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1 .NOXO?1.1 J<.NOX+

.0Qw1N}@O, OXNp\)~K7?,CFJsG-?. 9Jo
A, ^:60N6},KaF.5$H7, ~VQ=O59HG=5lkH
9k. 3&$&awrT&H, djry,}x0G==7, fS*FWK
=Nrraak3H,G-k. 7+7, 3Nh&JawrNQ7F7^&
H, QwN6}dQwJ~NAKD$FM!rJak3H,G-J/Jk.
=3G, ~VQ=Nh&9d6}KD$FN>jr07, 1ND%}L
Nh&9r, .NN=]H7FD.7, tM7_el<7gsGr$F_
FOI&+H$&M(,8^lk. 3N?aKO, 1rt=DNeLGa
w7, wYKg+i!.NwYKg^Grt4DN~V9FCWK,d7
FW;9k3H,,WG"k. 3Nh&JW;KO, /J/Hbt=|9
FCWNtMW;rToJ1lPJiJ$.
3Nh&J,ONW;r, =mPsdjs7W;oGT&3HO, Dg
J~V,++kNG, BTTD=G"k. ERW;!,BQKJCFh&
d/ B]Kn_k3HOD=KJC?.
ERW;!,BQK!5lkh&KJCFb, W;Wm0i`rINh
&KH`+KD$F]j,"j, .NOXN!'rINh&K7&+KD
$FO, CLJ&f,,WG"C?.1.2 W;Wm0i`

1ND%}Lr.NOXN!'KpE$FtM7_el<7gsrT&

K"?CFNp\O, "3*KQok5O, )Y, 9YJINVNX8r,
INh&JAG, tS99NMNH_go;G==9k+H$&3HG"
k. c(PY\9keLVN5ONc$r, =liNeLN>BN9Gd
lP, 5O{[Ka$M,@ilkG"m&. 7+7, =NsDNeLN
5iK0&Hb&NeLN5OrM(K~lFW;7?},, hj=BN
5O{[Ka$M,@ilk+bNlJ$. @,, aw0r#(K9k32



HKhjW;,J^J/Jk3Hb"k. INh&Jaw,,Z+H$&
3HO, B]KW;rJaF_F+v,D$F/kH$&3Hb"k.
1N=LO, B]O1VuVX"3*KDJ,CF$k,, Gb0&N
eLGO=N@rI&hj7&+rM(J1lPJiJ$.
^?, W;rJaF$kVK, $NN?0.Y,;.r6(kh&J3
H,/-k+bNlJ$. 3Nh&Jlg, INh&Khj7&+bg-
J]jHJC?.
5^6^Jn_NeK,1ND%}LKtM7_el<7gsNlg,$
NN?0(Mk.<Nlt,.KQokH$&axr, .NOXeNB]
*J,rJ7>j9kH, W;,_jKJ_, 7+bB]N$NeN?0
Kba$3H,,+C?. 3Nh&JMY*J.N/8Njgr, M)4
-Jarti�ial visosityKHFV. 3NM)4-N/5O, +3=]H7F
O,r,J$NG"k+i, ,vJMr>j7, W;rJaF_F, B]N
1ND%}LHw?=],/-lP, =lrNQ9kH$&3HHJk.
1ND%}Lr, 3Nh&KN.NOXKpE/tM7_el<7gs
Ghj7&W;Wm0i`r.NOXO?Jhydrodynami model"k$
O hydrodynamial modelKHFV. .NOXO?NYtKO, ?/Na
wd)W,,WJNG, =l,,Z+I&+O, [JC?&fT0k<W
KhkW;kLHNfSKhCF!Z5lJ1lPJiJ$.
OaF.NOXO?G, 1ND%}LNawK.y7?NO, m9&"
ib9&fjN0k<WG"k. 3N&fjKO, 3Nh&J&fNh}
K,7?ERW;!,"j, +D$fKB3NG<?r2H9k3H,G
-?. 7+7, v~NW;!N-=GO, 1U'&9BGk??1N&fK
O5},"j, hj>B,.5/, ~|N;$WB RR?1N&f+iO
ail?. 3NN<Hb, WBRR?Qw1Ndj+iOak3HH9k.
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2 WBRR?Qw12.1 1D?Qw1

WBRR?Qw1N>NN5HJC?WBRR1NQw,sp5l?N
O 1905/G, &#j"_J&Ul_s0JWilliamina FlemingK,/+
7? (1). Qw1mg\?JGCVSKGO, 3N1O, @k5O 7.06y+i8.12yNOOGQ07, ~|O 0.5869|9JoAs 14.1~VH-5lF
$k. Oeg$N0&K"kOCVk>s@GNGaNQ,kLGO, 3
N1Nw%, 854w/G"k3H,N'5l, ?$W II1U'$IN&f
rJakeGNrjjH7Fm\5lF$k (2).
"aj+Qw1Q,T(qJAAVSOKGO, 3N?N1NcH7F, r
;BXZ1, bRBAH1rs2F$k. ~|,;$3HO, QwJ~rI
$+1keG, ;~|GkL,Pk3HKDJ,kNG, \7$&f,G
-k.
3N?NQw1O, 1890/e, =mbs&Y<j<JSolomon BaileyK
dUl_s0iNXOG, eu1DNfGt?//+5l?. @k$eu
1D1s?&k9B*a,K^^lF$k1Nf+i0iDN1r*sG

4Y?kLGO, 125D,Qw1G, =N&A 98D,~| 1|JbG"k
H$&kL, 1898/K/=5lF$k (3). WB RR?Qw1,, ^:1
D?Qw1HFPl?NO, eu1DfG3Nh&K?t/+5l?3H
K3h7F$k.2.2 Y<j<N,`1898/NspNfGY<j<O, 3liN;~|NQw1NQwr+k
H, ^cJ}wHKd+J:w,7P7PQ,5lk,, }w~VH:w
~VH,"^jcoJ$1b"kH-7F$k.
Y<j<O 1902/NspG, eu1D1s?&k9B*a,K^^l
F$kQw1r 3o`K,`7? (4). Y<j<N=b=bN,`r= 1
KG2k. WB RR?1N3Nh&JC'O, 3N1DN1KBi:-/4



= 1: Y<j<Khk1s?&k9B*a,1DNQw1N,`
? wYJ~NC' ~|NOOa ^cJ}w, Kd+J:w 0.5 � 0.6 |

6} 1yixYb ^cJ}w, Kd+J:w 0.6 � 0.8 |
Ja?hjO$:lbKd+K
6} 1yihj.5$ Kd+}w, Kd+J:w 0.3 � 0.4 |
6} 0.5yixY

= 2: =_NWBRR?Qw1N,`
? wYJ~NC' ~|NOOab ^cJ}w, Kd+J:w 0.3 � 1.2 |

6} 0.5 � 2yi Kg~rf4K0ePN 0.2 � 0.5 |
6} 0.8yiJ<

'ail, Y<j<N,`H7F=_^GQ$ilF$k.
=Ne, wYK.+iwYKgKjk~VN~|KP9kdgrX8H
7FwYJ~NC'rjL*K=93H,n_il?. a?GO=NMO0.1+i 0.2, b?GO 0.2+i 0.3, =lKP7F ?GO 0.4+i 0.5G
"C?.a?H b?HO`w7F*j ?HO@FK[JCF$kNG, a?Hb?Hr^HaF ab?H7Fhj7&h&KJj, =_, Qw1mg\?
JGCVSKGb=Nh&J,`rNQ7F$k. =NC'r= 2KG2k.
9JoA, WBRR?1O, ;~|G6},.5$0k<WH, 9~|G5



6}Ng-$0k<W+i.j)CF$k. 6},g-$0k<WGO,
}w~H:w~Nc$,/@G"j, 6},.5$0k<WGO59HK
a$wYJ~KJCF$k.
eu1Da7( 3NQ,r7?^<As&7eokD7kIJMartinShwarzshildKO, Y<j<N a?, b?H, ?HN~|,, 'wYX8
G+kH, ~|f, 0.63G"k3HrN+a?. `O, 3Nc$O, p\
M0ND%}LN~|H, h 1f60NM0ND%}LN~|HKP~7
F$kNGOJ$+HM(, `+H,}@*~|rW;7F, =ND=-
,"k3Hr(7? (5).
3N3HKD$F, 9t's&mC;isJSvein RosselandKO, `N
->JxqNfG, 7eokD7kINbrRp7, p\M0GD%}L
7J$1,, J<b!Nf60M0GD%}L9kN+H$&, OJO@
q7$dj,s/5lF$k,, 181DNfG, =XH.,c&NG~
|,c&H$&d@bb@O,"kHO$(J$NG, 3lO#eN&f
N]jG"kH-7F$k (6).2.3 Xj&`Nf(rr@

mP<H&/j9F#JRobert F. ChristyKO, 1960/e, WBRR?
1r.NOXO?rQ$Faw9k3HK.y7? (7).
=NkL, 18=XH.NO?G"CFb, =L9YrQ(FW;9k
H, =L,b9NO?GOh 1f60M0GD%}L,/3j, =L,c
9G"klgKOp\M0GD%}L,/3k3H,, N+ail?. `
O5^6^J=XH.NO?KD$FW;7, eG, 70Q<;sH, Xj
&`, 30Q<;sHxY^^lF$kH7?lgK, ~|, 6}, QwJ
~NAJIN=L9YKP~9kQ=r&^/b@G-krN+a?.
v~'hN=XH.KD$FOD@,DCF*j, 'h@N)l+iO
Xj&`N,LO, ALGfYF4NN 30Q<;sHxY"kO:@H
$&kL,PF$?. 3Nh&JkLr(7?&fNRHDH7FNil
F$kbNK, SiM:JChushiro HayashiKNEv,"k (8).6



H3m,, 1N9Z/HkQ,GXj&`Nf(raa?kLO, ?+
@+ 10Q<;sHH$&M,@ilF*j, =_NilF$kSC0P
sbKP9kdj@H5lF$?. 7+7, 1N9Z/HkGOXj&`
N~O2xGOJ/, =N,jkLN:YOb/OJ+C?.
1N=$r4Y>93HKhj, 1NbtGNeGHXj&`HNf(
r4Yk&fbTol, Xj&`O+JjNf(G^^lF$k3H,(
65l?. 3Nh&J&fH7FOunyAJNaruyoshi AsanoKiNE
v,"k (9).
WB RR?Qw1O?$W IIN1U'$IG"k. ?$W IINC'O,
E5G,/J/, +D1,dOL+i%l?H3mKb8_9k3HG"
k. E5GO1NbtGG-kNG, E5GN/J$?$W IIN1U'$
IO, 'hNi|KG-?HM(ilk. 7?,CF, WB RR?1GI
Nh&Jf(GXj&`,^^lF$k+O, 'hNi|KXj&`,I
NxY8_7?+r(9bNH7Fm\5lF$?.
/j9F#NWBRR?1r.NOXO?G&f7?@8O,SC0Ps
brY(kbNH7FX&Gb/>A5l, 'h@NJbKr)C? (10).
3N&fO, Qw1N.0}@Khk.LH7FO, Gbb/>A5lF
3kY-bNG"k.3 1U'&9BGk??1NO?3.1 p\M0GND%}L

/j9F#N&fN.yNe, hjb$=Or}C?W;!,xQD=
HJkKDlF, hj>B,g-/, ~|N9$.01KO?,W;5l
kh&KJC?. 1U'&9BGk??1N.NOXO?,&f5lkh
&KJj, 1U'$ITBjSNQw1O, [\b@5lkh&KJC?.
33GO, 1U'&9BGk??1Kjv9kO?rcKHCF, IN
h&JkL,@ilF$k+rb@7h&. O?NtWGO= 3K(7F
"k. HQ7?NO, ]bw, aHEl, PDSMi,`w7?3<IG,
=_GOQ=3seGkL,@ilk. 3<IOP.NzLO5k7FH7



= 3: O?NWG
AL @[N 5\

dPwY @[N 2000\
=L9Y 5500Y
=XH. eG 70 Q<;sH

Xj&` 28 Q<;sH
=N>N5G 2 Q<;sH

^lF"j, 1ND%}Lr 178DNeLK,d7Faw7F"k.
iN|5O,|T5lk.NOXO?Nlg, ^:`jg$uVGNF
eLN>B, 5O, )Y, 9YyrW;7, =lKpE$F~V,Pa7?
NANFeLN*}LraakH, W;N:YNX8GDCF$kF*}
LNy.Jc$,.97, d,FO?4NND%}L,O^k. 3Nax
O, +JjNW;~V,,WJNG, LoO, FeL,=l>l?07F$
kH7FW;r+O9k. qN*KO, FeLN.Y,, p\M0"k$
Oh 1f60M0JIN.Y,[Ka$Mr?(k.
=lGb, 6},ljKJkNO+JjNW;~V,,WJNG, MY
*KFeLN?0(Mk.<r}d9JIN`nr7?j9k.
= 3G(5l?WGNO?K, Gi=LN?0.Y, 10-ma<Hk
hCN?0r?(, btNFeLN.Y,p\M0GN,[Ka$H7F
W;r9?<H7, D%}LN?0,KgKJC?H3mGMY*KFe
LN.Yr 1.025\K7FW;rJa?H3m, 6},"kg-5KJC
?H3mG)0O,, U1C(?Oreskh&KJC?.
=3G, MY*.Y}Cr_aFW;r3T7, D%}L,[\Bj7
?H3mGO?NuVrQ!7?kLr^ 1, ^ 2K(7?.
~|, 6.582|KJCF*j, ?Q+iNwYN9O, wYKgG 0.5y
@k/JCF*jwYK.GO 0.9yE/JCF$?. 9JoA, 6}O1.4yG"C?. 8
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^ 1: O?Nm?0(Mk.<N~VQ=. O?ND%~H}L~KP~9
kKg,@FG"k.
^ 1K(7?m?0(Mk.<O, FeLN?0(Mk.<rC(?L
G, O?ND%}LNh&9rGb@FK(7F$k. ^NLjO, m?0
(Mk.<,O?ND%?0fKKgHJCF$k~r<mH7F"k.
Lj 0.5UaNm?0(Mk.<NKgO, O?,}L?0r7F$k~
KP~7F$k.
3N^Gm\5lkNO, Lj, 0.25H 0.75HNUaG, m?0(Mk
.<,[\<mKJCF$k3HG"k. 3lO, O?,D%7-C?~
J>BKg~KH}L7-C?~J>BK.~KHKO, O?N9YFN
eL,[\E_uVK"k3Hr(7F$k.
^N@NVVO, W;rJaF$k]K, INxYN~VVVGW;9
lP, _j7?:YNkL,@ilk+KP~7F$k. O?NW;K"
?CF, Gb;~V4HNkLrQ_EMJ1lPJiJ$NO, >BK
.N>0N~|G"k3H,+Fhlk.
3N3HKD$FO, PDSMJToshihito IshidaKiN\7$&f,"
k,, 1,}L9k~|KOb~-NWbH,88k+iG"k (11).9
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NfG(7F"k.
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^ 2K, >B, .Y, 9Y, 4|MyiJINQ=r(7?. >BJIO,
$:lb1N=LNMH7FQ,HfYk3HNG-keLGNMG"C

F, O?N=LNMGOJ$.
>BOJai+KQ07F$k,, .YKOLj 0.2UaGQ0,+i
lk. m?0(Mk.<KO3lKP~9kQ0,+ilJ$NG, 3N
.YQ0O, O?N=La/N4/u$t,GNQ0G"k3H,,+k.
3Nu$ljNQ0O, 9YG+kHt4YNQ0KJj, @k5Gb\
)C?Q0HJCF$k.
1U'$IN@k5NQ=,, bCQi=L9YNQ=K/x7F$k
NG, =La/GNo:+JQ0,, @k5K?G7F$k3H,h/,
+k.
O?N=La/GWbH,88?lg, WbHLKLz,8:kHWo
lk,, 3NO?GO=Nh&J0-r5k7F$kNG, awN:Y,
c/Jk. 33G+ilk@k5NQ=,, Il[I=Br?G7F$k
N+, ^?, "kxY=Br?G7F$kH7Fb, hs3Nh&JwYQ
=,+jV5lkN+O, ,+iJ$.
334/VN.0Qw1Q,O, wYJ~,hs5NK18GOJ$H
$&3Hr(7F$k,, 1N=LNo:+JH0NIi.,, 9YNQ
=r7-, =l,@k5NQ=K>k7F$k3HrW(P, v3N3H
H$(h&.3.2 [JC?M0GND%}L

0aGO?,[\Bj7?D%}Lr+jV7F$kh&9r(7?.
H3m,, 4/18O?rMY*J.YN}CrTo:KW;rJakH,
viO~| 6.6|0eGD%}Lr+jV7F$k,, d,F~|,;/
Jjh 1f60M0ND%}LKQoCF7^&. 3Nh&JcO, >N
&fTNO?Gb/+5lF$k.
m?0(Mk.<NQ0r^ 3K(7?,, 3NlgOKgM,, 0N
cN 4.5,N 1HJF$k. ~|O, 4.578|G, 0NcN 0.656\G"j,11
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^ 3: O?Nm?0(Mk.<N~VQ=J.6}NlgK. 1lNO?J
NK6},0NlgN 4.5,N 1G"k. ~|O 0.656\H;/JCF$k.
h 1f60M0GD%}L7F$k.
3Nlg, 18h&JD%}L,+jV5lkh&KJC?~NuVr
^ 4K(9. p\M0GND%}LNlgKfYF, .Y, 9Y, @k5H
bJai+G"k.
>BNQ=Oo:+K.5/JCF$k. weGN.YNQ=N}O"
^jQoiJ$,, b~-hjO0~-XN0-,\)CF$k. =L9
YNQ0N}Oo:+@,.5/JCF$k. =NkL, wYN6}O 1.4
y+i 1.1yK:/7F$k.
3Nh&JQ,5lkG"m&LNQ0}N:/b"k,, 4NH7F
Q0,Jai+KJCF$k3HK$U/.
3NO?GO, p\M0GND%}LH, h 1f60M0GND%}L
HGO, p\M0GN},, 6},g-/JCF$k,, bCH=L9Y
Nb$O?GW;9kH, p\M0GND%}LN},6},.5/Jj,
d,Fh 1f60M0ND%}LN_,+ilkh&KJk.3.3 )0OH6}

N<H No. 3 G1ND%}LK]7FM(ilk)0OKD$FM!
7?. .NOXO?rQ$kH, D%}LN?0rMY*KC:G-kN12
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= 4: .NOXO?N6}H)0O
D%}LN6} )0O

y. i+
KB6} <m*
g-9.k 5

G, 6}Ng-$0-d6}N.5$0-KD$F, =NeN?0NQ=
r+k3H,G-k.
=&9kH, 6}r"kxYJeg-/7FW;9kH, 6},.5/
Jk. 3lO, O?ND%}L?0KP7F)0O,/$F$kH$&3
HG"k. 6},.5$lgKO, 6},}C9kNG, 3lOiN)0
O,/$F$kH$&3HG"k. B]KBj7F}39kD%}L?0
O, )0O,5GbiGbJ/, )0O<mN6}GD=KJk. 9Jo
A, = 4Nh&KJCF$k.
3N=GKB6}J limiting amplitudeKH-7F"k,, 3lOtX
NQlG, 6},.5$lgKO60,.97, 6},g-$lgKO6
0,:j9kh&JOG, I3+G6},QoiJ$60,8_9klg
K, =N6}rX7F$k.
3NaG(7?O?O, p\M0GN60NlgH, h 1f60M0N
lgHGO, )0O,<mKJk6},[Jk3Hr(7F$k. ~|N
;$?0N},, $NND%}LN0-O./Jj, =N?a.6}Gb
/$)0O,//NG, 6}N.5$H3mGQw,}39k3HKJk
NG"m&.
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4 59H1U'$I4.1 +7*ZdB SU1
Qw1mg\?KDCEPSH$&0k<W,"k. jAO, 1U'&9
BGk??N1G, BkyiGN6}, 0.5yiJ<G, wYJ~,[\
PNKJCF$k1H5lF$k. ~|O**`M 7|r6(J$.DCEPSO59H1U'$IJsinusoidal CepheidsKH$&U#G, Q
lGO s-Cepheids H=-5lF$k. GiK3N0k<WKD$Fm\
7?NO;7j"&Z$s&,]7-ssJCeilia Payne-GaposhkinK
G, ^<is1@N1U'$INJ)J!$NfG, H)7?0k<WH
7? (12).
59H1U'$IN@k$cH7FO, +7*ZdB SU1,NilF
$k. 3N1,Qw1G"kH$&spO 1907/K/=5lF*j, 59
H?N+vJwYQ=N^,@ilF$k (13). 3N1OBkyi, 5.70
+i 6.18yNOOGQ09k. 6}, 0.48yG"k+i, .6}G"k.
~|O 1.949|G, [\ 2|Ka$. 3N1NQwJ~rF=9k?aN
&f,Tol?,, P.r5k7?W;GO, &^/F=9k3H,G-
J+C?.4.2 P.NzL

1U'$ITBjSN1ND%}LrM(k], P.NzLr5k7F
b, **h=N3HOr@G-kH$&N,, 20$*e>N.0}@N.
lG"C?. .NOXO?K*$Fb, /j9F#NO?J_, P.r5
k7?O?KhCF&f,Jail, WBRR?1rjOaK?/N1N
QwJ~,F=5lF-?. 7+7, LNN<HG-93HKJk,, +
7*ZdB TU1JI, 9jr(91U'$IrF=G-J$JI, =N
B&,+(F-F$?.
1NfG.,A#5lkaxrM(?]K, P.,hj7$Ei$NO,
|MdA3GO=NlN9Y{[G.N\0(raak3H,G-kNK15



P7F,b&+ib9Nt,e:7F-?j, 0&+ic9Nt,_<7F
-?j9k=]rM(J1lPJiJ$+iG"k. 1980/eJh, vD
+Nhj7,n_ilFh?,, _O(k&U)$RF#s,<JMihaelFeuhtingerKd3i<H&>k?sJZoltan Koll�athKJIO, .N.l
Nlt,p.HJj, =N5ON9,eLN?0KFAr?(kH$&a
xrM87?O?KD$FW;7, Q,HfSG-kkLr@?.
U)$RF#s,<?AO, 59H1U'$IN~|H6}HNX8r
F=7? (14). 3i<H?AO, 9jr(91U'$IJ#ex+9k=
jNN<HG\7/hj7&KNF=K.y7? (15).
P.NFAO, 1U'$ITBjSN1GOEWGJ$H5lF-?,,
sDN[JC?M0ND%}L,Xojg&lgKO, P.,>TN0-
r&85;kh&JrdrL?9NG, 5k7,?/JkNG"m&.5 4N3!5O?
1U'$ITBjSN1N&fGO, T)@YNb$NhNzLr\7
/!$9k3HKhj, 1ND%}Lr}35;k!=,r@5l, 3l
iN1NAL, J=NJ,KD$F?/NN+,@il?. 7+7, 3l
iN1NQwJ~N6}, AJIKD$FO, .NOXO?rQ$F&f
9k3H,,WG"C?.
.NOXO?O, ERW;!N-=,~e9kKDlFD=HJj, =
NGiN.LO, /j9F#KhkWBRR?Qw1NwYJ~NF=H,
3lio2 IIN1NeGHXj&`Nf(KD$F, .EJN+rb?i
7?3HG"C?. eGHXj&`Nf(KD$FO, 5^6^J&f,
"C?,, /j9F#N&fOg-JrdrL?7?.
7+7, #tND%}LM0NXok=]KD$FO, p.uVKJC
F$kP.rM8K~l?O?rM(k,W,"C?. 8cs&mY<k&
V7elJJean-Robert BuhlerKO, 3NO?G_i?Qw1r&f7h
&H7?,, &^/W;rJak3H,G-J+C? (16). 1U'$IT
BjSN1K*1kP.H, _i?Qw1K*1kP.HO, [JC?h16



j7$,,WJNG"k.
P.GO, $t,e:9kljH<_9kljHO, 18GOJ$. @
[=LGb, g-/+kHb9N$t,/-e,CF/kNhH, @_~
sGT/NhH,"k. 3Nh&J0-r&f9k?aNO, 1rvD+
NeLK,d7F4YkH$&j!GOT<,G, $tNe?}~N0-
bM87?tM7_el<7gsrT&3H,>^lk. 7+7, ERW
;!N=OHNX8b"j, 3l^GNH3m&fTN4Ka.J$ (17).
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