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BCTPAVMBAEMbBIE CUCTEMbBI

COBPEMEHHDb
N MEPCMNEKTV
BCTPANUBAEM

N YPOBEHb

Bbl PASBUATHUA
bl X LNOPOBbLIX CUCTEM

UroPb WWATYPUH, npod., AT.H., pykoBoguTtenb nabopatopum «MuKponpoLeccopHble cucTeMbly, kKadbegpa MUKpo3neKTpoHuKM, MO

B amoli 8800HOU cmamee paccmampueaemca cocmosHue coepeMeHHbix ecmpa-
ueaemebix cucmem, npusobumcn ux KﬂaCCUd)UKauuﬂ U onucslearomcsa Haubonee

obwue npobiiemebl ux peanusayuu.

TepMVH  «BCTpavBaeMble  CUCTEMbI»
(embedded systems) nonyunn B nocneHue
oAbl LUMPOKOE PacnpoCTpaHeHue. ITo CBA-
3aHO C UX BYPHbIM Pa3BUTEM 1 MOBCEMECT-
HbIM MPVMeHeHMeM. BcTpanBaemble cuCTe-
Mbl OKPYXalOT Hac MoBClofy — Ha pabote
¥ fOMg, B TPAHCTOPTE U Ha oTAbIxXe. B TO xe
Bpema 0bLLeNPUHATOE ONPEeReNeHue 3Toro
TEPMUHa NoKa oTcyTCTBYeT. MosTomy Gyaem
cuuTaTh BCTPaMBaeMbiMU  SNEKTPOH-
Hble CUCTEMbI, MOSIHOCTbIO WM YacTUy-
HO MHTErpuMpoBaHHble B KOHCTPYKLUIO
06CnyKuBaeMbIX UMW YCTPOICTB (06beK-
TOB). [TPaKTMYeCKM BCe COBPEMEHHbIE SneK-
TPOHHbIE CUCTEMBI UCMONB3YIOT LIMGPOBYIO
06paboTky MHPOpPMaLMK, nostomy Gonee
TOYHBIM ABNAETCA TEPMUH «BCTPaVBaeMble
LUMdpoBble CUCTEMBI». YacTo MCMOnb3yeTcA
CMHOHUM «BCTPauBaeMble KOMIMbIOTEPHbIE
CUCTEMBIY, FAe NOA KOMMBIOTEPOM MOHUMA-
€TCA MpOoLeccop, ABNSAIOWMIACA OCHOBHBIM
6roKoM LndpoBbIX CUCTEM.

MOXHO CUWTaTb, YTO MOYTU BCE COBpE-
MeHHble  KOMMbloTepHble  (UMPPOBHIE)
TEXHONMOMMMU  ABASIOTCA  NOTEHUMaNnbHO
BCTPanBaeMbIMu. OTa NoTeHLManbHasa BO3-
MOXHOCTb peanu3yeTcA Ha NpakTuke B
BMIE BCTPaMBAEMbIX CUCTEM MPU BLIMOM-
HEHUM CredyIoLmX YCNOBWIA,

1. TeXHUKO-3KOHOMMYECKasa  Lene-
CO06pPasHOCTb WHTerpaunmM cuctembl B
KOHCTPYKUMIO obbekTa obcnyxmBaHus,
Takas WHTerpauma fomkHa obecneymsatb
ynyylleHne TeXHUYECKUX XapaKTepPWCTUK,
yMeHbLIEHWe CTOMMOCTM, CHUXeHWe Tpy-
JLOEMKOCTU MPU U3rOTOBNEHUM W 3KC-
nnyaTaumyy U3AENWUA UM Kakue-To apyrve
npenMyLLecTsa.

K BHewwHeMy 06beKTy

2. TexHUYyecCKan BO3MOXHOCTb BCTpau-
BaHVA anmnapaTHbIX 1 MPOrPaMMHbIX CPEACTB.
[InA 3TOrO AOMKHbI BBIMONHATLCA Tpebosa-
HUs Mo obecrieyeHnio HeOBXoAYMOro Tem-
nepaTypHOro AuarnasoHa, peanvsaumm Tpe-
6yemoit Npov3BoAUTENBHOCTY, cobnioaeHue
OrpaHWYeHUit Ha NOTpebrAemyio MOLLHOCTb,
Maccy U rabapuTbl KOHEYHOro v3fenwvs, a
Takxe pasnnyHble Apyrue yCrioBua.

B obuwem Buae CTpyKTypa TWMOBOW
BCTpaunsaemolt LmM$poBol cUcTeMbl npea-
CTaBneHa Ha pucyHke 1. B kayectse npo-
Leccopa 0BbIYHO WCMOMb3YeTCA CepPUItHO
BbINYyCKaeMblii MUKPOMPOLIECCOP UK NPo-
LleCCOPHOEe AP0  MWKPOKOHTPOMNepa.
MepudepuitHble YCTPONCTBa — Taimepl,
AL v LIAN, KoHTponneps! LWKMH U Ap. MOTYT
BXOOWTb B COCTaB Ucronbayemoro MK vim
peanvsyloTca 8 BULE OTAENbHbBIX YCTPONCTB.
CneupanvsnpoBaHHble 6510KM 06PaboTKM
obecneynBaloT annapaTHOE BLIMONHEHVE
GYHKUMIA, cneumduyeckux Ona AaHHOM
cUcTeMb. 3TO MOTyT BbiTb, HaNPUMeP, 61IoKK
umdposoit obpabotkn curHanos (DSP),
peanusoBaHHble B BUAe CepuiHbIX DSP-
MPOLIECCOPOB MAM CheumansHo paspabo-
TaHHbIX yCTporncTs. CneLuann3npoBaHHbie
6roku 06paboTKN Ans KOHKPETHBIX Mpu-
MEHEHUM YacTo Co3falTcAa Ha 6ase Mpo-
rPaMMUPYEMbIX JTOTMYECKMX MUKPOCXEM
(MNC) Tvna FPGA mnn CPLD. PasnuyHble
Tinbl mopynein namatv (SRAM, DRAM,
ROM, EEPROM, Flash) BxopsT B coctas MK
WNK peanusyioTca B Buae OTAebHbIX 6ro-
KoB. CrneumancHble 6noku obecneumsatot
UHTEPOERC cucTeMbl C obbekToM obchy-
UBaAHWA U C BHELIHUMU OBbekTamm (one-
paTopoM Wnu ApYrMmun cuctemamu). Bo

BCTPaMBaeMbIX CMCTEMaX OCHOBHaA YacTb
nepeuncrieHHbix 6roKoB MHTErpuMpoBaHa
B KOHCTPYKTMB OGBEKTOB O6CTyXVBaHus,
XOTAl B KayeCTse HEKOTOPbIX 6/IOKOB MOMYT
UCMONb30BaTbCA aBTOHOMHbIE BHELLHME
YCTpOWCTBa (Hanpymep MOHWTOP).

Ina  obCNyXMBaHWA CNOXHbIX 06b-
€KToB  (MPOMbILLNEHHOE  MPOW3BOACTBO,
TeneKOMMYyHMKaLMOHHaA  annapaTypa,
TpaHCMOPTHbIE CPeACTBa) WUCMOMbL3YIOTCA
pacrnpefeneHHble CUCTeMb (CM. PUCYHOK 2),
rfie NOKasbHble BCTpavBaemble MOayu 0bb-
ELVHAIIOTCA CTaHAAPTHOM LWMHOM U paboTa-
0T MO KOHTPO/EM LieHTpanbHOro MpoLec-
copa (KoMbtoTepa), KOTOPbIA MOXET ObiTb
WHTErPUPOBAH B KOHCTPYKLMIO 06beKTa nin
MOAKITIOHATLCA KaK aBTOHOMHbI MOAY”b. [AnA
Hanboree CNOXHBIX OGBEKTOB OpraHM3yeT-
CA Viepapxmyeckan cucteMa o6cyK1BaHms,
pasHble YPOBHW KOTOPOW peanusylotca C
UCMOMb30BaHMEM KaK BCTPaMBaeMblX, Tak
1 @BTOHOMHbIX MOZYTNEN.

OTmeTuM crnegylowme xapakTepHble
0COBEHHOCTU COBPEMEHHBIX BCTpaunBae-
MBbIX CUCTEM.

1. BeicTpoe paclumpeHue ¢yHKLWiA
1 obnacteit NPUMEHEHNA — OT NPOCTbIX
KOHTPONNEPOB ANA YNpasneHus BbIToBon
TEXHWUKOW [0 KPYNHOMACLWTabHbIX pacnpe-
JeneHHbix cuctem ACYM (aBTomaTusupo-
BaHHblE CMCTEMbI YNPaBNEHNA NPOU3BOL-
cteoM) 1 ACYTI (aBTOMaTv3MpOBaHHble
CUCTEMBI YMPaBNieHUA TEXHONOMMYECKMM
npoLeccamu), COCTOALLMX U3 AECATKOB U
COTEH BCTPamBaeMblX 1 aBTOHOMHbIX 6/10-
KoB. Kak oTMeueHO Bbilie, BCTPaMBaemble
CUCTEMBI YKe celyac MCNosb3yloTCA NpaK-
TUYEeCKN BO Bcex cdepax uyenoseyeckowm
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K 06beKkTy o6cnyxmBaHus

Puc. 1. CrpykTypa TMNOBOII BCTPanBaeMoii LindpoBoil cucTeMbl
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K o6bekTam o6cnyxmBaHma

Puc. 2. CrpykTypa pacnpepeneHHoi BCTpanBaemoil LuppoBoi cuctembl



bonee apdpekTnBHoe 3x-chasHoe
ynpasnieHue ABurartenem

lNMpoTecTupynte HoBOE peLueHue no
ynpasneHuto asurartenem ot Microchip

Bl nnaHupyTeTa NepedT Ha GECKONNEKTOPHLIA Moceture www.microchip.com/DSCMOTOR, roe
ABWraTENL, H30ETaA NPUMEHEHWE A0POrOCTOALLMX NPeAcTaBnéHbl YHHBEPCANbBHBIE PELUEBHWA NO
CEHCOpOB W A0BABNAA KOPPEKTOR MowHoCcTH (PFC). YNPABNEHWID ABMFETENAMK NPW NOMOLLM

Microchip noasonaat Bam yeenuuuTh 16-pazpRgHLI KOHTpoNnepoe ywhpoeron obpatoTKmn
APhEKTUBHOCTE, NOHUINTE WYM, MUHMMHIKDOBATE (DSC), GecnnatHoe NporpaMMHce oGecnedveHmne,
raﬁEpHTbl W NOHW3IWTE WTOMDBEYH) CTOWMOCTE TEXHHYECKWE TREHHWHIHM, CKMAKW Ha OTnagoyHeI2
YCTPOWCTEA, cpeacTea n T.g.

PeweHuA no YnpaBneHHio ABUraTensamMu

IKOHOMMHA IHEPTAM OoGasnexve KoppekTopa MmowmHocTu(PFC) LWKM & aeyma Time Bases
PerynupoBxa ¢ OpUEHTALMEN NO NONK Becnnathoe NG

CHUMEHHE WYMa CHHYCOMQaNEHO: YNPABNEHNE Becnnathoe NO

CHUMEHME HAQEPHER HabapuTheCA OT QOPOrocCTOALLMX AATYHKOE Becnnathoe NO, 4 ¥YBX ALUN
CoBamecTnTs KoppekTop MowHocTH (PFC) 1 WKHM c geyma Time Bases
YRpaBneHWe QBEWFATENEM HA DAHOM KpHCTARRE
HHTerpaywa KOHTPONNEpa Ha ABMraTents MunHuaTIopHEIR Kopnyc BxE6 mm

MNpocTon nepexon Ha gpyrve yndpossie ONTHMHIMPORAHHBIA Habop
CHIHANLHEIE KOHTponnepe! (DSC) PYHEYMOHANBHBIX BOZMORHOCTER

HabaeuTbCA OT KBAPUEBOrD PEIOHATORA 1% BCTRPOBHHBIA FreHEpaTop
YAyUWKTE ynpagneHue PerynupoBKa ¢ OpHeHTaLHen No Nonw Becnnathoe NO
CKOPOCTHH BRaWeHa YAYULWHTE BNUAHKE OC Hecrkoneko YBX ALIN
MoBbiwenHan HagexHooTs  Mepexon Ha GeclieToYHEBIE QBUraTENH Becnnathos NO

Ouarnoctuka u obpabotea wymos BeTtpoedHein DSP

MoceTute www.microchip.com/DSCMotor cerogHs

MICROCHIP

www.microchip.com
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BCTPAMBAEMbBIE CUCTEMDI

LEeATenbHOCTW. PaclwmpeHne BO3MOXKHOC-
TeN COBPEMEHHOW MUKPO- U HaHO3MEK-
TPOHHOW TEXHOOTMN OTKPLIBAET HOBbIE
nepcneKkTUBHble 06/1aCTV MPUMEHEHUS, B
KOTOPbIX MCMOMIb3OBaHNE BCTPanBaEMbIX
cUcTeM paHee 6bl1I0 HEBO3MOXKHO M IKO-
HOMMYECKM HeLlenecoobpasHo.

2. Ucnonb3oBaHue WMPOKOM HOMEH-
KnaTypbl COBPEMEHHbIX MMKpOmnpoLec-
COpPOB U MUKPOKOHTPO/JIEPOB — OT
OTHOCUTENIBHO MPOCThIX  8-pa3pAAHbIX
MK 4o BbICOKONPOWU3BOAUTENIbHBIX MHO-
roafepHbix 32-pa3pAagHbiX MUKpOMNpoLec-
COpOB, MMEIOLMX B CBOEM COCTaBE K3LW-
namsaTb, 6/0kM UMPPOBOI 06PAOOTKM
CUrHanoB, 6r10KK, BLIMOMHAOWNE Onepa-
LMK Hag YMcnammn C MJ1aBaloOLLEN TOUKOWN,
1 ap. MHOXeCTBO NPOLECCOPHbBIX U KOHT-
POEPHbIX MOAYNEN, PeanM3oBaHHbIX Ha
6a3e paznuuHbiX TMNoB MK 1 Mmnkponpo-
LIeCCOpOoB, MNpeanaraeTca 3apybexHbiMu
N POCCUACKAMM MPOU3BOSUTENAMM LA
annapaTHOW peanun3aumMmn BCTPaMBaEMbIX
cncTem. KOMMoHyA 3T MOAyAn B COOTBET-
CTBWM C 33JaHHBIMW QYHKLMAMM, UMEETCA
BO3MOXKHOCTb CO3[aBaTb CUCTEMbI Pa3/iny-
HOW CNOXHOCTW 1 Ha3HAYeHWs.

3. BospactaHue poniv U CIOXKHOCTU
NporpaMmHOro obecneyeHuna gia BCTpa-
MBaeMbIX cuctem. ECmM ana annapatHoOM
peann3aumm CUCTEM MOXHO BO MHOTUX CJTy-
YaAX MCMONb30BaTb FOTOBbIE CTAHOAPTHbIE
610K U MOZYNW, TO CNELMANU3MPOBAHHOE
MO no3BonAeT annapaTHbIM CpeacTBam
obecneunTb peanusaumio GyHKUMIA, Heob-
XOOUMBIX /1A KOHKPETHOIO MPUIIOKEHMA.
B HacToAWee BpemA co3gaHMe U TecTu-
poBaHue O 3aHMMaeT npu paspaboTke
cuctem 1o 80% BpemeHn 1 CPeacTs, Torga
KaK annapaTtHaA peanu3auma NpoeKToB
TpebyeT 20% pecypcos. TpebosaHma K 10
MOCTOAHHO BO3PaCTalOT C POCTOM CJIOX-
HOCTW CUCTEM M pacLUMPEHMEM BbIMOHAE-
MbIX MW GYHKLWIA. B 6onblunHCTBE Cilyyaes
Tpebyerca obecneunts ¢GyHKLMOHMPOBA-
HME CMCTEMbI B PEXKMME PeasbHOroO Bpeme-
Hu (PB). Hapagy co cneumannsvpoBaHHbIM
NpYKnagHbivM MO BO MHOTUX NPUIOXKEHUAX
HEeObXOAMMO WCMOJb30BaTh OrnepaLvoH-
Hble cuctembl (OC), MakeTbl CTaHAAPTHbIX
nporpamm, Cpeabl MPOrpaMMMpPOBaHKA-
OTIAOKV W Opyrue NporpammHbie CpeacTBa
WMPOKOro MPUMEHEHMA, MOCTaB/IAEMbIE
Ha KOMMEPYECKOM OCHOBE MM MMeloLme-
cA B CBOOOOHOM AOCTyre. SddeKTUBHAA
WHTErpaumna cneumanmsmpoBaHHoro 10O
(pa3paboTaHHOrO LA LAaHHOM CUCTEMbI) U
NMPOrpaMMHbIX CPeACTB ObLero npumeHe-
HUA (KOMMEPYECKNX WA CBOBOAHO pac-
NPOCTPaAHAEMBIX) MO3BOAAET 3HAUUTENBHO
COKpPaTUTb CPOKM M CTOMMOCTb Pa3paboTKu
BCTPaAMBAEMbIX CUCTEM AJSIA KOHKPETHOro
MPUIOXKEHWA.

KakoBbl TEHAEHUMN Pa3BUTUA BCTpau-
BAEMbIX CMCTEM, KaKie NpobiemMbl peluaioT
pa3paboTumky OnA ganbHenWwero pacm-
peHna QYHKLMOHASBbHBIX BO3MOXHOCTEN?
Bce 3TV BONpOCHI TPYAHO PacCMOTPETH B
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HeOONbLLION CTaTbe, NMO3TOMY OCTAHOBWM-
CA TOMbKO Ha HEKOTOPbIX M3 HUX.

OnHo 13 Hanboree BaXkHbIX MPO6eM,
peLLaeMbIX B 3TON 06/1aCTy, ABSIAETCH CTaH-
JapTnsauma MHTepOdeincoB N KOHCTPYK-
TVMBOB. briarogaps CraHgapTV3aumMn pas-
PaboTUMK BCTPaMBAEMbBIX CUCTEM MMEET
BO3MOXHOCTb WCTONb30BaTb B MPOEKTaX
annapaTtHble CPeacTBa Pas/IMUHbIX MPOoun3-
BonuTenel, obecrneurBasn Haunyylee coye-
TaHWe napamMeTpoB pa3pabaTbiBAEMOrO
nznenvs. CTaHpapTbl LOMKHbI YLOB/ETBO-
pATb TPe6OBaHUAM B OrpemesieHHoN obna-
CTV MPUMEHEHWUA BCTPaVBAEMbIX CUCTEM,
nosToMy pa3pabarbiBaemble rpyrnnbl CTaH-
JApPTOB OPVEHTMPOBAHbI Ha OMpepeneH-
Hble 06MacT MX MaCCOBOMO MPUMOXKEHWS:
TENEKOMMYHUKaLMOHHOE  060pyLoBaHWe
(ctaHgapTel AdvancedTCA/AdvancedMC/
MicroTCA), aBTOMOOU/IbHAA MEKTPOHMKA
(ctangapt AEG-Q100), BOEHHaA M aspoKOC-
Muyeckaa annapartypa (ctaHgaptel VME/
VXS/VPX) n gp. B cBA3M C MOCTOAHHbLIM
POCTOM TPeboBaHWIA K XapakTepuUCTUKam
BCTPaMBaEMbIX CUCTEM CTAHAAPTHI LOJKHbI
HenpepbiBHO Pa3BMBATbCA M KOPPEKTU-
POBAaTbCA C LIE/IbI0 YAOBNETBOPEHWA STUX
TpeboBaHuii. Heobxognmo OTMETUTb, YTO
HapALy CO CTaHpapTu3auuvein nHTepdei-
COB W KOHCTPYKTUBOB, KOTOpas OGOpMIIA-
€TCA [OKYMEHTAJIbHO COOTBETCTBYIOLMMM
nakeTamy CTaHZapToB, Ae-GakTo Habnio-
[AeTCsa W onpeaeneHHas CTaHgapTv3aums
APXMTEKTYPHO-CTPYKTYPHBIX — PELUEHWI,
NCMonb3yembiX J1A MOCTPOEHWA BCTpaw-
BAEMbIX CUCTEM. B COBOKYMHOCTW BCe 3Tu
HanpaBeHVs CTaHAAPTU3ALMM HaLL/IM CBOE
BblP@KeHME B KOHLEMUMM PA3BUTUA MyiaT-
dopm anA peanmnzaumm cuctem. Takve nnar-
bopmbl B HacTosLLee BpemA GOPMUPYIOTCSH,
YyTO NpoucxoauT, Hanpumep, ¢ COM Express,
peanu3yiowein KOHLENUMIO <KOMMboTep-
Ha-mogyne». /TaK, MOXKHO OXuaaTb, YTO B
6nuvkariem byayLuem 60NbLUMHCTBO BCTPa-
MBaeMbIX cucTem OyaeT peanv3oBaHO Ha
OLHOW M3 HECKONBbKMX CTaHLAPTM30BaHHbIX
annapaTtHbIX MaTGopPM.

CraHpapTM3auma pacLUMPAET BO3MOXK-
HOCTW WUCMOJb30BaHWUA FOTOBbLIX KOMMEp-
YeCKMX Mogyren Ana peanusauun BcTpan-
BaeMbIX cUCTeM. Takas TEXHO/IOMS, Mony-
ymBlaA HaseaHue COTS (Commercial-On-
The-Shelf — roToBbI NpogyKT), B nocnegHee
BpemA AOCTATOYHO LWMPOKO MOMynApm3u-
pyetca. OnHako pearnbHOe WUCMosb30BaHMe
KOMMEPYECKMX U3LENI LIMPOKOTO NpUMe-
HEHWs B CMeumanmn3mMpoBaHHbIX BCTPaMBae-
MbIX CUCTEMAX BO3MOXHO [1aN1eKO He BCeraa.
Tak, KOMMEpPUECKME CEPUM MUKPOMPOLLEC-
copoB 1 MK B 60/1bLUIMHCTBE CrlyyaeB npep-
Ha3HaueHbl 417 PaboTbl B TEMMEpaTypPHbIX
Imana3oHax —10..700°C nnm —30..850°C, uto
He MO3BONAET MPVMEHATb MX B CUCTEMAX,
byHKLUMOHMPYOLLWMX B 6Osee LUMPOKOM ana-
Ma3oHe Temreparyp.

Celuac «m3aenvs C MoKK» Yalle BCero
Cnyxat ania cbopKu 1 OTNIaAKM NPOTOTUIMOB
6ynyLumx cMcTeM, KOTOPLIE 3aTeM peanusy-

0TCA Ha Cneumanu3vpoBaHHbIX MOZYNAX,
obecneunBatomx Oonee BbICOKME XapaK-
TepUCTVKW. Takasa TEeXHOMOIWA MO3BONAET
COKpaTUTb CPOKU M CTOMMOCTb paspa-
60TKM, TK. QYHKLUMOHMPYIOLLMIA NPOTOTMN
CO3[3eTCA M3 rOTOBbIX JELIEBbIX MOAY/ew,
a npu paspabotke AOPOroCTOAWMX Crie-
LManM3NPOBAHHbIX MOLY/IEN MOXHO Y4eCTb
HeOOCTaTK1 MPOTOTUMA, BbIABNEHHbIE MPU
ero vcnbiTaHusax. 1o oT3biBaM crieumanu-
CTOB, B HaCToflLee BPeMA COOTHOLUEHMe
MeX[y MCONb30BaHWEM BO BCTPaMBaEMbIX
cuctemax Kommepueckmx COTS-mzgennii
CNeuMann3MpoBaHHbIX Mogynei, paspabo-
TaHHbIX /1A TOTO »ke NPoeKTa, coctaBnaet 20
Ha 80%. YBenunuenna gonn COTS-m3penuit
MOXHO OXMAaTb, KOrAa MPOWU3BOAUTENW
OPraHm3yIoT UX BbiMyCK B COOTBETCTBUAM CO
CTaHAapTamu, MPUHATBIMK /1A ONpeaeneH-
HOM OTpacnu. Hanpumep, 4nAa 1cnonb3o-
BaHWA B aBTOMOOWIIbHON NEKTPOHVMKE U B
pAfe aBUaKOCMNUYECKUX U BOEHHBIX MPUIIO-
KEHWI HauaT cepuinHbil Boinyck MK, pabo-
TaIOWMX B PacCLUMPEHHOM TeMnepaTypHOM
ImanasoHe —40..1050°C mnm —40..1250°C.
Ytobbl nponsBoamTeni Gbiiin 3aMHTEpPEeCco-
BaHbl B MAaCCOBOM BbIMyCKe TaKkWX M3Lenuni,
KOMMaHWW-pa3paboTUMKM CUCTEM [OSMKHDI
onpoboBaTh, YTBEPAUTL W NMPUHATL K MpU-
MEHEHUI0 COOTBETCTBYIOLWME CTaHAAPTHI.
lNpennonaraetcs, uto PasBUTHE KOHLIENLMK
CTaHOAPTU30BAHHbBIX anmapartHbIX Mnat-
dopm cpenaer SKOHOMMYECKN LENecoo-
6pa3HbiM CEPUIHBIA BbIMYCK KOMIJIEKTOB
Heobxopumbix COTS-Momyrned, YTo BbI3OBET
POCT MX MPOW3BOACTBA U MPUMEHEHNS.

Kak oTMeueHo BblilLe, OCHOBHbIE 3aTpa-
Thbl PECYpcoB npu pa3paboTke BCTpavBa-
eMbIX CUCTeM CBA3aHbl C co3gaHuem [10.
Pa3paboTka 1 TeCTMpoBaHne COOCTBEHHbIX
NPOrpamMMHbIX CPeACTB 3aHUMAeT JOCTa-
TOYHO 60MbLIOE BPEMA. 3aKyrnka v aganTa-
LMA NMPOrpamMMHbIX MaKeToB APYrux Gvpm
00bIYHO CBA3aHbI CO 3HAUUTENBHBIMM PAC-
xofamu. B page cinyyaeB COKOHOMUTb BpeMsA
N CPEACTBA MOXHO C MOMOLLbIO CBOGOAHO
pacnpocTpaHAeMbIX NPOorpamm, 4OCTyn-
HbIX B McxofgHbix kogax (Open Source).
Jlo HepaBHero BpemeHM pa3paboTumku
BCTPanBaeMbIX CUCTEM OTBEPrany BO3MOX-
HOCTW MCMOMb30BaHMA STUX NPOrpamm B
CBA3W C UX HEHA4EeXHOCTbIO, OTCYTCTBMEM
HEO6XOAVMOW NOALAEPKKY, HELOCTATOYHO-
CTbl0 AOKyMeHTaumn. B mocnegHue rogbl
CUTyaumsa n3meHunach. NporpammHas npo-
JyKums coobuiectsa Open Source BO MHO-
TVX MPUMEHEHWAX NPOABUIA Tpebyemyto
HaLEeXKHOCTb U SGOEKTUBHOCTD. PaznnyHble
Bepcun Linux NpogemMoHCTPUPOBaNN BO3-
MOXHOCTW paboTbl B pAfe OTBETCTBEHHBIX
NMPWIOXEHWUI, B TY. B BOEHHOW annapary-
pe. o pe3synsratam onpoca, 6onee 20%
CNeuManmncToB-pa3paboTumnkoB BCTpamBae-
MbIX CUCTEM UCMOJb3YIOT Linux, a ewwe 30%
cobupaloTca ee UCrosb3oBaTb B OnvbKaiiee
Bpems [1]. Pag komnaHwmit Ha 6a3e Linux pea-
nm3oBan OCPB, obecneuuBatollme paboty
B PEXMME ©KECTKOro» peasibBHoro Bpeme-
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GOBDEMEHHOM XM3HM

KntoyeBoii KOMMOHEHT npu pa3paboTke ObICTPOAECNCTBYIOLLErO U HAEXHOMO CEHCOPHOrO YNpaBNeHus
CpeacTBO MPOEKTUPOBAHMS
nK

UcTouHMK nuTanms
NOCTOSHHOTO TOKA

B6TS — 310 HOBOE CEMEIICTBO MUKPOCXEM LATYMKOB KAacaHus, KOTOPbIE SBASIKOTCS KNKOYEBLIMU
KOMMOHEHTaMK Npu pa3paboTke ObICTPOAENCTBYIOLLENO U HAAEXHOTO CEHCOPHOIO YNpaBieHus. I

CeHCopHbIE TEXHONOTMM HaxOAT BCE OONbLIEE NPUMEHEHNE B «KOPUYHEBOW» 1 «Oenoii» :,'_' L]
TEXHUKE, B ayaN0-BUAEO TEXHUKE, B YPABNEHUN TOProBbIMM aBTOMATamMm 1 CUCTEMaMK O
©€e30MacHOCTH, ABNFACh HAAEXHOI 3aMEHOIN 0ObIYHBIM TAKTU/bHBIM KHOMKaM.

MonynsipHOCTb EMKOCTHBIX IaTYMKOB KaCaHWsi PacTeT bnaroaaps BO3MOXHOCTM OCYLLECTBNEHMS
rMoKOro 1 HaIEXHOro UHTepdeiica ynpaBneHus ans LWMpOKoin 061acTh NPUMEHEHMS.

B6TS otkpbiBaeT cBOOOAY B NPOEKTMPOBaHWUM UHTEPdEIICA YENOBEK — MallMHa, faBast
BO3MOXHOCTb CAMOCTOSITENbHO BbIOMpPATL pa3Mep U GpopMy KOHTaKTa, a Tak Xe Matepuan
HenpoBOASILLEN TULEBON NaHeNM (MNacTuk, pesnHa, Mpamop, AepeBo, CTEKNO U T.4.).

4-kaHanbHas JAEMOHCTPALUMOHHas NaHeb

+ B6TS-04LT — 4-kaHanbHbliA jaTumk
+ B6TS-08LF* — 8-kaHanbHblA gat4nk
+ B6TS-16LF* — 16-kaHanbHbIA gatynk

- «B6TWorkbench» (B6TW) — nHCTpPyMEHT NpOEeKTUPOBaHUS,
C BHYTPUCXEMHO# KnMOPOBKOIA, M3MEPEHNEM EMKOCTH B PEAIbHOM BPEMEHM
1 BO3MOXHOCTSIMU BHYTPUCXEMHO OTNAAKM W MOLENUPOBAHUS

[leMOoHCTpaumMoHHas naHesb

-B6TW-SOALT — BkniouaeT 4-KaHanbHyK0 JEMOHCTPALMOHHYIO MaHeNb
-B6TW-S08LF* — BknioyaeT 8-kaHabHYI0 AEMOHCTPALMOHHYIO NaHENb
-B6TW-S16LF* — BkntoyaeT 16-KaHanbHYI0 AEMOHCTPALMOHHYIO NaHeNb

*[lOCTYNHBI MHXeHepHble 06pasLibl. MaccoBoe MPoU3BOACTBO 3anaHUpPOBaHo Ha oceHb 2007 T.
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BCTPAMBAEMbBIE CUCTEMDI

HU, YTO HEOBXOAMMO AN MHOIMUX BCTpan-
BaeMblX cucTeM. PasymeeTcs, mporpamm-
Haa npopykuma Open Source nmeeT cBou
He[OCTaTKN 1, B MEPBYIO ovyepepb, NOXYyto
JOKYMEHTUPOBaHHOCT. o 3Tol NpyunHe
yalle BCEro 3Ty NpOAYKLUMIO WMCMONb3ytoT
KOMMaHWK, MMeloLLme WTaT KBaimduumpo-
BaHHbIX MPOrPaMMWCTOB, KOTOpbIE MOryT
MPOBECTU HeOBXOAUMOE TECTVMPOBAHUE U
MOArOTOBUTb JOKYMEHTaLMIo, Tpebyemyio
I8 NMPUMEHEHWA NMPOrpaMM B KOHKPETHOM
npunoxeHun. OfiHako BbICTpbIN Nporpecc
cooblectea Open Source v Bce 6OnbLUIMIA
WHTEPEC, MPOABNAEMBIN K STOM NPOAYKLMU
Momnb30BaTeNAMY, B TY. pa3paboTumkamu
BCTPaMBaeMbIX MPUNIOXKEHWIA, MO3BONAIOT
clienatb BbIBOJ, O AanbHeLleM yBenmyeHnm
JONN UCrofb3yeMoro cBobofHO pacnpo-
cTpaHsiemoro MO, Kotopoe 6yneT ycrelu-
HO KOHKYpUpoBaThb € Kommepueckumm OC
BO MHOTVX 06racTsx npumMeHeHus. Tak, no
pesynbratam YNoMAHYTOro BbllLE OMpoca
[1], mons MpoeKToB, WMCMOMBL3YIOLMX KOM-
Mepueckne OC, cokpatnnack ¢ 50% B
2005r. 00 41% B 2007 .

TepMUH  «CUCTEMa-Ha-KpuUcTanne»
BeCbMa LIMPOKO MCMONb3yeTca 8 nocnef-
Hee Bpems, MOSTOMy eCTECTBEHHO BCTaeT
BOMPOC O pPeanu3aumu BCTPaMBaeMbIX
CUCTEM Ha Kpuctanne. Bo3MOXHOCTU
COBPEMEHHOW MONYMPOBOAHUKOBOM TeX-
HOJMIOTUKN MO3BOMAIOT  pPeann3oBaTb Ha
KpucTanie Bce v 6onbluylo YacTb 651o-
KOB, BXOAALMX B COCTaB BCTpavBaemom
aicTembl (M. pucyHok 1). Takue cucte-
Mbl MOXXHO M3roTOBMTb B BUAE Crelua-
Nn3npoBaHHol 3akasHo CBUNC (ASIC —
Application-Specific Integrated Circuit)
Unn peannsosaTb Ha 6ase FPGA. Cnegyet
OTMEeTUTb, YTO peanunzaums CHK B suae
cneyvanmanposaHHoi ASIC TpebyeT 3Ha-
YuTesbHbIX 3aTpaT. TaK, M3roToBneHue
OMBbITHOM MapTUM CreLManmn3upPoOBaHHbLIX
CBUC (Heckorbko ThiC. 06pasLioB) Mo Tex-
Honorun 0,13...0,18 MKM CTOUT HeCKosb-
KO COTeH TbiC. AOMI, @ MO TEXHOAOrMU
0,09 MKM — cBbile 1 MiH. gonn. CornacHo
uMeloLeMyca OmbiTy paspaboTkn CHK,
TOSMBKO B 25% MPOEKTOB MepBOHauasbHbIv
BapWaHT COOTBETCTBYET 3aflaHHbIM Tpe-
6oBaHUAM. B GOMbLIMHCTBE CNydyaeB s
nomnydyeHus Tpebyemoro pesyrnsTata Heob-
XOAMMO MPOVTU HECKOMNBKO UTepaLnii, UTo
3HaUMTENbHO YBEIMUMBAET CTOMMOCTb
BbINOMHEHWA NpoeKTa. 1o 3ToN NpuuMHe
TaKoW BapWaHT peann3auuM BCTpavBae-
MbIX CUCTEM SBNIAETCA NPUEMAEMbIM ASIA

OrpaHMYEeHHOTO YMCITa BbICOKOBIOAXKETHBIX
NPUNOXKEHUNA.

[nA 3HaunTeNbHOrO UMCa BCTpauBae-
MbIX MPUIIOXeHN Boree NepcrekTUBHLIM
ABNAETCA UX peanusauma Ha 6ase FPGA.
CnepyeT oTMeTUTb, UTo FPGA B HacTosllee
BPEeMA LLMPOKO MCMOSb3yloTCA B COCTaBe
BCTPanBaeMbIX CUCTEM AN CO3faHusA 6510-
KOB CreLinanm3npoBaHHoN 06paboTKu (M.
pvcyHok 1). B nocnepHue rogpbl NoABMANCH
cemenictBa 6onblumx FPGA ¢ ¢yHKUMO-
HaJIbHBIMU BO3MOXHOCTAMM, SKBUBANEHT-
HBIMU MUIMIMOHAM JIOTUYECKUX BEHTUNEN.
B vx cocTaB BXOAAT anmapaTHO Unn npo-
rPaMMHO peanusyemble MpPOLIeCCOPHbie
AApa Pas/IMYHOA NPOU3BOANTENLHOCTH.
Tak, cemeitctea FPGA, BbinycKaemble KOM-
naHuamm Xilinx (cepua Virtex 4) n Altera
(cepua Stratix), copgepkaT Kak 8-paspsa-
Hble NpoLeccopHble sapa PicoBlaze, Niosll
Economy, Tak 1 BbICOKONPOW3BOANTENbHbIE
32-pa3psagHole agpa PowerPC, MicroBlaze,
Niosll Fast, paboTaiolume C TaKTOBOM YacTo-
To fo 200 MIu. Takue agpa nNo3sonAloT
pearnusoBaTb Ha 6ase FPGA sToro kracca
MOMHYI0 CTPYKTYPY BCTPaVBaEMbIX CUCTEM
(cm. pucyHok 1). OnHako No faHHbIM paHee
uutupyemoro onpoca [1], B HacTosLlee
BpEMs TONbKO OKOMO TPEeTU paspabotum-
KoB (36%) ncnonb3ytloT B COCTaBe MpOeK-
TVPYeMbIX BCTPaMBaeMbIX CUCTEM KaKue-
nmbo BapuaHTbl MPOLECCOPHLIX Amep.
HecomHeHHO, pa3suTie TEXHOMOMMMU NpPo-
eKTvpoBaHua 1 Bbinyck FPGA, yposnet-
BOPAIOLLUMX KECTKUM YCIIOBUAM 3KCMJTya-
Talun BCTPavBaeMbIX CUCTEM, MO3BONAT B
6/mxaiilem byaylem CyLecTBeHHO pac-
WNPUTL BOSMOXXHOCTU MX MPUMEHEHUA B
PazNNYHbIX MPUIOXKEHUAX.

B paHHOW KOpoOTKOM CTaTbe 060-
3HaueHbl TOMbKO HEKOTOPble BaXHbIE,
Mo MHEHWIO aBTOPa, acneKTbl Pa3BUTUA
BCTpanBaeMbiX LMdPoBbIX cmctem. MoXHO
OTMETUTL U PAJ APYrMX NEepPCreKTUBHBIX
HanpaB/ieHWin Pa3BUTUA JaHHOW OTpac/u.
HanpnMep, 6onblue BOSMOXHOCTU pac-
wupeHna  dyHKLMOHaNIbHOCTM  BCTpau-
BaeMbIX CUCTEM OTKPbIBAaET NPUMeHeHue
MHOrosilepHbIX npoueccopos, 3¢dex-
TMBHOE MCMOMb30BaHME KOTOPLIX TpebyeT
pelleHnsa pafa Hay4yHO-TEXHUYECKMX Npo-
61em. borbLUMe NepcrneKTUBLI C TOUKK 3pe-
HVA Pa3BUTUA pacripefeneHHbIX BCTpan-
BaEMbIX CUCTEM CBA3aHbl C BHEAPEHMNEM
6ecnpoBOAHbIX  KOMMYHUKaLMOHHbIX
TexXHonorunin. Kaxaoe 13 stux 1 papg apy-
TMX HanpaeneHW 3acnyXUBaeT Noapob-

HOTO OMWCaHMA U aHalu3a Ha CTPaHWLaX
XypHara. bornee nogpobHo coBpemMeHHoe
COCTOsHYE PbIHKa BCTPaMBAEMbIX CUCTEM U
Hanpas/ieHUs ero pPassuTUA PAaCCMOTPEHDI
B pAfe LMTUPYeMbIX CTaTell U Ap. ny6nv-
Kaupusx.
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