TEMA Ne 1. Ocnossl noctpoenus 3PC.
3AHATHUE Ne 3. Cuctemsl KoOpAuHAT, ucnonbzyeMbie B 3PC.

VY4eOHbIe BONPOCHI

1. Heob6xomuMocTh TpUMEHEHUS! Pa3IHYHBIX CHCTEM KOOpPIAMHAT B OJHOM
3PC.

2. HaznaueHwue, 00JacTd MPUMEHEHHs] W CYIIHOCTh CHCTEM KOOPJIWHAT,

ucrnonbzyemsix B 3PC.

1. HEOBXOANMOCTD IIPUMEHEHHMA PA3JIMYHBIX CUCTEM
KOOPJJUHAT B OJTHOM 3PC

3HaTh MECTOMOJIOKEHUE LENH B MPOCTPAHCTBE U MapamMeTPhl €€ JBHKECHUS
HEO0OXOIUMO ISl IOCIIEA0BATENBHOTO BBITTOJIHEHHS CIIEYIOIINX OCHOBHBIX 3a]1ay:

— TIOWCKa U OOHAPYKECHHUS TIeJIeH;

— Boigaun ueneykaszanus ¢ KIIC na 3PK u Beitaun o6patHoit nuHpopManuu
¢ 3PK na KIIC;

— U3MEPEHMS TEKYIINX KOOPAWHAT U MapaMETPOB JBUKECHUS LIEJIEN U PAKET
CTaHUMEN CONPOBOXKICHUS LIEJIEW U HaBEJICHUS HA HUX PAKET;

— BBIPAOOTKM KOMaH/ YIpaBieHUs U HABEJCHUS paKkeT Ha LEH.

Pemienne  BBIIECNIEPEYMCIEHHBIX  33Ja4,  BO3MOXHO  TOJIBKO  C
MCIIOJIb30BaHUEM PA3JIMYHBIX CUCTEM KOOPJAMHAT, TAKUMU KaK:

— OpSIMOYTOJIbHAsI CHCTEMA KOOPIMHAT;

— MECTHas 3€MHAasl CUCTEMA KOOPJWHAT;

— OMKOHHYECKas CHCTeMa KOOPANHAT;

— cdepuueckas cuctema KOOpAuHaT;

— mapamMeTrpuyeckas (KypcoBasi) CHCTeMa KOOPIMHAT;

— CTapTOBasi CUCTEMA KOOPJAWHAT;

— CBsI3aHHAs CUCTEMAa KOOPAMUHAT;

— CKOPOCTHasdA CUCTCMA KOOPpAUHAT.
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Puc. 1. CucreMbl koopauHAT NpUMeHsieMble B coBpeMeHHbIX 3PC n nx

B3aUMOCBSI3b (BapHaHT)

B mecmmnoti 3emnoii cucmeme xoopounam (puc. 1), npencrapisitomieid coooun
MpaByl0 JCKApTOBY IMPSAMOYIOJIbHYIO cuctemy koopauHat (X,Y,Z), moxer
OCYIIECTBIIAThCA ToiyueHue 1eneykasanus ¢ KIIC wu Beimaua oOpaTHOM
nndopmanuu Ha KIIC ot 3PK. D10 cBsizano ¢ TeMm, uro, kak npasuio, KIIC u 3PK
OPUCHTHPOBAHHBI HA MECTHOCTH B HPAMOY2OJbHOU cucmeme Koopounam. Jlns
ATOTO, 3a Hayajgo OT4eTa KOOPAMHAT, B ATOM CHCTEME, MOXXET NPUHUMATHCA,
HarpuMep, TOUKa CTOSIHUS TyHKTa TOCYAapCTBEHHOM Ieo/1e3uueckoit ceTu. B cBoto

oucpecab, MCCTHAasA 3CMHad CHCTCMA KOOPpAHWHAT ABJISICTCA MOI[I/I(i)I/IKaHHCfI
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MPSIMOYTOJILHON cucTeMbl. (CyuyHocms 0aHHOU cucmembl U NOPSIOOK OnpeoeieHus
NPAMOY20JIbHBIX  KOOPOUHAM  OblIU  U3YHUEeHbl HA 3AHAMUAX NO  OUCYUNIUHE
«Boennas  monoepaghusin).  IlooroMy  KOOpAWHATBHI, HW3MEpPEHHBIC WM
MEPECUYNTAHHBIC B MECTHOM 3€MHOM CUCTEME, TaK)KE HA3bIBAIOT MPSMOYTOJIbHBIMH.

3a Hayajo oTcyeTa 3TOH CHUCTEMBI KOOPJIWHAT MOXKET MPHHHMATHCS TOYKA
cTossHHMsl aHTeHHOro mocta PJIC (Hampumep, MPOEKIMS Ha IMOBEPXHOCTH 3EMIIH
[EHTpa AaHTEHHOTO TIIOJIOTHA paguoiioKaTopa OOHapy)KeHHUS WM CTaHIUH
COIPOBOKICHUS IIeJICH M HaBEICHUS Ha HUX PAKeT).

B Ouxonuueckoii  cucmeme  xoopounam (U, ,90,,0,)  MOXET

OCYIIECTBIISITHCS MOJIy4eHHEe HHPOPMALIMK O TEKYIIMX KOOPAMHATAX U TapaMeTpax
JIBUKCHUS LIEJICU U PAKET.

B 910l cucTteMe KOOpAMHAT HAyalo OTCYETA TAKKE MOXKET COBIAJATH C
LIEHTpOM aHTeHHoro nojoTtHa PJIC.

Takum o00pa3oM, U3MEpEHHblEe TEKYyIIHE KOOPAMHATHI IIeJied W pakeT B
OumKoHHWYeCcKoW cucreme koopauHat, s Bbimaun ux Ha KIIC ¢ 3PK,
npeoOpa3yloTcsi B UTOT€ B MECTHYIO 3eMHYI0 cucteMy koopauHaT B [IBK 3PK

Otu, BeruucieHHsle B LIBK 3PK, mpsimMoyronbpHble KOOpIHWHATBHI LEJIEH U
3YP wucnone3ytorcs Ha KIIC pgns pemeHus 3agad  LENepaclpesiesieHUs U
ueneykazanus (LIP u [1Y) u koHTpoIIst 60€BBIX NEeHCTBUM.

Coepuueckas cucmema koopounam (A, , B ,€ ) MOKET UCTIONB30BATHCS AJIS

peleHus 3aa4 aBTOHOMHOT'O TIOMCKa IeJiel KaK B paIuOJIOKAIIMOHHBIX CPEICTBAX
KIIC, tak u B panuonokanuonnsix cpeacrsax 3PK (mampumep, 8 PIIH u HBO),
MIPU UX CaMOCTOSITEIbHOM BeJleHHH 00eBbIX nericTBuil (06e3 Boigauu 1Y ¢ KIIC).

B napamempuuecrou (kypcosou) cucmeme xoopounam (L,P,H) MOXeT
OCYIIECTBIISITLCS OMpeJesieHne rpaHull 30HbI nopaxenus 3PK u Touku BcTpeuun
PaKeThl ¢ LEJbIO (PeIlIeHHE 3a/1auu MyCKa).

[TonoxxeHne Hayama KOOPAMHAT ATOM CHUCTEMBI, KaK IPaBUJIO, COBMAJACT C
TOYKOM CTOSTHUSI aHTEHHOT'O IOCTa CTAHIIMU COMPOBOXKIACHUS LIeJIeH U HaBEJICHUs Ha

Hux paket (PITH).
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Jlns onpenenenus opueHTauu 3YP B IpoCTpaHCTBE BBOJAT HEMOABUKHYIO
OTHOCUTEJIBHO €€ KOHCTPYKIIMA CHUCTEMY KOOPAMHAT, KOTOPYIO Ha3bIBAIOT
cesazannou cucmemoui koopournam (0Xee y OYeo , OZe).

B cmapmosou cucmeme xoopounam (OXem y OYem y OZcwm), Kak MpaBuiIo,
MIPOU3BOJIATCSI PACUEThl, HEOOXOIUMBIC JJIsI BBIBEJACHUS PAKETHI MOCE CTapTa Ha
KMHEMAaTUYECKYIO TPAEKTOPUIO METO1a HABEACHHUS.

Hauano ctapToBoii M CBA3aHHOW CUCTEM KOOPAMHAT COBHAJAET C LIEHTPOM
MAacC PaKeThl.

B crxopocmuou cucmeme roopounam (0X,, OY,, 0Z,) onpenensrorcs
OTHOCUTEJIbHBIE KoOopauHaThl 3YP B mosere, OIEHUBAIOTCS OIIMOKU HABEICHUS
3VP nns BeIpaOOTKM KOMaH]J ympaBieHUs pakerod. Hawamo koopauHaT STOM
CHUCTEMBI TaK)K€ HAXOAUTCS B LICHTPE MACC PAKETHI.

B wurore, uM3MepeHHbIE OTHOCHUTEIbHBIE KOoOpaAuHAThl 3YP B monere, B
JTabHEUIIIEM UCTIONB3YIOTCS B CTAHIIMU COMPOBOXKIACHHUS LTI U HABEICHUS Ha HUX
pPakeT COBMECTHO C MPSMOYTOJIBHBIMU KOOPAWHATAMH TIEJIA U PAKETHI JIJIs1 BRIpAaOOTKH
KoMaH/ yrnpasieHus 3YP.

Brei6op ka0l KOHKPETHOM CHCTEMBI KOOPAMHAT MOXKET OIPEISIATHCS
pa3uHbIMU (haKTOpaMHU:

— ycnoBUSMU 00€BOM 3a/1auu, BeITIONTHsIeMON nanHoi 3PC;

— TpeOOBaHHEM MPOCTOTHl KOHCTPYKIIUU AHTCHH M MYCKOBBIX YCTAaHOBOK;

— TpeOOBaHHEM CHIDKCHHS TUHAMHYECKUX OIIMOOK B MPOIIECCe HABEICHUS
3VYP Ha uens;

— TPOCTOTHI MPOU3BOAUMBIX PACUETOB U JIPYTUMH (haKTOPaMH.

Jlnst perieHust OTACNBHBIX CHEU(PUUIECKUX 3aad MOTYT OBITh TMPUMEHEHBI

Pa3JINYHLBIC MOI[I/I(i)I/IKaI_II/II/I BBIIICIICPCUYNUCIICHHBIX CUCTEM KOOPAUHAT.

1. HASBHAYEHUE, OBJIACTU [TPUMEHEHUA U CYIIIHOCTb CUCTEM
KOOPIMHAT, UCIIOJIB3YEMBIX B 3PC
BennuuHbl, 0JHO3HAYHO ONPEAEIIAONINE IT0JI0KEHUE LIEJIU B IIPOCTPAHCTBE,

Ha3bIBArOTCA KoopduHamaMu yeiu.
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[TonoxeHue 1enn B HMPOCTPAHCTBE MOXKET OBITH ONPEIEIIEHO TOJIBKO 10
OTHOIICHUIO K KakuM — JIMOO JpyruM TejaMm, KOTOpbI€ Ha3bIBAIOTCS TEJIAMHU
oTcyeTa (CONHIE, LIEHTP 3€MJIU, ONIPEEICHHAs TOYKa Ha IOBEPXHOCTU 3€MJIU U T.
a.). C Tenom oTcuera (HA4ajJOM OTCYETA) CBSI3BIBACTCS ONpPEAEIICHHAs CHUCTEMa
KOOpAMHAT.

B obmem ciydae g omnpeneneHuss MECTOIOJIOXKEHUS JIeTaTeJbHBIX
anmnapaTtoB MOTYT MPUMEHSATHCS 3eMHbIE (HEMOABUKHBIE OTHOCUTENIBHO 3eMJIHN) U
CBsI3aHHbIE (ITOJIBH)KHBIE OTHOCUTEIBHO 3€MJIM) CUCTEMbI KOOPIUHAT.

Mecmuas 3emnas cucmema KoopOouwam, TPEICTABIAET COOOW IPaByIo
JIEKapTOBY MPSIMOYToJibHYIO cuctemy koopaunar ( X,Y,Z) (puc.2).

3a Hayalo OTCYETa 3TOM CHCTEMbl KOOPAMHAT, KAK YyX€ ObLIO CKa3aHo,
MOXXET mpuHUMaThcsi Touka cTosiHus PJIC (mpoekuus Ha MOBEPXHOCTb 3EMIIU
LEHTpa aHTeHHoro mnosiotHa). Ocb OX, Kak MpaBWIO, OPUEHTHPOBaHA B
HalpaBJICHUU Ha ceBep, ocb QY HampaBieHa BEPTUKAJIBHO BBEpX, a ock OZ
HaIpaBJieHa Ha BOCTOK.

ITnockocte XOZ — ropu3oHTalbHas, TO €CTh COBIAJAET C IUIOCKOCTBHIO
MECTHOI'O TOPU30HTA.

B 6ukonuueckoii cucmeme koopounam (M, ,9,,9,) (puc.Ne3, cnaiin Ne3)

HayaJlo OTYeTa TOKE COBMAJaeT € LEHTpoM aHTeHHoro mnonotHa PJIC, dro
MO3BOJIIET OTHOCUTENIBHO JIETKO IEPECUUTHIBATH OMKOHMUYECKHE KOOPIAWHATHI B
npsiMmoyroibHbie. Ock OX, HampaBjieHa MO HOPMAJIM K IUIOCKOCTH aHTEHHOTO
MoJIoOTHa, ocb OY, HanpaBieHa TMepneHIuKyIsipHo ocu OX,, ocb O0Z,
pacmnosiokeHa B MIIOCKOCTH aHTEHHOTO TOJIOTHA M HaMpaBiieHa BIpaBo oT ocu OX..

MecrononoxxeHue 1enu B OITOW CUCTEME KOOpAMHAT OmIpenensercs

KOOpANHATaAMM:



Puc.2. MecTtHas 3eMHasi cuCTeMa KOOpAHWHAT

A, - HAKIIOHHOW JJaJIbHOCTBIO J10 1IEJIN;

@, - HAaKJIOHHBIM YIJIOM MEXIY NPOEKIHeH JUHUM BU3WPOBAHUS IIETH Ha
IUIOCKOCTh X ,0Z, ¥ BepTUKaIbHOU Iu1ockocThi0 X ,0Y,, ;

@®g - BEPTUKAJIBHBIM YIJIOM MEXAY JHMHUEH BHU3UPOBAaHUS LEIU U €€
npoeknuen Ha miaockocts X ,0Z, .

B ceepuuecxou cucmeme xoopounam (A,, P, &) (puc. 4) yron B

Ha3bIBaeTCA asumymom (yroi B TOPU3OHTAIBHOU MIIOCKOCTH) U 00Opa30BaH OCHIO
OX, HamnpaBJIEHHON Ha CEBEp, W MPOECKUHUEN JHMHUM BHU3WPOBAHMS IENU Ha
TOPU30HTAIBHYIO IJIOCKOCTh XOZ, a yron € HasbpIBaeTcs yenom mecma (yroi B
BEPTUKAJIBHON MIOCKOCTH) M 00pa3oBaH IJIOCKOCThI0 XOZ W HalpaBieHUEM Ha
1enb; KoopauHaTta /{, - HaKJIOHHas! JAJIBHOCTH 10 LIEIIN.

Taxum oOpazom, 715 onpeiesieHrs HaKJIOHHOW JaJIbHOCTU B OMKOHUYECKOU

u C(i)CpPI‘ICCKOﬁ CUCTCMAX KOOPAWHAT JOCTATOYHO M3MCPHUTHL BPCM:A, HA3BIBACMOC

8pemeneM 3anazobl8aHus t;, 33 KOTOPOE PaMOIOKAIIMOHHBINA CUTHAII



Puc. 3. bukonnueckas cucrema KOOpJAUHAT

AY
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Puc. 4. Chepuueckas cucrema KOOpJIUHAT

pacnpocTpaHsieTcs 10 1eau u o0paTHo. Tak Kak 3a 3TO BpeMs AJIEKTPOMarHuTHas

BOJIHA IIPOXOOUT PACCTOAHUC, PABHOC YI[BOCHHOﬁ JaJIbBHOCTH 10 LCIU, TO:

A,=— (1)

Onpenenenne yriaoBeix koopauHart (f,€ um @y, Pg) OCHOBBIBAETCSA HA
HanpaBiaeHHOCTH JaeiicTtBusi PJIC, koTopble u3JIy4alT, a, CIEI0BATEIbHO, H
MPUHUMAIOT 3JIEKTPOMArHUTHYIO SHEPTUIO B OIPEIECIIEHHOM YTIIE.

3Has yrjioBble KOOPJUHATHI U HAKJIOHHYIO JAJbHOCTH /10 LIEJIM, MOXKHO TIPHU

HEOOXOAMMOCTH OIPEACIUTh €¢ BhicoTy H,,, Hampumep:
H, =/l.cos € v H, = /lucos Pg (2)

B mapamerpuueckoit (kypcoBoit) cucteme koopaunar (Ly, Py, Hy) (puc. 5)
MOJIOKEHHE 1IeJIM B IPOCTPAHCTBE OMPEAEIIeTCs CASAYIOMUMH KOOPIUHATAMMU:
— L, — KypcOBOU JaIbHOCTBIO LIETH;
— P, — napameTpoM Lenu;
— H, — BpICOTOM LIENN.
Ocu KoOpJMHAT CUCTEMBI OPUEHTUPOBAHBI CIEAYIOUIUM 00pa30M:

— ocb OL nexur B FOpI/ISOHTaHBHOﬁ IUNIOCKOCTH M BCCrJa IIapaJlIC/IbHA

MMpOCKIMN BCKTOpAa CKOPOCTHU NCIIN Vu Ha 39Ty INNIOCKOCTb, 4 HAIIPABJIICHUC

BO3pAaCTaHUA KOOPANHATBI L IMPOTHUBOIIOJIOKHO ITPOCKINH BCKTOPA CKOPOCTH LCIIN,

— ocb OP nexur B FOpHSOHTaHBHOﬁ IUIOCKOCTU U NCPIICHAUKYJISIPHA OCH

OL;
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— ocb OH nepneHauKyisspHa iockoctd LOP u HanpaBieHa BEPTUKAJIbHO
BBEPX.

[TonoxxeHne Havana KOOPAMHAT CUCTEMBI COBIAAAET ¢ Toukoil ctostHus PJIC.

Puc. 5. Tlapamerpuueckas (KypcoBasi) cUCTEMa KOOPIUHAT

llapamemp oOsudicenus yenu P, ecTb KpaTyaiilliee pacCTOSTHUE OT Hauaja

KOOPpAWHAT 4O TOYKHU IICPCCCUCHU:A IMPOCKIHNH KypCa LCIN Vue B FOpI/IBOHTaJIBHOﬁ

IUIOCKOCTH ¢ 0Ccbto OP.
[TapameTp 1€ MOKET OBITh MpPaBbIM, JHOO JIEBHIM OTHOCHUTEIHLHO Hayana
KOOpAMHAT.

Kypcosvim yenom osudicenus yenu gy Ha3bIBA€TCS yroll B TOPU30OHTAIBHOU

IIOCKOCTHU MCKAY HAIIPaBJICHUCM IIPOCKIUU KypCa ICJIN Vue N HAIIpaBJICHUCM Ha

PCJI. Kypcosoii yron usmensiercs ot 0° no 180°. Msmenenue kypcosoro yria ot 0°
110 90° o3nauaeT npubmmKeHue uenu, a usMenenue ot 90° no 180° — ee ynanenue.
[Ipu MaHeBpe 1ean MEHSETCS €€ KypC, U OCH KYPCOBOM CHCTEMBbI KOOPIUHAT

pa3BopauMBalOTCd TakuM o0Opa3oM, 4YTOObl och OL Bcerja ocraBajach
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napajsienbHOM Kypcey menu. [Ipu 3ToM, Kak MpaBUiIO, W3MEHSETCS MOJIOKEHUE
METOK I'paHUIl 30HBI MOPAKEHUS U TOYKU BCTpeun Ha uHaukaropax PJIC.

B obmiem Buae nepexoa OT CUCTEMBI TPSMOYTOJIBHBIX KOOPAUHAT K APYTHUM
MOKET OCYILECTBIATHCS 1O (hOpMyiaM aHATUTHUYECKON T€OMETPHUH.

Hanmpumep, mnepexom oT nOpAMOYrojbHOH K cdepuyeckoil cucreme
KOOPJMHAT MOKET MPOUCXOAUTH MO CIEAYIOIUM COOTHOIICHUSIM:

X =rcos ¢ cos f;
Y =rsin g 4)
Z =r cos & sin f3,

II€ ¥ — PaJllyC HAKJIOHHOM JAIbHOCTH 10 LU n.

A mepexoJ OT NHapaMeTpuyeckod K cepuueckoll cucteme, Hampumep,
MOJKET MPOUCXOAUTH CIETYIOININM 00pa3oM:

P =r cos ¢ sin q;
S =rcos ¢ cos q; (5)
H =rsin g,

IIe ¥ — PaJllyC HAKJIOHHOM JAJIbHOCTH 10 LEeNu n.

[Tonoxxenne 3YP B mpocTpaHcTBE B JIIO00OH MOMEHT BpPEMEHHU JOJIKHO
ONpEEeNAThCS IIECTbI0 KOOpAMHATAMU: TpeMsi KOOpJAWHATAaMU LEHTpa Macc
pakeTbl W TpeMs yrllaMH, XapakKTepU3YIOIIMMHU  OPUEHTALMI0  PaKEThl
OTHOCUTEJIBHO 3€MHOM MPSIMOYTOJIbHOM cucTeMbl koopauHat. lloaromy s
ompejeneHuss opueHTanuu 3YP B mpocTpaHCTBE BBOJAT  HEMOABHXHYIO
OTHOCUTEIBHO €€ KOHCTPYKLHUU CHUCTEMY KOOpPJMHAT, KOTOPYIO Ha3bIBAIOT
C853aHHOU cucmemou koopournam (puc. 6).

Hauvaino cBs3aHHOM cuCcTeMBbl KOOPJIWHAT COBIAJAET IIEHTPOM MACC PaKEeThI.
Ock OX. HampaBiieHa BIOJb MPOAOJIBHON ocHu pakerbl, QY. nepneHauKyaspHa
ocu OXe; ¥ pPacloiio’)keHa B BEPTUKAIbHOW IIOCKOCTH, a ocb OZc
neprneHauKysapHa ociMm OXe u OYce, 00pasys MpaByro CUCTEMY OCEH KOOPAUHAT.

Jlns obecrieueHrss HEMOABUKHOCTH OTHOCUTENIbHO TIuiaHepa 3YP sroi
CUCTEMBl KOOpJIMHAT, €€ OCH CBsSI3aHbl C OCSIMH paMOK THPOCKOIOB

IrMpOCTa0MWIIN3UPOBAaHHOW IIATPOpMBI  pakeTbl. Takoe pacrojokeHue oceil
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T'HPOCKOIIOB obecrieynBacT N3MCPCHUC YITIOBOI'O IIOJIOKCHUS I"I/IpOHJ'IaT(i)OpMBI I10

TpeM KOOpIUHATaM ¥, [, & OTHOCHUTEIHLHO OCEH CBI3aHHOW CHCTEMbI KOOPAMHAT, YTO

o0OecIieurBacT HGO6XOI[I/IMYIO CTa6I/IJII/IBaI_II/IIO PAaKCTbl B IIOJICTC W YIIPABJIICHUC €C
IIOJICTOM.
A YCG

= yrosqn Kypca (pbiCKaHbA
~_ | B - yron kypca ( )

Yy =yron KpeHa

(0] Xce

C =

£ - yrosn TaHraxa

ZCG

Puc. 6. CBsi3aHHasa cucteMa KOOpAUHAT

Yron y (yron xpeHa) Bo3HHMKaeT mpu BpamieHuu 3YP Bokpyr ocu OXe u

MPEICTABIIAECT COOOM Yrosl MEKy BEPTHUKAIBLHOM IIIOCKOCTHIO, TIPOXOAIIEH Yepes
pealibHOE MOJIOKEHUE NMPoA0IbHOM ocu 3Y P, u ocbio OY,.

Yron B (yroa Kypca WM yroj pbICKaHbsl) — 3TO YIOJl MEXIY MPOEKIuen
pPEaTbHOTO MOJIOKEHUSI TPOJA0JIbHON ocu 3YP Ha ropU30HTANBHYIO IJIIOCKOCTh U
MCXOAHBIM HampaBieHueM ocu OX¢e. JIaHHBINA yroJl MOay4aeTcsl MyTeM BpallleHUS
3VYP Bokpyr ocu OYe,.

Yron g (yrom TaHraxa) — 3TO Yrojl B BEpTHKajdbHOW TIIockoctu 3YP,
MoJTy4yaeMblid TIyTeM €€ BpallleHus BOKpYTr ocu OZc. YToil o0pa3oBaH peajbHbIM
MOJIO)KEHUEM MPOJIOJBHOM OCH PAKeThl W TOPU3OHTAIBHOW IIJIOCKOCTHIO,

IPOXOASAIIEH Yepe3 UCXOAHOe HanpaBiieHue ocu OXcs.
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HCO6XOIII/IMBIC JJIs1 BBIBCIACHUA CTapTYIOH_Ieﬁ PAKETbl Ha KHMHCMATUYCCKYIO

Xem

N
Zcm

TPAEKTOPHIO METO/a HABEJICHUS, MOTYT OCYIIECTBISATHCS B CBI3aHHOU (OXcey, OYcq,

OZ:) u craproBoit (OXcemy, OYemy OZcm) cucTeMax KoopauHar (puc.7).

Puc. 7. CraptoBas cucteMa KOOpJAUHAT

Hauano cmapmoeoii cucmemvt koopounam TakkKe COBMAJAET C IIEHTPOM
Macc paketbl, ocb OY¥cm coBnamaer ¢ ocbto OXe, oc OXem U OYen B3aUMHO
MEPIEHIUKYJISAPHBI M JIeKAT B TJIOCKOCTU CKJIOHEHUS, MPOXOAAIIEH depe3 TOUKY
BCTpEUHU pakeThl ¢ 1enblo. Och OZyy MEPICHANKYISIPHA TIIIOCKOCTH CKJIOHEHHS U

ABJIAETCSA OCBIO, ONPEAETIAIONIEN 0TPadOTKY PaKeTol yrina @ .., (Yrol CKIOHEHHS

pakeTbl B BepTHKajdbHOW miockocTH). [lonmoxkenne ocu OXewm B TJIOCKOCTH
TOPU30HTA OTHOCUTENBHO OCU QY. paKeThl ONpENeseTCs YrioM IpPUBEACHUS

yCKJl (YI‘OJI CKJIOHCHUA PAKCTLI B FOpI/IBOHTaJIBHOﬁ HHOCKOCTI/I), U3MCHAIOIINMCS B

npenenax +180°.
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Taxum 06pa3oM, nocie mycka, pakeTa JETUT ABTOHOMHO, OTpa0aThIBasi YIJIbl

Y exn @ Ocxn» 3AIMCAHHBIC Tepe]l ee CTapToM B OOpTOBYIO ammaparypy

HaBeJeHus. OTo mno3BoyisieT 3YP B nmanpHelmeM HaBOAWTHBCS Ha I€NIb, MOCIIC
3axBaTa €€ Ha CONMPOBOXICHHUE CTAHIIMEN CONMPOBOXKICHUA €€ U HABEJACHUS Ha
HUX paKeT.

B ckopocmnuoii cucmeme xoopounam (0X,,0Y,,0Z,) (puc. 8) onpenensroTcs

OTHOCHUTCIIbHBIC KOOPAWHATHI 3VYP B IIOJICTC, OLNCHHUBAIOTCA OITNOKH HaBCIACHUA

3VP nns BeIpaOOTKH KOMaH]I YIPaBIECHUS PAKETOM.

Yv

Yes \

XCS

—_—
—_
-

Puc. 8. CxopocTHas cucteMa KOOpJAUHAT

Havano koopauHAaT 3TOM CUCTEMBI HAXOAUTCA B LIEHTPE MACC PAKETHI.

Ocp OX, HampaBiieHa BIOJb BekTopa ckopoctu 3YP, ocb OY, - BBepx B
BEPTUKAIBHON IUIOCKOCTM CHUMMETPHHM pAKEThl, a ocb OZ, NONOJHSAET HUX MO
MIPaBOM CUCTEMBI KOOPJMHAT.

[lonoxeHne CKOPOCTHOM CHUCTEMBI OTHOCHTEIBHO CBA3aHHOW CHCTEMBI

KOOpPJIMHAT XapaKTePU3yeTCsl YIIIOM aTaKH @ W YTJIIOM CKOJIBXEHUs f3 .
Yron aTaku @ - 3TO yroia MeX1y IpPOCKLHeH Bektopa ckopoctn V, Ha

BEPTUKAIBHYIO TUIOCKOCTh CUMMETPUU pakeTbl U ockio OXe (¢ > 0, Korga och

OX.s pacniosioKeHa Ha MPOEKIIUH BEKTOPA CKOPOCTH PAKETBHI).
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Yrom CKONBXEHHS B - 3TO Yroia MEXIy BEKTOpoM ckopoctd V), u

BEPTUKAIBHON TMJIOCKOCTHIO CUMMETPHUH pakeThl (MIIOCKOCThI0O OXceYes). Yrom B

MNpUHATO CYUHUTATH IIOJOXKUTCIIBHBIM B CJIy4ddc, KOIr'la BCKTOP CKOPOCTH Vp

OTHOCHUTEIFHO BEPTHKATHHON TNIOCKOCTH CHMMETPHH MTOBEPHYT BIPABO.

Takum 00pa3oMm, KOOPAMHATHI OMPEACTSIOT MOJOXKEHHUE IeNied U pakeT B
npoctpancTBe oTHocuTenbHO 3PK nnm KIIC.

OpHako 3HATh MECTOMOJOXKEHHE I W pPakeThl B TPOCTPAHCTBE B
OTIpe/IeTICHHBIA MOMEHT BPEMEHH eMI€ HeJOCTATOYHO JJISI TOTO, YTOOBI TIOTYyYUTh
NpeCTaBICHNEe, KaK OHU JIBWXKYTCS BO BpeMEHH. [[1s1 3TOro HEOOXOIMMO TakKKe
3HATh MMapaMeTPhl UX JIBUKCHHS.

Ilapamempamu  OsudiceHUsi B030VWHOU Yelu HA3LIBAIOMCS  BETUYUHD,
onpedensaowue xapakmep npeonoiazaemo2o O8UNCEHUSA Yelu 60 BPeMeHU.

XapakTep IBYKCHHS IICJIH P PABHOMEPHOM U MPSMOJIMHCHHOM JIBHYKSHUH
OTIPENICTISICTCSl Hanpagienuem U GeIUYUHOU CKOpocmu yeau, a B o0IeM ciydae -
OONOJIHUMENILHO NPOU3BOOHOU 8eKMOpaA cKoOpocmu no gpemeHu (YCKOPEHUEM).

Bexmop ckopocmu yenu MOXKET OBITh 3aJaH Pa3IMYHOM CHUCTEMOM
napaMeTpoB B Pa3IMUHBIX CUCTEMAaX KOOPAHHAT.

B npsaMoyronpHOM cuctemMe KOOPAMHAT - 3TO COCTAaBIIIOIIME BEKTOpa
ckopocT 10 koopauHatam X, Y, Z , T.e. ux npousBonusie X,Y ,Z (Vi, V), V2),

KOTOPBIC TICPCAAOTCS HA 3PK BmecTe ¢ MNpAMOYTOJIBHBIMU KOOpAWHATAMU L CIIN.

B cdepuueckoii cucreme KOOpAWMHAT JBMKEHUE LEIM Yalle BCEro
OIpeseNnseTcs yrIoBoil CKOpocThio B, YITIOBOH CKOPOCTBIO € W pajualbHOI
coctaBnsomeit ckopoctu JJ u— V- AHQIOIHYHBIC MAPAMETPBI ABIDKCHHS LEIU
b/ § u» Pg» @, HCIONB3YIOTCS U B ONKOHUIECKON CHCTEME KOOP/IHHAT.

Hamnpumep, cOCTaBISIOIMIMMH BEKTOpa CKOPOCTH B chepUuecKor cucteme

KOOpAHHAT ABJIAIOTCA:

V,=V;+V:+V} 3)
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Takum 06pa30M, 3HAHUC KOOPAWHAT U IapaMCTPOB ABUIKCHUA BO3JAYHIIHBIX
ueﬂeﬁ U PAKCT B PA3JIMYHBIX CUCTCMAX KOOpAWHAT, HCIIOJIB3YCMBIX B 3PC,
IIO3BOJIACT FHY6)KC IMOHUMATh MPOHCCChI MOATOTOBKHU H CTpeJIB6BI 3YP, da, KakK

cienctBue, 6osee 3pPEKTUBHO BECTU TPOTUBOBO3AYIIHBIN 00ii.

SAJAHUE HA CAMOCTOATEJIbBHYIO PABOTY

Ha camocTosiTenbHONM MOATOTOBKE CTYAEHTaM HEOOXOJMMO HCHOJIb30BaTh
yKa3aHHYIO0 JIMTEpPaTypy, MAJIA TOro 4toObl Oosiee MOJAPOOHO O3HAKOMHTHCS C

MAaTCpUAJIOM NAHHOI'O 3aHATHUA, 1 JOIMMOJHUTHL CBOU KOHCIICKTEI.



