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[MpuBoauTCS 0630p M3MEHEHNT MOHOC(HEPHBIX IMApaMETPOB B MpeaOypeBoii Mepuo, HabIIoAaeMbIX TTPU
aHa/M3e¢ KOHKPEeTHBIX MAaTHUTHBIX Oyph (Tak Ha3biBaeMbIe “case studies”). Iloka3aHo, 4To B pe3yibTaTax
TaKOro aHaju3a B OOJILIIMHCTBE CIy4aeB BUAHbBI OTKJIOHEHUSI 3TUX MMapaMeTpoB (Mpexae Bcero — foF2 u
TEC) B nHU, npenirecTByloline BHe3anmHOMY Havyairy Oypu. [1pu aToM MHOTrMe aBTOpHI 00palllaloT Ha HUX
BHUMaHMeE, 0OCYXXIAIOT X CBSI3b C TapaMeTpaMu KOCMUUYECKOi1 TOTOAbI, CE30HOM, BDEMEHEM CYTOK U TTPO-
CTPAHCTBEHHBIM pacIipefe/icHUeM UM JTake BBICKA3bIBAIOT IPEIIOJIOKEHUSI O BO3MOXHBIX MeXaHU3Max
dopmupoBanusi. ITokazaHO, YTO YKMCIO TaKWUX MyOJMKALIMI 3aMETHO BO3pPOCJIO B TEUYEHUE IMOCIICTHUX
4—5 net. [lomuepkuBaeTCs, YTO U3MEHEHUS COCTOSTHHSI MOHOCGhEPHI B IIpenOypeBhle THI OOHAPYKMNBAIOTCS
He TOJIBKO B “kjaccuueckux” mapamerpax (foF2 u TEC), Ho 1 B Ipyrux MOHOC(EPHBIX XapaKTepPUCTUKAX.
IMonpo6HO paccMaTpUBaIOTCS CTaThH, MOCBIIIEHHBIE MMEHHO MpobJieMe NOHOC(hEPHBIX TTPEABECTHUKOB
MarHUTHBIX OYpb, UX CBSI3U C KOCMUYECKOI MOTroA0i U MX BO3MOXHOI pOJIX B MPEACKAa3aHUU MPEACTOSI -
11eit MarHUTHOM Oypu.
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1. BBEAEHHUE

I[IpoGnema n3aMeHeHMS B ITapaMeTpax MOHOCHhEPhI
B TICPUOII, TIPEIIIECTBYIONINIA MATHUTHOM Oype, pes -
CTaBJISIET UHTEpeC KaK B IUIaHEe U3y4YeHUs] (PUBMKU
IIPOLECCOB B MPU3EMHOM IIPOCTPAHCTBE IIPU U3Me-
HEHMSIX KOCMUYECKOM ITOTOAbI, TaK M B IIPUKJIATHOM
IUIaHEe, €CJU 3T U3MEHEHUSI MOTYT SIBJISITbCS TIPEli-
BeCTHUKaMHU mpencrtosmieii oypu. ComieMcss Ha
o630pHBIe pabotel [bmarosemenckuii, 2012; Bla-
goveschensky et al., 2017; Danilov, 2013] u opyrue
ny6nukauuu [Janunos u Koncrtanturona, 2019].

3a moApOoOGHBIM OMUCAHUEM MCCIEIOBAaHUI 3TOi
MMPo6JIeMbI MBI OTChLJIAEM YUTATENISI K YKa3aHHBIM 00-
3o0paM. 34ech OTMETUM JIMIIb TMTMOHEPCKUE PabOThI
Kane [1973, 1975] v iepBble NTOMBITKU OOCYIUTH BO3-
MOXKHBIE TIPUYUHEBI IPeI0ypeBhIX 3((EKTOB B MIOHO-
chepe [HanunoB u ap., 1985; Danilov and Belik,
1992]. B nanbHeiiemM HabI0aeHUIO 3TUX 3P eKToB
B pa3IMYHBIX IapamMeTpax MoHocdepHoro ciaosg F2
(foF2, hmF2, h'F2, TEC) ObUIO MOCBSIIEHO MHOTO
paboT, OMMUCAHUIO KOTOPHBIX U ITOCBAIIEHbI YKa3aH-
HBbIE 0030pHI.

Co BpeMeHM HantncaHus o63opa [Danilov, 2013] B
JIMTepaType NOSIBUIOCh MHOIO HOBBIX MyOJIMKaLIUIA,
MOCBSIIIIEHHBIX peaklMy HoHOCchePHl Ha noHOchep-
HbIe Oypu. B mopaBnsioniem cirydae 3To ObUIM TaK Ha-

3pIBaeMBbIe “case studies”, T.e. OTIMCAHMS U3MECHEHUS
mapamMeTpoB KOCMUYECKOM MOTOAbI U COOTBETCTBYIO-
X Bapyalnii HapaMeTpOB MOHOC(epHOTO cios F2.
ITockonbKy OCHOBHOI 11€JIbIO TAKMX pa0OT OBLIO MC-
cllefoBaHue MOBEACHUS YKa3aHHbBIX MapaMeTpOB Ha
pa3IUYHBIX CTamusx Oypu (IJ1aBHAsI 1 BOCCTAaHOBHU-
TeJibHas (pa3bl), BCe BHUMaHUE B HUX OBLJIO HAIIpaB-
JICHO Ha 3TO IoBeaeHue nocie Hadajaa oypu SC. Oxn-
HAKO B HEKOTOPKIX paboTax 00cyKaanoch (Tae KpaTko,
a rae noapobHee) M3MeHEeHNE MOHOC(EPHBIX XapaK-
TEPUCTUK U B TeUeHUE ofHOro-Tpex nHeit 1o SC. U
MpaKTUYECKU BO BCeX paboTaX Ha COOTBETCTBYIOIINX
rpacukax IpUBOAMIOCH 3TO U3MEHEHHE, II03TOMY,
eCJIM Jaxe MpendypeBbie THU B TEKCTE KaKO-TO IMy0-
JIMKALIMM HEe pacCMaTpUBAaJINCh BOBCE, MOXHO ObLIO
OLIEHUTh OTKJIOHEHMSI aHAIM3UPYEMbIX MapaMeTPOB
OT CIIOKOMHBIX YCIOBUiIlI B pa3jId4Hblie MOMEHTHI IO
SC. Bce, 4To MOXHO HAWTU B KaxKIOi ITyOJIMKaLIUK
PO MOBEACHNE NOHOC(MEPHBIX ITapaMeTPOB B IIpe-
OypeBble THU, U COCTABJISIET OCHOBY JaHHOTO 0030pa.

Heo06xonmmo oTMETUTh, YTO HECKOIBKO TaKUX ITy0-
Jqukanuit mocie 2019 r. yxxe paccMaTpuBaIMCh B TUC-
KyccnoHHOI1 ctathe Janmnona [2022]. dnsa coxpaHe-
HUSI eAUHCTBA U3JIOXEHUST MBI KPaTKO pacCMaTpuBa-
€M 3TU ITyOJIMKALIUK U 3ECh.

OTMETHUM HECKOJIBKO BaKHBIX MOMEHTOB. B 0016~
IIIMHCTBE CIy4YaeB MPUXOANIOCH CYUTHIBATH BTN~
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HBI nOHOC(EPHBIX TTapameTpoB (foF2, hmF2, TEC) ¢
PUMCYHKOB B paccMaTpuBaeMbIX padbotax. B HekoTo-
PBIX ciIy4asix (MaJioMacIITaOHbIE PUCYHKHN) 3TO ObLIO
JIOBOJILHO TPYIHO, IIO3TOMY IPUBOAMMBIE B 3TOM 00-
30p€ BEJIUYMHbBI HE SIBJISIIOTCS A0COJIIOTHO TOUHBIMMU.
OnHako, Ha Halll B3MISII, 3TO HE MMEET IIPUHIIUIT-
aJIbHOT'O 3HAYEHU I, IOCKOJILKY 3TH BEJIMYMHEI HE 1C-
MOJB3YIOTCS IJIsl KaKUX-JIM0O0 MaJbHEUIINX BBIUMC-
JICHWi1, a IMpU3BaHBI JIMIIb I10Ka3aTh HaJIU4ue TeX
WJIV UHBIX BO3MYILIEHUI.

B craThsx, rue IpuBoOASTCS OTKJIOHEHUS HAOJIO-
JTa€MBIX BEJIMYUH OT CIIOKOMHBIX YCIOBUIA, MBI IIPU-
BoguM 3Tu oOTkKJIoHeHus (Afof2, AhmF2, ATEC),
yKas3bIBasi, €CJIM 3TO CKa3aHO B CTaThe, YTO UMEHHO
IIPUHUMAJIOCH B KAYECTBE CIIOKOMHBIX BenunH. He-
KOTOpbIE aBTOPbI NEPECUUTHIBAIN KPUTUYECKHUE Ya-
CTOTHI B BEJIMYMHBI DJIEKTPOHHON KOHLIEHTpalUU B
MaKCHUMYyMe€ CJI0sI, Y TIPUBOOWIN BeTMYUHBI NmF2.

2. KOHKPETHBIE BYPU — CASE STUDIES

B OonbmimHCTBE paccMaTpuBaeMbIX HMXe padoT
MPOBOJIWJIMCH yKa3aHHbIe “case studies”, T.e. pac-
cMaTpuBalach OMHA, WJIM HECKOJIbKO, Oyph MO Ha-
OJIOACHUSM Ha HECKOJIbKUX CTAaHIIUSIX BEPTUKAIb-
Horo 3oHaupoBaHus (B3) win myHKTax pa3JauyHbIX
HaBHUTAIIMOHHBIX CHICTEM.

B pa6ote Dugassa et al. [2023] paccmaTpuBanioch
MOBEAECHUE MOJIHOTO coaepxkaHusl 37eKTpoHOB (TEC)
BO BpeMs1 Oypu 25 aBrycra 2018 1. (SC B 08:45 UT) o
n3MepeHusM Ha 14 mpuemHukax cucteMbl GNSS B
YyeThIpeX IUPOTHBIX 30HaX. Ha puc. 1 nmpuBeaeHa BbI-
pe3ka m3 puc. 4 B yKaszaHHOI craTbe. “Bcrumeck”
ATEC npumepHo 3a 6 4 1o SC BuneH B Tpex (U3 de-
ThIpEX) MUPOTHBIX 30HaX. OCOOEHHO SIPKO OH BhIpa-
xkeH st 30HBI 10° N, tme ATEC npesbimraet +100%.
Ha stom pucynke BuneH takke nuk ATEC ¢ amruii-
Tymoii okojio +40% B monmeHb 23 aBrycra B 30HaX
0°Nwu5°S.

ComtacHo puc. 6 B Toil Xe paboTe BeJIMYMHBI
ATEC 1o usmepeHusim Ha cT. Penk (47.8° N), Tubi
(40.8° N) u Ramo (30.6° N) B mongeHb 24 aBrycra
npesbian +40%.

B pa6ote Sharan [2022] paccmaTpuBaeTcsl peak-
nus cios F2 Ha 1Be yMepeHHBIX, IBe CUJIBHBIX U IBE
BBIIAIOIINXCSI MATHUTHBIX OypH MO HAOIIONEHUSIM Ha
Tpex ctaHuusax B3 B o6nactu KOxXHOU ATIaHTUKU.

YMmepenHas 6yps Hadanach B 06:00 UT 22 Hos6ps
1975 1. Ha ct. Rarotonga (21.2° S) B 14:00 UT 21 Ho-
sI0pst HaGonancs “BCIUIECK” BUPTYAJIbHOW BBICOTHI
ciost F2 mpumepHo Ha 40%. ABTOpPBI OTMEYAIOT, YTO
O JAHHBIM TOH Xe cTaHuuu “mo SC 22 HosSI0ps Be-
yauHa foF2 Bo3pocia Ha 30% 1O CpaBHEHUIO CO
CHOKOMHBIMU ycaoBussMu (cpemHee 3a 10 criokoii-
HBIX THET)”.

Ha ct. Port Moresby (9.4° S) 3 mapta 1995 r. Ha-
omonancs poct A'F2 B 12:00 UT, Torma xak SC mipo-
nzomren B 13:00 UT 4 mapTa. ABTOp ITUIIET, YTO IIPU-
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mepHo ¢ 06:00 UT 4 mapra KpuTHYeCcKasl 4acToOTa
JoF2 nauana ymenbmatbes U B 09:00 UT mocturia
MuHuMyMa B 5.7 MIT, uyro Ha 30% MeHblIe, yeM
CHOKOITHOE 3HaUYeHME, a TAKXKe, U4TO IO Hadaia 3Toit
oypu ¢ 11:00 UT Besmuuna h'F2 6su1a Ha 26% BHILIIE,
YeM B CITIOKOMHBIX YCIIOBUSIX. ABTOpP OTMEYaeT TaKKe,
YTO NpeadypeBble BO3MYILIECHUST HAOIIOOATUCH TOJIb-
KO IIJIsl YMEPEHHBIX OYPb.

B pa6ore Idosa et al. [2023] ananm3npoBanch Ba-
puauuu TEC no nu3aMepeHUsIM Ha YeThIpeX BHICOKO-
mMpoTHEIX cTaHLusIX (4 B CeBepHoM 1 4 B FOxxHOM
oaymapusix) Bo Bpemsi oypu 4 Hosiopst 2021 1. (SC B
08:00 UT). Kpome Bapuauuii camux BeanuyuH TEC
aHAJIM3UPOBAIMCH TaKXKe MX MPOCTPAHCTBEHHbIE Ipa-
IUEHTbI B 00ouX moJiymapusx. IlojsiyyeHo, 4To B
npendypeBoii neHb 3 Hos10psi cyTouHblii xon TEC B
CeBepHoM 1 KOxKHOM MoJTylIapuu Pe3KO pas3inyacs.
Ha puc. 2 (amantupoBaH 13 puc. 5 B yKa3aHHOI1 pa-
00Te) BUAHO, YTO B 3TOT JICHb MPOU3OIIIO CUJIBHOE
yMeHblieHue rpanueHTa TEC okoso 12:00 UT B Ce-
BEPHOM IOJIyLLIApUU U ellle Oojiee CUJIbHOE YBeInUe-
Hue npuMmepHo B 22:00 UT B oboux mosyliapusix.
Hanuuue atux 3¢hhekToB B MpendypeBoii 1eHb aBTO-
pbl OTMEUAIOT U B 3aKJIIOYEHUM CTaTbU, BbICKA3bIBasl
MPEANOJIOXEHUE, YTO OHU MOTYT UMETh METEOPOJIO-
rUyYecKyto npupoay (cM. Huxe B OOCyXIeHUN).

Sawadogo et al. [2023] aHanu3upoBaJu Bapualuu
TEC no GPS-u3mepenusim Ha cT. Koudougou (12.2° N,
reoMarHuTHas IMpOTa) BO BpeMs 4 yMEpPEHHbBIX re0-
MarHuTHbIX Oypb. Bo Bpems Oypb 13 mas 2015 r. u
6 mag 2016 1. B 06a npeadbypeBbIX OHS HaOIIOgaeTCS
cymectBeHHOe (mo 40%) mpessimienne TEC Hapg
CpEeIHUM 3HAaUYCHUEM 3a CITOKOMHbIC THU.

B pa6ore Naidu et al. [2023] paccMaTpuBaioTcs
Bapuauuu foF2 1mo usMepeHusiMm metogoM B3 Ha
4 craHuMsAX 3anagHoTo MOJyIlIapusi BO BpeMsi Oypb
16 utona 2017 r. (ymepeHHas1) u 28 masa 2017 T
(cunbHas).

Ha ct. Hermanus (34.4° S) BenmmuunHa AfoF2
15 mronst cocraBnstma —30% B 22:00 UT, +30% B
19:00 UT u +25% B 17:00 UT. Ha ct. Millstone Hill
(42.6° N) 15 utoiist 3aperucTprupoBaHbl TUKU AfoF2 ¢
ammutymoin +30% B 07:00 u 09:00 UT. B ToT ke
meHb Ha cT. Port Stanley 3amMedeHBI CHJIBHBIC
“Bereckn” AfoF2 no +60% B 21:00 UT u no +80%
B 18:00 m 22:00 UT.

Bo Bpems Bropoii Oypu BeauuuHbl AfoF2 Ha
cT. San Vito momHuManuce no +40% B 09:00 un
10:00 UT 27 mas, a SC ObITO B TOT XK€ JIEHb B
22:00 UT. Ha ct. Hermanus oTMe4eHO yMeHbIIIeHE
AfoF2 mo —30% B 05:00 UT.

Ananmzy noBeneHust VI EC Bo Bpems Oypu 25 aB-
rycra 2018 r. (SC B 00:09 UT) Ha 9 nyHnktax GPS mno-
cBslIeHa padora Imtiaz et al. [2021]. Xots B pabote
paccMmatpuBaioTcss u3MeHeHust AVIEC Toibko BO
BpeMsi Oypu, IIPUBEICHHBLIC PUCYHKU OXBaTHIBAIOT
TaKKe M TPpU OpendypeBhIX OHs. M3 3TUX pUCYHKOB
cienyer, uro Ha cT. NKLG (0.4° N) BenuuuHa
Ne 6

TOM 63 2023
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Puc. 1. Usmenenue ATEC no usmepenusim B myHkTax 30° N 35° E (a), 10° N 35° E (6), 0° N 35° E (B) u 5° S 35° E (1), a Takke

uHnekca SYM-H (amantupoBano u3 Dugassa et al. [2023]).

AVTEC onyctmmace mo —40% B 12:00 UT 22 aBrycra
u B 14:00 UT 24 aBrycrta. Ha ct. DAKR (14.7° N) sTa
BennumrHa coctasisuia —30% B 16:00 UT 24 aBrycra.

B pa6ote Singh et al. [2021] aHanu3upoBaIvcCh Ba-
puanyu TEC Bo BpeMs 4 MAarHUTHBIX Oypb IO M3Me-
peHUsIM Ha ABYX MHAMKCKUX cTaHIUsAX. Ha cT. Ban-
galore (13.0° N) ObL10 3aperucTpMpoBaHO yBeJIUYe-
Hre AVTEC no +50% B 06:00 UT 26 cenrsiops 2011 1.
Ne 6
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Havano mamenust Dst mpuxoguTcs B 3TOT OeHb Ha
17:00 UT.

Ha cr. Varanasi (25.2° N) B npen0dypeBoii 1eHb
OBLIIO 3apEeriuCTPUPOBAHO HECKOJIBKO OTPULIATEIb-
HbIX oTKJIOHeHUI VTEC oT BelnuuH B CHOKOMHBIX
ycaoBusix: 18 despans 2014 r. AVTEC = —-25%
B 12:00 UT npu SC B 14:00 UT; 15 uronsa 2012 r.
AVTEC = —30% B 10:00 UT mmpu SC B 12:00 UT;

2023
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Puc. 2. Bapuauuu noarorHoro rpaguerTa TEC 3—5 Hostopst 2021 1. B CeBepHoM (a) 1 KOxxHOM mnonyiiapusix (6) (amantupoBa-

Ho u3 Idosa et al. [2023]).

19 nexabps 2015 r. AVTEC = —30% B 13:00 UT mpu
SC B 17:00 UT.

B pab6ote Adebesin and Bakare [2023] mpencTaB-
JIEHBI pe3yJbTaThl aHAJIU3a U3MEHEHUsI ITapaMeTPOB
obyractu F Bo BpeMsi MarHUTHOM Oypu 12 OKTSIOpst
2016 1. (SC B 22:00 UT) mo HabGIroAeHUSIM Ha LIECTU
eBpoIeiickux cTaHuusix B3.

Otauyure 3Toit paboOThl OT MHOTUX JAPYTUX case-
study mcciremoBaHWit COCTOUT B TOM, YTO MCCIIEIYIOT-
¢Sl He TOJIKO “Kjlaccuyeckue” mapameTphl ciaost F2
(foF2 v hmF2), HO TaKXe U BbICOTa OMHOPOJIHOI aT-
mocepsl (H), TommmHa cnost (B0) u ¢opma ciost (B1).

IT'EOMATHETHU3M U ADPOHOMMUA

B Teuenume aByx cyTok, npeniiecTByomux SC, Mo
JaHHBIM cT. Rome (42.8° N) Hab01a11Ch TTOJTOXKM -
TEJIbHBbIC BO3MYILIEHUSI 3JCKTPOHHON KOHIEHTpa-
uuu. Benmunna ANmF2 nocturana +80% un +40% B
15:00 UT 1 05:00 UT, cooTBeTCTBEHHO, 12 OKTSIOpS 1
80% B 15:00—16:00 UT 11 oxkrs16psi. O4eHb CUITbHBIC
“Bcruteckn” ANmF2 1o 400% B 09:00 UT 12 okTsa6ps
u >100% B 08:00—10:00 UT 11 oKTS6ps 3aperucTpu-
poBanbl Ha cT. San Vito (40.6° N) u Athens (38.0° N)
(cM. BBIpE3Ky M3 COOTBETCTBYIOIETO PMCYHKa Ha
puc. 3). B BeicoTe cinost F2 u 11 u 12 okTs16pst HaGJ 110~
JaJINCh OTPULIATEIbHBIE OTKIIOHEHUSI OT CIIOKOMHBIX
BeJIMYMH, JocTurasime 25%.

Ne 6

TOM 63 2023
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Puc. 3. Bapuauuu ANmF2 1io usmepenusiMm Ha nByx ctanuusix B3 10—12 oktsa6pst 2016 1. (anantupoBaHo u3 Adebesin and Ba-

kare [2023]).

B pabote Mishra et al. [2020] aHaIM3upoBaInCh
n3mepenunst TEC Ha 12 nynkrax GPS B yeThIpex pe-
r'MoHax (aBCTpaTUICKUi, Opa3MIbCKUN, MHIANNCKU
U 10XKHOa(pUKaHCKMIT) BO BpeMs Tpex o0ypb 2015 r.:
17 mapta (SC B 05:00 UT), 22 utons (SC B 19:00 UT)
u 19 neka6bps 2015 1. (SC B 23:00 UT).

B 6pa3unbckoM permoHe 1o JaHHBIM BCEX TpeX
OYHKTOB BHUAHO yMeHblneHue VIEC mnpumepHO
BaBoe B 15:00 UT 16 mapra. B uHAUIICKOM permoHe B
13:00 UT 16 mapra HaGaomaercsa poct VIEC Ha 45%
Ha cT. Lucknow (26.9° N). DT BBICOKHME BEIUMYNHBI
OTMEUalOTCs aBTOpaMM M B TEKCTe CTaTbU. B mByx
JIPYTUX MyHKTax peruoHa CyIIeCTBEHHBIX OTKJIOHE-
Huit VITEC oT cOKOWHBIX YCIOBUIT HE 3aperucTpu-
poBaHo. Hu B 1oXxHOa(hprKaHCKOM, HU B aBCTPaJIMii-
CKOM pEermoHax CylleCTBeHHBIX oTKJIoHeHuit VIEC
B IIpenOypeBbIe THU TaK>Ke HE 3aperuCTPUPOBAHO.

22 UIOHS B MHOMMCKOM CEKTOpPE I10 JaHHBIM
cT. Lucknow ¢ 12:00 no 18:00 UT HabGamomanoch OT-
punatesibHoe oTkiioHeHue VI EC nmpumepHo Ha 40%.
Ha Bcex Tpex cTaHLMgX OpasWIbLCKOIO perruoHa B
10:00—16:00 UT 21 uroHd HAGIIOOAIOCH UIATEIILHOE
ymeHbiieHne VIEC nmpumepHO BABOE ¢ MaKCUMY-
MoM okouio 14:00 UT.

19 nexa6ps c 12:00 no 20:00 UT Benuuuna VIEC
HAa TOM Xe CTAaHIUM B UHANMCKOM CEKTOpe ObllTa HU-
K€ CITOKOMHBIX 3HadyeHuit Ha 50%. B Gpa3suabckoM
Ne 6
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cektope oTkiaoHeHue BeauunHbl VITEC oT crnokoii-
HBIX ycioBuii cocraBmstiio +60% B 18:00 UT Ha
cT. Brasilia (16.0° S) u +50% B 16:00 UT Ha cT. Salva-
dor (12.9°S).

B pa6ote de Abreu et al. [2023] aHanuzupyroTcs
70 6yps B 1999—2018 rr. mo usmepenusim TEC B aH-
TapKTUYECKOM M apreHTUHCKO-YWINICKOM CEKTO-
pax. Ha mpuBeneHHbIX B paboTe 1J1s1 IpUuMepa puCyH-
Kax BugHbI oTkJIoHeHusI TEC B mpenOypeBble THU OT
CIIOKOIMHBIX 3HAYCHU I, KOTOPBIE IIPUBOISITCSI BMECTE
C BO3MOXHBIM pa3opocom (q + sigma).

Hampumep, 3a Tpu yaca nepen Oypeii 22 CeHTSIOps
1999 . (SC B 19 UT) B 16:00 UT Ha ct. Punta Arenas
(53.1° S) Bemmunna VTEC 6b11a mpuMmepHo Ha 65%
BBILIE CPENHEro COKOMHOro 3HaueHus (q + sigma).
To xe cripaBenuBo 1 g 05:00 UT Toro ke gHS.
21 cenTs6ps B 16:00 UT yka3zaHHOE TIpeBHITIIEHIE CO-
craBysu1o 60%.

3a aBayaca 10 SC nepen Oypeii 14 nexa6pst 2006 .
(SC B 21:00 UT) Ha ct. Palmer Station (64.8° S)
VTEC = 23 TECU (emgununa uzmepenus TEC), a
cpentee (q + sigma) = 8 TECU, mpuuem poct VITEC
HaunHaeTcs ¢ 16:00 UT. Beipe3ka U3 COOTBETCTBYIO-
X PUCYHKOB MPUBENeHa Ha puc. 4.

IIepen Oypeit 7 okTsa6pst 2015 1. (SC B 02:00 UT)
6 okts10ps B 06:00—10:00 UT Beamunna AVTEC nHa
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Puc. 4. Bapuanuu Dst u VTEC no gaHHbIM ctaHiuu Punta Arenas 21 u 22 ceHts16ps 1999 r. (a) u nmo naHHbIM cT. Palmer
Station 14 u 15 nexa6pst 2006 r. (6) (amantTupoBaHo u3 Abreu et al. [2023]). BepTukanbHble IITPUXOBbIE TUHUU — MOMEHT
SC. 3anuBKoii moka3aHbl criokoiiHble BenunHbl VT EC + craHmapTHOe OTKIIOHEHUE.

ct. Palmer Station cocraBisia npumepHo —40%.
B 21:00—22:00 UT Toro e nHa Haba0gaeMbIe BEIU-
yuHbl VTEC >17 TECU, a cpennee (q + sigma) <
<10 TECU.

B pa6ote Picanco et al. [2021] o6cyxnaetcs moBe-
nenue foF2 n TEC Ha nByx Opa3ujIbCKUX CTAHIIMSIX
Sao Paulo (2.6° S) u Cachoeria Paulista (22.7° S) Bo
BpeMs AByX Oypb: 22 utoHs 2015 1. (SC B 18:00 UT) u
17 mapta 2015 1. (SC B 05:00 UT).

ITo uamepenusim Ha c1. Sao Paulo 21 nions B 15:00
u 19:00 UT Benuuunbl Afof2 cocraBnsiim —50% u
—40% cootBeTcTBeHHO. Ha Toif 3Xe craHum 6 MmapTa
B 20:00—24:00 UT BemmumHa AfoF2 cocrapisuia —50%.

Bce atu acppexrnl B f0F2 3aMeTHBI TaKKe U B 13-
meHeHusx kKak VIEC, tak u uagekca DIX (Distur-
bance lonospheric Index), BerauciasseMoro 1mo coBo-
KYITHOCTY HaOJII0JaTeIbHBIX JTaHHBIX. ABTOPBI OTMe-
YaloT, 4TO IpeAdypeBbie BO3MYIICHUSI IIPUBEIN K
TOMY, YTO 3TOT MHIAEKC TOCTUTa BETUINHEI 2.

HetansHoe uccnenosanue oypu 26 asrycra 2018 1.
(SC B 19:00 UT) 110 HaOmM0meHMSIM Ha IISITU CTaHIIV-
ax B3 ow1mo BeITTOTHEHO Mansilla and Zossi [2022].
B xauecTtBe cCOoKOfHOIo (pOHA MCITOJIb30BAJIMCH Ha-
GII0IEHUST B CAMBI CITOKOMHBIN NeHb aBrycra (6 aB-
rycra).

IT'EOMATHETHU3M U ADPOHOMMUA

3a 2 yaca 1o SC Ha cT. Jacamarca (2.3° S) 3aperu-
cTpupoBaH “Berieck” AfoF2 no +40%

Ha ct. Sao Luis (2.6° S) B 13:00 UT HaGaomanoch
magenue himF2 ¢ 380 o 260 xm, B 15:00 UT nageHue
¢ 330 no 270 xm u B 16:00 UT magenue ¢ 350 mo
270 kM. Ha cr. Jicamarca (12.0° S) ¢ 11:00 go 16:00 UT
Habo1aauch NUKU ¢ AhmF2 = +40—50%.

ABTOpBI BBIUMCIIWJIN Takke Mo JaHHbIM B3 Benu-
yuHbl TEC n momyyuim: Ha cT. Sao Luis ¢ 11:00 UT
1o moMmeHTa SC 12—15 TECU nipu criokoitHOM ¢poHe
B 3—8 TECU u Ha cr. Port Stanley (51.7° S) B 14:00 UT
22 TECU nipu cnokoitHoM ¢oHe B 8 TECU.

Te xe aBTOpHI [Mansilla and Zossi, 2023] ananu-
3UpOBaIM HAOIIOACHUS Ha TSITU I0XKHOAMEPUKAaH-
ckux ctanuusax B3, a rakke BenmuuHbl TEC, niepe-
cuMTaHHbIe 13 MoHOTrpaM B3, Bo BpeMst Oypu 21 utoHs1
2015 r. Ha pucynkax BuaHO, yTo Ha cT. Fortaleza
(3.9° S) 3a 16 ¥ no SC npoucxoaut naaeHue foF2 Ha
50%. Ha ct. Cachoeira (13.9° S) 3a nBa yaca go SC
Habmonancs poct foF2 na 70%, a Ha cr. Boa Vista
(12.3° N) 3a nBa yaca mo SC BuzeH pocT foF2 Ha 30%.
ITo manuwiM cT. Fortaleza 3aperucrpupoBaHo mane-
Hue TEC Ha 50% 3a nBa yaca no SC.

AHajIn3y 4YeTblpeX MarHUTHBIX Oypb B MIOHE U
utofie 2012 r. a Takke mapte u Aekabpe 2015 r. 1o Ha-
omopmenussM TEC mocBsgmena padora Swarnalingam
Ne 6
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etal. [2022]. AHanu3upoBaiacsd O9eHb OOJILIION MaTe-
puan CIYTHUKOBBIX M Ha3deMHbIX uaMepeHuii TEC
u Ne.

B pabote He mpuBOAUTCS BapualUil MOHOCHEp-
HBIX ITapaMeTpPOB II0 M3MEPEHMUSIM B KOHKPETHOM
nyHKTe, Ho nipuBoasaTcs KapTel TEC. He mpuBomur-
cs v BeanyuH TEC B cnokoiiHbIi feHb. OaHaKo, mo-
CKOJIBKY B CTaThe ITOJAPOOHO IIpEICTaBICHbI JaHHEIC
n3MmepeHnit TEC u Ne B TedeHMEe TpenOypeBhIX THEMN
1 HECKOJIbKMX JIHEH ITocie Hadajaa Oypu, IIpuBeIeH-
HBIE MaTepPHUaIbl TO3BOJISIOT ClIeIaTh HEKOTOPHIE BbI-
BOIbI, OTHOCSIIIMECS K 00CyXIaeMoii B JaHHOI CTa-
The MpoodJeme.

PucyHok 4 B ykazaHHOIi cTaThe IOKa3bIBaeT, YTO
BesnurHbl TEC (1 1o g7anHbiM COSMIC-1, u 1o Ha-
3eMHBIM M3MEPEHUSIM) B TeYCHUE ABYX OHEI mepen
oypeii 14 wuromg 2012 r. OBUIM MHOTO BBIIIE, YeM
21 monsa. Ha BepxHeit maHeIu 3TOro pucyHKa NpuBe-
JIeHbl U3MepeHHbIe abcoioTHBIe BeanunHbl TEC B
Te4eHHE TPeX MpeadypeBhIX THEN U IIECTU JHEU I10-
cJie Havasa oypu 14 utojist 2012 r. Xopoilio BUAHO, UTO
B TeYeHMe MNpea0ypeBhIX OHEI B IIMPOTHOM IOsICE
+(30—40)° umeroTcs TpU UHTEpBajla BpeMEHH, KoTaa
BeinurHa TEC coctaBnser 10 TECU u 6osee. B To
Ke BpeMst 21 uioJist, KOraa, Cyds o IIpUBEISHHBIM Ha
9TOM K€ PUCYHKE TaHHBIM MarHUTHBIX U3MEPEHMIA,
BOCCTaHOBUTEIbHAs (ha3a Oypu yKe TaBHO 3aKOHY M-
nmace, BesmunHa TEC He nipeBsiimaet 6—7 TECU.

Eme Gosiee cunbHble 3D(eKTh BUAHBI MO AaH-
HeIM COSMIC-1 Ha puc. 8 (Swarnalingam et al.
[2022]) nist 6ypu 17 mions. 3aech BeanuuHbl TEC
MHOIO pa3 3a Tpu IpeadypeBbIX OHS (aOCOIIOTHO
CMOKOIHBIE COIIACHO MHOTMM MarHUTHbIM WHIEK-
caM) mogHMMaloTcd 3HauuTeabHo Bbiie 10 TECU,
TOT/Aa KakK, HauYMHas ¢ TpeTbero aHs nocie SO, Beau-
ypHa TEC He npesoitnaet 4—6 TECU. YBenmuueHue
TEC 15 u 16 uitoHs1 (110 cpaBHEHUIO ¢ 21 UIOHST, KOTO-
pbIii MOXXHO YCJIOBHO CUMTAThb CITIOKOWHBIM (DOHOM)
ObLIIO Jaxe cuJibHee, 4eM BO BpeMms INIaBHOI da3bl
oypm 17 uwroHsS, IprYeM OO0JACTh TMOJOXUTEITHHBIX
BosmylieHuit TEC B nmpenOypeBble THU 3aXBaThIBajia
U CpEeHUE IITUPOTHI.

AOCOIOTHO TO € CIpaBeIJIMBO U TS 18 nexadbps
2015 1. u npendypeBbix yacoB 19 nekadps. [Mpumep-
HO 3a 2 9 10 SC B 60JBLIIOM IMUPOTHOM MHTEpBAJie
oT 20° N go 20° S HabmogaeTcsi CUJIbHOE TOBBIIIIe-
Hue TEC, KoToporo He BUITHO HU B OOJHOM U3 TTOCTIe-
OYIOLIWX THEM.

CornmacHo puc. 13 B ykazaHHOI paboTe, B TeUeHUE
Tpex nHeit nepen SC oypu 17 maprta 2015 1. B paiioHe
nojiyaHst HaOmonatoTes: “Bcruiecku” TEC, KOTophIxX
He BUAHO 21 MapTa, Koraa, cyas Mo ImoBeaeHuo Dst-
MHAEKCca, BOCCTAaHOBUTEIbHAS (pa3a OypH y:Ke 3aKOH-
YUIach.

Db deKT Bo3pacTaHnil SIEKTPOHHONM KOHIIEHTpa-
muu repen oypeii 14 miosst 2015 1. MOXXHO BUIETh U HA
BBICOTHBIX ITpoduisax Ne Ha mupoTte 60° N (BepxHsIs
IaHeJb puc. 6 ykasaHHou ctatbu). Ha BeicoTax citos
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F2 B Teuenue 18 4 no SC BenuuuHbl Ne COCTaBIISTIOT
(4—5) x 10" Mm~3, Torma kak, HaYMHAasI CO BTOPOTO IHS
nocine SC, BeanunHa Ne Ha 3THX BBICOTaxX paBHA
(2—3) x 10" Mm—3. O6paTM BHMUMAaHKE Ha TO, YTO 00€
paccMOTpEeHHbIE OypHU JIETHUE.

Akinyemi et al. [2021] paccMoTpenu peakIuio
noHocdepsl Ha Oypro 24 okTsa6ps 2011 1. Mo JaHHBIM
TEC, namepennsiM Ha Tpex cranuusx GPS B Hure-
puu. M3 npuBegeHHBIX B padbOTe PUMCYHKOB BHUIHO,
YTO Ha ABYX ITYHKTaxX U3 TpeX HadoaaeTcst poct TEC
Ha 30% npumepHo 3a 6 4 mo SC.

B pa6Gote [Astafyeva et al., 2021] aHanu3upyercst
oyps 25 asrycra 2018 r. mo cnytHukoBbeM (IJ1O-
HACC) u nazemubsiMm (GPS) mamepenussm TEC.
AHanuzupyeMbIM T1lapametrpoM siBisiercst TEC-slips —
4H1CJI0 BHe3almHbIX cKadykoB TEC mo oTHOLIEHUIO K
oO1emMy uyucily HaboneHui. 3a aBa yaca 1o SC Ha-
Oronajcs o4eHb CHIbHBIN ckadyok TEC-slips B BbI-
cokux mmpoTtax. OH OBLI CUJIBHBIM B HU3KUX IIUPO-
TaxX U OTCYTCTBOBAJI HAa CPEIHUX.

JlaHHBIE CITYTHMKOBBIX HaOmomeHnii Ne B oOia-
ctu F'Bo Bpems Oypu 25 aBrycta 2018 . (SC B 12:00 UT)
nmoapoOHO paccMarpuBaloTcsa B padbore Spogli et al.
[2021]. KapTel TpoCcTpaHCTBEHHOTO pacIlipeaeICHUs
Ne B sKBaTOpMaJIbHOI 00J1aCTHM MOKAa3bIBAIOT, 4YTO
24 aBrycra 3To pacrpeaelieHre OTINYaloCh OT TaKO-
BOTO B CIIOKOMHBIM AeHb 10 aBrycTa — MUK 9KBaTOpH-
aJIbHOI aHoMaJinu ObuT Ha 10° cABMHYT K ceBepy. AB-
TOPHI OTMEYAIOT, YTO “OTKIIOHEHUE B IpeIOypeBBIX
YCIOBUSIX OT CITOKOMHOTO MOBEASHMSI SIBIISIETCS YU -
BUTEJIBHON OCOOEHHOCTBIO Oypu”.

Jannsie B3 mokassiBaioT, yto Ha cT. CT. Sao Luis
(2.5° S) 3a 6—8 4 1o SC MPOU30IILIO CYILHOE TTaje-
Hue hmF2. Ectb Takke nnaneHusd Am F2 Ha 3T1oii cTaH-
o B 04:00 m 12:00 UT 24 aBrycra.

Yonas et al. [2022] aHanIu3upoBaJii Bapyauu OT-
HomeHust [O]/[N,] Ha BeicoTe 625 KM 10 U3MEPEHU -
am amnmaparypoii GUVI Ha cniytHuke TIMED Bo
BpeMsi 4eTbIpex Oypb: 23 ampenst 2012 r., 17 mapra
2013 r., 17 mapta 2015 . 1 25 aBrycra 2018 1. B 9eTHI-
pex IIMPOTHBIX 30HaX. [IpuBOASATCS BapUallui 3TOTO
OTHOIIIEHUS KaK B MEPUOIbI CAMUX OYpb, TaK U B Te-
YyeHue ABYX IpenoypeBbix OHel. ToabKo B OTHOM
cllyyae MoJy4eHO 3aMeTHOE OTKJIOHEHHE OT CITOKOii-
HBIX yermoBuit: A([O]/[N,]) = —35% 3a BoceMb 4acoB
1o SC B oype 2013 .

B pa6ore Zhai et al. [2023a] paccMoTpeHa peak-
11 noHocdepsl Ha Oypio 4 Hos0ps 2021 r. (SC B
00:00 UT) mo nanueiM B3 Ha ctanimsix AS00Q (okoso
10°S) u CAJ2M (okomo 22° S). B pabote nipuBoasiTcs
pe3yabTaThl HAOIIOASHUWH 3a TpU THS — 3—5 HOSOps.
ITpu 3TOoM 3 HOSIOPSI cUMTAETCS] CIOKOMHBIM THEM, C
KOTOPBIM CpPaBHMBAIOTCSI ABa BO3MYIIEHHBIX JTHSI.
Bo3moxxHOCTE MpendypeBBIX BO3MYILIEHU 3 HOSIOpS
HE YYUThIBACTCS.

OnHako, Ha puc. 6 B yKa3aHHOM CTaThe BUAEH MUK
NmF2 =24 x 10" M3 B 17:00—18:00 UT (16:00—
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17:00 LT) nHa cT. AS00Q, Torma Kak B MECTHBII IT1OJI-
neHb (13:00 UT) NmF2 = 15 x 10" m—3. [oxoxuii
pocrt ¢ 15 x 10" M~3 B MecTHBII nTosneHs 10 (19—23) x
x 101 M3 B 17:00—18:00 UT BuneH u 111 cT. CAJ2M.
Ho mocnennsist Ha 2 4 3amagHee TEPBOIA, TTO3TOMY
yKa3aHHBI pocT Ne TIpUXOAUTCS Ha ABYX CTAHLIUSIX
Ha onuH MoMmeHT UT, Ho pa3Hble MOMeHTHI LT. D10
MOXET OBbITh BaXKHO UISI aHAIM3a ITPOLECCOB, BBI3bI-
BaIOIIUX TIpea0ypeBbie BO3MYIIICHUS.

JleTanbHOMY aHaJIM3y IOBeAeHUs objactu F 1o
nTaHHbIM B3 Ha yeThipex craHussx CeBepHOro IoJy-
mapusi Bo Bpemsi tpex 0ypb 2010 r. (28 mapra (SC
B 18:00 UT), 28 mas (SC B 20:00 UT) u 3 aBrycra (SC
B 17:00 UT) nocesiiieHa crarbs Joshua et al. [2021a].

Ha cooTBeTCTByIOIIMX PUCYHKax B 3TOW CTaThe
MPUBEJIEHBI OTKJIOHEHUS HAOJIIOJaeMbIX BEJIUYUH
NmF2 ot (p)OHOBBIX 3HAYEHU, KOTOPBIE TTOCTPOEHBI
o HaOoaeHUsIM B 10 camMbIx CITOKOMHBIX THEN KaXK-
noro Mmecsua. Ha aTux pucyHKax BUAHO, YTO U B
npeadypeBoii AeHb 1 B Yackl 10 SC OypeBOro AHS Ha-
OJ1101a€TCSI MHOTO KaK MOJOXUTENbHbIX, TaK U OTPU-
HaTeabHBIX BeIMUYUH ANmF2 ¢ aMImmTynoii 60JbIie
40%. MBI OrpaHUYUMCSI 3[1€Ch JIUIIb HanboJiee IPKK-
MU IIpUMEpaMU.

Ha crt. Pruhonice (50° N) 27 u 28 maprta B
08:00 UT ANmF2 = —80%. 28 maa B 08:00 UT
ANmF2 = +80%.

Ha crt. San Vito (40° N) 2 asrycta B 06:00 UT u B
07:00 UT ANmF2 =+104% un +80% cOOTBETCTBEHHO.

Ha cr. Hermanus (34° N) 3 asrycra B 04:00 UT
ANmF2 = +80%.

Ha cr. Ilorin (8.5° N) 3 aBrycta B 02:00 1 06:00 UT
ANmF2 =70—80%.

ABTOpBI 00CcyXnaloT nmoseneHue ANmF2 B riepuoz
nepen Kaxzaoi oypeii. B yactHocTH, OHM OAYEepPKU-
BaloT, 4yTO 27 Masi Bo3MyllleHUs1 NmF2 npUILIMCh Ha
COBEPIIEHHO CMOKOWHBIII B T€OMarHUTHOM IlJaHe
nepuon (Dst = 0 HTn and Kp = 13). OHu oTMeYaloT
TaK>Ke OTpHULIaTeIbHbIe Bo3mylieHus1 NmF2 Ha cT. Ilorin
n Hermanus 3 aBrycra u cCWJIbHBINA “Beruieck” NmF2
Ha cT. San Vito 2 aBrycra.

Pa6orta Joshua et al. [2021b] nocBsileHa uccieno-
BaHMIO UMEHHO MpendypeBbIX 3ddekToB (pre-mag-
netic storm signatures, PMS). ABTopbl npoaHaau3u-
pOBaJIM KpUTUYECKUE YACTOTHI f0F2, u3MepeHHbIC Ha
12 noHoCc(EepHBIX CTAHIIMAX, PACITOJIOXKEHHBIX B III1-
POKOM IMana3oHe IIMPOT U JOJTOT. bbuin paccMoT-
peHbl 17 marHuTHBIX O0ypb 2010—2012 rr. Mcnionb3o-
BaJIcsI OOBIYHEBIN MeTox nnepecueTta foF2 B NmF2 v BbI-
YUCJICHUS BO3MYIIEHHBIX BeIWYMH ANmF2 myrem
CpaBHEHUSsI HaOIIOJaeMbIX B TIpea0ypeBbie JHU 3Ha-
YEeHUI CO 3HAYeHUSIMU B MarHUTOCIOKOWHEBIE THMU.
I1pu sToMm B kauectBe PMS paccmaTpnBaich TOJb-
KO coObITUSI ¢ ANmF2, npeBbIIalIIMMU 10 abco-
moTHOM BeauurHe 44%. YToObl n36eXaTh BAUSHUS
MPEAIIECTBYIOIIMX MarHUTHBIX BO3MYILIEHUM, pac-

IT'EOMATHETHU3M U ADPOHOMMUA
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CMaTpuBaJIOCh INOBCACHNE HCCKOJIbKMX MAarHuTHBIX
NMHAICKCOB B TCUCHUE IICCTU NMPEAbIAYIINX JHEMN.

OcHoBHbIe BeiBOIBI Joshua et al. [2021a] cocTosT
B TOM, YTO

1. PMS HaGnmogaoTcsl TIpU CIIOKOMHOM KOJIbIIE-
BOoM ToKe (Dst >— 25 vTm).

2. PMS nabmonaoTcst Ipu yMepeHHOM aBpopajib-
Hoii akTuBHOCTU (AE > 100 HT).

3. PMS nabmomaioTcs mpu cnaboil TeoMarHuT-
HOIT akTUBHOCTU (Ap < 7; Kp < 3).

4. B cpemHeM Ha 3KBAaTOPUAJIBbHBIX MU HU3KOIIM-
POTHBIX CTAHIMSIX OTKIIOHEHUS Nm F2 OT CITOKOMHBIX
YCJIOBUIi cUJIbHEE, YeM Ha CPEIHEIIMPOTHBIX.

I'maBHBIA 17151 oOCyXpgaeMoil B HaHHON paboTte
npooaeMbl pe3ynbraT Joshua et al. [2021a] cocTonT B
TOM, 4TO siBJiIeHUsT PMS B noHocdepe He SBIsIoTCSs
pe3yabTaToM 0o0Jjiee paHHMUX T'€OMAarHUTHBIX Oypb,
a SIBJISTIOTCS HE3aBUCUMBIMU COOBITUSIMHM, KOTOPBIS
MNpPOKJIAAbIBAIOT Jopory (pave way) mocieaylolieit
reOMarHuTHOM Oype. MBI BepHeMCS K BBIBOJIAM 3TOM
paboThl B OOCYyXKIeHWM.

Balodis et al. [2023] paccMOTpeu peakLiio MOHO-
chepsl Ha Oypro 17 mapta 2015 1., aHaIM3UPYST BIUSI-
HUE 3TOI Oypy HA TOUYHOCTH OIIPEACICHUS MECTOIIO-
noxeHus1 ¢ nomouabio Global Navigation Satellite
Systems (GNSS). AHanu3upoBainch HaOJIIOOCHUS
Ha eBporeiickux crannusx cucreMbl GNSS. Ananm-
3UpyeMbIM TIapaMeTpOM OblJla TOUHOCThb ompeaesie-
HUSI MECTOIIOJIOKEHMsI, BhIpaXkeHHasl Kak “o0yiaka
omunbok TouHocTu” (positioning discrepancy clouds).
ABTOpBI OTMEYaloT (1 3TO BBIHECEHO B pe3loMe CTa-
ThH), UTO B T€UEHME MPeadypeBoro aAHg 16 maprta oT-
MEYaJINCh M3MEHEeHMUsI HaOJIogaeMbIX I1apaMeTpOB,
KOTOpPbIE CBUAETEIBbCTBYIOT O TOM, YTO MTPOUCXOININ
CyIIeCTBEHHBIE MOHOC(EPHBIE CLIMHTUJLISLIN.

Habyarimana et al. [2023] paccmoTtpenu nmoBene-
Hue TEC Bo Bpemsi 6ypp 17 maprta B 2013 1. (SC
B 06:00 UT) u 17 mapra 2015 r. (SC B 05:00 UT) no
U3MEPEHUSIM B JIBYX ITYHKTaX. AHaJIU3UPOBAIOCH
otkinoHeHue ATEC HnHaGmomaembix BeauuuH TEC
oT cooTrBeTcTBYOIMUX BeandnH TEC B CIIOKOMHBIX
ycinoBusix. Ha pucyHkax B cTaTbe BUIHO, YTO B IPe/-
oypesoii neHb 16 mapra 2013 r. Benuuuna ATEC nHa
cT. Mbarara (0.6° S) cocraBnsuta +40% B 17:00 n
20:00 UT. Takoe ke orkinoHeHue TEC HaGm00an0Ch
Ha cT. Addis Ababa (9.0° N) B 19:00 UT. ABTOpBI ITIOJI-
YyepKUBaloT, 4YTOo NpendypeBbie Bo3pacTtaHuss ATEC
Ha 00eUX CTAHLIMSIX UMEJIU TIPUMEPHO OAUHAKOBYIO
aMILUIUTYY.

Ilepen 6ypeii 2015 r. Ha cT. Addis Ababa HaGmIOmA-
nvch BeanuuHbl ATEC B —40% 800:00 UT 17 u +40%
B 03:00 UT 16 mapta. Ha ct. Mbarara ObL1 3aperu-
CTpUpPOBAaH OYeHb CWIbHBIN “Bcrieck” ATEC ~
~+80% B 02:00 UT 16-ro, a B 19:00 UT 16-r0 1 B
02:00 UT 17-ro ATEC 6bu10 +35%. ABTOpBI OTMEYa-
IOT YKa3aHHBIN CUJIBHBIN “BCIUIECK” W OTHOCST €0 K
npendypeBbiM 3¢ ekTaM B HU3KOIIMPOTHONH MOHO-
Ne 6
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Puc. 5. Usmenenust ATEC niepen 6ypeit 17 mapta 2013 1. (a) u 17 mapta 2015 1. (0). CIutolIHast ¥ IITPUXOBast TUHUM COOTBET-
cTBYIOT CcT. Addis Ababa 1 Mbarara cooTBeTcTBeHHO (aganTupoBaHo u3 [Habyarimana et al., 2023]).

chepe (cM. puc. 5, amanTUPOBAHHBINA U3 TIBYX PUCYH-
KoB B pabote [Habyarimana et al., 2023]).

B pa6orte Berényi et al. [2023] paccMaTpuBajioCh
noBeleHMe MapamMeTpoB oGnactu F Bo BpeMsl IBYX
cubHBIX Oyph 12 HOs16pst 2012 1. (SC B 23:00 UT) n
17 mapta 2015 1. (SC B 05:00 UT) no HaOJ0IeHUSIM
Ha IISITU eBpOIecKuX cTaHusx B3.

ABTOpBI OTMEUAlOT, YTO B TpeadypeBil Mepuom
(11—12 Hos6ps1, Kp = 1+) HabGIIOAATUCH TTOJIOXU-
TeJibHble OTKJI0HEeHUs f0F2 u TEC oT CrIOKOHBIX Be-
JuyrH. Ha pucyHkax B cTaTbe BUIHO, UYTO T10 U3Me-
peHusIM Ha cT. Athens BenmmumnHa Afof2 11 HosIOpsT B
10:00 UT u 12 Host6ps B 11:00 UT cocrasisina +25%.
Ha Bcex nstu cranuusx BugeH poct ATEC Ha
20—30% B 06a THS ¢ MAKCUMYMOM OKOJIO TIOJTYTHSI.
ABTOpBI HE OOHAPYXWJIN CYILIECTBEHHBIX 3((heKTOB
Hu B foF2, nu B TEC B nipenGypeBoii neHb 16 mapta
2015 1.

B pa6ote Zhai et al. [2023b] nccienoBanach peak-
musg TEC B ceBepoaMEpUKaHCKOM M I0XKHOAMEPHU-
KaHCKOM permoHax Ha oypio 25 aBrycta 2018 r. ABTO-
pBI cocpenoToumin BHUMaHue Ha noBeneHun TEC
BO BpeMs pasnuuyHbIX (a3 oypu. Ho u3 kaptel Ha
puc. 2 B 310i1 ctathe mid 16:00 UT BUOHO, 94TO BeK-
ypHa ATEC Ha mmporax (46—48)° N 6bi1a 3—4 TECU
nim okojio +40%. Dto Bo3pacrtanue TEC aBTopbI OT-
MevaloT U B Tekcte. Havano mageHust uHaekca Dst
npuxogutcs Ha 18:00 UT. B 310 ke BpeMs Havaics 1
3aMEeTHbBIN pocT MHAEKCOB Kp 1 AE, TaK 4TO 3TOT MO-
MEHT MOXHO cUuTaTh MOMeHTOM SC.

bosnbilioe BHMMaHUE TpobieMe HMOHOCHEpPHBIX
MIpPEABECTHUKOB yiueneHo B pabore Kumar and Par-
kinson [2017]. OOmue cyXmeHust aBTOPOB 110 ITOBOLY
9TOI MPOOIEMBbI OyAYyT NpUBeAeHBI HIKE B OOCyXKe-
HUU. 3ech NPUBEIEM JIMIIb KOHKPETHbIE pe3yJibTa-
Thl. AHAIU3UPOBAIUCh M3MeHeHuss NmF2 no n3Mme-
peHusiM Ha 132 noHo3oHaax B3 1o, Bo BpeMs 1 mociie
967 reoMarHUTHLIX OYpb B iepuon ¢ 1965 oo 2015 1.

Kak nmpumep npusenena 6ypst 01 mapra 1981 1.
(SC B 13:00 UT) o manusiM ct. Canberra. CorstacHO
puc. 3 B yka3zaHHoit ctatbe B 17:00 UT 28 dempans
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ANmF2 = +22%. Cienyer MOI4EPKHYTh, 4TO OCO-
OEHHO THIATEJIbHO CTPOMJICS CHOKOMHBIN (POH ISt
CpaBHEHUSI: YCPEIHSIIUCH BCe CIIOKOMHBIE THU B MH-
TepBayie +45 nHeit ot O0ypu. Ha puc. 4 B ykazaHHO
cTaThe BUIHO, YTO BbIle TpuMepHo 40° N ecTh cpel-
Hee yBenumueHne ANmF2 (ycpegHeHHoe 1o 967 Mar-
HUTHBIM OypsiM) Ha 6—10%.

ABTOpPBI GOPMYTHPYIOT HECKOJIBKO OOIIMX 3aKO0-
HOMEPHOCTEM IIOBeICHUSI IpenOypeBBIX BO3MYIIE-
Huii. OHM OTMEYalOT, YTO POCT 3JIECKTPOHHOI KOH-
LIEHTpALlMM B NpeadypeBOil Mepuon HauMHAETCS B
BBICOKMX IIIMPOTAxX U 3aTeM JIBUIaeTCs Ha CpeIHUE U
B HM3KMeE IMpPOoThl. COMIacHO UX pe3yIbTaTaM Ipel-
OypeBbIe BO3MYIIIEHUST HA0II0AAI0TCS Yallle BCEro BO
BpeMsI paBHOJICHCTBEHHBIX Oypb M pExXe BCEro —
3UMOIA, a TAK3Ke Yallle THEM, YeM HOYbIO.

[MoBenenuio noHocepsl o faHHBIM B3 1 Heko-
TepEHTHOTO paccessHus B XapbKOBe BO BpeMs OypH
18 mexadbps 2019 . (SC B 11:00 UT) ObL1a ITOCBSIIEHA
cratbsl Katsko and Emelyanov [2023]. Bypst GbLia
OYeHb CJIa00 — MUHMMAaJbHOE 3HAaYeHUE MHIEKCA
Dst 6110 Beero —28 HTII. 16 nekaGpst paccMaTpuBa-
JIOCh KaK 3TAJIOHHBIN CIIOKOMHBIN IEHb, U UBMEPEHUS B
MOCJICAYIONINE TH CPaBHUBAJINCh ¢ HUM. B ripenOy-
peBoii neHb 17 nekabpst HaOJIOIAIUCh TPU OTKIIOHE-
HUs foF2 ¢ amruutynoit okoisio 20%: MOJIOXUTETb-
Hbie B 09:00 1 15:00 UT u orpunarensHoe B 12:00 UT.
Hanuuue 3Tux oTKJI0HEeHUI aBTOPBI OTMEYalOT B TEK-
CTE CTaTbU.

K coxanenuro, B paboTe He MPUBOAUTCS JAHHBIX
HEKOT€PEHTHOIO pacCesTHUsI 3a 3TaJTOHHbIN CITOKOT-
HbI feHb. OgHako udMeHeHue Ne Ha BbicoTe 300 KM
17 nexaOpsi IBHO HOCUT HEOOBIYHBII XapakTep —
BUIHBI 2 Xopollo BbIpaxkeHHBIX nmuka B 08:00 m
13:00 UT. 310 oTauyaeTcss OT XOPOIIO M3BECTHOTO
TUITMYHOTO CYyTOYHOTO xona Nm 2.

Timogin [2019] npuMeHUT HEOOBIYHbBIN METOM K
aHaIM3y peakiuu foF2 Ha reOMarHUTHBIE BO3MYIIIE-
Husi. OH paccMaTpuBa KaK BO3MYILIEHHE MOMEHT,
Korma mHAeKC Kp cocraBnsun 4+. B OOJIBIIMHCTBE
CJIyJaeT 3TO COOTBETCTBYET CJ1ab0if MAarHUTHOM Oype.
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AHanmu3upoBanuch HaOawoaeHuUss meromom B3 Ha
cT. Manila (14.7° N) B TeueHue ogHoro roga (1991).
PaccmarpuBaioch OTKIOHEHME Of0F2 KPUTUYECKO
YacTOThl B TAHHBIN Yac OT €e CpeaHEero 3HauUeHMs 3a
ron. MeTtogoM HaJOXXEHHBIX 3TT0X CTPOMIIOCH U3Me-
HeHue OfoF2 B Tedenne 50 4 10 U MoCiIe YKa3aHHOTO
MoMmeHTa. OTOesIbHO paccMaTpuBalucCh JTHEBHbBIC
(06:00—18:00 LT)  Hounsie (19:00—05:00 LT) gace
CyTOK. Pe3ynbTaThl IpuMEHeHUsT YKa3aHHOTO MeToa
MMOKA3bIBAIOT, YTO 3aMETHOE OTKJIIOHEHHWE OfoF2 oT
HYJIEBBIX 3HAUCHWI HAUMHAeTCS IpuMepHoO 3a 20 94 1o
YKa3aHHOTO MOMEHTa, IIPpUYeM B THEBHBIC Yachl 3TO
OTKJIOHEHME MMeeT TOJOKUTEIbHBIN 3HaK, a B HOU-
HBbIe — OTPHIIATEIbHBIA.

Cratps [Bojilova and Mukhtarov, 2023] nocssiiiie-
Ha peakumnu noHocdepsl Ha Oypio 3 deBpais 2022 T.
(SC800:00 UT). AnanusupoBanuch BennuuHbsl TEC
n3 6anka CODE u cTpounJioch NpOCTPAaHCTBEHHOE
pacnpeneiaeHne oTkiaoHeHuss ATEC HabGmomaeMbIx
BEJIMYMH OT CITOKOMHBIX ycioBuii. CormacHo puc. 3
B yKazaHHoi1 craTtbe 2 deBpans B 20:00 UT ATEC =
= —25% B1rynkre (70° N 00° E). B 17:00 UT B myHKTE
(70° N, 180° E) ATEC = +20%.

IMoBenenue noHocepsl BO Bpems Oypu 25 aBry-
cra 2018 1. (manenue Dst ¢ 18:00 UT) ucciaenoBajioch
B paborte Lissa et al. [2020]. AHaIM3UpOBAIMCh Bapu-
aiuu TEC 1o naHHBIM HECKOJbKUX TPUEMHbBIX
myHKTOB. B mynkre Lucknow (26.9° N) B 09:00 UT
25 aBrycta BenuunHa ATEC = —60%. B nynkre Wal-
tair (17.7° N) B atoT ke aeHb B 13:00 UT ATEC =
=+60% u 24 aBrycrta B 12:00 UT ATEC =+40%.

B pa6ore Giri et al. [2023] o151 paccMOTpeHUsI 1O~
BeaeHus: foF2 BO BpeMsi MarHUTOBO3MYIIIEHHBIX
yCJIOBUIT ObLI MPUMMEHEH METOH BeWBJIeT-aHaIMU3a.
HcxogHbIMU DaHHBIMU ObUIU HAOIIOAEHUS METOOOM
B3 Ha ct. Boulder (40° N) Bo BpeMsI 04eHb CUJIBHOM
oypu 17 mapta 2015 r. u cnaboit 6ypu 27 siHBapsi
2022 r. ABTOpBI 3aKT0UUIU (M 3TO BBIHECEHO Aaxke
B pe3ioMe), 4TO fof?2 yBennunBajoCh B TEYCHUE IBYX
JIHEel Tieped CUIbHOI Oypeii, Toraa Kak repen ciadoi
Oypeii Takoro yBeJMYeHUs] HE HaAOIIOJAJIOCh U UYTO
YBEJIMYEHUS] WIN yMEHbIlIeHUs foF2 MOTYT UCIOJb-
30BaThCs KakK MPEeNBECTHUKU MAarHUTHOM Oypu.

Pabota Younas et al. [2022] mtocBsiiieHa Bapuaim-
ssm otHoItieHus: [O]/[N,] 1m0 cImyTHUKOBBIM M3Mepe-
HUSIM Ha BhICOTax 00acTu F Bo BpeMsl UeThIpeX Oypb.
M3BecTHO, YTO IIPU HEU3MEHHOM ITOTOKE MOHU3UPY-
IOIleid pagyanyy 3TO OTHOIIEHUE OMNpeIessieT paB-
HOBECHYIO KOHIICHTPALIUIO 3JIEKTPOHOB B MaKCHUMyMe
ciiost F2. ABTOpBI OOHAPYKMJIM, YTO B TEYCHUE TPEX
Oypb M3 YEThIPEX 10 U3MEPEHUSIM B CPEIHMUX IINPO-
Tax CeBepHOTIO NoJIyliapus HaOJ0aaeTCsl YMEHbIIIe-
Hue [O]/[N,] Ha 20—25% 3a 4—6 1 o SC.

Mandrikova et al. [2021] pa3paboTanm HOBBIiT Me-
TOJ aHAIU3a U MOACINPOBaHMUsI MOHOC(HEPHBIX ITapa-
MeTpoB. OHU TPUMEHWIN 3TOT METOM, B YACTHOCTH,
K aHajau3y M3MepeHuil foF2 BO BpeMs MarHUTHBIX

IT'EOMATHETHU3M U ADPOHOMMUA

JAHWIIOB, KOHCTAHTUHOBA

Oypb 25 aBrycra 2018 1. 1 10 mast 2019 1. Ha ABYX cTaH-
nusax B3.

ABTOpPBI TTOJIYYWJIM, YTO HAOTIOAAIOTCS “TIOJIOXKM -
TeJIbHBbIE MOHOC(HEPHBIC aHOMAJINH ... C MAKCUMAITh-
HOI1 THTEHCUBHOCTHIO 24 aBrycta mpumMepHo B 10:00 UT
Ha cT. Ilaparynka um mpumepHo B 16:00 UT nHa
cT. MockBa”. DTa MTHTEHCUBHOCTD IIPEBBICHIIA TTOPO-
TOBYIO BEJIMUYMHY (KOTOpasl OIpenessseTcs B MEeToIe
KaK CJIOXHBIN ITapaMeTp, CBI3aHHBIA C NOBEPUTETb-
Hoi1 BeposiTHOCThIO) B 09:00 UT Ha cT. [1apatyHka u
Ha ceMb 9acoB IT03Ke Ha cT. MOCKBa.

OHM OTMEYaIOT TAaKXKeE, YTO 32 HECKOJIBKO 4acoB
1o Havasa oypu 10 mas 2019 r. mo nanHbIM cT. [lapa-
TyHKa HaOII0a/Iach MONOKUTEIbHASI aHOMAJTUS CPEeJl-
Hell MHTEHCUBHOCTU. MakKCUMyM aHOMAJIMU IIpHU-
mrescst Ha 11:00 UT 10 mas, mpuyem 3a 7 4 1o SC Be-
JIN4YuHa foF2 peBbICUIIa HOPOrOBYIO BEINUUHY.

Chernigovskaya et al. [2021] nmpoaHaaIn3upoOBaIn
peakuuio obigactu F Ha 6ypu 17 mapra 2015 1. SC B
06:00 UT) u 22 utons 2015 r. mo HaGIIOOIEHUAM Ha
BOCHbMU cTaHIMSIX B3 mpumepHO Ha OGHOI HIMPOTE
Ha pas3HbIx nojrorax CeBepHOro mojyliapus U Ha
28 mynkTax cucteMbl [JTOHACC Ha cpegHUX LIUPO-
Tax CeBepHOIO MOJIyIIapusl.

Pabora HampaBiieHa Ha BBISICHEHHME HOJTOTHBIX
3¢ deKToB MMoBeaeHUs cios F2 Bo BpeMs TJIaBHOM U
BOCCTaHOBUTENILHOI (pa3 MarHUTHOM OypU, TOITOMY
npeadypeBble IHU HEe paccMaTpuBaroTcsa. OnqHaKo Ha
pUCYHKaX IIPUBOASTCS JaHHbBIE KaK IJIs ABYX IPeaoy-
peBbIx qHei (15 1 16 mapTta 2015 1.), Tak v J1s1 BOCBMU
JIHel mociie Hayajia Oypu (mo 25 mapra). DTo mo3BO-
JISIET IPOBECTU OLIEHKU OTKJIOHEHMUI foF2 B ripenody-
peBble THU, CpaBHUBAs UX ¢ 25 MapTa, Koraa ¢ 60Jib-
III0I1 BEPOSITHOCTBIO BOCCTAHOBUTEIbHAs (pa3a Oypu
yXe 3aKOHYMJIACh, X 3TOT A€Hb MOXHO CUMTATh CIIO-
KOWHBIM B T€OMAarHUTHOM OTHOIIUeHuUu. Tak, Ha
pucC. 5 B paccMaTpUBaeMO CTaThe ICHO BUIHO, YTO B
JIOJIrOTHOM wMHTepBasie 120°—160° xaxk 15, Tak u
16 mapTa ecTh MepuoIbl BpeMeHU, B TeYEHUE KOTO-
puix foF2 nipeBocxoaut 10 MI11, Torma Kak B 3TH Xe
nepuoabl 25 Mapra BeIWYuHBI foF2 cocTaBisioT
7—8 MIu. Takas xxe kapTuHa Habmonaercs wist TEC
B JOJITOTHOM uUHTepBaje 140°—160°: B IIepBoOii 1TOJI0-
BuHe 15 u 16 mapra Benmmuunsl TEC cocraBisgior
24—26 TECU, a B mepBoi1 mosioBuHe 25 MapTa — 18—
20 TECU. U3 puc. 3 B paccmarpuBaeMoii padboTe
ciaenayer, 9To AHU 15 u 16 Mapra ObUIM abCOIIOTHO
MarHUTOCIOKOUHBIMU: Dst- U Ap-uHAEKCHl ObLIU
OJIM3KU K HYMO, a Kp-UHIeKC He IpeBbIIan 3+.

Eme Oosee ybeauTeabHass KapTWHaA BUJIHA Ha
puc. 6. Bo BceM pacCMOTpeHHOM IOJTOTHOM MHTEp-
Basie 0°—160° B Teuenne ~35 1 mepen SC MarHUTHOM
oypu B 18:00 UT 22 mionsa 2015 r. Beanuunsl TEC
MHoro Oosnbiie, yeM 30 uioHSI—2 wuionsd (3T THU
MOXHO YCJIOBHO MPUHSITh B Ka4eCTBE CITOKOMHBIX).
Puc. 3 moxkaspiBaeT, uro mpeaOypeBbie mHM 20 u
21 uroHs OB MAarHUTOCTIOKOMHBIMMU.
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N3MEHEHUA B OBJIACTU F NOHOCOEPHI

ComnacHo puc. 7 HaOmomaroTcsd MOHKeHUS hm F2
B TeYeHMe TpeadypeBoro aHs 16 mapra. AHAJIOTMY-
HbIE TOHVKEHUS BUOHBI U I 22 UIOHS.

Padora Ye et al. [2023] mocBslleHa peaKLuu
noHocdeps! Ha 6ypro 16 mtomst 2003 1. (SC B 03:00 UT).
XoTs1 B paboTe aHAIM3UPYIOTCSI B OCHOBHOM HOHO-
cepHble HEOTHOPOMHOCTU, Ha pMUC. 3 MPUBEICHO
n3MeHeHue fof2 B TeueHune 16— 18 uroist mo n3mepe-
HUSIM Ha YeThIpex cTaHIusax B3.

Ha ct. Wakkanai (45.0° N) B 13:00 UT 15 utons
HaOmomaiicss poct Ha 20% BenmIuHBI foF2 10 cpaB-
HEHUIO CO CIIOKOMHBIM 3HAYCHUEM, KOTOpPOe MOdy-
YEeHO METOJIOM CKOJIL3SILETO CPETHETo 3a 27 THEil.

Ha cr. Kokobunji (35.7° N) B To Xe BpeMs
(13:00 UT) takke Haba0maaoch Bo3pactaHue fof?2
Ha 20%. AHaJlorM4HO€e BO3pacTaHMe 3aperucTpupo-
BaHO B TOT ke neHb u B 08:00 UT.

B nanHbIx cT. Yamagawa (31.2° N) BugHO Bo3pac-
tanue foF2 Ha 25% B 13:00 UT u yMmeHbllleHUe Ha
25% B 18:00 UT.

Ha ct. Okinava (26.6° N) HaGiromaeTcst poct foF2
Ha 30% B 13:00 UT u manenue Ha 30% B 18:00 UT.

B pa6ote ®@etucoBoii 1 ManHapukoBoit [2022]
MpencTaBjieH OpUTUHAIbHBIA METON MOJeJUpOBa-
HUS ¥ aHaJIM3a apaMeTpoB ciios F2 B nepruobl Mar-
HUTHBIX Oypb. IlpuBoasiTCI HAOMIOAEHUS METOIOM
B3 Ha cr. [TapatyHka. I[Nepen 6ypeii 16 anpenst 2021 1.
(SCB00:00 UT) 14 1 15 ynucna B nepBbIe YaChl CYyTOK
Ha0JI10a7I0Ch YMeEHbIlIeHue foF2 Mo cpaBHEHUIO CO
CIIOKOMHBIMHY YCIIOBUSIMU (27-IHEeBHasI MeIaHa).

ABTOpBI NUIYT, 4TO “HakaHyHe coObITHsI Ha (hO-
He cj1ab0 BO3MYIIEHHOIO I€OMarHUTHOIO IIOJISI B
noHocpepe HAOIIOTATNCH KOJieOaTeTbHBIE TTPOIIESCCHI.
B Hauaie cytok 15 anpeJist HauajaoCh MJaBHOE MOBbI-
IIeHNE 3JIEKTPOHHOI KOHIIEHTPAIIMK, KOTOPOEe IPH-
BeJ0O K (hOPMHUPOBAHUIO ITOJOXKUTEIBHOTO MNOHO-
chepHOro BO3MYIIEHUSI cJIab0if MHTEHCUBHOCTH.
DTa MoJIOXKUTEIbHAsI aHOMaJIisI c(hOpMHUPOBaJIach 3a
18 9 mo SC marauTHoOit Oypnu”.

®detucoa 1 Manapukona [2022] oTMedaloT IT0-
SIBJIEHUE KOJIe0aTeIbHBIX ITPOIIECCOB M HAKaHyHe 0y-
pu 12 mast 2021 r. OHm uyT, yTo 11 Mas “...3a 6 4 1o
Havajia Oypu cdopMupoBaiach MOJIOXUTEIbHAS
noHocdepHass aHOMalusl yMEPEHHONH WHTEHCUBHO-
CTH...00lIel JTUTeTbHOCTBIO oKoJio 20 u”. TIpu aToM
aBTOPBI CMEUATBLHO MOAYEPKUBAIOT, YTO HaIWuUe
3TOI aHOMAJINY TTOATBEPXKAAETCS U PE3YIbTaTaMU UX
MOJIeJINPOBAHUSI.

AHamorTuYHBINA 3 PEKT MOJOKUTETbHON aHOMa-
Juu foF2, HavaBieiicsa no SC, 3aperucTpupoBaH U
nepen MarHuTHoIt Oypeit 27 masa 2017 r. Pe3tomupys
pe3yIbTaThl CBOETO UCCIIETOBAHMS, aBTOPHI YKa3bIBa-
IOT, YTO “...3a HECKOJILKO YacOB /10 Hayaja yMepeH-
HBIX W CWJIBHBIX Oypb HaOmomaeTcss 3deKT MOBbI-
LIEHUS 3JIeKTPOHHOM KOHIIEHTpalluU B MOHOC(hepe”.

B cTaTbe 60ombm10ii rpynnbl aBTOpoB [Mosna et al.,
2020] mompoOHO HccIeaoBaaoCh MOBEACHUE MOHO-
TEOMATHETHU3M 1 ADPOHOMMUWSA
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ceprl Bo BpeMst MaroHuTHoM o0ypu 8 ceHTs10pst 2017 1.
no HaomoaeHusiM MetomamMu B3 (cT. Pruhonice) u
H3 (cetb Tpacc). XoTsI OCHOBHOI akIIeHT B paboTe
cIejiaH Ha aHaIM3 TUMHAMMYECKUX MPOIECCOB HEMO-
CPEICTBEHHO B THM MarHUTHOM Oypu, aBTOPbI yIO-
MUHAIOT U COCTOSIHME MOHOC(pephl 10 Hadanaa Oypu
(6 1 7 ceHTIOpPs). ABTOPBI OTMEYAIOT, YTO BO BTOPOIt
ITOJIOBHHE 6 CEHTSIOpsS 1 AHEM 7 CEHTSIOps HabIona-
JINCh YBEIUIEHUS foF2 110 CpaBHEHUIO CO CIIOKOMHOM
MenuaHo s cT. Pruhonice. Ha puc. 4 B ykazaHHO
paboTe XOpOIIOo BUOHO, YTO 6 CEHTSIOPS BeIMYMHA
foF2 Ha HECKOJBKO 4YacoB MNOOHMUMANACh BBIIIE
6 MI u nocturana 6.5 MI, Torna Kak criokoiiHast
MeauaHa cocTasiistiia 5.5 MIii. 7 ceHTs0ps mpeBbI-
ImeHue HabmogaeMbiX BeanduH foF2 (7 MIt u Bbi-
mie) Haa meauaHoit (5.5 MIr) ObUIO elle CuibHee U
JJTUJIOCH TOJIbIIIE.

Mosna et al. [2020] moguepKnBaIOT, YTO XapaKTep
u3MeHeHUs foF2 Obl1 OueHb OJIM30K K XapakKTepy 13-
meHeHunit TEC nmo HaGmomeHnsIM Ha CETH Tpace B ce-
BepHOI yactu Poccuu Bo BpeMs 3Toi ke oypu. I1o-
CKOJIbKY IIMpoTa cT. Pruhonice paBHa 50° N, a yka-
3aHHbIe n3MepeHuss TEC npoBoanInCh B IIMPOTHOM
uHTepBajie 57°—67° N, 04eBUIHO, YTO OOHAPYXKEH-
Hble u3MeHeHust fof2 nu TEC B mpenbypeBble THU
paccMOTPEHHOIT Oypy OXBaThIBaIX OOJILIIYIO TEPPU-
TOPUIO.

B cratbe Adekoya et al. [2023] mogpoGHO pac-
cMaTpuBaloTcs noHOoChepHbIe 3(hDEKTH MATHUTHBIX
oypb 13 okTsa6ps 2016 1. u 8 ceHTadps 2017 r. o Ha-
OroneHUSIM Ha 32 MOHOC(EPHBIX CTAHLIUSIX B IBYX
reorpauyecknx cexropax. Ha MHOroumcieHHBIX
PUCYHKaX B CTaTbe XOPOILIO BUAHBI OTKJIOHEHUS (KakK
MOJIOXKUTEbHBIC, TAK M OTPpULIATEIbHBIE) HaOII01ae-
MBIX BenndnH NmF2 B mBa Ipea0ypeBhIX THS 00erX
Oypb OT CHOKOMHBIX BEJIMUMH (YCpEeTHEHHUE 3a 1IIECTh
CHOKOMHBIX JHEIT). ABTOPhI HOTYEPKUBAIOT, YTO IIPE/I-
oypeBbie 3 EeKTHI OBUIN JIyUIIIe BEIPAsKEHBI B aMEPH-
KaHCKOM CEKTOpE, UeM B a3UaTCKO-aBCTPaTUNCKOM.

3. OBCYXKXIEHHNE

Llenbio mpenpiayiero maparpadga ObUI0 IT0Ka3aTh,
YTO B OOJBIIMHCTBE ITyOJIUKAILIMi 110 U3YUYEHUIO pe-
aKLU MoHocdepHoit obnactu F2 Ha reOMarHUTHbBIE
OypH eCTh YKa3aHNE Ha HAJIMYKME B Ipea0ypeBble THU
(3a HECKOJIbKO YacOB, WM JaXe JECITKOB 4acoB 10
SC 6ypu) oTKJIIOHeHU T OCHOBHBIX TTapaMeTpoB (foF2,
hmF2, TEC) oT ux BeIMYNH B CIIOKOMHBIX YCIIOBUSIX.
Bo mHOTHMX paboTax caMu aBTOPHI OTMEUAIOT CIIydyau
TaKMX HEOOBIYHBIX OTKJIOHEHMI B Ipea0ypeBbie THU
¥ BBICKA3BIBAIOT IIPEAIIOIOXEHUS 00 NX (PU3MISCKOM
npuponae. OTMETUM, YTO YHUCJIO TAKUX pabOT 3aMEeTHO
BO3POCJIO UMEHHO B MOCJEAHUE TOAbI, YTO MOKAa3bI-
BaeT, 4TO IIpobjIeMa npeadypeBbIX Bapualdii CTaHO-
BUTCSI aKTyaJlbHOM.

OTMEeTM HECKOJIBKO MOMEHTOB B PacCMOTPEH-
HBIX B TIpeObIOylIeM Taparpade CTaTbsIX, KOTOPHIe
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MOTYT UMETh OTHOIIIEHNE K OOCYKICHUIO TTPUPOIEI
npendypesbix 3¢ dexkToB. [Ipexae Bcero, BaXKHO, YTO
npendypeBbie 3PdeKTel B MoHOChEpPe HAXOASAT HE
TOJNBKO B M3MEHEHUIX “KTacCUIECKUX~ ITapaMeTpOB
(foF2, TEC), Ho u BbIcOTE ciost F2 (h'F2, hmF2), B
ommoOKax HaBuraumoHHbIXx cucreM (Katsko and
Emelyanov [2023]) u B noHOC(hEepHBIX COMHTUILIS-
nusx (Balodis et al. [2023]).

Oo6HapyxuB 3ameTHble Bo3pactanusi ATEC B
npendoypenbie 1HU 9 1 10 centsaopsa 2015 1., Swadogo
et al. [2023] nipeanoaoXUIN, UYTO OHU OOBSICHSIETCS
Bapuauusamu Dst. Ho 3ToT WHOEKC B TpendypeBbie
JIHUA ObLI U TIOJIOXXKUTEIbHBIM, U OTPULIATEIBHBIM, U
KPUBBIC [IJISI 3TUX JTHEl He OTJIMYAIOTCS OT KPUBBIX
OJISI CHOKOWHBIX THEU.

Picanco et al. [2021] oTMeyaloT, 4TO OOHAPYKEH-
HBIC UMHN OTKJIOHCHMUSA TTapaME€TpPOB B HU3KOIIMNPOT-
HOI MoHOC(depe B mpeadypeBble THU MOTYT OBITh
NpeaBeCTHUKAMU T€OMArHUTHBIX OYpb.

OTmMmeuasi HaJIMyMe OTPULIATESIbHBIX OTKJIOHEHUit
MOHOC(HEPHBIX IMapaMeTpOB B IIpeAOypeBbIC THU OT
WX peryJsipHoro rmoBseneHusI, Astafyeva et al. [2021]
BBICKA3bIBAIOT TPENIOJOXEHUE, YTO 3TU OTKJIOHE-
HHS MOTYT OBITh BBI3BaHbI (QJIYKTyallUSIMU MEXKILIA-
HETHOTO 3JIEKTPUYECKOIO, WJIM MarHUTHOTO II0JIS
(IEF/Bz), KoTopble WHAYLIMPYIOT 3JIEKTpUUYECKIE
nosst osicTporo nponunkHoBeHus (PPEF). Ho nuka-
K1X yKa3aHMM Ha CyLIeCTBOBAaHUE TaKUX IIOJIEi B
pendypeBbie JHU He OOHApPYKEHO.

AHanU3upysi CBOU Pe3yabTaThl 110 BapUaLUIM OT-
HoueHue [O]/[N,] B TeueHue yeTbipex Oypb, Yonas
et al. [2022] oT oTMeyUaloT, YTO TOJHKO B OJHOM CJIy-
yae B MpeadypeBble THU HaOJIOAATIOCh 3aMETHOE
(Ha 35%) yMeHbIIIeHHE 3TOTO OTHOIIIeHUS. B ocTaib-
HBIX CJIy4yasiX OHO HE OTJIMYaoCh OT (hpoHOBOTO. DTO
3aCTaBJISIET C OCTOPOXHOCTBIO OTHOCUTBCS K TIpe-
MOJIOXKEHHUIO O TOM, YTO IIpenoypeBbie 3(PdEKTH B
JoF2 cBsI3aHBI UMEHHO C U3MEHEHHMEM COCTaBa Tep-
Mocdepbl Ha BeicoTax cinost £2. Liu et al. [2008] momy-
YWJIM, YTO BO3pacTaHus foF2 He COMmpOBOXIAIOTCS
3aMETHBIMU U3MEHEeHUsIMU Am 2 B npenOypeBoil ne-
puon.

Habyarimana et al. [2023] orMeTuiu, 4TO BO Bpe-
Ms1 oypu 17 mapta B 2013 1. M0 U3MEpPEHUSIM B IBYX
nyHkTax Mbarara (0.6° S) u Addis Ababa (9.0° N)
npendypenbie Bo3pacTtanust ATEC Ha obenx craHIIN-
SIX UMEJIM MPUMEPHO OAWHAKOBYIO aMIUIUTYIdy. DTO
MO3BOJISIET COCTAaBUTD MpEACTaBIeHUe O reorpaduye-
cKMx MacmTabax sBiaeHus. K BeIBogy o ToM, 9TO M3-
MeHeHus foF2 u TEC B npendypeBbie THU OXBaThIBa-
JIU OOJIBLIYIO TePPUTOPUIO, TIpULLLIU U Mosna et al.
(2020). D10 gBASETCS, IO UX MHEHMIO, €Ille OTHUM
apryMeHTOM MPOTUB METEOPOJOTUUCCKOM TPUPOIbI
STUX SIBJICHUMN.

Baxen oOHapyxXeHHBII B paborax Zhai et al.
[2023a, b] dakT, uyTto pocT NmF2 niepen O0ypeii 21 Ho-
s10pst 2021 1. IpUXOAUTCS Ha ABYX CTAHILIMSIX HA OOUH
momMmeHT UT, Ho pasHbie MmoMmeHTHl LT (y craHmmii
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pa3HbIe JOJTOThI). DTO MOXKET OBITh YKa3aHHEM Ha
TO, 4TO TIpendypeBbie 3(hhEKThl KOHTPOJUPYIOTCS
CKOpee MUPOBEIM BpEMEHEM, YeM MECTHBIM, a 3TO
MOXKET OBITh BaXKHO IIJIST aHAJITM3a TIPOIIECCOB, BBI3HI-
BaIOIIMX 3TN 3PP EKTHI.

Bonbitoe BHMMaHue mpoOiieMe HMOHOCHEPHBIX
MIPEOBECTHUKOB yrueneHo B pabore Kumar and Par-
kinson [2017]. ABTopbl IMOAYEPKUBAIOT, UTO UX MC-
cJIeIoBaHUS MOKAa3bIBalOT BO3pacTaHMsI MOHOChep-
HBIX TapaMeTpoB mepen SC MarHuTHOM Oypu, a B He-
KOTOPBIX C/Iy4dasiX ITOYTHM 3a JEeHb IO Hero. ABTOpPHI
CUMTAIOT, UTO €CTh “...CUJIbHBIC HOKAa3aTeIbCTBa TO-
ro, 9YTO 3TU BO3pPacTaHMsI COBEPIICHHO OIIPEAeICHHO
peajbHbl U HAYMHAIOTCS B cpeaHeM 3a 60 4 10 pealib-
HOTO Havajia OypH..., XOTs M TPYIHO ceOe MPEICTaBUTh,
Kak noHocdepa “y3HaeT” o IpeacTosIeit oype”.

ITo ux naHHBIM BO3pacTaHUE SIEKTPOHHON KOH-
HIEHTPpaK CHavaJIa IIPOMCXOINUT B TIpenOypeBOIi TTe-
pron B BBICOKMX IMMPOTaX M 3aTeM ITOCTETIEHHO
OITyCKaeTcs IO IIMpOoTaM, AOCTUTAsi 3KBaTtopa BO
BpeMs DIaBHOI (a3bl Oypu. OHM OTMEUYaroT TaKKe,
YTO BBICOKOIIMPOTHBIC TPEAOypeBhIe BO3pacTaHUS
Ne 0Oosiee MHTeHCUBHBI B CeBEpHOM IIOJIyLIApUH,
yeM B FOxxHOM.

Kaxk BugHO 13 prcyHKOB B padote Ye et al. [2023],
oTpullaTeJIbHble OTKJIOHEHUs foF2 TMOSBISIOTCS B
npeadypeBOii epro TOJIBKO B HU3KMX IIIMPOTAaX.

Kumar and Parkinson [2017] moBTOpuMiM CBOIA
aHanu3 (CM. MpeabIayLIUii maparpad), yCUJIUB orpa-
HUYCHHWE Ha CIIOKOMHBIC YCIOBUS B IIpeaOypeBOii
neHb. Bypb cTajo MeHble, HO KapTUHAa HE U3MEHM-
Jlachk. OHM 3aKJTIOYAIOT, UTO JIEJIO HE B BO3MYILIEHHBIX
YCJIOBUSIX IIPENOYpPEBBIX HHEM M 4TO IIpendypeBbIe
BO3pacTaH’sI MOTYT “MMeTh KOPHU B 00JIAaCTH THEB-
HOTO Kacma, KakK 3T0 ObLIO MPEAIoJIoXKeHO B paboTe
[Danilov and Belik, 1992]. ABTOpbI BbICKa3bIBAIOT
TaK>Ke HaAeX Iy, 4To IpendypeBbie 3¢(h(DEKTHI B MOHO-
chepe BaxHBI IS TIPOOJEeMbl MPOTHO3UPOBAHUS
KOCMMYECKOM ITOTOIEI.

Kak ormeuasioch B nipeabiayiineM naparpade, pe-
3y/bTaThl HabmMoneHuit B pabore Chernigovskaya et al.
[2021] yka3pIBaloT Ha yBelm4yeHUe foF2 1 yMeHbIIIe-
Hue hmF2 B nmpenOypeBble THU. DTOT (PaKT JAeT He-
KM KJTI0Y K TpolieccaM, OTBETCTBEHHBIM 3a HAOJIIO-
nmaeMble 3¢ dekTl. Ecau 661 pocT fof2 ObLI cBsI3aH C
coctaBoM Tepmocdepnl (otHoueHue [O]/[N,]), To
NP1 TMIOHMKEHUU MakKcuMyMa ciiosl F2 B ciiou ¢ boJiee
HU3KUM OTHOIIIEHMEM, BEJIMYMHA foF2 ToXe MoIKHA
ObL1a OBI yMeHbIIaThbcsl. O4eBUIHO, “paboTaeT” Ka-
KOW-TO IPYyroiu rnpotrecc.

Idosa et al. [2023] cuuTaeT, 4TO IIpeAdypeBLIC BO3-
MYIIIEHUSI MOHOC(MEPHBIX ITapaMeTPOB MOTYT OBITh
PEKOMEHAOBaHbl KaK TIPEIBECTHUKM MAarHUTHBIX
oypb. Ilo X MHEHMIO, IIOJIOXUTEIbHBIE BO3MYIIE-
HHUS HenocpenacTBeHHO nepen SC MOryT umMeTb Me-
TEOPOJIOTUYECKYIO MPUPOIY, TOTIA KaK METeOpOJIO-
TMYEeCKOe MPONCXOXAECHNE BO3MYIIEHMUN 3a OECITKU
qyacoB 10 SC manoBepodTHO. ITOCKONMBEKY MeXaHU3M
Ne 6
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BO3HUKHOBEHUS ITPeadypeBhIX 3P(PEKTOB 10 CUX ITOP
HEU3BECTEH, MOXHO IMPEANoJOXUTh, 4TO “paboTa-
IOT” HECKOJIbKO MEXaHM3MOB I10-Pa3HOMY B pa3HEIC
oypmn.

Mikhailov and Perrone [2009, 2021] kaTeropude-
CKM OTPMIAIOT KOHILIEIIIMIO IIpeaOypeBBIX HOHO-
chepHBIX Bo3MmylleHuii. B HemaBHelt pabdoTe Hdanm-
JoBa [2022] ObL1a IpeAacTaBieHa KpUTHUKA TTO3ULIAN
yYKa3aHHBIX aBTOPOB U IPUBEAEHBI pe3yIbTaThl MHO-
TMX UCCAEI0BATEIeH B IIOOIEPKKY 3TOM KOHIEHIINN.
PaboThl nociaegHux JeT, pacCCMOTPEHHbBIE B JaHHOM
0030pe, Ha Halll B3MJISI, JAIOT JOIOJHUTEIbHBIE ap-
TYMEHTBI B MIOJIb3Y 3TOI KOHIENIUH, IIO3TOMY 3[I€Ch
MbI He OyneM Bo3BpallaTbcsl K padbotaM [Mikhailov
and Perrone, 2009, 2021].

B 2020 1 2021 rT. 6BLIA OITyOJIMKOBAHA CEpUS pa-
oot [danunos u KoncrantuHona, 2020a, 6; 2021a, 0,
B; KoHncrantunosa u Jlammios, 2020, 2021; Danilov
and Konstantinova, 2021] ¢ pe3yabpTatamMu IeTaabHO-
ro aHaJiu3a XapaKTepUCTUK MpeadypeBbIX OTKJIOHE-
Huii fof?2 mo ganHBIM cT. Slough (254 6ypu ) u ct. Ju-
liusruh (272 6ypu). B atux padoTtax ObLIN ITOTYyYEeHBI
3aBUCUMOCTH XapaKTePUCTUK TAKUX OTKJIIOHEHU OT
pa3IMYHBLIX BHEIIHUX MapaMeTpoB (COTHEUHasl aK-
TUBHOCTb, MTHTEHCUBHOCTh OypH, C€30H U T.1.). Cxka-
TO€ OIMKMCaHUe TTOJIyUEHHBIX B 3TUX paboTax pe3ysib-
TaTOB MOXXHO HalTH TakKe B padbote JlaHnunosa [2022].

ITo manabBIM cT. Slough OBUIM paccMOTPEHBI
254 6ypu 3a nepuon ¢ 1976 mo 2010 rr. u HaligeHO
1353 coObitust (OTKIIOHEHUST foF2 OT CHOKOMHBIX
ycJIoBUiA). 996 OTKIIOHEHU I UMEJIH TTOJIOKUTETbHBII
3HaK U 357 — orpuuarenbHbiii. [To maHHBIM CT. Ju-
liusruh 66K paccMOTpPeHBI 272 Oypu 3a TOT XKe IIEpU-
oI u HaiaeHo 2682 cobbiTus (OTKIOHEHUS foF2 oT
CMOKOMHBIX ycioBuit). 2007 OTKJIOHEHUIA UMETU MO-
JIOKUTETbHBIN 3HAK 1 675 — OTpUIIATETLHBIN.

B pa6orax Joshua et al. [2021a, b], mocBsIIeHHBIX
WCCJIEIOBAHUIO UMEHHO TIpeadypeBbiX 3(PpGhEeKTOB B
nonocdepe (PMS, cMm Boie), ObUIO OOHAPYXEHO,
yto saBjaeHusS PMS yacTo HabromaoTes pu I0KHOM
KOMITOHEHTE MEXIUIAHETHOTO MAarHUTHOTO TIOJIST U
WHOILIA IIpY YMEPEHHOM aBpOpaJbHON aKTUBHOCTH.
DTO, MO UX MHEHUIO, MOXET YKa3bIlBaTh Ha TO, UTO
9THU SIBJEHUS (XOTSI OHU M HAOIIONAIOTCS B CITOKOM-
HbIE B MAarHUTHOM OTHOIICHWM ITHH) MOTYT OBITh
CBsI3aHBbI C JaBJICHUEM COJTHEYHOIo BeTpa. A BOT Me-
Teopojornyeckuii ucrouHuk PMS no mHeHU10 Josh-
ua et al. [202]1a] ManoBepoOsATEH, XOTSI U HE MOXKET
OBITh UCKJIIOYEH TTOJIHOCTHIO.

BosBpainasics k mpobiaeme PMS kak npenBecTHU-
KoB, Joshua et al. [2021b] BeICKa3BIBAIOT IIPEAITOJIO-
KEHME, YTO KOMOMHAIUSl M3MEHEHUM HECKOJbKUX
napaMeTpoB CoJTHeUHoro BeTpa, MMII u Mmarauro-
chepbl MOXET MPUBOAUTL K CUTyallMu, KOTJa Mar-
HUTHas Oyps ellle He HACTynuja, a onpeaejeHHbIe
U3MEHEeHUsT B MoHocdepe yxke HabIoaaoTcs, mpei-
Belllass MarHUTHYI Oyplo. ABTOpPHI I0JIaraimT, UTO
“PMS, eciu ux mpaBUIbHO TTIOHSITh, BECbMa BEPOSIT-
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HO MOTYT CJIy>KMTb KaK yKa3zaTeslb (pointer) mosiBIeHUS
MarHUTHON Oypu”. ABTOPBI ITOMYEPKUBAIOT BaXK-
HOCTB 3TOI IIPOOGJIEMEI C Y4eTOM BaXKHOCTU IIpeAcKa-
3aHUS SIBJI€HUI KOCMHWUYECKOM MOoroabl W, Ipexae
BCEro, MarHUTHBIX OYpb.

Bospaxkas BeiBomam Mikhilov and Perrone [2009,
2020], xoTopbie OOBSICHIIOT IIpendypeBbie 3(PPEKTHI
Q-Bo3myiieHusiMu, Joshua et al. [2021b] 3asiBisIIOT:
“ogeBMIHO, 4TO TTociie Kaxknoro PMS reomarautHas
Oypst HaUMHaeTcs IMO0O HeMeJIEHHO, JIM0O B TIpene-
Jlax 24—48 4”. [loHsSTHO, UTO B ciy4yae Q-Bo3myliie-
HMIA 5TO HE TaK.

4. BAKJITOYEHHME

HaHHast paboTa HanpaBJeHa, IIpeXIe BCEro Ha TO,
YTOOBI MTOKA3aTh, YTO IMPOOJIeMa HOHOC(HEPHBIX BO3-
MYILEHUI B IEPUOJ IIEPE] MATHUTHBIMU OYpSIMU Cy-
IIECTBYET W NpUBJIEKAaeT Bce Ooblllee BHUMaHUE
crieuuagucToB. CTOUT MOOYEPKHYTh, UTO MOCJIE BbI-
X0Ja B CBET Haliero o63opa B 2019 r. u gaxe mocie
OTHOCUTENbHO HemaBHeil ctarem JanmmoBa [2022]
MOSIBUJIOCH MHOTIO ITyOJIMKALIMii, JalOoUX MOATBEP-
XKIeHUE HAJIMYMS TaKuX Bo3MylleHUii. O630py 3THX
MyOIUKALIM U TOCBSIIIIEHAa OCHOBHASI YaCTh JAHHOTO
o03opa.

M3 mpuBeneHHOro MarepMaia, Ha HaIl B3I,
clieayer, 4yTO MHOTHUE HCCleaoBaTen oOpallaroT
BHUMaHUE Ha TpeadypeBbie BO3MYIIIEHHUS MTapaMeT-
poB obmactu F (tipexxne Bcero, foF2 u TEC) u naxe
BBICKA3bIBAIOT HEKUE CYXIECHUSI 00 MX BO3MOXHOM
dusnueckoii npupoae. Cam (akT CylIeCTBOBAHUS
TaKUX BO3MYIIICHUIT He BBI3BIBAaeT COMHEeHM. M, Kak
CUNTAIOT MHOTHE aBTOPBI, OHU SIBJISIIOTCS TIPEIBECT-
HUKaMM MarHUTHBIX Oypb. Eciu 3TO Tak, To Baxk-
HOCTb UX WCCJICIOBAaHUS IO OUYEBUIHBIM TTPUYMHAM
OTpOMHa.

OueBUIIHO, YTO HYXXHBI JaJbHENIINe UccaeaoBa-
HUS TTIOBEJICHUSI MOHOCHEPHBIX TapaMETPOB UMEHHO
B IHU, TIPEAIITECTBYIOIINE MarHUTHBIM OypsiM. Takue
HUCClieIOBaHUSl TOJDKHBI 6a3MpoBaThCs Ha aHaIU3e
MHOTUX Oypb M U3MEpPEHUSX BO MHOTUX IyHKTaXx.
Ilenblo 3TUX UCCIEAOBAHUI OOKHO OBITH IOJyYe-
HUE KaK MOXHO 0oJiee TTOJTHOM KapTUHBI 3aBUCUMO-
CTU KakK TMOJIOXKUTEbHBIX, TAK U OTPULIATEbHBIX OT-
KJIOHEHUU MOHOC(hEPHBIX TTapaMeTpOB B Ipendype-
BOI TIepU O OT MX BEJIMYUH B aOCOJIIOTHO CITOKOMHBIX
YCJIOBUSIX OT Pa3IMUHbIX BHEIITHUX (DAKTOPOB, TPEX-
JIe BCEro — OT MapaMeTPOB KOCMUYECKOI MOTO/IbI
(conHeuyHas1 aKTUBHOCTb, T€OMarHUTHbIE WHAEKCHI,
rnmapaMeTpbl COJIHEYHOTO BETpa M MEXIUIAHETHOTO
MarHUTHOTO MOJIsI), a TakKXXe OT CE€30Ha, MECTHOTO
BpeMeHU Havajia Oypu U IpyTUX IapaMeTpoB.

KOH®JIMKT MHTEPECOB

ABTOpBI 3asIBJISIIOT 00 OTCYTCTBUU KOHMJIUKTA UHTE-
pecoB.
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