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FOREWORD

MISSION: The mission of the
monthly Defense Intelligence Digest is
to provide all components of the
Department of Defense and aother
United States agencies with timely
intelligence of wide professional in-

terest on significant developments
and mends in the military capabili-
ties and vulnerabilities of foreign
nations. - Emphasis is placed pri-
marily. on nations and forces within
the Communist World.

WARNING: This publication is clas-
sified sceret because it reflects intelii-
gence collection cfforts of the United
States, and containg informadon af-
fecting the national defense of the
United States within the meaning of
the Espionage Laws, Tide 18 U.S.C,,
Section 793 and Section 794, Its
wansmission or the reveladon of its
contents in any manner to an un-
authorized person is prohibived by

foreign gc;vermnems; however, such
release is controfled by the Defense
Intelligence Agency.

L onrrd

JOSEI* F. CARROLL
Lt General, USAT

law. Although the publication is Dirscror
marked “No Foreign Dissemination,”
certain articles are releasable to

Overall classification of this document i-SEERET —Secret- 3
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- SOVIETS

Ssm’:zbmg"rgpb of the track of Sputpsh
II (above); buse of 2.6-meter refleciing
telescope at Crimean Astrophysical Ob-
sercatory (below left); external view of
telescapu’s protectsve enclosure (below
right).

PROGRESSING *
TOWARD REAL-TIME*

HE Soviets have developed the
capability for optically wacking
space vehicles in 2 "near real-time”
me; Described in a2 paper presented
4t the Cospar Conlerenice -of May
1968, the new techanique reportedly
permits the measurement of a space-
craft’s -orbital parameters, the dom-
pariion of .thése with the desired

paramcters, and the transmission of

corrective instructions o the orbitng

vehicle—all within ‘the time it takes

for. the spacecraft. to- make one pass
over Soviet territory. The ngw systerm

reportedly is based at the Crimean.

Aswrophysical Observatory oo, the
Black Sea, and the Soviets claim to

‘have used it efféctively in tracking
‘Lung’s 11, 12, and 13, as well as onc

of the Molniya~I series of space probes.
Impact and advantages

The willitary and selemific impact’

of this achievement is consideralle
when compared - to provious space
tracking systems. Optical teacking has
long been the “ideal” method. of fol-
lowing space probes beeause of s

advaritages over radar tracking
techaiques:
& Optical tracking is more accirate

‘than radar, in part, because light

waves are higher in frequency than
BLCrHWAvEs,

» Radac tracking is limited to the
near-garth. “regime” (between ‘2,000
and 5,000 nautical miles in altitade);
space probes above this altitude are
beyond the effective range of radars,
but rot beyand the range of optical
detection, '

Herctolore, nuimerous technical ob-

stacles have rendered opuical tracking
“impractcal. Chief among these }.

been the length of time required

canventiopal optical tcchniques, which
employed photography in a micro-
comparison procedure and often re-
quired: several months to corplete.
{(Diagram of the tonventional aystem

is shown-on page 16.)

The Soviet technique (shown on
page 16) has minimized this time
fhctor considerably by cmploying a
tefevision~—instead of film-—camera,
The TV camera is attached to the

|
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ielescope, The camera’s monitor
saresn is -equipped with cross-bairs,
thus peumitting the Image of the
spacecraft (o beheld in the center of
the sereen. This procedure eliminates
fitm processing and the need to
measure filin and plates for distortion;
such e_‘ﬁ';:cts reportedly can b ignored,
since all measured fmages are placed
at the center of the T‘\lfg sereen. Time
signals are obtained from a printing
‘ chronograph, a device that records
| the exact time when the position
measurement is ' made, and enalbles the
L xact orbit to .be caleulated and
Qermits' predictibns as to the space-
. craft’s future pasition.
Ansther pbstacle to efficient optical
\ tracking involved the conftro] of tele-
scope movements in following a space-
craft’s orbit. This factor is particularly
acyte for law magoitude targets,
which require high-gain telescopes
with consequent narrow fields of view.
The Soviets have réportedly solved
this problem. Soviet telescopes, mpv-
ing at an angular velocity of 1 to 10
arc-seconds. &m of .a degree) per
second of time, reportedly have
achieved an agcuracy of 0.2 are-
seconds in right ascension and two
arc-seconds in declination for their
. data reading from control pane! dials,

Problem of coordinates

I a body traveling through space

is to betracked, it must be referenced

to some caprdinate system. In optical
3 tracking, stars relatively proximate

to the imagé of the spaeecrag ave used

as references. However, problems are
L encountered in transferring and incer-
polating the topocentric coordinafes
{those linked to the position of the
telescope an the -carth's surfage) “with
tandard solar coordinates (those as-
ociated with the star catalogue): In
solar coordinates the direction of the

. March 1969

OPTICAL TRACKING

primne focus of a 2.6-meter reflecting

Mechanisms formerly nsed sn phovo-
grapbically Fracking Soviet satellites
are the NAFA 3525 camers rjgl)tg
and. a film measuring device (below
used o -reference spacecyaft positions
with skar backgrounds.

north pele is normally used as one
coordinate axis; ‘the other coordinate
axis is uwaually based on a specific
equinex. The gravitational attraction
of the moeen and the sun on the earth’s

equatorial bulge, however,
this caordinate system. 'to rotate and
thus requires a specific time o be
selected to -completely fix the diree-
tions of the axes. (Astronomers have

causes

arbitrarily scleeted -equinox 1950 for
most tracking applications.)

Under the new Soviet tracking
systein, several stars of known co-
ordinatey, alse appearing on the
television screen, are used as references
. correct the space probes’ orbital
coordinates to the standard sysiem

-of equinox 1950,

Errors in angular pesition measure-

~Seeret— 15




ment of the reference stars, derived
from aberration, precession, and re-
fraction facters, must also be con-
sidered :

* Aberration errors stem from the

apparent change in the angular pogi-
tion of a star owi to the earth’s
movernent around the sun and the

finite velogity of light arriving from
the stac. The magnitude of the re-
quired correction—i{rom the apparent
angular pogition (o the actual angulae
position—depends an the star’s actual
angular position and the magnitude
and direction of earth’s moton in
respect o that angular position. Fromn
an ‘earthbound vantage point this
correction factor varies from the
spacecraft to the stars and from star
to star.

16 —Seeret

® Precession errors stem from the
motion. of the earth's rotational axis
about a fixed direction in spaee. This
motion causgs the an position
of a star to change over a perigd of

time with respect to a fixed point-on

the earth’s surface.

» Refraction errors refer to the
bending of light rays as they pass
through the atmosphere, wﬁ::h
changes the apparent angular position
of a star fram where it would appesr
if the carth had n¢ atmosphers. The
amount of refraction depends vpon
the angle at which light from the star
enters the earth’s amosphere. Thus,
for an carthbound observer, the
correction factor needed increases as
the star’s angle from the local vertical
increases. .

The Sgvicts bave found -that the

17
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caleulation of the posiion of a2
spacecraft—in reference to proximatgi
starsg—cap “be simplified and stlSggy
remain accurate by asuming that the
required correction term varies line-

.arly over short distances. For star

positions that are close togsther—
with a spaeccraft in betwesn—the
position correction needed for the
spaceeraft would have a magnitude
varying from that of the reference
stars in proporfion 10 its s¢paration
from the reference starg This process
i3 called interpolation, The Soviets
discovered through observation tests
that the correction term is actually
constant (within the desived accyracy)
for all objects within a field of view
of two-degrees-by-two-degrees. Hence
interpolation is unnecessary and a

mean stellar correction factor can be

SATELLTE

STAR CATALOG

SATELLITE
ANGULAR

| POGIT,IQ_H-l

STAR CATALDG

SATELLITE
ANGULAR
POSITION.
~ end

TANGENTIAL
VeLociry
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used through a compuler in correcring
e spacecraft's position, as read from
he cputrel panel dials,

Mare advances likely

With their current racking system
the Soviets can obtain “nearreal-time"
tracking daia, However, several modi-
fications in this system could result
in significantly fster data response
{(“oue real-time” optical wacking)
using essentially the same hardware.
A modified “true real-time” tackipg
system (shown on page 16) would

' operate as-follows:

e A teghoician at the control panel
would maneuver the telescope so that
the space probe’image is held on the
cross-taivs of the screen.

o Telescope positons would be fed
directly from the scope mount to a
l':igh’sﬁ:acd electronic computer.

s The relative displacements for

‘the reference stars from the cross-

hairs on the screea could be electron-

" ically sensed and also fed w the

cumg_t;ter.
e The computer would wansfer
stellar positons from a standardized
slar catalog (o determine che negessacy
correction to counvert spacecraft posi-
tion i a standard coordinate system.
e The speed of the computer in
th dawia sampling and calculadon
would allow the determination of

! ’ March 1969
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S o Eace o

apparent tangential velocites {the-
angular wvelocity that a spacecraft
has in crossing a field of view) by
differeatiadon of the position data
(which cannot be accurately and
quickly accomplished by the present
system).

« The spacecraft position data could
be combined from several observing

_‘:ﬂ

Soviet ciuethendolite, used
in measuring trajectory
augles of maeving objecis,
repovéealy was employed
i tracking early space

probes. ,Ia‘r

. Device used #n measuring and computing satellite coordinaies. (U]

stations o determine orbiis and
ranges, using standard methods of
triangulation.

» The actual construction and de-
ployment of this type of “wrue real-
time”* gptical wackiog system is clearly
within Soviet technological ‘capabili-

tics, and is a likely development for ..

the future. [END]

~Seeret— 17
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Launchings reached o new high with 80 attempts—9 more than
in the previous year—of which 74 were
considered successful

| 50X1 and 3, E.0.13526

245{;&*
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Communications .

‘The Soviers had theee  active
Molniya-1-type satcllites in orbit at
the beginning of 1968, These relay-
communications eraft pravide hag}(;
cffective radiated power—about 12
walts—for relay among the Molniya
ground stations and between the
Orbital ground stations, A minipium
of three active Molniya satellites are
required 1o maintain round-the-clock
communication between Moscow and
remote sections of the USSR, includ-
ing the Soviet Far East.

Four additional Molniya%‘-tyf}c'

satcllites were placed into orbit.
Molniya-1/8, lavnched from Tyuratam
on 21 April, may have been intended
to replace Molniya~1/4, apparently
inactive since January 1968. Molniya—
1/9, Molniya—1/10, and Cosmos 260
were launched [rom Tyuratan suc-
cesgively on 5 July, 5 Ociober, and 16
December. The Soviet designation of
the 16 Decernber lanpch as Cosmos
260—instead of the expected Molniya—
/i1~ may be construed as indicative
of the satellite’s failure to perform its
intended Molniya-l-type misgien.

Meteorological

Two weathersatellites—Cosmos 206
and Cosmos 266-—wverc launched into
near-circudar orbits on an 8l-degree

26 ~Sesvei—

Solar sensor array ensures pavel orientation in Molaiya system. ,m/

inclination (o the equator, Cosnwos 226
was' launched appioximately 115
degrees gut of phase of Cosrios. 206,
s that the conbination provides full
coverage-of wemnperate latitudes daily.
Navigational satellites

Five developmental navigational
satellites—all launched fromi Plese-
tsk—were placed into an  almost-

“cireular arbit with a 74-degree inclina-

tion to the equatar. The apogees
ranged from about 290 to 650 mun. The
SL-8 space launch: systern, comprising
the $8-5 bogster with a restartable
upper stage, was used in each mission.
Satellite transmissions—which prob-
ably contain ephemeris information—
are on carrigr systems clese to those
used by the United States, although
the fornat is different.

The use of different altitudes sug-
gests that the Soviet navigational
program is stll in thé developmental
stage: experinents are being con-
ducted at varions orbital altitudes
in an effort’ to aqbtain the most
favorable pperational characteristics.
The USSR apparently is pursuing
the navigational satellite program
aggeessively, and the program is
probably -in 3 protetype flight stage
that permits ‘limited operational use
and testing. -

Lunar program

Two t;;:afzm orbiter missions wer
attempts 148 '%v; f;mm The first
attempt, on 7 February, used the
SL~6 space launch systern but failed
to achieve orbit. The §L-6 includes
the S§-6 booster with a Venik third
stage and a parkiog-orbit-ejection
fourth stage.

On 7 April the SL-6 was again used.
On that occasion it succeeded in
injecting Luna-14 inlo a 32-degrec
parking orbit and then—some 80
minutes after launch—ejecting it on
a trajectory w the vicinity of the
moon. This was the first announced
lunar prehe since 1966. The operation
closely resembled Luna—10;, a lunar
orbiter that transmitted pictures back
to carth.

Man-related missions

Anpther lunar probe attempt, prob-
ably man-related, occurred on 22
April and used the SL-12 space-
launch system, composed of a Proton
launcher plus a third stage and 2
vestartable fourth stage. The rmaission
failed when thé second’ stage shut
down prematurely.

Nine man-related missions werd
launched ;- five Soyuzetype, three une
manned Zonds, and the 22 April
failure, Four of the Soyuz-type miis-
siotis were  undértaken to develop
rendezvous and docking techmiques.

Three Zond nnmanned but man-
related ciremmlynar missjons-—oum-
bered 4, 5, and 6—were placed into
highly elliptical orbits by also the
$L-12 launch systemi. The 22 April
failure may very well have been of the
same series.

* The Soyuz-type Cosmos 2{2 and
213 were launched on 14 and 15 Agpril
and, according to Tass, were suc-
eessively recovered on 19 and 20
April. Cosmos 212 was the “active”
and Cosmos 213 the “passive” vehicle
in an automatc orbital docking
maneuver performed on 15 April.

» The Soyuz-type Cosmas 238 was
launched froin Tyurararn on 28
August, [t was brought back on
{ September after four days in flight.

s In related missions, Soyuz-2,*

#Sec “Soyuz-2, 3 Herald Soviet Rﬂ:-f:nt’
Into Sgacc Race,” February 1969 issu
]

page
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an wunanned spacecrafl, was lannched
o Tyuratam on 23 Ociober, and
yyuz,3, carrying wst pilot Colonel
Geargly Beregovoy, was launched
from the same complex one day later.
The flights lasied an averall four days.
Two docking atempts, one using
wanual controls and the other employ-
ing an automatic system, apparently
failed. Huwever, there were conflicting
Sovict statements as to whether or
nat docking had been planned. Both
vehicles were returned safely.

The Hight of Sayuz-3 was the
Saviet Unien’s first successfu) manned
space mission since April 1965. The
safe landing of the vehicle was hailed
by the Soviets as a demonstration of
a new, highly accurate system con-
sisting of a re-entry module specially
designed to combine controlled acro-
dynamic lift or ballistic re-entey with

the standard parachute aod low-

altitude
system.

» Zond-¢ was opriginally injected

retrorocket  soft-landing

. into a low—128-nm-altitude—parking

'Q

arbit of the earth and was later injected
inta an erbit it a direction away from
the moon with a [60,000-nm. apogee,
a 189-nm perigee, and a period of 7
ys | houwr 34 minutes. The mision
as probably intended to simulate a
mission with a duration equal to thar
required for cireling the mogn and
retwrning o earth and may have
included tests of the critical lunar
system components and the re-gatry
vehicle. The exact results of (hese
rests are uncertain,

* Zond-5 was injected into a cir-
cumjunar orbit after launch from
Tyuratam on l4 September. Upon
sompletion of its flight from the moon
to the earth, the capsule—which
carried according o the Soviets, a
biomedical payload—was recovered
in the Indian Ocean on 21 September,
It was the first spaceship to return to
carth from the vicinity of the moon.
A  ballistic re-entry evaluation of
Zond~5 indicated a peak acceleration
of 18 Gs, and accelcrations in cxcess
of 10 Gs far approximaltely one minute.
Although these G levels are above
desivable levels for manned vehicles,
Zond-5 seems to have accomplished
the water-recovery successfully.

» Zond~6, launched on 10 Novem-

‘:, followed a trajectory virtually

entical with that of Zond~-5; the
vehicle was rewurned (0 a soft earth

March 1969

landing after an eight-day flight. Tass
announced that Zond-6 had passed
sronnd the moon at a distanece af
1,502 miles and had made swdies of
the humar environment, The Sovicts
also claimed that Zond—6 had accom-
plished mapping experiments essential
to manned lunar landings and had
taken pictures—many of the far side
of the moon—that had *“yielded almost
a thousand times more infbrmation”
than photographs taken by Zond-3.
One reason for the improvement was
the fact that Zond-3 transmitted s
pictures through space to earth, while
Zond-5 carried its photographs back,
thus avoiding the limitations of a
video system.

As anather feature of the flight,
Tass reparted that the craft was able
to mapeuver in the atmosphere 0 a
pacachutc-aided landing:

Zond-5- and Zond-6 probably
helped solve major problems in inter-
planetary travel. These would include
the technique of recovering spacecraft
after interplanetary journeys. The
missions indicated that the USSR
could carry out a manned cireum-
lunar flight. However, the 8112, the
largest Soviet booster tested io date,
appears o be capable of placing only
10,000 to' 15,000 ponuds intg elliptical

orbits that can reach as far as the
orbit of the woon, While this capa-
bility is adequate for manned circum-
lunar flights, it is insufficient for
manued lunar landing activity. There-
fore, a larger booster, using some of
the equipment now being tested,
probably will be employed in later
misgions.

Maneuverable types

Five maneuvering satellites were
launched: Cosmos 209, 217, 248, 249,
and 252. Each was orbited fom
Tyuratarn by means of the SL-1IB
faunch system, which consists of a
modified $S-9 plus a restartable upper
stage. The satellites demonstrated the
capability of making significant in-
plane orbiral changes; about 2,500-
Rfsec  velocity change has been
demanstrated:

» Cosmos 209 was launched on 22
March snd may have besn timed to
achicve a flyby of the third-stage
booster for Qosmos 208, a rcconnais-
sance satellite.

o Cosmos 212, launched on 24
April, may have performed some
arbital mancuvers.

» Cosmos 248 was launched on 19
October and performed several inplane

Earlier Safvif.;l‘spdce equipment included Vesuns 3 (leff) and Luna-10. )Sj

—Secret- 27



http:el'llploy.cd

LAUNCH LAUN RESO- UNCH LAUNCH
DATE VEHICLE AREA LUTION DATE VEHI CLE AREA
Photorsconnaissance Commenitcaitars
16 January Casmos 199 Plescuk Low b
6 February Cosmas 201 Tyaratam - High 21 Apnil Molniya~1/8 Tyurardim
3 March Cosmos 205 Plasetsk Low 5 July Molyniye-1/9 Tyuratam
16 March Cosmos 207 Plesetsk Figh 5 Getober Molniys-1/10 Tyuratam
21 March Coamos 208  Tyuratam- Low 16 December Cosmos 260 ‘Tyuratam
‘l!ax{)nél ?’mmoa g:o Plesetsk Low \ ;
Ap Sosmos 214 Plesetsk . High ;
20 April Cosmos 216  Tyuratam Lo%e Mezorological
1 June Cosmos 223 Plesetsk Low
4 Junc Cosmos 224 Tyuratam - High 14 March Cosmos 206 Plescesk
18 June Cosmos 227  Tyuratam - High 12 June Cosmor 226 Plesetsk
21 June Cosmaos 228 Tyurcatam Low %
26 June Casmas 229 Plesewsk - High TR
10 July Cosmos 251 Tyuragen Low \ Naogarivuai
16 July Cosmos 232 Plesetsk High )
30 July Cosmos 23¢  Tyuratam High 19 Janusry Cormos 200 Plesersk
9 August Cosmos 235 Tyuratam Low 20 Pebruary Cosmos 208 Plesetsk
27 August Coumos 237 Plescigk High 7 May Cosmes 220 Plesetsk
5 Scptember Coesmos 239 Tyuratam H!gh 30 October Cosmos 250 Plﬁcﬂk
14 September Cosmos 240 Tyuratam Low 95 leaet
16 Scptember  Cosmos 241  Plesetsk High 30 November Commme 250 Fietek
23 September 243 Tyuratam Low.
7 October Cosmos 246 Plesenk High Laway
e =% 0= IS
1 October mos 251 wratam High - : 3
13 November Cosmos 253 Pl’:scuk L;%v z Feb‘.'m lfulum Tyurat{m
21 November Gosiios 25¢  Ploscisk High 7 April Luna-14 Tyuragim
29 November - Cosmos 255  Plesensk Low
10 Decerber Cosmos 258 Tyuratam Low Man-Ralated : .
B-X-0 Tomr Hinvony : S
2 March Zond-4 - Tyneatam !
25 Gosmos 218 Tyuratam 14 Apiil Cosmoe 212 Tyuratam
20 May Subarbiral Tyuratam 15 April Cosmas 213 Tiuratam
27 M Suborbital Tynratam 2 Apeil - Failure Tyuratam
20c Cosmos 244 Tyuratam 28 Aungust Cossnos 238 Tyuratamn
Seienti 14 September Zond-5 i - Tyuratain
g 25 Qctober Soyuz—2 © - Tyuratam 1
§0 February ch:m ggg Kaps:;gn Yar 26 October Soyuz-3 Tyuratam
Mareh ;oS | Plese ) -6 X
& March Bailure Kapustin Yar R - —
9 April Cosmos 211 - Plasetsk
18 April . Cosmos 215  Kapustin Yar Maneuverable
2N Covmoes 221 Kawatin o
May _ : apustin Yar 22 March ; Cosmos 209 Tyuratam
30 May Casrios 222 Plototsk 24 April i Cosmos 217 Tyuratan
1 Jm Gt - 19 October Cosmos 248 Tyuraam
u mos 23( Kapustin Yar : o P Torizais
20 Seprember mos 242 Plescuk } November Cosmos 252 Tyuratam
w()ﬁtoba'm 4 gosmos 45 }I"lmmk
oven roton 4 yuratam oy i
3 December Cosinos 257  Plesewsk e -
14 December Costnos 259 Kapusdn Yar g -
19 December Cosmos 261 Plesotsk 13 June Failure Tywatam
26 December Coemos 262  Kapuatin Yar 27 August Cosmos 236 Tywatam (8]
maneuvers before reaching a final  umidendified objects were ohssrved  close to, Cosmos: 248 (about one am).
arbit of abeut 275 am. . accompanying C 249 in-its final  Later, Cosips 252 displaycd multiple
* Onc day later Cosmoy 249 was arbit of 280/1,170 nm. objects in its orbit path; additional

launched and placed ia an orbit of
280/900 mm. On revolution twao,
Cosmos 249 passed Cosmos 248 at a
distance in the order of 9 nm. Several

28 —Seerer

_ = Oa | November Cosmos 252 was
-orbited in a manner similar to that of
Cosmos 249. Cosmos 252 on s
sccond revolution also passed quite

abjécts also appeared in the orbit of
Cosmos 248. The appearances wi
traced back to about the time.
close flyby. [END]
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