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'MS se/estudes 9,0 ophrount nadarmos with motim, fura oonsumption two soam vences on encora and alieecal 
creta, the suNeyor venda beteg acsapped voth a loyr thtust inetallabon, the, motim atilehons hong waren e lha eme 
~encenai space, rn retattss moson. lhe space engin being lho 0900 000001 lhe equalions system fale ganaral reboo 
eousacosl 000001 . 6 deferente' atamtnrs re 0,8 0(000 vareb.es coonirnatcs ts.z.,30 and velotema (V0 . V, 15). -Oh 

Meã and Ima) condetos. trzu eircJar orbes. 7 dfiterentel 000010115 01 lhe state variadas mordentes Lr, a, 	velocitee 

(V„, V0 , 	) arei 0 • elliptcal anorrysty, or abocai orots yoth etto ,  osndoons and Inal only for cOOnanates and velocikes 
The  ,,yunabonai pepym e 01 bagana lype and lhe optinson controls to be determi00:1~9 Me baCelerakto doe In 

li 
thrtnt tl x  . 	.0, related e rro rninimum fuet consurnpeon. J = 1 (4 	+ aS)cit (9/ • lhe 10131 hrre) TOrs 

controks ata trnpOSe at constraols irlyi5.0.10015 layi a , where tot Orbes around 00011, a 10-3  g . g - the 

009111 000010101001. By 11001 501 lhe LegendreCiebsch condsion lo damenstroted Irei lhe Ionnulated °Orne:deo procia•n 
rS. adoeci. o rniRamern poetem. lhe final Irmo O Genadeted lo be imposed lhe optairtualton o) the prolaant 5 sovei 
a9P1ying lhe Pontnagnn nevem, empale $o the atove deened omeleta o/ optvnal controle transformed Co neeknown 
elo atoo pont boundary moblem lhe nanaram differentel eduatIons 01 00 extremais enate any tond of aplaco:magoo nas 
elannaled are onosely Integrated by a namoricai MalhOd shading So„ lhe malhai bacomes andreatie for any kind of 
apical and murar aba of the tropel 

lhe 50(0001.800 0010 perftaned Wh ror cosulat = 	arTI etipheed tE = .05) Orbda ortamd Se Entel O cena 
accentrdly 01 101901 orbia The calculations perfcurnod usina /mesa o. lhe nonenew theory presentod .011115 0.0k show 
that the differences between lhe rusults obtalned foi secular 0115115 and lha ellotteal enes are small Ir Ore eccelr Lrcuty o , 
thenn are ato srnall 

The Innal valaa o tha targel nearanomaly does not sranficanty nau anuo the restas men e case te larga: manhas 
the prodnaly of the orbe apogee 

Reducmg semi-empencal modo) ermos has proven to O. ver difficult. but lhe tlecuracy of each 
modal coo be evaluated tbrough lhe analysis ot lho orbital decay M 0810111100 with known 
dimensiona, mass, abitada and orbital state evolution Nollowing thts appreach. we performed a 
cornpanson of semi-cmpmcal air densny modela as a fancaria of altitude and vanabk 
environmental emelt lions lhe 141011110 08017(10 and lhe orne enterval csamined encompassed a broad 
range of altitudes (200-1500 km) and solar actunly 'avela ff 1987-2000), 

M515-86 and MSIS19-90. pracncally idcnncal abone 200 km. resulte-c( to be the hem modela lo 
Compute lhe air density below 400 km, os lovo solar activity cenchtions. 10 -71 seemcd lo be Mera 
precise at greater allitUdCS and/or solar fluxes. 84 gave quite mimd performance*, hei gencrally 
closer to fite JR-71 result.*. lhe erannsie aesstracy ui 1R-71. MS15-86 and MS15E-90 sstos generally 
leiter Man 20%, and someames dose to 10%. 'Fiaa perue resulted progresstvely degraded ut 
altitudes grcater than 400 km. 
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Over Lhe yens. Lhe aio dantny at satelate tintadas voe aocurately nopresented by variem 

atmospheric densuy modelo Lake lacchta-Roberts (971 1i1971), Thennosphac Density Modal 1988 
ITD88) and Mass Speetmmeur Incohcrent Scatter modelo [MSIS86 anel M51590]. 

The alln of the sem .empincal models trk to represent a larga :mamey nf data ootiocted by amictos 
lachniques and to desenhe thermosphenc parummer vanations. Thuse of facchia are based muni3 
no lotai denso>,  data denved trono salada orbital decay observalions. 'lhe Mus Spectromcler 
I000heren1 Seatter modelo are 01e110e11 Ircms comtntung 080111110 n -selu composilion rocasurementa 
and thermosphenc temperature. infantil from ground-bascd ¡nenhuma scatter radar.; A common 
(amure of 011 Ouse modelo is the use of relatively simplificd physical concept* to desenhe lhe 
annosphenc densa) ,  vananots* as a function ní almude, solar and geomagnctie aniony, latitude. 
longitude, local time and day of [tu year Bld significtmt differences exist between modela. they 
being constructed using different data, covenng different torno penuda and geographm arcos 
Another intnnsic linfitat(on cif cach modo) Inchadas lhe use of lhe 10.7 cm solar flux ((luu) and the 
goomagnettc planetaxy inchou (Kr, AO o80 provy :nercalors to romment solar and geophysical 
influences on lhe atmusphere. 
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0, 010 Naserd pape. a descole. 01 de cbsa asproacn manouver Is rindo o Me inree-thmonsenal opaca ~Now 
550310,0 *0 dantted taladate tha sanadon 00010017, angular rrententl.rh, anequ and mcirnaton ot the spaceenet 
that malaes the maneava, Érarn lhe general ecorallanS dernred É o pasmara la abam expressons kg embarrar casts. 
acabe planar and lhe polar namorar 
001 fim maMernpacal rapdal a '6 a5.1177d Maleta Syrein s Irmased by Nua man bodes Inal ate m malar raspas amena 
Crer Center ol masa and a massa. Mis bade thr merHvg 00401 0(0 prentalonal amacem 01 0,5 we arena ,00 lel 
mag. M constra.ned to me oten alam of ore hve prinweS and lho main 90010100005,0100 a to quanhly Me 
eflects ol lhe NIG denensao in the maneava, lhe alandard ounomcal system °I una ts usar) and rt aneles Mal the uni( 
ot distante nora [trataram beRman the Nto romanos arvi the unit 01 tono choson sucn that the penal d .  the 010,1 01 lhe 
hvo enlutes 020 
Serena arpoemos are denvod are domonstatted The meg amestra unes aro -  tO rares  Nana- maneurrer ato vate!. 
In inclinislion can nava only thres possibe yalues 160 .  and -1 ecr, ton s rnanauver that reverso lhe amue GI do rnoton, 
0' lo maneuyer Net does not reversa its mobort 'Rose results ate eXplarned by Ore phystalmodel. sinos a ÇHT., 
manaram does vet date vallea rol Te ina(e.00 olho inan cr leOlt, h) lhe change rn rnetnatmn soes ma. In 1810 01 
Pla peles Then, In lhe caso waore lhe Header) try Inclnadon rem 115000t 4110 .  lhe chance ,ncirnabon surra e zoo 
20 )10 9000, InereaSeS In onagnaude unbl the planar rfidnELIVer 111 10311100.01(0000 trans deGrepUng regam unta zero at 

olhor pote vvnen 01 - 90 101 use planar Inanauvar Oh. behaver Of er Otallates with Imo moarnenn10 ,  Me Magnitude 
and filma ratara The vanation loedooluon is memore wrth herreed tolhe =É 61 plane angra ri) A P20080 04 lhe py.. 
komm Ore rattnalron a1 the tratechvy empe unchanged. ry) when o, tha angte tetssan Ore penaoss tne ano the ano 
conneeerg tne Oco rmrnanes ierra Or 185. there 5 000001800010 tacteuten This 011 agnsement min lho lati that 
maneava, with Sus geometry does not clamor the troactoyal cl) 
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'CBERS" (Chora Oleai Eadh Rasouras Satalnai aras pio ulhb MIA on 00"  &October 1699 at 03 9032 LITC 'ha Trost 
chfacult seletiva, penulsavona to mode, are thcrre ans,reg from saface torces Mane Melada /kir 0 129010 radesten amestre 
forces lhe sensarvny to timo is a Conseguemo 00 (00 stnngent ground track control requrrereent. The atmospheric drag 
rs the mor nongravitanonst perturbaton affectmg Nre control of ground Pack Atmospherc drag causas continuou 
decray e lhe orbd sem-major axe The decair rrY.e o Uns fura:Roo tal 50151 40 p995901 paramehms and atrospher 
deredy As =cumes,  fegarramenS 000 8S, ventar retranca ts p12004 01 enoitai locIn4ues Nonetheless the dderent 
drag morreis have lege unpact on lhe resulta durma the evo solar actway pernod Dures, the iniba] opermonal phase 01 
CBERS, lhe solar achai) h85 been alas peak This ;Merecerem futs mondai MIM ,  a reatlskc apearam% to carryout an 
evatuRbdn of almosfewle eens.zY modele In thls $aKlY Ore emphase ra pot entooconsmonly usea arrnosphane densly 
0,04510 *0. Jacchla and Mera Spectrorneter Incorre -era Scatter (MSIS) The evalltabon O carnel pot 0e004 on lhe deCay 
hIstones of C9ERS to asasse dm modeleg 01 100 total annoSpheric denstly Dens(1y modele used for arte pmpagaten 
are usual) derlved etnorically frorn actual neyht data One of the prateares Mit analysing lhe CBERS orba Solution 
ree.dr.% to lho  360 anarSe tradurre, when makes it &Retal to dtsomunsla preatrely beto/eco lhe two diterent modais Orlei 
synopes of soma of the modais is presented afona with o0010 01 lhe densdy 00105 0014 Orbit SONMOnS 01 CBERS along 
apta some cl the pieis lbe study incheales that 010 4129 esUmation for polar Ortats IS relahvaly precise using MOIO model 
MSIS-90 Is analyzed to be a berrar comporta:te unlemrool000uoacy. Ilesbilrty and computatenal aspects The analyse 
meti be *09110 miligatng lhe animei cl selar achvity rranannes on orbe Preedion and Orlat ~nanam. 


