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Abstract: The paper covers the study of B-solidifying TiAl-based alloys, which are extremely promising materials
for the aviation industry with an operating temperature of up to 850 °C, have high specific strength characteristics.
The authors studied the influence of tensile deformation temperature in the range of 7=25-1000 °C on
the mechanical properties, phase composition and crack formation in the cast B-solidifying TNM-B1 alloy. It is
found that the cast TNM-BI1 alloy is characterized by a complex microstructure, including (a,+y) lamellar colonies
and interlayers of B(B2)+w phases, the evolution of which at elevated deformation temperatures determines
the material behaviour. It is shown that the w-phase dissolution and the precipitation of dispersed secondary p-phase
particles at 7>950 °C have a significant influence on the mechanical characteristics. A pronounced temperature de-
pendence of strength and ductility is identified: the maximum strength is observed at 800 °C, while the greatest rela-
tive elongation in the studied temperature range is achieved at 1000 °C. The transition from brittle to viscous fracture
occurs in the temperature range of about 950 °C. Moreover, a dependence of the crack propagation mechanism on
the orientation of lamellar colonies relative to the deformation axis is revealed: with an increase in temperature,
the differences are leveled, and at 1000 °C, complete suppression of crack formation with the formation of pores
along the boundaries of colonies and clusters of secondary B-phase particles is observed. The obtained results dem-
onstrate the important role of microstructural transformations in the formation of deformation behaviour and me-
chanical properties of the TNM-B1 alloy based on gamma-titanium aluminide, which is of practical importance for
the development of technologies for its thermomechanical processing.
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INTRODUCTION

Intermetallic alloys based on gamma-titanium alu-
minide (y-TiAl) are considered as promising materials
with an operating temperature of up to 850 °C for use in
the aerospace and energy industries, where a combina-
tion of heat resistance, low density and oxidation resis-
tance is required [1-3]. Among the y-TiAl-based alloys,
B-solidifying alloys, a typical representative of which is
TNM-BI1, are of particular interest [4]. The fundamental
limitation of the application of y-TiAl-based intermetal-
lic alloys is their tendency to brittle fracture up to
7=1000 °C [5-7], which is caused by the nature of
the y(TiAl-L1y), a,(TizAl-D0;9) and B(B2) phases present
in them, characterised by a limited number of active
slip/twinning systems, reduced diffusion, difficult trans-

© Sokolovskiy V.S., Salishchev G.A., 2025

mission of deformation across boundaries and, accord-
ingly, pronounced deformation localisation [8; 9]. As
the temperature increases above 650—850 °C, the number
of slip/twinning systems increases, diffusion accelerates
and dislocation climb is activated [10; 11]. The transition
from the brittle to the ductile state also leads to a change
in the type of fracture from intercrystallite to transcrys-
talline in the transition state and dimple in the case of
ductile fracture [8]. The orientation of the plates relative
to the deformation axis has a significant influence on
the development of fracture. It was shown earlier [9; 12]
that the orientation of lamellar colonies relative to
the external load @ largely determines their mechanical
behaviour. Thus, colonies with an orientation of 15<®<75°
relative to the loading axis are deformed first, in contrast

Frontier Materials & Technologies. 2025. No. 3

81


https://orcid.org/0000-0002-0815-3525
https://rscf.ru/prjcard_int?19-79-30066

Sokolovskiy V.S., Salishchev G.A. “Study of the influence of deformation temperature on the mechanical behaviour...”

to colonies with ®<15° and ®>75°, in which signifi-
cantly higher stresses are required to activate slip/twin-
ning systems [12]. This feature should directly influence
the propagation of cracks in colonies with different ori-
entations relative to the deformation axis in alloys with
a lamellar type of structure. Meanwhile, the effect of
the orientation of lamellar colonies on the fracture de-
velopment in the temperature range of the brittle-ductile
transition (BDT) has not been considered in detail in
the literature. It is worth noting that in addition to
the above phases, TNM alloys may also contain
o(TiyNb3Al-B8,)-phase particles, which are formed in
the B-phase interlayers during slow cooling or holding
below 7=850 °C [13]. During subsequent heating, these
particles dissolve, the proportion of the B-phase in-
creases, and the y-phase particles dissolve/spheroidise,
which can significantly affect the fracturing behaviour in
the temperature range corresponding to the brittle-ductile
transition. However, the assessment of this effect has not
been given due attention in the literature [1-3].

The aim of the work is to study the influence of
the deformation temperature of cast f-solidifying TNM-
Bl alloy with a lamellar structure on its mechanical
properties, phase composition, and fracturing behaviour
in colonies with different orientations relative to the de-
formation axis.

METHODS

The starting material was the TNM-B1 intermetallic al-
loy based on gamma-titanium aluminide with the nominal
composition Ti—43.5A1-4Nb—1Mo-0.1B. An ingot with
a diameter of 18 mm and a length of 90 mm was produced
by die-casting. The chemical composition of the alloy ingot
is presented in Table 1.

After mechanical grinding, the cast alloy samples
for testing mechanical properties were additionally sub-
jected to electrolytic polishing. An electrolyte of
95 % C:HsOH + 5 % HCI was used; the electrolytic pol-
ishing temperature was —35 °C, and the current density
was 0.1 A/m’.

Tensile tests were carried out to determine the mechani-
cal properties. An Instron 5882 universal electromechanical
testing machine (USA) equipped with a furnace with
a maximum heating temperature of 1200 °C was used.
The tests were carried out in the temperature range from 25
to 1000 °C. The deformation rate was 0.96 mm/min;
the initial deformation rate was 107 s™'. Flat samples with
a length of the working part of 16 mm and a cross section
of 1.5x3 mm were used. Only samples with visually no
pores on the surface were selected for tensile testing.

The microstructure was analysed using a FEI Quanta
600 scanning electron microscope (USA) in the electron
backscatter diffraction and secondary backscattered elec-
tron mode at an accelerating voltage of 30 kV. The fine
structure of the alloy was studied using a JEOL JEM-2100
transmission electron microscope (Japan) at an accelerating
voltage of 200 kV. For the research, foils with ¥3x0.1 mm
were produced, which were subjected to electrolytic thin-
ning on a TenuPol-5 device (Denmark), using electrolyte
A2 from Struers (Denmark), the temperature was —32 °C,
the voltage was 27 V.

RESULTS

Initial microstructure

During the SEM studies in the backscattered electron
mode, images of the cast Ti—43.5A1-4.0Nb—1.0Mo—0.1B
(TNM-B1) alloy microstructure were obtained; the higher
the atomic number of the elements that make up the phases,
the greater the image contrast (Fig. 1). It is seen that it is
mainly represented by (a,+y) lamellar colonies, the propor-
tion of which is 85 %, and their average size is 30 um
(Fig. 1 a). Analysis of the fine structure allowed identifying
the average interlamellar distance equal to 120 nm
(Fig. 1 b). Dark y-phase particles and light layers of a mix-
ture of B(B2)- and w-phases were located along the bounda-
ries of the colonies, which is confirmed by decoding
the electron diffraction patterns from the areas of the corre-
sponding particles (Fig. 1 b, ¢). The total volume fraction of
B(B2)+w-phases is 10 %, y-phase — 5 %, the average parti-
cle size is 2 and 4 um, respectively (Fig.1 a,b).
The whisker-shaped boride particles are mainly located
along the colony boundaries and have an average length of
about 15 pm with a diameter of 0.2 um and a volume frac-
tion of less than 0.1 % (Fig.1a). It is worth noting
the presence of shrinkage pores in the alloy with a size
from 1-10 to 50-100 pm with a volume fraction of 9 % and
dark zones indicating the presence of liquation with a lower
content of hard-melting elements (Nb, Mo) located mainly
in the area of casting pores (Fig. 1 a).

Mechanical properties

The results of mechanical tensile tests in the tempera-
ture range of 25—-1000 °C with an initial deformation rate of
¢=10"s"' are shown in Figs.2, 3. It is evident that
at 7=25 °C, the cast alloy is destroyed in the elastic re-
gion. As the temperature increases to 700—800 °C, there
is an increase in strength and some increase in ductility
to 6=0.4 %. At 7=900 °C, the strength decreases signifi-
cantly, while the relative elongation reaches only 0.6 %.

Table 1. Chemical composition of TNM-B1 alloy, at. %
Taonuua 1. Xumuueckuii cocmas cniasa TNM-B1, am. %

Al Nb

51.5 43.6 3.6

1.2 0.1
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Fig. 1. Microstructure of the TNM-B1 alloy in the as-cast state: overview image and insert with high magnification (a),
boundary of lamellar colonies (b), mixture of f(B2)+w-phases (c).
a— SEM; b, c — TEM with inserts of electron diffraction patterns of the corresponding phases.
Arrows indicate the corresponding phases and structural elements
Puc. 1. Muxpocmpyxmypa cnaaéa TNM-B; 6 iumom cocmosuuu: 0030pHblil CHUMOK U 8CIABKA ¢ OONbuUM YeenudeHuem (a),
epanuya niacmunyamulx kononuti (b), cmecv f(B2)+w-gas (c).
a— COM; b, ¢ — [IDM co scmaskamu 31eKmMpPOHOSPAMM COOMEEMCMEYIOWUX Pas.
Cmpenkamu 0603HaueHbl COOMBEMCMBYOuwUe hasvl U CMPYKMypHble d1eMeHmbl
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Fig. 2. Stress-strain curves obtained during tensile testing of TNM-B1 alloy
in the temperature range of 25-1000 °C (£ =107 s/
Puc. 2. Kpusbvie «nanpssxcenue — oeghopmayuay, noiyuentvle npu UCHblMaHuu Ha pacmsicerue
cnnasa TNM-BI 6 unmepsane memnepamyp 25-1000 °C (¢ =107 ¢’
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Fig. 3. Dependences of the ultimate strength and relative elongation
of cast TNM-B1 alloy on temperature
Puc. 3. 3asucumocmu npedena npouHoCmu u OMHOCUMENLHO20 YOIUHEHUSA
aumoeo cniasa TNM-B1 om memnepamypol

Increasing the temperature to 950 °C leads to a decrease
in the yield strength and a significant increase in ductility to
8=5.7%. Increasing the deformation temperature to
1000 °C is accompanied by significant softening and an in-
crease in the relative elongation to 22.5 %. Thus, it can be
said that stretching at a temperature of 1000 °C corresponds
to the viscous temperature range, 950 °C — to the transi-
tional range, and 25-900 °C — to the brittle range (Fig. 3).

Fractography

After tensile tests, the fractures of the samples were exam-
ined at temperatures corresponding to the brittle (700 °C),
transition (950 °C) and ductile (1000 °C) ranges. After
stretching at 7=700 °C, the fracture is predominantly inter-
crystallite (Fig. 4 a). The fracture surface is predominantly
represented by flat cleavage facets along the a,/y interphase
boundaries with an orientation close to 75-90° relative to
the tensile axis, as well as along the colony boundaries
(Fig. 4 a). After testing at 7=950 °C, traces of the propaga-
tion of tortuous cracks are visible on the fracture, the fracture
becomes transcrystalline, and the number of secondary cracks
increases (Fig.4b). The facets are no longer absolutely
smooth, while the main area of the fracture is still repre-
sented by brittle cleaved areas along the interphase bounda-
ries. It is worth noting the absence of areas indicating frac-
ture along the o,/y interphase boundaries, which indicates
branching of the main crack inside the colonies. Cardinal
changes occur at a temperature of 1000 °C (Fig. 4 c). At low
magnification, the fracture looks like a dimple; a more de-
tailed study of the fracture surface confirms the presence of
dimples. It is worth noting that spherical formations arising
on the fracture surface during localisation of deformation
and dynamic recrystallisation/spheroidisation are observed
on the fracture surface (Fig. 4 c¢). Oxidation at 7=1000 °C
of the dimple edges characteristic of the viscous type of
fracture can lead to the formation of oxidised spherical for-
mations (Fig. 4 ¢). The share of the viscous component of
the fracture was 70 % (Fig. 4 c).

Changes in microstructure after deformation
in the fracture zone

To study crack propagation and microstructure evolution
in more detail, during testing, polished side surfaces of sam-
ples in fracture zones after tension were examined (Fig. 5).
At T=700 °C, propagation of main and secondary cracks is
observed both along colony boundaries and along a,/y inter-
phase boundaries (Fig. 5 a). The length of secondary cracks
does not exceed 100 um. Signs of hindered movement of
secondary cracks in favourably oriented (15<®<75°) lamel-
lar colonies are clearly visible, causing the formation of
bridges in the colony body (Fig. 5 a) or the formation of new
cracks along colony boundaries, where their propagation is
less hindered (Fig. 5 a). Unfavourably oriented (®<15° and
®>75°) colonies are significantly less involved in plastic
deformation; cracks propagate along a,/y boundaries or along
colony boundaries (Fig. 5 a). An increase in the deformation
temperature to 950 °C leads to a more active formation of
secondary cracks and the formation of bridges even in
the case of unfavourably oriented colonies (Fig. 5b). It is
worth noting the complete dissolution of the w-phase parti-
cles at a temperature of 950 °C and an increase in the volume
fraction of the B-phase to 15 % due to the formation of parti-
cles 0.1-3 pm in size in the body of the lamellar colonies
(Fig. 5 b). Fundamental changes are observed upon reaching
a temperature of 1000 °C (Fig. 5 ¢). Active formation of new
pores is observed mainly along the colony boundaries, while
in unfavourably oriented colonies, cracks form along the o,/y
interphase boundaries, and in the case of favourably oriented
colonies, bending of the plates occurs (Fig. 5c). Spheri-
cal/polygonal particles of the y/a,/B-phases 0.1-3 pm in size
are predominantly located along the colony boundaries
(Fig. 5¢). It is evident that small pores are formed along
the boundaries and in the body of the colonies along the chains
of B-phase particles (Fig. 5 ¢). Moreover, large pores are pre-
dominantly located at the boundaries of favourably and unfa-
vourably oriented colonies (Fig. 5 ¢). The volume fraction of
pores near the fracture zone reaches 12 % (Fig. 5 ¢).
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Fig. 4. Fractures of samples after tensile tests of cast TNM-B1 alloy:
a—700°C; b—950°C; ¢— 1000 °C.
In the enlarged areas of the fractures, facets, dimples and particles are visible
Puc. 4. Hznomel 06paszyoe nocie ucnvimanuil Ha pacmsidicenue aumozo cnaasa TNM-B1:
a—700°C; b—950°C; ¢— 1000 °C.
Ha ygenuyennvlx yuacmrax uziomos GUOHbL (pacemru, sMKU U YaCmuybl

DISCUSSION

The obtained results showed a significant effect of tem-
perature on the mechanical properties of the TNM-B1 alloy,
its phase composition and changes in the fracture pattern in
colonies with different orientations relative to the deforma-
tion axis. Three temperature ranges corresponding to brittle
(25-900 °C), transition (950 °C) and ductile (1000 °C) be-
haviour of the alloy were found. The lamellar type of mi-
crostructure, the presence of y-phase particles, interlayers of
B(B2)+w-phases and borides along the colony boundaries
greatly limited the plasticity of the alloy in a wide tempera-
ture range. According to [13], at temperatures above
850 °C, the w-phase particles dissolve, which did not have
a noticeable effect on the plasticity level, as a result of
which the fracture pattern was predominantly of the inter-
crystallite type of fracture. Plastic deformation was local-
ised and manifested itself in the formation of bridges in
favourably oriented colonies below the temperature of
the brittle-ductile transition (Fig. 5 a), which is associated
with limited plasticity only in colonies with an orientation

of 15<®<75° [12]. In the case of unfavourably oriented
colonies, the stress level did not reach the values necessary
for the plastic deformation onset, which led to the propaga-
tion of cracks mainly along the a,/y interphase boundaries
(Fig. 5 a). This behaviour is associated with the mechanical
behaviour anisotropy of colonies with different orientations
relative to the deformation axis [8; 9; 12]. According to
[10], an increase in the deformation temperature to 950 °C
led to the activation of multiple slip and an increase in dif-
fusion, which was expressed in a change in the fracture type
from intercrystallite to transcrystalline, the appearance of
dimples and the formation of bridges regardless of the ori-
entation of the colonies relative to the deformation axis
(Fig. 5). With further increase in temperature, spheroidisa-
tion/recrystallisation is activated, which leads to softening
and increased plasticity [14]. The formation of new dis-
persed B-phase particles upon heating to 950-1000 °C is
an expected consequence of the increase in the equilibrium
B-phase content in the alloy [15], which is typical for TNM
alloys when held in the range of 900—1100 °C [15]. As was
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Fig. 5. Microstructure of samples after tensile tests near the fracture zone:
a— 700 °C; b— 950 °C; ¢— 1000 °C.
The tensile axis is vertical. The circles indicate the bridges. The arrows indicate the structural elements.
The yellow and red lines indicate the colonies favorably and unfavorably oriented
relative to the deformation axis, respectively

Puc. 5. Muxpocmpykmypa 06pasyose nocie uCnblmanuti Ha pacmsigicerue 601U3U 30Hbl PA3PYULEHUS.:

a—700°C; b—950 °C; ¢ — 1000 °C.
Ocb pacmsadxcenus pacnoioxtcena 6epmuKaibHo. OKPYICHOCMAMU 0O03HAYEHb NEPEMbIUKU.
Cmpenkamu 0b603Ha4eHbl CMpPYyKMypHble 71eMeHNb.
JKenmuvimu u kpachvimu runusMU 0003HAUEHbL OIALONPUAMHO U HEONALONPUAIMHO OPUEHIMUPOBAHHbIE
OMHOCUMENLHO OCU deopmayuu KONOHUU COOMBEMCIMBEHHO

shown (Fig. 5), small pores were formed predominantly at
the B/y boundaries, which is consistent with the data [16].
Their formation can be provoked by a higher coefficient of
thermal expansion of the B-phase in relation to the y-phase,
leading to local thermal stresses [17].

Particular attention should be paid to the observed
mechanism of bridge formation during crack growth. They
are formed as a result of plastic deformation between adja-
cent areas, and their presence correlates with fracture
toughness, since it is associated with the work of plastic
deformation in the crack propagation zone [18]. The forma-
tion of bridges in colonies with different orientations rela-
tive to the deformation axis can be affected by microstruc-
tural parameters, as well as fracture toughness, which was
shown in [18]. Fracture toughness increases with increasing
colony size due to the tendency to form larger bridges [19;

20]. As shown in [21], saturation is observed for colonies
larger than 600 um, which can be partly associated with
the large colony size, since in such cases only a few colo-
nies are encountered along the crack propagation path.
An increase in fracture toughness with a decrease in the inter-
lamellar distance is associated with a hindrance to trans-
lamellar cracking, which leads to an increase in the number
of bridges [18], a decrease in the interlamellar distance of
less than 100 nm leads to the intercrystallite type of fracture
due to a decrease in ductility. On the contrary, thick lamel-
lae promote translamellar cracking and facilitated connec-
tion of microcracks with the main crack, which leads to
the formation of a smaller number of smaller bridges and
a decrease in fracture toughness [18]. Previous results [8]
confirm those obtained in this work, namely, the formation
of bridges only in favourably oriented colonies at room
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temperature in the alloy with A~100 nm and a decrease in
their number at A~10 nm, as well as the predominance of
translamellar cracking at A~800 nm. Most likely, an in-
crease in the colony size will not lead to a change in crack
propagation in colonies with different orientations relative
to the tensile axis.

The obtained results show that an increase in tempera-
ture leads to a change in the phase composition, dissolution
of embrittling particles and the development of spheroidisa-
tion/recrystallisation, which leads to a change in the behav-
iour of the alloy from brittle to ductile. The orientation of
the lamellae relative to the tensile axis fundamentally af-
fects crack propagation. In the temperature range corre-
sponding to brittle fracture, bridges were formed only in
the case of favourable colony orientation; when transition
and viscous fracture were reached, bridges were formed
regardless of orientation.

CONCLUSIONS

1. The microstructure of the cast TNM-B1 alloy was
studied. It was represented mainly by (a,+y)-plate colo-
nies with interlayers of a mixture of B(B2)+w-phases
located along the boundaries. At deformation tempera-
tures above 950 °C, dissolution of w-phase particles and
precipitation of dispersed particles of the secondary
B-phase were identified.

2. The effect of tensile deformation temperature on me-
chanical properties was considered. With an increase in
deformation temperature, a continuous increase in relative
elongation was observed, reaching a maximum of 6=22.5 %
at 7=1000 °C, and a nonlinear change in strength with
a maximum of c6p=592 MPa at 7=800 °C, followed by
a decrease to og=340 MPa at 7=1000 °C. The fracture pat-
tern was predominantly intercrystallite in the brittle, tran-
scrystalline in the transition, and dimple in the ductile tem-
perature range of deformation. The brittle-ductile transition
corresponded to a temperature range of about 950 °C,
which corresponded to the transition state of the alloy.

3. A study was conducted to investigate the effect of
temperature on crack propagation in the alloy structure.
A different pattern of crack propagation was found in fa-
vourably and unfavourably oriented colonies relative to
the deformation axis, which was expressed in the inhibi-
tion of crack propagation and the formation of bridges in
favourably oriented colonies, in contrast to unfavourably
oriented ones. An increase in temperature to 950 °C re-
sulted in no difference in the pattern of crack propagation
in colonies with different orientations relative to the axis
of tension. When the temperature reached 1000 °C, no
cracks were observed, as well as the formation of pores
along the boundaries of colonies and along the chains of
secondary B-phase particles.
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HccnenoBanne BIUAHUSA TeMIlepPaTypbl AedopManuu
Ha MeXaHM4YeCKoe MoBeJeHue U 0COOCHHOCTH pa3pyuieHUus
auroro cmiaasa TNM-B1

Coxkonosckuii Bumanuii Cepzeeguu™, KaHIUIAT TEXHIICCKUX HayK,
Hay4HBI COTPYIHHUK JIAOOpaTopuu 00bEMHBIX HAHOCTPYKTYPHBIX MaTepHalioB
Canuuies I'ennaduii Anexceeguy', TOXTOp TEXHHUECKHX HAyK, Ipodeccop,
3aBeqYIOMIHI TabopaToprell 00beMHBIX HAaHOCTPYKTYPHBIX MaTepHAIOB
benzopoockuil cocyoapcmeaennulii HAYUOHANbHYBII UCCIed08amenbekull yuugepcumem, beneopoo (Poccus)
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Annomayusn: Crarbsi NOCBAIICHA [3-3aTBEPIEBAIOIINM CITIaBaM Ha OCHOBE TiAl, KOTOpBIE SBIIOTCS KpalHE NMepCHeKTHB-
HBIMH JJIS aBHAIIMOHHOM MPOMBIIUIEHHOCTH Martepuaiiamu ¢ paboueit Temrieparypoid 1o 850 °C, o0najaroT BEICOKUMH Y€~
HBIMH TIPOYHOCTHBIMH XapaKTepucTHKaMu. MccrnenoBaHo BIMsiHHE TeMIeparypsl AehopManuy IpH pacTsHKCHUH B MHTEpBaJe
T=25-1000 °C Ha MexaHHYeCKUE CBOICTBA, ()a30BBIH COCTaB M TPEIIMHOOOPA30BaHIE B JINTOM CIDIaBE — [J-3aTBEpIICBAIOIIEM
TNM-BI. Ycranosnero, uto nutoii cruiaB TNM-B1 xapakrepusyeTcss KOMIDIEKCHOH MUKPOCTPYKTYPOH, BKITIOUArOIIen (o,+y)-
IUIACTUHYATBIE KOJIOHUH U nipociioiiku B(B2)+w-has, 3BoIonust KOTOpbIX MPHU MOBBILIEHHBIX TeMIepaTypax JedopMaiiyu orpe-
JIeTIAeT ToBeieHue Marepuana. [lokasaHo, 4To pacTBopeHne ®-(a3bl U BhIACICHIE JUCTICPCHBIX YaCTHIl BTOPHYIHOH B-aspl mpu
T7>950 °C oKka3bIBAIOT CYLIECTBEHHOE BIMSHHE HA MEXAHUUYECKUE XapAKTEPUCTUKU. YCTAHOBIIEHA BBIPAXKEHHAs TEMIIEpaTypHas
3aBUCUMOCTb IIPOYHOCTHU U INTACTHYHOCTH: MaKCHMaJIbHas pouHOCTh Habmonaercst mpu 800 °C, B To BpeMs Kak HauOoJbIIee
OTHOCUTEJIBHOE YUIMHEHHE B MCCIIEA0BaHHOM MHTepBalie TeMneparyp pocturaercs npu 1000 °C. Tlepexon oT Xpymnkoro K Bsi3-
KOMY XapakTepy pa3pyLICHHs IPOUCXOMUT B MHTepBajie Temneparyp B odmactu 950 °C. Kpome Toro, BeIsSIBIEHa 3aBUCUMOCTD
MEXaHU3Ma PaclpOCTPAHEHHs TPELIMH OT OPUEHTAIMH IJIaCTHHYATHIX KOJIOHUI OTHOCHTENIHLHO OCH Ae(OpMAIIMH: TPU MOBBI-
[IEHUU TeMIlepaTypbl pa3nuuus HuBenupytoTcs, a mpu 1000 °C HaGmiomaeTcsl MOJTHOE TONABICHHUE TPEITMHOOOPa30BaHUS
¢ (hOopMHUPOBAHKEM IIOp BJIOJIb TPAHML] KOJOHUH M CKOIUICHWH 4acTUIl BTOpUIHOH B-(asbl. IlomydeHHbIE pe3yibTaThl IeMOHCT-
PHPYIOT BaXKHYIO POJIb MUKPOCTPYKTYPHBIX IIpeBpalieHui B (GOpMUpOBaHMH Ae(OPMALIHOHHOTO TOBEICHHUSA M MEXaHWIECKUX
CBOWCTB CIUIaBa Ha OCHOBE raMMa-amoMuHuIa TiTana TNM-B1, uto nMeeT npakTudeckoe 3Ha4eHue IS pa3paboTKh TEXHOJO-
Ui er0 TepMOMEXaHNIECKOH 00pabOTKH.

Knrwouesvie cnosa: muroii cimaB TNM-B1; mexanudeckoe moBeneHne; 0COOCHHOCTH pa3pyIIeHus; ciiaB Tuna TNM;
MHUKPOCTPYKTYPa; XPYIKO-BSI3KUH MEPEX0l; MPOYHOCTH; ITACTUYHOCTb.
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HWNY «benl ¥y, https://rscf.ru/prjcard int?19-79-30066.
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