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This report wégﬁpreparei in }he course: of a preliminary phase of a
study of Sobie& science and'technolog; sponsored by the Defense Advanced
Rgéearch ProjectssAgency. The study undertakes a systematic analysis
of Sov}et R&D resources and their performance. :

The:repgrt should be pf.interest to scholaré and U.S. government

.

officials involved in: U.S5,-USSR technology transfer.
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- figuration promoting such: involvement.

) amples of extensive involvement in the industrial processr

'system'

This report examines ‘the impact of the Academy of Sciences on the
development of technology in the Soviet Union.'//t finds that the fu-
ture of Soviet technology depends significantly on the Academy and- that

severe problems stemming from its nature and its relatioiship with So-,

*viet industry encumber the Academy s ability to serve Soviet technology.

The Academy 8 importance derives from its unique position of na-
tional leadership in planning, coordina ing, and performing R&D and .
from the fact that it 1is expected to heip solve the problems affecting
Soviet industrial innovation. The Academy's statutes identify it as a
scient}fic institution deditated to the independent pursuit of knowl-
edge, i,e., basic research.. However, the Academy's effective contribu-

tion to technological development requires a substantial departure from .

_ the statutory mission of basic, refearch in favor«of more-or-less direct °

involvement with industry, particularly in the sy cessive stages of thé .

research, development, and innovationx(RDI) cy
A survey of all Academy research inst utes indicates an R&D con-

Two-thirds of all Academy re-
search institutes form a set that is relevant'to the development of
technology. - More than one-half of this set is/oriented toward applied
research and development as distihcf from basic research. Among the
Academy's major R&D facilities in the RSFSR and~Ukraine, two-thirds' of
the technologicéRly relevane'institutes are‘so oriented.

LA particularly strong effort in applied research and development
is evident in the specialized fields of physics and chemistry advancing

critical industrial and defense technologies. The Siberian Department

of the Ac%demy of Sciences, ‘USSR, and the Ukrainian Academy provide ex- .

The sucdess

‘of Academy-industry cooperation is limited. by. a fundamental flaw of the..

The Academy's administrative separation from industrial R&D-
fnstitutions leads to the need for a complex bureaucratiq network to
bridge the gap; the bureaucratic superstructure, in turn, impedes inno-
vation. The resulting fragmentation of the" RDI cycle indicates’ continu—

ing problems with the industrial innovation process in the’affected

. technologies, /7° C : .
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’ n . . .'* > N _
This report documents the cnitial phase of a long-term study of o

the potential for development of Soviet sd¥ience and technolbgy The

uncertain perception in the United States of'the strengths, weaknessqs, _

and capability for future development of Soviet scientific and techno- R
logicaI performance and the complexitY‘of evalpating it require such an.
extensive study program. . T ‘

The achievements‘bf Soviet S&T appear\Eo be’ more uneven than those

- L .

of the West. In some areas, Soviet technology equals and in isolated .
{;! t‘ o,
‘bhses surpasses, Western achievement levels. In ‘other areas, Sovigt

technology, while appéaring less sophisticated than its Western counter-

parn, setms tqﬁreflect a deliberate Soviet, choice for simplibity without
compromising utility Still others, of.which computer technology@is the
best-known example, reveal a development level %hat falls considerﬂbly

below Western standards and that cannot be attributed to the choic& of a-
-simple-but-adequate approach. Other exarmples include materiall technol-'

A

‘6gy, integrated circuits, and high-precision test equipment and generally

- h

e

involve advanted .or "high" technoldgies. . s
The disparity between theshigh technologies and the more tradition-
$j§al technological areas can be regarded &s one of many contrasting phe- '
,fnomena characterizing Soviet society. A conspicubus’ disparity exists
between the military and civilian seq;ors of the Soviet economy. A less
well explored disparity appearsﬂbetween the scope<gf the Soviet science -
establishment and the overall results of Soviet scientific research. To
wit, the Soviet higher education system graduates more specialists in i
engineering sciences than the U. S., and the research institutes of the ‘ .y
Academy of Sciences and of 4industry cover the majOr research fields im-.
',pressively (see Appendix A). Nevextheless,, in only a few areas can So-
viet applied‘rese&rgh~elaim discovery priority or superiority to Western
'accomplishments. The relative aVailability of trained manpower and the _

scarcity of e tal equipment create yet another disparity--that
y }P men

f-l' ’

" between the-the etical and experimental aspects of Soviet researcg o !




These Soviet departures from the norms and proportions character- ~

izing Western technology, because *they are typically Soviet phenomena,
should be ‘studied systematically in any predictive.assessment of Soviet
technological capability. A thorough Consideration of Soviet dispari-
ties may establish the first line of defense against the hazard of
"mirror-imaging," that is, of projecting Weﬁtern norms andﬂexpectations
into the prediction of Soviet technological development. ’
The problems and disparities involved in the Soviet research de-
velopment and innovation (RDI) cycle can be considered from a number-
" of viewpoints. Foreign studies have so far emphasized the economics of
" Soviet S&T. These studies have pointed, first, to the absence of a de-
veloped civilian market to stimulate adequate innovation efforts and,,
second, . to, the system of industrial incentives that inhibit [innovation

" in favor of established production goals as the major ‘economic factors

affecting the Soviet RDI cycle. ) : ’

Other equally jmportant aspects of the Soviet RDI cycle concern
the management and organization of the cycle and the physical resources
available for R&D thHat is, the network of research institutes and
" laboratories. .The physical resources of R&D represent the least known
-and understood aspect’ of thé Soviet RDI cycle. Neverqheless, the num-
ber, size, and quality of the Soviet R&D institutions, and Specifically
their personnel and facilities, and their modes of deployment in the
RDI cycle directly affect the outcome pf Soviet industrial innovation
efforts. The relationship between the configuration of the R&D re-

sources and the strength or weakness of the resulting technological de-
velopment deserves thorough and systematic analysis. )
This long—term study wil} analyze the organization and performance
of Soviet R&D institutions in the RDI cycle. This first report con-
‘" siders one component of the network: the ressarch institutes of the
Academy" of Sciences system. v :
The report addresses first the structure of the Soviet RDI cycle
hased on the network of specialized R&D performers, characterized by
varying degrees of administrative independence from one another and
from production organizations. Next, it considers the Academy of Sci—

ences. as the principal performer of basic Soviet research and as* a

* L 8

-

v




participant in the industrial 1nnovation effort. Particular attention

is given to the Acade s role in the Soviet RDI cycle, the organiza™
»tional problems involjzz\in\the“interact1on between the Academy and the .
industrial institutions, and the industry's technologlcal supponrt of the Y
Academy as an example of such’ interaction. Figally, the report presents

the preliminary Tesults of an analysis of the research" institutes of

the Academy systeu;as pakt of the network of RDI performers. * Those +
Academy institutes og potential significance to technological develop- g
ment are considered in terms of general research fields and the RDI
- . ~ stage in which* they ma} be Y¥nvolved. The array of the institutes thus
. .. indicates the varying capab11ity of the Academy across the spectrum of

science and technology and the RDI cycle. .




. g ' The Soviet RDI cycle differs organizationally from that of the.techL
nologically advanced Western countries. While the ‘Soviet RDI ?tructure

is not the _same in all technological areas, in many areas its outstanding

; characteristic is a chain of separate, pecialized performer institutions

participating in the cycle. . x )
by
The RDI performer institutions differ from one another in several
s major‘respects. )
v o TFirst, they .specialize according to the fields sub-
‘ ] .

dividing science and technology. .
'; o Second, they differ in terms of ‘the administrative
. jurisdictions to which qﬂe;_belonga The 'major juris- . Lo
dictions represent several separate’ organizational

. systems, independent of one” another. ) ’ -
¢ ) "o Einally,‘théy'specialize by RDI stages.‘ As a project
progresses aféng the Successive stages of the RDI ' . ’
cycle, it is relayed from one to another of the par-

e . ticipating performer institutions. ) “\ ~ -,

An RDI cycle involving interdisciplinary projects often employs a o
mix of performer institutions that differ in all three pf the above cat-
egories. The mix varies to some. extent among the different technol- iﬁ'.
. ogies; in some, the RDI cycle tends to approximate the Western model .of
: a single orgqnization ‘in charge of}the_gntire RDI cycle.l_ . '

. The mix of different institutions in the RDI cycle demands sgrin- -

gent interagency cooperation, precision, of timing, and exchange of in-

formation across jurisdictional boundaries: These problems bring into

focus- another important variable characterizipg the Soviet RDI cycle as

. This tendency may result in varying degrees of .integration of the

.- -*7_.: RDI cycle. For example, each of the military industrial ministries, in

=" " addition to prodﬁction, controls its own research institutes and design
organizations. Tank, artillery, and small arms design organizations
~ are attached to the production plants. Arthur J. Alexander, Decision
: Making in Soviet Weapong Procurement, The Ioternationdl Institute for . P
5 ) Strategic $tudies, 1979, p. 23. - .lf)f . . . ¢
"'EKC e A

»o,”,\‘ - 4,_. “ e - . N ¢ u ¢ .'
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L a whole: the degree of organizational separation between the distinct
institutions_participating in the cycle. )
JThe frequent pleas in the Soviet press for tighter linkage hstween
. the participating institutions reﬁlect the general awareness of the
. deleterious effect of administrative Separation on R&D success. In :
0 fact, the growing practice of interinstitutional associations and‘;pe-/
‘ cial cooperative arrangements dﬁbng Soviet R&D and production organiza— ) .
tions represents\an attempt to overcoge this, separation. \The separation
varies considerably within the network of Soviet scientific and industri-

al hierarchies. The separation.is at least nominally shorter within an e
industrial ministry than between that ministry and an independent organi—
zation,tsuch as the Academy'of Sciences. One ¢an expect ‘the difficulty “////>f
of interinstitutional cdoperation to be in some qéy.proportional to/such
separation, unless special linkage is established between the organiza- . T
tions involved. ‘

The structure of the Soviet RDI cycle may thus be described not only
‘in terms of the different participating institutionms, but also in terms
of the degree of their organizational separation. Such a description,e
Bowever, must remain imprecise, because the designations (stch as re-

Vo - : search instituge, design bureau, etp.) of the institutions are not always
consistent with their functions{ and a complete set of institutions/paréiff””’zz
ticipating in any given RDI cycle is-seIdom'available;;,L'/“””d//T

This report analyzes-the Academy of Sciences, in terms of the fore-

- going variables, as part of the netyork of Soviet R&D performers. A gen-

* - eral outline of the network precedes the discussion\of the Academy té
.~" provide a context for the latter's activities. The outline' is, based on . .
,“ the three principalmcharacteristics of the network identified above: -
- ®field, Jjurisdiction, and function (RDI stage). : . ' o

. & M - - ' . ¢
(/_\D FIELD LIMITATIONS I -

hd .

Most Soviet R&D institutions specialize according to the field of .

their activity. For institutions engaged in scientific research, whether
1 ) basic or applied,,the field 1% one or more scientific disciplines'or
their subdivision. For institutions engaged in development, prototype

v construction, etc., the field may be a sector of engineering or a branch




. . ' . ) 6° - . . ./

»
-

“af the national economy. Thus, the network of‘R&D performers represents
a.set of specialized fields. 'Since the central-theme of this study is
¢ the development of technology,.the ?tudy must first identify a subset of 8
fields that relate to technological development. “The boundary of this
subset constitutes the limits of the present report, unless otherwise
.ot “ . noted,hwhat fplloy; concerns only_the institutions and activities within .
e the specified subset. . . ’ -
i “For the purpose of this*discuseinE relevance tp technological de-
: velopment is defined as a reasohable probability that an R&D institution
can contribute to or participabe in any stage of the RDI cycle in what
is® generally .and loosely considered’ industrial and military technologies.
é The designation of relevant fields is arbitrary, obyiously, the
relevance of some fields to rechnological devel/pment/poses~a problem
3’ The apprdéach must tolerate some deviations from the principle for the C -
- . sake of simplicity in handljing thexavailable input data. For example,
while biology as aawhole is not-relevant some specialized topices in
biology (5uch as//ielogically active substances in chemical synthesisi

e e g

are. It /simpler, however, to exclude biology alfogether than to

dentify and account for the relativel few research institutes dealin
’%/”,,,«’ y y g
P with thése topics. The subset of R&D performers relevant to technologiﬁ
b  cal development is specified below ascording to- these-consideratipns._
P *  The field of scientific ‘research (early stages of the RDI cycle) is
limited to institutes active in the Tollowing disciplinezﬂ -
+" . Mathematics" Geopliysics \
‘. - Physics L. Engineering o . .
.8 ) Chemistry%S C ‘. (all sectors) -, Y
. A )

' Excluded are astronomy, astrophysics, biology, medicine, veterinary
e ; science, sogial sciences, humanities, economtcs, and law. N
The field of institutions performing R&D inwvarious branches of the
- national ‘economy (generally middle and late stages of the RDI cycle)\is 5

K limited to the following subjecus.l'~ ’ . T :b )
. N ‘ A} ! - ] '
. lThese designations follow the standard Soviet breakdown by branches
= .+ of the national® economy . ) '
Y . » ’ ' r
.o~ - o . N
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.o . Industry i . S . *
i~ - .o Transportation and communications
: ~ Geology and mineral prospécting N —
N . . . ** \
S * P . - . . ., - . . ,

_ Excluded are‘housing and industrial plant construction, agriculture and

i . forestry, and commerce. - ’ 7y ‘£
. The discussien of jurisdiction and function of R&D institutions in

the, following sektions of this chapter, and of the Academy of Sciences \

"in the next chapter, is limited to 'the fields listed above! .

B. 'THE JURISBICTIONAL DIVISION OF R&D INSTITUTIONS . & .  *
. . Soviet institutions performing R&D in the subject areas specified

. above may belong to one of three main jurisdictions: y s ’

. L .

» P ) /

1. The Academy of Sciences, USSR and the separate academ@es of .
) . sciences in each repubiih of the USSR (except the RSFSR, which .
’ is represented by the USSR Academy). The USSR Academy also '

‘

"has regional subdivisions, the' most important of which is the
{

. Siberian’ Department. ' . : ,"
Dre ' Q - LN -
¥ 2. The higher educational institut%?ns (VUZ),op%rating under“the' ‘

S e peos

Minisbry of Higher and Specialized Secondary Education.
» 3. The ministries in charge of the specified bnanches of the na-
tidhal economy, called here the industrial inistries. .

4 1
‘
. -

. Other .research institutions are subordinated .td such organizational
. ) units as state committees (for the utilization of atomic energy, for
standards, etc.), state planning organizations (Gos lan), and specialized

> . government dEpartments. . . .

-

o ' ¢ There are no accurate and up-to-date statisti¢al data on the distri- .
bution of Soviet R&D institutions among tliese juri dictions. The follow-

ing 1is an approximate breakdown estimated by us fyom several sources pub- ’

X

lished between 1976 and- 1978. ' }' ) . . o
! .-
The Academy system is generally considered«also to include five )
= specialié%ﬂ academies dedicated to subjects exclfded in the preceding .
R chapter and therefore not discussed here. i
a

(if“l - 2NationaI Foreign Assessment Center, Dmrecﬁory of Sovzeth@search
& Orgamzatwna CR 78-11336, March 1978; Dwecto%y of the USSR Academy

' ~
‘ ‘ 4 - . 5.,
. .A a R K 13 i . o
NIV . LI e R ) .o
,’ve::’”t-/g [,:' 1' o ' IR ", e Lo . . Lo~ o
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2 o No. of RED
S . . Institutions  °.

Academies of sciences ' - CN-T: LT . . 331, ?' - _
Higher educational institutions (WZ) . ‘ - i7s ) ,
¢-<, Ministry sy;tem - ‘ 1369 "
. " ¢ [ ° ' . - ;‘.c )
Only the estimate for the academies of scienées is presented with : J

. a high measure of confidence. The total of 331 is the bér of re-~ - ° '
search institutes of the ‘Academy of Sciences, USSR, and 'e republic "
¢ academies of sciences relevant to technological development which pro- .o .
vide -a fairly complete and consistent inventory ‘for this jurisdiction.
‘The available information onLVUZ aad ministries is less accurate.
The estimate for VUZ was-derived from lists that are probably incom-
.lplete It was obtained- by counting research institutes relevant to E§
technological development subordinated to the Ministry of Higher and .
Secondary Specialbzed Egﬁcation or attached to VUZ, and excludes uni—
versities. and VUZ laboratories. The count’ of 175 represa|§s the' lower
limit of & range ofﬂhmbable numbers of VUZ research institutes rele— .
'vant to technological development . .
Even “less is known about.R&D institutions under the industrial .
.ministries. Duzhenkov gives the total of the so-called scientific R

institutions .in the USSR as 5327 in l974. According to statistics for

-
.

1973 R&D institutions in industry, transport and communications, and ,

geology and mineral prospecting amounted to 24,5 percent of the total 3 )
*  TiMs gives a total of about-'1300 R&D'institutions in the, ministry sys- =
Eem, and probably excludes the industrial dEsign organizations. Thus,

y

b . . : . ° . » 5

Sciencea, Joint Publications Research Service, Arlington, Va., 1976;
ravochnzk dZya poatupayuahchzkh v Vysshiye uchebnyye zavedeniya SSSR

(Handbook for Entrants into Higher Educational Institutions of the

. USSR), Vyeshaya shkold Publishing House, Moscow, 19763 .V, I. Duzhenkov,

- s Problemy organizatsii nauki (Problems of Organization of Science), -
» . *. Nauka: Publishing ‘House, Moscow, 1978, p. 94. . T

24 i 1For a more detailed breakdown?of research institutes of thelacad—‘
: " emies of sciences, sée Table 3, p. 44. ¢

2Duzhenkov, P. 94.

e 3Duzhenkov, . 120. Duzhenkov cites Narodnoye khozyaystvo SSSR v
1978 g. (Nat}onal Economy of the USSR for 1973), Sfatistika Publishing
House, Moscow, 1974, pp. 180, 182, for this figure. The citation is 7

Q incorrect, however; the fIgure does not appear in the cited source.
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the number of R&D institutions of the Academy of Sciences in the fields

relevant to technological development amourits to over 25-percent of ‘
. s o
those in the ministry system. . . ,

. In theory, research institutions of the Academy and vUzZ systems
perform either basic resea’®h or work in the early fIages ‘of the RDI

in the middle and
late stages of RDI cycle, where they may be in contact with production

cycle, and those of the industrial ministries perfo

‘plants under the jurisdiction of the same industrial ministries. R&D

institutions of other organizatdonal units can be dedicated to any stage

of the RDI cycle.1 A hypothetical R&D project might thus originate in A

an. R&D; insbdtute under the jurisdiction of the Academy of Scienceés or of

the. higher educationai institutions and then proceed through an insti-

tute of the ministry system on the way %o production in a ministry plant.
Eoviet R&D, practice, hoyever, does not necessarily follow the corre-

lation between administrative jurisdiction and™ the RDI stage. The'R&D ;K/

institutes of the industrial ministries may, in somglsases, be involved

in basic research' conversely, institutes of the Academy of Sciences may
scomplete the entire RDI cycle, including pilot and small-batch produc-s
tion: This circumstance is significant and must be taken into actount,

5 = -

-in the assessment of*Soviet technological potential. tual Soviet *

practice, as distinct from theory of Soviet R&D based on official stat-
Jutes a@d planning, decides the outcome of Soviet technology development.

a/‘ - ‘ . *
C. THE FUNCTIONAL TYPES OF R&D INSTITUTIONS /ff

Soviet R&D institutions vary widely and bear a corresponding variety

of type designations. The latter usually consist of a general organiza-

tional term, such as institute, bureau, laboratory, or plant, and a qual-

ifier, such as scientific research, design, project, test, technologiEgl,

or experimentdl. 1In theory,leagh designation represents a distinct func-

tion related to a specific stage or stages of the RDI cycle. In'practice,

Soviet lite%Fture frequently calls R&D institutes of the industrial
ministries "bran institutes to indicate specialization in the industri-
al branch or sector. Robert Campbell applies this term also to-+some major

. institutés under other than ministry jurisdiction, for example, institutes -
of state committeés (Soviet Emergy R&D: Goals, Planning, and Orgdnzza—
tions, The Rand ﬁorporation, R-2253-DOE, Ma; 1978, p. 59) o

Py

~ ]
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: ‘ however, the functions of the different types of R&D institutibns over— 4
lap, causing considerable ambiguity., This report makes no attempt to
: provide an exhaustive inventory ‘of the \unctional types; excellent mate-"
rials on this subject are; available ip the literature.1 .The following ~
\' describes the main types o ‘R&D ins,‘tptions under the jurisdiction of
or cooperating with thé Academy of ‘éiences.

1. Research Institutes

NIIs are also the principal rqs arch organizations of the VUZ and the

H ~

industrial ministry systems. While NIIs are mainly dedicated to the ear- L=
ly and middle RDI stages, their activity may span the entire RDI cycle. } . 1

I3 . 3
N 3
S s -

2. Research Labosatories : - "

. Research-laboratories ma exist independently withinN\he VUZ and

industrial ministry systems, or may be part of industrial production

plants.’ Within the Academy system, research laboratories are part of.
. ¢ % \ e #+
NI IS . - 3 .

- . \

>

3. Design Bureaus . «

* " The design bureau or KB (konstruktorskoye byuro), found mainly in
the industrial ministry system, ngages in the middle and late stages
of RDI, specializing in product design. In such industrial sectors aé“
.aviation, the KB may be as lange as a major institute and span the en-

tire RDI cycle.. The Academy and VUZ systems also have a limited number

°

of ‘KBs. ¢ . . . .
* ‘. P : \ - . -
4. Technological Institutes - . i .
[ 4 . ¢ . - N .
. ,NQltingz‘ﬁses this term to designate institutions that engage pri- .

‘marily in "process designing, or designing of machiner& and installatioms,
s . ‘ .. , 3 . -

-

lSee, for example, Louvan E. Nolting, The Finaneing of Research

) Development, and Innoyation in the USSR, by Type of Performer, U. S.

. Department of Commerce, FER-No. 9,0April 1976, p. 16. . :
' - . 2 . .

A
3 Ibid., 8
R et L .18
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v and development of processes for the manufacture of new products or t?
. v modernization of. production, though they may also be involved in prodh
. " ouet designing " This category includes such Soviet designations as
! project—technological (proyektno-tekhnologicheskiye) organizations, in- -
;o , stitutes, or bureaus; design-technological (konstruktorsko-tekhnologi»
B _cheskiye) Bureaus' and project-design and technological (proyektno-
konstruktorskiye i tekhnologicheskiye) bureaus.
‘ . + -

a
v

* 3. Experimental Production Plants and Pilot Plants -

-

These organizations engage mainly in constructing and testing in-
. dustrial prototypes, industrial innovation prGCesses, and sometimes
. .small-batch production. A plant may operate independently within the
industrial ministry system or as’a component of an NII, KB, or pro- )
ductidn plant. In some cases, pilot plants are associated with Academy
NIISN ' : A g
increasingly important feature of the” above R&D institutions is
. ‘ LT their participation in industrialAassociations hnder varying degrees of
Q integrated management. The most notable are the scientific-production‘
associations, or NPO (nauchno-proizvodstvennyye ob"yedineniya) which
combine an industrial NII or other type of R&D institution with a pro-
duction plant and sometimes a pilot plant.l
Soviet analysts criticize the weaknels ef the organizational. and
'economic links between ministry NIIs and the R&D components of in-
. dustrial plants. Workers in research labotﬁtq{ies and KBs subordinated
directly to plants, they say, understand production needs and possi-
bilities better than do NII personnel 2 Still weaker are the links be-
tween the NIIs of. the Academy of* Sciences and ‘ministry NIIs, KBs, and
production plants. As,illustrated in Fig. 1, the strength of the link-

age-between R&D and production decreases with increasing number of

-

N ” P

_— ' lThe NPOs and other associations of this type are not involved
’ ,with the Academy to any significant: extent- and therefore will not be

. . discussed in this report. Their .role in the RDI cycle will be cov-
‘ered in subsequent reports of this series. .
2

. K. I. Taksir, Nauehno-proizvodstvennyye ob'yed%nenzya (Scien-
tific Production Agsociations), Nauka Publishing House, Moscow, 1977,
p8' )

-~

- . LI . ’
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Academy of Sciences Industrial Ministries .

4

‘ Production Plants
DEEEAN

R&D " R&D .
Institutions Institutions R&D \| Production
. Facilities Facilities

o

,

Institutional links

:__'> Very weak
Y ek
TR Srong

\ » ~

Fig. 1--0rganizat:ional«barriers between the
Academy of Soiepces and indust:ry

organizational barriers the links must cross'. Since the Academy of Sci-

ences 1is outsid§ the miﬁistry system, its links to productionhafe the
] . . ;.

weakest of all.' .Taksir complains that v

Institutes of ghe Academy of Sciences are slow to introduce

the results o§4their résearch into production, basically be- .

cause of their inadequate linkage to production,” industrial ’

NIIs, and KBs. Experience shows that the effectiveness of .

science increases immeasurably wherever such lirnkage is esr
inuously reinforced.

-~
-

cademy of Sciences, despite its primary dedication to basic
8 ;learly expected also té maintain links to prdduction.
ter explores this Ctaak of the Academy in greater detail,

l1bid.; p. O
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T TII. THE ACADEMY OF SCIENCES AS RDI PERFORMER X - .
’ . - )
:ff?' The Academy’of Sciences is the most important -scientific institu- .
Y /N\ tion of the USSR. Along with the State Committee for Science and Tec N :

nology, the Academy serves as one of the national planners, initiators, -
and coordinators of key scientific and -technological research. Unlike L
the State Committee, howeyer, the Academy is also a leading performer
of this research. This combination of management and performance, .
unique among Soviet S&T institutions, is one reason for its extraordi- v
nary prestige and influence. )
- R Another reason is that the Academy has ¢oncentrated the foremost
scientific talent of the country. As a result, more of the best scien—
. tists are.drawn_to the Academy at the expense of the other Soviet R&D
institutions and the AcAdemy's higher pay scales and better fringe
) benefits ¥or scientific pej@onnel reinforce its power. Consﬁggently, ‘
as both employer and R&D institution, the Academy of Seiences enjoys a ng_
. formidable advantage over industrial R&D organizations. ’
* The statutes of the Academy of Sciences define jts misgion .as pri-
N marily basic research the typejof research generally associated in the
Wegt with that performed by the universitids. On the fade of it, con-
- . centration on basic-research would make the Academy' 8 work of limited ' S
significance to industry and the national economy. But, as we show

-
later, Soviet academicians and government leaders believe that science, R

»

and basic research in particular, drive technological development and
cause technological breakthroughs. They look’ to the Academy of Sciences .
for new solutions to technoiogical problems, the development of advanced
technologies, and most important, participation in the continuing effort
to overcome the'impediments to industrial innovation. .The Academy is
involved in these activities and has moved corisiderably beyond basic re-
search, in many cases to the middle and 1ate’stages of the RDI cycle.

The ambiguity in the éoviet perception of the.Academy's mission may "
lead to conflicts. The benefits to the academicians stemming from the
Academy 8 practice of ‘basic research, such as its relative freedom to « J,;f

-

pursue science for its own sake, must be weighed againsb the benefits
. at T
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y tional economy. - .

The Academy today appears intent on retaining and even reinforcing

. . 1its statutory emphasis on basic research. A 1977 emendation.of the

)
statute of the Academy of Sciences, USSR, introduced the word basic to

N ~  qualify its research mission and éliminated npferences to specific in-

~dustrial activities.2 - . '

v

. grr———

lThis conflict is not new to the Academy In the early sixties,
many Academy institutes were transferred.to industrial Jurisdiction so

) that the Academy could pursue more basic research. The remaining in-
stitutes an# those establishea*latpr, however, continued to pursue ap-
plied research and development as part of their activ1ty, and thelcon—

O Ust y Akademii nauk SSSR (Statutes!’k the Academy of Scientes,
' USSR), G, /K, Skryabin (ed.), Nauka Publlshing House, Moscow, l975, P.
165; VAN, gSSR No, 6, 1977, p. 69. Par. 2 of the Statute, in fOrce up
to l977,,began as folfows.
"The "Academy .of Sciences, USSR, ‘pursues the following aims:
[i] Development of research in léading areas of the natural and
social sciences;
: {2] Implementation of promising research‘directly related to the
develbpment of- production, with priority to areas [capable of] determin-
. > ing’ engineering»progress, such as natipnwide electrification, complex
mechanization and .automation of production, dissemination of chemical
technology throughout the major sect of national economy, new mate-
rials, radioelectronics,, utilization of new energyasources, [and] de-
velopment of new methods of energy conversion. . . . )
In 1977, ‘the first sentence wa ended to read: "Development of
- basic research in leading areas of the tural, engineering, and soci
’ scienced' [emphasis added to indicate ngw words] The second sentegfgh’
was deleted and replaced by: ~ "Identifjcation of new-in-principle T\ths

‘'of engineering progress, cteation of. a scientific basis for their rkal-
ization, and development of recommendations for their application t
& the national economy; implementation of promising research of the im-
: portant problems of scientific, engineering, and social progress, whose
; solution [will] determine the succesgful development of the economy),

. ’ culture, and science itself; resgarch of general problems of scientific,
engineering progress and their relation to the environment and well-.
being of man.’ )

o, The addition of basic indicates the intent td stress the basic

""" ’nature of the Academy's reseatch. But the simultgneous insertion of
engineering areas points up the confligt: It is difficult to define
basic, research in engineering. The substitution of ‘the second sentence
removes the Academy from tne.immediate industrial environment suggested

, by electrification, chemical technology, radiocelectronics, etc., and
. places it on a more elevated plane where it is Zesponsible' for scien-
tific, engineering, and social progrgss.

A : ! v .
and influence to be gained from the Academy's involvement in the na- -’

v

a

&~

5




Members of the Acaaemy emphasize the scientific aspect of the

), \
I . - -

.

Academy s activity.'

pa——

3 .
The development of fundamental themes of science is the
main' task of the Academy.._The restlts of basic research
are the fundamental criteria of its performance. . . .1
The focus on cooperation between the Academy and indus-
trial science should not—detract from the importance of
basic.«wesearch. . . .2 We see our main mission as the
development of basic research 3, =

Ve

Academy-Vice President Fedoseyev also wrote:

« * 3
¢

However, the scientifit teams performing'basic research
should also keep  an eye‘on the possibilities of applica-
tion . . . [and] are obligated to consider also applied .
research and.to reveal new- opportunities for technologi-
. cal and social progress.4 ;

°
-

N

Paton s Ukrainian Academy and the Sibepian ,Defartment of the Acad-
‘emy .of Sciences, USSR have for a number of years led the efforts to

cooperate with iﬂdustry. Soviet leaders welcomed their industrial
initiative. Brethev stated: T

. » . S

.
« . v

We consider it essential while developing basic research

to effect its organic’ union with applied research, and .to
4acceélerate innovation. . . ; The Central Committee of, the
Communist Party approves and supports the Pkrainian and Si-
berian efforts which succeeded in copverting sclence into a
directly productive force.5 ‘ . e

N ! ‘ f":. ' ° \
lVéBtnzk Akademtz na SSSR (Proceedings of-the Academy Sciences,
* USSR;. hereinafter called VAN SSSR), P. N. Fedoseyev, Vice President,

Academy of Sciences, USSR, -No. 9, 1976, p. 12. ,

2Academ.ician A.,V. Sidorenko, ibid., p. 30 . .

3B Ye. Paton, President, Ukrainian Academy of Sciences, ibid.

p. . _ A
4VAN SSSR, No: 9, 1976, p. 12 (emphasis added). )
SVAN 5SSR, No. 5, 1977, p. 6. S
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Either‘as a result of government.pressure or its own convictions,
.*the Academy has heen promoting'the@conceptqthat it is in'the best po-
. sftion to provide technological breakthroughs. According to the aca-.
N demicians; one must look to‘seience, rather, than to'ipdustry,.for solu-
. tions to the basic Spviet problem of industrial innovation.' The solu-
tions will be based on new scientific principles that will provide
- short%uts through the old intractable technological problems. )
This concept was most clearly articulated in the Resolutions of

the 1976 General Meeting of the Academy of Sciences, USSR:

» ] 2

-

The enhanced role of basic science, which is the source of ¥
nevw engzneer$ng solutions and an hmpogjtant- cause of accel-
eration of scientific and engineering progress, further in-
creases the role of the Academy of Sciences, USSR, as the
- + center of theoretical’'research and coordinaﬁrr of all sci-
entific research im the country.l

t # -

C . . 3 . .

-~

zj Such statements indicate a conviction that the USSR's technologi-

'cal lag cannot: %S overcome' by the massive application of conventibnal

effort, but rather requires ‘new and ingenious technological.solutions.

l . Much of this iné%nuity is expected to‘come from the Academy of Sciences.

This requirement places th"gnademy in a position of &rofound con=

flict. As a main mission of the Academy, basic research, the earliest
stage of the RDI cycle, excludes direct technological innovation activ—
ity and the development of industrial technologies. Technological inno-
vation is a late ‘stage of the cycle and is generally under the

< P4 -

. Lyan sssr, No. 9, 1976, p. B0 (emphasis added). These ideas ap-
’ - pear to have been garefully, orchestrated'among the leadership of the . ,
‘Academy; some memﬁgrs made eéven more positive statements. Fedoseyev,
for example, wrote: ‘"The general mission of the Academy of Sciences 3§
is the further study of the"® ;aws>of nature and society, and the forgs
ing of basically new approaches.and possibilities for the transforma-
tion of the productive forces and the creation of futu technologies.
(Ibid., p. I5.,)— Paton saida "The special featuré of the current«gtage
of development of science, is:the enhanced role of basic research,.open-
ing up basically new. paths .and possibilities for the development of the.
. . national productive forces and the ¢reation of future technology This
5, research is concentrated mainIy in the Academy of Sciences, USSR, and '
in the republic academies. (Ibid., p. 33.) ) 4

N
|
i.
!.
L:,,\ ’
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juris?iction of the industrial ministry system, which is organization-
ally remote from the Academy system, To participate in the technologi-
cel innovation effort, the Academy must attempt to span the RDI cycle
by some measure of direct involvement in its middle and late stages
and, at the same time, overcome‘the organizational separation from the
production facilities. Both tasks imply essentially a violation of >
the Academy s basic charter. The Academy has attempted bogh with lim-
. . ., _
The Academy leadershiﬁ;>7onscious of the inadequate relationship
between science and indusgxy, repeatédly exhorts members to strengthen
the .ties between science and industry, which "is the direct responsi-

ility of scientists."1 They feel that closer ties will accelerate °

the vnedrenzyez process,vwhich "often proceeds slowly and incompletely.

_ Some Academy institutes acquire special facilities to carry R&D
to the late stages of the cycke. Theq Institute og Organic Chemistry;
for exemple, develops chemicals and drugs to be mass-produced by in- -
dustry,. and the Institute of Crystallography delivers prototypes of
equipment gnd.crystai synthesis technology directly to.industriaI pro-
duction plants. 4 The Institute of' Organic Chemistry was one of the .
Academy s first institutes to build its own development and test fa- «
cilities for prototype production The Institute of Crystallography
has a number of its own special design bureaus to make prototypes

The requirements of the RDI cycle justify this practice. ccord-

ing to S. R. Mikulinskiy, Director of the Institute of the History of

N .

Science and Technology,

Lyaw SSSR, No. 7, 19W, p. 89.

2The Russian word vnedreniye means the introduction of the results .

‘of R&D into production; it is often. translated innovation.

3VAN SS5S5K, No. 6, 1979, p. 15. / '
¢ 'AG. I. Levi, Zelinskiy Institute of Organic Chemistry,cAcademy of
Sciences, USSR, VAN SSSR, No. 2, 1977, p. 7. B. K. Vaynshteyn, "Pro-

ceedings of the General Meeting, Academy.of. Sciences, USSR," VAN SSSR,
No. 9, 1976, p. 65.




The\key problem is the coupl#ng of ‘science to production, .
he rapid introduction of scientific achievements into -
production. While this is primarily tﬁe business of in- T
dustrial institutes, prototype design bureaus and the
production plants themselves with their laborafbries, it
also entails the solution of theoretical problems. Conse- , -
quently, it involves the oarticipation of Academy .
institutes.l . . ) !

>

. .
\ . . ! . a ! N

- '

*  Solving theoreti\ai:problems; however is-only part of ;hat the
Academy is called upon to do to help couple scienee to production° it

is éxpected also to participate directly in the 1ate stages of, RDI.

To do this, it must span the organizational separation from industrial
innovation. vThe need for such an effort has been articulated’at many
levels of Soviet science and government. At the\top of the Soviet hi-
erarchy, Brezﬁneﬁ, as nated above,"invoked in genegal'the need’fot an
organié union between the basic and applied research and innovation. .
At the Academy leadership level, Fedoseyev noted that .

1)

.« . . scientific achievements are realized by the establish~
. ment of direct links between Academy institutions and indus=~
trial research institutes, enterprises, and associations. 2

. * . Q ' -
, &
At the level of the individual research institute, the experience of

.the Institute of Organic Chemistry indicated that r

- ¢

¢ + . innovation was most successful when there was a direct

contact with the plant which was strongly interested in the
new development.3

It can be seen from the above that as the requirements descend the

ladder of authority, they include not only more specific ideas, but’
v also specifis provisions for less separation from production. Fedoseyev

. ~ Y
y " lé . R. Mi}gulinskiy, Research——DeveZopment’—Iénoz;ation, Institute of
‘the History of Science and Technology, Moscow, 1970. -

] VAN SSSR, No. 9 1976,.p. 20. ,
" 3van sssm,, Mo. 2, 1977, p. 8. B

[4
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found-it necessary to include industrial institutes in the bridges to

sindustry, while practical experidnce at_the institute level dictated

. direct 1in¥s to production. Such lian require that the Academy in-"
.t

-_stitutes possesa adequate'e£berimental and pilot production facilities. 1

-~ L Although some institutes acquire” such facilities, the' Academy also
‘ considers- other forms?ﬁilénkage to industry, involving special inter-
agency relations 2 . '
b . s ) o~ L

- L7he problem was spelled out by Yu. K. Pozhela, Vice President,
Lithuanian Academy of Sciencea*\ "If one insists that research results
obt ined in an Acagdemy institute reach the plant 'in metal' rather
tham 'on paper,' in the form of finished prototypes, instruments, etc.,
the Anstitute must have,a production base. However, insofar as the
structure of Academy institutes does ‘not include such a base, it is be-
ing e;tablished in the form of individual contract-furfded enterprises
reguldted according to the industrial model, but most often subordi-
nated to the [Academy] institute.. At this time, such enterprises oper-
ateaat many -Academy institutes with successful results, particularly in.
the Ukrainian Academy of Sciences and in the Siberian Department of the
«Academy of Sciences, USSR. (VAN SSSR, No. 9, l977, p. 25:)

The establishment of such enterprises is not confined to Ukrain;an
.and Siberian institytes. During its development, the Solid-State Phys-
ics Institute, Academy of Sciences, USSR, assigned high priority to in-
dustrial innovation. This led to the installation of such facilities
as a technology wing" to produce test batches of finished maferials.
Representatives of the Academy noted that 'achievements of the insti- -
tute were made possible by the combination of basic and applied research
deliberately pursued since the foundation of the institute. Good lead-
ership by the research laboratories and strong technological capability
assured the institute's success." The technological part of the, insti-
tute pursues two aims: it directly supports the research work. of the
institute and makes ingustrial innovation possible. According to A. M.

* Prokhorov, secretary, General Physics and Astronemy Division of-the
Academy, solid-state physics can develop today only with’ ‘the support of
an adequate technological base; as demonstrated by the institute. A. P,
Aleksandrov, president, Academy of Sciences, USSR, stated that the JAin-
~stitute s structur€, basic research, and industrial linkage.render "the
Institute of, Solid-State Physics a model modern R&D facility to be sup-
ported as much as possible. ("On-the, Activities of the Institute of
Solid-State Physics," VAN SSSR, No. :2 1977, p. 3.)

2The Physics Institute of the Siberian Department, for example, de-
veloped and built small batches of:digital spectrographs, quantum fil-
ters, bathyphotometers, and traveling-wave-solenoids, which it sold to
- industry for profit. Although mas roduction could have greatly in-
creagsed the profif, the institute iggnd it ‘uneconomical to establish
its own'production base and suggested instead an organizationeof inter-
institute pilot plants. ¢« (Pravda, May 14, 1978, p. 3, cols. 2-6.)

&

.
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There is no standardized framewoﬁg,for Academy-industry %oopera-

tion. The theoretical model considered most effective is based on the

so-called three-link concept: Academy of Sciences--industrial re-

search institute;-industrial plang.' 'The three organizational 1inks

. span the entire RDI cycle, including basic research, innovation, and -

diffusion.1 However, a key Soviet R&D administrator states th,s this
model is not widely used because it cannot be achieved by any standard .
administrative mechanism, but requifes special government measures for
implement:ation.2 ;

To tighten the links between the Academy and the ministries, it

.vas proposed that the leading industrial institutes should be better

represented at the Academy, for example,tby subordinating some leading
institutes to both the Académy and the ministry. 3 Proposals of this
kind indicate Soviet awareness of the problems created by the admin-
istrative separation of science and industry.

’

Modifications of the three-link concept are realized in practice

-'at tﬂe initiative of local resgarch and industrial 1eaders These indi-

viduals are generally members of the Academy of Scienées operazﬁﬁf 3

either within’the.AcademJ\system itself or in industry, as heads of,

industrial research institutes. The Academy is able to influence indus-

try through its members working in industrial institutdons.

.» In general, the Academy of.ScienceSvand industry interact on three
13

. - 'r
levels. On the Academy side, .the top level of interactfon involves the ’
_leadership, represented by the presidium of the Academy. The middie

level involves large organizational units of the Academy system incorpo-

rating a number of R&D institutes. The bottom level involves individual

R&D institutes of the Acaaemy system The’ Academy-industry interaction "

typical of each level is 11lustrated bg}ow . i .

!

~ q "

1Academy President Aleksandrov used the develo%ment of ‘the Soviet
atomic bomb as an example of the operation of a threée-1ink model: The
development, begun in 1943, involved many institutes of the zcademy of
Sciences, prominent industrial organizers, engineers, and specially

established industrial scientific and production organizations (VAN -
SSSR, No. 4, 1976, p. 5. )

‘ 2N. S. Lidorenko,V"Accelerating the Utilization of Basic Researeh

Results," VAN S55R, No. 9, 1976, p. 96.-
3

4
Ibid., p. 102.

.
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At the Ze&ders%ip level, the Academyfof Sciences, USSR, partici-
pates in the planning, cpordination,:and‘implementation of major na-
tional programs in'advanced areas of R&D. The overall responsibility
for these functions rests- with~the Academy presidium, which manages
them through the Academy/s majosrdivisions and through scientific
councils farmed for that purpose.

) The national program*fbr electrical energy R&D is an example of
such an effort. The energy program is administered by the Div{sion of
Appli&d Physi ‘
USSR. " In 1968, t
cal Problems of Elec

Problems of Powet Engineering, Academy of Sciences,
Scientific Council on Theoretical and Electrophysi-
c fower was established as the executive arm of
the division in the area of eldectric power R&D. -

The council maintains "working-level contact" with the State Com—
mittee for Science and Technology; this probably means that the two
groﬁps coordinate priorities for specific major R&D objectives. Such .
coprdination is required in view of the council's official primary
mdndate—to focus on "the most urgent 'and promising” R&D work in the
electric power area.

) The council also has direct ‘relations with over 40 research organi-

zations- whose parent institutions include the Academy of Sciences,

* VUZ, and industrial ministries. The council's degree of control gver

the R&D work of these orgarizations ranges from planning and coordinat-
ing the entire 'R&D actyyity, through assigning individual projects, to
maintaining permanent XA ration with the organization.1 In this

mode of Academy—industry interaction, the Academy in effect runs a
large-scale R&D program. * ot

At the Zarge opgamzatwn ZeveZ, two outstanding units of the

- Academy of Sciences system, the Ukrainian Academy Of Sciences and the

Siberian Department, Academy of Sciences, USSR, currently manage extenr

sive Academy—industry interaction efforts. -
. The Ukrainian Academy of Sciences has developed a particularly

strong and cooperative relationship with industry, thanks largely to

3

M . B -
. -
_— ., , /

See also: Simon Kassel, Pulsed Power Research and Development in

. the USSRy The Rand Corporation, R-2212-ARPA, May 1978, pp. 3ff.
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the jinitiative of B. Ye. Paton, president, Ukrainian Academy of 'Sei-
ences, and director, Paton Institute, of Electric Wélding. Paton stated

that his purpose was to "over%pme the external bureapcratic barriers"

“constraining many Academy institutes.

K

]
Paton complained also of the Academy's jpadequate access ‘to indus-

trial ‘test: facilities and insufficient industrial support of its" R&D .
effort, both of which he considers essential for getting R&D results
'into production._ In many‘cases, according to Paton, an .industry ap-
pears unwilling to participate in the implementation of scientific ad-
vances, and production plants "do not seem as responsible for implement-

ing new technology as they are for fulfilling prdduction plans." 2 To

- compensate for these deficiencies, the Ukrainian Academy institutes,

under Paton's leadership, have acquired extensive experimental-and

pilot production facilities ‘and have been developing new teg#tmlogical

processes, machines, instruments, ard accessory equipment. Paton noted

) that the number of experimental production establishment%’in the Ukrai-b

nian Academy increased from 16 in 1967 'to 54 in 1977. 'He sees this
growth as "one of the most.important factors in increasing the effec-
tiveness of the Academy's work. "3 .

The industrial activity of the Ukrainian Academy of Sciences is.
important and extensive. However, effective interaction between the ,
Ukrainian Academy of Sciences and Ukrainian and all-union’ industry
has required a number’ of :;ecial organizational arrangements. " One can

identify the following distinct forms of such arrangementS'

. ~

. a
- v

d. !A broad industrial innovation4 program conducted by the

3

Ukrainian Academy of Sciences and authorized at the top

USSR, and Ukrainian government levels.

»

L

1B Ye. Paton, "Speech at the General Meeting of " the’ Academy of

Sciences, USSR,". VAN SSSR, No.-9, 1976, p. 33ff.

1 2B Ye. Paton, '"'Progressive Forms of Science and Industry Alli-

ance," Trud, 27 October 1976, p. 2. ., . -

3B. Ye. Paton, '"'The Effectiveness of Scientific Research and the

Acceleration of the Vnedreniye Process," VAN SSSR, No. 3,{197],‘

4The expression for industrial innovation is literally "introduc-

tion into practice of important results of scientific research." We

interpret 'practice" to mean industrial activity.

Al -
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The Soviets hoﬁ% that such authorization will enable them to overcome
the organizational separation and to speed the research, development,
and innovation process. Cooperation between. scientific research in-
stitutes and industry, notable for the large scale of the. Work and the
large number of _participants involved is sought when the work tran-
scends *the ability and competerice of individual ministries and agencies.

. A number of propdsals of the Ukrainian JAcademy to accelerate technical

progress and to increase labor productivity were authorized by the USSR

Council of Ministers, the. State Committee for Science and Technology,

4

‘the’ Ukrainian Council of Ministers, and .other executive agencies.1 The ,

‘proposals were incorporated in the Ninth Five-Year'-Plan. .
. { . N

2. Joint R&D Programs conducted by the Academy and individual
minisfries on both the republic and all-union levels.
( ¢ . s

Programs have been established wiﬁh-Ukrainian républic.ministries in
areas considered to have special importance to the Ukrainian economy
Examples include ferrous metallurgy, geology, and power engineering and
electrification On the allrunion ministry level, the programs involve
the development of experimental production and test faci!ities For
-example, the cooperative program with the Ministry of the Chemical
Industry includes 12 Ukrainian Academy institutes, 35 branch scientific-

research institutes and design organizations, and 36 industrial associa- -

tions and enterprises.2 In 1977 the Ukrainian Academy participated in
16 joint programs with individual minfstries, 7 at the all-union level
and 9 at the republic level 3

N I3

. ' ~
lV Ye. Tonkal' V M. Pelykh, and B S. Stegnyy, Akademiya nauk
Ukrainskoy SSR, Nuukova Dumka Publishers, Kiev, 1979, pp. 73-74.
" Industries invélved in this effort include welding, clothing manu-
facture, electric heating, power metallurgy, cermet materials, and

cast—iron production.

2G M. Dobrov, Ye. M. Zadorozhnyy, and T. I. Shchedrina, Uprav—

leniye effektivnost'yu nauchnoy deyatel 'nosti, Naukova Dumka Publish-
ers, Kiev, 1978, p. 108.

3B Ye. Tonkal' et al s P. 71.

4
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3. Scientific-technical complexes consisting of an Academy
, . institute, design bureau, pilot plant, and production plant.

14

The main mtssi%n of the scientific-technical complexes is the production
support of research, support that‘significantly accelerates the research
ttself and, at:the same time, promotes the rapid and reliable completion
~ of the R&D projects to Ehe\point where results, can be introduced into
the national economy. These complexes, establishéd around physical,
engineerihg, materials stﬁdy, chemical, and even biological institutes,
employ 22, 000 workers, approximately one~third of the work force of the
Ukrainian Academy. 1 Paton stresses that the prinaipal advantage-of<the
,scientific ~technical complex is;that .it spans the e?tire RDI cycle, from
idea to innovation, thereby enhancing the effective§ess of Soviet -ré-
search The disadvantages, according to Paton, are:that the complex is

not a legal entity and th@t each participating'organization retains its
administrative independence Management is inadequately centralized ‘

and there is .no straightrthrough planning and no common support and
supply base 2 . i

‘o ¥

‘Paton believes that the main problem of the Soviet RDI cycle is
its frz%ntation To be effective, the entire RDI cycle must be

o
¥

————ee . . 1Y
lM. S. rivovarov, director, Poltava Artificial Diamonds' and
Diamond Tool Plant, Ministry of Machine Tool and Tool Industry, de-
scribed the formation of one such scientific-technical complex. The
Poltava plant, the leading producer of synthetic diamonds, wanted to
establish ties with research institates engaged in related R&D. Since
the Ministry of Machine Tool_and Tool'Industry had no sueh institutes, °
. the Poltava plant turned to the leading Academy institutei?in the
field of superhard materials: the Institute of Physics of "High Pres-
sures, Academy of Sciences, USSR and the Institute of Superhard Mate-
rials, Academy of Sciences, Ukrainian SSR. Because no organizational
mechapism exists for creating an NPO that includes an ‘Academy research
institute, they decided to form a. scientific~-technical complex. This
was set up as'a voluntary organization including the Poltava and
other plants and several research institutes, Organizational questions g
within the coniplex are resolved by a collegium of the “directors of the
member organizations. Scientific problems are dealt with by a sci-
entific-technical council’ of specialists. VAN SSSR, No. 3,- 1977,
P. 51. - .

VAN sssﬁ No. 9, 1976 pp..33ff. .
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subordinated to a single managementeand implemented prefdrably by a

single R&D performer organization. As an approach to such a strujjture,
Paton proposes a new organizationai concept-—-the academic\;?iZHEific-
technical association (ANTO)--to replace the scientific-;echn?ca} com=" .~
plex. Starting-with fundameftal research, the ANTO would car%ﬁ’thrdﬁgh
to the introduction of prototypes into preduction.l ’ .
' Brezhnev praised Paton's initidtive. Pravda described the ANTO as
a closed RDI cyc nst

consolidating institutes, large design Bureau§1 and
experimental apld p{{lot production plants.z' No mention' was made,;how-
ever, of whgther offiddal approval-had been given_ to the, large-scale

organization of such assd¢ciations.

4., 'Direct aéreements hetween the Ukrainian Acddemy and individual
plants. '

. A .
The first such agreement was signed in 1976 with the Likhachev Auto-

mobile Plant 4in‘ Moscow to develop a waste-free machine-building tech—
nology The Academy currently participates in 20 _programs with various
enterprises, including the Krivoy-Rog Ore Dressing Combine and the

N

Artemugol' coal production’ associatiqn.3 A .~‘
5. Branch laboratories established at either'inst;tutes or indus-
trial .enterprises. '
Branch.laboratories are financed b§ the ministries but fall undér the
scientific supervision of the Academy. They enghge in work which Acad-
efiy institutes, even those with a developed expéerimental production -
base, are not equipped.té'perfome/;Many laboratories, such as those

attached to the Ukrainian Academy's Donetsk.Physico-Teghnical Instityte

4

. 1B. Ye. Paton, "Effectiveness of Scientific Research and Accelera-

tion of Innovation," VAN SSSR, No. 3, 1977, p. 51.

2Pravdh, January'lé, 1979, p. 2, colqé'6-9.

V. Ye. Tonkal' et al., pp. 71-72. A

3
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and the Institute of Semiconductors, claim success in industrial inno-

vation. Examples of areas where branch laboratories have been used in-

clude physics, cybernetics, electrodynamics, radiophysics and electron-
ics, machine building, and physical mechapnics. The Ukrainian Aéademy
H

. AY I
has so far established 26 branch laboratories.1 . *
, . . §

} . \
The Ukrainian'Academy's attempts to introduce new mechanisms f?r

regarded by Soviet leaders. A{resolution passed at the 1976 joint

meeting of the State Cqmmitteei

Academy prej:dium recommended
low the Ukr an Academy's exaﬁgie of successful involvement in the - ]

RDI cycle';2 The' Ukrainian Academy. is expected to continue' to-investi-

for Science and Technology and the US R

hat all ministries and departments folw
3

} <

gate means of improving the science-production ties.
The Sibérian&Department of qhe Academy of-Sciences, USSR, has a

somewhat narrower range of linkage with industry, aimed at unifying‘

basic and applied research, devdlopment, and innovation. These forms

. .. .
are as follows: . . !
. v —~—r TN .

M v
) »
-

1. Compfex long-term research and innovation programs set up

. jointly with “industrial ministries and authorizegﬁbilater—

ally by the presidium of the Siberian Department and the

ministry.
R ,
These programs are designed.to deal with the major.scientificLengineer-
ing problems of the given industry. At present, the Siberiap Department B o

. 1s conducting bilateral programs with eight ministries. 3

P

2. Industrial-type research institutes and sbecial design bureaus
with piiot production facilities established to form a linkage
" between the Siberian Department of thé Academy and the industry.

A e

. - ) -
1B Ye. Paton, "Increasing the Effectisgness of Research " Peud,
October 27, 1976, p. 2. )

S V Ye. Tonkal' et al., p. 63.
3N, . Belov et.al., Nhuka-—Nbrodhomy khozyqstvu (Science for the .
National Economy), Sovetskaya Rossiya Publighers, Moscow, 1979, p. 20.

- , .l. | : ) 32" H’ . , . .
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These®nstitutes and bureaus are subordinated to the ministries, but
are under the technical supervision of the Academy. Ten USSR minis- -
tries and agencies hive established such entities.1 By providing both
scientific projects and tfained persomnel, th€ Siberian Department

enables the institutes\and bureaus to begin development and design at
. .

an earlier stage of the RDI cycle.2
’ M Y

7

3. Cogperative projects in;olving a group of Academy institutes

and a large industrial enterprise. *

Il ~ 1
g

Ce 4 -

This form has only been used once, in the case of the reconstruction -
!

of the Sibsel'mash agrfcultural machinery plant.

A common failure of the/above methods of‘interagency coope ation

is the absence of a hechanism for disseminating information, on'/new Q

velopments beyond 4 single ministry or industry.! The only
trynsmission method is throuéh the industrial branch institute communi-
cating with a nnmﬁer of plants:flimited, however, to the same industri-
al branch. Other in nstries, even if they . are active in a snpporting
role, are not connec ed to the dissEmination network.

The CPSU Central Committee, emphasizing the importance of the
Siberian Department's, work, indicated its support of” the USSR Academy's
proposal to expand the epartment's experimentaliproduction base.3.
The Academy considers sucha base essential. The absence or insuffi-
cient development of such a base, by impeding the introduction of '
Academy research results into production, hinders the resea;ch-develop-'
ment—innovation process. ) . -

The repeated emphasis on establishing experimental nroduction fa-
cilities in the Academy implies a lack of confidence in existing or3ani-
~2aAjonal arrangements. The creation of joint faboratories under the

1Some authors call these entities MKOs (mezhotraslevyye kon~
struktorskiye otdely) or interbranch design departments.

2G I. Marchuk, "Siberian Science," VAN SSSR, No. 5, 1977, P. 73

3"In the CPSU, Central Committee," Pravda, February 11, 1977,
p. 1, cals. 1-3. S
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finangial aliministration of the ministries but under the sciemtific lead-
. ership of the Academy failed to correct the.problem. According to the
Academy s leaders, the solution lies in deveIoptﬁg the Academy 8 own pro-

duction base. . In th Tespect, the Ukrainian and the Siberian

Department are presented as mode
Both the Ukrai
close/acade’ic cooperation with the industry. Both also represent at- - ’

T other/;e ublic academies to follow.

and Siberian expegdences are distinguished by

/;//////emﬁts to overcome the distance between academic and i&dustrial organi-
z

ations, There is a difference, however, in the .approach taken by the
Ukrainian and the Siberian leaderships. . -
e conventional measures for industrial cooperation adopted by
o the Siberian Department do not appear to‘chan’e the basic organizational
structure of the Soviet RDI cycle with all its problems. G. I. Marchuk,
president of the Siberian Department, writes that the existing organi-
zational system provides many opportunities for Academy—indhstry coop-
eration but that scientists and production personnel do not pursue these
opportunities actively enough. fﬂe Ukrainian approach on the other
hand, indicates an awareness of tle fragmentgtion problem and an attempt -

to modify the RDI structure itself. This approach, representing\she .

- initiative of B. Ye. Paton, exemplifies the impactﬁan individual can - .

‘have on the Soviet bureaucratic system.

At the,individud; institute level, institutes of the Academy of -
Sciences making cooperative arrangements with industrial organizations
provide antexample of the Academy institute—-—industrial institute--
éndustrial plant three-link model. '

The Chromatography Laboratory, Arbuzov Instituté of Organic and
Physical Chemistry, Academy of Sciences, USSR, for example, has a co-

operative arrangement’;ith the All-Union Research Institute -for Hydro-

% carbon Materials, Ministry of Petroleum~Processing and Petrochemical

Industry, USSR, and with industrial plants actively introducing ney
methods of chemical ad?:llysis.2 Research on the application of li&uid

1N. V. Belov et al., p. 27. ° -
ZM. S. Vigdergauz and R. V. Vigalok, "Chromatography: Research
and Innovation," VAN SSSR, No. 10, 1977, pp. 73ff.

«
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crystals to gas chromatography _was performed'jointly by. the,Academy and
industrial institutes, and the résulting haterial was handed over to,
the Khar'koy Chemical Reagent Plant for production.

In anotyjer case, the Arbuzov institute did not need the help of

an industrial institute;- #t was able to complete the process of innova-

tion with the eration of the user plant, part of the Niahnekamskiy

“——“?etruchemicai Cdmbine. The Academy considered;the:cooperation between
Academy institute and industrial plant a successful conversion from a

. three-1link to a two-link operation. . ) ' .
A different type/of individual institutional linkage, based on

the ' sciantific leadership"‘R;inciple, is exemplified by-the All-Union

Research Institute of Electric. Current Sources, which is under the ju-

risdiction of the Ministry of Instrument-Building, Automation Equipment

] ship of the Academy of Sciences USSR.1 Under this arrangeihent, the

| Academy controls the content and performance of the institute 8 re-
search activity. 1In practice, the institute is also closely tied to
the Academy and its institutes by N. S. Lidorenko s dual role as di-
‘rector of the institute and corresponding nemher of the Academy. The
scope of the Academ&'s involvement in industry is indicated:by the fact
that the Institute of Electric Current Sources, is a major research
center for direct engrgy conversion and responsible for its national

development.2 T - }

»’

3

llN. S+ Lidorenko, "Accelerating Imnovation of Basic Research
Results," VAN SSSR, No. 9 1976, pp. 96ff.

2According to Lidoreg}o, the institute employs over 300 Ph.D,-
equivalent scientists, ibid. . .

and Control Systems and, at the same time, under the scientific leader~
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TECHNOLOGICAL SUPPORT OF THE ACADEMY OF SCIENCES

IV.
. ; .‘

< -

Y
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3

The Academy's relationship with ay industry often involves the

4

Acd emy's supply of research'instrumentation_and_ggg_p»ent’ "The impor-.
tance- of this issue to the Soviets is indicated by the frequency with

) which they address it and by-its relevance to problems of Academy-

>

-
<
’

" industry relatibns. ..
The Academy' s difficulties in acquiring adequatéxtechnological
‘ support are often similar to those eneeuntered in cooperating with an
industry on- innoyation projects. In both.cases, the Academy must weigh
the altérnatives of establishing its owr:development and pilot produc-
tion facilities‘and relying on the industry's uncertain support.

The problem of ob!aining adequate technological supbort’ is not
limited to Academy institutes; it eitends to all Soviet R&D organiza-
tions. ‘One eXplanation for this situation is that in some areas, such
as computers and automation, both of which play key roles in the tech-
nological support of R&D, Soviet technology is belgx the level neces-
sary to meet current R&D demands. Similarly, the development of new
instruments andgeasur;ng devices continues to jall short of the re-
quirements. A separate Ministry for Pfoduction of Instrument,s, Means
of Automation, and Control Systems was ogeated to improve the supply
system,  but despite some recent’ gains, supply has failed to improve

significantly. o .

iy, s
. : . o
Several dozen other ministries and departments also develop and

produce scientific instruments.2 This scattering-of production,

)
coupled with the absence of a single” administrative body coordinating g

-

‘ unified policy, results in a severely inefficient system for equipment
E_- . developmert, production, and dist{ibution.
; They
. must deal not only with the scattering of development and production
P . ' : A ’

The problem is compounded for“Academy research ingtitutes.

John Turkevich Soviet Science Policy Formation," in John R.
Thomas and Ursula M. Kruze-Vauciemne (eds.), Soviet Setence and Tech-
nology, Domestic and Foreign Perspectives, National Science Foundation, .
1977, pp. 31-32. e

2yAN SSSR, Wo.“8, 1977, p. 43.

.
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- responsibilities among many ministries: but must also. overcome the ju-

risdictional boundaries separating them from the ministry system. Fur-
thermore, the plants producing new equipment f111 the orders of their
own ministry institutes before those of the Academy Paton_argues that
industrial suppliers generally assign a low priority to'ize Academy's
.requests'and that orders from many other organizations, cluding those '
from the local industry, are completed ahead of orders from the
JAcademy. 1 : » A
This fragmented production system causes long delays in.the com-
pletion of new equipment. One academician writes that "the existing
system threatqns research, since orders [for new eduipment] are filled
a year or twg after they .are placed. n2 Another source notes that five
or six years may elapse between the initial development of a new instru-
k> ment and its delivery to and installation in a scientific establish-

s ment . 3 Oné possible consequence of such, delays is that new instruments

[

’

* have become obstlete by the time’ they are available for use.

In addition to problems of supply, :Le Soviets\face a persistent
problem of quality control. Very few instruments rec&ive a "high~
"quality" rating. A sample check of control.and measuring instruments

‘. = in Seueral Moscow enterprises showed that,“in~§eneral, their'quality
was below par and that in some cases as many as half the instruments
éxamined were unfit for use'.4 ’ ° s .
Even after new equipment reaches a research institute, it is not
1 ) . always fully utilized. ‘The Academy leadership frequently emphdsizes
the need to correct problems of equipment misuse. A group of auditors
found that in the Novosibirsk region instruments and equipment worth ‘
11.3 million rubles stand idle and that some instruments have not been
. used for up to ten‘years.5 Under the current system, institutes
s ' 3
] _Lvan sSSR,-No. 6,.1977, pp. 64-65. ’ ) .
‘ y - %yay, SssR, No. 1, 1978, p. 41. © ° g
- " Svaw sssr, Yo. 8, 1977, p. 43. St
. l‘Raymond Hutchings Soviet Seience, Technology, and Deszg'n, Inter—
action and Convergence, Oxford University Press, Jondon, 1976, p. 104
SPravda, May 15, 1978, p. 3, cols.. 1-5,
N ' . <8
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generally acquire new equipment for a specific project. After the proj-
ect is completed, the equipment often stands idle, ‘even when another v
institute could use it. ] -
K3 ' B The fact that the Academy leadership repeatedly urges the estab-
1ishment of~its own production base for instnuments and equipment signi-
fies a lack of faith in finding a sdlution under the current arrange-
\ment.l It, also indicates the importance the Academy leadership attaches
to the creation of its own production base. The Academy finds that
without such a production capability,'its instiéutes will not receive
the technological support needed to-carry out_ﬁheir R&D activities.

Although the Academy's overall expengitures on new equipment and
instruments still fall ‘'short of the desired level, they have been in-
creasing steadily.2 In keeping with the intent to deyelop its own in-
strument and equipment production capability, the Academy has also been
continuing to channel funds into instrument production. The Ukrainian
- A Academy of Sciences,-the Siberian Department of the USSR Academy o

Sciences, and the Belorussian Academy of Sciences are cited for ‘the

progress they have achifved in establishing an instrument-production

.

% . base. .

e The Academy uses two organizational mechanisms for establishing

o

. i such a base. One; the branch laboratory (see above, p. 25) links an
. ( Academy research institute with a production plant. - For example, an
opto-electronics laboratory was created in conjunction with the Insti-
- tute of Semiconductors, Ukrainian Academy of Sciences, and the Toch-
elektropribor plant. Together they developed and produced (for the
- first time in the USSR) solid-state digital display instruments.

- N}

s 1References,to‘the Academy 8 need of a production base are numer-
ous. The CPSU Central Committ2e noted that "the insufficient develop-
ment of a prodyction base for instruments results in the Academy's in-
ability to prov dce the latest instruments and means of automation"

: (Pravda, February 11, 1977, p.'1l, cols. 1-3). This issue is raised

: ) each year at the annual meeting of the USSR Academy of Sciences.

~?The a unt spent on new equipment in l97<;exceeded the 1965 level
by 838 percent;(VAN SSSR, No. 8, 1977, p. 42)

—
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export abroad.

-

_ interact unimpeded by jurisdictional separation.
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Thé’second organizational arrangement‘involving direct Academy par-
ticipatfon in instrument nroduction,'the NTO énauchno-tekhnicheskoye
ob"yedeneniye), or scientific-technical asgociation, combines Academy re—’
search institutes with industrial design and production facilities. The
NTOs produce instruments for USSR and republic Academy institutes and for
- Production in 1977, which exceeded the 1976 level by 22
percent, included 125, types of equipment, 26 of which were sold abroad.l

A production base controlled by the Academy has the,important(ad—'
vantage of ensuring the development and production of the type of s
equipment'tHat the Academy needs. The current suppiy system favors
ministry institutes in that both the plants producing the equipment and ‘
the research institutes using it belong to the same system and can
Conversely, the ‘juris-
dictional separation of Academy research institutes from these produc-

tion plants discourages the latter's responsiveness to the Academy's

“

“needs.

Equipment produced by the Academy for the Academy can Ee expectedv
to be of a higher quality than that which the Academy receives from in-
dustrial facilities.
delivered more quickly, thus'significantly mintmizing the fisk of

obsolescence. . .

3

furthermore,,the equipment can be déveloped and

"The most frequently suggested solution to the problems of equip-
ment misuse focuses on joint utilization.2 Centers for shariné equip-
ment have been established in the computer and,spectroscopic instrument
industries. ’
surements (TsASI) was established in 1973.at the Institute of Physics,

The TsASI's very broad mission.in-

For example, the Cenfler for Automated Spectros~copic- Mea-

Belorussian Academy of Sciences

cludes donducting optical spectroscopic measurements for Belorussian

Lyan sssr, M. 6, 1978, p. 20. (g
2This has been suggested for severalNjurisdictional levels. Paton

L 2

raised the poss

ty of establishing instrument affiliates in the re-

public academjes (VAN SSSR, No. 8, 1977, p.

%)

Others have proposed

Academy-wide/ branch, and interjurisdictional equipment centers (VAN
SSSR, No 3,/ 1978, p. 27, §§d No 6, 1979, p. 15)

<
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Academy'institutesf acting as A consultant in the organization of spec-

troscopicﬁreSEarch and interpretation of research results; conducting
=3

research in the field of molecular spectroscopy; organizing joint com-

.plex research with various Belorussian Atademy institutes, applying

modern spectroscopic 5:3 mathematical methods, and introducing molecu-
lar spectral analysis in Belorussian scientific-research -institutes and -
industrial enterprises.% . B

The TsASI has administrative authority to control the acquisition”
and distribution of researqh equipment. It is managed by a scientific
council consisting of the heads of the spectroscopic laboratories'in
the Institute of Physics and representativesMf other scfzntific-
research ihstitutes, Twenty-two organizations now use its services,

As a centralized equipment support base for multiple users, the
TsASI has succéeded in raising ghe equipment utilization factor from §§
low-ag 30 _percent to 90 percent.2 This exgerience and the overall con-
cept of a cooperative center with the advantages of high-volume opera-

tion, adequate staffing of maintenance,specialists, and effective in-

' formationyexchange make the equipment-sharing center a likely candidate’

for widespread introduction into the Soviet R&D networhggvSuch centers

would, however, further increase theﬂbufeaucratic complexity of the So-.

N
‘e
\ . —

VAN SSSR," No. 3, 1978, pp. 28-29.
VAN SSSR, No. 8, 1977, pps 44, 48.
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" ¥._ THE R&D RESOURCES OF THE ACADEMY OF SCIENCES \
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B The activities of the Academy of Sciences discussed in the fore- )

going chapters suggest that it is extensively involved 'in industry.-

To weigh the Academy's impact on the development of Soviet technology,

it would be desirable to express the extent of this involvement in ) s
- quantitative ‘terms and in particular in relation to each stage of the

RDI cycle. ’ . h

H
¥

Soviet publications contain few data that can be uysed directly to
quantify the Academy-industry interaction For the most'part, the
information must’ be pieced together from many sources and the estimates

(mmst be highly approximate. It is difficult to know which quantitative
measure would best express the extent to which the Academy participates
_ in- the RDI cycie. Estimates of funding expenditures on basic research
I and applied R&D‘Wiuch as Nolting's, ,fail to answer this, question,
‘ ‘since they .are based on thé Soviet interpretation of the terms basie ;
‘and applted. The Soviets do nqt clearly distinguish between’ research o
without' immediate practical. objettives and that directly contributing -

.

to RDI cycles. Such a distinction is essential if we are. to evaluate

~

«  the’ indﬁS;rial involvement of the Academy of Sciences. . ¢ o

) . The most direct method would estimate the Academy 8 participation

' in the RDI cycle by inventorying the nature, size, and scope of the a !

Academy'S!R&D projects in areas felevant to technological development.
The Soviet open-source literature probably contains enough material

v, to prbvide a useful, if approximate, picture in the nonmilita ‘field.‘

2y

The necessary compilation of data, however, is a tediouq, long-term /

.

r proces§ requiring cqnsiderable effort. .

A preliminary step towards an estimate of thig kind,.less direct
and accurate, but more practical consists of analyzing the physical
resourcés of the AcadEmy._ the institutes and facilities that perform
R&D. The naturé size, and importance of'these resources, their spe- X

[%%_; ; s cialization by field of activity, and their numberdin the specialized ' B

J'}‘folting, pp. 45-47. ////,,4/*'—‘ . - . ‘ L
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-These'qualifiers i
“significant applied lresearch in physics and chemistry. This implica-

. o e,

fields are all significant factors that help determine Qhe tange of R&D
activities open to the Academyf These R&D resocurces. represent a dimen-
sion of the proplem that complements the economic dimension with its

fiscal estimates.

« v

This chapter presents a resource surVEy'of the Academy's R&D insti=
tutes and facilities. It must ‘be emphasized, however, that the survey .
does” not represent an estimate of the Academy's actual’ participation in
the RDI cycle; at this. time, it can ‘only-evaluate the capability of the
Academy to‘participate.

A. FIELDS AND LEVELS OF R&D ACTIVITY OF ACADEMY IﬁSTITUTES
The presi%ium of the Acadgmy of Sciences, USSR, controls the net-

work of performer institutes through four operational sections\}

¢

Physico-Teéhnical and Mathematical Sciénces . .
v -—

* 3 Chemico~Technological and Bfologicdl Sciences
Barth Sciences ’
Social Sciences o ‘ . .

-~

As shown in Table 1, each section administers from two to five of a ’ ‘}

total of sixteen specializedsdiyisions, each of qhich controls a number

of‘R&D institutes. - , | .
- The’names of the four sections indigate that three deal with areas

designated in Chapter II as relevant'iﬂ/fichnological development; two

of the three have thezword technical or technological in their names.

y that the Academy of Sciences; USSR, performs

tion conflicts with Paragraph 2 of the Academy statutes, which lists
basic research as the}Acadeny's primary activity (see p 13, above)
One may, conclude’ that either the names of the presidium sections nor

the Academy statutes should be taken at face value. Obviously, the

\Academy performs basic research in physics and chemistry, regardless of

.

Lystavy Akadermii Nauk SSSR, p. 176 «
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- ORGANIZATION OF THE ACADEMY OF SCLENCES, USSR

Department

fo A

ACADEMY OF SCIENCES; USSR of St "

¥

o

Presidium = Ukraine

O

oo Supervidion and ocordination

J Belorussia

I . 1

Physico~Technical
and Mathematical
Sclences Section

- 7

Ad

Chemico- .
Techiological ¢ _| Earth Sciences’ Social Sciences
Biologlcal - -Section R Sectlion ’
Sciences Section

-

Azerbaydzhan

. »
General Geology,
§ Technical Geophysics, History

Chemistry ¢ .Geochenistry Lithuanla

‘General Physics
& Astronomy

Physical

Chemistry & Oceanography,

Physics of Philgsophy
Technology of the Atmosphere, & Law
Inorganic s Geograph
Materials PRy

cl o

2

Nuclear Physics

2

Blochemistry,
Blophysics, ¢
Chemlstry of Economics
Physlologically
Active Compounds

Tadzhikistan |

Mechanlcs &
Control
Processes

3 .
Literature &
Language

Physiology

+ v
L

Physico~ ‘
Technlcal
Problems of
Power
Englineering

3 g
g
s 1§
. “
511z .
- - .

7

General Biology
N .

P

>

a .

*Based on €. 2alesk] et al., Soience Policy in the USSR, Organization fot Economic Cooperation’ and Development,

Parisy 1969, and Direo:

1976.

tory of the USSR Academy of Saiences, Joint Publicatlons Research Service, Arlington, Va.,
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.
the section names' on the other hand, one may question the statutory
Jesignation of Academy research in these disciplines as primarily basic.,

-The names of the divisions under the three reélevant sections also
indicate that they engage in applied research. The Physico-Technical
and Mathematical Sciences Section supervises divisions of Physico-
"Technical Problems of Power Engineering and of Mechanics”and Control

. Processes~ ThevChemico-Technological and Biological Sciences Section

- includes divisions of General and Technical Chemistry and of Physical
Chemistry and Technology of Inorganic Materials.

A more detailed and accurate field distribution of R&D activity
than can‘be gleaned from the presidium gection and division level must
“be sought.at the leveluof the individual institutes. This report de-
velops a system of classifying Academy institutes by field'of R&D

activity; the classification, which differs somewhat from the'organiza-

-tion shown in T;ble 1, is based on the following principles: ®

1. The fields are limited t% the.suﬁset defined above (pp. 6
and 7) as relevant to techriological development.

- 2, In.additionﬁto.the fields, the classification system fea-

" tures fout. levels of R&D activity: general science, spe-

cialized science, e’"\4 ineering, and.industry. - .os

<3. ‘Each.institute is aZiigned to a field and:a level on the

Y, " basis of its name. : - t .
v
Table 2 presents the, structure of the system as a two-dimensional

~matrix .in whlchbthe rows represent fields and the columns (except the
+ first) represent levels. The first column lists the several broad R&D
+  fields in-which the Academy of Sciences institutes are active. The
' fields group the scientific disciplines and technology sectors that are
. usually related in the RDI cycle. The remaining columns represent the
‘ successive levels of activity of the RDI cycle. For’ example, basic
* physkcs 1is followed by applied physics, which is followed in ‘turn by
those engineering fields based directly on physics. Similarly, the sci-
" ence of metallurgy is followed by welding and casting engineering. The

v




. . 4.
° Table 2 i -
N CLASSIFICATION OF RSD BY FIELD AND LEVEL :
Fiet Level 1 Level 2 Level 3 .
% Mathematics, . Mathematics, Applied mathematics, Automation,
.Cybernetics, cybernetics technical cybernetics, control systems,
“i Instrumentation ° ; computer centers instruments

Basic physics

. " .Applied and
(umjor dlvisions)

Radio and power
specialized physics

" engineering
4

enist Basic chemistry |, Specialfzed chemistry, Materials technology,
Matemala Technology (major divisions) metallurgy . welding, casting
Geophysica Basic geophysics, Applied geophysics, Engineering, seismo- _

geochemistry, -seismology logical construction,

geography . seismology
.5;‘ . - a .
;}‘a ':?@Zogy and Physics and chemistry Mineral processing,
% Mining ~ . - of minerals and petroleumr deposits
8 . R N petroleum .

% Civil and Mechanical . : Machine®building,

,é Engineering - hydraulic engineering
&, 4

2 “Aerospace ) - Space reseaych : .0 -~
ol L]

'! - ~

o F ﬁfamtion Setence S&T information pro- - v

Y

;Ze; :and Management * cessing & transmission .

vel 4

Mining, gas utilization,
diamond ‘and
petrochemical industries

¢

v

R&D and industrial
production planning

.
2 G 4y

PRI
o,
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- last four fieids, 1 ed to lévels 2, 3, and 4, *have no direct single

’ precursor; they ha\:TEten identified separately because of thefr im-

portance. Level 4 remains largely empty because the relevant activi- 1

ties are performed mainly by‘industry, which ig also active to a vary- ..

ing extent at the other levels. ,
It must be noted that the assigndhnt of the institutes to fields ~

-and levels is tentative and approximate. The assignmentsgare expected

to gain in accuracy as more detaided data become available. Ipstitu-

tional names are not always a reliable basis_for the characterizationa_

of institutional activity. However;iapailable information on the ac- !
tivity of individual institytes suggests that the field assignments are
largely correct; the level assignments are less definite and may be ex-
pected to change to some éxtent with more complete information. )

The concept of the activity level broadly relates—the overall work
of the institute to the stage of the RDI cycle. The concept neith '
assigns an institute to a particular stage nor implies that the 1§§r;:\
tute engages exclusively in work at that stage. It merely suggests
that an institute dealing in speciafized science tends to pursue applied
research more than an institute of general science and that an engineer-
ing institute is more likely to'p%réue applied research and development

- than an institute pefforming scientific research. Individual Academy
institutes present exceptions. Some 1arge‘institutes characterized as
working on the general sciepnce, level have major applied-research .proj-
ects} conversely, engineering institutes may pursue basic research.
However, the distribution of instituqes by activity level is generally
ugseful in depicting the range of R&D capabilities available in the
Academy of Sciences. ) . ’ 7

. M ¥ . !
L+ .

. B. RELATIVE IMPORTANCE OF ACADEMY INSTITUTES
‘The classification of Academy institutés by ﬁields\and levels

leaves-open the question of the individual institute's impact. The

extent of the Academy's participation“at each level depends not only on

the number of its institutes, but .alsc on their size and significance. .t
. As in‘the case of actiViuyalev%IS, th¢ lach of adequate data on :

i the size and significance of many individual institutes imposes a

Fy . 3
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severe limitation on the possibility.of discriminating among them in .
terms of relative impact. At this‘time it is possible only to attempt
,a‘crude distinction based on their regional ‘distribution. }
~ The regional distribution of the institutes of both the Academy of
Sciences, USSR, and of the republic academies reveals two distinct.’
groups of institutes, gropps that differ from one another: in importance. ‘
The first group consists of institutes of the USSR Academy, including :
#k@' . the Siberian Department but not other regional affiliates, and insti-
tutes of the Uhrainian Acadenu’(>f Sciences. The second group consists~
of institutes of the remaining regional affiliates of the USSR'Acédemy
and of the remaining republic academies. Most of the important re-
search institutes of the Academy system belong to the first group. Ac-
cording to Duzhenkov, the‘largest,scientific-research institutions are
located in the RSfSRaand in the Ukrainian SSR.1 So is most of Soviet
industry ahd industrial R&D. The difference between the two.groups
_of institutes can be apprdximated quantitatively as follow;.
Figure 2 shows the pércent regional distribution of scientific work- -
ers in three sectors of employment. the Academy of Sciences system, the
: ) higher education or VUZ system, and industrial and other R&D. Data on .
] " the last'two sectors are derivative (see Appendix B) and must be .regarded
., as hypothetical 2 The underlying assumption‘nsed in the derivation, that
}\\ ) the. number of VUZ scientific workers in a republic is proportional to the
VUZ budget for that republic, may not be valid in all‘cases. Neverthe-
less, the data provide a teasonable regional ranking within the second
group, in which the Transcaucasian and Baltic republics lead the Central
Asian republics,in terms of industrial R&D activity.
The most consistent difference between the RSFSR-Ukraine end the
‘rest of the republicslappears in the gshare of'the’academies of sciencés

4

lDuzhenkov, p. 175.

2The category of "scientific workers" in Soviet statistical publica-
tions includes two main groups: teachers at higher educational institu-
tions and-persons performing R&D. The category is also defined as per- ,
taining to all persons with an advanced degree or ‘academic title (whether
¢ performing R&D or not) -and persons without degrees actually performing re-
search. Published statistics provide scientific worker ‘distribution by
republic and by the academie$ of sciences, but do not differentiate be-
tween teachers and R&D performers. See: Nancy Nimitz, The Structure of

4
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in the total population of‘scientific worgers, in the second group the
share is larger by a factor of 2 to 3 than ‘n the first, As the share

- of industrial R&D decreases, the scientific workers of the Second group

are increasingly represented by educators.

Figure 2 confirms'.the,industrial ‘concentration in the RSFSR and the

Ukraine. The USSR ratios of scientific workers in the three sectors are
close to these of the RSFSR-and the Ukraine (sée Appendix Table B.2).
The ratios for most of the republics of the second group are: quite dif:
“ferent, with both Academy and VUZ workers playing a larger"rolé than
industrial R&D workers.’ . - : g

The Academy of Sciences appears to play a different role in each of

-

the two regional groups. In the first group, the Academy is part of a :
large R&D activity including a strong industrial component. In the sec-
ond group, the Academy has less opportunity to interact with‘industry;

In the absence of an adequate industrial environment, the local Academy,

' may compensate by expanding its own developmentofacilities, or it may
emphasize basic research. The following analysis shows that‘most repub-
lic academies adopt the latter alternative One can also expect that most
R&D projects of national importance are assigned to the academies of the
first group, while academies of the second group deal mainly with local
projects. i . i
‘The following analysis)of—Academy R&D institutes reflkcts the dis-
tinction between the two groups, as well as the breakdown byAfields and
levels. For/this purpose, the R&D institutions of the Academy sy§tem
falling into the first groyp are designated UBig Science," those of the
second group, ''Little Science."” These designations‘gre approximate and
subject to exceptions. Some Academy insfitutes in the Little Science
group perform R&D work that may have national significance " Some Big
Science institutes may be limited to work of local significance The
RSFSR represented by the Academy of Sciences, USSR, forms the main com-

ponent of Big Science. However, the regional affiliates of the USSR

IR T .. .
- Soviet Outlays on R&D in 1960 and 1968, The Rand Corporation, R-1207-
DDRE, 1974, p. 19. See also: ' Thomas P. Kridler, Soviet Profegsional
Seientific and Teehnical Manpower, U.S. Air Force, Air Force Systems
Command, Foreign Technology Division, ST-CS-01-49-72, 1972, p. 55.
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Academy, except for the ;iberian Department, play&a role similar to that
. of the smaller republic academies and a;ertherefore included in the -
" Little Science group.1 . s
Table 3 shows the distribution of research institntes of the USSR
and republic academies QI sciences, including institutes that are both
- . relevant and not relevant to technological development. The Big Science
relevant institutes number 154, or close to one-third of all Academy
institutes. The importance of the Academy to tﬂ% development of 'tech-
nology is illustrated by the fact that nearly'twice as many institutes’

are relevant to that development than are not releyant

——, . ..
~ ’ '&
Table 3 : A

DISTRIBUTION OF ACADEMY RESEARCH INSTITUTES, 1976-1978
(In numbers of institutes and percentages).

u

» ) Big Science Little Scierice & Total
‘e No. % No. % ~ No. %

t At ! R 3

Rele;ant'to‘tecﬁnologicalv

-

PR . develqpment - - . 154 66 177 62 331 64
; . Not relevant £%7technological\\ - =
development S e 78 34 107 38 185 36
¢ - . $ ’ $ o ' . . . a
. . - Total’ o 37 284 516

SOURCE.E "DireCtory ofgﬁoviet Research: Organizations -and "Directory
of the USSR Academy of Seiences,"VAN SSSR, No. 1, 1978, p. 158; No. 3,
i 1978, p. 1193 No. 4, 1978, p. 136. Breakdown according to'Appendix A.

aDoes n%t incldde libraries; Botanical gardens, museums, etc., which

.- are included in “Soviet statistics on research institutions, as distinct
- from research institutes. At the end of 1976, the Academy of Sciences,

USSR, and the republic academies had a total of 612 research institu--

tions. Narodnoye khozyay&tvo SSSR za 60 let (National Economy of the
. USSR During 60 Years), Moscow, 1977, p. l44.
. . ) w .

C. CLASSIFICATION OF R&D INSTITUTES OF THE ACADEMY OF SCIENCEg SYSTEM

Appendix A classifies institutes of the USSR and republic academies

?, . by field, level and importance Based on a count of these institutes,
Table 4 adds to Table 2 the number of Academy institutes in Big and’
_é_;__ﬂ ’

’ The~exclusion of the regional affiliates of the USSR Academy of

z_§":ient::es is not reflected in the statistical data for. scientific workers

Q

<

e




. * Tabley4
‘ e -
NUMBER OF ACADEMY INSTITUTES IN BIG AND LITTLE SCIENCE, BY FIELD AND LEVEL
= : 1976-1978
S
5 ‘
3 Pield and Numbez'
*;; of Institu . Level 1 “Level 2 Level 3 o Lepel 4

3 . R -
" Bathematics, Mathematics, Applied mathematics, Automation, . -

.C‘ybemetws, cybernetics . technical cybernetics, control systems, -— "\-—\'
‘%f Instrumentation 3 computer centers ingtruments
% ‘ Big Science 9 . 6 . 8 . . ¢ .
g} L’Lttle Setence 17 . 7 - 5 .

Physws, Basic physics Applied and Radio and power
‘:;‘,Electncal Technology (major divisions) specialized physics engineering
Ard \
fs{;;,. Big Science , 16 ' 28, 5
w Little Science 18 19 7 . s
Chemstry i Basic chemistry Specialized cl;emistry, Materials technology,

“%'e ;
3;2’ Materials Technology (major divisions) metallurgy welding, casting.

Y Big Science " 15 11 7
% Little Science 25 11 7 -
‘l Geophystice Basic geophysics, ‘Applied geophysics,, Engineering, seismo-
R geochemistry, seismology logical construction, ot
1"}‘ geography ‘ seismology Yo
L Big Science 14 11 . 2 .
- Little Seience . 35 8 N 4 »
f‘.“j Mineralogy and Physics and chemistry Mineral processing, Mining, gas utilization,
17 Mining . <#3f minerals and petroleum deposits diamond and
3%2:» . R petrol‘eun v . petrochemical industries
‘% Big Science * 4 o 3
6,\1 Little Secience - 2 — } 3 ? 5

s Ctvil and Mechamcal . ’ Machinebuilding,
3 Engineering . ) hydraulic engineering .
iy  Big-Science . ) s .
gﬁ’ - Little Seience R 4
ig%";ieroapaca . ) . Space research ) e "
¥,  Big Science 1 .
i, Little Saience 0 .
V.. Information Science ) SST information pro- R&D and industrial
1:: and Management « cessing & transmission ' production planning
iS5 Big Sotence " 2 i 3
E Little Sctence 0 - 0 A .
7 - ‘
! ERIC o 51 ' '
o ' . - . i . 2
P . S Y - {
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2

Little SCJ nce in each field and at each level Tahle 5 summarizes the

statistic

1 data of Table/4 ) —

/ Table 5 /

IBUTION OF ACAD%EY INSTITUTES, 1976-1978: SUMMARY
(In numbers of institutes and percentages)

Big Science ‘Little Science
No. VA . No. : . %
54 35 95 54
63 41 47 26 .
31 201 65 30 17 } 46, 61
6 4 ' 5 3 : 11

L

Total = 154 47 177 53 331

“
t
t

E

" The data show that’ two-thirds of all Big Science institutes are in
applied science and‘%ngineering Less than one-half of Little Science .
institutes fall into these areas. The remaining Little Science ingti-
tutes research the broad major divisions of basic mathematics, physics,-
chemistry, and geophysics. While a significant number of Little Science
institutes engage in the solution of regional problems, - the main role of
Little Science! ‘appears to be the pursuit of general science, that is,
research that in the West is pursued by universitiés )

The concentration of industrial R&D inythe Big Science 'regions be-
comes strikingly'apparent when weé consider the distribution of scientif-
ic workers between the two, regional groups. Table 6 shows that, outside
the Academy system and universities, over 90 ?eroent of all scientific
\Qorker; are, employed in* Big Science. Academy system scientific workers
show afsmaller difference between Big.and Little science

Big Science gppears strongest in the applied and specialized fields
of phygics and chemistry, such as physics of high and low temperatures,
high pressures, metals and semiconductors, acoustics, chemistry of com-
bustion, metallurgy, electrochemistry, and high molecular compounds,

13 !

) . ¢ ! I et
shown eélsewhere in this report. In these data, Big Science is ddenti-
fied roughly with RSFSR and the Ukraine. :

-
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Table 6

’ . '.
‘ PERCENT DISTRIBUTION OF SCIENTIFIC WORKERS ‘
¢ BETWEEN BIG AND LITTLE SCIENCE, 19752 ’ : J

»

Academy Indystrial . ) .
‘of Sciences vuz and Other

/

s Big Science ' . 62 o 7% 91
© Little Sciepte .- 38 26 . 9

> . technologies. It is clear that the physics and ch try institutes,

developed, comprehensive capability for research l‘ing to advanced
amounting to nearly one-half of Big Science, represent the core of the‘\ d°
~ Academy's R&D forces dedicated,to technological development. - e
y Mathematics and cybernetics, the\latter extending trom mathemati- -]
‘cal machines to automation, are next in strength in’Big Science. The
' 4. fact that nearly 15 percent of Big Science institutes work with these
3; ' topics indicates the importance.of these topics to the Academy. Little
‘ Science is particulanly‘strong_in basic mathematics and basic chemistry,
: ' and much stronger than Big Science in the entire field of geophysics.

% While this last strength could be expected in view of the regional sig-.

nificance of many geophysical topics, it is.surprising to find Little

' Science focusing mainly on basic geophySics, rather’than on its applied,

i3 . ] specialized,‘and engineering disciplines. .

X The Academy is weaker in engineering than in scientific research, .
_‘and is particularly weak in both the scientificuand engineering aspects

of aerospace. Only one Academy institute specializes in ‘space research.
Although some of the physics.and materials technology institutes of the;
Academy perform‘reievant work on thermodynamics, fluid mechanics,taero—
dynamicst;strength of materiais, etc., no specialized aeronautics re-.

search institutes are-in evidence. ..
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v N R VL. CONCLUSIONS i

The present preliminary study concludes that:
) . e

o . The future of Soviet technology depends significantly on-

the Academy of Sciences. ]
o Severe problems stemming from its nature and its relation-
ship with Soviet industry ‘encumber the Academy's. ability

to serve Soviet technology.

o
K

o
. ~e

" The; Soviet Academy of Sciencés is a unique institution without

3

counterpart in other technologically advanced couwitries. Its scien- b

3

.‘-tific eminence in the USSR derives from the fact that it concentrates.

o .the top scientiFic talent of the country, it is simultaneously a plan- :
'ner, manager, and an independent performer of. R&D of national impor-

] _tance, and it is generally regarded as the ultimdte source of techno&

logical progress. ' . ~&gg“ e .

¢ . ° .The Academy's role as~q developer of..advanced technologies emerges

clearly from the discussions among Soviet R&D and industrial leaders,

as well as from- the*present stqdy of the Academy s“R&D resources.- The . -:'

H discussions reveal'a considerable degree of unanimity about several
' major aSpects of technological development and“the Academy s missiqnﬁ ‘ .
According to the Soviet view: (l) science 1is the prime‘mover of tech~ *
- + nology--as both the necessary theoretical foupdation and the immediate .
stimulus of technological breakthroughS° (2) science and the Academy, e
o can be expected to help solve the chronic preblems of Soviet industriab
. innovation (presumably by providing ingenious techpological sh&rtcuts), ) '[

, (3)‘the Academy s network of R&D institutes should cooperate actively

;3\ . with industrialfbrganizations throughout the innovation proceSS° (45

v
H
.
>

these. activities must nor pe. allowed to detract from the Academy 8 pri-

- |*.<' '

mary missiop of pursui ‘“sic research . -

-

"o - The Yast view reveals a measure of conflict in the perception of
]

the priorities.that govern the_Academy-s m13sion., The configurati!% R
. X

\

NN -

e ' . . . . s .
. .
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of the. Academy's R&D resources indicates how"this conflict:is heing re-
% T solved in practice. *While the Academy as a whole reflects the priority
of basic research, this is not necessarily true of, specific -parts of the
» Academy s structure. The analysis in this study of the relevant fields //
and major institutes of the Academy showed that the Academy departed .,/
considerably from the ?asic—research orientation. One—fhird of all Acad* /'
g . emy institutes are major R&D facilities, concentrated in the RSFSR and
Ukraine, and active in fields relevant to* technological development. ,/
This group, called here Soviet Big Scierce, is oriented toward applied .
research,’development, and‘active aid to innovation. Since the Big SciJ
. ence institutes are generally larger than other institutes, the fraction

of the Academy that (1) fosters technology and (2) participates in vari-

ous stages of the RDI cycle probably far exceeds one-third.
Ihe applied-research and development configuration of Big Science
is strongest in the specialized fields of physies and chemistryy, which
. serve the industrially and militarily*significant'technologies of solid
ﬁstabe, optics, high—density energy converters, metals, alloys, etc.
The effectiveness of the Academy's contribution to technological
‘ development depends wholly on its successful cooperation with industty.
The Academy is not equipped to handle the ent ire RDI cycle, and in par—
. ticular, it lacks extensive test and pilot production facilities. At
present, the Siberian Department of'the ncademy_of Sciences, USSR, and
the Ukrainian Academy of Sciences are making the most comprehensive at-
¢ . Eempés to participate in the RDI cycle. -While these efforts may be,reiﬂ
garded as a showcase of scientificlindustrial integration, they have not
. solved the major problem of overcoming the organizational distance be-
tween the Academy and industry. ‘ 4
. 9 - According to B. Ye. Paton, the architect of the Ukrainian effort,
 to he effective, the entire RDI cycle must be spanned by a single man-
agement or, - preferably, by a single performer organization. . One could
conceive of a range of possible schemes to meet Paton's requirement. At
one extreme of this?range, the Academy would accelerate the acquisition
" Y of industrial-type facilities until it became an industrial enterprise

-

in its own right. However, this would contradict the main mission and

-
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statute of the Academy At the other extreme, a part of the Academy
would merge with the existing industrial minjstry system. The history
of the Academy following the 1961 transfer of some institutes to
industry demonstrates the faildre\of_this approach.

The Academy of Sciences is more than the sum'of its institutes. . }
The Soviets have faith in the collective strength of science embodied ‘
in an Academy that ip independent of the individual institutes ‘and
that ‘cannot be duplicated 1n the environment of the ind1vidual ‘min- ¢
istries. Thus, neither of the abOve extremes is likely to materialize,
and the Soviets will probably continue to live with the organizational ) ©
separation between the Academy and the ministries and to patch rather
than rebuild the system. The bureaucratlc patchwork representlng the

diverse types of research—production organizations continues to exhibit

the same lack of common interests and incentives that characterized the
) participants before they were brought together. .

This—gtudy indicates a large spectrum of Academy-dependent tech—
nologies that are increasingly important to industry and defense. As
long as the Academy is not adequatel§ integrated into the RDI cycle, | 4
, the future effgctive development of these technologies will remain in '\\;

<
question. ! ‘ .
’ |
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Appendix A .

- INSTITUTES OF THE USSR ACADEMY OF SCIENCES -
AND REPUBLIC AGADEMIES, CLASSIFIED ¥
FIELD, LEVEL, AND SIGNIFICANCE

] .
# . . M

[d -
MATHEMATICS, CYBERNETfCS, AND INSTRUMENTATION
LEVEL 1 ' ~ ’
4 - - N el t
Big Science <. N

Steklov Institute of Mathematics, Moscow
Academy of Sciences), USSR

>, Steklov’Institdte of Mathematics, Leningrad
Academy of Sciences, USSR

. Institute of Mathematics, Novesibirsk
Siberian Department, Academy of Sciences, USSR
Institute of Mathematics, Krasnoyarsk ’
'Siberian‘Department Academy of Sciences, USSR ¥
Institute of Mathematics, Kiev ' S \
Academy of Sciences, Ukrainian -SSR )

Central Institute of Economic Mathematlcs, Moscow
Acddemy of Sciences, USSR

-

Central Institute of Ecénomic Mathematics, Leningrad !
Academy of Sciences, USSR, °

Institute of Cybernetics, Kiev

Academy of Sciences, Ukrainian SSR

¥
P
-
9
I

‘ '\ - .
Grashchenkov Laboratory of Probléms of Control of.Human and
Animal Organisms, Moscow’ oY . .
~Academy of Sciences, USSR . } - )
Little Science 8 - . CTe
- IqStitute of Mathematics, Yerevan ) )
Academy of Sciences, Armenian SSR .
Institute of Mathematics, Minsk .

Academy of Sciences, Belorussian SSR

LN .

Razmadze Institute of Mathematics, Tbilisi
Academy of Sciences, Georgian SSR .
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- M ‘ ‘

Rcmanovskiy Institute .of Mathematics, Tashkent . =
. Academy of Sciences, Uzbek SSR ’ 7
EN - ’ ’ % . /' ' f‘
t Institute of Mathematics, Kazan' .
g Kazan' Affiliate, Academy\gf‘Sciences, USSR - .
e - Institute of Mathematics and C\bergetics Vil'nyus -
‘ Academy of Sciences, Lithuanian SSR ™~

~. -

Institute of Mathematics and Mechanics, Baku - !

. Azzdemy of Sciences, Azerbaydzhan SSR "
Institute of Mathematics and Mechanics Alma Ata , )
' ' Aci?emy of Sciences, Kazakh SSR ) P

Institute of Mathematics and Mechanics, Sverdlovsk
. Ural Scientific Center, Academy of Sciences, USSR * & . {

Institute of Mathematics and Computer Center, Kishi A
Academy of Sciences, Moldavian SSR - .

‘Institute of . Mathematics and Computer Center, Dus anbe
. Academy of Sciences, Tadzhik SSR .
P Institute of Cybernetics, Baku
Academy of Sciences, AzerBaydzhan SSR
. .
) Institute of Cybernetics, Tallin
- 4 Academy of Sciences, Estonian SSR

v Institute of Cybernetics, Tbilisi
g . Academy of Sciences, Georgian SSR

: Institute of Cybernetics and Computer Center, Tashkent
4 . Academy of Sciences, Uzbek SSR . T ) . &

Yerevan Scientific Reseatrch Institute of Mathematical Machines,
" Yerevan .

- Academy of Sciences,‘mrmenian SSR . . L

- Institute of Adaptiyve Systems, Kafan

v < Academy-of Sciences, Armenian SSR

LEVEL 2 ‘ ' .

* 'Big Science : €

Institute of Applied Mathematics, Moscow
Academy of Sciences, USSR

. -

_Institute of Applied Mathematics_and Mechanics, Donetsk )
Academy of Sciences Ukrainian SSR .
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Computer Center, Moscow
Academy ﬁf Sciences, USSR -

'Qomputer Center, Pushchino e} ) ) s
Academy of Sciences, USSR° ]

- 3
Leningrad, Scientific Research Computer Center, Leningrad . '
Academy of Sciences, USSR -

Computer Center, Novosibirsk ' \V) '
Siberian Department,, Academy of‘ Sciences, ‘USSR

Institute of Technical Cybernetics, Minsk . ' Co. .
Academy of Sciences, Belorussian SSR ’
Institute of Technical Cybernetics, Sverdlovsk
Academy of Sciences, USSR

Joint Computer Center, Yerevan . . .
Academy of Sciences, Armenian SSR . ' «
Computer Center, Minsk

Academy of Sciences, Belorussian SSR . "

Computer Center, Tbilisi ‘ '
Academy of 'Sciences, Georgian SSR™ T e

Computer Center, Krasnoyarsk ‘ o .
Siberian Depantment, Academy of Sciences, USSR C

Institute of Electronics, Minsk .

Academy of Sciences, Belorussian SSR N

. ' - w

LEVEL 3 .

L ¢

Big Science - . . i C,

. . Iy
Lebedev Institute of Precision Mechanics and Gomﬁutation Tech- =
niques, Moscow * \ . o
Academy of Sciences, USSR - - °
Institute of Control Problems, Moscow ’ §
Academy of Sciences, USSR

Institute of Control Problems, Leningrad ’ T

Academy of Sciénces, USSR C ,

Institute of Automation, Kiev
Academy of Sciences, Ukrainian SSR

¥ .
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énstitute of Automation and Electrometry, Novosibirsk.
i

berian Department, Academy of Sciences, USSR

L3 4

-
Special Desigh Bureau of Analytical Instrument Building, Leningrad
Aoademy of, Sciences, USSR
Institute of Analytic Instrumentatlon [location unknown]

Academy of Sciences, USSR ¢ I .
\

- Electron Mftroscopy- Laboratory, Moscow <

Academy of Sciences, USSR . !

‘ . “o M LI

Little Science

v

k4
- Institute of Automation, Erunzeh

Academy of Sciences, Kirgiz SSR =

Institute of Automation and

sitrol Processes, Vladivostok -
Academy of .Sciences, USSR ’

- .

Scientific-Research
cesses, Kirova -, : .
. Academy of Sciep€es, Armenian SSR . PP < -
’ & ’ ' . ' ‘ N -
~of Control Systems, Tbilisi ' . . v
of Sciences, Georgian SSR | ) . 3

{stitute of Automation of Production Pro= &

ademy of Sciences Laxvian SSR *

i

PHYSICS AND ELECTRICAL TECHNOLOGY . ¢ " ) '

. y %, ®
LEVEL 1 = - B .
Big Science o . . *ﬂ,' . .7 N
Lebedev Institute of Phisics,éyosco% . ) . s N <
« Academy of Sciences, USSR « ST e, .
Kirenskiy Institute of Physics, Kraénoyarska '
Siberian Department; Académy of Sciences, USSR
0 2 ..u . N
Institute of Physics, Kiev ST : -
Academy of Sciences, Ukrainian SSR ° : :
Landau Institute of Theoretical Physics, Chernogolovka

Academy of Sciences, USSR T .

Institute of Theoretical Physics, Kiev
Academy of Sciences, Ukrainian SSR
)

» . . )
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-

Ingtitdte of Mechanicg, Kiev
Academy of Sciences, Ukrainian SSR’

. 5 -
Institute of Mechanics, Dnepropetrovsk
Academy. of Sciences, Ukrainian S5R

S TEREL

X

R Dy

'Institute.of Mechanics, Khar'kov
Academy of Sciences, Ukrainian SSR

Institute of Problems of Mechanic$, Moscow :

Academy of Sciences, USSR

Vavilov Institute of Physical Problems Moscow
Academy of Sciences, USSR : N ;
KodStantinov=institute of Nuclear Physics Leningrad
Academy of Sciences, USSR

Institute of Nuclear Physics, Novosibirsk

Siberian Department, Academy of Sciences, USSR

Institute of Nuclear Research, Kresty
Academy of Sciences, USSR e

Nuclear Résearch Institute, Kiev
Academy of Sciences, ,Ukrainian S8R
Institute of Solid State Physics, -Moscow
Academy of Sciences, USSR ‘

AR ML

o v\‘\ *$
: LR

" Institute of Chemical Physics, Moscow™
Academy, of Sciences, USSR

Little Science

Research Institute of Physics, Yerevan
Academy of Sciences, Armenian SSR

Yerevan Institute of_ Physics, Yerevan
Academy of Sciencesy Armenian SSR
Institute of Physics, Mogilev

. Academy of Sedences, Belorussian SSR

W

Institute of Physics, Minsk
Academy of'Sciences, Belorussian SSR
Institute of Physics, Tbilisi
Academy of Sciences, Georgian SSR

Institute of Physics, Salaspiég
Academy of Sciences Latvian SSR
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Institute of Physics, Vil'ayus )
Academy of Sciences,'Lithuanian SSR

.Institﬁte of Physics, Makhachkala
Dagestﬁh Affiliate, Academy of Sciences, USSR

Institute ‘of Mechanics, Yerevan
Academy of Sciences, -Armenian SSR

Institute of Mechanics and Computeer Center, Tashkent
Academy of Scignces, Uzbek SSR . -

Ingtitute of Nuclear Physics, Alma Ata
. _Academy of Sciences, 'Kdazakh SSR - . <,

Institute of Nuclear Physics, ‘Riga
Academy of Sciences, Latvian SSR
Institute‘of Nuclear.Physics, Ulugbek
Academy of Sciences, Uzbek SSR ‘

v . - .
. Institute of Solid-State Physics, Baku ! i
Academy of Sciences, Azerbagdzhan SSR- °
! ° s, ‘ a X ' . "

Chemical Physics Laboratory, Yerevan
Academy of Sciences, Armenian SSR

. » «?

Institute, d¥ Solid-State-Physics and Semiconductors, Minsk

¥ Academy of Sciences;- Belorussian SSR
gj Ly Institute gé High-Energy Physics, Alma Ata
: - Academy of Sciences, Kazakh SSK . . - .

P L Inseitute of Physics Mathematics and Mechanics, Frunze
- . Academy of Sciences, Kirgiz SSR

g

3

© . LEVEL 2
< ‘Big Science S ] .
Institute '0f Applied Physics, Gor kiy . ’
: . . Academy of Sciences, USSR :
3 a (S
. s Physico-Technical Research Institute, Obninsk
Academy of Sciences, USSR .

4 ‘ i Ioffe Physico-Technical Institute, Leningrad C
Academy of Sciences, USSR

Ukrainian Physico-Technical Institute, Khar kov
Acgdemy of Sciences, Ukrainian SSR
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" Institute of Acoustlics; Mosco

s ¢ .t : ) ¢
Donetsk Physico-Technical Institute, Donetsk )

Academy of Sciences, Ukrainian SSR . e . .
“.Institute of Theoretical and Applied Mechanics, Novosibirsk
Siberian Department, Academy of Sciences;, USSR - * o - LN

-

Institute of Physico—Mechanics, L'vov =~ .
Academy of Sciences, Ukrainian SSR’ ’ *

Institute of Semiconductors, Leningrad
Academy of Sciences, USSR .oo® ¢

Institute of Semiconductors, Kiev

Academy of Sciences, Ukrainian ‘SSR . Yox

Institute of Semicgnductor Physics, Noycsibirsk
Siberian Department, Academy of Sciences, USSR

Institute of'Spectroscopy, Krasnaya Pakhra -
Academy of Sciences, USSR °

Shubnikov Institute of Crystallography, Moscow
Academy of Sciences, USSR. ‘

1%

Academy of Sciences,.USSR )

. - M 4 V2
Institute ofyAcoustics, Sukhumi
Academy of Sciences, USSR - .

Institute of High Temperatures, Moscow )
Academy 2} USSR_'

Institute of Thermophysics, Novosibirsk ' )
Siberian Departueﬂt ‘Academy of Sciences, USSR !

Institute of Technical Thermophysics, Kiev ' . v -~ -
Academy of Sciences, Ukrainian SSR . . '

Institute‘oﬁ«Physics .0f High Press%res, Krasnaya Pakhra o “e

.o

o

] Academy of Sciences, USSR T - . : o

Institute of Hydrodynamics, Novosibirsk , . .
Siberian Department, Academy of Sciences, USSR . .

5 14

Institute of Hydromechanics, Kiev = ~ <
Academy of Sciences, Ukrainian SSR -

Institute of Physics of. Metals, Sverdlovsk :
Academy of Sciences, USSR -

’ .,




Institute of Hetal Physics, Kiev
Academy of Sciences, Ukrainian SSR

Institute of Atmosbheric Optics, Tomsk

Siberian Department, Academy of Sciences, USSR

Institute of RBadiophysics and Electronics Khar' kov
Academy of Sciences, Ukrainian SSR

Khlopin Institute of Radium, Leningrad
Academy of Sciences, USSR

Institute of Photosynthesis, Pushchino
Academy of Sciences, USSR

4

Physico—Technical Institute.of Low Temperatures, Khar 'kov
Academy of Sciences, Ukrainian SSR :

Academy of Sciences, Ukrainian SSR

3

Institute of Electrddynam%cs, Kiev

Little Science . v

B

Yy
7

-
o

Institute of Applied fhysics, Minsk
Academy of Sciences, Belorussian-SSR

Institute.of :Applied- Physics, Kishinev
Academy of Sciences, Moldavian SSK

Physico-Technical Institute, Yerevan

Academy of Sciences, Armenian SSR .

- Physico~Technical Institute, "Minsk

Physico-Technical Institute, Sukhumi

Academy of Sciences, Belorussian SSR

-~

Academy of Sciences, Georgian SSR

Umarov Physico-Technical,Institnte, Dushanbe

, Academy of Sciences, Tadzhik SSR

Turkmen Physico-Technical Institute Ashkhabad

Academy of Sciences, Turkmen SSR

Physico-Technical Institute, Tashkent
Academy of Sciences, Uzbek SSR

‘Physico-Technical Institut;g KaZan'
Kazan' Affiliate, Academy of Sciences, USSR

Institute of Physics of Semiconductots, Vil'nyus
Academy of Sciences, Lithuanian SSR
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§3~ . Institute of Thermophysics, Alma Ata o

Academy of Sciences, Armenian SSR - | -

ys"‘ ~ wdemy, of Sciences, Kazakh SSR

%~ ' Institute of Hydrodynamics, Alma Ata . .

; . Academy of Sciences, Kazakh SSR . ' .

? Institute of Radiophysics and Electronics, Ashtarak . |

_ Institute of Heat and Mass Transfer Minsk
Academy of Sciences, Belorussian SSR. =~ °

of e

Institute of Thermophysics and Electrophysics, Tallin
Academy of Sciences, Estonian SSR

Physico—Energetics Institute Riga
Academy of Sciences, Latvian SSR ]
4 k4
Byurakan Optical and Meohanical Laboratory, Byurakan
Academy of Sciences Armenian SSR

Institute of Electronics, Tashkent - ~
-Academy of Sciences, Uzbek SSR o . .

Institute of Electronics, Minsk .
Academy of Sciences, Belorussian SSR . ‘

 LEVEL 3 e . S ' , '
X , ) ’(\\, , ] .

\ ~ -

SRR AT 1

Big Science

Institute of High—Current Electronics, Tomsk
Siberian Department, Academy of Sciences, USSR

. i  High-Energy, Semiconductor Laser Laboratory, Krasnaya Pakhra . -
L . Academy of Sciences, USSR ) » .

: Institute of Radio Engineering, Moscow _ .
L. * . Academy of Sciences, USSR - g "

Institute 6f Radio Engineering and Electronics, Moscow
Academy of Sciences, USSR

Siberian Institute of Power Engineering, Irkutsk
Siberian Department, Academy of Sciences, USSR

LMtle Sciendé _ ' _ . :

. ‘ Armenian Scientific Research Institute of Power Engineering,, .
Yerevan . ‘.
¢ . : Academy of Sciences, Armenian SSR ’

© A
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[

Insti&ute of Power Engineering, Alma Ata
Academy of Sciences, Kazakh SSR

Yesman Institute of Power Engineeging, Baku
Academy of Sciences, Azerbaydzhan SSR-

stitute of Physical-and Technical. Problems of Power Enginedring,
Kaunas . .
Academy of Sciences, Lithuanian SSR o

> »

Institute of Power Engineering and Automation, Tashkent
Academy of Sciences, Uzbek SSR * .
. N

Institute oﬁ Nuclear Power Engineering, Minsk
Academy of Sciences, Belorussian SSR

e

Atomic Research Center, Tashkent
Academy of Sciences, Uzbek SSR

RN

CHEMISTRY AND MATERIALS TECHNOLOGY

LEVEL 1

Big Science

Institute of Chemistry, Gor'kiy
Academy .of Sciences, USSR )

Scientific Research Institute of Chemistry, Elektrostal'
Academy of Sciences, USSR

Kurnakov Institute of General and Inorganic Chemistry, QOscow
Aca&emy of Sciences, USSR

- -

N -~ -

Institute of General ‘and Inorganic Chemistry, Kiev
Academy of Sciences, Ukrainian SSR. -

Institute of Inorganic Chemistry, Novosibirsk
'Siberian Department, Academy bf Sciences, USSR

Institute of Physical Chemistry, Mbscow
Academy of Sciences, USSR

Pisarzhevskiy Institute of Physical Chemistry, Kiev
Academy of Sciences, Ukrainian SSR .
Zelinskiy Institute of-Organip Chemistry, Moscow
Academy of Scienceg, USSR

Institute of Organic Chemistry, Novosibirsk
Siberian. Department Academy of Sciences, USSR
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E

Institute of Organic Chemistry, Kiev ‘
Academy of»Sciences, Ukrainian SSR

-,

Arbugov Institute-of Organic and- Physical Chemistry, Kazan'

S Academy of Sciences, USSR . -
M

4y . -

Institute of Element-Organic Compounds, Moscow
Academy of Sciences, USSR . )

X

Institute of Moc emirtry, Kiev -
Academy of'Scieficef, Ukrainian SSR )
3 - . - . t -
Bakh Institute of Bioc emistry, Moscow )
Academy of Sciences, USSR o . 7

Institute of-New Chemical Problems, Moscow® -
Academy of Sciences, USSR

Institute of Chemistry, Tallin
Academy.of Sciences, Estonian SSR - . 3

) Institute of Chemistry, Riga ’//
Academy -of Sciences, Latvian SSR

Institute of Ohemistry, Kishinev
. Academy of Sciences, Moldavian. SSR

" Institute of Chemistry, Dushanbe
Academy of Sciences, Tadzhik SSR.

Institute Qf Chemistry, Ashkhabad
Academy o? Sciences,.Turkmen SSR . ) R

Institute of Chemistry, Krasnoyarsk .
Siberian Department Academy of Scienees,“USSR ’

Institute of Chemistry, Tashkent ,:' K §
Academy of Sciences “Uzbek SSR °

Instituté of Chemistry, Ufa B
Bashkir Affiliate, Academy of Sciences,~U8SR ’

- T «

Insfitute of Chemistry, Vladivostok ;
East,ﬂiberian Affiliate, Academy of Sciences, USSR

Institute of Chemistry,‘Sverdlovsk
~Ural Scientific Center, Academy of Sciences,, USSR
’v., - ) - - ‘e
Institute of General ang Inorganic Chemistry, Yerevan
Academy of Sciences, Armenian SSR* 5
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A

" Instigute of Géneral anq'Inofganiq Chemistﬁy, Minsk
Academy of Sciences, Belorussian.SSR T
. . ~~—
Institute of Inorganic Chemistry, Riga
_Academy, of Sciences, Latvian SSR '

.Institute of Organic Chemisfiy, Yerevan .
Academy of Sciences, Armenian SSR
Institute of Ofganic Chemistry, Frunze
Academy of Sciences, Kirgiz SSR .’
Institute of Organic Chemistry, Irkutsk

East Siberian Affiliate, Academy of Sciences, USSR

Institute of Physical and 6rgapic Chemiétry, Minsk
Academy of 'Sciences, Belorussian SSR

Institute of Physical and 'Organic éhemistry,'Tbilisi
Academy of Sciences, USSR - T .

Institute of Biochemistry, Yerevan
_ Academy of Sciences, Armenian SSR

Institute of Biochemistry, Vil'nyus
Academy of Sciences, Lithuanian SSR

Institute of Biochemistry, Ulugbek
- Academy of Sciénces; Uzbek SSR

_ Institute @t Fine Organic Chemistry, Yetevan K
Academy of Sciéhces, Armenian SSR ‘%§“ ST
” ’ N : tr - he a x y '~'.‘5 t
Institute bf Inorganic and Physidal Chemistry, Baku'
Acanmy of Sciences, Azerbaydzhan SSR "'ﬁ - !

-

M Y

Institute of Inorganic and Physical Chemistry, Frimze ,
- “Academy of .Sciences, :Kirgiz SSR ."- .5 . . U=

-
.

a . .

Institute of €heniical Qciénces, Alma Ata” * ",
p Academy of-§ciéqces,«quakh SSR‘ ]
. LEVEL 2~ o
- . - Q
Big Science i
"Institute of Electrochemistry, Moscéq
Academy of Sciences, USSR

o,

- Institute of Catalysis, Novosibirsk .
Siberiad Department, Academy of. Sciences, USSR
Institute qucheniical Kineties 'and,‘Cotq@s;:ion, Novosibirgk

Siberian Department, Academy of Sci€nces, USSR : <

68
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Institute of Colloidal and'Hydrochemistry, Kiev .

_Academy of Sciences, nggigiifai:R

Vernadskiy Institute of‘Geochemistry and Analytical Chemistry,
. Moscow

-4

" Academy of Sciences, USSR

Shemyakin Institute of Bioorganic Chemistny, Moscow
Academy of Sciences, USSR

Baykov Institute of Metallurgy,. Moscow
- Academy of Sciences, USSR -

Institute of Chemistry and Metallurgy, Novosibirsk
Siberian Department, Academy of Sciences, USSR
Institute of Ferrous Metallurgy, Donetsk

Academy of Sciences, Ukrainian SSR

- Institute of High-Molecular Compounds, Leningrad
Acaaemy of Sciences, USSR

Institute of Chemistry of High-Molecular Compounds, Kiev
Academy of Sciences, Ukrainian SSR

-

Little Science

Institute of Electrochemistry, "Sverdlovsk
Ural Scientific Center, Academy of Sciences, USSR

Institute of Metallurgy, Sverdbovsk -

Ural Scientifid Center, Academy of Sciences, USSR
Institute of Metallurgy, Tbilisi

Academy of Sciences, Georgian SSR

Institute of Cﬂemistry and Metallurgy, Karaganda
-‘Academy of Sciences,’Kazakh SSR ‘

Institute of Ferrous-Metallurgy, Karaganda .
Academy of Sciences, Kazakh SSR ' - . '
. Institute of Applied Iporganic Chemistry and Electrochemistry, .
‘Tbilisi .- L R ,

Academy of Sciences, Georgian SSK ) '
Institute of Chemistry of Additives, Baku

Academy of Sciences, Azerbaydzhan SSR . £

Scientific-Research Insti;pte of [Organic Catalysis and Electro- ) .
chemistry, Alma Ata ' |

Academy of Sciences,_Kazakh SSR .
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. Institute,of Organic Synthesis, Riga
. Academy of Sciences, Latvian SSR*

- Institute of Metallurgy and Ore Dressing, Alma Ata
Academy of Sciences, Kazakh SSR .

Pacific Institute of Bioorganic Chemistry, Vladivostok
Ear Eastern Scientific Center, Academy(pf Sciences, USSR

LEVEL 3

. Big Science . : .
“ . ' Stabilization of Polymers Laboratory, Gor'kiy
Academy of Sciences, USSR

Gre nshchikov Institute of Chemistry of Silicates, Leningrad .
Aca emy of Sciences, USSR .

Dnepropetrovsk Scientific Research Institute~of Coal Chemistry,
* Dnepropetrovsk .
Academy of Sciences, Ukrainian SSR ] . .

‘Institute: of Superhard Materials, Kiev
Academy,of Scientes, Ukrainian SSR

Institute of Problems of Materials Science, Kiev
Academy of Sciences, Ukrainian SSR

Ed

Paton Institite of Electric Welding, Kiev ’
Academy of Sciences, Ukrainain SSR >

> . )
Institute of Problems of Casting, Kiev
Academy of Sciences, Ukrainian SSR

“

Little Science

. AR
Institute of Wood Chemistry, Riga
Academy of Sciences, Latvian SSR -

Institute of Chemistry and Chemistry Technology, Vil'nyus
Academy of Sciences, Lithuanian SSR P

Institute ‘'of Theoretical Problems of Chemical Technology, Baku
Academy of Sciénces, Azerbaydzhan SSR

}
Gomel! Institute of Mechanics of Metal Polymer Systems, Gomel'
Academy of Sciences, Belorussian SSR

5 jzstitute of Mechanics of ‘Machines and Polymer Materials, Tbilisi
A3 , ademy of Sciences, Georgian SSR ,
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Institute of Polymér Mechanics, Riga
Academy of Sciences, Latvian SSR

Scientific Research Institute of Chemistry and Technology of
Cotton'Cellulose, Tashkent
Academy of Sciences, Uzbek SSR

v

i

L .
GEOPHYSICS

S

LEVEL 1 , : : _ -

Big Science

>  Tyumen' Institute of Geophysicd4, Tyumen'
fcademy of‘Sciences, USSR

Institute of Geophysics Kiev . . P
Academy of Sciences,: Ukrainian SSR T
- «
Institute of Geophysics, L'vov

Academy of Sciences, Ukrainian SSR

-t

Institute of Geology, Moscow ‘ /
Acacemy of Sciences, USSR ¢

RS

Institute of Geology and Geophysics, Novosibirsk
Siberian Department, Academy of Sciences, USSR

* Institute of Geological Sciences, Kiev
Academy of Sciences, Ukrainian SSR

N\ ) ¢

* _ Shmidt Institute of Physics of the Earth, Moscow

Academy of Sciences, USSR

Institute’of Problems of Multidisciplinary, Studies of the Earth,
Moscow
Academy of Sciences, USSR

fnstitute of Physics of the "Atmosphere, Moscow
Academy of Sciences, USSR N

Institute of Geology and Geochronology of the Precambrian Era,
Leningrad . .
» Academy of Sciences, USSR '

Alpine Institute of Geophysics, Nal'chik
Academy of Sciences, USSR

Institute of the Subarctic, Leningrad »
- Academy of Sciences, USSR

E

. ‘ ‘:‘ :71.
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Institute of Limnology, Leningrad ' .
Academy of Sciences, USSR ,

. .

Instit