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FOREWORD

This constitutes the final report under Contract No.

21ST-08011-4-2297, Serial 0ST84-00133, titled "Paxsat

Concept for Arms Control and Disarmament Verification

in Outer Space".

The contract was carried out by the Satellite and

Aerospace Systems Division of Spar Aerospace Limited,

with a major subcontract to Philip A. Lapp Limited who

in turn were supported by the Canadian Center for Arms

Control and Disarmament.

The report is presented in two volumes. Volume I is

the main body of the report compromising of sections 1

through 10.0. Volume 2 is the appendix of the report

and contains Appendices A through D.

The material on Space Assets and Weapons Analysis

presented in Volume 1, section 2.0 and, on the

operational aspects of the Paxsat concept presented in

section 4.O of this report, are the effort of Philip A.

Lapp Limited. Additionally, the resources of

Philip A. Lapp Limited generated the material on the

ground based and space based optics capabilities

presented in section 6.0. Section 3.0, the Political/

Legal context for a Paxsat type mission is the effort

of the Canadian Center for Arms Control and

Disarmament. Remaining sections of the report

including the Artificial Satellite Log of Appendix A

were generated by the Satellite and Aerospace Division

of Spar Aerospace Limited.

The contract was monitored for External Affairs Canada

by Mr. Ron C1eminson and for Supply and Services Canada

by Mr. Louis Cloutier. The monthly reviews and reports

were made to an ad-hoc committee of DND, DEA, EM&R and

DOC personnel chaired by Mr. J. Ray Marchand of the

Interdepartmental Committee on Space.
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KEY FOR THE SATELLITE LAUNCH SUMMARY 14Bü-1461 AD
-------------------------------------------------

SATELLITE NAIiE

INTERNATIONAL DESICRATIDN

CCUNTRY

PR09ECi BIRECTORATE

MISSION CIVIL I MILITARY

OESl6ïlAT10H

MISSION PURPOSE

LAUNCH DATE

LAUNCR SITE

LAUNCH VEHICLE

ORBITAL PERIOD

PERIBEf HEI61HT OF AN ORBIT

APOSEE HElGHT OF AN URBIT

ORBITAL INCLINATION

5EMI-MAdOR AXIS ilF AN ORB1T

ECCENTRICITf

RI6HT ASCENSION RA'TE

BEüSYHCHRflNGllS

ORBITAL POSITION

MISSION SIATUS

MISSION STATUS DATE
REMARKS

WARNIN6

THE IDENTIFIER BY YAICH A SiVEN SATELLITE I5 KNOYN.

THE INTERNATIONAL TELEC9MMUNICATIOHS UNION IDENTIFIER NUMBER ASSI6NED TO ALL SPACEERAFT THAT ARE LAUNCHEB.
THE NUMBERS RUN SERIALLY EACH YEAR ACCpHBIf#6 TO THE TIME OF LAUNCFI. MULTIPLE LAUNCHES ARE INDICATEB BY A LETTER E,C,pj dr.
THE SPECIFIC COUNTRY OR INTERNATIONAL AGENCY WHO aWN5 THE SATELLITE.
THE NATIONAL OR INTERNATIONAL ASENCY WHO WAS RESPONSIBLE FOR THE PROCUREMENT OF THE SATELLITE.
A BESI6HATUR WHICH DEFINES WHETHER THE SATELLITE IS USER FOR NON-MiLITAHY OR HTLITARY PURPOSES.

A SATELLITE HAS BEEN DEFINED TO BE MILITARY FOR SHAfiE6 PAYLOAD SPACECRAFT. CAUTION SHOULB BE EIERCISEB FOR SOVIET SPACECRAFT DESI6N11T0RS DUE TB A LACK OF BETAILS.
A FIVE LfTTER CODE DEFINED BY AUiHOR OESiSNATlNO THE FUNCTION OF A SPACECRAFT DEDUCED FROM REFERENCES CONSULTED.
CAUTION NEEOS TO BE EXERCI5EB WITH NILITARY SPACECRAFT AND IN PARTICULAR EilN'T,RECDN,RAOAR SPACECRAFT CLASSIFICATIONS.
LAUHCHEB DATE OF THE SATELLITE AS ACCEPiED BY THE ITU.
A THREE LETTER [ODE 0€FININB THE LAUNCH Sif€ EMPLOYED TO LAURCH THE SATELLITE.
A1LY - AKTUBINSK-HAPUSTIH VAR {USSRi CS6 - CENTRE SPATIAL 6UYAHAIS (FRENCH 6U[ANA1
BAI - BAIKONUA fUSSR1 KSC - KA69SHIMA SPACE CENTRE IJAPAN)
PLE - PLESETSK iUSSR1 TSC - 1ANE6ASHIMA SPACE CENTRE IJAPAN)
ETR - EASTERN TEST RANCE (USA) 55C - SRSHARIKflTA SPACE CENTRE IIHBIAi
TIR - WESTERN TEST RANGE (USA) dON - dUIOURR (CHINA)
THE LAUNCH VEHICLE USEB TO LAUNCH THE SATELLITE.

THE LENBTIi OF TIME E%PESSED IN MINUTES FOR A SATELLITE TO CffNPLETE ONE ORBIT ABOUT THE EARTH.
THE HEIRHi MEASURED IN KILOMETERS AT CLOSET APPROACH OF IRE SATELLITE TO THE SURFACE OF THE EARTH.

THE HEISHI MEASURED IN KILOMETERS AT FARTHEST EXCURSION OF THE SATELLITE FROM THE SURFACE OF THE EARTH.

THE ANGLE MEASURED IN QE6REES THAT THE PLANE OF AN ORBIT SUBTENBS WITH RESPECT TO THE EOUATBRIAL PLANE OF THE EARTH.
ONE-HALVE OF THE LONG AXIS OF THE ELLIPTICAL URBIT.

DISTANCE FROH IRE CENTER Of AN ELLIPSE TO ITS FOCUS BIVi0E0 BY THE SEMI-HA30fl AXIS.
THE RATE OF PRECESSION OF THE RI6H1 ASCENSION OF AN ORBI'T CAUSEB BY THE NON-SPHERICAL SHAPE OF THE EAATH.
A VALUE OF APPROEIMATELY +1.0 âE6REES PER DAY 15 INDICATIVE OF A SUH SYNCHRüH0U5 ORB1T.
THE LONGITUDE OF THE SPACECAAF'T MEASURED EASTNARO5 FROM 6REENMICH MODULUS 360 DEGREES.
A VALUE OF 36! INDICATES THAT THE POSITION IS UMKNOWN TO THE AÜïH05R.
A THREE LETTER CODE OEFININB THE STATUS OF THE SPACECAAFT IN ii5 ORBIT.
DEC - DECAYED. RE-ENTERED THE EARiH's AT140SPHERE.

REC - RECOI+ERE6. RETREIVED BY A6ENCY WHO LAUtlEHEO THE SATELLITE.
BfB - OF-URBITEO. PLACED INTO ALTERNATIVE ami FOR INTENTiONAL RE-ENTRY.

]OF - 1N-BRBIT FAILURE. FATAL MECHAH151k FAILURE ON SPACECRAFT OR UPPER STAGE.
LVF - LAUNCH VEHiCLE FAILURE.

THE DATE FOR WHICH THE STATUS OF THE SPACECRAFT IS GIVEN.
CONMERTS. QUESTION MARKS INDICATE DATA UNCERTAIN,

SINCE SOME ASSUNPTI4NS WERE MADE IN CURRELATIN6 TBIS INFORMATION, ACCURACY OF DATA CANNOT BE ASSUAED.

II60-12/77
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IDERIFICATIOM 	 MISSION 	LAUNCH PATA 	 ORBITAL DATA 	 MISSION STATUS 
HMI HOUK 

SATELLITE 	1NT'L 	 PHI. 	CrM 	 PERIGEE APOSEE 	INCL. SEMI-MAJOR EMIL 	ASCENSION ORBiTAL STATUS 	DATE 
MARE 	DESI6, 	COUNTRY 	DIR. 	DESILAURPOSE 	DATE 	SITE 	VEHICLE 	PERIOD 	HEIGHT 	HEIGHI 	 AlIS 	 SATE 	POSITIOM 

MIN/ 	In) 	ii(h) 	IDE0i 	1 13MI 	1801 	IDES/DAY1 IDES. EAST1 

COSMOS - 1149 	1980- i-A 	USSR 	 MIL 	RECOM 09-Jan-80  PIE 	A-2 	90.4 	208.0 	411.0 	70.3 	66199.2 0.015398 -2.84455E 4 00 	REC 	23-4«-B0 
46TH MOLNIYA-1 	I980-2-A 	USSR 	 MIL 	CENIMU 11-Jan-80 PIE 	A-2-e 	737.0 	478.0 40830.0 	62.8 	27032.2 0.746371 -1.48118E-01 

COSMOS-1150 	I980-3-A 	USSR 	 MIL 	KAVIG 14-Jan-80 PIE 	C-1 	105.0 	989.0 	428.0 	81,0 	7386,7 0.002640 -7.25420E-01 
fLI5ATCOM-3 	1980 - 4-A 	USA 	USN 	MIL COMM 18-Jan-80 EIR ATLAS CENTAUR 	1436.1 35745,0 35829.0 	2.6 	42165.2 0.000996 -1.33989E42 337.0 	 UHF COMMUNICATIONS 
COSMOS-1151 	1980-5-A 	USSR 	. 	MIL 	ORSAT 23-jan-E10 ALE 	F-2 	97.8 	650.0 	678.0 	82.5 	1042.2 0.0019E18 4.19573E-01 	 EORUAT? EL1NI OCEAN RECOMMAISSANCE 
COSMOS-1152 	1980 - 6-A 	USER 	 MIL 	SECON 24-Jan-80 PIE 	A-2 	89.7 	181.0 	370.0 	67.1 	6653.7 0.014203 -4.34508E+00 	REC 	06-Feb-80 
COSMOS-1153 	t9130--A 	USSR 	 MIL 	KAVIG 25-4a6-80 ALE 	C-I 	105.0 	983.0 	1031.0 	83.0 	7385.2 0.003250 -7,25942E-01 
CDSMDS-1154 	1480-B-A 	USSR 	 MIL 	(LIAI 30-Jam-80 PIE 	A-I 	97.3 	634.0 	671.0 	81.3 	7030.7 0.002641 -1.07177E 400 
COSMOS-1155 	1900 - 9-A 	USSR 	 MIL 	RECON 07-Feb-00 PLE 	A-2 	90.4 	206,0 	422.0 	72.9 	6h92.2 0.016138 -2.12246E 100 	REC 	21- Feb-80 

KM-11-3 	1980-10 -A 	USA 	USAF 	MIL 	RECUR 07-Feb-90 WIR 	117AN IIID 	91.7 	220,0 	498.0 	87.0 	5737.2 0.020632 1.00335E 400 	DEC 	10-Oct-82 	EIRRIES1C RECONNAISSANCE 
NAVS1AR-5 	1980-1I-A 	USA 	USAF 	MIL 	MAVIS 09-feb-00 MIR 	ATLAS F 	715.9 20085.0 20165.0 	63.7 	26508.2 0.001320 -3.01648E - 02 	 GLOBAL POSITIONING SYSTEM 

1551105 -1156 	1980-12-A 	USSR 	 MIL 	COMMU 12-Feb-80 PIE 	C-1 	115.4 	I450.0 	1528.0 	74 , 0 	7867.2 0.004957 -1.31781E400 	 • 	TACTICAL COMMUHICATICKS 
COSMOS-1157 	1900-12.-0 	USSR 	 MIL 	CONAU 12-Feb-80 PLE 	C-I 	115.4 	1450.0 	1520.0 	74.0 	7867.2 0.004957 -1.31781E+00 	 TACTICAL COMMUNICATIONS 
CO5MOS-1158 	1900-12-C 	USSR 	 MIL 	CDMMU 12-Feb-80 FLE 	C-I 	115.4 	1450.0 	1528.0 	74.0 	7867,2 0.001957 -1.31781E+0 	 TACTICAL COMMUNICATIONS 
COSMOS-1159 	i980-124 	USSR 	 Mil. 	COMMU 12-46-0 FLE 	C-I 	115.4 	1450.0 	I528.0 	74.0 	7867.2 9.004957 -1.31781E 4 00 	 TACTICAL COMMUNICATIONS 
USMUS- 110 	1980- 1 2- E 	USSM 	 MIL 	CIMMU 12-FE -RD PLE 	C - I 	115.4 	1450.0 	1526.0 	74.0 	7867.2 0.004957 -1.31781Et0e 	 TACTICAL COMMONICAIIONS 
COSMOS -1161 	1980-12-F 	U8SR 	 MIL 	EMU I2-Feb-80 PLE 	C-I 	115.4 	1450.0 	1528.0 	71.0 	7867.2 0.004957 -1.31781E400 	 IACTICAL COKMUMICATIONS 
COSMOS-11h? 	1980-12-6 	USSR 	 MIL 	COMMU 12-Feb-80 PLE 	Cl 	115.4 	1450.0 	152B.0 	21.0 	7867.2 0.004957 -1.31781E40 	 TACIICAL COé1111ICATIOMS 
CO5MOS-1163 	1980-12-8 	USSR 	 MIL 	COMMU I2-Feb-00 ALE 	C-1 	1/5.4 	145P.0 	1528.0 	74,0 	7867.2 0.004957 -L31781E40 	 TACTICAL COMMUMICATiONS 
COSMOS - 115i 	1980-13-A 	USSR 	 MIL 	EARLY 12-Feb-80. • ALE 	4-2-e 	92.9 	220.0 	640.0 	62.8 	6808.2 0.030845 -3.53152E406 	DEC 	12-Jan-81 	FAILED EARLY WARNING SATELLITE 

SRN 	1980-14-A 	USA 	NASA 	C10 	SUER 14-Feb-80 EH 	DELTA 	95.1 	571,5 	573.5 	20.5 	6950.7 0.000144 -6.48132E400 	 SOLAR MAXIMUM MISSION 
TAASE1 - 4 	1980-15 - A 	JAPAN 	'SAS 	CI V 	SCIEN 17-Feb-80 (SC 	mu 35 	96.5 	517.0 	672.0 	38.1 	5972.7 0.011115 -5.693E11E400 	DEC 	12-May-03 
RAPUGA-5 	1980-16-A 	USSR 	 111L 	COMAU 20-Feb-80 DI 	0-1-e 	1470,0 36610.0 36610.0 	0.1 	42988.2 	.000000 -1.25349E42 161.0 	 TV 6 MULTICHANNEL RADIOCOMM. 

COSMOS-1155 	1180-17-A 	USSR 	 AIL 	RECON 214eb-20  PIE 	A-2 	59.8 	152,0 	379.0 	72.9 	6658.7 0.014793 -2.52115E40 	REC 	05 -Mar -E0 
AYAM0 - 2 	1950-18 -A 	JAPAN 	MASDA 	[IV 	CEMMU 22-Feb-80 1 5C 	Nu 	8253 	206.9 35512.0 	24.6 	24237,6 0.778313 -3.84090E -01 	10F 	22-Feb-80 	EXPERIMERIAL COMMUNICATIONS 

1181TECLO1JD 	1980-19-A 	USA 	USN 	MIL 	URSA! 03-Mar-80 MIR 	ATLAS F 	107.1 	1051.0 	1151.0 	63.5 	7480.2 0.006551 -2.54526E440 	 NOSS-I:NAVY OCEAN SURVEILLANCE I 
NHITECLOUD 	I900-19-B 	USA 	USN 	MIL 	MAT 03-Mar-B0 14T12 	ATLAS F 	47.1 	453.0 	1151.0 63.5 	7480.2 0.06551 -2.54526E40 	 MO55-1:NAVY OCEAN SURVEILLANCE I 
MblIECLOUD 	I980-19-C 	USA 	USN 	MIL 	USA! 03-Mar-80 W1R 	ATLAS F 	107.1 	1053.0 	1151.0 	63.5 	7480.2 0.006551 -2.54526E00 	 JOSS-I:NAVY OCEAN SURVEILLANCE 1 
COSMOS - 1155 	1980-20-A 	USSR 	 MIL 	REM( 04-Mar-80  PIE 	A-2 	90.3 	208.0 	106.0 	72.9 	6685.2 0.011809 -2.18635E+00 	REC 	!El-1ar-80 
COSMOS-1167 	1900-2I-A 	USSR 	 MIL 	MAI 14-Mar-80 BAI 	F-1-8 	93.3 	438.0 	457.0 	0.0 	6825.7 0.001392 -1.32124Effl 	DEC 	01-0C-81 EORSATIELINT OCEAN RECONNAISSANCE 
COSMOS-1160 	I900-22 - A 	USSR 	 M1L 	NAVIE 17-Mar-80 ALE 	C-1 	104.9 	981.0 	426.0 	82.9 	7381.7 0.003048 -7.38495E-01 
COSMOS-1169 	I980-23-A 	USSR 	 MIL 	ASATI 27-11ar-80 P LE 	C-1 	94.5 	478.0 	521.0 	65.8 	6877.7 0.003126 -3.13707E40 	DEC 	03-Mar-83 INTERCEPTIOM TEST RADAR CALIBRATION 
PROGRESS-8 	1800-24-A 	USSR 	 C IA 	MAR'D 27-Mar-80 BAI 	A-2 	88.8 	192.0 	266.0 	51.11 	5507.2 0.005600 -5.47049E40 	GEC 	26-Apr-80 	EIPENDABLE S ■UPPLY CRAFT 
CO5 M05 -1170 	1980-25-A 	USSR 	 MIL 	REEDS t1-prit  RAI 	A-2 	09.9 	181.0 	386.0 	70.4 	6661.7 0.015387 -2.87179E+00 	REC 	13-Apr10 
083095-1 171 	1980-20-A 	USSR 	 MIL 	MATT 03-Apr-80 PIE 	C-1 	105.0 	976.0 	1017.0 	65,8 	7374.7 0.002780 -2.45735E40 	 TARGET VEHICLE FOR C 83003 -1174 
30981-15 	1980-27- 0 	USSR 	 CIV 	MAJOR  09-Apr-00 BA! 	0-2 	90.3 	276.0 	313.8 	51.6 	6673.7 0.002522 -5.20183E*00 	(El 	03-Jun-E10 
COSMOS-1172 	1980-28-0 	USSR 	 MIL 	EARLY 12-Apr-80  PIE 	A- 2- E 	726.0 	637.0 40160.0 	62.8 	76776.7 0.738012 -1.44094E-01 
CO3905 -11 7 4 	1880-29- 0 	USSR 	 MIL 	RECON 17-Apr-00  RAI 	0-2 	89.9 	180.0 	319.0 	70.3 	6657.7 0.014915 -2.89185E400 	ROC 	28-Apr-80 	SIMILAR TO COSMOS-1170 
C 8SM8S-1174 	1980-30- 0 	USSR 	 MIL 	08011  10-Apr-BD  RAI 	F-I-a 	98,6 	387.0 	1035.0 	65.8 	7009,2 0.045704 -2,83330E400 	E1F 	20-Apr-80 	INTERCEPT ER FOR CDSMDS-1171 
COSMOS-1175 	1980-31 1 	USSR 	 Mil 	EARLY 15-Apr-80  PIE 	A-2-E 	92.3 	317.0 	485.0 	62.5 	6779.2 0.012391 -3.71774E40 	DEC 28-May-80 	FA1LEO EARLY WORMS SATELLITE 
4095100-6 	1980-42-A 	USA 	USAF 	MIL 	MAVIS 26-Apr- 80 1410 	ATLAS F 	707.6 19622.0 29271.0 	62.9 	26304.7 0.011576 -3.18104E-02 	 GLOBAL POSITIONING SYSTEM 

PR 000ESS-9 	1900-13-8 	USSR 	 C10 	M011 '0 27-Apr-80 BAI 	A-2 	819.9 	192.0 	275.0 	51.6 	6611.2 0.000277 -5.45756E400 	DEC 	22-80-80 	EXPENDABLE SUPPLY CRAFT 
COSMOS-1176 	1980-34-A 	USSR 	 MIL 	(OSAI 29-Apr-80 RAI 	F-1-11 	89.0 	2604 	265.0 	65.0 	6640.7 0.000376 -3.65650E+00 	 A-PARD 8110; SIMILAR 70 COSMOS-954 
COSNO3-1177 	1980-35-A 	USSR 	MIL 	RECON 29-Apr-E10 ALE 	0-2 	89.7 	181.0 	365.0 	67.7 	6651,2 0.013832 -3.33557E+00 	REC 	12-Jun-00 
COSM8S-1178 	1980-36-0 	USSR 	 MIL 	RECON 07-May-80 PLE 	A-2 	90,4 	207. 9 	117.0 	72.9 	6690.2 0.015695 -2.47999E+00 	REC 	22-May-80 
COSM06 - 1179 	1980 -32 - A 	USSII 	 MIL 	MAVIS 14-May-50 PLE 	C-I 	43.5 	310.0 	1570.0 	83.0 	7318.2 0.086087 -7.61737E-01 	 IN URDU FAILURE 
003806-11 00 	1980-30- 0 	USSR 	 CIV 	SC1EN 15-May-80 PLE 	0-2 	89.8 	240.0 	296.0 	62.8 	6646.2 0.001213 -3.91351E100 	REC 	25-May-80 	GEOPHYSICAL OBSERVATIONS 
C O300S-1181 	1980-39-A 	USSR 	MIL 	NAVIG 20-Kay-80  PLE 	C-1 	105.0 	982,0 	1020.0 	82.0 	73E14.2 0.001895 -8.30540E-01 
C 8SMOS-1102 	1908-40-A 	USSR 	 MIL 	RECON 23-May-00  PIE 	f-2 	89.2 	221.0 	278.0 	82.3 	6627.7 0.004300 -1.16727E400 	SEC 	05-Jum-(O  

, 5018 1 -30 	1980-41-A 	USSR 	 C10 	MOUD  26-May-80 RAI 	0-2 	88.0 	198.0 	216.0 	51.6 	6585.2 0.001367 -5.53440E+00 	RET 	31-4uI-80 

REMARKS 
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AIL RECüN 20-May-B0 PLE A-2 90.4 20B.0 414.0 72.9 6689,2 0.415398 -2.48124E+00 REC 11-Jun-BQ
C10 0E1E0 29-May-80 NIR ATLAS F 102.2 273.0 1453.0 92.3 7241.2 0.081474 2.59897E-01 DEC 03-11ty-91
MIL ELIHi 01-Jun-00 PIE A-1 91.4 621.0 662.0 81.2 7019.7 0.002920 -1,06995E+00
C10 060'0 054un. 80 RAI A-2 90.3 267.0 31&.0 51.6 6669.7 0.003673 -5.29247E+00 9E1 09-Juu-B0
MIL RECGn 06-dun-00 PIE F-2 89.5 226,0 308.0 82.3 6615.2 0.006170 -7.532905-02 REC 20-Jun-00
011 RADAR 06-Uun-00 PIE C-1 94.5 473.0 519.0 74.0 6874.2 0.003346 -2.11317E40 DEC 01-Jan-82
MIL RECOH 12-Jun-Bfl PIE A-2 89.h 210.0 332.0 72.9 6b49,2 0.009174 - 6.01422E-02 DEC 26-Jun-90
kIL comma 14-Jun-90 Bpl 0-1-e 1473.0 36515.0 16515.0 0.8 42893.2 . 000000 -1.26315E-02 361.0
NIL EARLY 14-Jun-80 PLE A-2-e 726,0 628.0 40165.0 62.B 26774.7 0.738329 - 1.45229E-01

ORBITAL DAIA

R16HT BEOSYWC
SATELLITE iN7'L PR01. EIM PERIG€E APOeEE iNCL. SEMI-MAJOR ECCEN. ASCENSION 0R81'IAL 5TAIUS DATE REI4ARX51EAME OES16. COUNTRY QIR. OE5I6.PURPBSE DATE 5IlE VEHiCLE PERIffB HEl£HT' HE18HT AflS RATE Y05i1i0N

196986-1202 1980-65-6 US5R

lMIH1 iKM1 iKMI i OEëi IR1lY iN01 i0EG10AY1 10E6. EAST1
-------------- ---------°------------------------------------------------------------°---------------------.----------------------------------------•

COSn65-IlB3 14R0-42-A USSR

NQAA-8171 1980-43-A USA
CHRO5-E184 1900-44-A USSR

50902-12 1980-45-11 USSR
CBSROS-11B5 1480-46-A USSR

C05M05-1166 19B0-47-A USSR

C05FlOS-1187 198Q-46-A USSR
00RIZÛNT-4 1980-49-A U5SR

CG5MGS-1188 1980-50-A USSR

30H METEflR-I 19B0-51-A USSR

BIB 9IRB 15 1980-52-A USA USAF
NO NAME 1980-52-C USA USAF

47IH MOLNIYA-1 1980-53-A US5R
COSMOS-1189 1990-54-A USSR
PRBGRESS-10 1990-55-A I15SR

COSMOS-1190 1980-56-A üSSA

C00085-1191 1980-57-A LISSA

COSMO5-k192 1980-59-A USSR

COSMOS-1193 1980-58-8 USSR

CB5M6S-1194 1980-58-C USSR
C05M05-1195 1990-58-5 US5R
COSMO8-Si96 1980-S8-E U5SR
C05696-1197 1980-584 13550
COSMOS-11913 1980-5B-6 U55R

C05005-1199 1980-58-H USSR
COSMOS-1200 1980-59-A U55R

EY.RAH-5 1980-60-A 055R
COSMOS-1201 1980-61-A i15SR
RüHINI-1 1980-62-A 190IA

13TH MOLNIYA-3 198Q-63-A I1SSR

50901-37 1980-64-0 115511

COSMOS-1203 1980-66-A U5SR

CGSMOS-1204 1980-67-A USSR

C054OS-1205 1980-68-A 11550
Ci7SM0S-1246 1980-69-A USSR
COSMOS-1207 1989-74-A USSA

C851,185-6208 1980-714 0559

COSMOS-1209 i980-72-A üSSR

61H MEIEOR-2 1980-73-A USSR

6E8S-4 1980-74-A 115A
50r01-311 19R0-75-A üSSR

05409-1210 1180-76-4 USSR
Cfl5MOS-1211 1480-77-A USSR
CGSM05-1212 19B0-70-A USSR
PROBRESS-l1 1994-79-A USSR
COSMOS-1211 19B0-R0-A USSR
RAOURA-6 1980-01-A USSR

CO51165-1214 1400-87-6 95511
CUSAOS-1215 19B0-B3-A USSR

r160-12177

MISSION STATUS

CIV METEU 18-Jun-00 BAI A-1 47.3 589.0 678.0 9$.0 7011.7 0.006347 9.95573E-01 CO11B1HEB METEQ b ERSA1 MISSION
MiL RECOIV 18-dun-00 NTA TITAN 1I10 09.5 165.0 254,0 95.5 6587,7 0.006755 1,00738E+00 DEC 06-Mar-81 BROAO COVERABÈ PHOTO. RECBA.
M1L ELINi 18-Jun-80 NTR 11100 1110 112.2 1325.0 1329.0 96.6 7705.2 0.000260 5,90990E-01 111669 BACK ON 616 BIRD LAUNCHESNil E001111 21 Jun-80 PLE 0-2-e 138.0 559.0 48707.0 62.5 27060.7 0.739986 -1.42886E-01

MIL CQMMO 04-30-80 PLE C-1 115.3 1151,0 1522.0 74.0 7864.7 0.004514 -1.31921E+00

41L RECOH 26-dun-80 PLE A-2 89.5 209.6 330.0 72.9 6647,7 0,009101 -2.53509E00
CIV 0011'0 29-Jun-A0 941 A-2 88.9 191.0 281.0 51.6 6614.2 0.006804 -515042E+00
111L comma 01-3u1-00 PL[ C-1 100.8 792.0 929.0 74.0 710.7 0.002574 -5.006E9E+00
MIL EARLY 02-Jul-80 PLE 0-2-e 1.40.0 726.0 40165.0 62.8 26823,7 0.735153 -1.41379E-01
HIL CBMMU 09-Jul-00 PLE C-1 115.3 1451.0 1522.0 74.0 7864,7 0.004514 -1.31920E+00
MIL CoMMu 09-Jui-BO PLE C-i 115.3 1451.0 1522.0 74.0 M4,7 Q,00151i -1,31926E^00
MIL CBMMU 09-,1u1-80 PLE C-1 115.3 1451.0 1522.0 74.0 7864.7 0.064514 -1.31926E400

MIL connu 09-Jul-80 PLE C-1 115.,3 3451.0 1522.0 74,0 7664.7 0.004514 -1.31926E100
MIL C09011 09-Ju1-90 PLI C-I 115.3 1451.0 1522,0 71.0 7064.7 0.001514 -1.31926E+00
111L CQMhU 09-,lal-130 PLE C-1 115.3 1451.0 1522.0 14.0 7864,7 0.04514 -1,31926E+00
MIL COMAU 09-Jul-80 PLE C-1 115.3 1451.0 1522.0 74.0 7864.7 0.004514 -1.31926E+04
All. RECOA 09-du1-80 PLE A-2 94.5 209,0 332.0 72.9 6648,7 0.009250 -2,53377E+00
CiV CoMllO 14-30-80 BAI Q-1-e 1420.0 34474.0 34414.0 0.4 40852,2 .000000 - 1,49827E-02 361.0

REC 10-Ju1-RD

DEC 19-3u1-80

REC 23-Uu1-00

C19 ERSAi 15-Jul-BO PLE A-2 89.1 220.0 274.0 02.3 6625.2 0.004075 -1,16881E+00 REC 28-SaI-66
CIV EIP'IL 18-Jul-BO SSC 5LV-3 45.0 295,0 745.0 44.7 6698.2 0.032617 -5.39462E+00 DEC 20-Aay-81

011 RECOH 0-Sep-00 PLE F-2 88.8 195.0 268.0 82.3 6604.7 0,005522 -1.17846E+00

MIL COMMU 18-Jul-80 PLE 6-2-e 736.0 467,0 40815.0 62.8 2709.2 0.746656 -1,49653E-01
CIV 400'0 23-Ja1-90 001 A-2 90.0 263.0 312.0 51.6 6665.7 0.003676 5.3A410E}00
MIL RECBA 25-Jul-80 PLU A-2 89.6 209,0 333.0 72,9 6644.2 0.009325 -2,53311E400
CIV f1501 31-du1-80 PLE F-2 89.5 227.0 303,0 82,3 6643.2 0.005720 -1.15780E100
111L RADAR 31-Jul-80 ACY C-1 93.3 340.0 546.0 50.7 6924.2 0.014654 -4.98355E+00
MIL RECON 12-Aug-80 PLE A-2 89.6 208.0 332.0 72.8 6640.2 0.04326 -2.54882E+00
MIL ELIHT 15-11ug-80 PLE 6-1 97.4 030.0 659.0 81.2 7022,7 0.002065 -1.00032E400
C14 E0501 22-11u9-80 PLE F-2 89.2 218.0 202.4 82.3 6628.2 0.004828 -1.10697E+00
MIL RECON 26-Aug-80 PLE A-2 89,6 191,0 362.0 67.1 6649.7 0.013610 -3.35202Et00
CI4 EflSAT 03-Sep-80 PiE A-2 89.4 222.0 306.0 92.3 6642.2 0.006323 -1.15843E+00
MIL 11E7E0 09-Sep-80 PLF 0-1 102.4 868.0 906.0 91.2 7265.2 0.002615 -9,66395E-01
CIV MElEO 09-Sep-80 E1R DELTA 1767,0 34264.0 49830.0 0.3 40425,2 0.160722 -8.70625E-03
C19 0119'0 19-Sep-80 BAL A-7 88.9 199.0 273.0 51.6 0614.2 0.005594 5.45025E+QQ

MIL RECON 23-Sep-80 PLE F-2 89.1 215.0 261.0 82.4 6616.2 0.003476 -1.15921E400
CIV ERSAT 26-Sep-HO PLE F-2 09,1 216.0 275.0 82.3 6623.7 0.004454 -1.16974E+00
E.14 MAR'0 28-5ep-86 8111 A-2 89.8 193.0 270.0 51.6 6609,7 0,005825 -5.16329E+00
MIL RECON 03-0ct-00 PLë A-2 89.6 207.0 343.0 72.8 6653.2 0.010221 -2.54221Er00
MIL COMMU 06-Oit-80 BAi A-1-e 1444.0 36000.0 36000.0 0.4 42378,2 .000000 -1.31779E'-02
MIL RECON 10-Ott-90 PLE A-2 84.7 101.0 368.0 67.2 6652.7 0.614055 -3,33298E*00
MIL ELiilï 14-Oct-80 PIE C-1 95.1 499.0 553.0 74.0 6904.2 0.003911 -2.08123E+00

-a3-

265.0

361.0

RET l!-0ct-80
REC 07-Aug-80
REC 14-Aug-80
DEC 23-Feb-81
REC 26-Aug-80

RK 04-Sep-80
REC 24-Sep-80
REC 17-Sep-80

1NOPERABLE BIIE TO LV FAILURE

TVaTELE&RAPH,TfLEPHORE

EXPEHOABLE SUPPLY CRAFT

STORE E â UMP

TACTICAL COMMUNICATIONS

TACTICAL COMMUNICATIONS

TACTICAL COMMUNICATIONS

TACTICAL COBMBHICATiOH5

TACTICAL COMMUNICATIONS

TACTICAL COMMUNICATIONS

TACTICAL CQMMUNICAPI0N5

TACTICAL C81161CA1lO115

TV RELi1Y

RET 26-Sep-60
REC 30-Sep-80
R£C 04-Oct.-00
REC 09-llet-80
DEC 1l-Oec-80 EYPENgABLE SUPPLY CRAFT
AEC 17-Ocl-84

REC
DEC

23-Bct-00
TV E M11LT1CHANNEL AAO]üC0M14.

12-May-83



m m m m m ^ m m m m = = m = w m m m m

IDENIfICATIDN MISSION LAUNCH DATA ORBITAL BAIA MISSION STATUS
R[8HT 5E85YAC

SATELLITE IMT'L PRBd. CPM PERI6EE AP88EE INtL. SEMI-AADOR CCCEH. ASCENSION ORBITAL STATUSNAME DESI6. COUNTRY DIR. ll€516.PURPU5E DATE SITE VEHICLE PERlDâ Hk18HT HEI6HT AXIS RATE POSITION
PMiN1 (9 K) [ki4I 18E6i (K111 (ND) IDE81BAY1 (DE6. EAST)

RET 10-Dec-RD

----------------------------------- ----------------------------°----------- - ------------------°------°-°------------------------------__-_-___
114-1.71F. 14AA-Al-B ----------°---°-----------CASM

Luanua-1LI1 IYtlD-tlS-A

CDSXDS-1218 19B0-B6-A

FLT5ATçDM-4 198D-87-A

COSMOS-1219 9B0-B8-A

COSMB5-1220 1980-B9-A

CDSnDS-1221 1980-90=A

S8S-1 1980-91-A

48TR KBLNIYA-! 1980-92-A

CD51iDS-1222 1980-93-A

SBYUT-13 19B0-94-A

CDSHD5-1223 19B0-95-'A

05MDS-1224 19B0-96-A

CDSMDS-1225 1980-47-A

INIELSAT-V F2 19B0-98-A

COSMDS- i 226 19BD-99-^A

SDS-6 1980-10-A

C05MDS-1227 198D-101-A

051185-1228 1980-02-A

CBSMDS-1279 1980-102-B

0051195-1230 1980-102-C

CDSMDS-1231 1980-I02°11

COSMOS-1232 1980-102-E

CDSMüS-1233 1980-k02-F

COS1105-1234 1980-192-6

COSMOS-1235 1980-102-H

PRD6NDI-8 1980-103-A
EKRAN-6 1984-104-A

CDSilDS-1236 i980-105-A

CBStIDS-1237 1921-1-A

141R MBLNIYA-3 V981-2-A

Ço5no5-1238 1981-34

Cü5M65-1239 1981-4-h

CBSi1D5-124D 1981-5-A

COSMDS-1241 19B1-6-A

PR06RE55-12 1981-7-iT

COSMOS-1247 1981-8-A

49TR MOLNIS"A-l 1981-9-A

C85M8S-1243 1981-10-A

INTfRCOSM85-21 19Ri-11-A

LIS-41K1KU-31 191i1-12-A

COSMOS-1244 1981-13-A

Cfi5M05-1245 1981-14-4

CDSMDS-6246 1981-15-A

COSMOS-124) 1981-16-A
A5TR8-i 1981-17-A

C014ST0-4 19B1-kR-A

8I8 BIRB 16 19k1l-i4-A

CDSMDS-6248 1981-20-A

CBSMDS-1249 1981°21-A

USSR MIL
USSR M11
U55R M1L
USA uSH RIL

USSR MIL

USSR NIL
US5R MIL

USA 585 CIV
USSR MIL

USSR Mit.

USSR CIV

U5SR MIL

USER Al L

USSR NIL

1HT'L INTELSAT CIV

i1SSR MIL

USA USAF Mit

USSR MiL

1155R NIL

USSR MIL

USSR AIL

USSR MIL

USSR AIL
1FSSR M1L

USSR 111L

USSR AIL
USSR CiV
USSR C1V

USSR MIL

USSR MIL

USSR Mil

USSR MIL

USSR All.

USSR MIL

USSR MIL

USSR Ely

USSR MiL

USSR NIL
ü5SR MIL
USSR Cil

JAPAN HASDA C1V

Il5SR Rit

USSR MIL

USSR MIL

USSR NIL

JAPAN ]SAS CiV

USA C08SA'I C14

USA USAF Mit
USSR MIL

USSR MIL

RECDN 16-Bct-80 PLE

EARLY 24-Uit-BD PLE

RECDM 30-Bct-80 8A1

COMMU 31-8ct-BO ETR

RECUR 31-Dct-B0 PLE

BRSAT 04-Nnv-B0 RAI

RECDN

CONNU

CORNU

ELINT

MAN'D

EARLY

RECOII

MAYA

CDMMU

RAVIE

CDMMU

RECDN

CBMMU

Connu

COMriII

CDMRB

COMME

COMME

CDMMU

CRMIiU

5CiEN

Connu

RECBN

RECBR

CORNU

ELIHT

RECBR

RECDN

OSAIT

MAH'8

ELIHT

CDMAB

I2-Nuv-B0 PLE

15-NDr-8D ETR

16-N4v-BD PLE

21-Hov-80 PUE

27-Now-BO BAI

27-Nu-80 PIE

0I-Dec-80 PLE

05-Dee-BO PLE

06-8ec-110 ETR

10-Det-BO ?LE

13-Dec-80 ATR

16-Dec-80 PLE

21-llec-B0 PLE

24-llec-8O PLE

24-dec-80 PLE

2!-Di[-80 PLE

24-Dec-e0 PUE

24-Dec-RO PIE

24-Dec-80 PL€

24-8ec-80 PUE

25-Dec-80 BAI

26-Dec-80 RAI

26-Dec-80 PLE

06-jan-RI PLE

09-3an-81 PiE

16-jan-01 PLE

16-dan-81 PLE

20-Jan-01 BAI

21-Jao-RI PLE

24-Jan-B1 BAI

27-jan-81 PUE

30-Jan-R1 Pd
A5ATT 02-Fe6-BI RAI
SC1Eil 06-Fe6-91 PLE

EïPTL 11-€e4-9! TSC

HAVI6 12-F6-91 PLE

RECDN 13-Fe6-81 PLE

RECON 18-Fe6-8l HAl

EARLY 19-Feb-01 PLE

A-2 90.3 209.0
A-2-e 726.0 642.0
A-2 89.7 178.0

ATLAS CENTAUR 1428.4 35033.0

A-2 89.7 205.0
F-1-1 93.3 432.0
A-2 90.5 201.0

DELTA 1476.1 35785.0
A-2-e 736.0 640.0

A-I 97.4 624.0
A-2 89.6 253.0

A-2-e 726.0 614.0

A-2 90.3 209.0

C-1 105.0 967.0

ATLAS CENTAUR 1436.1 35774.0
C-1 105A 982.ü

TITAN 1118 696.1 250.0

A-2 89.5 209.0

C-l 114.6 1415.0

C-I 114.6 1415.0
C-1 114.5 1415.0
C-1 114.6 1415.0

C-1 114.6 1415.0

C-1 114.6 1415.0

C-1 114.6 1415.0
C-1 114.6 1415.0

A-2-e 5723.0

O-I-e 1424.0

A-2 89.8

A-2 90.4

A 2 e 736.0
C l 109. 1
A-2 89.0

A-2 89.8

C-I 105.0

A-2 89.1

A-! 97.6

A-2-e 73E.0
F-1- n 98.D
C-S 94.5

401.0

40165.0

374.0

36237.0

353.0

454.0

421.0

35789.0

10651.0

659.0

271.5

40165.0

4D3.0

1041.0

35800,0
k025.4

39127.0
325. 0

1491.0

1491.0

149i.0

1491.0

1496.0

1191.0

1491.0

1491.0

550.0 199000.0
35554.0 35554.5

IB0.0 388.0

207,0 410.0

485.0 40784.0

41110 197l+,0

222.d 265.0

178.0 377.0

1000.0 1000.0

1BB.0 299.0

635.0 604.0

464.0 40e01.0

316.0 1026.0

475.0 520,0
N-2 636.0 223.0 35824.0
C-d 105.D 975.0 1D24.0
A-2 90.3 208.0 403.0
A-2 89.7 202.0 292.0

A°2-e 709.0 613.0 39540.0

COMM 2l-Fe5-B1 tIR ATLAS CENTAUR 1436.2 35782.0 35794.0

SCiEN 21-FeL-81 OSE Mu-3 96.9 578.0 645.0

RECON 2$-FeS-RI ilTR TITAN [11B 68.7 129.0 301.0
RECDN 05-Mar-61 ALE A-2 99.7 lB0.0 371.0
ORSAT 05-Mar-81 BAI F-I-m 89.6 258.0 282.0

72.9

É2.8

6i.9

2.5

72,9

65.0

72.9

010

62.3

R1.2

51.6

62.8

72.9

B2, 9

0.1

B3.0

63.8

72.9

74.0

74.0

74.0

66114.7 0.014586 -2.48697E+0 AEC
26791.1 0.737875 -1.44670E-01
6654.2 0.014728 °3.64576E+00
42013.2 0.011329 -1.35759E-02 172.0
6657.2 0.011116 -2.52266f+00
61321.2 0.001613 -3.32891E+00
4693.7 0.016209 -2.47553E+00
42165.2 0.000047 -1.34127E-02 254.0
27023.7 0.144296 - 1.441128E-01

7019.7 0.002493 -1.08995E+00
6640.4 0.001393 -5.37490f+00

26767.7 0.738784 -1.45792E-01

6664.2 0.014512 -2.48761E+00

73132.2 0.005012 -7.38345€-01

42165.2 0.000308 -1.34127E-02

7381,7 0.007913 -7.28146E-01

26066.7 0.745723 -1.6178iE-01

6645.2 4.09E728 -2.53840E+00

7831.7 0.0041952 -1.33913E+00

7831.2 0.004852 -1.33913E+00

7831.2 0.004052 -1.33913E+0e
74.0 7831.2

74.0 7831.2

74,0 783i.2

74.0 7831.2

74.D 7831.2

65.0 106153.2

0.4 4032.2

67.1 6662.2
72,9 45867
62.5 27012.7
83.0 7571.7
82.3 6621.7
64.9 6655.7
65.8 7378.2

0.004852 -1.33913E+00
0.004852 1.739k3E+00
0.004852 1.33413E*DD

0.015611 -3.33045E+00

0.004852 1.33913E+80

0.004052 1.339i3E+00

0.934734 -1.40419E-02

.000000 -1.36750E-02

0.015179 -2.48445E+00

0.745978 -1.49558E-01,

0.103346 -6,80625E-01

0.003247 -1.17096E+00

0.014950 -3.64293E+00

0.000000 -2.45324E+00
51.6 6621.7 0.008382 -5.42910E+00
81.2 7037.7 0.063481 -1.09024E+00
62.8 270101.7 0.746681 -1.48849E-01
66.0 7049.2 0.050361 -2.117009E+00
74.0 6175,7 0.003272 -2.11156E+00
28.6 24401.7 0.729479 -3.64872E-01
82.9 7377.7 0.063321 -7.39901E-01
72.9 6683.7 0.011588 -2.4B027E+00
64.9 6625.2 0.006792 -3.78066E+00
62.8 26454.7 0.735731 1.4B953E 01
31.4 6989.7 0.004793 °6.i]31Bf+00
0.1 42166.2 0.000142 -1.34116E-02

96.4 6597.2 0.013642 9.87238E-01
67.1 6653.7 0.014353 -3.34511E10
65.0 6648.2 0.001805 -3.64210E+00

REC 15-Dec-BO

315.5

REC

REC

REC

DATE

çnair+-un

l2-Dec-B0

13-Nov-110

26-Nov-$0

REC 26-Dec-80

361.0

REC

REC

21-àan-81

20-Jan-Bi

DEC 20-Mau-81

REPLACES IDTH xDLNIYA-3
PAIRED WITH CBSlf85-1263

REC 28-dan-B1
REC 17-Feh-81 H1 RESDLUTION PHUTBfiRAPHIC

REMARKS

I1HF CBIIMUHiCATIDN5

EDRSAT;ELiHT OCEAk RECONNAISSANCE

FI[ED SATELLITE SERVICE

SATELLITE DATA SYSTEn

TACTICAL COMMUNICATIONS

TALIiCAL CDMMUNICATIDHS

TACTICAL COMMUNICATIONS

TACTICAL C9MMUNICATI4N5

TACTICAL C9AM61CAT18K5

TACTICAL CDM1<UNICAT14R5

TACTICAL COMMUNICATIONS

TACTICAL COMMUNICATIONS

MA6NEiDSPHEiRE 5TUDY
TV RELAY

TAR6ET VEHICLE FOR C-1243U-1258
ExPEbDABLE 5UPPLY CRAFT

REPLACES 415T' MDLIIIVA-1
DEC 02-Feh-81 INTERCEPTBR FDR:C85M0S-1241
DEC 07-du1-82 OCEAN 5 EARTH DATA CDLi,ECTION

REPLACEll C85116S-1104
REC 27-FeC-81 MED. RESDLUTiBH PHD106RAPHIC
ROC 13-Mar-81 REB. RESfiLUT'IOk PH0T86RApRIC

273.0

DEC

REC

SOLAR ASTRBNO11iCAÇ 885ERGATIOl15
FIT.ED SA'T'ELLITE SERVICE

20-jun-B1 BRBAD COVERAGE PHOTO, RECDN.
04-APr-81 HI RESDLUTIDN PHDTOBRAPHiC

A-PifRD RBR: PAIRED WITH COSMOS-1266

1160-12/77



111SSICIA 10E111E1E0HW LAUNCR DATA ORDIIAL DATA 

BM MI 111111 MU NM Ma MI IBM MI MII Ili MI 1111, MINI @MI MS MO Mil NIB 

MISSION STAIUS 
RIGHT 	SEOSYNC 

SATELLUE 	INTL 	 PROJ. 	 PERIKE APOGEE INCL. sm -eue Ecum, 	ASCENSION ORBITAL STATUS DATE 
NAME 	ROSA. 	COUNTRY 	DIR, 	DES1S.PURPOSE 	DUE 	511E 	VEHICLE 	PERIOD 	HEISHI 	HEIGHT 	AXIS 	 RATE 	POSITION 

mimIXTU 	IHR1 	I 0 E5 1 	1KI 	(1107 	IDES/AAY1 10ES.  (ASTI  

COSMOS-125b 	1981-22-A 	USSA 	 MIL 	CD111111 06-har -131 PLE 	C-I 	115.0 	1150.0 	1500.0 	74.0 	7853.2 0.003183 - 1.37601E400 	 TACTICAL cOnnuwiallows 
COSMOS-1251 	1901-22-5 	LISSA 	MIL 	OM 08-Mar-51  PL[ 	C-! 	115.0 	1150.0 	1500.0 	74.0 	7853.2 0.003183 1.32601E40 	 TACTICAL COMMORICATIORS 
MMUS-1252 	19111-22-C 	USSR 	 MIL 	CDMMU 06-Kar-01 FLE 	C-I 	115.0 	1450.0 	1500.0 	74.0 	7854.2 0,004183 - 1.326171£100 	 TACTICAL COMMUNICAIIONS 
009 MOS-1253 	1951-22-0 	USSR 	 niL 	CONNU  Ob-Mar-81 PIE 	C-1 	115.0 	1450.0 	1500.0 	74.0 	7553.2 0.003153 -1.12601E+00 	 TACTICAL COMKUNICATIONS 
comas - 1254 	1901-22-E 	USSR 	 MIL 	COMMU 106-Mar-01  PIE 	C-I 	115.0 	1150,0 	1500,0 	71.4 	7853.2 0.003153 - I.32601E400 	 TACTICAL COMMONICAMMIS 
COSMOS-1255 	1961-27-F 	USSR 	 hIL 	COMM Ob-Mar-81  PIE 	C-1 	115.0 	1450.0 	1300.0 	74.0 	7853.7 0.003183 -1.32801E+40 	 TACTICAL COMMUWICA1110/6 
CDSM0S-1256 	1981-22-0 	USSR 	AIL 	CUM 08-Mat-81  PIE 	C-1 	115.0 	1450.0 	1500.0 	74.0 	7853.2 0.003153 - 1.12601E400 	 TACTICAL COMMONICATIO50 
COSMOS-1257 	1481-22-8 	USSR 	 MIL 	CUMMO 06-Kar-81 PLE 	C-1 	115.0 	1150.0 	1500.0 	71.0 	7053.2 0.003183 - 1.32601E+04 	 TACTICAL COMMUNICATIONS 
50111 1-I4 	140-23-A 	USSR 	 CIV 	MAM'D 12-Dar -01 0A1 	A-2 	90.1 	250.0 	331.0 	51.6 	8860,7 0.008073 -5.24600E100 	RER 	26-May-01 

COSMOS-1258 	1981-21-A 	USSR 	 MIL 	ASA71 14-har-01 RAI 	F-1-a 	45.0 	322.0 	1032.0 	b5.5 	7055.2 0.050315 -2.08344E400 	AEC 	15-Mar-81 	INTERCEPTOR FOR COSMOS-1241 
05P-11 	1401-25-A 	USA 	USAF 	MIL 	EARLY 16-Mar-01 EIR 	TIIAN LITE 	1418.3 35750.0 35528.0 	1.9 	42167.7 0.000925 -1.34011E-02 226.0 	 DEFENSE SUPPORT PROSRAM 

COSMOS-1259 	1901-21,-A 	USSR 	 nii. 	nun 17-Mar-81 RAI 	A-2 	90.4 	215.0 	405.0 	70.4 	6685.2 0,01204 -2.83146E+00 	DEC 	31.-Mar-U1 
RADUSA-7 	195I-27-A 	USSR 	MU 	um 18-M4r-01 RAI 	F-1-n 	1177.0 36540.0 36540.0 	0.1 	42960,2 	.000000 -1.25554E-02 361.0 	 TV 11 MULTICHANNEL AFIDIOCOMM. 
COWS-1280 	19 0 1-20-A 	USSR 	 MIL 	MAT 20-Kar-01 BAI 	F-1-n 	93.3 	435.2 	458.7 	85.0 	8025,1 0.001722 -1.32210E100 	DEC 	22-May-01 	EORSATjPAIRED  RITA C-12206-1288 
SPUI-39 	190-24-A 	LISSA 	 CIV 	PIAMII 22-Mar-81 RAI 	A-2 	90.3 	271.0 	321,0 	51.6 	1674.2 0.003746 -5.28050E+00 	RET 	30-Mar-01 

	

1515 MUL51114-3 1951-30-A 	USER 	 en 	um 24-Mar-01 ?LE 	A-2-e 	736.0 	811.0 40855.0 	82.0 	27026.2 0.740283 - 1.12357E-01 	 REPLACED IITHSOLKIYA-3 
COSMOS-1211 	1901-31-A 	USSR 	 MIL 	EARLY 41-Mar-191 PLE 	A-2-e 	710.0 	615.0 40170.0 	62.5 	26770.7 0.730175-1.15728E-01 
CHAO5 -1262 	1951-32-A 	USSR 	NIL 	RECUR 07-April PLE 	A-2 	90.4 	207,0 	415,0 	72,4 	1840.7 0.015788 -2.47435E100 	REC 	21-Apr-01 
COSMOS-1263 	1981-33-0 	USSR 	MIL 	ELINE 09-Age-31  PIE 	C-I 	109.1 	103.0 	1988.0 	83.0 	7573.7 0.104144 -8.80186E-01 	 PAIRED N1TH COSMOS-1235 

SIS-1 	1901-34-A 	USA 	NASA 	[IV 	NARD  12-Apr-81  El! 	DIS-1 	84.4 	230.0 	250.0 	40.4 	8622.2 0.000406 -6.85449E109 	RET 	14-Apr-OS 	1 51  TEST FLIGHT OF COLUMBIA 
COSMOS-1281 	1981-35-A 	USSR 	AIL 	REED 15-Apr-01  BAL 	A-2 	89.4 	210.0 	111.0 	70.1 	8658.7 0.015025 - 2,83146E400 	ROC 	29-Apr-8I 
MALTS-1285 	1901-36-A 	USSR 	 MIL 	RECTA 16-Apr -8I PIE 	A-2 	04.4 	210.0 	317.0 	72.9 	8841.7 0.408035 -2.51303E40 	DEC 	28-Apr-8I 
COSMDS- 1286 	1901-37-A 	USSR 	All 	DRSAT 21 -Apr -51 RAI 	F-1-1 	09.7 	259.0 	270.0 	85.0 	1848.7 0.001429 -3.64491E+00 	IUF 	29-Apr-81 A-PliR0 RDli PAIRED R1I5 CO 5M8S-1249 

SRS-7 	1481-18-A 	USA 	USAF 	1111 	CflAMU 74-Apr-81 WIR 	TITAN IIIB 	93.0 	140.0 	709.1 	82.7 	6827,7 0,030007 -3.61111E+00 	 FAILED PERIGEE HOW 
COSMOS-1267 	1461-34-A 	USSR 	LIT 	MAM'D 25-Apr-81 5A1 	D-1 	B4.0 	20.0 	278.0 	51.6 	6617.2 0.005044 -5.44165E+00 	DEC 	24-.1u1-52 	SPACE SIATIU5 MODULE 
000005 -1285 	1401-10-A 	USSR 	MIL 	AEON 28 -Apr -81 am 	A-2 	48.5 	217.0 	371.0 	10.4 	1602,2 0.013020 -2.81069E100 	REC 	12-hay-81 	RED. AESOLUTIO5 PHOTOGRAPHIC 
COSMOS-1289 	1981-41-A 	USSR 	MIL 	CORMU 07 -May -81  PIE 	0-1 	100.9 	747.0 	033.0 	74.0 	7193.Z 0,002502 71.80294E400 	 STORE k DUMP 
SUYU1710 	1401-42-A 	USSR 	 C1V 	miwo 14 -9ay - S! RAI 	A-2 	90.1 	260,0 	107.0 	51.8 	6661.7 0.003528 -5.31521E400 	RET 	22-11ay-81 

7TH METEOR-2 	1401-43-A 	USSR 	MIL 	METED 15 - May -151 PLE 	A-I 	102.5 	018.0 	904.0 	51.3 	7264,7 0.002478 79.55955E-01 
NOVA-I 	1951-44-A 	USA 	USA 	h1L 	DRAIE  15-Ma1-81  NI! 	SCOLII 	104.0 	1178.0 	1187.0 	90.7 	7556,7 0.001125 8.72461E702 	 ADVANCED VERSION Of TRANSI! 

COSMOS-1270 	1951-45-A 	USSR 	 MIL 	nun 111-9 ay-51 tAI 	A-2 	89.7 	1130.0 	370.0 	64.9 	8653.2 0.014279 -4.81758E100 	DEC 	17-Jun-81 
CUSMOS-1271 	1981-46-5 	USER 	AIL 	ELM 19-May-81 PIE 	A-1 	47.5 	620.0 	870.0 	81.2 	7027.2 0.002900 -1.08509E100 	 REPLACED COS 110S-1077 
COWS-1272 	148I-47-A 	USSR 	 MIL 	RECUR 21-May-01  RAI 	A-2 	90.4 	217.0 	103.0 	70,4 	6685.7 0.013905 -2.83[92E+00 	DEC 	O 4 -Jun-81 
CUSKIS-1275 	19151-45-A 	USSR 	 CIV 	EMT 22-May-01 PIE 	F-2 	54.2 	221,0 	277.0 	82.3 	1627.2 0.004225 -1.1b7SUE400 	ROC 	04-Jun-8I 

BEOS-5 	1951-44-A 	USA 	ARDU 	CIV 	METED 22 -May -81  El! 	DELTA 	1436.2 35753.0 35742.0 	0.1 	42185.7 0.000107 -1.34121E-02 275.0 

	

inutini - v Fi 1981-50-A 	INT'L 	IXTELSAT CIY 	COMMU 23-Kay-81 FIR ATLAS CENTAUR 	1438.2 35773,0 35503.0 	0.1 	42166.2 0.000356 -1.31116E-02 	24.5 	 FIIED SAIELLITE SERVICE 
ROH151-2 	1951-51-A 	MIA 	 0 I9 	ERSAI 3I -May -81  SEC 	SLV-3 	90.6 	107.0 	410.0 	11.3 	6500.7 0.017209 -5.05669E+00 	DEC 	DR-Jun-RI 

C119MOS-1271 	1901-52-A 	USSR 	 MIL 	RECON 03-Jun-8I  FLE 	A-2 	59.E 	183.0 	300.0 	67.2 	6659.7 0.011791 -3,12088E+00 	ROC 	03-Jul-01 	51 RES1IL1JI11]N PHOTOGRAPHIC 
COSMOS-1215 	I481-53-A 	USSR 	MIL 	NIAI! 24 -Jun-AI  PIE 	071 	101.9 	UM 	1026.0 	03.0 	7302,7 0.002412 -1.27501E-01 	 REPLACED COS0l11S-1141 

	

1815 08LNI14-3 1951-54-A 	USSA 	 MIL 	CONNU  09-3un-8I FLE 	A-2-e 	736.0 	471.0 40537.0 	82.5 	27042.2 0.148829 -1.10377E-01 	 REPLACE! IATH  RUINA!!-!  
COSMOS-1276 	1981-35-A 	USSR 	 C1V 	(OSAI  16-Jun-8I FLE 	A-2 	04.1 	224.0 	265.0 	52.3 	6622,7 0.003045 -1.17034E400 	REC 	29-Jin-A1  
u51105 -1277 	1981-58-A 	USSR 	 NIL 	RECON 17-Jun-51 MI 	A-2 	40.3 	716.0 	393,0 	70.4 	6852.7 0.013243 -2.81998E+00 	ROC 	01-Jn1-81 	MED. RESOLUTION PHOTOSAAPHIC 
METEDSAT-2 	1901-57-A 	EUROPE 	ES! 	CIV 	METH 19-Jun-8I CSB 	ARIANE 	1441.[ 35669,0 36100.0 	1.2 	12262.7 0.005094 -1.33025E-02 	0.0 

APPLE 	1901-57- 0 	MIA 	IRSO 	CIV 	COMMU  19-lue-81  CSE 	ARIAME 	1436.3 35783.0 35797,0 	0.7 	421815.2 0.00018 5  -1.34084E-02 102.0 	 EXPERIMENTAL COMMUNICAIIONS 
CRI-3 	198I-57-C 	EUROPE 	ESA 	ETV 	EIPTL 19-Junil CSG 	ARIA/1E 	835.6 	224.0 35942.0 	10,4 	21486.2 0.730372 -4.06096E-01 	 LAUNCH vatim TEST PACKAGE 

0051105 -1270 	1 951-55-A 	USSR 	 MIL 	EARLY 19 - Jue- 5 1 PIE 	A-2-e 	726.0 	814.0 40165.0 	62.5 	26787.7 0.748701 -1.45742E-01 
MOAA-7 	1951-59-A 	USA 	NOAA 	CIV 	METED  23-Ose-81  RIR 	ATLAS F 	101,9 	043.5 	581.5 	98.9 	7230.7 0.001245 4.43697E-01 

	

50 00  1401.51Y11-1 1901-80-A 	USSR 	 MIL 	UMMU 21-Jun-51 PLE 	A-2-e 	736,0 	645,0 40640.0 	62.5 	27020.7 0.740082 -1.42271E-01 	 REPLACED 42115 MOL1lIYA-1 
EFR00 -7 	1951-61-A 	USSR 	 CIV 	COMM 28 -Jin-01 BM 	D-1-e 	1421.0 35636,0 35636.0 	0.4 	12014.2 	.000000 -1.35822E-02 461.0 	 TV RELAY 

CO5/In- 1 779 	1481-4274 	LISSA 	 MIL 	RECOR 01-Jul- 0 1 DAI 	A-2 	90.3 	218.0 	385.0 	70.4 	6679.7 0.012501 -2.84134E100 	REC 	15-Jul-el 

REAMS 

1160-12/77 -a5- 



II1M1 IBM 	 NM Mil Mil Ma In Mil Mil 1111. OM MI Ile MI 

SPAR mere 
0E141E1070N 	 MISSION 	LAUNCH DATA 	 ORBITAL DATA 	 MISSION STATUS 

RIGHT 	REOSYRC 
SATELLITE 	1111L 	 PROL 	C 114 	 PERIGEE APOGEE 	INCL. SEMI-MAJOR ECCE. 	ASCENSION BRUTAL STATUS 	DATE 

NAME 	OESIG, 	COUNTRY 	DIR. 	DESIS.PURPOSE 	DATE 	SUE 	VEHICLE 	PERIOD HEIGHT 	HEIENT 	 AXIS 	 RATE 	POSITION 
(AM 	(KM) 	1K81 	(REG) 	1K10 	11101 	IDEUDAY1 (DEG. EAST) 

COSMOS-1280 	1911113-A 	USSR 	 CIV 	ERSAT 02-Jullt PIE 	A-2 	89.5 	222.0 	312,0 	82,3 	6545.2 0.006772 -1.15561E+00 	SEC 	15-àu141 
COSMOS-1251 	081-04-A 	USSR 	 AlL 	RUSIN 07-Jul-81  PIE 	A-2 	90.4 	208.0 	417.0 	72.8 	6691,7 0.015786 5.58352E-02 	REC 	21-Jul-Bi 

	

METEOR-PRIRODA 1981-65-A 	TEST 	 C14 	METED 10-Jul-141 PIE 	A-1 	71.4 	511.0 	650.0 	97.6 	7027.7 0.005478 9.38550-01 	 ALSO LADELLED'3151 METEOR 
ISKRA-1 	190I-65 	USSR 	MAI 	C14 	COMMU 10-Jul-01 RE 	A-I 	97.6 	611.0 	688.0 	91.7 	1027.7 0.05547 5  9.50833E-el 	DEC 	0711ct-81 

asmns - 1252 	igel - AU -A 	use 	AIL 	RUDA 15-Jul-A1 DA1 	A-2 	89.0 	174,0 	357.0 	813 	046.2 1.013391 -3.65057E+00 	REC 	14-Aug-111 
CMOS-1253 	198i171 	USSR 	 MIL 	RECUR 17 -Jul-01  PIE 	F-2 	55.4 	154,0 	278.0 	52,3 	5609.2 0.007111 -1.17882E00 	REC 	31-jul-51 
COSMOS-1204 	1981-68-A 	USSR 	 CIV 	ERSAI 29-Jul-81 PIE 	F-2 	85.13 	145.0 	170.0 	52.3 	6610.7 0.005673 -1.17784E+00 	REU 	I2-A-81 

110110A-0 	1981-64 , A 	USSR 	 MIL 	ammo 31-Jul-81 UAI 	D-1-e 	1477.0 38690.0 36690,0 	0.4 	43058.2 	.000000 -1.25535E-02 361.0 	 TV A MULT1CHANMEL RADIUM, 
DE) 	1781-70-A 	USA 	NASA 	CI4 	SCIEN  U3-Ag-RI WIR 	DELTA 	410.8 	557.5 23289.6 	84.9 	lesob.0 0.620591 -1.14823E-03 	 DYNAMICS EXPLORER 
DE-2 	051-701 	USA 	RASA 	C1V SCIEN 03-Auq-01 em 	DELIA 	98.0 	309.0 	1012,5 	90.0 	7038.4 0.049472 -2.41557E-18 	DEC 	19-Feb-83 	PLASMA PHYSICS IAVESTIGATION 

COSMOS-1255 	I981-71-A 	USSR 	 MIL 	EARLY 04-A(-81 PLE 	A-2-e 	725.0 	630.0 4005,0 	62.8 	25715.7 0.738264 -1.45149E-01 	 REPLACED COSMOS-1251 
COSMOS-1286 	I981-72-A 	USSR 	 MIL 	GMAT 04 - 4up-51 RAI 	F-1-a 	93.2 	433.0 	453.0 	55.0 	5621.2 0.00106 -3.32891E400 	DEC 	16-Oct-62 	EORSAT;PAIRED WITH C-1280k-1305 
FLISATCDM-5 	1981-731 	USA 	USN 	mit 	ammo ofrAurui EIR ATLAS CERTAUR 	1436.3 34777.0 38803.0 	2.5 	42163.2 0.024023 -1.33438E-02 287.0 	 UHF COMMUNICATIONS 
COSMOS-1151 	1981-741 	USSR 	 MIL 	COMMU 06-Aug11 FLE 	C-I 	115.2 	1416.0 	1508.0 	14.0 	7855.2 0.003946 - 1.56+03E+00 	 TACTICAL COMMUNICATIONS 
COSMOS-12H 	1911-741 	USSR 	 mit 	commu oh -uurni PLE 	C-I 	115.2 	1446.0 	1508.0 	74.0 	7855.2 0.00290 -1.5603E+00 	 TACTICAL COMMUNICATIONS 
asmos-im 	1951-74-E 	US58 	 AIL COMM 06-4q-81 PLE 	C-I 	115.2 	1446.0 1548.0 74.0 	7855.2 0.003955 - 1.55453E+00 	 TACTICAL COMMUNICATIONS 
CO5MOS-1270 	1981-74-D 	USSR 	 AIL 	COMMU 08-Auq-51  PIE 	C-1 	115.2 	1446.0 	15011.0 	74.0 	71155.2 0.00174h -1.56483E400 	 TACTICAL COMMUNICATIONS 
COSMOS-1141 	19e1-74-E 	USSR 	 MIL 	commu Ob-Aug-81 PIE 	C-I 	115.2 	1445.0 	1505.0 	75.0 	7855.2 0.003456 -1,50483E+00 	 TACTICAL COOKUNICATIORS 
CUSMUS-1292 	1981-74°F 	USSR 	 mu. 	CURD 06-A5g-81 PIE 	C-I 	115.2 	1446.0 	1508.0 	75.0 	7855.2 0.003946 - 1.56483E+00 	 TACTICAL COMMUNICATIONS 
COSMOS-1293 	1981-74LS 	USSR 	 MIL 	EMU  TU-Aug-MI PLE 	C-1 	115.2 	1448.0 	1508.0 	71.0 	7555.2 0.003941 -1.56483E+CID 	 TACTICAL COMMUNICATIORS 
COST135-1291 	1951-74-11 	USSR 	 ML 	COMMU 06-Auq-81 PIE 	C-1 	115.2 	1440.0 	1508.0 	74.0 	7555.2 0.003946 - 1.56483E+00 	 TACTICAL COMMUNICATIONS 

	

1IULGARIA-1300 1981-75-A 	USSR 	 CI4 	SCIER  07-Aug-81  PIE 	A-I 	101.9 	815.0 	906.0 	81.2 	7243.7 0.005591 - 9.78520E-01 	 TAIL/USSR MASMET011010SPHERE STUDY 
0RS-2 	1901-76-A 	»RAS 	JRA 	Cl) 	mEiEn II -Aug-81 TSC 	11-2 	1435A 35506,0 36047,0 	1.0 	42204.7 0.005225 - 1.33875E-02 140,0 	 IHIMAWARI-21 

COSMOS-1295 	1481-77-A 	USSR 	 MIL 	1040 12 -Aug-01 PIE 	C-1 	104,8 	988.0 	1026.0 	82.9 	7374.2 0.004008 -7.41139E-01 	 REPLACED COSMOS-1181 
CDS/WS-129A 	1981-78-A 	USSR 	 MIL 	RECON 13-Auq-81. PLE 	A-2 	Ma 	iel,e 	377.0 	67.2 	8657.2 0.01472/ -3.32523E*00 	TEl 	13-Sep-01 
COSMOS-1297 	1781-74-A 	USSR 	 MIL 	RECON 1R-Aug-81 PLE 	A-2 	90.2 	209.0 	389.0 	72.9 	5677,2 0.01347/ -2.49160E400 	REC 	28-Aug-51 	MER. RESOLOTIOWPHOIDERAPNIC 
COSMOS-1298 	08110-A 	USSR 	 MIL 	RECUR 21-MA -III  RAI 	A-2 	89.5 	179.0 	351.0 	81.4 	043.2 0.012946 -3.68857E+00 	REC 	02-0c1-81 
COSMOS-1249 	1981-51-A 	USSR 	 MIL 	MAI  24-RUA-RI  BM 	F-I-a 	54.7 	250.0 	281.0 	55.0 	0643.7 0.002333 -3.65076E400 	IOF 	05-Sep-81 A- PARS RDWAIRED MTH 1 - 1260A-1250 
COSMOS-1300 	1961-52A 	USSR 	 NIL 	OHM' 24-ART-61 PIE 	F-2 	97.7 	648.0 	tim.e 	52.5 	7039.7 0.001918 -4.20718E-01 	 [ESSAI?  FUSED HUN C-13701-1320 
asens - (301 	1481-53-A 	USSR 	 Ci4 	ERSAT 27-Aug-8 ) PLE 	F-2 	89.4 	224.0 	300.0 	02.3 	6610.2 0.05723 -1.15913E4D0 	TEL 	10-Sep-61 
COSMOS-1302 	1981-84,A 	USSR 	 MIL 	COMMU 20-Aug-81 PLE 	C-1 	(DOT 	783.0 	524.0 	75.0 	701.7 0.002554 -1.81107E00 	 STORE k DUE? : R0PLACED C-12t9 

1R-11-4 	1401-85A 	USA 	USAF 	MIL 	RECON 03-Sep-81  TIR 	TITAN 110 	92.5 	273.0 	517.0 	97.0 	8773.2 0,018012 9.5100e-01 	 STATEE1E RECONNAISSANCE 
COSMOS-1303 	1901-06,A 	USSR 	 MIL 	RUM 04-5ep-01 8A1 	A-2 	70.4 	216.0 	398.0 	70.4 	6685.2 0.013612 -2.83032E400 	TEE 	18-Sep-8I 
COGMOS-1104 	081-87-A 	USSR 	 Mit 	HAVIG 04-Sep-8I ALE 	C-I 	101.0 	417.0 	981.0 	03,0 	7328.7 0.004571 -7.16762E-01 	 REPLACED COSRDS-924 
CDSKOS-1305 	1901-0E-A 	USSR 	 MIL 	COMMU 11-Sep-81 PIE 	A-2-e 	264,0 	640.D 13570.0 	53.0 	0831.2 0.184779 -5.40E125E-01 	 FAILED KOLMIYA SATELLITE? 
COS 1WS-130h 	1981197A 	USSR 	 MIL 	ORSAT 14-Sep-81 BAI 	F-1-a 	93.2 	406.0 	459.0 	65.0 	8810.7 0.003891 -3.34700E+00 	DEC 	IA-Jul-82 	EDRUAT;FAIRED WITH COSMOS-1288 
c 0smos - 1307 	1981-90-A 	USSR 	 1411. 	RECTA 15-Sep-81 PIE 	A-2 	90.4 	209.0 	419.0 	72.9 	6642.2 0.015090 -2.47139E+00 	kEC 	28-Sep-81 	MED. RESOLUTIORIDOTOGRAPHIC 
COSMOS-1300 	1951-917A 	USSR 	 MIL 	60416 18 -Sep-81 FLE 	C-I 	101.9 	778.0 	1017.0 	82.7 	7375.7 0.002644 -7.40598E-01 	 REPLACER  CO5005-1275 
COSMOS-1309 	I481-92-A 	USSR 	 111 1 	RECUR IBlep-81 PLE 	F-2 	39.2 	225.0 	282.0 	52.3 	6631.7 0.004298 - 1.0181E00 	REC 	01-Oct-81 	MED. RESOLUTION PHOTOGRAPHIC 

0I1110-9 	1951-93 1 	CHM 	 CI4 	SCIEN 19 -Sepll 011 	C51.-2 	103.3 	231.0 	9200. 	54.4 	6953.7 0.014542 -3.76701E400 	DEC 	26-Sep-8I 	SPACE PHYSICS EIPERIKENIS 
CHIOT-9 	1981-931 	011 1NA 	 CIV 	SC1EM 19-Sep-81 JUN 	CSL-2 	103.3 	231,0 	920.0 	57,4 	6953.7 0.049542 -3,76701E+00 	DEC 	11-Aug-132 	SPACE PhYS1CS'E1PERIMERTS 
CALMA-9 	1981-937-D 	CMINA 	 C/V 	SHEN 19-Sep-S1 JQN 	C5L-2 	103.3 	231.0 	920,0 	59.4 	6453.7 0.049542 -176701E400 	DEC  0U-&L-02 	SPACE PHYSICS'ElPERMERTS 
DREUL-à 	1901-94- 4 	FRARCE 	 C1 1/ 	SCION 21 -Sep-8I PLE 	A-2 	105,2 	350.0 	1920.0 	52.6 	7520,2 0,102283 -7.33636E-01 	 FR./USSR NABNETOIIONOSPHERE STUDY 

00105-1310 	1981-95-A 	USSR 	 MIL 	ASATI 23-Sep-8I PLE 	C-I 	44.6 	475.0 	524.0 	65.9 	6879.2 0.003343 -3.12251E+00 	 INTERCEPTION TEST RADAR CALIERATIOR 
503-2 	I401-96+-A 	USA 	SDS 	C14 	COMM 21 -Sep-01 ER 	THOR DELTA 	1430.1 35703,0 35791.0 	0.1 	42105.2 0.000095 -1.34127E-02 20,0 	 FIXED SATELLITE SERVICE 

COSAOS-1311 	1981-771 	USSR 	 MIL 	RADAR 28-Sep-81 PLE 	C-I 	94.5 	470,0 	521.0 	53.0 	6873.7 0.003710 -4.34554E-01 	DEC 	2R-Au-83 
005e05- 131 2 	1481-48-0 	USSR 	 en. 	SCIER 30-Sep-RI PLE 	F-2 	110.0 	1490.0 	1531.0 	02.4 	78 02 a 0.002594 -0.09090E-01 	 GEODETIC: PHASED  MITA 005403 -1410 
COSMOS-013 	081-99-A 	USSR 	 MIL 	RECON 01 -Oct-81 BM 	0-2 	139,5 	211.0 	314.0 	70.1 	0642.2 0.007528 -2.40036E00 	REC 	15-Oct-81 

SAE 	1481-100- 0 	USA 	KAU 	C14 	SCIEN 00-Oct-01 WM 	THOR DELTA 	95.3 	533.0 	535.0 	97.5 	8412.2 0.000145 9.81534E-01 	 SOLAR MESOSPHERE EXPLORER 
005AT 	1951-100-8 	UK 	1105 	CIV EMU  06-Dc4-81 RTR 	THOR DELTA 	95.4 	530.0 	561.0 97.5 	6420.1 0.001805 9.74368E-01 	 USAJOK AMATEUR RADIO 

REMARKS 
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IDEMIFICÀ'TIdM 81S510N

SATELLITE INT'L

COSMOS-G38 1902-11-A USSR MIL RECDN 16 90.2 208.0 393,0CD51lDS-1339 1982-12-A USSR lie p a75 n imo n

CO5M95 ]337 1992-I0-A U55A NIL ORSAI 11-F'eL-82 8A1 F-I-r 93,3 436,0 456,0

KRAli-B 1982-9-A USSA CI^J CDNAU 05-Fe6-B2 RAI 3i-I-e 1129 9 3565B 0 35658 0

CûSMD5-1336 1982-8-A USSR NIL REC4N 29-1an-82 HAI 4-2 99 B 179 Q 379

OSl1D5 1 3r ^ 15R2-7-A USSR NIL RADAR 2,9-dan-B2 PLE 1-1 94,7 4R7.0 535.4

AH-4 I982-6-A USA I15AF N1L RECBH 21-dan-82 NTR TITAN IIIB 91 2 137 0 527

726,4 636.0 014.D 67•9 26778.7 0.738089 - 1,44417E-01
89,8 183.4 379.0 67.2 6659,2 4,014717 -3,32179E+44

STS-2 1981-111-9 USA NASA 014 904'0 12-4or-81 E'TR 515-2 89.4 214,0 229,0
COSMOS-1319 19B1-I12-A HSSR M1IL RECUN 13-Mov-81 RAI A-2 90.4 216,0 400.0

51SF IIULNIYA-1 1981-113-A llSSN MIL CDNMU 17-f4DV-Si PILE A-2-e 702,0 472.4 39117,0
5ATCUA-3A 1981-114-A USA RCA CIV COHAU 20-Nox-81 EIR DELTA V436,1 35779,4 35794,0
BHASkAAA-2 1981-115-A IKÙIA ISRq [IV ER5AT 20-Hov-81 AkY C-1 95.2 514,0 557.0
CD5ri05-1'320 1981-11E-A USSR NIL CdHHU 20-NDV-91 PLE [-1 117.0 1'507,0 1632.0
CüSNDS-1321 19B1-116-B USSR NIL COHNU 28-No-B1 PLE C-1 117,0 1507.0 1632.0
CDSHOS-1322 19B1-116-C USSR MIL COMMU 28-Nflv-8I PLE C-1 117.0 1.547,0 1632.0
COSMOS-1323 1961-ïi6-0 U55R MIL COHAU 29-Nnv-81 PLE C-1 117.0 [507.0 1632,0
COSMOS-1324 19U1-116-E USSR MIL CDHHU 28-MoY-B1 PLE C-1 117.0 1.507,0 1632.0
CDSND5-132S 081-1164 USSR NIL COAHU 28-Hav-91 PLE C-1 f17,0 1507,0 1632.0
C05N05-1326 1981-11b-B USSR NIL C4MNU 28-f1av-81 PLE C-I k17,0 k507.d 16'32,0
^CO5AD5-V327 1991-116-H U5SR NIL CURNII 28-Nor-81 PLE C-1 117.0 1507.0 1637,0
C05H65-13?ù 19B1-I17-A USSR MIL ROSAT 03-Bec-81 PLE F-2 97.8 647.0 677.4
COSMOS-132? 1981-110 -A ü55R NIL RECGA 04-I>aç-81 RAI A-2 89,5 237.0 2H3.0
1tIIELSAT-4 F3 1981-119-A IHI'L IHiEL5AT ClV COH11U 15-Der.-DI ETA ATLAS°CEHTAUR 1439,1 35690.0 360G1.0

RADIO-3 14Ël-120'A US5R 805AAF CIV CDMMU 17-an-81 PILE C-I 120.9 V6B5,0 1794,0
RA810-+ 1981-120=8 U55R DU5AAF C1U CBIIt1U 17-Dee-al PLE C-1 120.9 1685.0 1791,0
0010-5 1981-120-C USSR 60500F CIU C61SMU 17-Dec-81 PLE 1-1 120.9 1685,0 1194.0
RADIO-6 1981-120-D USSR 005AAF CIV CûIiHU 17-Dec-B1 PLE C-i 120.9 1695.0 1791.0RADIO-7 19Bi-121i-E USSR 805AAF CIV CO11MU 17-Dec-81 PILE C-1 120.9 1b85.0 1794.0RADIO-8 1961-120-F USSR OOSAAF CIV C9a1MH 17-pee-81 PILE E-i 1?0,9 IbB5.0 1791.0C9SHd5-1330 1981-121=A l1S'5R NIL R€CUN 19-Oel-81 RAI A-2 90.0 177.0 {03,0

MABEC5 1 1981-122-A EUROPE C5A Ely CORlIU 20-Dec-B1 C56 ARIANE 1430.8 35620,0 35743.0
CAT-4 1981-122-8 EUROPE ESA CIV EXPTL 20-Qer-91 CS8 ARIANE 636.1 218.0 35745.0

52N0 HOLMIYA-1 1981-123-A USSR M1L COMNU 23-Oer-81 PLE A-2-E 699.0 485.0 38994,0
C05HD5-1331 002-1-4 USSR NIL CdAMU DI-Jan-82 PLE C-1 100.7 776.0 819.0COSHO5-1332 i992-2-A USSR NIL RECOM 13-3an-82 PIE A-2 89.1 210.0 275.0CDSriOS-1333 1982-3-A USSR il1L MAViB i4-dan-B2 PLE C-1 105.0 989,0 1029,0
SATCOIti-1 1992-4-A USA RCA Ely C0M11U 16-aan-02 EiR DELTA 1436.2 35781.0 3579l,0

CDSHDS-I331 k982-5-A US5R NIL HECUH 20-dao-82 PLE A-2 89.4 206.0 315.0

C85M95-1310 1981-109-A USSR NIL R£CON 03-Nuv-B1 PIE A-2
VENERA-14 19B1-110-A k1S5R C1V INTER 04-Nav-ut BAI D-1-e

ORBITAL DATA 16I55I011 5TATU5

---------------------------------------------- W iûE6. EASTi-------° --------------- --------- ---°--°------ - ----- -°- - ° -Cü5np5 13i4 1991 14i A USSR
_ _ __

hli RECON 09-Uc} 81 PLE F-2 &9,0 220.0 263,0 82,3 6619.7 4,003248 1.l7224E+04
-

SEC 22-9rt B1 MEB, RESDLUTIOH Pk0T05eAPHICAAllUBA-9 1981-1022-A Il55R NIL CU11HU 09 Oet-91 BAI B-1-e 1442.0 35400.0 35900.0 0,1 4227B.2 .000000 1,32873E-02 361.0 TV E 1iULTICHAfFNEL RA8I9COIU1.C05H85-1315 1981-103-A USSR AIL ELIIIT 14-Oct-Bi PLE A-1 97 .7 628,0Cd51f85 1316 1981 - 104-4 USSR
685,0 81.2 7034.7 0.004651 1.48186E+fl4 REPLACED C45R85 1154MIL RECdM 15 dct 81 8AI 0-2 90.5 215.0 407.0 70.3 6689,2 0.014352 -2.04439E+40 REC 29-üct-a)17TH MBLNIYA-3 1981-105-A ü55R H1L CdMHU 17-Uet-B1 PILE A-2-e 736.0 649.0 40644,0 63.0 27024.7 0.739973 -1.41129E-01 REPLACED 12TH MdLN1YA-3VENE9A-13 1901-108-A US5A CIV INTER 34-Oct-81 BAI D-1-e

AUTDAATIC INTERPLANETARY STATIONNO MAnE i981-107 A USA USAF NIL UHK'H 31-0et-el EIR TITAN IIIC
'CeRREMT E ^fDT RAINTAINED'CD5ADS-1317 1481-108-A ü55R MIL EARLY 31-Oct-91 PLE A-2- LEMEHiSe

PRO^

LAfiNCH DATA

Clw
NAME PERIGEE AP08EE 1MCL. SEhi-MAJOR ECCEIi. ASCENSION ORBITAL STATUS DATEDE516. COUNTRY dIR, DE5I8,PURP4SE DATE SITE VEHICLE PER10â HEIBRT HEIBHT AXIS RATE POSITION

HIRI lKN1 48iM1 IDEB1 IfU1i {N91 IpEB AY

VuJnV7-ld7V ITtlI - lj-{^ DSSH 47_R Rif. A 1,70 ^l

lL^I Itn-7 3raL-15-R USA WU 143

164612 PLE A-2

MIL RAVIR 1740-02 PLE C-1
MiL FLINT 19-Feb-B2 PLE A-1
C1V COMMIT 2b-82-82 ETR DELTA 3910 . 5781,0 35794,0

36.0

70.4

62.8

0.1

50.7

74

220-D

,9 -1- .^ R .,,.,. ..._.._0-0071164 1.

15.0

74.0

REC 04-lleE-$I

AUTBMATIC INTERPLANETARY STATION
RET 14-Nav-St CULUM81A:8STA-1 PAYC4AD & RMS TESTS
REC 27-Nuv-81

REL 18-det-Sl

74.4

^REPUiRRS

REPLACEü 39TH IfITLN1YA-1

FIëEi} SATELLITE SERVICE

TACTICAL COliMUN1CAT1DM9

TACTICAL C419MUNFCATiANAS

TACTICAL CBiIMUH1CATIONS
TCTICAL COMMUNICATIONS

Pi A 0.007864 -1.27177Ea04 11 d^1 e.n^ Lunrtux^t.W^t^mti

TACTICAL CDWiORICAiIONS
74.0 TACTICAL COMMUNICATIONS
82.5 0.P02131 9.204R9E-41
0a.v

0.3

B3. 0

83,0

83.4

83.0

83,0

83.0

10.1

2.3

10.5

63.0

7^,0

87.3

82.9

4.1

72.9

97,3

74.0

70.4

0.4

65.0

72.8

82.9

81.2

0.0

66D2.2

6686.2

26172.7

i2154,7

6913.7

7947,7

79F7,7 0.07864 1
79^7,7 0

7947,7 4

7947,7 4

7947,7

7947,7

7947.7 O

7640.2

6639,2

42223.7

8117.7

8117.7

8117.7

8117.7

0117.7

8117.7

66h8,2

42059.7

24384.1

26115.7

7175.7

6624.7

7387.2

42165,7

6630.7

6710.2

6889.2

6657.2

0.000757 -6,95805E+00

0.013760 -?•83186E+00

0.738271 -1,57241E-41

0.000179 -1.34132E-02

0.003110 -4.75939E+00

27177Et-00
.27177E+00

•007964 °1.27177Ey4D
.04786^ 1.27177E30

0,007W i.27171E+^

4.007B64 1•27177E+00

.ü07864 1.27177E+44

0,003465 -3.66140E4,00

0,003683 -1.33479E-P2

4.046714 -5.22133E-01

0.046711 -5.22133E-01

0.006711 -5.22133E-01

0.06714 -5.22133E-01

4,04$71i -5.22133E-OS

0.006714 -5.22133E-01

0.016946 -2,40229E+00

0.001462 -1.35700E-02

0.729496 -4,09661E-01

0.733202 -1.5E243E-01

0,00299E -1.BS838fa04

4.004302 -1.16912EO0

0,042707 -7.36571E-01

4.004159 -1,34121E-01

0,008210 -9.07097E-02

0.029060 1,061B2Et00

0.003484 6,23408E-01

0.415021 -2.87853E100
42036.2 .040000 -1,35570E-42
6824.2 0.001465 -3.32379E+00
6676,7 0.0050 -2,62176E*00
7384,2 4.003658 -7,34020E-01
7035^7 0.003056 -1.48131E+04

42165.7 0.000154 -1,34121E-02

RIGHT RE45Y{1C

EORSAI a. PHASEff YITH i-1tn6a-iz7a

AMATEUR RABIC
AMATEUR RADIO
AIVATEOfl RADIO
AMATEUR- RAD 10
AMATEUR RA1110
AMATEUR ROUIR

361.0

REC 19-3an-82

REC 25-3an-82

217.0

99.0

290.0

REC 43-Feb-82

DEC 23-May-192

REC 264eb-E2

DEC 25-duI-82
DEC 02-Mer-87

MARINE MOBILE SATELLITE SERVICE
LAHNCH VEH1CLf iEST PACKAGE

REPLACER 45TN'MOLNIYA-I
STORE 4 dUMp : RfPLACEB C-1302
AEB. RESdLUTION PHüT86RAPHIC

REPLACED COSMOS-1150
F11ED SATELLITE SERVICE

Hl-RESIIL. FILM RECON.
REPLACED COSMOS-11B6

MI RESBLUTIDM PH0T0bRAPHIC

T4 RELAY

EORSATiPAIRED YITH CD5H05-1306

NED. RESOLUTIüN PNDT88RAPHIC

REPLACED LTf5Hp5-1092
REPLACED C8SM95-1206
FSSI REPLACED RESTAI I
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SPAR
^11

SPENIFICATIüN MISSION LAONCH DATA ORBITAL DATA MISSION STATUS
RS8H1 6EO5YNC

SATELLITE I NT'L PRU3, C!M PERIGEE APQBEE 1NCL. 5EM1-MAJOR ECCEN. ASCENSION ORBITAL STATUS DATE REMARKS
riAMS BE5I6, COUNTRY BIR. BE5I6.PURPO5E DATE SITE UEHICLE PERi00 HE16HT HEi6HT AXIS RATE P051T10H

181H1 11tN1 fItN1 (DEC) l01 (NDl IDE816AY) lBE6. EA5T1

53R6 M0L1ilYA-1 19R2-15-A USSR NIL COMMU 26-Feb-82 PIE A-2-e 735.0 490.0 40765.0 62,8 27005.7
CH5NUS-1341 1982-16-A 11558 1111 EARLY 03-11ar-02 PLE A-2-e 709.0 614.0 40165.0 62.8 26767.7
[NT€iSA1-v F4 1982-17-A iiV]'L INIELSAT CIV CONNU 05-Mar-82 ETR ATLAS CENTAUR 1444,2 35929.0 35959.0 0.1 42322.2
COSA95-1342 1982-18-4 U55R 811 RfCON 05-1{ar-82 PLE A-2 89.5 207.0 326.0 72.9 6644.7

DSP-12 1982-19-A USA H5AF MIL EARLY 06-Mar-82 ETR TITAN IiIC 1424.7 35524.0 35606.0 2.0 41943.2
00RII0NF-5 1982•-20-A U55R NIL COMMU 15-Mar-82 BAI B-I-e 1463.0 36320,^ 36320.0 0.7 42698.2

COSMOS-1343 1982-21-A USSR NIL RECBN 17-ffar-02 PLE A-2 89.4 2083 314.0 72.9 6639.2

STS-3 1982-22-A USA NASA C1V riAN'0 22-Mar-82 ETR SIS-3 8910 240.0 240.0 38.0 6618.2

IBTH MOLNfYA-3 1982-23-A U55R RIL CON11U 24-Mar-82 PLE A-2-e 736.0 656.0 40615.0 62.9 27013.7

CU5805-1344 1982-24-0 USSR NIL NAV16 24-Mar-82 PLE C-1 105.0 981.0 1023.0 82.9 7383.2

BTH-METE9R-2 1962-25-A USSR MIL METEO 25-Mar-82 PLE F-2 104.2 954.0 976.0 62.5 7343.2

COSri8S-1345 1982-26-A USSR NIL CLINT 31-Mar-82 PLE C-1 95.2 507.0 550.0 74,0 4906.7
0051105-1346 1982-21-0 USSR AIL ELiHi 31-Mar-82 PLE 0-1 97.6 623,0 675.0 81,0 7027.2

C05005-1347 1982-29-4 U5SR MIL RECON 02-Apr-82 861 A-2 89.7 181.0 364.0 70,4 6650.7
Cp5riD5-1340 1982-29-A USSR NIL EARLY 07-Apr-82 Ptf A-2-e 709.0 613.0 39342.0 62.8 26355.7
005005-1349 1982-39-A USSR MIl 00916 08-Apr-82 PLE C-I 105.0 984.4 1025.0 84.0 7382.7

TA5AT-IA 1982-31-A INBIA CEV CüNMO 10-Apr-82 ETR THf1R DELTA 1435.9 34395.0 37162.0 0.5 42159.2

cosmos-1350 1987-3?-A OSSR MIL RECBII 15-Apr-B2 PLU A-2 89.8 101,0 300.0 67.2 5658.7
SALYUT-7 1982-33-A USSR C14 RANI 19-Apr-B2 RAI D-I-h 89.2 219.0 278.0 51.6 6626.7
IS&RA-2 1982-33-C USSR MAI ClV CBMMU' 17-May-82 BAI NIA 92.3 342.0 357.0 51,6 6727.7

C05905-1351 1982-34-4 U5SR NIL RADAR 21-Apr-82 AKY C-1 93.5 349,0 555.0 50.7 &B30.2
095991-1352 1982-35-4 11550 NIL RECON 21-Apr-12 BAI A-2 90.2 ?16.0 383.0 70.4 6671.7
COSMOS-135'3 1903-36-A USSR NIL RECOH 23-Apr-82 PLE A-2 89.1 218,0 2b9,0 82.3 6621.7
CflSM75-1354 1902-37-A 11550 MIL 008110 28-Apr-82 PLE C-1 10)1.0 795.0 829.0 74.0 7190,2
0851105-1355 1982-38-4 USSR MIL 01501 29-Apr-82 RAI F-1- n 93.3 438.0 459.0 45.1 6826.7
005803-1356 1982-34-A 0510 KIL EL1NT 05-May-82 PILE 0-1 97.6 632,0 684.0 81.2 7036.2
CBSNBS-1351 1982-40-4 USSR NIL ïBMMH 06-May-82 PLE C-1 115.4 k449,0 1520.0 743 7862.7
CBSN65 1358 19R2-40-$ USSR NIL COHNU 06-May-82 PLE C-1 115.4 1449.0 1520,0 74.0 7R62,7
COSM05-1359 19E2-41)-C üSSR NIL COMNU 06-May-62 PLE C-1 115.4 1449,0 1520.0 74,0 7862,7
C95hBS-1360 19B7-46-11 HSSR NIL CBMMU ü6-May-91 PLE C-! 115.4 1449.0 1520.0 74.0 7862.7
005803-1361 1982-40-E USSR AIL CdMIiU 06-May-02 PLI C-1 115.4 1449.0 1520.0 74.0 7862.7
CBSMOS-1362 1982-40-f USSR NIL C8xn0 06-May-82 PLI C-I 115.4 1449.0 1520.0 74.0 7862.7
1051(85-1363 1982-40-6 !lSSR NIL CO8110 06-May-82 PL£ C-1 115.4 1449,0 1520.0 74.0 7862,7
CB5n0S-1364 1982-40-1i USSA NIL CONNU 06-May-82 PIE C-I 115.4 1449.0 1520,0 74.0 7862.7
016 0100 17 1982-41-4 051 OSAF 1111 RECOR 11-May-02 NTfi TITAN 1118 80.5 168,0 257.ü 96.4 6590,7

RD NAME 1982-41-C USA U5AF MIL CLINT 11-MaY-82 AIR 111AN 111D 98.7 699.0 701.0 96.0 7078.2
SOY07-i5 i9R2-42-A USSR [IV MAN'B 13-May-B2 BAI A-2 90.4 271.0 329.0 51.6 6678.2
ÇOSM09-1365 1982-43-A USSR MIL ORSAT 14-AaY-02 RAI F- I- a 89.6 259.0 276.0 65.0 6645.7
0051105-134E 1982-44-A USSR 1111 CORSO 11-May-82 RAI â -1-e 1437.0 35820.0 35920.0 1.5 42198.2
C9514115-1361 1982-45-A i2555 M11 EARLY 20-8ay-82 PLE 0-2-e 709.0 612.0 39530.0 62,8 26449.2
COSMaS-13EB 1982-46-A USSR NIL RECBR 21-May-B2 BAI A-2 90.0 21B.0 365.0 70.4 8669.7
PROGRESS-13 1982-47-A USSR CI4 MAN'S 23-May-82 8AI A-2 88.9 191.0 278.0 51.6 6612.7
CDSI105-1369 19R2-48-A USSR NIL RECON 25-Nay-02 PLE A-2 89,4 229.0 296.D 82.3 6640.7
C05805-1370 1982-49-A USSR NIL RECON 28-4ay-82 BAI A-2 89.2 203.0 290.0 64.9 6624,7

541H MOLRYA-i 1982-50-A USSR NIL CORSO 29-May-82 PLE A-2-e 73b.0 653.0 40633.0 62.8 21021.2
COSriBS-1371 1982-51-A USSR NIL CONMU 0 1-JuA-82 PLE C-1 101.0 793.0 833.0 74.1 7191,2
COSMBS-1372 19R2-52-A USSR NIL ORSAT 01-3un-82 BAT f-1-a 89.6 258.0 277.0 65.0 6645.7
C05005-1373 1982-53-A USSR M1L REC81V 02-3un-82 RAI A-2 90.1 217.0 366.0 10.4 6670.7
{BSll85-1374 1982-54-A 12554 CIV EIPTL 03-Jan-92 AKY C-I 88.9 225.0 225.0 50.7 6603,2
COSMOS-1375 1482-35-A USSR NIL ASATi 06-Jun-B2 PIE C-1 05.0 990.0 1021.0 65.9 73B3.1

0,745677 -1.47936E-01 REPLACED 47iH MBLNIYA-1

0.739784 -1.45792E-01 REPLRCEB C8SH6S-1247

0.000354 -S.à2393E-02 361.0 FIXED SATELLITE SERVICE

0.008955 -2.53909E+00 ROC 19-Ray-82 MD. RESOLUTION PHBTOSRAPHIC.

0.000978 -1.36545E-02 290.0 DEFENSE SUPPORT PR65RAN

.000090 -1.28348f-02 53.0 1V'7ELE6RAPIl,TELEPRB)1E

0.007903 -2.51637E+00 REC 31 Aar-92

0,000000 -6.89934E00 flET 30-Nar'-82 3R11 TEST fLT DF COLUMBIA

0.739608 -1.41476E-01 REPLACED 15111 110L1{IYA-3

0.062438 -7.37967E-0i RFPLACED COSMOS-1244

0.001498 -7.94264E-01 15i METEOR-2 IN THIS BABIT RE6IMf

0.003113 -2.97857Eti00

0.003700 l.11038E+00 REPLACES CBSHOS-1222
0.013758 -2.88918E+00 AEC 22-May-82 Hi RESOLIlT1üN PH4T0&RAPHIC
0,734730 -1.49904E-01 REPLACES 085409-1173
0,002777 -5.24241E-41 REPLACE0 C6SNOS-1153
0.032875 -1.344790-02 361.0 ]OF 22-4r-82 F55 4 METEÜRL08ICAL
0.014943 -3.32266E+00 REC 16-Aay-02 HS RESOLUT40H'PN6T06RAPHiC
0,004452 -5,41423E+00 SPACE STATION; REPLACES SALVUT-6
0,001115 -5.13485E+00 DEC 09-Ju1-82 AMATEUR RABIü;LNCH6 FAOM SALYUT-7
0.015080 -4.96833E+00 DEC 14-Mar-83
0.012504 -2,84732E+10 REC 05-May-82 NfB. RESOLUTION PHBTC6BAPHIG
0.043851 -1.17097E+00 AEC 06-Nay-02 riED. RESOLUi1011 PNIITOGRAPIi1C

0.002364 -1.80557E+00 STORE 6 911MP : REPLACcB C-1190

0.001538 -3,30711E+00 DEC 27-Aug-93 EORSATIPAIREO B[TH COSMOS-1405

0.003695 -1.48105E+00 REPLACED Cq5l105-1134
0.004515 -i.32044E+00 TACTICAL COMMUNICATIONS
0.004515 -1.32044E+00 TACTICAL COMMUNICATIONS
1.004515 -1.32044€+00 TACTICAL C6MMUNSCATI4NS

0.004515 -1,32044Ef00 TACTICAL c0^MU1{lCATSBf1s

0.004515 -1.32044f+00 TACTICAL CBIVMU41CAT10115

0.004515 -1.32044E*00 iACTICAL COMMONICATI885

0.0045L5 -1.32044E+00 TACTICAL COMMUNICATIONS

0.004515 -1.32044E,,00 TACTICAL COMMUNICATIONS

0.00052 9.90372E-01 DEC 05-Ber-82 BROAB COVfRABE:PHOTO. RECON.

0.000141 7.23384E-01 P181iY $ACR ON 8I8 BIRD LAONCHES

0.004343 -5.2049E+00 11E1 27-Aug-02

0.001279 -3.64689E+00
.00000 -1.33714E-02 80.0

0.735714 -1.49045E-01

A-YNRD BDft; PAIRED WITH 05MOS-137'2
MILITARY C4MMUHICATIüNS é 5HF

01011020 -745909E+00 REC 03-Sun-02 MED. RESOL0TI8N Pii0T08RAPHIC
0.006578 -5.45471E+00 DEC 06-Sun-82 ELPENDABLE SUPPLY CRAFT
0.005045 -1,15931E+00 REC 09-dun-112
0.006566 -3.70161E+00 REC 11-Ju1-02 NEÛ, RE5BLRTIOH PHBT06RAPNIC

0,739791 -1,41991E-01 REPLACER 44TH MaLNIPA-I
0.002701 -1,79371E}00 STORE I BUMP : REPLACED C-1140

0.001430 -3.64689Et00 A-PNAB RDR; PAIRED WITH COSMOS-1365

0.011318 -2.85763E+00 REC 16-Jun-92 RED. RESOLUTiBii PHBT06RAPHIC

0.000800 -9.58971E+00 REC 03-dun-82 IiINGEB RE-USABLE 5}1iTLE MODEL TEST

0.002099 -2.4373éE+00 TARGET VEHICLE FBR CA5MU5-1379

1160-12/77 -a8-
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SATELLITE 1NT'i PROJ. ElK PERIGEE APOBEE li1CL, SERI-MAJOR ECCEK. ASCENSION ORBITAL 514TUS DATE
NANE OE5i&. COUNTRY BIR. UES18.PllRPDSE DATE SITE YEHICLE PER10D 11k15111 HE16HT AEIS RATE POSITION

Sm IN) EfEKi (KM S â E6I ll(11I (ND) IBEGI âAYI (MG. EASTI

MISSION LAURCH DATA ORBITAL DATA MISSION SIRIUS
R16HT GEOSYRC

82.3 6628.7 0.003545 -1.18E64E+08 ROC
64.9 6648.7 0.013762 -3.65613E+00 REC
0.0 42166.2 0.000190 -1.34116E-02 237.0

---------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------
CD5H05-1376 1982-56-8 U558 CIV ERSAT 08-249-82 PLE A-2 89.2 227.0 274.0
C0SK05-1371 19B2-57-A OS5R AIL RECON 08-1un-82 BAI A-2 84.7 179,0 362,0

NE94R-5 082-58-A USA WU Ely COK14U 09-Jun-B? ETR DELTA 391D 1136.2 35780.0 35796.0

C05905-1378 1982-59-0 USSR 811. 08541 10-3un-82 PLE F-2 97.8 648,0 682.0
CASHO5-1379 1982-60-A 8S5R NIL A5ATT !B-Jan-82 RAI F-1-a 100.3 552.0 1027,0
COSKA5-1380 1992-61-A USSR HIl NAVI6 18-dun-82 PIE C-1 93.1 156.0 732.0
COSX05-13Bi 1982-52-A USSR K1L AECON 18-,iun-82 BAi A-2 90.3 216.0 395.0
50YU7-'T6 1982-63-A U5SR C1V fIAN'B 24-3un-B2 8A1 A-2 89.6 248.D 277.0

CO5K05-138$ 1982-64-A U5SR KIL EARLY 25-dun-82 PLE A-2-e 709.0 614.D 39540.0
5T5-4 1982-65-4 USA NASA CIV 1908'8 27-Sun-82 E19 SIS-4 90.5 296,7 304.8

C05005-1383 1982-66-0 USSR KIL 80916 29-3un-82 PLI C-1 105.4 1004.0 1041.0
1OSK05-1384 1982-67-A USSR Mit RECON 30-hn-82 PLE A-2 89.8 181.0 3B1.0
C05K05-1385 1482-68-A' USSR NIL RECON 06-du1-82 PLE A-2 88.7 191.0 264.0
CD51185-1386 1982-69-4 0550 811 NAVIB 07-Jul-82 PLE C-1 104,8 965,0 1010.0
PROGRE5S-14 198 7-70-A USSR Ely KAH'0 10-du1-82 8A1 A-2 88.7 192.0 25&.0

CBSNpS-1387 1982-71-A USSR CIÜ ERSAT 13-du1-82 PLE A-2 89.1 219.0 271.0
LAN115A7-4 1992-72-A USA NASA C1V EASAT 16-dul-82 HTR THRR DELTA 4B.5 678.0 696.0
COSKüS-1398 1982-73-A USSR t1iL CBKIIU 21-,]ul-B2 PLï C-1 115.3 1448,0 1515.0
C02005-1389 1982-73-8 11558 11!L COMKU 24-Ou1-e2 PLE C-1 115.3 1448.0 1515.0
C05485-1390 1482-73-C USSR NIL C0800 21-Oul-82 PLE C-1 115.3 1448.0 1515:0
CO5Ko5-1391 1982-73-8 USBR AIL COMxU 2I-J0-B2 PLE C-i 115.3 1448.0 1515.0
C85805-1392 1982-73-F 11559 p11 C01100 21-Jul-02 PLE G-1 115.3 1448.0 1515.0
C82005-1393 1982-73-F USSR K]L C00K11 21-3u1-132 PLf E-1 S15,3 1440.0 1515.0
C051*1-1394 1982-73-5 USSR MIL C01190 21-3u1-82 PLE C-1 115.3 1440.0 1515.0
Cü5K05 k395 1982-73-8 USSR MIL C8008 21-Jul-82 PIE C-1 115,3 1448.0 1515.0
55TH K01AYA-I 1982-71-A USSR HiL CBRNU 21-du1-82 PLE A-2-e 701.0 650,fl 18900.0
COSn65-I396 1982-75-A USSR HIL RECON 27-.lul-e2 PLE A-2 89.5 200.0 323.0
Cfi5K05-1397 1982-76-A USSR KiL RADAR 29-dul-82 AY.Y C-1 93.4 345.0 549.0
COSKpS-1398 1907-77-A USSR MIL fIECON 03-Aug-82 PLE A-2 09.0 225.0 262.0
COSMOS-1399 1482-7B-A USSR AIL RECOR 04-Aug-B2 8AI A-2 89.7 179.0 371.0
C0Sri05-1440 1987-79-A U55R AIL ELIN1 05-Aug-82 PLE A-i 97.& 631.0 675.0
50YU2-T7 1982-8D-A OS5R C1V KAN'B 19-Aug-112 RAI A-2 89.5 228.0 280.4

COSMOS-1401 1982-81-A USSA CIV ERSAT 20-Aug-B2 PLE A-2 89.3 226.0 2112.0
ANlk-81 1982-02-A CANADA TEti€SAT [IV COKNO 26-Aug-82 E'ïR â ELTA 3920 1436.1 35781.0 35793.0

19TR KOL8IYA-1 1982-B3-A US5R KIL CONriO 27-Auy-82 PLE A-2-e 736.0 494.0 10814,0
CBSKpS-1402 1982-114-A USSR MIL ORSAT 30-Aug-82 8A1 F-1-11 29.6 254.0 279.0
C051*5-1403 1982-854 USSR K1L 8EC20 01-Sep-82 5A1 A-2 90.2 216.0 380.0
COSN85-1404 1982-86-A U5SA MIL RECON 01-Sep-82 PLE A-2 90.2 211.0 394.0

ET5-311C1K1-41 1982-07-A 3APAH NA5pA C1V EïPTL 03-Sep-82 TSC . K-I 107.0 964.A 1234.0
Cp5K8S-1405 1982-88-A USSR AIL OR5AT 04-5ep-82 041 F-l-e 93.3 338.0 456.0
C15005-1406 1982-89-0 0550 CIV E1587 ' 08-Sep-82 PLE A-2 89.0 222,0 253.0

CHINA-12 1982-90-4 CHINA MIL fXPT'L 09-Sep-82 JON CSL-2 90.2 172.4 393.0
C05R85-1407 k982-11-A I1S5A K1L AECON 15-Sep-82 PLE A-2 89.7 181.0 364.0
C05005-1408 1902-92-A 0559 H1L 08511 16-Sep-82 PIE 0-2 97.8 645.0 679.0

E1:RAli-9 19B2-93-A B5SR CIV CONNU 1G-5ep-92 BAT p-1-e 1426,0 35580.0 35580,0
PROGRCSS-15 i982-94-A 11S5R C1V KAN'8 18-Sep-82 RAI A-2 88.7 195,0 258.0
C05n05-1409 1982-95-A 11551 MIL EARLY 22-Sep-82 PLC A-2-e 709.0 613,0 39340.0
C05805-14[0 1982-96-1 11051 1V1L SCiEN 24-Sep-02 PLE F-2 116.0 1500.0 1522.0
INFELSAI-V F5 1982-91-A 1NT'L IRTELSAT Cil COKN0 29-Sep-82 LIA ATLAS CENTAUR 1435.8 35167.0 35795.0

COSMOS-14i1 1982-9B-Â USSR NIL BfCON 30-5ep-82 PLE A-2 90.1 208,0 384.0

82.5 7043.2 0.002414 -9.19120E-01

65.8 7167.1 0.033I35 2.72077E+04

82.9 6822,2 0.042215 4,76568E 6S

70.4 6683,7 0.01334i -2,83852€*DD

51.6 8640,7 0.002184 -5.37422E*00

62.8 26455,2 0.735698 -1.48911E-01

DEO

DEL

REC

RET

22-3un-82 NATllRAL RESOURCES MONITORING
22-,iul-92 HI RESBLUTIOH PRGTOGRAPkIC

F1XEp SATELLITE SERVICES

EOR5A1? PHASEn WITH C-13008-1338

18-3un-82 SNTERCEPTüR FOR C45K65-1375

27-dun-B2 1NTE1ipEâ ID REPLACE C051505-1725

01-Ju1-82 MEâ . RESOLUTIOk PNBTOGRAPHIC

02-3u1-82

28.5 6678.9 O.OOBÔ06 -7.^522iE^00 RfT 04-^u1-82

83.0 7400.7 0.002580 -7.21621E-01

67,1 6659,2 0.015017 -3.33558E+00

82.3 6608.7 0.00500 -1.17908ff00

93.0 7385.7 0.003055 -7.33698E-01

REC 30-,iul-82 HI RE59LUTIUR PHOTOGRAPHIE

RIE 20-Ju1-82

REPLACE9 COSKOS-1225

13-Aug-82 EXPEKDABLE 5UPPLY CRAFT

26-dul-82 NATURAL RESBURCES'NOfiiIT08iR8

NA]'BRAL RE50URCES i10Ni'T4RIKS

TACTICAL COMMUNICATIONS

TACTICAL COMMUNICATIONS

TACTICAL COMMUNICATIONS

TACTICAL COMMUNICATIONS

TACTICAL COMMUNICATIONS

TACTICAL COMMUNICATIONS

TACTICAL COMMUNICATIONS

TACTICAL CBKNBRICA110NS

REPLACED 461H,N0LNIYA-1

RENARNS

REPLACfO CpâMÂS-1223

4T1i TEST FLT OF LOLOKBSA

Y8SPA5-SARSAT

51.6 6603.2 0.004998 -5.48203E+00 DEC
82,3 6623,2 0.003926 -1.17004E+00 RfC

98.3 7085.2 0.001274 1.00546E+00

74.0 7859.7 0.004267 -1.32220E'+00

74.0 7859.7 0.004262 -1.32220E+00

74.0 7959.7 0.004262 -1.32220E+00

74.0 7859.7 0.004202 -1,32220E+00

74.0 7859,7 0.004262 -I.32220E450

74.0 7959.7 0.004262 -1.32220E+00

74.0 7859.7 0.004262 -1.32220E00

14.0 7859.1 0.004262 -1.32220E+00

63.0 26151.2 9.731269 -1.49694E-01

72.9 6643.7 0.008655 -2.54040Ei00

50.7 5825.7 4.014870 -4.97974E+00

82.3 6821,7 0.002794 -1.17095Etfl0

64.9 6653.2 0.014429 -3.64162E+00

81.2 7031.2 0,003129 -1.08373E+00

51.6 6637.2 9.003920 -5.39848E+00

82.3 6632.2 0.004222 -1.56450E400

O.D 42165.2 01000142 -1.34127E-02 256.0
62.8 27032.2 0.145779 -1.47529E-01
65.0 6644,7 0.001881 -3.64882E+00
70.4 6676.2 0.012283 -2.84953E+00
72.9 5680.7 0.013696 -2.19206E+00
45.0 7477.2 0.018055 -4.04153Ef00
65.0 6825.2 0.001319 -3.32209E+00

REC 10-Aug-82

DEC 18-Kay-83

REC 13-Aug-B2

REC 16-Sep-82

RET 10-Oec-82

REC 03-5ep-82

DEC 23-,}an-83

RfC 15-Sep-82

ROC 15-Sep-82

82.3 6615.7 0.007343 - G 17467E+00 REC

63.k 6860.7 0.016590 -3.88894E+00 REC

87.2 6650.7 0.033758 -3.33644E+00 REC

82.5 7040.2 0.002415 -9.20492E-01

0.3 419511.2 .000000 -1.18455E-02 99.0
51.6 8604.7 0.004769 -5.41765900

62.8 26354.7 0.734728 -1.49974E-01

82.6 7889.2 0.001394 -6.04748E-01

DEC

1.5 42159,20.00033ï 1.3414RE 02 361,0
72.8 6674.2 0.013185 -2.50049E+00 REC

HI RESDLUI]UN PHOTOGRAPHIE

BEPLACED CpSN95-1315

NATURAL RESOURCES KBN1T'flRIRB

FI%ED SATELLITE SERVICE

REPLACEp 13TH,NOLRIYA-3

A-PYRO RBR;PATREB YIlTIi C-13656-1412.

ENGINEERING TEST SATELLITE
EBRSA'T;PAIREB NSTH CQ5N05-1355

21-Sep-82 HA1'URA1 RESOURCES MpN1TqR106

21-Sep-82 RECONNAISSANCE SATELLITE TEST
16-Oc1-82 HI RESOLUTION PHOT08RAPHIC

EORSAT? REPLACEO CO5ip5 I37R?
TV RELHY

i6-B[i.-82 EYPEN8A8LE SUPPLY CRAFT

REPLACEB Cü5K65-1217

5EOBETIC: PHASED 141TH CDSKOS-1312

FITEO SATELLITE SERVICE
14-Oct-82 NID. RE50LUTI9H PN0T88RAPHIC

I160-I2r77 -a9-



ROR; PAIRED RUH CO3905-1402 
GLONASS 

OLORASS 

SWIMS 
REC 	213-Oct-82 	MED. RESOLUTION PHOTOGRAPHIC 

REPLACED C53055 -1308 
TVJELERRAPS;TELEPHORE 

DEC I01ep-14 
FILED SATELLITE SERVICE 

DSCS PHASE III 
DSCS PHASE 11 

DEC 14-Dec-02 	EXPENDABLE SUPPLY CRAFT 
REC 	11-N+-0Z 	KEO. RESOLUTION PNOTCERAPHIC 

STORE 6 DUMP : REPLACED  0 -1131 
REI 	16-110y-82 	1 91  OPERATIONAL  11.1 00 1.8104810  

FIXED SATELLUE SERVICE 
HIED SATELLITE SERVICE 

STRATEGIC RECONNAISSANCE 
REC 07 -Dec-82 
DEC 	1 1 -Dec-82 AMATEUR RADIO; LNCHD FROM SAL9UI-7 

TV 1, MULTICHANNEL RADIUM. 
RUC 	17-Dec-D1  

FAILED REPLACEMENT FOR HOUMA 1-18 
REPLACEMENT  (00 115  METE00-21  

DEC 	28-Jan-83 	HI RESULUTION PHOTORRAPHIC 
1 51  BLUR 502 SiC BUS 

DEC 	06-Jan-133 
DEC 05-Mar-81 PHOTO-RECONNAISSANCE WITH  5019119 -7 

1RTE00E0TI00 TEST RAGAR CALIBRATION 
REPLACED C5E005 -1333 
TACTICAL COMMUNICATIONS 
TACTICAL COMMUNICATIONS 
TACTICAL COMMUNICATIONS 
TACTICAL COMNUNICATIONS 
IACIICAL COMMUNICATIOMS 

TACTICAL COMKUNICATIONS 
TACTICAL CORMUHICATIONS 
101.I1C 01  COMMUNICATIONS 

REC 02-Feb-03 

REC 22-9e0 -81 

RIO  24-9e0 -83 

REC 	11-41.-83 

HOLLAND/USA/UX IR 43194006 1C 01  
LOW RESOLUTION PHOTOGRAPHIC 

FIXED SATELLITE SERVICE 

ROSS-I:NAVY OCEAN SURVEILLANCE 
NOSS-I:NAVY OCEAN:SURVEILLANCE 1 
R0SS-1:11600  OCEAMPEURVEILLANCE 1 

>RAY ASTRONOMY 

UM Min MU 	 UM I» MI Ma MI ME Ma UM MU MI OM Mill 

insam 
SPAR 

	 same 
lownùrion 	 MISSION 	LUC H DATA 	 ORBITAL DAIA 	 MISSION STATUS 

RIGHT 	GEOSYMC 
SATELLITE 	INI'L. 	 PROJ, 	C/M 	 PERIGEE APOGEE 	INCL. SEMI-MAJOR  ECCE. 	ASCENSION ORBITAL STATUS 	DATE 

NAME 	DES16, 	COUNTRY 	R. 	DESIU.PURPOSE 	DATE 	SITE 	VEHICLE 	PERIOD 	HEIM 	HEIGHT 	AXIS 	 RATE 	POSITION 
[15110 	IKM} 	AI 	10E01 	IK11/ 	INDi 	(DEG/DAYI (DES.  EAST} 

REKARXS 

Emus - 1412 	19B2-99-A 	US  SR 	MIL 	Deli 02-Oct-B2 11A1 	F-1-0 	89.6 	255.0 	200.0 	65.0 	6615,7 0.0018E1 -L65990E400 
CO 5 MOS-1113 	1982-100-A 	USSR 	 MIL 	NAVIG 12-Oct-02 BAI 	D-1-e 	673.0 1510.0 1910.0 	64.8 	25428.2 	.000000 -1.11005E-02 
COSMOS-1414 	1982-10-0 	USSR 	 MIL 	MAVIS 12-Oct-82 BAI 	D-I-e 	673.0 19100,0 19100.0 	64.8 	75478,2 	.000000 - 3.33005E-02 
COSMOS-1415 	1902-100-E 	USSR 	MIL 	NI  G 12-Oct-O2 DI 	0-1-e 	673.0 19100.0 19100.0 	64.8 	25478.2 	.090000 -3.33005E-02 
caseos -im 	1982-101-A 	USSR 	MIL 	RECON 11-0c1-82 led 	A-2 	50.2 	2[7.0 	30.0 	70.4 	6676.7 0.012207 -2.114877E+00 
COSMOS-141/ 	1902-102-A 	USSR 	 MIL 	NA91 6  19-Oct-02 P LE 	C-I 	104.9 	970.0 	1023.0 	133.0 	7170.7 0.003015 -7.29181E-01 
1;DRINNT-6 	1982-103- 4 	USSR 	AIL 	COMMU 20-Oct-02 RA1 	1(-1-E 	1437.0 35000.0 35E00.0 	0.8 	42170.2 	.00000 -1,33999E-02 	90,0 
COSMOS-141R 	1982-104-A 	USSR 	 MIL 	RADAR 21-11c1-02 AKY 	C-I 	92.2 	362.0 	117.0 	50.7 	81b1.1 0.004093 -5.12E8.2E400 
5ATC011-5 	6982-105-A 	USA 	RCA 	CI9 	COMM 28-Oct-E12 tIR 	DELTA 	1136,1 35764.0 35E10.0 	0.1 	42165.2 0.000545 - 1.34127E42 232.0 
DSCS-15 	I902-109-A 	USA 	DOD 	MIL 	CDMMU 30-Dct-02  ET  R 	TITAN II1D 	1432.2 35644.0 35779.0 	2.4 	42088.2 0.01568 - 1.34870E-02 346.0 
DSCS-I9 	1982-109-R 	USA 	DE D 	MIL 	mu  3-Et-D2  EIR 	TITAN II1D 	1432.2 35644.0 35776.0 	2,0 	42088.2 0,001590 - 1.31870E-02 775.0 

PROGRESS-1 b 	I982-107-A 	USSR 	 CIV 	MAM'D 31-Oct-82 EAI 	A-2 	80.7 	193.0 	261.0 	51.6 	HOR.2 0.005258 -5.47135E+00 
COSMOS-1419 	1982-10U-A 	USSR 	 MII 	RECUR 02-Rer-02 BA! 	A-2 	89.1 	216.0 	290.0 	70.1 	6631.2 0.005580 -2.91709E400 
COSMOS-1420 	1902-19-A 	USSR 	 MIL 	COMM 11- 1{ov-02 PLE 	C-I 	100.8 	702.0 	020.0 	74.0 	7179.2 0,002647 - 1.81527E400 

STS-5 	1982-110-A 	USA 	RESA 	EI9 	NRN'D 11 -414x -82 E1R 	515 -5 	90.3 	296.0 	302.0 	211.5 	6977.2 0.000449 -7.4590E400 
SES-3 	1902-110-8 	USA 	SRS 	CI  V 	CDAM0 II- 1(oy-02 ETR 	ST-5 	1439.2 45709.0 35790.0 	0.0 	42186.2 0.000047 -1.34116E-02 266.0 

RN1K-C3 	1982-110-0 	CANADA 	IELESAT 	civ 	connu 12-71ov-82 ETR 	515 -5 	1436.1 45/7.O 35756.0 	0.0 	42165.2 0.000213 -1.34127E-02 242.5 
10-11-5 	1902-11I-A 	USA 	USAF 	MIL 	RECON 17-Now-E2 MIR 	TITAN HID 	92.0 	288.0 	47MA 	97.0 	6/49.2 0.015261 9.96133E-01 

COSMOS-1421 	.1902-112-A 	USSR 	 MIL 	RECON 111-1(ov12 (Al 	A-7 	(9.2 	219.0 	2E6.0 	70.4 	6629.2 0.005280 -2.92015E400 
ISXRA-3 	1902-33A0 	USSR 	KAI 	C1V 	COMMU 111-Nev-02 RAI 	N/A 	51.5 	450.0 	395.0 	51.h 	h15.7 0.001113 -5.11354E+00 

ROUG4-10 	1902-113-A 	USSR 	 nu_ 	COMMU  Th-((v-H2  RAI 	1(- l -e 	1400.0 39640.0 36640.4 	1.3 	43018,2 	.000009 -1.25015E-02 	35.0 
COSMOS-1422 	1902-114-0 	USSR 	MIL 	RECUR 03-Dec-82 PLE 	A-2 	B9.0 	208.0 	114,0 	73.0 	6639.2 0.007983 -2.53192E+00 
COSMOS-1423 	1902-115-A 	USSR 	 CIV 	COMMU 00-Dec-S2 BAI 	A-2-e 	51.1 	401.0 	5/5.0 	62.0 	6E66.2 0.01267i -1.51970E400 

9111 METEOR-2 	1902-116-A 	USSR 	 M1L 	Kull 1I-Oc-2 PE 	A-1 	102.0 	036.0 	904.0 	81.1 	1248.2 0.04691 1.63395E-01 
COSMOS-[424 	I9R2-117-A 	USSR 	 hiL 	RECUR 19-Dec-R2 BAI 	A-2 	B9.7 	179.4 	371.0 	94,9 	9651.4 0.014399 -1.64721E+00 

DASP-5 	1982-118- 1 	USA 	USAF 	AIL 	MEIER 21-Duc-R2 MIR 	ATLAS F 	101.2 	811.0 	823.0 	98.7 	7195.2 0.00814 9.88420E-01 
CHMOS-1425 	1982-[19-A 	USSR 	MIL 	RHEIN 23-Dec- 52 RAI 	A-2 	90.3 	237.0 	474.0 	70.0 	66113,7 0.010249 -2.89367E400 
C4JS1US-1426 	19112-120-A 	USSR 	 MIL 	RECUR 28-0ec-82 8AI 	A-2 	90.0 	209,0 	377.0 	50.6 	6671,2 0.012592 -5.4004E400 
COSMOS-1427 	I902-[21-A 	USSR 	AIL 	ASATI  2-DL-A2 PE 	C-I 	94.0 	490.0 	494.0 	95.8 	91355.2 0.0024610 -4.17323E400 
COSMOS- I12t 	1903-1-A 	USSR 	 MIL 	RAV15 I2-1an-81  PIE 	5-1 	- 	104.7 	972.0 	1017,0 	612.9 	7372,7  O.35?-1.417E-01  
CO5453 -1429 	1 983-2 .- 0 	OSSO 	 1511 	COMMU 19-Jan-03 PIE 	0-1 	115.3 	1449.0 	1513,0 	74.0 	1859.2 0.004072 -1.322491+00 
C O5405 -1430 	1983-2-0 	USSR 	 MIL 	LUAU I9-Jan-83 PLE 	C-1 	115.3 	1449.0 	1513,0 	74.0 	7854.2 0.004072 -1.42219E400 
CO5003 -1431 	1901- 2-0 	USSR 	MIL 	COMMU (9-Jan-03 PIE 	0-1 	115.3 	1449,0 	1513,0 	74.0 	7859.2 0,004072 -1.32219E+0 
C O5005 -1437 	1983-2-0 	USSR 	 1411 	COMMU 19-Jan-83 PLE 	C-1 	115:3 	1449.0 	1513.0 	74.0 	7859.2 0.04072 -1.32249E400 
CO5455-1433 	1983-24 	USSR 	 11 1 1. 	COMMU 19-3am-81  ?LE 	C-1 	115.3 	1449.0 	1513.0 	74,0 	7859.2 0.04072 -1.32249E+00 
cusnos - tui 	1983-2-F 	USSR 	 MIL 	COMM 19-Jan- 01  Pt( 	0 -1 	115.3 	1149.0 	1513.0 	74.0 	7859.2 0.044022 -1.12249E+00 
cosnos- kin 	1901-2- 0 	USSR 	MIL 	COMMU 19- 0 u4 -613 PLE 	C-1 	115.3 	1119,0 	1513.0 	74.0 	7559.2 0.004012 -1.32249E400 
1.05605 -1436 	983-2-0 	USSR 	 MIL 	COMM 19-Jan-83 PLE 	C-1 	115.3 	1449.4 	1513.0 	74.0 	7859.2 0.004072 -1,32249E+00 
C 1(5905 -1431 	1583-3-6 	USSA 	 MIL 	ELINT 70-Jan- 94  ?LE 	0 -1 	97.6 	679. 0 	670.0 	81.2 	7031.7 0.003484 -1.00347E+09 

IRAS-I 	1901-4- 4 	USA 	 CIV 	SCIER 25-Jan-83 MIR 	DEL T A 	(02,4 	851,6 	093,6 	100,1 	7218.3 0.001813 1.11183E+00 
1.1(5009 - 1 43 9 	1103-5-0 	USSR 	MIL 	RECUR 27-Jan- 83 HAI 	0-2 	00.9 	213.0 	254,0 	70.4 	6611.7 0,01101 -2.94719E+00 

05-7AIE40URAI 	1903-6-0 	JAPAN 	FNMA 	0 1 11 	COMM 04-Feb-E3 TSC 	0 -2 	1436.2 35752.0 15E22,0 	0.1 	421E5.2 0.040030 -1.34127E-02 132.0 
C00S405-1435 	(583-7-0 	USSR 	 MIL 	WON 011-Feb-03  00 1 	4-2 	09,7 	10.0 	371, 5 	70,4 	6653.7 0.014353 -2.08372E400 
WHITECUUD 	1991-8- 0 	USA 	USN 	MIL 	OUT 09-Feh-E3 m 	ATLAS F 	107.4 	1059.0 	1151.0 	63.4 	7485.7 0.006479  -2,54760E400 
WHIIECLOUD 	19831-E 	USA 	HUN 	MIL 	00901  09-Feb-03 WIR 	ATLAS F 	107.4 	1 059.0 	1156.0 	63.4 	7405.7 0.006479 -2.54760E+00 
1011 1 E01060 	1983-84 	USA 	USM 	4 11. 	CHAT 09-Feb-93 RIR 	ATLAS F 	101.4 	1059.0 	1456.0 	63.4 	7085.7 0.009479 -2.54760E40 
1.05005 -1440 	1 981-9- 0 	USSR 	 CIV 	MAT 10-Feb-03 PLE 	0-2 	5

9.3 	223,0 	291.0 	82.3 	6636.2 0,005270 -1.16201E+00 
C0 S409 -1441 	1981-1 04 	USSR 	 MIL 	ELINI 10-1.eb-03 ?LE 	0 -1 	57.5 	632,0 	667.0 	01,0 	7027.7 0.002470 -1.11008E400 

	

45100-01IEN041 1983-II- 0 	JAPAN 	ISAS 	0 1 11 	SCIEN 20-Feb-03 CSC 	Mu 35 	95.2 	490,0 	570,0 	31,0 	6908,7 0.05790 -6.40443E+00 
1.63009 - 1412 	1983-12-6 	USSR 	 MIL 	RECCE 25-Feb- 03 PLE 	0-2 	89.6 	180.0 	364.0 	67.2 	0650.2 0.013E134 -1.31733E400 
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5AiELLiiE
NAME

10E11lEICA1109

iNT'L
DES 16.

PRBd. C'Nl

MISSION ORBITAL DATA MISSION STATUS
R16HT BEOSYHC

PER[5EE APO6EE INCL. SERI -MAJOR ECCEN. ASCENSION ORBITAL STATUS DATE
COUNTRY SIN, 8ESI6.PURPBSE âATE SITE VEUICLE PERI06 HEI5H7 HEVGHT AXIS RATE P0511I0M

[NIRi Iféili [KMi IOE51 (Khi (NU) IDf61RAY1 (DES. EASTi

CO5MOS 1443 1483 13 A USSR CIV

C85M85-1444 1983-14-A USSR MIL

200 MOLNIYA=3 1483-15-A USSR NIL

EYRAN-10 1963-i6-A USSR CIV

Cp5M05-1445 1983-k7-A USSR SIR
1O905-1446 1983-18-11 USSR MiL

561H M4LHIYA-1 1983-19-A USSR Rit
ASTROM 1983-20-A U55A CIV

CO5Mf79-1447 1963-21-A 3539 MIL.

909A-8 1983-22-A USA MqAA SIR
105M9S-1448 1983-23-A 11551 VIL
COSnAS-1449 1963-24-1, USSR MIL

57T1i MOLH[YA-1 1983-25-A 1I55R HiL
STS-6 1993-26-A USA NASA CIV

TflRS-1 19R1-26-R USA 1lA5A [IV

CBSIIUS-1450 1983-27-A USSR NIL
RAüU6A-I1 1963-2B-A USSR MIL

10S1105-145k 1993-21-A USSR MIL
SATCOH-6 1983-30-A USA ACA C1V

C8S11Q5-1452 1983-}1-A USSR MIL
kH 9 1983-32-A USA USAF MIL

R0H1N1-3 1983-33-A INBIA I5R8 C1V

C05mOS-1453 1983-34-A USSR MIL
SflYUt-I8 1983-35-A USSR CIV

C95105-1454 1963-354 USSR MIL

CCiS005-1455 1983-37-A 0551 MIL

C0Sx05-1456 i9B3-38-A USSR Hil
CR5405-1457 1983-39-0 USSR AIL
C051105-1458 1963-40-0 USSR CIV

6E05-6 1983-41-A USA NBAA SIR
COSnOS-1459 083-42-4 USSR MIL
C9SM45-1460 1983-43-A USSR M1L
COSMOS-1461 1493-44-A 1}5SR MIL
0SM85-1462 1983-45-A U55R CIV
C05M05-1463 1983-46-A 11500 MIL

IHTELSAi-V F6 1983-47-Â 1NT'L IHTELSAT C1V

COSMOS-1464 i4B3-46-A USSR AIL
C6SM6â-1455 1983-49-A U59 M]L
CûSM05-1466 1453-50-A 955R MIL

EIOSAI i963-51-A EUROPE E5A C1P

COSMOS-19d7 1983°52-A USSR MIL
VENfRA-15 I983-53-A USSA CIV

VENERA-16 1983-54-A USSR CiV

COSMOS 14hB 1983-55-A USSR CIV

NHIiECL8U4 0133-56-A USA USA MIL

NHITECLOUp 1983-56-C USA U5H KIL

101ITECL4U8 1953-56-b USA U5N Mit
COSMOS-14é4 1983-57-A USSR All

ECS-I 1903-58-A EUROPE ESA CIV
4SCAR-10 1983-58-8 6ERMANY AR5AT C1V

MAN'4 02-Mar-83 BAI 8-1-h g6,9 194.0 264.d 51.6

RECU,îI 02-Mar-83 PLE A-2 90.3 203.0 413.0 72.9

CONNU 11-Mar-U3 PLE A-2-e 736.0 474.0 4073.0 62.8

CBMIIU 12-Mar-63 BAI 5-1-e 142-16.0 35619.0 35619.0 0.1

EiPIL 15-Feb-A3 AKY C-i 88.3 207.0 230.4 50,7
RECO# 16-Mer-83 BA1 A-2 90.3 237.0 368.0 70.0

CONNU 16-Mar-63 PLE A-2-e 737.0 488.0 40821.0 62,8

SCIER 23-Mar-83 8A! 1f-1°e 5G80.0 2000.0 200000.0 51.5
HAVI6 24-Mar-83 PLE C-I 109.9 475.0 1025.0 63.0
METEO 25-Mar-83 NTR ATLAS F 101.2 8Q6,0 829.0 411.8
HAVIB 34-Mar-63 PLE C-1 k04.9 977,0 1617.0 R3.0
REC6N 31-Mar-B3 PLE A-2 90.3 207,0 407,0 72.9
CARRA 02-Apr-83 BAI A-2-e 700.0 483.4 39023.4 62.9
MAN'0 04-Apr-93 ETR 515-6 40.3 284.0 291.0 28.5
COMHU 02-Apr-R3 ETR SIS-6 1086.[ 21857,0 35386.0 2.4

ASAIT 06-Apr-B3 PLE C-1 44.7 474,0 515,0 65.4
COMMII 08-Apr-83 8Ai 0-1-e 1410.0 35670,0 35970.0 1.3

RECBN 08-Apr-83 PIE A-2 88,7 194.0 264.0 82,3

CONNU 11-Apr-83 ETA DELTA 3924 1436.2 35780.0 35744.0 0.0

C01MfU 12-Apr-83 PLE C-i 100.3 75b,0 6I610 74,0

RfCBN 15-Apr-63 NïR TITAN [[SB 07.9 135.0 208.0 96,5
E1911 17-Apr-83 SIC SLV-3 96.9 387.4 833.0 46.6

CLINT 19-Apr-83 PIE C-k 94.5 473.0 520.0 74,0

MAH'i) 20-Apr-83 BAI A-2 69.5 226.0 278.0 51.6

RECUN 22-Apr-83 PIE A-2 89,7 V8l.0 374.0 57,2

EL1HT 23-Apr-B3 PLE F-2 97. 648.V 676.9 82,5

EARLY 25-Apr-93 PLE A-2-e 709.0 a13.0 39343.0 E2.8
AECBA 26-Apr-B3 RAI A-Z 84.8 180.0 376.0 70.4

ERSAT 28-Apr-B3 PLE A-2 89.1 720.0 275,0 62.3

HETEk 28-Apr-53 ETR DELTA 3911 1207.4 33483.0 45400.0 0,5
RAVIS 06-May-R3 PLE C-I lif4.B 460,0 028.0 83.0
RECOR 06-May-63 BAI A-2 90.1 2iB.0 369.0 70.'3
00501 07-May-63 SRI F-1-8 93.3 438,0 457.0 65,0
ERSAT 17-May-93 PLE A-2 89.5 224.0 316.0 82,3
5C1EN i9-riay-83 PLE C-i 103.5 301,0 1570.0 B2.9
CONNU 19-May-83 ETR ATLAS CENTAUR 1142.1 35859,0 35950.0 0.2

RAVIS 24-Hay13 PLE C-[ f04.9 965.0 1022.0 82.9
RADAR 26-May-R3 ANY C-1 93.4 349.0 551,0 50.7
RECON 26-May-B3 RAI A-2 84.7 160.0 367.0 64.9
SCIER 26-May-63 AIR DELTA 3914 5435.4 347.0 191709.0 72.5
RECUH 31-May-63 PLE. A-2 90.0 204.0 369.0 72.9
INTER 02-Oun-63 8Ai 0-1-e

INTER 07-Jun-53 RAI b-I-e

ER5AT 07-lun-83 PLf A•2 69.3

ORRAI 09-dun-53 NTR ATLAS F [07.7

UR5AT 09-,1un-B3 NTR ATLAS E 107.4
ORSAT 09-Jun-83 mTR ATLAS F 107.4
RECOH 14-,]pn-83 PIE A-2 90.0

CONNU 16-dun-B3 C56 ARIANE 1427.7

CONNU 16-,ion-83 C36 ARIANE 625.5

LAUNCH DATA

6612.2 9.005293 -5.45599E+00 DEC

6086.2 0.015704 -2.49516E+00 AEC

6596.7 0.001743 5.6v9vsE+o0

27001.7 0.746232 -1.48566E-01

41997.2 .000008 -1.3014E-02 94.0

6680.7 0.009804 2.848l7Er00
27032.7 0.746005 -1.47745E-01
107378.2 0.921975 -1.40876E-02
7378.2 0.003389 -7.29360E-01

7195.7 0.001598 9.99452E-01

7375.2 0.002712 -7,70393E-01

6582.7 0.014590 -2.48957E+00

26131.2 0.757434 1.5668RE a!

6665.7 0.900525 -7.50114Et00

35000,7 0.193296 -2,77512E-02 361.0

6072.7 0.002983 -3.13284E+00

4224B.2 .000000 -1.33173E-02 81.0

REMARf[S

----------------------------

19-Sep-83 ELPEN11I6LE SUPPLY CRAFT
16-Har-83

REPLACER 171H MULiiIYA-3
TV RELAY

DEC 16-Mar-83 y[H6E0 RE-U5ABLf SHI]TiL£ NOBEL TEST
REC 30-Mar-83

REL 15-Apr-63

RET

IOF

6607.2 0.005797 - 1.18002E+00 frEC
42165.2 0.000166 -1.34127E-02 221.0

6980.2 0.031911 -4.99291Et00

7184,2 0.002784 -1.81036E+00

6549.7 0.005573 I.02796E409

6874.7 0,0034i6 -2.11261E+00

6630.2 0.003923 -5.40419EF00

6655.7 0.014499 -3.32761E+04

70412 0.001904 4,57984f 01

20356.1 0.734743 1,49959E 01

REC

REPLACED 50TH+lBLN[YA-1
FR,IUSSR HV 6 I-RAY ASTRqxBMY

COSPAS-SAASAf REPLACED COSMOS-1226
ADVANCED T'1R05-N 6 SAASAT

REPLACED CUS148S-1344

REPLACED 52A0 M©LNIYA-1
09-Apr-BI IST FL'i OF C1iALLEN6ER

TRACKIN6 L DATA RELAY

INTERCEPTION TEST RADAR CALIBRATION

TV d, MULTICHANHEL RA81AC8MH.

22-Apr-83 H1 RESULIITIBH PH8T06RAPHIC
fIlEB SATELLITE SERVICE

STORE 6 DURP : REPLACE4 C-1371
2I-Rug-03 H1 RE56LUT1Uki PIiOTüBRAPH3C

RET 22-Apr-83 MISSION CANCELLED
BEC 22-May-63

ELIN1? PHASER N1TH C4SMU5-1470

REPLACED CBShUS-1191
6656.2 0.014723 -2.87949E+00 ABC

6625.7 0.004151 -1.16650E+00 DEC
47319.7 0.157620 -9.419114E-03 225.0

7372.2 0.004612 -7.31454E-01

6671.7 0.011317 -2.87013E+00

6625.7 G.00i342 -3.32124E+00
6649.2 0.007059 -1,15414E00

7316.7 0.006310 -7.73177E-01

06-3un-93

1l-May-a3

REC 20-1{aY-83

REC 31-llay-B3

42282.7 0.001076 -1.32826E-02 361.0
7381.7 0.002506 -7.36492E-01
6828.2 0.014791 -4.97334Er00
6651.7 0.514057 -3.b5042E+00 REC 06-Oü1-83

102406.2 0.934329 -1.11955E-02

6677.2 0.013479 -2.49660C+00 REC

227.0 283.0 82.3 6033.2 0.004321 -1.16388E+00 BEC
1062.0 1182.0 63.4 7500.2 0.000000 -2.53052E+00
1049.0 1167.0 63.4 7486.2 0,007801 -7.54715E+40

M.0 1168.0 63.4 7486.7 0.007947 -2.54652Er00

211.0 377.0 72,6 6672.2 0.017440 -2.51722E+00 REC
35402.0 35782.0 0.1. 42000.2 0,003810 -1.35484E-02 10.0

211.0 35503.0 8.5 24235.2 0.728116 -4.17430E-01

12-Sun-83

2!-dun-83

24-Jun-03

VISIBLE 5 IA SPECTRA
REPLACED CflSRBS-[349

EüRSAT,PAIRE6 YITN C651185-1507

[ON85P8ERIC RESEARCH?

F55 6 1155
REPLACED C8SM05-1295

HI RESOLUTION PHOT06RAPHIC
X-RAY ASTRONOMY

AUTBMATIC INTERPLANETARY STATION

AUTO1fAT IC INTERPLANETARY STATION

NOSS-1:14AVY OCEAN SURVEILLANCE I

1i8SS-I:14AVY OCEAH SURVEILLANCE I

1i055-1:NAVY RCEAII SURVEILLANCE I

FIIED SATELLITE SERVICE
AMATEUR RADIO A1f5AT PHASE i!i B
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SATELLITE IN'T'L PROJ. C1M

Hi55I0H LAUNCH DATA ORBITAL DATA MISSION STATUS
RISHT BEUSPRC

PERI6EE APGGEE SMCL. SEMI-MAdBR fCCEH. ASCEH5lB BRElTAL STATUS RATENAME BE5i5. COUNTRY DIR. DE518.PilRPUSE DATE SITE YEHICLE PER188 HEIBkT HE16HT Al[S RATE POSITION
IAIHI iKMI IKM1 iBEB1 {KM) [Hâ I 48E61 âAYI 19E6. EAS'T1

RET 24-3un-R3 SPACE SHUTTLE CHALLENGER

FIXEll SATELtIft SERVICE

FItEB SATELLITE SERVICE

REC 22-Jua-83 5HHTTLE PALLET SATELLITE

BR8A8 CBVERABE PHOTO. RECBN,

P[B6Y BACK 814 H18 BlRU LAUNCHES

ELINT? PHASES WITH COSMUS-1455

-----------------------------------------------------------------------------.---------------------------- -------------------------------------------------
1983-59-A USA NASA CIV R- -

ARIl:-C2 1983-59-9 CANADA TELESAT CIV
PALAPA-BI 1983-59-C IN86HESIA CIV
SPAS-01 19113-59-F GERMANY Ely

$16 HIRB V8 1993-6P-A USA USAF NIL
NO NAME 1963-60-C USA USAF HIL

C0SNBS-1470 1983-61-A USSR NIL
SGYUi-T9 1983-62-A USSR Cil

H1LAT 1983-63-A USA USH Mil
C05MU5-1471 1983-64-A USSR MIL
GALASY-1 1987-65-A USA HfiBHES CIV
GBRIîRRT-7 1983-66-A U55B MIL
PRti8H4i-9 083-67-A USSR CIU
COSMOS-1472 1983-68-A USSR C1V
COSMOS-147S 1983-69-A MIT MIL
C85MflS-€474 1983-69-9 11551 MIL
C(15M05-1475 19â3-69-C USSR MIL
C090S-1476 1983-69-8 USSR MIL
CB59G5'-1477 k983-69-E USSR NIL
C6511B5-1178 1983-69-F USSR MIL
CflSM9S-1479 19B3-69-6 U55R AIL
C8Sh85-14R0 1983-69-H USSR NIL
COSMOS-1401 19E3-70-A U55R NIL
C85N85-1482< 1983-71-A HER 111.
NAY5iAR-B 1983-72-A USA USAF MIL

SBTH MOLHIFA-1 1983-73-A USSR MIL
C8S865-1183 é983-74-A USSR CIV
CBSMDS-1464 l983-75-A USSR CIU
CUSMOS-1485 063-76-A USSR MIL
TEL5TA8-3A 1983-77-A USA AThT CIV

SAS-B 1983-78-A USA USAF AlL
C05M05-1456 1983-19-A U5SR AIL
COSM05-1 487 1983-BG-A USSR Clg

C5-2615A9(UAA1 1993-RI-A JAPAN NARRA CIV
CBSflUS-1489 1983-62-A USSR MIL
C95M85-1419 1913-83-4 11559 MIL
CBSd165-1490 083-B4-A USSR mit
CUSRUS-1491 1983-R4-B USSR MIL
COSMOS-1492 1983-94-C USSR AIL
PRü6RES5-17 1983-85-A USSR Ely
CHINA-13 1983-86-A CHINA MIL
COSMUS-1493 1983-87-A USSR MIL
RABUBA-13 1991-69-A USSR MIL
S75-8 1983-89-A USA NASA CiV

INSAT-19 1983-89-8 INDIA LIA
215T MOLNIYA-3 1983-90-A USSR MIL
C0SMBS-1494 1983-41-A U5SR MIL
COSMOS-1495 1481-92-A USSR M1L
t85M65-Ii96 1983-93-A USSR NIL
SATCBn-7 19B3-94-A USA RCA CIg

MAN'!! 10-31n-83 ETR

CBMMU 18-3un-83 ETR

CONNU 19-dun-E3 ETR

CLINT 23-3un-63 PLE

MORD 27-3un-83 RAI

CONNU 06-Su1-83 PLE

EXPTL 22-3un-R3 E'iR

RECBN 20-3un-83 YTR

ELIHT 20-3un-B3 IITR

SCIEN 27-dun-83 MIR

flEC9H 28-duA-113 PLE

Comma 28-Jan-23 ETR

CORNU 01-Ju1-83 RAI

SCIFR 01-Jul-83 8A[
ERSR1 05-Jv1-83 PLE

CBMMtl 06-du1-B3 PLE

CONNU 06-3ui-83 PLE

CONNU 06-Ju1-83 PLE

CONNU oh-jul-93 ?LE

CONNU 06-Ju1-83 PLE

CUMMU 06-3u1-S3 PLE

comma OS-Jul-83 PIE

EARLY OR-Jul-83 Pd

RECUR 13-Ju1-B3 BAI

HAVEB 14-3u1-8d 117R

CONNU 19-Ju!-B3 PLE

ERSAT 20-dui-83 PLE

KETEO 24-duI-83 RAI

RECBN 26-3u1-B3 PLE

CONNU 2B-Ju1-83 ETR

COmAII 31-Ju1-83 kITR

CBMMII fl3-Aug-83 PLE

ERSAT 05-Aug-63 PLE

CONNU 05-Aug-83 T5C

REC©N 09-Aug-83 FLE

RECBH 10-Aug-93 BAI

RAVIS 10-Aug-R3 BAT

NAg1R 10-Aug-83 BAI

M9G16 IO-Aug-83 BAI

NAN"8 17-Aug-03 BAI

EIIPTL 19-Asg-83 SC'T'
RECOm 23-Aug-83 PLE

CONNU 26-ALig-E3 RAI

MAH'8 30-Aug-83 ETR

ST9-7
STS-7
ST5-7
STS-7

TITAN 11T6

TITAN IIID

F-2

A-2

SCOUT

A-2

DELTA 3920

B-1-e

A-2-e

A-2

C-1

C-1

C-l

C-!

C-1

C-k

C-1

C-[

A-2-P

A-ï

ATLAS F

A-2-e

A-2

A-!

A-2

DELTA 3920

TITAH I1lH

C-1

A-2

N It

A-2

A-2

8-1-e

B-1-e

U-I-E

A-2

LONG MARCH 2

A-2

8-1-e

STS-B
CONNU 31-Aug-83 ETA STS-S
CORNU 31-Aug-63 PLE A-2-e

RADAR 31-Aug-63 AKY C-I
RECBR 03-Sep-B3 PLE A-2
RECBY 07-Sep-63 PLE A-2
CpMlIU OB-Sep-93 ET8 DELTA 3910

90.4 291,0 29E.0 28.5 6671.1
3436.1 35776.0 35798.0 0.0 42165.2
1436.2 35780.0 35796,0 0.0 42166.2

90.5 295.0 300.0 28.5 6675,7
88.6 156.5 255.0 96.5 6583.9
111,3 1204.0 1287.0 96.7 7663.7
97.7 630.0

90.0 258.0

100.9 767.0
69,7 182.0

1437.5 35256.0

1419.0 36600.0

38448.0 380,0

88.8 197.0

115.[ 1448.0
115.! 1448.0

115.1 1448.8

115.1 1148,0

1i5.! 1448,0

115.1 1448.0

115.1 M8.0

115.1 1448.0

718.0 615.0
90.2 217.0

718.0 19921.0

700.0 480,0

89.5 227,0

97.3 595.0

90.2 209.0

1436.2 35433.0

718.0 500.0
100.8 766.0

89.5 226.0

1450.8 35535.0
90.2 708.0

89.3 192.0
676.0 19154.0

676.0 19154.4
676.0 19154.0
88.7 196.0

88.9 160.0
90.2 207.0

664.U 82.5 7025.2
303.0 51.6 6658.7
834.0 R2.0 7178.7
369,d 67.2 6653.7

36373.0 0.1 42192.7

36600.0 1.3 42978.2
120000.0 65.5 366568.2

764.0 82.4 6648.7

1511.0 74.0 7857.7

1511.0 74.0 7857.7
1511.0 74.0 7857.7

1511.0 74.0 7857.7
1511.0 74.0 7857.7
1511.0 74.0 7857.7
151i.0 74,0 7857.7
1511.0 74.0 7857,7

40165.0 62.8 26768.2
376.0 70.0 6674.1

20442.0 62,8 26559.7

3R075,0 h2.9 2613D,7

305.0 82.3 6644,2
673.0 98.11 7012.2
395.0 72.9 6680.2

36133.0 0.! 42161,2
39000.0 63.0 26128,2

4.000375 -7,46059E+00

0,000261 -1.34127E-02

0.000190 -[.34[16E-02

0.000374 -7.46492E400

0.007480 1.00942E*00

0.000196 6.11351E-01

9.902420 9.51972E-01

0.003379 -5.32362E+00

0.004667 -9.16801E-01

0.011052 -3.33123E+00

0.013237 -1.33060E-02

.000000 -1.25422E-02

0.9R1564 -2.15118E-03

0.005069 -1.16385E+66

0.004009 -1.32331E+00

0.001009 -1.32337E+00

0.004009 -1.32337E+00

0.004009 -1.32337E44

0.004009 -1.37337EtDO

0.004009 -1.32337E+00

0.004009 -1.32337E+06

0.004609 -1.32337E00

0.138751 -1.15752E-01

0.011911 -2.90756E+00

0.009808 -3.09149E-02

0.737544 1.56810E 0[

0.005870 -1.15719Et00

0.005562 9.95306E-01

0.013922 -2.49274E+60

0.008301 -1.34190E-02

0.736753 -1.5553lE-01
820.0 74.1 7181.2 0.002367 -1.80246E.+00
305.0 82,3 6643.7 0.005946 - 1,15750E+00

36610.0 0.3 42450.7 0.012662 -1.31436E-02
397.0 72.8 6680.7 0.014145 -2,50625EF00
323,0 64.7 6638.7 4.010632 -3.71790E+00

19154.0 64,7 25532.2 . 0001100 -3,31772E-02
19154.0 64.7 25532.2 .000000 -3.31772E-02
19154.0 61,7 25532.2 . 000000 -3,31772E-02
257.0 51.6 6604,7 0.004618 -5.477E3Ed40
266.0 63.3 6591.2 0.008941 -3.99117Er00

89.6 IB2.0 362,0 67.2 6650.2 0.013534 -3.33727Ef00

396.0 72.9 6679.7 0.014147 -2,49343E300
1478,0 36617.0 36611,0 1,3 12995.2 .00000 -1.25249E-02

90•5 296.0 302,0 28.5 6677.2 0.000449 -1.45905E+00
1136.0 3577R,0 35797.0 0.0 42165.7 0.000225 -1.34121E-02
736.0 497.0 40815.0 62.8 27034.2 0.745686 -1.47100E-01
93.5 341.0 56[.0 50.7 6829,2 0.016107 -i.97120E+40
88.9 211.0 249,0 82.3 6607.7 0.00280 -1.17966E+00

361.0

361.0

225.0

346.0

264.0

136.0

45.0

94.0

1436.2 35775,0 351102,0 0.0 47166.7 0.000320 - 1.34110E-02 294.0

RET 23-80v-E3

REC 2B-Jnl-83

REC 19-3u1-83

REC 27-1ul -83

REC

R.EC

REC

03-Aug-83

09-Aug-83

19-Aug-B3

REC 23-Aug-83

REC 23-Sep-83

REHARKS

I8N8SPHERE RESEARCH

FilEB SATELLITE SERVICE

TfLEGRAPH,TELEPHBNE,Tü

R L BANMA RAi' pBSERVATURY

TACTNAL COMMUNICATIONS

TACTICAL COMMUNICATIONS

TACTICAL COMMUNICATIONS

TACTICAL COMMUNICATIONS

TACTICAL COMMUNICATIONS

TACTICAL COMMUNICATIONS

TACTICAL COMMUNICATIONS

TACTICAL C61iMUH3CAT1814S

FA1LE8 T0 SYNCHRüN12E BRBlT

17 YAS A LYF ON 18-BEC-81
REPLACED 49TH MOLHIYA-1

F18 T8 METE4R-PR1R80A 5ERlES

FIXEâ SATELLIif SERVICE

SATELLITE DATA SYSTEM

STORE F DUMP : REAÇACED C-1354

FIXEB SATELLITE SERVICE

stoHASs
6L8HAS5
GLBkASS

DEC 18-5ep-83 EXPEHAABLE SLIAPLY CRAFT
REC 24-Aug-83 CHINA IItTEST OEPLbYMEHT k RECUVERY
REC 06-5ep-83

TV F MULTlCHAHNEL RA9IBCUMM.
RET 05-5ep-R3 CHALLEN66

FS5 1 METEÜR8LA5ICAL
ES'TABLISHEB NEW ORbITAI. PLANE

REC 16-Sep-113
REC l9-BIt-81

F55 REPLACES S47COM-2

1160-12/77'
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SPAR 
	 Amour 

IDENIFICATION 	 MISSION 	LAUNCH DATA 	 ORBITAL DATA 	 MISSION STATUS 
RIGHT 	SECISYNC 

_SATELLITE 	INT'L 	 PROJ. 	C/M 	 PERIGEE APOGEE 	INCL. SEMI-MAJOR ECCEN. 	ASCENSION ORBITAL STATUS 	DATE 
NATIF 	DESIG. 	COUNTRY 	DIR, 	DESIG.PURPOSE 	DATE 	SITE 	VEHICLE 	PERIOD 	HEIGHT 	HEISHI 	 AlIS 	 RATE 	POSITION 

(MIN) 	(KM/ 	(KM/ 	(DEBI 	(OD 	(ND) 	(DES/DAY) IDES. EASTI 

COSMOS-1497 	1983-95-A 	USSR 	 MIL 	RECON 09-Sep-83 PIE 	A-2 	90.3 	208.0 	403.0 	72.8 	6683.7 0.014588 -2.50238E+00 	REC 	23-Sep-83 
COSMOS-1498 	1983-96-A 	USSR 	 CIV 	ERSAT 14-Sep-83 PLE 	A-2 	89.4 	222.0 	305.0 	82.3 	6641.7 0.006248 -1.15873E+00 	REC 	28-Sep-83 
COSMOS-1499 	1983-97-A 	USSR 	 MIL 	RECON 17-Sep-83 PLE 	A-2 	90.2 	208.0 	396.0 	72.9 	6680.2 0.014072 -2.49276E+00 	REC 	01-Oct-83 

6ALAIY-2 	1983-98-A 	USA 	HUMES 	CIV 	CONNU 22-Sep-83 ETR 	DELTA 3920 	1436.2 35787.0 35789.0 	0.0 	42166.2 0.000024 -1.34116E-02 286.0 	 FIXED SATELLITE SERVICE 
COSMOS-I500 	I983-99-A 	USSR 	 CIV 	ERSAT 28-Sep-83  PIE 	F-2 	97.8 	649.0 	679.0 	82.6 	7042.2 0.002130 -9.07382E-01 	 OCEAN A EARTH RESOURCE SATELLITE 

EKRI4N-11 	1983-100-A 	USSR 	 CIV 	COMMU 29-Sep-83 BAI 	0-1-e 	1428.0 36630.0 36630.0 	0.4 	43008.2 	.000000 -1.25146E-02 	99.0 	 TV RELAY 
COSMOS-1501 	1983-10I-A 	USSR 	 MIL 	RADAR 30-Sep-83  PIE 	C-I 	94.4 	470.0 	515.0 	82.9 	6871.2 0.003347 -9.49039E-01 	 SIMILAR TO COSMOS-1311 
COSMOS-1502 	I983-102-A 	USSR 	 MIL 	ASAIT 05-Oct-83  PIE 	C-I 	92.3 	372.0 	411.0 	75.9 	6769.7 0.002881 -1.97053E+00 	 RELAIES 10 ASA"( RADAR CALIBRATION? 
COSMOS-1503 	I983-103-A 	USSR 	 MIL 	CORNU 12-Oct-83 PIE 	C-I 	100.9 	791.0 	827.0 	74.0 	7187.2 0.002504 -1.80821E400 	 STORE 1 DUMP : REPLACED C-I486 
COSMOS-1504 	1983-104-A 	USSR 	 MIL 	RECON 14-Oct-83 BAI 	A-2 	89.3 	180.0 	328.0 	64.9 	6632.2 0.011158 -3.68758E+00 	REC 	06-Dec-83 

	

INTELSAT-V F7 1983-105-A 	INT'L 	INTELSAT CIV 	CONNU 19-Oct-83 ETA ATLAS CENTAUR 	1433.3 35513.0 35950.0 	0.4 	42109.7 0.005189 -1.34751E-02 	60.0 	 FIXES  SATELLITE SERVICE 
PROGRESS-18 	I983-106-A 	USSR 	 CIV 	MONO 20-Oct-83 BAI 	A-2 	88.8 	193.0 	269.0 	51.6 	6609.2 0.005750 -5.46472E+00 	DEC 	20-Nov-93 	EXPENDABLE SUPPLY CRAFT 
COSMOS-1505 	1983-107-A 	USSR 	 MIL 	REM( 21-Oct-83 PLE 	A-2 	90.0 	210.0 	377.0 	72.9 	6671.7 0.012516 -2.50369E+00 	REC 	04-Nov-83 
COSMOS-1506 	1983-108-A 	USSR 	 MIL 	RAVIS 26-Oct-83 PIE 	C-I 	104.8 	969.0 	1026.0 	83.0 	7375.7 0.003864 -7.30231E-01 	 REPLACED COSMOS-1304 

	

10IH METEOR-2 I983-109-A 	USSR 	 MIL 	METED 28-Oct-83  PIE 	A-1 	101.0 	780.0 	901.0 	81.2 	7218.7 0.008381 -9.88485E-01 	 PHASES  WITH 71H 1. 9TH METEOR-2 
COSMOS-1507 	1983-110-A 	USSR 	 MIL 	ORSAT 29-Oct-93 BAI 	F-I-o 	93.0 	431.0 	449.0 	65.0 	6818.2 0.001320 -3.33404E+00 	 EORSAT;PAIRED WITH COSMOS-1461 
COSMOS-1508 	1983-11I-A 	USSR 	 MIL 	SCIES 11-Nov-81 PLE 	C-I 	108.8 	400.0 	1964.0 	83.0 	7560.2 0.103437 -6.84282E-01 	 IONOSPHERIC RESEARCH? 
COSMOS-1509 	1983-112-A 	USSR 	 MIL 	RECON 17-Nov-83 PIE 	A-2 	89.3 	209.0 	309.0 	72.9 	6637.2 0.007533 -2.54903E+00 	ROC 	01-Det-83 

• 	DMSP-6 	I983-113-A 	USA 	USAF 	MIL 	METED 18-Nov-83 AIR 	ATLAS F 	101.4 	814.0 	831.0 	98.7 	7200.7 0.001180 9.85781E-01 

	

59IH MOLNIYA-1 1983-114-A 	USSR 	 MIL 	CONNU 23-Nov-83 PLE 	A-2-e 	702.0 	465.0 39150.0 	62.8 	26185.7 0.738668 -1.57334E-01 	 REPLACED 48 19 NOLNYA-1 
cosmos-151 0 	1983-II5-A 	USSR 	 MIL 	SCIE)) 24-Nov-83 PLE 	F-2 	116.1 	1497.0 	1537.0 	73.6 	7895.2 0.002533 -1.33113E+00 	 GEODETIC:  RELATER  TO C-14101-1312 

SIS-9 	1983-116-A 	USA 	NASA 	CIV 	MONO 28-Nov-83 EIR 	SIS-9 	89.5 	242.0 	254.0 	57.0 	6626.2 0.000906 -4.74842E+00 	RET 	07-Dot-03 	COLUMBIA 1 SPACELA8 I 
COSMOS-1511 	I983-117-A 	USSR 	 MIL 	RECON 30-Nov-93 PLE 	0-2 	89.7 	181.0 	368.0 	67.2 	6652.7 0.014055 -3.33298E+00 
600110NT-8 	1983-118-A 	USSR 	 MIL 	CONNU 30-Nov-83 BAI 	D-I-e 	1439.0 35850.0 35850.0 	1.4 	42228.2 	.000000 -1.33398E-02 	90.0 	 TELEGRAPH,TELEPHONE,TV 
COSMOS-1512 	1983-119-A 	USSR 	 MIL 	RECON 07-Dec-83 PLE 	0-2 	90.2 	209.0 	392.0 	72.9 	6678.7 0.013700 -2.49467E+00 	REC 	21-0ec-83 
COSMOS-1513 	1983-120-A 	USSR 	 EL 	um 09-Dec-83 PLE 	C-I 	105.0 	977.0 	1029.0 	83.0 	7381.2 0.003522 -7.28324E-01 	 REPLACED COSMOS-1417 
COSMOS-1514 	1983-121-A 	USSR 	 CIV 	SCIE)) 14-Dec-83 PIE 	0-2 	99.3 	226.0 	288.0 	82.3 	6635.2 0.004672 -1.16267E+00 	REC 	19-Dec-83 	BIOLOGICAL RESEARCH 
COSMOS-1515 	1983-122-A 	USSR 	 MIL 	ELINT 15-Dec-83 PLE 	F-2 	97.8 	649.0 	676.0 	82.5 	7040.2 0.001989 -9.20488E-01 	 ELIOT? PHASED WITH C-I455 I C-1470 

	

22ND  1)011)I00-3 1983-I23-A 	USSR 	 MIL 	COMM 21-Dec-83  PIE 	0-2-e 	736.0 	645.0 40635.0 	62.8 	27018.2 0.740058 -1.42295E-01 	 REPLACED 16TH MOLNYA-3 
COSMOS-1516 	1983-124-A 	USSR 	 MIL 	RECON 27-Dec-83 BAI 	4-2 	89.2 	205.0 	299.0 	65.0 	6630.2 0.007089 -3.67717E+00 
COSMOS-1517 	1983-125-0 	USSR 	 CIV 	EIPIL 27-Dec- 83 AKY 	C-1 	88.7 	208.0 	228.0 	50.7 	6596.2 0.001516 -5.61053E400 	REC 	27-Dec-83 WINGED RE-USABLE SHUTTLE MODEL TEST 
COSMOS-1518 	I983-126-A 	USSR 	 MIL 	EARLY 28-Dec-83  PIE 	A-2-e 	709.0 	614.0 39345.0 	62.8 	26357.7 0.734720 -1.49907E-01 	 REPLACED COSMOS-1341 
COSMOS-1519 	1983-I27-A 	USSR 	 MIL 	NAVIG 29-Dec-83 BA! 	D-1-e 	674.0 19100.0 19100.0 	64.3 	25478.2 	.000000 -3.39168E-02 	 GLONASS 
COSMOS-1520 	1983-127-8 	USSR 	 MIL 	MAVIS 29-Dec-03 BAI 	0-1-e 	674.0 19100.0 19100.0 	64.3 	25478.2 	.000000 -3.39168E-02 	 MUSS 
COSMOS-1521 	I983-127-C 	USSR 	 MIL 	RAVIS 29-Dec-83 BAI 	D-I-e 	674.0 19100.0 19100.0 	64.3 	25478.2 	.000000 -3.39168E-02 	 6LONASS 

REMARKS 

1160-12/77 -a13- 
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B1.0 LA UN CHOIVDENlAN DREN DEZ'VQi]5P Rû B LE M

1.0 INTRODUCTION

To determine the feasibility and costs of a satellite

designed to approach other satellites for purposes of

information gathering requires an exploration of the

general problem of rendezvous. To launch from earth and

come close to another satellite requires the same timing

and manoeuvres as to rendezvous with a spacecraft. In

each case the launch will be planned so as to have the

satellite reach the same place at the same time and at

the same speed as the target. A method of matching the
position and velocity of the target satellite is
therefore required.

Such a method involves two phases. The first phase uses

ground station contr"oiled manoeuvres to bring the

satellite into acquisition range, and is addressed by
this paper. The second uses.on-board contralled
transfér manoeuvres to home in on the target, and will
be treated separately.
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2.0 	PROCEDURE FOR RENDEZVOUS  

	

2.1 	Overview  

A method of matching the position and velocity of a 
target satellite was sought. The outline of such a 
method was given by NASA's Orbital Flight Handbook and 
forms the basis of this description- A similar method 
was used by Battelle in studying retrieval of 
satellites by the STS, and the method is also 
incorporated in studies funded by ESA/ESTEC on 
rendezvous in geostationary transfer orbits. 

In establishing a.procedure to attain a target orbit, 
an attempt was made to avoid large planar changes due 
to their high cost in fuel. This cost is well 
illustrated in Figures 2-1 and 2-2 from the Handbook 
which show the impulsive velocity required to rotate a 
satellite's orbital plane, both as a single maneuver 
and combined with altitude changes. As these are given 
in non-dimensional form, the velocity table (see Table 
2-1) is included to illustrate the magnitudes 
involved. An impulsive velocity of A V = 2500 mps was 
taken as a reasonable maximum for orbit changes, and 
the inclination change attainable with this maximum is 
shown. At low altitudes, no more than an 18° or 19° 
change would be considered. 

The method which reduces the problem to a nearly 
coplanar orbital transfer, and which does not impose 
restrictions upon the target orbit, is predicated upon 
definition of launch times and the use of an 
intermediate orbit. The procedure consists of 
launching into the plane of motion of the target at the 
time the launch site is in this plane, waiting in an 
intermediate orbit for the desired relative positions-
of the two vehicles and then performing a planar 
transfer. 

The general assumptions made are that the orbits are 
ellipses perturbed by earth oblateness, that burns are 
impulsive, and that no perturbations occur due to other 
forces. When more detailed planning is done, these 
effects will have to be included, paxticularly that of 
atmospheric drag at low altitudes. 

The procedure is outlined in sequential steps, working 
from the known to the unknown. 
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TABLE 2-1 CIRCULAR ORBITAL SPEEDS AT VARIOUS ALTITUDES

ALTITUDE
C km)

h

CIRCULAR SPEED
(m/s l

Uc

CHANGE IN INCLINATION
WITH 1iV 2500 m/s

300 7726 18.6

40i7 7668 18.8
500 7613 18.9

6{]0 7558 19.0
700 7504 19.2
800 7452 19.3

900 7400 19.4

J.0b0 7350 19.6
2000 6898 20.9

3000 6519 22.1
4000 6197 23.3
5000 5919 24.4
6000 5675 25.5

7000 5458 26.5
8000 5265 27.5
9000 5091 28.4

10000 4933 29.4

20000 3887 37.5
30000 3310 44.4
36000 3067 48.1

40000 2932 50.5

-b5-
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2.1 overview (Continued)

(a) Determine parameters of the target orbit.

(b) Assume a rendezvous point.

(c) Predict the transfer orbit parameters

(d) Establish the position of the target satellite at
the time of launch measured from perigee in the
final orbit.

(e) Establish the time when the launch site crosses
the orbital plane measured from the vernal
equinox diréction in the equatorial plane.

t f} Match the time of launch with the time the launch
site crosses the orbital plane.

(g) Iterate on the altitude of the waiting orbit.

I
I

L
J
t

El
I
H
I

(h) Solve for the positions of each maneuver and the
launch azimuth.

2.2 Determine Parameters of the Target Orbit

It is assumed that good tracking and orbit
determination methods are available, and that these may
be used to establish the target or final orbit
parameters. These include the perigee radius (r p f),
the apogee radius (raf), the inclination {it}, the
argument of perigee (wf) and the right ascension of
the ascending node (R), with the subscript f indicating
the final orbit.

2.3 Assume a Rendezvous Point

This rendezvous point will be reached via some type of.
transfer orbit from some chosen waiting orbit. Figure
2-3 shows a fully arbitratry transfer. orbit, and will
be used to identify the parameters of the three orbits
leading to rendezvous. For generality, the point of
injection into the final orïait is taken at the point of
intersection of the transfer and final orbits. A
transfer orbit may be chosen such that injection into
the final.orbit occurs at the apogee of the transfer
orbit or at the point of tangency of the two orbits.

-b6-
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FIGURE 2-3 ARBITRARY TRANSFER FOR RENDEZVOUS
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2.3 Assume a Rendezvous Point (Continued)

The angle between the lines of apsides of the transfer
and final orbits is labelled Y? and must be specified
for each missi.on. This constitutes selecting the
position of the perigee of the transfer orbit, which is
the point of injection into the transfer orbit. This,
position may be constrained for reasons of visibility
of the satellite by a ground station, for ^bility of
the control center to command the maneuver or for any
other geographic restriction.

The intermediate or waiting orbit, subscripted w, is
assumed to be circular. Its inclination is that of the
final orbit due to launch into the plane of motion of
the target satellite. The altitude of the waiting
orbit is the primary trade parameter. An initial value
is selected arbitrarily and is later iterated upon.
Launch vehicle data is used to determine the time of
ascent to this orbit (tascent) and the ground range
(x) attained in ascent to the waiting orbit over a non-
rotating earth. Typical trajectories for an Ariane
launch are shown in Figures 2-4 and 2-5.

2.4 Predict the Transfer orhit Parameters

The elements of the transfer orbit are predicted from
the final orbit parameters. Since tracking is required
to determine both orbits, it is assumed that good data
is available on the target orbit and that the actual,
transfer orbit is very close to the predicted transfer
orbit.

Transfer oorbit elements are calculated from the point.
of intersection with the final orbit. The true
anomalies, et and of, are set to establish the
positions of the two vehi,cles at the radius of
intersection, r. They are related by et =e f + Y' ►
and et may be expressed as a function of the angle y,
which is known (chosen).

The radius of- in-tersection is calculated by equating
the orbitaJ, radii at this point.
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Predict the Transfer orbit Parameters (Continued)

2.4 For any ellipse,

r = P/(l + e cos 6)

2ra rp

a41-e2} _
ra + rp

2a - ra + rp

e

T = 2n

ra - rp

ra + rp

U

Equating the radii at the point of intersection,

Pt Pf Pf

r - -. _

l+et cos 6t 1+ef cos 6f ].+et cos( et- y)

Pf ( 1+et cos et) -- Pt [_l+eE cos( et- IF)]

Pf et cos et - Pt [1+ef (cos et cos T

+ sin et sin Y)] -

cos et [ Pf et -Pt ef cos Y]

- sin et [ Pt ei sin N] = Pt - Pf

A cos 6t - B sin Ot-C

A cos at - C B V1-cos 2 at

-bll-
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rafi- rpf 

rr.f. r a f rp f 	ra f 	rpf. 

a f - rp f 
	 cos ( et- y] 
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2.4 	Predict the. Transfer Orbit Parameters (Continued)  

A 2  C0S 2  et 4- C 2  -2AC cos et = 3 2 (1 — c0s 2  et  ) 

(A 2  +  3 2 ) cos 2  et - 2AC cos et + C 2  - B 2  = 0 

2AC 	4A 2C 2 	4(C 2—B 2 ) 

AC ±i.A 2C 2-C 2+B 2 	A = Pf et - Pt ef cos T 
cos e t 	 B = Pt ef sin T 

A 2  A- B 2 	 C = Pt - Pf 

The elements of the final orbit are known, and the 
radius of perigee of the transfer orbit is set equal to 
the semi-major axis of the circular waiting orbit. 

rpt = aw  

This allows solving for the radius of apogee of the 
transfer orbit and the radius of intersection. 

raf  _ rp f  

E± 
	 cos  

r,e 

raf rpf 	rat - rpt 
	 cos  

ra f+rp f 	rat + rp t 

rat rpt 

rat + rpt 	raf 	rpf 

rat+rpt rat - rpt 

E  
 cas ( et) 

I] r a t rp t 	rat 4-  rpt 
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2.4 Predict the Transfer Orbit Parametars (Continued)

1 1 raf - rpf
+ + cos ( et-'Y)

raf rpf raf rpf

rpt rat

rat - rpt
-f- cos 6t

rat rpt

raf + 1 + raf - rpf cos (9t- T)
rpt rpf

raf raf

rpt rat

raf
+ 1^ +

rpf

raf

. rat rpt

Also,

ra f { r,at-rpt }
+

rat

rpt

- 1 ) cos et]

rp t r rp

t
at - r 1.^ at^ c°s R

rat+rpt

2rat rpt

raf

rat rpt

- 1) cos(6t-T)

rpf

rat

I(
+ 1)

+

I t
1---. r a t+ r p t

rat + rpt +

-b13-
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2.4 Predict the. Transfer Orbit Parameters (Continued)

2rat

Similarly,

I Zraf rpf

raf+rpt

2raf raf
raf+ - 1) cos of

r rpf rpf

J

I
t
I
I
I
1

I

The solutions for the apogee radius of the transfer
orbit and the radius of intersection are simplified if
a transfer orbit is selected such that injection into
the final orbit occurs at the point of tangency of the

two orbits. At,tangency, the flight path angles ^ Y)

raust be equal.

For any orbit,

cos y =

At tangency,

r rpt rpt

rat rat
cos

rafTrpf

raf+rpf

cos
^]f

ra rp

r { r,a+rp-r )

a£ rpf rat rpt

raf + rpf - rtan rat + rpt - rtan

rtan ^
raf

Lat laf
rÂ^ +1 ) - rat [ r f+ 1

Laf - -Eat
rpt rpf

-b14-
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2.5 Establish Position of Target at Time of Launch

The time of launch must be coordinated with the
position of the target satellite in its orbit at the
launch time. This is obtained by working backwards
from the rendezvous point and equating the times for
both vehicles to reach this point. These times are
measured in the final orbit relative to perigee.

The time for the homing satellite to reach the
rendezvous point is the sum of the time in the transfer
orbit (tt), the time in the waiting orbit (tw) and
the time of ascent to the waiting orbit (tascent).

The time for the target satellite to reach the
rendezvous point is divided into the time before
perigee crossing (tif) and the time following perigee
crossing (t2f). Since time is measured from perigee,
t1f has a negative value, and the target time is
t2 f- tif. Equating the times of the two vehicles
gives

t1f - t2f - tt - tw ' tascent (Eqn. 2.5-1)

Launch vehicle data gives tascent for the chos.en
altitude of the waiting orbit. Time in the waiting
orbit,

A T

tW = n 7w (1+ -)
T

(2.5-2)

where

I
.i

I

n is the integer number of revolutions in the waiting
orbit, and

,rW is the period of this orbit.
AT is the oblateness correction to the orbital period.

Roth gives this correction. as

37r ,72Re 757--
= tif - (3 sin2 W sira2 i-]) (2.5-3)

az(7.-e) 3 u

-b15-
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2.5 	Establish Position of Target at Time of Launch  
(Continued)  

Time in the transfer orbit is given by Kepler's 
equation, 

M = n(t-T) 	= E - e sin E 	 (2.57-4) 

NI  E mean anomaly 

n 	mean motion E /u/a 3  

T = time -of periapsis passage 

e 	cos 'e 
cos E 

1 + e cos 6 

Time from periapsis passage 

t 	T =  	E - e sin E) 

tt = 	Tt 	(Et - et sin Et), with 	(2.5-5) 

-1 
n-- 	cos  

et 	cos 

1 	et cos Ot 

Adding the correction for oblateness, 

et .% 
tt 	tt + 	Tt 	1 

360' 
(2.5-6) 
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2.5 Establish Position of Target at Time of Launch

(Continued)'

The time from perigee to the intercept'point is

obtained from

Tf
t2f ( Ezf - et sin Ezf ) (2.5-7)

2 Tr

E2f cos- 1 [

ef + cos 62f

I + ef COS $ zf

= 2 tan-' rp f tan

62f

ra t

0z :t

Adding the correction for oblateness,

36 0 p

(2..5-8)

9f

t2f - t 2t } q 1f ( ) {2.5-9)

Substituting these values into equation 2.5-1 gives
t1f or the time before perigee in the final orbit at
the time of laurich. This time is used to obtain the
initial position of the target at the time of launch,-

a I f ,

81.f ]2 tan-' [ ,1 raf tan if
rpf 2

( 2.5-101)

2zr

ef sin Elf = M1f t1f (2.5-11)

Tf

-]
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2.5 Establish Position of Taret at Time of Launch
(Continued).

This may be solved using Newtonian iteration:

f( Ek ) = Ek - e sin E k - M 1 = 0

f' (Ek ) 1- e cos Ek

f(Ek)

Elc+l. Ek -
f'(Ek)

Ek _
Ek - e s i n Ek -Mi

ï--e cos Ek

e^ sin Ek - Ejç cos Ek ]+ M1

1-e cos Ek

I
I
I
1
I
1
I
I
r
I
I

The first estimate of Ek may be obtained by dividing
Kepler's equation into two terms.

1
M - E - e s i n E + s i n E ( E-Ml

The intersection of the two lines y = sin E and

1
y=é(E-14) gives a good first estimate which results in
rapid convergence. (The eccentricity of the final
orbit is known.) This graphical solution is given in
Figure 2-6 from the f-iandbook.

After convergence, this value is used in Equation
2.5-10 to give the initial position of the target
satellite. The position of the target, ®,f, and the
corresponding time of launch mèasured from perigee in
the final orbit, t1f, are thereby established.

-b18-
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2.5 Establish Time the Launch Site Crosses the orbital
Plane

It is assumed that a particular launch site and. launch
vehicle have been selected. Figure 2-7 illustrates the
parameters to be considered in determining the time of
launch relative to the reference direction in the
equatorial plane. Those parameters relating only to
the launch site are shown separately below.

ar (ntirm)

4

The fixed reference W is the Vernal equinox direction
(T) and the rotating reference (Xr) is the prime
meridian through Greenwich.

LL = geocentric latitude of the launch site.

AL - longitude of the launch site relative to the,
prime meridian measured positive in the
direction q f rotation.

AL

ae

- right ascension of the launch site, or
longitude of the launch site measured
counterclockwise from T when viewed from the
north side of the equatorial pla-ne. -

= rotation rate of the earth =
3F0.9856122808a/day.

^^^
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FIGURE 2-7 ORBITAL AND GEOCENTRIC PAE2AMETERS
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2.6 	Establish Time the Launch Site Crosses the Orbital  
Plane (Continued)  

Re t  = longitude of the prime meridian relative to T 
at the time the launch site crosses the orbital 
plane. 

Ret  = AL - AL  by inspection. 

The geocentric latitude, L, may be obtained from the 
geodetic latitude, L', by means of 

298.24 

The  spherical  triangle of interest shows the launch site 
at the Instant of intersection with the plane of 
motion. 

Sin(AL-) 	= tan LL tan (90-i) 4,  (AL-g-2) 

tanLL 
= 	( 	 

tani 

(Note that the inclination must be equal to or greater 
than the latitude for the procedure to work.) 
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2e6 Establish Time the Launch Site Crosses the orbital
plane (Continued)

ne tL ;-- AL - AL = iAT, - ni + ( ^^- AL)

1 tan
tL = [ sI-AL + sin - 1^ ] for northerly

Qe tani launches

For southward launches

Qe tL - Q-AL + 1800 - (A

and

1 tan LL
U-AL - sin-' ( ) + 18ü° ]

^2e tani

The perturbing influence of the earth's oblate.ness may
be added to this geometric formulation. Secular
regression rates in the various orbits are given by:.

• -37r J2 cos i rad

(1-e2)2 orbit

-540° J2 cos i deg

(a)2 (1-
R

2) Z
V
n o:

orbit
i < 180° 2.•6 -'-'

-b23-
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rUild 

360' 

tan LL 
$-Zf ±sin-1  ( 	) + 6 180' 

tan i 

Of 
( 	 
360' 

0, Launch North 

1, Launch South 

sin  -1( 	 

	

tan i 	 - South 

tan LL 	 + North 

= 
- 

1 

gammu 
SPAR 
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2.6 	Establish Time the Launch Site Crosses the Orbital  
Plane (Continued)  

Including their  impact,  gives 

(.2 	- 3 ) 

If small errors in the nodal position are accepted due 
to fuel available for maneuvering, then it is possible 
to launch at a time when the launch site is arbitrarily 
close to the desired plane. This launch time tolerance 
is given by 

A tL = L ene  

wherê AS2 = allowable nodal error. 
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2.7 Match Launch Time with Time Launch Site Crosses orbital
Plane

The time the launch site crosses the orbital plane tL
given by Equation 2.-6--3 is measured from the vernal
equinox direction in the equatorial plane. The launch
time tit calculated in section 2.5 gave the time the •
target satellite must spend in the final orbit prior to
the last perigee crossing before rendezvous.. To make
these times correspond, it is necessary to add the time
(t*) required by the target satellite to travel from
the projection of the perigee radius in the equatorial
plane to the vernal equinox direction.

t 'l E + t*

The times tt, and t 1 are related to a common base and
may be equated:

tL ti

The til.ne t* is determined from spherical trigonometry.

FIGURE 2-8 INTERSECTION OF ORBIT PLANE, EQUATORIAL PLANE AND
PLANE OF REF'ERE (EQUINOX) DIRECTION
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2.7 Match Launch Time with Time Launch Site Crosses Orbital

Plane (Continued)

+ Qe {t2 f + t* - tt - tascent }

- AL) = -n { Sàe -e w (1 + ) + nw
T

tanL^,
+ sin-' ( , - S 1800

tan i

+ Re { ( e f )
36(i°

Ot( ) ( d Tt + Qt
7Gf1D

once all of the orbital parameters have been ,
established, this equation becomes that of a straight
line. Launch sites which satisfy the timing
requirements for various values of n may be solved for.

For a given launch site, the number of revolutions is
given by:

n
Qe

.
^2e rw 4 1+ _A T) + Stw

T

q T

T f
[E 2f

350°

f sin E] -
Tt

[ Et - et sin Et ]
36€}°

1

- tascent + t* - ( (Ç2-AL)
S2e

A^^
SPAR

ANOMW
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2.7 Match Launch Time with Time Launch Site Crosses Orbital

Plane (Continued)

et • Of
-- ( 7 ^^-(-) s^f

36o° 360°

tanLL

± sin-1 (-) + S 180° ] }

tan i

An estimate of the number of revolutions required for
the desired launch site may be obtained by dropping all
of the perturbing terms, and assuming circular orbits
with transfer by Hohraann ellipse. In this case,

n
t2f + t* - tascent. 1 a 3 t

-rw 2 a3 w

I

I
I
I
I
L
t
I
I
I

tanLL

( S2- AL) ± sin- i(tan i )+ 6 180°

2e Tw

2.8 Iterate on Altitude of Waiting Orbit

The procedure is repeated with new orbital parameters
obtained from the new aW = rpt and the associated

tascent. Eventually, the parazneters which meet the timing
and geographic requirements will be found.

2.9 Solve for Maneuver Positions and Launch Azimuth

These positions are references to geocentric eguatoriaÏ
coordinates as used in Figure 2-7.

Latitudes and '.long i tudes are obta i ned simply by spherical
trigonometry.

(a) Injection into Final qrbit

As given by the Handbook, "the angle from the
ascending node to the radius at which transfer into
the final orbit occurs (projected along the equator of
a non-rotating earth) is

-b28-
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Solve for Maneuver Positions and Launch Azimuth (Continued)

As - Q = tan-' [cos it tan( wt + at) ],s

As = right ascension of the satellite at the point
of injection into the final orbit.

LS - latitude of the point of injection

Ls = sin-1 (sin it sin ( Wt + at))

(b) Injection Into Transfer Orbit.

(Assuming injection occurs at perigee of transfer
orbit)

Ap -2 - tan-' [cos it tan

Lp = sin°1 [sin it sin wfi]

(6t = 0 at perigee)

(c)

Wt]

Injection Into Intermediate Orbit

A$Q -

LBO =

S^= tan- 1 [cos it tan (wt - ^)]

sin";z [sin it sin( wt -- ^J ]

^= central angle in waiting orbit, ^

(d) Position of Launch Site

= tan-' [cos it

- W + U.

x
tan( c,st + ^, - - H

Re

x
sin-1 [sin it sin ( wt - ^ - - } ]

Re

x = ground range attained in ascent to the waiting
orbit over a non-rotating earth and is obtained from
the launch qehzcle data.

(e) Launch Azimuth

From spherical trigonometry, the uncorrected launch
azimuth is given by:

-•b29-



cos e cos er, 

AM= 
SPAR 

ammo 

2.9 	Solve for Maneuver Positions and Launch Azimuth (Continued)  

5L = sin-1  [cos it/cos LL1 

An additional component is produced by the earth's 
rotation which is approximately 465 cos LL mps. 

-ae  R  cc)s 

V60 2 relative = V60 2 	(neR cosLL) 2  

- 2 VB0 f eR cosLL cos 

cos (90° 	eL ) 	- sin 

(90 - eL) 

cos it 

cos LL 

u  2 
vB0 rel 

VB0 

= VB0
2 (Sae Re  cosLL) 2 

 - 2 VB0 “e R cos i 

V80 rei - 

= 
sin (90° ±[3 1 ) 	sin (90' - 5L) 

VB0 

cos 5 1 

VB0rel 

cos eL  

VB0 

VB0 rel 

1 = azimuth in which the vehidle must be fired- 

Assumption: distance and time epent-during ascent to 
the point of burnout are small 
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-A-s illustrat-ion :for the rende-zvoüs proce-dure, a launch from

Kourou on Ariane is used to rendezvous with a low earth

orbiting satellite. This launch site is at 5.24°N latitude,

52.77 ' W longitude, and requires launch in the north
direction.

3.1 I)etermine Parameters of the Target Orbit

For illustration, the orbital parameters of a known satellite

are used. This satellite is in a near polar circular orbit of

radius 7385 km and inclination 99.52a The nodal period is
6312 seconds and at epoch 90:12:21/16:41:23 the right
ascension of the ascending node is '55.5' .' Perigee is defined
to be at the node.

r,,,, = rr.y_ = a.^ = PP
'r^- = 6312 sec.

cV = 99:52
Ccii = D
.r = 55.6 ` at epoch

3.2 Assume_a_Rendezvous_Point

^ 7385 km (as e = 0)

This calls for selecting some parameters of the waiting and
transfer orbits. The scheme of launching into the plane of
motion of the target at the time the launch site is in this
plane assures that the three orbits are coplanar
inclinations and nodes are equivalent for the three orbits.

For rendezvous to occur the central angles of the final and

transfer orbits must be equal at the rendezvous point +
6't: = Qe'-t + F'te . (See figure 2-3)

For simplicity assume that rendezvous occurs at tangency of

the transfer and final orbits. (Any point could be selected)

For visibility during a critical maneuver assume that this

interception occurs at the latitude of the launch site. (Any
such constraint could be selected.) ..

Lr = Lt = 5.24ON geodetic = 5.2D5` geocentric

The central angle 0+-^tomay now be obtained from the spheri
cal triangle below showing the retrograde target orbit.
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s in ('-u+D ) 

(wf ()i-) 

sin  L 

.S"in 5-2.05 
sr 	So- -1-8 

-5. 28. 

sin 

Since of= 0, Df =  5.28 

Note that ep is 
measured from perigee 
of the final orbit to 
the rendezvous point. 

An arbitrary altitude upon which to iterate is then selected 
for the waiting orbit. _Launch vehicle data are used to obtain 
corresponding time of ascent and ground range. Ariane data 
are taken from figure 2-4: 

h 	. 	(km ) 	400 	600 	850 

	

us-cnr ( se c ) 	370 	500 	850 

	

(km ) 	600 	1100 	2800 

For the initial iteration aw= 600 + 6378 - 6978 km is 
selected .  The waiting orbit parameters are then: 

a w  = 6978 km 
= 5801 sec 
- 99.52 °  - 4 

e w  = 0 

3.3 	Predict the Transfer Orbit Parameters 

As the transfer is between circular orbits and interception 
is to occur at tangency, the transfer orbit is Hohmann. 
The radius of perigee of the transfer orbit will be equal to 
the semi-major axis of the circular waiting orbit and the 
radius of apogee will be equal to the semi-major axis of the 
circular target orbit. Since the transfer is between circular 
orbits and the point of rendezvous is at tangency of •the 
transfer and final orbits, then 	 ... 180 and the  time 

 for the transfer will simply be half the transfer orbit 
period. 	(For 	other 	orbits 	these 	parameters 	would 	be 
calculated.) 
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'The transfer orbit pat^ame ters
6978 km
7385- km
7181 .5 km
Ci, 0283
99.52
6057 sec
18C1°

174 .72 °
3028.5 sec

The relations between
schematically below.

are thereby predicted to be:

+ rrr )/2
- rPc aI(re_^ + r^, }

31f11-
) Y'2.'

= 5.2$D- 1$ac'
^ 7^ I2

the three orbits are illustrated
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Time o Launch 

S PAR inamr 
3.4 'Establish Position of Target a 

- AS given in Section 2.5,  t 	t2F - 	 - 	 .Since 
the final orbit is circular, e_p - 0 and the eccentric anomaly 
equals the true anomaly (E,2 e 	- 5.2e). Therefore t 2 F 
is simply7F(5.28)/360 - 92.58 sec. Time in the -transfer 
orbit has been determined to be 3028.5 seconds. Time in the . 
waiting orbit may be taken as the number of revolutions in 
this orbit multiplied by its period, as the oblateness 
correction is very small. The time of ascent to 600 km for 
Ariane is 500 sec. 

= 92.58 - 3028.5 - 5801 n - 500 
. t,f - 7 5801 n - 3435.92 	' 

G),,c 	= 360(t, ■ --) „) as e t, -0. 
The position of the target at the time of launch is 
established as a function of the number (n) of revolutions 
in the phasing orbit. 

OtE.- 360( - 5801 n - 3435.92) 16312 

Establish.Time Launch Site Crosses Orbital Plane 

For this sample case the oblateness corrections are taken as 
negligible. For the northerly launch from Kourou, 

t, =(//,(I4E_Ji- i\L -F sin - (tan I L  /tan(180 - i))] 
t L 	E, 	- 	+  O  . 88] 
JrIe- 4.1781 E - 3 

307.23 

3.6 Match Launch  Time with Time Launch Site Crosses Orbital Plane 

As developed in Section 2.7 this comprises setting t, 
t, 	t if + t* 	- 5801 n - 3435.92 + t* tL  

The time t* for the satellite to travel from the projection 
of the perigee radius in the equatorial plane to the vernal 
equinox direction is also a function of the right ascension 
of the ascending node. 

t* - 12+Ltan -1 (tan ..CL/Icos  il) 
360 

- 

- 5801 n - 3435.92 	tan-l (tannilcos il) =1,k (i I- 306..35) JG.o 
n 	-1 r+ 	t, 

11- --e 	tan ■ ,-an u-elcna il) = ne( - 5801 n - 3435.92) + 306.35 

This may be solved iteratively simply by the x 	g(x) method- 

= tan -1 (6.04625 tan .11 ) 	24.2372 n + 292 

For each integer n a particular value  of IL  results. Figure 3 - 

1 gives some solutions for this sample case. Only the values 
corresponding to integer n are actual solutions. 
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The constraints applied to this sample problem dictate that
the node of the target orbit must be 306.35eEast of Greenwich
for the orbit in which rend'ezvous will ocëur. :CLr.= - 53.65^
As shown in Figure 2-7,
A ^ - -'I = l] L - S-i r o t" .fLr L - ^ A ^I )

= 307.23`- 0.880= 306.35
From the Radarsat Timeline, node number 156 is at - 53.13cat
271.07 hours MET, and will repeat every 219 orbits, or about
384 hours. At the first node (at epoch) ,P_= 55.6" , and node

156 is 273.52 hours later. Adding this to the epoch

9 0:12:21116;41:23 yields 91:01:02102:12:35. For this epoch,

-'^ = 134-360 (Aries to Greenwich). This requir essJ= 80.7O .
Nine ' revolut ions in the phasing orb it correlates with
80.34`'which is close enough for this exercise.

The position of the target at the time of launch (3.4) was
established as a function of rr.With n = 9-3173.63
and tiF = - 55,644.4 sec. These values lead to
t L= - 5409LI see. t^ = 1549.7 sec. (t,_- 54094 as it

should.) -

These negative times imply launch is prior to the beginning

of the time record, which starts at 91:01:02/02:12:35.

Counting backwards 54,094 seconds from epoch gives

t L-= 91-01 :01/11:11:01
The position of the target is 31 73.63 0 before perigee, which

i.s 8 orbits and 293.63°before perigee of the rendezvous

orbit.

3.7 I'terate on Altitude of Waiting Orbit

This will not be done for this sample case, b ut it could

yield a shorter time f or rendezvous. Finding a node

corresponding to a small number of revolutions in the

phasing orbit was serendipitous in this example.

3.8 5olve,for_Maneuver_Positions_and_Launch_Azimuth

Due to the simplifying assumptions made in this example the

maneuver positions are apparent. Injection into the final

orbit occurs at the latitude of the 3.aunch site. (L = 5.246N]

Injection into the transfer orbit is at 5.24' S. The

uncorrected launch azimuth is 9.56`^

^
SPAR

AMENEW
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Figure 3-1 ASCENDING NODE AS FUNCTION OF TIME IN PHASING ORBIT 
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4 . 0 SUMMARY

Ground station controlled maneuvers may be used to bring a
satel1 ite into - acquisition range for rendezvous. The
procedure involved rests on careful timing of all events.

To avoid excessive fuel costs imposed by planar changes

launch is planned for the time the launch site crosses the

target orbital plane. A phasing orbit is used to establish

the necessary relative positions of the two satellites. A

planar transfer is then made to reach the intercept point.

The timing of all maneuvers is critical to this procedure.

Any deviation from the time of launch results in fuel costs

for adjustments. A missed launch time would require waiting

for the repetition cycle of the target orbit to repeat, or in

redesign of the rendezvous procedure.

The procedure allows selection of the point of rendezvous and

incorporat,ion of geographic constraints. Parameters which are

adjusted to meet the conditions for rendezvous are those of

the phasing orbit. Due to the timing restrictions only a few

solutions are available for any given launch site.
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B2. (l DE R T VAT I ONc7FFO B C I fïCULAROR B I TS

Hohmann transfer delta-V is given by

,& V, _ .cc.. ^ ,u
(B 2. 1)ci r 1^t+, r^ at a_ cx *A,-

Taking Taylor's expansion of 1

r^tn -

- I--

1Z-t b. 0.

a W-;:*

Substituting Equations (B.2) and (B.3) into (B.1) gives

AYw

Simplifying and setting Lja2 = 0 gives

^ (^v.,)

and, as Aa -> 0

,.--------------------------------------

a
^ ^ ^ ►^a}

OL-
________-_r_-----___-__--__---.-___-- 4
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Ltn _ 	 1/4„ i7) (63.1)  

1+e„ 

iftwr 
S PAR 

	 mama( 

63.0 1 
I me  

1 

1  

âVe.,  
DERIVATION OF  .i>e,„ 	FOR AN INITIALLY CIRCUIAR ORBIT 

Using series expansion, the following approximations are 
introduced. 

14. 	 (63.2) 

477; 
• 	(B3.3) 

1 	
(B3. 4) 

172.77-7 
(63.5) 

Substituting Equations (133.2) through ( 6 3.5) into (63.1) 
simplifying and eliminating second order terms in e 
gives 

Since the initial state is assumed to be e = o, 
therefore 

e = 41 e 

and so, as 	el>o 

L 

4 

—b39— 
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B4.0 GH_A_AiG'IIÛGTHESEMI-MAJOR AXIS OF AN INITIALLY ECCENTRIC
4 F1BI x__,_.,

^,t^Al RP^

Rpl ° a1 (1-e) Rp2 -- a2 (1-e)
RA1 = a1 (1-e) RAZ = a2 (1-e)

.^M £A i

R Pt ^ ^, t (^ r

C

Initial Orbital Elements a1 , e (Orbi t 1)

Final Orbital Elements a2,e (Orbit 2) a2 > a1

Semi-major axis increased by an initial burn at perigee
followed by a correcting burn at apogee.

velocity
transfer orbit perigee

k transfer orbit apogee
^7 velocity

^It'^4 L

^ ^qz-4 R 7. ^RzP

initial perigee velocity

final orbit apogee velocity

1

-b40-
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a^(t+^^ ^^ [+-^Rl (I-e)4

t

CkI(E -^) ^ At ( ^+d!)

.^^ F cr` ^ , `^

now letting

G.(' -C=)

40%,^-^-L
(I 4-C-)

t

( Alk (- ,^
FZ

substituting, and letting Aa.+o gives

,------y..--,--T-------T _.,.. -_-__.____,---_

^ (&v,,..) G) C( " Co

--,.--,--._------ ----.-.----- _--.----_- _ _-_

AM^
SPAR

°'I ( 1 'F'e )
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Note: Letting e - 0 gives 

li5:  z 
the same result as deduced before for circular orbits. 
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B5.0 CHANGING THE ECCENTRICITY OF AN INITIALLY ECCENTRIC
OR $ x T

Initial Orbital Elements a, el (Orbit 1)

Final Orbital Elements a, e2 (Orbit 2)

I

J

H

Î 1

Eccentricity is increased by an initial burn at perigee
followed by a burn at apagee.

The same formulations for velocities are used as in the
calculation for semi-major axis correction, except

LW^^ ^ ^Ifr - '1Ps ^ VRr

because the second burn slows the velocity to increase
eccentricity

Z-

'62, ^ R'le-,)* C-( ! tea) ra.( I +. -Cz.)

Letting

I
t

E

{ ^ ^ ' ,^`•

4 _e
r{^ Ci,-'t )

^̂
_^1

Q, + Cz^

( 7̂ dr --0c))

I
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then substituting, simplifying, and letting ne=a gives

-_-._-__-_--____--_____._._...-.---_r._ _--r.._- _-.-__,:

c^^ -e
-----------------.------------__-__----------_----- 4
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B6.0 	A DIRECT EXPRESSION FOR LINES OF CONSTANT VIEW TIME AS A 
FUNCTION OF RELATIVE INCLINATION AND PHASE 

--1)1   

is the initial expression for range given the T (time of 
viewing) should be a function symmetric about 	oz._  

let 

é , -125,  f 645t, 

then 

where 

le 
- 	 4St 

= 
7-- 1- 

	

This function is symmetric in 	and - t, 

	

Setting a camera range: 	D - CR 

and setting a time t1 = T 
- 2-  

gives a parametric equation between 0 and i. 
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Let

z
¢ 1 -

K _ ,CR camera range
R^

-range
radius

I-_-__-_____--_-__------------------------ _.

^ , 4ra4^, ,,B__ {

5 k^- 16t. 5 ^-. O-

where

and K = CRIR

et

e_
a

--------------------------------------

This parametric equation gives 0 as a function of i for
any given T.

2 T is the encounter time per orbit.

-b46-
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C1.0 	DIFFRACTION 

A distant point source of light, when imaged by a 
circular lens or mirror displays the familiar airy 
intensity pattern around the image point. Instead of a 
single point image, the image is a bright central disc 
surrounded by a series of progressively weaker dark and 
light rings. The width of the central maximum is 
governed by the diameter of the circular aperture and 
the wavelength of the light in the relationship 

o  A radians 

where e is the angular spread of the central maximum 
between the half power intensity points, 	is the 
wavelength of the light, and D is the diameter of the 
circular aperture. The Rayleigh criterion according 
established by Lord Rayleigh, states that the images of 
two point sources are resolved if the central maximum of 
one coincides with the first dark ring of the other. 
This  angular resolution, er, is defined by 

- 	1.22 .?‘ radians 

The combined intensity curve of the images of the two 
points has a slight dip between the peaks. 

Figure C-1 illustrates the numerical relationship 
between aperture size and diffraction limited angular 
beamwidth at an operating wavelength of 500 nm. 
Beamwidth varies linearly with wavelength for the same 
aperture, so the beamwidths at 1,000 nm and 250  nui are 
twice and half that for the 500 nm cases, respectively. 
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C2.0 	THE MODULATION TRANSFER FUNCTION 

The Rayleigh criterion is specialized for resolution of 
stars against a dark background. 	It is less useful for 
image problems in which the sensor must distinguish a 
range of radiances and a variety of shapes. 

A more useful parameter Is the Modulation Transfer 
Function (MTF). MTF is useful in describing the overall 
performance of an optical imaging system because the 
MTF's of different system elements can be combined 
linearly into a single overall MTF. 	The MTF essentially 
describes the optical system as an angular filter, with 
an angular cut-off frequency. It provides a measure of 
the contrast in the final image relative to the objects 
and is usually given as a function of the angular 
spatial frequency of the object. 

The MTF for a perfect optical system having a uniformly 
transmitting circular aperture is 

MTF ()) 2 	(16 - cos 	s nO) 

where 

co s -1  ( 2 )
)  

2NA 

The out-off  frequency 

= 	2(NA) 	- 	(fno.) 

where 

NA 	 - 	n sin U 
the numerical aperture of the system 

?t 	 = 	wavelength of the light 
(fno.) 	. 	effective speed or relative aperture 

of the system 



I
I
I
I
F

I

C
I
j
I
t

1

t

J

C2.0 THE MDI7ULATIQNTRANSFERFUNCTIQN( Cont inued )

is the spatial frequency normalized to the out-off
spatial frequency ]ro.

Note that ))o is the frequency at which all information

is lflst, not the '3 dB' frequency frequently used in

electrical filter theory. The MTF is the inverse

Fourier transform of the image produced by a slit

source. MTF can be obtained by measuring the intensity
S(r,L) across an image distorted by diffraction and blur,

and calculating the inverse Fourier transform. csC is the

angular instantaneous field of view.

A detector array in the image plane of a telescope has
an MTF defined by

sin 7r 4®x f
MTF(f) 27- fs-^ X-^---f_- ----

2 P fs

P the center-to-center spacing of the detector
elements

A x - the width of the active area of an element
fs = spatial cut-off frequency 1

2P
f = spatial, as opposed to angular, frequency in

the image plane.

The MTF for an array is the Fourier transform of the
pixel spread function.

-c4-
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C3.0 THE_PQTNTSPREADF[)1VCTION

A third useful parameter in deserfbing an optical

imaging system is the point Spread Function (PSF). In

an analogy to the airy pattern, the PSF represents all

of the first order and higher order aberrations in an

imaging system.

It is sometimes characterized for a particular

instrument as a central maximum with secondary maxima,

as in an antenna pattern; at other times it is

appropriate to represent it as a Gaussian intensity

distribution. PSF are arbitrarily given for 5006 to 90%

of the 'encircled energy', depending upon the purpose of

the analysis. There is no universally agreed upon

definftion.

-c5-



APPENDIX D 

A POSSIBLE PAXSAT COMPUTER 



D1.0 	INTRODUCTION 

Complex low earth - orbiting satellites rely more and more 
on  on-board computers to provide increased flexibility, 
spacecraft autonomy, and extended operational life. 

These demands can be met by using a microcomputer with 
the following key characteristics: 

(a) Adaptable to support different mission 
requirements, 

(b) Modular multiprocessor design suitable for 
distributed processing, 

(c) Interrupt driven, multitasking operating system 
for real-time applications, 

(d) In - orbit reprogramming capability, 

(e) Use of non - volatile memory for mass-storage of 
programs, 

(f) Redundancy cross-strapping applied at the module 
- 	level of the computer, and 

(g) Fault-tolerance and selftest capability. 

Current spacecraft designs are based on two computer 
implementation concepts. Major subsystems are 
controlled by a central computer, typically via the 
spacecraft data bus of the command and telemetry 
subsystem, and/or by dedicated computers which form an 
integral part of the subsystem. 

The Paxsat computer described in this section falls into 
the former category. 



D2.0 	PAXSAT COMPUTER REQUIREMENTS 

The Paxsat computer may be a centralized, general 
purpose computer which interfaces with the GFSC 
Multimission Modular Spacecraft (MMS) Communications and 
Data Handling (C&DH) Subsystem- 

The computer will communicate with other spacecraft 
subsysteMs through the MMS Multiplex Data Bus. 

The physical interface with the C&DH subsystem will be 
provided by the DMA interface of the computer, which 
replaces the STACC Interface Unit (STINT) of the C&DH 
subsystem. 

The computer will accomodate the following tasks through 
this interface: 

(a) Delayed command storage, 

(b) Loading and dumping of programs and data, 

(c) Telemetry input and command output, 

(d) - 	Telemetry format control, 

(e) 	Data output to real-time telemetry. 

Other functions to be carried out by the computer 
include: 

(a) Attitude determination and control, 

(b) Housekeeping functions such as monitoring and 
controlling thermal and power subsystems, 

(c) Limit checks to monitor and control spacecraft 
health and safety, 

(d) Generation of summary status and messages, 

(e) Mission-unique functions. 

The Paxsat computer will receive  prime and redundant 
secondary power rails (+5 V, +10 V, +12 V) from the 
spacecraft. 
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D2.1 	Spar On-board Modular MicrocomEuter 

The architecture of the SPAR On-board Modular 
Microcomputer (SOMM) meets the key characteristics of 
advanced spacecraft computers outlined in section 1.1 
and is the proposed  computer  for Paxsat missions. 

The following description highlights the flexibility and 
expansion capability of SOMM. 

D2.1.1 	Configuration 

SOMM can be configured from a pool of modules by 
switching secondary power rails to individual modules. 
A total of 16 prime modules connected to the unit bus 
may be powered at any given time. 

D2.1.2 	Unit Bus 

A serial data communications bus (unit bus) 
interconnects modules within j OMM and supports bus 
access by priority arbitration, synchronous operation, 
shared resources, and multiprocessing capability. 

The unit bus controller provides and conditions all unit 
bus signals, which are clock, sync, command data, reply 
data, real-time clock, reset, and bus select. 

The transmission of 16-bit data words at a clock rate of 
1 MHz yields a data rate of approximately 46K bytes/S. 

D2.1.3 	16-Bit CPU Module 

The central processor of the I6-bit CPU module is the 
Texas Instruments SBP9989 operating at 3 MHz. 

The 16-bit CPU memory contains up to 4K bytes of power-
strobed PROM and 60K bytes of RAM. 

Memory data error protection and correction (EDC) is 
achieved by means of PROM error detection (parity 
checking at the bit level) 	as well as RAM single error 
correction and double error detection (Hamming code). 

Other features of the CPU module include real-time clock 
process control, priority interrupt handling, DMA, 
memory-mapped I/O, memory write protection, and process 
protection by a watch-dog timer. 



D2,1.4 PROM Memory Module
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The memory module can be used for off-line storage of
software and pre-defined data. It is organized in
16-bit words and contains up to 128K bytes of power-
strobed PROM memory per module.

D2..1.5 Manager Module

The manager module generates sequential module power

on/off commands, maintains subsystem status information,

and provides autonomous operation of SOMM to the extent

required by a mission.

D2.2 Paxsat Computer Configuration

The Paxsat computer configuration shown in Figure D-1

provides full redundancy (cold) at the module level to

permit cross-strapping of modules for reliability

purposes. The block diagram of the CPU module is shown
in Figure D-2.

The CPL! memory required to execute the tasks described
in section 1.2 is summarized below:

____---_________
R01N

F _..--_r-- FUNCTION (bytes)
_-_I- ^ RANi

bytes7

Bootstrap--J__-__________

Executive, C&DH Control

Command Storage

Status Buffer

Support Software

Subsystem Control #
Selftest

Spare 1K

r_.__.-T4 T A p,------__---._.^_.__- ----- ^ K -__.----

8K
8K
8K
6K

16K

2K
12 K

_ _6QK-- _-

----------------------------------------- __r. __-------------- ,,

Including attitude/thermal/power control, and
mission-unique functions

The memory size assigned to the PROM memory module,
which is powered during program load only, is 64K

bytes.

_d4_
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D2.2 	Paxsat ComEuter Confi4uration (Continued) 

The physical characteristics established for the PAXSAT 
computer are: 

(a) Power . ** 	17 W . 

(b) Size *** 	: 	7.0 L x 8.75 W x 9.5 H (inches) 

(c) Weight *** 	: 	23 lbs 

When operating in a nonredundant configuration. 
Includes redundancy, excludes DC/DC converter. 

** 
*** 
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