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Introduction. The main problem of all product condition monitoring systems is the untimely determination of
the moment of their contact and the determination of measurement errors. Now problems of surface quality control,
measurements of current geometric parameters must be solved at the stage of production preparation when
choosing the metrological support of the technological process. Therefore, we can identify the main disadvantages
that relate to the currently known methods and devices for determining the parameters of forming the detail, in
particular in the presence of a complex shape and internal surfaces, such as holes. First, it is clear that a contact
measuring tool can degrade of the precision detail’s surface. Secondly, studies have shown that all the described
methods and devices work only to control and measure the parameters of the outer detail’s surfaces.

Main part. Therefore, it is an interesting task to control the quality of internal detail’s surfaces, for example,
holes. In this case, the task becomes more complicated, due to the instrumental features of registration of the
current parameters of detail’s shaping.

Therefore, it is necessary to consider a model for determining the error’s distribution at process of control
details. If we have the presence of waviness, surface roughness, or other deviations of submicrogeometry, this leads
to the phenomenon of scattering of incident radiation and ultimately affects the actual reflectivity.

These dependences need to be considered at creation of devices of control and measurements of parameters of
forming of a detail’s surface. So, for example, thus, it is possible to offer the device of the control of a condition of
internal surfaces of a detail which contains the scheme of a fiber-optic three-channel meter.

In addition, if you use radiation sources with different wavelengths, you can get different values of intensities,
taking into account the radiation parameters recorded by the photodetector modules, and at the same time get
greater accuracy by comparing these values and determining the measurement error.

Conclusions. Thus, taking into account the proposed method for determining the surface roughness of the part,
it is possible to determine the roughness by the intensity of the light flux reflected from the surface. The surface
absorption by mass of the technological object is taken into account, then the degree of height of the rough surface
introduces a coefficient that determines the roughness parameters. This takes into account the time required for
processing, i.e., which takes into account the dynamics of both manufacturing and changes occurring on the surface
of a technological object, which is controlled.

Keywords: parameters of detail’s shaping, internal surfaces; control; measurements.

Introduction monitor the condition of the manufacturing tools and

The actual task of modern production of metal
details for precision devices is to ensure the shaping
accuracy. Therefore, the problems of surface quality
control, measurements of current geometric parame-
ters must be solved at the stage of production prepara-
tion when choosing the metrological support of the
technological process [1].

The quality of surface layer of the material is due
to the properties of material and processing methods.
The accuracy and quality of any process of creating an
object and, as a consequence, the final product, de-
pends on the deviation of this process from the
planned. In order to maintain the proper quality of the
technological process, it is necessary to constantly

this particular object. Therefore, the quality of prod-
ucts, especially precision, depends on the parameters
of the detail’s surface roughness.

At the same time, there are a number of physical
reasons for the violation of the accuracy of manufac-
turing a metal detail.

First of all, the depth of surface distortion has a
significant mechanical character, i.e., shells, cracks of
different depths and so on. From this series of prob-
lems, it is necessary to identify two particularly influ-
ential factors that affect the uncertainty of the surface
coordinates of the detail, there are geometric deforma-
tions and surface roughness, which are mostly pre-
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dominant in determining the touch of the detail’s sur-
face.

When the tool comes into contact with the tech-
nological surface, it will touch the tops of the rough
surface primarily. In this process, the signal coming
from this system will be static or intermittent nature.

The signal will be static in the absence of the cut-
ting tool’s rotation, but the probability of hitting the
point with the maximum coordinate of tool (in the
coordinate system of the tool) in the highest tip on
detail’s rough surface is too small. In this case, error
in determining coordinate for workpiece and for detail
will be mostly as a defect of the surface, which does
not allow to determine its coordinate more accurately
than its roughness.

In order to avoid such a phenomenon, it is neces-
sary to give the tool a rotational motion. The higher
the speed of tool’s rotation, the better it is possible to
determine the coordinate of detail’s surface.

Therefore, there is a problem in estimating the
coordinates of surface with high accuracy. Primarily,
this problems quality of finish detail’s surface and
secondly to the relative movement of tool and detail
are related. Nevertheless, there is a possibility of sig-
nificantly reducing the effect of roughness on the
accuracy of determining the surface coordinates. On
the one hand, this is high speed of touch systems that
experience the slightest surface’s oscillations and on
other hand the depth of chemical impact on detail’s
surface is reacted [2].

And this provides opportunities to measure the
values of the parameters of forming parts and increase
the accuracy of manufacturing high-precision parts in
the shop directly on automated machines.

Therefore, determining the surface quality pa-
rameters of technological objects with high accuracy
is a priority of production.

Problem’s statement

The main problem of all product condition moni-
toring systems is the untimely determination of the
moment of their contact and the determination of
measurement errors. For the most part, the uncertainty
of this factor in the production process leads not only
to excessive overloading of the objects of the techno-
logical process, but also to their destruction. It is sim-
ply impossible to obtain a qualitative analysis of this
transient process in the absence of accurate informa-
tion on measurement errors.

A small number of systems have been developed
to determine the magnitude of measurement errors and
their variance. But a number of design flaws and the
complexity of use when installed on equipment pre-
vent their widespread use in production, which leads
to a loss of accuracy in the creation of industrial prod-
ucts. This is especially true of tool coordinates, which
have a fluid character, which is the main reason for
accuracy in the range of 300 - 400 mm, such as mod-
ern machine tools.

Achieving high production capacity, sustainable
quality of technological process is possible only with
development of control and measuring sensors, sub-
systems and modules of general monitoring and proc-
ess control, which are characterized by high accuracy
and speed in the overall control of metalworking proc-
ess. The characteristics of such control systems must
correspond to modern production conditions.

Therefore, determining the surface quality pa-
rameters of objects with high accuracy is a priority.

Theoretical and experimental researches of prob-
lems of measuring the characteristics of detail’s shap-
ing are known [3 - 11]. Therefore, it is extremely
important to determine the errors that determine the
accuracy of the measuring system.

So, it is known to exist the correlation between
optical methods for characterizing surface roughness
[3]: a laboratory scatterometer measuring the bi-
directional reflection distribution function (BRDF
instrument), a simple commercial scatterometer
(rBRDF instrument), a confocal optical profiler. For
each instrument, the effective range of spatial surface
wavelengths is determined, and the common band-
width used when comparing the evaluated roughness
parameters.

This study shows a correlation of both the Rg
and the Rdq roughness values when obtained with the
BRDF and the confocal instruments, if the common
bandwidth is applied. Furthermore, it is possible to
determine the Rq value from the Aq value, by applying
a simple transfer function derived from the instrument
comparisons. The presented method is validated for
surfaces with 1D roughness.

In work [4] the possibilities of retrieving rough-
ness information from measured scattering data for
different roughness regimes are discussed. The pre-
dicted angles resolved scattering at 325 nm, 532 nm,
and 1064 nm irradiation for stochastically rough metal
surfaces are offered.

The roughness measuring instrument [5] de-
scribed is based on light scattering and is suitable in a
wide range of applications, especially in micro-
machining. The most important properties are the
sensitivity in the measuring range from below 0.005
iim up to 2um (Ra value), the independence of the
reflection coefficient due to normalization, and the
larger tolerance of measuring distance of +2 mm.

The scatter models for pits and particles as well
as the use of wafer scanners to locate and size isolated
surface features are offered [7]. Scatter measurements,
now used to determine whether small-surface features
are pits or particles and new technology that provides
information on particle material, are also discussed.

Geometric analysis allows a visual and subjec-
tive evaluation of roughness (a qualitative assessment)
[8], whereas computation of the roughness parameters
is a quantitative assessment and allows a standardized
analysis of detail’s surfaces.
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Usually measurements with mechanical pro-
filometer equipment (2D) without adequate accuracy
and laser profilometer (3D) with no consensus on how
to interpret the result quantitatively are performed.
The method to evaluate surface roughness, starting
from the generation of a visual surface roughness
signature, which is calculated through the roughness
parameters, computed in hierarchically organized
regions are offered.

A machine vision system is offered, which cap-
tures images and extracts surface texture features of
machined detail’s surface [10]. The texture parameters
are extracted, using the gray - level co - occurrence
spacial matrix and correlated with different surface
roughness parameters recorded by a contact - type
profilometer. The image acquisition carried out at
different roughness levels in order to extract texture
features. The variation between each texture features
and surface roughness parameter is investigated. Mul-
tiple regression models are developed to predict the
subjective estimation of surface roughness parameter
(Ra) and qualitative detection of the degree of surface
roughness.

Therefore, non-contact methods using laser tech-
nology are promising for measuring the geometric
dimensions and surface roughness of machined de-
tails. The principles of operation of optoelectronic
devices for surface quality control of precision details
are to use the effect of light scattering by the con-
trolled surface, the angular distribution of which de-
pends on the roughness, for example [9]. Scattered
light beams are collected by the optical system and
through the light divider enter the matrix of photode-
tectors. As the roughness increases, the angular diver-
gence of the scattered beams increases.

The proposed method [12, 13] improves the ac-
curacy of measuring the surface roughness of detail by
recording and analyzing the characteristics of the
electromagnetic field created around the object, as
well as determining the dynamic loads. And this pro-
vides an opportunity to measure the value of detail’s
surface roughness and increase the accuracy of their
manufacture in industrial conditions.

Therefore, we can identify the main disadvan-
tages that relate to the currently known methods and
devices for determining the parameters of forming the
detail, in particular in the presence of a complex shape
and internal surfaces, such as holes.

First, it is clear that a contact measuring tool can
degrade of the precision detail’s surface.

Secondly, studies have shown that all the de-
scribed methods and devices work only to control and
measure the parameters of the outer detail’s surfaces.

Therefore, it is an interesting task to control the
quality of internal detail’s surfaces, for example,
holes. In this case, the task becomes more compli-
cated, due to the instrumental features of registration
of the current parameters of detail’s shaping.

Modeling of internal surface of detail’s shap-
ing by control and measurement processes

As is known, the light field is a combined inten-
sity of electric and magnetic fields. Experimental
studies show that the medium is most affected by
electric field, so electric field strength can be deter-
mined by light vector. The advantages of optical
methods, as mentioned earlier, to determine the qual-
ity parameters of object’s surface, such as details, are
non-contact, as well as the speed of receiving the
information signal. Thus, a simple reflexometric
method of rapid control of surface roughness is advis-
able. The surface under study is illuminated by a par-
allel beam of laser radiation. Part of the light is re-
flected from the surface in a mirror. The other part is
scattered into the surrounding space due to the micro-
irregularities of the irradiated surface. By measuring
the intensity of scattered radiation at a certain point in
space or the diameter of the scattering zone in the
focal plane of the special lens, it is possible to obtain
information about some averaged surface roughness
within the area of the probe beam. Obtaining informa-
tion about the roughness not in relative units, but in
the generally accepted values of R, R, and Ry, is
possible only by specifying an analytical model of the
shape and spatial distribution of inequalities. Cur-
rently, this problem is solved only for the Gaussian
model of the scattering surface, which is characteristic
of many surfaces treated with abrasive powders.

Therefore, it is necessary to consider a model for
determining the error’s distribution at process of con-
trol details.

If we have the presence of waviness, surface
roughness, or other deviations of submicrogeometry,
this leads to the phenomenon of scattering of incident
radiation and ultimately affects the actual reflectivity.

Ellipsometric method and instruments can be
used in industry only in the case of laboratory re-
search, because the analytical apparatus and sequential
processing of information signals of light field distri-
bution is a complex process that requires some time
and appropriate equipment. Therefore, it is proposed
to use the analysis of light flux with a normal fall on
the detail’s surface.

It should also be borne in mind that with the
normal incidence of light radiation on the metal
surface, there is a partial absorption in the near-surface
layer, i.e. by the corresponding coefficients are
determined. That is, to describe the losses on absorp-
tion, the most descriptive are the absorption coeffi-
cients 4; and A,, and the values are found as
Ag=1-Rg A, =1-R,.

Then finally the value, which depends on the
quality of the surface, taking into account the absorp-
tion of the surface layer of the detail during finishing

or complete cleaning of the surface, can be registered
by photodetectors for further processing. Thus,
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1, =pl, (4, + A )exp[(h2 COS(p)t:I ,

where [, is the intensity of the flow incident on the
surface, p - a factor that takes into account the scat-
tering of the luminous flux of radiation, ¢ is the angle

formed by the reflection of light radiation from the
detail’s surface, % is a height of surface microrough-
nesses, ¢ is a time.

Thus, the loss of radiation intensity due to the
absorption by the surface layer of the detail’s material
creates the amount of error that must be taken into
account to obtain the value of the parameter of detail’s
shaping.

The edge of object’s surface moving deep into
the medium is not stable and not determined in coor-
dinate [13] by the error value [S];.

The refractive index of the medium has a slow

variability, which satisfies of [S] > % , where R is the

radius of curvature of the trajectory of the rays and, as
a consequence, the conditions of geometric optics are
applied. A wave generated by a radiation source prop-
agates in the medium

E=a (r)ei[wt—k(]d)(r)] )

where a(r) and ®(r) are real coordinate functions,

k, is a wave number in vacuum.

Therefore, if the eikonal @ is an unambiguous
coordinate function, then the equation

grad® = nS,

where S is the unit vector of the normal to the wave
front, it follows that the circulation of the vector nS
in any closed loop is zero, i.e.

$n(s-al)=0,

where dl is the vector of elementary shift along this
contour.

It is possible to measure the square of the modu-
lus of the complex amplitude, but it is impossible to
measure the phase and eikonal of the field - they are
lost, when the field is registered. To store information
about the eikonal, it is required to measure the inten-
sity of the field added from several fields. We take
into account that the eikonal is a function that depends
on the wave number £, i.e. on the radiation’s wave-

length. Then increase in wavelength leads to an in-
crease of the eikonal @ magnitude.

These dependences need to be considered at cre-
ation of devices of control and measurements of pa-
rameters of forming of a detail’s surface.

So, for example, thus, it is possible to offer the
device of the control of a condition of internal surfaces

of a detail which contains the scheme of a fiber-optic
three-channel meter.

The circuit contains three pairs from the radia-
tion source and the radiation receiver, which are inte-
grated through the matching optical modules to the
fiber-optic modules of transmission and reception of
radiation. Thus, the installation size of these fiber
modules can be adjusted based on the diameter of the
hole of the detail, i.e. to control different dimensions
and the flexible instrument it is designed.

Therefore, the flexible fiber optic module is de-
signed to move along the inner surface of the hole of
detail to control deviations from the specified diameter
size, surface roughness and other parameters of form-
ing the detail.

Undoubtedly, the accuracy of determining the
quality of the inner surface of the part depends on the
error value [S];. This error occurs due to the difference
between real and imaginary trajectories of radiation
propagation, ie the phenomenon of technological
phantom (TP). Therefore, improving the accuracy of
the inner surface depends on this error. Thus, in
addition, the value of detail’s diameter is known only
to the accuracy of [S].

Thus, if the refractive index changes in space
continuously, the optical length of the beam between
any two points is less than the optical length of any
other line connecting the same points. But it should be
noted that the formulation of the Fermat’s principle is
that the optical length of the beam is proportional to
the time of propagation of light along it. Regarding the
Fermat’s principle, we have reliable confirmation of
the existence of a technological phantom.

Fermat's principle states that the optical length of
a real light path or its proportional path is stationary.
This means that the difference between the optical
lengths of the real and imaginary paths of light is the
magnitude of the imaginary higher order of minimiza-
tion than on both sides the displacement of the imagi-
nary path relative to the real one. So, according to the
given example, we have two trajectories of movement:
one imaginary, another real.

So, if ACDEB trajectory we are taken as an
imaginary trajectory, but AC'D'E'B is real trajectory
(Fig. 1).

A

D’ D
Fig. 1. Model of difference of imaginary and real
trajectories of optical beam motion
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The model of the difference between imaginary
and real trajectories of the optical beam (Fig.1) is
applied as a number of examples at control of shape’s
parameters.

Therefore, if there are distribution surfaces that
provide additional distortion of the beam motion, it is
necessary to add a number of additions in order to
obtain the final result.

If we mark the imaginary trajectory as

U (x, ¥, Z,t) , then the real will be accordingly is
R(x, ¥, z,t) .
From here we get two cases to the Fermat’s prin-

ciple. According to the first, both trajectories must
satisfy the condition

R(x,y, z,t)—U(x,y, z,t)S[S]. (1)

In fact equation (3.170) is an ideal condition that
can only be satisfied if

ngh
=
[
_

2

i

In addition, the refractive index in equation (2) is
a vector quantity, although it is essentially a scalar
field of the medium. In the general case, the refractive
function depends on the properties of the medium

B, €
That is, in the general case it is

n=p+e.

The properties of the magnetic field P and the

electric field ¢ of a certain medium are experimental
values, are not stationary and, as a consequence, at
each point in the space of the studied medium it will
be a different value.

Since the functions of real R(x, , z, t) and im-
aginary U (x, ¥, Z, Z) motion are holonomic [14], the

difference between them can be perceived as an in-
crease of one function relative to another. In this case,
we have the opportunity to write

df(R,U)zR(x,y,z)—U(x,y,z),

where df (R, U ) you can imagine as

df (R,U)= af(;i’ Y) dx+ IR U) dy +
®)
+—8f(R, U) dz.
0z

We have the ability to add a radius vector
r=ix+jy+kz for U(x,y,z) [15] and a radius

vector to the scalar field

r=r+dr=i(x+dx)+j(y+dv)+k(r+dr)

for R(x, y,z) .

As a consequence, expression (3.172) can be rep-
resented as

o (RU) of(RU
df (RU) = {f(ax ) jf(ay )+
S (RU > (4
+k%]x(idx+jdy+kdz),

the second factor of which is define as
dr = idx+ jdy + kdz =[S].

On the other hand, there is a connection between
an imaginary function, a phantom, and a real object
(function) in the form of:

R(x,y,z) =p(1+n)-U(x,y,z) .

This provides an opportunity to rewrite the first
factor (4) in the following form

i{@R(x,y,z) B 8U(x,y,z)}+j{8R(x,y,z) B 6U(x,y,z)}_

ox ox o o
+I{6R(x Vs Z ) 6U(x,y,z)}=
Oz
u 1+n 6U xy, ) 6U(x,y,z) N
ox
{u 1+n)-0U(x,,2) aU(x,y,z):I
+j +
o
" W 1+n 6U xy, ) 6U(;y,z)}:

=pu(1+n) gradU(x ,2).

Thus, to difference between imaginary and real
trajectory we obtain in the form

df(R,U) = p(l+n)gmdU(x,y,z)-[S] .

From equation (5) we conclude that the realiza-
tion of an imaginary trajectory into a real one can be

the case, when df(R,U) < [S] , but for this it is neces-

sary that pu and m, as properties of the medium, are
equal to one and zero, respectively, which is possible
only theoretically. Such properties must have an abso-
lute vacuum, which is left by any physical reaction.
As a result, we get the coordinate of surface
R, +R_,. +IS], radius is formed
lim(R_, —R_.)>[S],

max ‘min

that is the definition of the radius is not better than [S]
for example [2].
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Thus, the possibility of deviation from the
internal size is taken into account.

In addition, if you use radiation sources with dif-
ferent wavelengths, you can get different values of
intensities, taking into account the radiation parame-
ters recorded by the photodetector modules, and at the
same time get greater accuracy by comparing these
values and determining the measurement error.

Conclusions

Thus, taking into account the proposed method
for determining the surface roughness of the part, it is
possible to determine the roughness by the intensity of
the light flux reflected from the surface. The surface
absorption by mass of the technological object is taken
into account, then the degree of height of the rough
surface introduces a coefficient that determines the
roughness parameters. This takes into account the time
required for processing, ie, which takes into account
the dynamics of both manufacturing and changes
occurring on the surface of a technological object,
which is controlled.

As a result of the study, it can be concluded that
taking into account the gradient of the distribution of
the error, which characterizes the quantitative
parameters of the technological phantom, increases the
accuracy of measuring deviations of the detail’s
surface shaping.

Therefore, further research will develop in the
direction of determining the magnitude of the
measurement error depending on the hardware used. It
is necessary to investigate the specific values of the
parameters of the internal surfaces under the condition
of changing the material of a detail. This is especially
true of the instability of surface treatment modes.
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Hayionanonuii mexniunuii ynieepcumem Yxpainu "Kuiecokuti nonimexniunuii inHcmumym imeHi
lzops Cikopcwvkoeo", Kuis, Ykpaina

[TIOXUBK1 BUMIPIOBAHHA [TAPAMETPIB ®OPMU JETAJII ONTUYHUMU
MMPMJIAJAMU

Beryn. OcHOBHOIO TIP0OIEMOIO BCIX CHCTEM KOHTPOJIIO CTaHy OyIb-sKOTO MPOAYKTY 00poOKH MaTepiaily € HeCBO€-
YacHE BU3HAYCHHSI MOMCHTY 1X KOHTAKTy Ta BU3HAYCHHS MOXUOOK BUMIiprOBaHb. [IpoOaeMu KOHTPOIIO SKOCTI TIOBE-
PXHi, BAMIPIOBaHb IMOTOYHUX TEOMETPUIHHX IMapaMeTPiB TOBHUHHI BUPIIIYBATUCS Ha €Talli MiATOTOBKH BUPOOHHIIT-
Ba NpH BHOOPI METPOJIOTIYHOro 3a0e3MeYeHHs] TEXHOJOTIYHOro mpouecy. ToMy MH MOXXEMO BHJIUINTH OCHOBHI
HEJIOJIIKH, SIKi CTOCYIOThCSI BiJOMUX CYYaCHHX METOMIB Ta MPHUCTPOIB A BHU3HAYCHHS MapaMeTpiB (OpMyBaHHS
JIeTalli, 30KpeMa 3a HasBHOCTI CKJIaJHOT (OpMH Ta BHYTPIIIHIX MOBEPXOHB, TAKUX K OTBOpH. [lo-mepire, 3po3ymi-
JI0, [0 KOHTAaKTHHH BUMIPIOBAJIFHII IHCTPYMEHT MOXE MOTIPIIUTH MOBEPXHIO JeTanei TouHocTi. [lo-apyre, mocii-
JUKEHHS TIOKa3aJIu, [0 BCi OMUCaHI METOAM Ta MPUCTPOI MPALOIOTH JIMILE JJIsi KOHTPOJIIO Ta BUMIPIOBaHHS Mapame-
TpiB TIOBEPXOHb 30BHIIIHBOI IETANI.

OcHoBHA yacTuHA. ToMy IiKaBUM 3aBJaHHSM € KOHTPOJIb SKOCTI BHYTPIIIHIX MOBEPXOHb JAeTaliei, HAIPUKIIA],
OTBODIB. Y I[bOMY BHIIQJIKY 3aBJaHHS YCKJIQJIHIOETHCS Yepe3 IHCTPYMEHTAIbHI OCOOIUBOCTI PEECTpallil MOTOYHUX
napaMmeTpiB GOpMyBaHHS JeTaeH.

OTxe, HEOOXITHO PO3MIISIHYTH MOJEIb JJIsi BU3HAYCHHS PO3MOALUTY TIOMHUIIOK Y MPOIIECi KOHTPOJIILHUX BUMIpiB. SIK-
[0 MU MaEMO HasIBHICTh XBHJISICTOCTI, MIOPCTKOCTI IMOBEPXHI 200 1HIMUX BiIXWIEHb CYOMiKPOT€OMETpii, e IMPU3BO-
JITH JI0 SIBUILA PO3CIFOBAHHS MAIal0Y0r0 BUIPOMIHIOBAHHS 1 BPEIITI BILTUBAE HA (DAKTUYHY 3AaTHICTH BiJOUTTSL.

i 3amexHOCTI MOTPIOHO BPaxOBYBaTH IPH CTBOPEHHI MPHUCTPOIB KOHTPOIIO Ta BUMIPIOBaHHS MapaMeTpiB Gpopmy-
BaHHS MOBEPXHi JAeTali. TakuM YMHOM, HAIPUKJIIAJl, MOXHA 3allPONOHYBATH MPUCTPIll KOHTPOJIIO CTaHy BHYTPIIIHIX
MOBEPXOHbB JIETAI, 10 MICTUTh CXEMY BOJIOKOHHO-ONITUYHOI'O TPUKAHAJIBHOTO BUMIpIOBaya.

Kpim TOTO, SIKIIO BUKOPHCTOBYBATH [KEpEIia BUIIPOMIHIOBAHHS 3 Pi3HOIO JOBKHHOK XBUJIi, MOJKHA OTPUMATH Pi3Hi
3HaYEHHS IHTCHCHBHOCTI, BPaXxOBYIOUH MapaMeTpU BUIIPOMIHIOBaHHS, PEECTPOBAaHI MOAYJSIME (hoTompHuiimMadiB, i B
TOH K€ Yac OTPHMATH OiJbIIY TOYHICTh, MOPIBHIOIOYH Ii 3HAYCHHS Ta BHU3HAYAIOYM MOXMOKY BHMiproBaHHs. [1pn
IbOMY IIell MOJYJIb MIEPEMIIITYETHCS B3/IOBX BHYTPIIIHBEOT TOBEPXHi, 1[0 HAJIA€ MOXKJIMBOCTI YTOUYHEHHSI pE3YJIbTATIB
KOHTPOJIIO CTaHy BUTOTOBJICHOT JIETAJI.

BucnoBku. TakuM 9rHOM, OEpydH 0 yBarw 3alpolIOHOBAHHMN CIOCIO BHU3HAYCHHS MapaMeTpiB (OPMOTBOPEHHS
MOBEPXHI JIeTalli, MOKHA BU3HAYUTH BEIMYMHH Ta XapaKTep IHTEHCHBHOCTI CBITJIIOBOTO MOTOKY, BIIOUTOTO BiJ IO-
BepxHi. [lorTMHaHHS TTOBEPXHI MacoI0 TEXHOJOTIYHOTO 00'€KTa BPaXOBYETHCS, TOAI BHCOTY HEPIBHOCTEH MPOodiiro
MOBEPXHI MOXJIMBO BHM3HAuYaTH, SIKIIO BBECTH KOE(iLi€HT, SIKMH BU3HA4Yae mapamerpu BiaxuieHHs (opmu. [lpu
IIbOMY BPaxOBY€EThLCS Yac, HEOOXiHMIA 111 00poOKH, TOOTO, 10 BPaXxOBYE MWHAMIKY SIK BUTOTOBJICHHS, TaK i 3MiH,
1110 BiZOyBalOThCS Ha TIOBEPXHI TEXHOJIOTIYHOTO 00'€KTa, SIKUI KOHTPOIIIOETHCS.

KurouoBi cioBa: mapamerpu hopMyBaHHS eTalieil; BHyTPIIIHI TOBEPXHi; KOHTPOIIb; BUMipIOBaHHS.

B. . Cxumok, T. P. Kiouko

Hayuonanvnoui mexnuueckuu yHueepcumem Yxpaunvl «Kueeckuu noaumexwuueckuti uHCmu-
mym umenu HMzops Cuxkopcrozor, Kues, Yxpauna

[MHOT'PEIIHOCTh U3MEPEHHUA TTAPAMETPOB ®OPMbI JETAJIM OIITUYECKUMU
[MTPUBOPAMU

Bgenenne. OcHOBHOH Npo0OIEMOi BCceX CHCTEM KOHTPOJISI COCTOSTHUSI JII000T0 NPOJIyKTa 00paboTKy Matepuasa sBisieTcs
HECBOEBPEMEHHOE OTIPE/ICIICHNE MOMEHTa NX KOHTaKTa W ONpEeNIeH s NOTpentHocTer n3Mepenuit. [1pobneMsl koHTpo-
J1 Ka4eCTBa IIOBEPXHOCTH, U3MEPEHHUH TEKYIUX TeOMETPHUECKHX ITapaMeTPOB JOJDKHBI PEIIaThCS Ha ATale ITOATOTOBKU
IPOM3BOJICTBA NP BEIOOPE METPOJIOTHIECKOTO 00SCIIeUeHHs TEXHOJIOTHYECKOro npounecca. [103ToMy MBI MOXEM BBbIIe-
JIUTH OCHOBHBIE HEIOCTATKH, KaCAIOIINECs N3BECTHBIX COBPEMEHHBIX METO/IOB M YCTPOMCTB ISl ONPENENeHHs ITapameT-
PoB (hOPMUPOBAHUS JETAH, B YACTHOCTH IIPY HAJIMYHMHU CIOXKHOHM (GOPMBI W BHYTPEHHHX HOBEPXHOCTEH, TAKUX KaK OT-
BepcTHs. Bo-TepBhIX, IOHATHO, YTO KOHTaKTHBIH M3MEPHUTENIBHBIH HHCTPYMEHT MOXKET yXyAIIUTh TOYHOCTH MOBEPXHO-
CTH JieTajell. Bo-BTOpBIX, MCCIIeNOBaHUS TTOKa3aJIH, YTO BCE ONMCAHHBIE METOABI U YCTpoHCTBa pabOTalOT TOJIBKO UL
KOHTPOJI ¥ U3MEPEHUSI TapaMETPOB MOBEPXHOCTEH HAPY>KHOU JIETaIIH.

OcHoBHas 4YacTh. [loaTOMY MHTEpECHOI 3amaueli SBISIETCS KOHTPOJIb KadecTBa BHYTPEHHUX IOBEPXHOCTEH JeTa-
Niel, HanpuMep, OTBEpCTHi. B 3ToM ciiydae 3amada yCIoKHSAETCS U3-32 HHCTPYMEHTAIBHBIX OCOOEHHOCTEH PErucT-
pauuy TeKyIux napaMmeTpoB (GOpMHUPOBaHUS JeTaNeH.

CrietoBaTeIbHO, HEOOXOMUMO PacCMOTPETh MOJETb Ul ONpENeIeHHs PaclpeneleHns: OmnOOoK B Iporecce KOH-
TPOJIBHBIX M3MepeHuH. Eciu cylecTByeT BOJHHCTOCTH, IIEPOXOBATOCTb MMOBEPXHOCTH WIIM JIPYTHE OTKIOHEHUS
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CyOMHKPOT€OMETPHH MMOBEPXHOCTH ACTAIH, 3TO IPUBOAUT K SBJICHUIO PACCESHUS MAIAIOIIET0 H3TYICHUS U BIHSIET
Ha (aKTHYECKYIO CIOCOOHOCTH OTPAKCHUSI.

OTH 3aBUCHMOCTH HYXKHO YYUTBIBATh MPU CO3JAaHUH YCTPOWCTB KOHTPOJIS M U3MEPEHUs MapaMeTpoB (pOpMUpPOBa-
HUS TIOBEPXHOCTH JeTald. Tak, HampuMep, MOXKHO TMPEIUIOKHUTh YCTPOHCTBO KOHTPOJIS COCTOSIHHS BHYTPCHHUX
MOBEPXHOCTEH JAETaH, KOTOPOE COJMEPIKUT CXEMY BOJIOKOHHO-OMTHYECKOTO TPEXKAHAILHOT'O U3MEPHUTEIIS.

Kpome Toro, eciu UCHOIp30BaTh HCTOYHUKH M3ITyUCHHS C PA3TUYHON JJIMHON BOJHBI, MOJKHO MOJYYUTh Pa3JInYHbIC
3HAUEHHs WHTEHCUBHOCTH. [IpU 3TOM, YYHTHIBAas MapamMeTpbl H3Iy4eHHs, KOTOpPBIE PErHCTPUPYIOTCS MOIYIISIMHU
(hOTONPHUEMHHUKOB, MOXKHO MOJYYHTh OOJIBIIYI0 TOYHOCTh, CPABHMBAS 3TH 3HAUCHHS W OMNpPEJEIsisi MOIPEIIHOCTh
uzMepenusi. [Ipy 3TOM HU3MEPUTENbHBIH MOIYJb MEPEMEINAeTCsl BJOJb BHYTPEHHEW MOBEPXHOCTH, YTO JAeT BO3-
MOKHOCTh YTOYHEHUS PE3yJITATOB KOHTPOJIS COCTOSIHUS H3TOTOBJICHHOMU JETalIH.

BriBoabl. Takum 00pa3zoMm, MpuHUMAS BO BHUMaHHUE MPEIJIOKEHHBIN CITOCO0 ONpeeieHns mapaMeTpoB GopmMooo-
pa3oBaHUs MOBEPXHOCTH JCTAIH, MOXKHO OTPEICINUTh, HAPUMEP, H3MCHECHUE BEIIMYUHBI M XapaKTepa HHTCHCUBHO-
CTH CBETOBOI'O IOTOKA, OTPAXKEHHOrO OT MOBEPXHOCTHU. IloriolieHne MoBEPXHOCTH MAaCCO TEXHOJOTHYECKOro
00BEKTA YYUTHIBACTCS, TOTAA CTCIICHb BEICOTHI OOPa30BAHHONW MOBEPXHOCTH JCTAIH MOXHO BBIYUCIATH, BBOIS KO-
3 QUIHCHT, ONpeAeNIONINI MapaMeTpbl HECTAOMIBHOCTH TOJYYSHHOW MOBEpXHOCTH. IIpuM 3TOM yd4HThIBaeTCs
BpeMsi, HeoOXoauMoe sl 00pabOTKU, TO €CTh, YYUTHIBAIOIICE THHAMHUKY, KaK M3TOTOBIICHUS, TaK M M3MCHCHUH,
MPOUCXOAIIUX Ha TIOBEPXHOCTH KOHTPOIHPYEMOT0 TEXHOJIOTHUECKOTO 00bEKTa.

KarueBble ciioBa: nmapaMeTphbl GOpMUPOBAHHUS JACTANCH; BHYTPEHHIE TOBEPXHOCTH; KOHTPOJIb; U3MEPEHHUS.
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