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1 .0Qw1

Qw1O=NQwNh&9GvDbN0k<WK,`5lF$k. =
N&A)Qw1"k$O)"1HFPlF$k1O, sDN1,&LNE
4N~jrx>7F$F, )r/393HKhCF@k5,QoCF$k.
3lKP7F.0Qw1HFPlk1O, QwN6xO1,}LD%r+
jV7F$k3HK"k.
)"1NlgO, 1+NN@k5OQoi:, =Nj0rLa9kLJ
1Khjw,Wilk3HKhCF@k5,QokNG, =Nh&9O[
|7d9$. 7+7, .0Qw1NlgO, 1ND%}LO[|7d9$
,, =l,1N@k5NQ=HI&XojgCF$k+O, ,+jK/$.
.0Qw1rM(kK]7F, G.Bb@5lJ1lPJiJ$vAH
7F, ~|OI&7Fh^kN+, @k5OJ<QokN+, 1ND%}L
OJ<CjN1K@1/3j, =l,}39kN+JINdj,"k. =
liNdjKD$FO, !Nh&KM(ilF$k.
~|NJ>

euN$NND%}LKD$FN}@KhlP,~|O1N?Q)YN?
},NUtK,1N=$KhCFj^kC-~|J@8KhCF, pulsation
onstant, "k$OQ-value, pulsation parameter, pulsation property J
IH-5lF$k. Krh8?MHJk.

~| = C-~|p
?Q)Y

(1)
?Q)YO, 1NALHNQ,,+lPW;G-kNG, D%}LN~
|,aailk. .HR^O#4,1N=L9Y, D4,dPwYH$&^G1N-Ar(
7?bNG"k. =L9YO1LLQv?jNwN|M(KX87F*j,
dPwYO|M5l?wNmLG"k+i, HR^eGN1NLV+i1
N=LQ,W;G-k. =l+i>BbW;G-k. 1NALHHR^e
NLVH,,+lP, ~|,aailk.
?@7, C-~|OD%}LNM0KX89kNG, lU*K~|ra
ak3HOG-J$.
@k5NQ=

1U'&9BGk??, WBRR?JIO, Q,+i, 1,D%9kax
GGgwYK~#7, 1,}L9kaxGG.wYKJk3H,,+CF
$k.
3Nh&J@k5NQ=O, 1Nbt+ib9N$N,a-P7F/k
3HKhkH$&N,, i|N}rG"C?. =_GO, 1,D%7DD2



"k~|K, gLN.,1Nb&+iAoCF-F, =N9Ye:KhC
F@k/+(kHM(ilF*j, b9$NN.PH$&$a<8ONQ
5lF$J$.
D%}LN}3N6x

.01ND%}LO, G-60HFPlF$k=]G, $C?sO^l
P9~V}39k-Ar}CF$k. 3lO, 6jRJI,, $C?s6l
OakH+Jj9~V6l31F$kNH1MG"k. .0Qw1GO,
?i+N.0]}!=,/$F$F, D%}L?0,jo*K+jV5l
F$kHWolk. 3N!=H7FO, 1N=XH., =L9Y, =LEO
,"kCLJH_go;NlgK, T)@YNQ0KpE/!=,//3
H,,+CF$k. JT)@YKD$FO 7Z<8Gb@9k. K1U'
$IND%}LN}3O3lGb@G-k,, _i?JIV'N1ND%
}LN}3O, 3lH[Jk!=KhCF$k.
3NN<HGO, .01ND%}L,}39kWxKD$F, 0}rn
_k.2 60NEH_2.1 |5O

60rM(kK]7F, p\HJkNO, |5OJrestoring for
eKG"
k. 6jRrcKM(kH, 6jR,E_7F$kLV+i, &&K"l
PEO,8~-K0/h&K/-, 6jR,8&K"lPEO,&~-K
0/h&K//. `jg$NLV+iIAiK0$Fb, |5OH7FE
O,//.
1Nlg, 1,+,NE5Gf4XDVlh&H9kNr, 1NbtN
}LKP39k5OGY(ilF`jg$NuVK"k. `jg$NuV
+iD%9kHbtN5O,<,j, 1O`jg$uVNLVKakh&
JO,/-, `jg$NuV+i}L9kHbtN5O,e,j, dOj
`jg$NuVKam&H9k. =NX8r= 1KG2?.
`jg$NuV+i0l?~K, `jg$NuVKa=&H9kO,/
$F$klgK60,/-k. tT!KhCF$k~K, !N,SjSj
H609k3H,"k,, 3lO, !NrM8J2h&H9kOK, !N,
q37F$kkLG"k.
60GO, |5O,/1lP~|,;/, |5O,e1lP~|,9/
JkH$&-A,"k. .0Qw1G.j)CF$k~|)YX8O, 1
N?Q)Y,|5OKfc7F$k3Hr(7F$k.3



= 1: 1ND%}LN]K=lk|5O
uV |5O

D%7?uV btN5ONc<

}L7?uV btN5O,e:2.2 60N)0He/

60,/-F$kH, 60reah&H9kO,//. 6jRNlgO,
u$Nq3d, Y@GN`$JI,, 60reakh&K/-, d,F6
jRO_^CF7^&. 3Nh&J60reakOr)0OJdampingfor
eKHFV.
6jRN60r}35;h&H9kH, ?i+N60r/akOr?(
J1lPJiJ$. NN6jR~WGO, EjN<,k0-d, <s^$
N[I1kOrxQ7F, 6jR,&K0/~K&~-NOr, 8~-K
0/~K8~-KOrC(F, 60,e^iJ$h&K7?. 3Nh&J
60r}35;kOr, iN)0OJnegative damping for
eKH$&. i
N)0O,/$F$kH, 60,e/5lk.
.0,J<}37F$k+rM(kH$&3HO, 1ND%}LN]N
)0OHiN)0Or&f9k3HKjv9k. 1Nlg, D%9kax
G1NbtN5O,e^kh&J3H,"lP, )0OH7F//. 1M
K, }L9kaxGbtN5O,/^lP, )0OH7F//. .01N
}@NpCrV$?"<5<&(G#sHsJArthur EddingtonKO, .
0r}35;kiN)0OH7F, /.LNQ0H, |.LNQ0HrM
(? (1). =BN1NfG3&7?ax,INh&K//+N&fK, =
Net=/Nn|,qd5l?.3 /.LNQ0

1,}L9lPbtN)Y, 9Y,e:9k. 3NH-K, 1NbtG
/.L,}C7, =N.,.d+K?SP5l:, 5ON}C,GgHJ
k~|,bCHb1,}L7?~|hjYlkJiP, =lOiN)0O
H7F//. 1,D%9lPbtN)Y, 9Y,c<9k. =NkL/.
L,:/7, =lKhCF5O,G.HJk~|,1,bCHbD%7?
~|hjYlkJiP, dOjiN)0OH7F//. 1N.;G"k6
RK;g?~Khk/.O, )Yd9YNQ0K<CF}:9kNG, .
0N}3Ks?9k. 4



3Nh&J!=O,}@N@8G/.Lr.j7c8zN$W7msJ�K
G=93H,?+C?NG, lgHNVGO$W7ms!=HFPl?.
1,}L7, btN9Y,e:9kH, 1NbtH=LHNVN9Y{
[,^KJj, hj?/N.,=LXH\09kh&KJk. 3NaxO,
.0Khk/.LN}CN/-r^(k)0OH7F//. /.LN}:
H, .,?SP5lkLN}:Hr, 5NK+Qbm&H9k&f,, 1930
/eKH<^9&+&js0JThomas G. CowlingKHlxhlJZyuitiHitotuyanagiKHKhCFTol? (2), (3).
=NkLO, .N|PLNQ0,)0OH7F//zL,//, ?/N
1GO=ND%}L,^)5l, .0O}35lJ$H$&3HG"C?.
3N&fO, /.L,9YQ=KR6J6RK;g?~,1G/-F$F
b, @[JILoN1O.07J$3Hr(7?3HKhj, =eN11
=$@N.)Kv?CFEWJrdrL?7?.4 1U'$ITBjS

33G, 1U'$INQ,5l?C'KD$FM(?$. 1U'&9B
Gk??Qw1O F?+iK?, WB RR?O A?+i F?HFPlk
9Z/HkNC'r(93HOa/+iNilF$?. 3lO, 1N=L
N9YG, 5iY+i 9iYNOOKjv7F$k. 3N3HO, 1U'$
INQwN6xH</X87F$kH[|5l?.
1U'&9BGk??HWBRR?Qw1NdPwY,NilF/kH,
=L9YHdPwYH,"kCLJH_go;G"kOOKBCF, 3l
iN1,8_9k3H,,+C?J^ 1K. =NOO,HR^eGSuK
JCF$k3H+i, 3NOOr1U'$ITBjSJCepheid instabilitystripKHFsG$k. 3NFS>O#|GbQ$ilF*j, Qw1,`
+iOC(?1U'$IH$&==,J*hv7F$k.
1U'$ITBjSH$&FS>O,1,TBjG"kH$&u]rM9
K?(k,, 33GTBjHFPlF$kNO, .0,/-kH$&U#
N60TBjJvibrational instabilityKG"k. 1N=$,4NH7Fx
u"k$Oz/9kh&JTBjOOX*TBjJdynami
al instabilityK
HFPlF*j, =lHOU#g$,[Jk. OXK&k5$MJiP, 1
U'$IaBjSJCepheid overstability stripKHFVh&K&akG"
m&. 1U'$ITBjSK"k1OD%}Lr+jV7F$k,, =l
,.97F1=NbNN=$,]}5lJ/Jk3HKODJ,iJ$.1930/eK~kH, 1OgKeG+i=.5lF$kH$&}r,N)
5lF-?. =&$&\G+kH, 1U'$ITBjSO1N=LG, e
G,lt,6R, lt,$*sH$&CLJuVK"C?.5



A5 F0 F5 G0 G5 K0
9Z/Hk?

0.0�2:0�4:0�6:0dPyiJ?QK

WBRR?1
^ 1: 1U'$ITBjS. #4O9Z/Hk?. D9N1O>~G(5lF
$k,, 8<,wYKg~, &<,wYK.~N9Z/Hk?r(7F$k. D
4OBkdPyiG, ~|wYX8rQ$FaaF"k. ^N<N}K"k9}
AO, WB RR ?NLVN5,r(9.
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ER,6R+i7%7F+3KJj, 6R,E$rSS?[$*sKQ
ok3HrE%H$&. 1U'$IGO!Nh&JE%Nax,EWG
"k.

eG6R  ! eGN[$*s + +3ER
Xj&`6R  ! Xj&`N 1A$*s + +3ER

Xj&`N 1A$*s  ! Xj&`N 2A$*s + +3ER
1U'$I,D%7F9Y,c<9lP, 33K(7?ax,8&KJ
`. UK}L7F9Y,e:9lP, 33K(7?ax,&&KJ`. a
x,&&KJ`3Hr, E%Y,b/JkHFS, ax,8&KJ`3H
r, E%Y,c/JkHFV.
1U'$ITBjSND&K"CF.0r7F$J$1O, 1Nf4t
+i=L^GeG,9YF[$*sKJCF$kuVK"k. 1U'$I
TBjSNV&G.07F$J$1GO, 1N=LGOeGOE%7F$
J$. 1U'$IO=NfVNuVG, eG,ltE%, ltf-G"j,
}wN~|KOE%Y,b^j, :wN~|KOE%Y,<,k. (G#
sHsO, 3N3Hr.0}3N6xH7Fe\7? (4)
^?, 1U'$ITBjSND&GO, 1N=LN90b&GP.,/
-F$J$. 7+71U'$ITBjS+iV&GO, 1N=LN90b
&GP.,/-F$k. 3N3H,.0HX87F$kNGOJ$+Hb
M(? (5).
(G#sHsNl"NM!O, eGKN_e\7, Xj&`Ke\7J
+C?H$&@GOT<,G"j, ^?, P.rdjK7?,, BO1U'
&9BGk??1GOP.,g-JrdrL?7F$J+C?NG, =N
@GOmCF$?. 3N@,r@5lk^G, 5iK=t/NPn,,W
G"C?.5 T)@5,b?i9iN)0O5.1 |MKP9kT)@Y

1Nf4tG6RK?~JIG.,/87F*j, =l,|M, A3, P
.JIG1N=L^G?PlFhk. 1U'$ITBjSN1GO, .O
gK|MG?SP5lFhF$k. \7/$&H, |MO$NK[}5l,
;~VeK=N$N+iF|P5lkH$&axr+jV7F, 1N=L
^G~#9k.
$N,|Mr[}9kYg$rT)@YJopa
ityKH$&. T)@Y
O, 1L95"?j*A,|MrIl[I[}9k+G=5lk. $Nf
G|MN0,Ns,[}5lF7^&w%r, wN?Q+3TxJmean7



free pathKH$&. =N95NUt,T)@YG"k. T)@YN1LO,
95,N 1G, @8JIGO 1;sAa<Hkv?jINxYG"k+H
$&h&K(5lF$k.
1LALv?jNT)@Yr, ?Q[}8tJmean absorption 
oeÆ-
ientK"k$OfT)@YJspe
i�
 opa
ityKHFV,, 3liO9Yd
)YKhCFQ=9k. 9YH)YN"kH_go;NOObGO,-oa
F?Q[}8tOb/, =NOOJ0GOfS*c$H$C?-A,"k.
T)@G"kH$&3HO, |M,l~*K=3G*(ilF, $NN
btKy(ilkH$&3HGb"k. eGN?Q[}8t,bCHbb
/JkNO, 1N=LGO9Y, 5iY+i 2|YNOObG, =3GO
wN?Q+3TxO, ?+@+t4-ma<HkxYG"k. 1U'&9
BGk??N1GO>B,4|-ma<Hkb"k3HrM(kH, 1N
bt+iN|M,+3K0NuVKPF/kh&KJCF$J$3H,,

+k.
1,D%}Lr+jV7F$klg, 3&7?T)@Jt,O, >B,
.5$uVGl~*K|Mr[}7Fy(, 1,D%K>8?eK|P7
FD%ru1kNG, iN)0OH7F//. >B,g-$uV,a.F
}LK>8?eK.r[$hlP, EOKP39kO,:/9kNG, 1
MKiN)0OHJk. 3Nh&J!=O, = 2Nh&K=93H,G
-k.5.2 .N\0NzL

1NbtGO, *AKy(ilF$k.LKfYF, b&+i0&XH
\09k.NLO-oaF/J$. 7?,CF, 1ND%}LN]K, .
N\0N3HO5k7Fh$. .N\0r5k7F, 5O, )Y, 9YN}
:rhj7&aw!O, G.awJadiabati
 approximationKHFPlk.
3Nh&Jaw!GO, .N\0r5k9kNG"k+i, 9YN3HO
M(:, D%}LKhk5O&)YN}:N_rM!9k. 5L5l?i,
Il/i$5O,}C9k+H$&h&JM!G"k+i, |5OKBC
F!$7F$k3HKJk. .0N~|NW;KO, 3Nh&JawGQ
`,, )0ON+QbjOG-J$.
.N\0r5k7F5O&)YN}:r4Y, =lKP9ky/JF
AH7F.N/8, \0NzLrW;9kaw!O, `G.awJquasi-adiabati
 approximationKHFPlk. +&js0dlxN&fO, 3&
7?0sGTolF$?.
7+7, 1N=La/KJkH, 1N)Y,uvKJj, y(ilF$k
.LKfYF, \09k.Nf(,b/Jj, 5O, 9Y, )YNQ=rW8



= 2: iN)0O,//!=. =f, IC*H==7F$kNO, .NP~jN
J$D%}LHfS7FIC*H$&U#G"k.

~| iN)0O

9Yc<+
E%Yc<

}L+iD%K>8?eN~| +
$N,IC*K.r|P+
IC*J1ND%

9Ye:+
E%Ye:

D%+i}LK>8?eN~| +
$N,IC*K.r[}+
IC*J1N}L

;9kKv?CF, 3N.N.lrI&+Qbk+,EWKJCF/k. =
3G, M(}rQ97, Gi+i.N\0rM87Fdjr)F>9,W,
"C?. 3Nh&Jaw!r, sG.awJnon-adiabati
 approximationK
HFV.5.3 iN)0ONN'

;k2$&8't!-sJSergei A. ZhevakinKO, sG.awrNQ
7F, 1U'$IND%}LN?0r!$7, iN)0OH7FB]K1
U'&9BGk??G.0r}35;k?aKO, eG@1GOL*KT
<,GXj&`KhkT)@-bM89k,W,"k3HrX&7? (6).
8't!-sNM(r, ERW;!rQ$F, hj\YK&f7?N,
N<^s&Y$+<JNorman BakerKHkIkU&-CZsO<sJRudolfKippenhahnKG"k. `iO, OaF1U'&9BGk??G.0,}3
9k3Hr, W;GF=9k3HK.y7? (7), (8). T)@YNb$t
,N.N[}HF|PHKhCF/-k3Nh&J!=r, `iO, 1L
ALv?jNT)@Y,@8fG.j7c8zN+CQJ�KG=5lk
3H,?$3H+i+CQ!=HFs@.
1U'&9BGk??N1GO, .0r}35;F$kT)@YNb$9



t,O, =L+i>BKP7F 8%xYN<5^GG"j, =3K^^lF
$k*ANLO, 14NN 0.05%Ka.J$. 3Nh&J=L><N|$
HO$(J$eLGO"k,, =3GNfT)@Y,, 1Nb&KfYF
4\bb$3H+i, 14NN.0r}35;krdr4&3H,D=J
NG"k.
+CQ!=,iN)0OH7FINxYNzL,"k+r, L*KW;
9kj!,N)5l?NG, fT)@YrbaF$kWx,eGG"k+
I&+OX8J/, fT)@Y,,+CF$5(9lP, 5^6^JuV
N1KD$F, .0,}39k+I&+NW;,D=KJC?. Xj&`
d, :G, @GJI^-LN?$5GN/-G.0,}37F$k1b"
k+bNlJ$. 3&7F, 1U'$ITBjSZS=ND&N1N.0
KD$FO, Q,H}@NM-go;,J`h&KJC?.
1U'&9BGk??N[+K, WB RR?, 5wBW?, bBGk?
?, 1`B SX?JI.09kp1&6p1@1GJ/, hjgOs1Ka
$1U'&9BY<??, FoND$;~|Qw1, 5iKr'd1G"
k_B ZZ?JIt?/NQw1,, +CQ!=KhCF.09k1H7
FN'5lF$k.6 )0OKP9kP.NzL6.1 1U'$ITBjSNV&N<

1U'$ITBjSND&N<O, }@W;KeG@1GJ/Xj&`
NzLb^ak3HKhj, [\b@5lF$k,, djOV&N<G"
k. 3lO, 1N=L><Nt,KP.,/89k3HHX8,"kH5
lF$k.
1NbtG9Y{[,^KJj, "kB&r6(kH, 1r=.7F$
k$N,trJ7Fe:<_9k?0,O^k. 3l,P.J
onve
tionK
G"k. P.O, gLN.rl$K?VNG, b$T)@Y,|MrWk
zL,:&5l, 1ND%}LKP9k)0O,%LKJk. 3N3H,,
1U'$ITBjSKV&N<,8_9k6xG"k.
P.NFArM8K~l?}@O, W;9keG$q,?/, .0N}
@OgK1U'$ITBjSND&Ndjr7CF-?.
P.,/-F$kuVG, )0Or+Qbm&H9kW;O, ej8W

JFumio KamijoKKhCFTol?,, $tNe<?0H1ND%}LH
,kg9kH, iN)0nQ,/=5l, .0,/^kH$&kL,@i
l? (9). 3NkL@1GO, P.,/^k1U'$ITBjSNc9Y&
G, $+K7F.0,/-J$N+H$&b@OG-J+C?.10



6.2 P.,z-/39;~|NQw

1N.0KO,14N,D%}Lr+jV9M0NQ0HOLK,1N=
LN"kt,O}Ae,j, >Nt,O@`H$&M0NQ0b"k. 1
N=L,4t1~Ke,C?j<,C?j9kh&JQ0r, 0B}~6
0Jradial os
illationKHFS, 1N=LNlt,e:7F$k~K>Nl
tO<_7F$kh&JQ0r, s0B}~60Jnon-radial os
illationK
HFV.
@[GO;~|Ns0B}~60,Q,5lF$k,, =N6xO, P
.XNfNT,'J$NN0-,z-/39H0,, @[rl~7FzY
&67"&h&Jror~?7?lgK, o~Q,5lkQ07F8-D
k+iG"k. P.NT,'J?0,~|*Js0B}~60rz-/3
93Hr, N(*e6Jsto
hasti
 ex
itationKHFV. ^?, 3Nh&J
!=G8:k;~|NQ0r@[`wJsolar-likeKQwHFV3H,"
k. 3Nh&JiN)0OrOaFdjK7?NO, T<?<&4<kI
i$/JPeter Goldrei
hKiG"k (10).
3Nh&JaxGz-/35l?Q0O, 1lN~|r(9Q0KOJ
i:, vDbN~|NQ0,EJjgCF/-F$kN,aLG"k. V
'Qw1NT,'JQwO, @[`wNaxGz-/35lkH$&M(
b"k,, }@H7F<,K0}5lFO$J$.6.3 'N}@

'g<JDa Run XiongK?AO, P.,$tNe<?0G"j, "kl
jN?0K, =lrhjO`-$OON?0,X?7F$k3HrEk7
?}@rM(?. `iO, =N}@rQ$F1U'$ITBjS+i5i
Kc9Y&N1N.0r4Y, P.NzLrhj~lJ1lP1U'$I
TBjSO, :CHc9Y&, 9Z/Hk?GM?N1^G-,k3Hr
N+a, ^?, P.NFArhj~l?lgKO, 1U'$ITBjSKc
9Y&N<,88, =lHOLK_i?NTBjS,8:k3Hr+$@
7? (11).
'N}@O, P.G8:kp.Khk.YH9YNQ0r(9LrM8
7, e<9k$t,, D%}LN0-KiN)0OH7F//3Hr, jL
*K(93HrD=H9kbNG"C?. 'N}@ND=-ra|K'a
F$?NO$nB0:JWasaburo UnnoKG"k. }@N:)=H, tM
W;N?aK+JjN/n,Pa7?,, 3l^GNW;kLO, Q,r
b@9k3HK.y7F$k (12).
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.0N6},$+[IKJk+O, }@NHH_+i0lF$kNG, h
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N}x0r, #tN59J~,EJjgCF$kH7Fr3&H$&n_
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.0ry,}x0Gq--7, =lrr3&H$&/[+i%lF, 1
ND%}LNh&9r$-JjtM7_el<7gsGr$F7^*&

H$&n_,, ERW;!,Jb9kKDlFTolkh&KJC?. 3
Nh&Jn_O.NOX*7_el<7gsJhydrodynami
 simulationK
HFPlk. "k$O, .NOXO?Jhydrodynami
 modelKKhk&f
HFPlk3Hb"k. T)@Ye6KD$FO, 3Nh&JtM7_e
l<7gsG, =NkL,N+ailF$k. 'NP.Khke6!=K
D$Fb, .NOXO?KhkkLNN',//>^lF$k.
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