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Zaddani: Na zaklad¢é skuteénych drah druzic danych svymi pfesnymi efemeridami v souborech formatu SP3 sledujte
Casovy pribéh oskulacnich elementd. Pouzijte k tomu data ze serveru sluzby IGS (http://igscb.jpl.nasa.gov/) a IERS
(http://maia.usno.navy.mil/) pro den = den VaSeho narozeni + 20 let (resp. totozné datum, pouze rok se zvysi o 20, je-li
timto dnem neexistujici 29.unor, pouZijte data z 1.dubna). Vypocty provadéjte pro druzici PRN = 1.

Struény postup:

— Soufadnice dané druzice preved’te ze systému /TRF do nebeského ramce /CRF pomoci programu sp3crs.exe

(ftp://1eo.fsv.cvut.cz/VG/Utils/sp3crs.exe). Vstupem kromé souboru ve formatu SP3 jsou také soufadnice polu a
hodnoty UT1 — UTC a GPS — UTC.

— Postupné pro kazdé dvé nasledujici polohy druzice vypoctéte keplerovy parametry (oskulac¢ni) drahy definované
témito dvéma body.

— Vypoctené casové fady parametri vyneste vhodné do grafu, samostatné pro kazdy parametr.

Vstupni soubory:

ftp://igscb.jpl.nasa.gov/igscb/product/1033/1gs10335.sp3.7%
ftp://igscb.jpl.nasa.gov/igscb/product/1033/1igsl10337.erp.7Z

Vstupni hodnoty:
datum: 29.10.1999
MJD = 51480

GPS tyden = 1033
GPSden=15

soufadnice polu: xp = 0.020490"
yp =0.383336"

UTI -UTC=0.4353535 s
GPS-UTC=13s

parametry pro spusteni programu sp3crs:

sp3crs -xp 20490 -yp 383336 -ut 4353535 -gp 13 1 IGS10335.5P3 > data.txt


http://igscb.jpl.nasa.gov/
http://maia.usno.navy.mil/
ftp://leo.fsv.cvut.cz/VG/Utils/sp3crs.exe
ftp://igscb.jpl.nasa.gov/igscb/product/1033/igs10335.sp3.Z
ftp://igscb.jpl.nasa.gov/igscb/product/1033/igs10337.erp.Z

1) Souradnicové systémy

Souiadnicovy systému ITRS (Internacional Terrestrial Reference System) — je definovan pomoci mnoziny pevnych
bodl na povrchu Zemé a jejich souradnice v kartézském soufadnicovém systému pevné spojeném se Zemi. Pocatek je v
referen¢niho polu IRP (IERS Reference Pole) a osa X lezi v roving hlavniho meridianu (/ERS Reference Meridian). Tento
systém neni vhodny pro vypocet drah druzic, protoze pohyb druzic je prakticky nezavisly na rotaci Zemé.

Souiadnicovy systém ICRS (IERS Celestial Reference system) — je realizovan pomoci referen¢niho ramce /CRF
tvofeného mnozinou smérti na kvazary jejichZz polohu mizeme diky jejich vzdalenosti povazovat za pevnou. Pocatek
soufadnicové soustavy je v baricentru slunecni soustavy, rovina XY odpovida rovnikové epose v J2000.0 a osa X sméfuje
do jarniho bodu v této plose.

2) Keplerovsky pohyb
Keplerovsky pohyb je takovy pohyb dvou téles, ktera mizeme nahradit hmotnymi body a plsobi na n¢ pouze vzajemné
gravitacni sily. Podle Newtonova gravitacniho zakona pak plati vztah (2.01).

M+m .
LY (2.01)
r

F=-G

kde: G je Newtonova gravitacni konstanta
M a m jsou hmotnosti obou téles
r je pruvodi¢ mezi télesy
7 je zrychleni (druha derivace privodice podle ¢asu)

Tento vztah je vektorova diferencialni rovnici druhého stupné a funkce 7 (t) je jednoznaéné definovana pomoci Sestice

pocatecnich podminek a je mozné s jeho pomoci dokazat platnost Keplerovych zakoni:

1 — planety se pohybuji po elipsach blizkych kruznicich se Sluncem v ohnisku
2 — plosna rychlost (plocha opsana priivodi¢em za ¢asovou jednotku) je konstantni
3 — pomér druhé mocniny obézné doby vzhledem ke tfeti mocning hlavni poloosy je konstantni

Tyto zakony plati i pro vztah Zem¢ — druzice kdy je navic mozné diky malé hmotnosti druzice vi¢i hmotnosti Zemée
nahradit ve vztahu (/) hodnotu G(M + m) hodnotou geocentrické gravitacni konstanty GM.

Pohyb splnujici Keplerovy zakony je mozné popsat pomoci Keplerovych elementt:

a ... hlavni poloosa elipsy

e ... excentricita elipsy

Ty ... ¢as pruchodu perigeem IT (prisecik elipsy s hlavni poloosou). Udava se v ¢ase UTC

Q ... rektascenze vystupného uzlu €2 (prisecik drahy s rovinou rovniku). Nabyva hodnot 0° — 360°

... argument perigea (thel mezi vystupnym uzlem £ a perigeem IT). Nabyva hodnot 0° — 360°

i ... sklon drahy vzhledem k roving rovniku. Pocita se v matematicky kladném sméru a nabyva hodnot 0° — 180°

Prvni tfi elementy se oznacuji jako vnitini (poloha druZice v roviné drahy), zbylé tii jako vnéjsi (orientace roviny drahy
vici inercialnimu rovnikovému systému).
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(obr.1 — Keplerovy parametry)

Vypocet oskulacnich elementit pomoci geocentrické polohy v a rychlosti ¥ drufice

Plati vztahy pro:
pruvodic¢ r=r-r (2.02)
rychlost Vi=F.¥ (2.03)
hybnost C=FXF (2.04)
Vypocet vnitinich elementii
hlavni poloosa a pomoci integralu Zive sily
2 1 2 Y
V?=GM|=-— a=|=- (2.05)
r oa r GM
excentricita e pomoci parametru elipsy
2 2
c c
=a(l-&*)= =  e=,/1- 2.0
p=all=¢)=cr a-GM (2.0
prava anomdalie v
a(l-é° a(l-e*) 1
r:u = v =arccos M—— (2.07)
I+ecosv r-e e
-3-



feSeni je dvojznacné a plati:

FP>0 = ve(0°180°)

FP<0 = ve(180°360°)
Fi=0 a r<a = v=0°
Fi=0 a r>a = v=180°

excentricka anomalie E

1—
E= Z(arctg ¢ tg X] (2.08)
+e

perigeum

Zemé

(obr.2 - geometricky vyznam pravé a excentrické anomalie)

cas prichodu perigeem Ty nebo stredni anomalie M, v case T z rovnice elipsy

M=E-esmE = M, (2.09)

stiedni denni pohyb n

GM
a
M=n(T-T,) = TozT—M (2.11)
n

Vypocéet vnéjSich elementit

Protoze vektor ¢ je kolmy k draze, plati transformacni vztah (2./2) mezi soufadnicovou soustavou v roviné drahy a
druhou rovnikovou soustavou. Nasledné miizeme napsat vztahy (2.13) a (2.14).

G 0 sinisin (2
¢, |=Z(-Q) X (-i)Z(-o)| 0 |=c| —sinicos Q (2.12)
leX c cosi



rektascenze vystupného uzlu Q

G

Q=arctg—— (2.13)
sklon roviny drdhy i
i= arccosc—3 (2.14)
c

argument perigea ©
Pro vektor ve sméru vystupniho uzlu § plati

§=8,x¢ (2.15)
kde: € jejednotkova vektor ve sméru k severnimu svétovému pélu e = (0 0 l)

Dale miizeme napsat

§-F=s-r-cos(@+v) = (a)+v)':arccos£ (2.16)
Ser
feSeni je dvojznacné a plati:
>0 = (otv)=(ot+v)'

5<0 = (otv)=—(0t+v)'

o=(otv)-v (2.17)



3) Ruseny pohyb
Protoze Zemé neni pravidelné homogenni téleso a na druzici ptisobi vnéjsi sily (pfitazlivost Slunce, Mésice a ostatnich
planet, slunecni vitr a mnohé dalsi) jez ji ud€luji zrychleni a (tzv. poruchové zrychleni), ptejde rovnice (2.07) na tvar

M+m ..
LY (3.01)

r

F=-G

Pohyb druzice pak neni rovinny, neprobiha po elipse a k jeho popisu nestac¢i Sest Keplerovych elementti. Zname-li ale
polohu druzice v Case ¢; (i = I az n), miizeme z téchto hodnoty Keplerovy elementy urcit a sledovat jejich ¢asovy prubéh.
Pro vypocet se pak vzdy pouziji dvé znamé sousedni polohy druzice.

Pro vypocet polohy druzice v ¢ase ¢ pomoci Keplerovych elementt plati vztah (3.02):

7-COSV
p=R,(-Q) Ry (-i)-R,(-w)-| r-sinv (3.02)
0
kde: Ry a R jsou matice rotace podle ptislusnych os

fl + E
v =2-arctg re ‘tg— (3.03)

l-e 2
r=a(l—e-coskE) (3.04)
E=M+e-sinE (3.05)
M=n-(1,-T,) (3.06)

Protoze vypocet probiha pro dva ¢asové okamziky souc¢asné, ma matice A tvar

o| op| o] o] |
6Q|, 8|, ow| dal, de|, 0T,
=| —omm e - 3.0
7o) s as| as| | @ o
8Q Ly al Lin 860 fin1 861 7 ae lin1 87}) b
kde pfislusné derivace vektoru p vypadaji takto:
P _ 4R, (-Q) R, (~i)-R, (~w) 7 (3.08)
8Q - Z X A .
op ) .
?gc:RZ(4))—dRX(—Q-R;(—w)q~ (3.09)
op . .
Eg;:ﬁg(—fn-RX(—g-—dRZ(ﬂuyr (3.10)



cosE—e+§-£M-sinE
r
op > (. 3 a
—=|+l-¢" :|sinE—-—=-—M -cosE 3.11)
oa 2 r
0
—a(l+ﬁ-sin2E]
r
—_ 2. . E
P _ &(COSE—e) (3.12)
de |rl-¢ -
0
n-a -sink
_______ r
~ 2
P |y 2 cosE (3.13)
o, (__r
0
kde:
a-coskE—e
F=|a-1-€" -sinE (3.14)
0
Vektor / ma tvar
X
Y| —hl,
Ztv
e (3.15)
y _ﬁtiﬂ
zZ
ti+l

kde:  xyz jsou znamé soufadnice druZzice (pfevedené ze souboru *.sp3)
Vektor prirastkl oskulac¢nich elementti pak vypocteme pomoci vztahu (3.16). Vypocet se opakuje do té doby, nez velikost

prirdstkd neklesne pod poZadovanou hodnotu. Jako pocatecni hodnoty oskulacnich elementi se pouZiji jejich hodnoty
uréené ze vztahll pro neruseny pohyb (viz vztahy (2.02) az (2.17)).

dx=A"-1 (3.16)



Piehled vysledkii

Vysledné souradnice a oskulacni elementy druzice PRN1 v pritbéhu dne 29.10.1999

cas

X [m]

Y [m]

Z [m]

Q

i

(O]

a [m]

€

Ty [sec]

0:00:13

10529634.510

19612400.470

-14320955.282

0:15:13

7681367.233

19348466.144

-16332769.373

214°54'06.560"

54°54'47.319"

259°15'41.997"

26567342.392

0.004677620

4507.185

0:30:13

4699443.153

18747842.369

-18060312.065

214°54'04.947"

54°54'46.170"

259°21'07.032"

26566879.665

0.004661824

4517.891

0:45:13

1635686.050

17820726.025

-19473271.540

214°54'02.944"

54°54'45.088"

259°22'36.328"

26566447.899

0.004645123

4520.819

1:00:13

-1456566.921

16583088.596

-20546847.164

214°54'00.585"

54°54'44.152"

259°20'05.852"

26566077.453

0.004629826

4515.832

1:15:13

-4523427.913

15056399.208

-21262210.445

214°53'57.932"

54°54'43.435"

259°14'11.193"

26565794.899

0.004618097

4504.104

1:30:13

-7511434.527

13267242.274

-21606853.770

214°53'55.063"

54°54'42.992"

259°06'03.431"

26565620.168

0.004611577

4487.981

1:45:13

-10368519.273

11246837.220

-21574819.380

214°53'52.074"

54°54'42.859"

258°57'17.018"

26565565.888

0.004611142

4470.583

2:00:13

-13044952.183

9030470.190

-21166803.624

214°53'49.069"

54°54'43.052"

258°49'34.339"

26565636.027

0.004616741

4455.291

2:15:13

-15494237.186,

6656849.728

214°53'46.150"

54°54'43.563"

258°44'27.250"

26565825.538

0.004627411

4445.140

-20390134.716,

2:30:13

-17673944.060

4167400.033

-19258625.093

214°53'43.417"

54°54'44.362"

258°43'01.816"

26566121.269

0.004641458

4442307

2:45:13

-19546459.404

1605506.809

-17792302.428

214°53'40.954"

54°54'45.399"

258°45'47.501"

26566502.101

0.004656714

4447.761

3:00:13

-21079642.420

-984268.510)

-16017026.064

214°53'38.827"

54°54'46.609"

258°52'34.055"

26566941.414

0.004670912

4461.155

3:15:13

-22247373.548

-3556989.937

214°53'37.077"

54°54'47.915"

259°02'33.404"

26567408.171

0.004682021

4480.895

-13963998.220

3:30:13

-23029986.869

-6068147.422

-11669181.273

214°53'35.722"

54°54'49.233"

259°1429.045"

26567869.943

0.004688551

4504.447

3:45:13

-23414579.990

-8474440.940

-9172634.356

214°53'34.749"

54°54'50.481"

259°26'46.405"

26568294.398

0.004689754

4528.684

4:00:13

-23395198.037

-10734533.534

-6517783.644

214°53'34.124"

54°54'51.580"

259°37'47.731"

26568652.563

0.004685738

4550.377

4:15:13

-22972891.113

-12809759.693

-3750641.714

214°53'33.785"

54°54'52.462"

259°46'04.213"

26568919.762

0.004677421

4566.600

4:30:13

-22155647.295

-14664777.155

-918991.628

214°53'33.653"

54°54'53.076"

259°5029.845"

26569078.172

0.004666399

4575.184

4:45:13

-20958205.704

-16268151.702

1928448.528

214°53'33.637"

54°54'53.387"

259°50'30.089"

26569117.270

0.004654705

4575.007

5:00:13

-19401756.088

-17592866.539

214°53'33.637"

54°54'53.384"

259°46'08.748"

26569035.138

0.004644495

4566.218

4742865.360

5:15:13

-17513533.402

-18616749.531

7476179.543

214°53'33.552"

54°54'53.072"

259°38'07.380"

26568837.930

0.004637719

4550.214

5:30:13

-15326317.046,

-19322813.456,

10081851.282

214°53'33.289"

54°54'52.483"

259°27'39.453"

26568539.456

0.004635802

4529.449

5:45:13

-12877845.638

-19699506.291

12515649.442

214°53'32.766"

54°54'51.663"

259°16'19.613"

26568160.441

0.004639421

4507.068

6:00:13

-10210158.826,

-19740869.931

14736373.188

214°53'31.921"

54°54'50.676"

259°05'47.525"

26567726.695

0.004648387

4486.376

6:15:13

-7368878.135

-19446607.389

16706516.392

214°53'30.712"

54°54'49.596"

258°57'32.160"

26567267.536

0.004661674

4470.310

6:30:13

-4402438.975

-18822059.718

18392866.321

214°5329.123"

54°54'48.502"

258°52'37.793"

26566813.629

0.004677592

4460.980

6:45:13

-1361285.931

-17878094.934

19767029.494

214°5327.163"

54°54'47.476"

258°51'35.187"

26566395.206

0.004694039

4459.373

7:00:13

1702956.707

-16630912.217

20805878.678

214°5324.866"

54°54'46.594"

258°54'18.103"

26566039.803

0.004708829

4465.243

7:15:13

4738327.474

-15101765.363

21491916.204

214°5322.290"

54°54'45.921"

259°00'06.123"

26565770.856

0.004720003

4477.207

7:30:13

7693371.837

-13316610.127

21813549.687

214°53'19.512"

54°54'45.510"

259°07'51.454"

26565605.907

0.004726115

4492.972

7:45:13

10517976.768

-11305680.735

21765277.150

214°53'16.620"

54°54'45.394"

259°16'09.454"

26565555.645

0.004726422

4509.694

8:00:13

13164184.822

-9103001.265

21347779.375

214°53'13.712"

54°54'45.587"

259°23'30.328"

26565623.396

0.004720983

4524.361

8:15:13

15586976.937

-6745838.205

20567918.116

214°53'10.888"

54°54'46.082"

259°28'31.639"

26565804.541

0.004710659

4534.219

8:30:13

17745013.488

-4274101.103

19438639.540

214°53'08.239"

54°54'46.852"

259°30'10.281"

26566087.220

0.004696985

4537.167

8:45:13

19601323.016

-1729698.708

17978783.126

214°53'05.848"

54°54'47.850"

259°27'51.655"

26566452.861

0.004681962

4532.065

9:00:13

21123928.466

844141.146

214°53'03.779"

54°54'49.012"

259°21'36.976"

26566877.230

0.004667771

4518.976

16212797.239

9:15:13

22286400.808

3403579.085

14170363.502

214°53'02.074"

54°54'50.267"

259°12'03.981"

26567332.329

0.004656440

4499.190

9:30:13

23068330.304

5904889.438

11885933.415

214°53'00.751"

54°54'51.532"

259°0023.187"

26567787.759

0.004649539

4475.095

9:45:13

23455706.233

8305192.732

9398181.930

214°52'59.801"

54°54'52.725"

258°48'07.729"

26568212.827

0.004647924

4449842

10:00:13

23441196.588

10563184.216

6749384.151

214°52'59.189"

54°54'53.770"

258°36'58.020"

26568579.025

0.004651587

4426.826

10:15:13

23024320.237

12639846.462

3984723.037

214°52'58.859"

54°54'54.599"

258°2826.925"

26568860.973

0.004659671

4409.192

10:30:13

22211505.437

14499133.764

1151537.519

214°52'58.731"

54°54'55.158"

258°23'43.264"

26569039.223

0.004670595

4399.281

10:45:13

21016030.195

16108615.517

-1701477.764

214°52'58.715"

54°54'55.412"

258°2322.337"

26569100.959

0.004682313

4398.310

11:00:13

19457841.937

17440065.963

214°52'58.709"

54°54'55.348"

258°2720.594"

26569041.399

0.004692649

4406.192

-4525108.336,

11:15:13

17563256.273

18469987.885

-7270477.070

214°52'58.611"

54°54'54.972"

258°34'57.723"

26568863.866

0.004699621

4421.601

11:30:13

15364537.106

19180058.560

-9889907.233

214°52'58.325"

54°54'54.314"

258°45'02.863"

26568580.046

0.004701760

4442.175

11:45:13

12899363.047

19557487.405

-12337774.905

214°52'57.767"

54°54'53.424"

258°56'05.464"

26568209.116

0.004698329

4464.881

-8-




12:00:13

10210187.868

19595276.146

214°52'56.872"

54°54'52.366"

259°0628.529"

26567776.370

0.004689437

4486.454

-14571333.850

12:15:13

7343505.447

19292374.275

-16551495.863

214°52'55.598"

54°54'51.220"

259°14'41.816"

26567311.832

0.004676043

4503.835

12:30:13

4349032.219

18653724.698

-18243549.933

214°52'53.927"

54°54'50.067"

259°19'35.612"

26566847.856

0.004659823

4514.640

12:45:13

1278822.530

17690196.860

-19617804.658

214°52'51.873"

54°54'48.994"

259°20'31.728"

26566416.897

0.004642933

4517.522

13:00:13

-1813665.833

16418407.330

-20650139.714

214°52'49.472"

54°54'48.079"

259°17'30.039"

26566049.643

0.004627702

4512.399

13:15:13

-4874537.036

14860430.444

-21322454.042

214°52'46.787"

54°54'47.391"

259°11'10.527"

26565771.993

0.004616248

4500.526

13:30:13

-7850433.763

13043404.261

-21623000.848

214°52'43.901"

54°54'46.983"

259°02'47.437"

26565603.720

0.004610154

4484.307

13:45:13

-10689504.709

10999039.681

-21546602.032

214°52'40.910"

54°54'46.889"

258°53'57.386"

26565557.004

0.004610210

4466.903

14:00:13

-13342342.922

8763042.868

-21094737.589

214°52'37.916"

54°54'47.119"

258°4622.612"

26565635.306

0.004616272

4451.683

14:15:13

-15762875.687

6374463.131

-20275508.430

214°52'35.025"

54°54'47.664"

258°41'33.568"

26565833.144

0.004627293

4441.646

14:30:13

-17909187.966

3874980.107

-19103474.187

214°52'32.331"

54°54'48.490"

258°40'33.249"

26566136.829

0.004641514

4438.904

14:45:13

-19744263.087

1308145.367

214°5229.918"

54°54'49.546"

258°43'47.175"

26566524.742

0.004656732

4444346

-17599370.316

15:00:13

-21236626.701

-1281405.770

-15789711.652

214°5227.847"

54°54'50.763"

258°51'00.814"

26566969.745

0.004670685

4457.550

15:15:13

-22360882.407

-3848755.922

-13706291.932

214°5226.158"

54°54'52.063"

259°0122.684"

26567440.597

0.004681379

4476.885

15:30:13

-23098130.284

-6349504.783

-11385590.920

214°5224.863"

54°54'53.364"

259°13'33.217"

26567904.459

0.004687390

4499.797

15:45:13

-23436262.356

-8740550.154

-8868102.472

214°5223.947"

54°54'54.581"

259°25'56.282"

26568328.887

0.004688055

4523.185

16:00:13

-23370131.963

-10980836.308

-6197598.070

214°5223.369"

54°54'55.637"

259°36'53.826"

26568684.831

0.004683572

4543.883

16:15:13

-22901596.696

-13032056.245

-3420341.250

214°5223.067"

54°54'56.469"

259°44'58.195"

26568947.679

0.004674943

4559.064

16:30:13

-22039437.308

-14859296.132

-584268.605

214°5222.958"

54°54'57.024"

259°49'05.802"

26569099.800

0.004663834

4566.681

16:45:13

-20799157.270

-16431611.686

2261846.951

214°5222.950"

54°54'57.274"

259°48'45.919"

26569131.191

0.004652313

4565.765

17:00:13

-19202669.804

-17722528.318

5069235.401

214°5222.942"

54°54'57.209"

259°44'06.176"

26569040.215

0.004642542

4556.596

17:15:13

-17277880.869

-18710458.485

7789956.896)

214°5222.834"

54°54'56.840"

259°35'52.205"

26568833.678

0.004636431

4540.689

17:30:13

-15058178.060

-19379031.702

10377703.574

214°5222.534"

54°54'56.200"

259°2520.914"

26568526.105

0.004635335

4520.575

17:45:13

-12581836.276

-19717334.299

12788563.665

214°5221.965"

54°54'55.338"

259°14'08.631"

26568138.894

0.004639833

4499.404

18:00:13

-9891351.825

-19720057.574

14981736.910

214°5221.065"

54°54'54.321"

259°03'54.852"

26567698.473

0.004649626

4480.408

18:15:13

-7032716.923

-19387554.583

16920191.644

214°52'19.799"

54°54'53.223"

258°56'06.523"

26567234.562

0.004663598

4466.385

18:30:13

-4054646.769

-18725806.799

18571255.327

214°52'18.153"

54°54'52.126"

258°51'44.740"

26566778.418

0.004679976

4459.261

18:45:13

-1007771.257

-17746303.197

19907131.365

214°52'16.142"

54°54'51.108"

258°51'15.716"

26566360.421

0.004696618

4459.796

19:00:13

2056196.658

-16465835.022

20905336.550

214°52'13.804"

54°54'50.245"

258°5428.900"

26566008.052

0.004711342

4467.534

19:15:13

5085304.373

-14906210.338

21549054.251

214°52'11.198"

54°54'49.600"

259°00'40.017"

26565744.679

0.004722219

4480.906

19:30:13

8028203.284

-13093893.064

214°52'08.405"

54°54'49.223"

259°08'38.335"

26565587.292

0.004727876

4497.481

21827399.620

19:45:13

10834981.669

-11059571.825

21735593.928

214°52'05.513"

54°54'49.143"

259°16'57.838"

26565546.199

0.004727654

4514.342

20:00:13

13457975.758

-8837664.366

21275045.920

214°52'02.622"

54°54'49.372"

259°24'08.798"

26565623.725

0.004721719

4528.477

20:15:13

15852548.415

-6465763.946

20453338.894

214°51'59.828"

54°54'49.898"

259°28'50.300"

26565814.871

0.004711008

4537.195

20:30:13

17977824.718

-3984034.611

19284123.032

214°51'57.224"

54°54'50.692"

259°30'02.061"

26566106.789

0.004697136

4538.521

20:45:13

19797374.158

-1434562.929

17786913.270

214°51'54.886"

54°54'51.705"

259°27'13.755"

26566480.216

0.004682142

4531.507

21:00:13

21279829.053

1139325.629

15986794.026

214°51'52.876"

54°54'52.872"

259°20'30.795"

26566910.349

0.004668213

4516.415

21:15:13

22399429.267

3693776.614

13914033.097

214°51'51.233"

54°54'54.118"

259°10'35.339"

26567368.682

0.004657338

4494.754

21:30:13

23136483.460

6185133.074

214°51'49.970"

54°54'55.364"

258°58'40.916"

26567824.766

0.004651017

4469.089

11603608.229

21:45:13

23477737.750

8570668.046)

9094651.364

214°51'49.074"

54°54'56.528"

258°4622.679"

26568247.744

0.004650013

4442.711

22:00:13

23416643.408

10809311.717

6429816.776

214°51'48.509"

54°54'57.534"

258°3521.154"

26568609.105

0.004654225

4419.091

22:15:13

22953516.261

12862361.353

3654581.280

214°51'48.213"

54°54'58.316"

258°27'07.087"

26568884.011

0.004662696

4401.364

22:30:13

22095581.768

14694161.488

214°51'48.107"

54°54'58.823"

258°22'46.041"

26569053.451

0.004673783

4391.807

816486.030

22:45:13

20856901.555

16272741.714

-2035668.616

214°51'48.098"

54°54'59.024"

258°22'49.220"

26569105.210

0.004685407

4391.531

23:00:13

19258179.082

17570399.379

-4852662.260

214°51'48.084"

54°54'58.905"

258°27'08.982"

26569035.093

0.004695392

4400.322

23:15:13

17326444.495

18564214.861

-7585713.216

214°51'47.965"

54°54'58.478"

258°35'00.961"

26568847.339

0.004701802

4416.706

23:30:13

15094621.228

19236487.844

-10187341.194

214°51'47.644"

54°54'57.775"

258°45'11.555"

26568554.332

0.004703239

4438.199




214.905

214.9

214.895

rektascenze vystupniho uzlug [°]

214 .89

214.885

casova zmena rektascenze vystupniho uziu &
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214.875
214.87
214.865
21486 | | | | | | | |
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cas [hod]
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260

259.8

259.6

259.4

259.2

259

258.8

argument perigea o [°]

258.6

258.4

2568.2

258
0

2.657

2.6569

2.6568

2.6568

2.6568

hlavni poloosa a [m]

2.6567

2.6567

2.6566
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0
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|
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cas [hod]

10 casova zmena hlavni poloosy a

|
3 6 9 12 15 18 21 24
cas [hod]

-11 -



excentricitae

[sec]
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Zavér

Veskeré vypocty a grafy byly provedeny v programu Matlab.

Z grafického vyjadieni prubéhu Keplerovych elementd v pribéhu dne jsou patrné jejich periodické zmény, ptfiCemz
perioda nabyva hodnot ptiblizné Sest nebo dvanact hodin. Tato skute¢nost je zplisobena tim, Ze prislusna druzice obiha po
prakticky kruhové draze kolem Zemé dvakrat za jeden den.

Exapolis, dne 5.1.2004
Zden¢k Nejedly

Coih, Ty
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