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Computation of RATAN-600 characteristics in operation
as а "radio-Schnridt telescope"

Е. К. N{ajclrova. V. В. K}raikin

Sliecial Дstrорhчsiсаl Observatorv of the Russian AS. \iztrnij .'\rkhvz 357i47, Rirssia

дЬstrасt. Results of саlсulаtiоп of c:haracterist,ics of the гаrliо trllcscrэpc: Ii.ATAN-600 ореr-

ated as а "rаdiо Sclrrniclt 1g]g5cope" аrе рrеsепtеd. T}rc flat rеflесtсlг alltl the circttlzir цrirrОr аrе

conrputecl as а dоrrЬ]е-rпirгоr a,platratic system.,r,ith а plirrroicl пlirrоr rvhic:h гriаkеs "Schnridt" соr-

rесtiоп of the rчаr.е-fгопt cif tlte ivave incidc:rtt at an аrl.1itrагт anglc rvith rеsресt Trl the hc;rizorr.

Fоrпtulае аrе derir.ed апс1 а package <lf ргоgгаmпiеs is clroatcd fоr calculati.on clf corr{igurations of
the rпirrоrs of t}re antenna s;tstem and optinrization of its birsic рагаmеtt]i,s. Phirse distribution
of thе field оr.еr the ареrturе a,nd tlre lэеаrп pattern 1вр) of tire telescope for different artgles of
f'ornra.tion of the aritenna and difl'erent elel,atiLlns of а souтce аrе cclmputed. А possibilitt,is shclц,n

of lorrg-tirne (up to 1 horrr) tracking of sources ilt wa\Ieý longer than 4 crn il,it}r an ареrl,urс of
15tl пr.

Кеу wогds: telescopes: rаdiо clrarac:teristics

Long tгacking of space sоLlгсеý at i,he radio tr:le-

scope R.\T'-\\-600 1s сurrеrrtlу опе of the с:еrrtrаl

рrоЬlепrs. Its solution rvili rnake it possible to lmproтt,
the sensitivit1, оf the telescope arrd ц,idcrr tlre scope of
astronorTtical tasks регfоrmеd rlith R,Ц.ТАN-600. The
niode оf long tracking i.ч espei:ially r,itai to sрс.сtга,l

inr;estigatl,ions, to stuc{}, of fast variable space obiects
suсh as рulsаrs, to inr,estigation of dynamics of so-

lаr processes atld гаdiо scjntillat]ons. The use of the
flat periscopic rс:flесiог located in the southern рilrt
of thе radio telescope is rnost e{lic:ient fЬr 1опg tгаr:k-

irig of sour'ces (K}iaikirr et а1., 1972; Slrivris, 19Бtl ,.

The fitrt rniгr,or irr соmЬiп;rt.iоп п,it,ir ti.e south seсtor
of the rпаiп rпirrоr, апd the secondar_v mirгоr rnade iri
а fоrrп of а p;rralloiic с:уliпdег rvit}r а horizorrtal gcn-
erallt r.jpresellts а systeln similzi.r to that of Кга.rts irr

Nапсаl, (Fig. i),

Т}rеrе is atr arc}r rаil track Ьеtп,ееп the flat rпir-
rоr irnd south sесtоr of tlre main rпiгrог to enabie
moteпrent of the secondary mirrоr. Irr the t,raditional
aplrroac}r 1o1rg i,racking of а c:osпric sоurсе l,grлlil,еs

ап аррrоllriаtе tilt of t}re flat mlrтоr рапеis, rrloтtl-
rnent of the 1ъеd olr the irrtlh гаiis irnci contitittotts

setting; of rrrain пrirrоr paneis irl azillшtir ancl гаdius
so tlrat the mirгоr rvouid take siratr,lc of а рагаЬоlitl
cylinder п,ith а r,eTtlcal gelicrzllrt, rl,lriclr is placeci ili
accord:rrrce rTitir 1he azilTпrt,}r of ttie rval,e fiottt ге-

flect,ed frоrп thе pelisclcllle. Tlris rilost роrr,егfu1 rrrclclc

|"rtrrrning parallo1a"), rl,htlп imрiепrспtеd. rr-ill trttrlic:

pos..illle tгacking of sоuгсеs 1ilr 3 -4 irorrrs ri-itir а frr1l

arrtenna ареrtuге. Holve\,er, this rr,ill derrtand essc,tt

tiai upgrading of the automatic control system of
RATAI\T-600.

Long tracking of а cosmic sоuIсе iмith no оr mi
nor reduction of the aperture is also possible in the
modes proposed Ьу N. L" Kaidanovsky and оthеr au-
thors. The mode with the main mirror shaped as а
circular cylinder and а special double-curvature feed,
the "сirсulаr telescope" etc. аrе аmопg them. These
modes) however, harre not yet been implemented Ье-

cause of design difficulties, since they rеquirе а speciai
correcting mirrоr of intricate shape (Yavilova, 1969),
use of а phased antenna аrrау in the focal line of the
secondary mirror (Kaidanovsky, 1980), additionai rail
tracks (Kaidanovsky, 1975).

Tracking of sources with RATAN,600 is presently
done with the aid of the "sliding" (Mingaliev et al.,
1985) and "rеlау" (Golubchina, 19S6) methods. А
mode of "fast setting" of the main mirror has been
developed and tested (Khaikin et а1., 1997). Тhе "re-
Iay" condition епаЬlеs tracking of а cosmic source for
6-10 hоurs, but it narrows the antenna ареrturе Ьу
а factor of 5-6 оr the frequency band when "zoning"
the main mirror. The other two techniques can Ье ор*

erated with а ful} antenna aperture, but the exposure
time is short (1,10 min).

The technique which is suggested to Ье discussed
in the рrеsепt paper and called "radio-Schmidt tele-
scope" employs the antenna system "South+Flat".
То fоllочr а sоurсе, the secondary mirrоr moving on
the arch rails is used and а change of the tilt an-
gle of the flat mirrоr within sma1l limits is made, the
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Flgurе !: Д sсh,еrпе of the RДТДN-600 ra,d,iotelescope
("Sou,th, sector + Flat rеJlесtоr,").

same as uпdеr t}re conditiorr of "ruппiпg раrаЬоlа".
А distinguishing feature of this procedure is that tlie
main пrirrсlr shape close to а tlirсulаr cylirrder cloes

not change in the coilrse of source tracking.
Tlre rnethod is evoll,ecl from the idea of сrеаtiоrt

of а prefbca1 aplanatic dоuЬlе-miгrоr s),stem q,ith а
r,vide field of vier,r," fгее {гоrп spherical аЬеrrаtiоп and
сопrа. The flat and сiгсtrlаг rпirrогs fornr t}re basis оf
the s1,,stem. It r,r,il1 Ье recalleci that а рrеfЬсаl system
irr optics is one in wirich а lream of light stгikiпg t}ie
fiгst rrrirroг is reflected frопr it and sent to ttre second
rrrirrоr rvitlrout crossing the optical a,xis of t}re s_ystem.

Itr орtiс-ч, to sr.rc:h systerns belong the systenl of
Sc}rц,arzschild, R-itchey Chretien. "Iпiгrоr Sclrrnidt"
irnd "rrrirror Wrig}rt". The lаttеr tv",o аrе а particir-
lar case of dоuЬlе-пriтrоr aplanatic systems sys-
teпrs vn,iilt а planoid mirrоr. The surface сur\,аturе
in planoids at the чеrtех equals zеrо) sо the focal
lengtir of the sl,stem is approxinrately equal to tlrat
of the second mirгог. Iп the case of the anteTrna s1,,s-

tem "South+Fiat" the planoid is the flat rпiгrоl,, the
сiгсulат antenna of RATAN-600 is tire second mir-
гог. Note that tlre idea of "Scltпiidt" соrrесt,iоп of
the rval,e frопt tЬг а radio telescope ,with a,n immоr,
аЬlе с:irсrrlаг rrtairr mirгог ц,аs first adlanced Ьу Аrsас

irnd геа]izеd in the sy,stem of Kraus in Nancav (Arsak.
1960, Biraud, 1969).

1. The design of the antenna system at
/й:0"

The thеоrч of рrеfосаl aplanatic svsteпts of tr,vo rnir-
rогs i,п optics was del.c}optэd Ь1, К. Sсhп,агzsс}rild.
C}rretien, D, D. \Iaksutol,. Iп t}re 19ЗOs. \\rгight рго-
p<lsecl a,nd cornputed ar desigrr of а s}rortened Sctrmidt
telescope. Orre of th,e disadvalrtages of the Schmidt
system -- the ntэr:essity o{ placirrg tlre correctirrg nrir,-

rоr at а dorrble distanr:e fronr the fbcus of tlre splreri-
cai miгrоr at t}re c:enti:e of its с:trrl,аturе ---, r,vas elirni-
nated through t}re replacernent of the sphcrical rnirror,
Ьу ап оЫаtе splreгoid ancl placing thc: соrrесtiпg mii,-
гоr at а distance closo ttl 1'оса1. \Vrig}rt's system is atl
irplanatic systern in rvhich. арагt frc-rm sрhеriсаl аЬег-
ration, соmа is also гепrtlr,есl. This system, horvever.
lras а sпrаllеr (1.5 2 tirnes) field оf vierv as соrrtрагесi
\\,ith Schmiclt'S"

SiTrc;e tlrtэ fornrulae с.ltlгiчеd Ьу Wiig}rt (1946) аrе
irr по uа1. гestlictc:cl bv tlre dirnertsion of ;r telescope
and can Ье app}ied to ca,]crrlation of s;;-*terns о{ atrr
size, u,е used thenr fог ргtэlirrrirrаrч пrсidc:ling of the
s}rape of tlre сirсulаг arid 1]i.lt пrirIlоrs clf the s_vstenl

("South+}-lai") uпdеr the i:ondition "radio Schrnidr
telescope". It is shorr,rl iri F'ig. 2 hоц, the s}rape of t}re

flat and сir,сшIаr rnirrors chariges rvith чагiаtiоп of ра-
ra-nreter, (Л' - r11), rvhere Л' is the рirгахiаl {Ьса1 cli_.-

tance of the errtirtl s},steшl, ,l.,/ is the distance clf tlic
с:iгсulаr a]]tenna yеrtех fгоrтl t}re focus ц,hс:те tlrtэ feet:

is piaced. _\,r : r(U) - r(0) is the r,ariation of t,he {]аl

шtir:rог longitutlinai ctlorclinate, r is tlre гасliаl coordi-
nate of the сirсulаг rеflесtог (Fig.3).

PTeliririnar1. calc:uiations shorv" firstlч. t}rat it is
possible to construct ап a1llarrratic sl,stent based or_

the combinatiorr "Sout}r*Flat". which is sirnilai: tc,

tlrose of Schmidt and \Vright, sec:onclly, the1, dеrпоrr-

strated the rrecessitr,, of optimization of its раr,а1]}сtеr!
to attain thе rrtnrost efЁc:ienc1, of the teiesc:ope. In tuг-
tlrег calclrlaticlrrs of t}re сlоuЬiе-rпirrоr aplanatic s1,_.-

tem! we used the met}rod рrороsеd }l1, Роrrоl' (1971].
п,hiсh is lэased on cxaminatiorr of difl'erential еquа-
tions rvhose solution ц,i11 rnake it possible to firrd ас-
сurаtе expressions iЬr пrirrоr suгfасс:s being srшfbces
оf rotation arid having а сопiпIоп axis of svnrmetrr,,
T}re c.Iel eioptncnt of the fоrrпulае obtained Ь1, Popoг
(1974), Popov et al. (1976) and pr:esented belorT wa.
based orr the condition оf proclucing ап image frее
frorn sрhеriсаl аЬеrrаtiопs оп the axis (ргirrсiрlе о:

Fеrmаt) atrd оп the c:orrdition of aplanat,isnr (Allbc
sine corrdition).

Althouglr ttre flat arrd сirсulаr reflectors of tlre rа-
dio telescope RATAN-600 аrе not surfaces of rota-
tion. the expressions tlсгiчеd in the allove papers cal-.
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ье rrsed to ca]cuiate the currres neeciecl to set the rrrir-
rог partels, rтhеп t}re position angle of the fгопt of the
iricident rтave До is equal io zertl. This is associatc:d
п,itir thе charactoгistic рrорегtiеs of fbc:using cif tire
rаl,s in the s},stem "Sorrth*Гiat". At elel,atiorrs есluаl
to zero, iri ар1_lгохimаtiоп to gеоrтrеt.гiс optics. thc: гау
pat}r iп the hогizопtа1 sections of suсh а svsteln со*
incides coпrpietelr- ц,itir that of the rneгidiona1 sec-
tion of the miггогs having the axis of rotation. rThich
is explained tlr" ргсlраgаliоп of the cylindrlca] ц,ате
arid fbcusirrg оf the гаr,s onl1- in rhe horizorital plane.
Тhе geoinctгical c]irrrerisiorrs of tlre апtеппа s}lstem
"Sorrth+F-lat" аге shoч.n irl }'ig.3a. I), the distalrce
Jэc:tr,r,een ttre l,еrtiсеs of the пrirrоrs. is 184m, Q, the
clistance betteen the feed orr the arctr гаils and thc: flat
rrriгrоr \,,еrtех, is 52 rrr, \,I, thc clistatrce ýglц.gеtr inLa$-
inarl, sесопсlагч шrirrог and thс vertex of the сlirсulаг
antellna оr t}re foc:al distanctl of the сiгr:rrlаr antcnlla,
is 132 ni.

No\v рrеsепt tire expгessiorrs deril.ecl in (Pci1lol.
and Popovar,. 1976). The рагахiаl distance /' of l,1re

S}rstem rvas takerr еquа1 to 1.

Tlre cooгdinates (r, у) clf rlie flat mirrог and ttre
radius-l ectoT (р) of the сiгсulаr rеflесtоr can Ье fotrnd
Ьу the formulae:

1з5

the frlctrs is on t}re lelt. Quantity d is alwar.s positive.
d: DlF' ,q: QlF' ,m: f,|lF'. \\riih F' : lI ,

rl: 1.1]4. 9 : -0,34. rп: .f ' :1.
The сirс:ulаг rеflсгtоr of the radio [eit:scope

RAT,\I "600 consists of indir,ldual pa,nels 11 m х 2 rrr
iп sizc tr.lrictr tlalr Ьr,: moved alrlng tlre radlus lvithirt
+0.5m frorrr t}re rпаiп circlc of гadir-Ls Ло : 288rir;
tlrr: ralrgc о{ displaceпrcrtts in azimuth is *6О. апсl
0О + 50О irr positiorr angle. In the starrdaгd пrоrlе the
flat, rпirгог panels (8irixSil) cari 'Ье rnoved onlv in
positiori alrglc (0'; 50'). T}rer. caTr clraltgt: tlrеi,r pos!
tion iiL lollqitrrdirla] (пrеridiопаl) clii.ection опiу 11,]1h

the aic1 of -яресiа1 adjustnrent deтices Ь1, п,о пiоге th:rn
200rnrn aic.rrrg thc: longitrrdlrlal coordin:rtr-: :lпd tlr, 2О

in :_rzitlr,;th,

The btrslc сгil.еriоlr in tlrc c:orrlputatior,r \Tas the
c:reation of srrch t:опfiguгаtiоrrs of tlro пrlrr.оrs that
cou]tl enilble д пrахirrrutп пuпrЬеr of 1.1;.rrrеl-ч of tlie flat
апс1 с:iгсulаr, гсflс:с:tоr,s to Ье set up. i.t_.. attainirrg a,l

maxirrtLlm cffecti-,,e sirrfac:e arrd rhе lorrgest time of
fоilоц,iпg а c:osmic souIce. Тhс: e{lt:ctir,e surfаr:е is fiTst
of а11 deterпrincd Ьч the пuпrllеl of tile flart пrir.r.сlг ei-
ements -чеt uр. rr-hiie tlre tiпre clf tracking Ь5, thc: nurn-
Ьсr of t}re set-rtp с:iгr:ulаr rеflес:tсlr panels. \\i itlr the
vahres оf Л. Q irnd ,l1 of tlre s},stelrr "South+Flat"
fi:ted" tlris carl }эе donc Ь1, r.ar_r,irrg tlre r.alue of the
paraxial foc,.rs -F'' rlГ t]re ц.lrоlсl s\.st,eln. Fгопr the соп-
ditiorr tlrat the svstcrn is pialrclid. it {oilorTs t}urt the
r,ahtcs of Л/ ntus1, rrot tle rlurlh cilffclc:lrt fiопr t}re foc:ttl
distanr:e ,,'\,1 of thc сiгсulаг rсtlесtrlr.

\\rc computc:d faшrilies of cur..",es д : /(9) and
р - lФ) rvith different sizc]s of the flat tпirrоr
{, : 2R.tg(pg), lr.hiсh illustratt: t}ie ,nl.a}- the shape
of tire fiirt апс1 circtllair геflссl,оrs chatlges iп thtl hоr-
lzrlпtаl p,larre rvith vaTl.irrg paraxial f'ocus Л' \ralues.
(2f{r is the angle at r,,.hich tlre apcrture of the f]at
tпirr,ог ls тisible frоm the centre clf tlie anterrrra О).
Bг t}re nret.lroc1 of sequentia1 approxiпtatioris for dif-
{eletrt r.alues оf 99 thtэ optimunr раrахiаI 1bcus Лjо,
r,,-llttlii lle {brrrrd. at ш}rich thс r,aгiatioirs о{ t}te corэr.*
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Figurе 2: SLtлpe tlаri,аtiоп, of the flo,t (а) а,пd сi,r,rуtl,пr (Ь) reJlectol,s uli,th clifferertt uaittl.s o,f раrаrпr:tеr, F,' - xI .

у=.2J€(!-О,
1 { r!1"(d,1)
-:-р d d+q

.(1 _ 1;t/lt- d)(d _ €)(rd-1)/(d_l)

(1 :4;а/(а t;

(d * 1;tzla -t1

where{:sin2(lr/2).
Tlie origin of Cartesian coorclinates (х. 1,) and the

роlе of the роlат s}rstem (р. р,) аrе аt the focus F
(Fig.3b), the distance q оf the focus frorrr the -,-егtех

of the mirrоr, r,vhich is tlie firsl in tlie rаy path. is
positil,e if tlre foc:us of the sl,.stem is on thc гight ге1-

ative to the шrirrоr (flat irr оur case) and negatir-r. il

F' -М:Зm:8fi
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Figurе 3.. а) : qetlrnetrir:al, уlаrсlrпеtеrs of th,r: r,acli,otelescope yleri,scllyli,c: sуstеrп, "South, * Flo,t", Ь): rау prfth, lrt

t,l,te "гаtliо-,9сh,rпir]t tel,e,scope" lпrldc at Н,, :0о ап,d c-r = 0о.
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"f 
(ро) deriтed at optiпia,l l,altlcs of ttre

раrахiаl fосus. _\r,r." is tlre rпахiшuпr iongituCirral
displa.cernerrt of the flat rTrirTor еlеmепt, Arrr,,, :
(Д" - ") is the пrахimurп rаdiаl shlft оf the circulirr
reflectol е}ешrепts at а gi\ren valuc of angle ,,l9.

tlsiTrg the reiatiorrs displaved irr Fig.,i, orle call
estirrrate the пrахirпum ltorizontal size, o{ the flаt

miгrоr, at rlhic}r the lorigitrrtiirral <iispiac:errients oi'

its elernents dc, not fall oirtsicie perrrrissible limits of

thеir mоl,еrпепt, This size is 1jOш 170m (prr =
15" + 17"). Tlre Tnaxirrrurrr сirсulаr геflесtоr арс-,rtirгi-

rvith wlriclr the radial clisplacements о{ its parreis alt
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Figuге 4,. Мrll:imurп lorlgi,t,udi.rtal, d,isplacemeni of the

J7at rпiгrоr еl,епlепts, b:I:,*.or, ап,d mаrirпurп ratli,aL

shift o.f the сirг.:u,lаr reflector elements, Дr,n,o.," uersus
arlqle ,pg,

spolrds to я: 200 rrr of thc horizonta] ареrturе.
Tlre compirtations discussed rеfеr to the case

ц,hеrе the feed is 1ocated betrveen the flat and сiгсulаr
mirгoTs at а distance -tr/ : 132rTr frоm the чr:rtех of
the lаttег and catr Ье rnor.ed оп thе аrсh rаils ц,hostэ

radial distarrсe frопt tlre arttenna cerrtl,e is rа : 156rri.
:\pplTing forrnuiae (l-.З) , t}ie configurations of tlre

ilriгroTs n,ith lаг_тirig ,V. i.e" il,-iih charrging 1,lie loc:a-
tion of the feetl betlr,een tlre vertices of the ilarr and
сirсulаr i,eflectors. Tчеrе also comptrted. The distarice
lэеtrчееп t}re iпiгrоrs did поi, change. The rr:iations
Дz,,о, : /(]1), Д7,п,оr, : /(n.1) iЬr f0 - 10'arrti
15" are exhibited in }-ig. 5.

T}re claicrrlaticrns lrave sitoil,tt that l.}re rnaxjntunt
longituciina1 shit1 of t}re flat пtirrог рапс:ls dесгеаsеs
zls the iЪеd аррrоаtlhеs t}re flat mirгоr (iI : 184m),
,,vtriie tlre rnaxiпturrr Tadia1 riisplacemenl, of tlrc сirсu-
lar геflесtсlr eiements is а шriniirrurrr at i1 = l4;trrn.
Thus, the сurrепt raclius of the arc}r rails is rrot ор-
tlmal. Frоm the poirrt of чiеи, of ti-re longest tгac:kirrg
of the tаrgет,. :]п агс оГ а. сirс:iе ъ,it}r а radil_ts of 1-1.,trrrl

seen}s to Ьс optirna,l.

2. Coпrputation of the field phase dis-
tribrrtion in the aperture and in
thе ВР of the antenna systern
"South*}'lat" when observing in az-
imuths at 11а :0'

\\ie ц,ill nor,,, imaginr: t}rat the surfaces of ttre rrrir,
rоis аrе соmроsес1 of ап infinite пrrпrЬег of elcrnc:rrts
rv}iose hогizопtа1 sizes tend to zегсl. Tlie ргiпсliilаl pti-
гаrпеtеrs of the system аrе as {Ьllоц,s: D : 18.1 rrr.

Л1 : 1З2lil) rd : 156пr. Tlre su.гface slrape of t}re

mirrотs is dеsс:riЬесl Ьу exprcssit.rns (1 З). These rгercl
derivet1 fоr the case rvhere the fla,t frоrrt оf the rгaтe

L,) /

inc:ident cln iile fiгst mirrоr rпаkеs ап angie ffo : 0n
ll,ith tire llоrizоп апd ;rn arzimrrt,ha1 arrgle п : 0о -nvitlr

tlre tiпt_lпл:l s,v,steшl axis (passage оf а target across
lhе пrсгirilаtl)" Irt tiiis case. tlre stlпr of optical paths
{iorn tlie forllts to ап1, р}апе rrornrirl to the optical axis
i-ч coi1:]Lill]t, arrcl the fie]d ls distributeci in 1,he aper-
tuгс ilr phasr:, iэгrlчidс:сl that the e]ements аrе set in
rlgoroirs c,otti,lrrrtiti, rvitli thе c:orTiprited i]ur-\Ies.

Саlсulirtгэ rT}rat the plrase field distril;utic.,rr оl,ег
tltc ;,tpertrrlo ц,iii }le like rr,irc:n the п,аi е fгоrlt is inc:i-
detrt ttt rr clit{cгerrt, fгоm zercl. alrcl the lЪеd is displaced
оп, the агсh llrils arla},{i,orn the sy*stem axis. In this
case thс prэsitioii of а пец, {bc:us. i}, in thо. роlаr с:сl-

orclirrate svsteilr. ti-re origirr of rr,lrich. L]/. is located
оп t,he s}.sienr ax]s; art а t]ista,Trcc р fгorrr t}re cc:rrtre of
the сirсlе О. is ciefined b_v coordinates (r,7, cr) (Fig.6).
Tire surTr of optical раth-ч, S, fгоrп the rreц, {'ocus F,;
to the plarre А. ,"r,hiclr is perpcrrdiclular to the рrор-
a,gating rr,ar.e frопt ancl gocls tlrrоugh tlre flat пrirrоr
cc:rtter,. is:

S:l*l+p', (4)

rтhеrе l is t}re dist;rrrce of the рiапе А {i,оm the point
fi on t}re flat rпiгтог, l is the separatiorr of points fi
arr,d 7i оп thc: surface oi'tiie flat апd сirсuiаr reflec-
1,clrs, дll is tlrc: distcLrrt:e оГ poin| 72 orr the сirсu,l,аr rс:-

flec:toT surfасе frorrl thc lЪl:,.rs Л; ог the radius-\rectol
crf poiirt 72 iп tile роlаг coordinattl svstem (р',,ц').

Calc:r_rlate thc phase field distribittion очеr t}ie
ареrti]rе е,хiэтt_-ssесl in а, 1iriсаг п]еа!iurе ýS1l,'; :
5(u') -.9(С).

t * 
у1 sintl - f;1 cos0. (5)

The coordinates 11, зl1 of point 7i were computed Ьу
fоrmulае (1, 2), l is described Ьу the equation of а
straight line going through point ft rvith coordinates
(щ , yt) and having ihe tilt angle (а - 2z) with respect
to the g axis:

(r, - ") Lg(a - 2i) ,

where z is the angle, which а line tangent to the curve,
the flat mirTor e]ements are aligned оп, makes with у
axis

i:i,,-фl2, tgi,:LdP.
рdф'

The rау reflected from the flat miTror intersects
the сirсulаr mirrоr at point Ъ пrith coordinates (r2 :
рсоsф, у, : рslпф). То find the coordinates of point
7: and distance l Ьу numerical methods, the transcen*
dental equation with respect to angie ф was solved

ut- рsiпф - (z1 -рсоsф)tс(а *2i,), (7)

llitr:rc_, р is specified Ь1,, expressioTr
Gl.,,err the position оf point 7i

riirrates and that оf tlrc {bctis Да

с, ()_\ {р L т.{тlо,\ оЕ RA,J;{ лr_ 600 слfАRд с ТEnIS TIC.S., .

(6)

in tlie (д;.Ti;) coor-
orr the аrс (rа. а) .
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Figure 6: Rо,ц 1lath i,п the lt,urizon,tal рlо,п,е ot th,e rа-
tli,otelescope tосusi,п,g systeпt irl the "ra,tlio- Sr:hrпidt

telescope" mоdе at Но + 0" о,п,d а { 0О .

little manipulations yield t}re radirrs-l,ec1,or of point
72 in the coordinate systent (р'"4,'').

The field phase distributions оr,ег tlre ареrturе
thus computecl ,nl,eгe used to calculate tlre ВР of thc
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rаdiо telescope. Note t}rat t}re phaso distribrrtions
har,e botlr t}re lirrear, (]oшIi,,01]ent alrd }righer оrdег
componerrts, cr_rbic. ilr paTtic:ular, The raluc of t'[re

1аttег п,il1 affect t}re leтci of the sii]e ]obes and tire
value of maximtrm of the апtеппа Вр. As the calcrr-
lations hаче s}tori,n. the pha,se distoгtions grori п,itlr
irrc:reasing azirnrrth angie.

Figs. 7, 8 slroп, tlre ВР of iilc: гi-r,rliо tclescclpel
at б crrr uпdеr ttre c:onclitiorr сlf "r,ir,ciio Schnridt tc:]e-

scope" iri cliэserl,ations at ;rzirrrrtttrs 0О, 3О a.nd 5О at

ро : 10о alrd ].ilo (I : 100 ai.nd 150rrr), Тhе c:}evatilin
of tlre sorrrco observed is zeTc-i. 'Ilrc ареrturе of itle с:ir-
ctriar rеflес:rоr in tlre caiculatic-rns rчtls taken eqlrir-l to
2Q"о :30о attd '10о" rсsресtil,еlу (2?.о is t}re angie at

r,r,ilich the арtlriurс of t}rc: сiгсulаr rсflесtог is i,isillie
['гtrm ]}to i)I]iolllia геrrгrо о).

The ВР ýas computecl brr а stzrncl:rгcl ргоgrаlпIl1е
takirig into actlorrnt а]1 fc:irtirres tlf the RAT.\N-600
a,ntenlla systelll 8еоп}стr}l] protleedilrg frотп tlre ВР of
the ргimаrч feed hоrrr. Ttre algorithrns of this рго-

€lrаIrlше ale preserrtcd iп раrt irr ttre рарег lry, Ко-
rzlravin (1979) . Usirrg the рrосеdurе of scquerrtial ар-
proxirnations rve п,оuld firrd suсil а r,alue of р at rl,tiiclr
the р}iаsе r,trriatioTt оr,еr thc: ареrturr: ц,аs а. mitriltttlttr
at а given trzimuthirl irtrgie. This раrаlпеtег defirrc:s the
positiorr of focus l.'i оп t}re агс;Lr.

The r:alcrrlations п,егсl реrfоrmеd lЬr trl,o cascs, Iti
the fЬгrrrег the fla,t шirrсir elements аrе aiigrrer1 irr tlre
сuг\,,еs describetl Ьу expressions (r. Z) rr,helr fclrrтring
t}te srrrfar:e. In this case thrl пrirrоr e}errents :rrе rlis-
placed longitudinirll1, and rоtаtеri iп aziinutlr. Let u_.

rrame t]ris conditiolr arr "exact rаdiо Sclrrrilcit".

lrr the second case. rl,hich is called ап "аррrох-
inr:rte гаdiо schmidt", the flat tпiггог elertrerrts are

displ;l,ced orrlr. in longitude li,itlr а ztlTo angle о1 az-

inrrrt]ral rotatiolr. Tlre "Schпrldt" corгectiorr of the
tclesc:ope in Nanca.r, is executeci irr а sinliial ]Iiilrпег.

r\1-4./of1.o \ .1,. fiH-{IKnI

Figurе 5: Мапimu,m lопgitudiп,аl displaccrпa,lt oJ the flat m,irr,о,г elerrlertts Дr-о. о,гld rrlаr,i,rпtl,п,t, rad,lal slli,lt o.f

th,e сi,rсulаr геfl,есtоr еlеrпе,пts Аrпrо" uer,lll,s |слr:аl distcl,п,ce li о! the c|irr,tll,ar rп,irз,о,r.
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The curves displayed in Figs. 7,8 illustrate that in
observations with reduced ареrturе (i = 100 m) the
ВР is distorted only slightly with changing azimuthal
angle, the ВР being distorted less for the operation
mode "approximate radibSchmidt". In observations
with the 150-m ареrturе rve have а fоrmеd ВР at
azimuthal angles ranging from -5О to 5О, rvhich соr-
rеsропds to about an hour's tracking of the source,
the maximum of the ВР is, however, being reduced
Ьу пеаrIу 40 %. The "exact radio-Schmidt" yields а
ВР with higher maximum, but within smaller limits
(frоm -3О to 3'). Note that 0 : -3О i 3О соrrе-
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sponds to а time of tracking within half an hоur at
Iovr elevations. The ВР exhibited in Figs. 7 (а, Ь) and
8 (а, Ь) hаче Ьееп derived for the case whеrе the feed
moyes on the arch rails that actually exist at RАТА1\-
600. This is the аrс of а circle of radius 156m with
the centre at the antenna centre. The distortions of
the ВР with variation of the azimuthal angle suggest
that the arch shape is not optimal. Ву varying the
раrаmеtеr rd with а fixed value of а, optimal сuryа-
ture radii of the аrсh r!Р' wеrе found, at which the
distortions of the ВР were а minimum (Fig.9). As
the computations have shown, the shape of the аrсh

с о мр U тдт IолI оF ЁАтАлI- 600 CHAflA O?ERJS TJCS. 
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Figure 7: ВР clt the RДТДN-600 at б сm i,п the mode "radio-Schmi,dt telescope" fоr оЬsеrчаti,опs i,п azimuths:

0=0о -(l),*:3o * (2),а=5" -(g),(о), (") - "euactrad,io-Schmi,dt", (Ь), (d,)-"approtimaterad,i,o-
Schmi,dt" (о), (Ь) - rеаl arch rа,il trасk, ("), (d) - opti,mal аrсh ra,il trасk, Horizontal si,ze о! the flat mi,rrоr

L=l\am (р, = 10о ). дпtеппа fоrmiпg апglе Но - 0о .
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Figure 8: ВР of the RДТДN-600 at б сrп ,iп the mode "radio-Schm,idt telescope" fоr оЬsеrча,ti,опs i,п аz,irпuths:
@: 0о - (1), .:3о - (2) , а:5" - (3). (о), (r) - "elact rad,io Schm,idt', (Ь), (d) "aylylrotimate rаdi,о-
Sсhrп,idt" (о), (Ь) - rеаl аrсh rа,il track, (r), (d) - opti,mal аrсh rа,il track. Horizontal s,ize of the fl,at mirrоr
L:150rп, (р":15'). дпtеппа fоrmi,пg апglе Но: Qo.

оп which the feed moves is different for the condi-
tions of "exact" and "approximate radio*Schmidt".
Besides, when operated as the "approximate radio-
Schmidt", the shape of the optimum аIсh varies with
varying sizes of the ареrturе (100m and 150m). As
can Ье sееп frоm Fig.9, the optimum arch must Ье
mоrе ((straightened" compared with the rеа] one.

In Figs. 7 (с, d) and 8 (с, d) are displayed the ВР at
6 сm with the feed moved on the optimum аrсh. It is
seen that under the condition "exact Tadio-schmidt"
the optimum аrсh enables tracking of а target for
an hоur without distortion of the Вр both with the

100m and 150m apertures. In the mode of "approx-
imate radio*Schmidt" the optimum аrсh wili Ье ef-
fective with the reduced ареrturе (tr : 100m), wiih
.L : 150m the ВР has а much larger level of side
lobes (12 + |4%) and а lоwеr value of the maximum
than in the case of "exact radio-Schmidt", its shape,
however, remains practically unchanged. Fоr соmраr-
ison, in the course of an hоur's tracking with the radio
telescope in lr{ancay under the condition of "аррrох-
imate radio-Schmidt" at 11сm with the ареrtuте of
200m the side lobe grows to 12% (N{aghoo, 1990).

Note опсе again that the corгputations wеrе рет-

l1
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Figure 9,. Dерепdепсеs of opti,mu,m сurчаtшrе ra-
di,us r]РL of the arch ra,il trach оп the апglе а.
"Eract rad,io-Schmi,dt" - (1,3), "approtimate radio-
Schmi,dt" * (2,/,), L=100m * (1,2), L=150m - (3,D,

formed under the assumption the incident wave front
makes а zero angle with the horizon, hence the above
phase distribution and the ВР of the telescope wiII
оссur опlу in observations of sources with а zеrо еlе-
vation. In observing sources with elevations different
from zero, the phase distribution over the aperture
and the ВР of the radio telescope lvili Ье different.
Horv great the differences will Ье and to which eleva-
tions the results obtained here аrе appiicable can Ье
assessed only having performed computations of the
system for ап arbitrary angle of wave frtint incidence,

3. The design of the antenna system at
Н. * 0".

In order to obtain а complete picturc of the antenna
system of RATAN-600 operating аs а o'radio*Schmidt

tеlеsсоре", calculate the mirrоr configurationB which
make it poBsible to focus the rауs incident at an aTbi-
trary angle with the horizon. The azimuthal angle of
the rvave front еquаIs zero, In thiB case the condition
of absence of Bpherical aberration is Bpeciffed Ьу the
followtng expression:

р + l * rcoBf/o = 2d* q(1 _ соsffu), (8)

which describes the fact that the sum of opticai paths
frоm the rvave front plane incident at an angle .Г{о

with rеsресt to the horizon to the focus of the system
is the same. р is the distance of the point the rау
intersects the circular mirrоr from the focus F, l is
the distance between the points of intersection of the
rау with the mirrors, z cos 1{о is the separation of the
incident wаче front plane frоm the flat mirrоr plane,
d is the distance between the vertices of the mirrors,
q is the distance of the flat mirrоr vertex frоm the

focus Л. The condition of Аьье sines without соmа
is

(9)U = Siпф

Taking into account the relationships in the fосus-
ing system:

п- рсоsф -lcos2i,
у-рsiпф+lsiп2i,

ф=2i,'-2i,,
,, Idp

tg,l" = _: 
,

р аlр

and also expressions (8, 9), have the following differ-
entiai equation

tвф12 - G
1t GПы!12'

(10)

rl?-l

L_dP 
=

рdф

whеrе

G- T-m
В(1 * cos f/o) '

Т = 2d + s(1 - cos f/o) - р(1 - cos ф cos fJo) ,

в:(1+р)siпф.

This differential equation was solved Ьу the nu-
merical method of Runge-Kutta with а computer"
Рrоgrаmmеs were created allowing the following ра-
rameters to Ье computed: r, а, p,l,i depending on the
focal distance F' of the system, size of the flat mirrоr
L (2р.), wаче front incidence angie 1/о. The angle
Но f,or which the sуstеm lvas computed wi1l Ье called
the angle of antenna formation.

Тhе expreBsion for r, l, i:

1.: тО:@,
i = arct8Gr

(1 1)

(12)

g=рсоsф ffi, (1s)

Fig.10 shows how the mахimчm change in the
longitudinal coordinate of the flat mirrоr, АO*о, =
r(y) - u (0), varies with varying ffо fгоm.OО to 90n for
tpo = 10О, 15О, The shape ofthe circular rеflесtоr does
not change with }/" and the relation р(ф) at FIo - 0'
holds fоr it to а high degree of accuracy. It should
Ье noted that, the same as for the case Ёrо = 0О, in
the calculation of the shape of the mirrоrs, optimum
values of the раrахiаI focus of the system wеrе found,
at which the longitudinal shifts of the flat mirrоr wеrе
а miпimum. The optimum Flpt focus values of the
system аrе different for tpo : 10О and сро : 15О.

пl
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Figure |0: Маriпtuпt, lorl,gitu,dirlal displacernertt о! th,e

flat пt,irrоr рап,еl,s, Д^tr*.' , aqai,nst о,пtеп,п,а, f оr,пt аtiоп
art,glel Но.

4. The calculation of the phase field dis-
tribution in the ареrturе arrd ВР of
the radio telescope in оhsеrчiпg at
azimuths, Н,, f LIi

Let rrs c:a,ltlrtlirte tlre phascl fiellci llistriЫrtit>п in tlrc
ilrrtentla, аI)сrtllrс) tlr}tclt i1 S()tl1,(]о rr,iltls<l clcl,atiolr l/i
is rlrrc:qlrirl t,o tl-rt: trrrglc of ltrttclnnrr fсlrtпаtit;rr zrncl tlre
azirTruth tlf tlrr: targr,lt сl { Clo . T'}tc elernertts of the fl;rt
and сirсulаr геflесt,tlrs 2)rе set itt t,trt: t:rtrvcs spc:clified
Ьу c:xprtlss,iorrs (9, 1,0, :l 2. 13) , Tlrtlse wеrе dегir,еtl fоr
thc case rчlrс:rt: the {l,al,t ъ,trve frоп| irrc:idcrtt оп thr:

first mirrоr makes iln arrgle Н,. rvit}r t}re hогizоп arrd
r1 = 0о (triiTisit of tlie sollrce асгоss thc rricrirliali)
rr-ith thr, allгclllIa sr-stгttt axis.

'Ilre circular antenna elements аrе set in а гigоr,-

ousiy uргight positiorr to form а quаsiсirсulаг суliпdсг
witir а r,ertical gепеrаIlt. Тlir: fla,t rпirrоr eleпrerrts аrе
iriclined with геsресt to the horizon through an angle
H"l2.Il the case rvhere t}te azimuth а of а sоurсе is
different frоm zеrо, the angles Д" and 1{, аrе related
as folloп,,s:

t,s Н,
(]oS а

(i4)

The feed is displaced оп the arc:h rails frоm the
system axis arrd the location of а nerv focus Л.7 in the

роlаr coordinate system ц,hоsе centre О' is оп the
system axis at а distance р frоm the сепtrе О of the
circle is given Ь1, the coordinates (r,1, а) (Fig. 6). Тhе
sum S of the optical paths from the focus f} to the
plane J,4 rrогmаl to the wpve front incident at the
arigle 1{, u,ith the horizon is

S:t,l+l+p|, (15)

rvhere f1 is the distance of the plarre going through
the vertex of the flat mirrоr tiom point 71 оп tlre
flat mirrоr, l is the distance betв,een points fi and

мдJоRо\,,д, KHAIKIN

72 on the surface of the flat and сirсulаr mirrors, р/
is the distance of point Ъ on the flat mirror from
the focus Л; or the radius-vector of point 72 in the
роiаr coordinate ýystem (р',ф'),Тhе stTaight line А
in Fig.6 shorvs the line of intersection of the plane
,4,4 with the horizontai plane.

Calculate the phase field distribution очеr the
aperture, expressed in а linear mеаsuIе, Ал9(ф/) =
s(ф/) _ s(0).

ta : f cos На = (уу sin 0 - 11 cos а) cos JJ1 , (16)

The coordinates rr, зl1 of the flat mirroT and the
angle е of the tangent line to the сurче at point ft
with the axis у wеrе computed Ьу fоrmulае (9, 10, 12,
13) for the angle ffо of antenna formation.

То find the coordinates of point 72, at which the
ray intersects the circular reflector, and the value of J,

the transcendental equation with respect to the angle
tp was solvedi

у1 - psin ф = (rt * pcos ф) tg(ag - i) , (17)

whеrе аб is the azimuthal angle of the reflected ray

sin а9 - siп(а - z) cos //.; . (18)

Whcrl solr.ilrg tlris equtrtiorl tЬr р, c:xprc:ssiorr (3) сlсэ-

гiчеd rvitir I{n - 11" ltirs Ьсlеп irsccl, sitrc:{), its hirs Ьесэп

rrotecl. t}re relirtiortship p(i,) cltles tiot rlc:pc:rttl c1I f1,,,
Knorr,,ing ]ot:ation of poilrt Z2 irr, thc t:сltlгtliпаtе

systeni (р, tл) апd t}re 1losltion of tlre f".7 foctts ott tlre
агс, (r,7,a). а litt,le rrr;rrripulatiorr yiclrls t}rc чссtоr-
radirls c,,f 1loirit Т) iп the sl,st,<:rtt (.р',\r' ).

In Figs. l1 and 12 at,e displal,ed tlre rеsults of fielcl
phase calculations ln tlrtl antcttna allcrtrrrc fоr the
nrodes "exact" arrcl "approxinrate radio--Sc:lrmiclt" at

ро : 10О,15О. а : 0О,3',5О alld clifl'erent .Но. Оп
the orclirrate axis аrе laid о{f tlre l,alues оf maxitnuin
phase diflЪrепсе AS,,o" (irr mrrr) . the abscissa is the
plot of the elevation 1{t of the obseTved sоurсе. The
linear соmропепt of the phases rvas рrеlimiпаrilу sub-
tracted, since it does not cause distortion of the ВР
but only its turп" Thus, these сurчеs can Ье used to
estimate the mахimum phase еrrоr rvhen observing а

Sоurсе at, Hi, w}rеп the antenna is set fоr arr апglе
II" + Hi,

Frоп examination of the сurчеs presented iri
Figs. 11, 12 the foilolving conclusions can Ье dralvri.

As it rvas to Ье expected, the cophasal field dis-
tribution in the antenna ареrtuге (AS : 0) (оr close
to cophasal -- in the case of "approximate radio*
sclrrnidt" ) is realized in observaticlrrs of souгces п,hоsе
ele,n.ation is еquаl to the arrgle of апtеппа {brrTration
and а: Oо, as ll,ell as at azirntitlr angles different
frопt zеrо, fоr -Еlо > 70'. Fоr the arrterrna system de-
signed fоr sпrаll and rneciiunr angles, the rnaximurn
phase еrтоr, inc:Teases п,it}r grоц,iпg azirTrrrthal angle.

In the I1n rапgе frorrt 0О to 20О the relations
AS"no,,(1fl) аrе oniv slightlv diflЫent. So, lvitlr the
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antennil coml]uted fоr Но : 0' it is рr]_чsiЬ]g to оЬ-
sег\.е tаrg-еtr] tile eic:r,atiolr of lThich d(rcs not excec,d
20,.

Comparirig t}te гeiatiorrs fS,,".,,(-Ц,) at f : ,[0О

and 15О" оllе call state that tirс:ir t:}rаiirсtег рt,еsегyеs
ц,ith changing арсrturе sizes, arrd оiri-г tlre аil-чоlutе
\ralue of the maximrrm phase dific:r,errce in ttro арtlr-
tuге changes.

At last, the шахimum phase егrоrs irr the mode

2о з0 4о 50 60 70

(ь)

"approximate radio-Schmidt" at azimuthal angles of
3" + 5О and with а reduced aperture (сро : 10') are
smaller than оr equal to A.S*o, under the condition
"exact radio schmidt". The same can Ье stated for
the 150m aperture (ср. : 15'; fot Но below 60". This
is why in furihеr calculations of the radio telescope
ВР, рrimаrу attention was given to the mode '(ар-
proximate radio-Schmidt" .

Fоr а mоrе detailed study, ВР of RATAN-600 wеrе
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Figurе 1|: Ма,хimum ph,o,se diJJсэr,еп,r:е iп th,е tl,реrtu,ге fS,o" as а ful,nctiort, oi sоll,rrlе еIечо,t,iоп Hi at а :0О,
3", 5О arld dif.ferent ап,tепrtа formai;,iorl ап,glеs II,,. Tlle, hо,гizоlftаl s,ize of the .|1at гrti,r,rоr, L : 100п-t, (ро :
Ю")" (а) "eract rаd,iо Schmi.dt", (ll) "a,pprtlr|mate rаdiо Stlпп,irjt".
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Figs, 1З, 14 shoц, t}re relatiorlships between thcl

пrахimum ВР arid the eler,ation 11, of t}re sourcr: оЬ-
seri,ed fоr three arrgies оf апtопrlа fоrпrаtiсlп. 1{о :
0О, 30О, 45О. Cr.iTl,es (1, 2, 3) show tirc relationslrips
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that with the aid of the "South+Flat", а focusing sys-

tem, the so-called "radio-Schmidt telescope", сап Ье

constructed, that will enable long tracking (from half
an hоur to опе hоur) of а source with no essentiai dis-

tortions of the ВР iп а wide range of wavelengths and
source elevations. The "approximate radio-Schmidt"
mode is mоrе flexible as compared to the "exact
radio-Schmidt". The latter has an advantage only at

shоrt ,ллачеlепgths (А ry 1сm at ро _ 10О, ) * 2 сm at

ро : 15О) and also in observations at azimuths close

to zеrо.
As fоr the choice of the antenna formation an-

gle, the rапgе of angles fIo from 0О to 30" seems to
Ье the most optimum. At these angles the rалrgе of
elevations at which one can observe sоurсеs with реr-
missible losses (the reduction of mахimum ВР Ьу 2Ь
30 % mау Ье taken as а criterion) is а mа>rimum. The
final choice of the antenna formation angle should,
horMever, Ье made proceeding frоm а раrtiсulаr as-

tTophysical task. The relations presented shоw that
the reduced ареrturе (Д : 100m) mode is fоr shоrtег
vravelengths. The 150m aperture provides а Lаrgеr

effective атеа, but it салr Ье employed at uiialtý по
shоrtеr than 4сm.

Fоr the tasks that do not need long trас&iпg of
а sоurсе but only signal accumulation at опе decli-
nation, one сап use the "exact radio-Schmidt' sith
an antenna ареrturе up to 170-200ш computed fоr
а sPecified elevation Но = Н;, А rpide fictd of тiег
is achieved through placing а multi-element rесеfurcr

(аrrау) along the focal plane of the sесовdаr.г шir-
rот (focal line of the feed). ТhЬ condition Ь to Ье
discussed in а separate рареr.

5. Conclusions
As а гesult of the rеsеалсh carried out, fоrmцlае harT
Ьееп derived апd рrоgтаmmеs have Ьееп written ю
calculate the surfасе of the flat апd сiгсчlаr rеflес-

tors of the rаdiо telescope RATAN-600 to Ье operated
as а dоuЬlе-mirrоr aplanatic sуstеm - the so-called

"radio*Schmidt telescope",
The phase distributions of the field iп the ареrtчrе

and ВР of the radio telescope uпdеr the condition of
"exact" and "аррrохimаtе radio-Schmidt telescope"
have Ьееп computed fоr the case of zero angle of ап-
tenna formation and for the case this angle Ь оthеГ
than zero and does not coincide with the eleration

of the source being observed. Тhе computations реr-
formed have made it possible to optimize the раrаmе-
ters of the system discussed, in particular, the parax-
ial foca} distance of the telescope, the curvature of
the аrсh rails that carry the feed. the range of angles
of antenna formation, and the angles of source obser-
vation. The computations done fоr а wide range of
angles and wavelengths provide data on the basis of
which а mode of operation of the radio-Schmidt tele-
scope can Ье chosen, depending on an astrophysicai
tasks to Ье реrfоrmеd.

The "approximate radio-Schmidt" with the сur-
rentl1, existing аrсh rails has Ьееп shown to епаЬiе
tracking of sources fоr an hоur with the 150m ареr-
turе, at чravelengths longer than 4 сm. The optimiza-
tion of the аrсh rails will permit long-time observa-
tions at ц,avelengths up to 1сm to Ье made.
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