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h őƻƳ ōǳŘŜ ǊŜő 

Åƻ ƘǾƛŜȊŘŀŎƘ ƴłǇŀŘƴŜ ǇƻŘƻōƴȇŎƘ {ƭƴƪǳ 

ÅƪƭŀǎƛŦƛƪłŎƛŀ*  ǇƻŘƯŀ ƳƛŜǊȅ ǇƻŘƻōƴƻǎǘƛ: 

ïƘǾƛŜȊŘŀ ǎƭƴŜőƴŞƘƻ ǘȅǇǳ 

ïǎƭƴŜőƴȇ ŀƴŀƭƽƎ 

ïǎƭƴŜőƴŞ ŘǾƻƧőŀ Ґ ƴŀƧǇƻŘƻōƴŜƧǑƛŜ {ƭƴƪǳ 

ïαhabstarά όMargaret Turnbull) 

        habitability  =  ƻōȇǾŀǘŜƯƴƻǎǙ  

 

* Cayrel de Strobel, G.:  

The Astronomy and Astrophysics Review, 

Volume 7, Issue 3, pp. 243-288 (1996). 
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tǊŜőƻ ƧŜ ǘƻ ŘƾƭŜȌƛǘŞ 
ÅǊƛŜǑŜƴƛŜ ǇǊƻōƭŞƳov: 

ïǎƭƴŜőƴŞƘƻ ƳŀƎƴŜǘƛŎƪŞƘƻ ŘȅƴŀƳŀ  

ïǇŜǊƛƻŘƛŎƛǘȅ ǎƭƴŜőƴŜƧ ŀƪǘƛǾƛǘȅ  

ÅƘƯŀŘŀƴƛŜ ƻōȇǾŀǘŜƯƴȇŎƘ ǇƭŀƴŞǘ Ǿ ƻōȇǾŀǘŜƯƴȇŎƘ ȊƽƴŀŎƘ ƻƪƻƭƻ αhabhviezdά  

1991 2001 

maximum 

minimum 



2ƝƳ sǵ {ƭƴƪǳ ǇƻŘƻōƴŞ ƘǾƛŜȊŘȅ ǳȌƛǘƻőƴŞ 
vek Slnka:        4 570 000 000 rokov 

teleskopickł ŞǊŀΥ                         400 rokov 

ŞǊŀ ƪƻȊƳƛŎƪŞƘƻ ǾȇǎƪǳƳǳ {ƭƴƪŀΥ             40 rokov 

    ~ǘǵŘƛƻƳ ǾŜƯƪŞƘƻ Ǉƻőǘǳ {ƭƴƪǳ ǇƻŘƻōƴȇŎƘ ƘǾƛŜȊŘ ǊƾȊƴŜƘƻ ǾŜƪǳ ǇƻǎƪƭŀŘłƳŜ 
ƳƻȊŀƛƪǳ ƻ ŀƪǘƛǾƛǘŜ {ƭƴƪŀ ŀ őƛƴƴƻǎǘƛ ƧŜƘƻ ƳŀƎƴŜǘƛŎƪŞƘƻ ŘȅƴŀƳŀ Ǿ ƳƛƴǳƭƻǎǘƛΦ  

vznik Slnka teraz 

!ƪ ōȅ ǵǎŜőƪŀ ǾŜƪǳ {ƭƴƪŀ Ƴŀƭŀ м ƳΣ ǇƻǘƻƳ ǵǎŜőƪŀ ǘŜƭŜǎƪƻǇƛŎƪŜƧ 
ŞǊȅ ς ōȅ Ƴŀƭŀ ŘŜǎŀǘƛƴǳ ƳƛƪǊƻƳŜǘǊŀ ŀ Ƴŀƭŀ ōȅ ōȅǙ ƴŜǾƛŘƛǘŜƯƴłΦ  

ǾƛŘƛǘŜƯƴŞ ǎǾŜǘƭƻ 
ŦƻǘƻǎŦŞǊƛŎƪł ŀƪǘƛǾƛǘŀ 

rǀƴǘƎŜƴƻǾŞ ȌƛŀǊŜƴƛŜ 
ƪƻǊƻƴłƭƴŀ aktivita 

EUV ȌƛŀǊŜƴƛŜ 
ǇǊŜŎƘƻŘƻǾł ǾǊǎǘǾŀ 



IǾƛŜȊŘȅ ǎƭƴŜőƴŞƘƻ ǘȅǇǳ 
ÅǇƻŘƻōƴŞ {ƭƴƪǳ Ǿ ƴŀƧǑƛǊǑƻƳ ȊƳȅǎƭŜ 

ï hviezdy hlavnej postupnosti 

ïŦŀǊŜōƴȇ ƛƴŘŜȄ .-V 0,48 ς 0,8 (Slnko: B-V 0,65) 

ïŀƭǘŜǊƴŀǘƝǾƴŀ ŘŜŦƛƴƝŎƛŀ: ǎǇŜƪǘǊłƭƴȅ ǘȅǇ Cу ± ŀȌ Yн ± όǾȅƘƻǾǳƧŜ мл% hviezd) 

ï vȇȊƴŀƳƴł ƪƻǊŜƭłŎƛŀ ǊƻǘŀőƴŜƧ ǊȇŎƘƭƻǎǘƛΣ ŎƘǊƻƳƻǎŦŞǊƛŎƪŜƧ όCa II K a H emisia) a 
ƪƻǊƻƴłƭƴŜƧ aktivity (rǀƴǘƎŜƴƻǾł emisia) 

ÅŎƘǊƻƳƻǎŦŞǊƛŎƪł ŀ ƪƻǊƻƴłƭƴŀ ŀƪǘƛǾƛǘŀ ƧŜ ǇǊŜƧŀǾƻƳ őƛƴƴƻǎǘƛ ƘǾƛŜȊŘƴŜƘƻ 

ƳŀƎƴŜǘƛŎƪŞƘƻ ŘȅƴŀƳŀ   

slneőƴł ŎƘǊƻƳƻǎŦŞǊŀ Ǿ ǎǇŜƪǘǊłƭƴŜƧ őƛŀǊŜ Ca II K Ŏȅƪƭǳǎ ǎƭƴŜőƴŜƧ ŀƪǘƛǾƛǘȅ Ǿ ǊǀƴǘƎŜƴƻǾƻƳ ȌƛŀǊŜƴƝ 

maximum 

minimum 

1991 2001 



Ca II H 

/ƘǊƻƳƻǎŦŞǊƛŎƪŞ ǎǇŜƪǘǊłƭƴŜ őƛŀǊȅ Ca II K a Ca II H  

WŀŘǊł ǎǇŜƪǘǊłƭƴȅŎƘ őƛŀǊ ƛƻƴƛȊƻǾŀƴŞƘƻ 
ǾłǇƴƛƪŀ Ca II H a Ca II K ǎǵ ǘǾƻǊŜƴŞ Ǿ 

ŎƘǊƻƳƻǎŦŞǊŜΦ  



/ƘǊƻƳƻǎŦŞǊƛŎƪł ŀƪǘƛǾƛǘŀ ƘǾƛŜȊŘ 

Takeda, Y. a kol. 2012: Publications of the Astronomical Society of Japan, Vol.64, No.6, Article No.130 (pp.1-12) 

http://adsabs.harvard.edu/abs/2012PASJ...64..130T
http://adsabs.harvard.edu/abs/2012PASJ...64..130T
http://adsabs.harvard.edu/abs/2012PASJ...64..130T
http://adsabs.harvard.edu/abs/2012PASJ...64..130T
http://adsabs.harvard.edu/abs/2012PASJ...64..130T


/ƘǊƻƳƻǎŦŞǊƛŎƪł ŀ ƪƻǊƻƴłƭƴŀ aktivita hviezd 

          RHK   ƧŜ ƳƛŜǊŀ ŜƳƛǎƛŜ Ǿ ǎǇŜƪǘǊłƭƴȅŎƘ őƛŀǊŀŎƘ Ca II K a H          RX   je miera emisie v rǀƴǘƎŜƴƻǾƻƳ ȌƛŀǊŜƴƝ 

                 Rossbyho őƝǎƭƻ w vyjadruje periƽdu ǊƻǘłŎƛŜ Prot 

 
Mamajek, E.E. and Hillenbrand, L.A. 2008: The Astrophysical Journal, Volume 687, Issue 2, pp. 1264-1293. 

? 

http://adsabs.harvard.edu/abs/2008ApJ...687.1264M
http://adsabs.harvard.edu/abs/2008ApJ...687.1264M
http://adsabs.harvard.edu/abs/2008ApJ...687.1264M
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±ȊǙŀƘΥ  ǾŜƪ ƘǾƛŜȊŘȅ ς ŎƘǊƻƳƻǎŦŞǊƛŎƪł ŀƪǘƛǾƛǘŀ 

RHK   ƧŜ ƳƛŜǊŀ ŜƳƛǎƛŜ Ǿ ǎǇŜƪǘǊłƭƴȅŎƘ őƛŀǊŀŎƘ Ca II K a H 
 

Mamajek, E.E. and Hillenbrand, L.A. 2008: The Astrophysical Journal, Volume 687, Issue 2, pp. 1264-1293. 

aƭŀŘŞ ƘǾƛŜȊŘȅΥ  
ǊȇŎƘƭŀ ǊƻǘłŎƛŀ 
Ǿȅǎƻƪł ŎƘǊƻƳƻǎŦŞǊƛŎƪŀ aktivita 

{ǘŀǊŞ ƘǾƛŜȊŘȅΥ  
ǇƻƳŀƭł ǊƻǘłŎƛŀ 
ƴƝȊƪŀ ŎƘǊƻƳƻǎŦŞǊƛŎƪŀ aktivita 

tǊŜőƻ ƧŜ ǎǘŀǊƴǳǘƛŜ 
ƘǾƛŜȊŘȅ ǎǇǊŜǾłŘȊŀƴŞ 
ǎǇƻƳŀƯƻǾŀƴƝƳ  ƧŜƧ 
ǊƻǘłŎƛŜΚ

? 

http://adsabs.harvard.edu/abs/2008ApJ...687.1264M
http://adsabs.harvard.edu/abs/2008ApJ...687.1264M
http://adsabs.harvard.edu/abs/2008ApJ...687.1264M
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tǊƝƪƭŀŘȅ blƝȊƪȅŎƘ ƘǾƛŜȊŘ ǎƭƴŜőƴŞƘƻ ǘȅǇǳ 
½ŘŀƴƭƛǾł ƧŀǎƴƻǎǙ 

[mag] 
±ȊŘƛŀƭŜƴƻǎǙ 

[ly] 
Spektrłlny 

typ  
Teplota 

 [K] 
EȄƻǇƭŀƴŞǘȅ 

Ű Ceti 3,5 12 G8 V 5 344 5  

40 Eridani A  
(ɞ2 Eridani) 

4,4 16,5 K1 V 5 126 

82 Eridani 4,3 20 G8 V 5 338 3 ? {9¢L ƪŀƴŘƛŘłǘƛ 

Slnko   -   Ű Ceti άhabzƽƴȅέ   {ƭƴŜőƴł ǎǵǎǘŀǾŀ  -  40 Eridani A 



{ƭƴŜőƴȇ ŀƴŀƭƽƎ 
Å teplota 5778 K ° рлл Y όǘŜŘŀ ǎƭƴŜőƴł ° 500 K) 

Å metalicita 50 % ς 200 % slneőƴŜƧ 

ï metalicitaΥ ƻōǎŀƘ ǇǊǾƪƻǾ ǙŀȌǑƝŎƘ ŀƪƻ ƘŞƭƛǳƳ Ǿ ŀǘƳƻǎŦŞǊŜ ƘǾƛŜȊŘȅ 

Å ōŜȊ ǎŜƪǳƴŘłǊƴŜƧ ȊƭƻȌƪȅ ǎ ƻōŜȌƴƻǳ Řƻōƻǳ ƪǊŀǘǑƻǳ ŀƪƻ мл ŘƴƝ 

½ŘŀƴƭƛǾł ƧŀǎƴƻǎǙ 
[mag] 

±ȊŘƛŀƭŜƴƻǎǙ 
[ly] 

Spektrłlny 
typ  

Teplota 
[K] 

a Centauri A 0,0 G2 V 5 847 

a Centauri B 1,3 K1 V 5 316 

s Draconis 4,7 19 K0 V 5 297 

h  Cassiopeiae A 3,4 19,4 G0 V 5 941 ? 



{ƭƴŜőƴȇ ŀƴŀƭƽƎ 
Å teplota 5778 K ° рлл Y όǘŜŘŀ ǎƭƴŜőƴł ° 500 K) 

Å metalicita 50 % ς 200 % slneőƴŜƧ 

ï metalicitaΥ ƻōǎŀƘ ǇǊǾƪƻǾ ǙŀȌǑƝŎƘ ŀƪƻ ƘŞƭƛǳƳ Ǿ ŀǘƳƻǎŦŞǊŜ ƘǾƛŜȊŘȅ 

Å ōŜȊ ǎŜƪǳƴŘłǊƴŜƧ ȊƭƻȌƪȅ ǎ ƻōŜȌƴƻǳ Řƻōƻǳ ƪǊŀǘǑƻǳ ŀƪƻ мл ŘƴƝ 

½ŘŀƴƭƛǾł ƧŀǎƴƻǎǙ 
[mag] 

±ȊŘƛŀƭŜƴƻǎǙ 
[ly] 

Spektrłlny 
typ  

Teplota 
[K] 

a Centauri A 0,0 4,4 G2 V 5 847 

a Centauri B 1,3 4,4 K1 V 5 316 

s Draconis 4,7 19 K0 V 5 297 

h  Cassiopeiae A 3,4 19,4 G0 V 5 941 



{ƭƴŜőƴŞ ŀƴŀƭƽƎȅ na oblohe 



{ƭƴŜőƴŞ ŘǾƻƧőŀ 

Å teplota 5778 K ° рл Y όǎƭƴŜőƴł ° 50 K) 

Å metalicita 89 % ς 112 % slneőƴŜƧ 

Å ōŜȊ ǎŜƪǳƴŘłǊƴŜƧ ȊƭƻȌƪȅ 

Å vek 4,57 ° м ƳƛƭƛŀǊŘŀ ǊƻƪƻǾ όǎƭƴŜőƴȇ ° 1 miliarda rokov) 

½ŘŀƴƭƛǾł ƧŀǎƴƻǎǙ 
[mag] 

±ȊŘƛŀƭŜƴƻǎǙ 
[ly] 

Spektrłlny 
typ  

Teplota 
[K] 

Vek 
[Gyr] 

18 Scorpii 5,5 45 G2 Va 5 835 4,2 

HIP 56948  
HD 101364  (Drak)  

8,7 208 G5 V 5 795 3,5 

18 Scorpii: - Ƴł cyklus hviezdnej aktivity kratǑƝ ƻ ƴƛŜƪƻƯƪƻ ǊƻƪƻǾ ŀƪƻ ǎƭƴŜőƴȇ 

 - ŀƳǇƭƛǘǵŘŀ ŀƪǘƛǾƛǘȅ ǇƻŘƻōƴł ǎƭƴŜőƴŜƧ όǘΦƧΦ ǾŀǊƛłŎƛŜ Ƨŀǎƴƻǎǘƛ лΣм %)
     
   



{ƭƴŜőƴŞ ŘǾƻƧőŀ na oblohe ŀ Ǿ ǎǵǾƛǎƭƻǎǘƛŀŎƘ 

ÅIƯadanie slneőnŞho dvojőaǙa sǵvisƝ 
s otłzkou jedineőnosti Slnka vo 
vesmƝre a s antropocentrickȇm 
princƝpom. 

ÅJe Slnko vo vesmƝre jedineőnŞ 
svojimi fyzikalno-chemickȇmi 
vlastnosǙami ǇƻŘƳƛŜƶǳƧǵŎƛƳƛ ǾȊƴƛƪ 
ƻōȇǾŀǘŜƯƴŜƧ ǇƭŀƴŞǘȅ? 

ÅMł {ƭƴƪƻ dvojnƝkov? 

ÅOdpoveř: Slnko nie je vȇnimoőnŞ a 
mł dvojnƝkov. 



Habhviezdy 

Åhabhviezda Ґ ƘǾƛŜȊŘŀ ǎ ǾƭŀǎǘƴƻǎǙŀƳƛ ƳƛƳƻǊƛŀŘƴŜ      
ǇǊƛŀȊƴƛǾȇƳƛ ǇǊŜ Ǿȇǎƪȅǘ Zemi-ǇƻŘƻōƴȇŎƘ ǇƭŀƴŞǘ 

ïvek: najmenej 3 miliardy rokov 
ïƘƭŀǾƴł ǇƻǎǘǳǇƴƻǎǙ 
ïǇǊŜƳŜƴƴƻǎǙ ƳŜƴǑƛŀ ŀƪƻ м% (prakticky 3%) 
ïbez podvojnosti 
ïǎŎƘƻǇƴƻǎǙ ƳŀǙ ǘŜǊŜǎǘǊƛŎƪŞ ǇƭŀƴŞǘȅ 
ïŘȅƴŀƳƛŎƪȅ ǎǘŀōƛƭƴł ƻōȇǾŀǘŜƯƴł Ȋƽƴŀ (habzƽƴŀ) 
ïprƝƪƭŀŘ habhviezdy: HD 70642  

ÅǘŀƪƳŜǊ ǎƭƴŜőƴŞ ŘǾƻƧőŀ 
Åexojupiter (m = 2 MJΣ ŀ Ґ оΣно !¦Σ t Ґ с ǊƻƪƻǾύ ȊŀōŜȊǇŜőǳƧŜ ǎǘŀōƛƭƛǘǳ 
ƻōȇǾŀǘŜƯƴŜƧ Ȋƽƴȅ Ǿƻ ǾȊŘƛŀƭŜƴƻǎǘƛ м !¦ 

 



YǘƻǊȇ ǇǊƻŦƛƭ ǇŀǘǊƝ habviezde ŀ ƪǘƻǊȇ {ƭƴƪǳ? 

Carter a kol. 2003: The Astrophysical Journal, Volume 593, Issue 1, pp. L43-L46. 

? 

http://adsabs.harvard.edu/abs/2003ApJ...593L..43C
http://adsabs.harvard.edu/abs/2003ApJ...593L..43C
http://adsabs.harvard.edu/abs/2003ApJ...593L..43C
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http://adsabs.harvard.edu/abs/2003ApJ...593L..43C
http://adsabs.harvard.edu/abs/2003ApJ...593L..43C
http://adsabs.harvard.edu/abs/2003ApJ...593L..43C


hōȇǾŀǘŜƯƴł Ȋƽƴŀ 
tǊǎǘŜƴŎƻǾł ƻōƭŀǎǙ okolo hviezdy, v ktorej sa ƳƾȌŜ na ǇƭŀƴŜǘłǊƴȅŎƘ 
objektoch s ŘƻǎǘŀǘƻőƴȇƳ tlakom ŀǘƳƻǎŦŞǊȅ ǾȅǎƪȅǘƻǾŀǙ ǘŜőǵŎŀ voda.   

YǊƛǘƛƪŀ ƪƻƴŎŜǇŎƛŜ ƻōȇǾŀǘŜƯƴȇŎƘ ȊƽƴΣ ƳŜǎƛŀŎŜ ǾŜƯƪȇŎƘ ǇƭŀƴŞǘΦ 

9ǳǊƽǇŀ ς ƳƻȌƴȇ ǇƻŘǇƻǾǊŎƘƻǾȇ ƻŎŜłƴ ǘŜƪǳǘŜƧ ǾƻŘȅ 
Titan ς ƳŜǘłƴƻǾŞ ƧŀȊŜǊł ŀƪƻ ǇǊƻǎǘǊŜŘƛŜ ǾƘƻŘƴŞ ǇǊŜ ȌƛǾƻǘ 



IŀōƪŀǘŀƭƽƎ 

ÅƪŀǘŀƭƽƎ 17 129 habhviezd (75% bliȌǑƛŜ ako 140 pc) pre potreby 
projektu SETI (Search for ExtraTerrestrial Intelligence) 

Åautori: Margaret Turnbull, Jill Tarter (SETI) 

Åmedzi TOP habviezdami ƘŀōƪŀǘŀƭƽƎǳ ǎǵ ƴŀǇǊΦΥ ɓ CVn, 18 Sco, 51 Peg 

Allen Telescope Array 



!ƪǘƛǾƛǘŀ {ƭƴƪǳ ǇƻŘƻōƴȇŎƘ ƘǾƛŜȊŘ ς ƪƯǵő ƪ 
pochopeniu vȇǾƻƧŀ (a) aktivity Slnka 

ÅƭŜǇǑƛŜ ǇƻŎƘƻǇŜƴƛŜ ǎƭƴŜőƴŜƧ ŀƪǘƛǾƛǘȅ 
ǑǘǵŘƛƻƳ {ƭƴƪǳ ǇƻŘƻōƴȇŎƘ ƘǾƛŜȊŘ 
ÅǇƻȊƻǊƻǾŀƴƝƳ ǾŜƯƪŞƘƻ Ǉƻőǘǳ {ƭƴƪǳ 
ǇƻŘƻōƴȇŎƘ ƘǾƛŜȊŘ ƧŜ ƳƻȌƴŞ 
ǇƻŎƘƻǇƛǙ ŘƭƘƻŘƻōǵ ŀƪǘƛǾƛǘǳ {ƭƴƪŀ  

 
ÅMaunderovo minimum 1645 ς 1715 
ÅƳŀƭł Řƻōŀ ƯŀŘƻǾł Ǿ 9ǳǊƽǇŜ 
ÅǊƻǾƴŀƪŞ ƻŎƘƭŀŘŜƴƛŜ ŀƧ vulkanizmom 

Maunderovo 
minimum 



Fotometrickł ǾŀǊƛŀōƛƭƛǘŀ Ƨŀǎƴƻǎǘƛ  
ŦƻǘƻǎŦŞǊȅ {ƭƴƪŀ ŀƪƻ ƘǾƛŜȊŘȅ 

{ǇŜƪǘǊłƭƴŀ ǾŀǊƛŀōƛƭƛǘŀ Ƨŀǎƴƻǎǘƛ 
ŎƘǊƻƳƻǎŦŞǊȅ {ƭƴƪŀ ŀƪƻ ƘǾƛŜȊŘȅ 

fotometrickȇ ƛƴŘŜȄ (b+y)/2 ǎǇŜƪǘǊłƭƴŜ ƛƴŘŜȄȅ { ŀ ƭƻƎ wHK 

ǾȊǙŀƘǳƧǵŎŜ ǎŀ ƪ ǎǇŜƪǘǊłƭƴȅƳ 
őƛŀǊŀƳ Ca II K a H 



Aktivita a variabilta Slnka ako hviezdy 

Lockwood a kol. 2007: The Astrophysical Journal Supplement Series, Volume 171, Issue 1, pp. 260-303. 

VariłŎƛŜ celkovej jasnosti: 

Åvo fłȊŜ ǎ ƳŀƎƴŜǘƛŎƪȇƳ ŎȅƪƭƻƳ 
(²ƻƭŦƻǾȇƳ őƝǎƭƻƳύ 

ÅƪǾłȊƛǇŜǊƛƻŘƛŎƪŞ ǎ ǇŜǊƛƽŘƻǳ у ς 14 
rokov (typicky 11 rokov) 

Åƴŀ ǵǊƻǾƴƛ °0,1% (° 0,001 mag) 

/ƘǊƻƳƻǎŦŞǊƛŎƪł Ca II K aktivita: 
ÅǾȇǊŀȊƴł 
ÅǾƻ ŦłȊŜ ǎ ǾŀǊƛłŎƛŀƳƛ Ƨŀǎƴƻǎǘƛ   

http://adsabs.harvard.edu/abs/2007ApJS..171..260L
http://adsabs.harvard.edu/abs/2007ApJS..171..260L
http://adsabs.harvard.edu/abs/2007ApJS..171..260L
http://adsabs.harvard.edu/abs/2007ApJS..171..260L
http://adsabs.harvard.edu/abs/2007ApJS..171..260L
http://adsabs.harvard.edu/abs/2007ApJS..171..260L


Hall a kol.: The Astronomical Journal, Volume 133, Issue 5, pp. 2206-2208 (2007). 
Hall a kol.: The Astronomical Journal, Volume 138, Issue 1, pp. 312-322 (2009). 

Aktivita a variabilta slneőƴŞƘƻ ŘǾƻƧőŀǙŀ му Scorpii 

/ƘǊƻƳƻǎŦŞǊƛŎƪł  
aktivita 

VariłŎƛŜ celkovej  
jasnosti 

/ƘǊƻƳƻǎŦŞǊƛŎƪł  ŀƪǘƛǾƛǘŀ 

VariłŎƛŜ celkovej jasnosti 

Åperiodicita aktivity ~ 7 rokov 
ÅŦƻǘƻƳŜǘǊƛŎƪł ǾŀǊƛŀōƛƭƛǘŀ ǇƻŘƻōƴł {ƭƴƪǳ 
ÅȊƧŀǾƴł ǇƻȊƛǘƝǾƴŀ ƪƻǊŜƭłŎƛŀ ŀƪǘƛǾƛǘŀ ς ƧŀǎƴƻǎǙ 
 ǎǇƻŎƘȅōƴŜƴł ƴƻǾǑƝƳƛ ƳŜǊŀƴƛŀƳƛ 

http://adsabs.harvard.edu/abs/2007AJ....133.2206H
http://adsabs.harvard.edu/abs/2007AJ....133.2206H
http://adsabs.harvard.edu/abs/2007AJ....133.2206H
http://adsabs.harvard.edu/abs/2007AJ....133.2206H
http://adsabs.harvard.edu/abs/2007AJ....133.2206H
http://adsabs.harvard.edu/abs/2007AJ....133.2206H
http://adsabs.harvard.edu/abs/2007AJ....133.2206H
http://adsabs.harvard.edu/abs/2007AJ....133.2206H
http://adsabs.harvard.edu/abs/2009AJ....138..312H

