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DETERMINATION OF MACHINING ALLOWANCE
FOR PARTS WITH CHROME COATINGS

The analysis of methods of determination of allowances for machining of coatings is carried
out. The surface roughness after diamond round grinding of electrochemical chrome coatings applied
in quiet and flowing electrolytes is investigated. It is established that the thickness of the defective
layer depends on the method of applying the electrochemical chrome coating. Chrome coating of steel
parts in a flowing electrolyte provides a smaller thickness of the defective layer compared to chrome
coating in a quiet electrolyte. It is also established that the minimum allowance for obtaining surfaces
with minimum roughness after diamond grinding of electrochemical chrome coating depends on the
total thickness of the coating and increases with its growth. The scientific novelty of the obtained re-
search results lays in the specification of dependence of the thickness of defective surface layer on the
operational layer of chrome electrochemical coatings applied in quiet and flowing electrolytes on cy-
lindrical steel parts to provide obtaining the processed surface with the minimum roughness after di-
amond round grinding. The practical value lies in the fact that an engineering method for calculating
allowances for machining (diamond grinding operation) of cylindrical steel parts with chrome

electrochemical coatings has been developed.
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Introduction.  Functionally  oriented
technologies for the manufacture of machines
and mechanisms involve strengthening the opera-
tional surfaces of parts by composite [1-5], oxide
[6, 7] and polymer coatings [8], at the same time
it is necessary to pay attention to preparation of a
surface before coating [9] and to study their
stressed state [10] for establishment of admissible
levels of stresses in the parts with coverings.The
application of wear-resistant and corrosion-
resistant coatings on the operational surfaces of
pump parts, such as plungers, rods, bushings, etc.
allows to rationally combine the properties of
coating material and the base material, while
ensuring high performance [11]. In modern
mechanical engineering there are increased
requirements for the quality of the operational
surfaces of machine parts [12, 13]. In particular,
such indicators as: hardness, wear resistance,
roughness, accuracy of dimensions, shape and
relative position of surfaces, conicity, roundness,
beating, misalignment, etc. are regulated.
Moreover, the hardness of the surface is provided
by a rational choice of coating material,
technological modes of its application and heat
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processing at the stage of parts construction. And
the parameters of quality and accuracy of the op-
erational surfaces of these parts, for example, the
parameters of surface roughness, are achieved by
rational choice of technological modes of
coatings machining by removing the allowance to
remove the defective surface layer of the
reinforced part, which is especially true for hard-
to-process materials, such as chrome coatings. To
ensure the operability of machines and
mechanisms during the product life cycle, an
important place also belongs to the operational
methods that help to preserve the topology of the
operational surfaces of machine parts.

Analysis of the latest sources of research
and publications. Many researchers [14-16] paid
considerable attention to the study of machining
processes of coatings, in particular [17], to ensur-
ing of the accuracy of reinforced cylindrical parts
by turning. The works [18-20] studied the force
interaction of coatings with an indenter to
simulate turning and the work [21] studied this
interaction with an abrasive to simulate grinding.

It is proposed in [22] to determine the
allowance for machining of parts with sprayed
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coating depending on their thickness and strength
conditions. This method of determining the
allowance removes a layer of coating of
considerable thickness.

There is also a method of determining the
allowance for processing of parts with gas-
thermal coatings [23], which includes layered
machining of the sample with the same step and
taking into account the presence of a defective
layer, which is based on the determination of
microhardness.

In [24] it is proposed to determine the
allowance for machining of the sprayed coating,
which is based on the establishment of the pattern
of change in roughness during layered
machining. The allowance is determined by the
thickness of the removed layer at which the
minimum roughness of the processed surface is
achieved.

The works [25-27] studied the roughness
parameters of smooth, threaded and involute
surfaces, respectively, processed by grinding.

In the article [28] the analysis of methods
of mechanical processing of microarc oxide
coatings is carried out and the results of research
of the process of grinding of the parts
strengthened by oxide coverings from aluminium
alloys by circles on the basis of green silicon
carbide are presented. The modes of grinding of
the oxide layer of parts, at which the surface
roughness R, = 0.40 ... 0.63 um is achieved and
the microhardness of the reinforced layer is not
reduced, are proposed.

The works [29, 30] show empirical
dependences for definition of roughness of the
processed surface of the sprayed ceramic cover-
ings on technological modes of cutting for grind-
ing of the sprayed ceramic coverings.

The analysis of the results of [22-30]
shows that they relate to the assignment of
allowances for machining of wear-resistant
sprayed coatings, i.e. the hard top layer of the
coating is removed by machining by cutting and
turned into chips, which leads to irrational costs
for hardening and machining of work surfaces
with coatings. In the monograph [31] it is
recommended to assign the values of allowances
for machining of galvanic chrome coatings,
which are applied in a quiet electrolyte on the
part, depending on the thickness of chrome
coating. But nothing is indicated about the
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magnitude of the roughness of the processed
surface of chrome coating on the part.

However, in the normative literature there
is also virtually no information on the selection
or calculation of allowances for machining by
diamond grinding of electrochemical chrome
coatings.

The purpose and objectives of the study.
The work aims at the development of an
engineering method for determining the
allowances for machining of steel parts with
chrome electrochemical coatings applied in a
quiet and a flowing electrolyte, respectively, to
ensure the required accuracy and roughness of
outer cylindrical surfaces by diamond grinding.

Statement of the task. To achieve this
goal it is necessary to solve the following tasks:

- to establish the dependence of the
thickness of the defective surface layer on the
thickness of the operational layer for chrome
electrochemical coatings, applied in quiet and
flowing electrolytes, on cylindrical steel parts;

- to determine the minimum allowance for
machining, which ensures the minimum
roughness of the processed surface of chrome
coating by diamond grinding.

Presentation of the main material.

Research methodology. The coating was
applied to steel in quiet and flowing electrolytes
on an upgraded device with an automated control
system of technological parameters of the process
of electrochemical chrome coating according to
the technology described in [32]. The surface
roughness of cylindrical specimens with chrome
coatings after round grinding with diamond
wheels on a 3A151 machine was investigated.
Geometric dimensions of a rod of the drilling
piston pump were selected from the catalog [33].
A profilometer-profilograph was used to measure
the roughness of the processed surfaces.

Approximating polynomials were used to
construct analytical dependences of the
roughness of the processed surface on the depth
of the cut layer by diamond grinding for single-
layer electrochemical chrome coatings of
different thickness applied in quiet and flowing
electrolytes.

Statistical ~ estimates of  dg,...,0p,
coefficients of approximating polynomials were
obtained by the method of the least squares. The
significance of the obtained coefficients was
evaluated on the basis of Student's t-test (95 %
confidence level) and the number of degrees of
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freedom: n — k — 1, where n is the number of
observations, k is the number of coefficients in
the regression equation. The adequacy of the
approximation dependence was checked by the
Fisher's test. Correlation coefficients were also
determined by the known formula for R,

Research results. To ensure the accuracy
and quality of manufacturing parts of hydraulic
part of drilling piston pumps, the operational sur-
faces of which are coated with chrome, there is a
need for the final machining — diamond grinding.

This is due to the fact that during the man-
ufacture of new parts or restoration of worn ones,
the layer of coating reaches a significant thick-
ness — 0.3 mm per side or more, which leads to
changes in the accuracy of size, shape and
roughness of the resulting surface.

To ensure the operability of piston pump
parts (piston rods and cylinder liners) that work
in conjunction with rubber parts of the seal in
conditions of abrasive flushing fluid, and in order
to reduce running time and wear, it is necessary
to provide metal elements of friction pairs with
chrome coatings by surface roughness within
Ra=0.25... 0.32 um [33].

The total thickness h (um) of electrochem-
ical chromium coating applied in the electrolyte
(Figure 1) is determined by the formula:

h=h +z, 1)
where h; is the thickness of operational layer of
electrochemical chrome coating, pm;

z is the value of the allowance for diamond
grinding of electrochemical chrome coating,
which provides a processed surface with a given
minimum roughness, pum.

1 — the layer of the chrome coating, 2 — steel base

Figure 1 — Scheme of single-layer electrochemical
chrome coating

Due to the lack of reference data for elec-
trochemical chrome coatings applied in both qui-
et and flowing electrolytes, the thickness of oper-
ational layer of electrochemical chrome coating
is difficult to calculate analytically by formulas.
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Therefore, it can be determined experimentally
depending on the required service life of parts of
coated drill piston pumps or calculated by formu-
la (2), pre-setting the wear rate of chrome coat-
ings according to the results of laboratory tests on
the stand, in conditions similar to operational
ones:

h=1,-t, (2)
where 1,, is the wear rate, pm/hour;

t is the pre-specified resource of work of a
part with a chrome covering, hour.

The minimum allowance for diameter
during machining of external and internal surfac-
es of rotation bodies is calculated by the known
formula [34]:

22; min = 2Rz + Rti_1 +4|pta + €5 ), (3)
where Rz;_; is the height of profile micro-
irregularities (Rz is surface roughness parame-
ter, um) at the previous machining (i—1);

Rt;_, is the depth of the defective surface
layer at the previous machining (i—1), um;

pi—1 1s the total value of spatial deviations
for the calculated surface at the previous machin-
ing (i-1), um;

¢y is the installation error when perform-
ing the i-th machining, pm.

The maximum allowance for machining is

27 max = 2Zimin + Ti-a = T 4)
where T;_; and T; are dimensional tolerances at

the previous machining (i—1) and the machining
performed (i), respectively, pm.

In the reference and normative literature
there is almost no information about the assign-
ment of allowances for machining of electro-
chemical chromium coatings applied in quiet and
flowing electrolytes to achieve a given rough-
ness, so the dependence of the processed surface
roughness on the cut layer depth for coatings of
different thicknesses was investigated (Figure 2).

The studies were performed on cylindrical
steel specimens, on the outer cylindrical surface
of which chrome coatings of different thickness h
ranged from 0.077 mm to 0.37 mm were applied.
After completion of the process of applying elec-
trochemical chrome coatings on the specimens,
we carried out machining of the coating for every
layer with the constant step of 0.05 mm (depth of
cut) by a diamond wheel on a grinder 3A151 and

determined the roughness R, of the processed
surfaces by a profilometer-profilograph.
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Figure 2 shows the measurement results.
The marked points display experimental values

of the roughness R, according to the thickness

of the removed layer for each of the above
coating thicknesses. Square markers (Figure 2, a)
refer to the roughness of h=0.08 mm,
triangular markers — h = 0.3 mm, and rhombic
markers (Figure 2, b) refer to the roughness
of h =0.37 mm; square markers —h = 0.08 mm.
Figure 2 shows that the size of the defec-
tive surface layer for grinding decreases with de-
creasing the total thickness of electrochemical
chrome coating. For electrochemical chrome
coatings applied in a quiet electrolyte with the
thickness of h = 0.08 mm and h = 0.3 mm, the
defective surface layer is 12 % and 27 %, respec-
tively, of their total thickness, and when applying

coatings in a flowing electrolyte with the thick-
ness of h =0.077 mmand h = 0.37 mm it is 10 %
and 15 %, respectively. With a further increase in
the depth of the cut layer, the roughness of the
processed surface of chrome coatings remains
virtually unchanged.

For applied electrochemical chrome coat-
ings, acceptable data were obtained during the
approximation of the measurement results of the
surface roughness parameter by polynomials of
the fourth (thin coating) and fifth (thick coating)
degrees, respectively (Figure 2).

The correlation coefficients R?, respective-
ly, were: 0.986; 0.995 (Figure 2, a) and 0.929;
0.928 (Figure 2, b) for thin and thick coatings,
respectively.

Ra. um
*I
25 H
\t Ra =11156h%- 29640h% + 21847h%-7153,3h* + 1160,3h% - 89,903h + 2,9284
2
\a
\
15 :
\

1 -+

o

‘ 3 Ra = 130245h%-26167h? + 1843h*- 53,106h + 0,8422
05+ =t
b kA A e

o 0,1

02 h, mm

Ra =-1052,0h% + 1089,3h? - 415,46h3 + 71,437h? - 5,3790h + 0,4623

UA‘:
. STEE e ——
0.3

o\

Y

Ra =45456h*-7652,2h%+440,56h?-9,9718h +0,3955

02 0.3

Figure 2 — Dependence of the processed surface roughness on the layer cut depth for single-layer
electrochemical chrome coatings of different thickness, applied in quiet and flowing electrolytes

The analysis of graphical dependences
(Figure 2) has shown that the roughness of elec-
trochemical chrome coating decreases with in-
creasing the thickness of its removed layer. This
indicates the removal of the defective surface
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layer formed during the application of electro-
chemical chrome coating. After its removal by
diamond grinding the stabilization of roughness
of the processed surface of a part is provided, i.e.
the qualitative operational layer of electrochemi-
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cal chrome covering remains. Since the thickness
of the operational layer is an important perfor-
mance characteristic of the part’s coating, we
established its effect on the size of the defective
surface layer (Figure 3).

Figure 3 shows that with increasing the
thickness of the operational layer of electrochem-
ical chrome coating, the depth of the defective
surface layer increases, and this growth occurs
more rapidly for coatings applied in a quiet elec-
trolyte compared to coatings applied in a flowing
electrolyte. This difference in the depth of the
defective surface layer can be explained by dif-
ferent conditions of electrolysis and gas removal
from the surface of the part during the application
of electrochemical chrome coating.

Rt, pm 3 3
Rt = 0,00004h] - 0,0134h3+ 1,5625h,- 48 463
80 2

70 [
60 1
50 f

o 4

20

10 i‘-;lr .
Rt = 0,0009h3 - 0,1473h,+ 14,652

0 t f t
0 50 100 150 200 250

300 hi, pm

Rhombic markers — the coating is applied
in a quiet electrolyte, square markers — the coating
is applied in a flowing electrolyte

Figure 3 — Dependence of the depth of the defective
surface layer on the thickness of the operational
layer of electrochemical chromium coating

After mathematical processing of experi-
mental data we obtained regression equations,
presented in Figure 3, which allow to determine
the depth of the defective surface layer depending
on the thickness of the operational layer to ensure
the minimum roughness of the processed surface
during diamond grinding of electrochemical
chrome coating applied in a quiet electrolyte and
in a flowing electrolyte, respectively.

Let’s consider an example of calculating
the allowance for diamond grinding in the centres
of the outer cylindrical surface of the piston rod

@7068(:61586) of the drilling piston pump UNB-

600. Given the service life of the piston rod
t = 300 hour and using the results of our laboratory
studies of the wear rate I,; = 0.7 pm/hour for the
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chrome coating applied in a flowing electrolyte;
I, = 1.2 um/hour for the chrome coating applied
in a quiet electrolyte; according to formula (2) we
calculated the required thickness of the operation-
al layer of electrochemical chrome coating applied
in a flowing electrolyte h; = 0.7-:300 =210 um. To
ensure the same service life, a greater thickness of
electrochemical chrome coating applied in a quiet
electrolyte h; =1.2-:300 = 360 um is required. In
order to compare the values of the allowance for
diamond grinding, the calculations were per-
formed for the same thickness of the operational
layer of chrome coatings h; = 210 um. According
to the formulas presented in Figure 3 we deter-
mined the depth of the defective surface layer for
chrome coating in a quiet electrolyte Rt =59 pm
and in a flowing electrolyte Rt =22 um, respec-
tively. The results of calculations of allowances
are presented in Table 1.

The analysis of the results of the calcula-
tion of allowances given in Table 1 has shown
that the allowance for machining of workpieces
with chrome-coated parts applied in a quiet elec-
trolyte is greater than the coating obtained in a
flowing electrolyte in 2.5 times. This is due to the
fact that during the application of electrochemical
chrome coating in a quiet electrolyte there is a
greater surface roughness, a large conicity is
formed, and the depth of the defective surface
layer increases at the expense of uneven coating
because of the difficulty of gas removal from the
coating surface in the process of electrolysis
compared with electrolysis in a flowing electro-
Iyte. These disadvantages of chrome coating in a
quiet electrolyte are eliminated when coating the
parts in a flowing electrolyte, as evidenced, for
example, by reducing the cone-like coatings ob-
tained by this method by about 1.7 times and the
depth of the defective surface layer by 2.6 times
compared to these characteristics obtained for
coatings applied in a quiet electrolyte.

The test calculation for parts with chrome
coatings was performed according to formula (4).
Calculation results for coatings are the following:

— in a quiet electrolyte 272 - 198
=120-46 =74 um;

— in a flowing electrolyte 105 - 77
=74 -46 =28 um.

The diameters of the coated workpiece are
the following:

— in a quiet electrolyte d, = 70.152
+ 0.06 mm;

— in a flowing electrolyte d, = 70.008
+ 0.037 mm.

I+

I+
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Table 1 — The results of the calculation of the allowance for diamond grinding of the outer
cylindrical surface of the piston rod with chrome coatings applied in quiet and flowing

electrolytes @70e8(i(1386)

The route Allowance Estimated values Limit sizes, Limit values

of surface processing| elements, um Tglergnce mm of allowances, um
with a diameter allowance |min diameter | . > -
@70e8(:?86) Rz|Rt| p 8y| 2 Zmin , um mm ! Td’ pm min max 2 Zmin 2 Zmax
Chrome coating is applied in a quiet electrolyte
Coated workpiece [16(59(24| 0 - 70.092 120 70.092 | 70.212 - -
Grinding 16| -|—-| - 198 69.894 46 69.894/169.940| 198 272
Chrome coating is applied in a flowing electrolyte

Coated workpiece [2.5(23[14| 0 - 69.971 74 69.971 | 70.045 - -
Grinding 16| -|—-| - 77 69.894 46 69.894/169.940| 77 105

With the same thickness of the operational
layer, the total thickness of electrochemical
chrome coating applied in a quiet electrolyte is
h =210 + 59 = 269 um, and for the coating applied
in a flowing electrolyte: h =210+ 22 =232 um,
which reduces the allowance for mechanical pro-
cessing and, accordingly, the cost of machining
and, besides, increases the service life of chrome-
coated rods of double-acting drilling piston
pumps.

Discussion. Determination of rational
allowances for machining of parts with coatings
is an important technical and economic task of
mechanical engineering. As underestimated
values of allowances lead to the fact that not all
the thickness of the defective layer is removed on
the processed surfaces, therefore the accuracy of
dimensions and the corresponding roughness of
the operational surface of the parts are not guar-
anteed. This reduces the service life of the
products. Inflated values of allowances increase
the cost of machining: increase the cost of
energy, cutting tools, reduce the utilization of
metal, which, in turn, leads to increased costs for
the production of machine parts and reduce in the
competitiveness of products.

Determination of the thickness of the
defective coating layer based on the results of
measuring the microhardness [23] requires the
use of witness samples with coatings and the
manufacture of transverse micro-loops and does
not take into account the roughness of the
processed surface, which is important for parts of
machines in friction pairs, especially from
polymeric materials.

The dependences obtained in [23, 24] for
determining the allowance for machining of a
sprayed coating are based on the established
regularities of the change in roughness during
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layer-by-layer machining of this coating. The
allowance is determined by the thickness of the
removed layer at which the minimum roughness
of the processed surface of the sprayed coating is
achieved. Since conditions of formation and
thickness of sprayed and electrochemical
coatings are different, it is incorrect to apply the
known dependences for electrochemical chrome
coatings. Determining the roughness of the pro-
cessed surface of the coating by empirical
formulas [29, 30] does not take into account the
presence of the defective coating layer.

The use of our method for determining the
allowances for machining of parts with
electrochemical chrome coatings, which is based
on the calculation of the thickness of the
defective coating layer, that provides the
processed surface of chrome coating with
minimal stable roughness allows to reduce the
running time of elements of reversible friction
pair, to improve operating conditions of chrome-
coated piston rods, which work in contact with
rubber rings sealed in the medium-higher
flushing fluid and to increase the service life of
double-acting drilling piston pumps.

Conclusions. On the basis of the conduct-
ed research it is established that:

- the thickness of the defective layer
depends on the thickness of chrome coating and
the method of applying electrochemical chrome
coating, while chrome coating in a flowing
electrolyte provides a smaller thickness of the
defective layer compared to chrome coating in a
quiet electrolyte of cylindrical parts;

- the minimum allowance for obtaining
after round diamond grinding the surfaces with
the minimum roughness of electrochemical
chrome covering depends on the general
thickness of a covering and increases with its
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growth, the further processing does not lead to
improvement of quality of the operational
surface, thus the size of the allowance for
processing cylindrical parts that are chrome-
coated in a quiet electrolyte is 2.5 times greater
than those chrome-coated in a flowing
electrolyte.

The scientific novelty of the obtained re-
search results lays in specification of depend-
ence of the thickness of the defective surface
layer on the thickness of the operational layer
for chrome electrochemical coatings applied in
quiet and flowing electrolytes on cylindrical
steel parts to provide obtaining the processed
surface with the minimum roughness after dia-
mond round grinding.

Practical value — the engineering technique
of calculation of allowances for machining (dia-
mond grinding operation) of cylindrical steel
parts with chrome electrochemical coverings is
developed.

In further research it is planned to study
the influence of technological parameters of the
process of electrochemical chrome coating on the
roughness of the processed coating surfaces and
the size of the defective surface layer.
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BU3HAYEHHS ITPAITY CKIB HA MEXAHIYHY OBPOBKY
JAETAJIEU 3 XPOMOBUMMU NOKPUTTAMU

IIposedero ananiz memooie 8UHAUEHHA NPUNYCKI8 HA MEXAHIUHY 0OPOOKY Memanesux, OKCUOHUX
ma KepamivHux NOKpummis, ki 6asyromscs Ha MIYHOCHI NOKPpUMMIe, 3Mini Mikpomeepoocmi, 3abesne-
YeHHI 00EPAHCAHHS MIHIMATLHOT WopCcmKocmi 00pobieHol nosepxti. BusHauenHs payioHaibHux npunyc-
Ki6 Ha MexXauiyHy 0OpoOKy Oemanel 3 eleKmpOoXiMIYHUMU XPOMOBUMU HOKPUMMAMU € 8ANCIUBOIO MeX-
HIKO-eKOHOMIYHOIO 3a0auer0 Mauunoby0y8aHHs, OCKIIbKU 3AHUNCEHT 3HAYEHHS NPUNYCKI8 He 2apanmy-
H0Mb 00CACHEHHS HeOOXIOHOI MOYHOCME PO3MIPIE ma 8i0N0GIOHOT WopcmKocmi pobo4oi noeepxwi dema-
Jietl, npu3600siMb 00 3HUICEHHS pecypcy pobomu 8upodis, a 3a6UeHi 3HAYEHHSI NPUNYCKI6 NPU3B00AMb
00 3DOCMAHHS BUMPAM HA MeXaHiuHy 00poOKy. Mema — po3pobiienHs iHdCeHepHOI MemOoOuKy 8U3HA-
YeHHs1 NPUNYCKI8 HA MeXaHiuHy 0OpoOKy cmanesux Oemanei 3 XpoMOGUMU eleKMPOXIMIYHUMU HOK-
pummsmu 015 3a0e3nevents HeoOXiOHOI MOYHOCMI MA UWOPCMKOCIME 308HIUHIX YUTTHOPUUHUX NOBep-
xous. Ilokpummsa nanocunyu Ha YUriHOPUYHi cmanesi 3pa3ku y CHOKItHOMY ma NPpomMoO4YHOMY eleKmpo-
M Ha YCMAaHo8Yi, CROPAONCEHI A8MOMAMUZ08AHOI0 CUCMEMOI0 KOHMPOIIO MEXHOI02IYHUX napa-
Mempie npoyecy eieKmpoxXiMiyH020 XpOMY8anHs. [OChiOHNCeno wWopCmKicms NOBEPXOHb NICI AIMA3-
HO20 Kpyeno2o WiQ)y8aHHs ereKmpOoXiMiuHUX XPOMOGUX NOKPUMMIE, HAHECEHUX Y CHOKIUHOMY ma
6 NPOMOUHOMY ereKkmpoaimax. Bemanoaneno, wo moswuna oeghexmuoeo wapy 3anexnscums 6i0 cnoco-
0y HaHeceHHs eleKMPOXIMIYHO20 XPOMOBO20 NOKPUMMs. XpOMYBAHH CIMANe8Ux demanell y npomou-
HOMY eleKmpoimi 3a6e3neuye 00epHCAHHL MEHULOI MOSWUHY 0eh)eKMHO20 Wapy NOPIGHAHO 3 XPOMY-
BAHHAM Y CROKINIHOMY eaexmponimi. Takoxc 6Cman08ieHo, Wo MIHIMATLHUL NPUNYCK 0151 00EPIHCAHHS
HOBEPXOHD i3 MIHIMATLHOIO WOPCMKICIIO NICAS AIMA3HO20 WILI(DYBAHHS eAeKMPOXIMIUHO20 XPOMOBO-
20 NOKPUMMS 3Q/IeHCUmsb i0 3a2abHOI MOGWUHU NOKPUMMS Ma 30i1bUWYEMbC 3 il 3DOCMAHHAM.
Ananiz pesynrbmamis po3paxyHKy NpUnyckie noKazas, wjo NPunyck Ha MexawiyHy obpooOKy 3a20mo8oK
Odemarnetl 3 XpOMOBUM NOKPUMMSAM, HAHECEHUM Y CNOKIUHOMY eleKmponimi, € OinbuuM NOPIGHAHO
3 NOKPUMMAM, OMPUMAHUM Y NPOMOYHOM)Y eiekmponimi, 8 2,5 pazy. Lle obymosneno HepigHOMIpHUM
HAHECEeHHAM eNleKMPOXIMIUHO20 XPOMOBO2O NOKPUMMS Y CROKIUHOMY eleKmpPOaimi 6HACHIOOK YCKAAO-
HEHHsl 2A308I08€0€HHsL 3 NOBEPXHI NOKPUMMS Y NPOYeci eieKmpoizy HOPIGHAHO 3 eAeKMPONi3oM
Y HPOMOYHOMY eAeKMpOoLimi. 3a3HaueHi HedONIKU XPOMYBAHHS 8 CNOKIUHOMY eleKmpOoJimi ycy8aromo-
cs ni0 4ac HaMeceHHs NOKPUMMS HA YUNIHOPUYHI Oemani 8 RPOMOYHOMY eeKMpPOrimi, npo wo ceio-
YUMb AKONC 3MEHWEHHsl KOHYCONn0JioHoCcmi demarnetl 3 nokpummsmuy npubausto 6 1,7 pazy ma anu-
OuHU deghekmHo20 nosepxueso2o wapy — 2,6 pasy 6ionogiono. Haykosa HOBU3HA 00EPIHCAHUX Pe3)b-
mamie 00CAIOHCeHb NONAAE Y BCIMAHOBLEHHI 3ANEHCHOCTI MOBUWUHU 0eeKMH020 NOBEPXHEBO20 UADY
8i0 MOBUUHU POOOUO20 WAPY 0I5l XPOMOBUX eNeKMPOXIMIUHUX NOKPUTNMIE, HAHECEHUX Y CNOKIUHOMY ma
6 NPOMOYHOMY eAeKMPONIMI, HA YUTIHOPUYHI CIANesl Oemaii, NiCasi 3HAMMSL K020 AIMA3HUM KDYeium
wLnighy8aHHAM 3a0e3neuyemvcs OMpUMAnH 00pobienol nosepxHi 3 MiHiManbHOW wopcmkicmro. Ilpax-
MUYHA YIHHICMb NONA2AE 8 MOMY, WO PO3POOLEHO [HIHCEHEPHY MEemOOUKY PO3PAXYHKY HPUNYCKI8 HA
Mexauiuny 0O6poOKy (onepayir aimasHo2o wiigyeanHs) YuriHOPUUHUX CMAlesux demanei 3 Xpomo-
BUMU eNeKMPOXIMIYHUMYU NOKPUMMAMU.

Knrouoei cnosa: xpomose enekmpoximiune ROKpUmMms, WOpPCMKICmMy NOBEPXHI, NPUNYCK HA Me-
XaHiuHy 00poOKY, armasHe Wiiyeants, Wmox, NOpuHesuii Hacoc.
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