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Ilo naHHBEIM MOHUTOPUHIA TOPU30OHTATBHON KOMIOHEHTHI MHAYKIIMM T€OMAarHUTHOIO MOJsI U BBICOTHO-
YaCTOTHOTO 30HAVMPOBAHUS KPUTHUECKOU YacToThl F-citost moHocdephsl Ha obcepBaTopuu “MockBa” mc-
clIemoBaHbl Bapraluy MOHOC(EepHOTo TOKa B HIDKHEN MOHOCGEepe U IJIOTHOCTH IIa3Mbl BEpXHE MOHO-
cdepsl. [TokazaHo, YTO B CIIEKTpaX BpeMEHHBIX BapHalliii TeOMarHUTHOTO MOJISI 1 KPUTUIECKOIT YaCTOTEI
F2-cnos B nmana3oHe miaHeTapHBIX BOJIH B 3UMHUI II€PUOLI IIPUCYTCTBYIOT KaK TapMOHUKY, CBSI3aHHBIE C
COJIHEYHOM aKTUBHOCTBIO, TaK M FTAPMOHMKM, COOTBETCTBYIOIIME KBa3u-5, 10 u 16-IHEBHBIM IUIaHETAp-
HBIM BojiHaM. [IpuBnedeHre TaHHBIX PETUCTPALIMY T€OMArHUTHOIO MOJIA 3a ABaAaTUISTHUI BpeMEeHHOMN
uHTtepBai (¢ 2001 mo 2020 rT.) MO3BOJIWUIIO BBIIEJUTH 60Jiee TOHKME 3(hGheKThbl, a UMEHHO, BbIIEJeHbI rap-
MOHUKU, CBSI3aHHBIE C MOAY/ISILIMOHHBIM BO3ASHCTBHEM 00Jiee IIMHHOIIEPUOIHBIX BapHalluii U IPWINB-
HbIM BO3JIEMCTBUEM.

KuoueBble ciioBa: rlaHeTapHbIe BOJIHBI, BApUALIMU INIOTHOCTH MOHOCGhEPHOI TJIa3Mbl, BApUallii MAarHUT -
HOTO MOJIst 3eMJIN, MOAYJISILIMS, TYHHO-COJIHEUHBII TIPUIIUB
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BBEAEHUWE

K mmaHeTapHBIM BOJIHAM OTHOCSIT JIIOOBIE BO3MY-
IIEHUSI METEOPOJIOTUYSCKUX MapaMeTpoOB (TeMIiepa-
TYpBI, BETpa, IMJIOTHOCTU U JaBJICHMs ), TIEpUOIYEC-
CKHUe€ II0 TOJIT0OTe WKW II0 BPEMEHHU, MMEIOIIHNE 30-
HaJIbHBIN (BIOJIb IIMPOTHI) MaclITad MopsaKa
paguyca 3eMJIM M BpEeMEHHOK MaciuTad 3aMeTHO
MPEeBHIIIAIOIINI Ieproa o0palIeHus: 3eMJIM BOKPYT
cBoeit ocu [Hukuii, 1969]. OGBIYHO PETrUCTPUPYIOT
BO3MYILIEHUSI aTMOC(EpHBIX ITapaMeTPOB B AUAIIa30-
He riepuonoB 7' = 4.5—6.2 nust, T~ 7.5—12 nneir, T =
~ [1-21 pmeHb. B COOTBETCTBUM C TEOPETUUECKUM
IOAXOAO0M 3TH BO3MYILEHUS IIPUHSITO Ha3bIBaTh KBa-
3U-5-IHEBHBIMU, KBa3u-10-IHEBHBIMU U KBa3u-16-
IHEBHBIMU BosiHamMu. Haunbojiee MHTEHCUBHBIMHU B
CIIEKTPE SABJISIIOTCS KBa3u-16-THEBHbIE BOJTHBI.

IMo-BunuMomy, TepBbIMU HAOITIONEHUSIMUA UOHO-
chepHbIX BapuallMii ¢ mepuoaaMu, TUMTUYHBIMUA TSI
aTMocepHBIX TuIaHeTapHbIX BoJH (5, 10 1 16 gHeit)
MOYHO CUMTATh OOHapy>XKeHUe S-THEBHBIX BapUaliii

CraTbsl MOATOTOBJIEHA HA OCHOBE YCTHOTO J0KJIa/1a, PeacTaB-
JgeHHoro Ha IV Becepoccuiickoit KoH(MEepeHIIUN ¢ MEeXXKIyHapOI-
HBIM yyactueM “TypOyJeHTHOCTb, AMHAMUKa atMochepbl U
KJIMMaTa”, MOCBSIIEeHHON MmaMsITh akageMuka A.M. O0yxoBa
(Mocksa, 22—24 Hosi6ps 2022 1.).
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noHoc¢epHOro TomioleHusT paanoBojH (D-06-
JIACTh), KOTOPBIE aCCOIMMPOBAINCH C OTHOBPEMEH-
HBIMU 5-THEeBHBIMU BOJIHaMu B cTpaTocdepe [Fraser,
1977]. Ilo3nHee 110 Ha3eMHBIM HAOJIIOACHUSIM ObLIU
3aperuCTpUPOBAHBI KBa3U- 16-THEeBHBIC OCHIVJUISIIAN
TOPM30HTATbHON KOMITOHEHTBI MAarHUTHOTO TTOJIST U
OTHOBPEMEHHbBIE OCLUWJUISIINN KPUTUUECKOI 4acTo-
Thl MoHOcdepHoro ciaoss F [Forbes and Leveroni,
1992]. O ocuMMIILMU TIpeajarajoch paccMaTpu-
BaTh KaK CJIEICTBUE MTPOHUKHOBEHUS SHEPIUU Iia-
HETapHBbIX BOJH Ha BBICOTHI MOHOC(hepbl. Takxke 1Mo
Ha3eMHBIM HaOTIONEHUSIM OBLTA 3aperMCTPUPOBAHBI
KBa3u-16-IHEBHbIE OCLWIISILIMM  TOPU3OHTAIbHOMN
KOMITOHEHTbI MarHUTHOTO TI0JISI, KOTOPBIM C OTepeske-
HUEeM B 1 Mec. TIpeIIIeCTBOBAIM OCLIVUIISILIMM TaBJie-
HUS Ha BeIcoTax cTpaTocdeps! [Kohsiek et al., 1995].

Bmecte ¢ Tem, MomeJupoBaHUE paclpocTpaHe-
HUS MJIaHETAPHBIX BOJIH B BepxHIo0 atMocdepy [Ha-
gan et al., 1993] u skcniepument [Deng et al., 1997]
IMOKAa3bIBAIOT HEBO3MOXKHOCTb IIPOHUKHOBEHUS 3TUX
BO3MYylleHUI cymectBeHHO Bbiie 100 kM. [ToaTomy
MOSIBJICHUIO OIPEIeICHHOCTU B BOIIPOCE O Tiepeaade
SHEPIUM IJTAaHETAPHBIX BOJIH Ha BEICOTHI MOHOC(EPhI
MOTYT CHOCOOCTBOBATh TOJIBKO HAbHEHIIINE SKCIIe-
PUMEHTAJIbHbIC UCCIIEIOBAHYSI ¢ OOHAPY>KEHUEM BapH-
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anuii MIoHOC(epHBIX IMapaMEeTPOB B AUAIMA30HE TTEPUO-
JIOB BTUX BOJIH, JIMOO Ha3eMHasl perucTpaius Bapya-
LT TEOMarHUTHOTO II0JISI B yKa3aHHOM JMalla30He.
B mocnmegHeM ciyyae Bapuanuu oOyCIOBIIEHBI BO3-
JIeiicTBUEeM TUIaHETAPHBIX BOJIH Ha TOKU, IIPOTEKal0-
e B HIDKHE noHocdepe.

B HacTos111ei1 paboTe ¢ UCIT0Ib30BaHUEM PE3Yiib-
TaTOB T€OMarHUTHOTO MOHMTOPMHIA U BEPTUKAJIb-
HOTO 30HIMPOBaHUS Ha obcepBaTopuu “MockBa”, a
TaK>Xe METOJOB CIIEKTPaJIbHOTO aHaJl3a UCClIeIoBa-
HBI CIIEKTpajbHbIE TADMOHUKHY B IMANa30He IepUO-
noB oT 4 1o 40 cytr. Kpome Toro, BBIITOJTHEH AeTalb-
HBIIl aHaJIU3 CIIEKTpa B IMarna3oHe NepruoaoB ot 12.5
10 17 cyT 1o JAaHHBIM PErUCTPallM MATHUTHOTIO IO~
51 3emut ¢ 2001 mo 2020 rr.

NCXOOHBIE JAHHBIE 1 METO/bI

IIpu mpoBeneHUU HACTOSIIUX MCCASIOBaHUI
MPUBJIEKAJIUCh JaHHBIE FTEOMarHUTHOTO MOHUTOPUH-
ra ¥ BBICOTHO-YaCTOTHOTO 30HAMPOBaHMUS Ha o0cep-
Batopuu “MockBa”. ObcepBaTOpUs pacHoIokeHa B
18 xM ot ropoma Mockssl, B ceite Kpachnas Ilaxpa
(MockoBckas 06Ji1acTh), Ha TeppuTopun MHCTUTYTA
3€MHOTO MarHeTu3ma, MoHOCGhephl U paclpocTpaHe-
Hus panuoBosiH uM. [lymkoBa Poccuiickoii akane-
mun Hayk (M3MUPAH). I'eorpacduyeckue Koopau-
HaThI: 55.47° c.u1., 37.32° B.1.

B xauecTBe MCXOAHBIX JaHHBIX, OTPaXKaIOIIUX Ba-
puauuy MOHOC(EPHOro TOKA Ha BBICOTAX HIDKHEH
noHocdepsl okojio 100 xm (E cioit), mucronb3oBa-
JIUCh PE3yJbTaThl MHCTPYMEHTAIbHBIX HAOMIOOCHUIA
3a BapualUsIMU TOPU3OHTAJIbHOW KOMITOHEHTBI UH-
IYKIIMU reoMarHuTHOTo 1ojsd. Hamu Ob1a BeiOpaHa
9Ta KOMIIOHEHTA, MOCKOJIbKY pe3yJabTaTbl HalllUX
MPENbIAYIIUX UCCIeNOBaHUI C TTPUBJICUCHUEM JaH-
HBIX MHCTPYMEHTAJIILHBIX HAOMIONEHWiII 3a reoMar-
HUTHBIMHM BapuanusMu Ha Ieodusmyeckoii odcep-
BaTopuu “MuxHeBo” denepaabHOIO roCyI1apCTBEH-
HOro OIOMKETHOTo yupexaeHuss Haykum MHcTtuTyTa
IMHaMUKU reocep nM. akagemnka M.A. CagoBcko-
ro Poccuiickoit akagemuu Hayk [Riabova and Shali-
mov, 2020; Psg6osa u Illamumos, 20216] u Ha LleH-
TpaJIbHOI reodu3ndyeckoit ooceparopun “berbck”
I'eodpusnueckoro mHctutryra Iloiabckoit akageMuu
Hayk [Psa6oBa u IllamumoB, 2022] CBUOETENbCTBYIOT
O TIPOSIBJICHUMM BJIMUSIHUSL aTMOC(EPHBIX BOJH Ha
MOHOC(hEPHYIO IJIa3My UMEHHO B CIIEKTPE TOPU30H-
TaJIbHOUM KOMIIOHEHTHI T€OMarHUTHOTO IT0JIS.

O6cepBaTopusi “MockBa” objiamaeT IIUPOKUM
TEXHUYECKUM OCHAIIIEHUEeM TSI U3MEPEHUs KOMITO-
HEHT MarHuTHoro mnoJjisi 3emuu. KMcnonb3oBanuch
JlaHHbIEe, MPeCTaBIeHHbIC Ha caiiTe MeXXIyHapOIHO-
ro rmpoekTa SuperMag [ Gjerloev, 2012]. ITo pe3ynbTa-
TaM JaHHBIX T€OMarHUTHOIO MOHUTOPUHIA ObUIU
chopMupoBaHBl IMMPOBEIE PSAIbI BapUalldii TOPU-
30HTaJIbHOKM KOMIMOHEHThl UHIYKIIMU T€OMarHUTHOTO
TTOJIS ¢ MUCKpeTu3anuent 1 yac (Kak cpenHue apugme-
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TUYECKHUE 3Ha4eHUs1 |-MMHYTHBIX TaHHBIX 3a 1 Jac) 3a
nBanuatuieTHuii nepuon (¢ 2001 mo 2020 rr.) u ¢ auc-
KpeTu3alveil 1 MuH 3a IBa BpeMeHHBIX MHTepBaa (1e-
Kabpp 2014 r.—deBpanp 2015 1., nekadbps 2018 r.—peB-
panb 2019 1.).

B xauecTBe mapamMeTpa, OTpaxkalollero Bapuanumn
MJIOTHOCTH T1a3MBI F-citos moHocdepsl, NCITONb30-
BaJIMCh JaHHbIE O BapUalUsIX KPUTUYECKOM YaCTOTHI
F2-cnos, nomydeHHbIE B XOI€ BEPTUKAILHOIO 30HIM-
poBaHus 1M(ppPoBEIM noHO30HIOM DPS-4. Texauue-
CKHE€ XapaKTEepUCTUKU MOHO30HIA: UMIMYJIbCHBINA H0-
IUIEPOBCKUIT pamrosniokarop, MolHoctsk 300 Br, mim-
TETbHOCTh 30HAMUPYIOIIETO WMIyJIbca 533 MKc.
30HAMpPOBaHUE BBITIOJHSETCS KaXnble 15 MUH.
HMoHorpaMMBI ¢ pe3ylbTaTaMM X aBTOMAaTUYECKOMN
obpaboTtkn pasmenieHbl Ha cante M3MUPAH
[http://www.dsp.izmiran.ru].

IIpu mpoBegeHUM HACTOSIIUX MCCIECIOBAaHUI B
Mpoliecce aHalu3a 3KCIEePUMEHTAIbHBIX JaHHBIX
Kaxaasi MOHOorpaMMa TloJBeprajach pydyHoii oOpa-
6otke 1 uHTepnperaunu 1mo meronuke URSI [Pyko-
BonacTBo, 1977]. CnenyeT OTMETUTh, YTO OIIpeAesie-
HUE HMOHOC(HEPHBIX XapaKTEePUCTUK, B TOM YMCIE
KpUTHYeCKOi 4acToThl F2-cinos, yacTo ObLIO 3aTpy-
HutesibHO. [1pu aHaM3e MOHOTPaMM OTCYTCTBUE U3-
MEpPEHUiIl WJIM COMHUTEILHOCTh B IIPAaBUJILHOCTU
omnpeneneHusT KpUTUIECKO yacToThl F2-ciost (ripu
IanpHEeHIei oopadboTKe U aHaJIM3¢e ObLIA MCKITI0YE-
HBI) ITOMEYaIMCh B COOTBETCTBUU C IPUHSTHIMU 000-
3HaueHussMu [Wakai et al., 1987].

B pesynbraTe 06paboTKu nOHOTpaMM ObLITU chOp-
MUPOBaHbl HE3KBUIMCTAHTHBIE LMMPOBBIE PSIbI
3HAYEeHUM KpUTUudeckoii yactotbl F2-ciiosi ¢ nuckpetu-
3arueit 15 MyuH 3a 1Ba BpeMEeHHbBIX MHTepBaJia (IeKadpb
2014 r.—deBpans 2015 1., gexabpnr 2018 r.—deBpaib
2019 1.).

C wenblo nmonydyeHus: MHGpoOpMallii O YaCTOTHOM
COCTaBe UCCIIeAYeMbIX LIM(MPOBBIX PSIAOB B HACTOSIIIICH
paboTe UCTOJIb30BAJICS METO/l CIIEKTPAIBHOTO OLIEHU-
BaHUS HESKBUIWCTAHTHBIX PSIIOB, TPEIJIOKEHHBI
Jlom6oMm [ Lomb, 1976] n BriociencTBUY MOIEPHU3UPO-
BanHbI1 CkapriioMm [Scargle, 1982]. B ocHoBe mMeToma
Jlomba-Ckapria JeXuT anmpoKCHUMalusl METOI0OM
HauMeHblux KBaaparoB ((MHK)-anmpoxkcumarius)
CUTHaJIa TApDMOHUYECKMMU (DYHKIMUSIMU, MPU ITOM
CHeKTpalibHasI OlieHKa JAHHBIX MPOUCXOAUT IO Ca-
MHUM TOYKaM OTCUYETOB, a HE MO BpeMEHHBIM TIpOMe-
JKYTKaM, 4TO TTO3BOJISIET CUTHATy UMETb MepeMeH-
HBII mar guckpetusanuu. [TonpooHo meton Jlomba-
Ckapria omnucaH B pabore [Ps6oBa u Illanumos,
2021a].

C uelblo TOJIyYeHUs IeTalbHON MHPOPMAIUU O
YAaCTOTHOM COCTaBe MCCIIEAYEMbIX HU(MPOBBIX PSIAOB
MBI UCITOJIb30BaIN CITEKTPaIbHBINM aHAJIU3 Ha OCHOBE
MMOCTPOEHUS aBTOPETPECCUOHHOI MOJIEJN C pEeIlIcHUEM
ypaBHeHmi1 FOma-Yokepa [Cepruerko, 2011] meTomom
JleBuHcoHa-/lypouna [Durbin, 1960; Levinson, 1946].
BOTOT METOM, MOAOUPACT aBTOPETPECCUOHHYIO MOMEIb K
Ne 6
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Puc. 1. [1epruogorpaMmmbl Bapualyii rOpu30HTATbHOM KOMIIOHEHTHI MHAYKIIMM T€OMarHUTHOTO TOJIsI, 3aperuCTPUPOBAHHBIX
Ha obcepBaTopuu “Mocksa” ¢ 01.12.2014 1. mo 28.02.2015 1. (a) u ¢ 01.12.2018 r. mo 28.02.2019 r. (0), B AMana3oHe NepHUOIOB

ot 4 o 40 cyT.

BXOOHBIM HAHHBIM ITyTeM MMHHMMU3ALUUA OIINOKU
npeacKa3aHus METOAOM HaMEHBIIIMX KBaapaToB, B
UTOTe MBI MoJIydaeM cucteMy ypaBHeHuit KOma-Yo-
kepa. [TogpoOHO aIropuT™M MapaMeTPUUIECKOTO Olie-
HUBaHUS onucaH B padborax [Ps6osa n CnimBaxk, 2018;
Riabova and Shalimov, 2020; Pg6oBa u IllaaumoB,
20216].

IpencraBiaeHUe pe3yabTaTOB  CHEKTPAILHOTO
aHanu3a oOpMJICHO B BUIE MepromorpamMm (3aBU-
CUMOCTD CIIEKTPAJIbHOM IIOTHOCTU MOIIIHOCTH S OT
rnepuoaa).

PE3VJIBTATDBI CITEKTPAJIBHOT'O AHAJIM3A

B xone HacTosAIIMX MCCenOBaHUIl ObUIM OliCHE-
HBI CIIEKTPhI BapHalii TOpU30HTAIbHON KOMIIOHEH -
Thl THOYKIIWWA TEOMarHUTHOTO TOJIST M 3HAYEHWI Ja-

MN3BECTHUA PAH. ®PU3NKA ATMOC®DEPHI 1 OKEAHA

crotel F2-cimost 3a mepuoner ¢ 01.12.2014 1. 1o
28.02.2015 . 1 ¢ 01.12.2018 r. 10 28.02.2019 1.

®dparMeHTHl CHEKTPOB BapMallii TOPU30HTAJIb-
HOWM cocTaBiisioleil TeomMarHuTHOro nonst H mns
3uMHUX nepruoaoB 2018—2019 rr. (HM3Kas coiHEeUHast
akTUBHOCTH) U 2014—2015 rT. (BBICOKAST COJTHEYHAasI
aKTMBHOCTb) MpeAcTaBiaeHbI Ha puc. 1. Kak BumHo u3
JIaHHBIX, TPUBEIEHHBIX Ha puUC. 1, CIEKTp reomar-
HUTHBIX Bapualuuii 3a sumHuii nepuon 2018—2019 rr.
XapakTepusyeTcsl psiioM CIEKTPaIbHbIX TAPMOHUK B
nrarasoHe rmepnogoB oT 4 1o 40 cyt. Camast 6oJrbImast
MO aMIUIMTYJe CIeKTpajbHasi TaApMOHUKA C TIepuo-
JIOM ~24 CyT COOTBETCTBYET 27 CyTOYHOM ITepUOINY-
Hoctu (nepuon KappunrroHa). B crmekTpe ynmajioch
UIEeHTU(PUIMPOBATh CIIEKTpaJbHble MUKW C TIepPUO-
mamMu ~14.4, 9 u 6 cyT, COOTBETCTBYIOIIIUMU TTEPHUO-
JIaM TIEpBOIi, BTOPOI M TpeTheil TapMOHUK 27-CyTOU-
Ne 6
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Puc. 2. ITepuonorpamMmel Bapuauuii fF2, onpeneneHHbIX 10 HOHOTpaMMaM, MOJYYEHHBIM C HOHO30Ha Ha 00cepBaTOpUn
“Mocksa” ¢ 01.12.2014 r. mo 28.02.2015 1. (a) m ¢ 01.12.2018 1. mo 28.02.2019 r. (6), B nnarta3oHe nepuoaoB oT 4 1o 40 cyT.

HOI NEPpUOAUYHOCTH, a TaKKe MUKHM C IIEpUOdaMU
~18, 10 u 5 cyr, OiM3KKUE K IIepuoiaM KBasu-16-
IHEeBHOM, KBa3u-10-gHeBHON M KBa3U-5-IHEBHOI
IJ1aHeTapHBIM BOJIHAM COOTBETCTBEHHO.

AHaU3 pe3yabTaToB CIIEKTPaJbHOIO OLICHUBA-
HUSI T€OMAarHUTHBIX BapMaluii, 3apericTpUpOBaH-
HBIX B Itepuof ¢ nexkadpst 2014 r. mo ¢peBpanb 2015 1.,
JIEMOHCTPUPYET, UTO B CIIEKTPE B IIEPUOA MAKCUMY-
Ma 24-0ro LIMKJIa COJTHEYHBIX IISITEH B 1IEJIOM IIPOSIB-
JISTFOTCSI T€ K€ TAPMOHMKU, YTO U B CIIEKTPE, pACCUM-
TaHHOM 3a mepuon ¢ nekabps 2018 r. mo ¢eBpaib
2019 r. ITo cpaBHEHMIO CO CIEKTPOM, BEIYUCIIEHHBIM
Mo NaHHBIM 3a 3uMHUiIl nmepuon 2018—2019 rr., B
criekTpe 3a 3uMHM nepuon 2014—2015 rr. 3Haum-
TeJIbHEee IPOosIBJIeHUE 27-CyTOYHOM NMEPUOAUIHOCTU
U ee IByX TapMOHUK. ITHTEHCUBHOCTb CIIEKTPATbHBIX
rapMOHMK, COOTBETCTBYIOIINX KBa3u-16-THEBHOM,

N3BECTHUA PAH. ®U3UKA ATMOC®EPHI 1 OKEAHA

KkBa3u-10-gHEeBHOII M KBa3u-5-ITHEBHOI IIaHETap-
HBbIM BOJIHAM NPaKTUYECKU HE 3aBHUCUT OT YPOBHS
COJIHEYHOM aKTUBHOCTM.

MdparMeHTBl CIIEKTPOB BapualUil KPUTUYECKOM
qyacToThl F2-cnost moHocdepsl o1 3UMMHUX TIEPHO-
noB 2018—2019 rr. (HU3Kas1 CoJIHEYHasi aKTUBHOCTD)
u 2014—2015 rr. (BBICOKasI COTHEYHAs] aKTUBHOCTD)
npencrabieHbpl Ha puc. 2. CHekTpaJabHBIN aHaIn3
nU@pPOBOTO psiga 3HAYEHUIT KPUTUYECKOM YaCTOTHI
F2-cnog 3a 3umuuii nepuon 2018—2019 rr. BeIIBUI
clienylollne CIeKTpajibHble MUKU: MUK (~27.7 cyT),
COOTBETCTBYIOIIUIT 27-CyTOYHON TEPUOAUIHOCTH;
nuku (~13.3, 7.8 u 6.2 cyT), 0OyCIOBICHHBIE TAPMO-
HUKaMU 27-CyTOYHOU MEePUOAUIHOCTU; TTUKHU C TIe-
puonamu ~16.4, 10.2 v 4.8 cyT, COOTBETCTBYIOIIIE
KBa3u-16-gHeBHOM, KBa3u-10-DIHEBHOW U KBa3u-
5-IHEBHOM MJIaHETapPHBIM BOJTHAM.
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AHaJIOTUYHbIE PE3YJIbTaTbl ObLIU TOJYyYEeHbI TIPU
CTIEKTPAJIbHOM aHajn3€ BPEeMEHHBbIX Bapuaiuii f,F2
3a nepuo ¢ Aekabpsi 2014 r. mo deBpanb 2015 1. B oT-
JIM4Me OT CcIleKTpa 3a 3uMHuii repuon 2018—2019 rr.
B CIIeKTpe 3a 3uMHuit niepuon 2014—2015 rr. nukw,
COOTBETCTBYIOIINE 27-CYTOYHON MEPUONUYHOCTU U
ee rapMOHMKaM, NposIBIsIIoTCs sipue. Kak u B ciiydae
CIIEKTPOB Bapualliii TOPU30HTAIbHOM KOMITOHEHTHI
T€OMarHUTHOTO TIOJisl, UHTEHCUBHOCTb CIIEKTpajb-
HBIX TUKOB KBa3u- 16-THeBHOM 1 KBa3u- 10-THEeBHOM
IUIAHETApHBIX BOJIH HE 3aBUCUT OT COJIHEYHOM ak-
TUBHOCTM.

OTMeTHUM, 4YTO 3aBUCUMOCTh WMHTEHCUBHOCTH
27-CyTOYHBIX BapUaLVii TNIOTHOCTU TIJIa3MbI B BEpPX-
Hell noHoc(depe OT YPOBHSI COJTHEYHOI aKTUBHOCTHU
(MakCMMyMy COJIHEYHOM aKTMBHOCTU COOTBETCTBY-
10T 60oJIee MHTEHCUBHBIE BApUALIMN) OTMEYaJlach paHee
B pabotax [AdpaiimoBiy 1 ap., 2008; Hocke, 2008].
B HacTosiiieit pabote aHaIornyHasi 3aBUCMMOCTb yCTa-
HaBJIMBAETCS U IJIsI MATHUTHBIX BapUALIMIA.

B 1ienoM, pe3ynabTraThl CHEKTPaJbHOTO aHAIM3a,
BBITIOJTHEHHOTO Ha ocHOBe MeToma Jlomb6a-Ckapria,
TOKa3ajii, YTO BpeMeHHbIe Bapualny napaMmeTpoB H
U f,F2 neMOHCTpUPYIOT HAJTMYKUE BOJTHOBBIX MPOLEC-
COB C MepHoIOM Topgaka 5—6 cyT, a Takxke Gonee
JUTATENBHBIX — ¢ mepuogoMm ~10—13 u 23—30 cyT. B
CIIeKTpax IIPUCYTCTBYIOT KaK FapMOHMKM, CBSI3aH-
HbIE C COJTHEUHOII aKTUBHOCTBIO, TAK U TAPMOHUKMU,
COOTBETCTBYIOIIME TNIaHETaApHBIM BotHaM Poccon.

Kpowme paccMoTpeHHBIX MpolieccoB Ha (hOPMUPO-
BaHME BapUalluii MOTYT OKa3bIBaTh BJIUSHUE U APY-
rue MpoliecChl, HAIIpUMep, TakKue Kak, MPUIMBHOE
BO3JeicTBME (ILIMPOKO W3BECTHbI, B Juarna3oHe
12.5—17 cyTt, nekJiMHallMOHHAsl BOJIHA, MpPUJIMBHAasI
BoJIHa M) [AnymkuH u np., 2021; Riabova, 2018].

C 1eplo MOMyYeHUs AeTaIbHOW MHGMOpPMALIIU O
YaCTOTHOM COCTaBe Bapualllii TeOMarHUTHOTO I10JIsI
ObLI MpOBeAcH MapaMeTPUYECKHid CIEKTPpaJIbHbII
aHaJIN3 TaHHBIX MOHUTOPUHTA T€OMaTrHUTHOTO TTOJISI
3a OBaALATWICTHUI ITepuo HaOIOAeHWI B Quara-
30He oT 12.5 mo 17 cyT.

BruIuncieHHBI CEKTP TOPU3OHTATBLHOM KOMIIO-
HEHTBI TeOMarHuTHOTo TIoasg 3a mepuon ¢ 2001 mo
2020 1. B muama3oHe KBa3u-16-aIHEeBHOI MTepHOInY-
HOCTU MpPUBEIEH B AUAlla30He MepruoaoB oT 12.5 mo
14 cyt (puc. 3a) u ot 14 mo 17 cyt (puc. 30). Kak Bun-
HO U3 pucC. 3, CIIeKTp reOMarHUTHBIX Bapualuil Xa-
pakTepU3yeTCcsT OY4eHb ITUPOKUM PSIIOM CHEKTPATBHBIX
TapMOHMK B AuaIta3oHe mnepronos oT 12.5 go 17 cyt.
IIpoBenemM wuHTEepHpeTalMl0 YacTOTHOTO COCTaBa
reOMarHuTHBIX Bapuanuii. Camast 00JIbIIas 110 aMILIM-
TylIe CIIEKTpaJibHAsl TapMOHMKaA (puC. 3a) ¢ IIEpUOIOM
13.66 cyT COOTBETCTBYET ITEPBOil TApMOHUKE 27 CyTOY-
HOI TIEPUOAUYHOCTHU C TIEPUOIOM IIPUMEPHO ABE He-
nenu (monynepuon Kappunrrona). B criekrpe ynaet-
csl UIeHTUGULIMPOBATH CAeAYIONIKE OOJIbIIME TTO aM-
IUIUTYJIe TApDMOHUKHU: IB€ TAPMOHUKHU C MEepUOAAMU
13.79 m 14.70 cyT, COOTBETCTBYIOIIMMHU TIEpUOIaAM
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TIPYUTMBHBIX BOJTH; TApPMOHUKY € TiepruonoM 16.26 cyT,
OJIM3KYIO K Mepuoay KBas3u-16-IHEeBHON IuiaHeTap-
HoOIi BoJIHBI (puc. 30).

VYuurtbiBasi, YTO OTHM KOJIEOAHMS MOTYT HaKJIaIbl-
BaThCsl Ha JIPYTrUe, MOXHO OXUIaTh, YTO B CIEKTPE
MOT'YT ONPUCYTCTBOBATh CHEKTpaJbHble TAPMOHMKMU,
0OyCJIOBJIEHHBIE MOIYJISIIMOHHBIM BO3IEHCTBHUEM
JUIMHHOIIEPUOJHBIX LIMKJIOB Ha KOPOTKOIMEPHOIHBIS
Bapuauuu. Eciiu ripuBiedb GopMyiTy I aMIIUTY I~
HO-MoayJaupyeMoro curHaia [Asapees, 1982; Ps6o-
Ba 1 CrniuBak, 2018], To mojiyyaemM, 4To KojiebaHueE C
aMIUIMTYOHOI MonOyJsiuueil IpeacTaBiisieT co0oit
CYMMY TpeX KoJieOaHUIA.

HMcxonst U3 317010, MOXXHO OOBSICHUTH HATMYUE B
CIIeKTpe, IPUBEICHHOM Ha pHUC. 3, CIEKTPaJIbHBIX
TapMOHUK, PAaBHOOTCTOSIIIMX OT LICHTPaJIbHOM rap-
MOHUKHU C mepuoaoM ~13.66 cyr (IByxHeIeabHOM
TapMOHUKHU 27-CyTOYHOM IMEPUOAUIHOCTH), C TIePU-
onamu ~12.67 u 14.72 cyr — Monynsuueil AByxHe-
JIEJIbHO TApMOHMKU TOJYTOA0BOM BaprUallUEei; C Tie-
puogamu ~13.14 u 14.17 cyT — MoayIsiMeit IByxXHe-
NeJbHOW TrapMOHUWKM TOJOBOI Bapualueii; c
nepuogamu ~13.61 u 13.68 cyt — MoayJsILeit nByXHe-
JIeJIbHOM rapMoHuKU 11-neTHuM mukiiom. Kpome toro,
B CIIEKTpe, IIPEICTABICHHOM Ha PHC. 3, XOPOIIIO BhIAC-
JISIIOTCS CTIEKTpaIbHbIE TAPMOHUKHU, KOTOPbIE TI0 TIepH-
ogaM COOTBETCTBYIOT MOIYJISLIMOHHOMY BO3Ielii-
CTBMIO JIMHHOIIEPUOIHBIX IIMKJIOB Ha IIPUJIMBHBIC
BOJIHBI U 16-IHEBHYIO IJIaHeTapHYIO BOiHY. [apMo-
HUKHW, PABHOOTCTOSIIIINE OT TApMOHUKHU C IIEPUOIOM
~13.79 cyT (meknuHalMOHHAs MIPUJIMBHAS BOJIHA), C
nepuonamMu ~12.82 u 14.84 cyT MOXHO OOBSICHUTH
MOIYJISILIUE TTPUITMBHOM BOJIHBI ITOJIYTOJIOBOM Bapu-
anmeii; ¢ nepuogamu ~13.28 u 14.31 cytr — momyns-
LYel IPUJIMBHOM BOJHBI TOONOBOM Bapualueii; ¢ ne-
puogamu ~13.72 u 13.84 cyT — Momynsimeit IIpunB-
HOW BOJTHBI 11-ieTHUM 1MKIitoM. [t M, ipuimBHOM
BOJIHBI (14.7 cyT) TakKe ygaeTcsl BbIICIUTH 3HAUU-
MbI€ CIIEKTpajbHble TAPDMOHUKU, KOTOPbIE COOTBET-
CTBYIOT MOZYJIALIMOHHOMY BIUSHUIO HA M, TIpUITNB-
HYI0O BOJIHY IIOJIyromoBoii Bapuaumein (13.63 u
15.92 cyT), ronoBoit Bapuauueit (15.47 u 14.14 cyt) u
11-netHum nuxiom (14.79 u 14.55). B cnekrtpe yna-
JIOCh UACHTU(UIIUPOBATh TAPMOHUKN, COOTBETCTBY-
IollIe MOAYJSLAW TIaHEeTapHOM BOJHBI (puc. 36):
rapMOHMKY C nepuogamMu ~14.94 cyt — MomyJIsIius
MOJYyrog0BOM Bapualueil; TapMOHUKU C NIepUoJaMu
~15.56 1 16.98 cyT — Monyisiiiueii rogoBoOi Bapualiy-
el U TapMOHUKU ¢ nepuomamMu ~16.15 u 16.32 cyt —
11-71€THUM LIMKJIOM.

OBCYXJIEHWE PE3YJIbTATOB 1 BbIBO/1bI

ITonyyeHHbIe B HacToslIeil paboTe pe3yabTarhl,
yKa3bIBalolllMe Ha CyllIeCTBOBAaHWE BapUalluii MIOHO-
chepHbIX TMapaMeTpOB B Juana3oHe IUIaHeTapHBIX
BOJIH (KBa3u-5, 10 1 16-AHEBHBIX) KaK B HUKHEN, TaK
1 B BepxHel moHocdepe, Ha TICpBBINA B3I TIpe-
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Puc. 3. TleprnogorpaMMbl Bapraliiii TOPU30HTAIBLHON KOMITOHEHTHI MHAYKIIMA T€OMAarHUTHOTO TIOJIST, 3aPETUCTPUPOBAHHBIX
Ha obcepBatopuu “Mocksa” ¢ 2001 1. mo 2020 r. B tuana3oHe nepruonos oT 12.5 no 14 cyt (a) u ot 14 no 17 cyr (6).

CTaBJISIIOTCSI HEOOBSICHUMBIMU, €CJIU YY€CTh, YTO MO-
JleIMpOBaHKE PACIIPOCTPAHEHUS TJTaHETAPHBIX BOJTH
B BepxHIoio atMocdepy [Hagan et al., 1993] u akcne-
puMeHT [ Deng et al., 1997] yka3biBalOT Ha HEBO3MOX-
HOCTb NMPOHUKHOBEHHUSI 3TUX BO3MYILIEHUI Cyllle-
cTBeHHO BbIle 100 kM.

Bmecte ¢ Tem, caMo mosiBieHUE TLIaHETapHbBIX
BOJIH, 3apOKIAIOIIMXCS B HUXKHEN U cpeaHeil aTMO-
cdhepe, Ha BbIcOTax Me3ochepbl B 3UMHUI MEPUO
MOXHO OOBSICHUTb, YYUTBIBAsI Pa3IMUHOE BIIUSIHUE
BOCTOYHBIX Y 3aM1aJIHbIX BETPOB HA paCIPOCTPAHEHUE
rutaneTapHoit BoiHbl [Charney and Drazin, 1961]. B
YaCTHOCTU, CTallMOHAPHbBIE TJIaHEeTapHbIe BOJHBI MO-
T'YT [IEPEHOCUTb IHEPTUIO BBEPX, HO TOJILKO MPU HAJIU-
Y1M 3aMaIHBIX 30HAJIbHBIX BETPOB B cTpaTocdepe, ume-
IOIMX CKOPOCTb MEHbIE OIpeAeJeHHOro Topora
(ecnu 3TO He Tak, TO HaJM4YKWE BOJH JOaXkKe OOJbIION
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aMIUIUTYIbI B aTMOCc(epe ellg He rapaHTUpyeT UX MO0~
sIBJIEHME Ha BbICOTax noHocdepnl). [TomobOHast cutya-
LU MMeeT MeCTO B TIepuoabl PaBHOAEHCTBUS, HO
ocJabsrolee IeiCTBUE pagualliOHHBIX U (DOTOXMMM--
YeCKMX IPOIIECCOB CIBUTAeT IIE€PUOI HAOIIOACHUS
MaKCHUMaJIbHbIX aMIUIUTY/, BOJIH B cpeHeil atMocdepe
Ha 3uMHU nepuon [Janunos u ap., 1987]. UnciaeH-
HOe MojeMpoBaHue (cMm., Hampumep, [Salby, 1984;
Koval et al., 2022]), Takke IMoKa3bIBaeT, YTO aMILIU-
Tyda KBa3u- 16-IHEBHBIX IIJIAHETAPHBIX BOJIH JOJIKHA
OBITH OOJIBILIE B MEPUOI MECTHOM 3MMBI. JIeToM ke
30HaJIbHbIE BETPHlI B cTpartocepe BOCTOYHBIE, TaK
YTO IIPOHUKHOBEHME IIAHETAPHBIX BOJIH B 3TOT IIe-
puo BbIIIE CTpaToc(epsl 3aTPyAHEHO.

PaccmoTpuM BO3MOXHBIE (PU3MUYECKHUE IIPOLIEC-
Chbl, KOTOPEIE MOTJIX OBl OOBSICHUTH ITOSIBJICHUE Bapy-
anurit MoHoc(epHBIX ITapaMeTPOB B IMAITa30HE ILIa-
Ne 6
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ATMOC®EPHDLIE TTNIAHETAPHBIE BOJIHBI HA MTOHOC®EPHLIX BHICOTAX

HETAapHBIX BOJH. 3aMETUM, UYTO PETUCTPUPYEMBbIil Ha
3eMJIe MAaTHUTHBIN CUTHAJI MOXET 3aBUCETh HE TOJIb-
KO OT CKOPOCTU HEUTPAJILHOI'O BETPa, HO M OT IPOBO-
IUMOCTU. [IeiCTBUTENIBHO, PETUCTPUPYEMBIEC HAa3eM-
HBIMM CTAaHIIUSIMU Bapyaluy H-KOMITOHEHTBI MATHUT -
HOTO 110151 0. TIPONOPIIMOHANBHEI (B IIPeHEOPEXEHNN
MnponoibHBIM TOKOM [Rishbath and Garriott, 1969])
IUIOTHOCTU MOHOC(EPHOTO TOKA, MO3TOMY MOXKHO
HamucarTh, 4TO:

6H -~ (SGCEX + GCSEx)h,

rae 6, — nposoauMocTs KayiuHra, £, — 30HajbHas
KOMITOHEHTA 3JIEKTPUYECKOIO MoJis, /- 3pheKTuB-
Has TOJLIMHA TOKOBOTO ciyos. Ilockonabky G, =

2 2
=0p (1 + GH/GP), Ine Opy — COOTBETCTBCHHO Iie-
IEPCEHOBCKAsi M XOJUIOBCKAasi MPOBOLMMOCTH, U

0OBIYHO B HUXHEN nOHOC(hepe G, > G, a nenepce-
HOBCKasl MPOBOIMMOCTb IPONOPLIMOHATIbHA 3JIeK-

TpOHHOﬁ IVDIOTHOCTU Op ~ N, II€ n — IUIOTHOCTb

2
MJIa3MBbl, TO TTOIy4uM OG. ~ —On/n” . B To e Bpems,
B 30HAJILHOE TI0JIE BHOCSIT BKJIA BHEITHEE, MTOJISIPY-

3allMOHHOE M MHIYKIIMOHHOE 10oJ1s (rosHoe noe E,
pasHo E, = (E + U xB), rne U — ckopocTb BeTpa) u

MOXHO TPUHATH, 4TO0 OF, ~ dU. Takum oGpaszom,
Bapvaluu H-KOMITOHEHTbl MAarHUTHOTO I10JISI MOTYT
ObITH OOYCIOBJIEHBI MpeodagaloliuM U3MEHEHUEM
JIM0O MPOBOIAMMOCTH, INOO CKOPOCTH BETpa.

JJ1st CTIOKOMHBIX YCJIOBU Bapualliu 3JeKTpocTa-
THUYECKOTO 110151 B HIKHe noHochepe (E-obmactn),
00yCIIOBJICHHBIE U3MEHEHUSIMU CKOPOCTH BEeTpa, MO-
TyT oToOpaXxarthes B obnactu F (C TOUHOCTBIO 10 He-
OTHOPOMHOCTE! IIopsimKa HecKonbkux kKM [Kelley,
1989]; aTo TeM Gosiee BEpHO IJisl MAacIITA0OB IJIaHe-
TapHEIX BOJIH). B ¢cBOIO ouyepenb, 3JIeKTpUYeCKUE 10~
s B obnactn F BEI3BIBAIOT Ipeiid 3apssKeHHBIX Ya-
ctull. Ecnu mima3sma npeiicyeT BBepX, BbICOTa MAaKCH-
MyMa CJI0sI TOBHIIIAETCSI, a IIOCKOJIbKY II0 Mepe
YBEJIMYEHUsSI BBICOTHI YMEHBIIAETCSI CKOPOCTh pe-
KOMOMHAlLIMM MOHOB, TO pPaBHOBECHAas1 KOHILIEHTpa-
LUSI DJIEKTPOHOB OyneT yBelmumBaThcs. OOpaTHast
KapTUHa OymeT HaOIomaThCs IIpU apeiide IuIa3Mbl,
HarpaBJiecHHOM BHU3. TakuM 06pa3oM, MocpeacTBOM
3JIEKTPOMATHUTHOM CBSI3U B 3TOM CJIydae MOTYT IIPO-
WCXOIUTh IIPAKTUYECKM CHMHXPOHHBIC Bapualluyd B
HUKHEN 1 BepXHell moHocdepe.

CrenyeTt OTMETUTh, YTO, HECMOTPSI Ha YCTAHOBJICH-
HYIO B HacTogleil padoTe cimabyio 3aBUCUMOCTb MH-
TEHCUBHOCTHY BapHMalliii MAaTHUTHOTO MOJISI Y TJIOTHO-
CTU IUIa3Mbl B AWAIla30HE IepUOIOB IUIAHETAPHBIX
BOJIH OT YPOBHSI COJTHEYHOI aKTUBHOCTH, TTOJTHOCTBIO
BJIIMSTHUE COJIHEYHOI'O BO3ACMCTBUSI HEJIb3ST MCKIIIO-
YyaTh (HaIIpUMep, NOCPEICTBOM MATHUTHBIX OYpb WU
BapualMii mapaMeTpoOB COTHEUHOIO BeTpa). B vact-
HOCTH, KOPPEJISIHMOHHBIN aHaju3 OTHOBPEMEHHBIX
HaOmoaeHuii co cnyTHUKOB GPS m Ha MarHUTHBIX
HazeMHbIX cTaHuMAX [[anumoB u JlanmuH, 2008]
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MoKa3ajl IMPUCYTCTBUE MNPAKTUYECCKU CUHXPOHHBIX
BapMalMii B yKa3aHHOM Jualia30He TepUOoa0B KOM-
MOHEHT T€OMArHUTHOTIO ITOJISI U MOJIHOTO DJIEKTPOH-
HOTO coAep:KaHUSI B MOHOC(pepe KaK B CIIOKOMHBIA,
TaK M BO3MYIIEHHBbII Tepruoabl. COOTBETCTBEHHO,
KUCCIAEAOBAaHUS IO BIUSIHUIO COJIHEYHOro BO3Ieii-
CTBUSI Ha BO3MYIIECHUS HOHOChephbl B OUAana3oHe
IUTAHETApHBIX BOJH, MO-BUAMMOMY, HEOOXOOUMO
MPOJOJIKUTh.

Jpyroii MexaHU3M, KOTOPBI CIIOCOOEH OOBSICHUTH
MOSIBJIEHUE Bapyalvii TIJIOTHOCTU TIJIa3Mbl C TIeproaa-
MM TJIaHETapHBIX BOJIH B MOHOC(EpPE, 3aTparuBaeT Mo-
IyJSIIUI0 TUIaHETapHBIMU BOJTHAMU TIPUJIMBOB, CITO-
COOHBIX PACIIPOCTPAHSITHCS Ha MOHOCHhEPHBIX BHICO-
tax. IlomoOHBIIT MeXxaHW3M OBIT TPEmJIOXEH s
OOBSICHEHUSI MOMAYJISILMU TIpUIuBOB 10-gHEBHOM
IulaHeTapHoOM BojiHOM [ Lawrence and Jarvis, 2001].

INepeunciieHHble MeXaHU3MBbI, CKOpee BCEro, He
HMCYEPIIBIBAIOT BCE BO3MOXHOCTH TIepeIayr SHEPTruun
MJIaHeTapHBIX BOJH B MoHOc(depy. B yacTHOCTH, Ta-
KHNE SKCIICPUMECHTAJIbHbBIC PE3YyJbTaThbl, KaK ITOSABJIC-
HUE B JeTHEeil noHochepe KBa3u-2-THEBHBIX U KBa-
31-5-THEBHBIX Bapualnii MOHOC(EPHBIX ITapaMer-
POB, a TAaKXKE pa3/JIMYNEC 30HAJIbHBIX BOJTHOBBIX YN CEJI
BOJIH OOHOTIO IIEpHOAa, pETUCTPUPYEMBIX B Me30C(he-
pe u B noHocepHom cioe E (cMm., Harpumep, 0030p
[[TasumoB, 2018]) paccMOTpeHHbIE MEXaHU3MbI HE
ONMUCHIBAIOT.

ITonBoast UTOr, OTMETUM: Pe3yJIbTaThl IPOBEACH-
HBIX B HACTOSIIIE paboTe MCCAeI0BaHNI ITOKAa3bIBa-
IOT, YTO B CIEKTpPax BPEMEHHBIX BapHalluii reoMar-
HUTHOTO 11015 (Ha0110JaeMbIX Ha 36MHOI MOBEPXHO-
CTH 1 OOYCJIOBJIICHHBIX BapHalUsSIMU MOHOC(EePHBIX
TOKOB) M KPUTUUYECKOM yacToThl F2-c1os1 B nnanaszo-
He IIaHeTapHBIX BOJH B 3UMHUIU mepuon BpEMEHU
MIPUCYTCTBYIOT KaK TapMOHUKU, CBSI3aHHBIE C COJI-
HEYHOM aKTMBHOCTBIO, TAK M TAPMOHUKHU, COOTBET-
cTByIolMe KBasdu-5, 10 1 16-1HEBHBIM IJTAHETAPHBIM
BosiHaM. Kpome Toro, B CIieKTpe Bapualuii TOpU30H-
TaJbHOW KOMIIOHEHThl MHIYKIIMM T€OMarHUTHOTO
noss, 3apeructpupoBaHHbIx ¢ 2001 1o 2020 ., B 1na-
rna3oHe 1epruonoB ot 12.5 no 17 cyT BblIeIEHBI TapMO-
HUKU, CBSI3aHHBIE C MOAY/ISIIIUOHHBIM BO3/I€AICTBEM
OoJiee IJIMHHOIIEPUOMHBIX BapyalMili U TPUIUBHBIM
BO3ICHCTBUEM. DTO CBUAETEIBLCTBYET O BAXKHOCTHU IIE-
peHoca 3HepruM atMocepHbIMUA BOJIHAMU Ha MOHO-
cepHbIe BBICOTHI U BIMSIHUM MX HAa TUHAMWUYECKUE U
BJIEKTPOAMHAMMYECKIE IIPOLIECCHl B MIOHOC(hEpe.
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Atmospheric Planetary Waves at Ionospheric Heights Measured
at the Moscow Observatory (IZMIRAN)
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The variations of the ionospheric current in the lower ionosphere and the plasma density of the upper iono-
sphere have been studied based on the monitoring of the horizontal component of the geomagnetic field in-
duction and high-frequency sounding of the critical frequency of the ionosphere F-layer at the Moscow Ob-
servatory. It is shown that in the spectra of time variations of the geomagnetic field and the critical frequency
of the F2 layer in the range of planetary waves in winter, there are both harmonics associated with solar ac-
tivity and harmonics corresponding to quasi-5, 10, and 16-day planetary waves. Involvement of geomagnetic
field registration data for a twenty-year time interval (from 2001 to 2020) made it possible to identify more
subtle effects, namely, the harmonics associated with the modulation effect of longer-period variations and
tidal effects were identified.

Keywords: planetary waves, ionospheric plasma density variations, Earth’s magnetic field variations, modu-
lation, lunisolar tide
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