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Annotanus. [Tonspuzammonnsiii mxet ([11 mwau SAID — SubAuroral Ion Drift) — sBnenue cybaBpopalibHON HOHO-
cdepsl, npeacTaBisIoniee co00i Y3KyI0 MoJIOCy ObICTPOro (10 HECKOIBKUX KM/C) 3amaJHoro apeida HOHOB Ha BbIcoTax F-
1051, pa3Mep IIa3MEHHBIX HEOAHOPOJHOCTEH BHYTPH KOTOPOM MOXKET HOCTUTaTh JECATKOB-COTEH MeTpoB. HecMmotps Ha ToO,
YTO TaKHe CHIIbHBIC Apel(bl HOHOB U TaKasi BHICOKAsl CTPYKTYpPHPOBAHHOCTh HOHOC(EPHOH IIa3Mbl MOTYT BBI3BIBATh COOU B
paboTe HaBHMTaIIMOHHBIX CHCTEM, BHYTPEHHsS1 MeJKomaciuTabHast ctpykrypa [1J] Ha maHHBIIT MOMEHT HCcieaoBaHa HE 0
koHua. Hanbonee nonHoe u rirybokoe NOHMMaHHE MeNKoMacTabHol cTpyKTypsl 11/l macT KOMIUIeKCHBII MOAXO K Hccie-
JIOBAaHUIO C HCTIOJIBb30BAHUEM COUYETAHUs OJHOBPEMEHHBIX Ha36MHBIX U CITyTHHKOBBIX HaOMIOJEHHH cy6aBpOpalbHON MOHO-
cepsl, BKITIOYas U3MEPEHHs C BBICOKOI IPOCTPAaHCTBEHHOM YacTOTOH. B Hammx paboTax BIepBbIe HCIOIB30BAHbI PE3YIBTATHI
OJHOBPEMECHHBIX U3MEPEHHUH, MOTyIeHHbIE C TOMOIIBIO PA3IHYHBIX HA3eMHBIX U CITyTHHKOBBIX CPEJICTB (BKIIOYAs CITyTHUKH
T'HCC), nnst m3yuenust [1]] Bo BpeMst HECKOJIBKHX CITydaeB pocTa reOMarHUTHOI akTHBHOCTH. B mporiecce nccnenoBanuit ycra-
HOBJIEHO, uTO BHYTpH [1]] ¢ pa3BUTHEM reOMarHUTHON aKTHBHOCTH (UIYKTYyalllH ITapaMeTPOB IUIa3Mbl YBEITMUUBAIOTCS HA BCEX
MaciTabax, Ipy TOM PacTeT poiib KpymHOMacTaOHbIX 3¢ dextoB. OGHApyKeH HOBBIN THII SIBJICHHH, Ha3BaHHBIH cTpaTu(u-
UPOBaHHBIH mossapu3aiuoHublii ket (CITJI) cocTosimuii U3 HECKOMBKUX MEIKOMACIITAOHBIX CTPAT, ONPEACICH THITHYHBINA
pa3mep crpar. beuto o6Hapyskeno Biusuue CI1J{ Ha pacnpocrpanenue Tpancronocdepusix paauocuraanos 'HCC: ysenude-
HHe ToKa3aTeselt (pa30BbIX M aMIUTUTYJHBIX MEPIIAHUH, a TAKXKe TTOTEPs 3aXBaTa CUTHaNa. BBIACHEHO, YTO CTPATHI MOJSIPH3a-
LOUOHHOTO PKETA ¥ HEOJHOPOAHOCTHU NapaMeTPOB IIa3Mbl BHYTPH HUX MOTYT BBI3BIBATH MHO)KECTBCHHBIE OTPAYKEHUS PAIHO-
CHT'HaNA, KOTOpbIE BUIHBI HA HOHOTpaMMax B Buze F-paccestanst.

KnrodeBble coBa: NONIpU3anMOHHEIN JDKET, CyOaBpOpaIbHBIM HOHHBIH Apelid, cybaBpopanbHas HoHOc(hepa, reomar-
HUTHAs aKTUBHOCTh

Abstract. A polarization jet (PJ or SAID — SubAuroral Ion Drift) is a phenomenon of the subauroral ionosphere, which
is a narrow band of fast (up to several km/s) westward ion drift at F-layer altitudes, the size of plasma irregularities inside
which can reach tens to hundreds of meters. Despite the fact that such strong ion drifts and such highly structured ionospheric
plasma can cause malfunctions in the operation of navigation systems, the internal small-scale structure of PJ/SAID has not
yet been fully studied. The most complete and in-depth understanding of the small-scale structure of the PJ/SAID will be
provided by a complex approach to research using a combination of simultaneous ground-based and satellite observations of
the subauroral ionosphere, including measurements with high spatial frequency. Our works are the first to use the results of
simultaneous measurements obtained using various ground-based and satellite means (including GNSS satellites) to study
PJ/SAID during several cases of increased geomagnetic activity. During our studies, it was established that within the PJ/SAID,
with the development of geomagnetic activity, fluctuations of plasma parameters increase on all scales and the role of large-
scale effects increases. A new type of phenomena, called a stratified polarization jet (SSAID), consisting of several small-scale
strata (PJS, Polarization Jet Strata), was discovered, and the typical size of the strata was determined. The influence of SSAID
on the propagation of transionospheric GNSS radio signals was discovered: an increase in phase and amplitude scintillation,
as well as loss of lock. It was found that PJS and irregularities of plasma parameters inside them can cause multiple reflections
of radiosignals, which are visible in ionograms in the form of F-spread.
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BBEJIEHUE JT0 siBIEeHNE OBUIO BIIEpBbIE 0OHAPYKEHO IO JaHHBIM
coBeTckoro cmyTHuKa «KocMoc-184» wm moirydmio
Ha3BaHue nossipuzanuonHeid mxer (IT1) [Galperin et
al., 1974]. B Hay4JHO¥ JUTEpaType 3TO SBJICHHUE YaCTO
Ha3pIBaOT Takke Subauroral Ion Drift (SAID) mocie
crarbu Spiro et al.,, [1979]. Croap y3kas mosoca
npeiida Ha BricoTax B F-00macTu BeiencTere ycIoBUit
BMOPOKEHHOCTH IIJIa3Mbl CBsA3aHa CO CITYTHHKOBBIMH
HaGﬂlO}leHl/I)IMI/I u Ppa3sBUTHEM JIOKaJIbHBIX,

Cy6aBpopalibHasi 30Ha pacIoioKeHa MEXIy Mpo-
€KLMEH T0JIOKEHHUS I11a3MOIay3bl BJOJb CUIOBBIX JIH-
HUI I€OMAarHUTHOIO IOJS U 3KBAaTOPUAIbHOU I'PaHU-
el aBpopanbHoro oajia. OnHO U3 HanboIiee UHTEpeC-
HBIX Y MQJIOU3YUYEHHBIX SBJIEHUI B TOM 30HE — MOSIB-
JICHHE Y3KUX IOTOKOB OBICTPBIX Cy0aBpPOPaIbHBIX
WOHOB, Iped(yromux Ha 3ama] BOJU3M TPOCKIHU
IUTa3MoINay3bl Ha BbIcoTaXx B F-o0iactu moHOCHEpHI.
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HalpaBJICHHBIX K IMOJIOCY SJICKTPUYCCKUX MoJIEH Ha DK-
BaTOpUAIILHOM TI'paHWIle KOHBEKIHMOHHOW 30HBL. CKo-
pocTb mna3Mel B ostoce I1J] MoxeT mocturaTth cBepx-
3BYKOBBIX 3HAYEHUH BhIlIE BHICOT F-crios.

Xoporo u3BecTHO, uTo cymecrBoBanue 1/ mpu-
BOJUT K PNy PE3KUX CTPYKTYPHBIX W3MEHCHHU B
noHocepe, Takux Kak 00pa3oBaHKE y3KOTO MpoBayia B
IIMPOTHOM pACHpeAeTICHUN 3JIEKTPOHHON KOHIIGHTPa-
IIUH, HAarpeB IUIa3MBbl, TOSBJICHUE IUIA3MEHHBIX HEOJ-
HOPOJTHOCTEH pa3HBIX MAcHITa0OB, KOTOPHIE BIHSIOT
Ha YCIJIOBHSI PaclpOCTpaHEHUS PaIHOBOIIH, TEM CaMbIM
OTpaXkast U3MEHEHHUsI KocMU4ecKol noroasl. HecMoTpst
Ha TO, YTO SKCHEPHMEHTAIbHBIC U TEOPETHYECKUE HC-
cienoanust 1] BeqyTes y)ke HECKOJIBKO AECATHIIETHH,
€ro Ipupoja OCTaeTcs He A0 KOHIIA HOHSITHOW, U HC-
CJIEJIOBaHUE TOTO SBIICHHUS OCTACTCS aKTYaJIbHOU 3a-
nadeit B pusuke nonochepsl U Mmarautochepsl. Kpome
TOTO, TaJieHWe IUIOTHOCTH WOHOC(HEPHOU ITa3MBI
BHYTPH MOJISPU3ANMOHHOTO JHKETA CYIIECTBEHHO BIIH-
seT Ha yCJIOBUS MPOXOXKICHHUS KOPOTKOBOIHOBOTO pa-
JTUOU3IYYCHHUS, YTO, B CBOIO OYepe/ib, BIUSIECT Ha TOU-
HOCTb MO3WIHUOHUPOBAHWA HABUTaIUOHHBLIX CITYTHH-
koB (GPS, TJIOHACC, Galileo u ap.). D10 onpexnenser
MPaKTUYCCKYI0 3HAYUMOCTL HCCICIOBaHUA (l)l/ISI/l‘le-
CKUX SBJICHUH, NMPOUCXOAANINX B CyOaBpOpalbHOU
noHocdepe.

HawuGomnee nonHoe U riryboKoe IIOHUMaHNe MEJIKO-
MacmTabHOU cTpyKTypsI [1]] JacT KOMITIIEKCHBIH MO~
XOJl K WCCJIEIOBAHUIO C HCIOJIH30BAHUEM COUCTAHUS
OTHOBPEMEHHBIX Ha3eMHBIX U CITyTHHKOBBIX HAOIIOIe-
HUN Ccy0aBpOpambHOM MOHOCQEPHI, BKIIOYAs HU3MEpe-
HUS C BBICOKOW IPOCTPAHCTBEHHOW uacTtoToil. B
Halmx pa60Tax BIEPBLIC HUCIIOJIb30BaHbI PE3YJIbTAThI
OAHOBPEMEHHBIX HSMGPCHHﬁ, IMOJYYCHHBIE C IIOMO-
b0 PA3JIMYHBIX HA3€MHBIX W CIIYTHHUKOBBIX CPCICTB
(Bxmowast criytaukn ['HCC), nns m3ywenus I1J] Bo
BpeMsI HECKOJIBKUX CIIy4aeB POCTa T€OMAarHUTHOW aK-
THUBHOCTH.

HCITIOJBb30BAHHBIE JTAHHBIE

Jnst xommuiekcHoro uccienosanus IIJ] Bo Bpemst
r€OMarHUTHOW aKTHBHOCTH OBLIM MCIOJIB30BaHbI JIaH-
HbIE TaKHX CIyTHHUKOB W CIIyTHHKOBBIX CHCTEM Kak
DMSP, Swarm u NorSat-1, a Takke JaHHbBIE CIIyTHH-
koB 'HCC (GPS, I'JTOHACC). Takxe OblIM HCIOIb-
30BaHbl TaKMe€ HA3EeMHbIE W3MEpPHUTENIbHBIE CPENCTBA
KaK MOHO30HMBI, CUMHTWIISLMOHHBIC NPUEMHUKH M
pamapsl OOpaTHOTO KOTEPEHTHOTO PpacCesiHUS CEeTH
SuperDARN. 1[I 651 HCCenoBaH BO BpeMsl TeoMar-
HUTHBIX Oypsr 2018-2021 rr. J[lamsele Obpumn
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NPOAaHAM3UPOBaHbl C Hcrosib3oBaHueM @Dypwse- u
BeliBlIeT-aHaIN3a, @ TAKXKE C MOMOLIBI0O HOBOTO BIIEp-
BbIE€ BBEJCHHOTO aBTOPAaMH METOJa aHaJIM3a BHYTpPEH-
Heii crpykrypsl [1/] [Sinevich et al., 2023].

PE3YJIBTATBI U BBIBO/IbI

B Hammx uccnenoBaHusX Mo pe3yibTaTaM NpoBe-
JIEHHOTO aHaJln3a JaHHBIX OJHOBPEMEHHBIX H3Mepe-
HUU Ha36MHBIX U CIIyTHUKOBBIX CpelCcTB BHyTpH 11]] BO
BpEMSI pa3JIMUHbIX T€OMarHUTHBIX COOBITHI OBLTH clie-
JIaHBI CJIETYIOLINE BHIBOIBL:

— YcraHoBineHo, yTo BHyTpH I1J] ¢ pazButuem reo-
MarHUTHOM AaKTUBHOCTH (UIyKTyallMd IapamMeTpoB
IUIa3MBl  YBEJIMUYMBAIOTCSI HAa BCEX MaciuTabax, HpH
3TOM pacTeT poib KPYyIMHOMACHITaOHBIX 3(PQeKToB
[Sinevich et al., 2022].

— OOHapy>keH HOBBIA THIT SBICHUH, Ha3BaHHBII
CTPaTU(DHUIUPOBAHHBIA  MOJNSAPU3ALMOHHBIA  JKET
(CIL) cocTosIuii 13 HECKOJIBKHX METKOMACIITA0HBIX
CTpar, omnpeJelieH THIUYHBINA pa3smep crpar [Sinevich
et al., 2023].

— beuio obnapyxeno Biumsiaue CIIJ] Ha pacrnpo-
CTpaHEHHE  TPAHCHOHOC(EPHBIX  PpaJMOCHTHAJIOB
I'HCC: yBenmuecHme moka3zaresnei (a3oBBIX M aMILIH-
TYJIHBIX MEPLAHMH, a TAKXKE TOTEeps 3aXBaTa CUTHAJA.

— BbicHeHO, 4YTO CTpaThl MONSPHU3AIMOHHOTO
JUKeTa M HEOJHOPOJHOCTH TAPaMETPOB  ILIA3MBI
BHYTPU HHUX MOTYT BBI3bIBATh MHO)KECTBEHHBIE OTpa-
JKEHUSI PaJJIOCUTHAIA, KOTOPBIE BUIHBI HA HOHOTPaM-
Max B Buze F-paccesnus.

PabGota BbINOJIHEHA TpH NOJIepKKe TrpaHTa Poc-
cuiickoro HayuHoro (onma Ne 23-22-00133.
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