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n jy a L, 1 Y , y
M M M , m ~
H i d  N, n 3 3  .9~~~ 

E , e

O Q  0 0  0, 0 ki io

f l n  u n  P , p  A R  2 ,  Ya ,ya

*~~~~ i n i t i a l l y, a f t e r  vowels , and a f t e r  b , ~
; e elsewhere .

When written as ë in Russian , transliterate as y~ 
or ë.

RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONSr
Russian English Russian English Russian Er~~.ii sh

sin sin sh sinh arc sh si~ k~~j
cos cos ch cosh arc ch cosh
tg tan th tanh arc th  t a n n ~~
ctg  cot cth coth  arc c th  c c t h ~~
sec sec sch sech arc sch sech ~~
cosec csc csch csch arc csch c s oh

Russian English

rot curl
lg log
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Page 3.

TH IO1T Or TTO— DIN!~~SlOUL I~ T!~ WA ARRAY S WITH RU DO R LRRU G !1!!WT OP

ENITT ER S (P art I) . .

L. G . Sodin.

Ar. investigated the strongly rarefie d tvo—diisns iona l

antenna —arrays with the randon arrang .aeat/positioa o~ •.itters. Is

shove th. possibility of obtaining the low sidelobe levels and the

high resolit ions with a cosperatively sitU nusber 31 c,U/el.aents.

Is carr ied out tha coiparison of these antennas with h u g ’ s  cross.
II

Introduction .

In receat year s rapidly increa se the si2s,~d iaa $sions )f t ie antennas,

vtilis.d in radiot elescopes. I. a nuab et of those opar at t a g, ther e

are a ntennas with the sis•~diaenstons of note than kilo..tsr, and are

desiqs/proj.ct.d a ntennas with sise/diasesions into ties 31

kiloustirs. Loqicauy , in thi, case, tb.c. caaeot be LI. speeches

about syst... with continuous aperture . &ctnally can be used only the

~II ~
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antenna arra ys wh sa celifelenents are placed either along plane

cur,. (cixcuaferatce , cross, etc.). or it is irregular over certain

ar ea. First type antennas include widely known circula r (7),

cross-shaped (1 , 2] and ?—sb .ped (3, 4, 5, 6) systeis, acong the

antennas, close to the second type, it is possible to call/ease the

cqnaected systea L SCAN (101 and project YLA (8, 9).

Antenna arrays with the cell/ele.eut s, arrange/l ocated on pla ne

curve , possess the essential deficiency/lack: along tae directions,

tangential to curve , into one point it is design/projecte l a large

quantity of enitters. Due to this the radiation patte:n (DI) has in

sons secti on s the larg e ninor lobes to lower which by usu al netho d -

the adequa te/appro ach ing law of the excitation of cu tters - is

iapossibl.. It is necessary to resort to extre.elT cospleE

pr ocedur es , for exa.ple, to Ntias/teapot~ry R synthesis 31 DI (11) or

to th. super—synth esis (I .  regulated the e xcited leveL f sack pai r

of eaitters, and thea in a N—eleasnt antenna 0.5 ~ (R-1) j .  I n

cross—shaped and P—shaped radiotelescopu is n.cessarv to nultiply

aria of DR wh ich is also incon venien t (is lost average value of DI,

and the m m  DR of radiotelescop. Iron power is deterainel DR fron

the field of its :o.pon.nt antennas, whic h rahaxply ia:reases the

side—lobe level).

In conn.ctioa wit h this sore pco.isieg are •ar ea’ antennas with

it:: i:: ii
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the irregular arrangesent/position of cu tters. To the stedy of such

antennas is dedicated a series of vorks* (12, 13, 1*, 15, 16, 19).

FOOTIOT! L . Suffi: ieatly detailed bibliography can be f~usd in (23 ].

EIDPOOTWOT !.

The most co.pl.te investigation is carried out in work ( 12  J. if owever ,

so.. results of t~ is work need ref inesent, a series of interesting

questions there is not ezasined .

Page 4.

In connect ion with this in the present work, will be made the attenpt

to investigate non equidistant two-dicensional grating is more  detail.

During the irregular arrangement/positio n of cu tters tn the

plane of apert ure, it is possible to distinguish two :ases:

1)e.itters are placed stochastic with the aid of rando.

sampling;

2) emitters ate placed with the aid of certain tnn :tional or

thsoretica l—n .aerical algorithm analogously, for eza.ple , how are

select.d n odes in irregular quadrature f rmulas (17, 18].

t -
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Unfortunately, checking known theoretical—suserical al gorithms did

not yield positive results: in soae sections the aper ture  of antenna

decomposes on several rarely arranged groups, which leals to the

appearance of intense diffract ion lug/lobes in DI. In connection with

this ar. further exami ned only the antentas with the raadoa

ar ran g.n.n t/pos ition of cel l/elements, in this case, the

arrangement/position can be controlled by the assignel hit

probabilities cell/element into one or the othe r poi nt a n t e n n a .  For

•xa.pl., it is possible not to allow/assume the iacidsn:e~iupi ngemest

of a large nunber of emitters into one series, one diagona l, etc.

In work the parameters of antennas .ill be deters ine~ by average

(on the final ensemble of unifor m antennas) values, but it will be

shown, that for sufficiently large antennas statistica l av erage

values ar. close to average in separate realization. Lb. utilized

procedure is analogous in essence used in (193 and is its development

for two-dimensiona l antenna arrays with th. random

arnangement/positi on of emitters.

CA LCULA TIOR AID TIE IRVESTIGAT IOW OP RADIITIOI P&?TERf

Is .xa.ined r.ctaagulnr grating witi I~I~ by the nodes, numbsred

as follows:

~~
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k =_ ~~L J  ~~~~~ • .  .0 N1—1
3 2 2 ’

_~~t - i  _ N,—3 
~ 

N, — J
2 ’ 2 2

In node (k, It) can be located the emitter. In all in t h e  Lattice

points is placed ~ of emitters, the current of each is igual to 1/if.

To the pr.men~e of ..ttt.r is node (k, 1~ com pare event q,1~=J , to

absence — ~~~~ Pb. incideace/inpingemeat of emitter into any node-

we co’~sider .qsiproba ble to: P(q =I)=~~~—~
’

1• 

~J

, 

-

_ _  

_ 
_
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FOOTNOTE ‘. Furthe r instead of Nil, let us writs in certain cases W~.

Page 5.

The combined hit probability of em itters into reodes (k, 1.4 anii (r, s~
M M — I

let us take as equal to 
~~~~~~ 

- By these we l imit the  ensemble

of the rando. antennas only by such, in ~hich is accucate N of

cell/elements.

It would be possible to establish/install more rLg r~ius

copdieions on probability. For example, to require, so that

P(qk,~~ 1, q,~$=1) P{qk: 1}, i.e. so that one series could not hit too many

c.U/.l.ments, .t:. However, it is not difficu.At to snow that with

N’)>l this leads to a very small change in the average parameters of

antenna.

In some works the emitters place so that their density would

decrease to the edges of antenna (1*—16]. In this case, average DI it

will have the lowered/reduced sidelob. level. Rut in the strongly

rarefied aate aas the sidelobe level is leter .inel average  DI , but

_____  - ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —
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its fluctuations. The latter increase during the nonunifor m

arrangement/positi on of emitters in comparison with the case of

un iform ar rangemen t/position (12, 19).

Ta accordance with the selected probabilities

k = r , 1~~ s,

~~~‘ W 1’ Qi$1r~ Al M — I 
( I )

B OCTBJIbHWX CJ~y’B SiX.
N’ N’-l

Key: (1) . in the remaining cases.

FOOTNOTE ‘. Feature indicates on top statistical. av er a ;L r i ; .

ENDP ’OOTNOT I.

DR on field for  the antenna in question is recor l,’w r i t teu as

follows: —N+112
f ( x , y)=~f(x, y)+C (x, y) + i i~(x, y) = ~~~

- ~~~~~

k.
2

(~
Here ~ (z , y)  • C (x , 7)’ T)(x, ~,) 

— m iddle field and its fluctuat ion

(real and imaginary components),

~~=?‘_~~i~~, y i.i ?~ L v,
u.~co6esjn 14, v—cosecosA,

A — angle of elevation and azimuth, 1~ and D, - dis ta nce between

the lattice points along principal axes, X — wavel•ngth.
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Page 6.

Av erage DR

~~~~ 1 N.j

f(x, 
~~~

= 
2~ 2 (3)

NisIn -j.. N1sin

of the fluctuation
N—I

~~ (qk,._~~~_ )e I~~~11M .

k. 1——
2

Finding the law of random nuaber distribition ç and 77 - task is very

complex. However, since with R2>>1, ~ and 
— sum of a large number

of almost indepenient tera/component/addends, thea it is possible to

consider normelly distributed according to central u nit tbeor~m . As

it will be shown in the second part of the article, the calculations

of concrete/specific/actual gratings confirm this ass~amption .

U t4- i,1 — normal random vector, then for a compLete

descri ption , of DI is sufficient to know:

t(x, y)
~~ (x

, y1), 
~~~~ 

K

Let us give the  resultant expression s for these values :

I

_ _ _  

--— - —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ -—-
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sIn —~-(x —- X1)
— N’ AI 2 .  —+

2M (N’ — I )  N i sIn~ —j~’ N sIn~ -j-~~

sIn ~ -~- (x+ x1) sin ~~~~
- (

~+ y 1)
~~~~~~ 2 _ _ 2 —2x

x + x 1 . Y+ Yi
N 1 sin —i——-- N,si i

N1x N 1x 1 N ,y N,y1
si n —  sin — SIfl sin —

2 2 2 2 14

x 1 x y yj  -

N~ N~ s1n —~— sin —i— sin — sin -j—

N N,
sin —i— (x x1) si n — (y — y 1)

— 2 2 
—l 1~~~2M (N) ..~~ ) N1sIn 

x x : N, sin

siti  ‘~ (-~ + x 1) sin — (
~+ y 1)

2 
____ 

2 (5)

N1 sin ~ —~~~~-~~~- N , sin 
2

(6)

Page 7.

With xax~, y~~, from (54) and (5) we will obtain dispersions C and)?:

/ sin’~~~— s1n’~~~-~’N ’—M 1 ~~ •InN1xstnN,g —2 2 2
2M (N’ — 1)1 ~~~~~ N’IISI .~ ~~~~ N sinI-~-sInl~j~

N ’— M ( i  sln N 1xsm N,y \ (82M (N’ — I ) ’, N’slnx lny ) .

DR of the average Rscatt.redU power

L 
I

_ _  - - - - --“~~ - - - . - —  ~~~ -- -- - - - - -
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I ‘~~~‘~~~~\
________ 

2 
— ). (9)

N4~I n ’— g j ~$

In the direction of major lobe of DI (x ay aO)  ~2=~2=0 fluctuations are

absent. Therefore the form of major lobe virtaally :oE m:iles w i th  the
form of average radiation pattern.

In the directions of minor lobes ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ (with

12>>N) , whic h coin cides with the results of works (12, 1*, 23).

The mean squa res C and 1,of the undertaken on the period one

real ization DI ,

= .L 55 ~‘ (x, y) dxdy, <sf > =

y) dzdg.

Integrating real and imaginary parts (2) on period, we will obtain

N’—M<s’> <~ > = 
2MN ’

It is evident that and with N~)>R the average in realization coincide

with statistical average in the region o~ minor lobes. ~itb x>w/ 11
and y>v/R, for the strongly rar•fied antennas from (3), (7) and (8)

it is evident that ~L—ri’>f 2 ( x, i’)..

I 

~~~~~~~~~~~ --~~~~~~ -.--~~~~~~~~ .---~~~~~
- - -~~~~~~~~ --~~~~-.-
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Page 8.

Coasequently, in the field of minor lobes of DR is com pLetely

determined by rard om component.

Correlation f unctions C and 77 in this region take the form

F sIn~~-(x—x,)sIn~~-(y— y1)
2 2 ±

wi~J [ N1sin
X

2
Zh sin M

2
~ 1

sin~~ - ( x+x 1) $Ifl (y + y,) 1-
+ I.
— x -4.-. x 5 ,~ V+Yi IN’sin 

2 
11 . 2  J

If we examine DI in one half— planes (for example , x> 3 , by second

term in (1 0) it is possible to disregard. since t~ and ,j~ find to

be depende nt on differences in the arguments, ~ and ~ , the uniform

stray fiel ds . The fluctuations of field in the second ha l f—plane  are

completely correlated with fluctuations in the first L a If -p la ne :

C(x, y)C (—x—y) ~ 1, s~(x, y)s~(—x ,—y) ~ I

and they it is possible not to examine.

I 

-—-—-~~ - - — ~----- - ---- -- - - ------- . - - .  —-~~
.-
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T
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Fig. 1. Key: 11). Section.

Page 9.

Piguri I gives depesd.mces T ~‘R’~ and ~~2/& on x for two typical

sections yzO and y*x. From the figure one can se that out of the

region of major lobe C2 and i~2 it is in effect constant.

All this show s that in the region i minor lobes of DR Z(z, y)~~~

V ~~ +ii’ forms uniform Rayleigh field with one—dimeasbnal density of

distribution I 
-

z —z ’p(Z -~- exp —--.

L - - . — .  ~~~~~~~~~~~~~~~~~~ 
.~~ —

I

- -5----- -- - --—-—-- — - _ _ _ _ _



- - 
—

i- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - --

DOC z 7822*100 PAGE 13

FOOTROTE t~~ Nore ?tecise than DI forms field with the distribution of

Rice at average value (3). For real tasks the  neglect of middle field

admissibly leads to essential simplification in the formulas . Precise

calculation altboa gh leads to bulky formulas, it is not complex.

ERUFOOTROTE.

Average value z=1/ -~a~ 2~7 constantly in the region of minor

lobes and does not depend on th. size/dimensions of an t enna  I~ and

ay the force of this 1. badly/poorly are describel the properties

of real antenna. So, with N~, 
N,—~-oo DI acguires the narrow large

diffraction leg/l bes, which do not virtually affect avera ge value.

It is muck better to describe prop erties of DII with the aid of the

overshoots of stra y field I (z, y) above certain fixed level.

Let us examine certain section of DI: x=t cos 0, y=t sin 0. In

th is secti on minor lobes form the Rayleig h random process 1(t) with
I

the correlation function of its orthogona l components

sin N1 7 ~~sin N,~~~~
t(t)C(t-f t) =0 -

~~~~~~~~~~~~~~~~~ 
2 

j

The overshoot s of this process form rand om flow with a verage

value 121) in the unit interval

~~~(~ )_ ! .~~jP1\IF 2 Z
eXp ‘~~~~~

2~~ J ~,S

- - --—-5—
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and with the asymptotically Poisson distribution of a number of

overshoots with 1>E

p (v) 
~~~~~~~~~ 

(II)

Here 1* (0) — the second derivative of tho c~o.fficient of correlation

C(t)  of ,*0.

Page 10.

Since Z(t)s2(—t) further overshoots will be computed on the half

minimu m pe riod of DI : 0(t~(v. &vecaqe number of overshoots in this

interval: 1/2 2 —2 ’v (Z)={_ !L(N~cOs1,+N ~sint q,)} — exp --~——
Set/assuming farth er a=~2My ” and N ? ‘~+P4sin’~cs~ r’ if N,~~M,,.

then
(Z) 

(

~~~
1)

lJ3 NZM~
2 exp (_MZ’) (12)

virt ually for any section of DII.

In accordance with (11) the dispersion of a numbe r of overshoots

is equal to J/~~ consequently, the difference between realizat ions by

the ne—equ id istant cur ve of antenna is mat iceable for suck levels of

DR where is s.all. Exponential dependence ~(Z) (12) leads to the

- - -  
_ _ _ _ _ _ _ _
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fact tha t the transition from small ones to lar ge ones v requires

very insignificant change z. Hence it follows that the lit ference

betwee n the DI of the separate realizations of aatenmt is small.  In

other word s, in the ensemble of nonequidistan t antenna s in question

the overwhelming majo r it y is close to average, very p o r  and very

good antennas are encountered extremely rarely . Du n n; the design of

concret e/s pecific~ actual antenna , poor versions, i.e., versions with

the mound arrangem entfposition of cell/elements, easil y are

screei*netl. As far as versions are concerned best, thee tem porarily

exceed average (according to a number of p vershoots of DI). antenna.

In co~fir.atioa this, let us make a rough estimate of the side—lobe

level in the b•st version. Since for any version i~ ~~

- J/4j- best must

have Chebyshev typ e DI: in the re gion of the minor lo es z(fl~~A Ic~~~i).

For this DI the side—lo be level is connected w ith  average level
1%by simple corre lat io. zNI HC~~ z_  

1/2 
It is obvious that to carry out

the appropriate arrangeme nt/position of emitters is im passible (at

least because ~~ a’~ it does not depend on II), and by the f orce of

this
~~$/2 i .~ (13)

For a real antenna let us accept the following determination of

sid —l’obe level z,. In each section of DI abo ve leve l £., must be on

the averag e one overshoot. In this case, of (12) for 
~~ 

we obtain the

transcendental equation

I~
.

- — — - —-5— -- - - - - - --- -----—--- —---- -- -- —- -- - _ _ _ _ _ _ _
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M” 4e
M

~0 
— 

1,95 
-

solution of which in interval 1O0(I~~2.1O’ takes th. form:
15 .s- 3 -

- 
( 14)

Co mparison (13) an d (1*) shows the unessentia l dif ferences bet ween

th . best a item ma a nd th. aver age.

Pa’e 11.

Therefore , if we take any realization of noneq uidistant antenna with

the random arrangement/position of cell/elements and artificial to

remove some anomalies in the location of emitters, wil l be obtained

DR very cl ose to calculated . In works (1*, 15) they are invest igated

DR of the antennas , position of emitters in which were optimized on

computers by the method of dynamic progra m ming. Howeve r, those given

in these works with the DR of antennas, as a rule, are worse than

average. In  following work (16) examined statistical

arrenq..eat/positton of ceilfelements on antenna are btained the

results, which wel l coincide wit h calculated ones in the ;iven above

formulas, but the main thing, best , than during the ac e of the

roughly optimized arrang.aent/po.itiom of cell/elements.

Th. overshoots of one—dimensional ction of DI cann ot be

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
---- -~~~~~- ~~~~~~---- - -~~ -~~ -~ ---~~~~~~~~~~~~ -
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considered the as comprehensive characteristic. Hone detailed

description give the overshoots of the two-dimensionaL stray field

z(z, y ) .  Strict theory of overshoots of two—dizensional field at

present is not yet constructed. Rut, if level z , above w hich are

examined the overshoots, it is sufficiently high, so so that in the

section of overshoots the horizontal plane z would be only simply

connected regions, it is possible to use the method described in

(22]. In accordance with [22] over th. single area of plane (x , y)

the stray field has on the average a1 of the overshoots above level

z, where
n1 (z) = ç4y J~4 (z, 0, z,, z~)z11dz,,;

hers z, , z~ = -~~~- , z~ — - , P4 (z, z~. 2~ , z~)

— the four—dimensional density of field & and it deriv atives. P, let

us find th ro ugh eight—dimensional density C, and t h e m

derivatives:

P. (C. i~. C~~, ~~~ 
Ci., “i,, C~. ~ = P, (t , ti~,) P1 (Ci) P1 (C1,) P1 (‘i,~ 

P1 (ti,).

P2 — t wo—d imensional , P 1 — one—dimensional normal deam ity, moreover:

~~~~~ ~~ ~~~~~~~~~ j~~..a
2 =o4 

~ :; 
y ) 1 o’N 1N,

= = c~; CC~ = — ci~ = 
244 (N’ — I)

During transi t ion to polar coordinates C=zcos ç, ii— z sin,

(jacobian of traaifor.atios s~) and during integration vs will obtain
— (z) N 1N,M z’ e_Mz

~ (
~ 
_

~~ ) - (li)

Actually (15) it is need with Is5~iI, is commectiom with chick

I 

- ~~~~ ‘‘~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

-~~~--— - -- --~~~~~~~~~~~~ - - 
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second ter m in brackets we further disregard . 6y the force of parity

z(z ,  y) we examine overshoot s in one half— planes on half-period

0(x(v, —r(y(v.

(16)

Page 12.

The total area of this region of DII is equal to 2.’ and total number

of ove rshoots

Fig ure 2 give to the dependen ce of a number of overshoots on a

nu m ber of cell/elements of antenna with I Ca lO ) , 10’ , 10’ and

z*aO.001-0.1. Curve/graphs these are constructed ta(ing into account

a precise val ise of .‘ (8). For the illust ration of the possible

evacuation/rarefaction of antenna rig. 3 gives depend n:es R/tI~ (in

percentages) on R~ for z*—0.O1 and by 0.03 16 and na1 and 10.

according to an average numbet of ovenshoets (16~ it is possible

to find quasi—.axt.u. sidelobe level z~ - the level for which

probabilit y Pg of the absence of overshoot is sufficient ly close to

unit.

_______________________________________________________________

I
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key: (1) • da.

Page 13.

In accordance with (11)

Pø =e~~~ exp (_ n N ’M, ’ e~~~
1
’) .

I I -

- - - - - - - - —-- —~~~~~~~~~ -- —~~~~~~~ - -- - --
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In Fig. 2 La right lower angle is plotted scale P0. Jsually is

sufficient to take PoaO.S. In this case, th. half of the selected

randomly realizations of antenna will not have minor lobes above ZM.

After assigning P .ZM and by a number of emitters H, it is possible

to determine the permissible size/dimensions of antenna. For

illustration is gi ven by tabl e 1, designed for P0 =0.5 and z~~=0,04.

In (12], was made an attempt at calculation P0 on the assumption

that the overshoot s appear in a finite number of directions, for

which the fluctuat ions of DR are not depended. LogicaLly, obtained in

this case formula is not precise 1•

FOOTROTE 1• Besides in addition to this, in (12) is p riitted the

error: not registration/accounting symmetry of DR. Error this is

corrected in (23), and here is given the corrected formula .

E$DFOOT$OT!.

For one—dimensiona l section of DR formula (12) takes the form

~~L =~~~ 
_e~~

tzt)L~ .

I 

_
__
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table 1.

M 127 223 370 500

N’ 350 2100 207 10’ 2 3 - I 0 ~

toot_ _ _  
_ _ _ _ _

~~
N%N

N 

____________ 0.8 ~f l U !... 5
F .7 4 5 67830 ’ 2 3 4 -

, - 
—

Pig. 3. rig. .

rig. 3.

key: (1). dB.

Page 1*.

Here L — length of antenna which entered into formula in connection

wi th the fact that DR is examined in the region of Nvisibtlity~ ( u ) -  I .

—

~

--—----—----—--------—-—.

~

-

I

- -
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< 1 .  xi<~~ -) . Corr ect formula

p0 — 
~ex p(_ - 1/~~ zMhh1 e

_M1
~ 
)1Ln..

In the region of DII where P-..l ,

p, ~ i —4- e~~~
’ , p, ~ i— V ÷ 1/~3z 4- e Mz t .

Figure * gives curve/graphs (P0)~/L and (PL) X11., fro. which it is

evident that formula (12) gives the high probability of the absence

of overshoot.

Ad vantages and dicadvantages in the proposed antennas.

1. Let us cou pare antenna wit h random arrangement/position of

cell/elements vit~ Mills’s cross 1 •

F OOTMOTE 1~ Among antennas with the regular arrange.ent/posltion of —
emitters, are opti m um circular and T—shaped (2*]. However, is more

resistant to fluctuations Mills’s cross. EIIDFOOTII3TE.

Let us suppose both of systems have the identical resolution,

equivalent to grat ing from kiN cell/elements. In this case Mills’s

cross contains on 2k emi tters in each arm , in all $15 emitters’.

POOTW OT! ‘. T h e y  sometimes erroneously assume that Hills’s cross,

from k+k cellfeleientg is equivalent on resolution to antenna from

kxk cell/elements. EIIDFOOT$OT!.

- - - _ _  _ _ _ _ _ _

—-—--5-~~-
II. - - --- - --- -- -  - -  - - 
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In the main sections of the DR of cross according to poier, is

equivalent the DR on the field of regular antenna from 2Nx2R

cell/elements. Out of main sections they are multiplied by the DR of

two arms of cross. Therefore the greatest side—lobe level is observed

is main sections. Disregardin g min or lobes by the regilar DR of

cr oss, let us assume at first that the sidelobe leve l o~ each arm is

connec ted with the amplitude— phase errors for the currents of its

cell/elements. Then dispersion of DII in the region of minor lobes

(20) is equal tot:
O~ +4

2 (2N)

while DR itself wi ll be the Raylei gh stationary rando. process, which

has above levøl R on the average

“~~~~ 5! 6 ~~ 2o~.

of overshoots.

FOOTNOTE 3 . Errors we consider not correlated . ENDF~OfR)TE.

For a nomequt distant antenna level of DR on fish let us

designate as before through z. Obviously, during tb~ coiparison of

the cross of Hills and antenna with the irregular

arrangement/position of emitters one should take RazZ and

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  —~~~~~~~~~ -- — -~~~~~~~~~~~~~~~~~~ —- - - -5 -- 5—-~~~~~
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— 4~”~~ N312 z’ 
I

exp
I’~ ~~~~~~ o~+4 ’)

FOOTNOTE ‘. Takin; into account that the overshoots are concentrated

in two main sections of DII, into this formula is added factor by 2.

RRDFOOTNOTE.

Pa ge 15.

Ty pical values o~ and ~; ( *]  Compose 0.015 and

~ 16 ,7V ’ ~ exp ( — 67 .Vz 4 ) - - )

The N randoI~ an tenna  of the same resolution and with the  same number

of emitt ers will  h ave
n~ ~~2,I\~2~ c x p ( — 4 V z ~) ( 17)

the overshoots abo ve level z.

Compa rison (16a) and ~17) shows that wi th small  on es zn4 > ’ .

since z’=O.Ol ii+ and ‘~ depending on N are given in table 2.

Table 2 shows that than the more resolution, the sore notice&ble

the advantage of a ntenna with the irregular arraugementfposition of

- - 
emitters. In nonecjuidistant antenna will  be in actuali ty a dvan tages,

also, wit h small 1. In this case minor lobes the average DII of

_ _ _ _ _ _ _ _ _  H
N I I 0 Q ~~~400 f 1000

~-~
- i  84 93 ) 0,7

J!! J 380 I 0, 15)

- - - I - - -- -  
--

~~~~
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Mills’s cross will have noticeable value in comparison with the

overshoots of the random component (but above them they disregarded).

so with N=100 the average DR of cross it h~s 2*0 overs hoots above

level z’=O.Ol.

2. In aomeguidistaat antenna average distance bet ween adjacent

emitters into 
M 112 of times more than in antenna wit h regula r

arrangement/position of emitters, which composes (3-1)) once in

typical versions. Due to this the communication/connection between

emitters an d, as a result, dependence of the impedance of emitter on

the position of ra y/beam with electrical phasing it ie

attenuate/weakened . This simplifies the task of the a;ree.ent of

emitters with the system of phasing.

3. Main disad vantage in antenna array with rando. location of

ce-U/eleme nts is complexity of system of feeder communications and

phasing. The necessary quantity of antenna cables and ph ase inverters

proves to be great er than for regular antennas of the type of the

cross of Mills or T—obraznoy (with an identical number of emitters).

In note deta il this question will be examined in the aecon d part of

the work.

*. Noticeably differs nonequidistant grating fron cross of Mills

and T— obraznoy antenna in value of front-to-rear factor and in its

_ _  -5-- ----~~~~~~~ — - - --— - - -- -5--
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dependence on position of ray/beam. Front-to-rear factor of

nonequidistant antenna is close to MD0, where D~ - fr nt—to—rear

factor of elementary source. Therefore during a change in the

position of the ray/beam of a change in front— to—rear factor is

repeated the DII of emitter. In tur nstile antennas, on the contrary,

front— to—rear factor weakly depends on the direction if phasing, but

its value in the d irection of normal to grating is less than ND0 (~~1.
Is in more detail the calculation of front— to—rear factor and

comparison with T-shaped antenna will be made in II part. 
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table 2.

Page 16.

Conclusions.

The possibility of the essential decrease of a nimber of antenna

cell/elements with high size/dimensions and on low side-lobe level

makes the described above antenna arrays promising ones. &pparently,

the antennas very high size/dimensions will be constructed precisely

accord ing to this principle. Independence of DR from the

concrete/specific/actual version of the arrangement/position of

emitters is the im portant factor , which simplifies the design of

large antennas.

Let us note, however, that with a nu m ber of emitters (MC50—100)

the optimization f their location can give noticeable results.

Figure 2 shows that for NC50 the statistical arrangement/position of

emitters is pqssible only with the small degree of

evacuation/rarefaction, or on high side—lobe leveL.

Article received 16/ILl 71. Revised 9/VU! 71.
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