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The search for signals of ertraterrestrial life is conrected with
the general problem of existence and disiribution of intelligent life in
the Universe, which for 2 long time was 2 province of science fiction or
at the most & province of apeculstive conclusions. Howaver, recently it
became an object of scientific research. Hore than that, a portion of
the problem which reletes to the forms cf life on the plavets of the solar
systen has already been partially resolved. On the basis of astronomical,
radioastronomical, and direct experimental research, which was conducted
by the Soviet station on Venus, it car be concluded that not only do civili-
zations not exist on the nearest planets of the solar system, but even
the existence of simple forms of life there is questionable.

Therefore, one can speak only about search of signels from civilizations
on planets near other stars of the Universe.

ds a result of biological, chemical, and sstronomical reseazch, a
convicticn has emerged that the living and intelligent matter iz not an ac-
cidentol or a rare phenomenorn, but is an absolutely necessary consequence
of itz evolution. It is true that pathg of the evolution are not coxpletely
clear, hovever we camnot consider the intelligent lifc on Rarth as 8 single
and only phencmenon, not only in the Universe, but also in the modest spacial
extensiveness of our Galaxy, which consists of canly 101! stars. In the ob-
servable portion cf the Universe, there are still approxirctely 1910 Galaxies
tinilar to ours.

Therefore, the human aspiration to discover an intelligent life in
other worlds can be easily understood. 7Tc a considerable degree the solu-
tion of this problem lies in the search of the =signals from other civili-
zations and in establishment of & contact with them. At the present tirce
this problem is traunsferred from the region of theory into the region of
practical realizatior; many books by foreign and our ovwn authors are devoted
to this problem. Above all the origin of the interest toward this problin
is connected with the achievemants in the field of reception and tramsmission
of electromagnetic signals. Jie are now in poszsession of radiophysics and
radiosstronory which allows assurance of cosnically distant contacts.




However, before considering the suestion of how such contacts are to
be achieved, it is necestary, even if in only few words, to explain and
appraise the distribution of the intelligen: life in the Universe.

DISTRIBUTION 97 INTELLICENT LIZE

The view on the degree of tha distribution of iatelligent 1life has
changed accordiag to the degree of development of science. This is con-
nected witk our knodledge about the evolution of stars and planets. Achieve-
ments of astrophysics in the last two decades allow approaching the solution
of the probiem from a scisntific point of view.

The issu2 in the gppraisal of distribution of the intelligent life
is the interval of time from the origin of the plaznet to the developreznt
cf civilization which realized the possibility of establishing a contact

and vaich has this opportunity. Por the Barth, this time is zpproximately
3-4-10% years.

Therefore, ve can be {ntzrested only in the stars of approximately
such age. It is said, thet such requirements are ret wostly by stars of
spectrzl class 2, G, K. The sun belongs to the class G.

But do 21! stars nave planera? Earlier it was considered, that the
origin of £ piacet is connect with a collision cf stars. However, this
phieponmenon /s hardly probabie. At the present time the widespread opinion
is that the origin of planets is simuitanecus with the origic of stars.
The origin of a planetary system of a star is, in fact, a very necessary
stage of ihe evolution. Therefore, it is very probable that planets exist
with almost each of the atars.

The proof to this i{s multiple. 1In reality, alzost one half of all
stars are double and even triple stars which revolve in a relatioaship
tc one another. It is quite sensible to consider, therefore, that there
is an uninterrupted transfer of masses of weaker components of double stars
to the masses of their planets.

It {2 important, that the stars of the clacses ¥, G, K sharply de-
crease their own rotation as compared with the other classes. This can
alsc be explained by the pregence of planets which teke up a portion of
the momenium of rotation. And, finally, recently planetlike satellites
werc ~iscovered near gix of the 100 stars nearest to the Sun. These
stars are experiencing a periodic displacement, vwhich can only be caused
by perturbation from the satellite of the star, in other words, from the
planet or a group of planets.

Stars of the classes sc far considered,ecach of which can have planetary
systems, mske up about one half of all stars.

Purther, it is necessary for us to know the share of stars, planets
of which fall into the so-called "life zone®” of the star. This zone, where
the energy of the star is sufficient for the origin on that planet or
normal temparature conditions of the existence of living matter in an
earthly, that is 22 albumsn realization. But even this is not ali. It
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is necessary for these planets to have an atmosphere and other conditions.
The analysis, vhich were conducted by scientists, had shown that oa not

sll planets in the zone of habitation can the coaditiors sznalogous to that
of our Earth exist. For exzzple, in order for the planet to hcld i.s
stmosphere the radiuvs of the plarst, depending on <he density of the matter,
must be more than 2000 ka.

At last, the very essence in the appraisal of the distributiom of
intelligent life is the duration of existence of a technicaily developed
civilization. The snalogy with tka Barth, in this case, is but of very
little help beczuse our age as 2 technically develuped civilizarion can-
not be said to be more than 50 yesrs.

Some scientists determine a life of a civilization as being equsl tc
10,000 years. Let us be optimists and suggest that s technically developed
civilization is able to exist 1,000,000 years.

The number of stars N ngar which thare iz intelligcnt life. ocut of a2
total number ¥gcan be computed according to the formula:

B L1076 - 10°%,
& 1510

where T, = 19%-108 years--the duratior of the life of & civilization which
is able to communicate.

Ag it is geen from the correlation, in the first case, 2 Galsxy can
have in z11 i0° stars, and in the second--107 stars on waich civilizations
are possible.

Fron the frequency of civilizeticns it i3 easy now to shift to the
appraizal of average distance berween them. It so happens, that the average
distance between civilizetions conzists of 70-700 light years. This is
the distznce onto which our research should be distributively comcentrated.

In the radius of the 100 light yea's from oir Sun, there are located
about 104 stars, but in the radius of 1,000 light yeu's-~107 stars are
located.

THE POSSIBLE METHODS OF ESTABLISHING COXTACTS

At the present time the following kinds of contacts could be thought
of as possible: 1) The interplanetary wanned flights; 2) The unzanned
flights by autormatic zonds to tne other stars; 3) Discovery and exchange
of signals of electromagnetic radiation. Other possibilities are not yet
known to us.

According to the opinicn of th. majority of specialists in the field
who have made corresponding calculations, the first snd second methods of
establishing contacts cannos be achieved by the science of today, but ap-
pear fantastically impossible even from the point of view of a distant future
in the developmsnt of science arnd technique.




And at the sare time t' e field of rocketry is quite effective in the

4 research of our solar system. Rocketry will undoubtedly becore the

3 distributive pediz of =agnkind thrcughout the solar systes, a period of
assimilation of which is appraised at 10,000 years. Moreover, the field
3 cf rocketry will bacome the media of gredual expansion of our civiiisgtion

into the zs2ighboring solar systems. This process, which is siwmilsr to
diffusion, over periods of tens of millions of years can leszd to population
of 2 considerable portion of ovr Galzxy.

-5 In connaction with assimilation of the solar system rthe reasoning

3 of Dayson is interesting. s pointe ocut, that the population explosion

4 oo our planet or for that matter of any other civilizaZion will voescapadly
legd tc the sspiration of zore cozplete utiiizatiorn cf that waich flous
fro= the star (Szn). As a seyuls the szzar can be surrocnded &y some

kind of artificial celestial sphere where tne civilization will settle,
utilizing in this way, 100Z of the radisnt energy of its os= star.

Trappicg the light radiztion of its own stir, the Jayson spiere, as it

is called, wil] zeradiste ensrgy &3 av infrared razdiation into the space.
The teaperaturz of the radiation will be adout 300 X, 2=»d the maxizmn of

2 the reradiated energy will fall into the weve region of 1C-15 mdcroa. Por
the earthly observer such a syiter will appear 3 z large star wvhich radiates
only infrared waves.

Xot long ago Dayscn published 2 work in vhich he ressarched the methods
and the cornstrzction of che sphere in detail.

Toe single realistic possivility of estadlighing contacts with civili-
zations of other plemets remaining is the elsctromagoetic commaicatica.

E 4ccording to tha idea, which for the firsr time wis expressed dy Cocconi
k and Moerrizgon i{a 1960, this cozsunicaricn mmst de carried oot on the wave
of 21 c=m.

.1 Let us ccnsider the optimal range of wvezves for such cormrmaication.

by FPor the lcng waves the rznge is limited by the trzcsparency of the iozosghers.
a7 Bowsver, these are oot the principal limitatfors, a3 1 will be ocossible i

= the furure £o penetrate beyond the atmosphere and the icoosphere. The

: priocipal limitationx are cazused by the sp2cific . Ixes of the background

of cozmic radioredistion. Practiczally, this background mztes the reception
and treosmisgion of the inforzation on the wives longer then 50-70 cm vnrees-
sonsble. The range sf the short wave purity is limited by its very owz
quantu= noises of the asparatus.

With respect to tae st=ospieric absorption, this linit is presently
= located somevhere pear the wave of 4-10mm. In this rauge are wgves waich
= ere isolated by their very nature and are knowz to all civilizatiocas--that
- is the radiation of the nautral hydrogen oz the wave of 2lce and the

f hydroxyl on the vave of 18c=.

E Por the contzct signal or the sigrsl bezcon, the porpose of which will
E be to attract attenticn, these wives will be =ost suitszble. However, be-
cause of the Dopnler effect as a consequence cf tre relative motion of

the corrasponding stars znd planets, the purity of the rcception =ay de
dislocsted. Accordieg to the zppraisal, tkix dislocation will ot gzgo be-
yond the line of 1 Mg. cycle near the selected purity.

4~
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Corcerning the ntilizstion of the laser taea radiation, the aralysis
conducted 1y Townson, Schwertz, Oliver sand otkars shov that the achievabie
distances with the 2id of the laser gze of a l:isser zzgnitude than those
vhich cia be achieved in the radiorenge. This is prizarily cazused by in-
scEficieat power of the lasers, and seco-lsrily, by the interfering radiation
activity of the star.

Toe razsiation of ke laser frox z plane: of 2 distanr star caonot be
distirguizted frem the radiation cf the star itself, sioce their anguler
distance of seperation will be sg fnmsignificgnt that it will harvdir le=d
itself tc the resolution of 2ifferentiation by the telescopss of rcday.

Por exampla, the radiatfon of the laser on the Rarth, vhich is Peing os-
sexved from 2z distegnce of 3 lighs yesrs, will stand apart frox the imzge

of the sun (which vwill appezr i= 2 shine of & Zot} on a3 a3zle of only

1° of the src. Ynie is tke linit of tha resolution vhich is being stipu-
lated by thas iaflpence of the Barih's atmosphere. The izrgest telescope i
the worldé has the resolmting of appmoxizarsly 0.3%. Conssgm=ently, the laser
bezn will merge itself with the iight of the star z=d {ts isolation will

be extreuely difficalt, Toerefore, it was scpoested tat radistion showid
Be of such 2 pority that 1z wocid fall fnto ome of the Przz-dofer lines of
>sorpticn of the starlight, for exemle, hydrozen H, lipes, lines of calcicn
a=d others. 3Basides the obviocs advexntzge in the relatioushipy of signzl

2o the moige, this nethbod forne the zccepted spectyon sharply different
from the =suzl spectrums of star sisorption, 222 the zmeafzmlstion of the
-ntecsity of the laser womid 21low g definize conclzsion gbout the avrifici-
alfizy of the sigmai.

f the rzidiovaves will likewige Be comdocted
in the backgrouod of terme? radioradiacion of the stgr. Scwever, che
spectral Intecsity of radiation of stars fa the radicrange is meoy ==gzoi-
tedes less thgn the razdistica in the cbservadle light,

T ZRERGETICS FROZADS

The gquesticn of rrgmemassica of signais ato great distzaces waich
would corTespond to toe cimecgiczs of :‘.c Soeervedle portics o9f the Taiverse,
radics of which s zpproximszely :610 of 1igkr years—-is, before ali, =
gzestion of passesiion of suiffcient ezmergy. In cezmesctica with rhis, tie
rezsoning of Sovier sstyomorers I. S, Shxlovskiy a=d K. S. Z=rdzsher ic
ioteresting.

The power capcity of the comtizuous world production of energy in
sor édays is 3- -10!2 volr. If ome i» to tSstme, that rhe yearly growth of
this sugntity will coosist of only 11 (imste2d of 3-4%, which is the anscal
growth for the lzsr &0 years) thker in 3,000 yeaxrs the capecity of energy
production wili consist of £-16%5 volts, Iz other words, it will be egual
to the totazl output of the Sup's radistion, 2nd in 5,800 vezrs at the
szre Tate of growith it will rezch th2 catput of enmergy equal to rhe cutput
of th2 whole Gzlaxy. Prom this thea follovs that if there are civilizations
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in the Universe, then many of thez, if not the majority, have reached the
lzvel of development vhich 12 characterized by the gssimilation and
serious transforzmation of their own planetary cystems, linesr dimensions
of which can psrhaps resch the dizmensions of the Earth's orbit.

Ia correspenderce with zchieved stages of production of energy,
¥, S. Xardashuv breaks technologically developed civilizations into three
types: the first of the conterzporary level of our Rarth, the second is
characterized by production snd consumption of energy 1626 volts, that is
cf the mzgnitude of radiation of the star, and the third--the capzcity of
poszession of energy of magnitude of 1026 volts. It is not difficult to
cozpute that {n undirected trang=ission in order to create a2 signal which
would reach 2 distance of 107 light years, sz signal sufficiently strong
for recepticn by the contexporary redia vith':he Teception antenna & = 10,000 HZ,
texperature of noise of the receiver Tu =10 X, lire of receptiondf = 16 gc,
and the Tate of trarsmission of not more than 10 double sympols per second
in presance of a sigrel, vhich would exceed the noisa by 10 tizes, the
power capzcity of the receiver of 1026 volts is required. This is exactly
the capacity possessed by a civilization of the second type wiich has as-
sinilated the energy of their own ster.

43 we have seen, the tioe needed for the origiz of the civilization
of the sacond type consists of 3-4% billions of years; at the jgme tize,
the transition frc= the first to the second type wiil require only several
thousand years. Sirce the age of galaxies of the Universe is approxizmately
10 billion years, then it can be expected that each of the gaisxies iz in
poss2zsion of 2 mmltitude of civilizations of thie second type, and perhaps
even civilizgtiorns of the third type.

(To be continoued)
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