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OCHOBHBIE HAITPABJIEHU S COBEPIIEHCTBOBAHUSA CITYTHUKOBBIX
TEJEMETPUYECKUX CUCTEM
K.B.Konecnuk, FO.I1.JIuryc, a.1.1H. B.B.I1uckopx

OAO Hay4Ho-uccienoBaTeabCKUii HHCTUTYT PaAUOTEXHUUECKUX U3MEPEHUI

The features of construction of the modem satellite telemetery systems are considered with
the purpose of definition of their perfecting main directions.

B Hactosmiee Bpems IpHU peIIEHUH psJa NPAaKTUYECKMX 3aJad B Pas3iIMuYHBIX cdepax
NEeSITeIbHOCTH 4YeJIOBEKa Bce OOJIbLIOE 3HAuY€HUE IMPHOOPETa0T BOMPOCHI MPOTHO3MPOBAHUS
IIPOLIECCOB, IMPOUCXOASIIMX B OJMIKHEM KOCMOCE U B OKOJIO3EMHOM IIPOCTPAaHCTBE,
JAJIBHENIIETO COBEPUICHCTBOBAHUS CPEICTB KOMMYHHUKALMU U PAJ IPYTHX BOIIPOCOB, KOTOPBIE
MOTYT OBITh PELIEHBI C UCIOIb30BAHUEM PA3IMYHBIX LIEJIEBbIX CIlyTHUKOBBIX CHCTEM.

C npyroit CTOpOHBI, JajbHEHIIee pa3sBUTHE KOCMMUYECKHUX TEXHOJIOTUH U CPEICTB
BBIYHCIIUTENBbHON TEXHUKHU, HCIOJIB3YEMbIX JUISI MX pealu3allid, MO3BOJSIOT MpPHU CO3JaHUU
CIIyTHUKOBBIX CHUCTEM I0JIy4aTh Ka4eCTBEHHO HOBBIE XapaKTEPUCTHUKU BCEr0 KOCMHMUYECKOIO
anrmapara B LIEJIOM.

B 3TuX ycioBUSX 3HaYMTENBHO BO3pPACTalOT TPEOOBaHMS K OCHOBHBIM TEXHUYECKUM U
HKCIUIYaTAalMOHHBIM XapaKTEPUCTUKAaM BCEX CIYXEOHBIX M O00eCHeuMBaIOIUX CUCTEM
CIIyTHUKOB.

boproBas Tenemerpuueckas CUCTeMa CIyTHUKA IpeJHa3HaueHa i cOopa, oOpaboTKu U
npejacTaBieHuss B OOpPTOBOM  IEHTPalIbHBIM  BBIYMCIMTENbHBIM  KOMIUIEKC  CIIYyTHHMKA
TeJIeMETPUUECKON HH(OPMALIUK O COCTOSSHUU BCEX CUCTEM CITYTHHKA U HU(POBBIX MAaCCUBOB /1
anmnapaTypsl [10JIE3HON Harpy3Ku - TaK Ha3bIBAIOTCS LI€JIEBbIE CUCTEMBI CITyTHUKA, HE CBSI3aHHBIE
HampsIMyl0 C 3aJadyaMu  o0ecrieueHusi IojeTa KocMudeckoro amnmapara. llomyueHHas
uHpopmManus u3 60PTOBOrO EHTPATILHOTO BEIYUCIUTEILHOTO KOMILIEKCA CITYyTHUKA MEpeaaeTcs
10 KaHaJIaM CBSI3M 6 HA3€MHYIO CTaHLIMIO YIIPABICHUS

KommiekcHbpli aHanM3 MOJy4eHHOM HH(pOpMalMU TMO3BOJISET, KaK IMPOBOJIUTH OIEHKY
TAKTUKO-TEXHUYECKUX XapaKTePUCTUK CIYXKEOHBIX CHCTEM CIIyTHMKAa, TaK W MOJy4aTb
HEOOXOIMMYI0O TEXHHUYECKYI0 M HaydyHYI0 MH(POpPMAIMIO OT amnmnapaTypbl MOJE3HOH Harpy3KH.
[IprueM o/1HO U3 0COOEHHOCTEN TENEeMErPUYECKUX CUCTEM COBPEMEHHBIX CITyTHUKOB SIBIISIETCS
BO3pacTaHue JOJIU UHPOPMAIINH MT0JIE3HON HAarpy3KU B TEIEMETPUUYECKOM KaJpe HH(OpMalLHU.

Crnenytouieit ocobennocmvlo i TENEMETPUUYECKUX CHCTEM COBPEMEHHBIX CIYTHUKOB
MOKHO Ha3BaTh BO3pacTaHue TpeOOBaHUM K ee MaccorabapuTHBIM MOKa3aTelsiM, YTO CBSI3aHO C
TEHACHLIUEN CO3AaHMsI MaJIbIX U CBEPXMAJIBIX CIIyTHUKOB. Takne KOCMUYECKHE arapaTbl MOTYT
BBIBOJMTHCS Ha OPOUTY 3eMIIM IPyTIIaMy MM KaK COMYTCTBYIOUIUM IPpy3 MpHU 3aMycKe KPYIHBIX
U3JIENNH, YTO 3HAUYUTENFHO CHIKAET CTOMMOCTD MOTy4aeMoi HH(POpMAaLnH.

Hcnonb3oBanue MHGOpMAIMK, MOJy4aeMO OT TeIeMETPUYECKOM CHCTEMbl CIyTHHUKA, B



KOHTYpE €ro YIpaBJIeHHs, HajlaraeT IMOBBIIICHHbIE TPeOOBaHUS K OOECIEUEHHUIO0 HAeKHOCTH
paboThl BCEX 3JEMEHTOB CIYTHUKOBOM TEJIEMETPUYECKOW CUCTEMBbl. JTa OCOOEHHOCTH TaK¥Ke
JOJKHA YUUTHIBATHCS MPH NMPOCKTHUPOBAHUH COBPEMEHHBIX CIHYTHUKOBBIX TEJIEMETPUUYECKUX
CHCTEM.

Y4uuTeIBas, 4TO B TOCJIEIHEE BpPEeMs CYIIECTBYET OOJBIION NMpPAKTHUYECKUW HHTEpeC K
BO3MOKHOCTH IOJIy4EHHS DPA3HOIUIAHOBOH HMH(pOpPMAalMK OT OAHOTO CIYTHUKA, AKTyaJbHBIM
SBJIAETCA pealu3alusi MHOI033JauyHbIX CTPYKTyp B Majblix o0beMax. CIyTHUKOBas
TEJIEMETPUYECKasi CHCTEMa JIOJDKHAa O0O0eCeyrBaTh BO3MOXKHOCTh  (DYHKIIMOHHPOBAHUS
MIOI00HBIX CTPYKTYP M ONTUMAJIBHO MCIOJB30BAaTh UX BO3MOXKHOCTH, CO3/1aBasi Uepe3 €AMHbBIN
JUIS CITyTHUKA OOPTOBOM LIEHTPAJIbHBINA BEIYUCIUTENBHBIN KOMITJIEKC OOIIYI0 HH()OPMALIMOHHYIO
CeTh KOCMHYECKOro ammapara. JTa OCOOCHHOCTh TpeOyeT OT OOpPTOBOM TeleMEeTpUYECKOM
CUCTEMBI CIIyTHHKA TMOKOCTH MO OTHOIICHHUIO K Pa3HOILIAHOBBIM MH(MOPMAIIMOHHBIM MOTOKAM.
[Ipu 3TOM HEoOXx0IMMO OOECHeunuTh KaK HE3aBHUCHUMOCTh U aBTOHOMHOCTH PaOOTHI LIEIEBBIX
CHCTEM CIYTHHKA, TaK M HCKIIOYCHHE HEXEIAaTeJIbHOro Mapaieiu3Ma W TyOIrMpoBaHUS
BBITIOJIHSAEMBIX 3a/1au.

[TpuauMas Bo BHUMaHHME TOT (PaKT, 4TO BpEeMsi aKTHBHOTO CYIIECTBOBAHHS COBPEMEHHBIX
CIyTHUKOB BO3pOCJIO, @ TAK)XXE€ YUWUTHIBasl TUHAMHUKY IPOIECCOB, KOTOPHIE OHU PETHUCTPUPYIOT,
COBpPEMEHHasl CITyTHHKOBas TeJeMEeTpHuYecKas CHCTeMa JODKHAa TIO3BOJIATH PaboTaTh C
HECKOJIbKUMH NPOI pakiiaMy TEIeMETPUYECKHX HM3MepeHuid. [Ipu 3ToM HE0OXOAMMO HE TOJBKO
UMETh IIMPOKHHA CHEKTP CTATHYECKUX MPOTPAMM TEICMETPHUYCCKHX H3MEPEHHIA, KOTOPBIE MOXHO
HWHUIIUATIU3UPOBATDH IIyTeM nepeaaun C Ha3eMHOH CTaHIIUHU YHpaBJICHUA IIOJIETOM
COOTBETCTBYIOIICH KOMaH/Ibl yIIPABICHHUS B OOPTOBOW IEHTPAIbHBINA BHIYHUCIUTEIBHBIA KOMILIEKC
CIIyTHHUKA, HO U UMETh BO3MOXKHOCTh PEreHEepaluy U 3arpy3KH HOBBIX MPOrPAMM TEIEMETPHUCCKUX
U3MEpeHuil, He0OX0IMMOCTh B KOTOPBIX BO3HHKJIA MTOCIIE 3aITyCKa CITyTHHKA.

Kpome TOro, coBpeMeHHbIE CHYTHHUKH JOKHBI HMETh BO3MOXKHOCTH pPaOOTHI B
KOMIUIEKCHBIX MHTEpPHAIIMOHAIBHBIX MIPOrpaMMax HAay4HbIX HCCIIEOBaHUM, B3aUMOJEHCTBYS C
HA3eMHBIMH CTaHIIUSIMHM KOCMHUYECKUX UCCIIEIOBATEIBCKUX EHTPOB BEIYIIUX CTPaH MUPOBOIO
coobmiecTBa. DTO BO3MOYKHO TOJBKO MPH HCIIOIB30BaHUN O0IIENTpHHATHIX cTanaapToB CCSDS,
KOTOpbIE SIBJISIIOTCS TMPOJYKTOM COBMECTHOIO aHalM3a M HCCIelOBaHUH B  00JIacTH
UHPOPMALIMOHHOTO  B3aUMOJEWCTBUS S KOCMHYECKOM  OTpacid  aBTOPUTETHBIX
NPEJCTaBUTENILCTB OOJIBIIMHCTBA BEAYIIMX MHPOBBIX KOCMMYECKMX AareHTCTB, TaKuUX Kak,
NASA (CHIA), NASDA (Anonus), ES A (bapona), RS A (Poccus), DFVLR (I'epmanus),
CNES (®panmus), BNSC (Benuko6puranus), DOC-CRC (Kanaga), CAST (Kwuraii), INPM
(bpazunus) u np.

C yderoM 3ajayM UHTErpalii B MHUPOBOE KOCMHUYECKOE COOOLIECTBO M BbIXOAAa Ha
MEXTYHApOJHBIN PHIHOK KOCMUYECKUX YCIYT OPHUEHTAlINs Ha UCIOJIb30BAHNE MEXTYHAPOIHbIX
CTaH/apTOB JUIsl KOCMUYECKOM OTpaciy Y KpauHbl Ype3BbIYaiHO aKTyallbHa.



Taxum o6pa30M, BaXHbBIM HallpaBJICHUEM COBCPHICHCTBOBAHUA CIIYTHHUKOBBIX
TCIICMCTPUICCKUX CHUCTEM ABJIACTCA oOecrieyeHHe COBMECTUMOCTH (bopMpreMoro €10
I/IH(l)OpMaHI/IOHHOFO IIOTOKa C TE€XHOJIOTUAMU, OoroBapmuBacMbIMU MCKAYHAPOJIHbBIMHA

CTaHIapTaMH.
CCSDS paspaboran cepuio JOKYMEHTOB B YacTH MPOTOKOJIOB M cTpyKTyp "IlakeTHoit
teneMepuu'", KOTOpble  TO3BOJISIOT — IEpechbUlaTh  TEIEMETPHUECKYI0  HH(OpMAIHIO,

dopmupyemyo Ha Oopty KA, 3(QQpeKTHBHO, C HCIOIB30BAaHHEM HEKUX €IUHUI] JaHHBIX
NEPEMEHHOM JITMHbBI, Ha3BaHHBIX Vcxomubivu [Taketamu (Som ce Packet). McxomHbie makeTsl,
reHepupyeMbie Ha Oopty KA pasnuyapiM» nOpubopamMu W CIY>)KEOHBIMA U [IEJICBBIMH
cHUCTeMaMM, MCTKHM BEIO TeM M C JaHHBIMM CTaHIApTaMU IEPEeNaloTCsl Ha 3€MII0 B IOTOKE
HEIIPEPBIBHO CICAYIOMMX Ipyr 3a npyroMm Tpancnoptaeix Kagpos (Transfer Frame).

CryTHUKOBasi TeleMeTpuueckass cucremMa (OpMHUpPYET JaHHbIE, CTPYKTypa U 4YacToTa
OOHOBJICHHSI KOTOPBIX MOXKET Pa3JIM4aThCsl B 3aBUCUMOCTH OT 33/IaHHOTO peKUMa ec paldoThI.
s oOecrieuenuss coBmectuMocTH ¢ Konueniuedn CCSDS 3tu gaHHBIC JOKHBI OBITh
npexacrasieHsl B Buje Mexonnsix 11akeros.

Wcxonusiii [laker renepupyercs GOPTOBBIM MPHKJIAIHBIM IPOLECCOM (K HAIleM Cllydae
CIIyTHHKOBOH TEJIEeMETPUYECKOH CHCTEMOW) TaKMM CHOCOOOM, 4TOOBI 3TO OTBEYANO HYKIaM
3TOro mpouecca (¢ (PMKCUPOBAHHBIM MJIM MEPEMEHHBIM HMHTEPBAJIOM U (PUKCUPOBAHHOM HIIU
HEPEMEHHO JUIMHOM).

[ToMHMO CITyTHUKOBBIX TEJIEMETPUUECKUX CUCTEM, MHOXECTBO JAPYIMX HMPHUKIAIHBIX
cucreM Ha Oopty KA w™oryr renepupoBath Mcxoanbele IlakeTbl mepeMeHHON UIMHBI C
pa3IMYHON 4acTOTON OOHOBIIEHUS, KOTOPbIE 3aTEM COOMPAIOTCS BMECTE B CUHXPOHHBIN MOTOK
Tpancnoptaeix Kangpos, umeronmux (UKCUpOBaHHYIO UIMHY U MOJABEPTrHYTHIX KOJMPOBAHUIO
JUISL HAJIE)KHOM Mepe/ladr Ha 3EMITIO.

), 2002Tpancnioptheiii Kagap - 3TO cTpykTypa AaHHBIX, OOECIEYMBAIOIAS HEKYIO
000J104Ky (KOHBEPT) JUIsl Mepeaud NMaKeTUPOBAaHHBIX JIAHHBIX yepe3 LIyMSIMNA KaHai "OopT-
3emusa".

3amaya MyJbTHIUIEKCUPOBAHUS JTAHHBIX OT PAa3HBIX MCTOYHHKOB B OJJHOM (DPU3MUYECKOM
KaHaJle pellaeTcst MeToAoM T.H. BuptyansHoii Kananuzanuu, MmexaHu3ma, KOTOPbIH MO3BOJISIET
pa3IMYHbIM  HCTOYHUKAM JIAHHBIX, TE€HEPUPYIOUIMM MaKeTbl, HMETh "BUPTyaJbHbII"
UCKJTIOYUTENIbHBIN JAOCTYI K (PU3MUECKOMY KaHAJIy NMYTEeM MPEAOCTaBICHHS] ITOMY HUCTOYHHKY
nepenaroieii eMKOCTH, OCHOBaHHOW Ha depenoBanuu makeroB (frame-by-frame). Ilpu stom
ka7l Tpancnoptasiit Kagp uaentudunupyercs, kak IpUHAJISKAIIMN OJHOMY U3 BOCBMH
Bupryansneix Kananos.

Ha 3emne wundopmanusa, conepxamasics B 3aroyioBkax TpancnoptHoro Kaapa wu
Hcxonnoro Ilakera, mo3BosiseT cucteMe cOopa NaHHBIX BBIICTUTH UM 00pabOTaTh IMAKETHI
CTaHJApTHBIM CIIOCOOOM.



VYuursiBas paccMOTpEeHHbIE 0COOEHHOCTH COBpPEMEHHBIX CIYTHUKOBBIX
TEJIEeMETPUUYECKHX  CHCTEM, MOXXHO  ONpENEIIUTh  OCHOBHBIE  HAIMpaBICHUA  HX
coBepiieHCcTBOBaHUA. [y moBbIIEHUS 3(Q(GEKTUBHOCTH MCIOIb30BaHUS HH(DOPMALIMOHHOTO
KaHajla CIYTHUKOBBIX TEJIEMETPHUYECKHX CHCTEM, T[OBBIIIEHHS WX MaccorabapuTHBIX
MOKasareje M TMoKa3aTelield HaJeKHOCTH, a TaKXKEe pealiu3ali MHOT033/IadHbIX, THOKUX W
YHUBEPCAIbHBIX CHUCTEM COBPEMEHHBIX CIYTHUKOB HEOOXOAMMO BBIIOJIHEHUE CIEIYIOLIUX
TpeOoBaHMil:

- NPUMEHEHUE COBPEMEHHOHM JIIEMEHTHOW 0a3bl MpU peaiu3alid Pa3iIudHbIX
(YHKITMOHATBHBIX Y3JI0B CIYTHUKOBBIX TEIEMETPUYCCKUX CHCTEM, B TOM YHUCIIC MHKPOCXEM
BBICOKOH CTENEHU MHTETPAllMK U MPOTPaMMHOPTaHu3yeMbIX CTpYKTyp Ha 6a3e [TJINC wm PIC-
KOHTPOJIJIEPOB;

- peleHre BOMPOCOB ONTUMATU3ALUU CTPYKTYPBI CUCTEMBI TyTEM
MaTEMaTHYECKOTr0 MOJICTTUPOBAHUS C UCIIOJIb30BAHUEM COBPEMEHHBIX TPOrPaMMHBIX
CUMYJITOPOB;

- pelIeHre BOIPOCOB 0OecIeueHus HaIeXXHOCTU IIyTEM pPE3EpBUPOBAHUS
AJIEMEHTOB ¥ (PYHKIIMOHAIBHBIX Y3JI0B CUCTEMBI C YICTOM UCKITIOUCHHS H30BITOYHOCTH U
ONTUMAIN3AIUN CTPYKTYPHOM CXEMBI;

- KOMIUIEKCHOE PELICHHE BOMPOCOB OOIIEH CTPYKTYphl CIYTHHUKA C TOYKU 3PCHHUS

(GYHKIMOHATIBHON 3aKOHYEHHOCTH U ONTHUMAaJIbHOTO B3aUMOAEHUCTBUS BCEX €0 CUCTEM;
- rHOKOCTh MTPOrPAMMHOTO 00€CIIeUeHHs] K BO3MOYKHOCTh €r0 OOHOBIICHHSI, KaK
nepesl CTapToOM, TaK U B IIPOLIECCE MOJIETA;

- YHUBEPCAIbHOCTb U aIalTUBHOCTH IPOrPAaMMHOI0 00eCrieueHUsI U BO3MOKHOCTh
pabotsl B crangapre CCSDS.YVJIK 621.37/.39
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