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Ozet

Eksen dénmesi hareketini, bir cift sistemin goreli yoriingesine iliskin biyiik ekseninin ya da goreli yoriingenin enberi
dogrultusunun, odaktan gecen ve yoriinge diizlemine dik eksen etrafinda dénmesi seklinde ifade edebiliriz. Eksen donmesi
klasik ve rolativistik nedenlerden kaynaklanmaktadir. Rolativistik katki sistemin toplam kitlesi ile dogru orantili iken
goreli yoriingenin yari-biiyiik eksen uzunlugu ile ters orantilidir. Yoriinge dis merkezligi biyiidiikce rolativistik katki da
artmaktadir. Eksen dénmesine olan klasik katki ise daha ziyade bilesenlerin homojen olmayan yogunluk dagilimlarindan
kaynaklanmaktadir. Diger taraftan bilesenlerin donme hizlari, sistemin kiitle orani ve yériinge dis merkezligi de belirleyici
parametreler olarak karsimiza cikmaktadir. Bu calismada eksen dénmesi gosteren cift sistemlerin dw/dt ile verilen eksen
dénme hizlarinin sistemlere iliskin diger parametreler ile olasi iliskileri arastirilmistir. Calisma kapsaminda eksen dénmesi
gosteren yildizlarin eksen dénme parametreleri ve bilesenlerine ve sisteme iliskin parametreler literatiirden derlenmis ve
parametreler arasinda olasi istatistiki iliskiler arastirilmistir.

Abstract

We can express the apsidal motion as the rotation of the major axis of the relative orbit of a binary system or the perigee
direction of the relative orbit, around the axis passing through the focus and perpendicular to the orbital plane. Apsidal
motion is due to classical and relativistic reasons. The relativistic contribution is directly proportional to the total mass
of the system and inversely proportional to the semi- major axis length of the relative orbit. As the orbital eccentricity
increases, the relativistic contribution also increases. The classical contribution to apsidal motion is rather due to the non-
homogeneous density distributions of the components. On the other hand, the rotational velocities of the components,
the mass ratio of the system and the orbital eccentricity also appear as determining parameters. In this study, the possible
relationships between the apsidal motion rate, dw/dt, and other parameters related to the systems were investigated.
Within the scope of the study, the apsidal motion parameters of systems showing apsidal motion, and parameters related
to the component stars and binary systems were compiled from the literature and possible statistical relationships between
them were investigated.

Anahtar Kelimeler: binaries: eclipsing — stars: fundamental parameters — stars: statistics

1 Giris (2007)"'in katalogunda 124 érten cift sistem bulunmaktadir.
Bugiine kadar yapilan en genis katalogu sunan Kim ve dig.
(2018)'nin katalogunda toplam 653 eliptik yoriingeli cift sistem
yer alirken bunlardan galaksimize ait olan 172 sistemin eksen

dénme parametreleri sunulmustur.

Cift sistemler vyildiz astrofiziginin hem o6nemli bir bilgi
kaynagi hem de olaganiistii laboratuarlaridir. Yildizlarin fiziksel
parametrelerine en duyarli bicimde cift yildizlar vasitasiyla
ulasilabilmektedir. Diger yandan eliptik yoriingeli orten cift
sistemler yildizlarin fiziksel ve yoriingesel 6gelerini sunmalari
disinda yildizlarin yapisini anlamamizda temel olan baz
gozlemsel olaylar da sergilerler. Bu bakimdan kuramsal
astrofizik acidan da cok o&nemlidirler. Yildizlarin icyapr ve

2 Eksen Donmesi

Eliptik yoriingeli cift yildizlarda ortaya cikan goézlemsel

evrim modellerinin ve ayrica genel rolativite kuraminin test
edilmesine olanak saglarlar. Bu nedenlerden dolayi eksen
dénmesi gosteren cift sistemlerin derlenmesi, kataloglarinin
yapilmasi ve genel ozelliklerinin ortaya konulmasi astrofizik
acisindan son derece 6nem arz eder. Eksen donmesi gosteren
yildizlara iliskin literatlirde cok sayida yayin ve birkac katalog
bulunmaktadir. Eksen dénmesi olayinin kuramsal alt yapisi icin
esas olarak Sterne (1939), Schwarzschild (1958), Kopal (1959)
ve Kopal (1978)'e bakilabilir. Sé6z konusu sistemlere iliskin
en son kataloglar: Bulut & Demircan (2007) ve Kim ve dig.
(2018) tarafindan yayimlanan kataloglardir. Bulut & Demircan
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olaylarin en dnemlisi eksen dénmesidir. Eksen donmesi goreli
yoriingenin biiyik ekseninin ya da diger bir ifadeyle goreli
yoriingenin odagini, enberi noktasina birlestiren dogrultunun
(enberi dogrultusu), yoriingenin odak noktasindan gecen ve
yoriinge diizlemine dik olan eksen etrafinda dénmesidir.
Enberi dogrultusunun konumu w acisiyla belirlenir ve enberi
boylami adini alir. Enberi boylami w, yoriingenin cikis diigiimii
dogrultusundan itibaren, enberi dogrultusuna kadar, pozitif
yonde ve 0° ile 360° arasinda élciiliir. Dolayisiyla eksen dénmesi
olayini nicel olarak ortaya koyan parametre w acisinin zamanla
degisimini gosteren w = dw/dt parametresidir ve eksen dénme
hizi adini alir. Eksen dénmesi gosteren bir orten cift sistemin
isik egrisinde bas ve yan minimum siireleri, minimumlarin inis ve
cikis kollarinin egimleri ve yan minimumun, bas minimuma gore
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konumu siirekli ve dénemli olarak degisir. Bu déneme eksen
dénme dénemi denir ve U ile gosterilir.

Eliptik yoriingeli bir cift sistemin ydriinge dénemi P,
dénem basina eksen dénme miktari Aw ve eksen ddnme dénemi
U arasinda

Aw P 1
360 U (1)

iliskisi vardir. Buna gore eksen dénme hizi
po e Aw_ Au -

dt At P
olur. Buna gdére w parametresinin birimi derece/cevrim
seklindedir. Burada cevrim kelimesi, siire olarak, séz konusu
sistemin yoriinge donemine karsilik gelmektedir. Eksen donmesi
gosteren bir drten cift sistemin minimum zamanlari goézlenerek
yan minimumun, bas minimuma gére dénemli yer degistirmesi
tespit edilmek suretiyle eksen dénme hizi ve dolayisiyla da
eksen donme donemi belirlenebilir. Bu yontem literatiirde
genellikle O—C' diyagrami gosterimi olarak bilinir. Bir orten
cift sistemin Tp baslangic minimum zamanina gére FE-inci

(E==%1,42,4£3,--+) siradaki minimum zamani

C=T,+PE (3)

bagintisiyla tahmin edilebilir. Eger kullanilan T, ve P
parametreleri dogru ve sistemde de eksen dénmesi yoksa bu
yolla belirlenen O—C' farklari, bir E—(O—C) diyagraminda,
gerek parlaklik olciimlerinde, gerek zaman olcliimlerinde ve
gerekse goézlem kosullarindaki degisimler nedeniyle kabul
edilebilir bir sacilma ile birlikte O—C=0 civarinda bir dagihm
gosterecektir. O halde eger bir orten cift sistem eksen dénmesi
gosteriyorsa bu durumda onun minimum zamanlarinin

O=To+ PsE +Ta (4)

ifadesi ile tahmin edilen zamanlarda gbzlenmesi gerekir. Burada
Ps sistemin yildizi dolanma dénemi ve

O-C=rmq (5)

ifadesi de eksen dénme terimidir. 7, terimi, esas itibariyle,
yoriinge parametreleri olan dolanma dénemi P, dis merkezlik e,
yoriinge egim acisi i ve enberi boylami w'nin bir fonksiyonudur
ve tam ifadesi Gimenez & Bastero (1995)'de verilmistir. Eksen
dénmesi gdsteren bir cift sistemin O—C' diyagraminin en bariz
o6zelligi bas ve yan minimumlara iliskin verilerin, aralarinda 180°
faz farki olan cevrimsel yapilar olarak dagilim géstermeleridir.
Ornek olarak eksen dénmesi gdsteren bir cift sistem olan
IQ Per'in, Degirmenci (1997)'den alinan O—C diyagrami
Sekil 1'de verilmistir. Cogu durumda eksen dénme dénemi
yiizlerce hatta binlerce yil mertebesinde olup eldeki minimum
zamanlari eksen dénme doéneminin ancak kiiciik bir kismini
kapsar. Bu nedenle cogu durumda dénem analizine iliskin elde
edilen sonuclar ancak bir ilk yaklasim duyarligina sahiptir.
Sonuc olarak bdylesi cift sistemlerin i1sik dlcimi ve minimum
zamanlarina iliskin gézlemler 6nemini korumaktadir.

2.1 Eksen donmesine neden olan fiziksel siirecler

Eliptik  yoriingeli cift sistemlerde, o&zellikle minimum
zamanlarinin tespiti yoluyla belirleyebildigimiz eksen dénmesi
olayina neden olan pek cok fiziksel siirec vardir. Eksen
dénmesine yol acan mekanizmalar klasik ve rolativistik olmak
lzere iki gruba ayrilir.

Rolativistik katki genel relativite kuraminin dngordigi bir
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Sekil 1. 1Q Persei orten cift sisteminin O—C diyagrami. Sekil
Degirmenci (1997)'den alinmistir.

sonug olup Levi-Civita (1937) tarafindan

2/3
M1+M2) (6)

et = 545105 _162 ( >
bagintisiyla verilmistir.

Klasik olarak bilesenlerin kiiresel simetriden sapmalari
(yakin cift sistemlerde beklenen normal durum) ve homojen
olmayan yogunluk dagilimlarina sahip olmalari, bilesenlerin
dénmesi, sistemde dciincii bir cismin varligi ya da yildizlararasi
gaz ve toz nedeniyle yoriinge hareketinin frenlenmesi gibi
siirecler de eksen donmesine neden olur. Bu calismada klasik
nedenlerin en baskini olan homojen olmayan yogunluk dagilimi
ve bilesenlerin déonme hizlari dikkate alinmis, etkileri kiiciik olan
diger mekanizmalar dikkate alinmamuistir.

Eksen dénme hizinin klasik kisminin, bilesenlere ve sisteme
iliskin parametreler ile iliskisi Kopal (1978) tarafindan

Wl
36(|) = co1ka1 + caokao (7)

bagintisiyla verilir. Burada k2;(i=1,2) bilesenlerin icyapi
sabitleri ve ca; ise ilgili bilesenin fiziksel niceliklerine bagli
terimlerdir. cy; terimleri Kopal (1978) tarafindan

w; m3—q ms_; R; 5
C2i = [(1> (1 + L) fle) + 1539(6)} (*)
Wi mi m; a
(8)

bagintisiyla verilir. Burada w;, m; ve R; terimleri bilesenlerin,
sirastyla donme acisal hizlarini, kiitle ve yaricaplarini, w;, =
P/2m yoriingenin Keplerian acisal hizini, a goreli yériingenin
yari-bliyiik eksen uzunlugunu gosterirken dis merkezligin birer
fonksiyonu olan f(e) ve g(e) terimleri ise

1
fle) = =2 9)

gle)=(1—€*)""(1+1.5e>+0.125¢") (10)

bagintilariyla verilir (bkz. Kopal 1978). Denklem 8'de yer alan
bilesenlerin dénme acisal hizlari genellikle literatiirde mevcut
olmadigindan bu calisma kapsaminda dénme agisal hizlari icin
onlarin enberi noktasindaki dolanma acisal hizlari kullanild.
Hunt (1981), cift sistem bilesenlerinin enberi noktasindaki
dénme acisal hizlarinin, giicli cekimsel etkilesim nedeniyle,
yoriingenin enberi noktasindaki dolanma acisal hiziyla kilitli
(pseudo-synchronization) oldugunu kabul eder. Diger taraftan
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Doénem dagihmi

Orta Degeri (Giin))

Kiitle dagihmi

2 6 10 14 18 22 26 30 34 38 a2
M (Aralik Orta Degeri (M®))

e Dagihmi

8

0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85 0.95

e (Aralik Orta Degeri)

0.05

(wdot)rel dagilimi

0.0002 0.0006 0.001 0.0014 0.0018 0.0022 0.0026 0.003 0.0034 0.0038

(wdot)rel (Aralik Orta Degeri (derece/gevrim))

Sekil 2. Katalog yildizlarinin (en Ust) yériinge dénemi dagilhimi,
(Gsten ikinci) toplam kitle dagihmi, (alttan ikinci) ydriinge
dismerkezliklerinin  dagilimi, (en alt) eksen dénme hizlarinin
rolativistik kisimlarinin dagilimi.

Swings (1936)’ya gore bir cift sistemin enberi noktasindaki
dolanma agisal hizi, Keplerian acisal hizi ile

2 l1+e o

seklinde iliskilidir. Sonug¢ olarak dénme agisal hizlari bilinmeyen
bilesenler icin w;=w, kullaniimasi iyi bir yaklasim saglar.
Icyapi sabiti yildiz evrim modellerinin cok 6nemli bir

parametresi olmakla birlikte bir cift sistemin bilesenlerinin her
birine iliskin icyapi sabitlerini (ko; ve kos) gozlemsel olarak
ayri ayri elde etme sansimiz ne yazik ki bulunmamaktadir. Bu
nedenle yapilabileceklerin en iyisi olarak sistemi temsil eden bir
ortalama icyapi sabiti (k;) tanimlanir ve kullanilir. ko ve koo
icyapi sabitlerinin agirlikli ortalamasi olan k2 sabiti

key = Co1ka1 + caokan (12)
Cop + Cop

ifadesiyle verilir. Burada agirlik olarak kullanilan cy; nicelikleri
Denklem 8 ifadesiyle verilmistir.

3 Materyal ve Yontem

Calisma kapsaminda eksen ddénmesi gosteren cift sistemlere
istatistiki acidan yaklasilarak onlarin cesitli parametrelerinin
dagilimlan elde edilmis ve bazi parametreleri arasinda iliskiler
arastinlmistir.

Eksen donmesi gosteren cift sistemlere iliskin veriler
literatiirden derlenerek toplam 303 sistemden olusan bir
Srneklem olusturulmus ve Cizelge 1'de sunulmustur. Sistemlerin
yoriinge ve fiziksel parametreleri disinda her bir bilesene
iliskin fiziksel parametreler de (mevcut olanlar) derlenmistir.
Dogal olarak bazi sistemlerin parametrelerinde eksiklikler
bulunmaktadir.

3.1 Yoriinge donemi dagilimi

Katalog yildizlarinin yériinge dénemi dagihimi Sekil 2'de (en
list panel) gosterilmistir. yoriinge dénemi 1 giinden daha kii¢ciik
sistem yoktur, 10 glinden daha uzun dénemli sistem sayisi ise
yok denecek kadar azdir. Dénem dagilimi 2.5 giin civarinda bir
maksimuma sahip olup, sistemlerin biyiik bir kismi 1-7 giin
araliginda toplanmistir.

3.2 Kiitle dagilimi

Orneklemde yer alan sistemlerin 144'{iniin toplam kiitleleri
elde mevcuttur. S6z konusu 144 sistemin toplam kiitle dagilim
diyagrami Sekil 2'te (Ustten ikinci panel) verilmistir. Diyagram
incelendiginde  sistemlerin  cogunlugunun 2<M<18Mg
araliginda toplandigi goriilmektedir. Birkac istisna disinda,
toplam kiitlesi 30My ten daha biiyiik sistem yok denecek
kadar azdir.

3.3 Dismerkezlik dagilimi

Sekil 2'de (alttan ikinci panel) verilen dagilim grafiginden
de goriilecegi lizere 6rnek sistemlerimizin énemli bir kisminin
yoriinge dismerkezligi 0.30'dan kiiciiktiir. Dismerkezligi 0.50 ve
lzeri olan sistem yok denecek kadar azdir. Diger bir deyisle
sistemlerin ydriinge dismerkezlikleri sifir civarinda toplanma
egilimi gostermektedir.

3.4 W,y dagihmi

Ornek sistemlerimizin 129'unda eksen dénmesi acisal hizinin
rélativistik kismi elde edilebilmis ve dagilimi Sekil 2'te
(en alt panel) gosterilmistir. Sistemlerin 6nemli bir kismi
0.0012<(,<0.0024 (° cevrim™') araliginda yer almakta
ve dagilm ,q=0.0018° cevrim™! civarinda maksimum
yapmaktadir. @, >0.0030° cevrim ™! bolgesinde hemen hemen
hicbir sistem bulunmamaktadir.

TJAA Vol. 6, Special Issue, p.306-316 (2025).
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Cizelge 1. Eksen donmesi gosteren cift sistemlerin yoriinge ve fiziksel parametreleri. w: derece biriminde, w:
Kaynaklar: (1)Siugit ve dig. (2023), (2)Bulut (2022), (3)Zasche ve dig. (2023), (4)Fekel ve dig. (2022), (5)Volkov & Kravtsova (2022),
(6)Baroch ve dig. (2022), (7)Latkovi¢ ve dig. (2022), (8)Wolf ve dig. (2005), (9)Wolf ve dig. (2022), (10)Hong ve dig. (2016).
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cevrim—1 biriminde verilmistir.

Sistem Ps (giin) d(Ps) To d(To) w d(w) w d(w) Wrel d(wrel) Kaynak
(x108) (x108) (x108)  (x106)

GV Nor 2.971864 0.00000272 58636.9876 0.0101 168 2 0.01307 0.00274 0.00082  0.00003 1
V881 Sco 2.491569 0.0000017 52129.6555 0.008 348 8 0.01394 0.00316  0.00076  0.00002 1
V610 Car 4.844901 0.0003346 52501.6153 0.1759 184.1 6.3 0.0253 0.0041 2
V944 Cep 6.560006 0.0000226 52502.0277 0.0176 43.8 0.7 0.0347 0.0015 2
V2815 Ori 2.131016 0.0000071 52501.2946 0.0082 1325 0.4 0.0289 0.001 2
V1260 Tau 5.430801 0.0001355 52500.6779 0.0884 0.9 2.2 0.0294 0.0079 2

TYC 5378-1590-1 3.732349 0.0000468 53946.517  0.005 18 7 0.000368 0.000112 0.000615 0.000056 3
TYC 8378-252-1 2.877687 0.0000101 51981.779 0.016 143 8 0.002852  0.000851 0.0005  0.000044 3
V1022 Cas 12.15616 0.0000025 56029.612 0.0013 34469 0.045 0.00032 0.00025 4
V490 Sct 12.043959 0.00000009 55073.39094 0.00002 50.71 0.09  0.00028 0.00002  0.000412 0.0000066 5
V889 Aqgl 11.120757 0.000004 59416.752 0.006 126.1 0.2 0.00046 0.00002  0.000336 0.000002 6
V402 Lac 3.782043 0.000005 58761.579  0.008 57.9 0.4 0.009 0.0003 0.000822 0.000007 6

EK Cep 4.427794 0.000004  42624.752  0.009 50 3 0.00073948 0.0000024 7

HS Her 1.637434 0.0000002 57909.487 0.001 355.7 0.8 0.01961 0.3 7
V539 Ara 3.169085 0.00000007 45056.74674 0.00009 1199 1.1 0.02025 0.00022 0.00129 9
V335 Ser 3.449874 0.0000012 50304.42685 0.00011 47.2 1.6 0.00315 0.00012 0.00061 9

GG Lup 1.8496  0.0000015 46136.7448 0.00001 86.12 0.15 0.018 0.0005 0.00131 8
V526 Sgr 1.919412 0.00000008 47739.6517 0.0002 2549 0.1 0.01219 0.00003 0.00093 8

AO Vel 1.584621 0.0000007  45043.67 0.0003 97.1 0.1 0.0287 0.0003 0.00161 8
V1103 Cas 6.177627 0.00000034 54472.43925 0.0002 284,423 0.001 0.007154 0.00005 0.0008795 0.000034 10

SMC-ECL-0273 1.602491 0.000006 55001.539  0.001 116 4 0.06857477 0.00245693 10
SMC-ECL-0286 3.396074 0.000007 55003.4038 0.001 88 2 0.03691284 0.00148767 10
SMC-ECL-0391 3.399923 0.000013 55001.2617 0.0014 36 6 0.0220611 0.00297871 10
SMC-ECL-0481 4.241589 0.000006 55003.9739 0.0006 153 4 0.01614184 0.00092903 10
SMC-ECL-0665 2.533936 0.000006 55002.4193 0.0006 124 2 0.01727447 0.00166501 10
SMC-ECL-0678 2.856128 0.000005 55002.6053 0.0013 149 1 0.02361535 0.00125114 10
SMC-ECL-0834 2.781443 0.000012 55001.9925 0.0011 34 1 0.04576721 0.00296992 10
SMC-ECL-0938 4.937516 0.000005 55000.4685 0.0009 110 2 0.008922 0.00054073 10
SMC-ECL-1041 1.928686  0.00001  55001.7817 0.0013 63 3 0.05291015 0.00374912 10
SMC-ECL-1042 2.465385 0.000038 55000.505 0.0011 48 2 0.05703629 0.01113726 10
SMC-ECL-1133  2.383556 0.000007  55000.491 0.0006 240 5 0.02101314 0.00195775 10
SMC-ECL-1167 4.086291 0.000008 55000.2873 0.0008 30 2 0.01599835 0.00134252 10
SMC-ECL-1189 2.483882 0.000001 55001.0072 0.0007 70 4 0.00360426 0.00034002 10
SMC-ECL-1196 2.594678 0.000002 55002.1673 0.0007 105 6 0.03210936 0.00049727 10
SMC-ECL-1214 1.946716 0.000004 55001.497 0.0008 73 9 0.02771505 0.00138575 10
SMC-ECL-1278 2.316402 0.000015 55001.9586 0.0006 139 5 0.08491889 0.00456621 10
SMC-ECL-1370  1.699614 0.000009 54999.9894 0.0016 182 5 0.05830572 0.00358303 10
SMC-ECL-1545 3.610734 0.000006 55002.122 0.0011 124 3 0.0295581 0.00108742 10
SMC-ECL-1607 2.516993 0.000007 55001.9791 0.0006 104 6 0.04065779 0.00192952 10
SMC-ECL-1634 2.172873 0.000005 55001.1124 0.0008 136 2 0.03581299 0.0017847 10
SMC-ECL-1670 1.907813 0.000005 55001.8999 0.0015 331 4 0.02423615 0.00167146 10
SMC-ECL-1699 3.337852 0.000006 55001.6965 0.0012 105 4 0.00913854 0.00118801 10
SMC-ECL-1709 2.200136 0.000035 55000.4724 0.0017 5 9 0.02897373 0.01132445 10
SMC-ECL-1903 3.942682 0.000009 55002.2416 0.0015 243 3 0.01694733 0.00161917 10
SMC-ECL-1947 2.401342 0.00002 55002.2972 0.0008 87 3 0.0604198 0.00604855 10
SMC-ECL-1961 1.865556 0.000001 55001.7023 0.0008 266 4 0.01511854 0.00045969 10
SMC-ECL-2256 3.688373 0.000004 55003.6971 0.0005 55 1 0.01141098 0.00080786 10
SMC-ECL-2290 6.833784 0.000009 55003.5586 0.0008 61 3 0.00860655 0.00093549 10
SMC-ECL-2361 2.312142 0.000017 55000.123 0.0004 109 2 0.07457093 0.00519085 10
SMC-ECL-2384 2.355919 0.000008 55001.4553 0.0019 309 3 0.01838294 0.00225755 10
SMC-ECL-2454 1.717993 0.000003 55000.8224 0.001 131 8 0.01792075 0.00126997 10
SMC-ECL-2605 6.354359 0.000009 55003.1976 0.0005 76 3 0.03705622 0.00086986 10
SMC-ECL-2744 2.243211 0.000009 55000.2718 0.0008 87 4 0.03789353 0.00276371 10
SMC-ECL-2753 1.644985 0.000001 55000.2752 0.0007 289 6 0.01369132 0.00045037 10
SMC-ECL-2762 1.761061 0.000009 55000.985 0.0008 344 7 0.0440205 0.00361614 10
SMC-ECL-2865 2.219812 0.000059 55002.0761 0.001 183 8 0.0454598 0.01896184 10
SMC-ECL-3006 5.353413 0.000006 55002.1597 0.0006 28 3 0.01612253 0.00087941 10
SMC-ECL-3035 2.34289 0.000006 55001.5582 0.001 128 3 0.03855104 0.00173191 10
SMC-ECL-3071 2.562812 0.000014 55001.0986 0.0014 58 6 0.01522602 0.00392929 10
SMC-ECL-3118 2.585575 0.000014 55000.1845 0.0009 125 6 0.05351662 0.00375183 10
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310  Sharifiankorkchi, S. ve dig.

Cizelge 1 — devami. Kaynaklar: (10)Hong ve dig. (2016), (11)KolaF ve dig. (2023), (12)Pavlovski ve dig. (2011), (13)Wolf ve dig. (2006),
(14)Wolf ve dig. (2011), (71)Bozkurt (2000), (72)Kozyreva ve dig. (1999), (86)Kim ve dig. (2018).

Sistem Ps (giin)  d(Ps) To d(Tp) w d(w) w d(w) Wrel d(wrel) Kaynak
(x109) (x10%) (x10%)  (x10%)
SMC-ECL-3200 2.479641 0.000001 55001.4855 0.001 105 4 0.01378144 0.00013578 10
SMC-ECL-3219 2.314064 0.000007 55002.2578 0.0007 84 6 0.03788666 0.0022808 10
SMC-ECL-3310 2.701522 0.000008 54999.9618 0.0009 161 9 0.02477782 0.00214495 10
SMC-ECL-3346 2.508743 0.000002 55002.2633 0.0011 74 2 0.01229473 0.00061817 10
SMC-ECL-3403 1.686144 0.000006 55001.149 0.0012 147 6 0.0379469 0.00253903 10
SMC-ECL-3626 2.076496 0.000004 55001.8271 0.0015 64 4 0.03604376 0.00130758 10
SMC-ECL-3731 2.012744 0.000005 55001.3253 0.0011 65 3 0.04391942 0.00170828 10
SMC-ECL-3772 3.11121 0.000011  55000.274 0.0011 98 3 0.02640589 0.00221469 10
SMC-ECL-3780 3.593279 0.000006 55000.255 0.0008 65 3 0.01082165 0.00108216 10
SMC-ECL-3833 1.774831 0.000003 55000.1179 0.0016 232 7 0.04353863 0.0012634 10
SMC-ECL-4169 2.613741 0.000008 55000.7171 0.0008 283 6 0.04730138 0.00228993 10
SMC-ECL-4187 3.207519 0.000003 55000.7198 0.0012 44 7 0.01686088 0.00079035 10
SMC-ECL-4195 1.863677 0.000029 55001.7417 0.0016 50 6 0.06837309 0.01112338 10
SMC-ECL-4204 1.889967 0.000009 55000.3093 0.0008 341 4 0.02939086 0.00331165 10
SMC-ECL-4216 1.833665 0.000008 55000.173 0.0023 302 4 0.03760206 0.00301218 10
SMC-ECL-4272 5.477015 0.000007 55002.5806 0.0019 88 5 0.01754444 0.00059981 10
SMC-ECL-4309 3.252136 0.000002 55000.1406 0.0007 135 3 0.01665022 0.00026712 10
SMC-ECL-4313 3.723047 0.000004 54999.8308 0.0016 153 7 0.0220172 0.00071352 10
SMC-ECL-4340 1.54401 0.000017 55000.6575 0.0014 194 6 0.05102314 0.00777817 10
SMC-ECL-4398 1.907976 0.000013 55001.5904 0.0013 162 5 0.04403624 0.00491033 10
SMC-ECL-4408 2.154013 0.000008 55001.1786 0.0014 149 5 0.02040489 0.00241792 10
SMC-ECL-4566 4.80186  0.00002 55001.0145 0.0015 114 2 0.03444455 0.00289229 10
SMC-ECL-4613 1.927898 0.000006 55001.1529 0.0014 107 4 0.03642025 0.00205854 10
SMC-ECL-4681 2.322652 0.000003 55000.1504 0.0015 137 3 0.03338514 0.00101745 10
SMC-ECL-4718 5.179781 0.000008 55000.5586 0.0012 119 2 0.00567259 0.00085089 10
SMC-ECL-4789 3.148961 0.000004 55001.1444 0.0011 51 4 0.02396745 0.00094835 10
SMC-ECL-4848 2.687018 0.000011 55001.9887 0.0017 111 9 0.01905373 0.0028691 10
SMC-ECL-4863 4.674637 0.000046 55003.9129 0.0023 36 7 0.03993119 0.00716714 10
SMC-ECL-4909 2.275898 0.00001 55000.0397 0.0016 102 3 0.02249416 0.00286629 10
SMC-ECL-4927 3.070733 0.000188 55002.5816 0.0021 233 8 0.13998003 0.04354934 10
SMC-ECL-4946 1.916088 0.00001  55000.7321 0.0017 92 3 0.02392159 0.00361971 10
SMC-ECL-5063 4.253295 0.000061 55003.1271 0.0018 353 4 0.04844273 0.01013105 10
SMC-ECL-5093 2.926367 0.000009 55000.9218 0.0008 47 4 0.03461165 0.00216323 10
SMC-ECL-5103 1.537221 0.000033 55000.1428 0.0021 197 5 0.04448577 0.01527751 10
SMC-ECL-5235 2.87121 0.000009 55001.4081 0.0017 256 3 0.03977638 0.00220106 10
SMC-ECL-5247 2.321428 0.000004 55000.262 0.0015 121 2 0.02529578 0.00101692 10
SMC-ECL-5382 2.261634 0.000022 55001.01 0.0013 11 9 0.02656375 0.00693506 10
SMC-ECL-5428 2.311875 0.000015 55000.0331 0.0022 162 5 0.02519168 0.00455729 10
SMC-ECL-5441 3.595292 0.000007 55000.9189 0.0014 106 2 0.0160447 0.00127964 10
SMC-ECL-5483 3.103263 0.000014 55002.783 0.0009 29 6 0.02353467 0.00331355 10
SMC-ECL-5555 2.12944 0.000011 55000.5708 0.0025 266 5 0.01824818 0.00343975 10
SMC-ECL-5660 3.5129  0.000021 55002.9457 0.0016 27 4 0.02192857 0.00471272 10
SMC-ECL-5747 2.675035 0.000007 55001.2833 0.0014 155 6 0.02534051 0.00175772 10
SMC-ECL-5806 2.339658 0.000009 55001.29 0.0013 101 5 0.03068299 0.00275442 10
SMC-ECL-5953 1.845591 0.000067 55000.8019 0.0019 199 6 0.06199973 0.02597218 10
SMC-ECL-5978 2.65044 0.000033 55001.9822 0.0046 57 4 0.05921312 0.0093609 10
SMC-ECL-6029 1.088609 0.000061 55000.9412 0.0028 289 12 0.10109683 0.03946114 10
SMC-ECL-6059 1.712048 0.000021 55000.2328 0.0024 177 8 0.02151485 0.0089528 10
SMC-ECL-6128 3.452971 0.000014 55000.6241 0.0024 307 4 0.01200622 0.00217436 10
GX Lac 6.355242 0.00000001 56495.46066 0.00004 11
TT Lyr 5.243733 0.0000008 54357.4341 0.0007 11
OGLE LMC-ECL-7641 6.32964 0.00002 56963.6352 93.8 0.7 0.0212 0.001 11
OGLE-ECL-17660 6.22893  0.00002 57004.92594 123 5 0.009 0.002 11
OGLE-ECL-17411 5.33485 0.00002  49340.5146 223.5 0.6 0.0244 0.0003 11
AS Cam 3.430967 0.0000023 40204.4043 0.0003 241.5 1.9 0.00124933 9.39E-01 0.00090459 1.88E-02 12;71;72; 86

CW Cep 2.72914 0.00000011 41669.5722 0.0005 201.6 0.5 0.0582 0.0005 0.00225  0.05595 13

V478 Cyg 2.880901 0.00000008 44777.4852 0.0007 48.3 0.5 0.1047 0.001 0.00277  0.10193 13;86

AG Per 2.02873 0.00000012 42728.3306 0.0007 292.4 0.8 0.0262 0.0004 0.00161  0.02459 13;86
IQ Per 1.743562 0.00000008 44290.3644 0.0004 62.8 0.4 0.0138 0.0003 0.00114  0.01266 13
V785 Cas 2.702515 0.0000007 52218.3305 0.0007 159.6 0.4 0.0332 0.0006 14
V821 Cas 1.769739 0.00000008 47964.1801 0.0006 116.6 0.7 0.0124 0.0009 0.00091 14
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Cizelge 1 — devami. Kaynaklar: (14)Wolf ve dig. (2011), (15)Sowell ve dig. (2012), (16)Gallenne ve dig. (2019), (17)Lacy ve dig. (2005),
(18) Torres ve dig. (2014), (19)Milone ve dig. (2010), (20)Anderson ve dig. (1987), (21)Torres ve dig. (2017), (22)Torres ve dig. (2009),
(23)Lacy ve dig. (2004), (24)Tomkin & Fekel (2006), (25)Sandberg Lacy & Fekel (2014), (26)Anderson & Vaz (1984), (27)Torres ve dig.
(2015), (28)Torres ve dig. (2000), (29)Sandberg Lacy ve dig. (2006), (30)Claret & Willems (2002), (37)Anderson ve dig. (1983), (38)Gimenez
ve dig. (1986), (41)Wolf (2000), (45)Claret & Gimenez (1993), (51)Clausen (1996), (52)Wolf & Zejda (2005), (55)Bozkurt & Degirmenci
(2007), (57)Albrecht ve dig. (2009), (58)Popper (1982), (59)Marcussen & Albrecht (2022), (60)Anderson & Winn (2022), (62)Claret &
Gimenez (2010), (66)Rosu ve dig. (2022), (68)Gimenez & Garcia-Pelayo (1983), (69)Rauw ve dig. (2016), (70)Kozyreva ve dig. (2005),
(71)Bozkurt (2000), (75)Wolf ve dig. (2001), (76)Degirmenci ve dig. (2003), (79)Wolf & Diethelm (1999), (80)Bozkurt & Degirmenci (2002),
(81)Alencar ve dig. (1997), (84)Bozkurt (2006), (85)Zasche ve dig. (2014), (86)Kim ve dig. (2018).

Sistem Ps (giin) d(Ps) To d(Ty) w d(w) w d(w) Wrel d(wre)  Kaynak
(x109) (x109) (x10%) (x109)
V796 Cyg 1.480869 0.00000015 52434.1014 0.0007 2 0.4 0.044 0.001 14
V398 Lac 5.406056 0.0000008 53577.4281 0.0008 222.4 0.8 0.0122 0.001 0.00069 14
V871 Per 3.023882 0.0000005 51421.5607 0.0005 144.8 0.4  0.0418 0.0008 14
KX Cnc 31.219787 0.0000014 56910.0768 63.76 0.000131  0.00001 0.00012127 0.00000016 15
AL Dor 14.90537  0.00002 58368.7277 107.45 0.000163  0.000006 0.00015838 0.00000003 16
RW Lac 10.36921 0.00068 18657.4008 0.0023 235 51  0.00114  0.00024 17; 86
V530 Ori 6.110778 0.0000002 18
HP Dra 10.7615  0.0002 19
TZ Men 8.568991 0.000054 42403.7495 0.0003 294.9 0.2  0.0099 0.0016 86; 20
V541 Cyg 15.337899 0.0000007 50817.976 262.72 0.000352  0.000004 0.0003124 0.0000012 21;86
LV Her 18.435954 0.000002 22
V459 Cas 8.458254 0.00000019 54815.5698 240.32 0.00065 0.0001  0.0003297 0.0000023 23;86
RR Lyn 9.94508  0.00006 24
V501 Her 8.597687 0.000001 55648.5943 250.1 0.00041 0.0002 0.00024  0.0000003 25
KW Hya 7.750469 0.000006 53430.9533 225.29 0.00045 0.00007  0.0003211 0.0000019 16;26
V501 Mon 7.021208 0.000001 58477.9808 232.79 0.00046 0.00011 0.0003219 0.0000003 27
GG Ori 6.631494 0.0000017 51952.4777 122.89 0.00061 0.00003 0.0004541 0.0000016 28
EY Cep 7.971488 0.000006 58836.4248 110.14 0.000507 0.000012 0.000354 0.0000014 29;86
DI Her 10.550167 0.000022 42234.892 0.094 344 11  0.00077 0.00061 0.00068 57,58,;59;
60,62;86
QX Car 4.477973 0.00000093 40701.2258 0.01 117.1 0.04 0.013561 0.000055  0.00147 30,37,38;
86
ucOu950 Phe 1.66977  0.0116 41643.7084 0.0055 43.5 0.9 0.02246 0.00018  0.00134 52;51;45;
37;86;
HD 152219 4.24046  0.00005 53200.28 0.003 164.1 2.6 0.01390848 0.00348292 66
GL Car 2.422233 0.0000018 25475.5655 0.0011 137.1 0.7 0.09441 0.0003 68; 86
HD 152218 5.60447  0.00014 53130.009 0.041 105 2.9 0.03 0.009 69
HP Aur 1.442 70
TV Cet 9.10329 0.0000002 52873.5255 0.0002 113 5.5 0.00036 0.00017  0.00024 75;84,55
V477 Cyg 2.346978 0.0000001 50988.2321 0.0004 166 0.3 0.00544  0.00004  0.00074 76,55
RU Mon 3.585 38409.5755 0.0003 71.08 0.06 0.010131 0.000026 71; 79; 86
U Oph 1.677346 0.00000003 44416.3871 0.0005 158.3 6.8 0.07991 0.0016 0.00173 71,80;55
V906 Sco 2.786 81
YY Sgr 2.628474 0.00000035 19467.0395 0.0008 119.8 0.4 0.00871  0.000034 71,4186
DR Vul 2.251268 0.0000021 46274.71 0.01 72,6 15 0.06143 0.00033 0.00275 71;79;55
MACHO 213.15620.12 6.052322 0.000048 53803.39 0.021 67.6 5 0.207 0.03 85
MACHO 212.15624.89 3.299923 0.000048 52745.417 0.032 244.4 10.3 0.0301 0.0037 85
MACHO 212.15680.18 1.918337 0.000011 53470.954 0.015 89.3 4.7 0.0474 0.0193 85
MACHO 208.15744.1836 1.162112 0.0000018 53090.7643 0.0035 94.5 7.8  0.0601 0.0069 85
MACHO 212.15848.1258 1.753212 0.0000099 53501.194 0.014 130 4.2  0.0677 0.0093 85
MACHO 208.15861.734 2.100755 0.000011 53470.497 0.013 115.9 3.9  0.0427 0.012 85
MACHO 208.16083.86 3.291316 0.00002 53470.314 0.015 91.9 2.6  0.0258 0.0042 85
MACHO 208.16084.117 1.491721 0.000008 53089.914 0.01 291.9 8.8  0.0351 0.0121 85
OGLE 11 SC6 61418  2.336038 0.000033 54179.695 0.025 99.8 5.6  0.0484 0.0132 85
MACHO 208.16141.60 2.169236 0.000023 53471.664 0.024 815 6.5 0.0475 0.0092 85
MACHO 208.16147.22 2.296738 0.0000072 53277.1246 0.0072 265 3.4  0.0357 0.0057 85
MACHO 207.16428.1423 4.330333  0.00008 53280.315 0.041 238.1 9.9 0.03 0.0063 85
MACHO 207.16490.6  5.241539 0.000117 53278.036 0.052 40.2 4.6  0.0554 0.0133 85
OGLE 11 SC8 160725  3.104291 0.000017 53277.2672 0.0075 929 4 0.0476 0.0165 85
MACHO 206.16886.52 2.772183 0.000053 54022.771 0.052 143.3 5 0.0239 0.0084 85
MACHO 206.17061.14 5.068362 0.000103 52746.459 0.045 7 87 0.1915 0.0321 85
MACHO 206.17170.8  3.040295 0.000031 53656.966 0.026 318.1 6 0.0301 0.0083 85
MACHO 206.17173.10 2.886936 0.000009 53478.7191 0.0072 129.6 3.4  0.0747 0.0214 85
PP Aps 4279823 0.000041 48503.2737 0.03 985 0.8 0.0218 0.0024 86
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312  Sharifiankorkchi, S. ve dig.

Cizelge 1 — devami. Kaynaklar: (85)Zasche ve dig. (2014), (86)Kim ve dig. (2018).

Sistem  Ps (giin) d(Ps) To d(Tp) w d(w) W d(w) wrel  d(wrel) Kaynak
(x10%) (x10%) (x108) (x10%)
BW Agr 6.719696 0.00000023 39680.4601 0.01 100.6 0.01 0.001098 0.000008 86
LL Aqr 20.178294 0.0000096 48760.907 0.14 155.46 0.08 0.000199 0.0048 86
V871 Aql 2.952667 0.0000031 38637.1658 0.08 168.4 1.9 0.01287 0.00027 86
V1665 Aql 3.881746 0.0000049 52810.7272 0.05 124.4 0.1 0.01662 0.00031 86
AG Ari 1.963128 0.0000012 54033.3259 0.01 110.3 0.1 0.01173 0.00014 86
WW Cam 2.274363 0.0000086 39403.5546 0.02 119.9 0.6 0.00634 0.00096 86
V534 Cam 3.014237 0.000014 51497.1695 0.02 189 1.8 0.037 0.012 86
SW CMa 10.091973 0.0000032 26705.2803 0.04 167.5 0.1 0.006747 0.000087 86
TZ CMa 3.822868 0.000045 55140.7559 0.35 289 56 0.00133 0.00042 86
AR CMa 2.332225 0.000034 51869.9099 0.02 110.7 0.2 0.0186 0.0038 86
CV CMa 3.628286 0.0000028 28044.5594 0.11 1742 1.4 0.01122 0.00021 86
KL CMa 1.762214 0.00000031 48170.3045 0.1 590.1 0.1 0.023767 0.000045 86
LT CMa 1.759523 0.00000099 48388.5412 0.02 78.9 0.4 0.03212 0.00014 86
V388 CMa 2.982741 0.000036 53067.7537 0.32 72 12 0.0088 0.0019 86
AV CMi 2277752 0.000064 52500.6147 0.04 193.3 2.2 0.00929 0.00073 86
EM Car 3.414275 0.000015 45038.8131 0.01 243 15 0.0511 0.0011 86
V466 Car 3.455834 0.0000018 48036.7444 0.03 194.8 0.4 0.02062 0.00013 86
V529 Car 4.744573 0.0000061 48157.3801 0.12 31.2 0.5 0.01893 0.00033 86
AR Cas  6.066312 0.0000015 40063.9101 0.03 35.1 0.3 0.005271 0.000067 86
IT Cas 3.896649 0.000001 28762.5245 0.03 328.9 0.4 0.00171 0.000067 86
MU Cas 9.652939 0.000067 51877.1784 0.11 3454 0.7 0.00603 0.000018 86
PV Cas 1.75047 0.00000066 40227.387 0.01 177.4 0.5 0.019509 0.000096 86
V381 Cas 1.745943 0.0000015 44546.2827 0.02 269.7 1.3 0.08707 0.000022 86
V775 Cas 5.390159 0.000021 48766.4536 0.1 3539 1.2 0.0051 0.001 86
V799 Cas 7.702933 0.00000091 48500.3927 0.03 230.89 0.02 0.006016 0.000023 86
V1018 Cas 4.127759 0.000046 51601.488 0.11 125 13 0.0058 0.0029 86
V1137 Cas 4.158989 0.000089 54763.3492 0.01 57.8 3.8 0.0393 0.0055 86
V1141 Cas 6.909275 0.0000041 51542.5194 0.02 129.3 0.07 0.15536 0.00015 86
KT Cen 4.130438 0.0000018 41696.0724 0.06 214 0.4 0.01059 0.00011 86
V636 Cen 4.283947 0.00000037 34540.3604 0.03 278.91 0.08 0.000961 0.00002 86
V1087 Cen 5.049645 0.0000018 50563.5959 0.3 275.24 0.02 0.040667 0.000068 86
V397 Cep 2.086824 0.0000012 48501.2685 0.02 20.5 0.8 0.01019 0.00015 86
V698 Cep 6.618513 0.000068 50421.1608 0.58 204.9 9.6 0.0084 0.0027 86
V734 Cep 3.76596  0.000012 51482.7078 0.33 72 17 0.0033 0.0012 86
V898 Cep 2.874764 0.000042 51366.3811 0.03 166.3 0.3 0.00971 0.00039 86
V919 Cep 1.851982 0.000028 51295.7813 0.03 181 1.2 0.02576 0.00039 86
VO57 Cep 1.988734 0.000048 51504.7302 0.02 3154 0.7 0.01225 0.00062 86
V961 Cep 7.03847 0.000017 51442.655 0.02 180.9 6.4 0.0107 0.0024 86
alf CrB 17.35991 0.0000049 23165.4584 0.0021 309.84 0.08 0.000837 0.000056 86
VV Crv  3.144516 0.0000025 56045.7141 0.0001 256.1 0.7 0.01869 0.00019 86
Y Cyg 2.996331 1.30E-08 46308.3107 0.0001 132.5 0.2 0.061714 0.000011 86
MY Cyg 4.005188 0.0000034 41559.5996 0.0001 110.7 0.5 0.00213 0.00021 86
V380 Cyg 12.425608 0.000031 41256.0394 0.0047 134 2.1 0.00968 0.00066 86
V453 Cyg 3.889819 0.0000016 39340.1154 0.0001 301.2 0.3 0.04336 0.0001 86
V490 Cyg 1.140237 0.0000011 51491.5924 0.0001 344.3 0.8 0.06036 0.00025 86
V1136 Cyg 3.462758 0.0000017 35453.484 0.0019 32.7 0.12 0.00579 0.00014 86
V1143 Cyg 7.640741 0.00000028 48410.0562 0.0001 48.76 0 0.000781 0.000012 86
V1147 Cyg 15.251321 0.0000011 34120.2429 0.0004 51.34 0.02 0.00015 0.00017 86
V1326 Cyg 16.68178  0.00079 28391.269 0.043 122 96 0.003 0.012 86
V2094 Cyg 8.480341 0.000072 54969.469 0.011 319 45 0.0021 0.0011 86
V2544 Cyg 2.093766 0.0000013 55004.4892 0.0001 3429 0.2 0.04631 0.00016 86
V2647 Cyg 5.855308 0.000011 53670.7767 0.0003 176.6 0.2 0.01631 0.00049 86
BY Del 10.0342 0.00013 25830.3751 0.0031 101.7 0.72 0.0261 0.0034 86
BF Dra  11.210992 0.00000067 47276.3401 0.0002 93.27 0.01 0.000473 0.000017 86
V410 Gem 3.470335 0.000034 51548.8122 0.0019 68.8 0.39 0.0139 0.0025 86
Al Hya 8.28967 0.00000092 41726.088 0.0003 245.91 0.03 0.001805 0.000026 86
OZ Hya 2.048766 0.0000011 51983.9427 0.0002 232.8 0.3 0.00673 0.00013 86
CH Ind 5.95258 0.00014  52854.935 0.0014 301 81 0.00138 0.00083 86
CO Lac  1.542207 0.00000029 27534.0756 0.0002 165.9 0.8 0.035149 0.000048 86
CY Lac  8.360538 0.0000034 54098.8707 0.0002 31.83 0.03 0.00533 0.0001 86
ES Lac 4.4594  0.0000014 34240.5644 0.0004 306.4 0.3 0.013922 0.000079 86
MZ Lac 3.15879 0.0000012 38264.5464 0.0025 57.7 0.8 0.00485 0.00012 86
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Sistem Py (giin)  d(Ps) To d(Ty) w d(w) w d(w) wrel  d(wrel) Kaynak
(x108) (x10%) (x108) (x10%)

OT Lac 5.149863 0.0000019 56927.8591 0.0003 180.6 0.3 0.049962 0.000095 86
V339 Lac 3.408522 0.000014 34006.0536 0.0012 247.6 0.67 0.0493 0.0011 86
V364 Lac 7.351537 0.00000036 44257.3666 0.0001 83.6 0.1 0.001947 0.000011 86
V401 Lac 1.950092 0.0000014 48501.8792 0.0002 38.5 0.6 0.01586 0.00019 86
V498 Mon 2.47277 0.0000035 33221.747 0.0006 156.9 0.29 0.03815 0.00036 86
V578 Mon 2.408486 0.00000041 54469.0793 0.0001 127.8 0.1 0.073988 0.000044 86
V684 Mon 1.851421 0.0000016 54153.5377 0.0001 171.9 0.6 0.01918 0.00021 86
V730 Mon 1.572319 0.0000007 48502.7455 0.0002 241.6 0.3 0.02569 0.00011 86
GM Nor 1.884577 0.0000024 41696.9087 0.0004 164 2.2 0.02673 0.00033 86
GN Nor 5.703454 0.0000061 25720.3299 0.0012 135.7 0.3 0.0116 0.0028 86
V451 Oph 2.196597 0.0000041 44834.3611 0.0001 246.5 0.9 0.01292 0.00047 86
V2626 Oph 10.87431 0.0000076 52787.4983 0.0002 244.43 0.03 0.00951 0.0002 86
EW Ori 6.936845 0.0000012 27543.4613 0.0004 307.5 0.2 0.000451 0.000044 86
FT Ori 3.150393 0.00000034 41349.0192 0.0005 21.5 0.2 0.005841 0.000031 86
V642 Ori 9.185527 0.000092 27126.003 0.013 103 21 0.00258 0.00073 86
uc0u55349 u57087 Ori 5.732432 0.0000081 43872.5941 0.0003 105.3 0.3 0.01669 0.00036 86
BK Peg 5.489908 0.000018 41587.7276 0.0003 92.3 0.21 0.01403 0.00085 86
IM Per 2.254227 0.0000072 33541.3792 0.0006 317.6 0.76 0.01424 0.00082 86
SY Phe 5.270884 0.000056 54163.2641 0.0001 208.6 0.22 0.0911  0.0027 86
KX Pup 2.146798 0.0000011 41686.8054 0.0014 302.5 0.8 0.00974 0.00013 86
LN Pup 3.951129 0.0000032 27803.3012 0.0025 60.9 0.15 0.02234 0.0002 86
NO Pup 1.25688 0.00000022 41361.8145 0.0001 3.4 0.4 0.032859 0.000046 86
V358 Pup 6.79391  0.00097 52503.6027 0.0003 114 55 0.0048 0.0021 86
V366 Pup 2.483981 0.00000074 47860.4656 0.0006 61.9 0.2 0.011058 0.000088 86
V399 Pup 3.910126 0.00000084 47889.8276 0.0002 56.94 0.07 0.039804 0.000055 86
V596 Pup 4.596175 0.0000016 44620.6173 0 108.65 0.02 0.001845 0.000086 86
TZ Pyx 2.318552 0.000012 52226.7765 0.0001 297.6 0.11 0.0998 0.0013 86
V523 Sgr 2.323813 0.00000049 15971.5678 0.0006 274.3 0.9 0.011071 0.000055 86
V1647 Sgr 3.2828 0.0000004 41829.2399 0.0007 211.3 0.3 0.004394 0.000035 86
V2283 Sgr 3.471422 0.00000069 38948.4924 0.0008 2.5 0.2 0.006411 0.000057 86
V385 Sco 4.690243 0.000025 53268.2494 0.0002 147.8 0.7 0.0049 0.0013 86
V629 Sco 3.249119 0.0000083 53626.9294 0.0001 320.7 0.3 0.1261 0.0067 86
V760 Sco 1.730934 0.0000012 43250.8363 0.0001 311.2 0.6 0.04586 0.00017 86
V883 Sco 4.341177 0.0000057 53685.1893 0.0001 338.8 0.3 0.02692 0.00034 86
V1270 Sco 424316  0.00012 52441.5905 0.0047 102 21 0.00713 0.00069 86
CR Sct 4.192346 0.0000019 28719.4993 0.0016 70.6 0.8 0.000605 0.000078 86
V413 Ser 2.259757 0.0000009 49038.8373 0.0002 81.9 0.3 0.04078 0.0001 86
V1154 Tau 1.767903 0.0000018 53064.1259 0.0001 208.4 0.6 0.03472 0.00026 86
MN Tra 2.37982 0.000005 48006.305 0.003 203.3 0.21 0.01268 0.00054 86
ET Vel 3.080883 0.000002 29778.2106 0.0015 260.8 0.12 0.02058 0.00016 86
GT Vel 4.670076 0.0000069 41689.3159 0.0006 18.4 0.21 0.00748 0.00038 86
PT Vel 1.802024 0.0000045 48293.47 0.03 260.9 0.7 0.00901 0.00064 86
BP Vul 1.940346 0.0000013 46003.2323 0.0001 1454 0.8 0.00656 0.00017 86
EQ Vul 9.297147 0.000006 35343.8116 0.0033 198.9 0.8 0.00688 0.00018 86
FQ Vul 6.262691 0.0000046 34238.4546 0.0018 268.43 0.09 0.00777 0.00022 86
V495 Vul 1.635132 0.0000023 54651.5002 0.0001 2 3 0.01918 0.00026 86
2MASS J04370204+4205520 1.454719 0.0000056 52500.9459 0.0002 301.7 0.12 0.2299  0.0099 86
2MASS J07251501-1135496 4.509982 0.000073 53368.881 0.016 222 42 0.0053 0.0025 86
2MASS J11292643-6201579 3.224771 0.000016 52500.6313 0.0003 127.8 0.2 0.0692 0.0012 86
2MASS J16111795+-3307131  8.2837 0.0012  52503.5747 0.0047 297 32 0.0325 0.0058 86
2MASS J19033272+3941003 2.189105 0.0000021 52500.3152 0.0002 328.2 0.2 0.01858 0.00025 86
2MASS J20020438+-4734147 5.5989 0.0025 52501.9431 0.0032 274.3 0.7 0.168 0.013 86
AL Ari 3.747462 0.000053 51112.83 0.15 72.2 0.3 0.00059 0.0001 86
CG Aur 1.804859 0.0000059 27148.868 0.0023 169 10 0.01038 0.00085 86
BW Boo 3.332818 0.0000096 40362.725 0.013 190 29 0.00129 0.00026 86
V493 Car 3.229516 0.000047 47945.828 0.009 16.1 0.6 0.01579 0.00021 86
OX Cas 2.489349 0.000014 46733.7639 0.0083 203.9 0.9 0.0658 0.00026 86
V346 Cen 6.321988 0.0000034 21966.933 0.0044 273.24 0.09 0.020354 0.000004 86
V974 Cyg 3.204413 0.0000059 35019.3607 0.0004 202 6 0.00306 0.00048 86
V994A Her 2.083265 0.0000067 48501.1424 0.0003 308.6 2.9 0.01775 0.00082 86
V994B Her 1.42004 0.0000015 55375.4586 0.0001 309.1 0.9 0.0112 0.00027 86
V345 Lac 7.491915 0.000016 31343.539 0.025 245 32 0.00089 0.00013 86
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Cizelge 1 — devami. Kaynaklar: (86)Kim ve dig. (2018).

Sistem Ps (giin)  d(Ps) To d(Tp) w d(w) w d(w) wrel  d(wre) Kaynak
(x106)  (x10%) (x105) (x10°)
AO Mon 1.884763 0.0000032 40588.3305 0.0004 260.4 3 0.05172 0.00044 86
V521 Mon 2.970671 0.00000075 33008.4033 0.001 270.2 0.5 0.014911 0.000063 86
V456 Oph 1.016001 0.00000086 53923.935 0.0001 359.9 0.8 0.04324 0.00022 86
V577 Oph 6.079092 0.0000051 47406.372 0.029 51.67 0.04 0.001172 0.00007 86
V2783 Ori 4.216169 0.000054 52946.8915 0.0065 49 13 0.0111 0.0015 86
PV Pup 1.660727 0.0000043 43119.7156 0.0005 147.4 2.6 0.00678 0.00066 86
2MASS J04233735+4-2546360 3.21749  0.00011 53735.288'a0 0.016 45 17 0.0226  0.0052 86
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Sekil 2 — devami. Katalog yildizlarinin kiitle oranlarinin dagilimi.

3.5 Kiitle oranmi dagilim

Sistemlerin  144’Gnin  kitle oranlar elde mevcuttur. Séz
konusu 144 sistemin kiitle orani dagihmi Sekil 2 devaminda
gosterilmistir. Sekilden goriilecegi lizere kiitle oranlar ¢g=0.9
civarinda maksimuma sahip, tek tepeli ve diizgiin bir dagihm
gostermektedir. Genel olarak sistemlerin 6nemli bir kisminin
0.4<q<1.2 araliginda toplandigi goriilmektedir. Burada kiitle
orani g=ms/m1 olarak tanimlanmstir. Sistemlerin hemen
hemen %75'inde sicak bilesen daha biyiik kiitleli iken geriye
kalan yaklasik %25'inde ise soguk bilesen daha biiyiik kiitlelidir.
Sonuc itibariyle mevcut 144 sistemin kitle oranlar ¢=1
civarinda yigilma egilimindedir.

4 Bulgular

Sicaklik ve yaricap degerleri bilinen 109 sistemin bas ve yoldas
bilesenlerinin HR diyagramindaki konumlar elde edilerek Sekil
3'de gosterilmistir. Kuramsal ZAMS ve TAMS cizgileri Claret
(2004)'den alinmustir. Gériilecegi iizere sistemlerin hemen hepsi
ZAMS civarinda yer alan geng yildizlardir. TT Lyr'in yoldas
bileseni ile V944 Cep sistemin her iki bileseninin de alt devler
bolgesine evrimlesmis olduklari goériiliiyor. Yari ayrik bir sistem
olan TT Lyr icin normal gibi goriinen durum, V944 Cep
durumunda siipheli gériinmektedir. Sayet verilerinde bir hata
yoksa V944 Cep sistemi her ikisi de anakola dogru biiziilmekte
olan bilesenlere sahip bir anakol 6ncesi sistem olmalidir.

Katalog yildizlarindan 129'unda eksen ddnmesinin
rolativistik ~ kismi  hesaplanabilmistir. Eksen  dénmesinin
gbzlenen acisal hizinin fonksiyonu olarak rélativistik kismin
oransal katkisi (w,/w) Sekil 4 iist panelde verilmistir. Eldeki
verilere gore, oransal rélativistik katki icin

“x = 0.00650 ' (13)
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5.0 :
oo o
4.0
3 30
3
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=
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-1.0
5.00 4.75 4.50 4.25 4.00 3.75 3.50
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Sekil 3. Katalogda yer alan cift sistemlerin bilesenlerinin HR
diyagramindaki konumlari. Siirekli (ZAMS) ve kesikli (TAMS)
cizgileri Claret (2004)'den alinmistir. Bas yildizlar ici dolu cemberler
ile, yoldas bilesenler ise kareler ile gosterilmistir.

seklinde bir iliski s6z konusudur. Buna gore eksen doénme
dénemi uzadik¢a, rdlativistik kismin orani  bilyimekte
dolayisiyla klasik kismin oransal katkisi kiiciilmektedir. V541
Cyg, KX Cnc ve AL Dor sistemlerinde eksen doénmesi
neredeyse tamamiyla rolativistik nedenle iken V490 Sct ve
TYC 5378-1590-1 sistemlerinde yel/w orani 1'den biiyliktiir.
Bu nedenle s6z konusu bu iki sistemin izleyen yillarda yeniden
degerlendirilmesi gerektigi diisiiniilmektedir.

Katalog yildizlarinin dolanma ddnemlerinin fonksiyonu
olarak yoriinge dismerkezlikleri ve eksen donme ddnemleri,
sirastyla Sekil 4 orta ve alt panellerde verilmistir. Orta panelden
de goriilecegi lizere sistemler genel olarak kiicik e ve P
bolgesinde yigilma gostermektedirler. e ile P arasinda belirgin
bir iliski olmamakla birlikte P>15 giin olan sistemler arasinda,
dismerkezligi 0.1'den kiiciik olan sistem bulunmamaktadir. Alt
panelden de goriilecegi lizere eksen donmesi gbsteren sistemler
P—1InU diizleminde belli sinirlar icerisinde yer almaktalar. Bu
bolge alt panelde el ile cizilerek gosterilmistir.

5 Sonuc ve Tartisma

Bu calismada eksen dénmesi gosteren ve 303 sistemden olusan
bir katalog olusturulmustur. Benzer bir katalog daha 6nce
Bulut & Demircan (2007) ve Kim ve dig. (2018) tarafindan
sunulmustur. Kim ve dig. (2018) tarafindan olusturulan
katalog 623 adet eliptik yoriingeli cift sistem icermekle
beraber bunlardan ancak 172’sinin eksen donme parametreleri
verilmistir. Bu calisma kapsaminda olusturulan katalogda ise
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295 sistemin eksen dénme parametreleri sunulmustur. Sunulan
grafiklerin hemen hepsinde gobzlemsel secim etkisi gbzden
kacmamaktadir. Ornegin yodriinge dénemi 15 giinden uzun
olan sistemler arasinda yalnizca e>0.1 sistemlerinin goriiniiyor
olmasi (bkz. Sekil 4, orta panel) boylesi bir secim etkisinin
sonucu olabilir.

Diger taraftan eksen dénme dénemi cok uzun olan
sistemlerde, eksen dénmesine rélativistik katkinin oransal olarak
son derece yiiksek olmasini esasen bu sistemlerde klasik katkinin
kiiciik olmasi ile aciklayabiliriz. Denklem 7 ve 8'den anlasilacagi
lizere eksen dénmesine olan klasik katki bilesenlerin goreli
yaricaplarinin, R;/a, besinci kuvveti ile orantilidir. Bu nedenle,
klasik katkinin oransal olarak kiiciik olmasi icin ya yoriinge ¢ok
genis olmali ya da bilesenlerin yaricaplari ¢cok kiiciik olmalidir.
Sonug itibariyle, bu sistemlerde klasik katkinin oransal olarak
cok kiiciik citkmasinin sebebini; ya yoriingelerinin son derece
genis olmasiyla ya da bilesenlerinin yeterince evrimlesmemis
olmasiyla aciklayabiliriz. Zamanla bilesenlerin evrimlesmesiyle
r/a orani blylyecek ve bilesenler kiiresel simetriden ayrilarak
eksen doénmesine olan katkiyi arttiracaklardir. Bu da eksen
dénme déneminin evrim ile kiiciilecegi anlamina gelir. Sekil 4
(Gst panel), bir bakima eksen dénmesinin yukarida deginilen
evrimsel sirecini de yansitmaktadir. Bu tarz diyagram ve
grafiklerin bir avantaji da genel egilimden sapan sistemleri
ortaya cikarmasidir. Ornegin Sekil 3'de V944 Cep sisteminin
her iki bileseni de alt devler bdlgesine evrimlesmis goriiniiyor.
Bu acidan bu sisteme iliskin donem ve isik egrisi analizlerinin
gbzden gecirilmesi gerektigini diisiiniiyoruz.
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