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HEAT-RESISTANT NICKEL ALLOY ZhS26-VI

Purpose. To study the macro- and microstructural condition of VK-2500 gas turbine engine rotor blades in their
original condition and after various processing stages. To evaluate their mechanical properties and long-term strength.

Research methods. The material quality of first-stage gas turbine engine rotor blades made of Zhs26-VI heat-re-
sistant nickel alloy was studied in their original condition and after hot isostatic pressing (HIP), as well as after HIP and
standard heat treatment. Luminescence testing of the blades was performed using the LUM1-OV method. Microstructure
examination was performed using optical microscopy (Neophot-32 microscope) and scanning electron microscopy (JSM
T-300 microscope).

Mechanical properties at room temperature were determined in accordance with 1SO 6892-84 and ST SEV 471-88,
and heat resistance parameters were determined in accordance with DSTU 1SO 204:2019.

Results. Metallographic studies revealed that the microstructure of the rotor blades is single-crystalline, with the
main structural components being: y~ solid solution with the presence of the intermetallic y“ phase, the eutectic (»-7)
phase, carbides, and carbonitrides. A reduction in the size of the structural components is observed in the microstructure
of the blades after HIP.

Scientific novelty. New data on the structure and phase composition of the rotor blade material for aircraft gas
turbine engines have been obtained. Heat treatment under standard conditions after HIP corresponds to almost complete
recrystallization of the strengthening intermetallic - phase, which consists of dissolution of the y~ phase in the » matrix
and its re-precipitation as dispersed particles of cubic morphology.

Practical value. It has been shown that hot isostatic pressing in combination with standard heat treatment provides
the most favorable combination of strength and ductility properties, as well as long-term durability of blades.

Key words: superalloys, gas turbine blades, homogenization, hot isostatic pressing, intermetallic y”-phase.

Technological support for the performance character-

Introduction

The development of aircraft and stationary gas tur-
bine engineering requires improved performance parame-
ters for gas turbine engines (GTEs), specifically turbine in-
let temperatures, increased specific power, and increased
efficiency and service life [1].

The reliability and durability of a GTE primarily de-
pend on the performance parameters of the materials used
to manufacture the most critical GTE components — the ro-
tor blades and nozzle vanes. Heat-resistant nickel-based al-
loys are the most common materials used to manufacture
these components. Such materials are typically referred to
as “superalloys” [2-7].
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istics of GTE components shapes approaches to achieving
the required material parameters for GTEs [8-10]. For
modern GTEs, the optimal material for both cooled and un-
cooled rotor blades is high-strength cast nickel alloys, one
of which is the ZhS26-VI alloy [10, 15].

One of the characteristic defects of the cast structure
of blades with very complex geometry is the presence of
internal shrinkage defects [13]. Hot isostatic pressing
(HIP) is often used to eliminate such defects [12, 14].

Material and Methodology

The chemical composition of the experimental alloys
was determined using a spectral analyzer on an ARL-4460
quantometer.
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The material quality of first-stage rotor blades for the
VK-2500 gas turbine engine, cast from ZhS26-V1 heat-re-
sistant nickel alloy using high-speed directional solidifica-
tion (HSDS), was studied:

Variant “1” — after hot isostatic pressing (HIP);

Variant “2” — after HIP and heat treatment using the
standard procedure (homogenization at 1265+10°C for 1
hour 15 minutes, vacuum).

The studies were compared to similar blades without
the HIP procedure — variant “0”.

The HIP process was conducted under actual produc-
tion conditions at Motor Sich JSC using the following pro-
cedure [10]:

- Initial pressure in the high-pressure furnace: 51
MPa;

- Heating from room temperature to T=1040+10 °C
at a rate of 90 °C/min;

- Holding at 1040 °C for 1 hour;

- Pressure in the high-pressure furnace at 1040 °C:
120 MPg;

- Heating to 1250+10 °C at a rate of 5 °C/min;

- Holding at 1250£10 °C for 1.5 hours;

- Pressure in the high-pressure furnace at 1250 °C:
170 MPa;

- Cooling of castings to 800 °C at a rate of 30 °C/min.

The chemical composition of the rotor blades re-
ceived for testing (variant “0”, “1”, and “2”) is presented
in Table 1.

Luminescence testing of the root axial section and the
airfoil cross-section was performed using the LUM1-OV
method.

Microstructure  was examined using optical
(Neophat-32 microscope) and scanning electron micros-
copy (JSM T-300 microscope) on unetched and etched mi-
crosections cut from rotor blades.

The state of the strengthening intermetallic y'- phase
in the axes and interaxial spaces of the airfoil and airfoil
dendrites of rotor blades tested in variants “0”, “1” and “2”
was studied on microsections after electrolytic etching in a
reagent consisting of 80 ml of HsPO4 and 10g of CrOg, us-
ing a JSM T-300 scanning electron microscope.

Mechanical properties at room temperature (tensile
strength, relative elongation and contraction) were deter-
mined in accordance with DSTU I1SO 6892-84 and ST SEV
471-88, and heat resistance indicators in accordance with
DSTU ISO 204:2019 on a DST-500 test bench at a temper-
ature of 975 °C and a load of 260 MPa until complete de-
struction.

Research Results

Inspection of the blades received for testing revealed
that the blade surfaces before HIP (variant “0”) and after
HIP and heat treatment (variant “2”) had a light gray matte
color (Fig.1a, b, d, e, f). After HIP (variant “1”), the blade
surfaces were dark gray (Fig.1c, d).

A metallographic examination of the blade surfaces
after hot isostatic pressing (variant “1”) revealed dark-gray
non-metallic inclusions, characteristic for oxides, penetrat-
ing to a depth of ~10 um (Fig. 2).

The blade surfaces before HIP (variant “0”) and after
HIP + heat treatment at 1265 °C (variant “2”) show virtu-
ally no oxidation. The absence of oxidation on the surfaces
of parts processed using variant 2 is due to the use of mi-
cropowder blasting on the outer surface during preparation
of the blades for heat treatment, as well as vacuum cleaning
of the surface during high-temperature vacuum treatment
after HIP.

X-ray spectral microanalysis (XSMA) of rotor blades
in their original cast condition (before HIP, without heat
treatment — Fig. 3), and those after HIP (without subse-
quent heat treatment — Fig. 4) showed that the oxygen, alu-
minum, titanium, and carbon content on the surfaces of the
parts after HIP is approximately three times higher than the
concentrations of these elements on the surfaces of the
original blades (before HIP). The increase in the concen-
trations of these elements on the surface of blades that un-
derwent HIP indicates oxidation due to the use of insuffi-
ciently pure argon during the HIP process.

Furthermore, the simultaneous application of high
temperatures (1250 °C) and pressures (170 MPa) during
isostatic pressing leads to intense diffusional mass transfer
of aluminum and titanium atoms from the center to the sur-
face, forming layers enriched with these elements on the
alloy surface. This is also consistent with literature data on
the diffusion of aluminum and titanium in nickel [4].

Luminescence testing using the LUM1-OV method in
the axial section of the root and the cross-section of the air-
foil of the incoming blades revealed that the blades before
HIP exhibited a glow in the form of multiple small, brightly
luminous dots (Fig. 5a, b). No phosphor glow was detected
in similar sections of blades after HIP (Fig. 5c, d, e).

Metallographic examination revealed that the micro-
structure of the rotor blades submitted for examination is
single-crystal. The main structural components are a vy-
solid solution with the presence of intermetallic y'-phase, a
eutectic phase (y-y’), carbides, and carbonitrides
(Figure 6).

Table 1 — Chemical composition of the rotor blades tested, made of ZhS26-VI alloy

. Contents of elements, %
Variant
C Cr Co W Al Ti Mo Fe Nb Si \Y
0 0,15 4,68 8,95 12,00 6,10 0,89 1,04 <0,5 1,48 <0,2 1,04
1 0,14 4,77 9,03 11,72 6,10 0,90 0,91 <0,5 1,46 <0,2 0,91
2 0,14 4,76 9,07 11,59 5,94 0,90 0,99 <0,5 1,46 <0,2 0,99
Norms 0,12- 4,3- 8,0- 10,9- 5,5- 0,8- 0,8- < 14- < 0,8-
TY1-92-177-91 0,18 5,6 10,0 12,5 6,2 1,2 14 1,0 1,8 0,3 1,2
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N A T T s i

a—from the side of the trough  before HIP — variant “0” b — from the back

e —from the side of the trough after HIP + HT - variant “2” f—from the back

Figure 1. External appearance of rotor blades before (a, b) and
after (c, d) hot isostatic pressing (HIP), as well as after HIP and
subsequent heat treatment at 1265 °C (vacuum) (e, f)

¢ — from the side of the trough after HIP — variant “1” d — from the back

Figure 2. Microstructural condition of the rotor blade surface
after HIP — variant “1”, x650

4 — X350 | b— x450
Ne points C 0 Al Ti \Y Cr Co Ni Nb Fe Mo W
001 5,09 5,56 13,89 1,71 0,90 4,54 8,05 54,06 | 0,83 1,15 4,23
003 5,31 6,92 14,64 1,88 5,75 7,76 48,89 2,19 1,09 5,57

Figure 3. Results of X- ray microanalysis of the surface of a working blade made of ZhS26-VI(HSDS) alloy before the HIP
operation: a — blade root; b — blade airfoil

a-x350 S b— x450

Ne points C (0] Al Ti V Cr Co Ni Nb Mo W
003 4,87 17,00 33,50 16,91 1,69 6,07 9,12 6,35 1,13 3,35
005 5,37 19,59 31,65 16,78 2,87 3,52 0,86 8,46 6,76 1,60 2,56

Figure 4. Results of X-ray microanalysis of the surface layer of a working blade made of ZhS26-VI(HSDS) alloy after the HIP oper-
ation: a — blade root; b — blade airfoil

© Serhii Puchek, Sergiy Byelikov, 2026
DOI 10.15588/1607-6885-2026-2-3 OPEN 8“‘“‘5

27



p-ISSN 1607-6885 HoBi Matepianu i TeXHOIOTIT B MeTanyprii Ta MamuHoOy 1yBanHi. 2026/2
e-ISSN 2786-7358 New materials and technologies in metallurgy and mechanical engineering. 2026/2

28

e

Figure 5. External appearance of rotor blades in the axial section of the root section (a, c, €) and in the cross-section of the airfoil

(b, d, f) under a radiation source:

a, b —variant “0” — before HIP; ¢, d — variant “1” — after HIP; e, f — variant “2” — after HIP and heat treatment

d x 200

f x 500

Figure 6. Microstructure of a rotor blade before the HIP operation — variant “0”: a, b, ¢ — airfoil; d, e, f — root

The microstructure of rotor blades after HIP shows a
reduction in the size of the structural components com-
pared to the blades before the HIP operation. The size of
the structural components, as well as the distance between

© Serhii Puchek, Sergiy Byelikov, 2026
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the axes of the second-order dendrites in the blade airfoil,
differs slightly from the microstructure parameters in the
root section (Table 2).
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A microstructural study revealed that during hot iso-
static pressing (HIP) at 1250 °C and 170 MPa (variant 1),
significant dissolution and recrystallization of the eutectic
phase (y-y") occurred. Coagulated y'- phase particles were
observed in the interdendritic spaces. The microstructure
of the rotor blade material after HIP is satisfactory, corre-
sponding to the approved microstructure scale without
overheating (Figure 7).

During a microstructural study using optical and
scanning electron microscopy on etched microsections cut
from rotor blades that had undergone the HIP operation
(variant “1”), crater-shaped zones in the form of concentri-
cally located elongated particles of the strengthening inter-
metallic y’-phase, characteristic of a “raft” structure [10]

(Figure 8), were identified in areas of complete or partial
“healing” of micropores. Similar areas characterized by the
formation of a “raft” structure were also found around
some MC-type carbides (Figure 9). It was found that, as the
center of these regions approaches, corresponding to the
direction of the resulting stresses, an increase in the density
and distortion of intermetallic particles, whose size ranges
from 0.22 to 0.27 pum, is observed. Consequently, as a re-
sult of plastic deformation initiated by the hot isostatic
pressing process, the concentration of distortions of struc-
tural components within the local volume of the material,
in zones adjacent to micropores, carbides, etc., increases
significantly.

Table 2 — Parameters of the structural components of rotor blades made of ZhS26-VI(HSDS) alloy

Dimensions of structural components, pm
Material condition carbides eutectic type micropores
globular type MS eutectic type MsC (rv)
. - 8...15
original airfoil 2...6 . 8...14 6...43
(wi%hout HIP) (single up to 35)
before heat treatment root 3...15 . 10...18 8...16 10...60
(single up to 40)
L. 8...14
after HIP airfoil 15...8 (single up to 28) 6...12 -
without heat treatment 8...16
root 2...12 (single up to 30) 8...15 -
. 6...14
after HIP airfoil 15...6 . 4...10 -
without heat treatment heat (smgI: u;i éo 20)
treatment root 2...12 . 5...14 -
(single up to 35)
. . , g
a x 200 b x 500
e e e -
- ; g 3 - i
B ' !.-1'1 , ~ e =
v & f : i
a0
I . »
5 .k. * :'- r " r .d - e
¢ x 200 d x 500

Figure 7. Microstructure of the airfoil (a, b) and root (c, d) of a rotor blade after HIP — variant “1”: a, ¢ — before etching;
b, d — after etching
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Figure 8. “Raft” structure in the material of working blades after the HIP operation in the areas of “healing” of micropores: «, b, c, d
— optical microscopy — x 700; e, f, g, h — scanning electron microscopy — x 7500

Figure 9. “Raft” structure in rotor blade material after HIP around MC-type carbides, x 700
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In the “healed” zones of micropores, along with small
intermetallic particles, a cluster of coagulated elongated y'-
phase particles measuring 1.1-2.2 um is also observed.

The size of individual micropores detected after HIP
does not exceed ~ 0.2 um, which is approximately 100-
300 times smaller than the pores found in the blades before
HIP. Heat treatment according to the standard mode after
gas-static treatment (variant “2”) promotes almost com-
plete recrystallization of the strengthening intermetallic y'-
phase, which consists of dissolution of the y'- phase in the
y'- matrix and its repeated precipitation in the form of dis-
persed particles of cubic morphology with the presence of
a small amount of coagulated intermetallic y'- phase pre-
cipitated in the interdendritic spaces (Figure 10).

The study of the state of the strengthening intermetal-
lic y'- phase in the axes and interaxial spaces of the airfoil
and root dendrites of rotor blades processed according to
variants “0”, “1”, and “2” revealed that in the original ma-
terial of cast blades (before HIP), the y'- phase particles
have a cubic morphology and form blocks consisting of
four particles. The size of the y- particles, measured along
the side of a square equivalent in area, in the dendrite axes
is mainly 0.38...0.57 um (Fig. 11a; Table 3). In the interax-
ial spaces of the dendrites, along with y'- particles measur-
ing ~ 0.6 um, there is a significant amount of coagulated
phase up to 1.5 um (Figure 11b).

No significant differences in the morphology and size
of the intermetallic phase precipitated in the blade's root
compared to its airfoil are observed.

In the blade structure after isostatic pressing, a refine-
ment of the intermetallic y'- phase is observed (Fig. 11c, d).

d x 100

e x 250

The size of the y'- particles is approximately half that of the
original alloy (see Table 3). In the blade material after iso-
static pressing, the precipitation of a small amount of y'-
phase microparticles measuring 0.07-0.1 um was detected,
as well as zonal interdendritic precipitates of coagulated
intermetallic particles reaching 2.57 pm in size.

During homogenization at 1265 °C for 1 hour 15
minutes, carried out after the isostatic pressing operation,
the particle sizes of the y'- intermetallic phase in the axes
and interaxial spaces of the dendrites were equalized (Fig.
11e, f). It should be noted that the alloy structure retains
zonal areas with the presence of coagulated y'- particles
measuring 1.1...2.86 pum, located between the axes (Fig.
12). The mechanical and heat-resistant properties were de-
termined on unheat-treated samples (@15 mm; L=135
mm), cast using the directional solidification method, as
well as after heat treatment according to the standard mode
(homogenization at a temperature of 1265+10 °C for 1 hour
15 minutes). The results of mechanical tests and long-term
strength tests are presented in Table 4.

Heat treatment according to the standard mode after
HIP (variant “2”) promotes increased ductility of the alloy,
while maintaining its strength and heat-resistant properties,
which is due to an increase in the structural homogeneity
of the alloy and the relaxation of stresses induced during
hot isostatic pressing.

The most favorable combination of strength and duc-
tility characteristics, as well as long-term strength, was
achieved in samples processed using the second method
(HIP + standard heat treatment).

b x 250

¢ x 500

f x 500

Figure 10. Microstructure of rotor blades after HIP and heat treatment — variant “2”: a, b, ¢ — airfoil; d, e, f — root
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Figure 11. State of the intermetallic y'- phase in the axes (a, ¢, €) and interaxial spaces of dendrites (b, d, f) of rotor blades cast from
the ZhS26-VI (HSDS) alloy, x 10000:

a, b — before the HIP operation (without heat treatment) — variant “0”; c, d — after the HIP operation (without heat treatment) —
variant “1”; e, f — after the HIP operation and heat treatment —variant “2”

Table 3 — Sizes of y/-phase particles in the material of rotor blades made of the ZhS26-VI alloy, manufactured in
accordance with variants “0”, “1”and “2”

- - - /.
Measurement area Particle size of the particles y/-phase, um
before HIP after HIP after the HIP + HT
0,20...0,27
axes 0,35...0,52 (microparticles — 0.07...0.09 pm) 0,20...0,25
! interaxle (coag%ﬁaft)gd.b(;’rgt’ﬁ:les— (micro arti(::'lzei“—.%gg 0.1 pm) (coagulated 0arzt?cle(s):—ggl 1...2.8 um)
up to 1.5 microns) P 00011 9 P s
0,21...0,29
axes 0.38...0,57 (microparticles — 0.07...0.09 pm) 021..0.25
> interaxle (coagucl)é?Sd.;’r?icles— (micro arti(z:'lzei“—.(()),?); 0.1 um) (coagulated g'rfiiié.s(),—sf 1...2.86 um)
up to 1.5 microns) P 2o DL 9 P L e

Figure 13 shows the fractographic structure of frac-
tures obtained during tensile testing of specimens cast from
the ZhS26-VI(HSDS) alloy — before the HIP operation, af-
ter HIP, and after HIP and standard heat treatment. It was

established that fracture of the specimens processed ac-
cording to different options during testing occurred along
the [001] crystallographic plane.
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Table 4 — Mechanical and heat-resistant properties of the ZhS26-V1 alloy before and after hot isostatic pressing

Mechanical properties at t=20°C Time to failure
Material condition . . ( Tuen.=975 °C, 1 6= 260 MPa),

o5, MPa 8, % v, % o hours
original 96,5 6,0 - 7020
(without HIP)
without heat treatment
original 92,5 24,0 18,5 5430
(without HIP) 120,7 12,8 10,7 59%
after standard heat treatment

103,2 6,4 8,99 57%

after HIP 1043 6.2 9.36 5700
after hot-pressing and standard 102,8 8,0 11,2 56%
heat treatment 102,9 11,2 11,6 630
Norms > 40,0
H28TY-190 > 850 > 6.0 ]

Figure 13. Fracture structure of specimens cast from the
ZhS26-VI (HSDS) alloy:
a — before the HIP operation (variant “0”); b — after the HIP op-
eration (variant “1”); ¢ — after the HIP operation and heat treat-
ment (variant “2")

Conclusions

1. Hot isostatic pressing (HIP) at 1250°C and 170
MPa (Variant 1) improves the quality of turbine blade cast-
ings made from ZhS26-VI (HSDS) alloy by stabilizing the
structure and properties due to a reduction in microporosity
during pore healing.

2. Heat treatment using the standard regime (homog-
enization at 1265 °C for 1 hour 15 minutes) after overpres-
sure treatment (Variant 2) improves the structural homoge-
neity of the alloy and relaxes stresses induced during HIP,
which has a positive effect on the ductility of the alloy
while maintaining its strength and heat-resistant properties.

3. Processing according to the 2nd option (HIP + ho-
mogenization at a temperature of 1265 °C for 1 hour 15
minutes) ensures the most favorable combination of
strength and plasticity characteristics, as well as long-term
strength.

© Serhii Puchek, Sergiy Byelikov, 2026
DOI 10.15588/1607-6885-2026-2-3

References

1. Chigrin, V. S. (2017). Design and strength of air-
craft engines. KhAl, 420.

2. Miller, H. E., & Chambers, W. L. (1987). Con-
structions of gas turbines and superalloys. In C. T. Sims,
N. S. Stoloff, & W. C. Hagel (Eds.), Superalloy Il: High
temperature materials for aerospace and industrial power
(2nd ed., pp. 27-56). John Wiley & Sons.

3. Reed, R. C. (2006). The superalloys: Fundamentals
and applications. Cambridge University Press.

4. Birosca, S., & Kolisnychenko, S. (Eds.). (2020).
Superalloys I1. Trans Tech Publications.

5. Hoppin G.S., Danak W.P. (1987). Future of Super-
alloys. Superalloys II: High-Temperature Materials for Aer-
ospace and Industrial Power Ed. By Chester T. Sims, Nor-
man S. Stoloff, William C. Hagel. New York, 543-561.

6. Betteridge W., Shaw S. W. K. (1987). Develop-
ment of superalloys. Materials Science and Technology.
Vol. 3. P. 682-694.

7. Hauffe K. (1981). Super Werkstoffe und ihre Ver-
fugbarkeit in der Zukunft. Metall6 35, 8, 737-744.

8. Boguslaev, V. A., Muravchenko, F. M.,
Zhemanyuk, P. D., et al. (2007). Technological support of
operational characteristics of gas turbine engine parts. Tur-
bine blades (Part 2, 2nd ed.). Motor Sich.

9. Zhemanyuk, P. D., Klochihin, V. V., Gnatenko, V.
0., et al. (2013). Study of the influence of hot isostatic
pressing and heat treatment on the structure and properties
of castings from heat-resistant nickel alloy ZhS6K-VI. Gas
Turbine Technologies, (6), 20-24.

10. Zhemanyuk, P. D., Klochihin, V. V., Lysenko, N.
A., & Naumik, V. V. (2015). Structure and properties of
cast blades of aircraft engines from heat-resistant nickel al-
loy ZhS26-V1 after hot isostatic pressing. Bulletin of En-
gine Building, (1), 139-146.

11. Zhemanyuk, P. D., Klochikhin, V. V., Hnatenko,
0. V., et al. (2013). Study of the effect of hot isostatic
pressing on the structure and properties of cast parts of air-
craft engines made of the heat-resistant nickel alloy
ZhS6K-VI. Gas Turbine Technologies, (6), 20-24.

OPEN 8ACCESS

33


https://www.google.com.ua/search?hl=ru&tbo=p&tbm=bks&q=inauthor:%22Chester+T.+Sims%22&source=gbs_metadata_r&cad=2
https://www.google.com.ua/search?hl=ru&tbo=p&tbm=bks&q=inauthor:%22Norman+S.+Stoloff%22&source=gbs_metadata_r&cad=2
https://www.google.com.ua/search?hl=ru&tbo=p&tbm=bks&q=inauthor:%22Norman+S.+Stoloff%22&source=gbs_metadata_r&cad=2
https://www.google.com.ua/search?hl=ru&tbo=p&tbm=bks&q=inauthor:%22William+C.+Hagel%22&source=gbs_metadata_r&cad=2
https://www.tandfonline.com/author/Betteridge%2C+W
https://www.tandfonline.com/journals/ymst20

34

p-ISSN 1607-6885 Hogi marepianu i TEXHOJIOTIi B METaIyprii Ta MammHoOyxyBaHHi. 2026/2
e-ISSN 2786-7358 New materials and technologies in metallurgy and mechanical engineering. 2026/2

12. Ospennikova, O. G., & Orlov, M. R. (2007). Im-
proving the properties of the heat-resistant alloy ZhS6U-
V1 by hot isostatic pressing and subsequent heat treatment.
Materials Science, (9), 32-36.

13. Orlov, M. R. (2008). Formation of pores in single-
crystal turbine blades during directional solidification.
Metals, (1), 70-75.

14. Myalnitsa, G. P., Verkhovlyuk, A. M., Narivsky,
A. V., Shynsky O. Y., Maksyuta I. I. (2023). Materials and

VK 621.74.045:669.715:669.018.25

technologies for blades of industrial gas turbine engines.
Naukova Dumka, 180. https://doi.org/10.15407/978-966-
00-1810-5

15. Puchek, S., & Byelikov, S. (2025). Structure and
properties of ZhS26-VI1 superalloy for production of re-
sponsible parts of gas turbine engines. New Materials and
Technologies in Metallurgy and Mechanical Engineering,
(4), 14-21. https://doi.org/10.15588/1607-6885-2025-4-2

Received 06.04.04.2026
Accepted 14.04.2026
Published 07.05.2026

AOCTH’KEHHSI CTPYKTYPHU TA BJJACTUBOCTEM POBOUYNX
JIOIMATOK ABIAHIMHUX I'A3OTYPBIHHUX /IBUI'YHIB I3
KAPOMIIHOI'O HIKEJIEBOI'O CIIJIABY 7KC26-BI

acmipaHT Kadeapu TpPaHCIOPTHUX TexHouorii HarioHansHOro yHiBepcuTeTy «3anopisbka
nosiTexHika», M. 3amopixoks, Ykpaina, e-mail: puchek777@gmail.com, ORCID: 0009-
0007-8077-6106

II-p TeXH. HayK, nmpodecop, mpodecop Kadeapy TpaHCIOPTHUX TeXHOIOTiH HanioHaapHOro
VHIBEPCUTETY  «3amopi3bka  IOJITEXHiKa», M. 3amopixoksd, Ykpaina, e-mail:
belikov@zp.edu.ua, ORCID: 0000-0002-9510-8190

Cepriit [Tyuex

Cepriit benikos

Mema pooomu. Busuumu mMaxpo- ma MikpoCmpyKmypHuti cman pobouux 10namox eazomypoinnoco osueyna BK-
2500 y suxionomy cmaui ma nicis piznoi mexnono2iunoi 0opooxu. Oyinumu pieeHb MeXaHiuHUX XapaKkmepucmux i mpu-
8a10 MIYHOCMI.

Memoou oocnioxcenns. [locniosicysanu sxicmo mamepiany pobouux ronamox 1-eo cmynens I'T]] i3 socapomiymnozo
nixenegoeo cnaagy KC26-BI y suxionomy cmani ma nicis eapsiwoeo izocmamuuno2o npecysanns (I'lll), a maxooic nicis
[T i cmanoapmuoi mepmiunoi 06poodxu. JlrominecyeHmuuii KOHMPOIbL TONAMOK 30iticHiosaiu memooom JIKOMI-OB.
Jocnidoicennss MiKpocmpykmypu npogoounu memooamu onmuunoi (mikpockon « Neophot-32») ma pacmpogoi enekmpon-
Hoi' mikpockonii (mikpockon «JSM T-300»). Mexaniuni enacmueocmi npu KiMHAMHIL MeMnepamypi 6UHA4aIU
6i0n06ioHo 00 IS0 6892-84 ma CT PEB 471-88, a noxasnuku sxcapomiynocmi — 6ionogiono 0o JJCTY ISO 204:2019.

Ompumani pesyromamu. Memanocpaghivnumu 00CaiONCEHHAMU BCMAHOBIEHO, WO MIKPOCMPYKIMYpa poboyux jio-
NAamox € MOHOKPUCATIYHOIO 3 OCHOBHUMU CIPYKMYPHUMU CKAA008UMU. Y™~ meepoull po3uuH i3 HAAeHicmI0 iHmepme-
manionoi y- gaszu, esmexmuunoi (y-y) ¢azu, kapoiois i kapbouimpudis. Y mikpocmpyxmypi ronamox nicas Il cno-
cmepieacmuvca 3MeHULeHHs PO3MIPI6 CMPYKMYPHUX CKAAO0BUX.

Haykoea noeuszna. Ompumano HO8I Oaui npo cmpykmypy ma azosuti ckiad mamepiany pobouux JIonamox
asiayitinozo I'T/]. Tepmiuna obpodka 3a cmanoapmuum pesxcumom nicaa I'll1 3a6e3neuye npakmuiuHo noeHy nepexKpu-
cmanizayiio 3MiYyHIOB8AILHOL IHMEePMemanionol ¥~ (asu, wo noasieac y po3uunHenti y- gasu 8 y- mampuyi 3 NOGMOPHUM it
BUOLIEHHAM Y 8UIA0T OUCNEPCHUX YACMUHOK KYOiuHOi MOpponosii.

Ilpakmuuna yinnicme. Ilokasano, wo eapsaye iz3ocmamuine npecy8anus y KOMOIHAYii 3i CMaHOapmHo0 mepmii-
HOW0 06p06KOI0 3a6e3neyye OMpUMAHHI HAUOITbUW CRPUSMAUBO20 NOEOHANHA MIYHICHUX | RAIACMUYHUX XAPAKMEPUCTIUK,
a maxKodic mpusanoi MiyHoCmi 10NAMOK.

Knwowuoei cnoea: cynepcnnasu, ronamku 2a3060i mypoinu, 2omozenizayis, sapsye i3ocmamuyne npecy8anus, in-
mepmemaniona y- gasa.
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