
Èçâ. Êðûìñêîé Àñòðî�èç. Îáñ. 109, � 2, 51�53 (2013) ÈÇÂÅÑÒÈßÊ�ÛÌÑÊÎÉÀÑÒ�ÎÔÈÇÈ×ÅÑÊÎÉÎÁÑÅ�ÂÀÒÎ�ÈÈÓÄÊ 520.353The Ural's �ber-fed e
helle spe
trograph (UFES) at the 1.2-meterteles
ope of the Kourovskaya astronomi
al observatoryA.F. Punanova, V.V. KrushinskyThe Kourovskaya astronomi
al observatory of the Ural Federal UniversityPunanovaAnna�gmail.
omÏîñòóïèëà â ðåäàêöèþ 26 äåêàáðÿ 2012 ã.Àííîòàöèÿ. Â Êîóðîâñêîé àñòðîíîìè÷åñêîé îáñåðâàòîðèè â 2010 ã. áûë óñòàíîâëåí îïòîâîëîêîí-íûé ýøåëëå-ñïåêòðîãðà� (â �îêóñå Íýñìèòà 1.2-ì òåëåñêîïà). Ïðèáîð ðàçðàáîòàí è ïîñòðîåí â ëà-áîðàòîðèè àñòðîñïåêòðîñêîïèè ÑÀÎ �ÀÍ. Ñïåêòðàëüíûé äèàïàçîí ïðèáîðà 3900�10500 �A, ðàçðå-øåíèå R = 30000, îïòè÷åñêàÿ ý��åêòèâíîñòü íå ìåíüøå 2 %.Íàéäåíî ðàñïðåäåëåíèå ðàññåÿííîãî ñâåòà (âêëàä â èíòåíñèâíîñòü 1�2 %), ãåîìåòðè÷åñêàÿ è òåì-ïåðàòóðíàÿ íåñòàáèëüíîñòè (ñðåäíèé ñäâèã 1.8 px/◦C), èíñòðóìåíòàëüíûé ïðî�èëü (FWHM = 4�6 px), òî÷íîñòü èçìåðåíèÿ ëó÷åâûõ ñêîðîñòåé (0.3�0.4 km/s), âåëè÷èíà îòíîøåíèÿ ñèãíàë-øóì âçàâèñèìîñòè îò âðåìåíè ýêñïîçèöèè è çâåçäíîé âåëè÷èíû.Òàêæå îïèñàíû ïîòåðè ñâåòà, âîçíèêàþùèå âñëåäñòâèå àòìîñ�åðíîé äèñïåðñèè, îøèáîê ïîçèöè-îíèðîâàíèÿ îáúåêòà íà âõîäå îïòîâîëîêíà. Îïèñàíû îøèáêè àâòîãèäèðîâàíèÿ, ïðåäëàãàþòñÿ âîç-ìîæíûå óñîâåðøåíñòâîâàíèÿ.THE URAL'S FIBER-FED ECHELLE SPECTROGRAPH (UFES) AT THE 1.2-METER TELE-SCOPE OF THE KOUROVSKAYA ASTRONOMICAL OBSERVATORY, by A.F. Punanova, V.V. Kru-shinsky. A new �ber-linked e
helle spe
trograph 
onstru
ted in the Laboratory of astrospe
tros
opy ofthe SAO RAS has been installed at the Nasmyth fo
us of the 1.2-meter teles
ope of the Kourovskayaastronomi
al observatory. The spe
tral range of the spe
trograph is 3900 to 10500 �A with a resolutionR = 30000 and opti
al e�
ien
y at least 2 %.In this arti
le, we present results of 
alibration of the dispersion 
urve, ThAr atlas, tests on s
atteredlight distribution (
ontribution to intensity 1�2 %), geometri
al and temperature instability (average shift
1.8 px/◦C), signal-to-noise 
al
ulator, instrumental pro�le (FWHM = 4�6 px) and the determinationof radial velo
ity a

ura
y (0.3�0.4 km/s). Also light losses su
h as atmosphere dispersion, errors ofpositioning of an obje
t on the �ber entran
e, auto guiding errors are des
ribed and probable improvementsare dis
ussed.Key words: spe
trographs, dete
tors, image pro
essing, spe
tros
opi
1 E�
ien
y of the instrumentThe manufa
turer of the spe
trograph (Pan
huk et al., 2011) de
lared an opti
al e�
ien
y of the instrumentto be at least 2 % (opti
al design of the spe
trograph is presented in Fig. 1). Basi
 features of thespe
trograph a

ording to the te
hni
al do
umentation (only the signal to noise ratio from our tests
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Fig. 1. Design of the opti
al ben
h of the spe
trograph Fig. 2. Estimated S/N for variousmagnitudeson sensitivity) one 
an �nd in Table 1. We investigated possible reasons of additional light losses. Theinvestigation has been performed with IRAF software (Tody, 1993).During the test observations of Pro
yon at relatively high altitude (35◦) we found a signi�
ant in�uen
eof the atmospheri
 dispersion. The e�e
t is 
learly seen on the 
ross-dispersion pro�le of the e
helle frame.The position of the �ux maximum di�ers for various positions of the star on the �ber entran
e.Signal-to-noiseWe derive the formula of a signal to noise ratio from a standard equation (Bolte, 2006):
S

N
=

R∗ · t
√

(R∗ · t) + (Rsky · t · npix) + (RN2 + (G
2
)2 · npix) + (D · npix · t)

(1)where S is signal, N � noise, t � exposure time, R∗ � 
ount rate from the obje
t, Rsky � 
ount rate fromthe sky, npix � number of pixels, RN � readout noise, G � inverse gain, D � dark 
urrent. The in�uen
eof the sky ba
kground is negligible for bright stars, dark 
urrent and readout noise (about 4 ADU/px)are negligible too. Consequently we 
an 
ount the signal to noise ratio as S
N

=
√
R∗ · t. The results of ourtests on sensitivity are plotted in Fig. 2.Temperature instabilityDuring the test observations we found a shift of the wavelength s
ale 
orrelated with temperature 
hanges.To investigate the temperature instability �ve thermal elements (DS18b20) were installed in the opti
alben
h of the spe
trograph, three inside and two outside. An obvious 
orrelation between the spe
trumshift and ben
h temperature 
hanges was observed.De
reasing of temperature 
auses the spe
trum redshift, while in
reasing � the blueshift. It is relatedto the temperature deformations of the opti
al ben
h of the spe
trograph. The temperature inertia of thesystem is seen. Slow in
reasing of temperature after the steep drop still shifts the spe
trum to the redside due to the fa
t that the inner parts of the opti
al ben
h are still 
ool down. The shift dependen
eis not linear and depends on the temperature gradient between inner and outer side of the ben
h. Wesuspe
t that su
h a signi�
ant shifts 
aused by bimetalli
 (Al+steel) 
onstru
tion of the ben
h. Thermaldeformation o

urs due to the fa
t that metalls have unequal thermal 
ondu
tivity and 
oe�
ient oflinear expansion. An average shift is about 1.8 px/◦C, an average shift on the linear pie
e (temperaturein
rease is 1.7◦C/hour) is 1.64 px/◦C. The random error of the line lo
ation in 
ase of stable temperature(±0.06◦C) is 0.1 px whi
h is a theoreti
al limit of the line 
entering error.We tried to dete
t the 
orrelation between wavelength shift and position of the teles
ope using ThArlamp spe
tra got in short-time period (0.5 h) without steep temperature 
hanges of the opti
al ben
h.The results show that motions of teles
ope in
rease the random RMS error of the wavelength s
ale shiftby 2 times, up to 0.2 px. This e�e
t is related to poor s
rambling of light in a �ber.
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trograph... 53Table 1. Basi
 features of the UFESGeneralteles
ope 1.2 mdesign e
helle spe
trograph,white pupilfo
us Nasmyth, FL = 13 mresolution 30 000wavelength 4 000�10 500N orders 60sensitivity S/N ∼ 50, 9m, 2900 secTeles
ope unitaperture on sky 4�fo
al redu
er 1/2
alibration lamp ThArautoguide 
amera �eld 6
′
× 8

′Opti
al �bertype dry, step indexnumeri
al aperture 0.12diameter 150/180 µmlength 23 mprote
tion tube PVC with Kevlarmi
ro lenses BK7 output

Spe
trographopti
al ben
h 2.4× 1.2× 0.5 me
helle grating R4 (76◦), 37.5 g/mm
ollimators 2 o�-axis paraboloids
λ/10, FL = 1 000 mm
ross-disperser grating 150 g/mm
amera CANON 200/1.8CCD DinaSystem2 (Advansed LabSAO RAS)CCDsensor E2V CCD42-40-0-381a
tive pixels 2048×2052pixel size 13.5×13.5 µmimage area 27.6×27.6Blemish spe
i�
ation Grade 1 sensor
ooling Cryotiger
hip temperature -110◦Cdynami
 range 10 000, 22 000dark 
urrent 3 · 10

−3 e/px/secgain 0.54, 2.17 e/ADUreadout noise 3.16, 4.70 e/pxA

ura
y of radial velo
ity meàsurementsWe used the spe
trum of Aldebaran (V = 0.985m) to determine a radial velo
ity a

ura
y. The shortexposure allowed the in�uen
e of temperature instability to be ex
luded. The radial velo
ity measuredby 167 lines in several orders di�ers from the known data (Massarotti et al., 2008) by −0.08 km/s,
RMS = 0.34 km/s.PipelineThe a
tual pipeline of UFES allows the observer to make a qui
k data redu
tion, visualize the data,and estimate the S/N of the data a
quired at the teles
ope. The pipeline is based on standard IRAFfun
tions. It works with datasets that in
lude obje
t images and 
alibration images (bias, �at, ThAr,usually 5 items of ea
h one) obtained at the nearest to the obje
t exposure time.The on-teles
ope unit redesignThe existing autoguiding system of the spe
trograph doesn't work properly. We developed a proje
t ofa new on-teles
ope unit. 8R/92T beam-splitter and fast CCD 
amera will be used for guiding system.The new devi
e will enable usage of two �bers with di�erent apertures (5 and 10 ar
se
). These two
on�gurations will provide spe
tral resolution 30000 and 15000 respe
tively. The new devi
e will beavailable next year.A
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