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A b s t r a c t . The mean magnetic field transport due to inhomogeneity of the turbulence intensity 
is considered taking the field back reaction on motion into account. In spite of the magnetic 
quenching, the downward diamagnetic pumping is still powerful enough to keep the fields of 3 to 
4 kG strength near the SCZ base against the magnetic buoyancy. 
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The turbulent fluid with inhomogeneous effective diffusivity ητ — | vl behaves 
as a diamagnet and in the kinematic regime in the mixing-length approach (the 
characteristic scale of velocity fluctuation is equal to the mixing-length scale /) 
transports the mean magnetic field with the effective velocity ν μ = — V t ^ / 2 
(Ruzmaikin and Vainshtein, 1978) (υ is the rms turbulent velocity). In nonlinear 
regime the diamagnetic transport velocity, Vjp, depends on magnetic induction Β 
through the parameter β — ca/v = B/Beq) 

yD(ß) = 

VD(ß) = 6 νμ <M/?), 

1 f arctanß 1 
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Here ca = Β/^Απρ is the local Alfvén velocity, Beq — y/Απρν2 is the equipartition 
magnetic induction, ρ is the material density, Φ£>(/?) is the quanching function in 
the mixing-length approximation. The non-linear diamagnetic transport velocity, 
VD(ß), decreases steadily with increasing magnetic field strength and becomes al-
most negligible in strong field case (β 1) (Kichatinov and Rüdiger, 1992). This 
rises the quastion of whether the (nonlinear) diamagnetism can indeed serve to 
store magnetic flux near the SCZ bottom against the buoyant escape. 

The velocities of diamagnetic transport of the large-scale magnetic field in the 
kinematic approach, νμ, for the SCZ models of Baker and Temesvary (1966) and 
Spruit (1977) were calculated earlier (Krivodubskij, 1984; Schüssler, 1984). In lower 
half of the SCZ the diamagnetism acts against magnetic buoyancy. Here we consider 
the non-linear turbulent diamagnetic transport for the SCZ model by Stix (1989). 
In the SCZ, β <C 1 or β < 1 , i.e., the magnetic fields are relatively weak. The small 
β asymptotic of the above quanching function is 

( I ß2 

*oiß) - ( β - \ 

The values of the steady-state mean magnetic field, Β ~ ßBeq, kept in deep layers 
of the SCZ against the buoyant rise with velocity VB(ß) - jt ~ ^ (Hp is the 
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pressure scale height, 7 = | ) , the parameter β ~ ^SV /̂ . JL + ] , and 
the quanching function, #£>(/?), were estimated from the equilibrium condition, 

y Biß) + yD(ß) = ο . 

The estimated values which we obtained for the near-bottom region of the SCZ 
are: β ~ 0.5 - 0.8, Φχ>(/?) ~ 0.01 - 0.10, Β ~ 3000 - 4000 G. The velocity of 
non-linear turbulent diamagnetic pumping of magnetic fields to the SCZ bottom is 
about Vd — 3 χ 102 cm/s (in kinematic approach νμ ~ 4 χ 103 cm/s). 

Thus the non-linear regime of the turbulent diamagnetic pumping, as well as 
the kinematic one, provides suppression of the buoyant losses of magnetic flux and 
may store magnetic fields of about 3000 - 4000 G near the SCZ bottom which site 
is supposed favourable for the solar dynamo. 
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