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Nano-science & technology is one of the most important 4 scientific fields regarding the technological policy in Japan.
Material processing is now progressing towards more precise and controllable smart stage. Regarding thermal processing, an
important key should be the applied heat source. And plasma is fundamentally the most superior heat source, because of high
temperature, high energy density, easy controllable, etc. Therefore more precious plasma system has been expected for smart
thermal processing. The gas tunnel type plasma system developed by the author has high energy density and also high efficiency.
The concept and the feature of this plasma system are explained and the applications to the various thermal processing are
described in this paper. One typical application is plasma spraying of ceramics such as Al,O; and ZrO,. The characteristics of

these ceramic coatings were superior to the conventional ones.

The ZrO, composite coating has the possibility of the

development of high functionally graded TBC (thermal barrier coating). Another application of gas tunnel type plasma is surface
modification of metals. For example the TiN films were formed in a very short time of 5 s. Finally the development of new type
of smart plasma system and application of high-energy plasma to the environmental problems are also discussed.

PACS: 52.77.-

1. INTRODUCTION

In order to apply Nano-science & technology to
Material Science, the material processing should be
developed towards more precise and controllable smart
stage. Regarding an applicable heat source, plasma is one
of the most superior heat sources, because of high
temperature, high energy density, easy controllable, etc.
Therefore more precious plasma system has been
expected in order to establish a smart thermal processing.

The gas tunnel type plasma system developed by the
author has high energy density and also high efficiency
[1-3]. The outline of this plasma system and the
applications to the various thermal processing are
described briefly in the following chapters. One of
typical applications is plasma spraying of ceramics such
as AlLOs; and ZrO, [4]. The characteristics of these
ceramic coatings by the gas tunnel type plasma spraying
were superior to that by the conventional plasma jet.

The ceramic coatings produced by the plasma
spraying are effective as thermal barrier coatings (TBC)
for high temperature protection of metallic structures
because of having high temperature resistance. For
example, the zirconia (ZrO,) coating is used as TBC in
hot sections of gas turbine engines and/or diesel engine
and in high temperature parts of detonation furnace. It
allows the high temperature operation and results to
increasing the efficiency of the engine and the durability
of the critical components.

While the large porosity and the high melting point is
advantage of ZrO, coating, the porosity has disadvantage for
the adoption under the critical conditions such as high
temperature and high corrosion environment. The resistance
for thermal shock and high temperature corrosion are
important properties in the high performance TBC.  New
type plasma spray methods are expected for using the
excellent characteristics of ceramics such as corrosion
resistance, thermal resistance, and wear resistance [5] by
reducing the porosity and increasing the coating density.

Now, a high hardness ceramic coating could be obtained
by means of the gas tunnel type plasma spraying, which were
investigated in the previous study in detail [6,7,8,9]. The
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Vickers hardness of the zirconia (ZrO,) coating was increased
with decreasing spraying distance, and a higher Vickers
hardness could be obtained at a shorter spraying distance. At
L=30 mm, when P=33 kW, the Vickers hardness of ZrO,
coating was about Hv=1200 [10]. This corresponds to the
hardness of sintered ZrO,. Usually, the Vickers hardness of
this sprayed coating became 20-30% higher than that of
conventional plasma spraying.

ZrO; coating formed has a high hardness layer at the
surface side, which shows the graded functionality of
hardness [11,12]. With the increase in the traverse number
of plasma spraying, the hardness distribution was much
smoother, corresponding to the result that the coating
became denser. For TBC, the spalling of the coating is also
very important problem as well as the coating quality.

Another application of gas tunnel type plasma is surface
modification of titanium. As the results, TiN films of 10pum
thickness were formed in a very short time of several seconds.

In this paper, the performance of high hardness ZrO,
composite coating was investigated and the merit as TBC
(thermal barrier coating) was clarified. The effect of alumina
mixing on the Vickers hardness of the ZrO, composite coating
was also clarified in order to develop high functionally graded
TBC. Moreover the adhesive characteristics of such high
hardness zirconia-alumina (ZrO,-Al,O;) composite coatings
were investigated as well as its mechanical properties.
Especially, the influence on the thickness of the zirconia
composite coating was discussed.

Finally, other application of high-energy plasma to
thermal processing and the environmental problems etc,
and. the development of new type of smart plasma system
are also discussed.

2. GAS TUNNEL TYPE PLASMA SYSTEM

The schematic of gas tunnel type plasma torch developed
by the author is shown in Fig. I. The working gas makes a
strong vortex flow in the chamber, and forms low pressure
gas tunnel along the torch center axis. This makes plasma
production easier, and the strong vortex constricts and
stabilizes the plasma jet. The feature of gas tunnel type
plasma is shown in Table 1 as compared to the conventional
ones. The gas tunnel type plasma system has high energy
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density and also high efficiency. [1,2,3]

One example of application of the gas tunnel type
plasma is the thermal spraying. Figure I shows the gas
tunnel type plasma spraying torch. The experimental
method to produce the high hardness ceramic coatings by
means of the gas tunnel type plasma spraying have been
described in the previous papers [4,6,7,8,9].
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Fig. 1. Schematic of the gas tunnel type plasma
spraying torch
Table 1. Comparison between gas tunnel type plasma jet
and conventional ones

Gas tunnel type Conventional
plasma jet ones
Temperature 15000 K 10000 K
Energy density 10° W/cm? 10* W/cm?
Heat efficiency 80% 50%

The spraying powder is fed inside plasma flame in
axial direction from center electrode of plasma gun. So,

the spraying powder was molten enough in the plasma,
and the plasma spraying for high melting point ceramics

is available. The coating is formed on the substrate
traversed at the spraying distance: L. In this case, the gas
divertor nozzle diameter was d=20 mm.

This plasma system has many possibilities for the
industrial applications to the various thermal processing,
such as plasma spraying, surface modification. The
typical applications are:

1) Plasma spraying of ceramics (Al,Os and ZrO; etc.)

2) Surface modification of Ti materials (Nitridation)

3) Other Applications such as nano-science, functional
materials processing technology

4) Application to environmental problems, others.

Moreover, the development of new type of smart plasma
system is planned in order to apply to thermal processing of
materials and the environmental problems and so on.

3. GAS TUNNEL TYPE PLASMA SPRAYING

3.1. CHARACTERISTICS of GAS TUNNEL TYPE
PLASMA SPRAYING
The gas tunnel type plasma spraying can make high
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quality ceramic coating compared to other plasma
spraying method. Table 2 shows the quality (hardness,
porosity, etc.) of the ALO; coating by gas tunnel type
plasma spraying [6,7]. The hardness was like sintered
alumina: Hv=1,200 and high density, porosity was half of
the value of the conventional ones. Even when the
working gas is argon and low input of 20 kW, we can
obtain enough high Vickers hardness of Hv=800.

Table 2. Comparison between gas tunnel type plasma
spraying and conventional type for Al,O; coating.
(Input =45kW, Distance = 65-100mm)

Gas tunnel type | Conventional
plasma spraying ones
Vickers hardness 1200 800
Porosity 10% 20%

Thus it can be easy to produce the high hardness ceramic
coatings by means of the gas tunnel type plasma spraying.

3.2. EXPERIMENTAL PROCEDURE

The gas tunnel type plasma spraying torch used was
shown in Fig. I. The experimental method to produce the
ceramic coatings by means of the gas tunnel type plasma
spraying is as follows. After igniting plasma gun, the
main vortex plasma jet is produced in the low pressure
gas tunnel. The spraying powder is fed from center inlet
of plasma gun. The coating was formed on the substrate
traversed at the spraying distance of L.

The experimental conditions for the plasma spraying
are shown in Table 3. The power input to the plasma
torch was about P=25 kW, and the power input to the
pilot plasma torch, which was supplied by the power
supply PS-1, was turned off after starting of the gas tunnel
type plasma jet. The spraying distance was short distance
of L= 40 mm.

Table 3. Experimental conditions

Powder: 7rO2 + A1203 Mixture
[Traverse number: N 1-30
Power input, P (KW): 25~28
Working gas

flow rate, Q (I/min): 180
Powder feed gas, Q feed (I/min): 10
Spraying distance, L (mm): 40
Traverse speed, v (cm/min): 25~1000
Powder feed rate: w (g/min): 20~35
Gas divertor nozzle dia., d (mm) 20

The working gas was Ar gas, and the flow rate for gas
tunnel type plasma spraying torch was O=180 1/min, and
gas flow rate of carrier gas was 10 1/min. The powder
feed rate of zirconia/alumina mixed powder was
w=20~35¢g /min. The traverse speed of the substrate was
changed the value from v=25 to 1000 cm/min. Also the
traverse number was changed 1-30 times. The thickness
of the coating was 50[250um. Also, high speed traverse
of v=1000cm/min, 30 times.

The chemical composition and the particle size of
Zirconia (Zr0O;) and/or alumina (ALO;)powder used in
this study was respectively shown in Table 4. This ZrO,
powder was commercially prepared type of K-90 (PSZ of




8% Y»05), and ALLO; powder was the type of K-16T. The
substrate was SUS304 stainless steel (3x50x50), which
was sand-blasted before using.

The Vickers hardness Hvso, Hvig of the sprayed coatings
was measured at the non-pore region in those cross sections
under the condition that the load weight was 50g, 100 g and
its load time was 15sec 25 s. The Vickers hardness: Hvip
was calculated as a mean value of 10 point measurements.
The distribution of the Vickers hardness in the cross section
of the coating was measured at each distance from the
coating surface in the thickness direction. The
microstructure of the cross section of zirconia composite
coating was observed by an optical microscope.

Table 4. Chemical composition and size of zirconia and
alumina powder used (20~80% Al,Os; Mixture)

Composition (wt%) Size (Um)
ZI‘Oz Y203 A1203 SIOZ Fe203
Z10; 90.78 8.15 038 0.20 0.11 10-44
A1203 NazO SlOz F6203
ALOs
99.8 0.146 0.01 0.01
10-35
The adhesive strength between the ZrO, composite

coating and the substrate was measured by using the tension
tester original designed. The test piece for adhesive strength
was 10mm square and the coating surface side and substrate
side was respectively attached to each holder by polymer
type glue. The load for the tester could be changed 0L200kg.
The kgf/cm” was used as a unit for the adhesive strength of
the composite coating. The adhesive strength of the ZrO,
composite coatings was mainly measured in the case of
different coating thickness.
4. RESULTS AND DISCUSSION
4.1 EFFECT of ALUMINA MIXING RATIO on THE
VICKERS HARDNESS of ZIRCONIA COMPOSITE
COATING

Regarding the Vickers hardness on the cross section of
ZrO, composite coating produced by the gas tunnel type
plasma spraying at the same spraying time, the coating
thy ss was the same and the maximum Vickers
ha 53 s of ZrO, composite coating was also same. But

the T aded functionality became much better with
inc @ :1in the traverse number.

2 ire 2 shows the dependence of Vickers hardness of
Zr g omposite coatings, on the ALO; mixing ratio
R( < ). In this case, the coating thickness was
ap g mately 200 pm at P=25 kW, L=40 mm, when the
tre % > number was two times.

>

Fig.2. Dependence of Vickers hardness of zirconia
composite coating on the alumina mixing rate.
2 times traverse at L=40mm when P=25kW

The Vickers hardness of ZrO, composite coating was
increased as the increase in the Al,Os;-mixing ratio. The
coating hardness corresponds to the high hardness of
ALOs particles. Namely, the Vickers hardness of ALO;
coating was Hvsy=1440.

The hardness distribution of the ZrO,composite coating
has remarkable graded functionality in the case of large Al,O5
mixing ratio. Because, the part near the substrate did not
change so much, but the Vickers hardness near the coating
surface became much higher. This leads to the development of
a high functionally TBC.

4.2 EFFECT of HIGH SPEED TRAVERSE on
COATING QUALITY

For an increase in the traverse number, the surface
temperature of the coating during spraying became higher.
Therefore it would be expected that coating density would
be increased when the traverse number increases.

Figure 3 is the cross section of composite coating
produced by high speed traverse at P = 25 kW, L = 40
mm. Traverse times was 30 times. This speed:
1000cm/min was 10 times higher than normal speed
traverse like Fig.2. The thickness was about 150pum. It
consisted of 2 different layers, white and gray layers were
deposited alternatively. The analysis by EPMA revealed
that white is zirconia (ZrO,) and gray is alumina (ALO:s).

Sabstrate

50 um
Fig. 3. Microhotograph of cross section of zirconia
composite coating. The traverse number was 30 time
traverse. Sprayed at L=40mm when P=25 kW

White ZrO, layer was a flat sprat of uniform thickness,
and embedded parallel in the A,Os; matrix of low melting
temperature. The black parts in the coating are pores, and
are distributed in the whole coating. The surface side has
fewer pores compared to the coating near the substrate.
The structure is denser towards the surface of the coating.

Figure 4 shows the distribution of Vickers hardness:
Hvs, of the zirconia/alumina composite coating shown in
Fig.3 (coating thickness: about 150pm). Here, the left side
axis is the surface of the coating. The distribution of this
composite coating has a highest value in the coating at the
surface side: The maximum hardness was near to Hvs, =
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1300 at the distance from the coating surface of /=40 pm,
and decreased linearly like towards the substrate side.
Regarding the effect of traverse number, the uniformity
of pores was improved and the deviation of hardness
distribution was decreased. Therefore, the high speed and
high number traverse improved the grade functionality of
coating hardness. It shows the possibility of high
performance TBC by the high speed traverse processing.
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Fig. 4. Distribution of Vickers hardness of zirconia
composite coating sprayed by 30 times traverse at
P=25kW, L=40 mm

4.3 INFLUENCE of PLASMA THERMAL PROCESS
on THE COATING

The maximum Vickers hardness of ZrO, composite
coating was almost the same when the coating thickness
was the same. But the graded functionality became much
better, and the distribution of Vickers hardness was much
smoother as the traverse number was increased. This
means that the structure at the surface of the coating was
denser by the thermal process of the high energy plasma.

Regarding the microphotograph of ZrO,/AlL,O; coating
produced by the gas tunnel spraying on the fixed substrate
for 3s spraying time, the coating thickness was about 250
pm, and white and gray layers were deposited
alternatively as the same as Fig.3.

The graded functionality of the structure is
remarkable, and small pores are distributed disparately in
the whole coating while large pores existed near the
substrate. The surface side has fewer pores and dense,
compared to the coating near the substrate. This was
caused by the thermal process of the high energy plasma
from the surface side of the coating.

In this case, the Vickers hardness was linearly
decreased in the thickness direction towards the substrate
side. The dense microstructure led to the suppression of
the deviation of the hardness distribution.

4.4 ADHESIVE STRENGTH of ZrO, COMPOSITE
COATING

The adhesive strength of the ZrO, composite coatings
was decreased when the thickness was large. In the case
of small coating thickness (100pum), the adhesive strength
was large: more than 140 kgf/cm® for the coating
thickness below 100pm. While, the value was F'= 1000
120 kgf/cm* when the thickness was more than 200um.
Therefore the thick coating was much easier to break than
thin coating, but the adherence was improved when the
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traverse number was large.
5. OTHER APPLICATION OF SMART
PRAZMA SYSTEM

Other application of gas tunnel type plasma is surface
modification of metals such as nitridation, carbonization,
etc. For example the TiN films were formed in a very
short time of 5 s by the irradiation of N, plasma jet as
shown in Fig.5. The thickness of TiN film was 10 pm
and the film is high quality (homogeneous and high
density). The Vickers hardness was about 1700 on the
cross section of the film.

00 um
e ]
Fig.5. Microhotograph of cross section of TiN film. Ti
substrate irradiated at L=70mm when P=20 kW
Now, the temperature increase of weather is global
problem for the environmental reservation. Especially
CO:s, is one of the resource gases of worse effect. By using

the high energy plasma, the recombination and
transformation to resources was a good solution for the
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Fig. 6. High energy plasma system for the
recombination of carbon dioxide

problem. Fig. 6 shows the system for CO, treatment
(recombination and transformation to resources).

The working gas containing CO, is resolved by the
plasma and transformed to CO, C, CH4, C,H,, CH;0H,
etc. and produced to the resources as carbon materials and
fuels. This method has a great advantage for the treatment
of CO; gas and also has a possibility for producing new
materials such as nano carbon, nano tube, etc.

For the further wide application of plasma system, the
development of new type of smart plasma system: confront
electrode type plasma jet are conducting in my lab.

CONCLUSIONS

The following results were obtained during the
application of the gas tunnel type plasma system developed.



1) The gas tunnel type plasma system has high energy
density and also high efficiency as compared to the
conventional ones, and can be applied to the various
thermal processing.

2) One typical application is plasma spraying of ceramics
such as AlLO; and ZrO,. And the characteristics of
these ceramic coatings were superior to the
conventional ones

3) The ZrO, composite coating has graded functionality
on the hardness and the porosity, and has a possibility
of the development of high functionally graded TBC
(thermal barrier coating).

4) Another application of gas tunnel type plasma is
surface modification of metals. TiN films were formed
in a very short time of 5 s.

5) The development of new type of smart plasma system,
and application of high-energy plasma to the
environmental problems are now undergoing.

4. Y. Arata, A. Kobayashi, Y. Habara and S. Jing. Gas
Tunnel Type Plasma Spraying // Trans. of JWRI (15).
1986, N2, pp227-231.

5. T. Araya // J. Weld. Soc. Jpn. (57). 1988, N4, pp.216-
222.

6. Y. Arata, A. Kobayashi, and Y. Habara // J. Applied
Physics (62). 1987, pp.4884-4889.

7. Y. Arata, A. Kobayashi and Y. Habara. Formation of
Alumina Coatings by Gas Tunnel Type Plasma
Spraying.// J. High Temp. Soc. (13), 1987, pp.116-124 (in
Japanese).

8. A. Kobayashi, S. Kurihara, Y. Habara, and Y. Arata //
J. Weld. Soc. Jpn. (8), 1990, pp.457-463.

9. A. Kobayashi. Property of an Alumina Coating
Sprayed with a Gas Tunnel Plasma Spraying.//Proc. of
ITSC, 1992, pp.57-62.

10. A. Kobayashi. Formation of High Hardness Zirconia
Coatings by Gas Tunnel Type Plasma Spraying // Surface
and Coating Technology (90). 1990, pp.197-202.

11. A. Kobayashi and T. Kitamura. High Hardness
Zirconia Coating by Means of Gas Tunnel Type Plasma
Spraying // J. of IAPS (5), 1997, pp.62-68 (in Japanese).
12. A. Kobayashi, T. Kitamura / VACUUM (59).2000,
N1, pp.194-202.

REFERENCES

1. Y. Arata, and A. Kobayashi // J. High Temp. Soc. (11).
1984, N3, pp.124-131.

2. Y. Arata, and A. Kobayashi // J. A. P. (59). 1986, N9,
pp-3038-3044.

3. Y. Arata, and A. Kobayashi // J. J. 4. P. (25). 1986,
NI11, pp.1697-1701.

MPUMEHEHHUE BbICOKOHEPTETUYECKOM IJIAZMBI
JJISI BBICOKOKAYECTBEHHOU TEPMHUYECKOU OBPABOTKH

A. Kobasuiu

Hamo- mayka m TexXHOJIOTHMSI SIBJISIIOTCS ONHUM $3 YeTHIPEX HamboJiee BAaKHBIX HAIPaBICHUHN
TeXHOJIOTHYEeCKoH mmouTuky B Anonuu. Ceituac TexHomorns 06paboTKM MaTepUAIOB BEHIXOJIUT Ha CTAIUI0
WCIIOJIb30BAHUS 00Jiee TOYHBIX YW KOHTPOJIHUPYEMBIX BBICOKOKAUYECTBEHHBIX MeTomoB. C TOUYKHM 3peHus
TEePMUYECKON 00pabOTKM, KJIIUYEBHIM JIEMEHTOM JOJIKEH OBITh MCTOUYHWK Tersa. [lmasma maHadasaIbHO
SABJIsSeTCS HamboJiee yHOOHBIM TAKUM HCTOUHHKOM OJiarofaps CBOel BBICOKON TeMIiepaType, BBICOKOM
IJIOTHOCTU dHEPTHUHU, JIETKOM ympamiisgseMocTd u T. 1. IlosToMy mpepdmosaraercss MCIIOJIL30BaHUE 0Oojee
COBEPIIEHHBIX ILJIA3MEHHBIX CHCTEM JIJISI BRICOKOKAYECTBEHHOM TepPMHUYECKOM 00paboTrku. PaspaborarnHoe
aBTOPOM ILTa3MEHHOe YCTPOMCTBO HA OCHOBE T'a30BOT0 pa3psiia TYHHEJIHHOTO THUIIA XapaKTepU3yeTcs
OOJIBIITON TIJIOTHOCTBIO IHEPTUH M BBICOKON adperkTMBHOCTHIO. B mpemcraBiieHHoil padoTe OmmMCAHBI
KOHITENIINS 9TOT0 yCTPOMCTBA, €ro OCOOEHHOCTH U MPUMEHEHWe [JIsI PA3HBIX BHUI0B TEPMUYECKOMN
o6paboTku. TunwyHbIM TpUMEHEHWEM SBJSETCS IJIA3MEHHOE pAaCIbLIeHWEe TaKUuX KepaMHUYeCKUX
marepuaiioB, kak Al,O; u ZrQOs. 1o cBoM cBolicTBAM 9TH KepaMUYeCKHe ITOKPBITHUA 00JI1a1ai0T OOJIBITHME
IPENMYIIEeCTBAMH IT0 CPABHEHUIO ¢ OOBIUHBIMHY IMOKPHITUIMHU. Ha 0CHOBE KOMITO3UTHOTO IMOKPHITHA ¢ ZrOs
MOJKHO CO3JaTh MHOTOQYHKIIMOHAJFHOE BBICOKOKAYECTBEHHOE IIOKPHITHE, CO3al0llee TePMUUYECKU
O0aprep. Eimé onaum npuMeHeHUEeM ILJIa3MEHHOTO YCTPOMCTBA HA OCHOBE T'a30BOT0 Pas3psAaa TYyHHEJIBHOTO
TUIIA SIBJSAETCS MOAUUKAIMA IoBepxHOoCcTH MeTasuioB. Hampumep, minéuxku TiN dopmuporasmcs 3a
OYeHb KOPOTKOE BpeMs 5 c¢. B 3zarkmgouenue o00Cy:KIAIOTCS TaK:Ke pa3pabOTKM HOBBIX THUIIOB
BBICOKOTOYHBIX IJIA3MEHHBIX YCTPOMCTB M WCIIOJIb30BAHWE BBICOKOIHEPTETHUUYECKOI IIa3MBI B 3ajavax,
CBSI3AHHBIX C OXPAHON OKPYIKAIOIIEH CPEeIbL.

3ACTOCYBAHHSI BEICOKOYHEPTETUYHOI ILJTA3MHA
JIUISI BACOKOSIKICHOI TEPMIYHOI OBPOBKH

A. Kobaawu

Hamo- Hayka 1 TeXHOJIOTIS € OHUM 3 YOTUPHOX HAHOLIBINT BAKIUBUX HATTPAMEKIB TEXHOJIOTTYHOI TOTITHKNA
B {momii. 3apas3 TexHonoria 00poOKM MaTepiasiB BHXOAWTHL HA CTAMII0 BUKOPHUCTAHHS OLIBII TOYHHX 1
KOHTPOJIbOBAHUX BHCOKOSIKICHHX METOMIB. 3 IIOIVIAAY TEePMIYHOI OOPOOKH, KJIIOYOBHM €JI€MEHTOM
HOBUHHE OyTH Jsxepeso Temia. IlimasMa CIIOKOHBIYHO € HAMOLIBIN 3PYYHHUM TAKHUM KEPesoM 3aBIAKN
CBOI¥ BHCOKI# TeMIlepaTypl, BUCOKIH IIIJILHOCTI eHeprii, JIerKol kepoBaHocri 1 T.1. Tomy mmependavaerbes
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BUKOPHUCTAHHSA OLIBII JOCKOHAIMX ILJIa3MOBMX CHCTEM JJIsI BHCOKOSKICHOI TEpMIUYHOI OOpOOKH.
Poapobsieruii  aBTOpOM IIJIa3MOBMI MPHUCTPIi HA OCHOBI TIa30BOTO PO3PSAAY TYHEJIBHOIO THILY
XapaKTepU3yeThCsI BEJIMKOK IIIJIBHICTIO eHepril 1 BHUCOKON e(eKTHBHICTIO. Y IIpelcTaBJIeHId poboTi
OIMCAHA KOHIEIIIS I[LOr0 IPHCTPOIO, MOr0 OCOOJIMBOCTI 1 3aCTOCYBAHHS OJIA PI3HMX BHIIB TEPMIYHOI
00pobku. THUOBUM 3aCTOCYBAHHAM € IIJIA3MOBE PO3MUJIEHHS TAKMX KepaMmivuHux martepiamie, sk AlO; 1
Zrs. 3aBIAKH CBOIM BJIACTHBOCTSIM IIl KepaMIivHl MOKPUTTS MAIOTh BeJIMKI IlepeBard B IOPIBHSHHI 31
3BUYAMHUMHA IIOKPUTTAMH. Ha OCHOBI KOMIIO3UTHOTO IIOKPUTTS 3 Zrs MOMKHA CTBOPUTH
O0araTopyHKITIOHAJIbHE BHCOKOAKICHE IIOKPUTTS, IO CTBopioe Tepmiunwmit Oap'ep. Ille ommum
3aCTOCYBAHHSAM ILJIA3MOBOTO IIPHCTPOI0 HA OCHOBI T'a30BOr0 PO3PSALY TYHEJIBHOTO THILy € MomudiKalris
noBepxHl metasaiB. Hampurian, misku TiN dopmyBaaucs 3a gyse KOpPoTKHit vac - 5 ¢. Ha sakimuenns
00TOBOPIOIOTHCS TAKOMK PO3POOKM HOBHUX THIIIB BHCOKOTOYHHX ILIA3MOBMX IIPHCTPOIB 1 BHKOPHUCTAHHS
BBICOKOSHEPIeTUYHOI ILJIa3MH B 3a1a4aX, 3B'A3aHUX 3 0XOPOHOK HABKOJIUIIHLOTO CEPEIOBHUIIA.

166



