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VARIATIONS OF Fe/O RATIO WITH ION’S ENERGIES
IN THE SOLAR ACTIVITY MINIMUM.
I. ENERGY SPECTRA OF FE AND O IONS ON THE SPOTLESS SUN

Abstract. Energy spectra of iron and oxygen ions for period of minimum of the 23-rd activity cycle for three
long-term time intervals when no sunspots were observed are constructed. Observational data from spacecrafts ACE,
STEREO and WIND have been used. For eight separate ranges of energy started from 0.06 up to 190.53 MeV/n the
ratio Fe/O in quiet solar wind were determined. The knowledge of ratio Fe/O for different intervals of energy of ions
allows one to use it much more efficiently as the indicator of the physical conditions of the medium.

The behavior of curves of energy spectra of iron and oxygen ions indicates notable differences in energy region
from 2-5 to 30 MeV/n where significant drop of Fe ions flux is observed whilst flux of O ions stays almost the same.
It leads to minimum and lowest values of Fe/O ratio (0.004-0.010) in this interval of ions energies.

Comparison of values of Fe/O ratio for impulse flares events and for solar wind for conditions of the minimum
of activity shows similar trend in an interval of small ions energies: 0.06-2.00 MeV/n. Moreover, both curves for
energy Ek=1.81 MeV/n have maximal values of Fe/O. It indicates that despite of difference in absolute values of
Fe/O, in impulse flares and in solar wind during minimum of activity, there are processes which lead to relative
enhancement of the quantity of ions of iron in relation to ions of oxygen.
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VW3MEHEHHE OTHOIIEHUA Fe/O C SHEPTUEN HOHOB
B MUHUMYME COJITHEUHOI AKTUBHOCTM.
L. DJHEPTETUYECKHUE CIHEKTPbI HOHOB Fe u O
IIPU OTCYTCTBHUH HATEH HA COJIHLIE

Annotamua. B mepmon mMuHmMyMa 23-TO OHKIA AKTHBHOCTH IS TPEX MPOAOCJUKHTCIBHBIX HHTCPBAJIOB
orcytcTBHSA 1aTeH HA COJHIC TOCTPOCHBI SHCPTCTHUCCKUE CIICKTPHI HOHOB JKeI¢3a U KHCI0Poaa. IComb30BaIiCh
JaHHabic HaOmoacHuMi ¢ kocMmdeckmx ammapatoB ACE, STEREO, WIND. [Ing BOCBMH OTACIBHBIX VUACTKOB
sHepruu oT 0.06 mo 190.53 M»3B/H paccumransl 3Ha4YcHHS OTHOIICHHSI Fe/O B CHOKOWHOM COJHEYHOM BETpE.




H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

3nanme oTHomeHws Fe/O B pa3nmmdHBIX WHTEPBANAaX SHEPIHM HOHOB II03BOJUICT 3HAYHMTEIBHO 3((exTHBHEES
HCIIOJIb30BATH €T0 KaK HHANKATOP (PU3HHECKOTO COCTOSHHS CPE/IbL

X0 KPHBBIX SHEPIETHUYCCKHX CIHEKTPOB JKENE3a M KHCIOPOJA IMOKA3BIBACT CYIICCTBCHHBIC PABIMYHS B
HHTEpBAJC SHEprud o1 2-5 10 30 M3B/H — HAOMOAACTCA 3SHAYHTCIIFHOC MAICHHC TIOTOKA HOHOB KEJIC3a, PH MOUTH
HEM3MEHHBIX 3HAYCHUSX A1 KUCIOPOJA. 3TO MPHBOJUT K MUHUMAIBHBIM W a0COTFOTHO HI3KUM 3HaueHusM Fe/O =
(0.004-0.010) B 3TOM HHTEPBAJIC FHCPTHM.

CpaBHeHne 3HaueHHH OTHOmEHMs Fe/O ms MMITYy IbCHBIX BCIBIIICYHBIX COOBITHH W COJTHCYHOTO BETpPa B
VCIIOBHAX MHHHMAIBHOW AKTHBHOCTH MOKA3BIBAIOT MOAOOHBIH XOJ B WHTEPBAle MajbIX 3Hepruil moHoB: 0.06-2.00
MeV/n. ITpuuem, mpu sueprun E,=1.81 MeV/n Ha 00eux KpuBBIX HAOMFOJAIOTCS MAKCHMAalbHbIC 3HaueHHSI Fe/O.
DTO YKa3BIBaCT HA TO, YTO HCCMOTPA HA PA3HHI B a0COMFOTHHIX 3HAUCHHMAX Fe/O, B HMITy TbCHBIX BCIBIIIKAX H B
COJTHEYHOM BETPE BO BPEMSI MHHHMAJILHOH AKTHBHOCTH, €CTh IPOLIECCHI, KOTOPBIC MPUBOIAT K OTHOCHTEIHHOMY
TIOBBIMICHUIO KOJTMYECTBA HOHOB KEIe3a 0 OTHOIICHUIO K HOHAM KHCJIOPOAA.

KioueBnbie ¢j10Ba; MUHEMYM COJIHCUHOH aKTHBHOCTH, SHEPTETHUCCKHE CIICKTPBI HOHOB, OTHOMIEHHE Fe/O.

Haubonee wmomnble npouecchl aktuBHOCTH Ha CoONHLE CBS3aHBIl € CYLMIECTBOBAHHUEM TPYIII
COTHEYHBIX IDITCH, CBA3aHHBIX MEXKIy cOOOM MAarHWTHBIM TONEM B (opMe MEeTelab Pa3IHIHBIX
MacITa0oOB, KOTOPHIC SIBISAIOTCSI OCHOBHEIMHU OJIOKaMH CTPYKTYP aKTHBHBEIX 00IacTed. AKTHBHAS 001acTh
3aHUMACT HEKOTOPYIO YacTh COTHEYHOH arMoc(ephl, ¢ MIOTHOCTP MATHUTHOH SHEPIHH 3HAYHUTEIBHO
MPEBOCXOAMT €€ 3HAYUCHUS B OKPYXKAIOLICH HEBO3MYIICHHOH atMocdepe. B mporecce pa3Butus akTHBHON
00nacT NPOHCXOAUT YCIOXKHCHHE TOMNONOTUH €€ MAarHUTHBIX IOJCH, COMPOBOXKAAEMOE POCTOM
¢cBOOOAHON MAarHUTHOW »HEpruu. Ha OmpeacneHHOM MEPHUOAC SBONIOLMKA AKTHBHOW OOJACTH TIpH
BO3HHKHOBCHHH B MAarHUTHOW CTPYKTYpE OONAcTel AMCCHNAIIUM — TOKOBBIX CIIOCB, B HCH pa3BUBAIOTCSA
OBICTPOIPOTEKAIOLINE TPOLIECCH OCBOOOKACHHUS CBOOOTHONW MATHUTHOW SHEPTUH — CONHEYHBIC BCIBIIIKN
u kopoHassHbe BIOpoCk Maccel (KBM). B xoae 3THX MPOLICCCOB HAKOMICHHAS CBOOOHASI MArHUTHAS
SHEpPrusl NpeoOpas3yeTcss B HCPTHIO HATPEBA IUIa3Mbl M YCKOPCHHBIX IO BBICOKMX SHEPIU 4YacThL, a
TaKKE B SHCPTHIO OBICTPHIX JBHKCHUH BEIIECTBA, MOPOKAAS BHIOPOCH ILIA3MEL.

OCHOBHBIM MEXaHH3MOM VCKOPCHHS YACTHL HEMOCPCACTBCHHO B OONACTH BCHBILCK SABISACTCH
MPSMOE VCKOPCHUE JICKTPUYCCKAM TOJICM MPH JUCCHIAIMH SHEPTHH B TOKOBBIX CIOSX AKTUBHOU
0o0nacTy B 30HC MNEPECOCAMHCHUS MATHUTHBIX NMOJCH € MOCTCAYVIOIIMM CTOXACTHYCCKUM YCKOPECHHEM
(ummynbcHas cocrasiioras) [1-2]. KpoMe TOro, MoIHBIC BCHBIICYHBIC COOBITHS COMPOBOMKIAIOTCS
OBICTPBIMH  KOpOHATBHBIMU BbiOpocamu maccel (KBM) ¢ oOpazoBanuem (pOHTOB yAAPHBIX BOJH,
KOTOpBIC CHOCOOHBI 3(PEKTUBHO YCKOPATh YACTHIBI A0 BBICOKUX SHCPTHH NPH JBHKCHHH MOTOKOB
miasMel BOm3n CoNMHLA U B MEXKILIAHETHOH cpele (ITUTenpHoe yeKopeHue). [1oaToMy B TakuX CIOMKHBIX
coObITHax (Benbimka + KBM) criekTpsl yacTuIl MOTYT HMETh CMEIIAHHbIN Xapaktep. BeneacTsue atoro,
MPOLIECCHl VCKOPCHHUS YacTHUL] JIeKAT B OCHOBE PA3ACJICHHUS BCIBIIICK U TOTOKOB YCKOPCHHBIX YACTHIL Ha
HUMIIYIbCHBIE W JJIUTCIIbHBIC COOBITHA (MMIIYJbCHAS IUIFOC MPOAOIDKUTCIBHAS KOMIIOHCHTA). 3aMETHUM,
YTO B OJHOH BCOBIIICYHO — AKTUBHOH OONACTH MOXKET MPOU30MTH HECKOJBKO BCIBIIICK, CBS3AHHBIX C
moseireaneM KBM. Tlo 3HaueHmsaM menoro psjga mapaMeTpoB MOXKHO YCTAHOBHUTH IPHHALJICKHOCTH
BCOBIIICK K TOMY WJIH WHOMY KJIAcCy [3], XOTS B HACTOAINECE BPEMS CUNTACTCS, UTO MPCACTABICHHUC O
JCICHUH BCIBIIICK HA JBA KJIAcCCA SBICTCS HECKONBKO YIPOLICHHBIM [4], MOCKOMBKY B HEKOTOPBIX
SBICHUAX PA3HBIX KJIACCOB BBIBILICTCS PsiJ oOMMX XapakTepucTHK. Ha ocHOBe comocTaBieHus MOTOKOB
YacTHUI] OT UMITYJIBECHBIX U JJIMTEJIBHBIX BCIBIMCK KelH u ap. [5] npeanoiny Hernonb30BaTh OTHOLICHHE
snemeHToB Fe/O B kauecTBe OCHOBHOrO TOKAazaTessl I OMPEICICHHS ABYX KIAaccoB coObITHH. Bomee
TOro, BENMHYHMHA OTHOWICHUS 531¢MeHTOB Fe/O B cocTaBe BCHBIMICUHBIX ITOTOKOB SBISCTCSA MEPOH
mposisacHus FIP-addexra (First lonization Potential). )Kene3o 0THOCUTCS K 371€MEHTAM ¢ HU3KHM MICPBBIM
noteruuanom uoHmzamu (FIP < 10 eV), oOmmus koTopeix B BepxHed atMochepe CoNHIA NOBBIICHE B
HECKOJIBKO Pa3, a COACPKAHUE KHUCIOPOIa OCTACTCs OMM3KMM K (oTocdepHOMY OOMIHIO, OCKOIBKY €r0
TOTCHIMAT HOHM3auH mpeermact 10 3B [6-7].

ITo coepemennpiM manHbIM BenmuuHa Fe/O B dotocdepe cocraBmser 0.0576, B xopone (1o
cnekTpaabHbiM HaOmoaeHusIM) — 0.187 u B cocraBe BembiieuHbx moTokoB Yactuil — 0.131 [8]. Oxgnaxo,
KaK TPaBUIO, PE3yIbTAaThl ONPCACICHUHM 3THUX OTHOIICHHWA OTHOCATCS NHIIb K OJHOMY HIH IBYM
SHEPrEeTHUCCKUM HHTEPBANAM, YTO SBHO HEJOCTATOYHO I omnpeacscHus 3asucuMoctd Fe/O ot aneprim
HOHOB. B cB3M ¢ 5THM 0cOOCHHOE 3HAucHHE NpUOOpeTacT 3HaHUEe oTHoweHms1 Fe/O B pasnuyHbBIX
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