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BucHoBku. BusiBneHi Ha cboroaHi Bci TposiHUi HenTyHa Ta HymepoBaHi TposiHui KOniTepa HaBpsg UM MOXYTb NEPenTn B
nonynsuito KeHTaBpiB y Hanbnukyi Kinbka COTEHb TUCSIY POKIB 32 paxyHOK NULLE rpasiTauiiHux 36ypeHb.
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O BO3MOXXHOCTU NEPEXOAA TPOAHLIEB NNAHET K KEHTABPAM

N3 kamanoza MexdyHapodHo20 yeHmpa Masnbix riaHem Ha 2020 200 omo6panbl TposiHubl FOnumepa u HenmyHa. lpoeedeHbl Yyucnoebie
pacyemsbl 3gonoyuu opbum Ha uHmepeanbl do 1 MIH nem. YcmaHoesieHO, Ymo OG6HapyXeHHble Ha ce200Hs ece TposiHubl Henmyua u
HymepoeaHHble TposiHybl KOnumepa epsd nu mo2ym nepexodums e nonynsyuto KeHmaepoe e 6nuwxaliwuue comHu mbicsid 1em.
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ON A POSSIBILITY OF TRANSFER OF THE PLANET TROYANS TO CENTAURS

Jupiter Trojans and Neptune Trojans have been selected from the Minor Planet center catalog for 2020. Numerical calculations of the evolution
of orbits on intervals of up to 1 million years have been carried out. It has been established that all discovered by today Neptune Trojans and the
numbered Jupiter Trojans are unlikely to transfer into the Centaur population during the next hundreds of thousands of years.
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ON SUNSPOT "ROYAL ZONE" AND TWO MAXIMA OF SOLAR CYCLE

Cyclic regeneration of the large-scale magnetic field of the Sun underlies all the phenomena known collectively as "solar
activity". The sunspot cycle is arguably the best known manifestation of the solar magnetic cycle. We outlined here the scenario
of reconstructing of toroidal magnetic field in the solar convection zone (SCZ), which, on our opinion, may help to understand
why magnetic fields rise to the solar surface only in the sunspot "royal zone" and what is reason of the phenomenon of double
maximum of sunspots cycle. The effect of magnetic pumping (advection) caused by radial inhomogeneity of matter with taking
into account Sun's rotation [28], in conjunction with deep meridional circulation, play a key role in proposed scenario. Magnetic
buoyancy constrains the magnitude of toroidal field produced by the Q effect near the bottom of the SCZ. Therefore, we
examined two "antibuoyancy" effects: macroscopic turbulent diamagnetism and magnetic advection caused by radial
inhomogeneity of fluid density in the SCZ, which we call as the Vp effect. The Sun's rotation substantially modifies the Vp effect.
The reconstructing of the toroidal field was examined assuming the balance between mean-field magnetic buoyancy, turbulent
diamagnetism and the rotationally modified Vp effect. We found that the reconstructing of large-scale magnetism develops
differently in the near-polar and equatorial domains of the SCZ. In the near-polar domain, two downward pumping effects
(macroscopic diamagnetism and rotational pumping) act against magnetic buoyancy and, as a result, they neutralize magnetic
buoyancy and block the toroidal field (which is generated by the Q effect) near the tachocline. Therefore, these two antibuoyancy
effects might be the reason why sunspots at the near-polar zones are never observed. In other words, strong deep-seated fields
at high latitudes may well be there, but they not produce sunspots. At the same time, in the deep layers of the equatorial domain,
the rotational turbulent pumping due to the latitudinal convection anisotropy changes its direction to the opposite one (from
downward to upward), thereby facilitating the migration of the field to the surface. We call this transport as first (upward) magnetic
advection surge. The fragments of this floating up field can be observed after a while as sunspots at latitudes of the "royal zone".
Meanwhile, a deep equator-ward meridional flow ensures transporting of deep-seated toroidal field, which is blocked near pole in
tachocline, from high latitudes to low ones where are favourable conditions for the floating up of the strong field. Here this
belated strong field is transported upward to solar surface (the second upward magnetic advection surge). Ultimately, two time-
delayed upward magnetic surges may cause on the surface in the "royal zone" the first and second maxima of sunspots cycle.

Keywords: Sunspots, "royal zone", solar cycle, magnetic fields, turbulent convection, magnetic buoyancy, turbulent magnetic
pumping, meridional circulation.
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Introduction. Sunspots, the most noticeable and observable manifestation of solar activity, do not appear on the entire
disk of the Sun, but only in heliolatitude belts located at a distance of about 40° + 45° on both sides of the solar equator.
Near the equator itself, up to latitudes + 5°, spots also appear very rarely. Christopher Scheiner, one of the four telescopic
discoverers of sunspots, called these latitudinal belts as "royal zone" (Scheiner's "Rosa Ursina sive Sol", published in 1630).
After the discovery of 11-year cyclic variations in the number of sunspots (Schwabe-Wolf law, 1843, 1848), it turned out that
the location of latitudinal zones of sunspots changes with the phase of the cycle. This circumstance attracted the attention
of the English researcher R. Carrington in 1858 [4], who also discovered the differential rotation of the solar surface.
Subsequently, the German scientist G. Spoérer studied in detail the changes with the phase of the cycle in the distribution of
sunspots over heliolatitude [58]. At the beginning of each new cycle, spots appear mainly at the polar edges of the "royal
latitudes of activity", and later at ever lower latitudes. The maximum coverage of the solar surface by spots is achieved at
approximately 15° latitude. The law established by Spoérer reflects the frequency of the emergence of new groups of
sunspots, which consists in a monotonic displacement to the equator of the latitudinal zone of sunspot formation during the
cycle. Visually, Spoérer's law is illustrated by the diagram of latitude — time, first built by E. Maunder in 1913 [46]. The
discovered latitudinal distribution of spots with a cycle phase was later called the "Maunder butterflies" diagram (Fig. 1).

-40°

Fig. 1. Diagram of the "Maunder butterflies" [46], according to observations from 1874 to 1913,
this shows the areas of existence of sunspots depending on the heliographic latitude
(in the "royal zone") and phase of the solar cycle, Qt

The nature of sunspots was unknown till 1908, when J. Hale [16] observed Zeeman splitting in the light coming from
sunspots on the Sun and concluded that sunspots are highly magnetic structures on the solar surface with magnetic fields
of the order of 1000 G. Another major breakthrough came in 1913, when J. Hale [17] proposed that the Sun has a general
magnetic field similar to the field of a uniformly magnetized sphere, the axis of which is slightly inclined to the axis of
rotation of the Sun. Its one now called the global magnetic field. A little later (1919) Hale's celebrated polarity laws [18]
established the existence of a well-organized toroidal magnetic flux system, residing somewhere in the solar interior, as the
source of sunspots. In the same year (1919) J. Larmor suggested [44] the inductive action of fluid motions as one of a few
possible explanations for the origin of this magnetic field, thus opening the path to contemporary solar cycle modeling.
Larmor's suggestion fitted nicely with Hale's polarity laws, in that the inferred equatorial antisymmetry of the solar internal
toroidal fields is precisely what one would expect from the shearing of a large-scale poloidal magnetic field by an
axisymmetric and equatorially symmetric differential rotation pervading the solar interior. Later in 1959, as a result of
magnetographic measurements on the Sun, weak magnetic fields were revealed near its poles. It soon became clear that
the magnetic field lines of these fields are directed along the meridians and correspond to a dipole configuration.

The sunspot butterfly diagram, Hale's polarity law, Joy's law of the tilt angles of bipolar sunspot groups, synoptic
magnetograms, and the shape of the solar corona at and around solar activity minimum jointly suggest that, to a tolerably
good first approximation, the large-scale solar magnetic field is axisymmetric about the Sun's rotation axis, as well as
antisymmetric about the equatorial plane. According to modern understanding [36, 49, 61, 65] the axially symmetric global
magnetic field of the Sun consists of two components. The first component is a weak poloidal field Bp. The lines of force of
the poloidal field, coming out on the solar surface, form background magnetic fields, in particular, polar magnetic fields. The
second magnetic component is a deep toroidal field Bt hidden from observers. The magnetic flux tubes of this field have
opposite directions in the northern and southern hemispheres. Sunspots appear when deep-seated toroidal flux ropes due
to magnetic buoyancy rise through the SCZ and emerge at the photosphere [48, 49]. Assuming that they rise radially and
are formed where the magnetic field is the strongest, the sunspot butterfly diagram can be interpreted as a spatio-temporal "map”
of the internal, large-scale toroidal field.

When observing, we see only local fragments of the toroidal field caused by magnetic buoyancy, which appear in the
"royal zone" in the form of bipolar magnetic groups of sunspots. The strong magnetic field of bipolar spots first appears near
heliolatitudes + 40°+ 45° and migrates towards low latitudes during about 11 years. Ultimately, the magnetic field of the
spots near the equator is neutralized by the penetration of the field of the opposite sign from the other hemisphere,
decreases and disappears. Therefore, it becomes clear that the "butterflies diagram" reflects the places of concentration of
the deep toroidal magnetic field in the sub-photospheric layers and determines the rate of its migration to the equator [48].

M. Gnevyshev [12], and A.Antalova and M. Gnevyshev [1] studied the distribution of the average yearly total area of
sunspot groups in the "royal zone heliolatitudes". As a result, they discovered the phenomenon of the so-called the
double maximum of the sunspot cycle, the essence of which is as follows. It was found that there were two maxima of
yearly total area of sunspots in each cycle. The first maximum was centered at the latitude 25°. It coincided in time with
the main maximum of the 11-year cycle of Wolf numbers, while the second maximum appeared later (about two years) at
low latitudes (10°+15°).
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In the last few decades, researchers have made a lot of effort to clarify the described observed spatio-temporal features
of sunspot activity [2, 8, 11, 13, 14, 15, 26, 30, 51, 57, 68, 69]. However, no definitive explanation of the problem of the
"royal zone" and double sunspots maximum has been received. Therefore, in this paper we attempted to outline the
scheme of the reconstructing of magnetism in the solar convection zone (SCZ), which may help to understand why
magnetic fields rise to the solar surface only in the "royal zone", and how may to explain the double peak sunspot cycle.
The processes of turbulent radial magnetic pumping and deep meridional flow play a key role in the proposed scenario of
the reconstructing of the toroidal magnetic field. To explain the physics behind the proposed scenario, we briefly review the
effects involved in the proposed reconstructing scheme.

Global magnetic field, solar dynamo and magnetic buoyancy. It is well known today, that the poloidal (polar)
magnetic field flips its orientation every 11 years with a 90° phase lag with the sunspot cycle [19]. A typical sunspot cycle
starts with a strong polar magnetic field while there are hardly any sunspots. As time progresses, the number of sunspots
increases while the polar field strength decreases gradually, until it becomes zero during the sunspot maximum. As the
cycle progresses further, the sunspot number starts to decline and a polar magnetic field of opposite polarity starts building
up and as the sunspot cycle reaches its end, the new polarl field is fully formed. Thus, one sunspot cycle corresponds to
one half of the solar magnetic cycle, with the full cycle having a period of roughly 22 years.

The origin of solar activity with its 11-year magnetic cycle is generally understood in terms of an oscillatory
hydrodynamic dynamo inside the Sun [5]. A toroidal magnetic field is generated from a poloidal field through differential
rotation: the angular velocity radial gradient 0Q/or acts in the solar high-conducting interior on the large-scale poloidal field
Br to transform the latter into a toroidal field Bt. This process is called the Q-effect. The essence of the global dynamo is
the regeneration of the poloidal field Bp from the toroidal one Bt through interaction with helicity turbulent convection in the
rotating Sun (a-effect). The systematic twisting due to the Coriolis force generates an N-S dipole moment from the originally
E-W oriented toroidal field. This dipole moment spreads by turbulent diffusion to reverse the old global poloidal field and
replace it with a new one of opposite sign, thereby closing the solar cycle (aQ-dynamo model of the solar cycle). Nowadays
we know that sunspots represent proxies for the underlying toroidal the magnetic field, strong flux ropes of which float to the
surface. The solar dynamo operates in the Sun's interior, which is not accessible to direct observations (except indirectly
through helioseismology). At the surface of the Sun, the main directly observable signatures of the dynamo are the bipolar
magnetic regions (sunspots, ephemeral active regions, and the still smaller intra-network fields), which represent magnetic
flux that has emerged from the interior. It is usually assumed that the most favourable place for the generation of a toroidal
field is the deep layers near the SCZ bottom, in the vicinity of the tachocline. This is due to the fact that the efficiency of
magnetic buoyancy is the lowest here.

The buoyancy mechanism of magnetic tubes with plasma in the gravitational field was proposed by E. Parker [48] and,
independently, by E. Jensen [25]. According to E. Parker [48], the magnitude of the buoyancy velocity of the magnetic field
B is determined by the expression Us (B,p) ~ B/(4np)*2. Near the solar surface, where the plasma density p is sufficiently
small, the buoyant velocity Us is very high, while in the deep dense layers the effectiveness of buoyancy is much lower.
However, even in the deep layers of the SCZ it is difficult to keep flux tubes with strong magnetic field for a long time
against magnetic buoyancy [49].

Constrains on magnitude of the excited fields were reduced substantially when the magnetic buoyancy effect was derived
within framework of the mean-field magneto-hydrodynamics by L.Kitchatinov and V.Pipin [32, 33]. In the field case B < 1, which is
typical for almost all bulk of the SCZ, the effective buoyant velocity for the smoothed field is determined by the equation

05

where parameter B = B/Beq is the field strength normalized to the energy equipartition value Beq= (41p)Y2u, | and u are
the mixing length and the r.m.s. velocity of the convective turbulent motions, p is the fluid density, Hp is the pressure scale
height and y = 5/3 is the adiabaticity index. Calculations by L. Kitchatinov and V. Pipin [32, 33] showed that the buoyancy
velocity for the smoothed field is noticeably less than the magnetic buoyancy velocity determined by Parker expression.

For the effective Q-process it is necessary that magnetic field be held for a long time in the region of the field
generation. As noted above, the best place for the localization of the toroidal field generation mechanism is the deep SCZ
layers near the tachocline. However, even with a low of buoyant velocity for the smoothed field (1) it is difficult to achieve a
significant magnetic field strength and retain it over a time comparable to the period of the solar cycle. The reason is that
strong fields due to the magnetic buoyancy are quickly evacuated from the generation zone. In this regard, there is an
urgent need to search for mechanisms of magnetic anti-buoyancy (negative magnetic buoyancy) compensating for the fast
rise of the fields. The below described effects of turbulent reconstructing of large-scale magnetism can play the role of the
necessary anti-buoyancy mechanisms.

Effects of turbulent reconstructing of large-scale magnetism

Macroscopic turbulent diamagnetism. In an inhomogeneous fluid flow, the statistics of the velocity field depend on
the coordinate along the inhomogeneous direction g. If we thread such a flow with a large-scale magnetic field, then the
latter will be expelled from the regions of higher turbulence intensity to the regions of lower turbulent intensity. In a stratified
turbulent fluid layer in particular, rms value of velocity Ums usually decreases along g as density increases, and therefore
the magnetic field can be expect to transport downwards. Yakov Zeldovich [64] studied the process of turbulent
reconstructing of magnetic fields, which was latter called the macroscopic diamagnetic effect [52]. While this effect is not
inducing magnetic field on its own, it can contribute to the large-scale transport of the field, and may notably lead to its
accumulation deep into solar interiors. The physical sense of macroscopic turbulent diamagnetism of a plasma
[36,49,61,65] is the displacement of the mean (large-scale) magnetic field B along the gradient of turbulent diffusivity,
vT = (1/3) ul = (1/3) u?t, with an effective velocity of U,=-Vv1/2 (t~1/u is the characteristic time of turbulent pulsations).

Since the parameters of turbulent convection on the Sun vary substantially along the depth, then in the SCZ are
favourable conditions for macroscopic diamagnetism. We used the SCZ model computed by M.Stix [59] with | = 2H, (see
Table) for our calculations.
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Table
Physical parameters (p, U, t) from the SCZ model by M. Stix [59].
Coriolis numbers w(z) and the rotational functions @i[®(z)] and @2[®(z)] are received by our calculating.
Value 60" = 90°— 8o is calculated boundary latitude, where radial Vp-pumping changes its sign
from positive sign to negative one

z, km p, g/cm?3 u, cm/s 7,8 ® o1[o(2)] o2[w(2)] 0*,°
5,84 (3) 2,33 (-04) 4,34 (4) 1,45 (4) 8,70 (-2) 0,0005 0,1665
1,12 (4) 1,08 (-03) 3,15(4) 3,71 (4) 2,15 (-2) 0,0046 0,1640
3,17 (4) 8,12 (-03) 1,64 (4) 1,92 (5) 1,10 (0) 0,0383 0,1186
5,08 (4) 1,86 (-02) 1,31 (4) 3,91 (5) 2,27 (0) 0,0565 0,0758
5,95 (4) 2,45 (-02) 1,21 (4) 4,96 (5) 2,88 (0) 0,0562 0,0625
6,98 (4) 3,23 (-02) 1,11 (4) 6,32 (5) 3,67 (0) 0,0525 0,0503 17,2
8,83 (4) 4,88 (-02) 9,83 (3) 9,02 (5) 5,23 (0) 0,0458 0,0363 21,1
9,54 (4) 5,61 (-02) 9,43 (3) 1,02 (6) 5,92 (0) 0,0427 0,0323 29,6
1,03 (5) 6,44 (-02) 9,05 (3) 1,14 (6) 6,60 (0) 0,0403 0,0292 31,7
1,11 (5) 7,39 (-02) 8,68 (3) 1,29 (6) 7,48 (0) 0,0372 0,0258 33,6
1,20 (5) 8,49 (-02) 8,30 (3) 1,45 (6) 8,41 (0) 0,0344 0,0231 35,0
1,29 (5) 9,75 (-02) 7,93 (3) 1,64 (6) 9,51 (0) 0,0315 0,0204 36,4
1,39 (5) 1,20 (-01) 7,53 (3) 1,85 (6) 1,07 (1) 0,0287 0,0181 37,4
1,49 (5) 1,29 (-01) 7,12 (3) 2,11 (6) 1,22 (1) 0,0261 0,0160 38,5
1,60 (5) 1,48 (-01) 6,60 (3) 2,44 (6) 1,42 (1) 0,0231 0,0138 39,3
1,72 (5) 1,70 (-01) 5,93 (3) 2,90 (6) 1,68 (1) 0,0200 0,0116 40,4
1,84 (5) 1,95 (-01) 4,91 (3) 3,78 (6) 2,19 (1) 0,0161 0,0090 41,6
1,98 (5) 2,26 (-01) 8,63 (2) 2,30 (7) 1,33 (2) 0,0030 0,0015 45,0

Note. Numbers in parentheses are an exponent of ten.

As we had showed [37, 38] the radial profile of turbulent diffusivity vr(z) is a smooth convex function with a maximum
value, vt~ 10*3 cm?/c, approximately in the middle-of the SCZ at a depth of z = 130x10%km (Fig. 2) (see also [48]).
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Fig. 2. The distribution by depth z in the SCZ of the value of the coefficient of turbulent diffusion vt =~ (1/3) ul = (1/3) U2t calculated
in the approximation of the theory of mixing length. The parameters u and T are taken from the model by M. Stix [59]

The radial inhomogeneity of turbulent diffusivity suggests that the turbulent solar plasma has strong diamagnetic
properties. According to our calculations [38, 42] the velocity of the diamagnetic pumping U, significantly varies along solar
radius. The turbulent diamagnetism in the upper bulk of the SCZ manifests itself in the same way as magnetic buoyancy.
However, in the lower half of the SCZ the intensity of turbulent convection falls to zero, so here macroscopic diamagnetism
counteracts to magnetic buoyancy and, thus, plays the role of negative magnetic buoyancy, or anti-buoyancy effect. Due to
sharp decreasing of the turbulent diffusivity near the bottom of the SCZ the velocity of the diamagnetic pumping U, here
(z = 184x10%km) reaches =1,6 x 102 cm/s (Fig. 3).

At the same time, one should bear in mind that the magnetic field in deep layers will suppress turbulent convection.
Therefore, in the non-linear regime, the expression for the velocity of diamagnetic field pumping takes the next form [34]

Up (B) = 6 Uu'¥o (B), @

where Wp(B) is the function of magnetic suppression of the kinematic turbulent diamagnetic pumping (so called quenching
function). In the weak field case (B < 1), which is characteristic for almost all bulk of the SCZ, quenching function is defined
by the equation

Wo (B) = Wo — B%/5 = (1/6) - B2/5, 3)
and it is normalized to Wo = 1/6 at § = 0.
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Fig. 3. Distributions of the velocities of macroscopic diamagnetic transport with depth, z,
in the SCZ. The velocity U, =—Vvr/2 results from the kinematic approach (solid curve), while, Up(Bs) = 6 U, ¥o(Bs)
is supplied by a nonlinear theory (dotted curve). Negative values of velocity correspond to downwards transport

When the rotation of the Sun is taken into account, the diamagnetic properties of the turbulized plasma manifest
themselves differently with respect to the toroidal and poloidal fields [31]. The toroidal field is transported only along the
radius, while at the pumping velocity of the poloidal field, in addition to the radial component, an equatorial meridional
component also appears. However, we will only take into account the pumping of the toroidal field, since the reconstructing
of this field is the subject of our study.

Magnetic pumping in a density-inhomogeneous turbulent medium. Besides the turbulent diamagnetism, another
macroscopic transport of large-scale magnetic field results from magnetic fluctuations in the stratified turbulent plasma.
E. Drobyshevskij [9] and S. Vainshtein [60] had found that in density-inhomogeneous turbulent plasma small-scale
magnetic pulsations b lead to a change in the spatial distribution of a large-scale magnetic field B. The magnetic transport
effect can be interpreted as follows (see [27]). The amplitude of the magnetic fluctuations, b, produced by turbulent
pulsations, u, is increasing in the direction of the gradient of the fluid density, b? = 4npu?. At the same time, the random
electric currents, j = (c/4rn) rotb, also are increasing in this direction. These modified currents change the initial distribution
of the large-scale field B. The resulting magnetic reconstructing can be represented as the transport (advection) of large-
scale field B along the density gradient Vp. In the non-linear regime, the net distribution of the global magnetic field is
equivalent to its transport with the effective velocity [27]

U, = (1/6)tb?Vp/anp ~ (1/6) Tu? Vplp, 4)

where 1 is the characteristic time of turbulent pulsations. To emphasize the role of the density plasma gradient in the
magnetic advection effect, we call it as the Vp-effect of magnetized turbulent stratified plasma [39, 40, 42].

The density of the solar stratified substance increases from the photospheric layers to the lower base of the SCZ by
almost six orders of magnitude [59] (see also as illustration Fig. 4). Therefore, there must be a noticeable radial downward
magnetic flux Up. Indeed, our calculations [39, 40, 42] showed that the effective velocity of this downward flux, U,, varies
along solar radius from =~ 2 x 10° cm/s near the bottom of the SCZ to ~7 x 103 cm/s in the near-surface layers (Fig.5). Thus,
the Vp-effect in the SCZ acts (similar to turbulent diamagnetism in the deep layers) as an anti-buoyancy (downward
turbulent drift) transport.

Density (Dalsgaard Model 1)
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Fig. 4. Dependence of the density of solar plasma on the radius of the Sun
[http://solarscience.msfc.nasa.gov/interior.shtml]

Rotational Vp-effect. The Sun's rotation originates the convection anisotropy, which adds new properties to the
Vp-effect [28]. The degree of perturbation of convection by rotation depend on the anisotropy parameter — the Coriolis
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number = 21Q, where Q is angular velocity (o = Ro? is the inverse Rossby number). The strongest change occurs at
moderate rotation (o =1 + 10) because very fast rotation suppresses the convection as well as the field advection. It is
known that the effect of rotation leads to a relative increase in the scale of convective pulsations along the axis of rotation.
Therefore, it is obvious that the transformation of the Vp effect will depend on the angular distance from the poles. If at the
poles the density gradient Vp is parallel to the axis of rotation, then when approaching the middle and low latitudes, the Vp
gradually changes its direction, so that at the equator it becomes already perpendicular to the axis of rotation. Ultimately the
Vp-effect, combined with rotation, performs the "fields' selection”, as a result of which the toroidal and poloidal magnetic
components are transported independently in the radial and meridional directions [28]. We called this modified turbulent
magnetic pumping as the rotational Vp-effect.
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Fig. 5. Distributions of the magnetic pumping velocity U, ~ (1/6) tu? Vpl/p (solid line) with depth, z, in the SCZ;
and the radial velocity of magnetic advection of toroidal field Upr" for different co-latitudes 8 (dotted lines: 1 — 8 = 0° (pole),

2 -0 =45° 3-06=90° (equator)). Negative velocities correspond to downwards transport. Plasma density p was taken from the SCZ
model by M.Stix [59]. The rotation of the Sun causes a rotational modification of the Vp effect, which depends on the angular distance
from the poles. At the poles and in the middle latitudes, the Vp-pumping acts against magnetic buoyancy (curves 1 and 2, Uy"). However,
in the equatorial plane in the lower half of the SCZ (z~ 60 + 184 Mm) the rotational pumping is directed upwards (curve 3)

We will take into account only the radial transport of the toroidal field B, because this field is involved in production of
sunspots on the surface. The toroidal field radial transport directions (downward or upward) are dependent on the depth z,

polar angle 6 (co-latitude), and Coriolis number o [28, 42]:
Upr (2,6,0) = 6 Up(2) {92[0(2)] - p1[x(2)] sin?6}. (5)
It is seen the upward Vp advection in the deep layers at the equatorial plane. The two functions, which depend on the
Coriolis number,

1 |e®+3

¢ (w) = e { " arctgo — 3} , (6)
1 21

0, (0) = o [1+ ‘”w arctgm} , @)

describe the rotational influence on turbulent convection [28]. Our calculations [40] have revealed differences in behavior of these
functions depending on the depth in the SCZ (see Table). Evidently, depending on the sign of factor {pz[m(2)] — p1[w(2)] Sin?6},
radial magnetic advection may be directed downward (when this sign is positive) and upward (when the sign is negative). This
produces a complicated latitude and depth dependencies of the magnetic advection velocity Uy (z,0,w) in the SCZ.

According to the data of helioseismology experiments [55], the angular velocity field Q(r,8) in the SCZ is naturally
divided into fast and slow rotation domains with the opposite signs of the radial gradient of the angular velocity (Fig. 6). It
should be noted that in the near-polar domain of fast rotation conditions are created for the preferable excitation of the
dipole mode of the poloidal magnetic field, while in the near-equator domain of slow rotation conditions are more favorable
for the excitation of the quadrupole mode [41].

In the near-equatorial (low latitudes, 6* < 45°) fast-rotation domain, the angular velocity mostly decreases with depth
(eQfor > 0), while this velocity increases inward the Sun (9Q/dr < 0) in the near-polar (high latitudes, 6* > 45°) slow-rotation
domain (8* = 90°— 8 is a heliolatitude preferred by observers). We used the data on the angular velocity distribution [23],
when calculated the Coriolis number «(z) and the functions @i[w(z)] and ¢z2[w(z)] (see Table). Our calculations for the SCZ
model by M.Stix [59] showed that, in the high-latitude domain (6* > 45°), the toroidal field transport velocity Ux" (z, 6, w) is
directed downward (as in the absence of rotation) over the entire radial stretch of the convective zone (Fig. 7).

Let's explain in more detail the results of our calculations. One should await a quite significant reconstructing of
magnetic field due to the most essential modification of the Vp-effect in the near equatorial domain in the deep layers since
here physical condition are appropriate to fast rotation approach, o =5 + 20, which should produce strong convection
anisotropy. Our calculations showed that in the near-equatorial domain (6* < 45°) the transport direction depends on the
radius (depth). The magnetic Vp-pumping is directed downward in the upper part of the SCZ, however, it changes its
direction to the opposite (from descending to ascending), in the deep layers (Fig.7). This is due to the fact that at
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heliolatitude < 45° factor (92 — @1 sin%0) changes its sign from positive to negative. The latitude boundary of zero velocity,
U (2,0, w) =0, can be determined by equation 8o(z) = arc sin [p2(2)/p1(2)]¥2. We have calculated the boundary latitude
values 80" = 90°- 6o for different depths of the lower part of the equatorial domain (last right column in Table). It can be
seen from Table and Fig.7 that the maximum heliolatitude, where the Vp-pumping start to contribute lifting the field up, near
the SCZ bottom corresponds to 6 ~45°, which coincides with latitude of polar boundary of the "royal zone". At the same
time, the segment of upwardly directed magnetic pumping gradually expands as it shifts to low latitudes, reaching its
maximum extent over depth at the equator.
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Fig. 6. A picture of the Sun's internal rotation based on helioseismic measurements from the Michelson Doppler Imager aboard
the SOHO space station [55]. The numbers near the contours of the constant angular velocity (Q2 = const) indicate the value of Q
in nanohertz. It is seen that the field of angular velocity in the SCZ is divided into the low-latitude domain of fast and high-latitude

company domain of slow rotation with opposite signs of the radial gradient of the angular velocity oQ/ér. The dotted line corresponds
to the lower base of the SCZ (r ~ 0,71R), deeper than which is the radiant tachocline

Therefore, there are three areas in each hemisphere of the Sun with different conditions of radial transport of the toroidal
fields due to the rotary Vp effect. The first area, where the fields are transported downward, covers near-polar domain.
However, the near-equatorial domain, which coincides in heliolatitude with the royal zone of sunspots, is divided by radius
(depth) into two layers (lower and upper) in which the fields are transported in different directions — upward and downward,
respectively. In our opinion, it is fundamentally important that the upward magnetic Vp pumping in the lower layer of the
near-equatorial domain coincides with direction of magnetic buoyancy. As will be shown below, this considerably affects the
magnetic field reconstructing pattern.

Fig. 7. Meridional cut of the SCZ, which shows the radial velocity distribution of the radial magnetic field advection of toroidal field
U, (z,8, ») by depth z and co-latitude 6 (heliolatitude 6* = 90°— 6). The arrows show the direction of the Vp transport, the velocity of
which varies from ~ 7 x 10 cm/s near the SCZ bottom to ~5 x 10°cm/s in the surface layers. The zero velocity isoline U, (z,0,®) = 0
(dotted curve), where the direction of the radial magnetic Vp-flux changes, begins near the lower base of the SCZ at heliolatitude 6* = 45°,
then it shifts upward and the region of lower latitudes, reaching the equator at a depth of z= 60x10%km

Meridional circulation. The propagation of dynamo waves provides no enough adequate explanation for the
observed migration of sunspots towards the equator. Therefore, it was proposed to explain this equatorial migration by
deep meridional flows [6, 7, 10, 47, 63]. The deep circulation forces the toroidal field belts (which are responsible for the
surface activity) to move equatorward. The existence of the meridional circulation was first inferred from the observation
that there were unipolar patches of magnetic field in certain latitude belts [3] and that these patches shifted pole-ward
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with time [21, 62]. At the moment it is known that near the surface of the Sun, the uppermost 10 + 20 Mm, there is a flow
directed towards the poles of the order of 10 +20 m/s [35, 66]. Based on the law of conservation of matter, the
researchers concluded that at the lower base of the SCZ there should be a meridional flow in the opposite direction from
the poles to the equator. Under this condition, the substance at the poles should fall down to the tachocline, while at the
equator it should rise from the depths to the surface, so as to ensure a closed cycle of the meridional (poloidal)
circulation of the substance in the SCZ. It was shown by a numerical simulation based on helioseismological
experiments that meridional circulation exists in all the SCZ layers and can even penetrate below the tachocline into the
radiative zone [22, 24]. The calculated profile of the flows has a complex spatial structure of several cells distributed by
depth and latitude (multi-cell circulation structure) [54, 67]. However, the profile of poloidal flows of substance in the solar
interior (one, two, or more cells) is still unclear at present. Therefore, to simplify the calculations, we consider one global
circulation cell. According to the calculations based on the data of local helioseismology [45, 53], the amplitude of the
velocity of the reverse flow to the equator Um{@eP) in the lower part of the SCZ is in the range of 2 +5 m/s, which is
consistent with the estimate obtained from the analysis of the migration speed of the sunspot band to the equator [20].

Reconstructing of toroidal field of the Sun. We now analyze the pattern of reconstructing of the toroidal field (excited
by the Q-effect at the SCZ bottom) due to the combined action of magnetic buoyancy, macroscopic turbulent diamagnetism,
the turbulent Vp-pumping and meridional circulation. Let us consider the situation separately for the near-polar (high-
latitude) and near-equatorial domains.

The possible reason why sunspots are never observed at the near-polar zones. In the lower part of the near-
polar domain, turbulent diamagnetism and Vp-pumping push horizontal toroidal magnetic field into the deep layers.
Counteracting magnetic buoyancy, they largely neutralize the rise of the fields. The condition of three magnetic fluxes
velocities balance in deep layers,

MUs+ {Up + {Up" =0 8)

(where the upward and downward field transports are indicated by the vertical arrows, 1 and |, respectively) yields the
following parameter of the normalized steady near-polar field blocked near the SCZ bottom:

72
- 5[U, +6(¢, - sin’©o,)U, |
S| 6U, +(1/3)(1/H, ) (uly)

9)

From the physical conditions at a depth of z= 184x10° km [u~ 4,9x103cm/s, p=1,95x101g/cm?® (see Table);
Beq~ 7650 G; YU, ~ 1,6 x 103 cm/s; YU, ~2 x 103 cm/s (see Fig. 5)] for 0 = 25° (where @1~ 0,0161; @1~ 0,0090; see Table)
we obtained due to calculating the following estimates: p=~0,85; TUB(BE) ~2,84x102cm/s; $Up (BY) ~2,1x 102cmis;

LUnT= 7,4 x 10 cms; BE ~ 6500 G

Thus, in the deep layers of the high-latitude domains the two antibuoyancy effects can neutralize floating of intensive
fields. As a result, the magnetic layer of a strong toroidal field ~ 6500 G must form near the tachocline. Obviously, it is these
two antibuoyancy effects that prevent the strong near-polar toroidal fields, rooted in this layer, from rising to the surface.
Perhaps, these two antibuoyancy effects might be the possible reason why sunspots at the near-polar zones are never
observed. In other words, strong deep-seated fields at high latitudes may well be there, but they not produce sunspots (Fig. 8).
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Fig. 8. Scheme of the turbulent reconstructing of the toroidal magnetic field in the SCZ: (a) meridional circulation
(closed lines with arrows); magnetic buoyancy (long open arrows); and the layers associated with the radial Q-effect (dashed area)
near the SCZ bottom; (b) meridional transport (the 2 signs) of the deep toroidal field (dashed area), blocked near the tachocline,
from high latitudes to the near-equatorial domain; due to the deep meridional circulation; two surface-ward advection surges
of the toroidal field (broken arrows) attributed to the combined action of magnetic buoyancy (long open arrows), macroscopic
turbulent diamagnetism (short solid arrows); and the V p advection of the magnetic field (short open arrows), which cause
the first and second maximums of sunspots to appear in the royal zone, shifted in time by 1+2 years. The dotted curve
corresponds to the zero velocity line U, (z, 0, w) = 0, where there is a change in the direction of the radial Vp transport

It is interesting to see what the condition of balance between the effects of turbulent pumping and magnetic buoyancy
gives for the case of discrete flux tubes. To do this, let us turn to the mechanisms of magnetic buoyancy by M. Schussler
[56], and V. Kuznetsov and S. Syrovatskij [43], in which it was assumed that in the subphotospheric layers, most of the
magnetic fields consist of separate intensive flux tubes. These mechanisms take into account the inhomogeneity of
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turbulent viscosity and the stratification of matter in the SCZ, as a result of which, when floating, the magnitude of the
magnetic induction decreases and the transverse dimensions of the flux tubes increase. It turns out that under such
conditions more powerful (about 10° G) steady-state fields can be retained in deep layers [39].

"Royal zone" of sunspots. As noted above, a change in the sign (¢2 — ¢1 sin0) leads to a change in the direction of
pumping U, (see (5)). Therefore the pattern of transport of the toroidal field in the near-equatorial domain (6* = 0+45°) is
completely different. As is seen in Figs. 5 and 7, here the magnetic Vp-pumping in the deep layers (velocity U, with taking
into account rotation), as well as magnetic buoyancy, are directed upward. Therefore the condition for balance of the
velocities has a new form, which differs from condition Eq. (8) by term TU" instead YUy:

TUs+{Up + TUu" 0. (10)

In this case, parameter of the normalized steady near-equatorial field blocked near the SCZ bottom, B:, is similar to the

expression (9), only the positive sign of factor (2 — @1 Sin?0) changes to negative one in new expression. As noted above, a
change in the sign (g2 — @1 sin%0) leads to a change in the direction of pumping Uy (see (5)) Calculations for 6 = 75°
(6* = 15°) gave the following estimates for depth of z = 184x10%m (u~ 4,9 x103cm/s, p = 1,95 x 10t g/cm?; Beq~ 7650 G;

LU~ 1,6 x 10°cmis; YU, ~2x 10%cmis): B: =0,81; TUB(BE) ~2,59x10%cm/s; YUp (Bg) ~3,33x102cm/s; TUy "= 7,40 x 101 cm/s;

BS= B:Beq ~ 6200 G.
Thus, it is this upward magnetic Vp pumping (TU™ 27,40 x 102cm/s for the heliolatitude 8*=15°) that helps magnetic
buoyancy (TUgs = 2,59x% 102 cm/s) to neutralize turbulent diamagnetism (YUp = 3,33 x 102cm/s) (Fig. 8). The value of the

steady-state toroidal magnetic field Bs ~ 6200 G blocked near the SCZ in the near-equatorial domain is smaller than Bsp =
6500 G in the near-polar domain. Therefore, strong toroidal fields above 6200 G must move upward. The upward Vp
transport acts, in fact, as a possible trigger for rising of strong deep fields to the surface at latitudes 6*<45. Thus, rotational
Vp-effect in the lower part of the equatorial domain plus magnetic buoyancy together ensure upward transfer of fragments
of strong fields to the surface in the sunspots "royal zone" (see Fig. 8).

As to the upper layers of the near-equatorial domain, the situation here is very sophisticated. On the one hand, due to a
significant decrease in the density of matter, the efficiency of magnetic buoyancy increases here. However, on the other
hand, a sharp density radial gradient results in the velocity of downward Vp pumping strongly increases near the surface. At
the same time, in the upper part of the SCZ, the radial turbulent diamagnetic pumping changes its direction, so that here it
already becomes directed upward. In addition, the Babcock-Leighton alpha effect plays an important role in the
reconstructing of magnetism in the surface layers. Therefore, the author postpones the study of the near-surface effects of
magnetic reconstructing to the future.

Calculation of two maxima of the sunspot cycle.

The most favourable place for the generation of a toroidal field due to the Q-effect is the deep layers near the SCZ bottom. The
large plasma density provides here the minimum magnetic buoyant velocity in the SCZ. This contributes to the conservation of
magnetic fields here until the Q-effect creates a sufficiently strong field and the buoyancy becomes more effective.

The nature of the subsequent transport of the generated deep field to the surface depends on the heliolatitude (Fig. 8).
As shown above, deep fields of about 6500 G in high-latitude domains are blocked near the SCZ bottom by the two
antibuoyancy effects (turbulent diamagnetism and magnetic Vp pumping).

At the same time, in the deep layers of the near-equatorial domain, the value of the blocked field here, Bg, turns out to be
smaller and is about 6200 G. In the case of a stronger magnetic field, the two upward magnetic fluxes (magnetic buoyancy
and the Vp advection) prevail over downward diamagnetic pumping. This ensures a transfer of deep strong fields to the surface.

Let us illustrate it by calculations for the strong magnetic field with a value ~ 6500 G that corresponds to the value of the
blocked field near bottom of the near-polar domain. The magnetic buoyancy velocity near the SCZ bottom for this field is
TUg(6500 G) ~ 2,84 x 102cm/s, while the velocities of the other two magnetic fluxes are {Up (6500 G) ~ 2,10 x 102 cm/s and
TUp"= 7,4 x 101 cm/s (8 = 75°). Under these conditions, the time t of the upward radial transfer for this magnetic field from
the SCZ bottom (zo= 184x10%km) to a layer at a depth of za= 60x10%km (where the magnetic Vp advection changes its
direction) in the radial plane 6*~ 15° is t » (zo- z1)/(Us + Uy — Up) ~ 8,38 x 107 s ~ 2,5 years.

Thus, during the rising phase of the cycle the deep toroidal fields, exited by Q-effect, in the near-equatorial domain are
transported to the surface due to the combined action of magnetic buoyancy and the two turbulent pumping effects.
Surfaced the fragments of this field are observed as sunspots in the latitudinal band (A8* = 45+10°) of the royal zone. This
first upward advection surge of the toroidal field is responsible for the first maximum of sunspots.

In the near-polar domains, two downward magnetic transport effects (turbulent diamagnetism and the Vp pumping),
acting against magnetic buoyancy, lead to the formation of a strong magnetic field layer near the SCZ bottom. The
strong toroidal fields blocked in this layer, are transported due to a deep equator-ward meridional current from the polar
latitudes to the middle and then the low latitudes. If we take the value Uu{@eP) ~ 2+5 m/s (Hathaway et al., 2003; Rajaguru
and Antia, 2015; Mandal etal., 2018) for the velocity of the deep meridional current near the SCZ bottom
(r= 5x 101%cm), the characteristic time of the field migration from the latitude 01*=70° to the latitude 02*=15° is
™~ r(AB*/360°)/UmeP) ~ 1+ 2 years. In low-latitude areas, where are favourable conditions for rising of field, these
belated fields are transported upward to surface, that leads to the second upward magnetic advection surge. As a result,
the intensity of sunspot activity, which by that time had decreased (since most of the fragments of the first surge of the
strong toroidal field had already reached the surface at higher latitudes), again increases, because now is the time when
belated fields rise to the surface. In our view, it is this second batch of deep toroidal fields, which arrives in the near-
equatorial domain from polar areas due to meridional circulation, and then with a delay is brought to the surface at low
latitudes, can invoke the second maximum of sunspots activity.

Conclusions. The cyclic regeneration of the Sun's large-scale magnetic field is at the root of all phenomena
collectively known as "solar activity". The sunspot cycle is arguably the best known manifestation of the solar magnetic
cycle. We outlined here the scenario of reconstructing of toroidal magnetic field in the SCZ, which, on our opinion, may
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help to understand why magnetic fields rise to the solar surface only in the sunspot "royal zone" and what is reason of
the phenomenon of double maximum of sunspots cycle. The effect of turbulent magnetic pumping (advection) caused by
radial inhomogeneity of matter with taking into account Sun's rotation [28], in conjunction with deep meridional
circulation, play a key role in proposed scenario. Magnetic buoyancy constrains the magnitude of toroidal field produced
by the Q effect near the bottom of the SCZ. Therefore, we examined two "antibuoyancy" effects: macroscopic turbulent
diamagnetism and magnetic advection caused by radial inhomogeneity of fluid density in the SCZ, which we call the Vp
effect. The Sun's rotation substantially modifies the Vp effect. The reconstructing of the toroidal field was examined
assuming the balance between mean-field magnetic buoyancy, turbulent diamagnetism and the rotationally modified
Vp effect. We found that the reconstructing of large-scale magnetism develops differently in the near-polar and
equatorial domains of the SCZ. At the beginning of a cycle, the deep radial differential rotation generates a toroidal field
near the SCZ bottom by affecting the poloidal field of the previous cycle. In the near-polar domain, two downward
pumping effects (macroscopic diamagnetism and rotational pumping) act against magnetic buoyancy and, as a result,
they neutralize magnetic buoyancy and block the toroidal field near the tachocline. Therefore, these two antibuoyancy
effects might be the possible reason why sunspots at the near-polar zones are never observed. In other words, strong
deep-seated fields at high latitudes may well be there, but they not produce sunspots.

At the same time, in the deep layers of the equatorial domain, the rotational turbulent pumping due to the latitudinal
convection anisotropy changes its direction to the opposite one (from downward to upward), thereby facilitating the
migration of the field to the surface. We call this transport as first (upward) magnetic advection surge. The fragments of
floating up field can be observed after a while as sunspots at latitudes of the "royal zone".

Meanwhile, a deep equator-ward meridional flow ensures transporting of deep-seated toroidal field, which is blocked
near pole in tachocline, from high latitudes to low ones where are favourable conditions for the floating up of the strong field.
Here this strong belated field is transported upward to solar surface (the second upward magnetic advection surge).
Therefore, as shown our calculation, in the equatorial domain in reality may be developing two upward advection surges
which are shifted in time by 1+2 years. Ultimately, these two time-delayed upward magnetic surges may cause on the
surface in the "royal zone" the first and second maxima of sunspots cycle.

Funding: This study was funded by grant number 19BF23-03 of Taras Shevchenko National University of Kyiv.
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B. KpuBoay6cbkuit, a-p dis.-maT. Hayk
KuiBcbkuit HauioHanbHMI yHiBepcuTeT iMeHi Tapaca LUeBueHka, KuiB, YkpaiHa

MPO "KOPOJNIBCbKY 30HY" COHAYMHUX NNAM
| NTOABIMHUA MAKCUMYM COHAYHOI O LMKy

HukniyHa pezeHepauisi KpynHomacwmabHo20 Ma2HimHoz2o nons COHUsi JNieXXumb 6 OCHO8i 8cix sieuw,, eidoMux mnid 3a2a/llbHOK Ha380H
"COHsIYHa akmueHicmb". LuKn COHSIYHUX MIISIM, MOXJIUBO, € HalieiOOMiluUM MPOsIBOM COHSIYHO20 Ma2HimHo20 yukny. Mu okpecnunu cuyeHapit
nepebydoeu mopoidanbHO20 Ma2HIMHO20 MoJisl 8 COHAYHIl KOHeekmueHili 30Hi (CK3), sikuli, Ha Haw no2nA0d, Moxe donoMoz2mu 3po3ymimu, YoMy
MazHimHi nons niGHimaromsbcsi o noeepxHi COHYs1 nuwe e " KoposliechKili 30HI" COHSIYHUX MISIM i W40 € NPUYUHO sieuwa NodeiliHo20 MaKkcCuMymy
Yukny coHsiyHux nnsiM. Egpekm myp6yneHmHo20 Ma2HImHO20 Haka4yyeaHHs1 (adeekuyil), euknukaHuli padianbHO HEeOOHOPIOHiCMIO peyoeuHUu 3
ypaxyeaHHsiM ob6epmaHHsi CoHus [28], y noedOHaHHi 3 2n1u6oKo MepudioHaIbHOK UUPKYsuicto, gidiepae K/10408y posib y 3arporioHo8aHOMYy
cuyeHapii. MaeHimHa nnasyyicmb o6Mmexye eeniu4uHy mopoidasnbHO20 Nosisi, o 2eHepyembcsi Q-e¢pekmom 6inss dua CK3. Tomy mu posansiHynu
dea eghekmu " aHmunnasyyocmi' : MakpockoniyHuli myp6yneHmHul diamazHemu3Mm i myp6yneHmHy MagHimHy adeekuito, cipu4uHeHy padiasbHo
HeoOHopidHicmio 2ycmuHu nnasmu e CK3, sky mMu Ha3usaemo Vp-egpekmom. Ob6epmanHsi CoHUsi icmomHo modugpikye Vp-egpekm. Byno
docnidxeHo nepebydoey mopoidasibHO20 Mossi 3 ypaxyeaHHSIM 6anaHcy MiX Maz2HImHOKW niasydyicmio cepedOHbO20 MOJsl, Myp6ysneHMHuUM
diamazHemu3smom i Vp-egpekmom, sikuli 6ye moducpikoeaHuli o6epmaHuaM. Mu susisunu, wo nepebydosa eesukomacwmabHo20 MacHemMu3My no-
pi3HOMYy po3eueaembcsi y NpunosiAPHOMy ma exkeamopianbHoMmy AomeHax CK3. Y npunonspHomy AomeHi Oea eghekmu Haka4dyeaHHs] 6HU3
(makpockoni4Huli diamazHemu3m i pomauiliHa Hakayka) dirtomb npomu Ma2HimMHOI nnasy4yocmi; i, K pe3ynbmam, HeUmpanisyromes Ma2HimHy
nnasy4icme i 6510Kytomb mopoidanbHe nose (sike Nopodxyembcsi Q-eghekmom) nobnuly maxokniHy. Tomy uyi dea egpekmu aHmunnasyq4ocmi
MOXymb 6ymu npu4yuHOI MOo20, YOMY COHSIYHI MAISIMU y NMPUMNOJIPHUX 30Hax HiKosUu He crocmepizatombcsi. IHWUMuU croeamu, 2/1U60KO 8KOPIHEHI
CusbHI NOJIS1 y 8UCOKUX WUPOMax YinlkoM MoXXyms 6ymu mam, asie 0HU He MopodXKyromb COHSIYHI NAsiMU.

BodHoyac y enubokux wapax exkeamopiasibHo2o AoMeHy pomayiliHa myp6yneHmHa Hakayka 3ael0siku WupomHili aHizomponii KOHeeKuii
3MiHIo€e ceili HanpsAMOK Ha npomusexHuli (3Hu3y do2opu), Nosie2wyOYU MUM caMuM Miz2payiro nossi Ha noeepxHro. Mu Ha3zueaeMo ye nepeHeceHHs
nepwumM (8ucxiGHuM) crisieckoMm MazHIimHol adeekyii. PpaecMeHMuU cnau8ar4Yo20 MoJsisi MOXHa crocmepizamu Yyepe3 Aesikuli Yac sIK COHSIYHI nnsiMu
Ha wupomax "KoposlieCbKoi 30HU".

CnpsimosaHuli o ekeamopa 21ubuHHuli MepudioHanbHUl nomik 3abe3nevyye nepeHeceHHs1 2/lU60KO 8KOPiHEHO20 MOpPoidanbHO20 Nosisi, Ke
3abnokoeaHe 6ins nonoca 8 MaxoksiHi, 3 6UCOKUX WUPOM y HU3bki, de iCHytomb cripusmiuei ymoeu Onsi cniueaHHsl cunbHoz2o nons. Tym ye
3ani3Hine cunbHe rnose nepeHocCUMbLCsi 820Py Ha COHSIYHY MoeepxHIo (Opyauli cnneck MazHimHoi adeekuii ezopy). Y niocymky dea cnpsimosaHi
do2opu Ma2HiImMHi cniaecku, w0 eusi8uUIUCS 3ampuUMaHUMU 8 4Yaci, MOXymb CMPUYUHUMU Ha NoeepxHi 8 "KoposniechkkKili 30HI" nepwul i Opyauli
MaKcuMyMU YUKITy COHSTYHUX MIISIM.

Knro4oei crnoea: coHsiyHi nnsiMmu, "Koposiecbka 30Ha", COHSIYHUU YUKJI, Ma2HImHIi nonsi, myp6ysneHmHa KOHeeKuis, MazHimHa nnasy4vicms,
myp6yneHmHa MazHimHa Hakayka, MepudioHanbHa YUPKYIAyisi.



