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EuqaristÐec

Gia thn olokl rwsh thc diplwmatik c aut c ergasÐac ja  jela na euqarist sw
arqik� ton epiblèpont� mou kÔrio Kosm� Gazèa, Lèktora tou Tomèa Astrofusik c,
AstronomÐac kai Mhqanik c. H polÔtimh didaskalÐa tou, h empistosÔnh kai h ka-
tanìhs  tou, me bo jhsan sthn ekm�jhsh nèwn gn¸sewn kai sthn exèlix  mou sto
q¸ro thc Astrofusik c kai thc epist mhc genikìtera. EpÐshc, ja  jela na euqari-
st sw thn oikogèneia kai touc fÐlouc mou gia th sumpar�stash, thn upomon  kai thn
yuqologik  upost rixh sth mèqri t¸ra poreÐa mou se autì to taxÐdi thc gn¸shc.
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PerÐlhyh

O skopìc thc ergasÐac aut c eÐnai h melèth kai o prosdiorismìc twn fusik¸n kai
troqiak¸n qarakthristik¸n twn susthm�twn V 994 Her kai 1SWASP J093010.78 +
533859.5. Ta sust mata aut� qarakthrÐzontai wc tetrapl� ekleiptik�, kaj¸c peri-
lamb�noun dÔo dipl� astrik� sust mata pou ekteloÔn ekleÐyeic metaxÔ twn mel¸n
touc. To pr¸to apoteleÐtai apì dÔo apoqwrismèna ekleiptik� zeÔgh, en¸ to deÔtero
apì èna apoqwrismèno kai èna zeÔgoc se epaf . Sthn ergasÐa aut  qrhsimopoio-
Ôntai fwtometrik� dedomèna apì to arqeÐo tou GerostajopoÔleiou AsteroskopeÐou
tou PanepisthmÐou Ajhn¸n (UOAO) twn et¸n 2014 kai 2013, gia ta sust mata V 994
Her kai 1SWASP J093010.78+533859.5, antÐstoiqa. Se sunduasmì me ta diajèsima
dedomèna thc bibliografÐac, pou èqoun lhfjeÐ kat� thn perÐodo metaxÔ twn et¸n 1997-
2015 kai 2008-2013, pragmatopoieÐtai melèth aut¸n sta optik� m kh kÔmatoc (fÐltra
B, V , R, I) mèsw twn diagramm�twn f�shc kai sugkekrimèna mèsw twn metabol¸n
thc fwtein c ro c. Oi metabolèc autèc montelopoioÔntai me thn kat�llhlh prosar-
mog  twn fusik¸n kai troqiak¸n paramètrwn tou k�je sust matoc, qrhsimopoi¸ntac
arijmhtikèc mejìdouc. H kataskeu  twn montèlwn gÐnetai se trÐa st�dia qrhsimopoi-
¸ntac eidik� logismik� arijmhtik c prosomoÐwshc tou k¸dika Wilson − Devinney
kai sugkekrimèna tic mejìdouc LC (Light Curve), DC (Differential Corrections)
kai MC (Monte Carlo). Sth sunèqeia, kataskeu�zoume ta diagr�mmata O − C twn
qrìnwn elaqÐstwn twn susthm�twn kai analÔoume tic metabolèc twn troqiak¸n qa-
rakthristik¸n, me prosarmog  jewrhtik¸n kampul¸n kai ermhneÐa twn antÐstoiqwn
fusik¸n mhqanism¸n. Gia to skopì autì, qrhsimopoieÐtai exeidikeumènoc k¸dikac sto
perib�llon thc Matlab, pou lamb�nei upìyh thn kÐnhsh twn ayÐdwn kai to fainìmeno
Light T ime Effect (LITE). Me thn analutik  mèjodo Newton pragmatopoioÔme
mia optik  apeikìnish twn troqi¸n tou k�je zeÔgouc kai twn parathroÔmenwn taqu-
t twn, me kataskeu  kat�llhlou k¸dika sto perib�llon thcMatlab. Tèloc, melet�me
thn exeliktik  kat�stash kai pragmatopoioÔme mia sugkritik  melèth twn fusik¸n kai
troqiak¸n qarakthristik¸n twn sunolik� èxi gnwst¸n tetrapl¸n ekleiptik¸n susth-
m�twn sto sÔmpan.
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Abstract

The current thesis focuses on the study and disentangling of physical and orbital
characteristics of the systems V994 Her and 1SWASP J093010.78+533859.5. They
are both quadruple stellar systems, consisted of two eclipsing binaries, whose mem-
bers mutually eclipse each other. The first one includes two detached binaries, while
the second one a detached and a contact binary. At the present study we use photo-
metric data from the 2014 and 2013 record of Gerostathopouleio University of Athens
Observatory (UOAO) for the systems V994 Her and 1SWASP J093010.78+533859.5,
respectively. Combining the above observations with the available bibliographic
data between the years 1997-2015 and 2008-2013, we conducted a study at the op-
tical wavelengths (B, V, R, I filters) through phase diagrams and more particularly
through their flux variability. With the proper adjustment of the physical and orbital
parameters we model the flux variability using numerical methods. This modeling
procedure takes place in three stages, using specialized software of numerical sim-
ulation of the Wilson-Devinney code and more specifically the methods LC (Light
Curve), DC (Differential Corrections) and MC (Monte Carlo). As a following step,
we construct the O-C diagrams of the minima timings of each system and we an-
alyze the changes of the orbital parameters by adjusting theoretical curves, while
interpreting their physical meaning. For this purpose, a specialized code in Matlab
environment is used, that takes into account the Light Time Effect (LITE). With
the Newton numerical method we establish an optical presentation of the orbits and
observed velocities for each binary, after building an accurate code in Matlab envi-
ronment. Finally, we study the evolution and we carry out a comparative study of
the physical and orbital characteristics of the six in total known quadruple eclipsing
systems in the universe.
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Kef�laio 1

Eisagwg 

1.1 Basikèc kathgorÐec astrik¸n susthm�twn

'Ena meg�lo posostì twn astèrwn sto sÔmpan an kei se dipl� sust mata, dh-
lad  zeÔgh astèrwn pou peristrèfontai to èna gÔrw apì to �llo kai allhlepidroÔn
barutik�. Se èna diplì astrikì sÔsthma p�nta to èna mèloc orÐzetai wc prwteÔon kai
to �llo wc deutereÔon, sÔmfwna me fwtometrik� kai fasmatoskopik� krit ria. Ta
mèlh enìc sust matoc mporeÐ na brÐskontai kont� kai na antall�ssoun m�za mèsw
thc fwtìsfair�c touc   na brÐskontai arket� makri�, ¸ste oi epif�neièc touc na mhn
allhlepidroÔn kajìlou.

Se genikèc grammèc, h melèth twn astrik¸n susthm�twn eÐnai èna apì ta pio sh-
mantik� pedÐa èreunac sthn astrofusik , epeid  parèqei to monadikì trìpo gia na
metrhjoÔn �mesa oi apìlutec diast�seic kai h m�za twn astèrwn kai kurÐwc na jeme-
liwjoÔn oi sqetikèc astrofusikèc jewrÐec kai apìyeic gia to sÔmpan.

1.1.1 Taxinìmhsh me b�sh thn parat rhsh

An�loga me ton trìpo pou mporoÔme na doÔme, na parathr soume kai na mele-
t soume èna sÔsthma diakrÐnoume tic ex c kathgorÐec:

i Optik� dipl� astrik� sust mata. Ta sust mata aut� parathroÔntai
optik� mèsw thleskopÐou, dhlad  qwrÐc k�poia epexergasÐa twn plhrofori¸n
pou lamb�noume apì aut�. Sugkekrimèna, trab¸ntac apl� mia fwtografÐa tou
astrikoÔ pedÐou sto opoÐo brÐskontai mporoÔme na xeqwrÐsoume ìti apoteloÔn
diplì sÔsthma.

ii Fasmatoskopik� dipl� astrik� sust mata. Oi periodikèc metato-
pÐseic Doppler (Doppler shift), lìgw thc troqiak c kÐnhshc twn sunod¸n,
mporoÔn na aniqneujoÔn me thn emf�nish mon¸n   dipl¸n fasmatik¸n gramm¸n.
An�loga me to an oi metatopÐseic autèc parathroÔntai gia ton ènan   kai gia
touc dÔo sunodoÔc, ta sust mata aut� lègontai single− lined   double− lined
fasmatoskopik� sust mata.
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Kef�laio 1. Eisagwg 

iii Fwtometrik� dipl� astrik� sust mata. E�n ta mèlh tou sust matoc
prokaloÔn ekleÐyeic to èna gÔrw apì to �llo kat� th di�rkeia thc troqi�c touc,
tìte to sÔsthma qarakthrÐzetai wc ekleiptikì. Sta sust mata aut� mporoÔme
na parathr soume mia periodik  metabol  thc fwtein c ro c   tou qr¸matìc
touc. K�ti tètoio eÐnai polÔ shmantikì giatÐ mac epitrèpei na prosdiorÐsoume
fusikèc paramètrouc tou sust matoc, ìpwc h aktÐna kai h m�za, th magnhtik 
drasthriìthta kaj¸c kai �lla qarakthristik�.

iv Astrometrik� dipl� astrik� sust mata. Ta sust mata aut� den
mporoÔn na parathrhjoÔn oÔte fwtometrik� oÔte fasmatoskopik�. O prwteÔwn
astèrac diagr�fei mh eujÔgrammh periodik  kÐnhsh sto epÐpedo tou ouranoÔ
kai aniqneÔetai me thn astrometrÐa. Apì autì sun�getai h endeqìmenh Ôparxh
sunodoÔ pou peristrèfetai gÔrw apì to koinì kèntro m�zac.

1.2 Taxinìmhsh me b�sh to montèlo Roche

'Estw èna sÔsthma astèrwn me kuklikèc troqièc to opoÐo parathroÔme sto sÔsthma
anafor�c tou kèntrou m�zac pou peristrèfetai mazÐ me touc astèrec. Tìte, mporoÔme
na orÐsoume isodunamikèc epif�neiec ìpou h anhgmènh barÔthta eÐnai k�jeth se autèc.
Me ton ìro anhgmènh barÔthta ennooÔme to apotèlesma thc sunistamènhc dÔnamhc pou
dèqetai mia stoiqei¸dhc m�za apì touc dÔo astèrec tou sust matoc kai exaitÐac thc
peristrof c tou sust matoc anafor�c.

Eikìna 1.1: Egk�rsia tom  twn isodunamik¸n epifanei¸n diploÔ sust matoc me q = 0.4
(http : //www.emis.de/journals : {Relativistic binaries}).

Kont� sto kèntro tou k�je astèra oi dun�meic pou askoÔntai lìgw thc parousÐac
tou sunodoÔ kai thc peristrof c tou sust matoc anafor�c eÐnai amelhtèec. 'Etsi,
oi isodunamikèc epif�neiec kont� sta dÔo astèria tou sust matoc eÐnai sfairikèc.

2



Eikìna 1.2: Montèlo Roche tou apoqwrismènou diploÔ sust matoc KP Aql (copyright:
Ibanoglu, C. & Gumen, O.).

Eikìna 1.3: Montèlo Roche tou hmi-apoqwrismènou diploÔ sust matoc NR Peg (copyright:
Erdem A. et al.).

AntÐjeta, makri� apì ta astèria, h anhgmènh barÔthta sto ishmerinì epÐpedo kuriar-
qeÐtai apì th fugìkentro dÔnamh kai oi isodunamikèc epif�neiec eÐnai elleiyoeid c, me
apotèlesma na tèmnoun to ishmerinì epÐpedo. Se endi�mesec jèseic to stoiqeÐo thc
Ôlhc ephre�zetai apì touc dÔo astèrec kai th fugìkentro dÔnamh.

Eikìna 1.4: Montèlo Roche tou sust matoc se epaf  AE Phe (copyright: Gronbech, B.).

'Etsi, e�n parathr soume tic isodunamikèc epif�neiec sto ishmerinì epÐpedo, para-
throÔme ìti sqhmatÐzoun èna {pl�gio okt¸}(Eikìna 1.1). Ta dÔo mis� thc eswterik c
epif�neiac pou antistoiqoÔn stouc dÔo astèrec, onom�zontai loboÐ Roche kai en¸no-
ntai se èna monadikì shmeÐo, gnwstì san shmeÐo Lagrange L1, to opoÐo ekfr�zei th
barutik  isorropÐa tou sust matoc kai eÐnai astajèc. Ta shmeÐa Lagrange L2 kai L3

eÐnai epÐshc astaj , en¸ ta L4 kai L5 eÐnai eustaj . To sq ma twn isodunamik¸n epi-
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fanei¸n kai oi aktÐnec twn lob¸n Roche (e�n touc deqtoÔme wc kÔklouc), exart¸ntai
apì to lìgo maz¸n twn dÔo astèrwn tou sust matoc (q = m1/m2).

An�loga me to bajmì pl rwshc (fill − out factor) twn lob¸n Roche apì touc
antÐstoiqouc astèrec (dhlad  an�loga me to lìgo twn aktÐnwn twn astèrwn proc tic
aktÐnec twn antÐstoiqwn lob¸n touc) ta dipl� sust mata qwrÐzontai se treic kath-
gorÐec.

i Sta apoqwrismèna (detached), ìpou kanènac apì touc dÔo sunodoÔc den
èqei sumplhr¸sei to lobì Roche (Eikìna 1.2) kai h allhlepÐdrash gÐnetai mìno
mèsw barutik c èlxhc.

ii Sta hmi-apoqwrismèna (semi− detached), ìpou o ènac sunodìc èqei su-
mplhr¸sei to lobì Roche (Eikìna 1.3) kai o �lloc ìqi. Suqn� up�rqei antal-
lag  m�zac metaxÔ twn mel¸n, magnhtik  sÔzeuxh kai sqhmatismìc astrik¸n
nef¸n.

iii Sta sust mata se epaf  (contact), ìpou kai oi dÔo sunodoÐ èqoun su-
mplhr¸sei to lobì Roche (Eikìna 1.4). Ta mèlh moir�zontai mia koin  atmìsfai-
ra kai fainìmena antallag c m�zac, en¸ kuriarqoÔntai apì palirroϊkèc dun�meic
pou ephre�zoun th gewmetrÐa tou sust matoc.

1.2.1 Taxinìmhsh me b�sh th fwtometrik  kampÔlh

Ta ekleiptik� astrik� sust mata ta qwrÐzoume se treic kathgorÐec an�loga th
morf  thc parathroÔmenhc fwtometrik c kampÔlhc. Sugkekrimèna:

i Algol   b Persei (EA). H kathgorÐa aut  p re to ìnom� thc apì to b
Persei   Algol, to pr¸to ekleiptikì sÔsthma pou parathr jhke. Ta sust mata
aut� sun jwc apoteloÔntai apì ènan astèra fasmatikoÔ tÔpou A   B kai ènan
astèra fasmatikoÔ tÔpou G  K. O pr¸toc eÐnai lamprìteroc kai me megalÔterh
m�za, en¸ o deÔteroc eÐnai megalÔteroc se diast�seic. H troqiak  perÐodoc twn
susthm�twn tÔpou Algol kumaÐnetai apì mÐa hmèra mèqri merikoÔc m nec   kai
qrìnia. Ta dÔo mèlh tou sust matoc eÐnai sun jwc apoqwrismèna, en¸ èqoun
parathrhjeÐ kai hmiapoqwrismèna sust mata, ìpou to èna mèloc èqei gemÐsei to
lobì Roche. H kampÔlh fwtìc (Eikìna 1.5) twn susthm�twn tÔpou Algol mac
dÐnei th dunatìthta na broÔme to qrìno (  th f�sh) ìpou arqÐzei kai telei¸nei h
èkleiyh. Ta sqedìn epÐpeda tm mata thc kampÔlhc antistoiqoÔn stic f�seic ìpou
kai oi dÔo astèrec faÐnontai apì ton parathrht , en¸ ta el�qista antistoiqoÔn
stic f�seic ìpou sumbaÐnoun oi ekleÐyeic.

ii b Lyrae (EB). Sta sust mata aut� h metabol  tou fwtìc eÐnai suneq c,
giatÐ kai ta dÔo mèlh tou sust matoc eÐnai paramorfwmèna lìgw thc amoibaÐac
barutik c èlxhc (Eikìna 1.6). Oi fwtìsfairec twn dÔo mel¸n tou zeÔgouc eÐnai
sqedìn se epaf . Ta dÔo el�qista sqhmatÐzontai kat� ton Ðdio trìpo, ìpwc
sthn perÐptwsh twn susthm�twn Algol. Ta dÔo mèlh tou sust matoc eÐnai
sun jwc progenèsterwn fasmatik¸n tÔpwn me polÔploka qarakthristik�, pou

4



Eikìna 1.5: Fwtometrik  kampÔlh tou apoqwrismènou ekleiptikoÔ sust matoc DU Leo
(copyright: Kosmas Gazeas).

Eikìna 1.6: Fwtometrik  kampÔlh tou hmiapoqwrismènou ekleiptikoÔ sust matoc AV Hya
(copyright: Kosmas Gazeas).
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Eikìna 1.7: Fwtometrik  kampÔlh tou ekleiptikoÔ sust matoc se epaf  HV Aqr (copyright:
Kosmas Gazeas).

deÐqnoun ìti up�rqoun reÔmata aerÐou kai kelÔfh gÔrw apì to sÔsthma. Oi
troqiakèc perÐodoi eÐnai sun jwc megalÔterec apì mia hmèra, an kai up�rqoun
pollèc peript¸seic me periìdouc mikrìterec thc miac hmèrac. Sta sust mata
aut� to èna   kai ta dÔo mèlh oriak� gemÐzoun touc antÐstoiqouc loboÔc tou
Roche (semi− detached   near − contact).

iii W Ursae Majoris (EW). Ta mèlh twn susthm�twn aut¸n eÐnai polÔ para-
morfwmèna lìgw twn palirroiak¸n dun�mewn kai èqoun sqedìn Ðsec jermokra-
sÐec. Autì ofeÐletai m�llon sthn Ôparxh koin c atmìsfairac pou perib�llei to
sÔsthma. Sthn pragmatikìthta oi astèrec brÐskontai se epaf . O fasmatikìc
tÔpoc twn susthm�twn aut¸n eÐnai F , G   K. H troqiak  touc perÐodoc eÐnai
sun jwc mikrìterh apì mia hmèra kai ta dÔo mèlh tou sust matoc gemÐzoun  
uperbaÐnoun touc loboÔc tou Roche, en¸ h kampÔlh fwtìc eÐnai suneq c (Eikìna
1.7).

1.3 Sust mata me magnhtik  drasthriìthta kai fai-
nìmeno O′Connell

Genik� wc khlÐda orÐzoume perioq  sthn epif�neia enìc asterioÔ me shmantik  dia-
for� jermokrasÐac apì thn upìloiph perioq . Autèc oi khlÐdec   alli¸c ta kèntra
dr�shc sundèontai me di�fora fainìmena sto eswterikì kai sto exwterikì asteri¸n
parìmoiwn me ton 'Hlio kai kurÐwc me th magnhtik  drasthriìthta, ìpwc deÐqnoun
prìsfatec èreunec (Notsu et al. 2013; Maehara et al. 2017). MporeÐ na prokaloÔntai
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se yuqr� astèria epeid  eÐnai gr gora peristrefìmena kai èqoun z¸nh metafor�c, me
apotèlesma h kinhtik  enèrgeia na metatrèpetai se magnhtik  kat� th metafor� sto
exwterikì str¸ma thc epif�neiac (jewrÐa dunamì). Eid�llwc, to astèri mporeÐ na al-
lhlepidr� barutik� me èna �llo, prokal¸ntac topikèc paramorf¸seic tou magnhtikoÔ
pedÐou, k�ti pou sumbaÐnei se dipl�   pollapl� sust mata.

'Oson afor� ta dipl� sust mata, oi khlÐdec mporeÐ na sqhmatÐzontai lìgw polÔ
mikr c apìstashc metaxÔ twn mel¸n kai epomènwc barutik c touc allhlepÐdrashc.
Aut� ta kèntra dr�shc sun jwc eÐnai pio yuqr� kat� ènan par�gonta apì thn upìloi-
ph epif�neia tou astèra kai polÔ meg�la gia na mporèsoume na ta parathr soume
fwtometrik� se tìso meg�lec apost�seic.

Genik�, up�rqoun dÔo eid¸n khlÐdec. Oi jermèc kai oi yuqrèc. Oi yuqrèc khlÐdec
exhgoÔntai kanonik� apì th jewrÐa dunamì pou anafèrame parap�nw kai sundèontai
me th magnhtik  drasthriìthta tou asterioÔ, akìma kai sta sust mata se epaf 
(Kouzuma 2019). Oi jermèc khlÐdec mporeÐ epÐshc na sundèontai me th magnhtik 
drasthriìthta tou asterioÔ, all� se hmiapoqwrismèna   se epaf  sust mata, su-
n jwc dhmiourgoÔntai lìgw thc antallag c m�zac. Kat� th fwtometrik  melèth enìc
diploÔ astrikoÔ sust matoc, oi khlÐdec parathroÔntai kurÐwc mèsw tou fainomènou
O′Connell (O’Connell 1951)   mèsw opoiasd pote paramìrfwshc kai asummetrÐac o-
dhgeÐ se topik  meÐwsh   aÔxhsh thc fwteinìthtac thc fwtometrik c kampÔlhc. Sugke-
krimèna, ta b�jh twn elaqÐstwn se mia parathroÔmenh kampÔlh eÐnai anamenìmeno na
parousi�zoun diaforèc lìgw thc diaforetik c jermokrasÐac twn astèrwn. Ta mègista
apì thn �llh anamènetai na eÐnai Ðdia, giatÐ aforoÔn thn parathroÔmenh fwteinìthta
tou sust matoc ìtan ta mèlh den prokaloÔn ekleÐyeic, ìpou aut  paramènei stajer .
'Otan ìmwc parousi�zontai khlÐdec sthn epif�neia twn astèrwn, lìgw thc diafor�c
jermokrasÐac èqoume topik  aÔxhsh   meÐwsh thc parathroÔmenhc fwteinìthtac, pou
exart�tai apì th f�sh tou sust matoc. Wc apotèlesma mporeÐ èqoume asummetrÐa twn
ekleiptik¸n megÐstwn twn parathroÔmenwn kampul¸n, thn opoÐa onom�zoume fainìme-
no O′Connell. Genik�, to fainìmeno autì pijanologeÐtai na proèrqetai kai apì �llouc
par�gontec, ìpwc h dÔnamh Coriolis   oi pÐdakec aerÐwn stouc astèrec, peript¸seic
oi opoÐec jewroÔntai ligìtero pijanèc.

1.4 Ta gnwst� tetrapl� ekleiptik� sust mata sto
sÔmpan

Ta ekleiptik� sust mata apoteloÔn ed¸ kai ai¸nec ton kalÔtero trìpo prosdio-
rismoÔ thc fwteinìthtac, m�zac kai aktÐnac twn astèrwn. Wc tetrapl� ekleiptik�
sust mata orÐzoume aut� pou apoteloÔntai apì dipl� sust mata pou ekteloÔn amoi-
baÐec ekleÐyeic metaxÔ twn mel¸n touc. Ta sust mata pou gnwrÐzoume mèqri s mera
den eÐnai polÔ near� kai epomènwc eÐnai ierarqik�, dhlad  ta mèlh touc eÐnai arket�
makri� ¸ste oi troqièc touc na mhn emplèkontai metaxÔ touc kai na mporoÔn na me-
lethjoÔn xeqwrist� san dipl� sust mata. 'Etsi, mac bohjoÔn na katal�boume th
fÔsh, thn proèleush, to sqhmatismì kai thn exeliktik  kat�stash twn astèrwn se
b�joc, suneisfèrontac sto genikìtero plaÐsio thc Jewrhtik c kai Parathrhsiak c A-
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PÐnakac 1.1: Ta gnwst� ekleiptik� sust mata sto sÔmpan.

'Onoma RA J2000.0 Dec J2000.0 TÔpoc

V 994 Her 18 27 45.89 +24 41 50.66 EA+ EA
1SWASP J093010.78 + 533859.5 09 30 10.75 +53 38 59.80 EA+ EW

KIC 4247791 19 08 39.57 +39 22 36.96 EA+ EA

BV Dra - BW Dra
15 11 50.36 +61 51 25.25

EW + EW
15 11 50.09 +61 51 41.16

OGLE LMC − ECL− 16549 05 28 09.41 −69 45 28.60 EA+ EW
CzeV 343 05 48 24.01 +30 57 03.60 EA+ EA

strofusik c. Epiplèon, mac bohjoÔn na katano soume thn poluplokìthta, ton trìpo
dhmiourgÐac kai ton trìpo exèlixhc tètoiwn sqhmatism¸n mèsw twn antÐstoiqwn fu-
sik¸n kai troqiak¸n paramètrwn, oi opoÐec fusik� prosdiorÐzontai apì th diadikasÐa
thc parat rhshc kai twn di�forwn mejìdwn epexergasÐac twn dedomènwn.

Sthn ergasÐa aut  melet�me analutik� dÔo apì ta èxi tetrapl� ekleiptik� sust ma-
ta (V 994 Her kai 1SWASP J093010.78 + 533859.5) pou eÐnai gnwst� sto sÔmpan,
basizìmenoi stic diajèsimec parathr seic kai ta bibliografik� dedomèna. Qrhsimopoi-
¸ntac ìlec tic diajèsimec plhroforÐec, sto tèloc thc ergasÐac pragmatopoieÐtai mia
sugkritik  melèth gia ìla ta sust mata. Oi suntetagmènec twn èxi tetrapl¸n susth-
m�twn kai h jèsh touc sthn our�nia sfaÐra faÐnontai analutik� ston PÐnaka 1.1 kai
sthn Eikìna 1.8.

Eikìna 1.8: H jèsh twn mèqri t¸ra gnwst¸n tetrapl¸n ekleiptik¸n susthm�twn sthn ou-
r�nia sfaÐra.
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1.4.1 V 994 Her

To sÔsthma V 994 Her parathr jhke gia pr¸th for� apì to dorufìro Hipparcos
(ESA 1997; Perryman et al. 1997). Apì tic parathr seic autèc (HIP 90483, BT=7.01
mag, VT=7.00mag,HP=6.95mag) h trigwnometrik  par�llaxh upologÐsthke 4.14±1.16
mas, upodhl¸nontac mia apìstash 240 pc. ProsdiorÐsthke wc tÔpou Algol apì touc
Kazarovets et al. (1999), oi opoÐoi je¸rhsan to deutereÔon mèloc tou sust matoc wc
endeqìmeno pallìmeno astèra. Oi Fabricius et al. (2002) apì dedomèna tou Tycho
anak�luyan èna optik� diplì sÔsthma me mèlh ek twn opoÐwn to pio amudrì eÐnai
to V 994 Her (BT=7.14±0.02 mag, VT=7.14±0.01 mag) kai to pio lamprì pijanì
mèloc (BT=9.17±0.02 mag, VT=8.90±0.01 mag), se gwniak  apìstash 1.2 arcsec
(∼ 300 A.U.). Oi Dallaporta and Munari (2005) qrhsimopoi¸ntac fwtometrik� de-
domèna prìteinan ìti to V 994 Her eÐnai èna sÔsthma tÔpou EA, me pallìmeno mèloc.
To 2008 oi Lee et al. anak�luyan thn pragmatik  fÔsh tou sust matoc, ìti dhlad 
eÐnai èna tetraplì ekleiptikì sÔsthma kai m�lista to pr¸to sto eÐdoc tou pou anaka-
lÔfjhke potè sto sÔmpan. Apì tìte èqoun parathrhjeÐ kai �lla tètoia sust mata,
lìgw twn parathr sewn thc apostol c OGLE sto nèfoc tou Maggel�nou (gia pa-
r�deigma Pawlak et al. (2013); Cagaš and Pejcha (2012); Lohr et al. (2013)). Oi
Lee et al. (2008) upolìgisan tic troqiakèc periìdouc twn mel¸n kai qrhsimopoi¸ntac
fasmatoskopikèc parathr seic br kan tic m�zec kai touc antÐstoiqouc fasmatikoÔc
tÔpouc. Epiplèon apì tic fasmatoskopikèc aktinikèc taqÔthtec kai apì tic fwtome-
trikèc kampÔlec upolìgisan tic troqiakèc kai fusikèc paramètrouc tou sust matoc,
antÐstoiqa.

O makrinìc sunodìc anakalÔfjhke epÐshc apì touc Mason et al. (2001), ston ka-
t�logo Washington Double Star Catalog me perÐodo merikèc ekatont�dec qrìnia kai
Ðdia idÐa kÐnhsh, k�nontac to sÔsthma pijan¸c pentaplì. To 2013 oi Zasche and Uhlař,
qrhsimopoi¸ntac nèec parathr seic  tan oi pr¸toi pou upolìgisan gia to tetraplì
sÔsthma ta stoiqeÐa thc kÐnhshc gÔrw apì to koinì barÔkentro. Sugkekrimèna, br kan
ìti ta mèlh kinoÔntai se èkkentrh troqi� (e = 0.747) me perÐodo 6.3 qrìnia. Kata-
skeu�zontac to di�gramma O−C upolìgisan th sun�rthsh m�zac kai prosdiìrisan thn
klÐsh thc koin c troqi�c touc (37◦). To 2016 oi Zasche and Uhlař, qrhsimopoi¸ntac
nèec parathr seic epanaprosdiìrisan tic troqiakèc paramètrouc pou dhmosÐeusan to
2013. EpÐshc, qrhsimopoi¸ntac ta fasmatoskopik� dedomèna twn Lee et al. (2008)
upolìgisan ek nèou tic aktinikèc taqÔthtec kai tic m�zec twn mel¸n tou sust matoc.
To V 994 Her parathr jhke epÐshc apì to dorufìro Gaia (Gaia Collaboration et al.
2018) dÐnontac nèec timèc gia to fainìmeno mègejoc tou tetraploÔ sust matoc, thn
idÐa kÐnhsh kai thn par�llaxh. To endiafèron tou sust matoc autoÔ ègkeitai sto ìti
kai ta dÔo dipl� sust mata mporoÔn na melethjoÔn kai na parathrhjoÔn wc proc thn
troqiak  kai fusik  touc exèlixh.

1.4.2 1SWASP J093010.78 + 533859.5

To sÔsthma 1SWASP J093010.78 + 533859.5 apoteleÐtai apì èna apoqwrismèno
kai èna se epaf  sÔsthma. SÔmfwna me ton kat�logo Tycho (Fabricius et al. 2002)
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kai to dorufìro Hipparcos (ESA 1997; Perryman et al. 1997; Høg et al. 2000) ta
mèlh aut� eÐnai ta TY C 3807-759-1 kai TY C 3807-759-2 antÐstoiqa, se metaxÔ touc
apìstash 1.9 arcsec. Fwtometrik� h metablhtìthta tou sust matoc anakalÔfjhke
apì to prìgramma SuperWASP (Pollacco et al. 2006). Arqik� oi Lohr et al. (2012)
anagn¸risan to geitonikì sÔsthma 1SWASP J093012.84 + 533859.6 wc pijanì e-
kleiptikì sÔsthma periìdou 19674.550 sec, k�ti to opoÐo anaÐresan sth sunèqeia oi
Lohr et al. to 2013, Ôstera apì endeleq  èreuna gia antikeÐmena me metablht  pe-
rÐodo. Sugkekrimèna, anak�luyan ìti to sÔsthma J093010 èqei thn Ðdia perÐodo kai
fwtometrik  kampÔlh me to geitonikì J093012, all� me megalÔterec timèc kai meta-
blhtìthta sth mèsh ro . 'Etsi sumpèranan ìti to sÔsthma J093010 eÐnai autì pou
sthn pragmatikìthta dÐnei tic ekleiptikèc kampÔlec, en¸ to J093012 eÐnai apl� èna
pio amudrì ekleiptikì geitonikì sÔsthma pou tuqaÐnei na sumpÐptei me to J093010,
lìgw tou fwtometrikoÔ diagr�gmatoc pou qrhsimopoi jhke apì to thleskìpio tou
SuperWASP . 'Etsi, sundÔasan tic parathr seic twn dÔo geitonik¸n susthm�twn
gia na megistopoi soun thn posìthta twn dedomènwn kai anak�luyan thn tetrapl 
fÔsh tou sust matoc. Upolìgisan gia to sÔsthma se epaf  perÐodo 19674.574 sec
kai gia to apoqwrismèno sÔsthma perÐodo 112799.109 sec, en¸ qrhsimopoi¸ntac tic
astrometrikèc parathr seic touHipparcos èkanan mia prosèggish thc metaxÔ apìsta-
shc twn susthm�twn (66.1AU) kai thc troqiak c touc periìdou gÔrw apì to koinì
kèntro m�zac (∼ 380 yrs). H barutik  allhlepÐdrash epibebai¸jhke epÐshc apì tic
parathr seic tou Hipparcos, ìpou ta dÔo sust mata faÐnetai na brÐskontai se a-
pìstash 1.88 arcsec kai na èqoun parìmoia megèjh (9.851 mag kai 10.990 mag). Oi
Koo et al. (2014) qrhsimopoi¸ntac fwtometrik� kai fasmatoskopik� dedomèna uyhl c
an�lushc, èdwsan nèec fwtometrikèc kampÔlec kai to lìgo maz¸n tou apoqwrismènou
sust matoc. Apì ta dedomèna aut� epibebai¸jhke ìti to sÔsthma TY C 3807-759-1
(J093010A) eÐnai to apoqwrismèno kai to pio lamprì, me mèlh fasmatoskopikoÔ tÔpou
K1V kai K5V , en¸ to TY C 3807-759-2 (J093010B) eÐnai to pio amudrì se epaf 
sÔsthma me mèlh fasmatikoÔ tÔpou K3V . Epiplèon, entìpisan tic fasmatoskopikèc
grammèc enìc pèmptou mèlouc, na perifèretai gÔrw apì to zeÔgoc J093010A, to opoÐo
epÐshc faÐnetai na sundèetai barutik� me ta upìloipa, orÐzontac to J093010 wc pijanì
pentaplì ekleiptikì sÔsthma. O Gazeas (2015) qrhsimopoi¸ntac fwtometrik� dedo-
mèna, montelopoÐhse ta sust mata kai upolìgise ek nèou tic fusikèc paramètrouc. Oi
Lohr et al. (2015) qrhsimopoi¸ntac nèa fwtometrik� kai fasmatoskopik� dedomèna
epanaprosdiìrisan tic troqiakèc periìdouc twn dÔo susthm�twn, epibebai¸nontac ìti
den up�rqei k�poia metablhtìthta, kaj¸c kai tic troqiakèc, fusikèc kai apìlutec pa-
ramètrouc. Epanaprosdiìrisan thn apìstash twn mel¸n sta 78 pc kai 73 pc apì
tic fasmatoskopikèc taqÔthtec kai upolìgisan proseggistik� thn apìstash tou pèm-
ptou mèlouc sta 83 pc epibebai¸nontac th fusik  sÔndesh me to sÔsthma. Tèloc,
ektÐmhsan thn hlikÐa tou sust matoc sta 9-10 Gyr gia ìla ta mèlh. To 1SWASP
J093010.78 + 533859.5 parathr jhke epÐshc apì to dorufìro Gaia (Gaia Collabo-
ration et al. 2018) dÐnontac nèec timèc gia thn idÐa kÐnhsh kai thn par�llaxh tou k�je
zeÔgouc.
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1.4.3 KIC 4247791

To sÔsthma KIC 4247791 parathr jhke pr¸th for� sta plaÐsia thc apostol c
Kepler (Coughlin et al. 2011) wc sÔsthma pou den an kei sthn KÔria AkoloujÐa kai
epomènwc perilamb�nei èna   dÔo exeligmèna astèria, me energì jermokrasÐa 4036 K
kai perÐodo 4.100866 days. Lìgw thc periodikìthtac stic 2.02484 days pou br kan sth
fwtometrik  kampÔlh se morf  di�bashc, oi Coughlin et al. odhg jhkan se tèssera
sen�ria sqetik� me to sÔsthma autì. EÐte ìti up�rqei kai èna deÔtero ekleiptikì
sÔsthma me mh oratì deutereÔon mèloc kai perÐodo 0.49376 forèc thc periìdou tou
kÔriou sust matoc, eÐte p�li èna deÔtero ekleiptikì sÔsthma me Ðdio prwteÔon kai
deutereÔon mèloc kai perÐodo 0.98752 forèc thc periìdou tou kÔriou sust matoc, eÐte
èna antikeÐmeno pou peristrèfetai gÔrw apì ta dÔo mèlh tou sust matoc, eÐte èna
antikeÐmeno gÔrw apì to èna mèloc se suntonismì 2:1 me to sÔsthma.

PÐnakac 1.2: Oi bibliografikèc troqiakèc kai fusikèc par�metroi tou sust matoc KIC
4247791.

A B
Par�metroc Aa Ab Ba Bb

K (km/s) 91.9(4) 101.6(3) 88.6(3) 91.4(4)
γ (km/s) -16.2(9) -17.1(8) -11.8(2) -11.7(1.7)
q 0.905(7) 0.970(7)
TMIN (BJD) 1.1453(1) 1.353(1)
P (d) 4.100871(4) 4.049732(71)
i (deg) 79.5(1) 80.0(8)
ecosω 0.00012(6) 0.0020(3)
esinω �0.00570(4) 0.0009(4)
e 0.00570(4) 0.0022(3)
ω 178.7(6) 65(24)
R/α 0.1570(4) 0.1503(4) 0.100(9) 0.092(8)
L/LAB 0.576(1) 0.424(1) 0.55(1) 0.45(1)
LAB/LI+II 0.76(2) 0.24(1)
α (AU) 0.0742(2) 0.0681(2)
R (R�) 2.50(1) 2.40(1) 1.46(13) 1.35(12)
MAB (M�) 3.24(3) 2.56(3)
M (M�) 1.70(2) 1.54(1) 1.30(2) 1.26(2)
logg (dex) 3.87(1) 3.87(1) 4.22(8) 4.28(8)
SpT F0IV F2IV F7V F8V

To KIC 4247791 eÐnai kataqwrhmèno stouc katalìgouc thc apostol c Kepler
sthn pr¸th èkdosh wc ekleiptikì sÔsthma (Prša et al. 2011) kai sth deÔterh èk-
dosh wc dÔo ekleiptik� sust mata (Slawson et al. 2011). Melet jhke pr¸th for�
analutik� apì touc Lehmann et al. (2012), oi opoÐoi qrhsimopoÐhsan 15 f�smata u-
yhl c an�lushc gia na melet soun poÔ ofeÐletai h deÔterh aut  periodikìthta pou
eÐqe parathrhjeÐ sth fwtometrik  kampÔlh. Sugkekrimèna, anèlusan ta f�smata, u-
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polìgisan tic aktinikèc taqÔthtec kai tic troqièc kai sundÔasan ta apotelèsmata me
thn an�lush apì ta fwtometrik� dedomèna thc diasthmik c apostol c tou Kepler.
Ta apotelèsmata faÐnontai ston PÐnaka 1.2. H fasmatoskopik  an�lush èdeixe ìti
to sÔsthma apoteleÐtai apì tèssera mèlh, dÔo dipl� sust mata. Apì tic timèc tou R
kai tou logg sumpèranan ìti kai ta dÔo sust mata eÐnai elafr¸c exeligmèna kai epibe-
baÐwsan ìti den an koun sthn KÔria AkoloujÐa. Par' ìlo pou apèdeixan thn Ôparxh
tess�rwn mel¸n, oi par�metroi kai oi apost�seic pou upolìgisan apoteloÔn mìno en-
deÐxeic gia barutik  allhlepÐdrash metaxÔ twn susthm�twn. Gia thn epibebaÐws  thc
qrei�zontai peraitèrw parathr seic.

1.4.4 BV Dra - BW Dra

Ta sust mata BV Dra kai BW Dra eÐnai dipl� ekleiptik� sust mata se epaf 
(W UMa type), twn opoÐwn ta fusik� kai troqiak� qarakthristik� pou gnwrÐzoume
mèqri s mera faÐnontai ston PÐnaka 1.3. Sugkekrimèna, oi aktinikèc taqÔthtec èqoun
upologisteÐ apì fasmatoskopÐa. Parathr jhke pr¸th for� apì touc Batten and
Hardie (1965). Ta mèlh tou BV Dra èqoun qarakthristeÐ wc F9 (prwteÔon) kai F8
(deutereÔon), en¸ tou BW Dra wc G3 (prwteÔon) kai G0 (deutereÔon) kai an koun
ìla sthn KÔria AkoloujÐa (Batten and Lu 1986).

PÐnakac 1.3: Oi bibliografikèc troqiakèc kai fusikèc par�metroi tou tetraploÔ sust matoc
BV Dra - BW Dra.

BV Dra BW Dra
Par�metroc BV (a) BV (b) BW (a) BW (b)

T0(HJD) 2446127.6888 2446135.8067
P (d) 0.350066 0.292166
K (km/s) 93.9 (1.4) 233.6 (2) 70.5 (1.1) 251.5 (1.7)
γ0(km/s) -65.2 (1.2) -57.7 (1.7) -64.2 (0.9) -57.4 (1.4)
αsini(106km) 0.452(7) 1.124 (10) 0.283 (4) 1.010 (7)
msin3i(M�) 0.911(20) 0.366 (10) 0.791 (15) 0.222 (5)
q 0.402 (7) 0.280 (5)

1.4.5 OGLE − LMC − ECL− 16549

To ekleiptikì sÔsthma OGLE − LMC − ECL − 16549 parathr jhke pr¸th
for� sta plaÐsia thc trÐthc f�shc tou Optical Gravitational Lensing Experiment
(OGLE III) sto Meg�lo Maggelanikì Nèfoc (Graczyk et al. 2011). EÐnai ierarqikì
kai apoteleÐtai apì toul�qiston tèssera mèlh, dÔo ek twn opoÐwn sqhmatÐzoun èna
apomakrusmèno sÔsthma meg�lhc periìdou (164.79 days) kai dÔo èna sÔsthma se epaf 
(0.818033 days). Gia to sÔsthma autì den up�rqoun fasmatoskopikèc parathr seic
kai den èqei melethjeÐ peraitèrw.
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PÐnakac 1.4: Oi bibliografikèc troqiakèc kai fusikèc par�metroi tou sust matoc CzeV 343.

A B
Par�metroc Aa Ab Ba Bb

T0 (HJD) 245958.36058(44) 245968.33977(46)
P (d) 1.209373(18) 0.806931(18)
i (deg) 90.0(0.6) 67.11(0.45)
ecosω 0.0147(10) 0*
esinω 0.178(14) 0*
σ 0.590(12) 0.989(38)
r1 + r2 0.4533(56) 0.581(8)
r1/r2 1.267(16) 1.05(13)

*:fixed

1.4.6 CzeV 343

To sÔsthma CzeV 343 apoteleÐtai apì dÔo dipl� ekleiptik� sust mata se epa-
f  kai anakalÔfjhke to 2012 apì touc Cagaš and Pejcha, oi opoÐoi to erm neusan
wc tetraplì ekleiptikì sÔsthma, me k�poia abebaiìthta sqetik� me th fusik  sÔn-
desh metaxÔ twn mel¸n. 'Ustera apì fwtometrikèc parathr seic kai montelopoÐhsh
twn kampul¸n, oi Cagaš and Pejcha diamìrfwsan gia to sÔsthma tic paramètrouc
tou PÐnaka 1.4. Prokeimènou na epibebaiwjeÐ an pragmatik� to sÔsthma autì eÐnai
tetraplì, qrei�zetai akrib c upologismìc apost�sewn twn tess�rwn mel¸n, axiìpi-
stec fwtometrikèc parathr seic, aktinikèc taqÔthtec kai prosdiorismìc fasmatik¸n
tÔpwn. Eid�llwc, mporoÔn na melethjoÔn oi barutikèc allhlepidr�seic metaxÔ twn
mel¸n kai na prosdioristeÐ h koin  troqi� touc gÔrw apì to kèntro m�zac (fainìmeno
LITE). Fusik� ta parap�nw mporoÔn na gÐnoun me akrÐbeia mìno me makroqrìniec
parathr seic.

1.5 KÔkloi Kozai

Sthn perÐptwsh twn pollapl¸n susthm�twn eÐnai polÔ dÔskolo na melet soume
kai na katano soume to sqhmatismì kai thn exèlix  touc. 'Otan ìmwc aut� eÐnai
ierarqik� tripl� sust mata, h parousÐa tou exwterikoÔ mèlouc kajorÐzei thn exèlixh
tou eswterikoÔ sust matoc, mèsw twn kÔklwn Kozai kai twn palirroik¸n dun�mewn.

O mhqanismìc Kozai   oi kÔkloi Kozai (Kozai 1962) arqik� diatup¸jhkan gia
kin seic twn asteroeid¸n gÔrw apì ton 'Hlio kai to DÐa, me meg�lec klÐseic kai ek-
kentrìthtec. 'Omwc brÐskei efarmog  kai se astrik� kai planhtik� sust mata. Sthn
perÐptwsh twn astrik¸n susthm�twn eÐnai to fainìmeno pou prokaleÐtai ìtan h tro-
qi� enìc diploÔ astrikoÔ sust matoc ephre�zetai apì k�poio makrinì sunodì (Eikìna
1.9) lìgw barutik c allhlepÐdrashc, upì thn proϋpìjesh ìti oi troqièc touc sqhma-
tÐzoun gwnÐa klÐshc megalÔterh twn 39.2◦ (gwnÐa Kozai). Sugkekrimèna, h parousÐa
tou sunodoÔ autoÔ ephre�zei th jèsh tou perikèntrou tou eswterikoÔ sust matoc
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Kef�laio 1. Eisagwg 

Eikìna 1.9: KÔkloi Kozai se ierarqik� sust mata (copyright: Konstantin Batygin).

kai epomènwc thc ekkentrìthtac k�nont�c th na talant¸netai gÔrw apì mia stajer 
tim , en¸ o meg�loc hmi�xonac kai h perÐodoc thc troqi�c paramènoun stajer�. 'Otan
ìmwc h ekkentrìthta brÐsketai sth mègisth tim  thc, ta palirroϊk� fainìmena mporeÐ
na gÐnoun upologÐsima mei¸nontac thn troqiak  enèrgeia kai �ra thn troqiak  perÐodo
me apotèlesma h troqi� na surrikn¸netai, èwc ìtou xanagÐnei p�li kuklik . Pr�gmati
gia troqiakèc periìdouc P . 5 days, to posostì twn dipl¸n susthm�twn pou pa-
rousi�zoun makrinì sunodì faÐnetai na aux�netai (Eggleton and Kisseleva-Eggleton
2006).

1.6 Fainìmeno LITE

Oi metabolèc tou parathroÔmenou qrìnou elaqÐstwn twn ekleiptik¸n susthm�twn
mporeÐ na eÐnai eÐte periodikèc eÐte akanìnistec. Sthn pr¸th perÐptwsh, aitÐa mporeÐ
na eÐnai eÐte h kÐnhsh thc gramm c twn ayÐdwn (pijanì fainìmeno Kozai), eÐte h magnh-
tik  drasthriìthta tou sust matoc (fainìmeno O′Connell), eÐte oi parèlxeic trÐtou
s¸matoc lìgw fainomènou LITE (Irwin 1959; Frieboes-Conde and Herczeg 1973;
Wolf 2014). To fainìmeno LITE perigr�fei th diafor� twn parathroÔmenwn apì
touc pragmatikoÔc qrìnouc elaqÐstwn lìgw thc peperasmènhc taqÔthtac tou fwtìc,
me apotèlesma na apoteleÐ krit rio gia metabolèc thc apìstashc tou parathroÔmenou
antikeimènou. Sthn perÐptwsh twn tetrapl¸n susthm�twn, oi metabolèc autèc lìgw
thc kÐnhshc twn zeug¸n gÔrw apì to koinì kèntro m�zac (Sqèsh 1.1), aniqneÔontai
mèsw twn diagramm�twn O − C twn qrìnwn elaqÐstou fwtìc.

O − C =
A√

1− e2
3cos

2ω3

[
1− e2

3

1 + e3cosυ
sin(υ + ω3) + e3sinω3] (1.1)

ìpou A to pl�toc thc kampÔlhc sto di�gramma, e3 h ekkentrìthta thc troqi�c tou
trÐtou s¸matoc, ω3 h gwnÐa peri�strou tou trÐtou s¸matoc kai υ h mèsh anwmalÐa.
To pl�toc A dÐnetai apì th sqèsh:

A =
α12sini3
173.15

√
1− e2

3cos
2ω3 (1.2)

ìpou α12 o hmi�xonac thc troqi�c tou diploÔ sust matoc gÔrw apì to koinì kèntro
m�zac se A.U. kai sini3 h gwnÐa klÐshc thc troqi�c tou trÐtou s¸matoc. To fainìmeno
LITE se sunduasmì me �lla fainìmena, ìpwc autì thc met�ptwshc thc gramm c twn
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ayÐdwn kai to fainìmenoO′Connell, eÐnai polÔ qr simo gia th melèth pollapl¸n astri-
k¸n susthm�twn kai èna isqurì ergaleÐo gia mellontikèc diasthmikèc apostolèc pou
sqetÐzontai me th fwtometrÐa kai thn astrometrÐa. Den efarmìzetai mìno se astrik�
sust mata, all� mporeÐ na qrhsimopoihjeÐ gia opoiod pote periodikì fainìmeno, ìpwc
pallìmenouc astèrec kai diab�seic exwplanht¸n.
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Kef�laio 2

Astronomikèc parathr seic
kai epexergasÐa

Oi parathr seic tou sust matoc V 994 Her pragmatopoi jhkan th qroni� 2014
kai tou 1SWASP J093010.78 + 533859.5 th qroni� 2013 apì to GerostajopoÔleio
AsteroskopeÐo tou PanepisthmÐou Ajhn¸n.

2.1 GerostajopoÔleio AsteroskopeÐo tou Panepi-
sthmÐou Ajhn¸n (UOAO)

To asteroskopeÐo autì (Eikìna 2.1) egkatast�jhke sthn orof  tou Tm matoc
Fusik c EKPA ton M�rtio tou 1999 egkaini�sthke ton Ianou�rio tou 2000 kai apote-
leÐ ergast rio tou Tomèa Astrofusik c, AstronomÐac kai Mhqanik c, tou tm matoc
Fusik c, tou EjnikoÔ kai KapodistriakoÔ PanepisthmÐou Ajhn¸n (Gazeas 2016).

Sto asteroskopeÐo autì brÐsketai èna katoptrikì thleskìpio Cassegrain (tÔpoc
CCT − 16, DFMENGINEERING, INC., HPA) diamètrou 40 cm me energì e-
stiakì lìgo f/8, ìpou to kÔrio k�toptro eÐnai 40cm kai estiakoÔ lìgou f/3. To
prwteÔon kai deutereÔon k�toptro èqoun upìstrwma apì purèx kai eÐnai epalouminiw-
mèna me epÐstrwma monoxeidÐou tou puritÐou. H akrÐbeia parakoloÔjhshc eÐnai ±20
arcsec/min, h akrÐbeia stìqeushc kalÔterh apì 1arcmin RMS kai o rujmìc peri-
strof c 4 deg/sec. EpÐshc diatÐjetai b�sh st rixhc pou epitrèpei rujmÐseic anÔyw-
shc kai azimoÔjiou gia polik  eujugr�mmish. To thleskìpio eÐnai exoplismèno me èna
fasmatogr�fo fr�gmatoc me diaspor� 61 Å/mm kai isqÔ akrÐbeiac R = 10000 (ka-
taskeuasmèno apì touc Dr. D. Papajan�soglou kai Dr. K. Gazèa sto Ergast rio
AstronomÐac kai Efarmosmènhc Optik c tou Tomèa Astrofusik c, AstronomÐac kai
Mhqanik c, tou PanepisthmÐou Ajhn¸n), treic k�merec CCD (SBIG ST8, SBIG
ST8 XMEI, SBIG ST10 XME), oi opoÐec diajètoun hlektronik� peristrefìmeno
troqì fÐltrwn kai 5 fwtometrik� fÐltra Bessel UBV RI. To optikì thc pedÐo me
thn parap�nw di�taxh eÐnai 10×15 arcsec sthn kÔria estÐa. 'Otan ìmwc sunduasteÐ
me ènan focal reducer f/6.3, to optikì pedÐo gÐnetai 26×17 arcsec. To pleonèkthma
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Kef�laio 2. Astronomikèc parathr seic kai epexergasÐa

Eikìna 2.1: To GerostajopoÔleio AsteroskopeÐo tou PanepisthmÐou Ajhn¸n (UOAO).

tou AsteroskopeÐou eÐnai ìti diajètei peristrefìmeno jìlo kai dunatìthta automato-
poÐhshc kai thleqeirismoÔ (remote controlling). Apì to 2012 apoteleÐ to monadikì
thleqeirizìmeno ereunhtikì AsteroskopeÐo sthn Ell�da.

2.2 Mèjodoc kai diadikasÐa parat rhshc

H parat rhsh tou sust matoc ègine me to prìgramma MaxIm DL, èna logismikì
CCD apeikìnishc kai qeirismoÔ thc k�merac CCD, pou perilamb�nei ergaleÐa l yhc,
epexergasÐac kai an�lushc eikìnwn thleskopÐou. Oi nÔqtec pou parathr jhkan ta
dÔo sust mata, ta fÐltra kai oi kairikèc sunj kec faÐnontai ston PÐnaka 2.1.

H di�rkeia èkjeshc gia k�je fÐltro metab�lletai an�loga tic kairikèc sunj kec, to
qrìno pou qrei�zetai gia na d¸sei k�je fÐltro ikanopoihtikì apotèlesma, kaj¸c kai th
fasmatik  apìkrish thc CCD k�merac. EpÐshc, exart�tai apì to qrìno pou qrei�zetai
h ek�stote CCD k�mera kai to ek�stote thleskìpio, gia na faÐnetai to astrikì
sÔsthma qwrÐc koresmì, lìgw perÐsseiac fwtonÐwn. Epiplèon, l fjhkan fwtografÐec
Flat me di�rkeia 1 sec kai Dark me di�rkeia èkjeshc aut  twn fwtografi¸n tou
astrikoÔ pedÐou. Kat� th l yh twn fwtografi¸n aut¸n, gia na eÐnai axiìpistec, to
thleskìpio str�fhke se pedÐo qwrÐc fwtein� astèria proc thn Anatol  antÐjeta apì
ton 'Hlio (sugkekrimèna gia th Flat apogeumatin  ¸ra lÐgo met� th DÔsh tou HlÐou).
Oi eikìnec l fjhkan me qronik  seir� pr¸ta gia to B fÐltro, met� gia to V , to R kai
to I, antÐstoiqa.

PÐnakac 2.1: Oi sunj kec parat rhshc twn susthm�twn V 994 Her kai 1SWASP
J093010.78 + 533859.5.

NÔqtec FÐltro Kairikèc sunj kec

10/07/14 BV RI 'Aristec
11/07/14 BV RI 'Aristec
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PÐnakac 2.1 (sunèqeia)
12/07/14 BV RI 'Aristec
13/07/14 BV RI 'Aristec
16/07/14 BV RI PolÔ kalèc
17/07/14 BV RI PolÔ kalèc
18/07/14 BV RI PolÔ kalèc
19/07/14 BV RI PolÔ kalèc

V 994 Her

20/07/14 BV RI 'Aristec
21/07/14 BV RI 'Aristec
31/07/14 BV RI 'Aristec
18/08/14 BV RI PolÔ kalèc
19/08/14 BV RI 'Aristec
20/08/14 BV RI 'Aristec
21/08/14 BV RI 'Aristec
13/09/14 BV RI PolÔ kalèc
14/09/14 BV RI PolÔ kalèc
15/09/14 BV RI Kalèc
16/09/14 BV RI Kalèc
29/09/14 BV RI PolÔ kalèc
01/10/14 BV RI 'Aristec
03/10/14 BV RI Kalèc
06/10/14 BV RI Kalèc
07/10/14 BV RI Kalèc
08/10/14 BV RI PolÔ kalèc
09/10/14 BV RI 'Aristec

1SWASP
J093010

12/01/13 BV RI 'Aristec
13/01/13 BV RI 'Aristec
14/01/13 BV RI PolÔ kalèc
19/01/13 BV RI Mètriec
20/01/13 BV RI PolÔ kalèc
21/01/13 BV RI Kalèc
22/01/13 BV RI Mètriec
24/01/13 BV RI Kalèc
29/01/13 BV RI PolÔ kalèc
30/01/13 BV RI Kalèc
31/01/13 BV RI PolÔ kalèc
01/02/13 BV RI PolÔ kalèc
05/02/13 BV RI 'Aristec
06/02/13 BV RI PolÔ kalèc
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Kef�laio 2. Astronomikèc parathr seic kai epexergasÐa

Eikìna 2.2: Par�deigma prwtìtuphc fwtografÐac tou astrikoÔ pedÐou tou V 994 Her.

2.3 Diaforik  fwtometrÐa diafr�gmatoc

H fwtometrÐa twn fwtografi¸n tou thleskopÐou ègine me to logismikìAIP4WIN ,
me fwtometrÐa diafr�gmatoc. To prìgramma autì epexerg�zetai astronomikèc eikìnec
me kat�llhlh epilog  paramètrwn epexergasÐac. Kat� th di�rkeia thc fwtometrÐac to
prìgramma metr�ei ta counts se k�je fwtografÐa, dhlad  ta fwtìnia twn astèrwn
pou metatr�phkan se hlektrìnia. H mètrhsh aut  mporeÐ na gÐnei me dÔo trìpouc.
EÐte metr¸ntac k�je mègejoc xeqwrist� (ensembled photometry), eÐte metr¸ntac tic
diaforèc touc (diaforik  fwtometrÐa/ differential photometry).

'Oson afor� th diaforik  fwtometrÐa metatrèpei thn ro  F thc aktinobolÐac se
fainìmeno mègejoc tou astèra b�sei thc sqèshc:

m = C − 2.5logF (2.1)

ìpou h stajer� C prokÔptei apì touc prìtupouc astèrec. To prìgramma upolo-
gÐzei thn diafor� ro¸n apì dÔo epilegmènouc astèrec kai th metatrèpei se diafor�
fainìmenou megèjouc apaleÐfontac th stajer� C, sÔmfwna me th sqèsh:

m1 −m2 = 2.5log
F2

F1
(2.2)

'Oson afor� th diìrjwsh twn eikìnwn pou l fjhkan (Eikìna 2.2), aut  ègine me
thn afaÐresh twn fwtografi¸n Dark Field kai th diaÐresh me tic fwtografÐec Flat
F ield (Eikìna 2.3). MÐa Dark Field eikìna apeikonÐzei to jìrubo tou pedÐou pou
prokaleÐtai apì sf�lmata thc CCD k�merac pou èqoun na k�noun me th jermokrasÐa
thc kai eÐnai stajer�, ìpwc gia par�deigma ta {hot pixels}. Gia to lìgo autì lam-
b�netai me kleistì thleskìpio, me Ðdio qrìno èkjeshc kai jermokrasÐa me aut  pou
l fjhke h eikìna tou pedÐou, apì thn opoÐa kai prèpei na afaireÐtai. AntÐjeta, mia
Flat F ield eikìna sqetÐzetai me metaballìmena sf�lmata thc CCD k�merac, ìpwc h
anomoiogèneia ston fwtismì (p.q. vignetting) pou èqei na k�nei me ta optik� mèrh tou
sust matoc, ta skoupÐdia kai h apìkrish twn pixels. Lamb�netai se leukì fìnto, me
èkjesh el�qista deuterìlepta kai prèpei na diaireÐtai me th fwtografÐa tou pedÐou.
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Eikìna 2.3: Par�deigma dark field (arister�) kai flat field (dexi�) fwtografi¸n tou astri-
koÔ pedÐou tou V 994 Her.

Sugkekrimèna, me th bo jeia tou logismikoÔ AIP4WIN , apì to sÔnolo twn ei-
kìnwn Dark pou l fjhkan, proèkuye me mia statistik  katanom  h di�mesoc eikìna
Dark D(x, y), thn apoÐa afairèsame apì thn eikìna tou astrikoÔ pedÐou. O lìgoc
pou afairèsame th di�meso kai ìqi to mèso ìro eÐnai gia na eÐmaste sÐgouroi ìti èqoume
apokleÐsei tuqìn akraÐec timèc ro c kai epomènwc o jìruboc thc k�merac eÐnai antipro-
swpeutikìc. Sth sunèqeia, epilèxame to sÔnolo twn eikìnwn Flat F ield me di�rkeia
èkjeshc 1sec kai diairèsame ìlec tic fwtografÐec tou pedÐou I(x, y) me thn kanoniko-
poihmènh eikìna Flat F ield F (x, y). H pr�xh apì thn opoÐa prokÔptei h telik  kai
zhtoÔmenh eikìna (Eikìna 2.4) i(x, y) eÐnai:

i(x, y) =
I(x, y)−D(x, y)

F (x, y)
(2.3)

Apì ìlec tic eikìnec prèpei na afairejeÐ kai h eikìna Bias. H CCD k�mera pou
qrhsimopoioÔme stic parathr seic mac den èqei thn dunatìthta l yhc fwtografÐac me
mhdenikì qrìno èkjeshc pou apaiteÐtai gia na lhfjeÐ mia eikìna Bias. Wc enallaktik 
p rame eikìnec Dark me qrìno èkjeshc Ðso me autìn pou lamb�nontai kai oi eikìnec
tou astrikoÔ pedÐou, ¸ste h eikìna Dark na emperièqei kai thn eikìna Bias gia thn
tautìqronh afaÐresh kai twn dÔo kat� th diìrjwsh twn eikìnwn tou pedÐou.

Met� th diìrjwsh twn eikìnwn, sthn eikìna tou astrikoÔ pedÐou epilèxame touc
astèrec touc opoÐouc jèloume na fwtometr soume (Eikìna 2.5), stouc opoÐouc pe-
rilamb�nontai oi astèrec sÔgkrishc kai o arqikìc stìqoc. Ston kÔklo V jètoume
ton metablhtì astèra, ston kÔklo C ton astèra sÔgkrishc tou opoÐou h lamprìthta
eÐnai stajer  kai sugkrÐsimh me ekeÐnh tou metablhtoÔ kai ston kÔklo K ton astèra
elègqou, o opoÐoc qrhsimopoieÐtai gia na elegqjeÐ h stajerìthta thc lamprìthtac tou
astèra sÔgkrishc.

'Etsi, oi diaforèc fainìmenou megèjouc V − C kai K − C dÐnoun tic sqèseic:

V − C = mV −mC = 2.5log
FC
FV

(2.4)

K − C = mK −mC = 2.5log
FC
FK

(2.5)
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Kef�laio 2. Astronomikèc parathr seic kai epexergasÐa

Eikìna 2.4: H eikìna tou astrikoÔ pedÐou tou V 994 Her prin (arister�) kai met� (dexi�) thn
efarmog  twn diorj¸sewn.

'Opwc eÐpame, h diafor� K − C eÐnai h epibebaÐwsh ìti o C astèrac èqei stajer 
lamprìthta. Epomènwc, se ìlec tic fwtografÐec kumaÐnetai gÔrw apì mÐa stajer 
tim , kai h morf  thc kampÔlhc pou prokÔptei eÐnai eujeÐa. AntÐjeta h diafor� V −C
dÐnei thn kampÔlh fwtìc tou parathroÔmenou astèra.

Oi astèrec sÔgkrishc C kai K prèpei na eÐnai perÐpou Ðdiou fasmatikoÔ tÔpou
me ton metablhtì (Ðdio qr¸ma) me stajer  kai parìmoia lamprìthta. EpÐshc, ìtan to
epitrèpei to pedÐo ja prèpei na apèqoun apìstash mikrìterh apì 1◦ apì ton metablhtì,
¸ste na upìkeintai sthn Ðdia perÐpou atmosfairik  exasjènish. Tèloc, ja prèpei
na mhn eÐnai erujroÐ astèrec, afoÔ autoÐ sun jwc parousi�zoun èntonh magnhtik 
drasthriìthta me ekrhktik� fainìmena kai �ra eÐnai akat�llhloi gia sÔgkrish.

'Oson afor� ta diafr�gmata pou qrhsimopoioÔme gia th fwtometrÐa, h epilog 
touc gÐnetai me skopì th mètrhsh mìno tou metablhtoÔ astèra kai ìqi tou upob�jrou.
To pr¸to di�fragma (star aperture) prèpei na perilamb�nei olìklhro kai mìno ton
astèra pou epijumoÔme. To deÔtero di�fragma (sky annulus in) kai to pr¸to orÐzoun
èna daktÔlio gÔrw apì ton astèra, ston opoÐo ta counts pou katagr�fontai den prèpei
na prostÐjentai sta counts tou astèra. H dunatìthta pou mac dÐnei to logismikì na
apomon¸soume ta counts apì ton proanaferìmeno daktÔlio eÐnai shmantik , diìti mpo-
reÐ kont� ston astèra pou jèloume na fwtometr soume na up�rqei kai �lloc astèrac
me kÐnduno na katametroÔme fwtìnia kai apì touc dÔo. Me autìn ton trìpo krat�me
mìno ta counts tou astèra pou mac endiafèrei, topojet¸ntac ton kontinì astèra sth
{nekr }aut  perioq . To trÐto di�fragma (sky annulus out) kai to deÔtero orÐzoun
ènan exwterikì daktÔlio mèsa ston opoÐo den prèpei na perièqontai astèrec, kaj¸c
ta counts (FS) autoÔ to prìgramma ta antilamb�netai wc to fwteinì upìbajro tou
ouranoÔ (di�quto fwc pou proèrqetai apì k�je fwtein  phg  tou ouranoÔ) kai ta
afaireÐ apì ta counts tou fwtometroÔmenou astèra. Epomènwc, oi Sqèseic 2.4 kai
2.5 thc diaforik c fwtometrÐac metasqhmatÐzontai wc ex c:

V − C = mV −mC = 2.5log
FC − FS
FV − FS

(2.6)

K − C = mK −mC = 2.5log
FC − FS
FK − FS

(2.7)
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Eikìna 2.5: Par�deigma fwtometrÐac me to AIP4WIN tou sust matoc V 994 Her me th
bo jeia daktulÐwn.

Merikèc �llec par�metroi tou progr�mmatoc aforoÔn perissìtero thn od ghsh tou th-
leskopÐou. Me thn rÔjmish {automatic}epilègoume sthn pr¸th eikìna ta diafr�gmata
gÔrw apì touc astèrec pou epijumoÔme kai me b�sh aut  thn epilog  to prìgramma
suneqÐzei autìmata th fwtometrÐa stic upìloipec eikìnec. 'Omwc, kat� thn parat rhsh
h od ghsh tou thleskopÐou qrei�zetai p�nta diorjwtikèc kin seic, ¸ste to astrikì
pedÐo na mènei stajerì. Kat� sunèpeia oi daktÔlioi fwtometrÐac gÔrw apì touc a-
stèrec mporeÐ na metatopistoÔn p�nw sto pedÐo thc fwtografÐac. Autì diorj¸netai
me th rÔjmish {track}pou mporoÔme na k�noume fwtometrÐa se kajemÐa eikìna xeqwri-
st� lÔnontac to prìblhma thc metatìpishc twn astèrwn. RujmÐzontac thn par�metro
{target finding radius}, mporoÔme na epilèxoume thn epitrepìmenh aktÐna metatìpi-
shc twn kÔklwn gia thn eÔresh twn astèrwn se endeqìmenh metatìpish pou proana-
fèrame. Me thn epilog  {output Julian Day}, metatrèpetai o akrib c qrìnoc l yhc
thc fwtografÐac apì UT se JD. 'Olh h parap�nw diadikasÐa epanalamb�netai se ìla
ta fÐltra pou qrhsimopoi same. Gia to k�je fÐltro antistoiqoÔn eikìnec Dark kai
Flat F ield, b�sei twn opoÐwn gÐnontai oi diorj¸seic twn antÐstoiqwn fwtografi¸n.

2.4 H diìrjwsh tou qrìnou

Kat� thn olokl rwsh thc fwtometrÐac gia k�je fÐltro, ta apotelèsmata ex�gontai
apì to prìgramma se morf  ASCII (txt) gia k�je nÔqta l yhc dedomènwn. Ta
dedomèna aut� twn txt topojet jhkan se excel me skopì thn epexergasÐa touc gia thn
kataskeu  twn fwtometrik¸n kampul¸n. Wc pr¸to b ma apì thn Ioulian  hmeromhnÐa
(JD) upologÐsame thn Hliokentrik  Ioulian  hmeromhnÐa (HJD). H anagwg  tou
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qrìnou se hliokentrikì basÐzetai stic parak�tw majhmatikèc sqèseic:

T� = T ⊕−∆t (2.8)

T� = T ⊕−∆t (2.9)

∆t(days) = 0.00578cosu (2.10)

cosu = sinδsinl�sinz + cosδcosl�cosα+ cosδsinl�sinαcosε (2.11)

l� = L+ (1.915◦ − 0.0048◦T )sinM + 0.020◦sin2M (2.12)

T =
JD − 2451545

36525
(2.13)

L = 280.460◦ + 36000.722◦T (2.14)

M = 357.528◦ + 35999.050◦T (2.15)

'Opou:

• T⊕ o akrib c qrìnoc k�poiou our�niou fainomènou pou katagr�fetai sth Gh

• T� o akrib c qrìnoc tou Ðdiou our�niou fainomènou pou ja katègrafe ènac
parathrht c an briskìtan ston 'Hlio

• Dt h diafor� twn T⊕ kai T�, pou upologÐzetai apì th sfairik  trigwnometrÐa
(Eikìna 2.6)

• u h gwnÐa pou sqhmatÐzei h noht  eujeÐa Ghc � 'Hliou me thn eujeÐa 'Hlou �
astèra, me arq  mètrhshc p�nw sthn optik  eujeÐa astèra � 'Hliou kat� thn
an�dromh for�

• (a,d) oi ouranografikèc suntetagmènec tou astèra

• e h klÐsh tou �xona thc Ghc wc proc to epÐpedo thc troqi�c thc

• l� to hliografikì m koc

• To Ioulianìc ai¸nac

• L to hliografikì m koc se ekleiptikèc suntetagmènec

• M to hliografikì pl�toc se ekleiptikèc suntetagmènec
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Eikìna 2.6: Sfairik� trÐgwna epÐlushc gia thn Hliokentrik  Ioulian  HmeromhnÐa.

2.5 Upologismìc elaqÐstwn kai astronomik  efh-
merÐda

Met� th diìrjwsh tou qrìnou kataskeu�same tic fwtometrikèc kampÔlec twn te-
trapl¸n susthm�twn, dhlad  th diafor� megej¸n twn metablht¸n me touc stajeroÔc
astèrec (ìpwc proèkuyan apì th diaforik  fwtometrÐa) sunart sei thc f�shc gia
k�je fÐltro. H f�sh upologÐsthke qrhsimopoi¸ntac tic jewrhtikèc efhmerÐdec twn
Zasche and Uhlař (2016) gia to sÔsthma V 994 Her kai twn Koo et al. (2014) gia to
sÔsthma 1SWASP J093010.78 + 533859.5 apì th sqèsh:

φ =
T − T0

P
− INT (

T − T0

P
) (2.16)

Gia thn kalÔterh epopteÐa thc poiìthtac thc k�je nÔqtac parat rhshc, kataskeu-
�same kai th diafor� megej¸n sunart sei thc Ioulian c HmeromhnÐac, prokeimènou na
èqoume mia eikìna gia to poiec nÔqtec den parathr jhke to sÔsthma, poiec nÔqtec
den eÐqame kalèc metr seic kai epomènwc poia shmeÐa thc fwtometrik c mac kampÔlhc
emfanÐzoun perissìterh abebaiìthta. Aut  h diadikasÐa bo jhse argìtera kai ston
kajarismì twn fwtometrik¸n kampul¸n apì shmeÐa-tm mata twn parathr sewn, ta o-
poÐa eÐqan probl mata kat� th fwtometrÐa, eÐte lìgw kak¸n kairik¸n sunjhk¸n, eÐte
lìgw k�poiou �llou probl matoc (dièleush k�poiou dorufìrou apì to pedÐo ktl).

Gia ton upologismì twn elaqÐstwn sthn ergasÐa aut  qrhsimopoi same to logi-
smikì AV E. To logismikì autì dhmiourg jhke apì ton Rafael Barbera gia thn
exuphrèthsh enìc progr�mmatoc thc GEA (Grup d′Estudis Astronomics) pou mele-
toÔse nèouc metablhtoÔc astèrec kai qreiazìtan èna ergaleÐo gia th diaqeÐrish ìlwn
aut¸n twn dedomènwn. To AV E diab�zei arqeÐa ASCII pou perilamb�noun Ioulia-
nèc hmeromhnÐec kai diaforèc fwtometrik¸n megej¸n. Eis�gontac ta arqeÐa aut� sto
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prìgramma, emfanÐzetai èna par�juro me ta antÐstoiqa shmeÐa gia k�je nÔqta para-
t rhshc, h opoÐa parousi�zetai me diaforetikì qr¸ma (Eikìna 2.7 arister�). Oi klÐma-
kec rujmÐzontai autìmata ¸ste oi fwtometrikèc kampÔlec na emfanÐzontai se pl rec
pl�toc. K�nontac dexÐ klik sthn ojình emfanÐzetai èna menoÔ, to opoÐo epitrèpei th
diamìrfwsh diafìrwn stoiqeÐwn thc fwtometrik c kampÔlhc, ìpwc thn epilog  shme-
Ðwn kai diasthm�twn, thn estÐash proc ta mèsa kai proc ta èxw se k�je nÔqta kai
thn epilog  aut c. Gia na prosdiorÐsoume ta el�qista thc k�je nÔqtac kai thn akrib 
qronik  stigm  pou sunèbhsan, esti�zoume sthn epijumht  nÔqta, energopoioÔme to
ergaleÐo eÔreshc elaqÐstwn kai me dexÐ klik epilègoume èna orizìntio kat¸fli pou ja
mac bohj sei sthn anaz thsh. Me dexÐ klik orÐzoume èna shmeÐo ènarxhc arister� apì
to el�qisto kai èna antÐstoiqo shmeÐo tèlouc dexi� apì autì. Sthn endi�mesh perioq 
to prìgramma entopÐzei to el�qisto me èna mple bèloc (Eikìna 2.7 dexi�), qrhsimopoi-
¸ntac th mèjodo Kwee & van Woerden (Kwee and van Woerden 1956). SÔmfwna
me aut , lamb�nontai ta katoptrik� shmeÐa dexi� kai arister� tou elaqÐstou kai upo-
logÐzetai h klÐsh thc kampÔlhc, dhlad  h par�gwgoc metaxÔ dÔo diadoqik¸n shmeÐwn,
h opoÐa prèpei na eÐnai Ðsh gia ta katoptrik� shmeÐa. Me to krit rio autì epilègetai
o k�jetoc �xonac summetrÐac, pou odhgeÐ sthn isìthta aut  twn klÐsewn kai o opoÐoc
dièrqetai apì to el�qisto. Sth sunèqeia, to AV E apojhkeÔei touc akribeÐc qrìnouc
elaqÐstou kai to sf�lma touc se ènan pÐnaka, oi opoÐoi mporoÔn na exaqjoÔn se èna
arqeÐo txt.

Eikìna 2.7: Upologismìc qrìnwn elaqÐstou me to AV E (http :
//astrogea.org/soft/ave/aveint.htm).

Gia na èqei megalÔterh akrÐbeia o prosdiorismìc twn elaqÐstwn, epanal�bame th
diadikasÐa treic forèc èqontac ètsi gia k�je el�qisto treic timèc me ta sf�lmat� touc,
apì tic opoÐec upologÐsame touc mèsouc ìrouc gia k�je fÐltro. H telik  tim  twn
elaqÐstwn proèkuye apì to mèso ìro twn parap�nw tim¸n k�je fÐltrou. 'Epeita,
kathgoriopoi same ta el�qista se prwteÔonta kai deutereÔonta kai upologÐsame ton
arijmì twn troqiak¸n kÔklwn (  epoq c) E tou k�je metroÔmenou elaqÐstou, qrh-
simopoi¸ntac wc arqikèc jewrhtikèc efhmerÐdec autèc pou qrhsimopoi same kai sta
diagr�mmata f�shc. H nèa troqiak  perÐodoc gia k�je sÔsthma proèkuye apì thn
klÐsh thc eujeÐac pou sqhmatÐzoun ta megèjh HJD kai E, dhlad  apì th sqèsh:

T = T0 + P · E (2.17)
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PÐnakac 2.2: H astronomik  efhmerÐda gia ta sust mata V 994 Her kai 1SWASP
J093010.78 + 533859.5.

V 994 Her 1SWASP J093010.78 + 533859.5
Par�metroc A B A B

T0 (HJD) 2456888.3566(3) 2456859.3375(4) 2456346.7849(15) 2456267.92908(22)
P (d) 2.0832645(28) 1.4200409(37) 1.305502(41) 0.2277135(16)

ìpou T0 eÐnai to el�qisto me to mikrìtero sf�lma. Gia ton upologismì autì twn
nèwn astronomik¸n efhmerÐdwn (PÐnakac 2.2) qrhsimopoi jhkan kai ta bibliografik�
el�qista gia megalÔterh axiopistÐa (PÐnakec A.1 kai A.2 tou Parart matoc).

Sth sunèqeia, upologÐsame th ro  tou sust matoc apì th sqèsh:

Flux = 10−0.4(m−c) (2.18)

ìpou c mia stajer� pou prosarmìsame kat�llhla gia na eÐnai ta mègista twn kampul¸n
kanonikopoihmèna sto 1. Lìgw tou ìti ta sust mata eÐnai tetrapl� me dÔo diaforetikèc
troqiakèc periìdouc, qrei�sthke na kataskeu�soume dÔo diagr�mmata f�shc se k�je
fÐltro pou antistoiqoÔn stic dÔo diaforetikèc periìdouc (Eikìnec 2.9 kai 2.10). 'Opwc
faÐnetai kai stic antÐstoiqec eikìnec, ta dÔo sust mata èqoun fwtometrikèc kampÔlec
pou eÐnai qarakthristik  h Ôparxh pollapl¸n ekleÐyewn. Dhlad  faÐnetai na up�rqoun
parembolèc kai epiplèon el�qista pou antistoiqoÔn sto sunodì sÔsthma kai prèpei na
afairejoÔn.

Eikìna 2.8: Kajarismìc fwtometrik¸n kampul¸n me to Topcat.
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Kef�laio 2. Astronomikèc parathr seic kai epexergasÐa

Eikìna 2.9: SÔnolo fwtometrik¸n dedomènwn tou sust matoc V 994 Her sta fÐltra BV RI.
P�nw qrhsimopoieÐtai h efhmerÐda tou zeÔgouc A (long period) kai k�tw tou zeÔgouc B (short
period).
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Eikìna 2.10: SÔnolo fwtometrik¸n dedomènwn tou sust matoc 1SWASP J093010.78 +
533859.5 sta fÐltra BV RI. P�nw qrhsimopoieÐtai h efhmerÐda tou zeÔgouc A (long period)
kai k�tw tou zeÔgouc B (short period).
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Kef�laio 2. Astronomikèc parathr seic kai epexergasÐa

Eikìna 2.11: Fwtometrikèc kampÔlec BV RI tou sust matoc V 994 Her gia to ètoc 2014.
P�nw brÐsketai to zeÔgoc A me th megalÔterh troqiak  perÐodo kai k�tw to zeÔgoc B me th
mikrìterh.
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Eikìna 2.12: Fwtometrikèc kampÔlec BV RI tou sust matoc 1SWASP J093010.78 +
533859.5 gia to ètoc 2013. P�nw brÐsketai to apoqwrismèno sÔsthma (EA) kai k�tw to
sÔsthma se epaf  (EW ).
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Kef�laio 2. Astronomikèc parathr seic kai epexergasÐa

Gi' autì, sthn perÐptws  mac o kajarismìc twn kampul¸n ègine me ton ex c trìpo.
Eis�gontac se arqeÐa txt th f�sh kai th ro  gia k�je mÐa apì tic dÔo diaforetikèc pe-
riìdouc, me th bo jeia tou Topcat epilèxame tic perioqèc kai ta el�qista pou se k�je
perÐptwsh aforoÔn to sunodì sÔsthma kai tic afairèsame (Eikìna 2.8). 'Etsi ta exa-
gìmena apì ton kajarismì arqeÐa mac èdwsan ta diagr�mmata f�shc gia k�je zeÔgoc
tou sust matoc. Tèloc, antikatast same tic jewrhtikèc efhmerÐdec pou qrhsimopoi-
 same arqik� me tic nèec tou PÐnaka 2.2 kai kataskeu�same ek nèou ta kajarismèna
diagr�mmata f�shc. Ta telik� diagr�mmata faÐnontai stic Eikìnec 2.11 kai 2.12.
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Kef�laio 3

MontelopoÐhsh twn tetrapl¸n
susthm�twn

3.1 O k¸dikac Wilson−Devinney

O k¸dikac Wilson-Devinney (Wilson and Devinney 1971; Wilson 1967, 1990,
1994) qrhsimopoieÐtai gia th montelopoÐhsh ekleiptik¸n astrik¸n susthm�twn me sko-
pì ton prosdiorismì twn fusik¸n paramètrwn touc.

Gia ton upologismì twn jewrhtik¸n kampul¸n qrhsimopoieÐ dÔo diaforetikèc me-
jìdouc. Th mèjodo LC (Light Curve) kai th mèjodoDC (Differential Corrections).
H pr¸th mèjodoc qrhsimopoieÐtai gia qeirokÐnhth prosarmog  twn paramètrwn kai e-
pomènwc thc jewrhtik c kampÔlhc p�nw sta dedomèna. H deÔterh afor� thn epÐlush
tou antÐstrofou probl matoc, dhlad  thn prosarmog  twn paramètrwn me skopì thn
elaqistopoÐhsh twn diafor¸n metaxÔ thc jewrhtik c kai parathroÔmenhc kampÔlhc,
mèsw diaforik¸n diorj¸sewn.

O algìrijmoc pou qrhsimopoieÐ lamb�nei upìyh palirroiakèc kai peristrofikèc
paramorf¸seic twn astrik¸n epifanei¸n kai fainìmena eggÔthtac, kaj¸c epÐshc kai
sust mata me èkkentrh troqi� ekkentrìthtac e kai meg�lou hmi�xona troqi�c a. H pi-
jan  asÔgqronh peristrof  twn mel¸n upeisèrqetai me ton par�gonta sugqronismoÔ
F (lìgoc gwniak c taqÔthtac idioperistrof c proc th gwniak  taqÔthta perifor�c
gÔrw apì to koinì kèntro m�zac). Oi isodunamikèc epif�neiec twn astèrwn upologÐzo-
ntai apì th gewmetrÐa Roche wc ex c:

Ω(r,Ω, f, d) =
1

r
+ q(

1
√
d2 + 2dλr + r2 − λr

d2

+
q + 1

2
F 2r2(1− ν2) (3.1)

ìpou q o lìgoc maz¸n twn astèrwn kai r ta aktinik� dianÔsmata, ta opoÐa prosdio-
rÐzontai gia k�je astèra-mèloc gia sugkekrimènec timèc twn j kai f kai kajier¸noun
èna sÔsthma epifaneiak¸n shmeÐwn rs. Ta dunamik� W1 kai W2 metr¸ntai sto sÔsthma
anafor�c tou prwteÔonta astèra.
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Kef�laio 3. MontelopoÐhsh twn tetrapl¸n susthm�twn

3.2 MontelopoÐhsh me tic mejìdouc LC kai DC

Gia th montelopoÐhsh twn fwtometrik¸n kampul¸n, k�name mia pr¸th prosèggish
twn paramètrwn me to logismikì Binary Maker 3 (Bradstreet 2005) , to opoÐo qrhsi-
mopoieÐ th mèjodo LC (Light Curve) tou k¸dika Wilson-Devinney. Me to �noigma
tou progr�mmatoc emfanÐzontai tèssera par�jura (Eikìna 3.1). Sto pr¸to me ìnoma
User Input eis�gontai oi par�metroi tou sust matoc. Sto deÔtero par�juro me to
ìnoma Binary gÐnetai anapar�stash thc eikìnac tou diploÔ sust matoc, h opoÐa pe-
ristrèfetai an�loga th f�sh kat� thn prosarmog  thc jewrhtik c sthn peiramatik 
kampÔlh, pat¸ntac to koumpÐ Render. Sto par�juro Light Curve P lot, me b�sh ta
dedomèna pou ja eis�gei o k�je qr sthc sto prìgramma, dhmiourgeÐtai autìmata h gra-
fik  par�stash thc kampÔlhc fwtìc tou diploÔ sust matoc se opoiod pote fÐltro
(B,V ,R,I) epilegeÐ apì to qr sth.

Eikìna 3.1: MontelopoÐhsh me to logismikì Binary Maker 3 (BM3).

Tèloc, gia ton èlegqo twn aktinik¸n taqut twn twn dÔo sunod¸n, to prìgramma
me to par�juro Radial V elocity P lot deÐqnei p¸c metab�lletai h aktinik  taqÔthta
twn mel¸n tou sust matoc, sunart sei thc f�shc pou brÐsketai. 'Etsi eis�gontac
ta dedomèna ro c kai f�shc se arqeÐo morf c txt k�name mia arqik  ektÐmhsh twn
montèlwn. Sugkekrimèna, qrhsimopoi¸ntac tic  dh gnwstèc paramètrouc apì th bi-
bliografÐa kai rujmÐzontac tic upìloipec, prosarmìsame th jewrhtik  kampÔlh sta
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Eikìna 3.2: Eisagwg  fwtometrik¸n dedomènwn sto PHOEBE.

dedomèna. To apotelèsmata aut� ta qrhsimopoi same wc arqik  lÔsh gia thn eÔre-
sh twn paramètrwn me th mèjodo DC (Differential Corrections) tou logismikoÔ
PHOEBE.

To logismikì PHOEBE (Prša and Zwitter 2005) eÐnai èna pakèto montelopoÐh-
shc gia ta ekleiptik� astrik� sust mata, pou basÐzetai ston k¸dika W −D. Parèqei
perissìterec epilogèc kai dunatìthtec sumperilamb�nontac akìma perissìterec fu-
sikèc paramètrouc kai enisqÔontac ètsi thn axiopistÐa twn lÔsewn. To PHOEBE
parousi�zei arketèc beltistopoi seic sth mèjodo DC kai parèqei mÐa nèa mèjodo ela-
qistopoÐhshc sfalm�twn, thn Nelder & Mead′s downhill Simplex. Gia thn ergasÐa
aut  qrhsimopoi jhke h mèjodoc DC, ìpou h grammikopoÐhsh tou montèlou gÐnetai
me tic exis¸seic elaqÐstwn tetrag¸nwn kai oi par�gwgoi upologÐzontai apì pepera-
smènec diaforèc. Oi proseggÐseic autèc gÐnontai me th qr sh epanalhptik¸n diadika-
si¸n mèsw diaforik¸n diorj¸sewn (DC), ìpwc proanafèrjhke kai sthn prohgoÔmenh
par�grafo.

Gia thn montelopoÐhsh twn fwtometrik¸n kampul¸n sto PHOEBE arqik� ei-
s�game arqeÐa txt me th f�sh kai th ro  gia k�je fÐltro gia k�je sÔsthma-mèloc
twn tetrapl¸n mac susthm�twn kai epilèxame thn kathgorÐa tou sust matoc mac wc
Detached binary   Contact binary (Eikìna 3.2 p�nw dexi�).

Sth sunèqeia, sumplhr¸same tic kajorismènec (fixed) fasmatoskopikèc kai tro-
qiakèc paramètrouc thc bibliografÐac, mazÐ me autèc pou upologÐsame me to BM3, wc
arqikèc timèc sthn kartèla twn paramètrwn (Eikìna 3.3). Oi par�metroi autèc eÐnai
h klÐsh tou sust matoc, h jermokrasÐa twn mel¸n tou sust matoc, o lìgoc maz¸n
touc, h fwteinìtht� touc, ta dunamik� W, h anaklastikìthta, h amaÔrwsh qeÐlouc, h
ekkentrìthta, h diafor� f�shc, h gwnÐa tou peri�strou kai to trÐto fwc.

Af nontac wc eleÔjerec paramètrouc ta megèjh pou jèloume na diereun soume
kai na upologÐsoume ek nèou, mark�roume to antÐstoiqo kout�ki kai sthn kartèla
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Kef�laio 3. MontelopoÐhsh twn tetrapl¸n susthm�twn

Eikìna 3.3: Eisagwg  arqik¸n paramètrwn sto PHOEBE.

Eikìna 3.4: Upologismìc fusik¸n paramètrwn me epanalhptik  mèjodo.

Fitting emfanÐzontai oi par�metroi autèc sth st lh initial value. Pat¸ntac to koumpÐ
calculate, to prìgramma sugklÐnei proc th lÔsh tou sust matoc me epanalhptik 
mèjodo, emfanÐzontac tic nèec timèc kai ta sf�lmat� touc sth st lh new value (Eikìna
3.4).

AfoÔ èqoume katal xei stic telikèc paramètrouc, sthn kartèla plotting sqedi-
�same th jewrhtik  kampÔlh prosarmosmènh sta arqik� fwtometrik� dedomèna pou
eis�game (Eikìna 3.5). Fusik�, h grafik  aut  apeikìnish gÐnetai kai kat� th di�r-
keia kajorismoÔ twn fusik¸n paramètrwn, wc krit rio gia to kat� pìso briskìmaste
kont� sth lÔsh. Kat� thn eÔresh thc lÔshc krat same stajerèc tic paramètrouc e,q
kai T1 gia to sÔsthma V 994 Her. Gia thn pr¸th, qrhsimopoi same ta apotelèsmata
thc epexergasÐac twn diagramm�twn O − C, gia th deÔterh, th lÔsh twn Zasche and
Uhlař (2016) kai gia thn teleutaÐa, th lÔsh twn Lee et al. (2008). Gia to sÔsthma
1SWASP J093010.78 + 533859.5 jewr same stajer� ta megèjh q kai T1, qrhsimo-
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Eikìna 3.5: Grafik  apeikìnish twn fwtometrik¸n dedomènwn kai thc jewrhtik c kampÔlhc
tou sust matoc V 994 Her A sto B fÐltro.

poi¸ntac tic timèc twn Lohr et al. (2015). Se k�je perÐptwsh l�bame upìyh tic pio
sÔgqronec kai axiìpistec bibliografikèc melètec. 'Oson afor� thn par�metro tou
trÐtou fwtìc, lìgw èlleiyhc plhrofori¸n gia th suneisfor� tou k�je mèlouc sth
sunolik  fwteinìthta, to jewr same eleÔjerh par�metro kai frontÐsame na isqÔoun
oi sqèseic:

L1i,j + L2i,j + L3i,j = 1 (3.2)

L3i + L3j = 1 (3.3)

ìpou i, j ta diaforetik� zeÔgh tou k�je tetraploÔ sust matoc.
Sthn perÐptwsh pou den  tan kal  h prosarmog  thc kampÔlhc sta dedomèna, epi-
strèfame pÐsw stic kartèlec twn paramètrwn all�zontac kat�llhla tic timèc kai
anazht¸ntac ek nèou th lÔsh.

Ta apotelèsmata thc montelopoÐhshc, Ôstera apì thn parap�nw epanalhptik 
diadikasÐa faÐnontai stouc PÐnakec 3.1 kai 3.2. SugkrÐnontac ta apotelèsmata twn
Lee et al. (2008) me aut� tou PÐnaka 3.1 blèpoume ìti èqoun arket� meg�lh diafor�.
K�ti tètoio eÐnai anamenìmeno, afoÔ qrhsimopoi same lìgo maz¸n kai ekkentrìthta pio
sÔgqrona kai me mikrìtera sf�lmata, en¸ ta dedomèna twn fwtometrik¸n kampul¸n
thc paroÔsac ergasÐac èqoun polÔ mikrìterh diaspor�.

Apì thn �llh, an sugkrÐnoume ta apotelèsmata twn Lohr et al. (2015) me aut� tou
PÐnaka 3.2, eÐnai polÔ parìmoia me exaÐresh ta dunamik� W. Autì dikaiologeÐtai apì
thn polÔ meg�lh diaspor� twn shmeÐwn sta diagr�mmat� touc, pou eÐnai kai o lìgoc
pou ta dik� mac apotelèsmata jewroÔntai pio axiìpista.
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Kef�laio 3. MontelopoÐhsh twn tetrapl¸n susthm�twn

PÐnakac 3.1: Oi telikèc par�metroi me th mèjodo DC tou sust matoc V 994 Her gia to ètoc
2014.

A B
Par�metroc Aa Ab Ba Bb

T0 (HJD) 2456888.3566(3) 2456859.3375(4)
P (d) 2.0832649(29) 1.4200401(42)
e 0.032(8)* 0.13(4)*

w (◦) 33(4) 328(4)
phase shift 0.0089(8) 0.0367(1)

T (K) 12000(250)* 9538(50) 9000(250)* 9185(80)
q 0.857(24)* 1.050(28)*
W 5.85(5) 7.09(9) 6.1(3) 6.9(2)
i(◦) 82.3(1) 88.7(5)

L/(L1 + L2 + L3)B 0.5983(4) 0.1772(4) 0.1292(2) 0.0953(2)
L/(L1 + L2 + L3)V 0.5804(1) 0.1901(1) 0.1378(2) 0.0916(2)
L/(L1 + L2 + L3)R 0.5622(2) 0.1891(2) 0.1537(1) 0.0950(1)
L/(L1 + L2 + L3)I 0.5352(1) 0.1872(1) 0.1677(1) 0.1098(1)
L3/(L1 + L2 + L3)B 0.2245(7) 0.7755(40)
L3/(L1 + L2 + L3)V 0.2294(2) 0.7706(29)
L3/(L1 + L2 + L3)R 0.2487(3) 0.7513(6)
L3/(L1 + L2 + L3)I 0.2776(1) 0.7224(12)

XB ∗ ∗ 0.412(8) 0.409(7) 0.52(2) 0.52(2)
XV ∗ ∗ 0.354(2) 0.354(2) 0.45(2) 0.45(2)
XR ∗ ∗ 0.292(3) 0.291(3) 0.35(1) 0.35(1)
XI ∗ ∗ 0.225(1) 0.224(1) 0.27(1) 0.27(1)

fill − out factor - - - -

Spot parameters
co− latitude 90* -
longitude 105.14(4) -
radius 17(2) -

temp.factor 0.94(1) -
P/S*** P -

*: Stajerèc par�metroi
**: Suntelestèc Limb Darkening sÔmfwna me touc pÐnakec V an Hamme (1993)
***: Primary/Secondary
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PÐnakac 3.2: Oi telikèc par�metroi me th mèjodo DC tou sust matoc 1SWASP
J093010.78 + 533859.5 gia to ètoc 2013.

A B
Par�metroc Aa Ab Ba Bb

T0 (HJD) 2456346.78443(15) 2456347.85636(18)
P (d) 1.30554317(68) 0.22771442(4)
e 0* 0*

w (◦) - -
phase shift 0.0000(2) 0.0065(8)

T (K) 5185(25)* 4207(12) 4700(50)* 4760(2)
q 0.806(7)* 0.397(6)*
W 6.73(3) 8.04(2) 2.627(1) 2.627(1)
i(◦) 84.4(1) 88.0(2)

L/(L1 + L2 + L3)B 0.6796(1) 0.0556(1) 0.1693(3) 0.0955(3)
L/(L1 + L2 + L3)V 0.6271(7) 0.0740(7) 0.1993(4) 0.0996(4)
L/(L1 + L2 + L3)R 0.5975(8) 0.0938(8) 0.2034(3) 0.1052(3)
L/(L1 + L2 + L3)I 0.5773(1) 0.1097(1) 0.2062(4) 0.1069(4)
L3/(L1 + L2 + L3)B 0.2648(6) 0.7352(5)
L3/(L1 + L2 + L3)V 0.2988(6) 0.7012(5)
L3/(L1 + L2 + L3)R 0.3086(6) 0.6914(5)
L3/(L1 + L2 + L3)I 0.3131(7) 0.6869(5)

XB ∗ ∗ 0.79(2) 0.85(1) 1.2114(1) 0.8640(2)
XV ∗ ∗ 0.48(1) 0.52(1) 0.8687(3) 0.6470(4)
XR ∗ ∗ 0.28(2) 0.29(3) 0.7977(7) 0.3074(7)
XI ∗ ∗ 0.16(1) 0.12(1) 0.7228(7) 0.1379(6)

fill − out factor - - 0.1843

Spot parameters
co− latitude 76(13) 89(1)
longitude 80(1) 56.8(1)
radius 34.2(3) 23.5(2)

temp.factor 0.978(1) 0.905(4)
P/S*** P P

*: Stajerèc par�metroi
**: Suntelestèc Limb Darkening sÔmfwna me touc pÐnakec V an Hamme (1993)
***: Primary/Secondary
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Kef�laio 3. MontelopoÐhsh twn tetrapl¸n susthm�twn

3.3 MontelopoÐhsh me th mèjodo Monte Carlo (MC)

H mèjodoc montelopoÐhshc Monte Carlo (MC) pou qrhsimopoi same (Zola et al.
2015), perilamb�nei ènan k¸dika paraskeu c sunjetik¸n kampul¸n se Linux. Ba-
sÐzetai kai aut  ston k¸dika Wilson Devinney, ìpwc to BM3 kai to PHOEBE,
me th diafor� ìti proseggÐzei th lÔsh me paragwg  yeudotuqaÐwn arijm¸n kai ìqi me
tic mejìdouc LC kai DC.

Gia ton upologismì twn sunjetik¸n kampul¸n eis�goume ston k¸dika to eÔroc
tim¸n twn zhtoÔmenwn paramètrwn, sto opoÐo jèloume na brejeÐ h lÔsh (Eikìna 3.6).
'Oso megalÔtero to eÔroc twn tim¸n tìso perissìteroc eÐnai kai o qrìnoc pou ja
qreiasteÐ to prìgramma gia na brei lÔsh. Sthn perÐptws  mac, jewr same stajerèc
tic timèc thc jermokrasÐac twn prwteuìntwn mel¸n kai touc lìgouc maz¸n apì fasma-
toskopik� dedomèna (Lee et al. 2008; Lohr et al. 2015). Gia to sÔsthma V 994 Her
qrhsimopoi same sugkekrimènh tim  kai gia thn ekkentrìthta, h opoÐa èqei upologisteÐ
apì ta diagr�mmata O − C me th mèjodo LITE.

'Opwc faÐnetai kai sthn Eikìna 3.6 arister�, p�nw apì tic timèc twn paramètrwn
up�rqei èna header pou apoteleÐtai apì tèssera noÔmera. To kajèna apì aut� anti-
proswpeÔei ta run, tic epanal yeic kai ton arijmì twn fÐltrwn.

'Oson afor� to deÔtero eisagìmeno arqeÐo, autì perilamb�nei ta fwtometrik� de-
domèna thc f�shc, thc ro c kai tou sf�lmatoc ro c. P�nw apì autì up�rqei p�li
èna header pou afor� ta fÐltra, to plègma (grid), th f�sh kanonikopoÐhshc, ta m kh
kÔmatoc, to Limb Darkening, kaj¸c kai �llec paramètrouc.

Eikìna 3.6: Morf  eisagìmenwn arqeÐwn arqik¸n paramètrwn (arister�) kai fwtometrik¸n
dedomènwn (dexi�) gia th mèjodo MC.

Fti�qnontac èna f�kelo me ìla ta parap�nw arqeÐa kai trèqontac ton k¸dika gia
thn perÐptwsh pou èqoume   oqi khlÐdec, proèkuyan oi par�metroi tou PÐnaka 3.3 gia
to sÔsthma V 994 Her kai tou PÐnaka 3.4 gia to sÔsthma 1SWASP J093010.78 +
533859.5.
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PÐnakac 3.3: Oi telikèc par�metroi tou sust matoc V 994 Her me th mèjodo MC gia to ètoc
2014.

A B
Par�metroc Aa Ab Ba Bb

T0 (HJD) 2456888.3566(3) 2456859.3375(4)
P (d) 2.0832645(28) 1.4200409(37)
e 0.032(8)* 0.13(4)*

w (◦) 32.0(3) 285(19)
phase shift 0.00913(2) 0.001(14)

T (K) 12000(250)* 9411(7) 9000(250)* 8119(74)
q 0.857(24)* 1.05(28)*
W 5.88(1) 7.09(2) 5.61(7) 8.87(7)
i(◦) 82.19(6) 88.5(5)

L/(L1 + L2 + L3)B 0.605(2) 0.168(2) 0.208(10) 0.048(3)
L/(L1 + L2 + L3)V 0.621(2) 0.193(2) 0.218(6) 0.056(2)
L/(L1 + L2 + L3)R 0.575(1) 0.187(2) 0.228(3) 0.061(2)
L/(L1 + L2 + L3)I 0.500(1) 0.194(2) 0.231(2) 0.064(1)
L3/(L1 + L2 + L3)B 0.217(3) 0.743(22)
L3/(L1 + L2 + L3)V 0.224(3) 0.726(14)
L3/(L1 + L2 + L3)R 0.238(2) 0.711(6)
L3/(L1 + L2 + L3)I 0.256(2) 0.706(3)

Spot parameters
co− latitude 140(1) -
longitude 109.1(6) -
radius 18.3(4) -

temp.factor 0.802(1) -
P/S** P -

*: Stajerèc par�metroi
**: Primary/Secondary
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Kef�laio 3. MontelopoÐhsh twn tetrapl¸n susthm�twn

PÐnakac 3.4: Oi telikèc par�metroi tou sust matoc 1SWASP J093010.78 + 533859.5 me th
mèjodo MC gia to ètoc 2014.

A B
Par�metroc Aa Ab Ba Bb

T0 (HJD) 2456346.78443(15) 2456347.85636(18)
P (d) 1.30554317(68) 0.22771442(4)
e 0* 0*

w (◦) - -
phase shift 0.00094(0) 0.0191(4)

T(K) 5185(25)* 4242.7(1) 4700(50)* 4012(1)
q 0.806(7)* 0.397(6)*
W 7.031(1) 7.559(1) 2.672(1) 3.994(5)
i(◦) 83.2(1) 89.2(6)

L/(L1 + L2 + L3)B 0.6918(1) 0.1082(1) 0.2913(1) 0.0085(1)
L/(L1 + L2 + L3)V 0.6619(1) 0.1206(1) 0.2897(1) 0.0101(1)
L/(L1 + L2 + L3)R 0.5936(1) 0.1230(1) 0.2883(1) 0.0115(1)
L/(L1 + L2 + L3)I 0.5573(1) 0.1427(2) 0.2862(1) 0.0138(1)
L3/(L1 + L2 + L3)B 0.2000(1) 0.7001(1)
L3/(L1 + L2 + L3)V 0.2175(1) 0.7002(1)
L3/(L1 + L2 + L3)R 0.2833(1) 0.7002(1)
L3/(L1 + L2 + L3)I 0.3000(1) 0.7000(1)

Spot parameters
co− latitude 80.10(2) 89.4(8)
longitude 74.096(3) 200.7(1)
radius 29.995(2) 29.98(2)

temp.factor 0.962(1) 0.701(1)
P/S** P P

*: Stajerèc par�metroi
**: Primary/Secondary
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3.4 Ta telik� jewrhtik� montèla

SugkrÐnontac ta apotelèsmata twn mejìdwn DC kai MC, oi lÔseic brÐskontai
polÔ kont� metaxÔ touc kai perigr�foun ikanopoihtik� to sÔsthma. Gia thn telik 
montelopoÐhsh twn susthm�twn epilèxame th mèjodoDC, par' ìlo pou èqei megalÔtera
sf�lmata, lìgw thc megalÔterhc orjìthtac twn paramètrwn ìson afor� to fusikì
touc nìhma. Oi jewrhtikèc kampÔlec pou proèkuyan me b�sh ta parap�nw faÐnontai
stic Eikìnec 3.7 kai 3.8.

Gia mia kalÔterh epopteÐa twn apotelesm�twn, kataskeu�same kai thn tridi�stath
apeikìnish twn susthm�twn pou faÐnetai stic Eikìnec 3.9-3.12. Gia to sÔsthma V 994
Her, o trìpoc pou blèpoume ta sust mata sth f�sh 0.5 epibebai¸nei thn ekkentrìthta
thc troqi�c touc, en¸ ìso megalÔterh eÐnai aut  tìso megalÔterh eÐnai kai h apìstash
twn mel¸n apì th stigm  thc èkleiyhc. Gia to sÔsthma 1SWASP J093010.78 +
533859.5 oi troqièc eÐnai kuklikèc, en¸ to mègejoc twn khlÐdwn upodhl¸nei èntonh
magnhtik  drasthriìthta.

Tèloc, me b�sh ta parap�nw apotelèsmata montelopoÐhshc kai th fasmatoskopÐa
twn Zasche and Uhlař (2016); Lohr et al. (2015), epanaprosdiorÐsame tic apìlutec
paramètrouc twn dÔo susthm�twn. Autèc eÐnai h m�za M , o hmi�xonac thc troqi�c
α, h aktÐna R, h jermokrasÐa T kai h fwteinìthta L. Oi antÐstoiqec timèc gia k�je
mèloc faÐnontai ston PÐnaka 3.5.

PÐnakac 3.5: Oi apìlutec par�metroi twn tetrapl¸n ekleiptik¸n susthm�twn V 994 Her kai
1SWASP J093010.78 + 533859.5.

M (M�) α (R�) R (R�) T (K) L (L�)

V 994 Her

Aa 3.04(14) 5.64(11) 2.46(4) 12000(250) 112.4(9.9)
Ab 2.61(20) 6.58(13) 1.75(3) 9538(50) 22.7(8)
Ba 1.82(8) 4.22(8) 1.59(2) 9000(250) 14.9(1.7)
Bb 1.91(15) 4.02(8) 1.43(2) 9185(80) 13.0(6)

1SWASP
J093010

Aa 0.84(2) 2.576(18) 0.978(7) 5185(25) 0.619(15)
Ab 0.68(2) 3.197(36) 0.671(5) 4207(12) 0.126(2)
Ba 0.86(4) 0.473(6) 0.786(11) 4700(50) 0.270(14)
Bb 0.34(1) 1.192(23) 0.520(7) 4760(2) 0.124(4)

Gia to skopì autì qrhsimopoi same tic sqèseic:

M1,2 = 1.0361 · 10−7(1− e2)3/2(K1 +K2)2K2,1P (sini)−3 (3.4)

α1,2 = 1.9758 · 10−2(1− e2)3/2K1,2P (sini)−1 (3.5)

R1,2 = αr1,2 (3.6)

ìpou α = α1 + α2 kai r1,2 = (r1,2,pole · r1,2,side · r1,2,back)
1/3

L1,2 = R2
1,2(

T1,2

T�
)4 (3.7)

ìpou T� = 5780 K.
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Kef�laio 3. MontelopoÐhsh twn tetrapl¸n susthm�twn

Eikìna 3.7: Fwtometrikèc kampÔlec BV RI tou sust matoc V 994 Her gia to ètoc 2014,
Ôstera apì prosarmog  twn jewrhtik¸n montèlwn pou proèkuyan me th mèjodo DC. P�nw
brÐsketai to zeÔgoc A me th megalÔterh troqiak  perÐodo kai k�tw to zeÔgoc B me th mi-
krìterh.
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Eikìna 3.8: Fwtometrikèc kampÔlec BV RI tou sust matoc 1SWASP J093010.78+533859.5
gia to ètoc 2013, Ôstera apì prosarmog  twn jewrhtik¸n montèlwn pou proèkuyan me th
mèjodo DC. P�nw brÐsketai to apoqwrismèno sÔsthma (EA) kai k�tw to sÔsthma se epaf 
(EW ).
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Kef�laio 3. MontelopoÐhsh twn tetrapl¸n susthm�twn

Eikìna 3.9: Tridi�stath apeikìnish tou apoqwrismènou zeÔgouc A (long period) tou sust ma-
toc V 994 Her.

Eikìna 3.10: Tridi�stath apeikìnish tou apoqwrismènou zeÔgouc B (short period) tou su-
st matoc V 994 Her.
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Eikìna 3.11: Tridi�stath apeikìnish tou apoqwrismènou zeÔgouc A (EA) tou sust matoc
1SWASP J093010.78 + 533859.5.

Eikìna 3.12: Tridi�stath apeikìnish tou zeÔgouc se epaf  B (EW ) tou sust matoc
1SWASP J093010.78 + 533859.5.
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Kef�laio 3. MontelopoÐhsh twn tetrapl¸n susthm�twn
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Kef�laio 4

DiereÔnhsh diagramm�twn
O − C

Ta diagr�mmata O − C ekfr�zoun th diafor� twn megej¸n O (Observed) kai
C (Calculated) sunart sei tou qrìnou (Hliokentrik  hmeromhnÐa (HJD), Epoq 
(Epoch) klp.). Ta megèjh aut� dÐnontai apì tic sqèseic:

O = HJD (4.1)

C = T0 + PE (4.2)

ìpou HJD oi parathroÔmenoi qrìnoi elaqÐstou, T0 kai P to el�qisto kai h perÐodoc
thc qrhsimopoioÔmenhc efhmerÐdac kai E h epoq .

Sthn astronomÐa èna di�gramma O − C sqetÐzetai me th metabol  enìc megèjouc
(sun jwc me thn p�rodo tou qrìnou) kai qrhsimopoieÐtai gia thn anaz thsh periodi-
kot twn kai metabol¸n. Autì èqei wc skopì thn eÔresh kai th melèth fainomènwn
kai fusik¸n mhqanism¸n pou sqetÐzontai me to parathroÔmeno antikeÐmeno. 'Otan oi
metabolèc autèc uperbaÐnoun ta peiramatik� l�jh kai eÐnai susthmatikèc, up�rqei h
dunatìthta kataskeu c enìc kalÔterou montèlou gia to sÔsthma pou brÐsketai upì
melèth.

'Oson afor� ta ekleiptik� astrik� sust mata, ta diagr�mmata O−C ta qrhsimo-
poioÔme gia thn anÐqneush tuqìn metabol¸n thc periìdou perifor�c tou sust matoc,
oi opoÐec prokaloÔntai stic ex c peript¸seic:

• Met�ptwsh thc gramm c twn ayÐdwn. Periodikèc metabolèc sthn perÐptwsh
susthm�twn me meg�lh ekkentrìthta pou mporeÐ na ofeÐlontai se sunduasmì
paragìntwn ìpwc to fainìmeno Kozai, sqetikistik� fainìmena kai palirroiak�
fainìmena.

• Parèlxeic apì trÐto s¸ma (fainìmeno LITE). Periodikèc hmitonoeid c metabolèc
me perÐodo Ðsh me ekeÐnh pou apaiteÐtai gia thn perifor� tou trÐtou s¸matoc gÔrw
apì to diplì sÔsthma.
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Kef�laio 4. DiereÔnhsh diagramm�twn O − C

Eikìna 4.1: Fwtometrik  kampÔlh kai di�gramma O−C apoqwrismènou sust matoc me e = 0.

Eikìna 4.2: Fwtometrik  kampÔlh kai di�gramma O−C apoqwrismènou sust matoc me e 6= 0.
Me maÔro apeikonÐzontai ta prwteÔonta el�qista kai me kìkkino ta deutereÔonta.

• KÔkloi magnhtik c drasthriìthtac. Periodikèc metabolèc me perÐodo Ðsh me
ekeÐnh thc drasthriìthtac (antÐstoiqhc thc 11etoÔc hliak c) enìc toul�qiston
yuqroÔ mèlouc, oi opoÐec mporeÐ na ofeÐlontai kai sth sten  allhlepÐdrash twn
mel¸n tou sust matoc.

'Otan to sÔsthma den parousi�zei k�poia metabol  sthn perÐodì tou, to di�gramma
O−C anamènetai na eÐnai mia orizìntia eujeÐa. Se k�je perÐptwsh, an h efhmerÐda pou
qrhsimopoieÐtai eÐnai lanjasmènh, to di�gramma apokt� mia klÐsh wc proc ton orizìntio
�xona anexart twc thc morf c thc kampÔlhc.

An èqoume èna apoqwrismèno sÔsthma pou den parousi�zei magnhtik  drasthri-
ìthta, anamènoume fwtometrik  kampÔlh thc morf c thc Eikìnac 4.1. To antÐstoiqo
di�gramma O − C ja eÐnai mia orizìntia eujeÐa, afoÔ oi parathroÔmenoi kai upolo-
gizìmenoi qrìnoi prwteuìntwn kai deutereuìntwn elaqÐstwn prèpei na eÐnai Ðsoi kai
epomènwc na èqoun mhdenik  diafor�.

Sthn perÐptwsh pou to sÔsthma autì parousi�zei ekkentrìthta, tìte ta deute-
reÔonta el�qista ja emfanÐzontai stajer� metatopismèna kai epomènwc ja èqoun mh
mhdenik  diafor� f�shc (Eikìna 4.2), me apotèlesma na mhn isapèqoun oi qrìnoi em-
f�nishc twn prwteuìntwn kai deutereuìntwn elaqÐstwn.
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Eikìna 4.3: Metatìpish thc gramm c twn ayÐdwn.

'Otan epiplèon èqoume kai to fainìmeno thc met�ptwshc thc gramm c twn ayÐdwn
(tou meg�lou hmi�xona thc elleiptik c troqi�c tou sust matoc), h troqi� tou su-
st matoc prob�lletai k�je stigm  diaforetik� ston parathrht , ìpwc faÐnetai sthn
Eikìna 4.3.

Eikìna 4.4: Di�gramma O − C apoqwrismènou sust matoc me e 6= 0, q=1 kai metatìpish
thc gramm c twn ayÐdwn. Me maÔro apeikonÐzontai ta prwteÔonta el�qista kai me kìkkino ta
deutereÔonta.

'Etsi, lìgw stadiak c metatìpishc tou peri�strou, h qronik  diafor� metaxÔ prw-
teuìntoc kai deutereuìntoc elaqÐstou eÐnai periodik� metaballìmenh kai ìqi stajer .
To di�gramma O − C se aut n thn perÐptwsh ja èqei thn hmitonoeid  morf  thc Ei-
kìnac 4.4, me diafor� f�shc p (  180 moir¸n) se k�je eÐdoc elaqÐstou, efìson oi
antÐstoiqoi qrìnoi metatìpis c touc metab�llontai antidiametrik�. 'Otan o meg�loc
hmi�xonac thc elleiptik c troqi�c eujugrammisteÐ me ton parathrht , ta el�qista em-
fanÐzontai kanonik� stic f�seic 0 kai 0.5, me apotèlesma th mhdenik  diafor� sthn
tim  tou O−C. Autì apoteleÐ to shmeÐo tom c twn dÔo hmitonoeid¸n kampul¸n p�nw
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Kef�laio 4. DiereÔnhsh diagramm�twn O − C

ston �xona-Q.

'Otan up�rqei trÐto s¸ma se troqi� gÔrw apì to sÔsthma to di�gramma O − C
apokt� thn hmitonoeid  morf  thc Eikìnac 4.5, me perÐodo pou ekfr�zei thn troqia-
k  perÐodo thc troqi�c tou gÔrw apì to sÔsthma. 'Ena trÐto s¸ma parathreÐtai me
autì ton trìpo, dedomènou ìti pragmatopoieÐ amoibaÐec ekleÐyeic me to sÔsthma kai
epomènwc metab�llei touc parathroÔmenouc qrìnouc elaqÐstwn.

Eikìna 4.5: Di�gramma O − C sust matoc me trÐto s¸ma. Arister� e = 0 kai dexi� e 6= 0.

Sthn perÐptwsh Ôparxhc periodik c magnhtik c drasthriìthtac kai sunep¸c fai-
nomènou O′Connell ta parathroÔmena el�qista (prwteÔonta kai deutereÔonta) ja
parousi�zoun mia periodik  hmitonoeid  metatìpish, afoÔ oi khlÐdec paramorf¸noun
tic kampÔlec fwtìc, me apotèlesma na upologÐzetai esfalmèna o akrib c qrìnoc twn
parathroÔmenwn elaqÐstwn. An to fainìmeno O′Connell antÐstrefetai periodik�, to
di�gramma O−C paÐrnei thn morf  thc Eikìnac 4.6. Sthn perÐptwsh aut  ta hmÐtona
èqoun ta Ðdia pl�th, giatÐ oi fwtometrikèc kampÔlec èqoun el�qista me parìmoia b�jh
ta opoÐa san apotèlesma ephre�zontai to Ðdio apì tic khlÐdec.

Eikìna 4.6: Di�gramma O − C sust matoc periodik  magnhtik  metabol  (fainìmeno
O′Connell). Arister� e = 0 kai dexi� e 6= 0.
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4.1 Kataskeu  diagramm�twn O − C

Gia th melèth twn diagramm�twn O−C kai twn metabol¸n aut¸n qrhsimopoi same
ton k¸dika twn Zasche et al. (2009), pou sunupologÐzei thn kÐnhsh twn ayÐdwn mazÐ
me to fainìmeno LITE qrhsimopoi¸ntac touc qrìnouc elaqÐstwn twn susthm�twn.

4.1.1 To sÔsthma V 994 Her

Gia thn kataskeu  tou diagr�mmatoc O − C tou sust matoc V 994 Her qrhsimo-
poi same thn Ðdia efhmerÐda me touc Zasche and Uhlař (2016), prokeimènou na up�rxei
sÔgkrish thc qronik c exèlixhc tou sust matoc kai thn krat same stajer  kat� thn
eÔresh twn upìloipwn paramètrwn. Gia ta el�qista me meg�la sf�lmata qrhsimopoi-
 same mikrìtero statistikì b�roc. Ta apotelèsmata faÐnontai ston PÐnaka 4.1.

Autì pou blèpoume eÐnai ìti h ekkentrìthta e3, to pl�toc A, o arqikìc qrìnoc t0,
h k�jeth apìstash αsini kai h perÐodoc P3 proèkuyan Ðdia gia ta dÔo sust mata sta
plaÐsia tou sf�lmatoc, pou eÐnai anamenìmeno afoÔ anafèrontai sthn koin  troqi� twn
dÔo susthm�twn gÔrw apì to koinì kèntro m�zac. Oi par�metroi thc ekkentrìthtac e,
tou peri�strou w kai thc met�ptwshc tou peri�strou dω/dt, aforoÔn k�je sÔsthma
xeqwrist�. H sun�rthsh m�zac f(m3) kai h m�za M3 upì gwnÐa i aforoÔn to {trÐto
s¸ma}, dhlad  to �llo ekleiptikì zeÔgoc. 'Opwc gnwrÐzoume  dh apì fasmatoskopÐa,
h sunolik  m�za tou V 994 Her A eÐnai perÐpou 6M� kai tou V 994 Her B eÐnai perÐpou
4 M�, to opoÐo sun�dei me th gwnÐa i pou eÐnai sqedìn 90◦ kai �ra epibebai¸nei ta
apotelèsmata tou k¸dika, me polÔ meg�lh prosèggish lìgw twn meg�lwn sfalm�twn.
Akrib¸c epeid  èqoume meg�la sf�lmata stic m�zec, den mporoÔme na epibebai¸soume
thn Ôparxh tou pèmptou mèlouc, toul�qiston apì ta diagr�mmata O − C.

SugkrÐnontac ta apotelèsmata tou PÐnaka 4.1 me ton antÐstoiqo bibliografikì
PÐnaka twn Zasche and Uhlař (2016), parathroÔme ìti ta apotelèsmata eÐnai sqe-
dìn Ðdia kai epibebai¸noume thn orjìthta aut¸n, afoÔ h mình diafor� brÐsketai sta
sf�lmata.

Apì to di�gramma thc Eikìnac 4.7 blèpoume arqik� ìti up�rqei ènac diaqwrismìc
prwteuìntwn (maÔrh kampÔlh) kai deutereuìntwn (mple kampÔlh) elaqÐstwn, o opoÐoc
ofeÐletai sthn ekkentrìthta thc troqi�c twn dÔo dipl¸n susthm�twn (e) gia lìgouc
pou exhg same sthn Par�grafo 4. Apì thn �llh, h periodikìthta twn kampul¸n pro-
kÔptei apì thn ekkentrìthta thc koin c troqi�c touc (e3) gÔrw apì to kèntro m�zac,
wc apotèlesma tou fainomènou LITE (kìkkinh kampÔlh) gia thn perÐptwsh trÐtou
s¸matoc, pou sthn prokeimènh eÐnai to �llo sÔsthma. Afair¸ntac thn periodikìthta
aut  twn 2.9 et¸n lìgw thc ekkentrìthtac e3, prokÔptoun ta diagr�mmata thc Ei-
kìnac 4.8. Oi kampÔlec autèc diathroÔn mia klÐsh, h opoÐa ofeÐletai sth met�ptwsh
tou peri�strou pijan¸c lìgw diergasi¸n pou ermhneÔontai apì to fainìmeno Kozai.
En¸ ja perimèname na doÔme èna hmitonoeidèc lìgw thc met�ptwshc thc gramm c twn
ayÐdwn, blèpoume apl� mia kampÔlh me klÐsh, giatÐ to fainìmeno sumbaÐnei me polÔ
pio argì rujmì apì thn perifor� tou enìc sust matoc gÔrw apì to �llo kai ètsi to
hmÐtono den eÐnai oratì. O rujmìc autìc, dhlad  to dω/dt, metafr�zetai se perÐodo
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Kef�laio 4. DiereÔnhsh diagramm�twn O − C

Eikìna 4.7: Di�gramma O − C tou sust matoc V 994 Her kai prosarmog  jewrhtik c ka-
mpÔlhc lamb�nontac upìyh to fainìmeno LITE kai thn kÐnhsh twn ayÐdwn. Ta maÔra shmeÐa
sumbolÐzoun ta prwteÔonta el�qista kai ta mple ta deutereÔonta.
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PÐnakac 4.1: Oi par�metroi thc jewrhtik c kampÔlhc tou diagr�mmatoc O−C gia to sÔsthma
V 994 Her me th mèjodo LITE.

Par�metroc A B

T0 (HJD) 2453855.1339(34)* 2453857.4361(63)*
P (d) 2.0832649(31)* 1.4200401(40)*
e 0.032(8) 0.13(4)
w (◦) 24(2) 300(2)
dω/dt (◦/cycle) 0.009(16) 0.012(10)
P3 (yrs) 2.91(8) 2.90(15)
t0 (HJD) 2456046(84) 2456043(161)
A (days) 0.010(3) 0.014(7)
ω3 (◦) 232(57) 64(91)
e3 0.76(54) 0.67(86)
αsini (AU) 2.0(6) 3(1)
f(m3) (M�) 1(4) 2(2)
M3(i = 90◦) (M�) 5(2) 5(5)
M3(i = 60◦) (M�) 6(2) 7(7)
M3(i = 30◦) (M�) 15(6) 21(24)

*: Stajerèc par�metroi

228 et¸n gia to zeÔgoc A kai 117 et¸n gia to zeÔgoc B apì th sqèsh:

Paps =
360 · Porb

ω̇
days (4.3)

ìpou Porb h troqiak  perÐodoc kai Paps h perÐodoc tou fainomènou met�ptwshc twn
ayÐdwn. Sthn Eikìna 4.9 blèpoume ta telik� sf�lmata an afairèsoume tic kampÔlec
apì ta parathrhsiak� shmeÐa, ta opoÐa plèon de faÐnetai na èqoun kamÐa klÐsh  
periodikìthta.

Mia kalÔterh epopteÐa twn apost�sewn twn zeug¸n tou sust matoc ìpwc upo-
logÐsthkan apì ta astrometrik� dedomèna tou Gaia kai ta parap�nw apotelèsmata,
dÐnetai ston PÐnaka 4.2.

Gia ton upologismì twn megej¸n aut¸n qrhsimopoi same tic sqèseic:

tanπi =
1

Di
A.U. (4.4)

θ = cos−1[sin(δ1)sin(δ2) + cos(δ1)cos(δ2)cos(α1 − α2)] (4.5)

tan(
θ

2
) =

αi
Di

(4.6)

α =
∑

αi (4.7)

α3

T 2
=
G
∑
Mi

4π2
(4.8)
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Kef�laio 4. DiereÔnhsh diagramm�twn O − C

Eikìna 4.8: Di�gramma O − C tou sust matoc V 994 Her kai prosarmog  jewrhtik c ka-
mpÔlhc lamb�nontac upìyh mìno thn kÐnhsh twn ayÐdwn. Ta maÔra shmeÐa sumbolÐzoun ta
prwteÔonta el�qista kai ta mple ta deutereÔonta.
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Eikìna 4.9: Sf�lmata diagr�mmatoc O−C tou sust matoc V 994 Her Ôstera apì prosarmog 
thc jewrhtik c kampÔlhc.
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Kef�laio 4. DiereÔnhsh diagramm�twn O − C

PÐnakac 4.2: Apost�seic kai troqiakèc perÐodoi me b�sh thn astrometrÐa gia to sÔsthma
V 994 Her.

V 994 Her ZeÔgoc A ZeÔgoc B 5o mèloc

Par�llaxh (mas) 3.1(1) -
Apìstash (pc) 322.58(1) -
Gwniak  apìstash (arcsec) 0.013(1) 1.087
Troqiak  apìstash (A.U.) 4.3(2) -
Troqiak  perÐodoc (yrs) 2.91(11) -

ìpou πi h par�llaxh tou k�je zeÔgouc, Di h apìstash apì ton parathrht , θ h
gwniak  apìstash twn zeug¸n metaxÔ touc, a kai d oi ouranografikèc suntetagmènec
RA, Dec, αi kai α o meg�loc hmi�xonac thc troqi�c twn zeug¸n kai tou kèntrou
m�zac, Mi oi m�zec twn zeug¸n kai T h troqiak  perÐodoc gÔrw apì to koinì kèntro
m�zac.

4.1.2 To sÔsthma 1SWASP J093010.78 + 533859.5

Gia thn kataskeu  tou diagr�mmatocO−C tou sust matoc 1SWASP J093010.78+
533859.5 upologÐsame th dik  mac efhmerÐda sundu�zontac ìlouc touc bibliografiko-
Ôc qrìnouc elaqÐstwn gia megalÔterh axiopistÐa, dedomènou ìti den èqoume k�poia
�llh diajèsimh melèth diagr�mmatoc O − C gia na sugkrÐnoume. Ta sf�lmata twn
efhmerÐdwn upologÐsthkan me th mèjodo elaqÐstwn tetrag¸nwn. EpÐshc qrhsimopoi-
 same statistik� b�rh, dÐnontac megalÔterh axiopistÐa sta el�qista me ta mikrìtera
sf�lmata.

Parathr¸ntac ta diagr�mmata O−C thc Eikìnac 4.10, blèpoume ìti gia to zeÔgoc
B faÐnetai na up�rqei ènac parabolikìc ìroc. O ìroc autìc upodhl¸nei meÐwsh thc
periìdou tou sust matoc kai dedomènou ìti to sÔsthma brÐsketai se epaf , eÐnai pi-
janì na ofeÐletai se antallag  m�zac metaxÔ twn mel¸n. Me kat�llhlh majhmatik 
prosarmog  h exÐswsh thc parabol c aut c prokÔptei:

O − C = −2.1 · 10−9(1)E2 + 0.00023(5)E + const. (4.9)

Apì ton suntelest  β tou ìrou ∼ E2 thc parap�nw exÐswshc mporoÔme na upolo-
gÐsoume to rujmì metabol c thc periìdou kai to rujmì metafor�c kai ap¸leiac m�zac
apì tic sqèseic:

Ṗ (days/yr) =
2 ∗ 365.25

P
β (4.10)

Ṁ(M�/yr) =
Ṗ

3P

M1M2

M1 −M2
(4.11)

Ṁ(M�/yr) = − Ṗ

2P
(M1 +M2) (4.12)

58



PÐnakac 4.3: Oi metabolèc thc m�zac kai thc perÐodou tou zeÔgouc se epaf  tou sust matoc
1SWASP J093010.78 + 533859.5 lìgw antallag c m�zac.

1SWASP J093010.78 + 533859.5 B

Metabol  periìdou (days/yr) −6.7 · 10−6(6)
Metafor� m�zac (M�/yr) −1.7 · 10−5(1)
Ap¸leia m�zac (M�/yr) 1.8 · 10−5(2)

Ta apotelèsmata faÐnontai ston PÐnaka 4.3.

Afair¸ntac ton parabolikì ìro apì ta shmeÐa kai prosarmìzontac kat�llhla ta
el�qista, akolouj same thn Ðdia diadikasÐa me aut  tou sust matoc V 994 Her kai ta
apotelèsmata faÐnontai ston PÐnaka 4.4.

PÐnakac 4.4: Oi par�metroi thc jewrhtik c kampÔlhc tou diagr�mmatoc O−C gia to sÔsthma
1SWASP J093010.78 + 533859.5 me th mèjodo LITE.

Par�metroc A B

T0 (HJD) 2456346.78443(15)* 2456347.85636(18)*
P (d) 1.3055432(7)* 0.22771442(4)*
e - 0.018(4)
w (◦) - 68.4(1)
dω/dt (◦/cycle) - 0.0253(8)
P3 (yrs)∗ 1314 1314
t0 (HJD) - 2372997
A (days) - 0.0004
ω3 (◦) - -
e3 - -

*: Stajerèc par�metroi

Sthn perÐptwsh tou sust matoc 1SWASP J093010.78 + 533859.5 h kìkkinh ka-
mpÔlh tou fainomènou LITE moi�zei me eujeÐa (Eikìna 4.11) kai gia ta dÔo sust mata
kai antapokrÐnetai se troqiak  perÐodo 816 et¸n (PÐnakac 4.4), thn opoÐa jewr same
stajer  par�metro, afoÔ to f�sma twn parathr se¸n mac de mac epitrèpei ton epa-
naprosdiorismì thc apì ta diagr�mmata O − C. Thn tim  aut  thc periìdou, h opoÐa
ekfr�zei thn kÐnhsh twn dÔo susthm�twn gÔrw apì to koinì kèntro m�zac, upologÐsa-
me apì tic neìterec astrometrikèc paramètrouc tou dorufìrou Gaia, sÔmfwna me tic
Sqèseic 4.4-4.8. Oi par�metroi autèc mazÐ me tic upologizìmenec apost�seic kai thn
troqiak  perÐodo faÐnontai ston PÐnaka 4.5.

Parìmoia troqiak  perÐodo upologÐzetai na èqei kai to pèmpto mèloc, sÔmfwna me
touc Lohr et al. (2015) kai �ra oÔte aut  mporeÐ na faÐnetai sta diagr�mmata O − C
gia to qronikì eÔroc parathr sewn pou diajètoume. Gia to zeÔgoc A blèpontac kai
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Kef�laio 4. DiereÔnhsh diagramm�twn O − C

Eikìna 4.10: Di�gramma O−C tou sust matoc 1SWASP J093010.78+533859.5. Ta maÔra
shmeÐa sumbolÐzoun ta prwteÔonta el�qista kai ta mple ta deutereÔonta.
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PÐnakac 4.5: Apost�seic kai troqiakèc perÐodoi me b�sh thn astrometrÐa gia to sÔsthma
1SWASP J093010.78 + 533859.5.

1SWASP J093010.78 + 533859.5 ZeÔgoc A ZeÔgoc B 5o mèloc

Par�llaxh (mas) 24(1) 14.29(6) -
Apìstash (pc) 42.44(1) 70.06(1) 83
Gwniak  apìstash (arcsec) 2.17 -
Troqiak  apìstash (A.U.) 122.06(2) -
Troqiak  perÐodoc (yrs) 816(8) -

to di�gramma thc Eikìnac 4.12 blèpoume ìti den up�rqei kamÐa metabol    periodi-
kìthta kai epomènwc sto eÔroc twn et¸n aut¸n to sÔsthma de dÐnei èndeixh gia trÐto
s¸ma, ekkentrìthta   magnhtikì kÔklo, gegonìc sto opoÐo katal goume me meg�lh
abebaiìthta lìgw twn polÔ lÐgwn shmeÐwn. Gia to zeÔgoc B ìmwc, parathroÔme èna
periodikì diaqwrismì prwteuìntwn kai deutereuìntwn elaqÐstwn. Ja mporoÔse kaneÐc
na pei ìti ofeÐletai sth met�ptwsh tou peri�strou twn susthm�twn, lìgw thc meta-
xÔ touc barutik c allhlepÐdrashc. 'Omwc, k�ti tètoio eÐnai adÔnato dedomènou ìti oi
troqièc twn mel¸n eÐnai kuklikèc.

Apì thn �llh, parathr¸ntac tic jermokrasÐec twn asteri¸n blèpoume ìti eÐnai
polÔ yuqr� kai epomènwc eÐnai anamenìmeno na emfanÐzoun èntonh magnhtik  drasth-
riìthta, k�ti pou epibebai¸noun kai oi fwtometrikèc kampÔlec pou parousi�same se
prohgoÔmeno kef�laio. To sumpèrasma autì enisqÔei kai to gegonìc ìti to sÔsthma
eÐnai se epaf  kai parousi�zei antallag  m�zac kai �ra mporeÐ na emfanÐzei khlÐdec
lìgw barutik c allhlepÐdrashc. Epomènwc, h periodikìthta aut  ja mporoÔse na
sundèetai me to fainìmeno O′Connell, to opoÐo antistrèfetai periodik� kai prokaleÐ
to diaqwrismì twn prwteuìntwn kai deuereuìntwn elaqÐstwn. UpologÐzontac thn pe-
riodikìthta aut c thc metabol c prokÔptei ènac kÔkloc 8.87(8) et¸n. H exÐswsh pou
perigr�fei ta prwteÔonta kai ta deutereÔonta el�qista eÐnai koin , afoÔ ta b�jh twn
elaqÐstwn eÐnai sqedìn Ðdia stic kampÔlec kai epomènwc ephre�zontai to Ðdio apì to
fainìmeno O′Connell. H antistrof  aut  tou fainomènou upodhl¸nei spot migration,
dhlad  diaforetik  peristrof  kai perifor� twn mel¸n, k�ti pou den mporoÔme na e-
pibebai¸soume apì ta diagr�mmata O−C, lìgw thc diaspor�c kai thc posìthtac twn
shmeÐwn. 'Omwc, blèpoume ìti oi fwtometrikèc kampÔlec tou 2013 twn Gazeas (2015);
Koo et al. (2014); Lohr et al. (2015) parousi�zoun antÐstrofo fainìmeno O′Connell,
ìpwc problèpetai kai apì to di�gramma O − C, en¸ oi kampÔlec tou 2008 apì ta
dedomèna twn Lohr et al. (2013) pou mac dìjhkan Ôstera apì proswpik  epikoinwnÐa,
parousi�zoun orjì fainìmeno O′Connell, k�ti pou epÐshc problèpetai apì to di�gram-
ma O − C. Epomènwc, en¸ èqoume meg�lh diaspor� sta shmeÐa kai �ra abebaiìthta,
oi endeÐxeic pou epibebai¸noun to apotèlesma eÐnai arket� isqurèc. Sthn Eikìna 4.13,
blèpoume ta telik� sf�lmata afoÔ èqoume afairèsei tic parap�nw periodikìthtec, ta
opoÐa de faÐnetai na èqoun plèon k�poio motÐbo.
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Kef�laio 4. DiereÔnhsh diagramm�twn O − C

Eikìna 4.11: Di�gramma O − C tou sust matoc 1SWASP J093010.78 + 533859.5 kai pro-
sarmog  jewrhtik c kampÔlhc lamb�nontac upìyh to fainìmeno LITE. Ta maÔra shmeÐa
sumbolÐzoun ta prwteÔonta el�qista kai ta mple ta deutereÔonta.
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Eikìna 4.12: Di�gramma O − C tou sust matoc 1SWASP J093010.78 + 533859.5 kai pro-
sarmog  jewrhtik c kampÔlhc, èqontac afairèsei thn periodikìthta lìgw fainomènou LITE.
Ta maÔra shmeÐa sumbolÐzoun ta prwteÔonta el�qista kai ta mple ta deutereÔonta.
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Kef�laio 4. DiereÔnhsh diagramm�twn O − C

Eikìna 4.13: Sf�lmata diagr�mmatoc O−C tou sust matoc 1SWASP J093010.78+533859.5
Ôstera apì prosarmog  thc jewrhtik c kampÔlhc.
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Kef�laio 5

Melèth thc Keplerian c
kÐnhshc kai twn troqi¸n

Prokeimènou na upologÐsoume thn troqi� twn mel¸n twn tetrapl¸n susthm�twn
pou melet�me ja prèpei na melet soume thn kÐnhsh pou ekteloÔn gÔrw apì to kèntro
m�zac touc. Sthn perÐptws  mac ja epilÔsoume to Keplerianì prìblhma gia k�je
diplì mèloc xeqwrist�. To Keplerianì prìblhma eÐnai èna prìblhma Mhqanik c, to
opoÐo afor� èna diplì sÔsthma swm�twn, pou ekteloÔn elleiptikèc troqièc gÔrw apì
to kèntro m�zac touc. H kÐnhs  touc aut  basÐzetai sth barutik  allhlepÐdrash, pou
sÔmfwna me to nìmo tou NeÔtwna dÐnetai apì th sqèsh:

−→
F =

−GMm

τ3
−→τ (5.1)

ìpou t h apìstash metaxÔ twn dÔo swm�twn.

Epiplèon, basÐzetai stouc treic nìmouc tou Kèpler gia ta planhtik� sust mata,
oi opoÐoi eÐnai:

i O 1oc nìmoc tou Kèpler   nìmoc twn elleiptik¸n troqi¸n:Oi
troqièc twn planht¸n eÐnai elleÐyeic, twn opoÐwn th mÐa estÐa, koin  se ìlec tic
planhtikèc troqièc, katèqei o 'Hlioc (Sq ma 5.1).
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Kef�laio 5. Melèth thc Keplerian c kÐnhshc kai twn troqi¸n

Eikìna 5.1: Planhtik  troqi� me b�sh ton 1o nìmo tou Kèpler

ii O 2oc nìmoc tou Kèpler   nìmoc twn embad¸n:H epibatik  aktÐna
'Hliou-plan th gr�fei Ðsa embad� se Ðsouc qrìnouc   embad� an�loga twn
qrìnwn (Sq ma 5.2).

Eikìna 5.2: Planhtik  troqi� me b�sh ton 2o nìmo tou Kèpler

iii O 3oc nìmoc tou Kèpler   nìmoc twn astrik¸n perifor¸n:Ta
tetr�gwna twn qrìnwn twn astrik¸n perifor¸n twn planht¸n eÐnai an�loga
twn kÔbwn thc mèshc apìstashc apì ton 'Hlio (Sq ma 5.3).
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Eikìna 5.3: Planhtik  troqi� me b�sh ton 3o nìmo tou Kèpler

H Keplerian  aut  kÐnhsh eÐnai tetrimmènh ìson afor� thn exèlixh thc sto q¸ro,
all� kajìlou tetrimmènh wc proc thn exèlix  thc sto qrìno, h opoÐa m�lista apaiteÐ
di�forec teqnikèc gia thn epÐlush thc. 'Etsi to Keplerianì prìblhma afor� ton pros-
diorismì twn jèsewn kai twn taqut twn enìc sust matoc astronomik¸n antikeimènwn,
sto qrìno.

'Otan parathroÔme sust mata swm�twn den briskìmaste p�nta sto epÐpedo thc
troqi�c touc, all� ta parathroÔme upì di�forec gwnÐec an�loga me th jèsh touc
ston our�nio jìlo, me apotèlesma na blèpoume mia probol  thc pragmatik c èlleiyhc
thc troqi�c touc kai to prìblhma na gÐnetai tridi�stato. Gi' autì, eÐnai anagkaÐa
h efarmog  metasqhmatism¸n pou mac an�goun apì to epÐpedo tou parathrht  sto
pragmatikì epÐpedo thc èlleiyhc.

Apì thn �llh, ta antikeÐmena pou melet�me de brÐskontai p�nta sto hliakì mac
sÔsthma, all� tic perissìterec forèc brÐskontai ektìc autoÔ, me apotèlesma ìtan
parathroÔme sust mata tètoiwn antikeimènwn na upeisèrqontai sqetikèc kin seic pou
kajistoÔn dÔskolh th melèth touc sto hliokentrikì sÔsthma. Gi' autì, eÐnai anagkaÐo
na anag�goume tic parathr seic mac apì to hliokentrikì sto barukentrikì sÔsthma.

San pr¸to b ma, loipìn, ja melet soume p¸c metab�llontai oi suntetagmènec
thc troqi�c apì thn proballìmenh sthn pragmatik  èlleiyh kai me poiec sqèseic kai
metasqhmatismoÔc sundèontai.

'Estw ìti h proballìmenh (parathroÔmenh) èlleiyh perigr�fetai apì èna sÔsth-
ma suntetagmènwn (x,h,z) kai h pragmatik  èlleiyh apì èna sÔsthma suntetagmènwn
(x, y, z).

Efìson autì pou parathroÔme eÐnai oi ouranografikèc suntetagmènec tou anti-
keimènou, ja prèpei na tic metatrèyoume sto sÔsthma suntetagmènwn (x,h,z), ìpou oi
�xonec x,h ja brÐskontai sto epÐpedo tou our�niou ishmerinoÔ (to epÐpedo thc eklei-
ptik c gia to hliokentrikì sÔsthma) kai o z ja tautÐzetai me ton �xona parat rhshc
(line of sight).

Gia na prosdiorÐsoume thn pragmatik  èlleiyh eÐnai aparaÐthto na gnwrÐzoume treic
diaforetikèc gwnÐec (Sq ma 5.4). Th gwnÐa W (ascending node) pou sqhmatÐzei h
gramm  twn kìmbwn (tom  tou epipèdou thc èlleiyhc me ton our�nio ishmerinì) me
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Kef�laio 5. Melèth thc Keplerian c kÐnhshc kai twn troqi¸n

th gramm  tou anabib�zontoc sundèsmou (gg' sthn perÐptwsh tou hliokentrikoÔ su-
st matoc, kat� m koc tou �xona x sthn perÐptws  mac), th gwnÐa i (inclination) pou
sqhmatÐzei to epÐpedo thc èlleiyhc me to epÐpedo tou our�niou ishmerinoÔ kai th gwnÐa
w pou ekfr�zei th strof  thc èlleiyhc gÔrw apì thn kÔria estÐa, dhlad  th gwnÐa
pou sqhmatÐzei h gramm  twn kìmbwn me to perÐkentro thc èlleiyhc. Sthn perÐptws 
mac ja jewr soume w=0.

Gia to skopì autì, ja ekmetalleutoÔme thn kajetìthta tou dianÔsmatoc thc
stroform c me to epÐpedo thc pragmatik c èlleiyhc. Dhlad , gia tuqaÐo di�nusma
−→τ ·
−→
l = 0. 'Ara h stroform  sto sÔsthma axìnwn (x,h,z) ja sqhmatÐzei gwnÐa i me

ton �xona z kai gwnÐa W me ton �xona x, ìpwc faÐnetai sto sq ma. AnalÔontac se
sunist¸sec telik� prokÔptoun:

cosi =
lζ√

lη
2 + lξ

2 + lζ
2
⇒ i = arccos(

lζ√
lη

2 + lξ
2 + lζ

2
) (5.2)

tanΩ = − lη
lξ
⇒ Ω = arctan(− lη

lξ
) (5.3)

sÔmfwna me tic sqèseic:
lη = lsinΩsini (5.4)

lξ = −lcosΩsini (5.5)

lζ = lcosi (5.6)

Eikìna 5.4: Strof  axìnwn apì to parathroÔmeno sÔsthma sto sÔsthma thc èlleiyhc.

To epìmeno b ma eÐnai h ektèlesh strof¸n gia th met�bash apì to sÔsthma (x,h,z)
sto sÔsthma thc èlleiyhc (x, y, z). Arqik�, strèfoume to sÔsthma (x,h,z) wc proc
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ton �xona z kat� gwnÐa W kai onom�zoume to nèo sÔsthma axìnwn (x,r,z). Jewr¸ntac
thn aristerìstrofh for� jetik  o antÐstoiqoc pÐnakac ja eÐnai:

RΩ =

 cosΩ sinΩ 0
−sinΩ cosΩ 0

0 0 1

 (5.7)

dhlad , xρ
ζ

 =

 cosΩ sinΩ 0
−sinΩ cosΩ 0

0 0 1

ξη
ζ

 (5.8)

Sth sunèqeia strèfontac to sÔsthma (x,r,z) wc proc ton �xona x kat� gwnÐa i,
paÐrnoume to zhtoÔmeno sÔsthma (x, y, z) kai o pÐnakac strof c ja eÐnai:

Ri =

1 0 0
0 cosi sini
0 −sini cosi

 (5.9)

dhlad  xy
z

 =

1 0 0
0 cosi sini
0 −sini cosi

xρ
ζ

 (5.10)

Epomènwc, telik� h strof  apì to èna sÔsthma sto �llo ja eÐnai:xy
z

 =

1 0 0
0 cosi sini
0 −sini cosi

 cosΩ sinΩ 0
−sinΩ cosΩ 0

0 0 1

ξη
ζ


⇒

xy
z

 =

 cosΩ sinΩ 0
−cosisinΩ cosicosΩ sini
sinisinΩ −sinicosΩ cosi

ξη
ζ

 (5.11)

Gia ton antÐstrofo metasqhmatismì, dhlad  gia th met�bash apì to sÔsthma su-
ntetagmènwn (x, y, z) sto sÔsthma suntetagmènwn (x,h,z), o pÐnakac strof c ja eÐnai
antÐstoiqa:

ξη
ζ

 =

cosΩ −sinΩ 0
sinΩ cosΩ 0

0 0 1

1 0 0
0 cosi −sini
0 sini cosi

xy
z


⇒

ξη
ζ

 =

cosΩ −sinΩcosi sinΩsini
sinΩ cosΩcosi −cosΩsini

0 sini cosi

xy
z

 (5.12)

Sth sunèqeia, gia ton prosdiorismì thc troqi�c ja qrhsimopoi soume thn analuti-
k  mèjodo epÐlushc, wc mia apì tic pio axiìpistec upologistik�, h opoÐa basÐzetai sthn
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Kef�laio 5. Melèth thc Keplerian c kÐnhshc kai twn troqi¸n

efarmog  twn exis¸sewn Hamilton. Gia thn epÐlush aut  ja qrhsimopoi soume arqi-
k� to hliokentrikì sÔsthma suntetagmènwn ìpou jewroÔme ìti o sunodìc megalÔterh
m�zac (èstw M1) brÐsketai akÐnhtoc sth mÐa estÐa èlleiyhc, en¸ o �lloc perifèretai
gÔrw tou.

H Qamiltonian  tou probl matoc eÐnai:

H =
pτ

2

2
+
pφ

2

2τ2
+ V (τ) (5.13)

ìpou V (τ) = −GM
τ

kai M h m�za tou sust matoc.

Epomènwc oi exis¸seic Hamilton ja eÐnai:

τ̇ =
∂H

∂pτ
= pτ ⇒ τ̈ = ṗτ (5.14)

ṗτ = −∂H
∂τ

= −dV (τ)

dτ
+
pφ

2

τ3
=
l2

τ3
− GM

τ2
= τ̈ (5.15)

gia to aktinikì komm�ti kai

φ̇ =
∂H

∂pφ
=
pφ
τ2
⇒ pφ = τ2φ̇ (5.16)

ṗφ =
∂H

∂φ
= 0⇒ pφ = l = const.⇒ φ̇ =

l

τ2
(5.17)

gia to azimoujiakì komm�ti.

Sth sunèqeia orÐzontac th metablht  u =
1

τ
kai upologÐzontac thn pr¸th kai

deÔterh par�gwgo wc proc f me ton kanìna thc alusÐdac kai me th bo jeia twn
parap�nw sqèsewn ja èqoume:

du

dφ
= − τ̇

l
⇒ d2u

dφ2
= −1

τ
+
GM

l2

⇒ d2u

dφ2
+ u =

GM

l2

(5.18)

H lÔsh thc omogenoÔc exÐswshc
d2u

dφ2
+u = 0 eÐnai u = u0cos(φ−φ0) kai prosjètontac

thn eidik  lÔsh:

u =
GM

l2
+ u0cos(φ− φ0)⇒ 1

τ
=
GM

l2
+ u0cos(φ− φ0)

⇒ τ =
l2/GM

1 + u0l2cos(φ− φ0)/GM

(5.19)

h opoÐa ekfr�zei thn exÐswsh thc èlleiyhc apì fusik  �poyh.
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Jewr¸ntac ìti h exÐswsh aut  mporeÐ na p�rei th morf 
x2

α2
+
y2

β2
, ìpou β2 =

α2(1− e2), metatrèpoume se polikèc suntetagmènec wc proc th mÐa estÐa thc èlleiyhc
pou brÐsketai h m�zaM1, antikajist¸ntac x = τcos(φ−φ0)−αe kai y = τsin(φ−φ0).
Oi par�metroi a,b eÐnai o meg�loc kai o mikrìc hmi�xonac antÐstoiqa, e h ekkentrìthta,
φ− φ0 h gwniak  apìstash tou M2 apì to perÐkentro, kai t h apìstash metaxÔ twn
mel¸n (Sq ma 5.5).

Eikìna 5.5: Qarakthristikèc apost�seic, hmi�xonec kai estÐec èlleiyhc

'Etsi, prokÔptei:

τ =
α(1− e2)

1 + ecos(φ− φ0)
(5.20)

pou eÐnai h exÐswsh thc èlleiyhc apì gewmetrik  �poyh.
Exis¸nontac me to prohgoÔmeno apotèlesma:

α(1− e2) =
l2

GM
⇒ l2 = GMα(1− e2) (5.21)

kai

e =
u0l

2

GM
(5.22)

ìpou sundèsame ta fusik� kai gewmetrik� qarakthristik� tou probl matoc.
Autì pou mac endiafèrei eÐnai to pr¸to apotèlesma, to opoÐo mac dÐnei th strofor-

m  tou sust matoc. 'Enac �lloc trìpoc na thn upologÐsoume, eÐnai exis¸nontac tic
enèrgeiec sto perÐkentro kai sto apìkentro thc èlleiyhc (afoÔ h enèrgeia paramènei

stajer ), dhlad 
l2

2τρ2
− GM

τρ
=

l2

2τα2
− GM

τα
, ìpou τρ = α(1− e) kai τα = α(1 + e).

'Etsi:
l2 = GMα(1− e2) (5.23)
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Kef�laio 5. Melèth thc Keplerian c kÐnhshc kai twn troqi¸n

kai

ε = −GM
2α

(5.24)

Prokeimènou na melet soume th qronik  exèlixh thc elleiptik c troqi�c twn mel¸n,
prèpei na orÐsoume thn èkkentrh anwmalÐa thc èlleiyhc kai na ex�goume thn exÐswsh
tou Kèpler. 'Opwc faÐnetai kai sto Sq ma 5.6, alhj c anwmalÐa eÐnai h gwnÐa f ≡ φ−
φ0 pou anafèrame prohgoumènwc kai èkkentrh anwmalÐa eÐnai h gwnÐa E pou sqhmatÐzei
h katakìrufoc, sto shmeÐo pou brÐsketai to M2, me ton kÔklo aktÐnac a Ðshc me to
meg�lo hmi�xona, me koruf  th gewmetrik  arq  twn axìnwn.

Eikìna 5.6: GwnÐec kai apost�seic elleiptik c troqi�c

Exis¸nontac tic sqèseic pou isqÔoun gewmetrik� gia thn apìstash (KS), dhlad 
αe− αcosE = τcos(π − f) paÐrnoume:

cosf =
α(cosE − e)

τ
(5.25)

to opoÐo an antikatast soume sthn exÐswsh thc èlleiyhc τ =
α(1− e2)

1 + ecos(φ− φ0)
pro-

kÔptei:
τ = α(1− ecosE) (5.26)

ParagwgÐzontac th sqèsh aut  wc proc to qrìno:

dτ

dt
= aesinE

dE

dt
(5.27)

kai exis¸nontac me to
dτ

dt
apì th sqèsh thc enèrgeiac ε =

1

2
(
dτ

dt
)2 +

l2

2τ2
− GM

τ
èqoume: √

GM

α3
dt = (1− ecosE)dE (5.28)
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Oloklhr¸nontac paÐrnoume:√
GM

α3
(t− t0) = E − esinE (5.29)

dhlad  thn exÐswsh tou Kèpler.
AfoÔ loipìn èqoume melet sei jewrhtik� thn kÐnhsh kai èqoume apodeÐxei tic pa-

rap�nw sqèseic qtÐsame ton k¸dika gia ton upologismì twn troqi¸n sto qrìno, a-
kolouj¸ntac ta b mata pou faÐnontai ston PÐnaka 5.1. Jewr same wc dedomèna thn
ekkentrìthta, th gwnÐa f0, to qrìno t0 kai thn troqiak  perÐodo P .

PÐnakac 5.1: Ta b mata tou k¸dika gia ton upologismì thc jèshc kai thc troqi�c twn mel¸n
se qrìno t, me th mèjodo Newton.

B ma Sqèsh Par�metroc

1 T 2 =
4π2

GM
α3 Meg�loc hmi�xonac a

2 En+1 = En −
En − esinEn −

√
GM

α3
(t− t0)

1− ecosEn

(1)

'Ekkentrh anwmalÐa E

3 τ = α(1− ecosE) Apìstash t

4
τ =

α(1− e2)

1 + ecos(φ− φ0)
gia 0<E<p,

τ = 2π − α(1− e2)

1 + ecos(φ− φ0)
gia p<E<2p

Alhj c anwmalÐa f

5 φ = φ0 + f GwnÐa f
6 x = τcos(φ), y = τsin(φ) Suntetagmènec x, y

7 ε =
vτ

2

2
+

l2

2τ2
− GM

τ
Aktinik  taqÔthta vτ

8 l2 = GMα(1− e2) Stroform  l
9 l = τvφ Azimoujiak  taqÔthta vφ

10 vx =
vτx

τ
− vty

τ
, vy =

vτy

τ
+
vtx

τ
TaqÔthtec vx, vy

(1): me arqik  prosèggish thn tim 

√
GM

α3
(t − t0), h opoÐa ikanopoieÐtai gia kuklik  kai

epikuklik  kÐnhsh kai anagwg  sto di�sthma [0,2p], (2) me anagwg  sto di�sthma [0,2p].

Fusik� ta parap�nw aforoÔn to hliokentrikì sÔsthma. Gia thn anagwg  sto
barukentrikì sÔsthma qrhsimopoi same tic sqèseic:

−→r1 =
M2

M
−→r ,−→r2 = −M1

M
−→r (5.30)

pou prokÔptoun ìmoia me tic antÐstoiqec sqèseic gia ta a. ParagwgÐzontac wc proc
to qrìno oi antÐstoiqec sqèseic gia tic taqÔthtec ja eÐnai:

−→v1 =
M2

M
−→v ,−→v2 = −M1

M
−→v (5.31)
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Tèloc, gia thn eÔresh thc parathroÔmenhc troqi�c sto sÔsthma (x,h,z) qrhsimopoi-
 same touc antÐstrofouc pÐnakec strof¸n 5.12.

Ta apotelèsmata faÐnontai sta parak�tw diagr�mmata, ìpou me kìkkino apeiko-
nÐzontai ta zeÔgh V 994Her A kai 1SWASP J093010.78+533859.5 A me th megalÔte-
rh perÐodo kai me mple ta zeÔgh V 994 Her B kai 1SWASP J093010.78+533859.5 B
me th mikrìterh perÐodo. Oi pio èntonec grammèc apeikonÐzoun ta prwteÔonta astèria
kai oi pio amudrèc ta deutereÔonta. Qrhsimopoi same tic m�zec pou upologÐsthkan
ek nèou sthn paroÔsa ergasÐa gia k�je mèloc, oi opoÐec apeikonÐzontai se sugkritik 
klÐmaka mìno gia to k�je tetraplì sÔsthma.

Sthn Eikìna 5.7 oi troqièc twn dÔo dipl¸n susthm�twn tou V 994 Her faÐnetai na
sqhmatÐzoun meg�lh gwnÐa metaxÔ touc, k�ti pou epibebai¸noun kai oi PÐnakec 4.1 kai
4.4 sugkrÐnontac ta w. Epomènwc, h metaxÔ touc gwnÐa eÐnai megalÔterh apì 39 ◦ kai
eÐnai pijanì to fainìmeno twn kÔklwn Kozai na eÐnai autì pou prokaleÐ th met�ptwsh

tou peri�strou me
de

dt
,
dω

dt
6= 0.

Ja perimèname ìti aut  h prosèggish anapar�stashc twn troqi¸n pou de l�bame
upìyh th barutik  allhlepÐdrash metaxÔ twn zeug¸n eÐnai lanjasmènh. 'Omwc, oi
taqÔthtec thc Eikìnac 5.7 faÐnetai na eÐnai Ðdiec me tic parathroÔmenec pou parousÐa-
san oi Lee et al. (2008). An koit�xoume thn troqi� pou ekteloÔn ta sust mata to
èna gÔrw apo to �llo sthn Eikìna 5.8 ja doÔme ìti oi apost�seic touc eÐnai t�xeic
megèjouc megalÔterec apì tic antÐstoiqec troqièc thc Eikìnac 5.7 kai epomènwc to
fainìmeno Kozai den tic ephre�zei sto qronikì di�sthma twn dÔo troqiak¸n periìdwn
pou trèxame ton k¸dika. ArkeÐ na sugkrÐnoume tic periìdouc P kai P3 tou PÐnaka
4.1. 'Ara mporoÔme me asf�leia na sumper�noume ìti autìc o k¸dikac thc mejìdou
Newton pou efarmìsame gia k�je sÔsthma xeqwrist�, eÐnai mia polÔ kal  prosèggish
thc kÐnhs c touc gia qronik� diast mata sugkrÐsima me thn troqiak  perÐodì touc.

Gia na èqoume mia kalÔterh eikìna thc troqi�c tou tetraploÔ ekleiptikoÔ su-
st matoc, qrhsimopoi¸ntac thn Ðdia mèjodo sqedi�same thn kÐnhsh twn dÔo dipl¸n
susthm�twn gÔrw apì to koinì kèntro m�zac. 'Opwc faÐnetai kai sthn Eikìna 5.8, h
kÐnhsh aut  eÐnai entìnwc elleiptik , k�ti pou epibebai¸nei kai o PÐnakac 4.1.

AntÐstoiqa thn Ðdia mèjodo akolouj same kai gia to sÔsthma 1SWASP J093010.78+
533859.5 (Eikìna 5.9). Gia thn apeikìnish twn mel¸n èqoun qrhsimopoihjeÐ sfaÐrec
kai den èqoun lhfjeÐ upìyh oi paramorf¸seic lìgw antallag c m�zac. Sto sÔsthma
autì oi troqièc twn dÔo susthm�twn eÐnai sqedìn par�llhlec kai epomènwc den mpo-
reÐ na emfanÐzetai to fainìmeno Kozai. Epiplèon, ìpwc èqoume  dh upologÐsei apì
astrometrikèc parathr seic tou dorufìrou Gaia, h apìstash twn dÔo susthm�twn
eÐnai ∼ 123 AU , gegonìc pou epibebai¸nei to parap�nw sumpèrasma. Parathr¸ntac
tic taqÔthtec tou Sq matoc 5.9, autèc tairi�zoun me tic parathroÔmenec twn Lohr
et al. (2015).

Se sunduasmì me ton PÐnaka 4.4 epibebai¸noume ìti oi troqièc twn dÔo dipl¸n
susthm�twn eÐnai sqedìn kuklikèc, k�ti pou eÐnai entel¸c anamenìmeno gia to sÔsthma
se epaf . Gia to apomakrusmèno sÔsthma eÐnai epÐshc anamenìmeno, afoÔ ta mèlh
brÐskontai polÔ kont� to èna sto �llo (∼ 0.03 AU).

Gia to 1SWASP J093010.78 + 533859.5 de gnwrÐzoume thn ekkentrìthta thc
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Eikìna 5.7: Oi troqièc kai parathroÔmenec taqÔthtec twn mel¸n tou V 994 Her. Oi kampÔlec
megalÔterou p�qouc anafèrontai sta prwteÔonta mèlh, en¸ oi �llec sta deutereÔonta.

Eikìna 5.8: Oi troqièc twn dÔo susthm�twn tou V 994 Her gÔrw apì to koinì kèntro m�zac.
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Kef�laio 5. Melèth thc Keplerian c kÐnhshc kai twn troqi¸n

Eikìna 5.9: Oi troqièc kai parathroÔmenec taqÔthtec twn mel¸n tou 1SWASP J093010.78+
533859.5. Oi kampÔlec megalÔterou p�qouc anafèrontai sta prwteÔonta mèlh, en¸ oi �llec
sta deutereÔonta.

kÐnhshc twn dÔo mel¸n gÔrw apì to koinì kèntro m�zac, en¸ oi periorismènec metr seic
elaqÐstwn de mac epitrèpoun na thn upologÐsoume apì to di�gramma O − C. 'Etsi de
melet same thn koin  troqi� gia to sÔsthma autì.

Gia kanèna apì ta dÔo tetrapl� sust mata den sqedi�same thn troqi� tou pèmptou
mèlouc, lìgw èlleiyhc twn basik¸n qarakthristik¸n tou. Eidik� gia to sÔsthma
V 994 Her den èqei akìma epibebaiwjeÐ ìti to pèmpto mèloc an kei sto sÔsthma, giatÐ
oi mìnec endeÐxeic pou èqoume eÐnai apì thn astrometrÐa.
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Kef�laio 6

Exeliktik  kat�stash kai
sÔgkrish twn tetrapl¸n
susthm�twn

Gia thn melèth thc exeliktik c kat�stashc twn tetrapl¸n ekleiptik¸n susth-
m�twn kataskeu�same ta diagr�mmata M −L, M −R kai H −R qrhsimopoi¸ntac ta
ìria ZAMS kai TAMS thc KÔriac AkoloujÐac, sÔmfwna me to montèlo PARSEC
(Girardi et al. 2000) gia z=0.02. Oi apìlutec par�metroi pou qrei�zontai gia to
skopì autì, eÐnai diajèsimec mìno gia ta sust mata KIC 4247791, V 994 Her kai
1SWASP J093010.78 + 533859.5. Sugkekrimèna, gia to pr¸to pou de gnwrÐzoume
th jermokrasÐa, thn prosdiorÐsame apì peiramatikoÔc pÐnakec qrhsimopoi¸ntac to fa-
smatikì tÔpo, en¸ thn apìluth fwteinìthta thn upologÐsame apì th Sqèsh 3.7. Gia
m�zec kai aktÐnec qrhsimopoi same autèc thc biliografÐac. Gia to deÔtero kai to trÐto
qrhsimopoi same ta apotelèsmata thc paroÔsac melèthc tou PÐnaka 3.5, ìpwc proèku-
yan apì tic Sqèseic 3.4-3.7. Sugkentrwtik� oi apìlutec par�metroi twn susthm�twn
aut¸n faÐnontai ston PÐnaka 6.1.

Qrhsimopoi¸ntac tic paramètrouc autèc ta diagr�mmata M −L, M −R kai H−R
pou proèkuyan faÐnontai stic Eikìnec 6.1, 6.2 kai 6.3. ParathroÔme ìti oi m�zec
kumaÐnontai mèqri ta 3 M� kai ìla ta astèria brÐskontai kont�   p�nw sthn KÔria
AkoloujÐa, dhlad  eÐnai qhmik¸c omogen  kai ston pur na touc kuriarqeÐ h metatrop 
udrogìnou se  lio. Epomènwc, èqoume na k�noume me astèria parìmoia me ton 'H-
lio. Sugkekrimèna, ta mèlh tou sust matoc V 994 Her brÐskontai sta ìria ZAMS
kai arket� p�nw sthn KA. Autì upodhl¸nei ìti eÐnai near� astèria kai èqoun mega-
lÔterec m�zec, ìpwc epibebai¸noun kai oi jermokrasÐec touc. Lìgw thc jèshc tou
sto di�gramma H − R, kat� thn exèlix  touc ja per�soun ston kl�do twn upogi-
g�ntwn kai sth sunèqeia sthn perioq  twn gig�ntwn kai ston orizìntio kl�do, polÔ
pio gr gora apì ta mèlh twn upìloipwn susthm�twn. 'Oso mikrìterh eÐnai h m�za twn
astèrwn tìso megalÔterh ja eÐnai kai h paramon  touc sthn KA, en¸ ìso megalÔte-
rh h m�za tìso taqÔterh kai h exèlix  touc. Apì thn �llh, ta mèlh tou 1SWASP
J093010.78 + 533859.5 brÐskontai arket� qamhl� sthn KA kai ta perissìtera kont�
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Kef�laio 6. Exeliktik  kat�stash kai sÔgkrish twn tetrapl¸n susthm�twn

PÐnakac 6.1: Oi apìlutec par�metroi twn tetrapl¸n ekleiptik¸n susthm�twn KIC 4247791,
V 994 Her kai 1SWASP J093010.78 + 533859.5.

M (M�) R (R�) T (K) L (L�)

V 994 Her

Aa 3.04(14) 2.46(4) 12000(250) 112.4(9.9)
Ab 2.61(20) 1.75(3) 9538(50) 22.7(8)
Ba 1.82(8) 1.59(2) 9000(250) 14.9(1.7)
Bb 1.91(15) 1.43(2) 9185(80) 13.0(6)

1SWASP
J093010

Aa 0.84(2) 0.978(7) 5185(25) 0.619(15)
Ab 0.68(2) 0.671(5) 4207(12) 0.126(2)
Ba 0.86(4) 0.786(11) 4700(50) 0.270(14)
Bb 0.34(1) 0.520(7) 4760(2) 0.124(4)

KIC
4247791

Aa 1.70(2) 2.50(1) 7400(50) 16.8(5)
Ab 1.54(2) 2.40(1) 7120(50) 13.3(4)
Ba 1.54(1) 1.46(13) 6240(50) 2.9(5)
Bb 1.26(2) 1.35(12) 6170(50) 2.4(4)

sta ìria TAMS k�ti pou upodhl¸nei ìti eÐnai pio exeligmèna. To mèloc Bb epeid 
èqei m�za mikrìterh apì 0.5M�, de ja katafèrei na ft�sei potè ston kl�do twn gi-
g�ntwn kai feÔgontac apì thn KA ja odhghjeÐ sto janatì tou, dhlad  ja katal xei
se erujrì n�no kai sth sunèqeia se leukì kai telik� melanì n�no. Gia to sÔsthma
KIC 4247791 oi m�zec eÐnai parìmoiec me autèc tou sust matoc V 994 Her kai ja
akolouj soun ta Ðdia st�dia exeliktik c kat�stashc. K�poia apì aut� eÐnai pio ko-
nt� sta ìria ZAMS, dhlad  eÐnai pio near� kai k�poia apì aut� pio kont� sta ìria
TAMS, dhlad  pio exeligmèna. Tèloc, parathroÔme ìti ta mèlh tou k�je sust matoc
brÐskontai sthn Ðdia perioq , dhlad  èqoun parìmoiec m�zec, aktÐnec kai jermokra-
sÐec se sqèsh me ta mèlh twn upìloipwn tetrapl¸n, gegonìc pou upodhl¸nei koin 
proèleush kai dhmiourgÐa.

'Oson afor� to sÔsthma CzeV 343, ston PÐnaka 1.4 faÐnetai ìti o lìgoc twn tro-
qiak¸n periìdwn eÐnai 3:2. O suntonismìc 3:2 eÐnai dÔskolo na epiteuqjeÐ se tètoiou
eÐdouc sust mata, dedomènou ìti lìgw tou fainomènou Kozai teÐnoun sto sÔgqrono
suntonismì, dhlad  sto na apokt soun kuklik  troqi�. Epomènwc, mia tètoia ana-
logÐa ja mporoÔse na sumbeÐ kat� th surrÐknwsh thc troqi�c lìgw twn palirroik¸n
fainomènwn pou kleÐdwsan tic periìdouc se autèc tic analogÐec.

Dustuq¸c, k�ti tètoio den mporeÐ na epalhjeuteÐ jewrhtik�, afoÔ de gnwrÐzoume
th m�za twn mel¸n. Apì thn �llh, an to sÔsthma telik� den eÐnai barutik� sundede-
mèno, aut  h analogÐa apoteleÐ apl� mia sÔmptwsh. Gia to sÔsthma KIC 4247791 o
lìgoc twn troqiak¸n periìdwn eÐnai sqedìn 1:1 kai h ekkentrìthta twn susthm�twn
sqedìn mhdenik . Epomènwc ja mporoÔsame na poÔme ìti to sÔsthma teÐnei se sÔg-
qrono suntonismì. 'Omwc, epeid  ìpwc èqoume  dh anafèrei to sÔsthma autì
apoteleÐtai apì exeligmèna mèlh, eÐnai pijanì h ekkentrìthta aut  na ofeÐletai sthn
exèlixh twn mel¸n kai ìqi stic palirroikèc dun�meic pou dèqontai apì to sunodì ze-
Ôgoc, en¸ h omoiìthta twn troqiak¸n periìdwn na sqetÐzetai me tic parìmoiec m�zec
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Eikìna 6.1: Di�gramma M − L twn èxi tetrapl¸n ekleiptik¸n susthm�twn kai h jèsh touc
se sqèsh me thn KÔria AkoloujÐa.

Eikìna 6.2: Di�gramma M − R twn èxi tetrapl¸n ekleiptik¸n susthm�twn kai h jèsh touc
se sqèsh me thn KÔria AkoloujÐa.
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Kef�laio 6. Exeliktik  kat�stash kai sÔgkrish twn tetrapl¸n susthm�twn

Eikìna 6.3: Di�gramma H − R twn èxi tetrapl¸n ekleiptik¸n susthm�twn kai h jèsh touc
se sqèsh me thn KÔria AkoloujÐa.

kai apost�seic twn mel¸n tou k�je sust matoc. 'Ena trÐto sen�rio eÐnai ènac sun-
duasmìc twn prohgoÔmenwn, dhlad  akrib¸c epeid  exelÐqjhkan ta mèlh kai oi m�zec
aux jhkan, ta palirroik� fainìmena èginan pio èntona, ìpwc kai h surrÐknwsh twn tro-
qi¸n. Den mporoÔme ìmwc na sumper�noume k�ti apì aut� me bebaiìthta, dedomènou
ìti de gnwrÐzoume thn apìstash kai thn klÐsh twn dÔo dipl¸n susthm�twn kai den
èqoume makroqrìniec parathr seic. Gia ta sust mata OGLE−LMC−ECL−16549,
1SWASP J093010.78 + 533859.5, V 994 Her kai BV Dra - BW Dra de faÐnetai
na up�rqei k�poia susqètish metaxÔ twn troqiak¸n periìdwn. 'Omwc gia to sÔsthma
V 994 Her gnwrÐzoume ìti ephre�zetai apì to fainìmeno Kozai, epomènwc mporoÔme
na poÔme ìti apl� akìma de brÐsketai se k�poia eustaj  troqiak  kat�stash kai eÐnai
polÔ pijanì me ta qrìnia oi troqièc na surriknwjoÔn kai na gÐnoun kuklikèc. Gia to
1SWASP J093010.78+533859.5, h apìstash twn dÔo susthm�twn eÐnai tìso meg�lh
pou de mporoÔme na k�noume upojèseic gia thn exèlixh tou sust matoc, afoÔ polÔ
dÔskola mporeÐ na melethjeÐ h koin  touc troqi�. AxioshmeÐwto eÐnai ìti h perÐodoc
tou zeÔgouc pou brÐsketai se epaf  eÐnai h mikrìterh pou èqei parathrhjeÐ se ìla ta
tetrapl� sust mata, en¸ faÐnetai na emfanÐzei koin� qarakthristik� me ta sust mata
thc kathgorÐac W UMa me tic mikrìterec troqiakèc periìdouc (Stepień and Gazeas
2012). PolÔ endiafèron eÐnai epÐshc to gegonìc, ìti ìla ta sust mata gia ta opo-
Ða èqoume tic kat�llhlec parathr seic faÐnetai na èqoun polÔ mikr  ekkentrìthta,
dhlad  oi troqièc twn dipl¸n susthm�twn eÐnai sqedìn kuklikèc. Autì genn� to e-
r¸thma tou ti sumbaÐnei se sqèsh me tic troqièc twn susthm�twn gÔrw apì to koinì
kèntro m�zac kai kat� pìso autèc eÐnai eustaj c, k�ti pou mporeÐ na apanthjeÐ me
ektenèsterec melètec kai parathr seic.
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Kef�laio 7

Sumper�smata

Sthn ergasÐa aut  melet same ta fusik� kai troqiak� qarakthristik� dÔo apì
twn mèqri t¸ra gnwst¸n tetrapl¸n (kai pijanìn pentapl¸n) ekleiptik¸n susth-
m�twn. Aut  h diadikasÐa apodeÐqjhke na eÐnai mia prìklhsh lìgw twn el�qistwn
parathr sewn pou èqoume mèqri t¸ra sth di�jes  mac, en¸ akìma pio dÔskolh eÐnai
h exagwg  sumperasm�twn sugkritik� me ta upìloipa tetrapl� sust mata. Qrhsimo-
poi same fwtometrik� kai fasmatoskopik� dedomèna, tìso dik� mac ìso kai biblio-
grafik� kai montelopoi same tic fwtometrikèc kampÔlec, qrhsimopoi¸ntac ton k¸dika
Wilson−Devinney me treic trìpouc. Th mèjodo LC (Light Curve) gia prosdiori-
smì twn arqik¸n paramètrwn, th mèjodo DC (Differential Corrections) wc thn pio
diadedomènh gia prosdiorismì paramètrwn kai th mèjodo MC (Monte Carlo) gia e-
pibebaÐwsh twn apotelesm�twn. Sth sunèqeia, qrhsimopoi jhke k¸dikac sth Matlab
pou lamb�nei upìyh to fainìmeno LITE kai thn kÐnhsh twn ayÐdwn gia th melèth
twn diagramm�twn O − C twn dÔo tetrapl¸n susthm�twn. Gia to sÔsthma V 994
Her epibebai¸jhke h periodikìthta twn 2.91(11) et¸n lìgw thc kÐnhshc twn zeug¸n
gÔrw apì to koinì kèntro m�zac. EpÐshc, parousi�sthke to fainìmeno met�ptwshc
thc gramm c twn ayÐdwn me pijan  aitÐa to fainìmeno twn kÔklwn Kozai, dhlad  thn
metabol  twn epimèrouc troqi¸n lìgw thc barutik c allhlepÐdrashc twn dÔo zeug¸n
tou sust matoc. H periodikìthta autoÔ tou fainomènou aniqjeÔjhke sta 228 èth gia
to zeÔgoc A kai sta 117 gia to zeÔgoc B, ìpwc faÐnetai kai ston PÐnaka 7.1.

To sÔsthma 1SWASP J093010.78 + 533859.5 de f�nhke na ephre�zetai apì to

PÐnakac 7.1: Oi periodikìthtec twn tetrapl¸n susthm�twn.

V 994 Her 1SWASP J093010.78 + 533859.5
ZeÔgoc A ZeÔgoc B ZeÔgoc A ZeÔgoc B

Fainìmeno LITE (yrs) 2.91(11) 816(8)
KÐnhsh twn ayÐdwn (yrs) 228 117 - -
Fainìmeno O′Connell (yrs) - - - 8.87(8)
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Kef�laio 7. Sumper�smata

fainìmeno Kozai, afoÔ oi troqièc tou eÐnai kuklikèc kai sqedìn par�llhlec. Par'
ìla aut�, emf�nise periodikìthta ∼ 816 et¸n lìgw fainomènou LITE, sÔmfwna me tic
astrometrikèc parathr seic tou Gaia kai periodikìthta 8.87(8) et¸n gia to zeÔgoc B,
h opoÐa sundèjhke me pijanì magnhtikì kÔklo kai to fainìmeno O′Connell. Tèloc,
qrhsimopoi jhke h analutik  mèjodoc Newton gia to sqediasmì twn troqi¸n twn
dÔo tetrapl¸n susthm�twn, se qronik  klÐmaka pou den ephre�zontai apì th metaxÔ
barutik  touc allhlepÐdrash, epibebai¸nontac ta parap�nw apotelèsmata.

Ta mèlh twn V 994 Her, 1SWASP J093010.78 + 533859.5 kai KIC 4247791,
faÐnetai na èqoun koin  exeliktik  poreÐa, pijanìn lìgw koin c proèleushc kai dh-
miourgÐac, en¸ parousi�zoun arket� koin� qarakthristik�, k�ti pou genn� to er¸thma
an aut� sumbaÐnoun lìgw sÔmptwshc   k�poiou mhqanismoÔ barutik c allhlepÐdrashc
kai exèlixhc pou sundèetai me thn tetrapl  fÔsh twn susthm�twn.

Gia ta sust mata V 994 Her, 1SWASP J093010.78 + 533859.5, BV Dra - BW
Dra kai KIC 4247791 èqoume fasmatoskopik� dedomèna kai lìgo maz¸n, epomènwc
ektetamènec fwtometrikèc parathr seic ja mac bohjoÔsan na apokt soume mia polÔ
kal  eikìna twn fusik¸n kai troqiak¸n touc qarakthristik¸n kai na katal�boume
kalÔtera thn tetrapl    pentapl  fÔsh touc. Akìma kai mikr� thleskìpia, ìpwc eÐnai
autì tou GerostajopoÔleiou AsteroskopeÐou tou PanepisthmÐou Ajhn¸n, eÐnai polÔ
qr sima lìgw thc rompotik c kai automatopoihmènhc diadikasÐac parat rhshc pou
mac epitrèpei thn pragmatopoÐhsh poll¸n parathr sewn gia meg�lh qronik  perÐodo.
Fusik�, fasmatoskopikèc parathr seic apì megalÔtera thleskìpia ja  tan qr simec
gia thn epibebaÐwsh thc tetrapl c   pentapl c fÔshc twn susthm�twn.

Ta tetrapl� kai pentapl� ekleiptik� sust mata pou sundèontai barutik� eÐnai
polÔ sp�nia kai par' ìla aut� èqoun parathrhjeÐ kai melethjeÐ se polÔ mikrì baj-
mì, af nontac èna anoiqtì z thma. Me b�sh th melèth aut  gÐnetai katanohtì p¸c
mporoÔme na melet soume periodik� fainìmena, ìpwc to fainìmeno Kozai, to fainìme-
no LITE kai fainìmena magnhtik c drasthriìthtac, sundu�zontac th fwtometrÐa, th
fasmatoskopÐa kai thn astrometrÐa me th melèth enìc mìno astronomikoÔ antikei-
mènou, ìtan kanonik� ja apaitoÔntan perissìteroc qrìnoc kai stìqoi parat rhshc.
Epomènwc, eÐnai polÔ shmantikì na katano soume touc mhqanismoÔc kai thn exèlixh
tètoiwn susthm�twn sundu�zontac th jewrÐa kai thn parat rhsh kai sundèontac th
jewrÐa thc astrik c exèlixhc, thc mhqanik c kai thc dunamik c astronomÐac, pou eÐnai
basikoÐ sundetikoÐ krÐkoi gia thn katanìhsh tou sÔmpantoc.
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Par�rthma

PÐnakac A.1: PÐnakac elaqÐstwn gia to sÔsthma V 994 Her (pair A : long period system,
pair B : short period system).

HJD error type pair filter reference

2448479.75947 0.00305 I B Hp (1)
2448480.29371 0.00125 I A Hp (1)
2448480.43493 0.00263 II B Hp (1)
2448481.36885 0.00169 II A Hp (1)
2452381.98540 0.00100 I B V (1)
2452471.43630 0.00040 I B UBV (2)
2452488.49840 0.00060 I A R (3)
2452488.49940 0.00010 I A V (3)
2452488.49970 0.00030 I A B (3)
2452748.90410 0.00100 I A V (1)
2452822.20440 0.00185 I B V (1)
2452836.40020 0.00020 I A R (4)
2452937.47010 0.00010 II A R (5)
2453206.36500 0.00200 II B V R (6)
2453319.71928 0.00239 I A V (1)
2453320.80295 0.00542 II A V (1)
2453504.57119 0.00454 II B V (1)
2453870.18658 0.00154 I B V (7)
2453870.18880 0.00255 I B B (7)
2453887.23754 0.00107 I B V (7)
2453887.23816 0.00216 I B B (7)
2453902.20047 0.00048 II B V (7)
2453902.20258 0.00097 II B B (7)
2453904.09882 0.00169 II A V (7)
2453904.27915 0.00265 I B V (7)
2453904.28105 0.00170 I B B (7)
2453909.26748 0.00089 I A B (7)
2453909.26932 0.00072 I A V (7)
2454283.41310 0.00010 I B V (8)
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PÐnakac A.1 (sunèqeia)
2454290.51500 0.00300 I B V (8)
2454290.51700 0.00100 I A V (8)
2454298.37870 0.00020 II B V (8)
2454300.44570 0.00040 I B V (8)
2454307.54240 0.00050 I B V (8)
2454314.52040 0.00080 II A V (8)
2454315.52200 0.00100 I A V (8)
2454332.45700 0.00100 II B V (8)
2454334.52300 - I B V (8)
2454347.30840 0.00030 I B V (8)
2454360.35240 0.00040 II A V (8)
2454361.35700 0.00020 I A V (8)
2454364.34390 0.00030 I B V (8)
2454374.28290 0.00070 I B V (8)
2454383.27290 0.00030 II A V (8)
2454610.34940 0.00080 II A BV R (8)
2454618.51600 0.00130 I B BV R (8)
2454650.54980 0.00300 II B BV R (8)
2454652.62262 0.00681 I B V (1)
2454653.38860 0.00130 II B BV R (8)
2454654.08476 0.00256 II A V (1)
2454699.47770 0.00140 I B BV R (8)
2454713.43490 0.00140 I A BV R (8)
2455313.40260 0.00068 I A R (9)
2455314.48270 0.00046 II A I (9)
2455315.48960 0.00042 I A I (9)
2455375.40806 0.00037 I B I (9)
2455389.48381 0.00225 II A I (9)
2455392.44365 0.00090 I B RI (10)
2455392.44779 0.00055 I B I (9)
2455397.49810 0.00032 II B I (9)
2455413.40450 0.00100 I A V RI (10)
2455424.47871 0.00079 II B R (9)
2455641.55985 0.00012 II A R (9)
2455642.56748 0.00042 I A R (9)
2455654.51845 0.00097 II B C (9)
2455681.50533 0.00036 II B R (9)
2455683.55108 0.00024 I B R (9)
2455688.39802 0.00029 I A R (9)
2455691.44530 0.00013 II B I (9)
2455691.56016 0.00011 II A I (9)
2455740.47826 0.00135 I A BV RI (11)
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2455779.48535 0.00125 II B R (9)
2455799.36956 0.00033 II B I (9)
2455821.29667 0.00095 I B RV (11)
2455993.62195 0.00007 II A I (1)
2456026.60079 0.00063 II B C (1)
2456041.52826 0.00101 II A I (1)
2456048.52317 0.00028 I B R (1)
2456058.46317 0.00020 I B I (1)
2456064.44435 0.00049 II A C (1)
2456065.45050 0.00159 I A R (1)
2456073.46347 0.00029 II B R (1)
2456102.48296 0.00058 I B R (1)
2456127.42060 0.00062 II B R (1)
2456136.55813 0.00106 I B R (1)
2456138.36968 0.00059 I A I (1)
2456154.40165 0.00039 II B C (1)
2456156.44467 0.00159 I B C (1)
2456162.36395 0.00040 II A R (1)
2456163.36806 0.00026 I A R (1)
2456181.37945 0.00018 II B R (1)
2456187.36470 0.00076 II A IC (1)
2456188.37316 0.00054 I A I (1)
2456210.28311 0.00180 II A C (1)
2456211.28403 0.00107 I A C (1)
2456230.28075 0.00063 I B C (1)
2456234.20460 0.00183 I A R (1)
2456354.60974 0.00207 II B C (12)
2456368.61655 0.00029 II A I (12)
2456441.53093 0.00020 II A R (12)
2456450.37231 0.00204 I B C (12)
2456455.43271 0.00040 II B C (12)
2456457.46946 0.00054 I B R (12)
2456463.37125 0.00081 I A C (12)
2456465.45059 0.00259 I A C (12)
2456490.45220 0.00630 I A I (13)
2456539.44830 0.00890 I A I (14)
2456540.45830 0.00680 I A I (14)
2456736.59690 0.00049 II B R (12)
2456758.50910 0.00259 I B R (12)
2456766.52219 0.00090 II A R (12)
2456767.53147 0.00027 I A R (12)
2456815.43820 0.00410 I A I (15)
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2456827.48758 0.00078 II B I (12)
2456839.44646 0.00247 II A C (12)
2456842.53174 0.00132 I A C (12)
2456849.39799 0.00045 I B BV RI (16)
2456856.50055 0.00052 I B BV RI (16)
2456857.30486 0.00055 II B BV RI (16)
2456859.33751 0.00043 I B BV RI (16)
2456888.35662 0.00030 I A BV RI (16)
2456889.43724 0.00044 II A BV RI (16)
2456890.44293 0.00040 I A BV RI (16)
2456891.39044 0.00062 II B BV RI (16)
2457091.63291 0.00116 II B R (12)
2457119.58372 0.00049 I A C (12)
2457123.50228 0.00057 I B R (12)
2457128.56049 0.00279 II B R (12)
2457133.42997 0.00248 I B R (12)
2457141.49265 0.00127 II A R (12)
2457142.49880 0.00135 I A R (12)
2457150.47067 0.00049 I B R (12)
2457189.40527 0.00119 II A R (12)
2457190.41699 0.00066 I A R (12)
2457204.42643 0.00054 I B R (12)
2457209.49597 0.00062 II B I (12)
2457214.38908 0.00093 II A R (12)
2457215.41792 0.00039 I A R (12)
2457240.41791 0.00029 I A R (12)
2457241.34185 0.00229 I B R (12)
2457241.49825 0.00055 II A R (12)
2457248.44349 0.00149 I B R (12)
2457287.33273 0.00062 II A C (12)
2457295.30457 0.00069 I B R (12)
2457336.25467 0.00038 I A C (12)
2457470.65280 0.00173 II A CCD (17)
2457473.60370 0.00113 II B CCD (17)
2457494.58900 0.00041 I A CCD (17)
2457547.44880 0.00115 II B R (17)
2457576.45410 0.00110 I B R (17)
2457589.41350 0.00032 II A I (17)
2457590.41980 0.00029 I A I (17)
2457590.42010 0.00160 I A I (18)
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1: Zasche and Uhlař (2013), 2: Ak and Filiz (2003), 3: Borkovits et al. (2002), 4:
Borkovits et al. (2004), 5: Biro et al. (2006), 6: Biro et al. (2007), 7: Lee et al.
(2008), 8: Borkovits et al. (2011), 9: Zasche et al. (2011), 10: Brat et al. (2011),
11: Hoňková et al. (2013), 12: Zasche and Uhlař (2016), 13: Hubscher (2013), 14:
Hubscher (2014), 15: Hubscher and Lehmann (2015), 16: This study, 17: Zasche
et al. (2017), 18: Hubscher (2017)
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PÐnakac A.2: PÐnakac elaqÐstwn gia to sÔsthma 1SWASP J093010.78 + 533859.5 (pair A
(EA): long period system, pair B (EW ): short period system).

HJD error type pair filter reference

2454402.94984 0.00083 I EW C (1)
2454427.63552 0.00038 I EA C (1)
2454436.64977 0.00064 I EW C (1)
2454436.77248 0.00062 I EA C (1)
2454437.67066 0.00102 II EW C (1)
2454437.67331 0.00083 II EW C (1)
2454438.08116 0.00223 I EA C (1)
2454438.70621 0.00186 II EA C (1)
2454501.54878 0.00080 I EW C (1)
2454501.66208 0.00028 II EW C (1)
2454502.46049 0.00080 I EW C (1)
2454502.57211 0.00071 II EW C (1)
2454503.48286 0.00043 II EW C (1)
2454503.59773 0.00072 I EW C (1)
2454504.50665 0.00148 I EW C (1)
2454524.24793 0.00293 I EA C (1)
2454524.43262 0.00020 II EW C (1)
2454524.54899 0.00054 I EW C (1)
2454526.36992 0.00078 I EW C (1)
2454527.50934 0.00053 I EW C (1)
2454530.46826 0.00062 I EW C (1)
2454530.57241 0.00217 II EW C (1)
2454533.40037 0.00063 I EA C (1)
2454533.54050 0.00110 I EW C (1)
2454533.65576 0.00098 I EW C (1)
2454535.36037 0.00077 II EW C (1)
2454535.47647 0.00142 I EW C (1)
2454535.59115 0.00032 II EW C (1)
2454536.50244 0.00049 II EW C (1)
2454539.46247 0.00030 II EW C (1)
2454539.57750 0.00096 I EW C (1)
2454540.37363 0.00053 II EW C (1)
2454544.47580 0.00070 II EA C (1)
2454544.58666 0.00048 I EW C (1)
2454547.43251 0.00022 II EW C (1)
2454547.54725 0.00059 I EW C (1)
2454553.46718 0.00056 I EW C (1)
2454555.40253 0.00054 II EW C (1)
2454555.51780 0.00052 I EW C (1)
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PÐnakac A.2 (sunèqeia)
2454556.42697 0.00112 I EW C (1)
2454556.53914 0.00042 II EW C (1)
2454556.65629 0.00035 I EW C (1)
2454558.47685 0.00249 I EW C (1)
2454573.38874 0.00084 II EW C (1)
2454574.41584 0.00045 I EW C (1)
2454575.44107 0.00069 II EW C (1)
2454789.60826 0.00107 I EW C (1)
2454789.72140 0.00036 II EW C (1)
2454794.61796 0.00031 I EW C (1)
2454794.73051 0.00105 II EW C (1)
2454800.53776 0.00057 I EW C (1)
2454800.65098 0.00034 II EW C (1)
2454800.76750 0.00094 I EW C (1)
2454802.70014 0.00063 II EW C (1)
2454804.63685 0.00057 I EW C (1)
2454805.54823 0.00089 I EW C (1)
2454805.65880 0.00043 II EW C (1)
2454805.77476 0.00074 I EW C (1)
2454808.50670 0.00060 I EW C (1)
2454808.62123 0.00056 II EW C (1)
2454808.73552 0.00009 I EW C (1)
2454809.64563 0.00059 I EW C (1)
2454809.76247 0.00101 II EW C (1)
2454817.61611 0.00115 I EW C (1)
2454818.52782 0.00055 I EW C (1)
2454818.64225 0.00061 II EW + EA C (1)
2454819.29899 0.00068 I EA C (1)
2454821.48684 0.00056 I EW C (1)
2454826.49690 0.00107 I EW C (1)
2454826.61088 0.00037 II EW C (1)
2454826.72363 0.00032 I EW C (1)
2454829.45775 0.00070 I EW C (1)
2454829.56747 0.00102 II EW C (1)
2454832.64735 0.00109 I EW C (1)
2454833.55546 0.00077 I EW C (1)
2454833.65996 0.00046 I EA C (1)
2454833.78384 0.00049 I EW C (1)
2454834.46579 0.00079 I EW C (1)
2454834.58012 0.00022 II EW C (1)
2454834.69388 0.00019 I EW C (1)
2454835.60602 0.00104 I EW C (1)
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PÐnakac A.2 (sunèqeia)
2454835.71880 0.00038 II EW C (1)
2454836.63014 0.00029 II EW C (1)
2454836.74374 0.00021 I EW C (1)
2454846.53628 0.00102 I EW C (1)
2454846.65022 0.00054 II EW C (1)
2454846.71620 0.00128 I EA C (1)
2454850.52050 0.00014 II EW C (1)
2454850.63229 0.00042 I EA C (1)
2454850.63475 0.00069 I EW + EA C (1)
2454852.57620 0.00073 II EA C (1)
2454852.68371 0.00031 I EW C (1)
2454853.48020 0.00039 II EW C (1)
2454853.59463 0.00088 I EW C (1)
2454853.70883 0.00033 II EW C (1)
2454856.55588 0.00064 I EW C (1)
2454856.66881 0.00019 II EW C (1)
2454857.46752 0.00074 I EW C (1)
2454857.57992 0.00021 II EW C (1)
2454859.51557 0.00054 I EW C (1)
2454859.62965 0.00027 II EW C (1)
2454860.53996 0.00018 II EW C (1)
2454860.65511 0.00073 I EW C (1)
2454861.56535 0.00070 I EW C (1)
2454862.47602 0.00073 I EW C (1)
2454862.59180 0.00060 II EW C (1)
2454862.70369 0.00042 I EW C (1)
2454873.63480 0.00062 I EW C (1)
2454875.43733 0.00042 I EA C (1)
2454875.45544 0.00074 I EW C (1)
2454879.55463 0.00042 I EW C (1)
2454886.61610 0.00061 I EW C (1)
2454887.52610 0.00094 I EW C (1)
2454896.63316 0.00075 I EW C (1)
2454904.37721 0.00023 I EW C (1)
2454904.49224 0.00095 II EW C (1)
2454904.60259 0.00083 I EW C (1)
2454905.40075 0.00018 II EW C (1)
2454905.46481 0.00075 I EA C (1)
2454905.51480 0.00087 I EW C (1)
2454906.42518 0.00059 I EW C (1)
2454906.53675 0.00024 II EW C (1)
2454906.65308 0.00064 I EW C (1)
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PÐnakac A.2 (sunèqeia)
2454907.44269 0.00055 II EW C (1)
2454907.56428 0.00043 I EW C (1)
2454910.40963 0.00025 II EW C (1)
2454910.52367 0.00085 I EW C (1)
2454911.43590 0.00031 I EW C (1)
2454911.66364 0.00059 I EW C (1)
2454911.99198 0.00151 I EA C (1)
2454912.46063 0.00049 II EW C (1)
2454913.37168 0.00039 II EW C (1)
2454913.48547 0.00073 I EW C (1)
2454914.39544 0.00021 I EW C (1)
2454914.62399 0.00104 I EW C (1)
2454919.52056 0.00069 II EW C (1)
2454919.63403 0.00086 I EW C (1)
2454921.45469 0.00075 I EW C (1)
2454921.68037 0.00112 I EW C (1)
2454923.38970 0.00037 II EW C (1)
2454923.50438 0.00065 I EW C (1)
2454924.41037 0.00058 I EW C (1)
2454924.64221 0.00052 I EW C (1)
2454925.43844 0.00104 II EW C (1)
2454925.55511 0.00123 I EW C (1)
2454926.35391 0.00073 I EA C (1)
2454926.46324 0.00070 I EW C (1)
2454927.49027 0.00059 II EW C (1)
2454927.37545 0.00015 I EW C (1)
2454927.60347 0.00055 I EW C (1)
2454928.40090 0.00020 II EW C (1)
2454928.51431 0.00024 I EW C (1)
2454929.42515 0.00037 I EW C (1)
2454930.45029 0.00133 II EW C (1)
2454932.38443 0.00043 I EW C (1)
2454932.61424 0.00062 I EW C (1)
2456267.80132 0.00017 II EA BV (2)
2456267.81536 0.00023 II EW BV (2)
2456267.92899 0.00030 I EW BV (2)
2456268.83924 0.00051 I EW BV (2)
2456269.86573 0.00017 II EW BV (2)
2456269.97770 0.00015 I EW BV (2)
2456270.88880 0.00017 I EW BV (2)
2456271.00394 0.00015 II EW BV (2)
2456288.87879 0.00020 I EW BV (2)
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2456297.82710 0.00019 II EA BV (2)
2456297.87410 0.00019 II EW BV (2)
2456297.98655 0.00024 I EW BV (2)
2456298.89837 0.00016 I EW BV (2)
2456299.01309 0.00026 II EW BV (2)
2456299.92307 0.00025 II EW BV (2)
2456300.03608 0.00016 I EW BV (2)
2456300.94721 0.00019 I EW BV (2)
2456301.85768 0.00030 I EW BV (2)
2456301.97328 0.00059 II EW BV (2)
2456302.88386 0.00061 II EW BV (2)
2456302.99612 0.00031 I EW BV (2)
2456303.05239 0.00015 II EA BV (2)
2456305.61742 0.00019 II EW BV RI (3)
2456305.66032 0.00030 II EA BV RI (3)
2456306.29823 0.00033 II EW BV RI (3)
2456306.41237 0.00021 I EW BV RI (3)
2456307.43819 0.00020 II EW BV RI (3)
2456307.55117 0.00020 I EW BV RI (3)
2456307.66541 0.00037 II EW BV RI (3)
2456313.47205 0.00034 I EW BV RI (3)
2456313.49227 0.00049 II EA BV RI (3)
2456313.58703 0.00033 II EW BV RI (3)
2456314.60988 0.00024 I EW BV RI (3)
2456317.45714 0.00032 II EW BV RI (3)
2456317.57033 0.00039 I EW BV RI (3)
2456317.68540 0.00027 II EW BV RI (3)
2456322.46743 0.00030 II EW BV RI (3)
2456322.58114 0.00026 I EW BV RI (3)
2456322.63283 0.00038 II EA BV RI (3)
2456322.69364 0.00050 II EW BV RI (3)
2456323.60622 0.00031 II EW BV RI (3)
2456324.40196 0.00032 I EW BV RI (3)
2456324.51727 0.00038 II EW BV RI (3)
2456324.59034 0.00024 I EA BV RI (3)
2456324.62898 0.00028 I EW BV RI (3)
2456325.31236 0.00024 I EW BV RI (3)
2456325.42769 0.00021 II EW BV RI (3)
2456325.53992 0.00019 I EW BV RI (3)
2456329.52645 0.00019 II EW BV RI (3)
2456329.63928 0.00024 I EW BV RI (3)
2456330.55023 0.00021 I EW BV RI (3)
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2456340.00143 0.00050 II EW BV (2)
2456346.78443 0.00015 I EA BV (2)
2456347.85636 0.00018 I EW BV (2)
2456372.33566 0.00015 II EW BV RI (4)
2456372.44699 0.00020 I EW BV RI (4)
1: Lohr priv comm. , 2: Koo et al. (2014), 3: Gazeas et al. (2017), 4: Haroon et al.
(2018)
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K¸dikac upologismoÔ troqi¸n kai taqut twn
dipl¸n ekleiptik¸n susthm�twn me th mèjodo

Newton

clear;

clc;

G = 4 ∗ pi()2; z0 = 0;

dt = 0.001;

M1 = 1.511;M2 = 1.201;M = M1 +M2;T = 10.1849; a = (G ∗M ∗ T 2/(2 ∗ pi())2)(1/3);

e = 0.001; incl = 85 ∗ pi()/180; t0 = 0; omega = 1.575; phi0 = 0;

ttot = 2 ∗ T ; k = floor(ttot./dt);

omegap = [cos(omega)− sin(omega)0; sin(omega)cos(omega)0; 001];

ip = [100; 0cos(incl)− sin(incl); 0sin(incl)cos(incl)];

p = omegap ∗ ip;

t = zeros(k, 1);E = zeros(k, 10);Ef = zeros(k, 1); f = zeros(k, 1);

r = zeros(k, 1); phi = zeros(k, 1); vr = zeros(k, 1); vphi = zeros(k, 1);

x = zeros(k, 1); y = zeros(k, 1); z = zeros(k, 1);

vx = zeros(k, 1); vy = zeros(k, 1); vz = zeros(k, 1);

coor = zeros(3, k); coorobs = zeros(3, k); coorv = zeros(3, k); coorvobs = zeros(3, k);

ksi = zeros(k, 1); eta = zeros(k, 1); zeta = zeros(k, 1);

vksi = zeros(k, 1); veta = zeros(k, 1); vzeta = zeros(k, 1);

x1 = zeros(k, 1); y1 = zeros(k, 1); z1 = zeros(k, 1);

vx1 = zeros(k, 1); vy1 = zeros(k, 1); vz1 = zeros(k, 1);

coor1 = zeros(3, k); coorobs1 = zeros(3, k); coorv1 = zeros(3, k); coorvobs1 = zeros(3, k);

ksi1 = zeros(k, 1); eta1 = zeros(k, 1); zeta1 = zeros(k, 1);

vksi1 = zeros(k, 1); veta1 = zeros(k, 1); vzeta1 = zeros(k, 1);

x2 = zeros(k, 1); y2 = zeros(k, 1); z2 = zeros(k, 1);

vx2 = zeros(k, 1); vy2 = zeros(k, 1); vz2 = zeros(k, 1);

coor2 = zeros(3, k); coorobs2 = zeros(3, k); coorv2 = zeros(3, k); coorvobs2 = zeros(3, k);

ksi2 = zeros(k, 1); eta2 = zeros(k, 1); zeta2 = zeros(k, 1);

vksi2 = zeros(k, 1); veta2 = zeros(k, 1); vzeta2 = zeros(k, 1);
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forj = 1 : 1 : k;

t(j) = j ∗ dt;

fori = 1 : 1 : 10;

E(j, 1) = sqrt(G ∗M/a3) ∗ (t(j)− t0);

E(j, i+ 1) = E(j, i)− (E(j, i)− e ∗ sin(E(j, i))

− sqrt(G ∗M/a3) ∗ (t(j)− t0))/(1− e ∗ cos(E(j, i)));

end

Ef(j) = mod(E(j, 10), 2 ∗ pi());
r(j) = a ∗ (1− e ∗ cos(Ef(j)));

ifEf(j) > pi()

f(j) = 2 ∗ pi()− acos((a ∗ (1− e2)− r(j))/(e ∗ r(j)));
elsef(j) = acos((a ∗ (1− e2)− r(j))/(e ∗ r(j)));
end

phi(j) = f(j) + phi0;

x(j) = r(j) ∗ cos(phi(j));x1(j) = M2 ∗ x(j)/M ;x2(j) = −M1 ∗ x(j)/M ;

y(j) = r(j) ∗ sin(phi(j)); y1(j) = M2 ∗ y(j)/M ; y2(j) = −M1 ∗ y(j)/M ;

z(j) = 0; z1(j) = 0; z2(j) = 0;

En = −G ∗M/(2 ∗ a);

L = sqrt(G ∗M ∗ a ∗ (1− e2));L1 = M22 ∗ L/M2;L2 = M12 ∗ L/M2;

vphi(j) = L/r(j);

ifEf(j) > 0&&Ef(j) <= pi();

vr(j) = sqrt(2 ∗ (G ∗M/r(j) + En− L2/(2 ∗ r(j)2)));

elsevr(j) = −sqrt(2 ∗ (G ∗M/r(j) + En− L2/(2 ∗ r(j)2)));

end

vx(j) = vr(j) ∗ x(j)/r(j)− vphi(j) ∗ y(j)/r(j);
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vx1(j) = M2 ∗ vx(j)/M ; vx2(j) = −M1 ∗ vx(j)/M ;

vy(j) = vr(j) ∗ y(j)/r(j) + vphi(j) ∗ x(j)/r(j);

vy1(j) = M2 ∗ vy(j)/M ; vy2(j) = −M1 ∗ vy(j)/M ;

vz(j) = 0; vz1(j) = 0; vz2(j) = 0;

coor(:, j) = [transpose(x(j)); transpose(y(j)); transpose(z(j))];

coor1(:, j) = [transpose(x1(j)); transpose(y1(j)); transpose(z1(j))];

coor2(:, j) = [transpose(x2(j)); transpose(y2(j)); transpose(z2(j))];

coorobs(:, j) = p ∗ coor(:, j); coorobs1(:, j) = p ∗ coor1(:, j); coorobs2(:, j) = p ∗ coor2(:, j);

ksi(j) = coorobs(1, j); eta(j) = coorobs(2, j); zeta(j) = coorobs(3, j);

ksi1(j) = coorobs1(1, j); eta1(j) = coorobs1(2, j); zeta1(j) = coorobs1(3, j);

ksi2(j) = coorobs2(1, j); eta2(j) = coorobs2(2, j); zeta2(j) = coorobs2(3, j);

coorv(:, j) = [transpose(vx(j)); transpose(vy(j)); transpose(vz(j))];

coorv1(:, j) = [transpose(vx1(j)); transpose(vy1(j)); transpose(vz1(j))];

coorv2(:, j) = [transpose(vx2(j)); transpose(vy2(j)); transpose(vz2(j))];

coorvobs(:, j) = p ∗ coorv(:, j);

coorvobs1(:, j) = p ∗ coorv1(:, j); coorvobs2(:, j) = p ∗ coorv2(:, j);

vksi(j) = coorvobs(1, j); veta(j) = coorvobs(2, j); vzeta(j) = coorvobs(3, j);

vksi1(j) = coorvobs1(1, j); veta1(j) = coorvobs1(2, j); vzeta1(j) = coorvobs1(3, j);

vksi2(j) = coorvobs2(1, j); veta2(j) = coorvobs2(2, j); vzeta2(j) = coorvobs2(3, j);

end

v = [vxvyvz]; v1 = [vx1vy1vz1]; v2 = [vx2vy2vz2]; coord1 = [xyz]; coord2 = [ksietazeta];

m = max(v1);

mxx = max(m);

m1 = max(coord1);m2 = max(coord2);

mxx1 = max(m1);mxx2 = max(m2);

datanew = [xyzvxvyvz]; datanew1 = [x1y1z1vx1vy1vz1]; datanew2 = [x2y2z2vx2vy2vz2];

data1 = abs(datanew(1, :)− datanew(i, :));

data2 = data1 ∗ 100;

data = [data1; data2];

fig1 = figure(1);

holdon;

axissquare;
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plot(x1, y1,′ r.′);

plot(x2, y2,′ b−′);
xlim([−55])

ylim([−55])

xlabel(′x(A.U.)′)

ylabel(′y(A.U.)′)

pbaspect([111])

rectangle(′Position′, [x2(find(x1, 1,′ last′))− 0.33, y2(find(y1, 1,′ last′))− 0.33, 0.66, 0.66],
′Curvature′, [1, 1],′ FaceColor′,′ k′)

rectangle(′Position′, [x1(find(x2, 1,′ last′))− 0.35, y2(find(y1, 1,′ last′))− 0.35, 0.7, 0.7],
′Curvature′, [1, 1],′ FaceColor′,′ k′)

gridon;

holdoff ;

fig2 = figure(2);

holdon;

plot(vx1, vy1,′ r.′);

plot(vx2, vy2,′ b−′);
rectangle(′Position′, [vx1(find(vx1, 1,′ last′))− 0.2, vy1(find(vy1, 1,′ last′))− 0.2, 0.4, 0.4],
′Curvature′, [1, 1],′ FaceColor′,′ k′)

rectangle(′Position′, [vx2(find(vx2, 1,′ last′))− 0.15, vy2(find(vy2, 1,′ last′))− 0.15, 0.3, 0.3],
′Curvature′, [1, 1],′ FaceColor′,′ k′)

xlim([−mxx− 1,mxx+ 1])

ylim([−mxx− 1,mxx+ 1])

xlabel(′vx(A.U./yr)′)

ylabel(′vy(A.U./yr)′)

axissquare;

gridon;

fig3 = figure(3);

holdon;

plot3(ksi1, eta1, zeta1,′ r.′);

plot3(ksi2, eta2, zeta2,′ b−′);
xlim([−44])

ylim([−44])
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zlim([−44])

axissquare;

[x, y, z] = sphere(100);

surf(0.3583 ∗ x+ ksi1(find(ksi1, 1,′ last′)), 0.3583 ∗ y + eta1(find(eta1, 1,′ last′)), 0.3583 ∗ z
+ zeta1(find(zeta1, 1,′ last′)),′ FaceColor′,′ black′)

surf(0.28 ∗ x+ ksi2(find(ksi2, 1,′ last′)), 0.28 ∗ y + eta2(find(eta2, 1,′ last′)), 0.28 ∗ z
+ zeta2(find(zeta2, 1,′ last′)),′ FaceColor′,′ black′)

xlabel(′ξ(A.U.)′)

ylabel(′η(A.U.)′)

zlabel(′ζ(A.U.)′)

gridon;

view([20255])

fig4 = figure(4);

holdon;

plot3(vksi1, veta1, vzeta1,′ r.′);

plot3(vksi2, veta2, vzeta2,′ b−′);
surf(0.3 ∗ x+ vksi1(find(vksi1, 1,′ last′)), 0.3 ∗ y + veta1(find(veta1, 1,′ last′)), 0.3 ∗ z
+ vzeta1(find(vzeta1, 1,′ last′)),′ FaceColor′,′ black′)

surf(0.2 ∗ x+ vksi2(find(vksi2, 1,′ last′)), 0.2 ∗ y + veta2(find(veta2, 1,′ last′)), 0.2 ∗ z
+ vzeta2(find(vzeta2, 1,′ last′)),′ FaceColor′,′ black′)

xlim([−mxx− 1mxx+ 1])

ylim([−mxx− 1mxx+ 1])

zlim([−mxx− 1mxx+ 1])

xlabel(′vξ(A.U./yr)′)

ylabel(′vη(A.U./yr)′)

zlabel(′vζ(A.U./yr)′)

view([20255])

axissquare;

gridon;

fig5 = figure(5);

holdon;

plot(365 ∗ t, 4.741 ∗ vzeta1,′ r.′)

plot(365 ∗ t, 4.741 ∗ vzeta2,′ b−′)
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xlabel(′t(days)′)

ylabel(′vζ(km/s)′)

gridon;

99



100



BibliografÐa

H. Ak and N. Filiz. Photoelectric Minimum Times of Some Eclipsing Binary Stars.
Information Bulletin on Variable Stars, 5462, October 2003.

A. H. Batten and R. H. Hardie. ADS 9537-A Pair of Eclipsing Binaries. aj, 70:666,
1965. doi: 10.1086/109609.

A. H. Batten and W. Lu. The spectroscopic orbits of BV and BW Draconis. pasp,
98:92–98, January 1986. doi: 10.1086/131724.

I. B. Biro, T. Borkovits, S. Csizmadia, T. Hegedus, P. Klagyivik, Z. T. Kiss, T. Ko-
vacs, P. Lampens, L. Patkos, A. Pal, Z. Regaly, and P. van Cauteren. New Times
of Minima of Eclipsing Binary Systems and of Maximum of SXPHE Type Stars.
Information Bulletin on Variable Stars, 5684, February 2006.

I. B. Biro, T. Borkovits, T. Hegedus, Z. T. Kiss, T. Kovacs, P. Lampens, Z. Regaly,
C. W. Robertson, and P. van Cauteren. New Times of Minima of Eclipsing Binary
Systems. Information Bulletin on Variable Stars, 5753, January 2007.

T. Borkovits, I. B. Biro, T. Hegedus, S. Csizmadia, T. Kovacs, A. Kospal, A. Pal,
V. Konyves, and A. Moor. New Times of Minima of Eclipsing Binary Systems.
Information Bulletin on Variable Stars, 5313, September 2002.

T. Borkovits, I. B. Biro, S. Csizmadia, L. Patkos, T. Hegedus, A. Pal, A. Kospal,
and P. Klagyivik. New Times of Minima of Eclipsing Binary Systems. Information
Bulletin on Variable Stars, 5579, December 2004.

T. Borkovits, I. B. Biro, T. Hegedus, Z. T. Kiss, R. Szakats, Z. Regaly, L. Patkos,
P. Klagyivik, S. Simity, T. Grezsa, G. Gergely, and K. Lukacs. New and Unpub-
lished Times of Minima of Eclipsing Binary Systems. Information Bulletin on
Variable Stars, 5979, March 2011.

D. H. Bradstreet. Fundamentals of Solving Eclipsing Binary Light Curves Using
Binary Maker 3. Society for Astronomical Sciences Annual Symposium, 24:23,
May 2005.

L. Brat, J. Trnka, L. Smelcer, M. Lehky, H. Kucakova, F. Lomoz, D. Hanzl,
M. Vrastak, G. Corfini, V. Pribik, R. Dreveny, R. Ehrenberger, R. Kocian,

101



M. Masek, J. Polak, J. Starzomski, F. Marchi, S. Poddany, M. Zejda, P. Cagas,
M. Klos, R. Garofalo, J. Klimentova, P. Kliment, J. Speil, M. Magris, B. Hladik,
K. Honkova, J. Jurysek, T. Smycka, M. Moudra, R. Naves, N. Ruocco, J. Zaha-
jsky, M. Audejean, O. Pejcha, R. Uhlar, J. Vieira, P. Zasche, and R. Zambelli.
B.R.N.O. Contributions #37 - Times of minima. Open European Journal on Vari-
able Stars, 137:1, April 2011.
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