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Abstract. The paper illustrates the solution of the problem of choosing methods of quality control of manufacturing parts
and assemblies of power equipment using a fuzzy logic device. The main methods of non-destructive testing for the
detection of surface and internal defects are considered, as well as the main indicators of quality of metal products. The
types of metal defects and welded joints are inspected. The description of the equipment and means of control for detection
of defects is executed. The sequence and methods of quality control by ultrasonic, capillary and magnetic powder methods
of control are described in detail. The results of quality control of parts during production and during their operation are
obtained. The analysis of the revealed defects is carried out. An example of using an integrated approach to control is
given. The obtained results of control of the percentage of coincidence of detection of defects on the product are analyzed.
Comprehensive quality control was performed by visual, ultrasonic, capillary and magnetic powder methods of non-
destructive testing to determine the percentage of coincidences of defects. By creating a heuristic analyzer based on the
interface of the fuzzy logic system Fuzzy Logic Toolbox of the Matlab program, an example of determining a combination
of non-destructive testing methods for quality control of a steam turbine bearing liner is considered. Computer simulation
according to the Mamdani algorithm is carried out, which consists of fazzification with determination of ranges of change
of input values for each example, task of distribution functions for each input parameter; calculation of rules based on the
adequacy of the model; defuzzification with the transition from linguistic terms to quantitative assessment and graphical
construction of the response surface. The simulation made it possible to determine the optimal combination of non-
destructive testing methods, which provides the highest quality of defect detection in the steam turbine bearing liner.
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Introduction

The development of modern energy, machine-
building and metallurgical production is inextricably
linked with the creation and improvement of methods and
means of non-destructive testing (NDT), allowing to
ensure high reliability and safety. Improving the quality
and reliability of industrial products is possible under the
condition of continuous improvement of production
technology and continuous quality control of products.
Control of product parameters in the industry is
characterized by sufficient complexity and high cost, so
the task of introducing mass control of product
parameters without increasing their cost is timely and
relevant. To assess the technical condition of critical
facilities and units of power equipment at various stages
of production and operation in many industries, the
methods of NDT are widely used. Among a large number
of methods and means of NDT objects and units of power
equipment, a special place is occupied by ultrasonic,
color (luminescent) and magnetic powder methods.

For the implementation of modern flaw detection
use a wide range of serial devices and non-destructive
testing, but in each case, there is a specificity (structure
and properties of the object of control, its shape and
design, etc.), which necessitates additional research and
development of specialized controls. This is especially
evident during flaw detection of products with a complex
surface. An important problem is the display of the shape
and size of the detected defects in the products, which are
both in operation and during their manufacture.

Very often the use of one control method is not
enough to check the quality of the product in
accordance with the technical documentation for the

product. In such cases, a set of NDT methods is used. In
some cases, in practice, there may be problems for
which the use of known methods (or techniques) of
NDT is not effective. In these cases, research institutes
and plants are developing new special methods, tools
and techniques of non-destructive testing. Therefore, the
substantiation of the use of the necessary methods of
NDT and the means that implement and ensure the
identification and determination of the characteristics of
defects of parts and components of power equipment, is
an urgent scientific and practical task.

Analysis of basic research and publications. One
of the main priorities in the production of most products
is the quality of the final product. The struggle to
improve the quality of manufactured products is
synonymous with the struggle for the consumer in a free
market [1 — 5]. This statement is especially important in
the manufacture and operation of critical products and
structures. Obviously, a defective unit used in a
particular mechanism or structure is much less, and
failure in the best case will cause the mechanism to
stop, at worst — can lead to disaster. Thus, quality
control is a prerequisite for metal products, which are
components and parts of the responsible objects.

For qualitative assessment of such objects, the
methods of NDT are widely used [1, 2].

According to the current standard [4 — 5] in non-
destructive testing it is accepted to classify 9 types of
NDT, which unite on the basis of the used physical
phenomena and the nature of probing fields.

It is necessary to allocate the most widespread in
technique methods of NDT for the comparative analysis
and revealing of their advantages and lacks for the
decision of problems of flaw detection.
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Objects of control differ in a wide variety of
forms, properties of materials, and also the list of
defects characteristic of them. This necessitates the
analysis of the main problems in the control of various
methods. This is especially true of metal products,
which occupy a leading position in terms of output. One
of the main indicators of the quality of metal objects is
the presence of defects.

Defects can impair physical and mechanical
properties of metals, such as strength, ductility, density,
electrical conductivity, magnetic permeability, etc. They
are often divided into overt and covert. The first is
detected by a visual method of control or by means of
tools and methods that are given in the regulatory
documentation. If the defects are most likely detected by
appropriate instrumental methods of NDT, but are not
detected visually, they are also classified as obvious. The
latent defect cannot be detected by the intended method
and equipment. Defects are also divided into critical, the
presence of which makes the use of products for their
intended purpose impossible or dangerous; significant —
significantly affect the performance of the product or its
durability; insignificant, which do not have such an
impact, as well as insurmountable and surmountable.

By origin, defects are divided into production-
technological and operational. The first include
metallurgical defects that occur during casting and
rolling; technological, arising during the manufacture of
products and their repair, and before the operational —
defects that occur after some operation of the products
due to fatigue of the metal, their elements, corrosion,
wear, as well as improper maintenance and operation.

According to the number and nature of distribution
in the products, the defects can also be single, local
(cracks, shells, etc.), distributed in limited areas, such as
areas of corrosion, distributed throughout the product,
for example, the heterogeneity of chemical composition;
external (surface and subsurface) and internal (deep).

By the nature of geometric parameters, defects can
be point, linear, planar and three-dimensional.

Depending on the size of metal defects are divided
into sub microdefects, microdefects and macro defects.

Macro defects can be small or large. Usually, for
the classification and identification of macro defects,
their morphological and genetic characteristics are used.

Analysis of works [1 — 3] shows that the most
common and dangerous defects are cracks of different
origin. Under the influence of residual and operating
stresses, cracks can propagate at high speeds. Therefore,
the micro- destruction caused by them often occurs
almost instantly and poses a high risk. Moreover, in
comparison with extended cracks of all kinds, round
defects are less dangerous and more static in their
development.

Thus, the assessment of the nature of the defect
(whether it is long or rounded) is important information
in diagnosing and predicting the residual life of the test
object.

The aim of the study. When choosing a method
or a set of NDT methods for specific parts or
assemblies, it is necessary to take into account the
following main factors: the nature (type) of the defect

and its location, the sensitivity of the control method,
the working conditions of the parts and technical
specifications for the product, the part material, the
condition and roughness of the surface, the shape and
size of the part , condition and roughness of the surface,
shape and size of the part, control zones, accessibility of
the part and the control zone, control conditions [1 — 3].

The study used three main methods of non-
destructive testing that are used at enterprises and plants in
the manufacture of parts and assemblies of power
equipment, namely: capillary (color flaw detection),
magnetic particle and ultrasonic testing. They were not
chosen in vain, since they have a number of advantages
and features in use (ease of control, speed, sensitivity,
information content). It is the integrated control that makes
it possible to assess the quality of the product as a whole.

Main part

Ultrasonic Testing method of product quality
control. Let us consider ultrasonic testing using the
example of welded joints of the rotor frame of the SGK
538 / 160-70UHL4 hydrogenator, which was operated at
one of the Ukrainian hydroelectric power plants (Fig. 1).
The method of control and adjustment of the flaw
detector was carried out according to DSTU, drawings
and other normative and technical documentation. To
complete the task, the surface of the test object was
prepared in accordance with the methodological
instructions, in our case it is a fragment of the butt welded
joint of the hydrogenator rotor rim discs to each other
(Fig. 2) and setting up the flaw detector for operation.

Fig. 1. The skeleton of the rotor of the hydrogenator

Fig. 2. Fragment of the butt welded joint of the rotor rim disks
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The control was carried out with a UD4-TM flaw
detector and a SWB 45-2 converter, which was initially
set up according to the control method on a standard
sample V2 (setting the depth gauge, vibration velocity in
the material and other auxiliary values of the transducer)
and built an electronic ADD diagram (amplitude-
distance-defect ) for a fixation level of a defect equal to 2
mm. Next, we gradually move on to control. During the
inspection, it was revealed that on the fragment of the
butt welded joint, which had to be inspected, with the
section length L = 400 mm, single load-bearing integrity
was revealed that did not exceed the fixation level, as
well as lack of penetration of the root of the seam, which
is unacceptable for all types of welded joints.

The results obtained indicate that the detected lack
of penetration must be corrected. Modern standards for
assessing the quality of products do not allow the use of
products with these types of defects.

Penetrant Testing method of product quality
control. Let us consider the Penetrant Testing method
(color defectoscopy) using the example of the bearing shell
of a steam turbine bearing (Fig. 3), which are intended for
operation at a thermal power plant in Ukraine.

Fig. 3. Steam turbine bearing insertion

Fulfillment of the task for carrying out the
Penetrant Testing method (color defectoscopy) on the
example of the bearing shell of a steam turbine bearing.
Surface preparation was carried out according to the
guidelines. The ambient temperature was + 14 ° C,
which is favorable for the control. During the control,
aerosol cans were used, namely: penetrant — MR6SC,
cleaner — MR70, developer — MR88. The lighting in the
room was combined. The task was to carry out a color
defectoscopy of the fit of the babbitt fill to the steel base
of the insert.

During defectoscopy, the part was cleaned of dirt
and dust and a penetrant was applied. After 5 minutes of
exposure, the penetrant was reapplied to improve the
permeability of the active substance. After 15 minutes
of exposure, the part was cleaned according to the
control procedure and the developer was applied. After
the developer had dried, linear indications were found
on the verge of babbitt pouring and the steel base of the
steam turbine bearing shell. Linear indication detected is
unacceptable when babbitt casting is in contact with
steel base. This indicates that mistakes were made in the

technological process, in the manufacture of the
product. In order to accept this part into work, it must be
corrected by re-pouring and checking. Modern
standards for assessing the quality of products do not
allow the use of products with these types of defects.
This type of defect can lead to an accident during the
operation of the product.

Magnetic particle Testing method of product
quality control. Let us consider the Magnetic particle
Testing method using the example of a workpiece
(forging) for the manufacture of tie rods with M160
thread. Testing methods and flaw detection materials
according to GOST, drawings and other normative and
technical documentation.

To complete the task, the surface of the test object
was prepared, in our case it is a blank (forging) for the
manufacture of tie rods with M160 thread. After
cleaning the surface, a 20 um layer of contrasting white
paint is applied to it, as the magnetic suspension in
black MR76S will be used. In our case, we use a
magnetizing device (yoke) AC-42 V, operating on
alternating current using the applied field method. The
magnetic field strength on the controlled area of the
object surface is H = 2.2 kA / m. We slowly magnetize
the workpiece and apply a magnetic suspension. After
holding on the surface of the test object, a linear
indication with a length of L = 42 mm appeared, which
is located at the point of thread cutting.

Having analyzed the width of the display opening
and its length, one can declare the inadmissibility of
defects of this type. The blank is not suitable for further
stud production. This type of defect can lead to an
accident during the operation of the product.

Comprehensive non-destructive testing of
products quality control. On the above-described
products of units and parts of power equipment, a
comprehensive quality control was carried out by the
following main NDT methods, such as visual,
ultrasonic, magnetic particle and penetrant testing,
which made it possible to determine the percentage of
coincidences in the detection of defects, the results of
which are shown in Table 1.

After analyzing the results obtained, we can
conclude that it is necessary to use comprehensive
quality control of products, since it is impossible to
highlight the importance of one of the main methods.
Only an integrated approach makes it possible to judge
the presence and nature of the identified defects, taking
into account all the advantages and features of using
NDT methods. Using the example of a common test
object (a bearing shell of a steam turbine bearing), we
will consider the expediency of using a complex NDT.

Assessment of the quality of control using a
fuzzy logic apparatus. In practice, when evaluating
metal products by NDT methods and tools, it becomes
necessary to find a balance between the reliability of the
results and the cost of testing. The economic feasibility
of NDT is one of the main indicators of competitiveness
in the market for such control services. So, there is a
need to determine a combination of such NDT methods,
allowing to obtain the greatest reliability of control
results while minimizing the cost of its implementation.
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Table 1 —The percentage of coincidences in the detection of defects

NDT methods Percentage of
Product name Visual Ultrasonic | Magnetic particle | Penetrant de:ggﬁldfiz;:cs tlsn[y
Testing | Testing Testing Testing g > 70
Fragment of the butt-welded section of
S - + - - 25

the rotor rim disks
Steam turbine bearing support shell + + + + 100
Tie rod (workpiece) - - + + 50

The solution to this problem is possible due to the
use of a fuzzy logic apparatus, is widely used in
solving control problems, evaluations in decision-
making systems under fuzzy, blurry conditions. The
subject of fuzzy logic is the study of judgments in
conditions of fuzzy. Calculations and construction of
fuzzy logic diagrams can be performed using the
MatLab computer program in the fuzzy logic
application.

Let us consider using an example of determining
a combination of NDT methods for quality control of a
steam turbine bearing support shell, how a fuzzy logic
system works.

Quality control of the manufacturing of the steam
turbine bearing support shell can be carried out using
the radiation monitoring method.

This control method gives the most reliable
results (in this case) and can be taken as exemplary
(100% quality).

However, this method is the most expensive and
most dangerous compared to other methods. Not every
enterprise has the ability to use radiation monitoring
due to its complexity, danger, and the need for
qualified specialists. In such cases, production workers
are trying to replace radiation control with other
methods. No doubt, the combined control gives the
most reliable results, but how to determine the
appropriate combination of methods to use?

Currently, there are many fuzzy logic algorithms.
Most often everyone uses the following methods:
Mamdani, Tsukamoto, Sugeno, Larsen. The main
analytical relations describing the functioning of the
Mamdani algorithm, presented in [6]. In works [7 — 9]
the possibilities of using the Mamdani algorithm are
presented. The paper [10] presents a solution to the
problem of classifying defects in metal pipes of oil and
gas pipelines using the Mamdani fuzzy inference
algorithm and the Sugeno fuzzy knowledge base. In
[11], a method was proposed to improve the accuracy
of detecting defects in metal products, the possibility
of using the apparatus of the theory of fuzzy sets to
determine such parameters of the transducer that
would give the opportunity to minimize the error in
determining a defect was proved. In [12], the solution
to the problem of controlling the accuracy of the
parameters of the technological process of producing
kefir and improving its quality by creating a heuristic
analyzer is considered.

To build a heuristic analyzer, we first use the
Mamdani fuzzy inference algorithm. Since the

enterprise considers the possibility of using three
control methods (visual control is input and is not
taken into account), the model should have three
inputs and one output. Select the Penetrant Testing
(PT) as the first input.

The second input is the Ultrasonic Testing (UT).
The third entry is the Magnetic Particle Testing (MT).
We select the quality of control (Quality) as the initial
value (Fig. 4).

4| Fuzzy Logic Designer: Untitled = m] *

File Edit View

Untitled

(mamdani)

Quality

‘ FIS Name: Untitled FIS Type: mamdani
And method . e Current Variable
Or method s « =

: Type
Implication min. e

Range

Aaggregation e e
Defuzzification centroid ~ Help Close ‘ ‘

‘Opening Membership Function Editor ‘

Fig. 4. Window of the task of input and output parameters
when monitoring the quality of the state of the bearing
shell of a steam turbine bearing

We define membership functions for the selected
input variable — the Penetrant Testing (PT). In the
Range item, set the range in which the function
changes (from 10% to 40%) of defects. We set the type
of the membership function in the Type column: for
three membership functions, namely the minimum
(min), average (middle) and maximum (max), we
choose the Gaussian distribution.

Similarly, we set the membership functions for
the selected input variable — the Ultrasonic Testing
(UT). In the Range item, set the range in which the
function changes (from 25% to 80%).

We set membership functions for the selected
input variable — the Magnetic Particle Testing (MT). In
the Range item, set the range in which the function
changes (from 35% to 70%).

We set membership functions for the selected
initial variable — quality control. In the Range item, set
the range in which the function changes (from 0% to
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100%). We set the type of the membership function in
the Type column: for three membership functions,
namely the minimum quality, average quality and high
quality, we choose the distribution (trimf) a triangular
distribution law. We set the rules according to which
the model will operate. The rules are based on the
model:

therulel: IF [xe 4| AND [ye B|TO[ze C];
therule2: IF [xe 4| AND [y e B,|TO[zeC,];
therule3: [F [xeA3]AND [yeB3]TO[zeC3],

where x,y,z... — nominal output (input) linguistic

Variables, A] , A2 . A3 . B] . Bz . B3 . C] . C2 . C3 ... —are some
fuzzy sets, described by their membership functions.

In the "rules" window, we will compose rules that
characterize how the quality of control changes

depending on the selected combination of control
methods (Fig. 5).

In Fig. 6. the windows of the values of the
variables are presented:

a —at 50% compliance with the input parameters;

b — at 100% compliance with the input parameters.

The response surfaces for a combination of control
methods are shown in Fig. 7.

Conclusions

1. The study examined three main methods of
non-destructive testing quality of power equipment
products: ultrasonic, capillary and magnetic particle
NDT methods.

The results of quality control of parts at various
stages of production and operation are analyzed in
detail, as well as a reasonably comprehensive approach
to performing non-destructive testing.

The revealed defects only indicate the need to
implement the use of a complex of NDT methods at all
stages of production and operation of products. This
can save not only the funds of enterprises, but also

4. Rule Editor: Untitled = a X human lives.
Fie it Viw Opions 2. By means of the graphical user interface, it was
possible to build a fuzzy logic system that solves the
1.1 (PT is min) and (UT is min} and (MT is min) then (Quality is max) (1) A . . .
2. If (PT is middle) and (UT is middle) and (MT is middle} then (Qualty is max} (1} problem of ﬁndlng the necessary combination of NDT
3. If (PT is max) and (UT is max) and (MT is max) then (Quality is max) (1) . .
£ If (PT is min) then (Qualy s min) (1) methods to ensure high quality control of used
5. If (UT is min) then {Quality in) (1)
6.1 (MT = rr“nli:{, tnen (aﬂaarrry " rr:i:uf; (1{, product S.
ToIF(PT i ) and (UT iddle} and (MT in) then (Quality is middle) (1) . .
8.If fPTEE::;:;d (U'r:::Iax;?nz"(r.ﬁis:wi:;mt;ueneguualir?y isl:mee}E} 3. The pI‘OpOSﬁd heuristic analyzer plays the role
§_If (PT iz middle) and (UT is max) and (MT is middle} then (Quality is max) (1) f d . f h d f . . .
10. If (7T is middle} and (UT is max) and (T s max) then (Qualty is max) (1) % of an advisor for the defectoscopist- engineer In
i and o e choosing the necessary combination of methods for
PTis UTis MTis Quality is . . . .
‘ ' . ol carrying out a comprehensive non-destructive quality
m!n -~ min sl H'n!ﬂ " |VTI!"I ~
e i = =it control of products.
none none nens [none 4. From the obtained results of computer
= > = 2 - 2 - e simulation, the following conclusion can be drawn:
not not not not . . .
when monitoring the quality of the state of the
~ Connection Weight: . . . . .
. bearing shell of a steam turbine bearing, it is
@ and ; e e El= advisable to use a combination of two methods of
| = ‘ = = | non-destructive testing (ultrasonic and magnetic
particle), because they give the maximum quality of
Fig. 5. Window for setting rules control at the level of 87%.
4 Rule Viewer: Untitled o O x 4| Rule Viewer: Untitled = O x
File Edit View Options File Edit View Options
PT=25 UT =525 MT = 52.5 Quality = 845 PT =395 ur=79 MT = 69.4 Quality = 87
A | O | O | o s | N | | | | 2]
2 | P = | L | | ] | ]
3 | | | | | | o 3 | \ | | P |
- | | | | | EE— [~ | \ | | | [~ |
8 | | B | | | O~ | 5 | | ES | | | ™ |
Ji | | L1 1 || I | 1 &
- | [ | | | 3 | =R [ | | |
s [ | | Pl [ | | | [ | \ [~ | | |
9 ! 7 9|.-"_ ~| \ | ~ | Pl
g | ] | 2]} | 2] LN \ | o
10 40 25 80 35 70 g 10 40 25 0 35 0 g
0 100 (1] 100
““PU" [25,52 5:52 5] Hp‘ﬂf points: |41 Move:  jeft | right | down| up ‘ Input | 39 45 79.01,68.27) HW points:  1g4 Move:  jeft | right | down| up ‘
‘ Ready H He | Cose | ‘ ‘“Bﬂdi' H ep | cose | ‘

Fig. 6. Window of variable values window:
a —at 50% compliance with the input parameters;
b —at 100% compliance with the input parameters
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Ju—

10.

11.

12.

Quality

Quality
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204
40

Fig. 7. Window of variable values window:
a — the dependence of the quality of control with the combined use of the ultrasonic method and magnetic particle;
b — the dependence of the quality of control with the combined use of the capillary method and magnetic particle;
¢ — the dependence of the quality of control with the combined use of the capillary method of ultrasonic
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OOrpyHTyBaHHs1 BUOOPY MeTOAIB HEPYiiHIBHOI0 KOHTPOJIIO €JIEMEHTIB €eHepreTH4HOro 0012 JHAHHS
3a JJONOMOI0I0 aNapaTy HeviTKOI JIOTiKa

I. B. I'puropenko, C. M. I'puropenko, M. M. OpuapeHko

AHoTanisi. B poOoTi npoinrocTpoBaHO pillleHHs 3a/a4yi BUOOPY METOJIB KOHTPOJIIO SIKOCTI BUTOTOBJIEHHS JeTaleil Ta
BY3JIiB €HEPreTHYHOro OOJIaJHAHHS 3a JOIOMOIOI arapary HEYiTKOI JIOriku. Po3rJIsHyTo OCHOBHI METOIM HEpYIHIBHOrO
KOHTPOJIIO JUIS BUSIBICHHS IOBEPXHEBUX Ta BHYTPIMHIX Je(EKTiB, a TaKOXX BHCBITICHO OCHOBHI IIOKA3HHUKH SKOCTI
MeTtanoBupoOiB. [IpoBexeHo orisim BuaiB nedekTiB Merany Ta 3BapHUX 3’€IHaHb. BUKOHaHO omuc OONamgHaHHS Ta 3acoliB
KOHTPOJIIO JUIS BUABJICHHs JedexrTiB. JleTaabHO ONMCAHO IIOCIiZOBHICTH Ta METOJUKA KOHTPONIO SKOCTI YIbTPa3BYKOBUM,
KaIliJIApHUM Ta MarHiTONOPOIIKOBUM METOAAMU KOHTPOI0. OTPUMAHO pe3yabTaTH KOHTPOIIO SIKOCTI JeTaneil Ipy BUpOOHHIITBI
Ta B mpoueci ix excrutyaranii. [IpoBeneHo anani3 BusiBieHux nedexri. IIpuBeneHo NpuKiIaz BUKOPUCTAHHS KOMIUIEKCHOIO
IiIXOAY 10 BUKOHAHHS KOHTpouto. [IpoaHani3oBaHO OTpHMaHi pe3ysbTaTH KOHTPOIIO BiACOTKY 30iry BUsBIICHHA nedekTiB Ha
BUpoOi. IIpoBeseHO KOMIUIEKCHHH KOHTPOIb SIKOCTI Bi3yaJbHHM, YJIbTPAa3ByKOBHM, KaNlUIAPHUM Ta MAarHiTONOPOIIKOBHM
METOJaMU HEpPYHHIBHOrO KOHTPONIO JUIS BH3HAYEHHS BIJCOTKY 30IriB BHSBIEHHs JedekTiB. 3a JOMOMOrOI CTBOPEHHS
€BPUCTUYHOrO aHalizaropa Ha 0a3i iHTepdelicy cucremu HediTkoi Jioriku Fuzzy Logic Toolbox nporpamu Matlab posrisayro
NPUKIIa] BU3HAYEeHHS KOMOiHaLii MeTOHIB HepyHHIBHOrO KOHTPOJIO Ul KOHTPOIIO SKOCTI BKJIAIMILY MiJIIIMIIHUKA IapOBOI
TypOiHu. [IpoBeeHO KOMIT'TOTEpHE MOAEIIIOBAHHS 3a anropurMoM Mamdani, sikuii cknaznaersest 3 (asudikauii 3 BUSHAYCHHAM
Jiara3oHiB 3MiHH BXiJTHUX BEJIHYHH UL KOXXHOTO NMPUKIANy, 3aBAAHHAM (QYHKIIH pO3MOALTY Ul KOKHOTO BXiJHOTO ITapamMeTpa;
OOYMCIIEHHS TIPaBIJI, BUXOMIYM 3 aJE€KBAaTHOCTI Mozeli; nedazndikariii 3 mepexoxoM BiJl JIHIBICTHYHAX TEPMIB IO KiJIbKiCHOT
OLIHKH Ta TpadiyHOl MOOYI0BM MOBEPXHI BiAryKy. MoenroBaHHs a0 3MOr'Y BU3HAUUTH ONTHMAaJbHY KOMOIHAIi0 METOAiB
HEpyHHIBHOI'O KOHTPOJIIO, 1110 3a0e31euye HailBUIIy SKICTb BUSABJICHHS Je(eKTiB y BKIaJUIIy MiANIUITHUKA TapOBOI TypOiHH.

Kamw4oBi ciaoBa: o6’ckr koHTpoo; Ae(eKT; HEPYHHIBHUIT KOHTPOJIb; HEYiTKa JIOTiKa; eBPUCTHUHMI aHamizatop; (asudikaiis;
nedasudikalisnk KOHTPOJIb SIKOCTI.

O0ocHOBaHUE BbIOOPA METOI0B HEPAa3PYyLIAIOLIEr0 KOHTPOJISI 3J1eMEHTOB JHEPreTH4eCKOro 000pya0BaHus
¢ IOMOIIBIO ATMAPATa HeYeTKON JOTMKHI

H. B. I'puropesnko, C. H. I'puropenko, H. M. OB4apenko

AHHoTanus. B pabore NpOMIUIIOCTPUPOBAHO PEIICHHUS 3aJla4u BbIOOpA METONOB KOHTPOJIS KayeCTBa W3TOTOBIICHUS
JieTaneil ¥ y310B SHEPreTH4ecKoro o00pyJ0BaHHs C IOMOLIBIO alIapara HEYeTKON JOrMKH. PaccMOTpeHbl OCHOBHBIE METOJIbI
HEpa3pyIIaoIero KOHTPOJS IS BbISBICHUS IIOBEPXHOCTHBIX M BHYTPEHHHX AE(EKTOB, a TaKKe OCBELICHbI OCHOBHBIC
HOKa3aTeNn KadyecTBa Merajiousjenuii. IIpoBeneH o0630p BuIOB Je(EeKTOB MeTalla M CBapHBIX COEIMHEHMI. BbinonHeHo
omnucanue 000pynOBaHUS U CPECTB KOHTPOIIS UL BbIsiBIIeHU iedexToB. [lonpoOHO onncaHo nocienoBaTenbHOCT U METOUKA
KOHTpPOJI KauyecTBa YIbTPa3BYKOBBIM, KalWUIIPHBIM M MarHUTONOPOLIKOBas MeTojaMu KOHTpois. IlomydeHbl pe3yibTaTsl
KOHTpOJI KauyecTBa JeTajeil Npu IPOU3BOJACTBE M B MIpoLecce MX IKCIulyartanuu. IIpoBeneH aHann3 BBIABICHHBIX AE(EKTOB.
IIpuBeseHB! NpPUMEP HCIONB30BAHMS KOMIUIEKCHOTO I10JXOJd K BBINOIHEHUIO KOHTpOJs. IIpoaHann3upoBaHbl IMOJIYYCHHbIE
PE3yNbTaThl KOHTPOJIS NIPOLIEHTa COBIA/ICHUS BbISBICHUS AePEKTOB Ha mM3ziesuu. IIpoBeileH KOMIUIEKCHBIN KOHTPOJIb KauecTBa
BU3YaJIbHBIM, YJbTPa3BYKOBbIM, KANMWUIAPHBIM M MAarHUTONOPOLIKOBBIM METOJAMH HEpa3pyIIAIOIero KOHTPOJISA Ul
ONpeJieNieHNs] NPOLEHTa COBIAJeHUH BhIsBIEHUS nedekros. ITocpencTBOM CO3[aHMs 3BPUCTUYECKOrO aHaIM3aTopa Ha Oase
unrepdeiica cucrembl Heuerkoi soruku Fuzzy Logic Toolbox nporpammsl Matlab paccMoTpeH mnpumep onpezneneHus
KOMOMHALMKM METOJ0B HEpa3pyIlarollero KOHTPOIS Ul KOHTPOJIS KadecTBa BKJIAJbIIIA IOJUIMIHUKA MAapoBOH TypOWHBI.
ITpoBeneHO KOMIIBIOTEPHOE MOJEIMpOBaHUE 1O Merony Mamdani, koTopblii cocrout u3 (dassudukaimu ¢ onpeneneHueM
JIAIa30HOB M3MEHEHUs BXOJHBIX BEJIMYMH JUIS Ka)XKI0ro IpuMepa, 3anadeid QyHKIMil pacrpesieseHus IUIsl KaXJI0ro BXOIXHOro
IapaMeTpa; BBIYUCICHUS IPABII, UCXOAS W3 aJleKBaTHOCTH Mozeny; JedassupuKauy ¢ NepexoiaoM OT JIMHIBUCTHYECKUX
TEPMOB K KOJIMYECTBCHHOH OLEHKE M IpadUUecKoro MHOCTPOCHHUsS IOBEPXHOCTH OTKIMKA. MozenupoBaHue I103BOJIUIIO
ONpPENENUTh ONTHMAJIbHYI0 KOMOMHAILMIO METOJIOB HEPA3pYLIAIOLIEr0 KOHTPOJs, KOTOpas 00ECIEeUYMBAET BHICOKOE KauyecTBO
obHapyxeHHs 1e(heKTOB BKJIa plIla MOAIIMITHAKA TapOBOi TYpOHHBI.

Kaw4deBbie caoBa: 0OObEKT KOHTPOJS; JAedEKT; HEepaspyLIAOLIMi KOHTPOJb;, HEYETKas JIOTHMKA; 3BPUCTHYCCKHUIT
aHanm3aTop; Qaz3udukanys; nedaz3uuKays; KOHTPOIb KauecTBa.
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