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Abstract. Advantages аге Ьriеflу discussed of gaining in sресtгаl resolution, which is accoln-
panied Ьу losses in signal level, as соmрагеd with tbe attempts to imргоче the ассuгасу of mеа-
suгеrпепt of'line рагаmеtеrs Ьу means of rising the S/N гаtiо alone with incгeasing the ехроsurе
time. То рагtiаIlу solve the ргоЬIеm of observations of faint objects at the ВТА а пеw design
echelle sресtrоmеtег is рrороsеd.
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1. Introduction

In соrrrрагisоrr with spectrosclopy of extended extra-
galac:tic objects, thе task of obseгving stars wit}r а
trig}r spectral resolut,ion is tгaditionally given lоwеr

ргiогitу. Тhе геаsоп is fundarTrental: irr spectl,oscopy
of extended objects the lirniting rrragnitude is plo-
poгtional t,o the squared telescope mirrоr diameter,
w}iегеаs in high spectral resolution spectroscopy of
stars (i.e. whеп the апgulаr diameter of the turЬu-
lent, disk of а star is 1аrgег than the sресtгоgгарh slit
width) the liпriting пlagnitude is ргорогtiопа} to the
telesc:ope пiiгt,оr diaпret,er. А "natural" rеsропsе of
sопtе геsеаI,сhегs of stагs arrd starlike objects is ргеf-
егепtiаl use of ]ow arrd mоdеrаtе sресtгаl resolution
techniques, whеrе one succeeds in miniпrizing losses
at the sресtrоgгарh input. Ноwечеr! ovel, the last
dеёаdе new problerns of spectroscopy of cooI stat,s, itl-
t егst еllаг and inteгgalact ic пrediunr, rnapping of stars'
sltгf'а,с,еs. sеагсh 1Ы low-mass c:orrrpanion stars have
}эeerr posed arrd being bolved. А1} these ргоЬlеms aгe
lirrritirrg fоr lаrgе telescopes, that is whу the devei-
opn-rent of hig}r-r,esolution spectroscopy faci]ities at
large telescopes is of gt,eat c:onceln. Suffice it docu-
ment to mention that. the fiгst device put int,o орега-
tiori at the 10 m Keck telescope is the high-resolution
ec:}relle sресtrоgгарh HIRBS (Fogt et al., i994). In ог-
dеr to show how thе acliieverrrents in technology of
tnarrrrfac:tut,ing solid-state light detectot,s and the de-
чеlорrпепt of cгoss-dispet,sion spectt,aI systerns аltег
psycllrology of а splectroscopist, we now рrеsепt some
с:опsiсlегаtiопs оп thе lelationship of ргiпсiра1 сhаr-
acteristics dеtегmiпеd in the process of observations.

2. Optimization of spectroscopic оЬsеr-
vations

Let us first find out which way - гisе in sресtгаl
resolution lvith some ioss in the S/N ratio ог iпсrеаsе
in thе S/N Tatio with а fixed spectt,al геsоlutiоп -
is bett,er fог thе рuгроsе of гeduction of equivalent
width determination егl,огs.

We will use the following designaticlns arrd rеlа-
tions:
) - wavelerrgth irr А,
AS - instrumental fun<:tion width of the spectro-
grарh in А,
R = )/AS - spectгal гesolution of lhe device,
N - rrumЬеl of counts fоr 1 А рег 1 s at, t,he c:oTrt,in-

uous sресtгum level,
t - ехроsurе time in seconds,
Nt - numbet, of counts рег 1 А at the continuous
spectrum level,
АА - pixel size in А,
NIAA - пurпЬеr of counts pel pixel,
А) - line half-width at half intensity,
r line depth resolved Ьу the sресtгоgгарh,
NtrA) - line equivalent width,
е - suпt of геаd-оut noise and dагk count реr 1 pixel,
(Ntдд +е2)|/2 - statistical еггог of mеаsurеrrtеrtt of
the nurnbel of counts рег each pixel.

corrsideг thгее versions of t,he relat,ion betweerr

the characteгistics of the device of the light dеtесtог
arrd the spectral line рагаmеtегs.

the widt}r of the pixel АА exceed the line widttl
2А) and the iпstrurпепtаl function width AS. Ttre
геlаt,iче line interlsit,y is thelr rпеаsuгеd as t,lle га-

tio of the пuпrЬеr of counts in the pixel {'alling

at the give,n line to the rrumЬеr of counts in thе
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adjacent pixel falling at the continuous sресtгum.
Since the equivalent width equals l,itгA), the rеlа-
tive rrrеаsuгеmепt еrгог of equivalent width mеаsurе-
шепt in the case of unresolved line is ргороrtiопаl to

(rА))*1 [rHimt;-1 * e'(Nt)-']'/'. If th" пuпrЬеr of
counts рег 1 А is such that АА > e2/Nt, then the
equivalent width mеаsuгеrпепt еrrоr is рrорогtiопаI
to (rА))-1 [r,{lrЧt;-1]'/'. Ti,u. if the spectral reso-
lution is managed to Ье iпсrеаsеd (i.e. to decrease
АА) rvithout loss in t}re nurrrbel of counts falling
;r.t 1 А, the equivalent ц,idth measulemeltt еt,rоr is
t}ren рrорогtiопаl to R-1/2 Thrs hoids fоI case "В":
(.\А > 2А) and А.9 > A11), п,hiсh is а condition sat-
rsfied nrost frequerrtly at lагgе diаmеtеr telesct_lpes.

Case "С" (АА < 2А) and AS > АА). J]1" pixel
ц,icltlr ДА is smаilеr tharr t}r- lirr" width 2-\) and less
t}tan ог equal to the irrslt,Lrпlental fuTrctiotr rvidth AS.
[,Ъг sirlrplicit.y. take t}re line ргоfilе to Ье of triапgulаr
shape. Т}iеп in соrttрагisоп with case "А" thе re]ative
eqirivalent width mеаsuгеmепt еrrоr lvill increase Ьу
the rrrultiplicand (2А)/ДД)'/', i.e. it is irow ргороI_
tiorral to (^)/2)- r/z,,- l 

[(Nt)-1 + е2/дд (}tt;'1 '7'
Eol, lol,v lead-orrt levels, i.e. at е2 < NIAA, tire equiv-
alerrt w.iclth deteгtnination еrrоr does not already de-
pend on АА, whi]e at а low signal level, е2 > NIAA.
the еrrоr inct,eases wittr decleasing АА. Thr_rs for. tire
loli S/N гаtiо spec:tt,a .it nrakes rlo sllei:ial selrse to
i,ealiztl t:ase "С" 

,

So. iп оrdеr to irrrргоче t}re equivalent rr,idth rп,:аi-

slll,elllent ассulас}, it is rrrore advaritageous to illcLc;,Lbc
t}re spectral resolution until the signal ler.el is c:quaI
to t,eaci--out rroise instead of iпс:rеаsiпg tlre ехрlсlsuге
titrre ;rt а spec:ified spectral t,t:solutiotr. It goes K,itlr-
cill1 sal ittg that the llrlrit at rl,hich frrrther. inct.t,ase in
s;ltсtгаl геsоlutiоli tэeclclItres uirpt,ofitable fоr differ-
r::Ilt 8гоцрs оГ astrop}rysica1 objects r,,.itlr соmрагаЬlе
А) :rnd fог clifferent сhагасtеristiсs of the detector
(гсас1 orrt noise antl liпеаг 1эixel-size) is at сiiffег-
ctrt R r,аlшеs. Неriсе it follolVs that ir lat,gc telesc:ope
ncc:ds to 1lе equipped ц.,itlr sevelal spectral devices
differirtg in R : I/2AA. We illustrate this statement
in Fig.1.

Неге ort а logarit}rmic scale the sресtrаl resolu-
1ion esliTnatcd fol the corrdition AS = 2АА is laid
оfГ as absctssa. t}re тluпtЬеr сlГ counts per 1 А is plot,
tetl as огlliпаtе_ T}re inclitreci litres s}rorv t}re condi-
tiorrs АА = e2/Nt satisfied fot. t.rvo t,vpes of the first
hоrпе lnade ccDs used irr оur observations orre of
580 х 530 pixels with а read-out noise of 26е- and
the оthеr of 1160 х 1040 with а 6,5е- геаd out noise,
Тhr: r,et,tical aIl,o\vs irrdic:ate the R values соrгеsрсlllti-
ilig tcl diffегепt dcviс:es placec1 at the NasTrryt}r2 1Ь-
r rls (Z tlrc. tttodet,a,te l.c:solution есhеllе sрес:tгоgгар}r
i lil.:lcliliova arrd Parrchuk, 1991). N,{ thе }rIairr Ste]-
1;rl Spectroglaph, the SchrTridt саIпеrа of 1:2.5 wrth
а CC]D (Panchuk. 1995), L - high resolution есhеllе

АА > e'/Nt
'е-_26

е=6.5

^А 
< e'/Nt

zбо \,193 р96 L92 L97 Е98

4

z
оо

з.ч

1.5
з.5 .1,5 l8R ,

Figuге 1: То tlLe сhаtсе о| орl,imum s7lectral rеsоluliоп,
(for design,atiolls see lh.e tel:t)

sресIrоgгарh (trvo пiodific:atiorrs - Panchuk et al..
199З; Iilocl,rkora. 1995). Fоr corrvenienc:e of colllp:i1,-
ing ciifferent systerns we assutned evet,yn.het,e а ttvo
pixel геsоlrrtiоп at t}re wavelerrgt}r of 5500 А, this i:;

actrrall1, tbi: upper estirttate of Ii.. Tlre values of R.

do not pletend to Ье ассurаtе hеrе, sirrce Гig, 1 is
irrterrded to illustrate t}re idea but Trot accul,atc еь-

tirnates. T}re parameters of ап ec}relle spec:tгograplt
lvith а, lагgе collirTi:lted Ьеагrr diагriеtег (Е) пrапufас,-
titгесl in 1997 aricl 1.hс pzrl,attretcгs оГ tlie pit,ilrre 1i-itlus

c'chelle sресtr,оgгарh (Р) ale also rrotetl. T}re rtrrtrrbet,s

irr these Tiotations inclicate the r,,еаг of introductiorr о{'

t}iis type оГ obselvatiorrs. Тhе upper left соrпеr оf
Fig. 1 соrrеsропds to the геgiоп whеrе the equivalent
rvidth determinatiorr еrrог for the CCD of 530 х 580
is по Iorrgel, dependerrt сlп АА. i.e. it rrrakc:s seIlse
to iticгease the spectral rr:scllutiotr in this гegiorl. Г()г
tlle 1040 х 116Li CCD ihе sirriilaг геgiоп takes up at

gгeater part of the figuге, arrd orrly in the lowel l,iglrt
c:olnel at given levels of the signal Nt acc:rtrrruiatecl
in thе bancl 1 А wide it makes по serrse to itrcreasc
spectlal resolution. So, irr the optirllizatiort of spec-
tt,uггr litie nIeasu],ement the trl;rгаrгtеt,еr,s оf tIrr: C-'CDs
and those of t}Le spec:troglaphs possess equal rigLrts,
and as thе read-out noise of the CCDs appt,oaches
а physical lirnit, tlie ргоЬ}еlrr оf геаsопаЬlе (геrrlаilr-
ing in thе franres of case "В") dесгеаsiпg оf'ДА (i.e.
itrcгeasing R) will Ье оГ paгarrtourtt iIIipot,tance,

we
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3. The prirne focus echelle sресtrоgrарh
and the MSS , -Ч

Fоr high spectral resolution оЬsегчаtiопs thе devices

реrпrапепtlу located at the N2 focus оf thе ВТА аrе
used (Klochkova, 1995, Panchuk, 1995). Horvever fог
а truшrЬег of tasks to Ье performed, it is rreeded to rulе
out ttre influence of the second and third mirrогs, i.e.
to геаlizе the high sресtгаl геsоlutiоп (В - ZOOOO;

diгесtlу at the рrimе focus. Rеfег to the first group
of such tasks,,for instance. tlre оЬsегчаtiопs of аЬ-
sorption spectra of quasars with V > 15 - 16, whеп
the S/N ratio at an hоur exposule is larely highеr
than S/N=5. The оЬsеrчаtiопs of brighter objects at
short (соrпраrаЬlе ivith the sigrral read-out time) ех-
posur.es. fог instance, thе observations of supers}rort-
period (Р - 1h) cepheids of SX Phenix tlrpe at dif-
fегепt pulsatiorr phases ог t}re obseгvat,iotls of fast lo-
tators rvith а spectl,op}rotometrically inhornogeneous
surface, ге{Ы to the second gгоuр. То tlrё thiгd group
belong the sрес:trороlаrimеtгiс observations for п,hiсh
а colrtгibution of instгumental polaгization ori thе
thiгd (flat) пlirrог c_,{'the ВТА is irгrроrtапt. Irl all
tliese cases tLre gairr due to thе elirrrinatiott oflosses оГ
liglrt :rt tIte secortd and tlrild пrit,гоls and ittsll,urrtertt:rl
poI;rl,ization at t}re thild rпirrоr is of principle iIItрог-
tance, As соlпрагеd to tlre Naslrryt,h*2 focus eclielle
spec]trometers. t}re placerrrent оГ the ec}relle sресtгоltl-
etel, at the ргirrrе focus ensules а 1.4,fold trritrilгiuttr
gain irr light Ьу- retrrovirtg t}re secorrd arrd tlrird rrriг-
гоt,s fгоt-tt t}re opl,ical path (the reflectiolr coe{ficient
о1' а fj,esh alunriniurn coatirrg is taken equal to 0.Е5).

Examirre the plincipal раrаrпеtеl,s of the РF
ec:helle sресtгоrrlеt,ег, whic}r is equivalent iir sрег-
tгаl resolution to tLre C(JD*equipped N4SS (Parichrrk.
1995). TLre sресtгаl t,esolutit.itr is plopoгtional to tbe
ploduct of tlre tarrgerit of thе diffr,actiotr gгatirlg blaze
angle tgОб апd the co}lirnated Ьеапr diameter d.o11.

Тhе diffгасtiоп gгatirrg employed irr quasar оЬsегча-
tions with the ]\4SS has tgоб = 0,47 with а colli-
trrated bearrr о{' cIcoll = 258 пrrrl. Hettce rve obtain that
tlle.use оГ the classic;rl echelle lvit}r оа : 63.5о r,e-

ttuсcs bv trearly а firc:t,ol, of 5 tlic: dialrretet, оf the col-
lilrlated Ьеапr of the eclrelle sресtгоgrарlr of ttre sапtе
resolution. Suc}r а spectrograph will hаче the ovelall
rlirrlerisiorts a1lowirrg it to Ье ореrаtсd in the plirrre {о-
clts са8е. Тliеге{Ьге, if .ttie tIrгorrghout of tltis ec,lrellc:
sресtrоIпеtеr at thi] pгirrte fot:us соIIIрагеs favolrrably
lvith tlrat of tlre NIISS at thе N2, thе nrarlufactuгe of
such an аррагаtus is wогthwhilе.

4. The sресtrоgгарh design and the оЬ-
Sеrчiп8 рrосеdurе

Тhе choice of the sресtrоgгарh design (Ftg.2) is de-
telrnined Ьу the quantity R, the очега11 diinensions
of the РF cage and the restrictions on thе Tigidity of
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Eigure 2: ,Д s,im,plified sсhеmе rэf the рrilп.е fоr:us
есh el l е s7l е c:tro gr,ар h.

Dеs,igпаtiоп,s: ] - cali|lration spectrLLm, sr_lurr:еs, 2,
|iller oplics,3 - dеkkеr, | теfrасttпg rп,irт,оr.,i
c:ollirLator, б echelle, 7 - gratlng of c:rc,ss disцlеrsiоп

llr st l,u"r uге оГ th. tlcVit'.,

\\'е hav,: chosen Dco1l = 50 rrrTrr, wiiic}r at t}rе PF
relative ар(]rt]-lге of 1:4 yig|j5 Гсоli = 200 Tlrrlr. Ttre
coiIinratclr is assetrtbled at:c:ording t,o Newton sc,hertie,

tlre dirriensiolrs of thе flat refi,ac:tirlg rttiгt,сlг аtе suc}t

tirat it t'alls rvithin tlre celrtral slrar]ed рагt of'the col-
lirrratec] bearTr. Тhе diапrеtег of tlie slraded рагt is
dеtегlпiпеd bi, ttre lelation Ьеtц,ееп the rnain trtirгоr
diarrreter alrd the РF cag,: diametei,. As the calllel,a s

objective а fast 4-Ierts aplanat is used }raving а fo-
cal distance F,,o",,. = 14() rnrrt aTrd а relativp apel,-

turе of ]:1,Е. the rcsolution at t}re с:епtге is по less

than 80 gt,/rrlrrr, that очег the lield at а distance о{'

lJ rrrrп fгоrтr the etlge alorrg tlre franre (24 х 1-1б lrrпr2)

diagonal is 35 gr/mrтi. These раrаrпеt,егs allow а two-
pixel resolution очеr the rvhole area of the CCD used
(17 х 19 n,r,n2) to Ье re;llized. The light tгапslltis-
sic-irr is 0.9, t,he drop in illurninatrorr очеr t}re ti,atlre
(24 х 36 lrrnr2) i, no Itlol,c t}rarr 20%. Ап еr:hеIlе grat-
ilrg of 75 gr/пlrп, оь = 63.5о, is used, t}re size of
t}re shaded аrеа, is 120 х 60lпrtt2, the c:oncettt,гatiott

in the vu,orking оrdег is 70% iп flactions of the ге-

flected ligtrt. As а, сгоss-disреrsiоп elerl-rent, а gгаtirrg
of 1300gг/rrrrтr, wot,kittg in tlre fiгst оrdег. is rrsed, ttre

size of the sLraded аrеа is 90 х 90 rrtrrt2. t}re coll(.elitl,a-
tiorr in ttre workirrg ordel is 90% iп fiactions o{'tire
reflected 1ight. Тhе instrurTlent is equipped with addi-
tional сrоss dispersion gratirrgs 600 and 1200 gr/mln,
The oгientation of the echelIe gгating сопfоrltls t,tl

case "С" accoгding Sсhr,оеdеr arrd Нillагd (1980), i.e.

сr -- IJ, arrcl 7 = бо. Suc}i а corlfigulat,ion регrгiits tlre
cetttles of all optical eleпretrts to Ье аггаrrgеd itr olre

рlапе. Тhе slit рагt is а tuгrеl rrrountitrg wit}r sev-

ега1 deckers of fixed sizes. The sizes of the wol,king
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Figure 4: Frаgmепt of thс- echelle s[)есtтum pf рrоtо,

1llanetary пе|lulа RAFGL 618 tп Но

ordinates are possible. Tlre геаd out time of а frапrе
of 1050 х 1170 pixels is 10], s ч,ith а reduction гаtе of

12 kpixels/s. Тhе signal leduction channel is charac-

teгized Ьу thе follorving paIametels:
16-digit analog-to-digital conversion;
charge code соtlчегstоп coefficient -- 2.3e-/ADU;
read_out, п, ,is" 6,i-- :

bias level - 1600 ADLI:
stabilit.v of thе bias level 0,5 ADU;
iпtеgгаI поrlliпеагitу of the channel rrо highеr tliarr

5 воо
и

F 4оо

5120 5140 5160

\г**lЁ\fl
5280

Wavelength,

Figuге 3,, Frаgmепts of the thrее orders clf echelle
trurп for lhе quasar 55 001tr+81 difГегеrrtiаl rronlinearrt,y - по mot,e thап 0.5 ADL.t ,

Тhе image is aligned оп thе CCD fгarrre as follolvs:

t 160 п,огk trlixels аrе oriented along the spectгal оr,rlег,

1040 pixels аге orierrted itt сrоss clispersion directiorr,
Тhе pixel size is 16 х 16 microns. Тhе CCD angular
scale is II .45" f пмt оr 0.37"/pix. Wrth 2.11" seeitrgs

the spectral оrdеr is 14 pixels in heiglrt. i.e. cllte t:att

wоrk with а 4-pixel binning асrоss tlte пrаiп disрег-

sion, reducing twice the caused irrlpact Ьу rеасl-оut

noise. Тhе spectral resoiution estilпated fгоm spectra

is R=20000.
Observa.tions агq регfоrпlеd accolding to usual

wai, (calibriitiorr Ьу' cotttittuclus and line sреt:tга, t,"gis-

tration oi'the spectrum оГ а fast rotating stаг. сlагk

frаmеs) t,hat can Ье modified if it is пееdе,l fot, ,*

раrtiсulаг рlоgгаmпlе. With а рrореrl,ч orgarrized se-

quепсе ofobservations, аЬоut 90*95 % ofnig}rt tiTrie is

used fог signal registration. The геgistгаtiоп ofobser-
vational data is perfot,med in the епчiгопrltепt Nit:t:

(Knyazev and Shergirr, 1994). T|re гcdr-rctiorr оГ ilrr

ages is rilade in the NIIDAS systerrt.

5. Results
In Fig. З are shоwп fгagtnerits of the eclrelle spc:c-

t,l,a of the quаsаг S5 0014+81 (rny = 16.5) оЬ-

tairred with thе РF echeile sресtгоgгарh withirr tlre

frarries of t}re ргоgrаmпrе of study of absorption s1,"c-

sPeC- 0.05 %l

гссtапgulаr епtгапсе diарhгаgrпs аге 4 х 0.5 arcsecl

aTtd 4 х 1 аrсsес. The iTiclination of mопосhrоmаtiс
slit, irrrages due to the non-zero 7 angle value is made
up fог Ьу с,hапgiпg the,orientation of the declrer. Irr

the preslit раrt аrе пrounted t}re optics of thе TV
guide and the optics of thе caiibration сhаппеI, tlre
latter being thick fiber optics passing radiation to the
sресtrоgrарh епtrапсе. AlI thе optical arrd mec}ianical
units are mounted оп а single fгаmе, оп the opposite
side of which (i.e. outside the optical раrt volurrre) the
electгorric units of the ca]ibration and сопtгоl systems
аrе fixed (design and execution of V.I. Fateev). Тhе

рrороsеd desigrr of the sресtгоgrарh made it possib}e
to minimize deviations of the сепtrе of gravity of tlie
strtlcture, rеduсе its weight and use suсh an оriепtа-
tion of the CCD ct,yostat that enables obseгvatiorrs at

t}re ргimе focus of over, 15 lrоurs without гeplenistring
liquid rritrogelr.

Tlre CCD sуstепl incorporates t}re cryostat сашr-

ега апd tlre сопtrоIlеr unit, connected Ьу а саЬlе 3 m
long. Тhе сопtrоllег is housed in а commercial 19

irri:Lr casing and is connect,ed to the соrпрutеt, (two
c,oaxial cables 200 m in lengt,}r). Тhе system епsuгеs
c:otttгol Ьу thе CCD in thе frаmе mode. Тhе read-out
of а frаmе frаgrпепt and thе binning over thе two со-
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tra of bгight quasars (аuthоrs pf the ргоglаrпmе
аге D,A, Varshalovic}r and A.V.Ivanchik). The total
lerigth of the echelie spectrurTi recorded ýmuitane-
ously is about 4000 А. То сошlраге with the level
achieved previously one can use }-ig. 4 frоrп the ра-

реr Ьу Varshalovich et aI. (1996), whеге а spectгun-t

of the sameobject (100А long), recorded in the ВТА,
il4ss obseгvations саггiеd out under the same see-

ing conditions in 1994. is given. It should Ье noted
t}rat apart frоm, the gain in the пumЬеr of simultane-
ously transrnitted sресtгum eiernents under the con-

ditions of retaining the sресtгаl resolutiorr, t}re РF
echelle sресtrоmеtег increased thе lirrriting magnitr.rde

iri high spectral resolutio,n obseгvatiotts of faint оЬ-
j ec:ts.

Irr Fig. 4 is presented an есhе]lе spectrurrr frag-
mепt of the рrоtорIапеtагу nebula RАГGL 61Е

(IRAS 04395+3601, п?у = 17), whiclr lvas recoTded iп
саrгчiпg out ttre ргоgrаmmе of spectt,clscop1, of "post

a.svrrtptotic giatrt Ьгапсh" objec:ts (aut}ior, о1' thе plo
gl,alllilIe is V.G. Kloc}rlrova).

Ackrrowledgemerrts. Credit {оr wideriirrg tlre scope о1'

poteпtialities of tILe б rn telescope ilr tlre аrеа ol lrigh les-

oluticltl spectroscopy о{ faint obiects is,due to D,A. \Jar,-

slralovic}t. Tlie wolk оп tlte Trrarru{acture of tlie speclro-
grap[r is suррогtеd bv tlre Irrteгrratiorral Scierrce Fourlcla-

tiorr (I'гоjесt ISF NUO З00 arrd JS6100) апd tlre Eederal
Рrоgгаrптпе "Astronomy". The creation о{ the liglLt de-

tectciгs {оr eclrelle spectTosctlpy at the б m telescope is

1uпdеd Ьч SAO. Tlre autlrols аrе grateful to Yu.N. Раr-
ijskri, D.A. \''arsllaloviclr. Yu.Yu. Balega, J.A. Steparliaп
1cil t.a-king irLterest ilr апd giving пiuсlr attelrtiorr to tlre
rvcirk,
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