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concentration fluctuations are strongest on the l line, one
expects that alterations to the LV coexistence behavior will
be greatest where this line approaches the LV coexistence
curve.

Perhaps not surprisingly, binary fluids mixtures are not
the only fluid systems in which first-order phase coexistence
behavior is influenced by the proximity of a critical line. The
earliest sightings of such effects appears to have been in
analytical studies of various lattice-based fluid models @3–5#.
Some time later, a detailed Landau theory study of a model
for sponge phases in surfactant solution @6# revealed a rich
variety of first-order phase behaviors as the path of the l line
was varied. More recently, similar behavior was uncovered
in extensive mean-field and density-functional theory inves-
tigations of a number of symmetrical continuum fluid mod-
els, namely, the classical Heisenberg spin fluid @7–10#, a
dipolar fluid model @11,12#, and the van der Waals–Potts
fluid @13#.

Despite dealing with ostensibly quite distinct models, the
gross features of the mean-field phase behavior emerging
from these studies appears to be essentially model indepen-
dent. This behavior is illustrated schematically in Fig. 1 and
involves three possible LV phase diagram topologies, de-
pending on the path of the critical line relative to the LV line.
To describe this behavior we shall employ the language of
the symmetrical binary fluid. In so doing, we anticipate the
result of Secs. III and IV, namely, that the same scenario is
played out in this case too. Of course, to obtain the corre-
sponding behavior for other systems, e.g., the magnetic or
dipolar fluids, one need only substitute the appropriate no-
menclature, e.g., ‘‘mixed fluid’’ → ‘‘paramagnetic fluid.’’

Figure 1~a! depicts schematically the mean-field phase
diagram obtained when the model parameters are chosen
such that the l line approaches the first-order phase bound-
ary well below the liquid-vapor critical point. In such a situ-
ation, the l line intersects the LV line at a critical end point
~CEP!. At the CEP, a critical liquid coexists with a noncriti-
cal vapor. Below the CEP temperature one finds a triple line
in which a vapor coexists with an A-rich liquid and a B-rich
liquid. Owing to the symmetry, these two liquids have the
same density.

Alternatively, for different model parameters, the l line
may intersect the LV line at the liquid-vapor critical point
@Fig. 1~c!#. Under such conditions, phase coexistence be-
tween the vapor and the mixed fluid is preempted by the
demixed fluid phase. One then obtains a tricritical point
@14,15# in which three phases ~a vapor, an A-rich liquid, and
a B-rich liquid! simultaneously become critical.

The intermediate situation is shown in Fig. 1~b! and oc-
curs when the l line approaches the LV line at a temperature
somewhat ~but not greatly! below the liquid-vapor critical
temperature. In this case, the phase diagram combines the
features of the previous two cases. One finds a triple point in
which a vapor coexists with a mixed liquid at intermediate
density and a demixed liquid of higher density @16#. Above
the triple-point temperature, a demixed vapor and a demixed
liquid coexist at low and moderate densities, becoming iden-
tical above the liquid-vapor critical point. At higher densi-
ties, a mixed liquid and the demixed liquid coexist, becom-
ing identical at a tricritical point.

That the scenario described above is generic to a range of

apparently distinct fluid models ~e.g., dipolar, magnetic, and
binary fluids! is perhaps slightly surprising at first sight. On
closer examination, however, it becomes clear that the model
differences are only superficial. All the systems in which this
behavior has yet been identified can, in essence, be regarded
as fluids in which each particle carries an internal degree of
freedom, e.g., a spin or dipolar moment. The symmetrical
binary fluid model shares this behavior because the particle
species label is analogous to a two-state ‘‘spin’’ variable.

Notwithstanding the substantial body of analytical evi-
dence supporting the scenario of phase behavior shown in
Fig. 1, it must necessarily be regarded as somewhat tentative

FIG. 1. Schematic representation of the three types of phase
diagram for a symmetrical binary fluid mixture in the density-
temperature plane, as described in the text. The full curve is the
first-order liquid-vapor coexistence envelope, while the dashed
curve is the l line of critical demixing transitions.
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021,3546187:96;=<?>A@CB�9EDF>G4IH=JK@.46BMLN;O<�P5QR467M>K@.JGSFTOU6TOUV;=<?>K@.WEJK46HX@.YZDR4I>K;=9E<�46<[B\7]@.J^>KD[JK_[4I>A;O9E<N>AQ[@C9EJK;O@.1
1^DM`a@CJcbdJK9Eef4(H=46gih�96bj>AQM@.JKe/9kBMLk<R46e/;=glgC9E<[1K;O1^>K@.<[gmL:nc>KQR4I>o;=1CpXB[;O`:@.J^@.<?>oJK9EDM>K@.1c>A9N>KQ[@.J^eq9kBML?r
<R4Ieq;Og.1sLF;O@.HOB#B[;O`:@.J^@.<?>tJ^@.1KDMHO>A1CT%utQZD[1,1K@Cv6@.JK46Hw;=<?>K@.WEJK46H:@CYZDR4I>A;O9E<x>KQ[@.9EJ^;=@C1yQR4zvE@c_]@.@C<Neq9kB[;O{[@.B
;O<N1KD[giQ*4l354zLN>AQR4I>,gC9E<[1^;=1^>K@.<[gmL(_:@m>|35@C@.<�BM;O`:@.JK@C<?>2J^9EDM>K@.1,;=1t@C<Mbd9EJKgC@.BwT

} <[@\96bG>KQ[@.1^@~467M7[JK9?4IgiQ[@.1q;=1�>AQ[@(WE@C<[@.JK46H=;O�.@CB�e/@z46<�1K7MQ[@.J^;=gz4IH24I7[7[JK9z�F;=eq4I>K;=9E<��������k0c�
3,Q[;OgiQ#;=1546<#@��F>K@.<[1^;=9E<x96bX>AQ[@����F0�TM��>535461y;O<?>AJK9kB[D[gC@.B#_?L/��4I;=1Keq46<~���6�I�:>K9l;=e/7[J^9�v6@8>KQ[@c���
1^9EH=DM>K;=9E<�96bsQR46J^B�1K7MQ[@.J^@.1.T��2@�eq9kB[;O{[@.B�>KQ[@�����46<M1A4I>K���6�d�E�,� �xbd9EJG�#¡�¢�pa_?L*4I1K1KDMeq;O<[W#4
bd9EJ^e£96b�4��jD[h¤4z3y4¥>i46;OH:bd9EJ,�I�¦�6�59EDM>K1K;=BM@V>KQ[@o��PGpR;�T§@IT

�6�d�E�s�©¨ �lªI«k¬A§®K«k¯C° bd9EJ �l¡±¢:² �d³[T´U��
��46;=1^ex4I</BM@.JK;´vE@CB#46<q46<R46H´LZ>A;=gt1^9EH=DF>A;=96<�96ba>KQ[@ }Vµ @.YZDR4I>K;=9E</1KD[7M7[H=@Ceq@C<Z>K@.Bq_ZL�>KQ[@8@m�M46gC>¶g.96JK@
gC9E<[B[;´>A;=96<�4I<[B�>KQ[@\g.H=961KD[J^@�J^@.H·4¤>A;=96<��¦³[T´U��mT¹¸y461^@.B¹96<�>AQM;=1/46<R46H´LZ>A;=gN1^9EH=DF>A;=96<�QM@�giQ[961K@�>KQ[@
7R4IJA46e/@C>K@.JK1 ¨ 46<MB�º�;O<N9EJKB[@CJy>A9�{[>t>KQ[@�>AQ[@CJKe/9FBFLF<[46eq;Og.1¶96b»>KQ[;=15eq9kB[@.H]>A9¥g.96eq7[DF>A@.J51K;=e�DFr
H=4I>A;O9E<qB[4I>i4MpF7R46JK46eq@m>A@CJK;=�C@.B#;O<x>A@CJKe/1y96bX>KQ[@VPy46J^<R46QR46<\�Z>i46J^H=;=<MWN�¼Pt�M�¶@.YZDR4I>K;=9E<N9Ib!1^>i4¤>A@¥�½�MU.��T
utQ[@qJA46BM;·46H%B[;O1^>KJK;=_MDM>A;O9E<*bdD[<[gC>K;=9E<�1K9�9E_M>i4I;=<[@CB�g.96<[1K;OB[@.JK46_[HOL¾;Oeq7MJK9�vE@CB�>AQM@x���¿96<[@6T#��46;=1Àr
eq46<wÁ�1846<R46H´Lk>K;=gc1^9EH=DM>K;=9E<(354612@��k>A@.<MB[@.B*_?L\�2ÂILE@l4I<[B*�k>K@.HOHj���?S��X>A9q>KQ[@ogz461^@o3,Q[@C<~>AQM@�B[;OJK@CgC>
gC9EJKJ^@.H·4¤>A;=96<xbdD[<[gm>A;=96<\;O184¥HO;=<[@.46JygC9Eel_[;O<R4I>A;O9E<#96bÃ>|3¶9/�jD[h¤4z3y4�>i4I;=H=1CT

�I�¦�6�%�©ÄoÅ� ª «k¬ÀÆ|Ç®^«k¯.°RÈ ÄGÉ� ª «k¬¼ÊËÇ®^«k¯.° bd9EJ ��¡�¢a² �d³[TÇSE�
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��b%9E<[@o;=<?>A@CJK7[J^@C>K18>KQ[@�{RJ^1^>,�jD[h¤4z3y4¥>A@.J^e 4618g.9EJ^JK@.1^7:96<[B[;=<MWq>A9¥>AQM@l���k0 g.HO9E1KDMJK@oJK@.H=4I>A;O9E<#bd9EJ
�6�d�E�y9EDM>K1K;OB[@c>AQ[@og.9EJ^@obd96J,4/1ËLF1Ë>A@Ce 3,;´>AQ(>AQ[@o7R46;OJt7:9I>A@.<?>K;·46H����»�¦�6�j����� Æ® ª «k¬ÀÆ�§®K«k¯.° >KQ[@.<(>AQ[@1K@.gC9E<[B¾>A@CJKefg.46<¾_:@�vF;O@C3¶@.B�461V4#g.96JKJK@CgC>K;=9E<�>K@.JKef461c;=<�>AQ[@l��46;=1^ex4I<�7R46JK46eq@m>A@CJK;=�.4I>A;O9E<~9Ib
�6�d�E�Gbd9EJVQR46J^B�1^7[Q[@.J^@.1CTN0GW?46;O<*>AQ[@CJK@q46JK@¥>|359�7R46JK46eq@m>A@CJK1 ÄGÉ 46<[B�º É 4zv64I;=H·4I_[H=@l@C;O>KQ[@.Jc>A9({[>>AQ[@CJKe/9FBMLk<R4Ieq;Ogz46HOHOL(g.96<[1K;O1^>A@C<?>VYkD[46<?>A;O>K;=@C1.pX461cW6;OvE@C<*_?L�g.96eq7[DF>A@.Jc1^;=elDMH·4I>K;=9E<wp 9EJ2>A9N1A4¤>A;=1Ëb L
>AQ[@¥>AQ[@CJKe/9FBFLF<[46eq;Ogl1K@CHOb·r�g.9E<[1^;=1Ë>A@.<MgCL*J^@.H·4¤>A;=96<�3,;O>AQM9EDM>�46<?L�bdD[JË>AQ[@CJV>KQ[@.J^eq9kBMLk<R46e/;=g�;=<[7[DF>zT
�F9�>AQ[;O1t;=1,4�7:961K1K;O_[;=HO;O>|L�>K9/;Oeq7MJK9�vE@�>KQ[@o���F0 3,Q[9E1^@Vex46;O<NB[@C{[g.;=@C<[gCL#;=1y>AQM@c1KD[_[1Ë>i46<?>K;·46HXH=46gih
96bt>AQ[@CJKe/9FBFLF<[46eq;Og¥g.9E<[1^;=1Ë>A@.<MgCL 3,Q[;=HO@qJ^@C>i4I;=<[;O<[W�;´>A1oWEJK@.4I>�46BMvI46<?>i46W6@x96b,4I<R46HOLZ>K;=g¥1K9EHOD[_[;OH=;O>|L
bd9EJtQR46J^BFr|gC9EJK@��jD[h¤4z3y4����GPj�o�y1^Lk1Ë>A@.e/1.T

0�1K;Oeq;OH·46J������k0 1^giQ[@.e/@2354615BM@CvE@CH=9E7]@.Bq_?L#�Z>A@.HOH�� ����� � bd9EJs;=9E<[;Og,46<[BqB[;=7]9EH·4IJ�!RD[;OB[1��½�E�I��n
utQ[@.J^@c;O>535461tg.46H=HO@.B#4l1^@.H´b·r|g.96<[1K;O1^>A@C<?> } JK<[1Ë>A@.;O< µ @.J^<[;=hI@c467[7MJK9z�F;=eq4I>A;O9E<*���[P }Vµ 0c�¶1^;=<[gC@�1K@CHOb·r
g.9E<[1^;=1Ë>A@.<MgCL�46eq96<[W8>KQ[@s>AQ[J^@.@¶>KQ[@.J^eq9kBMLk<R46e/;=g%J^9EDM>K@.1t�d;¼T�@6T!vk;=JK;=46H¼p�@C<[@.J^W6L�46<[B�g.9Ee/7[JK@C1K1^;=_[;OH=;O>|L
JK9EDM>K@��235461V@.<Mbd96JKg.@CBwT��89�3¶@Cv6@.JCp»;O<*g.9E<?>AJK461^>c>K9N>AQ[@/�[P }Vµ 0�;O<*;O>A1G7[JK@C1K@.<?>VvE@CJK1^;=9E<*>AQ[4I>c35@
3,;=H=H5;=<?>AJ^9FB[DMg.@N_]@.H=9�3Vps>AQ[@CJKe/9FBFLF<[46eq;Og#g.96<[1K;O1^>A@C<[gCL�35461/46giQ[;O@Cv6@.B¹_?L�{M>K>A;O<[W*>AQ[@(4zvI46;OH·46_[HO@
�����k0 7R46JK46e/@C>A@CJK18>A9x1^9Ee/@�@m�k>K@.JK<[46H»1^@C>c9Ib%BR4I>A4q@.;´>AQ[@CJGWE;´vE@C<�_?L~4q7[JK@C1Kg.J^;=_]@.B�@CYZDR4I>A;O9E<~9Ib
1^>i4¤>A@�96J896_M>i46;O<[@.B(bdJK96e¿g.9Ee/7[DM>K@.J81K;=e�D[H·4I>K;=9E<M1.Tj�|<~g.96<Z>KJA461Ë>zp];=<(>AQ[@��[P }Vµ 0 3,;O>AQ\3,Q[;=giQ\35@
3,;=H=Hj_]@#g.9E<Mg.@.J^<[@.B _]@.HO9�3�<[9~1KD[7[7MH=@.e/@.<?>A46J^L�>AQ[@CJKe/9FBMLk<R4Ieq;Ogq9EJ�96>AQM@.Jl;O<[7[DM>�;=1l<[@Cg.@C1K1A4IJ^LET
utQkDM12>AQM;=1t1KgiQM@.e/@�;O1t@.<?>A;OJK@.H´L#1^@.HOb·r�g.9E<?>A46;=<[@CBwT

utQ[@c>KQ[@.J^eq9kBMLk<R46e/;=g�gC9E<[1^;=1^>K@.<[gmL\JK@.H=4I>A;O9E<[1yg.46<\_:@c@��M7MJK@.1^1K@CB*;=<N>AQ[@cbd9EJ^e�#"�$% � �#"�&% �¦³[T§�?��#"�$% � �#"�'% ² �¦³[T�³Z�
�29�35@mvE@CJ.pV;=< e/9E1^>�467[7MH=;=g.4I>A;O9E<[1q96blHO;=YZD[;=Bkr|1^>A4I>A@�>AQ[@C9EJK;O@.1N>AQ[@*{RJ^1^>\g.96<[1K;O1^>A@C<[gCL J^@.H=4I>A;O9E< ;=1
JA4I>KQ[@.J,@m�F7[J^@.1^1K@.B�461 ( �#)*"�$) % +�, � U%.-0/�132 ,54 �¦³[T76E�
3,Q[@.J^@ 2 , ;=1j>AQ[@c;O1K96>KQ[@.J^ex46H:g.9Ee/7[J^@.1K1^;=_[;OH=;´>|L¥9E_M>i4I;=<[@CB#bdJK9Ee >AQ[@cgC9Ee/7[JK@C1K1K;O_[;=HO;O>|L¥J^9EDM>A@ITsutQ[;=1
;=1VB[9E<[@/;=<*>KQ[@.J^eq9kBMLk<R46e/;=g.46H=H´L~1^@.HOb·r�g.9E<M1K;=1Ë>A@C<Z>o;O<Z>K@.WEJK46H%@.YZDR4¤>A;=96<�467M7[JK9?4IgiQ[@.1Cp�H=;Oh6@¥@6T�W[T¥>AQ[@
eq9kB[;O{[@.B�QZLk7]@.J^<[@C>^>A@.Bkr|giQR46;O< �¼���98�Pt��>AQ[@C9EJ^L �½�6³6��T±�|<�>AQ[;O1q4I7[7[JK9E46giQ�>KQ[@ }Vµ J^@.H=4I>A;O9E<�;=1
1K9EH´vE@.B\3,;O>KQ(>KQ[@Vg.HO9E1KD[J^@VJK@.H=4I>A;O9E<7:

�¦�6��� ª «<;
=�§®À° >@?zÇ®À°·«.A�Ç®|°B> '
§®À° 4 �¦³[TDC?�

3,Q[@.J^@2>AQM@2_[J^;=B[W6@,bdDM<[gC>K;=9E<FE#�d�E��;O1¶4I7[7[JK9z�F;=eq4I>K@.B/_ZL�>KQR4I>j96bw4o1^D[;O>A46_[HOLlgiQ[9E1K@C<N����JK@mbd@.J^@.<[gC@
1^Lk1^>K@.e 461K1^D[e/;=<[WN>AQM@qD[<M;OvE@CJK1K46H=;´>|L�Q?Lk7:96>KQ[@.1^;=1o96bj>AQ[@/_[JK;OB[WE@lbdD[<MgC>A;O9E<[1q�½�6³I��TqutQM@GEx�¦�6��46JK@
@.;O>KQ[@.J�9E_M>i4I;=<[@CB�bdJK9Ee >KQ[@IHs@.J^H=@m>^r���@.;O1�7R4IJA46e/@C>K@.JK;O�z4I>K;=9E<o96bR>KQ[@y7R46;OJ�B[;O1^>KJK;=_MDM>A;O9E<obdDM<[gC>K;=9E<l96J.p
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46H´>A@CJK<R4I>K;Ov6@.HOL6p _ZL(>KQ[@l����_MJK;=BMWE@�bdD[<MgC>A;O9E<wT,utQ[@��G��B[;=46eq@m>A@CJ8;O12giQM9E1K@C<¾>K9x@C<Mbd9EJKgC@�@CYkD[46H=;´>|L
96bÃ>AQM@ogC9Ee/7[JK@C1K1K;O_[;=HO;O>|L¥vk;·4l>AQM@Vvk;OJK;·4IHw46<[B(>AQM@ogC9Ee/7[JK@C1K1K;O_[;=HO;O>|LqJK9EDF>A@/�¦³MT 6E��T

} >AQ[@CJ/>KQ[@.J^eq9kBMLk<R46e/;=g(1^@.HOb·r�g.9E<M1K;=1Ë>A@C<Z>qg.HO9E1KDMJK@\JK@.H=4I>A;O9E<[1¥D[1^@~1K9�gz46HOH=@CB��§eq; �F@.B¹gCH=9E1^D[JK@IÁ
J^@.H·4¤>A;=96<[1.p�;�T§@IT*>AQ[@mL�;=<?>K@.JK7]9EH=4I>A@q;=< 4~bdD[<[gm>A;O9E<R46Hsbd9EJKe _]@C>|3¶@.@.<�>|359¾B[;´`a@CJK@C<Z>lg.9E<?vE@C<?>A;=96<R46H
gCH=9E1^D[JK@8JK@CH·4I>K;=9E<[1CT��|</>AQ[;O1¶;O<Z>K@.J^7:9EH=4I>A;O9E<¥1KgiQ[@Ceq@G4�e/;´�F;=<MWVbdDM<[gC>K;=9E<����]�d�E��3,;O>KQx46<x46B��^D[1Ë>i46_MH=@
7R4IJA46e/@C>K@.J���;O1o;O<?>AJK9kB[D[gC@.B�>KQR4I>�;=1ogiQ[9E1^@.<�1K9\>AQR4¤>lg.96<[1K;O1^>A@C<[gCL�;=1V@C<Mbd9EJKgC@.BwT } <[@x9Iby>AQ[@C1K@
467M7[JK9?4IgiQ[@.1V;=1�>KQ[@��896WE@.J^1G�j9ED[<[W����!�o��467[7MJK9z�F;=eq4I>A;O9E< �½�06¤��>KQR4I>V;=<?>K@.JK7]9EH=4I>A@C1�_:@m>|35@C@.<�>KQ[@
��� 46<[BN>AQM@�� 8�P�4I7[7[JK9z�F;=eq4I>K;=9E<wT»��>A1,g.HO9E1KDMJK@V;=1tWE;´vE@C<\_?L:

�d�E�%� ª «<; =�Ç®|° (
U È ª! �" §®À°�# ?�§®À°·«.A�Ç®À°%$ �±U���]�d�E� + ² �d³[T'&E�

02<N467[7[J^9E7[J^;·4I>K@8bd9EJ^e�bd9EJ(�)�l359EDMH=B#_]@G@IT§W[T*�)� �¦�6�s� U�� ª «
�
® pF;¼T�@6T�bd96J5�V���V>AQ[@���� 1K9EHODM>A;O9E<

;O1o96_M>i46;O<[@.B >AQR4¤>�;O1�e/9EJK@/467M7[JK9E7MJK;·4¤>A@¥bd9EJV1KQ[9EJË>^r�JA46<[W6@.B�bd9EJ^g.@C1.p»3,QM;=H=@/;=<¾>AQM@xH=;Oeq;´>��,+ -
9E<M@�9E_F>i46;O<[1/>KQ[@�� 8�P£gCH=9E1^D[JK@(>AQR4¤>#;=1/46gCg.D[JK4I>A@\bd9EJ/H=9E<[W¤r|JA4I<[WE@.B�7]96>A@C<Z>K;·46HO1/46<[B±D[1^@.1x>KQ[@
467M7[JK9z�F;=eq4I>A;O9E<(>AQR4I> E#�d�E�t� �FTGutQ[@��Ã��467[7[J^9z�M;Oex4¤>A;=96<\Lk;=@CH=B[12@m�Fg.@CH=HO@.<?>cJK@C1KD[H´>A1Gbd96JG7[D[J^@.H´L
J^@.7[D[HO1K;´vE@V1^Lk1^>K@.e/1.T

0G<M96>AQ[@CJ#1K@CHOb·r�g.9E<[1^;=1Ë>A@.<?>.�§e/;´�F@.B±gCH=9E1^D[JK@IÁ5;O<Z>K@.WEJK46H8@.YZDR4I>K;=9E<¹>KQ[@.96J^L�;=1q>KQ[@*�G���F0 �½� CI��p
>KQR4I>t;O<Z>K@.J^7:9EH=4I>A@C1y_]@C>|3¶@.@.<(>AQM@V�98�P 46<[BN>KQ[@o�[���F0 4I<[B(;=1ye/9EJK@G1KD[;´>i46_[HO@Gbd9EJy1ËLk1^>A@Ceq1t3,;´>AQ
4I>^>AJK46gC>K;OvE@c7]96>K@.<?>A;=46Ha>AQ[46<\>KQ[@/�Ã� 467[7MJK9z�F;=eq4I>A;O9E<wT���>K1,g.H=961KD[J^@o;O1tWE;Ov6@.<\_?L:

�¦�6�%� ª «<;
=10M§®À° (
U È ª  " Ç®|°2# ?z§®À° «.A�§®À°·«.=43[§®À°5$ �±U���]�d�E� + 4 �d³[T76?�

3,Q[@CJK@ �98»�¦�6�%� :; < ���d�E��� ���¦�4=t���?> �1=
� �l¡��1= �d³[T7@?�

;O1y>AQ[@VJK@C7[D[HO1K;Ov6@V7R46J^>,9Ib»>KQ[@V7:96>K@.<?>A;=46HX46<MB� � �¦�6�%� :; < ���d�1=5� �A> �4=���d�E� ��¡��1= �d³[TOUz�?�
>KQ[@l4I>^>AJK46gC>K;OvE@�9E<[@�Ba�1=�B[@.<[9I>A@.1V4q1KD[;´>i46_[H´L(giQ[9E1^@.<¾1K@C7R46JA4¤>A;=96<�B[;=1Ë>i46<Mg.@6p:;=<�W6@.<[@CJA46H»;O>2;=12>KQ[@
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