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The present paper represents the process of synthesis to obtain rational variant of bearing manufac-
turing technology with regard to constraints arising from its implementation. Model of the bearing layer-by-
layer structure is represented by a graph. Quality requirements for the surface layers of slide bearing ele-
ments are formalized. Method for predefined selection of the variant of technological process for slide bear-
ing manufacturing with minimal production cost is presented.
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Introduction

The decision concerning the problem on how
to increase the machines service life depends direct-
ly upon improving wear-resisting property and relia-
bility of their friction units.

Slide bearings (SB) are indeed those friction
units that ensure reliability of modern high-speed
turbocompressors, turbo-refrigerating machines,
multipliers and pumps. According to statistical data,
up to 32% of failures of gas blowers in gas transpor-
tation system takes place due to SB malfunction.

A surface layer of machine parts is the most
loaded zone wherever these parts work, especially
in view of a wide variety of operating conditions.
Therefore the real service life of machine depends
upon the load-carrying capacity of surfaces of the
parts; at that load-carrying capacity is determined by
quality of the surface layer. Quality of the surface
layer, in its turn, depends upon the technology used
for its formation, thus analysis of application meth-
ods of antifriction coatings onto SB friction surfaces
is relevant and urgent.
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Analysis of recentresearches and publica-
tions.

Reliability of SB depends, with other factors
being equal,significantly upon its manufacturing
quality, as well as upon properly carried out installa-
tion and repair works, upon meeting all requirements
of design and technological documentation.

There are a lot of works dealing with problems
of quality improvement of machine parts using tech-
nological methods [1,2]. Quality of surface of ma-
chine parts is conditioned by geometrical character-
istics as well as physical and mechanical properties
of the surface layer. The main geometrical charac-
teristics of the quality of surface layer are surface
roughness, waviness and deviation from the proper
geometrical shape. Structure of the surface layer,
microhardness, presence and sign of residual
stresses are the main physical and mechanical
characteristics of quality.

As a rule, surface of the steel insert is tin-
plated before it is lined with babbitt. At that forces of
molecular attraction operate on the actual contact
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areas of surfaces and these forces appear at dis-
tances, which are dozens of times larger than intera-
tomic distances in crystal lattices, and used to in-
crease as temperature gets higher. In this case
there is no transition layer for providing firm metallic
bond, thus this fact negatively affects the quality of
babbitting, heat conductivity and efficiency of bear-
ing in general.

Home and foreign practice of use of integral
shoes made of bronze, with working surface, lined
with babbitt, evidenced that it is difficult to achieve
high-quality tin plating of the whole surface, when
babbitt is mechanically fastened to the shoe with
"dovetail". Therefore probability that babbitt may
peel off in some places gets higher. Appearing of an
air space deteriorates heat removal from oil film and
can result in increase of temperature in the shoe [3].

A variety of methods for obtaining a more se-
cure adhesion of sprayed metal are suggested in [4].
For example, electroplating with copper is used.
Another way to improve the adhesion strength is
plating (metallization) in protective environment.
Though replacement of air with inert or reducing gas
does not completely eliminate formation of oxides,
but at that adhesion of the coating to the base gets
better, tensile strength and ductility of the sprayed
metal increases. In order to get better adhesion, the
surface that has to be metalized is roughened to
reduce fatigue resistance of the part.

Analysis of manufacturing technologies of SB
inserts, study of their operation conditions and rea-
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sons of their failures gives us an opportunity to sug-
gest applying an intermediate layer of copper onto
the steel base before tinplating. This will ensure
improved adhesion of the steel base to babbitt and
more intensive removal of heat from friction zone [5].

There are a lot of different methods for appli-
cation of soft metal coatings onto steel articles [6-8]:
electroplating, metal spraying and others. Compari-
son of their advantages and disadvantages allowed
us to select the EEA method as the most promising
one, which provides strong adhesion of the plated
metal to base and the abovementioned reason
serves as the determining factor for choosing exactly
this technology. Furthermore, such a disadvantage
of the EEA method as increasing of surface rough-
ness will prove to be an advantage being applied to
this technology [9].

Thus, applying the EEA method to form the in-
termediate layer of copper that on the one side has
strong adhesion to the steel base and on the oppo-
site side to tin layer (formation of substituttional solid
solutions) and babbit layer, will provide a better ad-
hesion of the steel base to babbitt, as well as more
intensive removal of heat from the friction zone
[10,11].

Requirements for manufacturing technol-
ogy of slide bearings

Considering the requirements for the manu-
facturing technology of SB, it is necessary to define
mathematical model of its layer-by-layer structure,
which is shown in Fig. 1 as a graph.
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Fig. 1. Graph of the layer-by-layer structure of slide bearing at the stage of its manufacturing.

The following symbols are used in the figure:
Ss - surface of the substrate/base; Sg - surface of
SB with preset technological properties; TP - techno-
logical process for obtaining the bearing layer; m -
quantity of the bearing layers; n - quantity of techno-
logical processes, that allows obtaining the m" layer
of the bearing; i - quantity of variants of surfaces that
can be obtained on the m" layer of the bearing.

This graph is built taking into account the se-
quence of formation of SB layers. The 1% layer is
applied onto the Sg surface of the substrate/base
using the n" technological process, taking into con-
sideration requirements for quality of the surface and
available technological equipment necessary to im-
plement these requirements. As a result we obtain
the S;y surface. Taking into consideration technolog-
ical parameters of S;; surface, the m™ layer is ap-
plied using the n" technological process. Thus we
obtain S, surface with the required preset techno-
logical properties. After the last technological pro-
cess is carried out, we obtain Sg surface of the bear-
ing with required performance characteristics.

The represented graph of the SB layer-by-
layer structure at the manufacturing stage formally
describes the entire process of formation of the
bearing surface layers with the required technologi-
cal properties.

Quality requirements for surface layers of el-
ements of slide bearings can be logically subdivided
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into four groups:

— those that are set to running-in coating of
bearings;

— those that are set to antifriction layer of
bearings;

— those that are set to quality of transition lay-
ers;

— those that are set to quality of sub-
strate/base.

If the purpose of running-in coating is to en-
sure retention of technological properties of antifric-
tion layer when SB is brought out to operation mode,
the main requirements for the quality of such coat-
ings are the following: uniformity of application,
evenness of distribution and layer thickness.

According to mathematical model of the layer-
by-layer structure of bearing (Fig. 1), requirements
for the quality of running-in coating can be repre-

sented as:
ks, =/ (@0),

where ks is a quality function of the run-

ning-in coating of the bearing;

7 - parameter of the coating uniformity;

o - parameter of the layer distribution even-
ness.

The antifriction layer should face a lot of re-
quirements, the most important of which are the
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following:

— mutual compatibility of materials of bearing
and of opposing member;

— possibility to achieve high accuracy and
proper finishing;

— stability and low value of friction coefficient;

— high antiscuff properties;

— high heat resistance, corrosion stability and
erosion resistance, non-bondability, high resistance
to vibration;

— technological effectiveness, availability and
low cost, high dimensional and structural stability;

— correlation of longitudinal expansion coeffi-
cients of bearing couple, conformability, fireproof-
ness, absence of electrostatic attraction on the fric-
tion surfaces.

The main formalized parameters of antifriction
layer quality are the following:

— specific pressure, P, KN/cm2;

— circumferential speed, V, m/s;

— intensity of work (complex index) P*V,
(kN*m) / (cm? *s);

— operational temperature, C’.

These parameters are regulated by the
standards applied to the material that is used for
babbitting. For example, GOST 1320-74 standard is
applied for antifriction coating made of B83 babbitt.

In its turn, if circumferential speed depends
upon operational conditions of the bearing, then
specific pressure and operational temperature ap-
pear to be, in addition, the functions of geometrical
parameters of the SB contact surface, i.e. they de-
pend upon form error and positional relationship of
the bearing elements. In general, quality function for
antifriction coating of bearing is represented as:

ks =f(x.p.v,c),

where y is a parameter that depends upon
operating abilities of material;

p - parameter that depends upon the specific
pressure onto the layer surface;

v - parameter that depends upon the circum-
ferential speed;

¢ - parameter that depends upon the tempera-
ture.

Since availability of transition layers improve
adhesion of the antifriction layer with the sub-
strate/base, the following physical and mechanical
properties and quality requirements are fundamental
for such layers:

— surface roughness, Ra, ym;

— layer thickness, h, ym;

— uniformity of coating.

These characteristics of the transition layers
are functions of the technological parameters of an
application method. For example, discharge energy
(Wp, J) is such a parameter for the EEA method of
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treatment.

By analogy with the above-said, the quality
function of the transition layer of the bearing is rep-
resented as:

ksé = f(&,1,7) , where 56[1,(’"—1)],

where ¢ is a parameter that depends upon the
surface roughness;

n - parameter that depends upon the thick-
ness of the layer;

7 - parameter of the coating uniformity.

The SB substrate/base should meet require-
ments for roughness, geometric characteristics (form
error and position of the contact surface), as well as
requirements for physical and chemical properties of
the material.

The quality function of the bearing sub-
strate/base is represented as:

kSs :f(g,(P, p) ,

where ¢ is a parameter that depends upon the
surface roughness;

¢ - parameter that depends upon the geomet-
ric characteristics;

p - parameter that depends upon the physical
and chemical properties of the material.

Thus, requirement for quality of the SB sur-
face layer is constituted by a set of requirements for
the quality of its elements:

m—1
kSB :kSv U éulksé UkSm UkSm-H .

At that the dominant requirements for the
proper form of surface of the bearing substrate/base
are the requirements for geometrical parameters
that specialize errors of form and errors of position
of bearing elements in the article; and the dominant
requirements for the quality of antifriction coatings
are maximum intensity of work and temperature.

Technology for manufacturing of SB is select-
ed based on the complex index, here this index is
the production cost and manufacturing technology is
selected based on it. So, the lowest manufacturing
cost is the main selection criterion.

Constraints in implementation of manufac-
turing technology of the slide bearings for high-
speed machines

At the stage when the rational variant of man-
ufacturing technology for SB is synthesized, it is
necessary to take into account constraints in imple-
mentation of this technology. Let us consider the
principle of formation of these constraints.

Synthesis of the rational variant (Fig. 2) con-
sists of several stages.
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Set of the SB design variants

K ={k,.k,,....k,}

Y

Set of technological
processes

T={tty....t }

Set of antifriction
layers of the insert

S= {sl,sz,...,sa}

Set of

technological

equipment

O={01,oz,...,ow}

——

Set of methods for
application of layer

onto the insert

M= {ml,mz,m,my}

Fig. 2. Scheme of synthesis of rational variant for manufacture technology of slide bearings.

A variety of variants is selected out of a set of

the existing designs
K= Nk,
neL

At the next stage we consider a set of existing
combinations of antifriction coatings with corre-
sponding composition of transition layers, which are
present in SB. A variety of variants is generated out
of this set.

S= ﬂsp ,
peN

Next, a variety of methods for application of
layers onto the bearing insert is generated for each
variant of layers combination.

M= Nmg, where v={2,..,}.
Oe¥

The next stage is to find implementation for
these methods by means of technological equip-
ment, taking into account a variety of variants of the
existing equipment

0= Neo,,
7ed

At that there are following constraints in im-
plementation of the manufacturing technology:

1. Kinematic capabilities of technological
equipment should ensure the preset mechanical
trajectory of the tools during application of layers
with 100% uniformity.

2. Weight and dimensions of a workpiece

whereLz{l,Z,...,a}.

where N ={1,2,..., B}.

where o ={1,2,....o}.
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should not exceed the equipment performance ca-
pabilities specified in the technical datasheet.

3. Geometric accuracy required to implement
this manufacturing operation should not exceed the
design accuracy of the technological equipment.

4. First of all the equipment that has minimum
cost and provides all the necessary technological
parameters for bearing production is used.

5. The suggested solution is the most cost-
effective for mass production.

The following set of technological processes
comes out in result of the searches:

T=t:, where I={.2,..1}.
Eel

Formation of a variety of technological pro-
cesses takes place if:

rT=KUSUMUO.

Hence possibility of realization of the techno-
logical problem can be described with the following
expression:

ézlté :|: ﬂkn}Uli ﬂpp}U{ ﬂme}U{ ﬂor}
neLl peN OeM Ted
Since technological cost of the article manu-

facturing is used as the criterium for selection of the

proper manufacturing technology variant, the variant

that results in the minimum cost is considered to be
the most rational variant of technological solution:
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topt — ﬂtg N len .
el

In actual practice of companies a lot of tech-
nologies are limited by quantity of the available
methods for the application of coatings and means
of the technological equipment that can be used for
realization of these technologies.

System of predefined selection of manu-
facturing technology of slide bearings for high-
speed turbocompressor units

The developed model of predefined selection
of variant of technology to manufacture and repair of
slide bearing at the lowest production cost is shown
in Fig. 3. According to this model, layer 1 is applied
onto the substrate/base using the n1* technological
process. At this, a number of constraints is imposed
on the technological process and a number of re-
quirements is set for the surface layer. There can be
a few technological processes, which can be used to
obtain layer 1. Therefore, to a first approximation we
choose the technological process that has the low-
est production cost. Further layers 2 ... m are ap-
plied sequentially onto the layer 1. In doing so it is
necessary to meet the quality requirements for sur-
face layers of slide bearing and to consider the im-
posed constraints on the technological processes
that are used to obtain these layers. Finally running-
in coating is applied onto the layer m using the tech-

nological process TP, As a result the surface of
slide bearing with the preset performance character-
istics is obtained. Technological cost of manufacture
or repair of slide bearing is calculated and the cur-
rent variant of technological process is taken as the
basic one. After doing so we go back to the begin-
ning of planning the technological process and
choose technological process for obtaining layer 1.
Layer 1 has higher production cost than the layers
obtained using the basic process, since constraints
on the technological processes and quality require-
ments for the surface layer are taken into considera-
tion.

Production cost of the technological process
for slide bearing manufacturing and repairing is cal-
culated. The current cost is compared with the cost
of the basic process. If the current production cost is
lower, then it is taken as the basic one. In such a
way all possible variants of technological processes
for slide bearing manufacturing are evaluated. The
variant of the process, which will turn out to be the
basic one after evaluation of all possible processes,
will be the most rational variant of the process for
slide bearing manufacturing under the given produc-
tion conditions.

The entire sequence of processes for obtain-
ing the bearing surface with the preset technological
properties is taken into consideration.

Constraints
on the TP

Requirements to

Constraints
on the TP

Requirements to

Constraints
on the TP

Constraints
on the TP

Requirements to

quality of the
layer surface

quality of the
layer surface

Requirements to
quality of the
layer surface

quality of the
layer surface

TP11
A 4 > L TP12
>
A »
>
TP21
o T TP2s N
(] » [ [
® 2 » 2
m © @©
| -
TPn1
a TPn2
7'} > R
>

L TP+,

A 4

\ 4

Layerm
v
Surfaceofabearingwiththe required
technological properties

TP2r

TPn

|

Definingthelowestcostofmanufacture of a bearing

A

v

Rational option of technological process

Fig. 3. Model of directed selection of an option of the technological process for manufacture of a slide bearing at the
lowest manufacturing cost
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Let us consider in detail the sequence of
steps on how to define the rational process for for-
mation of the slide bearing layers with the preset
technological properties.

The following method is used for the prede-
fined selection of the technological process:

Step 1. Matrix of (m x n) size of correspond-
ing antifrictional layers (A) is formed at the level of
SB design with consideration for the substrate/base
(BA) material of bearing. (Fig. 4).

Step 2. In accordance with materials of BA
and A the matrix of (m x nx n) size is formed. The
present matrix represents variants of combinations
for transition layers (CTL) (Fig. 5) for all m sections
of BA.

Step 3. In each combination a set of layers
(S) of the slide bearing (Fig. 6) for all m sections of
A is defined.

Thus a four-dimensional array of data is
formed, which is used as initial information for fur-
ther calculations.

Later each combination of layers of the slide
bearing is considered separately.

1 A >
@
% 2 A
s 3 | A
2
:‘_‘g
<
n A
5 1 {emfctL|ct CTL
(2]
So
=5 2 |ctL]em|ctm CTL
£z
£8
§5 3 |cmferfcm CTL
5 E
22
cC®©
R
2 n |cTL]cTL]ctL CTL
1 2 3 .. n

Fig. 5. Procedure of formation of (m x n x n) matrix
of combinations for transitional layers for the first section of
BA.

Step 4. In compliance with each layer we form
matrix of methods for their application (Fig. 7) for all
n sections of CTL.

Step 5. At this step we select the equipment
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Fig. 4. Procedure of formation of (m x n) matrix
of antifriction layers.
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Fig. 6. Procedure of formation of (m x n x nx p)
matrix of a set of layers for the first section of A.

(means of technological equipment - MTE) which
allows us to implement specific methods for applying
layers of the slide bearing (Fig. 8) for all p sections
of S.
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Fig. 7. Procedure of formation of matrix of m methods
for application of S layers for the first CTL section.

Step 6. Depending on the possible technolog-
ical modes we form matrix that includes variants of
the production operations for application of the spe-
cific layer of the SB, considering the imposed con-
straints on implementation of the technological pro-
cess and the requirements for the quality of the sur-
face layer (Fig. 9) for all 6 sections of the m meth-
ods.

BA

methods
w

Set of MTE for
implementation of the

equipment
w
—~
—~
—~
—~

operations for
implementation of the
methods on the specific

Variants of technological

3 t t | ot | .|t

1 2 3 w
Fig. 9. Formation of matrix of variants of production
operations that implement methods of applying layers for
the first section of m methods.
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Fig. 8. Formation of the MTE matrix for implementation of
methods for applying layers for the first section of S.

In the end of the selection we get a set of pro-
duction operations, in which tnneewe is the f‘h variant
of the technological operation that is carried out on
the &™ equipment that allows to realize the 6™ meth-
od for aPpIying the pth layer of the slide bearing out
of the r)h variant of combination of transition layers
for improving adhesion of the n" variant of the anti-
friction layer using the m™ variant of substrate/base
of the slide bearing.

Predefined selection of the technology is car-
ried out in several stages. First, at the level of pro-
duction operations, the variant of technological pro-
cess for applying the bearing layers with the lowest
production cost is synthesized (Fig. 10).

The present TP is taken as the basic process
for further optimization. Then the next combination
of the transition layers is considered for the same
material of the substrate/base of the bearing and the
antifriction layer. The TP with the lowest technologi-
cal cost is selected out of all available variants of
CTL, at that the requirements for the quality of the
surface layer and constraints on implementation are
to be taken into consideration. This TP is referred to
as the basic one in the current section. A similar
synthesis takes place for other available "sub-
strate/base - antifriction layer" sections.
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Fig. 10. Scheme of synthesis of the technological process with the lowest cost of production operations.

Conclusions

Thus, applying the method of “minimum sec-
tions” as the optimization method we’ll obtain a cost-
effective manufacturing technology for the slide
bearing production as a result of the predefined se-
lection of technology that ensures the preset quality
of friction pairs.

The developed mathematical model of the
layer-by-layer structure and the systematized re-
quirements for the quality of the slide bearing layers
make it possible to optimize the technology, which is
used to improve the quality of the "bearing insert -
shaft journal" friction pair surface on the high-speed

turbocompressor units.

The developed method of synthesis of techno-
logical processes variants takes into consideration
the constraints on manufacturing technologies of
slide bearings for high-speed machines, thus this
method makes it possible to form surfaces of the
friction pairs with the preset performance character-
istics.

The developed system for predefined selec-
tion of the bearing manufacturing technology makes
it possible to ensure the preset quality of elements of
the slide bearing using the most cost-efficient meth-
ods.
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KyHOepa Y., Aumoweeckuli b., TapenbHuk B.b., KoHonnsH4yeHko E.B. MapuyuHkoeckul B.C.
OKOHOMUYHbIE MEXHO/I02UU U320MOeJIeHUs1 3JIeMeHIMo8 MoOWUNHUKO8 CKOJIb)XeHuUsi 3adaHHO20
Kayecmea

Paccmompen nipoyecc cuHmesa payuoHabHO20 8apuaHma mexHono2uU U320moeseHusi MoOWUnHU-
Ka C ydemom OepaHuYeHul, 803HUKaWUX rnpu ee peanusayuu. lNpedcmasneHa epaghom mModesib rnocrnou-
Hou cmpykmypbi nodwunHuka. @opmarnu3oeaHbl mpebosaHusi K Ka4yecmey no8epxHOCMHbIX Crioee 3iie-
MeHmo8 rnodwurnHuka ckonbxeHus. [pusedeHa MemoOuka HarnpaeneHHo20 8blbopa eapuaHma MmexHos1o-
2u4yecKoe0 rnpouyecca u320moesieHUss MoOWUNHUKA CKOJIbXEHUSI C MUHUMAalbHOU mexHonoaudeckol cebe-
CMoUMOCMbI0.

Knroyeebie crioga: noOWUNHUK CKOJMIb)XEHUS, Kayecmeo, MexXHOJI02us U320moesieHus], onmumu3a-
yusi, cebecmoumocms, CUHME3.

KyHOepa 4., Anmoweecskuti b., TapensHuk B.B., KoHonnsiHyeHko €.B. MapyuHkoeckull B.C.
EKoHOMi4YHi mexHon02ii su2omoeJsieHHs1 eileMeHmie NiGWunHuUKie Koe3aHHs1 3a0aHoi sskocmi

PosensiHymo npouec cuHmesy pauioHasibHO20 8apiaHma MmexHOos02ii 8U20moereHHs MidwWurnHuUKa 3
ypaxyeaHHsIM O0OMeXXeHb, WO SUHUKaromb rpu ii peanizayii. lMpedcmaesneHa epaghom mModesib nowapoeoi
cmpykmypu nidwurnHuka. @opmarizogaHi eumoau 00 SKOCMI Mo8epxHe8UX wapie enemMeHmie miowunHuKa
Kog3aHHS. HagedeHO MemoOuKy cripsimMoeaHo20 eubOopy eapiaHma MexHOI02iHHO20 MPOYECY 8U20MOBIIEH-
HS NiGWUNHUKa K0B3aHHS 3 MiHiMarlbHOK MeXHOs102i4HOI cobieapmicmio.

Knroyoei cnoea: niduwunHUK KO83aHHS, SKiCmMb, MEXHOI02i 8U20mOoesieHHS, onmumisayis, cobisap-
micmb, CUHME3.
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AHANI3 CTPYKTYPHOI'O CTAHY NMOBEPXHEBOI'O LLAPY
NMPU ENEKTPOEPO3IMHOMY NEFYBAHHI TBEPAMMU 3HOCOCTIMKUMU MATEPIANIAMU

B. b. TapenbHuK, A4.7.H., npodecop

B. O. N'epacumeHkKo, K.(p.-M.H., OLEHT

M. 0. lymaHuyk, CT. BMKnagad

CyMCbKkui HauioHanNbHWI arpapHUin yHiBepcuTeT

lMpedcmaeneHi pesynbsmamu O00cnidxeHb 81Uy pexumie i mamepianie nezayodux ernekmpodie Ha
cmpykmypy i meepdicmb Mo8epxHesuUX wapie 3paskie i3 cmarii, Hikenegoeo crnasy i bepuriegoi 6poH3u.
CopopmynbosaHi pekomeHOaujii, ski do3gonsame nidsuwumu HadiliHicmb | 0og208i4HICMb 8i0nosidasibHUX

Gemariel rnpu 8U20MOBMEHHI | PEMOHMI MalUH.

Knro4voei crosa:sikicmb rogepxHi, Mikpomeepdicmb, WOPCMKICMb, MOBWUHA Wapy, elekmpoepo-

3iliHe neeyeaHHsl, 3MiUHEHHSI, /1e2y8aHHs

NMocTtaHOBKa Npo6nemu B 3araribHOMY BU-
rnaai

BinbwicTe BignoBiganbHMX AeTanen kKomnpe-
COpiB, HacociB, razonepekayyoymx anaparis i iHLO-
ro MNPOMWCITIOBOrO YyCTaTKyBaHHS MpauloTb Mnpu
BMCOKMX LUBUAOKOCTSIX, HABAHTAXXEHHAX | TemnepaTy-
pax, a TakoX B yMoBax abpasvBHOro, KOPO3iNHOro i
iHWnx BuAiB Aii pobounx cepenosull. 3aBOaHHs
nigBULLEHHA OOBroBiYHOCTI i HaAiMHOCTI UMX AeTa-
nen BUPILLYIOTLCH, SK NPaBumo, LUNAXOM 3acTocy-
BaHHS BUCOKOMILHMX HepXaBiloumx cTtanen i cnna-
BiB, LUO CNPUYMHSIE BENUKY BUTpaTy, SK AOPOrux
MaTepianiB, TaK i MeTarnopi3anbHOro i LTaMrnoBoOro
iHCTpyMeHTy. llocTiMHa HecTaya iHCTpYMeHTy i ge-
iUNTHUX MaTepianis Bege A0 3HWXKEHHA edeKTmB-
HOCTi BMpPOBHMUTBA, YyTpyaHsSE 3abe3neyeHHs Heob-
XigHOT SIKOCTi MPOAYKLUIi i, 3peLuTolo, yCcknaaHe dy-
HKUIOHYBaHHS MigNpMEMCTBA B YMOBax PUHKOBMX
BiJHOCUH.

BypxnnBuin po3BUTOK TEXHIKM BMMarae niasu-

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurtety

LLEHHS pexumiB  pobOoTM MalMH |  MexaHis-
MiB(3pOCTaHHSA LWBMAKOCTEN, TUCKIB i T. A4.), WO AWK-
Tye HeOOXiAHICTb CTBOPEHHS HOBMX KOMMO3WULIIMHUX
MaTepiarniB TUNy «OCHOBA-NOKPUTTA», AKi MOEOHYIOTb
3axUCHI BNacTMBOCTI MOKPUTTIB 3 MeXaHI4YHOK MilHi-
CTHO OCHOBM. 3aCTOCyBaHHSA MOKPUTTIB 0O6YMOBIIO-
€TbCA LLEe | TUM, Lo PYNHYBaHHA AeTani po3noynHa-
€TbCS 3 MOBEPXHi.

AHani3 ocTaHHix gocnigkeHb i nyonikadin

OaHuMM 3 Hanbinbll edheKkTUBHMX MeToaiB Ha-
HECEHHS 3aXMCHUX MOKPUTTIB HA MeTaneBi NOBEpPXHi
€ enekTpoeposiiHe nerysaHHA(EEN). Metog EEJ
OyB po3pobnenun b. P. NasapeHko i H. U. NazapeH-
KO i MOro cyTb BMKNnageHe B psagy pobort [1-4].

BoockoHaneHHs TexHomnorii OTpUMaHHS MOK-
pUTTIB Ha MeTaneBmx MOBepPXHSX mMeTogomMEEJ] 6a-
ratTo B 4YOMY TMOB'A3aHO 3 [MMOWNM BUBYEHHAM
BMnvBY ©a3oBOro cknagy i CTPYKTypu eneKkTpoaHUX
MartepianiB Ha IHTEHCUBHICTb NEpPEHECEHHSA maTepi-
any i BNacTMBOCTI MOKPUTTIB. ICKpOBMIA po3psa Bia-
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