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Abstract: The application of a circuit with a common pulse current source for surfacing with two electrode wires in-
creases the energy efficiency of the arc process and the welding arc technological properties, but requires a more detailed
study of the influence of the mode parameters on its stability. In this regard, this paper focuses on studying the dynamics of
formation and transfer of metal drops under various modes of pulsed power supply of the welding arc. Using high-speed
video filming of the welding arc and synchronized recording of current and voltage signals, a mode was set (average cur-
rent value was 250 A, maximum current value in pulse was 600 A, arc voltage was ~30 V), which ensured a stable process
of transfer of electrode metal by a drop common to two wires without short circuits. It was found that the common drop
under the action of electrodynamic forces acquires centripetal acceleration, which contributes to its directed transfer to
the weld pool and allows minimizing the amount of spatter on the surface of the base metal. Using mathematical modeling,
the nature of the interaction of welding arcs on two wires was confirmed and it was found that even at the stage of the cur-
rent pulse “hot” phase (600 A, =0.8 s), the arc pressure on the plate surface is less than when welding with one wire at
direct current. The identified effect is associated with a change in the direction of the plasma flow to perpendicular to
the wire axis due to an increase in the electrodynamic attractive force of the magnetic fields around the two wire conduc-
tors. Together with a decrease in the arc temperature and pressure on the plate surface during the “heat input control” phase
of the current pulse (180 A, =1.4 s), this should help to reduce the heat input and the depth of penetration of the base
metal, and, consequently, reduce the degree of dilution of the deposited alloy by the substrate metal. The latter is especially
relevant when solving problems of creating a technology for surfacing of relatively thin layers of corrosion-resistant
alloys, in particular, on the surface of petrochemical equipment products.

Keywords: double-electrode surfacing; pulse-arc process; welding arc; drop transfer; numerical simulation.

Acknowledgements: The study was supported by the Russian Science Foundation grant No. 24-23-20068
(https://rscf.ru/project/24-23-20068/) and the Volgograd Region Administration grant under agreement No. 7 dated
May 31, 2024.

For citation: Elsukov S.K., Zorin I.V., Nesin D.S. The influence of pulse current on drop transfer during double -
electrode gas surfacing. Frontier Materials & Technologies, 2025, no. 2, pp. 9-18. DOI: 10.18323/2782-4039-2025-
2-72-1.

INTRODUCTION

The quality and service reliability of products in
the metallurgical and mechanical engineering industries
are largely determined by the level of development of
technological processes of welding and surfacing. As

coatings [4], which expands the technological capabili-
ties of welding production.

Using mathematical modeling methods, it was found
that the plasma temperature of a double-electrode arc is
generally lower compared to a single-electrode process,

a result, the priority task is the continuous improvement
of welding technologies aimed at developing methods to
increase the productivity of these processes and improve
the properties of welded joints and deposited metal. One
of these methods is double-electrode welding and surfac-
ing, when the wire electrodes are connected to a common
power source [1; 2]. It is widely used both for welding
thick-walled structures and for forming a layer of high-
tin bronze on steel [3] and corrosion-resistant deposited
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its maximum temperature and arc pressure on the surface
of the weld pool are also lower [5]. At the same time,
the average temperature of the electrode metal is lower
[6]. In the case of double-electrode surfacing, the heat
flow into the product is reduced [7], which helps to re-
duce the deformation of the surfacing product. A similar
result can be achieved by applying current pulses to
the arc using special control algorithms [8—10], which is
currently widely implemented in serially produced semi-
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automatic machines and has actually become the basic
solution for single-electrode mechanized welding and
surfacing in shielding gases. Existing equipment for us-
ing pulse current with two electrode wires has been
industrially mastered for the process of two-arc welding
“tandem”, when each wire is connected to a separate
power source [11-13].

The use of a circuit with a common power supply for
two electrode wires [14] increases both the energy efficien-
cy of the arc process and its manufacturability, since its
implementation does not require equipping each electrode
wire with a feed mechanism and additional equipment.
The existing positive experience of using double-electrode
surfacing to form corrosion-resistant cladding coatings is
based on the use of relatively low arc voltage values, which
ensures the transfer of electrode metal in the mode of form-
ing a so-called “common” drop for two melting electrode
wires and minimizes the share of the base metal in the de-
posit one to 30 % [15].

The use of a common pulse current source for surfacing
with two electrode wires is of interest, which will make it
possible to develop the advantages of the double-electrode
scheme in improving the technological properties of the arc
(the quality of the transfer of electrode metal in the arc, heat
input into the base metal, etc.). For this reason, it is neces-
sary to study the influence of both the main parameters of
the mode and the pulse current on the arc.

The relevance of this topic is also caused by the necessi-
ty of improving the quality of welding and surfacing pro-
cesses when assimilating new products at petrochemical
engineering enterprises and solving the problems they face
in technological advancement. This will improve the quality
of deposited coatings, reduce costs and increase the effi-
ciency of production processes.

The aim of this work is to determine the optimal mode
of pulsed power supply of the welding arc during double-
electrode surfacing, ensuring the formation of a common
drop and its directed transfer into the weld pool without
short-circuiting the arc gap.

METHODS

Modernization of welding equipment

For the experimental studies, the Lorch S8 Pulse XT
semiautomatic pulse welding machine (Germany) was re-
trofitted with a pair of rollers (manufactured using FDM
printing) with two identical V-shaped grooves for use in
the feed mechanism of two wires with a diameter of 1.6 mm
at the same time, which were fed through a fluoroplastic
flexible tube into an external current-supplying unit
equipped with a water-cooled nozzle. The “Pulse” program
was selected in the semiautomatic machine settings.

Experimental facility and measurements

The scheme of arc surfacing process study (Fig. 1) in-
cluded an iSpeedy SOMT13M-SE high-speed photography
system (China) and a LA-20USB multichannel analog-to-
digital converter (Russia) for monitoring voltage and cur-
rent changes over time with a sampling frequency of 5 kHz.

The obtained oscillograms were processed in specialized
PowerGraph 3.3 Pro software.

The high-speed photography system included a camera
connected to a laptop via a 10 Gbps Ethernet interface and
specialized iSpeedyPro software, which was used to con-
figure the camera operating mode parameters and perform
primary processing of the obtained video signal. The ca-
mera has an extended high-speed memory of 64 GB. A spe-
cial housing was used to protect the camera and the front
lens from welding spatter. Video recording of the welding
arc zone was performed at a speed of 5000 frames per se-
cond. The shooting direction was perpendicular to the con-
necting line between the two welding wires. High-speed arc
frames were synchronized with the recording of electrical
signals, which made it possible to compare the dynamics of
drop formation and transfer in the arc with changes in cur-
rent and voltage in it.

Surfacing parameters

Surfacing was performed on St3sp plates of
200x100%10 mm in size moved at a surfacing speed of
13 m/h by a special mechanism relative to a stationary
welding head. Surfacing in pulse mode was performed
at a current of /=280 A and a voltage of U,.=24 V with
a center-to-center distance of b=6 mm. An AG ER-347Si
(Sv-08HI9N10G2B) welding wire with a diameter of
1.6 mm and a mixture of argon and carbon dioxide
(97.5 % + 2.5 %) were used. The gas mixture flow rate
was 25-30 I/min.

Arc mathematical modeling

For a more visual and comprehensive assessment of
the electro- and thermal-physical processes occurring in
the welding arc under the influence of pulse current, mathe-
matical modeling was performed in the Comsol Multi-
physics software package. The approach to creating a weld-
ing arc model used in the work is based on a system of in-
terrelated equations describing the complex interaction of
hydrodynamic, electromagnetic and thermal processes in
a plasma discharge, as well as on the fundamental laws of
conservation of mass, momentum and energy, supplement-
ed by the equations of electrodynamics for a conducting
medium'. The hydrodynamic part of the model considers
plasma as a viscous electrically conductive liquid,
the movement of which is determined by the balance of
the forces of pressure, viscosity and electromagnetic action.
Electromagnetic processes are described taking into ac-
count the generation of a magnetic field by the arc current
and its reverse effect on the distribution of charged parti-
cles. Thermal effects include Joule heating, convective and
conductive heat transfer, and radiation energy losses.
The arc length was set in the model according to high-speed
video footage (/,,=6 mm).
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Fig. 1. Scheme of the study of the welding arc reaction zone in the process of double-electrode pulsed surfacing:
1 —welding arc; 2 — deposited plate; 3 — shielding gas supply nozzle;
4 — shielding gas flow; 5 — semiautomatic welding machine; 6 — feed mechanism,; 7 — welding wires;
8 — high-speed camera; 9 — protective camera housing; 10 — analog-to-digital converter,
11 — computer; 12 — plate movement direction
Puc. 1. Cxema uccrnedosanus peakyuoHHOU 30Hbl CAPOUHOU Oyl 8 NPpoyecce 08YXINEeKMPOOHOU UMNYIbCHOU HANAAGKIL:
1 — ceapounas dyza; 2 — nannagisemas niacmuna; 3 — COnio nooa4u 3auumHo20 2asd;
4 — nomok 3awumno2o 2asza; 5 — ceapouHvlll Noxyagmomam, 6 — nOOAOWUL MEXAHU3M, 7 — C8APOUHbIE NPOBOLOKU,
8 — svicokockopocmuas kamepa,; 9 — 3auummublii Kopnyc kamepol, 10 — ananozo-yughposoii npeobpazosamens,;
11 — xomnviomep; 12 — Hanpasnenue nepemeweHus NIACUHB

The model is based on a number of reasonable assump-
tions, including the assumption of local thermodynamic
equilibrium of the plasma, the laminar nature of the flow,
and neglect of phase transition processes in electrode mate-
rials. The relationship between the equations was ensured
through the constitutive relations for the thermophysical
and electrodynamic properties of the plasma, which made it
possible to create a closed system for the numerical solu-
tion. This approach allowed studying the influence of vari-
ous welding arc parameters on the temperature distribution,
pressure, and flow rates in its plasma column.

RESULTS

Analysis of the modulated current oscillogram obtained
at a welding wire feed rate of 2 m/min shows that the aver-
age welding current was 280 A at a modulation frequency
of ~333 Hz (Fig. 2).

Large droplets are simultaneously formed at the ends of
the welding wires (Fig. 3, frame @), which are held by sur-
face tension forces and attracted by the action of
electrodynamic force (Fig. 3, frames b, c¢). At the moment
of frame d, the droplets at the ends of the wires merge, one
of the droplets flows to the other. The resulting common
drop of electrode metal closes on the surface of the weld
pool and passes into it (Fig. 3, frame e).

A further increase in current to 280 A disrupts the stabi-
lity of the drop transfer process and the formation of

a common drop, which is pushed toward the current-
carrying tip (Fig. 4).

When using the pulse welding mode at a wire feed
speed of 2 m/min and an arc voltage of 24 V, the average
current value reached 280 A. In this mode, the Lorch S8
Pulse XT current source generates a complex-shaped
pulse signal (Fig. 5). At the beginning of each pulse,
the current strength sharply increases to 620 A and is
maintained at this level for 3 ms. Then, smoothly de-
creasing over 5 ms, it reaches 200 A, after which it de-
creases at the same speed to the base value of 60 A. The
pulse repetition frequency is 105 Hz, ensuring the stabi-
lity of the welding process.

During the analysis of the obtained frames of the arc
zone with its pulsed power supply, it was found that at
the moment of the current pulse, the detachment of welding
droplets from the electrode does not occur (Fig. 6, frame b),
unlike the single-electrode process. Instead, the pulse ener-
gy is spent on the formation of large droplets, which, as
they grow, merge into a common drop. The transition of the
common drop occurs through a short circuit (Fig. 6,
frame d), which is similar to the nature of drop transfer
when using direct current.

The obtained results do not allow revealing fully the ca-
pabilities of the pulsed power supply of the welding arc due
to the preservation of the mode of drop transfer through
their short circuits on the surface of the weld pool. To pre-
vent this, it is possible to increase the arc length by setting
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Fig. 2. External appearance of the oscillogram of the modulated current of the Lorch S8 Pulse XT power supply
Puc. 2. Brewnuil 610 ocyunnospammsl MOOYIUPOS8anHo2o moxa ucmounuka numanus Lorch S8 Pulse XT
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Fig. 3. External appearance of the oscillogram of the direct current and voltage
and high-speed video footage (I=280 A; U,,.=23 V)
Puc. 3. Buewnuil 610 ocyunnoepammvl NOCMOIHHO20 MOKA U HANPSICEHUS],
a maxaice Kaopwvl 8blcoOKOCKopocmHuou suoeocvemku (1I=280 A; Uy=23 B)

Fig. 4. Displacement of the common drop to the upper part of the arc reaction zone
Puc. 4. Ommecnenue obueti Kanuiu 6 8epPXHION 4aAChb PEaAKYUOHHOU 30HbL Oyeu
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Fig. 5. External appearance of the oscillogram of the pulse current of the Lorch S8 Pulse XT power supply
Puc. 5. Buewnuil 610 ocyuniospammsl UMnYIbCHO20 moka ucmoynuxka numarusi Lorch S8 Pulse XT

\ \ U \ Trﬁ 1 /Hauff' ‘ I U Il
:ESE?WJ'.\ J {W H HMH i ‘M \;HH | H"'n \"" i/\ J im"'ﬂ {M
= 22 AT

0
E 385 M HPV\ AAARARARALAAR dul /M\j\”'\m AR AR JJMJ LI ARA |r“fu‘","U'wf\ﬂJﬂ,“‘u}\ﬁ.f\.'khM"J\l.l\«/\fu"u\n'{'jw\fml“.‘ I LA RARA AL w‘q-rw-q”"»_mw
DI0E | . . | L J | U l |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Fig. 6. External appearance of the
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oscillogram of the pulse current

and voltage and high-speed video footage (I=280 A; U,,.=24 V)
Puc. 6. Brewruii 6U0 0CYULIOZDAMMbL UMNYTLCHO2O MOKA U HANPAXCEHUS,

a makokce Kadpbl GblCOKOCKOPOCmHOZZ

an increased voltage value (for example, up to 30 V) on
the welding semiautomatic device. In this case, the drop
transfer process begins with the alternating existence of
the arc on the ends of the welding wires (Fig. 7, frames a, b).
The arc movement frequency is on average 150 Hz, which
corresponds to the current pulses generated by
the power source. As the droplets grow (Fig. 7, frames c, d),
after about 100 ms, the arc switches to the mode of simul-
taneous melting of the wires, and as the volume of
the droplets increases, they merge into a common drop
after 50 ms. After that, a large common drop flows to
the end of one of the wires and goes into the weld pool.
The duration of the overall cycle of drop formation and

sudeocvemru (I=280 A; Uy=24 B)

transfer is approximately 300 ms. The transition of
the drop into the weld pool differs from the transition dur-
ing direct current welding: at the moment of detachment,
a powerful current pulse imparts additional centripetal
acceleration to the drop (Fig. 7, frame e). This mode is
characterized by the absence of short circuits of the com-
mon drop, which allows minimizing the amount of spatter
on the base metal surface. Therefore, this surfacing mode
is the most promising. A further increase in the current
strength to 350 A in the welding current source, according
to the obtained oscillogram, occurs due to an increase in
the pulse frequency to 166 Hz and an increase in the base
current strength to 120 A.
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Fig. 7. External appearance of the oscillogram of the pulse current
and voltage and high-speed video footage (I=280 A; U,,.=30 V)
Puc. 7. Brewnuil 610 OCYULIOZPAMMbL UMNYIbCHO20 MOKA U HANPSNCEHUS,
a maxoice Kaopwvl gvicokockopocmuou sudeocvemku (1I=280 A; Uy=30 B)

An increase in the current strength leads to an increase
in the electrodynamic force, which tends to attract the drop-
lets to each other. The resulting force at the moment of
the pulse swings them, due to which the drops vibrate on
the end of the electrode and detach asynchronously. This
leads to the fact that at the moment when the droplet shifts
to the axis of symmetry of the electrode, under the action of
the pinch effect, the current pulse detaches it, imparting
a rotational motion. When colliding into a common drop,
they break up due to their high speed, which disrupts
the drop transfer process (Fig. 8).

It follows from the simulation results that a typical cur-
rent pulse begins with a smooth linear increase from 85 to
600 A in 1.5 ms. At this point, the maximum temperature
region moves up the electrode axis, as the intersection point
of the opposing flows does, while their intensity increases
(Fig. 9, frame a). The pressure distribution in the pulse cur-
rent arc differs from that in the direct current arc. As
the pulse increases, two zones of maximum pressure are
formed: in the anode spot region — 620 Pa and in the zone
of intersection of flows at an angle of ~130° — 517 Pa
(Fig. 9, frame e).

After the current stabilizes for 0.8 ms at 600 A
(the “hot” pulse phase), the plasma flow acquires a perpen-
dicular direction relative to the wire axis due to an increase
in the electrodynamic attractive force. The temperature near
the anode spot reaches its maximum — 24,987 K (Fig. 9,
frame b). The increased density of current vector lines is
also observed in this area. The pressure on the surface of
the model plate is 826 Pa (Fig. 9, frame f), which is lower
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than the arc pressure value during single-wire welding with
direct current (about 1000 Pa).

Then the current value decreases linearly to 180 A in
0.7 ms (the “heat input control” phase) and is maintained at
this level for 1.4 ms. At this stage, the arc temperature de-
creases, and the zone of maximum heating shifts closer to
the surface of the plate (15,209 K) (Fig.9, frame c).
The plasma flow stops deviating to the upper part of
the arc. The pressure on the surface of the plate decreases to
329 Pa (Fig. 9, frame g).

The final phase is a pause of 3.3 ms at a current value of
85 A (the “cold” phase). At this point, the minimum pres-
sure is recorded — 76 Pa, and the temperature field retains
a structure (Fig. 9, frames d, /) similar to the previous
phase. Then the cycle repeats.

DISCUSSION

Analyzing the obtained results, it can be concluded that
the nature of drop transfer in the modulated current mode is
generally similar to the transfer during surfacing with direct
current of reverse polarity. The average time of electrode
drop transfer was 320 ms, which is comparable with previ-
ously obtained data [15]; therefore, there is no advantage of
arc supply with modulated current over direct current.

Assessing the results obtained when supplying the arc
with pulse current, one should note an interesting feature of
the transition of the total drop into the weld pool with cen-
tripetal acceleration under the influence of the pinch effect
that occurs at the moment of reaching the highest power of
the current pulse (at 600 A). As a result, the drop, rotating,
enters the weld pool exactly along the axis of the welding
wire. This allows avoiding a common defect — crystallized
splashes and drops of electrode metal on the surface of
the product both in double-electrode welding in a shield-
ing gas and in single-electrode welding [16]. A further
increase in current (up to 350 A) disrupts the stability of
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Fig. 8. Cross-movement of electrode drops with drop transfer disruption (I=350 A; U,,.=30 V)
Puc. 8. [lepexpecmnoe nepemewyenue 31eKkmpoOHbIX Kanens ¢ Hapyuwenuem kanneneperoca (I=350 A; Uy=30 B)
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Fig. 9. Distribution of temperature in the model arc, direction and plasma flow rate (a—d);
distribution of arc pressure, current density vector (blue arrows)
and Lorentz force vector (black triangles) (e—h) depending on the phase of the current pulse cycle
Puc. 9. Pacnpedenenue memnepamypuvl 8 MOOEIbHOU 0yee, HANPAaesieHus U CKOPOCMU NIA3MEHHO020 nomoka (a—d);
pacnpedenenue 0agnerus dyeu, 6eKmopa NIOMHOCIU MOKA (CUHUe CmMpenKiL)
u 6exmopa cunvl Jlopenya (uepnvie mpeyeonvruku) (e—h) é 3asucumocmu om haszvl Yyukaia UMnYIbca Moxa
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the formation of a common drop, which was also observed
when using carbon dioxide as a shielding gas [17]. There-
fore, the use of this mode for surfacing is impractical.

Mathematical modeling confirmed the nature of the in-
teraction of welding arcs on two wires and found that even
at the stage of the “hot” phase of the current pulse (600 A,
t=0.8 s), the arc pressure on the plate surface is less than
when welding with one wire at direct current. The identified
effect is associated with a change in the flow direction to
perpendicular to the wire axis due to an increase in
the electrodynamic force of attraction of magnetic fields
around two wire conductors. Together with a decrease in
the arc temperature and pressure on the plate surface in
the “cold” phase of the current pulse (180 A, =1.4 s), this
should help to reduce heat input and the depth of penetra-
tion of the base metal, and, consequently, reduce the degree
of dilution of the deposited alloy by the substrate metal.
The latter is especially relevant when solving problems
related to the creation of a technology for surfacing rela-
tively thin layers of corrosion-resistant alloys, in particular,
on the surface of petrochemical equipment products.

One of the prospects for developing the method under
consideration is more precise control of heat input into
the product by changing the pulse frequency or using the
“double pulse” program [18]. Both in the case of using di-
rect current and when using the pulse mode, the anode-to-
cathode distance has a significant influence on the process
of double-electrode surfacing, which also requires further
study.

CONCLUSIONS

It has been found that the use of pulse current in double-
electrode surfacing makes it possible to expand the area of
existence of electrode metal transfer by common drops
from 24 to 30 V in the absence of arc gap short circuits.
At the moment of drop detachment, a powerful current
pulse (~600 A) imparts additional centripetal acceleration to
the drop directed toward the surface of the weld pool,
which virtually eliminates metal spatter.

The conducted mathematical modeling of pulse arc sur-
facing with a consumable electrode allowed identifying
the dynamics of temperature and pressure changes in vari-
ous pulse phases, which is important for further optimiza-
tion of the process.
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Biusinue MMNYJIbCHOTO TOKA HA KaIlJIENEePEeHOC
NPH ABYXJIEKTPOAHOM HANJIABKe B ra3ax

Encyxoe Cepzeii Koncmanmunoguu*' | Kaujuaar TeXHHIECKHX HayK,
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Annomayusn: TlpuMeHeHne 171 HAIUIABKH IBYMS 3JIEKTPOAHBIMH MPOBOIOKAMH CXEMBI C OOIIMM HCTOYHHKOM HMITYIIBC-
HOTO TOKa MOBBINIAET 3HEProdpHEeKTUBHOCTH TyrOBOTO NpOoIecca U TEXHOJIOTHUECKHE CBOMCTBA CBApOYHOM JyTH, HO Tpedyer
OoJiee IeTAIbHOTO M3y4YEHHs! BIMSHUS IapaMETPOB PeKMMa Ha €€ CTaOMIIBHOCTh. B CBSI3M ¢ 9TUM B JaHHOW paboTe OCHOBHOE
BHMMaHUE Y/IEICHO M3YYCHHUIO JUHAMHMKU (OPMHPOBAHMS M MEPEHOCA METAUIMYECKHX Karelb IPH Pa3IMYHBIX PEKUMax
UMITYJIbCHOTO IIUTaHMs cBapo4yHOM ayru. C HCIONB30BaHUEM CKOPOCTHON BHICOCHEMKH CBAPOYHOM TYTU M CHHXPOHHM3HUPO-
BaHHOM 3alMCH CUTHAJIOB TOKA U HAIPSHKCHMS YCTAHOBJIEH PEXXUM (CpenHee 3HaueHHe Toka 250 A, MaKCHMaIbHOE B MMITYJIb-
ce 600 A, HanpspxeHne Ha xyre ~30 B), koTopelit oOecnieunBaeT CTaOMIBHBINA MPOIIECC IIePeHOCca IISKTPOIHOTO MeTalia 00-
e A7 ABYX TPOBOJIOK Karuiel Oe3 o0pa3oBaHMsS KOPOTKHX 3aMblkaHMil. OOHapyXeHO, YTO OOIIast KaIulsl Mo JeHCTBHEM
3NMEKTPOANHAMIYECKNX CHII IPHOOPETAaeT HEHTPOCTPEMHUTENIFHOE YCKOPEHHE, YTO CIIOCOOCTBYET €€ HAIPABICHHOMY ITEPeHO-
Cy B CBapOYHYIO BaHHY U IO3BOJISIET MAaKCHMAJIbHO CHU3UThH KOJIMYECTBO OPBI3T Ha MOBEPXHOCTH OCHOBHOTO MeTamta. C nc-
TI0JIb30BAHMEM MAaTEMAaTHYECKOTO MOJCIMPOBAHMS ObUT MOATBEPXKICH XapaKTep B3aMMOACHCTBHS CBAPOYHBIX AYT HA JBYX
TPOBOJIOKAX M YCTAaHOBIICHO, YTO JTaJKe HAa CTAIHUH «Topsdeit» (a3el mMimynsca Toka (600 A, =0,8 ¢) maBieHue Iyru Ha MO-
BEPXHOCTh IUIACTUHBI MEHBIIIE, YeM MPH CBapKe OJHON MPOBOJOKOW Ha IMOCTOSHHOM TOKe. BhisiBieHHbI 3 dekr cBsizaH
C M3MEHEHHEM HaIlpaBJIeHUs IUIa3MEHHOIO MOTOKAa Ha MEPHEeHIAUKYISIPHOE K OCH NPOBOJIOKH BCIIEICTBHUE YBETHUCHUS JJICK-
TPOIMHAMHUYECKON CHUJIBI MPUTSDKCHUS] MarHUTHBIX IOJICH BOKPYT ABYX IPOBOJIOYHBIX MPOBOIHHUKOB. B COBOKymHOCTH CO
CHI)KEHUEM TEMIIEpaTyphl IyTH U JAABJICHUS Ha MOBEPXHOCTD IUIACTHHBI B (pa3ze «KOHTPOJIS TEIUIOBIOKEHHUS UMITYJIbCa TOKa
(180 A, +=1,4 c) 3T0 JOIKHO CIOCOOCTBOBATh YMEHBIIICHHUIO TEIJIOBJIOXKEHHS 1 IITyOUHBI IPOILIABJICHNUSI OCHOBHOTO METaJlIa,
a CIIeZIOBaTeNbHO, YMEHBIINTD CTENEHb Pa30aBlIeHHUs HAIUIABIISIEMOTO CIUIABA METAIIOM IOIOKKH. [locnennee ocoOeHHO
BOCTPEeOOBAHO NPH PEIICHNH 33/1a4 110 CO3AAHNIO TEXHOJIOINH HAIUIABKH OTHOCHUTEIEHO TOHKHUX CJIOEB U3 KOPPO3HOHHOCTOM-
KHX CIUIABOB, B YACTHOCTH, HA TIOBEPXHOCTH M3/IENNi HEYTEXUMUIECKOTO 000pyIOBaHHSL.

Kniwouegvie cnoga: nByX3eKTpOIHAS HAIIABKA; UMITYJILCHO-IYTOBOM MpOIECC; CBApOYHAs Jyra; KaljelnepeHoc; Jrc-
JIEHHOE MOJIEITMPOBaHHE.
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