
ISSN 2518-1726 (Online),  
ISSN 1991-346X (Print) 

 
ҚАЗАҚСТАН РЕСПУБЛИКАСЫ 

ҰЛТТЫҚ ҒЫЛЫМ АКАДЕМИЯСЫНЫҢ 

ƏЛЬ-ФАРАБИ АТЫНДАҒЫ  
ҚАЗАҚ ҰЛТТЫҚ УНИВЕРСИТЕТІНІҢ 

Х А Б А Р Л А Р Ы 

ИЗВЕСТИЯ 
 

НАЦИОНАЛЬНОЙ АКАДЕМИИ НАУК 
РЕСПУБЛИКИ КАЗАХСТАН 
 
КАЗАХСКИЙ НАЦИОНАЛЬНЫЙ 
УНИВЕРСИТЕТ ИМЕНИ АЛЬ-ФАРАБИ 

N E W S 
 

OF THE NATIONAL ACADEMY OF SCIENCES  
OF THE REPUBLIC OF KAZAKHSTAN 

 
AL-FARABI KAZAKH 

NATIONAL UNIVERSITY  

 
 

ФИЗИКА-МАТЕМАТИКА СЕРИЯСЫ 
 

СЕРИЯ ФИЗИКО-МАТЕМАТИЧЕСКАЯ 
 

PHYSICO-MATHEMATICAL SERIES 
 
 

3 (319) 

МАМЫР – МАУСЫМ 2018 ж. 
МАЙ – ИЮНЬ 2018 г. 

MAY – JUNE 2018 
 
 

1963 ЖЫЛДЫҢ ҚАҢТАР АЙЫНАН ШЫҒА БАСТАҒАН 
ИЗДАЕТСЯ С ЯНВАРЯ 1963 ГОДА 
PUBLISHED SINCE JANUARY 1963 

 
ЖЫЛЫНА 6 РЕТ ШЫҒАДЫ 
ВЫХОДИТ 6 РАЗ В ГОД 

PUBLISHED 6 TIMES A YEAR 
 
 
 
 
 
 

АЛМАТЫ, ҚР ҰҒА                                          АЛМАТЫ, НАН РК                                           ALMATY, NAS RK  



Известия Национальной академии наук Республики Казахстан  
  

   
2  

 
Б а с   р е д а к т о р ы 

ф.-м.ғ.д., проф., ҚР ҰҒА академигі Ғ.М. Мұтанов 
 

Р е д а к ц и я  а л қ а с ы: 
 

Жұмаділдаев А.С. проф., академик (Қазақстан)  
Кальменов Т.Ш. проф., академик (Қазақстан) 
Жантаев Ж.Ш. проф., корр.-мүшесі (Қазақстан)   
Өмірбаев У.У. проф. корр.-мүшесі (Қазақстан)   
Жүсіпов М.А.  проф. (Қазақстан)   
Жұмабаев Д.С. проф. (Қазақстан)   
Асанова А.Т. проф. (Қазақстан)   
Бошкаев К.А. PhD докторы (Қазақстан)   
Сұраған Д. корр.-мүшесі (Қазақстан)   
Quevedo Hernando проф. (Мексика), 
Джунушалиев  В.Д. проф. (Қырғыстан)  
Вишневский И.Н. проф., академик (Украина)  
Ковалев А.М. проф., академик (Украина)  
Михалевич А.А. проф., академик (Белорус) 
Пашаев А. проф., академик (Əзірбайжан)  
Такибаев Н.Ж. проф., академик (Қазақстан), бас ред. орынбасары 
Тигиняну И. проф., академик (Молдова) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
«ҚР ҰҒА Хабарлары. Физика-математикалық сериясы». 

ISSN 2518-1726 (Online), ISSN 1991-346X (Print) 

Меншіктенуші: «Қазақстан Республикасының Ұлттық ғылым академиясы» РҚБ (Алматы қ.) 
Қазақстан республикасының Мəдениет пен ақпарат министрлігінің Ақпарат жəне мұрағат комитетінде 
01.06.2006 ж. берілген №5543-Ж мерзімдік басылым тіркеуіне қойылу туралы куəлік 
 
Мерзімділігі: жылына 6 рет. 
Тиражы: 300 дана. 
 
Редакцияның мекенжайы: 050010, Алматы қ., Шевченко көш., 28, 219 бөл., 220, тел.: 272-13-19, 272-13-18, 
www:nauka-nanrk.kz / physics-mathematics.kz 
 
 
 

© Қазақстан Республикасының Ұлттық ғылым академиясы, 2018 
 

Типографияның мекенжайы: «Аруна» ЖК, Алматы қ., Муратбаева көш., 75. 
 



ISSN 1991-346X                                                                                      Серия физико-математическая. № 3. 2018 
 

 
3 

 
Г л а в н ы й   р е д а к т о р 

д.ф.-м.н., проф. академик НАН РК Г.М. Мутанов 
 

Р е д а к ц и о н н а я  к о л л е г и я: 
 

Джумадильдаев А.С. проф., академик (Казахстан)  
Кальменов Т.Ш. проф., академик (Казахстан) 
Жантаев Ж.Ш. проф., чл.-корр. (Казахстан)   
Умирбаев У.У. проф. чл.-корр. (Казахстан)   
Жусупов М.А.  проф. (Казахстан)   
Джумабаев Д.С. проф. (Казахстан)   
Асанова А.Т. проф. (Казахстан)   
Бошкаев К.А. доктор PhD (Казахстан)   
Сураган Д. чл.-корр. (Казахстан)   
Quevedo Hernando проф. (Мексика), 
Джунушалиев  В.Д. проф. (Кыргызстан)  
Вишневский И.Н. проф., академик (Украина)  
Ковалев А.М. проф., академик (Украина)  
Михалевич А.А. проф., академик (Беларусь) 
Пашаев А. проф., академик (Азербайджан)  
Такибаев Н.Ж. проф., академик (Казахстан), зам. гл. ред. 
Тигиняну И. проф., академик (Молдова) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
«Известия НАН РК. Серия физико-математическая».  

ISSN 2518-1726 (Online), ISSN 1991-346X (Print) 

Собственник: РОО «Национальная академия наук Республики Казахстан» (г. Алматы) 
Свидетельство о постановке на учет периодического печатного издания в Комитете информации и архивов 
Министерства культуры и информации Республики Казахстан №5543-Ж, выданное 01.06.2006 г. 
 
Периодичность: 6 раз в год. 
Тираж: 300 экземпляров. 
 
Адрес редакции: 050010, г. Алматы, ул. Шевченко, 28, ком. 219, 220, тел.: 272-13-19, 272-13-18, 
www:nauka-nanrk.kz / physics-mathematics.kz 
 
 
 

© Национальная академия наук Республики Казахстан, 2018 
 
Адрес типографии: ИП «Аруна», г. Алматы, ул. Муратбаева, 75. 
 



Известия Национальной академии наук Республики Казахстан  
  

   
4  

 
E d i t o r  i n  c h i e f 

doctor of physics and mathematics, professor, academician of NAS RK G.М. Mutanov  
 

E d i t o r i a l   b o a r d: 
 

Dzhumadildayev А.S. prof., academician (Kazakhstan)  
Kalmenov Т.Sh. prof., academician (Kazakhstan) 
Zhantayev Zh.Sh. prof., corr. member. (Kazakhstan)   
Umirbayev U.U. prof. corr. member. (Kazakhstan)   
Zhusupov М.А.  prof. (Kazakhstan)   
Dzhumabayev D.S. prof. (Kazakhstan)   
Asanova А.Т. prof. (Kazakhstan)   
Boshkayev K.А. PhD (Kazakhstan)   
Suragan D. corr. member. (Kazakhstan)   
Quevedo Hernando prof. (Mexico), 
Dzhunushaliyev V.D. prof. (Kyrgyzstan)  
Vishnevskyi I.N. prof., academician (Ukraine)  
Kovalev А.М. prof., academician (Ukraine)  
Mikhalevich А.А. prof., academician (Belarus) 
Pashayev А. prof., academician (Azerbaijan)  
Takibayev N.Zh. prof., academician (Kazakhstan), deputy editor in chief. 
Tiginyanu I. prof., academician (Moldova) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
News of the National Academy of Sciences of the Republic of Kazakhstan. Physical-mathematical series.  

ISSN 2518-1726 (Online), ISSN 1991-346X (Print) 

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)  
The certificate of registration of a periodic printed publication in the Committee of information and archives of the 
Ministry of culture and information of the Republic of Kazakhstan N 5543-Ж, issued 01.06.2006  
 
Periodicity: 6 times a year  
Circulation: 300 copies  
 
Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,  
www:nauka-nanrk.kz / physics-mathematics.kz 
 
  
 

© National Academy of Sciences of the Republic of Kazakhstan, 2018 
 
Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty 



ISSN 1991-346X                                                                                      Серия физико-математическая. № 3. 2018 
 

 
37 

N E W S 

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN 

PHYSICO-MATHEMATICAL SERIES 

ISSN 1991-346Х 

Volume 3, Number 319 (2018), 37 – 47 
 

41.51.27, 41.51.41 
520.2/.8, 520-16/-17; 520.88 
 

А. Serebryanskiy1, S. Serebryakov1, A. Ergeshev1 
 

1Fesenkov Astrophysical Institute, Observatory-23, Almaty, Kazakhstan 
E-mail: alex@aphi.kz, serebryakov@aphi.kz, ergeshev@aphi.kz 

 

METHODOLOGY OF PIPELINE DATA REDUCTION  
FOR ASTROMETRY AND PHOTOMETRY  

OF A LARGE ARRAY OF CCD OBSERVATIONS 
 
Abstract. We provide the description of the methodology of preliminary data reduction of the CCD 

observations and following astrometry and photometry analysis of a large number of objects in CCD images during 
uninterrupted observations, surveys or search campaigns. The result of the method of analysis of a large array of 
CCD images on the example of the observations of Phaeton asteroid, made on the telescope Zeiss-1000 on the Tien 
Shan Observatory is presented.  

Key words: CCD-observations: data analysis, methods: astrometry, photometry, pipeline for data reduction 
 
Introduction 
One of the tasks in Fesenkov Astrophysical Institute (FAI) for 2018-2020 is carrying out CCD 

observations for the purpose of search and classification of variable stars, as well as long-term 
observations of individual objects to determine and refine the parameters of their brightness variability. In 
parallel, there are monitoring observations to search for objects potentially hazardous to Earth (NEOs – 
near-earth objects), little-known asteroids and comets, as well as the definition and clarification of the 
physical characteristics of the known NEOs. As a result of such observations, Assy-Turgen (ATO) and 
Tien Shan (TSO) observatories produce arrays of CCD data, numbering up to several thousand frames per 
night [1]. Most of these CCD images already have a fairly large field of view (FOV) (32`×32`). In the 
near future, it is planned to increase the FOV on some instruments to several degrees and the number of 
objects on one CCD frame, for which it is necessary to obtain photometric and astrometric information 
can reach several thousand, and the number of frames received during one night will reach several 
thousand too. It becomes clear that the usual procedure for analyzing CCD images in "manual" mode will 
require too much time and will lead to an increase in the probability of errors due to the human factor. 
Variety of observation modes (see "Sorting data") makes this task even more complicated. 

Thus, the task of developing a methodology for the automated processing of CCD observations and 
obtaining astrometric and photometric information for each object on the CCD frame in a format that is 
most convenient for further analysis becomes quite important in modern observational astrophysics. 

Of course, such methods have been developed earlier in other groups and observatories. However, the 
effectiveness of each specific technique depends on the specificity of the task to which it is directed, as 
well as the characteristics of the equipment used and observation conditions. 

The choice of methods of automatic data analysis in our case is determined by a specific goal — the 
search for variable stars by analyzing their brightness variability with periods ranged from a few minutes 
to several hours, using CCDs and EMCCDs with a FOV of not less than 20'×20', with different signal 
amplification parameters and observations in different wavelengths (a complete list of the parameters used 
is given in the section "Data sorting"). 

 



Известия Н
 

Meth
As th

analysis o
survey ob
the equipm
possible t
caused by

 
Autom
In add

number of
their tasks
among the
parameter
observatio
of standar
necessity t

Optim
observatio
databases)
friendly fo

The t
description

 

Data 
For th

scientific 

Национально

hods 
he main tool
of light curve
servations ar
ment, the cor
to use all av
 the human f

mation of the
dition to the 
f instruments
s, a variety o
e various opt
rs: the obje
ons, a combi
rd fields, etc
to replace eq

mization of t
on process, b
), preparatio
ormat. These
task of auto
n of its imple

sorting: 
he effective 
community, 

ой академии н
 

l for search 
es obtained o
re quite routi
rrect solution
vailable obse
factor, and to

e observation
above facts, 
s installed o

of requiremen
tions for only

ect of obser
ination of fil
c. The comp
quipment for 
the process o
but also inclu
n for the an

e steps are sh
omating the
ementation w

Figure 1 ‐ Seq

 use of the 
the observat

наук Республ

and identifi
on the basis 
ine, require a
n will be to a
ervation tim
o utilize budg

n process: 
the need to 
r planned fo
nts for equip
y one instrum
rvation, its 
ters, exposur

plexity of th
observation

of analysis o
udes such st

nalysis and t
hown schema
e observation
will be presen

quence of the ma

obtained ob
tions must b

лики Казахст

   
38  

cation of va
of photome

as long as po
automate the 
e as efficien
get funds allo

automate the
or installation
pment used f
ment, with c
priority, vi

re values, th
e observatio
 during one n

of observatio
teps as data 
the analysis 
atically in Fig
n process is
nted in a sep

 

ain steps in the 
 
 

bservations 
be appropriat

тан  

ariable stars,
try of stars u

ossible observ
observation 

ntly as possi
ocated for sc

e observation
n on TSO an
for different t
certain equipm
sibility con

he need to ob
on process in
night of diffe

ons is not lim
management
itself with t
gure 1. 
s successful

parate publica

 
analysis of CC

and the con
tely ordered 

 it is suppo
using CCD o
vations in on
process itsel
ible, to redu

cientific resea

n process is d
nd ATO, as w
types of obse
ment one can
ditions, the 
btain calibrat
ncreases non
erent objects

mited only to
t (sorting da
the output o

lly solved in
ation. 

CD observations

nvenience of
(sorted) and

sed to use m
observations
ne mode of o
lf. Automatio
uce or elimi
arch more ef

dictated by th
well as the s
ervations. In
n specify the

required d
tion frames 
nlinearly if t
s. 
o the automa
ata and storin
f the results

n FAI and 

s 

f their analy
d stored in th

methods of 
s. Since the 
operation of 
on makes it 
nate errors 

ffectively. 

he growing 
specifics of 
n particular, 
e following 
duration of 
and frames 
there is the 

ation of the 
ng it in the 
s in a user-

a detailed 

ysis by the 
he database. 



ISSN 1991

The proce
analysis an
algorithms
implemen
technique 
the corres
number), 
analysis, b
track the u
observatio
certain key
can be ch
automatic
images if 

 

 

S

-346X            

ess of automa
nd can signi
s for sorting

nted by us in
automatical

sponding sub
the filter us
but also gre
uniqueness o
on plan for t
ys in the hea
hecked, for 
ally generate
some of them

Figure 2 - Au
Solid and dashed

to observ

                     

atic sorting o
ficantly min
g CCD obse
n the python
ly sorts data
bdirectories 
sed, etc., as 
atly facilitat

of the assigne
the current s
ader of the fit

example, f
e a report on
m are not fou

utomatic data so
d lines show ex

vations performe

                      

of observatio
nimize the im
ervation data
n environme
a into directo

are created 
shown in F

tes the obser
ed ID (or fil
session, and 
ts file. Simul
for errors of
n the statistic
und. 

orting of the CC
xamples of para
ed with the use 

                     

 
39 

ons significan
mpact of erro
a, based on 
ent and is sh
ories with ce

designated 
Figure 2. Th
rvation proce
le name) of t

the relevant
ltaneously w
f tracking, 
cs of observa

CD frames based
ameter combina

of EMCCD an

          Серия 

ntly simplifie
rs due to the
the analysi

hown in Fig
ertain observ

by the obje
is sorting no
ess itself, si
the CCD fram
t information

with the sortin
temperature 
ations and th

d on relevant pa
ations. The para
nd are not used f

физико-мате

es the subseq
e human fact
s of inform

gure 2. In pa
ation dates. 

ect name (fo
ot only simp
nce the obse
me, but rathe
n is automa

ng of the obs
stability, w

he necessary

arameters of the
ameters Gain an
for the convent

ематическая

quent proced
tor. One of th
ation in fits
articular, the
In each such

or example, 
plifies subse
erver does n
er correctly p
tically enter

servations, C
while it is p
y request for 

 

e observations. 
nd EM correspo
ional CCD 

я. № 3. 2018 
 

ure of their 
he possible 

s-header, is 
e presented 
h directory, 
by catalog 

equent data 
not need to 
prepare the 

red through 
CD images 
possible to 
calibration 

 
ond 



Известия Национальной академии наук Республики Казахстан  
  

   
40  

Preliminary data reduction: 
The next step in the preparation of observations for further analysis is to take into account 

instrumental systematic noise in CCD images. We will not dwell on this issue, those interested can get 
acquainted with it in detail in the [2]. The systematic noise includes the dark current, the bias offset and 
the unevenness of sensitivity on the field of the CCD. To minimize random noise in the accounting of 
systematic error, the corresponding calibration frames should be averaged over a sufficient number of 
images (usually not less than 10). The IRAF package is used as the main tool for the analysis of 
astronomical data of CCD observations (http://iraf.noao.edu/). Averaged CCD frames of bias 
(MasterBias) can be obtained by zerocombine procedure (iraf.imred.ccdred), a dark current (MasterDark) 
is obtained by darkcombine (iraf.imred.ccdred) routine. MasterDark must be taken for each image 
obtained with combinations indicated in Figure 2 (except for the selection of filters). MasterBias and 
MasterDark are additive noises and should be subtracted from the CCD image of the object (respectively, 
MasterBias is first subtracted from MasterDark), and the heterogeneity of the sensitivity along the CCD 
image is a multiplicative component, so CCD image of the object should be divided by it. The averaged 
CCD frame of the flat field (MasterFlat) must be obtained for each filter in which the object was observed 
and correctly corrected for corresponding MasterDark. To obtain MasterFlat one may use the flatcombine 
procedure (iraf.imred.ccdred). After that the MasterBias, MasterFlat and MasterDark are used in 
preliminary data reduction using ccdproc procedure (iraf.imred.ccdred). 

Pipeline method for automatic photometry of objects on CCD frames: 
Since our main task is to search for variable stars by analyzing the light curves, the technique should 

perform the following steps: 1) automatically assign the equatorial coordinate grid to the CCD frame, 2) 
detect all sources on the FOV of the CCD frame, 3) determine among them the stars belong to different 
catalogs, 4) conduct aperture and PSF-photometry and 5) output the results in a format convenient for 
further analysis. 

For clarity and ease of understanding of the whole process its flowchart is shown in Figure 3. 
As the environment for method implementation, the combination of the Linux operating system with 

a high-level language python was chosen. This choice is made for several reasons. First, both Linux and 
python are open source (the standard public license, GNU GPL). Secondly, python is one of the most 
dynamically developing high-level languages, it is quite simple and provides ample opportunities to 
attract a large number of people, including students and post-graduates. Third, an IRAF package is 
integrated into the python environment (http://www.stsci.edu/institute/software_hardware/pyraf). The 
algorithms and methods of this package have been repeatedly tested, well documented and integrated into 
many modern data analysis packages of CCD observations. All iraf functions and libraries are available 
and can be directly imported into the python environment. 

To date, the python community has developed a large number of applications for working with digital 
images, analysis of astronomical catalogs, presentation of graphical and other information directly in a 
format suitable for publication or use by other applications. The most popular python platform for 
scientific data analysis is Anaconda, developed by Continuum Analytics (https://www.anaconda.com/). 
We use this platform to install the AstroConda channel with all relevant packages 
(http://astroconda.readthedocs.io/en/latest/index.html). The whole installation and configuration process is 
quite simple. 

Let us now examine in detail each of the steps shown in Figure 3. At the beginning of the process, a 
list of CCD frames that have been preprocessed is formed. To do this, one uses the getcwd and listdir 
procedures imported from iraf.os in python. Further, for the convenience, we will denote by ← the 
process of importing the appropriate packages and methods into python. At this stage, the procedure 
checks the existence of appropriate directories to save the results and the corresponding log-file 
(path.exists, makedirs ← iraf.os). 

The results of observations are saved in the fits format [3], in the header of which all parameters of 
observations are listed. Working with fits-files is carried out through astropy package.io.fits. The header 
of the fits file is analyzed to determine such parameters as the coordinates of the observatory (astropy [4]), 
the size of the CCD frame and FOV of the CCD (in arcminutes), the focal length f in mm, the pixel size in 
µm, the image scale in arcsec/pixel. For the analysis of observations obtained at different epochs, 
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up observations of high-priority objects. This makes the task of fast and robust processing and analysis of 
observational data particularly relevant. 

 The methodology described in this article was implemented under the Linux operating system 
based on the python high-level language and uses generally accepted and proven algorithms for data 
analysis (whose implementations are freely available). 

 The work on improving the methodology continues. In particular, it is necessary to develop 
criteria for updating the parameters of procedures for detection of faint objects on a FOV, to consider the 
possibility of building a PSF profile for the particular instrument, which should not only improve the 
quality of the results of PSF-photometry, but also reduce the processing time. Another important problem 
to be solved is an implementation of methods of extended object photometry including tracks of objects 
observed at different regimes of telescope tracking, as well as photometry of extended objects (galaxies, 
nebulae). 

 In conclusion, we should note some possible sources of errors in photometry and astrometry using 
the developed methodology. First, it is assumed that the PSF profile remains constant throughout the 
entire observation session, which may not be the case for observations in highly changing weather 
conditions, inaccuracies in the telescope tracking (wind, auto-guiding failure, etc.). As a result of the 
incorrect description of the true stellar profile on the images, there will be some remnants after subtracting 
the stars which can be incorrectly interpreted as additional sources. This ultimately leads to errors in 
photometry. Second, it is assumed that the dependence of the PSF profile on the CCD frame is also 
constant or changes linearly. If this requirement is not met, it can also lead to errors in the photometry of 
stars and the detection of false sources. To determine the valid regimes of adequate performance and 
assessment of the domain of application of the methodology we should test it on artificial data generated 
with different noise levels and different complexity of the field (density of sources, the variability of the 
PSF-profile stars across the field of the CCD frame, etc.). 
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ҮЛКЕН АУҚЫМДАҒЫ ЗБА-БАҚЫЛАУ МƏЛІМЕТТЕРІН ФОТОМЕТРЛЕУ 

ЖƏНЕ АҒЫМДЫҚ АСТРОМЕТРИЯНЫҢ ƏДІСНАМАСЫ 
 
Аннотация. Іздеу кампаниялары немесе аспанды шолуда ұзақ уақыт бақылау жүргізгенде, ЗБА-сурет-

тердегі объектілер саны максималды болғанда жəне оның астрометриялық жəне фотометрлік зерттеулерін 
жүргізудің ЗБА-бақылауларының алдын-ала өңдеу процесінің өңделген əдіснамасы берілген. Цейсс-1000 
(ТШАО) телескобында астероид Фаэтонның үлен ауқымды бақылау мəліметтерінің талдау əдіснамасының 
нəтижелері көрсетілген.  

Тірек сөздер: ЗБА-бақылаулары: мəліметтердің талдаулары, əдіснама: астрометрия, фотометрия, 
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МЕТОДИКА ПОТОКОВОЙ АСТРОМЕТРИИ  

И ФОТОМЕТРИИ БОЛЬШОГО МАССИВА ПЗС-НАБЛЮДЕНИЙ 
 
Аннотация. Дано описание разработанной методики процесса предварительной обработки ПЗС-

наблюдений, последующей астрометрии и фотометрии максимального количества объектов на ПЗС 
изображениях, которые получаются при продолжительных наблюдениях, обзорах неба или поисковых 
кампаниях. Показан результат работы методики анализа большого массива ПЗС-изображений на примере 
данных наблюдений астероида Фаэтон, выполненных на телескопе Цейсс-1000 (ТШАО). 

Ключевые слова: ПЗС-наблюдения: анализ данных, методы: астрометрия, фотометрия, потоковая 
обработка данных. 
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