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sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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CREATION OF DAMPING ALLOYS
WITH OPTIMUM PHYSICAL-MECHANICAL PROPERTIES
FOR GEOLOGICAL EXPLORATION EQUIPMENT PARTS

Abstract. One of the effective methods of reducing noise is to quench it at the source of occurrence. Such
methods include replacement of percussion mechanisms with without impact ones, replacement of gears with
V-belts, etc. The most acceptable method of reducing noise at the source of occurrence is the use of damping
materials. Non-metals (plastics, wood, polyethylene, etc.), non-ferrous metals can be used. However, the most
relevant to reduce noise at the source of occurrence in geo-exploration production is the use of iron-based damping
metallic materials. In this work, the task was to assess the acoustic and vibration characteristics of standard steels
I5XTH2TA, 15X2H2TA, 15X2I'H2TPA, 20XTHTP, 25X2I'HTA, which are used to manufacture parts of geo-
exploration equipment, new damping alloys GGR-1, GGR-2, GGR-3. The choice of the chemical compound of the
GGR-1 alloy made it possible to obtain an anti-vibration damping alloy having a quenching martensite structure. It is
recommended to use it for exploration equipment parts (drilling rigs, drill rod, drilling blade, adapters for drilling
head, drill pipe, etc.).

Keywords: noise, vibration, damping, geological exploration, mechanical properties, acoustic and vibration
characteristics, chemical compound, equipment, experimental alloys.

Introduction. The noise of impact origin is the most common and harmful industrial factor of
industry.

One of the high-performance and efficient production is geological exploration production. The
equipment for geological exploration production is characterized by intense vibration and increased
radiated noise (drilling rigs, drill rod, drilling blade, adapters to the drill head, drilling pipe, etc.). Indu-
strial noise and sound vibration worsen working conditions, negatively affect the health of workers.
Intense vibration is the cause of damage to the structures of machines and mechanisms and reducing their
service life. All these problems pose to designers and technologists the task of reducing the parameters of
noise and vibration.

Frequently, geological explosive production is dominated by percussion and final noise, characterized
as the most harmful to workers health. At short impulses the likelihood of hearing loss increases.

Very often, intense noise is emitted by parts made of 15XI'H2TA, 15X2H2TA, 15X2I'H2TPA,
20XTHTP, 25 X2I'HTA steels (standard steels) (gear wheels, gear rims, connecting rods, shaped castings
and other parts of geological explosive equipment) [1, 13].

One of the effective methods of reducing noise is to quench it at the source of occurrence. Such
methods include replacement of percussion mechanisms with without impact ones, replacement of gears
with V-belts, etc. The most acceptable method of reducing noise at the source of occurrence is the use of
damping materials. Non-metals (plastics, wood, polyethylene, etc.), non-ferrous metals can be used.

However, the most relevant to reduce noise at the source of occurrence in geo-exploration production
is the use of iron-based damping metallic materials.
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The aim of the work is the development and research of new grades of damping steels for castings,
reducing the noise of impact origin, generated in parts and assemblies during the operation of geological
prospecting equipment.

Research objectives:

- to evaluate the vibration and physical-mechanical properties of well-known steels (15XT'H2TA,
15X2H2TA, 15X2I'H2TPA, 20XTHTP, 25 X2I'HTA) used for parts subjected to shock loads;

- to develop new alloys for parts subjected to shock loads, differing in chemical composition, but not
inferior in terms of mechanical and technological characteristics to known standard grades of alloyed
steels.

As an object, both standard and newly smelted alloys were considered. The purpose of these steels is
given in table 1. Table 2 presents the chemical compounds of the investigated steels. The acoustic charac-
teristics (sound level, level of sound pressure) and vibration (vibration acceleration level, overall vibration
acceleration level) characteristics of the alloys were investigated.

For the study, standard alloy steels were selected for castings of grades 15XI'H2TA, 15X2H2TA,
15X2T'H2TPA, 20XT'HTP, 25 X2I'HTA and melted alloyed alloys GGR-1, GGR-2 and GGR-3, whose
mechanical characteristics are shown in table 3.

In this work, the task was to assess the acoustic and vibration characteristics of standard steels
I15XTH2TA, 15X2H2TA, 15X2I'H2TPA, 20XI'HTP, 25X2I'HTA, which are used to manufacture parts of
geo-exploration equipment, new damping alloys GGR-1, GGR-2, GGR-3.

Standard alloyed casting steels 15XT'H2TA, 15X2H2TA, 15X2I'H2TPA, 20XTHTP, 25 X2I'HTA in
the form of a plate were investigated.

The damping ability of metallic materials is characterized by a combination of vibration and physical-
mechanical characteristics, such as vibration acceleration level, internal friction, electrical resistivity,
density, shear modulus, Young's modulus and a number of metallographic features. In the present study, a
series of experiments were aimed at establishing patterns that determine the relationship of structurally
sensitive factors and microstructure with the optimization parameter — the level of vibration acceleration
of low-alloy structural steels, the composition of which was specified by the experiment planning matrix.

Experimental alloys were smelted in a crucible induction furnace with a capacity of 12 kg with the
main lining. The source material was sheet metal of steel 10. Doping was carried out with 97,6% metallic
manganese, 77,5% FeSi and 99,98% metallic nickel. Carbonaceous additive served as synthetic cast iron
with a carbon content of 3,9%. Steel was cast into a metal mold with dimensions of 210x115x115 mm.

Samples before forging were heated in a laboratory oven to a temperature of 1200 °C with a holding
time of 1 hour. Ingots were forged using a forged hammer to stripes with final dimensions of
700x90x10 (12) mm. After each pass, the strips were placed in an oven to achieve a temperature of
1200 °C.

One of the objectives of this work is the development of new damping metallic materials based on
iron. In this regard, by adding alloying elements to the chemical compound of standard steel grades, new
alloys with enhanced damping properties were obtained. The principles of alloying of alloys in the work
are based on the study of the phase diagrams of Fe — C, Fe — Si, Fe — Mn, Fe — Cr, Fe — La, Fe — Ca,
Fe — V, Fe — Ni. State diagrams determine in equilibrium the phase composition of the alloy depending on
the temperature and concentration of the components and allow qualitatively characterizing many
physical-chemical, mechanical and technological properties of the alloys.

Casting was made in the chill mold. Casting in the chill mold compared with the sand form has
several advantages: the relative durability of the form and accelerated cooling of the casting in it, a sharp
reduction or almost complete elimination of the consumption of molding materials; an increase in the
removal from the molding site by 2-6 times, an increase in labor productivity by 1.5-6 times, a decrease in
surface roughness, an increase in the accuracy of castings, an increase in the density of castings, a
reduction in profit margins and often even their elimination [15].

Based on the analysis of installations for the study of vibration (level of vibration acceleration, total
level of vibration acceleration) properties of the alloys, the device “KazNTU” -2 was selected for a com-
prehensive study of the vibration properties of plate steel samples [6] (figure 1).
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Table 1 — Purpose and general characteristics of standard steels [7]

Steel Purpose
15XTH2TA Disks, sprockets, gears, connecting rods, crosses, forks, fingers, gears, shafts, cam couplings, covers and
I15X2I'H2TA | other parts of geological exploration techniques.
15X2I'H2TPA
20XTHTP Responsible details of exploration equipment, gears, crosses, levers, etc.
25 X2T'HTA
Table 2 — The chemical compound of the investigated steels
Chemical compound, %
Mark of steels, S P
alloys C Si Mn Cr Ni Ti Fe
no more

15XT'H2TA 00,13-0,18 00,17-0,37 10,7-1,0 | <0,7-1,0 - - 0,035 00,035 The rest

20XTHTP 00,18-0,24 00,17-0,37 10,8-1,1 | <0,4-0,7 - - 0,035 00,035 The rest

GGR-1 00,2 00,2 00,8 11,0 00,35 00,15 0,045 00,04 The rest

GGR-2 00,3 00,3 00,75 11,0 00,45 00,18 0,045 00,04 The rest

GGR-3 ,0,3 00,3 11,0 11,0 00,55 00,20 | 0,045 00,04 The rest

Table 3 — The mechanical properties of the investigated steels
5 A4 ., MPa
o Mark of stecl s, Impact strengzth KCU, % D
J/em
not less

1 15XT'H2TA 1330 127 11,5 59,5 1180

2 20XTHTP 1200 80 9 50 1000

3 15X2I'H2TA 1380 127 12 58 1190

4 15X2T'H2TPA 1320 120 14 62 1190

5 GGR-1 1400 140 13 25 1300

6 GGR-2 1350 145 14 30 1250

7 GGR-3 1400 140 12 35 1320

The installation works as follows. The ball-drummer 6 was installed on an inclined plane 5. The ball-
drummer 6 rolls down from the inclined plane 5 and makes a free fall into the geometric center of the plate
sample 3. The ball-drummer 6 rebounds from it and enters the receiver of the balls 11. The noise from the
impact of the striker ball 6 and sample 3 is recorded by the OCTAVE-101A sound level meter 12. Sample
(plate) 3, oscillating in the interweaving of nylon yarns 1 creates a vibration, which is estimated by the
device model "Bruel & Kjer" model 22048. The tension of the sample nylon threads 1 is always constant,
since the load 10 controls this tension. The height of the fall of the ball can be changed using the screw
mounting rack drummer 15. The entire system of mounting the sample 3 and the ball-striker 6 is installed
on the frame 2, which with the help of the uprights 13 is located at a certain height above the floor.

In the measurements, steel (LLIX15) impact balls of the following diameters were used: 9,5 mm; 12,7 mm;
15,2 mm; 15,8 mm and 18,3 mm (mass of balls, shock, respectively: 2,5 g; 5 g; 9 g and 25 g).

At the installation, steel lamellar (50x50x5 mm) specimens were examined.

The vibration acceleration levels were measured in the range of 31,5-31500 Hz, the total vibration
acceleration level - according to the "Lin" characteristic.

The mass of the ball, the density of the sample, the distance from the point of impact to the sample,
the thickness of the sample are interrelated according to [8]:

m{4,6-p-1-h?, )

where m — mass of lamellar-sample, g; p — density of material lamellar-sample, g/cm’; [ — distance from
impact point to nearest edge of sample plate, cm; /4 — thickness of material lamellar-sample, cm.
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Figure 1 — Device "KazNTU-2" for the study of the vibration properties of solid plate (lamellar) samples [6, 18]:
1 — nylon thread; 2 — frame; 3 — lamellar (50x50x5 mm) sample; 4 — frame stand; 5 — inclined plane; 6 — ball-drummer;
7 — Vibration sensor of “Bruel&Kjer” vibrometer model 2204; 8 — vibrometer “Bruel&Kjer” model 2204;
9 — oscilloscope C-18; 10 —load; 11 — ball receiver; 12 — noisemeter “OCTAVE -101A”; 13 — frame stands;
14 — microphone of noise meter “OCTAVE -101A”; 15 — fastening pin rack screw

The correction for the change in the vibration signal from atmospheric pressure was carried out using
a pistonphone of the brand PF-101. The air temperature and humidity in the laboratory were kept constant.
Vibration measurements were found as the average of five measurements.

We also carried out mathematical processing of the experimental results and the determination of
confidence intervals in accordance with the method [9]. Before starting, the adjustment of the measuring
path was carried out by checking the sound pressure levels of the reference sample.

Vibration characteristics of the investigated standard steels 15XI'H2TA, 20XT'HTP, 15X2I'H2TA
and new damping alloys GGR-1, GGR-2 and GGR-3 are presented in tables 4, 5 and in figures 2, 3.

Table 4 presents the vibration characteristics of the samples (plates with size 50x50x5 mm) from
standard steel 15XT'H2TA, 20XT'HTP, 15X2I'H2TA, 15XTI"'H2TPA after collision with impact balls with
diameters d = 9,5 mm, d = 12,7 mm, d = 15,5 mm and d = 18,3 mm of steel 11IX15.

The nature of vibration acceleration levels (VAL) of standard steel 15XT'H2TA, 20XI'HTP,
15X2I'H2TA, 15X2I'H2TPA has the following features:

- vibration acceleration levels of the samples studied vary in the range of 61-128 dB;

- maximums of vibration acceleration levels are observed at frequencies of 31,5 Hz, 63 Hz and 125 Hz;

- minimum levels of vibration accelerations of samples are typical for frequencies of 250-31500 Hz
(61-68 dB);

- maximum values of the vibration accelerations of the compared samples are characteristic in
collisions with a hammer-ball with a diameter of d = 18,3 mm,;

- minimum values of the vibration acceleration levels of the compared samples are typical in colli-
sions with impact balls with diameters d = 9,5 mm and d = 15,2 mm;

- maximum levels of vibration acceleration according to the “Lin” characteristic for samples
I15XTH2TA, 20XI'HTP, 15X2I'H2TA, 15X2I'H2TPA are observed during collision with impact balls
with diameters d = 12,7 mm and d = 18,3 mm (125-129 dB).

In the study of the sound emission characteristics of alloys, amplitude-dependent damping of vibra-
tion acceleration was found. Amplitude-dependent damping of vibration acceleration (ADDV) consists in
the fact that when a ball striking a larger mass hits a sample, it generates a level of vibration acceleration
of a smaller value than when a ball striking a smaller mass collides.
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Table 4 — Vibration characteristics of standard steels (plates 50x50x5 mm) after casting

Mark Diameter of Vibration acceleration levels, dB, in octave bands with geometric average A
of steel ball-drummer, frequencies, Hz T\cliBL’
d, mm 31,5 63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | 16000 | 31500
9,5 85 | 104 8 | 65| 64| 63 61 64 65 70 68 105
12,7 90 | 106 88 | 68 | 69 | 65 65 63 68 69 70 107
ISXTH2TA
15,2 88 | 106 90 | 67 | 75 | 68 67 62 67 68 71 108
18,3 91 | 109 88 | 68 | 77 | 69 68 63 68 69 72 110
9,5 91 | 108 8 | 71 | 75| 68 65 64 61 62 72 110
12,7 91 | 114 82 | 73|76 | 69 69 65 62 64 77 115
20XTHTP
15,2 93 | 116 8 75|77 | 70 70 66 64 68 78 118
18,3 94 | 122 8 | 78 | 15| 72 72 67 68 70 80 124
9,5 88 | 104 78 | 62|69 | 70 62 67 66 65 64 106
12,7 85 | 109 8 | 72 | 71 | 69 66 68 67 64 66 110
I5X2H2TA
15,2 86 | 117 91 | 66 | 74 | 65 68 68 69 66 68 118
18,3 90 | 120 9 | 67 | 73 | 64 69 70 70 66 71 122
9,5 91 | 117 92 | 70 | 66 | 71 60 62 66 71 72 118
12,7 97 | 122 9 | 71 | 72| 68 64 69 67 72 73 125
I5X2T'H2TPA
15,2 98 | 126 98 | 72| 77 | 66 65 70 67 73 74 128
18,3 98 | 128 | 100 | 74 | 78 | 65 69 72 68 74 77 129

In steel 15XI'H2TA ADDV it is observed at frequencies of 31,5 Hz (drummers 12,7 mm and
15,2 mm); 63 Hz (drummers 12,7 mm and 15,2 mm); 125 Hz (drummers 15,2 mm and 18,3 mm); 250 Hz
(drummers 12,7 mm and 15,2 mm); 4000 Hz (drummers 9,5 mm and 12,7 mm); 8000 Hz (drummers
12,7 mm and 15,2 mm); 16,000 Hz drummer 9,5 mm; 12,7 mm; 15,2 mm; 18,3 mm).

In steel 20XTHTP ADDYV is observed at frequencies of 31,5 Hz (drummers 9,5 mm and 12,7 mm);
125 Hz (drummers 9,5 mm; 12,7 mm; 15,2 mm and 18,3 mm); 500 Hz (drummers 15,2 mm and 18,3 mm).

In steel 15X2I'H2TA ADDV it is observed at frequencies of 1000 Hz (drummers 9,5 mm and
12,7 mm); 500 Hz (drummers 15,2 mm and 18,3 mm); 4000 Hz (drummers 12,7 mm and 15,2 mm);
16,000 Hz (drummers 9,5 mm; 12,7 mm; 15,2 mm and 18,3 mm).

115
105 i
95
VAL,
75 \ /X\
-
65 ———
55 ‘
31,5 63 125 250 500 1000 2000 4000 8000 16000 31500 Lin
Frequency, Hz
—— 95 —_— 12,7 —h— 15,2 —><— 18,3

Figure 2 — Characteristics of vibration accelerations of the sample 15XI'H2TA at impact
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In steel 15X2I'H2TPA ADDV it is observed at frequencies of 31,5 Hz (drummers 15,2 mm and 18,3 mm);

1000 Hz (drummers 12,7 mm; 15,2 mm and 18,3 mm); 8000 Hz (drummers 12,7 mm and 15,2 mm).

Figure 2 shows the characteristics of the vibration accelerations of the 15XI'H2TA sample at impact.
In accordance with figure 2, it is maximum at a frequency of 31,5 Hz, 63 Hz, 125 Hz at impact
15XT'H2TA sample with a hammer-ball with a diameter of d = 15,2 mm and 18,3 mm VAL = 90-109 dB,

and minimal with a ISXI'H2TA impact with a ball-drummer with a diameter of d = 15,2 mm VAL = 62 dB.

In figure 3 shows the characteristics of the vibration accelerations of the developed alloy sample

GGR-1 at impact.

Table 5 — Vibration characteristics of the developed steels (plates 50x50x5 mm) after casting

Mark Diameter Vibration acceleration levels, dB, in Ofstave bands with geometric average TVAL,
of satgel of ball-drummer, frequencies, Hz dB
d, mm 31,5 | 63 125 250|500 | 1000 | 2000 | 4000 | 8000 | 16000 |31500
9,5 80 99 81 65 | 65 62 62 65 66 68 64 100
GGR-1 12,7 82 100 79 66 | 68 64 65 68 69 70 65 102
] 15,2 83 104 82 68 | 70 66 67 69 71 71 66 105
18,3 85 107 83 70 | 72 67 68 71 72 73 68 108
9,5 81 100 80 66 | 66 64 65 64 68 70 67 102
12,7 83 102 82 68 | 69 65 67 66 70 71 68 103
GGR-2
15,2 85 106 33 69 | 71 66 67 66 70 71 69 108
18,3 86 108 85 70 | 73 68 69 67 71 78 70 110
9,5 80 109 79 67 | 65 63 66 66 69 71 68 110
12,7 79 111 79 69 | 66 65 67 68 70 73 69 112
GGR-3
15,2 82 113 80 70 | 67 68 69 70 72 74 70 115
18,3 85 117 82 72 | 69 70 71 71 73 75 72 119
115
x
105 f
VAL,
dB 85
75
—
55
31,5 63 125 250 500 1000 2000 4000 8000 16000 31500 Lin
Frequency, Hz
—— 95 - 12,7 —h— 15,2 —<— 183

Figure 3 — Characteristics of vibration accelerations of the sample GGR-1 at impact
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Conclusion. The choice of the chemical compound of the GGR-1 alloy made it possible to obtain an
anti-vibration damping alloy having a quenching martensite structure. It is recommended to use it for ex-
ploration equipment parts (drilling rigs, drill rod, drilling blade, adapters for drilling head, drill pipe, etc.).

1. K. Cyauees, [E. B. Vrenos|?, K. O. )I(¥Maniﬂosa3, 3. B. Ten*

ICeitcmonorus HMHCTUTYThI, AnmaThl, KazakcTas,
2 A3aMaTTHIK aBuanms akageMuschl, AnMatel, KazakcraH,
3 K. . C9T6feB aTeIHAaFel Ka3ak YITTHIK TEXHUKAIBIK 3epTTeY YyHUBepcuTeTi, Anmatsl, KasakcraH,
YATTHIK TEXHOJIOTHSUIIBIK 3epTTey yHuBepcureti - MbxKU, Mackey, Peceit

I'EOJOTUAJIBIK BAPJIAY KABJABIKTAPBIHbIH BOJIINNEKTEPIHE APHAJIFAH
THUIMAI ®U3UKAJIBIK-MEXAHUKAJIBIK KACUETTEPT'E UE
JEMII®EPJIIK KOPBITITAJIAPbI JAUBIHJIAY

Hlynpr GoceHmeTyAiH €H THIMII XKOJJapbIHbIH Oipi 01 LIyAbl Maiga 6oy ke3inae TeMeHaery. MyHial auic-
Tepre COKKbUIbI MEXaHU3MJIEpAl COKKBICHI3 Typre ajMacThIpy, TicTi OepinicTepai peMeHai oepiiricrepre aybICTBIPYIbl
xatkpizyra Oomazabl. lyner maiina 0oy ke3iHme OdCeHIETy Tocuimepinie AeMidepiik MaTepuaiiapasl KOJIIaHy
yThIMIbl Oonbin TabObutanpl. beiimeranmap na (TulacTMaccanap, araml, HOJMATHWIIEH XoHE T.0.), TycTi meranjaap
KOJIZIaHBUTY bl MYMKIH.

Bipak Ta, reonormsuiblk Oapiay cajachklHAa IIyABI Haiga 00y Ke3iHae OJCeHHIEeTy YIIiH TeMip HeTi3iHaeri
JeMI(epIriK MeTauabpl MaTepuaNIap bl KOJIIaHy ©3eKTi OOJBI TaObLIa IbL.

JKympicTa Keneci Heri3ri MiHAETTep KOHBUIIBL: TeOJOTHSIBIK Oapiay jKaOJbIKTapBIHBIH OOJIIEKTepiH HalbIH-
nmayna xonmaneutateiH 15XTH2TA, 15X2H2TA, 15X2I'H2TPA, 20XTHTP, 25 X2T'HTA cranmapTTel Oonatrtap-
IbiH, conbiMeH Kartap ['TP-1, TTP-2, I'TP-3 xana nemmdepii KOPBITIAIAPBIHBIH aKyCTHUKAIBIK KOHE IIPLIIIK
KacHeTTepiH Oaranay Ke3Iemmi.

I'TP-1 KOpBITHACHIHBIH XUMHUSUIBIK KYpaMbl IIBIHBIKTHIPY apKbLIbI MAPTEHCHTTI KYPBUIBIMMEH JAIpiiire Kapchl
JeMIipepInik KOpbITia ajyFa MYMKIHAIK Oepai. ATajraH KOPBITHAHBI FeOJIOTHSUIBIK Oapiiay »aOAbIKTaphl OeJIeK-
TepiHe (Oyprbulay KYpBUIFBLIApBI, OYpFbLIAy INTAHrachl, Oyprbulay Kyperi, Oyprbuiay OachIHBIH OTKi3rimrepi,
OyprpuIay KYOBIPHI )K9HE T.0.) KOJJIaHyFa YChIHBIIA bl

Tyiiin ce3nep: w1y, aipin, nemmdepriey, TeoJOTHsUIBIK Ka0JbIKTap, MEXaHUKAJIBIK KACHETTEp, aKyCTHKaJIbIK
JKOHE JIPUIIIK KacueTTep, XMMUSUIBIK KypaM, >KaObIK, TOKIpHOeTiK KopbITranap.

. K. CyneeBl, [E. B. Ytenos]’, XK. O. )KyMa)Ii.HOBa3, 3. B. Ten*

1I/IHCTHTyT ceiicmonoruu, Anmarel, Kazaxcras,
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Anmartsl, KazaxcraHn,
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CO3JAHUE JEMII®UPYIOIHUX CILTIABOB C OITUMAJIBHBIMH ®U3UKO-MEXAHNYECKUMHA
CBOUCTBAMMU JJIA JETAJIEU 'EOJIOI'OPA3BEJOYHOI'O OBOPY/J1OBAHUSA

AHHOTaIIHﬂ. OILHI/IM us3 S(I)q)eKTI/IBHI)IX METOAOB CHMIKCHUS IIyMa ABJIACTCA rallicHUE €ro B MCTOYHUKE BO3HUK-
HoBeHMs. K TakuM MeTonam cielyer OTHECTH 3aMEHY YAAapHBIX MEXaHM3MOB Ha Oe3ylapHble, 3aMeHY 3yOuaThIxX
nepejad Ha KJIMHOPEMEHHEIC U T.1. Hambonee mpreMieMbIM METOZOM CHM)KCHUS IIyMa B HCTOYHHKE BO3HUKHOBE-
HUS SBJISICTCS UCIIOJIb30BaHUE IEMII(PHUPYIONNX MaTepuanoB. MOTyT OBITh HCITOIB30BaHbI HEMETAILIHI (TUIACTMACCHI,
JIpeBeCHHA, IOJIMITUIICH H JP.), IIBETHBIC METAJLIBL.

OpnHako HanOoJee aKTyaJIbHBIM JJISl CHIDKCHHUS ITyMa B MCTOYHHKE BOZHHKHOBEHHS B T€0JIOTOPA3BEIOYHOM
oTpaciie SIBISIeTCA IPUMEHEHNE TeMI(PHUPYIOINX METAUTMISCKAX MaTepHAIIOB Ha JKEJIe3HOH OCHOBE.

B macrosmieit paboTe OblIa mocTaBieHa 3a/adya — OLEHUTh aKyCTHYECKHE W BUOPAIOHHBIC XapaKTEPHUCTUKU
cranmaptHbIX cTaneit 15XTH2TA, 15X2H2TA, 15X2I'H2TPA, 20XTHTP, 25 X2I'HTA , KOoTOpbIe HCIIOTB3YIOTCS IS
M3TOTOBJICHHUS JIeTaliell re0JI0ropa3BeIoYHOro 000pyI0BaHus, HOBBIX Aemipupyromux criagos ['TP-1, TTP-2, I'TP-3.

Bri6op xumuueckoro cocrasa cruiaBa I'T'P-1 mo3Bosmia moyduTs qeMIUpyONHi aHTHBUOPAIMOHHBIHN CILIaB,
MMEIOIUN CTPYKTYPY MapTeHCUTa 3aKaiku. Ero pekoMeHayeTcs: HCIoIb30BaTh ISl JeTallell TeoI0ropa3Be10qHOro
ob0opynoBanusi (OypoBbIe YCTaHOBKM, OypoBas ITaHra, OypoBas JOmaTka, MEPEeXOJHUKH Ha OYpPOBYIO TOJIOBKY,
TpyOa OypoBast u 1p.).
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KitroueBble cioBa: mym, BUOpamust, AemMrdupoBaHUe, Te€oI0ropa3BeJoYHbIe 000pyJOBaHHS, MEXaHUIECKOE
CBOHCTBA, aKCTUUECKHE M BHOPAIMOHHBIE XaPaKTEPHCTHKH, XUMHUUECKHH COCTaB, YCTAHOBKA, 3KCIIEPUMEHTAIbHBIC
CIIaBBI.
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