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GO, _i?1H>,'Qw1HO, = 2Nh&J 4o`K,`5lF$
k (10).
3N,`O, g,O,wNkLNrOG"kNG, RHDRHDN1r
Q,7F=N1NQwNC'rN'7F-?kLHO, J1KOfSG-
J$. 7+7, .6}G~|N;$Qwr9kV'p1,?t8_7, =
liH3l^G_i?"k$O>,'Qw1H5lF-?1HO, ,1F
M(kY-@H$&3HO, Vc$NJ$3HWolk.
=7s9-?AN@?.6}V'p1rC'E1k I NhGN 0.13y
$~H$&6}O, @GN?$1NQ,cHfYkH, V NhGO 0.35y
$~, BNhGO 0.7y$~H$&6}HJk (11). 3l^G B?>,'7



Qw1H5lF$?1NfK, `iN$&.6}V'p1,^^lF$k
HWolk.
.6}V'p1H9$s!*Q0r(9>,'Qw1HKD$FO, L
N!qKM(k3HH7, J<GO>hN_i?ZS=lKa$5?*J
>,'Qw1KD$FRY?$.2.3 _i?1H>,'Qw1N~|wYX8

n"Uj+78fGN9|Ko?k^<is1@Q,NkL, _i?Q
w1N~|wYX8,@il?3HKD$FO, N<H No. 8GRY?.
*0k&0k<WG@?_i?Qw1N~|wYX8O, g$w0NV
0~NhGNQ,GQ$il?Ks yiJKhjbddH9,;$KG=
5lF$k,, !Nh&KJk.Ksyi = �4:17 � (logJ~|K� 2:0) + 12:53 (1)
3lO=l^G@ilF$?~|wYX8H1yG, ^ 3NCOsN@k
$t,Kjv7F$k.
*0k&0k<WN&fGb, 6}, I yiG 0.13 yhjbg-J>
,'Qw1O, _i?1H18~|wYX8K"k+, "k$O, =lhj
hj~|N;$!Nh&JX8NIAi+K07F$k+G"C?.Ksyi = �4:35 � (logJ~|K� 2:4) + 12:53 (2)
3lO, ^ 3N BOsN@k$t,Kjv7F$k. J*, 3NsD\N
OsN8_rOaFhje2?NOD3<JYoshifusa ItaK?AG"k(12). hKG2?b"&0k<WN~|wY^J^ 3KGO, xQ7?V
0~Q,kLN:Y,D?ANQ$?bNhj:Y,c+C?NG, 3N
Os,,%5lF$J$.
3NsDNOsN~|rfYkH, 18@k5NlgKO 1P 2.1 Ka
$MKJCF$k. 'g<JDa Run XiongK?AO, _i?1N~|r
}@W;GaaF$kNG (13), =NkLHfYF+kH, 3liNOs
,=l>l, p\M0ND%}LHh 1f60M0ND%}LKjv7F
$k.
b"&0k<WNQ,kLr+kH, 6}Ng-J1@1Ke\9kH,
=Ngt,,COsK07F*j, 5iK6}N.5J1^G^aF+k
H, BOsK09k1,'ail, o:+GO"k,AOsK09k1b
"k. 3NAOsK07F7+b"kxY6}Ng-J1O, J0&CI
?A,X&7F$?h&K, 5iKb!NM0Jh 2f60M0KGD%
}L7F$kHM(ilk. 8



3 'yi^eGNLV3.1 DkwNQ,+iA$?'yi^

b"&0k<WNQ,G@il??/N1N@k5+i, 'yi^rA
/3H,G-k. 3N0k<WGO, ^CAg&0k<WKJiCF, V y
iHRyiKa$H9G"k,, hjH9hN}N-$wru1F@il
? V myiHRmyirQ,7?.3.2 V0~Q,rxQ7?'yi^

V'p1NfGb, Gb@k/+D=L9YNc$1,_i?NQw1
H7FQ,5lk3HO, b"&0k<WKhCF@i+K5lF$?. G
aN*0k&0k<WN&fKhkH, A?>,'Qw1d6}Ng-JB?>,'Qw1b_i?H18h&JC'r(7F$k.
3lKP7F6},.5$1O, V'p1NfGOfS*=L9YNb
$NhK8_7F*j, 1N=$"k$OD%}LN!=,, _i?JI
H[JCF$k3Hr[|5;k.
@k5rhj5NK+QbC?kLKhkH, .6}N0k<WO, _
i?1hjbddE$.
b"&0k<WNQ,GDOsK"k1O, @k5H=L9Y,&K.
6}1H1MJ-Ar(7F$k.
3Nh&K, g^<is1@Ng,O,wNkLrL8F, _i?1H
>,'Qw1HN-AO+Jjr@5lF-?. .^<is1@NQ,G
b, 1MJkL,@ilF$k.
3liN1NQwN!=G"k,, 6},g-J_i?1JIO, 14
N,?$_s0N"C?D%}Lr+jV9H$&3HG, ~|,b@G
-, =NQ0r}35;k!=H7FO, 'g<?AN&f7F$kP.
NzLN/$!=,M(ilk.
=lKP7F, .6}N>,'Qw1O, >B}~@1GJ/, e?}~
N?0b"kh&J, N<H No. 3GRY?s0B}~60Jnon-radialosillationK,/-F$kH9kH, ~|,b@G-, =lr]}9k!=
O, N(*e6Jstohasti exitationKH9kN,EvG"m&. 3&7
?!=O, @[`wJsolar-likeKHFPlF*j, a/&fTNX4rz
$F$k.
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4 >,'Qw1NJ>4.1 >,'Qw1H9j

N<H No. 7G, 4mBRV?G+il?T,'J6}NQ0r!$7
?. =3G, 3liN1NwYQ=,, +JjT,'G"k3H,, p\M
0ND%}LH, h 1f60M0ND%}LH,j_K3D7"&3HK
hkH$&}@,"k3HrRp7?.
#(ON}@KpE/H, D%}LN6}r}C5;knQ,e$lg
KO, #tN~|NQ0,&87F, 9j,Q,5lk,, 6}r}C5;
knQ,/$lgKO, T,'K+(kQ0,8:k.
_i?1H=lKa$>,'Qw1H,, #tNM0ND%}L,/-
kD=-,"j, 7+b6},"kxYg-/JC?lgK, =N(Mk
.<,^cK:olkh&J!=,8_9lP, =NH_go;G5^6
^J>,'*Q0,/-FbTWDGOJ$.
gKp\M0GD%}Lr+jV7F$kN,, _i?1HA?>,'
Qw1JI6}Ng-J1G"j, >}GO=lhjdd.5$6}GQ
w7F$kh 1f60M0GD%}L7F$k B?>,'Qw1,"k
H9kH, =lhj#(JQ0r+;k1NfKO, 3lisDNM0N
60,D/j@99jr+;F$k1,"kO:G"k. QwJ~r=&
$&\Gb&lYh/+F_k3Hb,WG"m&.
b"&0k<WNQ,kLNrOKhkH, V'p1NfKO4mBRV
?1Hh/w?wYQ=r9k1,t?/"k3H,,+CF$k. sD
ND%}LNM0,H_go5CF, =l>lN1,=l>lNwYQ=
r+;F$kH$&3HG"m&.
tXNBj-KD$FN}@r2MK9kH, iN)0ON8:kM0
H, )0ON8:kM0,H_go5C?lg, ^C?/1lNQ=Od
PK/-J$H$&3HKJk. _i?1d>,'Qw1NQwb=&$
&-Ar}CF$kh&K+(k.4.2 _i?1&>,'Qw1NbtNJ>HR^"k$O'yi^NeKdOObN1r(9H, 8e+i&<K
+1FSuN?tN1,BV. 1N=$N&fTO, f4tGeG,Xj
&`KQokK;g?~,/-F$k1,, 3NSNeKBV3HrX&
7, bt,=Nh&KJCF$k1rgOs1HFV.
1NbtN&f+i, gOsN1Nf4tGeG,Xj&`K>95l,
f4tKXj&`NK,G-, =NK,LsG.r|P9kH, 1Ohj
@k/Jk,, 1,D%9k3HKhj, =L9YOc/Jk. 33G/10



= 3: p1^r=.9k1NbtNQ=
gOs1#
V'p1^1#

V'/isW1 "k$Oe?^1#
2ap1^1JAGB1K

-k1ND%O, .0Qw1GQ,5lk~|N;$D%}LHO!=,
[JCF$F, 3l^GNM`NrKGOQ,K++iJ$[IfC/j
7?bNG"k.
D%7?1OV/F@k$, 4/0Klg7Fp1HFPl?uVKJ
k. a/GO, =L9Y,b/F>B,gOs1hjg-$1HhL9k
?a, V'p1^1Jred giant branh starsKHFV3H,?$.
V'p1btGO5iKQ=,J`. 1O}L7F=L9Y,e:7,
e?^1Jhorizontal branh starsKHFPlkuV, ^?OV'/is
W1Jred lump starsKHFPlkuVHJk. /isWHO, tH+3
VH$&U#G, ^NeG1,tNh&K,[7F$k3HrX7F$k.
e?^1re?,^1Hq$F$k&fTb$k. 3NuVN1O, V'
p1hj=L9Y,b$.
1NbtG5iKQ=,/3j, 5iK@k/, =L9YNc$uVK
Jk. 3NJ,N1O, eu1DJIGO, 3l^GV'p1^1HFsG
$?uVN1hjb, /7@1=L9Y,b$. 'yi^GO, V'p1^
1NBSKfYF/7D&KBVNG, 2ap1^1Jasymptoti giantbranh starsKHFPlF$k. 2ap1^1O, QlN@8GO1lN
,8zrNCFAGB1Hq+lF$k3H,?$.
1NbtNuVNQ+r)kH, = 3Nh&KJk.
3Nh&JhLO, 1NbtNuVr}@*K&f7?kL+i,+C
F$k,, Q,*KO, V'p1^1, V'/isW1, 2ap1^1r,
RH^HaKV'p1HFV3Hb"kNG, q*JII`], xT,3
liNFS>,INh&KQ$F$k+mU9k,W,"k.
3Nh&J1NbtNQ=NaxG, 1N=L+i$N,:ol, 1N
AL,:/9k. (Mk.</8!=,Qok3HG, @k5,Qok.
h 2aN^ 3G, TRGBH$&pu,"C?,, V'p1^1N@k5N
eBr(7F$k. =lhj@k$1O, 2ap1^1G"k.11



_i?1d=lKa$>,'Qw1O, AL,@[xYHM(ilF$
k,,3lO,1Nbt,2ap1^1NJ,KJCF$k3HKjv9k.
2ap1^1NbtNuVN&fO, 1NJ=NG*J,KXoCF*
j, ^@r@9Y-dj,DCF$k. _i?1d>,'Qw1NQ,O,
3liN&fH)\KkSD$F$kNG"k.
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ddAGB1NQk9
|\lGOVc$h&J$,, QlGOwLCF$kN,, 78XG.
07F$kH$&U#NQk;$F#s0JpulsatingKHQk9J,K
"kH$&U#NQk7s0JpulsingKH$&@UG"k. o:+ 28
z?$+/J$+G"k,, 1NuVH7FO4/[JC?3H,irX
7FQ$ilk.
7cWl<Jh, 1,p\M0"k$Oh 1f60M0JIG, D%}
Lr+jV7F$kuVr, Qk;$F#s0HFsG-?. QlGOQ
k;$HJpulsateKHO, ,'*D%}LH$&U#,"k. >}Qk9
JpulseKO, 4!+ilUrwjP9]0G"k,, -/=lK`w9k
=]r=9?aKQ$ilF$k.
3NN<HGO, .0H$&|\l,|oINh&KQ$ilF$k+
rM87F, 1ND%}LH$&==rQ$k3H,?+C?,, QlN
Qk;$F#s0rX7F$k.
Qk7s0N}O, 1btN=$,Q=7F, 2ap1^1HFPlk
uVKJC?J,G, Xj&`LUiC7eHFPlk=],+jV7/
-F$k-MrX7F, .*Qk7s0H$&h&KQ$ilF$k.13



.*Qk7s0,/-kNO, ^5KgOsK"C?1,Q=7F-?
GeNIHHb$(kbNG, 1NbtGg.5l?5G,=LK^G?
SP5l?j, 1N=L+igLN*Ar|P7?j7F, lgKhCF
Oti/H$&fS*;$~VG, 1NMj,Qok.
+jV7.*Qk7s0,/3kH$&==O, 1btN6RK?~N
u7K~8F, 1,@k/JC?jE/JC?jr+jV93Hr[/5
;k. 7+7, 3N=]H, _i?1JIN~|t4|N.0KhkQw
HO, ^C?/LbNG"k.
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