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Summary:
A decrease in the number of cryptocurrency transactions was detected on the eve of significant planetary-scale geomagnetic storms,
which can be explained by the proven impact of space weather factors on the state of the human nervous system and psyche.
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BsepeHune

Bapuauun anekTpomarHUTHoro ¢poHa cpesbl 06UTaHUS, 0OYC/NOB/IEHHbIE KOCMWYECKOW MOrofoM, ABAAKTCA OAHWM M3 BayKHEMLMX
buomeTteoponornyecknx ¢aktopos [1]. ITo NoATBEpP:KAAOT pe3ynbTaTbl 1AaOOPATOPHbLIX IKCMEPUMEHTOB C BO3LENCTBUEM M3/YYEHUN,
BOCMPOMU3BOAALLMX XapaKTEPUCTUKU NPUPOLAHBIX PaKTOPOB INEKTPOMArHUTHOM npupoasl [2, 3].
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BapuaLumn NCUXUYECKUX COCTOAHWUIA BCAEACTBUE MNAHETAPHbIX MU3MEHEHUI KOCMUYECKOW NOrofpl HAaXOAAT CBOE OTPaXKEHUE BO BCeX
chepax yenoBeyYeCKOW AEATENIbHOCTM, B TOM YUCIE U IKOHOMWMYECKOW AMHAMMUKE, KOTOpas TPaAMLMOHHO M3y4vanacb B 3TOM CBA3U B
AvanasoHe MHOFoNIeTHWUX nepnoaos [4].

K Haubonee 3HaYMMbIM M MCUXOTPOMHbLIM (aKTOpam KOCMWMYECKON MOroApl B AManasoHe HECKOIbKMX YacoB M CYTOK OTHOCAT
reomarHuTHbole 6ypu [5]. HeyauBUTENbHO, UYTO WX BAUAHME HAXOAUT OTPAKEHWE B KPATKOCPOUHLIX M3MEHEHWUAX 3KOHOMMUYECKMUX
nokasatenei. Tak, B MarHUTOBO3MyLLEHHble AHU Ha GOHAOBOM pblHKE NPeo61afialoT OCTOPONKHbIE HACTPOEHMA: PUCKOBAHHbIE aKLWK
TOPrylOTCA Xye, aBTOPbI CBA3bIBAIOT 3TO C U3MEHEHUAMM MCUXUYECKOTO COCTOAHUA UrPOKOB GOHA0BOTO PbIHKA BCIEACTBUE BO3AENCTBUA
reomarHuTHbIX 6ypb [6]. OTMeYaeTcs, YTO BCeACTBME BO3AENCTBUA FeOMarHUTHbIX 6ypb Ha NMCUXMYECKOe COCTOAHWE, @ He PYKOBOACTBYACH
06BbEKTUBHBIMM haKTOPamMK, MHBECTOPbI CKNOHHbI BbIBOAUTL CPEACTBA M3 GOHAOB AEHEKHOro pbiHKa [7]. Ha 06WmMpHOM cTaTUCTUYECKOM
maTepuasie NoKasaHo, YTO B MarHUTOBO3MYLLEHHbIe AHM KO3dUUMEHT peakumm Ha npubbinb (ERC) y MHBECTOPOB MeHee BbipaeH [8].

B coBpeMEeHHbIX YC/IOBUAX B BbICLLEN CTENEHW aKTya/lbHO PaCcNpOCTPaHUTb NOAO06HbIE UCCNef0BaHMA Ha KPUNTOBAIOTbI, TeM Bosee, 4To
CTaTUCTUKA WX WCNONb30BAaHUA OTpakaeT MpoLeccbl MAaHeTapHOro MacwTaba, 4YTO BepHO M MO OTHOWEHWUIO K BapuauMam
9/1eKTPOMarHuTHoro $oHa B cpege 06UTaHUA B Cly4ae 3aMeTHbIX FeOMarHUTHbIX 6ypb, KOTOpPble 0XBaTbIBAIOT BCE LUMPOTHI.

Llenb A4aHHOro MUCCNeA0BaHUA: NPOAHANN3MPOBATL USMEHEHMA HA PbIHKE KPUNTOBANOT BO BPEMEHHON OKPECTHOCTU reOMarHUTHbIX
6ypb nnaHeTapHOro macwraba.

Martepuanbl U meTozbl

Bce ucxopHble gaHHble HblM NONYYEHbl U3 OTKPbITbIX MCTOYHUKOB, B YaCTHOCTU, U3 PENO3UTOPUA OTKPbLITLIX AaHHbIX Google Big Query
nocpeactsom SQL-3anpocos Yepes KoHconb Google Big Query. MpoaHann3npoBaHO €XKeCyTOYHOE KOIMYECTBO TpaH3aKLMi (Kak NoKkasaTtens,
MMEILWMIN HanboNbLLMIA OTK/IMK Ha M3MeHeHUAa Kocmudyeckon norogbl [9]) kpuntosantoT Bitcoin, Etherium, Dogecoin (cpegu npoyero, mx
Bbl6Op 6bIN 06YCNOBNEH ANUTENbHBIMU PASAMMU HAONOAEHUI U OTCYTCTBMEM PE3KMX CKAYKOB B 3HAYEHUSAX) HA COBOKYNHOM MHTepBane 2009-
2024 rr. B OKpecTHoCTU +4 CyTOK OTHOCUTE/NIbHO HYNEeBOro AHA — reoMarHUTHbIX 6ypb KnaccoB G2 (Kp=6). bypu KnaccoB oT G2 u Bbiwe
06134at0T JOCTAaTOYHOM BMOTPOMHOCTLIO M NAaHEeTAPHbIM MacwTabom. MpUMeEHANCA METO HaNOXKEeHUA 3MOX, Koraa bepyTcs oTpesKu pagos
JaHHbIX (B J@aHHOM C/lyyae — KOJIMYECTBO TPaH3aKLMi), COOTBETCTBYOLWME +4 CyTKaM OTHOCUTENIbHO AaT reOMarHWTHbIX Bypb, Npyu 3TOomM
HyNeBOM AeHb — AaTa no BcemupHomy BpemeHu (UTC) AOCTMMKEHUA HUMKHEW rpaHuuUbl MHTEHCUBHOCTM reomarHuTHon 6ypu. Korpa
NPOMEXKYTKM MEXKAY NOCNefoBaTeNbHbIMU FEOMArHUTHbIMKU BypAMM He NpeBbiWwanu 7 CYTOK, OHU MCKAOYANUCL M3 PAaCcCMOTPEHUA BO
M36eXKaHNEe BO3MOXKHOIO HanoxeHus ux spdekToB. [nAa npuBeAeHMA K eOUMHOMY MacwTaby LWKanbl AaHHbIX, HAaWAEHHble OTPE3KM
ANMTENBHOCTBIO NO 9 CYTOK (+4 AHEel OTHOCUTENbHO AHA reOMarHUTHoU Bypu) NepeBoAMINUCh B €4UHULLBI CTaHAAPTHOTO OTKIOHEHUs (z-
WKana).

Pe3ynbTaTbl U uX obcyxaeHue

AN vccneoBaHHbIX KPUMNTOBAIIOT BbIAB/IEH B LIE/IOM CXOAHbIN NAaTTEPH AMHAMMUKM KOIMYECTBA TpaH3akumit (puc. 1). Npu o6beguHeHnn
[JaHHbIX OT BCEX KPUMTOBA/IIOT KapPTUHA CTAaHOBMUTCA 60/1e€e BbIPAXKEHHOM M He TepsAeT COrnacoBaHHOCTH (puc. 2).
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Puc. 1. lMHaMMKa Yncna TPAH3aKUUIA KPUNTOBAANIOT (B 4. CTAaHAAPTHOTO OTK/IOHEHUA) B OKPECTHOCTM MArHUTHbIX 6ypb (Hynesble
CYTKU), METOA0M HaNOXKEHUA 3NOX.
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Puc. 2. IMtHaMMKa YUCNA TPAH3AKLMIA KPMNTOBANIOT B OKPECTHOCTU MArHUTHbIX 6ypb. O6beauHEHbl AaHHbIE BCEX KPUNTOBAAIOT,
OTMeuYeHbl CTaHAAPTHbIE OWUGKU.

OTMeYaeTCcA CHUXKEHUE KOIMYECTBa TPaH3aKUMI Nepes, Ha4yalom U B aBHYH Gasy reomarHUTHbIX Bypb (Ha rpadukax —1 u O cyTKu).
CnepyeTt OTMETUTb, YTO 3T 0COBEHHOCTM B OMNpesesieHHOM CTENEHW COrIacytoTca ¢ NoBegeHNEM pbiHKa M3 pabort [4, 5, 6]. Mo-suaumomy,
3TW U3MEHEeHMUA CBA3aHbl UMEHHO C NCUXMYECKMM COCTOAHMEM /L, UCMO/b3YIOLLMX KPUMTOBANIOTLI, MOCKO/BbKY abcontoTHOE 60/1bLWMHCTBO
6ypb, MPOAHaNM3UPOBAHHbIX B HACTOALLEM WCCNEAO0BaHWM, He MOI/M MPUBECTU K CKOJIbKO-HMOYAb 3aMeTHbIM MaccoBbiM cboam
nnaHeTapHoro macwraba B GyHKUMOHMPOBAHMM pacnpeseneHHOro obopyaoBaHMA A4 TEXHONOMMM BNOKYENH.

OTHOCUTE/IbHO KOHKPETHOrO GU3MYECKOrO areHTa, OTBEYAOLLErO 33 USMEHEHME COCTOAHUA YYAaCTHUKOB PblHKA, MOMHO NULWb cAeNnaTb
HeKoTopble NpeanonoXKeHus. Bo-nepsblx, HepPBHaA cMCTeMa NO-Pa3HOMY, C Pa3HOM 334EPKKOM UM HANPOTUB, Kak Obl C onepexeHnem,
pearvpyeT Ha 3Ha4YMMble cObbITUA KOCMUYECKOW NOroAbl, B TOM Yncie, reomarHutHole 6ypu [10]. Bo-BTOpbIX, rnaBHas ¢asa reoMarHUTHbIX
bypb NpenBapAeTca PasNMYHbIMU INEKTPOMArHUTHBIMU CUTHANAMK, KOTOpble MOAUOULMPYIOT MCUXMYECKOE COCTOAHWE YenoBeKa. ITo
MOMKET BbITb M POCT FEOMArHUTHOM aKTMBHOCTWM HaKaHyHe AHA HacTynaeHus rnaBHOW ¢asbl (3a4acTyto opraHM3m NpoABAAeT 60blUYHO
YYBCTBUTENbHOCTb K U3MEHEHWUIO BE/IMUYMHBI, @ HE ero abCcoNtOTHOMY 3HaYeHWto, 0COBEHHO ecM pedb UAET O CUTHaNbHOM daKTope); U
6103pPeKTUBHbBIE UIMEHEHWNA NEKTPOMArHUTHOIO GOHa cpeabl 0OUTAHMA, KOTOPbIE MOTYT NPeABapATb rNaBHy ¢pasy marHUTHon Bypu, B
YaCTHOCTH, B MOHOCHEpPe, MUKPOMYIbCaLMAX reOMarHMTHOro nons (Hanpumep, Pcl) (11; 12); v 1.4. Kpome Toro, ana 60/bluei TO4HOCTH
cnesyet GUKCMPOBATH MOBEAEHME UTPOKA PbIHKA U MHAEKCA KOCMUYECKOW NOroApbl No MeCTHOMY BPEMEHU, OCOBEHHO C y4ETOM 3aBUCMMOCTU
MoHOoChEpPHbIX MOKa3aTesieil OT BpEMEHM CYTOK.

BbiBoAbl

CyLL,ecTBEHHOE CHUXKEHME KOIMYECTBA TPAH3aKLMIA KpUNTOBAJIOT HAaKaHYHE U BO BPEMSA 11aBHOM ¢$a3bl reoMarHUTHOW Bypwu, BEPOATHO,
06ycnoBneHo moauduKaumen NCUXMYECKOro COCTOAHMA YYAaCTHMKOB PblHKA, Kak 3TO 6bl10 MOKa3aHO paHee A8 HEKOTOPbIX APYrux
3KOHOMMUYECKUX MOKasaTenen. MMeHHO KpMNTOBaNtOTbl B HAcTosLLEE BPEMS NPeAcTaBAAoT coboi Hanbosee CTPEMUTENbHBIN U, B TO e
Bpems, c1abo KOHTPoAMpyemblit GUHAHCOBbIA MHCTPYMEHT 3aBUCMMOCTU, B AMHAMUKe KOTOPOro OT CaMblX PasHbiXx ¢aKTopos cneayet
CKPYNyNEe3HO M3y4aTb, UCXOLA U3 HAYYHOrO M NpaKTUYecKoro nHtepeca. Ocobyo 3HAYMMOCTb UCCNef0BaHMUIA 3aBUCMMOCTN NOKasaTesen
KPUNTOBANIOT OT KOCMMYECKOM noroAdpl NpuaaeT ee naaHeTapHbIi MaclwTtab, a TakKe BO3MOMKHOCTb MPOrHO3a, YTO Npu NAAHUPOBAHUN U
npoBeAeHUM MEXANCUUMNANHAPHBIX UCCeA0BaHMWI NO3BOAUT NMONYYUTb MOLLHbBIE MHCTPYMEHTbI BAMAHMSA (B TOM Ynciae U MHGOPMaLMOHHOMO
XapaKTepa) Ha NOKasaTenn KPMNTOBANIOT, @, CIeA0BaTeNIbHO, U SKOHOMMUYECKYIO AMHAMMKY.

be3sycnosHoO, cnepyet pacCMoTpeTb U gpyrue C'JaKTOpr KOCMUYECKOW noroAabl, a He TONbKO reOMarH1UTHble 6pr, a TaKXKe UX B3aMMoCBA3b
n BBaMMOAeVICTBMe, 4YTO YyBA3bIBAETCA B €ANHYIO KAPTUHY 3/IEKTPOMArHUTHO-aKyCTU4ECKOro d)OHa cpeabl obuTaHuA.
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Introduction

Variations in the electromagnetic background of the environment caused by space weather are one of the most important
biometeorological factors [1]. This is confirmed by the results of laboratory experiments with the impact of radiation reproducing the
characteristics of natural factors of an electromagnetic nature [2, 3].

Variations in mental states due to planetary changes in space weather are reflected in all areas of human activity, including economic
dynamics, which has traditionally been studied in this regard in the range of multi-year periods [4].

The most significant and psychotropic factors of space weather in the range of several hours and days include geomagnetic storms [5].
Not surprisingly, their influence is reflected in short-term changes in economic indicators. Thus, on magnetically disturbed days, cautious
sentiments prevail on the stock market: risky stocks are traded worse, the authors associate this with changes in the mental state of stock
market players due to the impact of geomagnetic storms [6]. It is noted that due to the impact of geomagnetic storms on the mental state,
and not guided by objective factors, investors tend to withdraw funds from money market funds [7]. Extensive statistical data show that on
magnetically disturbed days the earnings reaction coefficient (ERC) is less pronounced among investors [8].

In modern conditions, it is extremely important to extend such research to cryptocurrencies, especially since the statistics of their use
reflect processes on a planetary scale, which is also true in relation to variations in the electromagnetic background in the habitat in the case
of noticeable geomagnetic storms that cover all latitudes.

The purpose of this study: to analyze changes in the cryptocurrency market in the time vicinity of geomagnetic storms on a planetary
scale.

Materials and methods

All data were obtained from open sources, in particular, from the Google Big Query repository using SQL queries via the Google Big Query
console. The daily number of transactions (as an indicator that has better reaction to changes in space weather [9]) of the Bitcoin, Etherium,
Dogecoin cryptocurrencies was analyzed (among other things, their choice was due to long-term observation series and the absence of sharp
jumps in values) during 2009-2024 in the time interval of +4 days relative to day zero — geomagnetic storms of classes G2 and higher (Kp=6).
Storms of classes G2 and higher have sufficient biotropy and a planetary scale. The method of superposed epochs was used, when segments
of data series are taken (in this case, the number of transactions) corresponding to +4 days relative to the dates of geomagnetic storms,
while day zero is the date according to universal time (UTC) of reaching the lower limit of the geomagnetic storm intensity. When intervals
between successive geomagnetic storms did not exceed 7 days, they were excluded from consideration to avoid possible overlapping of their
effects. To bring the data scale to a single scale, the found time rows with a duration of 9 days were converted into units of standard deviation
(z-score).

Results and discussion
For the cryptocurrencies studied, a generally similar pattern of transaction number dynamics was revealed (Fig. 1). When combining data
from all cryptocurrencies, the picture becomes more pronounced and does not lose consistency (Fig. 2).
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Fig. 1. Dynamics of the number of cryptocurrency transactions (in standard deviation units) in the vicinity of magnetic storms (zero
days), using superposed epochs method
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Fig. 2. Dynamics of the number of cryptocurrency transactions in the vicinity of magnetic storms. Data from all cryptocurrencies are
combined, standard errors are noted

A decrease in the number of transactions is noted before the onset and during the main phase of geomagnetic storms (on the graphs -1
and 0 days). It should be noted that these features are to a certain extent consistent with the market behavior from the works [4, 5, 6].
Apparently, these changes are associated with the mental state of people using cryptocurrencies, since the vast majority of storms analyzed
in this study could not lead to any noticeable mass failures on a planetary scale in the functioning of distributed equipment for blockchain
technology.

With respect to the specific physical agent responsible for changing the state of market participants, we can only make some
assumptions. Firstly, the nervous system reacts differently, with different delays or, on the contrary, as if in advance, to significant events of
space weather, including geomagnetic storms [10]. Secondly, the main phase of geomagnetic storms is preceded by various electromagnetic
signals that modify the mental state of a person. This may be an increase in geomagnetic activity on the eve of the main phase (often the
body shows greater sensitivity to a change in magnitude, rather than its absolute value, especially when it comes to a signal factor); and
bioeffective changes in the electromagnetic background of the habitat, which may precede the main phase of a magnetic storm, in particular,
in the ionosphere, micropulsations of the geomagnetic field (for example, Pc1) [11; 12]; etc. In addition, for greater accuracy, the behavior
of the market player and the space weather index should be recorded in local time, especially given the dependence of ionospheric indicators
on the time of day.

Conclusions

A significant decrease in the number of cryptocurrency transactions on the eve of and during the main phase of a geomagnetic storm is
likely due to a modification of the mental state of market participants, as has been shown previously for some other economic indicators. It
is cryptocurrencies that currently represent the fastest and, at the same time, poorly controlled financial instrument, the dependence of
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which on a variety of factors in dynamics should be scrupulously studied, based on scientific and practical interest. The planetary scale of
space weather gives special significance to studies of the dependence of cryptocurrency indicators on space weather, as well as the possibility
of predicting that when planning and conducting interdisciplinary research, it will allow obtaining powerful tools for influencing (including
informational) cryptocurrency indicators, and, consequently, economic dynamics. Of course, other factors of space weather should also be
considered, and not just geomagnetic storms, as well as their interrelation and interaction, which is linked into a single picture of the
electromagnetic-acoustic background of the habitat.
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