
HIGH-VOLTAGE INSULATOR AND HIGH-VOLTAGE ELECTRIC POWER LINE USING SAID
INSULATOR FIELD OF INVENTION 5The present invention relates to high-voltage insulators which
can be used for securing high-voltage conductors in electrical plants or in aerial electric power lines
and power networks. The present invention also relates to high-voltage electric power lines (HEPLs)
employing such insulators. 10 BACKGROUND ART There is known avoltage support insulator
comprising an insulating ribbed core (in particular, made of porcelain) having sheds and, at its ends,
metal flanges serving for fixation of the insulator to a high-voltage conductor and to a support structure
(cf. High voltage techniques. Ed. D. V Razevig, Moscow, "Energiya" Publishing House, 1976, p. 1578).
the prior art insulator consists in that, in. an. instance of a lightning overvoltage a flashover of an air
gap between metal. flanges takes place,          and then under the influence of an operational
frequency voltage that is applied the high-voltage conductor the flashover transforms into a power arc
of the operational 20 frequency, which can damage the insulator.        There is further known a
technical solution, aimed at protecting the above-described insulator from such a power arc, This
solution consists of using so-called protective :taps (see "High voltage techniques". Ed. D. V. Razevig,
Moscow, "Energiya" Publishing House, 1976, p. 287) that are formed with the use of metal rods, that
are  25 electrically connected. parallel to the insulator, with spark air gaps formed between the rods.
The length of each of the spark gaps is less than a leakage path along the insulator surface, and less
than, a length of the flashover across air. Therefore, in an instance of the overvoltage, the flashover is
formed not across the insulator, hut across the air gap between. the rods, so that the power arc of the
operational frequency burns between the rods, and not  30 across the insulator surface. A drawback of
the insulator employing such protective gap consists in the fact that the flashover across the gap
results in a short circuit of the connected power network, which necessitates the emergency shut-down
of the high-voltage plant that contains the specified insulator.  



2       There is also known an insulator string comprising two insulators which have rods fixed on their
metal connecting teiminals as protecting means against the are formation. Such an insulating string,
in. contrast with the above-described insulator, additionally comprises a third intermediate rod
electrode secured to a metal link in form of a length of 5 chain between the insulators (see, for
example, US patent No. 4,665,460, HO 1T004/02, 1987). Thus, in such an insulating string, instead of
a single spark air sap, two such saps are formed. This feature made it possible to improve somewhat
arc quenching ability of the insulator string equipped with the arc-protecting rods and to ensure the
quenching of moderate follow currents (of the order of tens of amperes) in cases of single phase-to- 10
ground short circuits. However, this device is unable to quench currents exceeding 100 A, which
currents are typical for two- or three-phase-to-ground short circuits in lightning overvoltage cases.
From the technical aspects, the closest prior art for the invention is constituted by an insulator which
has a cylindrical insulating core and spiral. sheds. At the ends of the 15 insulating core, first and
second metal electrodes are fixed, while inside the insulating core a guiding electrode is located. This
electrode has a metal protrusion located. in the central part of the cylindrical body that emerges to the
surface of the insulating core and functions as an intermediate electrode (cf. Russian patent No.
2107963, HOI.BI7/14, 1998). In an instance of the lightning overvoltage in such an insulator; discharge
develops across the 20 surface of the cylindrical insulating core, along a spiral path from said first
metal electrode through the intermediate electrode to said second metal. electrode. Due to the
increased length. of the flashover path, a power arc is not formed by the operational frequency
voltage, and therefore, the electric plant that contains the insulator continues functioning without
shutting down. Thus, in addition to its primary function, such an insulator also 25provides lightning
protection, i.e. functions as a lightning arrester.        However, effectiveness of the prior art insulator as
the lightning arrester is limited for the reason that, in cases of substantial atmospheric pollution and/or
moisture accumulation, as well, as in cases of large overvoltages (exceeding 200 kV), the discharge
does not develop alon.g the long spiral path, but along the shortest trajectory, with a 30 breakdown of
air gaps between. sh.eds. in such instances, the insulator loses' its ability to function as the lightning
arrester because, same as in a conventional insulator, the flashover in this insulator transforms into a
power arc. In addition, the metal protrusion located in the central part of the insulating core decreases
the leakage path and, therefore,  3 decreases allowable voltage for such insulator. Thus, its
effectiveness as an insulator. Thus, its effectiveness as an insulator is also  limited.       There are also
known various HEPLs employing combinatios of high-voltage insulators (for securing conductors to
supports, such as towers or poles) and lightning arresters for protecting such insulators (cf., for
example, Russian patent No. 2248079, H02H9/06, 2005, assigned to the applicant of the present
invention). In particular there are  known the HEPLs comprising the lightning arresters which are
configured as various  impulse arresters and connected parallel to the insulators (see for example, US
5,283,709, H02H001/00, 1994,  and RU 2002126810, H02H9/06, 2004). 



As for the closest prior art for the proposed technical soulution, the HEPL that may be indicated is
disclosed in Russian patent No. 2096882, H02G7/00, 1997 (assigned to the applicant of the present
invention). The prior art HEPL comprises supports, insulators        If the impulse arresters are properly
selected and connected, the prior art HEPL ensures a highly reliable lightning protection. However, a
necessity to use a large number of e impulse arresters substantially increases the complexity of the
HEPL, with a corresponding increase of manufacturing and assembling costs, DISCLOSURE OF THE
INVENTION An embodiment of the present invention seeks to develop a high-voltage insulator of
moderate manufacturing and operational costs capable of reliably and effectively performing the
functions of an insulator and a lightning arrester. Configured in this way, the insulator of the present
invention will be applicable for securing power line element operating under a high voltage, for
example high-voltage HEPL conductors, as well as wires or cables in electrical substations and in
other electrical equipment.       Correspondingly, another embodiment of the present invention seeks to
develop a high-voltage electric power line (HEPL) with improved technical and economic
characteristics, namely high functional reliability when operating under lightning overvoltages and a
simplified design (with a corresponding lower cost) in comparison with  4 prior art HEPTs. Another
technical outcome of an embodiment of the present invention is the improvement of power
transmission reliability.        According to a first aspect of the present invention, there is provided a
high-voltage insulator for securing, either as a single insulator or as a component of an insulator stack
or string, as well as a high-voltage conductor in an electrical installation or in an electric power fine.
The insulator comprises an insulating core and a fixing device consisting of first and second fastening
elements, said fastening elements are located at the opposite ends of the insulating core. The first
fastening element is configured to connect, either directly or via connecting means, to the high-voltage
conductor or to the second fastening element of the preceding high-voltage insulator of said insulator
stack or string. The second fastening element is configured to connect either to supports of the power
line or to the first fastening element of the subsequent high-voltage insulator in said insulator stack or
string. The insulator of the invention is characterized in that it additionally comprises a multi-electrode
system (MES) consisting of m on >5) electrodes mechanically connected with the insulating core. The
MES electrodes are located between the ends o insulating core and under the impact of a lightning
overvoltage are configured to form an electric discharge between ing element and an electrode or
electrodes adjacent thereto, between the adjacent electrodes, and between the second fastening
element and an electrode or electrodes adjacent thereto. The insulator also comprises means for
compensating the reduction of the insulator creepage distance caused by the multi-electrode system.
Distances between adjacent MES electrodes, i.e. lengths g of the spark discharge gaps, are selected
based on the required breakdown voltage value for these gaps. More specifically, the selected lengths
may be in the range of 0.5 mm to 20 mm, depending on the voltage class of the insulator and on its
intended use, as well as on the type of overvoltages to he dealt with when using the insulator induced
overvoltages or overvoltages resulting from a direct lightning strike). For a wide range of practical
applications of the i ivention, the preferable value of g corresponds to a few millimeters.        The
number in of MES electrodes is determined by taking into consideration a number of factors, including
the insulator voltage class and the intended application of such an insulator, as well as the type of
overvohages insulator will be handling, the range of currents in the power are following the
overvoltage, and conditions for quenching such are conditions are described, for example, in RU
2299508, H021-13/22, 2007). As will be explained below, it is advantageous to make a minimal
number of the electrodes to be equal to 5, whereas, in instances of high currents in the arc, the total
number of  5 electrodes in the insulator of the invention may be increased to 200 and more. However
(as it should be evident to persons skilled in the relevant art), introducing a a large number of the
electrodes to the insulator will result in. a substantial decrease of the insulator's creepage distance,
causing a substantial deterioration of its insulating properties, including 



5a decrease of a allowable maximal voltage at which the insulator may be employed.       In order to
avoid undesirable consequences of introduction of the MES that contains a large number of the
electrodes, it is proposed that the insulator be provided with. additional means that would compensate
shortening of the insulator creepage distance caused by the MES. The compensating means are
preferably configured with the leakage 10 path along an insulating surface at least between a part of
the electrodes (forming pairs of adjacent electrodes, where 3 < k<in - 0, with the length of said leakage
path exceeding the length of the air discharge gap between said adjacent electrodes and the length of
one of the specified electrodes. The scope of the invention encompasses a number of embodiments of
compensating means. Selecting a particular value for lc and a specific 15 embodiment of said means
should be made depending on the employed. high-voltage insulator and on its specific functioning
conditions.       According to one example embodiment of the present invention., the MES electrodes
have a I-shaped profile. In other words, each electrode is provided with a narrow leg, by which it is
attached to the insulating core, and with a wi.de beam oriented 20 towards the adjacent electrode. The
compensating means in this embodiment are constituted by parts of the insulating core enclosed
between the legs of the electrodes and by air gaps between the electrodes.        In an alternative
embodiment, the electrodes are embedded in the. insulator, while the compensating means are
formed by a layer of an insulating material separating the 25 electrodes from an insulator surface, and
by cuts (i. e, shaped as sli.ts or circular apertures) formed between the adjacent electrod.es and.
reaching the insulator surface. In order to increase a creepage distance along the insulating surface
between the adjacent electrodes, a depth of each cut preferably exceeds a depth at Which the
electrodes are embedded. With the same purpose the distances between the opposing sides of the
segments of cuts, which 30  are located deeper than the electrodes, should preferably exceed the
width of the cuts near the. insulator surface, i.e. make cuts with the width varying in a radial direction.
Alternatively, compensating means can be configured with at least one of the insulating elements
located on the insulator surface (for example, on the surface of the  6 insulating ore). The single inscut
or each of theu0 elements shall be located in such a way as to spatially separate the electrodes from
the insulator surface. According to one embodiment, each insulating element carries a single
electrode, so that in this embodiment there are in insulating elements shaped as projections from the
insulator surface. In other embodiments,one or more, in a general case n. insulating elements can he
shaped as one or more of the spiral insulating sheds projecting from the surface of the insulating core.
Eelectrodes can be arranged on one or more insulating sheds and/or on remaining (separate)
insulating elements (i.e. with each remaining insulating element carrying a single electrode). In the
latter case, the maximal total number of the insulating elements is in + n.        If at least one spiral
insulating shed is used for carrying one or more of the electrodes, the electrodes are arranged on the
end (or front) surface of said at least one singular or multiple spiral insulating shed. In this case, a cut
in the insulating shed. should be preferably formed between each electrode pair. 



An embodiment of the present invention can be implemented using various types of insulators,
including insulators having insulating cores of substantially cylindrical shape or shaped as a truncated
cone or a flat disk. If the insulator of the invention has the disk-shaped insulating core with at least one
insulating shed, said shed is preferably made projecting from a lower (bottom) disk surface.
According to a second aspect of the present invention, here is provided a high-voltage insulator for
securing, either as a single insulator or as a component of an insulator stack or of an insulator string,
as well as a. high-voltage conductor in an electrical installation or in an electric power line. The
insulator comprises an insulating core and a fixing device consisting of a first fastening element and a
second fastening element, said fastening elements located at the opposite ends of the insulating core.
The first fastening element is configured to connect, either directly or via connecting means, to the
high-voltage conductor or to the second fastening element of the preceding high-voltage insulator in
said insulator stack or string. The second fastening element is configured to connect to the support of
the power line or to the first fastening element of the subsequent high-voltage insulator of said
insulator stack or string. The insulator of the invention is characterized in that it additionally comprises
a multi-electrode system (MES) consisting of in > ) electrodes that are mechanically connected with
the insulating core  7 and arranged so as to support a formation ac an electric discharge between
adjacent IVIES electrodes, The MES is arranged at a righ insulator leakage path, along one or more of
equipotential lines of electric field of the operational frequency surrounding the insulator. The insulator
further comprises a first and a second linking electrodes, Each of 5  these :first and second linking
electrodes is spatially separated from the insulating core by an air gap and is electrically connected by
its first en.d, galvanically or via an air gap. respectively with the first fastening element and with the
second .fastenin.g element, and. by its second end via an air gap respective).y with the first end and
with the second end of the MES. 10hr an instance of the overvoltage, a high voltage potential is
applied, via the first linking electrode, to one end of the MES (that is to one of its endelectrodes), while
a low potential is simultaneously applied, via the second linking electrode, to the other end of the MES.
The location of the MES being perpendicular to the electric field of opeiati.on.ai 15  frequency, i.e.
perpendicular to the insulator's leakage path trajectory, practically does not reduce the creepage
distance. Therefore, the installation of the MES in this basic embodiment does not require any means
to compensate a reduction of the creepage distance, which makes it possible to provide a low cost
insulator while ensuring high reliability of its operating both as an insulator and as a lightning arrester.
20If the insulator has a conical insulatin.g core, the f\CtES should be arranged on the bottond (flat)
surface of said body (insulating core). If (he disk insulator (also termed as a cap and pin insulator) is
formed with concentric sheds on the lower side of the disk-shaped insulating core, it is feasible to
arrange the NIES along the periphery of the insulating core. However, the MES should preferably be
located on one of the bottom (fiat) surfaces of said 25sheds.          an. alternative insulator
embodiment, the MES consists of at least two sections arranged along at least two equipotential lines,
the lines being mutually spaced in a direction oriented at the right angle to the insulator leakage path.
These IVIES sections are interfaced by means of interfacing electrodes located, at the ends of said
sections and are 30  not connected with fastening elements of the fixing device. Pairs of the interfacing
electrodes are interconnected galvanically or via an air aap. For im.plementing :this embodiment, an
insulator with a conical insulating core can also be employed. However, in this case it is advantageous
to use a disk insulator with concentric sheds on. the lower side  8 



of the disk-shaped insulatingThen each section of the MES can he arranged on the end surface of one
of the concentric sheds.        According to a third aspect of the present invention, there is provided a
high-voltage electric power line (HEPL) comprising supports, single insulators and/or insulators
assembled in insulator stacks or strings, and at least one high-voltage conductor connected directly or
via coupling means to the fastening elements of fixing device comprised of said single insulators
and/or to the first insulators of the insulator stacks or strings. Each single insulator or each insulator
stack or string is fixed at one of the supports by means of a fastening element of its fixing device that is
adjacent to said support. At least one of the insulators employed in the HEPL is the insulator according
to any of the above-described embodiments, Thus, the above-specified object of improving functional
reliability when functioning under lightning overvoltaties, with a simultaneous simplification of the HEPL
design, is achieved due to the fact that at least one insulator (preferably at least one insulator per each
support of the HEPL) performs, in addition to its basic functions, also the lightning protection function,
so that there is no need to employ lightning arresters. BRIEF DESCRIPTION OF THE FIGURES
Reference will now be made to the accompanyings wherein:        FIG. I shows, in an axial section, the
first embodiment of the insulator with a spiral shed and with electrodes in the form of T-shaped metal
plates; FIG. 2 is a cross-sectional view of the insulator shown in FIG. I;        FIG. 3 shows, in an axial
section, the second embodiment of the insulator with a spiral shed and with electrodes shaped as
short metal cylinders that are embedded in the shed; FIG. 4 is a cross-sectional view of the insulator
shown in FIG. 3;        FIG, 5 is a partial enlarged cross-sectional view of an embodiment of e spiral
shed of the insulator shown in FIGS. 3 and 4;        FIG. 6 is a partial enlarged cross-sectional viewof
another embodiment of the spiral shed of the insulator shown in FIGS. 3 and 4;        FIG. 7 is a front
view of a rod insulator with insulating elements arranged on the surface of its insulating core;  9
FIG. 8 is a partial enlarged cross-sectional view along a line of the electrodes of the insulator shown in
11.G. 7;        FIG. 9 is a front view, partially in section, of a disk insulator with spiral sheds on the lower
side of a disk-shaped insulating core; 



5FIG. 10 is a bottom. view of the insulator shown in FIG. 9;       FIG. II is a partial enlarged
cross-sectional front view of the insulator shown in FIGS..9 and 10; FIG. 12. shows, in a front
cross-sectional view, thesame part of the sulatt as in 10FIG. 13 is a front view of a conicalented, for
clarity, transparent pans) with intermediate electrodes arranged along a lower edge of an insulating
core; FIG. 14 is a bottom view of the insulator shown in FIG. 13; FIG. 15 is a perspective view of
insulators of the invention (presented., for clarity, 15as having transparent parts) constituting a part of
an insulator string for a TIEPL; FIG. 16 is a front view, partially in: section, of a disk insulator with
concentric sheds on the lower side of a disk-shaped insulating core; FIG. 17 is a bottom view of the
ins.ulator shown in FIG. .16;          FIG. 18 is a simplified partial view of an embodiment of a KEPT. of
the invention, 20FIG. 19 is a simplified partial view of another embodiment of the HEN.... of the
invention. BEST MODE FOR CARRYING OUT THE INVENTION FIGS. 1 and 2 show a single
cylindrical support insulator 100 made of a hard 25 dielectric (such as porcelain) and having a
cylindrical insulating core 2 with a spiral insulating shed 3. The insulator is used for securing a
high-voltage conductor (a conductor subjected to a high voltage) I., for example, in a HEPL of the type
illustrated in FIG, 18. With the aid of a metal fixing device that consists of a first (upper) fastening
element (not shown) and. a second (lower) fastening element 15 the insulator is connected
respectively 30with a high-voltage conductor I and with a grounded conductive support 16 (see FIG.
18). 



According to a first main embodiment of the invention, the insulator additionally comprises a
multi-electrode system (MES) consisting of m electrodes S. The minimal valu.e for in can be
appropriately determined according to a principle that is worked out for of a  10 lone-flashover arrester
of loop type rated at 10 kAT (T.TAL-10). This arrester; widely employed in high-voltage electric power
lines, is supplied with a MES according 10 teachings of Russian patent No. 2299508, H02143/22,
2007, The operating experience exploiting the LEAL-10 an-ester confirmed that the arrester is capable
to 5 en.sure a reliable lightning protection on condition its MES comprises not less than 1.5
intermediate electrodes, with arc quenching occurring at the moment of a first transition of a follow
current through a zero value. Taking into account that the insulator of the inded to be used. in power
lines that are designed for voltages of 3 kV or the value of in for the insulator shall not be less than 5.
10According to the shown first embodiment of the inventive insulator, the electrodes 5 are fixed to the
external (peripheral) surface of the spiral shed 3. As indicated above, the distances between the
adjacent electrodes 5, i.e. the lengths g of spark discharge gaps, may he selected in a. range of 0.5
ram to 20 ram, with preferable gap values corresponding to few millimeters. In instances when high
impulse discharge voltages (of the order of 100 15 kV and. more) which can occur to the insulator at
instances of the lightning overvoltages, or when it is necessary to quench a discharge channel
immediately after a lightning impulse passes (that is practically without any follow current at We
operational frequency), a required number in of the electrodes 5 may correspond to a hundred and
more. The location of the M.ES end electrodes 5 (first and last electrodes) is preferably selected in 20
such a way that the lengths of the spark discharge gaps between each of these end electrodes and
the adjacent first or second fastening element are equal or substantially equal to g. When a l.arge
enough lightning overvoltage is applied to the conductor breakdown of the air gap occurs between the
first  fastening element (not shown) connected 25 to the conductor 1 for to its coupling means, not
shown) and the first electrode 5 closest to the conductor 1; after that a discharge develops as a
cascade discharge, with sequential breakdowns of the spark discharge gaps between adjacent
electrodes 3 until the discharge reaches the second fastening element 15 connected to the ground
support 16. In this way, the conductor I becomes connected with the ground support 16 by a channel
consisting of 



30 a channel section formed between the first fastening element connected. with the high-voltage
conductor 1 and. the first electrode 5, plus a plurality of short channel segments formed between
electrodes 5, as w section formed between, the last electrode 5 and the second fastening element 15
connected to the support 16.  11        A so-called cathode fall voltage of 50-100 V develops in
proximity of the negatively charged electrode surfaces. In conventional discharge systems consisting
of two electrodes (a cathode and an anode), the effect of the cathode fall voltage is indiscernible
because the total discharge voltage is of the order of kilovolts. However, due to the fact 5 that the
insulator of the present invention is comprised of quite a large number of the electrodes (for example,
for 10 kV voltage class, when the discharge is to be quenched without the follow current of operational
frequency, this number is about 100), the cathode fall voltage plays an important role. In this case, the
main part of the total voltage drop in the discharge across the small gaps between the electrodes
takes place in the cathode 10 region, so that the large part of common energy, which is released from
the discharge channel in the course of the discharge between. the electrodes is released just in this
region. As a result, the electrodes are heated and, in this way, they cool the discharge channels. After
the lightning overvoltage current across the electrodes falls to a zero level, the channel cools quickly,
so that its resistance increases. At the same time, the voltage at the 15 operational frequency still
remains applied to the insulator. However, owing to a large total resistan.ee of the channel 6, the
discharge cannot support itself and so quenches. Therefore, the HEPL using the insulators of the
invention continues to operate without an emergency cut-off. Thus, the high-voltage insulator of the
invention effectively performs a. lightning protection function, while prior art HE,PLs need for this
purpose special lightning arresters 20connected to each insulator.        To ensure that the insulator
according to the invention reliably performs its main, insulating function with an operational frequency
voltage continuously applied to it, even when having pollution and/or moisture on its surface, the
Electrical Installations Regulations (ER) of Russia established a specific effective creepage distance
25 (corresponding to an effective creepage distance of an insulator or an insulator string sufficient to
guarantee its reliable functioning, divided by the largest permissible continuous voltage drop Uper,").
According to the EIR, the value of the specific effective creepage distance (1), which is necessary to
the support insulator strings employed in the HEPL 6-750 kV and for pin-type insulators employed on
metal supports, depends on the 30 type of power line and on the voltage class (as well as on the
degree of pollution) and lie in a range from 1.4 cm/kV to 4.2 cm/kV (see Kuchinsky a S. et al..
Insulation of high-voltage installations, Moscow, "Energoatomizdat" Publishing House, J 987, p. 145).
It follows that the total length Lc - of the leakage path between the conductor 1 and the  12 grounded
(i.e. is connected with the grounded support) fastening element 15 of the insulator shah not be less
than determined according to the following expression: = Upon?, X isp.(1) The total. creepage distance
is the sum of: the length (10) of the leakage path 5  between the first fastening element of the insulator
that is connected with the conductor 1 (or with its coupling means 17) and the. electrode 5 that is
closest to the conductor 1; the length of the leakage path between in electrodes 5 (this length equals
ciii-1,tx /), where beaky is the length of leakage path between. adjacent electrodes 5, see FIGS. 1. and
2); and the length (Leak/0 of the leakage path between the last (ni-th) electrode 5 and the second 



10(grounded) fastening element 15. If ii""ki tie"ko= Ifeat," then (1) may be written as: On 1- 1)11eak0=
LJprrn>< 1 sp(2)       As already mentioned above, the number of in electrodes" is selected to ensure
quenching of the follow current. When. in is known, the. minimal permissible length of the 15leakage
path between two adjacent interm.ediate electrodes 1/""ko can be determined from (2) as fellows: X Is
leakD =P(3) ( m +1)       As may be seen from (3), 4",k0 is determined by the maximal permissible
voltage in the power line,the specific effective creepage distance, 412; and. the number of
20electrodes, in.       In a conventional insulator, the length of an insulator leakage path that is on. a
spiral trajectory along the bottom (flat) surface of the insulating shed 3 exceeds a length of the shortest
leakage path from the conductor 1 to the second fastening element 15 along a spiral formed on the
cylindrical insulating core 2. However, arranging the IVIES electrodes 25  5 on the peripherical surface
of the insulating shed 3 of the insulator 100 results iu shortening the leakage path along the spiral
formed on that surface. If the total number of the electrodes 5 is large, a. length of this leakage path
can become less than that of the above-mentioned shortest leakage path. It may be seen from the
expression (3.) that such situation will result in diminishing the permissible voltage Up""", that is in a
certain 30  deterioration of insulating ability of the insulator 100. To avoid this undesirable
consequence, parts of the electrodes 5 projecting from the shed 3 preferably have; as shown in FIG. 2,
a T-shaped profile, that is each of them has a narrow leg 4, by means of  13 which the electrode is
fixed to the shed 3, and a wide beam. 8. As a result, means for compensating the MES-induced
shortening of the insulator leakage path are constituted in this embodiment of the insulator of the
invention by segments of the spiral shed 3 and air gaps formed between the legs 4 of the electrodes 5.
Further, owing to the legs 4 of the 



5electrodes being narrow, their presence results only in a minor reduction of the total insulating length
of the spiral shed).       With the IVIES electrodes 5 shaped as described, the cree.page distance
Ireako between the adjacent electrodes 5 exceeds a spark discharge gap length g (see FIG. 2).
Therefore, the spiral. path along the cylindrical insulating core 2 (and not along the spiral  10 shed 3)
remains to he the shortest leakage path from the conductor 1. to th.e second fastening element 15. In
other words, the insulator 100 acquires properties of an arrester, while fully conserving its insulating
properties. Moreover, in case of moderate requirements to the insulating properties of the insulator
100, the described T-shape (complicating e electrodes 5) can be imparted not. to all pairs of the
adjacent  15 eLectrodes, but only to a certain number (k) of such pairs, with k value depending on
relationship between the creepage distances along the -insulating core and along the spiral Shed. In
practical situations, an optimal value of K lies in the range 3 < k < m - I.     aining electrodes 5 can
have a more simple and easy to produce shape of plates, bars or cylinders. 20An advantage of the
above-described insulator embodiment consists in that ic can be used in regions with a substantial
atmospheric pollution, because dirt cannot accumulate in the gaps between. the elect  FIGS. 3 and 4
illustrate the second example embodiment of the insulator according invention, the insulator 100 again
having the cylindrical shape with g device  25 consisting of two fastening elements (in FIG. 3 only the
second fastening element 15 is shown), with the spiral shed 3 and with the MES electrodes 5
associated with the Shed. However, in this embodiment the electrodes 5 are formed as short metal
parts of a generally cylindrical shape. In contrast with the preceding embodiment. the MES electrodes
are located, not outside, but inside the insulator 100 (more specifically, inside its  30 spiral shed 3). in
addition, cuts 7, for example shaped as slots having a depth b (exceeding a depth of a location of the
electrodes 5) and a width a > g (g being a width of the gaps between the electrodes) are formed in the
spiral shed 3, so that the electrodes 5 are  14 separated from each other by small spark discharge
gaps g(with gpreferahl.y corresponding to several millimete         As clearly shown (on a larger scale)
in FIG. 5, in this embodiment the compensating means (which increase the creepage distance I),"/0
between the electrodes) 5are constituted by a combination of a layer of a material of the insulating
shed 3, the layer separating electrodes 5 from the surface of the insulating shed 3, and of the cut 7.
This embodiment has an advantage of being easier in manufacturing. In addition, it is possible to
obtain a required ereepaae distance //Emu) simply by varying a depth c of the cut 7, that is a depth of
that pan of the total cut's depth b which is located in a radial direction closer to 10 the insulator axis,
and/or by varying thickness of the material dividing the electrodes from the surface of the shed.
Further, as may be seen from FIG. 5, another possibility of increasing ii-ko consists in making width a
of the cuts 7 larger than g. 



As shown (on a larger scale) in FIG. 6, th.e creepage distance be"hii can be increased also by
appropriately shaping the cuts 7. For example, parts of the cuts 7 located at a larger 15 depth than the
electrodes 5 can have a shape of a circular cylinder or some other appropriate shape for which shape
distances between opposite sides of the cut 7 below the electrodes 5 exceed the cut's width g near the
surface of the shed 3. Evidently, shapes of this type also produce an inreased /leak() and so improve
effectiveness of the means for compensating the reduction of the insulator IOU creepage distance
resulting from the use of 20the electrodes 5,        It shall he further noted that, depending on particular
requirements to the insulator 100 and on a relationship between its other parameters (such. as the
insulating core diameter, the spiral shed total length, etc.), only a part of the cuts 7 can have the
above-described special shapes (that is shapes more difficult to manufacture). Similarly, only a 25part
of the cuts 7 can have the increased, depth. h.        FIGS, 7 and 8 illustrate the third example
embodiment of the insulator according to the invention. IM this embodirn stilator is a rod insulator 10 d
on a support 16 by means of its second fastening element 15 formed as a rod. On the surface of a
hell-shaped insulating core 2, along a spiral line, there are positioned In insulating elements 9. 30 in
this embodiment, the: insulating. elements 9 function as the compensating means lengthening a
leakage path between the electrodes 5, which are fixed inside the insulating elements 9 and project
therefrom. The insulating elements 9, for example, shaped as plates,  15 bars or cylinders, can be
made, for example, from silicon rubber and glued to th insulatin.g core 2.        According to this
embodiment, the electrodes 5 are formed as circular cylinders (i.e. lengths of wire) and are insulated
from each other by small spark gaps g (selected in  5 the range of one to several millimeters). Owing
to the use of the compensating means represented by the insulating elements 9, the creepage
distance tke,k0 of the path between the adjacent electrodes 5 is determined (as shown in FIG. 8) by a
sum, of leak paths along the adjacent insulating elements 9 and a leak path along the insulating core
surface between adjacent elements 9, that is 1kJ tt 2c t- a. In such. design; beam is substantially  10
larger than the length g of the air gap and larger than a length of any of the electrodes 5. Considering
that breakdown strength of the air gap to which an operational frequency voltage is applied
substantial.ly exceeds discharge voltages along a polluted and/or wet insulating surface, mounting the
electrodes on the insulating elements effectively compensates for a reduction of a total creepage
distance along the line of the electrodes 5  15 location and, in this way, prevents any weakening of
insulating properties of th.e insulator while simultaneously improving its characteristics as a lightning
arrester. Th.e above-presented insulator embodiment is of a special practical interest for the reason
that standard, mass-produced rod-type porcelain insulators can be used for its manufacture. However,
a necessity to fix to the surface of the insulating core 2 a large number of  20 the insulating elements
somewhat complicates manufacture of the high-voltage insulator according to the invention. Therefore,
it seems advantageous to combine such elements into a. single elongated insulating element or into a
several elongated insulating, elements projecting from the surface of the insulating core 2. For
example, such elongated element (or elements) can be shaped as a spiral insulating shed (or as n
such sheds). 25The forth embodiment of the insulator according to the invention shown in FIGS. 9 



to 12 corresponds to a modification of a suspension disk insulator and is intended to be used as a
component of a suspension insulator string consisting of similar insulators. On a lower (bottom.)
surface of a disk-shaped. insulating core 2 of the disk insulator 102, there are formed two insulating
spiral sheds. One of them (a shed 10) performs only the  30 insulation function, that :is it serves for
ensuring a required value of a minimal creepage distance in conditions when. the MES is present. In
the body of the second insulating shed (the shed 3) a number of the electrodes 5 are embedded. The
electrodes are divided by cuts 7, which cuts can be shaped as shown in FIGS. 5 and. 6 or,
alternatively, as circular  16 apertures (see FIGS. 10 and 12). In order to increase effectiveness of this
embodiment as the lightning attester, gas-discharge chambers are formed between the electrodes.
When an impulse overvoltage occurs, a discharge will develop from an insulator cap 11 (that is from its
first fastening element) winch is in contact with a line conductor 5 (not shown) or its coupling means, or
with a pin (a. second fastening element) of a preceding insulator of the insulator string) along an upper
surface of the insulating core 2 to the first electrode 5 of the MPS (see FIG, 9). Then (as shown in FIG.
10) the discharge will produce sequential breakdowns of gaps between the electrodes Still it reaches
the pin 12. A direction in which the discharge develops is indicated in FIGS. 9 and 10 by arrows. 10
After a spark channel is created, it develops by widening with an ultrasound velocity. Volumes of the
spark discharge chambers formed between the electrodes 5 being quite small., a high pressure is
created inside them. Under this pressure, spark discharge channels formed between the electrodes 5
are pushed to the insulating core surface and then pushed out into the surrounding air. This pushing
force substantially increases effectiveness of arc 15 suppression in comparison with the embodiments
illustrated i.n. FIG. 1-8. On. the other hand, the cuts in the form of the gas-discharge chambers are
prone to pollution. For that reason, the cuts of this type, when used in the insulator embodiment: of Ha
9, 10, are intended preferably for using in regions characterized by a low atmospheric pollution.
Effectiveness of the insulator according to the first basic embodiment of the 20 invention, that is the
insulator combining both insulating and lightning arrester fun.ctions, was confirmed by comparative
tests. Two insulators for the DC voltage el.ass 3 kV, namely: (I ) a porcelain suspension insulator L
303612 with a spiral shed manufactured by the Czech company Elektroporcelan Lowry a.s., and (2)
the insulator according to the invention were tested. The insulator (2) was produced on the base of the
insulator L 3036- 25 12, by additionally supplying it with insulating elements positioned along the spiral
shed and with a MES. The insulating elements and the electrodes forming the MES were similar
respectively to the elements 9 and. the electrodes described above with references to FIG. 8. More
specifically, sections of 2 mm stainless steel wire cut to the length of 10 tam were used as the
electrodes. They were inserted into the insulating elements of 7 mm length cut 30 from. a silicon
rubber bar h.aving a width. of 10 mm and a height of 8 rum. The insulating elements had a
semi-circular upper part and were glued to the edge surface of the spiral shed by a special silicone
adhesive. Main parameters of both insulators are presented in Table 1.  17 Tableparameters of the e
einsulators 



Parameters Insulator L 3036 12 Insulator of the invention based on L 3036 12 Total length, mm
262262 Length of a porcelain pordon, mm 154 154 Maximal diameter of a spiral shed, mm 125 125 +
2.81=141 Pin diameter, mm7676 Number of turns made by the 6 spiral shed 6 



Mass =10%, kg 3,33,5 Maximal permissible AC voltage, kV 1 Dry weather 95 95  Rain 50 50 Impulse
discharge voltage, 1,2/50 us, kV 170 150 Discharge trajectory [Through air, along the shortest path 



Along a spiral passing through the electrodes I Remaining voltage2, kV - 0 141  Notes: A height of the
insulating elementsating spiral she( was 8 5 mm. (2) Minimal voltage applied to the insulatorits
flashover cau.sedby a lightning impulse. A length of the edge surfaceshed was approximately 2500
mm. The total number of the electrodes was 240. A length g of air gaps between the electrodes was
10  0.5 mm. Thus, a total length of the air gaps corresponded to G = 072+1) X g = (240+1) X 0.5 = 120
mm. According to the above-mentioned Elk, a specific creepage distance /.,7, shall be selected,
depending on a degree of the atmospheric pollution, in the range of 1.4 to 4.2  18 



cmlicV, so that, for the DC voltage class U 3 kV, a creepage distance shall be calculated as L. =U  3
Isp = 3.(1,4  4,2)=7,3  22cm ,       It may be concluded from the above calculations that an introduction
of the MES can shorten the creepage distance to an unacceptable value. However, as was described
5 above, by employing, according to the invention, insulating elements as the means for
compensatin.g the reduction of the leakage path, a creepage distance between adjacent electrodes
will be determined, according to the expression.: 2c + a. In the tested. embodiment, a - c 2.5 mm, so
that //,"ko = 7.5 mm, and the total creepage distance between. the electrodes along the path
corresponding to the spiral shed is L = (in + 0 10= (244E- 1).x.7.5 - 1807.5 mm 181 cm. Thus, the
insulator of the invention has Lv> 111"fr practically for all regions independently of their pollution
degree.       The tests of both insulators were conducted by applying to them the operational frequency
voltage and lightning impulses. The main results of the tests are also presented in Table 1. When only
the. operational frequency voltage was applied, discharge  15 characteristics of both. insulators were
practically identical. This means that the installation of the electrodes did not impair insulating
properties of the insulator for the operational frequency voltage.        Under an impact of the lightning
impulse, a flashover in the prior art insulator forms across the air, along the shortest path, wherein an
oscillograph recording attests that  20 the voltage falls practically to zero level, which means that
resistance of a discharge channel is quite low. After the lightning flash.over forms in such insulator
installed in a power line, a tbRow current will. flow across the flashover channel., which means that a
short circuit of the line has happened necessitating an emergency shutdown of a corresponding
network. 25As for the insulator of the/cation, its flashover develops along a s passing through the
plurality of the electrodes, so that the voltage does not fall to the Zero level. On the contrary, there
remains a substantial voltage of about 4 kV, which voltage exceeds the operational voltage
corresponding to 3 kV. This means that there can be no follow current; in other words, the insulator
effectively performs as a lightning arrester: it  30 shunts off the lightning overvoltage in such a way that
no follow current i.s generated, and so prevents the network shutdown. The above-disclosed
embodiments and modifications ofid the insulator  19 shall be clew to persons sidiled in the an that a
number of changes in the above-presented. examples can be made.       For example, intermediate
electrodes shown in FIGS. 1 and. 2 can have not the 1-shape, but anape, which shape i.s easier to
manufacture. To increase the creepage 



5 distance, side surfaces of the electrodes can he covered by an insulation layer. In the embodiment
shown in FIGS. 9 and 10, the MES can. be installed on both insulating sheds 3 and 10 (instead of only
on the shed 3 as shown in FIGS. 9 and 10). in this case, under the       of the lightning overvoltage,
both MES branches will function, so that the follow current will he divided between them., and it will be
easier to quench this current. Instead 10of a single insulator, i.e. one of the insulators shown in FIGS. I
to 6 and 18, insulator stacks assembled from two or more of such. insulators- can. be used. in.
addition, the              invention can be employed, as a single insulator or as a component of the
insulator stacks (or strings) not only in the HERE,s, but also in. various high-voltage installations,
where it can be used for securing not only various conductors, 15busbars.       In FIGS. 13 and 14 the
second basic embodiment of the insulator o 'the invention is illustrated as an insulator 150 having a
tapered insulating core 21. and a fixing device consisting of the first fastening clement formed as metal
rod 12 and the second fastening element in form. of a cap ii, Insulators of this type have good
aerodynamic properties and, 20for this reason, their pollution, rate is low. Therefore, they can. be used
in regions with high atmospheric pollution levels. Along the lower edge of the ins e, there ar.e located
intermediate electrodes 22 separated by gaps 26 of length g, the plurality of the electrodes forming a
MES 25. The MES 25 covers a large part of the insulator perimeter. The retraining, smaller part of this
perimeter is free from the interniethate electrodes, so that a 25gap 29 of Length G exists between the
ends of the NIES. A first (lower) linking electrode 24    'sociated with one end of the NIES (in FIG. 14
this end is located to the left of the vertical insulator axis). The first linking elecnd.e 24, which is
electrically connected with the uiator rod 12, forms with the first intermediate electrode 22 an air spark.
gap 28 of length 52. A second (upper) linking electrode 23 is associated with another end of the MES
30 25 (in FIG. 14 this end is located to the tight of the vertical insulator axis). The second linking
electrode 24, which is electrically connected with the insulator cap 11, forms with the last intermediate
electrode 22 an air spark gap 27 of length Si.  20       FIG, 15 shows a part of a string 300, the. part
consisting of two insulators 150 assembled by connecting the secon.d fastening element (the cap) 11
of the first (lower) insulator with the first fastening element (the rod) 12 of the second (upper) insulator.
A cap of the upper insulator can he connected with. a FIEPL. support (see FIG. 19) or with a rod of  5
a next (adjoining) insulator (in case the string comprises at least one more similar insulator), while the
rod of the lower insulator is connected with a high-voltage HEPL conductor. For better clarity,
insulating bod.ies of both insulators are represented as being transparent. An overvaltage applied to
the insulator 150 brings a breakdown of the air gaps 27 



10 and 28 (see FIG. 13) so that the overvoltage becomes applied to the MRS 25, where it initiates
sequential breakdowns of the spark gaps 26 between the intermediate electrodes 22. As a result, the
cap 11 and the rod 12 of the insulator 150 become electrically connected via a discharge channel
consisting of a plurality of small sections, and such structure of the discharge is instrumental for its
effective quenching as soon as an  15 overvoltaae current kills to zero. It is worth noticing that the
addition of the MRS of the invention, owing to its location on the lower edge of the insulator, practically
does not change the insulating characteristics of the original, insulator for the reason the MRS i.s ned
along an equipotential concentric lire of the electrical, field surrounding the .atot, which line is
perpendicular to a shortest leakage path. A creepage distance (the  20 distance along the upper and
lower insulator surfaces from the cap 11 to the rod. 12) i.s shortened only by a width of an intermediate
electrode. For example, the PSK-70 insulator has a creepage distance of 310 mm, while a width of an
intermediate electrode amounts only to 5 mm, so that the leakage path is shortened only by 5/310 =
1.6%. This is true even in cases of high contamination and high moisture content, when the
intermediate electrodes  25 22 are interconnected by conductive dirt. The linking electrodes 23 and 24
are located at a distance of several centimeters from the upper and lower surfaces of the insulator
respectively, so that they do not shorten the leakage path across the insulator. A discharge trajectory
across the insulator 150 is indicated in FIG. 13 to 15 by arrows. When the insulator string 300 is
employed, the impact of an oven/oh:age initially causes a breakdown  30 of the spark gaps of the first
(in the instant embodiment the lower one) insulator 1.50 connected to the high-voltage conductor of
the klEPL; after that the overvohage is applied to the second insulator, so that its spark gaps also
break down. In case the string comprises  21 more than two insulators, the described breakdown
process repeated for ach subsequent insulator.       As was explained above, the total number of the
intermediate, electrodes 22 constituting the MES shall be not less than 5"A particular number in of the
intermediate 5electrodes, as well as particular values of lengths g, 0"51, 52, respectively for the spark
s 26 between the intermediate electrodes, the gap 29 between the ends of the MES 25, and the gaps
27, 28 between the linking electrodes 23, 24 and the outermost intermediate electrodes 22 shalt be
selected such that under the impact of the overvoltage the flashover of the insulator 150 develops
according to the above-described scenario, without a 10 flashover of the gap 29. Therefore, a
discharge voltage for the gap 29 shall exceed such voltage for in spark gaps g, which means that the
length Cl of the gap 29 shall substantially exceed the total length of in gaps g (C> g). The lengths SI
and 82 of the gaps 27 and 28 respectively are selected by way of an experiment. nple, conducted
studies and tests have shown thatsubmitted to 15lightning impulses 1.2/50 tts with maximal voltage of
300 kV, the insulator invention (produced on the base of the PSK 70 series insulator with. an insulating
core having a diameter D = 330 mmy ensures the required protection function, when having the
following parameters: G. 90 mm; S./ =52 - 20 mm; g = 0.5 mm and In = 140. 



FIGS. 16 and 17 illustrate an embodiment of the insulator according to the 20 invention based on the
most widely employed, disk insulator with concentric sheds 10 on the lower(bottom) side of a
disk-shaped insulating core 21. Similar to the above-described insulator embodiment illustrated in
FIGS. 13, 14, the insulator 200 shown in FIGS. 16 and 17 comprises a plurality of intermediate
electrodes constituting a MES 25 In this embodiment, the IVIES is divided into three sections 25-1,
25-2, 25-3, with each section 25 located, on the end (lower) surface of one of three concentric sheds
10. However, depending on particular conditions fbr which. the insulator is intended, the conditions
including a predetermined. overvoltage value and a corresponding total number of the .ectrodes 22, a
MES embodiment arranged, for example, only on. a single, outer, concentric insulating shed. or a
MESent d.ivided in two sections 30 arranged. on any pair of the concentric insulating sheds 10 also
can he used. In any case, all intermediate electrodes 22 of the MES 25 in the insulator 200 are also
arranged along equipotential lines of the AC. electric field surrounding the insulator 200, that is along a
line oriented perpendicular to the insulator leakage path. The left en.d (here and below the  22 terms
(deft)) and "right" are used in relation to parts of the insulator shown in FIG. 17) of the first section 25-1
of the IMES 25 installed on the outer concentric shed 10 of the insulator 200 is associated with an
upper. (second) linking electrode 23 connected with an insulator cap II. At the right end of this section
25-I of the MRS (not directly connected to 5 any fastening element), an interfacing electrode 30 is
fixed. At the right end of the ivrEs 25 second section 25-2 (adjacent to said right end of the first MRS
section 25-1) arranged on the middle concentric insulating shed 10, the interfacing electrode 31 is
similarly fixed, with a first spark discharge gap 32 of length 8,, being formed between two interfacing
electrodes 30, 31. One more interfacing electrode 33 is fixed at the left end. of the IMES 10section.
25-2.       In the similar way, another interfacing electrode 34 is fixed at the left end of the third MRS
section 25-3 (adjacent to said left end of the second MRS section 25-2) arranged on the inner
concentric shed 10, with the first linking electrode 24 being associated with the right end of the third
MRS section 25-3. The second spark discharge gap 35 of length  15 5, is formed between the
interfacing electrodes 33, 34, with the si.m.ilar, third spade discharge gap 35 of length 8,, being formed
between the linking electrode 24 and a rod 12 of the insulator 200.          An impact of the overvoltage
initially causes a breakdown of the gap 27 between the upper 'juicing electrode 23 and the outmost left
intermediate electrod.e 22 of the first  20 NIES section 25-1 (see FIG. 17). This breakdown is followed
by sequential breakdowns of all discharge gaps of the first IMES section. After that, lap 32 between
the interfacing esectrodes 30, 31 of the first and the second MES sections 25-1, 25-2 breaks down,
followed by breakdowns of: all discharge gaps of the second MIS section 25-2; the spark discharge
gap 35 between interfacing electrodes 33, 34 of the second and the third MES  25 sections 25-2, 25-3;
all discharge gaps of the third MES section 25-3; and., finally, the spark discharge gap 35 between the
first linking electrode 24 and the rod 12. A flashover path is indicated by arrows in FIGS. 16 and 17.
The cap 11 and the rod 12 of the insulator 200 become electrically connected via a discharge channel
divided into a plurality of small sections, with such discharge structure being instrumental for effective
quenching of the 30discharge after the overvoltage current falls to a zero level as has been described
above. 



The above-described embodiment of the insulator according to the invention with the intermediate
electrodes located on two or more of the concentric insulating sheds is preferable for providing a
largest possible number of the intermediate electrodes with the  23 aim to increase effectiveness of
quenching of overvoltage discharge channels. Owing to that all intermediate electrodes 22 of the MES
25 in the insulator 200 are arranged along the equi.potential lines of the electric 'field of the operational
frequency surrounding the insulator 200, that is at a right angle to the shortest leakage path in the
insulator, the 5 introduction of the MES results in shortening the insulator creepage distance only by a
width of an intermediate electrode multiplied by a number of the MES sections (which number in the
instant embodiment equals 31.        Obviously, in case only two MES sections (for example, the
sections 25-1 and 25- 2) are used, two interfacing electrodes 33, 34 become unnecessary, while the
first linking 10 electrode 24 will be connected with that end of the .MIES 25 which is not connected with
the second linking electrode 23. Similarly, if the MILS 25 is arranged only oil a single concentric
insulating shed 10 (for example, on the outer one), there is no need to use any interfacing electrodes.
In. such. embodiments, the shortening of the insulator creepage distance will correspond respectively
to two widths and to one width of the intermediate 15electrode. Effectiveness of the itording to the
second basic embodiment of the     ntion combining both insulating and lightning protection functions
has been also confirmed by comparative tests. AC voltage class 10 kV have been prepared for such
tests: a suspension glass insulator PSK-70 baying a smooth tapering 20 insulating core, and the
insulator of the invention. The latter insulator was produced on the base of the PSK-70 insulator but
was additionally supplied with intermediate electrodes 22 arranged on the lower edge of the tapering
insulating core in the way similar    scribed, above with references to FIGS. 1.3 to 15. M.2.5 nuts
served as the intermediate electrodes The nuts were glued to the surface of the insulator core by a
special epoxy 25 adhesive. Lengths g of the air gaps 26 between the electrodes (that is distances
between parallel sides of the nuts) were equal to 0.5 nam. The distance between the ends of the MES
(that is the length C of the gap. 29) was 90 Mfil; lengths SI, S2 of the gaps 27, 28 were equal to 20
mm. Other essential insulator parameters are presented in Table 2. 30Table 2. Main parameters of the
tested insulators and test results   



Insulator of the invention based on PSK-70     Parameters Insulator PSK-70             xternal
diame330E334  24 Number in of the intermediate electrodes 0 140 



Maximal usable voltage in rain conditions, kV 40 40 Impulse discharge voltage, L2/50 us, kV 90 70
Discharge trajectory Through air, along the shortest path Through the MES Remaining voTaie"2, kV -
0   Notes: (I.) The nuts affixed to the insulator surface have a thickness of 2 mm.       (2) Minimal
voltage applied to the insulator after its flashover by a lightning impulse. 



5The tests of both insulators were conducted by applying to them. the operational frequency voltage
and l.i.ghtning impul.ses. The main results of the tests are also presented in. Table 2. When. only the.
operational frequency voltage was applied, discharge characteristics of both insulators were practically
identical, This means that thef the 10electrodes di.d not impair insulating properties of the insulator for
the operational. frequency voltage. The insulator of t.he invention has an .pI t70 kV, which is lower
than an impulse discharge voltage (90 kV) for the basic insulator, because the flashover in the
insulator of the invention develops along the MES, and not along the core 15surface as in the prior art
insulator. Therefore, the insulator of the invention can be used as an arrester when connected in
parallel to a conventional insulator.       Under an impact of the lightning impulse, a flashover in the
prior art insulator forms via the air, along the shortest path, wherein an oscillograph recording attests
that the voltage falls practically to zero level, which means that resistance of a discharge channel is 20
quite low. After the lightning flashover forms in such insulator installed in a power line, a follow current
will flow across the flashover channel, which means that a short circuit of the line has happened
necessitating an emergency shutdown of a corresponding network.        As for the insulator of the
invention, its flashover develops along the MES, through the plurality of the electrodes, so that the
voltage does not fall to the zero level On the  25 contrary, there remains a substantial voltage of about
6 kV. At a 11EPL designed for 10 kV nominal voltage, strings of two suspension insulators are used. In
case these insulators are insulators of the invention based on the PSK-70 insulator, a total remaining
voltage will be 6 kV + 6 kV = 12 kV. This value substantially exceeds the largest phase voltage [jig=
Unom 



5 x 1..2/1.73 = 10 x1.2/1.73 -4- 7 kV. This -means that there can be. no follow current; in other words,
the insulator effectively performs as a lightning arrester: it shunts off the lightning overvolta,ge, in such
a way that no follow current is venerated, and so prevents the network shutdown. The
above-presented basic embodiments of the insulator according to the invention 10 and their
modifications were described only to clarify principles of its design and operation. It shall be clear for
persons skilled in the art: that a. number of changes in the above-presented examples can be made.
For example, in order to avoid a displacement of the arc along the linking electrodes, they can be
covered by an insulation layer. In. the embodiment shown in FIG. 13 and 14, the MES can be
arranged along several concentric 15circles, which will increase the number of the intermediate
electrodes and so willse effectiveness of the follow current quenching (such modification will, however,
s -ha increase the insulator's cost). Slight displacements of the intermediate electrodes locations from
the equipotential line (if needed to simplify the manufacturing of the insulator of the invention.) are also
permissible. 20FIG, 18 illustrates an embodiment of a HEP1L 10 kV (denoted aspl the insulator
embodiment shown in FIGS. 1 and 2. The main part of shutoffs of HEPLs of the 10 kV class is due to
induced over-voltages. As was mentioned above, the LFAL-10 arresters are used in Russia to protect
the FIERLs from such. shutdowns. One such arrester is usually installed at each pole with adjoining
arresters associated with different phases. 25 For example, each of the arresters installed at each of
the first, second and third poles is associated respectively with one of the phase A. B and C. As
illustrated in FIG. 18, the insulators of the invention, for example, the insulators 100 with the spiral
shed shown in. FIGS. Ito 6 or the rod insulators 101 shown in FIG, 7, 8 can be installed in a. similar
way corresponding to one insulator per pole with connecting the adjoining insulators to 30 different
phases. The remaining insulators 18 may be of a conventional design. Alternatively, one phase can be
supported by a string of the disk insulators 102 of the invention (shown in FIGS. 9 to 12).  26       FIG.
1.9 shows a fragment of a FIEPL, 35 kV according to the invention. The HEN., comprises three
conductors I transmitting high voltages corresponding to three different phases. Each of the
conductors I is mechanically connected to strings of the conical insulators. The insulator strings are
fixed to the supports of the FIEPL (only a fragment of 5 one of such supports 16 is illustrated in FIG.
19). In. the .HEPI.; embodiment of FIG. 19, the insulator string 300 securing an upper HERIL,
conductor is formed by the insulators of the invention (corresponding to the embodiment illustrated in
FIGS. 13 to 15). Lightning protection wires assemblies are conventionally used for ensuring the
lightning protection of REPLs 35 kV. ',Alien the insulators of the invention are used for forming an ii.
.sul.ator 10 string for the upper phase conductor, such assemblies become unnecessary. Durin.g
lightning strikes flashover of the insulator string 300 of the invention occurs, so that the lightning
current flows through the insulator MRS and, owing to a large number of intermediate electrodes, the
flashover does not turn into an arc of the follow current of operational frequency, so that the IAEA.
continues to operate without a shutdown. it is 15 worth to note that the conductor 1 of the upper phase
functions as a lightning protection wire for the lower phases, that is the conductor 1 prevents lightning
from. directly striking these lower phases.       If the FLEPL passes through a region. with a soil of a
high specific resistance, the use of the lightning protection wire becomes ineffective because, due to a
high. resistance 20 of the support grounding circuit, When a lightning strikes at the lightning protection
cable or the support 10, a reverse flashover from the support to the conductor takes place. In such
cases, it is advantageous to use the insulators of the invention for all three insulator strings_ In this
way, a reliable protection of the .11.EPL from lightning overvoltages will be ensured. 



All the above-described and other embodiments and modifications of the present 25invention are
within the scope of the attached set of claims.  27 CLAIMS I. A high-voltage insulator for se-as a single
insulator or as a component of an insulator stack or string, a high-voltage conductor in an. electrical
installation or in an 5  electric power line, the insulator comprising an insulating core and a fixing
d.evice consisting of a first fastening element and a second fastening element, said fastening elements
located at the opposite ends of the insulating core, wherein the 'first fastening element is configured for
connecting., directly or via connecting means, with a high-voltage conductor or with the second
fastening element of the preceding high-voltage insulator of 10  said insulator stack or string and the
second fastening element is configured for connecting to a support of the power line or to the first
lastenin.g element of the subsequent high-voltage insulator of said insulator stack or string, the
insulator characterized in that it additionally comprises: - a multi-electrode system (IMES) consisting of
in (in > 5) electrodes mechanically 15  connected with the insulating core and located between ends
thereof, the electrodes configured to form, under an impact of a lightning overvoltage, an electric
discharge between the first fastening element and an electrode or electrodes adjacent thereto,
between adjacent electrodes, and between the second fastening el.ement and an electrode or
electrodes adjacent thereto; and 20- means for compensating the reduction of the insulator creepage
distance caused by the multi-electrode system.. 2. The insulator accordi.ng to claim I, characterizedthe
compensating means are configured for providing a leakage path along an insulating surface between
the electrodes of K (3 < K < in - I) pairs of the adjacent electrodes, with a length of said 25leakage path
exceeding the aggregate length of an. air discharge gap between said adjacent 



electrodes and the length of the single electrode.        3, The insulator according to claim 2,
characterized in that the electrodes have a T-shaped profile, a narrow leg, by which each of the
electrodes is attached to the insulating core, and with a wide beam that is oriented towards the
adjacent electrode, 30wherein the compensating means are constituted by parts of the insulating core
that are enclosed between the legs of the electrodes and by air gaps between the electrodes.        4.
The insulator according to claim 2, characterized in that the electrodes are embedded in the insulator,
wherein the compensating means are formed by a layer of the  28           insulator material separating
the electrodes from the asulator surface, and by cuts formed between the adjacent electrodes and
reaching the insulator surface.       5. The insulator according to claim 4 characterized in that the cuts
are configured as slits of circular apertures. 56. The insulator according to claim 4, characterized in.
that a depth of each. cut exceeds a depth at which the electrodes are embedded.       7. The insulator
according to claim 6, characterized in that distances between. opposing sides of parts of the cuts
located at a larger depth than the electrodes exceed, are selected to exceed the width of the cuts near
the insulator surface. 108. The insulator according to claim 2, characterized in that the compensating
means are configured with at least one insulating element located on the insulator surface wherein the
single insulating element or a combination of insulating elements spatially separating the electrodes
from th.e insulator surface.             9. The insulator according to claim 8, characterized in. that it
comprises in 15insulating elements, wherein each insulating elementy a single electrode.    10. The
insulator according to claim 8, characterized in that it comprises n (n > g elements, with each of
insulating elements configured as a. spiral insulating shed projecting from a surface of the insulating
core. 11. The insulator according to claim 10, characterized in that it comprises in n 



20  insulating elements, wherein n insulating elements are configured as the spiral insulating sheds
projecting from a surface of the insulating core, while each of in remaining insulating elements carries
a single electrode.        12. The insulator according to claim 11., characterized in that the electrodes
are  located on. the end surface of at least one insulating 2513. The insulator according to claim 12,
characterized in that cuts are formed in the  insulating shed between the each pair of adjacent
electrodes.  14. The insulator according to any of the. precedingcharacterized in that the insluating
core is shaped substantially as a cylinder or as a truncated cone or as a disk.             15. The insulator
according to claim 10, characterized in that the insulating core is 30shaped substantially as a flat disk,
the first fastening element is configured as an insulator cap, the second fastening element is
configured as a pin and at least one of the spiral g shed projects from a lower surface of the disk.  29
16. A high-voltage insulator for securing, as a single insulator or as a component of an insulator stack
or string, a high-voltage conductor in an electrical installation or in. a electric power line, the insulator
comprising an insulating core and a fixing device consisting of a first fastening element and a second
fastening clement, said fastening 5elements located at the opposite ends of the insulating core,
wherein the first fastening element is configured for connecting, directly or via connecting means, with
high-voltage conductor or with the second fastening element of the preceding high-vo .tage insulator
said insulator stack or string; and the second fastening element is configured for connecting with a
support of the power line or with the first fastening element of the next high-voltage 10insulator of said
insulator stack or string, characterized in that the insulator additionally comprises:       - a
multi-electrode system (MPS) consisting; of in cm i 5) elec.trodes mechanically connected with the
insulating core and arranged so as to support a formation of an electric discharge between. adjacent
MES electrodes, wherein the MES is arranged at a ri.ght angle 



15to an insulator leakage path, along one or more of ecjuipotential lines of electric field of the
operational frequency surrounding the insulator; and       - a first and a second linking electrodes,
wherein each of the first and second. linking electrodes is spatially separated from the insulating core
by an air gap and is electrically connected by its first end, galvanically or via an air gap, respectively
with the 20first fastening element and with the second fastening element, and by its second end via an
air gap respectively with the first end and with the second end of the ME'S.        17. The insulator
according to claim 16, characterized in that it has a conical insulating core, wherein the NIES is
located on an upper or a lower surface of the insulator care. 2518. The insulator according to claim 16,
characterized in that it is configured as a disk insulator with concentric sheds on the lower side of a
disk-shaped insulating core, wherein the MES is located on the end surface of one of the sheds.
19. The insulator according to claim 16, characterized in that the MES consists of at least two sections
arranged along at least two equipotential lines, the lines being mutually 30  spaced in a. direction
oriented at a right angle to the insulator leakage path; wherein the MES sections are interfaced by
means of interfacing electrodes located at ends of said sections not connected with the fastening
elements of the fixing device, pairs of the interfacing electrodes being interconnected galvanically or
via an air gap.  30        20. The insulator according to claim 19, characterized. in that it is configured as
a disk insulator with concentric sheds on the lower side of a disk-shaped insulating core, wherein each
section of the MES is arranged on the end surface of one of the sheds.        21. A high-voltage electric
power line comprising supports, single insulators and/or  5 insulators assembled in insulator stacks or
strings, and at least one high-voltage conductor connected directly or by means of coupling means
with, fastening elements of fixing devices comprised by said single insulators and/or by first insulators
of insulator stacks or strings, wherein each single insulator or each of the insulator stack or string is
fixed at one of the supports by means of a fastening element of its fixing device, which is adjacent to
10said support, characterized in that at least one of the insulators is an insulator configured according
to any of claims I to 20. 




