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1. A reliable series of the relative Wolf numbers (165 years) it leads to the only scenario of solar
cycles (SC) the regular change of the magnetic field generation regime in the Sun's convective
zone when going from periods of increased solar activity (SC18 — 22) to periods of solar
activity reduced and vice versa — from reduced to increased. The first period of reduced solar
activity has already been observed and fell on SC12 —16. The second such period starts with
the current SC 24 and likely will last the 5 SC. Before each this period 1s taking place the
regime generating a magnetic field change, which occurs within 1.5 — 2 SC. In reliable SC
such restructurings, apparently, could be observed in the SC 10 — 11 when solar magnetic
tields of the convective zone recovered to reduced solar activity. In SC 16 — 17 magnetic
fields adjustment reorganized to the period of increased solar activity. It led to significant

growth sunspot areas and appearing giant sunspot groups on the solar cycle growth branch
of SC 18.

Y Y Y
Table 1. The N To W Toax Wi, THOTVT
authentic solar Cycles_ 8 1833.9 7.3 1837.2 146.9 3.3 6.3 9.6
9 1843.5 10.5 1848.1 131.6 4.6 7.9 12.5
10 1856.0 3.2 1860.1 97.9 4.1 7.1 11.2
11 1867.2 5.2 1870.6 140.5 3.4 8.3 11.7
12 1878.9 2.2 1883.9 74.6 5.0 5.7 10.7
13 1889.6 5.0 1894.1 87.9 4.5 7.6 12.1
14 1901.7 2.6 1907.0 64.2 5.3 6.6 11.9
15 1913.6 1.5 1917.6 105.4 4.0 6.0 10.0
16 1923.6 5.6 1928.4 78.1 4.8 5.4 10.2
17 1933.8 3.4 1937.4 119.2 3.6 6.8 10.4
18 1944.2 7.7 1947.5 151.8 3.3 6.8 10.1
19 1954.3 3.4 1957.9 201.3 3.6 7.0 10.6
20 1964.9 9.6 1968.9 110.6 4.0 7.6 11.6
21 1976.5 12.2 1979.9 64.5 3.4 6.9 10.3
22 1986.8 12.3 1989.6 158.5 2.8 6.8 9.7
23 1996.4 8.0 2000.4 120.7 3.8 8.9 12.7
24 2009.1 1.7 2013.11+2 5.0 6.9 11,5
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2. Only reliable epoch “increased” SA includes 5 SC (18 — 22), which became highest according
to the Wolf numbers and flare activity among reliable SC. This epoch includes one super-cycle
(19), three high (W*> 135 — SC 18, 21, and 22) and one SC of average value (80< W* <135 —
SC 20), in which flare activity was at the high level, compared with adjacent high SC. The

number of large groups of spots with the complex magnetic configuration significantly grows in
these epochs and the number of large and powerful solar events, as a result, sharply grows.

Table 2. The cycles of the “increased” epoch SA.

N To W* . Tmax Te W T, T, T, T,. T,. B/N

lmin

=

18 1944/2 7.7 1947/5 1954/3 151.8 3.2 7.0 15.2 33m 33m 444
19 1954/4 3.4 1958/3 1964/9 201.3 3.9 6.5 10.4 33m 38m 221
20 1964/10 9.6 1968/11 1976/6 110.6 4.1 7.8 11.8 38™ 69 269
21 1976/6 12.2 1979/12 1986/8 164.5 3.5 6.8 10.2 69m 33» 273
22 1986/9 12.3 1989/7 1996/5 158.1 2.9 6.7 9.6 33 40 308
2 9.2 157.2 3.5 7.0 10.4 41.2m™ 302
T, — began SC; W* . — initial W*; T __— the time of maximum SC; W*  — maximum value W*;

T1Y — the duration of the increase branch (in the years); T!Y — the duration of the decrease branch
(in the years); TY — duration SC (in the years); T T — the length of the minimum phase before
and after this SC (in the months).

1min® ~ 2min
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Fundamental characteristics SC of this epoch in comparison with “lowered”:

— the higher on the average initial values of W*min;

— are shorter on the average of duration SC (10.44Y);

— the shortest on the average (less than 3.7Y) branches of increase;

— one and two apical phases of maximum, moreover the first peak usually appears W*max, and
the second coincides with the maximum of flare activity;

— the branch of the decrease on the average (6.96Y) is longer, but the phases of the minimum
between high SC are very short (34.25M), besides the minimum 20-21 SC (69M);

— the more extended zone of spot-formation + of 45°;

— average summary according to the data SC the smoothed area of the sunspot groups—~2100
mvh [2];

— the relative percentage of larger sunspots significantly is increased, the number of sunspot
groups with the areas >1000 mvh in all SC the epoch — 487 [2].

Subsequent five cycles of solar activity have the highest relative number of sunspot and solar
flare activity among reliable solar cycles. And in one among them is formally an average solar
cycle # 20 flare activities was high, comparable with neighboring solar cycles.

o I B o Cx Total

18 s 25 o 102 B - >1000 mvh
19 102 2 ] 161 S = >1500 mvh
20 <43 23 ] TS G - >2500 mvh
21 =1 1& < T3

22 40 17 & 63 Janssens, 2012
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3. The first epoch “lowered” SA was 5 SC, three of which were low (W*<80 —SC 12, 14,
16) and two average values (SC 13, 15). It is necessary to note that for investigating the
characteristics SC we in principle cannot use the restored number (1755-1849), since the
reliable and restored series of the Wolf numbers have completely different spectral
characteristics [1]. It is the consequence of poor restoration and the fact that for 9 restored
SC, the branch of increase exceeded the branch of the decrease in three cycles of solar
activity, but for 14 reliable SC this was observed not to time. In the epochs “lowered” SA
predominate the small quite, short-lived sunspot groups of simple magnetic configuration,
the level of flare activity is low — the number of powerful solar flare events is extremely
small. The second such epoch began from a maximum solar cycle 22 and to the end of
solar cycle 23 gave rise to a new period of "reduced" SA — the epoch of medium and low
values solar cycles.

Table 2. The cycles of solar activit

min

N To W*
12 1878/12 2.2
13 1890/3 5.0
14 1902/1 2.6
15 1913/8 1.5
16 1923/8 5.6
X

24 2009 1 1.7

Tmax e * ax
1883/12 1890/2 74.6
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Fundamental characteristics SC of epoch “lowered” SA in comparison with “that
increased”:

— the lower initial values W*_. (3.38);

— more are prolonged in average SC (10.9Y);

— the more prolonged on the average (4,5Y) branches of increase;

— multimodal of the phase of maximum for low SC, moreover the peak largest in the value
becomes W*__;

— the shorter (6.5Y) branches of decrease;

— the narrower zone of spot-formation on the latitude of +30°;

— the average smoothed area of the groups of the spots of ~1200 of mvh. [2];

— the number of sunspot groups with the areas of >1000 m.v.h. in all SC of epoch — 147
[2];

— the tightened phases of the minimum between the SC (56 — 60™) and, especially, before

S B 5 G Total [extensive phases of the
12 32 11 43 B —>1000 m..m.

13 35 13 2 =2 S - >1500 m..1I.

14 20 11 4 35 G - >2500 M.1.IL

15 ! 13 i S0

16 40 1= 3 57 Janssens, 2012
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4. Before each such epoch there is occurs the change of the magnetic field generation
regime in the spot-forming zone of the Sun, which lasts 1.5-2 SC and it leads to the
principally different picture of the sunspot group’s formation. Period of this
reconstruction, apparently, rests on one SC, but are included and some portions and
adjacent, when processes the change of the magnetic field generation regime already or
still are manifested.

Table 3. The cycles of the solar activity change periods

N To W* . Tmax Te Wx = Tyt T,, T, T, T,. B/

10 1855/12 3.2 1860/2 1867/2  97.9 4.2 7.2 11.4 34m 402

11 1867/3 5.2 1870/8 1878/11 140.5 3.4 8.5 11.9 34 65 1025
3 3.8 7.85 11.65 34

16 1923/8 5.6 1928/6 1933/8  78.1 4.7 5.6 10.3 48" 54 666

17 1933/9 3.4 1937/4 1944/1 119.2 3.6 6.9 10.5 54 33" 262
18 1944/2 7.7 1947/5 1954/3 151.8 3.2 7.0 10.2 33™ 33" 444
3 3.4 6.95 10.85 45"

22 1986/9 12.3 1989/7 1996/5 158.1 2.9 6.7 9.6 33™ 40m 308
23 1996/6 8.0 2000/4 2008/12 120.7 3.8 8.9 12.7 40™ 68 821
3 3.35 7.8 11.15 36.5

The characteristics of solar cycle XXII (highest of the even) gave the influential arguments of
incipient reconstruction of the solar magnetic field generation regime in the convective zone of
the Sun [2], which changed the conditions for the appearance of active regions (AR). The signs
of such a reconstruction could be:
— the appearance of large sunspot groups on the high for sunspot formation latitudes (>35°);

— the realization of the most powerful solar flares in the phase of maximum, but not on the
decrease phase;
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— the complete absence of class X solar flare on the
decrease phase, the first time from the time of the solar
flares observations;

— the only case (XXII — XXIII) of violating of the
Gnevyshev — Ol rule, on which odd cycle of SA must be
higher than previous even.

The basic consequence of such a reconstruction it became
the significant weakening of magnetic fields in the sunspot
umbra and, correspondingly, an increase in the brightness
of the sunspot umbra, as shown into [3], which began in
the phase of the solar cycle XXIII maximum and continues
up to now.

The second possible consequence of this process became the
record tightened phase of the cycles XXIII — XXIV
minimum. The minimum, which was begun in May 2005,
was prolonged until December 2010 affer taking the first 2 years
of the current cycle development. During this period for the first
time made possible to estimate and to analyze solar active
phenomena under the conditions for the minimum
generation of solar magnetic fields to obtain the smallest,
background values of the basic observant parameters in the
Sun and in the interplanetary space [4]. In the previous
similar period between the cycles of SA XIV — XV was at the
beginning of 20 centuries, and its detailed study it was
impossible.
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In the transition periods are manifested the uncommon properties SC, such as the
violation of the Gnevyshev — Ol' rule (22 — 23), the concentration of the most powerful
flare events in the phase of maximum and the uncommon calmness of the SC 22 decrease
phase. Thus far all extreme solar flare super-events (VIII — IX 1859 — 10 SC; VI 1991 — 22
SC; X — XTI 2003 — 23 SC) were occurred precisely in the transition periods. In the reliable
cycles of SA such reconstructions, apparently, could be observed in SC 10 — 11 (few data),
when the magnetic fields of the solar spot-forming zone were reconstructed to the regime
of epoch “lowered” SA. In SC 17 — 18, apparently, was observed the period of magnetic
field reconstructed to the epoch “increased” SA. This led to the fact that the relative
percentage of the small and quite sunspot groups significantly decreased: the parameter q=
SU/S (ratio of the penumbra area to the atea of entire sunspot) reached the minimum at
the beginning of the 30's of 20 centuries [3]. On the phase of an increase in 18 SC, for the
first time in all time of observations, appeared the sunspot groups of gigantic areas (~4 —
6-10° m.v.h.), and a quantity of spotless days in the phase of the minimum returns to its
average level of ~4854.
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5. Begun under such conditions current 24 solar cycle after
64 months of its development into the phase of
maximum.. The current cycle is the first component of
physical 22-year cycle of SA and according to the
Gnevyshev — Ohl rule following 25 solar cycle must be
higher. Up to now the cycle is developing as the cycle of
low height (W*max<80). There were only three low cycles
(12, 14, 16) among the authentic ones and all of them were
even. Let us consider the fundamental characteristics of
the current cycle SA :

— the formal beginning of the current cycle is January
2009, and the initial value of the W*min=1.7;

— the first group appeared in January 2009;

— the beginning of the rise phase — April 2011. (W=54.4,
F10.7=112.6), when 3 sunspots groups of middle (>300
m.v.h.) size simultaneously passed through the solar disk;
— the appearance of the first large (Sp 2 of 500 m.v.h.)
sunspot group — February 2011, and the first very large
sunspot group (Sp 2 1500 m.v.h.) — beginning November
2011,
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Changes in sun'’s
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5. Conclusion

From the preceding follows that the current cycle is developed on the scenario typical for the
normal cycles SA: the most powerful flare events usually occur on the decrease phase and
sometimes on the rise phase. The special features of the last two solar cycles evolution confirm
the occurred change of the magnetic fields generation regime in the convective zone of the
Sun. One may speculate that the Sun entered the period of low and middle solar cycles, which
can be prolonged 5-6 cycles of SA (5070 years). Significant reduction in the number of flare
events will lead to the decrease of the number of stronger sporadic geomagnetic disturbances
and an increase in the periods of quite geomagnetic conditions. Weakening the regime of the
extension of solar magnetic fields it led to a significant inctease in cosmic ray intensity in
environment and, correspondingly, to an increase in the radiation background for entire
duration solar cycles but not only in the epoch of the minimum. The sporadic heating of the
earth's atmosphere significantly decreased, which leads to the larger pollution the environment
by space debris and other unfavorable consequences
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FLARE ACTIVE REGIONS OF XXIV SOLAR CYCLE

— AR11041 (S251.052; CMP Sp=200) ; XRI= 1.18; M4 MNB3 ( 14"—-20.01.10

— AR11045 (N241.250; CMP Sp=420); XRI= 1.52; M **+C; MB3 (72"6-9.02.10

— AR11046 (N241.186; CMP Sp=190); XRI= 0.83; M,%+C; Rapid evolution after 10.02 and flare M8.3 —
12.02.2010

— AR11079 (S261.117; CMP Sp= 010); XRI= 0.3; M,2+C; MB3(29") 12-13.06.10

— AR11081 (N221.098, 11.06y,5; Sp=090); XRI=0.3; M,*%;

MB3 (29" 12-13.06

— AR11093 (N10L.355; CMP 10,1.08.10; Sp=250.); XRI = 0.1; M1+C1; [1 B3(45") 6 -7.08

— AR11112 (S201.204, CMP 14.10,5.10, Sp= 180); XRI=0.29; M,>S.

— AR11121 (8191121, CMP 10.11.10, Sp= 090); XRI=0.74; M;>% MNB3(16") 5-6.10;

— AR11166 (N10L095, CMP 8.03.11;Sp=750 m.v.h.); XRI=2.16; X,>+M,+C,,; MBI (45") 8-9.03

— AR11149 (N18L070, CMP 20.01.11, Sp=160); XRI=0.13; M11.3;

— AR11153 (N15L172, CMP 03.02.11, Sp=180); XRI=0.19; M11.9; Appearance at 04.02 on W18, flare
M1.9 -09.02

— AR 11158 (S191.036, CMP 13,4.02.11), Sp=620); XRI=3.59; X12.2+M66.6+C48; B3 (69h) 13-16.02;
Appearance at 11.02 on E25;

— AR11165 (S221.181, CMP 2,3.03.11; Sp=420) XRI=1.53; M65.3+C25 B3 (22h) 7-8.03; Appearance at
26.02 on E43;

— AR11166 (N10L095, CMP 8.03.11;Sp=750); XRI=2.16; X11.5+M4+C24; [1B3 (45) 8-9.03;

—~AR11261 (N161.330, CMP 01.08.11; Sp=390); XRI=2.71; M59.3+C36 [1B31 30.04 - M9.3; B3 2 (23h) 3-
4.08 - M2 ;

—AR11263 (N17L301, CMP 3.08.11, Sp=720 ); XRI=7.67; X16.9+M3+C33 B3 (13h) 8-9.08 - X16.9+M2;
— AR11283 (N121.227, CMP 6.09.11, Sp=230; XRI= 5.60; X22.1+M5), B3 (61h) 6-8.09 - X21.8+M2;

- AR11302 (N'131.280, Sp=1300; XR1=8.73; X21.9+M17+C72 [1B3 (66h)

— AR11339 (N191.103, Sp=1540; XR1=4.18; X11.9+M9+C38),

MB3 (59h) 2 -5.11 - X11.9+M5
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110213 1728 1738 1846 MG6.6/1N
110215 0144 0156 >0206 X2.2/

110218 0955 1011 >1015 M6.6/SF
110308 1035 1044 >1055 M5.3/1F
110309 2313 2323 0016 X1.5/2B
110730 0204 0209 >0212 M9.3/SF
110804 0341 0 357 0505 M9.3/2B

110809
110906

110906 2212 2220 0029 X2.1/2B

110907
110908
110922
110924
110924
110924
110925
111103

120123 0256 0359 0553
120127 1737 1837 1913 X1.7/1F

TIME
Ttm

IMP

to te Xray/opt L

LOCAL-N
1t 1g L

AR RADIO CME

SWEEP to/pa

J*m-2

019 N206E111.186
026 ST19E58L.211

093 N18W90L070
.04 S20E04L036

16 S20W15L.036

019 N22E101.336

034 S17W861.181

067 NO8WO09L095
.020 N21W68L330
054 N19W306L358
0748 0805 0904 X6.9/2B .190 N17W691.301
01350150 0236 M5.3/1B .054 N14W071.224
058 N14W181.224
2232 2238 >2348 X1.8/3B .069 N14W281.224
15321546 1632 M6.7/1N .042 N14W401.224
1029 1101 1227 X1.4/2N .450 N13E781.279
0921 0940 1010 X1.9/2B
1233 1320 >1410 M7.1/1B .290 n12e581.279
2029 2036 >2042 M5.8/
0431 0450 0541 M7.4/2N .096 N11E471.279
2016 2027 2140 X1.9/2B

M8.7/2B .2

037 N20E09L.250 11045

IV/2 0354/
11046
11121
11149 11/1
11158 11/1
11158 11/2
11162
11165
11166
11161
11261 11/2

Pr/2

CME/H Pr/2.6

R/0209/50-100
R3/0347/50-100
11263 11/1 R3/0805/25-50 Pr
11283 11/3 1V/1 R/0146/25-50
11283 11/2 1V/3 CME R2220/100-300
11283 1I/1 1IV/1 CME R 2303/06-12

11283 IvV/1 R/1544/50-100
11302 11/2 R3/1054/25-50
110 N12E601.279 11302 11/21V/3 R2/0940/100-300
11302 R2/1310/12-25
024  n13e521.279 11302 R2/2035/25-50
11302 Iv/2 R /0445/25-50
100 N22E631.117 11339 CME/2312
N28W211.212 11402 IvV/2 CME/H Pr6310
A5 N27W711.212 11402 11/3 1V/2 CME/H Pr796



SUMMA SINE LAUDA

Ecnu Obl1 3TO OLINO TakK, 3TO
Obl ewe Hu4Yero, A ecnu Obl
HU4Yero, oHo Obl Tak ”
ObINno. Ho TaK Kak 3TO He
TaK, TaKk OHO U He 3TaK!

TakoBa rnoruka BeLuen
(/1.K3ponn Anuca e 3a3epkasibe)




Bonbline Benbiwky Ha ConHue (1 3Be3aax)
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H. Maehara etal, Nature, 2012
(KA «Kennep»):

BeposaTHOCTb BCMbILKA Ha
COJTHUEeNnoaobHbIX 3Be3aax

c E = 10°* - 1 pas 3a 800 ner,
c E = 103>— 1 3a 5000 ner.

K. Shibata etal, PAS], 2013:

Ha ConHue E = 1034 - 1 3a 800
neT, Bcnbliwkn 103° -
ManoBepPOATHbI.

Hawu OaHHbIe:
1033->—1 3a 60-100 ner,

1034 -1 3a 600-1000 ner,
103%>—1 3a 1 MnH.ner.



Evolution of magnetic field in the flux-transport

dynamo models
> Flux-transport models are now

divided into two classes:

Low-diffusion model: “conveyor-
belt” of several solar cycles stored 1n
the tachocline — “long-memory”
model (Dikpati & Gilman).
Waldmeter’s effect 1s not explained.

High-diffusion model: “short-
memory’ model, but explains the
correlation between the polar field
strength at the solar minimum and the
next cycle, observed for the past 3
cycles (Choudhurt et al). Waldmeier’s
0.00 Yrs. effect is explained by fluctuations of
the meridional circulation speed.
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CpellHHE MArHWTHBIEC IIOJISI KPYIIHBIX MATEH JEMOHCTPUPYIOT
IUKIAYECKHE H3MEHEHMS, 4 MEJIKUX — MMEIOT TEHJICHIIMIO K
OoJice IJTUTETbHBIM BapUaIUsM, 4yTO MMO3BOJISET
UHTEpOPETUpOBaTh  T.H. «3pdext  JluBuHrcroHa-Ilenna»
JUIMTEJIbHOTO ~ YMEHBIIEHUS  CPEIHUX  HANPSAKEHHOCTEH
MAarHUTHBIX IIOJIEM MATEH B IIOCHEIHHE 15 JeT Kak (peHOMEH
YBEJIIMUYEHUS] OTHOCUTEIBHOMN JOJIM MEJIKUX IISTEH B AKTUBHOCTH.
OTO OOCTOSTEIBCTBO C OJIHOM CTOPOHBI CBHUJIETEIBCTBYET O
BO3MO>KHOM  HACTYIUICHMM B  OJWKaHWIIee  JIECATUIICTHE
rTyOOKOr0 MHUHHMYMa COJIHEYHOW aKTUBHOCTH, & C APYroM — O
nevicteun Ha COJIHIIE ABYX AWHAMO-MEXAHHU3MOB, OTBEYAIOIIMNX

3a (POPMUPOBAHHUE KPYMHBIX U MEJKHX IATEH COOTBETCTBEHHO. —
I'AO, USMHNPAH, NSO (CIIA), IKIT (boarapus).



— the longest average (not less than 4 years) branch of rise;

— multimodal of maximum phase, and the largest in size peak becomes
the point of cycle

maximum;

— In two cases out of three (23 — 24 and 14 — 15) the cross-town
branches droop with the

extended phase of solar activity minimum. Perhaps this i1s one of the
signs of the beginning or

ending of restructuring of generating solar magnetic fields.

For the first time such a protracted period of minimum phase in the era
of space research on

solar cycles 23-24. It became possible to understand that from a peak of
#22 and end of #23

solar cycles, generating magnetic fields on the Sun significantly changed
and gave rise to a new

period of "reduced" SA-era cycles of medium and low values (150
recession-year cycle). With the

start of cycle 24 SA, in our view, the restructuring is over and restores
famous observation rules,

such as rule Gnevysheva-Olya, on which the next solar cycle 25 should
be higher.



