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ABSTRACT. The Ukrainian T-shape radio tele-
scope (UTR-2) has been used to carry out a multifre-
quency radio survey of a part of the northern sky with
coordinates of the declinations +10° < Dec. < +29°,
and right assertions 0" < R.A. < 24", The observa-
tions were performed at very low radio frequencies,
12.6, 14.7, 16.7 20 and 25 MHz. They were fulfilled
by scanning the sky due the Earth’s rotation with the
five-beam pattern antenna at 11 fixed declinations.
The observations for six five-beam strips, that covered
the declinations ranges from —+10° to +19°, the
so-called "a fast scanning mode" was used. In this
mode, the antenna positions were switched in the cycle
between the three selected strips at fixed declinations
every 40 seconds in the observational process. For the
remaining strips, both the fast scanning mode and the
usual observation mode at one fixed declination were
used. Each pattern pencil-beams are spaced apart by
23’ in the meridian. The angular size of the beam is
about 1° at 12.6 MHz 0.5° at 25 MHz at the zenith.
The receivers’ bandwidths are 10 kHz at frequencies
from 12.6 to 16.7 MHz and 40 kHz at the two highest
frequencies. A calibration of the output power was
performed with the aid of the etalon noise generator
for the each observation. These data surveyed were
obtained during the period from 1997 to 2013 only at
nighttime. The total number of observation amounted
to more than 700 nights. The statistics for each
point of the survey varied from 5 to 40 realizations.
The results of these observations are the brightness
temperature maps presented here at each mentioned
above frequencies of the decameter band. However,
it should be noted that there are shown "raw" maps
without rhe zero level and striping effect corrections.
These maps comprise emission from discrete and
extended radio sources, the Galaxy and extragalactic
background. The most intense radio emission on the
maps is observed from the Galactic Plane and the
North Polar Spur (NPS).

AHOTAIIIA. IIposeneno Gararo4aCcTOTHUM
pamio ormsaa vactunu IliBHiuHOT HebecHO! MiBKYJI
3 cxmnenb: +10° < Dec. < +29°, i npsamumx

migmecenn: 0" < R.A. < 24" 3 BukopucraHHIM
Vkpaincokoro T-moxpibuoro pamioreseckomy (Y TP-
2). e apyra wacruna origny ua YTP-2, unepma
JacTWHA CTOCyBajacsd obJiacTi  miBHIYHOrO — Heba
3 KoopamHatamm:  +29° < Dec. < +55°,
0" < R.A. < 21" Cnocrepexxenus 3niiicaeni Ha
JyKe HU3bKUX pajiodacrorax, 12.6, 14.7, 16.7, 20 i
25 MT'u. Ilpomyckua 3maTHiCTh HpHiiMadiB CTAHOBUTD
10 xI'p ma wacrorax Bim 12,6 mo 16,7 MI'tm i 40 xI'1x
Ha JBOX HaifBumwmx dacrorax. CrocrepexkeHHs Oysin
peayi3oBaHi NIIAXOM CKaHYBaHHA Heba 3a DPaxyHOK

obepranHs 3eMJii  II'SSTUIIPOMEHEBOIO  JiarpaMori0
cupamosadocri  (JIC) amrenn ma 11 dikcoBanux
CXUJICHHSIX. Koxen ronkononiouuit mpomins JIC

BiZicTOiTh OmwH Bim apyroro Ha 23’ B MepHiaHi.
KyToBuit posmip mpomeHss cTaHOBUTHL TPUOIN3HO1°
wHa 12.6 MI'm i 0.5° wma 25 MI'm B 3emiti. na
MeCTH CMYT, $IKi OXOIUIIOBaJM cxuiaeHHda Bix +10°
no +19°, cmocrepexkeHHsi BUKOHYBaJUCHd, B TakK
3BAHOMY, ,,DEXKUMI IIBUIKOIO CKAHYBAHHA . Y IIHOMY
PeXuMi B IIPOIIEC] CIIOCTEPEXKEHHS TTOJIOYKEHHS aHTEHU
TIEPEMUKAJIOCS B TIUKJI, KOKHI 40 CEeKYHJ MiK TPhOMa
BUOpAHUMHU CMyramMu 3 (IKCOBAHUMU CXUJICHHSIMU.
st pemrt ¢CMyr BUKOPHUCTOBYBAJINCH $K PEKUM
IIBUJIKOTO CKAHYBaHHS, TaK 1 3BUYANHUI pEXUM -
CIIOCTEPEKEHHST Ha OTHOMY (DiKCOBAHOMY CXUJICHHI.
KausnibpyBanus BuxiiHOT TOTY?KHOCTI BUKOHYBAJIH JIJIsT
KOXKHOT'O CIIOCTEPEXKEHHS 3a JOTIOMOTI'OI0 €TaJIOHHOTO
reneparopa mrymy. /Jlani Oysnm orpumani 3a mepion 3
1997 mo 2013 pik. 3arajbHa KiIBKICTH CIIOCTEPEKEHD
cranopmiia 1oHax 700 Houeil. Craructuka s
KOXKHOI TOYKH OIVIIy KojmBajacs Big 5 go 40
peaJtizariiii. PesynbraTom 1mx crocTepekeHb €
MpeJCTaBeHl TYT KapTH TeMIEepaTyp sICKpPaBOCTi
PaTIOBUIIPOMIHIOBAHHST HA KOXKHINM 3 BHUINE3TaIaHUX
YacTOT JIEKAMETPOBOTO JIialla30HY. Onmnaxk  curig
3a3HAYATH, IO IIe <«CHUPi» KapTu, 0e3 peryKIil
HYJILOBOI'O DiBHSI i KOpUT'YyBaHHS €(PEKTy CMyIracTOCTi.
Jani kapTu BMINIYIOTh BUIPOMIHIOBAHHA $K BiJ
TOYKOBHUX, TaK 1 MPOTSIKHUX DPaJIO/IZKepesT,a TaKOXK
dony Tamaxktukm i MerarajakTukm. Hait6inbmn
IHTeHCUBHE Pa IlOBUIIPOMIHIOBAHHS CIIOCTEPITaeThCs
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Bin Tanmaktmuanoro mucky 1 IliBuiunoi Ilossiprol
Imopu.
Key words: Key words.Radio continuum: ISM,

surveys, Galaxy: Structure, decameter range.

1. Introduction

Surveys of the sky radio emission at different
frequencies have been carried out for more than 70
years, the first map of the Galactic radio emission at
160 MHz was made by G.Reber (1944). There are
well-known maps of the all sky at frequencies 408 MHz
(Haslam at al., 1982), 1420 MHz ( Reich and Reich,
1982). Also a number of low-frequency surveys have
been carried out, including those at 10 MHz (Antonov,
1973; Caswell, 1976), at 22 MHz (Roger et al., 1999),
at 34.5 MHz (Dwarakanath and Udayashankar, 1990),
at 38 MHz (Milogradov-Turin and Smith, 1973), at 45
MHz (Alvarez et al., 1997; Maeda et al., 1999). In the
last years the LWA1 survey at nine frequencies from
35 to 80 MHz was presented by Dowell et al. (2017).
Despitethis, obtaining maps in a wide frequency range
with high resolution and sensitivity, especially at low
frequencies, remains an important task in modern ra-
dio astronomy. The such maps are necessary to study
spectral properties of the thermal and non-thermal
components of the continuous radio emission of the
Galaxy, to build a global model of sky radiation at
the entire radio frequency range, for example as in
(De Oliveira-Costa et al., 2008; Dowell et al., 2017).
In the work, we represent the maps of the decameter
waveband survey of the part of the Northern sky
with declinations +10° < Dec. < +29°, and right
ascensions 0" < R.A. < 24", which were carried out
with the UTR-2 radio telescope. Earlier we introduced
the maps of the sky in the declination range from
+29° to 455° and right ascensions 0" < R.A. < 20"
(Vasilenko et al., 2006).

2. Observations and data processing

The UTR-2 radio telescope has been used to carry
out a multifrequency radio survey of the northern sky.
This is T-shaped telescope, it consists of two NS and
EW antenna arms, one of which, with dimensions
1880x54 m?, is located along the meridian and the
other, with dimensions 900x54 m?, along the parallel.
The effective area is approximately equal to 150 000
m? at 25 MHz at the zenith. The directional pattern
represents a fan of five pencil beams at each frequency.
The beams separation (ADec.) is about 23’ at the
zenith. The first side-lobe level in the meridian plane
is 13 dB. A detailed description of the UTR-2 can be
found in Braude et al. (1978).

Under the program of the survey, the observations

were carried out at frequencies of 12.6, 14.7, 16.7 20
and 25 MHz. These observations were performed with
a five-beam directional pattern, scanning the sky due
the Earth’s rotation, at 11 fixed declinations in the
ranges from +10° to +29°. Each sky strips, covered
with five beams, was observed at four different hour
angles (41" +£2"). Since the sidelobes differ at dif-
ferent hour angles, this helps us to reduce the confu-
sion errors. For six five-beam strips, in the declination
ranges from +10° to +19°, the so-called "fast scanning
mode" was used. In this mode, the antenna positions
were switched in the cycle between the three selected
strips at fixed declinations every 40 seconds in the ob-
servational process. This switching speed allows, due
to the Earth rotation, to move to the starting point
of the cycle spaced to half of the beam-width at 25
MHz. For the remaining strips, both the fast scanning
mode and the usual observation mode at one fixed dec-
lination were used. The angular resolution, receivers’
bandwidths of the corresponding frequency channels
are shown in Table 1.

Table 1: UTR-2 observational parameters for the
Northern sky survey

Frequency Bandwidth HPBW
(MHz) (kHz) (arcmin)
12.6 10 55x67
14.7 10 4753
16.7 10 41x46
20.0 40  34x39
25.0 40 27x31

At the beginning and end of each observation day,
a calibration of the output power was performed with
the aid of the etalon noise generator connected with
distributed amplifiers placed in the field of the tele-
scope array. The method of observations and calibra-
tions of the continuum radio emission using the UTR-2
is described in detail by Krymkin (1978).

The presented data were obtained with observations
at the UTR-2 during from 1997 to 2013 only at night
time. The total number of observation amounted to
more than 700 nights. The statistics for each point of
the survey varied from 5 to 40 realizations.

For each frequency, the survey data processing con-
sisted of several stages.

1) Initial analysis of records and calibrations, where
data subject to the influence of narrow-band inter-
ference were excluded, and if the calibrations before
and after the observation session differed by more than
15%, then such a session was completely excluded from
processing.

2) Statistical processing of the data was carried out
separately to each observational strip, each hour an-
gle, and each series of observations; and included the
determination of the rms brightness temperatures and
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Figure 1: UTR-2 total brightness temperature map of the part of the Northern sky survey at 20 MHz.The
region covered: +10° < Dec. < +29°, and 0" < R.A. < 24",
The map is divided into pats at a six hours at R.A..
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the filtration of the temperature values by dispersions.

3) Separation of the background component from to-
tal the radio emission using an FIR filter and its sub-
sequent analisis.

4) Correlation analysis of the brightness temperature
data arrays obtained for different hour angles and series
of observations for every declination.

5) Comparison of the data for adjacent strips and
obtaining the final brightness temperature scans for the
observed region of the sky.

6) Mapping of the observed sky at the corresponding
frequencies using the software package Sky Continuum
Survey (Vasilenko et al., 2005).

3. Results

In this study, the maps of the radio emission
of the part northern sky survey at the decame-
ter wavelength are obtained. The region covered
+10° < Dec. < +29° and 0" < R.A. < 24". The
survey was carried out at very low radio frequencies,
12.6, 14.7, 16.7 20 and 25 MHz, with the best angular
resolution and sensitivity ever achieved at these
frequencies. Note for comparison that the angular res-
olution in the nearest low-frequency survey carried out
at 22 MHz with the DRAO radio telescope 1.1° x 1.7°
at the zenith (Roger et al., 1999). However, it should
be noted that shown here is the "raw" maps without
reducing of the zero level and striping effect correc-
tions. To compare in detail ours’ maps with another
we need to do it. But this is the task for the next
paper. The maps of brightness temperatures comprise
the Galactic and extragalactic background, a part of
the Galactic plane and the North Polar Spur, discrete
and extended sources. Figures 1 represent the map of
the total emission at 20 MHz in the equatorial coor-
dinates for the 2000 epoch. The superim brightness
temperatures are gray shaded and include isophotes.
Contours of brightness temperature are indicated with
a bar scale. The brightness temperatures are given in
thousands of Kelvins.

4. Conclusions

The maps of the Northern sky surveys at the
decameter wavelengths carried out in the lowest
frequency part of the spectrum open to the ground-
based observations are presented. They have the best
angular resolution ever achieved for these frequencies.
The presented maps are also of great importance for
the analysis of the distribution of galactic synchrotron
emission and morphology of the magnetic field in
our Galaxy. They can be combined with high fre-
quency data to study morphological changes of the
background structures. In addition, these maps are

useful for the estimation of the required effective areas
of radio telescopes to perform the various research
programs for very low frequencies in the north celestial
hemisphere.
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