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doi: 10.15940/j.cnki.0001-5245.2024.04.008ú�TESSpn�é�ßÌ�HD190967�
HD35921�HD228854�HD100213hSh�Ø�����v∗ �j1 �Ûà2† �w~1‡ �ý�2  Y2

(1 °�'fi�ÑfÆ�/fbL�(P 830046)

(2 -ýÑfb°�)�ðL�(P 830011)X� HD190967�HD35921�HD228854�HD100213ý/O��B��é�Ì�, hSh��+:6.519 d�
4.0024 d�1.8855 d�1.3872 d, �ìý^��h�Ì�. Ù{Ì�pî�, �¾å·��t�IØò¿. TESS

(Transiting Exoplanet Survey Satellite)z��Ü\��ö��íÝI�Ø¾�I�KÏ:Ù4������(�pn. )(ÎTESS·Ö�I��ö;��òpn, ùÙ4�é�Ì��hSh�ÛL����v. �vhÆ4���hSh�ý	��� ��¿, HD228854�HD100213�hSh�d���� �Øà �&Ø�. ��Ñ°HD190967�HD228854�HD100213Ù3�R�hSh�� ��à/4�Æ;���i(¤A ��, HD35921hSh�� ��à/;��Î_1. îMHD228854�HD100213�hSh�&Ø�Ô����ãÊ/1�,	)SqÍü��IöhSH�.s.Í Ì�: ©ß, �/: KI, R�: é��, ¹Õ: pn��-þ�{÷: P144; �.�Æ�: A

1 ��é��/I1�:O�B�A��R�, �ìw	(Ï'�)�Ø�I�:�y�[1], �ö_/-P���°��Ñ�I�Æ)S�M«�[2–3]. é��øù�-�(ÏR�	����ë�ÿ}í�pÏ�Iy¹[4–5]. '(Ïé��	�:��Î,v�è�'(ÏR��å�°��Ñ¹�Ó_�}, ÙýeEh��S�-�i(, (Ù��S�-�b�°�ãR�[6], v¨¨��û��f��[7].

(é��-Ì�Ô�^8Ø, 56%�O�R�ïý/Ì�[8]. Ì����×04��qÍ, ÆU����	�'��[9]. (Ì�ûß-, (Ï�'�;��Ǒ����¨À, �ú��ã���,Î�Æ(Ï���4�Ñ�i(¤A[10]. (Ï�'�;�ïý�1»v'è��B��Ë(Ï, ����4���� (Ï�Ò¨Ï, Ù�ÀÑv�è�÷�Ç�, v9Øv��hù[11]. îM��vhÆ, �Ç70%�'(ÏR��Æ4�Ñ�i(¤A�v�, Î�§���y�°a, �X�¿Ì�
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65w ) � f ¥ 4��=l�¿´I°a[8]. ;����6µqÍ�Ì�ûß���'(�i(¤AÇ�. 9n;���8�ç6µ, Ì����ï�:3ÍÅµ: Case A

(;�-�"�çöÑ�i(lû), Case B (;�"óB�çöÑ�i(lû)�Case C (;�-�&�çöÑ�i(lû)[12].Ì�ûß-�;�Æ4�ø�ÕLö, 1�hSsbÆÂKÆ¿¥ÑsL, S��R�Îæ��R�MbÏÇ, n!�è��hè�I¿,  �Ì�ûß�I�Ñ�h�'�Ø�, h�'Ø����ö�s:hSh�. 1979tHartiganI[13]ù
HD190967ÛLKIÂK�0vhSh�:6.519

d. 1968tMayer[14]ùHD35921ÛLKIÂK�0vhSh�:4.0024 d. 1964tLandolt[15]ù
HD228854ÛLKIÂK�0vhSh�:1.8855

d. 1928tOosterhoff[16]ùHD100213ÛLKIÂK�0vhSh�:1.3872 d. TESS (Transiting Ex-

oplanet Survey Satellite)z��Ü\ù�Ù4��ýÍD��ö��íÝI�Ø¾��IØò¿.îMùhSh�Ø��v�;A¹�:O-C��. ù©ßÌ�ÛLKIÂK, ·�vIØò¿-�I��ö;<O (Observed), �öïå�ÇÌ���Cl�¡�ú�º
�I��ö;<C

(Calculated). I��ö;�ÂK<OÆ�º<C�Kî, sO-Cò¿[17]. �ÇKIÂK, ùÌ����ö;��ï/, (O-Cò¿-1ïå�úÌ�hSh�Ø�. ��O-Cò¿Ǒö��Ø�/Ä��,�ÙÍÄ�Ø�/1ïî ��, 1ïå»¢ûÙÍÄ�Ø�ÌÆ�i�°a, ��: Ì�K��(Ï ��ûßÒ¨Ï�_1�ûß-æ�*)S�X(I[18]. 2016tZascheI[19]�(M�z)
La Silla)�ð�9�1.54 m�Ü\, �!ù'�ò&�-�8*é�Ì�ÛLKIÂK, v�ÇO-Cò¿��, »�vvhSh�Ø�, Ó�Ñ°Ù8�Ì�ûßýïýX(,	)S. �åùé�Ì�ÛLO-Cò¿��, ý�}0�ãé�Ì�hSØ��i�:6.

HD190967�HD35921�HD228854�HD100213/I1�:O��B��é�Ì�, �ö�ì_/é�Ì�-:p�	Á:KÏ�R�. NazéI[20]

�(eê'WðESPaDOnS (Echelle SpectroPo-

larimetric Device for the Observation of Stars)�
Narval (High-Resolution Echelle Spectropolarime-

ter)Ù$ð�Ü\ùÙ4��ÛLO/ÂK, �0ø���Á:Bz , vÓ��(h1. h1-_�ú�MºùÙ4�R��hSh�(Porb)�(Ï(M)�J�(R)�I�(L)�	H)�(T )KÏ.,å\�(��ò
�eêTESS�I��ö;pnùHD190967�HD35921�HD228854�
HD100213Ù4��ÛLhSh���. ,2�ËÍ�TESSpn�ø����, vÙúÎTESS·Ö�I��ö;; ,3�ùHD190967�HD35921�
HD228854�HD100213ÛLhSh���; ,4�¨ºü�Ù4��hSh�Ø��i�:6; ,5�ùå\ÛL;Ó.

2 pn·Ö����
TESS/�ýý¶*z*)�(National Aero-

nautics and Space Administration, NASA)�Ø¾�I�z�û¡[25]. TESS�Ü\�2018t4�18åÑ�, è(�"(v;R�M¹Ìå�û�L�.(Ç»àt-, TESSù�J��WJ�ÛLÂK,Ï*J�«��13*G:. Ï*G:1TESS�4ðDÏ:ÂK�27 d. TESSÍDVe:1800 s (2018t�2019t)�600 s (2020tóÊ)� �tG:þÏ(Full Frame Image, FFI)åÊ120 s�20 s�� y�:ßÂßî��þÏ(Target Pixel File, FT-

P). }6TESSá)�;�Ñfî�/Ñ°�Ïðû�L�, F��pn_ù��Û�Ñf�ß	�Í�.©. TESSá)(Ï*G:ÂKö�:27 d,vpn	©��vw	�ö�(��13 d)hSh��Ì�ûß[26].,�TESSpne��MAST (The Mikulski

Archive for Space Telescopes)1pn�. MAST/
NASA��*Q
pnX�¡-�, ��ù�**z�Ü\�ÂKpn¿î���. ÎMASTpn��}HD190967�HD35921�
HD228854�HD100213�TESSKIpn, vØ6Ù4��IØò¿U:(þ1.

1https://archive.stsci.edu/index.html
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65w  �jI: HD190967�HD35921�HD228854�HD100213�hSh�Ø����v 4�h 1 HD190967�HD35921�HD228854�HD100213�i�Âp
Table 1 Physical parameters of the HD190967, HD35921, HD228854 and HD100213

Parameter HD190967 HD35921 HD228854 HD100213

Porb/d 6.519 4.0024 1.8855 1.3872

M1/M⊙ 24.7 (7) 25.5 27.9 (5) 23.5 (8)

M2/M⊙ 13.7 (7) 14.0 20.8 (4) 15.3 (4)

R1/R⊙ 16.3 (3) 16.1 9.7 (2) 7.48 (8)

R2/R⊙ 7.8 (2) 12.6 8.5 (2) 6.15 (7)

lg(L1/L⊙) 4.54 5.33 5.152 (20) 4.8 (2)

lg(L2/L⊙) 4.66 5.13 4.954 (19) 4.5 (2)

T1/K 30000 31000 36254 35000

T2/K 20340 31150 37048 (270) 31366 (16)

Bz/Gsa 74 −14 27 34

References [21] [22] [23] [24]

a Parameters source Nazé et al.[20]

þ 1 TESSÍD�HD190967�HD35921�HD228854�HD100213�IØò¿
Fig. 1 The light curves of HD190967, HD35921, HD228854 and HD100213 observed by TESS
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65w ) � f ¥ 4�
TESSá)°Uö�<�BJD (Barycentric Ju-

lian Day)/å*3(�:Â�û��eå. :�ÎTESSIò¿-·ÖI��ö;, ,��TESSpn�Ç�(¿'��l�:

BJD = BJD0 + PorbE , (1)�TESSpnn�(�*h��ö�:ß-, ÙÌBJD0/Â�ö�, E:�p, Porb:hSh�. (
Ï*ö�:ß-, �(���XÕß�IØò¿,�ß�IØò¿�0���<\:I��ö;. :�Æ�ò
�I��ö;Ý���, �((¿lbåw2�ö�<�1BJDlb:HJD (Heliocen-

tric Julian Date). ÎTESSpn-·ÖHD190967�
HD35921�HD228854�HD100213�;I��ö;<�ïî�(h2-.h 2 HD190967�HD35921�HD228854�HD100213�I��ö;

Table 2 Light minimum of the HD190967, HD35921, HD228854 and HD100213

HD190967 (HJD) HD35921 (HJD) HD228854 (HJD) HD100213 (HJD)

2458687.15422 (5) 2458817.77180 (5) 2458684.97724 (5) 2458570.60220 (5) 2459308.63665 (6)

2458693.68262 (5) 2458821.77157 (5) 2458686.86318 (4) 2458571.98947 (4) 2459310.02367 (4)

2458700.17692 (5) 2458825.77881 (6) 2458688.74826 (5) 2458573.37676 (6) 2459311.41110 (3)

2458706.71662 (4) 2458829.78040 (5) 2458690.63378 (6) 2458574.76404 (4) 2459312.79822 (4)

2458706.77622 (5) 2458833.78122 (4) 2458692.51951 (3) 2458576.15142 (5) 2459314.18573 (5)

2458713.23522 (5) 2458837.79055 (5) 2458694.40515 (4) 2458577.53858 (5) 2459315.57301 (5)

2458719.76122 (5) 2459478.18365 (5) 2458696.29036 (5) 2458578.92599 (3) 2459316.96030 (2)

2458726.26762 (4) 2459482.18659 (4) 2458698.17618 (4) 2458580.31320 (3) 2459318.34763 (3)

2458732.78662 (6) 2459490.18939 (4) 2458700.06203 (5) 2458581.70048 (4) 2459321.12230 (4)

2459423.89122 (5) 2459494.18914 (5) 2458701.94702 (6) 2458583.08767 (8) 2459322.50954 (3)

2459430.44642 (3) 2459498.19008 (4) 2458703.83230 (3) 2458584.47502 (5) 2459323.89677 (3)

2459436.94422 (5) 2459502.19734 (5) 2458705.71833 (4) 2458585.86225 (5) 2459325.28410 (3)

2459443.48722 (6) 2459506.19416 (6) 2458707.60392 (5) 2458587.24959 (4) 2459326.67123 (5)

2459775.96222 (4) 2459510.20002 (6) 2458709.48933 (6) 2458588.63692 (4) 2459328.05848 (4)

2459789.00022 (3) 2459514.19952 (5) 2459420.32567 (3) 2458590.02401 (3) 2459329.44585 (3)

2459795.53322 (5) 2459518.20742 (6) 2459422.21240 (4) 2458591.41154 (4) 2459330.83300 (4)

2459802.01122 (5) 2459522.20943 (5) 2459424.09778 (5) 2458592.79872 (5) 2459332.22043 (4)

2459808.55522 (3) 2459526.21765 (5) 2459425.98354 (6) 2458594.18592 (2) 2459334.99489 (5)

2459815.05722 (4) 2459530.22234 (6) 2459427.86950 (6) 2458595.57341 (5) 2459336.38216 (3)

2459821.58922 (5) 2459534.21924 (5) 2459429.75546 (5) 2458596.96085 (4) 2459337.76942 (4)

2459542.21735 (5) 2459431.64061 (3) 2458598.34797 (5) 2459339.15671 (6)

2459546.22728 (3) 2459435.41059 (4) 2458599.73530 (5) 2459340.54398 (4)

2459550.22834 (6) 2459437.29708 (5) 2458601.12251 (4) 2459341.93143 (4)

2459439.18299 (4) 2458602.50956 (4) 2459343.31875 (5)

2http://www.physics.sfasu.edu/astro/javascript/hjd.html
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65w  �jI: HD190967�HD35921�HD228854�HD100213�hSh�Ø����v 4�h2 í
Table 2 Continued

HD190967 (HJD) HD35921 (HJD) HD228854 (HJD) HD100213 (HJD)

2459442.95419 (3) 2458605.28434 (5) 2459346.09301 (4)

2459444.83970 (4) 2458606.67150 (6) 2459347.48044 (4)

2459797.43285 (4) 2458608.05877 (3) 2459348.86775 (5)

2459801.20396 (4) 2458610.83350 (4) 2459351.64237 (4)

2459803.08890 (5) 2458612.22064 (5) 2459353.02968 (5)

2459806.86074 (4) 2458614.99528 (6) 2459358.57870 (5)

2459808.74610 (4) 2458616.38266 (4) 2459359.96582 (3)

2459812.51634 (5) 2458617.77009 (4)

2459814.40192 (5) 2458619.15734 (3)

3 HD190967�HD35921�HD22-

8854�HD100213hSh�Ø�,�)(TESSz��Ü\·Ö�I��ö;,Ó�HD190967�HD35921�HD228854�HD100213�ò
�I��ö;pn, ÛL���. �	I��ö;pn	gïî'��:${: �{/îÆ
(visual, vis)�gø(photographic, pg)�I��ö;, æ�{/TESSI��ö;�I5(photoelec-

tric, pe)�CCD���<. (pn��-, ÙîÆ�gø���ö;K�1�CÍ, ÙI5�CCD�eêTESS���ö;K�8�CÍ.

3.1 HD190967hSh�Ø�
Petrie[27]�HD190967�;�I1{�n�:

O9.5V,4��I1{��:B1. KumsiashviliI[28]��v¤:HD190967/�(Case A+��Case Bé�6µ. DjuraševićI[21]�2009tÍ°���
Abastumani) � ð (1964ó1967t Â K 0 �
HD190967IØò¿, �ú(hS>Ò:87.9◦ö,Ì��(Ï�+:24.7 M⊙�13.7 M⊙, ;��4��J��+:16.3 R⊙�7.8 R⊙.

TESSå120 s�ÝIö�ÂKHD190967Ù�R�, ÂKö�è�ÎBJD24586870BJD2459821,

�Ö�14�15�41�54�55Ù5*G:, q·�20*°�I��ö;, wSÁh2. 1�Cl�:

Min. I = 2416361.107 + 6.519E , (2)¡��Ï*I��ö;��º<C, vÆTESS��òÂK�I��ö;Zî, �0HD190967�
O-Cò¿, v-Min.I:¡�ú�I��ö;�º<. þ2>:�O-Cò¿Êv»d�����i¿Æ��î. Îþ2-ïå�ú, O-Cò¿�sß�:�i¿. �(2)��°:å��Cl�:

Min.I = 2416361.0948(0.0018)+

6.518492(0.000001)E+

1.1256(0.002)× 10−7E2 . (3)9nþ2-O-C�;S�¿��C(3)�, ïå�úHD190967�hSh�(��� , � ��:dPorb/dt = 6.303(0.008)× 10−6 d · yr−1, øS�Ï100 yr� 54 s.

3.2 HD35921hSh�Ø�
Mayer[14]�1968tÑ°�HD35921, vn�vhSh�:4.0026 d. SotaI[29]�v;��I1{��:O9.5 III, 4��I1{��:O9 III. 1972
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65w ) � f ¥ 4�tHallI[30]¤:HD35921/�»Ì�, F1982t
Popper[31]ùHD35921ÛL�I1ÂK�v, Á�v:ø¥Ì�. AndersenI[32]�v¤:HD35921

��Case Ai(¤A6µ. 2013tMayerI[22]ù
HD35921�ÂK�v�ú, Ì��(Ï�+:25.5

M⊙�14 M⊙, J��+:16.1 R⊙�12.6 R⊙.

þ 2 HD190967�O-Cþ. Ñ¹h:eêTESS���<ö;,p¹h:I5(pe)�CCD���<ö;,z�¹h:îÆ(vis)�gø(pg)���<ö;.

Fig. 2 The O-C diagram of HD190967. Black dots represent moments from TESS minima, gray dots represent photoelectric (pe)

or CCD minima, and hollow dots represent visual (vis) or photographic (pg) minima.

TESSå120 s�ÝIö�ÂKHD35921Ù�R�, ÂKö�è�ÎBJD24588170BJD2459550,�Ö�19�43�44�54�45Ù5*G:, q·�23*°�I��ö;, wSÁh2. 1�Cl�:

Min. I = 2439061.4646 + 4.0024E , (4)¡��Ï*I��ö;��º<C, vÆTESS��òÂK�I��ö;Zî, �0HD35921�O-Cò¿. þ3>:�O-Cò¿Êv»d�����i¿Æ��î. Îþ3-ïå�ú, O-Cò¿�sß�:�i¿. �(4)��°:å��Cl�:

Min.I = 2439061.5728(0.00003)+

4.002343(0.000005)E+

8.2201(0.0003)× 10−10E2 . (5)9nþ3-O-C�;S�¿��C(5)�, ïå�úHD35921�hSh�(��� , � ��:

dPorb/dt = 7.496(0.005)× 10−8 d · yr−1, øS�Ï
100 yr� 0.65 s.

3.3 HD228854hSh�Ø�
HD228854/,1*«Ñ°�'(Ïø¥Ì�,hSh�:1.8855 d[33]. Popper[34]�v;��I1{��:O7.3, 4��I1{��:O7.7. 1�

HD228854Ñ ° é, � h S h � � í, ù vÛL�v�IfÂK��, Landolt[35],1*ùHD228854ÛLhSh���. ǑÆKochI[36]�� v � úHD228854� h S h � X ( Ø �.

QianI[37]ùHD228854ÛLO-C���v, �úhSh�Ø�/1Ì�K�i(lû�,	)S�qÍ ��, v$�HD228854�(Case Ai(¤A6µ. 2012tYaşarsoyI[38]ùvÂK�v�úÌ��(Ï�+:27.9 M⊙�20.8 M⊙, J��+:9.7 R⊙�8.5 R⊙.
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65w  �jI: HD190967�HD35921�HD228854�HD100213�hSh�Ø����v 4�

þ 3 HD35921�O-Cþ. Ñ¹h:eêTESS���<ö;,p¹h:I5(pe)�CCD���<ö;,z�¹h:îÆ(vis)�gø(pg)���<ö;.

Fig. 3 The O-C diagram of HD35921. Black dots represent moments from TESS minima, gray dots represent photoelectric (pe)

or CCD minima, and hollow dots represent visual (vis) or photographic (pg) minima.

TESSå120 s�ÝIö�, ÂKHD228854Ù�R�, ÂKö�è�ÎBJD24586840BJD2459823,�Ö�14�41�55Ù3*G:, q·�33*°�I��ö;, Áh2. 1�Cl�:

Min. I = 2436814.8024 + 1.8855E , (6)¡��Ï*I��ö;��º<C, vÆTESS��òÂK�I��ö;øÏ, �0HD228854�O-

Cò¿. þ4U:�O-Cò¿, v-(O-C)1þ�¢rß�¿Í ���ö;Ø��;S�¿, Ñrß�¿�>:���ö;����¿, d¿:�sß�, ÙhÆHD228854hSh�(��� . »���� ��i¿è�, �0��î(O-C)2ò¿,vØ6(þ4�(O-C)2þ-. Î(O-C)2þïåÆ>�ú, (O-C)2ò¿	�*&/a�b�. þ4�
Residualsþ/Td&/aÆ��î. �(6)��°:å��Cl�:

Min.I = 2436814.76347(0.00001)+

1.885515322(0.00000008)E+

9.421(0.002)× 10−10E2+

0.01582(0.00042)×

sin[0◦.0383E + 99◦.69(0.08)] , (7)9n�C(7)��þ4 (O-C)1ò¿, �úHD228854hSh�(��� , � ��:dPorb/dt =

1.823(0.002) × 10−7 d · yr−1, øS�Ï100 yr� 1.575 s, �ö(7)��þ4�(O-C)2_í:�HD-

228854hSh�X(�*/EA = 0.01582 d, h�P3 = 48.5 yr�&Ø�.

3.4 HD100213hSh�Ø�
HD100213:��é�ø¥Ì�, 1928t

Oosterhoff[16]�HÑ°vX(IØ, vhSh�:
1.3872 d. QianI[37]ùHD100213ÛLhSh��v, �úvhSh�Ø�/1Ì�K�i(lû�,	)S�qÍ ��. PennyI[39]¤:HD100213îM��^8�b�Case Ai(¤A6µ. TerrellI[24]ùHD100213ÛL�KI��IÂK�v, n��;��I1{�:O7.5, 4��I1{��:O9.5, v��úÌ��(Ï�+:
23.5M⊙�15.3M⊙,J��+:7.48 R⊙�6.15R⊙.
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65w ) � f ¥ 4�

þ 4 HD228854�O-Cþ. Ñ¹h:eêTESS���<ö;,p¹h:I5(pe)�CCD���<ö;,z�¹h:îÆ(vis)�gø(pg)���<ö;.

Fig. 4 The O-C diagram of HD228854. Black dots represent moments from TESS minima, gray dots represent photoelectric (pe)

or CCD minima, and hollow dots represent visual (vis) or photographic (pg) minima.

TESSå120 s�ÝIö�ÂK�HD100213Ù�R�, ÂKö�è�ÎBJD24585700BJD

2459359,�Ö�10�11�37�38Ù4*G:,q·�
64*°�I��ö;, U:(h2-. 1�Cl�:

Min. I = 2441669.3255 + 1.3872E , (8)¡��Ï*I��ö;��º<C, vÆTESS��òÂK�I��ö;øÏ, �0HD100213�O-

Cò¿. þ5U:�O-Cò¿, v-
þ(O-C)1�¢rß�¿Í ���ö;Ø��;S�¿, Ñrß�¿�>:���ö;����¿, d¿:�sß�, ÙhÆHD100213hSh�(��� . »���� ��i¿è�, �0��î(O-C)2ò¿,vØ6(þ5�(O-C)2þ-. Î(O-C)2þïåÆ>�ú, (O-C)2ò¿	�*&/a�b�. þ5�
Residualsþ/Td&/aÆ��î. �(8)��°:å��Cl�:

Min.I = 2441669.3297215(0.000001)+

1.38727995(0.00000002)E+

3.401(0.004)× 10−10E2+

0.01783(0.00003)×

sin[0.0227E + 44.95(0.08)] , (9)9n�C(9)��þ5 (O-C)1ò¿, �úHD100213hSh�(��� , � ��:dPorb/dt =

8.946(0.003) × 10−8 d · yr−1, øS�Ï100 yr� 0.77 s, �ö(9)��þ5�(O-C)2ò¿_í:�HD100213hSh�X(�*/EA = 0.01783d,h�:P3 = 60.27 yr�&Ø�.

4 ¨º
4.1 ö�:�ùÔ�·i�ÂpK��î�, ,��eö�Ù*i�ÏÛL¨º. ¡��4��hSh�Ø��y�ö�τP = Porb/ ˙Porb. �Çå�l�e¡�4��8ö�(τN)�íö�(τTh)

[37]:

τTh = 2× 107 M 2
2/L2R2 , (10)

τN = 1010M2/L2 , (11)v-L2�M2�R2�+ãh4��I��(Ï�J
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65w  �jI: HD190967�HD35921�HD228854�HD100213�hSh�Ø����v 4��. h3°U�¡�ú�τN�τTh�τPÊvïî. �Çh3ïå�úτN�hSh�Ø�ö�τP�:¥Ñ.ïå�úHD35921�HD228854�HD100213hSh�Ø�ö�/'�8ö�, HD190967hSh�Ø �ö�e��8ö�. Ù�Ó�hÆ, Ù4�R�hSh�Ø������ö�. ù�4�R�hSh�����, ïý/1�4��;�lûi( ��, ��/1�;���Îi(_1 ��.

þ 5 HD100213�O-Cþ. Ñ¹h:eêTESS���<ö;,p¹h:I5(pe)�CCD���<ö;,z�¹h:îÆ(vis)�gø(pg)���<ö;.

Fig. 5 The O-C diagram of HD100213. Black dots represent moments from TESS minima, gray dots represent photoelectric (pe)

or CCD minima, and hollow dots represent visual (vis) or photographic (pg) minima.h 3 HD190967�HD35921�HD228854�HD100213ö�Âp
Table 3 The time scale of HD190967, HD35921, HD228854, and HD100213

Parameter HD190967 HD35921 HD228854 HD100213

Porb/d 6.518492(1) 4.002343(5) 1.885515322(8) 1.38727995(2)

τTh/yr 1.052× 104 2.306× 103 7.722(3)× 103 2.407(5)× 104

τN/yr 2.997× 106 1.038× 106 2.334(4)× 106 4.838(6)× 106

τP/yr 1.034(7)× 106 5.339(2)× 107 1.031(3)× 107 1.551(5)× 107

4.2 i(lû
HD190967�HD35921�HD228854�HD100213hSh�ý(��� , ��(Case A�é�Case

B��b (6µ. hSh�������à, ïý/(Ï���4��(Ï�'�;� �(Ï��w�. ,�¡��4�é�Ì��i(lû��
ṀN = M2/τN. (Ì�ûß(Ï�RM��,�ṀNãe��l�[37]:

ṖN

Porb

= 3ṀN

�
1

M2

−
1

M1

�
, (12)¡�ú14��;� �i(ü��h�Ø��

ṖN.
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4.3 ;�i(_1

HD190967�HD35921�HD228854�HD100213Ù4�R��:'(Ïé��, àd�Îü�;��i(_1, _	ïý/ �hSh�������à. 1988tDe JagerI[40]Ùúé���Î_1�JÏ�l�:

lg[ṀJager/(M⊙ · yr−1)]

= 1.24 lg (L/L⊙) + 0.16 lg (M/M⊙)+

0.81 lg (R/R⊙)− 14.02 . (13)�((13)�¡�ú1�Îü��;�i(_1��lg ṀJager�(h3-. 2000tVinkI[41]¨üúé���Î_1l�:

lg ṀVink = −6.697(0.061)+

2.194(0.021) lg(L1/10
5L⊙)−

1.313(0.046) lg(M1/30 M⊙)−

1.226(0.037) lg

�
v∞/vesc

2.0

�
+

0.933(0.064) lg(T1/40000K)−

10.92(0.90){lg(T1/40000K)}2 , (14)

M1�L1�T1�+ãh;��(Ï�I��	H)�, ÎVinkI[41]��à�úv∞/vesc = 2.6. �(
(14)�¡�ú1�Îü��;�i(_1��
lg ṀVink�(h3-. (å�l�:

ṖJager/Vink

Porb

= −
2ṀJager/Vink

M1 +M2

, (15)¡�ú1$Í¹Õ�0;��Îi(_1ü��hSh�����ṖJager�ṖVink��h4-, ïå�úṖJager�ṖVinkî+v'. �öh4_°U�
ṀN�lg ṀJager�lg ṀVink�ṖOCfitåÊïî.h 4 HD190967�HD35921�HD228854�HD100213�i(lû���h�Ø���

Table 4 The mass transfer rates and period variation rates of HD190967, HD35921, HD228854, and

HD100213

Parameter HD190967 HD35921 HD228854 HD100213

ṀN/(M⊙ · yr−1) 4.571(2)× 10−6 1.348× 10−5 8.911(3)× 10−6 3.162(2)× 10−6

lg[ṀJager/(M⊙ · yr−1)] −7.18567 −6.2082 −6.6034(3) −7.1408(5)

lg[ṀVink/(M⊙ · yr−1)] −8.02211 −6.2571 −6.5103 −7.2271

ṖN/(d · yr−1) 2.843(3)× 10−6 5.213× 10−6 6.167(6)× 10−7 3.001(3)× 10−7

ṖJager/(d · yr−1) 2.213× 10−8 1.2547× 10−7 1.9298(2)× 10−8 5.1706(5)× 10−9

ṖVink/(d · yr−1) 3.226× 10−9 1.121× 10−7 2.391× 10−8 4.239× 10−9

ṖOCfit /(d · yr−1) 6.303(8)× 10−6 7.496(5)× 10−8 1.823(2)× 10−7 8.946(3)× 10−8Îh4-ïå�úHD190967� HD228854�
HD100213Ù3� R � �ṖN�ṖOCfit� : ¥ Ñ,

HD35921�HD228854�HD10021314��;� �i(ü��h�Ø��ṖN�'�,å\��·�hSh�Ø��ṖOCfit , �HD19096714��;� �i(ü��h�Ø��ṖN���,å\��·�hSh�Ø��ṖOCfit ; �ö_ïå�úHD190967�HD228854�HD1002131;�i(_1ü��hSh�Ø�����,å\·�h
Sh�Ø��, �HD359211;�i(_1ü��hSh�Ø���'�,å\·�hSh�Ø��.

HD190967�HD228854�HD10021314��;� �i(ü��hSh�Ø��ṖNø��
ṖJager�ṖVink�¥Ñ,å\��·�hSh�Ø��ṖOCfit. Ù�Æù�HD190967�HD228854�
HD100213hSh���Ø���à���/1�4��;� �i(ü��, ;�i(_1ùv
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65w  �jI: HD190967�HD35921�HD228854�HD100213�hSh�Ø����v 4�hSh�Ø�qÍ��. �HD35921�ṖN�Ô,å\���e�hSh�Ø��ṖOCfit'$*pÏ§, Î;�i(_1�e�ṖJager�ṖVink�:¥Ñ
ṖOCfit. àdHD35921hSh������ïý/;�i(_1ü��.

4.4 HD228854�HD100213hSh�&Ø�Îþ4�þ5ïå�úHD228854�HD100213hSh�d�����Ø��, ØX(�&Ø�.

QianI[37]¤:HD228854�HD100213hSh�&Ø�/1�ïÁ�,	)S�X(��w�IöhSH�, v�ÆO-C���0Ó��:&�.G¾,	)Så�bhSÕÌ�ûß�L, Ì�ûß(�Æ	�ûß(�K��Ý»ïå(a′12 sin i
′eh:, v-åa′12:Ì�Õlq(��hSJ�,v�(å�l�e¡�:

a′12 sin i
′ = Ac , (16)v -A: Ì � h S h �  & Ø � � / E,

c: I �, i′: , 	 ) S � h S > Ò. �úHD228853�HD100213�a′12 sin i
′�+:2.7412

(0.0728) au�3.0895 (0.0005) au. �(å�¹�:

f(m) =
4π2

GP 2
3

× (a′12 sin i
′)
3
. (17)¡ � úHD228854�HD100213ø � � ( Ï ýpf(m). l�-G:��8p, P3:,	)S�Õlh�. �ö,	)S�(ÏM3�hS>Òi′á³å�l�:

f(m) =
(M3 sin i

′)
3

(M1 +M2 +M3)
2 . (18)àdïå¡�ú�hS>Òi′��,	)S(Ï, �(å�l�ïå¡�ú�>Òi′ù��,	)S0ûß(�Ý»A3 :

A3 =
(M1 +M2)

M3

a′12 . (19)h5°U�hS>Ò(30◦�50◦�70◦�90◦��,	)S(ÏM3�,	)S0ûß(��Ý

»A3,þ6Ø6úvØ��¿. Îþ6�h5ïå�ú
HD228854�HD100213,	)S��(Ï�+:
2.851M⊙�2.934M⊙, dö,	)SÝ»ûß(��+:46.820 au�50.072 au.h 5 HD228854�HD100213,	)Si�Âp
Table 5 Physical parameters of the third body in

the HD228854 and HD100213 binary systems

Parameters HD228854 HD100213

A/d 0.01582 0.01783

P3/d 48.5 60.27

a′
12 sin i

′/au 2.7412 3.0895

f(m)/M⊙ 0.0087169 0.008081

M3 (i
′ = 30◦) /M⊙ 5.926 4.985

M3 (i
′ = 50◦) /M⊙ 3.765 3.163

M3 (i
′ = 70◦) /M⊙ 3.041 2.554

M3 (i
′ = 90◦) /M⊙ 2.851 2.934

A3 (i
′ = 30◦) /au 93.648 48.093

A3 (i
′ = 50◦) /au 61.125 49.472

A3 (i
′ = 70◦) /au 49.829 49.947

A3 (i
′ = 90◦) /au 46.820 50.072îMÁ;¨h:6_ïåãÊhSh�&Ø�, å�º¤:;��4���èÁ;¨�9ØÒ¨Ï(ùAB��óBK����, ��êl���-�Ñ�Ø�, Î�ü�Ì�����_�Ñ�®�Ø�, Û�qÍÌ�ûß�hSh�. FîMd�º��»ãÊ	Z��X(�Ì�, v�(�ãÊé�Ì�hSh�Ø�[37]. 2008tYuanI[42]�úÁ&�!�, (�ãÊÌ�hSh�&'Ø�. Ì�ûß-, SR��Ý»�Ñö, �§�ø�Á��H�, v(Ì�K�b�Á:. Öì¨KÌ�-4��ÁtÏ*3�Át�7�Ñ�Íl�°a, ü�Ì���Á:Ñ�Ø�, Û�qÍÌ�ûß�hSh�, �Kú°®��â¨.

HD228854�HD100213ý«ÂK0X(Á:, Á&
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HD35921hSh���-v*Ñ°hSh�X( &Ø�, ÙhÆ¨ºÁ:ùhSh�qÍ/�*^8B�Ñfî�. àd(îM��ºF¶-ù�HD228854�HD100213�hSh�&Ø�����ãÊ/ïÁ�,	)S�X(��w�IöhSH�.
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Fig. 6 The relationship between the mass M3 of the third body and its inclination i′, as well as the relationship between the

distance A3 of the third body to the system barycenter and i′ in the HD228854 and HD100213 systems.

5 ;Ó, � � ( e êTESSÂ K � p n � v�HD190967�HD35921�HD228854�HD100213h S h � Ø �. � Ç � � Ñ ° Ù4� R �h S h � ý ( � � � �, v -HD190967�
HD228854�HD100213hSh������à���/1�4��;�lûi(ü��, ;�i(_1 ��hSh�Ø�ùÙ3�R�qÍ��.�HD35921�hSh�����Ø�/1�;�

i(_1ü��. HD228854�HD100213�hSh�d������, Øà �&Ø�. (SM�º-1,	)S�X(��w�IöhSH�ý�}0ãÊÙÍhSh�Ø�. îMú�Á:��ú�hSh�Ø��º, vý�}0ãÊÂK0hSh�Ø�. é�Ì�b�aöB, �����ë, ü�é�Ì�pî�, �öîMÂKaö_P6�ùé�Ì�pn·Ö, Ù��à ��SMù�é�Ì�-��°a�ã��. �åù�é�Ì�ÂK�v	©��ì»�ãé�Ì�.Â��.
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Orbital Period Variations of Early-Type Eclipsing Binaries

HD190967, HD35921, HD228854 and HD100213: A TESS Data

Analysis

ZHANG Yu-hao1 LIU Jin-zhong2 LIU He-lei1 LV Guo-liang2 ZHANG Yu2

(1 School of Physical Science and Technology, Xinjiang University, Urumqi 830046)
(2 Xinjiang Astronomical Observatory, Chinese Academy of Sciences, Urumqi 830011)

ABSTRACT HD190967, HD35921, HD228854, and HD100213 are early-type O or B binaries with orbital
periods of 6.519 days, 4.0024 days, 1.8855 days, and 1.3872 days, respectively. They belong to the category
of long-period binaries, which are rare and difficult to obtain complete light curves. The TESS (Transiting
Exoplanet Survey Satellite) space telescope provides high-quality data for these four sources with its
long-term, short-exposure, and high-precision photometric measurements. In this paper, we use the light
extremum times obtained from TESS and historical data to analyze and study the orbital periods of these
four early-type binaries. The results show that the orbital periods of all four sources are increasing in the
long term, and HD228854 and HD100213 also exhibit sinusoidal variations in addition to the long-term
increase. We find that the orbital period increase of HD190967, HD228854, and HD100213 is caused by
mass transfer from the secondary star to the primary star, while the orbital period increase of HD35921
is caused by mass loss from the stellar wind of the primary star. The most reasonable explanation for the
orbital period sinusoidal variations of HD228854 and HD100213 is the light-travel time orbit effect due to
the presence of a third body.

Key words binaries: eclipsing, techniques: photometric, stars: early-type, methods: data analysis
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