUMHUECKUX

WCTIBITAaHUH.

Taoauna 2
DJIEKTPOXHMHYECKHe MapaMeTPhbl NOKPBITHIH
IMoTenuuan Kop- ILnoTHOCTH KOPPO3H- Koad.
Hoxkprrrue po3uu Ecor, M]I; OHHOI'0 TOKA ic(,rr,plxla)ch/CM2 3alllI/ITI):l) n, %
PF-115 —460 8.2 —
PF-115 + nanomen —430 4.5 45
PF-115 + nanomen + ZnO —-410 2.8 66
PF-115 + manomen + ZnO + Cu20 -395 2.1 74
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Ha rpaduke (Puc. 1) moka3ano cHuxe-
HUE TUIOTHOCTA KOPPO3HOHHOTO TOKA TPH
BBEJICHUU HAHOKOMITOHCHTOB.

MAOTHOCTE KOPPASUOHHOrS TOKE, MEAICH?

Puc.1. Cpasnenue kopposuonnoiu
CMOUKOCMU NOKPLIMULL NO NIOMHOCIU
KOPPO3UOHHO20 MOKA.

3. Knumarnueckue ucnbitanus. O6pas-
bl BBIIEP>)KUBAJIUCH B KAMEPE COJISIHOTO TYy-
mana (NaCl 5%, 35 °C) B Teuenue 720 yacos.
- bazosas [1d-115 — nosiBnenue my3sipei,

— TpeuuH U pkaBunHbl Ha 40% muiomagy.

— TId-115 + HaHOMEN — OpaXKEHUE HE TIpe-
BBIIIan0 15% mmromanu.

- II®-115 + nanomen + ZnO — gedeKTsI
3auKcupoBaHbl Ha 6—7%.

— TI®-115 + manomen + ZnO + Cu20 — nos-
pexJeHuss orpaHuuuMBanuck 2-3% mio-
maau, 6e3 CKBO3HOW KOPPO3HH.

910 MOATBEPKIAET BBICOKHUH
OapbepHbIii A (PEKT MHOTOKOMIIOHCHTHBIX
ITOKPBITUH.

4. Mexann4yeckue cBolcrBa. Aare-
3usi ¥ TBEPAOCTh OICHUBAINCH B COOTBET-
ctBur ¢ ['OCT u ASTM. B Tabnune 3 npen-
CTaBJICHBI PE3YJIbTaThl MEXaHUICCKUHN UCIIBI-
TaHUW Ha aATe3Ul0, TBEPAOCTbh M AJIaCTU4-
HOCTb JIAKOKPACOYHBIX MAaTEPHAJIOB.

Pe3ynbTaThl MOKa3bIBAIOT yIyUIICHHE
anresun Ha 20% wu TBEpmocTH Ha 15-20%
[pH BBEJECHUH HaHO100aBOK [7-9].

Ta6auna 3
MexaHn4yecKue CBOMCTBA NOKPBITHI
IToxkpbiTHE Anresus, Teéprocrs, mo I1aCTHYHOCTD (MM)
0asn KapaHaauy
PF-115 3 HB 3.0
PF-115 + svanomen 2 F 2.5
PF-115 + nanomen + ZnO 1-2 H 2.0
PF-115 + manomen + ZnO + Cu20 1 H-2H 1.5

5. IIpornos cpoka cay:x0b1. Ha ocHOBe
YCKOPEHHBIX UCIIBITAHUH ITOCTPOEH IPOTHO3-
HbIi Tpaduk (Puc. 2).
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Puc.2 Ilpoenosnviii epagux cpoxa
CLYIHcObl NOKPLIMULL

Ha ocHOoBaHuM JaHHBIX YCKOPEHHBIX HC-
IBITAaHUN (CONSIHOM TyMaH, KIMMaTHU4YECKUE
KaMephbl, JJIEKTPOXUMUYECKUE METOIbI) U
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MOJICJIMPOBAHUST CPOK CIYXKObI pPa3IMUHBIX
JTAKOKPACOYHBIX MaTepHaJoB MO>KHO
IPEJCTaBUTh CIEAYIOIINUM 00pazoMm:

- IId-115 (6a3oBoe mnokpwiTHE). Cpok
ciyx0blI coctaBiser 2—-3 roaa. B yciosu-
X MOPCKOH atmochepsl u mepuoandec-
KOT'O TIOTpyKeHHsI Habuo1aeTcs ObICTpoe
00pa3oBaHNe KOPPO3SUOHHBIX 04aroB (IIy-
3bIpEHHe, p)KaBYMHA  I[OLaparaHHbIX
yuacTkoB). OCHOBHasi NMpPUYMHA OTPAHU-
YEHHOW JOJrOBEYHOCTH — BBICOKAs IO-
PHCTOCTh W HENOCTATOYHAS XUMHUYECKas
CTOMKOCTH cBsizyrotero [10].

- Id-115+nanomen. Moaudukanus sma-
JI1 HAHOMEJIOBBIMU YacTUIIaMU 00Oecreyn-
BaeT 3—4 roaa cay:kobl. Hanomen neiicTs-
yeT Kak OapbepHbIil HAIIOJIHUTENb, YMEHb-
IIAIOIIUN TTOPUCTOCTH TOKPBITHS U YBEJIHU-
YMBAIONIUN TUIOTHOCTD TUIEHKH. DTO CHU-
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JKaeT MPOHUKHOBEHHE BJard U DJIEKTPO-
JIMTOB, OJTHAKO MOJHOCTBIO MPOOIIEMY KOP-
pO3UM HE pellaeT, OCOOCHHO MpU JJIH-
TEJLHOM BO3JICHCTBUH MOPCKOW BOBI.

- Idd-115 + nanomea + ZnO. JloGaBieHue
OKCHJIa IIMHKA B COYETAHUH C HAHOMEJIOM
3HAYUTEIBHO YIIyUIIaeT XapaKTePUCTHKU:
CPOK CITy>KOBI YBEJTMUMBAETCS 710 5—6 JIeT.
ZnO o0magaer mNOMU(PYHKIUOHATIBHBIM
JEICTBUEM - BBICTYIIAET KaK MaccUBaTop,
CHIDKAET KaTOJIHBIE MPOLECCHI, MPETSTCT-
BYET pa3BUTHIO MUKPOOPraHu3MoB. B pe-
3y/lbTaTe€ JIOCTUTaeTCsl CYLIECTBEHHOE
YBEJIMUEHUE KOPPO3UOHHOM CTOMKOCTH U
OMOCTOMKOCTU MOKPBITHSL.

- II®-115 + manomena + ZnO + Cu:0. Ha-
nbonee 3 (HeKTUBHBINA BapuaHT peLenTy-
pBL, CpOK citykOb1 67 Jier. [lononnenue
cuctemMbl Cu:O npugaér BbIpaKEHHbIE
npoTUBoOOpacTawiue cBoOWcTBAa (MH-
ruOupoBaHNe POCTa BOJOPOCIECH M MHUK-
pPOOPraHU3MOB Ha TMOBEPXHOCTH), OJHO-
BPEMEHHO COXpaHsisi BHICOKYIO aHTHKOP-
PO3HOHHYIO 3alIUTy. B coBokymHOCTH Ta-
Kast KOMIIO3HIIUS IEMOHCTPUPYET YHUBEP-
CaJIbHOCTh JUIsI TIPUMEHEHUs B CYJIOCT-
poeHuu, T1ie TpeOyeTCs 3alIuTa He TOJIBKO
OT KOpPpPO3UHM, HO U OT OMOJIOTHYECKOTO
obpacranwus [11,12].

Taxkum o0pazom, MpUMEHEHHE HAaHOMO-
TU(QHUIMPOBAHHBIX  MOKPBITUH  MO3BOJISET
YBEJIMYUTH JJOJATOBEUYHOCTh KOHCTPYKLIUI 60-
Jiee 4eM B JIBa pas3a [0 CPaBHEHHIO C TpaJu-
LIUOHHOW 3MaJIbIO.

BriBoawl. [IpoBenénnbie nccienoBaHus
MOKa3ajiM, YTO TPaJWIIMOHHAsA TeHTadTane-
Bas oManb [ID-115 numeer orpaHndeHHbIE 3a-
IIUTHBIE CBOMCTBA B YCIIOBHSX MOPCKOH M
IIPOMBIIUIEHHOW JKCIuTyaTauuu. Beenenue
HaHoA00aBok (HaHomen, ZnO, Cu20) mo3-
BOJISIET 3HAYUTEIFHO MOBBICHTH KOPPO3HOH-
HYIO CTOMKOCTb H JIOJITOBEYHOCTD MOKPBITHIA:
— MHUKPOCTPYKTYPHBIA  aHaJIW3  BBISIBHI

YMEHbIIIEHHE MOPHCTOCTH TOKPHITUS U
PaBHOMEPHOE pacrpe/ielieHIe ITATMEHTOB;

— DJIEKTPOXMMUYECKHE HCIBITAaHUS MOKa3a-
JIM CHWKEHHUE TUIOTHOCTH KOPPO3UOHHOTO
Toka Oosiee ueM B 3 paza u pocT K03ddu-
[IUEHTA 3alUTHOT0 AeHCTBHUS 00 74%:;
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— KIMMaTHYeCKHE TeCThl (COJIIHOM TyMaH,
720 4) MOATBEPIMIIA CHIKEHHE TUIOIIAAN
nopaxenuit ¢ 40% (6azoBast [1d-115) no
2-3% (cucrema «Hanomen +ZnO+Cu0»);

— MEXaHMYECKHUEe CBOMCTBA YIYYIIUIUCH:
aare3ust Beipocia Ha 15-20%, TBEpAOCTD
yBemmuminack ¢ HB no H-2H;

— MPOTHO3HBIN CPOK CITYKOBI YBEITHUUIICS C
2-3 ner (6azoBas I[1D-115) mo 67 ner
(HaHOMO U (DUITMPOBAHHBIE CUCTEMBI).

Takum oOpa3zoM, pa3pabOTaHHBIE TOK-

PBITUS MOTYT OBITh PEKOMEHAOBAHBI IS

MPUMEHCHUS B CYJOCTPOCHUHM WM MAIIUHO-

CTpOEHHH, TJie TpeOyeTcs coyeTaHue MpoTH-

BOKOPPO3UOHHBIX U TPOTHBOOOPACTAIOIINX

cBoiicTB. Hayuynast HOBU3Ha pabOTHI 3aKIIIO-

yaercs B ontuMuzauuu peuentypst [1dP-115
¢ HaHOMo U (UKaTOpaMu, 0OECTIIeUnBaIOIIEH

MOBBIIICHUE CPOKA CITYKOBI METATHICCKHX

KOHCTPYKIUH Oosiee 4yeM B 2 pasa.

[lepcrieKTHBHBIM HANPABICHHEM J1ajTh-

HEHIINX UCCIIEIOBAaHUN SIBIISIETCS pa3padoT-

Ka DKOJIOTHYECKU OE30IMMaCHBIX TOKPHITHHA C

OMOIUAHBIMU KOMIIOHEHTaMH HOBOTO TOKO-

JICHUS, a TaKXe CO3JIaHhe «YMHBIX» CaMo-

BOCCTAHABIIMBAIOIIUXCSI CUCTEM JJIsI OKCILTY-

aTallMK B YCIIOBUSAX MOBBIIICHHON arpecCHB-

HOCTH MOPCKOU CPEJIBI.
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IKOJOrHYECKH - 0e30MmacHbIe
JIAKOKPACOYHbIE MAaTepPHaIbl HOBOTO
MOKOJICHHUS IS 32U THI METAIHYECKUX
KOHCTPYKIHI B CYy10CTPOEHUH U
MAIIHHOCTPOEHUH

AHHOTANIUA

B pabote paccMOTpeHbl COBpeMEHHBIE
Jakokpacounsle Matepraisl (JIKM), mpumen-
sieMbl€ JIJIS 3aLIUThl METAJUIMYECKUX KOHCTPY-
KIUI B CyJOCTPOCHUU M MAalMHOCTPOEHUM.
[TpoBeneHo cpaBHEHHUE TPaIUIIMOHHON SMain
[1D-115 u e€ MmoaupUIMPOBAHHBIX BAPUAHTOB
C HAaHOHAIOJIHUTENSIMU (HaHOMEJI, OKCH/I LIUH-
ka ZnO, okcua meau Cu20). HMcnonb30BaHbI
METO/Ibl MUKPOCTPYKTYpHOTO aHainu3a (SEM),
ANEKTPOXUMUYECKUX HCIIBITAaHUN, KIMMAaTH-
YEeCKUX M MeXaHH4yeckux TecToB. [lokasaHo,
YTO BBEJICHHE HAHOKOMIIOHEHTOB o0ecIeuu-
BaeT CHIDKEHHUE IUIOTHOCTH KOPPO3HOHHOIO
TOKa Oosee ueM B 3 pasa, yBelIMUYEHHUE a/Ire3Un
U TBEpIoCcTH MOKpbITHS Ha 15-20%, a Taxxke

25

MOBBIIIEHUE TPOTHO3HOTO CPOKa CIIY>KOBI
KOHCTPYKLIUI B MOPCKUX YCJOBHUSX € 2—3 10
6—7 ner. OTMeueHbI NMEPCIEKTUBBI PA3BUTHUS
HKOJIOTUYECKH O€30MACHBIX U «yMHBIX)» IOK-
PBITHIA.

Knroueeswie cnosa: naxoxpacounvle ma-
mepuanvl, [1O-115, nanomen, oxcud yunka,
oKCUd meou, cyoocmpoeHue, MauuHoCmpo-
eHue, Koppo3usi.

Eco-friendly next-generation coating
materials for the protection of metal
structures in shipbuilding and
mechanical engineering

ABSTRACT

This paper discusses modern paint and
coating materials (PCM) used for protecting
metal structures in shipbuilding and mecha-
nical engineering. A comparison was made
between traditional PF-115 enamel and its
modified versions with nanofillers (nano-cal-
cium carbonate, zinc oxide ZnO, copper
oxide Cuz0). Scanning electron microscopy
(SEM), electrochemical tests, climatic and
mechanical evaluations were applied. It was
shown that the introduction of nanocompo-
nents reduces the corrosion current density by
more than three times, increases coating
adhesion and hardness by 15-20%, and
extends the predicted service life of structures
in marine conditions from 2-3 up to 6-7
years. The prospects of eco-friendly and
“smart” coatings are also outlined.

Key words: paint and varnish materials,
PF-115, nano-calcium carbonate, zinc oxide,
copper oxide, shipbuilding, mechanical
engineering, corrosion.

Gamiqayirma va masinqayirmada metal
konstruksiyalarin miihafizasi iiciin ekoloji
cohatdon tahliikasiz miiasir lak-boya
materiallari

XULASO

Maogqalade gomiqayirma ve masingayir-
mada istifads olunan miiasir lak-boya materi-
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allar1 (LBM) arasdirilmisdir. ©Ononovi PF-115
emali ilo yanasi, nanodoldurucularla (nanoto-
bogoali tobasir, sink oksidi ZnO, mis oksidi
Cu20) modifikasiya olunmus variantlar miiqa-
yiso edilmisdir. Todqigatda skanedici elektron
mikroskopiyasi (SEM), elektro-kimyavi si-
naglar, iqlim vo mexaniki testlor totbiq olun-
musdur. Miioyyan edilmisdir ki, nanokompo-
nentlorin olavo edilmasi korroziya coroyan
sixligini 3 dofodon ¢ox azaldir, Ortiiyiin yapis-
masini vo sartliyini 15-20% artirir, homginin

UOT 631.

doniz soraitindo konstruksiyalarin  xidmot
miiddatini 2-3 ildon 67 ilo qodar uzadir. Eko-
loji cohatdon tohliikasiz vo “agilli” ortiiklorin
inkisaf perspektivlori gostorilmigdir.

Acar sozlar: lak-boya materiallar, PF-
115, nanotabagsir, sink oksidi, mis oksidi,
gamiqayiwrma, masingayirma, korroziya.

Azarbaycan Dovlat Daniz Akademiyasi
PHS-in rektorun musaviri, t.i.f d.,
dosent V. B. Sadiqov ray vermigdir.
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MUGAN DUZU TORPAQLARININ AQROEKOLOJi QiYMOTLONDIRILMOSi

Giris: Kiir-Araz ovaligi orazisinds kond
tosarriifat bitkilorinin suvarilmasi vo suvarma
suyunun sahads paylanmasi ilo bitki mohsuld-
arliginin aldo edilmosi tocriibasi halo gadim
dovrlordo moveud olmusdur. Bunu Mugan va
Salyan diizlorinds aparilmis arxeoloji qazinti-
lar zaman1 suvarma kanallarinin tapilmis ga-
liglart siibut edir. Alban vo iran tarixgilori Mu-
gan vo Mil diizlorinin kond tosarriifati {i¢iin ol-
verisli torpaq soraitine malik olmasini vo bu
sobabdon ohali torafindan six maskunlagdigini
geyd etmislor. XIX osrin baslangicina qodor
kond tosarriifat1 bitkilorinin suvarilmasi ti¢lin
istifade edilon okin saholori osas etibari ilo
caylarin yaz dasqinlarinin bas verdiyi ¢aylara
yaxin orazilords yerlosmisdir [1, 3, 4, 5]. Mu-
gan diiziindo holo XVII asrdo dasqin sularin-
dan istifado etmok {igiin yerli ohalinin “quru-
arx” adlandirdig xiisusi kanallar ¢okilmisdir.
Xanliglar dovriinde suvarma islorinds vo ka-
nallarin tomizlonmasi xiisusi amrlors 9sason
yerli ohali torofindon vaxtagir1 kollektiv go-
klilds aparilirdi. Belaliklo, godim dévrda, or-
ta asrlordo vo Azorbayanin simal hissosi Car
Rusiyasina birlogdirilon dovra qodar suvarma
sistemlorinin tikintisi relyefin alverisli yerlo-
rindon, ¢ay vo kanallardan uzaq olmayan ora-
zilordo aparilirdi. Okin sahoslorindo sorlagsma
vo ya bataglasma bas verdikdo kondlilor ho-
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min saholori tork edorok kond tosarriifatt mog-
sadi ilo basga saholordon istifado edirdilor.
Kiirotrafi zonada suyun moanbadon okin saho-
lorina qaldirilmast {iglin qosqu heyvanlarinin
komayi ilo harakato gatirilon qaldirict garxlar-
dan istifado olunmusdur vo bu tisulla 4 ha-dok
sahonin suvarilmasi miimkiin olmusdur. XIX
asrin ikinci yarisinda Mugan zonasinda toqri-
bon 4000 bels carxdan istifads edilmisdir. XIX
osrin ikinci yarisindan etibaron Rusiyanin gar
hokumati orazido pambigin okin sahalarinin
genislondirilmasi vo xammal kimi onun isteh-
saliin artirilmasi moagsadi ilo Mugan- Salyan
zonasinda bir sira meliorativ todbirlor goriil-
mosing baslamisdir. Belo ki, 1912-ci ildo ilk
kimya laboratoriyasi yaradilmis, 1913-cii ildon
iso hidroloji todgiqatlara baglanmigdir. Umu-
mon 1900-1916-c1 illordo Muganda timumi
uzunlugu 297,2 km olan Yuxar1 Qolitsin (Sa-
bir), Asagi Muganli ( Miirsalli), Yuxart Mugan
(©zizbayov) vo Orta Mugan (Norimanov) ma-
gistral kanallarinin tikilmasi planlagdirilmis vo
1917-ci ilodok 4 kanal tikilmisdir. Beloliklo,
osrin avvallorindon baglayaraq 1917-ci illera
gadar xidmat sahasi 169 min hektar olmagqla,
magistral kanallara suvarma suyunun tomin
edilmasi {iglin nazards tutulmagqla vo imumi
sorflori 130 m?/san vo comi uzunluglar1 209
km layiholondirilon 4 suvarma sistemi tikilo
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rok istismara verilmisdir 5, 6].

Tadgiqatin maqsadi vo metodu: Mii-
asir aqroekoloji todqiqatlar gostorir ki, tor-
paqlarin aqrotexniki vo ekoloji qiymatlondi-
rilmosi  yalniz mohsuldarhigin  artirilmasi
ticlin deyil, hom do otraf miihitin qorunmasi
va torpaq resurslarinin davamli idars olunma-
s1 tiglin vacibdir. Moagalads asas moagsod Mu-
gan diiziindo suvarilan torpaqlarin fiziki,
kimyovi vo ekoloji xiisusiyyatlorini aragdir-
magq, onlarin aqrotexniki voziyyatini qiymat-
londirmok vo davamli istifado li¢iin tovsiyalor
togdim etmok, homginin Mugan diiziindos su-
varilan torpaqlarin osas fiziki vo kimyavi gos-
toricilorini miioyyanlosdirmok, torpaqlarin
aqrotexniki voziyyatini vo mohsuldarliq po-
tensialini qiymotlondirmok, suvarma omaliy-
yatlarinin torpaglarin ekoloji vaziyystino to-
sirini tohlil etmakdon ibaratdir.

Mugan diiziindos torpaqglar osason qara

torpaq vo boz torpaq tipindodir. Suvarma
omoliyyatlar1 torpaqlarin kimyavi vo fiziki
xlisusiyyatlorini doyisdirir.

Torpaq gostaricilarinin tahlili [4, 5, 12,
14]. Mugan diizlindo osas torpaq tiplari bun-
lardir:
— Boz torpaglar (ag va a¢ig-boz)
— Boz-qonur torpaglar
— Qleyli va soranlagmis torpaglar
— Duzlu (sor) va sorakatlogmis torpaglar

1. 9sas fiziki gostaricilari: [1, 6, 14]. Qa-
ra torpaqlarin teksturas1i mohsuldarlig: artirir,
suyun va havanin harakatini yaxsi tomin edir.

Boz torpaglarda su kegiricilik yiiksokdir,
amma struktur zoifdir.

2. Kimyavi gostaricilor: Qara torpaglar
humus miqdart ils segilir.

Boz torpaqlarda N vo K gostaricilori az-
dir, buna gors giibrolomo maslohat goriiliir.

Gostarici Qiymatlondirma

Qisa izah

Mexaniki torkib | Agir gillicali vo gillicali

Su kegiriciliyi zaif, su tutumu yliksokdir

Hoacm ¢oakisi 1,25-1,40 g/sm?

Sixlig1 yiiksok, hava rejimi zoifdir

Su tutumu 25-35%

Suvarmaya asilidir

Filtrasiya omsali | 0,1-0,5 mm/san

Zoif filtrasiya sobabindon drenaj vacibdir

Gostarici Qiymatlandirma Qeyd
Humus miqdari 1,2-2,5% orta saviyys
Azot (N) 0,10-0,18% Bitkilor U¢in vacib amil
Fosfor (P20s) 0,12-0,18% Asagi tominatl
Kalium (K20) 2-2,5% Yetorli
pH 7,5-8,2 Neytral vo zaif golovi
Soranliq daracasi 0,2-0,6% Bozi sahalordas yuksok (xususila drenajsiz arazilorda)

3. Duzluluq va pH: Boz torpaqlarda su-
varma naticasinds duzluluq artimi miisahide
olunur (1.2 dS/m), bu bitki mohsuldarligina
manfi tasir gostarir.

pH soviyyesi 7.2-7.5 arasinda, bitki bo-
yiimasi ti¢lin optimaldir.

4. Aqrotexniki qiymoatlondirma [1, 2,
13, 15]. Mugan diiziinds torpaqlar uzunmiddatli
intensiv okingilik naticesinds struktur baximin-
dan zosiflomis, fiziki barkimis qat amals golmis-
dir. Torpaglarin aqrotexniki voziyyati asagidaki
problemlorls xarakterizo olunur:

1. Strukturun dagilmasi — tokrar-tokrar sum-
lama vo suvarma torpaq aqreqatlarini1 dagidur.

2. Drenaj sistemlarinin kéhnalmasi —so-
ranlagsma bas verir.

3. Organik madds catismazh@ — torpaga
Uzvi glbralorin az verilmasi naticasindo
humus soviyyasi agag diisiir.

4. Mexaniki sixlasma — agir texnikanin
istifadosi naticasinda hava rejimi pozulur.

Agrotexniki voziyyatin yaxsilagdirilmasi
ucdn:

— Sum dorinliyinin optimallagdirilmas1 (25—
30 sm);

— Yas sumlama vo payiz sumlarinin aparil-
masi,

27
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- Yasil glibrolomo va peyin totbiqi;
- Suvarma rejiminin normallagdirilmast;
- Drenaj sistemlorinin barpasi vacib hesab
olunur.
Torpaqlarin mahsuldarhq potensiah-
nin qiymoatlondirilmasi [ 1, 13, 15]. Ogor tor-

paglar aqrotexniki cohotdon diizgiin becori-

lorso, homin torpaqlarda:

— Taxil mohsuldarhg — 45-55 sent/ha,

—~ Pambiq — 25-30 sent/ha,

- Yonca — 80-100 sent/ha soviyyasindo ola
bilor.

Torpaq tipi Humus % Sorlasma daracasi Mahsuldarhq potensiali (bal)
Ac1g-boz torpaglar 1,8 0,3 55-60
Qonur-boz torpaglar 2,2 0,2 65-70
Sorakotlogmis torpaglar 15 0,6 40-45
Qleyli torpaglar 1,3 0,5 35-40

Bu, torpaqlarin orta-yiiksok mohsul-
darliq potensialina malik oldugunu gostarir.

5. Ekoloji giymatlondirmo [1, 2]. Su-
varma omoliyyatlar1 Mugan diiziindo hom
miisbat, hom do monfi ekoloji tasirlor yaradir:

Miisbat tasirlor:

- Bitkilorin su tominat1 vo fotosintez prosesi
giiclonir;

— Torpaqgda mikrobioloji faalliq artir;

- Humusun mineralizasiyasi tonzimlonir.

Monfi tasirlor:

ikinci daracali soranlasma — suvarma
normasi diizglin secilmodikdos, yeralt1 sular
qalxir vo duzlar satho ¢ixir.

Qleylosma — drenajin  islomomasi
naticasinds reduksiya prosesi giiclonir.

Torpagq eroziyasi — A¢iq kanal suvarmasi
torpaqda eroziya vo ¢okiintii proseslorini glic-
londirir.

Torpagin bioloji balansimin pozulmasi—
pestisid vo giibro yiiklonmaosi naticesinds tor-
pagda faydali mikroorganizmlor azalir.

Mugan diiziindo suvarilan torpaqlarin
aqrotexniki va ekoloji qiymatlondirilmasi
gostarir ki:

- Qara torpaglar yiliksok mohsuldarliga ma-
likdir, boz torpaqlar orta saviyyadadir.

— Suvarma sistemi torpagin fiziki-kimyovi
gostariciloring birbasa tesir gosterir, diiz-
giin idars olunmazsa ekoloji risklor yaradir.

— Olds olunan naticalar torpaqglarin davamh
istifadosi, mohsuldarligin artirilmas1 vo
otraf miihitin qorunmasi {igiin osas tomal
toskil edir.

Beloalikla, zona lizra suvarma vo meliora-
siya kompleksinin yaranmasi, onlarin istisma-
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11 vo texniki qullugunun togkil edilmasi, hom-
¢inin digor masalalorlo bagl tadqiqat islori
asagidaki kimi imumilssdirils bilar:

1) suvarilan torpaqglarin su ilo tominatinin
yaxsilagdirilmasi iizro miivafiq hidrotex-
niki komplekslorin vo qurgularin layihos-
landirilmosi islori;

2) kond tosarriifat1 bitkilorinin suvarma nor-
ma vo rejimlarinin islonmasi;

3) suvarma sobokalari iizra imumi su toloba-
tinin toyini;

4) suvarma iisul vo metodlarmin tokmillosdi-
rilmasi, suvarmalarin mexaniklosdirilmasi;

5) suvarma suyunun sahado barabar paylan-
masi iisullari, su itkilarinin minimuma sa-
linmast;

6) kond tosorriifat1 altinda istifado edilon okin
torpaqlarinin meliorativ-ekoloji voziyyati-
nin monitoringi vo miixtalif aqrotexniki vo
meliorativ-miithondisi isullarla
yaxsilagdirilmasi tizro todbirlor sistemi;

7) okin sahalarinde qrunt sularmin yatim do-
rinliyinin nizamlanmas: tigtin movcud kol-
lektor-drenaj sistemlorinin texniki qullugu
va istismari lizra todbirlar;

8) suvarma vo meliorasiya todbirlorin otraf
miihita tosirlorinin dyranilmasi, bu tasirle-
rin keyfiyyot baximindan qiymatlondiril-
mosi vo monitoringinin aparilmast lizra
todbirloar;

9) okin torpaglarinda mohsuldarli§in qorun-
masi vo artirtlmasi lizro aqrotexniki todbir-
lor va s.

Mugan diiziinds torpaqlarin fiziki vo kim-
yovi gostaricilori kond tosarriifati ticiin olveris-

li olsa da, ekoloji sabitliyin qorunmast iigiin
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meliorasiya va aqrotexniki todbirlorin diizgiin
totbiqi hoyati shamiyyat dasiyir. Dre-naj sis-
temlorinin barpasi, suvarma rejiminin elmi
asaslandirilmasi va torpaqglarin iizvi maddolor-
la zonginlogdirilmasi bu regionun mohsuldar-
liq potensialin1 yliksoldon osas amillor hesab
olunur.
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Mugan diizii torpaglarinin
aqroekoloji qiymatlondirilmasi

XULASO

Mugan Diizii Azorbaycanin osas suva-
rilan diizenlik torpaqlarindan biridir vo bura-
da kond tosarriifatinin inkisafi tigiin alverisli
sorait movcuddur. Moagalods Mugan diiziindo
yerlason suvarilan torpaqglarin aqroekoloji vo-
ziyyati otrafli sokilde qiymatlondirilmisdir.
Arasdirma zamani torpaqlarin fiziki-kimyavi
xlisusiyyotlori, suvarma rejimlorinin torpaq
keyfiyyatina tasiri va torpaq deqradasiyasi ilo
bagli movcud risklor dorindan tahlil olunmus,
miixtalif suvarma rejimlorinin totbiqi natico-
sindo torpaqglarda bas veron doyisikliklor —
xiisusilo suvarma suyu miqdart vo vaxtinin
optimallasdirilmasi masaloalori aras-
dirilmisdir.

Tadqiqatin naticalori gostorir ki, suvar-
ma rejimlori torpaqlarin fiziki vo kimyavi veo-
ziyyotino mithiim tosir gostorir. Nizamli vo
optimal suvarma torpagin riitubatini tomin
etmaklo yanasi, onun mohsuldarligini artirir,
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lakin yanlis vo ya hoddindon artiq suvarma
torpaqda sorlasma vo eroziya kimi monfi
proseslori siiratlondirs bilar. Bu xiisusils bazi
saholordo sorlagsma (duzlagsma) vo suyun
torpagda dayanmasi ilo olagodar eroziya
meyllorinin miisahido olunmasi ilo baghdir.

Belo manfi tosirlorin garsisini almaq vo
torpaglarin - uzunmiiddotli mohsuldarligini
tomin etmok li¢iin davamli torpaq idaroetmo
tisullariin totbiqi zoruridir. Moaqalodo geyd
olunur ki, suvarma rejimlorinin tokmillosdi-
rilmasi, torpaq miinbitliyinin artirilmasi, tor-
pagin strukturunun yaxsilagdirilmasi vo ero-
Ziya ilo miibarizs tadbirlarinin goriilmasi aha-
miyyatlidir. Eyni zamanda, torpaqlarin da-
vaml istifadosi ligiin aqrotexniki va bioloji
metodlarin, elaca do miiasir suvarma texnolo-
giyalarinin totbiqi tovsiya olunur.

Notico etibarilo, Mugan Diizlindo su-
varilan torpaqlarin aqroekoloji voziyyatinin
yaxsilasdirilmasi vo davamli inkisafi {igiin
sistemli yanagma tolob olunur. Bu da hom
kond tosarriifatinin mohsuldarligini artirmagq,
hom do otraf miihitin qorunmasini tomin
etmok baximindan vacibdir.

Acar sozlor: okin sahalari, suvarma su-
yu, sudan istifada, aqroekoloji giymatlondir-
ma.

Gafarbayli K.A., Maharramli Q.P.
AUAC

gafarbeyli konul@mail.ru

Agroecological assessment
of soils in the mugan plain

The article presents a comprehensive
agroecological assessment of irrigated soils
in the Mughan Plain — one of the main ag-
ricultural regions of Azerbaijan. The study
investigates the physical and chemical pro-
perties of the soils, evaluates the impact of ir-

rigation regimes on soil quality, and analyzes
environmental risks related to soil salinizati-
on and degradation. Based on the research
results, practical recommendations are provi-
ded for improving irrigation management,
preventing soil salinity, and ensuring
sustainable agricultural productivity.
Keywords: Mughan Plain, irrigated so-
ils, irrigation water, agroecological asses-
sment, soil salinity, sustainable land use.
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Arpoalconornqecxaﬂ OIl€HKAa
3eMeJIb Myl"al—[CKOﬁ PaBHHUHBI

AHHOTAIIUA

B crarbe mpencrtaBieHa BCECTOPOHHSS
arpo’KOJIOTHYECKasi OIEHKa OpOILIaeMbIX
1104B MyraHckoi paBHUHBI — OJJHOTO U3 OC-
HOBHBIX CEJIbCKOXO3SICTBEHHBIX PETrMOHOB
Asepbaiimkana. B pabote uccnenyrores du-
3UKO-XMMHWYECKHE CBOMCTBA IIOYB, BIIMSHUE
PCKUMOB OpOHICHUA HaA HUX Kad4€CTBO, a
TaK)K€ DKOJIOTUYECKUE PUCKH, CBA3AHHBIE C
3aCOJICHUEM M Aerpaaamnuei nous. Ha ocHoBe
IIOJIyYEHHBIX JaHHBIX JaHbl IPAaKTHUYECKHE
PEKOMEH/IalliH 110 COBEPILIEHCTBOBAHUIO YII-
paBJICHHUs OpOLIEHHEM, MPEAOTBPAILEHUIO
3aCOJIEHUS ¥ 00€CTIEYeHHIO YCTONYUBOIO T10-
BBIIIEHUSI ITPOAYKTUBHOCTH CEIIBCKOIO XO03-
AUCTBA.

Knroueesvie cnoga: Myzanckasa pasnuna,
opouiaembvlie NOUGLL, OPOCUMENbHAS 6004,
acpo3KON02UYeCKas OYeHKd, 3aCONeHUe NoYe,
YCMouuugoe 3eMienob306aHue.

Moaqaloys AzMIU-nun “Meliorasiya va su
tasarriifati tikintisi” kafedrasinin dosenti
a.ii.f.d., V.H. Salimova ray vermisdir.
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9HM9DOYV N.Q.

Azarbaycan Texniki Universiteti

AZORBAYCAN RESPUBLIKASININ QAZ KONDENSATI MODONININ
RESURSLARI VO ONLARIN SOMOROLI ISTIFADOSININ PLANLASDIRILMASI?

Molum oldugu kimi Xozor donizinin
Azarbaycan sektoru yataglarinin qaz konden-
satlarindan yanacaq kimi hom naqliyyat mii-
harriklori {li¢iin, hom do digor qurgularin mii-
harriklori tigiin istifado olunmasi zorurat toskil
edir. Bu kondensatlardan yanacaq kimi isti-
fadasino asas diqgeti calb etmokls, onun yer-
losdiyi mokandan digor resurslarinda istifa-
dosinin toadqiqi digget markozindo olmalidir.

Biitovliikkdo qaz kondensat yataqlarinin
soroncaminda olan material-texniki, tobii
enerji, amok vo maliyya resurslarinin somars-
lin istifado gostaricilori aragdirilmalidir. Bu
resurslarin somarali istifadosinin planlasdiril-
mas1 dialektikanin ganunlarma, metodolji
prinsiplaring, habels obyektiv iqtisadi ganun-
larin tolobloring osaslanir. Biitiin bunlarla ya-
nas1 qaz kondensatlarinin idare edilmosindo
ekoloji tohliikasizliyin toyin edilmasine xii-
susi diqgat yetirilmalidir.

Yanacaq — enerji ehtiyatlarindan istifado-
nin somaraliliyininyiiksaldilmasi vo 6lkonin
enerjiya gonastli innovasiya inkisaf prinsip-
lorinin tatbiqi {igiin tolob olunan goraitinin ya-
radilmasi Azaorbaycanda yanacaq - enerji stra-
tegiyasinin osasini togkil edir. Bu ndqteyi no-
zordon dlkomizdo “Idaroetmo sistemi” bey-
nalxaq standartlarin konseptual modeli yara-
dilmalidir. Bu mogsadls enerji resurslarinin
somaraliistifado prinsiplorine istinad olun-
musdur. Odur ki, qaz kondensat yataqlarinin
idara edilmosinin tokmillogdirilmasina, onla-
rin resurslarinin somorali istifadosinin togkili,
planlasdirilmasi, ugotua alinmasi vo miiqayi-
sali tohlil edilmakls qiymatlondirilmasi zaru-
ridir.

Marketing todqiqatlari asasinda 6lkomiz-
do gaz kondensat sistemindo resurslara olan
tolobatin vo miitoxassis kadrlara olan ehtiyac

miioyyon edilmalidir. Bu tolabatlarin plan-

lasdirilmasi, ugotu, tohlili vo giymatlondiril-

mosi asagidaki prinsiplora osaslandirilmali-
dir:

— Elmi yanasma. Qaz kondensat yataqglar
sistemi sahasindo elni-texniki toqraqqginin
nailiyyatlori nozors alinmaqla, resurslarin
somarali istifadesinin  planlasdirilmasi,
toskili vo idaro edilmosinds obyektiv
iqtisadi  ganunlarin  toloblori  noazaro
alimmalidir.

— Sistem yanasma. Qaz kondensat yataqglar1
sisteming vahid bir kibernetik sistem kimi
baxilmalidir. Belo ki, bu tam sistemin
biitiin elementlorinin qarsiligli alagolori vo
tosiri nozors alinmalidir.

— Kompleks yanasma. Qaz kondensat

yataqlar1 sistemindo resurslarin
istifadosinin ~ iqtisadi  vo  ekoloji
somaraliliyinin yiiksaldilmasi

mogsadlarinin hallinds texniki-texnoloji,
otraf miihitin qorunmasi, toskilati, ideya-
torbiyovi, psixoloji, sosial vo iqtisadi
amillor  kompleks  halinda  nozors
alimmalidir.

— Optimalliq. Qaz kondensat yataqlar1 sis-
temindo resurslarin istifadasinin plan-iqti-
sad, toskilat1i vo idaroetmo masalalorinin
coxvariantli oldugunu nazors alaraq, ha-
min variantlardan qobul edilmis meyara
nozoranan yaxsisinin (optimal variantin)
secilmasi tolab olunur. Optimal variantin
secilmaosi resurslarin somaorali istifadosinin
igtisadi-riyazi modellosdirilmasini vo mii-
vafiq riyazi optimallagdirma metodlarinin
tatbiqini tolob edir. Miivafiq iqtisadi-riyazi
modelin reallasdirilmas1  informasiya-
kommunikasiya texnologiyalariin totbiqi
ila alds edilir.

! EImi moslohatgi: Azorbaycan Respublikasi Prezidenti yaninda Dévlot Idaragilik Akademiyasinin professoru, i.e.d.

S.Q. Ciimsiidov
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— Somaralilik. Qaz kondensat yataglar sis-
temindo resurslarin istifadesinin iqtisadi
vo ekoloji somoraliliyinin yiiksaldilmasi
masalalarinin halli ilo slagadar planlagdi-
rilacaq todbirlorin igtisadi somoraliliyi qa-
bagcadan miioyyon edilmalidir.

— Ekoloji tarazhq. Qaz kondensat yataqglari
sistemindo proseslorin on yeni texnologiya
osasinda toskili. Qaz kondensatin naqliy-
yat vasitolorindo vo stasionar qurgularin
miiharriklorinin maye-qaz yanacagina ke-
cirmoklo ekoloji tarazliq tomin edilmali-
dir.

— Qonaatlilik. Qaz kondensat yataqglari sis-
teminin sorancaminda olan biitlin resursla-
rindan tam somoarali istifado olunmali,
homginin tobii, material-texniki, miixtalif
novenerji, omok vo maliyys resurslarinin
somarali istifadesinin cari vo strateji biz-
nes-plani islonib hazirlanmalidir. Resurs-
larin somorali istifadasinin cari va strateji
biznes-plan1 amoli-toqvim tadbirler prog-
rami — qrafiki lizro reallagdirilmalidir.

— Saha v drazi idarsetmonin magsadouy-
gun slagoalondirilmasi. Qaz kondensat ya-
taqlar1 sistemindo resurslarin somorali isti-
fadssinin planlasdirilmasi vo idars edilmo-
sindo saho (normativlor) vo araziicra haki-
miyyatlori) amillorinin (tadbirlorinin) ola-
golondirilmasi tolob olunur.

— Maddi vo monavi havaslondirma. Qaz
kondensat yataqglar1 sisteminds resurslarin
istifadasinin iqtisadi va ekoloji somaralili-
yinin yiiksaldilmasinds kollektivin maddi
vo monavi maraglarinin stimullasdirilma-
st tomin edilmalidir.

— Soxsi, kollektiv vo dovlat (iimumxalq)
manafelorinin diizgiin slagalondirilma-
si. Qaz kondensat yataglar sistemindo re-
surslarin qorunmasi, monimsnilmasi va
onlarin istifadasinin samaraliliyinin ytik-
soldilmaesi ilo slagadar soxsi, kollektiv va
imumxalq (dovlot) monafelori diizgiin
olagolondirilmali, uzlasdirilmalidir. Bura-
da timumxalq (dovlot) monafeyi baslica
meyar kimi qabul edilmalidir.

— Tokbasina rahboarlik vo amakgilorin hor
birinin resurslarinin qorunmasi, monim-
sonilmasi va idars edilmasinds istiraker -
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larin tomin edilmasi. Qaz kondensat ya-
taglar1 sistemindo resurslarin istifadesinin
igtisadi va ekoloji somaraliliyinin yiiksal-
dilmasi tadbirlorinin hayata kecirilmosino
nozaratin togkili vo icranin yoxlanilmasi zo-
ruri hesab tsilir.

— Qaz kondensat yataqglart sistemindo nag-
liyyat vo rabito infrastrukturu bdlmalori-
nin iginin somorsli idaro edilmosino no-
zarotin togkili va icranin yoxlanilmasinda
diqget morkozinds olmalidir.

Yuxaridaki prinsiplori nozors alaraq qaz
kondensat yataqglar1 sistemindo cari vo strateji
biznes-plan1 islonib hazirlanarkon homin
sistemin biitlin bdlmalorinin seroncaminda
olan tobii, material-texniki, enerji, amok, in-
formasiya vo maliyys resurslarin biznes-pla-
na miivafiq istifadosinin osas gostoricilori
asagidaki metodika tlzro planlasdirilmali,
ucota alinmali vo miiqayisali tohli edilorak
qiymatlondirilmalidir:

1) tobii resurslarinin  somorali istifado gos-
toricilori:

a) tobii resurslarinin golirlilik omsali:

t.r — ZGU
R

burada: ZGU — qaz kondensat yataqlar siste-

minin illik galirinin imumi moblogi; Z X, —
tobii resurslariin qorunmasi va istifadasi ilo

olagodar xorclordir.
b) tobii resurslarinin manfaatlilik omsali:

t.r — ZMb
XX

burada: Zl\/lb— illik balans monfaatinin

imumi mablogidir.

2) material-texniki resurslarin somorali isti-
fado gostaricilori:

a) material-texniki resurslarin galirlilik om-

sali:
aén t_ Z GU

D X
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burada: Z X, — material-texniki resurslara

¢okilon timumi xarclordir.
b) material-texniki resurslarin monfoatlilik

amsali:
> G,

D X

3) enerji resurslarmin
gostaricilori:
a) enerji resurslarin golirlilik omsali:

burada: ern — enerji resurslara c¢okilon

aen _

somarali istifada

xorclordir.
b) enerji resurslarin monfoatlilik omsali:

DM,
D X

4) qaz kondensat yataqlar sistemindo amok
resurslarinin  somarali istifado gostarici-
lori:

a) amok resurslarin galirlilik amsali:

> G,
Zahf

burada: Zam — illik amok haqq: fondudur.

b) omok resurslarin monfoatlilik omsali:

DM,
Zahf
5) maliyys resurslarinin somorali istifado

gostaricilori:
a) uzun miiddatli kreditin golirlilik amsali:

> G,
> UK

burada: ZUK —uzun muddatli kreditin illik

Qen

adr

adr

auk
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moblogidir.
b) uzun miiddatli kreditin monfootlilik omsali:

e
ZUK

¢) qisa miiddotli kreditin golirlilik omsali:

ZG
YK

burada: ZQK — qisa miiddatli kreditin illik
moblogidir:
d) qisa miiddotli kreditin monfaatlilik omsali:

_2My
aq
2K
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Azdrbaycan Respublikasinin qaz

kondensati madaninin resurslari

va onlarin somoarali istifadasinin
planlasdirilmasi

XULASO

Mogqalodo Azorbaycan Respublikasinin
gaz kondensati modoninin resurslarit vo on-
larin somorali istifadssinin planlagdiriimasi
moslalorine baxilmisdir.

Homginin resurslardan somorali istifado
iclin planlasdirmanin asas metodoloji prin-
siplorini aragdirir.

Acgar sozlar: gaz kondensati, somaralilik,
elmilik, igtisadi somoralilik, spesifiklik, opti-
malliq, ekoloji tarazliq, sanaye tadbirlorinin
birlasmasi, hayata kegirilmasina nazarat va
yvoxlanis.

Axmenos H.T.

IlnanupoBanue 3¢ pekTUBHOIO
HCII0JIb30BAHUS PECyPCOB
ra30KOH/EHCATHBIX MEeCTOPOXKICHH I
AzepoOaninxanckoii Peciy0nnkn

PE3IOME

B craree paccMOTpeHBI IIIaHMPOBaHUE
3¢ PEKTUBHOTO UCIIOJIb30BAaHUS PECYPCOB Ta-
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30KOHJCHCATHBIX MecTopoxaeHui. Kpome
TOTO PACCMOTPEHBI CYIIIHOCTh OCHOBHBIX Me€-
TOJIOJIOTUYECKUX MPUHIUIIOB MIAHUPOBAHUS
3¢ (HEKTUBHOTO UCIIOJIL30BAHUS PECYPCOB.

Knroueenie cnosa: 2azoewiii konoerncam,
agppexmuernocms, HAYUHOCMDb, IKOHOMUY-
HOCMb, KOHKDEMHOCMb, ONMUMALILHOCHLb,
9KONI02UYECKAsT COANAHCUPOBAHHOCMb, COYe-
mauvue Ompaciesvlx Meponpusmuil, KOoH-
MpoJib U NPOBEPKA UCNOIbHEHUSL.

Akhmedov N.G.

Planning the efficient use of gas
condensate field resources in the Republic
of Azerbaijan

ABSTRACT

This article examines planning for the
efficient use of gas condensate field
resources. It also examines the fundamental
methodological principles of planning for
efficient resource use.

Key words: gas condensate, efficiency,
scientific nature, cost-effectiveness, specifici-
1y, optimality, environmental balance, combi-
nation of industry measures, control and ve-
rification of implementation.

Moagqalaya AzTU-nun “Masingayirma
texnologiyasi” kafedrasinin dosenti,
i.i.f-d., C.R. Rohimov ray vermisdir.
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HYDROTECHNICS AND AMENITIES
HIiDROTEXNIKA VO MELIORASIYA

UOT 631.67

IMUSAYEYV Z.S., 'ZZORBOLIYEV M.S., \QULIYEVA T.Q., 2ZORBOLIYEVA S.M.,

T4zarbaycan Memarlq va Insaat Universiteti
2Azarbaycan Memarlq va Insaat Universitetinin nazdinds Insaat Kolleci Hiiquqi Saxs

zakirsamed1946(@mail.ru, zarbalivev.m@mail.ru,

teranee1965@gmail.com, shovqgiyyel1994(@mail.ru.

SUNI INTELLEKT PRINSIiPLORI OSASINDA AZORBAYCANDA
SU EHTIiYATLARININ iDARO OLUNMASI

Azorbaycan borpa olunan enerji monbo-
lori lizra yiliksak potensiala malik olan dovlst-
lordon biridir. Olkomizin hom iqtisadi, hom
do texniki cohotdon istifadosi miimkiin olan
barpa olunan enerji monbalorinin potensiali
27000 Mvt-dir. Bura daxildir: giinos enerjisi-
23000 Mvt, kiilok enerjisi -3000 Mvt, dag
caylarmin potensiali -520 Mvt, bioenerji po-
tensiali -380 Mvt. Barpa olunan enerji man-
balarinin totbiq sahalori asagidakilardir: kond
tosarriifati, meliorasiya, su tochizati, turizm,
sonaye, enerji tochizati va s.

Azarbaycanin orazisi arid zonada yerlog-
diyino goro su ehtiyatlar1 mohduddur. Olko-
mizin su ehtiyatlar1 32,2 milyard km?® toskil
edir. Quraqliq illords iso su ehtiyatlar1 22.6
milyard km® qodor azalir. Yeralt1 su ehtiyat-
lar1 5,3 km? - dir. Orta illik su catismamaz-
lilig1 iso 4,6-5,1 milyard km? arasinda doyisir.
Su ehtiyatlarmin 70%-o qoderi 6lkomizdon
konarda formalasir[13]. Respublikamizin su
ehtiyatlarindan istifado olunmasinda su ob-
yektlorinin rolu boylikdiir. Bura daxildir: su
anbarlari, su qovsaqlari, bas su gobuledici
qurgular, suvarma sistemlori, kollektor-dre-
naj sistemlori, nasos stansiyalari. Su ehtiyat-
larmin basga tobii ehtiyatlara goro 6ziino
maoxsus xiisusiyyatlori vardir. Bu xiisusiyyat-
lordon biri su ehtiyati fasilosiz olaraq borpa
olunur. Giinos enerjisi okean, doniz va torpaq
sothindon suyu buxarlandirir, buxarlanmis su
atmosfero qalxir, soyuq qatlarda kondensasi-
yaya ugrayaraq yaginti soklindo yer kiirosi
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sothino enir. Bu yagintilarin bir hissasi yertis-
tii vo yeralt1 axinlar1 yaradir vo yenidon oke-
anlara, donizlors tokiiliir, bir hissasi iso tokrar
buxarlanirlar. Belaliklo, tobiotda su doévrani
daima tokrar olunur.

Umumiyyatla, tobii sarvatlari ilo zeongin
olan Azaorbaycanda su ehtiyatlart mohduddur.
Ona gora do, respublikamiz su ilo az tominath
regionlardan sayilir. Qonsu Zaqafqaziya res-
publikalar1 ilo miiqayisade Azorbaycan 6z
yerli su ehtiyatlarina goro axirinci yerdadir.
Ogor Giirgilistanda daxili su ehtiyatlart 85%-o,
Ermonistanda 82%-9 borabardirss, respubli-
kamizin orazisindo comi 28%-dir. Beloalikla,
Azaorbaycanin illik su balansinin 40%-1 Gir-
ciistanin vo 32%-1 is9 digor respublikanin pa-
yina diisiir[ 13].

Moévcud su ehtiyatlarina dair molumatla-
rin analizi naticasindo demok olar ki, respub-
likanin su ehtiyatlarinin osas hissosini Kiir,
Araz vo Samur caylari, hovzalari togkil edir.
Su ehtiyatlarinin qalan hissosi xirda ¢aylarin
hovzoalori, siini vo tobii goller, bulaglar vo
yeraltt sularin payina diisiir. Respublika ora-
zisinds toqriban 47 adad suvarma kanali var.
Bunlar igorisindo on bdyiik kanal uzunlugu
172.4 km, suburaxma qabiliyyoti saniyado
113 m® olan vo Mingagevir su anbarindan
gidalanan Yuxar1 Qarabag suvarma kanalidir.
Ikinci yerds 123.5 km uzunlugu olan Yuxari
Sirvan, tgiincii yerds iso uzunlugu 110 km
olan Samur-Abseron suvarma kanali durur.
Suvarma kanallarinin comi uzunlugu 90 min
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km.-don artiq olub 1,3 miIn hektar torpaq
sahasinin suvarilmasina imkan verir.

Hazirda 6lko orazisinds 153 su anbari
movcuddur. Su anbarlarinin iimumi su hocmi
21,9 mird. m?® toskil edir. Su anbarlarindan
yalniz 61 - nin hocmi 1 mIn. m3-don ¢oxdur.
Bunlarin on boyiiklori Kiir ¢ayr tizorindoki
Mingaogevir (hocmi 16 milyard kubmetr),
Somkir (hocmi 2,6 milyard kubmetr), Araz
cayl lUzorindoki Araz (hocmi 1,3 milyard
kubmetr), Tortor ¢ayr lizorindoki Sorsong
(hacmi 0,5 milyard kubmetr) su anbarlaridir.
Su anbarlarinin imumi sahasi 87 min hektar,
suyunun hacmi iss 22 kubkilometrs yaxindir.

Halo bu yaxinlara qador minerallig1 7,0
g/l-2 qador olan sular suvarma {igiin yararh
hesab olunurdu, lakin antropogen tosirlor
naticasinda su manbalorinds suvarma suyunun
keyfiyyati pislosmokds davam edir. Hom do
su ehtiyatlarinin mohdudlugu {iziindon yeni su
monbalarindan (kollektor — drenaj, doniz, tul-
lant1 sular1 va s.) istifado olunmasi variantla-
rina ehtiyac artmaqdadir. Bununla slagodar
olaraq son 30-40 ilds basqa 6lkolords oldugu
kimi, bizde do suvarma suyunun keyfiyyati-
nin yaxsilasdirilmasi tizorindo ardicil olaraq
elmi-todqiqat islori aparilir. Alinmis naticolor
gostorir ki, suvarma suyunda duzlarin buraxi-
la bilon miqdar1 torpagin mexaniki torkibin-
don, onun su-fiziki, fiziki-kimyovi xiisusiy-
yatlarindon, bitkilerin duza davamliligindan,
orazinin drenlomo doracasindon vo s. sortlor-
don asilidir.

Suvarma suyunun keyfiyyatinin pislos-
masi otraf miihito va ekoloji sistema 6z monfi
tosirini gostarir. Maisot — kommunal, istehsa-
lat, kond tosarriifatinin tullant1 sular1 vasitasi
ilo su hovzalorina miixtalif toksik maddslor
atilir vo bunun naticosindo do ekoloji sistem-
ds struktur dayisikliklori yaranir. Suyun key-
fiyyati aqroekoloji sistemin stabilliyin on va-
cib gostaricisidir. O, torpagin miinbitliyina,
kond tosarriifat1 bitkilorinin su tolobatina,
mohsuldarliga vo onun keyfiyyatino tosir gos-
torir. Eyni zamanda suvarma suyunun keyfiy-
yati hidromeliorativ sistemlords qurgularin
materiallarinin  saxlanilmasina vo onlarin
uzun omiirliiliiyline do tosir gostorir. Bu deyi-

36

lonlara asasan, suvarma suyunun keyfiyyati-
nin giymoatlondirilmasi iiglin ekoloji meyar-
lardan istifads olunur.

Ekoloji meyarlar otraf miihitin 6byektlo-
rinin miihafizesi ndqteyi-nezarden onlarin
cirklonmosinin qarsisinin alinmast vo sani-
tar-gigiyena tohliikosizliyinin tomin edilmasi,
kond tosorriifat: istehsali sahasindo iso onla-
rin yeriistii vo yeralt1 su monbalaring tosirinin
giymotlondirilmosine xidmaot edir.

Miiasir dovrdo Azorbaycanin su tosorrii-
fatinda su ehtiyatlarindan somorali istifado
edilmosi, suvarma sistemlorinin modellogdi-
rilmasi, avtomatlagdirilmasi, su tachizati sis-
temlorinin yaxsilasdirilmasi istigamatlorindo
boyiik islor davamli surotdos aparilir. Yeni av-
tomatlasdirilmis texnologiyalarin su tosarrii-
fat1 sistemlorins totbiqi, suyun idars olunma-
s1, hom do enerjinin alinmast vo somorali,
gonaotlo istifado edilmesi baximindan yeni
moarholoys kegmigdir. Belo ki, bu texnologi-
yalardan istifado etmoklo agilli idarsetma,
siini intellekt prinsiplorini aldo etmis olurug.
Bu sahodo goriilon islor asagidak: istigamot-
lordon ibaratdir:

1. Su tachizatinda agilh idara etma sis-
temlori. Suyun monbadon istehlak¢iya ¢at-
dirilmasinda va bu prosesin har bir sahasinda
vo morholosinds islonmasi, idars olunmanin
yerind yetirilmasindon ibaratdir. Bura daxil-
dir: SKADA sistemlori, yoni su anbarlarina,
suqgabuledici qurgulara vo digor qurgulara,
paylayict saboko vo kanallara uzaq maesafo-
don nazarat edilmasi, suyun saviyyasinin toz-
yiqi vo axina goro avtomatik agilmasi, bag-
lanmasi1 vo buna nozaratin hoyata kegirilmasi
proseslarinin idars olunmasidir. Bu iso miioy-
yon vaxt arzindo bag verir. Homin vaxt orzin-
do molumatlarin toplanmasi, su itkisinin, toz-
yiq diismasinin vo sizmalarin sensorlar vasi-
tosilo hoyata kegirilir. Sensor sobakalari su to-
sarriifatinin har bir sahoasindo, hissasindo mo-
lumatlarin toplanmasin1 vo merkazi servera
oOtlirtilmasini ohats edir.

2. Riitiibat torpaq sensorlari iso kand
tasarriifatinda suvarma cadvallorini opti-
mallagdirmaga imkan verir. Agilli saygaclar
(smart maters) istifadacilorin sudan istifads-
sini, su sarfiyyatini real vaxt arzinds 6lgiir vo
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eyni zamanda bag veran itkilori doqiqlogdirir.
Si1zma detektorlar isa sobokodoki nasazlikla-
11 tez bir zamanda agkar edir vo tomiri vaxtin-
da hoyata kecirmoklo tomir vo digor xarclori
azaldir.

Agill glinos suvarma idaroetma sistemi,
torpagin nomlik soviyyosino osason abadliq
ticlin suyun c¢atdirilmasini planlasdirir vo av-
tomatlasdirir. Buraya suvarma zamani nasosu
1o salan su anbarinda avtomatlasdirilmis su
soviyyasino nozarat sistemi daxildir. Giinog
suvarma panellori yiiksok somorali su tochi-
zat1 hallidir. Todqiqgatin moqsadi suvarma sis-
temlorini avtomatlagdirmaqdir - bitkilora su-
yun ¢atdirtlmasini idaro edon vo tonzimloyon
sensorlar vo program tominati ilo tachiz olun-
mus inteqrasiya olunmus sistemlor. Sensorlar
optimal suvarma haocmini miioyysn etmok
liclin torpagin nomliyini, hava soraitini, ya-
gintilar1 vo diger amillori izloyir. Sistemin
program tominati daha sonra suyu bitkilorin
ehtiyaclarina uygun olaraq paylayacaq vo su
ehtiyatlarindan somorali istifadoni tomin eds-
cokdir. Avtomatlasdirilmis suvarma sistem-
lori ol ilo suvarma ilo miiqayisade sahonin da-
ha somorsli vo pesokar suvarilmasina imkan
veracokdir.

Avtomatlagdirilmis suvarma sistemlori
daha doaqiq vo samorali su istifadosini tomin
edir. Sistemlor lazim olduqda yalniz lazimi
miqdarda su vermok iigiin konfiqurasiya edilo
bilor. Bu, haddindan artiq suvarmanin qarsi-
sin1 almaga vo buxarlanma vo ya axint1 yolu
ilo su itkisinin qarsisini almaga komak edir.
Bu,bdyiik torpaq sahalerinin, parklarin v to-
biot qoruglarinin abadlasdirilmas: zamani su
istehlakin1 shamiyyatli deracods azalda bilor.
Avtomatik suvarma sistemlori homginin bii-
tiin yasil saho lizro daha vahid su paylanma-
sin1 tomin edir. Bu, xiisusils al ilo suvarmanin
geyri-barabor ola bilocayi vo quru sahoalors vo
ya haddindon artiq suvarmaya sobab ola bils-
coyi boyiik orazilordo vacibdir. Borabor su
paylanmasi bitkilorin saglam bdyilimasini tog-
viq edocak vo onlarin canlilifini qoruyacagq-
dir. Todqiqat iimumi gobul edilmis suvarma
metodlarindan istifads edilorok aparilacaqdir.

Suvarma f{iciin su sorfiyyatina tosir edon
parametrlor:

1. Bitki su tolobati (asagi, orta vo yiik-
sok). Nozors almaq lazimdir ki, miioyyon bir
bolgoyo moxsus olmayan bitkilorin su isteh-
laki yiliksok vo ya orta soviyyads olacaq, yerli
vo ya uygunlasdirilmis bitkilorin su tolobati
i1so daha prognozlasdirila bilondir.

2. Okin sixlig1. Sahadaki bitkilorin say1
da su istehlakina tosir gostorir. Okin sixligi-
nin {i¢ soviyyosi var:

- Asag1 sixliq: bitkilor seyrak okilir;

- Orta sixliq: bitkilor biitlin sahani ohats edir,
lakin osason bir nov bitki Ortiiyii istifado
olunur;

- Yiiksok sixliq: biitiin sahoni tamamils ohato
edon miixtalif nov bitkilorin (agaclar, ¢igok-
lar, kollar) istifadssini nazords tutur.

3. Mikroiqlim névii:

Sahodo bitkilorin bdyiimasi vo inkisafi
tiglin soraiti nazars alir.

- SiZinacaqli: binanin simal torofindoki saha
kimi gilinos isigindan kdlgalonan, kiilok vo
istidon qorunan saho;

- Aci1q: saho park vo ya idman meydangasi
kimi a¢1q, diiz orazids yerlasir;

- Yiiksok tosir: orazi giiclii istiys vo ya kiiloyo
moruz qalir, masalon, binanin conub torafin-
do va ya yliksok dorocads oks etdiron sathin
yaxinliginda.

4. Suvarma Sisteminin Novii:

- Ciloyici sistemlor: su ciloyicilor-giloyicilor-
don istifado edorok genis oraziys paylanir;

- Damci suvarma: su sorfiyyatin1 azaltmaq
liciin su asag1 tozyiq altinda birbasa bitkinin
kok sistemina gatdirilir. Sistemin dizaym
ham qazonlar, hom da yasil saholor {igiin on
optimal vo doqiq suvarma hocmini tomin
edir. Ciinki har bitkinin 6z suvarma doracasi
tolob olunur. Bundan slavo, avtomatlagdiril-
mis suvarma kiiloyin siiratini, straf miihitin
temperaturunu vo yagintini1 davamli olaraq
izlomok {igiin xiisusi sensorlardan istifada
edir. Nozarot¢inin mikroprosessoru biitiin
bu molumatlari emal edir vo suvarma doro-
cosini daha da tonzimlayir.

Suyun keyfiyyatinin monitoring sistemls-
rind ¢irklonmo soviyyolori, temperatur, pH vo
oksigen miqdar1 da daxil olmaqla miixtolif su
parametrlorini 6l¢on sensorlar daxildir. Top-
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lanan molumatlar tahlil edilir vo suyun keyfiy-
yatini gqiymatlondirmoak, ¢irklonma vo ya oksi-
gen tiilkonmasi ilo bagl potensial problemlari
miloyyon etmak va su ekosistemlorinin qorun-
mast vo barpasi U¢lin tadbirlor hazirlamaq
tictin istifado olunur. Landsaft dizayni effektiv
suvarma sistemlori vasitasila suyun samarali-
liyina tohfa vers bilor: dame1 suvarma, torpaq
nom sensoru ilo suvarma kimi sohar suvarma
sistemlori va toplanan yagis suyu kimi alterna-
tiv monbolordon istifado su istehlakin1 oho-
miyyatli doracodo azalda bilor. Bu davamli ya-
nagma su ehtiyatlarinin qorunmasina kdmaok
edir.

Bu sahado elmi-todqiqat institutlarimiz
miixtalif tobii va iqtisadi soraito uygun suvar-
ma texnikalar1 vo texnologiyalarini totbiq et-
mok, eloca do yeni suvarma rejimlori vo doro-
colori hazirlamaq sahosindo genis elmi va
praktik tocriiboyo malikdir. Todqiqatin icra
plan1 asagidakilardan ibarotdir:

- Sohar yasillasdirmasinin vo texniki xidme-
tinin monitoringi, avtomatik suvarma sis-
temlorinin layihalondirilmoasi vo qurasdiril-
masi vo biitiin ndv qazonlarin (hidroakin do
daxil olmaqla) qurasdirilmasi ;

Miixtalif landsaftlarda okin vo abadliq li¢iin
bitki novlerinin secilmosi; abadliq iigiin az
su tolob edon yerli vo ya adaptiv bitki nov-
larinin miioyyan edilmasi; eyni miqdarda su
tolob edon bitkilar {iglin zonalarin yaradil-
masi li¢iin todbirlorin hazirlanmasi;
Suvarma ticlin su istehlakini idaro etmok
ti¢iin avtomatlasdirilmis damci suvarma sis-
teminin (torpaqda nom sensorlarindan isti-
fads etmokls) hazirlanmasi - Sosial-igtisadi
tosirlors asagidakilar daxildir:

Sohardo otraf miihit soraitinin yaxsilasdiril-
masi;

Soharlorin yasillasdirilmast mogsadilo su-
varma sistemini avtomatlasdirmagq iigiin gii-
nos texnologiyalarindan istifado enerji xorc-
lorini vo karbon emissiyalarini azaltmaga
komok edir vo enerji qiymatlorindoki dalga-
lanmalara qars1 dayaniqlig artirir;
Suvarma {i¢iin su istehlakini glinds an az1 4
litr kvadrat metrs endirmok (yagis suyu su-
varma ti¢iin su istehlakinin hesablanmasina
daxil deyil).
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Goriilon islor asasinda asagidaki naticalor
gozlonilir:

- doqiq vo somarali su istifadosini tomin edo-
cak;

- sistemlor yalniz tolob olunan miqdarda vo
yalniz lazim olduqgda tomin edilocok sokildo
konfiqurasiya edilocok. Bu, hoddindon artiq
suvarmanin qarsisini almaga vo buxarlanma
va ya axint1 yolu ils su itkisinin qarsisini al-
maga komok edocok. Noticodo, park abad-
lagdirmas1 zamani su istehlaki shomiyyatli
doracados azaldilacaq;

- suyun vahid paylanmasi bitkilorin saglam
bdyiimosini tosviq edocak vo onlarin canli-
ligin1 qoruyacagq;

- glinos enerjisinin inteqrasiyasi onun muxta-
riyyatini artiracaq vo xorclori azaldacaq;

- giinas panellorindan istifadonin tstiinliiklori
arasinda yanacaq vo ya elektrik enerjisi al-
mag1 tolob etmadiyi iiclin asaglr omoliyyat
xarclori vo atraf miihits tosirin azalmasi bas
veracaokdir.

Su istehlakinin azaldilmasi resurslarin
gorunmasina tohfa verir va yasil sahalor mii-
oyyan naticalar aldo etmakls otraf miihit sora-
itinin yaxsilagdirilmasina komok edir.

Su ehtiyatlarinin daha doqiq idars etmak
islin siini intellekt asasinda qurulmus model-
loro gora toplanan bdyiik molumatlar1 analiz
edorak nail olmaq olar. Mahz belo mohtosom
sistemlordon birisi do Azarbaycanin orazisin-
do yerlogon Tiryancay ilizorindo qurulmus-
dur.

Tiiryan¢ayin uzunlugu 180 kilometr, su-
yigict hovzosinin sahosi 4850 km?-dir. Cay
baslangicin1 Boylik Qafqaz daglarinin conub
hissasindon 3690 m hiindiirliikdon gotiiriir vo
stini kanallar vasitesilo Kiir cayma tokiiliir.
Tiiryangay Azarbaycanin Qabolo, Agas, Ucar
vo Zordab rayonlarinin orazisindon kegir.
Osason suvarma liciin istifado olunur. Onun
bagslica qollar1 - soldan Tikanli (uzunlugu-57
km), Bum (uzunlugu -52 km.), sagdan iso No-
zar (uzunlugu-35 km), Qala (uzunlugu -42
km) caylaridir. Dagqin dovriinds illik aximin
50-60 faizi kecir. Cayda on az sorf yanvar
ayinda miisahido olmusdur. Cayin orta illik
sorfi 15.8 m¥/san-dir. ilik axininin hacmi iso
565 milyon kubmetrdir. Asili gotirmalarin
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illik hacmine gors Tiiryangay Boyiik Qafqaz
caylar1 sirasinda miistosnaliq toskil edir. Belo
ki, asil1 gatirmalorin orta ¢oxillik sarfi 48-50
kg/san vo orta hesabla Sirvan diiziinlin bir
ildo 2 milyon tona gadar lil aparir. Tiiryancay
respublikanin on bulaniq ¢aylarindan biridir.
Agdas rayonunun ohalisini igmali su ilo tomin
edir (sokil 1).

Sokil 1. Ti iiryngay knalz, mexaniki éapllar

Tiiryangayin Agdas vo Ucar rayonu ora-
zisinds suvarma moqsadi ii¢lin tikilon sag vo
sol sahili kanallar1 1956-c1 ilden istismara
verilmigdir. Tliryangay kanalinin sag sahil ka-
nalinin uzunlugu 27.1 km, su buraxma qa-
biliyyati 10 m>/san-dir. Bu kanallarin iizarin-
do yeni idaroetmo sistemi ilo avtomatlagdiril-
mis 152 odad sliizler, gapilar vo motorlar is-
tismar olunur (sokil 2, 3). Enerji tochizati bor-
pa olunan enerji monboyidir. Agdas su kana-
linin iizarindo qapilarin, siyirtmalorin giinog
enerjisi hesabina SCADA sistemlorini totbiq
etmoklo idars olunmasi hoyata kecirilmisdir.

Sakil 2. Giinas enerjisi hesabina kanal
qaptlarimin idara olunmasi(SCADA tatbiqi)

Sakil 3. Giinag enerjisi ilo ¢alisan
avtomatlasdirilmis idara etmoa sistemlori
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Tiiryangay kanali izarindoki avtomatlag-
dirilmis idaro etmo sistemlori asagidaki is-
lorin ardicilligla hoyata kecirilmosine sorait
yaradir:

- Ultrasonik su soviyyasinin 0l¢iilmasi;

- Istehlakin hesablanmasi va idars edilmosi

liclin inteqrasiya olunmus program tominati;

- Giinos enerjisi ilo igsloyon batareya sistemi
va ya 120-240VAC;

- Hazir SCADA rabita sistemi;

- Giiclii yliksok is dovrii amaliyyati;

- Su soviyyesino daha yaxs1 nozarat etmok

liclin Ust-iisto diison dizayn;

- Su infrastukturunun yaxsilagdirilmasi, me-
xaniki suvarmaya son qoyulmasi, su itkilo-
rinin azaldilmas1 vo xiisusilo miiasir agill
idaraetma sistemlorini totbiq etmoklo su is-
tehlakini tonzimlomok qarsida duran tapsi-
riqlardir. Burada iso diqqoet yetirilosi moso-
lolor agagidakilardir:

- Suvarma infrastrukturunun tokmillosdiril-

mosi;

- Somorali suvarma tisullarinin vo texnolo-

giyalarinin totbiqi;

- Agilli suvarma sistemlonin totbiqi, SCADA
idarsetmonin hayata keg¢irilmasi;

- Barpa olunan enerji manbalarindaon istifads
etmakls su tochizati

Son illords siini intellekt (SI) texnologi-
yalar1 ¢irkab sulariin tomizlonmasi do daxil
olmagqla, genis sektorlarda genis yayilmisdir.
Qlobal ohali artimi, senaye inkisafi vo iglim
doyisikliyi su tomizloyici sistemlor {igiin ola-
vo ¢atinliklor yaradir vo innovativ hoallor tolob
edir. SI tomizlomo proseslorini optimallagdir-
maga, xarclori azaltmaga vo otraf miihits to-
sirini minimuma endirmays komak edir. Siini
intellekt tarixi molumatlara vo iglim soraitino
osaslanaraq suyun torkibindoki doyisikliklori
prognozlasdira bilir. Bu, suyun keyfiyyotindo
movsiimi dayisikliklor tiglin xiisusile vacib-
dir. Stini intellekt tomizloyici qurgularin av-
tomatlasdirilmasinda holledici rol oynayir, ol
ilo idaraetmo ehtiyacini azaldir vo proseslorin
etibarliligini artirir. Miiasir siini intellekt sis-
temlori reagentlorin dozasini avtomatik ton-
zimlomok, filtrasiya parametrlorini doyismoak
va nasoslarin 1§ina nazarat etmak, enerji xarc-
lorini minimuma endirmak gabiliyyatine ma-
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likdir. Magin 6yronmasi miimkiin nasazliglart
prognozlasdiraraq nasoslarin va filtrlorin is-
lomasi ilo bagli molumatlar: tohlil edir. Bu,
problemlor yaranmazdan ovval profilaktik to-
mirin aparilmasina kdmak edir, bu da amaliy-
yat xorclorini azaldir.
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XULASO

Azorbaycan “Yasil enerji vo barpa olunan
enerji manbolori” iizra yiliksok potensiala ma-
lik olan dovlotlorden biridir.Olkomizin ham
iqtisadi, hom do texniki cohotdon istifadosi
miimkiin olan barpa olunan enerji monbals-
rinin potensiali 27000 Mvt-dir. Azabaycanin
orazisi arid zonada yerlosdiyino goro su eh-
tiyatlari mohduddur. Olkomizin su ehtiyatlari
32,2 milyard km® edir. Umumiyyatlo, tobii
sorvatlari ilo zoangin olan Azarbaycanda su eh-
tiyatlart mohduddur. Ona gors do, respublika-
miz su ilo az tominatli regionlardan sayilir.

Olkomizda orazisindo 153 su anbari
movcuddur. Su anbarlarinin imumi su hacmi
21,9 mlrd. m? togkil edir. Bunlarin on boyiik-
lari Kiir ¢ay1 tizerindaki Mingacevir (hacmi
16 milyard m?®), Somkir (hocmi 2,6 milyard
m?), Araz cayi iizorindoki Araz (hocmi 1,3
milyard m?), Tortor ¢ay: iizorindoki Sorsong
(hocmi 0,5 milyard m?) su anbarlaridir. Su an-
barlarinin imumi sahasi 87 min hektar, suyu-
nun hocmi iso 22 km? yaxindir.

Azorbaycanin su tosorriifatinda hal-hazir-
da su ehtiyatlarindan somorali istifado edilmosi,
suvarma sistemlorinin modellogdirilmasi, avto-
matlagdirilmasi, su tochizati sistemlorinin yax-
stlasdirilmasi istigamatlorindo boyiik iglor da-
vamli suratde aparilir. Su ehtiyatlarmin daha
doqiq idars etmok {iisiin siini intellekt osasinda
qurulmus modellara gors toplanan bdyiik moe-
lumatlar1 analiz edorok nail olmaq olar. Mohz
belo mohtogom sistemlordon biri si do Azarbay-
canin orazisindo yerloson Tiiryangay iizorindo
qurulmusdur. Tiiryancay kanalinin sag sahil ka-
nalinin uzunlugu 27.1 km,su buraxma qabiliy-
yoti 10 m*/san-dir. Bu kanallarin {izorindo yeni
idaroetmo sistemi ilo avtomatlagdirilmis 152
odad sliizlar, gapilar vo motorlar istismar olu -


https://moluch.ru/archive/351/118369/
https://eco.gov.az/az/nazirlik/xeber?%20newsID=11676
https://eco.gov.az/az/nazirlik/xeber?%20newsID=11676
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nur. Enerji tochizati barpa olunan enerji monba-
yidir. Agdas su kanalinin {izorindo qapilarin, si-
yirtmolorin giinog enerjisi hesabina SKADA
sistemlorini totbiq etmoklo idaro olunmasi he-
yata kecirilmisdir.

Son illords siini intellekt (SI) texnologi-
yalar1 ¢irkab sularinin tomizlonmosi do daxil
olmagqla, genis sektorlarda genis yayilmisgdir.
Qlobal ohali artimi, sonaye inkisafi vo iglim
doyisikliyi su tomizloyici sistemlor {igiin
olavo c¢otinliklor yaradir vo innovativ hollor
tolob edir. SI tomizloma proseslarini optimal-
lagdirmaga, xorclori azaltmaga vo otraf mii-
hito tosirini minimuma endirmoys kémaok
edir. Siini intellekt tarixi molumatlara va iql-
im soraitino osaslanaraq suyun torkibindoki
dayisikliklori prognozlagdira bilir. Bu, suyun
keyfiyystinds movsiimi doyisikliklor ii¢lin
xtisusilo vacibdir. Siini intellekt tomizloyici
qurgularin avtomatlasdirilmasinda halledici
rol oynayir, ol ilo idaraetma ehtiyacini azaldir
va proseslorin etibarliligini artirir. Miiasir sii-
ni intellekt sistemlori reagentlorin dozasini
avtomatik tonzimlomok, filtrasiya parametr-
lorini doyismak vo nasoslarin isino nazarot et-
moak, enerji xorclorini minimuma endirmok
gabiliyyeatino malikdir.

Acar sozlar: siini intellekt, su ehtiyatlari,
vasil enerji, giinag enerjisi, kiilok enerjisi, su-
varma kanallari, su anbarlar:, suvarma sis-
temlori, avtomatlasdirma.

Water resources management in
Azerbaijan based on artificial
intelligence principles

SUMMARY

Azerbaijan is one of the countries with
high potential in "Green energy and renewable
energy sources". The potential of renewable
energy sources that can be used both economi-
cally and technically is 27,000 MW. Since the
territory of Azerbaijan is located in an arid
zone, water resources are limited. Our coun-
try's water resources are 32.2 billion km>. In
general, water resources are limited in Azerba-
ijan, which is rich in natural resources. There-
fore, our republic is considered one of the
regions with low water supply.

There are 153 reservoirs in our country.
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The total water volume of the reservoirs
is 21.9 billion m?. The largest of them are the
Mingachevir reservoirs on the Kura River
(volume 16 billion m?), Shamkir (volume 2.6
billion m?), Araz on the Araz River (volume
1.3 billion m?), and Sarsang on the Tartar
River (volume 0.5 billion m?). The total area
of the reservoirs is 87 thousand hectares, and
the volume of water is about 22 km?.

Currently, great work is being carried out
in the water sector of Azerbaijan in the
direction of efficient use of water resources,
modeling and automation of irrigation
systems, and improvement of water supply
systems. More accurate management of wa-
ter resources can be achieved by analyzing
large data collected according to models ba-
sed on artificial intelligence. One of such ma-
gnificent systems is built on the Turyanchay
River located in Azerbaijan. The length of the
right bank channel of the Turyanchay Canal
is 27.1 km, and the water discharge capacity
is 10 m%/sec. 152 locks, gates and motors au-
tomated with a new control system are ope-
rated on these channels. Energy supply is a
renewable energy source. The gates and val-
ves on the Agdash Water Canal have been
controlled using solar energy using SCADA
systems. In recent years, artificial intellige-
nce (Al) technologies have become wide-
spread in a wide range of sectors, including
wastewater treatment. Global population
growth, industrial development and climate
change create additional challenges for water
treatment systems and require innovative so-
lutions. Al helps to optimize treatment pro-
cesses, reduce costs and minimize environ-
mental impact. Artificial intelligence can pre-
dict changes in water composition based on
historical data and climate conditions. This is
especially important for seasonal changes in
water quality. Artificial intelligence plays a
crucial role in the automation of treatment
plants, reducing the need for manual control
and increasing the reliability of processes.
Modern artificial intelligence systems are ab-
le to automatically adjust the dosage of re-
agents, change filtration parameters and con-
trol the operation of pumps, minimizing ener-
gy costs.

Keywords: artificial intelligence, water
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resources, green energy, solar energy, wind
energy, irrigation canals, reservoirs, irriga-
tion systems, automation.

IIpaB/ieHne BOAHBIMM pecypcaMu B
A3ep0aiizkaHe HA CHOBe PUHIIUIIOB
HCKYCCTBEHHOI0 HHTEJJIEKTA

PE3IOME

A3zepbaiipkaH BXOAUT B UUCIIO CTpaH C
BBICOKHM TOTCHIIMAJIOM B 0071aCTH «3eIEHON
SHEPreTHKU U BO30OHOBISIEMBIX HCTOUHUKOB
sHeprum». [loTeHnnan BO30OHOBISIEMBIX HC-
TOYHUKOB JHEPTUH, KOTOPBIH MOXET OBITh
HCIONB30BaH KaK IKOHOMUYECKH, TaK U TEX-
Hu4ecku, coctapisaeT 27 000 MBT. ITockomnb-
Ky TeppuTopus AzepOaiikaHa pacroyioxe-
Ha B 3aCYIIUIMBOM 30HE, BOJIHBIE PECYPCHI OT-
panuueHsl. BomHbIe pecypchl Hallei cTpaHbl
coctaBisoT 32,2 mupa. km?. B nienom, Boa-
HBIE pecypchl Azepbaiikana, 60raroro npu-
POIHBIMU pecypcamu, orpaHuueHsl. [loaro-
My Hallla PecIyOJuKa CYUTACTCS OJHUM W3
PETHOHOB C HU3KUM YPOBHEM BojpooOecred-
E€HHOCTH.

B nament crpane umeercs 153 Bogoxpa-
Humma. O0umii 066EM BOABI BOAOXpPaHU-
il coctamsier 21,9 mupa. m®. HauGonee
KPYITHBIMU U3 HUX SBJSIFOTCS MUHTS4eBHpC-
Koe BojpoxpaHuiuine Ha peke Kypa (o0bém
16 mipa. m?), Hlamxupckoe (06BEM 2,6 MITp/L.
M?), Apasckoe Ha peke Apa3 (00bEM 1,3 mup.
m?) u Capcanrckoe Ha peke Teprep (00BEM
0,5 mapa. m*). OOmmas iomaab BOAOXpaHH-
T cocTaBinsieT 87 ThIC. Ta, a 00BEM BOJIBI -
OKOJIO 22 KM°.

B Hacrosiiiee Bpemsi B BOJHOM CEKTOpE
AszepbaiipkaHa mpoBoaAUTCs Oonblias paboTa
1o 3hGEKTUBHOMY HCIOJIB30BAHUIO BOIHBIX
pPECYpCOB, MOACTUPOBAHUIO 1 aBTOMATH3AIHH
UPPUTAITIOHHBIX CUCTEM, a TAK)KE COBEPIIICH-
CTBOBaHHMIO CHCTEM BomocHaOxeHusi. bonee
TOYHOE yIIPaBJICHUE BOJTHBIMH PECYpPCaMU MO-
’KeT ObITh JOCTUTHYTO ITyT€M aHaiu3a 00Jb-
muxX OOBEMOB JaHHBIX, COOpPAaHHBIX C IIO-
MOIIBIO MOJIeNIel HA OCHOBE MCKYCCTBEHHOTO
uHTeuIekTa. OHa U3 TaKUX BEHMKOJICITHBIX
CHCTEM MOCTpoeHa Ha peke TypbsH4Yaii, pac-
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NOJIOKEHHOM B A3sepOaiimxkane. [Iporsiken-
HOCTh TpaBoOepexHoro pycna TypbsHyaiic-
KOro KaHaJjia cocTasisieT 27,1 kM, a mponyck-
Has crocodnocts — 10 M*/cex. Ha 5Tux xana-
nax paborator 152 nuiro3a, 3aTBOpa U MPUBO-
Jla, aBTOMAaTHU3UPOBAHHBIE HOBOW CHUCTEMOU
yIpaBieHHA. DHEProcHaOKeHHUE OCYIIECTB-
JISIETCS 32 CUET BO30OHOBIISIEMbBIX HICTOYHUKOB
SHEpruM. 3aTBOPbl U KJamaHbl ATIAIICKOTO
BOJIOKaHaJIa YIpPaBIIIOTCSA C MOMOIIBIO COJI-
HEYHOU sHepruu ¢ ucrnosib3zoBanueM SCADA-
cucreM. B nocnenHue roapsl TEXHONIOIUU UC-
KyccTBeHHOro uHreuiekrta (M) nomyunnu
IIMPOKOE PACIPOCTPAHEHUE B IIMPOKOM CIIEK-
Tpe OTpaciel, BKIIOYash OYHUCTKY CTOYHBIX
BoJI. PocT HaceneHus niaHeTsl, pa3BUTHE ITPO-
MBILIUIEHHOCTH M HM3MEHEHHE KJIMMara co3-
JIAIOT JIONIOJHUTENIbHBIE TPOOJIEMBl AJISl CHUC-
TEM OYHUCTKU BOJbI U TPeOYyIOT MHHOBALIMOH-
HbIX pemeHui. MM nomoraer onrumMunsu-
poBaTh MPOLIECCHl OYUCTKU, CHU3UTDH 3aTPaThl
Y MUHUMM3HPOBATh BO3JEHCTBUE HA OKpYKa-
oUylo cpeny. VcKycCTBEHHbBIN HMHTEIIEKT
CHOCOOEH MPOrHO3UPOBATh U3MEHEHNUS COCTa-
Ba BOJIbl HA OCHOBE MCTOPUYECKUX TAHHBIX U
KJIMMaTHYeCKUX YCIOBHNA. ITO 0COOEHHO BaXK-
HO TIPH CE30HHBIX M3MEHEHMSAX KauecTBa BO-
Ibl. MICKyCCTBEHHBIN MHTEIIEKT UTPAET BaK-
HEHIIYI0 pojib B aBTOMATH3allMM OYHCTHBIX
COOPY)KEHMH, CHUKasi HEOOXOMMOCTh PYYHO-
IO YIPaBJIEHUS U MOBBIIIAs HAJEKHOCTD IIPO-
reccoB. COBpEMEHHBIE CUCTEMBI HCKYCCTBEH-
HOTO MHTEJUIEKTa CIIOCOOHBI aBTOMAaTHYeCKH
KOPPEKTHPOBATh JO3UPOBKY PEAreHTOB, W3-
MEHSATh MapaMeTpbl GUIBTPALUU U YIIPABIATH
paboToil HACOCOB, MUHMMH3HUPYSI SHEProsar-
parsl.

Knrwouegvle cnoea: uckyccmeennvii un-
meJnieKkm, 600Hble Pecypchl, 3eleHas IHepae-
MUKA, CONHEYHAs SHEPUsl, emposas Hep-
2uUsl, OpocumenbHvle KAHAIbl, B000XPAHUNU-
wa, opocumenbHuvle CUCTeMbl, ABMOMAMU3a-
Yus.
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HIDROTEXNIKI VO YOL TIKINTiSINDO TOTBIQ EDILON QABION
TiPLi ISTINAD DiVARLARININ DAYANIQLIGA HESABLANMASI

Giris. Istinad divarlar1 unikal tikinti kons-
truksiyasidir vo bu tip konstruksiyalar miilki,
sonaye, yol, hidrotexniki tikintido genis totbiq
edilir. Hidrotexniki va yol tikintisinds yamacla-
rin siirismaya qarsi dayaniqliq baximindan bir
nec¢o mithandisi konstruksiyalar tadbiq edilir ki,
bunlardan miixtalif konstruksiyali istinad di-
varlarini vo svaylari qeyd etdirmok olar [1, 5].

Istinad divarlar1 miixtalif konstruksiyali
vo Olgiilii olmagala yanasi yamaclarin daya-
niqliginda bir ¢ox miithandisi masalalorin hal-
lino imkan yaradir. Bu soboabdon istinad diar-
lar1 hom konstruktiv hom do materiallarin
miixtalifliyi baximindan farqli ola bilirlor.

Miiasir zamanda keyfiyyatli konstruksi-
yalarin ingaas1 vo onlarin uzun miiddatli istis-
mari tikinti sektorunda calisan vo bu sahonin
aparict miitoxassislorinin diqgat markezinde-
dir. Istinad divarlar1 ciddi miihondisi kons-
truksiya oldugundan onlarin dayanigligia he-
sablanmas1 mexanikanin ganunlari ils va ri-
yazi hesabatlarla tosbit olunmalidir.

Material vo metodlar. Todqiqat predme-
ti kimi Baki-Samax1 avtomobil yolunun Ce-
yrankegmar orazisinin geoloji-kosfiyat molu-
matlar1 vo miihandis geologlarin apardiqlar
todqiqatlar osas gotiiriilmiisdiir. Burada yol
konarinda yerloson yamaclarda qruntlarin fizi-
ki vo mexaniki xasissolori gotiiriilmiis vo hor
kasiya uygun olaraq qrunt suyunun soviyyasi
miioyyan olunmugdur. Hesabatlarin aparilma-
sinin  sadoalogdirilmasi {iglin qruntlart eyni-
cinsli kimi gqobul edarak onun hesabi sixligini
Py =17.5kN/ m>kimi gobul etmisik [2].

Oldo olunmus materiallar vo normativ
sanadlar asasinda yamaclarin qaboin tipli isti-
nad divarlar1 konstruksiyasi ilo barkidilmasi-
nin dayaniqliga hesabati aparilmisdir. Qeyd
etmok lazimdir ki, qruntla gabion arasinda

43

siirtinmo omsal1 /=0,5 qobul edilib. Qabion
metal torlu ohatolonmis hocmi bloka doldu-
rulmus miixtolif 6l¢iili daslardan qurulmus-

dur.Homin daslarin hacm ¢okisi y =17.8 %

kimi qobul edilir. ©ks tokma qruntun va ya
tobii yamaci togkil edon qruntun hocm ¢oki-
sini tapmaq liciin asagidaki ifadodon istifado
edirik:

Yar = PqrYicYr (1)
Burada, y;. —yiiklori nozors alan omsaldir;
Y- tokma qruntlar iiglin yiiklorin etibarliq
omsalidir, 1.15 kimi qabul edirik.

Hesabat sxemi sokil 2-do verilmigdir.

Sakil. 1.Qabionla inga olunmusg
avtomobil yolunun goriiniigii.

Yamaclarin dayaniqliq masalolorindo
qrunt miihitinin fiziki parametrlori ilo yanasi
grunt suyunu soviyyosi nozors alimmalidir.
Yamaclarin dayaniqliginda qrunt suyunun so-
viyyasini nazors alinmasi masalonin hollini
daha real saraito uygun oldugunu tosbit edir.
Bu sabobdon qrunt suyunuda yarana hidro-
statik tozyiqi agagidaki ifads ilo tapmaq olar:



Journal. ecology and W.(.ltel’ economy . 5, 12.2025
Ekologiya va su tasarriifati jurnali,

Fj = pghy ) b- divara tozyiqin tosin eni, (m)
3.9ks tokma vo tobii qrunt yatginin istinad
burada, p - yamac qruntunun sixhgidir divarina tosir edon reaktiv qilivvoni
(kN/m?); g- sorbost diismo tocili (m/s?); hy - asagidaki kimi toyin etmok olar:
Qabionun dabanindan qrunt suyun sorbost 1
sathino gador olan hiindiirliik. Fgr =2y Htg? ( 45° _ %) (5)

(A8 40, 40 40,40
“IF AT ‘(01

7

Burada, H-qrunt tobagosinin hiindiirliiyti, (m);

i el - qruntun tobii yamac ducagi.
" by, | Istinad divarinin dayaniliq mosslasinin
I8 _Fn /] | hallo odadi iisulla aparilmasi vo naticolorin
Wl & o E 2461 i1 - J l ‘ normativ qiymatlorlo miiqaiso olunmasi igin
= ‘ T T . osas mahiyoti kimi qiymatlondirilir. Bunun
1 e Zs ti¢lin sokil 2-da verilon sxemo asasan hisabat-
x’“ larim1 apararaq cevirici vo stirlisdiiriicii mo-
-~ mentlori tapmaqla miigaisoni aparmaliyiq.
x4 Ilkin olaraq, yataq qruntlarina gabionun agir-
Sokil 2. Qabion tipli istinad divarinin ligindan yaranan tozyiqi toyin edok:
dayaniqliga hesabat sxemi. G, =Lhy,y, =1-1:17.8:1-1.15 = 20.47kN
Masalo halli vo natica. Istinad divarin G, =Lhy,y, =2-1-17.8-1-1.15=40.94kN

dayanaiqliq masololinin hoallinds ilkin olaraq
konstruksiyanin siirismoys vo agmaya daya- G, =lshy,y, =3-1-17.8-1-1.15=61.41kN
niqliq sortlorine cavab vermasi yoxlanilmali- G, =l,hy,y, =4-1.17.8-1-1.15=81.88kN

dir. Bunun {iglin konstruksiyaya tosir edon _ B B
qiivvalorin agma ndqtoesing nozoron moment- G =lshysy; =5-085-17.8-1-1.15=86.99kN

lori hesablanmali vo normativ qiymatlori ilo
miigaisa olunmalidir. Qabion tipli istinad di-
varlarma tosir edon yiik vo qlivvalori miioy-

yon edok [3]. , Y>G G, +G,+G,+G, +G,
1. Yataq qruntlarina qabionun agirligindan o= = =

Biinovra osasinin 1 p.m diison hesabi
gorginliyi hesablayaq:

S g : bl 1.5
yarana tozyiqi tayin etmak li¢iin asagidaki 20.47 +40.94 + 6141+ 81.88 + 86.99
ifadadon istifado edocoyik. _ 22l +av9a 401 A1+0..00+00.9Y
1.5
G; = Lihyivy 3) — 48.65kN / m?

Burada [; — qabionur} hor qatinin daba}n Burada / —qabionun agagi hissosinin uzun-
uzunlugu (m); h —qabionun hor hissasinin lugu I=5.0 m
hiindurliiyt (m); y; —har blokun hacm gakisi Alinmis noticoni miiqaiso etdok:
(KN/m®): y,- tokmo qruntlar {giin yiiklorin
etibarhq smsalidir. , o =48.65 —0,04865MPa < o, =7.8MPa
2. Qabiona qrunt suyundan yaranan hidrosta- m g

tik tozyiq qlivvasi. . .
Goriindiiyli kimi qabionun agirligindan

r_ 2. osasin qruntunun sixilma sorti tam 6donilir.
fa = pghab: @ Sonraki hesablamalarda 4 ndqtosino goro
Burada, p — suyun sixlig1 (kq/m?); g — sarbost saxlayict vo ¢evirici momentlorini hesabla-
diismo tocili (m/s?); hy— qrunt suyunun daban- maq talob olunur.
dan sarbadt satha godar olasn hiindiirliiliik (m); Saxlayict momenti tapaq:
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M, =2G % =G % +G,Xx, +
+G; %, +G, X, ++G.x, =20.47-4.5+
+40.94-4.0+61.41-3.5+81.88-3.0+

+86.99-2.5= 1178.91KNm
M, =1178.91kNm

Cevirici momenti tapaq:

Moy = Fyrz + Fy2'

Burada z=1/3H=1.67m, z' = % = 0.76m

S

!
M, =F,z+Fz2 =

1 Q@
=—y_Htg?| 45° Z+p th—
27qr g [ 2) g

=58.49+0.49 = 58.98kNm
M, =58.98kNm

O zaman, miiqaiss etdikds deys bilorik
ki, istinad divari ¢evrilmays dayaniqlidir.

M, =1178.91kNm> M, =58.98kNm
4. Qrunt miihitilo tomasda olan gabionun
asag1 hissosinin qrunta tosir edon konar to-
sirini hesablayaq.
Bunun {i¢lin asagidaki ifadelorden istifa-
ds edirik:

G, +Z|\/|A
Af Wf

_ . _2G _2M,
Op= ; Og =——F———+—
AW,

Burada, o4 —A ndqtosindo qrunta tosir edon
konar tozyiqin maksimal giymatidir, (kN/sm?);

—B nogtesinde  qrunta tesir edon konar
tozyiqin maksimal qiymeotidir, (kN/sm?); Af —
0ziil konstruksiyasinin daban hissasinin sahasi,
(sm?); Wy —statiki moment, (sm”).

A =/b=5-1=5m’

2 E2

W, :%: LS _416m
¥ Gi=291.65kN

>M, =M., =1178.91kNm

Verilanlori yerina yazsaq alariq:
45

o _XG XM, 29165 117891
ATA, Wf 50000 6-10°

=0.005833+0.019664 =0.025497
2.G; Z M, 291.65 117891

%A W, 50000 6-10°
—0.0058330.01966 = —0.013831

Bu giymatlors uygun gorginlik epiirunu qu-
raq.

-.1..,3

1
s ST

Sokil 3. Istinad divarimin dabanina
qruntun aks tasir epiirunu.

Qabionlarin qurulmasi {i¢iin metal teldon
istifado olunur vo bu tellor agirhqdan qiril-
diqda konstruksiyanin dayaniqlig1 pozula bi-
lir. Bu sobabdon metall-tor karkasin tellorinin
qirilma gorginliyino hesablamani yoxlayaq
[4]. Hesablama ifadosi asagidaki kimi olacaq:

P =KytorHig (6)

burada, K=1.5 ehtiyat omsal; %0—17,9 (kNm’)
metal torun hacm ¢okisi; Hiz;=4.8m - istinad
divarin iimumi hiindiirliyt.

Verilonlori (6) nozors alsaq, hesablayariq:

P=1.5-17.94.8=128.8 kN/m

Normativ sonaslors istinaden qeyd etmak olar
ki, 2.7 mm olan polad tellorin qirilma haddi
Pror=44.2 kN/m kimi qeyd olunmusdur.

Hesablamar naticasindo P=128.8 kN/m
>Pror=44.2 kN/m oldugundan sort 6donilmir.
Bu sabobdon metal tellorin diametirlori ar-
tirtlmalidir.
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Notica va miizakiraslar.

Hesabatlar gostordi ki, hidrotexniki vo
yol tikintisindo yamaclarin borkidilmasi
vacib miithandisi tadbirlorin goriilmasini tolob
edir vo bu sabobdon istinad divarlariondan
genis istifado olunur. Yamaclarin dayanig-
liginin artirilmasi {igiin tadbiq edilon gabion
tipli istinad divar1 daha estetik oldugundan
vo insaasi nisbaton asan basa goldiyindon bu
tip konstruksiyalar genis todbiq edilir.
Qabion tipli istinad divarlarinin dayanighiga
hesablanmasi ododi sokildo aparilmig vo
noticads asagidakilar geyd etmok olar:

1. Yol yataglarinin konarlarinda yamac bor-
kidilms isloninda qabion tipli konstruksi-
yalardan istifsdo edilir.

2. Istinad divarmmn osasa tasir edon gorgin-
liyin hesablanmasindan goriindiiyii kimi,
gabionun agirligindan ssasin qruntunun
sixilma sorti tam Odonilir.

3. Istinad divarmin asmaya hesabat1 gostor-
di ki, alinmis asirict momentin qiymati
toxmini olaraq 5 dofo normativ gdstarici-
sindon ¢oxdur.

4, Istinad divarmin siiriismoya dayamqliq
hesabatindan miioyyon olundu ki, anker-
lonms aparimadan da bu konstruksiya
dayaniqliq sortlorini tam sokildo 6doyir.

5. Qabionun qurulmasinda istifado olunan
metal torun tellorinni en kosik diametrlori
artirlmali vo hesabatin yenidon aparil-
masi tomin olunmalidir.
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XULASO

Moagqalodo su anbarinin sahillorini erozi-
yadan va elocads yol yataglarinin yamac his-
solorinin surugsmadon qorumaq tigiin istifado
olunan gabion tipli istinad divarinin qruntun
artid vo suyun tasirindon sabitliyini hesabla-
maq idi. Bu hesabatlar naticosinde yamac-
larin stirlismoayo qars1 dayaniqliga yoxlama-
sin1 tomin etmak miimkiin olur. Baki—Samaxi
avtomobil yolunun yenidon qurulmasi istiqa-
motinds aparilan asasl tikinti iglori naticasin-
do xiisusi tohliiko yaradan siirlismo zolarinda
yamaclarin mohkomlondirilmasi istiqgamatin-
do miixtalif konstruksiyali vo 6lgiili istinad
divarlar1 qurulmusdur. Bunlardan monolit be-
ton, kontrfors vo qabion tipli istinad divarla-
rin1 geyd etmak olar.

Magsadin hoyata kegirilmasi {igiin yataq
gruntlarinin  geoloji kosfiyyat molumatlarin-
dan istifado edilmisdir. Hesablama metodlari
ingaat mexanikasinin vo riyazi miilahizalorin
nozori asililiglarinin tatbigine osaslanir. Isti-
nad divarmin sabitliyinin ardicil hesablan-
masi hazirlanmis metodologiyaya uygun ola-
raq aparilir. Tozyiq giicii alt sira gabionlarin
altindaki konar tozyiqlorin toyin edilmasi,
kasmao, torun dartilmadan qirilma miiqavime-
ti, axin dalasina moruz qaldiqda das kons-
truksiyasinin sabitliyi vo s. hisabatinda asas
yiik kimi gabul olunur.Hesabatlar bazi ndg-
tolordo giic va sabitlik masololorindos istinad
divar elementlorinin gonaotboxs vo bazi ndq-
tolordo geyri-qonaotbaxs islomosini gostordi.
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Naticolords toklif olunan baglamanin sabitli-
yini tomin etmok Tli¢iin metal tellorin se¢ilmo-
sina dair bazi tdvsiyalor verir.

Acgar sozlar: sabitlik, divar, gabion, sa-
hil, ¢cokma, yol yatagi, etibarliliq, qirilma, as-
ma, SUriisma.

AHHOTAIUA

B crarbe ObLT 1aH pacyeT YyCTOWYUBOCTH
MOJIIOPHOM CTEHBI TAOMOHHOTO THUMA, HC-
MOJIL3YEMOU ISl 3aIUThI OEperoB BojoeMa
OT 3PO3HH, a TAKXKE OT OINOJI3HEN HAKJIIOHHBIX
YYaCTKOB JOPOXXKHOI'O TOJIOTHA U BOJHOIO
BO3JICHCTBUS HA OTKOCHBIE TPYHTHI U. B pe3-
YABTaTe 3TUX OTYETOB CTAHOBUTCS BO3MOXK-
HBIM 00€CIICYHTH IMPOBEPKY CKJIOHOB Ha yC-
TOMYMBOCTh K CKOJIbXKEHUIO. B pesynbrarte
KalIUTAIBHBIX CTPOMTEIBHBIX PabOT, IPOBO-
JUMBIX B HAlpPaBJICHUH PEKOHCTPYKLIHUH aB-
TomMoOmIbHOM noporu baky—Illemaxsbi, ObUTH
BO3BEAECHBI MOANOPHBIE CTEHBI Pa3IUYHON
KOHCTPYKLIMM W Pa3MEPOB ISl YKPEIJICHUS
OTKOCOB B 30HaX CKOJIbXEHUS, TPEACTABIISAIO-
X 0COOYIO OMAaCHOCTb.

s peanuzanuu 1enu ObUTH UCIOTB30-
BaHbI JIAHHBIE T€O0JIOTUYECKOUN pa3BEIKU MEC-
TOPOXKJIEHUM TPYHTOB. MeTozasl pacuera oc-
HOBAaHbI HA TPUMEHEHUN TEOPETUYECKUX 3a-
BUCHMOCTEM CTPOUTENbHON MEXaHUKHU U Ma-
TeMaThuyeckux paccyxnaenuil. Ilocnenosa-
TEJIbHBIM pacyeT yCTOMYMBOCTH IOAIIOPHOM
CTE€Hbl TPOU3BOAMUTCA B COOTBETCTBUHM C
paspabotanHoi MeTonukou. [IpoyHoCTh Ha
C)KaTue OMPENIENAECTCS KaK ONPEAEICHNE AaB-
JICHUS] KPOMOK TIOJ HUXKHHUM pSAIOM raluo-
HOB, COIPOTUBJICHUS CABUTY, Pa3pbIBy CETKU
0e3 HaTsDKEeHUs, YCTOMYMBOCTH KaMEHHOU
KOHCTPYKIIHH TIPH BO3JICHCTBUH BOJIHBI TTOTO-
Ka U T. . B CBOEM OTYETE OH paccMaTpuBa-
€TCsl KaK OCHOBHASI Harpys3Ka.

Pacuersl mokazanu, 4TO MO BOIpOCam
MPOYHOCTH U CTAOUIBLHOCTU DJIEMEHTHI MOJI-
MOPHBIX CTEHOK paboTaloT YIOBJIETBOPHU-
TEJIbHO, @ B HEKOTOPBIX TOYKAX-HEYIOBIETBO-
puTenbHO. B pesynbrarax mpuBOASTCS HEKO-
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TOpbIE PEKOMEHAAIMU 110 BHIOOPY METasju-
YEeCKUX MPOBOJIOB JUIsl 0OecreueHus: yCTou-
YUBOCTHU MPEJIaraeMoro COeIMHEHUSI.

SUMMARY

The article provided a calculation of the
stability of a gabion-type retaining wall used
to protect the water reservoir from erosion, as
well as from landslides of inclined sections of
the roadway, and from the water impact of the
soil. As a result of these reports, it is possible
to ensure the stability of slopes against sli-
ding. As part of the extensive construction
work carried out to reconstruct the Baku-
Shemakha highway, retaining walls of vari-
ous designs and sizes were erected to reinfo-
rce slopes in areas of sliding that pose a
particular risk.

To achieve this goal, data from geolo-
gical exploration of soil deposits was used.
The calculation methods are based on the
application of theoretical relationships from
structural mechanics and mathematical rea-
soning. The stability of the retaining wall is
calculated sequentially using the developed
methodology. The compressive strength is
determined by calculating the pressure of the
edges under the lower row of gabions, the re-
sistance to shear, the tension-free tearing of
the mesh, the stability of the stone structure
under the influence of a flow wave, and so on.
In this report, it is considered as the main
load.

The calculations showed that the reta-
ining wall elements work satisfactorily, but in
some cases they do not work satisfactorily in
terms of strength and stability. The results
provide some recommendations for selecting
metal wires to ensure the stability of the
proposed connection.

Moaqalaya AzMIU-nun “Meliorasiya va su
tasarriifat tikintisi” kafedrasinin dosenti,
A.O. Miirsalov ray vermisdir.
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COMPOSITION ADHESIVES FOR FOAM CONCRETE

1. Introduction. The production of highly
efficient new generation concretes is possible
by using composite binders to obtain high-qu-
ality concretes with various functional pur-
poses and improved structure [1].

A necessary condition is the purposeful ma-
nagement of technology at all stages of prepa-
ration of the composition of modern composite
materials for foam concrete. These stages in-
clude measures such as the use of active mineral
additives, the development of optimal com-
positions, the application of chemical modifiers,
mechanical-chemical activation of components
and optimization of the process of forming the
structure of the composition. During the imple-
mentation of these stages, the strength and tech-
nical and operational indicators of foam concre-
te increase significantly [2-5].

Various active mineral additives are used
to improve the physical and mechanical pro-
perties and quality characteristics of foam con-
crete. The prerequisite for the effective use of
mineral additives is their compatibility with
both Portland cement and foaming agent. In re-
lation to Portland cement, the mineral compo-
sition and chemical activity of additives are of
great importance [6-9].

All additives are divided into natural and
technogenic groups, which, depending on their
genetic origin, have undergone various proces-
sing and, therefore, have different energy capa-
cities [10-12]. As a rule, natural additives, de-
pending on their origin, have different chemi-
cal activity and enter into a pustulization reac-
tion when interacting with cement [13-15].

Volcanic rocks are of particular interest as
a mineral additive in foam concrete. Its use as
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a mineral additive will expand the raw material
base as an accessible and affordable material,
reduce the consumption of the energy-intensive
and high-cost adhesive component - Portland
cement, and regulate the processes of structure
formation depending on the type of materials
produced.The purpose of the study is to deve-
lop a composite adhesive (CA) composition
using zeolite rocks to improve the efficiency of
foam concrete.

2. Materials and research methods. Ex-
perimental studies were conducted in the labo-
ratories of the Department of Materials Science
of the Azerbaijan University of Architecture
and Construction. Existing research methods
were used, including modern physicochemical
analysis methods, X-ray fluorescence analysis
method, laser granulometry, scanning electron
and optical microscopy, etc. For the preparati-
on of foam concrete, Portland cement CEM
II/A-L 42.5 N (AZS EN 196-2021) of the
HOLCIM cement plant was used. As a zeolite
rock, a trass brought from the village of Asha-
gioysuzlu, Tovuz region, was used.

The composition of the trass is zeolite - 35-
40% calcite - 15-20%, mixed gills - 10-20%,
10-15% quartzite, feldspar -15-20% and a car-
bonate siliceous rock with an admixture of sand
(Fig. 1).

As can be seen, such a rock can be an ideal
component in the composition of the composite
adhesives (CA) to increase the efficiency of
foam concrete for monolithic construction. The
specific composition of this rock has a positive
effect on the CA at all stages of construction,
from the formation of the structure of the hard-
ened system to the hardening of composites
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Fig. 1. Microstructure of the trass

under construction and operational conditions.
An important property of mineral additives is

their hydraulic activity, which makes their use
in the composition of CA significant. The
content of silica-4-oxide and zeolites in the
composition is high (Table 1).

The high content of silica in the composi-
tion of finely ground trass contributes to the
combination of Ca(OH)>, which is released du-
ring the solidification of alite at normal tempe-
ratures with the formation of calcium hydrosi-
licates of the CSH(B) type, i.¢. it has a putrefa-
ctive activity and can be used in the production
of CA [6].

Table 1
Chemical composition of the trass
Material Si0, ALO; FexO3 CaO MgO R203 SO3
Trass 62,12 16,1 2,7 6,52 3,3 6,9 0,02

The amounts of silicon-4-oxide (Si0>) and
calcium-oxide are 62.12% and 6.52%, respec-
tively.

As a result of the X-ray diffraction analy-
sis, it was found that the phase composition of

the trass consists of clinoptilolite (d=8.95;
3.43; 2.97...A), quartz (d=4.27; 3.353; 2.29;
2.13;1.98; 1.82...A), calcite CaCO;3 (d=3.042;
2.847;2.500; 2.288; 2.096; 1.915; 1.878 ...A),
and clay minerals (Fig. 2).

|-

nen -wwora

P RRITEARNTQY

NEEEEREEE MEEEEEEEE I

Fig. 1. X-ray diffraction analysis of the trasse

In the research work, the putrefactive acti-
vity of trass can be determined by measuring
the amount of CaO absorbed by 1 g of mineral
additive for 30 days (Table 2).

As can be seen from the analysis results
shown in Table 3, the track is mainly composed
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Table 2
Activity of the trass to absorb CaO
Type of | Specific CaO adsorption
additive surface activity (bytitra-
area, m%/g tion), mg/g
Trass 450 80
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of negatively charged active centers, but posi-
tively charged centers are also present in small
quantities. The average value of the &-potential
in the track is -10mV.
Table 3
The average value of the zeta
&- potential of the trass
Material &-potential, mV
Trass 10

3. Experiments and results. During the
research, the optimization of the composition
and structure of the CA is carried out in stages.
To determine the optimal amount of trace, 3-
12% trace was added to the CA composition.
First, the trace was crushed, dried and ground
in a laboratory ball mill to a specific surface
area of 350 m?/g. After grinding, the granular
composition of the KY was determined by laser
granulometry in the laboratory of Holcim Azer-
baijan (Figure 3).

It was found that, compared to Portland
cement, the CA graph moves from the region of
large particles (100 pm) to the region of small
particles (up to 60 um), with a decrease in the
fraction of particles of 3...6 um from 85% to
75% and an increase in small particles of
0.06...0.6 pum, indicating an increase in dis-
persibility. At this time, the CA granular compo-
sition is optimized, the process of structure for-
mation is accelerated, and an increase in the
strength of the system is ensured. CA with an
optimal granular composition is mixed with wa-
ter and kneaded into a dough of uniform con-

Fig. 3. Granular composition of
cement with and without additives.

sistency. Then we prepare cubic samples of
3x3x3 cm in size (six samples from each com-
position). The water-solids ratio (W/S) for each
composition is constant and is 0.24. After 24
hours, the samples were removed from the
mold and subjected to heat and moisture treat-
ment in a steam chamber for 1+6+1 hours at a
temperature of 80°C. The average density and
compressive strength of the hardened samples
were determined (Table 4).

Table 4

CA properties obtained by adding a trasse

No | CA content, % Specific surface area, | Average density, Compressive strength
Cement | Trass m?/kg kg/m? limit, MPa (after INE)
1 100 - 415 1930 48,6
2 97 3 430 1920 50,9
3 94 6 450 1900 60,4
4 91 9 502 1880 62,2
5 88 12 520 1870 52,8
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It was found that with an increase in the
amount of trass, the density of the CA
decreases, since its true density (2600 kg/m?) is
lower than that of cement (3100 kg/m?). The
optimal amount of trass in the hardened CA is
10%. As can be seen, in this case, the strength
of CAincreases by 1.3 times compared to
cement stone. Grinding of CA granulate leads
to an increase in its water demand and
agglomeration of particles when mixed with

water, as a result of which some of its particles
do not hydrate. To improve the physical and
mechanical properties of KY, a superplasticizer
(SP) was used (up to 0.1% of the cement mass).
SP allows you to control the formation of the
structure in the plastic state and during the
hardening process. The effectiveness of SP was
determined by reducing the water demand of a
dough of normal consistency. SP is added to the
CA composition together with water (Table 5).

Table 5

Composition and physical and mechanical properties of the adhesive

CA content, % Specific Normal Setting | Compressive strength limit, MPa
Ne surface area, density, time of moisture
PS Trass m?/kg % cement 7days 28days processing
1 |100 - 325 28 45/260 64,8 75,9 53
2 | 100 - 558 28,9 41/280 84,5 91,2 73
3 190 10 550 32 38/265 75,5 79,3 57,4

It was found that the addition of SP signi-
ficantly affects the strength of concrete. Due to
the water-reducing effect of SP, the normal
density of the mixture is significantly reduced
(28-31%), and an acceleration in hardening is
observed at the beginning of setting. When SP
is added, its strength increases (21-27%) com-
pared to control samples. Compared to samples
without additives, the compressive strength of
CA increases by 38% at 7 days, 26% at 28 days,

and 29% in samples that have undergone mois-
{
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Fig. 4. X-ray phase analysis of hardened cement stone
1- Portland cement, 2- Portland cement with trasse addition
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ture processing.

The performance of hardened CA is chara-
cterized by the composition and microstructure
of newly formed compounds. In this study, com-
prehensive experiments were conducted on the
phase composition, hydration processes and
structure formation of the hardened adhesive
using X-ray diffraction (XRD) and electron mic-
roscopy. The diffractogram of hydrated cement
stone (28-day samples) and CA is given in
Figure 4.
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It was determined that the following are ob-
served in the composition of hardened cement
stone: anhydrous clinker minerals C3S—(d=2.76;
2.19 A) and CS (d=2.78; 2.74 A); Ca(OH),—
(d=4.93; 3.11; 2.63; 1.93 A); CaCOs—d=3.85;
3.04; 2.78; 2.28; A); ettringite—(d=9.7; 5.6 A);
partially crystallized tobermorite-like calcium
hydrosilicate CSH(B)—(d=3.07; 2.85; 2.80;
2.40; A); calcium hydroaluminates and hydro-
ferrites, solid solutions of complex compounds,
etc. During the solidification of CA, carbonate
minerals interact with C3A and its hydration
products to form hydrocarboaluminate phases —
3Ca0A1,03CaCO312H,0 (d=7.6; 38.6 A). The
peaks of many newly formed compounds over-
lap each other.

The hydration activity of CA is due to its
high specific surface area and the coating of the
surface of fine fractions of the binder compo-
nents with thin shells (about 2 pm) of hydration
products of cement, which significantly impro-
ves the physical and mechanical properties of
cement stone. The interaction of the trace with
the active components of Ca(OH) in CA leads
to an increase in the volume density of hydrate
compounds. The quantitative change in hydrati-
on products can be assessed by their intensity. In
CA samples, as a result of the reaction of
Ca(OH)>—~(d=4.93 A) with trace, the amount of
Ca(OH), decreases by 1.7 times compared to
cement stone.

By removing Ca(OH), from the reaction
zone as a result of the combination of the trace
with the trace, the hydrolysis of clinker minerals
such as C3S and CsS is accelerated and their
amount is significantly reduced. At the same
time, the amount of low-basic calcium hydro-
silicates such as CSH(B) increases, which has a
positive effect on the durability of hardened
cement materials. When low-basic calcium
hydroaluminates (C2AHg) are present, the for-
mation of ettringite is reduced by 2 times com-
pared to aluminate phases with a basicity of 3-4.
The addition of mineral additives to Portland
cement reduces the percentage of C3A.
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The hydration process is accelerated when
a superplasticizer is present in the composition
of cement with a mineral active additive. As a
result of the crystallization of various new
formations that are densely formed along the
surface of mineral materials grains, as if on a
substrate, a more dense, flawless and perfect
microstructure is formed in hardened cement
samples. The intergranular space and pores are
filled more densely, which causes the strength
of hardened cement to be higher than that of
hydrated cement (Fig. 5).

Fig. 5. Microstructure of cement stone
1-control sample, 2-CA with trass

Thus, the research results presented in this
article confirm the possibility of using tras as a
mineral additive in CA. The use of tras in the
tras, together with zeolite, calcite and other
compounds, accelerates the hardening process
of the mixture within the optimal time frame.
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During the hardening of the CA, the main
components of the tras react with Ca(OH),
released during the hydration of alite, forming
new calcium hydrosilicates and other new
compounds, which densifies the microstructure
of the hardened matrix and, as a result, incre-
ases the durability of the composites.

4. Discussion. One of the main problems
limiting the application of foam concrete as a
structural and thermal insulation material is its
low strength and high shrinkage deformation.
To solve this problem, special composite bin-
der compositions are developed. The possibi-
lity of using tras as a mineral additive in the
composition of CA was confirmed in the
research work. The main minerals in the tras,
zeolite, calcite and other compounds, accelera-
te the hardening process of the mixture within
the time frame. During the hydration of CA,
Ca(OH)., released as a result of the hydrolysis
of alite, reacts with celite, forming new cal-
cium-hydrosilicates and other new compounds.
This leads to the formation of a denser structure
of cement stone and increases the stability of
the composition. CA obtained by adding tras to
cement can be recommended for the producti-
on of foam concrete in monolithic construction.
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ABSTRACT

Foam concrete is currently one of the most
efficient construction materials due to its high
thermal and mechanical properties, as well as
the high pace of construction and installation
work. One of the main problems limiting the
application of foam concrete as a structural and
thermal insulation material is its low strength
and high shrinkage deformation. To solve this
problem, special composite binder compositi-
ons have been developed. It is necessary to im-

UOT 625.20

plement a number of measures to optimize the
preparation process of a new generation compo-
site adhesive. It has been established that the use
of appropriate mineral additives, the preparation
of optimal compositions, the application of
chemical modifiers, the formation of the struc-
ture of the composition with the optimization of
porosity, significantly improve the physical and
mechanical properties and hardness of foam
concrete.

Keywords: foam concrete, composite
adhesives, structure formation processes, por-
osity, physical and mechanical properties.
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DAG CAYLARINDA SU NiZAMLAYICI QURGULARIN
PARAMETRLORININ TOHLILI

Korpii kegidlori bir sira toloblora cavab
vermoalidir vo har seydon avval, biitiin il boyu
naqliyyat axinlarinin maneosiz kegmosini to-
min etmoli, hesabi istismar miiddstindo daya-
niqlt olmalidir, yoni tabii, imumi vo yerli dag-
ginlarin dagidict tosirine qarst dayamigh vo
macra deformasiyalarina davamli olmalidirlar.
Korpii kegidinds macra deformasiyalarinin ol-
verigsiz inkisafi qurgularin zadslonmosinae so-
bob ola bilor. Osas nogliyyat qurgulari li¢iin ga-
¢ilmaz olan macra deformasiyalarini tohliikosiz
etmok tiglin korpii kegidinin torkibino miixtolif
formali, konstruksiyali va toyinatli su nizamla-
yic1 qurgular daxil edilir. Qurgularin formasi vo
oOl¢iilori konkret nizamlama magqsodlori asasin-
da miioyyon edilir [1].

Korpii kegidi variantlarinin texniki-iqtisadi
miigayisosi rasional hall variantinin se¢ilmosing
imkan yaradir. Korpiiniin agiqliginin, hamginin
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axin istigamotlondirici va borkidici qurgularinin
Ol¢tilorinin toyininds magsad miixtalif hall vari-
antlarinin nazardon kecirmakdir. Belos ki, agiqliq
Olciisiiniin azalmasi korpiiniin uzunlugu vo do-
layist ilo onun asirim qurgusunun qiymotini
azaldir. Bununla yanasi miimkiin yuyulmanin
yaranmas! fundamentin derinlogdirilmasini to-
lab edir ki, bu da dayaqlarin qiymatini artirir.
Eyni zamanda, axin istiqgamatlondirici qurgula-
rin konstruksiyasimin miirokkablogsmasine va ba-
halagmasina gatirir [3].

Su axinini1 korpiiniin acigligia yonaltmak
iclin yuxar1 hissosinin eni 2 m olan ayrixatli
bondlordan istifads edilir (sokil 1, a). Cay yata-
gindan korpiiya toraf na gqodor ¢ox su axini go-
lorso bandnin yuxar1 hissasi o goadar uzun olma-
lidir. Axin1 qars1 sahile dogru sixmagq tigiin diiz-
xotli bambalardan istifads olunur (sokil 1, b, ¢).
Bundan basqa oyrixatli bondlora diiz hissolor
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daxil edarak ara xiisusiyyatlora malik bondlor-
don istifado olunur. Korpiiniin altindaki axinin
miixtalif goraitds axmasini nozere alaraq axin
istiqgamotlondirici bondlorin yerlogsmosi sxemi
sokil 1, a, b, c-do gostorilmigdir. Macrada su
axininin sarfi hesabi sorfin on az1 15% -1 oldug-
da vo ya yuyulmadan ovval korpiiniin altindaki
suyun siiroti 1 m/s-don ¢ox olduqda axin isti-
qamatlondirici bandlorin inga olunmasi tovsiya
olunur.

Sokil 1. Su nizamlayict
konstruksiyalarin sxemlori:
1 — asagi su saviyyasinda ¢ay macrasi;
2 - macra, 3 - yanagmalarda tékmoa; 4 - ayrixatli
axn istigamatlondirici band; 5 - travers;
6 - diizxatli axin istigamoatlondirici band.

Siiratli axm1 olan dag caylarinda sahilorin
va bandlorin yamaclarinin barkidilmasi beton vo
domirbeton tavalar, qabyonlar (dasla doldurul-
mus sinklonmis polad teldon hazirlanmis torlar)
(sokil 2) vo ya digor tisullarla aparilir [2].

Su nizamlayici qurgularin layihslogdirilme-
sindo diizgiin yanagsma yalniz mocra deformasi-
yalarinin uzun miiddatli prognozlagdirilmasi
osasinda miimkiindiir. Miixtalif nov caylarda
macra deformasiyalari miixtolif olur, buna gora
su nizamlayict qurgular ¢aym ndviindon asili
olaraq xtisusi bir formada layihalondirilir.

Korpiiniin yuxar hissasinds yerlogon axin
istigamatlondirici bandlora no qador ¢ox ayrilik
verilorsa korpiiniin agilig1 boyunca axinin bir o
godor az donmolari olur. Bununla bels, boandlo-
rin ayriliyi suyun agiqliq boyunca rahat axma-
sina mane olmamalidir.

Bond boyunca maye hissaciklori axinin
imumi istiqgamati ilo ist-listo diigmoyon ayri
boyunca harakat edir. Bu vaziyyatds, maye his-
sociklarinin trayektoriyasini aymak {igiin zoruri
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olan axinin en kosik sahasinin iki qars1 ndqte-
sindo hidrostatik tozyiqlordoki forqi tomin edon
sorbost sothin enino maillik yaranir. Lakin,
enind mailliyin qiymati boylik ola bilmoz [4].

Sakil 2. Dag ¢aylarinda gabyonlar.

Real su aximi hissaciklorinin markozdon-
qa¢ma tacili yalniz maye hissociklorinin agirli-
ginin tasiri altinda yaradila bilar. Kiitlasi m olan
maye hissaciyine tosir edon markozlosmis qiiv-
vo axinin enind mailliyindan i, asili olaraq asa-
gidaki diistur ilo ifads edilo bilor (sokil 3, a):

C,=m-g-i, (1)

Morkozlosmis qiivve barabar 6l¢iilil reak-
tiv moarkozdongagma qiivvesini C> yaranma-
sia sabab olur:

2)

burada, U - axinin harakat siirati.
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Sakil 3. Eyrixatli axin istigamatlondirici
bandlaorin hesabi sxemlori.

C; = C; aktiv vo reaktiv qiivvalarinin bo-
rabarliyindon goriiniir ki, v siirotine malik olan
maye hissaciyl g-p morkozdonqagma tocilini
oldo eds vo asagidaki oyrilik radiusu olan tra-
yektoriya ilo horakot edo bilor:

p=—- (3)

g1

Korpii kegidi sahosindo axin adi maillik-
dan ip-don forgli olan sarbast sathinin miiayyan
bir mailliyi iy ilo horokat edir. Mailliyin qiymati
i, eyni zamanda mayenin vahid agirligina goro
harokat qiivvani toyin edir.

Oyrixatli axin istigamatlondirici band bo-
yunca horakot edon maye hissaciklori qurguya
normal yonolmis horokst edici qiivvonin bir
komponenti olan moarkszdonqagma tocilin
tasirind moaruz qalir (sakil 3, b):
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gl =gl,sina )]

burada, « - bandin uzunlugu boyunca miisyyon
bir néqtodo maye hissociyinin horokat istiqa-
mati vo biitlin axinin imumi istigamati arasin-
da omolo golon bucaqdir. & bucagimin qiymoti
bandin bas torafindo 90°, kérpiiniin agiqliginda
0° qobul edilir.

(4) ifadesindon istifado edorok aerodina-
mik formal1 bondin tolob olunan oyrilik radius-

unu
2

_ v )

- glysina

burada, v - boand boyunca axinin dayigken siir-
oti.

Bondin korpiiys bitisdiyi ndqtods axinin
stiratini v qobul edok. Goriintir ki bu, korpii
yatagi sahasindo olan axinin siirotdir. Onda,
diistur (5) suratino vo maxracinag totbiq edorok
oldo edirik

_ol v

(6)

=Rf(«x
gly of sina S(a)
burada

02

U]f sina

>,
R="k =const fla)=
gly

Axin istiqgamotlondirici boandin oyriliyini
toyin edon f(a) funksiyasinin neco doyismosini
tohlil edok.

Axin istiqgamatlondirici qurgularin kdmaoyi
ilo axin tadricon sixilir, buna gore onun siiroti
korpiiys yaxinlasdigca artir. Bondin otrafinda
axan suyun siirati sabit ola bilor. Birinci hali
nazordon kegirak.

L = Ux = const qabul etsok, onda

p= R (7

sina

fla)y=—1,

sina

(7) tonliyindo gostorilon oyri bisinusoid
adlanir. Qurgunun oraziyo kogiiriilmosi iiglin
diizbucaqli koordinat sistemindon istifads edi-
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lir. Parametrik formada bisinusoid tonliyi
asagidako soklinds yazila bilor:

5o

x=—R-1,sina

s=—R-Intgg (8)

2
Vo ya

y= R(g — arcsine_X/Rj 9)

Cay yatagi axininin tam diizaldilmasi a=0

bucagma vo x=o00 Vo y= R” koordinatlart
2

uygundur [5].

Bisinusoid lizro axin istiqgamotlondirici
qurgusunun oxunun boliinmasinds rahatligi to-
min etmok {igiin koordinatin baglangici bandin
korpiiys birlosdiyi yerds yerlosdirilir, bandin
uzunlugu mohdudlagdirilir vo minimal bucaq
a=0 yox amn=>5" qabul edilir (sokil 3, c).

Yataq axinlar iist axin istiqamotlondirici
bondler boyunca tacilo malik olurlar. Ust axin
istiqgamotlondirici bondler otrafinda axinin siir-
atindaki artimini toyin etmak {iciin bisinusoidal
bandlorin otrafinda axinin laboratoriya todqi-
qatlar aparildi. Taocriiba naticolori sokil 4 tog-
dim edilib vo bu sokildo band boyunca nisbi
stiratin v : Ux neco artdigr gostorilib.

Empirik tonlik ilo nisbi siiretin doyismasi
grafikini kifayat qodor doqiq tasvir etmak olar

=-Jcosa (10)

Uy

o =% oldugda v = 0 olur. & = 0 olduqda

1S9 U = vy olur, yani bandin uzunlugu boyunca
stirat sifirdan korpili yataginda hesabiya qodor
artir.

Bu ikinci hal ii¢ilin bondin uzunlugu bo-
yunca siirot doyismasi (6) tonliyindoki f(a)
qiymari uygundur

fla)=""1

tga
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vo yuxarl axin istigamatlondirici baladin do-
yiskon oyrilik radiusunun tonliyi

p= R (11)
tga

a)
Ub= Uk=const
v/ vn LY T

-----
0.8

S,
Bo~s.

€‘~\
)

0.6

.
3. \\
.
0.4 So St
i
.
\
.

0.2
V=UK) [cosa

Korpunun
0 OXU +y

|

\

Sakil 4. Bandin formasinin sarhad axin
stiratindan asililig.

-X

Diizbucaq koordinat sistemina kegdikdo

x=—R(cosa+ Inlggj y=R(I-sina)
(12)

s=-R-1,sina

Sokil 4, b-do v,=i olduqda tonliklor (8) va
(12) asasan bondlarin konturlar1 gostorilmisdir.
Eyrixatli axin istiyamatlondirici ¢ay yatagi
qurgulart korpii agighiginin yataq sahosindoki
su yiikiinii azaldir. Lakin, bozi hallarda macra-
nin yuyulmasini azaltmagq iigiin agiqligin mocra
hissasini yiingiillosdirilmasina ehtiyyac yara-
nir. Eyni zamanda axin istiyamatlondirici qur-
gulardan imtina edilmasi korpii konuslarinda
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dorin yerli yuyulmanin meydana golmasi ehti-
mal1 yaranir.

Korpii acigqliginin yataq hissasinin su ke-
¢irma gabiliyyatini artirmaq ti¢lin macranin do-
rinliyindon 4 az olan 4 dorinliyindo yatagin ko-
silmoasi tovsiys olunur (sokil 5), yoni eyni za-
manda homin orazids siini olaraq agiqligin do-
rinlosdirilmasi vo axin istiyamotlondirici qur-
gulardan istifads edilmosi. Macranin siini ds-
rinlosdirilmasi onun genislondirilmasi ilo eyni-
dir vo yuyulmadan sonra hor zaman mocranin
dorinliyini azaldir.

Macranin geniglondirilmis eninin dayaniq-
It olmasi ii¢lin korpili yataginin gismen su ilo
basilmasi vo kifayat qodor intensiv iglomasi to-
lob olunur. Bu soraitdo, demok olar ki, har il
korpii yatagindan golon sularin axidilmasi
miisahido edilir.

Oyrixatli axin istigamatlondirici qurgular
diizonlik caylar1 {izerindoki korpiilorin isini
yaxsilasdirmaq {i¢iin istifads edilon su nizam-
layict qurgularin yegano novii deyil.

Yuyulmani korpiiden miiayyaon bir mosafo-
ya uzaglasdirmagq ticlin oyrixatli deyil, diizxatli
paralel axin istigamotlondirici bondlorin inga
edilmoasi tolob edilir (sakil 6, a). Onun komayi
ilo six1lmis axin kosiyi korpiiden yuxarida yer-
lagon bandlor arasindaki boslugun girisinds ya-
ranir. Bu sixilmis kosikdo yuyulma naticasinda
intensiv ¢okiintiilorin dasinaraq asagi hissado,
yani korpiiniin altinda ¢okiintii verir. Naticada
korpiintin altindaki yuyulma azalir. Dasqinlar
aras1 dovrlorde yuyulma zonasi lillonmanin bas
vermasi yuyulmanin tamamilo dayanmasina
gotira bilar.

Demoli, korpiini yuyulmadan qorumaq
ticlin belo bir tadbir ¢okiintiilorin harakati ol-
dugca six oldugu ¢aylarda effektiv olur. Cayda
az ¢oklintii olarsa, korpiiniin altindaki yuyulma
diizxatli bandlorin tikintisinden sonra yavasla-
sa da, dayanmir vo yuyulma bandlor arasindaki
biitiin boslugu ohats edona gadar ildon-ils inki-
saf edir, yoni yenidon korpiiniin altinda miiga-
hids edilir.
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Bozi hallarda kiombinos edilmis axin istiqa-
motlondirici bandlordon istifads edilmasi tov-
siyya edilir, yoni diizxatli hissalor slavo edil-
moklo ayrixatli bondlordon (sokil 6, b).

)
/

I

Sokil 5. Kasilmasinin sxemi

“’ (/o)[ 2

zondasi

J

Sakil 6. Diizxatli axin lstzqamatlandzrici
bandin sxemi

Macrast doyison ¢aylar tizorindoki korpii
kecidlarinin su nizamlayict qurgulart diizonlik
caylardaki qurgulardan ohomiyyatli doracods
forglonir, ¢linki axinin nizamlanmasi moaqsadi
doyisir.
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Bozi hallarda kiombins edilmis axin istiqa-
moatlondirici bandlordon istifade edilmaosi tov-
siyya edilir, yoni diizxotli hissolor olave edil-
moklo ayrixatli bandlordon (sokil 6, b). Macrasi
dayisen ¢aylar tizerindoki korpii kegidlorinin su
nizamlayict qurgular1 diizonlik c¢aylardaki
qurgulardan ohomiyyetli dorocodo forglonir,
¢linki axinin nizamlanmasi1 maqsadi doyisir.

Moacrasi doyison ¢aylar tizorindoki kegidlor
macrant mahdudlasdirir vo bu ciir ¢aylarda kor-
piilorin yatagin agigligi yoxdur. Bu sobabdon
bela voziyyotds axin istiqgamotlondirici bandle-
ro ehtiyac yoxdur. Akkumulyasiya zonasinda
axan caylarin siiroti yuyulma tigiin buraxila bi-
lon stirotdon ¢coxdur. Dagotoyi ¢aylarin sahillori
bir sira orazilords yuyulmus vo macrasi hadden
artiq genis olur. Bu clir arazilordos ¢okiintii ho-
rokati yalniz moacranin biitiin genisliyindon az
olan aktiv zonanin genisliyi {izorinds bas verir.
Bu voziyyetds, aktiv zona kanalin genisliyi bo-
yunca harakat edo bilor vo ya birino vo ya digor
sahilo yaxinlasa bilor.

Korpii agiqlig1 ¢ayinin aktiv zonasinin eni-
no B, barabar olur vo ya bu endon daha az olur.
Caylarda ¢okiintiilorin horoksti y1gilma forma-
sinda basg verir. Tabii ki, ¢okiintii yigilmasi, ax-
ma zamani macranin eninin azalmasi sababin-
don korpii hissosindon kegmoadon ovval oho-
miyyatli deformasiyalara moruz qalir.

Korpii agiliginda koytik bir mocra genisli-
yindan kigik bir macra genisliyine salis forma-

"~ Sol sahilin kigik

divar grupu

da kecid olmadig1 toqdirda, ¢cokiintii y1gilmasi-
nin olmasi bag verir. Yataq omolo gotiron ¢6-
kiintiilorin boyiik kiitlosinin korpii qarsisinda
yigilmasi, korpii altindaki hissado ¢okiintii
catismazligina gotirir. Noticada, ¢cokiintii olma-
masi sobabindon korpiiniin altinda shomiyyatli
bir yuyulma meydana golir (sokil 7). Korpii
ticlin tohliikali ola bilocok bu yuyulmanin qar-
sisinin alinmasi {i¢iin korpiiniin 6nii hissadoki
macranin genisliyini rovan bir sokildo mohdud-
lagdirmali, ¢ayin sorbast voziyystdo axmasi to-
min edilmalidir.

Yuyulmani korpii konusundan va ya korpii
dayagindan uzaqlasdirmaq tigiin diizxoatli axin
istigamoatlondirici qurgular kifayat qodor uzun
diizoldilmalidir, ¢iinki yuyulma bu qurgularin
bas torofindo yaranaraq korpliys c¢ox yaxin
mosafads, korpli dayaqglarina tohliiko yarada-
caq. Adaton, iist diizxotli axin istiqgamotlondi-
rici qurgularin uzunlugu korpii aciqliginin ya-
risina barabar, asagi bondlorin uzunlugu dérddo
birino baraber olaraq toyin edilir. Oyrixatli kon-
struksiyalarda oldugu kimi, diizxastli bandlorin
Olciilari yerli soraito uygun olaraq tonzimlonir.

Travers konstruksiyalar elo yerlogdirilmo-
lidir ki, hor iki qonsu traverslor arasinda qoru-
yucu torpaq tokmasi terlogsin. Bu moagsadls tra-
verslor arasindaki mosafo 6/,-don ¢ox olmayan
qebul edilir, burada /; - traversin uzunlugu, o -
traversin oxu ilo axin istigamati arasindaki
bucaqdir (sokil 8).

( Diizaldilmis axin konturu )} /

Diizaldilmis axmn konturu )

Sag sahilin kigik
—_divarqrupu

Sakil 8. Traverslarin yerlasma sxemi.
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Traverslorin say1 ixtiyari segilo bilor, lakin
daha qisa traverslotin insa edilmosi daha yaxsi-
dir. Bunun sobabi, har bir traversin bas hisso-
sinda yerli yuyulma meydana golir vo buna go-
ra da traverslorin bas torafindos barkidici qurgu-
larin insa edilmasi talob olunur. Su axininin bir-
basa tosirine moruz qalan traversin yamaci
asasli bir sokildo barkidilmalidir, oks yamac iso
daha zoif borkidils bilor. Planda traverslor 15-
20° bucaq altinda yerlogsmasi tovsiya olunur.
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Dag caylarinda su nizamlayici
qurgularin parametrlorinin tahlili

XULASO

Korpii kegidlori bir sira tolablors cavab
vermolidir va hor seydon oavval, boton il boyu
naqliyyat axinlarinin maneasiz ke¢gmosini to-
min etmoli, hesabi istismar miiddotinds daya-
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niqlt olmalidir, yoni tabii, iimumi veo yerli das-
qnlarin dagidict tosirino qarst dayanighi vo
maocra deformasiyalarina davamli olmalidirlar.
Korpii kegidindo macra deformasiyalarinin ol-
verigsiz inkisafi qurgularin zodelonmasine so-
bob ola bilar. Yuyulmani koérpii konusundan vo
ya korpili dayagindan uzaqlagdirmagq tigiin diiz-
xotli axin istigamotlondirici qurgular kifayat
gadar uzun diizoldilmalidir.

Acar sozlor: korpii kegidi, su nizamlay:ci,
istigamoatlondirici band, travers, macra defor-
masiyasi.
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Analysis of parameters of water
regulation devices iIn mountain rivers

ABSTRACT

Bridge crossings must meet a number of
requirements and, above all, they must ensure
the unhindered passage of traffic flows thro-
ughout the year, be durable during the estima-
ted operational period, i.e., they must be resis-
tant to the destructive effects of natural, general
and local floods and resistant to channel defor-
mations. Unfavorable development of channel
deformations in a bridge crossing can lead to
damage to the structures. Rectilinear flow di-
recting devices must be made long enough to
divert the wash away from the bridge cone or
bridge abutment.

Keywords: bridge crossing, water distri-
butor, guide dam, traverse, traverse defor-
mation.
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DEVELOPMENT OF FOAM CONCRETE COMPOSITION
BASED ON COMPOSITION ADHESIVES

1. Introduction. The effect of both com-
ponents on the properties of foamed concrete,
which consists of cement paste and pores, is of
great importance.

It is known that replacing 60% of cement
with fly ash can improve the properties of ce-
ment paste [1-7]. Replacing a certain part of
cement with fly ash significantly affects the
strength indicators of foamed concrete. The use
of active mineral additives, the development of
their optimal composition, the application of
chemical modifiers, mechanical-chemical acti-
vation of components, as well as optimization of
the process of forming the matrix structure sig-
nificantly increase the strength and technical-
operational indicators of foamed concrete [4].

The prerequisite for the effective use of
mineral additives in foamed concrete is their
compatibility with both Portland cement and
foaming agent. According to their genetic
origin, all additives are divided into natural and
man-made groups, which have undergone vari-
ous processing and therefore have different
energy capacities [5]. As a rule, natural additi-
ves, although they show varying degrees of ac-
tivity depending on their origin, all have putre-
factive properties.

The use of both natural and man-made
components as mineral additives in foam conc-
rete will expand the raw material base, reduce
the consumption of the energy-intensive and
high-cost adhesive component - Portland ce-
ment, and control the processes of structure
formation depending on the type of materials
produced [8, 9].

61

The purpose of the study is to develop an
efficient foam concrete composition using a
composite adhesive (CA) obtained on the basis
of tras.

2. Materials and research methods. The
following raw materials were used to obtain
foam concrete based on composite adhesive:

1. The cement without additives of the Holcim
cement plant expert plus (SEM I, AZS EN
197-1) was used as an adhesive material.
The mineralogical composition of the ce-
ment, in mass%: C3S- 62-65; CaS -10-13;
C3A-6-7 and C4AF -10-13; the chemical
composition in mass%: CaO — 66.0; SiO; -
19.0; Fe O3 -3.9; ALOs - 3.7; MgO -2.6;
R>O - 1.4; SOz -0.7.

2. As a mineral additive, an aluminosilicate-
containing mineral active additive (tras)
from the village of Ashagi Oysiizlii of the
Tovuz region was used. The chemical com-
position of the tras in mass%: Si02-63.8;
ALO;3 -13.2; Fex03 -2.87; CaO- 10.7; MgO-
2.14; NayO -6.16; TiO2 - 0.2;

According to its mineralogical composi-
tion, tras is a mineral raw material containing
clinoptilolite, and contains mixtures of calcite,
clay, mica and quartz.

3. Highly washed river sand without large par-
ticles, with a size modulus of about 1.5, bro-
ught from Bahramtepe, was used as a fine
filler. Chemical composition, in mass%:
Si0, -77.3, A1,03-11.0, NaxO-2.1, K>O- 1.0,
Fe»03-2.9, Ca0-5.9, TiO2- 0.2, Mg0-0.29.

Bahramtepe sand mainly belongs to the
quartz-alpine sand group, which contains qu-
artz, orthoclase, and albite.
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Tests of physical-mechanical and physical-
technical properties of foam concrete (deter-
mination of drying shrinkage, determination of
frost resistance) were carried out in accordance
with the requirements of GOST 25485-2019
"Cellular concrete. Technical conditions». Con-
crete strength control according to GOST
18105-2018 and GOST 27005-2014, average
density according to GOST 57 12730.1-78, ther-
mal conductivity according to GOST 7076-99,
sorption humidity according to GOST 24816-
2014 and GOST 17177-94, vapor permeability
according to GOST 25898-2012.

3. Experiments and results. Considering

its high economic feasibility, during the rese-
arch, a composition adhesive based on tras was
used to obtain foamed concrete. When develo-
ping the composition of foamed concrete, con-
crete with a density of D600 and D800 and a
compressive strength of not less than 1.5 MPa
was considered as the most optimal brand.
Mikroair 220 was used as a foaming agent. The
composition of the foamed concrete prepared
depending on the type of adhesive is given in
table 1.

The properties of foam concrete based on
composition adhesive are given in Table 2.

Table 1
Composition of foam concrete
Ne CA Average Water/sem CA,kq | Sand, kq | Water, | SP, 1
density, kq/m>
1 Without 600 0,45 375 160 245 0,72
2 addition 800 0,37 510 220 278 0,72
3 10% Tras 600 0,44 379 160 253 0,72
4 800 0,38 507 218 281 0,56
5 20% Tras 600 0,45 395 170 260 0,72
6 800 0,38 521 222 286 0,56
7 30% Tras 600 0,45 410 176 270 0,71
8 800 0,38 535 228 292 0,56
9 40% Tras 600 0,45 425 180 275 0,71
10 800 0,38 548 235 299 0,56
Table 2.
Properties of foam concrete
Properties Amount of tras element in the composition of the CA, %
10 \ 20 \ 30
Brand of foam concrete, D
600 800 600 800 600 800
Density, kq/m? 629 | 645 832 615 640 821 619 | 622 815
Strength limit, MPa 2,15 | 2,0 2,5 2,2 2,1 2,6 2,5 2,2 3,0
Strength class B1,5 | B1,5 | B1,5 | B1,5 | B1,5 | B1,5 | B1,5 | B1,5 | B2,0
Heat loss,, Vt/(m.°C | 0,211 | 0,129 | 0,142 | 0,114 | 0,124 | 0,138 | 0,119 | 0,124 | 0,138
Humidity, % 7,1 6,4 4.8 7,1 6,4 52 7,3 6,8 5,7

The strength indicators of foam concrete
samples obtained on the basis of a composite
adhesive containing 20% and 30% trass are 13-
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20% higher than those of cement-based samp-
les (Fig. 1). This is due to the monodisperse
distribution of macropores due to puzzolaniza-
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tion and an increase in the viscosity of foam
concrete (according to the Suttard viscometer).
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Fig. 1. The effect of the amount of trace in the
concrete on the strength of foam concrete
1-D 600;2-D 800

When the amount of trass in the
concrete is increased to 40%, the strength of
foam concrete decreases by 20-28% compared
to cement-based samples, and by 48%
compared to samples with a 30% trass content.
The decrease in the strength of foam concrete
is due to a decrease in the clinker content in the
adhesive.

The pores of the CA based foam concrete
with a 20% cellulose content are mainly closed
(Fig. 2, a).

When the amount of trass is increased to
30%, the size of the pores decreases slightly.
When the amount of trass is 20-30%, the pore
surface is more homogeneous, which is due to
deeper hydration of clinker minerals and filling
of microvoids with new compounds formed as
a result of the pulverization reaction (Fig. 2, a,
b). When the trace content reaches 40%, new
large pores with a non-uniform surface are
formed, which indicates a high total porosity
(Fig. 2, c). The collapse of the pore walls, as
well as their coalescence, is observed, which
leads to the onset of the sedimentation process
and a decrease in the homogeneity of the
microstructure.

Analysis of micrographs of fracture sur-
faces of foam concrete samples showed that the
density of the interpore partitions increases as a
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result of the even distribution of prismatic
crystals of calcium hydrosilicate and the growth
of spongy crystals of clinoptilolite (Fig. 6, a).
The surfaces of the pore walls become smooth
and form a spherical shape (Fig. 3, b, ¢).

Fig. 2. Pore sizes in foam concrete of the
D600 brand based on CA
a) tras 20%, b) tras 30%, c) tras 40%

4. Discussion. One of the main problems
limiting the application of foam concrete as a
structural-thermal insulation material is its low
strength and high shrinkage deformation. To
solve this problem, special composition
adhesive compositions are developed. The re-
search work confirmed the possibility of using
trass as a mineral additive in the composition
of the concrete. Foam concrete compositions
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5 10000

Fig.3. Microstructure of foam concrete grade
D800 with the introduction of 20% tras
a -interpore partition, b,c- pore walls

for wall blocks were developed using river
sand as a filler by applying a composition
adhesive prepared on the basis of clinker and
trass. These compositions allow the production
of foam concrete with the following charac-
teristics: density — 600—800 kg/m?; compres-
sive strength limit -2.0-3.0 MPa; thermal con-
ductivity — 0.11-0.14 W/(m°C); shrinkage 2.3-
2.7 mm/m. Based on the obtained indicators,
foam concrete meets the requirements set by
regulatory documents for construction and
thermal insulation materials: density grade
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D600-D800, strength class B1.5- B2, frost re-
sistance grade F25, and shrinkage when dried
not exceeding 3 mm/m.
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ABSTRACT

The theoretical basis of the processes of
foam concrete structure formation has been
expanded using a composite adhesive prepared
on the basis of Portland cement and natural
aluminosilicate-containing mineral additives.
This adhesive ensures the formation of a
porous structure and accelerates the hardening
process of the foam mass, as a result of which
it is possible to obtain foam concrete with

UOT 626

effective physical, mechanical and thermal
properties, despite the reduction in the amount
of clinker. As a result of the research, it was
determined that foam concrete with a density
of 600-800 kg/m?, a compressive strength of
2.0-3.0 MPa, a thermal conductivity of 0.11—
0.14 W/(m °C); and a shrinkage of 2.3-2.7
mm/m is obtained. The results show that foam
concrete meets the requirements for structural
heat-insulating materials.

Keywords: foam concrete, composite
adhesives, structure formation processes,
porosity, physical and mechanical properties.
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HiDROTEXNIKi QURGULARDA ASAGI BIiYEFININ iSTISMAR
ETIBARLIGININ ARTIRILMASI BARODO

Bltin derevasiya sistemlorindo oldugu
kimi, suvarma sistemlorinds do osas obyektlor
su tochizati kanallar1 vo onlarin daxilindoki
hidravlik qurgulardir. Hotta bir Kicik obyektin
— hidravlik qurgunun — siradan ¢ixmasi yaxst
qurulmus va etibarli suvarma sisteminin bltov-
[Gyuni poza bilor. Bir qurgunun siradan ¢ixma-
st sistemin bir hissasinin isini iflic eda bilor va
xususan doa bir vo ya bir nega tosarriifatin su-
varma rejimini poza bilor. Bu, moahsuldarligin
Vo suvarmadan iqgtisadi tosirin azalmasina so-
bab olur.

Bir sistemin vo ya obyektin etibarlilig
onun funksionalligini, istismar xiisusiyyatini
gorumagq qabiliyyatini xarakterizs edir. Nasaz-
liglar arasindaki ehtimal va orta vaxt, mévcud-
lug amili va digar xususiyyatlor etibarliligin
komiyyat gostoriciloridir. Bir obyektin mioy-
yan bir middat arzindos, yani P(t) arzindos rahat
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islomo ehtimali etibarliliq, R(t)=1-P(t) ehtimali
iSo etibarsizliq adlanir.

Etibarliliq dagig bir mona dasiyir, ¢iinki
onu hesablamaqg, giymotlondirmok, 6lgmok,
prognozlagdirmaq vo qurgunun tolob olunan
etibarliligini tomin etmok mimkiindir. Qurgu-
nun Xidmot muddoati miiayyan komponentlarin
diizgiin islomasindan asilidir: harokat edan his-
solar, hermetikliyi tomin edan birlagmalor, ba-
zada vo ya anbarda ehtiyat hissalorinin mov-
cudlugu, miintozom texniki xidmat, omoliyyat
prosedurlarina riayat etmok va s. Bu sobabdan
etibarliliq mithiim rol oynayir [4, 5, 6, 7, 8].

Hidrotexniki qurgularin suvarma vo drenaj
sisteminin butévlikds vo ya onun ayri-ayrt his-
salorinin faaliyystinds miivaqgoti dayanmaya
sobab olan elementlorin, konstruksiyalarin va
kanallarin biitiin nasazliglarin1 dérd asas qrupa
bolmok olar [1-3]:
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- layihagilorin sahlonkarligindan yaranan na-
sazliglar;

- tikinti zaman1 bas veran qusurlardan gay-
naglanan zarar;

- istismar zamani bas veran goazalar va nasaz-
liglar (gofil nasazliglar);

- yaslanma (materiallarin yorgunlugu, iqlim
soraiti va s.) Vo ya todrican nasazliglar sobs-
bindon yaranan nasazliqlar.

Hor birinin 6ziinamaxsus xUsusiyyatlori
olan bu doérd mustaqil zarar qrupu, obyektin
diizgiin isloma ehtimali vaxtinin paylanma oy-
risinin névinu maayysan edir.

Bu mosoalonin mahiyyatini asagidaki nii-
munalorls aydinlagdirmaq olar:

- layihalondirma va tikinti togkilatlarinin giina-
hindan yaranan nasazliq nisboti zamanla aza-

lan bir funksiyadir;

- gofil nasazliglar biitiin xidmat muddati arzin-
do bas vera bilar vo onlarin nisbati zamandan
faktiki olaraq asili deyil, yani sabit bir doyar-
dir;

- qurgunun materialinin yaglanmasi sobabindon
yaranan todricon nasazliglar mioyyon bir
zamandan etibarliliga tasir gostorir.

Su tesarriifatina xidmot edon hidrotexniki
qurgularin uzun miiddat etibarli iglomasini to-
min etmok ti¢iin istismarda olan qurgularin is-
tismari vo voziyyati ilo bagli miisahido malu-
matlarin1 geyd etmak va tohlil etmok lazimdir.
Bu malumatlara osasan, yiksok nasazliq nisbe-
tino malik qurgular1 vo ya komponentlori mu-
oyyon etmok vo onlar1 yeni layihalords nazora
almag mamkdndur.

Nasazligin geyds almmmasi dovriinde aga-
gidakilar qeyd edilmalidir:

- malumatin alinma tarixi;

- komponentin vo ya elementin nasazliq vaxti
Vo onun iso salinmast;

- qurgunun funksional xiisusiyyatlori vo onun
is keyfiyyoati;

- nasazligin xarakterik olamotlori vo middati;

- nasazligin soboblorinin aradan qaldirilmast
Ucln tadbirlar va s.

Suvarma va drenaj sistemlorinin bltov-
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likda, onlarin komponentlarinin vo ya ayri-ayri
qurgularin etibarliliginin  giymoatlondirilmasi
nasazliq ehtimallarmin (ham texniki, ham da
ekoloji) vo onlar arasindaki korrelyasiyalarin
muoayyan edilmasini ohatos edir. Ekoloji vo tex-
niki nasazliglar bir-biri ilo six baglidir vo eko-
loji nasazliq texniki nasazligin birbasa natico-
sidir.

Masalon, suvarma movsuminds borulu
qurgular tez-tez kanal yamaclarindan bigilmis
alaq otlart ils tixanir vo bu da suyun yuxari axin
kanal dambasinda dasmasina vo otraf orazilorin
su altinda galmasina sobob olur (sakil 1).

Sakil 1.

Qurgu na godoar uzun muddat istifadoya
yararsiz qalsa, ona bitigik torpaqglarin su basma
sahasi bir 0 godar boyiik olacaq va naticads ba-
tagliga gevrilocok

Bu halda, P(t), saat etibarliligi asagidaki
kimi olacaq:

1)

(1) ifadosindos Rmax(t)-maksimum etibar-
sizligdir, saat.

Qurgunun istanilon vaxt riski sistema daxil
olan ayri-ayr1 elementlorin texniki nasazliq eh-
timallarindan funksional asililigla miiayyan
edilir.

P(t) =1- Rmax(t)

Reex(t) = (p[rtexi(t)] 2)

Struktur funksiyalar1 @ (Sistem elementlori
arasindaki olagolori onlarin etibarliligina osa-
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san tosvir etmok tigiin analitik asililiglar) quru-
lus tohlili, grafik nazariyyssi, maksimum eh-
timal metodlar1, an Kicik kvadratlar metodu vo
riyazi mantiq istifads edilorak sldo edils bilor.

Elementlorin nasazliq ehtimallarini 7;,,;-
mioayyan etmoak Ucun amaliyyat vaziyyatlori-
nin paylanma sixligin1 vo hansi nasazligin bas
verdiyini mloayyon edilmis limit voziyyatlorini
bilmoak lazimdir.

Otraf miihitin nasazligi ehtimali Reko(t)
texniki nasazliq ti¢iin oldugu kimi eyni qayda-
larla mloyyoan edilir. Lakin avvalcs hansi kon-
kret sistem elementinin otraf muhitin pozul-
masina sabob ola bilacayini misyyan etmok la-
zimdir.

Quvvads olan gaydalar toplusunun mud-
doalarina asason, haddi-hal vaziyystinds quvva
tosirlori tiglin hidrotexniki qurgularin, kons-
truksiyalarin vo elementlorin hesablanmasi
uclin metodlar taqdim olunur.

Hidrotexniki qurgularin hoddi-hallarina
gOro hesablanmasi, istismar yiiklorini qurgu-
nun funksionalligini itirmayacayi Vo ya gozaya
sobob olmayacagi maksimum icazo verilon
hadlarlo mugayiss etmoaklo onlarin tohliikasiz-
liyini tomin etmoya yonalmisdir. Bu prosesa
muxtalif nov son hallarin tahlili, "tohllikasizlik
meyarlarinm" miioyyan edilmasi vo qurgularin
vaziyyatini izlomak ti¢iin onlarin periodik yox-
lamalar1 daxildir.

I qrup tgiin (konstruksiyalarin, onlarin
konstruksiyalarinin vo biindvrslorinin dasima
gabiliyyatinin itirilmasi vo/va ya istismar Ugin
tamamilo yararsizligi) hesablamalara konstruk-
siya-blndvra sisteminin Gmumi méhkomliyi va
stabilliyi, biindvralorin vo torpaq konstruksiya-
larmin imumi sizma mohkomliyi vo siradan
¢ixmasi konstruksiyanin istismarimnin dayandi-
rilmasina sabab olacaq ayri-ayri konstruksiya
elementlarinin moéhkomliyi; bitovlikds kons-
truksiyanin moéhkomliyini vo ya stabilliyini
muayyan edan konstruksiya yerdoyismalorinin
hesablamalar1 va s. daxildir;

II iiclin (normal istismar ii¢lin yararsizliq)
hesablamalara bindvralarin va konstruksiyala-
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rin sizma da daxil olmagqla yerli méhkamliyi,
yerdoyismoalor vo deformasiyalar, gatlarin vo
konstruksiya birlagsmalarinin amala golmasi va
ya agilmasi; vo birinci qrupun limit hallar1 tiglin
hesablamalarla slagali olmayan ayri-ayri kons-
truksiya elementloarinin méhkamlik hesablama-
lar1 daxildir.
Daha doagiq desak:
- yiikdasima qabiliyyatinin itirilmasi vo ya is-
tismar {igiin yararsizliq sobabindan;
- normal istismar {iglin yararsizliq sababindon.
Bu gaydalara ssasan, beton vo domir-beton
elementlorinin son quvvalor tgtin mohkomlik
hesablanmasi, baxilan hissado Xxarici yiklarin
Vo tosirlorin F (kN, kN-m) qilivvasinin bu his-
sadoki element torofindon qobul edilo bilon
haddi qlivva Frod (KN, kN-m)-don ¢ox olmama-
st sorti ilo aparilir, yani:

F< Fhad (3)
Bu distura asason, drenaj sistemlorinds
hidrotexniki qurgularin etibarliligi asagidaki
alagalarlo miayyan edilir:
- ayici momentlarinin tosiri altinda:
YicYaM < VeVuRpeWe 4)
- elementin uzununa oxu boyunca sixict vo
dartict qiivvalarin tosiri altinda
Vlc)/nN < YCVSRSAS (5)
Bu ifadolordo p#c=1 - osas yuk kombinasi-
yast 1liclin ylik kombinasiyast omsalidir;
1%»=1,15 Il1 sinfino aid qurgular {igiin nozards
tutulmus etibarliliq amsaldir; M - ayici mo-
memtdir, KN-m; y,-is soraiti omsalidir vo mix-
tolif hidrotexniki qurgular {igiin %=0,7...1,2
Rbt - betonun dartilmada miigavimeat omsalidir;
w=0,9 yuklarin va tasirlarin asas kombinasiya-
s1 U¢lin konkret is soraiti omsali; A; Iqrup
haddi-hal tgiin armatur sinfino géra armaturun

hesablama miigavimati; W;-kasiyin dartilmis
konar1 iiciin betonun elastik nozariyyasi ilo
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toyin olunan migavimat momenti; N-oyuna
qiivva, kN; 7, =115- 1 qrup haddi halda ar-

2
matura gors etibarliliq omsalidir; A = 7d

armaturun en kasik sahasi.
I1 grup haddi hal G¢in (cat amals galmasi,
acilmasi vo baglanmasi, eloco do deformasiya-
lar Gictin) hidrotexniki qurgu elementlarinin he-
sablanmasi onlarin (3) diisturu ilo hesablanma-
sina banzayir. Masalan, ¢at amals golmasi tiglin
elementlari hesablayarkon asagidaki sort yerina

yetirilmalidir:
Aoy = ycAcr (6)

a.r-catlarin hesabi acilmis eni,mm; A.,-
catlarin buraxila bilon eni, mm.
(3)-(6) ifadalarini tohlil edarkan geyd

By

etmak olar ki, hidravlik struktur elementlarinin
son hodd vaziyyatlorinoe ssaslanarag hesablan-
mas1 metodu deterministikdir. Eyni zamanda,
materiallarin vo yuklorin mexaniki xtsusiyyat-
lorinin statistik paylanmasi da noazors alinir.
Buna gors do, bu metod sorti olaraq yar1 ehti-
mallidir vo layihs toskilatlarina qurgunun ele-
mentlorinin etibarliligini, tohlikasizliyini va is-
tismara yararliligii 100%-o yaxin ehtimalla
tomin etmoyos imkan verir.

On ¢atin istismar hallarindan biri su tosSar-
rifat1 kanalinin en koasiyinin sort dayaq voziy-
yati vo monolit dib dayagindaki qiivvalarin
maksimum giymatino c¢atmasina sobab olan
yuklorin kombinasiyasi ilo xarakterizo olunur.
Hesabat icin kanal boyunca 1 metr enindos da-
yaq zolag ayiririq (sokil 2).

B
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‘H Yootm
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o

/- —/_qg@—-
EANEUEEEERY
{ETTENEEREY
EXEEEERERI

Tor TG
b
Sakil 2.

Sokil 2-ds verilmis sxemo osason hesabati
aparmagq U¢iin asagidaki verilonlordon istifads
olunacaq: kanalin dibdan eni b=20,6m; suyun
konarlar1 arasindaki kanalin eni B=40,6m; ka-
nalin iiston eni Bxk=45m; kanal dibinin barkidil-
moa qalinlig1 t4n=0,30m; barkidilms tavalarinin
galinhigr tp=0,15m; kanalda suyun dorinliyi
hw=5m; atmosfer tozyiqi gatm =0,0981 Mpa; qw
baxilam element iizorinds su tozyiqinin inten-
sivliyi, KN/m; q — nazardan kegirilon elementin
6l gokisina gore paylanmis yiik (tazyiq inten-
sivliyi), KN/m; qgr — gruntun oks tozyiqinin in-
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tensivliyi, KN/m; Qw — dibda suyun hacmi toz-
yiqi, KN; Quwz — yamac méhkomlandiricisinds
suyun hacmi tozyiqi, kN; G — dib méhkomlon-
diricisinin xususi ¢akisi, kN; Gi— yamac moh-
komlandiricisinin xususi gokisi, kN.

Sakil 3-do qurgunun dibinin barkidilmasi-
no tosir edon comlonmis qiivvalorin sxemi ve-
rilib.

Verilmis niimunays osason hesabati apa-
raq. Hesabat agagidaki ardicilligla yerino yeti-
rilir. Morkozlosdirilmis qiivvalorin giymatini
tapaq:
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Patm :qatmbany :98112()’6110112:2425,0“\'

v:, =1,2-faydal1 yiik omsalidur.
Q, =7.npay,, =10-5-20,6-1-1=1030kN
7., =10kN / m®- suyun hacmi gokisi.

G =yt  bay,, = 25-0,30-20,6-1-1,1=170kN

y
Qatm
HHH#'#PH | EEEEEEREREN
ml'Rgr
% 0 Ty

1
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SR IEEEEEEEEX) x
g V¢
h=20,6m
Sokil 3.

¥
BERIIE.

Qurgunun dibinds hesabi vs standart vahid
paylanmuis yiikii (kN/m) tayin edirik

q=(Patm+Qu+G)/b=(2425+1030+
+170)/20,6=175,97kN/m

q"=(Pam+Qu+G)/b#=(2425+1030+
+170)/20,6-1,13=154,35kN/m

L.A. Simvulidinin tovsiyasine asason he-
sabi reaktiv tozyigin (bindvra gruntunun oks
tozyiqinin reaksiyast gr R, kN) ordinatasini
tayin edirik.

(7/qr _yw)batfny .

1+p
B (20,6—10)-1-0,5-0,9
- 1+0,7

qr

=90,52kN

Real soraitds kanalin dibi miayyan uzunu-
na yamacla qurulur vo axin kanal boyunca mii-
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ayyan bir siratlo horokat edir vo noticads Qw
quvvasinds doyisiklik yaranir.

Bu qlivvays A.1. Bogomolov, K.A. Mixay-
lov vo P.Q. Kiselyovun tovsiyalorino asason
asagidaki disturla toyin olunan Quwk Kinetik
tozyiqi alavs olunur:

¥y, 82,4-2,18°-10
ka = =

=399,18
g 9,81

Naticads, qurgunun en Kkasiyinin dibinda
hesabi vo standart borabar paylanmis yiikiin
asagidaki qiymatini aldo edirik

0=(Patm*+Quw+Quk+G)/b=(2425+1030+
+399,18+170)/20,6=195,4kN/m

q"=q/%#=195,4/1,13=172,9kN/m

Elastik asas tizarinda domir-beton zolagin
a elastiklik indeksini (gostericisini) tapiriq
7E ba’
o=—-=
El
~3,14-9,36-2060-100° _9.78
27500 225000 ’

I. A. Simvulidinin tdvsiyalorindon istifads
edorak, tirin uclari altindaki qrunta maksimum
tozyiq pmax (MPa) tayin edirik.

. _23816-29 ,

™% 13440 + 290
_23816-20978 o0
13440+ 29-9,78

Maksimum momentin toyini

- 15564q  15567-195,4  221,6kN
2 13440+29a 13440+29-9,78 m

M, =0,021a,b? =
0,021-221,6- 20,62 =1974,8kN -m
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Enina qlivvalarin ordinatalar eyni miialli-
fin dusturu ils hesablanir:

2
Q=55 (x-b)(2x-b)

Hesabat codval 1-do toqdim olunur, ona
asason quvvalarin epiirii qururuq (sokil 4).

Sokil 4.

Qmax:292,0kN V3 Mmax:1974,8kN m. Ar-
maturun en kasik sahasini hesablayaq
As=Rpax/Rs=11,5-100-3,29/210=18,02 sm?

Tapilan sahoya asason As=18.02 sm?, 70
mm addimla (1 poqona metri ii¢iin) 9916 A240
(As=18.10 sm?) gobul edirik.

Asagidaki sorto asasab, enina quivvalarin
tosirino moruz galan oyilma elementi Ugin
mohkamlik hesabatini apaririq:

Q.. =292kN < ¢,R ah, =0,3-1,15-100-27 =931,5
Sart 6danir.
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Mammedoya V.V., Quliyeva T.Q.,
Idrisov S.T.

Hidrotexniki qurgularda asag: biyefinin
istismar etibarh@imin artirilmasi barada

XULASO

Oton osrin son onilliklorinds hidrotexniki
qurgular (etibarliliq nazoariyyasi soklindo) spe-
sifik totbiq tapdilar. Etibarliliq nazariyyasinin
elementlori yerli vo xarici alimlorin asarlarinds
0z oksini tapmisdir. Bu oasarlordo hadisalor
"ehtimal olunan" vo "ehtimal olunmayan" ola-
raq boliintir. Bu bolgi artiq layihagilari gane et-
mir, ¢linki onlar hazirda etibarliliq tadgiqatlar
Ucun komiyyat metodlarina ehtiyac duyurlar.
Derevasiya sistemlords istifado olunan hidro-
texnikiqurgular diiz arazilords suvarma sistem-
lorinda istifads olunanlarla eynidir.Baxilan me-
galoda alava kinetik tozyiq olave edilmoklos di-
namik yuklari nozars alan hesablamasi verilir.
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Kinetik tozyiq, islayarken su qurgunun quyruq
hissasinin dayaq I6vhalarinin stabilliyina oho-
miyyatli doracads tasir gostarir.

Acar sOzlar: hidrotexniki qurgular, kons-
truktiv elementlorin etibarliligi, derevasiyali
meliorasiya sistemi.

B.B. Mamenosa, T.I'. Kyauesa,
C.T. Uapucos

O noBBILIEHUH IKCILTYATAIIMOHHOM
HA/JIeKHOCTH HUKHeM Obede
THAPOTEXHUYECKUX COOPYKEHM I

DNeMEHTBl TEOPUU HAAEKHOCTU OTpake-
HBl B TPYAaX OTEYECTBEHHBIX M 3apyOCIKHBIX
yu€HbIX. B 3THX paborax coObITHS Moapa3aen-
SIOTCSL HA «BEPOSITHBIC» M «MAaJIOBEPOSITHBIEY.
Takoe pasgeneHue yxe HE YJOBIETBOPSET
POEKTUPOBILUKOB, TOCKOJIBKY UM HEO0XO0IH-
MBI KOJIMYCCTBCHHBIEC MCETOABI HMCCJICAO0BAaHUA
Han&KHOCTH. ['mapaBiuueckue ycTpoHcCTBa,
UCIIONIb3yeMbIC B CHCTEMAX JIEPUBAIMH, aHAJIO-
TUYHBI UCIIOJIb3YEMBIM B CUCTCMAX OPOIICHUA
Ha paBHMHHBIX yyacTkax. B paccmarpuBaemoit
CTaTh€ TPEACTABICH PACYET, YUUTHIBAIOIIUI
JUHAMUYECKHE Harpy3ku MyTéM J100aBiIeHUs
JOITIOJIHUTECIIBHOT'O KHMHETHYCCKOI'O JaBJICHU.
Kunernueckoe naBieHue CYyLIECTBEHHO BIIM-
SI€T Ha YCTOﬁqHBOCTB OINOPHBIX IIJIUT XBOCTO-

UOT: 69743

BOM 4acCTU THAPOTEXHUYECKOI0 yCTPOMCTBA B
IIPOLIECCE IKCILTYyaTaLHH.

V.V. Mammadova, T.G.Guliyeva,
S.T. Idrisov

On the improvement of operational
reliability in the lower part of
hydrotechnical constructions

ABSTRACT

Elements of the theory of reliability are
reflected in the works of domestic and foreign
scientists. In these works, events are divided
into "probable™ and "unlikely". Such a division
no longer satisfies designers, as they need
quantitative methods of reliability research.
Hydraulic devices used in derivation systems
are similar to those used in irrigation systems
on flat areas. The article in question presents a
calculation that takes into account dynamic
loads by adding additional kinetic pressure. Ki-
netic pressure significantly affects the stability
of the support plates of the tail part of the
hydraulic device during operation.

Moaqalays AzMIU-nun “Meliorasiya va su
tasarriifat: tikintisi” kafedrasinin dosenti M.S.
Zarbaliyev ray vermisdir.

KORIMOV A.K., HUSEYNOV N.H.,

Azorbaycan Memarliq va Insaat Universiteti

YERUSTU SU MONBOLORININ KEYFIYYOTIi

Yasayis montogolorinin igmoli su ilo tomi-
natinda on vacib mosalolordon biri uygun su
monbayinin se¢ilmasi vo homin monbonin oha-
linin tolobatin1 garsilayan keyfiyyotdo olmasi-
dir. Monbanin se¢ilmosindo asas meyar mohz
onun sanitar tohliikasizliyi, yoni ¢irklonmayo
qarst davamliligidir. Bu baximdan dstiinliik,
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adoton, ¢irklonmadon yaxs1 qorunan tabagolor-
arasi tozyiqli (artezian) sulara verilir. Belo eh-
tiyatlar kifayot etmodikds is9, yalniz zorurat
yarandiqda digor n6v yeralt1 vo ya yeriistii su
manbalarindan istifads tovsiye edilir.
Praktikada bir ¢ox hallarda yeralt1 su eh-
tiyatlarinin kifayst etmomosi sobabindon su
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tachizat1 sobakalari ¢aylar, gollor, su anbarlari
vo kanallar kimi yeriistii monbolordon asili
olur. Lakin bu tip sular moisot, sonaye vo
kanalizasiya sulari ilo ¢irklonmoyo daha agiq
oldugundan, onlarin keyfiyyati adston yeralti
sulardan xeyli zoif olur. Soth sularinda adston
minerallagsma asagi, bulaniqliq, ronglonmo vo
mikrobioloji ¢irklonmo is9 yiiksok olur. Buna
goro do, belo sularin igmoali su kimi istifadasi
liclin miitloq tomizlonmosi vo dezinfeksiya
olunmasi tolob edilir.

Tobii suyun keyfiyyoti onun torkibindo
miixtolif mongoli maddslorin movecudlugu ilo
miioyyan olunur vo bir sira fiziki (roang, qoxu,
temperatur, bulaniqlq), kimyavi (pH, quru ga-
ligin miqdari, oksidlosmo qabiliyyati, golovi-
lik), bioloji vo bakterioloji gostaricilorlo qiy-
moatlondirilir. Sanitar norma vo qaydalara osa-
son igmoali su epidemioloji cohotdon tohliikasiz,
kimyovi baximdan zararsiz vo orqanoleptik xii-
susiyyatlorino goro xosagolon olmalidir.

Suyun ¢irklilik deracasini qiymatlondiran
miihiim gostoricilordon biri oksidlosma qabi-
liyyatidir. Bu gostorici sudaki {izvi maddoslorin
oksidlosmasi ii¢lin tolob olunan oksidloasdirici
reagentin miqdari ilo miioyyon edilir. Cirklon-
mis sularin qiymatlondirilmosinds adoton bik-
romat tisulu ilo miiayyan edilon KOT (kimyavi
oksigen tolobat1), icmali suyun qiymotlondiril-
mosindo 1so daha ¢ox permanganat oksidlosmo
qabiliyyati totbiq edilir.

Su tomizlayici qurgular layihslondirilor-
kaon son ii¢ il arzinde aparilmis analizlor osasin-
da suyun maksimum bulaniqliq vo roang doyar-
lori miisyyonlosdirilmalidir. Eyni zamanda, ig-
moli suda zaororli maddslorin konsentrasiyasi
normadan artiq olduqda, onlarin timumi tasiri
sanitar-toksikoloji normalara asason 1-don ¢ox
olmamalidir.

Morkazlosdirilmis su tochizati sistemlorin-
ds istifado olunan su monbolori keyfiyyat gos-
toriciloring gora tasniflondirilir. Yeralt: sular ti¢
sinfo boliiniir:

— I sinif — keyfiyyst tam sokildo normaya
uygun olur vo tamizlonmayas ehtiyac qalmur;
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— I sinif — bir neco gostorici normadan konara
¢ixa bilar, lakin bu uygunsuzluglar aerasiya,
filtrasiya vo dezinfeksiya vasitosilo aradan
qaldirilir;

— I sinif — su toloblors uygun deyil vo slavo
reagentlorlo tomizlonmo, ¢okmo, sorbsiya
vo digar kompleks tadbirlor talob olunur.

Yeriistli monbolor do eyni prinsiplorlo {i¢
sinfa ayrilir, lakin burada suyun tomizlonmasi
soviyyasi adoton daha genis texnoloji proses to-
lob edir — laxtalanma, ¢6kma, filtrasiya, mikro-
filtrasiya, oksidlosdirici vo sorbsiya tisullart vo
digor morhalalor (codval 1).

Uzvi maddolorls cirklonmis sular yalniz su
obyektlorinin ekoloji tarazligin1 pozmur, hom
do insan saglamlig {igiin ciddi tohliiks yaradir.
Xiisusilo bu giin igmoali suyun keyfiyyati Co-
miyyatdo on ¢ox miizakira olunan masalolor-
don biridir. Cilinki igmali suyun ¢irklonmasino
gotirib ¢ixaran amillor ¢oxsaylidir vo oksor hal-
larda kran suyu els sath sularindan alds olunur
ki, bu monbalor antropogen tosiro daha agiqdir.
Naticado, keyfiyyatsiz suyun miintozom istifa-
dosi miixtalif xostaliklorin yaranmasina sorait
yaradir.

Insana toqdim edilon suyun kimyavi torki-
bi saglamliga birbasa tosir gostorir vo ideal hal-
da igcmali suda heg bir zararli qarisiq olmama-
lidir. Eyni zamanda tobii sularda orqanizmin
metabolik proseslori liclin lazimi miqdarda
mikroelementlorin mdvcudlugu xiisusi oho-
miyyat dasiyir.

Neft monsoli maddalorin vo digor iizvi
cirklondiricilorin suda olmasi insan orqanizmi
ticlin xiisusilo tohliikalidir. Belo maddalar uzun
miiddoat istifado edildikdo xroniki xastaliklara,
onkoloji proseslorin inkisafina vo reproduktiv
sistemin pozulmasina sabob ola bilor. igmoali
suyun on tohliikali ¢irklondiricilorindon biri do
agir metallar hesab olunur. Onlarin toxumalar-
da y1g1lmas1 ham kaskin zohorlonmalor, ham da
agir xroniki patologiyalar téradir. Bu maddolo-
rin otraf miihito daxil olmasinin asas manbalori
metallurgiya miiossisalori, avtomobil emissiya-
lar1 vo miixtalif moigot kimyavi maddalaridir.



Journal ecology and water economy
Ekologiya va su tasarriifatt jurnal,

Ne5, 12.2025

Cadval 1
Su tachizatt manbalorinin suyun keyfiyyat gostoricilari
Gostaricinin ad1 manba suyunun keyfiyyat Gostaricinin ad1 manba suyunun
gostaricilari keyfiyyat gostaricilari
Yeralt1 bulaglar

Bulaniglig, mg/dm, artiq deyil 1,5 1,5 10,0
Roang, daracs, daha ¢ox 20 20 50
Hidrogen gostaricisi 6-9 6-9 6-9

Domir, mg/dm, artiq deyil 0,3 10 20

Mangqan, mq/dm, artiq deyil 0,1 1 2
Hidrogen sulfid, mg/dm, artiq deyil yoxlugu 3 10
Permanganatin oksidlogmasi, 2 5 15

mq/dm, artiq deyil 3 100 1000
Sath manbalari

Bulaniglig, mg/dm, artiq deyil 20 1500 10000
Rang, daracs, daha ¢ox 35 120 200

20 vo 600C-do qoxu, bal, daha ¢ox deyil 2 3 4
Hidrogen gostaricisi 6,5-8,5 6,5-8,5 6,5-8,5

Domir, mg/dm, artiq deyil 1 3 5
Fitoplankton, mg/dm, artiq deyil 1 5 50
Permanganatin oksidlogmasi, 7 15 20
Laktoza miisbat say1 coli, 1 dm-ds, artiq deyil 1000 10000 50000

Permanqanat oksidlosmo qabiliyyatinin raq dayisir.

yiiksoldiyini gdstoron {izvi komponentlor iso
insanin sinir sistemi, qaraciyar vo bdyraklor
daxil olmaqgla bir ¢ox hayati orqanlarina zorar
vurur, eyni zamanda immun sistemini zaiflodir.
Cadval 2-do miixtolif cirklondiricilor {igiin
maksimum icazo verilon konsentrasiyalar vo
onlarin insan saglamligina tosirini oks etdiron
normativ gostaricilor verilmisdir.

Tobii su miirokkob vo doyiskon sistem
olub, hall olunmus gazlar, mikroorqanizmlar,
mineral va ilizvi maddolordon ibaratdir; bu
maddoalor hom hoall olunmus, hom kolloidal,
hom do asilmis formada olur. Torkibindos olan
qazlar arasinda CO,, O, H,S, N, vo CH, on
boyilik shomiyyat dasiyanlardir. Bu qazlarin
sudaki miqdar1 onlarin fiziki-kimyavi xiisusiy-
yatlorindan, qisman tozyiqdan, suyun tempera-
turundan vo su miihitinin torkibindon asili ola-
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Icmoali suyun osas xiisusiyyati onun insan
saglamlig1 ticiin tohliike yaratmamasidir. Buna
gora do belo su hom epidemioloji, hom do
radiasiya baximindan tam tohliikosiz olmali,
kimyavi torkibi ilo orqanizma zarar vermamali
va orqanoleptik xtisusiyyatlori — dad1, qoxusu,
rongi vo soffafligit — baximindan gobul edilir
soviyyado olmalidir. Su paylayict sobokoyo
otlirilmazdon avval onun gigiyenik norma vo
toloblore tam uygunlugu tomin edilmalidir.

Tobii suyun keyfiyyat gostaricilorini mii-
oyyan edon osas amillor iso miixtolif fiziki,
kimyovi va bioloji parametrlor asasinda forma-
lagir; bu amillorin har biri suyun iimumi sanitar
voziyyatind birbasa tosir gostorir.

Tabii sulara iizvi maddolorin daxil olmasi-
nin asas manbalori torpaq vo torf humusu, bitki
vo heyvan mangali qaliglarin pargalanmasi,
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Cadval 2
I¢moali su komponentlaorinin insan saglamligina tosiri
Iemolisu | Standart, . . .
. Insan badonina tasir
komponenti |mg/l-don ¢ox
Alliminium 0,5 Uzorindo tasir sinir sistemi funksiyalar
barium 0,1 Urak-damar sisteminin pozulmasi
Domir 0,3 Allergik reaksiyalar
Bor 0,5 Badonin qida, iirok-damar vo sinir sistemlorinin
funksiyalarinin pozulmasi
Magnezium 20 Catismazliq sinir sisteminin vo lirok ozalslorinin disfunksiyasina vo
artiqligina sobob olur, moado-bagirsaq traktinin xastoliklorinin inkisafi
mangan 0,1 Catismazliq ganin pozulmasina, haddindon
artiq - morkozi sinir sistemina vo agciyarlor
Fluor 1,5 Kariyesin omolo golmaosi
Xrom 0,5 Dezavantaj boyiima siirotinin azalmasidir,
hoddindan artiqdir allergik reaksiyalar

habelo maisoat vo sonaye miiossisalorinin tullanti
sularidir. Bu tip maddslor suyun torkibinds hom
hall olunmug formada, hom do asili hissaciklor
soklindo mévcud olur.Suda asili bork mad-
dalorin agkar olunmasi, adoton yaz vo payiz sel
sular ils birlikds torpaq qatinin yuyulmasi, ¢ay
yataqlarinin aginmasi vo ya miixtolif {izvi vo
mineral hissaciklorin suya qarigmasi ilo baghdir.
Bu cirklor gil, qum, lil, yosun vo digor iizvi-
mongali maddalordon ibarst ola bilor. Suyun
bulanigligr iso bu asili maddolorin imumi miq-
darini, soffafliq iso oks gostorici kimi onlarin
suyun optik xiisusiyyatina tosirini oks etdirir.

On asag1 bulaniqliq derocasi adaton su ob-
yektlorinin buzla ortiildiiyii qis aylarinda miisa-
hido olunur. Yaz aylarinda sular dasqin sabo-
bindon daha ¢ox cirklonir, yay movsiimiinds
1so yagintilar, fitoplankton vo zooplanktonun
intensiv inkisafi noticosindo bulanighq artir.
Bozi kimyavi proseslor — mosolon, karbonatla-
rin ¢6kmosi, aliiminium vo mangan hidroksid-
lorinin ayrilmasi, homginin humus monsali {iz-
vi maddslarin ¢oxalmasi — suyun bulanigligini
daha da yiiksalda bilor.

Tabii sularda movcud olan tizvi maddslor
suyun orqanoleptik gostoriciloring birbasa tosir
gostorir: xosagalmoz qoxular yaradir, rongliliyi
artirir vo hom insanlar, ham do heyvanlar ti¢lin
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olavo tohliikolor yaradir. Bu maddolorin asas

hissasi torpaq vo torf humusundan, orqanizm-

larin bioloji parcalanma mohsullarindan vo an-
tropogen ¢irkab sularindan qaynaqlanir.

Uzvi va asili girklorin yiiksok konsentrasi-
yas1 suyun tosarriifat vo icmali mogsadler ii¢lin
istifadasini ¢atinlogdirir. “Chemical Abstracts”
molumat bazasinda 15 milyondan ¢ox iizvi bir-
lasma geyd olunur va bunlarin oksariyyati mii-
ayyan daracado suda rast goline bilor. Lakin bii-
tin bu maddslorin eyni anda tam analizi
praktiki olaraq miimkiin deyil.

Bu sababdoan iizvi ¢irklondiricilor iki asas
grupa boliiniir:

— Antropogen mansali iizvi mikrocirklondi-
ricilor — pestisidlor, neft-karbohidrogenlori
vo digor sonaye kimyovi maddalori;

— Toabii iizvi maddalar (NOM) — biitiin lizvi
torkibin toxminon 80-90%-ni toskil edir.

Tobii moangali lizvi maddalar birbasa toksik
olmasa da, igmali suyun tomizlonmaosi texnolo-
giyalarina ciddi manes yaradir. Bu maddslorin
on ¢ox rast golinon ndvii suya sar1 vo ya qohvo-
yi rong veran humik birlogsmalordir. “Humik
maddoalor” termini (lat. Aumus — torpaq) ilk do-
fo 1786-c1 ildo alman todqiqatgist Agard tors-
findon torfdan tocrid olunmusdur. Bu maddolor
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iki osas qrupa ayrilir: humik tursulart veo
huminlor (cadval 3) .

Humik tursularin torkibi osason 46—62%
karbon, 3—6% azot, 3—5% hidrogen vo 32-38%

Cadval 3. oksigendon ibarat olur. Fulvik tursular iso daha
Manba C | H N @) az karbon (36-44%) vo nisbaton ¢ox oksigen
— (45-50%) ehtiva etmasi ilo segilir; homginin
das k-omurlsr 6 | 44| 18 | 278 onlarin 3—4,5% azot vo 3—5% hidrogen torkibi
gohvayi komdarlor | 66 | 4,6 | 1,3 | 28,1 mdvecuddur. Bu sababdan fulvik tursular humik
torf 56 | 55| 2.2 | 333 tursulara nisboton daha yiiksok oksidlosmo
sapropellor 58 | 6,3 | 48 | 30,9 qabiliyyatino mglikdir. Har iki madde arasinda
podzollar 53 |44 | 42 | 384 dsas f.srqle?r. .51stemlasd1r119r9k codval 4-do
timumilosdirilir.
cernozemlor 58 | 43| 41 | 33,6
Cadval 4.
Humik turgularin xiisusiyyatlori
Indeks Humik tursular Fulvik tursular Indeks Humik tursular | Indeks Humik tursular
Fulvik tursular Fulvik tursular
C 46-62% 36-44%
H 3-5% 3-5%
N 3-6% 3-4,5%
) 32-38% 45-50%

Amfoter névi

Amfoter novi Amfoter novi

Molekulyar kitlo:

Aralhig 1000 — 1000000 100 - 50000
Orta ¢oki 10 000 5000
Funksional gruplar Amin, amid, fenolik, Amin, amid,
karboksil fenolik, karboksil
Hidrogen indeksi, pH 3;4,77; 10,0 4,3; 8,0; 9,3
Suda hallolma
tursular Holl olunmayan Holl olunan
natrium duzlar Holl olunan Holl olunan
Ca?*, Mg?*, Fe®", AP Hall olunmayan Holl olunan
Caylarda mozmun, % 0-20 80-100
xiisusi rang, deq/mq 12,2 3,1
permangqanatin oksidlogma gabiliyyati tursular 0,79 0,45
Hor doraco ligiin xiisusi permanganatin 0,065 0,145

oksidlogsma qabiliyyati xromatiklik

Humik vo fulvik tursularin kimyavi xiisu-
siyyatlori soth sularinda onlarin neca dispers-
losdiyini, miqdarini vo nisbotlorini miiayyon-
logdirir. Xiisusilo humin tursulart molekulyar
c¢okilarinin dayiskanliyi, funksional qruplarmin
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miixtalifliyi vo suda forgli hallolma xiisusiy-
yatlorina gora sularin coxpilloli tomizlonma
texnologiyalarinin totbiqini talob edir.

Bu maddslorin aliiminium ionlari ila hall
olunan komplekslar yaratmaq qabiliyyati suyun
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keyfiyyati iiciin ciddi problemlors sabab olur.
Belo komplekslorin formalagmasi suyun rongi-
ni vo bulanigligim artirir, homginin torkibin-
doki {izvi maddolarin va hall olunmus aliimini-
umun miqdarinin yiliksalmasina gatirib ¢ixarir.
Dasqin ddvrlorinds asili bork hissaciklorin
miqdart artdig1 {i¢iin rang vo bulaniqliq gosto-
ricilori do yiiksolir. Bu morholodo koaqulyant
dozasiin artirilmasi ilo keyfiyystin yaxsilag-
dirilmasi adoton notico vermir, oksino, suyun
torkibinde qaliq aliiminiumun soviyyasi daha
da artir.

Yeriistii su monbalorinin keyfiyyatina tosir
edon osas gostaricilor kimi ronglilik, bulanig-
l1q, lizvi maddoslorin miqdari, permanganat ok-
sidlosma qabiliyysti, BOD vo COD kimi pa-
rametrlor qiymoatlondirilir. Bu gostaricilorin
oksariyyati bir ¢ox su obyektlorinds normadan
iki dofodon artiq, bazi yerlords iso on iki defoya
gadar yiiksalmisdir ki, bu da hamin sularin tabii
vo antropogen cirklonmoyo shomiyyatli doro-
codo moruz qaldigini gostarir.

Paylayict sobokoys daxil edilon suyun
tohliikasizliyini tomin etmak iiciin standartlara
uygun olaraq mikrobioloji, kimyavi vo organo-
leptik gostoricilor iizro miintozom analizlor
aparilmalidir. Yeriistii monbolordon su alan sis-
temlor tiglin analizlorin tezliyi adoton hoftods
on az1 bir dofadir, lakin yaz vo payiz movsiim-
larinds ¢irklonmonin artmasi sababindan giin-
dalik nazarst tolob olunur. ©hali say1 10 min
nafordon ¢ox olan arazilords iso giindalik mo-
nitoring asas sort sayilir.

Azorbaycanin su tochizatinda gaylar, gollor
va slini su anbarlar1 asas rol oynayir. Bu mon-
balords suyun rangi platin—kobalt skalasina go-
ra qis aylarinda 50 deracodon baslayaraq das-
qin dovriinds 400 daracoyo godor yiiksalo bilar.
Ranglilik, yiiksok BOD vo COD gostaricilori,
elaco do nisbaton asagi bulaniqliq homin sular-
da demok olar ki, hamiso tobii vo antropogen
mongali izvi maddslarin kolloid vo hall olmusg
formada c¢oxluq teskil etdiyini gostorir.

Bozi Azarbaycan su obyektlorinds domir vo
manganin miqdart miivafiq normativlari xeyli
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asir. Bu artim osason humik vo fulvik tursularin
suda ¢ox olmasi ilo baglidir vo homin kompo-
nentlor suyun rongi, dadi, ¢irklilik soviyyasi vo
imumi kimyovi gostoricilorino ciddi tosir
gostarir.
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XULASO

Aparilan aragdirmalar gdstordi ki, igmali
suyun keyfiyyotinin formalagsmasi hom tobii,
hom do antropogen amillorin birgo tosiri ilo
miioyyan olunur. Tobii sularda {izvi madds-
lorin, xiisuson humik vo fulvik tursularin genis
yayilmasi suyun rongliliyini, bulanigligini vo
timumi kimyavi torkibini shomiyyatli doracade
doyisdirir.

(Cay vo su anbarlarinda miisahido olunan
movsiimi dayisikliklor — xiisusile yaz va payiz
dasqinlar1 — suda asili bork hissociklorin vo iiz-
vi ¢irklondiricilorin koskin artimina sobab olur.
Bu da suyun bulanigligini yiiksaldorok tomiz-
loma qurgularinda slava yiiklonma yaradir. Ey-
ni zamanda, laborator analizlorin naticalori
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gostarir ki, bir ¢ox su obyektlorinds tizvi mad-
dolorin migdar1 normadan iki vo hotta on iki do-
fo artiqdir ki, bu da ham tobii eroziyanin, hom
do antropogen tosirlorin intensivliyini siibut
edir. Azarbaycanin bir sira su monbalarindo de-
mir vo mangan kimi elementlorin konsentrasi-
yast gqobul edilmis standartlari agir. Bu artim da
osason humik monsoli maddslorin suda yiiksok
miqdarda olmasina baglidir vo suyun organo-
leptik gostoricilorini daha da pislosdirir.

Belaliklos, natico olaraq demok olar ki, yer-
iistli su manbalarinin ekoloji vaziyysti vo onla-
rin igmoli su kimi istifadoyo yararlilig1 birbasa
tobii {izvi maddalorin migdarindan, mdvsiimi
proseslordon vo antropogen tasirlordon asilidir.
Su tachizati sisteminin etibarliligini tomin et-
mok tliglin yalniz standart laborator nozarst ki-
fayot etmir; hom do su tomizloms texnologiya-
larinin tobii tizvi maddslorin xiisusiyystlorino
uygunlasdirilmasi, xiisusilo humik vo fulvik
tursularin tosirini zoiflodon kompleks texnoloji
hollorin totbiqi zoruri sayilir.

Acgar sozlar: su, su tachizati, yeriistii sular,
reagentlor, tomiz su , humik tursular

AHHOTAIUA

Bo Bcex BoaHbIx 00bekTax A3zepOaiixan-
ckoii PecryOiuku roBOpsT 0 METO/ax MpeaoT-
BpaIleHUs TTONaJaHusi OMOTEHHBIX AJIEMEHTOB
B UCTOYHUKH NMUTHEBOU BOJIbI, HA OCHOBE KOTO-
PBIX TOTOBSATCS KOMIUJIEKCHBIE MEpPOIPHUSITHUS,
COCTOSIIIME M3 TaOMOHHBIX KOHCTPYKIMH U
cucreMbl Ouornaro. B pesynbsrare ananuza cy-
HIECTBYIOIIMX METO/IOB MPEIOTBPAILECHHUS I10-
najaHuss OWOTEHHBIX DJIEMEHTOB B BOJIHBIC
00BEKTHI OMpe/eieHa HeOOXOMUMOCTh YKPeTI-
neHus O6epera COOpyKEHUSIMH, TPETOTBpAIIia-
IOIIMMH 3PO3UIO MOUBBI, a TAKXKE MPOBEICHHE
JaIbHENIIEd OYMUCTKUA TOBEPXHOCTHBIX BOJI;
Jlnst mpenoTBpalieHus nonajaanus OMOTeHHBIX
BEILIECTB B BOJIOEMBI MPEJIOKEHBI JBE CXEMBbI
YKperuieHus: 6eperoB M OUMCTKU MOBEPXHOCT-
HbIX BoA: O4YMCTKa MOBEPXHOCTHOTO CTOKA B
HECKOJIBKO 9TaloB: MEXaHW4YecKash O4YMUCTKa
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yepe3 rabMOHHBIE KOHCTPYKIMH U OHOJIOTH-
yeckas OYHMCTKa Ha Oworuiaro. Takas cxema
MPUMEHSIETCS I BOJOCOOpa € JPEHAKHBIM
KOJIJIEKTOPOM, ISl Y4aCTKOB C PaccpeloTOUESH-
HBIMWX HCTOYHHKAMU IIUTATCIIBHBIX BCIICCTB
0e3 JPEeHaXHOTO KOJUICKTOpa MpearaeTcs
cxXeMma I1IIoCaaKuM MHOTI'OBOAHBIX paCTeHI/Iﬁ HC-
MMOCPE/ICTBEHHO Ha TaOMOHHBIE KOHCTPYKIIMH
HYTGM pa3M€H_IeHI/I$I T'€OTCKCTUIIbHBIX MCIIKOB,
CEMEHA BBICAKMBAIOT IMPOKAJBIBAHUE CIICIU-
AJILHOM CITMIICH.

Knroueeswvte cnosa: Boga, BonocHaOXeHHE,
HOBerHOCTHI)IC BOJbI, peaFGHTLI, qucrada BOI-
a, TYMUHOBBIE KHCIIOTBI

SUMMARY

Studies have shown that the formation of
the quality of drinking water is determined by
the combined influence of both natural and
anthropogenic factors. The widespread use of
organic matter in natural waters, especially
Humic and fulvic acids, significantly changes
the colorfulness, turbidity and overall chemical
composition of the water. The property of these
substances to form complexes with metals such
as aluminum complicates the process of water
purification, and sometimes even increasing
the coagulant does not give the desired result.

Seasonal changes observed in rivers and
reservoirs — especially spring and autumn flo-
ods — lead to a sharp increase in suspended so-
lid particles and organic pollutants in the water.
This increases the turbidity of the water, cre-
ating an additional load on the treatment plants.
At the same time, the results of laboratory
analyzes show that the content of organic mat-
ter in many water bodies exceeds the norm by
two or even twelve times, which proves the in-
tensity of both natural erosion and anthropoge-
nic impacts.

Studies have also shown that the concen-
tration of elements such as iron and manganese
in a number of water sources in Azerbaijan
exceeds the accepted standards. This increase
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is also largely due to the high content of sub-
stances of humic origin in water, which further
worsens the organoleptic indicators of water.
Thus, In conclusion, it can be said that
the ecological state of surface water sources
and their suitability for use as drinking water
directly depend on the amount of natural orga-
nic matter, seasonal processes and anthropo-
genic influences. To ensure the reliability of the
water supply system, not only standard labora-
tory control is sufficient; it is also considered

UOT 627.8

necessary to adapt water treatment technolo-
gies to the properties of natural organic sub-
stances, in particular, to introduce complex
technological solutions that weaken the effect
of humic and fulvic acids.

Keywords: water, water supply, surface
water, reagents, clean water, humic acids.
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va qurgularinin tikintisi” kafedrasinin bas
miiallimi G.S. Mirza ray vermigdir.

MURSOLOV A.9., QULIYEVA T.Q., XOLILZADO N.A., ABBASOV S.1.

AzMIU
aqill10233@gmail.com, teraneel 965@gmail.com,
xeliizadenurlan28@gmail.com; sabbasov228(@gmail.com

YENiI KONSTRUKSIYALI DAXILI DRENAJLARI OLAN EKRANLI TORPAQ
BONDLORIN GOVDOSININ SIZMAYA HESABLANMA METODIKASI

Girig. Torpaq bondlorin gévdosi zoif susiz-
diran qruntlardan toskil olunduqda, onlarin
konstruksiyalarmmin  mdhkomlondirilmasi  vo
gdvdadon kecon s1izma axininin yolunu uzatmagq
mogsadilo yuxart byefdo yamac Ortiiyiiniin al-
tinda gil, yaxud gillico materialindan ekran yer-
lasdirilir [6]. Su anbar1 hidrodiiyiinlorinin asagi
biyefindo su olmadiqda, torpaq bondin asag:
yamacinin daban hissasindo banket prizmali
drenajin, bond gévdosinds biindvra xattinin {izo-
rindo oturan, yaxud bu xatt lizro yerlogon tokmil-
losdirilmis konstruksiyali vo daha da kigik 6l-
cllii drenajla (daxilindo perforasiyali boru yer-
lasdirilmis) avoz olunmasi alverisli hesab edilir.

Problemin qoyulusu. Ekranli torpaq
bandlarin agag1 byefinds suyun olmadig1 vo ol-
dugu hallarla rastlagildiqgda, sizma axininin
bondin gdévdosindon ¢ixig ordinatinin qrafiki
tisulla toyini baxilan bu masalslorin hom ¢atin-
likla, ham da geyri-doqiq hall olmasina gatirib
cixarir [4]. Bu masalolorin daha da asanligla vo
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daqiq yolla hall edilmasi ti¢iin miithondisi ya-
nasma metodlarini asas tutaraq, xiisusi todbir-
lorin goriilms zorurati yaranir.

Problemin halli. Ekranli torpaq bondlords
yeni konstruksiyaya malik plasmas perforasiya
borulu drenaj qurulusunu diizgiin totbiq etmok-
15, s1izma yolunu optimal (slverisli) masatodo
gbtiirmok miimkiin ola bilor. Ekran elementli
torpaq bond qurgularinda da 6zakli bondlordo
oldugu kimi virtual avezloms apararaq, bu clir
bond qurgusunu sorti olaraq bircins materialli
torpaq band qurgusuna ¢evrildikdon sonra, per-
forasiyali drenaj borusunun optimal yerlosmo
mosafosinin avvalcadon bu cilir gotiiriilmosi
toklif olunur [1]:

Loptlzm(gH+d)+bg+§-mle. (1)

Burada: b, — gil (gillico) materiall1 ekranl ele-
mentli torpaq boandlords qgas hissasi lizro gevri-
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lon eni olub, asagidaki diisturla hesablanir
(sokil 1):

b :b—F";+F’4~ﬁ=b+_tL ﬁ_l , (2)
¢ sind sind k, sind| k,

tor—ekran elementi {lizro orta gotiiriilmiis

3

_bL+t,

gqalinhge: t, = ; t1 va 2 —uygun olaraq

bondin ekran hissesinin iistdon vo dibdon
qalinhigr; @ - gil (gillico) ekranin orta qalinlig
ticiin  sorhaddoki xottinin torpaq bondin

oturacaq xotti arasindaki ohato bucagi, K. —
ekran1 toskil edon qruntun sizma (siizlilmo)
omsalidir, [m/sut.].

5 L e TR B . _.' vy
’A“ s ™ . .-'~. ‘ "'- .o 5 URR r; ..
5 O T e |
ik R A L. e o -.:.‘;‘ "y
=M= Bandin @sasc 4/7/; ==

7
4; /& o’pé. (viztual)

L6
e}

Sokil 1.Takmilladirilon trapesvari en kasikli drenaj konstruksiyali ekranli
torpaq bandin gévdasinin sizmaya hesablanma sxemi.

Torpaq bondin ekran elementindon kegon
sizma axininin depressiya ayrisinin ekrandan ¢1-
xiginin /. ordinatinin qiymoti vo homin ayrinin
drenaj qurgusunun borusundan yerlosmo maosa-
fasi (L.) asagidaki diisturlarla toyin olunur [5]:

q H*-h -t cos’0.

Ky 2t, -ﬁsin 0
Ky 3)
q H?—(h+h)"
k, 2Ly

(3) ifadosindon 4. ordinatin1 asagidaki
kimi tapa bilorik:
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Ky .
—2sind (4
Sino (4

pt. e

h = [H?—t cos? 0~ H —(h+h, ) |- 2=
e \/ or. [ ( d) :| L0
Gil, yaxud gillico ekrandan sonraki hisse-
do depressiya oyrisinin L. diismo uzunlugunu
tapmaqdan Otrii s1zzma prosesinin nozori diistur-
larinin belo konstruksiyali drenaj qurgusu ilo
miioyyonlosdirilmasi {iclin asagidaki ifadodon
istifado edilo bilor:

q _h-(h+h)’

T 6

Perforasiyali drenajin borusunu basqa di-
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gor variantlarda ekranli torpaq bond qurgusu-
nun qasi tizro sagdaki konar xottino endirilmis

3
perpendikulyar xottdon gmle Ol¢iido mosa-

fosindo asag1 biyef istigamotindo yerlosdiril-
mosilo, bu ciir torpaq bondlorin govdosinin
sizmaya hesablanma masalasine baxaq. Bu
halda drenaj borusunun optimal yerlosdirilmo
masafasini sizma yolunu bir qodor ds azaltmaq
mogsadilo asagidaki kimi gobul etmok olar
(sokil 2):

3
Loyt :m(gH +d)+bg +§mle. (6)

Mosalonin baxilan bu variantinda depres-
siya oyrisinin ekran elementindon sonraki his-
sado ordinatini tapmaqdan 6trii

q _H?

Kb 2 I—opt.
Dyupi diisturu vo (3) ifadssinin birincisi ol-
dugqca alverislidir ki, bu tenliklorin do birgs hal-
lindon /. ordinati asagidaki kimi toyin edilo bi-
lor [2]:

(7

h, =

k

pt. e

Hz[l_i.ﬁsine]—t;_cosze ®)

) my Hé’
3 2
=7y He B TN /.49
7
Bandin Depressiya
ey Jovdast [ ayzész
- T |
" 3 )
o R T f
oLt o J Plasmas 6p.
[ LB BTN zu&z dzena/
° Y 2O . P>
Gl S B,
o8 =" To PR A X
7/;_:; = e = L e OE S0 _-o (o .O_ B 2.0 I _
T N* Bandin. osasc’7=7 FA=ZC= = =2 (P = WEN Z W=/ =
| ONZEY
L opt. i viztual) " '
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Sokil 2. Tokmillasdirilmis poligonal en kasikli perforasiyalt borusu olan drenaj
quruluslu ekranli torpaq bandlarin sizmaya hesablanma sxemi.

Torpaq bondin gévdosindo depressiya oy-
risinin ordinatinin (4.) yerlosma kasiyindon
tokmillosdirilmis drenajin borusunadok L. mo-
safosini tapmaqdan 6trii homin kosiklorin ara-
sindaki zona {iglin Dyupi tonliyindon istifado

olunur [3]:
q_HR

K = 2L (€))

(7) va (9) tonliklarinds sol toraflor eyni ol-
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dugu {i¢iin sagdaki toraflorinin baraborliyindon
alinin tonlikdon L. mosafasi tapilir. Alinan diis-
turda he-nin (8) qiymatini yerino yazsaq, aliriq:

L,

27 (10)
= Lyt [(1—tiﬁsin9]—(t‘icosej }
Lopt. ke H
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Depressiya ayrisi izra L. masafosi boyun-
ca bu oyrini qurmaqgdan Otrii sizma axini
nazariyyasinin

2 \2
a_n-y (11)
k, 2(L.—Xx)

tonliyindon vo (9) ifadesindan istifado

olunmagqla, asagidaki xiisusi ohomiyyot kosb
edon tonlik alinir:

hK-y>  h .

€

2(L-x) 2L’

2_p2_ e :hz.i;
y (L=x)=h-T

(12)

Oldo olunan (1)-(12) hesablama ifadslori-
nin ixtiyari gil (gillica) ekran elementli torpaq
bandlorda, o ctimlodon 6lkamizin arazisindoki
su anbarlar1 hidroqovsaqglarinin torpaq bandlori
ekranli variantla tikildikdo, bels tipli band qur-
gularinda totbiqi miimkiindiir. Belo ki gil, ya-
xud gillico materialindan quru tisulla, birtorafli
estakadasiz vo estakadali yuma {isullari ilo tor-
paq bandlor tikildikdon sonra, eloca do onlarin
istismar1 dovriinds bu diisturlar1 sizma hesab-
lamalar iiglin olduqca olverisli hesab etmok
olar.
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XULASO

Elmi mogqalods tokmillosdirilmis drenaj
konstuksiyali ekranli torpaq bandlorin sizmaya
hesablanma metodikasina baxilmisdir. Bu
hesablama metodikasinda depressiya oyrisinin
biitiin uzunlugu boyu tonliyi parabolik gqanunla
doyisir. Bu metodikanin {stiinliiyii depressiya
oyrisinin torpaq bondin asagl yamacindan
cixisini onun govdasindo yerlosdirilmis yeni
konstuksiyali drenaja yOnoltmoklo, sizma
axminin parametrlorinin  doqiq diisturlarla
tapilmasindadir.

Acgar sozlor: depressiya ayrisi, perforasi-
yvali boru, virtual avazloma, ekranli torpaq
band, tokmillasdirilmis konstruksiyali drenaj.

PE3IOME

B Hay4HOIi cTaThe pacCMOTpPEHA METOIUKA
GuIbTpalMOHHOTO pacyera 0e3 JpeHaKHBIMU
U JIPEHAXHBIMH YCTPOWCTBAMH OHOPOIHOMN
3eMJISIHOW ITOTHHBI 110 MeTony E.A. 3amapu-
Ha. [To oToM pacyeTHON METOAMKE ypaBHEHHE
U3MEHSAETCS MO MapaboIUYecKOMy 3aKOHY Ha
BCEU JUIMHE KpUBOU Aenpeccuu. IIpenmymiec-
TBO 3TOTO METOJIa B TOM, YTO OH OCBOOOX/IaeT
OT Tpa(UUECKOro MOXOKIACHUE OPIUHATHI BbI-
X0Jla KpMBOM JENPECCHM W3 HU3KOIO OTKOCa
36MJISIHOU TUIOTUHBI U ONIPEACIIATCS 110 APYroi
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TOYHOU (hopMmyte.

Knwuesvie cnosa: kpusas Oenpeccul,
nepgopuposannas mpyoa, GUPMYAIbHASL 3d-
MeHA, IKPAHUPOBAHHAS 3eMJIAHAL NIOMUHA,
VIYYULEHHBLU CIPYKIYPHbLU OPEHAd!C.

Summary

This scientific article examines a method
for calculating the screened earthen dam
without drainage or drainage devices using
E.A. Zamarin's method. This calculation
method assumes that the equation varies
parabolically along the entire length of the
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depression curve. The advantage of this met-
hod is that it eliminates the need for a graphical
calculation of the ordinate of the depression
curve's exit from the low slope of the earthen
dam and is determined by a different, more
precise formula.

Keywords: Depression curve, perforated
pipe, virtual replacement, screened earth dam,
improved structural drainage.

Mbaqalaya AzMIU-nun “Meliorasiya va su
tasarriifati tikintisi” kafedrasinin dosenti
N.A. Safarova ray vermisdir.
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TEMIPBETOH KABBIPFAJIBI FUMAPATTAPFA CEHCMMKAJIBIK
ICEPJIEPII ECKEPY

Anparna: byn makanaga rumaparrtap-
JIBIH JKep CIIKIHICI Ke31HJEer1 JUHAMHKAIBIK
KYOBUTYBIH TYCIHY, KYPBUIBIMHBIH 9JICI3 XKep-
JICpiH aHBIKTAy >KOHE OJIAPJBIH TYPaKTHUIbI-
FBI MEH Kayinci3mirin apTtreipy. CoHpaii-ak
TaOWFU amnaTTapAblH CaJapbIH KEHUIIETY
JKOHE KOpPFaJaThIH OOBEKTIIEPIIH TYPaKThI-
JIBIFBIHBIH KBl JICHIeHiH apTTRIPy OJic-
Tepl MEH TEXHOJOTHSUIAPBIH 931pJiey >KauIbl
€3 KO3FaJIafpl.

Tyiiin ce3aep: TemipOeTOH KaOBIpFaIbl
FUMapatTap, CeCMHUKaIBIK TO3IMILIIK, IIeK-
Ti KYWJep, AMHAMUKAIBIK dcep, OaiinaHbic-
Tap, HOPMaTUBTIK Ky>KaTTap.

3epTTey MaceJieci: JKETKITIKCI3 KaTThI-
JIBIK, OailiaHbIcTapAbIH Oy3bUTYBl KYIITEPAIH
nypsic 6eminbeyl, )xo0asa xKep CUIKIHICTepiH
eCKepMey, IyPhIC eMeC HHKEHEPITIK 3epTTey.
byn mocenenepai 3epTTey KoHE IIEHTy Kep
CUIKIHICI JKaFJalibIH]1a TeMIpOEeTOH KaObIpra-
Jappl FUMapaTTap/IblH KayilCci3iriH KamTa-
MachI3 €Ty KOHE BIKTUMAaJ 3aKbIMIaHYIIap
MeH HIBIFBIHAP/IBI a3aUTy YIIIH 6T€ MaHbI3-
JTBL.

Kazipri tapma Kaszakcranma celficmuka-
JBIK aiiMakTap/aa >koOajaHaThIH a3aMaTThIK
FUMapaTTap/slH OachblM KeOMUIUIri TemipOe-
TOH KaOBIpFaJIbl KYphUTBIMHAH TYpajbl. CoH-
IBIKTaH, TEMIPOETOH FUMapaTTap/AbIH KyObl-
JYBIH TYCIHY >KOHE >KakcapTy aaamaapblH
KAyINCI3ITIH KaMTaMachl3 €Ty JKOHE FUMa-
parTap/ sl Oy3bUTYaH KOPFay YIIiH YIKEH Ma-
HpI3Fa ue. JKep CuIKiHICI KayIliH eCKepe OThI-
PBII, TeMIpOETOH KaObIpFajbl FUMapaTTapabl
Kobajlay MeH calyAbl KeTULIpY SAICTEpiH
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ozipneyre 0onanel, OyJl OJapAbIH TYPaKThI-

JIBIK JKOHE CEHIMILTIK JCHTeWiH apTThIpyFa

KOMEKTece/ Il JKoHE FUMapaTTap/AblH CarachlH

apTTBIPYFa YJIECIH KOCa aaJbl.

Kipicne. XXep cinkinicine TO3IMIUTIK FU-
MapaTtTap MEH KYPBUIBICTAP/IbI, dcipece ceic-
MUKaJIBIK O€JICeH I ayAaHaapaa »xobaay ibIH
MaHBI3IBI acIeKkTici O0oibln Ta0bLIamel. Te-
MipOETOH KaOBbIpFaJibl KYPBUIBIMIIAP ©3iHIH
OepIKTITT MEH TYPaKTBUIBIFBIHBIH apKaChIH]A
KYPBUIbIC MHTyCTPUSCHIH/IA €€yl OPBIH ana-
Iel. by Makanama TemipOeToH KaObIpraibl
KYPBUIBIMIAP/IbIH CEHCMHKAIBIK TO31MILIIT-
HE KATBICTBl HETi3r1 MPUHIMITEP/l, SIICTEp
MEH TaJanTapAbl KapacThIPaMbI3.

Kasipri 3amanfel HOpMajmap MeH
CTaHAapTTap OOWBIHIIA KYPBUIBIMAAPIABIH
CEeMCMUKANBIK TO3IMJIUIITH KaMTaMachl3 €Ty
YIIiH MbIHa/1all KaFuaanap/ibl eCKepy Kaxker:
— KYPBUIBIMIBIK TYPAKTBUIBIK:  KaOBIpFa

KYpbUIBIMIAp ep CLIKIHICI KYILITEepiHe
TeTen Oepy YIIIH >XETKUIIKTI Jopexese
Oepik »oHe KaTaH Oomybl THic. byran
JIyphIC OEKiTy TYHiHIEpiH TaHIay >KoHE
canmayiel  MaTepHaIapAbsl  TaijaiaHy
apKBLUIBI KOJI KETKI3E/I1.

— cepmiMIuIiri: TeMipOeTOH KypbUIbIMAAP
CEHUCMUKAJIBIK JKYKTEMEJIePMEH Oy3bLI-
Mail edopmanusiIanysl yiiH oeiriii 0ip
UKEMJIUTIKKE 1e O0JTyhI THIC.

— JKYKTeMeHI OipKenki 0eiy: *KyKremenep-

JIiH €CeMNTiK MOHIH JYPBIC aHBIKTaY, OipKe-

JIK1 Tapary.

3eprrey daicrepi. TemipOeToH KaObIp-

Fallbl  KYPBUIBIMIAPIBIH CEHCMUKAIBIK


https://sibac.info/author/nashiraliev-zhangeldi-turtemirovich
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TO3IM-IIIITIH  3epTTey YIIIH KeJeci

omicTepal KolaanyFa Ooapl:

— TeMipOeTOH KOHCTPYKUIUSAJIAPbIHBIH Ceiic-
MUKQJIBIK TO3IMOUIIT cajacklHAarsl Oi-
JTIMHIH Ka3ipri KafjaiblH Oaranay YUIiH
oneOueT Ko3epiH Talaay;

— MIETKi BJIEMEHTTEP SiCTEPiH KO IaHa OThI-
pBII, TeMipOETOH KaOBIPFaIbIK KYpPBUIbIM-
Japra CeMCMUKAIBIK 9cep €Tyl MaTeMaTH-
KaJIbIK MOJICTIB/IEY;

— MaTreMaTHKaJbIK MOJIENbJICY HOTHKEIepiH
TEKCepy MKoHe CEMCMUKAIIBIK dCeperi Ky-
PBUIBIMIAPIBIH OpEKeTiH Oaranay YIIiH
MOJIeJIbIep HEMece HaKThl OOBEKTiIep
OOMBIHIIIA YKCTIEPUMEHTTIK 3epTTeYJIep;

— TeMipOeTOH KaObIpFasIblK KOHCTPYKIIUsLIA-
PAbl CEMCMHKAIBIK >KYKTEMEJIEPACH KOp-
FayJbIH SPTYPIIl 9MIICTEPIH CANBICTHIPMAIIBI
Tajnjay;

— aJbIHFaH HOTIDKENEp MEH >KYPri3uireH
3epTTeyliep HeriziHae TeMipOeToH KaObIp-
FaJIBIK KOHCTPYKUMSUTAPIBIH CEHCMHUKAIIBIK
TO3IMIUTIITH apTThIPy OOMBIHINA YCHIHBIC-
Tap 3ipIey;

TemipOeToH KaObIpFachIHbIH KYPBIIBIMBI
JTUHAMHUKaJIBIK dcepiiepre >KOFapbl Te31Mi-
JiriHe OalIaHbICTBI CECMUKANBIK KYKTEMe-
Jep yuriH Tananaael. Kadeipranap fumapar-
THIH KATTBUIBIFBI MEH TYPAKTBUIBIFBIH KaMTa-
Macel3 eTell, al TeMIpOeTOH MaTepuaibl
celicMUKaJbIK TepOericTepiiH SHEPrHsChIH
CIHIpiN, TapaTyFa MYMKIHJIIK O€pETIH JKaKChl
negopmanusubiK Kacuerrepre ne. CoHbIMEH
KaTtap, MYHJIail cXeMa CEeMCMHUKAJBIK Kayim-
KaTep JKarJaiibIH/Ia TYPFBIH )KOHE KOFaMJIbIK
FUMapaTTap YLIIH MaHbI3bl QakTop OO0JIbIN
TaObUIATBIH 3aKbIM/IaHY MEH KyJlayFa Tama-
11a Te31MIUTIKKE ue.

Kypsbuisic HopMackiHa calikec [ 1-5] celic-
MUKAJIBIK alfMaKTapIarsl FUMapaTTapabl kKo-
Oanayra >KoHe callyFa KoJIJaHblIa bl byt Ky-
’KATTBIH MaKcaThl Xkep CUIKIHICI OOJFaH Kar-
napna:

— aZamaapIbIH OMIpiH KOpFay;

— OYJiHY[1 IIEKTeY;

— a3aMaTThIK MaHBI3/Ibl KYPBUIBIMAp ©3]1e-
piHIH MaifanaHy MYMKIHAIKTEPIH caKTarl
Kaja anysl.
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[1-5] OGoiibiHIIa CeMUKANBIK aiiMaKTa
»KoOalaHATBIH FUMapaTTapFa KOWbLIAThIH Oa-
CTBI TaJIarTap:

a) KupaynplH >KOKTBIFbIHA KOWBUIATHIH Ta-
nan. XKoOanaHraH jkoHE CalIbIHFAH KYpbI-
JBIM CEHCMHKAIIBIK OKUFaJapAaH KeHiH
KYPBUIBIMBIK KYHEHIH TYTACTBIFbIH KOHE
KaJJBIK KOTEprilTiK KaOineTiH cakrai
OTBIPBIMN, JKEPrUTIKTI HEMece FallaMJIbIK
OY3bUTYChI3 €CENTENTreH CEHCMUKAIIBIK
acepiiepre TeTen Oepyi Kepek.

0) 3ustHIBI eKTey Typaisl Tanan. XKobanan-
FaH JKOHE CAJIbIHFaH KYPBUIBIM 3aKbIMJIa-
HYCBI3 XOHE OHBIMEH OaiJIaHBICTHI HKC-
TUTYaTalMsUIBIK  IIEKTEYJIepCi3 KOOabIK
CeMCMUKAJIBIK ocepre KaparaHaa TybIHIay
BIKTUMAJIJIBIFBl  JKOFApbhl  CEHCMUKAIBIK
ocepiiepre Teten Oepyl Kepek, OyapIibl
JKOI0 KYPBUIBICTBIH ©31HIIK KYHBIMEH ca-
JBICTBIPFAH/Ia  TPOTIOPLMOHANIBI  €MEC
JKOFapbI IIBIFBIHAapMEH OaliIaHbICTHI.

Heri3ri Tamanrapra caii 0ony ymiiH Te-
MEHJET1Iepl TeKCepy KaxeT

[lekTik >kaFmaiIaper:

— mekTik ky# (ULS);

— 3aKbIMJaHy 1IeKTiK Kyii (DLS).

ChlHM 1IEKTI KyHiep - agaMIapblH
KayllCi3IriHe HYKCaH KeNTipyl MyMKIH Oy-
3bUTyJIAPMEH HeMece KYPBUIbIMABIK aKayiap-
JIbIH 0acKa TypiiepiMeH OaiIaHbICThI KYHIIep.

3aKbIMIaHyIbIH IEKTI KYIIepi - 3aKbIM-

JlaHyMeH OailJIaHBICTBI, OJIap TMaiiga OoyFaH-

HaH KeiiH OeNTiieHTeH Maiilaiany Tananra-

pBl OpBIHJAIMAWTBIH KyWiep. benricizmik-

TepJl LMIEKTeY KOHE K00aNbIK CeHCMHMKAIIBIK

ocep/ieH acaThlH CEMCMHUKAJBIK —dcepiiep

Ke31HJIe KYPBUIBIMAAPIBIH AYPHIC IPEKETiH

KaMTaMachl3 €Ty YILIIH TUICTI apHaiibl mapa-

Jap 1a KaObUIJaHybl KepeK.

KypBUIBIMHBIH THHAMUKAIIBIK dcepre To-
3IMILTITT MEH SHEpPrusHbI 0oy KabineTi [1-5]
colikec OOJIKTEpIHAET] cUnaTTaManapra Cou-
Kec KeJeTiHl Tekcepinyi kepek. KypbuibiM
YILiH O€NriIeHreH KapChUIbIK MEH SHEPTUSHBI
0oy MYMKIH/IIT1 OHBIH CBI3BIKTHIK EMEC PeaK-
IIUSICBIHBIH  KAHIIAIBIKTHl KaOBUIIaHATHIHBIH
aHbIKTaiAbL. ecenke any. Toxipubenik Typ-
FBIJIaH aJFaHza, e3apa OaiIaHBICTHI KapChl-
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JIBIK TICH SHEPTHSHBI 06y KaOUIeTIHIH Kep-
cetkimTepi [1-5] colikec GenmiMaepiHae Kik-
TeJNreH KYPBUIBIMHBIH IUIACTUKAJBIK Aedop-
MAaIUsIIBIK KaOineTiHe OaliIaHbICThl KYObLTY
ko3 puIMeHTiHIH  MOHJEPIMEH CHIIaTTalIa-
nbl. Tyracraii anrasnga KypbUIbIM €CENTENTeH
CeliCMUKaNBIK 9cep Ke3iHAe TYPaKThUIBIKKA
CBIHATYHI KepeK. TYpaKThUIBIFBIH ay1apbLTy-
JIaH Jla, ChIpFyJiaH 1a Tekcepy Kaxet. Ecen-
TEp ocep €Ty IIaMachlHa €KiHIII PeTTi acep-
JEpiH BIKTUMAJ dcepiH eckepyl tmic. Ky-
PBUIBIMJIBIK €MEC DJIEMEHTTEPIIH eCenTeIreH
celiCMHKaNbIK 9cep eTy Ke3iHeri agamaapra
Kayiln TOHIIpMEYi *KoHE TYbIHJIaFaH >KarbIM-
ChI3 ocepjepre YiblpaMaybl KaMTaMachl3
eTUTYl KepeK. KYPBUIBIMHBIH KYPBUIBIMJIBIK
3JIEMEHTTEPIHIH MIHE3-KYJIKbI apKBLJIBI.

TemipOeToH KaOBIPFaIbIK KOHCTPYKIIH-
SITApAbIH CEMCMUKAIIBIK TO3IMILTITT OJIapabIH
JKep CUIKIHICI CHUSKThI CeHCMUKAIIBIK KYKTE-
MeJepAiH acepiHe TeTen Oepy KabineTiMeH
anbIKTanazsl. JKep ciikinicine Te3imii Kaod-
BIpFa KYPBUIBIMJIAPBIH Kacay YIIiH Keleci
(dakTopiapabpl €CKEPY KaXKET:

Mamepuanoapowiy bepixmizi - Temipoe-
TOH KaObIprajiapbl YIIiH KOJIJIaHbLIAThIH Ma-
Tepuangap celCMHUKaIBIK TepOernic Ke3iHje
JKETKUTIKTI OEpIKTIKKe *)oHe nedopmarusra
TO3IMLTIKKE Ue 0OJTybl KepeK;

T'eomempus dHcone KypulibiMObIK Kam-
mbuinblK - KaOBIpFa KYPBUIBIMBIHBIH IIIIiHI
MEH KOH(PUTYPAIHACHI )KETKUTIKTI KATTHUIBIK
neH aedopmanmsra TO3IMAUTIKTI KamMTama-
CBI3 €Ty YIIIiH K00aJaHybl KEPEK;

Apmamypa - memipbemon Kabwvipeana-
PbIHOA apmamypausl KOJIOaHy OnapAblH Oe-
PIKTITIH oHE CEHCMUKAIIBIK )KYKTeMelep Ke-
31HJI€ 3aKbIMIaHYFa TO3IMIUIITTH apTThIPa/ibl;

Kikmep men Kocwiivicmap scyiieci — Ka-
Oblprasiap MeH 0acKa KYPBUIBIMIBIK DJie-
MEHTTEp apachblHAAFbl THIFBI3IAFBIIITAP MEH
OaifTaHBICTAPIBI TYPBIC TAHJIAY )KOHE OPBIH-
Jay CEMCMUKAIBIK TO3IMITIKTI KAMTaMachI3
€Ty YIIiH J¢ MaHbI3/IbL;

Celicmukanvlg Jcykmemenepoi ecenxe
any — xo0aga CeHCMHKAIBIK TO3IMIUTIKTIH
KOKETTI JOpEkKEeCiH KaMTaMmachl3 €Ty YIIiH
CEHCMHUKANBIK OEJIICEHOINIKTIH alMaKTBIK
EPEeKILIEIIKTEPIH eCKePy KaKeT;
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Ocbl (axTopaapablH OapibIFbIH KOHE
JKep CUIKIHICIHEe KapChl MH)KEHEPHS CallachlH-
JlaFbl MAMaHAap/IbIH YChIHBICTAPbIH OPbIHAAY
CeiCMUKaJIBIK acepre ToeTer Oepe anaThbIH TH-
IMJT1 KOHE CEeHIMJII TeMIPOETOH KaOBIPFaIIbIK
KYPBbUIBIMIAP/IbI jKacayFa KOMEKTECEIi.

Kypbuibic HOpMasapsl MEH epexelepine
coliKec celicMUKaJIBIK aiiMaKTapaarsl KaObIp-
Fajap/ibl HbIFaliTyra KOMBLIATBIH HETri3rl Ta-
Janrtap KeJjeci acleKTiIep i KaMTHIbL:

1) Apmarypanay: cedCMHKaIbIK OeIceHmIl
aiiMakTap/a KaObIpraiap/ibl HBIFAUTY K-
HE OJIap/IblH CEHCMUKAIIBIK )KYKTeMelepre
TO3IMIUIITIH apTTHIPY YIIiH apMaTypaHbl
KOJIJaHy KaXKeT.

2) CelicMHUKaNBIK JKYKTEMEIEepAl ecenTey
KoHe xobanay: KaObIpranapsl HeIFaTy
JKep CUIKiHici Ke3iHae naiiga 60ysl MyM-
KIH CeMCMUKaJBIK KYKTEMEIepl ecKkepe
OTBIPHIN x00anmanysl kepek. O yuriH ap-
HaWbl €CEI JKYPri3ill, )Kep CUIKIHICI Ke3iH-
ne KaObIprajmapra ocep eTeTiH OapIbIK
KYIITEP/Ii €CKepy KaxeT.

3) ApMaTypaHbIH KaXXeTTi ayJJaHbl MEH OpHa-
JacyblHa COMKECTIK: apMaTypa KaObIpra-
HBbIH OYKUJI ayMarbIH/Ia OpHAJIacybl KOHE
OHBIH JKETKUTIKTI TYPaKTHUIBIFBIH KaMTa-
MAachI3 €Ty YIIiH KaKeTT1 KeJJIeHeH KUMa-
CBIHBIH ayJaHbl 601ysl kepek. CoHnaii-axk
KYLITepAlH OlpKeNKi TapalyblH KaMTaMa-
CBI3 €Ty JKOHE ICTEH LIBIFY BIKTUMAJI/Ibl-
FBIH a3aiiTy yIIIH KaObIpFajgarbl apMmary-
paHbl IYpBIC OPHATIACTHIPY MAHBI3/IBL.

4) Kypblibic HOpManapel MEH epexenepiH
cakTay: bapiblk KaObIpFasap/ibl HBIFAUTY
KYMBICTapbl KYPBUIBIC HOpMaslapbl MEH
ceficMUKaJbIK aliMaKTapFa apHaJFaH epe-
KeJepre coiikec 00Tybl Kepek.

byn TanmanTapapl cakramay KypbUIBIM-
JIBIK TYPAKTBUIBIKTIH KETKUTIKCI3IITIHE OKe-
Tyl JKQHE JKep CUIKiHici Ke3iHzae Oy3blIy Ka-
VIIH apTTHIPYbl MYMKIH.

KopbIThIHABI

TemipOeToH KaObIprayibl FUMaparTap-
JIBIH CEHCMUKAJBIK TO3IMIUIII — jxobanay
KOHE MaTepHaITaHy cajlachblHAa TepeH Oi-
TiMAI Tanam eTeTiH Kypaem mocene. Kazipri
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3aMaHFbl OMICTEP MEH TEXHOJOTHUSIIAPIbI
KOJJIaHy, COHJali-aKk HOPMATHUBTIK KyXKart-
Tapra COWKECTIrl CEHCMHKANIBIK KYKTEMe-
Jiepre ToTen Oepe alaThlH CEHIMJIL XKOHE TY-
paKThl FUMaparTap Kypyra kemekreceni. H-
JKEHepJiH 0acThl MIHAETI agaMIapiablH Ka-
VIICI3AITIH KaMTaMachl3 €Ty JKOHE JKep CLil-
KiHicl O0JIybl MYMKiH JKaFjaiiia marepuai-
JIBIK IIBIFBIHIIBI OapbIHINA a3aiTy OOJIBII Ta-
OBLIATHIHBIH €CTCH IIBIFAPMay KEPeK.
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AHHOTAIIUA

B nanHoif cTaThe paccMaTpHUBarOTCS BOII-
pOCBI IIOHUMAHHWS JUHAMHWYCCKOI'O ITOBCACHUA
3/IaHUI BO BpeMsl 3eMIIETPsICEHUH, onpeierie-
HUS CJIa0BbIX MECT KOHCTPYKLUI U IMOBBILIE-
HUS UX YCTOWYMBOCTH U Oe3omacHocTH. Tak-
XKe 3anaFI/IBaIOTC5[ METOAbI W TEXHOJIOTUU
pa3pabOTKX Mep MO CHIKEHUIO TTOCTIEICTBHIA
MIPUPOJHBIX KaTacTpod U MOBBIIIEHHIO 001I1e-
T'O YPOBHSI YCTOWYMBOCTH 3aIUIIIAEMBIX 00b-
€KTOB.

Knrwuesvie cnoea. Kenezobemonmnvie

86

CmeHosble 30aHUs, CEUCMOCMOUKOCMb, npe-
OeflbHble COCMOSHUSA, OUHAMUYECKOE 8030¢eliC-
meue, coeOUHeHUs, HOPMAMUBHbIE OOKYMEH-
mol.

IIpodsema wucciaenoBanusi: Henocra-
TOYHAasg KECTKOCTh, PA3pYyLICHUE COEIHHE-
HUM, HEPABUIILHOE PaclpeeiCHUE yCHINM,
HEY4ET 3€MIICTPSICEHUM B IIPOEKTE, HEKOp-
PEKTHBIE MHXXEHEpHbIe H3bICKaHus. Mccre-
JIOBaHKE U PEIICHUE ITUX MPOOJIeM Upe3BbI-
YalHO Ba)KHO 1)1 oOecrieueHus 0e30macHoc-
TH K€JI€300€TOHHBIX CTEHOBBIX 3/IaHUN MPHU
3EMJICTPSICEHUSIX U CHUIKEHHMS BO3MOKHBIX
ITOBPEXKICHUI U ITOTEPD.

B nacrosiiee Bpemst B Kazaxcrane noja-
BIISIIONIEE OOJBIIMHCTBO TPAaXAAHCKUX 3/1a-
HUH, IPOEKTUPYEMBIX B CEHCMUYECKUX paiio-
Hax, MPEJICTABIIIOT COO0I COOPYKEHUS C JKe-
71€300€TOHHBIMA CTEHOBBIMH KOHCTPYKIIUS-
Mu. [ToaToMy moHUMaHKE U YITyUIIICHUE TIOBE-
JIEHHS JKeJIe300€TOHHBIX 31aHui UMeET 00JIb-
10€ 3HAYE€HHE 7151 00ecIIeueHus: Oe30macHoC-
TU JIOACU U 3alUThl COOPYXKEHUM OT paspy-
EHUN. YuuThIBasi CEHCMUYECKYIO OIac-
HOCTh, MOYKHO pa3paboTaTh METOMbI COBEp-
IIICHCTBOBAHUSI TPOEKTUPOBAHUSA M CTPOH-
TEIbCTBA KEJIe300€TOHHBIX CTEHOBBIX 3/a-
HUH, YTO CIOCOOCTBYET MOBBIIIICHUIO YPOBHS
UX YCTOMYMBOCTH MU HAAEKHOCTH, a TaKKe
BHOCHT BKJIaJ] B yJTy4IIEHUE KAYECTBA 3/1aHUIA.

BBenenune

CelicMOCTOMKOCTh SIBJSIETCSl BaXKHBIM ac-
IIEKTOM IIPOCKTUPOBAHUS 3aHUIU U COOPYIKE-
HUI, 0COOEHHO B CEIICMUYECKH aKTUBHBIX pa-
HoHax. JKene3o0eTOHHBIE CTEHOBBIE KOHC-
TPYKUUM Onaronaps cBO€ MpPOYHOCTH U ycC-
TOMYMBOCTH 3aHUMAIOT 3HAYUTEIILHOE MECTO B
CTPOMUTENILHOW MHIYCTpUH. B 1aHHON crarhe
paccMaTpUBAOTCSl OCHOBHBIE NPUHIIMIIBI, Me-
TOJIbI M TPEOOBaHMsI, CBSI3aHHBIE C ceficMuyec-
KOM YCTOMYMBOCTBIO KeJIe300€TOHHBIX CTEHO-
BBIX KOHCTPYKIIHI.

CorylacHO COBpEMEHHBIM HOpPMaM U CTaH-
JapTam, Ui o0ecTieueHHsI CeHCMOCTONKOCTH
KOHCTPYKIMI HEOOXOAUMO YUUTHIBATH CIIE/TY-

FOILIME TTOJIOKEHUS:

— KOHCTPYKTHBHAasl yCTOMYUBOCTB: CTEHO-
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Bble KOHCTPYKLHUHU JOJKHBI OBITh JOCTa-
TOYHO TPOYHBIMH M KECTKUMHU, YTOOBI
BBIJICPKMUBATh CUJIbI 3€MJIETPSCEHUS. DTO-
ro JOCTUTAIOT 32 CUET MPABWIHHOTO BbI-
Oopa y3J10B KperieHus: U UCTIOJIb30BaHUs
KaueCTBEHHBIX MaTEPHUAJIOB.

— YIOPYrocTh: Kene300eTOHHBIE KOHCTPYK-
IIUH JIOJKHBI 00JIaaTh ONpeIeEHHON I'H-
OKOCTBIO, 4TOOBI /1e(OPMHUPOBATHCS TIOA
BO3/JICIICTBUEM CEUCMHUYECKUX Harpy3oK
0e3 pa3pylleHusl.

— PpaBHOMEpPHOE pacIpe/esIeHUe Harpys3Ku:
MpPaBUJIIBHOE ONpPEAENIEHUE PACUETHBIX
3HAQYEHUM HArpy30K M MX PaBHOMEPHOE
pacrnpeneneHue
Metoabl ucciaenoBanms. [ u3yuenus

ceiicMHUecKoi yCTOMYMBOCTH Ke1e300eTOH-

HBIX CTEHOBBIX KOHCTPYKLIHUUA MOKHO IpHU-

MEHSATH CIEAYIOIINE METObI:

— aHaJU3 JIMTEPATYPHBIX HCTOYHUKOB JJIst
OIICHKU COBPEMEHHOTO YPOBHS

— 3HaHHM B 00JIACTH CEMCMOCTOMKOCTH Ke-
71€300€TOHHBIX KOHCTPYKIIMIA;

— MAaTeMaTU4eCcKOe MOJECIUPOBAHUE CEUCMU-
YeCKOT0 BO3/ICHCTBUS Ha Kele300€TOHHBIE
CTEHOBBIE KOHCTPYKIIUU C HCIIOIH30BaHU-
€M METOJI0B KOHEUHBIX 3JIEMEHTOB;

— DKCIEpUMEHTAIbHBIE HCCIICIOBAaHUS Ha
MOJIETISIX WM PeaTbHBIX OOBEKTax JyIs
MIPOBEPKU PE3YIbTATOB MATEMATUYECKOTO
MOJICTTUPOBAHUSI U OILIEHKH TIOBEICHUS
KOHCTPYKLUN NPU CEUCMUYECKOM BO3JIEH-
CTBUU;

— CpaBHUTENIbHBIA aHAIW3 PA3JIMYHBIX Me-
TOJIOB 3aIllUTHI JKEIE300€TOHHBIX CTEHO-
BBIX KOHCTPYKIIMH OT CEICMUYECKUX Har-
PY30K;

— pa3paboTka PEKOMEHJAIUN IO TOBBIIIE-
HUIO CEMCMUYECKON YCTOMYMBOCTH JKeJie-
300€TOHHBIX CTEHOBBIX KOHCTPYKIIMHA Ha
OCHOBE TOJTYYEHHBIX PE3yJIbTAaTOB U IMPO-
BEIEHHBIX UCCIIEA0BAHUMN.

Kene3obeToHHbIE CTEHOBBIE KOHCTPYK-

[IUU BBIOUpAIOTCA At paboThl B YCIIOBHSIX

CENCMHUYECKUX Harpy30K Oyiaroapsi UX BBICO-

KOW YCTOMYMBOCTH K JUHAMUYECKUM BO3JIEN-

ctBusiM. CTeHBI 00ECTIeUNBAIOT KECTKOCTh U

YCTOWYMBOCTh 3/IaHHS, a jKene300eToH oa-
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JTaeT XOPOIIMMH Je(OpMaIIHIOHHBIMUA CBOICT-
BaMM, NIO3BOJIIIOLIMMH TIOTJIOUIATh M pacceu-
BaTh DHEPIUI0 CEHUCMUYECKHX KOJICOAHMIA.
Kpome Toro, Takasi KOHCTpYKTHBHAsI cXema OT-

JIMYAETCs] BHICOKOW CTOMKOCTBIO K TIOBpEX/Ie-

HUSM U OOPYILIECHHUIO, YTO SIBIISETCS BAXKHBIM

(baxTOpoM IS KUIIBIX M OOIIECTBEHHBIX 3/1a-

HUH B YCIOBHUAX CEHCMUYECKON OIACHOCTH.
Yuer HOpMbl [1-5] mpumensieTcs mpu

IIPOEKTUPOBAHUM U CTPOUTENILCTBE 3/1aHUM B

ceiicMuyeckux paiionax. Llenp sToro moky-

MEHTa — B CJIy4ae 3eMJICTPSCEHUS:

— 3alIUTUTH KU3Hb JIOJICH;

— MpPenoTBPATUTH Pa3pyIICHHUS;

— oOecrneynTh COXpaHEHHE HKCILTyaTal[MOH-
HOM MPUTOTHOCTU COIUAIIBHO 3HAYUMBIX
COOPYKEHHII.

CornacHo [1-5], ocHOBHBIE TpeOOBaHUS K
3/1aHUSIM, IPOEKTUPYEMBIM B CEHCMHUECKHUX
paiioHax, BKJIIOYAIOT:

a) TpeOoBaHue OTCYTCTBUS OOpYIICHHUS.
[IpoekTupyemMas u BO3BEAEHHAs KOHC-
TPYKLMS JOJDKHA BBIIEP)KUBATH PACUET-
HbIE CeiCMUYEeCKHe BO3AEUCTBUS 0€3 JI0-
KaJIbHBIX WJIM TJ100aJIbHBIX Pa3pyLICHUH,
COXpaHsIsl LIEJIOCTHOCTh KOHCTPYKTHUBHOM
CUCTEMBl U OCTaTOYHYIO HECYIIYIO CIIO-
COOHOCTB MOCIIe CEHCMHUECKUX COOBITHI.

0) TpeboBaHue orpaHUYEHUS TTOBPEXKICHUM.
IIpoexTpyemass W BO3BEAEHHAs KOHC-
TPYKLUSL JTOJDKHA BBIAEPKHUBATH CEHCMU-
4EeCKHE BO3JECHMCTBUS, BEPOSTHOCTH BO3-
HUKHOBEHHUSI KOTOPBIX BBIIIE, YEM Y pac-
YETHOrO 3eMJIeTpsiceHHs, 0e3 IOBpEXK-
JICHUH U CBSI3aHHBIX C HUMH IKCIUTyaTaIu-
OHHBIX OIPaHUYEHUH, YCTpaHEHUE KOTO-
pBIX TIOTpeOOBaIO Obl HECOPA3MEPHO BbI-
COKMX 3aTpaT II0 CPaBHEHHMIO CO CTOHU-
MOCTBIO CAMON KOHCTPYKIIUU.

JlJis1 COOTBETCTBUSI OCHOBHBIM TpeboBa-
HUSM HEOOXOJMMO IPOBEPATH CIIEAYIONINE
[IOKAa3aTeNu:

— mnpeaenbHblie coctosiHus (ULS);

— TPEIENbHOE COCTOSHUE MO MOBPEKICHUSAM
(DLS).

Kputnueckue npenesnbHble COCTOSIHUS —
3TO COCTOSIHUS, CBSI3aHHBIE C Pa3pyLICHUIMU
WJIU IPYTUMH BUAMH KOHCTPYKTUBHBIX JI€-
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(beKToB, KOTOpbIE MOTYT MOCTaBUThH IO yT-
po3y 0€30MMacCHOCTD JIOJIEH.

[IpenenbHbIE COCTOSHUS TOBPEXKICHUN —
ATO COCTOSIHUSI, CBSI3AHHBIE C MOBPEKICHUS-
MU, IIPU KOTOPBIX MOCJIE UX BO3HUKHOBEHMS
HE BBIMIOJIHSIOTCS YCTAHOBJICHHBIE SKCIUTY-
aTaloHHble TpeboBanus. s orpaHnueHus
HeomnpeaenéHHocTel U o0ecredeHus Kop-
PEKTHOIO MTOBEJAEHUSI KOHCTPYKIMHI IIPH CEN-
CMUYECKUX BO3JEHUCTBUSX, MPEBBIIIAIOIINX
pacu€THbIC, JOJKHBI IPUHUMATHCA COOTBET-
CTBYIOIIME CIIELUATLHBIE MEPHI.

Heo0OxoaumMo npoBepuTh, YTO YCTOWYH-
BOCTh KOHCTPYKIIMU K TUHAMUYECKOMY BO3-
JEHCTBUIO U €€ CIOCOOHOCTh K PACCEUBAHUIO
SHEPTUHU COOTBETCTBYIOT XapaKTEPUCTUKAM,
MPUBEAEHHBIM B COOTBETCTBYIOLIUX pa3jie-
nax [1]. 3agaHHble MoOKa3aTeau CONPOTUBIIC-
HUS U CIOCOOHOCTH K PACCEMBAHHIO SHEPTUU
OTIPEIETISIOT, HACKOJIBKO JOMYCTUMO YUUTHI-
BAaTh HEJIMHEHHYIO PEAKIUI0 KOHCTPYKIIUU.
Ha npaxTuke nokasarenu B3auMOCBA3aHHOTO
COTPOTHUBIICHUS U CIIOCOOHOCTHU K paccenBa-
HUIO DHEPTUU XaPaKTEPU3YIOTCS 3HAUYCHUS-
MU KoddduimeHTa moBeneHus ¢, KOTOPBIN
3aBUCHT OT IUIaCTUYECKON 1epopMaliiOHHOM
CIIOCOOHOCTH KOHCTPYKIIUHU, KITacCu(DUIIUPO-
BaHHOW B COOTBETCTBYIOIIUX pazzaenax [1].

B menoM KOHCTpyKIMS MOJKHA OBITH
MPOBEPEHA HA YCTOMYMBOCTH MPHU PACUETHOM
CEHCMUYECKOM BO3JECHUCTBUU. Y CTOWUYUBOCTh
CJIeyeT MPOBEPATH KaK OT ONMPOKHUIBIBAHUS,
TaK U OT CKOJIb)KE€HUs. Pacu€rel TOJIKHBI
YYUTHIBATh BO3MOXKHOE BIMSTHHE BTOPUUHBIX
s dekroB. Heobxoaumo obecrnednTs, 4T00bI
HECTPYKTYPHBIE AJIEMEHTHI TPU PACUETHBIX
CEHCMUYECKUX BO3JCUCTBUSAX HE IMPEICTaB-
JISUTA OTIAaCHOCTH JIJIS JIFOAeH M He IojBepra-
JUCh HEraTHUBHBIM BO3JEHCTBUSAM BCIIE/ICT-
BHUE€ TIOBEJECHUS KOHCTPYKTHUBHBIX DJIEMEH-
TOB.

Ceilicmuueckass yCTOMYMBOCTb JKEJIE30-
OCTOHHBIX CTEHOBBIX KOHCTPYKIIMHA OTMpe-
JENSIEeTCA UX CIIOCOOHOCTHIO MPOTUBOCTOSITh
CEHCMUYECKUM Harpy3Kam, TaKUM KakK 3€M-
nerpsicenue. [ co3paHus CeHCMOCTOMKUX
CTEHOBBIX KOHCTPYKIIUH HEOOXOIMMO Y4H-
THIBATh CJEAYIOMmUe (PaKTOpHI:

IIpounocms mamepuanog — MaTepuabl,

UCIOJNIb3YEMbIE ISl KeJe300€TOHHBIX CTEH,
JOJKHBI 00J1a1aTh JTOCTATOYHON MPOYHOC-
THIO M YCTOMUMBOCTBIO K JAepopMalusam mpu
CEMCMUYECKHUX KOJICOAHUSIX,

T'eomempusi u KOHCMPYKMUBHASL HCECT-
kocmb — (hopMa U KOHPUTYpaIrsi CTCHOBON
KOHCTPYKILUU JOJKHBI IPOSKTUPOBATHCS Ta-
KUM 00pa3om, 4yToOBl 0OecreunBaTh J0CTa-
TOYHYIO KECTKOCTh U YCTOWYMBOCTH K Jie-
bopmanusam;

Apmuposanue — WUCIONB30BAHUE apma-
TYpHI B )K€Ne300€TOHHBIX CTEHAX MOBBIIIACT
UX MPOYHOCTh M YCTOMUMBOCTH K MOBPEXK-
JICHUSIM TIPU CEHCMHUYECKHUX Harpy3Kax;

Cucmema w606 u coeouHenuti — Tpa-
BUJILHBIN BBIOOP U BBIITOJIHEHUE YILIOTHUTE-
JIeil U COeTUHEHUI MEX Iy CTeHaMU U IpYyTH-
MU KOHCTPYKTHUBHBIMH J3JICMEHTAMHU TaKKe
BaXXHBI 11 00eCIieYeHHs CeCMOCTONKOCTH;

Yuém ceticmuueckux Haepyzox — mipu
MPOEKTUPOBAHUM HEOOXOIUMO YYHUTHIBATh
pErHOHAIbHBIE 0OCOOCHHOCTH CEHCMUYECKOM
aKTUBHOCTH, YTOOBI 00eCTIeunTh TpeOyeMblit
YPOBEHb CEICMOCTOMKOCTH;

VY4er Bcex 3TUX (haKTOPOB M pEeKOMEH/a-
AN CTIEUATIMCTOB B 00JIACTH CEHCMOYCTOM-
YHBOTO CTPOUTENHCTBA MOMOTAET CO3/1aBaTh
ahexTUBHBIE M HAIEKHBIC KEIE300€TOH-
HbIE€ CTEHOBBIE KOHCTPYKIIMH, CIOCOOHBIE
BBIJICPKHBATh CEHCMUYIECKOE BO3JICHCTBUE;

CornacHO CTPOUTENBHBIM HOpPMaM U
MIpaBWJIaM, OCHOBHEIC TPEOOBAaHHS K YCHIIE-
HUIO CTEH B CECMUYECKUX pallOHaX BKIIIOYA-
0T CJICTYFOIINAE ACTICKTHI:

1) ApmupoBaHue: sl yCUIICHUS CTEH B CEl-
CMUYECKH aKTHBHBIX palilOHAX U TOBHIIIIC-
HUSl UX YCTOMYMBOCTH K CEMCMUYECKUM
Harpy3kaMm HEOOXOJMMO WCIOJIb30BaTh
apMUPOBAHHYIO apMaTypy

2) YuéT m nmpOoeKTUPOBAHHE CEUCMHYECKUX
HArpy30K: YCHUJICHHE CTEH JTOJKHO MPOEK-
THPOBATHCSA C YIETOM CEHCMUYECKHX Har-
PY30K, KOTOpBIE MOTYT BO3HUKHYTH BO
BpeMs 3emuieTpsiceHus. [ 3Toro HeoO-
XOJIUMO TIPOBOAMTH CIEIHAIBHBIE pacué-
ThI, YYUTHIBAIOIINE BCE CHIIBI, ICHCTBYIO-
M€ Ha CTCHBI TIPU 3eMJIICTPSCEHUH.

3) CooTBeTcTBHE HEOOXOIUMOM TIIOMIATH 1
PacTONOKEHUS apMaTyphl: apMaTypa J0J-
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»KHa OBITH pacIpeiesieHa 1Mo Bcel mioma-
TV CTEHBI ¥ UIMETh OCTATOYHYIO TUIOIIA/b
MOTIEPEYHOTO CEUCHUS NIl 00eCIeueHUs
CTaOMIIBHOCTH KOHCTPYKIIUU. Takke Bax-
HO MTPaBUJILHO Pa3MeEIIaTh apMaTypy, 4To-
OBl 00ECIeYnTh PAaBHOMEPHOE pacipesie-
JICHUE YCWJIMH W CHU3HTH BEPOSTHOCTH
OTKa3a.

4) CoOmoeHrne CTPOUTEIBHBIX HOPM H
MpaBWI: BCE pabOTHI MO YCHUIICHHIO CTEH
JIOJDKHBI COOTBETCTBOBATH CTPOUTEIBLHBIM
HOpMaM M TIpaBHJIaM, JEHCTBYIOIIUM JUJIS
CEHCMHUYECKUX PAalOHOB.

HecobOmonenrne 3Tux TpeOOBaHUN MO-
JKET MPHUBECTH K HEIOCTAaTOYHON YCTONYHM-
BOCTH KOHCTPYKIIUU M YBEIIMIUTHh PUCK pa3-
PYLICHH PU 3eMJIETPSCEHUH.

3akjaoueHue

CelicMuueckasi yCTOMYMBOCTb JKEJIE30-
OETOHHBIX CTEHOBBIX 3/JAHUM — ITO CIIOKHAs
3a/a4a, Tpedyromas riryOoKuX 3HaHUM B 00-
JacTH TNPOEKTHUPOBAaHUSA M MaTepHallOBele-
Hus. [IppuMeHeHne COBPEMEHHBIX METOJOB U
TEXHOJIOT i1, a TaKXKe COOII0IeHre HOpMaTH-
BHBIX JJOKyMEHTOB IIOMOTacT CO3/1aBaTh Ha-
NEXHBIE U YCTOWYMBBIE 37JaHUS, CIIOCOOHBIE
BBIJICP/KUBATH CEMCMUYECKHE HArpy3ku. MH-

YK 624.04

KCHEPY BAXHO IIOMHHUTH, YTO €ro IJIaBHasd
3agada — obecneunBaTh 0€30IACHOCTD JIIO-
aei u MHUHUMH3UPOBATH MATCPHUAJIIBHBIC I10-
TEPHU B ClIydac€ BO3MOXKHOI'O 3EMIICTPSACCHUS.
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YYET CEHCMUYECKHWX BO3JIEMCTBUM IS 3IAHUM
C )KEJJE3BOBETOHHBIMH CTEHAMU
(mepeBo MpeaAbIAYIIEM CTATHH HA PYCCKOM SI3bIKE)

IIpo6aema wuccaenoBanms: Henocra-
TOYHAsT XKECTKOCTh, Pa3pyIICHUE COEJINHE-
HUM, HENPABUIIbHOE PACIIPEACIICHUE YCUIIHM,
HEYYET 3E€MIIETPSCEHUN B IPOEKTE, HEKOP-
PEKTHBIE MHXXEHEpHbIE W3bICKaHMs. Mccie-
JIOBaHME U PELIeHUE 3TUX MPOOIeM Ype3BbI-
YaifHO Ba)KHO N7 o0ecrieueHus: 6e30macHoc-
TH 7KeJIe300€TOHHBIX CTEHOBBIX 3aHUI pU
3EMIICTPACCHUAX U CHUXKCHUA BO3MOXXHBIX
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MOBPEKACHUHA U TOTEPb.

B nacrosiiee Bpems B Kazaxcrane nogas-
Tsiroriee OONBIIMHCTBO TPAXKIAHCKUX 3aHUH,
MPOEKTUPYEMBIX B CEUCMHUYECKUX paliOHaX,
MIPENICTABIISIIOT COO0I COOPYKEHUS C KEJe30-
OETOHHBIMU CTCHOBBIMHU KOHCTPYKITUSMH. [To-
ATOMY MOHMMAaHHUE M YITy4YIlICHUE MOBEICHUS
JKEIIe300€TOHHBIX 3JaHUil HMMeeT OOJIbIIOoe
3HaueHue a1 oOecrieueHus: Oe30MacHOCTH
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JIIOJIEH W 3alUThI COOPY>KEHUU OT paspyliie-
HUN. YUYUTBIBas CEMCMHUYECKYIO OIACHOCTb,
MOXHO pa3paboTaTb METOJbl COBEPILIECHCTBO-
BaHMs IPOEKTUPOBAHMS U CTPOUTEIILCTBA Ke-

J1€300€TOHHBIX CTEHOBBIX 3[IaHUH, YTO CIIO-

COOCTBYET IOBBILIEHUIO YPOBHS UX YCTOMUU-

BOCTH M HaZIEKHOCTH, a TAK)KE€ BHOCUT BKJIAJ1 B

yJIy4IllIeHHne Ka4ecTBa 3AaHHH.

Beenenne. CelicMOCTOMKOCTb SIBJISIETCS
Ba)XHBIM aCIEKTOM IPOEKTHUPOBAHUS 3/1aHUN
U COOPYKEHMH, 0COOEHHO B CEIICMUUYECKH aK-
TUBHBIX paifoHax. JKene300eTOHHbBIE CTEHO-
BbI€ KOHCTPYKIIMHU O1arofiapsi CBOel MpoyHOC-
TH ¥ YCTONUMBOCTU 3aHUMAIOT 3HAYMTEIILHOE
MECTO B CTPOUTENBHOM UHYCTpUH. B nanHOM
CTaTh€ PacCMaTPUBAIOTCS] OCHOBHBIE ITPUHIIU-
IIbl, METO/IbI U TPEOOBaHMS, CBSI3aHHBIE C CEH-
CMHMYECKOH YCTOWYMBOCTBIO 3Ke€JI€300€TOH-
HBIX CTEHOBBIX KOHCTPYKIIUH.

CorynacHO COBPEMEHHBIM HOpPMaM U
CTaHJapTam, Juisd obecreyeHus ceiicMocToii-
KOCTH KOHCTPYKLUUH HEO0OXOIUMO YUYUTHI-
BaTh CJIEIYIOIINE TIOJIOKEHUS:

— KOHCTPYKTHMBHAsl YCTOMYHMBOCTB: CTEHO-
Bbl€ KOHCTPYKLUH JOJDKHBI OBITH J1OCTa-
TOYHO MPOYHBIMU M KECTKUMH, YTOOBI
BBIIEPKUBATh CHJIBI 36MJIETPSICEHUS. DTO-
ro JOCTUTaroT 3a CYET MPABUIBHOTO BBI-
Oopa y3J10B KperieHus: U UCIIOJIb30BaHUs
KaueCTBEHHBIX MAaTEPHAJIOB.

— YIOPYrocThb: XKeJIe300€TOHHBIE KOHCTPYK-
MM JIOJDKHBI 00JajaTh ONpeenéHHOM
THOKOCTBI0, YTOOBI 1e()OPMHUPOBATHCS MO
BO3JCHCTBUEM CEHCMHYECKMX Harpy3ok
0e3 pa3pyleHusl.

— PpaBHOMEPHOE pachpe/ielieHHe HarpysKH:
MPaBUIbHOE OTIPEIETIeHNE PACUETHBIX 3HA-
YEHUN Harpy3oK M MX paBHOMEPHOE pac-
npezeneHue.

Mertoabl uccienoBanms. s n3ydeHus
celicMUYecKol yCTOHYMBOCTH KeJe300eTOH-
HBIX CTEHOBBIX KOHCTPYKIMH MOXHO TNpH-
MEHSTH CIIEYIOIINE METOIbI:

— aHaJ M3 JIUTEPaTypPHBIX HCTOYHUKOB JUIS
OILICHKH COBPEMEHHOTO YPOBHS 3HaHUI B
00J1aCTH CEICMOCTOMKOCTH XKene300eToH-
HBIX KOHCTPYKIINH;

— MareMaTH4eCKOe MOJIEIUPOBAaHUE Ceiic-
MHUYECKOT0 BO3/JECUCTBUA Ha Kene300e-
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TOHHBIE CTEHOBBIE KOHCTPYKLHMH C HC-
MOJIb30BAaHUEM METOJIOB KOHEYHBIX 3JIe-
MEHTOB;

— JKCHEPUMEHTAIbHBIEC UCCIICAOBAHMS HA MO-
JIeNSIX WM peajibHbIX O0BEKTax Ui Mpo-
BEPKHU PE3YJIbTaTOB MATEMaTHUYECKOr0 MO-
JIETMPOBAHUS U OLEHKU TOBEJICHUS KOHC-
TPYKLMM [IPU CEUCMUYECKOM BO3ACHCTBUH;

— CpaBHHUTEJbHBIA AHATU3 PA3JIMYHBIX METO-
JIOB 3aILIUTHI KEJE300E€TOHHBIX CTEHOBBIX
KOHCTPYKLIUM OT CECMUYECKUX HArpy30K;

— pa3paboTKa peKOMEHIAlHi MO MOBHIIIe-
HUIO CEMICMUYECKON YCTOMYMBOCTH JKEJle-
300€TOHHBIX CTEHOBBIX KOHCTPYKILIHUM Ha
OCHOBE TMOJYYEHHBIX pE3yJbTaTOB H
MPOBEJAEHHBIX UCCIIECIOBAHUM.

Kene300eToHHBIE CTEHOBBIE KOHCTPYK-
[IMU BBIOUpAIOTCS A1 paboThl B YCIOBHSX
celicCMMYeCKHX Harpy3ok Omaronapsi UX BbI-
COKOM YCTOMYMBOCTH K JTMHAMUYECKHUM BO3-
nercteuaM. CreHBl 00€CIIEYHMBAIOT KECT-
KOCTh U YCTOMUYMBOCTbH 3/1aHUS, a jKee300e-
TOH 00Jamaer XopoumrMu AeopMaruoH-
HBIMH CBOMCTBaMH, MO3BOJISIOIIMMH IOTJIO-
aTh U PACCEUBATh SHEPIUI0 CEMCMUYECKUX
kosnebanuii. Kpome Toro, takas KOHCTPYK-
THBHAsg CXeMa OTJIMYAETCA BBICOKOM CTOM-
KOCTBIO K TIOBPEXKICHUSM M OOpYIIEHUIO,
YTO SBIISETCS BaXKHBIM (DAKTOPOM JIJIS KHUITBIX
1 OOIIECTBEHHBIX 3JJaHUN B YCIIOBUSAX CEHC-
MHYECKON OMACHOCTH.

Vuer Hopmbl [1-5] mpumensiercss npu
MPOEKTUPOBAHUHU U CTPOUTEIILCTBE 3JaHUN B
celicMuyeckux paiioHax. Llenp 3Toro moky-
MEHTa — B CIIy4ae 3eMJIETPSCCHUA:

— 3AlUTUTH KU3Hb JIIOJIEH;

— MPEeIOTBPATUTH PA3PYILICHUS;

— 00ecnevYnTh COXpaHEHUE IKCIUTyaTalluOH-
HOW MPUTOJHOCTH COIMATIBHO 3HAYMMBIX
COOPYKEHHI.

CornacHo [1-5], ocHOBHBIE TpeOOBaHUS
K 3JIaHHUSIM, MTPOEKTHUPYEMBIM B CEHCMHUYEC-
KHX palloHaX, BKJIIOYAIOT:

a) TpeboBanue OTCYTCTBHS OOpyIIEHUS.
[IpoekTupyemasi u Bo3BeI€EHHAS KOHC-
TPYKLHUSA JOJKHA BBIIEPKUBATH PaCUET-
HBIE CeiCMUYECKHe BO3IeHCTBUs Oe3 JIo-
KQJIBHBIX WM TJIO0ATBHBIX pa3pyIICHUH,
COXpaHsis LIEJIOCTHOCTh KOHCTPYKTUBHOM
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CUCTEMBbl U OCTAaTOYHYIO HECYIIYIO CIIO-
COOHOCTH I10CJIE CECMUUECKUX COOBITHH.

0) TpeboBanue orpaHMUCHUS TTOBPEKICHU.
[IpoexkTupyemMas u BO3BEAEHHAs KOHC-
TPYKLHMS JOJDKHA BBIIEPKUBATH CEicMU-
4eCKHe BO3CHCTBUS, BEPOATHOCTH BO3-
HUKHOBEHUSI KOTOPBIX BBIIIE, YEM Y pac-
4ETHOrO 3eMJIeTpsiceHus, 0e3 MOBpexkKe-
HUI ¥ CBSI3aHHBIX C HUMH IKCIUTyaTalu-
OHHBIX OTpaHHYEHHH, yCTpaHEHHE KOTO-
PBIX MOTPeOOBaJIO ObI HECOPA3MEPHO BBI-
COKHMX 3aTpaT IO CPaBHEHHIO CO CTOU-
MOCTBIO CaMOM KOHCTPYKIUU.

Jl71st cooTBETCTBUSL OCHOBHBIM TpeboBa-
HUSM HEOOXOJMMO TMPOBEPATH CIEAYIONINE
MOKa3aTesu:

— mnpeaenbsHblie coctosinus (ULS);
— TpeAeNbHOE COCTOSIHHE MO MOBPEKICHU-
am (DLS).

Kputnyeckue npenenbHbIe COCTOSHHS —
9TO COCTOSIHUS, CBSI3aHHBIE C PA3PYIICHUSIMHU
WIH IPYTHMH BHJAMU KOHCTPYKTHBHBIX JIC-
(eKTOB, KOTOpbIE MOTYT HOCTaBUTh IMOJ yT-
po3y 6e30MacHOCTb JIOJICH.

[IpenenvHble COCTOSIHUS TOBPEKIACHUN—
9TO COCTOSIHHMS, CBSI3aHHBIE C TTOBPEXICHHUS-
MU, TP KOTOPBIX MOCIE UX BO3HUKHOBEHHS
HE BBITNOJIHAIOTCS YCTaHOBJIEHHBIE SKCILTyaTa-
IIMOHHBIE TpeOoBaHwMs. J{J1s1 orpaHudeHHs He-
OTpeNIeIEHHOCTe W 00ecreYeHns: KOpPeKT-
HOTO TIOBE/IEHUsI KOHCTPYKLUM npu ceiicMu-
YEeCKHX BO3JIEHCTBUSX, MPEBBIIIAIONIUX pac-
YETHBIE, JTOJDKHBI IPUHUMATHCSI COOTBETCTBY-
IOIINE CIEUAIbHBIE MEPBHI.

Heo6xonuMo mpoBepuTh, YTO YCTOHYM-
BOCTh KOHCTPYKIIUHM K JTUHAMUYECKOMY BO3-
NEMCTBUIO U € CIOCOOHOCTH K PACCEUBAHHIO
SHEPTUU COOTBETCTBYIOT XapaKTEPUCTUKAM,
NPUBEACHHBIM B COOTBETCTBYIOIIUX pas3-
nenax [1]. 3agaHHbIe TOKA3aTENH COMTPOTHB-
JIEHUS U CTIOCOOHOCTH K PacCEMBAHUIO YHEP-
UM ONPEIENSAIOT, HACKOJIBKO JOIYCTUMO
YYUTBHIBATh HEJIMHEHHYIO PEaKIHI0 KOHCT-
pyknuu. Ha mpakTuke mokasaTenu B3auMo-
CBSI3aHHOT'O COIIPOTHBIIEHUS U CIIOCOOHOCTH
K PAacCEMBAHMUIO YHEPTHH XapaKTEPU3YIOTCS
3HAYEHUSIMH KO3 PUIIMEHTa TMOBEACHUS (,
KOTOPBII 3aBUCHUT OT IUIACTHYECKOH nedop-
MaIMOHHON CHOCOOHOCTH  KOHCTPYKIIMH,
KJIacCU(UITUPOBAHHON B COOTBETCTBYIOIINX
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pazaenax [1].

B 1menom KOHCTpyKIHMs JOMKHA OBITH
IIPOBEpPEHA HA YCTOMYMBOCTD IPU PACUETHOM
CEHCMHUYECKOM BO3IECHCTBHUHU. Y CTOHYUBOCTE
cleflyeT MPOBEPATh KaK OT OMPOKUIBIBAHUS,
TaK M OT CKOJIbKEHHUSI. Pacuérpl TOJKHBI yuun-
THIBATh BO3MOXKHOE BJIMSIHUE BTOPUYHBIX
s dekroB. Heobxoaumo obecneunThb, 4TOObI
HECTPYKTYpPHBIE AJIEMEHTBHI MPH PACUETHBIX
CEMCMHMUYECKUX BO3IECHCTBUAX HE IPEIACTaB-
JISUTA OTIACHOCTH JUIS JIIOIeH U HE TMoJIBepra-
JIUCh HETATUBHBIM BO3JICHCTBUSIM BCJIE/ICTBUE
MOBE/ICHUS KOHCTPYKTHUBHBIX 3JIEMEHTOB.

CelicMuyeckasi yCTOHYHMBOCTH JKE€J€30-
OETOHHBIX CTEHOBBIX KOHCTPYKIIUH OMpe/e-
S€TCSI WX CIHOCOOHOCTBIO TPOTHBOCTOSTH
CeHCMHYECKHM Harpys3kaMm, TaKUM Kak 3eM-
netpscenue. J{ns co3gaHus ceiicMOCTOMKUX
CTEHOBBIX KOHCTPYKIIMHA HEOOXOJUMO Yy4H-
TBIBATh CIEAYIOMUE (PaKTOPHI:

IIpoynocms mamepuanog — maTepuansl,
UCIOJIb3YEMbIE JJIsl KEJIe300€TOHHBIX CTEH,
JOJKHBI 00J1a1aTh JTOCTaTOYHOM MpPOYHOC-
THIO M YCTOMUMBOCTBIO K AeQopMaIiisaM mpu
ceficMHYeCcKHX KOoleOaHusX;

T'eomempusi u KOHCMPYKMUBHASL HCECTN-
kocmb — (hopMa U KOHPUrypanus CTEHOBOU
KOHCTPYKIHUHU JOJIKHBI IPOEKTUPOBATHCA Ta-
KM oOpa3oMm, 4ToObl oOecreunBaTh JOCTa-
TOYHYIO KECTKOCTh M YCTOMUYMBOCTH K Jie-
bopmanusam;

Apmuposanue — WCIONB30BAHUE apma-
TYpBI B JK€JI€300€TOHHBIX CTEHAX TMOBBIIIAET
UX IPOYHOCTh U YCTOMYUBOCTD K TTOBPEXIE-
HUSM NIPU CEHCMUYECKUX Harpy3Kax;

Cucmema w608 u coeouneHuti — Tipa-
BWJIbHBIN BBHIOOP M BBITIOJTHEHNE YIIOTHUTE-
Jed ¥ COEJUHEHUN MEXAy CTEHaMU U JIpyTHU-
MU KOHCTPYKTUBHBIMU JJIEMEHTAMH TaKKe
BaKHBI 7151 00ecIeyeHns CEHCMOCTOMKOCTH,

Yuém ceticmuueckux Hnaepyzox — mpu
MPOEKTUPOBAHUM HEOOXOIUMO YYHTHIBATH
pErHOHaNIbHBIE 0COOEHHOCTH CEHCMUYECKON
aKTUBHOCTH, YTOOBI 00eCieuuTh TpeOyeMblii
YPOBEHb CEMCMOCTOMKOCTH;

VYuer Bcex 3Tux (hakTopoB U peKOMEH/1a-
[IUH CTIEIIMATUCTOB B 00JIaCTU CEHCMOYCTOM-
YUBOTO CTPOUTEIHCTBA MOMOTAeT CO3aBaTh
s deKTHBHBIC M HATEKHBIE KEIe300€TOHHBIE
CTEHOBBIE KOHCTPYKITHH, CTIOCOOHBIE BBIIEP-
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KHUBaTh celicMUYecKoe BO3/IEHCTBUE;

CorynacHO CTpPOUTENbHBIM HOpMam H
npaBUiIaM, OCHOBHBIC TPEOOBaHUS K ycCHJIe-
HUIO CTEH B CEHCMMUYECKUX pailoHax BKIItOYa-
IOT CJICIYIOIINE ACTIEKThI:

1) ApmupoBaHue: /i yCUJIEHUsI CTEH B Celic-
MHUYECKH aKTUBHBIX pailoHaxX W IOBBIIIE-
HUSl MX YCTOMYMBOCTH K CEHCMHUYECKHM
Harpy3kam HEOOXOAMMO HCIIOJIb30BaTh
apMHUPOBAHHYIO apMarypy

2) Yué€T ¥ IpOeKTHUPOBAHHE CEUCMHYECKUX
Harpy30K: YCUJIEHHE CTEH JOJIKHO IIPOEK-
TUPOBATHCSA C YUYETOM CEHCMUYECKHUX Har-
PY30K, KOTOpbIE MOTYT BO3HMKHYTb BO
BpeMs 3emiieTpscenus. s 3Toro HeoO-
XOJUMO IMPOBOJUTH CIIEUAIbHbIE pacyé-
Thl, YYUTHIBAIOLINE BCE CHUIIBI, IeHCTBYIO-
IIM€ Ha CTEHbI PU 3€MJICTPSICCHUH.

3) CootBeTcTBHE HEOOXOIMMOW TUIOMIAAN |
pacroyioKeHus: apMaTyphl: apMarypa J10J-
’Ha OBITh pacIpezeseHa 1o Bcel mola-
JI CTEHBI U UMETh JJOCTAaTOYHYIO ILJIOLIA b
MIONIEPEYHOI0 CEYEHMsI JJI OOecredeHus
CTaOMIBHOCTU KOHCTpYKLUH. Takxke Bax-
HO IPaBWJIBHO pa3MellaTh apMaTypy, 4To-
OBl oOecreunTh paBHOMEPHOE pacrpenie-
JICHUE YCWJIMH U CHU3UTH BEPOSITHOCTH OT-
Kaza.

4) Co0nroieHHe CTPOUTENBHBIX HOPM U TIpa-
BUJI: Bce pabOThI [0 YCUJICHUIO CTEH J10J1-
JKHBl COOTBETCTBOBAaTb CTPOUTEIbHBIM
HOpMaM M IpaBUiIaM, JEHCTBYIOIINUM IS
CEHCMHYECKUX PalOHOB.

Hecobnionenue »tux TpeOoBaHMHA Mo-
JKET MPUBECTH K HENOCTATOYHOM YCTOWUM-
BOCTH KOHCTPYKIIMU U YBEJIMYUTH PUCK pa3-
PYLICHUH NPH 3€MIIETPACCHHH.

3akiaouenue

Ceiicmuueckass yCTOMYMBOCTh JKEJIE€30-
OETOHHBIX CTEHOBBIX 3JaHUM — 3TO CIIOXKHAs
3a/mava, Tpedyromias TTyOOKuX 3HaHUH B 00-
JACTU TPOEKTUPOBAHUS M MaTepuanioBele-
Hud. [IpuMeHeHne coBpeMEeHHbBIX METO/IOB U
TEXHOJIOTHH, a TakKe COOJII0JIeHHEe HOopMa-
TUBHBIX JOKYMEHTOB IIOMOTAeT CO3/1aBaTh
HaJAEKHBIE U YCTONYMBBIC 3[IaHUS, CIIOCO0-
HBIEC BBIJICPKUBATh CEHCMHYECKUE HATPY3KH.
HNmxenepy BaXHO MOMHUTB, UTO €0 TJIaBHASI
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3aJadya — obecreynBaTh 0E30MACHOCTE JIFO-
aei u MHUHUMH3UPOBATH MATCPHUAJIIBHBIC I10-
TCPHU B CJIydaC BO3MOKHOI'O 3CMJIICTPSACCHU .
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AVTOMOBIL YOLLARININ TiKiNTiSINDO
KEYFiYYOTIN iDAROEDILMOSININ BOZi MOSOLOLORI

Giris. Avtomobil yollarinin nagliyyat vo
istismar keyfiyyatlarinin ylksaldilmasi bu gilin
ham muhondislerin, ham ds Umumilikds
comiyyatin garsisinda duran asas vozifalordon
biridir. Clinki yol - sadacs asfalt 6rtiyd deyil,
iqtisadiyyatin damar sistemidir. Yaxs1 yol yiik
Vo Sarnisin dasimalarinin siiratli, tohliikasiz va
rahat hoyata kecirilmasino sorait yaradir. Pis
yol iso nogliyyat vasitolorinin tez siradan
¢ixmasina, yanacaq sorfiyyatinin artmasina,
vaxt itkisina vo an pisi - gozalarin bas vermo-
sino sobab olur.

Bu sobobdon avtomobil yollarimin tikin-
tisi, yenidon qurulmasi v ya osasli tomiri za-
mani islorin keyfiyystino nozarat masslosi
cox vacibdir. Yaxsi keyfiyyatli tikinti materi-
allarinin segilmasi, texnoloji gaydalara amal
olunmasi vo muasir texnikadan diizgiin istif-
ado olunmasi goalocokdo yolun etibarliligini
va uzundmarlilayinl tomin edir. Masalan,
agor yolun asas lay1 zaif tikilarss, 0 zaman bir
neca ildon sonra asfalt drtlyunds gatlar, ¢ok-
molor vo deformasiya olamotlori meydana
cixir. Bu isa tokca keyfiyyatsizlik va igtisadi
zoror deyil, hom do tohlukasizlik riski
demokdir.

Digar torofdon, istismarda olan yollarin
keyfiyyatinin artirtlmasi yalniz texniki maSa-
I deyil, ham do taskilati vo idarsetmo baxi -
mindan shamiyyatli bir prosesdir. Yollarin
daimi monitoringi, mitomadi baxis islorinin
aparilmasi, yol Ortiiyliniin voziyyatino dair
molumatlarin toplanmasi va tahlili - butln
bunlar nagliyyat infrastrukturunun samarali
islomasi ¢tin vacibdir. Bu molumatlar osa-
sinda hansi saholords tomirs ehtiyac oldugu,
hanst materiallarin daha dayaniqli oldugu
muayyanlosdirilir.

Mouasir dovrds innovasiyalarin tatbigi do
bu sahads miihiim rol oynayir. Yeni nasil as-
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falt qarisiglari, ekoloji tomiz vo davamli ma-
teriallar, avtomatlasdirilmis nozarat sistemlori,
sensorlarla tochiz edilmis yollar artiq bir ¢ox
Olkalords siaqgdan kegirilir. Bu texnologiyalar
tokco yollarin uzundmarluluytnu deyil, hom
do onlarin agilli” idara olunmasini tomin edir
- masalon, temperatur dayisikliyina vo nogliy-
yat axiina uygun 6z vaziyyatini tonzimlayan
ortuklar Gzorinds tadgigatlar aparilir.

Natica etibarilo, avtomobil yollarinin nog-
liyyat vo istismar keyfiyyotlorinin yaxsilagdi-
rilmasi — yalniz mithandislik masalasi deyil,
hom do igtisadi, sosial vo ekoloji baximdan
strateji shomiyyot dasiyan bir sahadir. Yollarin
keyfiyyatino qoyulan hor bir investisiya uzun-
muddatli perspektivda 6lkanin inkisafina, in-
sanlarin tohlukasiz vo rahat horokatina xidmat
edir.

Bu movzu golocokdo daha da aktuallasa-
cag, ¢lnki artan nagliyyat axini va iglim do-
yigikliyi soraitindo yollarin dayanigligini
gorumag va modernlosdirmak getdikca daha
¢atin, amma bir o goadoar do vacib bir vazifaya
cevrilir.

Yollarin keyfiyyati. Avtomobil yollari-
nin keyfiyyati - istanilon 6lkonin nogliyyat in-
frastrukturunun ~ “soviyys  gOstoricisidir”.
Yaxs1 keyfiyyatli yollar nogliyyatin tohliks-
siz, rahat va fasilasiz harokatini tomin edir,
igtisadi olagolori giclondirir vo regionlarin
inkisafina tokan verir. Amma bu keyfiyyat to-
sadifon yaranmir. O, bir ¢ox miihiim amillo-
rin birgo va diizgiin islomasinin naticasidir.

Owvala, yol tesarriifatinin normativ-tex-
Niki bazast boyik rol oynayir. Yoni yollarin
layihalandirilmasi, tikintisi va istismari {i¢iin
gobul edilmis dovlat standartlari, normalar vo
gaydalar na gador dagiq vo miasir talablors
uygun olarsa, o qadar da keyfiyyatli natics al-
do etmoak miimkiindiir. ©gar bu gaydalar koh-
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nalibss vo miiasir texnologiyalar1 nazars al-
mirsa, hatta on yaxsi materiallarla tikilmis yol
da tez siradan ¢ixa bilar.

Ikinci vacib amil - layiha-smeta sanadla-
rinin keyfiyyatidir. Yaxsi layiho olmadan key-
fiyyatli yol tikmok miimkin deyil. Layihoda
yolun marsrutu, relyefi, tobii-iqlim soraiti, tor-
paq yataginin torkibi, harokot siddsti vo bir
¢ox basga amillor nozars alinmalidir. ©gar bu
morhalads sahv buraxilarsa, yol istismara ve-
rilondan sonra onun Gzarinds problemlar ga-
¢ilmaz olur - asfalt tez catlayir, su yigilir, yol
oturur va ya deformasiyaya ugrayir.

Uciincii masals - istifada olunan materi-
allarin keyfiyyatidir. Asfalt-beton qarisigi,
sement-beton, ¢inqil, qum vo digor mate-
riallar matlog dévlot tikinti standartlarina ca-
vab vermolidir. Keyfiyyatsiz vo ucuz materi-
allardan istifads yalniz qisa miiddoatli gonast
yaradir, amma uzunmiiddatli itkilor daha bo-
yuk olur. Cinki bels yollar bir ne¢a ildon son-
ra tamir tolob edir va dovlat bldcasine slava
yiik yaradir.

Mdasir dovrdo yollarin layihalandiril-
masinda va tikintisinda yeni texnologiyalar-
dan istifada do asas sortlordon biridir. Mass-
lon, komputer modellosdirmasi, geoinforma-
siya sistemlori (GIS), dronlarla nozarat, avto-
matlasdirilmig asfalt-beton désomoa texnolo-
giyalar1 vo sensorlu nozarat sistemlori kimi
yeniliklor artiq bir ¢ox 6lkalords tatbiq olu-
nur. Bu texnologiyalar sahvlorin sayini azal-
dir, material sorfini optimallagdirir vo tikinti
prosesinin keyfiyyatini yuksaldir.

Eyni zamanda, muasir yol-tikinti magin-
larinin istifadasi do vacibdir. Kéhna texnika
ilo muasir avtomobil yolu tikmak mumkun
deyil. Yeni magmlar daha doqiq isloyir,
enerjiya gonaot edir vo materiallar1 daha bo-
rabar paylayir. Masalon, muasir asfalt-beton
dosayicilori yol sothinin hamarligini milli-
metr doaqiqliyi ilo tomin eds bilir, bu isa yolun
dayanigligini bir neg¢o dofa artirir.

Lakin texnika vo texnologiya na godor
muasir olsa da, isin uguru insan faktorundan
asilidir. Yuksok ixtisasli mithandislar, texni-
Klor va fohlalor olmadan heg bir layihs ugurlu
natico vermaz. Tacrlbali mitoxassislor layi-
hodoki risklari 6ncadan goro bilir, diizgln
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material se¢a bilir va tikinti prosesinin har
morhalasinda keyfiyyato nozarat eds bilirlar.

Vo nahayat, keyfiyyata optimal nazarat
sistemi olmadan bdittin bu saylor naticasiz ga-
la bilor. Yoni isin har marhalasinds - layihs-
londirmadan tutmus istismara qoadar - keyfiy-
yat gostaricilori dl¢tlmali, sanadlosdirilmali
va tohlil olunmalidir. Bu nazarat sistemi ham
texnoloji, ham ds inzibati saviyyadas islomo-
lidir.

Belalikla, yolun keyfiyyati - yalniz as-
falt-betonun qalinligi vo hamarligi deyil, bir
bltov sistemin diizgiin islomasinin gostarici-
sidir. Yalniz o zaman yollar uzundmirli, toh-
llkasiz va rahat olur ki, bittn bu amillor ara-
sinda tarazliq va qarsiligli alage gorunur. Bu,
hom muhandislik pesokarliginin, ham ds ida-
roetmo madoniyyatinin gostaricisidir.

Keyfiyyata optimal nazarat sistemi -
avtomobil yollarinin tikintisinds va istisma-
rinda etibarliligl, uzunémiirliilityii vo tohll-
kosizliyi toamin edon osas mexanizmdir. Sados
dilda desak, bu sistem tikinti prosesins “goz
goyan” va har marhalads islorin diizgiin apa-
rildigint yoxlayan agilli idaroetmo alotidir.
Yaxs1 qurulmus nozarat sistemi yalniz sohv-
lori aradan qaldirmagq ii¢iin yox, ham do ho-
min sohvlarin niys bas verdiyini anlamaq va
golacokdo onlarmn tokrarlanmasinin garsisini
almaq tgunddar.

Bels sistem dord asas moarhaladan ibarat-
dir: ilkin, istismar, gobul va nozarat bolmalo-
ri. Ilkin morholodo layiha sonodlori, mate-
riallar vo texnologiyalar yoxlanilir - yani iso
baslamazdan avval har seyin standartlara uy-
gunlugu tosdiglonir. Istismar morhalosindo
artiq istifadodo olan yollarin vaziyyati qiy-
motlondirilir: 6rtiikds gatlar, cokmalor, defor-
masiya olamatlori vo digor nasazliglar miioy-
yan edilir. Qabul marhalasinds tikilmis vo ya
tomir edilmis yolun keyfiyyati sinaqdan kegi-
rilir, laboratoriya analizlori aparilir, naticalor
sonadlosdirilir. Nozarat bolmasi isa bitin bu
morhalalari alagalondirir vo itmumi keyfiyyat
sisteminin iglomasini tamin edir.

Hazirda avtomobil yollar1 sahasinds tot-
biq edilon nozarat sistemi muayyan noticalor
versas do, muasir taloblors tam cavab vermir.
Bu da onu gostarir ki, istifado olunan metod-
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lar vo yanasmalar yenilonmalidir. EImi-texni-
Ki taraqqi gox suratlo gedir, buna gors do no-
zarat mexanizmloari do hamin sursto uygun-
lagdirilmalidir. Masalan, yeni texnologiyalar
sayasinds yolun sathindoki qiisurlar1 termo-
viziya kameralari, lazer skanerlor vo ya xusu-
si sensorlar vasitasilo real vaxt rejiminds as-
kar etmok mimkindur. Bu, insan faktorun-
dan asililig1 azaldir vo giymatlondirmani da-
ha obyektiv edir.

Optimal nozarst sistemi yalniz texniki
yoxlama ilo mahdudlagsmamalidir. Onun asas
moqgsadi - qiisurlarin yaranma sobob-larini
tohlil etmak va bu sabablarin golocokds tok-
rarlanmamasi ti¢iin elmi osash tokliflor ver-
mokdir. Masalon, ogor yol ortiyinds hor il
eyni yerdo ¢atlar omalo galirss, bu, materialin
keyfiyyatindan ¢ox, layihads vo ya drenaj sis-
teminds olan problemi gostorir. Belo hallarda
nozarat sistemi bu problemi gqeyd etmaklos ya-
nasi, onun aradan qaldirilmasi tigiin texniki
hall toklif etmalidir.

Eyni zamanda, bu sistem ganunvericiliys
osaslanmalidir. “Avtomobil yollar1 haqqin-
da” vo “Yol harokati haqqinda” ganunlarda
keyfiyyat, tohlikasizlik vo istismar gaydalar
muoayyan edilib. Optimal nozarat sistemi bu
ganunlarin tolablorini praktik saviyyado ha-
yata kegirmok (c¢lin vasito rolunu oynayir.
Yoani 0, ham dovlstin misyyan etdiyi nor-
malara riayat olunmasini tomin edir, hom do
yoldan istifads edon insanlarin - stiriictlorin,
sorniginlorin vo piyadalarin tohlikasizliyini
goruyur.

Son illardo Azarbaycanda avtomobil yol-
larmin tikintisi sahosinda ciddi iraliloyislor
var. Muasir texnika, yeni texnologiyalar, yuk-
sok keyfiyyatli materiallar artiq oksor yol la-
yihalarinds istifado olunur. Amma bozan bu
yeniliklorin hamisi istanilon naticoni vermir.
Bunun asas sabablarindan biri - tikinti prose-
sinin diizgiin planlagdirilmamasi va nazaratin
yetoarinca somorali togkil edilmomoasidir.

Moasalon, tikintinin qisa zaman kasiyindo
tamamlanmasi {i¢iin podrat toskilatlar1 bazon
texnoloji talablori pozurlar. Bu, xususile yay-
da ylksok temperaturda asfalt-beton garisigi-
nin diizgiin soyumadan désonmasi, ya da ya-
gishi havalarda torpaq islorinin aparilmasi
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zamani bas verir. Belo hallarda yol ilkin
morhalads keyfiyyatli goriinse do, istismara
verildikdan bir miiddst sonra deformasiya va
catlar amalo golir. Bu, tokca maliyys itkisine
deyil, ham dos yol harokati tohlikasizliyina
ciddi zaror vurur.

Biitiin bunlarin garsisin1 almagq tigiin ti-
kinti vo tomir prosesinin hor marhalasinds
mitlog laboratoriya nazarati aparilmalidir.
Yani istifads olunan asfalt-betonun, betonun,
torpaq yatagiin sixhiginin vo digoar fiziki-
mexaniki gostoricilorin standartlara uygun-
lugu rosmi hesabatlarla tosdiglonmalidir. Hor
morhoalodon sonra muvafiq aktlar tortib olu-
nmal1 vo bu sanadlor golocokds yolda yara-
nan problemlarin sabablarini miisyyan etmoak
Uclin arxivlosdirilmalidir.

Yaxs1 qurulmus keyfiyyato nozarot siste-
mi ham mihandis, hom do idarsetms baxi-
mindan “yolun saglamliq kartidir”. O, ham
cari vaziyyati izlayir, ham do golocokds po-
tensial problemlaorin garsisin1 almaga imkan
verir. Belo sistem sayasinds yollarin istismar
middati uzanir, tamir Xarclori azalir vo an
asasi - harokatin tohllkasizliyi yuksalir.

Oslinds, miasir nozarot sistemi yolun
sothino baxmagqla deyil, onun “daxili vaziy-
yotini” goérmok bacari§ina malik olmalidir.
Bu iss yalniz texnologiyanin, elmin vo peso-
kar tacrubanin birlosdiyi halda miimkiindiir.

Yolun keyfiyyatinin tamin edilmasi -
hor bir avtomobil yolunun etibarliligini, uzun-
omarltlayand ve tehliikasizliyini gorumag
Ucin asas moagsadlardan biridir. Bu proses
tokco tikinti islorinin gorilmasi ilo bitmir;
burada planlagdirma, nozarat, gqiymatlondirms
va yekun gobul marhalalori do eyni doracads
vacibdir. Keyfiyyat nozarsti, bir név, yolun
“sigortas1”-dir - yoni bltun gortlon islorin
dovlat standartlarina va texniki toloblora uy-
gun aparildigini siibut edon mexanizmdir.

Bu nozarati Sifarigci torafindon akkredi-
tasiya olunmus dOvlot qurumlari, tocrubali
ekspert-mutoxassislor vo ya muvafiq lisenzi-
yaya malik Konsalting toskilatlar1 hoyata ke-
¢irmalidir. Onlar tikintinin gedisino miidaxilo
etmir, amma har bir morholods prosesin diiz-
glin aparilmasina vo standartlara riayst olun-
masina nazarat edirlor. Oslindas, onlarin isi
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hom “hakim”, hom do “miisahidoci” rolun-
dadir - obyektiv vo faktlara asaslanan qiymat-
landirma aparmag.

Bu nazarat Ui¢ asas marhalads hoyata ke-
cirilir: tikinti islorinin icrasina baslamazdan
avval, tikinti islarinin icrast marhalasinda va
yekun marhaloda. Hor marhalanin 6z funksi-
yas1 va moqgsadi var:

1. Tikintiya baslamazdan avval. Bu mor-
holo hazirliq dovriinii ohato edir. Tikintinin
keyfiyyatli baglamasi ti¢iin ilk ndvbada butiin
maraql toroflar - sifarisci, podratgi, miihan-
dislar va texniki nazarastgilor - bir araya golir
va layiha togdim olunur. Bu goriisda tikinti
sahasinin sarhadlori, gorilacok islorin nov-
lori, hacmlari va texnoloji ardicilligi miioy-
yanlosdirilir.

Eyni zamanda, sifarisci ilo nozarat for-
malarinin razilasdirilmasi vacibdir. Yoni key-
fiyyatin neco Olgilocayi, hanst gostoricilorin
izlonacayi, no vaxt va kim tarafindon yox-
lama aparilacagi ovvalcodon muoayyan olu-
nur. Mitoxassislor layiha-smeta vo texniki
sonadlorlo tanis edilir, geodeziya islorinin
diizgiin aparilmasi qiymatlondirilir. Bu mor-
haloda har sey saligo ilo planlagdiriimalidir,
cunki névboti addimlarin keyfiyyati mohz bu
hazirligdan asilidir.

2. Tikinti islarinin icrast marhalasi. Bu
morhalo prosesin “liroyi” sayilir, ¢iinki biitiin
tikinti vo montaj islori burada bas verir. No-
zarat orqanlarinin vo ekspertlorin rolu iss bu
islorin duzglin va keyfiyyatli aparildigini to-
min etmokdir.

Bu marhalods ilk olaraq texnoloji sanad-
lorin vo layiho reglamentlorinin tamligi vo
diizgiinliiyti yoxlanilir. Tikintido istifads olu-
nan batln planlar, xaritalor, texnoloji ardi-
cilliq v totbig olunan metodlar mivafiq gay-
dalara uygun olmalidir.

Daha sonra materiallarin vo konstruksi-
yalarin keyfiyyatino giris nozarati aparilir.
Masalan, gatirilon asfalt-beton qarisigi, beton
qarigigl, armaturlar vo digor materiallar la-
boratoriya soraitinds sinaqdan kegirilir. ©gar
keyfiyyatsiz vo ya standartdan konar material
askarlanarsa, onun istifadasino icazo veril-
mir.

Eyni zamanda, operativ nozarat vasitosi-
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lo isin gedisi izlonir. Yani mltoxassislor isin
hor morhalasinds yerinds baxis kegirir, fak-
tiki vaziyyatin taqvim grafikino uygunlugunu
yoxlayir. ©gar islar gecikir vo ya texnoloji
ardicilliq pozulursa, bu barads darhal hesabat
tortib olunur.

Gizli islor (masalon, grunt layinin hazir-
lanmasi, drenaj borularinin yerlosdirilmasi vo
s.) xususila diggetlo yoxlanilmalidir. Ciinki
bu islor sonradan asfalt-betonun altinda qalir
Vo onlar1 daha sonra yoxlamaq mumkin ol-
mur. Bu sobobdan belo marhalslorde miite-
xassislor mitloq tikinti sahasinds olmali va
baxis akt1 tortib etmalidirlor.

Eyni zamanda, foto sonadlosmos aparilir-
yani yolun tikintisinin maxtalif marhalalori
sokillorlo sonadlosdirilir. Bu, sonradan hom
hesabatlar, hom do texniki ekspertiza ugin
doyorli siibut rolunu oynayir.

3. Yekun marhala. Tikinti islori tamam-
landigdan sonra yekun giymatlondirms apa-
rilir. Bu morholoda texniki tapsiriga uygun
olaraq biitiin materiallar, hesabatlar, sinaq no-
ticolori va digar sanadlar toplanir vo Sifaris-
ciya tohvil verilir.

Daha sonra tohvil verilacok yol sahasin-
doa ilkin diagnostika hoyata kegirilir - yani yo-
lun faktiki voziyyati, ortik sothinin hamar-
l1g1, iliskanlik saviyyasi, yol geyiminin moh-
komliyi vo diger gostoricilor 6lgiiliir. Isci va
Qabul komissiyalar1 obyekto baxis kegirir vo
bltun naticalor asasinda yekun hesabat hazir-
lanir. Bu hesabatda qobul edilmis islorin siya-
hisi, agkarlanmig qilisurlar vo onlarin aradan
galdirilmast ilo bagl tokliflor oks olunur.

Tikintidon sonra da is bitmir. Zomanat
muddati orzinda obyektin vaziyyatina texniki
nozarat davam edir. Yoni yol istismara veril-
dikdon sonra da onun Uzearinds ¢at, dagilma
vo ya deformasiyalar yaranarsa, bu hallar
geydiyyata alinir vo podrat¢1 homin qusurlart
0z hesabina aradan qaldirmalidir.

Yolun keyfiyyatinin tomin edilmasi ¢ox-
morhalali, sistemli vo elmi asaslara sdykoanon
bir prosesdir. Burada har bir marhalonin mag-
sadi yalniz “nazarat etmak™ deyil, ham da no-
ticoni yaxsilagdirmaqdir. Bu yanagma sayasin-
do tikilon yollar uzunémdarli olur, dovlst vo-
saiti somarali xarclanir, an asast iso - Voton-
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daslar tohliikasiz va rahat horokat saraitine go-
vusurlar.

Yaxs1 yol sadaca asfalt zolag deyil, o,
mosuliyyat, pesokarliq va intizamin gostarici-
sidir.

Yol-tikinti iglarinin keyfiyyatinin idara-
edilmasinin kompleks sistemi - sads dillo de-
sok, bu, yol tikintisindo hor bir marhalada
keyfiyyatin qorunmasi, yoxlanmasi va daim
yaxsilagdirilmasimi tomin edan vahid vo du-
stinlilmiis idarsetmo mexanizmidir. Cunki
tokca yaxs1 materialdan vo miasir texnikadan
istifado etmok holo yiksok keyfiyyat demok
deyil. Keyfiyyat bir sistem kimi idars olun-
malidir: planlasdirilmali, izlonmoali, élgtlmali
Va naticalara asasan dlzaliglar edilmalidir.

Belo bir sistem avtomobil yollarimnin tiki-
ntisindos uzun illarin tocriibasi osasinda for-
malasib vo TIKIKS - Tikinti Islorinin Key-
fiyyatinin Idaraedilmasinin Kompleks Sis-
temi adlanir. Onun asas moagsadi - yolun ti-
kintisi zaman1 biitiin proseslorin bir-birino
uygun sokilda aparilmasini, normativ talob-
lora amol olunmasini vo naticads istismara
verilon yolun etibarli, uzunémiirlii vo tohlu-
kasiz olmasini tomin etmokdir.

Bu sistems yalniz texniki yox, hom do
toskilati, sosial vo hliqugi elementlor daxildir.
Yoni TIKIKS hom insan faktorunu (is¢i hey-
otin pesokarligi, masuliyyati), ham idaroet-

moni (nazarat mexanizmlori, hesabat sis-
temi), ham da texnologiyan (istifads olunan
materiallar, tikinti tsullari, 6lgmo Vo sinaq
metodlar1) ohato edir.

TIKIKS-in osas torkib hissalori bunlar-
dir:

— Keyfiyyat yoxlamalart iizra talimat. Bu
sanad yol-tikinti prosesinds hansi marhalods,
kim tarafindon vo hansi metodlarla keyfiyyat
yoxlamalarinin aparilmali oldugunu miiayyan
edir. Yoani bu tolimat “yoxlama na vaxt, necs
Vo kim torofindon aparilmalidir?” suallarma
cavab verir.

— Maustaqil keyfiyyat nazaratinin regla-
menti. Burada mogsad odur ki, nozarst yalniz
podratci toskilatin 6z daxilindo aparilmasin.
Mdstoqil laboratoriyalar, dovlst nozarot or-
ganlar1 vo ya akkreditasiya olunmus ekspertlor
torofindon obyektiv giymsatlondirma tomin
olunur. Bu, ham soffafliq yaradir, hom do
mumkin sshvlarin vo saxtalasdirmalarin qar-
sisin1 alir.

— Keyfiyyatin pozulmasina gora inzibati-
maliyya sanksiyalart metodikast. Y ani ogor ti-
kinti zamani normativlor pozularsa, masul
soxslor va togkilatlar tigiin carimoalar va digor
inzibati todbirlar nozards tutulur. Bu, moasuliy-
yat hissini artirir vo keyfiyyato bigans yanas-
manin qarsisini alir.

investor Miist ";‘-C[ll sinaq
laboratoriyas1
Y Y
h 4 Islorin icra < Bas podrate1 €
Sifarisci > layihasi (IIL)
Y
Tilanti sahasi < Subpodratc: €
Y Layih ¢
Layihalandirma - aggn:;ﬁg;fta P Ixtisaslagmig
tagkilats d B ekspert markazi

Yol-tikinti islorinin keyfiyyatinin idaraedilmasi Gzra investisiya
prosesi istirak¢ilarimin qarsiliql alagalarinin struktur sxemi
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TIKIKS-in ugurla islomasi ticiin podrat
toskilat1 avvalca layiha-smeta sonadlorini va
islarin icra layihasini (IIL) osas gotiirmoli-
dir. Bu sonadlords tikintinin necs aparilacagi,
hansi texnologiyalardan istifado edilocayi,
hansi1 materiallarin uygun oldugu va s. bitin
detall malumatlar oks olunur.

[IL-in asas mogsadi - naticads talob olu-
nan keyfiyyat saviyyasini oldo etmok, yani
yolun layihada g6starilon texniki parametrlo-
ro tam uygun, minimum xarc vo maksimum
somara ilo miayyan edilmis vaxtda istifadaya
verilmasini tomin etmakdir.

Belo sistemli yanagma sayasinds tikinti
prosesinin har marhalosinds vaziyysto no-
zarat etmok, mimkiin sohvlori vaxtinda askar
edib duzaltmak, hamg¢inin golocak layihalor
Uclin tacriiba toplamag mimkinddr.

Sado sokildo desok, TIKIKS bir yolun
tokca “neca tikildiyini” deyil, hom do “neca
disiiniiliib idars olundugunu” miiayyan edir.
Bu sistem diizgiin isladikds, naticads biz da-
ha tohliikasiz, daha dayanigli vo uzunémurli
yollar alds edirik - yani rahat va tahllikasiz
horokat ti¢iin etibarli infrastruktur.

Natica. Osas fikir ondan ibaratdir ki, av-
tomobil yollarinin keyfiyyatli vo uzundmdarli
olmasi ti¢iin isin har marhalasi - an ilkin ha-
zirligdan tutmusg yolun istismara verilmasine
godor - ciddi sokilds planlagdirilmali, pesokar
nozarat altinda aparilmali vo normativ qayda-
lara tam uygun sokildo hoyata kegirilmolidir.
Bu, tokca texniki masala deyil;, ham da togki-
lati, iqtisadi vo sosial mosuliyyat masalosidir.

Avtomobil yollarinin tikintisi miirokkab
bir prosesdir. Burada bir ¢ox amillor - layiho-
londirma marhoalasinds verilon gorarlar, isti-
fads edilon materiallarin keyfiyyati, texnolo-
giyalarin diizglin secilmosi, is¢i heyatin ha-
zirhigl, eloca do iglim va geoloji-qrunt soraiti
- yolun son keyfiyyatino birbasa tosir gos-
torir. Masalan, agar layiha marhalasinds yol
konstruksiyasinin mdohkomliyi, drenaj sis-
temi vo ya asfalt-beton laylarinin qalinligi
duzgln hesablanmazsa, tikintido an muasir
texnika da istifads olunsa, natics istanilan ki-
mi olmayacag.

Bu sababdon, yol-tikinti prosesinin hor
marhalasinda saristali mitoxassislorin istiraki
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halledici rol oynayir. Onlar yalniz isin gedi-
sino noazarat etmir, hom do yaranan texniki
problemlora operativ reaksiya verir, uygun
hallar toklif edirlar. Yoni keyfiyyat tosadiifan
yaranmir - 0, bilik, tocriibs vo masuliyyatin
birlosmasindon formalasir.

Eyni zamanda, keyfiyyatin qorunmasi
yalniz podrat¢i vo muhondislorin isi deyil.
Burada sifaris¢i toskilatin, nazarst organlari-
nin va dOvlatin rolu da boyiikdiir. Sifarisei to-
rofindon diizgiin nazarst sistemi qurulmali,
dovlat organlar1 iso standartlara amal olun-
masint toamin etmoalidir. Bu, hom soffafliq ya-
radir, ham do vasaitlorin somarali istifadasini
tomin edir.

Ogor bu prinsiplara riayat olunarsa, nati-
cods biz tokca bir yol deyil, 6lkanin sosial-
igtisadi inkigafina xidmaot edon strateji bir in-
frastruktur yaradiriq. Keyfiyyatli yollar yik
Vo Sarnisin dasimalarini asanlasdirir, region-
lararas1 alagoni giclondirir, kond tosarriifati
Vo sonaye mohsullariin dovriyyasini sirat-
londirir, turizmin inkisafina sorait yaradir.

Beloliklo, avtomobil yollarinin tikinti-
sinda keyfiyyatin tomin olunmasi - tokco tex-
niki mosala deyil, ham ds galacays yénalmis
igtisadi, sosial va ekoloji shamiyyat dasiyan
strateji bir addimdir. Yol yalniz asfalt-beton
zolaq deyil; o, 6lkonin inkisaf damarlarindan
biridir. Buna gora do onun har bir metri elmi
osasla, texniki dagigliklo vo masuliyyatlo
qurulmalidir.

Belo bir yanagma sayasinds ham miiasir,
hom tohlukasiz, ham do uzundémurlii avto-
mobil yollar1 yaradilacaq - bu da galocak no-
sillar iigtin dayaniqli va rahat nagliyyat infra-
strukturu demakdir.

Istifado olunmus adabiyyat

1. Sliyev ©.M. “Avtomobil yollar1 vo aero-
dromlarin tikintisi”. 4 cilddo dorslik. — Ba-
k1, 2014.

2. Oliyev R.M. “Avtomobil yollarinin ti-
kintisi”. Baki, Maarif. 1992, 324s.

3. CripaBoyHast HIUKIONEIUS TOPOXKHUKA. |
ToM, «CTpOUTENBLCTBO U PEKOHCTPYKITHS
aBTOMOOWJIBHBIX fopor». [log pen. A.IL
BacunneBa, Mocksa, 2005 — 654c.



Journal ecology and water economy
Ekologiya va su tasarriifatt jurnal,

Ne§, 12.2025

4. Cunenko B.M., Pokac C.IO. «Ympasine-
HUE KA4eCTBOM B JIOPOKHOM CTPOUTEIb-
ctBe». - M.: Tpaucnopt, 1981. - 252 c.

5. YmakoB B.B. «CtpoutenscTtBo aBTOMO-

OWJIBHBIX IOPOT», Yu4eOHUK, - M.: KHopyc,
2013 - 576 c.

Avtomobil yollarmin tikintisinda
keyfiyyatin idarsedilmasinin bazi
masalalari

ANNOTASIYA

Mogalads avtomobil yollarinin tikintisi,
yenidon qurulmasi vo ya oasasli tomiri pro-
seslorinda keyfiyyatin artirilmasi masalalori
sorh olunur. Mévzunun asas diqgst morkazi-
yol tikintisinin har marhalasinds yiiksak key-
fiyyatin tomin olunmasi, nozarat mexanizm-
lorinin diizgiin qurulmasi vo bu prosesds
istirak edon bitln toroflorin (sifaris¢i, pod-
ratg1, nazarat orqanlart vo S.) masuliyyatlori-
nin artirtlmasidir. Magalada gostarilir ki, yo-
lun keyfiyyatina tosir edon amillor coxsaxali-
dir: istifado olunan materiallarin fiziki-me-
xaniki gostaricilori, totbiq edilon texnologi-
yalar, mitoxassislorin pesokarligi, iglim so-
raiti, hotta isin toskilati toroflori belo mumi
naticaya birbasa tasir edir. Bu baximdan, key-
fiyyat sadoco tikintinin naticasi deyil, hom do
bltin morhalalords diizgiin idaraetmoanin va
sistemli yanasmanin mahsuludur. Homginin,
keyfiyyoto nozarotin hoyata kecirilmasi
gaydalar1 moarhalali sokilds izah edilir. Bu
nozarst yalniz qiisurlar1 aradan qaldirmaga
yonalmir, hom do homin qiisurlarin yaranma
soboblorini agkara ¢ixarmaq, golocokds on-
larin tokrarlanmamasi tigiin elmi-texniki hal-
lor isloyib hazirlamaq magsadi dasiyir. Yoni
sOhbat reaktiv deyil, proaktiv (6nlayici) key-
fiyyat idaragiliyindan gedir. Muasir vo uzun-
omdarli avtomobil yolunun yaradilmasi tigiin
texniki, toskilati vo igtisadi baximdan kom-
pleks yanagsma talob olunur. Keyfiyyat anla-
yis1 yalniz yolun sathinin hamar vo ya daya-
niglt olmasi ilo mohdudlasmir - o, ham da
tohlukasizlik, ekoloji uygunlug, istismar
xarclorinin azhigr vo imumi nogliyyat kom-
fortu kimi gostaricilorlo miayyan olunur.
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Belalikla, mogalo oxucuya avtomobil
yollarinin tikintisinda keyfiyyatin yuksaldil-
masi Masalasing yalniz texnoloji torafdan de-
yil, ham do idaroetmo, planlagsdirma vo elmi
yanasma baximindan genis bir baxis toqdim
edir. Mogsad tokca yaxsi yol tikmok deyil -
uzundémdrld, tohlikasiz vs igtisadi cohatdon
samarali yol infrastrukturunun formalagdiril-
masidir.

Acar sozlar: avtomobil yollar, tikintiya
keyfiyyat nazarati, yollarin keyfiyyati, keyfiy-
yata optimal nazarat sistemi, nazaratin hayata
kecirilmasi gaydalari, keyfiyyatin idaroedil-
masinin kompleks sistemi.
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Azerbaijan University of
Architecture and Construction
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Quality management of road construction
ANNOTATION

The article addresses issues related to
improving quality in the construction, re-
construction, and major repair of roads. It fo-
cuses on ensuring high quality at every stage
of road construction, the proper organization
of control mechanisms, and increasing the ac-
countability of all participants in the process
the client, contractor, supervisory bodies,
etc.). The article emphasizes that road quality
is influenced by a wide range of factors, in-
cluding the physical and mechanical proper-
ties of materials used, applied technologies,
the professionalism of specialists, climatic
conditions, and even organizational aspects
of the work - all of which directly affect the
final outcome. In this regard, quality is not
merely the end result of construction, but a
product of proper management and a syste-
matic approach at all stages. Furthermore, the
article provides a detailed review of the sta-
ges of quality control implementation. This
control is aimed not only at eliminating
defects but also at identifying their root cau-
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ses and developing scientific and technical
solutions to prevent their recurrence in the fu-
ture. In other words, the approach emphasizes
proactive rather than reactive quality mana-
gement. Creating modern and durable roads
requires a comprehensive approach from
technical, organizational, and economic pers-
pectives. The concept of quality is not limited
to the smoothness or strength of the pavement
- it also includes indicators such as safety, en-
vironmental sustainability, low maintenance
costs, and overall travel comfort.

Thus, the article provides readers with a

UOT 658

broad perspective on improving quality in
road construction - not only from a technolo-
gical standpoint but also from managerial,
planning, and scientific perspectives. The
goal is not merely to build a good road, but to
develop a durable, safe, and economically
efficient road infrastructure.

Keywords: highways, construction con-
trol, quality of road construction, economy in
road construction.
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QARABAG REGIONUNUN YASAYIS VO SOSIAL-MODONI OBYEKTLORIN
BORPASINA LOQISTIK SIRKOTLORIN COLB OLUNMASI MOSOLOISI

Bildiyimiz kimi, Azarbaycan dovlati Vo-
ton muharibasinds goaloba gazanmagla be-
rabar 6z ¢iyinloarino 30 il arzinds vahsicasina
dagidilmus arazilori barpa etmak kimi agir bir
yuku alib.

2021-ci ilin dovlet biidcasi isgaldan azad
edilmis arazilords barpa-quruculuq islorini ne-
zordo tutan ilk biidcomizdir. 2021-ci ilin bld-
cosindos iggaldan azad olunmus orazilorin bor-
pasinin tomin edilmasi, yoni, sohar vo kondlo-
rin yenidon qurulmasi, miiasir infrastrukturla-
rin yaradilmasi, yol, isiq,su, qaz, rabito vo di-
gor zoruri infrastrukturlarin, eloco do tohsil, so-
hiyya, madoniyyat obyektlorinin, yasayis ev-
lorinin tikintisi vo modoni-tarixi abidalorin
barpasi va s. bu kimi masalarin halli ii¢iin 2,2
milyard manat vasait ayrilib [2]. Isgaldan azad
edilmis orazilordo barpa-quruculuq todbirle-
rini maliyyoalogdirmok {i¢lin nozordo tutulan
vasaitin istifadasi zamani soffafligin, nozars-
tin vo hesabathlgin giiclondirilmosi, goriilo-
cok islarin effektivliyi vo naticalorin somaro-
liliyini artirmaqdan 6trii dovlot-6zal sektorun
foaliyyotinin effektiv kombinasiyasina nail
olunmasi mithiim shamiyyat kasb edir. Yoni
isgaldan azad olunmus orazilorin barpasina
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tokco hokumotin 2,2 milyard manat vosait
ayirmasi ilo is bitmir. Homin islor ytliksok
keyfiyyatlo hayata keg¢irilmali, 6zal sektorun
bu sahoyo caolb olunmasina maraq vo sorait
yaradilmalidir. Bu tadbirlor lazimi saviyyada
hoyata kegirilsa, 6zal sektor, hom yerli hom
do xarici investorlar Qarabaga yetorinco sor-
mayo qoymaya baslayacaq vo homin vasaitin
moblagi dovlet soarmayslori ilo mohdudlas-
mayib 2,2 milyard manatdan ¢ox olacaq.
Umumilikdo, ekspertlorin ilkin prognozlarina
gors Qarabag reqionunun barpasi va yenidan
qurulmasi an az1 10 il vaxt vo togribon 60 mil-
yard manata godor maliyys vasaitinin goyu-
lusunu talob edir.

Yuxarida geyd etdiyimiz kimi post-kon-
flikt orazilorinin borpasi vo yenidonqurmasi
boyik maliyys vasaiti vo resurslarin soforbor-
liyini talob edan uzunmuddatli bir prosesdir.
“Iqtisadi Islahatlarin Tohlili vo Kommuni-
kasiya Markazi”nin fikrinco dovlot qurumlari
Vo 0zal sektorun omokdasligi Qarabagin dir-
¢alisina ¢ox boyik dastok ola bilar. Bels ki,
dovlatin maliyys va iqtisadi resurslarinin Sor-
hodsiz olmadigini nozars alsaq, planlagdirilan
muxtolif layihalora 6zal sirkatlorin (yerli vo
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xarici) calb olunmasi iqtisadi barpa prosesini
hom tezlasdira va eyni zamanda qurulan in-
frastruktur layihalarinin maasirliyini vo raga-
bat gabiliyyatliliyini artira bilor. Bunu bir da-
ha dovlotimizin prezidenti Ilham ®Oliyev
2020-ci ilin yekunlarma hasr olunmus video-
format miisavirasinds danisarkon geyd etmis-
dir [1].

Qarabag reqionunda barpa-qurucu islorin
ugurla aparilmasi t¢iin ilk novbodo homin
orazids isloyacok sirkatlori boyiik hacmdo la-
zimi xammal vo materiallarla tomin etmok la-
zimdir.

[k baxisdan bu elods problemli bir mo-
solo kimi goriinmiir. Lakin qoyulan maliyyo
vosaitlorino maksimal gonaystlo yanasma vo
yenidon qurulan obyektlor vo infrastrukturun
muasirliyi, raqabat qabiliyyatliliyi toloblorini
nozors alsaq bu o godoar do asan deyil, ¢iinki,
istifado olunan xammal bir torafdon miimkiin
godor miasir vo keyfiyyatli, digor torofdon
159 onun basa golon maya doyari miimkiin qo-
dor asag1 olmalidir.

Bunlar1 asagidaki misalla izah etmok olar.
Bildiyimiz kimi, malin son doyarinin forma-
lasmasina miixtalif amillor tosir gostorir. Belo
ki, xammalin 6z ilkin maya doyarinin iizorino
onun tolob olunan yerloro dasinmasi, yiiklos-
mo-bosaldilmas1 vo saxlanmasi ilo olagodar
olan xarclor slavs olunur Xammal va mal-ma-
terialin ilkin maya doyeri onun keyfiyyatindon
va va bir adadin alde olunmasina sorf edilon
vasaitin miqdarindan asilidir. Onlarin segimi
zaman1 keyfiyyotlo oldo edilmaya ¢okilon
xarclorin diizgiin vohdatini, yoni optimal bir
varianti tapmaq lazimdir (bunun ti¢iin malin
keyfiyyatinin sonraki morholalordo no doras-
cadoa 6nomli ol-dugu nozars alinmalidir).

Hor hansi bir ndv noagliyyatda dasimanin
son maya dayarini tapmag ¢tin homin dasi-
manin miiayyan dovr orzinds hoyata kegiril-
moasi ilo alagoadar olan Umumi xarclari hamin
dovr orzinds yerina yetirilon nogliyyat isnin
hacmina bélmak lazimdir:

S =>Shes/S P man/t-km (man/sarn-km)

burada: S — dagimanin maya doyari, man/t-km
(man/sarn-km): > Shes - dasimanin muoyyan
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dovr arzinds hoyata kegirilmasi ilo slagadar
olan mumi xarclar; P - hamin dovr arzinda
yerina yetirilon nagliyyat isnin hacmi.

Dasimanin hayata kegirilmasi ilo slagodar
Umumi Xarclor asagidakilardan ibaratdir: do-
yison, daimi, yikloma-bosaltma va yol xarc-
lori. NUmuna Gcun avtomobil nagliyyatini
gotirak.

Dayisoan Xxarclor istismar materiallarina
(yanacaq, yag, soyuducu maye va S.), texniki
qullug, temir islari vo avtomobilin amortoza-
siyasi, tokarlorin alinmasi vo sair hallarla sla-
gali xarclordir (avtomobilin 1 km yurisiine
hesablanir).

Daimi xarclor miassisonin binalarinin
saxlanmasina, tossarrifata, vergilora, strici-
lorin vo texniki is¢ilorin amak haqqina ¢oki-
lon xarclordir.

Y uklama-bosaltma xarclari bu islorin ye-
rina yetirilmasi ilo olagodar (isgilorin amok
haqqu, stirtkii vo istismar materiallari, texniki
avadanliq vo mexanizmlorin tamiri, amortiza-
siya va s.) olan xarclordir.

Yol xarclaring yollarmn tikintisi, tomiri vo
saxlanmasi ilo olagadar olan xarclor aid edilir.

Qeyd olunan xarclorin igindo malin son
doyarinin formalagmasina osas tasir gostaran
amil — avtomobilin istismar materiallarina va
amortizasiyasina ¢akilon xarclordir. Bunlarin
icinda birinci yerdo yanacagla olagali olan
xarclardir. Avtomobilin 1 km yiiriigiino hesab-
ladigda onun hacmi NV-nin névindan, dasi-
ma masafosindon, yol soraitindon, catdirma
stratindon va s. amillordon asilidir. Dagimada
avtomobil nogliyyatindan istifado edildikds,
birinci ndvbads onun markasini diizglin seg-
mok lazimdir (bu zaman dasinan yiiklorin
umumi hacmi, avtomobilin yik gétiirmo gabi-
liyyati, ya da yuk tutumu, yliklomo-bosaltma
islorinin mexaniklosdirilmasi imkanlari nazars
alinmalidir). Ikinci marholode dasimanin han-
s1 marsrutla hoyata kegirilaciyi (agor bir necos
variant varsa) muoyyan edilmalidir. Bu zaman
mugaiss edilon marsrutlarin uzunluglari, kegi-
lacok orazilorin relyefi, iglim vo yol soraiti,
catdirmaya qoyulan vaxt limiti vo s. faktorlar
nozors alinmalidir.

Yuxarida gostorilon sado bir misal osa-
sinda aydin gérmok olur ki, tokga xammal vo
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mal-materiallarin ~ diizgiin  se¢ilmasi Vo
onlarin effektiv vo somarali daginmasinin tos-
Kili Gglin mixtalif saholords xususi biliklora
Vo yuksak pesakarliga malik olan ¢coxlu sayda
mitoxassislor talob  olunacag. Bununla
barabar bu mitoxassislorin garsida qoyulmus
Umumi moagsada catmaq Uc¢ln bir vahid
komanda kimi iglomasini tomin etmok lazim-
dir. Bu noqteyi nazoardoan, bizim fikrimizcs,
Qarabag reqionunda gorilacok barpa-quru-
culuq islarinin hayata kecirilmasina respub-
likada vo xaricds foaliyyat gosteran logistik
sirkatlarin calb olunmasi ¢ox vacibdir.
Bildiyimiz kimi, loqgistik sirkatlor foaliy-

yat prosesinds asason tachizat (xammal va
material resurslarin alinmasi prosesinin idara
edilmasi), istehsal (mohsulun texnoloji hazi-
rlanma prosesi gargivasinde material va in-
formasiya axinlarinin idars edilmasi) vo satis
(hazir mohsulun sonuncu aliciya catdiril-
masinin logistik taskili) funksiyalarini yerino
yetirirlor. Son naticada bu faaliyyatin mag-
sadi — sifaris¢inin taloblorini lazimi keyfiy-
yatlo, lazimi vaxtda, minimal xarclorls yerino
yetirmakdir [3.s.21]. Yalniz bu sortlor 6ds-
ndikds logistik sirkatin foaliyyati ugurla ho-
yata ke¢mis sayilir.

Nagliyyat
kompaniyalari

r
{ Sigorta

kompamyalarl

Material resurs lnvestnsxya
tachizatgilan & ﬂ i komfxff_l_y_::lirl ;
Isteheal LOGISTIKANIN Anbar
miassisalori SUBYEKTLORI komplekslari
Ticarat & %
togkilatlari Yik
terminallan

Déovlat nazarat va
tenzimlama orqanlari

Banklar

Istehlakcilar J

Sakil 1. Loqistikamn Subyektlari

Bu mogsads ¢atmaqg tgiin logistik sirkot

asagidaki osas mosalalori  holl  etmolidir

[3.5.13; 4].

— muoassisonin material axinlarinin samara-
losdirilmosi;

istehlak¢inin sifariglori ilo istehsal giicu-
nin maksimal yiklonmasi;

material axinmin biitiin morhalalarinda
material resurslarina gonast edilms;
istehsal va hazir mohsulun reallasdiriimasi
xarclarinin optimallagdiriimasi.

Dinya tocriibasi gostorir ki, logistik sir-
kotlor mixtalif sahalords sifarislorin yerinoa
yetirilmasi ilo masqul olduglarindan, onlarda
asas ixtisas saholori Uzra (masalon, igtisadiy-
yat, informasiya texnoloqiyalari, dasimalarin
toskili, kdmrikds sanadlogsma va s.) tacribali
Vo pesokar mutoxassislor vardir. Bunlar vahid
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Sakil 2. Logqistik dasimalarda
nagliyyatin névlari

bir komanda kimi igladiyindan vo bir-go
morkazdan idars olundugundan qarsilarmda
goyulan mosalolori tez bir zamanda vo
yuksok keyfiyyatlo hall edirlar.

Qarabagda quruculuq islorinin aparilacaq
orazinin kifayat godor boyiik olmasini, xam-
mal vo material resurslarin uzun middot vo



Journal ecology and water economy
Ekologiya va su tasarriifatt jurnal,

Ne§, 12.2025

boylk hacmlords tolob olunmasini nazors
alarag, logistik baximdan onlarin daginmasi-
nin asason iki név noagliyyatla hoyata ke-
cirilmasi magsads uygun olardi:

— damir yolu naqliyyati;

— avtomobil naqliyyati.

Perspektivds, Bardays goador gedon do-
mir yolu Xottinin Agdama kimi uzadilacigin
Vo golocokda Naxgivana domir yolu xattinin
tikilmasini nazars alsaq, goroarik ki, Qarabag
regionunun dir¢alisinds damir yolu nagliy-
yatinin boyiik imkanlari vardir (hom yuk da-
sinmasi, hom do Sarnisin daginmasi baximin-
dan).

Galacokds, Fizuli rayonunda aeroportun
tikilmasindan sonra, beynalxalq sarnisin da-
simalarinda hava noqliyyatinin istifadasi do
moaqgsadyonlii olardi.

Logistik faaliyyatin vacib istigamatlorin-
don birids ehtiyyatlar vo ambarlagma logis-
tikasidir. Boyiik hacmda tikinti islarinin plan-
lagdirildigin1 nozars alarag, xammal vo ma-
terial resurslarmin optimal miqdarda ehtiy-
yatlariin yaradilmasi vo onlarin yerlosdiril-
masi liglin anbarlarin yaradilmasi zoruridir.
Osas masalo bu anbarlarin yerlosmo arazisini
diizguin tayin etmok vo onlar1 miiasir texno-
loji avadanligla (yiikloma-bagaltma islori
aparmag U¢un) tamin etmokdir.

Bizim fikrimizgo, ilkin olaraq onlari
Bordodoa (domir yolu Xattinin olmasini nazars
alarag), Agdama domir yolu ¢akildik- don
sonra iso orada yerlosdirmak olardi. Homin
anbarlardan maddi resurslar lazimi orazilora
avto- mobil nogliyyat: vasitosi ilo catdirila
bilor [3.5.128,157].

Logistik baximdan, quruculuq islorinin
sliratlonmosi vo maliyys vosaitino gonastin
tomin olunmasi {igiin, tikinti sahasinds istifa-
do olunacag osas materiallarin istehsalini
azad olunmus arazilordo toskil edilmasi va is-
tehsal prosesinds yerli xammalin istifadasine
ustinlik verilmasi (albotdo ki, keyfiyyot
toloblarini nazoro almagqla) vacib sortlordon
biridir.

Nohayyat, gorulocak islarin somaralili-
yin artirilmasi, yarana bilacok miixtalif prob-
lemlarin operativ halli iigiin vacib sartlordan
birido Qarabag reqionunda iri loqistik sirkot -
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Sakil 3. Muasir logistik terminal.

lorin  nlmayslondiklorinin  yaradilmasidir.
Bildiyimiz kimi, prezidentin gostorisino osa-
son hal-hazirda ©lat rayonunu orazisinda iri
logistik terminalin yaradilmasina baslan-
musdir. Bizim fikrimizca bels bir logistik ter-
minalin  golocokda Qarabagin arazisinda
yaradilmasi da ¢ox 6nomli olardi. Bu logistik
terminal Agdam rayonunun orazisindo yer-
losdirilo bilordi (orada nagliyyat govsagla-
rinin yaradilmasini nazors alaraq)
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XULASO

2021-ci ilin dovlat biidcasi isgaldan azad
edilmis orazilordo borpa-quruculuq islorini
nozords tutan ilk biidcomizdir. Bu biidcads
isgaldan azad olunmus orazilorin borpasinin
tomin edilmasi ilo slagadar masalalorin halli
ticilin 2,2 milyard manat vasait ayrilib. Bu ora-
zilordo goriilocak islarin effektivliyi vo nati-
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colorin somoraliliyini artirmagdan, ayrilan
vasaitin qanaatls istifadasini tomin etmokdon
Otrii dovlot-6zal sektorun foaliyyatinin effek-
tiv kombinasiyasina nail olunmasi miihiim
ohomiyyat kosb edir.

Tokgo xammal vo mal-materiallarin diiz-
gun secilmasi vo onlarin effektiv vo somorali
dasinmasinin toskili tiglin miixtalif saholorda
xususi biliklars va yiiksok pesokarliga malik
olan goxlu syda mutoxassislor talob olunacag.
Bununla barabar bu mitoxassislorin garsida
goyulmus timumi magsada ¢atmaq Uglin bir
vahid komanda kimi islomasini tomin etmak
lazimdir. Bu néqteyi nozardan, bizim fikri-
mizca, Qarabag reqionunda goriilocak barpa-
quruculuq islorinin hoyata kegirilmasino
respublikada vo xaricdo foaliyyat gostoran
logistik  sirkatlorin  colb olunmasi ¢ox
vacibdir.

Acar sozlar: budca, quruculug, xammal
Va material, dasimalar, loqistik faaliyyat

ANNOTATION

The state budget for 2021 is our first bud-
get for reconstruction in the liberated territo-

UOT: 69743

ries. This budget allocates 2.2 billion manat to
address issues related to the restoration of the
liberated territories. It is important to achieve
an effective combination of public-private
sector activities to increase the efficiency of
the work to be done in these areas and the
effectiveness of the results, to ensure the
economical use of allocated funds.

Large number of specialists with speciali-
zed knowledge and high professionalism in
various fields will be required for the correct
selection of raw materials and organization of
their efficient and effective transportation. At
the same time, it is necessary to ensure that
these specialists work as a single team to
achieve the overall goal.From this point of
view, in our opinion, it is very important to
involve logistics companies operating in the
country and abroad in the implementation of
reconstruction work in the Karabakh region.

Key words: budget, construction, raw
materials, transportation, logistics.

Mbaqalaya AzMIU-nun “Naqliyyat va
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KORIMOV A.K., HUSEYNLI F.E.,

Azarbaycan Memarliq va Ingaat Universiteti

SU TOCHIZATI SISTEMINDO iSTIFADO OLUNAN MORKOZDONQACMA
NASOSUNUN ISININ NOZORI OSASLARI

Maye morkozdonqagma nasosunun is
carxina val oxu istigamati boyunca, giris stir-
oti v ilo daxil olur. Is carxinda maye axininin
istigamoati doyisorok ovvalco oxboyu, daha
sonra isa val oxuna perpendikulyar — yoni
radial istigamot alir . Carxin daxilindo maye
kanallara v; siirati ilo daxil olur va lopalorara-
st kanallardan kec¢dikco siirat artir; ¢ixis noq-
tosindo iso v2 qiymating ¢atir. Burada indeks
1 giris parametrlorini, 2 iso ¢ix1s parametrlo-
rini ifado edir.

Maye hissaciklori ¢carx kanallar1 boyunca
harokat etdikda, iki ndv horokat yerina yetirir:
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— carxla birlikdo firlanma — g¢evro iizro
periferik siiratlo,

— lopa sothlorine nozoran nisbi horokot — w
stirati ila.

Nisbi siirot miioyyon noqtodo loponin
sathina toxunan istigamatds yonalir, periferik
stirat U iso homin ndqtonin yerlosdiyi ¢evra
xotti lizro tangensial istigamotds istigamaotlo-
nir. Belolikls, maye ¢arxin daxilindo miirok-
kab —hom firlanma, hom da iraliloms harako-
ti hoyata kegirir vo bu proses naticosindo mor-
kozdongagma qiivvosinin tosiri ilo enerji qa-
zanir (sokil 1).
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Sakil 1. Markazdongagma nasosunun is
carxinda maye harakatinin sxemi

Is ¢arxindan ¢ixisda periferik siirat asagidaki
kimi miioyyan edilir:

Ux=zD>n,

burada: D, — is ¢arxinin diametri, m; n-—
carxin firlanma tezliyi, s'.

Toxmin edilir ki, is carxinda maye axini
lopa konturlarina uygun trayektoriya ils haro-
kot edir. Bu farziyyays asaslanarag alinan nos-
ticalor daha sonra real axin saraitini oks etdi-
ron dizalislor tolob eds bilor.

Maye hissaciklarinin mitlog strati vvv
onun komponentlarinin comi kimi tayin olu-
nur:

V = Ww+u.

Radial (meridional) komponent:
Vr=V Sin a

burada a/alphaa — maye hissaciklorinin lopa-
don ayrildigi (vo ya daxil oldugu) ndqtado
mUtlaq siirat V ilo homin ndqtonin ¢evro tan-
genti arasindaki bucaqdir.

Periferik (tangensial) komponent:

Vu =V COS a,

Bir saniys orzinde maye kiitlosinin horakot
momenti:

m=pQ,

burada: p — maye sixligi; Q —nasosun tutumu.
Is carximin oxuna nisbaton horokat mo-

menti giris kasiyinda, homin kasiydo maye

strati v1 oldugda, belo miiayyan olunur:
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M1=pQv1iry
Cixas kasiyinds harokat momenti isa:
M2=pQV2r>,

burada r1 va r> muvafiq olaraq giris vo ¢ixis
srat vektorlarinin is ¢arxinin oxundan olan
mosafaloridir.

Bu ifadalor is ¢arxinda mayenin harokat
etdiyi trayektoriyanin va siirot componentlo-
rinin nasosun enerji 6turma gabiliyyatina bir-
basa tosirini gostorir. Coki quvvalarinin mo-
menti hamiso sifirdir, ¢unki bu quvvalarin
quvva qolu sifirdir (onlar carxin firlanma
oxundan kegir). Hesablama kasiklorinds toz-
yiq quvvalarinin momenti do sifirdir.

Is ¢arxi torofindon mayeys étiirtilon giic,
yani harokot momenti M, ilo nisbi suratin ha-
silina barabardir va bu, nasos tarafindan ya-
radilan nozari tozyiq Pt ilo axin hacminin Q
hasilina baraboardir:

Mgw = Qpr.

Moarkazdangag¢ma nasosunun asas tonlik-
lori gOstarir ki, nasos torofindon yaradilan no-
zori tozyiq va tozyiq hindurllyi is ¢arxinin
xarici gevrasindaki periferik strot artdigca ar-
tir; yoni carxin diametri, firlanma tezliyi vo
lopalorin ¢ixis bucagr f2 no godor boyukddr-
So, Is ¢arxinin lopalari bir o gadar dik bucaq
altinda yerlagir vo noticods nazori tozyiq do
artmis olur.

Realdaki tozyiq vo tozyiq hunduarliy
nozari dayarlordon asagidir, ¢unki nasosun
faktiki is soraiti ideal gobul edilon soraitdon
forglonir. Lopalorin sonlu sayr nozaro ali-
naraq v suratinin azalma doracasini gostoran
korreksiya omsali kkk totbiq edilir. Hidravlik
itkilordon yaranan tozyiq azalmasi iss faydah
hidravlik somaralilik amsali ilo nazars alinir.
Bu dlzalislor tatbiq edildikds tam tazyiq belo
ifado olunur:

pt=pu2V2

Markazdangagma nasosunun nazari
axin tutumu: Markszdongagma nasosunun
nozori axin tutumu Qr, m®saat, axinin
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dayanigliliq tonliyindon istifado etmoklo
miuoyyan edils bilar:

Qr=F v

Bu diistur praktik olaraq nasos layihalondiril-
mosindo osas baza hesab olunur vo nozori
axin tutumu nasosun konstruksiyasi vo is $o-
raiti nozors alinmaqla real axinla miiqayisodo
mUayyan gqadar forglons bilor.

Morkozdongagma nasosunun is carxin-
dan ¢ixigdaki axinin real kosik sahasi (lopalo-
rin tutdugu sahs nazoro alinmadan) silindrin
yan sathi kimi hesablanir. Silindrin diametri
carxin diametrino D>, hiindiirliiyli iso carx
kanalinin eni b2 barabardir. Belolikla, kasik
sahosi:

F=nD2b>

Bu sotho normal olan axin siirati iso meridi-
onal siirat adlanir.

Bu yanasma nasosun hidravlik analizin-
do genis istifads olunur vo nazari hesablama-
lar {igiin sadologdirilmis, lakin praktikada ki-
fayat qodor doqiq natico verir. Sistemdo naso-
sun i1 mayenin spesifik enerjisinin artmasina
sobab olur, yani maye kitlosinin har 1 kg-ina
diison enerji. Nasosa daxil olan mayenin
umumi spesifik enerjisi bels ifads olunur:

vZ
e = +7+gh

I

Bu dustur, hor bir maye novi tgin spesifik
enerjini hesablayir vo nasosun hidravlik ana-
lizinds istifado olunur. Homginin, nasosun
isini qiymatlondirmak va sistemdo enerji arti-
min1 toyin etmok iigiin asasl bir gostoricidir.
Bu parametrlor nasosun ¢ixiginda mayenin
enerji voziyyetini miioyyon etmoyo vo onun
sistemdo yaratdig1 tozyiq vo axin hiindirli-
yunu hesablamaga imkan verir (sokil 2).
Morkazdongagma nasosunun XxiisuSiy-
yatlari. “Osas texniki gostoricilorin (tozyiq
hindiirlilyii, giic, faydali somaralilik, sorucu
hindirliik) axin tutumu ilo grafik asililigs, is
carxinin firlanma tezliyi, mayenin viskozlugu
va sixligr sabit olduqda, nasosun xarakteristi-
kas1 adlanir”. Nozori xarakteristikalar markoz-
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dongagma nasosunun osas tonliklorindon is-
tifado etmoklo aldo edilir, real is soraitino uy-
gun diizalislor totbiq olunur. Nasosun faktiki
is parametrlori isa eksperimental yolla, zavod
(stend) sinaqlar1 zamani miioyyan edilir. Na-
soslar zavod sinaq stansiyalarinda yoxlanilir.
Nasoslarin sinaq metodikas1t DUST 6134-71
ilo tonzimlonir.

P aTm

HCT

PETM p¥

Sakil 2. Markazdongagma nasosunun
is prinsipi va axinin harakat sxemi

Olds olunan sinaq doyarlori — axin tutu-
mu Q, tozyiq hiindiirlityii H va giic N, hamgi-
nin bu doyarlordon hesablanan faydali somo-
ralilik (y/etan) qrafik Gizorindo gostorilir vo
hamar oyrilorlo birlogdirilir. Adston biitlin ii¢
oyrilor eyni qrafikdo, ordinata oxunda forqli
miqyaslarla ¢okilir.

Nasos xarakteristikalarinin bir ne¢o xii-
Susi noqtasi va bolgasi mévcuddur. Xarakte-
ristikanin baglangic ndqtesi nasosun tozyiq
borusundaki klapan bagli oldugda (Q=0) is-
lomosini gostorir. Bu halda nasos miioyyon
tozyiq hundirluyd H yaradir vo giic N sorf
edir. Sorf olunan giic (toxminon nominalin
30%-1) mexaniki itkilor vo nasosda suyun
qizdirilmast {igiin istifads olunur. Bagh kla-
panla nasosun isi yalniz qisa miiddoat orzindo
(bir ne¢a daqiqe) miimkiindiir.»

Olavo olaraq, bu morholods nasosun is-
lomo parametrlori haqqinda qrafiklorin diiz-
giin tohlili miithiim shomiyyat kasb edir, ¢iin-
ki onlar enerji somaraliliyinin vo hidravlik
performansin optimallasdirilmasina birbasa
tosir gostorir (sokil 3).

Xarakteristikanin optimal néqtosi faydali
so maraliliyin (y/etay) maksimum dayarino
uygun golir. Ciinki Q—# oyrisi optimal ndqto
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Sakil 3. Markazdongagma nasosunun
xarakteristikasi

zonasinda nisbaton saquli deyil, praktikada
nasosun isindo xarakteristikanin o hissasin-
don istifado olunur ki, burada onun islomaosi
tovsiyo olunur.

Xarakteristikanin is hissasi faydali somo-
roliliyin icazs verilon azalma soviyyasindon
asilidir; adoton bu, maksimum somaorsliliyin
2-3%-don ¢ox olmur. Q—-H oyrisinin son
noqtasi axin tutumu dayarino uygun golir ki,
bundan sonra nasos kavitasiya rejimine keco
bilar.

Nasosun xarakterikasinin goriiniisii onun
siirot omsalindan (nazari siirotino gora) asi-
ldir.

Nasos qurgularimin is rejimlari: «Su
tolobati artdigca axin tutumu da artirilmalidir.
Bu zaman borulardaki tozyiq itkisi artir. Bu
itkini kompensasiya etmok {i¢lin nasos qurgu-
su torofindon yaradilan tozyiq artirilmalidir.
Su tolobati vo axin tutumunun uygunlasdiril-
masi isloyan nasoslarin saymin doyisdirilmo-
si, tozyiq borularindaki klapanlarin agilma
doracosi ilo hoyata kecirilir. Miiasir dovrdo
159 nasos carxlarinin firlanma tezliyi tez-tez
tezliklo tonzimlonon elektrik siiriiciisii vasito-
silo idars olunur.»

«Klapan1 gismon baglamaq vo ya agmag-
la borunun Q-H xarakterikasinin meylliyi do-
yisdirilir (sokil 10), bu da onun hidravlik mii-
gavimatindon asilidir. Klapani qismon bagla-
digda borunun xarakterikasinin meylliyi artir,
noticado nasosun 1§ ndqtasi A1 movgeyinos ke-
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Ccir (sokil 4). Bu halda axin tutumu Q2-ya
godor azalir, nasosun yaratdig tozyiq Hz-yo
yiiksalir, klapandan sonra borudaki tozyiq iso
H2-ys disiir. Klapandan sonra tozyiqin azal-
mas1 AH tozyiq itkilori hesabina bas verir.»

H A ‘fq
2
3
/ A
7< ” 1
L
/ A,
2
1 —
Hrm H:.; H? H2 -
Q Q Q

Sakil 4. Markazdongagma nasosunun
is rejiminin tonzimlonmasi.

«Nasos qurgularinin is rejimi nasos vo
boru xarakteristikalarindan istifads edilmoklo
analiz olunur. Bir ne¢o nasosun paralel vo ya
ardicil islodiyi qurgularin is rejimini tohlil
etmok ti¢lin imumi (toplam) xarakteristikalar
istifado olunur.Paralel is rejiminds nasoslar
suyu eyni tozyiqli su borusuna vo ya bir boru
sisteming verirlor. Paralel igloyan nasoslarin
Q—-H timumi xarakteristikasi hor bir nasosun
tozyiq Uclin abssissalorinin toplanmasi ilo
qurulur, c¢iinki onlarin iimumi axin tutumu
har nasosun axin tutumlarinin comino bara-
bordir. Masoalon, eyni tip iki nasosun Q-H
imumi xarakteristikasinda bir noqtoni tap-
magq liglin ab seqmentini iki dofs artirmaq ki-
fayotdir, yoni 2ab (sokil 5).» Bu usul nasos
sistemlorinin idars olunmasinda balanslasdir-
ma v enerji samaraliliyinin optimallasdiril-
masi {igiin genis totbiq olunur.

H.N, A
Q-Huy
o 2 ?/E
Q-H) S — |
5 .
I
N = Te
48 13
Q-1 T
H, Hod Hrnd i u
QI' QO er Q

Sokil 5. Iki eyni paralel islayan nasos va
boru kamorinin birlikda isloma qrafiki.
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«Iki markozdonqagma nasos ardicil islo-
dikds, onlarin biri mayeni digorinin sorucu
manjetino Gtiiriir, digor nasos iso mayeni boru
komori sistemino gondorir. Ardicil isloysn
nasoslarin Q—H comi xarakteristikasi, onlarin
har birinin eyni axin hocmindo yaratdigi xa-
rakteristikalarin ordinatalarinin toplanmasi
yolu ilo qurulur, ¢iinki har bir nasosun yarat-
dig1 tozyiqin comi imumi tozyiqi toskil edir.
Boru kemari vasitasilo maye axini ilo bu axini
tomin etmok ti¢lin tolob olunan tozyiq arasin-
daki asililiq boru komarinin xarakteristikasi
adlanir.

Qrafik olaraq boru komorinin xarakteris-
tikas1 E parabol xatti ilo gostorilir. Ardicillig-
la birlosdirilmis bir ne¢a boru kamarinin comi
xarakteristikast homin boru kemarlorinin xa-
rakteristikalarinin ordinatalarinin eyni axin
hocminds toplanmasi yolu ils, paralel birlos-
dirilmis boru komarlorin comi iso eyni ordi-
natlarda (tozyiqlordo) abssisslorin toplanmasi
yolu ils qurulur.

Nasos vo boru komorinin Q—H xarakte-
ristikalarinin kasisdiyi ndqte nasosun is n6g-
tasini miioyyaon edir. Bu néqtonin Q—H mus-
tovisinds koordinatlar1 nasos vo boru komo-
rinin homin is rejimindoki axin hacmi vo toz-
yiqino uygun golir»

Sobokonin miirakkob konfiqurasiyasi, su
istehlakinin zaman vo makan tizro doyismasi,
hiindiirlik forglorinin miirokkabliyi Nc=f(Q)
asililigimi geyri-miioyyon edir. Noticado, pa-
rabolik ayrinin ovazine tosadiifi ndqtolordon
ibarat bir saho alinir ki, bu da Nc=f(Q) asilili-
gin1 xarakterizo edir.

Sokil 6-da nasos stansiyasinin tozyiqi ilo
axim hocmi arasindaki real asililiq gostoril-
misdir. Eyni axin hacmi Q forqgli zamanlarda
muxtalif tozyiq doyarlarine Nc malik ola bi-
lar. Eyni sokilds, eyni tozyiq Ne miixtalif axin
hocm doyarlorino Q uygun golir. Nasos qur-
gulariin gobaka ilo birlikds igloma rejimlori-
ni Oyronmok tiglin “su tochizati sobokosinin
ekvivalent xarakteristikas1” anlayigi totbiq
olunur. Ekvivalent xarakteristika — nasosun
tozyiq kollektorunda talab olunan tozyiqlorin
orta asililigidir, hansi ki, normal axin1 tomin
edir. Normal axin 1sa sobokaonin nazarat ndq-
tolorinds toyin edilmis tozyiq dayarlorinin

108

saxlanmas1 demokdir; bu doyarlor real su is-
tehlakinin doyismo diapazonunda asagi diis-
momalidir.

Sokil 6. Su tachizati sabakasinin
ekvivalent xarakteristikasu.

Sobokonin ekvivalent xarakteristikasi su
tochizati sisteminin imumi gostoricilorini
mloyyan etmok iiclin istifado olunur: nasos
stansiyalarinin ¢ixisinda tolob olunan tozyig-
lar, normal axin hocmi, enerjiya qonaat vo ya
enerji sorfiyyati, hesablanmis dovr orzinds
vahid enerji istehlaki, eloco do axin va tozyiq
diapazonlarinin miimkiin doyismo araligini
toyin etmok.

Nasos qrupunun is rejimi Q—Hi+n comi
xarakteristikasinin boru komori (boru siste-
mi) xarakterikasi ilo kosismaosi ilo miioyyon
edilir. Bu rejima uygun ndqte 2-dir vo onun
koordinatlar1 belodir: axin hocmi — Q1+11, toz-
yiq — Hye1 .

Paralel isloyon eyni nasoslarin har biri-
nin i§ rejimi iso belo miisyyan olunur: néqto
2-don abssis oxuna paralel xott ¢okilir. Bu
xottin bir nasosun Q—-H xarakterikasi ilo ko-
sigsdiyi ndqte 1 homin paralel isloyon nasos-
lardan birinin is noqtasini gostarir. Noqto 1-
in koordinatlar1 hor bir nasos ti¢lin axin hacmi
Qu-nn va tozyiq Hi-n-2 uygun golir.

Bu rejimo uygun nasosun somoraliliyi
Q-7 oyrisi ilo noqto 1-don endirilmis perpen-
dikulyarin kasismo noqtasi olan noqto 4-Un
ordinatasi ilo miioyyan edilir. Homg¢inin, hor
bir nasosun istehlak etdiyi giic Q—N oyrisi ilo
eyni perpendikulyarin kosisdiyi noqtos 7-in
ordinatasi ilo hesablanir (sokil 7).

Nasos qurgularinda enerji itkilori: Na-
sos qurgulart boru sisteminin hidravlik mii-
gavimatinin artmast, qobul va tozyiq rezervu-
arlarindaki maye saviyyesinin dayismasi,
hamginin nasoslarin is rejiminin maye tochi-
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zat1 vo ya istehlak rejimi ilo uygun golmomaosi
sobabinden yiiksak tozyiqde isloyir. Hidrav-
lik miigavimatin doyismasi naticasinds tozyi-
qin artmasi maye axin hacmino baglidir vo
nasos qurgusu torafindon yaradilan dinamik
tozyiq komponenti v?/(2g)-ya tasir edorak bo-
ru komorinin xarakteristikasinin oyilmosini
doyisdirir.
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Sakil 7. Nasosun isloma stabilliyi

Boru komaorlorinds hidravlik miigavime-
tin artmasinin genis yayilmis sobablorindon
biri onlarin daxili korroziyasidir. Korroziya
naticasinds borularin kegid gabiliyyati azalir
Vo nasos stansiyasi torofindon yaradilan toz-
yiq artirilmalidir ki, artan hidravlik miigavi-
moto baxmayaraq eyni hacmdo maye tomin
edilsin.

Korroziyadan slavs hidravlik miigavime-
tin artmasimnin sababi borularin asagi keyfiy-
yati va nasos sisteminin diqqotsiz montajidir.
Olg¢ii vo forma standartlarindan konara ¢ixmus
borular bir-birins qosuldugda sadlor amals go-
tirir ki, bu da boru kamorinin hidravlik miiga-
vimatini artirir. Asagi keyfiyyatli qaynaq tikis-
lori do eyni sokildo manfi tosir gdstorir.

Olavso hidravlik miigavimatin yaranma-
siin digor sabablori nasos qurgularinin vo
boru sisteminin agagi soviyyado istismaridir.
Istismar heyatinin digqatsizliyi noticosinda
Klapanlar vo siitklor tam agilmaya bilor. Bo-
zon tomir iglori bitdikdon sonra bazi klapanlar
bagl qalir. Hidravlik miigavimotin artmasi -
nin monbalarini gobakonin su xatlari, magis-
trallar vo fordi borular iizra planli vo segma
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planlagdirilmamis sinaglar zamani miioyyan
etmok miimkiindiir. Bu sinaglar zaman1 boru
komarinin xarakteristikalart qurulur vo he-
sablama naticalori ilo miiqayiss edilir.

Nasos qurgularinin enerji sorfiyyati-
nin hesablanma metodikasi. Nasos qurgula-
11 torofindon sorf olunan elektrik enerjisi ma-
yeni qaldirmaq vo boru komorinds hidrodina-
mik miigavimoti agmagq ticiin istifado olunur.
Bundan olavo, elektrik enerjisinin bir hissasi
nasos qurgularinda sorf olunur: nasoslarin
salnik vo rulmanlarinda siirtiinmas qilivvalarini
asmaq, elektromotorun magqnit niivesini vo
sargilarini isitmok, ventilyasiya {i¢lin vo s.

Nasos qurgusunda istifado olunan fayda-
11 elektrik enerjisinin sobokodon alinan elek-
trik enerjisina nisbati qurgunun faydali is am-
sal1 ilo xarakterizo olunur. Miiasir nasos qur-
gularinda, onlarin giicii, toyinati vo digar fak-
torlar nozors alinmagla, faydali is omsali 0,3-
don 0,9-a qodor dayisir. Nasos torafindon sorf
olunan giic (kVt) asagidaki diisturla hesabla-
nir:

H
N = 9.81Q—
nn

XULASO

Morkazdongagma nasoslart su tochizati
sistemlorindo mayeni effektiv sokildo Otiir-
mok, tozyiq yaratmaq ve axin hacmini ton-
zimlomok {igiin asas komponentdir. Nasosun
1§ performansi onun konstruksiya parametrlo-
rindon, i ¢arxinin xiisusiyyatlorindon vo bo-
ru sobokasinin hidravlik miigavimatindon
birbasa asilidir. Realdaki is soraiti nozori he-
sablamalardan forqlondiyindon hidravlik it-
kilor vo nasos parametrlori nozors alinmagqla
diizoliglor totbiq olunur. Optimal is rejimi
faydali is omsalint maksimuma c¢atdiraraq
enerji sarfiyyatin1 azaldir vo sistemds tolob
olunan tazyiq vo axin hacmini tomin edir. Pa-
ralel va ardicil islomo rejimlori nasos qrupla-
rinin tonzimlonmasing imkan verir, hidravlik
muqgavimat iso enerji itkisini artiran osas
amildir.

Acar sozlar: su tochizati, nasoslar, mar-
kazdangagma nasos, korroziya
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AHHOTANUA

LleHTpOOEKHBIE HACOCHI SBISIOTCS OC-
HOBHBIM KOMITOHEHTOM CHCTEM BOJOCHA0Xe-
HUs Ui 9(PPEKTUBHON MEepeKaYKu KHUAKOC-
TH, CO3MAaHUS JABICHUS W PETyIUPOBAHUS
o0bema moroka. Paboune xapakTepuCTHUKU
HACOCa HAMPSMYIO 3aBUCAT OT €r0 KOHCTPYK-
TUBHBIX MapaMeTPOB, XapaKTEPUCTUK pabdo-
4ero KoJyieca U TUPABIMYECKOTO COMPOTHUB-
JeHus TpyOoIrpoBogHOM ceTH. Tak Kak ycio-
BUs pabOTHI B peajbHOM OTJIHYAIOTCS OT Te-
OpPETUYECKHX PACUYCTOB, IPUMEHSIOTCS KO-
PEKTUPOBKH C YYETOM THAPABINYECKHX I10-
TEeph W MapaMeTpoB Hacoca. ONTUMaIbHBIN
pexxuM paboThl CHUXKAET SHepromoTpedie-
HHE 32 CYET MaKCUMU3aIIUH TI0JIE3HOTO pabdo-
yero koddduurenrta u odecreunBaet Tpedy-
eMbIii 00hEM JABIICHUS U PACX0/a B CHCTEME.
[TapajutenpHBIN U IOCIIEIOBATEIbHBIN PEKU-
MBI paOOThI O3BOJISIOT PETYIUPOBATH TPYII-
bl HACOCOB, IIPU 3TOM THUPABIMYECKOE COTI-
POTHUBIICHUE SIBJISIETCS OCHOBHBIM (DAKTOPOM,
YBEJIMYMBAOIINM TIOTEPH SHEPTHH.

Kniwoueevie cnoea: eooocnabowcenue,
HACOCYL, YeHMPOOENCHBIU HACOC, KOPPO3Us

SUMMARY

Centrifugal pumps are a key component
for effectively transferring fluid in water sup-
ply systems, creating pressure and regulating
flow volume. The working performance of
the pump directly depends on its structural
parameters, the characteristics of the working
wheel and the hydraulic resistance of the pipe
network. Since the operating conditions in
real differ from theoretical calculations, ad-
justments are applied taking into account
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hydraulic losses and pump parameters. The
Optimal operating mode reduces energy con-
sumption by maximizing the useful working
coefficient and provides the required volume
of pressure and flow in the system. Parallel
and sequential modes of Operation allow the
adjustment of pump groups, while hydraulic
resistance is the main factor that increases
energy loss.

Keywords: water supply, pumps, centri-
fugal pump, corrosion
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Anmamol, Kazaxcman
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KOJJAHBICTAFbI FUMAPATTAPJbI CEUCMHUKAJIBIK
KOPT'AY 9JICTEPIH TAJLIAY

Kipicne. Ka3ipri 3amanfbl celicMOTYpak-
ThI FUMApaTTap IbIH KOHCTPYKTUBTIK JKyiene-
pl FuMapaTTap MEH KYpPbUIBICTApIbIH >kK00a-
JIBIK CECMUKAIIBIK KYKTEMEJIepre TeTer oep-
yiHe MYMKIHIIK OepeTiH KaObUIJaHaThIH
CEMCMOTYPAKTBUIBIK JICHICHiH KaMTamachl3
ereni. [lerenMeH, celicMOKOpray xyiiemnepi-
MEH JKa0ABIKTaFaH KYPBUIBICTAPIBIH Ja KO-
OabIK CEMCMUKANIBIK KYKTEMENIEp dCepiHeH
KHparaH jKarjaainapbl Oenrim. MyHBIH MbI-
canel perigae 1995 xwiabl JKanmoHUSHBIH
Ko05 kanaceiama 6onraH, Puxtep mkamacel
OoiipIHIIA 6,9 OAILIABIK JKEep CLIKIHICIH Kell-
Tipyre 6omaabl, con ke3ae 180 000-ra xKybIk
FUMapaT KuparaH. byn celicMOKopraybiH
Oaslamainbl 9/IiCTEpiH 93ipiiey KaKETTUIIr Ty-
pasbl oiinanyra MokOyp ereni. [1-5]

CeiicMOKOpFrayIbIH OaaMaibl >Kyiierne-
PiH 13/1ey KXKETTUIIr KenTereH oiperei Fuma-
paTTapliblH, TapuXy COYJET EeCKepTKIITepi-
HiH, COHal-aK aTOMIBIK KOHE JKBLTY JJIEKTP
CTaHUMSUIAPBIHBIH CEHCMUKANBIK KayilTi aii-
MakTapJia OpHalacybIMeH Ji¢ OallIaHbBICTHI.
OnapaplH  KOHCTPYKTUBTIK —€peKIIeTIKTepl
KeiOip KaFmaiiapaa TUIMALI ceficMOKopray
KyHenepiMeH ka0JbIKTayFa MYMKIHAIK Oep-
Meiini. MyHaii skaraiiia FumMapaTThl Hemece
FUMaparTap TOOBIH CEHCMHUKAIBIK TOJIKBIH-
JapJaH KOpFay KaXeTTUIIr TyslHaaiael. byt
MOCEJICHI TIemIyaiH O01p 9/ici — 00BeKTIIepIl
KOPIIAUTHIH JKOHE OJIapFa TOJIKBIHHBIH Tapa-
JybIHA KeAEpri KeNTIPeTiH CeHCMUKANIbIK 06-
rerrep Kypy. [8]

Kyprizinren 3eprrey Heri3iHae celicMo-
KOpFay 9/IiCTepiHIH KYIITI )KOHE dJICi3 J)KaKTa-
poiH, cormait-ak KM-ne (KP) konmganyra te-
PEHIPEK 3epTTey/l KaXKeT €TeTiH OaFbITTap IbI
aHBIKTayFa 00JIajIbI.

3epTTey OapbIChIHIA CEHCMOKOpFay dIic-
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TepiH Oarajay YIIiH KEIIeH/Il TICUT KOJI-
JMAHbULABL. OJe0H IIONy apKbUIBI ACTYPIl
KoHe Oanamalbl TEXHOJIOTHsUIap 3epTTeil,
CEMICMUKAIIBIK TOJIKBIHIAP/ABIH Tapanry IHHA-
MHKaChIH MaTeMaTUKaJIbIK MOJIEJIBACY KYpri-
s3iai. Typoi omicTepAiH THIMILTIT] CaTbICThIP-
Majibl Taljay apKbUIbl OarajiaHblll, TEXHU-
KaJIBIK-OKOHOMHKAJIBIK ~ HETi3/IeMeci  Kapac-
THIpbULIBL. VIH)KEHepIlik ecenteyiep apKblibl
TIK, KOJIJICHCH JKOHE TUCKPETTI OaphepiepiiH
FUMapaTTap MeH KypbUIbICTapFa ocepi Tajija-
Hael. Connaii-ak, Backo-na-I'ama (ITopryra-
nust) xkoHe Puon-AnTHpHOH (I'penmst) xemip-
JIepiHeTi CEUCMUKAIBIK OaphepiepaiH KoJ-
JaHy Taxipubeci 3eprrengi. [7]

Hotumxenep men Tankbliayiaap. Kyp-
BUIBICTApAbl CEMCMUKAJIBIK JKOHE ChIPTKBI
BUOPAIVSUTBIK 9CepIIepACH KOpFayablH J1oC-
TYpJl SAICTEpiH WIAPTTHI TYpA€ €Ki TOIKa
Oemyre OONaIbI:

1. Panes xoHe JIsBa akycTUKAIBIK OETKI TONI-
KBIHJAPBIHBIH, CEHCMUKAJIBIK YHEPTUSTHBIH
HET13r1 OOITIH TaChIMAIIANRTEIH TOJKBIH-
JIapJIbIH, KOPFaJIaThIH OOBEKTLIEpPre eHyiHE
TOCKaybLT Koo [4-11];

2. CelicMOTYpaKTHI KYPBUIBICTApIBI J)KacayFa
OarbITTaJFaH KOHCTPYKTHUBTIK LISLIIMJED.

3epTTey TaKbIPHIObl OIpPIHIII TONTAFbI
onicrepre OarbITTanFaH. Erep exiHmn tonrta

KONTEreH OpTYpJl 9MICTEp MEH IIenlimaep

Oousica, OipiHmI TON OOMBIHIIA XKapUsIaHFaH

eHOEKTEep CaHbl JJICKaia as.

Panes TonkeiHaapsl (R-TonkpiHmap) —
cepmiMIi AeHeNepAiH OeTiHAe TMHAMUKAIIBIK
acepiiep Ke3iHe rnaiiaa 60JaThIH TOIKBIHAAD,
onapabl 100 XblgaH actaM yakbIT OYpbIH
OpUTaHABIK (QU3UK KOHE MexaHWuK J[KoH
Yunesam Crpert, Jlopn Panes amkan. byn
TOJIKBIHJIAP KATTHI IEHEHIH 00C OeTiHIH Ma -
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HBIH/Ia Tapadybl MYMKIH [4].

MyHaii TONKBIHAAPABIH (a3ajbIK HKbLI-
JaMJIBIFBl O€TKe MapajuieNib OarbITTalFaH, all
OHBIH MaHBIHJAFbl OPTaHBIH TepOeneTiH Oel-
HIEKTEPl BEKTOPJIBIK OpPBIH AYBICTHIPY/IBIH
KeJjieHeH (0eTke mepreHIuKyIIsIp) xKoHe Oou-
JIBIK Kypamac OeliKTepiHe ue.

Byn Gemmexrep TepOeny ke3inae OeTke
NEPIEHANKYIIAP 7Ka3bIKTHIKTA JUTUIICTIK Tpa-
EKTOpHUJIAp CUIIATTANIbl. bOMIIBIK KOHE KOJI-
JIEHEH TepOeicTepliH aMILTUTYJaJIapbl Op-
Tara TEPEHJEreH CailblH SKCHOHCHIIUAIIBI
3aHJapFa CoWKec opTypii coHy Koddduim-
SHTTEPIMEH TOMEHICHII.

1L

Cypem 1 — Paness monxwinoapul

[4] JIsBa TonkeiHAaps! (Lq) — 6eTki Tom-
KBIHJAPIBIH TaFbl O1p TYpi. MyH1al TOJKBIH-
nap KabaTThl opTajapaa Tapaiaabl. Mbicamsl,
Oyn OipTekTi »kapThlUlail KEHICTIKTEri To-
MEHJIETIITeH KbUIIaMIBIKKA e OIPTEKTI Ka-
6at 60J1yBl MYMKIH.

JIstBa TONKBIHAAPBIHAA TapajaTblH OpTa
OesieKTepl TOJNKbIH Tapaly OarbIThIHA TEp-
HNEeHAUKYJSp OarbITTa Kepi-Uirepi KO3FajbIC
xacaipl (1-cypet), 6ipak TeK TOpPU3OHTAIb
JKa3bIKTBIKTa, OJapja TIK Kypamjac OeJik
6oMai bl

Kenemuik TonkplHAapaaH Kopray YILUiH
eH TUIMII memiMaep — 6oc opnap Hemece
KYpaMBbIH/a aKyCTHKAJIBIK TOJKBIHHBIH JKbIJI-
JaMJIBIFBl KOPILIAFaH TOIBIPAKTaFbl TOJKBIH
JKbUIAMBIFbIHAH aWTApJIBIKTall TOMEH Ma-
TepUaJIMeH TONTHIPbUIFaH opiap Oonap eni.
Anaiina, Panest TONKBIHIApHI TapaaFaH Ke3/e
60c opZbl alfHaANBIN Ty KYOBUIBICHI Oaiika-
JaJIbI.

Koiibuiran MakcaTKa KOJI JKETKI3y YIIiH
CEMCMUKANIBIK oCepIIepJIeH FUMaparTap MeH
KYPBUIBICTap/Ibl KOpFayFa apHajJFaH S3KpaH
KOJIIaHbUIAbl. By sKkpaH FUMaparTsl He-
Mece KYpPbUIBICTBI KOpIIAIl TYPaThIH, TOIbI-
pakka OaThIpbUFaH KaObIKTaH Typassl. Ka -
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OBIK TEMIpOETOH CeKIMsUIapbhlHAH JKaca-
JIBIT, OJTAPJIBIH IIETKi O6IiKTepi e3apa KOChLI-
FaH JKOHE OJIAPJIbIH JOHEC KaKTaphl TepOeITic-
Tepre Kapchl OarbITTaNIFaH. OpOip KaObIK Cek-
nusicel L-Topizmi dopmana opweiHmamambl, aji
KaOBIKTBIH 1IIiHJIET] TONBIPAK Maccachl FUMa-
PaTThIH HEMECe KYPhUIBICTBIH MacCcachlHA TCH
0omabI.

Conppikran Oy 6apbepiep TeMipOoeToH-
HaH *kacanajpl. AliTa KETy KepeK, MyH1ail TH-
nTeri Gapbepiiep eH aaabIMEH KOJIIK KO3FaJIbl-
Chl, KapbUIbICTap >KoHE Oacka Ja aHTpOIIOo-
TeHJIIK CEHCMUKAIBIK TOJIKBIHIAPIAH KOpFay
TOKIpUOECiH/Ie KU1 KoqaHbU1a bl [4-5].

Cypem 2 — Kenoeneny mocxaywin

Toxipube Xy3iHae KeJJacHeH Oapbep —
OyJ1 KacueTTepi e3repTiired 6eTki kadar. Ka-
CUETTepAiH MOIU(PUKALUACH dPTYPAl oic-
TEPMEH KYy3€re achlpbllybl MYMKiH. MyH#aii
onicrepaiH Oipi-OepinreH KacuerTepi 6ap Ka-
Oar >xacay.

byn Gapeep Typi Uenyuk TeopemachiH
(1977) konnanyra Herizgenrex [11].

1 //\\\ :

AR
Cypem 3 — Kenoeney mocxaywin
1 — mockayvin, 2 — Kopearamoln avimax

Juckperti 6apbepai kacay YIIiH YJIKEH
TUaMeTpii IIeHOepliK Kagaiapabl Taija-
JaHy YCHIHBUIAABL. bByn Kamamap KoHIIEH-
TpJiK KabaTTapAaH Typajabl, oJapiAblH Kac-
uetTepi O6ip-OipiHe Kapama-Kaiibl 0osabl.

MyHnpait 6apbep/iH Heri3ri QyHKIUSACHI—
CEMICMUKAIIBIK TOJKBIHIAPIBIH YHEPTUSICHIH
CeHinTy.
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bomwkam OoitbiHIa, Oyi1 THOTET1 Oapbep-
nep anram pet Backo-na-I'ama (Ilopryranus)
)koHe Puon-Antupuon (I'perus) xemipiepi-
HiH TIpEeKTepiH caiy Ke3iH/e KOIIaHbUIFaH.

TeMeHme TUCKPETTI TOCKAYBUIIBIH CHi-
He 0allyIaHBICTHI TOJIKBIHHBIH YJICYiHIH e3re-
py rpaduri 6epinareH.

Boano st
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Cypem 4 — Jluckpemmi kedepeiniy
JHCannbl KOPIHICI
1 — kopeanamein eumapam, 2 — yyevima,

3 — cepnimoi Kabwix, 4 — Kopeauvic Mamepuaisl
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Fumaparrap MeH KypbUIbICTapibl Ceiic-
MUKAJIBIK 9CEpJICPICH KOPFay IbIH Ka3ipri 3a-
MaHFBI 9IICTEPIH 3ePTTEY HOTHIKECIH/IE dIiC-
TepHAl XKyWeneyre >KOHE OJapJbIH JPTYpIi
naiganany sKaraalaapblHIaFbl THIMILTITIH
Oaranmayra MYMKIHIIK Tynbl. JKymbIcTa exi
Heri3ri 9/1ic ToObI OeiHTeH: OipiHII Tom —
Panest xone JIsiBa O€TKi TONKBIHIAPBIHBIH,
CEHCMHUKANIBIK SHEPTUSHBIH HETi3ri OeiriH
TaChIMAJIAUTHIH TOJNKBIHIAPBIH KOpFaja-
THIH OOBEKTUIEpre €HyiH OoyapipMayra Oa-
FBITTAJIFAH; CKIHII TON — KYpPBUIBIC KOHC-
TPYKIHUSUTAPBIH CEHCMOTYPAKTHI €Ty apHa-
JFaH KOHCTPYKTHBTIK memimaep. by 3eprt-
Tey OIpiHIII TON 9ICTEpiHe Ha3ap ayaapasbl,
ce0ebi JoCTYpili KOHCTPYKTHBTIK MICHIIM-
Jiepre KaparaHja OChl TaKbIPbIIT OOWBIHIIA
JKapUsIaHFaH JKYMBICTAp CaHbl JJACKanIa
a3, OyJI TaHJIQJIFaH TaKbIPBINTHIH ©3CKTLIITH
Kepcetei [4-6].

2165

4 S (-] 7 8

Wupuna Gapbepa, m

Cypem 5 — TonkvlH yoeyiniy mockaybsll eHine mayenodiniei

bipinmi Ton anictepi meHOepiHae Oapb-
epIIIK TEXHOJIOTHUsIApFa epeKIle KoHLT 0eiH-
1i. TemipOeTOH KOHCTpYKUHMSUIapbIHAH JKacal-
FaH TiK Oapbepiiep CeHCMUKAIBIK TOJIKbIHAAP-
JIbIH TapaylyblHa KeAepri KenTipel, KeJIeHeH
Oapbepiep TOIBIPAKTHIH OeTKi KaOaThIHBIH
KAaCHUETTEPIH 63repTei, al KaCUeTTepl SpTypIIi
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KabaTTapJaH TYpaThlH MIEHOEPIK TUCKPETTI
Oapbepiep CEHCMUKAIBIK TOJIKBIH SHEprus-
CBIH THIMI TYpJie cerinreni. Panes xone JIsBa
TOJIKBIH/IAPBIHBIH dKYMBIC IPUHLUIITEP], OTap-
JIbIH TapaJly cuiaTTaMaapbl, COH/1aii-aK 0apb-
epiepaiH TepOenicTepAiH aMIUTUTYIachl MEH
JUHAMUKAChIHA dcepl KapacThIPbULABI, Oyl
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MOJICTIB/ICY ACPEKTEPl MEH JIEMIIIK TOKIprOe
apKbUIBI pacTaJIbl.

Huckperti 6apwepnepai Backo na 'ama
(ITopryranus) xone Puon—Antupuon (I'pe-
1IMs1) KOemipiepiHie Koaaany Taxipuoeci ona-
PIBIH KOHCTPYKTUBTIK 3JIEMEHTTEPre TYCETiH
CeMCMUKAJIBIK )KYKTEMEH1 TOMEH IeTY/IeT1 KO-
Fapbl THIMZIUTITIH KepceTTi. TombIpakTsl MO-
JTUUKAIMIIAY apKbUIbl KOJIIAHBLIATHIH KOJI-
nieHeH Oapbepliep CeCMUKAIIBIK TOIKBIHAAP-
JIBIH 9CEpiH HIEKTeYIl TYpAe TOMEHIeTce 1€,
KOpFaJlaThlH OOBEKTLIepre ocepi alTapbIK-
Tail Gomanpl. OpTypial TUOTET1 Oapbepriepai
KEPTUTIKTI KaFIaiiap MEH FUMapaTrTapIbly
KOHCTPYKTHUBTIK €peKIlenikTepine Oerimaern
KOJIZIaHy CeficMO3aluTa THIMAUIITIH apTThIp-
yra MyMKiHIik 6epemi [9-11].

baprepik xyienepai KOITaHYAbIH TEK
TEXHHUKAJBIK €MeC, SKOHOMHKAJIBIK aCIeKTi-
nepi ae MaHb3AbL. JJucKkperTi 6apbepiiep xo-
Oanay xoHe caly Ke3iHJe eneysi MaTepua-
JIBIK JKOHE YaKBITTHIK HIBIFBIHIAPIBI TaJar
ereqi, Oipak oJapHablH >KOFapbl THIMJILIIT]
ceilicMOKayinTi aiMaKTapAa >KOHE MaHBI3IbI
00BEKTIIEpIe, MBICANIBI ATOM/IBIK KOHE HKbI-
JIy JIEKTP CTAaHIUSIIAPBI, TAPUXH-MIJICHU ec-
KEepTKIIITEp MEH epeKlle MHXEHEpPIK
KYpBUIBICTap VIIH KOJIJAHYAbl aKTaiIbl.
KenneneHn Gapwepiep MeH TOIBIpaK MOJU-
¢bukanusaaapbH 6acka 9icTepMeH O1pIKTIpIn
KOJJIaHy IIBIFBIHAAPBI  OHTANIAaHBIPHIIL,
KAl CEWCMOTYPAKTBUIBIKTBI apTTHIpYyFa
MYMKIHJIIK Oepei.

KopsbIThIHABI

3epTTey HoTHXKeNepi OapbepiIik TEXHOIO-
rusttapabl Kazakcran xarmaiibiHa OeriMaey-
IiH KOHE opi Kapail JambITy KaKeTTUIITiH
Kepcereai. Atan aiTKaHaa, Oaphepilik xKyiie-
JepliH mapaMmeTrpiepiH, OJlapAblH OpHa-
JacyblH >KOHE KOHCTPYKLHMSCBIH >KEPTiTIKTI
TCOJIOTHSIIBIK JKOHE CEMCMMKAJIBIK JKaFJaii-
JapIbl €CKepe OTHIPBIN OHTAMIaHABIpyFa Oa-
FBITTAIFAH JKCIIEPUMEHTTIK JKOHE CaHJIBIK
3epTTeyIep Kyprizy Manb3apl. COHBIMEH Ka-
Tap, KOHCTPYKTUBTIK HIeNIiMaepai Oapbepik
ozicTepMeH OIpIKTIpETiH KelleHAl celicMo3a-
IIMTA KYHENEepiH 3ipiey/iH NepCreKTHBAIbI
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OaFbpITTaphl AHBIKTAIBI, OYJI CEMCMOKAYINTi
aliMaKTapiarbl FUMapaTTap MEH KYpPBUIbIC-
TapbIH Kayirci3airi MeH y3aK Mep3iMIUTIriH
apTThIpyFa MYMKIHAIK Oepei.

Ocsuiaiima, 6apbepilik TEXHOJOTHsIIAP-
IIbI CeicMO3anIuTara 0amaMabl TOCIT PETiH-
Jie KOJIZIaHy MHXKEHEPJIIK TOKIpuOe MEH FhbI-
JBIMU 3€PTTEYIICP/IiH NEPCICKTUBAIBI OaFbI-
ThI OonbIn TaObUIaABL. by omicrepai 3ama-
Hayy FUMapaTTap MeH KYPbUIBICTapIbI )K00a-
Jlay JKOHE callyFa HIi3y CeHCMMKAIIBIK acep-
JepAaeH OoyaThIH Kayil-KaTepAl a3alThill,
MaTEepUAIIBIK JKOHE aJlaM PEeCypCTapbliH Cak-
Tar, eIiH WHQPAKYPBUIBIMBIHBIH TYPaKThI-
JIBIFBI MEH CEHIMIUTITIH apTThIPAJIbI.
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AHHOTALIUA

Makanana fumMaparTap MEH KYpPbUIbIC-
Tapbl CCHCMUKAIIBIK 9CEPIICPACH KOPFay IbIH
3aMaHayW oOJiCTepi KapacThIPBUIBIN, Ceic-
MOKOpPFay/IbIH OalaMalibl TOCLIIepiHe epeKIie
Hazap ayaapbutabl. JJocTypm omictep Tanma-
HBIII, OJ1ap IAPTTHI TYPJIE €Ki TONKa OeiHeI]:
Poanest xone JlsiBa akyCTHKanbIK OETKI TOJI-
KbIHJIApBIHBIH €HYIHEH KOpFay, COHJIaii-aK Ky-
PBUIBICTAPABIH CEHCMOTYPAKTBUIBIFBIH apT -

VIIK 624.

TBIpYFa OaFbITTaJIFaH KOHCTPYKTUBTIK IIIe-
mrimaep [4-6].

Bipinmm Tontarel 9micTepIiH MIiHAE 9p-
TYpii Oapbepilik TEeXHOJOTHsIApFa epeKIe
KkoHLI OemiHenl. Tik, KeIAeHEeH XKoHe JUCKpE-
TTi OapbepiepAiH YII Heri3ri Typi cumarra-
nraH. Tik Oapbepiiep CEHCMUKAIBIK TOTKbIH-
JapblH TapalyblHa KeJepri KeNnTipeTiH Te-
MipOETOH KYphUIbIMAapaH Typaabl. Kemne-
HEeH Oapbepliep TOMBIPAKTHIH OCTKi KaOaThI-
HBIH KACHETTEpIH O3TepTyIiH HeTi3iHe
JKYMBIC icTeimi. JluckperTi 6apwepiep ceiic-
MUKAJIBIK TOJKBIHAAP/IbIH SHEPTHSICHIH THIM-
Il TYpAE CEHINTETIH, OPTYPIi KaCHeTTepre ue
KabarrapJaH TYpaTblH YVJIKEH JUaMeTpIi
meHOePIiK KaJganapaH skacayiajbl.

MyHnpaii 6apsepiiepaiH dJIeMIIK TIKIpHU-
Oele KOJIAHBLTY MBICAJIIApPBl KETipiireH,
COHBIH IIIIHJAE JHUCKPETTI Oapbepiepaiy
Backo-pa-I'ama (Iloptyranus) xone Puon-
Antupuon (I'perust) kemipiepiHiH TipeKTe-
piH canmyna KOJJAHBUIYBl KapacThIPBUIFAH.
OPTYpIIi CECMOKOpFay oAiCTEpiHIH apThIK-
MIBUTBIKTAPhl MEH KEMIIUTIKTEpl alKbIHIa-
TibIM, OoJalak 3epTTeyNepAiH Heri3ri OarbIT-
Tapbl Kepceriirex. [1-5]

Tyiiinoi ce3oep: ceiicmoxopaay, celic-
MOMYPAKMOBLILIK, CEUCMUKATbIK bapvepiiep,
Poness mongvinoapul, Jlsiea monxviHOapsl,
BUOPAYUATBIK KOPRAHBIC, KOHCMPYKMUBMIK
wewimoep.
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AHAJIN3 METOJI0OB CEHCMHYECKOM 3AIIMUTHI CYIECTBYIOIINX 3JIAHAM
(mepeBoa MpeabIAYIIHIl CTATHH HA PYCCKOM fI3bIKE)

Beenenne. CoBpeMEHHbIE KOHCTPYKTHUB-
HBIE CHCTEMBI CEHCMOCTOMKMX 3JaHHUNA o0ec-
MEYUBAIOT MPUEMIIEMBII YPOBEHb CEHCMOCTO-
WKOCTH, TIO3BOJISIIOIIUN COOPY)KEHUSIM BBI-
JIEP’KUBATh PACUETHBIE CEMCMHMYECKHUE Har-
py3ku. OHAKO W3BECTHHI CIydau paszpyliie-
HUU 31aHMUH, OCHAIIEHHBIX CHCTEMaMU CeiC-

MO3allUTHI, [I0J] BO3JEHCTBUEM TEX XKE pac-
YETHBIX CEUCMUYECKUX Harpy3ok. [Ipumepom
MOJKET CIYXHUThb 3EMJIETPSICEHHE B TOPOAE
Kobe (Snonus) B 1995 rony marauryzaoit 6,9
Oanna no mkane Puxrtepa, B pe3ynbraTe Ko-
Toporo ObuIO pazpymeHo okosno 180 000
3aHUH. DTO 3acTaBIIsET 33 JyMaThCcs O HE0O-
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XOJIMMOCTH Pa3pabOTKH albTEePHATUBHBIX ME-
TOJIOB cericMo3amuThl [1-5].

Heo6xoauMocTh TOWICKa aabTepHATHB-
HBIX CHUCTEM CEHCMO3alIUThl TaKXe 00yc-
JIOBJIEHA TE€M, YTO MHOTHE YHUKAJIbHBIC 3/1a-
HUS, UCTOPUKO-APXUTEKTYPHbIC TAMATHHUKH,
a TaK)K€ aTOMHBIE U TEIIOBBIC 3JIEKTPOCTAH-
UM PACIIOJIOKEHBI B CEHCMOOIACHBIX Pano-
Hax. VX KOHCTPYKTHUBHBIE OCOOCHHOCTH B
psAlle CIy4daeB HE MO3BOJSIOT OCHACTUTH UX
3 PEKTUBHBIMH CHCTEMAaMH CEHCMO3aITUTHI.
B Takux ycnoBHSIX BO3HHKAeT MOTPEOHOCTH
3aIIUTUTH 3JaHUE€ WM TPyNHy 3AaHUN OT
BO3JCHCTBUS CceiiCMHYECKUX BONH. OIHHM
13 CIOCOOOB pElICHUs JaHHOW 3aJadu sB-
JSIeTCsl CO3JaHHUE CEMCMUYECKUX Oapbepos,
KOTOPBIE OKPY>KAIOT OOBEKT U MPETSITCTBYIOT
pacrpocTpaHEeHUIO BOJIH K HEMY. [ 8]

Ha ocHoBe mpoBenagHHOro ucclienoBa-
HUS MOXHO ONPENENTUTh CHIIbHBIE U Ci1a0ble
CTOPOHBI METOJ0B CEMCMO3AIIMTHI, a TAKXKE
HampaBJICHUs, KOTOPBIE TPEOYIOT OoJIee riny-
OOKOr0 U3y4YeHHsl 1711 IPUMEHEHUS B CTPOH-
TenbHOU npakTuke Pecybnuku Kazaxcran.

B xoze uccienoBanus 1Jist OLIEHKU METO-
JIOB CEHCMO3AIUTHI OBLT TPUMEHEH KOM-
IJIeKCHbIN noaxon. Ilyrém ananmusa nurepa-
TYPHBIX UCTOYHUKOB OBUTH M3YyY€HBI TpaJu-
LIMOHHBIE U albTEPHATUBHBIE TEXHOJOTUH, a
TAKE€ BBIIOJHEHO MAaTE€MaTHUYE€CKOE MOJE-
JUPOBAaHUE JIMHAMHMKUA PacHpOCTpaHEHUS
ceiicMuuecKuX BOJIH. D()PEKTUBHOCTH pa3-
JUYHBIX METOJIOB OLEHUBANACH IOCPENCT-
BOM CPaBHHUTEJIBHOIO aHAJM3a, a TAKXKE pac-
CMaTpUBAJIOCh UX TEXHUKO-IKOHOMHUYECKOE
obocHoBaHue. MHxeHepHbIe pacy€Thl TO3BO-
JUIN TPOAHAIU3UPOBATH BIIUSHHE BEPTHU-
KaJIbHBIX, TOPU30HTAIBHBIX U JTUCKPETHBIX
OapbepoB Ha 37aHUS U coopykeHus. Kpome
TOTO, OBbIJIa U3y4YeHa MPaKTUKa TPUMEHEHUS
ceificMuuecknx OapbepoB Ha MocTax Backo
na I'ama (ITopryranust) u PuoH—AnTHpUOH
(I'peuns) [7].

TpanuiroHHBIE METOIBI 3AIIUTHI COOPY-
JKEHUH OT CEHCMUYECKUX W BHEIIHUX BHO-
PAlMOHHBIX BO3JCHCTBUN MOYKHO YCJIOBHO
pa3lieTUTh Ha JBE TPYMIIbL:

1. IlpensiTcTBOBaHWE TPOHUKHOBEHUIO
AKyCTHYECKHX IMOBEPXHOCTHBIX BOJIH Panes u
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JIsBa, KOTOpBIE NEPEHOCAT OCHOBHYIO YacTb
CEICMMYECKON SHEpruu, K 3alliIacMbIM
obbekTam [4-11];

2. KOoHCTpyKTHBHBIE pelIeHHs], HalpaB-
JICHHbIE Ha CO3JIaHHE CEHCMOCTOMKHX COOpY-
JKEHUU.

HccnenoBaHue cocpeoToueHa Ha METO-
Jlax TEpBOM I'pyHIbl — BOJHBI Pams. B to
BpeMs Kak I10 BTOpo# rpymie (BojHsbl JIsBa)
CYLLIECTBYET MHOKECTBO Pa3JIMYHBIX METO-
JIOB M TEXHUUYECKUX PEIIEeHUH M OmyOInKo-
BaHHBIX paboT. OHAKO 110 METO/IaM IepBOM
IPYIIbl OMYOJMKOBAHHBIX HAYYHBIX TPYJOB
3HAYUTEJIbHO MEHBbIIIE.

Boanbr Panest (R-BoiHBI) — 3TO BOJIHBI,
BO3HUKAIOIIIHME Ha TOBEPXHOCTU YIPYIUX Tell
[OJl BO3JICHICTBHEM JMHAMHUYECKHX Harpy-
30K. OHM Obu OTKPHITH Oostee 100 et Ha-
3a]] OpUTAHCKUM (PU3MKOM U MEXaHUKOM
Hxonom Yunbsimom CtpertoM, siopaom Pe-
jgeeM. DTH BOJHbBI PAaCHpPOCTPAHSIOTCSA B OK-
PECTHOCTU CBOOOJHON MOBEPXHOCTU TBEP-
qoro Tena. [4]

@a30Bast CKOPOCTh TAKUX BOJIH HaIpaB-
JIEHa MapaJljIeNIbHO MOBEPXHOCTH, TOTJA Kak
KOJIEOIIOIIMECsS YaCcTULbl CpeIbl BOJIM3H TO-
BEPXHOCTH 00J1a1al0T BEKTOPOM CMEILEHHUS,
BKJIIOYAIOLIUM TONEPEUHYI0 (NIEepIeHIuKYII-
SPHYIO TOBEPXHOCTH) M MPOJOJIBHYIO COC-
TaBJISIOLIHE.

ITpu KoneGaHUM THU YACTHUIIBI ONHUCHIBA-
10T JJUIMIITUYECKHE TPAEKTOPUU B IIIOCKOC-
TH, NEPIEHIUKYJIAPHON MOBEPXHOCTH. AM-
IUTMTY/BI TPOJOJIBHBIX U MONEPEYHBIX KOJie-
0aHul yMEHbLIAIOTCA 10 Mepe YIIIyOJIeHHs B
Cpelly COIIacHO 3KCIIOHEHIMAIbHBIM 3aKO-
HaM, IpUYEM C Pa3IMYHBIMH KO3 PHUIIHEH-
TaMU 3aTyXaHUsl.

A

Pucynox 1 — Boanwt Ponss

[4] Bonusr JIsBa (Lg) — aT0 emé oaun
TUI TOBEPXHOCTHBIX BOJH. Takue BOJHBI
paCIpPOCTPAHSIOTCS B CIOHCTBIX Cpejax.
Hampumep, 3T0 MoXxeT OBITh OJHOPOAHBIN
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CJION C TMOHWXEHHON CKOPOCTBIO, Pacrojo-
JKEHHBIN B OJTHOPOJIHOM TIOJTYIIPOCTPAHCTBE.

B cpene, no koTopoi pacnpocTpaHsoT-
csi BOJHBI JIsiBa, YaCTHIIBI COBEPINAIOT BO3-
BPaTHO-TIOCTYTATEIbHOE IBHKEHUE MEPIeH-
JTUKYIISIPHO HAMPABJICHHUIO PACIIPOCTPAHCHUS
BOJIHBI (puc. 1), 0IHAKO TOJBKO B TOPU30H-
TaJIbHOU TUIOCKOCTH — BEPTUKAIbHASI COCTAB-
JSIoLIasi OTCYTCTBYET.

Haubonee 3¢ hekTHBHBIMU pelICHUSIMH
JUIA 3al0UTBl OT OOBEMHBIX BOJIH OBUIM OBI
MyCThIC TPAHIIEH WM TPAHIIEH, 3aIOJTHCH-
HbIE MaTepUaAIOM, CKOPOCTh PacIpoCTpaHe-
HUSl aKyCTUYECKHX BOJH B KOTOPOM 3HAYH-
TEIbHO HUXKE, YeM B OKPY’KAIOILEM TPYHTE.
Opnako npu pacnpocTpaHEeHUU BOJIH Panes
HaOII01aeTCsl SABJICHUE UX OTHOaHUS MyCTON
TpaHIIIEH.

Jis AOCTHOKEHHS] TOCTAaBICHHOM IIeTH
UCTIONB3YeTCs SKPaH, MPEAHA3HAYCHHBIA IS
3aIIUThl 3JaHUH U COOPYXKEHUH OT CelCMHU-
YECKMX BO3ACHCTBUU. TakoW 3KpaH mpejc-
TaBisgeT co0o0il 000J0UKY, 3ariTyONEHHYIO B
TPYHT U OKPY>KAIOIIYIO 3/IaHUE UITU COOPYKE-
Hue. O000UKa BBHITIONHIETCS U3 Kene300e-
TOHHBIX CEKIMH, KpalTHUE YaCTU KOTOPBIX CO-
€IMHEHBI MEX]Ty cO00i1, a X BBIMYKIIbIE CTO-
POHBI OPHEHTUPOBAHBI TIPOTHB HAITPABIICHUS
BuOparmii. Kaxnas cexiusi 000104k UMeeT
L-o0pa3nyto popmy, a macca rpyHTa BHYTpHU
0o0ONIOYKM paBHA Macce 3JaHdd WU
COOpYKEHHUSI.

[ToaTomy Takue OGapbepbl M3rOTaBIHBa-
10TCsl U3 kene300eroHa. Ciaenyer OTMETUTb,
4T0 Oapbepbl JAHHOTO THIIA Yallle BCETO MPH-
MEHSIOTCS B IPAKTHKE 3alTUTHI OT BUOPAIIHIA,
BBI3BAHHBIX TPAHCIOPTHBIM JABH)KCHHEM,
B3pbIBAMH W JIPYTEMH aHTPOTIOTCHHBIMU
ceficMUYecKHMHU BoJTHaMH. [4-5]

Pucynox 2 — I'opuzonmanwvusiii bapvep
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Ha npakTuke ropu3oHTalbHBIA Oapbep
npeacTaBisier co0oil MoAU(UIIMPOBAHHBIH
10 CBOMM CBOMCTBaM IOBEPXHOCTHBIN CIIOH.
N3MeHeHne CBOWMCTB MOKET BBITOJIHATHCS
pa3iauuHbIMH crioco0amMu. OJHUM U3 TaKuX
CrocOOOB  SIBIISIETCSL CO3/IaHHME CJOSL  C
3aJJaHHBIMU XapaKTEPUCTUKAMU. DTOT THII
Oapbepa OCHOBAaH Ha MPUMEHEHUHU TEOPEMBI
Yenyuka (1977) [11].

st co3maHusi JUCKPETHOTO Oapbepa
IpeJjiaraeTcsi HCIOJIb30BaTh  KOJbIEBBIC
cBau OosbmIoro nquamerpa. Takue cBau coc-
TOSIT U3 KOHILIEHTPUUYECKUX CIIOEB, CBOMCTBA
KOTOPBIX MPOTUBOIOJIOKHBI IPYT APYTY.

OcHoBHas (yHKIUS TOAOOHOTO 6aprepa
— PpAacCeuMBAHUE DSHEPIrUM CEUCMHUYECKHX
BOJIH.

Pucynox 3 —I' opu;;)Hmaﬂbelﬁ bapvep
1 - 6apvep, 2 — sawuwaemasn 301a

I[To nmeronMcs JaHHBIM, Oapbepbl JaH-
HOT'O THUIIa BIIEpPBbIE ObUIM MPUMEHEHBI MpU
COOpYXEHMH omop mMocToB Backo nma I'ama
(ITopryranus) u Puon—Antupuon (I'perus).
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Pucynox 3 — Obwuii 6uo
ouckpemnozo bapvepa
1 — sawuwaemoe 30anue, 2 — ckeadicuna,
3 — ynpyeas obonoura, 4 — 3auwumnolil
mamepuan

Hwxe npuBeaéH rpaduk u3MeHeHUs yc-
KOpPCHUA BOJIHBI B 3aBUCUMOCTHU OT HIMPUHBL
JMCKPETHOTo 6apbepa.
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IIpoBenénHoe ucciaeg0BaHe COBPEMEH-
HBIX METOJIOB 3alUTHI 3JaHUN U COOpYKe-
HUH OT CEMCMHYECKUX BO3ICUCTBUI I10O3BO-
JWIO CUCTEMAaTH3UPOBATh MOAXOJAbI U Olle-
HUTh UX 3(PPEKTUBHOCTh C YIETOM pasiivy-
HBIX YCJIIOBUM JDKCIUTyaTallUH.

B paGote paccMOTpeHBI JBE OCHOBHBIE
Ipynnbsl METOJIOB: TEpBasi HampaBlicHa Ha
MpEeAOTBpALIEHUE TPOHUKHOBEHUSI TMOBEPX-
HOCTHBIX BOJIH Panest u JIsiBa, koTopbIe nepe-

12000
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Yewopenme panrbl, mfc2
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LH00.6

HOCSIT OCHOBHYIO YacTh CEHCMUYECKOM IHEp-
T'MH, K 3alUI[aeMbIM O00BEKTaM; BTOpasi BK-
JI0YaeT KOHCTPYKTHBHBIC pelIeHHs, oOec-
MEYMBAIOIINE CEUCMOCTOMKOCTh COOPYKE-
Hui. JlaHHOE HCCIeI0BaHHUE COCPETOTOUCHO
Ha METOJIaX MEPBOM IPYIIIbI, TOCKOIBKY KO-
JIMYECTBO MyOJIMKAIUIl IO ATOW TeMe 3HauH-
TEbHO MEHBINE, Ye€M [0 TPAJUIMOHHBIM
KOHCTPYKTHBHBIM PEIICHUSIM, YTO ITO4EPKH-
BAaCT aKTyaJIbHOCTh BEIOpAaHHOU TeMbl. [4-6]

399.3
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Wanpuna Gapbepa, m

Pucynok 5 — 3asucumocms yckopenus onnvl om wupuHsl 6apbepa

B pamkax mepBoil rpynmsl ocoboe BHH-
MaHUE YJEIeHO OapbepHBIM TEXHOJOTHSIM.
BepTukanbabie 6apbepbl U3 jKe1e300e TOHHBIX
KOHCTPYKIIUA TPEMSITCTBYIOT —PaclpocTpa-
HEHUIO CEMCMUYECKHUX BOJIH, TOPU3OHTAIIb-
HbIe Oaphepbl W3MEHSIIOT CBOMCTBA IMOBEPX-
HOCTHOT'O CJIOSl TPYHTA, a AUCKPETHBIE Oapb-
€pbl U3 KOJIBIEBBIX CBAll C Pa3IMYHBIMUA CBOM-
ctBamu Ccilo€B  3((deKkTUBHO pacceuBaroT
SHEPIUI0 CEUCMUYECKUX BOJH. PaccMoTpeHbl
NpUHIUTBL paboThl BonH Panes u JlaBa, ux
XapakTep pacnpoCTpaHEHHMs, a TaKXKe BIIU-
sHrue OapbepoB HA AMIUTUTYAY U JUHAMHUKY
KojeOaHui, YTO MOATBEPKIAACTCS JTaHHBIMHU
MOZEIIMPOBAHUS U MUPOBOM IIPAKTUKOM.
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AHanu3 IpuMEHEHHUs] TUCKPETHBIX 0aph-
epoB Ha mpumepe MocToB Backo ga ['ama
(ITopryranusi) u Puon—Auntupuon (I'perust)
MoKa3ajl BBICOKYIO J(PQPEKTUBHOCTh TaKUX
CHUCTEM B CHU)KECHUH CEIICMUYECKON Harpy3Ku
Ha KOHCTPYKTHUBHBIE DJIEMEHTHI COOPYKEHUH.
["opusoHTanbHBIE Oapbepbl, MPUMEHSIEMbIE Ha
OCHOBE MOAN(UKAIIUN TPYHTA, IEMOHCTPUPY-
0T OTPAaHUYEHHOE, HO CYIIECTBEHHOE CHIKE-
HHUE BO3JEHCTBHSA CEHCMMYECKUX BOJIH HA 3a-
[IUIAeMble OOBEKTHI. YCTAHOBIEHO, 4YTO
KOMOWHUPOBAaHHOE HCIOJIb30BAHUE pPa3yiny-
HBIX THIIOB 0aphepoB, adaNTUPOBAHHBIX MO
KOHKPETHBIC YCJIOBUS MECTHOCTH W KOHC-
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TPYKTHBHBIE OCOOCHHOCTH 3JIaHHi, IMO3BOJI-
SeT JOCTUYb HauOomblIel 3((EKTUBHOCTH
ceticmozaruTsl. [8-10]

BaxHo OTMETHTBH, YTO MCHOJB30BAHUE
0apbepHBIX CUCTEM UMEET HE TOJIBKO TEXHH-
YeCKHe, HO U SKOHOMUYECKHUE aCTICKTHI.

JuckperHbie Oapbepbl TPEOYIOT 3HAYH-
TENBHBIX MAaTEPUAIBHBIX U BPEMEHHBIX 3aTpaT
Ha MPOCKTUPOBAHUE M CTPOUTEITLCTBO, OJTHAKO
UX BbICOKast 3()()EeKTHBHOCTH OIPABIBIBACT
NPUMEHEHNE B CEHCMOOIACHBIX 30HAX W IS
0c000 BaXKHBIX 00BEKTOB, TAKMX KAK aTOMHBIE
U TEIUIOBBIC AJIEKTPOCTAHIIMH, HWCTOPUKO-
KyJbTYpHBIC TaMSITHUKH, a TAK)KE YHHUKaIb-
Hble HMHXCHEPHBIC COOpYyXeHus. [ opu3oH-
TajbHbIE Oaphepbl U MOAU(PUKALMU TPYHTa
MOT'YT TIPUMEHSITBCSI B COUYCTAHUM C APYTHMHU
METOJIaMU ISl ONTHMHU3AIMK 3aTpaT W IO-
BBILIIEHHS 0011Iei ceiicmocToiikoctu [9-11].

3akjao4eHue

Pesynprarhl uccnenoBaHus MO3BOJISIOT
cienatb BBIBOA O HEOOXOAMMOCTH Jlailb-
HEWIIero pa3BUTHA U ajanTtaluu 0apbepHbIX
TexHosorui juia ycnosuil Pecnyonmukn Ka-
3axcraH. B wactHocTH, LienecooOpa3Hbl Kc-
NIEPUMEHTAIbHBIE M YHCICHHBIE HCCIEA0BA-
HUSl, HalIPaBJICHHbIE HA ONTUMM3ALMIO Mapa-
METPOB OapbepHBIX CHUCTEM, MX PACIOJIOXKe-
HUS U KOHCTPYKLIMH C YYETOM MECTHBIX I'€O-
JIOTUYECKHUX U celicMuYecKkux yciaoBuil. Kpo-
M€ TOrO, BBIABIIEHBI IIEPCIIEKTHBHBIC Hall-
paBiieHusl A0 pa3pabOTKU KOMIUIEKCHBIX
CUCTEM CEHCMO3ALIUTHI, COYETAIOIIUX KOHC-
TPYKTUBHBIE DELIEHUS C OapbepHBIMU Me-
TOJAaMHU, YTO II03BOJIMT IIOBBICUTH YPOBEHb
0€30MaCHOCTH M JIOJITOBEYHOCTH 3JaHUN U
COOPYKEHUH B CEHCMOOITACHBIX PETUOHAX.

Takum oOpa3om, UCHOIb30BaHUE Oaph-
€pHBIX TEXHOJIOTHH, KaK aJbTEPHATHBHOIO
oAXoAa K CEMCMO3alluTe, SBISETCS Iepc-
NIEKTUBHBIM HANpaBICHUEM HHKEHEPHON
IIPaKTUKU U HAyYHBIX UCCIIe0BaHUN. BHe-
peHue STUX METOAOB B IIPOCKTUPOBAHUE U
CTPOUTEIBCTBO COBPEMEHHBIX 3JaHUM U CO-
OpYXKEHHMI 00ecreunT CHIKEHHE pUCKa pa3-
PYLIEHHUN ITPU CEMCMUYECKNX BO3JAEHCTBHUSAX,
COXpaHEHHUE MaTEPUAJIbHBIX U YEIIOBEYECKUX
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pPECYpCOB, a TAKXKE MOBBIIIEHUE YCTOMYHUBOC-
TH U HAaJKHOCTU UH(PPACTPYKTYPHI CTPAHBI
B LIEJIOM.
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AHHOTANUA

B crarbe paccMOTpeHBI COBpPEMEHHbIE
METOJIbl 3alUThl 3[JAHUM U COOPYXKEHUH OT
CEHCMUYECKHUX BO3IAEHUCTBUM, IPU TOM OCO -
00oe BHHMMaHHME Y/EIEHO ajJbTEePHATUBHBIM
criocobam cericMo3auuThl. [Ipoananusuposa-
Hbl TPAJULIUOHHbIE METO/IbI, KOTOPBIE YCIIOB-
HO pa3/ieJIeHbl Ha IBE TPYIIIbL: 3aIlUTa OT IPo-
HUKHOBEHHUSI aKyCTHYECKHMX ITOBEPXHOCTHBIX
BOJIH Panes u JIsBa, a Takoke KOHCTPYKTUBHBIE
pElLICHUs, HalpaBJeHHbIE Ha IOBBIIICHUE
CEHCMOCTOMKOCTH COOpYKeHuit [4-6].

Cpenu MeTo/10B IepBOM IpymIibl 0codoe
BHUMaHHUE Y/IEISIETCS PA3INYHbIM OapbepHBbIM
TexHoJ0rusAM. OnucaHbl TPU OCHOBHBIX THIIA
0apbepoB: BEPTUKAJIbHbBIE, TOPU30HTAIIbHBIE U
JMCKpeTHbIe. BepTukanbHble 6apbepsl npes-
CTaBJISIIOT COO0M JK€e1e300€TOHHbIE KOHCTPYK-
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UM, MPENITCTBYIOIIUE PacIpPOCTPAHEHHIO
celicMHUYeCKHX BOJH. [ Opu3oHTaIbHBIE Oaph-
epbl pabOTaOT Ha OCHOBE N3MEHEHUSI CBOICTB
IIOBEPXHOCTHOI'O C€JI0sl I'pyHTa. J{MCKpeTHBIE
Oapbepbl H3rOTAaBIMBAIOTCS U3 KOJIBLEBBIX
CBail OOJNBLIOTO UAMETPa, COCTOALIMX W3
CJIOEB C Pa3IMYHBIMU XapaKTEPUCTUKAMHU, KO-
TOopble 3(PPEKTUBHO PACCEUBAIOT IHEPTHUIO
CeMCMHUYECKHUX BOJIH.

[IpuBeneHbl npuMepsl IPUMEHEHHUS T10-
JOOHBIX 0apbepOB B MUPOBOI MPAKTUKE, BK-
Jr04asi HCIOJIb30BaHME JAMCKPETHBIX Oaphb-
€pOB IpU BO3BEACHUH ONIOp MOCTOB Backo na
I'ama (ITopryramus) u PuoH-AHTHpPHOH
(I'perust).  Ompenenensl npeuMyliecTBa U
HEJ0CTaTKU PA3JINYHBIX METOJIOB ceiicmMo3a-
IIUTHI, a TAaKXKe 0003HAaYeHbl OCHOBHBIE HaIl-
paBiieHus Oyaynux ucciaeaoBanui [1-5].

Knioueswie cnosa: ceiicnoszawuma, cetic-
MOCMOUKOCMb, celcmuyeckie bapbepbl, 8O-
Hol Panes, eonnvl JIaea, subpayuonnas sauu-
ma, KOHCMPYKMUBHbIE PEUUEHUS.

Om3v16 0an Ha cmamvio 0oyeHm Kageopwl
«Cmpoumenvuwiii koncmpykyuuy A3.ACY
Ceuoos H.I'.
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