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OF THEIR MICROSTRUCTURE
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Abstract: This article discusses the issues of creating new generation alloys,
studying their structural properties and determining their microstructure. The
research analyzes the directions of developing metal alloys that provide high
mechanical strength, corrosion resistance and heat resistance. Also, using modern
metallographic methods, the microstructure, phase composition and state of the
crystal lattice of alloys are studied. The article is aimed at showing the role and
importance of innovative approaches in the development of new materials

technology.
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Annotatsiya: Ushbu maqolada yangi avlod qotishmalarini yaratish, ularning
tarkibiy xususiyatlarini o‘rganish hamda mikrokonstruksiyasini aniqlash masalalari
yoritilgan. Tadqiqotda yuqori mexanik mustahkamlik, korroziyaga chidamlilik va
issiqlikka bardoshlilikni ta’minlovchi metall qotishmalarini ishlab chiqish
yo‘nalishlari tahlil qilinadi. Shuningdek, zamonaviy metallografik usullar
yordamida qotishmalarning mikrostrukturasi, fazaviy tarkibi va kristall
panjarasining holati o‘rganiladi. Maqola yangi materiallar texnologiyasining
rivojlanishida innovatsion yondashuvlarning o‘rni va ahamiyatini ko‘rsatishga

qaratilgan.

Kalit so‘zlar: qotishma, mikrokonstruksiya, metallografiya, kristall panjara,

fazaviy tarkib, mexanik mustahkamlik, yangi materiallar, innovatsion texnologiya.
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AHHOTanus: B cratbe paccmaTpuBaloTCs BOIPOCHI CO3/IaHNUs CIUIABOB HOBOT'O
IIOKOJIEHUS, HCCJIENOBAHUS UX CTPYKTYPHBIX CBOWCTB M  ONpENEICHUS
MUKpPOCTPYKTYpbl. B pabore aHanM3upyloTcsi HampaBieHUs pa3padOTKu
METAJNTMYECKUX CIUIABOB, 00ECIIEYMBAIONINX BHICOKYIO MEXaHUYECKYIO POYHOCTb,
KOPPO3HUOHHYIO CTOMKOCTh M >KapONpPOYHOCThb. Takke C HCIOJIb30BAaHUEM
COBPEMEHHBIX MeETaIorpauueckux METOJOB M3Y4YeHbl MHUKPOCTPYKTYpa,
(a30BbIil COCTaB M COCTOSHNE KPUCTAIIMUECKON PEUIEeTKH CIIaBoB. Llenb ctaThu —
MOKa3aTh POJIb U 3HAYEHUE MHHOBALIMOHHBIX MOJXOJOB B Pa3BUTHUU TEXHOJIOTUUI

HOBBIX MATCPHUAJIOB.

KirwueBsie  ciosa: CIUIaB, = MHUKpPOCTPYKTypa,  MeTrauiorpadus,
KpUCTaJUIMYECKasi pelierka, (pa3oBbI COCTaB, MEXAHHYECKasi MPOYHOCTh, HOBBIE

MaTepualibl, ”HHOBAIIMOHHAS TEXHOJIOTHSI.
Introduction

In the context of modern industrial and technical development, the creation of
new generation alloys with high performance is one of the most relevant directions
in the field of materials science. Metal alloys are widely used in such fields as
mechanical engineering, aviation, astronautics, energy and military equipment, and
their physical and mechanical properties determine the quality and reliability of
products. Therefore, the development of alloys with high strength, corrosion
resistance and stable operation under extreme temperature and pressure conditions
is at the center of scientific research. The process of creating new generation alloys
relies on the selection of their chemical composition, ensuring thermodynamic
stability and in-depth study of microstructural properties. In particular,
microstructural analysis - by determining the internal structure of the material,
interphase boundaries, dislocation density and crystal lattice state - allows predicting

its mechanical and technological properties.
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Currently, nanostructured and composite alloys, as well as high-entropy
materials, are becoming an advanced direction of scientific research. Such alloys
demonstrate higher heat resistance and wear resistance compared to traditional
metallic materials. From this point of view, determining the microstructure of new
generation alloys and experimentally confirming their phase composition is one of
the fundamental problems of materials science. The theoretical significance of this
study is that it serves to scientifically substantiate the process of developing
advanced technological materials by revealing the relationship between the
structural and material properties of new alloys and their physical and mechanical

properties.
Main part

In the era of modern technological progress, the demands placed on metallic
materials are increasing. Traditional alloys often lose their mechanical properties
under the influence of high temperature, pressure, and aggressive environments.
Therefore, the issue of creating new generation alloys is considered one of the
current scientific directions in the field of materials science and metallurgy. The
theoretical basis of this process is based on fundamental laws such as the crystal
lattice of metals, phase transitions, alloying mechanisms, and energy stability. The
role of alloying elements in creating new generation alloys is incomparable. In
particular, elements such as chromium, molybdenum, vanadium, nickel, titanium,
aluminum, and tungsten increase the structural strength of metals, increase their
resistance to corrosion, thermal loads, and mechanical deformation. Also, the
development of nanostructured alloys is one of the most advanced achievements of
our time. The addition of nano-sized particles strengthens the intergranular
boundaries of the metal, significantly increasing the hardness and elasticity of the

material.
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In scientific research, physicochemical modeling and computer simulation are
widely used to create new alloys. With the help of these methods, the interaction
energy, diffusion rate, and structural stability of alloy components are calculated in
advance. As a result, it becomes possible to accurately predict the results obtained
experimentally. In addition, it is important to take into account the principles of
green metallurgy in the development of new generation alloys. That is, reducing
energy consumption, minimizing waste, and using recyclable resources in the
production process are an integral part of the scientific approach. This allows alloys
to be formed as not only technically but also environmentally effective materials.
Thus, the scientific basis for creating new generation alloys includes atomic-level
structural control, optimization of the alloying process, integration of nano and
composite technologies, and the concept of sustainable production. Metallic
materials created in this way will not only have high strength, but also fully meet the

needs of modern equipment and technology.

An important scientific step in assessing the quality of new generation alloys is
the analysis of their microstructure. The microstructure of an alloy directly
determines its physical and mechanical properties - strength, plasticity, hardness,
heat resistance and corrosion resistance. Therefore, a thorough study of the
microstructure allows us to form a complete picture of the behavior and long-term
stability of the material. In modern scientific research, advanced techniques such as
optical and electron microscopy, X-ray diffraction, atomic force microscopy (AFM),
scanning electron microscopy (SEM), transmission electron microscopy (TEM) are
widely used to study the microstructure of alloys. These methods determine the grain
size, phase composition, dislocation density, boundary changes and distribution of
alloying elements. X-ray diffraction analysis (XRD) is one of the most effective
methods for determining the phase state of alloys. It is used to determine the crystal
structures, lattice parameters and degrees of deformation in the material. Scanning

electron microscopy (SEM) allows for high-resolution study of surface morphology,
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grain boundaries, and precipitate structure. At the same time, energy-dispersive
spectral analysis (EDS) determines the chemical composition of elements, which

helps to assess the uniform distribution of alloying elements.

Transmission electron microscopy (TEM) is one of the most advanced analysis
methods, showing changes at the atomic level. With the help of this technology, the
sizes of dislocations, phase separations, and precipitates formed in the alloy are
studied with microscopic accuracy. Based on the data obtained in this way, the
structural stability of the alloy, the causes of mechanical strength, and its resistance
to thermal effects are scientifically analyzed. Numerical modeling and computer
simulation methods are also widely used in assessing microstructure. They can be
used to predict how the crystal lattice of the alloy will change under conditions of
different temperatures, pressures, and chemical compositions. This approach not
only reduces the cost of experiments, but also speeds up the process of creating new
alloys. Therefore, the analysis of the microstructure of alloys is a scientific direction
that integrates theoretical knowledge, advanced technical tools, and numerical
analysis methods, which guarantees the reliability and quality of new generation

metallic materials.

The creation of new generation alloys is not only a scientific breakthrough in
the field of materials science, but also of strategic importance for various industries.
Due to their high mechanical, heat-resistant and corrosion-resistant properties, these
materials have wide application in such fields as modern technology, energy,
aviation, astronautics, mechanical engineering and medicine. First of all, alloys
intended for aviation and space technology must withstand the highest thermal loads
and dynamic pressures. Therefore, superalloys based on nickel, titanium,
molybdenum, as well as nanocomposite materials are widely used in the structural
parts of engines, turbines and spacecraft. These alloys help reduce weight and

increase energy efficiency.
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The use of new generation alloys in the energy sector is of significant economic
and environmental importance. High-temperature and corrosion-resistant alloys are
being developed for turbine blades, heat exchangers and pressure vessels used in
nuclear, thermal and renewable energy systems. This extends the service life of
energy equipment and reduces operating costs. In the mechanical engineering sector,
new generation alloys allow the development of lightweight but strong parts. In
particular, aluminum-magnesium alloys play an important role in reducing fuel
consumption, reducing emissions and increasing the efficiency of vehicles in the

automotive industry.

The use of new generation alloys is also expanding in the medical field.
Biocompatible titanium and magnesium-based alloys are used in the manufacture of
implants, prostheses and surgical instruments. Their advantages are compatibility
with the human body, non-toxic effects and long-term durability. In the future, new
generation alloys will be further developed based on the concept of “smart
materials”. That is, such alloys will be able to adapt their structure in response to
changes in the external environment, acquire functional properties such as self-
healing or heat regulation. This will begin a new stage that will fundamentally
change the metallurgy, robotics and energy industries. Thus, the practical prospects
of new generation alloys are broad, aimed at ensuring efficiency, safety and
environmental sustainability in high-tech industries. Such materials are recognized

as one of the key factors of technological progress of the 21st century.
Conclusion

The creation of new generation alloys and confirmation of their microstructure
is one of the most relevant directions of modern materials science and metallurgy.
This process is carried out through in-depth study of the physicochemical properties
of metals, scientific substantiation of alloying mechanisms, and the introduction of

nanostructure technologies into practice. Analysis of the microstructure of alloys
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allows us to determine their phase composition, grain size, dislocation density, and
structural stability. The conducted scientific analyses show that new generation
alloys are characterized by higher mechanical strength, heat resistance, corrosion
resistance, and energy efficiency compared to traditional materials. Their practical
application accelerates technical development in such fields as aviation,
astronautics, mechanical engineering, energy, and medicine. In conclusion, research
on the creation of new generation alloys contributes to the digital and ecological
modernization of not only the metallurgical sector, but also the entire industry.
Research in this area will create the scientific basis for the development of

innovative, sustainable, and highly efficient materials in the future.
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