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Application of Avinit vacuum plasma technologies
Avinit to the manufacture of high-precision full-size
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Abstract. Avinit duplex technologies have been developed, combining Avinit N plasma nitriding of finished high-precision parts with subsequent
application of Avinit superhard antifriction coatings in a single technological process

Due to the absence of a brittle layer on the nitrided surface after precision nitriding, the preservation of the original geometric dimensions that do not
require further mechanical refinement, and the compatibility of the processes of plasma precision nitriding of Avinit N and the vacuum plasma depo-
sition of functional coatings Avinit C, duplex technologies allow the deposition of strong adhered, high-quality coatings.

The effect of the duplex process on the dimensions of parts during plasma nitriding of high-precision gears and the application of Avinit C functional
coatings was investigated, the properties of the nitrided layer and the parameters of Avinit coatings were studied.

Plasma precision technology Avinit N allows nitriding of finished parts without changing dimensions, including gears of 4 degrees of accuracy. Avinit
N nitriding time is 2 ... 4 times less than with gas nitriding.

The coating of Avinit C310 parts increases the microhardness of the surfaces of the parts and reduces the coefficient of friction, while it has sufficient
adhesion to the working surfaces of the gear teeth and bearing raceways.

Manufacturing of high-precision gears with accuracy grade 4 using Avinit duplex technologies was carried out.

Analysis of the results shows that, within the measurement accuracy, no changes in the profiles of the teeth, their location on the ring gear, as well as
the location of the gear ring relative to the measuring bases are observed.

Plasma nitriding makes it possible to reduce the nitriding time by more than two times compared to gas nitriding, while the thickness of the layer of
the brittle phase with the maximum surface hardness is ensured within the specified values to ensure the necessary indicators of contact and bending
long-term strength in the manufacture of gears according to the degree of accuracy 4 without grinding after nitriding.

Measurements of the ring gear after nitriding and coating showed that there were no changes in the geometry of the gear processed by duplex tech-
nology. Avinit C310 anti-friction coating 1.5 microns thick does not distort the geometry of the tooth profiles. All parameters of the ring gear manu-
Jactured using the Avinit duplex technology correspond to accuracy grade 4 in accordance with the requirements of technical documentation.

The gears manufactured using the Avinit duplex technology were tested as part of the AI-450M engine reducer at the Ivchenko-Progress hydraulic
brake stand according to the program of equivalent cyclic tests. A pair of experimental gears were installed in the engine reducer instead of the serial
wheels of the second stage of the reducer. The total test time of the wheels was 26 hours. After testing, no damage to the gear, including the Avinit
coating, was found. Antifriction coating Avinit C310 with a thickness of 1.5 microns does not distort the geometry of the tooth profiles during testing
as part of the AI-450M engine reducer. Measurement of the parameters of the teeth showed a complete absence of wear.

Keywords: development of Avinit duplex technologies, properties of the nitrided layer, coating Avinit characteristics, bench tests of high-precision
gears manufactured using Avinit duplex technology.

Introduction

At creation of new materials with ultrahigh charac-
teristics technologies of modification of surface layers of
contacting materials and drawing functional coverings are
more and more successfully used.

A very important characteristic of structural materi-
als is the long fatigue strength of the working surfaces of
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gears and rolling bearings, which is determined by the
properties of the materials from which they are made, in
particular, the hardness of the material core, hardness of
the working hardened surface, depth of the strengthened
layer, surface roughness, coefficient of friction [1].

Typically, standard manufacturing technologies for
many industrial parts designed to work in high-precision
gears, hinges and plain bearings include pre-cementation,
subsequent grinding and polishing of work surfaces to
achieve the required geometric dimensions.

Nitriding is much less commonly used as a method
of strengthening machine parts and tools to provide func-
tional properties.

ISSN 2521-1943 Mechanics and Advanced Technologies

© The Author(s).
The article is distributed under the terms of the license CC BY 4.0.



80

Mech. Adv. Technol. Vol. 5, No. 1, 2021

The main disadvantages of traditional industrial ni-
triding technologies (gas furnace nitriding, liquid nitrid-
ing, etc.) are the presence of a solid brittle e-phase on the
nitrided surface and significant distortion of parts, which
further grinding and polishing of work surfaces signifi-
cantly reduces the contact strength of the surface and in-
creases manufacturing complexity products.

Nevertheless, nitriding processes to increase con-
tact endurance have significant prospects in comparison
with traditionally used cementation processes in terms of
increasing surface hardness, especially by eliminating
machining after nitriding.

At the end of the twentieth century, the level of sur-
face hardness for cemented and nitrided parts stabilized at
about 60 HRC, but if for the former it was actually the
limit, for the latter it was possible to increase hardness
and, accordingly, contact endurance by eliminating ma-
chining after nitriding.

Diffusion saturation of the steel surface with nitro-
gen occurs at a temperature of about 550 °C. which en-
sures the absence of phase transformations in steel, be-
cause the process takes place at a temperature below the
temperature of low tempering after quenching. This sig-
nificantly reduces the curvature and, consequently, the
allowance removed during grinding.

The disadvantages of traditional industrial technol-
ogies for strengthening the surfaces of steel parts by the
formation of metal nitrides in the surface layer are the long
duration of the process (2 ... 3 times longer than during
cementation) and the small depth of the diffusion layer [2].

Increasing the saturation rate is achieved by ionic
nitriding in a dilute nitrogen atomic medium of the glow
discharge, which reduces the process time by 1.5...2 times.

In works [3, 4] the possibility of manufacturing
gears with a degree of accuracy from 6 to 5 without grind-
ing after ionic nitriding is shown.

There are no data on the use of nitriding in the
manufacture of more loaded gears, where it is necessary
to use accuracy degrees 5...4 [5-7].

In [8-10] it was shown that even greater accelera-
tion of the process than with ionic nitriding in a glow dis-
charge occurs during plasma nitriding.

We have developed the process of plasma precision
nitriding Avinit N [8—10], based on the diffusion satura-
tion of the surface layer of steel parts with nitrogen in
high-density (n > 10'%-10!! cm~) low-temperature very
nonequilibrium plasma of nitrogen and argon. significant-
ly reduces the duration of nitriding, ensures the absence of
deformation (curvature) of the parts while maintaining the
original geometric dimensions after nitriding with an ac-
curacy of 1-2 um, which avoids finishing grinding of
parts and get the operation of precision nitriding “in size”.

Studies [11, 12] have shown that the methods of
plasma precision nitriding Avinit N have a high efficiency
for the manufacture of final finished high-precision gears
with a degree of accuracy of 5...4 without grinding after
nitriding.

Comparative tribotechnical tests for contact fatigue
strength during rolling friction with sliding of surfaces
reinforced with cementation and plasma nitriding Avinit N
with contact loads oax = 1000 MPa were carried out in [13].

The results of tests based on 1,000,000 cycles with
contact loads omax = 1140 MPa, typical for medium-
loaded surfaces, showed that the integrated multi-cycle
resistance to fatigue wear (destruction) of samples rein-
forced with nitriding Avinit N with a layer depth of
0.25 mm, more than 10 times higher than samples rein-
forced by cementation with a layer depth of 1.2 mm.

A significant increase in contact endurance pro-
vides a reduction in the coefficient of friction of the con-
tact surfaces.

1. The use of plasma precision nitriding
Avinit N for the manufacture of high-precision
gears

Works [11, 12] are devoted to the study of the pos-
sibility of using plasma precision nitriding Avinit N for
the manufacture of finally finished high-precision gears
with a degree of accuracy 5...4 without grinding after ni-
triding, the study of the effect of plasma nitriding on the
size of parts in plasma nitriding gears nitrided layer, and
the study of plasma precision nitriding Avinit N high-
precision gears.

In order to study the properties of plasma nitriding,
a gear with a degree of accuracy [11] was made.

The gear wheel is made of steel 34NiCrMoV14-5
with the following heat treatment before nitriding opera-
tion:

— quenching — 900 °C (3.5 h);

— leave — 620 °C (6 hours);

— vstabilizing leave after machining — 550°C
(6 hours).

Plasma nitriding was performed on a vacuum-
plasma cluster Avinit [19].

The part was completely nitrided, and the degree of
nitrogen saturation depended on the plasma concentration
in a particular area of the part.

To determine the effect of nitriding on the geomet-
ric dimensions of the experimental part was measured
before and after nitriding. The gear ring gear was meas-
ured.

The geometric dimensions of the gear ring sample
were measured on the same control and measuring ma-
chine “WENZEL” with a measurement error of 0.8 pm
before and after nitriding under the same conditions, on
the same teeth.

The measurement results are given in table 1.

The analysis of the results shows that within the ac-
curacy of measuring any changes in the profiles of the
teeth, their location on the toothed crown, as well as the
location of the toothed crown relative to the measuring
bases is not observed.
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Table 1. Measurements of the toothed crown.

Deviation of parameters, MkMm Deviation limit
Conditi o s
Name 01:1111y ion to nitriding after nitriding
parameter marking Tooth number Tooth number Sth degree
1 23 43 66 1 23 43 66

Tooth profile error Fa 4 5 3 3 5 5 4 3 8
Tooth line error FB 2 3 2 4 3 3 4 4 8,5
Accumulated step error FP 20 20 19
Borderline step deviation vP +4 +4 +7

It was established [12], that the plasma precision
nitriding of Avinit N ensured the production of gears with
a degree of accuracy of 5 without grinding after nitriding.
Changes in the geometry after plasma high-precision ni-
triding Avinit N is not observed, and all parameters of the
ring gear meet the accuracy of 5 according to the re-
quirements of the technical documentation. When nitrid-
ing, the parameters of the teeth of the gears are stably
maintained within the accuracy of 5. Some change in the
profile was observed at the tops of the teeth, which is due
to the increased electric potential in this area. Measure-
ment of the part after plasma nitriding did not reveal a
similar phenomenon, on the contrary, on the tops of the
teeth there is a slight decrease in hardness, which, howev-
er, should have a positive effect on the performance of the
gears.

In order to study the properties of plasma nitriding
of gears, a technological sample based on a gear made of
5 degrees of accuracy was used, on which nitriding modes
were tested and which was subjected to geometry meas-
urements and metallurgical research [12].

On the technological sample made of the investi-
gated gear after nitriding and measurements, metallurgical
researches on definition of hardness, thickness of the ni-
trided layer, distribution of microhardness on a layer, mi-
crostructure of a layer and a core were carried out.

The appearance of the technological sample (frag-
ment of the gear) is shown in Fig. 1.

Fig. 1. Fragment of the gear

The measurement of the hardness of the nitrided
layer, starting from the edge, was performed with a dis-
creteness of 0.05 mm to a depth of 0.5 mm (table 2).

Table 2. The results of hardness measurements

Ne | Distance from the edge, mm Hardness, Hu
1 0,025 709,5

2 0,05 712,5

3 0,10 679

4 0,15 606

5 0,20 565

6 0,25 466,5

7 0,30 4345

8 0,35 4345

9 0,40 431,5

Cities for measuring the hardness of the readings
in Fig. 2.

Microstructural analysis showed that the depth of
the nitrided layer is ~ 0.3 mm, which meets the require-
ments of the technical documentation (0.5...0.7 mm initial
minus 0.15 mm allowance for grinding), but with greater
surface hardness (more than 1000 HV).

X-ray diffraction analysis showed that the &-Fe3N
phase was not determined in the nitrided layer, and in-
tense reflections of the a-Fe phase and very weak reflec-
tions of FeC carbide were detected (Fig. 3).

Plasma nitriding reduces the time required for ni-
trogen diffusion by more than twice compared to gas ni-
triding, while the thickness of the layer of brittle phase
with maximum surface hardness is provided within the
specified values to ensure the required indicators of con-
tact and bending strength.
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Fig. 2. Imprints of microhardness measurement
— a (the section is not etched), — b (the section is
etched)

: )
nunpommonannnl—‘e-l(u =
g
1
-]
A
\
3]
Ezw- 1
i 240.rpaa
2 1001 = 8 g
E N ] E o
wow ow S~ @
®
o R,

<

30 35 40 45 50 55 60 65 70 75 8 8 90 95
26, rpan

Fig. 3. Results of X-ray diffraction analysis of
nitrided steel

2. Development of duplex technologies
(plasma precision nitriding Avinit N + hard coating
Avinit C)

Even more significant results in increasing the con-
tact long-term strength can be expected when applying
antifriction coatings to the nitrided surface.

When using metal surface coatings (copper, palla-
dium), such antifriction coatings have limited perfor-
mance due to abrasive wear. In the 1990s, tungsten car-
bide-based ceramic hard coatings began to be introduced
in the West.

JSC “FED” (Kharkiv, Ukraine) and STC ‘“Nano-
technology” (Kharkiv, Ukraine) have developed complex
coating technologies Avinit that combine in one cycle
such methods as plasma-chemical, vacuum-plasma and
others, which allow to obtain coatings from almost any
elements, alloys, ceramics and other materials [14—16].
These technologies allow to perform multilayer antifric-
tion coatings, for example, Avinit C310 [17, 18], which is
a combination of nanolayers of titanium nitrides, alumi-
num nitrides and titanium. This coating has a unique coef-
ficient of dry friction. The advantage of these technolo-
gies is also the ability to control the amount of heating of
the part, which is mandatory with limited heat resistance
of the coated materials. The developed technologies for
applying Avinit multifunctional coatings have shown the
high antifriction properties of Avinit coatings and high
efficiency in many industrial applications when applied to
critical parts in aggregate construction. transport engi-
neering and power engineering [19, 20].

However, obtaining high-quality Avinit coatings on
surfaces nitrided by traditional methods is associated with
great difficulties, mainly due to the presence on the nitrid-
ed surface of a fairly thick layer of brittle € - phase and
significant distortion of parts. To bring the dimensions to
the requirements of the technical documentation after
nitriding requires further grinding and polishing of work
surfaces, which significantly reduces the contact strength
of the surface and increases the complexity of manufac-
turing products. The mechanical parameters of this thick
brittle layer are poorly compatible with the coating. and as
it turned out, further vacuum-plasma application of high-
quality wear-resistant coatings is possible only with the
complete removal of these fairly thick layers from the
coated work surfaces. For complex surfaces, this becomes
quite difficult and time-consuming, and sometimes simply
unsolvable technical problem.

Our research has shown that the absence of a brittle
surface layer after plasma nitriding allows further applica-
tion of high-quality functional coatings Avinit without
any mechanical improvements of the nitrided surface.

In this regard, it is of undoubted interest to develop
duplex technology that combines plasma nitriding of fin-
ished high-precision parts with subsequent application of
superhard antifriction coatings Avinit in a single process,
which will avoid many difficulties associated with the use
of gas nitriding technology used in the production of
details.

Due to the absence of a brittle layer on the nitrided
surface after precision nitriding, preservation of the origi-
nal geometric dimensions that do not require further me-
chanical refinement, and compatibility of the processes of
plasma precision nitriding Avinit N and vacuum-plasma
application of functional coatings, Avinit duplex this sig-
nificantly improves the economic performance of the
manufacture of parts.

Duplex processes, including plasma nitriding and
subsequent vacuum-plasma application of wear-resistant
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coatings in a single process, are carried out on a vacuum-
plasma cluster Avinit.

First, plasma precision nitriding of Avinit N parts
[8, 9].is performed. Process parameters and its duration
(usually T ~ 500...550 °C, ¢t ~ 2...4 h) are determined
based on the results of previous experiments.

By means of the corresponding electronic switching
the Avinit installation is switched to a coating mode.

The temperature of the parts is reduced to the pa-
rameters required for vacuum-plasma coating of Avinit C
(T ~ 200...300 °C, ¢t ~ 1...2 h) according to the estab-
lished technology [17, 18].

Coating on the witness samples is carried out in
conjunction with the working parts.

After the coating process, a careful control is car-
ried out on the compliance of the thickness and micro-
hardness of the applied coatings to the requirements of the
technical documentation by metallographic and profilo-
graphic analyzes of the sections of the witness samples.

Changing the process parameters (pressure, tempera-
ture, time, discharge voltage) allows to provide the speci-
fied properties of nitrided surfaces. Reduction of nitriding
time allows to make details of the increased accuracy.

On the JEOL 6360LA electron microscope, the
Avinit coating on the surface of the nitrided layer was
studied by the PCMA method.

The research results are presented in Fig. 4-6.

On the surface of the part the presence of titanium,
aluminum, nitrogen, which are absent in the part made of
steel 34NiCrMoV14-5, but present in the coating Avinit
C310, which is a multilayer composition of layers of tita-
nium, titanium nitride and aluminum nitride.

The thickness of the coating is 1.5 pm.

The microhardness of the coating was 2500...3000 HV.

Developed Avinit duplex technologies, including
plasma nitriding Avinit N and ion-plasma application of
antifriction wear-resistant coatings Avinit C were applied to
the manufacture of full-size high-precision gear in Fig. 7.

X 22000

Changing the process parameters (pressure, tem-
perature, time, discharge voltage) allows to provide the
specified properties of nitrided surfaces. Reduction of
nitriding time allows to make details of the increased ac-
curacy.

a
. . Total,
Number N Al Si Ti Cr | Fe o
0
006 4,02 36,56 59,42 100
007 2,69 | 2045 76,87 100
008 2,00 7,05 90,94 100
009 2,12 4,16 93,72 100
010 1,41 292 86,81 1,23 | 7,63 | 100
011 1,08 54,8 5,75 38,37 100
012 0,27 | 16,47 9,85 |73,41| 100
013 0,37 | 3,67 10,66 | 853 | 100
b

Fig. 4. The appearance of the coating Avinit C310
on the sample with the specified places of analy-
sis. — a, the approximate chemical composition of
the analyzed places — b
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Fig. 5. Appearance of the Avinit C310 coating on the sample in mapping mode
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Fig. 6. Appearance of the Avinit C310 coating on the sample in line analysis mode. The thickness of the coating
is 1.5 um

Fig. 7. Full-size high-precision gear, made using
duplex technology Avinit (nitriding Avinit N +
coating Avinit C310)

After carrying out work on testing the nitriding of
the gear, made with 5 degrees of accuracy, was made ex-
perimental full-size high-precision helical gear [21] with a
degree of accuracy of 4 for plasma nitriding, followed by
application of antifriction coating Avinit C310.

In accordance with the developed technological
regulations, plasma precision nitriding of Avinit N and
subsequent application of antifriction coating Avinit C310
full-size high-precision gear by duplex technology was
carried out ().

When nitriding a full-size gear, a witness sample
was used (Fig. 8), on which nitriding regimes were tested
and which was subjected to metallurgical research [21].

Fig. 8. Appearance of the witness sample

The results of studies of plasma nitriding of a gear
wheel with plasma nitriding and Avinit C310 coating are
described in [11].

Measurement of the hardness of the nitrided layer,
starting from the edge of the tooth, was performed with a
resolution of 0.05 mm to a depth of 0.5 mm.

The hardness of the nitrided layer is given in table 3.

Fig. 9. Imprints of microhardness measurements
(the section is not etched)
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Table 3. The hardness of the nitrided layer

No ]?}i:t:g;:’frrg:: Hardness, Hy, in parentheses HRC
1 0,05 603, 644 (57,5) 633 (57)

2 0,1 612 (56), 557 (53), 584 (54)

3 0,15 532, 532(51), 516

4 0,20 524, 524 (50,7)

5 0,25 501 (49), 501, 494 (49)

6 0,30 453 (45,6)

7 0,35 466, 453 (46)

8 0,40 401 (41), 391 (39,8)

9 0,45 376, 390,

The microstructure of the nitrided layer is satisfac-
tory (Fig. 10).

Fig. 10. The microstructure of the nitrided layer (x500)

The measurements of the toothed ring before nitrid-
ing confirm the manufacture of the gear on the 4th degree
of accuracy.

Measurements of the toothed crown after nitriding
and coating showed that changes in the geometry after
plasma precision nitriding Avinit N and Avinit coating by
duplex technology is not observed. Reducing the nitriding
time ensures that the parameters of the gear ring gear after
nitriding within the accuracy of 4 (ISO - +1328 - 1), de-
signed for loaded gears of aircraft reducers.

The adhesion of the coating was checked by the
standard method used for galvanic coatings and was satis-
factory.

It is established that changes in geometry after
plasma precision nitriding of Avinit N and Avinit coating
by duplex technology are not observed. Avinit C310 anti-
friction coating with a thickness of 1.5 um does not dis-
tort the geometry of the tooth profiles. All parameters of
the gear ring, made by duplex technology Avinit, meet the

degree of accuracy 4 in accordance with the requirements
of the technical documentation.

3. Testing of gears made by duplex
technology

3.1. Preliminary tests

The results of preliminary tests of the gear wheel
with plasma nitriding and Avinit C310 coating are de-
scribed in [21].

The gear was tested as part of the gearbox of the
AI-450M engine on the hydraulic brake stand [21]. The
total operating time during the tests was 1 hour 30
minutes, of which mode - 75 minutes, on takeoff mode —
6 minutes. The power transmitted by the engine in takeoff
mode is 465 hp, while the torque on the gear is
22.67 kgf'm. The maximum specific load on the gear tooth,
taking into account the end and axial overlap is
453.4 kgf/cm, while the contact stresses on the surface are
121 kgf/mm?.

After testing, the gear was dismantled to perform
defecting, magnetic powder control and measurements. If
any damage to the gear, including the Avinit coating, is
not detected, there are weak traces of work on the coating.

Antifriction coating Avinit C310 with a thickness
of 1.5 um does not distort the geometry of the tooth pro-
files, in the process of the first tests in the gearbox of the
AI-450M engine wear wear is not observed. Measurement of
the parameters of the teeth showed a complete lack of wear.

3.2. Test of a full-size gear wheel 4501150003-02

Long-term tests of the gear wheel were carried out
as part of the gearbox of the engine AI-450M Ne 450M-003
on the hydraulic brake stand of SE “Ivchenko-Progress”
[21]. The operating time of the wheel was 40 h at a max-
imum voltage of 115.06 (kgf/mm?).

During the tests, the gear wheel 45011500003-02
was the guide for the driven wheel 45011500004-01,
manufactured by standard technology (gas nitriding -
grinding - copper coating) (Fig. 11). After the tests, both
wheels were defective. Examination of the teeth of the
wheel 45011500003-02 showed no wear of the coating on
the tooth profiles, however, there was wear of the coating
on the corresponding teeth of the wheel 45011500004-01.
Due to the small coating thickness (2 pum), its wear did
not affect the performance of the gear. Preliminary long-
term tests of similar gears made by standard technology
have shown that the wear of the copper coating on the
teeth occurs only in the case of contact with foreign parti-
cles. Thus, the combination of hard and soft coating of the
teeth of the two engaged wheels showed a negative result.
The reason for the wear of the copper coating is probably
micro-irregularities on the surface of the teeth, which in
the process of sliding surfaces when engaged cut the coating.
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Fig. 11. Photos of gears a) gear 45011500003-02 / 4501150008-60; b) gear 45011500004-01

Thus, the gear wheel 45011500003-02 with super-
hard coating Avinit C310 was tested as part of the gear-
box of the engine AI-450M for 40 hours. After tests of
changes in the geometry of the teeth of the wheel and
wear of the coating Avinit C310 was not detected, but
there is wear of the copper coating of the teeth of the mat-
ing gear with the appearance of a mirror luster on the sur-
face of the teeth.

3.3. Joint testing of gears 4501150003-02 and
4501150004-01

After the production of the driven gear
4501150004-01, strengthened by duplex technology
Avinit, joint tests of a pair of gears 4501150003-02 and
4501150004-01 were carried out. The tests were carried
out as part of the AI-450M engine on the hydraulic brake
stand of Ivchenko-Progress according to the program of
equivalent cyclic tests. A pair of experimental gears was
installed in the engine gearbox instead of the serial wheels
of the second gearbox. The total test time of the wheels
was 26 hours.

After the tests, the gears are defective.

The appearance of the teeth of the wheels showed a
forgery of the coating similar to that which was on the
pro-
duction wheels, ie wear of the coating on only one of the
wheels is not. Measurements also showed identical grind-
ing of the teeth of both wheels.

Conclusions

1. Plasma precision technology Avinit N allows you
to perform nitriding of the finished parts without changing
the size, including gears of 4 degrees of accuracy.

2. Nitriding time of Avinit N is 2...4 times less than
with gas, with epsilon nitride phase is almost absent.

3. Coating of parts Avinit C310 increases the mi-
crohardness of the surfaces of parts and reduces the coef-
ficient of friction, while having sufficient adhesion to the
working surfaces of the teeth of the gears and tread bearings.
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3acTocyBaHHSI BAKYYM-ILUIA3MOBHX TEXHOJIOTi# Avinit 10 BUTOTOBJICHHS
NMOBHOPO3MIPHMX BUCOKOTOYHHX IIeCTEPEHD.

O. B. Caranosnuy, B. B. [lonos, B. B. CaraioBuy, C. ®. lynuuk, A. b. €annoBuy

Anomauia. Pospobaeno oynnekchi mexnonocii Avinit, ski 00'eonyrome niasmose asomyeanna Avinit N ocmamouHo 20mosux 6uco-
KOMOYHUX 0emanel 3 NOOATbUUM HAHECEHHAM HA0MEepOUx aHMUDPUKYIUHUX nokpummie Avinit 8 EOUHOMY MEXHON02IUHOMY NpoYye-
ci.

3asosaxu eiocymnocmi Ha a3omyioyill NOGepXHI KPUXKO20 wiapy Nicis NPeyu3itiHo20 a3omy8anHs, 30epedceHnio BUXIOHUX 2eoMempu-
YHUX PO3MIPIB, KL He nompebyomb NoOAIbULO] MEXAHIYHO20 D0ONPAYIO8ANHS, | CYMICHOCHI NPOYECi8 NAA3MOB020 GUCOKOMOYHO20
azomyeanns Avinit N [ 6aKyymM-niasmoe020 HaHeceHHs QYHKYIOHANbHUX nokpummis Avinit 3 Oyniexcni mexnonozii 003601510Mms
3abe3neyumu HanecenHs MiyHO-WenIeHUx, UCOKOAKICHUX NOKpummie. Jlocniodceno 6niug OynieKcHo2o npoyecy na po3mipu oema-
Jietl npu niazmMo8oMy A30MYy6aHHI 6UCOKOMOYHUX Wecmepers | Hanecenni ynkyionaivnux nokpummie Avinit C, eugueni enacmu-
80CMi a30My8anbHO20 wiapy i napamempu nokpummis Avinit.

Inasmosa npeyusitina mexuonoeisa Avinit N 00360/14€ GUKOHYSAMU A30MY8AHHA OCIAMOYHO 20MO8UX Oemaell 6e3 3MIHU pO3MIpIs, 8
momy uucni wiecmepens ho 4 cmynento mounocmi. Yac azomyeanns Avinit N 6 2...4 pazu menute, Hidc npu 2a30860My a30myeaHHi.
Toxpumms oemaneii Avinit C310 nioguwye mikpomeepoicms nogepxoHv demanell i 3HUNCYe Koegiyicnm mepms, npu ybomy 60100ic
docmamubor aoeesiern 00 pobouUx NOBEPXOHb 3y0i6 ulecmepens i 0ic08UxX 0OPIAHCOK NIOUUNHUKIE.

IIposedeno 6u20mosieHHs BUCOKOMOUHUX 3y0UACMUX KOTIC 3a CIYNeHeM MOYHOCI 4 3 6UKOPUCIAHHAM OYNIEKCHUX MexHONo2il Avinit.
Ananiz pe3yibmamie noKazye, wo 6 Mexcax mo4HoCmi GUMIPIOSAHHS HIAKUX 3MIH npoqhinie 3y0i8, IX po3mauiy8anHs Ha 3y64acmomy
8IHYi, A MAKOIIC PO3MAULYEAHH 3YOUACMO20 GiHYs WOOO0 BUMIPIOBANILHUX A3 HEe CHOCMEPieacmbCsl.

IInasmose azomyeanns 00360J€ CKOPOMUMU 4AC A30MYBANHA OiNbU HidIC 8 08a PA3U 6 NOPIGHAHHI 3 2A306UM A30MYBAHHAM, NPU
YbOMY MOBWUHA WaAPY MEeHOIMHOI a3y 3 MAKCUMATLHOIO NOBEPXHEBOIO MEepOicmIo 3a0e3newyemucsa 8 MedHcax 3a0aHux Gerudun
ona 3a6e3neyenHs HeoOXIOHUX NOKA3HUKIE KOHMAKMHOI i 32UHANbHOI Mpueanoi MiyHOCmi npu 8U20moeieHHi 3y6uacmux Koic 3a
cmynenem moynocmi 4 6e3 wnighyeants nicis azomyeanHs. Bumiprogants 3y64acmoeo 6inys niciis a30my68anHs i ROKpUmms noxkasa-
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S, WO 3MiH 2eomempii wecmepni, 06pobienol no OYNAeKCHOl MexHoNozii, e cnocmepizacmocst. Anmugpukyitine nokpummsi Avinit
C310 moswunoio 1,5 mxm He cnomeopioe eeomempiio npoginie 3y6is. Bci napamempu 3y64acmozo 6inys, 6UeomosieHo2o 3a Oynie-
KCHOW0 mexnonoziero Avinit, 8ionogioaroms cmynenio mouHocmi 4 6ionogioHo 00 umoz mexHiuHoi OoOKymeHmayii.

Bunpobyesannsa eucomognenux no 0yniexcHiti mexuoaoeii Avinit uiecmepens 30iUCHI08AN0CA 6 cKAa0i pedykmopa ogucyna AI-450M
Ha eiopomopmosromy cmendi JI1 “leuenxo-Ilpoepec” 3a npoepamor exeisanieHmHo-yukaiuHux eunpodysars. Ilapa excnepumenma-
JIBHUX 3Y04ACUX KOic Oya 6CMAaHO8NeHa 8 peOYKMop O8USYHA 3aMICIb CEPItIHUX KOC Opyeo2o cmyneHs pedykmopa. CymapHuil
yac eunpobyeansv Konic cknas 26 200un. Ilicia eunpo6ysamv HIAKUX NOWIKOOJCEHb wleCmepHi, eKkmouarouu nokpumms Avinit, He
ecmanoenerno. Anmuppuryitine noxpumms Avinit C310 moswunoro 1,5 mxm He cnomeopioe eeomempiio npoginie 3y0ie 6 npoyeci
sunpobyeans 6 ckiadi pedykmopa osueyna AI-450M. Obmip napamempie 3y0i8 NOKA3a8 NOGHY 8IOCYMHICHb 3HOCY.

Kntouosi cnosa: po3podxa oyniexchux mexnonoeitl Avinit, anacmugocmi a3omy8anbHo20 wapy, Xapakmepucmuky nOKpUmmia, cme-
HOOBI 8UNPOOYBAHHS BULOMOBNEHUX NO OYNIEKCHIl MexHON02ii Avinit UCOKOMOUHUX WecmepeHb.

IIpuMeHeHHe BaKyyM-IJIa3MEHHBIX TEXHOJIOTHIl Avinit K H3roTOBJIECHUIO
MOJTHOPA3MEePHBIX BbICOKOTOYHBIX LIECTEPEH.

A.B. Caranosuu, B.B. I[lonos, B.B. Carasosuy, C.®. /lynnuk, A.b. Exnnouny.

Annomayusn. Paspabomanvi oynnekchuvie mexnonozuu Avinit, odveounsaowue niasmennoe asomupoganue Avinit N okonuamenvHo
20MOBbIX 6bICOKOMOYHBIX demaneti ¢ NOCAeOVIOUUM HAHECEHUEM C8EPXMEEPObIX aHMUPPUKYUOHHBIX NOKpbimul Avinit 6 edunom
MexHOI02UYecKoM npoyecce

bnazooaps omcymcemeuio na azomupyemoti NO8epXHOCMU XPYNKO20 CI0S NOCIe NPeYyUusUOHHO20 a30MUpOSaHs, COXPaHeHUio Ucxoo-
HbIX 2e0Mempuieckux pasmepos, e mpeoylowux oanrsHetiuell MexaHuueckol 0opabomxuy, U cOBMeCmuMOCmu npoyeccos NiasmeH-
HO20 npeyusuonHo2o asomuposanus Avinit N u 6aKyymM-niazmeHHo20 Hanecenus QyHKyuoHaibhvix nokpeimuil Avinit C oyniexchoie
MexHOI02UU NO360IAI0N 0Decneuums HaHeceHue NPOYHOCYENIeHHBIX, 6blCOKOKAUECTNBEHHBIX NOKDbIMUIL.

Hccenedosano enusnue 0yniekCHo20 npoyecca Ha pasmepsl 0emaneti npu Nia3smMeHHOM a30Mupo8anuy 6bICOKOMOUHLIX ulecmeper u
HameceHuy GyHKYuoHarbHlx nokpuimuil Avinit C, usyuensl ceoticmea azomuposaHHo20 Clos U Napamempbl noKpuimui Avinit.
IInasmennasn npeyusuonnas mexuono2us Avinit N noseonsem GulnonnAms a30muposanus OKOHYAMENIbHO 20moeslx demaineti Oe3 u3-
MeHeHUs pazmepos, 8 Mom uucie uiecmepen no 4 cmenenu mounocmu. Bpemsa asomuposanus Avinit N 6 2 — 4 pasa menvuue, wem npu
eazogom azomuposanuu. Iloxkpeimue demaneii Avinit C310 nogviuiaem mukpomeepoocns nogepxuocmetl demareli U CHUdxcaem Koaggu-
yuenm mpenus, npu IMom oéraoaem 00CMAMOUHOL adze3ueli K paboyum noeepxXHocmam 3y0ves uecmeper u 6e208bix 00POAHCEK NOOUIUN-
nuxos. Tlposedeno uzeomosnenue 8bicOKOMOUHBIX 3YOUAMbIX KONEC NO CIeneny MOYHOCHU 4 ¢ UCNOTb308aHUEM OYNIEKCHBIX MEeXHONO2Ul
Avinit. Ananus pe3yibmamos nokasvléaen, ¥mo 6 npeoeiax moYHOCMY UsMeperus HUKaKux usmenenuti npoguneti 3y0ves, ux pacno-
JI0dIcenUe Ha 3y0Uamom eeHye, a maKice pAchonoNHceHue 3y64amoao 6eHYa OMHOCUMENTbHO USMEPUMENbHbIX 043 He HAOI0-0aemcs.
IInasmennoe azomupoganue no360asem COKpAMUMb peMsa a30muposanus bonee yem 6 08a paza no CPAGHEHUIO ¢ 2a308bIM A30MU-
DpOBaHUeM, NPU IMOM MOIWYUHA CILOS XPYNKOU (azbl ¢ MAKCUMATLHOU NOBEPXHOCMHOU MBEpOOCHbI0 0becneuusaemcs 6 npeoenax
3a0anHbIX BeUYUH 051 0becneyenuss HeoOXOOUMbIX noKazameneli KOHMAKMHOU U U32UOHOU ONUMENbHOU NPOYHOCMU NPU U320MOG-
JleHuy 3youamelx Konec no cmenenu moyHocmu 4 6e3 waughosxku nocie a30muposanHus.

H3mepenus 3y6yamozo éenya nocie azomuposanus u nOKpbImusi NOKA3aau, 4mo usmMeHeHull ceomempuu uwiecmepHu, oopadomantoil
no OyniekcHol mexmoaozuu, ne nabmooaemcs. Aumugpuxyuonnoe noxkpvimue Avinit C310 monwunoti 1,5 mxm ne uckasicaem 2eo-
Memputo npoghuneil 3y0ves. Bee napamempul 3y0uamozo 8eHya, uzeomosieHH020 o OYWIeKCHOU mexnonozuu Avinit, coomsem-
Ccmeyiom cmenenu moyHocmu 4 coomsemcmeuu ¢ mpeOosaHUAMU MeXHUYECKOU OOKYMEHMAayuu.

Hcnvimanus uzeomoenennvix no oynjiekcHou mexwono2uu Avinit uiecmepen ocyujecmenanocs 6 cocmage pedykmopa osucamens AU-
450M na zuopomopmosnom cmenoe I'll “Hsuenxo-Ilpoepecc” no npoepamme sxeusareHmuo-yukiudeckux ucnvimanui. Ilapa sxc-
NePUMEHMATbHBIX 3Y04ambIX Kolec Oblid YCMAHOBNEeHA 8 PeOYKIMOp 08Uueameis 6MeCmo CepUuliHblX Koiec 6mopotl CIyneHu peoyk-
mopa. CymmapHoe pems ucnvlmanuti Kkoiec cocmaguno 26 uacog. Ilocie ucnvlmaHuti HUKAKUX NOBPENCOeHUL weCmepHY, 6KIYas
nokpeimue Avinit, ne ycmarnogneno. Anmugpuxyuonnoe nokpeimue Avinit C310 monwunoti 1,5 mkm He uckadicaem zeomempuro
npoguneii 3y0ves 8 npoyecce ucnvimanuii 8 cocmage peoykmopa ogueamens AH-450M. Obmep napamempog 3y0606 noxaszan noamoe
omcymcmeue u3Hocd.

Knioueswie cnosa: paspabomxa Ooyniekchvlx mexwono2uti Avinit, ceolicmea azomuposaHHo2o Clos, XapaKmepucmuky HOKpulmuil,
cmeH008ble UCNbIMAHUS U320MOBNEeHHbIX N0 OYNIIeKCHOU MeXHOon02ulU AVinit 661COKOMOUHBIX UleCepeH.
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