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ITPOSIBJIEHUA BOJIHOBBIX ITPOLHECCOB
B ITAPAMETPAX NOHOC®EPHOMU ILTASMbI
B IIEPNO/J TEOKOCMHNYECKOU bYPUA 1-3 CEHTABPA 2016 r.

[TpenMer u 1enb paboThl: AHANU3 BOTHOBLIX NPOYECCO8 8 NEPUOD 2EOKOCMUUECKOU OYPU 6 CPEOHEWUPOMHOU UOHOChEpe, NOyYe-
HuUe 8bICOMHO-BPEMEHHBIX 3A8UCUMOCTEL OMHOCUMETbHBIX 8apUAyUl MOUWHOCIU RPUHUMAEMO20 CUSHANA PA0APA HEKO2epeHIN-
HO20 paccesanus, memnepamyp 21eKmpoHO8 U UOHOS, pacyem napamempos nepemeuarouuxci UOHOCHEPHbIX B03MYUWeHUT] —
OMHOCUMENbHBIX AMNIUMYO, 6EPMUKANLHOL U 20PU3OHMANLHOU cocmasaAiowux ¢azoeoti ckopocmu (V. u V, ) u onunsi 6oan
(A, u A,).
Metoapl U METOONOTHA: sl NOYYEeHUs Pe3yIbMAamos UCHOIb308ANCA CHEKMPATbHBIIL AHANU3 ¢ NPUMEHEHUEM A0anmMueHO20
npeobpazosanus Pypve. B danvheliviem dannvle n00epeanich noI0CO60U Gurbmpayuu npu nomouwu yugposozo gunempa. aso-
8ble CKOPOCMU B03MYUEHUL ONPEOeNANUCH HYMeM KPOCC-KOPPENAYUOHHOL0 AHANU3A BPEMEHHBIX BAPUAYUTI MOUWHOCIU CUSHAA.
Pesynwrarter: Yemanoeneno, umo nabniooaswasics 0yps, 6 meyenue KOmMopou UHOEKC 2eOMASHUMHOU AKMUBHOCTU OOCIMU2AL
snavenus K, =0, cnocobcmeosana yCunenuio aKycmuKo-epasumaytontblx 60N U NepeMeyaiomuxcs UOHOCHEpHbIX 603-
mywenutl. CnekmpanbHblil AHAIu3 NOKA3A1, YmMo nepuoobl npeodIadaouux Koaeobanutl Haxoounucs ¢ ouanasone 60100 mum,
a ux OIUMenbHOCMb He NPesblland 08yX nepuo0os. OmuocumenbHvle AMNIUMYObL MOWHOCMU CUSHANIA MEHATUCH 6 NPEOeNax
0.02+0.2, a omHocumenvublie amniumyobl memnepamyp 371eKmpoHos u uonog — 6 npederax 0.03+0.12. IIpodemoncmpu-
POBAHO, UMO 3HAYEHUS. AMNAUMYO KEA3USAPMOHUYECKUX éapuayutl mowpocmu cuenanra 1 u 2 cenmabps 2016 . npumepho
6 2 pasa npesviulaiu 3Ha4enus 8 coceonue OHU, Ko2od Kp -unoekc owvin 6onee nuskum. Ilokaszano, umo V, =26 +50 m/c,
V,=210+455 m/c u A, =120+290 km, A, =1075+2450 km.
3akitoueHue: buuiu 0Onapyscensl 603myujenus 6 uonocgepe na evicomax 150 +400 xkm, eepmukanvras 2pynnoeds cKopocmo
Komopuix 6vina Hanpaenena esepx. Ilonyuennvie 6 x00e 06pabOMKU OAHHBIX 3HAYEHUA NAPAMEMPOE B03MYUIEHUI YKA3bIEAIOM
Ha mo, Ymo 6 OHU HAOTIOOeHUIl UMENU MeCo KpynHoMacuimabHsle nepemeyaroujuecs uoHocghepnvie 03mywenus. Bozmooicrui-
MU UCTIOYHUKAMU MAKUX 80JIH ABNAIOMCA 0X4COYIIe8 Hazpes, Oelicmaue cunbl JIopenya u 8blcblnanue IHePSUYHbIX 4aAcCmuy.

KiroueBble clloBa: padap HeK02epeHmHO20 paccesanus, 6apuayiu MOWHOCMY U NIA3MERHBIX MeMNepamyp, 2e0KOCMU4ecKkas
0yps, napamempbol nepemewarouuxcs UOHOCEHEPHbIX BO3MYUEHUL

1. BBeneHnue 1 PAIMONOKAIUH, COOM B ()Y HKIIMOHMPOBAHUH KOCMH-
YECKHUX almnaparoB W T. 1.) (cM., Harpumep, [1-3]).
BaxHo, 4To Takue Bapruanuyu KOCMUYECKOU MOTOJIbI,
BbI3BaHHBIE HECTALMOHAPHBIMHU Ipoueccamul Ha Col-
HIIE U TIepeadeil YHEPTHH U UMITYJIbCa COTHEYHOTO
BETpa re0KOCMHUECKOH I1a3Me, TaKKe MPOSBIISIOTCS
B BUJIE I3MEHEHHI HOHOC(EPHBIX TapaMETPOB OT BbI-
COKHX J0 HU3KUX MHUPOT [3—5] 1 Ha BBICOTaX OT HIK-
Hell 1o BepxHel noHocdepsr [3, 6, 7]. Ctumymupo-
BaHHBIE Oypeil porecchkl B arMocgepe 4acTo HOCAT
KBa3UIIEPUOANIECKUI XapaKkTep U CIIOCOOCTBYIOT Te-
© E. JI. Axcénosa, C. B. ITanacenxo, 2019 HEpaIWH aKyCTHKO-TPaBUTAIIMOHHBIX BOITH (Al B).

I'eokocmmraeckast Oypst COPOBOXKIAETCS CIIOKHBIMHU
(hM3UKO-XMMHYECKIMH TPOIECCaMU, KOTOPHIE BHI-
3BIBAIOT CYIIECTBEHHBIE BapHAIlUN XapaKTEPUCTHK
TEOMAarHUTHOTO M SIEKTPHYECKOTO MO 3eMITH, TIPH-
BOJISIT K 3HAYUTENbHBIM MarHUTOC(EPHBIM U aTMO-
chepHBIM BO3MYIIIEHUSIM U OKa3bIBAIOT HETATHBHOE
BJIMSTHHE Ha )KM3HEAESATEIbHOCTD YelloBeKa (HapyIie-
HUE CHCTEM TEJIEKOMMYHHUKAIIHH, paJriOHaBUTaIIIN
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Oco0blil HHTEpEC NPEACTABISIOT HEPEMELIAIOTH-
ecs noHocdepusie BozmymeHus (I1MB), koropeie
SIBIITFOTCS CIIEJICTBUEM JTMOO NpoHuKHOBeHMsT AI'B
Ha HOHOC(EpHBIE BBICOTHI, THOO0 AIIEKTPOMAarHUTHO-
ro B3aumojericTeus Mexay E u F obnactsimu noHo-
cdepsrl, ocodeHHo B HouHoe Bpems. [IMB wurparor
Ba)XXHYIO POJIb B TUHAMUKE HOHOC]EPHI, OCYILIECTB-
Tl IEPEHOC MMIYJIbCa U 3HEPTUM MEXAY pas-
JUYHBIMU ee oOsacTsiMu. B cooTBeTcTBHU C mIpo-
CTPaHCTBEHHO-BPEMEHHBIMH MacCIITa0aMu 3TH BO3-
MYIIEHHsI JeNIAT Ha KpymHOMacluTaOHbIe U Cpea-
HeMaclTaOHble. [ OpU30HTaNbHAs IJIMHA BOJHBI
KPYITHOMACIITaOHBIX U CPeJHEMACIITAOHBIX BO3MY-
nieHui cocrasisieT cooTBeTcTBEHHO 1000 -+3000 u
300+1000 xm, nepuox paseH 0.5+3 u 0.2+1 v,
a Topu30HTajJ bHas (a30Basi CKOPOCTh JICKHUT B TIpe-
nenax 300+1000 u 100+300 wm/c [8, 9]. Kpyn-
Homacmtabusie [IMB wacTo BO3HUKAIOT B aBpoO-
panbHOM 30HE BO BPEMS MATHUTHBIX BO3MYLICHUI
U pacrpocTpansaioTces K skBaropy [10]. Cpennemac-
wradHeie 1B 0OBIYHO HE UMEKOT BBIIAEIEHHOTO
HarpaBJIEHHsI pacTIpOCTPAHEHUS U TEeHEPUPYIOTCS JI0-
KaJIbHBIMU UCTOYHUKAMH, PACTIOIOKEHHBIMU B HHXK-
Hell atMocdepe U CBA3aHHBIMU C TAKUMH IIPOLEC-
CaMH, KaK IMPOXOXK/IEHHE COIHEYHOTI0 TepMHUHATOPA,
METeoposIornYeckue (HPOHTHI, OOTEKAHHE BETPOM
HEPOBHOCTEH penbeda u T. 1.

Uccnenosanue 1INB, conpoBo)aaBmMUX reoKoC-
MUYecKue OypH, MPOBOJUTCS B TEUCHUE HECKOJIBKUX
necsTuieTui (cM., Hampumep, [8, 9, 11]). Onnako
JI0 HACTOSIIEr0 BPEMEHHU CYIIECTBYET HE TOJBKO
00JIBIIION Pa30pOC OLICHEHHBIX 3HAYCHMIA TTapaMeT-
pos I[IMB, oOHapyxnBaeMbIX B pa3inUYHBIX HIHPOT-
HO-JIOJTOTHBIX cekTopax [10—13], Ho u B psne ciy-
yaeB HE Yy/AaeTcsl HaWTH KOPPENSIUI0 ITUX Beu-
YUH C YpOBHEM MarHUTHOM akTuBHOcTH [14, 15].
3TO MOXKET ObITh BBI3BAHO HECKOJILKHIMH TIPHYHHAMH.
Bo-nepBrix, kpynaomacmradusie [IMB nocrostHHO
pacrpocTpaHsIIOTCS U3 aBpOPaIbHOI 001aCTH, Taxe
TIPH MarHATOCTIOKOMHBIX YCIOBHSIX (MHACKC K, <3)
[12], uTo 3aTpyaHseT BBIACICHNE BOMYIIICHUH, CTe-
HEPUPOBAHHBIX TEOKOCMUYECKHMHU OypsMu. Bo-BTo-
pBIX, yactora perucrpauuu I11MB cymectsenHo 3a-
BHCHT OT IIPUMEHIEMBIX CPEJICTB M METO/IOB, & IMEH-
HO: OT WX YyBCTBUTEIFHOCTH U CITOCOOHOCTH HM3Me-
PATH TOT WM WHOM mapametp noHocgepsl. Hampu-
Mmep, B pabore [14] mokaszano, uto [IMB uame mpo-
SIBTISIFOTCS B BAPHALIUSX CKOPOCTH JIBHKESHUS TUTA3MBI,
B TO BpeMsI KaK OOJIBIIIMHCTBO METOI0B OCHOBAaHO Ha
aHanm3e KOHIeHTparwn ekTpoHoB [10, 12, 13, 15].

Haxonen, s¢dextuBaocts reneparnu AI'B u [TMB
BO BpeMs '€OKOCMHUYECKUX Oyphb 3aBHUCHUT OT OOJIb-
moro yrcna (akTopoB U OINpENeNseTcsi HE TOJb-
KO IIPOCTPAHCTBEHHO-BPEMEHHBIM PaCIPEeICHUEM
WX MCTOYHUKOB, HO U MPEIIECTBYIOLUIUM COCTOS-
HUeM atMocdepsl 1 HoHOChephl. [losToMy uccie-
JIOBaHHE BOJHOBBIX IIPOLECCOB B MEPUOIBI T€OKOC-
MHUYECKHX Oypb Pa3INYHON HHTEHCUBHOCTH, HAKOII-
JICHWE U aHAJIN3 Pe3yIbTaTOB, OTYYEHHBIX Pa3HBIMU
METOAAMH, TO3BOJISIET YIIyULINTh IOHUMAHNE UCTOY-
HUKOB UX F€HEpallii, MEXaHU3MOB IIEPEHOCA IHEP-
T U UMITYJIbCa, a TAKXKE MOBBICUTh TOYHOCTH MO-
JEJIMPOBAaHUSl M TPOTHO3UPOBAHHS HOHOC(HEPHBIX
rapamMeTpoB B MarHUTOBO3MYIIEHHBIX YCIOBHSIX.

B Hacrosimeit pabote mpeacTaBieHbl pe3ylibTa-
Thl aHasn3a napamerpos IIMB, nonydeHHBIX ¢ MO-
MOILBIO0 pajgapa HexorepeHTHoro paccesaus (HP)
HNuacturyra nonochepsr HAH u MOH VYkpaunast
(r. XappKoB), B TeUeHHE T€OKOCMUYECKoi Oypu 1-3
cenTa0ps 2016 1. Llenpro nccnenoBanus ObLIO Ope-
JIeJIeHUEe MEePUOJI0B U OTHOCUTEIBHBIX aMILTUTY
Mpeo0IaJaroInX BOIHOBBIX IPOLIECCOB, HAOIIOAAB-
muxcs B auanasoHe BeIicOT 100+400 kM, B MOIII-
Hoctd HP curnana P, temineparypax 31€KTPOHOB 7T,
1 MOHOB 7}, a Takke OLEeHKa (ha30BBIX CKOPOCTEH
M JUTHH BoJiH 3Tux [11B.

2. CocTosiHHEe KOCMHUYECKO# MOroabl

Habmronenus npoBoaniuck Ha (ase criaga coHey-
HOM aKTUBHOCTH. 3HAYECHUS MHIEKCA COITHEYHON aK-
TUBHOCTU F'10.7 B JHW HaOMFOICHUI U3MEHSUTHCH Clia-
00, BappHpysch oT 95 mo 99 c. e. m. [Ipu stom 31
asrycra 2016 1. ObUIM 3apPETUCTPUPOBAHBI TPHU Clia-
OBble PEHTT€HOBCKHE BCIIBIIKY (HANOOMBIINN Ot —
C2.2) 1 uMenu MEeCTO clia0ble ONTUYECKUE BCITBIII-
ku (https://www.spaceweatherlive.com).

Bapwaruu psina reoMarHuTHBIX MHIEKCOB IPUBE-
JeHbl Ha puc. 1. BpeMeHHbIE 3aBUCHMOCTH HHJICK-
COB F€OMAarHATHOM aKTUBHOCTU AE U D,, NOTy4eHBI
u3 obcepsaropuu Kuoto (http://wdc.kugi.kyo-
to-u.ac.jp/dstdir/index.html). B ananusupyemsiii me-
pHuoa MMena MecTo ymepenHas (moderate, Mo Kimac-
cudukanmu https://www.swpc.noaa.gov/noaa-scales-
explanation) nnm cunbHas (o knaccuduranuu [3])
reokocMuueckasi Oyps ¢ MaKCUMaJlbHBIMH 3Ha-
yeHusiMU uHJekcoB AE =1500 uTn, D, =—-59 uTn
u kK = 6. B nepBblii 1eHb HAOMIONCHUH UHICKC Ieo-
MarHUTHOW akTHBHOCTH K, He IPEBBILIAN 3HadYe-
HIsE 3,8 A, <8, 9TO [O3BOJIMIO PACCMATPHUBATH OTOT
JIEHb KaK MarHUTOCIIOKOWHEIN. Haunuas ¢ 1 ceHts0-
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Puc. 1. Bpemennble Bapnauun 3Hauennit K, -unneca, D, -unnekca (WDC-C2 for Geomagnetism, Kyoto University) u

AE-nanexca (WDC Kyoto) ¢ 31 aBrycra o 3 centsiopst 2016 T

pst 2016 r. 3Havenust K, -MHACKCA YBEITHYHBAINCH
1o 46, a 3HaueHMs uHIEKca D, yMeHbIIAIKNCh
B uHTepBase oT —12 no —59 HTn. MakcumaibHbie
3HaYeHHs A E-MHIeKca B psAJle CITydaeB MPEeBHIIIAN
1500 #Tx (cm. puc. 1).

3. CpeacTea U MeTOIbI

XapbekoBckuid panap HP (reorpadudeckue koop-
nuHaThl 49.6° c.m., 36.3°B. 1) sBIsSeTCS €IMH-
CTBEHHBIM B CPEIIHEIIMPOTHOM EBpone KoMITIIEKCOM
JIACTAHIIMOHHOTO Pa IO30H IMPOBAHYISL, [TO3BOJISIOIIAM
OJTHOBPEMEHHO UCCIIEI0BATh OOJIBIION HA0OP NOHO-
c(hepHBIX TapaMeTPOB: KOHIICHTPAIIUIO AICKTPOHOB,
TEMIEPaTyphl HOHOB H 3JICKTPOHOB, BEPTHKAILHYO
CKOPOCTb JBM)KEHUS TUTa3Mbl, HOHHBIA COCTaB M JIp.
OCHOBHBIE XapaKTEPUCTHKU U PEKUMBI pabOTHI pa-
napa moapoOHo ornmcansl B padore [16]. B nabmrone-
HUSIX UCIIOJIL30BAJICS CIICTYFOIIUI PEXUM paOOTHI yC-
TAHOBKH: 30HIUPYIOIINI CUTHAJ — IByX4aCTOTHBIH CO-
CTaBHOM PaJUOUMITYIbC C JUIUTEILHOCTSIMUA U HECY-
IUMU yactoTamu 663 u 135 mxc, f, u f, +0.1 MI'g
(fy =158 MI'm) coorBercTBeHHO. OH obecmneun-
BaeT paszpernieHue 0koj1o 20 KM IIpH OTIpeIeIICHAH BhI-
COTHOTO pacnpeneneHus Momuoctu HP curnana
1 100 KM TIpH HAXOXKIEHUH BEICOTHOTO pacIpeee-
HUS TEMIIEpaTyp UOHOB U 3J1eKTPOHOB [ 16]. IlepBuu-
Hble MaccuBbl JaHHbIX HP noaBepranuck onvcanHon
B pabote [17] obpaboTke, KOoTOpast BKJIrOUaia yza-
JICHUE JIOJITOTICPHO/IHBIX BapUaIHii (TpeH/1a), IprMe-
HEHHE CIIEKTPATHHOTO aHAJIN3a U TT0JIOCOBOH (DHIITBT-
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pauuu. [TocKoIbKY MBI HCCIEI0BAIN BOJIHOBBIE ITPO-
1ecchl B Auana3oHe nepuonoB 10-+120 muH, cOOT-
BETCTByIOIeM nepuogam AI'B, HEKoTOpBIE dTaITbI
9TO# 00pabOTKHM OBLTH MOTUGDHUITMPOBAHBI C IIEITBIO
YMEHBIIIEHUSI UCKAKEHUH, BHOCHMBIX TPOIIEIypOit
(unprpanyu. B yacTHOCTH, TpeH] Ompenesics
Ha uaTepBaie 180 MuH ¢ 1aroM 1 MUH ITyTeM anmpoK-
CHUMAITUU UCXOIHBIX BPEMEHHBIX PSIOB IMOJIMHOMOM
3-i CTeNeH! MO0 METOIy HAaUMEHBIINX KBaJpPaTOB.
3areM MoTy4eHHbIE TI0CIIe BEIYNTAHUS TPEHA H HOP-
MHUPOBKH Ha HETO OTHOCHUTEJIbHBIE H3MEHEHUSI HCCIe-
JyeMBbIX mapameTpos, 0P, 87T. u 87T, moaseprauiuch
IOJIOCOBOH (DMIIBTPAIIUU B IIIMPOKOM JHAIla30HE I1e-
puosIoB 5+125 MHH ¢ HCIOJIB30BaHUEM IU(POBOTO
dbrmrpTpa [18] U MOCHEAYIOMHUM CYKEHHUEM ATOTO
JMara3oHa Ha OCHOBE PE3yNBTaTOB CHEKTPaIbHOTO
aHalm3a — MPUMEHEHNUS aIallTUBHOTO MTpeoOpaszoBa-
uus Oypoe (AIID) [19]. Onenka BepTUKANBHOH (a-
30B0i1 ckopoctu [TMB npoBoauiack ¢ UCHOIb30Ba-
HHEM KPOCC-KOPPETSAIIMOHHOTO aHAIN3a BPEMEHHBIX
Bapuanuii 0P Ha pa3HbIX BBICOTaX.

IIpumepb! pe3yapTaToB CHEKTPATBLHOTO aHAINA3a
JaHHbIx Ha BeicoTax 250 u 1300 kM, a Takke uX
MOJIOCOBOM (PMIIBTpAlUM ISl JUATIA30HOB BBICOT
100+400 u 1100+1400 kM mpencTaBICHB Ha
puc. 2. Ilpu 3ToM B MEepBOM U3 ITUX AUATA30HOB
aHAJIM3UPOBAJICA TOJBKO NpuHuMaeMbii HP curnan
P=P, —P, rne P, — IpUHUMAcMBbIil CUTHAJ, CO-
crosamui u3 cmecu HP curnana u myma P,, a Bo
BTOPOM JTHAITa30He aHAIU3UPOBAJICS CUTHAT P, , KO-

sn?

Topeiii Ha BeIicoTax 1100+1400 kM waeHTHYCH
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Puc. 2. Pe3yneratsl 00pabOTKH NaHHBIX HaOmroneHuit 31 aBrycra 2016 1.: @ — pe3yabTaThl CIIEKTPaTbHOTO aHATN3a, BKITIOYAIOIIHE

BPEMCEHHBIEC OTHOCUTEIIbHBIC BapUallii MOIITHOCTHU OP u mymMa 6[;,,

nepuoporpaMmmsl S, u 8S,, U 3HeprorpaMmsl E AIIO

B OTHOCHUTEJIbHBIX EIUHHIIAX; O — pE3YNIbTaThl I0JI0COBOM (uibTpanuu SP u OP, (CILIOLIHAS IUHYS Ha JIEBOH ITAaHEIN — IPOXOXKICHUE

BEUEPHEro TEPMHUHATOPA Ha ITAHHOH BBICOTE)

uryMoBoMy curxainy P,. W3 puc. 2 BuaHO, 4TO Ha
BBICOTE 250 KM MMENIH MECTO SIPKO BBEIPaKCHHBIC
BO3MyIeHus ¢ nepuogamu 6080 n 80-+120 mun
BOm3m 08:00 1 15:00 muposoro Bpemenu UT coot-
BETCTBEHHO, TOr7a Kak Ha BeicoTe 1300 xM KojeOa-
HUS ¢ TOJOOHBIMH TIEPHOAAMH HE HaONIONAJIHCH.
Bonee Toro, 3HaueHus CHEKTPajbHON IUIOTHOCTH
MOUIHOCTH IIIyMa oS, OKa3aJIUCh Ha OPSIOK MEHb-
1€ 3Ha4Y€HUH CMIEKTPaJIbHOM MIOTHOCTH MOIIHOCTH
HP curnana 6S,. CymecTBeHHOE pa3an4ue B I0-
BEJICHUHU M cieKTpax OFP m 6P, (cM. puc. 2, a) yka-
3pIBAET HA OTCYTCTBHE Koppenusuuu mexay HP
curaioM u mymoM. OO 3TOM CBHIETENHCTBYIOT
TaK)k€ BBICOTHO-BPEMEHHBIE BapHaLMM UX OTHOCHU-
TEJIbHBIX M3MEHeHUu# (cM. puc. 2, 6). Ha BbicoTax
150 +300 kM HaOMIOMAIOTCS SIBHO BEIPAYKCHHBIE BOJI-

HOBBIE CTPYKTYpBI, @ B BapHalUsIX IIyMa Ha BBICO-
tax 1100+1400 kM momo6HOM KapTUHEI HE 0OHAPY-
xeHo. HeoOXoaumMo OTMETUTh, 4TO yKE Ha 3TOM
pUCYHKE BH3yallbHO IPOCIEKHUBAIOTCA Tpeoliia-
narorue [TMB ¢ kprBU3HOM JTMHUIA TOCTOSHHOM (a3bl
Y OTHOCUTEIbHBIMU AMIUTUTYIAMH, 3aBUCSIILIUMU KaK
OT BPEMEHH, TaK U OT BBICOTHI.

4. Pe3yabTaThl HAOIIOIEHMIA

Ob6napy>xenue u onenka napamerpos 1B npous-
BOJIMJIUCH TOJBKO IJI AHEBHOTO BPEMEHH, KOTHa
OTHOIIEHUE CUTHAJI/IIYM ¢ UMEET IIpUeMIIeMbIe 3Ha-
yeHust Ha BeicoTax 100+400 km (¢=1+10) u He
IIPUBOJUT K CYILECTBEHHBIM OIIMOKaM IIpH OIpeie-
JIEHUU OTHOCHUTENIBHBIX Bapuanuid napamerpos HP
curHaia u uoHocgepsl. [IpenBapurtensHble OLEHKN
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MOKa3aJIv, YTO OTHOCHUTEINIBHBIE OTPEIIHOCTH O OlLie-
HuBaHus OP, O7; m 37, OOBIYHO HE NMPEBBINIAIOT
HECKOJIBKHUX MPOIEHTOB. [T0CKOMBKY KOHIIEHTpAIUs
3NIEKTPOHOB U BEPTHKAIbHAsI CKOPOCTH Apeiida ompe-
JEJSIOTCS ¢ MEHBIIEH TOYHOCTBIO (€ ~10+30 %),
9TH BEJIMYMHBI HE OBUIN MCIIOJIb30BAHBI AJISl HACTOS-
1iero uccienaosanus. Kpome toro, pesynbrarsl Ipea-
CTaBJIEHbl HA BPEMEHHOM HHTEpBaJIe HAOIIONCHUN
06:00-18:00 UT, uToObI HE BKJIIOYAaTh B pACCMOTpE-
HHE 3QPEKThI COTHEYHOTO TEPMUHATOPA.

4.1. IIpeodnanamomue nepuoabl
u Bpems HaOmonenns IT1UB

Kax yrmomuHan0Ch Belllie, OTHOCUTENBHBIE BapHAIlUT
napametpoB HP curnana u nonocdeps! 0bum noa-
BeprayThl AII®D c 1enpro BEISBICHUS MPeodIiagaro-
X TEePUONOB KONeOaHWH M MX JIOKaJU3allud Ha
BPEMEHHOI OcH. Pe3ynbTrarsl ClIEKTPaJIbHOIO aHaIu3a
JUTSL BCeX JTHEW HaOMFOIEHHI TIpeICTaBIIeHbI Ha PHC. 3.
IleprogorpaMMbl 1 SHEPTOTPaMMBI YaCTO IEMOHCT-

PHUPYIOT OJIM3KYIO IEPHOIHO-BPEMEHHYIO JIOKAIIN3a-
LU0 KoJIeOaHMiA, UMEBIIINX MECTO B BapHALIMSX ITapa-
MeTpoB HP curnama m moHochepsl B KOHKPETHBIM
IIeHb, XOTs HaOMronaeTcs u psj paszinunauii. B Maran-
TOCIIOKOMHBIN ieHb 31 aBrycra 2016 r. B Bapuanusix
OP HaOmonanuch ABa SIPKO BBIPAKEHHBIX KBa3HIIE-
PHOAMYECKHUX MpoLiecca ¢ MpeolIagaronMy Hepro-
namu T ipubmuzutensHo 80 u 100 My BOM3M 06:00
u 15:00 UT cooTBeTcTBEHHO. DTHU e ABa KojeOa-
HUS TPOSIBWIIMCH U B TUIa3MEHHBIX TeMIlepaTypax:
riepBoe BOu3n 08:00 UT (7'~ 0 mua u T =~ 60 MuH
st 8T, m 3T, COOTBETCTBEHHO), @ BTOPOE MMEJIO
T€ e MEePUOJI U BPEeMs CYIIECTBOBAHMS, YTO U BTO-
PpOii KostebaTeNbHBIN MPOLIECC B BAPHAIAAX MOIITHOC-
1 HP curnana. B teuenue 1 centsi0ps 2016 r. B Ba-
puanusax 0P u 87, Taxke oOHapyKeHBbI ABa IPeoo-
JaaroIINX KotebaTeNnbHBIX nporecca. [IepBbIil 3 HUX
umen niepuoa 7' ~ 80 MUH B BapHalUAX MOIIHOCTU U
T =90 MUH B BapHalUAX TEeMIIEpaTypbl HOHOB U Ha-
omomancs B mpomexxytke Bpemenu 08:00-10:00 UT

T, mun 31.08.2016
e P e A | /A | LTI 1]
T, mun 01.09.2016
T. vun 02.09.2016
T, mun 03.09.2016

T08:00 12:00 16:00 0 05E 08:00 12:00
UT

1600 0 05E 08:00 12:00 16:00 0 05E
UT UT

0 02 04 06 08 &Sp 0

02 04 06 08 35, O

02 04 06 08 &5,

Puc. 3. [lepnogorpaMmbl ¥ SJHEPrOrpaMMbl OTHOCHTEIBHBIX Bapuanuii MoriHoctd HP curnana (nepBblii cToa0e1r), TeMIepaTyphbl
HOHOB (BTOPOH CTOJNIOEI) ¥ TeMIIepaTyphl AIEKTPOHOB (TpeTHit cTonder) Ha BeicoTe 275 kM 31 aBrycra — 3 ceHTs10ps 2016 T

ISSN 1027-9636. Paodiogizuxa i padioacmponomin. T. 24, Ne 1, 2019 59



E. J[. Akcénoesa, C. B. Ilanacenxo

B o0oux mapamerpax. [ns Broporo konebaHus,
KOTOpO€ MPUCYTCTBOBaiO ImpuMepHo ¢ 12:00 no
15:00 UT u ¢ 15:00 no 18:00 UT B Bapuarusx 6P u
ST, coorBercTBeHHO, 1" ~100 MuH. HTEpECHO, 4TO
B OTOT J€Hb OTHOCUTEJbHBIC Bapualuu I, HOCUIU
KBasurapMoHu4eckuii xapakrep ¢ 7' =100 MuH B Te-
YeHHe NMPaKTHIECKH BCETO WHTEpBaja HaOIIONCHNS,
OJTHAKO MX MHTEHCUBHOCTH ObLITa IPUMEPHO B J[Ba pa3a
MEHBIIIe, YeM HHTEHCUBHOCTD IIEPBOTO KoJeOaTelb-
Horo mpouecca B 87.. Jlnem 2 cenra6psa 2016 r.
B Bapuanusix OP OOHapy:KeHBI J1Ba ITUPOKOIOJIOC-
HbIX nporecca (BOomu3u 07:00 UT — nepBeiii 1 BOIM3K
11:00 UT — BTOpOI), @ TaKKe KBa3UTapMOHUYECKOE
konebanue ¢ 7 =70 MHH U BpeMEHEM CYIIeCTBOBa-
Hus ¢ 16:00 mo 18:00 UT. B Bapranusx mia3MeHHBIX
TeMIepaTryp npeobianany JaBa KojJeOaHUs, CyIe-
ctBoBasmue ¢ 07:00 no 10:00 UT (7 =80 mun) u
¢ 14:00 mo 17:00 UT (7 =90 muH) BO BpeMEHHOM
3aBucumoctu 87;, a takxke ¢ 06:00 go 08:00 UT
(T =60 mun) uc 13:00 1o 17:00 UT (7 =100 mun)
B Bapuanusx 67;. Haxonern, 3 centa6ps 2016 1. B o1-
HOCHUTEJBHBIX Bapualuax mMouHocty HP curnana
OBUIN YETKO BBIPaXKEHBI JIBa KOJIeOaTeIbHBIX ITPOIIeC-
ca (B6xm3u 08:00 UT 1 17:00 UT ¢ nepuogamu npu-
Oomu3uTensHO 70 MUH) ¥ IIUPOKOTIOIOCHBIH MPOLIECC,
nmeBnii mecto BOm3u 12:00 UT. B sror ke neHp
B Bapuanusax 07, u O7, HaOmroganuch JBa KBa-
3UTapPMOHHYECKHX TIpoIiecca ¢ ONM3KUMH XapaKTe-
puctukamu (nepuoasl 7080 MuH, BpeMms cyie-
ctBoBanus 15:00—18:00 UT). B uenom, cyas o rie-
pHoIOorpaMMaM, HHTEHCUBHOCTb KOJIeOaHH BO BCexX
MIPOaHAJIM3UPOBAHHBIX MTApaMeTpax B MEPHUOJ TEOKOC-
MHYECKOM Oypr 0OBIYHO OBLTA BBIIIE, UM B MarHu-
TOCIIOKOMHBIN JIEHb, KPOME OMMCAHHBIX BhIIIE BapUa-
it 87; 1 centsiops 2016 . (cM puc. 3).

4.2. Ilapametpsl npeodaagaromux ITNB

Kax mokazano Ha puc. 3, Ieproas Ipeo0IIaIatonmux
[INB o6bryaO Nexanu B auanazoHe 60-+120 muH.
MMeHHO 3TOT Arara3oH ObLT BEIOpaH JUIsl IIOCIIEY 0-
IICH TOJIOCOBOY (PUIILTPAIIUH JAHHBIX HAOFOICHUH.
Ha puc. 4 npencraBieHsl BHICOTHO-BpEMEHHBIE 3a-
BUCHMOCTH OT(QHIBTPOBAHHBIX BAPHAIIUA MOIITHOCTH
Y TUTa3MEHHBIX TeMmepatyp. Ha 3Tom pucyHke der-
KO BUAHBI BOJTHOBBIC ITPOLICCCHI, OXBAThIBAIOIINE BbI-
cotsl o1 150 mo 400 kM m nMeromue mMpeodITana-
W IEPHOJT K BPEMEHHYO JIOKATU3AITHIO, OTIUCAHHBIC
B IIPEBIAYINEM ITyHKTE. | 1 2 CeHTA0pS uMeno Mec-
TO YBCIIMUCHNEC MAKCUMAJIbHBIX aMIUTATY/] BOJITHOBBIX

npoueccoB B MomHoct HP curnana nmpumepHo B
2 pasza. JlocTynHblil [uana3oH BBICOT JUIsl OLIEHKH
BapHallMii B TeMIepaTypax WOHOB U 3JIEKTPOHOB —
200-+400 kM. OtHOCHUTenbHBIC aMIIATynbl [1M1B
B BapHallUAX IUIA3MEHHBIX TEMIIEPATyp HE MPOSBIIA-
JI SIPKO BBIPa)KEHHON U3MEHYMBOCTH OTO IHS KO JTHIO
1 00b19HO Nexkanu B npeaenax 0.03+0.12. Hakon
¥ KpUBHU3HA JIMHUIN paBHOU (Da3bl, KOTOPHIE JTydIIie BCe-
T'O POCIIEKUBAIOTCS B BapHalsIX OP W3-3a UX JIyd-
IIETO BBICOTHOT'O pa3pellieH s], yKa3bIBatoT Ha TO, YTO
KOJIEOAHHUST BO3HHMKAIN Ha OOJBIIMX BEICOTaX, T. €.
BepTHKaabHas Gazoas ckopocts [IMB V, Obina Ha-
npaBiieHa BHU3. IHTEpEeCHO, 4TO B pa3HbIe JHU U IS
pasubix [IMB aMminTyas! KonebaHuii B BapHanusax
MOIITHOCTH KaK MPEBBIIIATN, TaK U OBUIM MEHBIIIE
aMIUIATYZ BO BPEMEHHBIX 3aBUCHUMOCTAX IUIA3MEH-
HBIX TeMmepatyp (cM. puc. 4).

Ha puc. 5 mpuBeneHs! pe3yapraThl Kpocc-Koppe-
JSIIMOHHOTO aHAIM3a OTHOCUTENBHBIX BapHAIHA MOIII-
Hoctu HP, a Taxke aMITUTyOBI dTHX KOJIeOaHMI.
OTH pe3yabTaThl NOATBEPXKIAIOT TOT (akT, uto ¢asa
Bcex paccmoTpenHbix [THB pacnpocTpassiinace CBEpXy
BHHU3 B BEPTUKAJILHOM HAIlpaBIE€HUH. 3HAYE€HHUs OTHO-
cutenbHbIX ammityn I[TMB B 8P ¢ pocTOM BBICOTHI
CHaJasia BO3pacTalii, JOCTHIa¥ MakCHMyMa Ha BbI-
corax 150+300 kM, a 3aT€M yMEHbIIAIKUCh. BbICOT-
Hble Bapuaimu 0P, , 00braHO coctaBisun 0.02 +0.2
(MUHUMAJIBHBIE 3HAYCHUSI OTIPENEIISIFOTCS O PELIHOC-
THIO U3MEPEHUH).

ITo sKcnepuMeHTaIBHBIM JaHHBIM OBLTH ONpeze-
JIEHBI JAMAINa30Hbl BBICOT, HA KOTOPHIX MPHCYTCTBO-
Basiu [IUB, yrounensl nepuosi [INB, Hali/ieHb! BbI-
COTHI /., , Ha KOTOPBIX OTHOCHUTENIBHBIE AMIIIUTY-
JIbl TOCTUTAJIA MaKCUMAJIbHBIX 3HAYEeHH (1 caMy 5TH
3HAYEHUS), a TAK)KE OI[CHEHBI BEPTUKAJIBHBIE COCTAB-
sstronye (a3oBOi CKOPOCTH V, M AJMHBI BONHBI A
(tabm. 1). B npeamnonoxxeHun, 9To 0OHApYKEHHBIE
[INB sBnsatorcs nposisiaeHusmMu AI'B, u ¢ ucnosns-
30BaHUEM YIPOLIEHHOTO COOTHOUIEHUS, KOTOPOE
MPUMEHUMO I JuinHHOIepruoaubix AIB (7 > T, .
rne T, — mepuon bpenra—Bsiicsus) Bramm ot 00-
JacTU UX OTpaxeHus u guccunaunuum [20, 21],
T/T, =V, /V.~A,/A,, Gbu OLEHEHEI TAaKkKe Io-
pH30HTajbHBIE (ha30Bask CKOPOCTb V), U JUIMHA BOII-
Hel A, (cM. Tabm. 1).

Kax BunHO u3 Tabi. 1, Benmuuuna 6P, 31 aBry-
cta u 3 ceHta0psa umena 3Hauenue 0.07, B To BpeMs
Kak | u 2 ceHTAOpsi ee 3HAUCHHs BO3POCIH JO
0.14+0.18 u 0.11 coorBeTcTBEHHO. 3HaueHUs V,
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h, kM 31.08.2016
ANN
100 m I T T T T T I I T T T T T I
h, KM 01.09.2016
400 — — — I - —
lUU T T T 1 T L T T T T 1 11 T T T T T !
h, kM 02.09.2016
100 m I T I T I T I I T T T 1 T I
h, kM 03.09.2016
100 _w L T T T T T 11 T T T T T 1
08:00 12:00 16:00 UT 08:00 12:00 16:00 UT  08:00 12:00 16:00 UT

e—— I eee— i eer——
—0.15-0.1 -0.05 0 0.05 0.1 0.15 &P -0.15-0.1 -0.05 0 0.05 0.1 0.15 87, —0.15-0.1 -0.05 0 0.05 0.1 0.15 &7,

Puc. 4. BEICOTHO-BpEMEHHbIE 3aBUCHMOCTH OTHOCUTENBHBIX BapHaruidi MomHoctd HP curHana (JieBbli cTonberr), TeMuepa-
TypBl HOHOB (CpeIHUH CTONIOEI) U TeMIepaTyphsl 3JeKTPOHOB (IIpaBklii cronbelr) B quana3zone nepuonos 60-+120 mun 31 as-

rycta—3 ceHTs10pa 2016 1.

nexanu B mpenenax 26+50 m/c, a 3Havenus V, —
210+455 m/c, A, BapbupoBajach B Ipejenax oT
120 mo 290 kM, a A, — ot 1075 no 2450 kM.

5. Obcyxknenne

IIpu onenke napamerpos [1MB MbI cunTanu, 4to oHl
BBI3BaHHI pactipoctpanenneM AI'B Ha nonochepHsie
BBICOTHL. Takoil BBIBOZ MOIKPEIISIETCS CIEeIyOLIH-

mu (akramu. Mcrounukun AI'B 00buHO pacmona-
rarTcsl B HUKHEH aTMocdepe Wi HIKHEH TepMo-
cepe, T. €. ux BrIcOTa He TpeBbImaeT 120 +150 kM.
W3BecTHO, 4TO BEpTHKAIbHBIE KOMIIOHEHTHI (ha30BOM
Y TPYIIIOBOH CKOPOCTH 3THX BOJTH HAIIPaBJIEHBI B IIPO-
TUBOIIOJIOKHBIE CTOPOHBI. COIIaCHO ONPEAETICHHOMY
B HacTosILeH paboTe HanpasieHuto V,, sueprust AI'B
u [IMB pacnpocTpansieTcs ¢ MEHBIINX Ha OONbIINE
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Puc. 5. BeicoTHble Tpodniy BpeMEHHBIX 33J€PiKeK WM ONEPeXeHUH T KosieOaHUi OP OTHOCHTEIBbHO 3THX KojeOaHui Ha
BbICOTE 200 KM COBMECTHO C UX aIIPOKCUMALUSIMY IUHEHHBIMU 3aBUCUMOCTSMH, & TAK)KE OTHOCUTENIBHBIX aMILIUTYA OF,
atux konebannit st [IMB, obnapyxernsix 31 aBrycra 2016 . ¢ 07:00 mo 12:00 UT (a) m ¢ 13:00 mo 17:00 UT (6); 1 centsaOps
2016 . ¢ 06:00 mo 11:00 UT (8) u ¢ 11:00 mo 15:00 UT (¢); 2 centadps 2016 r. ¢ 09:00 no 14:00 UT (0); 3 centsiops 2016 .

¢ 07:00 o 12:00 UT (e)
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Tabnuya 1. llapaMeTpbl BOJHOBBIX POLIECCOB

Hata Bpems UT 5323231?;1 T, mun Hipay » KM OP, ax V.,Mm/c Vy,m/c A, xm Ay, kM
31.08.2016 [07:00-12:00 | 165+275 75 210 0.07 49 356 220 1600
31.08.2016 |13:00-17:00 | 150+270 85 260 0.07 34 266 174 1360
01.09.2016 |06:00-11:00 | 190+270 80 240 0.14 37 268 175 1285
01.09.2016 |11:00-15:00 | 185+305 90 240 0.18 54 454 290 2450
02.09.2016 |09:00-14:00 | 160+290 85 215 0.11 26 212 132 1080
03.09.2016 [07:00-12:00 | 160+219 80 180 0.07 26 224 124 1075

BEICOTBI, 9TO COOTBETCTBYET YIIOMSHYTHIM IPE/ICTaB-
neHusiM 00 obnactu ux renepauun. Kpome Ttoro,
BBICOTHBIN XOJI OTHOCHUTENIbHBIX ammuiutya [INB
(cm. puc. 5) xoporro otodpaxaeT 0COOSHHOCTH Bep-
THUKAJIBHOTO pacnpoctpanenusa Al'B, ammuTyna ko-
TOPBIX BHaJYaJle BO3pPAcTaeT 3a CUET yMEHBIIEHUS
TUTOTHOCTH HEHTPAIBHOTO ra3a, J0CTUTaeT MAaKCUMY-
Ma, a 3aTeM yOBIBaeT M3-3a YCHUIJICHHUS POJIH MPOIec-
coB niepeHoca (nuddy3nu, BI3KOCTH, TETIOIPOBOI-
HOCTH), UTPAIOLIUX CYIIECTBEHHYIO pOJIb B HUHa-
MHUKe atMocepbl 1 HOHOC(hEpbl Ha 3THX BHICOTAX.
Takum 00pa3zom, HaIIK Pe3yABTATHI XOPOIIIO COTIIa-
CYIOTCSl ¢ OOMIETIPUHSATHEIMHU TPEICTABICHUSIMH 00
OCHOBHOM MexaHu3Me Bo3HuKHoBeHus [IUB, nabmro-
JAIOIUXCs B THEBHOE Bpems [20].

[Tomy4yenHsie HaMU 3HAUYEHUS TEPHUOAOB, TOPH-
30HTaIBHBIX ()a30BBIX CKOPOCTEH U JUTHH BOJH YKa-
3BIBAIOT Ha TO, YTO B JTHHU HAOIIONECHUH HMEIN MECTO
kpynHomaciurabusie [IMB (A, >1000 kM), uacTto
pacrpocTpaHSOIMKecs U3 aBpOpPATHHOW 00JacTy.
B03MOXHBIMU HCTOYHUKAMH TaKUX BOJH SIBIISIOT-
Cs1 JKOYJIEB Harpes, AeiicTBue cuibl JlopeHa u BbI-
CHITIaHWE YHEPTUUHBIX YacTull [8]. Bce atu mponec-
Chl TPUBOJIAT K HATPEBY HEUTPAJIbHON U HOHU3UPO-
BaHHOW KOMITOHEHT MOHOC(EPHOH TTa3Mbl, Bapra-
LUSAM €€ JIaBJIeHUs, IJIOTHOCTH, KOHIIEHTPALNH 3a-
PSOKEHHBIX YacTHll, KoTopele B Buae AI'B u I11B
PacIpOCTPaHSIOTCS IO HAIIPABICHHUIO K SKBATOPY.
W3BecTHO, YTO 3TH UCTOYHUKH UMEIOT BHICOTHYIO
JIOKaJIM3alMIo B 00JIaCTH aBPOPAIBHOU JIIEKTPO-
crpyu (80+120 xm). ITockombky B pabore HaOIIO-
namuck [IMB B cpennemmpoTHO#l noHOchepe Ha
BbicoTax 150+400 km (cM. puc. 4, 5), umeroniue
HaIpaBICHHYIO BBEPX BEPTHUKAIBHYIO TPYIIIIOBYIO
CKOpPOCTh PacCIpOCTPaHEHHUs, MOJOKEHHE 007IacTh
TeHEpaIMU XOPOIIO COITAaCyeTcsl C MOTyYEHHBIMHU
pesyasraramMu. CTOUT OTMETHTD, YTO JTOTIOTHUTEIb-
HBIM MCTOYHUKOM KpymHomacwmTabubeix [TMB mo-
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TYT CIY>KUTh TaKXKe CPETHEITUPOTHBIE BHICHITTAHHS
3apsHKEHHBIX YacTHIl, 0coOOeHHO Ha (a3ze BoccTa-
HOBJIEHUS TeOKOCMUYecKkoit Oypu [3].

MunukaropoM Bapualuil aBpOpalbHOU TOKOBOM
CTPYH, KaK M3BECTHO, SIBIISIFOTCS JIOKAIbHBIE HU3Me-
HEHMS MarHUTHOTO I10JIs, B YaCTHOCTH, AE nHeKca.
N3 cpaBHenus puc. 1 u puc. 4 cnenyet, uro 1-3
cerTsiops 2016 1. npeobmanatromue [IUB Obutn
BBISIBJICHBI B IEPHO/IBI CYIIECTBEHHOTO YBEIUYEHUS
ero 3HaueHuH (0 10001500 aTn). Omguako 31 aB-
rycra 2016 r. Takke HaOIIOAATNCH BOJTHOBEIE MIPO-
LIECCHI, XOTS U C MEHBILIMMH, YEM B CIIEAYIOLINE Ba
IHS, aMIUIMTYIaMHd, B TO BpeMs Kak Bapuanuu AFE
HWHJIeKCca OBLIN CPAaBHUTEBHO HEOOIBITIMHU (MaKCH-
MasbHbIe 3HadeHus He npeBbimanu 200 aTm). Takum
00pa3oM, HaIIM pe3yNbTaThl MOATBEPKIAIOT TOT
(axT, uTo yBennueHue GuyKTyanuil HHTEHCUBHOCTH
TOKOBOH CTpPYH, CKOpPEE€ BCEro, MOXET NPUBECTH
TOJIBKO K YBEJIIMYEHHIO 4acTOThl nospienus [1MB
C JOCTaTOYHO OONBIIMMHU aMImIuTygamu [12].

JJis moricka B3aUMOCBSI3U MEXTy 00HApy>KEHHBI-
MU MOHOC(EPHBIMU BO3MYLICHUSIMH U BapHaLlUSIMU
MAarHUTHOT'O MO B BEICOKMX HIMPOTax ObUT MPOBe-
JIEH CIIEKTPaAJIbHBII aHaIU3 BPEMEHHBIX 3aBUCUMOC-
Tel HANpaBJICHHON Ha MArHUTHBIN CEBEP €ro TOpu-
30HTAJILHON KOMITOHEHTHI (/N-KOMITOHEHTHI), 3apeTH-
CTPUPOBAHHOM B I€OMarHuTHOH oOcepBaTopuu
“Canxr-IletepOypr”, reorpaduyieckas A0JIroTa Ko-
TOopoi Hambojee OIHM3KA K IOJITOTE XapbKOBCKOTO
panapa HP (puc. 6). PaccTosiHue Br1ons MmepuanaHa
MexXIy obcepBaTopueii 1 pariapoM COCTaBIISIET OKO-
a0 1200 kM. MarHutomeTpudeckue AaHHBIE T10-
nydenbl U3 0a3el naHHbIX SuperMAG (http://supermag.
jhuapl.edu/mag/). [TepromorpaMMel U SHEPTOrPaMMBI
AII® Bapuaruit MArHUTHOTO TIOJIS IIPEACTABIICHBI HA
puc. 6. Kak BumHo n3 pucynka, 31 asrycra 2016 t.
KoJjie0aHus OBUTH JIOKAJIM30BaHBI B IIEPUOA BpeMe-
Hu 11:00-15:00 UT u umenu nepuons 40+ 80 muH.
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Puc. 6. Pe3ynpraTbl CIIEKTPaJbHOTO aHAIN3a MATHUTOMETPUUYECKUX JaHHBIX, ITOJYYEHHBIX B T€OMarHUTHOW 0o0OcepBaTOpUU

“Cankrt-IlerepOypr” (60.54° c. m, 29.72° B. 1.)

ITockonbky nepuonsl I1MB B 3TOT AeHb ObLIM HE-
CKOJILKO OOJIbIIle, a caMHM BO3MYIICHUS HaOrO1a-
JIUCH KaK C ONEpeKEHUEM, TaK U C 3ara3AbIBaHUEM,
COCTABJISIBIIUMU OT 2 110 4 94 OTHOCHUTEIHHO Koseba-
HUI N-KOMITIOHEHTHI, BOTHOBBIE TPOLIECCHI HAZl Xaph-
KOBOM, CKOpEe BCEeT0, UMeIT! APYTHe HCTOYHUKH ITPO-
ucxoxaeHus. OQHako B MEPUOA T'€OKOCMUYIECKOU
Oypwu cBsi3b Mexay psaom [1MB u BapuanusMu mar-
HUTHOTO TOJISl IPOCIIEKUBAETCS JOCTATOYHO YETKO.
Tak, 1 centsa6ps 2016 r. umenn mMecto KoneOaHHs
N-romroHeHThI ¢ T ~ 90 muH Bomm3u 13:00 UT, a ITMB
C TEeM JK€ TMepHOoJOoM HaONIOAAINCh Hall XapbKOBOM
¢ zamazgpiBagueM 0.5+1.5 4. Jluem 2 u 3 ceHTs0-
psA B Bapuamusax MarHUTHOTO TIOJISI TPOCIIEKHUBA-
nch konebanusi ¢ T ~ 80 mun BOmm3u 14:00 UT u
T =75 mun Boau3u 15:00 UT coOTBETCTBEHHO, KO-
TOpBIe oneperxanu coorBercTByromtue [T1B ¢ omisku-
MU nieprofiamMy Ha 1+2 9 (cM. puc. 3, 4, 6). [Tockons-
Ky OLIEHEHHbIE 3HAYEeHUs V), Ul OTHX BO3MYILEHUI
cocraBm 212+454 m/c (cMm. Tabnm. 1), BpemeHa
MPUX0/a BOJIH U3 aBpOpajbHOM obmacTH (Tipu yciio-
BHH, YTO OHH PACIIPOCTPAHSIIACH CTPOTO BIIOJIH Me-
punuana) ngexar B auanasone 0.7 +1.6 4, 4To Xopo-
110 COTTIACYETCS C OMyYeHHBIMHU BBIIIIE BpEMEHAMHU
3ama3ApIBaHus Bo3MyIieHuH. s uneHTuduKanum

ACTOYHHUKOB ocTanbHBIX [IVIB, 00HapyXeHHBIX B Ha-
cTosIIe padore, HEOOXOTUMO TPOBECTH JOTIOTHHU-
TEJIbHBIE MCCIIEOBAHUSL.

Agtopsi [12] Ha OCHOBaHHUH CTAaTUCTHYECKOTO aHa-
m3a GPS gaHHBIX MOTy4MIIN TapaMeTphbl KpyITHOMAac-
mrtabubeix [IUB wag Anonueit (24°+48°c. .,
124° +148° B. 1.). OHU MOKa3ajad, 4TO 3HAYCHUS 7,
V, u A, paBusnuck (80+29) mun, (475+171) m/c
n (2131£863) km cooTBeTcTBeHHO. Hamwu pe-
3ylbTAaThl XOPOIIO COTJACYIOTCS C 3THUMH 3Ha4e-
HUSIMH, €CJTH IPUHATH BO BHUMaHKE NPOU3BEICHHYO
HaMH IpyOyI0 OLIEHKY TOpPU30HTAJIbHBIX (pa30BOi CKO-
poctu 1 [IHHEI BOJTHBL. B TO ke Bpems B padote [10]
Ha OCHOBE aHaJIM3a NOAOOHBIX JAHHBIX OTyYCHbI He-
CKOJIBKO OTJIMYAIOIUeECs 3HaueHus1 napamerpos 1111B
Hag Espomoit (30°+70° c. m., 10°3. 1.+30°B. 11.)
Ut psina reokocmudeckux oype (7 = (59 £11) mun,
V, ~(684+195) M/c, cpenHee 3HaueHHE A, ~
2000 km). Takoe paznwune aBTOpHI [ 10] 0OBICHSIIOT
PETMOHAIBHBIMU OCOOCHHOCTSIMH U Pa3HBIMH 3Ha-
YEHUSMH CKJIOHEHHS M HAKJIOHEHHUS MarHUTHOTO
nofist HaJl Tepputopueit EBpornsl u SAnoxnun. OxgHaxo
MOCKOJIbKY MOJy4YeHHBbIE HAMM PE3yibTaThl JIydIle
COMNIaCyIoTCsl ¢ pesyibraramu pabotsl [12], cko-
pee Bcero, ompeleNsiiomuM (GaKkTOpOM SIBISIOTCS
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0COOEHHOCTH KOHKPETHOH TeOKOCMHYECKOW Oypu
U ee MPOsABJICHUSI B MOHOC(epe Ha QOHE COMYTCT-
BYIOIIMX (PU3UKO-XUMUYECKUX U TUHAMHYIECKUX MPO-
LIECCOB.

6. BoiBoabl

1. IIpoBenieH KOMITJICKCHBIHN aHAJTN3 BEICOTHO-BPEMEH-
HBIX BapUamuii MOITHOCTU CHUTHAJIA, TEMIIEPATYP
HOHOB U DJIEKTPOHOB, MMOJTYYEHHBIX C TOMOIIIBIO Xaph-
KoBCKoro pajgapa HP, Bkirouaromuid cieKTpaibHyIo
1 KOPPEISIIUOHHYI0 00pabOoTKY, a TAK)KE ITOJIOCOBYIO
(unsrpanmro ranaex. O6Hapyxens! [IB B nepron
reokocmuueckoit Oypu 1-3 centsiops 2016 r. u ore-
HEHBI TTapaMeTPhI STUX BO3MYITICHHI.

2. I[lokazaHo, 4TO NEPUOJIBI MPEOOITAAIONTNX KO-
snebanuii coctaBisuin 60100 MUH, a UX JIUTEIIb-
HOCTH HE MPEBBIIIANMU ABYX NepruoaoB. He BbIsIBICHO
CYILIECTBEHHBIX Pa3IMUUi B 3HAYEHUSAX ITUX [IEPUO-
JTIOB JUTsI BOJTHOBBIX MPOIIECCOB, HAOIIONABITUXCS B
TedeHue Oypy M B MPEIIICCTBYIOMINA JEHb.

3. IlponemonHcTpUpOBaHO, uTO BhIsiBNIeHHBIE [TNB
sBisroTCs nposisieaneM AI'B B nonocdepe. 3naue-
HUSI OTHOCHUTEJBHBIX aMIUIUTYZ KBAa3UTapMOHU-
yeckux Bapuanui momHoctd HP curnana 1 u 2 cen-
Ts10psa 2016 1. mpuMepHO B 2 pa3a IPEBHIIIATN 3HA-
yeHus B cocenHue AHu. /s paznnuneix 1B oHu
OBUIM KaK MEHBIIE, TaK U OOJbIIe 3HAYEHHI OTHO-
CUTEJIbHBIX AMIUIUTYJ BapyUalUi MIIa3MEHHBIX TEM-
neparyp.

4. OueHeHbl BEPTUKAJIbHBIE U TOPU3OHTANIb-
HBIE COCTaBJOmMKE (a30BOH CKOPOCTH U JITMHBI
BoJIHBI KpynmHomacmTabubix [IMB. Ilokazano,
gyro V,=26+50m/c, V,=210+455m/c =u
A, =120+290 km, A, =1075+2450 kM.

5. YcraHoBneHa B3auMocBs3b psaa [IUB ¢ us-
MEHEHUSIMH MarHUTHOrO MHOJs B BBICOKHMX ULIH-
porax. Uctounukamu takux IIMB, ckopee Bcero,
SIBJISIIOTCS JKOYJIEB HArpeB W AeicTBHUE CUIBI Jlo-
peH1a, 00yCIIOBJICHHBIE BAPUAIIMSIMU aBPOPAITBHON
TOKOBOW CTPYH B HEPHOJA T€OKOCMHYECKUX OYpb.
JONONHUTEAbHBIM UCTOYHUKOM MOXET CIYXHUTh
BBICHIIIAHUE 3aPSKEHHBIX YacCTHUI] B BBICOKUX U
CpeIHUX IIUPOTAX.

HccnenoBanys BBINOIHEHBI B paMKaX Hay4HO-HCCIIE-
JIOBaTeNbCKOM paboTsl “VccienoBanue mapaMeTpoB
nepeMearoIUXCsl HOHOC(EPHBIX BO3MYILEHHA IO
JaHHBIM CETH Ha3eMHBIX paguo(HU3UYECKUX
cpexnctB”, punancupyemoit MOH Ykpaunsl (Homep

rocpeructparuu 0117U000581). OtnensHble pe3yib-
TaThl OBUIM MOJYYEHBI U O0CYXIAIUCh B MEPUO
yuactust E. JI. AKceHOBOH B JIETHEH IIKOJE, IOCBS-
[ICHHOW N3YYE€HUIO HOHOC(HEPHI C ITOMOIIIBIO PaIapoB
HekorepeHTHOro paccesHus (ISR Summer School),
21-27 urons 2018 . B MaccauyceTckoM YHUBEPCH-
tete (Jloyamn, CILA).
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MANIFESTATIONS OF WAVE PROCESSES
IN IONOSPHERIC PLASMA PARAMETERS DURING
THE GEOSPACE STORM ON 1-3 SEPTEMBER, 2016

Purpose: Analysis of wave processes during the geospace storms
in the mid-latitude ionosphere, obtaining the height-temporal
dependences of relative variations of the receiving incoherent scat-
tering radar signal power, temperatures of electrons and ions, cal-
culation of the parameters of traveling ionospheric disturbances —
relative amplitudes, vertical and and horizontal components of
phase velocity (V, and V) and wavelengths (A, and A),).
Design/methodology/approach: In obtaining the results, the
spectral analysis using the Adaptive Fourier Transform was
used. Then the data were subjected to band-filtering using
a digital filter. Phase rates of perturbations were determined
by the cross-correlation analysis of temporal variations in sig-
nal strength.

Findings: It was established that the observed storm, during
which the geomagnetic activity index was reaching the value
of K » =6, contributed to the enhancement of acoustic-gra-
vity waves and traveling ionospheric disturbances. The spect-
ral analysis showed that the periods of prevailing oscillations
were in the range of 60 —100 min, with the duration of no more
than two periods. The signal power relative amplitudes varied
within 0.02-0.2, and relative amplitudes of electron and ion
temperatures — within 0.03—-0.12. It was demonstrated that
the values of amplitudes of quasigarmonic variations in signal
power on September 1 and 2, 2016 approximately 2 times ex-
ceeded those in the adjacent days when the K, -index was
lower. It is shown that 7, =26-50m/s, V, =210—-455m/s
and A, =120-290 km, A, =1075-2450 km.

Conclusions: The disturbances in the ionosphere were found at
altitudes of 150 —400 km, with the extension of their vertical
group velocities upwards. The values of parameters of distur-
bances obtained in data processing indicate that large-scale trave-
ling ionospheric disturbances took place at the observation day.

Possible sources of such waves are Joule heating, the Lorentz
force effect and eruption of energetic particles.

Key words: incoherent scattering radar, variations of power and
plasma temperatures, geospace storm, parameters of traveling
ionospheric disturbances
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ITPOABU XBHUJILOBUX ITPOLIECIB
Y TAPAMETPAX IOHOC®EPHOI TVIA3MU
B IEPIOJI TEOKOCMIYHOI BYPI 1-3 BEPECHS 2016 P.

IIpeomem i mema pob6omu: AHani3 XBIILOBUX POLIECIB Y Ie-
piox reokocMidHOi Oypi B cepeqHBOIINPOTHINH i0HOChEDI,
OTPUMAaHHS BUCOTHO-YACOBUX 3JICKHOCTEH BITHOCHUX Bapialliit
TIOTYXHOCTI IPUHHATOTO CUTHAITY pajiapa HEKOTepeHTHOTO PO3-
CISIHHS, TEMIIEpaTyp eJIEKTPOHIB Ta 10HIB, PO3PaXyHOK Mapa-
METPIB pPyXOMHX i0HOC(epHNX 30ypEeHb — BiTHOCHHX aMILTITY/,
BEPTHKAIIBHOI Ta TOPH30HTANIBHOI CKIIaZI0BUX (pa30BOi IBUIKOCTI
(V. 1a V,) Ta nosxunu xBuib (A, 1 A)).

Memoou ma memodonoeis: JIns OTpUMaHHs pe3yNbTaTiB BU-
KOPHUCTOBYBABCSl CINIEKTPaJbHUHM aHai3 i3 3aCTOCYBAHHAM
aIanTUBHOTO TepeTBoperHs Dyp’e. Y moaipioMy faHi mija-
BaJINCSl CMYTOBIH QinbTpamii 3a AOMOMOTroi0 IHU(POBOTO
¢inprpa. ®a3oBi MBUAKOCTI 30ypeHb BU3HAYAIHMCS LLIS-
XOM KpPOC-KOPEJBIIIIHHOTO aHaITi3y YacOBHX Bapialliil MOTY>KHOCTI
CHTHAITY.

Peszynomamu: BetaHOoBIIEHO, 10 CIOCTEPEKYBaHa Oypsl, TMij 4ac
SIKOT 1HAEKC F€OMarHiTHOI aKTUBHOCTI csAraB 3HaueHHS K » =06
CIpHsiJIa HOCWIEHHIO aKyCTHKO-TPaBITAI[ITHUX XBUIIb 1 pyX0-
MUX 10HOC(epHHX 30ypeHb. CrieKTpaJIbHUI aHalTi3 II0Ka3aB, 110
NIepioay NepeBakalounX KOJUBAHb 3HAXOAWINCS B Jlialla3oHi
60100 xB, a iX TPHBAIICTb HE IIEPEBUIILyBaJIA ABOX IIEPIOIB.
BigHoCHI aMIITiTYyqM TOTY>XKHOCTI CHUTHAITy 3MiHIOBAJIHCS
BMexax 0.02-+0.2, aBiITHOCHI aMILTITY/IU TEMIIEPATyp €JIEKT-
poHiB Ta ioHiB — B Mexax 0.03+0.12. IIpogemoHcTpoBa-
HO, 10 3HAYEHHs aMIUTITYAH KBa3irapMOHIYHHX Bapialfiid
TOTYHOCTI curHaiy 1 12 BepecHs 2016 p. npubiu3HO BABIYI
TEPEBHILYBaJM 3HAYCHHS B CyCi/Hi Hi, Konu K, -iHjexc Oy
HwkanM. [okazano, mo V, =26+50m/c, V), =210+455M/c
1A, =120+290 kM, A, =1075+2450 xm.

Bucnosox: bynu BusiBieHi 30ypeHHs B ioHOCepi Ha BUCOTaX
150+400 xM 3 MOUIMPEHHSIM iX BEPTHKAJIbHOI IPYNOBOI HIBUI-
KocTi Bropy. OTpumadi B Xo/1i 00pOOKH TaHUX 3HAUEHHSI ITapa-
METpIB 30ypeHb BKa3yloTh Ha Te, 1[0 Y THI CIIOCTEPeKEHb MaJIH
MicIle BeTMKOMAacIITaOHi pyxoMi ioHOchepHi 30ypeHHs. Mox-
JUBUMH JDKEPEIaMU TAKUX XBHUIIb € [HKOYJIIB HATPIB, JIisl CUITH
JlopeHua i BUCHIT €HEepriifHUX YaCTHHOK.

Kniouogi cnosa: pagap HEKOTepEHTHOTO PO3CiFOBAaHHS, Bapiaril
TIOTYKHOCTI 1 INTa3MOBHX TEMITEpaTyp, TeOKOCMidHa Oypsl, Tapa-
METpH PyXOMHX 10HOCPepHUX 30ypeHb

Cmamws nocmynuna é pedakyuio 27.12.2018
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