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8. On th2 statistical evaluaticn of the 2ff~ct of accuracy and

rigidity of the antenna of radictelrscop2 cn its parameters.
A. Y2, Salomencvich.

Pag= 100.

Th2 parametars >f “he ant<nna of razdictclescop? (radiatior
pattern, effective area, etc.,) deperd on an inaccuracy im its

production and various kinds cf strains 1.

POOTNOTE 1, On the effec: cf scattering on the thrusts/rods and
others cf construction/design see [ 1]. ENDFOOTNOTE.,

The effect of the random errors for the production of the surface of
antenna on its radiaticn pattern, frent-to-rear factor (derictive
gain) ani sffective area are examined in works {2, 3, 4 5] In
particular, in [S] are obtained the expressions, which cornect
dispersion and radius of the correlation of the randcm phase errcrs

on the aperture of line-scurce¢ astenna, caused by an inmaccuracy in
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its production, with the distcrtion of diagram and
vorsening/deterioration in efficiency, . Werk L[6] examines anéiogous
task for the aperture systems, The examination, which was beuing
carried out in indicated and scun cther wcrks, must bz supplemented
with the considsratior, apparcntly, which were not being considered
earlier. The fact is that surface distorticrns of the real antenna,
which lead to the phase distcrticns of field, are the rasult of

act’on, at leas*, two diffrrent ceasons.,

Thz surfacz of an*tzara can be preparesd only with certain firal
accuracy, characterized by tte value of maximum relative tolarance
e /L = 107" (vhere L - diameter of antrnna aperture), the being
determiring dispersior o’ phase, and vith a radius of correlatior
These parameters car be measured after the termination of th2 o
production of anterra and usually they relate to th2 specified

ambient conditions, under which are conductzd the mesasurements.

In the process of operaticn the antenna undergoes different
effects: test/experience weight, wind and thermal deformations. As a
result its surfaca is changnd. These changes cause the phase
distortions of field, which leads tc further worsening/deterioration
in the characteristics of antenna. A differenc? in the distortions as
a result of the strains froa the distortions dus to an inaccuracy in

the production lies in the fact that the first are alvays more smooth
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- the 2qually d>formed sections are commansurat:d with the diamster
cf ant>rna. Furthermor:z, strains do rot usually remain

constant/invariable.

Page 101,

In thz overvhelmirng majority o€ tha casss we do not hav=s the
capability to ir dectail investigate the charactsr of phase
distortions as 31 result of *he s*rairs, sincc the latier in a
complicatad maLnner are distributsd by the constructions/designs of
antrnna and do rct remain ccnstants. Tharefore phase distortions on
the apertur=2 of this an*e~nna, ceused by its strains, cannct be
described analytically, for exasgle with the help of the power-series
expansicn. In connection with this such distortions it is expedient
to examine (similar to distcrticns as a result of an inaccuracy in
the producticn) as rarndom ones. In this cas? we can &xamine the grcup
of the possible layouts of the deformed surface of antenna or the
layout, which randomly depends cn the time. Just as in the
examination of the effoct cf inaccuracy, at small strains ths averaye
parameters of antenna differ little from the parameters of separate
realization., With this apprcach we consider the surface of antenna as
deformed randomly; however, with the assigned characteristics: by

saximum strain e¢,/L =10™s, by determined dispersion oy and by a radius

of correlation p,.
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Th> statistical characteris*ics of phase error distribution as a
result € an iraccuracy ir the p-oduction and due to the strains, as
a culs, essentially diifar frcm each other; usually p. < py. Conceraing
values o and o, are possible th2 most varied ralationships/ratios. &
precise, but i ~ufficiantly rigid mirror is characterized Ly tie fact
that 6;>9;,. meanwhile in rcugk, but rigid mirror g,<os, Genzrally
sp23king, phase distortions due tc strains l=p2nd on tim=. HOowever,
during mor= or lesc preclong2d time intervals antenna can be
considered as that possessing the ccrstant shaps of surface which to

us is accurately unknown and which we to5 charac+erizs statistically.

Since both mentioned effects are not depended, fcr small
distortions wea can determine the value of the real derictive gain of

this antenna D by the expressicn

. D=Dy(1 — A)) (1 — Ay), ' - (1)
whers Dp - value derictive gain cf ideal antenna %, and Ar and A, -

relative decreases of derictive gains, which must be detersined cn

the basis of known values g, s and g, p, respectively.

POOTNOTE &, PFor simplification in the calculations we accept, that
. Dom 'R o 10A3,

Avhcre h=L/A, i.e., wa consider that the coefficient of the use of a

surface of aperture is equal tc cne. ENDPOCTNOTE.
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Por tha certainty we will consider that the distribution of
distortions as a result of tke iraccuracy is close <o the normal, so
that e,~206A4n3,, and therefore 32=25(e/A):. FPurtharmore, usually pr=nk,

vhere feor highly diresctional n=1-20.

For the evaluation/estimate of crder of magnitude 5; and'p; it

is possible %o cornsijer tha*t thz displac:nant alcng “he rczmal of the

points of surface fror the assigned prefilesairfoil as a result of

the strains is described bty the equation of elastic curve.

Calcula*ion shows that for arrrcximate sstimates e (z) = e,22, where
3

x=2r/L (r - distance from the certer of circular opening). Excluding

constant along the surface displacement, we obtain the effective
average/mean value of the dispersiorn:

1

=i = {6k () dz =14 (e (@)

Page 102.

The 1istortion of phasz2 ¢; (x) reverses the sign when
z=1//3~00. de respectively accept approximately  p, =~ 0,3L. In the
case of the pancil-beanm antennas, as noted above, pﬂx==i—é0:

Purtharmdre, A\/L=10-3-10"4, At such valua3s of the paramaters ws

obtain according to [5]

Ay=oi= 25 (hlli‘- | @)
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On thz othar hand, when pull>—:;-. as shown in [5], value

Ay = Fo}, whera F - function, clcse to linzar, changing from 1 when

p/L— 0 to 0.4 when py/L = 0,75.

Having expressed o; and g, through introduced abova paramaters
m;andmgy and bsing limited tc %h2 first-ord:zr terms of srallnsss
relaciv:l; g;t ando; we will c¢cLktair
D = 1082 (4 — 0,25 (10* 9™ 4 0,6F-10° """ ) i3] "(4)

The maximally attainable value dericiiva gain, cbtair=d wittl
prescribed allcwances for accuracy and rigidity, proves to b2 ejual
to . .
Duans = 10™7Y(1 -+ 0,6F-10* "1 ™) ) ‘

or in the decibels ,
Nuaxe = 20m; — 10 — 101g (1 + 0,8F. 10", ©)
If tolerance for th~ manufacturing precision is considesrably

nore than requirements for the rigidity of mirror, i.<., if

m, > m,, then A
Nunc = 20m. — 10, ()]

i.2., 15 can easily be seen, i* corresponds to the value, obtained
vithout taking into acccunt strains (2.5]. If, on the contrary,
mirror is prepared relatively accurately, rut it doces not possess the

corresponding rigidity, i.e., if m << my, then {under condition
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: 40%™—"p) 53 4 which usually cccurs)

Nuaxe = 20mg — 10 — 10 1g [0,6F], 8)
$.o, dariztive jain is limited to the insufrficient rigidity of
anterna, In this case N, FICves tc be sorerwhat grceca*er than in (7).
This is explainad by the relatively smaller effect of distcrticns as
a result of the strains, which have a larger radius cf correlaticn,

For example, wher pa= 0,3L, value Nyawe = 20 my —5.'When, m,—m,

Nuwe = 20m_— 14, )]

i,e, occurs only small further wcrs<ning/detericraticn maximum

derictive gain as a result of the effect of insufficient rigidity,

A difference in the radii cf the correlations of phase
distortions p, ard pr.;akcs it possible by characteristic
measurenents of antenna to rate/estimate the reasons for
wersening/deterioration in these characteristics in comparison with
th2 id=23l) cnes, The decrrase cf derictive gain as a rzsult of the
inaccuracies, Lteing characterized by p,<€L, 1l=21ds to an incrz2ass in
isotropic scattering, without changing the form of major lobe.

Howavar, the decreass by derictive gain due to the strains for which

py~L.,. it leads in essence tc the expansion of major lobe.

Page 103,

fieasuring the width of majcr lobe >f the pencil-bean antenna 3,

.
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it is possible on the2 measured expansien with knovwn pr to

rate/es-imate value 3, and acccrding to it and A,

FOOTNOTE '. The method cf measurement is presenzed in (7],

ENDFOOTNOTE,

The measur>asnt of gesneral/cemmon/total worssaning/deterioration
derictive yain makes it pcssikle tc isola*e than its that part which
is causcd by an iraccuracy in thn preducticn, i.<., A The latt:r
independently can bz datermined by the measurement of the coefficient
of antenna sca*tering. Observing th2 depandence cf ths width cf major
lcbe on the ambient ccnditicns, it is pessible tec further explair the
character of the strains, critical for this expansion (strairns

veight, thermal, etc.).

The considz2rations, prcesented above, have used we with the study
cf tha characteristics of the highly diracticnal parabholic anternra of
radiotelescope RT-22, Researct cf the surface of mirror RT-22 showed
that p, ~200' mm, and o} =021 for X=8 mm., From the calculaticn it is
evident that under these conditicnrs D/Dy=0.81., Wide measuremant of
major lobe led to the conclusicn that the relative expansicn ccmfos2s
~60/0. Prom the analysis of elastic deformations it is evident ttlhat
expected o ~03L. IB simpilax LR the measured expansion of major

lobe corresponds o} = 0,30. Under the quadratic lav of the increase

!
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of s*trains from the center 4c 4ha edqge of the mirror it leads to
average/mean valua %==L3“”v wkich closely coirncidas with the value
cbtainec by calculaticn ( 8]. krowing o} and oy it was possible te
rate/estimate A Ths cbtajin»d value coemurists A, =047, Taking inzo
account, furthermore, the effect of the nonuniform irradiation of
opening and scatterirg on the thrusts/rods and other =luments/cells
[1]), it was possibls to rata/esvime“e *h~ tctal lcsses derictivs
gairs, 2s a rasult of which ¢he ff ‘ctiv2 ean<-snra arca of
radiot2lasscopz RT-22 ¢n “khe wave A=3 mm prcvad to be close “o 1JC m?2

that i1t composes ~260/0 of the geometric area of aperture. Obtained

comput2d valu2 coincided with the results of measuring 2ffectiva arca

(71

Th> statistical method of the evaluation/estimate of +the total
distortions of phase?, as is evident from that presented, when does
not succeed in producing a precise calculation of the expected
strains, it proves to ke apprcpriata both during the formulaticn cof
requirements for the ccnstructicn cf the large/coarse optical-type
antennas 9f radiotel:zsccpes and at the sstimate of tha magnitude of

its expected parameters.
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