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ABSTRACT

Currently, the synthesis technology of porous Ti-Ni-based alloys with shape memory
effectis being extensively studied and has attracted significantinterestin various fields
of application. Due to their unique functional properties, such materials are widely
used in medicine, high-precision instrument manufacturing, as well as in aerospace
and aviation technologies. However, many conventional production methods often
require expensive raw materials and complex, energy-intensive equipment, which
limits their industrial efficiency. To address these challenges, self-propagating high-
temperature synthesis (SHS) is proposed as an alternative technology. The ability
to achieve high temperatures through internally generated heat from exothermic
reactions enhances the energy efficiency of this synthesis method while reducing the
need for external heat sources. As a result, the obtained product exhibits structural
uniformity, and the overall production costs are minimized. This scientific review
comprehensively explores the potential of producing Nitinol via the SHS method, as
well as the structural and functional properties of the resulting material, and the
influence of synthesis parameters on material quality.

1. Introduction

Intermetallic titanium-nickel-based alloys,
particularly Nitinol (NiTi), have attracted considerable
attention in modern materials science due to their
unique functional properties [1-3]. One of their key
features is the shape memory effect and superelastic
behavior, which enable the material to recover
its original geometric shape through thermally
triggered phase transformations [4]. This distinctive
combination of properties allows Nitinol to be widely
applied in various fields, including medical implants
and orthopedic devices, temperature-sensitive
actuators, as well as in aerospace engineering,
microelectronics, and robotics [5-6]. The unique
properties of Nitinol are closely associated with
martensitic-austenitic phase transformations
occurring within its crystalline structure. These phase
changes impart high mechanical strength, excellent
wearresistance,andcorrosionresistanceinaggressive
environments, thereby ensuring the material's
long-term performance in biological systems [7-8].

At present, the most commonly used methods for
producing Nitinol alloys include vacuum induction
melting [9], powder metallurgy techniques [10],
and thermochemical transformation processes
[11], among others. These methods enable the
fabrication of high-quality alloys with the desired
phase composition and mechanical properties.
However, their production processes are complex
and involve multiple stages. Moreover, they require
high-purity raw materials and specialized equipment,
which significantly increases production costs and
reduces overall economic efficiency. To overcome
these technological and financial limitations, self-
propagating high-temperature synthesis technology
has recently been proposed as an alternative
approach [12-16]. The heat released as a result of
exothermic reactions occurring within the system
enables material synthesis without the need for
external heating sources. The SHS method enables
complete material synthesis throughout the bulk by
utilizing self-sustained heat propagation following
the initiation of the reaction, thereby characterizing
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it as a highly energy-efficient technology. This
approach allows for the reduction of production
costs by utilizing nickel and titanium in either metallic
or oxide forms. Furthermore, the rapid nature of
the synthesis process enables effective control
over the microstructure of the resulting material,
adjustment of its porosity, and achievement of phase
homogeneity. These characteristics make Nitinol
particularly suitable for biomedical applications,
especially in implantable devices.

Studies have shown that Nitinol synthesized via
the SHS method possesses high-quality structural
and mechanical characteristics, while exhibiting
lower production costs compared to conventional
techniques [17-18]. In addition, this technology is
environmentally advantageous, as the synthesis
process generates minimal harmful byproducts
and does not require additional purification steps.
Thus, the SHS method is considered a promising,
cost-effective, and environmentally safe alternative
for Nitinol production. This scientific study
systematically investigates the key technological

Table 1. Physical Properties of Nitinol

parameters of the SHS method and their influence
on the structural, mechanical, and functional
properties of the resulting alloy.

2. Physicochemical Properties of Nitinol
2.1. Physical Properties of Nitinol

Nitinol is an alloy of nickel and titanium,
renowned for its unique physicochemical properties.
It has a density of approximately 6.18 g/cm® and a
melting point around 1310 °C. While its thermal and
electrical conductivities are relatively low, it exhibits
high mechanical strength, with tensile strength
ranging between 700 and 1400 MPa. Nitinol shows
limited resistance to acids such as HCI, HF, and H,SO,,
and may react with alkalis at elevated temperatures.
One of its most significant advantages is the shape
memory effect, which enables the material to return
to its original form upon heating. Additionally, it
exhibits high elasticity and bioinertness, making
it suitable for a wide range of engineering and
biomedical applications (Table 1).

Physical Properties of Nitinol Property value References
Molecular formula NiTi Wikipedia
Molecular weight 107 Wikipedia
Color Silver-white [19]
Density 6.18 g/cm? [20]
Melting point °C 1240-1310 [21]
Proper volume 0.155 cm3/g [22]
Coefficient of thermal expansion at 20 °C 6.6 x 10°/°C [23]
Solubility in water 200 Insoluble [24]
Modulus of elasticity 75-83 GPa Wikipedia
Tensile strength 800-1100 MPa Wikipedia
Oxygen content 0.05% [25]
Specific heat capacity from 0 °C to 31 °C 0.46 J/g K3 [26]
Thermal expansion coefficient (austenite) 11x10-6/°C [27]
Thermal expansion coefficient (martensite) 6.6x10-6/°C [27]
Magnetic permeability <1.002 Wikipedia
Magnetic susceptibility (austenite) 3.7x10° emu/g Wikipedia
Magnetic susceptibility (martensite) 2.4x10° emu/g Wikipedia
Modulus of elasticity (austenite) 75-83 GPa [27]
Modulus of elasticity (martensite) 28-40 GPa [27]
Yield strength (austenite) 195-690 MPa Wikipedia
Yield strength (martensite) 70-140 MPa Wikipedia

Poisson's ratio

0.33 [27]
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2.2. Chemical Properties of Nitinol

The chemical properties of Nitinol are
determined by its intermetallic structure, which
is composed of nickel and titanium, and it is
characterized by high chemical stability in various
aggressive environments. In air, a thin passive layer
of titanium dioxide (TiO,) forms on its surface,
acting as a protective barrier against oxidation.
Upon exposure to strong mineral acids-particularly
hydrochloric, hydrofluoric, and sulfuric acids-
dissolution of titanium ions can occur. Nitinol can
react with alkaline solutions (such as NaOH and
KOH) at elevated temperatures, although it remains
chemically inert at room temperature. Its high
corrosion resistance in seawater and biological fluids
makes it highly suitable for use in medical implants.
In electrolytic environments, anodic polarization
contributes to the reinforcement of the titanium
dioxide layer. At high temperatures, the titanium
component of Nitinol may chemically interact
with oxygen, nitrogen, and carbon, potentially
altering its structural and mechanical properties.
Therefore, in addition to its physical and mechanical
characteristics, the investigation of Nitinol's surface
physicochemical properties remains highly relevant.
Nazarov et al. [28] conducted a comparative study
on the effects of H,SO,/H,0, HCI/H,SO,, and
NH,OH/H,0, solutions on the surface morphology,
wettability, surface free energy, and chemical
composition of Nitinol samples (Fig. 1).

The research findings indicated that treatment
with the H,S0,/H,0, solution does not significantly
alter the surface morphology, whereas exposure
to HCI/H,SO, results in the formation of a complex
microrelief. These solutions lead to the formation
of sulfur-containing residues, which reduce the
surface’s wettability stability. The NH,OH/H,0,
solution affects the surface dissolution of titanium,
causing the formation of plate-like structures
ranging from 10 to 20 um and the appearance of
surface cracking; however, it enhances hydrophilicity
(with a contact angle ranging from 32° to 58°). The
treatment duration (30 and 120 min) influences
changes in surface morphology, wettability, and
surface energy under the action of HCI/H,SO, and
NH,OH/H,0, solutions. Still, it does not significantly
affect the chemical composition of the samples.

2.3. Nitinol synthesis methods

Currently, several technological methods for
synthesizing NiTi alloys are being extensively
studied. These include vacuum induction melting,
powder metallurgy, mechanochemical synthesis,
selective laser melting, electrolytic deposition,
and physical vapor deposition. Each method offers
specific advantages and limitations, significantly
influencing the structure, phase composition,
mechanical properties, and potential applications of
the resulting material.

Fig. 1. SEM images (300 nm scale bars) of nitinol surface for samples: (a) HCI/H,SO, — 30 min, (b) H,50./H,0, — 30 min,
(c) NH,OH/H,0, — 30 min, (d) HCI/H,SO, — 120 min, (e) H,SO./H,0, — 120 min, (f) NH,OH/H,0, 120 min. The insets show
the AFM surface topographies of the corresponding samples. Reproduced from [26], published under CC BY 4.0 license.
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The vacuum induction melting method enables
the production of high-quality and chemically
homogeneous alloys, as nickel and titanium are
melted and mixed in precise proportions under
controlled conditions [27]. However, this method
requires high temperatures, a vacuum environment,
and specialized equipment, resulting in elevated
production costs. The powder metallurgy approach is
basedonlow-temperature synthesisusing pure nickel
and titanium powders as starting materials. It allows
for precise control of the microstructure; however,
the complexity of the compaction and subsequent
heat treatment stages, along with the risk of powder
contamination, are considered its main drawbacks
[28]. Mechanochemical synthesis involves initiating
chemical reactions through high-energy mechanical
activation, enabling phase transformations to occur
at relatively low temperatures. This method can
produce homogeneous, fine-grained structures and
highly reactive composite mixtures.

Laser-basedtechnologies, including selective laser
melting (SLM), have gained significant importance in
recent years for the synthesis of Nitinol. Mehrpouya
et al. demonstrated the potential of laser welding
to join Nitinol wires with minimal thermal damage
[29]. This method is particularly effective in
biomedical device fabrication, as it helps preserve
the material's original properties and characteristics.
Butler et al. [30] employed spark plasma sintering
and extrusion techniques to synthesize products
with high homogeneity. During the SLM process,
the laser beam power has a significant influence
on martensitic phase transformations. Yang et
al. [31] investigated the effects of laser energy
on phase changes in NiTi alloys, emphasizing the
need for precise control of laser parameters to
optimize superelasticity and mechanical properties.
However, improper parameter selection may
result in phase instability and reduced functional
performance. Electrolytic deposition and energy-
directed deposition techniques are also being
actively explored for Nitinol synthesis. Gao et al.
[31] employed spatially focused high-energy laser
beams to melt titanium-nickel alloys, producing
materials with high strength and excellent shape
memory properties. The homogeneity of the phase
composition and microstructure makes this method
particularly promising.

In addition, several researchers have employed
coating technologies to enhance the properties of
Nitinol alloys. For instance, McNamara et al. [32]
utilized physical vapor deposition (PVD) to apply a
tantalum layer, thereby limiting the migration of both

nickel and titanium. Although effective, this method
requires avacuum environment, complex equipment,
and precise control of parameters, which presents
limitations for large-scale industrial implementation.
In the field of nanostructured coatings, Parmar et al.
[33], and Paul et al. [34] explored novel approaches
to modeling the microstructural evolution and
deformation resistance of shape memory alloys.
Their studies highlight the sensitivity of the
martensitic phase in Nitinol to external loading and
underscore the practical significance of its reverse
transformation behavior.

In recent years, there has been growing interest
in high-entropy shape memory alloys. For example,
Dobrzanski et al. [35] investigated the effect of
non-stoichiometric compositions on the phase
transformation temperatures and microstructure
in the Ni-Cu-Pd-Ti-Zr-Hf system. Although vacuum
melting in this context ensures compositional
homogeneity and enables control over the phase
constitution, it requires additional heat treatment
to achieve the desired material properties.

Synthesis in a reactive gas atmosphere is
also considered a crucial method. Porous Nitinol
produced by this approach is widely used in medical
implants [36]. The synthesis scheme is illustrated in
Fig. 2.

Porous NiTi alloys can be synthesized via self-
propagating high-temperature synthesisin afiltration
combustion mode under an argon or nitrogen
atmosphere. This method is characterized by a
short synthesis time, high temperatures, structural
homogeneity, and energy efficiency, making it a
promising alternative to conventional techniques.

In conclusion, the various methods used for
synthesizing Nitinol significantly influence the
structure and properties of the resulting material.
Among them, self-propagating high-temperature
synthesis (SHS) has emerged as an effective
technique for controlling structural and phase
parameters. Materials produced by this method
exhibit high resistance to temperature and pressure,
possess fine-grained and porous structures, and thus
broaden the scope of their functional applications.

2.4. Self-Propagating High-Temperature Synthesis
Method

Self-propagating high-temperature synthesis is
an energy-efficient and technologically versatile
method for producing materials, based on solid-
phase exothermic reactions. The key feature of
this technique is the self-sustaining propagation



N. Baatarbek et al. / TOPEHWE WU NJTIA3SMOXUMMWA 23 (2025) 383397 387

900000000 _
M-‘ L\ \ | 1 ’_I\’-b
|+
argon or ,::>
nitrogen gas i :‘:”
—~ —~-
000000000

000000000

—=>

TRAEE

000000000

porous TiNi

Fig. 2. SHS scheme in a flow reactor for obtaining porous NiTi alloy. Reproduced from [36], published under CC BY 4.0 license.

of a reaction front throughout the entire volume
of the reactant mixture, initiated by heating the
starting components to their ignition temperature.
The heat released during the reaction maintains
the synthesis process without the need for external
energy sources. This synthesis method is considered
an effective alternative for producing metallic and
ceramic materials that require high temperatures.
It ensures a rapid and high-yield synthesis process
while also enabling optimization of the structural
and physicochemical properties of the resulting
materials [37-48].

The application of the self-propagating high-
temperature synthesis method for synthesizing NiTi-
based shape memory alloys has become increasingly
relevant in recent years. In particular, Maashaa
et al. [49] evaluated the efficiency of synthesizing
porous Nitinol by employing preliminary ultrasonic
activation of nickel and titanium powders. During
the study, mechanical-acoustic treatment was
applied to enhance the reactivity of the initial
powders, followed by thermal processing at 300 °C.
The reaction was carried out in an inert atmosphere
using a nichrome wire as the ignition source, and
the entire synthesis process was completed within
just 5 s. This demonstrates the high reaction rate
and the overall efficiency of the SHS process.

Morphological analysis (Fig. 3) revealed
significant differences in the porous structure of the
synthesized alloys. In samples without ultrasonic
treatment, elongated, directionally aligned channels
were observed, whereas in ultrasonically activated
materials, the pores were more rounded, with
sizes ranging from 500 to 1000 pm. Furthermore,
high-magnification surface examination revealed
the presence of secondary phase precipitates,
distinguished by optical contrast, in addition to the
primary NiTi matrix phase. These findings indicate a
high degree of structural homogeneity and effective
control over phase separation during the synthesis
process.

Preliminary

ultrasonic treatment not only

optimized the porosity of the alloy but also enhanced
its phase composition by increasing the relative
fraction of the NiTi phase. These changes contribute
to improved mechanical stability as well as enhanced
thermal and structural stability of the material.
Additionally, the reduced amount of precipitates
formed during synthesis indicates a higher degree
of surface cleanliness and improved functional
properties. The high structural homogeneity of the
material enhances its application efficiency and
ensures the long-term stability of its functional
characteristics. Analytical results demonstrated not
only the mechanical strength of the synthesized
material but also its excellent compatibility with
biological systems. The porous structure facilitates
osseointegration and enhances the material’s ability
to interact with living tissues. These properties make
the material particularly advantageous for use in
orthopedic and dental implants.

Overall, NiTi alloys synthesized via the SHS
method using ultrasonically activated powders
exhibit structural integrity, phase stability, and
enhanced mechanical and biomedical properties.
Such materials are considered promising candidates
for functional implant applications.

Resnina et al. [50] investigated the structural
characteristics and martensitic phase transformations
of nickel-titanium-based porous materials
synthesized using the self-propagating high-
temperature synthesis (SHS) method. Additionally,
the study comprehensively examined the effects of
ultrasonic treatment and the influence of various
preheating temperatures on the synthesis process.
Figure 4 presents longitudinal cross-sections of NiTi
samples obtained via SHS, visually illustrating the
impact of preheating temperature on the material’s
structure.

The research findings demonstrated that when
the preheating temperature ranged between 350-
400 °C, the samples-regardless of whether ultrasonic
vibration treatment (UVT) was applied-tended to
form a layered-porous structure (Fig. 4a, 4b, 4f, 4g).
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Fig. 3. Micrographs of the lateral surface of porous Ni-Ti SMAs: (al, a2) not treated with ultrasound; (b1, b2) ultrasound
treated for 15 min; (c1, c2) ultrasound treated for 30 min; (d1, d2) ultrasound treated for 60 min; (el, e2) ultrasound
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However, increasing the preheating temperature
to 450 °C altered the nature of the porosity, as the
morphology shifted from anisotropic to isotropic
(Fig. 4c and 4h).

In the samples synthesized by SHS without UVT,
large voids were observed inthe inner region (Fig. 4c),
whereas such voids were absent in the UVT-treated
samples (Fig. 4h). When the preheating temperature
exceeded 450 °C, individual large pores appeared in
the samples synthesized via SHS combined with UVT
(Fig. 4i and 4j), whereas in those obtained without
UVT, both large and small pores were present in
significant quantities simultaneously (Fig. 4d and
4e). These results confirm that ultrasonic treatment
has a considerable impact on the synthesis process,
positively influencing both the degree of porosity
and the structural homogeneity of the resulting
material.

The approaches employed in this study provided
more profound insights into the structural
properties and phase transformation mechanisms
of NiTi alloys. They were considered key parameters
in controlling their physicochemical characteristics.
In particular, the combined effects of preheating
temperature variation and ultrasonic treatment on
the martensitic phase transformation and porosity
level of the material were thoroughly investigated.
These methods aim to enhance the structural
stability of the material and optimize its mechanical
and functional properties.

Marchenko et al. [36] conducted a comprehensive
investigation of the structural characteristics, phase
composition, biocompatibility (cytocompatibility),
and functional properties of porous nickel-titanium
(NiTi) alloys synthesized via the self-propagating
high-temperature synthesis (SHS) method under

inert atmospheres such as argon and nitrogen. A
comparative phase analysis of NiTi-(Ar) and NiTi-(N)
samples was performed using X-ray diffraction (XRD)
(Fig. 5). The study revealed that the porous NiTi-(Ar)
alloy predominantly contained the austenitic TiNi
phase as the main structural constituent. In addition,
a mixture of martensitic TiNi, Ti,Ni, and T,Ni,O phases
was identified. The phase composition of the NiTi-(N)
alloy included not only the phases observed in the
argon-synthesized sample but also trace amounts of
the TiNi; phase. The identified intermetallic phases
were found to be highly crystalline.

This study aims to evaluate the influence of the
gaseous environment used during alloy synthesis,
assess the potential applicability of the obtained
material in the biomedical field, and elucidate the
correlation between its structural-phase state and
functional properties.

Nitinol is distinguished by its unique properties,
including high elasticity, shape memory effect, and
wear resistance. Its ability to undergo martensitic-
austenitic phase transformations enables the
material to recover its original shape in response to
external stimuli. Furthermore, Nitinol can withstand
significant deformation and recover due to its
shape memory behavior, making it widely used in
medicine, aerospace, and structural engineering.
These combined mechanical characteristics make
the material highly suitable for functional structural
applications. Consequently, many researchers have
extensively investigated the mechanical properties
of synthesized Nitinol alloys. In the study [40],
the mechanical properties of NiTi-(Ar) and NiTi-
(N) porous alloy samples were evaluated using
uniaxial tensile testing (Fig. 6a). The test results
showed that all samples exhibited brittle fracture

f g

h

i j

Fig. 4. Longitudinal section of the NiTi samples produced by SHS without USV (a-e) or with USV treatment (f-j). The pre-
heating temperature of the mixture was 350 °C (a, f), 400 °C (b, g), 450 °C (c, h), 500 °C (d, i), 550 °C (e, j). The sample
diameter was 30 mm. Reproduced from [50], published under CC BY 4.0 license.
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Fig. 5. X-ray diffraction patterns of porous NiTi-(Ar) (a) and NiTi-(N) (b) alloys synthesized via self-propagating high-
temperature synthesis method. Reproduced from [36], published under CC BY 4.0 license.

behavior, regardless of the gas atmosphere used
during the SHS process. However, before fracture,
the deformation of the porous structures followed
an elastoplastic mechanism. This phenomenon was
observed during the analysis of the interconnecting
bridges within the porous framework (Fig. 6b).

The obtained results can be attributed to the
presence of a brittle intermetallic boundary layer
surrounding the ductile matrix phase in NiTi,
as well as the incorporation of the Ti,Ni phase,
which is known for its brittle characteristics.
Fractographic analysis revealed dimpled fracture

(@) —— NiTi-(Ar)

2401 .
1 — NiTi<(N)

a
(a) 200
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80 - //

40 1

o (MPa)
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Fig. 6. Deformation diagrams obtained durning uniaxial tension of porous NiTi plates in size (a), general view of the
interpore bridge fractogram of the porous NiTi-(Ar) (b) and NiTi-(N) (c) plates. Reproduced from [36], published under

CCBY 4.0 license.
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patterns associated with the ductile austenitic TiNi
phase, quasi-brittle fracture regions corresponding
to the martensitic TiNi phase, and brittle fracture
features of the secondary Ti,Ni and T,Ni,O phases.
Comparatively, the proportion of brittle fracture
surfaces was significantly higherinthe NiTi-(N) alloys.

The structure of porous NiTi alloys synthesized
via the SHS method exhibits a layered morphology.
SHS represents a type of combustion process
driven by exothermic reactions that generate
high temperatures. This method ensures the self-
sustained propagation of chemical reactions, where
both initiation and propagation occur due to the heat
released by the reaction itself, thereby significantly
accelerating the synthesis process. The exothermic
nature of the response enables rapid and efficient
synthesis, making it a time- and energy-saving
alternative compared to conventional methods.

The unique properties of materials synthesized
via the SHS method allow for controlled tailoring
of their structure. The structural features resulting
from self-propagating synthesis—such as porosity
and interconnected pore architectures—significantly
influence the physical and mechanical properties
of the material. The layered structure of porous
alloys synthesized through this method enhances
the specific surface area, thereby improving the
material's strength and durability. Furthermore,
the ability to control the porosity and structural
characteristics of such materials represents a key
factor in developing new functional properties
tailored for specific applications.

The SHS method offers the advantage of
efficiently utilizing high temperatures and pressures
during material synthesis, thereby enhancing
material properties. One of the key benefits of
self-propagating high-temperature synthesis is its
ability to produce materials with uniform and stable
structures, thereby facilitating the optimization of
their physical and mechanical characteristics. These
structural control capabilities play a crucial role in
enhancing the strength, hardness, and other key
properties of the synthesized materials.

In addition, this method enables the rapid and
efficient synthesis of nanostructured composite
materials, which is highly important for industrial-
scale applications. The high-efficiency production
and controllability of materials, combined with
reduced energy consumption, contribute to the
widespread adoption of the SHS method in industrial
settings. Compared to conventional techniques, SHS
offers a significantly faster and more cost-effective
approach.

3. Conclusion

The synthesis of Nitinol alloys using the
self-propagating high-temperature synthesis
method represents a highly relevant direction in
contemporary materials science and biomedical
engineering. The results of the present review
demonstrate the technological flexibility of this
method and its potential to improve product
quality. Compared to conventional approaches, SHS
technology enables the achievement of structural
homogeneity, phase stability, and reduced energy
consumption. However, several challenges remain
in scaling this method to the industrial level,
including technical limitations, the need for precise
control of reaction parameters, and ensuring
consistency in product quality. Future research
should focus on developing thermodynamic and
kinetic models of the SHS process, characterizing
phase transformation mechanisms in detail, and
comprehensively evaluating the biomedical safety
of synthesized structures. Advancements in these
areas will pave the way for the development of
next-generation Nitinol-based materials suitable for
applications in medicine, robotics, and intelligent
systems. Furthermore, the functional capabilities of
NiTi structures synthesized via SHS can be expanded
through integration with additive manufacturing
technologies, nanocoating techniques, and surface
modification methods. Such interdisciplinary
approaches offer targeted control over material
properties and hold promise for enabling innovative
solutions in both scientific research and industrial
applications.
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AHHOTALUMUA

B HacToslee BpemsA TEXHONOMMSA CUHTE3a MOPMUCTbIX CcniaBoB Ha ocHoBe Ti-Ni ¢ apdpekToMm namsatTv Gopmbl
aKTUBHO M3y4aeTcA W BbI3bIBAET 3HAUYUTE/IbHBIN MHTEPEC B Pa3INYHbIX 06/1acTAX NpuMmeHeHuA. brarogapa ceoum
YHUKa/1IbHbIM ¢)yHKLI,VIOHal'IbeIM CBOMCTBaAM TaKkue MaTepuanbl WMPOKO NCNOb3YOTCA B megununHe, npeun3smMoHHOM
I'IpVI60pOCTpO€HVIVI, a TaKXe B a3pPOKOCMUYECKUX N aBUALUMNOHHbIX TEXHO/IOIMNAX. O,D,HaKO MHOTrne TpaguumMoHHblIe
MeToAbl MPOU3BOACTBA TPeOYyIOT [0POroCcTOAWErO CbiPpbsi U C/OXKHOTO, 3HEProemKoro obopynoBaHuA, 4TO
OrpaHMYMBAET UX MPOMBbIWNEHHYIO 3bDEKTUBHOCTL. [Na peleHns 3Tux Npobsiem B KayecTBe asibTePHATUBHOM
TEXHO/MIOTUW  MpegnaraeTcs MeToZ CamMopPacnpOoCTPaHAWEroca BblCOKOTEMNepaTypHoro cuHTe3a (CBC).
BO3MOXHOCTb AOCTUMKEHMA BbICOKMX TEMMNEPATYP 33 CYET BHYTPEHHErO TENa, BblAENAEMOr0 3K30TEPMUYECKUMM
peakuMaMM, NOBbIAET 3HeProapPeKTUBHOCTb AAHHOTO METOAA CMHTEe3a M CHMMKAeT MoTPebHOCTb BO BHELIHUX
WCTOYHMKAxX Tenna. B pesynbrate nonyyaemblit MpoAyKT ob6nafaeT CTPYKTYPHOM OAHOPOAHOCTbIO, a 0buwue
NPOU3BOACTBEHHbIE 3aTPaTbl MUHUMU3UPYHOTCA. [laHHbIN HAay4YHbINM 0630p BCECTOPOHHE pacCcCMaTpMBAET NOTEHLMaN
nony4yeHna HUTMHona metogom CBC, a Takke CTPYKTYpHble M QYHKLMOHANbHbIE CBOMCTBA NOJYYEHHOIrO MaTepmana
W BNIMAHME NAapamMeTpoB CMHTE3a Ha ero Ka4yecTso.

Keywords: TUTaH-HMKeNeBbIn cnias, 3¢dpeKkT namaTn GopMbl, CBEPX3/1aCTUYHbIE CBOMCTBA, BbICOKOTEMMNEPATYPHbIM
CUHTE3, Ppa3oBble NpeBpaLLeHus.

Miwingi ecTe-cakTalTbiH TUTaH-HUKENbAiI cynepcepnimai KOpbiTNanapAblH, KOFapbl Temnepatypanbik
CUHTE3i MUMHK-0630p

H. Baatap6ek'’, K. KamyHyp*?, 10. OHypanbn®

1¥aHy npobnemanapbl MHCTUTYTbI, BereHbait 6atbip K., 172, Anmatbl, KasakcraH
Zan-®apabu aTbiHAarbl Kasak yATTbIK yHUMBepcuTeTi, an-Papabu 4., 71, Aamatbl, KasakctaH
3CTambyn TeXHUKanbIK yHUBepcuUTeTi, MHOHY K., 65, CTambyn, TypKua

AHAATNA

Kasipri yakblTTa niwiHAi ecte caktay adodekTici 6ap Keyekti Ti-Ni HerisiHgeri KopblTnanapgbl cCuMHTe3aey
TEXHO/IOTUACHI KEeHiHEH 3epTTenin, apTyp/i KonAaHy cafanapbiHA@ YAKEH KbI3blFyWbIAbIK Tyablpyga. OcbiHaaM
matepuangap es3gepiHiH biperei ¢QyHKUMOHANAbIK, KacueTTepiHiH, apKacbliHAa MeauunHaga, AdAMme-491
acnan rKacay caflacblHAa, COHAaM-aK aspofapbill KaHe aBMaLMA TEXHONOrMANapblHAA KeHiHeH KongaHblnagbl.
Ananpa pgacTypni eHaipic saaicTepiHiH, Kenwiniri KbIMbaT WKKI3aTTbl KaHe Kypaeni, SHePrusHbl Ken KaxKeT eTeTiH
KabablKTapAbl Tanan eteai, 6yn onapAblH OHAIPICTIK TUIMAINITIH WweKTelai. Ocbl macenenepai wewy makcaTbiHAA
6anamanbl TEXHONOTUA PeTiHAE Oofapbl TemnepaTtypanbl e3airiHeH TapanaTbiH cuHTe3 (TTC) agici ycbiHblNaAbI.
IK30TEePMUANDBIK PeaKLMANAP HITUMKECIHAE iLLKI XKblNy Ty3iny ecebiHeH }KoFapbl TeMMNepaTypara *KeTy MyMKiHAIri byn
QAICTiH aHeprmMa TMiMAINIriH apTTbipagbl XKaHe CbIPTKbI XKblNy Ke34epiHe AereH KaXKeTTinikTi azaiTaabl. HaTuxKeciHae
aNblHFAH BHIM KYPbINbIMAbIK BipTEKTINIKKe ne 6onaabl }KaHe Kannbl OHAIPIC WhIFbIHAAPbI TOMeHAeNAi. By FblabiMmu
wony TTC aaici apKblaibl HATUHOA any MYMKIHAITH, anblHFaH MaTepuanablH KYPblabIMAbIK *KaHe GYHKUMOHANAbIK,
KacueTTepiH, COHAal-aK CMHTE3 MapamMeTpaepiHiH MaTepman canacbiHa 9CEPiH KaH-KaKTbl KapacTbipabl.

TyWiH ce3aep: TWUTaH-HUKeNb KOpbITNackl, MilWliHAi ecTe caKTay acepi, cynepcepnimai KacueTTep, »ofapbl
TemnepaTypanblK CUHTE3, dasanblK TYPAEHAIPY.



