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1. Introduction

Iд November 1974 first photographs of the sky were
;alen vrith the Big Alt-azimuth Telescope (ВТА). In
DесеmЬеr, 1975 the telescope was put into trial sеr-
lice. and on January 4, 1977 the first рrоgrаmmе оЬ-

'егйtiопs wеrе started. Ву 1994 ВТА with the main
:з.iгrоr б m in diameter had been the rмorld largest ор-
:ical telescope and actually а model of all large tele-

'сopes of the next generation due, first of аII, to the
:uccessful implementation of the alt-azimuth mount-
:lg. The scheme of the telescope is presented in Fig.1
:aken fTom the рареr ofIoannisiani et а1. (1982). Now
]he ргоgrеss in technology of optical telescope build-
_зg геjесts пеаrlу all alternative approaches to the
ВТ_{ proiect. In connection with the break-down of
;hе USSR the б m telescope remains the only tele-
згоре in Russia that allows independent definition
адd solution of the most urgent observationai astro-
physical problems. Apart frоm keeping up ВТА com-
эttitiче п,ith оthеr laTge telescopes, hоmе astronomy
r;nfronts the рrоЬlеm of creating а new large tele-
*:оре. whose successful solution will necessarily re-
:_цiге the experience of design, consruction and use of
вт_{.

The bold project of the world largest б m tele-

'*]оре on an alt-azimuth mounting was approved in
ýол-еmЬеr, 1960. Indeed, the project was а darting
;iep to the unknown. The problems of functioning
:.d the aJt-azimuth mounting and its digital control
],J meet the stringent requirements of optical astron-
iпз1- had to Ье solved for the first time in the vrorld.
Тпе еrреriепсе of operating large раrаЬоliс radio tele-
]t,lJpes did emphasize the difficulty of this рrоЬlеm. It
т-аБ a]qo necessary to invisage efficient performance of
ihe telescope under given conditions of astronomical
,зiiпrдlg. чrhilе the quantitative theory, of astronomi-
:al climate was only being elaborated. At the time of
i,el-elopment of the project а "technical revolution"
: а_qtгопоmу was started, which led to the replace-
:пепт of classical photography Ьу рапоrаmiс photo-
*iecTTonic detectors and digital methods of record-
',д п-hiсh changed requirements to the optics of tele-
j{Opes and spectrographs. At last, in the еаrlу 60s
:Ъе еросh of grand discoveries in astronomy was initi
ыеd. K-hich was chiefly associated with the beginning
:d space exploration and advance in radio astronomy
адd led in the long run to the formation of а picture
:,f тhе Tiolent" Universe.

The gепеrаl u,i,eul ot the ВТД
(photograph Ьу Yu,.V. Sшkhаrеч)

Thus, the development and realization of the ВТА
рrоjесt was in many respects of а searching па-
ture and took рlасе under the conditions of rapid
changes in the practice of astronomical experiments
and observational tasks. The headquarters factory
for designing and manufacturing the telescope was
the Leningrad Opticai and \4echanical Plant (known
in Russia as LO\4O). The team of designers was
headed Ьу an outstanding engineer В.К. Ioannisiani,
the Chief DesigneT of ВТА. \4any departments, en-
terprises and institutions of the country took part iп
the construction of ВТА and the observatory. The
history of development and creation of ВТА is stated
in (Buzhinskij et aI., 1976), whеrе аII the participants
in this long-term work аrе indicated. The first publi-
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40 SNEZHKO

Figuге 1: The б m telescope (ВТД). 1, mi,ddle uп,it; 2, uоrrп gеаr; 3, еlечаtоr; J, rotatiorl suрроrt plattorm:
5. sрhегiсоl support of чеrti,саl ari,s; 6, sрhеr,iсаl pads; 7, uertical ari,s; 8, lolller Ьеаr,iпg: 9, obseruer's cage:

1а. ргirтtс locus unit; 11, fl,at mi,rrоr; 12, рlаtfоrm сочеr; 13, oii pads; 1J,,mai,l sресtrоgrарh; 15, obserlli,ng

рlаtfоrrrL. 16. support fоr sресtrсlgrарh; 17, р,iеr; 18, 2 m саrпеrа mirrоr of the mаiп sресtrоgrарh; 19, рr,imаrу
rrtirr,оr с:с|1, 2а. sрuг апd uJоrm gеаrs; 21, rе,iпfоrсеd сопсrеtе,

cations оп the subject-matter of the project Ьесаmе
accessible to the astronomical community in the early
70s (Iояппisiалri, 1971; Kopylov, 1971), the rеаl сhаr-
acterЫics in the еаrlу 80s (Ioannisiani et al., 1982;
Snezhko, 198б).

Initially thе Main Astronomical Observatory of
the USSR AS and then the Special Astrophysical
ОЬегrаtоry of the USSR AS (SAo) created in 1966

wеrе rеsропsiЫе for t}re astгonomical aspect of the
ВТА project. А knor.vn astгophy-sicist I.NI. Kopylol .

whо had ехреrlепсе in putting into operation and оЬ-
servaticlns on the iагgеst in Еurоре 2.6 m telescope
of the Сrimеап Astгophysical Observatory, was ар-
pointed а diгесtоr of SAO. At that time no alterations
could Ье introduced irr the project, since the construc-
tion of а bui}ding fог the telescope in the mourrtains
of KarachalCircassian Autonomous Region at an а1-
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.-,rclc of 2100 m had alreadl, been startecl, In 1968
-= itoTkshop tests wеrе finished and transportation
: :Ire large-sized parts of the te]escope was ilritiated.

:lstгuсtiоп of а scientific settlement of tire оьsеr-
:iог\, w&s started in the vally of the riчеr Bolshoi

-._епсhuk, Within the frаmеwоrk of the ргоjесt t}re

: ,Ьlеm of developing sресtrоgrарhs, auxiliary equip-
,.,,lt. light detectors, and active control of tеmреr-
- lle conditions of the dome was ]eft Ibr the оЬ-

- :\,аtоrу to Ье hand]ed. The grоuр "Astroclimate"
, B.\,asil'ev, N.F.},Ielyubin) went on ш,orking over,

- .::lpiing meteorological characteristics at the ВТА,
_ ,.- fiгst lаЬоrаtогу that с:mеrgеd at the observatory

].r опе of Astronornical Light Detectclrs (LALD)
..aded Ьу \Z"S. Rylov). This lаЬоrаtоrу rvas соп-
:,:led ц,ith the clevelopment of srrа,пdагd spectro-

- ..il}ts and registratioтr nrethods.
In the first haif of the 70s the scientific mal}age-

,--:lt of the observatory (I.N4. Kopylov, S.V. Rublev)
- _,, c:d а difficult рrоЬlеm of estabiishing the scierr-
...,, staff of the observatory and ensuring thеiг ас-

,,-_:r,. Тhе rеsеаrсhеrs had to tackle а Ыoad чагi-
, , of tasks: frоm the developrnerrt of rеsеаrсh рrо-

_. .]lls to еlаЬоrаtiоп and assimiiaiion at ВТА of, ,iегп observational techrriqlres. The departnlerrts
Plrтsics of Stars and Netiulae (DPSN) (headeci Ь1,

t ',', Rubiev) alrd Exiraga}actic Rеsеаrсlr arid R,ela-
, .stic Astrophysics {DERRA) (I.D. Karac}rentser,)
:: oгganized. The task of creation of а соmрut-

,. basis was impclsed upon the LаЬоrаtоrу of Аu-
::_atiorr of Scientific Researc}r (LASR) (Yu.Р. Ко-
,,,akol,sky). The young staff пiепriэеrs rvtlrked out

,. огlпсlраl trепd of the oJэservatory's scientific-and-
:_tlical policy: it was impossible to reaiize the сара-

...:ies of the б m telescope without а coliaboration
.-:r inclustry in eia}loration and intгoduction of pho-

, --есtгiс detectors of iight and digital reduction of
.,.гr,аtiопаl resrrlts. That is п,hч light detectors wеге
-,ised not опlу in LALD but also in the rеsеаrсh

, j,aгtments, In the Ingeneering Group (G.h; . Alek-
- .,,-] of DPSN apparatus and techniques for invest!
-, :on into rapid spectral vaгiability wеrе developed,
.-:iiocls of mеаsuгiпg steliar magnetic fieids ч;еrе ге-
:.cJ (Yu.V. Glagolevskij).In the Ingerieering Grоuр

','.L. 
_\fanasigv) of DtrR,R,А image tubes ц,еrе intro-

,ed. оп the basis of ц,hich methods of пtосlеrаtе-
:. 1 lori.-гesolution spectroscopy wеrе workecl out. А
.. -L]Lle technique. as fоr its scientiflc iead and engi

, -j,jl,ing аррrоасh, of super-high time resolrition (\{А-
],_.\ experiment) was developed Ьу V"Е. Shчаrtsmап.
--. ;i геsult of this work ВТА was аЬlе to compete in
: ],rjlпЬег of obseriationai techniques with tlre 4-m-
....s telescopes being put into operation in the \\rest

-.: :hat tirne.
HorTever, it was evident that the capabilities of

:,.]}Ltness amplifiers with photographic recording of
._.iч-еs \\:as 1imited. In the discussions of 1974-1975

а strateg}- of SAO rvas picked to fr.rrnish ВТА rvith

рапоrаmiс digital T\I-deteciors. Ihis аррrоасh rvas
del,eioped in the Lаjэоrаttlr}, of Advalrced Design
(LAD) headed Ь,ч А.F. Fоmепkо, ancl а digitai ТV-
scanneI fоr ВтА made iп this lаьоrаtоrу rvas the
rnain techniqiie il} rnoderate-Tesolution spectroscopy
rесоrdiпg in the 80s" The lаЬоrаtоr1,, initiated а piari
of nranufacturing and introduction at ВТА of dig-
ital рапоrапiiс registration apparattrs. This rr,аs in-
cludeci irr the рrоgrаrп of the USSR, Acaderny, of Sci-
ences of del,elopment of ВТА апd RATAN-600 (Vе-
likhor,'s ргоgгаmrr'е), п,}riсh епsurесl t}re necessarl, fi-
tiarrcc: arld establishrnent of lirrks ц,itlr iпdust,гl,. Irr

соорегаtiоп rr,it}r tlre Аll-Uпlоп Research Institute
of Television а s},stcrn named "QIIANT" ýras еlаЬ-
огаtеd апd made, п-hic}r аl}оц,,еd extensive iпtгоduс-
tion at ВТА of digital pa,noramic methods of regis-
tration with both image-tube and solid-bod1, detec-
tors in the late of 80s. Tlrc potential accumulated iTr

the соursе of this п,оrk еrrаЫеd the LAD (headed bv
S.\r. \,tarkeiov) to devistэ arrd пranufactrrre at SAO
al)paratus fоr digital iпrage rесогdiпg based on lrclrne
cltarge-ctlilple clevic:es, Since tlie еаr]у 90s CCD c:arn-

егаs, п,}rich ale оп а раr iп tlre basic раrаmеtегs пrith
t}re foгeigrr anaiogues. hаl.е beerr ц,idely iпtгоduсеd in
t}rc metlrods of observations ц,ith RТд. Nоп, plarrneci
лчогk is being done оп the adoption of large-size matri-
ces, а possibilit1, of rrsing rnosaics frоm tliem is being
ilrvestigated"

\\Ъ deiiberatei1,, lai. emphasis on the histоrч of
scientific апd technical activity of sAo since it -ivas

aimed tri гemedl,irrg the lveakest, apart fгоm the as-
tronornlcal climate. aspect of the ВТА рrоjесt - the
сопsidегаЬlе ltrg in tlrc-, tec:hrrologv оf astronomical оЬ-
ser.,,ations rеlаtir,е to tlrc: п,огld 1er.el, wiriclr actuali1,
carrceled t}re advantage of tlre light-gatliering аrеаr of
ВТА at the rnonrent it rr,as рut in ореrаtiоп. It shorrld
Ье enrphasised ttrat по obserr.ational rnetlrods rчоrkсd
out orrisicle SAO have beerr rcaiized at ВТА for 20
r,,ears. Tlris rеflесts the gerreral 1evci of tlre е_чllеri-
rпепtаl base оf Soviet аstrопоm1, and justifies fuily
the еfТоrts of the SAO stаfГ fоr очеrсоmiпg the dif-
ficrrlties of rc:dltctiotr to practice оf tire aclr,atrces of
trtосiегп techrrolog1, of reglstration artcl processing of
images. ц,hiсh ri еге made Ьу the delЪrrce departinents
of the с:оuпtг\,. Based оп digital parrorarnic detectors
ч,it}r а iliзh quапtuпr efficiency and high signal/rroise
гаtiо. such роrчеrful and promising techniqrres of оЬ-
sегl,аtiопs as multiobject and trvo-dimensional spec-
tгоsсорy (\,-.L. Afanasiev, S.N. Dodonov), speckle in-
tегfеrоmеtrч (\Ъ.Yu. Balega,), high-resolution spec-
tгоsсору (\'-.Е, Panchuk) u,с:rе successfull1, developecl
and сагriеd to the ier.el of standaгds. the techniqrres of
obtaining direct images at the ВТА ргimе focus ъ,еrе
revived. And ii is ц,itlt the lrse of Втц that the most
striking scierltific results in the рrо}эlеms of сuгrеlr1,
сопсеrп - frorn the beiiaviour оf rnatter irr tlie rricitr-
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ity of relativistic objects to the large-scale struсtuге
of the Universe ц,,еrе obtained at SAO.

The possibilities of increasing the limiting magni-
tude of ВТА Ьу introduction of пеw Iight detectors
аrе close to exhaustion since the quantum efficiency of
up-to-date detectors is nearing the theoretical limit.
Тhе classical factors: astronomical climate, gathering
аrеа, and quality of tlre optics, precision characteris-
tics of pointing and guiding аrе put in the fоrеgrоuпd.
То estimate the prospects of the ВТА project, we cite
the present-dav state of these basic characteristics of
the ВТА cornp}ex.

2. Astronomical climate
Astroclimate clraracteгistics of the ВТА site, obtained
as а result оf ехрlогаtiоп in the еаrIу 60s, wеrе соm-
pletely r,erified (Еrоkhiп and Plyaskin, 1983), Iп Та-
Ь]е 1 the data аrе presented on the ВТА observing
tirne fог t}re реriоd frоm 1984 to 1994. Неrе ,,ve define
the оЬsегr.lпg time as the full time of the dome Ье-
irrg operr оп а given night; the theoreticaliy possible
tirrre is determiTred Ьу, the iength of а са]епdег night
including trvilight. One can see that for the last ten

1,ears the а\rеrаgе annua1 budget of observing tirne
at ВТА has amounted to 1653 * 215 hоurs, i.e. it is
.12 + б % of the theoreticall1, possibie annual budget.
The actual observing time is less than the presented
data since the dorTre slit is opened beforehand untill
the оlэsегl,аtiопаl conditions аrе settied cornpletel1,.

FrопT the data of ТаЬ]е 1 it is seen that the
rnonth1\. corrtributiorr to the аппuаl budget of оЬsеrч-
iпg tiпrе is clistributed uпifогmlу, опlу lvith а little
пtахimuпl lri SерtепiЬеr-ОсtоЬег. Тhе large values of
tlre tпеап-sсlu:rгс der.iations point out to the рооr rе-
liallilitr- of сlЬsегr-iпg tirne fогесаst fоr апу month оr
season of а r-еаr.

Fог _.cheduling observing рrо8rаmmеs and dis-
cussirrg the ргоЬlешs of astronomic climate inside the
сiопiе the distгibutlon of observing time on а short
scale is of iпtегеst. Considering the rright оп which the
dotrte rTas operl longer than half of the astronomical
night as ftrl}. rr-e Ьгоkе uр the observational season
Augrrst 1992 _\ргil 1993 into obserr.,ational ruпs
itlre clorrre i,. open) and поп-оЬsеrr,аtiопаl (tlre dопrе
i,s closeci l апri olltained а sarnple frоm 42 lalues of the
ruп letistlts, Тhеiг distrilэution is рrеsепtеd irr ТаЫе
2. Tlre cjata of ТаЬlе 2 show that short observing ruпs
аге nlost likelr,. the distribution of the runs is mоrе
lrtlifогIrl. Tile rllean va}ue of the full ruп iength
t]ll,.eгi,aiicliial plu,s tlon-observationa] totals (6 * 3)
daгs. ],,l - 2 out of them li,i]l Ье observational; during
l:].5 * 2.5 davs the doпre lvill Ье ciosed, but the оЬ-
sегr,ir:g l,_iil ciiil,ttti,_iIl in this case wit}r а probability of
ýt_t ,: ii i,i tl,,i с,хсt есl 3 clar-s. Tlre б пr Telescope Time
_\1L,_r aTl,,ll с'l)]llll1ittее allori,s for these data rvhen al-
lог,аi i:l :.,- i,st.l'r'ilt] tiпrс,

On the whole. with the present-dav requirernents
to the main parameter -- the observing time bud-
get and its distribution-- tlre ВТА site сап not Ье
suitable neither fоr а large telescope поr even for а
moderate-size one.

А serious рrоЬlеm is posed Ьу the necessity to соп-
trol tеmреrаturе irihomogeneities in the dome (with
its large чоIumе and thermal inertia), rvhich аrе de-
termined Ьу tепrреrаturе r,ariations of outdoor аir.
The standard system of thermal protection of ВТА
incIudes:

о doub}e insulation wal]s of the dome to protect
frоm irrsolation, а system of cooling the flооr to рrе-
vent heat diffusion frоm the interior rоопrs of the ВтА
buiIding;

о ventilation system of artificial climate to set
up the conditiorrs of the coming night in the dome.

Obviousl1, this thеrmаl protection system was
based on the assumption of slow variations of night
tenperature and minimum influence of heat sоurсеs.
ноrчеl,еr. the initia] test of the standard system in
1974 shor,ved that it ц,аs entireh, useless:

о the pipelines fоr coo1ing the flооr, which wеrе
grortted irr сопсrеtе, acted as gепеrаtоrs of tempera-
tuге inhomogeneities, and irr rvinter time they wеге
coated п,ith snorv сrrrst;

о the роwеr of the air-cooling irrstallation proved
insufficient to сопtrоl tешреrаturе in the dome Ье-
cause of the 1аrgе nightly drops of outdoor air tem-

реrаturе, which п,аs unexpected fог the designers, and
the great losses of соlс1 in the airrTays.

The attempts of the п,orking group "Astrocii-
пlаtе" to eпrplov the starrdard ventilation system
\л,,еrе а failure. This necessitated utilization of out-
door аir to level tеmреrаturе in the dоmе (Erokhin.
1984).

In оrdег to illustrate the actual difficulties in soiv-
ing рrоЬiеms of thеrmаl рrоtесtiоп of ВТА, iп Fig.2
аrе shown the mеаsurеs of night-time (at 0h local
time) tеmреrаturе of outdoor аir during the seasons
from NочеmЬеr 1990 to Nfаrсh 1991 and frоm August
1992 to April 1993. In Fig.2 аrе aiso ргеsепtеd the
seasonal trends of night tеmреrаtrrге obtained Ьу the
пroving avelage. Fig.3 displar-s the rrightllr tempera-
ture variations гelativelv the seasonal trends. Апа1-
ysis of these data shorvs tlrat at the ВТА site оп11,

in 35 % of cases the nightlг dгор of tеmреrаturе is

l 
^t 

l< 2"С, whеrеаs in 20% of cases this drop is

I At l> 4"с.
The реriоdоgrаm (роrr,ег spectrum) of the short-

регiоd component of the night tеmреrаtuге variations
rеlаtir,е to the seasonal trепd fоr tlre two seasons has
the shape of а паrrоrч-Ьапd noise ц,ith а сепtrаl fre-
quenc}, ly l:0.ta-1 and rvidth д l" l- 0.05d-i.
Tlrus, а sinusoidal соmропепt with а period of - 10
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Oq

,-s and amplitude - 5о is continuously present in
, :right tеmреrаtuге variations, It is this rapid vari-

_i.] of night temperature (fоr 1/4 of the period of

lrtain соmропепt, i.e. for - 3 days the оrrtdоог

-.:lегаturе changes Ьу - 5") that deteTmines the

-.l ulties in solving the heat problems of ВТА,

The investigations accomplished irr 1984-1985 аr-

,: .,.с1 possible souTces of heat trapped Ьу the dоmе,
, ]llrled out that the main heat releasing sоurсе)
, :,rcing > 1000 kcalories/hour, is the oil pumps: oil

:.r] ll,hеп it passes thrоugh the delivering pumps

, . ,,r1 bearingЪ with subsequent cooling ъ,hеп it

..:_s illto the oil соllесtоr, The liberated heat is

.: .iегrеd into the dome through the metal struc-

..,. Of the telescope. Ho,1vever the mechanism of а
' ",. is chiefly operatil,e hеrе: the cooi air {rоrп the

:-.= is sucked into the housing of the oii bearings

- -:gh the grated operrings of tlre slewing circle,

_. -. тье heated air is ejected into the dome through
': ubes" of the lifts and telescope pillars at а speed

_-2 rn/s. Аir heated Ьу the structures of the base-

,,_, ond building of the telescope, rvhich comes di-

-.,,- lrrto the dome through the сhаппеls of the idle

-, .:, lагd агtifiсiаl climate System, proved to Ье the

. :_L], as to the роWеr, heat source, The data оп
, . -:]llр€гOturе conditions in the dоше, obtained on

:,:l 17. 1987 test of the new ventilation system,

.- .:,orтn in Fig.4. At 2th the dome was closed and

. ,.,entilation system was turned off, The aiT tern-

:.,.:,.tге in the dome immediately began to rise at

.'.:- Of 1.4 сlеgrееs реr hour, At 23h the system

.. .';rtled оп, and during the next hоur the air tem-

-..:-Iе in the dome fell Ьу 1,8О, then the rate of
, :].: .]atuIe drор drastically decreased, This ехаm-

, ] lstl,ates the small inertness and great power of

., . _,jl,ces heating аir in the dоше, The two heating

:.."llistl-ls mentioned above аrе suffice to explain

ТаЬlе 2: Durаt,iоп o.f оЬsеrчаtiопаl апd поп,оЬsеrltа-

ti,ortaI ruпs iп 1992-1993

Ruп duration
irr da.vs

Frеquепсу
Observed Nonobserved

1

2

.)

4

5

(6 9)
(9 12)

0.43
0.26
0.10
0.0,4

0.04
0.10

0

0.24
0.21
0.21
0,14
0.05
0.08
0.08

the data of Fig.4, оthег sources of heating аir in the

dome (frоm other rооmS, thеrmа1 conductivitY, аРРа-

rаtus etc.) аrе of minor imроrtапсе,

The data of ТаЬlе 1 shoп, that natural ventiiation

ma_v pla1, опlу а sесопdаrу, раrt in so}ving the thеr-

-ui irоЫ"-s of ВТА: because of the weather the

dome must not Ье open foT 60% of caiendar time; iп

the most important аutumп-п,iпtеr season the possi-

bilities of opening the dome аrе reduced due to the

liarmfrrl effects of strorrg insolation, That is wh1, the

conception of continuous forced supply of outdoor аiг

irrto the dome was accepted, Тhе task of realizilrg

this corrception was soived Ьу the ВтА \4aintenance

Service (Yu NI. \[amet'er,, A,N{, Pritychenko, \i,\,
Еrоkhiп ancl otheгs).Iri the ventilation system norт ilt

service all the channels of the standard system of аr-

tificiai ciimate аrе used fоr evacuating аir frоm inside

thе dоmе; the intake of outdoor air occuTs througir а

window (12 m2 in size) in the lоwеr part of the shuttег

of the dome, which allows keeping ventilation on е\,еп

when it rains ог snows, An additionai exhaust venti-

lation channel of the iпtеграпеi space of the dome

Tя}llp ] : Ohselrtlational time iп 1 98/+

Month TheoTetical
obserrational
time (hours)

observational
time at ВТА

(hours)

Time
in units of
theoretical

contribution
to уеаr
budget

10
11

12

424
358
343
282
249
219
235
276
313
370
398
433

130+38
141+53
1,16*.14
122+36
112+31
99+25
110t25
146+35
174+31
187+51
129+57
1,19+71

0.31*0.09
0.39+0.15
0.42+0.13
0.43+0.13
0.45+0.12
0,,15+0.11
0,47*0,11
0.53+0.13
0.56+0.10
0.51+0.1,1
0.32+0.14
0.34*0.16

0.08
0.09
0.09
0.07
0.07
0.06
0.07
0.09
0.11
0.].1
0.08
0,09

\4ean per уеаr 3900 hоurs 1653*215 hours 0.42+0.06 1.00
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1.10 1990-зO,з.1991
оСlз

8

_)

-2

-7

l-)

-11

thrоugh the vzindows in its uрреr part mixes air in
the dome and prevents accumulation of wаrm air in
the uрреr parts. Another exhaust channel via the alu-
minizing shop chills the housing of the oil bearings.
The venti]ation system is operated automatically bv
сопtrоl signals from the temperature sensors and per-
forms the follovling operations:

о mi_rrimizes the temperature difference inside
arrd outside the dome;

. shuts off the heat floTv frоm the interior rооms
of the building through the floor;

r minimizg5 the amount of warm аir coming Ьу
the сhяппеЬ of the standard svstem of artificia1 cli_
mate.

Тhе роwеr of the mаjоr heat liberating source was
reduced Ьу а factor of 2 Ьу the creation of а two-tank

16012080
Da,vs

40

ос
27

17

-з

-1J

20010050 150
Davs

250 : з00

Figurе 2: The- п.ight tеrпl,tеr,аtlп,е of tlte atпtosplllere i,п sеа,sо,пs top 1.10.1990 30,03.1991; bottom
1.0Е.1992 11,alt.1993. Solid сu,rчеs sh,оu the sео,sо,rtаl, trепd obtatned Ьу tlle rпочi,пr] auer-age.

oil suррlу sl,stem atrd lrse of seasonal oils, п,,hiсh mаdе
it possibie to decrease the oil п,оrkiпg temperature bv
10,.

The systern of heat rеflесtiоп and ventilation was
tested Ьу thеrmоl,isiоп measureпIents п,hich shоц,еd
the following:

о the dome efI'ectivell, shields the telescope from
inso]ation;

о the temperature inside the dome, irrcluding its
uрреr раrt. is distributed uпifоrmlч; within the sen-
sitivity of the technique only the оЬsеrчеr's cage is
found to Ье heated Ьу 0.2" Ь1,the obseгning арраrа-
tus.

о the main sоuгсе of heat rеlеаsе - the oil sup-
pl5; system shorvs up сIеаr11,, Ьу the higli tеmреrа-
turе ofthe oil pipes as rvell as Ьу the increased (- r")

1.8 1992- 1 l .4 199з

;Е . t:-.:
:.. -,. ...!....'....
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:]]с-гаtLlrе of the slowing circle and the places in-
,-_].q \l,аrm air frоm the housing of the oi1 bearings.

The achieved level of perforrnance efficiency of
:оrсеd ventilation system is illustгated Ьу the

, ., c]f Fig.5, where the histogгams of values of
- :_ight temperature difference inside and outside
- ,_lome for the autumn-winter seasons 1990/91
_ i992/93 аrе presented. Regarding tlre negative

- _=s of the air tеmреrаtuге diffеrепсе in the dome
: : lutdoor to Ье а positive factor, we obtain the
. :,,,1пg distribution of nightly values of At:
.:. 107с of cases А' < 0".
:. 6[] % of cases А' < 2',

1501206030
Days

1.08.1992-11.04.199з
оС,,

10

5

0

-5

-10

-15

Figure 3: Ni,ght tеrпреrаturе чrl,ri,аti,опs relati,ue to tlle sеаsопаl trепds ol Fig,2.

з00100 150 200 250
Days

50

iп 70% of cases 
^' 

< 3'.

Actua111, tlrese estimates do not change for the
subsamples of nights rvith the dome ореп оr closed,
rvhich points orrt only to а secotrdary раrt played Ьу
the паturаl venti]ation in the tenrperature control in
the dome. At the same time iп 25% of cases the ча1-

ues of 
^' 

> 3О, while in - 3% of cases А' > 10О,

which causes сошрlеtе degradation of images. WЪ ех-
plain this Ьу the rapid outdooT аiг tеmреrаturе fluc-
tuations and increasing heat floъ,into the dome when
i,he temperature inside is lolvered. Тhе data of Fig.2
anci Fig.3 shorv that h 20% of cases the 24-hоurlу

tl ,,. IL.IJT
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i.,...y....,,i- : 1 l

,,с, .lJ

8
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..?.

.:i]

-12.

,1,,|

'9:0 l -]4..0 i,.]1,99 l

: .: | | :*fi].п ;

L]a,te

Figurе 6: Ni,ght tеmреrаtшrеs of the m,irrоr апd of the
ai,r outsi,de апd ,in,si,de the d,ome at the peri,od of thеr-
mаl shock, 9. 0 1-24. 0 1. 199 1.

drор of outdoor teпiperature is higher than 4'. Ttre
tеrпрегаturе of the basement of t}ie telescope build-
ing is пеr,еr loweT than the аппuаj ачеrаgе, +4'С.
In the production and lir.ing premises of the build-
ing the tеmреrаturе is fогсеfullу maintained по lоwеr
than *16'С. Fig.6 illustrates the rеsропsе of tenlper-
atule in the dome to the thеrmаl shock оп 14 Jапuаr1,.
1991, when the outdoor air tеmреrаturе clropped }эr,

12О fоr а da_v. With а }ag of - 12 hоurs the tem-
perature in the dome began to fall at а rate of - 6

degrees/da5,s, hо,wечеr fоr the next day the rаtе of
cooling lorvered to - 2 degrees/dav. then tlre сооl-
ing stopped - the оutdооr chi1l arrd the heat frоm
the rооms of the bui]ding leveled. Тhе ternperature
of the mirrоr surface began to decrease rvith а lag of

- 2.5 days at а rate ol - 2 degrees/da1.. Оп Januarv
20 the temperature ieve}ed as а rеsult of the iricrease
irr outdoor temperature Ьу 5". Before Jапuаr1,, 14 the
difference betv;een the tеmреrаturе in the dоше and
the tеmреrаturе in the iпtеriоr rooms of the teiescope
building At had been 15О. the accumulation of heat in
thе dome being сопtrо}lеd Ьу ventilation. At thе min-
iпiutn аir tеmрегаturе in the dоmе the difference А1
аmоuпtеd airead}, to - 24о, i.e. t}re speed of air flоч,s
frоm the iпtегiоr rооms of the buiiding iпсrеаsеd Ь1, а

factor of - 1,5, and the excess of heat introduced Ь1,

them grew - 2.5 tinres. Thus, with fa}ling tеmреrа-
turе in the dome the efficiency of ventilation in wiпtеr
time decreases since its епеrg1., is spent шоrе and mоrс-

on cooiing the iпtеriог lооms оf the building, which
is successfuliy contTolled Ьу the реrsоппеl working at

the telescope through turning on additional heating,

On the whole the data presented аЬоче сhаrас-
terize the сurrепt possibilities of tеmреrаturе сопtrо.
in the dome. It is evident that these possibilities havc

L7ю1 L:]ti]

'-л5lлi

-(i l(i

- ],.(;

..l8,r;

2:"ц21],l81512

22 2} 24
lL}с,чrs

l cl0

80

.4(|

20

Flgurе 1: R.еsропsе of the tетпреrаturе,iпsidе the dome

апd that of tlte lтtiгrоr orl uentilat,ion rеgi,mе. At 21h

the dопе sl,it is closed апd uentilati,on ,is sulitched off.

дt 23h uenti,lcltion is stli,tched оп.
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FigriTe 5: НЫоgrатпs of night temperatu,re d,ifferences
inside опd outside the d,оmе. Тор - 1990/91; bottom

- 1992/93.

15П, l)]j

1. ], 0. l990.1t].0:i"ll99з

i::

:::
ii,. -.._..,-._,. ".i-,.-...,. -.._..

:::
ji...,...,,..,..,..,,.:.,...,..,..,,, _.,l

,l

|iiJ
j1,,._.,,.....-.....:.,,,.,..,.l,,,.,,.::t ,t

;:J

,...-,.-,{,.,,,,l.i,l 
,i!,i

|'i
::- 
;'"
,:



апd of the
i of ther-

п .1о, The
lpe build-
le, +4ос.
,hе build-
l по ]ower
rf tеmреr-
t Jапuаrу,
opped Ьу
thе tem-
teof-6
Le rate of
the cool-
reat frоm
rperature
lr а lag of
L January
з increase
11, 14 the
lоmе and
telescope
of heat in
the min-

lгепсе Al
'аir 

floц,,s

ased Ьу а
duced Ьу
Iеmреrа-
iп winter
and mоrе
rg, which
огkiпg at
heating.

э сhаrас-
е сопtrоl
ties have

ТНЕ ВТД PROJECT: EISTORY, STATE, OUTLOOK 47

.а111,rеасhеd the limit, and furthеr advatrce is pos-

: опlу ц,ith саrdiпаl improvement of the oil supply
.-etl and withdrawal frоm the building of all рrо-

,.пп and living рrеmisеs.
Tlie tеmреrаturе difference inside and outside the

.].е causes tеmреrаturе microfluctuations, i,e, the

:,еfтасtiоп index, whiclr determines degradation

.]]]ages. The Наrtmапоfilm taken at а rate of 20

-,_..,f. u,ith "hot" аir in the dome shows the de-

.. arld character of rvave-front peгturbations Ьу the

,е path - optics and аtmоsрhеrе, The results of

_ :l,tiorr of а sample of 16 successive frarTres of the

_ l,ie].ded the mоmепtаrу va}ue for the concentra-

- ;f energy in the imageS do.Bb = (3,40 + 0,22) аrс-

The exclusion of all Seidel aberrations yields

. : (3.09 + 0.23) arcsec, i.e. does not actually im-
,,,: the image" Тhе mean-square focal length varia-

- :otaled only *0.13 mrп. Thus, degradation of im-

_ _S Ilot determined Ьу the low-frequency wave-front
, .ations, including Seidel aberrations, А dispersion

,_,-sis showed that fоr the high-frequency Wa\re-

.- cletiations the correiation radius is less t}ian

- l]lm - the Наrtmап diарhrаgш resolution lirnit,
. ..tabliShed Ьу the measurements of tеmреrаturе

:_,iiuctuations throughout the whole чоIuше in-

- -he dоrпе that the maximum of microfluctuations
- :icentrated Ьеtrл,,ееп uрреr ring of the telescope

. . iопrе slit. Тhе investigatiorl of tlris рhепоmепоп
_ , :,lrlation of а phase Sсrееп at the entrance pupil of

. :-lescope is continued; it is in prospect to estimate
,rltгibution to this phenomertort of аir streaming

:: frоm the exterior surface of the dome at rright,

I:le problerns of the ВТА mаiп mirrоr thеrпrаl
,..iio1l riill Ье discussed in the next section,

:,. Telescope optics
, ::_ 1972 to 1974 the stafi rп,оrkеrs of the оЬ-

. , ,1iог\' Еh.А. Vitrichenko, Yu,Р, Korovyakol,sk1,,

_ Гоmепkо and others took раrt in the elaboration

.-:antitative techniques for corrtrol and testing of

_. вт_\ main mirrоr. Frоm 1975 to 1978 the firms

: :_ka'' and "Rubin" manufactured а second б m

-:, i, The intensil,e investigation of the first mir-

...- tlre telescope grounded the necessity of its rе-

] -]llсllt. ц,hich rvas accompiished in 1979, Since the

-,:: 0f the two mirrors are identical, we do not dis-

: -, llsh betrveen them in the discussion of mechanical

. :hетmаl рrоЬiеms of the ВТА mаiп mirrоr,

lire пrirrоr surfасе quality prespecified in the

-::_,iiacture is characterized Ьу the data of thе wоrk-
-.- ,- lests (hеrе апd hereafter do is the diameter of

., .саttегiпg circle on the spot diаgrаm that соп-

.-:-.:iLe q роrtiоп of energy): do.b:0','4, do,s :01'8,

]:lе rrratter of preserving these characteristics
. :. t,hanging the position of the шirrоr ,й,аS espe-

,.", acute rvherl the decision on the mirrоr rерlасе-

mепt was adopted. Nurпеrоus experiments under the

wоrkshор conditions did not rel,eal weight dеfоrmа-

tions of the suгfасе in both the lоw-fгеquепсу rапgе

(Наrtmап method) and the high-frequency range (in-

ie.ference methocis of control). The fina1 test made

Ьу the lIаrtmап method, whеп the mirrоr was placed

оr-, t}r" telescope, shoъ,ed that with the varia,tion of

the zenith distarrce Z from 0 to 70' t}re concentration

of епеrgч in the image actually does not c}range, and

оп11, а lurп of the axis of astigmatism rvith keeping

up its arnplitude is гечеаlеd (Snezhko, 1980), The ро-

sition of ihe рlапе of t}re main rпirгоr is determined

ьу thrее suррогts atrd а central pin, which defines the

oiientation of the optic axis. Direct mеаsurеmепts of

the sп,,а1, of the miггог in the cell showed that the оri-

entation of the optic axis in the azimuth direction is

чагiеd vrith el olution of the tube with an amplitude

of - б аrсsес and hysteresis within 2 аrсsес, vrhereas

the inclinations in the рIапе of the verticai апd the

Tadial shifts of the mirrоr lie within the measurernent

еrrоrs. This сhагасtеristiс su,aying of the mirrоr in the

cell is dеtеrшiпеd Ьу the fact that in the рrосеdurе
of acljustпrent of the support systems the distribution

of density throughout the disk of the mirrоr was as-

sumed uпifоrш, r,vhereas in the real mirrоr variations

of density up to 10 % occur. The smаIl but detectable

hysteresis of the mirrоr srvaying is most likely caused

ьу f.lctton and backlashes in the support units, The

сьпtrоl of the position of the main mirrоr in the се11

made in 1985-1986 showed both the stabilit1, of the

optic axis position at Z :0 in ihe limits of *1,5 arc-

sec anc1 the constanc1, of the Sъ,ау раrаmеtеrs, r,vhich

is чегifiесi Ьу the anal_vsis of pointirrg еrrоrs of mапу

уеаrs. Тlrеrе аrе no furrclamental difficrrlties iri read-

iurtirrg the support rrrrits fоr t}re rеаl distгibution of

ihe ч,eight of thc mirгог disk. However this рrосеdurе
involr,es the time- and labour-consuming methods of

сопtrоl of the surface shape Ьу the Hartman method,

which is difiicult to ile done оп the operating tele-

scope. since the residual instability of the main miг-

rоr position lies within the adjustment tolerances and

is eiiпiinated to а srrfficient degree in the соrгесtiоп

of pointing еrrоIS, rve have abandoned this рrосеdurе,
\\ie с:опсluсlе that оп the ъ,hоlе in the ВТА рrоjесt
tlre ргоЬlеm of supportirrg and fixing the rпirrог оf ,12

tons in rveigtrt has been solved successfuil_v,

The optics of the рrimе focus of ВТА араrt from

the рагаьоliс main mirrоr incorporates а trvo-lens соr-

rесtог, согrесtiпg соmа and spherical аьеrrаtiоп, so

that the fielcl diаmеtеr of 10' is limited Ьу the field

astigmatism. The quantitative adjustment реrfогшеd
in 1982 1984 with the application of the Наrtmап
method not onlil minirnized inclinations and coliima-

tion еrrоrs, but also allowed us to rечеа1 and согrесt

а defect of manufacture of one of the support urtits,

which caused the instability in the mаiп mirrоr ро-
sition. At the рrеsепt time the quality of image рго-
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duced Ьу the optics in the рrimе focus is determinecl
only Ьу the quality of the main mirrоr surface and
the designed аЬеrrаtiопs of t}re соrrесtоr.

The рrоЬlеm of thеrmаl deformations of lаrgе mir-
rоrs has Ьееп known since the time of the 5 m tele-
scope project. One shэu]d add hеrе the рrоЬlеm of
turbulization of air in the optical path above an iner-
tia} massive mirrоr ъ,hеп changing outdoor tеmреrа-
turе. These two рrоЬlеms аrе чегу acute fоr ВТА, at
which site the ternperature variations contain compo-
nents п,ith an amplitude up to 5о and characteristic
times of 3-5 days. In Fig.7 аrе shorvn t}ie tепrреrаturе
variations ofthe mirrог surfасе and the seasonal trепd
of the atmosphere tепiрегаturе as rvell as the cross-
соrrеlаtiоп function of these processes. One сап see
that ъ,ith а shift of - 3 dal.s the mirrоr tеmреrаturе
tracks the seasona1 trепd ъ,ith а correiation coefficient
of 0.95, The sаmе estimate of characteristic tirne of
the mirrоr response to оutdоог tеmреrаturе fci1loц,s
frоm the thеrпrа1 shock pattern presented irr Fig,6.
which fully аgIееs r,r,ith the estimate of the Fоrrгiеr
riumЬеr - 3 davs following fгоm plrysicai сhагасtеris-
tics of glass arrd disk of the mirrоr.

With such а time iag and rapid fluctuations of
outdoor tеmрегаturе, tempera,ture gradients сопtiп-
uousl1. de,,,eiop in the disk. rvhich dеfоrпr the slrape
of the surface. Iп Таые 3 the data аrе listed ц,hich
characterize thе response of the ВТА mаiп miгrоr to
thеrmаl shock, at rvhich time the mirrоr rvas force-
cooled throrrgh the ventilation svstem ofthe cell (hеrе
arrd hеrеаftеr J;д аrе the ampiitudes of Seidel аЬеr-
rations in the rr,avefront. t}re сrrоrs аrе found frorn
а\rегаgiпg the data of reductiorr of по less than 3 lrart-
mапоgrапrs).

Fоllоп,iпg а drop of tеmреrаturе Ьу 11О the im-
age strongll,degraded, t}re scattering сirсlе grеп,Ьу
а factor of - 1.5. In the degradation of the wave-
front not onlr, the anrplitude iпсrеаsе ;1а9 of spherical
аЬегrаtiоп is detected (edge effect), but also the de-
velopmerrt of соmа and astigmatism, i.e. non-axially-
sчmrпеtгiс а'Ьеrrаtiопs. The ]atter is а rпаjоr risk
ýlhen attempting to actir.ely cooi the disk of the mir-
Iоr composition of the hcat stresses rvith the rеsid-
uаl stre,*ses in the clisk is plossible, ц,}rich mа}. result
in destruc:tion of tlre disk. Irr the ехаmрlе presented
t}re ratc оf c:ool1ing Isas kept for 48 hоurs at а а 1er.e1

of - 2 degгees/dar,. The level of mесhапiса1 stresses
deveioping hеrе can Ье evaluated frоlп а соmраri-
sorr rгith the distortions presented in Tabie 4 rvhich
аrisе rтith one fixirrg element made inoperative (4-
19.05.198 1 r.

T}re соIrtрагisоп sholr,s that the mirrоr surfасе de-
foгrlrations rr.hlch develop under the action of thermal
shock агr: сопlllагаLllе ri,ith those rvhen one fixlng unit
is оut of сlреrаtiоп. i.e. it is as if а point mechanical
loaci of - ;0t) kg i_< apllied, Thus, the limitation of
2 deglees1daг iпlрсlsеri orr the rаtе of cooling of the
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mаiп пrirrоr is jrrstified; grеаtеr cooling Tates аrе dan-
gеrоus fоr the mirror disk. The cooling rаtе of 2 de-
grees/da1, is achieved at the diffеrепсе in tеmрегаturе
between mirrоr and arnbient аir Af t 10". tlrat is why-
it is forbidden to ореп the dome shutter at Дt > 10О.
Losses of observing time for this rеаsоп do tlot ех-
ceed 5 % of the annual budget, arid since these аrе
chiefly caused Ьу the 1аrgе and rapid nightly tеmрег-
аturе lariations at the selected ВТА site, one strould
attribute them to such natura] losses as those caused
Ьу clouds, precipitation, rvind etc.

The data of Table 3 illustгаtе the limiting degra-
dation of image do.s : 1.6 arcsec, the duration of
thеrmаl shocks amounts to .tr 5 days, after which the
image quality is recovered. Beyond the periods of
therrnal shocks the image quality ргоduсеd Ьу the
ВТА optics is rlg9 = (1.1 * 0.16) аrсsес (from the
results of the Наrtmап tests in 1985-1986).

The rapid variability of outdoor ternperature and
the great inertia of the main mirrоr glass disk mаkе
it inrpossible to control tlre developrnent of tеmрсэrа-
ture gradients in it. Since the defocusing сап Ье eas-
ilv eliminated thrоugh equipping the ВТА foci .with

TV grrides, п,,е abandoned active use of the asymmet-
ric sl,stem fог r,errtilating the mаlп rTrirTor cell, u,hich
пragnifies developrтrent of aberrations and "freezes"
them in the short periods of thеrmаi shocks.

Оп the rvhole t}ie рrоЬlеms of t}rerma] dеfоrmа-
tions of the surface and t}re mirrоr disk safetv create
additional restrictions on the possibilit1- of tеmреrа-
ture cotrtrol iп the dorne. In 1984*1985 а project of
nranufacturirrg а sitall рriтпаr1,, rпirrоr for ВТА was
ч,orked rrp rMit}i the participation of В.К. Ioannisiani.
The computations реrfоrmоd at LONIO shoц,ed ttrat
the depth о{ the rп.lrrоr disk carr Ье rec]uced frопi 65
to 40 crn for the standard support system, the ас-
сuгас}* being preserved. This simplifies the рrоЬlеm
of sitallizing and dirninishing t}re thеrпiаl inertia of
t}re disk. 'Тhе firm "RuЬiп" is capable of both mап-
ufacturing of an аррrорriаtе sitall disk and fоrшiпg
the opticai surfасе using the up-to-date teclinolog1-.
Нсlwечеr, the mаiп mirтог of ВТА has not so far Ьееп
replaced with а sitall because of financial рrоЬlеms.

4. Pointing and tracking
The design of ВТА provided fоr thе follori,ing рrесi-
sion characteristics of the automatic сопtrоl ýystem
(ACS): the pointing ассurас}.по worse than *20 аrс-
sec iп the focal plane, the built-up еrтоr of tracking
should поt exceed 5 arcsec iп lO-minute ехроsur€].
Such lenient rеquiгеmепts wеrе caused Ьу difrculties
of objectives f'acing the grоuр of ВТА ACS designers
(headed Ьу E,Nt. Neplokhor,). А опе-mоtоr combinecl
system llith contTol links and astatism of the 2nd оr-
dеr (ВТА, 1976; Najshul', 1966) пras adopted for ttie
рrоgrаm control Ьу the telescope. The рrоgrапr con-
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Date 08.06.84 09.06.84 10.06.84 12.06.84 16.06.84
L olt.t

tmir
do.Bb

Ацо

Азr

,,l оо

13.0,с
12.0"с
0.87"
+.02
0.1, рm
*.3
1.7 р,m
+.5
|.5 1lnt
*.6

15.5
12.0

4.0
12.0
1.47

4.7

3.4

5.0

4.5
9.0
1 :n|.l) Z

6.4

7"7

2.2

7.5
8.0
0.89
*.01
0.9
+.4
2.0
+.2
1.3
+.6

1.08.1992- 1 1 04.1994
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ТаЬlе 4: Deformat,ion of the рrimаrу mirrоr surfасе uhеп, опе firiпg support is s,uitched off

Date dо.вs (") Дцо (lrm) .'lзr (р-) дzz (р^)
07.05.84

11.05.84

12.05.84

1.45
+.06
1.56
+.11
1.43
*.02

0.в9
:t.11
J. Jo
+.76
5.56
+.34

6.в7
+.11
5,36
+.|7
5.47
+.13

4.|4
+.27
5.30

*1.30
2.05
T.JJ

trо1 rr,as intended fоr "rоugh" guiding, the system of
photoelectric automatic соrrесtiоп was supposed to
Ье responsible for the fine tracking with an еrrоr no
lаrgеr than 0.2 агсsес. Ноwечеr, the system of photo-
еlесtгiс aritomatic соrrесtiоп, iп rvhich the coordinate
transducers \\,еге mounted on а sераrаtе guiding tele-
scope, ргоr,еd cornpletely inoperatir.e due to both the
}91у penetг&ting роrr,еr and the impossibilit_v to take
into account and exclude the tliffererrtial flехuгеs and
the effects оf field гоtаtiоп. Only the local plrotogu-
icle of the N,Iairr stеllаг spectrograph, used fоr оЬsеr-
\-ations of Ыight objects, rvas operated successfully.
As а result of this, the рrоgrаm control Ьесаmе the
оп11, conditiorr for the fine tracking. Fоr this рurроsе
Ь1- the end of 1984 the resolution of feedback trапs-
duсеrs had been Ыоught to 0.15 seconds of аrс, the
smoothness and stabilit1, of control had Ьееп opti-
nized. It should Ье noted hеге that the рrоЬlеm of
сопtгоl is unique not Ьесаusе of the mass and dimen-
sion of tlrc telescope. but because of the necessity to
епsurе tlre litтriting accurac},sirrce it is operated uпdеr
ttie atrrrospheric corrditions, whеп the ехtеrпаl distur-
bances аIе сопIрагаЬlе п,ith the control action.

T}re tllеогr, of alt-azimuth mounting is stated irr

the рарегs br, \,\. \,Iikhelson (1966; 1970), Classi-
ficatiotr ol егrоrs and thеiг description fог ВТА аrе
presented in t}ie рарегs of the сrеаtоrs of ВТА ACS
(\-ilenchik. 1972). Direct mеаsurеmепts of georTretry

оf ttre telescope \\,еге nlade Ьу V.Yа. \reinberg апс1

gеrrегаlizссl ln hi_. tlresis (\reinberg, 1985). Investiga-
tioris of pLlirltirlg егrоrs of the telescope showed the
hig}i clLLalitг of a]I svsten}s arrd units rvhich determine
this сhагасtегistiс оf ВТА. The following components
rr-еге included iп the anall,sis of pointing еrrоrs:

псlпреrрепdiсulагit1- of the horizontal апd vertical

- - попрегреIrdiсulагit1, of the horizontai and aiming
axes of the rele-.cope (collimation еrrоr);

с.гt,огs of zеrо points of tlre angular position trапs-
сluсегs:

flех,_trе c-,f tlle tube:
}loLir,-arigIe еIIогs:
lrlt,]inatiorl еггогs of the чеrtiсаl axis of the tele-

:('ОРе,

It should Ье noted that the components are calied
гаthеr Ьу tradition, since each of thеm is the sum of
sечеrаl independent effects. The modal representation
of appropriate conditional equations, but not the de-
composition in оrthоgопаl functions, causes рооr сеr-
tainty of the corresponding set of поrmаl equations.
Iп consequerlce, it is impossible to defirie each раrаm-
еtеr sераrаtеlу п,ithout additional anal5rsis due to the
arising liпеаr dependence in the solution соrrеsропd-
ing to а given sаmрlе of pointing еrrоrs. Summing uр
the results of the analyses of pointing еrrоrs in 1984
1985, we derive the following conclusions about the
stability of the mounting and optics of ВТА.

1. The azirnuthal component А? : АА ,sinZ
of pointing еrrоrs is corrsistently reproduced for 10

years. Its exclusion Ьу а program lllay rvith one and
the sаmе s)rstem of paraпreters yields а residual scat-
tегiпg сirсlе with а size of *5 аrсsес and mean-square
deviation о ( 3 аrсsес (cxcluding hоur angle еrrоrs).

2. The conrponent bZ of pointing еrrоrs has also
rernained unchanged for 10 у,еаrs. Its elimination r,vith

one and the same раrаmеtетs gives а residual scatter-
ing circle of *8 arcsec and о ( 5 аrсsеr, (excluding
hour angle еrrоr).

3. The tube flехurеs ате described Ьу the ехрrеs-
sion d . s\п Z + d1 , cosZ. If the first tеrm is typical of
the Sеrеuriеr tube, then the second results from the
shifts of the suspension of the ц,оrm of the Z gеаr.

4. If the system оf ВТА is stable in pointing in
А, then the pointing еrrог in Z in,noh,es а rапdоm
zего*роiпt displacement rtitlrin 10 аrсsес at а1] time
intervals. А 1ikel1, sоurсе of this instability, is back-
lashes irr ttre system оf automatic balancing and the
residuai unbalance оf the tuье.

5. The accumulated еrrоrs of the positiorr angb
Iar transducers аrе undetectable in the fields ofpoint-
ing еrrоrs. The ассurасу of the апgulаr tratrsducers
is sufficient fоr the рuгроsеs of pointing.

6. The sп,inging оf the mirrоr in the се11 is added
to the effects of inclination оf t}re axes and does not
show uр separately. Hy,steresis of the mirrоr sll-ing-
ing shows uр in the fields of pointing еrгоrs ъ,ith ап

arnplitude of *1 arcsec.

The srnali totai arnplitude of pointing еrrоrs.
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-.,h аrе not elimirrated Ьу alloп,ance fоr gеоmеtrу
, re te}escope, permitted еmрiоуmеrrt at ВТА of
, lгеl.ч рrоgrаmmе algorithm for rulling out point-
_ .гrоrs. This рrоgrаm algorithm supplemented Ьу

:l1е observational рrосеdurеs aliorvs achievement
::е folIowing ассurасу characteristics of tsТА.

1. The usage of опе and the sапiе system of ра-
,...ters for the given focus suffices to епsurе fЬr а
:_Ьеr of years the mean square еrrоr о ( 3 аrсsес

. :_ а rап$е of *6 аrсsес.
2. Specification/determination of the hour-angle
: arrd the zero-point еrrоrs Ьу observations of two

.:,. of stars at equal elevations in the mеridiuпi and
-:ле 1st vertical ieads to reduction of pointing еrr,оr

_es о ( 2.5 аrсsес vrith а rапgе of less than t5
, .=с during а few days (weeks).

З, То ac}rieve the pointing ассurасу о ( 1.5 аrс-
,,,,,itlr а range of *3 arcsec it is песеssаrу to соп-
: observations of the minimum fieid of pointing
.. (4-5 points for 5О ( Z < 70" in two verticals)
., given night апd rеdеtеrтпiпе the vrhole system

] ].f ametels fоr the given focus of ВТА.

То iliustrate the above said, Fig.8 presents
ields of pointing еrrоrs oЫained on Осtо}эеr

- - .1994 at the Nasmyth-2 focus. Опе can see that
: elrar,iour of the еrrоrs, lvhen the telescope geom-

.,,,, i:]Iгоrs аrе not excluded is similar to theoretically
.cted. The exception of the geometry егrоrs Ьу
"illean" system of раrаmеtеrs rеduсеd the resid-
:-,clinting еrrоrs to t}te value - 3 аrсsес with а
.. of *5 arcsec. The rеdеtеrпriпаtiоп of the sys-
of pararneters fоr the given night reduced the

:-:itrg еrгоrs to the value о : 1 аrсsес rvith а rапgе
] _ :гСSес.

I:r gепеrа1 one can say that the high quality of
.--Il and mапufасturе of the principal units of the
.])ting (except fоr the unit of automatic tube Ьа1-

-:lч) allowed us to solve the рrоЬ}еm of pointing
;:,ас1, of ВТА.
Ггоm 1975 to 1985 the рrеsепсе of the telescope

_ :]lеtгу еrrоrs necessitated реrmапепt manual соr-
.,lп of tracking (guiding) Ьу the оЬsеrчег. The

- . llrig соrгесtiоп compensates fоr the gеоmеtгу ег-

: al]d also for the field rotation rvhen obseгr,ing ап
_а1l1,off-axis object. It is evident that this ргосе-

.:-. is undesirable sirrce in this case the ВТА ACS is
-l,ated under transitive conditions п,ith excitation
-:_е rl-hole spectrum of oscillations. Тhе рrоgrаmmе
_:,*ction of gеоmеtrу еrrоrs imрrочеd the telescope

, - ._itlg having removed trends in the trасkiпg еrrогs.
_... рrосеdurе of back recalculation of coordinates

: l1геd t}re physical sense of the rеа1 e]iminatioir of
l,s iп setting equatorial coordinates of the object,

, ,il arnount in practice to tens of arcseconds fоr
:-: objects. Now the accumulated correction for all

, -. foci of ВТА does not exceed 0,3 аrсsес for an

ехроsurе of 20 minutes.
The рrеsепсе of high-frequency tracking еrrоrs

had been persistently noted Ьу оЬsеrчеrs, hоwечеr
frоm 1975 to 1985 this соmропепt was masked Ьу реr-
marrent hand соrгесtiоп. The first quantitative defini-
tions oftracking quality frоm observations Ьу speckle-
itrterferoпietry techniques shou,,ed the presence in the
sресtrum of guiding еrrоrs of а component witlr а
fTequenc:v of : 1 Hz and arrrpiitude up to 0.5 агсsес
(Balega et а1.. 1990) . In order to ехаmiпе tlre quality
of tгacking in а rvide frequency range, in 1991-1992
а digital T\i-guide of the N4ain stellar spectrograph
of ВТА lvas used. The first recordings showed the
plesence of components in the interr,al of frequencies
frоm 0.1 to 1 Hz, the scattering circle produced Ьу

the image сепtrе during а 15-minute ехроsurе beirrg

- 1 arcsec in diameter. In Fig. 9 а,Ь is presented an
example of ВТА trackirrg rесоrds at а п,ind velocity
of ( 2 m/s. SeqLrentiail1, the initial series, trerrd and
higlr-frequenc}r components and their роrчеr spectra
(time is given in seconcls, amplitudes in arcseconds,
frequencies in Hz) are slroll,n.

It can Ье sееп that а low-frequency соmропепt
п,ith у S 0.1 Hz and an amplitude of S 0.5 аrс-
sec domiiiates irr the sресtrum, In the high-frequency
component of tracking еrrоrs in both cooгdinates а
component B,ith у - 0.9 Hz and amplitude - 0.2 аrс-
sec is dominant. А qualrtitative analysis of rесоrdiпgs
of ВТА trackirrg obtained with the digital 1!-guide
a1loп,ed lrs to make the following conclusions,

1. In tlre еrrоrs of ргоgrаmmе-соrrtrоllеd ВТА
tгacking the сопrропепt rvith и S 0.1 Hz and an аm-
plitude of S 0.5 агсsес is persistently present.

2. Iп the high-frequency раrt of guiding еrrоrs а
simple set of fгеquепсiеs. чI - 0.1 - 05 Hz, u2 -
0.6 - 0.7 Hz and и3 - 0.8 - 0,9 Hz, of oscillations on
t}re 1 апd Z axes is ргеsепt.

3. Тhе qualit1, of ВТА tracking is degraded dras-
tically Ьу ехtеrrrаl disturbances, the amplitude of all
the components increases 2-3 times at а wind velocity
of > 2 in/s. At а rvind velocity of - 10 m/s bounces of
а stаг Ь\, 15 агсsес аге observed with slоп, rеturпiпg
to t}re сепtге (ioss оf соrrtгоl).

Sonte п,огk ч,аs dorre in 1990 1991 in оrdеr to in-
vestigate into dl,namical characteristics of the tele-
scope and its сопtrоl system, on the basis of the facil-
ities and methods fоr mеаsuriпg oscillations (tansduc-
еrs of liпеаr and angu}ar velocities and accelerations,
opticai direction fiпdеr), п,hich rvere developed at the
Researclr Institrite of Precision Engineering, Distur-
bances п,еrе set both as impulse action of the control
system and as mechanical action on the units of the
telescope. The following ехреrimепtаl data r,чеrе оЬ-
tained as а result.

1, If disturbances аrе applied to the prime focus

we
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cabine, the oscillations of the mounting of the wоrm
of the ,4 driче чrith а damping time of - 10 s аrе
concentrated in а rаrrgе of fTequencies frоm 0.7 to 1.2
Hz with the mахimum of spectral density at 0.8 Hz.
In this case the outlet telescope axis oscillates with
ап amplitude reaching - 2.5 аrсsес.

2. With the standard mode of рrоgrаm tracking
гадdоm pertuTbations on the раrt of the control sys-
tеm lead to йЬrаtiопs of the mounting of the wоrm
of the а dTive йth а fTequency of 0.8-0.9 Hz and os-
ci]lations of the outlet telescope axis with frequencies
of 0.4 and 0.&1 Hz and an amplitude up to 1 arcsec.
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Еlgurе 8, Тпlсl:iпg еrrоrs Ь^у апd bZ i:,п the No,sпlyth,-2 !осus, 17"10.199|. Frсlrrt, toy,l tcl bottom: uitholLt
соrrесtiоll,s of the telesr:o1le gеоmеtrу сrrотs; lttith the "rпеап" system of the соrr,есti,оп ра,rа,mеtеr,s; tlith the
systeпt of соггесtiотt цло,rо,пt,еtеrs |оr the giчеп ni,ght.
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3. If disturbances act on the cabine oscillations of
the ,vrоrm mounting of lhе Z drive аrе concentrated
in а frеquепсу rапgе of 0.4 Hz rvith а damping tim,
of - 28 s. The oscillations of the Z axis hаче the
mахiшum at 0.41 Hz with an aniplitude up to 2.j
аrсSес.

4. With the standard mode of driving the tele-
scope аrоuпd the Z axis oscillations of tlie telescope
axis оссur at frequencies 0.8-0.9 Hz, the aпipiitude оf
the oscillations геа,сh va]ues up to 1 аrсsес.

5. Fоr oscillations of the tube wit}r rеsресt to thc
middle unit of the telescope to Ье produced, it turned
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]щi necessary to аррlу grеаtеr shocks of the type of
щеtd discontinuities when repointing the telescope.
ТЪ faited to reveale oscillations in the system .middle
liпit - шirrоr cell". In the system "middle tube unit

- ftont ring" соmрlех vibrations with а frequency of
;;е fiгst hаrmопiсs - 4 Hz аrе excited.

То i]lustrate these results, rесоrds of telescope
';acking at impulse disturbations of the system,
Thich irnitated rvind loads, wеrе obtained. Fig.10
presents the consequences of а push оп the рiliаr of
;hе telescope, which gave rise to oscillations of the
:rзаgе Brith u, - 0.9 Hz and z, - 0.8 Hz and an
*rnplitude of - 0.6 arcsec7 the time of damping of
killation in azimuth is much shоrtеr.

,4

-.1

-.6

.iб

.|2

,8

1515

Гlurе 9: а. Telescope trасkiпg еrrоrЕ оп 2.0в.1991. Тор - initial process апd, lоw-frеquепсу trenils i,п the a:tes
^ gаd, Z (in " ), bottom - рошеr sресtrа of the loll1-|requency trепd.

As а геsult оf the investigatiorrs accomplished,
V.F. Rrrkhlev constructed а mathematical dynam!
са1 model of tire telescope and analyzed the standard
сопtrоi s},stem of ВТА. using this dynarnical model
of сопtго1. The anallsis not only reproduces the оЬ-
sеrчеd pattern of tгacking еrrоrs, wirich confirms the
rеаlit1. оf t}re mathematical model, but also defines
tlre lirrritations imposed on the standard algorithm
of сопtrоi (the oscillatory circrrit of the tube with-
out feedback 1оор arrd the spring-loaded wоrm gears.
the ty-pe 2 sегчо systern, small сопtrоl moments, e:tc.).
Fig.11 рrеsепts thе result of an attempt to feed а mis-
matc}r signal iп azimrrth from the digital TV-guide
into the standard control system (control loop on the
object). Опе сап see the development of vibration
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gent requirements in design of mоdеrlr 1аrgе tele-

ScopeS:
pointing еrrоrs is по worse than *1 аrсsес in boti,

axes;
trend tгасkiпg еrrоr is по lаrgеr than 0.2 arcsec fc-,:

ап ехроsurе of 30 minutes;

- amplitude of high-frequenc}, tгacking еrrоrs is п

mоrе than 0.2 аrсsес.

The designers of the standard control system suc-

cessfull1,, for their time, so}ved the рrоЬlеm of сопtгс-
of the б m telescope. having очеrсопrе the difficult,
of the ехtrешеlу limited rarrge of соmрutеr and dig-

ital facilities, angle-to-code сопчеrtеrs etc. Howeve:

to meet the present-day ассurасу requirements, it l.
песеssаrу to introduce nerv control aigorithms rl,hiс:

rvould eliminate the effect of external disturbances. _--

circuit of oscillation damping was experimentally iп_,

plemented at the ВТА А axis, which with the spee -

.10

.1

6912
Time (sec)

12315
Cvcles/sampling interTal

of the telescope at the frequency z, - 0.6 Hz fol-

lоц,еd bi, loss of t}ie object of tracking. It is evident
tlrat tlre possibilities of improving the tracking ас-

сuгас\, ctraractelistics rеасhеd their limit. with ihe
aid of the automated projecting system "DISPAS"
\-.F. Rukhlel sl,nthesized an algorithm of invariant
(li,itlr respect to external disturbances) control with
damping апd compensating ciTcuits, which employed
ассеiегаtiоп as а раIаmеtег of сопtrоl. In this situa-
tion thе пuпrьег of feed-back trапsduсеrs was held to
а шiпiпum. since the сгеаtiоп of transdusers of posi-

tlon. speecl апd ассеlегаtiоп at the outlet axis, which
rгould }ral,e tlre rеquiгеd sensitivity and time resolu-

tion. is the mаjог difficult1,. It was shown with the
пrаthепаtiсаl mode1 that one mау rеасh for ВТА а
tracking accuIac},of (0.1-0.2) arcsec with exclusion of
botir the tгепd and higli-fгеquепсу guiding еrrоrs.

The qualit1, of сопtrоl must meet the most strin-
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Figrrre 9: Ь. Hi,gh-Jrequency соmропепt of trасk,iпg еrrоrs of Fi,g. 9а апd its роu]ет spectra,
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--._.оr of displacement of the wоrm gear mounting
:_: the rеquirеd network v;hich fоrms the сопtгоl sig-

._. This resulted in а reduction of oscillation darnp-
_ : l ime Ьу а factor of 5-6 and improvement of the ас-

_: acr- characteristics of mапuаI correction. Thus the
-:fогmапсе of ВТА showed that the model damp-
_ aigorithms of vibration of the telescope as u,е11

- :ile possibility of using spring-loaded и,огm gеаr

. ;.tlrtings, as indicators of external distuгbances, аге

..:ified.

5. Conclusion
'.'.'. 

ha,,,e dvrelled above оп the quantitative illustra-
, il of general рrоЬlеms which determine the effi-
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сiепс1, of utilizing t}re large iight-gathering роwеr of
the б m rпiггоr. The empirica] material of mапу уеаrs,
the inteгesting геsults of its analysis, the development
of methods, and the ехреriепсе of operation of ВТА
hal,e Ьееп published in the рареrs of the staff mеm-
bers and scientific-and-technical rероrts of SAO RAS.
Оп the basis of the 20-уеаr experience of ВТА oper-
ation rTe аррlу- the fоllоц,iпg judgements to the basic
astronomical аррrоасhеs of the ВТА project.

1. The astronomical climate at the ВТА site is
the Tnain factor diminishing the observational poten-
tial of the telescope. Ноwечеr fоr the last 20 years

it has been ascertained that in the Еurореап part of

30

-- .:..lге 10: Rеsропsе of the telescoy,te tracking оп the impulse о,utеr реrturЬаt,iоп. Тоуl -,image сепtrе osci:llat,ions
, ,lrld bZ (i,п" ); bottom - роuеr spectra of the рrосеss.
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the Еоrrпеr LSSR. including tlre Transcaucasian rе-
giоп-ч. thеге аге по piaces u,,ith better climatological
сhагасtегistiсs fоr а iагgе telescope.

2. Тhе relatil,e ареrturе оf the main mirrоr 1:4

rr,as designed lTith allorvance fоr the technologicai pos-
sibilitles of the 50s. This determined the difficulties in
solr,ing t}ie therrrra1 and control ассuIасу рrоЫеms of
the telescope.

3. Strrffed rтith ргоduсtiоп аrеаs and er.err living
spaces. the building fоr ВТА replicated the telescope
buildings оf t}re beginrring of the century and defined
the difficultles in olercoming rapid outdoor tempera-
turе r-aгiations at the site of the telescope.

-1. The bold decision to сгеаtе а large telescope on

1234
Cycles/sampling iпtег,ч а1

arr alt-azimuth mounting ц.,аs rчаrгапtеd. Just because
of this the successful реrfогmапсе of tlre alt-azinruth
molrrrting of the б m telescope had а strong influerrce
оп the trend of ]аIgе tejescope construction, which.
together with nerv optical technology, encouraged the
increase of the limiting diameter of а siпglе-mirrог
teIescope.

we do not discuss the aftereffecis of the ferrdal deci-
sion to build an acadernic аstгопопriсаl institution irl
а lonely gorge in tlre mountains far frоm unil.ersitт
and scientific centers а,пd we dirесt readers to the ра-
реr Ьу Yrr.N. trfrеmоч (1992) whose conclusions аrс
quite соrrесt at this point.
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Figuге ||: Resport,se of the standard, сопtrоl system оп the еrrоr si,gnal of the TV-gшi,de, 1'ор i,tlъаgе oscilla-
tiorts i,п, ^, о-пd Z: bottom --- роlil€:r, sулесtrа о! the рrосеss,
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,\ctualiy there have been no losses of observing
-,: fоr technica} rеаsопs during the 20 years of ВТА
:,ation. The inspection conducted in i989-1990
:геd а great rеsеrче of service life of ali mесhап-
_ units of tlre dome arrd telescope. At the sаmе
..- it rTas forrnd out that the rеsоurсеs of ВТА ACS
-=d оп the elemerrts of tlie еаrlу 70s had Ьееп соm-
.lr- exhausted. Since increasing losses of the liпг
. amount of the ВТА оЬsегчiпg tiпie threaten, а
ect of replacerTrent and modernizing оf ВТА ACS

,.;ect ВТА ACS-NI) was worked out. The aim of
;lгоjесt ,was not only to rеstоrе the service life

-:le telescope but a}so to meet thе present-day re-
. :,:tnents to the accuracy of tracking and pointing.
: c]ata presented above show that the efficienc1, of

_ \ сап Ье сопsidеrаЬlу improved Ьу the imрlеmеп-
,. ,rr оf the following points rэf the ВТА moderniza-

. illan:

. full realization of ACS-N{ fоr ВТА;
о rnodernization of the oi1 supply system
rgh the creation of а unified system with oil tem-

. _lluге сопtrоl;
. герlасеmепt of the glass mаiп mirror Ьу а sitall

, .lirving а minimum coefficient of thеrmаI expall-
__:

r геrпоvаI frоm the building of all procjuc:tion
. _li irrg premises;

о irrtroduction of observaiiorts iп tlre irrfrarer1

л- to take advarrtage of tп,iligirt.

illis plan, if realized, T,,ill bring ВТА to the level
,.iIent rеquirеrпепts fоr а lаrgе optical telescopc

- -av ar foundation for the effective adoption of
,_ facilities of acla,ptive optics. On the v,,hole fоr
]0 r,ears of operation the telescope has livecl up
trlistic expectations of astronomers, especiaily in
:l,a1 obserrrations, Wherr scheduling further п,оrk,

" " , RAS proceetls fгоm the evident situation that
-._t 1reдi€st 15 уеагs ВТА remains the опIу hоmе
: _iег of оЬsеrчаtiопаl data in the strrdy of ех-

trеmеlу faint oiэjects. In so doing it rnust hold com-
petitive in the collaboration with both other large
grоurrd-lэаsеd and space telescopes. In the past }rears
apart from the scientific results SAO RAS has ас-
cumulated valuable rnethodical experience in solr,ing
observational рrоЬIеms of astrophysics, It is this ех-

реriепсе that instils confidence that the possibilities
of ВТА аrе fаr frопi being exhausteci and the аmоuпt
of o'oservational data being oЫairred at ВТА is ех-
pected to increase.
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