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PHYSICO-TECHNOLOGICAL ASPECTS OF WORK OF LUBRICANT
FILMS IN THE TRIBOSYSTEM «OVERHEAD LINE - CURRENT
COLLECTOR CONTACT STRIP»

Purpose. The article aimed at comprehensive analysis of the processes occurring in the lubricant films of the
friction surfaces of the tribosystem «overhead line — current collector contact strip» (OLCCCS) and identification of
the features of such systems. Methodology. The systematic analysis was used as the main methodology for studying
the physico-technological aspects of work of the lubricant films in the tribosystem «overhead line — current collector
contact strip». Findings. The theory of electro-friction interaction is now at such a stage that is characterized by
a large amount of accumulated empirical data, hypotheses and models that cannot adequately represent phenomena
in a sliding, high-current electrical contact. The sliding electrical contact of the tribosystem «overhead line — current
collector contact strip» during the operation is affected by many factors, one of which is the processes in the lubri-
cating layers of the friction pair. The work leads to a new level of understanding of the peculiarities of the processes
occurring in the lubricating layers and their effect on the work of a sliding, high-current electrical contact, which can
become the guarantee of significant increase in the efficiency of such systems and, as a consequence, substantially
increase the reliability and safety of the work of the electric stock. Originality. It is proposed to consider the pro-
cesses of electro-friction interaction of electrical contacts from the position of synergy using the theory of fractals as
the core one for the quantitative description of self-organizing structures. Practical value. Taking into account the
empirical experience of operation of the tribosystem «overhead line — current collector contact strip» in combination
with theoretical knowledge allows us to propose three possible directions for solving tribological problems in high-
current sliding electrical contacts. They are: 1) change in contact geometry and surface topography, for example, the
use of regular macrorelief of contact surfaces; 2) development of conductive composites which are characterised
with self-lubrication, for example the use of composite materials containing solid conductive lubricants; 3) devel-
opment of effective lubricants for electric high-current sliding contacts, which may require some complication of the
component design.

Keywords: contact pair; current collection; overhead line; wear rate; limit friction; contact transient resistance;
current collector contact strip

exposed to multiple sliding friction, heating, ero-
sion, etc., which makes the evolution of the contact
quite complicated. An important role in the sliding
contact operation is played by the antifriction lu-
brication.

Introduction

The «current collector — overhead line» system
has an important task of transmitting energy from
the power grid to the vehicle board. Consequently,
a reliable electrical contact between the current

collector and the overhead line is directly related to Purpose

the reliability of operation and the safety of train
movement. During operation, the overhead line
and the contact strip of the current collector are

The main purpose of the work is a comprehen-
sive analysis of the processes in the lubricant films
of the friction surfaces of the tribosystem «over-

doi: 10.15802/stp2018/133323

78

© D. V. Ustymenko, 2018



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpancnopty. Bicauk /IHIIponeTpoBcsKoro

HaLOHAIIBHOTO YHIBEPCUTETY 3alli3HHYHOro Tpancnopty, 2018, Ne 3 (75)

EJIEKTPUYHUI TPAHCIIOPT

head line — current collector contact strip»
(OLCCCS) and the identification of features of
such systems.

Studies aimed at determining the peculiarities
of the processes occurring in the lubricating layers
of the friction surfaces of the tribosystem of
OLCCCS should be considered relevant in scien-
tific and practical terms, since taking into account
these features can provide a significant increase in
the efficiency of tribosystems of this class [3, 4,
14, 15].

Methodology

To achieve the purpose set forth in the work, it
is envisaged to study the physico-technological
aspects of the work of the lubricating layers in the
tribosystem «overhead line — current collector con-
tact strip». The system method is used as the main
methodology.

Findings

The theory of friction and wear of surface lay-
ers under conditions of boundary lubrication was
studied in the works by Kostetsky B. 1. [7],
Bauden F. P. and D. Tabor [5], Kragelskiy I. V. [8]
Ahmatov O. S. [2], Chichinadze A. V. [13].

It is known that the work of sliding contacts is
closely related to friction and wear. Therefore, it is
necessary to consider not only the electrical prop-
erties of the sliding contacts, but also the phenom-
enon of friction and wear. In the general case, if
the two purified surfaces are brought into contact
at the interatomic distance, then the same gravity
forces as in the volume of the material act between
them. Several types of forces can be distinguished:

— ionic bond occurs between anions and cati-
ons that are held by electrostatic forces;

— covalent (homopolar) bond between neutral
atoms is accomplished by overlapping their elec-
tron fields, which leads to the emergence of
a strong bond;

— metallic bond is characteristic of all metals
and is due to the presence of electrons, which
move freely between the ion lattice sites;

— Van der Walsh bond can occur between any
atoms or molecules due to dipole-dipole interaction.

Each atom in the material volume interacts with
its closest neighbours by means of the above forces.
The specific energy associated with this interaction
is called cohesive energy and it plays an important
role in the processes of friction and wear. Atoms on

the surface have fewer neighbours, respectively,
they do not have bonds outside the body (Fig. 1)
[10]. For this reason, the surface of the solid has
some impractical energy, which determines the
surface's ability to form adhesive compounds.

The presence of surface energy causes the in-
teraction of the surface with the environment (in-
cluding with lubricants), which is called adsorption
and leads to the formation of boundary layers. As a
result of adsorption on the surface there are always
elements of adjacent phases.

Layer thickness

Fig. 1. Energy of boundary layer Us when
contacting two phases 1 and 2, having the surface
energy U1 and U2 (by Kashchev)

Physical adsorption is characterised with Van
der Walsh interaction of adsorbate with the body
surface. The polymolecular adsorption layers
formed on the surface are relatively easily re-
moved.

In the process of chemical adsorption, the ener-
gy of interaction is quite large, and on the surface
there is usually formed a monolayer that is difficult
to remove.

Thus, the adsorption activity of surfaces leads
to the fact that they form a thin boundary layer,
which differs in structure and properties from the
surface (transition) layer of a solid. The physical
state of matter of such a boundary layer may be
different and depends both on the parameters of the
state (temperature, pressure, etc.) and on the nature
of the interaction with the solid phase.

Adhesion of the rubbing surfaces in many re-
spects determines the patterns of friction and wear.
Surface layers undergo various changes during fric-
tion; these changes can be both inverse and irreversi-
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ble, causing wear, seizure and other phenomena.

The primary source of these processes, and in
some cases the main reason, is the stress-deformed
and the thermal state of frictional contact.

Friction in the conditions of boundary lubrica-
tion is accompanied by the formation between the
working surfaces of a thin layer of lubricant, which
acquires the properties of the «third body» (accord-
ing to Kragelskyi 1. V. [5, 8]).

According to DSTU 2823-94, the term «bound-
ary friction» is to be understood as «lubrication in
which conditions of friction and wear of surfaces
moving in relation to one another are determined
by their properties, as well as by the properties of
the lubricant, which differ from the bulk viscosity
of the lubricant material».

The term «lubricating layers» of lubricants still
has no unambiguous interpretation within the lim-
its of DSTU, but in generalized form it is interpret-
ed as follows: the lubricating layers of lubricants
on solid lyophilic surfaces are «quasicrystalline
molecular layers with a multimmolecular epitro-
pon-liquid-crystalline structure» [1].

The lubricant in the boundary layer is aniso-
tropic, so the molecular layers in the tangential direc-
tion slip one relative to the other. In the normal di-
rection to the surface of friction the bearing capacity
of the boundary layer is high and the deformation of
its compression is within the limits of elasticity.

Friction with a semifluid lubricant occurs in the
case of simultaneous action of liquid and boundary
lubrication. The normal load is balanced by the
compression resistance of the lubricant film in
contact spots and the forces of hydrodynamic pres-
sure in the layers of lubrication. The share of the
reaction of boundary or liquid lubricant depends on
the load, the speed of the mutual slip of the surfac-

es, the state of the surfaces, as well as the amount
and viscosity of the lubricant. The hydrodynamic
effect of the lubricant is manifested when it enters
the macrogeometric gap between the friction sur-
faces.

To date, a wide range of models of tribological
systems (friction without transmission of electric
current) has been considered in detail, and a sys-
tem of indicators of contact interaction, as well as
methods for their determination, has been devel-
oped. The geometric characteristics of surfaces are
introduced: macro-deviation, wavelength, rough-
ness, submicroroughness; characteristics of contact
areas — visible, contour, actual; types of contacts —
elastic, elastic-plastic, plastic, etc. [13].

One of the contact elements (overhead line) is
made of metal in the friction pair of OLCCCS, the
main material of the second contact element (cur-
rent collector contact strip) is solid-lubricating
electrically conductive compositions of four basic
types: metal graphite, graphite, carbon graphite and
electro-graphite. Such compositions are characte-
rised with the formation of friction of transferred
films on a metal counterbody.

Experimental studies have shown that the
thickness, composition and structure of the trans-
ferred films are interrelated with the external pa-
rameters of the sliding contact (load, speed), com-
position of the composite, counterbody and the
environment [11]. At the same time, the film de-
termines the mechanism of passing the current,
and, respectively, the electrical characteristics of
the contact, the nature and intensity of heat dissipa-
tion. The film thickness and the degree of coating
of the metal counterbody inequality are, from this
point of view, the most important factors of its
effect, as illustrated in Fig. 2.

Fig. 2. Models of transition layer on the metal surface oxidized when working in pairs
with self-lubricating contact material:
1 — self-lubricating contact material; 2 — transferred material; 3 — film of oxides; 4 — metal; 5 — areas
with tunnel-conductive or destroyed oxide film
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The electric current can be considered as an ad-
ditional external parameter of the tribosystem,
which affects all characteristics of the sliding con-
tact. This effect in many cases is so significant that
the concept of «lubricating action» of electric cur-
rent (reduction of frictional force with increased
current density) and «electrical» wear (excessive
wear of elements of a sliding contact in compari-
son with so-called mechanical wear in the absence
of current) are specially introduced.

In carbon graphite and electro-graphite over-
lays, the increase in the current density, which
passes through the contact, as a result of heat dissi-
pation, reduces the strength of the surface layer
and its shift resistance that results in the effect
similar to the lubricant introduction into the con-
tact. This effect is reversed.

For graphite brushes having a relatively high
(up to 25% by weight) content of non-carbonated
(polymeric) binder, the «lubrication effect» above
a certain critical current density is irreversible and
is expressed rather sharply, since heat dissipation
causes the destruction of the binding material and
composition.

When applying metal-graphite materials with
high metal content (weight percent — up to 90%),
the effect of current density on the friction coeffi-
cient is practically non-existent and only with high
current density (more than 20 A/cm?) the friction
coefficient increases slightly. In such materials, the
amount of transferred material on the counterbody
is insignificant, and the frictional behaviour of
such compositions is close to the behaviour of
metals.

It is difficult to predict the intensity of contact
wear by the current density magnitude due to the
variety of current factors and the complex nature of
their interconnection. The main factors of wear in
the absence of electric sparking and arc formation
are as follows: oxidation of the metal element of
friction pair; growth of adhesion due to the disso-
ciation of films of water or organic matter under
the action of current; oxidation of the composite
element of friction pair and weakening of its
strength; emergence of shock-thermal stresses in a
dynamic contact due to the uneven distribution of
the current density in it [9, 11, 12]. All factors can
act simultaneously and their main root cause is the
heat release on the transient contact resistance. In
the case of sparking or arc formation, the listed

factors are added with electroerosion and emis-
sions of contact material in the arc discharge,
which increase the intensity of wear.

In the contact, the total surface of the section is
divided into many individual spots. In this connec-
tion, when the energy flow passes through such
a surface there is the additional resistance intro-
duced by the violation of the homogeneity of the
flow lines — the constriction resistance. It is added,
in general, with resistance of the films of the fol-
lowing varieties: adhesive films, passive films,
tarnish films (oxide, sulfide), water films, films
from wear products [6].

Each component of the heterogeneity of the
contact zone corresponds to the component of the
total constriction resistance [6]. Holm proposed to
take into account the two components, correspond-
ing to the constriction to the group of spots and
constriction within the boundaries of this group.
For bodies with the same specific resistance p,
which have one group of round, uniformly distrib-
uted spots, the following expression is obtained:

R.=R +R,=p- i+i ,
2na 2a,

M)

where n — total number of contact spots; a — spot
radius; a, — radius of circle encompassing the

contact spots; R;, R, — components of resistance,

which correspond to the constriction of spots and
their groups.
Greenwood [16] clarified the second term of
expression (1):
], )

and it is shown that its value is practically the same
for any placement of contact spots in the general
group.

The Greenwood formula has also been expand-
ed by members that take into account the asym-
metry of the distribution of groups of spots on each
other, as well as the distribution of groups on the
nominal area [18].

In the process of current collecting, the over-
head line and the contact element are heated, with
the importance of the relationship between the
energy of the losses (A)) and the heat dissipation
(Ang) that is released into the environment. With

1 16
—+
2na  3n’a,

RC=R1+R2=p~[
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a certain limit value AA= Al - Ahd, the
preconditions are created, which leads to plastic

deformation of the contact surfaces with
subsequent melting.
r+10°,0nm
30 \\
10 \—-...
0 T —
20 40 60 80 P,N

Fig. 3. Dependence of transient resistance
on the pressing force for different materials

One of the main indicators of the quality of
electrical contact is the drop in voltage AU on it:

AU=1I-r, 3

where | — current through contacts, r — transient
resistance of the contact pair.

Of course, the value of the transient resistance
of the contact pair of OLCCCS is affected by the
contact press; the change of the contact pressure
even within the permissible limits is accompanied
by a change in the transient resistance, illustrating
the dependence on Fig. 3 [11].

Increasing the transient resistance of the contact
pair, for one reason or another, leads to growth of
AA.

An increase in the actual contact area in the
friction pair helps to reduce the transient resistance
r. Thus, using contact resistance and topography
relationship data, we can give recommendations
for constructing contacts, for example, the use of
a regular macrorelief of contact surfaces.

From the standpoint of materials, several meth-
ods are used to improve the reliability of sliding
contacts and their life extension. Common to them
is the use of contact materials with a thin transition
layer, for example the use of composite materials
containing solid electrically conductive lubricants.
The problem of developing lubricants for sliding

contacts with relatively high speeds is currently not
resolved.

The theory of electro-friction interaction is now
at such a stage that is characterized by a large
amount of accumulated empirical data, hypotheses
and models that cannot adequately represent phe-
nomena being studied. To date, the theory of self-
organized systems — synergetics and the theory of
fractals — self-similar evolutionary structures are
rapidly developing, which are not described within
the framework of Euclidean geometry.

Synergetics studies the processes of self-
organization, stability and decay of structures of
different nature, which are formed in open sys-
tems, an ordered state associated with the coordi-
nated behaviour of subsystems. This leads to the
formation of organized structures as a result of the
exchange of energy and matter with the environ-
ment, when the equilibrium between production
and reduction of entropy is established. The theory
of fractals is the basis for the quantitative descrip-
tion of self-organizing structures [17, 19].

Originality and practical value

So far there is no single point of view concern-
ing the problem of the mechanism of transmission
of electric current through a sliding contact.

The qualitative development of the theory of
electrical contacts can give consideration to the
processes of electro-friction interaction from the
position of synergy and the theory of fractals.
Since the sliding electric contact is an open system,
and in the transition layer, the evolutionary pro-
cesses of the origin and collapse of conductor clus-
ters take place.

In the technological aspect, three main direc-
tions of solving tribological problems in electrical
contacts can be distinguished: change in contact
geometry and surface topography; development of
conductive composites for which self-lubrication is
characteristic; development of effective lubricants
for electrical contacts.

Conclusions

The work leads to a new level of understanding
of the peculiarities of the processes occurring in
the lubricating layers and their influence on the
work of the moving electrical contact.
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Consideration of the processes of electro- tures, will contribute to the qualitative develop-

frictional interaction of sliding contacts from the ment of the theory of electrical contacts, which in
position of synergetics, where the theory of fractals practical terms can ensure the significant perfor-
is the basis for the quantitative description of struc-  mance enhancement of such systems.
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®I3MKO-TEXHOJIOITYHI ACHEKTH POBOTH 3MALLLYBAJIbHHAX
IIIAPIB Y TPUBOCUCTEMI «kKOHTAKTHHUM ITPOBI/I - KOHTAKTHA
BCTABKA CTPYMOIIPUNMAYA»

Merta. ['osi0BHOIO MeTOIO pOOOTH € BCceOIUHMI aHali3 MPOLEciB, 10 Bi0yBalOThCs B 3MAIyBaIbHUX IIapax Mo-
BEPXOHb TEPTSI TPUOOCHCTEMHU «KOHTAKTHHUI MPOBiI — KOHTAaKTHA BcTaBka crpymonpuiimada» (KIIKBC) ta BusB-
JIEHHSI 0COOJIMBOCTEH, XapaKTEepHUX JJIs CUCTEM LbOro kiacy. Meroamka. [t BUBYEeHHs (Di3MKO-TEXHOJIOTTYHUX
aCIIeKTiB POOOTH 3MallyBaJIbHUX IIApiB y TPHOOCUCTEMI «KOHTAKTHHH NPOBIJ — KOHTAKTHA BCTaBKa CTPYMOIPHIA-
Mada» B SKOCTI OCHOBHOI METOJOJIOTI] 3aCTOCOBY€EThCS CUCTEMHUI aHaii3. Pe3yabTaTu. Teopis enexTpoppukiiii-
HOi B3aeMoIii 3apa3 mepedyBac Ha TaKOMY €Talli, SKAH XapaKTePHU3YEThCS BEJIMKOIO KUNBKICTIO HArpoOMaKCHHUX
EeMITIPUYHMX JaHUX, TIIOTE3 1 MOJeINeH, KOTpi HE MOXKYTh a/IEKBaTHO MPEACTABUTH SBHIIA B KOB3HOMY CHIBHOCTPY-
MOBOMY EIEKTPHIHOMY KOHTaKTi. KOB3HNMII eNeKTpHIHMI KOHTAKT TPUOOCHCTEMH «KOHTAaKTHUH MPOBiA — KOHTAKT-
Ha BCTaBKa CTPYMOIIpHIMaday MijJ yac eKCIUTyaTallii miIgaeThCs BIUIUBY 0aratbox (akTopiB, OMHHUM i3 SIKUX € MPO-
LlecH B 3MAllyBalbHUX IIapax napu TepTs. Po3yMiHHS 0cOONMBOCTEH MPOIECIB, IO MPOTIKAIOTh B 3MAlyBaJILHUX
miapax, Ta iX BIUIMBY Ha pOOOTY KOB3HOTO CHJIBHOCTPYMOBOI'O EJIEKTPHYHOTO KOHTAKTY MOXKE CTATH 3alOpPYKOIO
3a0e3MneueHHs] CYTTEBOTO IMiIBUIICHHS MPAIE3aTHOCTI TAKUX CHCTEM 1, SIK HACIHIJOK, CYTTEBO MiJBUINUATH HaJlii-
HiCTh 1 Oe3neky poOoTH enekTpopyxomoro ckiany. HaykoBa HoBu3Ha. [IponoHyeThCS pO3IiIsgaT NPOLECH €JIeK-
TPOPPUKIIMHOT B3a€EMOJIT ENEKTPUYHUX KOHTAKTIB 3 TO3MUILIi CHHEPIeTHUKH, 3aCTOCOBYIOUM TEOpilo (pakTaliB
B IKOCTI ©a30BOI ISl KUIBKICHOTO OIHCY CTPYKTYp, 110 caMoopraHizytorscs. [IpakTuyHa 3HAYUMicTh. YpaxyBaH-
HSl EMITIPUYHOTO JIOCBIAY EKCIUTyaTalii TPHOOCHCTEMH «KOHTAKTHHUHM MPOBIJ — KOHTAKTHA BCTaBKa CTPyMOINpHiMa-
Ya» B HOEJHAHHI 3 TEOPETHUHIMH 3HAHHSIMH JIO3BOJISIE 3aIPOIIOHYBATH TPH MOJIMBUX HANpPSIMKU BUPILICHHS TPH-
00JIOTIYHHX POOIIEM Y CHIIFHOCTPYMOBHX KOB3HHX €JICKTPUYHUX KOHTaKTax. A came: 1) 3MiHy reoMeTpii KOHTaKTy
it Torrorpadii MOBEpXOHB, HAIPUKIIA]], BAKOPUCTAHHS PErYISIPHOTO MaKpOpense]y MOBEPXOHb KOHTAKTY; 2) PO3pO-
OKy €JEeKTPONPOBITHAX KOMIIO3UTIB, UM SIKHX XapaKTEpHE CaMO3MAllyBaHHS, HAIPUKIAJ, BUKOPHCTAHHSI KOMIIO-
3ULIHHIX MaTepiatiB, IO MICTATh TBEP/i €IEKTPOIPOBIIHI MacTmia; 3) po3poOKy e(peKTUBHUX MACTHII IS €JICKT-
PUYHHX CHIIBHOCTPYMOBHX KOB3HHX KOHTAKTIB, III0 MOJKE MOTPEOYBATH NESIKOTO YCKIaTHEHHS KOHCTPYKIIi By37a.

Kniouosi crosa: KOHTaKTHA Napa; CTPyMO3HIMaHHS; KOHTAaKTHUI NPOBi; IHTEHCUBHICTD 3HOLIYBAaHHS; TPaHUYHE
TEPTsI; NePEXiAHUH OIip KOHTAKTy; KOHTAKTHA BCTABKa CTpyMOINIpHiMaya
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nopta nMeHH akanemuka B. Jlazapsna, yn. Jlazapsna, 2, {uaunpo, Ykpauna, 49010, ter. +38 (056) 373 15 47,
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PU3UKO-TEXHOJTOI'MYECKHUE ACIIEKTBI PABOTbBI CMA30OYHbIX
CJIOEB B TPUBOCUCTEME «KOHTAKTHbBIA ITPOBO/JI -
KOHTAKTHASA BCTABKA TOKOIIPUEMHUKA»

Hensn. ['maBHO# 1eNBI0 PabOTHI SBJISETCSI BCECTOPOHHUI aHATH3 MPOIIECCOB, MIPOUCXOIAIINX B CMa30YHBIX CIIO-
X MOBEPXHOCTEN TPEHUS TPUOOCUCTEMBI «KOHTAKTHBIN TPOBOJ — KOHTAKTHAsI BCTaBKa Tokonpuemunka» (KITKBT)
U BBISBJICHHUE OCOOCHHOCTEH, XapaKTEpHBIX JUIS CHCTEM 3Toro kiacca. Meromumka. [Ipu wm3ydyenuu ¢usmko-
TEXHOJIOTUYECKUX ACTICKTOB Pa0OThI CMa30YHBIX CIIOCB TPHOOCUCTEMBI «KOHTAKTHBIN MPOBOJ] — KOHTAKTHAS BCTABKA
TOKOIPUEMHHKA» B KAa4€CTBE OCHOBHOM METOJOJOTHMU NPHUMEHSETCS CUCTeMHBIM aHanu3. Pedyawrartbl. Teopus
ANEKTPOPUKIIMOHHOTO B3aMMOJCHCTBHS ceidac HaXOAWTCS Ha dTare, XapaKTepu3yeMoM OOJIBIINM KOJIWIECTBOM
HaKOTJICHHBIX SMIIMPUYECKUX NAaHHBIX, THIIOTE3 M MOJeNeil, KOTOphIe He MOTYT aeKBaTHO MPEICTaBUTH SBJICHUS B
CKOJIB3AIIEM CHIIFHOTOYHOM DJIEKTPUYECKOM KOHTaKTe. CKONB3AMMNA DICKTPUISCKANH KOHTAKT TPHOOCHUCTEMBI
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EJIEKTPUYHUI TPAHCIIOPT

«KOHTAaKTHBII MPOBOJ — KOHTAKTHAas BCTaBKa TOKONPHEMHUKA» B MPOLECCE IKCILTyaTalluU MOJBEpraercs: BO3JAeH-
CTBHIO MHOTHX (DaKTOPOB, OJJHUM M3 KOTOPBIX SIBJISIOTCS MPOLECCH B CMAa304HBIX CIIOSX Mapsl TpeHus. [lonnmanne
0COOEHHOCTE MPOIECCOB, MPOTEKAIOIINX B CMa30UHBIX CIOSX M MX BIMSHHS Ha paboTy CKOJB3SIIEr0 CHIILHOTOY-
HOTO 3JIEKTPUYECKOTO KOHTAKTa, MOXKET CTaTh 3aJOTOM OOECHEUEeHNUs CYIIECTBEHHOTO MOBBIMIEHUS pabOTOCIOCO0-
HOCTH TAaKHX CHUCTEM M, KaK CIEJCTBHE, CYIIECTBCHHO IIOBBICUTh HA/IEKHOCTDh M 0€30MaCHOCTh PabOTHI INIEKTPOIIO-
IBIDKHOTO coctaBa. HayuHas HoBu3Ha. [Ipeanaraercs paccMaTpuBaTh MPOLECCH MEKTPO(MPUKIIMOHHOTO B3aHMO-
JEUCTBHSA IEKTPHIECKUX KOHTAKTOB C MO3UIMH CHHEPTETHKHU, MPUMEHSS TeOpuio (PpakTanoB B KadecTBe 0a30BOI
JUTSl KOJTMYECTBEHHOTO OMHICAHMS CaMOOPTaHU3YIOINXCS CTPYKTYp. IIpakTHYeckasi 3HAYMMOCTh. YUET SMIUpHIC-
CKOTO OIBITa 3KCIUTyaTalluy TPHOOCUCTEMBI «KOHTAKTHBIN NMPOBOJ] — KOHTAaKTHAs! BCTaBKa TOKOIIPUEMHHUKA» B COYeE-
TaHWU C TEOPETUUECKMMU 3HAHMSMU MO3BOJISIET MPEJUIOKUTH TPH BO3ZMOKHBIX HAIPABIICHUS! PELICHUs] TPUOOJIOTH-
YEeCKUX NPOOJIeM B CHIBHOTOYHBIX CKOJIB3SALIMX JJIEKTPUUECKHX KOHTaKTaX. A MMEHHO: 1) U3MEHEHHEe reOMETPUH
KOHTaKTa W ToIorpauu MOBEpXHOCTEH, HANpHMeEp, MCIOJIB30BAHUE PETYISIPHOTO Makpopeibeda MmoBepxHOCTei
KOHTaKTa; 2) pa3paboTKa JIEKTPONPOBOIIIIUX KOMIIO3UTOB Ul KOTOPBIX XapaKTepHO CaMOCMa3bIBaHME, HaIpH-
Mep, UCIOIb30BaHUE KOMITO3UIIMOHHBIX MaTepHUaoB, COAEPIKAIIUX TBEPJIbIe JIEKTPONPOBOASIIINE CMa3Ky; 3) pas-
paboTka 3(pGEeKTUBHBIX CMa30K [UISl AJIEKTPUUECKUX CHIIBHOTOYHBIX CKOJIB3SIIUX KOHTAKTOB, YTO MOXET HNOTpeDo-
BaTh HEKOTOPOTO YCIIOKHEHUSI KOHCTPYKIIHH y3I1a.

Kniouegvie cnosa: KOHTaKTHas Mapa; TOKOChEM; KOHTAKTHBIH POBOJI; HHTCHCUBHOCTh U3HOCA; MPEAEIBHOE Tpe-
HHE; TIEPEX0AHOE CONMPOTHBIICHNE KOHTAKTa; KOHTAKTHAs! BCTABKA TOKONIPHEMHHNKA
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