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польний та октупольний) чутливі до таких варіацій. Зокрема зауважимо, що октупольне наближення поля пекулярних 
швидкостей містить інформацію про космологічний параметр уповільнення [4]. Його коректне визначення за пекуляр-
ними швидкостями галактик можливе лише для однорідних "чистих" глибоких вибірок. Як підтвердження цього, у [28] 
показано, що зашумленість спостережних ТФ-даних для RFGC-галактик призводить до суттєвої відмінності оцінки па-
раметра уповільнення від того значення, що визначене за вимірюваннями відстаней до наднових та за анізотропією 
мікрохвильового фону. Те ж саме стосується і використання вибірок 2MFGC-галактик: отримання космологічної інфор-
мації на основі галактик цього каталога вимагає чистоту вибірки та ретельного обгрунтування особливостей опрацю-
вання ТФ-даних. Деякі з рекомендацій щодо цього виведені в даній роботі.  
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A MOVING GRAVITATIONAL LENS IN AN EXPANDING UNIVERSE 

 
Подано вираз для додаткового зсуву в спектрі зображення за рахунок руху гравітаційної лінзи, що узагальнює результати, 

знайдені для плоского простору-часу. Показано, що фонова кривина Всесвіту підсилює ефект. Величина підсилення чутлива 
до вмісту Всесвіту і до того, як окремі матеріальні складові розподілені вздовж променя зору. Для дискретних джерел (галак-
тик, квазарів) підсилення мале, але у випадку космічного мікрохвильового фону воно може досягати кількох сотень, що варто 
враховувати при пошуках спостережних прояв екзотичних об'єктів, наприклад, космічних струн. 

 
An expression for the additional shift in the image spectrum due to gravitational lens motion is given, which generalizes earlier 

results found for flat space. It is shown that the background curvature enhances the effect. This enhancement is sensitive to the content 
of the Universe and to how its constituents are distributed along the line of sight. For discrete sources (galaxies, quasars) the 
enhancement is small but for the microwave background it can reach some hundreds, which should be taken into account when looking 
for observational evidence of exotic objects, e.g., cosmic strings. 

 
It is known that gravitational lens motion induces a difference of shifts in image spectra. In particular, this causes brightness 

perturbations of the cosmic microwave background (hereafter CMB). The effect was firstly discussed by several authors for 
usual gravitational lenses (see, for example, [1, 3, 5]) and for cosmic strings [6, 9, 10]. In all the papers mentioned above, the 
universe was treated as Minkowskian and, therefore, possible effects of background curvature were not taken into account. 
Moreover, this approach is often used in investigations of the effect up to now. Avoiding this limitation, here we give an 
expression for the relative shift variation in an image spectrum due to lens motion and discuss some applications. 

Let α  be a bending angle of the light ray in the gravitational-lens rest frame. If we assume, as usual, that α  is small, then 
we may consider the effect in a linear approximation. Let n denote a unit tangent vector to the light ray in the absence of 
lensing. After passing the lens, the light ray becomes rotated about an axis whose unit vector is s  in the lens rest frame. Now 
let us assume that the lens has a peculiar velocity v , then in any other frame of reference the mentioned spatial rotation 
induces appearance of an additional shift in the source spectrum Δ Sz . It turns out that a general expression for this spectral 
shift, which also takes into consideration peculiar velocities of the source and the observer, can be obtained using rather 
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elemenary geometrical grounds. The only limitation is that the background space-time curvature introduces no shear into a 
light bundle. This condition is valid in all homogeneous and isotropic cosmological models and therefore is not a problem. 
Detailed preliminary analysis with necessary justifications and computations can be found in [2]. For purposes of clarity, here 
we restrict our consideration to the case when the source and the observer have no peculiar velocities. The corresponding 
expression for a relative change of the source redshift Sz  is then 
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Here OSD , OLD , and LSD  are the angular diameter distances from the observer to the source, to the lens, and from the 

lens to the source, respectively; La  and Oa  are the cosmological scale factors at the corresponding instants of time; c  is 

the speed of light. Note that LSD  is calculated using only the cosmological redshift of the lens Lz , as if it rested in the 
cosmological frame of reference. 

As we see from Eqn. (1), for given bending angle α  and lens velocity v , the effect depends mainly on the relative 
orientation of the vectors v , n , and s . An influence of space-time geometry is described by a so-called geometric factor 
A  defined by Eqn. (2). It is easy to see that Eqn. (1) gives also the temperature discontinuity of the CMB in view of the 
equality (see any book on cosmology, for example, [11]) 
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In the flat space-time, we have =L Oa a  and + =OL LS OSD D D , implying that ≡ 1A . Thus, we come to known 

results. For example, if <<v c  then we can obtain a particular expression for the CMB brightness perturbations due to lens 
motion [5]. In the case of a straight cosmic string (for a review see [12] and references therein) with the angle deficit δ = α  
and the unit vector along the string s , we find the formula derived independently in [10, 9]. 

Since we have assumed Lz  to be the cosmological redshift of the lens, obviously ≤L Sz z . According to (2), in an 

expanding universe = 1A  only if the lens is near the source ( =L Sz z ) or the observer ( = = 0L Oz z ). In a general case, 

when < <0 L Sz z , the geometric factor A  is greater than unity, so the background curvature of the expanding universe 

enhances the effect. Evidently, for any fixed source redshift Sz  there exist such Lz  at which A  has a maximum. 

As an illustration, in Fig. 1 we have plotted the geometric factor against the lens redshift Lz  for several values of the source 

redshift Sz  in the standard ΛCDM cosmology ( Ω = 1, ΛΩ = 0.73 ). It is clear that for discrete sources, such as galaxies and 

quasars, the geometric factor correction is rather small. Namely, for ≤ 10Sz  we have ( )< ≤1 2.2LA z . However, for the 

CMB ( 3~ 10Sz ) the geometric factor reaches about 210  at its maximum. For example, at = 1000Sz  and = 1.64Lz  we 

get = 126A . Note that for >> 1Sz , the geometric factor has a maximum max ~ 0.12 SA z  at ≈ 1.6Lz . 
As to cosmic strings, the study of CMB temperature fluctuations could put an upper limit on the value of an angle deficit 

δ = μ 24G c  (here G  is the gravitational constant, μ 2c  is the string tension). According to Eqns. (1) – (3), this upper limit 

should then be lowered by −1A , i.e. by one or even two orders, depending on the localisation of the string. Unfortunately, 
now there is no direct observational evidence of existing such objects [11]. Current estimates of the upper limit on the 

unitless parameter μ 2G c  derived from various investigations vary from −× 6~ 2 10  to −× 7~ 2 10  (see, e.g., [8, 4, 7]). 
The geometric factor is almost insensitive to the Hubble constant because, according to (2), it depends on ratios of the 

angular diameter distances. However it is sensitive to the matter distribution in the universe through the density parameters 
Ω , Ωm , ΛΩ . If the universe is homogeneous on average, then it can be shown that the geometric factor is systematically 
less than its corresponding values in the gomogeneous case. The dark energy described by the cosmological constant Λ 
also reduces the effect under consideration. 

In conclusion, we discuss briefly a spectral shift due to time delay between images. This effect occurs even if the 
source, the lens, and the observer have no peculiar velocities. But its value is quadratically dependent on the bending angle 
α  while the effect due to relative motion is linearly dependent on it. Because α << 1, it can be shown that even in view of 
relativistic factors, either both the effects are negligible or the effect due to relative motion is much greater than the one due 
to time delay in all the cases of practical interest. 

Thus, the value of the geometric factor A  depends sufficiently on the large-scale structure of the universe, in particular, 
on how cosmological constituents are distributed along the line of sight. We suppose that high-sensitive observations of the 
CMB perturbations near gravitational lenses on a scale of the order of bending angle would allow us to receive, in principle, 
some information about matter distribution parameters. Indeed, although peculiar velocities of galaxies are not greater than 
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a few hundred kilometers per second, and a typical bending angle for known lensing systems is about 10 arcsec, at the 

maximum of the geometric factor 2~ 10  the effect has the value −5~ 10 , which is comparable with contemporary accuracy 
of measurements of the small-scale CMB fluctuations. Cosmic strings, whose peculiar velocities are expected to be 
relativistic, would be the most suitable objects for such observations, but, at present, we have no unambiguous 
observational arguments of their existence. In any case, however, we may argue that results obtained here will be useful in 
the near future for analysis and interpretation of observations of gravitational lenses and CMB fluctuations. 
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Fig. 1. Geometric factor A  as a function of the lens redshift Lz  for several fixed values 
of the source redshift Sz . Dashed curve with a vertical asymptote is a locus of maximaof ( )LA z . 
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АСТРОМЕТРІЯ ПЛАТІВОК ПША, ОЦИФРОВАНИХ ДВОМА ТИПАМИ СКАНЕРІВ.  

РОЗДІЛЕННЯ ЗОБРАЖЕНЬ ЗІР ДВОХ ЕКСПОЗИЦІЙ 
 

В даній роботі коротко розглянуто питання поділу на дві експозиції за астрометричними та фотометричними крите-
ріями зареєстрованих на астронегативах зір. Також демонструються фотометричні звязки двох експозицій для двох ти-
пів сканерів (Epson Expression 10000XL та Microtek SkanMaker 9800XL TMA) в режимах сканування з просторовим розрізнен-
ням: 300, 600, 900, 1200, 1600 та 2400 dpi. 

  
In this paper we briefly discuss the problem of selection of stellar images with different photographic expositions. The photometric 

connections between two photographic expositions are demonstrated for two different scanners are present (Epson Expression 
10000XL and Microtek SkanMaker 9800XL TMA) for scan resolution of: 300, 600, 900, 1200, 1600 and 2400 dpi. 

 
Вступ. Станом на 2011 р. в ГАО НАНУ є два типи сканерів, які дозволяють оцифровувати платівки розміром до 30х30 

см, що свого часу були експоновані за програмою фотографічного огляду північного неба ФОН. На сканері Microtek 
SkanMaker 9800XL TMA за період 2008–2009 рр. оцифровано понад 900 платівок (з 2010 р. оцифровка астронегативів 
виконується на сканері Epson Expression 10000XL) для двох положень платівок – 0 та 90 градусів. Всього за програмою 
планується відсканувати і обробити понад 2000 астронегативів (або понад 4000 сканів). Обробка сканів з метою отриман-
ня прямокутних координат X, Y, інструментальних зоряних величин, діаметрів зареєстрованих об'єктів тощо виконується в 
програмному середовищі LINUX/MIDAS/ROMAFOT [3] на основі програми, створеної в відділі астрометрії ГАО НАНУ. В 
роботі [1] викладені основні етапи процесу обробки оцифрованих платівок з автоматичним виключенням фотометрич-
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