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Purpose. Determination of the capacity of wires of overhead power transmission lines based on innovative mate-
rials without changing the currently used structures, as well as the possibility of increasing the voltage class of over-
head transmission lines when using wires based on aluminum-zirconium materials.

Methodology. Analytical method for determining the throughput capacity of overhead power transmission lines.
Comparative analysis of electrical characteristics of wires of overhead power transmission lines.

Findings. The possibility of increasing the capacity of overhead power transmission lines while maintaining the
wire cross-section, using an innovative material based on an aluminum-zirconium alloy, has been proved. The reduc-
tion of the weight of the wire based on innovative materials is justified, while maintaining the current throughput. The
advantages and disadvantages of European wire structures for overhead power transmission lines are revealed using
innovative material based on an aluminum-zirconium alloy. The optimal design of wires based on the innovative mate-
rial of the aluminum-zirconium alloy for overhead transmission lines, permissible for use on the territory of Ukraine,
has been determined.

Originality. The expediency of using the traditional designs of the wires of overhead power transmission lines has
been proved, in the case of using innovative material. The possibility of increasing the voltage class of overhead power
transmission lines using wires based on aluminum-zirconium materials has been substantiated.

Practical value. The results are obtained regarding the electrical resistance of overhead power transmission lines
to peak loads, taking into account the low costs of modernization with the use of an innovative material based on an
alloy of aluminum and zirconium. The use of innovative material creates conditions for increasing the voltage class of
overhead power transmission lines, which allows increasing the transmitted power to the consumer. The use of materi-
als based on aluminum-zirconium alloys makes it possible to carry out measures for the reconstruction of electric sup-
ply networks without replacement of supports and additional work on land allocation, as in the case of reconstruction
without increasing the voltage line class of power lines, and in case of increasing the voltage class.
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I. INTRODUTION

High-voltage overhead transmission lines in the
coming decades will continue to determine the develop-
ment of both the world and domestic electric power in-

renewal of the network park is 4% per year, then the share
of equipment older than 30 years will be 29%. Taking
into account the requirements of GOST 839-80 [3] on the
continuity of the performance of wires based on alumi-
num wires, the lack of renewal of capacities for 50 years

dustry.

The current state of Ukraine's high-voltage transmis-
sion lines mirrors the economic situation in the country.
In order to overcome the problems in the current econom-
ic situation, many ideas have been proposed through en-
ergy saving for power supply system’s [1] —[2].

The degree of physical aging of the existing fleet of
high-voltage overhead electric lines depends on the com-
missioning of new facilities. Simple mathematical calcu-
lations show that if you commission new equipment to
increase the power of the transmission systems by half
every six years (8% of new equipment per year), then 8%
of the network equipment is older than 30 years. If the
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may begin to be critical for the entire electric system of
Ukraine.

Already, we can say that the solution of this problem
through an extensive way is almost hopeless. To solve
this technical problem, it seems necessary to differentiate
the task of updating the fleet of electricity transmission
capacities. It is technically feasible and affordable to con-
duct a survey of the residual load-bearing capacity of the
masts of overhead power transmission lines (OPTL) in
order to decide whether to perform routine maintenance
instead of completely replacing them. The basis for this is
the emergence of the possibility of using innovative de-
signs of lightweight wires based on aluminum alloys
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doped with zirconium [4] — [8].

There are two tasks: the renewal of existing over-
head lines in connection with their wear and tear and the
increase in capacity through the commissioning of new
transmission lines. The use of aluminum alloys allows
you to solve these two tasks simultaneously, using exist-
ing masts of transmission lines. As a rule, the cross sec-
tion of the power line wires is read out taking into account
peak loads. At the same time, these loads are only a few
hours a day, the rest of the time the wire cross-section is
used inefficiently. The solution to this problem is to in-
crease the thermal stability of the wire, allowing to in-
crease the transmitted power during peak loads due to a
higher permissible operating temperature.

One of the directions of modernization of the infra-
structure of the electric power networks of the overhead
line is the use of new thermally stable materials that must
combine high electrical conductivity and sufficient
strength, which persists after heating up to 240 ° C. Since
at these temperatures the crystallographic structure of
undoped aluminum is highly disordered, it is not possible
to create heat-resistant wires based on aluminum grades
of the type A5E and AT7E. The solution is the creation of
low-alloyed aluminum alloys with the addition of zirconi-
um [9] - [20].

The indicators of quality, reliability and efficient op-
eration of the united energy system of Ukraine directly
depend on the functioning and condition of overhead
transmission lines. According to data for 2017 in Ukraine,
the length of the 0.4 kV transmission line amounted to
449,832 km, and the voltage of 6-10 kV to 332,568 km, in
addition, there is a tendency for an annual increase in the
length of the line. There is a need to increase the efficien-
cy of power systems, which is achieved by increasing the
nominal network voltage [9].

The task can be solved by choosing a new and effec-
tive direction in the development of power transmission
systems, which is based on scientifically based technical
solutions using modern methods and technologies.

The directions and ways of solving this task in the
context of reforming the relations of property in the ener-
gy sector are determined by the technical policy of the
Ministry of Energy and Coal Industry of Ukraine, ap-
proved by the protocol of the scientific and technical
council of September 14, 2016, as a set of tools, which are
obliged to implement the provisions of the Law of
Ukraine of 16.10.1997 Ne575 / 97 - BP "About electric
power engineering™ [11]. This law provides for the crea-
tion by the state of conditions for the development and
enhancement of the technical level of the electric power
industry.

The papers [12] — [13] show the actual and projected

volumes of electricity consumption in Ukraine by groups
of consumers for the period up to 2025 (Table 1).

Table 1. Actual and projected electricity consumption in

Ukraine and by consumer groups up to 2025
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Industry | 41979 | 47613 | 51898 | 5449 | 6774
3 6
including the main branches:
Fuel 4031,8 | 4113, | 4208,3 | 4280, | 4457,
2 1 9
Metallur- | 27978 | 27116 | 4208,3 | 4280, | 2743
gical 1 9
Chemical | 1282 1454 | 1584 1664 | 2068
and pet-
rochemi-
cal
Machine- | 2853 3235 | 3527 3703 | 4604
building
Building | 2048,8 | 2047, | 2055,7 | 2022, | 2075,
materials 5 8 8
Food and | 4078,4 | 4315, | 4428,8 | 4477, | 4663,
pro- 9 6 6
cessing
Agricul- | 2298 4315, | 4428,8 | 4477, | 4663,
tural 9 6 6
Transport | 6684,4 | 6535, | 6561,1 | 1622 | 6461,
0 8 1
Building | 749,1 766,8 | 773,7 | 767,5 | 793,9
Popula- 31552 | 35787 | 39008 | 4095 | 5091
tion 8 9

The process is replaced by the morally and physical-
ly worn-out equipment at the present time is rather slow.
The volume of such equipment in Ukraine is by various
estimates from 40 to 80%. At present, this process has
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slowed down even more. As a result, the loss of electricity
is growing, besides, given the current situation in
Ukraine, the question arises of the prospects for the de-
velopment of an overhead transmission line. This is due to
increased energy consumption.

However, the increase in demand for electricity in
conditions of difficulties with land allocation determines
the need to increase the capacity of existing lines and re-
duce power losses.

IILANALYSIS OF LAST RESEARCHES

In the publication of D. Zotov [5] and V.N.
Kuryanova [6] conducted a comparison of air power
transmission wires from innovative material in the con-
structions shown in Fig. 1.

Steel clad with
aluminum

Driving the wires
from the alloy Al-Zr

Steel clad with
aluminum

Arched rails of trapezium-
shaped wires of Al-Zr alloy

6)
Heat-resistant grease

Driving the wires from
the alloy Al-Zr

Current-conducting veins
from an aluminum allov

Carrier core

Figure 1.Construction of wires of type a) ASPT; b)
ASPTs; ¢) ASVT; d) AERO-Z.

Electrotechnical aluminum and aluminum-alloy al-
loys, doped with zirconium, have a significant difference
in properties. The resistivity of aluminum zirconium al-
loys is somewhat higher than that of aluminum. This is
also fixed in the norms for wires [3], [14], [15]. In the
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works [4], [5], [8], [16], researchers have been informed
about the possibility of reducing the resistance of the
wires of OPTL on the basis of Al-Zr alloys to the wires of
the brand AC by using new design solutions. However, all
considered innovative designs of OPTL wires are not
based on existing national regulatory documents in
Ukraine. In this regard, their application in Ukraine is
extremely difficult. Therefore, comparative studies of the
properties of the wires of the overhead lines made on the
basis of aluminum and alumina-conium alloys in the con-
text of the current regulatory documents for the regulatory
design of the OPTL wires will enable us to compare the
properties of the materials under study under the same
conditions of design solutions and also to substantiate the
technical feasibility the use of OPTL wires in the current
legislation.

Properties of heat-resistant wires for overhead lines
on the basis of aluminum alloys doped with zirconium
were studied earlier by a wide range of researchers [4] —
[8]. They compared these innovative products with tradi-
tional wires based on electrical aluminum. However, in all
of these publications, aluminum and high-temperature
wires were compared in various versions of the design. As
it seems to us, the design has a significant effect on the
technical properties of the wires. In [12], the wires of new
design types were compared on the basis of innovative
materials in relation to the properties of wires in a tradi-
tional design based on traditional materials. Data given by
these authors do not allow us to evaluate separately the
effect of using a new material (AlZr) on the properties of
products. For a more complete evaluation of the actual
new material in this article, we consider the properties of
new materials in the construction of wires in accordance
with GOST 839-80 [3] and JEC 3406: 1995.

I11. FORMULATION OF THE WORK PURPOSE

The purpose of this paper is to determine, on the ba-
sis of available data on the properties of aluminum and
aluminum-zirconium materials, the range of technical
applicability of OPTL wires based on innovative materi-
als for overhead transmission lines without changing the
currently used designs, as well as the justification of the
possibility of upgrading the voltage rating of overhead
power lines using aluminum-zirconium-based wires.

IV. EXPOUNDING THE MAIN MATERIAL AND
RESULTS ANALYSIS

The basis for this was the construction of a wire of
the AC type in accordance with GOST 839-80 [3]. The
results of calculations for wires of high-voltage lines of
the same section, obtained on the basis of the initial data
and the above-mentioned standards, are shown in Fig. 2.
A comparison of these data shows that the throughput for
wires based on wires from a heat-resistant alloy of the AT
brand is significantly increased (from 1.7 to 2.3 times,
depending on the selected wire grade) compared to the
AC wire.

Based on the above material, it can be seen that innova-
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tive heat-resistant wires of various designs allow to signif-
icantly increasing the transmission capacity of power
lines due to higher permissible current loads.
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Figure 2. Limiting currents for wires of the brand AC on
the basis of different materials.

The ordinate shows the current, A; the wire cross-
section is indicated along the abscissa, the first value cor-
responds to the aluminum part, and the second corre-
sponds to the steel part of the wire, mm?; AC — when us-
ing conventional aluminum, AT1, AT2, AT3, AT4 - using
aluminum-zirconium instead of pure aluminum.

When replacing an aluminum wire in wires of the
AC type with an aluminum zirconium wire, it also in-
creases the capacity of the line, which can lead to a favor-
able economic effect.

Reducing the section of the wire, while maintaining
the current load, will lead to a reduction in the amount of
material expended.

The preservation of the wire cross section with the
use of innovative material makes it possible to increase
the load of the overhead line. However, this method of
reconstructing OPTL is more problematic, since it is nec-
essary to take into account the distance between the wires
when the voltage of the overhead line is increased, which
is limited by the structure of the existing support.

Proceeding from this, the calculation and selection
of the cross-section of the OPTL wires based on the AT
wires was made, the admissible current for which is com-
pared with the permissible current of the wires of the AC
of the nominal section. The obtained data are presented in
Table. 2.

Analyzing the data of various manufacturers on the
significant increase in the cost of heat-resistant wires [5],
compared to wires based on electrical aluminum and
technological features of manufacturing heat-resistant
wires [9], [10], it can be noted that technology manufac-
turing of heat-resistant wires almost completely coincides
with the technology of aluminum wires. According to the
research of the above-mentioned authors, the same
equipment is used. There are two differences. The first is

the introduction of a zirconium ligature into an aluminum
melt. The second is a long-term (no less than 10-20 hours)
heat treatment (up to 450 °C). Given the small amounts of
zirconium introduced (0.35 ... 0.45 mass %), doping with
zirconium can’t give a multiple increase in cost. It seems
that the most significant contribution to the cost price is
made by thermal processing. According to the data of the
only manufacturer of heat-resistant wires on the territory
of Ukraine LLC Krok-GT (Zaporozhye), the duration of
heat treatment can be substantially reduced by complex
alloying of the aluminum zirconium melt. The complex
doping increases the rate of decomposition of the solid
solution of zirconium in aluminum to the AlsZr phase
and, thus, the heat treatment time is shortened and its
conditions are facilitated.

We estimate the transmission capacity of the trans-
mission line as a function of the increase in voltage. Pow-
er, which is transmitted by the network, is determined by
the formula:

S =3u,JF, (1)

where S is the transmission power, U, is the nominal line
voltage, J is the permissible current density, and F is the
cross-sectional area of the wire.

Table 2. Comparison of technical characteristics of wires
based on aluminum wires and wires of AT grades under
the condition of the same current-leading capacity.

Characteris- — - . <
; > > >
tic > : < >
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Diameter, 27,5 18,8 189 | 16,8 | 154
mm

Section, mm? | 4451 | 210 |211,2| 166,8 |140,6

Resistance, 0,073 | 0,159 | 0,15 | 0,204 | 0,25

Ohm/ km 3 1 4 6 31

Breaking 120 62 58 46 49

force, kN

Weight with- | 1490 728 705 554 528

out lubrica-

tion, kg

Let us consider the case of a double increase in the
voltage in the transmission line, i.e. Uz, = 2Un. The per-
missible current density in this case does not change, nor
does the wire cross-sectional area. Then:



ISSN 1607-6761 (Print)
ISSN 2521-6244 (Online)

«EJEKTPOTEXHIKA TA EJIEKTPOEHEPI'ETHUKA» Ne 2 (2018)

(Po3ain «EjeKkTpoeHepreTHKa)

S

n

Ve

= = (2)
S, J§u2nJF

Thus, the increase in transmission capacity is direct-
ly proportional to the increase in voltage in the transmis-
sion line.

We estimate the voltage drop in the line of electro-

reduction at a double increase in the voltage in the line by
the formula:

u = PR*QX)

u?

(€)

where P is the active power of the line, R is the line re-
sistance, Q is the reactive line power, and X is the reac-
tance of the line.

With the same load (transmitted power), with a two-
fold increase in voltage across the line, we will have:

AU, U2
2

1

4

n

U2n

4)

Consequently, a double increase in the voltage on
the line leads to a fourfold decrease in the voltage drop in
the line.

The loss of power in the line can be represented as:

AP =312R, )

With the same load, doubling the voltage in the line
will result in:

52
5 R
AR _ U T ©)
AP 5. 2 4
2n 2n R
0. 2
2n

Consequently, the power losses in the line are also
reduced by a factor of four with a double increase in line
voltage.

These considerations are confirmed by the data of
presented in Table. 3.

However, based on Ohm's law, increasing the volt-
age in the power line leads to an increase in the amperage.
Consequently, the possibility of increasing the voltage
and transmitted power is limited by the value of the per-
missible current load. The foregoing allows us to recom-
mend the use of aluminum zirconium materials for the
production of wires for overhead lines in order to carry
out a set of measures to reduce losses in overhead lines
and increase transmission capacity.

Thus, based on the data obtained, it can be conclud-
ed that the use of OPTL wires based on aluminum zirco-
nium wires is possible in two versions: firstly, the recon-
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struction of the transmission line, based on the reduction
in the mass of innovative wires, but the invariance of the
transmitted power, and the second option - a multiple
increase in the transmitted power without changing the
supports.

Table 3. Relative power losses

Section, Loss of electrical energy in relation to
mm? the amount of electricity that has been
supplied to the grid,%
6 kV 10 kV 20 kv
35 3,98 1,47 0,36
50 3,05 1,09 0,27
70 2,16 0,78 0,19
95 1,54 0,56 0,14
120 1,25 0,45 0,11
150 1,05 0,38 0,09
185 0,79 0,28 0,07
240 0,61 0,22 0,05

In accordance with the requirements of IEC 62420,
heat-resistant wires must be manufactured with a gap be-
tween the steel core and the aluminum zirconium wires
(see Fig. 1, b). Constructively, this can be achieved only if
the profiled wires are used. This causes a rise in the cost
of making the wire. Consider how technically justified
this is.

The creation of a wire with a gap was intended to
transfer the entire mechanical load to the steel core. In
this case, the wire ceases to work as a composite material
made of steel and aluminum wires. Its mechanical proper-
ties are determined by the properties of the steel core (co-
efficient of thermal expansion (CTE), modulus of elastici-
ty, etc.), so a smaller CTE of steel determines a smaller
sag due to a smaller elongation with increasing operating
temperature. Comparative characteristics of the wire sag,
depending on the achieved operating temperature on the
basis of the data of are shown in Fig. 3.

15

GTACSR/GZTACSR

ACSR

1 1 | |
0 50 100 200

~ Wire temperature, °C

250

150

Figure 3. Dependence of the sagging arrow on the tem-
perature for a wire with a gap and an AC wire.

The curve in black represents the dependence for the
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ACSR wire (Aluminum Conductor Steel Reinforced), the
curve in red - the dependence for the wire from the inno-
vative material of the brand GTACSR and GZNFCSR.

However, a more complex design of the wire leads
to a complication of the technology of its manufacture. At
the same time, the use of such a design necessitates the
use of more sophisticated technology for the installation
of wires and, as a consequence, the need to develop and
use special equipment and fittings. This requirement is
due to the need to fix the wire to the insulators behind the
steel core, since the traditional fastening minimizes all the
positive advantages of this design. The same causes are
also due to a more complicated repair of the wire, which
does not exist in Ukraine. All this together causes the
need for more qualified personnel.

It can be assumed that it was these considerations
that guided Lumpi-Berndorf, making the decision to pro-
duce TACSR (Thermally-resistant Aluminum-alloy Con-
ductor Steel Reinforced) wires on the territory of the Eu-
ropean Union based on the standard [14]. Structurally,
these wires correspond to wires of the brand AC.

The classic aluminum wires of the overhead lines
are structurally identical to the TACSR / ACS and (2)
TACSR / HACIN wires. There is the possibility of
mounting these wires with the help of already known
types of armature, the production of which is adjusted and
put on stream. As a consequence, the need to master the
new installation technology, as well as the purchase of
equipment and the upgrading of the skills of the work-
force, is no longer necessary. Thus, the company Lumpi-
Berndorf during the installation and repair of the wire
uses the same methods as for installing and repairing the
standard AC wire. However, it is worth noting the need to
use specially designed valves for operation at high tem-
peratures.

V.CONCLUSION

The possibility of increasing the capacity of over-
head power transmission lines while maintaining the wire
cross-section, using an innovative material based on an
aluminum-zirconium alloy, is proved.

The design of the wires according to IEC 62420 has
a number of advantages over the classical design. Howev-
er, the transition to the use of this structure is difficult.
The construction of the wire in accordance with GOST
839-80 with the replacement of aluminum by aluminum,
dispersed by nano-particles AlZrs, is able to withstand the
growing loads in the power supply network.

Heat resistant wires based on aluminum-zirconium
have already been used and standardized by the United
States and in the European Union. However, the construc-
tion of wires based on these standards is not the most op-
timal for their use on the territory of Ukraine.

Using the new material allows you to increase the
capacity of the overhead power line while maintaining the
wire section (more than twice), or reduce the mass of ac-
tive wire material by 40% without reducing the voltage
class.

The optimal design of the wires based on the innova-
tive material from the aluminum-zirconium alloy for elec-
tric transmission lines, permissible for use on the territory
of Ukraine, is determined.

To implement and use heat-resistant wires in
Ukraine, it is necessary to implement their production and
solve problems associated with the release and registra-

tion of existing regulatory materials.
The article was received 07.03.2018
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Mema pobomu. Busnauenns nponyckHoi 30amnocmi npogodie nogimpsHux JNiHill enekmponepeoayi Ha OCHOSI
inHOBayiHUX Mamepianie 6e3 3MiHU BUKOPUCMOBYBAHUX 8 OAHUL YAC KOHCMPYKYI, A MAKONC MOICIUBOCHI NIOGULeH-
HA KAACY Hanpyeu NOGIMPSHUX JIHIU elekmponepeoai npu UKOPUCMAHHI NPOB0JI8 HA OCHOGE ANIOMIHIEB0-YUPKOHICGUX

mamepianis.

Memoou Oocnidocentn. Ananimuunuii Memoo SUHAYEHHS. NPONYCKHOI 30AMHOCMI NPO600I8 NOGIMPAHUX JIHIl
enexkmponepeoaui. IlopigHsnbHull aHANI3 eleKMPOMEXHIYHUX XapaKmepucmuK npogooie NoGimpaHux Ninill e1ekmpone-

peoati.

Ompumani pesynemamu. JJose0eno MOACIUGICIb 30iNbUIEHHS RPONYCKHOI CHPOMOJICHOCI NOGIMPANHUX LiHIU ene-
Kmponepeoayi npu 30epedxicenHi nepemuny Opomy, npu GUKOPUCMAHHI [HHOBAYIUHO20 MamMepiany HA OCHO8I CHIA8Y
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amominiu-yuproni. OOIPYHMOBAHO 3HUNCEHHS MACU OpPOMY HA OCHOSL IHHOBAYIUHUX Mamepianie npu 30epedicenHi
nponyckHoi 30amuocmi no moxy. Buseneno nepesazu ma nedonixu €6poneicbKux KOHCMPYKYil npoodie 0/ NoGimpsi-
HOI JIiHill enekmponepedadi Npu 6UKOPUCAHHI THHOBAYILIHO20 Mamepiany, HA OCHO8I CHAA8Y ANOMIHIU-YUPKOHIN. Bu-
3HAYEHO ONMUMANILHY KOHCMPYKYIKO NPOB00i6 HA OCHOGI IHHOBAYIUHO20 MAMepPIany 3i Cniagy ATOMIHIU-YUPKOHIL O/
nosimpaAnux NiHil elekmponepeoay, 00nyCmuma 01 UKOPUCMAHHA HA mepumopii Yxpainu.

Hayxoea Hosusna. /{oeedeno OoyinvbHicmb GUKOPUCMAHHA MPAOUYITIHUX KOHCMPYKYIL NPO800I8 NOBIMPAHUX JIiHill
elekmponepeoayi, 6 pasi 3acmocysants iHHosayitinozo mamepiany. OOIDYHMOBAHO MONCIUBICING NIOGUWEHHSL KIACY
Hanpyau noGimpsiHUX JiHill elekmponepedaii npu GUKOPUCMAHHI NPOB00I8 HA OCHOGI AIIOMIHIEEO-YUPKOHIEBUX Mamepi-
anise.

Ilpakmuuna winnicmo. Ompumano pe3yiobmamu wooo eleKmpuiHoi CmiuKocmi nOGIMPsHUX NiHIU eleKkmponepe-
oaui 00 NIKOBUX HABAHMAICEHD, 3 YPAXYBAHHAM HE3HAYHUX UMPAM HA MOOEPHI3AYII0 NPU GUKOPUCMAHHI IHHOBAYIUHO-
20 Mamepiany Ha OCHOBI CRIABY ANOMIHIIO | YUPKOHI0. Bukopucmanns inHosayitinoco mamepiany cmeoproe ymosu 0is
niOBUWeHHs KIACY HANpyeu NOSIMPSAHUX NiHIl eleKmponepeoay, wo 00380158€ NPOBOOUMU 30i1IbUeHHA NepedaHoi no-
myascHocmi 0o cnodcusava. Buxopucmanus mamepianie Ha 0CHO8I ANIOMIHIEBO-YUPKOHIEBUX CNIABIE 00380JIA€ NPOBO-
oumu 3axo0u Woo0o PeKOHCMPYKYIL Mepedc eleKmpUIHo20 ROCMAYaHHs 6e3 3aMiHU ONOp Ma 000AMKO8UX podIim w000
3emiesi0ge0eH s, K Y 8UNAOKY NPO8eOeHHs PeKOHCMPYKYIL Oe3 30inbueHHs Kiacy Hanpyau JiHii enekmponepeoay, max
i 8 pasi niosUWEeHHA KIACY Hanpyeu.

Kmiouogi cnosa: nogimpsna ninis enekmponepeoayi; anlOMinil 1e208aHUll YUPKOHIEM; NPONYCKHA 30amMHICMb,;
Mapxu npoeooias.

AHAJIN3 DJIEKTPOTEXHUYECKHNX CBOMCTB HHHOBAIIMOHHBIX
BBICOKOTEMITIEPATYPHBIX ITIPOBOJAOB JJIs1 BO3YUIHBIX JTUHUN
IJIEKTPOIIEPEJIAYN

JIVIIUH C.I1. KaHI.(pU3-MaTeM. HAyK, NOUEHT Kadeapbl (DU3MKH 3aMOPOXKCKOTO HAIMOHATBHOTO
TEeXHUYECKOTO YHUBEPCUTETA, 3amopokbe, Ykpauta, e-mail: luschin@zntu.edu.ua;

BOPKOBCKUX A.B. wmarucrpant xadenpsl »5IeKTpUYECKME MAIIMHBI M allaparhl  3amopOKCKOIo
HALMOHANEHOTO TEXHMYECKOrO0 YHUBEPCHTETa, 3amopoxkbe, YKpauHa, e-mail:
aayy6491@gmail.com;

BOPKOBCKUX M.B. wMarucrpant xadeapsl dIeKTpUYECKME MAaIIMHBl M allapaThl  3allopOIKCKOro
HALMOHANEHOTO TEXHMYECKOTO YHHBEPCHTETa, 3amopoxkbe, YKpaumHa, e-mail:
kalbkab96@gmail.com;

Lens. Onpedenenue nponycknou cnocobHOCMU HPOBOOOE BO30YUWIHBIX IUHULL INEKMPOnepeoaiy Ha OCHO8e UHHO-
BAYUOHHBIX MAMEPUANos Oe3 U3MEHeHUs UCHONb3YEeMbIX 6 HACMOosiuee 8peMsi KOHCMPYKYULL, a MAK#ce 803MONCHOCU
NOBbIUUEHUS. KIACCA HANPANCEHUST 6030YUIHBIX TUHULL DNEKMPOnepeoayu npu UCHOIb308AHUU NPOBOO08 HA OCHOBE ANI0-
MUHUEBO-YUPKOHUEBLIX MAMEPUATOS.

Memoosl uccnedosanus. Ananumuueckuii Memoo onpeoeienust NPONyCKHOU CHOCODHOCMU NPOBOO0E 6030VUIHBIX
auHuil snekmponepedadu. CpasHUmMenbHulll AHaiu3 1eKmpOmexHULecKux XapaKkmepucmux nposooo8 8030YUWHbIX Iu-
HUl dekmponepeoayi.

ITonyuennsvie peynivmamel. JJokazana 603MOACHOCIb Y8EAUYEHUS NPONYCKHOU CROCOOHOCMU BO30YWHbIX IUHULL
INEKMPONEPeOa U npu COXPAHEHUU CeYeHUsi NPoeood, NPu UCHOIb308AHUL UHHOBAYUOHHO20 MAMepUdld HA OCHO8e
cnnaga amomunuti-yupkorutl. O60CHOBAHO CHUICEHUE MACChl NPOB00Ad HA OCHOBE UHHOBAYUOHHLIX MAMeEpUudiog npu
COXpaHeHuu NPONyCKHoOU CnocoOHOCmU RO MOKY. Buvlsenenvl npeumyuecmea u HedoCmMamki e8PONEUCKUX KOHCMpPYK-
Yuil nPo8o0A08 Oisl 8O30YWHOU JUHULL INEKMPONEPeayu Npu UCNOAb308AHUU UHHOBAYUOHHO20 MAMEPUALA, HA OCHOBE
cnaasa anomunuti-yupkonuu. Onpeodenena OnmuManbHas KOHCMPYKYUusi NP080008 HA OCHOGe UHHOBAYUOHHO20 Mame-
puana u3z cnuasa amtoOMUHUL-YUPKOHUN O 8030VUIHLIX JUHUL DeKmponepeoay, OONYCMmumMas K UCHOAb308AHUIO0 HA
meppumopuu Yxpaumoi.

Hayynas nosusna. Jlokazana yeiecoobpasHocms UCHOIb306AHUS MPAOUYUOHHBIX KOHCMPYKYULI NPOBOO0OE 603-
OVWHBIX JTUHUL 3JIeKMponepeoauu, 6 ciyude NpUMeHeHUs: UHHO8AyUuoHH020 mamepuaid. OOOCHO8AHA B03MOJICHOCHb
NOBbIUEHUSL KIACCA HANPANCEHUST 6030YUIHBIX TUHULL DNEKMPONepeoayu npu UCHONb308AHUU NPOBOO08 HA OCHOBE ANI0-
MUHUEBO-YUPKOHUEBLIX MAMEPUATOS.

Ilpakmuueckasn uennocmo. Ionyuenvi pe3yibmanmsl OMHOCUMENLHO INEKMPUYECKOU CMOUKOCMU 8030VULHBIX Jili-
HUL 21eKmponepeoayu K RUKOBbLLM HAZPY3KAM, C YYenOM HE3HAYUMENIbHbIX 3ampam Ha MOOEPHU3AYUIO NPU UCHOTb30-
BaHUU UHHOBAYUOHHO20 MAMEPUANA HA OCHOGE CHIABA ANIOMUNUSL U YupKonus. Mcnonv3oeanue uHHOBAYUOHHO20 Md-
mepuana co3oaem yciogusi Oisi NOGbIULEHUS KILACCA HANPSNCEHUsT 6030YUHbIX TUHULL DIeKMponepedal, 4mo no3eosiem
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npogooumsb  yeenuyenue nepeoasaemMou MowHocmu K nompebumeno. Hcnonv3osanue Mmamepuaniog Ha OCHOGe
ANIOMUHUESO-YUPKOHUEBBIX CNIAB08 NO360JIAEN NPOSOOUNb MEPONPUAMUAL HO PEKOHCMPYKYUU Cemell JIeKMPULecKo2o
cHaboicenus 6e3 3amMeHbl ONop U OONOTHUMENLHBIX pabOm nO 3eMAe0MB00Y, KaK 8 Cyide NPo8eoeHUs. PeKOHCMPYKYUU
0e3 yeenuuenus K1acca HanpsadiCeHus. IUHUL d1eKmponepeoay, max u 6 ciryiae NOGbIUEHUs KAACCA HANPAICEHUS.

Knioueevie cnoea: 6030ywiHas nunus snekmponepeoayy, anomMuHuil, 1e2upo8arHbiii YupKoHuem; NPonycKHAs CNo-

cobHOCMb; MapKu NPo6oo0s.
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