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PRELIMINARY PREDICTION OF THE 25-thTH SOLAR CYCLE PARAMETERS

Solar activity varies with a period of about 11 years. The solar activity variations cause changes in the interplanetary and near-Earth space. The
whole space weather is mainly controlled by the solar activity. Changes in space weather affect the operation of space-borne and ground-based
technological systems such as manned space flights, aero-navigation and space navigation, radars, high-frequency radio communication, GPS-
navigation, ground power lines. The solar activity variations influence living organisms and the climate on Earth. That is why it is important to know
the level of solar activity in a solar cycle in advance. Current solar activity is near the maximum of solar cycle 24. Maximal monthly sunspot number
was 102.8 in February 2014 and smoothed one was 75.4 in November 2013 (preliminary). Taking it into account and using correlation relations and
regression equations from (Pishkalo, 2014: Solar Phys., vol. 289, 1815) we can estimate duration of solar cycle 24 and then predict parameters of
solar cycle 25. Precursors in our calculations are the estimated duration of solar cycle 24 and sunspot number at the end of the cycle. We found
that minimum and maximum of solar cycle 25 in monthly sunspot numbers will amount to 5 in April-June of 2020 and 105-110 in October-
December of 2024, respectively. Solar cycle 25 will be stronger than the current cycle 24. No very deep drop in solar activity similar to Dalton or
Maunder minimums was predicted.
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ON THE MAGNETIC FLUX CONSERVATION IN THE PARTIALLY IONIZED PLASMA

The Ohm, Hall, and ambipolar diffusions in the partially ionized plasma are considered. It has been shown that the statement
of Pandey and Wardle [1,2] that only the Ohm diffusion is capable to decrease the magnetic flux is not sufficiently correct due to
the formal dependence of the magnetic diffusion on a selected frame of reference. The significance of understanding of the
physical nature for the dissipation and diffusion of the magnetic field in the partially ionized plasma as well as consequences of
obtained results are discussed.
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Introduction. The magnetic field freezing to the plasma is one of the most fundamental property of the cosmic plasma.
The frozen—in conditions suggest that the magnetic flux as well as the topology of the magnetic field lines are conserved.
However, the notion of the magnetic freezing for the partially ionized plasma as distinguished from the fully ionized one
becomes more complex. As a result, inferences of some authors turn out to be not well-grounded. For example, Pandey
and Wardle [1,2] concluded that only the Ohm diffusion is capable to destroy the magnetic flux, whereas Pedersen and Hall
ones redistribute the flux in the medium. Moreover, "total flux is conserved even in the presence of Ohm diffusion only if
parallel current is absent in the medium" [1].

The goal of this paper is to reconsider these results in the case of the collisional partially ionized within the framework
the three fluid approximation.

On the magnetic flux conservation in different frames of reference. Using standard notation and neglecting by the
viscosity, gas pressure, and gravitation, the momentum equations for the electrons (e), ions (i), and neutrals (n) can be
written as

dv, e e
dte :—EE—%VeXB‘FVei(\/i—Ve)‘l'Ven(Vn—Ve); (1)
dVi e e
TI‘I:ME+%\4XB+VIn(Vn_Vi)+Vie(Ve_Vi); (2)
dav,
Ttn =Vpi(Vi = Vi) +vpe(Ve = Vi). (3)
The system (1)-(3) implies the MHD momentum equation
dv _jxB
Pat - ¢

where j = en(v;—-V,) is the electric current density and the velocity of fluid as whole

(4)
n; +n,
Introducing the degree of the plasma ionization
Fetn, (5)
n+n,

and taking into account the conservation of momentum

nvy+npvy, =0,
where v; =V,-v and v, =V, -v are the velocities of ions and neutrals relative to the center of mass, respectively, from
(4) and (5) we find

(6)
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Since dV,/dt ~dv/dt andv,, /v, ~ m/M, in view of (4) from (3) it follows

F adv
v=-Frav 7)
Vm' at
In turn, adding term by term (2) and (3), we have
en dv My, .
enE+?Vi XB:PEJr?IeJ—”nMVne(Ve—Vn), (8)

where vy =V, —-v. Whence, taking into account the MHD momentum equation and the equalities

Mvig =mveg;,  NaMvpe =nmve,,  Npvp = nv,,
assuming | vg |>>| v, |, we can get the generalized Ohm's law in a frame of reference connected with ions
VixB_j ixB

E+ )
c o enc

9)

were the electric conductivity is

ne2

M(vgj +Ven)

On the other hand, since the ion velocity V, = v; +Vv , equation (9) can be rewritten as
vxB VixB j jxB
_—=—- +—

E+ = . (10)
c c o enc
According to the MHD momentum equation and (7), this implies
2 P
E+ VB P (pyxBs L 2B (11)
C c nnMVni o enc

In turn, the generalized Ohm's law in a frame of reference connected with electrons using equation (1) can be
represented as
Ve xB B j
c o
We obtain three generalized Ohm's law for ions (9), plasma as a whole (11), and electrons (12). However, equation (11)
can be only used for the magnetic diffusion description in the collisional plasma. Really, in order to find the power of the
Joule dissipation Q we must subtract the mechanical energy caused by the Ampere force from the work of the electric field
applied to the electric current, i.e.

E+ (12)

Q:a-%ﬁv:[5+¥%§ﬁ:51. (13)

Thus, the generalized Ohm's law in a frame of reference connected with plasma as a whole (11) correctly describes the
energy losses of the magnetic field.

Assuming j = j +]j, , equations (9), (11) and (12) can be written as

£+ VetVo)xB Iy, (14)
c o’
Es (Vi+Vo+VH)><B:J'J_ (15)
c o’
E. (vV+Vo+Vy +VA)xB:jﬂ. (16)
c o
Here the formal velocities
. . 2
cj, xb Cj F .
Vo =——=—, Vy=-—, V, =——(jxB),
" oB 7 en & 2 My,

and B = bB.
Pandey and Wardle [1,2] in terms of equations (14)-(16) assumed that only the Ohm diffusion caused by the parallel

electric current j” can change the field topology as well as the magnetic field flux caused, for example, by the magnetic

reconnection [3] since at ¢ — oo the generalized Ohm's law in any frames of reference can be written as (see, e.g., [3])
V>B_,
c

E+

where V is the arbitrary velocity.
In our view, this approach is not quite correct because the flux transport velocities Vg +Vy, Vi+Vy+Vy,

V+Vp +Vy +V,p describe the formal frames of reference, for which the magnetic flux is conserved at jj; =0. As it follows

from (13) only the generalized Ohm's law in a frame of reference connected with the plasma motion as a whole has the
physical sense. It describes the real energy losses of the magnetic field due to collisions between ions, neutral atoms, and
electrons. This means that the magnetic flux is not conserved. Really, taking into account the total time derivative of the
magnetic flux in the general case, according to Faraday's law

VXE:—la—B,
c ot
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and the generalized Ohm's law (11), for the magnetic flux in a frame of reference associated with the fluid as a whole we have

2
9 _dipgs-
dt dt nMcv,,

Equation (17) suggests the magnetic flux is not conserved due to Ohm, Hall and ambipolar diffusions. Note that the Hall
diffusion as distinguished from the Ohm and ambipolar ones is not associated with collisions. It occurs because of the
generation of the electric current caused by the charge separation arising due to different signs of the charge for electrons
and protons.

Coclusions

1. The magnetic dissipation in the partially ionized plasma can occur not only due to the Ohm dissipation but also under
action of the ambipolar diffusion.

2. The magnetic flux is not conserved in the partially ionized plasma because of the Hall and ambipolar diffusions.

3. The formal approach to the magnetic field diffusion in the partially ionized plasma can give rise to the hard
paradoxes.
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NMPO CBEPEXEHHSA MAIHITHOIO NMNOTOKY B YACTKOBO IOHI3OBAHIU MITA3MI
Po3sansinymo omiyHy, xoniecbKy ma am6inonsipHy Augbysiro y yacmkoeo ioHizoeaHili nna3mi. lMokazaHo, uyo meepdxeHHsi [laHdes1 ma Bapdns
[1,2] npo me, wo minbku omiyHa Augpby3isi eHacnidok ghopmarnbHOI 3anexHocmi y3azanbHeHo20 3akoHy Oma eid obpaHoi cucmemu KoopOuHam
30amHa 3MeHwWumu Ma2Himuuli nomik € HeAocmamHb0 KOopeKkmHor. 062080prOEMBLCS 8aXnugicmb Po3yMiHHS ¢pi3u4HOi cymHocmi ducunauii ma
Oudgby3ii Ma2HiMHO20 MoJsisi 8 YaCMKOBO iOHi308aHill Nna3mi, a mako) HacnlioKu ompumaHux pesysbmamis.
Knroyoei cnoea: ioHizoeaHa nna3ma, Ma2HimMHul nomik.
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O COXPAHEHUN MATHUTHOIO MOTOKA B YACTUYHO NOHU3OBAHHOW NIIA3ME

PaccmMompeHa omu4veckasi, xosnnoeckasi u ambunonsipHasi dughghy3usi 8 Hacmu4HO UOHU308aHHoU nna3me. [lokazaHo, Ymo ymeepxoeHue
MaHndess u Bapdns [1,2] o mom, Ymo mosibko oMu4yeckasi Ougpgpy3zusi ecrnedcmeue hopmanbHol 3asucumocmu o6o6ujeHHo20 3akoHa Oma om
8bl6paHHOl cucmeMbl KOOPOUHamM cnocobHa yMeHbWUMb Ma2HUMHbIU MOMOK siesisemcsi HeAocmamo4HoO KoppeKmHbIM. O6cyxdaemcs eax-
HOoCcmb MoHUMaHus ¢husuyveckoli cyujHocmu duccunayuu U Ma2HUMHOR20 MoJIsi 8 YaCMUYHO UOHU308aHHOU NnasmMe, a makxe cinedcmeusi nosy-
YeHHbIX pe3ysibmamoe.

Kntoyeenie crnoea: uoHusupoeaHHasi nna3ma, MacHbIMHbIU MOMOK.
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OBPOBKA ACTPOHOMIMHUX ®OTOHErATUBIB CKJITIOTEKU AO KHY
B PAMKAX NMPOEKTY YKPBO

B cmammi po3anssHymo cy4yacHuli cmaH pobim 3 cucmemamu3sauyil, eekmpoHHOI kKamasiozisauii, oyugpoeyeaHHi ma nepe-
onpayroeaHHi Konekuyii acmpoHoMidyHux ¢pomo3sHimkie AO KHY e pamkax eceykpaiHcbko20 ma MixHapoOHoz20 npoekmy Bipmya-
NbHOI 06cepeamopii. Xapakmepu3yrombcsi OUiHKU NMo3uyiliHoi ma ¢homomempuyHOi MoYyHocmi oKpeMux ¢ghomornsiamieok, pe-
3ynbmamu nowykie onmumasnbHUXx Memoduk ma nidxodie o06pobKu.

Knroyoei cnoea: pomoHezamueu, YkpBO.

Bctyn

AcTpoHOMis, SIK i BinbLUiCTb NPUPOAHMYMX HAYKOBUX rany3em, Npyu CTPIMKOMY pPO3BUTKY iH(pOpMaLiiHUX TEXHOMOrIN 3iTK-
Hynacb 3 NpobrnemMolo HakonMyeHHsi, 36epiraHHs, nepenadi Ta NepPeTBOPEHHS y 3aranbHO4OCTYMHUA, 3PYYHUIA Y BUKOPUC-
TaHHi, NpMaaTHUA AN WBWAKOro NOLwyKy BUrMsa4 3400yTol 3i cnocTepexeHb iHopMmalii. Ane TpuBani YacoBi MPOMIKKM
CMOCTEPEXHUX Mporpam, Lo Tak BaXNMBi ANA BUSABMEHHS NEBHNX 3aKOHOMIpPHOCTEN BMM3bKOro Ta Aanekoro HaBKONo3eM-
HOro MPOCTOPY, a TAaKOX 3MiHM METOZiB Ta 3acobiB CNOCTEpPEeXeHb HaKNadaTb CBIil BiAOUTOK HA CyMICHICTb Ta piBHO3HauY-
HICTb OTPUMaHMX AaHuX. 30Kpema Le CTocyeTbes 06'eMHOro iHgopmadinHoro nnacty dgoTorpadivHoi actpoHowmii. e Ha-
npukiHUi XX cT. npobnema BUKOPUCTaHHA Taknx AaHUX cTana 3po3yMinoto i 6yno nigHATo NMTaHHS Npo HeobXiaHiCTb kaTa-
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