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The results of multi-fractal analysis of time variations of the Earth’s electromagnetic field caused by the power-
ful geospace storm occurred on September 7-8, 2017 were considered. To obtain the most detailed results, the multi-
fractal detrended fluctuation analysis, the Hurst exponent in sliding time domain window and the continuous wave-
let transform were simultaneously applied. The set of numerical characteristics, which describe the peculiarities of
the Earth’s electromagnetic field time variations, was estimated.
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INTRODUCTION

The problems of the on-line monitoring of the geo-
space state and of the predicting the influence of the
geospace on the functioning of human civilization are
one of the most important problems facing international
scientific community today. To solve these problems,
the adequate geospace models are needed. But success-
ful creation of such models was found to be not so sim-
ple and so fast as long as, one side, all components of
geospace (for example, the atmosphere, the ionosphere,
the magnetosphere) are appeared to be simultaneously
the members of the more complex systems (namely, the
Earth — atmosphere — ionosphere — magnetosphere
(EAIM) system and the Sun — interplanetary space —
magnetosphere — ionosphere — atmosphere — Earth
(SISMIAE) system) and, other side, the EAIM and the
SISMIAE systems are open, non-linear and dynamical
ones. According the non-linear paradigm had been for-
mulated by prof. L. F. Chernogor in the 1970", the pro-
cesses in such systems are appeared to be very complex
and diverse, in particular, short-time, non-linear, ultra-
wideband and fractal [1 - 3]. The complexity of interac-
tions in the open, non-linear and dynamical systems can
be explained by the system paradigm had been created
prof. L.F. Chernogor in the 1980™ [1 - 3].

Moreover, as it had been discovered by the scientific
group headed by prof. L.F. Chernogor in 1980", the
disturbances in geospace caused by the powerful, non-
stationary, local source of energy release are found to be
large-scale and even global. This amazing phenomenon
was explained by the trigger effect appearance [1 - 3].

As far as the magnetosphere is a part of EAIM and
SISMIAE systems, the geospace storm is a powerful,
non-stationary, local source of energy release, the
Earth’s electromagnetic field time variations may have
fractal structure. Its detail investigations are able to give
us a lot of information about complex processes in geo-
space. Thus, the theme of the paper seems to be actual
and modern.

The purpose of the paper is to research the multi-
fractal properties of the Earth’s electromagnetic time
variations caused by the geospace storm occurred Sep-
tember 7-8, 2017.
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1. MAGNETIC STORM OCCURRED
ON SEPTEMBER 7-8, 2017

A geospace storm is a synergistically interacting
complex of the magnetic, atmospheric, ionospheric and
electrical storms. The geospace storms are usually
caused by the powerful, non-stationary processes at the
Sun accompanied by the significant increasing of the
solar wind and the coronal mass ejections [4].

In this paper we analyze the experimental registra-
tions of the Earth’s electromagnetic field (two orthogo-
nal components) caused by the powerful geospace storm
occurred on September 7-8, 2017. These registrations
were obtained with the unique magnetometer-fluxmeter
placed on the Radiophysical Observatory of the
V.N. Karazin Kharkiv National University (Grakovo,
Kharkiv Region, Ukraine) [5].

It is necessary to point that the magnetic storm ana-
lyzed was appeared to be the twentieth in power of the
storm for the entire time of observations of the Earth’s
magnetic field and the first — for 2017 [6]. If on Sep-
tember 7 the Ap-index reached the value of 36 only,
then on September 8 it reached the value of 106. At the
same time the Kp-index had the value 8- between 21:00
UT and 24:00 UT on September 7, the value 8 between
00:00 UT and 03:00 UT the value 8+ between 12:00 UT
and 15:00 UT on September 8.

2. ANALYSIS METHODS

To describe the fractal properties of the time varia-
tions analyzed, the multi-fractal detrended fluctuation
analysis (MF DFA), the Hurst exponent in sliding time
domain window and the continuous wavelet transform
(CWT) were simultaneously applied (see Figs. 1and 2).

MF DFA allows to estimate the multi-fractal spec-
trum parameters in sliding window in time domain [7].

These are the minimal («._. ) and the maximal («

min max )

values of the multi-fractal spectrum f(«), it’s width
(Aa = a,, —a,, ) and the maximum location (o)

known also as the ‘Generalized Hurst Exponent’. Due to
sliding time domain window usage, they obtain a time
dependency.
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Fig. 1. The results of multi-fractal analysis of Earth’s electromagnetic field time variations caused by the power-
ful geospace storm occurred from 22:00 UT to 03:00 UT on September 7-8, 2017 for both the field components:

1) D-component: a — the signal in time domain, b —the o, (¢) dependence, ¢ —the « . () dependence,
d —the Aa(t) dependence, e-the a"(t) dependence, f—the H(t) dependence, g — the CWT SDF of the signal;
2) H-component: h — the signal in time domain, i —the o, (¢) dependence, j—the o, (¢) dependence,

k —the Ac(t) dependence, I-the o () dependence, m—the H(t) dependence, n — the CWT SDF of the signal;

CWT SDF calculations were performed with usage of the Morlet wavelet

As far as each value listed above was estimated in
the window with given width (in this case it is one tenth
of the signal length), this value is assigned to the posi-
tion of the window center in time domain. To compare
with the results of the generalized Hurst exponent esti-
mations, the Hurst exponent in sliding time domain
window H(t) was calculated. The window length was
the same as for MF DFA.

To describe the time-frequency structure of the time
variations investigated, the CWT [8] was used. It was
represented by the CWT spectral density function (SDF)
module calculated with the Morlet wavelet usage.
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The analysis methods listed above were applied to
the investigations of two signal registrations (D- and H-
components), a duration of five hours each. Such time
bounds were chosen as long as they contain the most
valuable magnetic field disturbances. The estimations
the disturbance time-period parameters were performed
in the period band T = 15...1000 s.

3. ANALYSIS RESULTS

For D-component of the Earth’s electromagnetic
field from 22:00 UT on September 7 to 03:00 UT on
September 8, four groups of disturbances were detected.
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Fig. 2. The same as on the Fig. 1 for the Earth’s electromagnetic field time variations occurred from 11:00 UT
to 16:00 UT on September 8, 2017

The first group (23:00 — 23.33 UT) has the duration
Tt = 33 min, the period band T = 15...850 s, amin =
0.0...0.1, omx = 0.5...25, Aa 0.5...2.5, a*
0.30...0.75, H = 0.25...0.65 and contains one ultra-short
(US) ultra-wideband (UWB) process witht=5 min, T =
100...750 s, the relative bandwidth pu = 1.5. The second
group (23:54 - 00.17 UT) has t 23min, T
250...800's, omin = 0.0...0.1, ama = 0.5...15, Ao =
0.5...1.5, a*=0.30...0.65, H = 0.25...0.45 and contains
one US UWB process with T = 8 min, T = 400...750 s,
M = 0.6. The third group (00:27 — 00.52 UT) has
25min, T 15...1000 s, omin = 0.1...0.4, dmax
05...1.2, Ao = 0.3...09, o* 0.50...0.70, H
0.35...0.45 and contains two US UWB processes with t
=3min, T=20...120 s, p=14and t=8min, T =
200...800 s, u = 1.2 correspondently. The fourth group
(01:12 - 01.45 UT) has t = 33 min, T = 15...1000 s,
Omin = -0.4...0.4, 0pax = 0.5...1.2, Ao = 0.2...1.0, a* =
0.35...0.75, H = 0.25...0.45 and contains one US UWB
process with t=2 min, T=60...130 s, p =0.7.
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For H-component of the Earth’s electromagnetic
field from 22:00 UT on September 7 to 03:00 UT on
September 8, four groups of disturbances were detected
too. The first group (23:00 — 23.33 UT) has the duration
T = 33 min, the period band T = 15...1000 S, omin =
0.0...0.3, dmax = 0.5...1.5, Aa 0.5...1.5, ao*
0.15...0.75, H = 0.35...0.65 and contains one US UWB
process with T =8 min, T = 15...750 s, p = 1.9. The
second group (23:54 — 00.22 UT) has t =28 min, T =
200...1000 s, amin = 0.0...0.1, omex = 0.4...1.0, Aa =
0.2...1.0, a*=0.30...0.75, H = 0.25...0.65 and contains
one US UWB process with t =10 min, T = 250...800 s,
i = 1.0. The third group (00:27 — 00.52 UT) has t =
25 min, T=15...700 s, omin = 0.1...0.3, amax = 0.5...1.1,
Aa = 0.5...1.0, a* = 0.40...0.60, H = 0.15...0.45 and
contains one US UWB process with t = 8 min, T =
200...700 s, p = 1.1. The fourth group (01:12 — 01.45
UT) has t = 33 min, T = 15...750 s, amin = -0.4...0.4,
omax = 0.5...1.1, Aa = 0.0...1.5, a* = 0.20...0.75, H =
0.20...0.45 and contains one US UWB process with t =
40s, T=15...50s, u=1.1.
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For D-component of the Earth’s electromagnetic
field from 11:00 UT to 16:00 UT on September 8, four
groups of disturbances were detected. The first group
(12:06 — 12.34 UT) has the duration t = 28 min, the
period band T = 15...820 s and contains one UWB pro-
cess with changing mean frequency (ChMF) with
t=10 min, T = 120...700 s, p = 1.4, the dynamical rela-
tive bandwidth py = 0.8...0.5, the decreasing mean period
To = 400...190 s, Omin = 0.0...0.1, o = 0.5...2.5, Ao =
0.5...25, a* = 0.30...0.75, H = 0.25...0.65. The second
group (12:47 - 13.12 UT) has t = 25 min, T =
170...700's, omin = 0.0...0.1, omax = 0.4...0.7, Aa =
0.2...0.7, a* = 0.25...0.40, H = 0.15...0.35 and contains
one US UWB process with T = 12 min, T = 200...600 s,
p= 1.0. The third group (13:28 — 15.10 UT) has t =
100 min, T = 15...1000 s, omn = -0.4...04, opax =
0.4...16, Aa=02...14, a*=0.3...1.0, H = 0.10...0.45
and contains two ChMF UWB processes with T = 20 min,
T=250...1000s, p = 1.2, g = 0.7...0.6, To = 775...325
s. The fourth group (15:22 — 16.00 UT) has t = 38 min,
T = 15...900 S, Opin = -0.1...0.2, ojpex = 0.4...0.8, Ao =
0.2...0.8, a*=0.3...0.6, H = 0.20...0.35 and contains one
US UWB process with t=2 min, T=15...90s, u = 1.4.

For the corresponding H-component, three groups of
disturbances were detected. The first group (11:40 -
13.12 UT) has the duration t = 92 min, the period band
T =15...800 s, 0pin = -0.1...0.3, opax = 0.4...1.2, Aa. =
0.2...1.2, a*=0.25...0.60, H = 0.25...0.45 and contains
one ChMF UWB process with T = 35 min, T =
60...550s, u=1.6, ug=0.6...1.2, To = 340...325 5. The
second group (13:32 — 14:35 UT) has t = 63 min, T =
15...1000 s, omin = -0.1...0.1, amayx = 0.4...1.1, Aa =
0.4...1.0, a*=0.35...0.85, H = 0.20...0.60 and contains
one ChMF UWB process with T = 35 min, T =
120...1000 s, p = 1.6, pg = 0.9...0.7, To = 700...190 s.
The third group (14:40 — 16.00 UT) has t =80 min, T =
15...1000 s, omin = -0.1...0.2, amax = 0.6...1.3, Aa =
0.2...1.3, a*=0.40...0.65, H = 0.25...0.45 and contains
one US UWB process with T = 35 min, T =
400...1000 s, u = 0.9.

CONCLUSIONS

The Earth’s electromagnetic field time variations
caused by the powerful geospace storm occurred on
September 7-8, 2017 were shown to be multi-fractal and
ultra-wideband.

Using MF DFA and Hurst exponent in sliding time
domain window, the set of fractal and multi-fractal
characteristics of the variations investigated was esti-
mated.

Using CWT SDF, the time-period characteristics of
the variations investigated in period band T =
15...1000 s were calculated.
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MYJIbTU®PAKTAJIBHBINA AHAJIN3 BPEMEHHBIX BAPHAITAN DJEKTPOMATHUTHOI'O TOJIS
3EMJIA, BBI3BAHHBIX MOIITHOM TEOKOCMHWYECKOM BYPEW 7-8 CEHTSABPA 2017 .
J.®. Yepnozop, K.I1. I'apmaw, O.B. /lazopenxo, A.A. Onuwienko

PaccMoTpeHBl pe3ysnbTaThl MYJIbTH(QPAKTAIBHOTO aHAIN3a BPEMEHHBIX BapHaLMi 3JIEKTPOMArHUTHOTO IOJIS
3emin, BBI3BAHHBIX MOIIHOM IeOMarHuTHON Oypel, npounsomenmei 7-8 cenrsops 2017 r. s nonydenus Hanbo-
Jiee TMOAPOOHBIX PE3YJIBTATOB OJHOBPEMEHHO MPUMEHEHBI MYJIbTH(PaKTATBHBIN aHamm3 QuykTyanuidi 6e3 TpeHna,
ToKaszareiah XepcTa, BBIYHUCISEMBId B CKOJIB3SIIEM OKHE BO BPEMEHHOH OO0JIACTH, W HENpPEpPBIBHOE BEHBIIET-
npeobpazoBanue. OeHEHO MHOYKECTBO YHCIOBBIX XapaKTEPUCTHK, KOTOPBIE OMHUCHIBAIOT OCOOCHHOCTH BPEMEHHBIX
BapHaIUil MAarHUTHOTO TTOJI 3eMJTH.

MYJIbTU®PAKTAJIBHUNA AHAJI3 YACOBHUX BAPIAIIN EJTEKTPOMATHITHOI'O ITOJIA 3EMUII,
BUKJIINKAHUX ITOTYKHOIO TEOKOCMIYHOIO BYPEIO 7-8 BEPECHSI 2017 p.
JL.®. Yepnozop, K.II. I'apmaw, O.B. Jlazopenko, A.A. Onuwenko
Po3rasHyTO pe3ynbraTé MyJdbTHGPAKTATLHOTO aHAN3y YacOBHUX Bapiallid eIeKTPOMAarHiTHOTO TOJs 3eMJli, BH-
KJIMKaHHUX TIOTY>KHOIO T€OMarHiTHoto Oypero, o Bindynacs 7-8 Bepecust 2017 p. [Ans otpuMaHHs HaiOLIbII NOKIIa-
JHHUX Pe3yJIbTaTiB OJJHOYACHO 3aCTOCOBAHO MYJIbTU(PAKTAIbHUIT aHalI3 QuyKTyalii 6e3 TpeHa, MOKa3HUK XepcTa,
KM OOYHCITIOETHCS B KOB3alIOUOMY BiKHI B YacoBiil oOmacti, Ta Oe3nepepBHE BeliBieT-niepeTBopeHHs. OIiHEHO
0e3J114 YUCIIOBUX XapaKTEePHUCTHK, SIKi OMMCYIOTh OCOOIMBOCTI YaCOBHUX Bapialliii MarHiTHOTO TOJIs 3eMJIi.
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