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RECEPTION OF OVER-HORIZON FM TRANSMITTER SIGNALS
ASSOCIATED WITH EARTHQUAKES

Abstract Over-horizon FM signal is received on abnormal situations (probably in close associa-
tion with earthquakes). This paper presents our latest results on the characteristics of such over-horizon
signals on the basis of the measurements by different antenna systems (transmitter: FM Sendai (77.1
MHz) and receiving station: Chofu). First of all, the reception of over-horizon signal is cross-correlated
with the earthquake, and it is found that such signals are mainly observed about 7 days before an earth-
quake. Then, such signals are found to have small elevation signal (~10°), which implies that the signal
is due to tropospheric effect (not ionospheric scattering). Signal bearings are estimated by direction find-
ing, but the signal bearing is always considerably different from the future epicentral direction (always
close to the coastal regioon). Finally, the signal intensity is significantly large (far from the level of scat-
tered signal), so that the signal reception is probably due to the favorable VHF tropospheric condition at-

tributed to the effect of earthquakes.

1. Introduction

Electromagnetic phenomena are recently
considered to be very promising for the short-
term earthquake prediction [Hayakawa and
Fujinawa, 1994; Hayakawa, 1999]. One of the
electromagnetic sounding is the use of pre-
existing transmitter signals in different fre-
quency ranges to study the seismo-
atmospheric and -ionospheric phenomena.
Rather convincing results on the seismo-
ionospheric perturbations have been reported
in VLF and LF band [Gokhberg et al., 1989;
Hayakawa et al., 1996; Molchanov and Ha-
yakawa, 1989]. Also, Biagi et al. [1999] have
investigated the seismo-atmospheric effect in
the subionospheric LF(150-300kHz) wave
propagation.

In VHF frequency range, Kushida (per-
sonal communication, 2000) have been work-
ing on the reception of over-horizon FM
transmitter signals which, he considers, is
associated with earthquakes and his considers
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such a reception of the over-horizon VHF
signal being due to ionospheric scattering.
However, its mechanism is extremely poorly
understood, so that we will present our latest
results in order to answer the fundamental
questions including, (1) can we receive an
over-horizon FM transmitter signal before an
earthquake? and (2) what is the mechanism of
such a reception of over-horizon FM signals
associated with earthquakes?

2. Observation, receiving and antenna
systems

Fig. 1 illustrates the relative location of
the FM transmitter in Sendai (fre-
quency = 77.1 MHz, power =5 kW,
height = 193 m, and horizontal polarization)
and the receiver at our university (UEC) (an-
tenna height=33.8m). The distance between
the transmitter and receiver is 312km and the
line of sight is 80km. Crosses in the figure
indicate the epicenters of earthquakes with
magnitude greater than 3.5 during our period



of observation. The period of our observation
is February 1st through June 30, 2000, in
which the midnight (L.T.=0:00-5:30h) data
are used because during other time periods
the radio broadcasting (University of the Air)
is going on at this same frequency in Tokyo
area.
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Fig. 1 Relative location of the FM transmitter

in Sendai and the receiving station (our uni-
versity).

The receiver system is composed of a HF
amplifier, a mixer with an oscillator, an IF
amplifier and a detector (to detect low fre-
quency component). In this study we record
the IF signal and the sampling is 0.1Hz.

We next describe the antenna systems. 6
Yagi antenna systems are used (each Yagi has
5 elements). As for the horizontal polariza-
tion, we have three different bearing (azi-
muthal) angles of -30°, 0°, +30° (0° means
the direction between the receiver and trans-
mitter; - indicates the west of the path and +
means the east of the path) for the elevation
angle=0° (horizontal)), and these antenna sys-
tems for horizontal polarization with three
different elevation angles (0°, 45°, and
90°(vertical upward)) for the fixed azimuth of
0°. Additionally, we have one antenna with
vertical polarization (bearing=0°, eleva-
tion=0°). By using the outputs from the two
antennas (S(+) and S(-)) (bearing=+30° and -
30°, respectively), we can estimate the azi-
muth of the observed signal by using the rela-
tionship of ®=tan-1(S(+)/S(-)) and also the
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absolute amplitude (because the system is
well calibrated).

3. Observed results and correlation
analysis

On the normal days without any effect of
earthquakes, we observe the background lev-
els for all of six antenna channels. However,
when a certain effect (probably the effect of
an earthquake) happens, we have the record
such as on May 27, 2000 as shown in Fig. 2.
Looking at the three panels (top right two and
bottom left) directed to three different bear-
ings (but with the same horizontal polariza-
tion and the same elevation angle=0°), the
most significant output is seen for the azimuth
+30° (east of the path). By using the output
from the two antennas (S(+) and S(-)) we can
perform the direction finding, which has indi-
cated that the over-horizon signal is found to
have the bearing of about +20° (east of the
path). Next, we discuss the incident angle of
the signal by looking at the bottom three pan-
els. As is easily seen from the panels, the out-
put for the elevation=0° is strongest, next for
elevation=45°, and a negligible output is seen
for elevation=90°(vertical upward). By taking
into account the radiation pattern in the eleva-
tion direction, the incident angle is estimated
to be ~10°. It is furthermore confirmed that
the sound signal of the observed FM wave is
the one from FM Sendai, so that we are re-
ceiving the over-horizon signal of FM Sendai.
It is uncertain here that this abnormal recep-
tion of the over-horizon signal is a precursor
to any earthquakes, because there were a few
earthquakes after this signal.

In order to study the possible correlation
between such an anomalous reception (as in
Fig. 2) and any earthquake, we perform the
cross-correlation analysis. First, we deal with
the earthquakes (total number is about 30)
taking place in the east of the path (occurring
within a radius of 300km from the receiver
with azimuth less than 120°) with magnitude
greater than 3.5. We take an average of the
signal amplitude during one particular day as
one variable x(t) (t: time; day) and another
variable y(t) characterizes the earthquake in
the following manner (y:



(exp(11.8+1.5M)/d)x(1/r) (M: magnitude, d:
depth, r: epicentral distance), based on the
reasonable assumption that the signal inten-
sity is proportional to the energy released dur-
ing an earthquake and also is closely related
with d and r in such a way. When we have a
few earthquakes on the same day, we adopt
the largest value for y(t). The cross-
correlation result, which is the result for the
earthquakes taking place in the east of the
path, is given. We find that there exists a sig-

nificant peak around -7 days; which means
that the anomalous reception of over-horizon
FM signal is received mainly about 7 days
before the quake.

The same analysis was performed for the
earthquakes taking place in the west of the
path, but the result is not reliable (and also
not shown here) because the number of events
is extremely small as compared with those in
the east of the path.
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Fig. 2 An example of abnormal reception of over-horizon FM signal on May 27, 2000. The out-
puts from six different antenna systems are illustrated; from left to right on the upper panel;
(1) vertical polarization (bearing=0°, elevation=0°), (2) horizontal polarization (bearing=-30°,
elevation=0°), (3) same polarization (bearing+30°, elevation=0°), then on the lower panel, from
right to left; (4) horizontal polarization (bearing=0°, elevation=0°) (5) same polarization (bear-
ing=0°, elevation=45°) and (6) same polarization (bearing=0°, elevation=90°(upward)).

If we consider this time delay of ap-
proximate 7 days as the maximum cross-
correlation and we apply this to the data ob-
served in Fig. 2, the abnormal signal on
May 27 in Fig. 2 is likely to be a precursor of
a big earthquake (M=5.8) occurred on June 3,
whose azimuth is +94°. However, the direc-
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tion finding gives us the result of +20° for the
event in Fig. 2, and there seems to be a sig-
nificant difference between the observed sig-
nal bearing and epicentral direction. The sta-
tistical analysis on such a difference between
the signal bearing and the corresponding epi-
central direction is summarized, indicating



that the signal bearing is always more west-
ward than the epicentral direction (the maxi-
mum difference is peaked at ~30°). We sug-
gest that the signal is coming very close to the
coast of Japan Islands. This may be due to a
large perturbed region due to the earthquake.
Next, we comment on the statistical result on
the signal elevation, which indicates that sig-
nal elevation is less than 20°, with peaking at
about 10°.

Fig. 3 illustrates the intensity of the ob-
served over-horizon FM signal, to be com-
pared with the theoretical expectation. The
full line is the theoretical curve for the ex-
pected signal amplitude based on the informa-
tion on the transmitter characteristics (antenna
power etc.) and receiver height. Up to the dis-
tance of line of sight (~50-80km), the wave is
space wave and beyond this critical distance
we have only the diffracted wave. The ob-
served signal intensity is mainly at the free
space intensity or a little lower than it. So that
we can conclude that the free-space wave is
reflected by some irregularity in the tropo-
sphere.

4. Conclusion and discussion

The following observational facts have
emerged from the present analysis during six
months.

(1) An over-horizon FM transmitter sig-
nals (though it is not received on normal con-
ditions) is sometime observed on abnormal
conditions (probably associated with earth-
quakes).

(2) Such abnormal over-horizon FM sig-
nals are found to be received at our observing
station with small incident angle (incident an-
gle<20°).

(3) The direction finding of the bearing of
observed over-horizon signal shows that there
is sometime a lot of difference with regards to
the bearing of the future epicenter.

(4) The cross-correlation between the ab-
normal over-horizon FM signal and earth-
quakes, indicates that there is a significant
peak around 7 days before the quake. It seems
that over-horizon abnormal signals are ob-
served about 7 days before the quake.
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Fig. 3 Theoretical estimation of signal inten-
sity as a function of distance, together with
the observed signal intensity.

Based on these observational facts, we try
to answer the fundamental questions raised in
the Introduction. First of all, the signal from
FM Sendai is really observed on some occa-
sions at the receiving station beyond the hori-
zon. On the basis of the cross-correlation be-
tween the reception of over-horizon FM sig-
nal and earthquakes, those over-horizon sig-
nals are found to be positively correlated with
an earthquake, with a significant time delay
of around 7 days, and hence it is highly likely
that such reception is due to the effect of
earthquakes. Those over-horizon signals are
observed with small elevation angle (around
10°, and less than 20°), which may imply that
signal reception is due to tropospheric effect
(definitely not due to ionospheric scattering).
Also, the signal bearing of the observed sig-
nal is significantly different from the future
epicentral direction, and we may infer that the
perturbed region is considerably large (with
radius of 100km based on the consideration of
the signal bearing and epicentral position) and
the signal is likely to be coming from the
coastal region. And their important point is
that the signal intensity is much higher than
the diffracted level and significantly large as
shown in Fig. 5. So, this means that the signal
reception is unlikely to be due to the tropo-
spheric scattering, but due to very favorable
tropospheric propagation condition associated
with an earthquake (this mechanism should
be considered in future).

Additionally we comment on the natural
noise using the vertical polarization. This sug-
gests that the natural noise in VHF may be
generated in close association with earth-



quakes, but we need more data for the definite
conclusion.
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RESULTS OF R/S ANALYSIS OF THE NATURAL ELF DATA

Abstract. We apply the R/S analysis and evaluate the Hurst exponent of the natural electromag-
netic radio signal in the extremely low frequency (ELF) band. We compare the results obtained with
natural ELF radio noise recorded in a seismo-active and in a quiet region.

Qualities of natural stochastic signals re-
flect their origin. The R/S analyses resolves
the signals by establishing their statistical
structure (Turcotte, 1997). The procedure is
formally introduces as follows. Let us have a
random series of data: x(rx )= xg, where

Ke[;N] and N = 2L We divide the initial
data series in two parts M = ]% and compute

the range R, and the standard deviation §;
for each part of the record. These functions
involved are defined for a given data set in
the standard way:

Ryr = Xpax —Xminv (D),
1 M ’
Sy = sz:lxK ~(xg) @
and
| M
() =57 L 3).
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Then, we find the average R/S ratio:

4)

Here, the angular brackets denote aver-
aging over the ensemble.
Then, we brake the series into four parts,

obtaining a new length of data sets M = ]% .

The computational procedure is repeated re-
sulting in a new average value Z (%) Then,

the procedure is repeated for M =N/ | etc.

8 B
Finally, the elementary segment of data con-
tains only two elements, and parameters R

and S satisfy the condition: R; = V2.8 7 SO
that the ‘limiting’ or initial value of the R/S
ratio is a constant Z (2) =42.

Since the Hurst exponent equals by the
definition Z(M)= (M), we plot the loga-
rithm of computed R/S ratio log, (Z ) against
the argument I = log, (M) e [l;]%J, and the



tilt of the best fit straight line gives the value
of the Hurst exponent.

Performing the R/S analysis allows us to
define the nature of ‘randomness’ present in
the statistical data set. For example, when we
treat the Gaussian noise, the tilt of the plot
equals 0.5. When the normal process is of
short duration, its exponent Hu — 1. So, the
R/S curve of a normal noise has the higher
tilts first, which are then reduced to the 0.5
stationary value.

The line of 0.5 tilt is of special impor-
tance. It divides the noises of two types:

When Hu € [0.5; 1.0], one speaks that
the process contains persistence. This means
that the current value of the random variable
depends on previous ones (on the process
pre-history).

When Hu € [0; 0.5], we regard the proc-
ess as anti-persistent one (having no ‘mem-
ory’).

Correspondingly, a process is regarded
as a persistent one when its Z(M) curve is

found above the 4 M dependence, and it is
called the anti-persistent process when this

curve lies below the +/M line. For the most
of natural processes the tilt of the R/S curve
corresponds to Hu € [0.7; 0.8].

We process the ELF signals recorded in a
seismo-active region with three orthogonal
magnetic antennas working in the frequency
range from 0.01 to 20 Hz and compare the
data with those collected by Dr. C. Price
group at the observatory Mitzpe Ramon of
Tel Aviv University placed in the Negev de-
sert, (see Nickolaenko, Price, Iudin, 2000).

Figure 1 surveys the results for the
monthly data collected in a seismically quiet
Negev Desert region. Here, we depict the dy-
namics of the R/S curves within the interval
Ie [6; 12], where the Hurst exponent equals
approximately 0.25. Anti-persistence of ELF
radio noise proves that individual lightning
strokes responsible for the formation of natu-
ral signal are completely independent. The
left panel in Fig. 1 presents the NS magnetic
field, and the right frame shows its EW com-
ponent. Universal time and days in March
1998 are shown along the vertical axes on the
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linear scale. Reciprocity of the survey to in-
dividual R/S plots is demonstrated by the
terminating plot inserted below the right
panel. One may see from the figure that fluc-
tuations of Log<Z> amplitude are approxi-
mately proportional to the level / = Log<M>.
The plots tend to vary as a whole, moving
together to higher or lower position with the
time. Thick solid curve in Fig.1 represents
the smoothed temporal variations of the level
Log<Z(1024)>. These data were additionally
smoothed using 3 points preceding and 3
points following a specific time. Figure 1
demonstrates, that small regular diurnal
variations may be found in a quiet field-site
conditioned probably by changes in the
global thunderstorm activity.
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Fig. 1. Monthly dynamics of the R/S curves

in a quiet region.
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We show in Fig. 2 the results for one day
data analyses performed for the three com-
ponent records of geomagnetic field (compo-
nents H, D, and Z) at the Karymshino field
site (Kamchatka). In general, the curves ob-



tained there were similar to the records ob-
tained in the quiet place (the Negev Desert).
The same inertia interval is observed
where the Hurst exponent is close to 0.25
value. Simultaneously, some abrupt modifi-
cations of the R/S curves are present in the

Karymshino, 24.06.2000

records. We see such alterations around
4-7 hr UT in Fig. 2. Separate frames to the
right of the main plot demonstrate specific
dependencies pertinent to individual field
components at particular segments of the re-
cord.
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Fig. 2. Dynamics of the R/S curves at seismo-active region.

Each frame contains the reference R/S
line characterized with the Hurst exponent of
0.25. Position of relevant time moments: (1) -
3h 38m UT, (2) - 4h 07m, and (3) - 7h 16™ are
shown in the surveying frames. As one may
see, variations in the noise structure (and
hence, in its nature) were detected possibly
caused by the nearby seismicity.

To conclude the report, we list the main
results.

1. Natural EM signal of the ULF-ELF
frequency range is an anti-persistent noise.

It’s Hurst exponent equals 0.25 which proves
that individual lightning stokes are independ-
ent.

2. Disturbances are present in the
seismo-active region changing the structure
of radio noise seen as abrupt variations of the
R/S curves and of relevant Hurst exponent.

3. Additional studies are necessary to es-
tablish the nature of these disturbances.
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ULF MAGNETIC ANOMALY PRECEDING 1997 KAGOSHIMA
EARTHQUAKES

Abstract. Spectral analysis have been performed for ULF magnetic data associated with 1997
Kagoshima earthquakes observed at Tarumizu Station. The variations of magnetic field intensity and po-
larization at the period of local midnight time (00:00-04:00L.T.) have been investigated and suggested
that there are obvious anomalies preceding two moderate earthquakes (M6.5 and M6.3) in comparison
with those of remote reference stations of Chichijima and Darwin. The apparent increase of the vertical
component Sz has been observed a few weeks before the first earthquake on March 26, 1997. The in-

crease is found to be about 1.0x10 -3 nT/VHz and this situation lasted one week before the second earth-
quake. The values of polarization found to increase about one month before the first earthquake. The
earthquake occurred at the stage of decreasing of polarization values. These observational facts suggest
that these activities around two Kagoshima earthquakes seem local phenomena, which corresponds to the

earthquake related ULF magnetic anomalies.

1. Introduction

Electromagnetic phenomena associated with
big earthquakes are recently considered as
promising phenomena (e.g Hayakawa and
Fujinawa, 1994, Hayakawa, 1999). One of the most
promising methods is a method of analyzing
earthquake related ULF emissions because
convincing evidences of ULF magnetic signature
have been reported (e.g. Fraser-Smith et al., 1990,
Kopytenko et al., 1993, Hayakawa et al., 1996). In
this paper, we will present results of ULF emissions
for big earthquakes occurred at Kagoshima region,
Japan, 1997. Two moderate earthquakes occurred at
17h31m L.T. on March 26, 1997 (U.T. = L.T. -
Shours), and 14h38m (L.T.) on May 13, 1997,
respectively. The Japan Meteorology Agency
(IMA) reported that the magnitude of former
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earthquake was 6.5 and latter one was 6.3 and their
depth were less than 20 km. Their epicenters were
located at the geographic coordinates (32.0N,
1303E) and (319N, 130.3E), respectively. A
fluxgate type magnetometer measuring 3
components of geomagnetic fields with 1 Hz
sampling rate, was in operation at Tarumizu Station
(31.48N, 130.72E), which belongs to Kyushu
University. The distances between the observatory
and epicenters are about 60 km. The geographical
relationship between the ULF magnetic station and
epicenters of earthquakes is shown in Fig. 1. The
ULF instrument is composed of three ring core type
fluxgate magnetometers (H (NS), D (EW), and Z
(vertical) component) and the waveform data are
recorded. The detailed information on the ULF
magnetometer system is reported by Yumoto et. al.
(1992). In this paper we will report on ULF



magnetic phenomena associated with Kagoshima
earthquakes.

2. Procedure of Data Analysis

We analyzed data from August 19, 1996 to
September 13, 1997. The seismic activity is also
shown in Fig.l. The active seismic zones are
divided into 3 regions, which are Kagoshima
region, Hyuga region, and Tanegashima region,
respectively. The epicenter distance to Hyuga and
Tanegashima regions are about 100km and the
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Fig. 1 The relation between Tarumizu station and
epicenter.

strongest earthquakes in both Hyuga and
Tanegashima region were M6-7. It is very impor-
tant to extract subterranean effects from the geo-
magnetic field data in order to clarify the relation-
ship between earthquakes and ULF magnetic activ-
ity. The observed data have been analyzed in a
similar manner as reported in Hayakawa et
al(1996a). (1) The data observed in the midnight
(L.T. = 00h - 04h) have been used because the
artificial disturbance is considered to be much
smaller than in daytime. (2) Spectral analysis based
on FFT method with 30 minutes interval has been
applied to waveforms of three magnetic field
components. There are 8 units for one day. (3) The
mean value and standard deviation ¢ for obtained
frequency spectrum have been calculated over the
whole analyzed period to estimate the superior
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frequency range as earthquake related ULF
emissions. (4) In order to distinguish subterranean
effects from the phenomena of geomagnetic
pulsation more clearly (Hayakawa et al., 1996a), a
variation of a spectral density ratio of vertical and

horizontal components such as S;/Syy have been

investigated. We call this procedure polarization
analysis. The average over 8 FFT units in a certain
frequency band have been taken as a daily value. (5)
The data observed at the place far from the epicenter
region and at the geomagnetic conjugate point have
been analyzed in the same way to discriminate
between local and global phenomena. (6) In order
to estimate the contribution of geomagnetic
pulsations, the daily variation of XKp, where Kp
indicates global geomagnetic activity during every 3
hours and ZKp corresponds to the daily sum of Kp,
have been investigated. When ZKp > 30, the
geomagnetic activity is active.

3. Observational Results and Discussions

In order to investigate whether the obtained
ULF magnetic phenomena is global or local
activity, the data observed at Chichijima station,
which locates at Chichijima Islands (27.15N,
142.30E), and at Darwin station, Australia which
corresponds to the geomagnetic conjugate point
(12.40S, 130.90E) have been analyzed as a remote
reference data, simultaneously. Fig. 2 shows the
location of stations. The same magnetometer
system has been installed and operated at both
station. The distance between the epicenter region
of Kagoshima earthquakes and Chichijima station is
about 1200km in the southeast direction. There is
no big earthquakes with distance of 100 km from
Chichijima and Darwin stations during the analyzed
period. Figs.3 show the variation of spectral density

of horizontal components Si; and Sy, where Sg; is
the spectral intensity of a total horizontal component

((Si2+Sp?)12) at frequency band of 0.01Hz. The

variations of 10 days backward running mean of
0.01Hz band at Tarumizu, Chichijima, and Darwin
stations are displayed with red, green, and purple



lines. Unfortunately, the remote reference data at
Chichijima and Darwin stations were missing

Chichifim
Fluzgate ty¥pe Magnetometer
lsec Bampling

i .;f.'.E Fluzgate type Magnetometer
1sec Bampling

| =y x}j’\f\%ﬁﬁ

- e ot N )

" S s §

Fig. 2 The relation of the epicentral region
and remote reference stations.

around the period of two moderate Kagoshima
earthquakes. The upper panel of Figs.3 indicates the

s
.

variation of the horizontal intensity Sg and the

lower one shows that of S,. The bottom one shows

the variation of X Kp index. It is found that the
horizontal variations are quite similar for the stations
of Tarumizu, Chichijima, and Darwin. On the other
hand, the variation of the vertical component around
the first earthquake is quite different among each
other. At the conjugate point, the similar variation is
expected for the global activities because the
geomagnetic field line is same. The increase of the
vertical component is about 1pT/sqrt(Hz). Except
this period, the variation between Tarumizu and
Darwin looks like quite similar. We cannot say in
detail because of data missing, however it seems
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Fig.3 The variations of spectral intensity at 0.01Hz
band. (a) Si (b) Sz, and (c) X Kp. The variation of

10days backward running mean of daily values is
plotted.

that the variation of Darwin station around March
10 and differences of the shape and the slope of
onset in the end of February might be informative
about this.

Figs. 4 show the daily variation of polarization
in the same manner as Figs. 6. The upper panel

indicates S,/Sg; and the middle one shows the local

seismicity, around Tarumizu statiom which reveal
the daily sum of released energy within 90 km in
terms of magnitude. The bottom one shows a
variation of ZKp index for the analyzed period. As

for S7/Sg, the polarization values at Chichijima and

Darwin stations are found to be very stable and
distributed between 0.6 and 1.2. On the other hand,
those at Tarumizu station are found to be increased
up to 2 which is almost twice of ordinary level of

0.9 before the first earthquake. As for S;/Sg, the

polarization values at Chichijima and Darwin
stations are found to be very stable and distributed
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Fig4 The variations of polarization at 0.01Hz band.
(@) SG/Syz, (b) regional daily sum of seismicity in

terms of magnitude and(c) X Kp. The variation of
10days backward running mean of daily values is
plotted for polarization As for the seismicity, the
black and the red lines show the daily variation of the
regional seismicity and variation of 10 days back-
ward running mean of the daily values.

between 0.6 and 14 and between 0.8 and 1.6,
redpectively. On the other hand, those at Tarumizu
station are found to be increased up to 2.5 which is
almost twice of ordinary level of 1.1. We can also

notice that S;/S at Kagoshima station increases

gradually from October, 1996 which corresponds to
almost 5 months before the first earthquake and it
calmed down once at the end of January, 1997. And

suddenly it jumped up in the end of February in
comparison with remote stations. Then, it seems to
be recovered at the beginning of July, 1997.

Therefore, the enhancement of S, and polarization

at Kagoshima station is considered to be local phe-
nomena. Furthermore, we can recognize the similar
double peaks in local seismicity. Anomalous
changes in polarization are seemed to be preceded
the actual seismic activity. The leading time is found
to be a few weeks. Moreover, there have been no
significant magnetic disturbances one month before
two moderate Kagoshima earthquakes in general.
Therefore, obtained ULF magnetic anomalies seem
to have no relationship with geomagnetic storms
and these facts are highly suggestive of a possibility
of connection with the seismic activity of
Kagoshima region.

It is very important in order to eliminate global
effects from observed ULF data in the point of
monitoring of earth crust activity. The usage of data
from multiple stations, especially the remote
reference site and/or the magnetic conjugate site are
very intrinsic. But the data observed at stations
distributed near the epicenter are also informative on
spatial correlation of ULF anomaly associated with
earthquakes. Furthermore they might also provide
us a key for penetration/propagation effects, which
seem to be strongly connected with the under-
ground structure, that is conductivity. Of course, it is
very significant to remove artificial effects in Japan.
These are future problem.
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H. A. OctAonnuyk, B. I1. THXOMHPOB

HETPAJJULIIUOHHBIE BUJbBI DJIEKTPOMATHUTHBIX
U3JIYUYEHUN U UX B3AUMOCBS3b C IPOBJIEMOM YMC
TEXHUYCEKHUX CPEJCTB

Abstract In the paper the structure of the electromagnetic external acting factors (EM EAF) are

considered. The untraditional types of electromagnetic radiation are highlighted. The possibility of join-

ing within the framework of one standard or group of the standards of experimental actions from tradi-

tional and untraditional sources of radiation are considered. It is illustrated on an example of new struc-
ture of the standards, designed TC 77 IEC on EMC the TS. The integrated system of the standards IEC
on EMC TS will be able become key formation joining all possible types of EM EAF

C 80-x TomoB pe3ko 00ocTpuiIach Mpo-
OJieMa 3amuThl 3JIEKTPOMATHUTHBIX TEXHH-
yeckux cpencts (OM TC) ot cHmwKeHus Ka-
4yecTBa (PYHKIIMOHHUPOBAHUS, BBI3BIBAEMOTO
BHEIIHUMH BO3ACUCTBYIONIUMHU (haKTOpaMu
AJIIEKTPOMATHUTHOTO MpoucxoxjaeHus (OM
BB®).

OTO, BO-NEPBBIX, CBSA3aHO C H3MEHE-
HUsIMU B 001uKke coBpeMeHHbIX DM TC kak
Ha MUKpPOYPOBHE (dJeMeHTHas 0a3a), Tak u
Ha MakpoypoBHE (0OJIbIIINE KOMITbIOTEPHBIE
cetu, riaodanbHbie cetn ACY, 00beauHCH-
HBbI€ DJIEKTPOIHEPreTUUYECKHE CUCTEMBI H
T.I.), 4YTO 0OYCJIaBIMBAET BHICOKYIO UX BOC-
IPUUMYHUBOCTb K Bo3jaelcTBrHiI0 OM BBO.

Bo-BTOpBIX, 32 3TOT Nepro/1 MPOU3OILIN
00JbIIME U3MEHEHUSI B CTPYKTYPE UCTOUHU-
k0B OM BB® un ux xapaxrepuctukax. Co-
BPEMEHHOE TPEJCTABIEHUE MCTOYHHUKOB
OM BB® gano B Tabmuie.

B 1992 r. TK-77 M3K (anekTpomar-
HUTHasT COBMECTUMOCTH JIIEKTPOOOOPYIO0-
BaHUs, BKJIOYas DJIEKTPUUYECKUE CETH) B
MexayHapogHoMm crangapre MOK 1000-4-
92 (I'OCT 29280-92 ycraHOBMJI HOMEHKJIa-
Typy Ppelpe3eHTaTUBHBIX HCIBITATEIbHBIX
BO3zelicTBHil. B ee cocTtaB BKiItOYEHBI 23
BUJIA TIOMEX, 00bETUHEHHBIX B 6 TpyH. OTH
NOMEeXH KBaTH()UIIUPOBAHBI KaK 000OIICH-
HBI pe3yNnbTaT BO3JACHCTBUS TPaJAULIMOH-
HBIX UCTOYHUKOB 3JIEKTPOMArHUTHBIX MOJIEH
U TOKOB €CTECTBEHHOI'O U HCKYCCTBEHHOTO
IIPOUCXOXKICHUS.

3a mocienHee AECATWIETHE Hapsay C U3-
BECTHBIMU HCTOYHUKAMU 3JIEKTPOMArHUTHBIX
m3nydeHut (OMU) nosiBUIICS psi HETpaIUITH-
OHHBIX THIIOB H3IIydareiaer (cM. TaOmuiry).
Cpeny HHX MOXHO BBIACIIUTH JBE MOATPYIIIBI
HUCTOYHUKOB DMMU.

[lepBasg nmoarpynna BKJIHOYAeT MCTOYHHKHU
OMMUM saepHOro MNPOUCXOXKIEHUS (sIepHBIC
uctouHuku OMMU). DnekTpoMarHuTHOE HU3IY-
YEHUE BBICOTHBIX SAEPHBIX B3PBIBOB pPACIPO-
CTpaHseTCsl Ha OOJIBIINE PACCTOSHUSA (0 COTCH
KM) U BO3/ICHICTBYET HE TOJIbKO Ha BOCHHBIE, HO
U TpaxJTaHCKhe OO0BEKTHL. [lo3ToMy WX Bius-
HUE HAa TPAXKIAHCKHE TEXHUYECKUE CHUCTEMBI
HEJb3S HE YUYUTHIBATh.

B 1992 r. [IK-77C B coctraBe TK-77 MOK
(Bxmrouast Poccuio) Hawan pa3paboTKy KoM-
TUIeKCa MEXKIYHapOIHBIX CTaHIAPTOB MO olec-
MEYCHUIO 3alUIIEHHOCTH TPAXKIAHCKUX OO0B-
€KTOB U CHCTEM OT Bo3nmencTBust DM BEICOT-
HOro SIB, KOTOpBINI HE SBISAETCA TPaaULMOH-
HbIM HCTOYHUKOM DOMMU. XapakTepuctuku He-
KOTOPBIX SJEpHBIX MCTOYHMKOB DOMMU mnpuse-
neHbl B cra”paprax MOK 61000-2-9, MOK
61000-2-10 u MOK 61000-2-11/1/. B cranmap-
tax MOK 61000-4-23 u MOK 61000-4-32,33
MPUBEJECHB COOTBETCTBEHHO METOJIBI U Cpe-
CTBa HCIBITAHUNA TPAXKIAHCKUX OOBEKTOB Ha
CTOUKOCTH K Bo3zeicTerio DMU BSB /1/.

Bropas nmoarpynna MCTOYHHUKOB HETpPAU-
MUOHHOTO DM BKIIIOYaeT CTaBIINE H3BECT-
HeIMU B 90-€ rojbl pa3inuHble MOAU(UKAIINH
HEJICTAIBHOTO AJICKTPOMATHUTHOTO OPYXKHS U
CPEACTB 3JIEKTPOMarHuTHoro teppopa. K Hum
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OTHOCSITCSL  CICAYIOIUE BHJBI
OMMU-uznyuenus:

— MCTOYHHMKHU Ha OCHOBE TPAJULMOHHBIX
reHepaTopoB M (a3UpOBAHHBIX AHTEHHBIX
pElIeTOK, CyMMHPYIOIIUX MOIIHOCTH OT-
nenbHbIX CBY renepaTopoB B y3KOHarpas-
neHHbld mydyok CBY uznydenus;

— UCTOYHMKHU KBa3MU30TPOIIHOrO, B T.4.
mupokononocHoro CBY usnyuenus Ha oc-
HOBE B3pPbIBOMarHUTHBIX T€HEPATOPOB;

— CBY reneparopbl Ha peasITUBUCTCKUX
JJIEKTPOHHBIX ITyYKax;

— MOLIHBIE CBEPXILIMPOKOJIOCHBIE HM-
nyiascHble aHTeHHBl (Ultra Wile Band
Source).

3a mocienHue rojbl MPOU30LIeN Kade-
CTBEHHBIH CKa4oK B 0O0JacCTH CO3AaHUA
MOIIHBIX CBEPXUIMPOKOIOJIOCHBIX HaIpaB-
JIEHHBIX M3Jy4daTelied 3JIEKTPOMarHUTHOU
SHEPruu c LIIMPUHOU CIEKTpa
50 MI'i=+10 I'T'1x /2,3/. OcoOeHHO aKTUBHEIE

MOIIIHOTO

pa3paboTku B 3TOM obsactu BemyTcs B Philips
Laboratory (USA) /4/.

C nomomip0 HampaBJIE€HHOTO CBEPXIIUPO-
MOJIOCHOTO HCTOYHHKAa DMMU MOXXHO IIOJaBUThH
TEXHUYECKHE CPE/ICTBA YIPABJICHHUS U CBS3M, a
TaK)K€ OCYILIECTBIISATH HIMPOKOIOJIOCHYIO JOKa-
M0 MaJIO3aMETHBIX I€JIeH, HCIOIb3YIOIINUX
JUIS CBOCH 3aIIMThI TEXHOJIOTHI0 «CTency.

Ob6ecrieuenne 3amurel OM TC or DM
BB® ne moxeT ObITh 3¢ (eKTUBHBIX O€3 mpo-
BEJICHUS MX HUCIBITAHWI HAa YCTOMYUBOCTH KO
BCEMY CIIEKTPY BO3ACHCTBUM, MPUBEICHHBIX B
tabnuie. Bumbl SIE€KTPOMArHUTHBIX TOMEX,
KOTOpPbIE MOT'YT CO3/1aBaThCsl B BOEHHBIX Cpe-
CTBaxX TEXHUYECKUX CHUCTEM U OOBEKTOB Tpax-
JAHCKOT'O HA3HAYEHMs, HE YKIJIAJbIBAIOTCS B
HOMEHKJIATypy HCIIBITAaTENIbHBIX BO3JECHCTBUM,
ycta"oBiaeHHbIXx MOK 1000-4-92. B cBs3u ¢
STUM BO3HUKAET HEOOXOIMMOCTH PACIIHUPECHUS
YKa3aHHON HOMEHKJIATypbl M JIOMOJIHEHHE €€
BUJIAMH HCIILITaTCILHBIX BO3IACHCTBHUM OT HE-
TPaAULIMOHHBIX UICTOYHUKOB DMU.

TK 77 DJ1eKTpOMarHUTHASI COBMECTHUMOCTD
|
[ | 1
MK 77 A IIK 77 B 1K 77 C
SIBnenust Hu3Koi yactotsl (<9 kI'm) SIBnenus BeIcOKO#t yacToTs (£>9 KI'1r) Banmmensocts 'O or DMU BB
| |
[ | | | | 1
Yacrs 1 Yacts 2 Hacrs 3 Yacrs 4 Yacrp 5 Yacts 6
OO0wmas Buemmnsas SMO Hpeﬂem:l (omucens u Texiozorua KOHTPOIX JIMpeKTHBBI 10 3aIKTe Pasnoe
| | YCTOHYNBOCTE) uu | | |
MDK 61000-2-1/ MDK 1000-4-92
MDOK 61000-1-1 PI150-713 MDK 61000-3-1 FOCT 29280-92 MDK 61000-5-1 MDK 61000-6-1
S R I . I e I I o R I
| [ MDBK 1 ' MDBK 1, MDK61000-4- 1 \ [N MDK 1
i MOK 61000-1-2 Dol610002-2:8) |1 61000-3-(2:8) 1 | (2:22:26:31) 1 | MOBK 61000-5-2 1 61000-6-2:5) |
[ | | | |
MDOK 61000-1-3 MDK 61000-2-9 MDK 61000-4-23 MDK 61000-5-3 MDK 61000-6-6
MDBK 61000-2-10 MDOK 61000-4-24 MDK 61000-5-4
MDBK 61000-2-11 MDBK 61000-4-25 MDBK 61000-5-5
MDOK 61000-4-32 MDK 61000-5-6
MDBK 61000-4-33 MDK 61000-5-7

Pucynox. MuTerpuposanHas cucrema cranaapros MOK no 9MC TC (xonuenuus TK 77)

C npyroil CTOpPOHBI, YBEIUYEHHE KOJIU-
YecTBa BMJIOB HCIIBITAHWH, OYEBUAHO, INpU-
BOJUT K BO3PACTaHHIO 3KOHOMHYECKHMX 3a-
TpaT Ha pa3paboTky nomexoycroiuussix TC.

Bo3moxabBIMI MyTAMU UX CHUIKCHHA MOIYT

ObITh cremyromue/S/:

63




Tabamna. McTOYHNKHN BHEIIHUX BO3/CHCTBYIOIINX (PAKTOPOB 3J1eKTPOMAarHuTHo# npupoasi (M BB®)

Ilonknaccsl

EcTtecTBenHOTO IMMPOUCXOXKACHUA ‘

HcKkycCTBEHHOTO MPOUCXOKACHHUSI
I'pynmnsl
3eMHBIE POLECCHI BnezemHble mpo- Herpagunmonnsie ncrounnku MU TexHUYeCKue CUCTEMBbI
L[ECCBI
[Toarpynunsl
Paspsnsl Paspsnasl Benbimkn SAnepubie Hesinepuoe WNHnycTpuanbHbie Pannonepenaro-
aTMocdepHOro CTaTUYECKOTO Conneunoi HUcTouHuku HCTOYHUKH cpeacTna e
3JIEKTPUYECTBA 3JIEKTPUYECTBA AKTHUBHOCTH IMU IMHA CpEeACTBA
Bu gl
[Ipsimoit paspsin [Ipssmoe MupoBsie OMU HSB CpeacrBa PJb JIDII Pannonepenaro-
MOJIHUH Bozneiicteue JCP ['eomarauTHbIE e
Oypu CTaHIIUU
Henpsmon Henpsmoe I'eomaruuTHbIE OMMU ASB HanpasJieHHbIe ObopynoBanue Pannonokamnuos-
Paszpsan monHum Bo3zencTeue JCP Cy60ypu YJIbTPAKOPOTKHE MOACTAHIINI HbIE CTAHIUU
LHIMPOKOINOJIOC-
Hble M3JIy4aTean
Pa3psin Mmonnun I9MU BSAB I'enepaTopnt CBUY | KommyTannonsbie
MeXy o0naKaMu H3JIy4YeHuil MIPOLIECCHI
Cb-OMU BSIB CpencrBa dJiek- Dnekrpoduszmnde-
TPOMATHUTHOIO CKHE
Teppopa YCTaHOBKH
BOMMU sIB CunoBblie
noTpeOUTENN
I'COMMU 5I1B




— cUcTeMaTu3amus ONMM3KUX IO Xapak-
TEPUCTUKAM BHJIOB HCHBITATENbHBIX BO3-
JIEUCTBUM M aJaNTalus UX MOJI OJJHOPOIHbBIC
BHUIbI IIOMEX;

— o0beIMHEHNE B paMKax OJIHOTO CTaH-
JapTra WIM TPyNIbl CTaHIAPTOB UCIIBITA-
TEJIbHBIX BO3JEHUCTBUH OT TPAJULIMOHHBIX U
HETPaJULIMOHHBIX HCTOYHUKOB H3TyUCHUM.
[IpumepoM Takoro mMmoaxoja MOXKET CIy-
KUTHh pa3paboTka HOBOW BEpCHM CTaHAAp-
toB ['epmanun nmo OMC-VG-95379-95, B
KOTOpOil 00beInHEeHBbl TpeOOBaHUA MO 3a-
mute ot OMU B u OMC TC.

[IpyuHIMIHATBEHO BO3MOXHOCTH TaKOTO
pacuupenus paspemiena 'OCT 29280-92, B
KOTOpOM B 11.4.6 yKa3aHo:

«Jlomyckaercss  NMPUMEHEHHE  BHJIOB
UCTIBITAHUH W3 YKCTIa PeTJIaMeHTUPOBAHHBIX
MEXIYyHApOIHBIMH, 3apyOCKHBIMU HAIHO-
HAJIBHBIMU U OTEUYECTBEHHBIMH HOPMATHB-
HBIMH JIOKyMCHTAMH, HE TPUBEICHHBIMU B
HACTOAIIEM pa3jieNie, a TaKXKe JOMOJIHH-
TEJbHBIX HWCIBITAHUN, YUYUTHIBAIOIIUX CO-

BMECTHOE BO3/IEUCTBHE HECKOJIBKUX BHUJOB IO-
Mmex Ha TC».

Texunyeckum komurerom MOK TK 77
pa3paboTaHa MHTEIPUPOBAHHAs CUCTEMa CTaH-
naptoB mo OMC TC (pucynok). HoBast cTpyk-
Typa crangaproB MOK coctout u3 mectu pas-
JIeJIOB, B KOTOpbIE OPraHUYECKH BKJIFOUEHBI
CTaHJApThl IO 3ALIUIIEHHOCTH TI'PAKIAHCKUX
oobekToB o OMU BSIB. Ilo cocrosiHuio Ha
sHBapb 2001 roga B CTPYKTYpy BKIIOYEHBI 15
CTaHJapTOB, B TOM yucie: B 1 pas3nen - oauH,
BO 2 paszeln - TpH, B 4 pa3zien — 1Tk, B 5 pas-
JIell - TsITh, B 6 pa3zen — oauH cranaapt. Hosas
CUCTEMa MOJKET CTaTh KJIFOUEBHIM 00pa30BaHU-
€M, OOBECIUHSIONMNM BCE BO3MOXKHBIC BHUJIBI
OM BB®. CBuaerenbCTBOM peanu3aluuu Tako-
ro Mojxoja SIBISI€TCS, HApUMeEp, IpensIoxkKe-
Hue B mpoekre cranaapra MOK 61000-4-25
ucnoabp3oBath g ucnbiTanuit TC Ha ycToi-
YUBOCTb K HEKOTOPBIM BHJaM nomex or OMU
BAB cooTBeTCTBYyIOIIME pENPE3ECHTATUBHBIE

UCTIBITATEIbHBIC BO3JICHCTBUS, ONpEICIICHHBIC
crangaprom MOK 1000-4-2-92.
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ANALYSIS OF TIME-DOMAIN CHARACTERISTICS AND SPECTRAL
PARAMETERS OF SELECTED MODELS OF LIGHTNING CURRENT

Abstract. The analysis of time-domain and spectral characteristics for double exponential and
polynomial models of the lightning current acting on any object is presented in the paper. The results of
computation and analysis of pulse parameters are shown. The properties of the computed spectrum of the
lightning models are discussed. It is considered the influence of the pulse time parameters on different
bands of the lightning spectrum. A process of simulation of lightning surge on given object using the
Discrete Fourier Transform is discussed. The received results may be used for the analysis of different

EMC tasks.
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1. INTRODUCTION

The analysis of properties of lightning
threat belongs to the most important EMC
problems. For EMC tests of radio- and elec-
tro-nic equipment influenced by the lightning
discharges it is necessary to investigate the
time-domain properties and the frequency-
domain characteristics of LEMP. The light-
ning electromagnetic field components in
both time and frequency domains are known
and defined in several international standards
[1-4]. How-ever, the peculiarities of spectral
frequency parameters of a lightning current
pulse have been insufficiently taken under
consideration, that it is necessary for the nu-
merical calculations of lightning current ac-
tion on different constructions and equipment
[5].

The full analysis in the frequency domain
is very important in the computations and
proceeding the inverse Fourier transform [6,
7]. It helps to make the proper choice of the
width of the lightning current spectrum and
the step of computations in the time domain.
At least first resonance of the equipment con-
structions should be included during numeri-
cal analysis.

In the paper, the analysis of time domain
characteristics and the spectral parameters of
the different lightning current waveforms
have been presented. Two lightning current
wave-forms have been taken under considera-
tion: a double exponential model and
a “polynomial” model. Exact parameters of
these models have been computed for differ-
ent lightning dis-charges as sources of EMC
disturbances.

2. MODELS
CURRENT

In this paper, two models of lightning
discharge current are considered. The first
model is the double exponential model
(DEXP) of the lightning waveform (Fig.1):

iL(t):Imk(e_“t—e_Bt), (1)

where / ,, — maximum value, a, 3 - parame-

OF LIGHTNING

ters, k - correction factor:

k=1/i(t may) +  max=1(B/ ) (- ) (2)
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t max - Maximum value time of pulse.

The second type is the “polynomial”
model of the lightning current waveform

(Fig.2):

, I, (/)"
lL(t):_l—llo ,
n 1+(t/7)

—f/‘fz

(2)

where 14, 1, - parameters, n - correction fac-
tor.
The base time parameters of lightning
current models as standard shows are [1 - 4]:
front time - t =1.25(t,—1t), where ¢,
and ¢ are the 90% and 10% points on the

leading edge of the waveform, respectively
(Fig.1,2);

I , horm
1.0
0.9

0.5

Fig. 1. Double exponential model
time to half value (half-decay time) - the
time between the virtual zero time (¢,) and the

time when the waveform reaches half of the
peak value during the decay (¢ 5) (Fig.3):

Timp =105 —lo, 1o =0.1250911-17).

It is known [1-4] that the 3 factor in (1)
and 1, in (2) determine basically the pulse
front time, and the « factor and t; in (2) - the
half-decay time of the lightning current pulse;
usually, a<<, 1) <<15.
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Fig. 2. Polynomial model of the lightning wave-
formof the lightning waveform

Table 1. Parameters for double

exponential model

t |t |ax104, | Bx106, | k | tpmax
fro |imp> 51 5’1 us
us | us
1.2 | 50 1.4732 | 2.0810 |1.043| 2.396
20| 25 3.3687 1.0622 |1.156| 3.355
20| 50 1.5292 1.1888 [1.072| 3.710

0.25( 100 | 0.6986 10.840 |1.005| 0.678

1 | 200 | 03517 | 2.6727 |1.010| 2.485

10 | 350 | 0.2127 | 0.2461 |1.051| 19.48
Table 2. Parameters for
olynomial model

t t T1,HS T2, NS n tmax>
fro U | imp> ps

s us
1.2 | 50 | 2.2716 | 68.528 | 0.9406 | 3.8153
2.0 | 25 | 4.0414 | 30.899 | 0.8080 | 5.9838
2.0 | 50 | 3.8670 | 66.507 | 0.9030 | 6.1687
0.25 | 100 | 0.4552 | 143.27 | 0.9928 | 0.9466

1 | 200 | 1.8320 | 284.85 | 0.9863 | 3.5730
10 | 350 | 19.046 | 475.66 | 0.9300 | 31.436

3. PARAMETERS OF THE

LIGHTNING CURRENT MODELS

There are different lightning discharge
waveforms in the real threats [1 - 4]:
- the first positive stroke 10/350us;
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- the stroke
0.25/100us;

- the first negative stroke 1/200ps,

- other lightning surges 2/50us, 2/25us,
1.2/50.

The first parameter above is the front
time, and the second - the half-decay time of
the pulse.

In this work the exact values of time pa-
rameters are computed for the standard de-
terminations (Fig.1,2) for the above pulses.
These values are shown in Tables 1, 2.

As it is may be seen the obtained values
are some differ from the published in litera-
ture [1-4]. Historical reasons (the calculation
for 30% and 90% points) and a precision of
previous calculations may explain this.

There are some differences between two
models of the lightning pulses (Fig.1, 2).

subsequent  negative

[L,norm

1.0

0.5

T imp t

Fig. 3. Half-decay time of lightning pulse

The double exponential model is simpler
than the polynomial one, but the derivative of
the first model does not reach zero in an ori-
gin. In the turn, the derivative is zero in the
origin of the polynomial model, but there is
some shift of the pulse. Therefore there are
different values for ¢,,, for these models
(Tablel, 2).

A full analysis of o and B parameters for
different conditions of the lightning dis-
charges for DEXP model is presented in [5].
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Fig.6. Amplitude spectrum of the lightning pulses

4. TIME- AND FREQUENCY-
DOMAIN CHARACTERISTICS OF THE
LIGHTNING CURRENT MODELS

The time-domain characteristics of the
lightning discharges for both models are
shown in Fig.4, 5. As it may be seen the
pulses have almost common zero point for the
double exponential model; but for the poly-
nomial model the pulse shift depends on the
half-decay time of the lightning current pulse.

The spectral amplitude and phase charac-
teristics corresponding to assumed values of
the pulse maximum (Table 3) are presented in
Fig.6, 7. The zero of the amplitude spectrum
is at level of 1A*s.

We see from these figures that the values
of the front time and the half-decay time have
the influence on different parts of the spec-
trum.
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10 100 1k 10k 100k IM /.
Fig.7. Phase spectrum of the lightning pulses

Table 3. Maximum values
of the lightning pulses

Pulse parameters

10/350

1/200

2/50

2/25

50 0.25/100

The front time values determine the shape
of the spectrum in the band of large frequen-
cies only up to 1..10 MHz for the levels
lower than about (-20dB) for the given pa-
rameters of the pulses. This means that the
spectrum width for large amplitude values
does not almost depend on the front time
value.

On the other hand, the half-decay time
values define the spectrum shape at small fre-
quencies only, smaller than ~10 kHz.



In this band the biggest amount of the
whole energy of the lightning strike is con-
centrated. This means that the half-decay time
influences the large components of the ampli-
tude spectrum only.

The smaller the values of front time and
half-decay time the greater the width of the
corresponding part of the spectrum (Fig.6, 7).

This information is very important for the
analysis of the lightning surges and for the
lightning protection of different constructions,
equipment, masts, including various radio-
com-munication objects. In this case the Dis-
crete Fourier Transform (DFT) is used for
simula-tion of the time-domain characteristics
of the given object during the lightning dis-
charge.

Investigations of the lightning spectrum
help us to formulate the criterion of recon-
struction quality of the time-domain charac-
teristics from the pulse spectrum samples. In
particular, it concerns the choice of the step in
the frequency domain and number of indis-
pensable frequency components.

It can be shown that the front time value
defines the whole frequency domain for the
analysis of lightning pulse model and the
given stroked object. On the other hand the
half-decay time value determines the step of
analysis in the frequency domain [5].

The smaller the front time values and
greater the half-decay values of the lightning
pulse the greater the necessary frequency
band and smaller the frequency step for the
analysis of the given object.

In addition, one must take into conside-
ration the possible resonances, the influence
of electromagnetic radiation and the mutual

coupling between different parts of the ana-
lyzed stroked construction or the object in
accepted frequency band [6,7]. Thus the time
and applied computer power restricts the pos-
sible range of simulation of these tasks, in-
cluding the analysis of overvoltages appear-
ing in the constructions and the equipment.

The considered lightning pulses, their
analytical models and the results of time- and
frequency-domain computations may be used
for tests of given objects in any laboratory,
too.

5. CONCLUSION

In the paper, there is presented the analy-
sis of time-domain characteristics and spectral
parameters based on the double expo-nential
and the polynomial models of the light-ning
current waveforms acting on the given object.
The time parameters of the lightning current
models have been calculated and compared to
these known from the literature. Some inaccu-
racies have been shown.

The properties of the spectrum of the
lightning models have been discussed. It is
considered the influence of pulse time pa-
rameters on different parts of the lightning
spectrum. A process of synthesis of the cur-
rent waveform and the simulation of lightning
surge on given object using the Discrete Fou-
rier Transform (DFT) is discussed.

The received results and elaborated re-
com-mendations for the time and spectral pa-
rame-ters may be used for the prediction of
lightning threat to any objects and for analysis
of the other different EMC tasks.
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SECONDARY ELECTROMAGNETIC FIELD DURING LIGHTNING
DISCHARGE TO RADIOCOMMUNICATION OBJECT

Abstract. The results of computation of the secondary electromagnetic field distribution in the
near zone of the radiocommunication antenna mast during a lightning stroke has been presented. The
mathematical model of the object under investigation has been shortly described. The antenna model of
the lightning channel has been implemented. The results of example computation of currents and radi-
ated fields in the selected zones have been discussed. The received results may be used for the analysis
of the EMC threat to the radiocommunication object.

1. INTRODUCTION

The analysis of the radiocommunication
object under the conditions of the lightning
action is one of the very important EMC
problems. The prediction of lightning current
flow in metal segments of the antenna support
construction and the analysis of near electro-
magnetic field distribution may show the
most threatened zones of the object. Hazards
due to conducted or induced overvoltages
may be estimated when surge fields and cur-
rents are known. The computations similar to
the presented below are helpful while design-
ing the overvoltage protection of the elec-
tronic equipment.

There are many publications concerning
the lightning current distribution in the con-
ductors of the lightning protection systems
(LPS). The contributions may be classified
into two main groups according to the applied
mathematical models of LPS. The authors use
either the simplified lumped-circuit models
(including only the inductance of wires) or
the complicated field-theory models. Still, the
analyses of the lightning threat of the radio-
communication sites, concerning both current
and electromagnetic field surges, need to be
developed.

In the presented work some computations
were made using the field-theory approach.
The presented model makes it possible to
predict the currents and fields, taking into ac-
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count the resonant properties of the analysed
structure.

2. NUMERICAL EXAMPLE

Consider the radiocommunication site
shown in Fig. 1. Assume that the ground is
ideal (high conductive). The antenna mast is
150 m high and it has three levels of guys
equally spaced as it is drawn in Fig. 1.

z

model of
[=2100 m , a vertical

/ lightning

channel
voltage generator

z=150m --------------
guyed
antenna
z=100m---------#---- mast

grounded

building
X\ Y
antenna

feeder \ x
Fig. 1. Example to be analysed

The diameter of guy ropes is 40 mm. The
dimensions of the building lightning protec-
tion system are shown in Fig. 2. The LPS
wires diameter is 8 mm.



The point of the lightning stroke was cho-
sen to be at the top of the mast.

LPS of
a building

Fig. 2. Dimensions of the LPS of the building

An antenna model of a lightning channel
has been applied [6]. This model consists of
the long vertical wire with the ideal sine volt-
age source at the bottom. Such a way of in-
serting of the generator makes it possible to
model the upward movement of the return
stroke current. Only voltage sources may be
modelled using the method implemented in
the used computer code. The enforced current
was achieved by successive computations in
the frequency domain basing on the mixed-
potential equations combined with the method
of moments for the polynomial approximation
of the currents.

Mathematical model, combining the inci-
dent field E  with the current distribution and
with the scattered field ES, HS, comes from
the equations formulated in frequency do-
main:

E'=—joA-VO )
H* =LV><A 3)
Mo

— kR
A= J ds 4
Hoi]g S AnR 4)

1 o /KR
b =— das 5
€0 gPS 4t R %)
V-Jg =—jopg (6)

The voltage generator (Fig. 1) has been
introduced using the boundary condition on
the conductor surface:

nxE® =—nxE’

(7)
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The influence of radiation of the wires
and the mutual coupling between the seg-
ments has been considered automatically dur-
ing the integral equations formulation.

The computations have been run as fol-
lows. First compute the current transmittance,
defined as a quotient of the current spectrum
in the analysed point divided by the current
spectrum at the bottom of the lightning chan-
nel model, for the drive of frequency inde-
pendent 1V generator. This transmittance
equals to the current in the given point for the
enforced 1A frequency independent current
source. Then the current spectrum in the
given point has been achieved as a product of
the computed transmittance and the spectrum
of the lightning current pulse.

The Discrete Fourier Transform has been
used to obtain the current waveforms in the
time domain. 512 spectrum samples with the
interval of 5 kHz in the frequency domain
were taken into account. Thus the analysed
frequency band reaches 2.56 MHz, that al-
lows to include several resonances of the ex-
plored structure during computations.

The double-exponential equation has
been introduced to describe the lightning
waveform:

i()=kI, (e“” - e‘B’) (8)

The lightning waveform has been chosen
to be 100 kA, 2/25 ps that has been achieved
by substituting: k = 1.166, a = 3.4x104 1/s, B
= 1.0x106 1/s. These parameters fit in the
range of the real lightning parameters. Due to
the choice of the 100 kA peak value it is easy
to calculate the percentage distribution of cur-
rents and fields. The 2/25 ps waveform lets us
to make a clear show of the resonant proper-
ties at the graphic output.

3. RESULTS OF COMPUTATIONS

The results of computations both in the
frequency and time domains are presented
below. The field distribution may be shown
for any frequency chosen from the considered
spectrum. The sample plots of the electric and
magnetic field spectrum for f=320 kHz,
z=1m above ground are shown in Figures
3-6.
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Fig. 14. H-field along +y axis, Im above ground

The plot of the current waveform changes
in the time domain down the tower of the
mast is presented in Fig. 15.

Fig. 15. Current waveform changes along z axis

4. CONCLUSION

The presented method makes it possible
to compute the lightning currents in metal
segments of the object and the distribution of
the near electromagnetic fields.

The resonant properties of the structure
have been distinctly shown in the presented
figures.

The maximum computed values reach
some tens of kilovolts per meter for the E-
field and some kiloamperes per meter for the
H-field.

The guy ropes cause significant reduction
of the lightning threat near the bottom of the
mast.

The received results may be used for the
prediction of the lightning threat to the radio-
communication objects.
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OVERVOLTAGE PROTECTION OF STATIONARY
RADIOCOMMUNICATION OBJECTS

Abstract. The review of principles of overvoltage and lightning protection of stationary radio-
communication objects has been reviewed. New methods of protection against overvoltage/lightning
threats to these objects have been discussed. Important aspects of the overvoltage protection have been
pointed out. The paper has been written in compliance with the series of international standards, e.g. [EC

61024, IEC 61312.

1. INTRODUCTION

The overvoltage hazard of a typical site
equipped with a tower or mast is significant.
One of the very important problems is to en-
sure the personnel and equipment safety in
the radiocommunication objects during the
lightning/overvoltage action.

The greatest threat to radiocommunica-
tion objects is lightning. Therefore the proper
lightning protection is also efficient against
overvoltages caused by other sources, e.g. by
industry breakdowns imposed to the AC lines.

There are several aspects that should be
considered during planning the lightning and
overvoltage protection. The most important
aspects are: estimation of the possible elec-
tromagnetic threats, design of the lightning
protection air terminations, grounding, equi-
potentialization, bonding, shielding, surge
protective devices in coordination with the
AC power supply system, overvoltage protec-
tion of RF cables and signal lines.
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2. THE THREAT

There are published many research works
and standards concerning the evaluation of
overvoltage threats. In the IEC standards and
other publications [1 — 5] the parameters de-
scribing levels of hazard have been specified.
When talking about the radiocommunication
facilities safety and reliability one should
consider how to ensure the survival during
hazards of the highest levels. The highest cur-
rents specified in [1 — 3] are as follows:

200 kA, 10/350 us — the first positive
lightning stroke;

50 kA, 0.25/100 us — the subsequent
negative strokes;

100 kA, 1/200 ps — the first negative
lightning stroke.

The other typical surge waveforms are:

—for currents — several kiloamperes,
8/20 ps;

—for voltages — several kilovolts,
1.2/50 ps.



The electromagnetic field may also cause
damages and disturbances. The electric field
strength close to the lightning channel reaches
hundreds of kV/m and the magnetic field —
several kA/m. In a distance of some hundreds
of meters they are still measured in kilovolts
per meter or hundreds of amperes per meter,
respectively. The lightning electromagnetic
pulse may cause damages in electronic cir-
cuits in a distance exceeding 1.5 km from the
discharge channel.

3. PROTECTION OUTDOORS

One of the evident systems belonging to
the means of outdoor protection is the build-
ing air termination system. There are many
misunderstandings among engineers that con-
cern the determination of the range of light-
ning protection zones. It is reasonable to plan
the air terminations of the object’s buildings
with respect to the most restrictive require-
ments. Such requirements are given in [1]
where the rolling ball concept is recom-
mended (Fig. 1). The rolling ball radius is
recommended to be between 20 m and 60 m
that correspond to the protection efficiency
levels between 98% and 80%, respectively.
Though the smallest radius in proximity to
high antenna supporting constructions (tow-
ers, masts) may be questionable, it has to be
noted that the height exceeding 60 m is as-
serted to add nothing to the lightning protec-
tion zone at the ground level.

Fig. 1. The rolling ball concept

There exists the undoubted hazard for an-
tennas to be hit. Some methods that allow in-
creasing the lightning protection zone near
the tower top are shown in Fig. 2. The addi-
tional air terminations should not distort the
antenna characteristics.
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Fig. 2. Lightning protection of antennas

The conductors diverting the lightning
current from the air terminations to the
ground should be robustly connected to the
earthing system. The quality of connections is
of great importance for the effectiveness of
protection. Avoid direct contacts between dis-
similar metals (e.g. copper-steel, copper-
aluminum) because of corrosion. The best
quality of underground connections is
achieved by exothermic welding.

The typical system of grounding elec-
trodes is extensive (Fig. 3 — 4). The earthing
system with the central point emphasis is the
best solution. Typically the central point is
located below the antenna tower or below the
feeder entry to the building. The feeder entry
needs to be equipped with the grounded bulk-
head panel that is shortly described further

(Fig. 5).

bonding

feeder entry
(bulkhead
panel)

Fig. 3. Extensive central point grounding and
feeder equipotential bonding to the mast

Radial horizontal grounding bars must
run along the directions of the guy anchors
and they must be well connected to the an-
chors and to the central point of the ground-
ing system.

The properly designed grounding elec-
trodes form the integral system connecting all
the buried metal elements, including



grounded fence (Fig. 4). Such earthing mesh
reduces the step voltage and prevents the
danger of spark-over discharges in the soil
during lightning stroke.
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Fig. 4. Small site grounding

It is reasonable to supplement the hori-
zontal grounding elements by vertical rods
(Fig. 3). In many recommendations it may be
found that such vertical elements cause the
improvement of the dynamic properties of the
grounding system. Moreover, the seasonal
changes of the soil resistivity have lower in-
fluence on the grounding parameters if the
system is equipped with the vertical rods.
Popular vertical rods are made of steel elec-
trolytic covered by copper. They are much
more corrosion-resistant than the rods made
of galvanized steel.

Many spark-over feeder damages have
been reported because of great potential dif-
ferences appearing between the tower and the
feeders during lightning stroke. So the out-
door equipotentialization is the important
means of protection. This is realized by bond-
ing of the waveguides and RF feeder shields
to the tower at least at each guy level (Fig. 3)
to reduce the arriving voltages and to provide
the controlled paths for the surge current.
Such bonding at intermediate levels is rec-
ommended also for not guyed towers exceed-
ing 60 meters high.
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Fig. 5. Bulkhead panel (side view)

The best protection of RF equipment is
achieved if the feeders enter the building be-
low the ground level. Unfortunately, such so-
lution is rarely possible. A good path to the
ground for the lightning current flowing down
the feeder shields is assured by installing the
copper bulkhead panel at the entry to the ap-
paratus building. The idea of the bulkhead
panel is shown in Fig. 5.

Using copper straps is recommended to
make bonds and paths to the ground. Straps
have significantly less inductance than the
comparably conductors with circular cross
section. So, the surge voltage drop along the
straps is lower that is seen from the formula:

di
u=L— 1
P (1)
4. PROTECTION INDOOR

One of the means of protection that can
never be called to be overestimated is the
equipotentialization inside the equipment
building. Equipotentialization at the ground
level concerns all the conductive installations
of the site, including water pipes, sewerage
and central heating system.

The best way to reduce the potential dif-
ferences that arrive during lightning stroke is
to install grounded copper bars or rings
around the rooms containing the apparatus.
Such equalizing rings are sometimes called
the “halo grounds”. All the transmit-
ter/receiver chassis should be connected to



these rings using the shortest possible copper
tapes or wires.

Sometimes in big radiocommunication
sites the RF equipment may produce interfer-
ences of high level. One of the methods to
reduce this problem is to make a grounded
equipotential grid below the floor. This grid
forms a kind of local “ideal ground”. All the
apparatus chassis have to be connected to the
grid.

The care for the bonding quality is
strongly required. Direct contacts between
dissimilar metals are not allowed. The known
fact is that corrosion or bad quality may cause
that such connections act as “diodes” produc-
ing many intermodulation problems in elec-
tromagnetic fields generated by the RF
equipment.

The properly designed AC power supply
system is of much importance in the fight
against all the electromagnetic interferences.
The AC network must be equipped with the
overvoltage arresters. The example scheme of
application of the two-step protection devices
in the TN-C-S network is shown in Fig. 6.

AC line

L1

—— 7 —— 7
L2 | — —
— —
L3 KWh .
| S— | S—
N
Y| [V]lightning surge
current arresters
A arresters (class C)
(class B)
Lo ]
-4 equipotential bonding bar (PE)

Fig. 6. Basic AC overvoltage protection (TN-C-S)

All the signal lines should be equipped
with the overvoltage protection elements.
This recommendation concerns telephone
lines, monitoring, alarms, etc. The building
inside should be divided into overvoltage pro-
tection zones. Locate the surge protection de-
vices in the AC power system and in signal
lines on the borders of protection zones.

The bulkhead panel is a border between
the outdoor and indoor equipment. This is the
best place to locate the overvoltage protectors
in the RF coaxial cables. These are: the gas
tubes, quarter-wave stubs, and high-pass fil-
ters.
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Fig. 7. Location of the basic overvoltage protection devices in the radiocommunication object with
overhead AC power supply: 1 — AC overhead line surge arresters (class A), 2, 3 — AC overvoltage
protectors (class B and C), 4 — T/R equipment, 5 — equipotential bonding bar, 6 — RF overvoltage
protectors, 7 — bulkhead panel, 8, 9 — equipotential bonding, 10 — lightning protection system,
11 — grounding system



5. CONCLUSION

The basic concepts of lightning/overvoltage
protection of radiocommunication sites have been
pointed out. It is important to implement the new
ideas into existing objects and while planning the
new ones.

The summary of the main recommendations
has been shown in Fig. 7.

The overvoltage protection is efficient if all
the protective elements form a complete, logically
designed system.
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LIGHTNING OVERVOLTAGES
IN WIRING SYSTEMS OF THE BUILDING

During direct lightning strike into a building there is the injection of high impulsive currents in
the lightning protection system (LPS) of the building. These high currents flow through down conductors
resulting in a corresponding electromagnetic field, which can induce currents and voltages in loops of
conductive installation inside the building. The induced voltages can be very high and may disturb or
damage the electronic equipment. This paper presents the selected results of investigations of the induced
overvoltages in low voltage power supply installation (LVPI) and structural cabling systems due to elec-
tromagnetic fields from surge currents in the LPS. The trials of numerical calculations of the induced

overvoltages are also included.

1. Introduction

Lightning discharge is a major natural
source of electromagnetic impulses, which
interfere with the reliable operation of mod-
ern electronics and communication systems
in both civilian and military applications.
Lightning can interact with buildings basi-
cally in two ways: direct strikes and nearby
strikes. Especially dangerous are overvolt-
ages caused by direct lightning stroke to
building.

Determination of the level of the threat
for sensitive systems such as intelligent
buildings, control and communication cen-
tres, modern hospitals, local area networks
and other data transmission installations is an
essential question.

Nowadays the most popular kind of wir-
ing applied to complex systems of connec-
tions between electronic devices is structural
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cabling. This is system of wiring, which
makes possible realization of definite con-
figuration of connections, but with possibility
its future extensions and reconfiguration.
Therefore wiring of a building without earlier
knowledge of devices, which will be making
use of wiring is possible. However every
type of wiring of the building can create
threat to devices connected to it as a result of
induced overvoltages.

2.The problem of transients evaluation

During a direct lightning stroke to a
building the surges in data-transmission and
LVPI networks are induced by the electro-
magnetic field caused by lightning current
propagating in the LPS or conducting ele-
ments of the building’s construction. The
level of interferences in a network strongly
depends on the physical structure of the net-
work itself. One of the biggest problems re-



garding the control of lightning induced
overvoltages in data-transmission and low
voltage power installations is the evaluation
of the response of a complex wiring system
to lightning electromagnetic pulses (LEMP).

There are many ways to evaluate the
overvoltages caused by a direct lightning
strike in a building, and many of them are
theoretic studies, developed using analytical
and numerical methods. Generally, the sus-
ceptibility of specific wiring system to tran-
sient waveforms of lightning origin is rather
difficult and complex to calculate. Taking
this fact into account, the investigations were
made to estimate the levels and shapes of the
induced overvoltages in low voltage power
supply installation and structural cabling sys-
tems due to electromagnetic fields from
surge currents in LPS.

3.Surge current injection

Selected results of the experimental stud-
ies on the LVPI and structural cabling net-
work of UTP (category 5) cable are presented
in this paper. The measurements were carried
out on the real networks of a brick building.
During research the current generator was
connected to the bottom end of the perpen-
dicular aluminium pipe about 7.7 metre long
placed inside the building. The upper end of
the pipe was connected to the air terminal of
LPS on the roof of the object (node x on
Fig. 1).

Wires of lightnig protection system

[ x

Pipe with
surge
current

flic

T SURGE
= CURRENT
GENERATOR =

= earth

Fig. 1. Schematic diagram of experimental
set-up for surge current injection
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Fig. 2. Examples of measured injection surge
current waveforms, which flew in the pipe
and next in LPS

The second pole of the generator was
jointed to earthing installation in the build-
ing. In this arrangement the surge current
flowed into the aluminium pipe and subse-
quently in the building’s LPS (Fig. 1).

In the research the peak values of surge
currents in the pipe reached the values from
several hundreds A to several kA. Some ex-
amples of surge current waveforms, which
flew in the pipe, are presented in Fig. 2.

4.0vervoltage measurements

Overvoltage measurements were made in
the circuits of real structural installation and
LVPI arranged inside 2-storey building of
brick. This permitted to avoid some errors
(which would appear in model researches as
a result of different simplifications) giving
overvoltage image in typical installation.

The transverse and longitudinal induced
voltages appearing in the structural and
power supply installations were registered in
selected sockets. Fig. 3 illustrates the meas-
uring procedure in the structural installation.
In the experimental study the wiring systems
were completely disconnected from equip-
ment. Measurements were taken in two



cases: without load and with load of 50 or
100 Q.

Pair#2 NETWORK

OUTLET HP 54522A

OSCYLLOSCOPE

Pair #3 Pair #4

Fig. 3. The experimental set-up for the
induced voltages measurement in the
structural installation

Investigations showed high level of over-
voltages induced in wiring by the simulated
lightning current injected in the LPS of the
building. At current peak value only 1.55 kA
and rise time 2.5 pus voltages recorded in dif-
ferent points of installations had peak to peak
values of some tens - some hundreds V.

Figure 4 presents example oscillograms
of voltage waveforms registered in one
socket of structural installation at test current
peak value 1.55 kA and its rise time 2.5 ps
(as in the graph a in Fig. 2.).
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Fig. 4. Induced voltages recorded in one of
structural installation sockets: a) without
load, b) with load of 100 ohm

Figure 5 shows the example oscillograms
of voltage waveforms registered in one
socket of low voltage power installation at
test current peak value 274 A and its rise
time 1.2 ps (as in the graph d in Fig. 2.).

On the base of all registered in structural
installation overvoltages some rules can be
formulated:

—induced overvoltage values decreased
with the length of line; the greatest values
were registered in short sections of lines end-
ing in rooms adjoining to the cross room; this
may also result from the fact that the pipe
with the full current was located 5 metres
away from this cross room;

—if the line on a certain piece ran verti-
cally (in parallel to the pipe with the surge
current), overvoltage levels increased 2+3
times;

— peak to peak values of overvoltages in-
duced in structural wiring (with load R = 100
ohm) were on average about 1.5+4 times
smaller than in open circuit;

— overvoltage level in wiring grew about
2 times slower than value of test current.
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Fig. 5. Induced voltages recorded in one of
LVPI sockets: a) without load, b) with load
of 50Q2

Registered overvoltage values grew with
increasing the test current rise time. In spite
of generating of current surges of different
shapes and overvoltages registration in many
points of installation it did not succeed to fix
of distinct relation between the current rise
time and the induced overvoltage level. The



installation itself may be the cause of these —
its different parts ran different ways and in
different horizontal directions and also in
vertical direction in relation to the source of
disturbances, therefore the resultant surge
voltage being sum of voltages in different
running sections of the line was accidental
(similarly like in any other real installation).

5.Computer simulation

For comparison selected experimental
events were calculated with AWAS (Analy-
sis of Wire Antennas and Scatterers) com-
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Fig. 6. Induced voltages in the same
LVPI socket as in fig. 5 obtained from

numerical calculation

puter program. The results of experimental
investigations correspond with the results of
numerical calculations obtained from a com-
puter simulation of the real circuits and
pulses. The examples of numerically calcu-

lated overvoltages in the same low voltage
power installation socket as in Fig. 5 are pre-
sented in Fig. 6. The case concerns the in-
jected current corresponding the graph d in
Fig. 2 (the current peak value 274 A and its
rise time 1.2 ps).

6.Conclusions

Already in line segments from several to
tens metres long, interconnecting devices in-
side the building, induced overvoltages of
relatively high values can occur. Researches
revealed high level of lightning overvoltages
induced in LVPI and structural wiring by
simulated lightning current flowing in LPS of
the building. As earlier mentioned, note that
at current peak value only 1.55 kA and rise
time 2.5 ps, the voltages registered in differ-
ent points of installation had peak to peak
values of some tens - some hundreds volts.

Attention should be paid, that in case of
direct lightning strikes to buildings the real
lightning currents have multiplely higher
peak values and shorter or similar rise times.
Then the levels of overvoltages induced in
wiring arranged inside the building will ex-
ceed considerably the electric strength of the
equipment connected to wire installations
and damage it. Some overvoltage measure-
ments in real structural and power supply
wiring, during lightning current distribution
in LPS of the building, confirm possibilities
of damages.

Only well-chosen overvoltage protection
devices in LVPI and structural cabling sys-
tems assure the protection against this kind of
danger.
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A. II. HUKOJIAEHKO, A. B. IIIBEIL, E. H. AIIEBUY
HNucturyT pannodusuku u snexkrpornkd HAH Ykpaunsl

_M3MEHEHMSI MHUPOBOM I'PO30BON AKTUBHOCTH,
HAWJIEHHBIE 11O JAHHBIM IIYMAHOBCKOI'O PE3OHAHCA

HenpepbiBHble M3MEpEeHUs IIIyMaHOBCKOTO PE30HAHCA BBINOJIHINCH HA CTaHIMH JlexTa B Teue-
Hue roja (c aBrycta 1999 no urons 2000r.). ITo HaKOIJIEHHBIM JAHHBIM MTOCTPOEHBI CPETHUE TUHAMUYE-
CKHE CIIEKTPBI TOJIsI, TIPOBEICH aHAIM3 BapHaIlMil CIICKTPOB U OMpPEIEIICHbI TapaMeTPbl MUPOBOW IP030-
BOH akTHBHOCTH. [T0Ny4eHBI MHTETpAIbHBIC OIICHKHA CYTOYHBIX U3MCHEHUH YPOBHSI TTTOOAIBHBIX IPO3 H
JTAHHBIC O CE30HHBIX U3MCHCHUAX AKTUBHOCTU B MHPOBBIX I'PO30BBIX IICHTPAX.

B mnacTosimmedt pabote mpenacTaBieHBI U
00CyXIIeHBI PE3yJIbTAThl TOJOBOTO AJIEKTPO-
MarHMUTHOTO MOHUTOPHHIA B JUana3oHe Jac-
TOT IIymMaHoBckoro pesonanca (IIIP). Dkc-
NEpPUMEHTAlbHbIE JAHHbIE MOJIYYEHBl IJIf
TpeX KOMIOHEHT AJICKTPOMATrHUTHOTO TIOJIS:
BEPTUKAIBHON 37eKTpuueckoil (£,) u ABYX

OpPTOTOHAJIBHBIX TOPU30HTAJIBHBIX MAarHUT-
HBIX KOMIIOHEHT (H u H)). KommoHenTa mo-

14 H, opueHTHpOBaHa C 3amaja Ha BOCTOK, a
KOMIIOHEHTa F), — BJIOJIb HANPABIICHUS Ce-

Bep-tor. HanomuuMm (cm [1]),4t0 B oOmactu
ygactor P pacnpocrpansitorcss E-BOJHBEL, Y
KOTOPBIX Ha MOBEPXHOCTH 3E€MJIM OTJIHYHBI-
MH OT HyJIl OCTalOTCs KOMIIOHCHTHI E,u H

Crnekrp IIIP cocTouT U3 psiaa MakCUMyMOB,
pacCIONIOKEHHBIX HAa YacToTax OKojo 8, 14,
20, 26 I'u.Hmxe OyaeT paccMOTpPEHBI 3aucu
TOJIbKO MarHUTHOM KOMITOHEHTBI TOJISI.

1. Onucanue anmaparypbl M NYHKTA
HaOmoaeHusi. HenpepbiBHbIE U3MEpeHUs
npoBoawiInch Ha cranuuu Jlexra (34 B.a.,
64 c.m.) Cankr-IleTtepOyprckoro ¢unmana
N3MHPAH B TeueHue 11e1010 rojia: [aBrycr
1999-utone 2000r.]. MecTomnooxeHne 3Toi
CTaHLMHU OTHOCHUTEJIHO TPeX M3BECTHBIX MU-
poBbIx rpo3oBbix HeHTpoB (MI'L[) Takoso,
YTO a3MMYThl a3UaTCKOro, a)pUKaHCKOTO M
I0’)KHOAMEPUKAHCKOTO LIEHTPOB MpUOIN3U-
tensHO paBHbl 900, 1800 u 2709, coorserct-
BeHHO. Takoe reorpaguueckoe IMOJIOKEHUE
IyHKTa HaOJIOJEHUS, a TaKXKe TO, YTO MUKU
rpo30BoM akTuBHOCTHU Bcex MI'L] mpuxonsr-
cs Ha pasHoe BpeMms cyTok (B 10 yacoB mu-
poBoro BpeMmeHu - Asus, B 15 yacoB — Ad-
puka u B 20 4acoB - AMepuka) MO3BOJISIET
pas3zienuTs HHPOPMALMIO O TPO30BOM aKTHB-
HOCTU 110 MAarHUTHOM KOMIIOHEHTE IIOJIs.
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Tak, MakCUMaJbHBIA BKJIAJ B aMIUIUTYIy
KOMIIOHEHTBI U Hy BHOCSIT UCTOYHUKH, pac-

MOJ0KEHHBIE Ha 3amaje M BOCTOKE, T.€. B
a3zuaTckoM U amepukanckoM MI'LI, a makcu-
MyM YyBCTBHUTEIBHOCTU [, NPUXOAUTCA HA

I0’)KHOE M C€BEpHOE HAIpaBJICHUs — CJIeJI0Ba-
TEIhHO 3Ta KOMIIOHEHTA TJIABHBIM 00pa3zom
OTpakaeT akKTUBHOCTH B apukanckom MI'LI.

biok-cxema  mpueMHOro  KOMILIEKca
ormucaHa B [2]. MarHuTHBIMM aHTECHHAMU
CITY»XWJIA UHIYKIIUOHHBIE NaTYHKU C Geppo-
MarHUTHBIM CEPJIEYHUKOM M BCTPOCHHBIMU
AHTECHHBIMHU YCWJIUTENSAMU. AHTEHHbBI OpUEH-
THUPOBAHbI B HANPaBJICHUH IOT-CEBEP U 3aral-
BOCTOK OTHOCHUTEJILHO reorpauueckoil cuc-
TeMbl KOOpPAMHAT. DJIEKTpUYECKass aHTEHHa
IpEeJCTaBIsieT COOON H30JMPOBAHHYIO Me-
Taumdeckyo chepy auamerpom 40 cM u
€MKOCTBIO 22 n®, yCTaHOBJIECHHYIO Ha
MauTe BbICOTOM 3 M. CHUTHaJIBI OT JaTYMKOB
nepenaBaIich Ha BXOJ MpHeMHHKA. Tpexka-
HaJbHBI MPUEMHUK COCTOUT M3 PEKEKTOP-
HBIX (UIBTPOB AJSl TOJABICHHS TapPMOHUK
CeTH,  MAaCIITaOUPYIOUIUX  YCHJIUTEIICH,
(GUIBTPOB HIKHUX YACTOT.

Curnaspl Tpex KOMIIOHEHT IOJIsSI MOCie
yCWiIeHUus U (UIbTpallMU TOJABajUCh Ha
BXOJI MHOI'OKaHaJIbHOTO aHaJIOro-Lu(pOBOro
npeoOpaszoBarensi, yCTAHOBJICHHOTO B KOM-
IpIOTEpE M pabOTAOMIETO MO/ YIPABICHUEM
MPOrPaMMBI, C TIOMOIIBIO KOTOPOU MPOBOIM-
Jach TpeaBapHUTedbHas o0paboTka, oToOpa-
KEHHE CPEIHUX U TUHAMUYECKHX CIIEKTPOB,
BPEMEHHBIX (DOPM MPUHUMAEMBIX CUTHAJIOB,
a Takke HakoruieHue naHHbeiXx. Cuctema pa-
0oTana KpyrJoCyTOYHO B pEAIbHOM Mac-
mTabe BpeMeHH.

[lepBuuHble NaHHBIE MPEICTABISAIOT CO-
00l CHHXpOHHBIE 12-CeKyHIHBIC BPEMEHHBIE

~
~



(GOpMBI CHUTHAJIOB TpPEX KOMIIOHEHT TIOJIs,
onr(poBaHHBIE C YACTOTON AMCKPETU3ALUU
~ 170 T'u. Ilocne BeuncneHus mpeoOpazoBa-
Husi Oypbe pacCUUTHIBAINCH U YCPEIHSIIUCH
B TEUYCHUHM Kaxabix 10 MUHYT SHepreTude-
CKHE CIIEKTPBI TPEX KOMIIOHCHT ITOJIS ‘E,, ‘ 2,

|Hx|2 u |Hy‘2. [MonyuenHas uH(OPMALHUS
COXPaHAIACh HA )KECTKOM JIHCKE.

2. O0pabdoTka cneKTpoB moJisi. B Teue-
HHUE CYTOK cHCTeMa cOopa JaHHBIX HaKaIllu-
Bana ¢aiibl ¢ 10-MUHYTHBIMHM 3alUCSIMH
BBILICYKA3aHHBIX BeIWYMH. VckioueHus co-
CTaBIISUIM MPOMEXYTKH BPEMEHH, KOrja M3-
3a psja NPUYUH IPOMCXOWI COOM Hpuem-
HOW anmapatypbl. M3 mnomyueHHeix 10-
MHUHYTHBIX 3alKcell HEKOTOpas 4acTb Oblia
oTOpakoBaHa MpU nocieayomeil oopadoTke.

5,

T T T !

12 16 20 24
Ta, I'1g

Puc.1. Tunu4HbIi 3KCIEpUMEHTAIIBHBIN

CIIEKTP <\Hx(f]2>

4 8

Ha puc.l npuBeneH TUNWYHBINA 3HEpre-
trnyeckuii criekrp P, nomydennsid mis
KOMIIOHEHTHI H, ocjae 0OTOpaKOBKU JAHHBIX.

[Ipu 00paboTke OTOpaKOBKE MOABEPTAIUCH
3aI1CH, UCKAKEHHBIEC TIOMEXaMU CIEAYIOMINX
JIBYX TUIIOB:

1) 3anmcu, cHEKTpbl MOJNSI B KOTOPBIX
UMEIOT HEPE30HAHCHYIO CTPYKTYpy, HCKa-
JKCHHBIEC BCJIEJICTBHE JIOKAJIBHBIX HMIMPOKOMO-
JIOCHBIX TIOMeX (OJIM3KHEe pa3psibl MOJIHHM,
UMITYJIbCHbIE TIOMEXH, BO3HHUKAIOUIME B CHU-
JIOBOM ceTH, BUOPAITMOHHBIC TIOMEXH H T.II.)

2) 3anucu, CeKTpbl KOTOPBIX MCKaXKEHBI
MOIIIHBIMH y3KOIMOJIOCHBIMU ITIOMEXaMH B OK-
pectHocTH 25 T'1I.

&3

OTOpakoBKa KaKJI0H M3 KOMIIOHEHT IIO-
a1 s Hy n Hy MPOBOAUIIACH PA3JEIIbHO U

OCYIIECTBIISIACH CIEAYIOMUM 00pa3oM. Bei-
Oupancs neHb, a1 KoToporo cpeau 10-
MUHYTHBIX 3aIuced He BCTPCHAJIOCH IMOMEX
nepporo wiu BToporo Tuma. CHekTpsl

<|Hx ( f)|2>1/1 <‘Hy ( f)(2>, (3a CYTKH HaKar-

auBanoch 144 crekTpa Uil KaXaouW KOMIIO-
HEHTBI MOoJIs) ObUIM YCPEIHEHBl 3a 3TH BbI-
OpaHHBIE CYTKH. JTU CPEIHUE CIEKTPHI MPH-
HUMAJIMCh 3a 3TAJIOH, a UX TUMHUYHAsA Gopma
MoKa3aHa Ha puc. 2.

6,

[ [ |
16 20 24
Ta, I'1g
Puc.2. DTalOHHBIE CIIEKTPHI IS <H (7 X2>

u <Hy(fj2>.

Kak BUIHO W3 PHUCYHKa, YCpEIHEHHBIE
KpUBBIE JIOCTATOYHO TJIAJIKUE U UMEIOT TpU
XOpOILIO BBIPAXKEHHBIX Makcumyma. Jlanb-
Heimas o0paboTKa 3aKiTovanach B CIEAyIO-
meM. Kaxnaplii w3 HakomuieHHBIX  10-
MUHYTHBIX CHEKTPOB CPaBHUBAJICS C COOT-
BETCTBYIOIIIMM 3TaJIoHOM. Eciu 3kcnepu-
MEHTaJIbHAsl KPWBAasi BBIXOJWJIA 32 TPAHUIIBI
KOPUA0pa, BEPXHASI U HUXKHSSA TPAHULBI KO-
Toporo ompexaemsuch kak F(f)/L u F(f)xT
COOTBETCTBEHHO, TO OHAa OTOpachIBajach Kak
UCKakeHHas momexoi. 3xeck F(f) o0o3Haua-
€T OSTaJOHHBIA CHEKTP BBIOPAHHOW KOMIIO-
HEHTHI 1ojisd, L=7T=3.7 — KOHCTaHThI, 3HaYe-
HUS KOTOPBIX ObUTM BBIOpaHBI MyTEeM TPE-
BaputenbHOro mnonodopa. Ecnmu B kaxkmoit
TOYKE 4YacTOTHOro amamazona [4 - 22] I'm
3HAYEHHUE DKCIIEPUMEHTAIBbHON KpHUBOW IIO-
Majajo B YKa3aHHBIA KOPHUAOP, TO TaKOU



CIIEKTp MpUHUMAJICS B 00paboTky. [Ipu aToM
JIOTIOJTHUTEIBHO MPOBEPSIIOCH, HE U3MEHSIICS
JU B MOMEHT 3amucu Kod(pQuImeHT ycuie-
Hus (KY) npuemMHO-aHamu3MpyIOIIEro KOM-
IJIeKCa, MEePEKITI0YaBIIMINCI JUCKPETHO Ha 6
ab. Eciau takoe ciyd4ailHOE IEpEKIIIOUYECHHE
00Hapy»KUBajIOCh, TO OHO KOMIIEHCHPOBa-
JIOCh MPOTPAMMHBIM MyTEM, a 3allKCh IUIA B
nanpHEeHyro ob6paboTky. B Tedyenuwe roma
OBLIIO OOHApPYKEHO HECKOJIBKO HE3aperucT-
prpoBaHHBIX nepexkioueHni KY.

B pesynbrare Takoil 0TOPaKOBKH OKOJIO
60 % maHHBIX ObUTH OTOpOIIEHKI. K coxane-
HUIO, M3-32 HEMOJIJJOK MPUEMHOro KaHaja,
OTBETCTBEHHOTO 3a /1), WIOHBCKas M HIONb-

ckasi HH(GOPMAIIHS IO dTOW KOMIIOHEHTE ObI-
Ja TOJHOCThIO ucnopueHa. B mapre 2000 r.
OKa3aJlaCh HCIIOPYCHHOW WH(OpPMALUS IS
00erX KOMITOHEHT TTOJISL.

3. PesyabTaTnl HaOmogeHuil. [[nsa ka-
KJIOTO Mecsia HaOIIoAeH ObUTH MOCTpOoe-
HBI CPEJIHUE 3a MECSIl CyTOYHBIC MPOPUITH
OHEPreTHYECKUX CIIEKTPOB.

4acr™ ™

Puc.3. Cpeanuii 3a aBrycT cyTOYHBIN

npopuIb <|Hx (f)|2>

Puc.4. Cpeanuii 3a aBryCT CyTOYHBIN

npod b <Hy (fj2>
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Ha puc.3 u puc.4 npencrasiaeHsl mpodu-
JU 3HEPIeTUYECKUX CIEKTpOB H,. U Hy s

asrycta 1999 roga. Ha rpadukax Bmosp on-
HOM M3 TOPU3OHTAJIBHBIX OCEH OTJIOKEHO
BpeMs CyTOK IO ['puHBHYY, BAOIb APYrou
TOPU30HTAJIBHOW OCH OTJIOXKEHA 4YacToTa,
u3Mepsiemas B repuax. PUCyHKH neMOHCTpH-
PYIOT TpU LIYMAaHOBCKHX PE30HAHCHBIX MO-
Jla, KOTOpbIE M3MEHSAIOTCSI B TE€UYEHUE CYTOK
KaKk 1enoe. BumHo, 4TO »HEpreTHYEcKHe
CIEKTpPBI Ha BCEX TPEX MOJAX LIyMaHOBCKOI'O
pE30HaHCa BO BPEMEHM BEIyT ce0sl OJIMHAKO-
Bo. Takme H3MEHEHHUs CBHUAETEIBCTBYIOT O
TOM, YTO PACCTOSHUE OT HaOiojarens A0
MCTOYHHUKOB IOJI1 B TE€YEHHE CYTOK CYIIECT-
BEHHO HE M3MEHsAeTCs (MHAaue H3MEHSIOChH
ObI COOTHOILIEHUE aMIUTUTYJ OTACIbHBIX pe-
30HAHCHBIX IHMKOB), @ BCE BapHallU{ aMIUIU-
Tyla T1ojisi OOYCIOBJIEHBl HM3MEHEHUSMHU
YPOBHSI MUPOBOI I'PO30BOM aKTUBHOCTH.
Kpome TOro, B CyTOUHBIX BapHalMsIX
KOMIIOHEHTHI /. BUZIEH OJJMH MaKCHUMyM, OT-

BEYalOMINi aQpUKaHCKOMY MHPOBOMY TIpO-
30BOMY HEHTPY. MI3MEHEHHSI KOMIIOHEHTHI Hy

coJepxkar JiBa MAaKCUMyMa, OJIMH U3 KOTOPBIX
(yTpo) 00yClIOBIIEH aKTHBHOCTBIO a3MaTCKUX
rpo3, a BTOpO# (Bedyep) — aMEpPUKAHCKUMU
UCTOYHUKAMHU.

BrlmeckazanHoe BEpHO Ui CPeOHMX
JUHAMUYECKHUX CIIEKTPOB BCEX MECSIEB Ha-
OJI0JIeHNs, HO CTPYKTypa CHEKTPOB U3MEHSI-
eTcs OT Mecsla K Mecsly. Takue n3MeHeHHs
CBA3aHbl C CE30HHBIM JApei(oM MHPOBOM
IpO30BOIl aKTMBHOCTH B MEPHIMOHAIBHOM
HaIpaBJICHUU.

37 N,
/I \\ Hy
2,
1,
0 I T T T 71T 7
0 4 8 12 16 20 24
4, 4yac

Puc.5. Cpennue 3a aBryCcT cyTOYHBIE 3aBH-

CUMOCTH <Hx(T)2>n<Hy (T)2>.




[Tockonbky wuHTeHCHBHOCTH IIIP cnek-
TPOB U3MEHAETCS KakK LI€JI0€, €€ UHTErpa Io
4acTOTaM OKAa3bIBAECTCA ITPONOPLUOHAIBHBIM
TEKYILEMY YPOBHIO MHUPOBOW I'PO30BOM aK-
TUBHOCTU. Ha puc.5 mpuBeneHbl MHTErpaibl
HHEPTeTUYECKUX CIIEKTPOB OOEHX MAarHuT-
HBIX KOMIIOHEHT, MOJY4Y€HHBIE IJIsl aBrycTa
1999 roga. Bpemsa cytok no I'punBuuy OT-
JIOXKEHO 10 TOPU30HTAIBHOM OCH rpaduka.
YpoBeHb MHPOBON TPO30BOM aAKTHUBHOCTH
OTJIOKEH BJI0JIb OPAMHATHI B OTHOCUTEJIBHBIX
EAVHMIIAX.

Kak BumHO U3 puc.5, MupoBas rpo3oBas
AKTUBHOCTb NPEACTABIIEHA TPEMS I'PO30BBIMU
LHeHTpaMu. VIHTEHCHBHOCTb MOJISI B KOMIIO-
HEHTe [/, TpONOpUUOHANBbHA AKTUBHOCTH

appukanckux rpo3. Ilome H, mnponopuuo-

HaJIbHO aKTHBHOCTH B a3MaTCKOM U aMepHu-
KaHCKOM IIeHTpax. MakCUMyM aKTHBHOCTHU B
Adpuke npuxoaurcs npuMepHo Ha 15 yacos
MHUPOBOI'O BPEMEHH, a B A3UM U AMepuke —
Ha 10 u 20 yacoB COOTBETCTBEHHO.

McEcCiALa
Puc.6. Jlunammka MUpOBOI1 rpo30BOit
AKTUBHOCTH.

JlnHamMuka MHpPOBOW I'PO30BOM aKTUBHO-
CTH OTpa)keHa TakXe Ha puc.6. 31ech BIIOJIb
TOPU30HTAIBHOM OCH OTJIOKEH MOPSIKOBBINA
HoMep Mecsna (l-aBrycr...12-uionb), a
BJIOJIb BEPTUKAJIBHOW OCH ISl BCEX TpeX
MI'T] oTnoXeHbl MaKCUMaIbHBIC 3HAYCHUS
WHTEHCUBHOCTHU (B OTH. e1.) Kak BumHO, pe-
3ynbTatel HaOmonenuit 1IIP_ noka3eiBaroT,
YTO JlaJeKo He Bcerjaa rpos3sl B Adpuke sB-
JSI0TC HanOoJjiee WHTEHCUBHBIMU. VHTEH-
CUBHOCTh MHUPOBBIX LIEHTPOB H3MEHSIACh B

TeUeHHe roja B npenaenax ot 1,8155 otH. ex.
1o 2,9305 mma Asum, ot 1,5879 mo 2,4981
st Adpuku u ot 1,6071 no 2,87 nns Ame-
puku. I[lonoxeHuss MakCUMyMOB HaOI0a-
muck B9 £ 2,15+ 2 u 20 £ 3 yacoB MupoBo-
ro BpEeMEHH COOTBETCTBeHHO. HeoOxomammo
OTMETUTh, 4YTO MOJOOHOTO poOJa OLEHKU
YPOBHSI MHPOBBIX TIPO3 MOXHO THOJIy4aTh
tosibko mpy CHY MOHUTOpPUHTE U YTO TAKOTO
poa U3MEpeHus BEOyTCs B HACTOsIIEE Bpe-
Msl TOJNBKO B TpeX IMYHKTax HaOIIOJeHMUS,
BKJIFOYAsl HaIM HAONIOACHHUS B 0OCEpBaToO-
pun Jlexra.

4. 3akuwydenue. B 3akitoueHue mnepe-
YHCIIUM OCHOBHBIE PE3YJIBTATHI PAOOTHI.

1. TIpoBenena 0OpabOTKa HAKOTLIEHHOTO
MaccHUBa JJIEKTPOMArHUTHBIX JIAaHHBIX IO
IIYMaHOBCKOMY PE30HAHCY.

2. BeimonHeHa 0TOpaKOBKa MCKaKEHHBIX
MOMEXaMU JTaHHBIX U I KaXJ0ro Mecsia B
TEYCHHE TOAa HENPEPBIBHBIX HAOIIOIECHUI
MOJTy4YEHbI CPEeHUE AUHAMHYECKUE CIIEKTPBI
noJisi B 00JaCTH YacTOT MEPBBIX TPEX Pe30-
HAHCHBIX ITHKOB.

3. Tloka3aHo, YTO CHEKTPHI U3MEHSIOTCS
B TEUEHHUE CYTOK Kak I[eJI0€, YTO FOBOPHUT O
TOM, YTO 3TH M3MEHEHHsI OOYCIOBJICHBI Ba-
pUalMsIMA YPOBHSI MHUPOBOM T'PO30BOM aK-
tuBHOCTU. [lonydeHa wHTErpanbHas OLEHKA
CYTOYHBIX HW3MEHEHHUH YPOBHS MHPOBBIX
rpos3.

4. Pe3ynbTaThl MOHUTOPUHTA ITyMaHOB-
CKOT'O PE30HAHCA SBHO yKa3bIBalOT Ha HaJM-
YHE TPEX MUPOBBIX TPO30BBIX IIEHTPOB, OJUH
U3 KOTOpbIX (Adpuka) peructpupyercs Io
KOMIIOHeHTe H, a 1Ba Ipyrux (Asus u Ame-

pHKa) 110 KOMIIOHCHTE [),.

5. Ilony4deHsl JaHHBIE O CE30HHBIX U3ME-
HEHUAX AKTUBHOCTH B MHPOBBIX T'PO30BBIX
LIEHTPAaX: BPEMEHA MAaKCHUMaJbHOW aKTUBHO-
CTU U OTHOCHUTEJIbHBIE BEIUYMHBI MUKOBBIX
3HAYECHUU.

JlanHas paboTa BBITIOJTHEHA MPH YACTHIHOMN
nonaepxke 1o rpanty MHTAC Ne 96-1991.
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RECONSTRUCTION OF DISTANCE DISTRIBUTION OF THE GLOBAL
LIGHTNING ACTIVITY FROM SCHUMANN RESONANCE
BACKGROUND

Abstract. Diurnal variations of the global thunderstorm activity are deduced from experimental
records of the Schumann Resonance (SR) average spectra measured at Lekhta, Karelia (34° E, 64° N)
and Karimshino, Kamchatka (158° E, 53° N) observatories. Detailed information on the spatial structure
of the global thunderstorm activity has been revealed using inversion of the measured SR average spec-
tra. This information on the distance distribution of sources was employed for suppression of the distance
dependence in the SR spectra and in this way for correct estimation of the world thunderstorm activity

variations.

1. INTRODUCTION

Radio waves in the lower end of ELF
band propagating within the Earth-
ionosphere wave-guide exhibit very low at-
tenuation. Because of interference between
radio waves repeatedly passed the globe cir-
cumference the phenomenon known as
Schumann Resonances is observed in the
spectra of natural electromagnetic emissions.
SR are excited by lightning discharges and
carry information on both sources and propa-
gation properties within the earth-ionosphere
waveguide.

The idea by Williams [1] concerning a
global tropical thermometer based on meas-
urements of SR reflecting total world-wide
lightning activity and its connection with av-
erage tropical surface temperature in the last
years enhanced the interest to the SR study.

A problem of correct estimation the total
lightning intensity by SR observations is
connected with distance determination to
sources. The observed natural SR signal
morphologically consists of the two compo-
nents. These are SR background formed by
overlapping ELF-atmospherics stemmed
from the aggregate of lightning discharges
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distributed all over the globe and ELF tran-
sients or so-called Q-bursts originating from
“super”-discharges. Amplitudes of Q-bursts
exceed the background level by a factor of
ten, and intervals between them are from
~10 seconds to a few minutes. This circum-
stance allows to analyse Q-bursts as isolated
events. While methods for Q-bursts’ sources
locations are well developed based on differ-
ent modifications of the spectral and wave
impedance techniques (see e.g. [2] and refer-
ences therein), the complexity of the afore-
mentioned problem increases, when SR
background signal is employed for determi-
nation of the total lightning intensity from the
SR measurements because observation from
a single station will supply different ampli-
tude for both distinct resonance mode and
wide band integrated signal depending on
partial distances to active thunderstorm cen-
tres.

The widespread approach to this problem
is based on the model of three world thunder-
storm centres covering continental areas in
Africa, and South America, and so-called
maritime continent in the South-East Asia
resulting from the lightning observations. In
the work [3] a wide band integrated SR sig-



nal was applied for estimating the total light-
ning activity to diminish a distance depend-
ence.

As distinct from the mentioned above
analyses of the SR background based on pre-
liminary assumptions about spatial lightning
distribution a technique for reconstruction of
the distance profile of the world-wide light-
ning intensity has been proposed by Shvets
[4]. The approach employs the model of the
ELF propagation within the spherically-
symmetrical earth-ionosphere cavity, along
with the hypothesis about statistical inde-
pendence of the moments between lightning
discharge occurrences and does not require
preliminary knowledge on the spatial struc-
ture of the world thunderstorm activity.

2. INVERSE PROBLEM SOLUTION

In accordance with [4] the earth surface
is divided into a set of a narrow annular
stripes with centre at the point of observa-
tion. Every stripe is characterised by distance
from an observer and it is adopted that all the
lightning discharges occurred within a par-
ticular stripe form the same distance signa-
tures in the SR spectra measured at the ob-
servation point. A direct problem of forma-
tion of the average SR spectra, assuming that
a Poisson process describes a succession of
the ELF atmospherics at an input of a re-
ceiver, for the case of magnetic components
received by orthogonal horizontal antennas is
formulated as follow [4]:

IH () =<|1dls (0))|2>']Zv:Sxi|h(m’Di12 ()
i=1

‘Hy (co)(z =<|Idls (03)|2> : %Syin(co, D)’ .2

where h(w,D;) is a frequency response by

magnetic component attributed to the i in-
terval, characterized by distance from an ob-
server D;, ® 1is an angular frequency,

<|Idl s ((o)|2> is an average source current

moment of lightning discharges, N is a num-
ber of discharges happened during an analy-
sis interval. Amplitudes of the horizontal
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magnetic field components squared |H,(®)|?
and |Hy(oo)|2 will depend on azimuths to par-
ticular lightning discharges ¢  through the
coefficient Sy; and S,

S; S;

Syl-=Zcos2 0y, Sxi=Zsin2 o, (3)
s=l1 s=l1

whereas their sum will be independent of the

azimuth distribution of the lightning dis-

charges:

Holof” | o] +[t, (o) -
. (4)
:<|]dls ((o)|2> Y Si|he. D)
i=l

due to the followed by (3) obvious relation:
S; =8, + 8y, where §; represents an effec-

tive total number of discharges within the i
distance interval.

The inverse problem is solved by de-
composition of average power field spectra
in a series of linearly independent base func-
tions, representing frequency responses of
the Earth - ionosphere cavity on the vertical
discharges for a full set of distances and then
by finding unknown coefficients through a
least square method.

3. DATA ACQUISITION

The SR spectra were measured at two
distant from each other observation points:
Lekhta, Karelia (34° E, 64° N) and Karim-
shino, Kamchatka (158° E, 53° N). Two dif-
ferent schemes of SR measurements have
been arranged. Both of them include two or-
thogonal horizontal magnetic antennas of the
same design oriented in the east-west ()

and south-north (Hy) directions. In addition a

vertical electric field component at Lekhta
and vertical magnetic component at Karim-
shino (aimed for receiving probable seis-
mogenic emissions) are measured. The
equipment used at Lekhta includes three-
channel analog receiver with notch filters
that reject interference from power lines and
computer based 12-bit data acquisition sys-
tem described in details in [5]. As distinct



from the Lekhta’s equipment a choice of 24-
bit ADC has enabled to increase extremely a
dynamic range and, in such a way, to sim-
plify the receiver structure used at Karim-
shino. Signals after the antenna preamplifiers
are fed directly to the multi-channel ADC
and then to a computer. Specific parameters
such as sampling frequencies were took into
account under the successive data processing.

4. ANALYSIS OF AVERAGE SR
SPECTRA

An example of averaged over the whole
day of 24 June, 2000 measured at Karim-
shino SR spectra plotted by points at the
lower graph of Fig.1 together with resulted
from decomposition corresponding spectra
fitted to the experimental ones. Results of
inversion into the daily average distance pro-
files (upper graph) are shown in the upper
graph of Fig.1. We can see that the resolved
distance profile consists of a number of
maxima covered wide distance range from
~4 to ~15 Mm, which can be approximately
attributed to the world thunderstorm centres.
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The receivers are placed essentially dif-
ferent with respect to the world thunderstorm
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centres and we expect different distance
source distributions observed at these points.
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Fig.2.

More compact set of distances is ob-
served from the Lekhta site from which the
main active areas are placed mainly in the
distance interval from ~6 to ~10 Mm as is
seen from contour maps in Fig.2. We can re-
solve from these maps peculiarities of diurnal
spatial redistribution of thunderstorm activ-
ity. As was mentioned in [5] the Lekhta site
has lucky position with regard to the global
thunderstorm centres that enable to observe
African sources mainly by H, component
and Asian and American sources by Hy
component. This situation is rather clearly
can be resolved from the distance profiles
reconstructed separately from the magnetic
H, and H,, spectra shown in Fig.2. We can
see that during a day the diurnal dependence
of the distance profile Sy, revealed from the
H, component is represented by a minor (at
~3 h) and major (at ~15 h) maxima appearing
at distance of ~7Mm. The profiles S}, recov-
ered from the H, spectra demonstrate two



maxima occurred at ~8 h and at approxi-
mately midnight that can be attributed to
Asian (at ~8-9 Mm) and American (at ~9-10
Mm) thunderstorm centres. Composed pic-
ture reflecting distance distribution of the
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The graphs presented in Fig.3,4 demon-
strate diurnal dependencies of the magnetic
field power integrated in the work frequency
range 6-35 Hz <|H|?>=<|Hx|?>+<|Hy|?*>,
and integrated over full distance range pro-
files of the lightning intensities recovered
from the full magnetic spectra

(Sp)= %z Sy; for the Lekhta and
i

Karimshino observatories respectively. It is
observed good correlation between these de-
pendencies. Diurnal variations of the mag-
netic power reveals higher dynamic range in
comparison with reconstructed global light-
ning intensity.

5. CONCLUSIONS

The technique proposed in [4] is applied
for retrieving the total lightning activity
variations and its distance profile from meas-
urements of the SR background signal per-
formed at Lekhta (Karelia) and Karimshino
(Kamchatka) observatories.

Detailed information on the spatial struc-
ture of the global thunderstorm activity has
been revealed using inversion of the meas-
ured spectra of the SR background signal.

total lightning intensity is observed in the
distance profiles S; recovered from the full

horizontal magnetic field.
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Results of reconstruction of experimental
SR records have shown that the world thun-
derstorm centres appear as distinct modes in
the distance profiles recovered. An additional
information about azimuthal distribution of
sources was obtained from decomposition of
spectra of orthogonal magnetic components.
Diurnal redistribution of the lightning activ-
ity between the world thunderstorm centres
has been demonstrated for the case of the
Lekhta observatory.

The information on distance distribution
of sources was employed for suppression of
the distance dependence in the SR spectra
and in this way for correct estimation of the
world thunderstorm activity variations. It was
found close correlation between diurnal de-
pendencies of the integrated over frequencies
power magnetic spectra and total lightning
intensity deduced from the SR background
signal. Discrepancies do not exceed ~30%
during a day that is in accordance with esti-
mations made in [3].

This work was performed in part under
support by grant INTAS #1991-96.
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DYNAMIC BEHAVIOR OF GROUNDING SYSTEMS
FOR TELECOMMUNICATION CENTERS

Abstract: Assurance of safe work for people and conditions to correct activities for telecommu-
nication devices require planning and realizations the suitable grounding systems. Taking this fact into
account, in article the presentation was made the rules for various calculations of complex grounding
systems for telecommunication objects. Special attention was turned on grounding in arrengements
tower-telecommunication building with electronic equipment. Grounding was developped adding to ba-
sic arrangement - ring earth electrode of tower and ring of building - additional horizontal and vertical
earth electrodes. Using proposed numerical methods it was possible to analyse the various grounding
systems before their realization and choice optimal solutions.

Proprieties of complex grounding systems were analysed in time and frequency domains using
programme TRAGSYS and MALTZ.

1. Introduction

The grounding systems for telecom-
munication center is design to provide
ground references for normal operation of
computers nets and telecommunication de-
vices.

Additionally during the lightning
stroke or power-supply fault, the ground-
ing systems must be able to cause any dan- Telecommunication
ger to persons or damage to insulation or centre
devices.

Therefore design procedures should
minimize the maximum values of voltages ey = = B
between different points at the conductors i
of the grounding systems when surge cur-
rents were discharged into the earth.

The behavior of grounding systems Ring earth i
excited by surge currents is considerably electrode of Il{mg ejrthf
differs from that at low-frequency currents building clectrode 0
and the knowledge about the surge resis-
tance is still not at a sufficient level. This
problem is very important for telecommu-
nication centers with towers, which are
preferential points for lightning strokes.

tower

tower

Fig.1. The simplest grounding system of tele-
communication centre
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The impulse characteristic of these
systems are very important to obtained:

—a correct design of surge voltages
and currents protection systems in electric
installation and signal transmission sys-
tems,

—safety and EMC requirements in
telecommunication center.

In our calculation we take into account
the telecommunication tower, located in
the vicinity of a central office building.
(Fig.1.) In typical telecommunication cen-
ter the grounding system consist of a bur-
ied rings around the tower and the build-
ing.

2. Computational models of the
complex grounding systems

Proprieties of complex grounding sys-
tems were analysed in time and frequency
domains. Grounding impedance was ana-
lysed using computer program TRAGSYS
[2], which computational algorithm solved
numerically complete set of Maxwell’s
equalizations which described occurrences
reaching in grounding systems.

First step in analysis was, in accor-
dance with rules which appeared in meth-
ods of moments, partition all grounding
system on small segments in ground.

Program TRAGSYS makes possible
calculation the grounding in range from 0
Hz to several MHz and defines the surge
proprieties during flows of lightning cur-
rent which have different shapes. Results
of calculations were represented in fre-
quency domain and next, after used inverse
Fourier’s transform, in time domain.

In the purpose of the result’s compari-
son, part of calculation was made using
program MALZ [3], which is a part of
complex pack of programs CDEGS (Cur-
rent Distribution Electromagnetic Interfer-
ence Grounding and Soil Structure Analy-
Sis).
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3. Grounding systems tower — tele-
communication building

We analysed in detail the grounding sys-
tems which contained the grounding system
of tower and building.

In the case of these objects (fig.1.) the
simplest grounding system consists from two
simple ring earth electrodes round of tower
and building. In our calculation the grounding
systems was buried at the depth 0, 8m in the
soil with resistivity 100QQm and 1000Qm.

Analyzing proprieties of the grounding
systems have been done for currents with dif-
ferent frequencies and for the surge currents
which simulated the lightning current. In cal-
culation we used the surge current with ampli-
tude 100 kA and double exponential shape
1/50 ps. This currents was injected into the
tower and lightning protection systems of
building. Fig.2. shows the cases when current
was injected into the corners of ring earth
electrodes of tower (Fg.2a) and building
(Fg.2c). The instantaneous surge impedances
of grounding systems in these two cases were
presented in Fig. 2b and 2d.

a)

Current
injection point

Ring earth
electrode of
building

#
Ring earth

electrode
of tower

1z.077

9.e61]”

7.246

4.831

2.415




. Ring earth
Ring earth
electrode of electrode of
tower building

Current injec-__|
tion point G

1o.zs1] 7177

7.688

5.125

z.s63]

0000 5_noo 1.330 3.380 5370 7.360 micro see

Fig.2. The analysed earth termination sys-
tems and the instantaneous surge imped-
ances of these systems.

In such arrangement we exanimate the
static and dynamic proprieties of ground
systems introducing additional:

— vertical earth rod-electrodes about 2,
5m lengths,

— grounding  wires
rings,

— horizontal earth electrode conduc-
tors.

Some examples of analysed grounding
systems and surge impedances of earth
systems are presented in fig.3.

between buried

a) Current injec-

tion point
\.: ° Ring earth
Ring earth | electrode of
electrode o building
tower
L}
Vertical earth
electrodes ——w %
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©) Current injec-
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Horizontal
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' building

Vertical earth
electrodes

9267
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3.747

1.873

0-000 5 900 1.330 3.380 5.570 7.960 micre sec.

Fig.3. The analysed earth termination systems
with additional conductors and the instanta-
neous surge impedances of these systems.

In calculation we take into account that
the horizontal earth electrodes were buried
0,8m deep in soil with resistivity from 100Qm
do 10 000Qm.

Parametric analysis of the earth systems
are carried out:

—at frequencies which changed from
50 Hz to 1 MHz,

— during lightning stroke.

In this last point we determined the surge
response of grounding systems. When we
analysed the system un frequency domain we
computed impedances (modulo and phase) of
the earth systems with additional vertical rods
(from 4 to 27 rods ) in rings. The results are
presented in table 1.



Table 1. Impedances of the different 3. Conclusions
earth systems

For all earth systems configuration, the
Arrangement Modulo | Phase Y su ’

Simple system — two rings | 3.43 20,30 simulations are considered with double expo-

Simple system with 4 rods | 3,26 2032 nential surge current 1/50 ps with amplitude

in corners of tower’s ring 100 kKA.

Simple system with 8 rods 3,08 -0,33

Current injec-

in corners of tower’s and tion point

building’s rings. Ring earth
Simple system with 3,04 -0,34 % electrode of
10 rods in corners and in ing carth building

electrode of
tower

the points of the ring’s

connection
Simple system with 2,90 -0,36
18 rods.
Simple system with 2,70 038
27 rods
modut impedancji
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Fig.4. Computed impedances (modulo and Simple system MHz
phase from 0 to 5 MHz) of simple and 2
complex earth systems % 2
10
Examples of changes the values of
modulo and phases for earth systems im- °r
pedances in function of frequency (to 1l 1‘ . . - |
5 MHz) are presented in Fig.4. itz

Frequency form 0 to 1 MHz
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Two different models, based on fields
theory and method of moments, were used
for high frequency and surge analysis of
earth systems.

The surge current was injected in
different points of the tower and building’s
lightning protection systems.

The calculation of earth systems, from
simple to complex, shows that the additional
vertical and horizontal earth electrodes re-
duces the values of surge impedance about
25-30% and the proposed computational
method makes seem to be worthwhile for the
design the best grounding configuration of
telecommunication centers.

References

1. Grecew L., Dawalibi F.: An Electromagnetic Model for Transients in Grounding Systems. IEEE Trans. on
Power Delivery, vol. PWRD-5, No.4, October 1990, pp.1773-1781.

2. TRAGSYS computer software for Transient Analysis of Grounding Systems — Documentation and Manual.

3. MALZ User’s Manual: Frequency Domain Analysis of Buried Conductor Networks” Safe Engineering Ser-

vices & Technologies Ltd., Montreal Canada

R. MARKOWSKA

Biatystok Technical University, Poland

POTENTIAL DISTRIBUTIONS IN GROUNDING SYSTEMS OF
TELECOMMUNICATION OBJECTS STRUCK BY LIGHTNING

Abstract: This paper presents the results of computations of voltage distributions in telecommu-
nication grounding systems in case of lightning currents flows. In many cases, the voltage difference be-
tween various points of such grounding systems is much convenient value, especially in design, than for
example the surge impedance of the system. For that some possible ways of reduction of these transient
voltage differences from a point of view of protecting of electronic equipment have been analyzed.
Those were mainly the influence of the structure of grounding system and the presence of various addi-
tional elements such as vertical ground rods and horizontal conductors. As it is shown in the paper by
adding these elements, it is possible to reduce significantly these transient voltages.

1. Introduction

Communication towers are one of the
most susceptible structures to direct light-
ning strikes. Lightning current injected into
the tower or building structure should be
distributed and drained off possibly uni-
formly by an appropriate grounding system
in order to minimize associated electro-
magnetic fields and transient voltages to
remote ground which can generate high
transient voltages in relatively long com-
munication and power line cables and can
also be dangerous for personnel. Although
it is very important to equalize potential
distributions on the whole area of interest,
which depends mainly on the surge imped-
ance of the grounding system, in particular
cases the analyze of voltage differences
between various points of the system may
be more useful. These voltage differences
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may be somewhat different depending on the
structure of the grounding system, even if the
surge impedances of various structures are
comparable. For example surge impedances
of the system from fig. 1b) for various dis-
tances between tower and buildings’ frames:
9.054Q for 3m (fig. 2) and 9.045Q for 7m
distance while the voltages obtained for these
distances are different (fig. 4a).

Grounding systems analyzed in this paper
are typical for buildings associated with
communication towers and basically consist
of frames surrounding the base of these ob-
jects, as shown in fig. 1. The paper presents
some results of computations of voltages be-
tween extreme grounding points of communi-
cation cable (i.e. points 0 and 6 on fig. 1) as
well as between grounding points of commu-
nication and power line cables at the entry to
the building (i.e. point no 0 and any of the
points no 1 through 5).



a)

Current injection point 54
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<>

Vertical down conductor
b)
Horizontal conductor
2o 0

30
(\.

Ground rod

Fig. 1. The analyzed grounding systems of
an object consisted of a communication
tower and a building; a) simple, b) with

additional horizontal conductors and
ground rods.

Dimensions of these frames are about
6.4x6.4 m for the tower and 9x16 m for the
building. The ground rods are 2.5 m long.
All structures are buried at a depth 0.8 m in
a soil with resistivity 100Qm.

Fig. 2 shows instantaneous surge im-
pedance of the system from fig. 1b).

3.054
7.243
s.a3z|
3.622

1.811

Fig. 2. Surge impedance of the system
from fig. 1b)

The computations have been done by
means of a computer program, which uses

a rigorous mathematical formulations derived
from the complete set of Maxwell’s equa-
tions, numerically solved by the method of
moments [1], [2], [3].

The enargization was simulated by inject-
ing of a current surge of a given shape and
amplitude into four points of tower grounding
system by means of vertical down conductors.
The current surge was chosen as typical light-
ning of 1/50us with amplitude 100kA. This
current was assumed as distributed uniformly
between those points.

2. Influence of vertical ground rods

Fig. 1a) presents the very simple ground-
ing system, which consists of two frames
connected together with 3 horizontal conduc-
tors. This simple arrangement was then
enlarged step by step, by adding successively:
ground rods at the corners of frames, 2 addi-
tional horizontal conductors and finally some
additional ground rods as shown in fig. 1b).

Fig. 3a) presents in time domain the volt-
age differences between points 0-6, and fig.
3b) between points 0-1 for these various ar-
rangements. Curve 1 represents the arrange-
ment from fig. 1a), curve 2 — the same struc-
ture with additional ground rods at frames’
corners, curve 3 — the same as 2 with addi-
tional horizontal conductors and finally curve
4 — the arrangement from figure 1b).

It is clear from fig. 2, that the presence of
ground rods can significantly reduce these
voltages. The reduction is about 27 — 30%.

a)

0 0.2 0.4 0.6 0.8 1 12 1.4 16 1.8 2
us



0
0 02 04 06 08 1
us

12 14 16 18 2

Fig. 3. Time domain voltage differences
between points: a) 0-6; b) 0-1; for ar-
rangements: 1 — from fig. la); 2 — fig. 1a)
with ground rods at frames’ corners; 3 —
fig. 1a) with ground rods at frames’ cor-
ners and with two additional horizontal
conductors; 4 — fig. 1b).

It has been also estimated that the volt-
age difference between grounding points of
communication and power line cables at
the entry to the building does not depend,
in fact, on the place of entry of power line
cables to the building. Computed voltages
between points 0-3, 0-2 or 0-4 are only
about 4% grater than that between points
0-1 or 0-5.

3. Connecting tower and buildings’
frames

Voltage difference between extreme
grounding points of communication cable
(i. e. points 0-6) depends, basically, on the
distance and the number of connections
between tower and building’s frames. Fig.
4 presents the time domain transient volt-
ages between these points for the system
from fig. 1b) for various distances and
number of connections between frames. In
case of only 1 connection, it was placed
along with the communication cable (di-
rectly under the points 0-6). We can see
that dependence of voltages on the distance
is regular and proportional. For the reduc-
tion of this voltage, the distance should be
as small as possible. On the other hand,
however, it would increase voltage differ-
ences on building’s grounding system.
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Fig. 4. Time domain voltage difference
between points 0-6 of the system from fig.
1b): a) for different distances between tower
and building; b) for different number of con-
nections and 3m distance between tower and
buildings’ frames; c) for different number of
connections and 7m distance between tower
and buildings’ frames.
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From fig. 4b) and 4c) it is clear that the
frames should be connected together by at
least 3 connections with one of them placed
close to the communication cable. Increasing
number of connections above 3, 4 and greater
does not cause such a big change, however
the reduction is still significant. Similarly, as
in the case of distance, the greater is the num-
ber of connections, the larger are voltage dif-
ferences in building’s grounding system. For
the arrangement with a 3m distance between



frames, and for 3, 4 or 5 connections, the
voltages are about 14% greater in compari-
son with 2 connections only.

4. Voltages between points on build-
ing’s grounding system

As it is shown on fig. 3, for the system
from fig. 1b), the transient voltages be-
tween points 0-1 or 0-5 are over two times
grater than between points 0-6. Some addi-
tional horizontal conductors have been
added to the system from fig. 1b) to reduce
these voltages. The analyzed arrangements
are shown on fig. 5. The additional con-
ductors are: a) additional frame, surround-
ing the main building’s frame at a distance
of 1m, b) additional 3 connections in build-
ing’s frame, c¢) both additional frame and 3
connections, d) additional frame together
with a grounding grid in building’s frame.

a) b)
i AN

i /Lh

’C) d)

!
S | Pl

-

7 - J_'[A
Fig. 5. The analyzed grounding systems
with some additional grounding elements.
The points between which the computa-

tions have been done are marked as in
fig. 1.

The resulting transient voltages be-
tween points 0-1 and 0-3 for these ar-
rangements are shown on fig. 6. Curves
numbered as 1 show the reference voltages
obtained in the system from fig. 1b). Sig-
nificant reduction in voltage difference be-
tween points 0-1 and 0-3 for the system
from fig. 1 have been obtained by adding 3
connections, as shown on fig. 5b). The re-
duction is about 27 — 38%.

These improvements have caused in-
creasing of voltage difference along with
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the communication cable (between points 0-6)
of about 11%.
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Fig. 6. Time domain voltage differences
between points: a) 0-1, b) 0-3; for arrange-
ments: 1 — from fig. 1b), 2 — fig. 5a), 3 —
fig. 5b), 4 — fig. 5¢), 5 — fig. 5d).
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5. Conclusions

In many cases, especially in grounding
systems design, the voltage difference be-
tween various points of the system is more
convenient parameter than the surge imped-
ance, which generally is less susceptible and
can not take into consideration all the phe-
nomena. For example, some structures, which
differ in some dimensions only can have a
comparable surge impedances while the volt-
ages along with that dimensions can differ
significantly.

In general, for arrangements such as ana-
lyzed in this paper, the main factor that influ-
ences the voltage differences between impor-
tant (from the point of view of protecting of
electronic equipment) points of the grounding
system is the distance to current injection
points. To ensure less voltage difference
along with the communication cable, the
tower-building distance should be small.
However, it can cause relatively large voltage
differences between points in building’s



grounding system, as it is closer to the cur- tions that link the opposite flanks of the build-

rent injection point. A similar situation oc- ing’s frame (generally a grounding grid). The
curs when analyzing the number of con- reduction obtained here was about 30 — 40%,
nections between tower and buildings’ what allowed to maintain these voltages at an
frames. Increasing connections from 2 to 3, amplitude of nearly the same range as for the
4 or 5 caused increase of voltages in build- voltages along with the communication cable,
ing’s grounding system of about 14%. i.e. 100 — 120kV.

A significant reduction of voltages be- The analysis shows that the presence of
tween building’s grounding systems is pos- vertical ground rods in structures plays a sig-
sible basically by adding direct connec- nificant role in equalization of potentials.
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