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Beenenue

K onHolt u3 oCcHOBHBIX 3ajad, pemaeMbix KA sonaupoBanus [1; 2|, oTHOCHTCsSI He TOJBKO NOJYUEHUE HH-
dopMmaru, HO U ee olepaTHBHAs JOCTaBKa MOTpeduTesssM Ha 3emie. Bo MHOrmX ciiydasx 3Ta WHGOpPMAIUs
JIOJDKHA JIOCTABJIATHCS B PEATbHOM (Min OJIM3KOM K DEAIbHOMY) MaciiTabe BPEMEHH C HCIIOJIb30BAHHEM Da-
nuoymmunn «KA — TNy (IIIIW — uysxr upuema undopmanuu). B kadecrse I moryT 6biTh HazeMHbIE U
BO3/IyIIHbIE MMYHKTBI, a TakKe apyrue KA, Hampumep, CIyTHHKA-PETPAHCISTOPHI HA COOTBETCTBYIOMINUX OPOU-
Tax. BoJibiime o6beMbl 1iepesaBaeMoit nHGOpMAIUU TPEOYIOT BBLICOKON IPOIIYCKHON CIIOCOOHOCTHU PAJIMOJIMHIU
«KA — TITIN» [2], 9T0 B cmiay orpaHuueHuii 1o sHeprernke Ha Gopry KA jmocTuraercss 3a cUeT HCHOJb-
30BaHMsl YIPABJISIEMbIX [OJBUKHBIX AHTEHHBIX ycTpoiictB (AY) ¢ J0CTATOYHO <«y3KMMU» JUAarpaMMaMd Ha-
MPABJIEHHOCTH. B CBOIO 0dYepesib 3TO MPEbsIBJSET IOBBIINEHHbIE TPEeDOBAHUS K TOYHOCTU opueHTaruu AY,
00ycJIoBIIeHHBIE HEOOXOIMMOCThIO TapanTupoBannoro Hasejgenust AY ua IIIIM B Tedenue Bcero ceamca CBsI3W.
st pyHKnmonupoBanusi nHpopManmonaoro kanajga «KA — TIIIM» HeoOXoauMo TakyKe COOTBETCTBYIOIIEE
obecriedeHre CHUCTeMbI IIPOrPAMMHOTO HaBejeHust AY HaHHBIMEA O TEKyIleil OpUeHTAIUd JIMHUYM BU3UPOBAHUS
(JIB) «<KA — IIIIU», upencraBieHHbIE €€ KHHEMATUIECKUMU XaPAKTEPUCTUKAMU KaK B abDCOJIOTHOM, TaK U B
OTHOCUTEILHOM JIBUKEHHUSX, TO €CTh KaK B IPOCTPAHCTBE, TakK W oTHOcuTebHO KA. Bo3zMoXHOCTL TpOruo3u-
poBanust Tekyiieil opuentanuu JIB B mpocTpaHcTBe U ee JAPYIUMX KHHEMATHIECKUX XAPAKTEPUCTUK Ha JIIOOOM
[JIAHUPYEMOM CEeaHCe CBSI3M TaKKe CIIOCOOCTBYET PEIIeHHIO 3aJ1adu ITporpaMMHOro HaBeneHust AY ¢ Tpebyemoir
TOYHOCTBIO, KOTOpasi 3aKJII0YaeTcs B COBMEIEHNH ocu JuarpamMmbl Hampasiennoctu AY c JIB. Kpome rtoro,
cucTeMa IPOrPaMMHOIO HABEIEHWS — B CIJIy OI'DAHUYEHUil 110 BpeMmeHu Ha BxoxkjeHume KA B cBazw ¢ I —
JIOJI2KHA OOECIIEINBATE TaKYKe BBICOKOTOYHOE TporpaMMHoe HaBejeHre AY M Ha HAYAJO KaXKJIOTO CEeaHca CBsl-
3u (ma uarepBasiax B3aumuoil Buzumocru KA wu Beibpannoro ITITN). Takum oGpasom, st pelneHus 3ajadu
nporpaMMHOro HaBejieHust AY Ha 6opry KA Tpebyrorcsi, Bo-IIEPBBIX, HaJIU4YUEe Ha WHTEPBAJIE CEaHCa CBSI3U Te-
Kyleit nadOpMaIu 0 KUHEMATHIECKUX xapakrepucrtukax apuxkennss KA u I (Hanpumep, B IPUHBUUCKOI
cHuCTeMe KOODJMHAT); BO-BTODBIX, PEIICHUE 334 KUHEMATUKHU CJIOXKHOrO JBuxKenus JIB u pacuera kunema-
TrdecKuX xapakrepuctuk AY npu ero Hasegenun na [ITIW. B macrosimieil crarbe paccMaTpUBAETCsl PEIIEHUE
TOJIBKO IIE€PBON M3 ITHUX 3aJad, a IIPEIBAPUTENbHbIE PE3YIbTATHI €€ DPENIeHUs BIEePBble ObLIN TPEICTABIIEHBI
B pokiaze [3].

1. IlocraHOoBKAa 3ajia4ym onpeaesieHns KNHEMATHIYEeCKINX XapaKTepPUCTUK
JIB «KA — IITIN» B ciiy4yae ee CJI02KHOTO JABUXKEHUS

IIpeamonaraercsi, 970 B KadecTBe WMCXOJHBIX JAHHBIX I peIleHus 3ajadu HaBegeHuss AY — B paMmkax
bostee 0OIIEHl 3aaum obecrieueHnsl OMEePATUBHON TOCTABKU WH(MOPMAIMU Ha 3eMJII0 — MOXKHO HCIOJIb30BATH
TOJILKO JIAHHBIE, MOJydaeMble HEMOCpeacTBeHHo Ha 6opry KA. D10 MoryT ObITh, BO-TEPBBIX, IPOTHO3UPYEMbBIE
3HAYEHUS [1APAMETPOB JBUXKEHHUS €ro IeHTPa Macc (HAlpuMep, B IPHUHBUYCKON WJIM I'eOLEHTPUYECKOil MHep-
IUaJIbHOl cucTeMax koopauHatT [4; 5|) Ha unTepBase [to,tf| miaHupyemoro ceamca CB3H — Ty, (t) U Viea(t)
WIH, IO KpaifHell Mepe, B HEKOTOPBIE MOMEHTEL BpeMeHHU ty, € [to,tr], k =0, 1, 2, ...; BO-BTOPBIX, KHHEMATHIC-
ckue xapakrepuctuku jsuzkennst IITIN B npocrpancTse — Trmy(t) U vipma(t) B TOi 2Ke cucTeMe KOOpAMHAT, U
B T€ K€ MOMEHTBI BPEMEHH, UTO yKa3aHbl BBIIIE; MOCIEIHee OTHOCUTC U K ciaydaio, Korga T nogsuKubit
HA3eMHBIM WM BO3JYIIHBIA IMyHKT, & TAKXKE CIYTHUK-PETPAHC/IATOP HA TEOCTAIMOHAPHOW WMJIM BBICOKOJIJIHII-
Tudeckoit opbure. Jlasee it ONMpeIeIeHHOCTH OVIET MPeIoiaraTbCs, UTO Tya, Via, Fnom ¥ Vponu BCETIa
3aJlaHbl B OJIHOM W TOW »Ke CHCTeMe KOOpJauHAT. B obmeMm ciyuae Jjisi pelleHus: 3ajadu HaBejeHusi AY, 1o-
MUMO Tgys, Via, Pmmap U Vimm, MOTYT TakKe MOTPebOBATbCS Wy, — BEKTOP yCKOpeHHs meHTpa Mace KA u
Wponu — BekTop yckopenusi [IIIN, 3ajaHHbIe B COOTBETCTBYIOIIEH CHCTEME KOODIUHAT.

Urak, ecim msuzkernne KA u IIIIM 3amaH0 ¢ HOMOIIBI0 KMHEMATHYECKUX yPABHEHMH

Tga = rKA(t); oo = rnnn(t)a vt € [tOQtf]a (11)

To moJsioxkenue Jimauu BuzupoBanust «KA — TIIIM» B mpocTpaHcTBe B KaXKJbIi MOMEHT BPEMEHU B TEUECHUE
ceaHca CBS3HU OyIeT 3a/1aBaTbCs BEKTOPOM

T'np (t) = Tonm (t) — I'ga (t>
M, COOTBETCTBEHHO, Tosioykenue JIB B mpocTpaHCTBE MOXKHO 3aJ]aBATh TAKXKE OPTOM
€np = rJ‘IB/TJ'IB7 Tng = |rm3|- (1-2)

KomMmmioHeHTHI €55 CyTh HampasJisifonue KocuHychl JIB — mepBast rpyrmima KHHEMATHIeCKUX XapakTepucTuk JIB.

OcrajbHble KHHEMATHYIECKHE XapakTepucTuku JIB cBs3aHbBI, BO-TIEPBBIX, ¢ OBICTPOTON M3MEHEHUs — IO Be-
JIMYUHE ¥ HAIPABJIECHUIO — OPUEHTAIUH OPTa €55() B MPOCTPAHCTBE, KOTOPAs OLPEIEJISeTCs BEKTOPOM MIHO-
BeHHOI yryioBoii ckopocT JIB wjp; BO-BTOPBIX, ¢ OBICTPOTON U3MEHEHHs w;p(l) WM, YTO TO Ke caMoe, C
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yIVIOBBIM ycKopeHHeM JIB, BEKTOpP KOTOPOrO OIpeJessieTcss MPOU3BOAHON 10 ¢ 0T wyp(t):

dwg(t
Enn(t) = %(). (1.3)
JIIsT HAXOXKJIEHNST yKA3aHHBIX KHHEMATUIECKUX XapaKTepUCTHK JIB JIONOJHUTEbHO HEeOBXOIUMO TaKKe 3Ha-
HUE OPOU3BOAHBIX OT Txa(t) M ropu(t), a umeHHO: Via(t) = drga(t)/dt; wia(t) = dvia(t)/dt; vam(t) =

= drpmu(t)/dt; Wone(t) = dvam(t)/dt.

Ilepeuncentbie BbIlle KHHEMATAIECKE XapaKTEpUCTUKN JIB TMOMHOCTBIO OMPeessIioT ee IBUXKEHNE B IIPO-
CTPAHCTBE B KakoW-smb0 BBIOpaHHON 6azopoii cucreme koopauuHar (BCK), B KOTOpPO# 3a1al0TCs ypaBHEHUsI
nemkernst KA n IITIN (1.1). OxHaxo s pereHust 3a7a4qu HaBeJieHust AY, BooOIe ropopsi, Tpebyercsi 3HaHUe
rekyieii opuentanuu JIB B cBazannoit cucreme koopaunar (masee — CCK) KA. Ecau npungars, aro 6a3osas
CHCTEMa KOODJMHAT sIBJISETCS YCJIOBHO HEIOJIBUXKHON (M, COOTBETCTBEHHO, PACCMATDPUBATL €55(t), wqs(t) u
exs(t) Kak Kunemarundeckue xapaxrepuctuku JIB B abcomornom apsmkenun), 1o u B nopsuxkuoit CCK moxk-
HO BBECTH COOTBETCTBYIONIME KUHEMATUIECKUE XapAaKTepUCTUKK JIB (B OTHOCHTENLHOM JBUKEHUM), & UMEHHO:
€ns(t), @np(t) u €45(t). B obmem caydae wyp(t) # @np(t) u enp(t) # Exs(t), a enp(t) = €55(t), ecau ToIBKO
9TU OPTHI 3aJaHLI B OJHON M TOU »Ke cucTeMe KOoopamHaT. VHBIMU ciIoBaMM, KHHEMATHIECKUE XapaKTepUCTHU-
ku JIB B ee abCOTIOTHOM M OTHOCHTEIHLHOM JIBHKEHUSIX CYTh Pa3JUIHble KUHEMATHIECKHE XapaKTEepPUCTHUKIH,
qaro obycsosseno noasuxkuocThio CCK ornocurensno Beibpanuoit BCK. Hakowner, ormMeTrnMm, 9To JiJTs perlenust
samaun Haenenuss AY mHa IITIU B KOHEUHOM cueTe Takzke HEOOXOomMMBI Vi € [tg, t f] KHHEMATUYECKNE XapaKTe-
PHCTHKY TOJBUXKHOTO (OTHOCHTENbHO Kopiryca KA) AY B Bue ero TeKymux yIVIOB TOBOPOTA, PEATM3YEMBIX C
IIOMOIIBIO OIOPHO-110BOpOTHOrO yerpoiicrsa (OITY), u, GbITh MOXKET, COOTBETCTBYIOIIUX TPOU3BOMHBIX OT THX
YIJIOB IO BPEMEHU CyThb YTJIOBBIX CKOPOCTEW M YCKOPEHWI IO ONpeIe/IeHHBIM KaHAJAM YIIPABJICHUS IOIBUK-
moro AY. JlanHas rpynna KMHEMATHYECKUX XaPaKTEPUCTHK OIPEIesseTcsl KOHCTPYKTUBHBLIMU OCOOEHHOCTSIMI
OIIY wu 31mech HE PACCMATPHUBAECTCS.

Hacrosiiiasi craThsi MOCBSINEHA PEIIEHUIO 3aJa9i KUHEMATUKHU CJIOKHOrOo jpmxKeHusi JIB «KA — IIIIN» ¢
[EJIbI0 TIOJTyYeHUsI OOIMMX COOTHOINEHUl JjIsi pacdyeTa KUHEMaTUIEeCKUX XapakTepucruk JIB u ympasisieMmoro
HOABUZKHOrO AY, HEOOXOMMMBIX I MOJeIMpoBaHusd upoueccop Hapemenuss AY na IIIIN mia KA. B ceasu ¢
9TUM OJIHA M3 OCHOBHBIX 3894 — YCTAHOBJIEHHE B3aWMOCBI3M MEXKJY KHHEMATHICCKUMH XapaKTEPUCTUKAMUI
JIB B ee abCoJIIOTHOM U OTHOCHUTEIbHOM IBUXKEHHSIX, YTO HeoOXoauMo B jajbHeiimem i pacdera B CCK
KA kuHeMaTHYecKuX XapaKTEPUCTHK YIIPAaBJISEMOIO IOABUKHOTO AY B pexkume HapeieHus Ha [IITI.

2. Kunemarunueckue xapaktepuctnku JIB «KA — IIIIN»
B aDCOJIIOTHOM ABUYKEHUN

Paccmorpum BHaYasIe CiIeIyIONIYIO BCIIOMOTaTeIbHYIO 3aja4y. 1lycrs nBukenme HeKOoTOpOW mapsl TodeKk N
u P szamano B coorserctBun ¢ (1.1) KMHEMATHYIECKUMHU yDaBHEHUSIMU

I‘NZI‘N(t); I‘pZI'p(t), (21)

e 'y U T'p — PaJMyC-BEKTOPHl YKA3AHHBIX TOYEK B HEKOTOPOH YCJOBHO HENOJBUKHOW CHUCTEME KOOD/IH-
nar (HCK). Coorsercrenno, otpe3ok NP = ry, onpeienser nonoxkenne JIB B mpocrpanctse (B HCK), a
BEKTOP Ty BBIUUCIAETCS TaK:

g =rp —TI'N. (2.2)
st pemenust paccMarpuBaeMoil 3ajadu Tpebyercsd ykasarb, ucxond us (2.1), (2.2), ToduHBIE COOTHOIIEHUS
I onpejlesieHnss KuHeMmatndeckux xapakrepuctuk JIB B HCK wmim, uro To ke camoe, B ee abCOJIFOTHOM
JIBUKCHUM.

Buauase ormeruM, uro nosoxenne JIB 8 HCK ¢ yuerom (1.2), (2.2) 3amaercs oprom

€1 = rJ‘[B/rJ'IBa (23)

KOMIIOHEHTBI KOTOPOTO CyTh HampasJsttomue kocunycel JIB B HCK — 310 nepBast rpyriia KHUHEMATHYECKUX Xa-
pakrepuctuk JIB B abcomrornom gBuzkennn. OUeBUIHO, YTO OCTAJIbHBIE KMHEMATHIECKUE XapakTepuctuku JIB
CB#A3AHBI C OBICTPOTOI M3MeHeHusi opueHTaru opta €;5; B HCK, a mMeHHO ¢ yIyioBOl CKOPOCTBIO W YTJIOBBIM
yckoperneM JIB B HCK. Yro6bl ux Haiitu, BHauaje HEOOXOAUMO OUDPEAEIUTH ¢ y4eToM (2.2) HpOU3BOIHBIE

or ry(t) u rp(t):

dry(t) dvy(t) drp(t) dvp(t)
VN() at WN() at VP() at WP() at ( )
TJie VN U Vp — BEKTOPbI CKOPOCTEll, a Wy U Wp — BEKTOPHI yCcKOopeHuit Touek N u P.

Jlns ompejiesieHrsT BEKTOPHOW BEJIMYUHBI, XapaKTEePU3YIOIIe Kak ObICTPOTY, TaK U MIHOBEHHOE HAIpaBJIe-
uue usMeHenus: opuenraiyu JIB B npocrpancrse (B HCK) mim, uro To Ke camoe, ee MIHOBEHHYIO yIJIOBYIO
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CKOPOCTh, BHAUaJe CJejyerT BeaucauTh ¢ yderom (2.1), (2.4) ckopocrb Touku P orHOCHTENbHO TOYKH N
(nim cropocTh KoHia JIB oTHOCHTENBHO ee Hauasma B Touke N ):

Vg = =Vp —VN. (2.5)

OueBniHO, 9TO MCKOMas BeJUYnWHA OYIET IPOMOPIIMOHAIBLHA CEKTOPHOI CKOPOCTH BEKTOPA €5 M, CTAJO ObITh,
BEKTODHOMY [POM3BEJEHUIO TOrO OPTa HA OTHOCUTEJBHYIO CKOPOCTb Vas (2.5). Orcroma ciemyer coorBer-
CTBYIOIIAsT KHHEMATUIECKAs] XapaKTEePUCTUKa — BEKTOp MrHoBeHHOI yrioBoii ckopocru JIB B HCK, kortopbrit
OTIPEJIETISIETCST TaK:
1
Wig = —€55 X Vig. (2.6)
Tns
VuurbiBag (2.6) u CBOHCTBA CMEIIAHHOTO BEKTOPHOI'O IIPOU3BEJICHUsI, HETPYIHO YCTAHOBUTH, UTO €5p Wy = 0,
TO €CThb B KaXK/bliI MOMEHT BPEMEHH BEKTOD wjp OproronajeH kK JIB, m aHAJOrMYHO MMeeT TakyKe MeCTO:
Vg - Was = 0.
Hajee, BBIYUCIUM MPOU3BOAHYIO OT Wjp, XAPAKTEPHU3YIONIYI0 OBICTPOTY W BEJMINHY H3MEHEHHS YTJIOBOM
ckopoctu JIB B HCK, nim, cornacuo onpenenennto (1.3), MrHOBeHHOE yriioBoe yckoperue JIB: €5 = dwyp/dt.
Haiinem €55, muddepennupyst Boipakenne (2.6):

dwjp 1 drgs 1 deqs 1 dvs

=—————€emp X Vg + ——— X Vg + —e;p X 2.7

dt 2, dt TR ey dt R T 2.7)

3aech dryg/dt = €5 © Vi — pajuajibHasl COCTABJISIONIAs OTHOCUTEIbHON ckopoctu JIB, deqs/dt = wqp X

X €55 — TPOM3BOJHASL, BbrUMCIAsieMast 10 dopmyie Diinepa [4]. Hakonen, muddepenmupysa (2.5), ¢ yaerom

(2.4) momyuanm

dv

d;;B =Wp — WN = Wyp, (2.8)

T. e. yckoperne Touku P orHocutenbHo Toukn N B HCK (mim yckopenue konra JIB oTHOCHTEIBHO ee HAYAJA).
[MopcTaBuB NepeYUc/ieHHbIE BhINIEe IIPOU3BOAHbIE B (2.7), IOCAEe COOTBETCTBYIOIIEH TPYIIMPOBKYA YICHOB HOJLy-
GUM CJIEYIONLYIO (DOPMYJTY JIJIsI BBIUHCJIEHUS € g

1 2(enp - Vag)

Eqg = —€n X | Wy — ———Zv 5| . (2.9)
Tns Tns

Eciu yuects BbIpazkeHme st wps (2.6), 1o (2.9) MOXKHO nepenmcarb U B TaKOM BHJIE:

Enp = waHB + ieHB X Wp. (2.10)
Tne 1B
Ucxong uz (2.9) mwiu (2.10), HETPYJAHO YCTAHOBUTH, UTO €55 Exs = 0, TO €CTh BEKTOD YIVIOBOTO yCKODPEHUS
JIB, Kak 1 BEKTOp €ee VIVIOBOIl CKOPOCTH Wjp, B J1I0OO MOMEHT BpeMmeHH Oymer oproronasexH JIB.
[IpenBapsisi onpesie/ieHne KUHEMATHIECKAX XapakTepucTuk JIB B OTHOCHTEIBHOM JIBUZKEHUH, OTMETHM, UTO
BCIOJLy BBINIE II0KA PaCcCMaTPHBAJIMCL TOJLKO BeKTOpbI, onpefeisemble B HCK u 3amaBaemble CBOMMH KOMIIO-

HEHTAMH B 9TOH XKe CHCTeMe KOODAMHAT, TO €CTb €;5 = €noX, vy = vioK HOK wpp = WSS u

enp = NSX. COOTBETCTBEHHO, DeEIeHHe PACCMATPUBAEMO 3a/1a4y B BHJE NPHUBEJIEHHBIX BBIIIE COOTHOIIEHU
(2.2), (2.3), (2.5), (2.6) u (2.8)—(2.10) mas ompenenenns KuuHemarmdeckux xapakrepucruk JIB 8 HCK (to

€CTb B ee abCOIIOTHOM ,HBI/I)KGHI/II/I) cieayer nepenucarb B TaKOM BHJE:

, Wig =

HCK __ 1 PHOK. HCK __ 1 EHCK o (HOK.
JIB T JIB JB T JIB JIB
B Tns
HCK HCK
HCK __ _2(eHB " Vis )wHCK + 1 EHCK s i HOK
EJ'IB - JIB JIB WJ'IB
Tns Tns
HCK __ . HCK HCK HCK __ ,HCK HCK HCK __ +, HCK HCK
Tae Iyg —I'P 7I'N s Vg —VP 7VN y Whg —WP 7WN .

3. Kwunemarnueckue xapakrepuctuku JIB «KA — IIIIN»
B OTHOCUTEJIbHOM JABU>KeHI. B3anMocCBs3b KHHEMATUIECKIX
xapakTepuctuk JIB B aOCOJIOTHOM 1 OTHOCUTEJIBHOM JIBUKEHUAX

PaccmoTpum Temepn 3amaty Ha onpeseseHue KHHeMaTHdeckKnx xapakTepuctuk JIB B orHOCHTETBHOM IBU-
JKEHUHU, TO €CTh B TOM CJjIydae, KOrja JBrkeHue mapbl TodeK N u P Oyner 3a/aHO KHUHEMATHIECKUMU yPaB-
HEHUAMU

f‘N:f'N(t); I'p:f‘p(t), (31)



Becmnux Camapcerozo ynusepcumema. Ecmecmeennonaywnan cepus 2023. Tom 29, 4. C. 117-12}
Vestnik of Samara University. Natural Science Series 2023, vol. 29, no. 4, pp. 117-124 121

rjae 'y U Fp — PaJyc-BEKTOPHI YKA3aHHBIX TOUEK B HEKOTOPOI BeroMoraresabHo cucreme koopauaar (BCK),
nasuzkenue Koropoit ornocurenbHo HCK Oynmer ommcano murke. B sroit 3amade TpeOyeTcs, BO-IIEPBBIX, HAHTH
KHHeMaTHIeCcKue XapaKTepHcTuku JIB B ee oTHOCHTEIPHOM JBUKEHHU, M, BO-BTOPBIX, yCTAHOBUTHL UX B3aH-
MOCBSI3b C KHHEMaTHYeCKHMU Xapakrtepuctukamu JIB B abcomoraom apmkennn (B HCK).
OueBn/HO, YTO peIeHre [EPBOH YacTh STON 3a/a4d IPU 33JaHud ypaBHeHHUi (3.1) aHAJIOIMYHO DEIIEHUIO
3aJadu [PEJBIIYINEro pasjena, TO eCTh 37ech 1o asasoruu ¢ (2.2), (2.3) cpa3y Ke MOXKHO 3alucaTb
1

€1 = —Typ, (3.2)
Tne

rie

Tpp =Tp —Ty. (3.3)
CootBercrBenHo, yrioBasi ckopocTb JIB B orHOCHTENIbHOM [BHXKeHUN OyIeT BBIYUCIATHCS MO (opMmyse, aHa-
jornanoi (2.6):

- 1 -
Qg = —€1p X Vg, (3.4)
JIB
rje Vyp = 0Tnp/dt =Vp — Vy, Vy = 0Ty /dt, Vp = 6Tp/dt, a % — JIOKaJIbHAsI TIPOM3BOIHAs (B IIOJBUKHOM
BCK) [4]. OueBngno, uro 31ech €, - Wnp = 0. Jajee B COOTBETCTBUM C ONPEJIEJIEHHEM YIJIOBOTO YCKODEHHUsI

JIB (1.3) cnemyer npunaTh
.0
€ng = %wHB'
Berumcsisisi JIOKaJIbHYH NPOU3BOIHYIO OT Wyp (3.4), mosmyunm anasormuaoe ¢dopmyse (2.10) BbIpazkeHHe st
yrioBoro yckopernus JIB B oTHOCHTETLHOM JIBUKEHUU:
Enp = _M&HB + LénB X Wig, (3'5)
T'ns Tns
e Wop = 0Vue/dt = Wp — Wy, a Wy = dVvy/dt, wp = 6Vp/dt. Ucxons u3 (3.5), HETPYIHO YCTAHOBHUTH,
9TO €55 - Exqp = 0, TO €cTh BeKTOp yrsoBoro yckopenus: JIB €5, Kak U BEKTOp ee YIJIOBOH CKOPOCTH Wip, B
BCK rtakxke Oymer oproronasen JIB B j000it MOMEHT BpeMeHH.

Paccmorpum Jiajiee BTOpyIo 4acTh 3a/a4M, pPelleHre KOTOPOM HOJI>KHO yCTAHOBUTH B3aUMOCBSI3b KUHEMAaTHU-
JecKnX xapakTepucTuk JIB B ee oTHOCHTE/HLHOM M abOCOIOTHOM JBUKeHUAX. J[JIsT 9TOTO Ompese/inM JIBUKEHNE
BCK ornocurensro HCK, a umenno: nycrs nosoxkenne ee Hauasna B HCK samaercs pagmyc-ekTopom ro(t),
a JBUZKEHHE — BEKTOPAMU CKOpoCcTU Vo = dro/dt m yckopenus wo = dvo/dt (3mech npoussogmbie oT ro(t)
u vo(t) asisorcsa abeosorabivu, T0 ecth Bbraucisiorca B HCK); rekymiyio opuenranuio BCK B HCK ompe-
nemam matpumieit (mepexoga s Bektopos or BCK x HCK) — PECK yym marpuneit PECK = (PECK)T [5] o
ee BpalllaTeJbHOE JBUXKEHHE — BEKTODAMHU YIVIOBOH CKOPOCTU Wpek(t) U YIVIOBOrO yCKOpPEHUsl Epck(l).

Tak Kak ry =ro+Ty, r'p =To+Tp, TO ¢ yueroMm (2.2) u (3.2), (3.3) momyunm rpp = Tpp U, CTAIO OBITH,
TOIJ[a MMEEeT MeCTO: €;p = €. lloc/ieHee O3HAYAET TOXKJIECTBEHHOCTH ITHUX OPTOB, KOIJA OHU 3aJal0TCA B
OJHOI U Tolt 2Ke cucTeMe Koopaunar: 3xech — jubo B HCK, mmbo 8 BCK. Ecin xe exp = €50, a €,5 = €59,
TO CBsI3b MeXK/y HUMU JOJKHA KOHKDPETH3MPOBATHCA Tak [4; 5l:

BOK HCK __ ~BCK, HCK __ PHCK xBCK
PHCKeHB =€ 5 ©us _PBCK JIB
e eho¥ zamaercs csonmu komnonentamu B HCK, a opr €52, coorBercrBenno, B BCK. OueBngno, uro sto

CIpaBEJIMBO W JJIsi yIJIOBBIX CKopocTeit m yrioBbix yckopermit BCK, mrsi KOTOpbIX mMeeT MeCTO: Wgpcx =
= Wpck; €sok = Enok-

Hasee myisi TOro, 4YToObI YCTAHOBUTH CBA3b MEXK]Iy YIVIOBBIMHU CKOpocTsiMu JIB, ¢ ofHOII CTOPOHBI, U yIJIO-
BbIME ycKopeHusimu JIB, ¢ Jpyroii CTOpOHBI, COOTBETCTBEHHO, B OTHOCUTEJBHOM ¥ A0COJIOTHOM JIBUKEHUSX,
B IIEPBYIO OYepejib CJIeyeT BBISICHUTH, KaK CBS3aHBI MeXK]Iy OO0l BEKTODHI:

Vag = drap/dt v Vg = 0Tup/dt; Wag = dvas/dt U Wag = 0Vag/dt.
Urak, yaureiBast, 9T0 dr;p/dt = 0T ;p/dt + wpek X Tup [4], momyanm
Vg = Vap + Week X Tig. (3.6)

Huddepennupys (3.6) ¢ yuerom cBa3u Mex Iy abCONIOTHON U JIOKAJBHON NPOM3BOIAHBIMU, MOJYIUM TOLIA
cJieIyIoliee COOTHOIIEHUE:

Wis = Wi + €scx X g + Week X (WBCK X f‘nB) + 2Wgok X Vg, (3-7)

B KOTOPOM YYTE€HO, UTO Epck = dWpck/dt = dwpek /dt [4].
IToncrasus (3.6) HemocpeacTBeHHO B (2.6), ¢ y4eToM €5 = €;p U (3.4) mOIyInM

Wi = Wyp + € X (‘-‘-’BCK X énB) , (38)
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rIe cjaraemoe wggans = @55 X (Wpck X €7p) HPEJICTABISET COBOM COCTABIISIONLYI0 BEKTOPA Wyp, KOTODPAsI
oproronaJsibua JIB. IlosTomy BekTOp wfga”“" MOYXKHO PacCMaTpPUBaTh KaK MEPEHOCHYIO YIVIOBYIO CKOpocTb JIB.

HeiicrBurensho, eciu B (3.8) Wyp = 0, TO wynp = wfgam, TO €CTh B 3TOM CJIydae YIJVIOBasg CKOPOCTb Wp

Gyaer obycsosiena Toiabko BpamnenneM BCK. Takum ofpasom, coorHomenue (3.8) Oyuer BblpazkaTh cobBOi
meopemy O CAOIHCEHUU Y2108bT cKkopocmel JIB B ee CI0KHOM [IBIKEHUU B CJIELYIONIEM BHJE:

Wip = @np + whoens, (3.9)

OrmernM, a0 B (3.8) 1 (3.9) Bce BEKTOPBI 33JIAI0TCS CBOMME KOMIIOHEHTAMHU B OJIHOHW M TOH XKe CHCTeMe
xoopauuat, To ecth Jjubo B HCK, mbo B BCK. B Tom ciyuae, xorma wps = whs, a wys = WHL, Torma
(3.9) HeOOXOIMMO Mepenucarb B OJHOM H3 BAPHUAHTOB:

BCK, ,HCK __ ~BCK Trans)BCK | HCK __ PHCK ~BCK Trans)HCK
PooXwids = R 4 (w ) w =P + (w )

HCK JIB ’ JIB BCK wIIB JIB ’

rae wlrans zanaercsa CBOMMM KOMIIOHEHTaMH, cooTseTcTsenno, qubo B BCK, mm6o B HCK.

YcraHoBUM Jiajiee B3aMMOCBS3b MEXKJy VIVIOBbIMEU yckopeHusmu JIB e€pp um €xp. i aToro mosjcraBum
(3.6) u (3.7) B (2.9) u nocie NpeaBAPUTENHLHON TPYHIUPOBKH YIEHOB, COOTBETCTBEHHO, C yUETOM €55 = €5
(€ne - Vi) = (€15 - Vap) TOTJA IIOJIyYUM:

1 2(eJ'IB : VJ'IB) ~

€ns = €np X |Wjp — Vs | +
Tns Tns

+€,5 X (EBCK X éJ'IB) + enp X [wBCK X (wBCK X éJ‘IB)] +

2 - N N - - -
+7‘7 {eJ'IB X (wBCK X VJ'IB) - (eJ'IB 'VJ'IB) [eI{B X (wBCK X eJ‘IB)] }
B

PackpbiBast B TOCTIEHEM CJIATa€MOM TBOMHBIE BEKTOPHBIE TPOM3Benennst |5| m yunThBag (3.5), OKOHIATETHHO
IIOJIYIUM
€ns = €xs + € X (EBCK X éJ‘IB) + € X [wBCK X (wBCK X éJ‘IB)} -
_ 2(éJ'[B : wBCK) [
Tne

B (3.10) B mocie/iHeM cJIaraeMoM BeKTOP

{’JIB - (éIIB . {/JIB) éJ‘IB] . (310)

Vg = {,.HB - (éIIB . {,.HB) éJ‘[B - é]‘IB X ({,HB X éJ‘IB)

SBJISIETCSI COCTABJIAIONIEHl OTHOCUTEIBHON CKOPOCTH Vg, OpToroHaybHoil JIB.
OueBnjiHO, uTO B Ccityuae Vs = 0 M, COOTBETCTBEHHO, €5 = 0 u3 (3.10) momyunm

EIIBI -0 — €5 X (EBCK X éJ‘IB) + €5 X [wBCK X (wBCK X énB)]7

VB

TO ecTh yrioBoe yckopenue JIB Gyner obycioBiaeno tosbko spamennem BCK ornocuressno HCK wu, cra-
_ ~Trans

JI0 OBITH, TOTIA €HB|\7HB:O =e57 MOYXKHO OyJIeT OTOXKJIECTBUTH C TEPEHOCHBIM YIVIOBBIM ycKopenmem JIB.

CoorsercrBenno, mocienHee ciaaraemoe B (3.10) Tak:ke MOXKHO TPaKTOBATH (€CTECTBEHHO, MMesl B BHJY CO-

OTBETCTBYIONIYIO AHAJIOIMIO ¢ KOPUOJIMCOBBIM YCKODEHHEM B CJIOXKHOM JIBUYKEHHM TOYKH [4]) Kak II0BOPOTHOE

yriosoe yckopenne JIB — ef9tor Takum obpasom, dopmyma (3.10) BIpazkaer coboit meopemy 0 caoxHceHuU

yano08ux yckoperuli JIB B ee CI0KHOM JBVKEHUU B CJIEIYIOIIEM BHJE:

Enp = Enp + €L701S 4 glotor, (3.11)
e
6%““ =€, X (€BCK X éJ‘IB) + €, X [wBCK X (wBCK X éJ‘IB)] )
2(e .
gliotor _ 28 - Wiex) wBCK)éHB X (Vs X €55).
Tne

B roMm cayuae, eciu €5 = €555, €45 = €50, TO IpHU BBIMHCICHUM KHHEMATHIECKHX XapakrepucTux JIB

cjeayeT HCIOJIb30BaTb COOTHOIICHUWA:

BCK _HCK __ xBCK Trans)BCK Rotor\BCK
PHCKEJ'[B - EJ‘IB + (EJ'IB ) + (EHB ) 9
HCK __ PHCK ~xBCK Trans)HCK Rotor\HCK
€ — PBCKEJ'IB + (EJ'IB ) + (EJ'IB ) )
B KOTODBIX BEKTODbHI €179 u sffgtm" 38/IAF0TCST KOMIIOHEHTAMHU (UJIM BBIYHCJSIIOTCSI) B COOTBETCTBYIOIIUX CH-

cTeMaX KOOpJIWHAaT.

JIOTOTHATETLHO OTMETHM, 9To €19tor

otor ¢ ygeroMm (3.4) TakiKe MOMKHO IEPENUCATbH B BHJIE

Rotor __ ~ ~ ~.
€4 = 2(enB : wBCK)eHB X Whp-
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BreiBoabl

Paccmorpena 3amaua kunemaruku cioxkuoro jasmkenust JIB «KA — TIIIW», permenne KOTOpO# MMOJIydY€HO
B BHJE COOTBETCTBYIOIIUX TEOPEM O CJOXKEHUH YIJIOBBIX cKopocreil (3.9) m yrsosbix yckopenmit (3.11) JIB.
[Tonyyennast csi3b KuHemarudeckux xapakrepuctuk JIB «KA — TIIIM» B ciaydae ee CJIOXKHOIO JIBUXKEHUSI
HeoOXoauMa, JIJIsT MOJEJIUPOBaHUs IPOIECCOB HaBeaeHns NoABMKHLIX AY ma IIIIN, manpumep, nus KA au-
CTAHIIMOHHOTO 30HIMPOBaHUs 3eMJid. JOMOJHATEIFHO OTMETHM, UTO TOJIyIYEeHHBbIE PE3Yy/IbTaThl PENIeHus 3aaun
KWHEMATUKN CJIOXKHOTO JBrzKeHus JIB Takke mpeicTaB/IsiOT MHTEPEC W B 3a/1a9aX MOJIEIUPOBAHUS IIPOIECCOB
commkenus KA na opbure [6], 1 KOTOPBIX MOXKET MOTPEOOBATHCS pPACUYeT KUHEMATHYECKUX XaPAKTEPUCTUK
neuzkeruss JIB «KA — 1menb», a TakKe TOYHbIE 3HAYEHHS KUHEMATHYECKUX XAPAKTEPUCTUK OPOUTAIBLHOIO
TpexrpaHHuKa [7], Momesupyommero opoutanbHyo cucremy koopaumHar KA [4; 5].
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MODELING OF KINEMATIC CHARACTERISTICS OF THE LINE OF
SIGHT OF A MOBILE ANTENNA OF A SPACECRAFT WHEN IT IS
POINTED AT AN INFORMATION RECEPTION POINT

ABSTRACT

Within the framework of the general problem of calculating the kinematic characteristics of the mobile
antenna of the spacecraft, the problem of the kinematics of the complex movement of the line of sight "Sc —
IRP" ("spacecraft — information reception point") is considered. The solution of this problem is given, with
the help of which the relationship of kinematic characteristics in the absolute and relative movements of the
line of sight "Sc — IRP" is established in the form of theorems on the addition of its angular velocities and
accelerations.
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