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Because of the limitation of deposition thickness in electro-spark deposition (ESD) technology, composite coatings are
increasingly used in electro-spark deposition. The deposition quality of transition coating is the key to improve composite
coating. The deposition quality of transition coating is the key to improve composite coating. SKH51 material belongs to
tungsten and molybdenum based materials and a high-speed tool steel with small and homogenous carbide particles. It has
high hardness and excellent thermal hardness. It has good impact toughness and wear resistance, and can be used as the
intermediate layer of carbon steel material and super-hard cermet coating. Consequently, a gradient structure is established.
In this article, SKH51 material was deposited on the surface of 45 steel by the electro-spark deposition. With orthogonal
experimental design, 16 sets of deposition experiments were conducted by selecting 4 factors and 4 levels. The coating
thickness, coating surface roughness and maximum wear width of 16 samples were measured and counted. SKH51 coating
wear surface is mainly abrasive wear and oxidation corrosion which is due to dry friction resulting in high temperatures on
the surface. Because the surface of SKH51 coating was rough, the wear mass was used, the error will be larger. So the
wear mark width is used to compare the wear resistance of the samples. The normalization method was used to unify the
different unit coating evaluation objectives into a single metric. Three groups of weighting factors were determined using the
requirements of transition coatings for coating performance indicators. Then, it was substituted into the objective function,
and each experimental group normalizes the parameters for calculation. As a result, three distinct sets of maximal goal
functions were obtained. The optimal value of the objective function corresponded to the 12th sample group. Finally, the
deposition process parameters of the 12th sample were regarded as the optimal process for the SKH51 transition coating.

Key words: electro-spark deposition, composite gradient coating, steel, hardness, microhardness, surface layer,
structure, coating, alloy, roughness, transition coating, normalization method, weighting factor method.

DOI https://doi.org/10.32782/msnau.2023.4.2

Introduction

Mechanical parts are subjected to impact loads during
their service life. It has a certain velocity of impact in a very
short period of time. In this case, the ability of the material
to resist the impact load is called the toughness of the
material. The coating material utilized in the ESD)process
exhibits brittleness and is susceptible to dislodgement upon
impact. During the electro-spark deposition process, if the
coating material is relatively brittle, the toughness of the

coating needs to be enhanced. The usual solutions include
grain refinement, composite strengthening and toughening,
and alloying. By adopting the alloying method, SKH51 was
selected as the electrode material. SKH51 is a tungsten-
molybdenum series high-carbon high-speed tool steel
(Thammachot et al., 2023) with high hardness (61-64HRC)
and high high-temperature hardness (Chuang et al., 2011).
SKH51 has good toughness (Khadem et al., 2021) and
wear resistance, it is mostly used in the mold industry
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and in the cutting tool industry (Lawanwong et al., 2011).
The steel has fine and uniform carbide particles (Shiozawa
et al., 2006). The presence of molybdenum can reduce
carbide segregation, and vanadium can make the steel
more stable when heated. Its wear resistance is 2 times
higher than high chromium high carbon steel and toughness
is 1.5 times stronger. As an intermediate layer, SKH51
coating can have good compatibility (Aghajani et al., 2020)
with cobalt alloys in WC-8Co, WC-10Co and WC-12Co
coatings. Because ESD process is limited by the thickness
and functionality of a single coating (Shafyei et al., 2020),
composite coating structures are often used to make up for
the shortcomings of the process (Aghajani et al., 2020). The
surface properties of the intermediate coating are directly
related to the coating deposition quality of the outer layer.
Therefore, the improvement of the surface properties of
the intermediate coating has a positive significance on
the deposition quality of SKH51+WC composite gradient
coatings.

Bai (Bai et al., 2021) proposed to obtain high-hardness,
high-toughness wear-resistant coatings using gradient
coatings by using gradient coatings, layered structural
coatings, and multiple-scale structural coatings. G. Rolland
(Rolland et al., 2019) used Stellite 6 electrodes of cobalt-
based alloy to improve the toughness and hardness of
ESD coatings. Liu (Liu et al., 2019) modified the toughness
of AICrSiN coatings with the addition of nickel material.
The SKH51 material utilizes the ferrous matrix to ensure
adequate toughness, and its hardened composition gives it
a certain degree of wear resistance.

The fine tungsten carbide particles formed internally,
which makes the SKH51 material have a certain degree
of wear resistance. Metal hard compounds have high
hardness and good wear resistance. Carbides and nitrides
of metal elements are usually used to strengthen the surface
hardness of the coating. Hossein (Aghajani et al., 2020)
deposited WC/TiC/Co/Ni composite coatings on the surface
of St52 steel, which increased the surface micro-hardness
by 710HV. Yusuf Kayali (Kayali et al., 2021) deposited WC
coatings on AISI 5140 to generate a hardness gradient
structure for better wear resistance. Wang (WANG et al.,
2021)used Niand Mo as transition layers and formed a WC-Ni
composite coating when the deposited coatings was made
on the surface of H13 steel by ESD. Zhao Wang (Zhao et al.,
2023) used the WC-10%Co coating deposition experiment
on the tc11 surface and comprehensively evaluate the
coating quality, and the ESD process parameters for the
repair of the coating defects were determined. Mert Onan
(Onan et al., 2021)uses electro-spark deposition technology
to deposit double layers of WC and WC + SS (tungsten
carbide and stainless steel) coatings on the surface of 45
mold steel to improve the toughness and wear resistance of
the mold surface.

Materials and Methods

Material Analysis and Deposition Parameters

The ESD electrode used a rod with a diameter of
3mm (Jinxin Co., Ltd. China). The material utilized for its
construction was SKH51, which originated from Japan, as
shown in Table 1.
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Table 1

Elemental content of SKH51 alloy steel
Element Cc W Si Cr | Mo \') Fe
Content (%) [0.85| 5.8 | 0.45| 4 4.8 | 1.8 |other

Firstly, 2mm thickness of 45 steel plate was cut into
25*30 mm size. Then, 240-400-800-1200 grit sandpaper was
selected to grind the surface successively in order to remove
the oxide layer and impurities. The samples were placed in a
beaker soaked in 99 per cent anhydrous ethanol and cleaned
with an ultrasonic cleaner. Then, a hair dryer was used to dry
the surface of the samples. The ESD deposition equipment
was selected as HMT9500 from Shanghai Shengzao
Company, as shown in Fig. 1. SKH51 rod with a diameter
of 3mm was selected as the electrode, and argon gas was
used as the protective gas. The experiments were carried
out by Taguchi OA Design of Factorial Design (Weiwei et al.,
2007) for ESD deposition experiments on 45 steel surfaces,
the process parameters are shown in Table 2. Based on
the pre-experimental results, the parameters related to the
4-factor, 4-level test were determined, as shown in Table 3.
The deposition time was 5 min each time.

Fig. 1. The electro-spark deposition equipment

(HMT9500)
Table 2
The ESD process parameters

Ne Efficiency | Voltage frggilf:;y ggfég
Unit % V Hz r/min

1 20 (1) 25 (1) 100 (1) 150 (1)
2 30(2) 35(2) 200 (2) 225 (1)

3 40 (3) 45 (3) 300 (3) 300 (1)

4 50 (4) 55 (4) 340 (4) 375 (1)

() — Level values in brackets

Materials Testing methods

After deposition of the samples, the graphite powder
was wiped from the processed surfaces with a brush. The
surface was then measured for roughness experiments by a
roughness tester (Mitutoyo Co., Ltd., SJ-210). The ball-disc
friction and wear tester MS-T300 was used for the abrasion
resistance test (Huahui Instrument Co., Ltd., MS-T300), in
which the test parameters were set as follows: load 5N,
test time 10 min, spindle speed 600 r/min, and test radius
3.5 mm. 5mm friction balls (ZrO2, G10 precision) were used
for the surface abrasion test. After the test, the powder on
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Table 3
Taguchi OA experimental scheme for SKH51
deposition experiments

Ne | Efficiency | Voltage | Current Frequency Eggg
Unit % v Hz r/min
1 25 20 100 150
2 30 28 100 225
3 35 36 100 300
5 30 20 200 300
6 25 28 200 375
7 40 36 200 150
8 35 44 200 225
9 35 20 300 375
10 40 28 300 300
11 25 36 300 225
12 30 44 300 150
13 40 20 400 225
14 35 28 400 150
15 30 36 400 375
16 25 44 400 300

the surface of the parts was removed by brushing, and
the scratches were wiped with anhydrous alcohol and
dried naturally. The abrasion marks were measured by a
microscope (Leica Co., Ltd., DM6).

Results and Discussion

1. Coating Thickness

The experiments were carried out to measure the thickness
of the deposited surface according to the orthogonal experimental
scheme in Table 3. Measurements were carried out on the surface
at five specific places, and which of values were averaged in order
to eliminate the measurement error. According to the orthogonal
experiment Table 4 (Hazra et al., 2022), the coating thickness is able
toreflectthe deposition quality of the coating. The extreme value R of
the orthogonal table is found to be in the measurementrange of these
experiments. The larger the value of the extreme value R reflects the
large influence of this factor on the coating thickness. The order of
factors affecting the thickness of deposition: Rotate Speed > Current
Frequency > Voltage > Efficiency. The rotate speed of ESD
deposition process parameter has the greatest effect on the
thickness of the deposited layer; Efficiency has a lesser effect on
the deposited thickness. The larger the electrode rotate speed, the
larger the thickness of the deposited coating. However, due to the
high speed of the electrode, the uniformity of the deposition process
on the surface will become worse, and the friction of the electrode
movement will increase during the experiment. In Fig. 2, sample 15
has the largest coating thickness with a value of 45.9 ym; Samples
10, 12, 14, 15 and 16 were the altemative feasible solutions.

2. Coating roughness

The deposited surface was measured by Mitutoyo SJ-210
roughness meter. The roughness meter was selected from
the 1ISO 1997 standard and the surface was measured over
a length of 3mm. The objective of this study is to perform
roughness measurement on the surface of SKH51 coating.
Three measurements will be conducted on each sample
surface, and the average value of Ra for the sample will
be calculated. The results were analysed on the basis of

Table 4
Taguchi OA Experiments on Coating Thickness
Ne | Efficiency | Voltage Fr(:éﬁzmzy gggg Tﬁﬁ(&%gs
1 1 1 1 1 11.1
2 2 2 1 2 12.4
3 3 3 1 3 16.6
4 4 4 1 4 241
5 2 1 2 3 10
6 1 2 2 4 15.6
7 4 3 2 1 20.9
8 3 4 2 2 20.2
9 3 1 3 4 18.7
10 4 2 3 3 36.9
11 1 3 3 2 17.2
12 2 4 3 1 34.1
13 4 1 4 2 26.7
14 3 2 4 1 40.6
15 2 3 4 4 45.9
16 1 4 4 3 40.3
K1j 26.725 16.675 16.05 38.375
K2j 2515 26.375 16.625 29.675
K3j 24,025 25.6 21.05 27.15
K4j 2595 19.125 26.675 26.075
R 2.7 9.7 10.625 12.3
50
™™ Coating Thickness
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Fig. 2. Deposition quality and coating thickness
of SKH51 coating

the orthogonal experimental scheme. The influence of ESD
deposition parameters is reflected based on the extreme
values of R in the orthogonal table. As shown in Table 5, the
order of effect of deposition factors: Rotate Speed > Voltage
> Current Frequency > Efficiency. By average roughness
values, it is found that rotate speed has a significant effect
on surface roughness than other process parameters. At a
certain energy, too much and too little rotate speed causes an
increase in surface roughness. Thus, when the three process
parameters of Current Frequency, Voltage and Efficiency
increase, the energy is greater ; when the energy increases,
the coating thickness increase, but the surface roughness
value will increase. As shown in Fig.3, sample 14, 15, and
16 appeared larger roughness. There was a tendency for

BicHuk CyMmcbKoro HauioHanbHOro arpapHoro yHiBepcureTty

10

Cepist «MexaHisaLjis Ta aBTomaTi3aL|is BUpobHU4YMX Npoviecisy, Bunyck 4 (54), 2023



surface roughness to decrease with smaller deposition
thickness. However, too small a thickness was not conducive
to the formation of a transition layer, even if there was a good
roughness. Samples 4, 12 and 10 were feasible options.

Table 5
Taguchi OA Experiments results for mean values
of coating roughness

Extreme | Efficiency | Voltage Fgl:qﬁ::::y ggg;tg
R 0.0805 0.2225 0.10375 0.319

g
=3

[ The Average of Surface Roughness

n
1

Surface Roughness(Ra pm)
o -
b =

0.0 -
0123456 78 910I111213141516

Sample Number

Fig. 3. Average of Surface Roughness

3. Abrasion resistance tests of SKH51 coating

The wear resistance of SKH51 coatings were analyzed
with a rotary friction and wear machine MS-T300 (Huahui
Co., Ltd. China). A load of 5N was selected to carry out the
wear resistance experiment on the metal surface, as shown
in Fig.4a. In Fig.4b, SKH51 coating wear surface was mainly
abrasive wear and oxidation corrosion which was due to dry
friction resulting in high temperatures on the surface. Because
the surface of SKH51 coating was rough, the wear mass was
used, the error will be larger. So the wear mark width is used to
compare the wear resistance of the samples. The maximum
width of the wear marks was measured by super depth-of-
field microscope, as shown in Fig. 4c. Owing to the influence
of coating surface roughness, it makes the wear marks
uneven, and its friction force and friction coefficient cannot
truly reflect the degree of wear resistance. The maximum
width of the abrasion marks was utilized to eliminate the effect
of surface roughness and coating topography. Under 25 °C
experimental environment three experiments were carried
out for every specimen . The data were measured separately
and subsequently averaged for analysis, as shown in Fig. 5.
In Table 6, according to the orthogonal experiment of extreme
value R, the order of effect of deposition factors: Current
Frequency > Efficiency > Rotate Speed > Voltage. Current
Frequency and Efficiency have a greater influence relative to
the other parameters, which make the abrasion resistance
of the coating worse. As shown in Fig. 5, sample 15 has the
largest wear width and the worst abrasion resistance. Sample
15, 8,4, 3, 7 and 10 have larger widths of abrasion marks and
poorer abrasion resistance.
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Fig. 4. SKH51 coating friction and wear experimental
results:
a) Friction coefficient and friction; b) Friction and wear
morphology; ¢) Abrasion measurement

Table 6
Taguchi OA Experiments Extreme for the average
of the maximum wear width of SKH51 coating

Extreme | Efficiency | Voltage an:ﬁ::::y gggg
R 90.4125 65.7925 111.18 76.1025
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Fig. 5. Average of Maximum Wear Width
of SKH51 Coatings
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Model evaluation

SKH51 transition coatings can be comprehensively
evaluated based on coating thickness, coating roughness
and wear width. As transition coatings need serve the
deposition of external coatings, they should give priority to
the coating thickness and the coating roughness. A multi-
objective optimal design problem (Sharafi et al., 2014)
is a problem in which two or several design objectives
are required to be optimal at the same time in an optimal
design. If there is no unified metric for each sub-objective
in objectives, it will be difficult to compare. In 1772 Franklin
proposed the multi-objective problem, by now the multi-
objective optimization problem has a variety of mature
optimization theories and has been applied in engineering
optimal design. This model uses the normalization method
and the weighted factor method to transform multiple
evaluation factors into a single-objective method, as shown
in Formula 1.

Normalization method

Normalization method is to eliminate the effect of different
units of each factor. According to the physical significance of
the numerical magnitude of the factors, different functions of
efficacy coefficients are selected for normalization (Landes
etal., 1991; Yang et al., 2021). Coating thickness, roughness
and wear width have different units, which are processed
using a normalization method (Zhang et al., 2023).
Higher values of average coating thickness mean better
performance. It is processed according to the increasing
function of the efficiency coefficient. The data were
substituted into Equation 3. The smaller values of average
wear width marks and average roughness mean the better
performance. It is processed according to the decreasing
function of the efficiency coefficient. The corresponding data
were substituted into Equation 4. Eventually, the normalized
data for the coating parameters were obtained as shown in
Table 8.

FO0=Ya,£,(X) ("

(2)

The evaluation factors were normalised due to the
different units of the factors:

1) To denote the monotonically increasing efficacy
coefficient function:

0 f<a,
dj = (fj(x)_a’j)/(Bj_a/) (x’j <f‘j(x)<Bj (3)
! 1,28,

2) To denote the monotonically decreasing efficacy
coefficient function:

1 fSi(x)<a,
dj: l_(f;'(x)_a‘j)/(p)j_a‘j) a‘j<fj(x)<[3j (4)
0 J;(x)2B;
12

Table 7

SKH51 coating performance parameters

No | Average coating | £SURC. | UIERL
thickness (um) Roughness (um) | Wear Width (um)

1 1.1 1.108 543.67

2 12.4 1.016 713.91

3 16.6 0.922 810.84

4 241 0.917 839.41

5 10.0 1.533 600.24

6 15.6 1.040 613.44

7 20.9 0.825 783.42

8 20.2 0.871 925.23

9 18.7 0.845 712.45

10 36.9 1.162 783.23

1" 17.2 1.103 645.15

12 341 0.962 693.47

13 26.7 1.222 606.75

14 40.6 1.347 590.41

15 45.9 1.457 956.54

16 40.3 1.127 713.58

Table 8
Normalized data table for coating parameters
Average Average Average
Ne coating of Surface of Maximum
thickness | Roughness Wear Width
1 0.03064 0.60028 1.00000
2 0.06685 0.73023 0.58767
3 0.18384 0.86299 0.35290
4 0.39276 0.87006 0.28370
5 0.00000 0.00000 0.86298
6 0.15599 0.69633 0.83101
7 0.30362 1.00000 0.41931
8 0.28412 0.93503 0.07584
9 0.24234 0.97175 0.59120
10 0.74930 0.52401 0.41977
11 0.20056 0.60734 0.75421
12 0.67131 0.80650 0.63717
13 0.46518 0.43927 0.84722
14 0.85237 0.26271 0.88679
15 1.00000 0.10734 0.00000
16 0.84401 0.57345 0.58847
Weighted factor method

A weighting factor refers to the coefficient of relative
influence or weight assigned to an individual sub-objective
(Kilic et al., 2006). The weighting factor method (DragiCevi¢
et al., 2018)is based on the importance and specific attributes
of each variable or sub-objective. To ensure the unity of
evaluation, the weighting factor method requires that the sum
of the weighting factors of each factor must be 1. Transitional
coatings are firstly considered to have a better surface quality
of the coating to facilitate the deposition of subsequent
coatings. Transitional coatings are firstly considered to
have a better surface quality of the coating to facilitate the
deposition of subsequent coatings. Secondly, it is considered
to have a certain coating thickness. finally, it is considered
that the transitional coating has a certain degree of wear
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resistance than the substrate. Therefore, the weighting
factors are selected taking into account the characteristics
of the transition coating. The order of the selected factors is:
coating roughness > coating thickness > maximum abrasion
mark width. Three weighting factors were taken respectively.
Therefore, according to the above factors, the weighting
factors are selected from the table 9.

Table 9
Weighting factors for coating performance parameters
Average Average Average of
Ne coating of Surface Maximum Wear
thickness Roughness Width
Scheme 1 0.4 0.35 0.25
Scheme 2 0.5 0.3 0.2
Scheme 3 0.6 0.25 0.15

The normalized values of the schemes in each factor were
multiplied by the corresponding weighting factors, and then
summed to obtain the target values for each alternative solution
(Acar et al., 2009). The experimental solutions were evaluated to
arrive at the optimal solution. The maximum value of the objective
function was calculated by substituting the normalized data in
Table 8 and the weighting factors in Table 9 into Equation 1.
The results of the objective function are shown in Fig. 6.

(iai =1 aq ZOJ
i=l

By comparing the values of the objective functions, the
three objective functions of sample 12 are all the maximum
value, and the comprehensive evaluations of the transition
coating are optimal in Table 9. The deposition process
parameters are Current Frequency at 300 Hz; Voltage at 44 V,
Efficiency at 30 %; and Rotate Speed at 150 r/min. In addition,
it was suggested that sample 7 and sample 9 could be used
as an alternative for the deposition of the transition layer.

Conclusions

In SKH51+WC composite coating, the SKH51 coating
that functions as an intermediate layer has a significant
impact on the deposition quality of the composite coating.
SKH51 coating was deposited on No. 45 steel in the
experiment. With the orthogonal experimental design
method, the effects of electro-spark deposition parameters
on the average thickness of the coating, the average width
of the maximum wear mark, and the average roughness
were discussed. It was discussed respectively the effect
of electro-spark deposition parameters on the average of
the coating thickness, the average width of the maximum
wear width, and the average roughness. It was found that
each parameter had different effects on the properties of
SKH51 coating. According to the normalization method and
weighted factor method, the optimum deposition process of
the coating was obtained from the performance requirements
of the transition layer.

1) The influence of ESD process parameters, which
were rotate speed, current frequency, voltage and efficiency
was considered on the performance parameters of SKH51
coating respectively by the orthogonal experimental
method. Rotate speed has a greater influence on the
deposition thickness and coating roughness. Voltage has a

MAX f(X)=Ya,d,
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Fig. 6. Objective function diagram:
a) Weighting factor scheme 1; b) Weighting factor scheme 2;
¢) Weighting factor scheme 3

greater influence on the reduction of abrasion width and the
enhancement of abrasion resistance.

2) The average coating thickness, average maximum
wear width, and average roughness of the SKH51 coating
were analyzed from the perspective of transition coating.
The normalization method and weighting factor method were
used to conduct target evaluation of coating performance
parameters. Three different weighting factors were selected to
evaluate the SKH51 coating and draw consistent conclusions.

3) The optimal deposition process is obtained with the
use of a comprehensive evaluation. The optimal deposition
process parameters are Current Frequency 300Hz; Voltage
44 V/; Efficiency 30 %; Rotate Speed 150 r/min.
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[HocnidxeHnHsi enacmueocmeli nepexioHo2o wapy 3i cmani SKH51, cgpopmoeaHoMy enekmpoickposum
Jle2yeaHHsIM 8 KOMIMO3UuMmHoMy 2padiecHmHOMy nokpummi

B 38’a3Ky 3 MEXHOMOIYHUMU OBMEXEHHSIMU MakcuMaribHOI MOBWUHU HariasneHo2o MemoO0oM erleKmpoicKpo8o20o
fleeyeaHHs wapy ece Yacmiwe 3acmocosytombscs bazamowiaposi KOMIo3umHi mokpumms. Baxnuey ponb 6 3abesneqeHi
eKkcrilyamauitiHuX rnapamempie KOMIMO3UmHo20 rnokpummsi eidizpae sikicmb nepexioHo2o wapy. B cmammi docnidxy-
oMbCs erracmugocmi nepexioHoz2o wapy 3i cmani SKH51, ska € Lueuc)Kopbet/Ofo iHcmpymeHmaanOfo cmanno, iezosea-
Hoto eonbghpamom i MonibdeHoM ma micmume 8 ¢80ill cmpykmypi 00 Mamepianig Ha 0CHO8I 80fbghpaMy ma Monl6deHy
i € BUCOKOWBUOKICHOK IHCMpPYMeHmMarbHOK cmasio 3 OpibHUMU ma 00HOPIOHUMU YacmuHkamu kapbidy. lNepesazamu ujei
cmari €: 8ucoka meepoicmb, xopowa ydapHa 8’3Kicmb | 3HOCOCMIlKiCMb, MOXe 8UKOPUCMO8Y8amuCs SK NPOMIKHUU wap
MiX 8yareyeeo cmasio ma HadmeepOuMm MemasiokepamiyHuM rnokpummsm. [lpu ybomMy, 8 KOMIO3UMHOMY MOKpummi
gopmyemscsi epadieHmHa cmpykmypa. Y 8arili cmammi docnidxeHHs1 ocobrugocmel ¢hopMyeaHHs! MPOMIKHO20 wapy
3 cmani SKH51, w0 HaHeceHUl Ha nosepxHio cmarii 45 memodom enlekmpoicKpo8o20 neaysaHHs. byno nposedeHo cepiro
3 16 ekcriepumeHmig, 8 sKUx 6y10 8CMaHoB8IeHO 4 pigHi 3Ha4YEHb 011 YOMUPLOX Mapamempig MPoUeCy eneKmpoiCKPo8o2o
neaysaHHsi. KoHmporstoganucsi HacmyrnHi napamempu: moewuHa MoKpumms, Wopcmkicms nosepxHi ma makcumarnbHa
wupuHa 3Hocy 16 3paskie. BcmarosneHo, wo npu 3HowyeaHHi nosepxHi nokpumms SKH51 8i0bysacmbcsi nepesaxHo
abpa3usHe 3HOWYBaHHA Ma OKUC/T08asIbHa KOPO3isi, SKi BUHUKaloMb 8 yMo8ax 8HacmidoK Cyxoeo mepms npu3godums Ao
8UCOKUX meMrepamyp Ha noeepxHi. [1ns nopieHsHHS 3HOCOCMIUKOCMI 3pa3Kie 8UKOPUCMOBYEMbLCS WUPUHA Clidy 3HOCY,
w0 0038071UI0 3MEHWIUMU MOXUBKY 8UMIPHOBAHHS 8 MOPIGHSIHHI 3 8a208UM 3HOCOM 8 HaCTidOK MoOpUCMOCcmi 0OmpuUMaHo20
nokpumms. Memod Hopmarizauii 6yno sukopucmaro 0ns 06°cOHaHHs Pi3HUX uinel ouiHKU 0OUHUYHUX MoKpummie 8 EOUHY
mMempuky. byno eusHa4yeHo mpu epynu 8a2o8ux KoegiuyieHmig 3 8UKOPUCMAaHHAM 8UMO2 NepexiOHuUX nokpummie Ao nokas-
Hukie eghekmugHocmi nokpumms. OmpumaHi 3Ha4yeHHs1 6yr1o nidcmaerneHo 8 Uinbosy hyHKUIto, | NS KOXHOI ekcriepuMeH-
marbHOI epyrnu 8u3Ha4eHO HOpMarti3o8aHi po3paxyHKosi napamempu. B peaynbsmami 6yno ompumaHo mpu pi3Hi Habopu
MaKCcUMasbHUX 3Ha4YeHb Uinbosux yHKYil. OnmumaribHe 3HaYyeHHs Uinboeoi (oyHKYi eidrnoeifano 12-U epymi 3paskie.
Takum YuHOM, Napamempu nPOUECY eNTeKMpPOICKPOB020 Nieay8aHHs 12-20 3pa3ka npuliMaemo K ormumaribHi sl npouyecy
chopmysaHHs1 nepexidHozo nokpumms 3i cmani SKH51.

Knro4oei crioea: enekmpoickpose fie2ysaHHs, cmarib, KOMIo3umHe epadieHmHe nokpumms, meepdicmb, Mikpomeep-
dicmb, nosepxHesul wap, cmpykmypa, nokpummsi, crnas, nepexioHul wap, wopcmkicms, Memod Hopmanisauii, memod
8az08UX KoegiyjieHmig.
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