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1 WS �[pXfja4'[^W=S%yo��eB|k�)m C-O ℄�'Q4*(.m(Qv��?�Y�jkjaUn=Ba�u�'�uO�~���4Ba�JUO2��Ili AGB a"�m�u� AGB au-[WXfjaldpIl��℄���umqo�0"��4G0ja�umTE[�jO	�.mJ���V;�u-|=d(aCm�0`�m9C [1−4]; �f��4�uB-�ÆaL-��T=a!mem�=T 70% m<X�XL9 [5], gaia/?VeB�1��?YMB-a�+X�Y�	a�+X['�mpB#Z*�j+Trwm�S�-iC�ti' AGB a� Iben p [6] � AGB a�-e0"���7$ AGB a
(E-AGB) #A}I AGB a (TP-AGB), A}I AGB a�"'J��0�pfma$h}��u 3 X'FY��)TE[��m=a!�8�Cg
�=a!m-�q7� Renzini[7−8] " 1981 ��G�
g�i�9^{dmgaia/�AGB o$m<X�bt�n℄i 3× 10−5 M⊙ ·yr−1. �C�m�b�t
Hpdf� Reimers[9] 4 1975 ��L)�M�j�ma!=m	℄+im� Wood p [10] �o�
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276 � 4 t � 52 ET	gaia/℄�d1gm���yILi[^℄Xf- 1.4 M⊙ > Mc ≥ 0.86 M⊙ m
AGB a���T=a!�X<XeBgaia/�4H2O�=a!m[4�kii1�-mIi� Knapp p [11] # Wood p [12] ÆIo� AGB a�[4jGqm=a!<X�b�=a!FV �t�H7i�|
gaia/)��\h�X�eBm [13−14].<��=a!m9^�WT.x+ph1O�d��~"$Xw�Wm?
7�a!℄y [15−19]. Iben p [6] �LQ4}�T�
.a!<X�b�'�LImÆ'�(+�T�	a!<X�bt9^�~m�S�	a!<X�b=mm�b)ii�~mRgu��F Marigo p [20] ?4Kr=a!<X�b=mm�f�Gi}�a$ P0 �ja%� C/O ����Lo� Dominik p [21] " 1990 �uX�Xf�b#?
meB#^<dC)Z�OEma!<X�b�8�=m�L�b [22−25].�j℄yO	}�ja^*�#LOEmXf�bmp��
s,V|=mÆ>�#jaa!<X�bOEmH2zA
-ki)N�	 AGB a=a!<X�b=mm�bu��4+�1gj�~"$Xw�WmÆZ�H2O [26−28] 	" lg Ṁ -P0 mm%N� (Ṁ -Xf�bt), Vassiliadis p [29] " 1993 �D-4 P0 = 500 d L-jaa!<X�btp
}�a$mRzZzem<^m��Lo;4}
z�" 10−5 M⊙ ^Wm;zem[4��V�}�a$Zz P0 �Gi AGB a!<X�b=m��Li

P0 = 500 d -�(x�	 AGB ama!<X�b=mti�"�R℄�	"M ≤ 3 M⊙mja�'℄y%R#H2%R�Ah[t�b��	"�^Xfja�'℄y%R#H2Om�bx+A℄R�Blocker[30] 4CLo�	 AGBama!<X�btiOEm|=����Li�(xmHx�KriKlXf^" 2 M⊙ mjaTV4 P0 = 100 dL-'a!<X�b���V�D8qsO P0 = 100 d -�(x�4 Reimers[9] m~PO	a!<X�b=m1gijH�#V[}m� Bergeat p [25] " 2005 �4H2m~PO�r:i
�Y0� Teff = 2900 K u-�(x��(xm�L-A}I AGB a"�m=a!Xf�b=mm�b�<i�!�
p�C[�p~"H2Om8�m%���℄ym
A�

Iwamoto[31]2009�	!,w[WXf AGB am|=[�	jaldpIlT AGBaTE4ez!Om�uO�1gi	{�![T
1OtJio$�"'J�mF��O�LIi�O��'�OToJ�ma$h}���oT
s- Becker p [32] 	�Lm “minipulses”,�3`�+1om Kippenhahn ja%?#�uEp��T	 3 ∼ 10 M⊙ja (,w�� Z = 0.02) YdpIlmja�um���kLV�OTo4ez!Om.��uO��Y�k
	V�Ot1�-m���Y℄yO�L4ez!O7$ AGBa�u1GA}I AGB am�(x�43[mu 2 .�+WiVX���imja�dm1f�a!=m�$pwmR℄�u 3 .��xi℄y��m%R�4 3.1 $�T℄y��4Lija4ez!O�u1GA}I AGB a"�m�(x� 3.2 $:
i$pw	A}I AGB ama!�j+Trwm�S� 3.3 $~h��iA}I AGB ama!<X�b=mT�mjH�m�u 4 .�4Li�3E"V�(xm;~^��m�[%y�
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2 3P�30�+1om Kippenhahn ja%?#�uEp���i,w��- 0.02, KlXf- 3 M⊙ � 4 M⊙ � 5 M⊙ � 8 M⊙ � 10 M⊙ mjaYdpaIli AGB am�u�	p4m��0��t|bE℄y [33−35], 8|b1z α = 1.8, +Kr	p=X�
2.1 M
0� 3 "�ma!�b=mR℄�m�
 Teff -ja�Y0�� L -ja%�J�� M -jaXf� R -ja�:�;


(1) u 1 "�	"[^0=SIlNT[^0=S%y"��VR0� de Jager p [36] 4Lm�8�=m

lg Ṁ = 1.64 lgL − 1.61 lgTeff + 0.16 lgM − 7.93 . (1)

(2) u 2 "�[^0=S%yoT AGB a7$"�0� Reimers[9] 4Lm8�=m�
 Ṁr %o0� Reimers[9] �Lm8�=m�kimjaXf�bt�;

Ṁr = 4 × 10−13 LR

M
η 0.3 < η < 3. (2)	"a!�b���+�Xfja η 8Ow�+���3	" 3 ∼ 8 M⊙ ja0�

η = 1.0, 	" 10 M⊙ ja0� η = 1.5.

(3) u 3 "�1G AGBao�L30� (2)m�;��" AGBa4�uo$z9^B^ma!�YH2O [11] �+�h[t�b�Dl

jH�VR9�0� Blocker[30] m℄y	A}IIloma!=m1g��mjH�o

Ṁ = 4.83 × 10−9M2.7L2.7Ṁr . (3)T"YafIl�a!=mmR℄hGu 3 "�� Blocker[30] �TH2�b�	V�Li���

 Ostlie p [37] 4 1986 �	~�m�d-~P��~��0#A}�OEma$Zz P0, o


lg(P0/d) = −1.92 − 0.73 lgM + 1.86 lgR , (4)�L	"KlXf^" 2 M⊙ mja�TV4 P0 = 100 d L-'a!<X�bt��W�D4 P0 > 100 d Lo0�u 3 "�ma!�b=mmR℄�
O2m[� L � R � M �(p
 L⊙ � R⊙ �M⊙ -b/m�Xf�bt Ṁ 

M⊙ · yr−1 -b/�
2.2 C*R$pw Pt -�� ρ �"H	p'�� υ mZz�8'%℄m [38−41] -


Pt = ρῡ2 , (5)



278 � 4 t � 52 E�3�qdKr$pw	ja�u��(p	A}I AGB a"�T�aZm�S�4V�9�%b�~/p [38−39] # Demarque p [42] 	�Lm	$pwmR℄�4rwUw^lhY�m-�F�	9
s"i=mtLqdmjH�d'R℄	p4f�o

∇(P + Pt) = −ρg , (6)

P = Pg + PR , (7)'[ PR -$Xw.� Pg -*�w.� g -`

���Y�k
Kr$pw	ja�u2"�	9^m�S�
3 !���I
3.1 52{ AGB M\�.�7~4�
3.1.1 	 5 M⊙ jamQE��! 1 o�i 5 M⊙ ja4ez![m�uO���! 1, 9�T
JioC7{m%R
ez! (HR !) O5M4℄n=Ba"�oU�F��A�-i|='	Ri
�9�4Li�.0���EC! (! 2) � He Q4=Sm2fm"u2X (! 3).
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Fig. 1 Evolutionary track in HR diagram for 5 M⊙ star�! 2 T
JLVfja�R" C-O ℄|k�)
�1Gi AGB a�u"��1�-��'Q4=Sm2i
f�
$i''R" AGB a"�mÆ�4X�% 14Liez!�OR (lg Teff ≈ 3.482 K) (42xR		�m.�<℄f�F
�m Age�WQ4m=S�ORm0� lgTr��� ρr��f εr�Q4(~J�O lg(Lr/L⊙)�ja�Y0� lg Teff �%�J� lg(L/L⊙) �ja�: R. ! 4 ;�9�	 5 M⊙ ja�:�f�"um2X�iNHmi'�
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Fig. 2 Temperature versus density in the center of 5 M⊙ star
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Fig. 3 Four parameters of the helium-shell source as functions of time for 5 M⊙ star. Energy productive

rate (a), density (b) and temperature (c) are calculated at the maximum of helium burning. (d) indicates

the ratio of luminosity at the upper border of helium-shell to that of the stellar surface



280 � 4 t � 52 Ew 1 5 M⊙ �N℄�/A8U�����`|Æ$��|>�X�x	H'(
Table 1 Part parameters corresponding to some points around the peak of

evolutionary track in HR diagram for 5 M⊙ star

Age(yr) lg Tr(K) ρr(g·cm−3) εr(erg · g−1
· s−1) lg(Lr/L⊙) lg(L/L⊙) lg Teff (K) R(R⊙)

99565752 8.242 1745.82 722769.8 3.869 3.864 3.498 284

99576520 8.243 1678.80 783429.6 3.885 3.879 3.487 303

99579884 8.245 1706.08 801678.1 3.890 3.881 3.485 307

99580579 8.244 1690.44 809095.9 3.891 3.882 3.484 308

99581697 8.245 1702.15 814704.3 3.892 3.883 3.482 311

99582498 8.245 1694.34 822242.6 3.893 3.863 3.466 329

99582606 8.245 1702.16 822242.6 3.893 3.841 3.450 345Y! 3 �! 4 ^% 1 T
ÆIY lg Teff = 3.482 K (4Il�jam%�J�℄i�O�Il*F���fT
Ji�VVWQ4*mb/f�r�m�fW�<^�0��`m�tH4�D<^�	�m���fW�F��Q4*mJ�=TijammJ��/�f�&�=Tmf-Z-��q-�(mp�Vfjam�:48T HR !�Ox(4o��t
��?�DTÆ~ 5 M⊙ ja�uTez!�O lg Teff = 3.482 KRf�ja�u�7$ AGBahGA}I AGB a"��
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Fig. 4 Stellar radius as a function of time for 5 M⊙ star

3.1.2 	[pXfjam����jamKlXf	'4A}I AGB a"�m�u�j+Trwmu�� Herwig[43]" 2005 �	 AGB a1gi�[��-=	 AGB a�^Xf AGB a�sXf AGB a
3 _2X�=	 AGB a	�mjaKlXf M ≥ 8 M⊙, KlXf^" 10 M⊙ mjap#1GA}I AGB a"�#'a!<X�b^W��~mEC�W" 4 M⊙ mja;AL-sXf AGB a�-i��4ez!O7$ AGB a1GA}I AGB am�uO
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o�*z 281��(xm#qh��3	 3 M⊙ � 4 M⊙ � 5 M⊙ � 8 M⊙ � 10 M⊙ ja4ez!Om�uO� (! 5) �'[^0���EC! (! 6) 1gi����! 5 T
JL�[pXfjaH"ez![m�uO�[LIi
Hm�O���7$ AGB ahGA}I AGB am�(x�/2Xfjam�O	�m�Y0�
4Op�/'J��KlXfm<
�<^�%b% 2, 4?81om��F�9�T
m%FF

(1) �O		�m�Y0�- lg Teff = 3.48 ± 0.005 K, �� Teff = 3020 ± 35 K, �KlXf<^Dw�EC�
(2) �OmJ��+- 2950 ∼ 23550 L⊙, /�KlXfm<^Dw<EC�
(3) �O		�ma$Zz P0 �KlXfm<^Dw<EC�6A Cristallop [44] # Iwamoto[31] 	��m�d�9�T
tLO�m��*H
,w��m+���S�OR Teff m^W�/'��,w��m<^Dw�EC�
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Fig. 5 Evolutionary tracks in HR diagram for stars with different masses

Ibenp [6] =D-ja41G AGBaf[^ C-O ℄�R|k�)
�Y�D- AGBaKlXfOL^-- 8 ∼ 9 M⊙. <�F! 5 	o�KlXf- 10 M⊙ mja��u1G AGB a�)4 Teff = 3020 ± 35 K (41GA}I AGB a"��Y! 6 [T
Ji�Vf' C-O ℄).�)�CH&b=	 AGB am�x [43].

Vassiliadis p [29] � Blocker[30] 	"A}I AGB aa!=mmjH�'[�0E�x?4"�Ta$Zz P0 B�hG=a!"�mf��3

jH�F% 2, 9�T
JL�jjaKlXfm<
�7$ AGB ahGA}I AGB af�' P0 m^W
�^m%��7j<^�D
 P0 u-�(x1ga!mjH[4j�~mq��L�
Bergeat p [25] " 2005 �	=a!=mmjH;p�T	� 119 N'ÆBa [45−47]mXf�btZm%;~Lm8�=m�
��L
 Teff = 2900 Kt-�(x�#9�	�Lmez!O�uO��(x Teff = 3020±35 KO8:
�-i℄`)��9�	'	kLm 119 N|=	V1g���ÆIS� V623Cas (Teff = 3360 K) �V614Mon (Teff =
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3320 K) � TX Psc (Teff = 3125 K) =L9�	�Lm�(x���n� 6 N�\�+W" 20 K, '
H&b9�Y℄yO	�Lm�(x�3�r�,w��	)�(xT�9^m�S�9�C/T
D-�9�℄y���Lm�(x# Bergeatp [25] �T	H2m%�LmjH):I �
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Fig. 6 Temperature versus density in the centers of stars with different massesFV�9�T
;~
dja�uKX℄ Teff = 3020 ± 35 K f1GA}I AGB a"��	" 3 ∼ 8 M⊙ ja (Z = 0.02), )�(x	RJ��+- 2950 ∼ 23550 L⊙. )�AC��b
i�!"H2m�x�w 2 �b(�N℄�/A�` (A) �[z�� (B) ��H'(

Table 2 Some parameters corresponding to the peak (A) and bottom (B) of

evolutionary tracks in HR diagram for stars with different masses

Mi Teff
A lg(LA/L⊙) P0

A MA ṀA Teff
B lg(LB/L⊙) P0

B MB ṀB

(M⊙) (K) (d) (M⊙) (M⊙·yr−1) (K) (d) (M⊙) (M⊙·yr−1)

3 103.485 3.471 100 2.92 10−7.10 103.2147 2.935 321 2.92 10−8.73

4 103.484 3.700 131 3.90 10−6.48 103.2382 3.251 417 3.90 10−7.85

5 103.482 3.883 171 4.82 10−5.97 103.2563 3.475 495 4.82 10−7.21

8 103.476 4.204 259 7.58 10−5.26 103.2817 3.876 675 7.58 10−6.20

10 103.476 4.372 345 8.38 10−4.47 103.3038 4.089 823 8.32 10−5.30

3.2 C*R��MT�~YL=a!m9^�W
-R+e�1O��V	"a!<X�bm|=H-8�=m}�8�=m��8�=m�zbo"$Xwm?
7�a!℄y�4$�	pm�S�B;t�G}�"am℄yo [48], ~"}���Sa!<X�bmKr [6], $pw�D-T�pa!9^m<℄(� [49]. 3K [38-39,49-51] 4	$pwti[Gm|=o��L4nBa^ AGB a"��M4ja%�4&�m$pwO	mw.℄ 0.3, D�$pw+Trw�4CLo�Demarquep [42] ��$pw�G��m|=�)	��ml
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!4�)1��L4ja�uTzBa"�o�$pwmY��"k8-`��L"	a!<X�b�WmKr�9�	$pw1giqdm���y�! 7 o�i$pw	 5 M⊙ ja4ez!O�uO�m�S��! 7 T
JLeB
q`}�S"[^W=S"�� AGB a"�eBw�8(�Ce"�Hpja(.R"	pi
m"��|
dja(.-	p4f�$pwmu�YR���
H�
 omit turbulent pressure
 with turbulent pressure
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Fig. 7 Evolutionary tracks in HR diagram for 5 M⊙ star! 8 -rw$pw^Kr$pwe_2XF 5 M⊙ ja[^0�^[^��m�u!�Y! 8 T
JL��)- (AGB a"�-), eMiIh[m`}�|
$p	ja[^m�S4 AGB a-
q-l�'(�T
℄'-
-!4ja[^.��	p0���#GA0���mO-!4Op��f$pw9Bm�S�-W�
p�4 AGBa"�ja[^.� ([^W℄�R|k�)
),Y��0�5MJLeB�
Hm8(�$pw�)+pN!m(��r�! 5 [ez!�O (Teff ≈ 3030 K)(4�Lo'5M��
Hm\I�DT�p�"1G AGB a"�$pw	jam�uYR
.�T"'�m�TY! 9 JL(��! 9 o�ija�uTE[Xf�Xf�bt�f�"u2X�Y! 9 T

HJL C x (9.6 × 107 yr r�) 
o��"Vfja(.	p4m$pw+Trw�4Kr$pwY�F�jaa!<X�b
H^"+Kr$pwm2X��%b% 1, T
ÆI

C x�!4ez!�OR (Teff ≈ 3030 K), �?p!49�-�	ÆZmja4ez!O�7$ AGB a"�1GA}I AGB a"�mhAx�Y��9�T
ÆR��"1GA}I AGB a"�o�$pw	=a!m9^��^m�S�Y��Sjam�u�Ddja�uTA}I AGB af�$pw+Trw�
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Fig. 8 Temperature versus density in the center of 5 M⊙ star
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Fig. 9 Variations of mass (left) and mass-loss rate (right) with time for 5 M⊙ star

3.3 52{ AGB MGa<9~�Q?,
+Kr$pm 5 M⊙ ja�u-a�! 10 - 5 M⊙ ja�uTE[}�a$Zz P0 #Xf�bt�f�"u5M!�F! 10 	o�ja�u1GA}I AGB a"�o� P0 �+^" 100 d, 
Xf�b:+�℄iH2m 10−5 ∼ 10−4 M⊙ , ��+�&bdf Blocker[30] �L℄ma!<X�bXH=mmK^�='(���pdf%�J�^%F�i�I.mE"a!<X�b=m^�#%�J��E�'�aEC�2l4~�F
Reimers[9] � Lamers[52] � Nieuwenhuijzen p [53] 	�Lm8�=mp~" L � R �
M ZzmECm� de Jagerp [36] 	�Lm8�=m;00p L � Teff ZzmECm�
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Schroder p [54] ;p
 L � R � Teff �M -"f�~"T
� L � T -l"fZ%o
R m(��9�T
C/D-
C[8�}�8�=mL��" AGB a"��'4A}I AGB a"��%�J�FfaZm8��
 ��F Blocker[30] `�XHm (3) m	
3 M⊙ � 4 M⊙ � 5 M⊙ � 7 M⊙ ja1g���TK}�$�;T
4�f��℄i�^mXf�bt�
�"'�bGqf�O	�� (�)#'%�J�LIFf�E),}q+o
41G�Æa"�-�f�L	lXf�/�"Gqm=a!� �tH2i [11−12], |
A}I AGB ama!<X�b)��"�\h�X�eBm [13−14]. D	"A}I AGB ama!<X�b=mm�b�)5f ��"%�J�m}��)ma!^Wm�\h^%�"u�
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Fig. 10 The pulsation period (left) and mass-loss rate (right) as functions of time for 5 M⊙ star�! 1, )r�A}I AGB am�x�4ja�uTA}I AGB ao��"%�J��T�LI^%�mFf�'a!<X�b=m�tmXHq[��[fp+v%�J��SN!}
O9m�!}'4v%�J��Sm�f�Gn(�0f�[}mR��=��Xi�T�F Wood p [12] � Whitelock p [55] � Vassiliadis p [29] 4	$Xw�)m=a![	a$Zz P0 N!�Gj��dja�uTA}I AGB ao�)f	a!<X�b�j�^m�S�\Tdgio$=a!meB�	" M ≤ 3 M⊙ m

AGB a�'℄y7H2O�A�-�Yt5b�	"�^Xfmja'H2BOW"℄yO��~/p [49] =�T	 AGB a(.	p41g|=�ÆI�"$pwmu��ja(Q/M%�m4&�LI�����hm�
s�7~h�)T��VgV=a!meB�r�! 9 [$pw	a!<X�bm�S���X	 10 M⊙ ≥ M ≥ 3 M⊙ ja4ez!O�uO�m����oT
4ja�u℄7$ AGB a#A}I AGB am�(x (Teff = 3020 ± 35 K) o�	a!<X�b=mjHf�fKr$pwm�S�
4 !-

(1) �3�T	,w�� Z = 0.02 m 10 M⊙ ≥ M ≥ 3 M⊙ [pXfja4ez!Om�uO�m|=���'�.%?�W=SQ42fm"u�;~ija�u1GA}I AGB a"�4ez!Om�(x��d�uO�℄i�O (Teff = 3020 ± 35 K) (
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;iez!OA}I AGB am	4�
(2) ~ht�L
	"KlXf M ≥ 3 M⊙ m AGB a�KX℄ Teff = 3020 ± 35 KLo��"ja�u�1GA}I AGB a"��'a!<X�b=m�tjH�T
KrN!�G�0#%�J�:Emf�jL4A}I AGB a�u"�dg=a!meB�)�T	�G$pwY�m���ÆI$pw	A}I AGBa"�ma!<X�b��^m�S��L�oT
4XH=m[Kr$pwm�S�y % E J

[1] Searle L, Wilkinson A, Bagnuolo W G. ApJ, 1980, 239: 803

[2] Charlot S, Bruzual A G. ApJ, 1991, 367: 126

[3] Battinelli P, Demers S. A&A, 2004, 418: 33

[4] Girardi L, Marigo P. A&A, 2007, 462: 237

[5] Sedlmayr E. LNP, 1994, 428: 163

[6] Iben I Jr, Renzini A. ARA&A, 1983, 21: 271

[7] Renzini A. Physical Processes in Red Giants. Dordrecht: Reidel, 1981: 431

[8] Renzini A. Effects of Mass Loss on Stellar Evolution. Dordrecht: Reidel, 1981: 319

[9] Reimers D. MSRSL, 1975, 8: 369

[10] Wood P R, Faulkner D J. ApJ, 1986, 307: 659

[11] Knapp G R, Morris M. ApJ, 1985, 292: 640

[12] Wood P R, Whiteoak J B, Hughes S M G, et al. ApJ, 1992, 397: 552

[13] Roxburgh I W. Natur, 1967, 215: 838

[14] Paczynski B, Ziolkowski J. AcA, 1968, 18: 255

[15] Wood P R. ApJ, 1979, 227: 220

[16] Castor J I. Physical Processes in Red Giants. Dordrecht: Reidel, 1981: 285

[17] Holzer T E, MacGregor K B. Mass Loss from Red Giants. Dordrecht: Reidel, 1985: 229

[18] Bowen G. ApJ, 1988, 329: 299

[19] Hearn A G. From Miras to Planetary Nebulae: Which Path for Stellar Evolution?. Yvette Cedex:

Editions Frontieres, 1990: 121

[20] Marigo P, Girardi L. A&A, 2007, 469: 239

[21] Dominik C, Gail H P, Sedlmayr E, et al. A&A, 1990, 240: 365

[22] Arndt T U, Fleischer A J, Sedlmayr E. A&A, 1997, 327: 614

[23] iGf���_	�4t�� 2000, 41: 181

[24] Xiong G Z, Cheng P S. ChA&A, 2000, 24: 501

[25] Bergeat J, Chevallier L. A&A, 2005, 429: 235

[26] Wood P R. Stellar Pulsation. Berlin: Springer, 1987: 250

[27] Wood P R. From Miras to Planetary Nebulae: Which Path for Stellar Evolution?. Yvette Cedex:

Editions Frontieres, 1990: 67

[28] Schild H. MNRAS, 1989, 240: 63

[29] Vassiliadis E, Wood P R. ApJ, 1993, 413: 641

[30] Blocker T. A&A, 1995, 297: 727

[31] Iwamoto N. PASA, 2009, 26: 145

[32] Becker S A, Iben I Jr. ApJ, 1979, 232: 831
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The Demarcation Point from E-AGB to TP-AGB in
HR Diagram for Intermediate-mass Stars

HONG Ya-fang JIANG Su-yun
(College of Mathematics Physics and Information Technology, Zhejiang Normal University,

Jinhua 321004)

ABSTRACT Stars with the initial masses in the range of 3 ≤ M/M⊙ ≤ 10 have evolved from

the main-sequence phase to the end of the asymptotic giant branch (AGB). The evolutionary

tracks in the Hertzsprung-Russel diagram (HR diagram) are investigated. The temporal

variations of the energy productive rate, density and temperature at the maximum of helium

burning in the helium-shell, stellar radius, and the ratio of the luminosity at the upper border

of helium-shell to that of the stellar surface are analyzed. The demarcation point from E-

AGB to TP-AGB in HR diagram for the intermediate-mass stars are proposed. They are in

excellent agreement with the millimetric observations of 119 carbonrich giants. In order to

form continuous superwind, a mass-loss function, which is unaffected by the luminosity of

stellar surface after the demarcation point, is possibly necessary.

Based on the above ideas, turbulent pressure has been taken into account for the mass-

loss, structure and evolution of stars with masses of 5 M⊙. The effect of turbulent pressure

cannot be overlooked in the TP-AGB phase, particularly for stellar mass-loss. Also, the pos-

sible physical factors influencing on the superwind during the TP-AGB phase are discussed.

Key words stars: evolution, stars: AGB, stars: Hertzsprung-Russell diagram, stars:

mass-loss, turbulence


