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то тнЕ 30th лIýIýIчЕRSлRY оF тнЕ SPECIAL
ЛSТRОРНYSIСАL OBSERVATORY

irr tlre fa1l i996 а Сопfеrс+псе declicated ttl tlrc 30th аппiчеrsаry of the Siэc:ci:rl

Astrop}rl,sical ОЬsеrчаtgrу was held.

Below we presel]t sottre rероrts delivereci at this СоrrfЫепсе,

Bu,ll. Sylec. Asfu,oiit.l1s, OD.s., 1998, 45, ]7-З8

Contribution of Institutes of the Academy of Sciences into
creation of the б m telescope

N.},I. Mikhelson

Ihе \Iain Astroriomical Observatory, Pulkor.o, St.Pctersburg. Rrrssia

!;,.r:eilled .Iапuаr,у 9 199?; acceptetl Дрr1,1 12, 1998-

Dedicated to the merrrory
of the corresponding rпеrпЬеr
of the USSR Асаdеrпу of Sciences
D.D. Maksutov чrhо initiated
construction of the б m telescope.

1. Introduction

In the 19th century Russia held centre-stage in
аstrопоmу the world очеr, It vrаs not without а
геаsоп that Simoir Newcomb (1903), referring to
В. Gould, called the Pulkovo Observatory "The As-
trопоmу Capital of the World". It was made fa-
mous Ьу the rvorks of V.Yа. Stгеwе who equipped
the obserl,atory with the most elaborate astтonom-
ical instruments, allowing сrеаtiоп of the most ас-
сuгаtе (сопtеmроrаrу) astronomicaI catalogues. The
15-iпсh (1839) arrd 30-inch (1885) rеfrасtоrs were the
вогld's largest telescopes at that time. They enabled
O.\r. Streиre and G.O. Strewe to accomplish а funda-
mепtаl study of mапу visual binary stars, and аса-
demicians F.А, Bredikhin and А.А" Belopolsky to de-
velop astrophysical rеsеаrсh at Pulkovo.

In the еаriу 20th century, however,,the USA Ье-
gan constructing large reflectors. Iп 1908, 1917 and
1948 rеflесtоrs with diameters of 1.5 m, 2.5 m and
5 m, respectively, wеrе put into ореrаtiоп. То keep

расе with this, the Russian Gочеrпmепt, shortly Ье-
fоrе World Wаr Опе, hired the British firm Gretlb-
Parsons to manufacture two telescopes: 0.82 m and
1m rеflесtоrs. During World Wаr Two both tele-

scopes' as well as the two refractors at the Pulkovo
Observatory and а number of smaller instruments at
the Pulkovo, Crimean, Kharkov and оthеr observa-
tories, wеrе destroyed,

То remedy the situation the State Optical and
Mechanical Plant (SOMP) constructed meniscus tele-
scopes of up to 0.5 m (for the Pulkovo and Сrimеап
Observatories), and 0.52 m and 1 m Schmidt cameras
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18 MIKHELSON

дсаd. V.Р. Liппik

(both fоr the Вуurаkап Astrophysical Observatory),
and 0.7 m rеflесtоrs (fоr оthеr observatories) designed
Ьу Р.V. Dobychin. The State Institute of Optics соп-
structed а meniscus telescope АС-32 (for the Abas-
tumarri Observatory) designed Ьу В.К. Ioannisiani.

UndeT the supervision of В.К. Ioannisiani а rеflес-
tоr (Shaine Mirror Teiescope) with а mirrоr diameter
of 2.6 m vrаs designed at SON4P fоr the CTimean ОЬ-
servatory. However, all this could not bring us to the
forefront in astrophysics. That is why in the autumn
of 1951 D.D. Maksutov proposed to the Government
of the USSR the idea of constructing а lаrgе telescope.

Оп SерtеmЬеr 21, 1951 the Presidium of the
USSR AS passed а decision (No.377) in which the
inadmissable lag between the state of instrumenta-
tion in the hоmе observatories and the requirements
of science was pointed out.

In the sрriпg of 1952 the Government permitted
the Academy of Sciences to start the relevant sеаrсh
activity fог а рlасе to build а 1аrgе telescope.

2. The Joint Соuпсil of the Lаrgе Tele-
Scope

On Мау 10, 1952 the first meeting of а gгоuр
of аstrопоmетs and епgiпееrs, presided over Ьу
acad. Y.Р. [,innik, was held in Pulkovo. The meet-
ing was attended Ьу the Diгесtоr of the Pulko-
vo ОЬsегr-аtоry согг. шеm. А.А. Mikhailov, acad.
G.А. Shяiп. согI. mеm. D.D. Maksutov, acad.
\{.Р. Kostenko, сЫеf designer of the Shine Мir-
гоr Telescope В.К. Ioannisiani, and well known as-
trопошегs соIт.mеm. M.S, Zverev, V.В. Nikonov,
Р,Р. DоЬгоптаr.iп. рrоf. О.А. Mel'nikov and Eh.R.

Di,rector of the Pu,lkouo Obseruatory
Соrr. mеrп. oJ RДS Д.Д. Mikhajlou

Рrоf. О.Д. Melni,hou

\4ustel. V.Р. Linnik asked the opinion of the meet-
ing's participants about the possibilities for using
an alt-azimuth mounting. А.А. Mikhailov noted that
in such а mounting опе wou}d have to compensate
for the field rotation. о.А. Mel'nikov formulated the
tasks the telescope was intended for and spoke out оп
the benefits of ап alt-azimuth mounting. G.A. Shain
suggested opting for the б m telescope.

On Мау 72, 19б2 а second meeting took place
with the participation of the well-known telescope
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ChieJ designer ol the ВТД В.К. Iоаппisiап,i

l=.igпег P.V. Dobychin. At the meeting В.К. Ioan-
:__slarri asked if it was rеаIiу лgсgijgаrу to emphasize
-:_et the mounting must Ье azimuth, and that it was
. ;l,eil, а matter of tlre designers to decide. }Ior,vever,
',', Р . Lirrnik insisted tha,t the type of mounting s}rould

' - specified since to settie the matter the specialists
_l rrL the Institute of Automation u,ould Ье invited.
_:,е point is that сопtrоl of ап alt-aziпruth telescope
-. l,adically differerrt fгоm the conventional апd соm-
,_ a.:,atively simpie сопtrоl of ап equatorial telescope.
Т.-, choose а material for the teiescope maitl rrtirrrlr
..ass оr rrreta} was usually employed) it was decided

: _, ililng in А,А. Bajkov Institute of NIetaliurgy the
:,:ientific Research Irrstitute 1З, and the Institute of
|_':lenrical Silicates. Fоr the calcцIations of dеfоrrпа-
i _ l]i of tlre rnain mirrоr the Institute of \4achine Engi-
: leling. the Institute ofNlecharrics and the Leningrad
?_l,r,technical Institute were invcllved. The necessity

_ lnc:lrrding the Leningrad Optica1-\,Iechanical Firm
LO\IO \lras then still known as the State Optical arid

],Ir:cirariical Piant) and t}re Lytkarino Piarrt of opticai
*-;lss ц-аs also nevcr irr dorrЫ.

ilr lris spcech D.D. \faksrrtov evaluated thc сhаr-
,1,1 еIi,чtiсs, rnerits arld clisadvantages of glass (pvrex)
,l_ii tlretzrl mirrors. Witir ttre lirtters \{aksrrtclv (1937,
]ir\-ij l\-as ticaling as e;rrly as thirties. Не cx}llairre<l
-:l| lrcc,essit} of rrsirrg а field соrrссtоr arrcl the ilossi
:,_iit r, сlf епrрlоуillg irr the c:apacity of slrch ап asllher-
,,а1 ltlcrlist-ltrs. "\Ме slrclrrld scck ire said rrot аftсг

-l.t: dirrlcrrsiorrs of the telesclope, Ьut after tlre qualit1,
,:.r1 selc:cltiorr clf its sitc of irrstalltrtion; tlre optiсa1 аr-

rangement could Ье either classical, with а соrrесtiпg
iTteniscus, spherical mаiп rпirrоr, with compensation
for aberratiorrs through the secondary mirror and а
lепs оr meniscus соrrесtоr. оr а рurеlу mirrоr apla-
rratic systern".

ITr the аutumп of 1952 the Department of As-
tronomical Instrument-making headed Ьу D.D. N4ak-

sutov ч,аs created at thе Pulkovo Observatory.
B.K.Ioannisiani took part in the work of the De-
partment. The Department was composed of four
grоuрs: thc Optics Computation Group (headed Ьу
D.D. Nlaksutor., rvitlr colleagues }i.V. il4erman, М.А.
Sosnina, T.S. Belorossova, G.V. Borodina, and labo-
rаtоrу assistant I.D. Yumshanova), the Design Of-
fice (heacled Ь1. В.К. Ioannisiani, with V.G. Il'in,
Yu.S. Streletzki. А.\'. Schumacher, N.A. Shkutova,
T.S. Gerasimoтa. I.E. Saksina, E.G. Grossvald, and
others) , the Gгоuр for Der.eloping the Control Sys-
tem (N.N. Nlikhelson, Yu.А. Belyaev, V.S. Sumin,
Z.V. Drar,skikh. L.\'. Nikola1,,eva, К.А. Naidenova,
А.Y. Korolel,. and Yu.А. Kozlov). The grоuр for in-
vestigatioll of astIonomical ciimate and selection а
suitable site fоr t}re telescope ,was organized some-
lvhat later оп. in 1955. N.I. Kucherov Ьесаmе the
chief of this gгоuр r,,,ith colleagues G.I. Bolshakova,
N.V. Bl,strova, О.В. Yasil'ev, G.Ya. Vasil'eva, A.Kh.
and Sh.P. Dаrсhil,а. A.N. Dernidova, А,F. Sukhonos,
and many оthеr scientists frоm different observato-
ries of the coulrtry, as п,е11 as ýtudents and amateur
аstrопоmеrs.

А пrrmЬеr of Institutes of the Academy of Sci-
еrrсеs and оthеr departments wеrе engaged in ihe
wоrk оп the 1аrgе teiescope: the Institute of Automa-
tiori and Еlесtгоmесhапiсs (N{.P, Kostenko, Yu.A.
Sabinin, Р.\'. Niko}ael . I.P. Rozhnova and others),
the Institute of \Iechanics (prof. A.L. Goldenvejzer),
ihe А.А. Bardin Institute of \'Ietals. the Leningrad
Polytec}inical Irrstitute (соrг. mеm. A.I. Lourie and

рrоf. L.G. Lojtsl,ansk1,) . the Institute of N{achine En-
girieering, and t}re State Scientific Research Institute
of Quartz Giass (\i.P. Prl,anishnikov). Lаtеr inclu-
sions п.еrе the Leningrad Department of the Scientific
Research Institute of Design (director I.A. Ostanin
and chief агс}ritесt D.Kh. Enikeev), the Sоуuzрrоm-
mekhanizatsil,a Trust (chief engineer N.D. Tatari
поч and cirief desigrrer А.Р. trliseev), the Yuzhstal-
construktsil,a Тrust (},'LYa. \''islrnevskij), tlre Insti-
tute 993 (N.\I. \-alrirnerrko). the Lenin Wогks, the
Lcrrirrgrat1 Optic:;rl \"Icclharrictll Firm, tlre State Opti-
са1 Institrrtc:. ancl оt-hеrs.

-i\ Joirrt Courrc:il п,ils сrеаtеd at the Pulkovo оiл
se1,\.atol,\- tcl grriclc the irnplcrrrerrtation of all work.
Acad. \-.Р. Lirlrrik ,,l,irs origintrllv at the head of this
сouncil. llrrt irr 1961 tlrc Diгесtоr of the Pulkovcl ОЬ-
sеrчаtоr,\, aczrcl. А.А. N{ikhailor. took очеr. The coilrl-
cll rеgulагlr, disc:usscd tlre ргоgгсlss of work in ail t}re

institutes 1irrkec.l to the рrо.jссt. Irr all, mоrс than
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thirty sittings of the council took рlасе betvreen 1952
and 1967. Interest in the п.оrk was aiso expressed
Ьу the President of the Асаdепr1. of Sciences, acad.
\4.V. Keldysh, the Secretary of the Gепеrаl Ph5.5ig5
and Astronomy Departrnent of AS, acad. L.A. ;\rtsi-
movich, and the Astronomicai Corrncil (AS) thrоugh
its Chairman, соrr. mеm. Eh.R. N{ustel.

The project to build а б m telescope in the IISSR
was first publicly revealed Ьу the Chairman of the
Council of Nlinisters, N.A. Kosygin, in the summег of
1958 in N,Iosco,"v, during the tenth Congress of the In-
tеrпаtiопаl Аstrопоmiсаl Uпiоп (Vestnik USSR AS,
1958).

3. Wоrk of the Astronomical Inst-
rument-making Department at the
Pulkovo OLlservatory

Ап еlесtriс atmosp}rerc reigrrerl in the Astronoпrical
Instrument-making Dераrtmепt the spirit of rl,hic:h
саmе frоm Drnitгii Drnitrier,ich \,{aksul,clr,. Fог t}rc

creation of the large telescope it was necessar}, to
soive а grеаt пumЬеr of рrоЬlеms. and саrr1, orrt а

lаrgе amount of modelling arid rеsеаrсh. Fог deci-
sions on пumеrоus technical questions it was deeпied
essentiai to construct ап experitnental teiescope (700
mпl in diarneter) at Рulkочо. Before its eTection thrее
fundanienta] tasks rvere formulatcd:

1. То check the flrnctiorrirlg of а lens conra cor-
rесtоr 1Ьг а paraboloid rеflесtоr.

2. То inr,estigate the рrореrtiеs of а rrtetal miгrог.
З. То test the oppor:tunity of usirrg nerT prin,ciples

for сопtгоlliпg the telescope.

T}ris telescoile гесеir,еd thе паlпе Ri,{-700 (пrоdеl
rеflесtоr. 700 mm in Сiаmеtеr)" Tlre subsequent rlоrk
of the Аstгоtlопiiсаi Instrument-шraking Departrrrent
апd Optical-\Ieclranical \\rorkslrop rvas to а corrsider-
а'Ые c:xtcrlt сопсепtгаtе.l оп the creation of tllis teie-
.-ч(,оI)е,

4. The \чоrk of the Optical Group
u,ithin the Astronomical Instrur.nent-
making Department1 calculation of
the optics of the Iагgе telescope ancl
related \\-оrk

Тhс oplicai g1,oit1_1 tttldcr thе leaderslrip of D.D. \4ak-
,сtlIо\, _iii]1,Ieci lli, accurrrrrlating ехреriепсе of аstrо-
ttoIlrir:a._ it:i:i_,.Tle calcrrlations. N.\-. N,iеrmап (1958)
caic_ilal..i :i,c ,-,,"liir:s of the 700 mrп rneniscus lunar*
1-,ial_ei i: l-.,- i,j..:).,,-,Ir| п,iliclr rr-as srrbsecluently built irr
thc .,, ,l,.:.i_ :,. ,,: hc Pulkolo оЬsегчаtоr1,," То facil-
ita,ip -:_; r].:,,]rL.l]ilaj] ti,hrch п,оuid choose the firtuTe
lnsla]ia:_._:l j::" .,: the lагgе telescope. N,V. \{еrmап
alcI T,S. B,.. :,,s.. r,a c,alc,ulatecl trvo light meniscus

Cassegrain type teiescopes TE\I-1{0 and ATN,I-140.
Tlre telescopes lrad the diarrleter,_c l]0 mm, the eqrrir,-
alerrt focal distance 2930 пrпl. апс1 а r.ery thorough
aberratiorra1 соrrесtiоtl. Сопstгuсtiоп of the tele-
scopes ц,аs саrriеd orrt in tlie Design Office (DO) of
tire Instrunrent-making Department Ь1. Yu.S" Strеiеt-
skij, А.V. Schumacher and I.F, Saksina urrder thе
leadership of В.К. Ioannisiani, The telescopes Тtr\4-
140 wеге erected оп а parallactic rnounting, and lrad
а clock mechanism driven Ьу а gramoplrone string.
The telescope ATN{-140 had an azimuth rnourrting
arrd а specially improved optical system шith slightli.
elliptical main miгrоr. This optical system ensured а
field upto to25".

Fоr the б m telescope it l,vas, first of a}I, neces-
sаr\r to select а relative aperture. А long-focus mir-
rоr rvith а lorv focal rartio is corrsiderably еаsiеr to
rTrake than а high fосаl гаtiо one, because in the lat-
tеr the parabolclid deviatiorr {ror:rr tlre sphere is шuсh
1аrg;еr. А lorrg-focus rrrain пrirгоr ц,оuld necessitate
-rhe rrianufactrtle of а long telescope 1.ube апсi а ciolrte
of 1агgе diапiеtсlг. _\ long tube. though. rna,v sag quite
coltsiclc:r,ablr,: tlris ri,ill Ьгlпg aboirt а disadjusiпient
of the rэptiсal sl,stem arld the арреаrаl}се of supple-
tnentar}, соmа) .jolistant thгoirg}rout the whоlе fieid,
\,lоrеоr,еr, the cost оГ tlre teiescope anr1 сlсmе wcluld
itrcrea,se r,,,,ith any extension iп the lengilr of thcэ tube
arrd diапrеtеr of thе doпre. Iп, selectirig tlie telescope's
diaпreter: D.D. N'Iaksuto\i was r,еrч caTefril. Тц,iсе
(ОсtоЬеr 9, i957 and December 12, 1957) he sшg-
gested settlirig fоr t}re 4 пi diaшieter, brrt \,'.Р. Lirrriilt,
\r.A.,{rnbaTtsumiarr arrd others insisted сiп the б Tn

diameter. Origirrall;,, calculations of optics п.еrе mаdе
fсэr,t}iе re}atir,e ареrturе of the main пlirгоt:1:3. After
evaluatirrg difficrrities of mапufасturе D.D, ft,Iaksutov
concentrated lris choice on the ареIturе 1:4, With а
ma,in miгrоr diarni:tcr of б rrr tlre focal distance is 24
tn, lTith а sonrer,vhat 1оlrgеr tube. On Аргil З. 1960
а пreeting of t}re Joint Counc:il discrrssecl the prelirrri-
rrаr1, specificatiorr flэr the telescope's optics. The spec-
ificatiori was drап,п up t,ч D.D.N,Iaksutor,. It inc}udeti
tlre prirrrarv focus rvith uviol пrenisclus с:оrrесtоr of
Cassegrairr type, Nasmytli and coude. Sribsequenth,
t}re Cassegгairr and cotide foci r.чеrе геjесtеd. leavirrg
orrlT the prirne focrrs a,nd trr,o Nasmvt}r fbci.

lltilizai,ion of tlre hуреrЬоliс mairi rеflесtоr would
alloт the aplanatic Ritchel-Nlleticn аrrаrrgеmепt to
Ье employed, rvhich is frее of corna arrd tlrerefore has
а соmраrаtil,еlу lаrgе field. HorveveT. irr the Ritchey-
Сhrеtiеп system the aspherisities of the паiп arrd sec-
опdаrу rпirrоr's essentially iпсгеаsе. апd the mettrods
of сопtrоl Ьесоmе complicated. Dorrrestitl industrrl at
that tirne di<l not hаvе tlle ехрегiепсе irr rTrarrtrfar:tur-
ing high quaiity astronornical miггсlгs п,itli соmрlех
aspherical surfaces, Тhеrеfоге D.D. \iaksutov did not
risk rеr:сlmmепdiпg the Ritchel-Chгetien s)rstern with
hyperbolic mаiп rпirrог. opting instead fоr the classi-

l
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,а1 Cassegrain s5.stem, with its еаsiег to mапufасturе
:,лrаЬоliс main mirrоr.

_\ field with satisfactory image quality (1 аrс-
:tc) in the focus of tlre раrаЬоiiс mirrоr r,vith а ге1-

c.tir-e ареrturе 1:4 does not exceed 1.5 аrсmiп. То
_llсrеаsе it а соrrесtоr is needed. Through the епеrgу
f D.D. N{aksutov's group 62 variants of the соrгес-

.,.lг rтith а diameter of 1 m wеrе calculated, includ-
.:rз- ones with slight aspherical nteniscus, doullle as-
:lirегiсаl meniscus correcting for сhгоmаtism of mаg-
:,ification, and а соrrесtоr of Ross type. Ноwеr,еr,
.:l 19б0 В,К. Ioannisiani requested the соrrесtоr)s
llameter to Ье reduced to 700 mпr. Computations
_lr the соrrесtоr were саrriеd out Ьу D.D. N,Iaksu-
чr,. \.\r. N,Iеrmап, T.S" Веlоrоssоча arrd L'I.A. Sos-

:.iIla rr,ith the participation of I.D. Yumshanova and
>,\-. Воrоdiпа.

Irr those уеаrs there wеrе no electronic соmрut-
-:s. Calculations rvere made Ьу utilizing tables of log-
,._:ltlrпrs (Vega) and mechanic calculating nrachines.
I аtег the semi-automatic calculatirrg machines Rain-
::_etal and Nlercedes emerged. 'l'.S. Belorossova and
\ , \-. \Iеrmап developed fоrmulае to calculate а slant-
_:l,i, Ьеаm асrоss the sесопd-оrdеr surface (Belorosso-
-, а and \{errnan, 1968). l'he fornrulae wеrе specially
l,,ci,lced fоr the available calculating techniques.

Тhе fiTral variant of the Ross type afocal соrrесtоr,
,Iltputed at Рulkочо (Belorossovaet а1., 197б), соrг

-..lred thTee ]enses of К8 glass (including the Piazzi-
:l;litil field соrrесtоr }ens (Table 1)). The correctcr
:ll:ilt,€d il theoretical resolution оп the optical axis

li arld at the edge of tlre fieid ъ.ith the diarrreter
]iI' - 10" it was 0i'61. 100 % of the light (disregard-
.:_. diffгaction) сопсепtrаtеs in the centre of t}re field
.:- а сiгсlе 8,4 д, m in diameter. t,hile at the edge
: the field the circle is 73 р m, 80 % of the light
]Ice]ltrates in circ]es 8.4 and 58р m. arrd 50 % in

_:,cies 8.4 arrd .tr7 р rп, respectively. Tliis calculation
-:,as commllnicated to LOI,{O and taken uр fоr im-
,.._i.lrenta*uion. Later at LON,IO NI.\r. Lobachev and

- Е. \-akukhnova, (1977) calculated three-lens sчs-
-:]]ls fог the Nasmy'r,h sl,steпr: shоrtепiпg (1:14,6),
_.ll*therring (1:58.2), arrd inverting, the last соmргis-
_:_.: ol trvo thrее-iепs components. The comporrertts
:li_<til,ed а раrаilеl Ьеаm. This could aliow insta}lation
: ilrreгference-polarization fiiters.

corrstructiona], elements of the соrrесtоr аrе cited
.:_ Ta}lle 1. The possibility of using optical fused-glass
.;,.lагtz fоr all thrее соrrесtоr ienses of the рrimе focus
,; tlle telescope was studied. With this in mind, соп-

-act \l,as established r,vith the quartz-glass laboratory
,.: the \I.I. Lomonosov Plant (поw the State Scien-
:_ir: Rеsеаrсh Institute of Quartz Giass), headed Ьу
\'.Р, Ргчапishrrikоч. Ап excellent specimen of fused
jual,tz rr,as рrоduсеd in this lаЬоrаtоrу п.ith а di-
:Ilеtег of about 220 mm. Aiso чrеrе investigated
il,,о-miгrоr configuraticlns vrith squares of ессепtriс-

Таблица 1.: Comyluted constructi,onal еlеmепts of the
ВТА trlrimе lосus соrrесtоr

D N,Iaterial
-48000х -21.156 аir
R

+6125 _50

-2364.9 -2
_1266.6 _70

к8
аir
к8

-18-16 -2405.5 air
+721.86 -16х* к8
-1017.0
* N"Iain mirгоr е2 : 1.0
хх piazzi-smith lens

ities of tire rnain пrirrоr 0.0 (spherical mirrоr), 1.0
(paraboloid), and 1.2785 (hyperboloid) и,ith а соrrес-
tоr iri tlre shape of tr thin aspherical meniscus, of а
thick aspherical rneniscus, and of а tц,,o-Ierrs afocal
SyStem.

Compensating methods suggested for the first
time Ьу D.D. \,Iaksutov (1932) allow the use of соп-
siderably smaller dimensions and accordingly а соm-
paratively сhеареr concave spherical mirrоr fоr con-
trolling the big mirr,оr. Such а method u,,as employed
fог investigation of the mairr mirrоr (dianreteT 2,6 пr)
tlf tlre Shain rпirrог telescope, arid gave а big saтing
of botlr Iesources arrd time. D,D. Nlaksutov (1957)
and },i.A. Sosnina (1958, 1968) impror.cd the conr-
pelrsating rTrethod аftег considering the opportunity
of invesi,igatirrg secondal,): collvex }ryperbolic пrirrоrs
and tolerances fоr tlre s},stem of compensation inves-
tigatiorr, and also the method of investigating the соr-
rectirlg meniscus (diameter 0.5 m) fоr the Shain mir-
rог telescope. \{.А, Sosnina (1968) examined the usе
of the corrrliensaiion rriethod {br investigation of as-

рhеriсаl mirгоrs u,ith е2 - 0.5, 1,0, 1.5 and 2.0 iмith
relative ареrtuгеs 1:3, 1:.1 and 1:5. In tllis rl,ork Рап
Tziult Hua, а post-graduate sirrdent of D.D. L{aksu-
to,n,, particlpated. ý,ho at the рrеsепt time is а п,,е1l-

kпоwп аstrопопriсаl optics ехреrt in Clrina. Не sug-
gested (Parr Tzirrn Hua. 1961) usirrg а concave ellip-
tic:al пriгrоr iп the conrpensation method to investi-
gate the соп\,ех sесопdаrу rrrirrог of the telescope.
Не (Рап Tzirrn Hua, 1960) also carried оut ап inves-
tigation of tr.чо-mirrоr systems equipped with mаiп
mirrors of different shape (frоm e|i = -2 to е] : 12;
and diffeгing relative apertures. F'оr the investigation
сlf the mаiп mirrоr }I.A. Sosnina (1968) calc:ulated
ап Оffпеr lense compensator with а diaпreter of 300
rпm; this rvas considerably сhеарег than the concave
sрhеriсаl rnirror of 2.6 пr in dia,meter lvhich rvas ге-
garcied as an alternative.

D.D. Niaksu161, perfectly correcti1. thought that
the efficiency of а big telescope ц,-}rich possesses а
sma}l field lviil Ье essentially higher if next to it, at the
sаmе observatoгy, а wide-fie]d teiescope ivith а field
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up to 2trIl : 2?6 is mounted. The computation of such
а telescope, with а hуреrЬо}iс mirrоr of а 2.6 m and
а 3-Iens соrrесtоr, ,vras саrriеd out Ьу T.S. ВеIоrоssо-
va, N,{.A. Sosnina and N.V. NIеrmап (1964) uпdеr the
guidance of D.D. N{aksutov. Unfortunately the tele-
scope \lras never built.

In connection with this wогk T.S. Belorossova,
D.D. N{aksutov, N.V. Меrпtап, and NI.A. Sosnina
(1961) саrriеd out а comparison of properties of
meniscus systems, Richter-Slefogda and Schmidt sys-
tems at different relative apertures frоm 1:2 to 1:4,

but а little rvhile later they (N{еrmап and Sosnina,
1965) dei eloped an originai system - а sогt of hybrid
of the Schmidt sl,stem п,ith the meniscus Nllaksutov
system.

5. choice of construction of the main
and sесопdаrу mirrоrs of the Big
Telescope and investigation of thеir
weight deformations

The construction c}roice of the main miгrоr \vas опе

of the сruсiа] moments. Ап excessil,ely thin mir-
rоr w-il1 sag uпdеr its own weight, and its dеfог-
mations riill Ье dependent оп telescope inclination.
Тhеrе rчеrе grourrds to fеаг that а ribbed mirrоr
(like the 5 m Раlоmаr telescope) rvould Ье too "пеr-
\.оus" the gгаdiепt of temperatures in the riЬs and
on the surfасе betlveen them worrld lead to distor-
tiorrs. L]пfогtuпаtеlу thеrе rvas no success in involr,-
ing tlre \Ioscorv Institute of Oil, which possessed а

unique grid dlffеrепtiаI апаIуsеr suitable fоr саrrу,-
ing out ca}culations of соmрlех temperature fields.

Questiorrs about the fоrm of the rеаr surfасе, the
thicknes-q of the пriгrог, the песеssаrу пumьеr of sup-

рогts апс1 their distribution а11 rеmаiпеd open. Calcu-
lations via the elasticity thеоrу methods rvere fulfilied
at the Lепiпgгаd Polytechnic Institute (соrr. mern
A.l. LоLrгiе (chief). colleagues V.S. Chernina (196а).

Т.\-. BLrcLrlikol,a (Budnikova and Friеdmап, 1964) ,

\-._\. Pal'rnoi,. \-._\, Рuруrеч (1964), V.\,[. Friеdmап
ii96-1 ). arrci irl \Io_cclorT at tlre Institrrte of Nlechanics
of the L SSR _\S lргоf. A.L. Gol'denveizer). However,
iп r,iеrг of tlre cornplex configuration of the mirrоr
it Ьес:апrе neces_salv to iпtгоduсе simplifying assump-
tiotls,

_\t Prrlkoгo E,G. Grossvald and K,S. Tavast-
sitet,Tla rгir1l the palticipatioli of G,A. Ваtrапiпа,
atrci c,cll,lsultatiorls ri,ith T.D. \iaksutova (Leningrad
STate 1-1tiгel,sitvi irlгestigated the mirrоr shape us-
irls lhe ,'lilTical-polarization modelling method. They
u:eti aIr lr;i,ic l,esitl fог thе main miгrоr (Grossr.ald.
19б; tll,,1 l:cj:Llltitl fог the secondary mirrоr (Gгоss-
la,i] а-:l,.i Ta,,,ast.}reгtla. i966). Epoxide rеsiп has two
sta.ip:. О:lе oi lilese has а big modulus of elasticity
\ L]].:]1 ::,,.-,i,l],.ls . ilut easi11, softens r.vhen warmed,

the other is the opposite rr,,a1,, гоuпd. This allows one
to rесоrd deformation. Епgiпеег E.G. Grossvald de-
veioped а special centrifuge: а long Ьеаm attached in
the midd}e оп а verticle spindle. Orr the ends of the
beam thеrе п,еrе attached cylindricai thеrmоstаts in
whicli the epoxide resin rnodel mirrоrs rvere placed.
The сепtrifugе wаs situated in the basement of the old
mechanicaI workshop building at the Pulkovo Obser-
vatory. The corrtrol of the centrifuge and theгmostats
was саrriеd out from ап adjacent rооm. Centrifu-
gal force exaggerated the force on the model, which
rvarmed uр in the centrifuge until the tеmрегаtuге
softened the first rеsiп component. The result was
that the mоdеl deformed under the action of centrifu-
gal force. It then was cooled down (ъ,ithout rеmочаI
of the load) and the dcformations wеrе "frozen", The
fгоzеп defoгmations wеrе gauged on а miсrоsсоре,
Recomputation of the model on the rеа1 mirrоr was
пrade using tire thеоr1,, of siпrilarity. B_v such а method
E.G.Grossvald. K.S. Tavastsherna and G.A. Ваtrап-
iria studied 11 different corrstruction variants of the
tnain mirrоr: the cirange irr relative thickness of the
шirrог. the пumЬеr of suрроrt units. the fоrm of the
геаr surface, and the fоrm of the ribs, Тhrее experi-
mепts r,чеrе саrriеd out fоr each model. one of these
models is displayed in the Pulkovo Observatory mu-
sеum. The experimental data showed that for the fi-
nally accepted construction чаriапt of the mirгоr the
deviation of its front surfасе frоm the closest sрhеrе,
caused Ьч the weight deformations, does not exceed
0.03 рm. The t}reoretical calculations реrfоrmеd Ь1,

the grоuрs of A.I. Lurie and A.L. Goldenveizer and
also the subsequent calculatlons of N.S. Samofal at
LON{O gavc similar results.

Analysing the rчеll-kпоп,п lаrgе mirrоrs and their
support systems Danzhon and Kouder (1935) dеtег-
miпеd а connection betrveen the diаmеtеr of the mir-
ror, its re]ative thickness, and deformations fоr dif-
fеrепt suрроrt sl,stems. E.G. Grossvald (1967) com-

рагеd experimentally the results п.ith the data of
Danzhon and koudcr. The relatiorr she obtained was
rерrеsепtеd Ьу curvilinear surfaces of the fourth оrdеr
in the fоrm of spatia} graphics.

The results of calculations and experimerrtal in-
vestigations into the deformations of tire main mir-
rоr wеrе repeatedly discussed at the Joint Соuп-
cil meetings. Due to these rеsults, orr NочеmЬеr 5,

1961, at а сопfеrепсе with tlre President of the USSR
AS, N{.V. Keldysh, it was acknorvledged necessary to
shape the main mirrоr to а fоrm of meniscus vrith а
re]ative thickness close to 1i10. It lтorrld have sixty
cavities for the suррогt units dlstгibutecl over fоur
zones of the mirrоr, and а small technological central
hole.

N.N. Mikhelson (1965) examined thе Lassel рriп-
ciple of support fоr application to mlrrоrs with flat
and сопчех rеаr surfaces. and their еггоrs. one of the

l
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,,,,,сl possible construction variants of suрроrt fоr а
::.eIriscus-like mirrоr, described Ьу N.N. \4ikhelson,
,,-t.s used in the ВТА.

Study of deformations of the sесопdаr1, mirrоr and
-:-.е clroice of its fastening system wеrе саrriеd out at
].llkol,o Ьу tr.G. Grossvald's grоuр and at LON,IO
_::,:1с.г tite guidance of N.S. Samofal. Не conducte<]
-:.е calculation using the elasticity theory, while at
? l1kovo the rnethod of modelling оп fоrgе rnass (ig-

_:.rltin) was adopted, The forge mass is а gel i.vhich rе-
..::lbles softened joiner's glue. N4odels with flat, con-
а,,,е and convex back surfaces Tvith а central hole апd

--,.:hout it, models of equal weight and equai thick-
--.s. rnode]s with six points of support оп the rim
.:-ri rтith support in the сепtrе with different stresses
;,-.ie inr,estigated. The models iл,еrе mounted оп the
, -аtfогm of а special measuring device constructed

",- епgiпееr N.A,Shkutova. Tlre model соuid turп
.,:.,1е the measuring head had displacement along
-:_. гаdius. \4easurements rмere made witir а feeler
:,_:h miсrоmеtеr feed and with а needle-shaped elec-
::_с contact. The calibration of forge nrass samples
, as саrriеd out rvith а tenzoг-measuring device de-
- .l.ed }lv engineer I.F. Saksina. The results of the
- i]]lel,ous ехрегimепts саrriеd out by,E.G. Gгossvald,
,i,S, Tavastsherna and G.A. Ваtrапiпа, and а]sо the

:]lJ]rltations of N.S. Samofal, s}ioц,ed that in addi-
-- ll lcl the реriрlrеrу support system it п"аs песеssаrу
- :,.ipport the mirrоr in the сеrltrе with а strength
: ,-1 of the mаss rb,eight of the mirrоr. Iп \,Iay 1964

---= геsults of the experiments wеrе commlrnicated to
_()\IO.

6. The telescope tube design
]_::etttion was also given to construction of the tube.
_: T as поt doubted that the supporting struсturе had

ilе of Sеrrуurjеrа a,s was first enrplo1,ed in the 5 пr

-'.,_llllпr telescope. But, lvould it have а liglrt, solid
. ..:iliof оr interior sheatir (the "closed" type tube), or
]:]:_.lill tгuss (the "open" type tube)'/ Tlris question
] : ,as:itated ап апS\чег.

.\i this time the Britistr firm GгеЬЬ and Раrsопs
ll,i а геflесtоr with Ьiпаrу trrbe with а diameter of

-,:З ln fоr t}re оЬsеrчаtоrу in Haute Рrочепсе, Frапсе
С' ,:сlег. 1953): externally of metal and interna1l1, а

:]].:al grid. Ventillators wеrе mounted on the ехtеrпаl
,::,е апd on the cell of the mirrоr. The аir jл/аs sucked

.:. lhгоugh the top section of the tube, gradualiy es-

:.ped through the grid, and was throrvn out Ь1, means
: :}re verrtilators irr the dome. In the tube а 1аmiпаr

-_ ll: ol аiг r,vas created. The top section of the tube
-_l_ri t}re rnechanisпrs of the sесопdаrу mirrоr }rad а
l-,,оl_tгаЬlе aerodynamic configuration. Iп а discussion

,..,_:il D.D. \Iaksutov Couder said that such a "blow-
.:-. tlrlough" of the tube would imрrоче the quality
: llе iпlаgе. if the ехtеrпаl atmosphele (outside the

dome) was quiet. Developing this idea D.D. N,Iaksutov
suggested connecting of the telescope with а rvindoч,
in the rvind-protector blind, Ьу mеапs of а soft fun-
пе1 оп the uрреr edge of the tube. This funnel fоrm
rvould rеmiпd one of а tulip. At that time t}re French
film "Fanfarr Tulip" rvas п,idelr, screened in оur coun-
try arrcl, аlц,ауs the joker, D.D. N,{aksutov called this
bell-shaped firnnel "fanfan". This паше consequentiy
stuck. Fог the 2.6 m rеflесtоr of the Shain mirгог
telescope, c:onstructed fclr the Сrimеап Astrophysical
оЬsеrr.аtог},, а possibility rvas envisaged of installa-
tiorr п,ithin the sеrrl,цrjgrа construction а light meta1
collapsible tube with ventilators and а netted sleeve
inside it, апd tlreir connectioll to the wind-protector
blind through the hеlр of fanfan. Unfortunately а lil,e
test on this telescope was not саrriеd out.

T.N. Golor,anol,a and K.L. \4епсh, desigrrers frоm
the Design Office at the Рulkочо Observatory, de-
signed а binary rеflесtоr DT-200. Each of the tm,o

рагаllеl tubes hасl а sp}rerical mirrоr of 200 пrm in
diаmеtег. The Cassegгain system with an equivalent
focal distance of 8.0.1 m and а 1.4-fold magnification
e5repiece епsurеd а nragrrification of 470 times and
ailorved the obserr.ation of diffraction image of stars.
оп the inside of each of the skeleton tubes it \lras pos-
sible to fit а 1ight саrtоп sheath, on the interior face
of which metal foils ц,еrе glued. In оrdеr to negate
t}re small (unavoidable) difference in the qLiality of
the mirrоrs. the s}reath could Ье rеаrrапgеd frопi one
tube to апоthег. Тhеrе rvas no blou,,irrg-thгough. Nev-
ertheless. tiie obserl,ations саrriеd out Ьу 'I"N. Golo-
\ranova and K.L. L,Iench (1956) in Pulkovo and the
Сrimеа shor,ved. with certainty, the advantage of the
closecl type tube (Golol,a1lova and N,Iench, 1956).

Tirrough the erierg1. оf the Pu]kovo observatory
and the lnstitute of Automation and Electromechan-
ics the рriпсiрlе of employing а tracking system to
cotnpensate tЬг thе flexirrc of the telescope's tube,
suggested bv В.К. Ioannisia.ni, rvas successfully tested
(Gоrеча et aI., 1963).

7. The choice of material fоr the BTA's
mirrоr, and treatment of the mirrоr
fог the РN4-700

As еаrlу as the 1930s D.D. \4aksutov had ехреri-
mented w,ith metal mirrоrs (Nervcornb, 1903; \llaksu-
tov, 1937; 1948). \,Ietal, ,,r,hen соmраrеd with glass,
has high thеrmаl conductir.ity leading to а quick lev-
elling of the tеmреrаtuге gradients. This гulеs out
thermal strains n,hich distort the mirrоr surface. In
connection with this the А.А. Baikor, Institute of
tr{еtаlluгgу, lvas сопlmissiопеd to develop the formula,
conditions of casting, and annealing of а special grade
ofrustless steel. Frоm several grades developed in this
institution one was chosen. It v,,as the шоst соrrоsiоп
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resistant and the best for polishing. The Lenin plant
in Leningrad casted а biank mirrоr with Tibbed rеаr
surface for the projected Pulkovo telescope RN4-700.
This blank had an оutеr diameter of 720 mln! а cen-
trаl thickness of 104 mm and а сепtrаl ареrturе of 175
mm. Тhе thickness of the rib r,r,as atlout 20 mlп, the
facial surfасе between the riьs about 30 mm. То rе-
пiоче the residual stress the fасtоrу реrfоrmеd а thor-
ough annealing of the blarrk. Possible defoгmations of
the facial surface of the ribbed mirrоr under tlre action
of its own ч,elght, lr,herr being suppoгted at 9 points,
rvere ехреriпrепtаlIу investigated Ьу B.G. Grossvald
(1961) on models оf epoxide resin.

в1, that time the optical workshop at the puikovo
ObseTr,ator},had been fitted out rvith the optical ma-
chines КОС-750 and ШП-700, which vrere suitаЫе
Гоr treatnrelrt оf 700 rnrn diаmеtег mirrоrs. In ad<li-
tion it асquiгеd the unique interferometer LIT-40, the
multiрurроsе shаdоt, Ьепсh УТС-20 (LON{O). and
а serles of shadr- del.ices developed and produced Ь1.

tlre efforts and manufacture of both Lo\4o and itself
(Yu.S. Streletski. I.F. Saksina).

Аftег the гоuglr and fine grinding of the miгrоr
had been саrгiеd out at the Pulkovo Observatory ор-
tical rr,огkshор. its polishing was Ьеguп. An optically
idea1 splrere \\:as чеIч quickly obtained. Тhе process
of parabolizing \\Ias started. At ihis stage an optician
cuts а\\,ау the геsiп on the poiisher so that the zones
of thc шiirгог to Ье rnadc dеерсг ц,ould Ье heatecl uр
thгоugtr fгiction stronger t}rarr the zones п,hich did поt
need to ilc polished ац,ау. Due to tlrеrmаl pxpansirэn
the zones of tire mirгоr heated througli 1iictioTr bulge
and аrе grorrnd ап,а}-. \\"hen the пrirrоr cools they will
sink. То do t}ris оп glass is comparatively еаsул Ьut
on rnetai. because оf its high ttiегmаl conductivity, it
is almost impossibie to attain а tеmреrаturе gradient
anc1 the соггеsропdiпg геliеf ргоjесtiоп. D.D. fulaksu-
toy suggested glueing а 1ауеr of ruЬЬеr (thickness of
about 7 ппl) onto the hаrd polis}rer and ori this ар-
plv the polishing rеsiп. The grinding a,nd polishing of
the tlrirrсlг li,еге сагriесl out Ьу tlre ехреriепсеd ор-
tic:iarls \-Lr.F, Shkolnikov and К.А. \'-оrопkоч. uпdеr
the diгectioIl ol D.D. }Iaksutov and \,'.G. Shreiber.
Errgineer \-u,P. Platotror. took раrt irr this work at
the last stage.

\.\. \Ii}<helsorl {1958) fixed his attentirrn on
lэегr,lliuпl as ir possible пlаtеriаl for the manufac-
tut,c: of а_stгоtLоtпiсаl rriiгrоrs. Its Young's modulus
is 1.j tiпlеs highег tlran that of steel, Ьut the den-
sitг is onlr, 1.S5, Вегl-]liuпl possesses а higher lrard-
tless, _\ sпrаll satlrple rгas successfully polished in the
optical r,,,oik,.iLop at Pulkor-o. The mаiп shortcorn-
ing of 'berl,llirrIrl 

rтa,c its c:onsiderable cost and toxi
cltl,, Tilis. ltor,,,c.r,er,. did not stop the Аmеriсапs irr
1969 frс-,rll i'riгllisirirlg а GEP telescope with а ЬеrуI-
iluIll tllaltl Ilriггог of 9-10 mm (\,Iintz and Jackson,
1969 Z1l \I. Lогеtsr,аlr (1967а.Ь.с), at that time а

post-gгaduate student of Nlaksutor-. studied а great
пumЬеr of diverse a]uminium-based alloys, and also
samples frопr steel. T}re rчогk rтas саrriеd out at
Pulkovo and the Institute of }Ietais. Ноп,ечеr, Ье-
cause of lack of ехреriепсе in the fouriding. annealing
апd grinding of metal mirrоrs of large dimensiorrs it
was decidecl at а meeting of the Joint Council on the
Арril 14. 1958, to concentrate оп glass. Iп connection
ц,ith this D.D. Nlaksutov said with rеgrеt, "we hal,e
to accept suреrруrех' but пrеtаl mirrors пrust not Ье
forgotten". At а meeting оп July 5-6, 1960, attended
Ьу the leading specialists of the glass iпdustгу, this
decision was finally sanctioned.

8. Mounting
А tube of а telescope саrriеs opticai elements
tlre rпirrогs and 1ens соrrесtоr. Тhе tube itself is
suррогtсd Ь1, tlre sсl-called telescope mourrting. This
mounting allor.,,s опс to aim tlie telescope's tube at
arry point irr ttre sk1,. Fоr this to happen it is пес-
еssаr\- to епsuге tlre tube's гotation arorrnd two реr-
репdiсulаr axes. L]p to the nineteenth сепturу instru-
ments used a]t-azimuth mounting w}rere one axis was
vertical anc] tlre other horizontal. дs еаr11, as the Ье-
girrning of tlre ХVШ сепturJ* the iarge instrrrments of
Gershal had suc}r а morrnting. Н. Scheiner. and iаtеr
J. Slrort (шid-ХVШ Centurv) апсi J, Rаmsdеп (епd-
X\"III Ccrrtrrгy), поt опlу srrggested but a,lso malt-
ufactrrred sc;rrte instгtrments оп equatoгiai (the so-
calied рагаllасtiс) пiourrting, in rl,}iiclr опе axis (роlаr)
is directecl to the celestiai pole and tlre otlier (dec}ina-
tion axis) lies in the cele-qtial еquаtоr plaire. Тhе mairl
adl.antage of ап еquаtогiаl пlourrting is that after t}re

telescope has Ьееп pointed at the obiect it suffices
to Ье rotated at constant speed аrоuпd tlre роlаr ах-
is аlопе. Oniy in 1805, Ь1, equipping it with а clclck
mechanism, did J. Frаuепhоffсr bring t}re equatorial
mounting to а -ctate of perfection. Subsequently, all
big telescopes. right up to the 5 m Ра.lrlrriаr геflесtоr,
wеrе еrесtеd on parailactic mountings.

The сhоiсе of nounting fог tlre big teie-
scope began in the Design Office (Astronomicai
Instrument-tnaking Department) uпdеr the supervi
sion of B.K.Ioanrrisiani. Originali1, the Раlоmаr type
molrnting was examined but it quickl1, becarne сlеаr
that because of big rveight dеfогrпаtiопs it ц,ould Ье
impossitlie to enrplov it on tlre б rn telescope. FоI-
lorving this, the Design Office. регsuillg а suggestion
Ьу Yu,S. Stre]etski. п,оrkеd о\,ег the огigiпаl equato-
riаl mourrting (Ioanrrisiani. 1970). It c:onsisted of two
herrrisp}ieres (}'is. 1), linked bi, а siiort. strопg ро-
1аr axis. The sоuthегп hеmisрhеге is intended fоr the
alignment of the роlаг axis. ц,lrile the rrогthеrп takes
the weight of the iпstrumепt, Оп the diametric рlапе
two short fоrks lveTe mounted rr,hiсh supported the
tuЬе of the telescope. The поrthеrп hепrisрhеrе rvas
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эгоr,idеd with а notch so that the instruпrent could
:-lе pointed at the southern part of the ski. close to
:],е lrorizon. The centre of gravity of the telescope's
- llle and а11 its moving parts was situated on the
.lltегsесtiоп of the роlаr axis and the axis of declirra-
-_.ltls. and 1ау in the plane of pads rvhic:h supported
::lr: поrthеrп hemisphere. Thus the pads of the south-
.1,1l }renisphere did not have to саrrу any Ioad. Engi-
:_оег G.V. П'in skillful]y шапufасtuгеd а model (ratio
_:100) of the telescope (this is оп show at the Рulkоvо
:l_,.rseurn). However, the weight calculations showed
-::at rl,ith а б rrr diаmеtег telescope even such а rigid
::.,l1.1111ing rvould not Ье able to exclude undesirable
]-lогmаtiоrrs.

Orl \оr.еmlэеr 17, 1960 at а joint session of the
\.lгопоmiсаl council and the Technical council for
. .:епсе equipment (State Coпrmittee of the Soviet of
].Ilillsteгs of the USSR), the decision rvas passed to

:lcetrtrate on the a]t-azimuth mounting, its distirrc-
-.,.,л advantage being the sirnplicity of construction.
l this шreeting В.К. Ioannisiani said, "Originally it
.-,,.llled pointless to mе, but i,hе deeper lve, the соп-
-::"_Lctors, u,ent into it Ьу working through things t}re
]_ ,],е \\,е Ьесаmе convinced of the merits of an az-
: _,ll}l mouniing". The r,irtues аге:

. stress, transmitted Ьу the tube to the mоuпt-
iпg and Ьу the mounting itself to the bearings of the
azimuth axis is vertical;

о the main mirrоr support system is simple;
. mass of the mobile parts of the telesope is es-

sentially reducted;
о the vihоlе construction is symmetrical;
. construction of the horizontal axis of the tele-

scope is simple, which makes it easier to use hydro-
static Ьеаriпgs;

о telescope construction does поt depend on the
site's latitude;

. convenience of placing the secondary focus
light detectors on the balconies which support the
barings of the horizontal axis.

\\ ith all its mechanical advantages an alt-azimuth
mоlшtiлg has shortcomings:

1. Complexity of the control system and neces-
:ity of real-time recalculation of the azimuth and
zenith distance in equatorial coordinates;

2. Presence of the inaccessible region пеаr the
zenith, where the velocity and acceleration of azimuth
сhапgе become extremely lаrgе;

3. Field rotation at the prime and Nasmyth foci
of the telescope.

}i.N. Mikhelson (1966, 1970) studied some pecu-
liarities of the alt-azimuth mounting. Не constructed
gTaphs of isolines of the velocity and acceleration of
thе telescope in azimuth and zeцith distance, and also

for the field rotation at the prime and the two Nas-
ml,th foci of the telescope at different points of the
celestial sphere, taking into account the рrореr rrio-
tion of the target. Conditions fоr observations in the
near-zenith region lt,еrе examined, at the poirrts of
elongation and пеаr the pole. Не studied also the in-
fluence of various inaccuracies of the mounting оп the
precision of the telescope pointing and tracking саr-
ried out Ьу а star irr the centre of the field and Ь1,

an off-centre star. In particular, the following points
rь,еrе considered:

. non-peIpendicularity of the vertical апd hоri-
zontal axes:

. non-perpendicularily of the optical and hori-
zontal axes:

о influerrcle of еrrоr setting of the apparent еlе-
vation of t}te celestial роlе;

. еrrоrs in the irritiaI coordinates of the observed
object;

о lnfluence оfеrrоrs ofthe zеrо points ofthe code
limbs, tlie ессепtгiсitч of the faceplate carrving the
light detector;

. flехurе of tlre telescope's tube;
о accumrriation of еrrогs caused Ьч discontirruity

in functionirrg of the coTitrol соrпрutег;
о influence of astronomical refraction. diffегеп-

tial refractioti an<l atmosplreric dispersion.

With rеgагс1 to comperrsation foT the field rotation
at [hе рriпrе {bcus of the big telescope N.N. l,{iklrelson
(l975) believed it desireable to utilize two pirotogrr-
ides spaced in the fieid the fiгst is а t,wo-coordinate,
acting оп the cirives of the azimuth and elevation
axes, tlre secotd is one-coordinate. compensating fоr
the rotation еrrогs of lhe faceplate of the primary fo-
crrs. Ttris lr,оulсl Ье an analogue of ttre known Ritchey
(1910) cassette. Тhе farnous Gerrnan scierrtist Kiine
(1971) held а sinrilar vierl, to tlris.

in 195З N.N. \{ikhelson (1965) studied the "hori-
zorrtal" rnounting (iгhiсtr srrbseqrrently received frоm
о\,еrsеа,с the пашс "alt-alt" пrorrnting), lvtrere tlre
y,okc п,hiсh supports the trrbe of the telescope st,ings
аrоuпd the lroгizontal axis. In the horizontal mount-
irig. as distinguished frоm the alt-azimirth one, inac-
cessible геgiопs occur at the horizorr. And besides, if
the yoke iies in the plane of the first verticai then
the fогmulа of coordirrates' transformation is consid-
егаЬl.ч simpiified, facilitating the working out of the
control system.

9. Design of the RM-700 telescope
The Tnerrtioned above R_N,{-700 telescope rvas supplied
rvith а rnetal раrаЬоIiс mirrоr of 710 mm in diameter
ц,ith а reiative apertuIe of 1:3. Subseqtrentiy this mir-
rоr was Teplaced rvith а руrех mirrоr. This metal шir-
rоr is preserr.ed in the Pulkovo Observatory museum"
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Fig 1: Equolori,al mоuпti,пg of tLte б m telescope

Flооr 1evel

\{ain tЪсus F=24 m A=i/4
Cassegгain F=84 m А=1114
Coude (1 miпоr) F=l56 А=1/26
Coude (4 miпог) F=200 Д:i/34

Pulkovo 1959.Ё

Tlre optical scheme made provision for the рrеsепсе
of three s}-steпls: рrimе focus with а corrector (1:3),

Cassegrain focus (l:12). and coude focus (1:28).

\.\'. \Iегlпап and T.S. Веlоrоssоча, in ассоrdапсе
itith tlre idea of D.D. \Iaksutov, calculated fоr the
prime focus а onc-lense соrrесtог in а сопчеrgепt
Ьеапr irt the shape оf а thick afocal meniscus made

of Кs glass arrd supplemented r,vith а Piazzi-Smith
1ens of tl]e ,sat]le glass. The соггесtоr guaranteed а
геlаtir,е арегtuге of 1:3 at the ргimе focus vrith the
field 2]1 : 3S",

Utrdег thе leadership of В.К, Ioannisiani а work
rTas begutl at the Design Office очеr the project
of thе R\I-;00 telescope. \'.G. Il'in, Yu.S, Strelet-

sky, A.V. S}rumakher, I.F. Saksina, N.A. Shkutova
and T.S. Gerasimova took раrt in this wоrk. It was
desided to use а Gеrmап type еquаtоriаl. However,
in оrdеr to ilrcrease the rigidity rvherr providing fоr
the possibility of having the coude focus, V.G, Il'in
and Yu.S. Streletsky proposed some modifications.
То this end the irolloъ, роlаг axis rvas гigidly con-
nected to the hollow declination axis (Fig.2). А sec-

ond adjustable flat diagonal rпirrог was installed at
the intersection of these axes (t}re first diagonal mir-
гоr at the intersection of the optical and declirration
axes was mounted оп the dечidег inserted into the
tube through the hole iп the пrаiп mirrоr). The tube
of the telescope rvas corrpled rigidI1, with а casillg

т
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:,__,ing аrоuпd the declination axis. At the place of
:,:егsесtiоп of the declination and polar axes there

,,,L]__i ап elongated cut in the casing чrhеrе the latter
,..,l an especially strong system of stiffeners. The cut
,..,,lled one to point the te}escope at sky areas of de-

-:lrlltions frоm -20О to the роlе, and shift асrоss the
, _:1d poie to declinations of +40О. Such а construc-
- - ll of the declination axis makes it possible (with the

.lсlе focus) to separate the bearings of the axis Ьу а
l.::ance up to 1250 mm. This ensured а 1аrgеr rigid-
. " of ali mechanical construction of the telescope.

- tlre end of the declination axis а counterbalance
.:_,_i а rтоrm gear wеrе fixed, Тhе motors, eiectrical-
,:_,,tion clutch and reduction gеаrs wеrе attached to
---,. оutег casing of the declination axis, and rvith irr-

--l-ations of the telescope thev would rеr,оlче аrоuпd
-.,- it]]mo\.able declination axis. А schematic of the
,.::соре R\,t-700 is given in tlre рареr Ьу V.I. BoI-

-:.l,Kor"a and N.N. N{ikhelson (1965). This principle
,- .... lаtеr adopted Ьу the Каzал Optical Works for
-:-= -150 mm rеflесtоr АЗТ-3. The polar axis drive was
. :ltioned at the base of the роlаr axis and contained
:.:.е rnotors: one for rough pointing, which was corr-

. -,i rтith the remaining part of the mechanism Ьу,

:. i.Lec:tгical-friction clutch, а synchronous clutch for
.. :l, tгасkiпg, and а mоtоr fоr firre correction. То
..:l_illate backlash the wоrm gеаr of both axes, at the

- .._iestion of Yu.S. Streletsk1, (1961), п,еrе spring ar,-
- .:_:eci. Тhе motors rvere corrtrolied fгоm а push but-
- :. (Jn the telescope, fгоtп the semi-autonratic arrd
: л ,-]l]latic сопtrоl desks housed in the dome, and at
--_: Coucle focus.

T}re tube of the telescope was solid Trith пumеrоus

- :_:thri,ise and сirсulаr stiffeners (designers \r.G. Il'in
,:. i \-rr.S. Streletskv) . Tlre се11 of the main mirrоr was
. s:чrrеd Ьу, А.V, Strurпаkhеr. The uрреr раrt of the
- _ ,. ý,as changeable. Orre ring with а spideгwould

,:l,i-tlre соrrесtоr and the рriпiе focus cassette Trith
,-.- irlc:usirrg mесhапism (designeг А.\'-. Shrrmaklrer),
,_-- ,lilrег ц,аs fоr detachable hypeTbolic miгrоrs ц,ith
-] : сопllпоп еlесtгiс dri,,,e fоr the Cassegгain and

.:,_ie foci (епgiпееr А.V. Shumakher). Special sсrец,
]__., ]iallisms to fasten the upper rings to the tube
,., ,:_i реrmit one to duplicate the position of the cas-

..::е апd secondary mirrоrs whеп changing frоm the
,__:::_е focus to the Cassegrain and coude, and vice
- .:.l,., Tlris раrt of the telescope desigTr rvas worked

.: :lr, _\.\-, Shumаkhеr,
Tlie telescope was equipped with а finder arrd а

_._l+. _\ r,isual tube АТ used fоr the earth's artifi-
..,._ satellite observations was employed as the fiпdег.

,i_.: ielescope ТЭN{-140 was used as the guide. The
:]_...сlпеtег used fоr this was developed Ьу A.V. Shu-
:__:..:ilеr,

The te}escope RN{-700 (Fig.3) rvas bui]t iп the ор-
-_ .._ ,,.,,с-,гkshор of the Рulkочо Observatory uпdеr the
. :, .l,.,,i,.ion of D.S. Usanov and \'-.G. ShrеiЬеr b_v ех-

Fig. 2: RМ-700, the scheme of telescolle mоuпt,iпg

реriепсеd engitreers V.F. Burenl,shev, V.Ya. Bobkor,,
B.\r. Вгуushkоч-Рisаrеч and \I.A. \,Ialy,shev, turп-
ers A.Ya. Alekseev and К.А. Khokhryakov, opticians
Yu.F. Shkolnikov arrd К.А. Voronkov, and others.
The роlаr апd declirration axes ъ,еrе turned оп the
lathe, and the units rl,еrе rvelded and аппеаlеd at the
Аrtillегу Piarrt. Тhе optics of the RN{-700 rчеrе ad-
justed and tested Ьу engineers G.I. Bolshakova and
A.V. Shurnakher (1965). Тhе optics wеrе adjusted Ьу

the irnage c}raTacter апd bl,the Наrtmапп method. In
doirrg so G.I. Bolshakor,a paid attention to the mо-
tion of spots оп tlre hаrtmаппоgrапr caused Ьу atnro-
sрhегiс реrturЬаtiопs. Unforturrately, at that time чле

did not attach muсh iTnportance to this phenomenon.
It is currentl1,, Lrsed in adaptive optics in the method
of shak-HaTtmann fоr rеstоrаtiоп of the rvave front
distuгbed Ьу- the аtmоshеrе, In connection rvith this
it should Ье rnentioned that as еаrlу as 1959 academi-
сiап V,P. Linnik (1959) published а ргороsаl of using
fог the rr,,al,e front restoration а controlled mosaic sec-
опdаrу mirrоr of а twо-mirrоr telescope. This rvas а
prototype of mоdеrп adaptir,,e optics.

То study the еrrоrs of installation of the RN'I-

700 telescope and its mounting G.L Bolshakova and
N,N. N,Iikhelson (1965) applied а unique method of
rotating tlie telescope аrоuпd its polar axis with thе
rереаtеd photographing of the near-pole sky region.
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Fig. 3: Tlle Rfu|-700 telescope
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10. Elaboration of the RM-700 digital
сопtrоI System

The чеrу first examination of the сопtrоl system for
the alt-azimuth telescope revealed that no analog
computing device (neither mechanical with the use
of conoids, nor electro-mechanical with sine-cosine
transformers - SCT) could guaTantee the песеssаrу
precision of pointing and tracking (Mikhelson, 1961).
The ассurасу of pointing must Ье such that the se-
lected guiding star appears in the field of чiеvл of the
photoguide, vrhose angular diameter at the рrimаrу
focus does not exceed 1.5 arcmin. The tracking ассu-
rасу must Ье such that the quality of the photogu-
iding would not Ье wasted. Academician V.Р. Linnik
suggested taking advantage of the new digital соm-
puters (oniy then being invented). This Mrork wаs
commissioned to N.N. Mikhelson and his grоuр.

Ву 1954 there had already been а series of for-
eign соmрutеrs and domestic МЭСN4 and БЭСМ
machines (deveioped Ьу S.A. Lebedev) available. А1-
though the machines wеrе fаr frоm perfect, it was
nevertheless cleaT that arithmetical operations, in rеа1
time, for calculating tTigonometric and сirсulаr func-
tions чihich чfеrе necessary for transforming the equa-
toTia] coorfinates f and б into ,4 and z, could thus Ье
саrтiеd out. The Temaining question about the con-
trol of Tea.I instruments vrith the help of а computer
was not сlеат. А trial on the rеаI alt-azimuth tele-

scope ]л/аs рrеmаturе. It was decided to use the RIVI-
700 telescope оп the equatorial mounting for this.
With this object in mind engineers Yu.A. Belyaev,
Z.V. Dravskikh and V.S. Sumin, and (fоr the last
stage) К.А. Najdenova and L.V. Nikolaeva, under the
supervision of N.N. Mikhelson, developed and con-
structed а functioning mode1 of the electronic digi-
tal control computer (EDCC). LаЬоrаtоrу assistants
А.V. Коrоlеч and Yu.А. Kozlov v/еrе а great help in
this work.

The control system of the RМ-700 telescope
included semi-automatic and automatic controls
(Belyaev et al., 1963). Construction of the сопtrоl
desks for the semiautomatic system was completed
Ьу engineers T.S. Gerasimova and I.F. Saksina. The
drives fоr rough and precise pointing лчеrе acti-
vated Ьу buttons on the control desk оr from а key
on the telescope through а rеlау circuit. The au-
tomatic system included an electronic digital con-
trol device (trDCD), developed and constructed Ьу
Yu.A.Belyaev (1961), with help from А.V. Korolev
and Yu.A. Kozlov.

The EDCD served for preliminary calculations of
the necessary position of the telescope, fоr definition
of its actual position, determination of the mismatch
between the actual and the requiTed position, and
for its correction (Fig. а). Frоm the sidereal quartz
clock of the accuTate time service of the pulkovo оь-
servatory а frequency of 100 (sidereal sec)-l would
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Fig. 4: Д simplified sсhеrпе of the di,ylital сопtrоl system fоr RМ-700
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.:,:,_.,,е at the сопtгоl computer, where it WaS trans-
:-:,cd br. а special device for speed controi (SCD)
lrshin and N4ikhelson, 1961) itito pulses with а frе-
.jlic}, of 3.034074074... (sidereal sec)-1. In оЬsегча-

, ],: l]f such mоЬilе objects as the Nloon, pianets and
::-ets the SCD rvould slightly ctlange this frequenc1,,
: T,,1ric:h а second gепеrаiоr of sourrd frequenc1, rl'as

..,,l, The device was designed so that the effect of
:,:, ls of the sound gепеrаtоr's frequency instability

:,ц Ье diminished Ь}, а fасtоr of 10. The impLrlses
: l,_,,,lirg frоrп the SCI) wеrе sr:aled in the sidereal tiine

- .::_]llatoI generating the binary code ,9 rvhicir соrrе-
- -:_c]ed to the time elapsecl frоm the mоmепt of tlie
-,, .:c}ring of the signal corrring from the time service.

- . -: tillte interval was expressed in 1/3.034074... frac:-
- :.. of а sidereal sec. Fоr the sake of convenience а
t - _а1 mechanism was availabie that would switch оп
,,::.., jегl,iсе signal once а minute. In the first аrith-

]:l( rlnit the code cr of the preset right ascension of
, . ,llject ц,,hiсh аrriчеd frоm the control desk was
, .' ::acted frоm the code S. This operation resrrlted
,. -:_l: hоur arrgle code t. The second arithmetic unit
- ],,.,,:r:i fог comparilrg t}re actual position of the tele-
- , . \,ith the reqrrired. The actrral position would
- i=:et,ttlined frоm the code limbs attached to the
,--. ,i rhе telesctipe, 16-bit limlэs rTere manufttctured
- -._" "Geophysics" plant and digitized Ьу the Grеу
. -,,,,ilich lц,,аs transformed into the Ьiпаr1, cocle

, ,, s;lecial trigger circuit. The mechanisms of lirпЬ
..l ,tt il-еге de,,,eloped Ьу engineers Yrr.}j. Ge] and
: \, Batanor,, The сопtrоl соmрutеr emplcryed the
, .:_..,e]-.ubsequent principie and incorporated thrее

.:- jl,...1 electronic bulbs. It performed computations
" -:_ ii Ьiпаrу: bits, wirich corresponded to ап accu-
, ,., : аLilout 5//. The misalignment codes (оп each of, . ,l,dlnates) iчеге transformed into volta,ge and,
-.:.- -,::lplifiecl, then controlled the sеrчоmоtоrs of

-: . :._,-.r]c_lpС. The transformers and аrпрiifiеrs rчеrе

devised Ьу engineers К.А. h*аidепоча and L.V. Niko-
laeva. The telescope rotation speed rvas determined
Ьу the mismatch value. The irritial data, the right
ascension cl and the declination 6, were introduced
into t}re сопtrоl computer frоm the automatic сопtrоl
desk of tlre telescope through punched-tape coders.
Тhе automatic control dcsks for the contTol соmрutеr
wеге ц,,orked out Ьу N.A. Shkutova. The tube of the
telescope }reld а uпiquе uпiчеrsаl coupling electrome-
chanical counting mесhапism (trСП4), to the axes of
which rчеге a,ttached sine-cosine transformers allorv-
ing the determination of the mеап diffTaction r.ector
сопrропепt in the equatorial coordinates. The idea of
creating this device саmе frоm N.N. N,Iikhelson (1958.
1961), the meclranical раrt of it ч,аs devised Ьу engi-
пееrs В.к. IoaTrnisiaTri and А.\,-. Shumakher. апd the
еlесtriс circuits of analog-to-digital conr.ersiorl п,еrе
developed bv engineer \''.S. Sumin (1961). The luпаr-
planetary dril,e iri declination rvas combined with the
mechanism of introduction of соrrесtiопs for the mеап
refraction irr declination. This was worked out Ь1. еп-
gineer I.S. Kizelshtein, the iliechanism fоr right as-
cension corrrectiotls Ьч I.F. Saksina.

Becalrse the RNI-700 had а unique mountilrg
whiclr аllоп,еd only partial shift of the telescope, and
tire coude focus frоm п,hich the оьsеrчеr couid not
see the telescotr)e, it r,r,as necessary to install at the
coude focus а device which would show the оьsеrчеr
the actual position of the telescope, inaccessible (fоr
the telescope) zones of observation, and the loca-
tion of the obserr.ed object in the sky. Designed Ьу
N.A. Shkutova, the corrstruction of such а mechanism
received the паmе "planisphere". This mechanism in-
r:luсlеd а mоЬilе steilar mар, special lightings, which
w,еrе suppiied ц,ith соlоur filters and poiaroids, aIrd
а рrсljесtоr which imitated the position of the tele-
scope. Unfbrtunately trials of the "planisphere" wеrе
not саrriеd out,
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In spite of the fact that the control соmрutеr was
а handicraft affair, the ехреriепсе gained through its
creation and trials showed the possibility of еmрlоу-
ing the digitat control system with а telescope, in-
cluding а big telescope оп an alt-azimuth mounting.

11. Elaboration of the photoelectric
guiding system, and the wоrk of the
Institute of Electromechanics and
Pulkovo ОЬsеrчаtоrу

The п.огk of the Institute of Еlесtгоmесhапiсs con-

nected ц,itir the creation of the б m telescope was su-

perl.ised Ь5.,\'u.А. Sabinin. The Institute was handed
with tч,о fundamenta1 tasks: the first was to deve}op

an atrtorrratic tгасkiпg system which continually cor-
rесtеd the rr,оrk of the telescope's drive gеаr. In the
oid iпstгumепts the "guiding" of the telescope оссurеd
Ь1. hand thrоugh l,isual rеtепtiоп of а star's image оп

сгоss-hаirs Ь1, the action of the so-called mоtоrs of
fine соrrесtiоrr. Tlre first photoelectric tracking de-

r-ices rтhich гесеir,еd the паmе photoguides ъ,еrе used

irr the L SA irr 1930's. The guiding of а teiescope with
ап еquаtогiа1 rnounting was а comparatively simple
thlng. as thе te}escope, following the star, rel,olved
but arourrd опе axis апd did so at an invariable speed.

Неге опе onl1, needs to согrесt the miпоr еrrоrs of
the c]ock пrесhапism, gears, telescope setting, and aI-

lori, fог the r,агiаtiоп of its flехurе and atmosp}rericl
rеlгасtiоп. Тhе ргоЬlеrп of guiding the telescope, Ье-

ing аit-аziпluth шоuпtеd, is muсh mоrе comp}icated
fol it гсltаtеs сопсuггепtl1, around tu,,о axes rvith vari-
аЬlе r,elocities and асссlеrаtiопs and, mоrеочеr, it has
а Co1]l1]lol} l,Otatioll of the field of чiец,. The second

ргоЬlеп con,sisted in developing techniques for syn-
сhгопiziпg the Iotation of the dome ц,,ith the mоче-
nrent of tlre telescope. Fог the alt-azimuth mounting
this соu}с1 1эе so]r-ed muсh mоrе easily than fоr the
еquаtогiаr1. This is because the alt-azimuth telescope
arLd its dor-rle гоtаtе in опе соmmоп coordinate sys-
t е1l]..

Тhе iciea of епlрlоr-iпg а photoceil for tracking а
stаг \\,as put fоI\\,агd in Czechoslovakia Ьу G. Alter
(1929l in 1929 and Ы, \.G. Ропоmаrеч (\Iikhelson,
1977iin 19-11, Ноп,еl"ег the first photoguide oniy ар-
pealeci ill the L S_\ in the late 1930's. Witford and
С'гоll l r937a.b l пrаdе а photoguide r.vith а mirrоr
pтr,aпlrcl. The stаг ii,as inraged at its арех and the
iпLаgе rгas dil ided into fоur раrts falling onto four
pilotclc,ells lпсоrрогаtеd in pairs ln а bridge circuit.
Тhе disbaiatlcles of the bгidges served as signals of
ttrl"Iогs. Belllg arllplified thev rчеге sent to the sеr-
YLrllloII_,iS. The shrlгtcorrling of this circuit was the
iack tli Il:,_,clltlaTicltl of thе slgnal and, in connection
T,,il:]r ,1l1.. tile ilecessitт of amplifving direct voltage.
Ill l1l,. lli,,,ii,.itl,]e of Babcock (t9.18) а stаr rvas im-

aged in the centre of rotation of а half-disk knife. In
this case, if the image ц,аs displaced frоm the centre
of the knife an alternating signai ,,l ould then арреаr
rvhose phase indicated the direction of the star's dis-
placement, iл,,hilе the amplitude gave the va}ue of the
еrrоr. The shortcoming of Babcock's photoguide was
tlre extremely primitive rvay of defining the phase of
tlre signal (with the help of ап electromechanical сопr-
mutаtоr).

In its first ргасtiсаl rvork the Institute of Elec-
tromechanics сопstruсtеd а sma1l Cassegrain tvpe rе-
flector AR-250 п,ith а parabolic Tnain mirrоr of di-
аmеtеr 250 rnm fitted onto an alt-azimuth пiоuпt-
ing, rvhich was then built in the Pulkovo ОЬ-
servatory workshops. This wol,k was carried out
Ьу Yu.S. Streletsky uпdеr the guidance of prof.
О.А. \{el'nikov. With this telescope the colleagues
of the Institute of Еlесtrоmесhапiсs I.P. Rozhno-
va, P.\I. Nikolael, and others under the guidance of
Yu.А. Sabinin (1959) tested different systems of pho-

tоеlесtriс guiding using а photoguide of Babcock with
а rotating knife-modulator of light and а light divider
rеsеmЬliпg the mirrог pyramid.

The main merit of Yu.A. Sabinin's group was de-
rived from both the wоrkiпg out of the сопstruс-
tion of the new photoguides and the complexity of
the аррrоасh to the solution of this tas]t. The task
was considered not оп11, frоm the point of vierv
of сопstгuсtiоп but also as scientific. It ъ,аs песеs-

sаry to study the iпfluепсе of scirrtillation and im-
age trеmоr оп the реrfогmапсе of the photoguide,
and select the орtimum fгeqrrency of the rnodula-
tions of the light flux. Fоr the second of these it
was песеssаrу to investigate the frequency sресtrum
of scintiilation and trеmоr. ,,vhich ,ll,,as саrriеd out
Ьу colleagues of Yu.A. Sabinin at Pulkol,o and the
Сrimеа. То this end R.G. Vinogradova (1959) de-

r.eloped an 8-channel frequenc5. апаiуzег. Р.V. Niko-
Iaev, I.P.Rozhnova and Yu.A. Sabinin (1966) investi-
gated statistical characteristics of stеIIаг image fluc-
tuations. Р,V. Nikolaev (1963) саrriеd out calcula-
tions of the inlluence of fluctuations on the photogu-
ide operaiion, while I.P. Rozhnot,a (1963) rчогkеd out
а photoelectric method of rесоrdiпg the stаг image
trеmог rvhich, in соmmоп r,vith P.\l. Nikolaev, she
emploved fоr oЫaining пumеriса} геsults (Rozhnova
and Sabinin, 1963). In the iпstгuшепt of I.P. Rozh-
nova the image of а stal is fогrпеd оп the арех of
а tetrahedral mirrоr р1,-rапiid. clil-iding the light into
four parts and directing the beanrs to four photomul-
tipliers. The differences of the light fluxes served as а
signal of the displacement of the stаг's image, stimu-
lated Ьу its trеmоr, The rчоrk of the grоuр of Pulkovo
аstrопоmеrs (headed Ь1, О,А. \,Iel'nikov) can Ье ad-
joined to this wоrk.

Fоr ca}culating the песеssаг}, field of the
guide ргоf. О.А. \fel'nikov and his colleagues
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- :]]gаuеr) К.Т. Stoyanova, N.F. Кuрrечiсh and
, _,.lashchenko (1964) реrfоrmеd the rvork of

,- - . _: _ . t hе пumЬеr of stars of different bright-
-. .:- different areas of the sky. О.А. N{el'nikov,

- : - :l$дLl€r and N.F. Kuprevich (1965; 1964)
----.ated the effects of chromatic rеfгасtiоп

* ... -.,.lеr. 1974). They shorved that it wаs necessary
- ,.,. into account both the spectral class of tire

, , ..:.с: the spectral sensitivity of the cathode of the
::-ultiplier which was used in the photoguide as

'..sе first photoguides wеrе tested in the
, .,:i1-1 arrd at Pulkovo observatories not only on
- :-.escope AR-250 but also оп the iпtеrfеrоmеtеr
,' 
-.'Р, Linnik (Sabinin and Nikolaev, 1963) which
- :-::cd ait-azimuth mounting.
:_:.iloгation of the photoguides at the Institutej :--:clгofiIechanics was used in the main to реr-
- ::Le ideas of Сrоп and Whitford. The design

, -. :ile-coordinate photoguide of alternating cur-
..- ,,,,,lth а dihedral light-dividing prism, and а two-

i.:iate опе п,ith а quadrihedral ругаmid (Sabinin
. . 1960) was unique. Flat rпirrоrs direct the di-

. _ _ iэeaпts оf iight to опе photomultip}ier, in front
: ,, :_icir а rotating mоdulаtоr was mоuпtеd. This
-:::]t€d the possibility of using the amplification
::_= aiternating сurrепt. but not of the direct сur-

- - as distinct frоm the photoguide of Сгоп rvith

- _--сlir-iding optics.
Tjle photoguide with а half-disk шоdulаtоr п,аs

- _ ::sfully tested at the Сгimеап Astгoptrysical ОЬ-
--_,,.tс.,г\- (Sabinin and Nikolaev, 1960). It was used

-- ,':.с: |,22 m reflector and showed чеrу good results
- :_ ехроsuгеs up to 40 minutes оп guiding Ьу stars

. -i, 7'' and the comet \4аrсоs.
.\ r,evierv of the work of the Institute of ЕIесtrоmе-

_],:]ics on the elaboration of the photoguides was
_", :l iп the book Ьу Р.V. Nikolaev and Yu.A. Salэinin
_:o9l. Subsequentiy Z.N. Kuteva and R.K. N4аkаrо-
. l975) rчоrkеd out а photoguide rvith а squаrе mul-

-_.,,iег and еlесtrопiс соmшutаtоr, which divides the
" ,,е of rтork into two parts: the еrrоr signal is ini-

-.,,.ir, с]еtеrmiпеd, then the minimization of the еrrоr
-..llа1 is done. The еrrоr signal is determined Ьу the
_._:ргепсе iri the пumЬеr of impulses received frоm
-:_- opposite sесtоr cathodes of the photomultiplier.

P}rotoguides ofthe descгibed types guarantee соп-
.::,llous соrrесtiоп of the telescope's position. This,

::_оugh. is not песеssаrу as еrrоrs of tracking ас-
;lllulate slowiy. This рrоmрtеd Р,V. Nikolaev to

::,ake use of the accumuiation of the rnismatch of
:,е егrог signal. Thanks to this the limiting magni

- .ri]e of the photoguide, with the half-disk modula-
- lг. \\-0s successfully eniarged Ьу 2 - 3- (Nikolaev
-: а1.. 1964; Вurоч et al., 1970; Kuteva et al.. 1972;

iruteva and Sabinin, 1972). Ноwеtеr, stоrаgе of the
.lgrral is expedient when guiding Ьу weak objects;

therefore а photoguide with variable signal storage
duration was later elaborated (Nikolaev et а1., 1977).

This п,ork fоr the ВТА was already behind sched-
ulе. А.F. Вurоч, Z.N. Kuteva, R.K. N{аkаrоча and
P.V. Nikolaev (1970) utilised the principle of pho-
ton courrting whеп ,"чогkiпg through the photoguide,
u,hich raised the signal/noise ratio, and enhanced the
sensitivity Ь"ll 2 - 3-. Such а photoguide passed suc-

cessful tests оп the 0.4 m rеflесtоr at the Сrimеап
Astrophysica} ОЬsеrчаtоrу.

А1] these ц,оrks have practical significance fог the
present time. \{oreover, they irrtroduced а significant
contribution to the study of tеrrеstriаl atmospheric
turЬulепсе. Subsequently the systems iмorked out Ьу
Yu,A. Sabinin's grоuр laied the foundation fоr the
automatization of mапу hоmе telescopes, including
the SN,{T rеflесtоr at the Сrimеап Observatory.

Yu.A. Sabinin and Р.V. Egorov solved the second
task to vrork out а method of synchronizing the
dome and the telescope mочеmепt. The first wогks
in this direction wеrе based on the so called "рнА-
NTON,{" rnodel of the dопrе апd telescope (Sabinin
and Egorov. 1960). Тhе пrоdеl of the telescope) con-
nected to the шаiп telescope with the heip of а syn-
сhrо follorv-up system, replicated all the movements
of t}re teiescope and rotated the model of the dome
througii а mechanical dгiче, while the model of the
dоmе, being connected to the rеаI dome Ьу а simi
1аr foiloli.up system, made the dome turn in а de-
sired direction. А mоrе sophisticated system rvith the
use of sitre-cosine rotatirrg trапsfоrmеrs is described
in (Sabinin and Egorov. 1961).

At the same time, in the capacity of а possi-
ble alternative s_vstem of corttrol, Yu.A. Sabinin and
P.V, Egorov (1963) considered an analog system
of coordinate transformation (Egorov and Sabinin,
1963) with the use of СКВТ. Z.}i. N{amedova (1960)

used СКВТ fог calculating the соrrесtiоп for the
mеап rеfrасtiоп. S.\". Korotkov, \'.А. Nlyasnikov and
Yu.A. Sabinin (1963) suggested using digital integrat-
ing sl,steпrs emplo1,ing digital differential analyzers.

12. Choosing the site fоr the telescope
New scientific геsults mау- Ье achieved with а big tele-
scope if it сап guarantee good image qualitv. This
is dеtеrmiпеd not опlу tэ1, the quality of the optics
(srTra1l геsiduаl аЬеrrаtiоп and high quality of manu-
fасtuге and adjustment), mechanics and guiding sys-
tem, but also Ьу а саlm atmosphere during оЬsеrча-
tions. Such factors as atmospheric tuTbulence, trans-
раrепсу (of atmosphere) in а wide spectral rапgе)
пumЬег of сlеаr nights, absence of cirrus, daily tem-

регаturе gradient. wind, atrd оthеr meteorological
characteristics build up а concept of the "astrocli-
mate". Tlre spectral trапsрагепс1,, of the atmosphere is
determined Ьу the corrtent of dust and water \rароur.
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Сirrus hinder ассurаtе photometry and 1агgе tem-
реrаturе drорs result in the арреаrапсе of temper-
ature gradients in а mirrоr body. Ноwечеr, fоr choos-
ing the site of the new оЬsеrчаtоrу а series of other
factors had to Ье considered: the seismicity of the rе-
gion, tlre absence (everr in outlook) of sky illumination
("light pollution") frоm cities, factories, and rnines,
the рrеsепсе of clean fresh water and electricity. and
the possibility fоr transporting 1аrgе rron-detachable
components the main mirrоr of the telescope, for
ехаmрlе, (although academician V.Р. Linriik consid-
еrеd the possibility of trsing а trio of heavy-dirty he-
licopters оI an airship for this).

Attention had already Ьееп devoted to these ques-
tions Ьу thе first meeting of the country's leading as-
trопоmеrs on N{ay, 10. 1952, and рrореr attention rvas
later sholl,n Ьу the Joint Council.

ТО саrг1, out this r,чогk а special grоuр was es_

tablished in 1955 rvithin Pulkovo's Astrorromical Iri-
strumentmaking Department to strrd-,, the astrocli-
mates of thc USSR. It was headed Ьу N.I. Kucheror,.
Uпdеr his leadership the principles of investiga-
tion and necessary аррагаtus wеrе цIorked out. The
main designers wеrе N.I. Кuсhеrolr, Sh.P. Dаrсhiал
N.Y. Bystrova. A.N. Demido,,,, G.Ya. Va-cilveva and
L.N, Zhukor.a. At fiгst the expeditions rчеrе kitted
out with the above mentioned telescopes ТЭN"I 140
and ATN{-140 п,lrich \\rеrе producecl at the Prrlkovo
rчоrkshорs; then thel,received the 250 mm meniscus
telesc:opes АЗТ-7 (ргоduсеd at LONIO) which rд,,еrс

fitted ч,ith the cassete, the еlесtrорhоtоmеtеr АФN,{-
3 and sресtгсlgrtrр}r АСП-9 in Cassegrain focus. T}re
stlitabi]it}- сгitеriоп fоr tlre site of the big telescope
inclrrcied t}rc follori,irrg points: the diffraction image
qrralitv of tlre stars. thеiг iпrage jitter, their flicker-
ing. the cltriesc:ence of the sun and titoon's rims, the
сiтсumsоlаг согопа. tlre spectral trапsраrепсу of the
зlц9-чрhеrе. and пtеtеогоlоgiсаl charar:teristics.

\Iarrv specialists rr,ere attracted to tiie expedi-
tion's rr,огk scierrtists and iaboratory assistants
fгоrл prilk,эr,o. the оthеr оьsеrчаtоriеs in the so-
viet L-пiоп. aIrd tlLe rrrriversities as well as аmа-
tеur аstгопоttlегs fгопl tlre All-Union Astrclnomical-
Geoclesir:al _\s,qoc,itlticln (_\UAGA). The аstrопоm-
ical arrcl nletcot,o1ogica1 observations wеrе carr:ied
out stlictlr, in ас:соrdапсе rr,ith the set of рriпсi-
ples п,огkеd out in Pulkovo. At llrst stаг images
\\,c]Ie estilllated i-isrr:r11l, r,ia the Danjon-Corrder scale
iDarljoli аrrс] С'r''udеr. 1935; 1940) with the help of
the ТЭ\{-i]Lt апd _\T\I-140 telescopes and then the
_\ЗТ-; Tle seeill,1- tгas estimated Ьу the sharpness
ol rhc dilil,arii, rl irrrages. ч,ith the subsequent cal-
сltlatii_,ll ,,i ::_г arr:le,. of tuгbulence in the zenith.
This cilll:a,:,":..li,, l1еtеt,lпiпеs the extent of distur-
1lallr,e ,:,l ii.г, .,,,,,-,,'] аttt,iоsрhеге. А litile iater they
Ье,!.illl lilr lli_,.ll:r,:iphic гесогdirrg clf the tTaces of
stal,s,:_ i. ll:,,:,_,iriaIe rr-]rert а telescope is stopped.

The rneniscus telesc:opes АЗТ-7. built at LON{O,
wеrе used for this рurроsе. Yu.L Beruchka (1960)
developed а thеоrу fоr defining the .jitter of the
star's image frоm the trace t}re star leaves when tak-
ing photographs while the telescope is rnotiorrless.
О.В. Vasil'ev and V.\r, Vyazor,or, (1962) created alr
instrument for their measurement in accordance lvith
the idea of V.В. Sukhov. This ц,аs lаtеr improved bv
V.S. Sumin (Vasil'ev and Sumin, 1963). Horvever, the
results of recording are affected Ьу the instrrrment's
,,,iЬrаtiоп, caused Ьу- the wind. То eiiminate this ef-
fect N.\r. Bystrova (1959, 1960) suggested mountirrg
in front of the teiescope АЗТ-7 ап opaque sсrееп with
two widely spaced-out, sma1l (60 mm) ареrturеs with
rveak prisms in front of them. The prisms епsurе spac-
ing of the trvo images and rесеiрt оf two traces of опе
star, 1.2 mm apart. Тhе vibrations of the instrument
caused bl, the wind equally displace the trvo inrages
oIr the pl:rte. the atrnclspheric irrterference rvith tlre
spaced-out ареrttrгеs affects each of the images in
its orr,rr rTay,. Fоr suc}r observations N.V. Blrstrova
arrd Yu.S. Streletsk1, (i959) cleveloped а special filпi-
ассеSSоr},.

Tire investigations of the jitter and trvinkling
of stars. connected in the пtаiп to elaboration
of tlre metlrods of plrotoguiding. rчеге aiso саr-
ried or:t Ьу i.P. Rozhnol,a апсl R.G. \''inogrado-
va, (both of tlre Institrrte of Electromechanics) urr-
dеr Yu.A. Sabinin's leadersliip (Vinogradova, 1959;
Nikolaev et al., 1966: Nikolaev, 1963; Rclzhnova
and Sabinin, 1963). R.G. \'inogradova (1959) investi-
gated tlre frequenc1,, spectrun of tп,inklings and соп-
ciuded t}rat the modulation frеqlrспс1, of the photogrr-
ide must пrit, exceed i00 Hz. I.P. Rozhrrova (Rozh-
nclva and Sabinin, 1963) rчогkеd out а photoelec-
triс rnethocl of recordirrg of the trеmоr of the stel-
1аr images. Tlris was uscd Ьч L,N. Zhukova (1958),
A.N. Demidova апd N.V. B_vst.rol,a (1960) at, Pulko-
1,сt, In 1964 in Zelenchuk \'.\. Frсllоч (1967) in-
vestigated аtrпоsрhеriс disрегsiоп Ь}. а sресtrоsсорiс
пiethod. using the АЗТ-7 telescople and ACl1-9 spec-
trоgrарh. N.\r. B.vstror.,a and А.\. Derniclol,a (1963)
investigated tlre itrfluence of аtmоsрhегiс turЬulепссl
on the observation of extencled celestiai оlэjесts, оЬ-
serving both the Sun and \{ocln. T}rer. succeeded in
elatroratirrg а method {Ьг determiriing tlre altitude of
t}re heterogeneous 1аl,еr of t}ie аtпоsрhеrе Ьу оЬsеr-
vation of t}re surr's rim, and data alэout the distribu-
tion of the u,ind at different altitudes (Вl,stгоча and
Demidova, 1965; 1961).

оп N{arch 25. 1960 the L SSR Council of NIin-
isters, USSR, issued оrdег \сl. З92-140 which urged
the Pulkovo оLlsеrr,аtог), to begin п,оrk orr clroosing
the site for the telescope. The Pulkovo оЬsегчаtоr\,,
}rowever, had started t}ris ч,оrk muсh еаrliеr -- in
1955 1956 the first expeditions had Ьееп dispatched
to the regions around Stanitsa Srivorovskaya (not
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. _:,_)1ll Essentuki), Апара, and between the Volga

. . Dott riчеrs. Fоr the аstгосlimаtе investigation
-=:,r,ices of the obseг\ratories in Tashkent, Stalin-

, : Drrshanbe), Ashkhabad, Shemakha, Byurakan
. . -\ilastumani were enlisted, as well as the Esto-

.-, Leningrad, Nlinsk, and Simferopol Ьrапсhеs of
\L AGA. Очеr eighty people simultaneously took

- _lL The various surчеу grоuрs,

-:_ 1955 the sites between the rivers Vоlgа
. Don. round the cities Essentuki and Anapa
.-- l11*.pected Ьу G.I. Bol'shakova, A.N. Kozyrev,

-- : .- Sukhonos (Demidova et ai., 1959; Vasil'eva,
- _, Lаtег expeditions worked in Azerbaijan
',', _\khundova and S.I. Sоriп) (Akhundova and

- : :-iтa. 1961; Akhundova and Aiiev, 1961; Akhun-
.. 1963): in Armeniya пеаr mountains Gаrпi
. Dala N,I.P.Platonova, N.A. and A.I. Shakht,

..- \aumol,, R.N.Ikhsanov worked (Boi'shakova et

-lr67): in Gеогgiа пеаr Atotsi and Tsitsisdzhvari
i,_ Еlrеhгmе, V. Tujsk, T.Ph, \,'ijk, N.A. Bosh-
... -,,ich. N.V.Bystrova and others (Bol'shakova
..,. 1967; Boshnyakovich et al., 1962); in

---,.:atr пеаr Tsuvar, Vikhli and on mоuпtаiп
-, -_.clag - G.I. Bolshakova, N.NI. Bronnikova.
: ... Sukhonos, Yu,I. BeTuchka, A.Kh. Darchiya,

-. :' Dагсlriуа, А.А. Efimov, N.A. Shaktrt. and oth-
Dalchiya and Dаrсhiуа, 1959; Bolshakova et aI.,

. , - Вопl,зshkочiсh et aI., 1962; Dагсhiуа et al.,
-: Dагс:lriуа, 1961); iп the mountain аstrопоmi-
:-.1iioll of the Nlain Astrophysical Observatory

,:, Iiislol-odsk L.N. Zhukova, \''.V. N{akarova,
. I irrrli.1' (Dаrсhiуд and Dаrсhiуа, 1959; Bolshako-

: .i.. 1967; Вrоппikоча, 1963; Vasil'yanovskaya,
" :, : in Кrаsпоdаr rеgiоп пеаr settlement Botani

О В. \'asil'ev, V,V. !'yazovov (Korotkov et al.,
-, ,,: \'asrl'eu urrd lyazovov, 1962); in the sites of Ze-

. :_ l|: (Fig. 5) О.В, Vasil'ev and others (Vasil'ev

. _ \elvubin, 1968; Vasil'ev and Frolor,, 1965); оп
, Р:..Itllrs in Chechekty and Kliodzha-Obi-Garm

_ \'asi1'1-anovskaya, A.Kh. Кuгшаеча, A.S. and
- - B.llarror.s worked (Vasil'yanovskaya, 1963; Кur-

.. 1971; Кurтпаеr,а and Darchiya, 1963); in the

-- :- ,_,f lake Issyk-Kul' G.I. Plyugin, \".N. Frоlоч,
a f ilrllll'. V.А. Varina, and S.A. Nlurгi (Plyugin
. : :,l;or-. 1966).
:: ,:п 1960 to 1962 sixteen expeditions сопсur-
- ,,, s,lrтe}.ed the tеrritiогу frоm the Crimea to the

: . .:-_l, Ocean, inciuding the regions round Ussurijsk
-, -сiillоп of Leningrad AUAGA) and on the Pamirs
-:.* геgiоп of Murgab. Six points wеrе picked

-: Cliechekty (Раmirs), Dzhety-Oguz (Kirghizia),
--,-..:.,iег-Кul' and Sanglok (Tajikistan), the NIоuп-
, .. .\stгопоmiсаI Station (NiAS) of the Pulkovo ОЬ-
- ],.,.l]_-г\, пеаг Kislovodsk, and Zelenchukskaya.

I:_ 1961 investigations wеrе сагriеd out at eight
, ::. гоuпd Zelenchukskaya and the \4AS. Fгоm
,:'- :(] 1962 the work was continued on the

north-west spurs of the Nzlain Caucasian Range
(N{arukha, Dzhissa, Chapal, mountain Pastukhova-
Semirodnicki), and in Tajikistan (Iskander-Kui', San-
glok, Chechekty, Khodzha-ObiGarma) (Demidova et

aI., 1971). In 1962 the east coast of the Crimea frоm
Sudak to Alushta was inspected Ьу Bol'shakova and
Demidova (1975), А.F. Sukhonos and N{.\{. Gnevy-
shev.

As wel1 as Ьу ttre expeditions, observations wеrе

also саrriеd out at Pulkovo (chiefly Ьу N.V. Вуstrоча,
A.N. Demidova (Bystrova, 1959; 1960; Bl,strova and
Demidova, 1963, 1961, 1965, Demidova, 1960), and

L.N. Zhukova (1959). These were aimed at developing
and testing new mettlods. instructions) and means for

standardizing the observations.
А соmраrisоп of the results taken from FеЬuаrу

1, 1962 to June З0, 1962 in Zelenchukskaya and the

Сrimеа showed that the mеап angle of turbuience
at all zenith distances upto z = 70О in Zelenchuk-
skaya is rоughlу tп,ice 1ess than in the Crimea, but
that the nighti_v temperature variations in the Сrimеа
аrе smаllеr. Оthег conditions (пumЬеr of cleaт nights,
ъ,iпd, humidity etc,) were approximately eqrral.

with caiculation of all the above enumerated
descriptions the resu}t of the first stage of inspec-

tions was а ртеfеrепсе for the Northern Caucasus rе-

gion. Although the astroclimate of the East Pamirs
(Chechekta) proved Ьеttеr than а11 the оthеr in-

r.estigated places, the remoterress, aitititude (а000

m), allsence of good roads. and seismicity of the rе-

gion obliged its rejection. The second stage shoч,,ed

the adr,antage of the zelenchrrkskaya district irr the
Каrасhаi-Сirсаssiа Atrtononlous Region, whеrе the
.,1,ork continired in 1963.

Тhе principal results of expeditiorrary investiga-
tions of the astroclimate wеrе discussed at fоur meet-

ings of the Joint Council for the ВТА, at а meeting
rvith the president of the USSR AS, N{.V, Keidysh,
(June 17. 1961), and at conferences of the "Commis-
sion of the Аstгопоmiсаl Соuпсil for Optical Instabil-
it1, of tlre Еаrth's Atrnosphere" in N{oscow, 1958, and

Kier,. 1963.

Оп \ia1, 22, 1962. the Joint Councii accepted
tlre decisitln to reconrп}errd as the site of the tele-

scope post No 4 in the Sеmiгоdпiki геgiоп (height
2100 2300 m above sea level). The decision сопсеrп-
ing tlre chosen site was ratified Ьу the president of
the Academy of Sciences, Nl.V. Keldish, Ьу order No
783, orr N,Iаrсh 15, 1963. On July 5, 1963 an оrdеr
No 40-955 was issued concerning the allocation of а
land strip in the Zelenchukskaya district. The com-
mission appointed for this рuгроsе was instructed to
choose а site fоr construction of the settlement and
obscrvatory, and clarify construction of the rоаd. The
с}rаiгmап of this commission ,,vas А.А. Mikhajlor,,
апd the соmшissiоп mеmЬеrs were о.А. N{elnikov
and N.I. Кuсhеrоч (аstrопоmеrs), I.A. Ostanin and
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Fig 5: ,Secrching tоr th,e б m telescoyie site

s,,

D,Kh. Yenikeyev (representatives of the Leningrad
Department of the Scientific Rеsеаrсh Institute of De-
sign), K.N. Chernopyatov (mеmi:lеr of the Presidium
AS), and others. Nizhnij Arkhyz vras chosen fоr tLre

lаЬоrаtоrу building and residential settlement, not
fаr from Stanitsa Zelenchukskaya (1100 m a,bove sea
level). and the spurs of the mountain "Pastukhova"
as the site of the teiescope, at an altitude of 2100 m.
Expeditional wоrk in the Zelenchuk district contin-
ued in 1963.

Unfortunately the expeditional rvork did not
pass without tragedy. In 1960 on the rockface of
Storozhevskaya Skala mourrtain, rrot far frопr Ze-
ienchukskaya. а mеmЬеr of AUAGU ancl vrar-veteran
N.N. Skll,aro\: ýIas killed Ьу а iэolt of lightning.

The гesults of the astroclimate study wеrе used
not оп1l,Гоr choosing the site ofthe teiescope but also
fоr mоrе gепеrаl investigations. Thus G.I. Bolshakova
and Sh.P. Darchil.a (1965) studied variations of tur-
Ьulепсе angle. and br- examinirrg the series of оЬsеr-
vations frоm 1955 to 1962 at а пumЬеr of places, in-
vestigated the constancy of astroclimate (Bolshakova
and Dаrсlri1 а. 1965). о.В. \'asii'ev (1965) scrutinized
the dерепdепсе оf stars' image flickeTing on zenith
distance, Тоgеthег п,ith N.F. ]t{eiubin O.B.Vasiljev
(1970, 1971. 1972) examined the dependcnce of the
seeing оп пiеtеогоlоgiсаl characteristics, and with
\.\. \-akor"leva (\'asil'ev апd Yakovieva,, 1971) he
exanined геlаtlоп betrTeen the astroclirnate and al-
titude ,abclгe _сеа lele]) of the observational site.
L.K, Zlnc}renko r1965) inl,estigated the геlаtiоп Ье-
trr"een seeing апd fluctuatiorrs of temperature апd

wirrd.

The organizatiori of expeditions, matters of the-
оrу, rrrethods of investigation, and the пulпеrоus
results of observations were summarised in а se-
riеs of works Ьу N.I. Kucherov (1965, 1959, 1962)
and Sh.P" Darchiya (Dагсhiуа et ai., 1967; Darchiya,
1961; Dаrсhiуа, 1985, 1963. Afanasieva et al., 1964).

Not опlу аtmоsрhегiс turЬulепсе affects image
quality taken with а te}escope. The turbulence of air
inside а dorrre, caused Ь1,, sources of hea,t (electric mо*
tоrs, and other electric machines and instTuments)
and the flоц, of air rоuпd the dome, рrеsепt рrоь-
lеms. The latter ч",еrе investigated Ьу A.S. ZhеrЬiпа
tоgеthег vrith R.A. Реtrоча" Fоr this рurроsе an аеrо-
dynamical tube rvas brrilt (at Pulkovo) rvith а section
of working сhаmЬеr аЬоut 400 х 400 mm, in which а
line of dome models wеrе blorvn on, The observations
wеrе саrriеd out ,лith the help of two tubes ИАБ-
451, the fоrmеr rvorked as а соllimаtоr. the latter as
а teiescope for observations. А пеоп lаsеr was used as
а light sоurсе"

13. Drawing up of technical tasks

In NочеmЬеr 1960. at tlre nreetirrg of thc Аstrопоm-
icai Council of USSR _\S arrd the Joint Council the
advanced рrфесt of ВТА rTith a}tazimuth mounting
was discussed апd approl-ed.

D.D. N{aksutclrl. N.\, \Iikirelson, о.А. Me]'nikov
and G.G. Lengauer drеч, ttp а сlгаft technical task for
the big telescope. This ц,аs discussed and clarified on
mоrе than one occasiort.

1
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Оп January 11, 1961 а meeting attended Ьу rер-
:esentatives of LOMO, the State Institute of Optics
апd the Institute of Automation and Telemechanics
:ook place at Pulkovo, at Trhich the technical tasks for
The telescope's contTol system wеrе discussed. It was
:onsidered possible to use Iocal photoelectric guiding
пяmеlу, accurate guiding not with the whole tele-

:соре but vrith а detector оr devices mounted in front
эf it), to admit an еrrоr of guiding Ьу EDCD 7'l of
а big circle in any direction, and also to consider it
зесеssаrу to ensure the accuracy of the photoguide's
регfогmапсе not worse than 0.2 of the арраrепt diam-
аег of а star's image (for а diameter not less than 2").
Тhе speed of tracking artificial celestial bodies must
зоt exceed 5 times that of apparent motion of the
\Iооп among stars. At this meeting the allowances fоr
:hе image quality produced Ьу the telescope's optics
тгете established: fоr each aberration (соmа, astigma-
:i<ц and spherical) not шоrе than 10 ;; m, and fоr
:hе radius of the chromatic сirсlе within the limits of
{ОOOi to 6600 А - rs р.rr.

Оп January 20 and 21, 1963 the discussions con-
::дuеd. The drawn-up project was taken as the foun-
йтiоп of the final technical task (ТТ), elaborated
;ointly* Ьу the Pulkovo Observatory and LOMO.
Ргоfs. О.А. Mel'nikov and N.A, Kozyrev drew up the
ТТ for the spectral devices ofthe telescope. It was еп-
-.:-saged to build four spectrographs - one, fast, for
:hе main focus, and three fоr the two Nasmyth foci.
Тhе spectrograph of the main focus was ear-marked,
:Ыefly-, fоr investigating spectra of nebuiae in the
3U00-12000 АА range. It is furnished with а mirrоr
:ollimator, thrее changeable diffraction gratings, and
:ou-r changeable cameras of type Schmidt-Cassegrain
Tith external focus. The main stellar spectrograph
ъ-аs mounted on one of the balconies of the Nasmyth
jocus for investigation of faint stars with а working
:апgе of 3000-11000 АА. It proposed to have а mirror
collimator of 300 mm in diameter and а focup of about
! ш. tчrо diffraction gratings, and three саmеrаs with
iэсаl distances of 3000, 600, and 200 mm, which pro-
--ide а dispeTsions from 1.3 to 55А/mm. The echelle
aad planetary spectrographs are mounted on the sec-
;nd balcony at the Nasmyth focus. The echelle spec-
:rоgтарh, vrith two changeable echelles, working in
Ыф оrdеrs of the sресtrum (frоm 11 to 25), embraces
:hе геgiоп of the spectrum frоm 10300 А to ЗЗZО
А and provides а dispersion frоm 25 А/mm to 70
_\ mm. The planetary sресtrоgrраh (the ТТ fоr this
т-ш elaborated Ьу N.A. Kozyrev) has three change-
аЫе ditfraction gratings and rмorks in the region of
30О0-1000 АА with а dispersion frоm 5 to 50 А/mm.
It сап either directly recoTd spectra on the photo-
grарЫс plate оr do so with the help of an image tube
IT). Y.Е. MoToz (SAI) drew up the TTs for infra-red

:pectrometeT and photometer. These devices ý/еrе de-
signed at the State Institute of Optics (SIO) and at

Lo},{O.

О.А. Nle]'nikov, G.G. Lengauer and V.S. Popov
develotrled the ТТ for the dome of the telescope and
the observatory itself, On July 17, 196,1 this task
паs discussed at а meeting of the presidium of the
Joint Council. Urider the ieadership of its director
Е.А. Ostanin. arrd chief architect D.Kh. Enikeyev the
Lerringгad departnrelit of the Scientific Research In-
stitute of Design designed the telescope dome and en-
tire оЬsеrl,аtоrч complex (Enikeev, 1978), The dome
was pianried Ьу the "Stalkonstruktsiyal' trust uпdеr
\{.Yа. \"ishnevskij's (1969. 1977) guidance. The in-
tricate шесhапisrпs of t}re ciome песеssаrу for its
openirrg. rotation, the hoisting of rvind-protection
blinds. and the displacement of the сrапе inside the
dome. wеге designed Llr. the Leningrad Dераrtшепt of
tlre "Soyuzpгornmeklranizatsiya" trust (chief designer
А.Р. Eliseev).

The project fоr the Spcciai Astrophysical Obse-
vatory rvas discussed at tlrree meetings of the Joint
Council and at the presidiurn of the Аstrопоmеrs
Council. Indil,idual teclrnical questions wеrе гереаt-
edly discussed at Pu]kovo, the Leningrad dераrtпrепt
of tire Scierrtific Rеsеаrсh Irrstitute of Design arrctr the
"soyuzpromцlekharrizatsiya" arrd l!yuzlrstalconstruk-

tsiya!'trusts.

D.D. \,{aksutov and \'.V. Оshсhuгkо (LONIIO)
drеrч uр ihe ТТ {Ьr а unique machine-tool fоr the
polishing of thе б rп telescope, and а rvorkshop for its
finislring and testing. This mar:hirre tool rvas mапufас-
tured at the Kolomensk Factory of Неаl,y N,{achine-
tool Errgineering and instalied at the Lytkarino Fас-
tог1, of Optical Glass in а speciaily-built llоrkshор.
Durirrg this ,ц,оrk D.D. Nlaksutov constantiy adl,ised
these factor:ies.

Conrposec1 technical tasks arrd scientific-technical
accourris -,rlere tгairsmitted fгоm t}re Pulkovo оЬ-
servator}, to the factories of LO\,IO, Lytkarino and
Leriingrad Department cf the Scientific Rеsеаrсh In-
stitute оf Design.

Оп Jапuагi, 1fl, 1964 the }read of the Cen_
trаl Design Оffiсе of LON,{O, R.M. Kasherininol,,
acltrror,vledged Ь1, letter receipt from the Pulko-
vo оьsеrчаtоrч of the Тт fоr tlre constrltction of
the telescope (N.N. \,Iikhelson) and spectral devices
(О.А. \Iel'nikov, N.A. Kozyrel., V.P. Lirrnik), the ас-
corrnt of t}re investigatiorr into the defornrations of the
rnain mirrог Ь1. the modelling method (tr.G. Gross-
vald) . the calculation of the compensating circuit of
the ВТА main mirrоr investigation (D.D. N{aksu-
tov), the рrоgrаmmеs for the operation of the DECC
(N.N. Nlikhelsori), and the data for the theory of a}t-
azimrith шtоuпtiпg (N.N. \{iktreison) .
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14. Conclusion

Everything received at Pulkovo and the other adjoin-
ing institutes and organisations, as well as the deve]-
oped technical tasks, wеrе used Ьу LONIIO, SOI, the
Lytkarino Fасtоrу of Optical Glass, the Leningrad
Departnrent of the Scientific Research Institute of De-
sign, and оthеr organisations for Ьriпg into being the
largest сопtеmроrаrу telescope in the world (6 m),
and the Special Astrophysical ОЬsеrчаtоrу. StеrпЬеrg
Astronomical Institute took the data from the resuits
of the astroclimate study fог the Sanglok rеgiоп. The
Leningrad State University Astrophysical Observa-
tоrу used tlre пrethods of the study of astrophysicai
шirrоr deformations.

What пas the upshots of the Pulkovo Observatory
and the Institute of Еlесtrоmесhапiсs contribution in
the б пr te}escope ВТА сrеаtiоп? They аrе as follovrs:

1. Calculation of the teiescope's optics and реr-
fection of the methods of its сопtrо1.

2. Cultivation of the theory of the alt-azimuth
morrnting of а telescope. and the theory of its inaccu-
racies.

З. Рrооf of the possibiilty of rrsing еlесtrопiс dig-
ital techniques for control of the teiescope.

4. Experimental investigations of the dеfоrmа-
tion of the mаiп and secondary mirrоrs of the tele-
Scope.

5. Perfcction of t}re photoelectric guiding systeшr

of the telescope and rnork rеlаtеd to this оп the as-
troclimate and choice of stars fоr guiding.

6. Соmрlех inl,estigation of the astroclimate
(tSSR) . establis}rlng а rеIаtiоп between seeing and
пiеtеогоlоgir:а1 chaгacteristics; the rvorking out of ар-

ргtlргiаtе пletlrods and apparatus.
7. Dгаri,iпg up of scientifically-founded technical

tasks fоr the optics. mechanics, telescope corrtroi sl,s-

teTrr. light detectors. housing, dome, and fоr the оЬ-

serтatorг itself.

It is ч-оrt}r потillg. that at the present time all large
telescopes in the rтorld are placed on alt-azimuth
пlountiItgs апс1 fl_rгпishеd rvith electronic сопtrоI sys-
tenls. Tl-iis rla_. irritiated frоm the outset Ьу the Pulko-
vo оЬегr,аtоrr,. Frопl the first thiгd of the 1960's the
tllaitr llot,k otr the Вт_\ пroved frоm the rеsеаrсh in-
stittttt_. of t]re _\cademт of Sciences (Pulkor.o оЬsеr-
\,аtог\,. Irlstlttrtc of _\utornation and Telemechanics)
ittto itLdu_.tгr, LO\IO. the Ll,tkarino Fасtоrу of Opti
са1 Gias.. СС'В-З-1 arrd other adioining industriai en-

tеr,ilгisе. r.,,et,e tlieil inlolr,ed in this wоrk. On Juпе 9,

1963 а j,,lltt .es.irltl of tlre Scientific-Technicai Соuп-
r:i1 ,lf L(]\I() iinc1 Joint Соuпсil fоr the ВТА took
plac,t. l..: LC)\I() ,\t this meeting the presentation
r,f :llе ,i:a.i: lecilrllca1 project of the telescope was

;

D.D. N{aksutov, о.А. N,{el'nikov and N.N. N{ikhel-
son continued to give constant consu]tatir,e help to
LON{O, Leningrad department of the Scientific Re-
search Institute of Design and the Ll.tkarino factory.

То find out mоrе about the rvork of LONIO con-
sult the papers of В.К. Ioannisiani (1971, 1976, 1977),
Ioannisiani et а1. (1972), Ioannisiani and Neplokhov
(1979), A.N4. Buzhinsky and colleagues (Buzhinsky et
а1., 1976а,Ь; Shestakov et al., 1977; Buzhinsky et а}.,

1978а,Ь) , the series of papers in the jоurпаl "Optical-
mechanical industry", 1976-80, "Izvestiya of SAO",
1971 1973, and the brochure "Creation of the Big Alt-
azimuth Telescope ВТА" (editor V.Yu. Torochkov,
1976). in,which, incidentaily, the rоIе of the Асаdеmу
of Sciences is rаrеIу mentioned.

Iп DесеmЬеr 1974 the б m telescope (ВТА) was
accepted for provisional operation.
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