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PREFACE 

This Summary Estimate (Monograph I) on Soviet science 
is based on detailed mteri&l presented in the other monographs 
in the series listed below. It is intended to s- Soviet 
capabilities in major aCientilic flelds over the next 10 years and 
to draw certain conc1usions' about Soviet science in general. 
Emphasis is placed on trends in Soviet ecientiflc fields. The 
paper also points out tbe signiiicance of research, estimates the 
likelihood of the Soviets attaining their stated goals within the 
next 10 years, and fncludes some comparison with Weate.rn 
efforts in strategic and priority areas of work. 

The general cut& date for information in this report is that 
indicated in each Monograph. Where necessary, changes have 
been d e  to reflect recent reports, and all intelligence conclu- 
sions are valid as of 1 December 1058. 
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SUMMARY AND CONCLUSIONS 

The Soviet Union has established itself as 
one of the world leaders in many strategically 
important scientific and technological fields 
through 8 detelnined effort by its govern- 
ment, which has established the goals to be 
reached in each field by priority and date. 
All scientific research is controlled firmly by 
the government and is planned in detail to 
support national priority objectives. 

The value of basic research is well recog7 
nized by Soviet planners who encourage such 
work mainly in areas that may lead to a p  
plication or national prestige. The general 
emphasis 'under the Soviet system, however, 
is on applied research. This is not unex- 
pected, since the strict priority system fun- 
nels the best scientific manpower, research 
facilities, equipment, and materials into im- 
portant economic and military areas. 

Probably the most surprising aspect to 
many has been the apparent success of the 
system of strictly controlled science in an 
atmosphere that is ahnost opposite to the one 
held sacrosanct by most Western researchers. 
The system has had tremendous growfng 
pains and setbacks caused mainly by political 
and ideological interference in scientiflc mat- 
ters. The system also has been beset with 
reorganizations, shifts in policy, and priority. 
Soviet science is currently undergoing a major 

reorganization, as part of the economic reor- 
ganization, which is aimed primarily at the 
better utilization of the tremendous scientific 
output for technological development. The 
new organization that will emerge L desmed 
to achieve a more efficient division of labor 
among scientifk, industrial, and educational 
institutions. The signilacant changes include 
an increase in the Academy of Sciences' the- 
oretical support of economic or military proj- 
ects, the estabUshment of State Commfttees 
under the Council of Ministers (Defense 

tronics, and Shipbizillding), a greater control 
over nondefense research by GOSPLAN, pro- 

sistance to industrial plants through Regional 
Economic Councils (SOVNARKHOZes), the 
establishment of a new Scientific-Technical 
Committee of the USSR Council of Ministers 
to advise GOSPLAN and to set policy on the 
application of new techniques in Industry and 
on the national scientiflc technical informa- 
tion program, the designation of cert$in in- 
stitutes as Head Research Institutes to co- 
ordinate research b specific fields, and an 
increase in the support of regional research 
programs by institutions of higher education 

Soviet manpower training policies were ee- 
tabushed in the early 1930% with the intent 

Technology, Aviation TecbnOlOgy, Radio-Elm- 

viding direct r e S W C h  and t e c h n O l O g i C d  88- 
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to overtake the West. By the early 1950's Major scientiflc advances of possible mLli- 
Soviet technological strength was sufacient tary or economic significance are most likely 
to ahallenge the West in strategic areas. As to occur in the Soviet Union in the areas 
of 1957, there were 1,476,000 Soviet scient& of electronics, geophysics, and physh. So- 
and technical professionals as compared with viet abilities in these ftelds are particularly 
1,330,000 in the United States. In addition strong and are supported by a high capability 
to being about 10 percent greater than the in mathematics. Some advances cm be ex- 
United States in total numbers, there are pected in other fields in certain restricted 
about 30 percent more Soviet holders of ad- areas. Soviet research in chemistry and 
vanced degreea. The numerical superiority, metallurgy is considerably behind U.S. re- 
however, stem entirely frcun the large nun- search in the -tude and level of effort, 
ber of Soviet engineers and agricultural sci- - but the USSR should be relatively advanced 
entlsts. Soviet manpower Is actually less inallareasofimportancein 1Oyears. The 
plentiful in health Sciences and physical sci- USSR is still behind somewhat in the medical 
ences and very much less in biological sci- sciences, although the country is ahead in 
ences. The malorie In the Soviet force also some mlority areas, such as space medicine 
lacks experience: For these and other reasons, 
we believe the overall capacity of Soviet &en- 
tiflc and technical manpower presently is in- 
ferior to that of the United States. If current 
trends Continue, however, the Soviets will 
eventually have a greater number of scientiflc 
and technical professionals with more experi- 
ence than those in the United States. The 
Soviet force is growing at a net yearly rate of 
between 6 and 7 percent, whereas the U.S. 
force is growing at between 3 and 4 percent. 
By 1061, eoviet m a n p w e r  will probably inF 
crease to about 2,000,000, or about 25 percent 
larger than the anticipated U.S. strength of 
appMmimaWy 1,600,000. "his cUspsrits will 
probably continue through 1967. 

The availability of scientiflc information to 
the Soviet researchers in important scientific 
centers has increased to the point where they 
now have access to almost all foreign and 
domestic publications. Moreover, the govern- 
ment greatly encourages the exploitation of 
f o r e i g n e f r ~  

We expect an expanded Soviet effort to 
integrate Bldc research for fuller utilization of 
Bloc resources. While this effort is still in 
the planning stage, complete integratfon 
would pose a serious technological threat' to 
the West. The organization of science in 
Bloc countries is now modeled in the Soviet 
pattern which facilitates coordination with 
them. The Soviet Union can expect the Bloc 
countries to provide considerable support over 
the next 10 years. 

and &dc work on human tiehavior. The 
veterinary sciences have advanced consider- 
ably &ce World War II, and the Soviets have 
good CapabUties in several areas. The Soviets 
have demonstrated a fair competence in cer- 
tain priority areas of biological and agricul- 
tural research, but their general capabilities 
in these flelds are low. 

A brief summary of present and fut& 
capabilities by major scientitlc field is pro- 
vided in the following paragraphs: 
PHYSICS - The USSR has very high capa- 

bilities in critical areas of physics. Soviet 
scientists are particularly outstanding in the- 
oretical physics, as well as in the theoretical 
aspects of solid state physics, of low tempera- 
ture physics, and of optics and photography. 
Soviet researcll In high-energy phyalcs is of 
high quality, though somewhat defkient in 

By 1967, Soviet research in blgh-energy nu- 
clear physics may be comparable with that of 
the United States in most respects. The So- 
vieta currently have the highest energy par- 
ticle accelerator in the world, a 10-Bev proton 
synchrotron. Their position as leader will be 
overtaken by the West by 1960 or 1961 with 
the completion of two 25-Bev machines. The 
Soviets may regain their position of suprem- 
acy by 1967 if their 50-Bev machine is com- 
pleted by that time and if the United States 
does not begin construction soon on an even 
more powerful machine. Although the 80. 
viets will have several high-energy particle 

originality. 
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&erators ai.excdlent quality, they will 
have considerably fewer than those available 

bMflEzEMATICS-The Soviet Union has 
an exceptianallg high capability in both pure 
and appUed mathematics which supports sci- 
ence on B brdad front. Their engineers r e  
ceive appreciably more mathematical train- 
.ing than those in the United States. There 
ii no evidence that priority research and de- 
velopment is suffering from a lack of mathe- 
matical support. 

in the united states. 

By 1967, there should be Increased utiliza- 
tion of mathematics and high-speed digital 
computers for solving engineering problems 
in the development of weapon systems of h- 
creasing complexity. High-speed calculation 
facilities are available now for a large number 
of high priority problems; the general re- 
search and development community should 
have access to them by 1067. 

~EOPHYSICU WIENCES -  he soviet 
Union is one of the leading nations of the 
world in the geophysical schces. It is a p  
proximately equal to the United States in 
most geophysical subfields including geomag- 
netism, geodesy, gravimetry, seismology, m e  
teorOlogy, hydrology, upper atmosphere re- 
search, and geology. The USSR is outstand- 
ing in polar oceanography, polar meteorology, 
permafrost science, geochemistry, seismic the- 
ory and Instrumentation, research on seismic 
waves by meslls of explosions, theoretical 
geodesy, applied gravimetric technology, and 
upper atmosphere research by means of rock- 
ets and artiftcial earth satellites. It lags 
slightly in geophysical instnibentation, in 
oceanography, in practical application of en- 
gineering geology and soil mechanics, and in 
the application of computers in weather fore- 
casting. 
We expect the generally high Capabilities 

-- in all field8 to be maintained throughout the 
next 10 years. The USSR will continue to 
maintain its high capabilities in pol.= geo- 
physics and its ability to conduct cold weather 
operations by its intensive polar geophysical 
mearch program. Signifbmt advances in 
economic geology will probably be made dur- 

ing the period of this estimate. Rocket and 
artificial earth satellite investigations will be 
improved and expanded and probably will re- 
sult'in s&niflcant advances in knowledge of 
the upper atmosphere and solar-terrestrhJ re- 
lationships and will lead to further venture8 
into space research. Soviet geodetic work 
may improve their capabilities for position- 
ing accuracy required for launching of mis- 
siles to distant targets, and upper atmosphere 
research may assist them In the design and 
operation of missiles and aircraft as well as 
improving communicatiom techniques. The 
quality of oceanographfc research is expected 
to improve and will probably become com- 
parable to that of the leading countries en- 
gaged in oceanographic research. 

CHEhdISTRp-The Soviet Union is def- 
Mtely behind the United States in the magni- 
tude and level of the research efPort in most 
fields of chemistry. Basic research in organic 
chemistry generay lags the United States 
by 3 to 5 years. Their capability in organo- 
phosphorous chemistry, which receives high 
priority, is probably greater than that of any 
other country. They are probably very ad- 
vanced in combustion and chemical kinetics, 
catalysis research, exotic fuels, and applied 
and fundamental explosives research. The 
USSR lags in pharmaceutical research and in 
a few fields of spectroscopy. Chemical en- 
gineering research and development is con- 
siderably behind. The country also L signifl- 
cantly behind in petroleum technology. 

By 1967, Soviet research in chemistry &d 
chemical englneering will be rdlatively ad- 
vanced in all fields of Importance. B@c or- 
ganic work will probably move forward in 
general. Research wd development in ion 
exchange resins as applied to nuclear energy 
will reach parity with the United States. 
Physical chemistry will remain high; they 
will continue advances in nuclear chemistry 
and catalysis reaearch and should equal the 
United States in spectroscopy. The USSR 
shmld approach near equality in chemical 
engineering research and development. Liq- 
uid and solid propellant research will probably 
parallel and equal U.S. efforts. The USSR - 3 
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theory, except that in non-linear control 
theory, where the Soviets have led the West 
for many years. Soviet fundamental work 
on electronic materials and components is 
more intensive than that of the United StsteS, 
and their theoretical work in solid state p h p  
ics has been excellent. The USSR can pro- 
duce any type of electron tube developed in 
 the^ West. Its transistor work is of high qual- 
ity, although it is behind in production tech- 
nology. Soviet work on thermoelectric e f f ~ t s  
is more advanced than that in any other 
country. Components for high altitude and 
high temperature have been developed in the 
Soviet Union, but the USSR is behind some- 
what in printed circuitry and miniaturization. 
By 1967, the USSR should retain ita present 
world leadership in some pbases of electronics 
researoh and development and may possibly 
achieve parity or leadership in the few flelds 
in which it presently lags. This situation 
should result from the high priority accorded 
by the Soviets to electronics research and de- 
velopment, and their high rate of training 
of scientists and engineers, and their high 
level of expenditures, especially for research 
into fundamental phenomena. 

The USSR is expected to equal the leading 
nations hi radio astronomy by 1967. In the 
next two or three years, the USSR will prob- 
ably be on a par with the United States in 
information theory. Its posltion as a world 
leader in automatic control theory will be 
maintained. The Soviets will probably make 

fects with f a r  reaching military and economic 
applications. Their lag in printed circuitry 
and miniaturization will probably have been 
overcome by 1960, and the USSR possibly may 
surpass the United States in the development 
of highly reliable miniaturized component8 by 
1967. 

MEDICAL SCIENCES-The Soviet Union 
has a lower capability for medical research 
than the United States in most areas, al- 
though most leading Soviet medical scientists 
are equal in competence to those of the West. 
The USSR leads the United S t a b  by a si@- 
cant matgin in certain areas, such 88 space 
medicine and some phase8 of behavioral re- 
search. Their capabilities are approximately 

technological advances in thermoelectric ef- 

will remain on a par with the United States 
in fundamental and applied explosives re- 
search. Petroleum technology will generally 
advance but will remain signlfkantly behind. 
the United States through 1967. 

METAUuRaY-Although the' USSR is 
lagging in certain flelds of metallurgical re- 
search, Soviet metallurgists have exhibited 
originality and research abflity in most im- 
portant areas of fundamental and applied 
work. Soviet capabilities in steel technology 
are high and their work 011 high-temperature 
alloys is creditable. They have achieved par- 
ity with the West in nuclear metallurgy and 
in ferromagnetic and semiconductor mate- 
rials. They have given less research attention 
to aluminum.and magnesium. Development 
work in extractive metallurgy has been rel- 
atively neglected until recent years; applied 
titanium technology is retarded somewhat. 

By 1967, Soviet metallurgical research fa- 
cilities will continue to be fewer in number 
than in ,the United States; however, these 
facilities will probably equal those of the 
United States in equipmelit and quality of 
research ah$! personnel. Some of their pres- 
ent deficiencies should be overcome. They 
will continue to follow Western progress in 
titanium technology, but research capabil- 
ities in extractive metallurgy will probably 
approximate those of the United States. 

. ELECTFtONICS - The Soviet Union is pres- 
ently one of the two or three leading na- 
tions in electronics research and development, 
both qualitatively and quantitatively. The 
Soviets have placed major stress on militarily 
important electronic research and develop 
m a t ,  as well as on broad investigations of 
fundamental scientific areas from which elec- 
tronics development information can be ob- 
tained. 

Soviet understanding of radiowave propa- 
gation appears to be at least equivalent to 
that of the West, as is their grasp of com- 
munications theory. The USSR ranks closely 
behind the West in radio astronomy. In- 
vestigations in information theory appear to 
lag somewhat, particularly in engineering a p  
plications. Soviet work is probably on a par 
with that of the West in automatic control 
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U- - --search on i;liectious livestock diseases, dis- 
its hfection, 'and parasitology; but, in general, 
3t. their research is inferior to that of the United 
fl- States. A n  Important trend has been the 
ce 'approach to problems of livestock disease 
:e- through control rather than eradication. 
3Y Major emphasfe has been placed on the d e  

qual to those of the United States in medical 
aspects of polar operations. The Soviets are 
notably behind, however, in the medical use 
of radioisotopes and in some aspects of health 
physiw. They also remain somewhat back- 
wIud tn most aspects of microbiological, nu- 
bitional, and basic protein research. 

By 1967, the Soviets will still have strong 
capabilities in their pI"iv areas and will 
&ow. considerable improvement in others. 
They will continue to lead in some aspects of 
space medicine and in the control of hu- 
man behavior; especially in conditioning 
techniques, "functional" neuropathology, and 
their use in psychological warfare. In ad- 
dition, the Soviets will probably lead in radio- 
biological research on the nervous system and 
the possible efmect of cosmic radiation on or- 

Soviet and US. capabilities will be approxi- 
mately equal in defensive medical aspects of 
human BW; production of biologicals and 
equipment for civil defense; and research and 
production d whole blood, plasma, and plas- 
ma extenders. 

The Soviets 9 remain behind in the gen- 
eral we of radioisotopes in medicine and 
most aspects of microbiological research, al- 
though they wfll show considerable lmprove- 
ment in mearch on virus and'rickettsial 
diseases and the development of broad spec- 
trum vaccines. The USSR will also retain 
deflciencies in medical def- against CW, 
antibiotic research and production, and ad& 
vances in nutritioa 

VETERINARY SCIENCES -Veterinary re- 
search capabilities and re8ouTces have ad- 
vanced and expanded considerably since 
World War XI. Basic research is given less 
emphasis than are applied and developmental 
hveatigations. Major emphasis is on im- 
proved field application of research findings. 
A reasonably good capability exists in re- 

ganfsme. 

velopment of more effective vaccines and im- 
proved diagnostic agents. The Soviets al- 
ready have a strong capability to support an 
ant3livestock BW program. 
By 1967, Soviet veterinary research capa- 

bilitiea will have increased considerably but 
there st i l l  will be a lag in practical appllw 
tion. Some achievements, especially in vi- 
rology, are expected. There may be a ahift 
from control of diseases to eradication. More 
deative biologicals will probably be available 
generally. Further, the continued expansion 
of research resources and scope of interests 
will give the U8SR a formidable ScienWc 
capability to support antilivestock biological 
waxfare aorta. 

ENCES-Although the Soviets are fairly 
competent in certain priority areas of biology 
and agricultural research, their general capa- 
bilities are low in basic work in these areas. 
Research facilities are generally poor, but 
they are improving gradually. Genetics re- 
search, which had fallen considerably behind, 
recently has shown indications of notable im- 
provement. Interest in astrobiology is also 
gaining momentum and extensive research is 
planned. They are considerably behind in 
industrial fermentation, most of8 the basic 
sciences supporting agriculture, and engineer- 
ing technology In agriculture. They are re- 
tarded in many fields of livestock research 
and production. 
By 1967, Soviet biological facilities should be 

capable of supporting quality research, but 
a long time may be required for the Soviets 
to approach Wetern capabilities in biology. 
Soviet genetics should improve, and they pos- 
sibly will equal U.S. work on the ef€'ect of 
radiation on microorganisms. The lag in 
industrial fermentation should be narrowed 
somewhat but is not likely to disappear. 

Signiflcant improvement in agriculture en- 
gineering research and technology are ex- 
pected during the period of this estimate. In- 
creases in crop producti6n will probably re- 
sult from the expected progress in the plant 
sciences and in agricultural practices. Im- 
provement is also expected in the livestock 
situation and in food technology. 

BIOLOClICAL AND AGFUCULTURAL SCI- 
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DISCUSSION 

INTRODUCTION 
Basic to Communist philosophy and policy 

is the precept that science and technology 
are keys to military, economic, and political 
power. The Soviet Union gives priority sup- 
port to science and technology and utilizes 
their fruits primarily to improve and strength- 
en the military establishment and basic in- 
dustry. Science and technology are also fully 
utilized to gain domestic support, and sup- 
port in other countries, with the promise of 
material progress. 

Soviet eflorts to industrialize rapidly and to 
surpass the West have been vigorous for over 
25 years. Imported technology has been used 
freely to this end. Stalin noted the necessity 
for greater technology and stated the slogan 
“trained manpower decides everything” in 
1035. The technological gap has since nar- 
rowed and present Soviet scientific and tech- 
nological activities give increasing evidence 
of strength and matIixIty. The Soviet tech- 
nological establishment has now matched or 
surpassed that of the West in some areas. 
As &viet technological capabilities increase, 

foreign technological advances are becoming 
less profitable to exploit and are now being 
more carefully and extensively reviewed than 
heretofore. The present availability of tech- 
nically competent personnel releases the So- 
viet Union from its heavy dependence on 

.Western technological advances and enables 
the development of production models of na- 
tive conception. Indigenous developments al- 
ready have been accomplished in many fields. 
Foreign advances which appear suitable for 
Soviet use wil l  continue to be exploited. For 
this purpase, the Soviet Union has created the 
world’s largest scientitlc Information service. 
The Soviets a40 have profited from espionage, 
pqticularly in priority flelds where they were 
behind. Espionage helped shorten lead-times 
and permitted a concentration of scarce re- 
sources. Espionage still serves to warn the 
Soviet government of foreign capabilities and 

advancements, but we believe it is of little 
significance for the continuation of general 
Soviet technological progress. 

In the attempt to excel the West, the 90- 
viets did not have to start from scratch in 
basic flelds of science. The Soviet Union in- 
herited a notable scientiflc tradition which 
dates back to the time of .Peter I. The Acad- 
emy of Sciences was founded under his pa- 
tronage in 1725. Since that time, there have 
been eminent Russian scientists in most fields 
of scientific endeavor and they have made 
many original contributdom to world science. 
Accomplishments have been notable in areas 
of physiology, mathekatics, organophospho- 
rous chemistry, celestial mechanics, radio as- 
tronomy, geophysics, and physics, including 
nuclear physics. .The father of Russian phys- 
iology was Ivan M. Sechenpv (1829-1905). 
HLS “Reflexes of the Brain” (1863) provided 
the stimulus for researches of I. I?. Pavlov. 
D. I. Mendeleyev (1834490’7) is credited with 
the periodic system of classUying elements. 
The names of other great Russian scientists 
are sprinkled throughout most fields of eil- 
deavor: Mechnikov, Butlerov, and Lobachev- 
skiy, to name a few. Today, L. D. Landau is 
one of the world’s two or three best theoretfcal 
physicists. Peter Kapitsa is the pioneer in 
cryogenics. Igor Kurchatov is the leading 
Soviet atomic physickt. Alexander N. Nes- 
meyanov, a leading chemist and President of 
the Academy of Sciences, USSR, is often com- 
pared with Vanevar Bush of U.S. fame. 
These, incidentally, and many other Soviet 
scientlflc leaders have received some Western 
training. 

The major factors which influence the prog- 
ress of Soviet science will allow Soviet d e n -  
tiflc capabilities to grow through the next 10 
years. In the following sections, we wiU ex- 
plain these factors in terms of Soviet policy, 
the organization and administration of sci- 
ence, scientiflc and technical information, re- 
search coordination among Bloc members, 
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and dmtific and technical manpoWer. FOl- 
lowing these, we will assess the present and 
mture Soviet position in flelds of basic r e  
m c h .  Comparisons are frequently drawn 
between the W e t  effort and that of the 
United States or the West. These compari- 
gens primarily serve to judge Soviet capabil- 
ities agslnst a known base line and are not 
intended as proof of inferiority or superiority. 
The fa& that the situation in both the Udted  
states and the Soviet Union is changing rap 
idly should be kept in mind in reviewing these 
camparisons. 

SOVIET POLICY ON SCIENCE 
AND TECHNOLOGY 

Science and technology in the Soviet Union 
are fully supported by the government, be- 
cause they are considered an indispensable 
basis for overtaking and surpassing the United 
S t a b  in material and political strength. 
World leadership in science and technology 
is an ultimate objective. The desire for rapid 
industrial development is a prime goal; and, 
although present emphasis is 0x1 applied sci- 
ence, the value of adequate fundamental re- 
search is well recognimd by planners. Fun- 
damental work is channeled as much as pos- 
sible to areas which may lead to appUcation 
or to areas which hold promise of major ad- 
vances for prestige purposes. Progress in 
8ome fields has lagged seriously due to w- 
ordination problems, political interference, 
and the imposition of changing priority re- 
quirements. The relative isolation of all 80- 
viet scientists also has had its unfavorable 
effects. These deficiencies have been recog- 
nized, and positive steps have been taken 
to alleviate them. The regime now endorses 
and even encourages free exchange of scien- 
tiflc information and is making changes in 
the organization and control of science and 
technology. dgniflcant emphasis is being 
placed on increasing research output and on 
better utilization of this output for technolog- 
ical development.  els st ions between scien- 
tists and the regime are improving, and sci- 
entists are being given a larger part in plan- 
ning the Soviet research and development pro- 
gram. 

ORGANEATION AND ADMINISTRATION 
OF SCIENCE 

"he &viet government has taken advan- 
tage of the recent economic reorganization 
td make. changes in the. organization and ad- 
ministration of science, in order to achieve 
an increasingly expanded research output t0 
meet growing military and economic needs. 
Under the already partially implemented re- 
organization plan, research is to be admin- 
istered so as to achieve a more efficient divi- 
sion of labor among scientiflc, industrial, and 
educational institutions. 

Respodbiliv for scienwfc policy, plan- 
ning, and control will be allotted as follows: 
1. The Academy of Sciences, USSR, will de- 

velop broad, long-range scientific policy, con- 
trol fundamental research in a few external 
high-priority arm in addition to the Acad- 
emy's own broad program, and will be re- 
quired to furnish increasing theoretical s u p  
port to applied research institutes and to 
assist in expanding research Zn higher educa- 
tional institutions. A t  present, the USSR 
Academy has about 130 scient& institutions 
controlled by 8 substantive departments for: 
physico-msthematlcal sciences; chemical sci- 
ences; technical sciences; biological sciences; 
geologicabgeographical sciences; history; Ian- 
guage and literature; and philosophy, eco- 
nomics, and law: The recently established 
ninth, or Siberian Department, controls ac- 
tivities in several scientific flelds. Seventy 
percent of these institutions are currently 
located in Leningrad and Moscow, employing 
over 80 percent of the Academy's Scientists. 
Steps are being taken to decentralize a 
greater proportion of the Academy's efforts 
as part of the economic reorganization. (See 
flgure 1 for photogiaph of building of Acad- 
emy of Sciences, USSR.) 

2. All-union and union republic ministries, 
such as the Ministry of Agriculture and hbin- 
istry of Health, will be concerned with policy 
relating to scientific research under their ju- 
risdiction. The State Committees for Defense 
Technology, Aviation Technology, Radio-Elec- 
tronics, and Shipbuilding attach.ed to the 
Council of MWsters, USSR, will probably re- 
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bin control over scientiftc research and de- 
velopment in their respective fields. 

3,. m e  s~tak p w  Committee (e 

The best Soviet equipment is concentrated 
in institutes related to defense and heavy in- 
dustrisl development. Although the average 

PLAN) will be ConCBlped p-y re- . Soviet hbra tow is equipped than 
search in key nondefense i;;dustri& and with 
making maximum use of science and tech- 
olow. aospLAN will check plan fulfUl- 
ment and maintain a high degree of indi- 
rect control over scienti5c research, includ- 
ing that directed by Regional Economic Cow- 
cils. Many oi the research organizations and 
enterprises are being.transferred from abol- 
ished industrial and collstruction ministries 
to QOSPLAN or to Regional Economic Coun- 
cils (sovNAR3zHozes). 

4. Regions Economic Council8 (SOVNAR 
KHOZes) are responsible for providing dfrect 
research and technological assistance to in- 
dustrial plants and for exploiting regional 
natural resources. A number of institutes of 
abolished ministries are being transferred to 
SOVNARKHOZes. Some institutes of repub- 
lic academies of sciences are also being trans- 
ferred to SOVNARKHOZes. 

5. The new Scientiflc-Technical Committee 
of the USSR Council of Ministers will advise 
OOSPLAN chiefly as ta the scientific and tech- 
nical level at which the national economy can 
be planned. This committee, which includes 
representation from the Academy of Sciences, 
USSR, the Ministries, and GOSPLAN, is also 
responsible for policy on the application of 
new techniques in industry and the national 
scientific-technical information program. 

6. The most competent and k t  equipped 
institutes in a given discipline wil l  be desig- 
nated as Head Research Institutes, whatever 
their subordination. They will coordinate re- 
search activities of appointed institutes on 
a nation-wide basis. 

7. Institutions of Higher Education (WZes) 
have been called on to increase the amount of 
their research and to provide greater support 
for regional research programs. These insti- 
tutions include the 39 universities and an esti- 
mated 380 institutions offering technological, 
and some scientific, training. The lack of em- 
phasis on research in WZes was considered as 
a major gap in Soviet science. 

. .  

the average American laboratory, there are 
many examples where their facilities are equal 
or superior to their U.S. counteqarts, par- 
ticularly in “prestige” institutes. mtitu- 
tions engaged in research of a routine nature, 
however, will probably continue to face short+ 
ages of material and equipment at least dur- 
ing the next five years. (See photographs of 
Soviet equipment in flgures 2,3, and 4.) 

SCIENTIFIC AND TECHNICAL INFORMATION 

The USSR has the world’s largest ScientitiC 
and technical infomation center, the All- 
Union Institute of Scientific and Technical 
Information (VINITI). New Scientific-Tech- 
nical Committees which exist in Union Re 
publics and in some cases on the SOVNAR- 
KHOZ level are responsible for following do- 
mestlc and foreign technological development 
and channeling Information on them to a p  
propriate research or industrial groups. So- 
viet scientists in important research centers 
now have access to almost all Scientific de 
velopments reported in unclassified Soviet 
and foreign-language publications. 

SOVIET BLOC RESEARCH COORDINATION 
The current program of integrating Soviet 

Bloc scientific and technical research and de 
velopment is still in the planning stage for. 
the most part. The program is sufFlciently 
comprehensive, however, that its development 
now poses a serious technological threat to the 
West. We expect an expanded effort to inte- 
grate Bloc work permitting fu l l  Soviet ex- 
ploitation of these scientiflc resources. 

SCIENTIFIC AND TECHNICAL MANPOWER 
IN THE US.R 

The Soviet Union now possesses a large 
and highly motivated force of scientiflc and 
technical professional manpower which is 
growing in size and efltectiveness. As of 1057, 
the Soviet Union had about 1,475,000 scien- 
tific and technical professionals as compared 
with about 1,330,000 in the United States, or 
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Ram 3. Control panel of the 10-Bev proton synchrotron, 1958. 

Frovlu 4. Vacuum centrifuge wed in cancer research, 1954. 
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a force a b u t  10 percent large than its U.S. 

90 percent more holdera of advanced scientific 
counterpart. The Soviet force includes about 

than does the U.S. force. The Soviet numeri- 
cal superiority, however, is not uniformly re- 

and technical degrees, roughly Of PhD. leVd, 

viet apd U.S. force. 
m e  large Soviet groups oi professional q -  

h: Inanpower in engineering, the health sciences, 
and the agricultural sciences include higher ‘s perce@ages of advanced personnel than do 
their U.S. counterparts. The ~maller Soviet 

fr groups in the physical and biological sciences, 
on @e other hand, include about the same 
percentage of personnel with advanced d e  

& grew as do their U.S. counterparts. 
!, The soviet force is growing at a net yearly 
‘* - rate of between 6 and 7 percent, while the r U.S. force is increasing between 3 and 4 per- ,: cent. By 1961, eoviet manpower wil l  prob- 
;- ably increase to 2,000,000, or about 25 percent 
:. larger than the estimated US. strength of 

about 1,600,000. The Soviets will have an 
\ even greater quantitative advantage in engi- 
: neering and agricultural sciences, but their 
* relative disadvantages in health sciences, 

physical sciences, end biological sciencea will 
, remain much as they are today. The pat- 
. terns of digerence between the two countries 

are expected to persist during the next ten 
Y-. 

. .  
I 

Standards of Soviet professional competence 
and education vary according to scientific.or 
technical fleld and according to the period 
during which personnel were trained. For 
example, scientists and technicians graduated 
since the 1940’s generally axe much better 
trained than those graduated in the early 
years of the m e t  period. However, at 
present, most Soviet scientists Snd tech- 
nicians generally have had comparatively few 
years of experience. We believe that the aver- 
age Soviet scientist and technician, as yet, @ 
lese capable than his U.S. counterpart. 

The Soviet educational system emphasizes 
science and technology at all levels. Higher 
education is extremely selective, and the cur- 
ricula provide both fundamental science 
training and a “specialtyyy which tailors the 
student to the specitlc activity in which he 
will be employed. Changes are being dected 
in Soviet higher education to improve its 
quality further, b broaden it, and to make it 
even more responsive to anticipated state 
needs. In a few years, the number of e.xperi- 
enced Soviet professionals will exceed the 
number of comparable U.S. professionals. In 
addition, the relative proportion of advanced 
degree holders in the Soviet force will in- ’ 
crease. Improvements in facilities, planning, 
coordination, and direction of efTort also fore- 
shadow increased capability. 
The conclusion is inescapable that the in- 

crease in numbers of Soviet Scientists and 
is being accompanied by an over- 

all incresse in quality. We believe, therefore, 

RELATIVE STRENGTH OF SOMET AND U.S. SCIENTIFIC 
AND TECHNICAL PROFESSIONAL MANPOWER-1957 

Employed P m f ~ o n a l 8  Advanced Degrees 
US8R ua. Ratio USSR us. Ratlo - ----- HOld - .  

-=rine 780,700 480,000 1.6 26,900 8,700 4.7 
Health 8Ciencee 370,600 448,300 0.8 17,800 1,300 13.5 
Agricultural Bctences 203,800 168,400 1.3 8,300 4,soO 1.7 
Physical Sciences 100,600 166,400 0.6 18,100 32,300 0.6 

0.4 - 20,300. . 73,100 0.3 7,800 18,900 - - -  Biological Sciences 
. AllFields 1,475,800, 1,328,200 1.1 78,500 61,100 1.3 

Including Mathematlcs. 
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that the total professional capability of Soviet 
scientists and technicians, relative to that of 
U.S. scientists and technicians, will tend 
strongly to improve during the period of Chis 
estimate. 

The increasfng size and competence of the 
40viet scientific and technological manpower 
pool, together with the associated growth of 
technical sophistication, productive facilities, 
and industrial capacity, are expanding the 
area8 within which technological advtpces 
may be made and also increasing the proba- 
bility of such advances. 

SOVIET PRESENT AND FUTURE CAPABILITIES 
IN BASIC RESEARCH 

Physics 
The capabilities of the Soviet Union in criti- 

cal areas of physics generally are excellent 
and are second only to those of the United 
States. There are about the same number 
of people carrying out the work as in the 
United States, but there appears to be a criti- 
cal shortage of people in lower priority fields. 
The Soviets have demonstrated a high com- 
petence and are particularly outstanding in 
theoretical physica and high-energy nuclear 
physics, as well as in the theoretical aspects 
of solid state physics, of low temperature 
physics, and of optics and photography. 

Although Soviet work in theoretical physics 
is excellent and comparable to that of the 
United States, it is considered somewhat lack- 
ing in originality. Soviet and U.S. scientists 
conbentrate their eflorts on the same subflelds 
and will probably continue tq do so. 

Soviet research in high-energy nuclear 
physics, which is now technically competent 
but somewhat unoriginal, will progress r a p  
idly and may become comparable to that of 
the United States by the end of the period of 
this estimate. The particle riccelerators avail- 
able for high-energg nuclear research are ex- 
cellent'in quality but are much fewer in num- 
ber than those in the United States and are 
insufacient for the many Soviet physicists 
working in this field. The 10-Bev proton syn- 
chroton is currently the most powerful ac- 

celerator in operation in the world.+ (See 
-re 5.) Several additional accelerators, in- 
cluding a 50-Bev machine, are currently in 
the design or construction stage and may be- 
gin operation during the M o d  of this esti- 
mate. 

The Soviets wil l  maintain their current 
high capabilities in the theoretical'aspecb of 
solid state physics (crystallization and crystal- 
lography, alloys, phase transformation, dif- 
fusion, strain and deformation, and mechan- 
ical properties of crystah). They have been 
lagging considerably in the experjmenbl and 
applied aspects of solid state physics. Progrees 
in appIied semiconductor work has been rapld, 
however, and it is expected that there will be 
steady improvement in the whole area of solid 
state physics, which should nearly nlfminate 

Similarly, the Soviets will maintain their 
high capabilities in the theoretical aspects of 
low temperature physics and will  improve in 
their currently lagging experimental phases. 
They have made several important dfecov- 
eriea and more can be expected. 

In the experimental and applied aspects of 
optics and photography, the Soviet Union 9 
generally lagging the United States although 
it has achieved several notable accompW- 
ments, such as wide-angle lenses for phob 
graphic map making. 

Computer work has been given increasing 
support and is now considered one of the 11 
basic problems of Soviet science. T h e  accom- 
plishments to date may be considered of major 
b h r t a n c e  although digital computer devel- 
opment has only reached the 1952 U.S. level 
and analog computer development, the 1955 
U.S. level. A rapid increase in computer de- 
velopment is likely, and their capabilities in 
this field will probably be comparable to those 
of the United States by 1967. Photographs 
of the Soviet BESM digital computer and the 
URAL computer are shown in flgures.6 and 7. 

roton syn- 
chrotron tn operation in the ~ni t -T&tea  IS W, 
6.4-Bev bevatron at the University o! Caliiornla. 
The S.2-Bev proton synchrotron,  the^ cosmotron ld 
located at Brookhaven National Laboratory and id 
the accelerator with the next highest energy. 

this lag in 10 years. \ 
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In comparison the highest ene 
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. .  , : .' FrOmr 6. Soviet BSM high-speed digital computer. 

Fmwr 7. Soviet URAL digital computer. 
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“..L&&det Union has an exceptionally high 
+p$)dW in both pure and applied mathe- 

with their major strengths being in 
be;meU-t mathematid t r m g  Of mi- 
-+,~@ and engineers and the appreciable dwb of highly competent theoretical 
&&@maticians capable of supporting Soviet 

on a broad front. Soviet mathema- 
‘h are‘currkiltly working on essentially 
@;+me problems as Western mathemati- 
w, With their continuing emphasis 
on‘training and their demonstrated mec- 
tibe: utilization of mathematicians, Soviet 
’strengths in this area should continue and 
even improve during the next ten years. 
; &?et engines retxive significantly more 
mathematical trsining than the& Western 
cbunterparta. About 500 hours of classroom 
s€udy are given in mathematics during train- 
ipg regardless of the engineering specialty. 
+thematical methods for solving problems 
are bmphashed more than the current em- 
pir id  methods commonly used in the West. 
Applied mathematics is used increasiiigly to 
eupport bask industrial and military prob- 
lems of a technological nature. There is a 
8Qni.fk-t Soviet capability in the now tech- 
nologically important fields of non-linear me- 
chanics and non-linear differential equations. 
There is no evidence that priority scfentiflc 
or technical research and development is suf- 
fering from a lack of mathematical support, 
and increased utilization of mathematics and 

; high-speed digital computers for solving engi- 
neering problems in the development of 
Weapon systems of increasing complexity and 

’* automaticity appears very likely during the - next ten years. High-speed calculation facili- 
ties are now available for high priority prob- 
lems but, for most purposes, the aoviets have 
relied on desk calculators, analogue com- 
puters, punch card computers, and Western 
and Soviet calculated tables of functions. 

- There is a program now underway for intro- 
ducing high-speed digital computers into mi- 

‘ ent& institutes, universities, and labora- 
tories; by 1967, the general research and de- 
velopment community should have access to 
them. 

Geophysical Sdence 

The Soviet Union is one of the leading na- 
tions of the world in both quantity and qual- 
ity of work in the geophysical sciences. It I8 
the world leader in polar geophysics and is 
approximately equal to the United States in 

seismology, meteorology, hydrology, and up- 
per atmosphere’research. It probably lags 
slightly in oceanography in general. The 
USSR is outstanding in the subflelds of polar 
oceanography, polar meteorology, permafrost 
science, geochemistry, seismic theory and in- 
strumentation, research on seismic waves by 
means of explosions, theoretical geodesy, ap- 
plied gravimetric technology, and upper at- 
mosphere research by means of rockets and 
artificial earth satellites. It lags somewhat in 
geophysiqal instrumentation, in practical ap- 
plication of engineering geology and soil me- 
chanics, and in the application of computers 
in weather forecasting. 
As a result of its large IGCY program and 

its probable continued emphasis on geophysi- 
cal research, the Soviet Union can be expected 
to advance its generally high capabilities in 
all laelds of geophysics during the period of 
this estimate. It will improve its capabilities 
in polar geophysics and its ability to conduct 
cold weather operations by a continuation of 
much of its current intensive polar geophysi- 
cal research program and will probably sur- 
pass the United States in economic geology 
during the period of this estimate. Rocket 
and artificial earth satellite investigations 
will be improved and expanded and probably 
will result% significant advances in knowl- 
edge of the upper atmosphere and solar-ter- 
restrial relationships and will lead to ventures 
into outer space research. 

In general, the Soviets have numerous and 
adequate facilities for research in all of the 
geophysical sciences, although some shortages 
of equipment exist, and Soviet instruments 
often lack some of the refinements of similar 
Western types. These deficiencies are likely 
to be overcome within the period of this =ti- 
mate. 

geology, geomawtim, geodesy, gravimetry, 
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Soviet polar research improves their capa- 
bilities for cold weather operations and IclY 
activities provide them with a possible basis 
for making territorial claims in Antarctica. 
Furthermore, Soviet geodetic work may im- 
prove their capabilities for positioning ac- 
curacy required for launching of missiles to 
distant targets, and upper atmosphere re- 
search may assist them in the design and 
operation of mfaslles and aircraft as well as 
improving communications techniques. Ad- 
vances have been made in all of the geophysi- 
cal sciences, but the greatest single recent 
achievement of Soviet science and technology 
has probably been the use of artificial earth 
satellites for upper atmosphere and apace 
research. 
. Si-t factors in speciflc subflelds in- 

clude the following: 
Polar Geophpica - Facilities for polar ge@ 

physical research are outstanding and are be- 
ing expanded. The Soviets use diversifled ex- 
peditionary techniques for collecting valuable 
geophysical data on a year-round basis in all 
areas of the Arctic. 

The Soviets are taking full  advantage of the 
IGY program to collect data for an assess- 
nlent of the economic and strategic potexitial 
of Antarctica. They intend to continue their 
efIorts in Antarctica after the IGY. Intensive 
exploration and continued mainhame of 
sclentlflc stations could provide some basis for 
future territorial claims. (See m e  8.) 

GeoIOgy - oeological facilities are adequate 
for continued progress. Increased emphasis 
on strategic mineral development is notice- 
able. The USSR probably will be more ad- 
vanced than the United States in economic 
and engineering geology by 1967, and fa&- 
ties fo r  permafrost science and geochemistry 
will probably remain superior to those of the 
United States. The Sovietd have completed 
major geological mapping programs and have 
developed new mineral forecasting maps. 

Geornaq.neti8m - Soviet facilities for re- 
search in geomagnetism are comparable to 
those of other leading nations and probably 
will remain 80 during the next decade. Their 

.work is aimed at both scient& advancement 

and practical application in such things af 
the improvement of communications, milltarJ 
detection devices, and probably the develop 
ment of a geomagnetic guidance SJrStem for 
cruisetype guided missiles. In addition t< 
measurements of the earth's magnetic delc 
by land stations and observatories, the So 
viets also are making meaaurementa at set 
aboard the Z q a ,  the only nanmsgnetk re 
search ship in the world,* and from S p u M  
m. The emphasis on geomagnetic obsema 
tions will be signiacantly increased, aspeciall;l 
in high altitude research. (See figure @.) 

Geodesy and Gravimetty -Research facill 
ties are extensive and appear adequate. "hi 

Soviet geodetic net is one of the largeat of thl 
world's principal horizontal control neb 
Work is in progress to extend the net ant 
complete the integration of the geodetic net 
of the European Satellites. The Soviet6 ar 
expected to attempt a resolution of the M e r  
ences between their own and the recently ad 
jueted European Datum West of the Iron Cur 
tain and to make a connection with the Nortl 
American Datum across the Bering Strail 
This would provide them with improved gec 
detic Positioning accuracy required for th 
launching of missiles to all parta d Europ 
and to U.S. targets. 

Sefsmology -Facilities are very impreasiv 
and adequate for both present and futur 
needs. The network of seismological statim 
has quadrupled in size since World War I] 
Despite considerable effort, however, the 8c 
viets have not made any Bigniacant advance 
in earthquake prediction. They will probabt 
maintain their already high capabilities h 
basic and applied seismological resea& 
especially in detection of natural and artiplcb 
disturbances. 

Oceanographg - Present oceanographic n 
search facilities are comparable to those c 
other leading nations, and the ambitiom Sc 
viet program for oceanographic research dw 

* A  aimllar UB. vase the Carnagia, was dt 
strayed by ex&.c$on and !$re In 1926 a d  w B ~  neve 
replaced. the united 8tatea c m ~ u e s  t 
make measurement8 of the geomagnetic field usfn 
magnetometem towed behind ships, emphanja hd 
been increased on maldn ahborne geomagney 
m e y 8  over both land anf8ea. 
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~ x k & e o t o ~  and X~dro&gy-Fhearch fa- 
a&icis are adequate. Large networks oi m e  
teo~ld'cal and hydrological stations exist 
tnroughout the USSR with a great Complex 
oicresearch institutes, observatories, labora- 
tories, and schools. Soviet work in weather 
and. hydrological forecksting and climatology 
isicbmpetent. They are increasing their em- ! phaaitii on numerical weathm, forecasting us- 

1 &g;.high-speed computers. While nothing 
1 new-hss been contributed in cloud phyaics 
r 'apd weather control, they will continue efforts 

iq these flelds because of important economic 
ahd milim implications. Work in micro- 
meteorology will probably continue to be of 
*h quality. Polar meteorological work is 
wmidered outstanding. 

9 Upper Atmosphere Research - The launch- 

, other a month later began a new era in upper t atmosphere and outer space research. Rock- 
;% et and satellite investigations include live 
f experiments, as well as IOY work'on 
; upper atmosphere conditions. These studies > will increase their basic scientific knowledge 
1 in biology, aeromedicine, physics, astrophys- 
? ics, and geophysics. A large number of re 

Search htih~tes and observatories are now ' engaged in this work and facilities are being 
; expanded. Present deficiencies in equipment 

will probably be overcome during the next sev- 
. eral years. A photograph of a Soviet upper 

, atmosphere rocket is shown in figure 12. 

Chemistry 
The Soviet Union has made few original 

Contributions to chemistry in recent years, 

ing Of a Satellite OII 4 October 1057 and -- 

and is definitely behind me United S t a b  in 
the magnitude and level of the research effort. 
The consistently high quality of Soviet r e  
search in a few flelds and the marked progress 
in others of priority inhportance, however, in- 
dicate that the level of Soviet research in all 
important flelds of chemistry and chemical 
engineering will be close to that of the United 

Organic Chemistty - Basic research in sev- 
eral flelds of organic chemistry is excellent. 
It generally lags that of the United States by 
3 to 5 years but should more closely parallel 
U.S. research by the end of the period of 
this estimate. Organophosphorus research is 
quite advanced. The capability in this fleld 
is probably greater than that of the United 
States and, from a military standpoint, the 
USSR may lead the United States by 5 years. 
Macromolecular chemistry is noticeably be- 
hind in certain areas while in others it is a p  
proaching that of the United States in quality, 
quantity, and numbers of scientists. Deflnite 
capabilities eldst in the development of new 
high heat resistant polymers. Synthetic fiber 
research lags, and although past research in 
synthetic rubber has been excellent, there has 
been no significant advances in rubber chem- 
istry within the last 5 years. The Soviet 
capability in plastics is expected to improve 
and probably will reach the same level as that' 
of @e United States within the next 10 years. 

During the period of this estimate, Soviet 
research and development h ion exchange 
resins as applied to nuclear energy flelds will 
probably reach a par with that of the United 
States, but work on other aspects of ion ex- 
change technology, directed toward the con- 
sumer market, will proceed slowly. 

Soviet research in flberglass is comparable 
to that of the West; but production technology 
on fiberglass materials is definitely lower than 
that of the West, and without external as- 
sistance, it will probably remain so for at 
least the next two to flve years. 

Pharmaceutical research will be given in- 
creased emphasis to correct the present rela- 
tively poorstandard of Soviet medicinal prep 
arations. The USSR will probably lead other 

states in ten years. 
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c o u n t r i ~  in a few areas of research, hut it 
is highly doubtful that Soviet capabilities will 
approach the present high position of the 
United States in pharmaceutical research for 
many years. 

Physic& ChenrrSfta, - Research in combus- 
tion and chemical kinetics is on a par with 
that of the We& and can be depended on to 
solve problems of military significance. So- 
viet chemists inttoduced the theory of chain 
reactions which ha8 advanced the world un- 
derstanding of detonation, flame propagation, 
and combustion. 

Progress in radiation and tracer chemistry 
has been extremely rapid and has successfully 
supported a dgnifhnt nuclear energy pro- 
gram. Tracer techniques now play important 
roles in medicine, agrfculture, geology, and 
other sciences. These techniques are esp& 
cially advanced in chemical engineering and 
metallurgy. 

Electrochemical research is predominantly 
theoretical in the USSR; and, although a few 
Sovlet electrochemists are competent experi: 
mentalists, little unique research meriting 
world recognition is expected. 

Catalysis research is generally comparable 
with that of the West and has a great po- 
tential for signiflht advances. The com- 
mercial manufacture of synthetic rubber was 
made possible by the SignMcant accomplish- 
ment of 5. V. Lebedev who synth-ed bu- 
tadiene from ethanol. Intensifled e.f!orts are 
expected in the fleld of deposited catalysts 
such as platinum on charcoal. 

Soviet use of spectroscopy is increasing and 
while there is now a lag in a few fields, such 
as high resolution spectroscopy, we expect 
Soviet research will equal that of the United 
States by the end of the period of this esti- 
mate. High precision gratings are now avail- 
able for increased high resolution spectro- 

Chemical Engineering -The USSR is con- 
siderably behid the United States in chem- 
ical engineering research and development. 
Well-trained chemical engineers are becom- 
ing increasingly available, however, which 

scopy efforts. 

should help to progessively narrow this gap 
and approach near equality with the United 
States by 1967. The production of new ma- 
terials now in the laboratory stage and the de- 
velopment of a chemical industry comparable 
to that of the United States will depend on the 
Soviet expected increase in trained manpower 
to apply the concept of unit operations, which 
is already well understood by the Soviets. 

Propellants and Explosives - Soviet liquid 
propellant research is primarily directed to- 
ward the development of materials and com- 
binations that are reliable and logistically 
available in the USSR. Exotic fuels with high 
energy content are under development and 
this work could parallel U.S. eftorts. For ex- 
ample, the Soviets. have been engaged, since 
at least 1949, in a boron fuel program. So- 
viet research is capable of developing such 
high-energy fuels, although firm predictions 
of speciflc accomplishments are not posdble. 
We believe that boron fuels are being devel- 
oped for and will be used in air-breathing 
engines and rocket ens;ines during the period 
of thls estimate. I 

Research in solid propellants through 196 
could equal that of the United States in 
aspects, including fabrication, if sufacien 
high priorities are imposed. 

The USSRfs on aparwith the United 8 
in applied and fundamentsl exploaive8 
search and wil l  probably remain so for 
next ten years. No major achievements 
explosives are exp.ted during this time. 

Petroleum Technology - Fundamen 
search in refining, synthetic fuels, and 
chemicals is excellent, but Western tech 
in these flelds is usually adopted. Many 
their organic and physical chemistry resear 
studies are on petroleum and its 
Conventional methods of explorati 
emphasized; they already have dev 
superior turbine drill for oil well 
Work on lubricants and additives 
and they have the capability for synth 
new lubricants for use in high tem 
engines. Petroleum technology will 
Mvance but will remain significant 
the United States through 1967. 

' 
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arch is &ectively organ- 
government to meet ex- 

ntinue their pres- 
,&€+ prOgram of monitoring, evaluat- 

s &3ed: adopting Westem metallurgical 
]inowledge and technological developments, 

a m~ve.,soviet metallurgical research =Y be 
.,-,@pt+ to make increasingly important con- -. ~esearch facilities are adequate 

t most present Soviet needs and the 
of metallurgical research equipment 

iq @lpipillg steadily. (see figure 13.) They 
bip 8odmue to have fewer laboratories than 
the,U&ed States through 1067, but they wi l l  

equipment and stafI research personnel. 
. &arch is directed toward advancing So- 
viet capabilities in metal extraction, process- 
-, and fabrication, as well as improving ca- 
pabilities in alloy development. An active in- 
tereit in conserving scarce alloying elements, 
such as nickel, is evidenced in their research. 

'j: Steel Technology-The capabilities of the 
$ USSR in steel technology are high and should 
f t  Compare favorably with those of the United 
)- States throughout the period of this estimate. 
. The Soviet steel industry is now the sedond 

largest in the world and has adopted new steel 
' making technology on a broad scale. 

Physical W e t a l l w ~  -Work toward devel- 
OPhg Ugh temperature alloys has been cred- 

I itable and fundamental research on inter- 
, atomic bonding has ahnost no counterpart 

in the West. It is diiiicult, however, to esti- 
mate what accompHrrhments of strategic im- 
portance may"'&- made in these flew in 10 
years. 

Aluminum and Magnesium - 8oviet scien- 
tists have devoted less attention to research 
on the metals, aluminum and magnesium, 
than have D.S. scientists and most Soviet light 

prQb?bly qua l  qualhtivdy u.8. f a t i t ? S  in 

alloys are @milar to, if not duplications of, 
Western compositions. 

Titanium - Research and development on 
titanium metal and its alloys are not ad- 
vanced. The current trend of closely follow- 
ing Western progress in titanium technology 
will probably continue. 

Extractive Metallurgy - Soviet research ef- 
forts in nonferrous extractive and process 
metallurgy were relatively neglected until re- 
cent years. Research capabilib will in- 
crease and approximate those of the United 
States by 1967. 

Nuclear Metallurgy - The Soviets have 
abundant supplies of uranium metal, exten- 
sive national laboratory organizations for ex- 
ploiting the physical metallurgy of both ura- 
nium and plutonium, and a highly competent 
corps of research metallurgists. They have 
concentrated the efforts of about 100 scien- 
tists on research on plutonium and plutonium 
alloys - an impressive number in a special- 
ized area of metallurgy. Soviet plutonium 
metallurgists currently maintain a position 
closely competitive to their counterparts in 
the United Statea; and, unl- there is a de- 
creased eflort in the Soviet Union, there exists 
the likelihood that the USSR wlll begin to 
advance beyond the West in plutonium met- 
allurgy during the last part of the period of 
this estimate. 

The Soviets have used beryllium and zirco- 
nium In reactor design. They appear to be 
concentrating on eirconium alloys and on high 
temperature alloys, probably suitable for nu- 
clear power reactors operating at very high 
temperatures. Their research on materials 
suitable for reactor construction is of good 
quality by Western standards. In the area 
of fused salts, they have become very adept 
and have been building up to this position 
of eminence in research for many years. This 
high capability should permit a number of 
Soviet applications highly favorable both to 
production of extremely pure metals and to 
increased efaciency of nuclear power reactors. 

Ferromagnetic and Semiconductor Mate- 
rtals-Fksearch and development on the 
newer magnetic materials, including ferrites 

* 



and povdered and cast materials, appear to 
be on a par with Western eftorb. Support- 
ing metallurgical research on semiconductor 
materials is of high quality and will probably 
be closely equivalent to Western work during 
the next decade. 

EleCtmh 
The Soviet Union presently is one of the 

two or three leading nations in both quantity 
and quality of electronics research and devel- 
opment. Its research effort is capable of sup 
porting developments of importance to the 
national defense of the Soviet Union, discov- 
ering significant new approaches to strategic 
problems, as well as following Western de- 
velopments. 

Soviet leaders have placed the highest pri- 
ority on the development of militarily impor- 
tant equipment and instrumentation for other 
scientiflc investigations. 

The Soviets stress the theoretical aspects of 
electronics in an attempt to provide a Wed,  
coherent, and useful theoretical description 
of phenomena from which developmental in- 
formation can be readily obtained. In gen- 
eral, this stress may have hindered past de- 
velopments in some areas; but, as in the case 
of materials research, it has provided Soviet 
scientists with a breadth of understandtng 
not normally achieved by U.S. scientists. 

With the present high priority accorded 
electronics research and development, it is 
highly probable that the Soviet Union will 
maintain its present world leadership in sev- 
eral phases of theoretical electronics and its 
growing capability in applied electronics dur- 
ing the period of this estimate. 

Propagation of Radio Waves - Soviet work 
in the theory of radio wave propagation has 
been outstanding, and their capability in this 
fleld Is on a par with that of the West. V. A. 
Fok, of the Leningrad State University, prob- 
ably has produced the world’s outstanding 
theoretical work of the past 20 years on radio 
wave propagation. The Fok theory was a 
SigniAcant achievement in thit it solved the 
basic propagation equations in a form rela- 
tively easy to calculate. ’ The Soviets achieved 

s iwcant  success in using the. Fok theory 
in the description of *action and reflection 
procwes. Thfa work is directly applicable 
to aircraft and missile detection and the prob 
lem of antenna placement on flying objects. 
The Soviets also probably solved the problem 
of communications with missiles and satel- 
lites before this was accomplbhed in the 
United States. 

Soviet investigations of the ionosphere for: 
its effect on long haul high frequency com-I 
munications has been extensive and of high1 
quality. Their research on the use of t h e  
ionosphere for long-distance tranamiesion d 
VHF communications (scatter links), ho 
ever, appears to be lagging by 2 or 3 year 

and missiles and improved navigational 
communications capabilities. While the 

Communications T h e w  - lSoviet 
gations of modern communication theo 
been extensive and are generally 
its. Their theoretical descripti 

are familiar with the p 
detection of signals in 

such as coding theory and equipment 
on the basis of theoretical results, th 

tion of information theory 
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FIGURE 15. Radlotelescope. at Pulkom Observatory, January 1957. 
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i& wry. The USSR adopted a high 
de, for  developments in C O m I r l u L l i c a t b I l  
+,,ln-lgSS. Because of the outstan- 
*of the Soviet scientists working in this 

'.the soviet Union will probably be on a 

h h t @  controf Theory -The theory of , ugh temperature use have been developed. 
rtic controls was given new impetus in 
l@ with the expansion of Soviet in- 

?,atkut 1950; and, at the present time, 
ke investigations are conducted in the 

$ - - ~ ,  "'kat phases of their work appear to 

the West in quantity. Their work 

technological advances in this fleld that 
would have far  reaching military and eco- 
nomic application. Some devices have al- 
reads been developed for uses such m electric 
Power sources and refrigerators. I 

! . *..& 4 
'* the unfted Or years' &viet components for high altitude and 

I 

I 
on a par with the West In quality and 

control themy is outstanding 
i 

has outranlted the West for many years. u= has more scientists of high csll- 
in the 5eld of control theory 
nited States and is expected 
be among the world leaders 

an& Cmponents - Soviet in- 
iod of this estimate. 

nents developments. 
Soviet Union has produced electron 

similk to most of those developed in 

: cufi.ent Soviet research on thermoelectric 
'. dkct (the conversion of heat directly into 

dwhdcal energy and vice versa) and mate- 
* rials exhibiting thle Meet is currently more 

m e  8ovieta are on the threshold of making 
: advanced than that in any other country. 

< 

The USSR presently lags the United States 
in printed circuitry and miniaturization by 
about 1 year. Because of the very high pri- 
ority, the Soviet effort will probably parallel 
the U.S. effort in this area by 1960 and pod- 
bly surpass the United States in the develop- 
ment of highly reliable, miniaturized com- 
ponents by 1967. 
Medical science8 

The Academy of Medical Sciences, USSR, 
continues to control tightly all Soviet medical 
research. Most prioritg- research and the bet- 
ter equipped facilities are in the Moscow and 
Leningrad areas. The expected improvement 
in facilitdes and equipment in these and out- 
lying areas should allow for a considerable 
broadening of effort within the next 10 years. 

In many high priority areas of mediehe, 
leading Soviet medical scientists are equal in 
competence to those of the West. The pres- 
ent lack of sufacient top research manpower 
to investigate adequately all areas of medical 
economic importance is being overcome. The 
Soviets are currently producing twice as 
many physicians as the United States. The 
individual Soviet physician is now considered 
only slightly less competent than his U.8. 
counterpart. Soviet emphasis is on quantity 
because the primary medical problems in the 
USSR are related to public health and pre- 
ventive medicine. 

Space Mledicfne - Soviet research on space 
medicine is extensive and is estimated to lead 
that of the United States in certain respects. 
'The Soviets are believed to have conducted 
sufacient research, so they can now overcome 
all aeromedical obstacles connected with 
orbiting a human for a period of hours or 
days. Much fundamental physiological data 
is being obtained from animals exposed to 
space! conditions. The Soviets will probably 
lead the study of acceleration effects and have 

B 
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already drawn special attention to transverse 
accelerations by their launching and orbi#ng 
of the Sputnik II dog, Laika. (See figures 
16 and 17.) They claim th&t a 10 to 12 fold 
acceleration overload i s  fully permissible for 
man. A self-contained pressure cabin a p  
parently has already been developed. (See 
figure 18.) The most outstanding feature of 
Soviet work is the preconditioning of space 
animals. In the weightless state, the ani- 
mals are oriented by sight or touch without 
vestibular orientation. Through 1967, it is 
expected that the USSR will modify animal 
and human responses so that space travelers 
may adapt themselves to temporary or ex- 
tended intblerable  condition^, such as might 
occur during launching, orbital fllght, and re- 
entry. 

Nuclear Medfcfne-Soviet research on the 
use of radioisotopes for diagnosis and therapy 
is approximately 3 to 5 years behind that of 
the West. The USSR is giving more em- 
phasis than is the West on the effect of local 
and general irradiatfnn on the central nervous 
system. Although the USSR will contfnue to 
lag slightly behind the United States in the 
general use of radioisotopes by 1967, it is ex- 
pected that the USSR will lead the United 
States in radiobiological research on the 
nervow system and possibly also lead in the 
effects of cosmic radiation on organisms. 

The Soviets are somewhat lax in the a p  
plication of rigid radiation health standards 
in their nuclear energy research and opera- 
tions. Although they - continue to sub- 
scribe to low maxtmum radiation exposure 
at fnternational meetings, they wiU probably 
not let rigid health standards hinder their 
nuclear energy activitim. (See figure 19.) 
Radiation equipment in mme of the major re- 
search institutes appears modern and ad& 
quate. (See figure 20.) 

Infectious Disease Research and Develop 
ment-Almost all medical microbiological 
research and development is concantrated on 
infectious diseases which cause large labor. 
losses. Basic research is relatively small and 
generally inferior to U.S. and other Western 
work upon which the Soviets greatly depend. 
Infectious disease studies of special human 

BW significance follow the U.S.. pattern but 
lack the complexity, engineering, and concen- 
tration associated with U.S. BW &orb. For 
the future, increased emphasis will be placed 
on viral and rickettsial research and the de- 
velopment of broad-spectrum vaccines. They 
will continue tp emphasize the defensive as- 
pects of human BW but ab0 will maintain 
research and development in support of an 
oflensive human BW program. The develop 
ment of live vaccines will-continue for the 
next 5 to 10 years but, by 1067, the major 
emphasis will shift to development of purified 
and/or adaptation of Western vaccines. 

.Control of Human Behavior -The study ot 
organic factors underlying human behavior is 
receiving maximum Soviet effort. They will 
continue to be on a par with Western nationa 
in the overall field of neurbphysiologs and 
will maintain superiority in the study of con- 
ditioning and "functional" neuropathology, 

ogy are being made predomfnantly in the 
USSR, and they have established approached 
to the organic aspects of behavior analysh 
and control that are not fully appreciated id 
the West. We expect the Soviets to stud4 
further subauditory stimulation on percepr 
tion for its value for training the popula 
or for disseminating propaganda. They 
continue to incorporate unconditioning 
reconditioning techniques in their psycho1 
cal warfare program. 
CtuU Defense - The Civil Defense pro 

is extensively o r g d e d  and manned, 
everyone above 16 years of age receiv 
hours of instruction. We expect that 
viet Union will continue its regimente 
ing of the civilian population in the man 
ment of mass casualties. The produ 
drugs, biologicals, and equipment for 
feme purposes will lag that of the 

moderate civil 
will have been 

Effective therapy for radiation inj 
probably remain an unsolved problem 
the United States and the USSR. By 1 
the Soviets probably wil l  have developed 

Advances in PhySiOlOgS and p~ychol- 

3 
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Frorms 18. The,d&, Loikir, in cabln of Sputnlk II. 
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FIQURE 17. Chamber used to hold dog in test tlight preparatory to 
launching Sputnik II. 
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Fxorm~ 18. Sovlet geophysical rocket with projecting 
instrument containers. This rocket r e  
portedly wrrled dog to height of 212 
kllometers. 1958. 
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Ram 10. Clothing worn while handling radioactive material at Momw Physical In- 
Stihte, 1066. 

20. AutomrtiC x-ray machine at Molotov Research Institute of Roentgen- 
ology and Radiology, 1966. 



probably remain behind n e  West in the mill- 
tar;V and therapeutic applications of advan& 
nutritional principles. They' will probably 
Continue to depend on Western advances. 

Bask Protein Rmeurch - Soviet accom- 
pushments in the fleld of basic protein chem- 
latry me less noteworthy than those of West- 
ern scientists. Some unique investigations, 
however, have considerable s i p i l b m c e  and 
Could lead to major advances, such as the 
development of highly toxic substances and 
the formation of "wide spectrum" antigem 
and antibodies, Soviet basic resesrch on the 
origin ai We is centered in the fleld of protein 
chemistry and particularly enzyxnology. West- 
em scientists are only slightly more advanced 
than the Soviets in this fleld, and a major 
advance may occur from either group by 1967. 

Veterinary Sdences 

Veterinary research capabilities and re- 
source8 have advanced and expanded consid- 
erably since World War II. More veterinariaaa 
are believed to be engaged in research activity 
at the present time in the USSR than in the 
United States, and the rates of growth of So- 
viet veterinary manpower are greater than in 
the United States. Although the average 80- 
viet veterinarfan has a lower competency than 
his Western counterpart, some researchers are 
equal to the best in the world. 

Research - Baeic research is given less em- 
phasia than are applied and developmental 
investigations. Interest in basic resesrch has 
been hampered by political support of &a- 
ti5caUy unsound concepts. In the past few 
years, however, there has been a trend toward 
more conventianal research. The Soviets are 
becoming less dogmatic in applying the prin- 
ciples of Pavlov in research. At present, ma- 
jor emphasis is being put on improved fleld 
application of reeearch findings. 
A reasonably good capability exists in re- 

Be(LI'ch on infectio~~ limtock dfseases, disin- 
fection, and paraaitology. Veterinary virology 
is progressing more rapidly than many other 
disciplines because mast of the economically 
important diseases are of viral etiology. 
Soviet research ha4 equaled and at times ex- 
celled U.S. efforts in fields of veterinary scl- 
ence, such 88 helminthology; entomology, and 
other submds of parasitology; physiology; 
toXicology; and some areas of eplzootiolw. 
Soviet veterinary research in immunology, 
microbiology, and pathology ha8 reached ac- 
ceptable levels of proficiency but generally is 
inferior to that of the United States. The 
apparent research lag behind the United 
States is deceptive. The excellent resulb 
achieved in the reduction of some of the most 
serious livestock infectious diseases tend to 
a s e t  any critical underestimation of spviet 
veterinary'capabilities. (See figures 21 and 
22.) 

We believe that Soviet veterinary research 
capabilities will increase considerably during 
the next 10 yeare. The longadsting discrep 
ancy between veterinary research k d  practi- 
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cal application will diminish but will continue 
for the foresedble future. Some of the best 
achievements can be expected in the field of 
virology, which will stress an increasing num- 
ber of fundamental investigations. Soviet 
e&& to develop large-scale tissue culture 
methods for virus propagation will probably 
increase &nificantly. 

Diseclse Control -An important trend has 
been the approach tb problems of livestock 
dhase through control rather than eradica- 
tion. The relatively high prevalence of seri- 
ous diseases, such as foot and mouth dlsesse, 
hog cholera, and brucellosis, has rendered 
eradication economically infeasible. Soviet 
diagnostic capabiltty Is considered inferior to 
that of the United States, k a u s e  laboratory 
services and adequate diagnostic agents are 
not as readily available. By 1967, there may 
be a shift in the direction of Soviet veterinary 
medicine from control of major epizootic in- 
fections to ultimate eradication. Increased 
emphasis will be given to control of noniniec- 
#ow and c h r d c  diseases of livestock. (See 
tlgure 23.) 

Biologfcals -Major emphasis has been 
placed on the development of live, dry vac- 
cines and improved diagnostic agents. Short- 
ages of veterinary products for field use will 
continue to exist. No biological products for 
veterinary use can be considered superior to 
U.S. products. Sound U.S. and Western ac- 
complishments are being incorporated more 
rapidly into Soviet veterinary and livestock 
programs. More effective and refined Immu- 
nizing, diagnostic, and therapeutic agents will 
probably be available by 1967, Therapeutic 
agents with viricidal properties will occupy a 
prominent part of future veterinary research 

Military Implications - The continued ex- 
pansion of veterinary research resources and 
scope of interests will give the USSR a for- 
midable scientific capabUQ to support anti- 
livestock biological warfare efforts. The 
present Soviet potential in this regard is al- 
ready strong and facilities for maspproduc- 
tion of veterinary biologicals could be readily 

activity. 

converted to production of antianimal agents. 
Veterinary services will probably be expandea 
to provide greater auxilkry medical and re- 
search support for the Soviet civil defem8 

Biological and Agricultural Sdences 

The Soviets have demonstrated a fair com- 
petence in certain priority area8 of biological 
and agricultural research. In general, how- 
ever, Soviet capabilities in basic biology and 
agricultural sciences are low. Theoretical 
biology in the Soviet Union has been eSp+ 
cially weak durfng the past two decades be- 
cause of ideological restrictions. Since 1953, 
however, there has been greater freedom h 
scientific thought and a resurgence of sound 
principles. Greater omcial support to these 
flelds has also been noted and is expected to 
iricrease considerably. Nevertheless, theareti- 
cal progress will be slow since M.ichurinism, 
which characterizes Soviet ideological phflos- 
ophy in biological and agricultural sciences, 
continues to be @e ofacial scienW position 
in the USSR. Lysenko, the chief proponent 
of Michurinism, was removed from the pod- e, 

tion of President of the All-Union Academy .$ 
of Agricultural Sciences in 1955 but has re -1 

cently received some political support and 
still holds several important positions. 

research has received lower priority 
physical sciences research in the 
Ideological restrictions and lack of rec 
tion of Western advances have set back 
progress by many years and it 
decade or two to again appro 
standards. 

and agriculture, deteriorated 
period 1948-53 from a high-r 

I in the USSR to a pseudogcien 
on the old theory of inheritance of ac 
characteristics which was largely i 

system: 

Biological Sciences Research - Biolo 

Genetics, which vitally affects both bi 
8 

I 
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scientists confined most of their activities to 
surveying Western genetic flndings, they are 
now conducting research which is similar to 
that of the West in approach. Work on the 
efltects of radiation on microorganisms is re- 
ceiving co-iderable attention although it 
lags the United States'bg.about 1 or 2 years. 
Soviet capabilities in genetics wi l l  be in- 
creased appreciably and will probably a p  
prosch the United States in some subfields. 
However, the USSR is not expected to over- 
take the United States during the next 10 
years. 

Interest in astrobiological research is ap- 
parently galning momentum in the USSR. 
The Academy of Sciences, USSR, has recently 
adopted an extensive research plan for study- 
ing life on other planets, and at least two 
institutes are now supporting this work. A 
special institute of cosmic biology has been 
suggested and may be formed at any time. 

Industrial Fermentation - Boviet indus- 
trial fermentation techniqWs are less ad- 
vanced than those of Western Europe and 
the United States. Research and technology 
on production of yeast and fungi for feed 
supplements is also inferior to that of the 
United States. Production of ethyl alcohol 
from non-food materials is receiving increased 
emphasls but has not reached the level of 
technological excellence achieved in the 
United States a decade ago. The USSR is 
10 to 15 years behind the United States and 
Great Britain in biosynthesis of vitamins. 
Research and technology on industrial en- 
zyme production is inadequate and of low 
quality; their research and technological 
capabilities in producing organic acids by 
fermentation lag greatly those of the United 
States. This lag may be narrowed somewhat 
but is not likely to disappear during the next 
10 years. 

Reseakh and Technology Aflecting Agri- 
culture-& ever increasing capabiliw in 
agriculture research is expected, but, even 
so, marked improvement in Soviet agriculture 
can be effeted without a major research 
effort. Agricultural practices are expected to 
improve considerably. During the period of 

tllis estimate, significant incte8ses in crop 
yield will probably result from progress in 
pesticide development, pest and disease fore 
casting, in producing diseasefree seed stock, 
and in developing resistant plant varieties. 
(See figure 24.) 

We also expect more rapid progress in 
plant breeding work. The Soviets will almost 
certainly develop some new and better adapted 
varieties of hybrid corn during the next 10 
years. Significant increases in average per- - yield of several major ,crops will be 
achieved. Such achievements will contribute 
substantially to increasing the output of crops 
by 1967. 

Significant advances in plant physiology 
and soil science are probable within the esti- 
mate period. 
The USSR has lagged the United States in 

many flelds of livestock research and produc- 
tion.: Significant, but gradual, improvement 
in the Soviet livestock situation i s  expected. 
Khrushchev's statement on equaling Ameri- 
can per capita production by 1961, however, 
is believed to be overoptimistic. 

In view of expanded application of research 
and technology to the solution of marine 
harvesting problems, we believe the total wn- 
tribution of marine food sources to the Soviet 
diet of protein will increase substantially be- 
tween 1957 and 1967. 

The technological level of the Soviet food 
processing industry is below that of the United 
States, although some progress will occur by 
1967 through development and utilization of 
modem techniques. 

soviet engineering technology in agricul- 
ture lags that of the Unibd States. Signifl- 
cant improvement in agricultural engineering 
research and technology are expected during 
the period of this estimate. 

Soviet attempts to improve Arctic produc- 
tion will not be very important to agriculture. 
Their research and development on agricul- 
tural problems of semiarid regions, however, 
are expected to continue to improve agricul- 
ture production in such areas. 

21 
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SATELLITE AND CHINESE COMMUNIST 
SUPPORT IN BASIC RESEARCH* 

Soviet Bloc research coordination is sum- 
marired in a previous section of this report 
a n d i s f u l l y d i e c u s s e d ~ ~  As 
previously noted, we expect the USSR to ex- 
pand its @& to int8grate Bloc research to 
permit the maximum utilization of scientifh 
resources. The USSR can expect them areas 
to provide from d d e r a b l e  support to no 
support, depending on the country and the 
scientific field. Even in thorn areas where 
them is little capability, the @dditive and 
synergic effect of inter-Bloc cooperative ef- 
forts cannot be ignored. Each of the Euro- 
pean SateUtes and communist China have 
a research orgahhation which is almost a 
duplicate of the Soviet model. Competition 
ia keen and the drive to emulate Soviet mi- 
entiflc accompliahmentpl will probably result 
in more rapid progreas than. could 0th-e 
be -ted. A summary of each country's 
support to the Soviet Mort is given in the 
following paragraphs. 
Albania 

Albania provides practically no scientific 
8upport and can be discounted for the pur- 
pose of this estimate. - 

In Bulgaria, pure research has been neg- 
lected for the production of essentials. There 
are a few highly qualified scientists in Bul- 
garia and an increasing number of young, 
wough poorly trained,. sclenbts, which 
should raise the country's Capabilities some- 
what. While the climate is improving for 
pure research, there are inadequate resources 
to enable important contributions to scien- 
tiflc research and development. Bulgaria 
trails all European Satellite countries except 
Albania and possibly Rumania in medicine 
and allied sciences. Bulgaria does have a 
slight capability in mining, chemical, phar- 
maceutical, and electronic research directed 

mainly at applied aspects in support of the 
economy. Their capabilities in physics and 
mathematics are extremely low. Harts in 
geophysical flelds are modest, and althaugh 
their capabilities a~% low, they are improv- 
ing. In the overall, we do not believe it likely 
that Bulgaria will make any important sden- 
tiflc contribution to the total Bloc effort in 
the near future. Moreover, we expect Bul- 
garia to remain dependent on the USSR and 
to be a net drain, scientifically, for at least 
several more years. 
Clcchoelovakia 

Although, until the end of World War 11, 
industry relied heavily on foreign research 
and development, the Ceechoslovaka have 
made a number of outstanding contributions 
to science. Some progress has been made 
since World War 11 and the present priority 
is on applied research. 

There is little research and development in 
physics, although some wbrk is done in solid 
state physics. Czechoslovakia is second only 
to East Germany in Satellite computer capk 
bility. Czechoslovakian mathematical re- 
search capabilities are very low.. 

Work in the geophysical sciences is expand- 
ing although sti l l  well behind that of the 
leading Western nations. The country pro- 
duces geophysical instruments and conducts 
a United amount of basic geophysical re 
search. Capable theoretical research on nu- 
merical weather prediction has been evident. 

Although chemical research capabilities are 
generally low because of the lack of chemists, 
equipment, and reagents, Czechoslovakia is 
malting contributions to Soviet Bloc organic 
chemistry research and is also making sub- 
stantial contributions in macromolecular re- 
search. While Czechoslovakia is not 88 ad- 

scientists are doing basic research in most 
fields of plastics with emphasis on synthetic 
fibers. Czechoslovakia and East Germany 

- vanced in pla~tlcs a~ East Q e m y ,  C m h  

provide most of the Satellite support in re- 
search and development of ion exchange 
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Czechaslovaldan metallurgical research is 
of good caliber, and although small in amount, . 
it is progressing and has provided some sup 
port to the USSR in speciflc subflelde. 

Electronics research and development is 
becoming increasingly original and some of 
the products observed have been of high 
quality. Czechoslovakia provides electronicS 
support to the USSR comparable to that pro- 
vided by East Germany. It contribvtes to 
the Soviet IGY program with its radiotele 
scopes and meteor-tracking radar, as well as 
in other fields. 

Czechoslovakia has not shown much orig- 
inality in the medical sciences. Public health 
and industrial medicine are emp-. 
This country does furnish the USSR with 
many instruments and materials for medical 
research. It has some capability in micro- 
biology and in ahation medicine and has a 
sound pharmaceutical industry. A high capa- 
bility fn veterinary medicine also exists. 

There are a few highly qualified biologid 
and agricultural reseafch scientists in Czech- 
oslovakia. Microbiological research is gener- 
ally of high quality. Research related to in- 
dustrlal fermentation and production of bio- 
logicals is of excellent quality. 

--Y 
The East Qerman technological effort has 

achieved considerable success with their em- 
phasis on applied research. Despite the de- 
fection of many of their scientists, there are 
still some competent theoretical scientists 
aveable to Support the Soviet effort. The 
highlights of their capabilities are discussed 
below. 

The GDR has contributed signifkfmtly to 
the Soviet elTort in optics and photography, 
particularly by their facilities at VEB Carl 
Zeiss Jena and VEB Filmfabrik Agfa A. G. 
Wolfen. In view of increasing Soviet capa- 
bilities in these fields, however, East German 
support will tend to decrease in importance 
to the USSR. 
A good capabfuty in solid state physics 

exists and some contributions can be ex- 
pected. 

East German work in geophysics is consid- 
ered important td the USSR; East German 
scientists have developed new and highly com- 
plex geophysical instruments. They -0 p m  
vide theoretical and applied support in ge0- 
physics including geodesy. Surveying of the 
Baltic Sea by East Oennany has continued 
since 1952. 

East Gtermany still has many competent 
chemical research scientists. They have made 
some contributions in organic chemhtq re- 
search, and the quality of their work in this 
area is considered superior to that of the 80- 
viets. They are also making very substantial 
contributions in macromolecular research. 
The plastics r-ch program is probably 
further advanced than that of the Soviet 
Union in certain areas. East Germany and 
Czechoslovakia provide most of the SateUte 
support in research and development of ion 
exchange resins. The GDR also has an out- 
standing capability in catalytic research. 

Most of the Satellite support in synthetic 
fuels will probably come from East Germany; 
it has the experience and the facilities. A 
document and specialist exchange agreement 
between the USSR and East Germany in met- 
allurgy and chemistry was made in June 1957, 
but this program probably will be of limited 
scientific value to the USSR. 

The Soviet Union fully exploited East Ger- 
man capabilities in electronics; until recently, 
the USSR had many German electronics per- 
sonnel in their own laboratories. The GDR 
still furnishes the USSR -with much equip- 
ment. "'his country also is capable of pro- 
viding support to the Soviet effort in radio 
astronomy. 

East Germany furnishes the USSR with 
many instruments and materiale for medical 
research and contributes in the flelds of nu- 
clear medicine, pharmacology, and biochem- 
istry. It also has a high capability in vet- 
erinary medicine. 

There are a few highly qualified biological 
and agricultural research scientists in East 
(;iermany but their contribution to Soviet re- 
search appears to be of minor signilkance. 
Microbiological research k generally of good 
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quality; research related to industrial fer- 
mentation and production of biologicals is of 
high quality. 

HwwY 
Hqngarian scientific capabilities are be- 

lieved to have been greatly impaired by the 
1066 revolt. Even before the revolt, Hungary 
was far behind h e  West and trailed East 
Germany and Poland in science and engineer- 
ing. Nevertheless, science has received con- 
siderable ftnancial support; the emphasis has 
been in applied fields in an efIort to accelerate 
industrial development. 
Physics and mathematics research is lim- 

ited; little capability for research in optics 
and photography exists. Some CspabWty in 
cosmic ray physics and solid state physics is 
noted. 

Geophysical research has generally lagged 
and has greatly declined from its eminence 
of 40 years ago. A fa i r  capability still exists 
in some geophysical flelds, such as gravimetry 

Chemical and metallurgical research is usu- 
ally directed toward speciflc problems; little 
basic work is conducted. Hungary has made 
some contributions in macromolecular re- 
search. This country also has a qall  but 
high caliber group of scientists working in 
the fleld of plastics. Outstanding contribu- 
tions in the field of catalysis are probable 
within the estimate period. 

Hungary has been contributing little sig- 
nificant fundamental knowledge to meta,llur- 
gical science, although the Hungarians are 
capable of adapting foreign developments to 
their needs. 

There have been no significant Hungarian 
advances in electwnics. Mast of their efforts 
have been in the development of military 
items; their electronic tubes and components 

Hungary has a fair number of capable med- 
ical scienWt6, but they have shown little sign 
of contributing significantly to basic medical 
knowledge. Their aeromedical research pro- 
gram is extreme& small. Hungary does have 
considerable competence in biochemtstry, 

and seismology. 

are of good quality. 
' 

particularly in enzymology and protein 
studies, and in pharmacology. A high capa- 
bility in veterinary medicine also exists. 

Since the Hungarian uprising, many of the 
more competent agricultural and biological 
scientists have fled to the West, which limib 
the research capabilities of the country in 
these fields. The country, however, still has 
a capability for offensive clandestine biologi- 
cal warfare. 
Poland 

SMce World War 11, Poland has ranked 
somewhat below East Germany and Czecho- 
slovakia in its capability to contribute to the 
Soviet Bloc scient& effort. The country has 
a high scientific potential but has not recov- 
ered fully from the extensive losses of World 
War II. The greatest concentration of effort 
appears to be in chemistry, geophysics, and 
medicine. % 

There are a number of competent physi- 
cists, but there is st i l l  a lack of facilities and 
equipment. Their mathematical capability is 
quite hfgh and they can support the Soviet 
Mort in electronic computers. Contributions 
in solid state physics also can be expected. 

Much work appears in progress in the sub- 
fields of geophysics, although such work is 
mostly routine operation rather than research. 
Research facilities have been expanding for 
several years, however, and, with the antici- 
pated improvement in instrumentation, goo6 
results can be expected during the period of 
the estimate. 

Chemical research is advancing, although 
most of the effort is directly related to eco- 
nomic requirements. Poland has made some 
contribution to Soviet Bloc organic chemistry 
research. Substantial contributions in mac- ' 

romolecular research also are being made. 
Research of value in solid propellant mate- 
rials may come from a fee individual workers 
who are active in the fleld. 

Little basic research is done in the field of 
electronics. Any effort in the immediate fu- 
ture will probably be of an applied nature. 
Poland appears to be the foremost Satellite 
country in development and productlon of 
radar equipment. 

I 
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In the medical sciences, Poland possibly 
may contribute to the fields of hematology, 
physiology, and biochemistry. In these fields, 
they are probably ahead of the other Satel- 
lites. Some P O W  microbiologists are of good 
calibre, but the lack of equipment and West- 
ern literature will limik their possible con- 
tribution in the immediate future. 

Paland ranks close to Ebt Germany in 
agricultursz research potential but like East 
Germany wiU contribute very little to the 
Soviet eUort. 
Rumrrnirr 

The quality of Rumania’s scientiflc eU& 
was at a low level in late 1953. Significant 
research results were not expected to emerge 
from the recently established institutes. Most 
of the research was of an applied nature - ef- 
forts mainly were the borrowing of foreigp 
teChnCJlOgg. 

While there have been no recent surveys 
of scientific activities in R U a ,  it appears 
that this country has a limited scientiflc capa- 
bility which could be utilized by the Soviets 
in the fields of chemistry, mathematics, and 
medicine. 

Very little success has been achieved in elec- 
tronics research and development. There has 
been a serious lack of competent researchers 
and laboratory equipment. 

The organizational structure of research 
has been patterned in the Soviet style which 
would facilitate cooperatian with the USSR. 
communiet china 

Despite considerable emphasis on science 
and technology in Communist China, the 
great proportion of China’s efforts are directed 
toward industrialhation, developing resources, 
and improving public health. Communist 
China is still a net importer of scientific in- 
formatioq and technological know-how in al- 
most all scientiilc flelds. Great efforts are 
directed toward building up scientific fadll- 

ties and increasing the number of scienmc 
personnel.* The amount of significant re- 
search wmh, however, continues to be small. 

We foresee no -cant contributions to 
the Soviet effort in important fields of physics, 
and there Is only a moderate capability in 
mathematics. 

The Chinese Communists are continuing to 
make rapid progress in %e geophysical sci- 
ences. A large and fairly ei3cient meteor- 
ological service has been established. They 
are cooperating with the Soviets in establish- 
ing a network of artificial earth satellite 
tracking and rnonitorhg stations in China. 
Other geophysical support includes routine 
geomagnetic, seismic, and meteorological ob- 
servations. Increasingly significant wntri- 
butions are expected within the next 5 to 10 
years. 

The country is still a net importer of chem- 
ical and metallurgical technology. 

In electronics, there is an insufEicient num- 
ber of trained scientifl.~ and technical per- 
sonnel to achieve research and development 
results of any economic or military sign& 
cance. The country is rapidly building up 
an electronics production capability, but the 
U@R renders -considerably more support t0 
basic electronics research in Communist ’ 

China than it receives. 
Communist China is in no position, at 

present, to contribute to Soviet basic medical 
research shoe problems of public health in 
China are sti l l  occupying fir8t priority. Basic 
medical research will probably receive greater 
support within about 6 years. 
No substantial contribution in biological 

and agricultural research is expected during 
the period of this estimate. 
~ 

* A  new universt of science and technology, 
with an initial -Lent of 1,600 students was 
opened ln Peking on 21 September 1958. h e r e  
are 13 departments which cover advanced flelds 
oi nuclear physlcs, enelneering, chemietrp, and 
electronics. 
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