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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.
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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-carth 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'x32"). 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").
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Methods

As the main tool for search and identification of variable stars, it is supposed to use methods of
analysis of light curves obtained on the basis of photometry of stars using CCD observations. Since the
survey observations are quite routine, require as long as possible observations in one mode of operation of
the equipment, the correct solution will be to automate the observation process itself. Automation makes it
possible to use all available observation time as efficiently as possible, to reduce or eliminate errors
caused by the human factor, and to utilize budget funds allocated for scientific research more effectively.

Automation of the observation process:

In addition to the above facts, the need to automate the observation process is dictated by the growing
number of instruments installed or planned for installation on TSO and ATO, as well as the specifics of
their tasks, a variety of requirements for equipment used for different types of observations. In particular,
among the various options for only one instrument, with certain equipment one can specify the following
parameters: the object of observation, its priority, visibility conditions, the required duration of
observations, a combination of filters, exposure values, the need to obtain calibration frames and frames
of standard fields, etc. The complexity of the observation process increases nonlinearly if there is the
necessity to replace equipment for observation during one night of different objects.

Optimization of the process of analysis of observations is not limited only to the automation of the
observation process, but also includes such steps as data management (sorting data and storing it in the
databases), preparation for the analysis and the analysis itself with the output of the results in a user-
friendly format. These steps are shown schematically in Figure 1.

The task of automating the observation process is successfully solved in FAI and a detailed
description of its implementation will be presented in a separate publication.

Data sorting

L4

Preliminary
Data reduction

¥

Photometry and astrometry
of sources on CCD images

¥

Results preparation and output
in specified format
for further analysis

Figure 1 - Sequence of the main steps in the analysis of CCD observations

Data sorting:
For the effective use of the obtained observations and the convenience of their analysis by the
scientific community, the observations must be appropriately ordered (sorted) and stored in the database.
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The process of automatic sorting of observations significantly simplifies the subsequent procedure of their
analysis and can significantly minimize the impact of errors due to the human factor. One of the possible
algorithms for sorting CCD observation data, based on the analysis of information in fits-header, is
implemented by us in the python environment and is shown in Figure 2. In particular, the presented
technique automatically sorts data into directories with certain observation dates. In each such directory,
the corresponding subdirectories are created designated by the object name (for example, by catalog
number), the filter used, etc., as shown in Figure 2. This sorting not only simplifies subsequent data
analysis, but also greatly facilitates the observation process itself, since the observer does not need to
track the uniqueness of the assigned ID (or file name) of the CCD frame, but rather correctly prepare the
observation plan for the current session, and the relevant information is automatically entered through
certain keys in the header of the fits file. Simultaneously with the sorting of the observations, CCD images
can be checked, for example, for errors of tracking, temperature stability, while it is possible to
automatically generate a report on the statistics of observations and the necessary request for calibration
images if some of them are not found.

DATE Date 1l | Date 2 Date 3
Object Name 1 | Name 2 | Name 3
Filter U B Vv R |
binning 1 2 3 5 10
Exposure 5 30 90 120 | 1800
(sec.)

Pre-flash yes ho
P : ................................................... :
Gain 1 2.4 |

e ID1 ID2 ID3 ID4 ID5
Name in DB

Figure 2 - Automatic data sorting of the CCD frames based on relevant parameters of the observations.
Solid and dashed lines show examples of parameter combinations. The parameters Gain and EM correspond
to observations performed with the use of EMCCD and are not used for the conventional CCD
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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 (irafimred.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 modem 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

um, the image scale in arcsec/pixel. For the analysis of observations obtained at different epochs,
40
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especially for the analysis of light curves of variable stars, it is desirable to use barycentric Julian date.
This is calculated using barycentric correction (time «<— astropy).
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Figure 3 - Flowchart of the procedure of automatic aperture- and PSF-photometry
and astrometry of all sources detected in the field of CCD image

The next step is to automatically assign the equatorial world coordinate system (wcs) to the CCD
frame. This task can be performed using two methods: westools [5,6,7] or scamp [8]. To do this, in the fits
header, in addition to such parameters as the image center, image scale, the preliminary values of the main
parameters of wcs are set, and the geometry of the frame is determined (that is, the need to invert and
rotate the CCD frame). The necessary information for westools and scamp also includes a list of objects,
or rather the coordinates (X, Y) of the sources on the CCD frame. The SExtractor package [9] is used to
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detect these sources. The type of the output catalog for the correct operation of the scamp must be
FITS LDAC (Leiden Data Analysis Center). Determined location of the sources, that is, their coordinates
(X, Y), and the position of the center of the frame in the second equatorial coordinates system for the
epoch of 2000 are used to assign the wes-coordinates. The accuracy of the plate solution procedure can be
estimated from the output figure of combined residuals that is automatically generated by the scamp task.
An example of a residual map is shown in Figure 4. The X and Y axes, respectively, show the coordinate
differences between the catalog values and the values obtained from the plate solution, and the
corresponding difference distributions.

Group #1: 2D reference astrometric errors

LAXISZ (")

0.0
2AXI151 ("]

Figure 4 - An example of a 2D map of the coordinate residuals from the results of the scamp procedure,
using the CCD-observations with FOV of 19°x19°, obtained on the Zeiss-1000, TSO (November 2017)

In the case of a success of the wes-procedure, corresponding CCD frame with updated fits header is
passed further to search for catalog stars on the FOV.

Catalogs query to search for known stars:

The next step of the methodology is the identification of stars on the FOV of the CCD-frame
listed in various catalogs. For example, these can be photometric standard catalogs or variable star
catalogs. In the former case, these stars can be used to convert instrumental stellar magnitudes into a
standard photometric system, and in the latter case, identified stars can be excluded from further analysis
as variables or suspected variables. Astroquery package [10] (Vizier < astroquery.vizier) allow one to
automatically identify stars of the catalog of particular interest from the Vizier database. In our
implementation of the data analysis process URATI [11], UCAC4 [12] or 2MASS [13] catalogs are used.
The values of the magnitudes in the ugriz system (the photometric system of the SDSS) converted into the
UBVRI system, which is used on TSO. The following conversion equations are used for this purpose
[14]:

B—g = (0.313+0.003}- (g — r) + (0.291 + 0.002)

V—g= (—0565+ 0.001)- (g —7) — (0.016 + 0.001)
V—1I=(0.67540.002)-(g—i) +(0.364 £ 0.002), if g—i<2.1
V—1=(1.11+0.02) (g— i)—(052+ 0.05), if g—i>2.1
R—7=(—0.1534 0.003)- (r— i) — (0.117 = 0.003)

R —I = (0.93+ 0.005) (r — i) + (0.259  0.002)

— ) ——
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The equatorial coordinates of the detected stars in the catalog are transformed to the (X, Y)
coordinates of the position on the CCD frame using astLib library (astWCS «— astLib). The positions of
stars are checked for proximity to the edges of the CCD frame and are excluded from the analysis if they
are located too close to the edge of the FOV (usually less than the width of the star profile). The resulting
catalog of stars tabulated in a convenient from using astropy.table (Table, Column «— astropy table) and is
submitted to the procedure to build a PSF profile for PSF photometry of all sources detected on the frame.

There are several reasons why we chose this method of building PSF-profile. First, we use a star
catalog, and not just the detected sources in the field of CCD frames, among which could be random
sources. Secondly, we, simultaneously to construction of the PSF profile, conduct photometry of catalog
stars, which allows us, in the future, to carry out transformation into a standard photometric system, if
there were no observations of the standard fields carried out for some reason. This is particularly useful if
observations are to be made in uninterrupted regime. Third, the subsequent subtraction of catalog stars
allows to detect and conduct photometry of stars that are not included in the catalogs. Such stars are the
main targets of observation campaigns and surveys.

To automatically build a proper PSF profile one should be sure that the profiles of the selected
stars are far enough from the edge of the CCD frame and do not overlap with each other. We use the
following criteria for the selection of PSF stars:

EI&PEF = X = Nﬁix_—S'E;@fand BIRPSF d:YE:JWF{x_S I&PIF’

ETHEHJ“'IFEF 2 SCﬂ-iEffz < T‘i-_._.- "-": Rﬁﬂf’ . 2 : Sﬁ'ﬂ-’l‘a’f

>

= .Jdx® 4+ 4y

where i ¥ andd% A¥. the mutual distance between the centeroids of the stars. Here

Npix = NAXIST i o of the CCD frame in pixels, Rpsp = 4 FWHMpsr — 1. 1adius of the PSF-
FWHMpee = =21 0. - o . .

profile, scate - preliminary estimation of full width at half maximum of the PSF-

) = gt ; : ; :
profile with Feetng = 2 ‘5, which is determined by astroclimate of an observatory. The parameter

pm
scale = — -« 206,265 —
F - is image scale in arcseconds per pixel, where M1 = XPIXSZ. physical size

of the pixel in micrometers, f =FOCALLEN _ equivalent focal length of the telescope in mm. After star

selection procedure using preliminary estimation of the parameters the value of FWHMgse is refined
automatically using radial profile fitting procedure radprof of the IRAF applied to selected stars. The total
number of PSF stars selected according to these criteria usually does not exceed 25. Obtained refined
profile parameters are used for the specification of the parameters for the photometry procedure.

FWEMpen
— F= —F——
Photometric aperture AP =5 Oywhere Pof the Gauss profile related to FWHMpgg o 22D
. . . R - S . .
inner sky radius for sky background estimation is Rimer = ©° 7 and corresponding outer sky radius is

FRY e RV —
Bouter = Rinner T 50 Radius of the PSF-prifile used for fitting is Bt = PN IR

The selection of the PSF profile function can be automatic or user-defined. In our implementation,
the Moffat profile with f=2.5 [15] is used, and if the construction is unsuccessful, the profile "penny2" is
used (a complex profile whose kernel is described by the Gauss function, and the wings of the distribution
are described by the Lorentz function with the parameter p=1, while the Gauss and Lorentz functions can
be inclined in different directions), which showed the best result. To normalize the PSF profile, first the
daophot.phot procedure is used to estimate flux value using aperture photometry. Then the
daophot.pstselect procedure selects stars to build a PSF profile and finally daophot.psf builds the PSF
profile.

If the PSF profile is successfully built, it is passed to the next stage of processing. If for some reason
the PSF profile cannot be built, the program proceeds to the next CCD frame.
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Catalog stars subtracting from the CCD frame and search for new objects:

The next step is photometry of catalog stars and their subsequent subtraction from the field of CCD
frame. To do this, the aperture photometry of all stars of the catalog is carried out again by the
phot.daophot procedure. The resulting aperture photometry values, PSF profile, and the corresponding
source coordinates are used for the PSF photometry using allstar.daophot task. As a result, in addition to
the photometry results, we obtain images with subtracted catalog stars for which photometry was
successfully performed. These images are used to search for new sources (SExtractor) that are not
included in the catalog and which are of our main interest. After that, a generalized list of objects is
formed. At this point, one can recalculate the PSF profile again to check the overlap of the star profiles.
Then the PSF-photometry is performed simultancously for all stars in the combined list by allstar.daophot
procedure. This stage is shown in Figure 3 by a blue dashed line.

The resulting CCD frame with all detected and successfully passed photometry stars subtracted
should ideally shows a field with background noise. An example of sequential subtraction of processed
stars is shown in Figure 5.

o e i Sl * = ; P ‘.
: s : ; S 2 ;

a ' ' T e

Figure 5 - CCD images with the sequential subtraction of stars: a) the original CCD image, b) after photometry and subtraction
of the catalog stars, c) after photometry and subtraction of sources not included in the catalog. The remaining stars on the field
were overexposed and excluded from the analysis process

Output the results of the analysis:

For the convenience of further analysis of the obtained results, using them directly for publication or
exchange between interested groups, they given in the form of tabular values in the conventional text
format, and in the format of csv and tex. These tables are automatically generated separately for catalog
stars and for objects that are not included in catalogs. Tables for catalog stars contain the following
information: catalog number (recno), the coordinates of the object in the catalog in fractions of degrees
(RAJ2000, DEJ2000), the values of magnitudes in the catalog (Bmag, Vmag, Rmag, Imag), the
coordinates of the object in the catalog in the format h:m:s and d:m:s (RA and DEC), their magnitude in a
certain filter (V_Johnson), corresponding error of magnitude (errV_Johnson), the observed values of the
coordinates in the format h:m:s, d:m:s (RA_obs, DEC obs), barycentric Julian date (OBS-TIME) and the
air mass at the time of the observations (AIRMASS). The tables for objects not included in the catalogs
contain the following information: number of internal (local) catalog (recno), magnitude values in a
certain filter (V_Johnson), corresponding magnitude error (errV_Johnson), observed coordinate values in
the format h:m:s, d:m:s (RA_obs, DEC obs), barycentric Julian date (OBS-time) and air mass at the time
of observations (AIRMASS).

Results

The described method is tested on observations of the asteroid Phaeton that were obtained on the
Zeiss-1000 (TSO) in the period from 16.11.2017 until 22.11.2017. In total, more than 280 CCD images
were obtained in each of the three BVR filters. That is, the total number of images is more than 800.
Several dozens of catalog stars are identified on the field of each CCD image and, therefore, the number

— )] ——
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of photometric estimates and astrometric measurements can reach several tens of thousands. If we take
into account the registered sources that are not included in the catalogs (which are of the greatest interest
for us), the number of photometric measurements for this particular example is several hundred thousand!
However, the whole process of photometry of the whole array of observations in automatic mode takes
only a few hours.

The developed technique of automated photometry of all sources on the field of the CCD frame
can be used to search for objects with large proper motion (for example, asteroids and other small bodies
of the solar system).

As an example, the result of the methodology applied to the observation of the asteroid Phacthon
(3200) is shown in Figure 6. This figure shows a plot of 10°x10° FOV with the result of automatic
astrometry and photometry of all objects observed in 19.11.2017 on the Zeiss-1000 telescope (TSO). The
size of the marks corresponds to the instrumental stellar magnitude. In addition to the main object of
interest (the Phaeton), two known asteroids are also visible on the field (230273, 45156). When one
constructs such a map, catalog stars identified by a unique number are displayed with colored symbols,
depending on the magnitude of the stars in the three filters. The values of stellar magnitudes and positions
of these stars are automatically saved as tables in three formats (text, csv, tex) for each of the stars of the
catalog separately and for each of the filters in which observations were carried out. Information on other
objects of interest to the user can be obtained, for example, by selecting the appropriate arca on the map
shown in Figure 6. The resulting tables are used to construct and analyze the light curves. The results of
this analysis will be presented in a separate publication.
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Figure 6 - The results of the automatic photometry and astrometry of the CCD-observations obtained on the Zeiss-1000 (TSO).
Shown is field of size ~ 10°x10°, where one can identify the tracks of the three asteroids (indicated by arrows and number)

Discussion

Conducting survey and search observations to detect transients, fast evolved processes, monitoring
for variable stars, etc. on medium and small aperture instruments (from 50 cm to 1 meter) with a
sufficiently large FOV involves obtaining a large array of observations. Especially if EMCCD is used as
an instrument in time-domain astrophysics. In addition, the availability of the results of various sky
surveys in the form of databases can significantly improve the efficiency of searching for new objects,
information about which is not available in catalogs, or quickly respond to the need for alert and follow-
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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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A. Cepebpsincknii’, C. Cepedpsxos’, A. Eprenien’
«B.T. ®ecenxon arsrHmars! Actpodusuka uactuty ey EXXKIIC, Obceparopus, 23, Ammarsl, Kazakcran

YJKEH AYKBIMJAFBI 3BA-BAKBLJIAY MOJIIMETTEPIH ®OTOMETPIEY
KIOHE AFBIM/JBIK ACTPOMETPUAHBIH 9 JICHAMACBHI

Annoramus. [31cy KaMOaHUATIAPEI HEMECE aCTAHABI IMIOJYAA Y3aK YaKeIT Oakeriay xyprisrenae, 3bA-cyper-
TepAcTi OOBEKTINEP CAaHBI MAKCHMAIIBI OOIFAaHIA HKOHE OHBIH ACTPOMETPHSUIBIK KOHE (POTOMETPIIK 3epTTEyNICpiH
xyprizyain 3BA-0akpriaymapbIHBIH aJIbH-ANA OHACY NMPOLCCIHIH OHACITCH omicHaMachel OcepimreH. Lleiicc-1000
(TIOAO) temeckoOpHAa acTepoux Pa3TOHHBIH VICH ayKBIMIBI OAKBUIAY MONIMCTTCPIHIH Tanmay dJiCHAMACHIHBIH
HOTIDKEJIEPI KOPCETLITEH.

Tiper co3aep: 3BbA-0axsimaymapbl. MOTIMCTTCPIIH TATAAYIAPHL, OOICHAMA: aCTPOMETPHA, (DOTOMETPHSA,
AFBIMJIBIK MOITIMCTTCPII OHICY.

A. Cepedpsincknii', C. Cepedpsikos’, A. Epremen’
! Actpousmueckuit mucTuTyT HM. B.I'. ®ecenkosa, Obcepsatopus-23, Amvarsr, Kazaxcran

METOJAMKA IOTOKOBOW ACTPOMETPUM .
U ®OTOMETPHHU BOJbIIOI'O MACCHUBA NI3C-HABJIIOJEHUHN

Annoramua., [larno ommcanume pa3paboTaHHON MCTOMHMKH TPOLESCcCa MpeaBapuTeiabHOW o0padorku [13C-
HAOMFONCHUH, MOCIHECAYIOMECH acTpoMeTpud W (DOTOMETpHM MAaKCHMAJNbHOTO KoimdecTBa 00BekToB Ha I[13C
H300PAKCHIAX, KOTOPHIC MOJIYYAIOTCA TPH MPOJODKHTCIABHBIX HAOMOACHHAX, 0030pax HeOa WM TMOWCKOBBIX
KammaHmwix. [lokazan pe3yasrar paboTel METOAMKH aHamm3a Oonpmoro maccusa [13C-n300pakeHHi HA MpUMEpPE
JAHHBIX HAOMFOACHHH acTeponaa ©a3ToH, BRIMOTHCHHBIX Ha Teneckomne Lleticc-1000 (TITAO).

Kmouennie ciaoma: [13C-HaOmMOACHNA, aHANH3 JAHHBIX, MCTOABI. AaCTPOMCTPHS, (POTOMCTPHSA, MOTOKOBasA
00pabdoTKA JAHHBIX.
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