


Как далеко могут уходить спирали от 
резонансов? 

• “We consider a hydrodynamical model of the galactic 
outer disk subject to perturbations beyond the outer 
Lindblad resonance”. 

• For the numerical simulations of the gaseous disk 
evolution, we make use of the TVD MUSCL (Total 
Variation Diminishing Multi Upstream Scheme for 
Conservation Laws) scheme (for a description of the 
structure of the code, see Khoperskov et al. 2014).  

• Below we show the results of 3D simulations on a 
uniform 2048×2048×128 Cartesian grid. The 
computational box size is 144×144×9 kpc, which 
corresponds to a spatial resolution of ≈ 70 pc. 
 



МОДЕЛЬ 
• Плоская кривая вращения, равновесный 3D  диск, 

псевдоизотермическое гало.  

• Начальное возмущение  в кольце на  r=  6h. 

• m=1,2,3 

Выбрано: 

OLR=5.6h. 



Картина спиралей  
через To = Trot 
at r = 6h. 
Узор сохраняет 
заданное на  

границе  значение р.  
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Э то важно: внешние спирали 
сжимают газ!  

• At radii beyond ≈ 12 − 15h, rather narrow 
shocks form because of the supersonic motion 
of the pattern across the disk. The shocks are 
unstable with respect to the wiggle instability, 
which develops behind the shock front 



In the velocity channels the spectra  

show clear trace of the kinematic 

 perturbations induced by the presence  

of prominent spiral structure. Features  

of this kind are often observed in  

grand-design spiral galaxies within the 

 region occupied by the bright optical disk. 

Comparable kinematical studies of the  

outermost gaseous disk are quite rare. 



 



 

Such systematic variations, if found in 21 cm observations, 
 would add strong support to the dynamical scenario  
 
we are proposing 



Главный вывод 

• With the inner boundary acting as a source of 
density waves, after a relatively short time, a 
quasi-stationary spiral structure is established 
over the entire gaseous outer disk, well 
outside the bright optical disk. The amplitude 
of spiral structure is found to increase rapidly 
with radius, producing nonlinear shocks that 
become unstable with respect to shear-
induced instabilities. 



 
 

 



КОСМОЛОГИЧЕСКАЯ ЭВОЛЮЦИЯ HI 
В ГАЛАКТИКАХ 

• A number of authors have studied low-redshift HI with 
cosmological hydrodynamical simulations in the past.  However, 
a common problem of these simulations has been their inability 
to produce galaxies whose stellar component agrees with 
observations. In particular, angular momentum from infalling 
gas was typically dissipated too quickly and too severely to form 
realistic discs 

• Incorporation of efficient supernova feedback and/or increased 
resolution has led to the formation of realistic disk galaxies.  

• With these and other improvements, the EAGLE project (Schaye 
et al. 2015; Crain et al.2015) has yielded a cosmologically 
representative population of galaxies with realistic properties 
such as stellar masses and sizes. 

• Our aim is to analyse the distribution of HI within individual  
z = 0 galaxies; 



Модель 

• Куб L=100 mpc. Z_initial = 127 
•  N=1504^3., Mdm~5Mgas 
• SFR определяется давлением газа (модель 

Schaue). Массы молек.газ/HI – пересчет 
а)через давление,  б) по численной модели 
Гнедина-Кравцова. 

• Отбирались галактики, имеющие на Z=0 
M*>10^10Mc (много тысяч частиц)  

• Cравнение с обзорами GASS (Galex-Arecibo-
SDSS Survey) , 760 массивных г-к, и CJLD GASS   
(250 г-к в СО). 



Примеры simulated galaxies 

 



• Большие символы –  

наблюдения, 

маленькие – модель. 



Сравнение моделейц с 
наблюдениями (темные линии) 

 



• R1- радиус до  

плотности 1Mc/pc^2 

        Оценки  Н2 двумя  

методами: 

по Blits, Rosolowsky (вверху) 

по Gnedin, Kravtsov (внизу). 
Синий цвет –  

модельные галактики без  

дыр в распределении HI. 



• Согласие  

с наблюдениями плохое! 

Причина- нереально  

большие дыры HI. 

No-holes galaxies 



ОСНОВНОЙ ВЫВОД: 
 
To our knowledge, this is the first 
time that such relatively detailed 
agreement of HI properties with 
observations has been demonstrated 
in self-consistent cosmological 
hydrodynamical simulations 

 


