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Study of the electric field variation based on preliminary
observations at the ENU cosmophysical complex in 2020

The atmospheric electric field E, is the most urgent problem of study of the physics of the atmosphere and the
processes occurring in it. The conducted studies show the relationship of the electric field with atmoespheric
processes. Monitoring its changes is necessary to solve practical problems. This article presents brief
characteristics of the installation of the EFM-100 electrostatic fluxmeter of the scientific cosmophysical
experimental complex at the L.N. Gumilyov Eurasian National University (ENU) and its experimental data
obtained in 2020. The article presents the results of observation of atmospheric-electrical characteristics near
the Earth's surface and monitoring of the electric field of the atmosphere of the city of Nur-Sultan, in
particular, estimates of the variation of the electric field of the surface layer of the atmosphere during sunrise
and sunset based on data obtained by the EFM-100 fluxmeter. The comparison of meteorological data with
the data of the electric field strength of the atmosphere is given. The analysis of the days and months in
September and October 2020, when the conditions of “good weather” were manifested, was carried out. The
series of electric field data obtained at other measuring stations show the characteristic periodicity of the
electric field behavior. It is established that the value of the atmospheric electric field increases during sunrise
with the manifestation of the solar terminator effect. It is interesting to study the relationship between the
magnitude of the electric field of the atmosphere and the intensity of the cosmic ray flux, especially in the
case of Forbush effects. The data of the ENU ground-based experimental complex allows us to conduct
research on the study of atmospheric physics, including atomic electricity, as well as their interaction with
cosmic rays and meto-conditions.

Keywords: cosmophysical complex, electric field variation, cosmic ray flux, electrostatic fluxmeter, electric
field, solar terminator, Forbush effect, monitoring.

Introduction

Cosmic rays play an important role in the processes occurring in the atmosphere that affect the climate
and weather, and determine the properties of the Earth's global electrical circuit. In this regard, the study of
the physical nature of secondary cosmic rays, as well as their interaction with atmospheric processes at dif-
ferent time scales is very important.

One of the fundamental problems in the study of atmospheric physics is atmospheric electricity. It is
generally accepted-that all manifestations of atmospheric electricity and its correlation with galactic cosmic
rays and meteorological conditions are associated with the electric field of “good weather”.

Despite the creation of the necessary conditions for studying the physics of the phenomenon of the at-
mospheric electric field, the problem still remains unsolved. Meanwhile studies show its relationship with
atmospheric processes. For example, it was found that the occurrence of electric charges in the atmosphere is
caused by onerof three sources or their combination: GCR and SCR, natural radioactive sources of soil and
the formation of charges due to phase transitions in water [1].

Methodology and research methods

The atmospheric electric field is the main indicator of many geophysical processes. Observation of its
changes is used to solve many practical problems. To this end in 2015 the L.N. Gumilyov Eurasian National
University (ENU) in cooperation with the P.N. Lebedev Physical Institute of the Russian Academy of Sciences
created a scientific cosmophysical complex [2—4] consisting of two CARPET detectors, a neutron detector and
an EFM-100 electrostatic fluxmeter.

The EFM-100 electrostatic fluxmeter is designed to study atmospheric-electrical characteristics near the
Earth's surface and monitor the electric field of the atmosphere. It also registers lightning discharges and is
able to detect the high electric field strength that precedes the first lightning discharges.
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The device operates on the principle of an electrostatic generator: in an alternating electric field,
induced charges occur in the conductor. The amount of current generated by the induced charges is directly
proportional to the field strength.

The structure of an electrostatic fluxmeter consists of fixed electrodes and a shielding plate that rotates
over the electrodes. To rotate the plate shaft a motor powered by a direct current source is installed on the
device body. When the shielding plate rotates, the measured electric field acts on the sensing elements
(electrodes), after which an alternating current occurs in the circuit. In turn, the electrical circuit of the device
processes alternating current. The device has an aluminum coating, the operating temperature range is from
-40 to +60°C. Figure 1 shows the appearance of the installation.

Figure 1. External view of the EFM-100 and its installation at ENU

With the help of the software the data is displayed graphically (Figure 2) on a computer and daily files
are formed in the output: a data file for recording the electri¢ field strength.

Location
d History

Degcriptor
/‘f_-_ﬁrap."

S5 Boivey Deceric Fiskd Monitor w128 A v |

File Tools Help

Lightning Alarm
Range Rings

Zoom
Handles

Zoom
Handles

R

Alarm
Annunciator

\¥ Timea Range_'/
Amplitude Selector Current Eleld

Range Selector Reading

Figure 2. EFM-100 Software Display

Discussion

Thunderstorm detection is achievable with the EFM-100, a means of detecting electromagnetic
radiation from lightning discharges. Observation of the electric field of the atmosphere allows solving the
problems of storm warning both independently and in combination with meteorological installations. The
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equipment uses special software Electric Field Monitor and provides online data on the situation of the
electric field of the atmosphere and the strength of the electric field in a two-dimensional display with the
ability to detect lightning discharges within a radius of 38 km.

Figure 3 shows a comparison of the data on variations in the atmospheric electric field strength obtained
using the EFM-100 electrostatic fluxmeter of the cosmophysical complex of the L.N. Gumilyov ENU with
meteorological data from the city of Nur-Sultan in August 2020.
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Figure 3. Comparison of the electric field variation data (upper graph)
with meteorological data (lower graph).in August 2020

As you can see, the value of the electric field strength created as a result of the potential difference
during a rain or thunderstorm reaches hundreds of V/m ot several kV/m. Thunderstorms are usually traced
with a sudden change in the field value near the earth's surface.

The results of these typical diurnal variations in the gradient of the electric field potential under “good
weather” conditions based on observations at other stations are presented below with arrows corresponding
to the times of sunrise and sunset (Figure 4).
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Figure 4. Typical diurnal variations in the gradient of the electric field potential in good weather conditions.
Arrows up — time of sunrise, down — time of sunset.
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In turn, the experimental data obtained with the EFM-100 electrostatic fluxmeter of the LN Gumilyov
ENU cosmophysical complex with different time variations (Figures 5, 6) of the electrostatic field for “good
days” shows the regularity of its behavior.
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Figure 5. Daily variations of the electric field according to the ENU complex for “good days”
(upper graph — 09.09.2020, lower graph — 03.10.2020), Arrows up — time of sunrise, down — time of sunset
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Figure 6. Monthly variations of the electric field according to the ENU complex
(upper graph — September 2020, lower graph — October 2020), Arrows up — time of sunrise
(at the beginning and end of the month), down — time of sunset (at the beginning and end of the month)

The dynamics of measurements of the experimental data of the ENU complex and the typical series of
electric field data obtained at other measuring stations show a characteristic periodicity of the behavior of the
electric field in “good weather” conditions. The periodicity of the nature of the electric field is due to the in-
fluence of the intensity of cosmic rays, as well as the change in the balance of ions during sunset and sunrise.
In the formation of the atmospheric electric field an important role is played by cosmic rays, which have an
ionizing effect.

As can be seen from the figures, the magnitude of the atmospheric electric field increases during sunrise
with the manifestation of the solar terminator effect; the solar terminator is a line of day dividing the Earth's
atmosphere into daytime and nighttime regions. Simultaneously, the evening solar terminator is especially
noted. It has been proven that the solar terminator effect affects the processes in the ionosphere and atmos-
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phere [5, 6]. One of the unique properties of the electric field is that the E; value everywhere at 19:00 UT
increases by about 20 % [7]. According to the analysis for the study of the terminator effect, this stable phe-
nomenon of an increase in the value of E; is associated with the generation of internal gravitational waves on
the Earth's surface during a lowering of temperature at sunset.

As mentioned above, in order to study the physical properties of the atmospheric electric field it is im-
portant to investigate its relationship with the heliophysical effects of the Sun and variations of cosmic rays.
At the same time it seems interesting to compare and establish the correlation between E; and the intensity of
the cosmic ray flux.

The relationship of the cosmic ray flux with other quantities is especially well manifested during
decreases in its intensity, in particular during the periods of registration of Forbush decreases. For example,
the response of the atmospheric electric field does not always depend on solar-terrestrial phenomena.
However, it has been established that a decrease in the value of E; proceeds simultaneously with a sharp
decrease in the intensity of the cosmic ray flux — the Forbush effect 8], .

Figure 7 shows the correlation between the intensity of cosmic rays and<E; .according to the
observations of the neutron monitor at the Paratunka observatory in Magadan, Russia, from which it can be
seen that a decrease in the intensity of cosmic rays by 3-10 % leads to a decreasein the value of E; to
20-80 % [7, 9].
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Figure 7. Dependence of E; on the intensity of cosmic rays during the Forbush-decreases

In future works of the group of authors it is planned to study this phenomenon based on the results of
observations of the L.N. Gumilyov  ENU scientific cosmophysical complex after the detection of noticeable
Forbush-decreases.in cosmic rays.

Conclusions

In this work a stable effect of a sharp and regular increase in the concentration of charged ions during
the hours of sunset was found. The increase in E; in the morning has a well-pronounced oscillatory charac-
ter. Similar oscillations excited in the atmosphere during the solar terminator period are known and studied.
Therefore it is particularly interesting to study the phenomenon and observe the value of E; during the
Forbush-decrease effect for different time periods. This is necessary to explain the relationship between the
direct dependence of the GCR intensity on the E; value, which shows that the conductivity of the atmosphere
is affected by the CR intensity, as well as to construct a model of the electric field of the atmosphere. In turn,
this dependence proves that the electric field of the atmosphere is an indicator of geophysical processes in
the atmosphere.

At the same time it should be noted that for future work on the study of the relationship of CR varia-
tions with the electric field we will use the experimental data of the CARPET detector of the ENU
cosmophysical complex, which has proven itself well during its operation. The analysis of the obtained pre-
liminary experimental observation data shows that the facilities of the ENU cosmophysical complex allow us
to study the nature of CR variations, as well as their interaction with atmospheric processes for different time
intervals. The collection and automatic storage of data from the EFM-100 device will make it possible to
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measure the electric field of Nur-Sultan in an automatic mode, which is a necessary factor in the study of
geophysical processes and is relevant for solving practical problems.

The data of the ground-based complex also allows for long-term research and can qualitatively supple-
ment the global data bank along with the data of the existing network of ground-based detectors.
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E. Tenexos, A.K. Mop3abaes, B.C. Maxmyros, B.1. EpxoB

2020 xbuirbl Eypa3ust yITTBIK yHUBepcuTeTiHIH Kocmogu3nkaabik
KelleHiHgeri 0aKkblJayAblH aJ/IbIH-2JI1a AJIbIHFAH JepeKTepi 00iibIHIIA
3JICKTP. OPiCiHIH BapHALMSCHIH 3epTTey

E, armocdepansik 25ekTp epici — Oy atmocdepaiblk (HU3MKaHbI, OHAAFbI MPOLECTEPAl 3ePTTEYHiH €H
©3eKTi Maceeci. 3epTTeynep 3JIeKTp opiciHiH aTMochepanbIK NPoIecTepMeH OailnanbichiH KopceTeai. OHbIH
e3repicrepin OakpLIay TOKipuOeNik Macenenepai menry yurH kaxer. Makanana JI.H. T'ymusieB aTbiHAaFbI
Eypasus ymrreiK  yHuBepcureringeri (EYY) EFM-100 routbivu  KocMo(duM3MKAIBIK AKCIIEPUMEHTTIK
KEICHIHE JIeKTPOCTATHKAIBIK (DIIFOKCMETPiH OPHATY/IBIH KBICKAIlA CHIIATTaMalIaphl xkoHe OHbIH 2020 *KbUTbI
QJIBIHFAH 3KCIEPUMEHTTIK aepekTepi KenTipinreH. CoHBIMEH KaTap »kep OeTiHe »KaKblH aTrMocdepabIk-
EKTPIK CHIAaTTaManapabl Oakeutay skoHe Hyp-Cynran Kamacsl aTMoc(epachIHBIH DJIEKTp ©piCiHIH
MOHHUTOPHHTI HOTWXeNepi YChIHBUWFaH, aran aitkanga EFM-100 ¢irokcMeTpiMeH anbIHFaH MOJIIMETTep
Herizigne KyHHIH WIbIFybl MeH OaTybl Ke3iHAe aTMoc(epaHblH JKep YCTi KaOaThIHBIH JJIEKTP ©piCiHiH
e3repyiH Oaramay KepcerinreH. MeTteoManmimMeTTepai arMocdepaHblH JJEKTp OpiCiHIH  KepHeyJiri
JepekTepiMeH canbicTeipy Oepinren. 2020 >KbUIABIH KBIPKYHEK JKOHE Ka3aH alapblHIa «OKaKChl aya-paibhy
Karaaiiapel KepceTireH KyHaepre, ainapra Tangay jxacairaH. backa eumey cTaHUMsUIapbIHIA allbIHFaH
JIEKTP OPICIHIH OCHI KaTapiapsl JIEKTP OpiCiHIH TopTiOiHe TOH XKUUIriH kepcereni. KyH TepMUHATOPBHIHEIR
ocepi maifga OoiFaH JXKOHE KYH IIBIKKaH Ke3Jie aTrMoc(epaliblK SJIEKTp OpiCiHIH Meiepi apTa TyceTiHi
aHBIKTANABl. ATMOCEpaHbIH JJICKTp OpICIHIH MeJepi MEH FapbllITHIK COYJeJep aFbIHBIHBIH
KapKbIHABUIBIFEL, ocipece DopOym addekrici apackIHAarbl 0aiIaHBICTEI 3epTTEY KBI3BIKTHI OOJIBIN KOPiHEe.
EYYV xep OeriHaeri SKCepUMEHTTIK KelleHiHiH AepekTepi arMocdepa PpuU3UKachiH 3epTTey, OHBIH IIIiHIe
aTOMJIBIK BJIEKTP SHEPrHACHI, COHAAM-aK OJAp/bIH FApBIITHIK COYJEIECPMEH JKOHE METOeOXKarlaillapMeH
e3apa opeKeTTecyi OOMBIHILA 3epTTEYIep KYPTrizyre MyMKiH/IK Oepei.

Kinm  coe30ep: KOcMOGUM3MKAIBIK KEIICH, OJIEKTP OpICiHIH ©3repyi, FapbIUTHIK CAyJeiIep arblHbI,
AIIEKTPOCTATUKAJIBIK (DITIOKCMETP, IEKTp opici, KyH TepMuHaTopsl, @opOym s dexrici, MOHUTOPHHT.
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E. Tynexos, A.K. Mop3ab6aes, B.C. Maxmyros, B.1. EpxoB

HccnenoBanne Bapuanuy 3JIeKTPHYECKOr0 MOJIs MO NpeIBapUTeIbHbIM
AaHHbIM HaOmoaennii Kocmodusnyeckoro koMmiuiekca
EBpa3uiickoro HanuoHnaabHoro yuusepcurera B 2020 roay

ATtMmocdepnoe anekrpuueckoe nose E, sBisercs Hanbonee akTyanbHOMH npoOieMoit u3yueHust Gu3uku aTMo-
cdepsl ¥ NPOMCXOAAIINX B Hell mporeccoB. [IpoBeieHHbIC HCCIIEIOBaHHS TOKA3bIBAIOT B3aMMOCBA3b 3JIEK-
TPUYECKOT0 MoJIs ¢ aTMOCc(epHbIMH HporieccaMi. MOHUTOPUHT €ro M3MEHEHUWH HEOOXOANM s pelieHus
MIPaKTHIECKUX 3afad. B cTaThe NmpencTaBIeHbl KpaTKUEe XapaKTEPHUCTHKH yCTAHOBKHU 3JIEKTPOCTATHYECKOTO
¢dmoxcmerpa EFM-100 HayarOro KocMogm3naeckoro sKCriepuMeHTaIbHOT0 KOMITIeKkca B EBpasuiickom Ha-
nuoHansHOM yHuBepcurere uM. JL.H. I'ymmuneBa (EHY) n skcriepuMeHTalibHbIE TaHHBIE, TT0TydeHHBIE B 2020
r. Kpome ToOro, mamel pe3ynbTaTel HaOMIOAEHHs aTMOC(HEPHO-IIEKTPUYECKHX XapaKTEPUCTHK BOIM3M
HOBEPXHOCTH 3eMJIM 1 MOHMTOPHHTA JIEKTPUYECKOro ot armocdeps! ropona Hyp-Cynrana, B uacTaHocTH,
HOKa3aHbl OLIEHKM BapUallMU IEKTPUYECKOTO IOJSL MPH3EMHOTO Ciosi aTMoc(epbl, BO BpeMs BOCXoaa 1
3akara CoJiHIIa Ha OCHOBaHHHM CBEICHHH, moimyueHHbIX (urokeMerpoM EFM—100. IIpoBeneHo cpaBHEHHE Me-
TEOJAHHBIX C [OKAa3aTelsIMH  HANpPSHKEHHOCTH  JJIGKTPHYECKOro Moyt  aTMocdepsl, @, TaKKe
NIPOAHAJIM3UPOBAHbI JHU B CEHTAOpe u okTsa6pe 2020 r., KOorjga NpOsBISUINCE YCIOBHS «XOpPOLIEH MOFOIBD).
Psnpl maHHBIX SIEKTPUYECKOTO MO, MOJMyYCHHBIE Ha APYTHX HW3MEPHUTENBHBIX CTAHMMUSX, MOKA3BIBAIOT
XapaKTePHYIO NEePHOIMIHOCTh ITOBEACHNUS IEKTPHIECKOTO OIS, Y CTAaHOBJIEHO, YTO BETMINHA aTMOC(HEPHO-
TO 3JIEKTPUUECKOTO OIS BO3pacTaeT Bo BpeMs Bocxona ColHIa Ipu NposiBiIeHNH 3P (eKTa COMHEYHOTo Tep-
muHatopa. IIpeacTaBnsercsi MHTEPECHBIM H3YUEHHE CBSI3M MEXIY BEIMYMHOW 3IEKTPUUECKOTO IO
aTMoc(epbl 1 MHTEHCUBHOCTHIO MMOTOKA KOCMHYECKHX Jiydei, ocobenHo mpu DopOyri-3ddexrax. JJanHbie
HazemHoro skcnepuMeHTanbHOro komiuviekca EHY no3BosiAroT NmpOBOAMTH HCCIENO0BaHMS 0 M3YYEHHIO
¢m3ukn arMocdepbl, B TOM 4YHCIe aTOM(EPHOro OSJIEKTPHYECTBA, a TaKKe HX B3aUMOJICHCTBUS C
KOCMHYECKUMU JTydaMH H METEOYCIOBHAMH.

Knrwouegvie cnosa: KocMOQU3MYECKUI KOMIUIEKC, BapHAaIMs SJICKTPUUECKOTO MOJISI, IMOTOK KOCMHYECKHUX
Jy4ei, SNEKTPOCTATUCTHYCCKUH (IIIOKCMETP, SJICKTPHYECKOE MO, CONHEYHbIH TepMuHaTOp, PopOyi-
s¢dexT, MOHUTOPHHT.

References

1 Kachurin, L.G., & Bekryaev, V.I. (1960). Issledovanie protsessa elektrizatsii kristallizuiushcheisia vody [Investigation of the
process of electrification of crystallizing water]. DANSSSR — Reports of the USSR Academy of Sciences, 130 (1), 57-60 [in Russian].

2 Philippov, M.V., Makhmutov, V.S., Stezhkov, Yu.l., Maksumov, O.S., Bazilevskaya, G.A., & Morzabaev, A.K., et. al.
(2020). Characteristics of the ground-based “CARPET-ASTANA” instrument for detecting charged component of cosmic rays and
preliminary analysis of the first experimental data. Nucl. Instrum. Methods Phys. Res. Sect. A., 959, 163567.

3 Tulekov, E.A., Makhmutov, V.S., Bazilevskaya, G.A., Stozhkov, Yu.l., Morzabaev, A.K., Philippov M.V. et al. (2020).
Ground-based Instrument for the Study of Cosmic Ray Variation in Nur-Sultan. Geomagnetism and Aeronomy, 60(6), 693—698.

4 Tulekov, Ye.A., Morzabagv, A.K., Makhmutov, V.S., Yerkhov, V.I., & Philippov M.V. (2020). Variations of cosmic rays in
the period 2016-2019 according 'to observations of the ENU experimental complex. Bulletin of L.N. Gumilyov. ENU. PHYSICS.
ASTRONOMY Series, 133(4),79-95.

5 Antonova, V.P., Guseinoy, Sh.Sh., & Drobzhev, V.I. (1988). Kompleksnoe eksperimentalnoe issledovanie voln v atmosfere,
generiruemykh solnechnym terminatorom [Comprehensive experimental study of atmospheric waves generated by the solar termina-
tor]. Izv. AN SSSR. Fizika atmosfery i okeana — News of the USSR Academy of Sciences. Atmospheric and ocean physics, 24(2),
134-143 [in Russian].

6 Bakaey, D.M.; Belenkii, M.I., Kib, S.A., & Pinegin, A.N. (2003). K voprosu o vliianii prokhozhdeniia terminatora na
generatsiiu akustiko-gravitatsionnykh voln v ionosfere [On the influence of the terminator passage on the generation of acoustic-
gravitational waves in the ionosphere]. Tezisy IX Regionalnoi konferentsii po rasprostraneniiu radiovoln — Abstracts of the Ninth
Regional Conference on Radio Wave Propagation. Saint Petersburg [in Russian].

7 Cherneva, N.V., & Kuznecov, V.V. (2005). Forbush-ponizheniia i effekty terminatora v atmosfernom elektrichestve
Kamchatki [The Forbush decrease and the effects of the terminator in Kamchatka’s atmospheric electricity]. Trudy VIII Konferentsii
molodykh uchenykh «Astrofizika i fizika okolozemnogo kosmicheskogo prostranstvay — Proceedings of the VIII Conference of Young
Scientists “Astrophysics and Physics of Near-Earth Space”. Irkutsk [in Russian].

8 Marcz, F. (1997). Short-term changes in atmospheric electricity associated with Forbush decreases. J. Atm. Solar-Terr. Phys-
ics, 59(9), 975-982.

9 Ponomarev, E.A., Cherneva, N.V., & Firstov, P.P. (2011). Formirovanie lokalnogo elektricheskogo polia atmosfery [For-
mation of the local electric field of the atmosphere]. Geomagnetizm i aeronomiia — Geomagnetism and aeronomy, 51(3), 405-411
[in Russian].

32 BecTHuk KaparaHguHckoro yHusepcuTeTa





