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Mi ssile Rang.e 
Firing Log 

US radar stations dete cted the following Soviet space/missile 
launches ·during -the period 1 January-14 Febrnary 1966: 

Approximate Time 
& Date of Launch 

0820Z , 07 Jan 
0830Z, 2Z Jan 
0717Z, 24 Jan 
12,352, 25 Jan 
0736Z, 31 J an 
11422, -31 Jan 
12.19Z, 0.5 Feb 
DZtoz, 09 F eb 
08402, lO Feb 
18032 , 11 Feb 

·­
Propulsion System 

Cosmos 104* 
Cos:rtros l 05':' 
SS-4 MRBM 
Cosn1os 106# 
SS - 7 ICBM 
Luna 9>:.<>:< 
Failure-## 
SS-4 MRBM 
Cosmos 1071.< 

Cosm-os 108# 

*Launched by SS-6 ICBM booster - sustainer, 
upper stage. 

# Launched by 2-stage vehicle . _,. , 
*':.< Launched by SS-6 IC BM booster-s us taine.r, 

Launch Site 

Tyurata1n 
Tyuratam 
Ka.pustin Yar 
Kapustin Yar 
Tyuratam 
Tyurata:rn 

::T yuratam 
Makat 

. , 

Tyut'ata:m 
Kapustin Yar 

Range 

Orbital 
Orbital 
1050 run 
Orbital 
3400 nm 

Lunar 
Failed 
1050 run 
Orbital 
Orbital 

orbited by light Lunik 

inject-ed iato parking orbit 
by heavy Venik upper stage, injected into transfer trajectory towardl . the Moon by 4th i..T\terplanetary stage. 

##Unknown laur~ch vehicle 
(Diyarbaki r & Shemya RADINT; va r ious ELINT sens.ors)I (aEGRET N O FOREIGN DISSEMINATION - • Rcleasab.lc to US, UK & Canada) 

I 
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The Soviets la:u.nched Cosmos 10'7 from Tyuratam at about 0"840Z, 
l 0 Pebrua.:ry 1.96 6 1 into an en-bit wl:th an Equatorial inclination ~f a.boui 65 
d.eg.r-ees and an <)rbit<rl period of about 89. 78 minutes. The Soviets an­
nol,Illced it as another scient~fic res.ea rch vebi.;.l.e of th:e Cosmo.s series. 
but a ll indicatioi1s are that l.t is the 44th in a s·eri~? . of S~viet recoverable 
photoreconnais s.ance satellites which bear the Cosm.os· designation. 

The Soviets hc,LVe been unusu·ally bus];, with thei r photo.recce satel ­
lite program ·this winter. Seven vehicles have been launched since mid­
October, compa red w:itb.3 . f.or mid-October to mid.:..F.ebrtl.ary in .each of · 
hvo preceding wint-er·s, · · ·-•· ·· 

Five. of the 7 launched sh1ce mid-October 1965 were orbited by the 
SE-3 lam),cb: system, · and two by the '$E-4. Both systems u.s'e the..SS-6 
ICBM b~o·st r-sustainer for iaunch, but the SE ~3 injects its p;:tY.ioads into · 
drbit with the light Luttik uppe1· stage, the $E-4. ddes it ~vith, . the' heav)r .. 
Ven±k uppel~ s ta ge, . . . 

The SE-3 payload weighs about lQ, OOQ pounds and carries a .came ra 
.sys:t!'tm of medium re.sohation (20-30 feet}. Four ca.meras are ca:ztr,ied: 

Two mai.'l'-1 cameras: perform the. prim.ilry pho~ographic missiol.'!-,.• 
Each is aimed ab.pu:t 16 d<:gr e es oH the ve:rtic<d, with a sligh1; 

overlap al0ng the Earth trace under the vehicle's li-ne of 

!light. . 

One is a horizon ca.:¢:e::ra which p;rovides a loc-al vertical r efer­
• 
ence .for the main cameras. 
The fourth is an indexing camera which locates the gross• 

· area within whid1 the ·main cameras are takin~ pictl,li eS. .. 
The S'E-4 paylo~ad weigh~ abottt 12,000-15, 000 pound$, car-l:ying · 

a camera system of high resolution (5-8 feet). · This syste1~. is able to · 
rnake a controlled roll of up to 45 degrees wtth respect to the 1i:ne. o! 
fligh.t in order t:o photogrel:ph selected targets o!fs·et to the flight path. 

-8­
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Fiv~ camer~are ca.r:ried: 2 primary :mission, 2 hor·izon, and 1 inde,X\ing, 
T.;-o horizon cameras are needed for. the field oi v·iew required to establish 
the roll position i:jf the satellite. 

The two photographic systems complement each other. The n>editrm­
resolution system provides a geodetic a,nd mapping function .from which 
g:ross patte rns of change can be detected. Once areas oi potential interest 
have been recorded by this system, the high-resolution syst, '1 can be 
used to obtain more detailed cove ~age which show the characteristics of 
spec.ific targets. 
(NORAD; FTD) 
(£:EGRET NO FOREIGN DISSEMINATION -~ Releas a ble to US, Uf< & Canada} 

Reds·Use USrs 'Echo1 Satellites 
for Making ·Geodetic Measurements 

The Soviets since 1962 ·have been using .optical observations of 
th~ USJ s large balloon-type Echo- s e:ries satellites fo.r m aking geodetic 
measurements across the USSR. Thi.s work apparently is now to be ex- . 
tended il1to Eastern Europ(!! . Latvian and Rumanian scientists repO:ir.tetdly 
plan A:o ·take the sa.rtl~ kind of data by sinwltan~Q~s ly photogt'~phin,g JUe"h.o li 
from JUga. and Bucharest, 

, The acc;~racy of geod etic measuJ,"ements obtained by optical track­
ing of a passive satellite is probably not a$ gre;;..t as the US hopes to achieve 
by elec:tronic tracking o:( Geos and Secor satellites, but it is faster and 
more accurate than conventional surface-triangulation methods . 

Geodetic measurements aid in determining more accurately the 
siz~ and shape of the Earth and the distances bet-.veen vari ous J?o~n'ta on 
it. Accu-rate determination of such distances i$ he.Iphll in targeting 
ICBMs against S.lnall targets, such as b.a:rd.en.ed enemy ICBM s·ites. 
(Cl.A; N'ORAD) 
( GO:HEIDE:N 'HAL) 

I 
The Luna 9 Event, AccordingI

I to Soviet Press Reports 

(Follow ing is a NORAD summary of, Soviet press items o n 
\ the Luna 9 event. Times giv(:'!n are as, sumed to be M{1SC·OW tirpe. 

In: some cases this was specified. ) . 
I 

The Spa<;:.eeraft, The Luna .9. vehicle which was injected into tr<1I1Sfer 

r trajectory toward the Moon weighed l, 583 kilog.ram.s, half of this weight 
I consisting of fuel. The spacecraft consisted of 3 main sections: 
I 
I 
I - • . An engine section which made the in.t1~ght course corre ction 

8- 9 seol:""otwm·7756 Ill Feb bb 
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i 
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and s upplied t he brakins action £o r the landing . 

A flight-c ontrol s e c tion wh i c h controlled the inflight c ourse
• 
correction and the fina l landing . 

The final payl oad w hich photop~phed the Moon arid trans­
• 
m itted video o£ the ph_otography t o the E arth. 

T he e n gine s ection consis ted oi th.e engines, a fu.el- pumping system., 
appa r atus to inSure proper 'burni:q.g , and {ue l tanks. · 

The c ont:tol. section includ.ed gyr~acoBes. , electro-opt ical device.$' 

f or ori.enting the station in space, "a radio Io.~ flight o o:nt rol,, a tir,ner ­

progra m e r, a .r.a.dio. syste~ {or t h-e soit -lali:ding , a p mwer Sl;).pplyo , an d ,a 

v e rni·er ·syst.em for orie n t ing. the station pro p e rly for .the i n night c ou:r:se 

cor r ection and for the lan din g, Thi s sect i-on was in .2 hi ng ed p a rts w hich 

sepa.r ated before t he b r aking aftien t o·ek place . ·. 


· '!h~ statia:n it$el:f. · which wa~ sealed to m:a:intairi a con stant pre-ss~re , 
c ontain e(i a , r adio t ransmitter-r.e·e.e-iV.er, p:;-og~am-cont+-ol devi'ces , ~ heat 
r egu l ato:r , s c ientific appa ratus, a power s upply, a T V syst em, ·anten:nas , 
shock a b sorbe r s , an<!· petal-Fke feet. · 

. . . . . . 

Launc h Date. and Tar get. . Th~_ la.unch date was so c hosen that the Moon 
w ould b e relat ively high above t he· E arth's Equator, which would p r ovide fo1: A 
longe r line-of-s ight communications time each day betw~en the .Moon and • 
the US S R . . . . . 

'!he p robe was al:rned ~o t ha.t it w o:uld land d'U;rJ;ng the; lunar 11rnol\'lli .. 

ing , 11 that is, n,~a r t he te:rmiha tor l ine . ~fhis would provide th e 11.'1,-os'f 

fayo.rable work i ng tempeJ::ature for the electronic equipment abo.ard the 

sta tion, !? ince ~be, Sun at th~s t ime .would oe low in the luna r s~y . 1t would 

also :Ca-st long s·had ow ~? dur.ing th~ e:a:rly part of .the phetQgra:pb:i~ . rn_j.s~i~n..
.. 

The Flight. A rocket pq.c kage first put LWla iqto a; parking .or b it of th.e 
Earth. with an o rbital inclination of 52 degrees, an a p o gee of 2.24 kilo-m ete:r'S 1 

and a pe:;t"i gee of 1 73 kil.om.eters. At a pl:'edetce rmi~e-<:1 t:ime it wa;s injected . 
into a t l'ajectory t oward the Mopn on a t.rip which would l a st about 3. 5 ' q~ys. 

_Observation indi-c ated that Luna 9 w ou ld pas s the Moo n at a dist-an¢e 
of 10,00$) kilometerS' r'rom its .center if th.e spacecl·dtJ s fli-ght p ath was not 
cop:ect eil. -On .J Feb r u ary tll& ground station sent Luna. 9' the instructions 
t o n lake a cout:.se c or r:ection . The spacecraft o ;ri e:p.ted itself with vernier 
control s to the S un amlpe r p e ndicula :r to thJe s1;1rface. of t h e Moon. · At 22.29 
hours., 1 F eb r uary, t h e correction engine s were switc:.h.ed on an:d the craft1 s 
.s pe~d changed by 71.2 tnete rs per second . .(')VIR note : see page $7.) 

.. 
The grti;und stahon later v e:dfied the a ccuracy of t h e ·cor:rectlon alld 


computed th e time at which the braking engiri.~ should 'De turned o n . At · 
 ·. 
1600 ho·u rs, 3 F e bruary 1 data w a:s s~nt from the Earth to the spac e cr.:aJt 
:for braking prior 'to landi n g . .Luna 9 oriented ij:sel:.( ve:tt i c a,lly t ¢ tb_e Moon's 
sur·fa~e abQ\,l..t ~. hour b~lore the land-ing -..yas t·o_ b e made.1 when- it wa.~ ~· pQ 

...__,..-·,.om etets from t he Moon. 

10 
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One oi the characteristics of a sy-stem o! hyperbolic trajectories 
was 1J.sed in or· enting the cl"ait: i£ the altitude at !vhich the braking engine 
is to be turned on is giv·en, t.l:nm for that altitude there is a djstance from 
the center of tl.\.e Moon (about 8500 kilometers) at "vhich the direction to 
the Moonrs center coincides w:i.th the needed direction of thrust at the be­
ginning oi braking. It should be noted that this distance does not, irom a 
practical standpoint, depend on the magnitude of the deviation o£ the actual 
from the comp1,.rt~d trajectory. In brakin.g, of cot\rse, the a~is of thrust. 
has to be aligned with the speed vector. 

Bl:a1dng began on command of th..e r ·adi.o-aitimeter wh.en Luna 9 was 
75 kilometers ~~bove the Moon's s.utfac.e and continued for 48 s·econds. The 
shock absorbers were readied and the cr-aft's speed wa .s slowed from 
2600 l!Pt!ters to. ·several mete:rs per second. When the station reached the 
Moon's surface, .it !'ieparated from the engine.s, which la:ndedn.earby. 

Touchdown can1e at 2145:30 hours, 3 February at 0708N-6422W. 
Four minutes and 10 seconds later the antennas opened (!,nd the. first 
transm-itting sess-ion began. At- 0450 hours, -a: Feoruary, the. TV system 
began its survey of the lunal' surface and transmissions began. In the next 
3 days, ph..oto-TV images were sent regularly, al.ong with telerne.tric data. 
(WIR note: see page 40 .) 

Tiie V'iaeo System. The TV camera, after the land:ing, was about 60 centi­
meters above the lunar surface, permitting a range o£ vision of about 1. 5 
kilometers. · Its angula r resolution-was about 3 rrdnutes of arc. l.n -com­
parison, a man 1s range of vision on the Moon wo-uld be about 2. ~-i. 5 
kilometers and the angular resolution of his vision wo·uld be about 1 minute 
of arc. 

The sensitivity of the TV 11 eye 11 on Luna 9 could be va.r~ed with the . 
intensity: of the illuminat_io.n, either by means. of photcel¢ctric devices <;arried 
or by cbmmand i:l;'om the F..:a.rfh. 

Pictures taken during- the 3d trans·mitting ses sion were the best, 
whetl the StU1 was at an angle of 27 degrees. The Sun was tgo iow upon 
landing, so photography was delayed. When the first vide.o transmission 
wa·s h-eld, the st.Ur wa!'i about 7 degrees above the.horizon. 

The power. supply \Vas the limit1ng factor in. the number o£ trans­
mitting sessions held. Three were pr~'gramed but some power st;Ul remained, 
and pictures were received 7·5 hours after touchd()\vn. · · 

The axis of the TV camera was tilted downw-a:td at an angle of about 
30 degrees toward the east.· ' This res ~lted in photographic coverage of 
only 300 degrees o£ th.e lunar surface, 'altho-ugh the apparatus was capable 
of 3&0 d~grees c.ove:rage. Coverage in a westerly direction shows only a 
black sky. 

A 2.-faceted mirror was used to measure distances. It div-ided t.lie 
landscape into 6 · ~trips of ste:reo pairs with bases ·of about h.ali a meter e'a<:h. 

The pictures sh0Wed that the station's angle O'f tilt had changed 

ll --------~------------~S~e~C~P~O~t-
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between the Zcl and 3d transmitting sessions·. Also, the camera moved a 
few centimeters. This enhanced the stereo effect. 

"'the pieces of the St<,~;tion whi;ch pan .be seen in the published 
photogra.phy appear to be la:rge, but that is becaus-~ th.ey are close. 

Scientific Data. The station indicated that cosn1ic rays are the pdncip:al 
factor mradiati_on on the Moon, whe.re the dosag~ is 10 m'illirads per day. 
The Ma:O)l'·S surface itself r-adiate-s as an effect of prirna:ry cosmic rad~~­
tion. This fact may help us to determine the cl;temical co,mpos.ition .Gl' the. 
Moon. 

QUESTION. -AND ANSWER SESSION . 

(Jtollowin~ is a summary of the :most significant points raised 
during a question-and-answer pe_riod whi<;ih folld-wed a l 0 
February press conference about Luna 9. Questions and an­
sw e rs are su:.romarized, not given verbatim as publish~d. 
Some 'are omitted.) 

Q. 	 What caused the station to shift position? 
A. 	 This is not known, b_ut the weight of tb.e station and chang.es in 

t emperature of the surface c.ould be fa~to~s~ 

Q. 	 Did Luna 9 have solar batteries? . _ 
A. 	 1\lo. They W('!re not n:ec,e_ssary for this mission. 

d. 	 What is next in the program for sending cosn:1onauts to the 
Moon? 

A. 	 Perhaps a iligh.t of cosrnonau.ts. around the Moon, B-ut this i$ a 
-q-u&stion. There are n~a.ny llrobl~ms req'\\iring study, 

Q. 	 I s the soft-land±n.g p:rocedure lOO% safe?> 
.A, 	 The technical problems are l OOo/c solved, .. but this does not bar 

accidents. You can never guarantee lOOo/r reliabili~y. 

Q. 	 Can you n;l.me the ba-$ic steps whi.ch must: be ta,ken b e twt;en a spft- _ 
l a -nding a~d $ending c-osmonauts· to the Mo-cm? ,. · 

A. 	 There ar't'! many technical problems, but the speed of return to 
Earth f:::··om the Moon, which is much h.igher than orbital speed, is. 
Qne of the bi ggest problems. ·. 

Q. 	 What ab'o~t Sir B~rn~rd Lovell's prediction that the USSR will send -. 
men to the Moon in early 1967? 

A. 	 I 'don't know on what;_ basis Lovell said this. 

12 	 seorot-
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Q. 	 Can you give the weig}1t of the control section and braking sectio.n ?­
A. 	 The over-all weight was 1. 5 toos, the station itself 100 kilograms. 

Q. 	 Was all the equipment Soviet built or w.as some of it built in other 
socialist nations ? 

A. 	 All of it was built in the USSR but we hope in the future to use 
equipment from the othe r socialist nations. 

Q. 	 Will vehicles of the Luna- 9 tyFe land on Ve·nus in the not- distant 
future? 

A. 	 I do not exch.ide this poss ibility, but landings on Venus hav¢ special 
problen'ls, such as atmospheric temperatur .e and pressure. 

Q. 	 Are more Luna- 9 ve.~icles -expected this year? 
A. 	 This is an interesting question, because of problems of inter­

nationa.llaw and international relations.· 

Q. Is the lvioon now contaminated by Earth's bacteria? 

' A. Special measures were taken to prevent this. 


e Q, When wil.l the first s amples be m~lde of the lunar soil, seismo­
..:~graph reconHn:gs made, ternperatures take.n -- ;is this months 
a:way or years? 

A. 	 I think in ::;nonths or tens of months. 

Q. 	 What kind of signals were u sed to transl1?it TV -- figures or analog 
modulation? 

A. 	 Ordina ry frequency m .odulat:ion. 

Q . 	 Will the photographs made by Luna 9 be published? 
A. 	 The Academy of Sciences proposes to publish a special issue abatli 

the event and pictures of the lunar surface; 1'v1aterials will also 
be puhlished in scientific journals. 

Q. 	 Was any information sent other than TV, such as results of experi­
ments? 

A . 	 !"he dos ime try background detected has already been mentioned. 
Very detai.led .information was sen.t back about the working of Luna 9 
it~.>elf. ' 

Q. ls a special n:ame to be given to the historical place of this lunar 
landing? If so, what is it? e A. I think that this must be given thought. Amet-ican ~cientists called 
Ranger 7 1 s landing place-the "Sea of the Known. 11 However 1 

13 ----------~------------~s~~a~o~r~e~t 
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.astl'C:>n~~~·rs have their 0\ltJ:l: inte-rnational rule,g . ~114· dt:~ n.Pt P'~""mit· 
, 	anyone to ~slirtgn :name-e. without perkl"Lis siori p£ t;p:·e .lmte::.t"nalt!ona?l · · 

Ast:rolJ.Ptner 1s Union. It is·i>re~atu·re to s::p~a;k a_f:th:i~~ · 

.· 
Q. 	 1:-fow he.avy must be. th¢ equipment for deli;Ve~t"ing ~~? i<? 'the Moon 

and re.t'u..rning t-hem to .the Earth? · . · · 
.A. Total weigb.t of the 1:ocket woul-<I b-e ±hoUos-and.s of tons; 

. . . 

Q. 	 When can we expect the first com:rnunicatio:ns f:.r'om Venera 2 

a-nd v enel-a..3 ? . . ' ' . . ' . 


A, 	 These sta.b,ons a~e 'traveling attd working as planl)ed and re· g'l'i!~ 
communications sessioht=! have been h~~d with the'l'nr. They will 

·· reach Venus ahout l.March. · 

Q. 	 How many Bnes a;re th~re in pic'tt~res Q1 :the Moon tx.ansm.ittecl 
t:o the Earth.? · · 	 ' 

A4 	 trhe:reare 6, o.0::(}·}1~~s in the whble . pa.n.~ra.:ma; a session lasted 100 
mmute5i 4 ses.siqns iP-ere held~ 

Q. ·. 	 Doe.s the'USSR claim :~e Moon~ 
A. 	 No, · 

ct. .How wilf t;his question be de·Ci~l~d? 
. A. Let the jurists c:lecid~. . .. , 

( 	lzvesti'a; RedStar) . 

(UNCJ.d\'S.S~F.IED) 	 .. ; ~' : ' 

Spave listin§ and Over--An 
Space·Status Re~rt ·;; . . .. . 

. .. The o'l"er-all spacill-:vehiele status as o£ i>O'CHJZ 
1 was as fo116WS'; . ·. 

' .. .. . 

16 February 1966, 
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USA Can Italy France USSR Total 

Payloads decayed or 
de-o.rbjted 170 . 1 102 273 

Debris decaye9 IZ9 . 575 70"1 

Tota."ls 11 L& 4 

A listing of payloads _still orbiting the £arth as 
:F'ebrua ry 1 9 6 6., is s.hown 011 page ·11. 
{N ORAD Spa.ce Defense Center) 
(OFFICIAL USE ONLY} 

Cosmos 108 Probably a Scientific 
Vehicle; Payload May Have Failed 

Cosmos l 08, which the Soviets lal,Ulched from Kapustin Yar (KY) 
<lJ.bQ:t;lt ~8· 0$2,, ll February, is believed to be a scie"l;;t-#ic veh\cle, as the 
Soviets . claim. It i? the second such ·s.pacecraft launched hom K Y thi.s 
year. The SS.,.4 MRBM boo·ster-sust.ainer and KY Cosmos 3d stage we;re 
used to laun.ch and inject Cosmos 108 into orbit. 

. It is the .first nighttime KY ,launch since Cosmos 51* which was · 
launched 9 Dec-ember L964. Cosmos 108 may have been intended to study 
night lighting co.nditi9ns. The Soviets have announced that Cosmos 51 
studies one visible and two ultraviolet :regions of the spectrum at ni~ht. 
A lack o.t :ELIN'T after Orbit One , however, suggests that Cosmos 108 
may have suffei.!e d a payload Jailure, 
(NORAD) 
(£ECRErf NO FOREIGN DISSEMINATION -- Relea. sabl~ to US, UK ~ Canada) 

5 Feb Launch Faits, Probably 
Test of SS-9 I' C~M in Space Role 

A vehicle which the Soviets launched from Tyuratam {TT) at about 
12202, 5 Februa ry,. fa iled and fell i,nto the P acific some 23 minutes a ·nd 
5-0 seconds later. 

The l.atmch appea;rs to have been a repeat of a space event of 16 
December 1965 which also failed: the two vehicles were similar 

It is co:nclude.d, therefo-re, that t:Pe launch vehicles '.'\.'ere 
the same. Analysis of telemetry interncds does pot permit identification 
o£ the 5 February launch vehicle, but that used on 1'6. December has been 
identified as an SS-9 ICBM plus a third stage. 
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Both launches are asse'Ssed as space events :rather than missile 


events, despite use of the SS-9: 


Bo.th Znd 'sta~e b0osters fell,p~~ond a curr¢-ntly aunoanced• 
Soviet impact area in the :Pacific. 

There \.v·ere no missile- range instrumentation ships in the
• 

: Pacific to monitor these eve·nts. 


• The use of a third stage is more consistetlt with a space 

launch than a missile launch. . 

~ 	 Inclinati o.n of traject(.)Ty was tbe 65 degrees used for most 
TT launches. 
Velocity of the booster at ap.ogee (before ignition of·the third• 
stage) 	was 96 per~ent of o.rbital velocity. 

In both cases the 3d sta·ge was not p.:togrammed for ignition uptil 
about 7 minutes a.fter apogee, at about 100 n. m. altitud~. On 16. D-ecember 
the 3d stage ignited b~t, due to.its tumbling, it exploded. On 5 Febru<!-ry 
the 3d stage -separated b.ut !ailed to ignit-e a.n<l fell in~c:> the Pacific along 
with the 2d stage. 

Both events are assessed as test launches of an. SS- 9 and a 3d sta:ge. 
The Sov:j:ets co~1d intend to use this configura:tion for any one or mo:rce of 
the following purposes: 

• 	 To replace the SS-6 ICBM as a general-purpose space boosteT., 
• 	 To replace the ss. 6 ICBM -sped.fically in a new photo- · ·. 

reconnaissance- satellite syste.rn. . 
• 	 To test elements of a fractional-orbit bombardment 'system 

(FOBS). 
• 	 To place~ a ren.de~vous ,package into o-rbit/ j:o be used later in 

conjunction with a manned flight. 
·• · · To be used in a xole requiring a near-Earth parking orbit. 

(NORAD) 

(~ECRET NO FORE IGN DISSEMINATI;ON -~Releasable to US, UK & Canada)
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Right Path of Luna 9A:K.is o~ented to 
lunar vertical 

Braldng, engine ......... .~.~."'"' 
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