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KasakcmaH Pecniybniukacekl ¥rimmbik fbinbivM akademusicbl «KP YFA Xabapnapel. [eonoesusi xeHe
MexXHUKarbIK fbifibiMOap cepusiCbl» fbibIMU XypHarnbiHbiH Web of Science-miHq xaHanaHraH
Hyckacbl Emerging Sources Citation Index-me uHOekcmeriyee KabbinndaHraHbiH xabaprnalosl. byn
uHdekcmery 6apbicbiHOa Clarivate Analytics komnaHusicbkl XypHandbl odaH api the Science Citation
Index Expanded, the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke
Kabbinday maceneciH kapacmbipyda. Webof Science sepmmeywinep, aemoprnap, bacrnawbinap MeH
Mekemernepae KOHmeHm mepeHdiei MeH canacbiH ycbiHadbl. KP YFA Xabapnapel. [eonoaus xeHe
mexHuKarbiK fbifibiMOap cepusicbl Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK
YWiH eH e3ekmi xoHe 6ederidi 2eorioeusi XoHe MexXHUKasbIK fblibiMdap 6olbiHWa KOHMEHMKe
a0arnObifbiMbI30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «M3eecmus HAH PK. Cepusi 2eornoauu u mexHU4ecKux
Hayk» 6bi1 npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHoU eepcuu
Web of Science. CodepxaHue 8 amom uHOeKkcupogaHuu Haxodumcs 8 cmaduu paccMOmpeHUs
komnaHuel Clarivate Analytics 0nsi OanbHelwezo npuHsmus XypHarna 6 the Science Citation Index
Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of
Science npednazaem kadecmeo u enybuHy KoHmeHma Ons uccriedosamerieli, asmopos,
usdamened u y4pexdeHul. BkrovyeHue Nseecmuss HAH PK. Cepusi eeonoz2uu U mexHU4ecKux
Hayk 8 Emerging Sources Citation Index demoHcmpupyem Hawy rpusepxeHHocmb K Hauboree
akmyarsnbHOMYy U 6/1UsimesIlbHOMY KOHMEeHMYy 10 2e0/102uU U MEXHUYECKUM Haykam Ors Hawezo
coobujecmea.
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STUDY OF VIBRATION PROPERTIES OF CERAMIC-METAL NANOSTRUCTURAL TIN-
CU COATINGS WITH DIFFERENT COPPER CONTENT 7 AND 14 AT. % ON CHROMIUM-
NICKEL-VANADIUM STEELS

Abstract. This paper studies the vibration properties of chromium-nickel-vanadium steels with a ceramic-
metal nanostructured TIN-CU coating with different copper contents - 7 and 14at.%. Among the advantages
of a nanostructure with an increased area of intergranular boundaries there is a high value of viscosity and
resistance to “brittle” cracks initiation and propagation; they are able to resist fracture for a long period under
conditions of an external combined stress. Therefore, the invention of new generations of ceramic-metal
nanostructured coatings with an increased area of intergranular and interlayer boundaries makes it possible to
increase the durability, hardness in combination with sufficient viscosity, high adhesion strength with respect
to the substrate material. For increasing the dissipative properties, we consider Cr-NI-V as an alloying agent,
in such a way improving the parts performance, which contribute to the damping of nuisance vibrations and
vibrations in alloys. The research procedure includes the study of the acoustic and vibration characteristics
of the alloys, the mathematical processing of the results obtained. The research results show that the samples
under study have higher strength and impact toughness indicators than their standard analogs. The use of a
JSM-6700F field emission scanning electron microscope with a JED-2300F add-on for energy-dispersive
spectrometry, JEOL (Japan), is associated with high image quality and resolution, which makes it possible
to conduct a quantitative morphological analysis of the microscopic structure and elements composition,
showing the presence of a nanostructure with layers of different nitride phases noticeably distinguishable in
contrast. The presence of a nanostructured coating reduces the level of vibration acceleration.

Key words: nanostructure, vibration acceleration, noise-level meter, scanning electron microscope.

Introduction. The choice of nickel, chromium and vanadium as alloying elements in iron-carbon
alloys is explained as follows. As shown by the analysis of works [1-4], alloys with increased damping
properties contained chromium, nickel and vanadium as alloying elements. It should be noted that nickel
is one of the most widespread elements on earth (0.09%) and is widely used in iron-based alloys with
high damping properties. Nickel additions from 2% to 4% also affect the damping properties of the
alloys. The choice of chromium as an alloying element is explained by the fact that this element is
also widely used in high damping alloys. Chromium additions to other metals significantly change
their properties and create opportunities for obtaining a wide range of various very valuable materials.
Slightly hardening ferrite, chromium does not reduce its toughness and more than 3 thousand steels
and alloys are known, which include chromium. Vanadium belongs to the elements that are constantly
present in steels, while it has a significant effect on the composition and nature of non-metallic inclusions.

When developing high-damping alloys, one of the main criteria is the inadmissibility of a significant
decrease in strength properties. Therefore, one of the reasons for choosing iron-carbon alloys of chromium,
manganese and vanadium as alloying elements was that among the main alloying elements (the most
frequently used), these elements harden ferrite more than others [5].

When using alloying elements in high-damping alloys, the noiselevel can be reduced if a real research
result is obtained, since different classes of materials absorb the sound vibration energy differently, which
depends on external factors - this is the ratio of the structure components, the type of technological treatment,
etc. Information that the chemical composition of alloys affects the damping properties makes it possible
to develop compositions from low alloy steels with high damping properties. When conducting research
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in the field of combating noise and vibration during the collision of parts of the mechanism, the noise level
is reduced by changing the chemical composition, the type of heat treatment, increasing the mass of the
colliding bodies and the duration of the collision of bodies.

Chromium-nickel steels (grades 12CHN2, 12CHN3A, 12CH2N4A, 20CHN3A, 20CH2N4A, 20CHN,
20CHNA4FA, 25CH2NMFA) are used after carburizing, quenching and low tempering for the manufacture of
large parts of especially critical use. In this regard, for further study of the damping properties, we used steels
20KHN, 20KHN4FA, 25KH2NMFA, which experience significant shock loads during operation.

Vibration acceleration research technique. Based on the analysis of installations for the study of
vibration (vibration acceleration level, general vibration acceleration level) properties of steels, a device
was chosen for a comprehensive study of the vibration properties of plate and tubular steel samples with
subsequent modernization [7]. The installation works as follows (Figure 15). The striking ball 6 was installed
on an inclined plane 5, from which it rolls and makes a free fall to the geometric center of the plate sample
3. The striking ball 6 bounces off it and falls into the receiver of balls 11. The noise from the collision of
the striking ball 6 and sample 3 is recorded by noise-level meter “OCTAVA-101A” 12. Sample (lamellar)
3, vibrating in the weave of nylon threads 1 creates vibration, which is evaluated by the device model 2204
of the company‘Bruel&Kjer’ 8. The tension of the sample with nylon threads 1 is always constant, since
the weight 10 controls this tension. The drop height of the ball can be changed by means of the screw for
fastening the striker strut 15. The entire system of fastening the sample 3 and the striking ball 6 is mounted
on the frame 2, which, using struts 13, is at a certain height above the floor.

1 - nylon threads; 2 - frame; 3 - lamellar sample; 2 - frame stand; 5 - inclined plane; 6 - ball-striker;

7 - vibration sensor of the sound level meter of the company ‘Bruel & Kjer’; 8 —noise-level meter of the
company “Bruel & Kjer” model 2204 with octave filter model 1613; 9 - oscilloscope S-18; 10 - cargo;
11 - ball receiver; 12 —noise-level meter “Octava 101A”; 13 - frame racks; 14 - microphone of the noise-
meter ‘Oktava 101A’; 15 - screw for fastening the striker stand.

Fig. 1. A device for a comprehensive study of the acoustic and vibration properties of solid samples [7]:

During the measurements, we used steel (SHKH15) striking balls of the following diameters: 7 mm; 8
mm; 9 mm; 11 mm (the mass of the striking balls, respectively: 1.40; 2.09; 2.97 and 5.55 g).

Steel plate specimens (50x50x5) mm were examined on the installation.

The mass of the ball, the density of the sample, the distance from the point of impact to the sample, and
the thickness of the sample are interrelated by the following formula:

where m is the mass of the sample plate, g;
p is the density of the sample plate material, g / cm?;

[ - distance from the point of impact to the nearest edge of the sample plate, cm;

h is the thickness of the sample plate, cm.

In this case, the width and length of the sample plate should be at least 5 times its thickness. The investigated
plate with dimensions 50x50x5 mm satisfies these requirements.

7
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Sound pressure levels were investigated in octave frequency bands in the range of 31.5 - 31,500 Hz,
vibration acceleration levels in the range of 31.5 - 31500 Hz. Noise level - on the “A” scale, the general level
of vibration acceleration - on the “Lin” characteristic. The sound generator ZG-10 was used to calibrate the
measurements of the sound signal. Correction for the change in the sound signal from atmospheric pressure
was carried out using a PF-101 pistonphone. The air temperature and humidity in the laboratory were kept
constant. Acoustic measurements were found as the average of five measurements [75].

Mathematical processing of the experimental results and determination of confidence intervals were also
carried out in accordance with the methodology [8]. Before starting work, the measurement path was adjusted
by checking the sound pressure levels of the reference sample.

Research results. Study of the chemical composition and mechanical properties of steels by standard
methods for the determination of alloying elements and the tensile determination method.

The results of studies of the chemical composition and mechanical properties of standard steels 20KHN,
20KHN4FA, 25KH2NMFA are shown in Table 1.

Table 1 - Chemical composition and mechanical properties of known metallic materials

o Chemical composition, % Mechanical properties
g -8 C | Ni | Mn Si \% Cr Fe | 2| 0, |0;|6s|w [KCU
h & 29
- 35| MPa | % | J
© cm?
20KHN 0.17-{1.00-10.40-10.17-0.37 - 0.45-0.75 [Res. | a° 7801590|11140| 66
0.23] 1.40 [ 0.70 oo
20KHN4  |0.17-[3.75-{0.25-|0.17-0.37| 0.10-0.18 | 0.70-1.10 [Res. | 5 | 880 [685] 9 |40| 83
F 0.2414.15[0.55 Vi 2
25KH2NMFA [0.23-|1.30-10.40-|0.17-0.35|  0.05 1.80-2.20 | Res. fﬁ ?l 6571520]14140| 49
0.27 | 1.60 | 0.70 3
7

The results of studies of the chemical composition and mechanical properties of the melted steels are
shown in Table 2.

Table 2 - Chemical composition and mechanical properties of melted steels

Chemical composition, % Mechanical properties
o0 C | Ni[Mn|Si |V [Cr|Co| Fe 5 = Og O 5s | v | KCU
=] o
3 B R
n & © cm?
EO3(022| 1,2 [ 0.7 {030 (0.35] 0.8 | 0.1 | Res. | ;-4 1100 | 980 | 11 | 48 | 120
EO41035]| 25| 0.8 [0.20/040| 0.8 | 0.2 [ Res. § LE 1050 | 950 [ 10 [ 45 | 100
. 2
EO51045] 1.0 [0.7-| 0.5 1035] 0.9 | 0.3 [ Res. ;ﬁc_{l 1100 | 1000 | 8 | 40 | 110
-0.48(-12] 08| - | - - - O 2
1,2 [0.45 0,4 S0
o

Comparative analysis of the data given in Tables 4 and 5 shows that the melted steels EO3, EO4 and EOS5
with comparable plastic properties (relative elongation 85 and relative contraction ) have higher strength
and toughness values than standard counterparts. Thus, the ultimate tensile strength ov of these alloys is
1.19-1.25 times higher than that of the most durable standard analogue 20KHN4FA, the ultimate strength ot
is 1.39-1.46 times, and the impact toughness KCU is 1.20 -1.33 times. The results obtained were achieved
due to additional alloying of steel with small additions of Co and an increased amount of V, as well as
optimization of the content of C, Ni, Cr, Si and Mn in steel.

Transverse fracture images 2 show that the coatings have a columnar structure with transverse grain sizes

8
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Fig. 2.Appearance of TiN-Cu coatings with copper content: a) 7 at% 6) 14 at%

The thickness of the deposited CMNP was approximately 120 nm and was controlled by the deposition
time. The study of the structure of the coatings on the end section using a high-resolution SEM shows that
the coating is a nanostructure with layers of different nitride phases noticeably distinguishable by contrast
(see Figure 3). The assessment of the thicknesses of individual layers in the coating, carried out on them,
indicates that their values correspond to the sizes determined in the analysis of the distribution of elements in
the coating by the X-ray PS method with its layer-by-layer etching, and are 5 nm.

Noacnon TN

u(a and b)

Evaluation of vibration of samples under shock excitation. The vibration characteristics of the
investigated steels (20KHN, 20KHN4FA and 25KH2NMFA) are presented in

Table 3 shows the vibration characteristics of samples (plates with a size of 50x50x5 mm) made of
steels EO3, EO4, EOS and EO5 (CMNP) after collision with striking balls with diameters d =7 mm, d = 8
mm,d=9mmandd=11 mm.

Table 3 - Vibration characteristics of the developed steels EO3, EO4, EOS5 and EOS5 (CMNP)

__ € | Vibration acceleration levels, dB, in octave bands with geometric
E _i mean frequencies, Hz %
o .
Steel grade | £ 3 =
eel gra S22 v | wmlwlo s|(glg8|g8]s § S| <
GE| = |°|F|d|R|e|8]|g|2| 8|20
5
7 88 [ 107 |89 | 68 | 67 | 69| 65 | 67 | 68 70 | 75 | 112
EO3 8 102 | 118 |98 | 81 | 58 | 57| 55 | 54 | 54 58 | 57 | 122
9 92 | 120192 | 71 | 62 | 60| 56 | 58 | &7 87 | 69 |121
11 90 | 122 (91| 72 | 62 | 60| 63 | 96 | 98 94 | 96 | 125
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7 1 87 |105]88] 69 | 68 |69] 67 | 66 | 67 | 69 | 78 [ 117
ou 8 | 85 | 117|87| 84 | 71 |70 69 | 68 | 55 | 76 | 79 | 119

9 | 88 | 120(85] 80 | 65 | 72| 67 | 70 | 83 | 82 | 72 |123

11 | 87 |119]91] 70 | 67 | 74| 73 | 72 | 93 | 85 | 93 [127

7 | 84 | 100(83] 65 | 61 | 66| 62 | 60 | 67 | 58 | 57 | 94

£Os 8 | 82 | 110 81| 77 | 67 | 65] 52 | 72 | 52 | 58 | 59 | 99

9 | 82 [113 [81] 68 | 63 | 57|59 | 62| 79 | 56 | 59 103

11 | 80 | 107]82] 61 | 58 | 55| 56 | 65 | 80 | 77 | 87 110

EOS 175 Troa Tsol 35 T 70 Teo [ s0 1 eo 152 1 57 56 [oe
(CMNPTIN-Cu =978 ™98 178 | 65 | 60 | 55| 57 | 61 | 70 | 53 | 57 | 72
with Cu7at.%) =11"74 99 [ 76| 56 | 54 | 53 | 53 | 60 | 61 | 70 | 72 | 91
EO5 7 | 75 | 91 | 75| 58 | 56 | 55| 60 | 58 | 58 | 55 | 54 | 74
(CMNPTiN-Cu| 8 | 77 | 10278 | 73 | 67 | 58 | 48 | 67 | 50 | 55 | 55 | 95
with Culdat%)| 9 | 75 | 97 |77 66 | 58 | 53 | 52 | 60 | 68 | 50 | 55 | 70
11 | 72 | 96 | 75| 55 | 52 | 51| 50 | 58 | 60 | 68 | 70 | 88

The nature of the vibration acceleration curves (VAC) of the developed steels is as follows:

- the vibration acceleration levels of the investigated samples vary in the range 56 - 125 dB;

- the maxima are observed at frequencies 63 and 125 (102 - 125 dB);

- the minima of the vibration acceleration levels of the samples are typical for frequencies of 1000 Hz, 2000
Hz, 16000 Hz and 31500 Hz (56 - 58 dB);

- the maximum values of the vibration acceleration levels of the compared samples are typical for collisions
with a ball-striker with a diameter of d = 9 mm;

- the minimum values of the vibration acceleration levels of the compared samples are typical for collisions
with striking balls with diameters d = 7 mm and d = 9 mm;

- the maxima of the vibration acceleration levels according to the “Lin” characteristic for samples EO3, EO4
and EOS are observed when they collide withstrikingballs with diameters d =9 mm and d = 11 mm (72 - 130 dB).

In accordance with Figure 4, the maximum effect of amplitude-dependent damping was found at a frequency of
8000 Hz when the EO3 sample collided with a strikingball with a diameter of d = 7 mm, VAL =91 dB, and when
the EO3 sample collided with a strikingball with a diameter d =9 mm, VAL = 61dB. The ADD effect =20 dB.

At a frequency of 125 Hz, when the EO3 sample collides with a strikingball with a diameter of d = 8 mm,
the VAL = 90 dB, and when the EO3 sample collides with a strikingball with a diameter of d =11 mm, VAL =
60. The ADD effect = 30 dB.

At a frequency of 31.5 Hz, when the EO3 sample collides with a striking ballwith a diameter of d = 8§ mm,
the VAL = 85 dB, and when the EO3 sample collides with a striking ballwith a diameter of d = 11 mm, the
VAL =71 dB. The ADD effect = 14 dB.

Frequency, Hz

d =7+ 11 mm — diameters of ball strikers
Fig.4.Characteristics of vibration accelerations of the sample EO3 upon impact

In accordance with Fig. 5, the maximum effect of amplitude-dependent damping was found at a frequency
of 63 Hz when the EO4 sample collided with a strikingball with a diameter of d = 9 mm VAL = 125 dB,
and during the collision of an EO4 sample with a strikingball with a diameter d = 11 mm, VAL = 106 dB.
TheADDeftect =21 dB.

10
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=] =R b0 =11

5 9 PSS
S R RO

Frequency, Hz

d =7+ 11 mm — diameters of ball strikers
Fig.5.Characteristics of vibration accelerations of the EO4 sample upon impact.

In accordance with Fig. 6, the maximum effect of amplitude-dependent damping was found at a frequency
of 63 Hz when the EOS5 sample collided with a striking ball with a diameter of d = 11 mm,VAL = 124 dB,
and when the sample EOS5 collided with a striking ball with a diameter d = 8 mm, VAL = 84 dB. The ADD
effect = 40 dB.

At a frequency of 31500 Hz, when the EOS5 sample collides with a striking ball with a diameter of d = 7
mm, the VAL = 57 dB, and when the EO5 sample collides with a striking ball with a diameter of d = 11 mm,
the VAL = 87 dB. The ADD effect =30 dB.

At a frequency of 125 Hz, upon collision of the EO5 sample with a striking ball with a diameter of d =7
mm, the VAL =76 dB, and upon collision of the EO5 sample with a striking ball with a diameter of d =9 mm,
the VAL = 94 dB. The ADD effect = 18 dB.

——7 == 0 =11

130
e 110
=
i 90
> 70 A

50 r r r r T

I ~ e N & & & & & a N

d =7+ 11 mm — diameters of ball strikers
Fig.6.Characteristics of vibration accelerations of the EO5 sample upon impact

Figure 7 shows the levels of vibration acceleration of the sample EO5 (CMNP). The vibration levels
of a sample with a nanostructured coating have their own characteristics: the general levels of vibration
acceleration are lower than those of samples EOS5, EO3, EO4. The minimum values of the VAL are observed
in the frequency range of 500, 1000, 2000, 4000, 8000, 16000, 31500 Hz. The VALs are somewhat different
when struck by a striker with a diameter of 11 mm.

=7 =l=8 9 =e=]]

Frequency, Hz

d =7+ 11 mm — diameters of ball strikers
Fig.7. Characteristics of vibration accelerations of the EO5 (CMNP) sample upon impact.
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Conclusion. Analysis of vibration accelerations of the investigated steels makes it possible to determine
the following:

- vibrations of the melted steels EO3, EO4 and EOS5 are (16 - 23) dB lower than that of the well-known
steels 20KHN, 20KHN4FA and 25KH2NMFA;

- the nanostructured coating reduces the level of vibration accelerations by (7 - 9) dB (steel 20KHN4FA)
and by 19 dB (steel EOS).

This research has been/was/is funded by the Science Committee of the Ministry of Education and Science
of the Republic of Kazakhstan (Grant No. AP08956794).
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XPOMHUKEJbBAHAJIU BOJIATTAPBIHJIAFBI 7 ’KOHE 14 AT.% KY¥PAM/JIbI MBICIIEH
TIN-CU Kbl METAJIJI HAHOKYPBIJIBIM/IBIK KABBIHABIJIAPABIH BUBPALIUAJIBIK
KACHUETTEPIH 3EPTTEY

AnHoTtammusa. byn Makamaga weic Memmepi 7 koHe 14 ar.% OomareiH TIN-CU  kepammka-
METajul HaHOKYPBUIBIMBI 0ap XpOM-HUKENb-BaHAAMK apasac OoJjarTapAblH TepOelny KacHeTTEpiHiH
3eprreyaepi kenrtipinren. TyHipiaep apacblHOarbl IeKapanap ayJaHbl YJIKEHTUIreH HaHOKYPBUIBIMHBIH
apTHIKIIBUIBIKTAPBIHBIH O1pi — OHBIH HIYOaIaHIbIF bIHBIH KOFapPbl MOHIHE KOHE «0Ca» )KapbIKTap/AbIH Maiiia
00Tyl MEH JTaMybIHa TO3IMJILTITIH/IE, OTap Y3aK YaKbIT OOHBI Kyp/ielli, KHBIH )KaFaainapaa Oy3bpuTyFa Kapchl
Typa anaapl. COHABIKTaH TYHipiep MeH KabaTTap apachblHIaFhl IeKapaiap ayJaHbl YAKSHTUINeH KepaMHuKa-
METalT HAaHOKYPBUIBIMIBIK JKaHA JKaOBIHAApBIH jKacay MaTepHalIbIH Y3aKKa TO3IMIIITiH, JKETKLTIKTI
TYTKBIPJIBIFBIH, KaTTBUIBIFBIH, CyOCTpaT MaTepualbliHa KaThICThl aAT€3HSHBIH KOFapbl OCPIKTIriH apTTHIpyFa
MYMKiHIIK Oepeni. duccumanusuielk Kacuertepai aprreipy yumiiH Cr-NI-V Typingeri kanaibuiaymisi
AIIEMEHTT] TaHJaraH OH, OYJI KOpHITIAjIapAarbl 3USHIBI TepOericTep MEH MIpUIIiH >KOWBUTYBbIHA BIKIAT
€TeTIH TEeTIKTepAiH CEHIMJIUIrIH apTThIpa Tycedi. 3epTTey oMAiCTeMecCi KOPBITIAaJapAblH aKyCTHKAIBIK
KOHE [ipiJl CUMaTTaMalapblH 3EpTTCYACH, AJIbIHFaH HOTMDKEJIEPAl MaTeMaTHKaJbIK OHICYACH TYpaJbl.
3epTTey HOTHXKEJepi 3epPTTENreH YIATUIepAiH CTaHIAPTThl YKCac YITIEpMEeH CallbICThIpFanaa OepiKTiri MeH
TYTKBIPIBIFEl JkOFapel ekeHiH kepcereni. JEOL (OKamonms) xomnanmsceinbie JED-2300F sneprusuibik-
TUCTIEPCHSUIBIK  CITIEKTPOMETPHUSCHIHA apHaiFaH KoHAbIpMackl Oap JSM-6700F nmamamblK SMHCCHSIIBIK
PacTpIIBIK ANIEKTPOHIBIK MUKPOCKOIIBIH MTaliAaiaHy KeCKIHHIH )KOFaphl CallachlHA )KOHE aXKbIPATHIMIBIIBIFBIHA
0aiiIaHbICTBI, OYJ1 MUKPOCKOIMSIIBIK KYPBUIBIM MEH 3JIEMEHTTEP/IIH caH KypaMblHa MOP(OJIOTHSJIBIK TaAay
KYPTizyre MyYMKiHJIIK Oepei, opTypiii HUTPUATI (pa3anaplbiH KabaTTapbIHBIH KOHTPACTEIMEH alTapIbIKTal
€pEeKIIeICHEeTIH HAHOKYPBUTBIMHBIH 0ap €KeHiH kopceTei. HaHOKYpBUIBIMIBIK )KaOBIHHBIH 00Ty Bl TEPOCITYIIiH
YA€y JIeHTeliH TOMEH/IEeTE .

Ty#iinai ce3mep: HAHOKYPBUTBIM, AIPULIIH VLY, Iy JIIETII, PACTPIIBIK JCKTPOHIBI MUKPOCKOII.
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UCCJEJOBAHUE BUBPAIIMOHHBIX CBOMCTB KEPAMHUKO-METAJUIMYECKHAX
HAHOCTPYKTYPHBIX TOKPBITHI TIN-CU C PA3SHBIM COJIEP)KAHUEM MEJIA 7 U 14
AT.% HA XPOMOHUKEJIEBAHAJJUEBDBIX CTAJIAX

AHHOTanmuss. B jmaHHOM  crarbe  NPOBEOCHBI  MCCICAOBAHMS  BUOPALMOHHBIX  CBOMCTB
XPOMOHHKEJIEBAHAIUEBBIX CTaJell ¢ KEPaMUKO-METAIIIMYECKHMM HAHOCTPYKTYpHBIM mHokpbiTHEM TIN-CU
C pasHbIM cozepkaHueM meau 7 U 14 ar%. OnHuUM U3 NPEeuMyLIECTB HAHOCTPYKTYPBI C YBEIHMUEHHOU

12



ISSN 2224-5278 Series of Geology and Technical Sciences 5. 2021

TUIOIA/ABI0 MEK3EPHOBBIX TPAHHUII SBJSICTCS BHICOKOE 3HAYEHUE BA3KOCTU M YCTOHYMBOCTHU K 3apOXKICHUIO
U PasBUTHIO «XPYIKUX» TPELIMH: OHM CIIOCOOHBI JUTUTEIBHOE BPEMS CONPOTHUBISTHCS Pa3pyLICHHIO B
YCIIOBHSIX CJIOKHOHAIIPSKEHHOTO BHEIIHETO Bo3aeicTBUS. [109TOMY co31aHne HOBBIX TTOKOJIEHUH OKPBITHH
C KepaMUKO-METaJNTNYECKUM HaHOCTPYKTYPHBIM MOKPBITHEM C YBEJINYEHHOHN IUIOLIAbI0 MEXK3EPHOBBIX U
MEKCJIOMHBIX TPaHHUI] AAET BO3MOXHOCTD YBEJIIMUUTH JOJITOBEYHOCTD, TBEPAOCTD B COUCTAHUH C IOCTATOUHON
BSI3KOCTBIO, BBICOKOM NMPOYHOCTHIO aAre3Wy MO OTHOLICHHIO K Marepuany cyOcTtpara. s MOBBIIICHHS
JMCCUIIATUBHBIX CBOWCTB paccMaTpuBacTcsi BIOOp Jiernpytomero neMenta B Buge Cr-NI-V, tem cambiM
MOBBIIIAS HA/IG)KHOCTD pabOTHI AeTasIeH, KOTOPBIE CIIOCOOCTBYIOT 3aTyXaHHIO BPEAHBIX KOleOaHi 1 BUOpauii
B CIulaBaX. MeTonuKka HMCCIeOBaHMs BKIIOYaeT B ceds MCCIieOBaHUE aKyCTUYECKUX M BHOPAIMOHHBIX
XapaKTEPHUCTHK CIUIABOB, MATEMaTHUYECKYI0 00pabOTKYy MMOyYEHHBIX pe3yJIbTaToB. Pe3ynbTars! Hcciae 0BaHUH
MOKA3bIBAIOT, YTO HCCiIeAyeMble o0pasibl o0magaioT Oosee BBICOKMMH I10KA3aTeNsIMH TIPOYHOCTH H
yIAapHOH BSI3KO3TH, YEM HMX CTaHIAPTHBIC aHAJIOTH. Vcmonb30BaHKE MOJIEBOTO SMHCCHOHHOTO PacTpOBOTO
a51eKTpoHHOro Mukpockona JSM-6700F ¢ npucraBkoil nmst 3Hepro-aucnepcuoHHon cnekrpomerpuun JED-
2300F xomnanun JEOL (SInoHust) cBsI3aHO ¢ BBICOKMM KadyeCTBOM M300paXKEHHsI M pa3pelIeHus], 4To JaeT
BO3MOJKHOCTB MPOBEACHHSI KOIMYECTBEHHOTO MOP(OIOTHUECKOro aHaaInu3a MUKPOCKOIIMUYECKON CTPYKTYpBI
U COCTaBa 3JIEMEHTOB, I0Ka3bIBasi HAJIMUYNE HAHOCTPYKTYPHI C 3aMETHO PA3TUUYUMBIMH 110 KOHTPACTY CIOSIMU
PasIMYHBIX HUTPUAHBIX (a3. Hannune HaHOCTPYKTYPHOIO OKPBITHS CHUXKAET YPOBEHb BUOPOYCKOPEHUIA.
Ki1roueBble cjioBa: HAHOCTPYKTYpa, BUOPOYCKOPEHHE, LITYMOMED, PACTPOBBIN 3IEKTPOHHBIH MUKPOCKOII.
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