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THE SCOPE OF SCIENTIFIC WORK AND THE ROLE OF THE SCIENTIST-ORGANIZER
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. ABSTRACT: This article, a 1959 speech, touches on the organization,
nlanning and management of sclentific work and scientists. The author,
*he editor-in-chief of the Journal of Experimental and Theoretical
I'hysics, expresses a preference for having scientists run scientific
rrojects, as opposed to administrative specilalists. The role of the

)+ project director is compared, in importance, to that of a movie director.

o The need to train future directors of scientific work 1s emphasized. The

author notes N. N. Semenov!s speculation that in the future half of
. humanity will participate in creative sclentific work.
' English translation: U pages.
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: ABSTRACT: This article, a 1965 speech, 1s concerned with the decrease in
! the growth rate of USSR labor productivity [GNP], from 13%/yr to U-5%/yr,
in recent years. The author attributes this decrease to the fact that the
advancements of science and technology have not been assimilated (mastered)
in and by industry. "Progress always meets reslstance from the
environment." The mastering of new technology by industry requires taats
1) industry should be interested in learning to do something new;
2) industry should be properly prepared to learn it; 3) the normal, routin:
workload of a plant or team that 1s assigned to implement new technolcgy
; should be reduced; U) those doing the something new should be pald more;
: 5) there must be a clear instructional program that considering the
industrial facilities of the plant and the specific nature of what 1is tc
\ be familiarized; 6) those who come up with a new ldea, be it process or
device, should work to put it into practice. The poor relationship of
scientists to industry 1s deplored. American expenditures on theoretlca!l
and applied sclence are discussed, as 1s the braln drain from England and
Germany to the United States. The two reasons glven for this brain drain
are the higher salaries and, more importantly, greater freedom cf Amerlican
and Soviet scientists (from engineer on up) 1s compared (they are about
equal), but it is found that Soviet scientists produce about half the
scientific work that United States scientists do. United States budgetary
spending on science has increased 1L%/yr over the last 20 years, and in
1965 1t increased 20%, Soviet funds for sciencc in 1964 were 6.5 billion
rubles, and increase of 9.9% over 1963 funds. The author states that "in
the last several years the technology gap between the USSR and the Unita
States not only did not diminish, but increased.” This rap should be
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reduced by ilmoroving the organizational forms for the development of
sclence, the material base, the quality and labor productivity of USSR
cclentists. English translation: 9 pages,
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ABSTRACT: This article, a 1962 speech, considers the preponderance of
theoretical works in Physics and Mathematics, in particular, and Soviet
science in general. In the articles submitted to the Journal of
Experimental and Theoretical Physics, theoretical outway experimental by
a ratio of three or four to one. The gap between theory and practice is
deplored, and it 1s attributed to the less favorable position of appliwd
scientists in the USSR. Also, the role of a team leader 1n experimental
work 13 underevaluated, and the work 1s not given a sufficlent material
support [funds, equipment and personnel]. Suggested improvements are:
establishing prizes for experimental work; bringing experimental work at
least up to the level of theoretical work, in prestige and pay.

Fnglish translation: 5 pages.
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ABSTRACT: This article, from Pravda, 17 June 1941, is a think plece cf
historical interest. The author complains of th2 separation of sclence
and technology, the lack of ciganization in scientific work, the lack of
discussion when papers are presented to the Academy of Sciences, and he
desires a healthy publlc airing of scilentific differences of covinion.
Also the establishment of task forces composed of sclentists from the
different pertinent disciplines to tackle individual problems.

Engilish translation: & pages.
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! § ABSTRACT: Tnis article, a 196 speech, 1s concerned with increasing the .

1 . productivity of Soviet scientists by improving the morale, financial !
. . support and personnel of scientific institutions. Suggested improvements :
S ; are: more participation in foreign scientific conferences with delegates -
S " picked by scientific qualifications and interest, not by bureaucratic |
. methods; the editorial selection board of Journals should work directiy ;
Co with the authors of submitted works to improve the articles; the concen- ‘
. tration cf personnel in the more promising areas of sclence; institute !
directors should be allowed more freedom in selecting thelir personnel and
in spending the funds allotte¢ to the institute; the work of a director
should be simplified and made more attractive to have more talented
scientists to this field. He &lso urges greater expenditures in the
. amenities of life at new scientific institutes being censtructed outside
e of Moscow to attract scientists from Moscow. English translation: 4 pages.
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ABSTRACT: This article, from Pravda, 4 May 1957, discusses the . : ] ﬁ

development of new organizational forms in answer to large complex
problems (e.g., the construction of atomic-powered aircraftj. The ;
autnor suggests the creation of a single independent organization : :
of scientists and engineers of various speclaltles, but persuing one i
ecamon goal, solving the assigned problem and putting the results :
into practice. Such task teams should be created for a specifie.-

problem, of a scale to fit the problem and for the life of the ;
rroblem; then the teams should be broken up and assigned to another . b
problem. This approach willl require greater funds, re-educating ! i

scientists towards mobility and diversity and away from stability. ;
Engllsh translation: U pages. :
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ABSTRACT: This article, a 1943 report, discusses the organization of the
Institute of Physical Problems, the problems imposed on it by WW 1I, a
special eryogenic lab course. developed at the Institute for Physics

tate University, and the Institute'’s plans for the
. post-war pericd. English translation:
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THE SCOPE OF SCIENTIFIC WORK AND THE ROLE OF THE SCIENTIST-ORGANIZER'

&

During my forty years of sclentific activity I have had the opportunity to
observe the numerous changes that occurred in the development of sclence and in its

problems. Looking at this period I find it difficult not to note the radiesl changes
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now cecurring. In my youth people frequently spoke of "pure science,” of science

for the sare of sclence, No one says this now. HNow science is ccnsldered as 2

o vaBmt AT

necessar ;s component part of the soclal system and not only useful, but also inalien-
able.

T~ state pays more and more attention to science as the most important ele-

ment of ctate life; now sclentific establishments are considered equal to other 3
branches of pub’ie service, for instance, National Bducation, Transportation, the ? ¢
Army. This was not so >0 years ago; then random factors ruled in the organization } i
of sclence and its drvelopment wus based on individual initiative.

Now, with thz expanding scope of scientific research work in all countries
state appropriaticns ;.r the development of sclence continue to grow, both in
academic sclienti{fic establishments, and also in industry. The most complicuted
installations of huge dimenaions have been constructed: megavolt aecelerators,
powerful atomic resctora, satellites for space reasearch, etc. The solution of such
problems cannot be work for indivicuals; it is the result of collective creative

e e i T e o R T 3

work and requires the large organizational ¢fforts and means available only to big
states,

In ccnnection with the growth of the scope of sclentific work science has been

divided into basic (cognitive) and applied science., I think that in many respects

'From a speech at the International Symposium on the Planning cf &

zf Seler ~¢ held
in Prague in September 1959,
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'vwwgotnt thera mts. ‘science =nds and appliasd svience begins,

onc‘lhould consider this Alvision artificial and it ip difficult ftc indicate the
This divicion is con~
riasted Nith whiat kind of gosl the sc{untist iz pursutig, cognitive or applied.
Th&rfﬁtirblsle :eigﬁca is more concentrated in acsdemic institutes and universities

This datvistion »v

anﬁ*lgplled in. scientiric ressarch establishments in industry.

,_r__,,wzhgy‘gurzugdLagpligdﬁgea.s and when thgy pursusd cognitive goals. -For—instance,

ali“hiﬁ'Iifb Langieilr worked st industrial enterprises and solved a numder of
lﬂ&ﬂrtlnt=tcchn1c!1 problems in the electric lamp industry, dbut it is well known
that in the course of these worke he made a number of fundamental investigatiocns in
electronics and vacuum physics.

Now we frequently discuss how we should organize sclentific work that by its
scope requireg the participation of a2 large coordinated creative ccllective, Who
should direct the work of such a collective, a scientist or an administratcer?

Prgrensor Bernal considers that here adminisgtrators play the decisive role and
that they are necessary for organlzatiional work on big scientific problems. I do
not agree with Professor Bermal; not that such organizers are not necessary for
collective work in sclence, this i3 correct, only in my copinion they should be nect
administrators, but sclentists, I can best express my thought by resorting to a2
comparison with other regions of creative work, namely the theater and motion pic~
tures,

Once the theater was only a troupe of actors and the director was an inconspi-
cuous figure. Now, especially with the development of motion pletures in which
thousands and teng of thousands of actors participate, the main role determining
the success of the venture has passed to directors. In a great collective work »
director is now necessary in science too. What requirements do we place before him?
The main requivement 13 that his role should be creative and not just administrotive,
He should understand the meaning and target of the solutions of scientific work and
correctly estimate the creative possibility of the performers, distribute the roles
by talent and thus expediently allot his force so that all sides of the problem to

be solved are developed harmoniocusly.
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Jince {t 1& necesscary to find unique organizational forms to organize the sojue
tion of iy nes sclentific problemy even if the director perzonally dues nat woyk ™~~~
in sclence, he should be a person with great creative talent.

I :i0 not know why t‘he leader of such a splendid achievement in sclence as the
lnunching of the first satellite is not worthy of the Nobel prize, althoﬁgh péfhnps
he personally did not perform the scientific work connected with preparation ¢ tiis
unfque experiment. Didn't he organize 1t? After all, the'movigdgireg;orgg§gggei
picenstein and Rene Clatr, whc are greaf Eréafive directors and who have creafed t!

most vemarkable artistic f4lms were not sotors thedselves, We know of oazaz o & -

-y

freat agctor also being a great director; for instance, Charley Chapiin,

Thus, in science there are alsc cases of a great scientist Yeing a goed srgsnt-
zer of collective sclentific werk, Rultherford and Ferml were such multifsestsd
seientists, ut thls certainly 1s a happy exceptilon, and not the rule, ¥We sre nuw,
undoubtedly, entering a period in the development of science in which the crganirzors
of sclence will be assigned a larger and larger role,

It seems to me that now we have to start specially educating and preparing

people to be organizers of large scientific probtlems and to mske this duty attrsctive,

tc give such people great respect and not simply call them some sort of bureauernt.

SR SV

zdministrators. 1In a short report it is difficult to formulate the criteria for

selecting these people and how they should be instructed and educated, They ars é % 3
very rare people and this app rently is one of the unique forms of human talent; ; i
therfore, they need very considerable attention and great care, %

Thus, I assume that one of the problems of the future will dbe the trainlng sai

development of this new type of scilentist-organizer, whose activity and value T Jjust i

described, This type of scientist-leader 1s now In the initial stage of development,

o

but he will play the declisive rcle in the future, large-scale science,

NOReN

The next problem I want considered is the scale that scientific work will attain

in the ruture, Let us try to sort out the question of what expenditures (human,

material and monetary resources) the state will allot to scientific work in the
future, At present, even in the most advanced states this amount {5 only a small

fraction of the budget. But, with each year this fraction relentlessly Ilncrenses,

A B ARLTIINN AR, WL IR TITHD . s RN W A

in both scctalist and capitalist countries,
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”7i6u”ianyrecnnonistt note great social phenomena in connection with the rige in
technology. In industrial and agricultural production the role of physical labor

o COAl InuGUR 1y dncrcano:. The press has repeatedly noted that with the growth of

eisetric power resources, and the introduction of mechanization and automation,
production will mquire of & person only a small part of his strength: through the
enltkfféf‘clggtric poser stations this work will be accomplished by cybernetic
nﬁchsqg: and the releised creative pover and mental energy of people will mainly
sg!tﬁ,sgi:nc« nné,azt,~ It ts asked, what part of humanity wili be oecupied by science

and the arist Hors we can resort to an analogy in the style of Herbert Spencer, Ir

St % cgpp;re thl #tite organism with an animal and the weight of that part of the

anfkalts body that parforms mental work, the head, with the weight of all the re-
maining parts of the body that perform physical work, we will obtain an interesting
result, Iﬁtnus start with an antediluvian animal, for instance, the dincsaur. Tris
animal had & samall head and a gigantic body. We know that in the evolutionary
development of life on earth such an animal had no future. In the struggle for
existence only an individual with a head welght of approximately S-in% of its body
welight had a future,

Thus, in the evolutionary cevelopment of human soeiety, culture will econtinue
to grow and ever greater means will be expended on it. Here we ~an ncte thaet nature
has given more genercusly to the development of man's mind as compared to his
physique than the most advanced states have yet given {to szience].

In one cf his articles Aczcexmician K. N, Semenov wrote that in the future, by
one or another means, half of humanity will participate in creative sclentific labor,
Thus, one half of the population of a state will carry ocut national-economic func-
tions; the other half will work in Institutes, design bureaus, st experimental plants,
that cannot be mechanized or automated, but where an individual approach to the
solution of each new protlem is necessary. Professor Bernal describes the scientiflc
and creative activity of people in the fiture otherwige, He assumes that each
person will spend part of his time on mental creative work and the other part on
productlve labor. I personally favor Semenov's acsumption inasmuch as people who
are inclined toward creative activity will devote all their time to it, This gives

people great satisfaction and makes creative lator mcre productive,

B 28

—

« - mwow




ASSIMILATING (MASTERING) THE ACHIEVEMENTS
OF SCIENCE AND TECHNOLOGY®!

It 15 well known that the basic index of progress in the national economy 13

the productivity of labor and this is increased mainly by assimilating the new ~~ ~

uchievements of technology and science.

When the growth of labor productivity 1is retarded, we must look for the cause
of this in deficiencies of industry in assimilating the achlevements of sclence and
technology. |

From our official statistical data one may see that in the past we have attained
13% growth/yr in labor productivity, then it declined and in recent years 1t fell to
h-5%.

This shows that now the process of assimilating the achlevements of sclence
and technology does not satisfy the demands of our industry. R W

I want to consider the causes that inhibit our assimilating the achieveméntp of

scieﬁce and technology. It is known that the assimilation of the achieveﬁéhi;,of
science and technology by our industry always passes slowly andbﬁith difficultj.
One may see this from the word that we usually use, "implementation." We speak of
the "implementation" of a new technology and the implementation of the achie?eménté
or sclence. In Russian the word "implementation" signifies that an advance forﬁgrd
occurs against the resistance of the environment. We hidve becomeleo'hccustoheﬁ to
any new achievement of science or technology encountering resistancé durlngvits ‘

assimilation, that we have long applied the word "implementation” withouf noticing

1prom an address to the general meeting of the USSR Academy of Sciences of 13
Docember 1965,
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that through this word we characterized the abnormal conditions of assimitatin: -
new technology. When we begin to use the word "assimilation" of a new technoluyy,
we can consider that we have attained normal conditions for its dev:lopment,

My many years of experience in this region shows that six conditions must be
realized for successful assimilation of the achievements of sclence and new tech-
nology by industry,

I will enumerate them and we shall see what is necessary for them to exist in
our country.

Mastering a new technology signifies that industry should learn to do what it
did not do before. Consequently, mastering a new technology must be considered na
a learning process and it must be conducted with the pedagogic methods we usudl{y
apply in studying anything new.

When we instruct students or pupils, this main condition is necessary: the
person must want to learn. It is well known that 1if this desire is lacking, one
cannot successfully drive knowledge into a person. Is our industry always ready

to learn something new? Have we always created conditions in which industry feels

that it 1s profitable to learn a new technology? -

Obviously, for this desire to appear we must create favorable moral and materinl
;onditions. We must create conditions in which our industry and our plants would
be interested to learn something new, They have to feel that this is profitable,
vseful, and honorable, This 1s condition No, 1.

Codition No. 2 is that when you teach a person something new, he must always
havé appropriate preparation. It is impossible to teach highcr mathematices if the
pupil does not know algebra and trigonometry. Therefore, when a student is taught
something new, he should be sufficiently prepared. During assimilation of new
technology we have frequently not considered this. I know a number of cases when
the powers ordered a plan to produce new equipment and the plant was absplutely not
prepared for this; in spite of all efforts they could not successfully fulfill thelr
assignment. For instance, one good plant was assigned to mamufacture special metal-
1ic vacuum Dewars., Although the plant had no experience in vacuum technology. With
difficulty the plant managed this assigmment, released many poor-gquality Dewars sand
the process of mastering took several years. A factory that was prepared for this
assignment could have fulfilled i1t faster and easler.

Thus, the second condition is sufficient preparation of the pupil.

-6~
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The Lhird condition 1z also well nnown from pedagogy: the student should mot

Ly overlosded with studies, Every plant and every branth of Ilndustry can maztee =
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lertinite amount of new material in a year if they have sufficlent preoparation nnd
wrnt to learn,  But it requently happens That as soon ar a plant does well sng

itarts Lo manter anythong well, it s excecsively overloaded. We muet refember that

EYT NP R SR,

indusiry snd n persen have a limited ability ¢o master new kncuwledge. :

The tfourth condition is when you teoach gomeone something su??iciently favorstle z b
miteorinal conditicns have Lo be created., It is impractical to instruet a perseon or
s plant only at the expense 0 their internal material rescurees, There mu3t nilwiys
be a good materinl base for the problem at hand. More simply, it 1c neceesary t~

give sul'ricient means to those who study something new.

The nececsity of these four conditions 1s easy to grasp and they =re comparns- ;

tively simply realizable, % 3
The ifth condition 1s less evident and much more difficult to reallize: it

conezists of the following, From pedagogic practice it is well known that te lnstruct

zomeone it is always necessary to develop a clear instructional program. Analoge ; §
ously, to teach industry something new, for fast and successful mastering it is i %
recessary to have well worked program indicating the most successful way to go. f %
mt, as a rule, we pay little attention to this, frequently assimilation is allowed ! i

to go its own way and we even do not consider that we need some kind of program.

In composing such programs two conditions must be fulfilled. First, the pro-
gram should ccnsider the industrial possibllities of the plant and, second, it must
consider the specific character of what is to be familiarized, Usually the factory ' %
lacks a2 person who could immediately do both. Therefore, when a scientist or i é
Inventor or even a scientific institute is assigned a program to compose, the :
specific character of production is ot considered. When the plant iteelf composes : '
the program, the special requirements of the new technolcgy are not considered. In ;
both cases an inferiocr program is obtained. : 7

How do we get out of this position? Life shows us that there 1s a type of widely
educated engineer who can embrace both sides of this program. There are now few
such engineers and we should value them highly. We need these highily skilled

engineers the same way we need engineer-designers; therefore they must be trzlned

v
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and giver the possibiliity of actively working on preduction as inovators of new
technology, Ministries and ¢central boards should have a bureau with such specia=-
lists, The task of thase dureaus will be the composition of programs for mastering
new technology and putting it into practice. We must zesume, a3 » general rule,
that when something new is put Intc productlon there should always be a well deve-
loped program. But tinis important condition of mastering a3 new technclogy we have
ailovted very little attention.

Finally, the eixth ccndition concerns the teacher. If there ° a rupil, there
" “must bc & teacher. It is well knc.n that fﬁr’suécessful ins¢ruction there have to
e good friendly relations between the teacher and the pupll. PFurthermore, the
creator of a nex technology, who transmits his workx to industry, no matter what he
is, sclentist, inventor or the collective of a acientific institute, a design
burean, should be as interested in its successful mastering as the plant-expeditor,
Are our agclentists, our invaniors and engincers as interested in industry assimila-
ting their achievements as %he pecple connected with enterprises and industry?

Iet us consider only the case when the tcoacher is a sclentist,

As 18 known, according to ocur laws a scientist working in industry on lmplemen-

tation does not receive material reward for this. We accept it that a scientlst
works with industry as a normal part of his social recponsibility. This is abso-
lutely different from the position in capitalist countrlies, When I lived in England
and became a doctor, as scientist I entered a professional union of scientlsts and
wes obliged to sign an agreement according to which I did not have the right to -
freely consult with industry, even if this was not gratuitously, .ut below the rate
set for my scientist rank. In capitalist countries this 1s done so that members of
trade unions cannot compete with each other by price. Naturally, we have absolutely
>ther conditions and such a meagsure cannot occur here.

I do not want to insist that material reward has decisive value here, but
undoubtedly the incentives for sciantists to work with industry must always be :
favorable., It 1s necessary that a scientist is interested in his work; we must
create a situation in which his work would have wide acknowledgement of soclety and
cooperation with industry should be considered a useful gtate activity. !nfortunstely

aow, when we must deal with ¢ ministry, this rarely seems an "amiable” relation,

211l this ~ertainly does not promote the development cf good relaticnships tetween
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teacher and puplls,
freguently we consider that it is sufficlent to obtaln an order preseribing

the agcimilation of such and such, and then we ccnsider the process of "implementn-

t1:5n® already cnsured. But, {rom the given analysis it follows that the process «i

@aclbering a new technology cannot be considered simply as an administrative action;

.
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thls proccss should be approached as a "pedagogie poem.® Therefors, during
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orgaization of the mastering by industry of a new technology 1t is ngcesshry for
approach ench problem individually, without = pattern,-taking into gecount the
rcﬁaructcr of the people and the character cf the external conditions in each parti-
cular case, Of course, here the order basically determinas the financial and
personnel sides, but successfully mastering of new technology 18 based on good
relationships between the pupills and the teacher and their common interest in success,
in the fulfillment of a well developed program and this unfortynately 13 not always
the case,
Now I want to touch another, not less important, question: does our selence

give sufficiently to mastering by the national economy and is the labor productivity -

of scientists sufficlently high? We must turn serious attention to inese questiuns,

To understand I think it is best to compare certain data on our sc¢ientiflc aétivity
with that in Ameriecan.

i

P

It 1s interesting to note that now in the United States they are geriously
studying questions of the development of science in that country and 1ts connection

with industry and they publish much statistical material on this subject.
I wili give certain figures of interest to us, This year the United States of

. .
T ...,.,,),w_,;,..n... e
Lo '

America willl experd on all scientific work 21 dillion dollars, of which two thirds
comes from the federal budget and one third from foundations and industry. From
this sum 11%, or 2.5 billion docllars goes to acsdemic science, From this it follcwse
that the basiec sum of the expenditures goes on m~ience that directly serves the

mastering by industry or as we say, goes to scientific work of applied subjects, §

s ras b e i 2  n RARAS VS

Further, Americans affirm that at the attained high cultural level and in the i
presence of free capital their industry does not have e¢nough available reserve of
science to satisfy the demand of industry ir mastering new technology. In the

Unitea States industry mainly needs the development of absolutely new technical

1See, ror Instance, Scientifie American, July 1965, p. 19.

st g 44 el T




o T it Bty o - i e

directions such as televigion and movies once were and eybernetie machines nnd syn-
“thetic fibers now are. The birt™ o ne. reglons of technology not only turns aut
to Ye the most profitable £+ * 75 .. “nl investment, but 1t also has soclal value
inasmich :s*,it absorbs unemployment and raizes the living s=tandards.
_ Amerlegns consider that the insufficient scale of development of their zeieonce -
i g!t;e;;.‘w s eméquence of a dericiency of highly skilled scientists and enginecrs,

thctnttentific work could obtatir even more money, but they now do . ,

_not wvamgh ‘very talented people, the leadership of which malnly determines the y

- -deweiopment of scientific work Ih the hecessary direction., Therefore, in rec.ut i

years? ﬁny have begun to import sclentists in large quantity, malnly from Englsnd ‘
ang ‘{etj:m Germany., In the last 10 years they have imported 53,000 sclentists, -
nin]:ym onea, 30,000 with engineering education, 13,000 ply=icists and 9,000
aclggk;aﬂ of other specialtiss. - This means 5002 or more people [ar ye-r,

If we e‘nnsider. ﬁbat one highér educational instituation gracu >., on the

average, 500 pecple & year, this means that in Europe during the last 10 years at
least 10 himr educational inatitutions gratuitously prepared scientists for
Aérica, Inssmich as Anmericans took the best people, this means they took the cream
of approximately 50 higher educational institutions. This agrivated Englishmen very
mach, The EKoyal Soclety created a special commilssion to clarify cause of such

‘8 graat drain of scientific young people to the United States and to decide what
measures to take to cease this draining of the bloocd of English science,

'mu wasd explained in approximately the following manner: although the English
ard Germans pay their leading scientists sufficient wages, Americans pay twice as
ruch ag the English and Germans, But it turrs cut that this is not the decisive
cause for the emigration of scientists. The commigsion explained that not just the

large pay attracts young scientists. The conditions of ascientific work in America
also attract them.
Americans release funds for scientific work somewhat differently from how this
is done in other countries, The basic funds for science are released not by scien-
tific establishments., Americans more readily grant money sither for a definite
subject or to indiyidual outstandig acientiste whose work needs suppcrt, usually ] :
leaving him the freedom of choosing the subject, Sclentific establishments recetive .

«10w
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only geveral percents of all the budgetary funds (apparently, not more than 993‘{1},
T be the independent magter ot his own material base is certainly very attrmﬁ;ﬁé
tor n scientist., They feel that their work can be completely. ensured wbile. é}ieir
great independence and freedom of action. are prei;erved. T o
How let us compare American statistical data with our ows. - it is.not miyw '
dirficult, but almost Lmpossidle to make this comparisin inasmuch’ as there 15 ab-
czzential difference between the organizatlop sad financing of ‘sclence !h—‘t;a;iiglié;
and soclalist countries. The diffizulty is Increased evan more #gj‘:ﬁi‘:@}%- L

e e S P

- — — unfortunately, we st#11 do a poor job ¢ Gullecting cwn statistical-dats commestor

R

with gquections of the organization of sefence. ) R
let us {irst compare tm; mumber of selentific workers. Ameri;:axzs consider
that they now have, counting from the }a:fwer duties of engineers and techniclars,
800 thousa.ndi persons occupied in scientif'lc vork. According to offiecial siati:siical
data, consldering all sclentists, including junior scientists, we.have about 700
thousand. From these data one may see that we differ little from each other in
number of. scientists within the limits of the authenticity of the statistical dats.
This conclusion 1s also confirmed by data taken from a FPrench source. They consider
that for every 10 thousand persons in the population, America has highly qualified
23 gcientists, the Soviet Union, 18.5 scientists of the same qualificatidn, England,
anly 9.7 scientists, and the remaining countries have considerably lese, Sinece our
population is higher than that of America, these data show that the total nugber of
highly skilled sclentists for both us and the United States is identical, about
420 thousand,

To determine the labor productivity of sclentists we must estimate their
sclentifie production. Of course, this is difficult to do exactly. Americans try
to do this in this way. They calculate the mumber of sclentific articles in the
leading regions of natural and technical sciences pvtlished by scientists in ail
languages in different countries in the main sclentific Jjournals. Judginz by these
American data, we find that Americans now produce 1/3 of world science, Ve produce
1/6 of world science, i.e., half of what they produce, All other countries produce
legs than we do. Thus, In scientific production we are the cecond country in the
world., But, if we take the given figures we find that with approximately the sSame

numpber of sclentists we produce half of the scientific work that Americans produce,

-11-
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Therefore, however discouragingthlis is, we should recognize that the labor productie
vity of our sclentists is arproximately half that of Gelentisis in the Uniteag States.

Moreover, we shall see from further data, 1in recent years the growth rate of our

science has dropped somewhat. Therefore, it is time to ask: How can we create the

conditions to develop our science in order to 1ift the labor productivity of our
sclentists?

The labor productivity in science is determined, first, by the amount of
material possibilities open to the scientist and, second, by the amount of training
and selection in the departments at scientific institutions,

Let us first consider that American budgetary expenditures on science are
incréasing rapidly. In the laat 20 years these expenditures have grown ar average
of 13% a year, and this year the growth is greater, 20%; just from the federal budget
the expenditures this year are ik dillion dollars.

A Pravda editorial on 17 December 1965 gave our budgetary expenditures on
science, In the previous year they were 6.5 blllion rubles. As compared to past
year, their growth was 9,9%.

Thus, with an equal rmumber of scientific workers we allot a considerably smaller
material base to science and this certainly strongly affects the labor productivity,
Because we cannot now strengthen the material base, we can only approximately half
the number of new students, which will certainly improve their quality, and we must
sift out the people who cannot completely justify their work against the advantages
the position of scientist gives them,

Unfortunately, one cannot see other possibilities so that in the near future
a whole series of insufficiently effective scientific workers can be transferred
to industry where they can bring large benefit to the country, O0Of course, aqch a
sericus measure cannot be taken immedistely. But this should be the tendency of
development of our sclentific establishments. It would have been possible, for
instance, every'year to shift 15-20% of the cadre from scientific establishments to
industry and to select 7.5-10% of well prepared young people to improve the quality
of the cadre and not to close the door of science to fresh forces. But one should
also note that even if we decided to go this way with the laws and rights which the

Academy of Sciences now gives to directors of institutes, this measure cannot be
taken.

12
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de chould not fear to say that in the lact ggveral years the leehnology prop

betwesn wur country sad Ameriea not only did not diminish, but increasei; we must
urgently look for a way to compensate for this lag, If in the next few yesars vwe do
not inerease the labor productivity of our zclentists we will not improve the
conditions for magtering In !ndustry the achievements o5t sulence and technolegy, -nd
the problem of overtaking Amertiea certainly will not be solved. If we reso‘:lut-é‘ly ,
and sk1117ully use the large advsntages that our soeialist order gives 1n ttx;é'é*r.iz-ln-

zation of our science and mdustry. this lag in growth will be only a téy;fgmarv

hitch. 1 deeply beneve this. if we do not fear to gay the truth about our’ g_!_s,g;‘_i—
clencies and errors and if we amieably loock for ways of removing them, that liie will
soon regcover our former x‘ocord-breekmg growth rate in sclentific work.

We must continuously and gradually improve the organizatlopal forms for ‘*ihe
development of our sclence: improve the matertial bue, reige the quality af tm
cadr2 and increase the labor productivity of the scientist, We, the seientists of
the USSR Academy of Sciences, must devote great concern to all these questions.’

We are the leading scientific establishment in the country and therefore, mcre than
anysne else, we are responsible for the development of science sand the naite;lng of

1ts achievements.
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m to note the non~correspondenne in the development of theoreticsl and
' Wmﬂt and the absence of the nacessary connection between theory and
P"‘?ﬁ"' y
n: cﬁuraa, I will basically eonsider physical and mathematical sciences. It
is not d.imcul:t $o sse that our experimental physics lags ocur theoretical, [Let us
take, tor ingtance, the works submitted for Lenin prizes in 1962: there were many
works on mathematics, on theoretiesa)] physics, but there was not even one on experi-
mental physics., I am the editor of the Journal of Experimental and Thecretical
Physics and T know very well the na,jor’tty of articles we receive pertain to thesre-
tical ‘physics. The ratio is approximately 4:%1 or 3:i, Our lag in experimental
ph/sics can also be seen by comparing our physics with foreign physics.
Iat us take nuclear physies. It 1s well known that desplite the technical equip-

rr.nt in this region we have fewer good experimental results, Of the large number

v nﬁ]y discovered particles the lion's share telongs to foreign physicists. : !

s Tor t.hcorctieal works, in both mathematics and theoretical and mathematical o
physics we are undoubtedly leading in many basic regions and we occupy our proper
p arce in world sciencs.

Wnie is the opposite to what occurs in thes United States, where experimental
scienges are developed at the expsnse of theoretical sciences.

This was very well known about 20 years ago, wher. nuclear physics began to be

lpvom an address to a general meeting of the USSR Academy cf Sclerces, €
Pebruary 1962,

-14-
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developed in the United States and it was necessSary to create an atomle weapon, fTo

tult'ill this «wsignment Americans had to "import™ many theoretical physicists rrom
Burope.

It iz well known that when we solved the same problems in nuclenr physico our

theoreticians were fully prepared and sufficiently qualified to sclwve these problems
rapidly and independently,

S s, AR s

During the lasi few years theoretiecsl physies has improved
in the United States and the gap has decreased.

AT

| An index of our log in experimental sclences In that young people graduating
i'rom higher educational institutions rush to theoretical wvorks. -

This lag in experimental physics is & very serious factor that will inhibit

the normal growth of our pnysics more and more, The gap between thecry and experie

ment, theory and life, theory and practice, is a symptom of seriocus disturbances in

the normal development of science. That we now have a dreuking away of theoretical

science from life and also insufficlently high quality of experimental works destroys
the harmonlous development of ocur sclence and, it seems to me that this occcurs not

S G TR SN TR LR LR R TN

only in physies, but also in a number of other regions in the natural sciences,
We should take the necessary measures to lmprove our experimental-physics,
For this we must first eclarify the cause inhibiting the development of our experie

i

mental science and disrupting the normal connection between theoretical science

and life, If we have the correct diagnosis of t .e disease, the treatment will become

obviais,

From the history of the development of physies it is well knowm that the

o

division of physicist. into theoreticians and experimenters happened quite .recently.

In former times, not only Newton and Huygens, but also such thporetfcians as Maxwell

usually checked their own theoreticel conclusions themselves, Now, however, only

in exceptional cases does z theoretician set up experiments to check his theorles,

This has a simple cause., Experimental technology has become considerably complleated.

It requires great efforts during experiments.

Usually this 13 not within the powers
of one person; therefore the work is performed by a whole collective of scientists,
In fact, such equipment as accelerators, liquefiers, the most complicated electronic
circuits, reactors, etc., require a large staff of sclentists in order to conduct

an experiment, Therefore, a theoretical physicist cannot, in practive, check his
own theoretical conclusions, but must rely cn the "favor" of experimenters, he must

wzlt or them tc check his conclusions in practice.

~15-
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From this we have the nhon-correspondsnce betwesen the quantity of theoreticeni
Xorxs and pusslibility of sudbfecting them o en experimental cieck., In fact, o
theorstician Zrequently publishes several works in a year, let us say four, and
upually & year or more is required to make the experimental check, and even a group
of “#gveral percons; lst us say rive persons, must work on this: 1t i3 then cbviocus
for asch theorstician there sahould be from 20 to 30 experipenters, This, of course,

is & pomuu ccnc.ptim. but in general it gives an idea abcut the ratic theore-

mun!/apormtm nacsssary for seience to develop.
,_—M the mubnr of theoreticians =na sxperimenters iy approximately equal. As

a ﬂﬂ}t W find that most theoretical conclusions are not checked in practice.
M;mim forget that their work takes on value after it is connected with Lire. -
Thaory begins to feed on ltself aud in the best case its value is deterwined from
mﬂmﬂu& and assthetic considerations.

M the harsonicus development of science theory must not dbe detached from
experiance, and this can occur only when theory rests on a sufficizntly large exper-
. imeptal base. Why do we lack thiz base? Why do we have so few people in experimen-

tal work and why is it badly organized? The anewer to this quection 1s simple: in
our conditions the work of an experimenter 1s much harder and it “"pays"™ less. This
is not‘nn.'ly hecauss an experimenter loces a year or more when his work iz s fallure,
while & theoretician loses two or three months., The work of an experimenter requirec
much greater effort, he must not only understand theory, but he shculd have a num-
ber of practical skills in working with instrumsents; there must be cooperative
collective, frequently an experiment requires contimious work, day and night; a2l
this seans that the acknowledgement of an sxperimeriter as a scientist who has
attained scientific rank occurs considerably later than for a theoretical physieist,

In order Lo present a dissertation on work done by a collective he must separate
that part which is his independant contribution this has to be confirmed by the
leader of the work. It is simple to see that this ecluition basically contradiets
the healthy spirit of collective work, when people continusously exchange their
experiance and ideas, help each other and replace cne another. 3ingling out "per-
sonal property" to defend [present]) a dissertation is an umnatural and inhibiting
factor in ti - development of collective work.
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All thic repulses miny people from experimental work, A -

. § The leader of 2 ccllective experimental group is nlso beset with diificult

e conditions, He carries the responsibility for the work, but inasmuch as he himself
rrequently does not participate In it, 1t i3 usually considered that his name should

not be on the authorfs certificate [patent], Untll they grow up, young people
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ccrtainly underestimate the role of the leader, even though he selsets the colisctive,

ot ol
Tl

dlstribures the work among its members, and sifts good ideas from bad. The rols

of the leader iz certainly exceptionally great. In contemporary conditicns the

!
|

- Iuader ol selentifie work is like a director; although does not himseif appear in

a 3cene, he creates the performance.

5
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Contemporary theater and motlon pictures recognize the decisive value ol the
director in the creation of a performance or film. But while the role cof the leador

1= usually decisive in contemporary collective scientific work, we are far from

T B S

widely recognizing thls; therefore, we have not created the conditicns necessary lor’

o

the successful work of the leader and his work is not properly organized. Therefore,

A ALY

it is now very difficult to attraet able sclentists to £111 the leading posts in

laboratories, to be directors of institutes. These positions are fregquently filled

by workers with administrative ekills, without creative seientifle qualifications,

and as a result of this colleetives begin to work poorly and this, as already men- -

i

tioned, lowers the quality of scientifi¢c experimental work,

e N PR AT A

In such big regions of experimentsl contemporary physics as space research, : :
plasma and nuclear physics, and accelerator development, experimental collectives
become large znd the role of the leader 18 decisive, and only his correet selection

can ensure success of the work,
»

When a theoretician does his work, his tools are pencil and paper, but this is
not necessary. Thus, when Buler went blind, he conducted his fundamental mathema-
tical works in his mind,

But an experimenter nceds a good material base: a location with all possidle
speclal equipment, a great assortment of inatruments, speclal orders, special mater-
K ials, a workshop, a trained staff of laboratory technicians, ete. The rate and
guccess of the work are affected by the state of this material bdbase, Ten years
ago our material base was less than that of foreign countries; now it has improved
considerably, but it has not attained the necessary level and it continues to inhibit

e e~urse of exverimental work and makes it less attractive for the
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selentizs,
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From this one can understand why our yosung people aspire to theuretlical scien-

t1¢{c work, why we have such a non-gcorrespondence between thesry and experiment,
andlhy our f.heory is datached from life, If we agree with the diagnozis T have
clvca, t.ht DECESEArY measures to treat this disease can be found simply. We must

se% “a‘.i'xe merimter and the leader of experimental works in sush =zondltions that
thml.r wﬂ: ia at least as attractive as the work of a theoreticlan, We must ndjust
osir,.szmnlntlml mtu of :elent!.ﬁc work for collective work snd encourage thiz

- chsrmter of the #ort. Such encouraging measures csn be based on the material bnse

- and mle r&eeori.

qi;an ezaaple we can point to the organization of prizes for experimentnl wori,
t‘&eili:ta:tcd methods of obtaining of degrees for a number of workers on the bagis v
the spme colléctive dissertation, etc.

‘The work of leading natural scientists in introducing great eontridbuticns in
the dmlopung. of contemporary natural science constantly occurred with theory =nd
experiment in close contset, Therefore, for the development of natural seiences !t
iz usaally fully sufficient that theory and practice were tightly coordinated und
did not contradict each other, The harmonious development of theory and practice
is absolytely neceasary in all those regions of natural science where man csn
experimentally ¢heck a theory, put the achievements of sclence into prsctice and
into life, and affect the cultural growth of the country.

As for the actual mechanism of the connection of theory and practice I would
like to recall the beautiful comparison used dy XKelvin. He compared theory with
millstones and experimental data with the grain to be ground in these millstcnes.
It is absolutely clear that, no matter hov much it ground, a millstone could dz
nothing useful by itsell (theory works on itself). But the quality of the flour is
deternined by the quality of grain and rotien grain cannot give nutritious flour,
Therefore high-quality experiments are a necessary condition for both the construc-
tion of advanced theory and the production of practical results.

High-quality experiments are a necessary condition for the healthy devel-pment

of our science.
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THE UNITY OF SCIENCE AND TECHNOLOGY'®

The life of a soclalist gtate 18 constructed and develsped on a scientifle
basis. Therefore, Crom first days of its existence Soviet pewer gave consilderable
attention and care to snlence, A3 & result we now have sclence that solves the rost
advanced and difficult problems., We have also industry which makeg the finest and
most complicated mechanisms, But the connection of our scilence and technology is
3ti11] weak and this hinders our complete use of the whole rich reserve of creative
forces of our country.

Only with a living and healthy unity of sclience and technology can they help
each other: science opens new possibilities for technology and techrnology grasps
them boldly, without compulsion. As technology expands science, on ite part, is not
only enriched by new technical poasibilities, but its sudbjects are expanded and it
becomes more purposeful,

Nowhere 1is there such soil for the widest application of science as in the
USSR. Therefore we can explain the still weak unity of sclence and technology
only because the most effective organizational forms of this connection have not
been found., It is undoubtedly true that at the existing level of our sclence and
technology, considering our present deficiencies, we could have attalned
considerably greater creative technical conquests., I do not think that this delsy
is explalned only by the evident and gradually disappearing deficiencies as krcwn

the obstruction of creative cadres, bureaucracy, discorder of supply, c¢tc. It

rpror an article in Pravda, 17 June 1341,
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seema to me that we have allotied very iittie attention to the more important
organizational deficliencles,

Unique strategy and tactics are necessary to master nature. Here, as in
buattle, the most Important thing 1s proper distribucica of forces owzr the front
and clear assignment of warriors,

It 48 necegsar:y to inspire the scientific arey by assigning problems and
givingrit'é.aénSe of the value of victorles on given sections. We must even more
_skillfully form the combat units and give them responsible rommanders. -Life-has
shown that any irfluences on creative workers of science and technolugy are reazl
only Hifh the support of healthy public opinlca. This is created at scientific
Y meetings by the press, We still use tals most important organizatlcnal possibility

insufficiently.
As an example let us take the general meetings of the Academy of Sciences.

They are well visited. At them one hears interesting reports with delight, but mcre
] raquently some professcr lectures on augmentation of educatlon, and not scientific

; discuesions. There are almost no debates, there is no tradition to give public

appraisal to separate scientific or technical problems and the works connected

{ with them, There is nct even a tendency to debate., And after all, debate do not

meamen

appear by itself, it must be cultivated. For thls we must preliminarily select
the sharpest and mosy important questions, we must simultaneously select and
prepare the opponents. The presiding officer should direc:. the debate, formualate
controversial theses, and not allow the dilscussion to deviate from the basic
questions., If a sclentific report does not cause debate by its character, e.g.,
simply a report about a sclentiflc discovery, in any case the meeting should hear

the opinlons of leadlng speclalists so that a proper public appraisal will occur,

LR ARITAT AL b 4 4TI LD MRS B N B 4 U s

Witnhout debate and discussion public repcrts make nc sense, it is simpler and

©oed : cheaper to publish them.
1 frequently feel as Af we in gsclentific medium even feear detate and definite
appralsals, Can thls be because we 8till go with false pride founued on an
. {rcurrect presentation, as if s ,ood sclent.st cannot err, since an "error"

would discredit him, We seem to forget that “only he who does nothing does not

. .\\ .

err," After all, any scientific truth tocey can be augmented or modified tomorrcw,

since we are i1 a state of continuous approsch to knowledge of tne true rature

cf things. OCnly by surmounting errcr with error, by w.covering cantradictions do
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“btadie o 1ese r solutlon to o prublem. Errors are not pseudo~-ascience., Pseudo-
selones ds unrecognlzed errors,  This 1s why error inhibits healthy scientific
v fopment, »

We should ulso note that our press frequently avoids discussion of the
cuntroversinl guestlions of sclence and technology.

Th+ absence of a healthy public opinion on a number of question not only
involves the ponsibllity of the development of harmful and useless sclentific work,
tbut It 41lso hinders the concentration of the best forces around thé central probiom:s,

Absence of discussions absoiutely does not correspond to our general
sitaatlon,  All our sclentific and technical achievements are the property of the
wheio country, and the people want not only to understand them but also evaluate -
them, And a Just public appralsal inspires the workers and helps to create the,/
¢nthusiasm that is so necessary in creative work, Every significant acientirié
and technlcal question has public value and, therefore, should be discussed and
a Judgement about 1t should be made,

The organization of the army of creative workers in our industry, it seems
te mo, 45 53t11ll less well developed than in the region science. While our
sclentists, nevertheless, are united in a certain collective, the creative workers
of technology are 80 atomized in our huge industry that when a problem 1s assigned,
they flrst have to be rounded up and that turns out to be very difficult,

I will now speak, not about those smaller battles that lead to a series of
technical improvements, e,g,, the Belection of more suitable materials, the
rationalization of processes, a reduction in manpower expenditures, increasing the
quallity of production, etc. Although such technological growth 1s'frequent1y
conducted by "partisan" means by enthusiast-loners, it has large value an& generally
coes pretty well here, The most remarksble thing with us, of course, is that we
have the widest circles of technical workers, starting with workers and rin;shing
with engincers. But I have in mind more aignifacant battles conducted by_iarge
units, the results of which must give our country still unexperienced posgibilltic:.

In such big battles, even with great expenditure of means and labor, during
mobilization of the best creative collective of sclentists and engineers working
persistently with enthusiasm we cannot guarantee victory over nature, But if the
battle 1s won, this signifies a new stage in industrial development. Achlevements

cf Sucit un urder wiil help us to overcome all. There 1s no doubt that the
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gocialist order should be the best organizer of such big victories in technolory.

= tnder o cond1tsons of CipItiliem Can Wéeis and people be mo widely mobilized for

o

sﬁﬁh lfh&ttle. ' - » - ’

&m thiq ucegtiml pouihxuty we must learn to rapidly mobllize the

BRS best, cmtive workern 1n all the leading regilons of technology and to coordinate
thaix *@F& ‘With our lf‘lenthtu.

7' me nost aigniricant, from my obeervation as organizational dericlency ls that
we §mn§t “give E;oper ‘value to questions connected with the implementation of the
,M,mm&m&&ens,st_wmwg—yfm -iife, usually not counting theee works to be creative,

Bra;y;a Teaearch institutes and plant lsborstories have created the conditions for
u-cre&tive'VQTK. But the last grain, the introduction of new ideas, is usually
" carrged cut by workers in the ranks, together with thelr current industrial

assignients. But just as a good citizen is not born, and educated takes a long

tiné; 80 & new idea at the basis of machines or processes 1s produced only as they
grow in 1ife. The successful “training" of new ideas should be entrusted not to

an ordinary engineer, master or worker, btut 1o well selected, highly skilled

-crelti\'e collective.

I ras into a lack of such & cadre of creative technical workers when I had
to put into the line an installation for the production of liguid air and oxygen
we had develcped, These installations operated on new principles of liqueficaticr
and separation and these were mastered only in the laboratory. Industry had the
problem “of making this installation an easily used and relisble machine,

The biggest difficulties we encountered in organizing the base ror
implementation and in the selecticn of the cadre of engineers, technicians,
designers, masters, etc., capable of creative mastering of such machines. There
are certainly enough such people in industry, but few people know of them, They
are scattered, they are not tabulated, and they carry out the most diverse
assignments, One must grope for them, and when one find them, they are difficult
to get. Because there 1is not even an understanding of the importance of conquering
new possibilities in technology our executives frequently oppcose attracting of
best people and creating special conditions for the implementation of test
projects,

The value of a healthy base for the introduction of new achievements of

technology 1s shown by the example of one foreign firm that organized an experiment:l
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tlant wWilth the basic problem developing new types of machines, This ﬁiinﬁ is
TUBIRE the
rondultatlon of known professors, e.g., Stodoly and others, this pidn reparcd

cery "ood rlectrical machines and turbines, But after the surrouhdihg’ééiﬁtrivs

rrown=foverl in Switzerland., It 18 in Baden near Zurich Univetiity&“

SOt up tarlty bLarrier the firm was forced to construct independent plihéfiin [}
« e o S

%

number ot ~ountries, Canada, Germany, France, and others. The technicii~

deve lopment of new machines was concentrated in Baden where the best cédres of the

rirm wore gothcrea, Thus, probably one of the most advanced experimental plants

“pie tred In baden,

©f coursc, the cause of its constructlon do not interest us, but it is *
Inctructive tor us that successes a plant can attain whose goal is basically only
to creute and to master new types of machines. That this plant is actually a
teading one 1s indicated by the fact that the first economically working gas
turbine was successfully developed there.

From this example, it seems to me, we can see the force that appears if the
best sclentific and technical creative powers are concentrated in one place and

set to work on the solution definite problems.

Therefore, I think it is time to ask the question about the unificationiin e

cvery reglon of our industry of well prepared collectives of all types of creative
werkers, Depending upon fﬁc scale of production it 1s necessary that this
organization include separate workshops, and in a large region, even %ndependeﬁt
plants, with specially selected cadres. In thir way we will create cznaiderably
improved conditiocns for introduction in cur industry of absolutely new ditecti&hs
in technology. With solicitous and flexible leadership by such eollectives,Athey
undoubtedly will open the door to technélogy wide for all our science and this will
lead to the implementation of the boldest and most advanced ideas. Then 1€ iil}

be much easler to connect the sclentific and tecﬂnical_collectives of creative..
workers, And this will be a large step forward to ré&ﬁce:the preﬁent wide boundary
between theory and 1ife. After all, this boundary exists mainly because of; ’-
temporary organizational deficiencies., In fact,"ia we have becqne}even nprgi
convinced, it tecomes more difficult to say where science ends and itn‘direét

connection with life begins,
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: THE EFFICIENCY OF SCIENTIFIC WORK®

I w;nf to ask this quesation: with what efficiency do our sclentists and
institutes work? Should we nct direct our main efforts not to academic growth, but
to improving the working conditions of existing institutes and their colleagues in
ord r to yaise their productivity? Perhaps we can galn more this way with the sume
materizl expenditures, How many times we can increase the labor productivity of
our scientists? Of course, here we cannot give an exact answer, but I think that
we stlll have very large possibilities here,

There are three main methods of affecting the work of sclentists to raise
its efficiency. For brevity, let us call them norarf financial, and cadre, -
Undoubtedly, the most important of them is the first, Selection of the correct
direction of scientific work and its good fulfillment consideradbly determine how
sclentists relate to it. If a ecientist Justifiably does not agree with one or
another of his colleagues on the gelection of the direction of his work, he cannot
fulfill his scientific responsibllities on the whole. We have to allot more
attention to cultivating and supporting sclientific responsibility in the academy,.
This 13 one of the most effective methods not only to raise the level of sclentiflic
work, but also to concentrate our forces on 1ts main and more promising
directions. This is essentially the present method of planning scientific work.

One of ways of public influence i3 discussion of problems and separate subjcnts

at s~ientific meetings. We must immediately recognize that nere we stiil work

From an address at the session of the Presidium or the USSR Academy of
Sclences, 4 December 1964,
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the confcrcace, the worse 1t usually goes; the pulse of the public 1ife of E

seicntists is very weak: Our discussions and scientific arguments have withered.
1 have said many times that we need a club for scientists where we could-

;cather and, in an weonctrained atmosphere, talk about vital questions, The most

interesting conversations on the vital questions or:sciehce when I worked in

Lngland cecurred at dirnmers in colleges. There we discussed questions immediately

gripplng many reglons of sclence and this was the best method of expanding my =

tiorizons and gruasplng the contemporary meaning of one or another sclentific ,
direction,

1t is necessary to develop public life in the academy. In the epoch of the
personality cult this was difficult., But now this is again possible! For some
reason we are still behind in sclentific public life, although this is definitely
not peculiar to our charsacter,

An important factor of worale influence is our participation in foreign -
sclentific conferences and other similar encounters, We still take very little
part in them, Our delegations are four or five times smaller than the delegation

of the United States and other countries, and frequently the delegates are

O R R T BT DT F TR A 1k G5 TR AT R ST £

selzcted by tureaucratic methods without strict observance of the criterien of

.
TR

sclentific qualification and interest, We must improve this matter and not spare

the acans,

e ey g e e e

One more method of morale influence on scientists which we insufficiently ;
consider is our journals., A Journal should cc¢-.auct apprailsal-elimination work, Lo

When an article arrives it must be subjected to a quslified appraisal and the

criticism should be sent to the author; in other words, the editorial board of i
scientific journal should work with the author. We do this at the "Journal of P
Experimental and Theoreticsl Physics,® although this means more work and sometimes
it is difficult, but I consider that this work carries great benefit for the

direction of scientific work.

e (S T @ AR

Now about the "cadre” influence sn the development of science. When we in the
academy conclude that we are lagging in some sclentific region, we immediately
ask about material support for some laboratory or even about constructian of
institutes, etc. But we should remember that we cannot support all regions at an

equally high level; therefore, 1t is mich more correct to concentrate our efforts
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on regions wnere we are strung and wherc 8004 sclentiific tradlicons have been tormd,
We should mainly develop those directions in science where we have big, bola und

talented scientists., It 1s well known that no matter how much one aids an

untalented person, he will accomplish nothing great and leading in science.
Therefore, in develiping one or another region our first duty is to start with ti.

creative forces of the man working in this region, After all our scicnce is a

creative matter, just as art, or music is. Having created in a conservatory -

section to write anthems or cantatas, we cannot expect to get them: 41f this

section does not have a good composer, of Handel's class, nothing will be obtalned.
You will not train a lame person to run no matter how much money you spend. ‘The
same is true in science. the leadership of the Academy should find, attract and
support’ the most talented people and this should occupy us even more than subjects,

The director should play the leading role in selecting the cadre of his
institute and he himself should be a leading scientist, But he should usec his
great rights in this matter. 1In geaneral, directors are now shackled hand and foot,
in both cadre and financiel questions. As I have indicated, finances are the third
method of influencing the development of science, We have money for investigations,
the state does not grudge it; we can get funds easlier than, for example, American
sclentists, But you remember the children's geme: "A lady sent one hundred rublcs.
Buy what you want," and then the addition, "Do not buy black or white, and do not
say yes or no," etc. Thus, it turns out to be impossible to spend one hundred
rubles without devices. A directer finds himself in that same position: he is
glven money but strongly limited in deciding how to spend 1it.

It is also known that the director is strongly limited in selecting the
cadre; he cannot, by himself, dismiss anyone or, conversely, encourage anyone.
The constraint of the director and his limited role in this important question 1is
one of the causes of the low efficiency of our institutes,

Without facilitating and simplifying the work of the director of an institute
as a scientist who is directing acientific work, as before it will be difficult
to attract known scientists to this work. Now a number of outstanding scientific
colleagues of existing institutes (for instance, our Institute of Physical
Problems) are fully capable of heading independent scientific collectives, but
they do not want to undertake this. If the work of a director was facilitated and
simplified this certainly would promote a faster advance of abte scientific young
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people to management duties, Incldentally, we must note that the level of our
aclentiric young people 1s higher than, let us say, in the United States, where
muny creative talented people go not to sclentific establishments, but are
atiracted to industry, where the pay 1is considerably higher, This does not occur
with us, but we do not use this advantage enough.

And last, I want to note the construction of new institutes outside the
1imits of Moscow. 1 conslder this to be correct, From my experience I know that
working about 50 kilometers from a large city is calmer and more productive. But
to carry this out we must ensure good conditions, better than those in Moscow
now, for both sclentiflic creative work and everyday life, We do not have the
latter yet. This is now the main inhibliting factor in the development of such
institutes, Therefore, scientists leave Moscow very unwillingly. And here
compulsion it cannot produce success,

In creating institutes outside large citlies we cannot spare means on the

living conditions, even if they exceed the expenditures on the institute itselr,

-27-

o i 1 i AN 7, A8t . i o AP SO M T

i e
v——e 4 8t
P~ R A i B, o

e



QUESTIONS ABOUT THE ORGANIZATION OF SCIENTIFIC WORK®

In the development of new organizational forms of scientific and technical
investigations and the implementation of their results one should consider the
experience obtained in sclving a number of big technical problems that appearcd in
connection with the stormyy growth of sclence and technology in recent years, 1
feel this experience shows us that we can solve big technical problems most

effectively by sclentific methods succeeds when acientific research works are

. organized by a method other the one now considered normal, Because little has been

said about these new crganizational forms, and that not clearly, 1 shall ¢conslder
them in somewhat greater detail.

First, in chronoclogic order I will briefly indicate the basic stages along
which scientific work developed in the state scale,

The value of the influence of science on technology and the natiocnal vconomy
was comprehended long ago, At rirst scientific searches were conducted in
laboratories at universities or at similar higher educational instituticns.
Toward the end of last century sclentific work had developed to such a scale that
independent laboratories and research institutes had been established, We
slwoull note that in these lnstitutes and laboratories sclentific work was organiz«d
over definite regions of knowledge: physics, chemistry, blology, astronomy, etc.
Then it become necessary to create scientific institutes of a more specialized
character, e.g., institutes of acoustics, crystallography, optics, etc., began

vo be separated from prrsics institutes physico chemical and organic chemistry

‘From an article in Fravda & May 1957.
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Instit e Yrom cbemintry inostitutes,
The e censity of ereatling a closer contact between sclence and practice

wis Strew-d In the boglinning of this centu;&, especially after the Pirst World wur.

‘fhers, 1n Industry bly metallurgical, electronics ‘dhd other plants began to

orgsnlize thelr own plant laboratorics, which solved current problems connected witn
putting sclientific and technical achievemente into production. The necessity of
rurther growth of these plant laboratories brought to big independent scientiric
institutes working in definite reglon of technology growing out of tnem., Abroad
they nre at big industrial complexes and we usually have them at ninisﬁries. We
‘w11 them branch institutes.

In sclentific establishments and branch institutes in any developed country
there are collectives of several thousand people, the most gifted and capable.
tig sums are expended on the needs of these establishments. The number and size
of such institutes increase continuously. One characteristic of sclentific and
branch institutes is the organization of their sclentific work by areas of
knowledge and until recently such an organization satisfied the demands of 11fe¢,

But in recent decades it has become more and more necessity to solve big
scientific and technical problems embracing a number of regions of knowledge. Take,
for instance, the construction of atomic-powered aircraft. For this one needs
physicists, atomic sclentists, thermotechniclans, aerodynamicists,’designers,
metallurgists, and others.

We call such problems complex. But if we analyze the problems now before
science we will find that, with few exceptions, all these problems must de
considered complex in onr or another measure. It is obvious that the solution of
complex prcolem is not within the powers of one specialized institute. Usually
we solved it in the following way. There is always one most interested side. It
takes the initiative of leadership and organizing the work. Tne work is
distributed in the form of separate assignments to different institutes, designing
bureaus and similar establishments.

With the support of central directive organs this organizational system turns
out to be possible in this country. But it 18 easy to see that this system is
not only bulky, but it also has serious defects. Its basic deficiency 1s the lack
of coordination of the workers, the lack of constant personal contact between them,

Under such condition there is not sufficient enthuslasm and purposefulness, which
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80 are necessary for intense creative work,

Life suggests how we should look for a way out of this difficulty, Severut
examples show that in all cases in solving a complex scientific and technical
problem we can create a single and independent organization consisting of scientists
and engineers of various specialties, but pursuing one general target, solving the
assigned scientific and technical problem and putting the results intc practice,

such an organization has worked successfully. As an example we can name the

organization created to solve the problem of intensification of metallurgical and
other processes by oxygen. True, here life itself presented a problem of such a
big scale that it had to be solved by special independent organizations, But,
essentially, nothing hinders us from spreading this method of organization to tht

solution of problems connected with questions about semiconductors, heat-resisting
steels, polymers, etc.

Therefore, 1in parallel with the presently existing thematic scientific research
institutes and design bureaus working in areas of knowledge, we must start to
create task sclentific and technicai organizations of large and small scale. Then,
every such organization will solve a fully defined, urgent problem. In structure
these organizations can, if necessary, include their own scientific research
institutes, laboratories, design bureaus, experimental plants, etc.

PFor each such orgsnization to work successfully, it should not be considercd
as a constantly existing establishment, but as one created only for the time needud
to solve the problem, be it several months or several years. Inasmuch as these
organizations will have a temporary character, when necessary they can easily b«
organized in those regions where the problem 1s most urgent and more closely
connected with vital questions,

Such a solution of scientific and technical problems will not require greater
means, But the main difficulty will be the necessity of re-educating certaln
of our scientific and technical workers who usually like the stability of working
in their scientific establishments and fearing separation from them. We must
educate scientists and advanced engineers and encourage & sense of mobility. Such
an organization can be graphically presented as a mobile combat unit formed from
military units armed with different kinds of weapons., This unit is given definite

operational assignments, after completion of which it is agaln reorganized 1in
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ccordance with the requirements of the next assignment,

ul' curse, In partnllel with these task scientific organizationp u§ must have
the prior thematlic institutes of the Academy of Sciences and branch;iéziltutes
2t bily plsnts and central boards, _ ‘T:

Anew, these task scilentific and technical organizations redué;ctﬁélload on
our thematic institutes, both in unfamiliar matter and overworked c;th}w'ihii\;ifld
rive the institutes the possibility of concentrating on the solution of problems
of sreat sclentific value.

1 think it is very probable that in the future the principle of biganizlng
woriks by problems should be the basis not only of solving applied te;hﬂical
problems, but also of solving theoretical scientific problems, and‘1£ shbdiy affect
the organization of scientific work in the Academy of Sciences, Thit a ta#x
orpanization will be effective here may be seen from the fact that now the most
interesting and advanced problems in science appear when several areas of knowledge
are cross-pollinated, for lnstance: biology with chemistry, physics or rad;P
physics with astronomy, etc. The necessity of complex development of large :
scientific problems is confirmed by the example of the unification of sclientific
works and scientists on task subjects recently conducted in the USSR Aéademy of
Sciences., This unification turned out to be notvonly possible, but easy Adﬁ it
rave good support to the scientific responsibilities. '
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THE INSTITUTE OF PHYSICAL PROBLEMS!®

When 1 returned to work in the Soviet Union, the question of the erganizatior,
of science in general, and of scientific work at my institute in particular,
greatly interested me. I was well acquaintad with how science and scientific
work are organized nbroad., For several years I was the director of an institute
in the center of English scientific thought, Cambridge. Based on this experlence
I felv that the organizaticnal forms of scientific work accepted in the West were
completely inapplicable hcere., We had tc lock for our own forms for the organization
of sclentific work et the institute and even more so for the organization of wlli

science,

This is caused malnly by the ‘act that sclence is asslgned a special pluce in
our socialist cow.try, Of course, in other countries it is well known and wide iy
accepted tnat scicence plays large role in the development of production and
technology, But, in our country‘science is recognized as one of basic foundation:
of the development of productlon and it is assigned e gulding value in the
development of our technclogy ard the natlonal economy, Thereforz, the organizsation
of our sclence should be more purposetul than in capitallst countries, where it has
more of an accidental spontanecus character., Here, the connecticr. between
science and life should be closer and fuller. Questions about the organization oI
sclence are especially important for us, the workers of the Academy of Scvierces

of the Soviet Union, )

‘From a report at a meeting of the Presldium and responsible organlizatiors ov
vhe USSR Acadery of JSclilsnces, 18 May 1943,
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wow s enindng the organlration of scuentific work 1 our institute I wili

Ylrst Lry to glve s plcture of the general principles of organization of'aéi«n;é"

rrom which we orlginated and then I will tell what we have, in reality, carricd out

I ohall allow myself several stipulations,

| will talk basically sbout the organization of an institute in peacetime.
<inec the institute has change its appearance during the war, since 1t has adjustea
to wartime needs, I will say several words at the end of this report about this,

*dt thls certainly must be considered as a temporary staée in the existence of our
Institute, Of constant interest is the structure of the institute, what will it
b 1n peacetime? The healthier the structure, the easier 1%t can ad just to

wurtime conditions, whenever they appear.

I also want to remind to you that our institute 1s young: it has cxisted
only 7-8 years. Although I arrived here already more or less a formed scientists,
nonctheless it was difficult to create an institute without a school or colleagues.
Therefore, the institute grew much slower than 1f it budded from some other
institute and then developed and grew independently on this basis, Additional
dift'lculties in the selection of the cadre were connected with peculiarities of
our work pertaining to the regilon of strong magnetic fields and low temperatures,

a rceglon of sclentific work little we developed at that time in the USSR, In the
first years we were occupled in forming and instructing the basis cadre of
sclentific and maintenance personnel of the institute., Only after the working
nucleus was formed could the institute start to grow normally and to expand.

My rirst question was: What should be the tasks of an institute of the
Academy of Sclences? By this question I had in mind, of course, a physics institute
or, in general, an institute dedicated to investigations in the region of natural
sciences; the problems and organization of an institute working in other regicns
of knowledge will certainly be different; therefore, 1 previously argued against
too wide a generalization of those theses which I would develop.

» Further, I emphasize that we are speaking about the organization of an
institute of the Academy of Sciences itself. What is the Academy of Sciences?
The Academy of Sciences 1is the main headquarters of Soviet science., From my point
of view, it must direct all our sclence, from top to bottom, and direct it along
a healthy channel,

Each of its separate institutes should have the very same policy, i.e., to
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try to have & leadling infiluence on science in that region In which it works, to
try to make its branch advanced,

Therefore, the first assignment of an institute of the Academy of Sciences
15 ¢t5 be cecupled with great science., Great science studies the basic phenomenn
necessary ror tho deepest kXnowledge of nature. The task of great science is to
give tﬁ@ knouiedge necessary to change nature such that is serves man in nLis
cultural development. Therefore, the selection of the basic subjects of an

;ggggggtg;igbe selection of regilons in whi 1 itzs work is directed is extraordinzriiy

esasential. This directicn of the institite should correspond to the direction in
the development of science which is the most promising at the given moment and at
the given state of science, considering methodical possihilities, the one thut
¢an move forward the fastest and most fruitfully.

Inrphyaica I consider there are three such basic direction: low-temperatur-
physics, nuclear physics and solid state physics, I cannot now substantiate
why I consider these directlons the most important and possibly a number of my
comrade~physicists will not agree with me. Our institute studles phenomena occurring
at low temperatures, near absolute zero, In the last few years this dilrection
has been one of the most rapldly developing in physics and we can expect many new
and basic discoveries in 1t,

6ur scientific work is performed by a small number of leading scientists,
This makes the work of the institute purposeful, makes it center around a small
number of leading subjects, nNothing 1s so dangerous to the scientific work or
an inatitute as obstruction by minor subjects that distract one from the basic
provlems and saspirations., The basic subjects of the institute sre developed by a
small number of workers, 3-4 sclentists, and this makes things purposeful.

After the selection of the general direction of the work, the next importast
question is selection of the sclentific workers. 1ln great sclence significant
successes can be attained only by very creatively gifted and dedicated pecp.e.
There are not many such workers in sclence and there cannot be many, just as one
country cannot have many great writers, composers or artists. But, having them,
we should put them in such conditions to use their sclientific forces for tne
development of our great sclence most fully and expediently. Therefcore, the nucleus
of an institute must urnconditionally be formed only {rom & small gua:stity very

thoroughly selected scientists. This nucleus should be entirely deveted to
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selrntifle work., A Inotitute should be organized so working conditiorn. arc

cecnated 1 it In which tue scientists are occupled with by science in the laboratory

1t lenst 8OY o thelir time, belng distracted by other functions not more than

207 of the time. Only under these conditions can scientists sit in the laboratory
“nd to nctually work, Only when you work in the laboratory yoursclf, conduct
«xperim nts with your own hands, frequently even get into thelr actual routine
pnrt, only than can you get real results 1n science. You can't do good work witt
someone else's hands, A man who spends several tens of minutes directing
acjentitic work cannot be a great scientists, In any case, I have not seen cor

tik vrd of a great sclentist who worked this way and I think this 1g generaily
Impessible, 1 am sure that when even the bilggest sclientist ceased to work im the
Laboratory himcelf he not only stopped his own growth, but he also stepped belry
A scicntist, These principles are very important, but they pertain only toc
nencetime: 1in wartime it is necessary to proceed and act otherwise,

It is especially important to instill these principles in starting scientlsts,
ror this purpose I try to put them to work in a somewhat rigid organizational
rramework, For instance, a scientist should not be occupied with by ceveral
T gubjects at once, especially when he is Just beginning. When scientist has
matured, become more advanced, he can manage, in rare exceptions, 2=-3 subjects
simultaneously, but it shoudl start with only one,

From organizational methods important for successful work we know that a
scientist should work a limited number of hours. "Overtime" work is harmful, it
e¢xhausts a man and lowers his creative forces, In our institute it is accepted

that all work 1s over after 6 o'clock p.m. A scientist should go home, consider

his work, read, learn and rest. In exceptional cases, by permission of the deputy

director it 1is possible to work to 8 o'clock p.m. Night work 18 allowed only ry

permission of the director and can be Justified by the technical requirements
caused by speéial conditions of an experiment. This is the regime in which the
scientlsts of our institute work. |

An institute that can become the center of great sclence, from the quality of
its sclentific forces and production, can, nevertheless, close on itself. becom:
an isolated unit and not satisfy the requirements we initlally gave 1it,

How can an institute affect the development of advanced science of the

country, and how can it connect itself with other foci of scientific thought 1in
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gpf‘ggggtrg? There are several ways. lLet us name the swin ones,

First, 1t should use the advantages it should posseas as an institute of thoe
Acsdemy of Sclences. These advantages are expensive and modern technical
equipment, the selection of a strong cadre, thanks to which it can carsry out

certain scilentific works impcssivle in other institutes. For example, our institut.

et 8 B i b n e e o I

has & special installation to produéé large quantities of liquid helium; this

glved us exceptionsl possibilitles to conduct experiments at low temperatures that

"': E ins;itﬁfé;Mﬁrchance to work in the region of low temperatures, which they cannct
do at their place, These works usually are not leading and sometimes they even
stand aside from the basic subjects of institute.

Qur comrades from other Institutes usually visit us in this menner, Someone
who wants to work with us is invited to our sclentific meeting or seminar and

; reports on the experlment he wants to run. There 1s a discussion and 1f his

"i ’ proposal presents sound scientific interest and the author is sufficlently
E qualified, he 18 allowed to conduct the work, In order not to disrupt the baslic
works aof the institute the number of outside works 1s amall and usually does not
exceed tio or three.

More pecple want to work at the institute than we can accomodate, This 1s
a guod index that the institute is advanced because only then are cutside

sclentific institutions interested in cur works and want to see them,

The constant stay of workers from other scientlfic establishments with us has

pernitted us to carry out one of the forms of living connection with the externsl

\
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scientific world. Scientists who have left us after the termination of their work

have obtalned experience from the conducted work; they will acquaint their
institutes with our other wcriks and our experience will penetrate further and further
B into other scientific establiishments of the country. Thus, through them a living
contact will be established with other establishments and we, in turn, will know

L f what 1s happening there, A living connection is the strongest connection, Its
: use 18 a good method of affecting the development of sciernce in the country,

We must set the same living connection with foreign scientists in perspective,
In the first years of the institute sclentists came to us from gbroad, 3ut in the
lact few years the political situation has been so complicated that, ualthouh

: scientists wanted to come to us, the conpection with foreign countrie¢s was
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1latarbe g 2bout cur connection with foreign sclentists we 2on 2nly 5.0 0 Gdd o lau
er the Patare,  Fat this must be considered thce normal and healthy conditlon of
the work or any academic institute, since all science 1n the wor'd 15 one
lnseparable whole, If an academic institute pretends to a leading position, It
must try to attract workers not only of its own country, but also of other
~ountrics, Titls will be objective proof that advanced large sclence is conducted
i institute,

Thcre 1s one more region of influence on our culture and our science on the
vart of osdvanced academic institutes, This 18 the region of the preparation of
acientific ~adres,

Ho one, besides an institute, can prepare future cadres and it owes consiacr-t
attentlon to gradually grow them from young pcople., Therefore, post-graduatc
institute must be welcomed and supported as much as possible, But, here there an
vertaln difficulties I want to consider,

The first difficulty 1s the selection of post graduate students., The fact
is that the connection between scientific establishments and higher educational

institutions is unsatisfactory in a number of cases., 1 consider that this is a

- ..great deficliency in our organization, The best sclentists have gone to work 1in

scientific research establishments. The leadership of higher educational
institutions has remained mainly in the hands of pedagogues, of teachcrs, for whom
research work is not the main part of their activity. We must admit that the
predominant part of our professors cannot be considered the leading sclentists or
our country. Their requirement for students and their system of training young
people are usually directed toward eliminating the most creatively strong young
people. Therefore, in our higher educational institutions the creative
inclinations of our young people are usually badly developed.

Assisting at post graduate examinations, I have usually observed that the

college professors most highly value not the student who understands most, but
the student who knows most,

of all.,

But the sciences need people who understand first
Therefore, it is very difficult to select students from higher educational
institutions for post graduate work according to their grades, To correctly
select promising post graduate students we must observe them for some time when

they are occupied with work on which they could manifest their creativs velin,
their ablility teo think independently,
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I think that the break between higher educational institutions and sci-ntiric
institutes has brought about a selection of‘youns scientific cadres that is much
. weakey now than it was in my time, when the main scientific work was conductey
';‘, ln‘his§§r educational institutions, 1 remember the time when Academician A, F, Iofre
directed the chalr of physics at the Polytechnical Institute in Leningrad., I
think 1t is not accidental that his group selected a whole series of starting
scienilsts who progressed well {(four of them are aiready academicians). Even now
;- our highé} educational institutions undoubtedly have many promising and talented
£~ —— ~young people, Dut the sleve with which we try to sift them for scientific work
= has such holes that they slip through and do not get to scientific institutes,
If we want to start selecting the most talented scientista we must seriously consider
how to find the form connecting our spclentific institutes with higher educational
;” ingtituticns to find and educate the most creatively capable young people.

Therefore, we began to look for new forms of selecting post graduate students
from the young people of higher educational institutions, This form of selecting
- for our inatitute was developed only in the last two or three years before the war
! and it is etill difficult to say what results it will give, It consists of the
following. Using the fact that we have liquid helium for experiments at low
temperatures in quantities greater than all the cryogenic laboratories of the

world teken together, we could organize a lab course through which every student

of the physlcs department of Moscow University would pass, At first this

course was organized only for the best students, but in the last two years, all

: physics studenta took thls ccurse, each performing 2-3 laboratory experiments

é with liquid helium, For cryogenic institutes, this is & great luxury, because

; in Leyden and other laboratories work with liquid helium is still rnot readily
available even for sclentists; every student of Moacow State University has

the possibllity of doing such works aa, for example, on the properties of
superconductors, studying magnetic phenomena at temperatures close tc absolute
tero, etc, It is natural that the University values this possibility and readily
sends students to us. In the process of this course we establiehed this system:
the best students, those who showed greatest ability 1n the course, were marked
and 1f they wished they could do more than the three assigned experiments, The
sclentists in charge of the course conversed with them, and the best were sent 7o

converse with me., Thus we could note the most able young pecple, apprcach thern
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Sraprtier from te tnlrd or fourth ycear and foliow them. Further, we invited the
e 5t o them to tne Institute as trainees, In this duty they participatod in

ve e wreh work o5 youuwer lavoratory techniclans, helped sclientists in thelir
cvperiments, wade recordings, adjusted the simpler works, etc,

selection for post irraduate work was produced from the cadre of tralnees,
ot Just on the basis of examination answers, but taking into account how thco
~andidate pertormed during work in the institute, Certainly, such a sampling of
young sclentists permits embracing a wider circle of young people and deprives the
aampling of elements of chance, Our experiment was interrupted by the war, But if
we had contlnued 1t, it would have been developed in this manner: having finiche o
their post graduate work and obtained candidate degrees, these young sclentists
vouid ;0 to other scilentific establishments and spread the sclentiflc experiencs
of our institute. Further, we could expect that one out of ten or fifteen graduates
would be so talented that he would remain in institute in the basic cadre of
creative workers, Thus, the institute would grow.

This method of observing young people from the University, thoroughly and
continuously checking their abilities, presents the only correct way for selectiny
young scientific cadres. We cannot deny this work cur forces, and not only
hecause the young sclentific cadre is our future., They are our present. As you

become older only young people, only your students, can save you from premature

verebral hardening. We learn from our students. Thanks to his experience, a

teacher directs the work, but in the end the students instruct the teacher, they
deepen his knowledge and expand his horizons. Without students a scientist
usually withers rapidly as a creative entity and ceases to move forward, I never
forgut the words of my teacher, Rutherford: "Kapitsa," sald he, "you know, thanks
to my students, I also feel young."™ And, as I approach old age I feel that
contact with young people should be a modus vivendi protecting me from withering,
ensuring the preservation interest in everything new and advanced in science.
After all, conservatism in sclence is worse than premature death for a scicntize;
this 18 a brake for the development of science.

Now, let us turn to one more important form of the connection of sclentific
werk of an institute with the external world, one I feel is unjustly disregarded,
not only in scientific institutes, but also in the Academy of Sciences on the

whole., This 1s the question about the propaganda of science.
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We talk much about the popularization of sclence, implying by this its

‘wopularization for wide masses, but we have not become accustomed to think thut,

besides it, there is still ths prosagmanda of science, Any large scientific
uchlgﬁelnnt, any step forwerd in science can not only be popularizod, and this,

of tourse, ls not a duty of the sclentist; his duty is to propagandize science,
i.e., to show hls comrade sclentists his meaning, to explain the role in science
this echievement should play, to indicate what influence it can have on the
deviiopjent of scientific thought, on our philosophical opinions, on our technology,

~— -~ ~egte.” ~The propagands of scieice ls .ot the retelling of sclentific thoughts in

simpler language., It is & creative process because It 1s not sc clear and easy
to pregsent to oneself and explain others how one or another sclentific achievement

can effect the development of sclence, technology and culture on the whole., Also,

Vwe do little propagandizing of science in thia meaning and it is not assigned a

sufficiently honorary and important place in the work of our sclentists.
Unfortunately, in our institute too we do not always pay proper attention to this
work, Our propagandist work has found expression in the form of separate
lectures at scientific establishments, attracting people from other institutes to
our scientific meetings, discussing problems with them, etc,

This form of the connection of science with life and other scientilic
institutes 18 random, accldental and unorganized with us, The result of tris is
a delayed influence of some reglons of science on others and a delay of the
penetration of scientific achlevements into a2ll forms of life of the country. We
must think about the education of propagandists of sclence and the orgsanization
of thelr work. I always try to encourage the widest possible discussion of any
scientific work, not to inhiblt scientific arguments when they appear at scientific
meetings, but, conversely, to consider it not a bed thing to provoke people & littic
g0 that they argued property. We must welcome the widest discusslon of scientific
works. The greater the arguments, the more contradictions appear, the sharper they
are, the greatest the stimull for healthy development of sclentific thcught.
Following thils tendency, our insiitute, more than other institutes, it seewms,
presents reports at meetings of the Physics and Mathemsatics Section of the Academy
of Sciences.

Let us now approach one of the most important forms of the influcsrce ¥

scientific work on culture, its Influence on the develooment <f adven .4 tcunneligsy

B
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In s seviallst country what organizational forms should the Influence of
science on cur technology and cconomy take? We have [requently debated tnis
question and it 48 one of the sharpest. I must directly say that 1 cannot agree
with the oplnions on Lhids guestlon I'requently expressed even by rather responsible
lending comrades, I feel that we frequently vulgarize the idea of the connectic:n
of sclence and technology: very many corisider that any szlentific work should
rive un lmmedlatc yield to technology. These comrades Jjudge the worth, o lack of
11, of one or another investigation of a sclientific institute only orn the basgis of
the scale of what concrete help the scientific work rendered to onc or another
tranch of industry. This is certainly incorrect. This approach is nalve and iczds
1o narmful perfunctoriness. Even a superficlal study of the history of sclence
and culture shows that any large science inevitable influences not only
techinology, but alsc the whole structure of our life, It is absolutely clear thst
cnly thanks to fundamental works and dilscoveriles of Faraday have such absolutely
new forms of implements of human cultur: as generaiors, telephones, etc,, appeared,
Rut, obviocusly, one should not require fro- Faraday that he nimself made and the
telephone and the generater, Faraday was not an enginesr; moreover, the industry
of his time was not ready to emtody all his 1deas in life. Bell, Simmons,

Edison and other blg engineers did this several decades later. There &re many such
examples, But, that Faraday did not embody hils own ideas in technology does not
minimize his brilliant discoverles of the lawe and properties of an electrical
current. We frequently Jjudge the achievements of science only by its practical
results and who honor the man who peeled the apple as the one who did the main
work, whereas, in fact, the one who planted the apple tree produced the upple.

The connection of science with technology has many sides. When an ordinary
engineer designs brakes for a carriage or calculates the strength of a structure
ke uses the laws of mechanics developed by Newton. When an expert on patents
rejects the next "very promising” proposal for a perpetual motor, he bases nis
judgement cn the law of conservation of energy discovered by Meyer, etc, When
an engineer goes to a scientist for council, requesting him to either explain an
incomprehensitle phenomenon in the process of production or indicate how to
calculate one or another mechanism, etc., this is also an important form of tne

ccnnectionr of sclence ard technolegy. Alil thls occurs every day under the most
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diverse circumstances in tens, even hundreds of places., but this 18 30 crdinory
that we do not talk about this, we do not feel or value this very much., M anwhite,
this form of the connection 1s one of mightly means of the influcnce of 3cloac

on technology on industry. But for this influence to be left we must have larpe
science and people called sclentists who can direct it.

For instance, our military technology 1is comparable and in many re<spects
even exceeds the technology of our enemies. Huw i8 this so? 1In the first ;1o
we have great science and scientists who influence our technology in % numb¢r ot
invisible ways.

To what, for insiance, does our metallurgy owe its high level? Primary to
the works of Chernov, all his students and the traditions of scientific appro-.ch
in metallurgy they developed in the course of many years. Of course, englneers
deserve great credit: they managed to perceive and extract all that was necessary
from the great science created by founders of our scientific metallurgy. But
without Chernov, Kurnakov and their followers, our metallurgy certainly would not
have given such good steel necessary for our army's fine weapons. Without thi-c
steel our designers would be nowerless to create first-class tanks,

Let us take one more example, our aviation. To what does it owe 1ts prcee s
Without the works of Zhukovskiy, Chaplygin and their school it certainly could i
have developed., But Chaplygin never designed an ‘“‘Pl?f?_?,é?,}; even traced a vy
He was a great mathematician like his brilliant teacher Zhukovskily whc ,ave uc t4

basis of flight aerodynamics, The whole world bows to Zhukovskiy as th: disc.v- -

"of the Tundamental theorem at the basis of calculating the wing profiic cf

airplanes and thanks to which the mechanism 6; wing 1ift became understandgsc!: .
Should we require of Zhukovskiy that he design airplanes? His theorem is &an
excellent apple tree that he planted and apples will be picked from it fcr mu.y
centuries by all those who construct airplanes.

Of courae, this influence of great sclience on techr.ology should be more
organized than it is with us now; it should be propagandized as I have said. wc
should also better organize the consulation of sclentists by industry. Scientist:
should be more interested in the regions of technology in which thelr knowledge

can render the biggest influence. If we can speak about the plaunin, of =_icnce

it should consist of encouraging the development cf those regiznc of knosl- i-r

which can render a wider effect on the developme.it cf technology =t "he tyeg,

-42-



moment, Hut we cannct require of a great scilentist that he atfect techuology Ly
directly putting his ldeas into practice.

let us cross over from this general speech to the concvete story on the
connection ¢f our institute with technology. At first glance it can sppear that
what I wil'l say wiil contradicet the ideas I have developed. Bul tnhis contradiction
i5 due to sccidental circumstances: beslides scientific work I =p cooiled with
englheerim: problems, But this is an accidentsl clircumstance that cunnot be
corsidered the rule. It seems to me that it is simpliest to tell yYou now the
institute developed lts works on oxygen in industry.

In about the thirties our technical press animated by discussing a very
important question about the wide application of oxygen in inaustry asnd its
influence possible on contemporary technology. A series of interesting articles
and accounts of our advanced engineers showed how great the influence of chea,.
oxygen could be on industry, Of them the intensification of ferrous metallurgy
was specially attractive: a blast furnsce, melting, the production of steel in an
oxygen blast., Then there were questions of underground gasification, the
intensification of a numver of chemical processes, etc. All these tempting end
interesting prospects rested in the questlon of obtalning cheap oxygen in larg:
quantities. Methods were offered and discussed simultanecusly. 1 was interested
by these materials and pald attention to certain articles with evident errors. I

zzan to delve into the varlous pcssibilities of obtalning the cheapest oxygst:,
On the basis of contemporary physical presentations it was possible to shew that
oxygfen could be produced cheapest from air where it is in the free state., Further,
it was possible to show, arnd I reported this to the Academy of Sclences, that at
the contemporary level of technology the chespest way of obtaining oxygen lies
through liquefication of alr and its subsequent distillation. Liquid alir can be
distilled into oxygen and nitrogen, Just as we distill alccohol from its aqueous
solution, Then, alsoc on the basis of general sclentific considerations, it was
possible to show that in contemporary instellations producing of liquid air the
efriciency was not more than 10-15% and that the existing cycles of liqueficatlon
and rectification w2re very complicated., Further, it was possitle tc show that
the best means of simplifying and reducing the cost of these processes for the
procduction of oxygen in large quantity was rejecting the plston refrigerating

mach:ines and switching to rotary, turbine mecnines. It was Interesting tc rcte
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that sltncuehn tiwe tdes ot builalng o refrigerating t.rblne w23 expreaar @i Tre

GU's Ly Raylelipgh, i splte of o namber of attempts till now Lt wad nol survessiully

carried out, It was posslible to theoretically show what, in all probzbilicy,

were the errors of thes: attempts and how to avold those crrera.  All this

theoreticul work was interescing t¢ do and this certalnly was the werk of - .
scientlist,

tiaving obtsined these results, I teold engincers and specilalists aboul Lhmn .
and indicated what way I thought we should go in order to create a new teclayiology
for obtalning cheap axygen. They told me directly that a professcr dreams, all
this 18 excessively urreal and far from thelr contemporary presentations, In
other words, our technical thinking was not sufficiently mature to perceive thes:
new ideas,

Essentially, as scientist I could have merely published my results and wait-d
until technical thinking had ripened sufficiently to embrace and embody them in
life, Today I know that through this theoretica) research I outlined all the work
that I wmyself had done in the last four years as an englneer and that I had
asgumed should have been done by our industry. 1 had the right to stop with this
theoretical if I was not an engineer, if this did not draw my fervor as an
engineer, They told me that those 1ldeas I advanced as a sclentist were unreal., I
declded to take another step forward,

After one and a half or two years at the institute I constructed a machinc
to produce ligquid air based on these new principles., The gzeneral theoretical i
pesitions expresseis were Justified., The machine was subjected to the expertise oV
a government commissici. A resclution of the Economic Council cbliged one plant
to percelve our scientit'ilc and technical experience end to develcp the matter
further. I thought that at this stage 1 could be calm. The plant wiil start to
develop new installations and develop them further in that same direction. I
assumed that from our laboratory model, which gave all the nece:sary irdices ana
therety confirmed all the basic theoretical positicns 1 had advanced, industry
would develop a new technology for obtaining cheap oxygen. Put the matter was
not qQuite so, Although the government had giver the plant rather rigid indicaticns,
revertheless the plant did rot carry them out,

Looking at wha: had occurred at the r'actory 1t was simple to .:ccrstard U

cause cf the delzy 1r. dcvelcoping and impicmenting rew installation., This clant
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vyt Tt te b e lpeers and deslrers whe were frnntly fnte e 3t by na
cinlenment,  Come of them now work with me, The goneral relatlicen of thn biont
cGEleetive to o new assignment could not be called hostile. It recognized tiw
tenerit and interest of somethlng new, but thce workers of the plant simply werce

nut interested in it, They were concerned with dally cares and the ma’n fulfllimernt
ot the basic plan of the plant, Of course, our installationc took away many men,

_hindered the fulfillment of the plan and in 1its scale it did not play a role 1n

the yecarly output of the plant., I think I can best characterize the relation of

the plant to new creative undertakings by somewhat rephrasing some lines f'rom

waust., In reference to this case they we may say:

We try for the highest, the best,

Alas, worldly matters hinder us,

And 1f our yearly plan will be carried out,
We carry the greatest good to our dreams...

Our plants want to relate to new scientific achievements conacientiously,
but life places them in such conditions that fulfillment of the plan 1ls the most
important thing for them, A year of work showed that under such condition there
is no hope that the plant will begin to develop the problem of cheap oxygen
independently.

Then we declded to change our tactics. The assignnent was given to another
plant where special workshops and a designing bureau were created exclusively
for our installations. By a resolution of che Economic Councll the selection of
the cadre of these workshops and the technical leadership of this work were given
to the institute.

Meanwhile, in order not to lose time the institute did the work we calculated
had to performed by industry itself, From the installation for producing liquid
air we went to the reallzation of new cycles, to building an installation for thce
production of 1liquld oxygen. We continued to check our theoretical designs and
obtained liquid oxygen on turbine installations. We were interested in how many
hours our installations could work continuously in factory conditions. Therefore,
although the oxygen installation of institute worked properly, nevertheless we
could not say beforehand that it was ready for industry,

At the new plant the matter went better than at the first one, but still it

went slowly and, although we directed the workshop, our interferencc as an outside

element did not always pass smoothly., 1In a year and & half we constructed scverat
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ipstellations and sent them S industry, ¢ s U00iouit 10 say Low Lhe matter
wouid have ﬁrugrenaed-sinte enr wAT began end t.13 few Form oof the conncotion
with industry wes finished,

Operational experience with plants taught us much, It showed that fndustry
nnslcreative engineers and a tendency to accept new technology. From the most
rirst steps of our work on oxygen we encountered great help, support ard Intercvst
in all cur undertakings on the part of the government. We readllf wenit onward i
all our undertakings. Certainly. only thanks to this did the work move forward,
_What held up things? Undoubtedly, organizational factors., Our plant industrial
crganization 1s insufficiently adjusted for fast and smooth mastering of new ideas
in technology. However, I have no doubt that our eccnomic system can find anu
create organizational forms that would open the possibility of smooth and fast
introduction and development of advanced ideas in technology and would give %he
possibility of the wide influerice of gcinece on industry. But these forms still
have not been found and we must look for them.

War sharpens the need of the country for oxygen. We must roll up our slieves,
all forces must be harnessed for finishing machines of an industrial type and
studying questions of strength and service life, This we dia in Kazan after
the institute was evacuated there. On the basis of the Kazan experlence, under
the leadersialp and Jointly with the institute big industrial installations are
urgently constrocted and go into industrial use,

The war and the postwar national-economic problems cf the country give th=
oxygen problem great urgency. We must act energetically in order to use ail
possibilities which our method of obtaining oxygen opens for our industry, 1
cannot enter into the details of the accepted measures; I will just ssy that row
there 18 an independent central board, an industrial administration for oxygcr.,
one of whose mein problems is to develop and to introduce installaticns cf our
type. I have been assigned the lesdership of this organization,

The subject of my report doea not touch more specifically the protlems
set before the Oxygen Central Board and its assoclated Technical Council cr the
introduction and use of oxygen. I will only say that the target of the new
organization is to connect large science with industry and to try using oxygen

to intensify our metallurgy, chemical industry, power ergineer, et:.
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vatradiction can be easily removed Lf we aliow that there arc Wwoe Aaplitra's one

[

s s selentist wnd the othier an englin-ger, For the wrr the sclentist muat ;2 lve

~

jat

way Lo tne enginecr, A5 an englneer 1 have conceéntrated m <fferts to try o
Creale 4 indusuriel organizatlon which would adjust te recelve and and introduce
row S lentific fdess, Tt is 4ifficult to say what will come of this attempt, bLut
in sny case the circumsStances of the war require the spplication of ali forecs in
corder Lo reuch success,

All this, of course, does not contradict what I said in the bteglnning., All
th.s fcllows from s simple colncidence that 1 can work both as a geclentist and
as an cuglneer., After all, there are cascs of one person having two professions,
For instence, Rorodin was a chemlist and a composer. But this cannot te the rule
or an example. If you listen to a singer you do not require that he bte his own
accompanist, Therefore, from a sclentist you cannot require that he watch cver
preductlon and bring his own scientific works to 1ndustrial rcsalts. Certain
scientists have the necessary engineering inclination and then one snculd certalnty
use this happy chance, But 1f this 1s not the case, tc make a person do what
e is not capable of or trained for, against his will, can only bring harm, 1
will give as an example, Academician N, li. Semenov, His works on chain reacticns
and combustion are some of the most brilliant and leading sclentific werks done I
tt.e Soviet Union. The combustion, =xplosion, and detonation theory coming frem
his works and from the works of his schoel have had colcssal znd recognized Influence
on the ccntemporary development of internal combustion engines, explosives and
several other regions of technology. It 13 the same abroad, wherever combustion
processes are studied tne rame Semenov 1s menticned basic. But if Semenov himselS
nad tried to construct an internal ccmbustion engine or to direct its constructicr,
he would have produced very little and his time and energy wouvld have been aetaclhcd
from great sci‘ence, where he was a maizer. We value Semenov as a great Kussian
scientist, as the pride of our theoretical thought and his vork in thecretical
chemistry will be valued for many generation. But, as engineer he was below averae,
And if a si;ger cannot be his cwn accompanist, why should he¢ be'encourage to do
trhis? Is it not tetter to t-ailn an accompanist separately? But, we must confess
tha. there are few in i5,dustry occupied with developing the arpropriste caire for

vitting new advanced technology ‘mto practice. We must frankly say that tils
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i3 our great Je¥iliency and we miBEt Struggle with dt,  But, §+ 2 ¢ less herwl olin
to waSte cur greatl Srientists o this work,

It seems to me that this great Jquestion, the cunnection of science with:
industry, must bte widely discussed to find healthy forms of inls connection, o
mce:;uy for our fast cultural growth, We must avoid vulgarizaticn in poain;
this question, e.g., the requirement groundlessly given to all scientists: to
introduce the results of their own works themselves,

' Agalinat this 1 will always protest. Science, large science, always moved
and will siways move technlcal thought, In the Scviet Union we have all the
possibilities to make this influence the most active. But these questions cannct
be brought down tno & primitive level.

The provlems tefore the institute undoubtedly affect his structural
appearance, In our institute there is a small staff of permanent sclentists and
also a cadre of temporary working scientists and post graduates, Only one third
of the workers are permanent, the temporary workers compose two thirds, This hes
put s known imprint on the whole structure of the institute. Inastuch as the
tempornrx}vorkers are not paid from che funds of the institute, it is natursl
that dimensions of our economic servicing apparatus do nox correspond to accepted
norms with respect to the number of permancnt scientists. Frox a bcokkeeping
peint of view this frequently has placed to us in the red, overdrawn, but it
we carry the number of servicing personnel to all the sclentists working 1 the
institute this noncorrespondence Jisappears. We should also consider that the
presence of temporary workers makes it necessary to have more qualified servici:.
personnel. If, at first, post graduates are not closely supervized, inevitatly
instrusente and equipment will be broksn tefore they learn to werk, Visiting
workers can also harm scientific equipment if experienced laboratory techriciea.s ar:
not assigned to them. They will alsoc accelerate the work since they can help
establish special inatruments accepted for work at low temperatures, set rather
complicated low-temperature thermometers, show the method of treatinz liquid
helium, etc, Besides the staff of experienced luboratory technicians our institute
alsc assigns hirhly Jualified masters to prepare special equipment rapialy., We
rmust note that nothing go inhibits, and so oppresses sclentific werk a3 slow
manufacture of instruments for experiments., Therefcre, the gcod worksncp at

the institute trings us much benefit, N.w I will touchk the queation abcut
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The 1pctitutc 1id ne' have to be reconstructed very much, The Cxyger 1roblon
turned out to be uwrgent in wartime too, The war forced us to try to realise
all the experience and knowledge accumulated in this reglon as soon 25 possitie,
we !ried to organize our work in such a way as to transmit all our expericree on
oxyiten to industry more rapidly so that, as far as possible it was used to atrup,sle
with our enemies. We also found thal certain other regions of the inatjtutc'sa
work had urgent value for the problems of war, Unfortunately, in a pumber of
circumstances I cannot relate this in greater detall., Directing all the cnerpy
of itas workers here, the institute had to considerably reduce the work {n the
directions I consldered in the beginning of my report, We almost wholly
concentrated our forces on the main direction, on oxygen, sc¢ that by a ~oncerted
blow we could find definite and fast results. We assumed that what scientiflc
work was not accomplished during the war or would not give results beforec its «u1,
rould even be harmful if it took away from that work which 1s more urgent,

In conclusion I want to note that I tried to touch on only thc.most general
and fundamental questions of the organization of scientific work, Some of them
are still far from being finally solved by us. Unfortunately, wc have dliCueocd
the questiorn. of the organization cf science too little, Therefore, I &llow that
a number of our solutions can be improved considerably, But it secems to me
unconditional that in the conditions of our country there are still many
unexhausted possibilities for the organization of science, Even with the still
imperfect organization of acilence which we now have our large science already has
a greater influence on technology, on all our life, than we usually imagine, This
influence 1s carried out by the traditions developed by great sclence and its
connection through invisible threads with our life and industry., We must remembcr
that without the large sclentific tradions created by our sclentists already from

the time of Lomonosov we would not have good cannons, strong armor or fast

alrcraft, although not one of our scientists or academicians can design an airplais

-~ .or-fire - a gun.

We 8tlll do not understand the possibilities we have in our country, the
forces that gilve us proximity of our science with life, the possitbilities we
ar> given by the Soviet state for scientific work. We still do not know hew teo

use the large freedom that exists in our country for the development of sclentifie
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thought. Hat, in sgadtion to sll this, our ashievemsnts are fully reul,

: K& are celleq upon to 4o much in a great country and we curseélves First hLuve

. to value this matier, to respect and to care for {ts development.
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