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1.1. BBenaeHme B 3aJa4y ONpaKTHUKyMa.

YetoBEKOM CO37aHO MHOI'O MCKYCCTBEHHbIX HebecHbIX Tesl. HyKHbl OHU
JIsT M3yYeHus OKpYKaromieit Hac BcenmeHHOl, a Takyke A9 YIYUNTEeHUS
YCJIOBHI KU3HU Jiojieit Ha 3emie. B gacTtHoCcTH, /Ui obecriedyeHust paano-
CBA3M 110 Bceil 3emJjie B JMalla3oHe YJIBTPAKOPOTKHX PAIMOBOJIH CJIyZKaT
nckyccrsenubie cnyTaukn 3emuin (MIC3). Ha cnyTHMKax ycranaBiamBaioT
PEeTPAHCISTOPHI PAIMOCUTHAIOB. TakuMm obpas3om obecrieumBaeTcs IpUeM
TeJIeBU3MOHHBIX Tepe1ad Ha Beeit 3emute. Hanbostee noaxoasammmu J1Jist 3TO
LIeJIM OKA3bIBAIOTCS CIIYyTHUKH, JBUKYIIHECA HA IeOCTAIMOHAPHbBIX OPOUTAX.
OpuH reocTanMOHAPHBIN CIIyTHUK MOXKET ODECIeYWTh IMOCTOSIHHBINA MTPUeM
TEJIEBU3MOHHOTO CUTHAJIA HA OIPOMHOM YaCTH TOBEPXHOCTH 3eMju. Takwue
NC3 ocraroTcs moYTH HEMOABUKHBIMU OTHOCUTEIHHO MOBEPXHOCTH HAIIeH
mtaHeTbl. IloaToMy 151 IpueMa paguOoCUrHAJIA, CO CIIY THUKA HA 3eMJIe yCTa-
HABJIMBAIOT aHTEHHBI C YYBCTBUTEIbHOCTHIO B Y3KOM TeJeCHOM yTje B Ha-
MPABIEHUN HA CIYTHUK. DTO JAET BBIUTPHINT B MOITHOCTH TPUHUMAEMOTO
CUrHaJIa U B WH(POPMATUBHOCTU pajuoKaHaja. Hampasiienue anTeHHBI HA
reOCTAIMOHAPHBIN CIIYyTHUK OCTAETCH HEU3MEHHbIM.

Bce ati 0b6cTOATENHCTBA MPUBOIAT K IMTPODIEME TOTHOTO HABEIECHUS AH-
TEHHbI Ha, CIYTHHUK. l'eocTalmHapHbIe CIIYTHUKA MOYKHO BHUJIETH TOJBKO C
IIOMOIIIHI0 MOIITHBIX TEJIECKOIIOB HOYbIO B OY€Hb XOpoIyio rmoroay. Ha mpaxk-
TUKE HEOOXOAMMO HABOAWTH AHTEHHBI B JIFOOBIX YCJIOBHUSX, /IaKe Ha 0aJIKO-
HaX JKUJIBIX JOMOB. EcTecTBEeHHO MPUXOIUT UesT PACCUUTATH HAITpaBJIEHUE
Ha U3BECTHBIN IeOCTAIMOHAPHDBINA CIIyTHUK B 33/IaHHON TOYKE Ha ITOBEPXHO-
cru 3emun. [lockonbky MC3 apisiercss HeGeCHBIM TEJIOM, TO IIEPBOHAYAIb-
HO pacyeT HaITpaBJeHUs JIeJaeTcss Ha OCHOBE METOH0B HeOeCHONW MeXaHWKH.
AsuMyT 1 BBICOTA CITYTHUKA HAJ TOPU3OHTOM UCIIOIB3YIOTCS JIJIsI TTPeIBaPH-
TEJILHOTIO HaBEJACHUS aHTEHHLI. BoJjiee ToOYHAad HACTPONKA MOXKET JIeIaThCs
IIyTeM BapUalyuil HAIIPABJIEHUS JIJIs [IOJIyYeHUA HAWJIYYIIEero HprueMa TeJie-
BU3MOHHOTO CUTHAJIA.

BecbMma BepoATHO, YTO /I PeNIeHusl ONMUCAHHON 3a71a9u Ha KaKOM-TO
Jrare MOXKeT ObITh IPUBJIEYEH BBIIYCKHUK ACTPOHOMUYECKOI'O OTACIEHUS
duzdaka MI'Y. Urobbl Hay4duTh €ro 3TO JejaTh, CAYXKUT IIpejjiaraemMas
3a/1a9a MPaKTUKYMa.

1.2. IlocTranoBka 3agadvmn.

Bagaga N G1 dopmynaupyerca cieayoomuMm obpasom. [jst 3agaHHHO-
ro MecTa Ha 3emiie TpeOyercsa ONpeae/uTh a3UMYyT U YIJIOBYIO BBICOTY HA/I



TOPU30HTOM 33JIJAHHOTO TeOCTaIlMOHapHOro cryTHuKa. Mecto Ha 3emJe 3a-
naercda reorpadgudeckuvu koopannaramMu. CIyTHUK MOXKET HIACHTUQUIIN-
POBATHCSA TOJBKO JOJIIOTON IOACIYyTHUKOBOM TOYKM HA YKBATOPE 3EMJIH.
BBenem obo3HaveHus /s 3aJaHHBIX U MCKOMBIX BEJIMYHNH.

[TycTs manbl
Yo - reorpacduyecKkad MUPOTa HA3BEMHON TOYKH,

Ao - reorpaduyeckasi 10Jar0Ta, OCYuThiBaemMasi oT ['puHBUYCKOrO Mepuana-
Ha,
As - JOJTOTA TMOJICTYTHUKOBOM TOYKH.
Tpebyercst onpesenTb CaeAyIONe BeJIUInHbI:
A - a3UMyT CTyTHUKA,
H - yrnoBas BbICOTaA CITyTHUKA HAJ| TOPU3OHTOM.

s onpenesieHHOCTH OyeM U3MEPATh YIJIOBbIC BEJIMYUHBI B I'PAIyCcax.
ABMMYT OTCUHTBHIBAETCSA OT IOXKHOI'O HAIIPABJIEHHS MEPHUIAAHA B CTOPOHY
BocTOKa 0T 0 10 360 rpamycoB. B manHoit 3a1a9€ MOXKHO TTpeHeOpevh Hecde-
puunocThio 3emun. [IupoTy u goarory OyneM u3MepsTh B FeOIEeHTPUIECKOM
cucreMme KoopauHat. Pamuyc 3emimm R npuMem paBHbIM 6378 KM.

st peleHus 3aja4d HEOOXOJMMO 3HATDH IIOJIOXKEHHE CILyTHHUKA B IIPO-
crpancTBe. OHAKO HaM JIaHA TOJBKO OJTHA €r0 KOOPAWHATa — J0ar0Ta. H-
dopmarius 0 TOM, YeEMY PaBHBI IIIUPOTA U TEOIEHTPUIECKOE PACCTOSTHHUE T€0-
CTALMOHAPHOI'O CIIyTHHKA COJEPXKHUTCS B €r0 HA3BAHUU.

1.3. Cucrembl KoOpJaUHAT, IPUMEHIEMbIEe B 3a/aYe.

HOCKOJIbe FeOCTaHI/IOHaprlﬁ CIIyTHUK HeEIIoABUZKEH 110 OTHOIIEHUIO K
MTOBEPXHOCTH 3€MJIM, MbI Oy/IeM MPUMEHSATh 3KBATOPUAJIBbHYIO CUCTEMY Jie-
KapTOBBIX KOOPAMHAT, CBA3aHHYIO0 ¢ 3emuteil. Och 2’ HampasuMm OT IeHTpa
3emin B cepenblii nomoc, och ' B 'punBudcKkmii Mmepuauan, a och iy Oyaer
JOTOJHATH CUCTEMY KOOPAUHAT OO MPABOH.

Hapsnay ¢ paccMOTpeHHOI TeoIeHTPHYECKOH 3eMHOM 9KBATOPHAJIBHOM
CUCTEMOM KOOPJAMHAT PACCMOTPUM TI'OPU3OHTAJIBLHYIO CUCTEMY KOOPJIMHAT,
CBSI3aHHYIO C ILJIOCKOCTHIO TOPHU30HTA JAHHON TOYKM HA [IOBEPXHOCTH 3EMJIH.
31ech MbI OyJIeM MPUMEHATH YIIPOIIEHHOE TTOHATHE TOPU30HTA, KaK TJI0CKO-
CTU, NEPIECHANUKYJAAPHON TE€OICHTPUYECKOMY PaJUyCy-BEKTOPY NYHKTA HA
3€MHOMA OBEPXHOCTH.

B nasipHelieM myHKT Ha IOBEPXHOCTH 3E€MJIM, B KOTOPOM PACIIOJIaraer-
csl aHTEeHHa, HAIIPaBJIeHHAs Ha, COIYTHUK, Oy/JIeM Ha3bhIBaTh TaKxKeK oOcepBa-
TOpUEH.

Ocu ropu30HTAIBHON CHCTEMbI KOOPAUHAT C HAYAJIOM B TOUKE HAOJIIOIE-



Huit obosuaanm vepes ',y 2"”. Ocw ¢’/ manpasum B IOCKOCTH TOPU30HTA
10 MECTHOMY MEPHAMAaHy Ha 0T, & 0cb 2z - B 3enut. OGo3Ha4uM 9epe3 Ao, Qo
IOJIFOTY U MIAPOTY TOYKH IIOBEPXHOCTH B 3€MHOM 3KBATOPUAJILHOI CUCTEME
KoopauHAT. Torma CBA3bL MEKIY 3eMHOIl 9KBATOPUAJIBLHON M TOPU3OHTAJD-
HOI CHCTeMaMU KOOPJIMHAT BLIPA3ATCS COOTHOIICHUSAMNI

"= a2’ cos \g sin g + v’ sin A\g sin g — 2’ cos @,

= —z'sin A\g + ' cos Ao, (1)
2" = a' cos A cos g + 1y sin \g cos ¢g + 2" sin g — R,

1

rae R - reonenTpryeckoe paccTogHre TOYKH HaOIoaeHus. BoiBog aTux co-
orHoenuit gaercs B [lpunoxkenun 1.
Dopmyabl 0OPATHOTO TIEPEX0IA UMEIOT BU/I

' = x” sinpgcos A\g — y” sin A\g + (2" + R) cos ¢q cos Ao,
/

y' = 2’ sinpgsin \g + ¢y cos \g + (2" + R) cos g sin Ay, (2)
2zl = —x" cospp + (2" + R) sin .

1.4. OHpe,Z[eJIEHI/Ie oIMpoThl M TE€ONECHTPUYIECKOTIO PacCCTOdHUA
reocCcTalmmonapHOro CIIyTHHKA.

FeOCTaHHOHaprIﬁ CHyTHI/IK II049THU HEIIOABU>KEH OTHOCHUTECJIBHO 3€MHOU
MTOBEPXHOCTH. DTO IMPOUCXOIUT OT TOTO, YTO 3eMJIs BPAIAETCs, a CIyTHUK
JIBUXKETCS CUHXPOHHO BOKPYT 3€MJIM IOYTH B IJIOCKOCTH YKBATOPA IO TIO-
4T Kpyrosoii opbure. Ero jBukeHue I0ABEPKEHO BJIUMSIHUIO Pa3JIAIHBIX
$aKTOPOB: HEIEHTPATLHOCTH I'PABUTAIIMOHHOTO TOJsT 3€MIN, TPUTSIKEHUTO
JIyubsr u CostHia, cBeToBOMY AaBJyieHuio. [loaTomy ecsim ObI MOXKHO OBLTIO 3a-
MYCTUTH CIYTHUK TOYHO HA KPYTOBYIO OPOUTY B IJIOCKOCTH IKBATOpPa 3eM-
JIA, Yepe3 HEKOTOPOe BPeMs ero TpaeKTopusi nepecrasia Obl ObITb KPYIOBOMX
¥ BBIMJIA OBl W3 TIJTOCKOCTH KBATOPA. UTOOBI BHIMOIHATH CBOW (DYHKITUN
PeTPAHCIATOPA, OPOUTA CIYTHUKA KOPPEKTUPYETCss OPOUTY BpeMsi OT Bpe-
MEHHM C ITOMOIIbI0 MUKPOBUTATE/IEH 110 KOMAHIAM C 3EMJIN.

B z3ajiaue npakTtukyma Mbl Oylaem npeHedperaTb OTKJIOHEHUSIMUA CITYT-
HUKA OT TOYHOHM TreocTarmoHapHON opOuThl. Ilpw 3TOM CHyTHHMK HOJIKeH
JIBUTATHCA B IIOCKOCTH 3KBaropa. CiieoBaTesibHO ero HebecHas IHAPOTA,
U3BECTHA U PABHA HYJIIO.

N3 mpenmono:keHnst 0 TeOCTAIMOHAPHOCTH CIIYTHUKA, CPa3y HAXOIUTCS
repuoa ero ooparienus. OH paBeH TMEePUOAY BPAIEHUS 3eMJIH, T. €. 3Be3/I-
HbIM cyTKaMm. OTCI0/1a OIpeesigeTcs cpeaHee IBUKEHNEe CITYTHUKA,

n = 1.002737811906325 obopor/cyTKu.



YTo KacaeTcsi reoIeHTPUIECKOr0 PACCTOSTHUsSI CIIYTHHUKA, TO TEMepPh €ro
MOXKHO HafiTu 110 3aKOHy HebOecHoii mexanuku. O603HaYIUM OOJIBIIYIO ITO-
JIyoCb OpOHMTBHI CIIyTHHKa depe3 a. B Hamem ciaydae 310 pajauyc OpOWTHI,
a CJIeOBATHJIBLHO W TeolleHTpuyYeckoe paccrosaue. Tpernit 3akon Kemmepa
dopMyJIIpyeTCs TaK:

n? a® = Gm,

riae G - yHUBepcaJibHas TPABUTAIIMOHHAS TTOCTOSTHHAS, 8 M - MacCa 3eMJIH.
MokHO TpUOINKEHHO TPUHSITH

Gm = 398601.3 km” /c?,

Tenepb BIIOJIHE XBaTaeT JaHHBIX, 9TOOBI BBIYUCIINTH reoueHTpuieCckoe
PacCCTOAdHME CIIYTHHKA .

1.5. HOpSI,Z[OK BbIuncJjieHnud MCKOMBIX BeJIMYNH.

Cuadgajia HaXOIUM MIPSIMOYTOJIbHBIE KOOPAUHATHI CITYTHUKA, B T€OICHTPH-
YEeCKOU cucreMe:

2’ =acos)hs, y =asin),, 2 =0.

Hanee mo ¢popmynam (1) Beraucisiem koopauHaTh! cirytauka ',y 2" B ro-
PU3OHTAJILHOI CUCTeMe KOOPJAMHAT ¢ HA9aJIOM B 38JaHHOM HA3EMHOM ITyHK-
te. Jlaaee nckomble HeGECHbBIE YIVIOBbIC KOOPAUHATHL CIIy THUKA, BHIYUCISIOT-
cs o popMyIam

1/ !/

tgA:y— tg H = ©

"7 2 3"
€T /x// + y//

g opHo3HavHOro omnpenenenna A ciemyer ydecrb, 94ro cos A mmeer TOT
’Ke 3HaK, 4ro u T’

1.6. Meroandeckoe ykaszanme o (HopMyJHUPOBKe 3aJlaun Ka K-
JOMY CTYOAEHTY

P opMyJIMPOBKA 3aa49M AJIA KaXKJIOTO CTYACHTA 3aKJII0YACTCA B 3aJaHUN
3HAUEHUM BEJIUYUH: (0o - LIMPOTA HA3EMHON TOYKKU HADOJIIOIEHNUS,
Ao - JIOJITOTa, OCUYUTHhIBaeMasi OT ['pMHBUYCKOTO MepHIUaHa,
As - JIOJITOTA TOACIYTHUKOBON TOYKH.

9TO MOryT OBITH JIIOObIe 3HAUYEHUA B IPEHEIax BO3MOXKHBIX.



Jns peanu3anyy MeTOa U BBITOJHEHUA MPAKTUKYMa MOXKHO ITPEIJIO-
>KUTDH CTYAEHTY COCTAaBJICHHME BBIYUC/IUTEIBLHOMN IIPOrPaMMbI Ha, JIIOOOM A3bI-
Ke IIPOrpaMMUPOBAHHUA.

1.7. Popma oTdeTa IO 3aJade NpaKTHUKyMa.

KaxkmoMy cTyneHTy TpejjiaraeTcss OJWH BapUAHT MCXOAHBIX JTAHHBIX.
ITocse perteHust 3a4a49u CTYAEHT JOJKEH IMOATOTOBUTH MUCHhMEHHBIA OTYeT
110 CJIAYINEMY IIJIaQHY:
1. Beenenue (O yem wmaer peun? Ilouemy BO3HHMKAIOT PACCMATPUBAEMBIE
npobOsiembr? 3adeM 3TO HYKHO?).
2. ITocranoska 3amadn (Ilenb nccnenoanusa. Yro gano? Yro onpenenurs?).
3. Onucanue 1oc/aeI0BaTeIbHOCTH BbIYUCACHUN C IPUBEACHUEM IIPUMEHsIe-
MbIX (POPMY.JI.
4. 3amanne NCXOAHBIX JTAHHBIX.
5. Ilomydennbie pe3yabTaThl.

B 1mestom Takoit oryeT MOXKeT UMeTh 00beM 2-3 CTPAHUIIBL.



1.8. IIpumepbl BBIYKCJIEHMIA.

[Tpumep 1.
Ncxomnbie TaHHbIE:
©o = 55.0 rpai.,
Ao = 37.0 rpa.,
As = 15.0 rpan.
PesyabTarhl BeIYuCICHMIA:
a = 42164.202626042599 xw,
A = 333.746335059321 rpa.,
H = 24.197165673464 rpa,.

[Ipumep 2.
Wcxonnble TaHHBIE:
wo = 45.0 rpas.,
Ag = 67.0 rpaa.,
As = 55.0 rpa.
PesynmbTaThr BEIIMCIEHMIL:
a = 42164.202626042599 xwM,
A = 343.269202452725 rpaa.,
H = 36.804744895847 rpan.

[Tpumep 3.
Ucxonnble 1aHHBbIE:
po = 66.0 rpas.,
Ao = 35.0 rpa.,
As = 40.0 rpaz.
Pe3ysibraThl BbIYUCIEHUIA:
a = 42164.202626042599 xwM,
A = 5.470433967700 rpan.,
H = 15.522337715346 rpa.



JIuteparypa

1. CupaBo4Hoe pyKOBOJICTBO 110 HEOECHOII MEeXaHUKEe U acTpoanHaMmuke. V3-
nmanue 2-e, mepepaborannoe u nonoauennoe. / [lox pen. I H. dy6omuHa.
— M.: Hayka, 1976, 862 c.



Puc. 1: TeoskBaTopuanbHasi, TOPU30HTAIHLHAS U TPOMEKYTOUHBIE CUCTEMBbI
KOOPJWHAT.

IIpnnoxxeume. BriBoa dopmys cBa3u MeXX/y 3€MHOI 3KBaTOPU-
aJbHOU M rOPU30HTAJIBHOI cUCTeMaMu KOOPAWHAT.

BreiBeneMm 31ech pOpMyYJIbI CBA3M MEXKJYy 3€MHOM 3KBATOPHAJILHOA U Iro-
PU3OHTAILHOR cucTeMaMn KoopanHaT. Och 3TUX CHCTeM KOOPAMHAT U IIPO-
MEXKYTOYHBIX crucTeM m3o0paxkenbl Ha Puc. 1. Ha pucynkax G obo3Hadaer
reolLeHTP, a 1 — moJioXKeHue IIyHKTa, HaOJoAeHuss uin TornouenTp. Hagamno
3EMHOIl 9KBATOPHUAJIBHONM cuCTeMbl KOOpanHAT &, 1y, 2/ pacnono:keHo B reo-
IeTpe, a Hadaso 3eMHON rOpu30HTaJIbHON cucteMbl x,y", 2" — B Tomonen-
tpe. Ocu 2”7, 2" nmexkar B MepUIMOHAIBLHON IIJIOCKOCTH, IIPOXOAAIIECH depes
TOIOLEHTP, IPpAIEeM OCh &’/ HAIIpaBIeHa B ILIOCKOCTH MOPU30HTA B CTOPOHY
1ora, a ock 2’ Hanpasnena B 3enutT. Ock 3" JOmOMHAET CHCTEMY KOODIMHAT
110 TIPaBO M HAIPABJIEHA B IJIOCKOCTU TOPU30HTA, B TOUKY BOCTOKA.

PaccMOTpuM IOMOMHATENIHHO JBE IPOMEXKYTOUHBIE CUCTEMbI KOODIUHAT.
Cucrema G, x*,y*, z* reoneHTputiecKas, ocu £*, y* JexKar B ILIOCKOCTH 3€M-
HOT'O 9KBATOPA, OCh £ HAINIPBJIEHA 10 MePUAUaHy yHKTa HabroaeHns. Ode-
BUIHO, 9TO CBA3L Mexkay cucremamu x'”,y”, 2" n x*, y*, 2* Beipasurca dpop-
MyJIAMH

x* = 2’ cos \g + v sin Ao,
y* = —a’sin A\g + 1y’ cos Ao, (3)
2* =27,

rae \g - reorpaduyecKkas J0JAr0Ta IIyHKTa HAOIIOIEHMSI.



PaccmoTpum errie 0/IHY TPOMEXKYTOYHYIO TEOTIEHTPUYECKYIO CUCTEMY KO-
opaunar G,x**, y**, z**. Ocu x**,2*" npexar Ha MepuAuaHe IIYHKTA Ha-
OJroeHusi, OCh 2** HallpaBjeHa B TOIOIEHTP, OCb Y™ JAOIOJIHAET CUCTEMY
o mpaBoit. Jlerko Bumerh Ha Puc.l, uTo cucTtembl KoopauHaT ¥, y*, 2* u

¥ y** 2% ceasanbl popmynaMn
¥ = 2" sin g — 2" cos @y,
kk %

2** = x* cos g + 2* sin .

OueBniHO, 9TO cucuTeMBI KoopanuaTr G, x**, y**, z** u T, 2", y", 2" pas-
JINYAIOTCS CABATOM Ha BEJIMYUHY FEOIEHTPUYECKOr0 PACCTOSTHUA R IMyHKTA,
Habogenundg. Takum obpa3oMm umeeMm

1! (E**,
y// y**7 (5)
2 =2 —R.

Teneps, nogacrasiss dopmyssl (3) B (4), a 3arem B dopmybt (5). mo-
ayaum cooTHomerus (1).
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