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MOAEJINMPOBAHUE KNMHEMATUYECKNX XAPAKTEPUCTHUK
IIOABNZKHON AHTEHHBI KOCMUIYECKOI'O AIIIIAPATA
B JABYXCTEIIEHHOM OIIOPHO-IIOBOPOTHOM YCTPOUCTBE

AHHOTAIINA

PaccmarpuBaercs 3amada pacdera KHHEMATHIECKHX XapaKTEPUCTUK IMOABUIKHOTO AHTEHHOI'O YCTpOMCTBa
(AY) mo 3ajaHHBIM 3HAYEHMAM KUHEMATHYECKUX XapaKTepUCTHK JumHuu Busuposanus (JIB) "kocmuueckuii
amnmapar — IOyHKT nOpueMa wuHpopMarmu” B CBI3aHHON CHCTEME KOODJIMHAT KOCMHYECKOrO AaIlaparta.
Kunemarnaeckne xapakrepuctuku AY B Bujie TEKYIUX 3HAYEHUN YIJIOB €r0 MOBOPOTA U YIVIOBBIX CKOPOCTEH U
yCKopeHnit (0 COOTBETCTBYIOIINM KaHAJAM YIPABJIEHNsI) ONPEJIEISIOTC U3 ycyoBuii coBmerenust JIB ¢ ocbio
JAAarpaMMbl HAIIPABIEHHOCTH AY Jjisi caydasi JBYXCTEIEHHOTO OMOPHO-ITOBOPOTHOTO YCTPOMCTBA CO B3aMMHO
OPTOrOHAJILHBIMU OCSIME TIOBOpOTa AY.
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BBeaenne

B pamkax obmeit 3ajaum pacuera KHHEMATHIECKAX XAPAKTEPUCTUK YIPABJISEMON ITOIBUKHONW aHTEHHBI
KA B [1] Gbuia paccMoTpeHa M pellieHa 3aj@da KHHEMATHKU CJI0KHOro nsuxkenus JIB «KA — TIIIN»
(«kocMuueckuii anmapar — OyHKT npuema wuHdopManuuy). Eile ofHON TeMarudecKu CBsI3aHHOI ¢ 3TOM
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3a/avueil dBJIsIeTCs 3ajada OIpeJIeIeHns] KUHEeMaTUudecKnx xapakrepuctuk mnojsmkuoro AY KA. Kak yxke
orMeuasioch B [l], mpemBapuTesbHBIE DPE3YJIBTATHI DPEIIEHUs] DPACCMATPUBAEMON 3J1eCh 3a/a49M DpaHee ObLIN
KPATKO IMpPEJCTaBJIEHBl B [2].

Urak, pmanee mpm pacCMOTPEHUW 3aJadd  pacdeTa KUHEMATHIECKUX XaPAKTEPUCTUK — YIPABIISIEMOTrO
nojBukHOrO AY Gynem mpejmnonaraTb, 9TO B IpeJiesiaX HEKOTOPOro 3aJIAHHOTO WHTEPBAJa B KaXKJIbII MOMEHT
BpeMEHH HU3BeCTHBI KuHeMaTudeckue xapakrepuctukn JIB «KA — IIIIM», xoropble 3agaHbl B CBSI3aHHOI
cucreme koopmunar (CCK) KA B Buue sektopo ef¥, w(oF, (7K. Taxmxe mycrs ¢ AY Oyner cpasana
cucrema koopguuar Oz, y,z,, KOTOpYIO najee OymeM Ha3blBaTh aHTeHHON cucremoii koopaunar (ACK).
CoorBercTBeHHO, TycTh aBrkenwe AY orHocuTeabHO KOpiyca KA peajmsyercs ¢ IOMOIIBIO HEKOTOPOTO
JIByXCTEIIEHHOIO ONOPHO-TIoBopoTHOro ycrpoiicrBa (OIIY) co B3amMHO OPTOrOHAJBHBIMU OCAMY BPAICHUSI.
Opna u3 oceit ACK, nanpumep, Oz, mycTh 6yieT napasiie/ibHa OCH UarpaMMbl HalpasjieHHocTH AY, KoTopast
3a/[aeTCst OPTOM §,, = §,0%. B ucxommom nonoxkennu AY ocu cncrembr koopaunar Oz, y, z, GyayT cosnagarh
C OJHOMMEHHBIMH OCSMHU HEKOTOPOii cucreMbl KoopauHar Oz, y, 2., KOTOPYIO majee OyneM Ha3blBaTh PELEPHON
cucremoit koopaunar (PCK). B obmem caygae PCK me cosnagaer ¢ CCK, a ee opueHTanus OTHOCHTEILHO
CCK ompezensiercss mocTosHHOi Marpurieii mepexoma PLoY (31ech U jamee MATPUIBI EPEXoa IS BEKTOPOB
[3]). Mosromy 3amanuere B CCK kunemaTmveckne xapakrtepuctuku JIB manee cremyer mpeacrasuth B PCK,

a umenno: e’K = ProtelN, WK = PIIRQOTK gPOK = PIOReocX [Ipumumas PCK B Kauecrse

. CCK B ’ JIB CCK JB ’ JIB CCK ~JIB
YCJIOBHO HEIOJBUYKHON CHCTEMbI KOODJMHAT U HMCXO/s U3 U3BECTHOI'O PEIICHUs 33/[a"U KUHEMATUKHU CJIOYKHOIO
nemkennst JIB [1], MoxkHO Hafitn KnHemarmdeckue xapakrepuctuku JIB B mogpuxkHoil (orHOCHTenpHO PCK)
cucreme koopguaatr — ACK, ecim ee msmxkenune oraocurenbao PCK ompesieneno, To ecTh W3BECTHBI: Pig}f =
= (P255)" — marpuna nepexona or ACK k PCK; w,,, — BeKTOp yIVIOBOi# CKOPOCTH I €, — BEKTOP YIVIOBOTO
yckopenust AY. JleiicrBurensro, ucxons u3 3amanHabix B PCK e, w . © €., B COOTBETCTBUH C TeOpeMaMu
0 ciokKeHMn ckopocreli u yckopenumit JIB B ciokHOM nBrzkeHmu [1] MOXKHO HANTH ee KHHEMATHIECKHE
XapaKTePUCTUKN B oTHOcHTeIbHOM jBmkeHun JIB, To ectb B ACK, a umenHo: €, @, u &,, (37€ch, Kak 1
B [1], TuiabgaMu OTMEYEHBI BEKTOPBI, KOTOPBIE OLPEJEJIEHbl B IOJIBUKHON CHCTEME KOODIUHAT, TO €CTb 3/eCh
B ACK). lis oupejiejieHusI KMHEMATUIECKUX XapPAKTEPUCTUK AY HEOOXOIUMO BOCIOJIB30BATLCS YCJIOBUSMU

naBesienns ero ua [V #Ha mHekoTOpOM 3a/JAHHOM HHTEPBaJE [to,tf}, KOTOPBbIe UMEIOT CJIeAYIONuil BU/I:

€5 (t) = éAy(t); W (t) =0; €5 (t) =0, Vte [tOvtf]' (1)

1. Kwunemarndeckasa cxema OIIY u onpeaesienue yrjoB moBopoTa AY
npu HaBeJienuu Ha 11T

ITycts Tpebyemast opuentanust AY orHocurebno PCK npu coBmerienuun opra §:§K C OpTOM éggK B pexKmnMe
nasesienust AY wa [N ocymiecTBisiercss mapoil MOCIEIOBATENBHBIX MOBOPOTOB € MOMOIIBIO JIBYXCTEITEHHOIO
OIlY, a wumenno: mnepsbiii moBopor AY ma yroa ¢ cosepmaercs BOKpyr dukcuposannoit B PCK ocu,
3amaBaeMoil oproM ¢y (kaHas ympassenust AY 1o yriay ¢); BTopoil moBopoT AY Ha yrosl (¢ COBEepIIAeTCs
BOKpyr dukcuposannoit B ACK ocu, 3amaBaemoit oprom é:‘)CK(KaHaﬂ ynpaeneruss AY 1mo yriay ). B

~A ~A ~A
ofmem crydae HeoOX0{MMO, ITOOBI TOnapHo OpThr ¢y u €°°, €27 u 8§ He ABJIANMCH KOJUIMHEADHBIMIL.

%)
B npakruke obbrano ucronmsyorcs OITY, s koTopeix maper opros cy® um €37, €07 u 810 asmsmiorcs
B3auMHO oproronasbubiMu. CoorsercrBenno, mmeer Mecto €50° = P(c,)P(cy) e’ , rne P(cy) u P(c,) —

é
JIB
MATDHIIBI TIEPEX0/Ia, KOTOPBIE BBIYUCIAIOTCA Tak |[3]:

P(cs) = Ezcosd + (1 — cosd)cscy — Clcs) sind,

C1 0 —C3 Co
cs=| c2 |,C(cs) = c3 0 —c |,0=10,0¢.
Cc3 —C9 C1 0

3necr E3 — enuHmyHasi MaTpulla TPETLErO IIOPSIKa, a P?CCE = P(cy,)P(cy) — marpuma nepexoma or PCK
Kk ACK.

Broibpannast 31ech kKuHemarmdeckast cxema OITY anajormuna cxeme mnoaBukHbIX AY miua KA rTuma
«dAurapp-4KCl» [4]. TIpm srom ciemyer ormerutb, uro Takas cxema OIIY He siBisieTcst €IMHCTBEHHO
BO3MOKHOI. Hampumep, nHOil MOXKeT ObITh W IOCIEJOBATEBHOCTH TOBOPOTOB AY.

Tax kak opt éAASK napastenen ocu Oz, (Ipnm TOM éAAyCK = col(1, 0, 0)), To KaHajnam yIpaBJIeHHs IO
yriiam moBopora ¥ U ¢ OyJyT COOTBETCTBOBATH OPTHI CEKC =col(0, 0, 1) EQCK = col (0, —1, 0). Marpurst
P(cy) u P(c,) Torma GyayT MMeTh CJIeLyIONUA BUI:

cos?¥ sinv 0 cose 0 sing
P(cy) = | —sind cos? 0 |, P(c,) = 0 1 0 7
0 0 1 —sing 0 cosyp
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a marpuna nepexoga or PCK k ACK B sTom ciydae Oyaer Takoii:

cos ¢ cos ¥} cosp sind  singp
ACK _ s
P = —sin 0 cos 19. 0
—sinp cos?d —sing sind  cos ¢

B cuiny npussitoii kuremarndeckoit cxembl OITY u u3 ycsosuit Hasenenust AY wa I (1) TpeGyembie
yrusr moBopotos ¥(t), ¢(t), a Tak:Ke X IEpBBIE U BTOpbIe Mpon3Bogubie 1m0 Bpemenn: U(t), ¢(t), U(t) u @(t), o
€CTb YIJIOBble CKOPOCTU U YIJIOBbIE yCKOpeHus AY 10 COOTBETCTBYIOIIUM KAHAJAM YIPABJIEHUs, CYTh UCKOMbBIE
kuHeMaTnyaeckne xapakrepuctuku AY. [Tosromy paccmarpuBaeMas Jajiee 3a7ada COCTOUT B TOM, YTOOBI UCXOJIsT
u3 3amanabix B PCK kumnemarnuecknx xapakrepuctuk JIB omnpemesnTs COOTBETCTBYIONME KUHEMATHIECKUE
xapakrepuctuku AY.

Pexxum naBemenust AY nHa IIIIM xapakTepusyercss yCJIOBHEM COBMEINEHHUS OPTa S Wy C OpTOM € -
25 K— éﬁg K ﬁg K— Pﬁ‘gfegg‘(. Orciofa ¢ y9eToM BUJA MaTPHUIHI Pﬁ‘ccf,
a Tak¥Ke BeKTOPOB §fyCK =col (1, 0, 0) u e J¥ = col (eg,ey,e.) TMOMYINM CIIEIYIONIYIO CHCTEMY YDaBHEHMIA,
KOTOpOH JTOJIPKHBI YJIOBJIETBOPATH JIIOOBIE JOIMyCTUMble KOMOWHAIMK YTJIOB MOBOpoTa AY, obecrmedmBaroriue
BhInosIHeHHe yeyoBuit (1):

ACK ~ACK (1)7

KOT/Ia, BBITIOTHSIETCS YCJIOBUE: S , TIe €

ez Cos cost + e, cosp sint + e, sing = 1; (2)
—eyzsind + ey cos ¥ = 0; (3)
—egsing cos — ey singp sind + e, cos p = 0. 4)

ITockombky e

T
POK — (PACK> GACK — proxgACK 1 orcioma TakKe CIICLYIOT COOTHOIICHMST

JIB PCK eJ'IB ACK JIB

er = cosp cosV; e, =cosp sint;e, =sing, -1 <YV <1, —7/2 < p < 7/2, (5)

¢ y4eToM KOTOpBIX cucreMa (2)—(4) BeImONHSETCA TOXKjIecTBeHHO. Kpome Toro, B jponosHenue K (5) orMeTnm

. / 02 2 — /1 e2 =
TaKzKe eIne OJHO BCIOMOraTeJIbHO€ COOTHOIIICHHUE: [t + ey = 1 €; = Cos .

Pemenne cucrempr (2)—(4) ¢ nenpio omnpeieneHust yryio moBopora AY ¢ um ¢ MoxkeT ObITH CBSI3aHO
CO CJIEJIYIONIMMH 3aTPY/JHEHASMU: BO-TIEPBBIX, ¢ HEEIUHCTBEHHOCTBIO MOJIYIAEMBbIX PEIICHHA M, BO-BTODBIX,
C OIpeJieJIeHHBIMI OrPAaHUYEHUSME Ha JIOIMYCTHMbIe 3HA4YEHHsS YIVIOB IOBOpoTa AY, KOTOpDBIE MOIYT OBITH
[PEJICTABIEHBl B BHUJE COOTBETCTBYIOIIEH 06IaCTH:

F(9,¢) > 0. (6)

K orpanmuenusim, dopMupyomumx 3Ty 00JaCTh, OTHOCATCH OrPAHWYEHWS HA BEJIMYMHY YTJIOB ITPOKAYKU
mo KaHajiaM ympasjenust AY, peanusyemblx ¢ momonibio Beibpanmoro OITY, a rtakke Hajawmume 30H
3aTeHEHUsT JUArpaMMbl HAIpaBjeHHOCTH AY, KOTOpBIE CBSI3aHBI C TOMAJAHUEM B HeEe 3JIEMEHTOB KOHCTPYKIIUN
KA. Kondwurypamuss obmactn (6) B ocHOBHOM ompejensiercss mecroMm ycraHoekn OIIY ma koprmyce KA
U, COOTBETCTBEHHO, HEJONYCTUMBIMU I[OMAJAaHUsIMA B JUArpamMMy HalpaBjeHHOCTH AY 3j1eMeHTOB ero
koucTpyKimu. [lpm sTOM creyer oTMeTuTh, UTO TeKymas opueHTanus opra el ¥ ornocutembno PCK,
ompeJiesiieMass yriaamu mosopora AY ¥ u ¢, Tmakxke 3asucur u or opuenrtanmuu CCK B mupocrpamcTse
OTHOCUTEIHHO WHEPIUAIBHON, TPUHBUYUCKON WM OPOUTAJIBHON crCcTeM KOOpAuHAT. B CBsA3M ¢ 3TWUM OTMETHM,
4ro B 00meM ciydae Ipu IaHunpoBanuu ceanca csasu «KA — IIIIN» nma kakom-smGo unTepsase [to, tf)
MOTYT OBITh TIOJIyUeHBI 3HAUEHUsI yIJIOB moBopoTa AY, Koropble Hapymawor ycaosue F (¥, ) > 0. B obmem
cIydae TOC/eHee MOYKHO JIMKBUIMPOBATH C IIOMOIINBIO COOTBETCTBYIOIIErO BbIOOpa TeKyleil opueHTamuu KA
B IIDOCTPAHCTBE, TakK Kak e’ oX = PUotefox

Paccmarpusas namee OITY myisa ommoro ms ykasammbeix sornme KA [4], ompepesmv BemomoraTebHbIE yTITBI

moBopora AY — 1 u (, KOTOpbIE 3aJIAI0TCSI COOTHOIIEHUSIMIU:

€ e ~
[ 7””’ —r <9
\/€e2 + ez \ez+el

sin p=e,;—7m/2< < 7/2, (8)
KOTOPBIE OIPEJIENISIOT MPSMOYTO/IbHYI0 obmacts F (19, @) = 0 JUIsL JIONYCTHMBIX 3HaueHuit du @ s (7), (8).

B 3aBuCHMOCTH OT IIOJIOXKEHHUS DeliepHON cucreMbl kKoopauuaT Oz,y,2, OTHOcHTeabHO Kopiyca KA BmecTo
(8) Tak:ke MOKeT OBITH BBEJEHO M JPYroe yCJIOBHE:

sin ¢ = e;;cosp =/ 1 —eZsign(e,) = /e +elsign(e,),0 <P <.

Herpyauno ycramosurh, 49rTo Bbruucigemble coryiacao (7), (8) 3madenus sind, cosd, sin @ u cos @
yaoBjerBopsaloT cucreme ypasaenuit (2)—(4). CoorBercrBenno, B ciaydae e, = =+1, To ecrp korga JIB

coBMeraercs ¢ oprom ¢y (mpu arom ¢y -e"Cf = £1), Torma ¢ = +5 n cos ¢ =0, a yron ¥ me onpesesen.

sind = ccosl = < (7)



Topeaos FO.H., Kypeanckas JI.B. Modeauposarue KuHEMAMUMECKUT Tapakmepucmukr nodsustchol anmenmv, KA...
128 Gorelov Yu.N., Kurganskaya L.V. Modeling of kinematic characteristics of a mobile antenna ...

B obuieM ciiywae pasHOCTh MHOXKECTB B Buje obmacteiit F/(9,¢) =0 u F(19,¢) > 0 MoxkeT GbITh HEIlyCThIM
MHOXKECTBOM, HAIIpUMEpP, 3a c4eT 6ojiee MUPOKOro juarnasona yriaos mpokauku OITY. ITomumo OHOpHBIX
suadennii yrios moBopora AY (7), (8) Takke BO3MOXKHBI JOINYCTHMbIE 3HAYEHMsI, HALPUMED, i ¥ U (,
/IS KOTOPBIX BBIIOJIHSAIOTCS yCJIOBUSA: ¥ = 9+ krm, k= 0,£1,£2,...; o = ¢+ 1lm, | = 0,£1,+2,.... TIpu
3TOM BBIGOD TEKyIel mapbl yriaoB moBopora AY w3 ux JOMYyCTUMON COBOKYITHOCTH, OIPEIE/ISIeMON STUMU
COOTHOIIEHUSAMHY, JOJKEH IPOU3BOJUTHCA C yIE€TOM HMMEIONIUXC KOHCTPYKTUBHBIX orpanwdenuil mus OITY.
CooTBeTcTBEHHO, BHYTpH HHTepBaia Hasemeuust AY — [tg, ty] BbIGOp TeKyluell Iapel ero yrjaosB IOBOPOTa
JIOJIZKEH TIPEJIONPEIE/IAThCA 3HAUCHUIMU YIJIOB IIOBOPOTa AY, BBIYUCJICHHBIX B IPEIbLIYIINE MOMEHTHI BDEMEHH,
", OBITb MOXKET, ¢ y9YeTOM 3HAYEHWUN MPOU3BOHBIX 19(t) u H(t), st Toro YTobbl UCKJIIOYUTH DPA3PLIBBL B
mporpaMmax HasefeHust ¥(t) u @(t) Vt € [to, tf].

2. K ompeaesiennio yriioBbIX CKOpPOCTeil 1 yCKOpeHuit AY OTHOCUTEJIHLHO
PCK

PCK PCK — ~PCK

. — — ACK
Iycts samanbr: e,, = e %, w,, =wi¥ e, =el " a take marpuna P_ "~ (wm, uTo TO Xe camoe,

yrubl opopota AY ¢ m @) s KaXkJI0ro MOMeHTa ceaHca cBsisu. Bysgem gasee paccmarpubarh PCK kak
YCJIOBHO HenoBmkHyio cucremy koopaumuaar, a ACK kak cucreMy KOOpMHAT, BPAIIAIOILYIOCS OTHOCHTEIHHO

PCK c¢ yrioBoil cKOpOCTBIO W,, H, COOTBETCTBEHHO, C yIJIOBBIM yCKOpeHHEM € ,,. ObOo3Hadas 4depe3 €., W,

N - ~ACK _ pACK_pok
u €,, kunemaTmdeckue Xapakrepuctuku JIB B ACK m yuanreBas, 4ro €., = e,, (mo & =~ =P e )

TO MCXOMsl W3 TEOPEM O CJIOKEHUM YTVIOBBIX CKOPOCTEH W yTJIOBBIX yckopenwit JIB [1], momywmm:

wﬂB = (:)J'IB Jr e.J'IB X (wAy X e.]'[B) ) (9)
Can = Exn 5" (10)
i (S sgga"s — IlepeHOCHOe yriioBoe yckopenue JIB, Beramcisiemoe no dopmyie [1]:
Ez;ans = eJ'IB X (sAy X eﬂB) + eJIB X [wAy X (wAy X eHB )} ;
sﬁgt‘” — MOBOPOTHOe yryioBoe yckopenue JIB, Bbramcisiemoe mo dopmyse [1]:
Eﬁgtor — —MO;{:B’{,;B = {’HB - (énB '{’nB) éJ‘[B = éJ'IB X ({IJ'IB X éHB)‘

JIB

B pexnme masenmenust AY ma IIIIN (1) tpebyercs, 4T06LI B KaxKIAblii MOMEHT BpeMeHHU t € [tg, ty] ceamnca
ACK __ ZACK - o - -
C%H?I/I BBITIOJTHAIOCH ycyioBue sho™ = &7°%, a makske yenmopnsa W, (1) =0, €,,(t) =0, Vt € [to, ty]. C ygerom
~ % o
g2 =0 (TaK Kak NpH yKasaHHBIX ycnosusax v = 0) m3 Buipaxennit (9), (10) Torma momy<amm ciieyromime
COOTHOIIEHUSI:

Wig = € X (wAy X eﬂB)’ (11)
B coornomennsx (11) u (12) durypupyior onpejeiseMble BEIUIUHBI — YIVIOBas CKOPOCTb W,, N YIJIOBOE

yckopenne €,, AY, KOTOpble HEIOCPEICTBEHHO CBSI3AHBI C €r0 KHHEMATHYECKUMH XapaKTEPHUCTUKAMH IO
COOTBETCTBYIONIUM KaHAJAM yIpaBjeHus (B BHUJE HEPBLIX U BTOPBIX IIPOU3BOJHBIX OT YIJIOB MOBOpoTa AY —

Ju ).

€

3. OrmpeneneHne yIJIOBBIX CKOpPOCTeii BpalmeHuss AY 1o KaHaJaM
yIIpaBJeHus — ¥ U ¢

Tak kax yryoasi ckopoctb AY orHocuTebHo PCK paBHa BEKTOPHO CyMMe yTJIOBBIX CKOPOCTEH BpAICHUST
mo kanajam ymupasiaenuss OITY, To umeer mecto

Way 2190@+¢C¢7 (13)

e ¢, = (c,)"" = PigiéﬁCK = col (sin¥, — cos¥, 0). Hoxcraasst (13) B (11) m packpbiBasi IBOIHBIE

BEKTODHBIE MIPOM3BEJICHASI C YUETOM Cy, - €, =0, a Takxke yunrsiBas (5), mosy<nm

w;p =Vcy+@c, —Ve  sing =w,, —ye,., (14)
rae 4 = 9 (co-e,) = e, = Jsing — kommomenrta yrioBoi ckopoctn AY, Hampasiensas B1os JIB.
[poextupys (14) ma ocu PCK, momyumm c yuerom el = col (e, ey, e.) m wi<® = col (ws, wy, w.)

CJIEZIYIONIYIO CUCTEMY YpaBHEHHII OTHOCHUTEIBHO 19, © 8

wz:gbsinﬁ—"yex;wy:—gbcosm?—"yey;wz:19—"762. (15)
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C yuerom (8) u 4 = 19@2 u3 Tperbero ypaprenusi (15) mosmydnm

Wy Wz
1—e2 cos?y’ (16)

a TaKKe .
. wysing
cosZp
Eciu e, — + 1, 1o B Bbpaxkennu g ¥ (16) (1, cOOTBETCTBEHHO, Uil <) UMEET MECTO HEONPEIEJIEHHOCTD
Buza 0/0, Tak Kak npu 3toM ¢ — £7/2, a w, — 0 B cuty e, -w,, = 0. I3 nepBoro u BTOporo ypasHeHHIt

cucrembr (15) ¢ yaerom (7), (8) Takxke mosmyunm

$ = wy sind — wy cos V. (17)
YunreBasg ¢, = col (sind, — cos?d, 0), Boipaxkenne (17) MOXKIO IepenucaTs B BUIE
O =wy - Cp. (18)

Cnemyer oTMeTuTb, 9TO (HOPMYJIBI JJI PACYeTa MTPOU3BOTHBIX 9 (16) u ¢ (17) MOXKHO HOJIYYIUTHL U
HernocpeAcTBeHHo 1pu uddepeHIMPOBAHII COOTBETCTBYIONMX BbIpaxkeHuii jyist yryios mnosopora AY (7), (8)

e
C YUETOM COOTHOMIHHS — ™ =W,y X €.

4. Ormpepgesienne yIJOBBIX YCKOpeHWiT BpamieHuss AY 1o KaHaJam
yIIpaBJeHus — ¥ U

[Momyunm B HacTOsIIEM pa3jesie COOTHOIIEHUs sl pacdera 3HadeHHit mpom3BomHbix ¥, ¢. Tak Kak 1o

dw dc .
OIPEJICNICHHIO €, =7 ;y, 10, auddepeHIpys BhIpaXkeHue st w,,, (13) u yaursiBasi, 910 d—f: Jey Xcy,

HOJIy9uM cJreytonnee Boipaxkenne s €,, (B PCK):
€Ay:1§C19+¢C¢+19¢C§XC¢7 (19)

KoTOpOe ¢ yderom cy = col (0, 0, 1), ¢, = L™ = Pigicg‘cK =P} ¥col (0,—1,0) = col (sind, —cos?, 0) u

cy X ¢, = col(cos?, sin?, 0) B KoopAuHATHOH (bopMe HMeeT BUJL

10 sin ¢ . cos ¥ psind + ﬁfpcosﬁ
Eavy =0 | 0 | +@| —cost | +9¢ | sind | = | —@cost+J¢sind
1 0 0 v

Honcrapns BeIpaskennst 1id W,y (13) n €,, (19) B ypasmenne (12), TOTyInM COOTHONTEHHs, KOTOPHIC B
TOoM ciydae OyayT comep:karh uckomble ¥, ¢. Ilpu srom, ecrecrBenHo, npezmnosaraercs, 4ro ¥ (16) u ¢
(17) wmssectubl. C 3T0i 1esbI0 BHAUaJe HEOOGXOAMMO packpbiTh ¢ yueroM (13) m (19) B mpasoit wactu (12)
BEKTODHBIE [IPOU3BEJIEHNUs], & MMEHHO: BO-IIEDPBBIX, IIEPBOE cJaraeMoe €. X (€,, X €,,) B npasoii dactu (12);
BO-BTOPLIX, TaM K€ BTOPOE CIIAracMoe €, X [w,., X (w,, X €,;)].

AY

4.1. Brauase npeoGpa3yeM BBIpayKeHUE €, X (€,, X €, ), KOTOpOe I0CJe PACKPBITHsI JBOHHOTO BEKTOPHOIO

MIpOU3BeAeHNsT OyIeT MMEeTh CJIEeLYIONNil BUI;

AY

€ X (EAy X eJ‘IB) =Eay T (eAy 'eJIB) €ip»

W, COOTBETCTBEHHO, B KOOpAMHATHON dopme ¢ yuerom (19) mosyumm:

JIB

gbsin19+19cpcosﬂ ex
€1 X (EAy X eJ‘IB) = —pcost + Jdpsind | — (EAy 'enB) €y |
9 €z

rae ¢ yaerom (19) u (5), (7), (8)
Exy €y =V Cy ey +ocy e +1 ¢ (cy X Cy) €np =
= e, + @legysind) — ey cos ) + D ey cost) + eysind) = Jsinp + 9 ¢ cos p.
ITosTOMYy B KOHEYHOM CUYETEe TOTJIA MOJIy UM

<,bsin19+19§,bcos19 ) ) cos ¢ cos ¥
e, X (Eay X€p) = | —pcos?d +9psing | — (Ising + P pcosy) | cospsind | =
9 sin
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1951n<pcos<pcos19—i—gpsmﬁ—&—ﬁgpcosﬁsm %)
= ﬂslngocompblnﬁ gpcosﬂ—l—ﬂgpsmﬁbm o |- (20)
¥ cos? o — 0 ¢sin pcos g

CooTBeTcTBEHHO, B BEeKTODHON 3amucu BMecTo (20) GymeT UMeTb MeCTO:

e X (64 Xep)=Vcy+Pc,+0¢cy xcy,— [(Vey +@e, +T¢cy X cp) ~eHB} €, =
=19 (cy — e, sinp) + G, + 9P (Cy X €y — €,y cos ). (21)
Ouesno, npoekTHpys Bbipazkenue (21) ma ocu PCK, mosyunmM KOOpAMHATHOE NPEACTABICHUE IS €, X
X (e,y X ;) B BUzE (20).
4.2. PaccMoTpuM Temeph M pacKpoeM BTOpoe ciaraeMoe B mpapoit wactu (12). Brauane ¢ yuerom (13)
HalijieM w,, X (w,, X €,5), & 3aTeM IOJIyUYNM U BBIPAXKEHHE IS €., X [w,y X (W,y X €,5)].
Nrak, ¢ yuerom (13) mosyumm

AY

Wy X (Wyy X €)= (Peg +¢e,) x [(19C19+gbc¢,) X el =

= (Wcy +¢cy) X (Veyg x e, + e, xXe,)=
_ 92 -2 g,
=197¢cy X (C19 X eJ‘IB) T @7 ey X (Ctp x eJ‘IB) +7¢ [C(p x (Cﬂ X eJ'IB) +Cy X (C<P x eJ‘IB)]
WM, PaCKPbIBasi COOTBETCTBYIONIUE JBOMHBIE BEKTOPHBIE NPOM3BEIEHUS: Cy X (Cy X €,,) = Cysing — e,
Cy, X (Cp X e;,) = —e;, €, X (cy X e,,) =0, ¢y X (Cy, X €,,) = €8N, NOTyUeHHOE BBIPAKEHHE MOXKHO
[lepenucaTh B CJIEAYIOMEM BHJIE:

Wiy X (Wyy X €)= 0% (cosing —e,,) — @2 e, + I, sin . (22)

YmMuoKas coorHomenne (22) cieBa BEKTOPHO HA €, C YIETOM €., X Cy = col(cos psind, — cos p cos¥,0) n
e, X €, = col(sin p cos ), —sin @ sin v, — cos ) noxyuHM

e X [Way X (Wyy X €,,)] =02 (e, X cg)sing +Jp(e,, x c,)sinp. (23)

JIB AY

ITpoexkTupys Boipaxenne (23) ma ocu PCK, nepemmiem e, X [w,, X (w,, X €,,)] B KoopaunarHoit dopme
TaK: . .
92 sin ¢ cos @ sind + 9 ¢ sin® p cos ¥
e, X [Wway X (W, xe,,)] = | —92 sinpcospcosd + 9 ¢ sin® psind | . (24)
—J psin pcos

4.3. Urak, ¢ yuerom (21) u (23) uz (10) mosmyunm

=9 (coy —e,gsing) +@c, + 2 (e,5 X €y)sinp + zégb[clg X Cp — €, cosp + (e, X ¢,)sing). (25)

B koopaunaTHOl dhopme BbIpazkeHue (25) (KaK u (20), (24), sanucannoe B npoeknusx Ha ocu PCK), ¢ yyerom
BBIIIEIIPUBEAEHHBIX COOTHOIIEHNH Ui €, X Cy U €, X C, Oymer mMeThb BHJ

JIB
€z 1931n<pcosgpcosﬂ+cpsm19+192$1n<pcos<ps1n19+219@005198111 ")
Emp=| & | = —Jsingcos psin g — gpcosﬁ 19251n<pcos<pc0s19—|—219<psm1951ngo ,
€z Y cos? ¢ — 20 psin p cos

a OTCIOfIa CJIe/lyeT Takasl CHUCTeMa ypPaBHEHWII OTHOCHTEJIBLHO HCKOMBIX ¥, ¢:

£, = —Usin g cos @ cos ) + Gsin 1 4+ 92 sin @ cos psin v + 20 ¢ cos ¥ sin? ¢ (26)
Ey = —Jsin pcospsing — ¢gcos — 9% sin pcospcosy + 219gb sin 9 sin? ¢; (27)
£, = U cos? ¢ — 20 ¢ sin o cos . (28)

N3 ypasHenust (28) HeNOCPEJCTBEHHO CJIEyeT

€2 +219<psm<pcoscp

b= 29
cos2 ¢ (29)

a orcioma ¢ yderoM Bepazkenmii ms 9 (16) m ¢ (17) Takke TOJTy<IM
j o E2C08¢ + 2w, (wg sin ¥ — wy, cos ¥) sin v (30)

cos? ¢
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CoorBercTBeHHO, ¢ TIOMOIIBIO ypasHeHuit (26) u (27) HalizeMm BbIpakeHHe JUIs (¢ TAKAM 00Pa3oM: YMHOKUAM

ypasrenue (26) ma sind, a ypasaenue (27) — mHa cos? u 3arTeM, BbIYMTAsl U3 IIEPBOrO BTOPOE YDABHEHUE,
TTOJTy IAM '
¢ = e, sind — g, cos ¥ + 9% sin ¢ cos . (31)
IMoncrasus B (31) Bhipaxkenue (16), Tak:ke MOJYINM
2
wit
Lﬁ:EwSin’l?—EyCOS’l?-‘r%w. (32)
cos?
[IpuBeiennbie  BbIME (DOPMYJIBI  JJIsT  pacdeTa  [TPOU3BOIHON 19 — (29) u (30) — wmemocpenCTBEHHO

MOXKHO TIOJIy4uTh U npu guddepeHnuposannn Bbipaxkenust st ¢ ¢ yaerom (16) u (17). CoorercrTBeHHO,
muddepertupyst ¢ = w, sind — wy cos? (17), ¢ y9eroMm W, = €, U Wy = €, HOIYYUM

¢ =€, sint — &, cos? + 0 (wy cos? + w, sind). (33)
Ouesumno, uro, npomuddepennuposas coornommenue (18), a uMeHHo:
. dw dc .
e d?B G T W ditw = €ns 'C‘P_'_ﬂwJIB : (C19 X CLP) =

=g, sinv — g, cos ¥ + V(w, cos VP + w, sin ),

nosryanM cootHomterne (33). Ecau cpasanTh npasbie gactu (31) u (33), TO mOIyunM Cile/IyIoliee COOTHOIIEHNE:
¥'sin ¢ cos ¢ = wy cos ¥ + wy, sin V.

BreiBoabl

Paccmorpena n perrena 3aada pacdera KMHEMATHIECKUX Xapakrepucruk noapuxkuoro AY KA B Buge ero
YTJIOB TIOBOPOTA, PEAJU3YEMbIX C IIOMONIBIO JIBYXCTEIIEHHOIO ONOPHO-TIOBOPOTHOIO YCTPOHCTBA NPHU HABEJCHUM
AY ma coorsercTByomumit myHKT nprema unadopmaryn [1], a TakXKe B BHUJE NEPBBIX U BTOPHIX HPOH3BOJHBIX
or Tekymmx yrioB mosopora AY. Ilpm pemenun 3Toff 3a34a9M ObLIM TIPIMEHEHBI DE3YJILTATHI DEIICHHST
3a/Ia91 KUHEMATHKH CJIOXKHOTO JBmekeHnst JIB g momsmxknoit AY B BHIE COOTBETCTBYIOIUX TEOPEM O
CJIOYKEHNH YTJIOBBIX CKOPOCTeH M yriioBbIX yckopenwmii |[1|. ITosryueHHBIE COOTHOMIEHMST sl pacydera 3HATEHUI
npomssogubix ¥ — (16) m ¢ — (17), a makxke st pacdera ¥ — (29) u ¢ — (32), HCXOIs U3 3aJAHHBIX B
cBsi3aHHON cucreMe KoopjuHaT KA KMHeMaTnuecKux xapakrepucTwk JIB, HeoOXOAMMBI JIJIsi BBICOKOTOYHOTO
MO/JICJIMPOBAHUS TIPOTIECCOB HABEJCHUS TOJBUKHBIX AY.
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MODELING OF KINEMATIC CHARACTERISTICS OF A MOBILE
ANTENNA OF A SPACECRAFT IN A TWO-STAGE PIVOTING DEVICE

ABSTRACT
The problem of calculating the kinematic characteristics of a mobile antenna device (AD) based on the
specified values of kinematic characteristics of the line of sight (LS) "spacecraft — information reception

point" in the associated coordinate system of the spacecraft is considered. The kinematic characteristics of
the AD in the form of the current values of its rotation angles and angular velocities and accelerations
(according to the corresponding control channels) are determined from the conditions for combining the LS
with the axis of the directional diagram of the AD for the case of a two-stage pivoting device with mutually
orthogonal axes of rotation of the AD.

Key words: spacecraft; mobile antenna; pivot device; kinematic characteristics; line of sight; control
channels.
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