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THE WAYS OF SCIENCE
T . ;_;Us'sm

[?b lowing Ls the translation of an prtlclp entitled
Puti Nawki {Enclish version above) by A. X. Nesme-
yatov 1 P%avﬂa, vp 2-3, No. 356 HKoscow, 2 31 Decerber

105Jh7

1960 is nast, a ¥ear that was merked by an abundarce of
remarkable events in the life of the Soviet Union, a year of

‘ enormsae prcduct;on, technological and scientific achievements and.

rletories. Such siuccess is largely due to the contributions made by
tha Soviet scientists. The seientists! work and achievements are
held in high esteem by the Farty, ihe government and comrade N. 3.
Khruschev. It is a matter bf honor for us to Lurther Justify such
eshesm,

The rult*iageral activztles of the scientists of our ccuntry
aye cicgeTJ assotiated with the progress of the plan for the toild-
ing of communiem, which confronts the sclent:ste with erucisl and
sver. 1n°reusing nrodlems, '

‘The duty of the scientists is Yo aid in the acceler ted
develooment of the national economv on its vath to commnisp, to
imvlement the latest sriertific nchleveuentq into industrial and
agrioultural rroduction, and to achieve a ma¥imm whilizetien of
time in the rsaceful comnetition betwper socialism and cavitalism.

In this article I shsll attemvt to shed scme 1isght on these
oroblens as well as on certain ﬁ1rect101= taken 1n ‘the- dnvo;nnment
of n¢tura1 sciences.

Two dlalecticallv int erral :Yed opnosing tendencies are
clearly expressed in nresent day science.

Foreimocst is the fact thet science is becordng oonetant1v_more
specialized and differentiated. The old scientific discinlires
branch ovt, and as they grow arl develop, give rise to new disci-
plines. They nenetrate deeper at the expense of narrowness. The
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profundi y of knomledge passessed by s spé'clélist.h grow* rapidly as

he becomes progressively more circumscribed in bis knowledge. fThe . |
scientific tow is combed into fine fibers.
In the second p"aee an ovposing process is oceuring. The :
various branches of science come into contact with each other, per
trate into each other and spawn hybrid sciences.at such points ~¢ :
contact. This process of development is constantly growing. o 5
During the past century physical chemistry originated from an |
1nterrelatlonsh1p of vhysics and eheristry, Towards the end of the .

first quarter of our century chemical physlcs origirated from the

interreXationship of chemistry and physics, FHiological - chémiatry |
was rapidly progressing at the beginning of this centwry and at the
present time. b:x.onhysics is developing at an equally rapid pace. Geo~

cheristry; which originated on a similar basis at the begiming of -
the twentieth century, from the interrelationship of geclogy and

chemistry. has become 2 leading diseipline in the science of the '

earth's crust and yielded its own branch - biogeochemistry. Oeo-
physiés is becoming vrogressively more significant, o1
. Occasionally, fields of science, far removed from esch other, |
such as mathematical logic and philologr (sith reference to problems |
of 2rtomatic machine translation), gives rise to a new hybrid sciencel,

in this case mathematical linguistics. Such a form of hybmdization F

© in science produces particularly: fertile progeny. -

The individual strands of science intertwine into a contlnous
and durable scientific fabric. It is noteworthy that the areas o
adjacent to the points of juncture between the sciences as well as
the hybrid sciences are usually the most repidly develop:mg and

{ fertile ones. This is not wpﬁsing. The methods of research = ‘

have great and frequently decisive sigm.ficance for science, When
new ideds from adjacent branches of science or from ones that are

far yremoved, penetrate an established, smoothly developing area of x
science, together with radically new methods of research, the resultsg’ ‘

may be szid to resemble the ei‘fects of a blood transfusa.on. It is
pre"lsel,,r at the points of juncture and the voints of eorigin of
sciences that the perspectives for further scientific developrut
arise. One of the most important tasks in planning scientific de~

‘velopment shovld be to insure the existence of paths for mutual inters

penetration of-the sciences and the training of personnel specisl~
izing for work in scientific fields produced by further hybridization

" of the sclences, without letting this matter be taken care of by the |

naturel course of events. The creztion of a number of -new 1mt1tutes
at the Academy of Sciences USSR iez specs.f:.t-ally directed at reac"vn’g
this proclem.
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Science is man's struggle against the inert forces of nature
in order to subordinate them Lo his will. This broad field of '
strugsle is confronted with a large mumber of problems of varying
significance and nature,” They inciunde an unfathomable sea of gan-
tical problems and a certain number of preblems of scientific stra-
tegy as well as’ of the: directlon of strategic movements of this Jrente
No strategy, ir regardlese ef how well chosen, is capable of assuring
a victory unless the armament of the army is up to standards. There-

fore the scientific equipment of the army of researchers must be

constantly 'perfected. The building of scientific instruments must
net be a part of general instrument making bubt must be an independent,
nowerful and ranidly rrogressing branch of our industry. s

It is clearly evident that there would be no astronomy. without
telescopes, no astrophysics without 2 svectroscope, and without a

_ microscope bioclogy would have remained gt an embroyonic stage. At

the present time the most promising branches of biology, cytoiogy
and vz.rology are inconceivable without an electronic ricroscope which
is constantly being verfected, nor muclear physies without boilers

or the giant atom smashers, cheristry without mass-spectrometers or
instruments for measuring electronic and nuclear magnetic resonance,
gas chromagraphs and other instrumments would be impossible.

A growing number of scientific fields is beccenlng incapable
of further progress without fast electronic cormuters. Therefore, in
order to atbain scientific’ success in general it is quite necessary
to develop the science of instrument making, which is constantly

looking forward and devising néw systems of measuring, as well as

that of the corresponding field of design and the relevant branches
of industry. This 21so fully spvlies to other items of sclmtzfm
armament, - such as reagents, microbe strains, ete. :

L I

What are the tasks of the Soviet scientists? Which'scie rtifie
directions, areas and oroblems shopld be considered strategic? 1t
is today possible to exarine only a few examples within the framework
of a newspaper article. These hapren to be the directions in which
the Academy of Science USSR is endeavonnp to direct tbe major

portion of its efforts.

The extent of man's mastery cver nature, the ext.ent of his

i‘ggédom -1rom hard and fatiguing vhysical Work and the g*nducunty
of human lsbor depend on the amount of energy at his command. If
the amount of energy which is available to man were much greater

“than that yielded by countries producing the most energy, such dreams

of fiction stories as the diversion of great rivers into deserts,

. the melting of molar ice, the leveling of mountains, penetration into

the depth of the earth's crust and the rmining of useful vinerals
there, wuld become reality. Other rrotlems, such as interplanetary
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to te e'uc:c: g=fuvlly resolved. Hence the ueld of enerpgy research
occuples zn important nlsce in science,

and coal will still te the nrincinal sources cf energy. Therefsre
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Uy means of sirrder and at the same tire rore effective
5 {plasmeid therme electric cells, semi-conductor thermoelen™. w :
¢ their different comiinations, mapgnetizc-hydro-dynamic 3
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- an? the generstion of electrical energy by mesns of the direch
ilizetion of cherical energy of ftel in the so called fuel elementl

Furhier cortinations in the use 'of fuel for the vroduction of energy:

¥ chemical nurroses is necessary as well as the uvse of hydro.

sonrces, the establi vmrant of a sirple energy distribution
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3 energy. These are imneriznt tactical rroblems of srience!

der¥ in esploitis %d-‘e tional sources of energy such as those:.
i, wWind, _q‘ldes ,an_ thermal wsters deservez close avtention.
ategic m’-»oble‘m in thie. i‘;elci stovld he the wtilization of the
3 energy of nuclear transrutations. This rreblem is ha i

ce breaker " Terndin® snd the atormic nower s‘batlons
sed through puclear flssSon of uraniwm which is an
7 the kezviest atom (among the elerents found in |
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te somroxirately 26,000,000 toim, representing a veserve of

eouivalent to the orminsiion of tens of trillisns of tons of

e atoris ft.'r.e'? is an excellent " '\ﬂ‘irrert" to owr .
&y sovrces of energy -- carbonic fuel The utili-
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drawbadcs -= the necessitv of procuring these rare elemmts and t‘ze
presence of disagreatle byw-products. P

A1l this compels the scientists to concentrat-e their. attentzona‘. .
on the solution of 2 new energy nroblem -- foblem mmber one is the |
development of -controlled thermomuclear fusion i.es reactions of the
atomic nucleus of the helium element from the nuclei .of light eliew: |
wents. Such fusioh is accorpanied by & collosal release of energy, !
One kilogram of "heavy hydrogen" of deuvterimm in converting %o Ll
helium releases an amovnt of encrgy ‘equivalent to that: ylelded by thel -
combusticn of 10,000 tons of coal. The enrgy rel eased by an ‘explo-

- sion of the hydrogen bomb is the energy of thermonuclear fusién

released instantenously. The energy of the sun and stars is also the,
energy of thermomuclear fusion of helium from ordinary hydrogen.
To achieve {controslled) thermonuclesr fusion a rarified plasma!
{i.e. a gas comisting of electrons and bare atomic nuclei) obtained !
from appropriate light weight elements has to be further heated to a
temperature e?ceedmg a hundred million degrees "onlf oo It ig ;
hard to corprehend the difficulty of such a problem. Before expesie
ments in thermonuclear fusion the highest temperature achieved Iy

. man Was mezsured in thousands of degrees. Haterial that conld withe !

stand not just hundreds of millions of degrees bubt even tens of thou-
sands of degrees does mot exist and is inconceivable. A great '
achisvment 6f the physicistswas the invention and construction of

a megnetic entrainment separator, where the reactor vessel sarrovnd- -
ing and containing tbe super heated plasma colmm is a mgnetic
fieldo

It ie impossible to forecast the time when the phvsmista will
be able to create cortrelled thermonuclear reactions, Its accomplish-
ment will be a stratesic swecess. Man's concern over the availatile
ity of energy will be #lfminated ferever.. Heavy Water {devterium)
will serve as immensely concentrated scurce of fuel., One liter of
water contsins an amount of heavy hydrogen the ene*p'v of which is
eguivalent to KOO kilogrems of oil. It is evident that the earthis
resources of energy would be inexhaustable.

It is natural that all processes, cccuring in matwre and re-
leasing arge amounts of energy deserve the closest attention, even
though they may nobt avpear to have a vractical ‘application at the
present time. Ohe of these are cosmic rigs "‘iiﬁ their truly ccemic
levels of particle energy weasured at 10 10~" electron-volts.
These are phshomena engendering subeatomic part:x.cles in high energy -
fields close to atomic nuclei, in particular the origination of anti-
particles, similasr to the anti-proton and the anti-neutren, out of
which it will someday be nossible to create "anti-atomic elements® <!
"anti-atomic veriodic system", This is z so-called dematerialization
of particles and anti-particles with z release of their rass in the
forrw of an electro-magnetic field - a process that yield a maxir.a
amount of energy, three vowers greater than that given by thermoe

o




miclear fusion. All of these problenq have an exceptional signifi-
cance in comprehending the structure of matiter as well,

The solutiocn of this principal vroblem would a1d in the
solution of a number of other vproblems, such as those enumerated
above and relating to the transformation of . geography and climates
as well as in the solutiéh of the mext streteglc rroblem -- that of
providing man with a greater expanse of miuneral resurces., Inex-
haustable amounts of energy wnulé perrit man to utilize much peorer
an? rore scattered mineral sources ~- anc there is g much greater
pumber of them than ol the concentrated and Trich soiurces; to reach
for them inte greater demths of the earth's c¢rust and into ocean
depths, which cover two thirds of the earth's surface.

Then carbonic minerals such as gas, coal and neat -uwonld
be used to a much greater extent for chermical synthesis, a rrocess

‘whick at the present time utilizes only a few percent of the oil
outrub, but will sharply increase fror decade to decade

¥ %

Chemi cal synthesis ‘in the broadest térms is another strategic
direction.
Man' has for z long time been utilizing matter and materizls

-found in nature in a finished or semi-finished form, for the satis-

faction of wariovs needs such as food, clothing, implements for

work and self-defense, btuilding materials, fuel, drugs, paints and
other items., 4t the present time all matellals, excert food, are
produced artificially as well; they are often almost identical ‘o

the natural product, but frequently differ screwhat, however they are
satisfactory for the performance of the same or slrllar tasks.
Theoretlcally it is possible to produce artificially any substance
found in nature as well as an unlimited number of additional sub-

stances. The latter include 2 number of dyes, drugs, eyn‘051ves

and so forth.

Ir order to svpthealze a natural substance it is necesgary,to
know ites structure -- the atomic and molecular ordsr and the molscu
lar arrangement. At the pr msent time this nroblerm is solved with
reascnable ease and the center of attention is shifted tc the vrocess
of synthesis -- the crestion of the necessary atormic coarbination in
the molecule and of the molecnles among themselves,

The uay of 1ife and the tec%nology'of n;eqent day seciety

material Technclcgy requrec ma*artalg able to mlub5tand high
temneratures and having & high energy cortent, possessing a number
of specific electrical, magnetic and optical nroperties, substanc:.:
of exceptional hardness or those pesse sin: other properties. . Fublice
health demands a wide ss=briment of drugs having a physiclogical
effect on the organism. Daily life reguires varicus materials for
various purposes, of varving durability and besuty. Here are a




great number of nroblems of synxhesis integrated 1nto a brcad gen-
eral field. 1In certain cases the problem consists of cbtaining a
small amount of much necded substances. {such as-drugs for a specific:
pnrnose), in other cases it iz a matter of mass production synthesis
consisting of. millions of tons of such 1tems as fertlllzezs, nlastlcs
and rubber. . .-

The. synth331zlng of sunerhard subetunces, hardér than carbor-
undum and the widely used carbides, such as tungsten-carbide. etc., -
coritains the nossibility of greatly accelerating the processing of
metals and drzlllng and boring., These poasilelties are presented
by the synthetic diamond and by an equally hard material, borazon,
which is not found in nature.  The order of the dzy for chemlcal
crystal log*anhers contains nlans for synthe=1z1ng such natural z
widely used industrial. rznerals a mica, rock crysbal,. asbesnos and

:purely artificial . fibrovs mineral materiale.

Mary varieties of crystals (and textures) serve as semi-con-

. ductors with their present day important avplications. They are .

used for a mmber of other electrical -and radiotechniczl vurposes -- . -
such as insulators, piezo~eiectric mater1a+, polareids for variovs
segrents of the svectrum and light Tilters. AlL theoe are cbtulned

arulficlally through synthesis.
"In many cases most imvortant is the construction cf a soﬂmg. -

- body out of crystals and not the construction of a mﬂleGLJe»out of

atoms. This annlies to metals and alloys. This already corron
meuallurgical process shovld be widely developad also in the £i=1d
of orzanic syntheti¢s of high molecular weight (oo¢ymers).. It will
then be possible to expect a sudden improvement in these new ‘mater-
izls that are gaining in nonvlar1ty, similar to that made in the ,
strength o? present day Varletles of steel as compared w:th nnrroco“s~
ed metals,

411 tvpes of carbonic materlaES of . hirh mo]eyular welght have
now come to .be widely used in industry. Synthetic rubcer, or, to
use a betier term, varicms synthetic rubbers have already become
gquite cormonplace, they are on every automobile wheel, Synbhetic -
resins are ewtensively used by the electriczl and cable indtstries,
in lacovers and varioms other articles. Synthetic fibers and fur
surpass their natural counterparts. Synthetic substitutes for leath-
er are beginning to compete with this.natursl ancient material and
will, of course, . soon replsce it. Synthetic nylon materials are
better than ivory. Fluoride plastics possess considerat:ly better
chemicsl stability than even platinum. Beenforced plastnc is strnng-
er than many varieties of metal. - ) :

£ big leap ahead has recently been made in. svnth33121nﬂ

valuatle snd durable. plastics. The principle has been found for

obtaining “stercspecific polymers) which are far meore durable than
the polymers of 2 similar cormosition and molecular struecture, but
with an 1r*egu1ar space structure.: Specifia® 1y, polymer plastics

of the polypropilen variety will be vroduced by us in nuant1t1rs of




aannaaaneser o

L R PO VO

hundred thonsa.nd tons. - '

Chemisis and vhysisists woa‘king out. the princioal prcblems i:x
this field will have to make additionsl progress by mastering the .
pre-molecular structure, which will lezd to still grezter durability.
. .What, then, is the fate of natural materials with the constr "'
progress of scientific and industrial chemistry? As better am
cheaper synthetic materials are prpduced znd the co:rresmndln* indu-'
stries develop, the natural materizls will be replsced by artifi
clally produced maberizls. Theé~ po§§ib1111;ies of artificial synthe- i
sis are far greater than any process taking place in nature. Incdus- |-
trial chefiical production is exceptionally compact, demands a mini- -
mm of labor; and is guite well sm.ted for automation. It it known
that in its esrliest stages of development the chemical industry -
gave to the world such methods of producing drugs that by the end - |
of the:last cent;ary they replaced mapy of the drugs formerly obtam- ;
ed from plants. Cropé of. :mdigo plants and alizarin bearmg plants, |-
wiich our forefathers used as a dye for fabmcs s bhave vanished from !
the face of the earth, Furthermore, it seems to me, ‘that a possible |-
next phase in the development of the synthesis process, after the
development of the high molecular weight polymer industry, will be "
the synthesizing of food, which m.ll be of considerable aid to the
country's agucnlt.ure. ' . e

***

There is another very important pronlam in ..ynthetics a" the P
point of contact between chemistry, physies, biochemistry, biology
and, probably, cybernetics, which should reslly be considersd as a |
strateg:.c problem of the science of to-day. Anmimal end plant cells
énd even single micro-organic cells perform amazingly complex and
purposeful synthesis process and accomplish this at room temperatures!
and under normal pressure ab an amazingly fast rate. One of the
pecnliarities of such organic synthesis is that it is an enzyme, of
catalytic, synthesis. Enzymes are catalysis, that act %o accelers ;
chemical reactions and are produced by the organisms themselver. f

The chemical industry is exvanding its use of catalysis, in = |
the maaor:.’oy of cases, however, incomparably simpler and coarser ;
types of catalysis than enzymes are used. Enzymes are used in :mdus»-{
try but to an insufficient degree. ILive cells include compound, very
cemplex, well coordinated enzyme systems, which functiom in a speci~ @
fic sequence, in such 2 mammeér that each chemical stage has ite ‘
correspond,n key -- its specific enzyme. Thus; simultaneous svnthe-—
sis of albumin, carbohydrates, fats and other lipeids, mucleie acids,
hormones and of the enzymes themselves and other matt.er is mrzormad
wz.thin the cell. = . ‘

Science of the nostwar neriod revealed that ce.Lls in the syn—
thesis process, at least in the basie class of high molecular weight !

i :




pounds in hve organ:.sms, of albmm, utilize d:.es.' 'I‘he dies are
molecules of rucleic acids -- which are also high molecular weight
compounds with incorrectly reneated arcmtectural design of the
rucleus. These dies renro&nce themselves as the cells div:.de, and - o
each new cell of an organism is’ provided with an identical assortment
of these d:.es, wtuch is the reason why they synthes:.ze albumin of a
similar structure. #ith the birth of a cell in a new organism
through the merging of the paternal and maternal cells, a new assort-
ment of dies from both varieties of cells are created on similar
basis whick is wby synthesis occurs with the use of both natsrnal and
maternal cies. Hence the phenomena of heredity.

The most significant portion of virus particles which repre.r

sent the most orimitive forms of life, are’alsc rucleic acids. Virug

_in infecting the cells of the' vietim's orgenism, tranbm te to them
: onlJ its die -- nuclelc acids, which, after invading fo*e;g:n cells
~ and using their enzyme systers, construct albumins, there, ocn the
order of those which enter into the structare of the virus narticles,
and create them out of the rescurces of the victim organism. The
improver cell behaviour in an organism afflicted with meligrant

- growths is also associated with the chemistry of’ nucleic acio.s - -
with a disturbance of the proper die rrocess. .

' The revelation of ‘this most extensive picture and rastermg of .
" methods for intervention into the process. of the chemical origin of
the cell is a basic problem in the knowlédpe of natwrsl science at
the voint of contact between cheristry, physics and bi ology, which
will lead to an innumerable rumher of practical donsequences. This
work has been started and is develoning successfullv, By means of

a chemical influence on cells, which interferes with their normal
division, so called polypleid formg with differing hereditary.
characteristics are obtained. Irradiation with x-rays and gamma .
rays ktresks or reforms the nucleic acid strains and brings forth new
properties that are capakle of being transmitted through heredity.
The latter is a method nsed in obtaining the rost rroductive forms -
for the manufacture of ant:.bzotlcs, which are mcrc-ergamma

The discovery of these fine mechanisms and control over them
will probebly be wrought with consequences for chemistzy and the
chemical :mdust.ry as well as for biology. '

Is it not enticing to have factories where the syntheszs of
matter of any comnlexity is accomplished beginning with the loading
of raw material {such as food), at room terperature and not under ,
 pressure, first, deteriorstion and then the synthesis? Man, as vsusl

- will go faz’bhnr than nature along this path, and will censtruct
such enzyme and molecular die groups that will serve as z source of
raw material, and will differ in neture and in the way of produc tion
from the i‘actory cell that served .as the sample. - '

The die is mucleic ac¢id and contains .a code for, the albw-cm
structure, which is synthesa.zed by means of this code. We can only .




euspect the pr1ncmples irvnlved in tha act1v1t¢es of this code, “In. -
any case, it is this code tha‘ is responsible for allowing the synth-f.

- ..
oot o s ot me et o - r e o ot e e ary

esis of a sneciflc albnm1n out of the twenty different. awino acids

found in cell sap, At the same time even if the size of the albumin |
molecule is limited to the size of one thoussnd amine ‘acid residues, i
using twenty v= %o%eq of the : residues, 4. is possible to cqnsﬁruct
sprroximately 10 {a number expreSSAd'by the flgnre one with thlr-

‘teen hondred zeros) ‘different albumin specimens. Here this problem

encounters the perplexities of thé theory of inforimatiom. 4 i
" The structure of the given %vpe of mecleic acid transmits to 3
the cell the material data on the typccﬁﬁalbnm*n.molecnleq that are |
to be synthesized 1n the cell. This touches on cybernetics -- science:
of control SV@tems, 'in this case controlling the synthesis of a cer-A;
tzin definite variety of structure. Organic zubomation is amazingd

It can undoubtedly teach us many thlngs zbout 1ndustr1ai automavzon.
'f*l,ﬂu_‘*' ﬂ  3

The last strateglc probler of science and technclagy,‘whlca I
will be sble to touch upon here, but one that is probably the most
important of all is associated by all facets with the bulldlng of .
corrunism -- it is the problem of automation in all of its varieties.:

. Step by step méchanization relieves man from.bard and fanlgulng forms

of physical labor. The automation of industrial processes prngress i
even further and leaves man with supervzsory and guid;ng factors only:
Here is a vast field of research work, as rational automation usualty
requlres an adqus tment. 4o its rnquirervnts and even a reorganlza+ion .
of the technology of prodvctlon itseif, The so-called cybernetic or |
directing machines relieve man who is already ndba laborer bub =
master or engineer, of the function of guiding the process as uell.
One of the cntstandlng inventions. of the +went1etb century, '
that was so abundant in this resvect, was the invention of‘the ranld»'.
ly functioning electrohic aomputers. Controlling machines ere a pavt
of that. They receive data from the transmitting elewent of the .
instrument regarding the mmerical values representing links of the
production process (narawe ters), and by comparing such data with a
previcusly introduced program, are atle to compute the uptlmnm coTie.
for the process at hand and transmit orders diréetly to the various
aubomatic nroéuctlon links recarding the necessary bkanges in the
parameters. The application of slectronic computers in sclenes and
technology is expanding. The lauwhching of satellites.into predeter-
mined art:ts flights of internlanetary space hlns, calewlations
for atemic re«ctars and many othar‘?perationm were imposeible withe
out such computers.’ ' :
A% the present time intensive work is belng cowducteé.ln Lo
various countries on the perfection, miniturization and on 1ncraaszn?
the spe=d of such computers. Incre»s;gg “The speed (ten fold) of '
thése comvu*crs broadens thc horlzons o; thair amnllcatlan. ProbLems
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formerly insolvable due to the overwhelming bulk of the meceseary
commutations .are now solved. A researcher in the structure of matier
using x~rzys or electronography, who spept days on.an exreriment -and
many months for the computations is now frec from such burdensome
work, and the structnral, nethods will underge extensive develomment,
There are wany such examp ;e.a. It is therefore amnrorriate to exnect

a wideccale penetrationiof science and then of uec‘m:ﬂ oy and everv-
day life by mathematical n*ethoaolonea.

Ever inereasing areas of science will. becowe axact and
quantitative. The generation now entering school will live and
erezte ip a2 world with a much greater awareness of mathermesties; 3 this
rast te taken into conzideratien by the naticnal organs of education.

The fact that computations will te made by machines in~tead of by man

will dvmrove and accelerate the various processes only with the

‘presence of a corprehensive kncwledge of mathematics by wide circles

of workers, who are delegated with the responsibility of utilizing

" the new opportunltms vrovided by science.

It is particularly immortant to attain a stage, mthln the
irmediate future, where all of our accounting and T\Zl.ann:mg organs,
from the lowest to the highest ones, would become equipved with such

‘perfected technque. Kachines are capable of corputing hundreds of

possible zliernatives in sccordance with a previcusly introduced pro--

 gram and to chocse the best one. I believe that the savings resule

ting from this me:.sure alone would Justlf'y all of the genercus in-
vectarrnts made in science,

Flectronic machines are cavable of, and indeed do, fulfill
certain logical functions in-aidition to the aritimetical comnu'ba
tions. This permitted, for examnle, their ovtilization in translia
tion from one langnage into arnother.

. Fachines do (and must) serve in the field of information. As
2 new year's dream, but a dream which is already gaining a scientific
foundation, it is wngsible to imarine universal information machines,
the duratlie mamory of which will contain a recording of entive

libraries, which will be corstantly brwght up to date avtomatically

by means of corrmnication channels., Such 2 machine rust, on demand
of its subscribers, possibly other machin e.:, furnish information
o any combination of inquiries in the form of vhotostats of the
original or of the rrinted copy transmitied toc any coint along the
commmnication chatnels.

The problem of scientific 1nforma tion requires deeb thought.

The amount of Jdata putlished in scientific literzture is growing at
a colossal vace. At the rresent time the mumber of scientific neric-

dicals throvghout the world {not counting books) has grown to several
tens of thousands. Information on chierical subjects alone, anrears
in eight thousand mapazines, Avrroxirately twe new magzazines berin
publication daily. How to f£ind the necessary data among this Hima-
laya of scientifié¢ literature (I am uvsing S. I. Vavilov's expression®
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f How tan one nsual:.ze the literature and the scientific mformation '-

: of the future? The future way of information is by machine. . It is" BRI

| necessary to rapidly comprehend this and to boldly bmng it to reahty,
The power of science is immeasurable, and man's mastery over .!
:'natu:re is alrezdy great. The solution of strategic problems in !
. science will “aid in the establishment of a material and technieal

' basis for communism, it will arm the man of commmism with complete

- mastery over nature, nature of the eartb and planets, and m.ll oven o
. 5till broader vistas for '_:oyfu.. creat:we work. _ B v
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