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AHHOTaUuA

C pa3ButreM HH()OPMALMOHHBIX TEXHOJIOTHI 3HAYUTEIBHO BBIPOCIA POJIb CUCTEM MOAJICPKKH Ipoliecca
MIPOEKTUPOBAHUSA TEXHMYECKUX M3JeNui. BO3MOXXHOCTH CHCTEM YIpPaBICHHUS 3HAHUSAMH IO3BOJIIOT
obecrieunBaTh OOIIHOCTh TEPMHUHOJIOTHH, ONpeelieHHH 00BbEKTOB M OTHOIICHUH MexAy HUMHU. Mcnosb-
30BaHue (popMaNbHON CeMaHTHKN HEOOXOIMMO JUTS TOICPKKH MHOTOKPATHOTO MCTIOJIb30BAHMSI 3HAHHH.
B cratbe paccMaTpUBaIOTCS MyTH MOBBIIICHHS 3((PEKTUBHOCTH MPOIIECCa MPOSKTUPOBAHMS MaJbIX KOC-
MHUYECKHX aIlapaToB U CO3JIaHMs CPEACTB /It 0OMEHa 3HAHMSAMH O (YHKIIMOHAIBHBIX XapaKTePUCTHKAX
TUIOBBIX HOJACHUCTEM TaKUX anmaparoB. PaccmarpuBaercsi co3paHue MH(OPMALMOHHOW CHCTEMBI TOJ-
JEPAKKHU MPeABAPUTEIBHOTO MPOEKTUPOBAHUS MaNbIX KOCMHUYECKUX allapaToB, KOTOPAs COAEPKUT UH-
(opmaruio, CBI3aHHYIO C OTHOIICHUSIMH MEXIY (PYHKIHSIMH M KOMIIOHCHTAMH TIOJICUCTEM M UX Xapak-
tepuctukamu. Co3ZaHHas CHCTeMa IMO3BOJUT YIPOCTHTh CHHTE3 PA3IMYHBIX KOH(QUTypauuii n3gaenui.
[Ipu pa3paboTke HHGOPMAITMOHHON CHCTEMBI HCTIONB30BAINCH COBPEMEHHBIE MOXO/IBI B 00JaCTH CTPYK-
TYPHBIX U (PYHKIIMOHAIBHBIX KJIACCH(UKAIIUI CHCTEM MaJIbIX KOCMHYECKUX alllapaToB, CYIIECTBYIOIIHE
B OTpaciy TaKCOHOMHH, MOIXOAbI K CO3aHNIO CTPYKTYp 0a3 maHHbIX. ba3a maHHBIX WH(OPMAIMOHHON
CHCTEMBI COJICPKHUT HaOOp XapaKTePHCTHK MIMPOKOH HOMEHKIATyphl 0O0OpYHOBaHHS MAaJbIX KOCMHYE-
CKHX amnmaparoB. B kadecTBe mpumepa npuMeHEHHs WHPOPMAIMOHHON CHCTEMBI HOAJEPKKH IMPOEKTH-
POBaHMsI MaJbIX KOCMHYECKUX alllapaToB PacCMOTPEH IPOIIECC BHIOOPA XapaKTEPUCTHK CUCTEMBI JJIEK-
TPOMUTAHUS AJI NEPCHEKTUBHOTO MaJIOr0 KOCMHUUYECKOTrO ammapaTa, NMpeJHa3HaueHHOro A obecrede-
HUS CBSI3U MEXTy MOJBM)KHBIMU Ha36MHBIMU T€pMHUHATIAMU

Knrouegvie cnosa: ungopmayuonnas cucmema, npoeKmuposanue, Mablli KOCMUYecKull annapam, Koc-
Muueckas niameopma, 6aza oannwix, 6OPMOBAs CUCEMA, NOTbI0BAMENbCKUL UHmMepelic.
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BBepgeHune

Hccnenoanus 3emiu U3 KocMoca ¢ IpUMeHeHneM kocMuueckux anmnapatoB (KA) nmpoBoastcs
yke 6onee 60 e, MpeaoCTaBIIsIsI JTIOASIM BCE OOIbIIee KOJIMYECTBO HEOOXOAMMOMN U TMOJIE3HOU MH-
dbopmaruu. be3 akTyalbHONM M Ka4eCTBEHHON MH(GOPMAIIMHN O COCTOSTHUN OOBEKTOB U SIBICHUH, CBSI-
3aHHBIX C MOBEPXHOCTHIO 3eMJIM U aTMOC(HEPOil, CTAHOBUTCS HEBO3MOXHBIM BeJleHHE (P (HEeKTUBHON
JeSITeIbHOCTH B 00JIACTH METEOPOJIOTUH, IKOJIOTUH, IKOHOMUKHU U APYTUX 00JIaCTAX.

Bcé Gonblnyio momynisipHOCTb NMPH PEIIEHUH aKTyalbHBIX 337a4 MPUOOpETaeT MCIOJIb30BaHHE
Manbix KA (MKA) u kocMuyeckux rpynnupoBOoK Ha ux ocHoBe. [1o cpaBHEHHIO ¢ OTHOCHUTEIBHO
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oonmpmuMu KA oHu ObICTpee MPOXOIAT CTAaaWU JKU3HEHHOTO HUKia [1], TpeOyroT 3HAYUTEIHHO
MEHBIINX 3aTpaT, YTO JOCTUTAETCS WH(DOPMAIMOHHOW MOJIEPKKON MPOEKTHO-KOHCTPYKTOPCKOM
NeSITeIbHOCTH, HauyMHasi OT TeXHUYECKUX MPEUIOKEHUM M 3akaH4yuBass (yHKIMOHUPOBAHHEM Ha
opoure. MKA MakcHMallbHO HCIIONB3YIOT KOMMEPYECKH JIOCTYITHBIE COBPEMEHHBIE TEXHOJIOTHUH,
obecrieunBaronye TpedyemMyr GyHKIIMOHATLHOCTD.

Pa3paboTka HOBBIX CIIOCOOOB M Pa3BUTHE TEXHOJOTUH MPOCKTHPOBAHUS U KOHCTPYHPOBAHUS
Ha 0aze MOJXO0J0B CUCTEMHOW MH)KEHEPHH IMO3BOJIUT HE TOJBKO PEHIMTh aKTyaJbHYIO MPOOIeMy
co3manus JErkuX, 3QpPexTuBHbIX U HanEKHBIX MKA, HO U CIIOCOOCTBYET CHMKEHHUIO CTOMMOCTH
CepUUHBIX U3/IeHi. 3a mocneaHne NecATUIEeTHs ObLIO MPOBEACHO MHOTO MCCIEA0BaHUN B 00acTu
noBeIeHUS dQHEeKTUBHOCTH cucTeMHOM MHXeHepuH [2]. CUCTeMbl yrmpaBlieHUs] 3HAHUSIMH MTO3BO-
JAT YOPOCTUTH MPEICTABICHUE MPUPOJBI U CTPYKTYPhl MHKEHEPHBIX CUCTEM M UX KOMIIOHEHTOB,
MIOMOYb PA3TUYHBIM 3aMHTEPECOBAHHBIM CTOPOHAM JIyYIlle TOHSTH MPOOJIEMbI, XapaKTepHBIC IS
CJIOKHBIX TEXHUYECKUX CUCTEM M UX COLMOTEXHUUYECKOr0 OKpYyXeHus [3].

1 KoHTeKCT 3agaun npoekTupoBaHusA

C popmanbHOI TOYKM 3pEHHS] KOHTEKCT MPEACTABISET CO00 ONpeeIEHHYI0 CHCTEMY OTCUETa,
MPOCTPaHCTBO UMEH. B Oojee mMIMPOKOM 3HAYEHUM KOHTEKCT — Cpelia, B KOTOPOW CYIIECTBYET
00beKT [4]. B GonpmmHCcTBE MOJENEl cucTeM B 001aCTH UHKEHEPHOT'O MPOEKTUPOBAHUS KOHTEKCT
OLICHUBAETCA PEIKO WM MPOCTO OMPENEIAETCS KaK HEUYTO, OKPYKAloLIee pe3yiabTaThl MPOEKTHOU
NeSTeNIbHOCTH U MpHUAaoliee UM cMbIch [5]. B Hacrosiiee BpeMsi KOMIIAHUU Pa3BUBAIOTCS B yCIIO-
BUSIX KECTKOM KOHKYPEHLIMM W TOCTOSIHHO MEHSIOLIEHCS Cpellbl, U OpraHUu3alMsIM MPUXOIUTCA
HENPEPBIBHO aJanTHUPOBaTb CBOM CTPYKTYpPBI, MPOLECCHl U MPOAYKTHI Ui JOCTH)KEHUS YcIexa.
CrnenoBatenbHO, CIIOKHOCTh MOJIeNIel, HEOOXOAUMBIX IS IPEACTABICHUSI CUCTEM, PACTET, IOHATHE
KOHTEKCTa CTAHOBUTCS PELIAIOIIHNM.

M3BecTHBI CTaHApThl U 0030PbI, MOCBSIIEHHBIE PA3IMYHBIM ACIIEKTaM CUCTEMHON MHKEHEPUH:
3a/1a4M ¥ MHCTPYMEHTBI Ha OCHOBE MOJIEJIEHN I CEPBUC-OPUEHTUPOBAHHON CUCTEMHON NHKEHEPUHU
[6, 7]; mOOXOIbBI K apXUTEKType TUIA «cHCTeMa U3 cuctem» [8] u mpencraBieHuto 3Hanuil [9, 10],
aTpubyram kadectsa [11], cuctemnoit unterpauuu [12] u pazpaborke TpedboBanwmii [13, 14].

[To pesynpTaTam ananmsa NpUBEAEHHBIX PAOOT MOXKHO 3aKIIOYUTh, YTO OOIIHUE TTOJXOAbI K UH-
(GopMaLMOHHON NOJAEP)KKE MPOSKTUPOBAHUS MPU MPUMEHEHUH B KOHKPETHOW OOJIACTH JIOJIKHBI
OBITh aanTUPOBaHbI 1o €€ cneuuduky. s 3Toro Heo6xoaUMbI pa3paboTKa Kak MOJIPOOHBIX MO-
neneit mpeametHoii obnactu (I1pO), Tak 1 onucaHui MOAXOI0B B IEJIOM.

XOTsl METO/Ibl CUCTEMHON MH)KEHEPUH U CBOJBI JIYUIIUX MPAKTUK (POPMAIM30BAHBI U IIUPOKO
IPE/CTaBICHbl B PA3JIMYHBIX MOHOrpadUsaX U CTaHIApTaX, Ha CErOAHALIHMA MOMEHT BcE elé He
IIPEOOJICHBI JIBAa CYIIECTBEHHBIX BbI30Ba: TPYAHOCTH C pa3pabOTKOM CUCTEM B paMKax OroJKeTa U
B CpOK [15] 1 3HauMTENbHBIE TOTEPU PECYPCOB, CBSA3aHHBIE C CIPaBIeHUEM OMMOOK [ 16-18].

B [15] BblmeneHbl NpUYUHBI OTCYTCTBUS yCII€Xa B MPEOJIOJIECHUHU ATUX BBI3ZOBOB, CPEIU KOTO-
PBIX: OTPAaHUYEHHOCTh OMHMCAHUI JTYYIINX MPAKTHK B (hopMe METaMmoesei, OTCYTCTBHE OOIIenpH-
HSTOM M COTJIACOBAaHHOW TEPMHMHOJIOTHH, HEI(DPEKTUBHOE COTPYAHUUYECTBO M3-3a HEMIOHUMAHUS U
HENPaBWJIbHON MHTEPIpETaLUH.

B uwactHOCTH, OTMEUaeTcst HEOOXOAUMOCTh TAPMOHHU3AIUN B MHTEPIIPETALIMA MHOTOYHCIEHHBIX
CTaH/IApPTOB M pa3IU4YHbIX Mojeneit [19]. OHTonornn NCHOAB3YIOTCS I OOECTICUeHUsI CEMaHTHIC-
CKOM COBMECTUMOCTH KaK MEXAY JIOJIbMH, TaK U MEXIY JIOAbMU U KoMmmbloTepamu. B [20] oTme-
YaeTCsl, UYTO «CUCTEMHAas HayKa M MH)KEHEpUs HYKJAIOTCS B UETKO omnpeAeiaEHHON (QyHIaMeHTalb-
HOH, YHUBEPCAJIbHOM, 0011, HEOOXOIMMOMN 1 TIOCTAaTOYHON OHTOJIOTHH, KOTOpas ObI Jie)Kajia B OC-
HOBE MOHATUN U TEPMUHOB, KOTOPBIE OHA UCIIOJIb3YET, YTOOBI OHU ObUIM TOYHBIMHU U OJIHO3HAYHBI-
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Mu». B [21] moguépkuBaeTcsi KitoueBas poiib €AUHON MH(POPMAIIMOHHON Cpeibl B KOHTEKCTE Mpo-
EKTUPOBAHUS CIOKHBIX TEXHUYECKHX CUCTEM.

Lenbto coznanus unpopmannonHoi cuctemsl (MC) nonnepKku npeaBapuTEIbHOIO MPOSKTU-
poBanust MKA siBiisiercst popMUpOBaHHE €IMHOTO MHGOPMAITMOHHOTO MPOCTPAHCTBA, KOTOPOE CO-
nepxxut ceenenus o pabore MKA, ero 6oproBeix cuctem (BC) u 06 3pdheKTHBHOCTH X COBMECT-
HOTO (DYHKIIMOHHPOBAHUSI.

Hacrosmas paboTa nocpsiiieHa 00ecrnedyeHnIo 001IEero 70.16308amelbcKo20 KOHTEKCTa MpolLiec-
COB TpeaBaputreabHoro npoektupoBanuss MKA npu nomoru tpaaunuoHHbix C Ha OCHOBE Tak-
coHomuueckux mozeneit IpO.

2 Mogpenb NpO

MKA pa3pabarbIBatoTCsi B COOTBETCTBUU C TEXHUYECKUMHU 3aJJaHUSIMH, B KOTOPBIX OIPEIEIECHbI
UX TAaKTHUKO-TEXHHUYECKHUE XaPaKTEPUCTHUKU. DTU XapaKTEPUCTUKU OMPEIENSIOTCS MO pe3ylbTrataM
IPOEKTUPOBAHUS CUCTEMBI, COCTOSIILIEN U3 HA3€MHOT'O M KOCMUYECKOTO KOMIIOHEHTOB.

OpHuM U3 HampaBleHUI B MPOEKTUPOBAHUHU, oOecrieunBaonmx 3G(GeKTUBHOE pelIeHre 3a1a4
co3nanusg MKA B KOpOTKHE CPOKH, IBJISIETCS UCIIOJIb30BaHUE IIAT(GOPMEHHBIX NpuHUIUNOB. [lepe-
xoJ k nmoctpoerrio MKA Ha 6a3e KpyImHBIX KOMIIOHEHTOB TO3BOJISIET co3/1aBaTh ceMeicTBo MKA,
OTJIIMYAIOIINXCS TI0 COCTaBy ILIEJIEBOH ammaparypbl, HO UMEIOIUX OO0LIyIo Mmat(opmMy, BKIIOYAIO-
1Iyto B ce0st Habop 00eCeUNBAIOIIUX CHCTEM.

[Tnardopma siBnsiercss 6a30BOI yacThio cozgaBaeMoro Ha €€ ocHoBe MKA u npezcrasinser co-
00l HeCyIIyl0 KOHCTPYKIHIO, CHAOKEHHYIO CTY)KEOHBIMU CHCTEMaMU M yCTPOMCTBaMu Uit (DyHK-
[IMOHUPOBAHMS [EJIEBOM ammapaTypbl pa3jIMyHOrO Ha3HAYCHHsI, HO C OJM3KUMH IKCIUTyaTalldOH-
HbIMU TpeOoBaHUsMU. [InaTdopma H0MKHA COCTOATH U3 0A30BOTO U IEJIEBOTO COCTaBa O0ECHeUHt-
Batolux BbC. ba3zoBblil coctaB oguHakoB it Becero cemelictBa MKA, neneBoit popmupyercst Ha
JTarne ajantauuu miarGopMsel Moj KOHKpeTHYo 3a1auy. Co3nanue MKA Ha 0a3ze yHHBEpCaJIbHBIX
w1aTGopM MUPOKO MPUMEHSAETCS OTE€YECTBEHHBIMU U 3apyO0€KHBIMU MTPOEKTHBIMU OPraHU3ALUSIMH.
[lepeyeHb OCHOBHBIX TEXHMUYECKUX TPEOOBaHUI, KOTOPBIE JOJKHBI OBITH YUTEHBI IIPU COCTABICHUU
3a1aHus Ha npoektupoBanue MKA, BxiitouaeT [22]: Ha3HAUYEHUE; )KUBYUECTh U CTOMKOCTb K BHEII-
HUM BO3JICHCTBUAM; HaJEKHOCTD; y100CTBO TEXHUUYECKOTO 00CIYKUBAaHUS; TPAHCIOPTAa0EIbHOCTB;
0€30I1aCHOCTh; TEXHOJIOTUYHOCTh; KOHCTPYKTUBHBIE TPEOOBaHMS; TEXHUKO-SKOHOMUYECKHUE XapaK-
TEPUCTUKH U JIp.

Ha pucynke 1 npeacrasiena tTakcoHoMuueckas cxema nogcucreM MKA, ncrnosib30BaHHas pu
co3nanuu MC. Ha cxeme anemMeHThl 6€3 paMOK IPEeACTaBIAI0T COOON IPpyIIbl KOHKPETHBIX KOMIIO-
HEHTOB, HH(pOPMaLUI 0 KOTOPBIX conepxkutcs B O0a3e manubix (b/) paspaborannoii UC. bnoku B
paMKax MpeCTaBIIAIOT a0CTPAKTHBIE CUCTEMBbI, HEOOXOIUMBIE JUISl HAIJITHOCTU CXEMBI.

OObecnieunBarOIIMMU CUCTEMaMHU SIBJISIIOTCS. ccTeMbl, obmmue ansi MKA pasznuuHoro HazHaue-
HUS: CUCTEMa YIpaBIEHUS, CUCTEMa OPUEHTALIMU U CTAOUIIM3allMK, CUCTEMa JIEKTPONUTAHUS, CH-
cTeMa oOecreueHus TeIIOBOr0 PeKUMa, JIBUTATENIbHAs YCTaHOBKA, PAJ] MEXaHUYECKUX CHCTEM U
AIIEMEHTOB, TaKMX KaK CpPEACTBA OTAEJCHHS OT PaKeThl-HOCHUTENs, aHTEHHBIE YCTpPOMCTBA, MeXa-
HU3MBI (PUKCAIlUM M PACKPBITHS IMOJBUKHBIX YCTPOMCTB, 3KpaHHO-BAKyyMHAas TEIJIOW30JIALUS
(OBTHN) u T.1. ConHeunas 6arapes u €€ KOHCTPYKIIUS, aKKyMYJIsITOpHast 0atapesi, BBICOKOCKOPOCT-
Hasi PaJuOJINHUS, UCIOJHUTEIbHbBIE OPraHbl CUCTEMBbl YIIPAaBJIECHUS JBUKEHUEM M JIp. DJIEMEHTHI
BBIOMPAIOTCS B 3aBUCHMOCTH OT XapaKTEPUCTUK U TpeOOBaHMIA 11esIeBOM anmapaTypsi [1].

[Ipu BBIOOpE MapaMeTpoB AJIS OMUCAHUS KaxI0ro u3 Tunos noacucreM MKA B kauecTBe oc-
HOBBI HCITOJIB30BAJICSl MPUBEIEHHBIN BBINIE MepeueHb TpeOoBanuii u3 [22]. Mudopmarus nns B
coOupanace U3 KaTaJoroB MPOIYKIIMU MPEINPUATHH, BBITYCKAIOIIKUX 000pYAOBaHUE IS U3JEIUN
KOCMHMYECKOM TeXHHUKH [23-27].
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Pucynok 1 — Takconomuueckasi cxema nojcucteMm MKA

3 WHdopmaumoHHasa cuctema

BonpmmucTBo BJl, co3manHbix 1isi oOMeHa MPOEKTHOW MH(OpMAIHel U MOAIEPKKH Mporecca
MIPOEKTUPOBAHMSI, HE COAEepKAT JaHHbIE O (PYHKIMOHAIBHBIX XapaKTEPUCTUKAX U3/AEIUll, UX CTOU-
MOCTH, COBMECTUMOCTH M HAJIEKHOCTH, KOTOPBIE UTPAIOT PEIIAIOLIYIO POJb B MOJYYEHUH YCIIEUI-

HOT0 MpojayKTa [28].

Otan nIpoeKTUPOBAHUS XAPAKTEPEH TEM, UTO PACCMATPUBAETCSI MHOXKECTBO BO3MOXKHBIX BapHU-
aHTOB m3nenusd. Ha paHHMX CTagusAx Ba)KHO MCKIIOYUTH OYEBHJHO HEONTHMAJIbHBIC BapUAHTHI U
COCPEOTOYUTh PECYpPChl pa3pabOTYMKOB HA TE€X BapHaHTaX, KOTOPHIE MOTYT IMOJYYUTh AajbHEH-
niee pa3BuTHE. Bpems, 3arpayeHHOe Ha pa3pabOTKy TOTO MM MHOTO BapuaHTa, SBJSIETCS MOKa3arTe-
1eM 3((HEKTUBHOCTU MPOEKTHOTO MOAPA3ACICHU U NPEANpUsATHs B LienoM. [l noBeleHus 3¢-
(EKTUBHOCTH MPOEKTHBIX PAOOT MPEANPHUITUS IOBCEMECTHO MPUMEHSIIOT COBPEMEHHBIE HH(pOpMa-
LUOHHBIE TEXHOJIOTUHU, TAKUE KaK aBTOMATU3UPOBAHHOE YINPABICHUEC HWHKCHEPHBIMHM JTaHHBIMH,
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ynpasjieHre u padorta ¢ OonbIIMMU cOOpKaMH, MapajyieIbHOE MPOSKTUPOBAHUE IIPH peallu3alun
KOMIUICKCHBIX MTPOEKTOB C y4acTHEeM OOJBIIOTO KojudecTBa ucnonaureneit [29]. b1, conepxkarias
nHpopMannoo 0 PyHKIHOHAIBHOCTH U3IENUN, MOKET CTaTh BAXKHBIM MOJICTIOPbEM B MOBBIIICHUU
3¢ (HEKTUBHOCTH IPOSKTHOU JESTEIEHOCTH.

B GonpimHCTBE cllydaeB MOJIb30BAaTEIHM HE B3aUMOJICHCTBYIOT Hampsmyto ¢ b/l u moiab3yroTcs
JIOTIOTHUTEIBHBIM clioeM alcTpakiuu Haa b/l B BUaE MOIB30BATENBCKOTO MPUIOKEHHS. Takoid
MO/IX0/J1 MTO3BOJISIET YIPOCTUTH B3auUMOeicTBUE nosib3oBareneil ¢ b1, nanpumep, 3a cuér Toro, uto
IIpH 3ampocax uepe3 KIMSHTCKUI nHTepdeiic 0T MoIh30BaTelIsI KaK MPaBWIO HE TPEOYIOTCS HABBIKH
pUMEHEHUS s3bIKa 3ampocoB (Hanpumep, SOL) wim 3Hanus napopmanuu o cxeme bJI. ITpumoxe-
HUE MOXET MPEACTABIATH MOJIB30BATEII0 HHPOPMAIIHIO B HATIISITHON (opme.

Hcnonb3oBanne KIMEHT-CEPBEPHON apXUTEKTYpPhl MO3BOJISIET Mosb3oBaTesiM MC B3aumoiei-
ctBoBath ¢ BJl (Postgres) 6e3 neooxoaumocTtn ycranoBku CYBJ]l Ha okanpHBINA KoMIibioTep. Kpo-
Me TOro, OTJEJICHHEe KIUEHTCKOW YacTu OT mpuiiokeHus u b/l mo3BonuT B OynyiieM peaan3oBaTh
UHTEPQEIChI, aAanTHPOBAHHBIE 10T MOOMIIFHBIE YCTPOMCTBA.

Knuentckuit untepdeiic mpuaoxkeHus IpeICTaBICH Ha PUCYHKE 2. Y CIIOBUS sl TOUCKA UHTE-
PECYIOIINX TOJIb30BaTeNsl 0OBEKTOB 3a/Ial0TCS B3aWMOJICHCTBUEM II0JIH30BATENSl ¢ TPAPUICCKIMHU
KOMIIOHEHTaMH 3KpaHa. V3 omucaHus KOHKPETHOTO W3JEHS CYIIECTBYET BO3MOXKHOCTh MEPEUTH
Ha CalT €ro NpOU3BOJUTEII.

Kaxnas ctpanuna knueHtckoro uHtepdeiica NC comepkut o0s3aTeabHbIE JIEMEHTHI: Ha3Ba-
HUE CHCTEMBI; JIOTOTUIIBl OpTaHW3aIii, YYaCTBYIONINX B pa3pabOTKe; HABUTAIIMOHHOE MEHIO II0
cuctemam MKA; 610k 17151 3a1aHUS TapaMeTPOB MOUCKA; MOJIE ISl BbIIa4H PE3ybTaTOB IMOUCKA.

brok ayist 3aianus mapaMeTpoB MOMCKa BKITFOYAeT B ce0si: (puabTphl orcka B bJ1; mone moncka

I10 3a1poCy; KHOIIKK JId 3aIlyCKa IMpoIecca NornckKa B BII n 4Jis1 OYUCTKHU 3aJaHHBIX (I)I/IJ'ILTpOB IIo-
HCKa.

S
BA3A JAHHBIX CUCTEM MANbIX KOCMWUYECKWX AMMAPATOB % )

CMCTEMA OBECNEYEHHA TEN/MOBOTO PEXMMA CUCTEMA SHEPTOMHUTAHMA CHCTEMA YNPABNEHMA

CHCTEMA NPAEMA M MEPESAYM HHOOPMALIMK

UENEBAA ANMAPATYPA 9NEMEHTBI KOHCTPYKLIMK

Kourpannep

UyBCTBATENLHSE 3nEMENTE!

MarHuroueTp
MCAONHATENBH(E DDraksl
Danraten-maxoama

Snexrpouanisl

MpousaopuTens
A0 Neneurs
AQ aKopnopaus «BHHM3Ms
000 <HATAKT [10CAAD=
HIN AHTAPEC
000 <CTIYTHHKC-
A0 ePauetcxoe MKEs
VKHPAH
AQ HIN elengususa Kocuoes
000 <AsepuTs

HINK <Ormonmsice

Mouck

OnTisecinh Conessiseh AaTK

CHCTEMa YIPABNEHHA ABHIKEHHEM

0K A8T4HKOB YrROBbK CXODOCTEN
N0k 06paBTIN AaHHAY IBESHOD AETUMKE

ONTirsecKas ron0BKa IBESAMOND KATHKE

OYHCTUTL

Moncucrema

HanmMesoBanme

Npon3soauTens

BAOK ATUYHKOB YTAIOBbIX CKOPOCTER
EOK [1aTUHKOB YTAIOBbIX CKOPOCTEl
BNOK A3aTYMKOB YTNIOBLIX CKOPOCTER
BAOK A3TYHKOB YTAOBLIX CKOPOCTER
BIOK aTHHKOB YTAI0BbIX CKOPOCTEH
0K JaTUHKOB YTAI0BBIX CKOPOCTEl
BAOK A2TYHKOB YTNIOBLIX CKOPOCTER
0K I3TYHKOB YTNIOBbIX CKOPOCTE
EoK 1aTUHKOB YTAIOBBIX CKOPOCTER
BNOK A3 TYMKOB YTNIOBBIX CKOPOCTER
BAOK A3TYHKOB YTNIOBLIX CKOPOCTER
BNOK NaTYHKOB YTNOBLIX CKOPOCTER
0K 1aTUHKOB YTAIOBBIX CKOPOCTEH
BOK A2TYHKOB YTNIOBbIX CKOPOCTER
BNOK 06p260TKM NaHHBIX 3BE3NHOT0 NATYHKE
B0k 06p260TKM AaHHbIX 3BE3NHOM0 AATYMKE
ONTHYECKER FONOBKE 3BE3[HOMD AaTUMKa
ONTHYECKas ronoeKa 3BE3NHOT0 AATYMKE

OnTHYEcKan ronoBKa 3BE3NHOMO AATYMKA

OnTi4eckan ronoexa 3BE3NHOMO NATHMKE

Taruni yrnosoit ckopocTi (HUNAKT)
SX-VMS-03 (CryTHukc)

SX-WR-03 (CriyTHuKc)

0, i DI yrnoBo# ckopocTu (OMYC)
0aHOOCHDIH BONOKOHHO-ONTHYECKHi rupockon OWYC200
(OAHOOCHBII BONOKOHHO-ONTHYecKMil rupockon OMYC501
QLHOOCHBIA BONOKOHHO-OMTHYECKMi rupocken OMYC1000
(ORHOOCHBIA BONOKOHHO-ONTWYECKMiA rupockon OUYC2000
0nHOOCHBI BONOKOHHO-ONTHYeckuit rupockon OUYC5000
0HOOCHBI BONOKOHHO-ONMTHYECKMit rupockon OMYC1001

MpeLM3HOHHLIA H3MEPHTENL YTNa nosopoeta BE 112 (@LNY)
ONTHKO-3NEKTPOHHbIA AAT4HK yria 031Y-2M
YuuduumposanHsiii pag npusopos BUYC BOA

YuuduunposaHHbIi pag npuéopos BIYC BO
MBOK3-2 Bnok 06patoTku AauHbix (60/-2)
BNOK YNDaBAEHHA M CHHXPOHH3ALIMM
A3[IK-1 (Asmepur)
SX-MICROBOKZ-01 (CryTHmKC)
MBOK3-2 OnTuyeckan ronoska (O 32/2000)

NMpubop 3eeanHoi opuenTaumn BOK3-M60

000 «HANAKT 0CAA®s
000 «CMYTHUKC>
000 «CMYTHUKCs

HIMN «AHTAPEC»
HITK «OnTonmHx»
HIK «OnTonMHK»
HIK «OnTonmHK»
HIK «OnTOnMHK»
HIK «OnTonuHK»
HINK «OnTOnMHK»

AQ HINN «l'eopmanka-Kocmocs
AO HIN «T eodmamka-Kocmocs
HIM «AHTAPEC»

HIM «AHTAPECs
WKW PAH
0AQ «llenetr»

000 «A3mepTs
000 «CIMTYTHUKC=
WKW PAH

WKW PAH

o

Pucynox 2 — Knmmentckuii untepdetic npunoxxenns MC noanepxku npoextupoBanus MKA
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4 bBa3a gaHHbIX

b1 o6ecnieunBarommx BC u mone3nsix Harpy3ok MKA pa3inudHOTO 11€1€BOro Ha3HAUCHUS pa3-
paboTaHa Kak 4acTh BeO-mprioxeHus. KiaueHTckas 4acTh BBINOTHEHA Ha JavaScript n HTMLS5',
pabotaer B Be6-Gpaysepe u Bzaumozneiictyer ¢ bJl uepes Django Backend”.

Cemantnueckas ctpykrypa [IpO onucana B pasnene 2. B gononnenue k cxeme [IpO, nmpuse-
néunoit Ha pucynke 1 B B/l moGaBieHbl onucanusi anmapaTHbIX WHTEpEHcoB, 00ecTIeYnBAIOIINX
paboty noacuctem B coctaBe MKA. [lox annapatueiMu uHTepdelicaMu noapa3yMeBalTCs Croco-
Obl pusnyeckoro coenuHeHus anmemeHToB MKA, Hanpumep, muHb U pazbeéMbl. COOTBETCTBUE HH-
Tep(eiicoB UCIONb3YeTCsA B KAUECTBE OJHOIO U3 KPUTEPUEB COBMECTHUMOCTH KOMIIOHEHTOB. B ciy-
Yae eclii 0TOOpaHHBIE CHCTEMBI HE COBMECTUMBI, ITOJIb30BaTEINb Oy/IeT 00 3TOM YBEJJOMIICH.

dparmMeHT ER3-,Z[I/IanaMMBI paspaboranHoii b/l UC nmoanep:xku MpoeKTUPOBAHMS MTPUBEIEH HA
pHUCYHKeE 3.

B Tabnumax, onmuchIBaOIIMX amnmaparypy U KOMMIOHEHThl KA, HCMONB3YyIOTCS CyppOTaTHBIE
MEPBUYHBIC KJIIOYU. B MPOMEXYTOUHBIX TaOJIMIIAX, OTPAXKAIOIIUX CBS3M BUJA «MHOTHE KO MHO-
TUM», UCTIOJIb3YIOTCSI COCTaBHbIEC TEPBUYHBIEC KITFOUH.

B cuny oTHOCUTENBHO MallbIX pa3MepOB HEKOTOPBIX TAOJIUILI, TPOMEKYTOUHBIE TAOJIMLbI YHU-
BepCAbHBIX MHTEP(EHCOB UCTIONB3YIOTCS ISl CBSI3U BCEX MOJCUCTEM, T.€. OTAEIbHBIC MPOMEXKY-
TOUHbIE TAOIMLIBI «II0JACUCTEMAa-UHTEP(PENC» HE co3aaBaiuch. BMecTo 3TOro B MpOMEXYyTOUHOMN
Tabnuue inferface BBEACHO NOMOIHUTENIBHOE TONE Subsystem, SBISIONIEECS YaCThbIO COCTaBHOTO
KJII0Ya M cojepKalllee MMsl COOTBETCTBYIOLIEH TaOIMIIbI, YTO MO3BOJISIET OOECIEeUnBaTh YCIOBUE
YHHUKQJIBHOCTH TepBUYHOTrO Kiroua. [TonpoOuas mHbopmarus o0 untepdeiicax coaepKuTcs B OT-
JeTbHON TaluIe.

BBuny otHOCHTENBHO Manoro konudectsa 3anucedt B b/I, o0ycnosnennoro cnenudukoit [IpO,
IIPH TIOMCKE Kak/ast Tabiuia MoxkeT ObITh 00padoTana cucreMoit ynpasienus bJl (CYB/I) 3a onun
poxoJl. B cBsA3M ¢ 3TUM MHIEKCHPOBAaHUE TAOIUI] HE TMPOBOAUIOCH (32 UCKIIOUYEHUEM HHICKCOB,
aBTomatudecku co3naBaeMbix CYBJl it mepBUUHBIX KITFOYEH), TaK KaK B pacCMaTpUBaeMOM CITy-
yae OHU HE CIIOCOOHBI 00€CIIeUUTh 3HAYUMBIN ITPUPOCT MTPOU3BOIUTEIBHOCTH.

[Tpu aHanm3e MIaHOB BHITIOTHEHHS 3aIIPOCOB ObLTIO 0T™Me4YeHO, 4To CYB/] BEIMOTHSAET MOUCK 10
TabJIMLaM 3a COIOCTAaBUMOE BpeMsi BHE 3aBUCHMOCTH OT MCIOJIb30BaHUs (PUIBTPOB [0 UHAEKCUPO-
BAHHBIM U HEUH]JIEKCUPOBAHHBIM IOJISIM.

5 PaboTta c cucrtemomn

B xauectBe npumepa npumenenuss UC nonnepxku npoektupoBanusi MKA paccmorpen mpo-
1ecc BbIOOpa XapakTepuCTUK cucTeMbl anekTponutanus (COII) ansa nepcnektuBHoro MKA, npen-
Ha3HAYEHHOTO JUIsl O0ecreueHus CBA3H MEXY MOABMKHBIMU Ha3eMHBbIMU TEpMHUHATIaMH. B nepsom
npubmmxennn MKA npezacraBisercss Kak COBOKYIHOCTb IIaT(HOPMbI 00ECTIEUMBAIONIUX CHCTEM U
MOAyJIs TTosie3Hoi Harpy3ku (MITH).

OpHUM U3 NOAXOJ0B K MpeaBapUTeIbHOMY IpoekTupoBaHuio MKA sBisieTcss MeToa npoeKkTH-
POBaHMsI C UCIIOJIB30BAHNEM 3aUMCTBOBAHHBIX DJICMEHTOB.

VHTMLS (aurn. HyperText Markup Language, version 5) — 3bIK JUI CTPYKTYPHUPOBAHHS U MPEICTABICHUS COAECPKUMOTO BCEMUP-
Hoit naytunsl (aurn. World Wide Web). HTMLS5 nipenHa3HaueH Ui MOJJEPKKH MyJIbTHMEIHA-TEXHOJIOTHIl ¢ OJJHOBPEMEHHBIM CO-
XpaHeHHeM 00paTHOM COBMECTUMOCTH, yI000UUTaEMOCTH KO JUIsl UeNIOBEKA M MPOCTOTHI aHAIIN3a 71 ITapCepoB.

2 Django — cBoOOIHBIN MOTHO(YHKIIMOHATBHBIN QpEeHMBOPK ISl CO3/1aHUsI BEO-TTPUIIOKESHHH, HATMCAHHBIN Ha Python.

3 ER ot aHrL. Entity-Relationship model, Monenb «CymHOCTh — CBsI3b». B mporpaMMHO#i HHXeHepHH £R-MOJIENb 9acTO BBICTYIAET
abcTpaktHOH Mozensio [IpO, ompexensromielt CTPyKTYpy AaHHBIX WM MH(OPMAINH, KOTOpas MOXKET ObITh peamm3oBana B BJl,
OOBIYHO PEISIINOHHOMN.
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Ceocene [ oo oot bt
id int - . id int
id integer L integer
id integer 9
type_id int name varchar name varchar
name varchar
subsystem varchar manufacturer varchar manufacturer varchar
width float width float
id int length float length float
trancievers_data_transmission
type_id int mass float mass float
id integer
power_consumption float voltage float
name varchar
voltage_min float operational_temp_min int
manufacturer varchar navigation_systems -
voltage_max float operational_temp_max int
width float id int B
startup_time float power_consumption float
length float nav_system_id int B
control_tact varchar
height float
exchange_protocols has_magnetometer boolean
mass float
power_consumption float q ) )
protocol_id int —TIEL payload_id int
data_transfer_rate float E B
id integer channel_num int
carrier_num int
magnetometer_control DELE varchar spectral_resolution_min float
ermor_correction varchar N .
id integer spectral_resolution_max float
frequency_band varchar
name varchar
min_frequency float
manufacturer varchar
max_frequency float i T ]
- width float LR » :
o i integer
transmitter_power float H H
height float < MH=Es
. name varchar
lifespan_avg hours float name varchar
length float
) manufacturer varchar
lifespan_years float spatial_resolution_min float
mass float
- - channel_num int
operational_temp_min float . spatial_resolution_max float
power consumption float

Pucynok 3 — ®@parment ER-guarpammsl b/l moacucrem MKA

ITpu dopmupoBanuu npoexktHoro odnuka MKA ¢ ucnonp3oBaHMeM 3aMMCTBOBAHHBIX JIEMEH-
TOB, xapakrtepHoro st MKA Ha 0a3e muardopm, 3a1ada omnpesesieHHus MPOEKTHBIX MapaMeTpoB
MKA MoxeT OBITh CBEICHa K MTOMCKY MHOXECTBAa KOMITIOHEHTOB nojcucreM MKA, xapakTepucTu-
KM KOTOpBIX oOecrieunBaroT GpyHkironuposanre MITH.

B o0miem citydae 3a1a4a NpoeKTUPOBAHUS MOXKET (POPMYJINPOBATHCS B TEPMUHAX HETMHEHHOTO

o ko
nporpamMmupoBanus [30, 31]. Heo6xoaumo HallTH BEKTOP MPOEKTHBIX NMEPEMEHHBIX X , MPU KOTO-
POM BBIIIOJIHSETCS YCIIOBHE:

JX)H)Sf(X)VX eQ
Q={X:g,(X)<0,j=1,2,.,m},
rae f(X) — uenesas QyHKIMs, X ={x,x,,..,x, |~ BEKTOP IPOEKTHBIX MapameTpoB, {2 — 061acTh
JIOMYCTUMBIX 3HAYEHHH, ONpesienieMas KOMILIEKCOM OrpaHiuenuii — g (X)<0.

s onpeneneHus OCHOBHBIX xapakTepucTuk COIl B kauecTBE MPOEKTHBIX MapamMeTpoB IMpH-
HUMAIOTCS: Macca aKKyMYJISITOpHOM Oatapeu (m45), Macca COTHEUHBIX OaTtapeil (mcp), Macca KOH-
TpoJuiepa 3apsaa-paspsaa (mg).

B kaudecTBe KpHUTepHsl ONTUMAILHOCTH B HACTOALIEH pabOTe MCMONb3YEeTCs MUHUMYM MaccChl
COIl, oOecneunBaromeir ¢ynknuonuposanue MIIH. Takum o6pa3om, wneneBas QYHKIHS:
M, =m o +me, +m, —>min.

VYcnosus ¢pynkunonuposanust MITH onpenensitores u3 pesxxuMoB paboThl, IPUBEIEHHBIX B Ta0-
mune 1.
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Tabmuna 1 — Mcxoanble naHHbIe 110 AnekTpornotpediaenuro MITH

JanTebHOCTH JuekTponorpedaerHue, Br JonmycTtumoe Bpemst
Pexxnmbl padorsr MITH Ha paboueM padoThI B CYyTKH,
npu paboTe | CpeaHecyTO4HOe

BUTKe, MHH MHH
1 Pesxnm Bruntouenust (PB) 3 450 3,75 12
2 Pexxum perpancisannu (PP) 13 2090 75,5 52
3 Pexxum BeikimroueHus (PBBIK) 3 450 3,75 12
4 lexypHslit pexxnM (/IP) 77,7 100 94,7 1364

CornacHO UCXOAHBIM JIaHHBIM, B CYTKH IMPEIIoaraeTcs A0 YeThIpEX pabounx CEaHCOB C MaK-
CHUMAaJIbHOM JJIMTEIbHOCTBIO CE€aHCa PETPAHCIILMU 10 13 MUHYT Npu NpoJéTe pernoHa MHTEpeca:
JIBA CEaHCa Ha JIByX IIOCJIEA0BATEIbHBIX BOCXOAIIMX BUTKAX U yepe3 ~ 12 yacoB Ha ABYyX MocIe-
JIOBaTEJIbHBIX HUCXOIAIMX BUTKaX. ['paduxk snexrponorpedinenuss MITH nis TMIOBBIX CyTOK IO-
néra MKA npuBenén Ha pucyHke 4.

P, BT
2200
2100
2000
1900
1800
1700
1600
1500
1400
1300
1200
1100
1000
900
800

700
600 | pB
500 1___J

400
300 [ pbik

200 7&;W [ [éE]

100 I

0
OB 93@ 15@ 27@ 372@ 455@ 558 551 744|E| 337 930 1023@ 1116@ 1209 1302 395 T, Mk

Pucynox 4 — I'paduk smexrpornorpednenus MITH

Lpe ]

I'padux snexrponorpedienus 0oproBoit annapatypbl MKA 1 ypoBHS OCBEIIEHHOCTH COJIHEY-
HBIX TIAHEJIeH MPUBEAEH HA PUCYHKE S.

B kauecTBe MCXOJIHBIX JAAHHBIX, HEOOXOIUMBIX AJs onpeaeneHus napamerpoB COII ucnonsb-
3YIOTCSl CBOJKA AJIEKTPONOTPEOIeHUS U XapakTepucTUku komnoHeHToB COII. Bo3moxkHocTu pas-
paboranHoif MIC mojaaep)Xku MpOEKTUPOBAHUS MO3BOJSIOT BMECTO YCpPEIHEHHBIX 3HAYEHUH HcC-
MI0JIb30BaTh XapaKTEPUCTUKU PEATbHO CYIIECTBYIOIUX M3/EIHNA, YTO TO3BOJISET CHU3UTH BpeMs Ha
MOUCK MH(POPMALIUU U ITOBBICUTh TOUHOCTh IEPBBIX IPOEKTHBIX MPUOIMKEHUH.

B tabnune 2 npuBeaeHbl UCXOHbIE NaHHBIE 17 onpeaeneHus napamerpoB COII, momydeHHbIX
Kak B pe3ynibTaTe pazpadoTranHoU mukiaorpamMmel padotel MKA, tak n u3 UC. B Tabiuie xapakre-
PUCTHUKH YIENbHOM MOIIHOCTU M Jerpajauuu ¢GorodiekTpuueckoro npeodpaszosatens (OIII), a
Takke 3HadeHus kod(duimentoB nonesHoro aercteus (KIIJI) akkymynstopHoi OGartapeu u pas-
PSIHOT0/3apATHOTO YCTPOMCTBA COOTBETCTBYIOT 3HAUEHUSM, XpaHAIIMMCS B pa3pabotanHoil b/l
NC noanepxku mpoeKTUPOBAHHUS.

Cxema pabouero mpoiiecca MCIoJIb30BaHU CUCTEMBI IIPeZIcTaBIeHa Ha pucyHke 6. [Ipu padore
¢ VC nonp3oBarens 3a4a€T 3HAUCHMsI WIN MANa30Hbl 3HAaYEHUI MHTEPECYIOIIMX €ro MapaMeTpoB,
ucnoib3ys unrepdeiic npunoxenus (1). Ipunoxenue popmupyer 3anpoc k bJ{ (2) u npencrasins-
€T TIOJYYCHHYI0 HH(POPMAIIHMIO TI0JIb30BaTeINIO (3).
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Pucynox 5 — I'paduk snexrpornorpediaeHust 6opropoii anmnapatypsl MKA 1 ypoBHS 0CBEIIEHHOCTH

Tabnwuma 2 — MicxomHple TaHHBIE UIA onpeneneHus mapamerpoB COI1

XapaKTepucTHKa 3HaueHHe
CpenHecyTO9HOE IeKTPOnoTpeOIeHre OOPTOBOM anmaparypsl, Bt 418,7
1 MITH 177,7
2 bC KOHTpOJISI M yIpaBJIeHUs 55
3 Cucrema ynpaBJIeHUs! IBUIKEHUEM 55
4 Cuctema 3JeKTpONUTAHUS 20
5 Cucrema o0ecriedeHrs TEIIOBOTO PEKUMa 96
Peseps 15
Cpennee HanpshkeHHE 00pTOBOI ceTr, B 27
CpenHecyTOYHBIH ypoBeHb ocBeménHocTH naHeneil bC (cosa) 0,51
Y nenpHast MmomtHOCTh DOI1 (apceHUI-TaITHEBBIE), Br/m? 255
VY nenpHas moutHOCTh DOI1 (KpemHmit), Br/m? 150
Cpennee 3aauenne KI1J] akkymymnsaropHoi OaTapen 0,9
Cpennee 3aauenne KI1J] paspsgHOro/3apsgHOTO yCTpOHCTBA 0,95
Koaddrmment nerpanammun OOI1 1,2

Janpuelimmii pacuér napamerpoB COII mpoBoauTcs ¢ y4éToM AaHHBIX, NPUBEAEHHBIX B Ta0-
muue 2. ITpumep pesynbraToB pacuéra TpeOyembix aisi obecneueHus padorsl MIIH mapamerpoB
COII npuBenéH B HIKHEW Tabnuue Ha pucyHke 6. [lomyuennsie 3HaueHus napamerpos COII nos-
BOJISIFOT OIPENENIUTh TPaHHIIbl 00JIacTel, B KOTOPBIX MOXKET HaXOAUTHCS MCKOMOE MPOEKTHOE pe-
menue 1 MKA.

3aknroyeHue

B pabore onucana MC noanepkku MpoeKTUPOBAaHUS U MpeacTaBieHa crpykrypa b/l obecme-
yuBaommx bC u none3nsix Harpy3ok MKA. MC moxkeT ObITh HCTIOJIb30BaHa JIJIsl TIOBBIIEHUS d(-
¢dextuBHOCTH npoekTupoBanust MKA Ha 6a3ze minardopm.

HaGop TpeboBanmii k onucanuto [IpO pa3paboTan Ha OCHOBE CYIIECTBYIOIIMX TAaKCOHOMUH.
Onementsl b/ naeHTHUIMPYIOTCS YHUKATBHBIMU KOJAMU ISl K&KAOT0 dyieMeHTa. KoHcTpyKTop-
ckas uHdopmanus rpynnupyercs B pyHKIHOHAIbHBIE O0J0KU. Pa3BuTHe npoekTa npemnoaraeT pa-
OO0THI 1O JTAJIbHEHIIIEMY HANlOJHEHNUIO KOHCTPYKTUBHBIMU perieHusiMu Beex Tabmuu b/l u pacmupe-
HUIO BO3MOXKHOCTEH BEO-T1I1aT(HOPMBI.
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Abstract

With the development of information technology, the role of support systems for the technical products design process
has increased significantly. The capabilities of knowledge management systems make it possible to ensure the com-
monality of terminology, object definitions and relations between them. In addition, the use of formal semantics is nec-
essary to support the reuse of knowledge. The article discusses ways to improve the efficiency of the small spacecraft
design process and a creation of tools for the knowledge exchange about the functional characteristics of typical subsys-
tems of such vehicles. The creation of an information system to support the preliminary design of small spacecraft,
which contains information linked to the relationship between the functions and components of subsystems and their
characteristics, is considered. The created system facilitates the synthesis of various product configurations. When de-
veloping the information system, modern approaches in the field of structural and functional classifications of small
spacecraft systems and approaches existing in the field of taxonomy to create database structures were used. The infor-
mation system database contains a set of characteristics for a wide range of small spacecraft equipment. As an example
of the use of an information system to support the design of small spacecraft, the process of choosing the characteristics
of a power supply system for a promising small spacecraft designed to provide communication between mobile ground
terminals is considered..
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