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KOCMOHABTHKA

MMEeHeHue

ooLLEeNPOMBbLILLIJTIeHHbIX
CTAHAAPTOB AJi NOCTPOESHUS
KOCMMYECKUX BblUUCIIUTESIEN

Anekcert Mensenes

AKTUBHO NpUMEHsIeMas B 3apyBHeXHbIX M OTe4eCTBEHHbIX pa3paboTKax cneumanbHoro
HasHavyeHuns COTS-TexHONOrUs ABASETCS XOPOLUMM CPERCTBOM CHUXEHMSI BPEMEHHBIX
U dbuHaHCcoBbIX 3aTpar. B cratbe paccmarpueaetcs onbiT Ucnonb3zosanus COTS

ANS CO3AAHMS BLIYUCTIMTENEH, IKCMNYATUPYEMbIX HO BOPTY KOCMMYECKMX ANNApaTOoB.

B mocientee BpeMst M3-3a HEOOXOAMMO-
CTH COKpAIIIeHUSI CTOUMOCTHU BOCHHBIX U
a3POKOCMUYECKUX CUCTEM Pa3pabOTIYMKU
CTajy aKTUBHO MCITOJIb30BaTh TEXHOJO-
ruto COTS (Commercial Off-The-Shelf —
«TOTOBBIM K MCITOJIb30BAHUIO TIPOIYKT»).
CMBICIT JaHHOI TEXHOJIOTUU B TOM, YTO
IIJIST TIOCTPOEHUST CHCTEM CITeIIMaTbHOTO
Ha3Ha4YCHUsI TPUMEHSICTCS TIOIXO, B paM-
Kax KOTOPOTO MCIIOJIb3YIOTCS IPOMBIIII-
JICHHBIC BBIYMCIUTEJBHBIC MOIYIH, a
KPEUTHI, CTOMKH, OJIOKM KOMMYTAIlUM U
KabeJau MMEIOT CITeLIMaIbHOE UCTIOJIHEHUE
1 00eCTIeunBalOT TpeOyeMbIE YCIIOBUS 9KC-
TUTyaTtaiuy (Harpumep, YyCTOMYMBOCTh K
KJIMMaTU4YeCKUM, BUOPAIIMOHHBIM, aKy-
CTUYECKMM W IPYTMM BO3ICHCTBUSIM).
B COTS-TexHOIOTMM TPUMEHSIOTCS TO-
TOBBIE allllapaTHBIE U TPOTrPaMMHBIE TEX-
HOJIOTUM OTKPBITOT'O TUIIA, PaHEe IITUPOKO
anpoOUMpoOBaHHbIC W/UIM CTaHAAPTU30-
BaHHbIE Ha PbIHKE OOIIETTPOMBIIIICHHBIX
TPaXXIaHCKUX MPUJIOXKECHUM.

HUctopuuecku konuenuuss COTS Bo3-
HUKJIa KaK MHUIMAaTHBa MUHUCTEPCTBA
06opoHbl CIIIA 1 060pOHHBIX BEAOMCTB
psia IpyTUX 3aMaaHbIX CTPaH, XKeJalolux
COKPATUTh CBOM PACXOJbl 3a CYET YMEHb-
LIEHUSI TOJIA JOPOTOCTOSIIIINX YHUKATbHBIX
pelleHunii U TexHooruii. s poccuiickux
pa3pabOTYMKOB B HACTOsIIEE BpeMsl B
YCJOBUSIX YCIOXHEHUSI SKOHOMMUYECKOM
CUTYallMU U BBEIEHUSI CAHKIIUI, TePeKPhI-
BalOLIMX JIOCTYII K 3JIEMEHTHOI 0a3e 000-
POHHOTO U JIBOMHOIO Ha3HAY€HMUsI, TaKOM
CIMOCO0 3KOHOMUM CPEICTB Ha CO3IaHue
arnmnaparypbl ¢ BBICOKUMU TeXHUYECKUMU
XapaKTepHUCTUKaMU OCOOCHHO aKTyaJIeH.

OOLIMIA TPEeHI MOCTPOCHUSI CUCTEM Ha
6a3e cranaaptuzoBaHHbIX COTS-komro-
HEHTOB MIPOHMK U B KOCMUYECKYIO OTPACIIb.
Tomy ciocoOcTBOBaAIM Ype3BbIYAiHO OYp-
HbII1 TEMIT OCBOEHUSI KOCMMYECKOTI0 Mpo-
CTPAHCTBA, YCJOKHEHME PelllaeMbIX 3a/1ay,
TpeOOBaHMUsI COKpalIeHUsI CPOKOB paspa-
OOTKM Y MOAICPHU3ALIMU CUCTEM, MOBbILIIE-
HUE WX OBICTPONEUCTBUS U HANEXKHOCTH.
B HacTosiMii MOMEHT B KOCMOCE TTOCTO-
STHHO TIPUCYTCTBYET OOJIBIIOE KOJTMYECTBO
00MTaeMBIX U HEOOUTAeMBIX JIETATEIbHBIX
arapaToB pa3JIMIHBIX CTpaH. DTa OTpacib
MpeBpaTHIach B MOILITHYIO MHIYCTPHIO, CBSI-
3aHHYIO C MCCJIEMOBAaHUSMU, IPOU3BOJI-
CTBOM HOBBIX MaTepuayioB, 00OPOHON U
NPYTMMU aKTyaJIbHBIMU 3a1auamu [1].

B «mTykax 4acThil» KOCMUYECKOE W3-
JiydeHue coctout Ha 90% 13 MPOTOHOB (TO
€CTb MOHOB BOIOpo/a), Ha 7% w3 siaep re-
sust (aba-vactuir), ~1% coctaBisitoT 60-
Jiee TSKETbie aTOMbI U ~1% — 371eKTPOHBI.
3BE3mb1, BKTIovyast ColHIIe, Spa raakThK,
Mueunsiit [1yTh, 0OMABHO OCBELIAIOT BCE
He TOJIbKO BUIMMBIM CBETOM, HO U pEHTTe-
HOBCKHUM U raMMa-u3inydeHneM. Bo Bpemst
Benbirek Ha ComHue paguanus ot ConH-
ma yeesmmumBaetcs B 1000—1 000 000 pas,
YTO MOXET OBbITb CEPbE3HOU MpOobIEMOi,
KaK UIsI JIIofielt OymayIiero, Tak U HbIHelll-
HMX KOCMUYECKUX arlaparoB 3a Mpejesa-
MM MarHutochepsl 3eMIIH.

Boxkpyr 3emiu ecTb 2 mosica 3apsKeHHbBIX
YaCTUI] — TaK Ha3bIBa€Mble PaINALIMOHHbIE
nosica Ban Annena: Ha Beicote ~4000 kM

W13 MPOTOHOB U Ha BbicoTe ~17 000 kM U3
3JIEKTPOHOB. YacTHUIIBI TaM ABUXKYTCS IO
3aMKHYTBIM OpOUTaM, 3aXBau€HHbIC Mar-
HUTHBIM T10J1eM 3emuin. Takke ecTh Opa-
3WJIbCKAsi MAaTHUTHAs aHOMAJTHsI, TIe BHYT-
PEHHUI paavallMOHHBIN TTOsIC OJIMKE MO/~
XoauT K 3emuie 10 BbICOThI 200 KM.

Korma ramma- um peHTT€HOBCKOE M3-
JlydeHue (B TOM YMClie BTOPUYHOE, MOJTy-
YEHHOE M3-3a CTOJKHOBEHMS DJIEKTPOHOB
C KOPIIyCOM arfrapara) MpOXOAUT 4epes
MUKpPOCXEMY, B MOA3aTBOPHOM IMIJCK-
TPUKE TPAH3MCTOPOB HAYMHAET MOCTETICH-
HO HaKaIlJIMBaTbCsl 3apsii, U COOTBET-
CTBEHHO HAYMHAIOT MEIJIEHHO U3MEHSITh-
csl TapaMeTphl TPAH3UCTOPOB — MTOPOTOBOE
HanpsKeHHUe TPAaH3UMCTOPOB U TOK YTEUKU.
OObIuHas rpaxaaHcKas HudpoBasi MUK-
pocxema yxke rociie 5000 pag MoxKeT repe-
cTaTh HOPMaJIbHO paboTaTh (BIpOYEM, ye-
JIOBEK MOXET IepecTaTb paboTaTh YXe
nociie 500—1000 pan).

Ha Huskoii opoure 300—500 kM (Tam, rue
JIETAIOT JIIO/IM) TO0Basl 1032 MOXET ObITh
100 pan 1 MeHee, COOTBETCTBEHHO, AaXKe 3a
10 neT HaOpaHHast f03a OyIeT IepeHocuMa
rpaxk1aHCKMMU MUKpOCXeMaMu. A BOT Ha
BbICOKUX opouTax >1000 kM romoBasi 103a
moxeT ObITh 10 000—20 000 pan, u 0ObIY-
Hble MUKPOCXeMbI HaOepyT CMePTETbHYIO
JI03Y 332 CYMTAHHBIC MECSILIBI.

Camoii 00JIbIIION TTPOOJEMOI KOCMUYe-
CKOI1 2JIEKTPOHUKHM SIBJISIETCST CTOJTKHOBE-
HUE C TSLKETBIMU 3apSKEHHBIMU YacTHIIA-
mu (T3Y) — 370 MpOTOHBI, abha-yacCTULIbI
U MOHBI 00JbLMX dHepruit. T3Y umeror ta-
KYI0 BBICOKYIO 3HEPIrHl0, UTO «ITPOOUBAIOT»
MHUKPOCXeMY HaCKBO3b (BMECTE C KOPITYyCOM
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CITyTHUKA) U OCTaBJISIIOT 32 COOO0M «I1IIeiich»
3apsia. B mydinem ciydae 3To MOXeT Ipu-
BECTH K mporpaMMHoit ommbke (0 craHo-
BUTCS | MM HA000POT), B XyAIIEM — K TH-
PUCTOPHOMY 3alIENKMBAHUIO. Y 3allIENK-
HYTOTO YHMIIa TIUTaHWE 3aKOPAuYMBAETCS C
3eMIIEI, Yepe3 Hero MOXET WATU O4YeHb
0OJIBIION TOK, B PE3yJIBTaTe MOXET CTOPETh

mukpocxema. Eciu ycreTb OTKITIOUUTD K-

TaHUE U MOAKITIOUUTH 0 CTOPAHMSI, TO BCE

OyzeTr paboTaTh, Kak OObIYHO.

Tsox€npie 3apsoKeHHBbIE YaCTUIBI KOC-
MHWYECKOTO TMPOCTPAHCTBA, BO3ACICTBYS
Ha UHTerpaabHble MUKpocxeMbl (MMC),
MOTYT BbI3BaThb MCKAXEHUST OTIETbHBIX
OUTOB JaHHBIX WU TIporpaMmbl. MHTEH-
CHUBHOCTb CO0OEB 3aBUCUT OT TUIIA UCIIOJb-
3yeMoil maMsITH, MapaMeTpoB OPOUTHI U
aktuBHocTU CoNHIIA.

Bopotbest ¢ 3aménkuBaHUEM MOXHO
HECKOJIbKMMM CIIOCO0aMU.

1. Cnenuth 3a moTpedisieMbIM TOKOM U
ObICTpPO MepenepruBaTh MUTaAHUE.

2. Mcnonb3oBaTh MUKPOCXEMBI Ha candu-
poBoii momioxke (Silicon-on-sapphire,
SOS, B 6osiee obiiem Buae Silicon-on-
insulator, SOI) — 3T0 UckIOUaeT Gop-
MUpOBaHUE OUMOJSIPHBIX Mapa3sUTHBIX
TPaH3UCTOPOB M 3alénkuBaHue. [1po-
rpaMMHbIe OLUMOKH, TEM HE MEeHee, MO-
ryT ObITh. [l1acTMHBI U3 KpemMHUs Ha
cangupe cToaT 10poro, oopadaThiBaTh
HX CJIOKHO, U OHU UMEIOT OTPaHUYEHHOE
MPUMEHEHNE B TPaXKAaHCKOM CEKTOpe,
cJef0BaTeNbHO, MPOU3BOACTBO MOTyYa-
eTcst foporuM. B Hacrosiiee Bpemsi B
OOJIBILIMHCTBE ciyyaeB npumeHsitor SOl
B 00OLIEM BUE — C OKCUIIOM B BUJIE AM-
3JIEKTPUKA.

3. Ucnonp30BaTh TaKk Ha3blBaeMbIU MpO-
necc triple-well — oH Tak:Ke OYEHb CUJTb-
HO CHIKaeT BO3MOXHOCTb 3allETKUBa-
HMSI MUKPOCXEMBI 32 CUET JOTTOJTHUTENb-
HOW M30JISILIUY TPAH3UCTOPOB P—N-Te-
pPEXolIoM, HO He TpedyeT KaKUX-TO 0CO-
OEHHBIX TUTACTUH WK 000PYIOBaHUS, 1
B pe3yJibTaTe caMO IMPOU3BOJICTBO Ha-
MHOTO JIellIeBJIe KpeMHMsI Ha caridupe.
Hctopuuecku B CCCP u Poccuu ya-

11e paboTaloT ¢ KpeMHUEM Ha candupe, a

Ha 3anajie cTaparoTcsl KaK MOXHO 00Jib-

1lI€ MCIOJb30BaTh OOBIYHBIN KPEeMHUI ¢

triple-well (4TOOBI cOBMEIIATh C KOMMEP-

YEeCKUMU TPOIYKTAaMU U CHMXXATh CTOM-

MocTh), HO U SOS/SOI Toxe aenaiT Mo

HEoOXOIMMOCTH.

B cnyyae korna uz-3a T34 B kocMuue-
CKOM anmnaparype Mpou3011I0 UCKaXKEHUE
CONEPKUMOTO TTAMSITH WJIM JIOTUKA Cpabo-
Taja HENpaBUIbHO, OOPOTHCA C ITUM
0CTa€TCs TOJTbKO apXUTEKTYPHBIMHU CITOCO-
0amu, HampuMmep:

Puc. 1. CnytHuk ctanpapta CubeSat komnanuu «[laypus Aspocneiic»

©® MaXXOpPUTAapHOM JIOTUKOI, KOTIIa MBI CO-
€IMHSIEM TT0 3 KOTIY KaXXI0TO HYXKHOTO

HaM 0JI0Ka Ha HEKOTOPOM PAaCCTOSTHUU

JIPYT OT Apyra — Torna 2 MPaBWIBHBIX

OTBETA «IIePECUTISIT» OJUH HETIPABUIb-

HBII, UCTIOJIb30BAHUEM 00JIee CTONKIX

K ommbkaM stueek mamsitu (13 10 TpaH-

3MCTOPOB BMECTO OOBIUHBIX 6),
® VCTIOTb30BaHUEM KONIOB KOPPEKIINU

OIMIMOOK B MaMSITH, K31 U PETUCTPaX.

Ho noiHocThIO OT O1IMOOK M30aBUTHCS
HEBO3MOXHO, BElb MOXET CIIyIUTHCSI, YTO
T34 (BepHee, 11e1bIli Beep BTOPUYHBIX Ya-
CTUII) TIPOMTYT TOYHO BAOJb YUTIA, U YaCTh
KOMIIOHEHTOB YHMIIa MOXET cpaboTaTh C
omnOKoi. TyT 1 Hy>KHa BICOKOHAAEXXKHAS
crUcTeMa U3 HECKOJbKUX HEe3aBUCUMBIX
KOMITHIOTEPOB U MPABWILHOE UX TIPOTPaM-
MUpOBaHUE.

B urore ncnonb3oBaHue rpaxknaHCKUX
MUKPOCXeM B KOCMOCE OTpaHU4YeHO 2¢-
(exToM 3amIENKMBAHUS U BO3MOXHO B
JIy4IIeM ciydae Ha Hu3Kux opoburtax. Ha
BBICOKMX OpOUTax M B JadbHEM KOCMOCE
HYXHBl CTleLMaJbHble paJAMallMOHHO-
CTOIKME MUKPOCXEMBbI, TaK KaK TaM MbI
JIMILIEHBI 3aIIUTHl MATHUTHOTO TIOJIS 3€M-
JId, @ OT BICOKO9HEPTeTUUECKUX YACTULL
KOCMMYECKON paaualuu craceét pa3se uTo
meTp cBuHLA [2]. Chepbl npuMeHeHUs
COTS-TexXHOJOTMU TOJKHBI OBITh YETKO
OuYepUeHbl, X HEMPABUJIbHOE UCTOIb30-
BaHNE MOXET MPUBECTU K OTPULIATEIbHBIM
pesyJbTaTaM.

IMonTBepkaeHUEM WCIONIB30BAHUS B
kocmoce COTS-TexHOIOTHIA 1 TIPOMBIIII-
nenHoit DKB gBnseTcsa pacTyiias Io-

MyJIIPHOCTh CITyTHUKOB, BBITIOJIHEHHBIX
o ctanaapty CubeSat.

CubeSat (xybcar) — dopmaT Majbix
(CBepXMaJIbIX) UCKYCCTBEHHBIX CITyTHUKOB
3emum [T WCCIIEAOBAHUS KOCMOCA,
UMeIoIIMX 00bEM 1 TUTp 1 Maccy He bosee
1,33 Kr wim HEeCKOJIbKO (KpaTHO) Oojee
(puc. 1).

DTU CIYTHUKU OOBIYHO WCTIOJB3YIOT
maccu-Kapkac crienudukanuu CubeSat
MOKYITHbIE CTaHAApPTHbIE KOMIUIEKTYIO-
e — COTS-2/IeKTPOHUKY U TTPOYKE y3-
abl. Cnenudukanumu CubeSat 6pUHM pas-
pa6otansl B 1999 rony Kanudopuuiickum
noautexHudyeckuM u  CTIHGOPACKUM
YHUBEPCUTETAMU, YTOOBI YIIPOCTUTH CO3-
JlaHUE CBEPXMAaJIbIX CITyTHUKOB.

Cneuundukanus CubeSat BkiIoyaer B
ce0s cTaHIapTU3MpPOBaHHBIE TA0APUTHI U
apxutekTypy. Bce CubeSat moapaznens-
1otcst Ha pasmepHoctd 1U (10x10x10 cm),
2U (10x10x20 cm), 3U (10x10x30 cm)
U TaK Jajee.

Crangapt CubeSat He orpaHU4YMBaeT
daHTa31I0 Pa3pabOTIYMKOB U MHXKEHEPHbIE
MOAXOBI /151 TOCTPOEHUSI KOCMUYECKUX
anmnaparoB. 37iech HE CYIIECTBYeT 00llie-
MPUHATBIX WHCTPYKLMI MO cOopke, TO
€CTb YHUBEPCAIbHBIX CTAHAAPTOB, OIMUCHI-
BaloIIMX UHGOPMALMOHHBIE, MEXaHUYe-
CKUe€ WIN 3JeKTpUYeckrue MHTepdenchl.
EcTb pexomMeHa11u 1o COOTBETCTBUIO ra-
0apuTOB 3JEKTPOHHBIX IJ1aT (popM-dak-
topy PC/104, HekoTOpbIe MOAXOIbI K pac-
naiike KOHTaKTOB, 0 UH(MOPMALMOHHBIM
LIMHAM U IIMHAM MUTaHUsI, HO KOHKPEeT-
Hasl pealn3alus y KaI0ro pa3padoTynka
MOXET ObITh MUHAMBUAYaTbHOM [3].

Cospnatores criytHuku CubeSat 13 aj1ek-
TPOHUKM MHIYCTPUAJIBHOIO Kjacca, TO
€CTh TOW, KOoTopasl MperHa3HayeHa ISt

Wnnioctpaums ¢ caira http://www.rusnano.com
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Puc. 2. Cucrema cranpapta CompactPCI

SKCIUTyaTallny Ha 3eMJjie U He TOTOBWIACh
111 paboThl B KocMoce. HecMoTps Ha aT0,
BO3MOXKHOCTH COBPEMEHHBIX YUIIOB 103~
BOJITIOT UM paboTaTh B, Ka3aJo0Ch ObI, He-
TpUeMIIeMbIX YeTIoBUsIX. OHU MOTYT OBITH
HEIOJITOBEYHBI, HO 00ecTieunBaloT pabo-
TOCTIOCOOHOCTb alMaparToB /10 TOfia, a TO U
B HECKOJILKO pa3 Oosblire [4].

ArPYrue COTS-CTAHAAPTBI

CompactPCI
Cucrembl Ha 6a3e craHmapta Compact-

PCI umerot B cBOEM cocTaBe MexaHUYe-

CKMI KOHCTPYKTHUB, MO3BOJISIIOLIMIA yCTa-

HAaBJIMBATh MPOIIECCOPHBIE U TIepudepuii-

HbIE MOJYJI B IMTACCUBHYIO KPOCC-TIJIATy C

oTpeneNEHHBIMI CTAaHAAPTOM MHTEPKOH-

HeKTaMu oOMeHa TaHHBIMU MEXITy MOIY-

JISIMU CUCTEMBI. XapaKTepUCTUKU KOH-

CTPYKTUBOB, TUIIbI U TOTIOJIOTUU MCIIOJNb-

3yeMbIX UHTEPKOHHEKTOB XOPOIIIO TOKY-

MEHTHPOBaHbBI B COOTBETCTBYIOILIEM CTaH-

napre, pa3pabOTaHHOM KOHCOPLUYMOM

MEXIyHAPOIHBIX KOMITAHUH MO 3TUI0M

PICMG (www.picmg.org). [Ipumep KoH-

CTPYKTHBa MpUBEIEH Ha puc. 2. CucTeMbl

CTPOSITCSI B KOHCTPYKTHBE EBpoMexaHuka

3U, 6U.

OcCHOBHBIE MpEeUMYIIeCTBa CTaHAapTa

CompactPClI:

©® BO3MOXXHOCTH TTOCTPOEHUST MHOTOTIPO-
1IECCOPHBIX TETePOTEHHBIX BBIYMCIN-
TEJIbHBIX CUCTEM;

@ BBHICOKAsl YCTOWIMBOCTH K yIapam 1 BUO-
panusm;

® >(pdeKkTUBHOE OXJIAXICHUE;

® TI0/IIEP3KKA PEXUMA «TOPsTICii» 3aMEHBI;

® ToIIepPKKa Pe3ePBUPOBAHNS;

@ TIpYMEeHeHWEe CTAaHIAPTHBIX IIACCU OT
Pa3HBIX IPOU3BOAUTENEH.
[loka3arenbHblil TpUMEpP HANEXKHOCTU

CHCTEM, BBITIOJTHEHHBIX IO CTaHAAPTY

CompactPCI, cuUcCTeMa yMIpaBJICHUS

Mapcoxona Opportunity, KOTOPBI yIIpaB-

JIIeTcsl OIByMsl KOMITbIOTepaMKu Ha 0ase

crangapta CompactPCI [5].

Ha Kpachyto manety mapcoxon Oppor-

tunity mpu6sut 24 suBaps 2004 romga u 10

CHUX TIOp MTPOIO0JIKAET PYHKIIMOHUPOBATb.

Snpo cucTeMbl YNpaBJIeHUS! — OJIHO-
miaTHelii Kommbiorep RAD6000 (1mpo-
u3Boautesib BAE Systems), BIIIOTHEHHBII
B ¢opmate CompactPCI 6U Bepcuu 2.0.

RAD6000 — panralimOHHO-CTOMKMIA
OJTHOTUIATHBIM KoMIIbIOTep Ha 6aze RISC-
MpolLieccopa, BhIMYLIEHHBII Moapa3iesie-
HueMm IBM (1mo3xe 310 mompasmesieHue
crayo yacteio BAE Systems). KommnbroTep
MMeeT MaKCUMAJIbHYIO TAKTOBYIO YaCTOTY
33 MIi1 u 6sicTponelicTBre okono 35 MIPS.
Ha nnate yctanosneHo 128 Mo6aiiT onepa-
tuBHOI namsatu ¢ ECC. O0bIYHO Ha 3TOM
koMmmbioTepe padbotaet OC PB VxWorks.
YacroTa mpoueccopa MOXeT yCTaHaBJIU-
BaThcA B 2,5, 5, 10 wim 20 M.

B Hactosiiiee BpeMsi pabouasi Tpyrna
PICMG Hauana pa3paboTKy HOBOI cIie-
uudukanuu Space CompactPCI Serial, B
KOTOPO#1 yYUTBIBAIOTCS CTICLIAIbHBIE TPE-
0OBaHUS K IPUMEHEHUIO B KOCMUUYECKOI
TEXHUKE.

B paspabatbeiBaeMoii crnieuudukanuu
HCKITIOUYEHBI HEKOTOPbIe HEBOCTPEeOOBaH -

Hble (GYHKIIMHM C LIeJIbIO CIeIaTh CTaHaAPT
0oJice rapMOHUYHBIM. B TO ke BpeMst 10-
GaBJIeHbl HOBbIE CBOMCTBA, YTOOBI ONTH-
musuposath cranaapt Space CompactPCI
Serial 1J11 KOCMUYECKUX MPUIOXKEHUIA.

B paspabaTtbiBaeMylo crieuu@ukaiuio
BHOCSITCSI IBa OCHOBHBIX HOBOBBEICHUSI:
HCTIOJIb30BaHNE apXMTEKTYPhl «IBOMHAs
3Be3a» M WHTEUIEKTYaJIbHON CHCTEMBI
yrpasjieHust nuranueMm. Kpome toro, mo-
nonHuteabHo K Ethernet u PCI Express
BO3MOXHO MCITOJIb30BaHUE IPYTUX TOCTe-
JTIOBaTeJIbHBIX MHTePGhEcoB, TaKMX KakK
SpaceWire, SpaceFibre, TT-Ethernet u
rapid I/O, 115t B3auMoneCcTBYsI TUTAT B CH-
cTeme.

bazosas crienudpukanusi CompactPCI
Serial ompenessieT TOMOJOTUIO «3Be3Aa»
IUIST MEXMOJIYJIBHOTO B3aMMOICCTBUS.
B cnieundukaunm Space CompactPCIl
Serial noGaBsieTcss CMUMMETpUYHOE TyOIu -
pOBaHME MHTEPKOHHEKTOB. TakuM obpa-
30M, BBIXOJ] U3 CTPOST OTHOTO IIEHTPATbHO-
ro TIpolieccopa HUKaK He CKa3bIBaeTCsl Ha
(YHKIMOHATBHOCTH CUCTEMBI B LICJIOM.
Bricokas cTerneHb TOTOBHOCTH OUYEHb BaXK-
Ha B KOCMOCe, TaK KaK, HallpuMep, BBl HE
MOXeTe TTPOCTO 3aMEHUTH ITPOLIECCOPHBIT
MOJYyJIb, YCTAHOBJICHHBII B CITyTHUKE Ha
opoute. B noGaBieHue K CUCTEMHOMY
cioty (A) ¢ JIeBOI CTOPOHBI CUCTEMBI BTO-
poii cuctemHblii ciot (B) pa3meniaercs B
MPaBOi YaCTH, JTyOIUPYST BCE MEXMOITYITh-
Hble cBs3u (puc. 3, [6]). Bece ceMb nepu-
hepUifHBIX CTOTOB MOAKITIOUEHBI K 000UM
CHCTEMHBIM, KOTOPBIC TAKXKE COCITMHEHBI
MeX1y coboil. DTr cBsI3U 00pa3yoT ceTh
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cnoT 2
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cnot 6
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Puc. 3. Space CompactPCI Serial npegnonaraer BTopoii CUCTEMHbIII C/IOT ANA peanusaunu TONoaoruu

«ABOIHas 3Be3aa» yepes PCI Express
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Full Mesh, nmim «kKaxaplif ¢ KaxXKIbIM».
Cetp Full Mesh He orpannyeHa KaKuM-
JIMOO TTPOTOKOJIOM U MOKET MCITOJIh30BaTh
1711 GU3NYECKOro B3aMMOJIEIICTBMS, Ha-
npuMep, caenymoliue ctaHngapTel: Ether-
net, SpaceWire, TTEthernet, Ether-Space
u 1.0. [lapamrensHo ¢ cetbto Full Mesh
00a CUCTEMHBIX CJI0Ta MOTYT OBITh COETH~
HEHBI C JTIFOOBIM MepuhepUHBIM MOIYJIEM
IMOCPEJCTBOM BOChMU IupdhepeHIInalb-
HBIX Map. DT CBSI3U MOTYT TaKKe UCITONIb-
30BaTh JIt0OOI MPOTOKOJ, B 3aBUCUMOCTH
OT MPUMEHEHMS U KOHCTPYKIIUY MOMIYJICHA.
Takas apxuTeKTypa Ha3bIBaeTCs «IBOMHASs
3Be3[a» U MpeHa3HavYeHa JIJIsl UCTI0JIb30-
BaHUSI B BBICOKOHAMEXKHBIX PEIICHUSX C
BBICOKOI CTETIeHbI0 TOTOBHOCTU. B pe-
3yJIbTaTe MapaijieIbHO UCTTOIb3YeTCs CeTh
Full Mesh na 6a3e Ethernet, a Takxe ap-
XUTEKTypa «lIBoiiHas 3Be3na» yepes PCI
Express unu nr0060ii apyroii mocienoBa-
TEJIbHBINA TPOTOKOJI.

B noGaBieHre K HOBOBBEACHUIO B MEX-~
MOJIYJIbHOM B3aMMOJAEICTBUU CIieludu-
karus Space CompactPCI Serial onpene-
JISIET HAJIMYKMe CEPBUCHOTO pa3bEéMa, yepes
KOTOPBIA MOXET OBITb OCYIIECTBICHO
yrpaBjieHue U KOH(PUTYpUpOBaHUE MOJIE-
Jieit o 1muHe yrpasieHus. CepBUCHBINM
pa3beM, TaK XKe KaK U yKe UMEIolInecs B
crangapre CompactPCI Serial, moanep-
JKMBAeT TEXHOJOTUIO «ropsyeii» 3aMeHBbI,
MO3BOJISIIOLIYI0O MEHSTh MOIYJb 0€3 BbI-
KJIIOUEHUS TUTAHUSI CUCTEMBbI.

Space CompactPCI Serial obecrnieunBa-
€T BO3MOXHOCTb IMOCTPOEHMSI CUCTEM C
KOHIYKTHBHBIM TETUI00TBOJIOM. B Takoit
CHCTEME 1Iar pa3MelleHUsI MOMyJieit paBeH
SHP (25, 4 mm). Ilnater CompactPCI
Serial ¢ KOHIYKTMBHBIM TEMJIOOTBOAOM
LIMpe MJIAaT ¢ BO3AYIIHBIM TEIJIOOTBOIOM
(uupuHa 4HP), Tak Kak OHU CTPOSITCSl HA
0a3e KOHBEKIIMOHHOTO MOIYJIsl, 3aKJI0-
YEHHOIO B METAJUIMYECKUI KOXYX, 4TO
CYIIIECTBEHHO CHIKAeT 3aTpaThl Ha TTPOU3-
BOJICTBO MOJYJIST M, KaK CJICICTBYE, YMEHb-
aeT ce6ecTOMMOCTb.

B Hacrosiiee BpeMsi paGouast rpymma
PICMG paboraet Haj crieliuaibHOI 00b-
eIMHUTEbHON TutaToit mist Space Com-
pactPCI Serial. BoiIcOoKOCKOpPOCTHBIE pa3b-
€MBI CYIIECTBYIOIINX O0bETMHUTEIbHBIX
IJ1aT 00eCTIeYMBAIOT ITPOITYCKHYIO CITOCO0-
HoCTb 110 12,5 T'out/c nmo nuddepeHu-
anpHOUl mape. CoBOKyMHasi MPOMYCKHas
crnocooHocTh cetu Full Mesh cocragnsier
400 I'dut/c, MIOC MHTEPKOHHEKT «IBOM-
Hasl 3Be31a» OTHOBPEMEHHO TTOJICPKIBa-
€T TIPOTTYCKHYIO CTTIOcCOOHOCTSH 10 1 TouTt/c.
HNHdpacTpykTypHble CUTHaJIBI 0Oecreyn-
BalOT yIOOHYIO ¥ TUOKYIO CCTEMY YIIPaB-
nerns. B momonHenwe K muHe 12C mog-

Puc. 4. Crek mopynein
topmara PC/104

nepxuBaeTcs mmHa CAN. HanpskeHue
muTaHus 12 B. OnuuoHanibHO BO3MOXKHO
HCTIONBb30BAHNUE PE3EPBHOTO HATIPSDKEHUST
5 B ny1s pexxuMoB 3HeprocoepexeHus: u
cHa. [lognepxuBaeTcst MHTEJUIEKTyaTbHAsT
cucTeMa yIpaBleHUs] MUTaHueM, obec-
MeYNBAIONIasl BO3MOXHOCTb OTKJTIOUEHMUSI
U TIOAKITIOYEHUST TUTAHUST K KaKIIOMY CJIO-
Ty TIO OTIEIBHOCTH.

CypoBble KOCMUYECKHE YCIOBUS IKC-
TJTyaTallid U OCOOEHHO BaKyyM, MPeb-
SIBJISIIOT OCOOBIE TPEOOBAHUS K pa3beMaMm.
Matepuan He JOKeH BOCTUIAMEHSThCS 1
BBIIESATH BpeaHble BelecTna. [IpoBenéH-
HbIE TECThI yX€ MOATBEPAWUIU TPUTO.I-
HOCTh BBIOpAaHHBIX pa3bEMOB I Space
CompactPCI Serial. C npyroii cTopoHbI,
MHOTHE TPeOOBaHUS K MEXaHUYECKUM U
KIMMATUYEeCKUM BO3AEUCTBUSIM, HAIpU-
Mep, CTOMKOCTb K OMMHOYHBIM COOSIM (ca-
MOYCTPAaHUMBII OTKa3), He OMHUCaHbI B
CTaHAApTHOU crienuUKalUU U OTpee-
JISTIOTCSI TEXHUYECKUM 3aJaHMEM Ha pa3pa-
0OaTbIBaeMYIO CHCTeMY WJIM Moay/u. Pabo-
yasi rpyrina 3akaH4uBaeT paboTy HaJ crie-
nuduKalyeil 1 miaHupyeT BHECTU e€ Ha
rosiocoBaHue B KoHcopuuym PICMG Bo
2—3 kBaptaie 2017 rona.

PC/104

®opmMm-dakrop PC/104 ObL1 IpUHAT B
1992 romy B oTBeT Ha TpeboBaHUS 0O
YMEHBIIEHUN Ta0apuTHBIX DPa3MEpPOB U
SHEPronoTpedIeHUs WIS KOMITBIOTEPHBIX
cucteM. Kaxnas u3 atux uesnei Obuia 10-

CTUTHYTa 0e3 CHIDKECHUs alllapaTHON 1
MPOTPAMMHON COBMECTUMOCTH C TIOTTYJISIP-
HBIMU KOMITBIOTEPHBIMU CTaHAAPTaMU.
Crneundukauus PC/104 mpennaraer mos-
HYIO apXUTEKTYPHYIO, aIlllapaTHYIO U IPo-
TPaMMHYIO COBMECTUMOCTD C KOMITBIOTEP-
HBIMU CTaHIAPTaMU B KOMITAKTHBIX pas-
Mepax wiaT 3,6x3,8 (91,44x96,52 mm). Ha-
3BaHME CTaHAapTa CBSI3aHO C TPUMEHEHM -
eM 104-koHTakTHOI HBI ISA, pacmono-
JKEHHOI B HIDKHEM YacTU TIaThl (puc. 4).

Cranngaptel PC/104 omuchiBaloT MoO-
JIYTBHBINM TIPUHIIMATI TTIOCTPOSHMST KOMIIAKT-
HBIX BCTpaBaeMbIX CICTEM B BUIE KOJIOH-
HbI COCTBIKOBAHHBIX APYT C IPYTOM ILJIaT.
DTH CTaHIAPTHI MPEKPACHO 3aPEKOMEHI0-
Bajau cebds cpeau pa3pabOTYMKOB KOM-
MaKTHBIX OOPTOBBIX KOMITBIOTEPHBIX CH-
creM. MHoOrue WHXeEHEpPbl BBLIOMPAIOT
PC/104 u3-3a mpeumyIliecTB, KOTOpbIE
AT Majblii Bec M TrabapuThl TaKUX
YCTPOWCTB, TPUBJIEKATEIbHBI TAKXKE MeXa-
HUYecKasi HaAEXXHOCTh Pa3béMOB U BCETO
KOHCTPYKTHBA B 1I€JIOM.

CemeiictBo cranmaptoB PC/104 co-
CTOMT U3 5 cnieuu@uKauunii ¥ ONMUChIBaeT
00MEH JaHHBIMU MEXXIY MOIYJISIMU MO Ma-
pautenbHbIM mmHaM ISA 16 6ut, PCI
32 OUT 1 C UCMOJb30BaHUEM MOCIEI0BA~
TeJbHbIX MHTepKOHHEeKTOB PCI Express,
USB 2.0 u SATA. [TomrMo caMoro KoM-
MakTHOTO pa3mepa 90x96 MM B CEMeiiCTBO
cTaHaapToB BXoIAT (hopM-dakropsl EPIC
u EBX.

OavH U3 TPUMEPOB TMPUMEHEHUS —
39TO KCIOJIb30BaHUE MonyJieil dhopmara
PC/104 nis moctpoeHus anmapaTypbl U1t
KOCMUYECKOTO IKCIIepuMeHTa « [epMuHa-
TOp». B paMKax KOCMUYECKOT0O 3KCIEpH-
MEHTa OCYLIECTBJsJIOCh HaOJIoJeHuEe B
BuauMoM U OnmxkHem MK-nuamasonax
CITEKTpa CJIOMCTBIX 00pa30BaHMIA Ha BBICO-
Tax BepxHeil Me3ochepbl — HIKHEM Tep-
Mochepbl B OKPECTHOCTH COJHEYHOTO
TepMHUHATOpA.

15t JaHHOTO KOCMUYECKOTO SKCIEPH-
meHTa Komnanuss POBUC paspabotana
M U3roToBUIa 0JJOKU 3JeKTpoHUKM (BD)
IUTSI YIIpaBJIeHNsI MUKpOKaMepaMu U CBsI-
31 co ciyxkeoHbiMU cuctemamu PC MKC
(puc. 5).

SAnpom Osioka 3J€KTPOHUKU SIBJSIET-
¢ mpoueccopHas ruiata FASTWEL
CPC1600 — BcTpanBaeMblii OIHOIUIATHBI
kommbiotep popmara PC/104-Plus mrst
BBICOKOTIPOM3BOIUTETLHBIX OOPTOBBIX CH-
creM. [lnara co3naHa Ha 6a3e IeHTpaIb-
HbIX IpotieccopoB Intel Pentium M/Cele-
ron M c paboueii yactoroii no 2,0 I'Tix.

JlomoyHUTeIbHAS HaAEKHOCTh KOM-
MbIoTepa 00ecIeuYnBaeTCsi CUCTEMO MO-
HUTOPUHTA pabodnx mapaMeTpoB, CTOPO-
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Puc. 5. HayuHblii annapat «TepMuHaTOP»: @ — KOMNAEKT ana peructpauyuu CO; 6 — Komnnekt

ANA perucTpaumm 3SMMCCMOHHOIO C/10A B OKPeCTHOCTU COJIHEYHOro TepMUHaTOpPa

JKEBBIM TAMEPOM U HATMYMEM PE3EPBHOM
ko CMOS. [Inarna3oH pabo4yux TemIie-
patyp CPC1600 B MHIYCTpHAIbHOM KC-
nojHeHuHU coctaBisieT oT —40 mo +85°C.

CPC1600 moamepXuBaeT oIeparuoH-
Heie cucremMbl Windows XP Embedded,
QNXu Linux.

MicroPC

MicroPC — popm-pakrop IBM PC-co-
BMECTUMBIX (X86) MPOMBIIIITIEHHBIX KOM-
TBIOTEPOB TSI KECTKUX YCIOBHUI IKCTLTya-
Taluu.

Pasmep mat MicroPC 124x112 mwm. bria-
Tofiapsi OPUTMHATIBHOW KOHIIETIIINY pa3pa-
060TKM usnenust craHgapra MicroPC sB-
JISTIOTCST OMHUMU U3 Hau0boJee YCTOMIMBBIX
K BO3MIEHCTBUIO KECTKUX (HDaKTOPOB OKPY-
JKaloIIel cpebl Ha PhIHKE BCTPAUBAEMbIX
KOMITBHIOTEPOB.

Monynu MicroPC mo3BossioT omepa-
TUBHO CTPOUTH HEIOPOTHE BHICOKOHAMEXK-
Hble BCTPAaMBaeMble CUCTEMbl U CUCTEMBbI
ABTOMAaTHU3ALIMU U3 TOTOBBIX «<KUPITUUNKOB»
(puc. 6).

Oco0eHHOCTH KOHCTPYKIINU:

Puc. 6. Waccu c mopynamm opmara MicroPC

@ TaccuBHas MaTepuwHCKas Tuiata (00b-
eIVMHUTENbHAS TTAHEeTb WK TUTeHd);

@ 4-ToueuHoe KperuleHue TIaT paciiu-
peHust;

©® BO3MOXHO HaJIW4Me TOTIOTHUTETbHBIX

JIMCKPETHBIX Y aHAJIOTOBBIX TTOPTOB BBO-

Ia-BeIBoJa Ui pactmpenus PC/104 y

TIPOTIECCOPHBIX MOMYJIEH;
® CTOPOXEBOW TaliMep;
® pacIIMPEeHHBIIN TUAa30H paboInX TeM-

nepatyp ot —40 1o +85°C;
©® HU3KOE YHEPTOTNOTPeOIeHNE U BhIIee-

HUe Teruia.

SpxuM IpUMEPOM UCTIONB30BAHUS MO-
nmyneit opmara MicroPC B kocmoce ciry-
KWT ITyJI5T KocMOHaBTOB « HETITYH-MD»
MJIOTAPYEMOTO TPAHCIIOPTHOTO KOPaoist
«Co103 TMA-M».

B mnactosiiiee Bpemsi IOCTaBKa OKU-
raxeil Ha OKOJIO3EMHYIO OpOUTY OCy-
LIECTBIISIETCS] C TIOMOIIBIO TPAHCIIOPTHBIX
MIJIOTUPYEMbIX Kopabieii cepun «Coro3
TMA-M>», aBasiomuxcst MoauduKammen
kopabueit «Corwo3 TMA». Ha kopabGisix
YCTaHABIMBAIOTCS MYJIBTl KOCMOHABTOB
HoBoro nokosieHuss — «<HEIITYH-M35»

(puc. 7), pazpadoranasie HUMAO. [Tynsr
MPEACTABISIET CO00I TPEXTTPOLIECCOPHYIO
BBIYMCIIUTETBHYIO CUCTEMY, BKIIIOUYAIOIITYIO
JIBa KaHaJla 0TOOpakeHusl MHopMauu
Ha OCHOBE MaTPUYHBIX XKUIKOKPUCTATIN -
YECKUX MHIUKATOPOB, CPEICTBAa OOMEHA ¢
OOPTOBBIMU CUCTEMaMU KOpabJisi, OpraHbl
PYYHOTO yIpaBieHUsT OOPTOBBIM KOM-
TIEKCOM.

ITynsr KocmMoHaBTOB « HEIITYH-MB»
MpeaHa3HavyeH 151 KOHTPOJsI GOPTOBBIX
CHCTeM KOCMMUYECKOTO KopabJis 1 omnepa-
TUBHOTO YIIPaBJAEHMSI, OCYIIECTBISIEMOTO
YjleHaMU SKHUIaxa.

Texnuueckue cpeactBa pa3pabaTbiBa-
JIUCH U BIOUPAJTUCH C YYETOM TPeOOBAHUIA
PaboTOCIIOCOOHOCTH B YCIOBHUSIX HEBECO-
MOCTM U pa3repMeTu3aluu CIycKaeMoro
anrapara, TO €CTh C Y4ETOM pabOThI KOC-
MOHABTOB B cKadaHape.

BoluuciaurenbHasi yacTh MOCTpOEHA C
ucrnoJyibzoBaHuem moayieit MicroPC. 3a
CBOIO JIOJITYIO UCTOPHIO MYJIBT YIIPaBJICHUS
MPOLIET HECKOJbKO 3TAloB MOJAEPHU3a-
uuu. B HacTosiiee BpeMsi MyJIbThl yIpaB-
JIEHUS TUTaHUPYETCsl BbIITycKaTh Ha 0Oase
moayneit FASTWEL CPC152.

ITpoueccopuniii Moayab CPCI152 BbI-
MOJIHEH Ha 6a3e mpoueccopa Vortex 86DX
¢ yactoroit 600 MIi1. I[IprMeHeHMEe MIaThI
CPC152 no3BossieT CUCTeMHBIM MHTErpa-
TOpaM PEIIUTh cpa3y HECKOJIbKO 3a/1ay, B
MEPBYIO OYEePE/Tb, CBI3aHHBIX C TTPOIJICHH-
€M XXM3HEHHOTO IIMKJIa CUCTEM TeXHOJIOTH-
YeCKOTO YITPaBJIeHMsI, OCHOBAaHHBIX Ha TUTa-
Tax ctangapta MicroPC. I1pu npoekTupo-
BaHWM U3IEJTUS ObLTU YITEHBI TPEOOBAHMS
MaKCHUMaJTbHON COBMECTUMOCTH C TIPOIIEC-
copHbIMM Tu1aTamu Octagon Systems, 1K~
POKO MpencTaBlieHHbIMU B cucTemax ACY
TTI HrxHEro ypoBHS 100ObIBalOLIEl U 00-
pabaTbIBalOIIEii IIPOMBIIIITICHHOCTH.

B 10 xe BpeMs Mo GyHKIIMOHATBbHOCTH
CPC152 HaxonuTcst Ha TiepeiHeEM Kpae Co-

Puc. 7. Nynbt «HENTYH-M3» kocMuyeckoro kopa6nsa «Coio3 TMA»
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BPEMEHHBIX TEXHOJIOTWI BBIYUCITUTEIb-
HOU TEeXHUKW TSI BCTPAUBAEMBIX CUCTEM.
[Mpoun3BoaNTETEHOCTD MPOIIECCOPA COOT-
BETCTBYeT ypoBHIO Intel Pentium, 4to 1mo3-
BOJISIET OTPA0ATHIBATH CAMBIE CJIOKHBIE aJl-
TOPUTMBI TEXHOJIOTMUECKOTO YITPABIECHUS
B peaJibHOM BpemeHu. HamastHHbII TBep-
TOTEJBHBIN AUCK 00hEMOM 2 ['6aiiT mo3Bo-
JISIeT yCTaHABIUBATH OTEPALIIOHHYIO CH-
CTeMy MPsIMO Ha I1J1aTy, a B O0JbIIeH 4acTh
MPOEKTOB 000UTUCH BOOOIIE O€3 A0TO-
HUTEIbHBIX HAKOTIUTENEH.

J17151 BBITIOTTHEHUST TEXHOJIOTUUECKUX 3a-
nay CPC152 moxeT KOMILIEKCHPOBATHCS
KaK ¢ MOAYJISIMUA BBOJIa-BbIBO/IA B hopmMa-
Te MicroPC, Tak u ¢ maTamMu pacimpe-
Hus popmara PC/104, nyist yero Ha ruiate
MPEIyCMOTPEH COOTBETCTBYIOLIUI Pa3bEM.
Ero Hanmuuue B couyeTaHUU C pa3béMOM
BHEIIIHEr0 MUTAaHUSI TMO3BOJSIET MpUMe-
HaTh CPC152 Takke B 00pPTOBBIX CCTEMax
U CUCTEMax CMelalbHOTrO Ha3HAUYEHMUSI.

bBnaromapsi MOMHOCTBIO HamasiHHBIM
koMmnoHeHTaM moayJib CPC152 Beiaepxu-
BaeT BHICOKUI1 yPOBEHb MEXaHMUECKUX Ha-
IPY30K, a BIaro3aluTHOe MOKphITHE (OI-
LIMsT) TIO3BOJISIET KCILTyaTUPOBATh TUIATy B
YCJIOBUSIX BBICOKOM BJIasKHOCTH. JnanazoH
pabounx TemrepaTtyp coctapisieT oT —40
o +85°C.

WcTopus myasra KOCMOHABTOB SIBJISIETCS
MoKa3aTeJbHbIM TMPUMEPOM: BIIEPBbIE B
OTEYECTBEHHOI U MUPOBOI MPAKTUKE CO3-
JlaHa ONIHO2KpaHHas OOpToBasi cucTema
otoopaxeHnust uHbopmaruu (CON) ciox-
HOro 00beKTa Ha OCHOBE CPE/ICTB U METOIOB
Ha3eMHBIX TeXHOJIOTUi. OCHOBHBIE TEXHU-
YecKue M MporpaMMHbIE pelIeHUs 3allu-
ILLIEHbI TATEHTAMU U CBUIIETEIbCTBAMU [7].

3AKNIOYEHME

WcnonszoBanue COTS mo3BossieT ObI-
CTPO pa3paboTaTh U3ETUE B YCIOBUSIX BbI-
COKOI1 KOHKYpeH1uu. Kak mokasanu npu-
Mepel, COTS npuMeHsIIoTCS He TOJIBKO 3a-
MajHbIMU KOMIIAaHUSIMU-Pa3paboTYnKa-
MU, HO U B PD.

COTS no3BoISIIOT co3MaBaTh KOHKYPEH-
TOCMOCOOHBIC BEIYMUCIUTEIBHbBIC CUCTEMBI.
JlaHHasi TEXHOJIOTUSI SIBJISIETCSI TAPAHTOM
JTOJITOBPEMEHHOTO ycriexa, o0ecreunBast
MPUMEHEHUE HOBEHMIINX OOLIEMHPOBBIX
OUM3HEC-TEHICHLIUI U MHXEHEPHBIX IOCTH -
JKEHUI B 00JIACTH COBPEMEHHBIX BCTpau-
BaeMbIX KOMITBIOTEPHBIX TEXHOJIOTUI. @
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ADVANTIX

TexHonornm HageXXHoCTH

APOMBIWMNEHHBIE CMMCTEM bl

CompactPCl - KomnbloTepbl cneunanbHOro Ha3HaveHus

BnoyHble kapkachbl 9 hekTnBHOE MNpoueccopHble Kpocc-nnatbi 1 moaynu MoakntoyeHne moaynen
C Pasnn4HbIMM 3M1eKTPOMArHUTHOE mogaynu PICMG 2.0, pacwupenuns PICMG 2.0, TbIIbHOr0 BBO/a-BbIBOAA
MexaHu4ecKumMum 3KpaHupoBaHue 2.16, 2.30; CPCI-S.0 2.16,2.30, CPCI-S.0 (Serial)
XapakTepucTukamu, (Serial) Ha pasnu4HbIX
B TOM uuncne ¢ NPOLLECCOPHBIX
YAAPONpPOYHOCTbLIO nnarcpopmax AMD
no 25g u Intel Ans paboTbI
B XKECTKNX YCIIOBUSAX
aKcnnyaraumum

AN

WcTOuHNKN NUTaHKS
0IMHaPHble K
pPe3epBUPOBaHHbIE:
BCTPanBaeMble uin

B BM/1E CMEHHbIX 67I0KOB

MNanenu BBOAA

C KNemMmamu 3a3emneHuns
11 pagbémamu nuTaHns
pasHbIX TUNOB

BeHTunsaTopbl

C BO3MOXHOCTIO «ropsyei»
3ameHbl. Cuctema
OXNTKAEHNS, B TOM

4UCIE C KOHAYKTUBHBIM
0TBOLOM Tenna

Jlnuesble naHenu
YHUBEpPCanbHble

11 3aKa3Hble ANst BCTaBHbIX
610K0B

Pa3nuyble rabapuTbl
11 BapUaHTbI KOMMOHOBKM

PROSOFT®

0®ULUUANbHBIA AUCTPUBLHOTOP NPOJYKLMU ADVANTIX

MOCKBA Ten
C.-METEPBYPT Ten
AJIMA-ATA Ten
BOJIFOTPARL Ten

EKATEPWUHBYPT Ten.: (343) 376-2820; 356-5111 « ®akc: (343) 310-0106 « info@prosoftsystems.ru « www.prosoftsystems.ru
KA3AHb Ten.: (843) 203-6020 « ®akc: (843) 203-6020 « info@kzn.prosoft.ru « www.prosoft.ru

KPACHO[JAP Ten.: (861) 224-9513 « ®akc: (861) 224-9513 « krasnodar@prosoft.ru « www.prosoft.ru

H. HOBroPOA4 Ten.: (831) 215-4084 « nnovgorod@prosoft.ru « www.prosoft.ru

HOBOCUBUPCK Ten.:

495
812
727

8442) 260-048 « volgograd@prosoft.ru « www.prosoft.ru
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234-0636 « ®akc: (495) 234-0640 « info@prosoft.ru « www.prosoft.ru
448-0444 « dakc: (812) 448-0339 « info@spb.prosoft.ru « www.prosoft.ru
220-7140/7141 « sales@kz.prosoft.ru « www.prosoft-kz.com

383) 202-0960; 335-7001/7002 « ®akc: (383) 230-2729 « info@nsk.prosoft.ru « www.prosoft.ru

OMCK Ten.: (3812) 286-521 « ®akc: (3812) 315-294 « omsk@prosoft.ru « www.prosoft.ru

NEH3A Ten.: (8412) 494-971; (958) 550-1133 « ®akc: (8412) 494-971 « penza@prosoft.ru « www.prosoft.ru
CAMAPA Ten.: (846) 277-9166 « dakc: (846) 277-9165 « info@samara.prosoft.ru « www.prosoft.ru

YOA Ten.: (347) 292-5216/5217 « ®akc: (347) 292-5218 « info@ufa.prosoft.ru « www.prosoft.ru

YENABUHCK Ten.:
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351) 239-9360 « chelyabinsk@prosoft.ru « www.prosoft.ru

Peknama



