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PECULIARITIES OF THE MANIFESTATION AND INFLUENCE ON THE
ELECTROMAGNETIC PROCESSES OF THE TRANSIENT SKIN EFFECT IN METAL
CONDUCTORS WITH PULSED CURRENT

Purpose. Preparation of brief scientific review of basic results of the known theoretical researches of the electrophysics
phenomenon of linear transient skin effect (TSE) in the non-magnetic homogeneous massive conductors of flat and cylindrical
configurations on which in the discharge electric circuits of high-voltage electrophysical installations (EPHI) the pulsed currents
iy(t) flow with given amplitude-temporal parameters (ATPs). Methodology. Theoretical bases of electrical engineering, bases of
theoretical electrophysics, electrophysics bases of technique of high-voltage and high pulsed currents. Results. The brief scientific
review of results of the known theoretical researches of the electrophysical phenomenon of linear TSE in non-magnetic
homogeneous massive flat and cylindrical metal conductors with pulsed axial (azimuthal) current i,(t), formed in the discharge
circuit of powerful high-voltage EPHI. In the generalized and systematized form the basic features of manifestation of linear TSE
in the indicated conductors and influence of the considered skin effect on electromagnetic processes are presented at flow in
conductors and discharge circuit of a high-voltage EPHI with the pulsed current i,(t) time-varying by law of attenuated sinewave.
Influence of linear TSE is described in non-magnetic massive conductors during transient in a discharge circuit of EPHI with the
pulsed current i(t) of given ATP, depth of penetration of the electromagnetic field in materials of the indicated conductors, own
integral electric parameters of the considered conductors and their good quality in the high-current discharge circuit of high-
voltage EPHLI. It is shown that at the analysis of electromagnetic transients in high-current discharge electric circuits of powerful
high-voltage EPHI it is necessary to take into account flowing in materials of the examined massive conductors of such known
electrophysical phenomenon as linear TSE. Originality. Generalization and systematization is first executed regarding domestic
and foreign scientists-electrical engineers’ results of theoretical researches for long-term period of the electrophysics
phenomenon of linear TSE in the flat and cylindrical metallic conductors of different thickness with the pulsed current iy(t)of
given ATP. Practical value. The results presented in the generalized and systematized form will be useful for electrical engineers
in deepening of understanding of basic features of manifestation in non-magnetic massive homogeneous conductors with the
pulsed current iy(t) of given ATP of such widely widespread in area of high-voltage high-current pulsed technique electrophysics
Pphenomenon as linear TSE and its influences on electromagnetic transients in similar metallic conductors and high-current
discharge circuits of high-voltage EPHI. References 28, figures 2.

Key words: metal conductors, pulsed current, linear transient skin effect, features of the manifestation of linear skin effect in
conductors and its influence on electromagnetic processes.

Ilpusedenuii Kopomxuii 02110 pe3yibmamie Gi0OMUX MEOPEMUUHUX OO0CTIONCEHb eNeKmPOoPi3uUH020 AGUWA TIHITIHO20
HecmauionapHnozo noeepxuesozo epexmy (HIIE) ¢ nemaznimnux 00HOPIOHUX MACUGHUX NIOCKUX | YUTTHOPDUYHUX MeEMAeeUx
NPOGIOHUKAX 3 IMHYIbCHUM QKCIQNbHUM (A3UMYMHUM) CPYMOM, W0 (HOpMYEmMbCcA 6 pOo3PAOHOMY KOJIi 6UCOKOBOAbMHOL
enekmpoizuunoi ycmanosku (EQY). Y yzazanonenomy i cucmemamu3zosanomy eu2nadi npeocmaeneni 0CHO8HI 0codueocmi
npoagy niniiinoco HIIE y exazanux npogioHuKax i 6naugy Oamozo CKiH-epeKkmy Ha eneKmpomazHimui npouecu, uio
npomixkaioms 6 nPogionuKax i po3paonomy koni EQY 3 imnynscHum cmpymom, uio 3mMiHIOEMbCA 8 HACI 3 3AKOHOM 3amyxaro4ol
cunycoiou. Onucanuii énnue niniiinozo HIIE na mpueanicmev nepexionozo npouecy 6 po3paonomy koni E®Y, zaubuny
NPOHUKHEHHA eeKMPOMAZHIMHO20 NOJA 68 Mmamepian NpoGiOHUKI8, 61ACHI eleKmpuuHni napamempu npogioHuKie i ix
doopommuicmy ¢ po3psaonomy koni E@Y. bion. 28, puc. 2.

Kniouogi cnosa: merajieBi NpoBiIHMKH, iMIIyJILCHUI cTPYM, JIiHiliHUH HecTamioHapHMii MoBepXHeBUi edeKT, 0cO0IUBOCTI
NposiBY JIiHil{HOr0 cKiH-edeKTy B NPOBiTHUKAX i i{0r0 BIIUBY HA €J1eKTPOMATHITHI MpoO1eCH.

Ilpugeden Kpamkuii 0030p pe3yIbmMamos U3BECHIHBIX MEOPEMUUECKUX UCCTEe006AHUIL IIEKMPOPU3UUECKO20 AGNEHUSA
JIUHEIH020 HeCMAYUOHAPHO20 NOo6epXHOCMHO020 Ipghexma (HIID) 6 HemazHuUmHbIX 0OHOPOOHBIX MACCUBHBIX HNIOCKUX U
YUIAUHOPUYECKUX MEMAIUYECKUX NPOGOOHUKAX C UMAYIAbCHBIM AKCUATIbHLIM (A3UMYMANbHBIM) MOKOM, (hopmupyemvim 6
PA3pAOHOIL Yyenu 8blCOKOBONbMHOIU I1eKmpoghuzuyeckon ycmanoeku (ADY). B 0600uiennom u cucmemamusupo8annom euoe
npeocmaenenvl OCHOBHble 0cofennocmu nposenenus auneinozo HIID ¢ ykazanuvix npoeoOHUKAxX U GAUAHUA
PaAccmMampueaemozo0 CKuH-3(pghekma Hna IneKmpomazHuUmMHwle RPOUECCHl, NPOMEKAuiUe 8 NPOGOOHUKAX U PA3PAOHOU yenu
DY ¢ umnynscnvbim mMoKOM, USMEHAIOWUMCA 80 8PeMeHU RO 3AKOHY 3amyxalouieii cunycouosl. Onucano enuanue aUHENHO20
HIID na onumensnocms nepexoonozo npoyecca ¢ pa3paonoi yenu IDY, enyouny npoHUKHOGEHUA IIEKMPOMAZHUMHO20 NOJIA 6
Mamepuan npoGoOHUKO8, COOCMEEHNble INIeKmpuiecKue nApamempsl nNPOGOOHUKOE U UX 00OPOMHOCHL 6 PA3PAOHOI Uenu
IDY. bubn. 28, puc. 2.

Knrouesvie cnosa: Mmerajuim4eckue NPOBOJAHNUKH, UMIIYJIbCHBINH TOK, JUHEHHbIH HECTALMOHAPHBINH NOBEPXHOCTHLIN 3P dexT,
0C00eHHOCTH NMPOsIBJIEHUS TUHEHHOI0 CKMH-3(peKTa B NPOBOAHUKAX M €r0 BJIUSHUS HA 3JIeKTPOMATHUTHbIE NPOLecChl.

Introduction. In high-voltage high-current pulse scientific and electrotechnological goals in practice [1-6].
technology, electrophysical installations (EPHI) have In this case, non-metallic and insulated conductors are
been widely used, which are designed to achieve various
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commonly used in electric power circuits of such EPHI,
the current-carrying parts of which contain non-magnetic
conductors made of materials with high electrical
conductance yc (for example, copper and aluminum) and
through which pulsed currents i,(f) with different
amplitude-temporal parameters (ATPs). The sources of
generation in EPHI circuits of pulsed axial (longitudinal)
and azimuthal (circular) currents i,(¢), as a rule, are
powerful capacitive (CES) or inductive (IES) energy
storages [1-3]. Considering the physical nature of the
formation and flow of a pulsed current i,(¢) in conducting
media, in these materials of conductors of discharge
circuits of EPHI with CES (IES), transient skin effect
(TSE) appears, the study of which was given quite a lot of
attention [2, 7-19]. Nevertheless, today there are
practically no publications in the scientific world devoted
to the generalization and systematization of the results of
theoretical studies of the phenomenon of TSE in metal
conductors with a pulsed current i,(f) of various ATPs for
many years obtained by domestic and foreign scientists in
the area of electrical engineering. Therefore, the
preparation at the first stage of even a brief overview of
the main publications on TSE in conductors is of
scientific and practical interest. We also indicate that the
available foreign publications (for example, [20-22]) are
mainly devoted to the study of the stationary skin effect in
metallic conductors. In this regard, the preparation of a
brief review of well-known works on the phenomenon of
TSE in conductors of EPHI with a pulse current i,(#),
containing the main results of its manifestation and
influence on the electromagnetic processes occurring in
them and in the discharge circuits of EPHI, is an
important task.

The goal of the paper is performing a brief
scientific review of the main results of the well-known
theoretical studies of the electrophysical phenomenon of
linear TSE in nonmagnetic homogeneous massive
conductors of flat and cylindrical configurations, along
which pulsed currents i,(f) with given ATPs flow in the
discharge electric circuits of high-voltage high-current
EPHIs.

1. Problem definition. Consider non- and insulated
solid non-magnetic homogeneous conductors with flat
(Fig. 1) or cylindrical configuration (Fig. 2) [2, 13] that
are widely used in high-voltage EPHIs. We assume that
for the considered conductors with thickness % or b (see
Fig. 1, 2), inequalities of the form A/Ac>>1 and b/A>>1
are satisfied, where AC:[2/(a)p/¢0yc)]”2 is the penetration
depth in the stationary (steady-state) mode of the external
electromagnetic field with the circular frequency w, in
time ¢ into the conductor material with electrical
conductance yc, and u=47-107 H/m is the magnetic
constant [2]. In this regard, a sharp manifestation of the
skin effect takes place in the indicated conductors of the
discharge circuit of the EPHI, and the conductors can be
considered massive [2, 9, 13]. The cases when A/A<1
and b/Ac<1 are atypical for conductors used in high-

current discharge circuits of the EPHI, and therefore they
are not of particular interest.
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Fig. 1. Flat massive non-insulated metal conductor with pulsed
axial electric conduction current i,(f) flowing along its
longitudinal axis OZ (Es, Hy are, respectively, the strength of the
pulsed electric and magnetic fields on the outer flat surface of
the conductor) [13]

Fig. 2. Cylindrical massive non-insulated metal conductor with
pulsed axial electric conduction current i,(¢) flowing along its
longitudinal axis OZ (Es, Hy are, respectively, the strength of the
pulsed electric and magnetic fields on the outer cylindrical
surface of the conductor) [13]

We believe that the electrical conductance yc of the
material of the conductors is almost the same in time ¢
value, and the linear dimensions of the conductors (their
length / and width a) significantly exceed their thickness
h or radius b. The displacement currents in the Maxwell
equations for the studied conductors are neglected
[2, 12]. Let in considered conductors along their
longitudinal axes OZ only pulsed conduction currents
i,(t) with arbitrary ATPs flow. It is required, based on
the published results of investigations of linear TSE in
the considered non-magnetic homogeneous massive
metal conductors of the discharge circuit of the EPHI
with pulsed current 7,(¢) of specified ATPs, to formulate
in generalized and systematic form the main features of
the specified skin effect manifestation and its influence
on the electromagnetic processes occurring in the
material of conductors and discharge electric circuit of
the EPHI.

2. The main features of the manifestation of
linear TSE in massive conductors with pulsed current.
We confine ourselves to the case typical for high-power
high-voltage EPHI, when the pulsed current i,(¢) in the
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studied conductors changes in time ¢ according to the law
of a damped sinusoid and is described by the well-known
relation of the form [9, 13]:

i (1) =kpl 1 exp(=0 1) sin(@ i) , (1
where 1,,1, J,, w, are, respectively, the first amplitude,
attenuation coefficient and circular frequency of
oscillations of the pulsed current in the discharge electric
circuit of the EPHI; k,=[exp(-d,/w,arcctgd,/w,)x
><sin(arcctgép/cop)]’1 is the normalization factor (k,>1).

The temporal dependence (1) for the current i,(¢)
makes it possible to establish the main and characteristic
features of the space-temporal distributions of the
strengths of the pulsed electromagnetic field in the
materials of the studied massive conductors and their
influence on the electrical parameters of the conductors,
as well as on the behavior of transient electromagnetic
processes in the discharge circuits of high-voltage
EPHIs.

2.1. Features of the distribution of the strength of
a pulsed electric field in the material of conductors.
The data of analytical solutions of linear diffusion
problems for penetration into a cylindrical tubular metal
conductor, often used in the discharge circuit of EPHI
with a pulse current i, (f) of a temporary form (1), the
strengths of a pulsed axial E; and azimuthal Ej electric
fields given in [14, 15] makes it possible to formulate the
following main features of the manifestation of linear
TSE in the specified conductor:

e the first amplitude of the strength E; of the pulsed
axial electric field in the outer layers of the massive
conductor wall is significantly less than the corresponding
strength characteristic of the steady-state (stationary)
electromagnetic process in the conductor material. For the
outer surface of a massive conductor, this discrepancy
between the non- and stationary modes of penetration of
this field is approximately 33 %;

o the amplitude of the first half-wave Ej of the pulsed
azimuthal electric field strength on the outer surface of
the massive conductor wall is approximately 31 % less
than in the stationary mode of penetration of a similar
field into it;

o the strengths E; and E, of the pulsed electric field on
the outer surface of the massive conductor wall are
characterized by an increased slew rate on the frontal
parts of their first half-waves, the duration of which turns
out to be significantly less (from 30 to 35 %) to the
duration of the next half-waves of this field change;

o the strengths E£; and E, of the pulsed electric field
faster become steady in the inner layers of the wall of a
non-magnetic massive conductor with pulsed axial or
azimuthal current;

e full attenuation in the material of the massive
conductor of the indicated strengths E, and E, of the
pulsed electric field occurs almost at the depth of its wall,
approximately equal to SAc.

2.2. Features of the distribution of the strength of
a pulsed magnetic field in the material of conductors.
The results of a linear TSE study in the specified massive
cylindrical conductor, presented in [14, 15], indicate that:

o the first amplitude of the strength Hj of the pulsed
azimuthal magnetic field across the entire wall thickness
of the massive conductor in the transient penetration
mode is much larger than in the stationary one. This
discrepancy in the values of the strength H, for the inner
layers of the wall of the conductor considered reaches up
to 35 %;

o the first half-waves of the strengths Hy u H; of the
pulsed magnetic field as it penetrates into the inner layers
of the wall of a non-magnetic massive conductor undergo
a considerable attenuation in amplitude and change in
shape. There is a smoothing of their frontal parts and a
shift of their amplitude values towards longer times;

o the first amplitude of the strength H; of the pulsed
axial field into the inner layers of the conductor wall is
approximately 32 % higher than its corresponding values,
determined from the condition of the steady-state
(stationary) electromagnetic mode of its penetration into
the conductor material;

o the strengths H, and H of the pulsed magnetic field
faster become steady in the outer layers of the wall of the
massive conductor with pulsed current;

o full attenuation in the non-magnetic material of the
massive conductor of the indicated strengths Hy and H; of
the pulsed magnetic field practically occurs at a depth of
its wall equal to about SAc.

3. Main features of the influence of linear TSE in
massive conductors with pulsed current on the
electromagnetic processes in them and in the
discharge electric circuit of the EPHI. Based on
presented in [2, 8-10, 12-19] the results of studies of
linear TSE in flat and cylindrical conductors with pulse
current i,(f) varying in time ¢ according to (1), it can be
concluded that its (skin effect’s) the main effects are as
follows.

3.1. The effect on the duration of the transient in
the discharge electric circuit of the EPHI. Analysis of
the obtained data for linear TSE in massive conductors
with pulsed axial (azimuthal) current i,(f) of the form (1)
indicates that the transient process of becoming steady of
the strengths of the pulsed electromagnetic field in their
non-magnetic homogeneous (isotropic) material lasts
almost one and a half period 7, ( no more than 37/w,) of
changes of the external field generated by the considered
discharge current of the EPHI near their outer surfaces.
This circumstance is clearly indicated by the results of
studies in [9, 16] of pulsed penetration of plane
electromagnetic waves into a flat non-magnetic massive
wall of a tubular conductor of unlimited radial
dimensions, as well as by theoretical data from [14, 15]
on the study of linear TSE in a non-conductive cylindrical
tubular conductor with arbitrary wall thickness with
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pulsed axial or azimuthal current i,(¢) of a temporary form
(1). Therefore, the duration of the transient
electromagnetic process in the discharge circuit of a high-
voltage EPHI with massive metal conductors (tires), due
to transient diffusion in their walls of the external pulsed
electromagnetic field strengths with an oscillation period
T,, practically does not exceed the value 1,5-7, = 3n/c,,.

3.2. The effect on the depth of penetration of the
electromagnetic field into the material of conductors.
As is known, to calculate the depth of penetration Ay in
the transient (unsteady) mode of the external pulsed
electromagnetic field into the considered non-magnetic
massive homogeneous conductors of the discharge circuit
of the EPHI, the following analytical relation can be used
[13,23]:

Ay =Hg(ycEs), 2
where Es, Hy are, respectively, the strengths of the pulsed
electric and magnetic fields on the outer surface of a flat
(cylindrical) conductor (see Fig. 1, 2), the non-
ferromagnetic material of which has a constant electrical
conductance yc.

Knowing in (2) the temporal dependencies of the
surface strengths Eg and Hs of the pulsed electric and
magnetic fields for the considered flat and cylindrical
conductors included in the discharge circuit of EPHI with
time-varying in ¢ according to the law (1) the pulsed axial
(azimuthal) current 7,(?), it is relatively easy to determine
the desired penetration depth Ay for transient process of
diffusion of the external pulsed electromagnetic field into
their walls and is compared with the known classical
penetration depth A characteristic of the steady-state
(stationary) field diffusion mode.

From the analysis of the results obtained in [13,
23], it follows that in the area of the first half-wave of a
pulsed damped sinusoidal axial current i,(f) according to
(1) (0y/,=0,3; ®,=666,58 kHz; 7,=9,42 us) flowing
through a round solid copper tire (b=2,5 mm;
yc=5,81-107 S/m; A=0,202 mm; b/A=12,37) of the
radio frequency cable brand PK 75-33-17 [24], the value
of the depth of penetration Ay of the field into this core
for the transient mode, compared with the value of the
depth of penetration A into it of a similar field for the
stationary mode, is approximately 37 % larger. For the
area of the second half-wave of the pulsed
electromagnetic field penetrating into a cylindrical tire,
the value of Ay becomes 19 % less than the value of Ac
characteristic of the stationary mode of penetration of
the external electromagnetic field into the specified
massive conductor. In the area of the third half-wave of
the investigated type of electromagnetic field, the ratio
An/Ac approaches almost 1. Therefore, for the analyzed
case, the depth of penetration Ay of the pulsed
electromagnetic field into the massive cylindrical
conductor varies most noticeably in the interval of the
first two half-waves of this field or the pulsed current
i,(f) described by (1).

The above feature for the temporal distribution of Ay
allows to explain from electrophysical positions the
nature of the value of the intensity £5 of the pulsed axial
electric field on the outer surface of the massive
cylindrical conductor during a transient in the discharge
circuit of the EPHI (see subsection 2.1). It is a mentioned
increase in Ay (by about 37 %) in the first half-wave area
of the penetrating pulsed electromagnetic field, in
transient mode, by reducing the instantaneous value of
active resistance Ry of the current skin layer in the
massive cylindrical conductor, results in a corresponding
decrease (approximately by 33 %) in the first half-wave
amplitude of the surface strength Ezg of the pulsed axial
electric field (respectively, also the drop of the pulsed
electric voltage on this conductor [25]) by comparing to
its value in the steady state diffusion mode of similar
alternating field into the consideration conductor. In the
area of the second half-wave of the discharge current i,(f)
of the form (1), the decrease in Ay (by about 19 %)
results, due to an increase in the instantaneous value of
the active resistance Ry of the current skin layer in the
massive cylindrical conductor, in a corresponding
increase in the transient penetration mode into it of the
analyzed field of the specified amplitude of the strength
E s of the axial electric field on the outer surface of the
conductor.

Therefore, it can be stated that the nature of the
penetration mode (transient or steady state in the
electrodynamic sense) into the indicated massive flat and
cylindrical conductors of the discharge circuit of the EPHI
of the external electromagnetic field significantly affects
the calculation of its penetration depth into their non-
magnetic materials.

3.3. Influence on the intrinsic electrical
parameters of the conductors of the discharge circuit
of the EPHI. The values of active resistances Ry, and
internal inductances Ly, (external inductances determined
by the geometry of the conductors and not dependent on
the electrodynamic mode of current propagation in them,
are not considered) for non- and massive flat and
cylindrical conductors, averaged over an arbitrary time
interval [f;, #,] used in the discharge circuits of high-
voltage EPHIs with pulse current i,(¢), can be represented
in a generalized electrical engineering form [26, 27]:

Rya =kgRy; 3)

Lyg =kiLo, )
where Ry,, Ly, are, respectively, the active resistance and
internal inductance of the conductor, taking into account
the influence of the apparent TSE in them; R,, L, are,
respectively, the known values of active resistance and
internal inductance of a conductor when DC flows
through it [2, 28]; kz, k; are the dimensionless coefficients
that take into account the influence of the transient mode
of penetration of the external electromagnetic field into
the conductor material, respectively, on the values of its
active resistance and internal inductance.
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It is interesting to note that according to data from
[26, 27] for a non-massive continuous cylindrical
conductor of radius b with pulsed axial current i,(¢) of the
form (1) with b/Ac<1, the coefficients kz and k; in (3), (4)
become equal to 1 and its pulsed electrical parameters Ry,
and Ly, take values characteristic of DC in it. This
circumstance, corresponding to the well-known
provisions of theoretical electrophysics [2, 6], may
additionally indicate the reliability of both the approach
used in [26, 27] and the results obtained on its basis for
the electrical parameters of the studied conductors with
pulsed current i,(?).

In (3), (4), the electrical parameters of Ry, and Ly,
are understood to be constant over the time interval [z, 7]
the values of active resistance and internal inductance of
the conductor under consideration, which by the time
point #>t; cause in its material the same changes of
energy of thermal (Joule) losses and magnetic field
energy, as the time variable values of active resistance Ry
and internal inductance Ly of the conductor. Note that in
[28] for the case of a sharp manifestation of a stationary
skin effect in a nonmagnetic massive solid cylindrical
wire of radius b (see Fig. 2) with a variable sinusoidal
axial current of frequency f, the following classical
calculation relations were obtained for its current
oscillations averaged over a half-period’s area duration
0,5 ! values of active resistance R. and internal
inductance L¢:

Re =05l(zmbyeAc) s (5)

L =0.25uyAc ()" (6)

For comparison at d,/w,=0 of the values of the active
resistance Ry, and the internal inductance Ly, of the
massive continuous cylindrical conductor of radius b with
apulsed axial current i,(¢), found taking into account the
influence of the TSE, with the corresponding values of its
active resistance R and internal inductance L, calculated
in the stationary mode, at b/A>>1 the following relations
can be used [26]:

Rya/Rc =2Ackg /b (7
Lya /Lo =0,5bk; /Ac . (8)

Analytical and graphical dependencies for the
coefficients kz>1 and k;<1 as applied to flow through the
considered massive cylindrical conductor of pulsed axial
current i,(¢) of the form (1) are presented in [12, 26]. We
now turn to the analysis of the effect of the TSE on the
active resistance Ry, and the internal inductance Ly, of a
nonmagnetic massive cylindrical conductor with pulsed
axial current i,(¢) according to (1).

The results obtained in [12, 26] for the conductor
considered indicate that the averaged in the area of the
first half-wave (£=0; t,~n/w,) of the damped sinusoidal
current i,(¢) of the form (1) values of the active resistance
Ry, taking into account the linear TSE are much smaller,
and the averaged in this area values of the internal

inductance Ly, are larger than at the stationary skin effect
in the material of such a conductor. So, at b/A~=10 and
0p/w,=0 for a non-magnetic continuous cylindrical
conductor with pulsed axial current i,(f), the ratio Ry./Rc
by (7) is numerically about 0.75, and the ratio Ly,/Lc by
(8) takes a value numerically equal to about 1.14. It can
be seen that for a massive cylindrical conductor, taking
into account the influence of the linear TSE leads to a
decrease (by about 25 %) of its average active resistance
value Ry, and an increase (by about 14 %) of its average
internal inductance Ly,. It is important to point out that
according to the calculation data from [12, 26] for
relatively thin (non-massive) cylindrical conductors
(b/Ac=1) with pulsed axial damped sinusoidal current i,(¢)
in the discharge circuit of the high-voltage EPHI, the
transient electromagnetic process in their non-magnetic
homogeneous material has practically no effect on the
values of such integral electrical parameters as active
resistance and internal inductance.

3.4. Influence on the quality factor of conductors
of the discharge circuit of the EPHI. The quality factor
(Q-factor) Oy of the considered flat and cylindrical
conductors with pulsed current i () of the form (1) in the
discharge circuit of the EPHI is understood as the
physical quantity determined by the ratio of their internal
reactances to their active resistances and calculated by the
following expression [12]:

Oy =w,Ly/Ry. )

For a non-magnetic massive solid cylindrical

conductor with a pulsed axial current i,(f) of the form (1),
expression (9) according to [12] can be written as follows:
Oy =0,25b%k; [(AXkp). (10)

Based on (9) and taking into account (5) and (6),

for the specified massive (b/Ac>>1) cylindrical
conductor at a stationary mode of manifestation in its
non-magnetic material of the skin effect, the value of
quality factor takes a numerical value equal to Oy=1.
This result corresponds to the well-known classical
provisions of theoretical electrical engineering [28]. And
how does the linear TSE, which manifests itself in their
materials, affect the Q-factor Qy of the considered
conductors? From (10) and analysis of the results of
theoretical studies of this skin effect in nonmagnetic
massive conductors with pulsed axial current i,(7) of a
temporary form (1), presented in [12, 26], it follows that
for a massive solid cylindrical conductor with b/A~=10
(in the case of J,/w,=0) its Q-factor in the transient
mode becomes numerically equal to about Qy=1.52. It
can be seen that linear TSE compared with the steady-
state (stationary) skin effect leads to a significant
increase (by about 52 %) of the value of Q-factor Oy of
the specified massive conductor with pulsed current
i,(1), connected in the high-current discharge circuit of
the EPHI. Note that a similar result for the quality factor
Oy was also obtained when calculating the integral
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electrical parameters for an infinitely thick flat
conductor with a pulsed sinusoidal current in a transient
mode [8]. From this we can conclude that in order to
achieve in the discharge circuit of the powerful high-
voltage EPHI that generates high pulsed currents and
high pulsed magnetic fields on an electrical load, high
values of Q-factor of its current-carrying busbar, in it (in
this busbar) non-magnetic massive conductors must
be used.
Conclusions.

1. From the presented data of the review, it follows that
the linear transient skin effect in the metal conductors
under consideration, compared with the stationary skin
effect in them, in the first half-wave of the damped
sinusoidal pulsed current i,(f) leads to a significant
decrease (up to 33 %) on the outer surface of the
conductors of the value of the strength of the pulsed
electric field, a significant increase (up to 35 %) in the
inner layers of the conductors of the value of the strength
of the pulsed magnetic field, a noticeable increase (up to
37 %) in the depth of penetration of the external
electromagnetic field into the conductor material, a
decrease (up to 25 %) in the average active resistances of
the conductors, an increase (up to 14 %) in the average
internal inductance of the conductors and an increase (up
to 52 %) in the Q-factor of the conductors, as well as to
the flow in the discharge circuit of a high-voltage high-
current  electrical  installation of a  transient
electromagnetic process with a duration of up to one and a
half period of change of its pulsed current i,(f) of the
specified temporary type.

2. The above-described features of the manifestation
and influence of a linear transient skin effect in indicated
non-magnetic homogeneous massive conductors of
discharge electric circuits of high-voltage high-current
electrical installations must be taken into account when
designing and choosing the design of flat (cylindrical)
busbar of discharge circuits of similar electrophysical
installations, as well as when solving applied problems of
obtaining on certain electrical loads of specified current
(voltage) pulses with the specified parameters.
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