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He peLieH3MpyIoTCs U He BO3BpALLAoTCS.
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YBaxaemble yutatenu!

B a1OM HOMEpE JKypHaIa MBI KOCHEMCST HEKOTOPBIX IIPOG/IEM, CBA3AH-
HBIX C 3IEKTPOHUKOH JJIS1 AaBUAITNH, KOCMOHABTHUKHU U BITK.

MpbI IPHUBBIK/IM U XOTUM CYHUTATh POCCHIO BETHKOI JIEPXKABOI. A UTO
MBI BIKJIAJIbIBAEM B 3TO NIOHATHE? [POMAIHAs TEPPUTOPUS U HACEIEHUE,
Gorarsle IPUPOJIHBIE PECYPCHI — 3TO M MPHU3HAKA BETUYHS 1€ PIKABBI?
OTO JMIIb €ro MPeAnoChUIKH. CIIOCOGHOCTD CTPAHBI JOCTOMHO TPOTH-
BOCTOSITh BHEIIHEN YTPO3€ U YMEHHE CAMOCTOSITEIbHO 3AIIUTUTD CEOS 1
CBOIO TEPPUTOPHUIO, — CKOPEE, UMEHHO ITO XaPAKTEPUIYET €€ BeJIHJHUeE.
JecsTianeTusiMM Hallla CTPaHa BKIA/IBIBA/IA MATEPUATbHBIE M MHTE/UICK-
TyaJIbHbIE€ PECYPCHI B CO3[JAHHUE CBOETO OGOPOHHOTO IIUTA, IIPUYEM 3HA-
YMMOCTD IJEKTPOHUKH B HEM poOcCiaa HEYKIOHHO. Ho 32 mociaegnue
15 s1eT MbI HE TOTBKO HE YBEJIMYHIIH, HO CYIECTBEHHO CHU3HIH OOBEMBI
MPOU3BOACTBA JICKTPOHHBIX KOMIIOHEHTOB, U CEHMYAC OIS 3APYOExK-
HBIX KOMIIOHEHTOB BO BHOBb Pa3pabarblBA€MOI BOEHHOH JIEKTPOHHUKE
Aocruraer 90%. Takyio 3aBUCHMOCTD OT UMIIOPTA HAJIO IIPU3HATH YIPO-
JKaromen a1 BITK.

IToka uaest OKMBIEHUS POCCUICKON 3JIEKTPOHUKH HE OBIAJE/IA yma-
MM GU3HECMEHOB B YHHOBHHKOB, OXOYHX 10 HE(DTAHBIX OTAPOB, HAM
HE OCTA€TCsI HUYEro IPYroro, KaK UCHOIb30BATh 3APYOEKHYIO 37IEMEHT-
HYIO0 623y ¥ TPATUTD BPEMSI M CHJIBI HA €€ HCIIBITAHUS U CEPTUMDHKAIIHIO.
B arOoM KypHa/ie MBI IOIBITATHCH OCBETUTDH IIPOGIEMY HCITOIB30BAHMS
3apyOEKHBIX KOMIOHEHTOB C PA3HBIX TOYEK 3PEHHS U BBICJIYIIATD MHE-
HHE KaK Pa3pabOTYMKOB, TAK U CEPTUMUIHUPYIONIUX OpraHu3auil. K
COXJICHHIO, HA MPUITIANICHUE JKyPHAJIA HE OTKJIMKHYJICS 22 I[HUU,
CChIIAACh HA CEKPETHOCTh CBOEH AEATETbHOCTH U HEPACTOPOITHOCTH
GIOPOKPATHYECKUX CTPYKTYP MO. JKaib, O4€HDb XOTETOCh O3HAKOMHUTH-
Cs1 C MHEHHEM 3aKOHOMIATETIS B 3TOU Cepe. A B OCTATILHOM XKYPHA T10-
JIy9HJICS JOCTATOYHO HHTEPECHBIM. Bipouem, Kak Bcerya.

C HAUNYMUUMU NOHCCNAHUAMU,
Anexcanop Maiicmperxo
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PbIHOK

HoBocTu poccuiickux pupm

MoBbiweHne Ka4ecTBa 060POHHON NPOAYKLMM — rMaBHas Liefib NATUNIETHEN NpaKTUYeCcKom
AesitenbHocTn CucteMbl 4O6POBONLHOW cepTUdUKauum «BoeHHbili Peructp»
Banepwi MasHckuii, KOpuii 3emijoB

Mpo6nembl NpUMeHeHsi NepCneKTUBHON 3NIEKTPOHHOW KOMMOHEHTHOW 6a3bl B KOCMOCE
Hukonavi JannnuH, Ceprevi benocnyaues

MpumeHeHne umnopTHbIX APU B coBpeMeHHO crneumanbHON annaparype
Butanmi 3ybasu4yc

GCoBpemMeHHbIe TEXHONOrUK

MonynpoBofgHUKOBbLIE MaTepuanbl U NPUGOPbI ANs XKECTKUX YCNOBUI IKCNlyaTauum
AnekcaHgp lNonniyyk

KoMnoHenTbl

MpeuunsnoHHbie cuctembl c6opa AaHHbIX cemeiicTBa MSC12xx coupmbl Texas Instruments
(vacTb 3)
lNaBen PeabkuH

Y3nbl H MORYNH

PesynbTaTtbl ucnbiTaHun pagnaumoHHo-cTolikux DC/DC-npeo6pasosaTteneii
thupmei Interpoint Bo3aeiicTBMEM MOHU3UPYIOLLNX U3NTYHEHUIN HU3KOW U BbICOKOM
MHTEHCUBHOCTH

BukTop XpaHKkuH

OnNTUMU3NpPOBaHHbIE TBEPAOTENbHbIE HAaKONUTENU Komnanum SimpleTech ans BOeHHbIX
3afay 0co601 BaXXHOCTU
AHppevi Jlebeges

OpHokpucTanbHble TpaHcueepbl Nordic Semiconductor —
HOBble cTaHAapTbl 6eCNPOBOAHOM CBA3U
AHzapes Apxurnos

MHorokaHanbHbI CH4ETYUK-pErucTpaTop
Opwii MapTbiLueBckuii, Banepuii KopmuvH

CxeMbl, METOAVKM U CLeHapun TecTUpoBaHusi SPICE-coBMeCTUMbIX Makpomoaeneii
orepaumnoHHbIX ycunurtenen (4actb 3)
Ceprevi Jlo3unukunii

MpuMeHeHne nokanbHbIX ceTel nepefa4ym MHOPMALMK B BbIYUCIUTENbHBIX KOMMJIEKCaXx
ManorabapuTHbIX YCTPOWCTB
Orner Watpos

MHorokaHanbHbii UART ¢ 3chheKTUBHBIM UCMONb30BaHMEM pecypcoB KpucTanna MJINC
Anekceit llabanmH

CoBpemeHHble MeTOAbI aBTOMaTU3aLUM U3MEPUTENbHBIX M TEXHONOMMYECKUX rnpoueccos
YemaH ®eviaxaHos, JaHvna Tanvkos

Mporpamma-cumynsaTop PIC Simulator IDE
Anekcargp HaHvnvH

GobbiTua

8-1 MexayHapoaHas Hay4HO-TeXHMYecKasl KOHthepeHUUs U BbiICTaBKa
«LlnchpoBasn 06paboTka cUrHanos u eé npumeHeHme — DSPA’2006»

KoHdhepeHuus «dnekTpoHuka/A3poKocMoc»
CemuHap Analog Devices
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Mporpammupyembini
MUCTOYHUK nuTaHusa NI
Ha nnatdopme PXI
NOBbILLIAET TOYHOCTb U

CHUXaeT BpemMs npoeegeHusa
UCNbITaHUM B NMPUIOXeHUsX
aBTOMaTU3UpPOBAHHOIO
TecTupoBaHUsA

KomnaHus National Instruments Bbinyctuna
mopynb NI PXI-4110 — nporpamMmupyembiit Bbl-
COKOCTaBWIbHbIA UCTOYHUK MUTAHUS MOCTOSAH-
HOrO TOKa C TPEMS BbIXOAHbIMU KaHanamu, Bbi-
MOSHEHHbI B (hopmaTte OAvHapHOro Mogayns
3U PXI. OH umeeT fBa M30MpOBaHHbIX KaHa-
na, OfAVH U3 KOTOPbIX 06eCneHMBaeT BbIBOA, Ha-
npsbkeHus ot 0 go +20 B, a gpyron ot 0 Ao
—20 B, a Takxe OguH Hen30IMpoBaHHbIA UC-
To4HMK oT O 1o 6 B. Bce kaHanbl obecneqmsa-
10T BbIxoaHOM Tok Ao 1 A. VHxxeHepam-paspa-
60T4YMKaM MOZynb MPefoCTaBNseT BO3MOX-
HOCTb 16-pa3psigHON YCTAHOBKU BbIXOAHbIX
HarnpsikeHWii 1 TOKOB (yCTaHoBKa TOKa B Ha-
rpy3ke pasbuta Ha mopavanasoHbl C LiaroM
20 MA) ¢ To4HOCTbEO 0,12 MB Mo HanpsXkeHuo
1 0,4 MKA 1o TOKY 3a CHET Lienn 06paTHON cBs-
31, 4TO COOTBETCTBYET CaMbIM CTPOTUM Tpebo-
BaHVSIM K TOYHOCTV B UCTbITATENbHbIX CUCTE-
Max. 3a CHET BbICOKOW CKOPOCTU MpOrpamm-
HOW yCTaHOBKM napameTtpos mopyns PXI-4110
— MeHee 1 Mc — pa3paboT4nKM CMOryT peasnu-
30BaTb MOYTV [ECATUKPATHOE YBenn4yeHue
ObICTPOAENCTBUSA CO30aHHbIX Ha ero 6ase ne-
pecTpavBaeMbIX BOMbT-aMnepHbIX M3mepuTe-
eVt Mo CPaBHEHUIO C U3MEpUTeNaMK, ynpas-
NAeMbIMU Yepe3 CTaHaapTHble MHTepdeiick
RS-232/485 n GPIB (KOTIT). Mogynb obecrie-
YMBAET BbIXOAHYHO MOLLUHOCTb 9 BT npu nuta-

HUK BbIXOOHOrO Kackama ot wwacecu PXI, n 60-
nee 46 BT (0o 20 BT Ha Kaxnablvi kaHan) npu
MCTONb30BaHUM BHELLHEro HecTabunmanpo-
BaHHOIO MCTOYHMKA NUTAHWS, NOAKIII0HAEMOro
Yepes pa3beéM Ha NULEBOV NMaHesnnm Mogyns.
http://ni.com/russia
Ten. (495) 783-6851

HoBocTy poccmMmMCKux covpm

O6HoBneHue

cpeau nporpaMmmMumpyemMbix
UCTOYHUKOB NMUTAHUA Cepun
Genesys npou3BofcTBa
komnaHun Nemic-Lambda

Cepus mporpaMmmpyembix MCTOYHUKOB
nuTaHus mapku Genesys yctaHaBnMBaeT Ho-
BbIil CTaHAAPT rMOKOCTU U HALEXHOCTU CUC-
Tem npeo6pasoBanus AC/DC ana nponsso-
OuUTenen aneKTPOHHOro o6opyaoBaHus, Npo-
MbILLMIEHHBIX U TAaGOPATOPHBIX MPUMEHEHWIA.
B HacTosilLee BpeMs AOCTYMHbl TPU YPOBHS
BbIXOAHOM MoluHocTu: 750 BT, 1500 BT u
3,3 KBT, BbIxogHble HanpskeHus oT 7,5 Ao
600 B, Tok Harpy3ku go 400 A.

B0O3MOXHOCTb paboThl OT CETEN NepemeH-
HOro ToKa B J1060V TOHYKE 3eMHOro Liapa 1
aKTUBHAA KOppekuus KosdduumeHTa MoLL-
HOCTM BO3MNaBNAT AVHHBIA NepeyeHb
0COOEHHOCTEN HOBbIX U3AENNNA.

Hoeble nporpammupyembie VB3I ¢ Bbl-
COKOYaCTOTHbIM Mpeobpa3oBaHeM Ccepumn
Genesys 06ecreynBatoT BbICOKYIO YyAeslb-
HYI0 MOLLHOCTb, HWU3KWIA YPOBEHb Mynbca-
LUUA U MOMHBIA Habop APYXECTBEHHbIX UH-
Tepdencos. [JocTynHbl Mofenu ¢ paboTon
OT ofiHO(ha3HbIX U TpéxdasHbix ceTen ne-
pemeHHoro Toka. OHM XapakTepusylTcs
aKTUBHOW KOppeKLuer MoLLHOCTH, obecne-
yusatoien KM (cose) = 0,99 npu nonHow
Harpyske 1 nofktoyeHnn K opHoasHom
ce™ 1 KM = 0,94 npu paboTe oT Tpéxpas-
HOW ceTu. OTOo rapaHTupyeT paboTty B
«TPA3HbBIX» NUTAIOLWMX CETAX NEPEeMEHHOro
TOKa M COOTBETCTBYET E€BPOMNENCKUM Tpe-
60BaHuAM kK OMC.

MoHATHas MepepHsisi naHenb obecne4un-
BaeT HaféXHoe yrpaBneHne usgenuvem.
MpeaycMOTpeHbI MOBOPOTHbLIE KOAMPYHO-
LiMe ycTpoucTBa AN1S BbICOKOTOYHOW Ha-
cTpoiiku (6 nnu 30 060poTOB) U 4 LUUGDPO-
BbIX CBETOAMOLHBIX MHAMKATOPA TOKa U Ha-
nps>keHus. Perynupyemble 3aliuTbl OT ne-
perpy3ku no Hamnps>KeHUK, HU3KOrO BXOA-
HOrO HaMPSXXEHWUSA U OT Neperpy3Ku rno ToKy
o6ecneyvmsaoT VB3I pononHUTEsNbHYO
rM6KOCTb.

NcToYHUKM nuTaHns Genesys C BbIXO[-
HOWM MOLLHOCTbIO 3,3 KBT MMEIOT HECKOJbKO
HOBbIX BaXHbIX 0CO6eHHOCTEN. [10 YeTbIpEX
0MHaKOBbIX GIIOKOB MOryT ObITb COeAVHe-
Hbl MapannesibHO M CKOH(UIypupoBaHbl
nonb3oBaTenem Ans NporpaMmmmpoBaHns u
KOHTPOJI CyMMapHOro Toka rpynnbl 6510-
KoB. TakuMm 06pa3oM, YeTbipe 6rioka MoryT
06beaNHATLCA B OOUH UCTOYHUK MUTAHUSA C
BbLIXOJHOM MoLUHOoCTbI0 13,2 KBT. B nctou-
HMKaxX WCMonb30BaHa HOBas OMUWSA, Hasbl-

saemas Multi-Drop (MHOroTo4YeyHas NUHUS).
OHa no3BonsieT BepyLlieMy YCTPOUCTBY
Multi-Drop IEEE ynpaBnsiTb MHOrOTO4€4HOW
ceTblo U3 31 BEOOMOro ycTpovcTea 4epes
RS-485 6e3 ycTaHOBKM MHTEPENCcHON nna-
Tbl GPIB B Ka)X1oM BEJOMOM UCTO4HUKE M-
TaHUs, YTO CHMXKAET OO6LLYI CTOMMOCTb CU-
CTEeMbI.
www.prosoft.ru
Ten. (495) 234-0636

DC/DC-npeo6pa3oBarenu
cepuu SWX - camasn
MaJsieHbKasa njioLiagb
ne4yaTHOW nNnatbl

Komnanua XP Power Havana nocTaBku
DC/DC-npeo6pasoBatenei cepun SWX: 310
30-BaTTHble MpeobpasoBaTenv ¢ camoi Ma-
NIeHbKOW MoLLIaAbo NevyaTHoOW nnatbl cpeau
nofgo6HbIX U3aenui.

Cepusa SWX Bkntoyaer DC/DC-npeo6pa-
30BaTen ¢ BbIXOAHbIMM MOLLHOCTAMM OT 10
no 30 BT, KoTOpble nNpYMeHsATCa TaMm, rae
TpebytoTcsi HeGoMbLUME pasMepbl, BbICOKUM
KM, Bbicokue pabo4une Temneparypbi, HA3-
KU Mpocuiib U BO3MOXHOCTb MOHTaXa Ha
NMOBEPXHOCTb, Hanpumep, Ana obopyaosa-
Hua BOJIC, undpoBbix aBOHEHTCKUX IUHUNA,
MapLLpyTU3aTOPOB, KOMMYTATOPOB ¥ 6a30-
BbIX CTaHLWA COTOBOW CBA3MW.

He TpebytoLume OONONHUTESIbHbIX BEHTU-
NISITOPOB, NMpeo6pa3oBaTeny ¢ KOHBEKLIMOH-
HbIM OTBOJOM Tenna UMetT AuanasoH pa-
604mx Temnepatyp —40...+85°C. Bbicokui
KNI (go 91%) rapaHTupyet MuUH1UMasnbHoe
BblAeneHve Tenna, obecneynBas MNOBbI-
LUIEHHYI0 HafEéXHOCTb 3a CHET MeHee Ha-
MPSXKEHHOTO TEMMIOBOro pexvma 060pyAo-
BaHuA.

Mpeo6pasoBateny xapakTepuayTcs HA3-
KM npodunemM 1 yaobHbl Ans NpvMeHeHun

WWW.SOEL.RU
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HoBoCTM pOCCMMCKMUX bupM

Tam, rge nevartHblie Nnathl NAOTHO YNOXEHbI.
Paamepbl nevatHon nnatel 10-, 15- n 20-
BaTTHbIX mMogenen 38,7 x 27,2 x 5 wmm,
30-BaTTHblE NpecbpasoBaTenu umetoT rada-
puThbl 38,7 x 31,2 x 8 MMm.

Onsa yeennyenns K s DC/DC-npeobpa-
3oBaTensax cepum SWX npuMeHseTca CUH-
XPOHHOE BbINpsMeHVe. [nana3oH BXOAHbIX
HanpsxeHwui 36...76 B ana 48-B0NkTOBbIX MO-
nenew, a 24-BonkToBble MoanduKaLmm pabo-
TAKT MpU BXOOHOM HarnpshkeHun 18...36 B.
HomuHasbHble 3Ha4eHUs BbIXOQHOIO Hamps-
XeHusi cocTasnstoT psg ot 1,2 no 15 B.

Mpeobpas3oBateny MNOAAEPXUBAIOT pe-
XXMM xonocToro xoga. Bce mogenu otnuya-
FOTCH KOMMJIEKCHOW 3aLLMTON OT MOHUXKEH-
HOrO BXOAHOrO HampsbKeHWs, OT meperpys-
KW MO TOKY, AUCTAHLMOHHbIM BKO4EHM-
eM/BbIKMIOYEHNEM, CUTHANIOM TPEBOTU MU
BO3MOXHOCTbIO NapannefibHon paboTsl fe-
CATU MOpynew.

www.prosoft.ru
Ten. (495) 234-0636

YNpPOYHEHHbIN CEHCOPHbIN
XK-aucnnew ¢ BbICOKOW
APKOCTbIO

Qupma Planar Systems Ha4ana BbInycK
ynpoyHénHoro XKK-gucnnes LX1200, paspa-
60TaHHOro Ans NPUMEHEHUA Ha TPaHCMopT-
HblX cpefncTBax. Co3faHHbIi Ha OCHOBE
TpaHchnekTeHoN XKK-naHenw, oH xapakre-
pu3yeTcs LUMPOKUM YriioM 0630pa 1 UCKITHO-
YUTENBHOW KOHTPACTHOCTbIO BO BCEX YCIO-
BUSIX 3aCBETKWN BHELLHeW cpefbl. Kpenkui un
NErKMn MarHueBbI Kopnyc obecrneqvBaeT
3aLUMTYy OT BIIMSIHUSA BHELLHUX 3MeKTpomar-
HWTHBIX MOMEX OT paavonepefaTHnkos U
BHELLUHWUX JIMHWIA BbICOKOrO HamnpsXeHus.
Oucnnen LX1200 sBnsetcs npekpacHbiM
CpeacTBOM 0TOBPaXeHWs MHopMauum ans
MONULENCKMX aBTOMOBUNEN, TaKCu 1 Apyro-
ro cnyxe6Horo TpaHcnopta. OcyLecTsnaTh
ynpaBfieHne BO3MOXHO MOCPEACTBOM CEH-
COpHOro 9KpaHa, MPUYéM [Jaxe pykon B
nepyatke. [lucnnen COBMECTUM C onepauu-
OHHbIMK cucTemamu Microsoft u nmeet pys-
HOe yrnpaBneHne ApKOCTbIO U pexum 6naH-

KMpOBaHUsi U306paxeHns Ans O6bICTPOro

COKPbITUA  CEKPEeTHOMW  WUHopmMaLuu.

BcTpoeHHbIi USB-KOHLEHTpaTop no3sons-

€T Monb30BaTeso 3arpyxaTb 1 BbirpyXaTb

WHopMauuo  4epes

raw-namMaTu.
OCHOBHbIE XapakTepUCTUKW:

® pasmvep auaroHanu: 12,1 gronma (aKkTue-

Hasi mnollagb aKpaHa: 246 x 184,5 mm);

paspeLueHue: 800 x 600 NMKcenos;

ApkocTb: 1000 Ko/MZ;

KOHTpacTHoCTb: 400 : 1;

CEHCOPHbIN 9KpaH: Pe3VCTUBHbIA, MNATU-

NMPOBOAHbIN;

® OvanasoH
—10...455°C;

® OTHOCUTENbHAA BRaXHOCTb: <95%, 6e3
KOHZEeHcauum Bnaru;

® Ovana3oH  TemnepaTtyp
—-20...470°C;

@ noTtpebnaemas MOLLHOCTb: MeHee 15 Br;

@ BecC: 2,9 Kr.

USB-Hakonutenb

pabo4nx Temnepartyp:

XpaHeHus:

www.prosoft.ru
Ten. (495) 234-0636

B cepuun LC1500
XK-pucnnees cpupmsbl Planar
Systems nononHeHue —
Mopgesib C pe3UCTUBHbIM
dKpaHOM

®uvpma Planar Systems pacluvpuna ce-
puto LC1500 15-gronmoBbix XKK-gucnnees
MOZENbIO C PE3UCTMBHBIM CEHCOPHBIM 3Kpa-
Hom LC1500RTR. Mogens LC1500RTR
OCHallleHa Ppe3VUCTUBHOW 5-MpoBOfHOM Ma-
Henblo dupmbl 3MR, KoTopas NoAKn4YaeT-
¢ k USB-nopTy 1 npegHasHa4eHa gnsa npu-
MEHEHMS B XECTKMX YCNOBUAX SKcnuyara-
uMu: B aBTOMarax no npogaxe 6uneTos, Ha
CTOMKax permcTpauum B rocTUHULAX, B PO3-
HWYHOW Toproene u Ap. MoHuTopkl o6ecne-
YMBAKOT HETKOE, SPKOe U306paxeHune, npu-
Brekawllee BHUMaHWe noceTuTenen umm
nokynarenen. [ins ycTaHOBKN AUCMNEEB He
TpebyeTcs AOMNOMHUTENbHAsA nuuesas na-
Hemnb U KPOHLUTENH. KOHCTPYKLUWS B OTKPbI-
TOM MCMOMHEHUN obecneymsBaeT MNPOCTYio
YCTaAHOBKY B KOHCTPYKLMIO WHPOPMaLMOH-

Employee Number: 0041

el Pending orders:

fmwtam ] Capese } Meatbaﬂsub—]

Salad(s) (2 s 1) e 120 (1) wie
Vi View

redients

HbIX KMOCKOB, OHA COBMECTMMa C MOHTax-
HbIMW OMUWUSIMW, KOTOPblIE WCMOMNb3YIT
75-mm ctangapt VESA.

OCHOBHbIE TEXHNYECKME XapaKTepUCTUKM:

@ cseTonepenada: fo 88%;

® KOHTpacTHocTk: 400 : 1;

® Bpems oTKNMKa: 4 mc (HapactaHue)/12 mc
(cHWXeHwe);

@ yacTtoTa CTPOYHOW
31,5...60 kl'y;

® yron o63opa: 150° (ropu3oHTanbHas
Na0CKOCTh)/125° (BepTUKanbHaa mnnoc-
KOCTb);

® MakcumarnbHas ApkocTb: 350 Kg/M?;

@ notpebnsemas molHocTs 30 BT (B ge-
XypHOM pexxume 5 BT);

@ NofnepXKa BHELLHWUX TPOMKOrOBOPUTENEN;

® OnuuK: aHTUGIIMKOBOE MOKPLITUE, MHOIO-
A3bl4Haa nogaepxka, OSD-ynpasnexve
(On Screen Display);

@ paspelleHve: 1024 x 768 nunkcenos (nog-
nepxka VGA, SVGA), cOBMECTUMOCTb C
OC Mac OS/X;

@ akTuBHas nnowianp akpaHa: 304 x 228 mm
(15" gnaroHans);

® pasmepbl: 360 x 270 x 47 Mm;

® Bec: 4,3 Kr;

® OmanasoH paboumx Temnepatyp: 5...35°C.

www.prosoft.ru
Ten. (495) 234-0636

pas3BEpPTKU:

150-BaTTHbIA UCTOYHUK
nmUTaHUa gna HaCcToJibHOro
UCMNOJIHeHUd uMmeet
Hauny4wiee COOTHOLUeHue
MOLLUHOCTb—
JKCnyatauuoHHbIe
XapaKTepucTuku

KomnaHus XP Power o6bsBuMna o Havane
noctaBok 150-BaTTHOrO WMCTOYHMKA NUTa-
Hus AC/DC pna nopTtatuBHOro o6opynoBsa-
HUS, KOTOpbIM MpPeTeHayeT Ha nyylwiuve B
CBOEM Knacce aKCnnyaTaLMoHHbIe XapakTe-
PUCTUKKM C NokasaTenem yaesibHON MOLLHO-
ctn 5,1 Bt/gonm® n KIL He meHee 88%.
VICTOYHMK nuTaHua He TpebyeT npuHyau-
TENbHOro OXNaxAeHus Ons obecnevyeHus B
Harpyske nonHon MOLLHOCTU NMpu Temnepa-

COBPEMEHHAA SINEKTPOHUVKA ¢ Ne 4 2006

WWW.SOEL.RU




Type okpyxatwouwen cpegbl 40°C n 60%
moLuHocTu npu 70°C. CpegHee BpeMs Ha-
paboTkum Ha oTKa3 cocTaBnset 6onee
100 000 4ac no MIL-STD-217F. NcTo4HuK
NUTaHWA WUMeeT yHUBepCasbHbIA BXOA
(90...264 B) Cc aKTUBHbIM KOPPEKTOPOM KO-
3hpuLmMeHTa MOLLHOCTU U OTBEYaeT Tpe-
6osaHuam OCT P51317.3.2-99, TOCT P
51317.3.3-99 nu FOCT P 51318.22-99. Ho-
MUHaSbHblE 3HAYeHUS BbIXOAHbIX Hanps-
xeHun 12, 15, 19, 20 n 24 B, pa3mepsbl
171 x 72 x 40 mm. VICTOHHUK NUTaHUSI UMe-
eT 3aluTy OT neperpesa, NepeHanpsiXXeHus
1 neperpysku no TOoKy.
www.prosoft.ru
Ten. (495) 234-0636

300- n 600-BaTTHbIE
MUCTOYHUKU NUTAHUA Cepumn
HWS — Bbicokasi HAéXHOCTb
M ONUTENIbHBbIA CPOK CNYXO6bI
KomnaHnusi Nemic Lambda paclvpuna
CcBOM pag nonynapHbIX OQHOKaHaslbHbIX UC-

TOYHUKOB nMUTaHUA ONng MPOMbILLIIEHHOI0O

Karanor U3MepUTEeJibHbIX
npu6opos Fluke Ha 2006 r.:
Tenepb Ha 20% TosLe,
YeM paHbLue

Komnauua Fluke, mupoBon nwugep
B 06n1acTv npou3BoACTBa MNOPTATUBHBIX
npodeccnoHanbHbIX N3MepPUTENbHBIX
npuoéopoB, HedaBHO BbIMyCcTUNAa KaTtanor
npogykuun Ha 2006 r. Ony6nvkoBaHHas
Ha 12 asblkax, KHUra ua 92 crtpaHuy co-
[AepXUT noApo6HYy MHopMaLmo O npo-
OYKLUN.

B cBf3K ¢ pacTyLwmnm acCoOpTUMEHTOM U3-
MepuTenbHbIX nNpubopos B katanore Fluke
MOSBUIIUCL YEeTbIpe HOBbIX pasgena: «[lop-
TaTUBHble TecTepbl 31eKTpoHe3onacHo-
cTu», «[1pnbopbl KOHTPONSA KayecTBa BO3-
Ayxa B MOMELLeHUsX», «TennoBu3opbl»,
«B3pbIBO6€30MacHbIe U3MEPUTENbHbIE MPU-
60pbl knacca Ex». Kpome TOro, B katanore
€CTb [MaBbl, B KOTOPbIX MPUBOAUTCS Oonuca-
HMe UMPOBLIX MYNETUMETPOB, TOKOU3ME-
pUTENbHbIX KNELLen, 3NeKTPUYECKMX TecTe-
poB, TECTEPOB M30MALMMN, TECTEPOB IMEKT-
pOyCTaHOBOK, UM(POBLIX TEPMOMETPOB,
aHanM3aTopoB KayecTBa 3SHeprocHabxe-
HWSA, MPOMBILLNEHHBIX KOMOUHUPOBAaHHBIX
ocumnnorpacoB ScopeMeter®, kanubpaTto-
POB TEXHOMOMMYECKUX MPOLIECCOB U MpUHaA-
TIeXHOCTEMN.

npumeHeHus HosbiMu 300- 1 600-BaTTHLIMU
mogensmu. Mpogomkas nyyiine Tpaguumm
cepun HWS, HOBWHKM XapaKTepuaylTcs
BbICOKMMU yfenbHOW MolyHocTbio m KIM.
HWS300 1 HWS600 paspaboTaHbl Ans npu-
MEHEHWI, rAe BblCOKas HaAEXHOCTb U Anu-
TenbHbIA CPOK CryXO6bl ABMAIOTCA onpege-
naowmmn haktopamu. OHW ngeansHoO Nog-
XOAAT ANs UCMONb30BaHWs B 060PYyA0BaHNN
aBTOMaTM3auMn MPOU3BOACTBEHHbIX MPO-
LeccoB, 60nbLuethopMaTHbIX cucTemax 0To-
6paxeHns MHopmauun, UCMbITaTENbHOM,
N3MepUTENIbHOM, KOMMYHUKaLYIOHHOM Y Be-
waTtenbHoM obopynoBaHun. Kak v Bce u3-
nenusa cepum HWS, HOBble UCTOYHMKM NUTa-
HUA oTBevatoT TpeboanHuam SEMI F47 n
RoHS.

Katanor nameputensHbix npubopos

Kpome TO4YHOro onvcaHus MMeroLLMXcs na-
MepUTesbHbIX MPUGOPOB, KaTanor COAepXuT
COBETbl W [OMOMHUTENbHbIE PeKOMeHAaLmm
no npaBubHOMY NOA060PY U3MEPUTENBHOrO
npubopa ania onpefenéxHHbIX MoTpebHOCTEN,
cTaTby, cogepallme peKoMmeHaaUmm rno Tex-
HVKe 6e3onacHocTv, 6a30BOMYy TeCTUPOBa-
HUIO 3NIEKTPOYCTAaHOBOK, MOWCKY U yCTpaHe-
HUIO HEMCMPaBHOCTEN B 3M1EKTPOnpuBodax ¢
perynmpyemMoro ckopocTbto. B HoBoM paspe-
ne, MoCBSALLEHHOM U3MEepUTENbHbIM NpU6o-
pamM, CepTUMULMPOBAHHLIM Ha COOTBETCT-
BWe CTaHpapTy BapbiBo6e3onacHocT ATEX,

HoBoCcTn poccMmmMCcKux covpm

BxogHoe HanpsxeHne mogenen HWS300
n HWS600 85...265 B, BbIxOfHbIE Hanpsxe-
Hus ot 3,3 fo 48 B. No cpaBHeHUtoO ¢ npedbl-
OYLUMMW  MOKOMEHUSIMU  MCTOYHUKOB MUTa-
HUSA, pa3mepbl HOBUHOK Ha 50% MeHbLue 1
cocTaenalT Bcero 61 x 82 x 165 mm gnsa
300-BatTHOM Mogenm 1 100 x 82 x 165 mMm
ans 600-eatTHOW. [uana3oH pabo4mx Tem-
nepatyp —10...+470°C, BOCTYMHbI Takxe MO-
[enu ¢ pacLUMPEHHbIM OUanasoHoM Temre-
patyp: —40...+74°C, npn 3TOM rapaHTupyer-
csi 3anyck npu Temnepatypax Hmwke —40°C.
McTouHukm nutanmsa covpmbl Nemic Lamb-
da cooTBeTCTBYIOT TpeboBaHWAM cTaHaap-
ToB 6e3omnacHocTn UL60950-1, CSA60950-1,
EN60950-1, TOCT P 50377-92 n EN50178
N oTBevalwT TpeboBaHUAM CTaHOapToB
EN55011, EN55022-12, FCC Class B, VCCI-
Class B, TOCT P 51318.11-99, IOCT P
51318.22-99 no nomexam U3ny4eHUs 1 KOoH-
OYKTUBHBIM nomMexam. [apaHTuiHbIA CpoK
cocraenser 5 ner.
www.prosoft.ru
Ten. (495) 234-0636

paccmaTpvBatoTCs B3pPbIBO6E30MacHble U3-
MepUTENnbHbIE NPUGOPBI.

O komnaHuu Fluke

Llenbto komnaHmm Fluke sBnsercs mupo-
BO€ IMAEepPCTBO Ha PbIHKE KOMMAKTHbIX MPO-
cbeccroHarbHbIX 371eKTPOHHbLIX CPEACTB n3-
mepenwi. U3penunsi Fluke wcnonb3yrotcs
TEXHUYECKUMM crieynannctamm 1 nHxeHe-
pamu rpu 06CyXuBaHUM, YCTaHOBKe, pe-
MOHTE, MPON3BOACTBEHHbIX WCIbITAHUAX U
MpoBEPKe KadecTBa BO MHOIMMX OTPacsisx
MPOMBILLIIEHHOCTY 10 BCeMy mupy. B HacTo-
sLee Bpemsi komnaHusi Fluke, ocHoBaHHas B
1948 r., umeet otgeneHusi B 13 eBporeu-
CKUX CTpaHax, a eé npogyKuus peannsyetcsi
6onee 4em B 100 ctpaHax. [Mpogaxw B EB-
porie cocTassisitoT npubnautesnsHo 40 rnpo-
LeHTOB OT npogax rno scemy mupy. LLita6-
KBapTupa KOMMaHuy pacrionioxeHa s r. 9se-
petT, wr. BawwmHrToH, CLUA; eBponevickas
LTab-KBapTUPa MO Mpodaxam u 06CIyXu-
BaHWO — B . GrHAX0BEH, HupepnaHabl. B
KoMmnaHun pabotaror 6onee 2400 4eroBek
BO MHOMMX CTpaHax Mypa.

OcpuymansHbivi npegctasutesns n [eHe-
parnbHbiIvi gucTpubbioTop Fluke B Poccumn u
CHIF — Komnanusi TCM KoMMyHUKEALLH
lecmbX.

www.fluke.ru
Ten. (495) 937-3604; 937-3605
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HoBocTy poccumckux comp

HoBuHKa Ha pOCCMﬁCKOM
PbIHKEe CpeacTs Msmepeﬂuﬁ =
yHUBepcalbHbIi LudpoBoWn
BonbTMeTp A-KWUIM B7-78/1

B03MOXHOCTU YyHMBEPCAbHOrO Lndpo-
BOrO BOJITMETPA CredytoLLme:

@ 13MepeHue MOCTOSHHOrO 1 NMepemMeHHOro
HanpskeHus (4o 1000 B n 750 B cootseT-
CTBEHHO),

@ VI3MEPEHUe Cunbl MOCTOSHHOMO W nepe-
MEHHOro Toka (go 3 A),

@ VI3MEepeHue 3NeKTPUHEeCKoro ConpoTuere-
Hus (go 100 MOwm).

Mprbop namepsieT n apyrve dusnyHeckme
BENMUYMHbL. o KaxaoMy v3 npeaesios Us-
MepeHus Npubop MMEET BbICOKOE paspeLue-
HVe. MuHMMarnbHas MorpeLuHocTb Mpu U3-
MEPEHUM MOCTOSHHOIO HamnpsXeHus cocTa-

Bnset +0,0035%. BoamoxHbl 11 Bugos
aBTOMAaTUYECKMX U3MEPEHUn U 8 pyHKLMIA
MateMaTuyeckor 06paboTKu pesynbLTaTtos
N3MEPEHUIA: SKCTPEMYMbI, YyCpeaHeHue; ao-
MYCKOBbI KOHTPOSb, AenbTa-u3MepeHus u
Zpyrue Buabl N3MepeHnin 1 o6paboTkn pe-
3ynbTaToB.

Mprbop UMeeT BHYTPEHHWUIA U BHELLHWN
3anycK U3MepeHusi, aBTOMaTUHEeCKUM 1 py.-
HOW BbIGOP NpefesnioB U3MepeHns, yCTaHoB-
Ky Hynsi ¥ Bblgayy curHana 3asepLueHus ns-
mepeHusi. MpegycmoTpeH uHTepderic USB,
OMUMOHANBHO — KaHas 06LLero rnosib30BaHus
(GPIB). decaTnkaHanbHbIi CKaHep no3sosns-
eT Co ckopocTbio A0 2000 uamepeHun B
CEeKyHOYy CuuTbIBaTb pe3ynbraTbl BO BHYT-
peHHun 6ychep npubopa. [OCTOMHCTBOM
npuéopa B7-78/1 sBnseTcs BO3MOXHOCTb

NOAAEpPXKMN A3blka nporpammuposanus HP-
34401A. Tpubop umeeT rabaputbl 210 x
x 85 x 350 MM U maccy 4,3 kr. 3aBepLUeHbl
UCTIbITAHVS NS Lenevt yTBepXAeHWs Tuna
CW (nopyyeHune PocTexperynupoBaHus
Ne 120/30-214 ot 19.01.2006).
MocTaBLMK yHUBEPCAbHOro LdpoBOro
BOSIbTMETPA — KOMMNaHus «MpuCT».
www.prist.ru
Ten. (495) 777-5591

Wind River VxWorks 653 -
onepauuoHHasa cucTtema
peanbHOro BpemMeHu
ONsl UHTEerpupPoBaHHOM
MogaynbHOW aBuoHUkM (UMA)

Komnanua Wind River Bbinyctuna HoByto
Bepcuto 2.1 onepaumoHHOW CUCTEMbI
VxWorks 653, koTopas npefgHasHa4eHa ans
NpYMeHEeHWsi B 60PTOBbIX aBUALIMOHHbIX CUC-
TeMax, MOCTPOEHHbIX COMMacHO KOHLEenuuu
VHTErpUpPOBaHHOW MOAYNbHOW aBUOHWUKM
(MMA) 1 cepTudmUMpyEMBbIX MO CTaHJapTam
HapéxHocTu/6e3onacHoctu ARINC 653 wu
DO-178B.

Ha 6ase onepayuvOHHOW CUCTEMbI
VxWorks 653 u cpegbl paspabotku Wind
River Workbench BbinyckaeTtcs MHTerpupo-

BaHHbIi nakeT Platform for Safety Critical
ARINC 653, npegHa3Ha4YeHHbIi Ana paspa-
60TKU MPOrpaMMHOro obecrneyeHus ceptu-
hrumpyembix 60PTOBbIX aBUALIMOHHbLIX CUC-
Tem. Maket Platform for Safety Critical npu-
MEHsIeTCS Ansi pa3paboTky 1 cepTudmkaLmm
nporpaMMHOro obecneYeHus:

® BO3[yLUHOro TaHkepa Boeing KC-767A,
@ naccaxupckoro naviHepa Boeing 7E7

Dreamliner,

@ 6ecnunotHuka Northrop Grumman X-47B,
@ BepTonéTos Eurocopter n gp.

B Poccum naket Platform for Safety
Critical npumensietcst B FfocHUW aBuaumoH-
Hbix cucteMm (Mockea), B 3A0 «KoTtnuH
Hoeatop» (CIM6) u B HUW aBuaumoHHoro
obopynoBaHus (XKyKOBCKWUIA) B paMKax COB-
MECTHOrO NPOEKTa MO CO3[AHMI0 UHTErPUPO-
BaHHOW MOZYNbHON aBUOHUKU C OTKPbITOM
apXUTEKTYPONA.

Mpepcrtasutens Wind River B Poccumn m
CHI — komnanusa AVD Systems.

Ten.: (495) 148-9677
e-mail: avdsys@aha.ru

CemuHap
«MuUKpOKOHTpoOnnepbl,
CUNOBbIE U aHanorosble
npu6opbl» KOMMaHun

STMicroelectronics (ST)
CemuHap coctouTcs 27 anpens Ha Teppu-

TopUK
2006»

Ha cemuHape npencTaBnsieTcsi BO3MOX-
HOCTb MO3HAKOMUTLCA CO CredyloLuMu

BbICTaBKU <<3KCH03H€KTpOHVIKa-

rpynnamu npogyktoe STMicroelectronics:

® MVKPOKOHTPOMIEp.;

® PErynsaTopbl HANPSXXeHWs;

® OnepaunoHHble U ayauvoyCUIUTENn, KOM-
napartopsl;

@ nonesble, GunonspHsle, IGBT-TpaH3ncTops!;

@ [pyrve akTVBHble OQUCKPETHbIE 3NEMEHThI
KomMnaHum ST.

B cemuHape y4acTBYOT TexHWYecKue
cneuvanucTbl 3aBofoB u nadopatoput ST
Utanum n ®paHumn.

ByayT Takxe npeacrasneHbi:

e Hosevwwme npoAdykTel STMicroelectro-
nics;
@ peLleHnst U JeMOHCTPaLMOHHOe 060pyLo-
BaHWe Ans:
— NPUEMHUKOB LICPPOBOrO M aHaNoOroBo-
ro TB,
— UMNYNbCHbIX UCTOYHUKOB NUTaHWUS,
— CUCTEM OCBeLLeHUs,
— cuctem 6e30nacHoOCTL.
www.st.com
Ten. 730-2974
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NMoBbileHUe KayecTBa 060pOHHOM
NnpoayKUuM — rnaBHan uenb NATUNETHEH
NPaKTU4ecKou AeATeNnbHOCTH

Cucrembl n06poBONLHOI cepTuthnKauum
«Boennbiit Peructp»

Banepuit Masuckwii, HOpuit 3emuoB (Mocksa)

Cuctema no6poBosnbHON cepTucmkaumm «BoeHHbI Peructp» cosgaHa
28 vitoHs 2000 r. Kakue uenu u 3apga4v onpeaenvny co3gaHne CUCTEMbI
cepTudukaumm «BoeHHbIn Peructp» u Kakue peaynbTaTbl 4OCTUMHYThI

3a nATb NeT — pacckKasbiBaloT pykosoautenu AHO.

MPEANOCHLINKKU CO3AAHMUA
CUCTEMbI CEPTUDPUKALIUU

PhIHOYHBIE OTHONIEHMS, CKJIA/IbIBAO-
muecs: B 3KOHOMUKe Poccuu ¢ Havaia
90-x rofoB, ONIpEIe/ININ HOBBIE 32JAYH
B 00/1aCTH OGECIIEYEHU KAYECTBA BO-
OpPY’>KE€HHMs U BO€HHOM TexHuKU (BBT).
OHHU NOTPEGOBAIM ITOUCKA HOBBIX Me-
TOAOB, CIOCOOOB U (DOPM pELICHUS
3THX 33/1a4.

Co3gaHHBIE B COBETCKOE BpeEMsA
KOMIIJIEKCHBIE CHCTEMBI YIIPABICHUSA
kagyecrBoM npoayknuu (KCYKII) B
YCJIOBUAX PBIHOYHBIX OTHOIICHHUH
OKa3aJIMCh MaJ0d(@deKTUuBHBIMH. X
MECTO HAYAIH IIPOYHO 3aHUMATh CHC-
TEMbI MEHEKMeHTA KadecTBa (CMK),
Ha MEXIYHAPOAHBIX
crangaprax cepuu MCO 9000.

MeKIyHAPOJHBIN OIIBIT PELIEHHUS I10-
JOOHBIX 3aJa4 IOBBINIEHUS KAa4eCTBa

OCHOBAHHBIC

IIOKA3aJ1, YTO OJJHUM M3 OCHOBHBIX Me€-
TOJIOB ABJISAETCSA IOATBEPKIEHUE COOT-
BETCTBHA IIPOJYKIIMH MU IIPOLIECCOB €€
IIPOM3BO/ICTBA, IKCILIyaTAIIUH, XPaHe-
HH, IEPEBO3KH, PEATU3ALUN U YTHIH-
341IMH, BBIIIOJIHEHUA PabOT WU OKa3a-
HHUA YCIYT TPEOOBAHUAM TEXHHYECKHX
PErIaMeHTOB, HALIMOHAIbHBIX CTAHAP-
TOB (BKJIIOYAsl MU BOEHHBIEC), YCIOBUAM
JIOTOBOPOB (KOHTPAKTOB). OCHOBHOM
GOpMOH MOATBEPKAEHUA COOTBET-
CTBUSI TIPOAYKIIUU SIBJSIETCS CEPTHDHU-
KaLys 3TOU MIPOJTYKIIMH.

B 1994 r. Muno60poHs1 PO (MuHOG0-
ponbl Poccun), KaK OCHOBHOM 3aKa34YHK
OOGOPOHHOM MNPOAYKIIMH, HAYHHAET
IPOBOJUTH HAYYHO-HCCJIEJOBATEIbC-
KHe pabOThI C LIE€/IbIO OIPENEICHUS He-

OOXOJMMOCTH BHEAPEHUS CEPTU(DHKA-
IIUX B IIPOLECC PA3PA6OTKU U IIPOU3-
BOJCTBA BBT. PyKOBOACTBO M KOOP/AH-
HAIIUSA 3THX PabOT OCYHIECTBISAETCS
VipasjaeHueM HadaJIbHHKA BOOPYKE-
Husa Boopyxénnpix cuwi PO (YHB BC
P®). Pe3ynbpraTsl UCCIETOBAHUI TTOAT-
BEP/IMIIH I1€7IECOOOPA3HOCTh OPTAHU3a-
LM CePTU(PHUKAITMOHHOM JIeATE/IbHOC-
TH B MUHOGOpOHEBI Poccum.

HagaBmmiics nmporecc pa3paboTKu u
JAJIBHEHIIET0  COBEPIIEHCTBOBAHUS
HOPMAaTHBHO-IPABOBOKN 0a3bl CEPTH-
(dpuKamuu OGOPOHHOIM MHPOAYKIIUU H
YCOIYT, CUCTEM Ka4decTBa IPEAIPHUATHI
(opraHuzanuil) 060POHHO-IPOMBIII-
sieHHoro xkomiuiekca (OIIK) mpoxogur
IO/l HEIOCPEACTBEHHBIM KOHTPOJIEM
IIpesunenTta Poccurickon denepanyuu.
B anpene 2000 r. ITpe3unent Poccuric-
KoH Penepaumnu gaét nopydenue Ilpa-
BUTENLCTBY Poccuiickorn degepanuu
(NeMK-493 ot 26.04.2000, mynxr 11):
«JIpUHATH MEPHI 110 CO3AAHUIO EAUHOM
CHUCTEMBI O0S3ATEIBHON CepTH(]UKA-
LIUH IPEATIPUATHI — HCIIOJTHUTENIEH IO-
CYZAPCTBEHHOIO OOOPOHHOIO 3aKa3a
(T'O3), a TaxKe CUCTEMBI OOECIEYEHU
rapaHTHPOBAHHOTO KA4YECTBA IPOAYK-
UM OOOPOHHOTO HA3HAYCHUSI».

B mae 2000 r. pykoBozacTso Tocygap-
CTBEHHOTO KomuTeTra P® 1mo cranpap-
TH3auuu U Merponorun (foccrangapt
Poccun) m  MwunHOG0poHBI Poccun
NPUHHMAIOT COBMECTHOE Pemenue
«O mepax mo oO6eCIeYyeHHu 0 Kad4ecTsBa
OOOPOHHON NPOAYKIMH IIpH (PopmMHU-
poBanuu U peanusanuu 'O3». [Ipuopu-
TETHBIMH HAINpPaBJIE€HUAMH COBMECT-

HBIX paboT B 061aCTH OOECIIEYEHH Ka-
JecTBa OOOPOHHOM MPOAYKIIUH ObUIH
OIIPE/IC/ICHBIL:

e obecriedyeHue COOTBETCTBUSA KAUeCTBA
BBT, a Taxske IpOAyKIIMH JIBOMHOIO 1
IPAKIAHCKOTO HA3HAYEHHs, IIOCTAB-
asemon i Hyxja BC P®, TakTHKO-
TEXHUYECKUM TPEOOBAHUAM HA BCEX
3TaNax JKU3HEHHOTO IIUKJIA — OT CO3-
JaHMA 10 YTHIM3AI MY

e craHjaprusanua B odaactu BBT;

® KOMIUIEKCHAsI OLIEHKA COOTBETCTBUSA
NpeJnpUusATUH — ydacTHUKOB I'O3
TPeGOBAHUAM, OIIPE/IE/ISION UM TEX-
HOJIOTUYECKYIO COCTOATEIbHOCTD,
SKOHOMHYECKYIO  yCTOHYHBOCTH
(BKJIIOYAsI OPTAaHU3AIMOHHO-NIPABO-
BBI€ OCHOBBI (DYHKIIMOHHPOBAHUS)
U MOOMIM3ALIHOHHYIO TOTOBHOCTb.
DTHM K€ peHIeHHEM OblIa ONpeerie-

Ha [1€JIECOOOPA3ZHOCTh CO3AAHUA B MH-

Tepecax MuHo6oponsl Poccun Cucre-

MBI JIOOPOBOJIBHOM Ce€PTU(HUKALINHU

«BoenHsI Perucrp».

TaxuM 06pa30M, PHIHOYHBIE OTHOIIE-
HUS, CKJIAJbIBAIOIIUECS B 3KOHOMHKE
Poccumn, 00yCIOBIIIN U IIPEAOIIPEIETH-
s co3anue «BoeHHoro Perucrpar.

MPABOBASI OCHOBA CO3[JAHMUSA
CUCTEMbI CEPTU®UKALIUU

ITo pemeHu0 MHUHOG0POHBI PP n1pu-
Ka3zoMm HawganpHuka BoopyxeHus BC
P® or 31.05.2000 Ne 140 cospaércs
Cucrema JTOOPOBOJIBHOM CepTUhUKA-
uuu «BoenHwiri Perucrp», Koropas 3a-
TEM perucrpupyercs B loccrangapre
Poccun (28.06.2000). VrBepskmaeTcs
JlonoxeHue o Cucreme JOOGPOBOJIb-
HOH ceprudukanuu “BoenHniri Pe-
ructp”> (Ilosoxenue),
onpeneneHo, 9yTo Cucrema IpegHa3Ha-

B KOTOPOM

9eHa /I IPOBEIEHUS TOOPOBOJIBHOM
cepTH(pPHUKAITNH BOEHHOH TEXHHUKH, 60O-
C€IIPUIIACOB, UX COCTABHBIX YACTEH U
KOMIUIEKTYIOIIHUX U3/E/JIHIH, CHUCTEM Ka-
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YECTBA M CUCTEM YIIPABIEHHA OKPYXKa-
IOIIEN CpeNoy NPEAIIPUATHI, yIACTBY-
IOIIUX B TOCY/IaPCTBEHHOM OOOPOHHOM
3aKase.

IIpukazom MuHHCTPa OGOPOHBI PO
ot 7.08.2000 Ne 417 yrBepuxaercs «Ilo-
JIOXKEHHE O CEPTU(MHUKAIMOHHOU [Jesi-
TEJIBHOCTH B MHUHHCTEPCTBE OOOPOHBI
P®», a «BoeHHbld Perucrp» onpezness-
€TCsl YIIOJTHOMOYEHHOH OpraHU3allue
JUIL OLIEHKM COOTBETCTBMS CHCTEM Ka-
4ecTBa IPEJNpHATHN (OPraHU3ALU)
Pa3pabOTYMKOB M IPOU3BOJUTEIEH BO-
OpYKEHHS U BOCHHOHM TEXHHUKH YCTa-
HOBJICHHBIM TPEOOBAHUAM M MPOBEE-
HUS JOOPOBOJBHOU CEPTU(MHUKAIINH BO-
€HHOM ITPOJYKIIMH.

«Boennbii Perucrp» — camoOOKy1mae-
Mas OPraHU3aI M, KOTOPas HE BXOJUT
B CTPYKTYPYy MuHOG60pOHBEI Poccuu.
OHa ABJISIETCSA HE3aBHCHMOM OPraHH-
3aIIMEH 110 CEPTU(PHUKAIUHN OOBEKTOB,
onpenenéHHBIX 00/1aCThIO €€ ImpeaHa-
3HAYEHMS, HE CTABALICH Iepes coO0M
LIETH U3BJAECYEHHUS TPUOBUIH U3 CBOEH
JeATebHOCTH (11. 7.€ IToIoKeHus).

3assurens «BoenHnoro Perucrpa»
(Muno60poHBI POoccuu) uyepes ero py-
KoBOgAmMi opraH (KoopauHanuoH-
HBIM COBET) KOOPAHMHHUPYET €TI0 Jes-
TEJIBHOCTb M BBIPAOATBIBAET EIUHYIO
TEXHUYECKYIO TIOTUTHUKY CEPTH(DHKA-
IIMOHHOM JESITEIbHOCTH B MUHOOOPO-
HBI Poccuy, He BMEMMBASACH B BOIIPO-
Cpl CepTH(MUKALUY, AKKPEJUTALUN U
arrecranuu (1. 6.3 [T0I0KEHUs).

IIpaBOBBIMHM M HOPMATHBHBIMH OC-
HOBAMH J€ATEIbHOCTH «Boennoro Pe-
THCTPa» ABJIAIOTCS:

e denepanbHbIE 3aKOHBI PD:

— 0T 27.12.2002 Ne 184 — @3 «O Tex-
HHUYECKOM pETyIUpPOBAaHUMN» (C
1 mrons 2003 r.);

— ot 31.05.1996 Ne 61 — @3 «O6 060-
POHE»;

— 0T 27.12.1995 Ne 213 — ®3 «O rocy-
JapCTBEHHOM OOOPOHHOM 32Ka3€»;

- or 13.12.1994 Ne 60 — ®3 «O mo-
CTaBKaX IPOAYKIIUH I (Deiepaib-
HBIX I'OCYJaPCTBEHHBIX HYKI;

- 0T 26.02.1997 Ne 31 — ®3 «O Mmo6u-
JIU3ALHOHHON ITOJATOTOBKE U MO-
omm3anuu B PD»;

—or 19.07.1998 Ne 114 — ®3 «O BO-
€HHO-TEXHUYECKOM COTPyAHHYE-
crBe PO ¢ ”HOCTPaHHBIMHU IOCYZa-
PCTBAMMU»;

— o1 21.07.2005 Ne 94 — @3 «O pas-
MEIIEHUH 32Ka30B HA IIOCTABKU
TOBAPOB, BEIIIOJIHEHHE PAGOT, OKa-
3aHHE YCIYT JJIsI TOCyAapCTBEH-
HBIX ¥ MyHHIIUIIAJIBHBIX HYX/I»;

e Vkaswl IIpesugenTa Poccurickoit de-
Jepauuy U nocraHosiaeHus IIpasu-
TenbCTBa Poccurickoi ®enepanuu:
— Vkas IIpe3ugenTa Poccurickon ®e-

gepauyu ot 01.12.2000 Ne 1953 —
«BOonpocel BOEHHO-TEXHUYECKOTO
corpyaHudectsa PO ¢ nHOCTpaH-
HBIMH I'OCYJapCTBAMU»;

— Vka3 Ilpe3uzgenra Poccurickorn ®ejie-
paruu or 10.12.2001 Ne 1417 -
«O BHECEHHH U3MEHEHHUI U JOITOTHE-
HUH B IIOJIOKEHUSA U MOPSZIOK, YTBE-
prkaensbie YkasoM IIpesunenTa Poc-
curickor ®ezpeparmu or 01.12.2000
Ne 1953 — “Bonpochl BOEHHO-TEXHH-
YeCKOoro corTpyaHudectsa PO ¢
HHOCTPAHHBIMU I'OCYIAPCTBAMMU >}

— IlocranoBnenue IIpaBUTEIBCTBA
Poccurickonn degepanuu  OT
11.08.1995 Ne 804 — «O BOEHHBIX
IIPEACTAaBUTEIBCTBAX MHUHOGOPO-
HBI PD»;

— ITocTtanosnenue IIpaBUTENBCTBA
Poccurickor demgepanuu  OT
26.08.1996 Ne 1005 «O peanuzanumn
denepanpbHOro 3akoHa “O rocygap-
CTBEHHOM OOOPOHHOM 3aKa3e”»;

® Jpyrue JOKYMEHTBI:

— «OcHOBBI TOTUTUKU P® B o61acTu
Pa3BUTHSA OGOPOHHO-IIPOMBIIILICH-
HOI'O KOMIUIEKCAa Ha IIEPHOJ 1O
2010 r. 1 HAa IEPCIIEKTUBY>, YTBEPIK-
nénnpie IlpesugeHTom Poccuric-
xon ®epepanyu 10.11.2001;

— «OCHOBBI BOEHHO-TEXHUYECKO I10-
sutuku PO Ha nepuog 1o 2015 u
JAJIBPHEHIIYIO IEPCIIEKTUBY>, YTBE-
pxxaénnpie [IpesugenTom Poccuric-
xon Penepanyu 11.03.2003;

— IUpEKTHBA MUHHCTPA OG0POHEBI PD
oT 15.03.2002 Ne 278;

— npuka3 HavajlpHHKAa BOOpPYXKe-
HUusA BoopyxeHHBIX cuil P® ot
31.05.2005 Ne 13 — «O BHeCEeHUHU
M3MCHECHHUN B IIPHUKA3 HAYATBHUKA
BOOPYKEHHUSI BOOPYKEHHBIX CHJI
P® 2000 1. Ne 140».

OBNACTb KOMMNETEHLUM
CornacHo IIOMIOXKEHUIO, OOBEKTAMU

ceprudukanu B BoeHHoMm Perucrpe

ABJIAIOTCS:

e 06pasunl BBT, UX COCTaBHBIC YaCTHU
M KOMIUIEKTYIOIIHUE, CO3/JaBaeMBble
NPEANPUATUAMU (OPraHU3ALHAMH)
OO6OPOHHO-IIPOMBIIIJIEHHOTO KOMII-
snekca (OIIK) B uHTEpECcax rocyaap-
CTBEHHBIX 3aKa34ukoB, BC P® wu
onpenensemoie «[lepeanem BBT, pe-
KOMEH/JOBAHHBIX K CEPTH(MUKALIUN,
a TAaKKe MMIIOpTHpyeMbie B Poc-
CUHCKyI0 Penepanuro;

PbIHOK

® IIPOAYKIMA JIBOMHOIO HA3HAYEHMS U
KOHBEPCHOHHAsA POAYKLIMS, pa3pada-
ThIBA€Masi M (WIM) U3TOTABINBACMASA
MPEATIPUATAAMHU — YI4aCTHUKAMH I'O3;

® CUCTEMBI KAa4yeCTBA NPENNPHUATHI
(opraHu3anuii), OCyIIEeCTB/ISIOMINX
pa3paboTKy, MPOU3BOICTBO, TOCTAB-
Ky, OOCITy’)KMBaHHE, HAA30P, PEMOHT,
yrunusanuio BBT m mpoayknuu
JBOWHOTO HA3HAYEHHUST;

® CHCTEMBI YIPABIECHHSA OKPYXKAIOMIEH
cpenoit (CYOC) U cCUCTEMBI yIIPaBIe-
HUs oxpaHoH Tpyaa (CYOT) oGbek-
TOB BOEHHOM J€ATEIbHOCTH H IIPEJI-
npusaTHd MuHOOOpPOHSBI Poccuuy;

e CYOC n CYOT mpeanpusaTui, pa3pa-
GaTBIBAIOMINX M (WIM) HU3rOTABJIUBA-
IOIIMX OOOPOHHYIO IPOAYKIIHIO, B T.4.
M IIPOAYKIIHIO IBOMHOTO HA3HAYCHUST;

® IIPOM3BOJICTBEHHBIE IIPOIIECCHI I10
pa3paboTKe, NPOU3BOACTBY, TEXHH-
YeCKOMY OOCTY’KHBAHHIO, ABTOPCKOMY
HA/I30pY, PEMOHTY U yTruu3auuu BBT.
HopmaTuBHBIE JOKYMEHTEI, HA COOT-

BETCTBUE KOTOPBIM IPOBOJUTCS CEP-

Tudukanusa B «Boennom Perucrpe»:

e crangaptel TOCT P CO cepuu 9000;

e cranaaprtel 'OCT P HCO cepun
14000;

e crauaapTsl TOCT P 12.0.006 — 2002;

e CucremMa OOIIMX TEXHHUYECKHUX TpE-
6OBaHMI K BUZIAM BOOPYKEHHUS U BO-
€HHOU TEXHUKH;

e cTangapTel «CHUCTEMBI Pa3pabOTKH U
IIOCTAaHOBKH Ha IIPOM3BOJACTBO. BoeH-
Hasg TexHuka» (CPIIII BT), «Ipe6osa-
HHUA K CHCTEMAM Ka4eCTBa IIPEAIPUSsI-

BBIITYCKAIOIUX OOGOPOHHYIO
MPOAYKIIMIO» U IPYTHE CTAHJAPTHI;

e TOCT PB 15.002-2003 <«BoeuHas
TeXxHUKA. CHCTEMBI MEHEIKMEHTA

TUH,

KagecTBa. O6mue TpeOOBaAHUS»;

e KOoMIIJIEKC rOCyZapCTBEHHBIX BOEH-
HBIX CTAHAAPTOB «MOpPO03-6»;

e KomrsiekcHas cucreMa OOIIHX TeX-
HHU4YeCcKuX TpeboBanuit (KCOTT);

e KoMmiekcHast CHCTEMa KOHTPOJIS
kauecTtBa (KCKK);

® KOMIIJIEKC TOCyZapCTBEHHBIX BOEH-
HbIX cTaHAapTOB (KI'BC) «Knumar-7».

Lenu «BoEHHOro PErMcTPA»

DraBnom nesnepro «<Boennoro Perucrpa»
SIBIAETCA CO3JAHUE €IUHOM CHUCTEMBI
OLIEHKH COOTBETCTBHS NPEAIIPUITHI
OIIK yCTaHOBJIEHHBIM TPEOOBAHUAM,
OTBEYAIONIEH COBPEMEHHOMY YPOBHIO U
CTPATETUH TOCYAAPCTBA B OOJACTH Ka-
4ecTBa.

B npakTU4yecKo¥ aesTenbHOCTH «Bo-
€HHOT'O Perucrpa» OCHOBHBIMH IIEISIMUA
SIBJISTIOTCSL:
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® pealu3anusa €IMHOH TOCYAapCTBEH-
HOH TEXHHUYECKOH MOJMTHUKU B 00-
JIACTH YNPABIEHUA KAaYE€CTBOM IIPO-
JQYKIIHH, pabOT M yCIYyT OOGOPOHHOTO
HA3HAYEHMUST;

@ OIICHKA M IIOATBEPKICHUE COOTBET-
crBUA (cepTH(HKALMA) OOOPOHHOM
MPOJYKITUH, TIPOIIECCOB M METOIOB €€
pa3paboTKH, MPOU3BOACTBA, IPHUMeE-
HEHM, SKCIUTyaTAI[UH, XPAHEHU, T1e-
PEBO3KH U YTHINU3AIUH; CEPTU(UKA-
LM BBITIOJTHEHHUS PaObOT M OKA3aHUS
yCIyr 0O0OPOHHOI'O HA3HAYEHUS TPe-
OOBAaHMAM CTAHAAPTOB, YCIOBUAM JI0-
TrOBOPOB M KOHTPAKTOB;

® OKA3aHHE IMPAKTHYECKON ITOMOIIH
rOCYyJapCTBEHHBIM (T€HEPAJIbHBIM)
3aKa3YHKaM B KOMIIETEHTHOM BBIOO-
pe npoayKiuu, paboT U yciayr o6o-
POHHOTO HA3HAYEHUS;

® IIOBBIIIEHHE KOHKYPEHTOCIIOCOO6-
HOCTH MNPOAYKIHH, PabOT U yCIyr
OOOPOHHOTO HA3HAYEHHUA HA BHYT-
PEHHEM PBIHKE, 4 TAKKE 3aIMUTA OTe-
YECTBEHHOTO PBIHKA OT MOCTABOK He-
KAa4ECTBEHHOH 3apyOEeKHOM IIPOIYK-
LU, pabOT U YCIIYT;

® CO3/JaHHE HEOOXOJMMBIX YCIOBHH,
06€eCneYnBAIOMHUX JOCTOHHOE yJac-
THE OTEYECTBEHHBIX Pa3paboTyH-
KOB M IIPOU3BOUTEICH IIPOAYKIIUH,
paboT u ycIyr OG0pOHHOTO Ha3Ha-
YEHUSI B BOCHHO-TEXHHYECKOM CO-
TPYAHUYECTBE C 3aPyOEKHBIMH
CTpaHAMH U MEXAYHAPOJHOH TOP-
TOBJIE;

e cogericTBUe 3(PHEKTUBHOMY (Ka4eCT-
BEHHOMY U CBOEBPEMEHHOMY) BBI-
noiHeHuro 'O3;

® obecrieyeHuE HEOOXOOHUMBIX YCIO-
BUM /i1 IIPUOPUTETHOIO IIPUMEHE-
HHUS IIPU Pa3pabOTKE U IPOU3BO/ICTBE
HOBBIX 06Pa3II0B BOOPYKEHHUA U BO-
€HHOHM TEXHUKH OTEYECTBEHHBIX
KOMIUIEKTYIOIIMX M3/E/IHH, ChIPbs U
MaTEPHUAJIOB, OTBEYAIONIUX TPebOoBa-
HHUAM 3aKOHOJaTenbcTBa PO u HOP-
MaTHBHO-TIPABOBBIX aKTOB MMHOG0-
ponsbl Poccuu;

® ociabIeHHE WM YCTPAHEHHE 3aBH-
CHMOCTH IIPOU3BOJCTBEHHON U TEX-
HOJIOTHYECKOHM 0a3bl NPENIPUATUHI
(opranmusanui) OIIK oT MHOCTpAaH-
HBIX IPOU3BOJIUTENIEH KOMIUIEKTYIO-
MUX H3JETUH U TOCTABIIUKOB
CBIPBSI U MATEPHUATIOB.

MonuTtukKA «BOEHHOIO
PErmcTPA» B OBJIACTHU
OBECIMNE4YEHMUA1 KAYECTBA

B o6GmacTtu oOecrieyeHHs1 Ka4eCTBa
OEATECIBbHOCTD «BoeHHOTO PCI‘I/ICTpa»

IpecjaeoBaaa CAeAyIOne OCHOBHBIE

IEIH:

® CO/IEMCTBHE I'OCYyJapCTBEHHBIM (Te-
HEPAJbHBIM) 3aKa34YMKaM B KOMIIETE-
HTHOM BBIOOPE NPEAITPUATHH U OpTra-
HU3aLUMH U1 pa3Mernenus ['O3;

® IOJATBEPKACHHUE 3asBJICHHBIX IIPE]I-
NpUATHEM (OPraHU3aLMen) BO3MOK-
HOCTEH CTAOMIIBHO OOECIIeYnBaTh Pa3-
PpaboOTKy U MPOU3BOJCTBO OOOPOHHO
MIPOAYKLIMU B IIOJTHOM COOTBETCTBHH C
TPEOOBAHMSIMHU I'OCYJAPCTBEHHBIX (Te-
HEPAIbHBIX) 3aKA3UYHKOB;

® obecrieyeHHe HEOOXOAUMOIO YPOBHA
cucrem Kayecrsa (CMK) npeanpusaTii
(opranuzanuin) OIIK, mO3BOISIOMIETO
CTAOM/IBHO BBITYCKATh BHICOKOKAYECT-
BEHHYIO OOOPOHHYIO ITPOAYKIIHIO;

® ITIOCTOSTHHOE TIOBBIIIEHHUE ITPECTHKA
OpraHOB IO CEPTU(MPUKAIINH, AKKPEIH-
TOBAaHHBIX B «BoeHHOM Perucrpe», ue-
pe3 X KBUTM(PHUIIUPOBAHHYIO PaboTy
I10 OIIEHKE COOTBETCTBUA (CepTH(HKA-
LIHIO);

® yIydIIeHHE UMU/ KA ITepcoHana «Bo-
eHHOro Perucrpa» myTéM mnOBBILIE-
HUS €r0 KBATM(DUKALIUH, OTBETCTBEH-
HOCTH, CAMOKOHTPOJIA ¥ CTUMY/JIHPO-
BaHUS;

@ JTMYHAsI OTBETCTBEHHOCTb PYKOBO/I-
crBa «BoeHnHoro Perucrpa» u ero op-
TaHOB IO CEPTU(MUKAIINHU 32 PE3Y/Ib-
TaTbl pabOTHI IIO OLIEHKE COOTBET-
cTBUS (CepTU(PUKALINN);

@ CBOEBPEMEHHAS AKTYAIU3AIAsA HOpMa-
THUBHOH JIOKyMeHTaIuu «BoeHHoro Pe-
THCTPa», HAIIPABIECHHAsA HA €€ COBEpIIIe-
HCTBOBAHUE U IIPUBEJECHUE B COOTBET-
CTBHE C HU3MEHEHMAMHU TPeOOBAHMI
TOCY/IAPCTBEHHBIX 3aKA3YHMKOB, MEK/IY-
HAPOJHBIX, HAITMOHATBHBIX U BOCHHBIX
CTaH/IAPTOB;

@ 32BOEBAHHE U YKPEIUICHUE JOBEPHA
KJIMEHTOB Ye€pe3 BBICOKOE Ka4eCTBO
OKa3BIBAEMBIX YCITYT;

® IIOMCK IyT€H pEHIeHus IMposaeM
IPHU UX BO3HUKHOBEHUH;

® pEryJIIpHBIH MOHHUTOPHHT U OLI€HKA
NIPETEH3UI KINEHTOB;

® cTpemeHHuEe K 6e31e(dEeKTHBIM pe-
3yJIbTaTaM pabOTHI;

® OTBETCTBEHHOCTDb BCEX Cy6’bCKTOB
«BoeHnHoro Perucrpa» 3a BBIIIOJIHE-
HHE YCTAHOBJICHHBIX TPEOOBAHUU U
00sI3AaHHOCTEL;

® NIPUBJICYCHUE K CEPTU(PHUKAIUOH-
HOH paboTe CIenuaJIuCTOB BhICIIEHN
KBaIu(DUKALTUH.

OPrAHU3ALIMOHHASI CTPYKTYPA
PykoBoacTBO «BoenHbiM Perucr-
pOM» OCYIILECTBJIAET PYKOBOJAIIHUMI

oprad (KoopAMHAIIMOHHBIN COBET),

COCTOAIIMH M3 NPEACTABUTEIEH €ro

3asurens (Muno6oponsl Poccun) u

®enepaJbHbIX OPIraHOB MCIIOJIHH-

TeabHOM Baactu (POUB). Pazsurnem

«BoeHHOTO Perucrpa» u OpraHu3anm-

€M ero IPaKTHYECKOM JeATEeNbHOCTH

3aHUMAETCA I€HTPAJTbHBIH OpPraH

(McnonHUTENbHAA JUPEKIIHUS PYKO-

BOJALIEro oprana). Ilpu Hém umeercs

AKKPEJUTYIOIIUH OPTaH, KOTOPBIN

pemaeT BCe BOIPOCHI, CBA3AHHBIE C

AKKpeJuTAlMEHN M perucrpanuen

y4aCTHHKOB «Boennoro Perumcrpa.

IIpn PykoBoOjdAIEeM OpraHe MMeEeTCs

ANIIIEIAIUOHHBIN COBET, pacCMaTpu-

BAIOIIHMH JKaJIO0BI M 3asBJIECHUS, KOTO-

peie mocTtymnamoT B «Boennmin Pe-

TUCTP», U IPUHUMAIOIIUH 1O HUM pe-

IIEHUA.

B cocTaB pyKOBOZAIIETO OPraHa CUC-
TEMBbI BOIIUTU IIPEACTABUTEIN PYKOBO/I-
crBa Muno6oponsr Poccun (YVHB BC,
VBII MO P®, MeTpOIOTrHYECKOM CIIYXK-
6e1 BC PO (MC BC P®), YipasieHus
HAYJIbHUKA dKOJIOI'MYECKOM 6e3omac-
Hoctu BC P®), Poctipoma, Pocrexpery-
nupoBaHus, Pocoboponsakasa. Jomx-
HOCTHOM M NEPCOHAJbHBIH COCTABBI
PYKOBOJISIIEI'O OPr'aHAa CUCTEMBI yTBE-
pxaensr 30.04.2005 HavyaabHUKOM BO-
opyxeHust BC P® — 3amecrurenem Mu-
HUCTPa 000POHBI PP 1 3amecTUTE/IEM
HavanpHuka Boopyxkenus BC P®
COOTBETCTBEHHO.

Ha ceromgHsIHui JI€Hb B «BOoeHHOM
Perucrpe»:
® AKKPEJUTOBAHBI 48 OPTraHOB 110 Cep-

TUuduKanuu (CUCTEM KadyecTsa — 19,

IPOAYKIIUU — 5, CUCTEM YIIPABICHUA

OKpPYKAIOLIEH Cpesor — 4, CHCTEM

yIIpaBJIEHHUs OXPaHOM Tpyzaa — 1, uc-

TIBITATE/IbHBIX U AHATUTHYECKHUX J1a-

6oparopuii — 16 U y4EOHBIX IIEHT-

poB (kadenp) — 3);

@ 3aPETUCTPUPOBAHO YEThIPE IMOACHC-
TeMbl («BoeHanekTpoHcepT», «boe-
MIPUNIACCEPT», «ATOMBOEHCEPT> H
noacucrema CYOC u CYOT;

® CO31aHbl U (PYHKIIHOHHUPYIOT YEThI-
peé PEeruoHaIbHBIX NPEICTABUTE/b-
crBa (Pocros-nHa-Jlony, Exarepun-
oypr, Caukrt-Ilerep6ypr m Yesns-
OUHCK);

® aTTECTOBAHBI 485 3KCIIEPTOB I10 Cep-
Tudukanuu  npoaykuuu, CMK,
CYOC u CYOT;

e pabortaror 6onee 40 mpencTraBUTE-
nen «Boennoro Perucrtpa» B 19 pe-
ruoHax Poccun u crpanax CHIL
«BoenHspIf1 Perucrp» OT/JIMYAET BbI-

cokasi mpodecCuoBanbHAas KBaIHpH-
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FOSfekO/ ?  KOHTPAKTHOE MPOW3BOACTBO SAEKTPOHUKW

TEXHOAOIMNWU MEHSIIOTCSI -

Fasteko — BegyLuit KOHTPAKTHBIN NPOU3BOANTENb 3MEKTPOHMKK B Poccun n CHI.

npOMSBOﬂ,CTBeHHbIe pecypcCbl KOMNaHuu no KBaJ'WI(pMKaLMM nepcoHana n cocrtaBy
060py4D,OBaHV|FI CTOAT B pAady y4dwunx eBpOI'IeﬁCKVIX npon3BoOACTB.

B akTuBe KoMNaHum NpoYHble U 3OHEKTUBHBIE OTHOLLEHWS C MPU3HAHHBIMM
nupepamu B 0611aCTU 3NEKTPOHHbLIX KOMMOHEHTOB, NeYaTHbIX MiaT U 060pyLoBaHMS.

KomnaHusa npefocTasnseT CBOUM KITMEHTaM MOSHbIA KOMMIEKC paboT v yenyr,
OCYLLeCTBAS 3aKOHYEHHbIV LMK SNEKTPOHHOMO NMPOU3BOACTBA.

Fasteko — Mup nepegoBbIX TEXHOMOMMIN, COBPEMEHHbLIX Pa3paboToK, OTBETCTBEHHbIX
peLLEeHNA, 3aCy>XEHHO MOMb3YIOLLUXCA LOBEPUEM KITUEHTOB.

< Jea B QU U E)

www.fasteko.ru 117342, Mocksa, yn. BeegeHckoro, |
O.3 Ten.: (495) 739-0775  dakc: (495) 739-0776
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Kausl CHEIUAINCTOB — 3KCIEPTOB B
Pa3IUYHBIX OOIACTAX CEPTHMHUKAIIH-
OHHOM J€SITEIbHOCTH: B Opranax «Bo-
eHHOro Perucrpa» paboTamT OKOJIO
50 1OKTOPOB HAyK U 6071ee 150 kaHau-
J1aTOB HayK.

«BoeHHbINT PerucTp» TECHO B3aHMMO-
JEHCTBYET C MHCTHUTYTOM BOEHHBIX
npegcrasurenen (BIT) MO P®; aro
B3aMMOJICHCTBHE OCYILECTBIAETCA CO-
IJIACHO:

e «PemeHu0 00 OPraHU3AIMH B3au-
MOJENCTBUSA MEXAY YIIpaBJIE€HUEM
BOCHHBIX NPEJACTABUTEIbCTB MUH-
o6oponsl Poccun u IleHTPaIbHBIM
OpraHOM
(yrBepxkaeHO HadyalbHUKOM BOODPY-
xkenus BC PO — zamecrurenem Mu-
HHUCTpa 060poHBI PO 30.04.2005),

® JUPEKTHUBHBIM JOKyME€HTaM MHHO-

Boennoro Perucrpa»

6opoHbl Poccuu, KOTOPBIMH OIIpe-
JeIEeHbl POJIb, MECTO H IOPAJOK
yuactus BII MO P® B pabdoTax 1o
oneHke coorBercTBusl CMK mpen-
npusaTui (opranusanuin) OITK.

B3AMMOAENCTBMUE
«BoEHHOro PErucTpA»
C APYrMMM OPrAHU3ALIMAMU
B3aumopericrBue «Boennoro Perm-
cTpar ¢ 3aasurenem Cucrembl — MUH-
060poHs! Poccun, POUB u ux CTpyK-
TypaMH — YIAaCTHHUKAMU U UCIIOTHUTE-
aamu - I'O3, apyrumu
JOOPOBOIBHOH CEPTHMHUKAIIMUA — OP-
IraHU30BBIBACTCSA U OCYHIECTBIACTCS HA
OCHOBE U B COOTBETCTBHH C TPeOOBa-

CUCTEMAMH

HUSMHU JEHCTBYIOIIETO 3aKOHOJATEb-
crBa P®, NpuUKasoB M JUPEKTHUBHBIX
YKa3aHHI PYKOBOACTBA MHHOOOPOHBI
Poccum, npuHATBHIX (YTBEPKIAEHHDIX)
COBMECTHBIX PEHMIEHUH (COIIAIIEHHUH)
O B3aUMOJIEMCTBUH.
CepTu(HUKAIMOHHAA J1€ATEIbHOCTD
BoenHoro Perucrpa 6asupyercs Ha
OCHOBHBIX MOJOXKeHUAX «KoHIenuuu
MuaO60pOHBI P® 1no ob6ecnedyeHuro
YIpaBJ€HHA Ka4eCTBOM INPOAYKIIHUH
O0O60pPOHHOTO Ha3zHadeHHA Hpu Gop-
MHPOBaHUH U peanusanuu 'O3», yree-
PKAEHHON CTATC-CEKpPETApEM — IIep-
BBIM 3aMeCcTHTeIeM MUHHCTPa 060pO-
Hbl PO 7 uroa 2000 .
B3auMogencTBUE OCYIIECTBIAETCSA
Ha OCHOBE U B COOTBETCTBUH C TPEHO-
BAaHUSAMH U IIOJTHOMOYMSAMHM:
® IIPMKA30B MU yKasaHui HagaibHuKa
BoopyxkeHusa BC P® — zamecrureis
Munucrpa o60poHbl PD, yrouHsaI10-
mux pyHKuu lleHTpajspHoro opra-
Ha «BoenHoro Perucrpa» v mopsagox
OPraHM3alUMH €r0 B3aHMMOJEHCTBHUSA

C OpraHaMH BOEHHOI'O YIPaBJIEHUA

Muno60pons! Poccum;

@ COBMECTHBIX PELICHHH 00 yTO4YHe-
HUU IIOPA/IKA B3AUMOJECHCTBH MEXK-
ay VopasieHueM HadajabHHKA BO-
opyxenuss BC P® (VHB BC P®) u
IlenTpanbHBIM OpraHoM CHCTEMBI U
MEXIy VYIPaBJIE€HHEM BOEHHBIX
TPEACTABUTENBCTB MHHOOOPOHBI
P® (VBITI MO P®) u IleHTpaabHbIM
opranom CHUCTEMBI.
BrpimeykazaHHbBIE PENICHUS IIO3BOJIH-

JIL COXPAHHUTD U PA3BUTDH HAJTAKEHHbIE

CBA3U MEXKJYy OCHOBHBIMU YUaCTHHMKA-

MU (POPMHPOBAHHUSA U HCIOJHEHUSA

I'O3 u ynonHoMmouyeHHOM CHCTEMOM B

MEePUOJ, JEUCTBUS YTPATUBIIETO CHIIY

«JIonmoxxeHust 0 cepTUPUKAITMOHHOU

JesaTenbHoCTH B MO P®».

«BoeHHBIM PerucTpom» 3aKJIIOYEHBI
cornameHus (PEmeHns) O B3auMO/er-
CTBHH B 00J1aCTH OOECIIEUYEHHUS IIOBbI-
IMEHUS KAa4YeCTBA BOCHHOM HNPOAYK-
IIUH, TOCTABISEMON NPEANPUATHAMMA
(opranmusanuamu) OIIK o I'O3, ¢ psa-
oM Bu1oB BC P®, ri1aBHBIX ylpasie-
HUil MO P® (CyXOIIyTHBIMH BOMCKa-
mu, TABTY MO, YHC BC P®, tei1o0M BC
PD u gp.).

BaaumoperictBue ¢ PeaepaabHbBIMUA
OpraHaMH MCIOJHHUTEIbHON BJIACTH
OCHOBAaHO Ha COBMECTHBIX PEIIEHUAX
(CcornameHusix):

e c Komurerom PP 110 BOEHHO-TEXHHU-
YEeCKOMY COTPYAHHYECTBY C MHOCT-
PaHHBIMHU I'OCYAAPCTBAMH;

e ¢ MunaromoM Poccuuy;

o ¢ DepepaTbHOHN CITYKOOHU
POHHOMY 3aKa3y;

e ¢ dexepanbHbBIM ATE€HTCTBOM IO

mo 060-

IIPOMBIILIEHHOCTH.

B3aumoaercrsyue ¢ peruoHaMu OcCy-
LIECTB/SIETCA TAKKE HAa OCHOBE COIVIa-
IIEHUH MEXAY PErMOHAIbHBIMHU Opra-
HAMH HCHOJHHUTEIbHOMU BJIACTH U
«BoennbIM Perucrpom». ITogmucaHbl
COIIALIECHHS O B3aMMO/EHCTBHUH «BOoeH-
HOoro Perucrpa» ¢ aIMHHHCTpaLIUEH
SIpocnaBckoi, CapaToOBCKOH, PocToBc-
KO 00:1., Accorpanien pearpusaTUi
OIIK Yensa6uHCKOM 061., Co1030M 060-
POHHBIX TNpeanpuATHii CBEPAIOBCKOH
0071., ynmpaBo¥ I. Tysel 1 Jp.

B3aumogencrsue ¢ IPyruMu CHCTE-
MaMH U OpTaHaMH CcepTHHHUKANUUA
CTPOUTCA HA NPHUHIIUIIAX B3aUMHOIO
IIPU3HAHUSA PE3YIbTATOB JAEATEIbHOC-
T «BoeHHOrO Perucrpar u APYyrux
CHUCTEM JOOPOBOJIBHOM cepTUdUKaA-
nuu P® 1 OTCYTCTBHUA OTPAHMYEHUM
Ha JIOCTYI K Y9aCTHIO B €r0 paboTe op-
I'aHOB JIPYTHUX CHCTEM CEPTH(MUKALIUH.

Opransl cepTUdUKAIUN JPYTUX CHUC-
TeM JOOPOBOJBHOM CePTHMUKALIUNA
MOTYT OBITh AKKPEJIUTOBAHBI B «BOeH-

HOM Perucrpe» yCTaHOBJIEHHBIM I10-

PALKOM.

Cucrema «BoenHni Perucrp» B3au-
MOJIEHICTBYET:

e ¢ PefepaTbHOM CHUCTEMOM CEPTH-
(pUKALUH KOCMHYECKOH TEXHUKH
(PCCKT);

® ¢ POCCHUIICKOH OpraHHM3alMeH HC-
MBITATEJIBHBIX U HM3MEPHUTEIbHBIX
J1a60PATOPHIL B OPT'AHOB B 001ACTH
OLIEHKH COOTBETCTBHUA «POCHCIIBI-
TAHUA;

e ¢ CucremMon JOOGPOBOJBHOM CEPTH-
(puraym 3KcepToB CHCTEMBI CEPTH-
dukanuu T'OCT P B 061acTy 1IOATO-
TOBKH U CEPTH(PHUKALINU IKCIIEPTOBY;

® ¢ HayyHO-HMCCI€J0BATEIbCKUM HC-

IIBITATE/IBHBIM TEXHUYECKUM IE€HT-

pom dPeaepasbHOH NMOIPAHUYHOM

CIIyKOb1 PD.

Bzaumogericreue «Boennoro Peru-
CTpa» C HNPEANPHUATHAMH (OpraHMU3a-
IUSIMH) OCYLIECTBISETCA 11O CJIETYIO-
LM HAIIPaBIECHUAM:

@ IIPOBEJICHUE OpraHaMu BoeHHOTOo
Perucrpa paboT 1o cepTUudUKAIMU:
— BOEHHOH NPOAYKIHUU (0OpPa3IoB

BOOPYKEHUSA U BOCHHOU TEXHUKH,
KOMIUIEKTYIOIIUX H3JIeIU, MaTe-
pHUAIOB);

— IPOAYKIIMH JBOMHOI'O HA3HAYECHMST;

— KOHBEPCHOHHOM IIPOAYKIIHH;

— NPOAYKLIHH, IIOCTABAAEMOM HaA

9KCIIOPT;

— CHCTEM MEHEJKMEHTA Ka4eCTBa

(CMK);

— CHCTEM yIPaBJIEHUS OKPYKAIOIIEH

cpenon (CYOCQ);

— CHCTEM YIIPABJIECHHUA OXPAHOH TPY-

aa (CYOT);

® I1O/I'OTOBKA (II€PENOArOTOBKA) CIie-
MUATUCTOB NPEANPUATHI (OpraHu-
3a1[Ui1) B 00JIACTH Ka4eCTBA B y4eo-
HBIX IIEHTpaX «BoenHoro Perucrpar;

® UHCIIEKIIMOHHBIE KOHTPOIb IIPEJ-

MPpUATUH (OPraHU3ALUE), [TOJTyIHUB-

mux Cepruduxar (3axkiaodeHue)

«BoenHoro Perucrpa»;

e obecrieyeHHue IpeanpusaTun (opra-
HH3AIIUH) HOPMATUBHO-TEXHHUYEC-
KOU JOKYMEHTAIIHUEH;

® oxazaHue HHEHOPMAIMOHHO-KOH-
CY/IBTAIIMOHHBIX YCIIYT.

B 2001 r. mexxay OAO «ABTOCEIBXO3-
Maml — XOJJIUHI» U «BoeHHpIM Peruct-
poM» 6BUIO MOANKUCAHO «COrnanmeHue
O COTPYJHHYECTBE C LIEIbIO KOOP/AHU-
HAIIMH COBMECTHOM CEPTU(MUKAIITUOH-
HOM J€ATEJIbHOCTH.
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B mae 2001 r. MOAITMCAHO COBMECT-
«Pemenue Mexay AxagemMuein
CTAHIAPTU3ALUH, METPOJIOTHH U CEp-
Tudukamuu Toccrangapra Poccun u
“BoenHbiM Peructpom”» 0 moAroToBKe
Ha Kadeapax AKaJeMUU CIIEIUATHC-
TOB «BoenHoro Perucrpa» o crangap-

HOC

TU3ALMUH, METPOJIOTUH, CEepTU(dhUKA-
LIMU U YIIPABJIEHHUIO KAUYECTBOM, BKJIIO-
yasg CEPTH(MHUKANHNIO BOOPYKEHUS H
BOEHHOMN TEXHHKH, MOHUTOPHHI H
METPOJIOTHYECKOE 0OECIIeYeHHEe CUC-
TEM  3KOJIOTHYECKOIO  KOHTPOJIA
NPEANPUATUH, CEPTUPUKAIHUIO CHC-
TeM KadecTtBa npeanpuatuii OIIK u
OOBEKTOB BOEHHOM J€ATEIbHOCTH
(OB), cepruduUKanuiio
YIIPABJIEHUSI OKPYKAIOIMEH Cpepou
npeanpusatTur OIIK n OB/I.

B Hoa6pe 2001 1. <Boennsim Peruct-
pom» moanmucaHo «CornameHue O co-
Tpyaaudecrse ¢ OAO “BoeHHO-CcTpa-
XOBask KOMIIAHUA ">,

B ¢despane 2003 r. LeHTpaTbHbBII
opran «Boennoro Perucrpa» u ®IVII
«IleHTpaJbHBIH HAYYHO-HUCCIEJOBA-
TEJIbCKUH MHCTUTYT XMMHUH U MEXaHHU-
Ky»> IMOAIMCAIN COBMecTHOEe «Cora-

CHUCTEM

IIEHHE O COTPYJHHYECTBE B 00IACTH
Cco3fanusa U pas3BuTus CHUCTEMBI cep-
TH(DHUKAITUHA GOETTPUITACHOU ITPOMBIIII-
JIEHHOCTH M CIIEIIXHMHH B paMKax
CucreMsl JOOPOBOJIBHOM CepTUDUKA-
nuu «Boennwnii Perucrtp» (mopcucre-
ma «boenpunaccepr»)».

B anpene 2003 r. OAO «Konuepu ITBO
“Anma3s-AHTein”> u LIeHTpaJIbHBIN OpraH
«BoenHoro Perucrpa» 3axmoumnn «Co-
IJIAIIEHHUE O B3AaMMOJECHCTBUMY.

PE3YNbTATbI MPAKTUYECKOM

OEATENIBHOCTHU
IIpakTHyeckas JIeATEeJIbHOCTh «Bo-

eHHoro Perucrpa» HanpasjaeHa Ha:

® CO3/laHME €JIUHOM HOPMATHBHOM
6a3bl, OTBEYAIONIEI TPEOOBAHUAM CO-
BPEMEHHBIX CTAHAAPTOB (MEXIyHA-
POAHBIX, HAITMOHAIBHBIX, BOCHHDIX,
MEKOTPACIEBBIX) U OOECHEYUBAIO-
e KavyeCTBEHHYIO IIOCTAaBKY 060-
POHHOU NPOJAYKIIUM HA BHYTPEHHUHI
M MEXKIYHAPOHBIN PBIHKH;

® BBIPAOOTKY €JIMHOI METOJOJIOTHH
oueHku coorBercTBUusi CMK, CYOC,
CYOT npeanpusaTuii, y9aCTBYIOIUX
B BbIIOJIHEHUHU ['O3 mim 3Kcnoprt-
HBIX ITOCTABKAX;

® OOBEJMHEHHE OPraHOB IIO CEPTH-
pukanuu, padoTaoNUX B HHTEpE-
Cax Pa3JIMYHBIX I'OCYJapPCTBEHHBIX
(reHepaJbHbIX) 3aKa3YHKOB, B Me-
JKOTPACJIEBYIO CUCTEMY AOOPOBOJIb-

HOM cepTu(HuKAINU, PYHKIIHOHHU-
PYIOLIYIO 110 €JMHBIM TPEOOBAHUAM
M IIPaBHIAM;

@ OKa3zaHue HH(POPMAIITMOHHOH HOMO-
K TOCYAAaPCTBEHHBIM (T€HEepasb-
HBIM) 3aKa3YUKaM B OIIPEJEICHUH
CIIOCOOHOCTH MPEATIPUITHI KAYECT-
BEHHO BBINOJHATh T'OCYZAPCTBEH-
HBI OOOPOHHBIN 32Ka3 (OCOGEHHO
TeX MNPEANPUATHH, KOTOPBIE HE
OXBAa4Y€HBI KOHTPOJIEM CO CTOPOHBI
BII MO P®D);

® OLEHKY 3(P(PEKTUBHOCTH CEPTU(DHUKA-
LIMOHHOM /IESITEIbBHOCTH OPTaHOB, K-
KPEeIUTOBAaHHBIX B «BoeHnom Perucrt-
pe», U BbIPAOOTKY KOHKPETHBIX MEpP
110 €€ yJIy4lIeHHIO (MHCIEKITMOHHBIHN
KOHTPOJIb, HA/I30D 32 /IEATETbHOCTHIO
OPI'aHOB, BBEJCHUE CHCTEMBI OTBET-
CTBEHHOCTH 34 KOHEYHBIH PE3y/IbTaT
padoThl);

® CO3JJaHHE YYEOHO-METOAHUYECKOM
6a3pl IO OOYYEHHIO, MIOATOTOBKE M
IIEPENOATOTOBKE IIepCcOHana (opra-
HOB IO CEPTU(MHUKAIINU, BOCHHBIX
MPEACTABUTENBCTB, TPEAIPUITHI
OIIK, ¢denepanbHBIX OPraHOB HC-
IIOJIHUTEJIbHOH BJIACTH);

® OKA3aHHE KOHCYJbTAIIMOHHOM II0-
MOIIH NPEANPHUATHAM OOOPOHHO-
IIPOMBIIIJIEHHOI'O KOMIUIEKCA B Pa3-
paboTKe, BHEJPEHUH M COBEPIICH-
crBoBannu CMK, CYOC, CYOT, HT/I.
C moMmenTa 06pa3oBaHus «BOEHHO-

ro Perucrpa» ero opranamu Ipose/e-

HBI CJIEYIOIME PabOTHI IO cepTUduU-

KaIlMM1 U OLIEHKE IIPEAIIPUATHIM:

® cepTU(UKALIUA CHCTEM KadecTsa
(c BBpIauen ceprudmukara) 6osee
1000 mpeanpusATHIl — YIACTHUKOB
BbIOIHEHUA I'O3 Ha cooTBeTCTBHE
TPEOOBAHUAM BOCHHBIX CTAHAAPTOB
CPIIII BT, «Mopo3-6», «Kaumar-7>»,
OTT MO P®, I'OCT PB 15.002-2003 u
crangapros 'OCT P cepun UCO 9000
u 14000;

® OIICHKA HAIU4YMsA U 3(PPEKTUBHOCTH
CHCTEM Ka4eCTBa (C BbIJIAYEH 3AKIIIO-
yenusa) Oonee 2400 OGOPOHHBIX
NIPEANPUATHH — YIACTHUKOB BBIITIOJI-
HeHusa ['O3;

e ceprudukanua 100 u3geanit BOeH-
HOTO HA3HAYCHMUS;

e ceprudukanusa 5 CYOC;

e ceprucpuranus 1 CYOT.

B yuebHpIX nenTpax «Boennoro Pe-

TUCTPa» IPOIUIA OOyYEHUE:

® I10 KypCy MEHE/ZKEPA IO YIIPABICHUIO
CHUCTEMOM KadecTBa OOOPOHHOIO
NPEANIPUATHS — OKOIO 3500 yenoBek
(B Tom uuciae 6onee 450 BOCHHBIX
npeacrasuresied MO PD);

@ TI0 KypCy 9KCIEPTA IO CePTH(DHUKALIII
CHCTEM Ka4ecTBA OOOPOHHOIO IIPE/I-
TpUATHUA — 875 YEJIOBEK;

@ I10 KypCy 9KCIEPTa IO CEPTUMHUKAIIA
TIPOAYKIMH — 560 4eI0BeK;

® II0 KypCy 3KCIIEPTa MO CepTUudUKa-
nuu CYOC — 95 genosek;

® 110 KypCy 3KCIIEpTa MO cepTUdUKa-
nuu CYOT — 8 uestoBek.
V9aCTHUKAMU CUCTEMBI COBMECTHO C

MuHO60pOHBI POCCHH OpraHU30BaAHbI

CEMMHAPHI 110 BOIIPOCAM PA3BUTHSI U

cepTU(HUKALIUY CUCTEM Ka4eCTBa 060-

POHHBIX TPEJANPHUATHIH, HA KOTOPBIX

IIPUCYTCTBOBAIO OKOIO 6000 mpecra-

BUTENEH NPEJINPUATHH ITPOMBIILICH-

HOCTH.

B 2005 r. llenTpanbHbII OopraH «Bo-
€HHOTO Permcrpa» OCymiecTBIISIT HH-
GOpPMALTMOHHO-TEXHUYECKOE 0bec-
IEYEHHUE TOATOTOBKH U IPOBEICHHUS
OO01EPOCCHUIICKON KOH(DEPEHIIUHN 110
po6aEMAM KA4€CTBA IIPOJYKIIUH 060-
POHHOIO HA3HAYEHUS, ITPOBOJUMOM
POCOGOPOH3aKA30M COBMECTHO € Mu-
HOG60pOoHEI POoccuu, MUHIIPOM3HEPIO U
apyrumu @OUB. YemIusaMu 1iepcoHana
«Boennoro Perucrpa» Marepuasbl yKa-
3aHHOM KOH(PEPEHIITNH ObUTH COOPAHBI,
06006IIEHBI, TTIOITOTOBAECHBI U HU3/aHBbI.
COOpHUK MaTEPHUAIOB KOH(EPEHIUH
IOJIYy4YH/I BBICOKYIO OIIEHKY CIIEITHAIH-
CTOB IIO TPOGIEMAM Ka4eCTBa O60POH-
HO¥M NpoAyKIMH MHHOGOpOHBI Poc-
cuun, POUB, npeanpuaTuil (opraHusa-
uit) OITK.

Cneumanuctel «<Boennoro Perucrpa»
IIPUHUMAIOT AKTUBHOE y4aCTHE B OTPa-
6OTKE HOPMATHBHO-IIPABOBBIX AKTOB,
KaCaroUUXCA BOIIPOCOB CEPTH(PUKAIN-
OHHOH JI€ATEBHOCTH, METPOJIOTHYEC-
KOT'O O6ECTICYEHHS U CTAHAAPTU3ALIHH.
ITo 3aganuio MuHOGOpPOHBI Poccum
cnenuanucTel «BoeHnoro Perucrpa»
IPUHATN HEITOCPEJICTBEHHOE YYaCTHUE B
paspaboTke BOeHHOro crangapra FOCT
PB 15. 002-2003 r. «Cucrema pa3pabor-
KU ¥ IIOCTAHOBKH IIPOAYKIIMK HA IIPO-
U3BOACTBO. Boennas texnuka. Cucre-
Mbl MEHE/KMEHTa KadecTtBa. O6mue
TpPeOOBaAHUS.

[nsa ocsemenusa padoT 1o odecrie-
YEHHUIO KAa4eCTBA BOEHHOM HPOJYK-
U, IPOBOJMMBIX YYaCTHHUKAMH «BO-
€HHOTrO Perucrpa», myGIHuKaiuu Mmate-
PHUAIOB CEMHHAPOB U KOH(EPEHIIUH,
U3MEHEHUN B HOPMAaTHUBHOH JIOKY-
MEHTAUHUU M JPYTHX MaTepPHAIOB,
KACAIUXCA CEPTHMUKATTMOHHOM
AesaTeaIbHOCTH, ¢ uiIoHsA 2004 r. lenr-
paJbHBIM OpraHom <«BoenHoro Perwu-
CTpa» IpHU NOAJEPKKE MHUHOOGOPOHBI
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Poccuun, POocO60pOH3aKa3a HA4Yal BbI-
mycKaThCss MHGOPMAIMOHHBIN 6101
jeTeHb «MeHeKMEHT. BoopyxeHue.
KauecTBO». ABTOPAMHU CTATEMN ABJSIOT-
Cs MPEACTABUTENN PYKOBOJACTBA Mu-
HOG60pOHBI Poccuu, Pocrexperyimpo-
Banus, Pocnpoma, Poco6opon3sakasa,
pykoBoguTenu «BoeHHoro Perucrpar,
HUU MO P®, npejacraBUTend 0060-
POHHBIX IIPEANPUATHH, CIIELUATUCTHI
B 06J1aCTH Ka4eCTBA.

OANbLHEULWEE UCMOJIb30BAHME

«BOEHHOro PErucTpA»
HaydHbI¥ IIOTEHIIUAT U NPAKTHYEC-

KHUH OIBIT paboTel «Boennoro Perucr-

pa» IIO3BOJISIET HCIIOJIb30BATH €I'0 B

CJIEAYIOLIMX IE/IAX:

o ¢popMupOBAHHUE KBATHU(PHUKAIHOH-
HBIX TPEOOBAHMI B OOIACTH MEHE/IK-
MEHTA Ka4eCTBa, OO0y4eHUs, ITOBbIIIE-
HUA KBATU(UKAIUM U ATTECTALNH
PYKOBOJHUTENECH BCEX YPOBHEN U CIIE-
IIUATTUCTOB, OTBETCTBEHHBIX 32 06€C-
IIEYEHUE KAa4YeCcTBa IPOJYKIHU 000-
POHHOT'O HA3HAYEHHUS;

@ pa3paboTKa METOAHMK aHAIM3a H
OLIEHKH 3(@PEKTUBHOCTH yIIpaBe-
HUSI KA4ECTBOM, B T.4. C UCIIOIb30BA-
HHEM METOJIOB YIIPABICHUA PUCKAMUY;

@ CO3/I1aHHE METOJUYECKUX PEKOMEH/IA-
U 110 Pa3pabOTKe U peaTU3aLNU
IIPOrPAMMBI NEPECTPOUKH CHCTEMBI
OpPraHMU3aLIMHU U YIIPABICHUSA TIPEJ-
TPUSITUEM, OOECIICUNBAIOMIEH IIPOU3-
BOJICTBO KOHKYPEHTOCIIOCOOHOH 000-
POHHO¥M IIPOLYKIAH;

® COBEPIICHCTBOBAHUE KPUTEPHUEB U
IPOLEAYP NOATBEPKICHUA COOTBET-
crBUsI cucrem KadecrBa, CYOC u
CYOT TpebGOBaHHAM MEXKIAYHAPOM-
HBIX cragaapros MCO cepurt 9000,
14000, 120005

e opmuposanue TpPeOGOBAHUI K
MPEeANPHUATHAM, TTOTEHIIUAJIbHBIM
ucnonaurenasam I'O3, nnga ygacrus B
KOHKYPCaX Ha €TI0 UCITOJTHEHHE;

® HE3aBHUCHUMAsl KOMILIEKCHAsS OLI€HKA
NpeAnpUATHN — ITOTEHIUAIbHBIX
ucnonHurenen 'O3 - ma npeamer
HUX TEXHOJOTHYECKOH COCTOATENIb-
HOCTH, 9KOHOMWYECKOH YyCTOHYH-
BOCTH U MOOMIM3ALMOHHOM I'OTOB-
HOCTH;

@ COBEPIICHCTBOBAHHUE IIPABOBOTIO
pEryJupoOBaHHUs OTBETCTBEHHOCTH
M OTHOIIEHWUH IIPU OOECHEeYEeHUH
Ka4yecTBa INPOAYKIMH, IOCTaBJIsgE-
MO¥ HPEANPUATUAMHU (OPraHHU3a-
nusamu) OIIK;

@ yJacTue B pa3paboOTKe U BHEJPEHUH
TEXHUYECKUX PEITTAMEHTOB, KOMII-

JIEKCA HAIIHOHAIbHBIX CTAHIAPTOB U
HOPMATHUBHBIX JJOKYMEHTOB B 061aC-
T obecnedyenus: kayecrsa BBT u
NPOAYKIMHU JBOMHOIO HA3HAYECHHS
B IIpOILIecCe UX Pa3dpaboOTKH, IPOU3-
BO/ICTBA W SKCILTyaTAI[UH;

e (hOpMUPOBAHHE CUCTEMBI OOYUECHMS
M aTTECTALMH CIELHATUCTOB B 00-
JIACTH MEHEPKMEHTA KadyeCTBa, CHUC-
TEM YIIPABJIEHUA OKPYXKAIOIIEH Cpe-
JOM W OXPaHOM TPyAa HA OCHOBE
TUTOBBIX Y4€OHBIX IPOTPAMM MU MeE-
TOJIVIK ATTECTAIIUH;

® IIPOBE/ICHUE PA3PAOOTKH TEXHUYEC-
KAX PENIAMEHTOB M BHEJPEHHS
CepUr BOEHHBIX CTAHJAPTOB, OIpe-
JIEJISTIOIIMX HOPMATHUBHYIO 6a3y cep-
Tudukanuu BBT, neaTe1bHOCTD €U~
HOM CHUCTEMBI CcepTHMUKAINHUHU U
obecrieyeHrue Ka4ecTBa BBIITyCKae-
MO¥ BOEHHO¥ IIPOJYKIIHH.

BTOPBIE NOCTABLYUKU

9PU BH
WHCTUTYT BTOPBHIX IIOCTABIIHUKOB

(mocpenuukoB) DPU BH O6b11 BBEAEH

KI'BC «Knumart-7». HeoO6X0AUMOCTb UX

[MOSIBJIEHUSI B CHUCTEME NPEANPHUATHI

OIIK Poccuu B cepeauHe 90-x rosos

OblIa BBI3BAHA DPAJOM OOBEKTUBHBIX

($aKTOPOB, B T.4.:

@ peskoe cokpanienue I'O3;

@ CYIIECTBEHHOE COKPAlll€HHE IIPOU3-
BozcTBa OPU BH, BILIOTH O IIOJIHO-
T'O IIPEKPAIECHHUS;

® HUINYME HA CKIAJaX HPeAIpUATHI
OIIK 3Ha4uTE/JIBHBIX 3amacos OPU
BH, He UCIIONb3yeMBIX B IIPOU3BOJ-
CTBE, HO BOCTPEOOBAHHBIX Ha JPYy-
rux npegnpuatTuax OITK;

® HHU3KHE OO'BEMBI 3aKa30B 110 OT/E/Ib-
HbiM Turiam OPU BH, HepeHTabenn-
HBIC JI/I1 BOCCTAHOBJICHUS U 3aI1yCKa
HUX IIPOU3BOJCTBA;

e psj npoussojcTs OPU BIT ocrancsa Ha
npegnpusaTuax CHI, B pesyabrare 4ye-
ro y IoTpeGuTeseit IMosBUIach Heoo-
XOJUMOCTDH PENIaTh BOIIPOCHI TAMO-
JKEHHOT'O O(pOPMIJIEHHA IIOCTABOK;

® YBEJIUYEHHE JOJH IPUMEHAECMBIX B
ob6pasuax BoopykeHus DPHU uHOCT-
paHHOTO mHpoussBoicrsa (UII), gro
00YCIOBHIIO HEOOXOJHMMOCTh OCY-
MIECTBJIECHUS I[€HTPATHU30OBAHHBIX
3akynnok OPU UII u opranu3anuu ux
HCHOBITAHU /IS TOATBEPKIACHHS CO-
OTBETCTBUsI TPeGOBAHUAM MHUHO60-
ponbl Poccum.

Tpe6GoBaHMs KO BTOPOMY IMOCTABIIH-
Ky YCTAHOBJIEHBI PYKOBOZSIIUM JIOKY-
menToMm PIB 319.010-02, gomoaHsa0-
mum ob6mue TpeboBanuss k CMK 1o

MexAyHapoaHbIM cTangapram MCO

9000 crienu(puIeCKUMH TPeOOBAHUA-

MU MHHOGOPOHBL. DTO TPeOOBAHMUS K

B3aMMOJICHCTBUIO IIOCTABIIMK — BTO-

pO¥ MTOCTABIIMK — norpeburenb, K

OpraHM3aIUH PEKIAMAIUOHHON pa-

60THI, IPOBEJECHUIO UCITBITAHUM, B3AH-

mozericteuio ¢ BIT MO P®, o6ecneue-

HHUIO TAPAHTHIHBIX 0013aTENbCTB. B

COOTBETCTBUH C YKA3AHHBIM JJOKYMCH-

TOM, HAa BTOPBIX INOCTABIIUKOB BO3JI0-

JKEHBI (DYHKIIUH:

@ IIPOBEJEHUE MAPKETUHIOBBIX HCCIIC-
JIOBAHHI CIIPOCA MPEANPUATUN — U3-
rorosurenert OPU BH u ¢popmupo-
BaHHE KOMIUIEKCHBIX 3asBOK Ha I1OC-
TaBKy OPU BH;

@ PEruCTpPaIys 3aKyIIaeMOM U IIOCTaB-
JIIEMO¥M IIPOAYKITUN C OPIaHU3AIH-
€l CHCTEMBI CJICKEHUSA NAPTUH W3-
Ieauit OT U3TOTOBUTENS /10 IMOTpe-
ourens;

e GOPMHUPOBAHUE KOMILIEKCHBIX I1€-
JIEBBIX 32Ka30B, O(POpMIEHHE CO-
IIPOBOJUTEIBHOMN JOKYMEHTAIUH,
OpraHU3anus TPAHCIOPTUPOBKH,
XpPaHEHUsI U YIAaKOBKM (mepeyma-
KOBKH) HM3JEJIUH M OTIPABKH HX
OTPEOUTEITIO;

® OpPraHu3alus HCHBITAHUHU (Tepe-
IIPOBEPOK) MAPTHUI HU3LEIUN C TIpe-
BBIIICHHBIMH CPOKAMH XPaHEHHS,
MIPUHATHEM ITOCAEAYIOIMNUX perie-
HUH U IIPOLIEAYP IIO OTIPY3KE HUX
TOTPEOUTEIAM;

® OpPraHu3aIMs BXOJHOTO KOHTPOJI,
OTOPAKOBOYHBIX HMCHBITAHUMI, JUA-
FHOCTUYECKOI'O HEPA3PYyIIAIOIIETO
KoHTpOasa OPU BH;

@ pa3paboTKa WM y4yacTHE B paspa-
6orke TY na usgenus UII;

@ OpraHu3alusa IPOBEJAEHUsT HCIIbITA-
HUI ITOCTAB/IIEMBIX TapTuii OPU UI;

@ OpraHu3aIus PEKIAMAIMOHHON pa-
60THI;

e obeclieyeHUe rapaHTUIHBIX 0043a-
TEIBCTB IO 00BEMAM M CPOKAM I10-
CTaBOK, 4 TAKXKE COOTBETCTBUA Kaye-
CTBA IMOCTABJISIEMBIX U3/JE/TUH TPEOO-
BaHusaM aevictyromux HT/I,
TIOpsSiAOK OPraHMU3ALMUHU IMOCTABOK

DPU B mHTEepecax MuUHOOGOpOHbI Poc-

cuH onpeeaéH JUupeKTuBaMu Havaib-

Huka BoopyxeHus BC P® ot 30.01.2001

176/E/121 u ot 15.03.2001

Ne 176/E/10, B COOTBETCTBHH C KOTOPBbI-

MU BTOPOT rocrasimuk DPU BII nosokeH

COOTBETCTBOBATh Tpebopanusam P/B

319.010-02 «IpebGoBaHUsA KO BTOPOMY

[OCTABIIUKY> U OBITh ATTECTOBAHHBIM

%

LerrpoMm cepTudHUKAINM «BOEHIICKT-

pOHCEPT». @
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HoBocTu Mmuvpa

Sanyo u Quanta nognucanu
cornaLueHue o COBMeCTHOM
NMPoOu3BOACTBE TeJsIeBU3OPOB

Sanyo Electric 1 Quanta Computer coo6-
LMK O 3aKITIO4EHUN COrnaLLeHus Mo obpa-
30BaHUI0 MPEAnpuaTUa MO NPOW3BOACTBY
NnocKonaHenbHbIX Tenesn3opos. MNpogykums
6yAeT Npov3BOAMUTLCS MOof Mapkoi Sanyo.

B HacTosiLee Bpema Sanyo yxe npousso-
[T 1 NPOAAET OKOMO 6,5 MITH. TENEBU30POB B
rog. TaBaHbckas Quanta Computer 6onblue
M3BECTHA KakK KOHTPaKTHbIA MPOW3BOAUTESNb
pasnuyHbIX IT-NpoayKTOB (e MPUHAZNEeXUT
30% MMPOBOro NPoM3BOACTBa HOYTOYKOB).

CornalleHne Haxoautcs B OOLLEN KaHBe
MepOonpusTUiA No pechopmMMpoBaHUI0 6U3Heca
1 papukanbHOMY COKPALLEHWIO W3LEPXeK,
KOTOpble MpOBOAUT Sanyo nocnegHue He-
CKONbKO Mecsaues. Quanta, B CBOIO o4vepenb,
3auHTEpecoBaHa B YBENUYEHWN 3arpy3ku
CBOMX 3aBOAOB Ha KOHTUHeHTansHoMm Kutae
1 BbIXOAE B HOBbIE MPOAYKTOBBIE CEMMEHTbI.

http://itc.ua

Samsung Ha4yana mMaccoBbIi
Bbinyck DDR2-namaTtun
no texHosnoruu 80 HM

Samsung Electronics obbsBuna o Hadvane
MaccoBoro npoussoacTea 512-merabuToBbix
yunos namstv DDR2 (yaBoeHHasi CKopoCTb ne-
pefaqun faHHbIX, Bepcus 2). Komnanvs nnaHu-
pYeT NepecTpouTb TEXHOMOIMHYECKUIA NPOLIECC
npoussogcTea ¢ 90 HM Ha 80 Hm. [NponsBoacT-
BEHHbIE NIMHUM NOTPEOYIOT MUHUMANBHOTO 06-
HOBJIEHWS!, MOCKOSbKY B HOBOM Yure 3aumMCT-
BOBaHb! MHOTVE MPUHLMMBI X TOMOMOrK ane-
MEHTOB, UCMOSb3yemble B TexHONorum 90 HM.

Mepexon k TexHomorumn 80 HM cTas BO3MO-
XEH 3a CYET MUCMOMb30BaHWS TEXHOMOruu
RCAT (Recess Channel Array Transistor), og-
HOW M3 OCOBEHHOCTEV KOTOPOW ABMAETCA Mpu-
MEHEeHVe TPEXMEPHOW apXUTEKTYpbl TPaH3U-
ctopa. OHa MO3BOMSET CYLLECTBEHHO yny4-
LUXTb 4acTOTy pereHepauunm ¥ YMEHbLUWTb
pasmep sa4eek. NocnegHuii hakTop No3Boss-
€T MOBbICUTb NIIOTHOCTb SHEEK Ha MNaCcTUHe.

CornacHo nporHo3y Gartner Dataquest,
pona npogax DDR2 Ha pbiHke namsty B
2006 r. pocturHeT 50%. Mo oLeHke cnewuna-
JINCTOB, NPUMEHEHNE HOBOW TEXHONOrMM Mo-
3BOMUT MOBBLICUTL IPPEKTUBHOCTL NPOU3-
BofcTBa Ha 50% ¥ Takum 06pa3om y[oBre-
TBOPUTbL BO3pacTatoLLnii CNpoC.

http://itc.ua

TDK 3akpbiBaeT 3aBoj

B Jlrokcemobypre

no npoussoactey CD u DVD
EBponevickun ocmc nogpaspeneHusi TDK,

OTBe4arolilero 3a Npou3BOACTBO U NPoJaxy

News of the World HoBoctTu Mmupa

HocuTenen uHdgopmauum, o6bABUA O nna-
Hax Nno pecTpyKTypusauum ceoero 6uaHeca.
KomnaHus o6bsiBUna O 3aKpbIiTUM NPous-
Boactea Hocutenen CD n DVD B Jlokcem-
6ypre, kotopoe B 1990 r. Ha4MHano ¢ BbIMyC-
Ka ayauo- 1 BUAEOKACCET Ans eBpOoneinckoro
pbiHka. CBopa4uBaHve Npou3BoAcTBa Gyaer
3aBepLUeHo B Mae 3T1oro roga. lNpefcrasute-
JI KOMNaHUM O6BACHSAIOT CBOPaYMBaHue npo-
M3BOACTBA 3HAYUTESbHLIMUA U3MEHEHUAMMU,

Npoun3oLLedLLIMMY B 9TOM CErMEHTE pbiHKa.
[Mo 3asenenuto TDK, 3akpbiTvie 3aBofa HU-
KOMM 06pa3oM He OTpasuTCi Ha MocTaBkax
Hocutenen CD n DVD notpebutensm, a Takke

Ha paspaboTkax v BHegpeHum Blue-ray Disc.
http://itc.ua

Sony HauuHaeT npogaxy
HocuTenen Blue-ray Disc
B EBpone

Sony Europe aHoHcupoBana cTapT npoaax
ounckos Blue-ray Ha eBponenckoM peiHke. Of-
HocnowvHble Hocutenu BD-RW (Blue-ray Disc
Rewritable) u BD-R (Blue-ray Disc Recordable)
NOCTYMatoT B NPOAaxy B anpene. Heckonbku-
MV MecsiLaMy MO3XKe KOMMaHUs MnaHupyeT
HavaTb NPOAaXKM ABYXCIOMHbIX AVICKOB.

Hocutenu uvetot émkocTs 25 6, T.e. noyT
B NATb pa3 6onblle, YeM cTaHgapTHble DVD.
3Ta EMKOCTb JOCTaTO4HA, YTOGbI 3anucaTh 2 4
15 MUH BUAEO CO cKopocThio 24 M6uT/c unn
10 4 30 MuH — co ckopocTbto 5 MéuT/c. [ucku
NOAAEPXKMBAIOT 3aMUCh CO CKOPOCTLIO 2X, YTO
3KBMBANEHTHO cKopocTk 72 MeuT/c (9 M6/c).

[MepBoe nokonexue guckos Blue-ray kom-
naHus Sony npepctasuna B ANOHWWM He-
CKONbKO neT Hasag. W BoT, crepytollee no-
KONEHWE HOCUTENEelN, KOTOpble BHELLUHE Bbl-
MAAAT Kak 06bl4Hble DVD.

KomnaHus HamepeHa cTaTb LOMUHUPYHO-
LM UFPOKOM U OCHOBHbIM MOCTaBLLMKOM Ha
MVPOBOM PbIHKE annaparypbl, HocuTenemn u
KOHTEHTa Ha auckax Blue-ray. O6 atom 3a-
Asun ®puu, Opaxke (Fritz Handtke), aupek-
TOpP MO MapKeTuHry komnaHum Sony RME.

http://itc.ua

KomnaHus LG Electronics
B 2006 r. yBenuuuT npoaaxy
XK-gucnnees Ha 10%

B cootBetctBUM C nporHosamu LG
Electronics, 065éM MUPOBOrO pbiHKa Tenesu-
30pOB U MOHUTOPOB B 2006 I. BbIpacTeT Ha
3% w gocturHet 133 mnpa. gosn. OcHoBaHuW-
eM /19 TaKVX OLIEHOK CIY>XXUT CTPEMUTENbHOE
MOBbILLIEHWE Cripoca Ha AUChen ¢ 6osbLLOIA
AnaroHansto. LG oxuaaer gBykpaTHOro yse-
NN4eHNss 06bEMAa MPoJdaX >KUOKOKPUCTANSIN-
YECKNX TEIEBU30POB U TPEXKPATHOrO yBEenu-
YeHUsA NPOAaX NIa3MeHHbIX NaHenew B Mupe.

PbIHOK

KomnaHusa, fenas cTaBky Ha pacTyLuui
CMPOC WU MOCTENEHHOE CHWXEHWE LeH Ha
nnasMmeHHble naHenn u tenesusopbl, XKK-
TENeBU30Pbl U MOHWUTOPbLI, NNAHUPYET yBe-
JM4NTL 06BLEMBI MPOJaX ITOW MPOoAyKLMU
Ha 10%.

XaBuc KBOH, cTapluuii BuLe-npeaugeHT
[enaptamenta LG no npou3BofcTBy mno-
CKUX AvCreeB, OTMETUN, Y4TO NMOCNE Pe3Ko-
ro o6sana ueH (npubnuantenbHo Ha 40%)
BC/IE[ICTBNE KOHKYPEHTHOW 60pbbbl B Mpo-
LUMIOM rofy, PO3HUYHbIE LiEHbl B CErmMeHTe
pbiHKa 6yayT 6onee cTabunbHbIMU. «Byny-
Lee MOHWXeHWe LeH 6yaeT OTHOCUTENbHO
MEAJIEHHbIM», — 3asBUN r-H KBOH.

LG arpeccvBHO HapalyuBaeT CBOWM MOLLI-
HOCTW MO MPOU3BOACTBY NNAa3MeHHbIX Tere-
BU30POB, Hagedch K 2007 r. cTaTb IMAEPOM
B 3TOM CEKTOpe v 060MTN ANOHCKYI0 KoMna-
Huto Matsushita Electric Industrial, kotopas
KOHTPONVPYET OKOMO TPETU BCEro pbiHKa.

KomnaHus paccyuTbiBaeT Mony4uThb
11 TPIH. KOPEWCKMX BOH B peaysibTaTe Npogax
T1a3MEHHbIX 1 XUOKOKPUCTANNHECKMX TESe-
BU30POB, a TaKKe MOHUTOPOB. STO NPUMEPHO
10-% pocT no cpasHeHUto ¢ 2005 r. OxuaaeT-
¢4, 4to B 2006 r. MpofaXu TENEBU30POB MOBbI-
cATcs oo 6,44 mnpA. Jonsl. Mo CPaBHEHUIO C
5,6 MripA. [ONS1. B NPOLLSIOM rogy.

http:/jitc.ua

KomnaHuu Yokogawa

u Fujitsu cchopmupoBanu
anbsiHC B o6nacTtu
BbICOKOCKOPOCTHbIX
OMNMTUYECKUX TEeXHONOrnm

CornatleHue 0 cTpaTern4yeckom napTHEP-
CTBE, aHOHCMPOBaHHOE komnaHusMu Yokoga-
wa Electric n Fujitsu, npegnycmatpusaer
COTPYAHMYECTBO B 0611aCTU pa3paboTKu Kito-
YeBbIX OMTOANMEKTPOHHbIX TEXHOMOMMIA U KOM-
MOHEHTOB [N CUCTEM BbICOKOCKOPOCTHbIX
OMTUYECKUX KOMMYHUKaLNA.

Yokogawa Electric, ocHoBaHHasi B 1915 r.,
BflafieeT rnobanbHoNn ceTbio U3 29 NPon3eoa-
CTBEHHbIX npeanpusaTtuin. OHa Hakonuna 06-
LUVPHBIA OMbIT B CO3AAHUM CIIOXHbIX MOSy-
MPOBOJHVKOBbIX YCTPOWCTB, 4TO B COMETAHUM
C VHTENeKTyaNnbHbiM 6araXxom B CETeBbIX
peLueHnax komnaHum Fujitsu 1 eé npo4HbIMU
ﬁosmummu Ha pblHKE WHOPaCTPYKTYPHbIX
PeLLUeHU AN OMTUHECKUX CEeTer YmpoCTUT

_ panbHelillee pasBuUTHe 3TOro 6UsHeca.

Fujitsu pacc4uTbiBaeT UCNONL30BATH MPO-
IyKTbl, paspaboTaHHble B paMKax anbsaHca,
ONs YCKOpeHUst BHeApPEeHUs GbICTPOAENCTBY-
IOLLIMX CUCTEM CRIEQyHoLLIEero MoKoNeHus, 6a-
3UPYIOLLIMXCA Ha MHHOBALMOHHbLIX OMTUYec-
KUX TEXHOMOTUSIX.

http://itc.ua
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lpobnembl npuMeHeHUs
nepcnexmsnou 3N1IeKTPOHHOM
KOMNOHEHTHON 6a3bl B KOCMOCE

Hukonaii lanunun, Cepreii benocnyaues (Mocksa)

B cTaTbe npeacTasneH onbIT cneuuanuctos ®ryn «PHUU KI» B o6nactu
BXOQHOr0 KOHTPOJS LU(PPOBbIX MUKPOCXEM U Y3J10B ANs annaparypbl
crneuuanbHOro Ha3Ha4eHusi, a TakKe HapaboTKK Mo CONPOBOXAEHUIO

1 cepTUIUKaLMM BCE HOMEHKNaTypbl KOMMOHEHTOB 1 G/IOKOB
OTEe4YeCTBEHHOro U MHOCTPaHHOro NPOU3BOACTBA.

DneKTpOHHAsI KOMIIOHEHTHas 6asa
(OKB) coCTaBIdgeT TEXHOJIOTHYECKYIO
OCHOBY DPaJHO3JEKTPOHHOM aIapary-
pel (PDA) KOCMHMYECKOIO HA3HAYCHWMS.
Ot kauecrsa U Hagé&xHoctu OKb 3aBu-
CHUT KA4€CTBO U HA/IEKHOCTHh OOPTOBOM M
Ha3eMHOU POA.

ITogaBsgonee KOJIUYECTBO OTKA30B
«KOCMHYECKO¥» POA BBI3BIBAETCS BBIXO-
JIOM 13 cTpost To¥ win uHou OKB. H3se-
cTHO, yTO KayecTBO DKbB onpeznengercs
COBEPIIEHCTBOM Pa3pabOTKH (KOHCTPYK-
IIUH), OOECIIEYUBAETCS B IIPOIIECCE IIPO-
M3BOJICTBA U IOIEPKUBACTCS B IIPOLIEC-
ce AKCIvTyaTauuy. Ha Bcex 3TUX CTausax
B TOH WIX HHOH (POPME OCYIIECTBIAETCS
OLIEHKA TEXHUYECKOT'O COCTOSIHUSA U ITPO-
1eIypbl KOHTPOJI KadecTBa OKbB.

B paboTax pOCCHMUCKUX YIEHBIX U UH-
JKEHEPOB BOIIPOCHI KOHTPOJIS KAYECTBA U
HAOEKHOCTH coBpeMeHHOM DKDB, oco-
6EeHHO U(MPOBBIX MHTETPAIbHBIX CXEM
U Y37I0B, OCBEIICHBI HEAOCTATOYHO. 3a-
PYOEKHBIE MaTe€pHaIbl IO METOAAM H
CpeICTBAM KOHTPOJIA MHKDPOIJIEKTPOH-
HBIX CXEM U y3JI0OB HA MUPOBOM «KOCMM-
YECKOM» PBIHKE HE BCEIJa JOCTYIIHbL

Cneuyanuctel OIVII «PHUHM KII» Ha-
KOTIWUTH HEMAJIBIH OIIBIT B OG/IACTH BXO/I-
HOTO KOHTPOJII HHU(PPOBBIX MUKPOCXEM
U Y3JI0B. BBIIBIIEHHE CKPBITBIX A€(PEKTOB
Ha BXOJHOM KOHTPOJIE€ — CAMOM PaHHEMN

anusauunio

YMeHblUeHUe
yucna nyckos
pakeToHocuTenen
Paarpyaka ’
NPOM3BOACTBEHHIX
MOLLHOCTEV]

YMeHbLLIEHHME PAAUOKOHTA .
IRa3mpy3ka vcnbiTaTeNsHoM 6asbl

KOMNNeKCaMy ynpasnexns u ¥ SKCMNYaTUDYIOLLUX OpraKu3auni

KOCMMYECKUMU annaparamu

Puc. 1. MonoXutenbHbie pe3ynbTarthbl
YBENM4EHNS CPOKOB AaKTMBHOIO CYLIECTBOBAHUA

CTaU¥ IIPOU3BOJCTBA — IIO3BOJLIET I10-
BBICHUTh HA[EKHOCTh M JIOJTOBEYHOCTD
KOCMHUYECKHX CHCTEM. BOJIBIIMHCTBO
OIMMCAHHBIX METOJOB, IPHOOPOB U CHC-

TEeM YCIEIIHO HCIIOIb3YIOTCA IMPUOOPO-

CTPOUTENBHBIMU TPEANPUATHAMU DA

OTpacael IPOMBIIIIEHHOCTH Poccuric-

Ko¥1 defepanuy U MO3BOJIIOT CYIIECT-

BEHHO CHHU3HTH JJOJII0 OTKA30B PDA 13-32

HEKA4YECTBEHHDBIX 3/JIEMEHTOB.

CozaaHue KOHKYPEHTOCIIOCOOHOM KOC-
MHYECKOM TEXHUKH, IIPEKIE BCETO CIIYT-
HUKOB CBSI3H, HABUTAIIMM M BEIIAHUS,
PACCYNTAHHBIX HA JUTUTEIbHYIO PaboTy, —
aKTyaapHAs IIpobIeMa I POCCHMCKON
KOCMHYECKOM HMHIYCTPHUH, OCOOEHHO B
TIPEIBEPHH BCTYIUIEHHSA CTPaHbI BO Bee-
MUPHYIO TOPrOBYIO opraHuzaiuio (BTO).

H3BecTHO, 4TO 10 — 15-1€THHE CPO-
Ky akTUBHOrO cymecrsopanusa (CAC)
CIIYTHUKOB B 3HAa4YHTEIbHOH Mepe
OINIPEESIOTCI HaJEKHOCTRIO M Kade-
crBoM DKB, KOTOPO¥M OHHU KOMILJICKTY-
FOTCA.

B P® GbUT BBIITOIHEH IUPOKKHIA KOMII-
JIEKC PaGoT, HATIPABJICHHBIX HA CO3/a-
HUE CHUCTEMBI TPEOOBAHUI, METOAOB U
cpeznctB KOHTPost OKB 11 OOBEKTOB
KOCMHMYECKOM TEeXHUKU. [JaHHAsi CHCTe-
Ma BKIIOYAET B CeOS TPHU MOACHUCTEMBI:
HAYYHO-METOJUYECKYIO, TEXHUYECKYIO U
HOPMaTHBHO-OPIaHU3ALMOHHYIO.

B paMKax 3THX IIOJCHUCTEM BIIEPBbIC
OBUTH Pa3Pa0OTAHBL:

@ COBOKYIIHOCTb MOJ€JIEH IKCILIyaTa-
muu OKB, IpUMEHAEMOH B OOBEKTAX
KOCMMWYECKOU TEXHUKH;

@ CHCTEMBI TPEGOBAHUI K TEXHUYECKUM
U SKCIUTyaTAIITHOHHBIM XaPaKTEPUCTH-
Kam DKb;

@ METOMbI JIOKAUTPHON U UHTErpPaJbHOM
muarHoctuku OKB no mHMOpPMATUB-
HBIM IIapaMETPaM, IO3BOJIAIONIE BbI-
SIBUTH IOTEHI[AATBHBIE Te(EKTh;

® KOMIUIEKC amapaTypHbIX CPEICTB U
IIPOTPAMMHOTIO OOECIEYEHMUs], OXBa-
THIBAXONMI Bce Kraccel DKB, HaunHas
OT PE3UCTOPOB U KOH/ICHCATOPOB U 3a-
kaHuuBasi CBYC CUIHA/IbHBIX ITPOLIEC-
COpOB, METAOUTHBIX 3ATIOMHUHAOLIHX
YCTPOMCTB, IIPOTPAMMHUPYEMBIX JIOTH-
YEeCKUX MATPHUII;

@ CHCTEeMa HOPMATHBHO-TEXHUYECCKUX
JTOKYMEHTOB, PEIIaMEHTHPYIOIHX
OpPraHHU3AIUOHHBIE U METOUYCCKHUE
BOIIPOCHI B3AUMO/EHCTBUS OPraHM-
3aIU¥, y9aCTBYIOIIUX B pa60TaX 1O
3aKyIKe, KOHTPOJ/IIO, UCIBITAHUIM,
nocraske u npumenenuio HKB, T.e.
B3AHMO/ICHCTBUE
noTpeduTENEH U 3aKA3YHKOB KOMIIO-

INOCTABIIUKOB,

HEHTOB.

B PHHWH KII BriepBbi€ CO3/IaH YHUKAIb-
HBIM KOMIUIEKC TEXHUYECKHX CPE/ICTB
JUIST JUATHOCTHYECKOI'O HEPA3PYIIAIOLIe-
ro KOHTPOJISI K OTOPAKOBOYHBIX MCIIBITA-
Huit DKB. KOMIUIEKC OPHEHTHPOBAH HA
yCIoBuS 1 pexxuMbl npumenenus OKbB B
PDA 06BEKTOB KOCMHYECKOM TEXHUKH U
MO3BOJISIET HA 1,5 — 2 MOPsIKA IIOBLICUTH
HanEKHOCTD TapTuil KB IyTéM HCKITIO-
YEeHUs KOMIIOHEHTOB CO CKPBITHIMH JI€-
dexramu (cm. puc. 1).

Dr1a paboTa MO3BOIMIIA BIIEPBHIE B MU-
POBO¥ IIPAKTHUKE CO3/1aTh €AHUHYIO Op-
FaHU3AIUOHHO-TEXHUYECKYIO CHCTEMY
JIMATHOCTHYECKOI'O KOHTPOJIS ¥ UCIIBITA-
Hur OKD, yCcIemHoO 3apEeKOMEHIOBAB-
IIYIO CEOsI IIPYU BBIIIOIHEHWH TAKUX H3-
BeCTHBIX mporpamm, Kak «IJIOHACGC»,
«MKC», «CECAT» 1 IpyTHX.

TonoBHOe TipeanpusiTue — HaydHbId
LIEHTP CEPTUMUKALMHN 3TEMEHTOB U
o6opynposanus (HII CHO) OIVIT «PHHUN
KIT» (ocHoBauHbIH B 1992 1.). HII COO
HMEeT aKKpeIUTauuio Pockocmoca u
@IVII «22 THUU MuHo60poHsl POoc-
cum» (CM. puc. 2).

B OTI€IBHOM CTEH/OBO-HUCIIBITATE/b-
HOM KOpIyce pacIONOXKeHO 6ojee
350 eguHUL, OOOPYJOBAHMS JJIsI KCIIBITA-
aurt DKB u 371eKTPOHHBIX 6710KOB (OB).

HIJ CHO mpoBOAUT PaGOTHI 11O COIPO-
BOSKIEHUIO U CEPTH(pPUKAIIMMU BCECH HO-
meHKIaTypbl DKB 1 Db oTe4eCcTBEeHHOIO
U UHOCTPAHHOTO NMPou3BoACTBa (UIT):

WWW.SOEL.RU
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® OoTGOpOYHBIE HUCHbITAHUA (0T60p DKB
110 KA4€CTBY HE XYK€ UCIIOJIHEHUS «9»
U «5» U3 BBIITYCKA COOTBETCTBEHHO «5»
u«1 »>);

® HCHBITAaHUA 1O TpeboBaHusaM PJJ
22.12.186-97 (601ee 400 ThIC. 31EMEH-
TOB B I'OJ);

® HCHBITAHUA I YCTAHOBKH B BBICOKO-
H/IEKHYIO aIlIIaPaTypPy C JUTUTETbHBIM
CPOKOM aKTHBHOI'O CYIIE€CTBOBAHHS
(10 - 15 ner);

® BXOJJHOM KOHTPOJIb U HAJEKHOCTHbBIE
ucnoeiTanusa DKb u Ob;

® cepTU(UKAIMOHHBIE HCIIBITAHUA B
paMKax o0A3aTEeIbHON U JOOPOBOJIb-
HOH cepTUdUKAUIUU (BO3MOXKHOCTHU
ucneitTanusa OKb UII 6onee 200 ThIC.
37IEMEHTOB B T'OJT);

® HCIBITAHMS IO cTaHaapram Kimmmar-6,
Kimmar-7, Mopos-6, MIL STD (CIIIA),
ESA/ESS (EBpOonercKuii CTaHIapT);

e ucnerTanws 11o PK-98 (yrabopaTopHbie
OTOPAKOBOYHBIE HCHBITAHUS, KOHCT-
PYKTOPCKHE OTOPAKOBOYHBIE HCITBITA-
HU, PA3PYIIAIONIHAE UCIIBITAHWA);

® JUArHOCTHYECKUH HEPa3PyHIAIOLIUI
KOHTPOJIb;

® pPa3pyMarOmMUH (PU3UIECKUH AHAINS;

® aHAIU3 OTKA30B U HE3ABUCHMYIO JKC-
TIEPTH3Y;

® HCWIEJOBAHUE BO3MOKHOCTU IIpHIME-
Henusa OKB MUIT uHIyCTpHAIBbHOIO HC-
IIOJTHEHUA B 3aBHCHUMOCTHU OT BHEII-
HHX BO3/IEHCTBYIOIIUX (DAKTOPOB KOC-
MHMYECKOTO IIPOCTPAHCTBA;

® pa3pabOTKy U U3TOTOBJICHUE HCITBITA-
TEJILHOI'O OOOPY/AOBAHUS U IIPOrPaAM-
MHO-MaTEMaTHYECKOIO OOECIIeYeHUs
it ucrtbITanui DKB u Ob;

® BBbIJIAYy PEKOMEHJAIMH I10 MPaKTH-
yeckoMy npuMeHeHnio OKb u Ob;

Anropurm pa6otbl HIf C30 no npumenenuto 3Kb UM

MWHUCTEPCTBO O50POHbI PO

1 POCKOCMOC
i OT48THOCTb | Pewenis f KohTpons
Esponerickoe —
€00061LLEecTBO HAYYHbIV LEHTP CneuvnanbHble FonOOHeEnDeRDHRTHA
CEPTUOUKALIN HEnTA PaKETHO-KOCMUYECKOH
MBI / 9NIEMEHTOB VcnbiTaTensHoe oTpacnu
o .| 1 O6OPYAOBAHNA 060pygoBaHue
1 METOANKM z&ow\w\
J ’y BaaumopeiicTame
= 10 UCMbITAHNAM
Esponeiickoe
Kocmueckoe nasHble 3afa4u Hayyxoro uextpa C30:
areHTcTeo ® OnpegeneHine CTpaTernieckin BaXHoM
HOMEHKNATYPbI 37IEKTPOHHOI KOMNOHEHTHOM 6a3bl
® poBe/ieHNe BCEX BUAO0B CEPTU(MKALMOHHBIX HAW, CepuitHble
ESTEC 1 0T6PaKoBO4HbIX MCnbITaHNi IKB Kb 3aBO/b!
ESOC 0TEYECTBEHHOTO ¥ MHOCTPAHHOr0 NPOM3BOACTBA
ESRIN © Mocraska cepTucuumposanHoit Kb ans
NpeanpuaATUIn KOCMU4ECKOro NPUGOPOCTPOBHUA

OchopmneHne peLlerns 0 NOpsAKe NPUMEHEeHNs
9Kb WM B annapatype

Mony4enue napTuit KB UMM 13 akkpeAUTOBaHHOrO
LLeHTpa 3aKynok

BX0HOI KOHTPOMb NapTun

Jran 1 0t60p KB UM anst cepTUhMKALMOHHBIX

UCNbITaHWIA NapTUK

3aKJito4eHre 0 Jonycke napTum K
CepTUUKALMOHHBIM UCTbITAHUAM,
NabopaTopHbIM 0TOPAKOBOYHBIM UCTIbITAHUAM,
KOHCTPYKTOPCKWUM 0T6PaKOBOHHBIM UCTbITAHUAM

CepTuchKaLMOHHbIE UCTbITaHUS, TaBOpaTopHbIe
0TOPaKOBO4HbIE UCMbITAHNS, KOHCTPYKTOPCKME
0TOPAKOBOYHbIE UCMbITAHNS, KOHCTPYKTOPCKME

avarHocTuyeckue ucnbitaus 3Kb UM

Bb100p04HbIV padpylUatoLivi DU3N4ECKU aHanu3

dran 2 AHanua pesynsTaToB BXOAHOTO KOHTPONA,
NabopaTopHbIX 0T6PAKOBOYHBIX UCMbITAHMH,

KOHCTPYKTOPCKUX OT6PaKOBOYHbIX UCTILITAHIA,

KOHCTPYKTOPCKUX AMArHOCTUYECKMX MCTIbITaHNiA

11 pa3pyLuaioLLiero (M3n4ecKoro aHannsa

CepTuchukar CooTBETCTBUA NAPTUN

OueHka ycnoBui aKkcnayarayum
9ran 3

CepTucuKaT NpUMeHeHUs napTvmn

Puc. 2. Tonosnas ponb u 3agaym HI C30

® CcepTH(HUKAIMOHHBIE UCIBITAHUS HU3-

JIETTMH KOCMHYECKOTO ITpU60pOoCTpOe-

HHsA — OOPTOBOTO M HA3EMHOT'O KOMII-

JIEKCOB.

Anroputm pa6oTs! HII CHO o npume-
Henuio DK U1 npusenéH B TabauIe.

IIpun HII COO umeerca OpraH mo
cepTu(UKALNH, KOTOPBIH HIPOBOJUT
00613aTEIBHYIO U JOOPOBOJIBHYIO CEPTH-
puKanmio U BeIAAET cepTrdUKaTel Poc-
Kocmoca Ha OKB, OB HapOgHO-XO35H-
CTBEHHOTI'O M HAyYHOI'O HA3HAYCHUSL.

Hurerpaums U JaabHEHIIEEe B3aUMO-
JIEUCTBHE MEXKIY CETAMH KOCMHYECKHUX
TEJIEKOMMYHHUKAIIMHU Poccuu u crpaH 3a-
aIHO¥ EBPOIIBI — ITTABHOE YCIOBHE IS
YCTAHOBJIEHHUs JEJOBBIX KOHTAKTOB M
YCIIENTHOM JIeATeIbHOCTH Poccuy Ha MU-
POBOM KOCMHYECKOM PBIHKE.

OKb, npuMensieMast BOOBEKTAX KOCMH-
YECKOM TEXHHUKH, UIPAET BAKHEHIIYIO
POJIb B JOCTYDKEHHMH MAKCUMATIBbHOU 3(-
(PEKTUBHOCTH, HAAEKHOCTH U JIOJITOBEY-
HOCTH TEJIEKOMMYHHUKAITOHHBIX CHCTEM.
B mocieanye rogel MOAXOAbl K BBIOOPY
OKbB 11 HOBBIX Pa3pabOTOK KOCMHYEC-
KOTI'O MCTIOJIb30BAHUS PE3KO U3MEHWIHCh.
DTO BBIZBAHO IBOJIIOIIUEI MHPOBO KOC-
MHYECKOM HHAYCTPHUH, CBA3AHHOH C
YCTOMYHUBOHN TEHAEHIIUEH K IPHUMEHE-
HHUIO BBICOKOHAJEKHBIX KOMIIOHEHTOB
MHIYCTPHATIBHOI'O UCIIO/THEHM. Crieryna-
mucrel PHUMW KII IpyuMeHSIOT HOBBIE
KOHIIETILIMY, METO/bI KBAIU(PHUKALIUU U
MOJJ€PHM3HPOBAHHBIE ITO/IXOBI B IIPOILIE-
Jypax NPpHOOPETEHUA U HCITOTb30BAHIS
peHTadensHOM DKB s OTeYeCTBEHHOM
KOCMHY€ECKOH ITPOMBIIIUIEHHOCTH.

B npengsepun BeryruieHus PO B BTO
TBOPYECKOE B3aMMOCHCTBHUE SKCIIEPTOB
Pockocmoca, @IVIT «PHUU KII» u npen-
CTABUTEJIEN IIEPEJOBBIX 3aIIaJHBIX KOC-
MHMYECKHX TEXHOTOTHYECKUX KOMITAHHIT
IGG (BenukoOpuranus), Tecnologica
(Mcnanms), Astrium (IepMaHMA) 1O3BO-
JISIET OCYIIECTBUTh MOJEPHHU3ALIMIO TEX-
HOJIOrMH HH(POPMALTHOHHOT'O KOCMHYEC-

KOT'O 00€CIIeYeHHs U ITPAKTUIECKOE ITPH-

MEHEHHE IPOrPECCUBHBIX HAPAOOTOK 3a-

IMAJHBIX CTAHAAPTOB B HOBBIX POCCHIIC-

KMX KOCMHYECKHX TEJIEKOMMYHHKAIVSIX

Ha OCHOBE MCIIOJIb30BAHUSA CTPATETHYEC-

KW 3HAYUMOM UHAYCTpHATbHOM DKB UITL.
OTH HAPAGOTKHU OBUIM JIONOKEHBI AB-

TOPAMH HA ITOCIEAHUX KOH(PEPEHLMIX

ESCCON 2002, Radex-2003, Omck-2004.

OCHOBHbBIE PE3Y/IbTAThl KOH(EPEHIIHIH,

KOTOpbI€ OBLTH IIOTY4EHBI 10 AHAIUIY

JIOKJIA/IOB, CAEJIAaHHBIX OT€YECTBEHHBIMU

MU €BPONEHCKUMHU CHELHATUCTAMU, CJIe-

AYyIOouue:

® TEXHUYECKOE B3aMMOJEHCTBHE C IIPO-
U3BOJUTENIEM JJODKHO OBITh YCTAHOB-
JIEHO HA CAMBIX IIEPBBIX CTA/IUAX;

® IIPOU3BOJMTEND JO/LKEH TI'apaHTHPO-
BaTb OJITHOPOAHOCTD IAPTHUH U UH/ICK-
COB /IAT U3rOTOBJICHMS;

® KOJIMYECTBO 3aKyIIaeMBIX OOPa3IIOB
JIOJDKHO OBITH JJOCTATOYHO OOJIBIITHAM;
OfHAaKO 15% 3amaca TpebyeMOoro KoJm-
4eCTBA OOBIYHO JIOCTATOYHO;

® Pa3pymaromui (PU3HICCKUI AHATU3
ABJ/IAETCS TIOJIE3HBIM KPHUTEPHEM IS
OKOHYAaTeTbHOH Mpuémku HKB;

® HEOOXOJUMBI MAPTHEPCKHUE COIVIAIIIE-
HUSL C MPOU3BOJUTEISIMUA JJII TOTO,
4TOOBI OLICHUTD ITOCTABIIUKA U ITOBBI-
CUTH OOBEM U HAJIEKHOCTD JAHHBIX;

® HEOOXOUMO IIPOBOAUTH AHAIN3, HC-
TIOJIB3Ys CYIIECTBYIOIIHE POCCHHCKHE
JOKYMEHTBI KaK PYKOBOZCTBO IIO BBI-
OOpy HECTAHJAPTHBIX KOMIIOHEHTOB
JIUIs1 pa3pabOTYMKOB HOBOM PDA;

@ DJIEKITPOHHOM IIPOMBILUIEHHOCTBIO PO
JIO7DKHA OBITH OPraHU30BaHA OOIIAs
cucremMa 6a3bl JAHHBIX, B KOTOPYIO Oy-
YT COOMPATBCS BCE CBEJCHIUS O HAIEK-
HOCTH IIPUMEHAEMOM HH/TyCTPHUATBHOMN
3JIEMEHTHOH 6a3bI 1 PDA Ha e€ OCHOBE;

® MCIIO/Ib30BAHHE B YCIOBHAX €CTECT-
BEHHOM PaZiMaIiii BO3MOXKHO C IIPE/I-
BAPUTEJbHBIM OIIPEJEJICHHEM IIapa-
METPOB PaJHUAIMOHHON CTOMKOCTH
JUIS KQKJOM 3aKyIIOYHOM IAPTHH. @
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Mpumenenve umnoptHbix IPU
B COBpeMEHHON cneynanbHou

annapartype

Buranuit 3y6asuuyc (r. KpacHosipck)

B cTaTbe paccka3biBaeTcsi 0 TpeboBaHUAX M Npasunax npuMeHeHus
mMnopTHbIX APU B BOeHHbIX U crieLmanbHbIX 3aKasax, a TakXKe HeKOTOPbIX
0CO6GEHHOCTAX, KOTOpbie AOJMKEH YYUTbIBaTb Pa3paboTHuK, peLUuvBLLINIA
NPUMEHUTb B NMPOEKTE UMMOPTHYIO 3JIEMEHTHYIO 6a3y.

boprosas armmaparypa (bA) coBpemeH-
HBIX KOCMHYEeCKMX amnmnapatos (KA)
JIOJDKHA COOTBETCTBOBATD IOBBIIIEHHBIM
TPeOGOBAHUAM II0 MaCCOTA0APHUTHBIM
XAPAaKTEPUCTUKAM, UMETh HHU3KYIO IIO-
TPeOIAEMYIO MOIITHOCTD, BBICOKVIO Ha-
IEKHOCTD U pecypc 10 — 15 ser. Cpoku
IIPOEKTUPOBAHUSI M HA3EMHBIE OTPabO-
TOYHBIE HCIIBITAHHS JOJDKHBI OBITh MH-
HHUMQJIBHBIMHA U COCTAaBIIAATH HE 6oJiee
12 — 24 mec. I peanys3alyy JTaHHbIX
TPEOOBAHUK B IIPOLIECCE ITPOEKTUPOBA-
HUA BA pa3paboTuuK JO/DKEH pacrosia-
I'aTh COBPEMEHHBIMU aBTOMATU3HPOBAH-
HBIMM CPEJCTBAMH IPOEKTUPOBAHMS
(CAIIP), BO3MOKHOCTBIO BbIOOpA COBpe-
MEHHBIX, BHICOKOMHTETPHPOBAHHBIX KOM-
IUIEKTYIONINX — OPU, MMEIOIMX IMPOKUE
(PyHKIMOHATbHBIE BO3MOKHOCTH: TIJIMC,
MHKPOKOHTpOsLIepsl, LIAIT, AITIT 1 T.11.

K coxkaneHuro, pOCCUICKAs IEKTPOH-
Has IIPOMBIIUIEHHOCTb CYIIECTBEHHO
OTCTana OT 3aPYOEKHBIX ITPOHU3BOUTE-
JIEH, UYTO CTABUT Pa3padOTYHUKOB COBpE-
meHHOM BA KA B KpariHe 3aTpyHUTEIb-
HOE ITOJIOKEHHE, HE ITO3BOJISAA PenaTh 3a-
Ja9H MPOEKTUPOBAHUA ONTHMAIbHBIM
06paszom. PazpaboTynk COBpeMeHHOM BA
CTOMT IEPE]] TPOGIEMOI: TUOO CO3aBATh
TSDKETYIO 9HEPIrOEMKYIO BA Ha oreuect-
BeHHbIX OPU, mmbo npumenars HPU
MHOCTPAHHBIX MPOU3BOJUTEIEH, IIPEO-
Jonesas 6apbephl, CBA3aHHbBIE C UX IIPU-
MEHEHHEM, KOTOPBIE YCTAHOBJICHBI B Pa3-
JIMYHBIX HOPMATHUBHBIX H PYKOBOJSAIINX
JIOKyMeHTaxX (cM. Tadmuiry). OcobeHHO

YCJIOKHEHBI TPEOOBAHMSA U IIPABUJ/IA IIPH-
MEHeHHsI UMIOPTHBIX DPU B 3akazax MO.
OCHOBHAs1 TEXHOJIOIMYECKAS 1IE€NI0Y-
Ka IPOEKTHUPOBAHHA C IPUMEHEHHEM

UMIIOPTHBIX OPU cieayromas:

@ uMIopTHbIC DPH IPUMEHSIOTCA TOJIBKO
B TEXHHUYECKH OOOCHOBAHHBIX CTyJasX;

® OCHOBAHHUEM /I IPUMEHEHMS SABJIS-
€TCs HEBO3MOXKHOCTb PeaTU3AlHHA
TPEOYEMBIX TAKTUKO-TEXHHYECKUX
xapakrepuctuk (TTX) ammaparypsl
Ha OTEYECTBEHHO 3JIEMEHTHOH 6a3€;

® pa3pabOTYUK aAnIapaTypbl OCYIIEC-
TBJISIET BBIOOP MMIOPTHBIX DPU 110
NEKTPUYECKHUM XAPAKTEPUCTUKAM U
TPEOOBAHUAM K BHEIIHHUM BO3JEH-
CTBYIOIIUM (DAKTOpAM;

@ Bce DPU NOLKHBI IIPUMEHATLCS B CO-
OTBETCTBHH C TPEOOBAHMSIMH COOTBET-
CTBYIOUIUX CIIECITU(DUKAIIMI;

® JJIEKTPHUYECKHUE PEKUMBI HMIIOPTHBIX
OPH JOIDKHBI YAOBIETBOPATH TPEOO-
BaHIAM craHgapra ESA PSS-01-301;

® BbIOOp MMIOPTHBIX OPU jpomxeH
IIPOU3BOJUTHCSA M3 YHCJIA BKIIOYEH-
HbIX B «[lepeyeHn u3Ie/Iui U MaTepu-
4JIOB UHOCTPAHHOI'O IPOM3BO/ICTBA,
Pa3pelIEHHBIX K IPUMEHEHUIO> IS
anmapaTrypbl KOHKPETHOI'O H3/1eJIHs,
BBIITyCKaeMbIi 22 ITHUU MO;

® IIpu BBIOOpE HUMIIOPTHBIX DPU mpes-
IIOYTEHUE CIeyeT oTaaBarh OPU, kBa-
JIM(PUITUPOBAHHBIM JIJII KOCMUYECKO-
ro npumenenus. ITo crangapry MIL
3TO ypOBEHb KauecTsBa S, V wim ypo-
BeHb K u B o crangapry ESA/SCC s

PykoBoaswue OKYMEHTbI U HOpMaThBbI npuMeHenus AP B cneuTexHuke

P/1B 319.04.35.00-01

[MonoxeHue o NopsAKe NPUMEHeH!s

PO 134-0122-2001

MeToauyeckue ykazahus. Mopsaaok ucnonb3osanus PV UM 8 annapatype PKT. 06Lve nonoxexus

PIB B 319.01-09-94
Pegn.2.-2000 (Pyk P1-81)

PyKOBOJCTBO NO OLEHKE NPaBMNbHOCTIA NPUMEHEHNS 3NIEKTPOU3AENI U CPEACTB U3MEPEHII
B annaparype BOBHHOTO Ha3HaYeHus

ESA PSS-01-301

Tpe60BaHMs N0 CHVXKEHWIO HArpYy30K Ha 3NEKTPOHHbIE, BNIEKTPUYECKUE U 3NEKTPOMEXaHUYeCcKue

KOMMNOHEHTbI

axruBHbIX DPU (UMC, IIIT u gap.). ITac-

CHBHBIE KOMIIOHEHTBI JIOJDKHBI COOTBE-

TCTBOBATH ypoBHIO B mo MIL u C mo

ESA/SCC. TIpu BBIOOpPE HMIIOPTHBIX

DPU Gosiee HU3KOI'O KA4eCTBa TpedyeT-

Csl PEIINTb BOIPOC 3AKYIIKH y IPOHU3-

BOIUTEJIA, 00J1/1aI0IIErO BBICOKOKAYe-

CTBEHHO! TEXHOJIOTHEH. KpoMe Toro,

CIIeiyeT MPEeAyCMOTPETh PabOThI 1O

KBUIM(HUKAIIMY HA BHEIIHUE BO3/EH-

CTBHSL, B T.4. HA CTOMKOCTb K CIIEI[BO3-

JICFICTBHSIM, B LIEHTPAX, AKKPEUTOBAH-

HBIX B CUCTEME «BOEHB3JIEKTPOHCEPT>.

Pazpaboruuku U us3rorosurean bA ¢
IIPUMEHEHUEM UMITOPTHBIX DPH 005132~
TEJIbHO JJOJDKHBI YYUTBIBATD, YTO JKU3HEH-
HBIA MK TOIOOHBIX KOMITIEKTYIOIIMX
HEBEJHK (2 — 3 1071a), M IPEAYyCMATPUBATD
60 MEPUOJHYECKYIO MOJCPHUBAIHIO
KOHCTPYKTOPCKOM JTOKYMEHTALMH, JTHOO
32KYIIKy KOMIUIEKTYIOIIMX HA BCIO MPO-
rpamMy. IleHsl Ha umIIopTHBIE DPU Tpe-
OyeMOro KadecTBa 3HAYMTEIbHO BBIIIIE,
JeM Ha oTedecTBeHHbIE (B 5 — 10 pa3 u
6oiiee), YTO 3HAYUTEIBHO YCIOKHAET
BOITPOCHI 3AKYITKH ¥ CBOEBPEMEHHOTO M3~
roropiaeHus. Kpome TOro, CymecrByroT
pasnuyuysg B MOAXOJAX K TapAHTHHHBIM
00532TE/IBCTBAM OTEYECTBEHHBIX U 3aPY-
6eKHBIX TPON3BOAUTENCH DPU M K MIX pe-
CYPCHBIM XaPAKTEPUCTHKAM.

Bce npo6aeMel IIPOEKTUPOBAHMS CO-
BpeMeHHOM BA ¢ Tpebyembivu TTX Kak-
JIO€ TIPEIIPUSATHE PEIIaeT 060COOIEHHO
¥ CAMOCTOSITEJIBHO, 4 9TO TPeOyeT Heo-
NPABJAHHBIX 3HAYUTE/IbHBIX BPEMEH-
HBIX M (PMHAHCOBBIX 32TPAT KAK/IOTO
npeanpusTyst. 3agaun ymyamenus TTX
BA, NOBBIIEHHA IIPOU3BOJUTETLHOCTH
U 3(pPEKTUBHOCTH IPOU3BOACTBA DA,
IIPOEKTUPOBAHUA M H3TOTOBIEHMS CO-
BPEMEHHOI, KOHKYPEHTOCIIOCOOHOM BA
MOTYT PEMIATHCS TOIBKO JABYMS ITy TSAMU:
@ pa3pabOTKOM M IIPOMU3BOJACTBOM OTE-

YECTBEHHBIX KOMIUIEKTYIOIHUX OPHU,

YAOBIETBOPSIONINX BBICOKUM COBpE-

MEHHBIM TPEOOBAHUAM IIPOEKTUPO-

BaHUS BA;

@ M3MEHEHMEM IIPABUI M HOPM IIPHUMEHE-

HUSI UMITOPTHEIX DPU B mmponecce cos-

Janus BA, B 1.4, 11 o 3akazam MO. @
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fipkas
uaesa QNS Bawlero 6usHeca

Camble BbicOKO3ththeKTUBHbIE
cBeToAuoAHbie namnbl XLamp™

10 net
HenpepbIBHON paboTbi!

B ABTOHOMHbIE UCTOYHMKM CBETA

H B3pbiB06E30NacCHOe 0CBETUTENbHOE 060PYA0BaHME
B VYnn4Hble 1 ObITOBbIE CBETUBHUKM

M JlangwadtHas nogceeTka

B CBetohopb! U CUTHAMbHbIE YCTPOICTBA

B ABTOMO6MIIBHOE 0CBETUTENBHOE 060PYA0BaHNE

TeepaoTenbHas
namna XLamp™ 7090

TexHuyeckue xapaktepuctuku namn XLamp™

MotiHocTb namnbl, BT

05 1 3 ;
FabapuThl, MM 4,5x5 79 7X9 XLD-C-007
CBeTOBO NOTOK, M 00235 4o 87 go 113 KnacTep ¢ ApaiBepom
Pabouui Tok, MA 126 350 700
Yron nanyyenus, rpag 100 100 100

LigeTa cBeyeHus

Benblit ) °
Tny6okuit rony6on ® ) ®
Fony6on ® o ®
bupto3osbiit ° ® °
3enéHblit ® ° °
SAHTapHbIN ® ° °
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COBPEMEHHbIE TEXHOJIOrM

llonynpoBoAHUKOBbIE MaTepuanbl
U Npubopbl AN XECTKUX YCNOBUN
JKcnnyarauuu

Anexkcangp Monuwyk (Mocksa)

OneKTpoHHbIe NPUGOPbI HA OCHOBE Kap6uaa KPeMHUsl U anuTakcuasibHbIX
CNOEB KPEMHUS Ha U3OJIMPYHOLUMX NOAMOoXKKaxX 06n1afaloT psigom
NpPeuMyLLEeCTB MO0 CPAaBHEHUIO C aHaNOrMYHbIMU KpeMHUEBLIMU NpuGopamMu.
B cTaTbe paccMOTpeHbl peaynbTaTbl BO3AENUCTBUS ECTKUX YCIOBUM
3KcnyaTauMmu Ha napameTpbi BbilLeyKa3aHHbIX MPUGOPOB 1 06CYXKAEHbI
nepcrneKkTUBbI UX MPUMEHEHUS! B BOEHHOW U a3POKOCMUYECKON TEXHUKE.

BBEOEHME

3a moceTHuE IBA IECATKA JIET JOCTH-
JKEHMSI B 00JIACTU HOBBIX ITOJIYIIPOBOJ-
HHUKOBBIX MAaTEPHAJIOB U NIPUOOPOB HA
HUX OCHOBE M JKECTKHUX YCJIOBHU
SKCIUTYATAIIUU IIPETEPIEBAIOT OypPHBIN
pocr.
IKCIUTYyaTAllUN OOBIYHO IIO/IPAa3yMEBa-

ITox KECTKUMH YCIOBUAMH

JOT 3KCTPEMAJIbHBIE PEKHMBI PAGOTHI,
HAIIpUMep, TeMIieparypy Hwke —60°C u
Beimie 200°C, a TaxkKe BO3/IECHCTBUE
JKECTKOTO PAZTMOAKTUBHOTO U3TyJEHUS.
Cpenu 0651aCTer IPUMEHEHUs, I7Ie Tpe-
OyIOTCSl MOJOOGHBIE ITPHOOPHI, 0COOO0
MOKHO BBIJICJIUTH CJIEAYIOIIHE:

® 3JIEKTPOHHMKA BOEHHOI'O HA3HAYEHHS,
® 29POKOCMHYECKAA ATEKTPOHHKA,

@ aBHAIIMOHHAS AJIEKTPOHHKA,

® anmaparypa st He)TeT00bIuH,

@ aBTOMOOW/IbHAA TEKTPOHHKA,

® 3JICKTPOIHEPIETHKA.

B Hacrosmee BpeMs Hambosee Iep-
CIIEKTUBHBIMH TIOTYIIPOBOIHHUKOBBIMH
MaTepuaJlaMy Uil PacCMaTPHBAEMOIO
KJ1acca IPUOOPOB SABIIAIOTCA KPEMHUM

Ha m3osarope (Silicon on Insulator,
SOI) u xap6ux kpemuus (SiC). Texno-
goruy SOI aKTUBHO Pa3BUBAET KOMIIA-
IIo mpom3BOACTBY
mnactuH SiC (pakTU4YEeCKHMM MOHOIIO-

Hua Honeywell.

JIUCTOM HAa MHPOBOM DBIHKE SABJIAETCA
komrraHus Cree. [JJOCTOMHCTBOM OOOHUX
MaTEPHAIOB ABIAETCA YCTOMYUBOCTD K
BBICOKOH TeMIIEpaType U PaguallMOH-
Has CTOMKOCTb. B cilygae HMCIIOab30Ba-
HUSI KPEMHHS Ha H30/TOPE BBICOKAA
ycTorH4uBOCTh SOI-TpUGOPOB JOCTUTA-
€TCsI TEXHOJIOTUYECKUM ITyTéM. Kapouz
KPEMHHUS IIPEICTABIAET COOOH BBICOKO-
TEMIIEPATYPHBIH PagUAIMOHHO-CTOM-
KUH NOTYyIPOBOJHUK, mO3TOMYy SiC-
IpUGOPHl MOTEHIIHAJIBPHO CIIOCOOHBI
06eCIeYynTh XapaKTEPUCTUKH, HEHO-
CTYDKHMBIE JI/IS1 IPYTUX MATEPHUAJIOB.

KPEMHUIA HA U3ONIATOPE
(SOI)

Texnonorus SOI pa3pabarbiBaiach
CITEI[HATBHO /IS ITOTyIeHHs MPUOOPOB
BBICOKOTEMIIEPATYPHOM 3JIEKTPOHUKU

NMOS-TpaHaucTop
1 BbIBOA
3a3eMneHuns

PMOS-TpaHaucTop Bxon
11 BbIBOJ MCTOYHMKA NUTAHUS
Voo Vnpasnmoumu VnpaBnsiowmi
sneKTpou ) I Boixop 3nekTpos

N kapmaH

Moanoxka P+

Puc. 1. ®parment cxembl CMOS-unsepropa

U IIPUIOKEHUH, TPEOYIOIHUX YCTOMYH-

BOCTH K BO3/JI€HCTBHIO JKECTKOI'O PA/INO-

AKTUBHOIO H3IydeHwus. [Jasd noHuma-

HUS OPUHIHMIIHAIBHBIX OTIAYHMN 3TOM

TEXHOJIOTUH PACCMOTPHUM OCHOBHBIE

NIPOOIEMBI, BOZHUKAIOIIWE B TPAAULIH-

OHHBIX KPEMHHEBBIX HHTEIPAJIbHBIX

cXeMax IIPH BO3JEMCTBUH BBICOKOH

TEMIIEPATYPbL.

Kak u3BeCTHO, OOIBIIHUHCTBO COBPE-
MEHHBIX HHTEIPaJbHBIX MHKDPOCXEM
TOCTPOEHO IO MOHOJIUTHOH TEXHOJIO-
ruu KpeMHueBbIX FET-TpaH3ucTOpOB.
OJHAKO, TPAJUIIMOHHbIE KDEMHUEBBIE
MOJYIPOBOAHHUKOBBIE TEXHOJOTHUH
OYEHb KPUTHYHBI K BBICOKUM PabOYNM
TemneparypaMm. IIpy IOBBIIIEHHUH TEM-
nepatypbl CMOS-CTPYKTypbl BO3HHKA-
IOT TPHU CYIIECTBEHHBIE TPOO/IEMBI:

e poct ToKa yredku CMOS-CTPYKTypbI
32 CY4ET HATMYMS B HEU OUITOIAPHBIX
TPAH3UCTOPOB (pHcC. 1);

® BO3HMKHOBCHHE yTEUKH Y€PE3 OKCH/I-
HYIO H3O0JIALMIO 3aTBOPA C BO3MOK-
HOCTBIO €€ pa3pyLIeHU;

@ BO3HUKHOBeHUE AUDPYy3uH MeTa-
JIOB M3 MECT pPACIaMKH BBIBOJIOB
KPHUCTA/UIA U METAIM3UPOBAHHBIX
Y4ACTKOB IIOBEPXHOCTU B IOIYIIPO-
BO/JIHHUK.

Tox yredku CMOS-CTPYKTypbI pacTET
c pocroMm Ttemueparypsl IIpu 3TOoM B
mupoBO cxeme OyAyT HaOII0JAThCA
CHIDKEHUE HATIPSDKEHHS JIOTUYECKOM
€IUHUIIBI, YBEJIUYEHHUE YPOBHS JIOTH-
YECKOTr'0 HY/IA, CHUKEHHME T'MCTEPE3UCa,
YBEJIMUYEHHE 3aIE€PKKHA MEXKIY TIOTHYIEC-
KUMH JIEMEHTAMU U CI14]] CKOPOCTH Ha-
pacTaHus CUI'HAJIOB, YTO B KOHEYHOM
cuére MPUBEIET K ITOTEpPE pabOTOCIIO-
COOHOCTH JIOTHYECKOU CXEMBL.

B aHaJOroBBIX CXE€MaX POCT TOKa
YTE€YKH IPUBOAUT K CMEIIEHHIO BCEX
OCHOBHBIX €€ IapaMeTPOB, TAKUX KaK
BXO/IHOHM TOK CMENIEHMUs, HANPSUKEHHE
HYJISI, YCUICHUS, TI0JIOCHI IIPOITYCKAHMS
M YPOBHA IIIYMOB.

JKuzuenHsb UK CMOS-KOMIIOHEH-
TOB TAKXKE€ YMEHBIIIAETCS C POCTOM TOKA
YT€YKH OHUIIOJSAPHBIX TPAH3UCTOPOB.
POCT TOKa YTEUKH IPU YBEIUYEHUU
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TEMIIEPATYPBI IPUBEIET K OTHOBPEMEH-
HOMY OTKPBIBAHHUIO OOOMX TPAH3UCTO-
poB — PMOS 1 NMOS (puc. 1) u BBIXOAY
M3 CTPOSI OKOHEYHOT'O KACKA/a.

Berxoj U3 crpost KpemHueBex CMOS-
KOMIIOHEHTOB IIPU BBICOKMX TeMIIEepa-
Typax MOJKET OBITb OOYCIOBIEH IIPOOO-
€M OKCH/ITHOM U30/IALIMH 3aTBOPOB M3-32
YBEJIIMUYEHUSA TOKA YTEUYKH 4depe3 He€.
DTO OCOOEHHO AKTYaJIbHO JII MHKPO-
CXEM IAMATH, B KOTOPBIX C POCTOM TEM-
rnepaTypel HaGIIOJAETCA TOTEPS HH-
dopmanuu 32 CYET YTEUKH Yepe3 U30-
JIALIUIO 3aTBOPOB, 4 IIPU JIUTEIBHOM
BO3JEHUCTBUH BBICOKOH TEMIIEPATYPHI
HACTYIIAeT HEOOPATUMBIN IMPOOOM. DTy
nIpo6IEMYy MOXKHO YACTHYHO PENIUTH
IIyTEM YBEJIMYECHUS TOJIIUHBI OKCH/I-
HOHM H3OJAIHUH, OJHAKO IIOJTHOCTBHIO
YCTPAHUTB 3TOT 3(PPEKT HE yAAETCA.

CymecTByeT TaKKe HEMaJOBAKHAS
npob6iema, cBsi3aHHasA ¢ auddysuen
U3 06/1ACTEH META/UIU3ALMH KPEMHUE-
BBIX ITOJYIIPOBOAHHUKOBBIX IIPHOOPOB.
OOGBIYHO HCHONIB3YETCs CTAHAAPTHBIN
TEXHOJIOTUYECKUI ITPOLIECC META/LIN3A-
1y amroMUHAEM. C POCTOM TeMIIEPATy-
PBI IPOUCXOAUT MUTPAIHA ATFOMUHUA B
MOJIYIIPOBOHUK, YTO CO BDEMEHEM IIPHU-
BOJUT K KOPOTKOMY 3aMBIKAHHIO KaHa-
J10B MOS-TpaH3UCTOPOB.

Texnonoruss SOI BO MHOIOM pelnaer
YKa3aHHBIE IIPOOJIEMBI IPHU BBICOKHUX
Temueparypax. CyTb TEXHOJIOTHUH 3a-
KII0YAeTCsA B JOIIOJHHTEIbHOM HMII-
JIAHTALIUU KHCJIOPO/a B KPEMHHMEBYIO
HO/IJIOKKY C OOpa30oBaHHEM BHYTPHU
IIOTYIIPOBOAHUKA JUITEKTPUIECKOTO
CJIOSI OKCH/IA KPEMHUSA (PUC. 2).

DddexT BIUAHUA BHYTPEHHETO OK-
CH/IHOTO CJIOSI Ha COCTABIIAIONINE TOKA
YTEUKU WUIIOCTPUPYET pUcC. 3. B pac-
CMATPHUBAEMOM CJIydae 3Ta TEXHOJIOIHs
MO3BOJISIET YCTPAHUTH OOJIBIIMHCTBO
HCTOYHUKOB BO3HHUKHOBEHHS yTEYEK B
TIOJIYIIDOBOJHUKOBOH CTPYKType IIO
CpPaBHEHUIO C TpaauuuoHHon CMOS-
TEXHOJIOTUEN HA KDEMHHUU.

B Bacrosee BpeMs TUIEPOM B HH/TY-
CTPHH IOIYIIPOBOJHHUKOBBIX IIPUOOPOB
no rexnosoruu SOI ABIAETCS KOMIIA-
Hust Honeywell. OHa nIpOU3BOAUT LIH-
POKYIO HOMEHKJIATYPY BBLICOKOTEMIIEPA-
TYPHBIX IIOJYIIPOBOJHUKOBBIX HPHOO-
POB, B TOM YHCJ/IE MUKPOCXEMBI IAMATH,
MHKPOKOHTPOJUIEPHI, JATIUKH, OIepa-
ITMOHHBIE YCHIUTEIH U JP.

IIpu HCHIOJB30BAHUU METAIH3A-
MU ATIOMUHHEM C GapbEPHBIM IIOJ-
CJIOEM U3 CIIJIaBa TUTAHA U BOAbdpama
Honeywell 10611ach *JKU3HEHHOTI'O IIMK-
na SOI-mpu6opos 45 000 yacos npu

COBPEMEHHbLIE TEXHOJIOIr'MM

Tok yTeuku
cToKa
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Puc. 2. CpaBHenue TexHonorui: CMOS (BBepxy), SOI (BHu3y)
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KpemHuit Ha u3onsTope

Puc. 3. BnusHue BHYTPEHHEro OKCMAHOIO CNOA Ha COCTABNAIOLINE TOKA YTEYKU

Temmeparype 225°C u 130 000 gacos
npu temneparype 180°C. K megocrar-
KaM 3TOM TEXHOJIOIMHM MOKHO OTHECTH
POCT COTPOTUBIIEHU KOHTAaKTa Ha 10%
IO CPaBHEHUIO C TPAJUIIMOHHON Me-
TA/TU3AIIHMEH.

Yro Kacaercsi paJuallMOHHOM CTOM-
KOCTH u3genuii Ha 6a3e SOI, To B HACTO-
AIIee BpeMs JOCTHUTHYT IIOKa3aTellb B
1000 xpaj nOTTIOMEHHOM JO3BI.

Kapreup kPEMHuUSA (SIC)

Bcero mump okono 10 et Ha3axg Kap-
OUJ KpPEMHHSA CTAJI PACCMATPHUBATLCA B
Ka4eCcTBE JOCTYIHOI'O MaTepuana i
TOJYIIPOBOJHHUKOBEIX MPHUOOPOB, UTO
CTAJI0O BO3MOXKHBIM 061arofapsi pa3By-
THIO TEXHOJIOTHMU BBIPAITUBAHUA KPHC-
TaUIOB TpeOyeMOro pazmMepa B HEOOXO-
JUMBIX KOIUYecTBaX. Ha ceromHsamHui
JI€Hb TOJBKO OJHA KOMIIAHHMSA B MHPE

npou3BoguT SiC-TIACTHUHBI OOIBIINX
pa3mepos (100 MM) B MACCOBBIX KOJIHYE-
cTBax — 310 KOMnanwus# Cree. I[Tpuaém 60-
see 95% Bcex r1acTuH uaeT Ha GaN-3mm-
TAKCHIO JIJIsI IIPOU3BOICTBA KPUCTA/UIOB
CHHUX U 3€JIEHBIX CBETOJHUO/IOB, U JIUIIb
HeOOIbIIAs YACTh HCHOJIb3YETCS IS
IIPOU3BOJCTBA BBICOKOTEMIEPATYPHOH
U PagAAllMOHHO-CTOMKOM 3J1€MEHTHOH
0a3pl. UTO KacaeTrcs KOMMEDPYECKU JIO-
cTynHeIX SiC-MpUGOPOB, TO UX HOMEHK-
JIaTypa B HACTOAIIEE BpeMsA OIPaHHUYH-
BA€TCS BBICOKOBOJIBTHBIMU JTHOJAMU
ITorrxku (mo 1200 B) u monabeiMu CBY
MESFET-Tpan3ucropamu (10 3,8 I'Tix).
Kap6uy KpeMHHsA — YHHUKAIbHBIN IIO-
JIyIIPOBOJHHK, ITO3BOJISAIONTUN CO3ABATh
IPUOOPHI C XAPAKTEPUCTUKAMH, HEIO-
CTHDKMMBIMU JUIA APYTUX THIIOB IIOJIY-
IIPOBOJAHHUKOB, IIO3TOMY OCTAaHOBHMCS
MOAPOOHEE HA ETO OCHOBHBIX CBOMCTBAX.
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Puc. 6. Mpsmas u obparnas sersu BAX SiC-auopa Wotrku ¢ Uygy yaxe = 4,9 KB

CBOMCTBA U XAPAKTEPUCTUKM
SiC

Xors cymecTByeT okono 170 u3Bect-
HBIX IMOJTUTHUIIOB KapOuJa KPEMHUI,
TOJIBKO [IBA U3 HUX IIHPOKO HCIOIB3Y-
IOTCA Il U3TOTOBJICHUS IOTYIIPOBO/I-
HHUKOBBIX IPUGOPOB — 310 4H-SiC 1 6H-
SiC. [l CHIOBBIX IOJYIIPOBOJHUKOB
npeanoururenpHee mnoautun 4H-SiC
Omarogapss OGOJBIIEN IMOJABHKHOCTU
3JIEKTPOHOB. B Tabiuile MPUBOJUTCS
CPaBHEHHE OCHOBHBIX 3JIEKTPOHHBIX
csoricTB 4H-SiC ¢ kxpemHueBbIMu (Si) 1
apceHuaranuesbiMu (GaAs) MmOIynpo-
BOJHHUKOBBIMU MaTepHaaam [1].

PaccMOTpHUM KJIIOYEBBIE ITPEUMYIIE-
crBa SiC-mIOJIYyIIPOBOJHUKA B CpaBHE-
HUH ¢ Sin GaAs.

ITpo6uBHAS HAIPSKEHHOCTD JIEKTPH-
uyeckoro 1oy 4H-SiC 6onee uem Ha Tops-

JIOK IIPEBBINIAET COOTBETCTBYIONIHE ITOKA-
3aresu y Si m GaAs. D10 IIPUBOJUT K 3HA-
YUTEIBbHOMY CHIDKEHHIO COITPOTHUB/ICHHS
B OTKPBITOM cocTtostHuu (R,,,). Ha puc. 4
TOKA3aHA 3aBUCUMOCTD R, OT HAIIPSDKE-
HUA NPoO6Os KpHUCTAIIA P-i-n-AHO0AA.
MOKHO BHJIETh, YTO IIPHU HAIIPSDKEHUH
600 B SiC-guox umeert R, ~ 1,4 MOM cv?,
GaAs-uon — Ry, ~ 6,5 MOM cv?, Si-iuozt —
Ron > 70 MOM e,

Masnoe yze/lIbHOE COIPOTUBIECHHUE B
OTKPBITOM COCTOSHHU B COYETAHHUH C
BBICOKOH IUIOTHOCTBIO TOKAa M TEIUIO-
MPOBOJHOCTBIO TIO3BOJISIET MCIIOJIb30-
BaTh OYEHb MAJEHBKHE IIO pa3Mepam
KPUCTAJLIBI /11 CWIOBBIX IIPHUOOPOB.

Bonpmas mupuHA 3anpen€éHHON
dHEPreTHYeCKOM 30HbI SiC ABIAETCA pe-
3yJBTATOM G0JIE€ BBICOKOT'O IO CpaBHE-
HUIO ¢ Si u GaAs 6apbepa lHloTTku. B pe-

CpaBHEHWe OCHOBHbIX ANEKTPOHHbIX CBOMCTB NONYNPOBOAHNKOBbIX MaTepuanos

o T ey

1

LLinpuHa 3anpeLEHHON 3HEPTeTUHecKO 30HbI, 3B 112 R 3,26
MoaBMXHOCTb 3NEKTPOHOB, CM%/C B 1400 9200 800
[MoaBMXHOCTb AbIPOK, CMZ/C B 450 400 140
KoHueHTpaums co6eTBeHHbIX HocuTeneit npu 300°K, e 1:5% 102 21 x 10° 5x 10°
CkopocTb 06LEMHOrO 3apsiaa 3NeKTPoHOB, cm/c x 107 i) 1 2
KpuTunyeckas HanpskEHHOCTb anekTpuyeckoro nons, MB/cm 0,25 0,3 2,2
TennonpoBoaHoCTb, B1/cm °K 1,5 : 05 3,0..3.8

3yJAbTATE YPE3BBIYAMHO MaJbI TOK
YTEYKU IIPU MOBBIIIEHHON TeMIIEPaTy-
pe xpuctaia (meHee 70 MKA npu
200°C) CcHmKAET TEPMOIJIEKTPOHHYIO
3MUCCHIO 32 TIpeJie/IaMu Gapbepa.
Beicokas TemmonpoBogHOCTh SiC
CHMJKAET TEIJIOBOE CONPOTHUBIECHHE
KPHUCTAJI/IA II0 CPAaBHEHHUIO C Si-Juopa-
MH IIOYTH B B4 pa3a. DJIEKTPOHHbIE
CBOMCTBA NPUOOPOB Ha ocHOBe SiC
OYE€Hb CTAOWIBHBI BO BDEMEHH U 1260
3aBHCAT OT TEMIIEPATYPHI, YTO obecrie-
YHBAET BBICOKYIO HA/IEKHOCTD U3/]E/TUI.
Kap6ug XpeMHHA YpPE3BbIYAMHO
YCTOMYHUB K XKECTKOM PaUALIUH, TI0ITO-
My e€ BO3JICHCTBHE HE IIPUBOJUT K JI€T-
paganym 3JEKTPOHHBIX CBOMCTB KPHC-
Ta/U1a. BeICOKass pabouas Temmeparypa
kpucraia (6omee 600°C) mo3BossieT
CO3/1aBaTh BBICOKOHAJEKHBIE TPUOOPHI
JUIA KECTKUX YCIOBHE SKCIUTYyATALMHA U
CHEIUATBbHBIX IPUMEHEHUI.

Avopas! WoOTTKM ~
NMEPCNEKTUBHbIE
nonynpPoBOAHUKOBBLIE
NMPUBOPbLI U3 KAPBMOA
KPEMHMUSA

Kak 0TMEe4aIoCh BBILIE, B HACTOAIIEE
BpeMsl €JHHCTBEHHBIM KOMMEPYECKHU
JOCTYIIHBIM IIPOJYKTOM H3 Kapo6wujaa
KPEMHUS ABIAIOTCA AuoAbl HIOTTKM.
Crpykrypa SiC-1uo/a MOKa3aHa Ha PUC. 5.

J11s1 IPOU3BOACTBA JUOOB UCIIOIb3Y-
erca 4H-SiC-momuTun ¢ MeTaIu3aiu-
e Gappepa IIOTTKM HUKEIEM WIHA
TATAHOM. ISl CHIDKEHUST KPA€BOM KOH-
LIEHTPAIIMH 10151 HA T'PAHULIE META/LIN-
YEeCKOTO KOHTAKTa HCIIOJBb3YETCs J0-
TIOTHUTEIbHAS UMIUIAHTALIAA ATOMAaMH
6opa C MOCJIEAYIOIHM OTKHI'OM IIPH
Temneparype 1050°C B reuenne 90 MmuH.
BricoTa 6apbepa IIOTTKH IIPH METAJI-
mau3anuu Ti u Ni cocrasisier 0,8 1 1,3 B
COOTBETCTBEHHO. Bojiee HU3KHH Gapbep
IIO3BOJISIET ITOJYYUTh MEHBILIEE IIPAMOE
MaJeHUE HAIPSDKEHUs, HO IIPH 3TOM
BO3PACTAET OOPATHBINA TOK yTeuku. Ta-
KHM 00pa3oM, JJIsl TIOJIy4EHHs BbICOKO-
BONBTHBIX (6osiee 1500 B) nuomoB nep-
CIIEKTUBHA METAIM3ALIUsl HHKEJEM,
JUISI HU3KOBOJIBTHBIX — TUTaHOM. Ha
puc. 6 MOKa3aHbl TPAMAs U OOpPATHAS
BOJIBT-AMIIEPHBIE XaPAKTEPUCTUKHU IS
U0, UMEIOIIETO0 METATIHU3UPOBAH-
HbIM Ni-6appep IIOTTKHM M 3IHUTAKCH-
QJIBHBIN CJIOH TOTMHOM 50 MKM [2].

DTOT AUOA UMEET TUAMETP KPUCTAILIA
425 MKM, MAKCUMaJIbHOE OOPATHOE Ha-
npsokenue 4,9 kB U yaeapHoOe COIpo-
THUBJIEHUE B OTKPBITOM COCTOSHHUHU
43 mOMm cm?. Kommanms Cree Research
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npejacrasuiaa auog HIOTTKH ¢ MaKCH-
MaJIbHBIM OOPAaTHBIM HAIIPSDKECHUEM
10 kB ¥ IpsIMBIM I1a/ICHUEM HATIPSDKEHUS
3,7 B ipu rmoTHOCTH TOKa 100 A/cm?. Ta-
KHUM OOpa3oM, HMCIOIB30BAHUE Kapouaa
KpEMHU B OMMKANIIEH IIEPCIEKTUBE
MO3BOIUT PEHIUTDL MPOOTIEMY CO3/IAHHS
BBICOKOCKOPOCTHBIX BBICOKOBOJIBTHBIX
BBIIPSIMUTEICH HA OOJBIINE TOKU B3a-
MEH TI'DOMO3AKUX HHU3KO3((EKTHBHBIX
KPEMHHEBBIX CTOI0OB.

Kno4EBBIE
MOSFET-TPAH3UCTOPbI
U3 KAPBMOA KPEMHMA

B macrosmee Bpemsi CHJIOBBIE KIIIO-
4geBbple NPUOOPHI MMEIOT (yHIaMeEH-
TaJIbHOE OrpaHUYEeHHE Ha pabouee
HaNpsoKeHue, 0OYCI0BIEHHOE HU3KOM
IPOOHUBHOM HAIIPSHKEHHOCTBIO 3JIEKT-
PHUYECKOTO I10JIA IIOJIYIIPOBOJHHUKOBOTO
KpemHus. I1o cpaBHEHUIO C Si, y KapOu-
Ja KpPEeMHHs IPOOHBHAs HANPKEH-
HOCTB I10JIs Biie 60os1ee yem B 10 pas, a
VAEIBHOE CONPOTUBIEHUE B OTKPBITOM
cocrostHuU HIKe B 400 pas. Otu asa
Ka4yeCTBa JIe/IAI0T KapOH/ KDEMHMS H/le-
AJIbHBIM MATEPUATIOM /I CHIOBBIX I10-
JIYIIPOBOJHUKOB. XOTSI HA CErOJHAII-
HUH J€Hb HET KOMMEPYECKH JOCTYII-
HBIX KII0UEBBIX SiC-TPaH3UCTOPOB, Psi/l
KOMITAHMH ¥ HAYYHBIX LIEHTPOB pa3pa-
6aTBIBAIOT U JEMOHCTPUPYIOT IKCIIEPH-
MEHTAJIbHBIE U JIAOOPATOPHBIE OOpa3-
IIbI TAKUX IPUOOPOB. IT0 pa3HbIM OLIEH-
KaM, IOSBJIE€HHE IE€PBBIX CEPUHMHBIX
SiC-TpaH3UCTOPOB MOKHO OXHMIATh
yxke B Havasie 2007 1.

CTPYKTYpHO MOKHO BBIJIEJIUTH He-
ckoabkO TUoB MOSFET — 3t0 DMOS-,
UMOS- u JFET-npu6oper. DMOS-mipu-
6op (Double-implanted MOS) 1okasan
Ha puc. 7. OH aHAJIOTUYEH CTPYKTypE Ha
Si Double-Diffused MOS, y KOoTOpO#i 06-
macTu p-6a3pl M N'-MCTOKA MOIYy4aroT
IyTeM HOHHOM UMIUIAHTALIHH.

B 3THX npHOOpPaAX MOJOKUTEIBHOE
CMEIIEHUE HA 32TBOPE U3 IOJIUKPHUCTA-
JIMYECKOTO KPEMHHUSA CO3/aET MHBEPC-
HBIM CJIOM HA I'PAHMIE PA3AEIa MEXKIY
SiO, u SiC p-TuIa. DIEKTPOHBI IIPOTEKA-
IOT U3 N'-MCTOKA Y€PE3 MHBEPCHBIN CJIOHU
B n-061acTh Aperda U 3aTeM B N'-IOJ-
JIOKKY (CTOK). Tosicras mpuMecHast n™-06-
JIACTh HEOOXOAMMA JUIs OO€CTICYEHMA BbI-
COKOM 3JIEKTPOIIPOYHOCTH IPUOOpa B
3aKPBITOM COCTOSIHUH. MaKCHMaJIbHOE
pabouee HaNpsLKEHUE TPAaH3HUCTOpa Oy-
JIET ONIPEJENATbCA TOJIIMHOMN 06IaCTH
aperida M KOHIEHTPAMEH IIPUMECH B
He!. TIOCKOIbKY MAaKCHMaJIbHASA TOJIIIH-
HA 3MHMTAKCHATLHOIO CJIOSI KOMMEpPYeC-

KU JOCTYIHBIX SiC-TIOIOXKEK HE IIPEBbI-
maer 10 MKM, HalIpsDKEHUE OIPAaHUYHBa-
ercst BermmauHoM 1600 B. OfuH U3 myTeit
€I'0 IIOBBIIEHMS — UCIIOJIb30BAHUE TOPH-
30HTAJILHOM CTPYKTypbl LDMOS (Lateral
Double MOSFET), moka3aHHO¥ Ha PHC. 8.

B crpykrype cospaercsa obegHEHHAS
061aCTh, KOTOPAsA B 3aKPBITOM COCTOS-
HUH TPAH3UCTOPA IIPU YBEITMYEHUH I10-
TEHIINAJIA TAKKE YBEIUYHBACTCS H, JO-
CTUI'HYB HM30JMPOBAHHOM ITOAJIOMXKKH,
IIPOAO/LKAET PACHPOCTPAHATLCA B CTO-
POHY CTOKa, OTOKHPYyA MPHIOKEHHOE
MEKy CTOKOM U HCTOKOM HAIIPSDKEHHUE.
B aTOoM TpaH3HCTOpE MAKCHUMAIbHOE
HAIIPSUKEHHUE HE 3ABHUCHUT OT TOJIIIUHBI
SMUTAKCHATIBHOIO CJIOSI 1 OTPAHUYUBA-
€TCsA TOJIBKO YPOBHEM Hauyala MOBEPX-
HOCTHOTO 3JIEKTPUYECKOTO MPOOOs
MEXAy 3JeKTposaMu. B ob6pasnax
LDMOSFET (Cree) ZOCTUIHYT YPOBEHb
MaKCHMaJIbHOT'O HanpspkeHus 10 kB.

JIJ1a CHUZKEHHA Y€/ IbHOTO COIIPOTHUB-
JIEHHA B OTKPBITOM cocTOogHHU Yy UMOS-
TPaH3UCTOPOB 3aTBOP BBIIOTHAETCS B
¢dopme U-06pa3HOI «<kaHaBKU» (trench-
gate). Ha puc. 9 nokasaHsl JuarpaMmsl
pacrpeeneHus NEKTPUIECKOro MOJs
B p—n-niepexoge u Ha MOS-cTpyKType.
MOXHO BH/IETB, YTO B OOIACTH OKCH/I-
HOM HM3O0JIAIMU 3aTBOPA HAOGIIONAETCS
CKA4OK ITOTE€HILIHA/Ia, IIPEBBIIIAOIINL
IIUKOBYIO HAIPKEHHOCTD MOJIA B I10-
JIYIIPOBOJHHUKE B 2,5 pasa. DTO MPHUBO-
JIUT K HEOOPATUMBIM IIPOOGOAM B TPAH-
3UCTOPE M HAKIAJBbIBAET OCHOBHOE
OTrpaHMYEHHE HA BEJIHYHHY pabouero
HanpspkeHusA. PemeHue aTo¥ mpoobiie-
MbI MPEIIOKEHO HCCIELOBATEIbCKUM
nenTpom Purdue University WBG
Research Group [3]. Beuia cosgaHa
CTPYKTYPa C TaK Ha3bIBAEMOM <«HMHTET-
PaJIbHOM 3AIMMTOM», KOTOpAsi OTPaHHU-
4naa HAOPKEHHOCTb IIOJSA B OKCH-
HOM CJIO€ 3aTBOPAa U OFHOBPEMEHHO
CHU3WIA yJE/TbHOE CONPOTHBIEHHUE B
OTKPBITOM COCTOAHUU (pHUC. 10).

B npu6op BBEEHA JOTIOTHUTEIBHAS
0671aCTh pP-TUIA, PACHOJIOKEHHAS ITO[
«KaHABKOM» 3aTBOPA4, ITO3BOJIAIONIAS
CHU3UTD HAIIPSKEHHOCTD IOJIA HA Tpa-
HHIIE OKCHJI/TIOJYIIPOBOJHUK O HYJI,
3aIIUIIAA TEM CAMBIM OKCHJI OT TIPOGOST
B 3aKPBITOM COCTOSHUU. JJOIIOIHUTE/Ib-
HBIA 3MMUTAKCHAILHBIN CJIOH 1107, p-6a-
30H MPENOTBPAIIAET OTCEUKY KaHala
IIPOBOJUMOCTH B OTKPBITOM COCTOSIHUH
U CIIOCOOCTBYET MPOTEKAHHIO TOKA B
obnactsb aperida. I[Ipudop TaKKe BKIIO-
4yaeT B ce6 060TaIEHHBIN N-3TTUTAKCH-
QJIBHBIN CJIOHM, BBIPAIIEHHBI Ha OGOKO-
BOM CTEHKE <«KaHABKH». DTOT CJIOH IIpe-
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Puc. 10. SiC ACCUFET-Tpan3ucrop

BpalaeT npudbop B TAK HA3BIBAECMBIN
«MOSFET ¢ oO6OraméHHBIM CJIOEM»
MOSFET wnmu
ACCUFET), y KOTOPOTO YBEJIHYCHA TOJ-
BIDKHOCTD 3JIEKTPOHOB M OJJHOBPEMECH-

(accumulation-layer

HO CHIDKEHO Y/IEJIBHOE COIPOTUBICHUE
B OTKPBITOM COCTOSIHUM. ITomyyeHHbIE
o6pasupl ACCUFET 06ecneuyuBaoT Mak-
cumaibHOeE HanpspkeHue 1400 B, yaens-
HOe comnporusiaeHue 15,7 MOM cm® u
JOGPOTHOCTH 125 MBT/CM? 9TO B 25 pa3
IPEBBIIIAET TEOPETUYECKUI IIPEIET ISt
KpeMHHUEeBBIX MOSFET-TpaH3ucTOpOB.
PaccmorpenHbie MpubOpPBl UMEIOT
BBICOKYIO (HO IIOKAa HEJOCTATOYHYIO)
CTEIIEHb TOTOBHOCTU K HAYAIy CEPHUIT-
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COBPEMEHHbIE TEXHOJIOIrMU

Ron x 10~, Om x cm?
10

M

0 130 260 390 520 650
T,°C

Puc. 11. U3meHeHue yaenbHOro CONPOTUBNEHNA
KOHTaKTa SiC anuTakcuManbHoro cnos Bo
Bpemenn npu Temneparype 500°C

Puc. 12. Luthposas SiC unterpanbHas cxema

HOro 1npousBojacTBa. Kommanus Cree
AHOHCHPOBAJIA KOMMEPUYECKYIO TOCTYII-
HOCTh nepBbIx MOSFET-TpaH3UCTOPOB
U3 Kap6uga kxpemuus B 2007 1.

MPusOPHLI U3 KAPEMOA
KPEMHMA AN XECTKUX
YCNIOBUWA SKCNYATALIUMU

Kak OTMEYaI0Ch BBIIIIE, BBICOKASA Pab0o-
4as TeMIiepaTypa 1 paJualOHHasA CTOH-
KOCTD J€/IaI0T KapOU KPEMHUA IIPAKTH-
YECKH HE3aMEHHMBIM MATEPHAIOM UL
Pa3paboTKH MOIyIIPOBOJHHUKOBBIX ITPH-
GOPOB, PAOOTAIONIUX B KECTKUX YCIIOBH-
SIX OKCIUTyaTaIlUuH, B YaCTHOCTH JI/Is1 BOCH-
HOT'O U KOCMHYECKOT'O IIPUMEHEHU.

JIJ1s1 MaKCHMaJIbHOT'O MCIIOIb30BAHMA
TEMIIEPATYPHBIX XapaKTepUCTHK SiC
IIPEX/IE BCErO TPeOyeTCs pEmrTh IPOOo-
JIEMY IIOJTY4EHUsI HALEKHOIO 3JIEKTPH-
YECKOTO KOHTaKTa. CBA3aHO 3TO C TEM,
4TO nIpHU Temneparype Boime 500°C me-
TA/UTU3AIUS KOHTAKTA CHUIBHO JErpaju-
pyeT U3-3a B3aUMHOH UM y3un Mexay
CJIOSIMH, OKUCJICHUS KOHTAKTA ¥ KOMIIO-
3UIIMOHHBIX ¥ MHUKPOCTPYKTYPHBIX H3-
MEHEHHUN Ha TPAaHHIE METAJJI/IIOJIy-
MIPOBOAHUK. DTO IMPHUBOJUT K BBIXOTY
npubopa U3 crposd. BakyymuposaHue
IOJIYIIPOBOJJTHUKOBOI'O YHUIIA B CIIEIIM-
AJIBHOM KOPITyCE MHOTOKPATHO YBEJIH-
YHUBA€T €r0 CTOMMOCTb, IabapuThl U
MACCY, /1e/1as1 He IIPUTOJHBIM K I POKO-
My IPUMEHEHHIO.

OZHUM M3 pPENIEHUH YKaA3aHHOU
npo6IeEMBl  CIY’KUT HCIIOJIb30BAHHUE
MHOT'OCJIOMHOM METAJUIU3ALUH, IIPEeJ-
JIO)KEHHOM HCCIEJOBATENIbCKUM IIE€HT-
pom NASA Glenn Research Center [4].
IIpuMeHeHue TPEXCIONHON MeTaUIU-
3anmu Ti (100 M) — TaSi, (200 HM) — Pt
(300 M) nomuruna 6H-SiC 1mo3Bommio
JIOOUTBCS TEMIIEPATYPHOH CTAGHUIBHOC-
TH BOJIBT-AMIIEPHOM XaPAKTEPUCTUKUA U
OMUYECKOI'O CONIPOTUBICHUA KOHTAKTA
Ha BO3yXe B TeueHue 6omnee 600 4 mpu
500°C (puc. 11).

OCOOEHHOCTBIO TAKOT'O KOHTAKTA SIB-
JIAETCS TO, YTO IIEPBOHAYAIBHOE OKHCIIe-
HHE KPEMHHS CO3AAET MEXAHU3M 00Opa-
30BaHMSI KPUTHYIECKOTO JU(pPy3HOHHO-
ro 6apbepa, NPEeAOTBPAIAIOIETO 1a/Ib-
HeMIIee TPOHUKHOBEHHE KHCIOPOAa B
CJION METAIM3aIUU. DTO OTKPBHIBAET
IEPCIIEKTUBBI CO3JAHUA BBICOKOTEMIIE-
PaTypPHBIX IIOJYIPOBOJHHUKOBBIX IIPH-
O0pOB B 60/1€€ SKOHOMHYHBIX KOPITYCaAX
60 B GECKOPITYyCHOM HCITIOJTHEHUH.

JApyruM BaKHBIM HAIIPABJIECHUEM SB-
JIAETCA CO3[JaHHE MHTEIPAJbHBIX CXEM
Ha SiC-turactuHax. HanbGobImmm nHTe-
pec npeacrasasser CMOS-TEXHOIOTUS
Ha KapOuae KPEMHHA, O0ECIEUYHBAIO-
masi HU3KYI0 IOTPEOIIEMYI0 MOII-
HOCTb, BBICOKHE PAJHAIMOHHYIO U TEIl-
JIOBYIO CTOMKOCTb.

Ilepsas SiC CMOS uHTErpanbHas cxe-
Ma ObUIA IPEACTaBIeHA KoMITanuei Cree
Research B 1996 1., OfHAKO MPOOBIEMBL,
CBSI3AHHBIE C BBICOKMM IIOPOI'OBBIM Ha-
npspxkesueM P-MOSFET-TpaH3uCTOPOB
HE IIO3BOJIIHM HCIOJIb30BATh JAHHYIO
TEXHOJIOTHIO JUIS1 CEPUITHOTO IIPOU3BO/I-
crBa. B Hacrosmee Bpemsa pa3paboTaH
HOBBIN TEXHOJIOIMYECKHMM IIPOLIECC, 1103~
BOJIMBIIUI PENIUTD YKA3aHHYIO ITPOOIIe-
My U IOJYyYHTb OOpa3lbl CO CTAHIAPT-
HBIMHU YPOBHAMHU HANIPSDKEHUS TATAHUA
U curHajaos [5]. Ha puc. 12 mokasan
¢parmenT SiC-upoOBON HHTEIPAIb-
HOM CX€eMBl, paboTaromied B TeMmepa-
TYPHOM JHaIIa3oHe —55...300°C.

OHa COJEPKUT PA3IUMIHBIE JIOTHYEC-
KHE CXEMBI, Takhe Kak JuddepeHnu-
AJIbHBIE YCWIMTEIHN (A), CyMMaTOp IIO
mopyaro 2 (B), masepropsl (C), TpUrre-
px! (D), U-HE, MJIX-HE (E), ncxiro4yaro-
mee WIHN (F), MOS-KOHIEHCATOPHI, JH-
oarsl, MOSFET (G), aBTOr€HEPATOPHI
(H). Mukpocxema HUMEET HAIPKECHUE
MUTAHUA B JUanasoHe 5...15 B.

HccnemoBaTeabCKuil 1eHTp NASA
Glenn Research Center mpogeMOHCTPH-
poBas jorudeckui anement WIIM-HE,
cocrosmuit u3 aAByx JFET-TpaH3ucro-
POB M pE3UCTOpPa, PabOTAIOMUI IIPH

temreparype 600°C [6]. OcHOBHAsA 06-
JIACTH TIPUMEHEHUSI ITOJOOHBIX MPHUOO-
pOB — aBHAIIMOHHASA TEXHHKA, B YaCT-
HOCTH, JIEKTPOHHKA JIsI TYpPOOTreHepa-
TOPOB.

3AKIIOHMEHUE

HecMoOTps Ha TPaJHMIHOHHYIO OpH-
E€HTAILMIO OTEYECTBEHHOM 3JI€KTPOH-
HOW IIPOMBIIUIEHHOCTH HA PIHOK KOM-
IIOHEHTOB JISI IPOMBIIIIJIEHHOTO U BO-
€HHOTI'O IIPUMEHEHMs, IOSBJIECHHUE Ce-
PHIHBIX OTEYECTBEHHBIX TEXHOJIOTHIA
B o6sactu SiC-MOIyIIpOBOJHUKOB, CKO-
pee Bcero, B OIIMKaHIIMeE ro/ibl HE IIPEJ-
BUJHUTCS H3-32 HEJOCTATOYHOTO (hu-
HaHCUPOBaHUsA. OJIHAKO PsAJl POCCUFIC-
KUX KOMITAHUM TPOSBIAIOT OOIBIION
uHTEepec K pazpaborke SiC-mpubOpPOB.
OCo60 B 3TO¥ CBA3U XOYETCH OTMETUTD
COBMECTHBIH NIPOEKT TOMMIMHCKOI'O
IEKTPOHHOTO 3aBoja (HIIII TO3) u
komnanuu [TPOCODT, HauaBmIUX IIPO-
HU3BOACTBO BBICOKOTEMIIEPATYPHBIX H
PaAUAIIMOHHO-CTOUKUX KapOH/I-KpeM-
HHUEBBIX THOAOB IIIOTTKH M BBICOKO-
BOJIBTHBIX CTOJIOOB. B yacTHOCTH, IIPO-
BEIEHHBIC HMCIBITAHUSA IIO IIPOrpaMme
«Kimmmar-7» NOATBEPAWIN 4PE3BbIYAM-
HYIO PaJUuallMOHHYIO CTOMKOCTb IIPH-
60poB: nortomenHasa 71o3a 50 000 kpax
He IIPUBEJIA K U3MEHEHHIO XapaKTePHC-
THK IPUOOPOB.
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lpeun3noHHblie cucTembl coopa
AaHHbIX cemeiictea MSG12xx
thupmbl Texas Instruments

(yactp 3)

Masen Peabkun (r. YnbsAHOBCK)

ABTOp npogomkaeT npeacTtasnsaTb ycrporictea MSC12xx (cm. C3 Ne 2, 3,
2006). PaccmoTpeH nopsaok co3faHus nosib30BaTesibCKoro npoekrTa

B cpepe IDE RIDE, a Takxe annapatHas nnartcopmMa u nporpammHbie
Mogynu-gpanBepbl ANna NnpunoxeHun Ha 6ase MSC12xx. Mpouecc co3paHus
nosib30BaTeNIbCKUX NpunoXxeHun Ha ocHose MSC12xx npounnocTpupoBaH
Ha npumepe OQHOro U3 Hambonee PYHKLMOHANbHO HACbILLEHHbIX YCTPONCTB
3TOro cemMencTBa MMKPOCXEM C MaKCUMMasbHbIM 06bEMOM BCTPOEHHOM
namatun — MSC1211Y5. MNpuBeaéH nHTepdenc KHOMOK ynpaeneHus

M XUAKOKPUCTaNIM4YeCcKoro MHanKaropa.

CoO30AHME NPOEKTOB
HA ocHOBE MSC12xx
B IDE RIDE

HHTErpupoBaHHAsA Cpeja pa3padboT-
KH-OTAJKU JUIsI MHKPOKOHTPOJUIEPOB
IDE RIDE nipesicrasisieT cOO0H nporpa-
MMHBIH ITaKeT, paboTaromui nojg Win-
dows Microsoft. [IakeT BKJIIOYAEeT B ceOs1
HECKOJIBKO OT/EIBHBIX IIPOrPAMMHBIX
IIPOJYKTOB: MeHepKep 6ubmmorek (LIB-
51), peAaKToOp UCXOAHBIX TEKCTOB, IIPO-
I'PAMMHBINA OTIAYHK-CUMYJIATOP, KOM-
musaTop ANSI C (RC-51), accembiiep
(MA-51) n xomnmonoBmuk (LX-51). Bce
OHU HWHTEIPUPOBAHBI B E€IHUHYIO 00O0-
JIOYKY C yOOOHBIM Ipa(pUYeCKHM HH-
Tepgericom. B pesyabrare HHCTAJLIA-

[ RIDE-pegaTop |
.a51-aitn

.c-thain

Accembnep |
.obj-thain

[ KownunstopCu | |
.obj-hain

lib-chaiin
T )

[ Twrkosumk ]

[Meneaxep Gubnuorex |

lib-chaiin

.aof-chain

.hex-cpaitn

RIDE-cumynsTop/oTnagyuk

Puc. 12. 3ranbi paspaborku npoekra B RIDE

=

. Enterthe name and the lacalion of the new project

T Applcston Neme
* [Timer

Diectory
[C:\PR_MSCATIMER

Terget famiy
[eacst

L

ol | New> | new

Puc. 13. Co3panue HoBoro npoexrta B RIDE

nuu RIDE ¢ CD Ha XECTKOM JHCKE
KOMIIBIOTEPA 10 YMOTYAHHIO CO34AETCA
OJHOUMEHHASI JUPEKTOPHS, COAEPIKA-
1121 BCE BhIIIENEPEYUCIEHHbIE KOMITO-
HeHTel RIDE. IIpu miendke MbIIIBIO HA
uxkonke RIDE 3amyckaercss MCIOJIHsAe-
MBIH (DaI U3 ITOH JUPEKTOPHUM U OT-
KpeIiBaercs rimasHoe okHO RIDE, coxzep-
JKaImee NHCTPYMEHTAIbHYIO ITaHE b,
Pa3paboTka BCTPOEHHOI'O MPOTrPAMM-
HOro obdecrieueHusi ¢ nmomourbio RIDE
IIPOM3BOAMTCA ITyTEM CO3JAHMA U PEIAK-
THUPOBAHMS MMOJIB30BATEIBCKHX IIPOEKTOB.
Ipacprueckass auarpamMma, WULIOCTPUPY-
OINAsE ATATIBI PA3PAOOTKH IPOEKTA C yKa-
32HHEM HCIOJIB3YEMBIX HHCTPYMEHTAIb-
HbIX cpezicT RIDE, mpusenena Ha puc. 12.
B pegaxrope RIDE npousBOAMTCSA CO3-
JIaHWE U PETAKTUPOBAHME (PariIa HCXO/I-
HOTO TeKcTa Ha Accembnepe (“.a51) wim
Cu (*.C), KOTOPBIF HCIIOIb3YEeTCA B TAIb-
HEMIIEeM B KadecTse (hparula MCTOYHMKA
poekTa (source). 3aTeM MOArOTOBJICH-
HBIN (DA UICXOJHOI'O TEKCTA TPAHC/IMPY-
€TCs1, €CJTH ATO ACCEMOIEPHBIN (DAL, HIH
KOMITHUIMPYETCs, ecmi 3710 (pain Ha Cu.
Pe3y/IsTaTOM TPAHC/IALIMH/KOMITHIIAIIAN
SIBJISIETCST OOBEKTHBIN (paru1 (“.obj). ITomu-
MO OOBEKTHOTO (paruia B IIPOEKTE MOIYT
HAXOUTHCS TTOAKIIOYAEMbIC (DAYLIBI /IS
accembepHoro Texkcra (*.as1, *inc u T.1.)
WIN 3aroJIOBOYHBIC (Dariael U (Daiiabl
ouomorex (“h, *lib) y1 Texcra Ha Ch.
KOMIIOHOBKa BceX (PaIOB IIPOEKTA H
CO3[JaHHE B PE3YIbTATE AOCOTIOTHOIO
06pexkTHOTO (haruia (*.aof) IpOU3BOANTCS
KOMITOHOBIIUKOM. ITomydeHHBIH a6co-
JIIOTHBIH OOBEKTHBIH (DAFLT HCITOIB3YETCs

RIDE jy1st cozmanus (aria kopa (“hex),
KOTOPBIM MOKHO HEIIOCPEICTBEHHO 3a-
IPY3UTh B MHKPOKOHTPOJLIED, 4 TAKKE
JUIST OTIAJKU WIM CUMY/IILIMH HAIIMCAH-
HOW IIPOI'PaMMBbl BCTPOEHHBIMH CPEJI-
crBamMu RIDE. IToMHMMO BBIIIEIIEPEYHC-
JIEHHBIX (DAVIOB, TP CO3/JAHUH ITPOCKTA
RIDE co3maéTr cOGCTBEHHO (DaiiI IIPOEKTA
(*.prj), KOTOPBIN COAEPKUT HACTPOMKHU
koHpurypanmu. Kpome Toro, B mporecce
KOMITWIALTAM /TPAHC/ILUN  KOMITUJISATOP
Cu/Accembiep resepupyer (aria auc-
TrHTA (*.ISt), cCopepsKaImi NOJIE3HYIO HH-
dopManuIo O Pa3MENIEHHH IIPOrPAMMBbI
B ITAMSITH, KOTOPASI MOKET ObITh MCITOJIb-
30BaHA Pa3paOOTUUKOM NIPH €€ OTIA/IKE.
TIOpsIIOK CO3/TaHMS TTOTb30BATEIBCKO-
ro npoekra B RIDE MOKeT OBITh CIIETyIO-
M. JIo Havaza CO3/IaHMs MPOEKTa CJIe-
JIyeT CO3[1aTh Ha YKECTKOM JJUCKE IMPEKTO-
pHIO, B KOTOPOH OyAyT pa3MemarbCcs
aitiel 1poekra. PekoMeHyeTcs 3a/1aTh
UM JUPEKTOPHH, COBIIAJAIONIEE C UMe-
HEM CO3]aBAE€MOI0 IIPOEKTa. B 1upeKTo-
PHIO PEKOMEHAYETCSI IOMECTHUTb BCE
¢aruibl, KOTOphIE OYAyT MCIIOIb30BAHBI
(arIoM HMCXOAHOIO TEKCTa OyAylero
IIPOEKTA B KAYECTBE MOJKIIOYAEMbIX U 32~
TOJIOBOYHBIX (PaiyioB. 3aT€M B IVIABHOM
okHe RIDE crneayer BBIOpPAaTh B MEHIO
Project ompro New, IOC/Ie€ Yero OTKPOET-
¢s1 OKHO Project, mokazaHHoe Ha puc. 13. B
riozne Application Name 3Toro okHa cjiesy-
€T 32JaTh MMsI CO3/1aBAEMOTO IPOEKTA, 4 B
none Directory — ykasaTb IIyTh K paHee
CO3[JaHHOH JUPEKTOPHH Pa3MEIIECHUS
(HarvIoB NPOEKTA, UCHOIb3Ys JIIsI 3TOrO
JepeBo (hArUIOB U KATAJIOIOB, OTKPBIBAIO-
IEEeCsI C IIOMOIIBIO KHOIIKH <...». IToce 3a-
JIAHWS YKA3aHHBIX IapaMeTPOB CJIEAyeT
MIEIKHYTH JIEBOM KJIABMIIEH MBI HA
kHorke Next. OTkpoercsi okHO Target, B
KOTOPOM HEOOXOAMMO BBIOPATH arlapar-
HyIO IWIaTpopMy MpoeKTa (MHUKPOKOHT-
pomep), Hanpumep MSC1211Y5, nome-
THB €ro KypCOpOM, KaK IIOKA3aHO Ha
puc. 14. ITocne BeIOOPA TWIAT(HOPMBI CTIe-
JIyeT METKHYTD JIEBOH KIABUIIECH «MbIIIH>
Ha kHomke Finish, mocie yero orkpoercs
M3MEHEHHOE VIaBHOE OKHO RIDE.

WWW.SOEL.RU
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Teniepp cnegyeT co3aaTh (Haia UCTOY-
HHUKA TIPOEKTA. 11 3TOro HEOOXOTUMO
BBIOpaTh B MeHIO File ommio New, a 3atem
B OTKPBIBIIEMCSI MEHIO BBIOPATH THIT CO3-
JaBaeMoro (paiaa MCTOYHMKA: (paiin Ha
Accemb6repe (omust Assembler Files) v
(arin Ha Cu (ommua C Files). B OTKpbIB-
memcs okHe untitled ¢ pacimpenuem co-
OTBETCTBEHHO ".a51 WM *.C CPeICTBAMH
penaxropa RIDE moxkHO Ha6paTh (harin
HMCXO/HOTO TEKCTA WIH BBIIPY3UTh B 3TO
OKHO COZIEPKHUMOE IIPOrPaMMHOTIO Oyde-
pa ¢ paHee NOMEMEHHBIM TyJa (harioM
HMCXOJHOTO TEKCTA. 3aTE€M CO3[IaHHBIN
harin crefyeT COXpaHUTh B JUPEKTOPHH
MPOEKTA 1 MO/ UIMEHEM ITIPOEKTA, HO C CO-
OTBETCTBYIOIIUM PACIIUPEHHEM “.a51 Wi
*.C, ucrionb3yst MeHIo File n ormuio Save as.

ITocsie TOro HEOOXOAMMO 3a/]aTh CO3-
JAHHBIF U COXPAHEHHBIN (a1 UCXO/I-
HOTO TEKCTA B KA4eCTBE (pariia HCTOYHHU-
Ka IpoekTa. 1 3TOro CJIelyeT B MEHIO
Project BbIOpaTh onuuio Add node
Source/Application. B nosgsusIiemcs Jie-
peBe (haiiIoB U KATAJIOIOB CJIEAyeT BbI-
OpaTh paHee CO3/aHHBIN (Paria U MENK-
HYTb JIEBOM KJIABUIIIEH MBIIIM Ha KHOIIKE
Open. IIpu 3TOM B OKHE /iepeBa IIPOEKTA
RIDE nosiBUTCS 3a/JaHHBINA DAyl UCTOY-
HHUKA C YKa3aHHEM B KBA/IPATHBIX CKOO-
KaX MHCTPYMEHTATBbHOM IIPOTPaAMMBI €TO
06paboTky, HanpuMep tim.a51 [MA51].

Ha 3TOM CO3/1aHHE IPOEKTA 3aKOHYEHO,
M TETIEPDb MOKHO IEPEHTH K pabOTe C HUM.
IIpexae BCcero, CO3aHHbIN IIPOEKT CIIETy-
€T OTTPAaHCIMPOBATH/OTKOMITHIHPOBATb.
11 aToro B MeHIO Project cienyer Bbl-
6parp onmmro Build all. TToce 3asepie-
HUSI TDAHCBIIUA B OKHE Make B HIDKHEH
YaCTH 3KPaHa IIOSIBATCA COOOHIEHHs 00
YCHENIHOM CcO31aHuu hex-aruia wm 06
OmMOKAX M 3aMEYAHMAX, OOHAPYKEHHBIX
B XO7I€ TPAHCIAIIMH. B C/Tyyae mosiBieHus
COOOIIECHUH 00 OIIMOKAX MOXKHO JABAKIBI
IIE/IKHYTD JIEBOM KIABUIIIEH MBIIIIH Ha CO-
o01eHnH 06 OIIMOKE, U Kypcop B OKHE
(pariyia BCXOTHOT'O TEKCTA WIH IOIKITIOYA-
emMoro (aina (COOTBETCTBYIOIIMI ITOJI-
KIIOYAEMBIH (DAI OTKPOETCSI aBTOMATH-
YECKH) YKA)KET HAa MECTOHAXO)KICHHE
ommoku (OyzieT BBIIEIEHO LIBETOM). B pe-
3y/IbTaTe 0E30MMO0OYHON TPAHC/LILMU B
JIMPEKTOPHH IIPOEKTA OyAeT co3naH hex-
Garu1, IPUTrOHBIN K HEITOCPEICTBEHHOM
3arpyske BO Flash-maMaTh MHUKPOKOHT-
posuiepa.

AnNnNAPATHAS NJIAT®OPMA
ANA NPUNOXXEHWXA HA OCHOBE
MSC12xx

IIpouecc co3maHus I10JIb30BATEIbC-
KMX NPHIOKEHUHA Ha ocHOBE MSC12xx

MIPOMJUTIOCTPUPYEM HA IIPUMEPE OJHO-
ro u3 Haubosee (PyHKIITMOHAIBHO HACHI-
IIEHHBIX YCTPOMCTB 3TOIO CEMENCTBA
MHKPOCXEM € MAaKCUMaTIbHBIM 06bEMOM
BCTPOEHHOH namATH — MSC1211Y5. To-
IOJIOTHYeCKas cxema Kopmyca MSC1211
C YKa3aHUEM HOMEPOB U HA3BAHUI BBI-
BOJOB IIOKa3aHa Ha pHUC. 15. OyHKIHUO-
HAJbHOE HA3HAYEHHE BCEX BBHIBOJOB
YCTPOKCTBA IPUBEIEHO B Ta6I. 9.

1 ynpouieHus BHEAPEHU U OCBOE-
HUA ycrpoucTs MSC12xx dupma TI
IPEJIAaraeT TOTOBbIE OTJIAJOYHBIE
KOMIUIEKTBI. B KOMIUIEKT BXOAUT I€YaT-
Hasg IUIaTa U KOMIAKT-IUCK. Ha ma-
T€ yCTAHOBJIEHO YCTPOHMCTBO MSC12xX,
BHENIHHE KOMIIOHEHTBI €ro
BKJIIOUYEHHUA M CTAOMIM3ATOPBI HMCTOY-

CXEMbI

HUKOB nUTaHus. Ha JuUCKe HAXOIUTCSI

IIPOrPaMMHOE OOecredeHue pa3padboT-

KU-OTAaJKu. Ha camite [5] mpuseneHO

OMHUCAaHHE OTIAZOYHOTO KOMILIEKTA

MSC1211EVM. Ha OTIagO4YHOH IUIaTE

M3 3TOTO KOMIUIEKTA YCTAHOBJIEHBI CJIe-

AYIOIHE OCHOBHBIC KOMIIOHCHTBI:

® ycrporcTBo MSC1211Y5;

® /1Ba CTAOMIM3UPOBAHHBIX HCTOUYHHKA
nuraHug +5 B i nutaHua nudgpo-
BOY M AaHAJIOTOBOM YACTEH CXEMBI;

e 182 pa3béma nopToB RS-232 (mogxito-
yeHHbple K nopTtam USARTO u USART1
MSC1211) ¢ MHKPOCXEMOH-aJarnTe-
poM ypoBHEH RS-232 MAX3243;

® BHCIIHHMU KBAPLIEBBIM PE30HATOD;

e BHenrHee O3V éMkocThio 128 K6 ¢ 6y-
epHBIMU U PAGOYHMH PETUCTPAMH,

@ 3BYKOBOM U3/Iy4aTelb;

Select you project’s lrget options:

MSCI210v3
@ msCi210v4
@ MsC121015
@ MsC1211Y2
@ MsCi2nY3
@ MsCI211Y4

A, 248171 KSPS DekaSigna AOC; Quad
1682 DACs; w/B051 CPU; 32

Memory: 344/0;12C

@ MsCi2i2v2 M Datashests

Cocl | <Pevom | Hews | gesh | Hew

Puc. 14. Bbibop nnarchopmbl Ans npoexra

® MHKPOCXEMBI-CYIEPBU30PBI COpOCca
(TPS3837L30DBVT) m mepexopa
B PEXHM  IPOrpaMMHPOBAHUA
(TPS3838L30DBVT);

® KJIEMMHBIE KOJIOJKH JUIS IIOJKII0Ye-
HMA BHEITHUX LIEIIEH K BXOJaM BCTPO-
ennoro AIITI MSC1211;

e nepembluku U DIP-nepexmouarenu
JUIA 3ajaHUS KOH(DUI'YPALIUY IUTATH;

® pa3bEMBI IIOPTOB BBOAA/BBIBOAA OO-
mero HazHaveHust MSC1211;

® MHUKPOCXEMa JOTIOTHUTENbHOTO ALITT
ADS8325 c unrepdericom SPL;

e MuUKpocxema mnamaTd  EEPROM
24LC256 ¢ unrepdericom I°C;

e kHonku RESET um LOAD coorsert-
CTBEHHO /I COpOCa U IIEPEXO/IA B pe-
JKMM BHYTPHUCXEMHOTO IPOrPaMMH-
posanus Flash-mamsTuy.
BHyTpHCXEMHOE HIPOrpaMMHUPOBa-

nue Flash-mamaru MSC1211 nmpousso-

JIUTCA C IIOMOIIBIO IIPOTPAMMBI-3aIPy3-

guka TI Downloader uyepe3 xa6enp RS-

232 um MHKpocxemy-agantep RS-232,

IOAKIIOYEHHBIN K TopTy USARTO.
Ananorosas U A(ppoBast «3eMIH> pea-

yu3oBaHbl BMSC1211EVM B BHJIE €IHHOM

«3€MJIIHOF> IIMHBI, IIPEJCTAB/IIIONICH CO-
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Puc. 15. Lokonéska kopnyca mukpocxembl MSG12xx
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Tabnuua 9. Onucanue sbisogos MSC1211

BbIX04 ycunuTens BCTPOEHHOrO reHepaTopa, NpeaHasHa4eHHbIA AnA NOAKNI0YEHUs napannensHoro KBapLeBoro Unu KepamMu4eckoro peaoHaropa tuna «abconioTHoe

Bpems» (AT)

Bx0Z ycunuTens BCTPOBHHOrO reHepaTopa, NpeAHasHayeHHblit Ang NOAKNI0YEHUS napansensHoro KBapuesoro UM Kepamuyeckoro pesoHaropa tuna AT. Takxe Ha

2 AN 3TOT BXOA MOXHO NOAABaTh TAKTOBbIV CUTHaN OT BHELUHEro MCTOYHUKA
JIMHWN gByHaNpaBNeHHOMo NOpTa BBOAA/BbIBOAA 3. 3T IMHUN UMEIOT anbTepHaTUBHbIE (DYHKLWUK, KOTOPbIE OMMCAHbI HXKE
JInHns nopta | AnbTepHaTuBHas (yHKLNA Pexum
P3.0 RxDO Bxog nocnegosatensHoro nopra 0
P3.1 TxDO Bbixoq nocneaosarensHoro nopra 0
310 P3.0- P37 P3.2 INTO Bxop BHeLUHero npepbisatns 0
P33 INT1/TONE/PWM Bxo/1 BHeLLUHero npepbiBakus 1, BbIXOA reHepaTopa ToHanbHOro curana/lLIM
P3.4 ! T0 BHeluHwi Bxop Tanimepa 0
P3.5 i BHeLuHwit X0 Taimepa 1
P3.6 WR Bbix0fi CTPO6MPOBAHUA 3aNUCK BO BHELLIHIOK NaMATh AaHHbIX
P3.7 RD BbiX0A CTPOOMPOBAHUA YTEHUS 3 BHELLUHEN NaMATH aHHbIX
11,14, 15, 42, 58 DVdd Bxopbl NOAKN0OYEHUSA LMAPOBOr0 UCTONHUKA NUTAHNA
12, 41,57 DGND Bxoabl NOAKNKOYEHNA LMGPOBOro 3a3emneHns
13 RST Bxoa c6poca. BbICOKMI YpOBEHb HA 3TOM BXOAE, YAEPKUBAEMbIV B TEHEHUE [BYX TaKTOBbIX LIUKNOB, BbI30BET COPOC YCTPOACTBA
16 RDACO Boixog LIAM RDACO
17 VDACO - Boixop LIAM VDACO
27 AGND BXoAb!l NOAKNIOYEHUA aHANOr0BOr0 3a3emMneHuns
18 IDACO/AINO Buixog LIAT IDACO/AHanoroBblit BXoA kawana 0
19 IDAC1/AIN1 Boixog LIAM IDAC1/AHanorosblit BX0A KaHana 1
20 VDAG2/AIN2 Bbixoa LIAM VDAC2/AHanoroBbii BX0A Kakana 2
21 VDAC3/AIN3 Bbixoa LIAM VDAC3/AHanorosbiit BX04 kaHana 3
22 AIN4 ~ AHanoroBblit BXO KaHana 4
23 AINS AHanorosblit BXOA KaHana 5
24 AING, EXTD AHanorosblit BX0A kaHana 6, BXOZ AeTeKTOpa NOHWKEHHOTO HAaNPXXEHUs UAPOBOro UCTOYHIMKA
25 AIN7, EXTA AHanorosbIit BXOA KaHana 7, BXOA AeTEKTOPa NOHWKEHHOTO HANPAXXeHUs aHanoroBoro MCTo4HNKa
26 AINCOM AHarnoroBblil B0/ (MOXET MCNONb30BaTLCA KaK 06LLMIA NPOBOA ANSt HECUMMETPUYHBIX aHANOFOBbIX BXOAO0B MU KaK OAVH U3 BXOA0B B AU((epeHUMansHoi nape)
28 Avdd BXxofibl NOAKNIYEHUS aHANOr0BOr0 UCTOYHMKA NUTaHUA
29 REFIN- BX0/1 NOZIKNI0YEHMs OTPULLaTENbHOTO nostoca BHeLwHero VOH
30 REFOUT/REFIN+ Bx0a NOAKMIOYEHMS NONOXUTENLHOTO nositoca BHewwHero VIOH/Bbixog BcTpoerHoro NOH
31 VDAC1 Beixop LIAT VDAC1
32 RDACH1 Bbixoz LIAM RDAC1
33 NC i | He ncnonbayetcs
JIMHWM ABYHANPABNEHHOMO NOPTA BBOAA/BLIBOAA 2. 3TV NUHMI UMEIOT anbTepHaTUBHbIE DYHKLUM, KOTOPbIE OMUCAHbI HIXKE
Jlunms nopta | AnbTepHaTMBHAs (YHKLUS Pexum |
P2.0 A8 But 8 agpeca
L P2d A9 But 9 agpeca
P22 A10 But 10 agpeca
34 - 40,43 P2.0-P2.7 P23 xE T
P2.4 A12 but 12 agpeca
P25 A13 But 13 agpeca
P2.6 Al4 But 14 agpeca
P2.7 A15 . s V But 15 appeca e
|BbIX0A paspelueHus ﬂaMRTMjSMpaMM. CBs13bIBAET YCTPOMCTBO C AONONHUTENbHON BHELUHER NamATbi0. CurHan P_S’W MMEET aKTUBHbIIA HUSKUIA ypOBeHb. B pexume
~ 'nporpammuposanms nunus PSEN sisnsetc BxogoM (Kak U nuHust ALE) 1 CNONb3ayeTcst AN OnpefeneHys, Kakoit PeXuM NporpaMMupoBaHUs (NapannenbHblit un
~ |nocnenoBatensHblil) yctaHosneH. Ha sxon PSEN cnegyer nopath BbICOKWA YpOBEHb ANR YCTAHOBKW PeXuMa NapannenbHoro nporpamMmupoBaHvs M HUSKWA —
| AnA pexviMa nocniea08BaTenbHoro MPOrpaMMupOBaHKS. B criy4ae, eCni BHELWHSAS NamATs MPOrpaMM He MCMONb3yeTCs, MMHNA PSEN MOXET GbiTb COAMHEHA BHYTPU
= ~ |YCTPOWCTBA C BbIXOAOM reHepaTopa TaKTOBbIX UMMYbCOB, FeHepaTopa MOAYNATOPA Ui YCTAHOBNEHA B BLICOKOE MW HU3KOE COCTOSIHME
44 PSE&“@S@E&"K’ ALE J PSEN . = ~ Pexum nporpaMMupoBaHits, BeIGUpaeMblit B Xope copoca
NC NC HopmanbHbiii pexum
0 | ~ NC TapannenbHoe nporpaMmuposaHue
NC 0 MocneaoBsatenbHoe NPOrpaMMUpoBaHme
0= 0 = = : 3ape3epBupoBaHo
BbiX0/ paspelueHus chukcauun apeca. Vcnonbayercs Ans «3alienkvsaHus» MNalero 6aiita afpeca B UMKNE AOCTYNA K BHELUHEW namsTi. YacToTa redepauin
nepuoauyeckoro curHana ALE nocTosHHa, paBHa 1/4 4acToTbl TaKTOBOTO reHepatopa i MOXET UCMOMb30BaTbCA AN TaKTUPOBAHMA MAM CUHXPOHM3ALMM BHELUHUX
45 ALE yCTPOMCTB. OfMH UMNYNbC curkan ALE reHepupyercs B KaXOOM LMKNe 4OCTYNa K BELHeil NamMsTit AaHHbIX. B pexvme nporpammuposaiua nukus ALE sensercs
BXOAOM (KaK v nutvst PSEN) 1t ucnonbayetcs Ans ONPEAEneHits, Kakoi Pexim NpOrpaMMUpOBAHUA (MTapannenbHbii um nocnegosarenbHblit) yctaHosneH. Ha exon ALE
CcneflyeT NofiaTh BbICOKMI YPOBEHb ANA YCTAHOBKI PeXuMa NoCneA0BaTeNbHOr0 NPOrpaMMupOBaHIS U HU3KWIA — ANS PeXiMa napanienbHoro NporpamMmiupoBaHus
48 EA BX0/ paspeLLenis BHelHero 4ocTyna. Ha Bxofie EA HEOGXOMUMO YCTAHOBHTS HY3KWiA YDOBEHb, YTOGHI pqs;iewmb YCTPOWCTBY BbINOSHEHNE KOAA U3 BHELUHEN NaMATA
- nporpamm ¢ aapeca 0000h ,
JIMHWW ABYHANPABNEHHOrO NOPTa BBOAA/BbIBOAA 0. 3TU NUHUM UMEIOT anbTepHaTUBHbIE (DYHKUWM, KOTOPbIE ONUCAHbI HIKE
Tvbus nopTa | AnbTepHaTVBHAR (yHKUMS f ’ ' ~ Pexum
P0.0 ADO BuT 0 appeca/faHHbIx
P01 AD1 But 1 agpeca/nanHbix
P0.2 AD2 BuT 2 agpeca/aaHHbIx
o ; PO~ P0.3 AD3 BUT 3 apeca/ianHbix
P0.4 AD4 BuT 4 appeca/aaHHbIX
P0.5 AD5 buT 5 aipeca/AaHHbIX
P0.6 AD6 BuT 6 agpeca/aaHHbIX
P07 AD - . - ~ buT 7 appeca/naHHbix ;
MKW ABYHANpaBAEHHOrO NOPTa BBOAA/BLIBOAA 1 (KOH(HMrypUpOBaHUe BbIBOAOB MOPTa NPOM3B0ANTCS ¢ nomolsio PCH P1DDRL v P1DDRH). 311 nnkiu umerot
anbTepHATUBHbIE (YHKLMW, KOTOPbIE ONUCaHbI HIXKE
Turus nopra | AnsTepHaTBHast (yHKUMA ‘ : Pexwm
P1.0 T2 Bxopn T2
Bl - T2EX ~ BHewwHwuit Bxog T2
55,56,59-64 | P1.0-P1.7 P1.2 RxD1 Bxop nocneaoBarenbHoOro nopra
P13 TxD1- BbIX0A NOCNEA0BATENBHOr0 NOpTa
P14 INT2/SS BX0f BHELUHErO NPEPLIBAHMA 2, NUHUA «BbIGOP BEAOMOr0>
EPE5 INT3/MOSI Bx0A BHelLHero npepbisanys 3, nuHus MOSI SPI
P1.6 INT4/MISO/SDA Bxoa BHeLHero npepsisaua 4, nuhus MISO SPI, SDA I°C
PIZ INT5/SCK/SCLK BXOf1 BHELUHEr0 NPepbIBaHUS 5, IMHUA «N0CRef0BaTeNbHbIi CUHXPOCUTHaN»
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Puc. 16. Mpunuunuanbhas cxema oTnagoy4uoi nnartel ¢ MSC12xx

00¥1 CJI0F (DOTBTH Ha CTOPOHE IUTATHL, CBO-
OOMHOM OT KOMIIOHEHTOB. YIIPOINEHHAS
NPUHIMIIMAAbHAA CXeMa OTIaJOYHOM
wratel MSC1211EVM (6€3 HCTOYHHUKOB
IIUTAHVST) OpUBeeHA HA puc. 16. IIpun-
LUNUATbHASA CXE€MA CTA0WIHN3HUPOBAHHBIX
MCTOYHUKOB mnuTaHua MSC1211EVM
IIPUBE/ICHA HA PUC. 17. DIEMEHTSHI, peaIb-
HO yCTaHOBJIEHHBIE HA IUIATE, HO HE HC-
IIOJIb3yEMBbIE BCTPOEHHBIM ITIPOIPAMMHBIM
obecrniedeHreM, KOTOpoe OYZET OIMCAHO
HipKe (HanpuMmep, BHenHee O3Y ¢ ero pe-
ructpamy, Al  ADS8325,
241.C256, a Tarke 6OMBIIMHCTBO DIP-T1e-
peKIoyaresner), Ha cxeme puc. 16 He 1o-
Ka3aHbL B TO ke BpeMsi K KOMIIOHEHTAM,

IIaMATb

YCTAHOBJIEHHBIM Ha IUIaTE€, MOIYT OBITh
MOJK/IIOYEHBI JTOTIOIHUTEIbHbBIEC BHEIII-
HHE KOMITOHEHTBI, HE BXOJISIINE B COCTAB
OTJIAJOYHOTrO KOMILIEKTa. Harpumep, as-
TOP CTaThH MOAKIIOYMII K pazbémam XP2
Port 0 1 XP1 Port 2 cxems! (puc. 16) nu-
HEMKY KHOIIOK yIIpasjieHus SB4 — SBO u
CHUMBOJIBHBIM KHAKOKPHUCTA/UTHYECKUH
HHIUKATOP CO BCTPOEHHBIM KOHTPOJUIE-
pom HG1 cootsercTtBeHHO. IIporpam-
MHble uHTEepdercel MSC12XX I 9THX
YCTPOMCTB OYAyT OIMCAHBI HIDKE. BBIBOJ
REFIN- BcrpoenHoro MOH nogxiroyeH K
AHAJIOTOBOM <«3€MJIE», TAKHM OOpPa30M,

ONnopHOe HanpspkeHue Ha AIITI MSC1211
TOAAETCA OTHOCHTETBHO <«3€MIH». TaKTH-
poBanue MSC1211 OCymECTBISETCA OT
BHYTPEHHETO I'€HEpaTOpa YCTPOMCTBA C
BHEITHUM KBapIIEBbIM pe30oHaTOopom ZQ1
Ha 9acToTy 16 MIi1.

ITokasaHHBIE HA CXEMe Ha puc. 16
nenu DTR, RTS pazpéma XR6 USARTO
4yepe3 MHUKpocxeMmy-aganrtep RS-232
DD2, xongencaropsl C17, C18, 6ydep-
Hble 371eMeHTel DAL, DA2 u DIP-iepe-
KarouaTenu SAl, SA2 mOAKIIOYEHBI KO
BXOlaM  MHKPOCXEM-CYIIEPBHU30POB
c6poca (TPS3837L30DBVT) u nepexo-
Ja B PEXKHM IIPOrpaMMHPOBAHUSA

(TPS3838L30DBVT) COOTBETCTBEHHO.
Berxogpr DA1 1 DA2 MOAKTIOYEHBI Tapai-
JIeIbHO KHONKAM SB2 RESET («C6poc») u
SB3 LOAD (<3arpy3ka»). D10 Haér BO3-
MOKHOCTh TIPOU3BOJMTL COPOC MHKPO-
KOHTPOJUIEPA U 3aIPY3KY €TI0 BCTPOCHHOM
Flash-nmamsitu ¢ momoripio curaaaos DTR
u RTS COM-niopra. ITpu 3rom COM-riopr
JIOJDKEH OBITh IOAKIIOYEH K OTIAOYHOM
IJIaTe KOMIbIOTEpa (TepMHHAaIA). s
BHYTPUCXEMHOTO MPOTPAMMHPOBAHMS
Flash-maMsATH € ITIOMOIIBIO ITPOTPAMMBI-
sarpysunka TI Downloader, a Taroke s
pa6oTel mopra USARTO B COCTABE HOJIB30-
BATE/IbCKOTO IPWIOKEHHS B 3TUX IIEIIIX

DA1 REG1117FA-5.0

Ic VIN

GND

vouT

XR2

1

HL1
Avdd SML-LX1206GC-TR

c2
0,33 MK l
LL

DA2 REG1117FA-5.0

=

D1
DL4001
]
P21

XR1

+
98 VIN

1

GND

1

vout

XR3

Bl

HL2
DVdd SML-LX1206GC-TR

MK 1

¢ iy
0,1 c3
0,33 m

K
AGND  DGND

R2
390

1S

C5
110 Mk x10B

Puc. 17. NpuHuMnuanbHas cxema UCTOYHUKOB NUTAHUA OTNAAO0YHOMA NNATh

COBPEMEHHAA SINEKTPOHVIKA ¢ Ne 4 2006

WWW.SOEL.RU

29




30

Pod_OPR_KNOPn

Her

Onpoc Bxoga

Haxarta nv kHonKa? > MOAKMIOYEHMS
S KHOMKM

Peructp nocyéra Taiim-ayta
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YcTaHoBuTh chnar

«HaXaro»

Puc. 18. bnok-cxema anroputma unteptheiica onpoca kHonku ynpasnenus Pod_OPR_KNOPn

HET HEOOXOAUMOCTH, 1 IIO3TOMY BBIK/IIO-
yaremu SA1, SA2 B yKa3aHHBIX PEKHMAX
MOTYT OBITh PA30MKHYThL

Cregyer OTMETUTD, YTO MHOTHE ITPHMeE-
PPl BCTPOEHHBIX YIIPABIAIOIHAX IIPO-
rpamm uist MSC12xx, pa3paboTaHHbIE
IIPOM3BOJUTENIEM, TIPEAYCMATPUBAIOT B
Ka4ecTBe UHTep@derica BBOA,/BbIBOIA HC-
MOJIb30BAHUE KOMIIBIOTEPHOM TEPMH-
HAJIBHOM IIPOIPAMMBI C YCJIOBHEM IIOCTO-
SIHHOT'O TIO/IK/IFOYEHMS CUCTEMBI K KOMITh-
10Tepy (TEPMHUHATY) Yepe3 BCTPOECHHbBIM
riopt USART. BBoz uH(pOpMaIUK B CHCTE-
My TIPOU3BOIUTCS C KIABHATYPbI KOMIIb-
FOTEPA C KOHTPOJIEM BBOJUMBIX JAHHBIX B
MEPEJAIONIEM OKHE TEPMUHAIBLHOM IIPO-
I'PaMMBI, a4 BBIBOJ, — 4Yepe3 MPuEMHOE
OKHO TEPMUHAJIBLHOH IPOIPAMMBL YKa-
3aHHBII OXOJ BECbMa yA0OEH U 3HAYH-
TEIHLHO YIIPOLIAET BCTPOEHHOE IPOIPaM-
MHOe obecrieuenre MSC12xX, OJHAKO
CHUCTEMBI C TAKUM I10/Ib30BATE/IbCKHUM HH-
TepdeiicoM He ABIAIOTCA ABTOHOMHBIMH.
YTOOBI IPEOAOJIETH ITOT HEAOCTATOK, ISt
MSC12xx 6bUT Pa3paboOTaH U OTIAKEH
IIPOrPAaMMHBIF MHTEP@EHC BBOJA/BBIBO-
na xaorok v 2KKU [2]. D10 1103BOMMIIO Ce-
Jare cucremy Ha 6asze MSC12xx mos-
HOCTBIO 2aBTOHOMHO¥. ITOMHUMO Iporpam-
MHBIX MOJY/IEH IIOJAEPKKH KHOIIOK U
JKKU B Ka4eCTBE MOAKIIOYAEMbIX (DAMIOB
TAKKE UCHOIB30BaH (DA CTAHJAPTHBIX
MHEMOHHUK Reg121 1.inc, TOCTaBIAEMbII B
cocrase IDE RIDE, u (aiin JOIIOTHUTE b~
HbIX MHEMOHUK PO_P2_A.inc, KoTOpbIE
JIOCTYITHBI Ha CAMTe KypHasa.

MUHTEP®EAC KHOMOK
YMNPABJIEHUA

IpemnaraeMeisi HHTEP@ENC KHOIIOK
yrpasieHus yst MSC12xx obecrieanBa-

€T MPOrpaMMHOE IOJABJICHUE «Ipebes-
ra» MEXaHUYECKUX KOHTAKTOB. HUKaKkux
JIOTIOJTHUTEIbHBIX BHENIHUX 3JIEMEHTOB
U151 3TOTO He Tpedyerca. biok-cxema an-
ropurma uHTepderica 06CayKHBAHUS
OJIHOM KHOIIKH IIPUBEAEHA Ha puC. 18.
ANTOPUTM PEWIM30BAH B IOAIIPOrPaM-
My, KOTOPast OTCJIEKUBAET MOMEHTHI Ha-
JKATHS YU OTHYCKAHHSA OIPAIIMBAEMOM
KHOMKU. IIpu 3TOM HPOU3BOAUTCI
(puIBTpAL UMITY/IBCOB Ipebesra» me-
XAHUYECKHUX KOHTAKTOB KHOIIKH.

JIJIst TOCTPOEHMSA IPOrPAMMHOIO UH-
Tepderica OHOM KHOIIKHM pa3padborydu-
Ky HEOOXOJUMO BBIIETUTH CIEAyIOLIHIE
pecypchl MUKPOKOHTPOJIEPA LEI€EBOM
CHCTEMBI: OJITUH PErucTp OOILIETO Ha3HA-
YEeHUs, CAYKAIIMN U1 IOACYETA TANM-
ayTa IIOAAaBICHUA «Ipebe3ra» KHOIIKH, 1
JIBA I10J30BATENbCKUX (h1ara (6ura 06-
IIEr0 HA3HAYCHMA), CIyKAIKUeE ISt UH-
JUKAITAH MOMEHTA HAXKATHUS HA KHOIIKY
(dar «HaXKATO») U JJTATEIBHOCTH YIEP-
JKAHUS KHOTIKH (((prrar «yIepKUBaeTCs»).
Kpome Toro, moAnporpaMma ucroJib3y-
€T HEKOTOPYIO KOHCTAHTY, 3a/Ia0LIyI0
3HAYEHHUE TOPOra TalM-ayTa IOJaBJie-
HUsA «Ipedesrar.

JIJis1 KOPPEKTHOM pabOThl KHOIIOYHOTO
uHTepdEiica MPY NEPBOHAYATTBHON HHHU-
IHATA3AIIH (DIaTH «<HAKATO> U <yIAEPIKU-
BAaeTCsl» BCEX ONPANIMBAEMBIX KHOIIOK
JIOJDKHBI OBITH COPOIIEHBL. Kak MOXKHO BU-
ZIeTh U3 GJIOK-CXEMBI, ITPH KAK/IOM BbI30BE
[IO/IIIPOTPAMMBI ITPH YCIIOBUHM, YTO OIpPa-
IIMBAEMAsI KHOIIKA HE HAXKATA, PETHUCTP
MOACYETA TAMM-ayTa U (D7Iar «yAeP/KUBACT-
cs1> OyIyT COPACHIBATHCH, T.€., OYIET IIPOMC-
XOIMTH TOCTOSIHHASI YCTAHOBKA LU(PO-
BOT'O IIPOrPAMMHOTO (pruIBTpa <Ipedesrar
B HadaIbHOE cocTtosHue. Cenyer 3ame-

TUTBH, YTO BBI3OBBI IOIIPOTPAMMBI JOJDK-
HBbI TIPOU3BO/IATHCST LIMKTMUECKHU € 9aCTO-
TOM OT HECKOJIBKHUX JIECATKOB JJO HECKOJIb-
KHX COTEH TepIl, HATIPUMED, 110 MPEPhIBA-
HUIO OT KaKOro-HUOyAb Tarimepa. Korma
KHOIIKA HOKAMAETCS, CO/IEPKUMOE PErv-

CTpa MOACYETA TAIM-ayTa HAYHMHACT HHK-
PEMEHTHPOBATHCS TIPH KAXKIOM BBI3OBE
IOITIPOrPAMMBI, IPHUYEM YCTOMYHBO YBE-
JIMYUBATBCSI OHO CTAHET TOJIBKO TOCTIE
OKOHYAHUSA ¢Ipebe3ra», Korja perucTp me-
pecTaHeT cOPaChIBATHCA M3-3a T1AY3 MEXKY
HMMITYJIHCAMH «Ipebesras. CITyCTsi HEKOTO-
poe BpeMs IIOC/I€ OKOHYAHUWS HUMITYIIb-
COB «Ipe6e3ra» IPU UKIMIECKUX BbI30-
BaX IMOJIPOIPAMMBI OIIPOCA HACTYIIUAT
MOMEHT, KOIJId COJEPKUMOE PEerucrpa
noaCcYéTa TAMM-ayTa CTAHET PaBHBIM
KOHCTAHTE 3HAYCHHUA IOPOra TanuM-ayTa
U, CJIEIOBATENIBHO, TIPOU3OMIET YCTAHOB-
Ka (P/1aroB «HAXKATO>» M <«YJEPKUBACTCS>
OIPAIIUBAEMOM KHOIIKH.

CocrostHue (prara  «yJepKuBaeTCs»
MPSAMO WIX HHBEPCHO OTOOPAXKAET TEKY-
1ee COCTOSTHUE BXO/IA MOAKIIOUCHHS CO-
OTBETCTBYIOIIEH €My KHOIIKU C y4ETOM
MO/IABJIEHUs] UMITYJIBCOB «Ipe6e3ra», T.e.
OH OyJeT OCTaBaTbCH B €IMHUYHOM CO-
CTOSTHUM CTOJIBKO BPEMEHH, CKOJIBKO
YAEP/KUBAETCA KHOTIKA ITOC/IC OKOHYAHMSA
«1ipe6esra», U COPOCUTCA IPH MIEPBOM JKE
HMITYJIBCE «IPEOE3ra» B MOMEHT OTITyCKa-
HUSI KHOIIKH. DTOT (pr1ar MOYKHO HCITO/b-
30BaTh B IIPOrpPaMMe Ui PeaTn3aiun
KAKUX-TO JJOITOJTHUTEIbHBIX (DyHKIIUIA
JIAHHOM KHOIIKM B uHTepderice BBOAA
pa3pabaThIBAEMOrO YCTPOKCTBA, HAIIPH-
Mep, YISt 33/IaHUS KAKOTO-TMO0 PeXnma,
YCIIOBHEM KOTOPOTI'O CIYKUT TEKYIIEE Ha-
JKATOE COCTOSTHHUE 3TOM KHOITKH.

@yrar «<HKATO» B IIPEIAraeMOM aJIro-
puT™Me 06/1AJAET CBOMCTBOM «3aLIEIKUBA-
HISD, T.€. IIPH OTITYCKAHUM KHOIIKHA OH B
MOAIIpOrpamMme He copaceiBaercs. Ornpoc
COCTOSIHUSI C LIEIBI0 OOHAPYKEHUs YCTa-
HOBKH U IOCJIEQyIomero copoca gara
«HAKATO» BO3/IATAETCA HA Ty YACTh OCHOB-
HOM TIPOTPaAMMBI, KOTOPAsi TIPOU3BOAUT
06pPabOTKy HAKATHA HA JJAHHYIO KHOTIKY.

KOHKpEeTHOE 3HA4YEHHE KOHCTAHTHI
mopora TamM-ayTa «Ipede3ra» MOXKET
321aBATbCS Pa3pabOTIHUKOM JIIsi 0Oec-
rneyeHuss TpebyeMoro BPEMEHU PEaAK-
LIUM YCTPOMCTBA HA HAXKATYIO KHOIIKY B
3aBHCUMOCTH OT 3HA4Y€HHs IEepHO/a
BBI30BA IMOJIIPOTPAMMBI KHOIIOYHOI'O
uHTepdeiica ¥ KOHKPETHOTo Thna (JIu-
HEMHBIX Pa3MEPOB) KHOITKH.

W CXOHBIE TEKCTHI IIOAIIPOTIPAMM, Ha-
[MMCAHHBIX HA ACCEMOIEPE U PEATU3YIO-
IIUX OIMMCAHHBIN BBIIIE ATOPUTM 006-
CIIy’KUBAaHUSL KHOIIOK, COJEPKATCSI B
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(arine knop.a51, KOTOPHIH JOCTYIICH HA
cayTe XypHaIa.

Janee 3TOT (haiia OyAET YKa3bIBATHCSI
KaK IOJK/II0YAEMBbIH B HCXOAHBIX TEKC-
TaX MOJb30BATEIbCKUX IIPOrPAMM JJIs
MSC12xx. IIpemIoKeHHBIH IIPOTrpaM-
MHBIA KOJI MOKET HCIIOJIb30BATbCA C
J1H00bIM 8051-COBMECTUMBIM MHKPOKO-
HTPOJLIEPOM.

B darine copepkaTcs MOAIPOTrpaMm-
MBI OOCTYXKHMBAHUA HIECTU KHOIOK,
KaK/J]as M3 KOTOPBIX IMOAKIIOYEHA K
OTZAENbHON JUHHUH BBOJA/BBIBO/IA 00-
LIEr0 Ha3HadyeHus cranaapra 8051.
OTH IMHUH B IOAIIPOTPAMMAX UMEIOT
uMmena _IN_KNOPO - IN_KNOPS5.
Jig ONTHMHU3ALMH KOJAa KaKJas
BETBb YIIPABIECHUS B IIOAIIPOTrpaMMax
Pod_OPR_KNOPO — Pod_OPR_KNOP5
peaIn30BaHa IOAIIPOrPAMMAMH CIEAY-
IOLIETO YPOBHS BJIOKEHHOCTH BBI30BZ,
OJJMHAKOBBIMH JIJI51 BCEX KHOIIOK:
® Pod NNAG_KNOP - nocnenosarenb-

HOCTb AEUCTBHH, IIPOU3BOAHUMBIX AJITO-

PHUTMOM B CJTy4d€ HE HAKATOHU KHOIIKY;
® Pod_NAG_KNOP - nmocnegoBaTesnb-

HOCTb JEHUCTBHH, IIPOU3BOAUMBIX AJI-

TOPUTMOM B CJIy4ae HAKATOU KHOIIKH.

IIpu 3TOM NpEIIIOaaraeTcs, 9YTo KHOII-
KU AAB/IIFOTCSI HOPMAJIBHO PA30MKHYTBIMU
M BKIIOYEHBI MEX/Ty BXogamu MSC12xx u
OOLINM IIPOBOJOM YCTPOMCTBA, 4 JIMHUU
MOJK/IIOYEHHST KHOMOK CKOH(UTYPUPO-
BaHbl B MHUKPOKOHTPOJUIEPE KaK JIMHUU
BBOJIa/BBIBOJA CTaHaapra 8051 (moars-
HYTBbI K <«IUIIOCY> UCTOYHHKA ITUTAHHSI
BHYTPEHHHMH pe3ucTopamn). Ilepes tem
KaK BbI3BaThb IIOAIPOIPAMMY OOCTyKHUBA-
HHS KaKOH-THOO KHOIIKH, CJIEYET B OC-
HOBHOH IIPOTPaMM€ KOCBEHHO aPECo-
BaTh PEIMCTP IIOACYETA TAMM-ayTa 3TOH
KHOIIKH C IIOMOLIBIO yKa3ares R1, a pe-
THCTP, COAEP:KAIUH (DIaru «HaKaTo» U
<YAEPKUBACTCA» 3TOM KHOIIKH, — C IIO-
MompIo yKasarensa RO. dmar «yaepsxusa-
€TCs» — WIAAIKMK 3Hadaniyr out (M3B) B
perucrpe ¢ (raramy, @ar «HaKaTo» —
M3b+1 (3TOT PETUCTP MOKET U HE UMETh
MOGUTHYIO afpecaruo). KoHcranTa 3Ha-
YEHHA MOPOra TamM-ayra «ipedesra» B
noarnporpamme umeer umsa POROG_K.

UHTEP®ENC XKKU

Hurepderic BEIBOJA B YCTPOMCTBE HA
6a3e MUKPOKOHTPOUIEPA B GOJIBIIHHCTBE
CJIy4Ya€B JJO/DKEH BKJIIOYATDH B CE0ST KaKHUe-
TO AIIIAPATHBIE CPEJCTBA HMHIUKAIIUU C
COOTBETCTBYIOIIEH IIPOrPAMMHOM IO
PKKOM. B HacTrosmee BpeMs HAa PBIHKE
WHIUKATOPOB BECHbMA ITUPOKO PACIIPOCT-
pPaHEHbl CMMBOJIbHBIE (OYKBEHHO-ITH(D-
POBBIE) KHIKOKPHCTA/UTMIECKHE MO/TYI/TA

CO BCTPOEHHBIM KOHTPOJUIEPOM yIIPaBJIe-

HHs, COBMECTUMBIM C KOHTPOJUIEPOM

HD44780 ¢upmer Hitachi. OHU BBIITyCKa-

FOTCSl HECKOJIBKMMU IIPOU3BOJUTE/IMH B

PA3MMYHBIX UCIIOIHEHHUAX U MOAU(PHKA-

OMAX. OTU UHIUKATOPBI UMEIOT MajIoe

3HEPronoTpebIeHUE, IPOCTON HHTEP-

deric (1A B3aUMOJIEHCTBUS C MHKPOKO-

HTPOJIEPOM MM TPEOYETCSI OT HIECTH IO

OJMHHA/ILATH JTUHUM, HE CYUTAS ITUTA-

HHMA U OOIIEH IIMHBI) U MPESOCTABISIIOT

OYEHb IMMPOKHE BO3MOKHOCTH B IUIAHE

OTOOpAKEHUS HH(POPMAITHH.

B paHHOM mIpoOeKTe HCIIOIb30BAH HH-
gukarop WH1602 ¢upmbr  Winstar
(2 crpoku, 16 CHMBOJIOB B CTPOKE, PyCH-
upoBaHHbI). Tabmuiy GHOHTOB /ist
3TOIO U I JPYIUX PYCU(PUITUPOBAHHBIX
ZKKHM MOXXHO HAUTH B KHUTE [4], 4 37IE€KT-
PHYECKHE I1aPaAMETPhI, BDEMEHHBIE /THA-
rPaMMBbl CUTHAQJIOB YIIPABJICHUA U HA00p
koMaHf — B [6]. Ilepenaya urgopmanuu
M3 MHUKPOKOHTpOsutepa B HD44780-coB-
MECTHMBINA WHAMKATOP BO3MOKHA IO Ma-
PAJUTEBbHOM 8- WK 4-IIPOBOJHOM IITHHE
JIaHHBIX. B mepBoM ciIydae nepegaya mpo-
HU3BOAUTCs OBICTPEE, HO TOIIOHUTEILHO
3aHUMAIOTCA YEThIPE JMHUH BBOJA/BbI-
BOJAa MHUKPOKOHTPOJUIEPA. JIOTHYEeCKuit
ypoBeHb Ha Bxoze KK, onpeae oy
€ro PeXUM (3anuch/yreHue) RW (BbIB. 5
HG1), anmapaTHO YCTAHOBJIEH IS PEKU-
Ma 32K CH (TIOJKIIOYEH K OOIIEH IIHHE),
KAaK IIOKA32HO Ha puc. 16. T1o 31O npuam-
He rOoTOBHOCTD JKKH K NpHéMY JaHHBIX
MHUKPOKOHTPOJI/IED HE IIPOBEPSIET, a
BMECTO 3TOTO IPOIPAMMHO I'€HEPHUPYET
BPEMEHHBIE 33JE€PKKH, 3aBEIOMO OOIIb-
IIHEe WHTEPBAJIOB BPEMEHHU, HEOOXOMH-
MbIx JKKHM Ha IIOATOTOBKY K IIPUEMY.

Hcxonnble TEKCTBI HAOOpa MOAIPOT-
pamMM, peaM3yoIHX HHTEp@EHc 06-
meHa ¢ JKKHM 1o 4-mpoOBOJHOM IIWHE
JaHHBIX 6€3 OIIPOCa ETO COCTOSTHUS, CO-
pepsxarca B darne led del.a51. IHoxa-
nporpammsl o6cayxuaHuss HD44780-
cosmecTumoro KKH mrst MSC12xx fgo-
CTYIIHBI HA CAUTE XKypHaJIa.

Hanee 10T (paru1 OGygeT YKa3bIBATHCS
KaK ITOJK/IXOYA€MbIH B UCXOIHBIX TEKCTAX
nporpamm 1yt MSC12xx. B ¢hariie conep-
JKATCSA CJIEAYIOUIHE TIOATIPOTPAMMBL:

@ MOJANPOrpaMMa HAYaIbHOM UHUIIU-
anuszauuu JKKHM nocne cb6poca
Pod_INIT LCD;

® MOoANpOrpaMMa OYHCTKH 3KpaHa
7KKH Pod_CLEAR LCD;

@ moAnporpamMmma
KKHU OOHOM
Pod_PER_COM_LCD;

@ nognporpamma 3anucu B O3V JKKU
OJHOro 6aNTa JaHHBIX (MHIWUKALIUH

nepenavyu B
KOMAaH/IbI

Ha 3Kkpane JKKHM ogHOro CuMBO/IA) 110
IPpOU3BOJBHOMY aapecy O3V KKU
Pod_PER_DAT LCD;

e nognporpamma 3anucu B O3V J)KKU
OJHOTO 6aNUTA JAHHBIX (MHAUKAIUU
Ha aKpane JKKH ogHOro cumsosa)
no Tekymemy azapecy O3V JKKU
Pod_TEK_DAT LCD;

® BCIIOMOTATEJIbHBIE TIOJIIPOTIPAMMEI
CJIEYIOLIETO YPOBHS BIIOKEHHOCTH.

IIpoooncenue cnedyem
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Pe3ynbTartbl UCAbITAHUN
papuaLNOHHO-CTOMKNX
DC/DC-npeo6pa3oBareneit
thupmbi Interpoint Bo3pencrenem
MOHN3UPYHOLLNX N3NYHEHUIA HN3KON

32

U BbICOKOW MHTEHCMBHOCTH

Buktop Xpaukun (Mocksa)

B cTaTbe paccMaTpyBaloTCsl METOAMKA U Pe3ynbTaTbl UCMbITaHWiA
DC/DC-npeo6pa3zosareneii pupmbl Interpoint BosgencTenem
MNOHU3UPYIOLLMX U3JTYHEHUI HU3KOWN U BbICOKOW MHTEHCUBHOCTU. McnbiTaHus
NPOBOAUNMUCHL A0 3HAYEHUs1 HaKomeHHow Ao3bl 20 Kpag, (Si) Npy HU3KUX
MHTEHCUBHOCTSX 06ny4eHusi u o 200 kpap (Si) npu BbICOKON
MHTEHCMBHOCTM MOHM3MpYIoLLEero o6ny4yexus. McnbiTbiBanuck 15-BaTTHbie
DC/DC-npeo6pasoBatenu cepun SMHF. O6¢cyxnaloTcsi HEKOTOopble AeTanu
KOHCTPYKLMMN npeobpa3oBaTesnieil, BOCMIPUMMYUBOCTb K MOHU3UpPYOLLIEeMY
06yHeHMIO U XapaKTep U3MEHEHUsl NapameTpoB B npouecce 06y4eHus.

BBEAEHME

OfHOM M3 BAKHEHIIMX XaPAKTEPUC-
TUK KadyecTBa moxayineri DC/DC-ipeo6-
pa3osareney, IpegHaA3HAYEHHBIX IS
OPUMEHEHUSI B COCTABE aNIlapaTypsl
KOCMUYECKUX armapaTos (KA), asngercsa
PagualiMOHHAsA CTOMKOCTh, KOTOPask BO
MHOTOM OIIPEJE/ISIeT BEPOSATHOCTb Ge-
30TKA3HOM PabOThl COOTBETCTBYIOLIUX
GOPTOBBIX CHCTEM M, KaK CJIEJCTBUE, JI/TH-
TETLHOCTH CPOKA AaKTUBHOI'O CYIIIECTBOBA-
Hus KA. Co3nanue BEICOKOI(MD(PEKTHBHbBIX
HAJIEKHBIX CTPYKTYP PaJHAIIMOHHO-CTOM-
KUX W3/ICJIAE SHEPIeTHYECKOM JIEKTPO-
HUKU SBJIIETCS CJIOKHOM 3ajadeH, Tpedy-
OIIEH Pa3pabOTKH METOJOB M CPEICTB
pacyéra, MOICTUPOBAHUA M ONTHMH3A-
IIUH CXEMOTEXHUYECKHX PEIIEHMM, CO3-
JJaHUSI KOHTPOJIBHO-U3MEPUTEIBHOIO U
HCIBITATEIGHOTO OOOPYIOBAHMSA ST 3(-
(bEeKTUBHOM OTOPAKOBKU ITOTEHITHATBHO
Je(DEKTHBIX M3AETMH IJIEKTPOHHOM TEX-
HUKH, 2 TAIOKE Pa3pabOTKU CHIEIAATBHOMN
armaparypsl Ui U3y9eHUs OCIEICTBII
BOB/ICHCTBUA PA3/IMYHBIX HOHU3UPYIO-
X U3TyIEHUM.

B HacrosAmlee BpeMs 3TH 3aJa4H
ycnenHo perieHsl pupmoi Interpoint
(www.interpoint.com). OHa SABIACTCS
noapaszgeneareM koprnopauuu CRANE
Aerospace&Electronics (CHIA). ®up-
Ma [OpeiaraeT pagualuoOHHO-CTOM-

kue DC/DC-11peo6pa3oBaTe/Iv U IIOMEXO0-
MOJAB/BIIOKE (PUIBTPHI JUIST IIPHUMEHE-
Hus1 B OOPTOBOF anmaparype KA, ucribITel-
BAIOIIMX KOMIUIEKCHOE BO3JENCTBHE HO-
HHU3UPYIONETO U3Ty9EeHHsI KOCMHYECKOTO
MIPOCTPAHCTBA, A TAKKE B MH(OPMAIOH-
HO-U3MEPHUTE/ILHBIX CHCTEMAX KOHTPOJIS
PaMaIOHHOM OGCTAHOBKH, B PEHTTCHO-
BCKUX U SIEPHO-MAarHUTHO-PE30OHAHC-
HBIX TOMOrpadax, B IPOMBIILIEHHBIX PO-
60T1ax 1 T.11. [I0[pO6HO HOMEHKIATYPA Pa-
JIUALMOHHO-CTOMKUX H3AETUH (DUPMBbI
Interpoint IpeACTaBIeHa B CTAThsX [1, 2].
ITomyasipHbIE MHTEIPAJIbHO-TUOPUL-
Heie DC/DC-11peo6pa3oBaTed CEPUU
MHF+ ¢upmsl Interpoint [3] 66111 niep-
BBIMH H3/IC/THSIMH, OTBEYAIOIUMU BCEM
Tpe6oBaHmsAM craHaapra MIL-STD-883
K usgenusam kracca H (CTaHZapTHBINA
YPOBEHBb KAYeCTBA H3JEIUM /IUI1 BOCH-
HBIX IPUMEHEHHUI). DTH U3IC/IUS B
1992 r. BXOWIHN TAKXKE B [IEPEYCHb U3-
JIeJTUHA, CO30ABAEMBIX U IIOCTAB/ISIEMBIX
B COOTBETCTBHU C TEXHHMYECKHUMH TPE-
GOBAHMSAMU K BOEHHBIM H3JETUAM
(Standard Military Drawing — SMD) oz
KoHTpOosieM IleHTpa IO CHAGKEHHIO
Munucrepcrsa 06oponsl CIIA B Ko-
aymbyce (DSCC, www.dscc.dla.mil).
®upma Interpoint B 1997 1. crana cep-
TUGUIMPOBAHHBIM MPEATIPUATHEM —
H3TrOTOBUTEIEM JIEKTPOHHBIX U3/IETHHN

rUO6PUIHOM TEXHOMOTuM Knacca K (u3-
Jenust Jyist G0PTOBOM anmnaparypsl KA).
Momymu ceprt SMHF DC/DC-ipeo6pa-
30BATEJICH SIB/ITIOTCSA yCTOMYMBBIMH K BO3-
JIECTBUIO CITEIIUAIBHBIX (PAKTOPOB C
OCOOBIMU TAPAHTHAMU HA II0KA3ATE/IN
Ka4ecTBa MOCJIE BO3ACHCTBHIS HOHUBHUPY-
OMMX H3TydeHuil. TexHuaeckue Iapa-
METPBI TAPAHTHPYIOTCA MPU IPOMEXY-
TOYHBIX 3HAYEHMSIX MOIVIOIEHHOM /I03bI
U3TYIEHUS B KDEMHHH TOTyIIPOBOAHHUKO-
BBIX KOMIIOHEHTOB M MAaKCHMMaJIbHOM
ypOBHE HOIIOMEHHOI 103b1 100 Kpaz
(3mecw u gatee 1 pag =1 paj Si, T.€. IOI7I0-
mIEHHAs 1032 u3TydeHus, pasHas 100 apr
Ha 1 1 06yu€HHOrO Kpemuust). Mcrbrra-
Hue KomrnoneHTos DC/DC-ipeo6pasosa-
TeJiel, BOCIIPUMMYHMBBIX K BOZ/IEHCTBUIO
MOHUBUPYIOINX HU3TydEHHH, 00ecredn-
BaeT YCTOMYHBOCTD IPEOOPAZ0OBATENECH K
KOMIUIEKCHOMY BO3JEHCTBHIO HOHUBHPY-
FOIIETO U3TYYEHHSI KOCMHUYECKOTO IIPOCT-
pascTBa. IIpeenbl H3MEHEHUs TapaMeT-
OB 3THX KOMIIOHEHTOB YCTAHAB/IABAIOT-
Ca 10 Pe3yabTaTaM HCCIEAOBAHUKI
npeobpasosareneii B uesiom. Ilepronu-
YECKUI KOHTPOJIb U3MEHEHUsI IMapaMeT-
POB BCEro M3JeIus TapaHTUPYET TOY-
HOCTh  PE3YJABTATOB  MCCIEIOBAHHUN
Mopnynu cepunt SMHF 6bUtH TI€PBBHIMU
DC/DC-npeo6pa30oBaTEIsAMH, IIOTHOCTBIO
COOTBETCTBYIOIIMMH TPEOOBAHMAM CTAH-
nmapra MIL-PRF-38534C K MHTErpaIbHO-
THOPHIHBIM H3/Ie/IsiM K1acca K. DTo 6611
pe3ynprar  COTPYAHUYECTBA  (PUPMBI
Interpoint ¢ Llerrpom DSCC 1o paspa6or-
Ke PaIHaIIMOHHO-CTOMKIX H3/IE/TH.
DC/DC-11peo6pa3oBare/ii  UMEIOT B
cBOéM O6o03Hauennu 3Haku O wim R,
0603HAYAIONIHE YPOBEHb CYyMMapHOM
TIOIVIOIIEHHOM /103bI U3/IyYE€HUs, IIPU KO-
TOPOM rapaHTUPYETCsT HOpMaTbHAasA pa6o-
Ta ycrporicTBa. 3Hak O 0603HaYaeT ypo-
BEHb, IPY KOTOPOM PaTHALIMOHHAS CTOH-
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KOCTb H3[E/IU HE IapaHTHPYETCs, B CO-
CTaBE TAKOT'O U3/IE/IHSI MOT'YT OBbITH KOMIIO-
HEHTBI U3 HEIIPOBEPEHHBIX MAPTUIL. 3HAK
R coolmiaer, 4To M3EIHs U3rOTOBIEHBI
M3 KOMIIOHEHTOB, ITIOABEPIHYTBIX PaJya-
IIMOHHO-TEPMHYECKON 00paboTKe U
KOHTPOJTIO HAa PATUAITHOHHYIO CTOMKOCTB,
1 0003HAYAET YPOBEHD, IIPH KOTOPOM I'a-
PAHTHUPYIOTCS MOCTPATUAIMOHHBIE O-
ITyCKH Ha ITApaMeTPhI U3Je/IHs IIPU 3HAYe-
HHM OOIIEH HAKOILIEHHOH /103b1 100 Kpay.

[IpyuHIMOHATbHBIE JIEKTPHYECKHUE
cxempl DC/DC-npeo6pa3oBaTesid CepHi
MHF+ 1 SMHF BO MHOT'OM CXOH, OTHAKO
HMMEIOTCA CYLIECTBEHHBIC pasniuyus. B
KOHCTPYKIIUH ITPeoOpa3oBaTesei Cepuu
SMHF ucnonb3yercsi HabOp KOMIIOHEH-
TOB OT IIOCTABIIUKOB M3eaui Kiacca K
JUIs1 KOCMUYECKUX ITPUMEHEHUE, KOHTPO-
JIMPYEMBIX CIENHAJIbHBIMA HOPMATHB-
HBIMH JOKymMeHTamMHu (Source Control
Drawings — SCD). Yucio pupm — mocras-
IIMKOB U3JeIHI 110 HopMam SMD, nipez-
HA3HAYEHHBIX /Ui KOCMHYECKHX TIPHME-
HEHHUH, BECbMa OIPaHMYECHO. PUPMBI-
MOCTABUIUKHA HCIOJIb3YIOT THIATEIbHBIN
OTOOP KOMIIOHEHTOB U YCTAHABIHUBAIOT
HOPMBI HA IIAPAMETPHI IS IIPUMEHEHUS
KOMIIOHEHTOB 1 BKIIOYEHUS X B KBamu-
(DUKAITMOHHBIN IIEPEUYEHb U3TOTOBHUTE-
sert (Qualified Manufacturers List — QML).

TUIUYHBIMU  JOIOJHHUTEIbHBIMU
MIPOLEAYPAMH OTOPAKOBOYHBIX HCCIIE-
JIOBAHMH SAB/ISICTCSI PACTPOBAs JTA3€PHAS
AKyCTH4YeCKas MUKPOCKOIHA (Scanning
Laser Acoustic Microscopy — SLAM™) u
KOHTPOJIb KEPAMHYECKUX KOH/JEHCATO-
poB 6oapmon EMKOCTH 110 MIL-C-123,
HUCIIBITAHWE Ha JIAaBUHHBIA NPOOOH U
IIPOBEPKA XaPAKTEPUCTUK CHWIOBBIX JTH-
o108 IIIOTTKH, TEPMOLMKINPOBAHUE U
OoT6Op TAHTATOBBIX KOH/ICHCATOPOB IO
ITyCKOBOMY TOKY, PACTPOBasl JTEKTPOH-
Hasg MUKpockonusa (Scanning Electron
Microscopy) BCEX KOMIIOHEHTOB U T.IL
Kpome TOro, mepes HMCHOIB30BAHUEM
IIPOBOJATCA JOIOJTHUTEIbHbBIC UCITBITA-
HHS KOMIIOHEHTOB, KDUTHYHBIX K PaIH-
AITMOHHBIM HATPY3KaM.

OnNUCAHME NPEOMETA
UCMNbITAHUA
DC/DC-nipeobpasosarenu cepuu SMHF
HMEIOT BBIXOJHBIE MOIIHOCTU OT 12 110
15 Br. KOHCTPYKTHMBHO H3ZAEIHA IPEA-
CTAB/IAIOT COOOM TePMETH3UPOBAHHBIN
META/UIMYECKUI CBAPHOM KOPITyC C raba-
puramu 28,7 x 37,08 x 8,38 MM 1 BeCOM
30 r. BuenHuI1 BU MOAYJIS C KPEIIEKHBIM
y1aHIIEM TTOKA3aH Ha puc. 1. Juana3on
pa6oyux TeMmmeparyp -55...125°C,
AUAINAa30H BXOJAHBIX HaNPAKEHUHN

16...40 B IOCTOSTHHOT'O TOKA C JOITYCTH-
MBIMHM HMMITyJIbCHBIMHA HaIPSDKEHUSIMH
50 B x 120 mc. M3aenus BHITYCKAIOTCS C
OJHHMM M JBYMsl KaHAJAMH BBIXOJHBIX
HAIIPsOKEHUI B TUara3oHe 3,3...15 B.

B ocHOBE Tpeo6pa3oBaTesst — OHOTA-
KTHAs IPSAMOXO0J0BAasA CTPYKTypa € pabo-
4er 4acToTOo! IpeodpazoBanus 550 KIir.
CTabmiIn3anyst BBIXOJIHOTO HAIIPSIKE-
HHA OCYLIECTB/IICTCS METOJOM IIHPOT-
HO-UMIYJIbCHOM Moayasauuu (IIMM) c
IIOCTOSIHHOH pabo4er 4acTOTOH. CXeMbI
yupasiaeHusa U IIMM-KOHTpO/IIEpA BBI-
IIOJIHEHBI HA JUCKPETHBIX KOMIIOHEH-
Tax. Bce KOMIIOHEHTHI SIBIAIOTCS U3/e-
JIMSIMHA CPETHETO YPOBHS HMHTETPALHH,
OHHM M3TOTOBJIEHBI IIO ITPOBEPEHHBIM
TEXHOJIOTUSAM C MHOT'OKPATHBIMH UCITbI-
TaHuAMH. Ha puc. 2 npuseieHa IpUHIIH-
IMHAIbHAs CXeMa OJHOKAHAJIBHOTO
DC/DC-nnpeobpazosarens cepuu SMHE.

ITepexmoyeHrne MOLIHOCTH OCYIIEC-
TBIAETCA PaJUAIMOHHO-CTOMKHUM TPaH-
sucropom MOSFET. Ilepeaya sHEpruu B
HATPY3Ky OCYLLIECTB/IETCS Yepe3 HeOOIb-
IO TPAHC(HOPMATOP, UMEIOITHI (heppu-
TOBBI¥ MAarHUTONIPOBOJ, Tpancpopmarop
06€ECIIeYrBAET IATbBAHHYECKYIO PA3BI3KY
TPAaKTa NEPEAavn SHEPTUH B ITPSIMOM Ha-
npasieHuH. KBa3Mpe30HaHCHOE CXEMHOe
peIeHre IO3BOIAET YBEIMYUTD KO3 du-
IUEHT 3aIl0JTHEHUsA UMITy/IbcOoB IITHMM-
KOHTpOJuIepa 6osee yem Ha 50%, OTHOB-
PEMEHHO OrpPAHWYHMBAS HAIIPSDKEHHE Ha
croke Tpanzucropa MOSFET menee uem
Ha 50% OT JOIYCTMMOIO 3HAYEHUA IIPU
BXOJHOM HaIPsDKEHHU 28 B. DTO HU3KOE
3HAYEHHUE HAIPSLKEHUS CTOK—HCTOK
3HAYUTEIbHO YMEHBIIAET ONACHOCTD
OAMHOYHOrO c60s Tpanzucropa MOSFET

Puc. 1. Buewnui sup mukpocxembl DG/DC-
npeo6pa3osarens cepun SMHF (npeacrasnen
BapUaHT UCNONHEHNS C KPeneXHbIM thnaHuem)

TIPY BO3EHCTBUU YACTHI] BBICOKHX SHEP-

rui. Crieyrolye U3Aeans SBSIIOTCI OC-

HOBHBIMH KOMIIOHEHTAMH CXEMBbI YIIPAB-

stieryst [TMM u 1ieny 0O6paTHO CBSI3H:

e LM119 - xomnaparop (National Se-
miconductor),

® LM136 — HCTOYHMK OIIOPHOTO HATIPS-
skenud (National Semiconductor),

e MC34072 — onepanMOHHBIN YCHIH-
Tenn (Motorola),

e IRFH110 - paauanuoOHHO-CTOMKHHI
Tpan3ucrop MOSFET (International
Rectifier),

e OLQ156 — paguanmOHHO-CTOMKUAN
onrousonaTop (Isolink),

e TCS4429 — mpesOKOHEYHBIN KaCKasl
JUISL yIIPABJIEHUS CWJIOBBIMHU TPAH3UC-
Topamu (Microchip).

JIBa  mocregHUuX  KOMIIOHEHTa
(OLQ156 u TCS4429) oTAU4AIOTCS OT
CTAHAAPTHOTO M3Jenus kKiaacca H
(MHF+) 1 OT IEpBOHAYATBHOI'O UCITOJI-
HEHUS JIII KOCMUYECKUX ITPUMEHCHUM
(SMHF). Onu MOAM(DUIIIPOBAHEI 11O pe-
3yJIBTATAM HUCIIBITAHHUI HA YyBCTBUTETb-
HOCTb K BO3JE€HCTBUIO IIPOTOHOB BBICO-
KHUX 3Hepruii (63 MaB) [4].

5 MKTH v
Bxoa °
NONOXMTESNbHOMO
HanpsxeHus
— 2 MKD
Bxoa
[MUCTaHUNOHHOrO DA1
BKI./BbIKI. i
o= KOHTpOnnep )
Lo
Bxoa 06wmit VTgr
o

Buixog
NONOXUTENbHOrO
HanpsxeHus
€ <
> il
VDgs >> [
'
Cxema
Cxema
orpaHnyeHns
a l CpaBHEHMS
‘b
>
DA? DA3 VDT.

BbIxog 06Lwmit

Puc. 2. NMpuxynunuansHas cxema ofgHokaHanbHoro DG/DC-npeo6pa3oBartens cepun SMHF
DAT — NpefoKoHe HbIN Kackag AN ynpasneHus cuoBbim TpaHaucTopom MOSFET; VT — Tpananctop MOSFET IRFH110;

VTw, ~ potorpansuctop ontonsonstopa OLQ156; VD, — ceetoanos ontonsonsropa OLQ156; DA2 — 0V MC34072;

DA3 -0Y MC34072
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y3Jibl U MOA4YJIN

Puc. 3. BHyTpeHHue anemenTbl
DC/DC-npeo6pa3osarens cepun SMHF:
nokasanbl Tpansucropel MOSFET IRFH110 (1),
Kackap ynpaBneHus CUNOBbIM TPAH3NUCTOPOM
MOSFET TCS4429 (2), komnaparop LM119 (3)
W BXOfIHbIE KEpaMUYecKUe KOHAeHcaTopbl (4)

Puc. 4. Apmarypa, npumeHsemas ans KOHTpons
3NIeKTPUYECKUX NapamMeTpoB npu 06ayveHun

Brixoanble meny raabBaHHUYECKH
M30JIMPOBAHbI OT BXOJHBIX IIEIEH.
DNEKTpHUYEeCKas MPOYHOCTb HU3OJAIIHNH
cocrapsger 6o1ee 500 B moCTOAHHOIO
HAIIPSUKEHMA. BBIXOZHOE HANIPIKEHUE
nepepaérca INMM-KOHTPOIUIEPY YeEPE3
HM30TUPYIOMUI Gapbep, BBIIIOJIHEHHBIN
Ha HMC OLQ156. DTO YyCTPOMCTBO
NPEICTAB/IAET COO0M THOPHUIHYIO MHK-
pocxemy, pa3pabOTaHHYIO CIEIIHAIBHO
11 paboOTBI B YCIOBHUSIX BO3EHCTBUS
HOHU3HPYIOINX U3Ty4EHUI KOCMHUYEC-
KOI'O IIpOCTpaHCcTBA. W3/IydaTenb H3ro-
TOBJIEH 6€3 AMUTAKCHUU U3 JKUIKOM (pa3Bl,
4 IETEKTOP BBIIIOJIHEH 110 SIUTAKCHAIIb-
HO¥ TeXHOIOTHH. O6€ CTPYKTYPHI XOPO-
10 PabOTAIOT ITPU BO3EHCTBHH KBAHTO-
BOT'O (y-M3/Ty4E€HHE) U KOPITYCKY/LIPHOT'O
(COCTOAIIETO M3 IIPOTOHOB WX HEUTPO-
HOB) HOHU3HUPYIOIIETO U3TyYEHHsI. DTOT
MOZAY/JIb COOTBETCTBYET TPEOOBAHHUAM
HOPMATHBHOTO JOKYMeHTA SCD 1 UCIIbI-
TaH JO 3HAYEHHU: IIOIVIOIMIEHHOM /1035l
100 kpag. TapanTuUpyercs (PyHKIIMOHH-
POBaHME YCTPOMCTBA IPH OOGIYYEHUH
IIOTOKOM 4acTHUIL 7O 10" IPOTOHOB/CM? C
IIOHWKEHHEM KO3((HUIIMeHTa nepena-
4M TOKA He 6osiee yeM Ha 50%. D10 yCT-
PO¥ICTBO B HACTOAIIEE BPEMS SIBJIICTCS
CTAHAAPTHBIM.

MoarposHOCTH
PAOUALMOHHBbIX UCNBITAHUNA

M COBITBIBAIHCH IITh OOPA3II0B OJHO-
kaHaIbHBIX DC/DC-ipeoGpa3oBaresieit
mozenu SMHF2805S/HR u3 mnaptuu
MOAY/JIEN, NPEJHAZHAYEHHON I OT-
Ipy3ku. Bece 1At usgenmnii uMean Map-
KAPOBKY SMD 5962R9213902HXC, 03Ha-
YAIOUIYIO, YTO II0 JICKTPUYECKUM Mapa-
METPaM U YCTOMYUBOCTH K BO3/ICHCTBUIO
BHENIHUX (PAKTOPOB OHH COOTBETCTBY-
10T TPeOOBAHMAM HOPMATUBOB SMD.

MeToponorusa ucnoiTaHum

HcnplTaHus 110 ONPENETEHHIO CyM-
MapHOH MOITIOIIEHHOM O3Bl OOIyde-
HUSl BBIINOJHSJIMCH IIPHU BO3JEHCTBUHU
Ha U3/eHs1 OOTYIEHUS C JBYMS Pa3HbI-
MM MHTEHCHUBHOCTSMH IO IByX YPOBHEH
CyMMapHOH 103bl. M3emms Obuth pasje-
JIEHBI HA TPU T'PYIIILL [IBa MOYJISI UCIIBI-
TBIBAJIMCh BO3JEHCTBUEM OOIy4EHHUS
HU3KOM HHTEHCUBHOCTH (6 paji/MUH) 10
061Iei TOITIOIEHHOH 10361 20 Kpaji, 1Ba
YCTPOMCTBA UCIIBITHIBA/IMCD IIPH BO3JEH-
CTBUM OOTYyIEHMSI MOIIHOCTBIO 9 paj/c
J10 YPOBHA NOIIOIEHHOM 0361 200 Kpag,
M OJJMH MOJY/Ib CJTY’KHJI B KAYECTBE KOHT-
pOIBHOrO 06pasna. Momyau OGBLIH IOJI-
BEPIHYTBI BO3JEHCTBAM TEMIIEPATYP,
IIOCJIE YETO C MOAYJIEH, ITIOATOTOBIEHHbIX
ULt OOTyd€eH s, ObUIH Y/IaI€HBI KPBIIIIKH.
Ha puc. 3 nokazaHbsl BHYTPEHHHUE YACTH
KOHCTPYKIUU MOoAy/st SMHE.

O6pasipl ¢ HEOOXOAUMOU TECTOBOH
apMaTypoOy ObUIM OTIIPABIEHBI B UCIIBI-
TareapHbId 1eHTp (ICS Radiation Tech-
nologies, mrar KanudopHus) gerom
2002 1. B kauecTBE U3/IydaTe/Isd HCIOIb-
30BaJIOCh y-U3Ty4E€HHE PATHOAKTHBHO-
ro uzorona “Co (3Heprusi KBAHTOB
1,25 M»aB). O6iryyeHHue IPOBOAWIOCH B
COOTBETCTBUU C TPEOOBAHUSAMHU CTAH-
Japra MIL-STD-883E Method 1019.4.

YerporicTBa BO BpeMs OOJIydeHUs
OBLIN ITOAK/IIOYEHBI K ITUTAIOIIEH CETHU
28 B npx HOMHUHAJIbHOM 3HA4YE€HHHU BbI-
XOJHOT'O HAIPSKEHUA 5 B TOCTOSHHOTO
TOKa U Harpyske 12,5 Om (20% ot
IIOJIHOM HArpy3Ku). bosbliee 3HaUYeHHE
TOKA HAIPY3KH HE HMCIIO/Ib30BAI0Ch, YTO-
OBl TEMIIEPATYPA MOAYJIEH IIPH UCIIBITA-
HHUSIX COXPAHAIACh KAK MOXKHO HIKE.
HexkoTopsle paguanOHHBIE BO3JEH-
CTBHSA MOI'YT OBITh YMEPEHHBIMH WJIH BO-
06111€ OTCYTCTBOBATD OIaroapsi OTHKUTY.
Hanpumep, BO BpeMsi HCCIEIOBAHUI
TCS4426 BnusiHUE PAJAAIIOHHOTO BO3-
JIEHCTBUSA OYE€Hb OBICTPO OTKHUIATIOCH
pu TemIieparypax sbiite 65°C. D1or ad-
¢dexT OBUI OTMEYEH KOMIIAHUAMH
Interpoint u JIabopaTopueil pPeaKTHB-

Horo aBmxkeHust (Jet Propulsion La-
boratory — JPL) [4]. Apmarypa, IpUMEHsI-
€Mast BO BpeMsi OOJIydEeHHs], 4 TAKKE /IS
MIEPBUYHOTO, IIPOMEKYTOUYHOT'O U MOCT-
PAIHUAITMOHHOTO KOHTPOJISI TAPAMETPOB
JI0 Y IIOCJIE€ OT’KHUTA ITOKAa3aHa Ha PUC. 4.
JIBa MOJy/sl, HAXO/JSACh B BBIIICYKA3aH-
HOM pPEKUME IMTUTAHUS U HATPY3KH, TTIO/I-
BEPTaINCh OOIy4EHHUIO OJHOBPEMEHHO.

06ny4yeHue BbICOKOMHTEHCUBHbIM
MOHU3UPYIOLLUM U3JTyHEeHUeMm

Hccneposanue pajualiMOHHON CTOM-
KOCTH IIPH BO3/I€HCTBUH OOJIBIION MOIII-
HOCTH 03Bl OOJy4€HHsI ITPOBOJHIOCH
IIPU UHTEHCUBHOCTH 9 paJ1/C Ha IBYX 06-
Pas1ax BO BKIIOYEHHOM COCTOSIHUH. DTA
BEIUYHHA HHTECHCHUBHOCTH HM3Ty4YE€HUS
3HAYMUTEILHO MEHbIIE 3HAYEHHUH, yCTa-
HOBJIEHHBIX cTanjgaprom MIL-STD-883,
Method 1019.4 (50...300 pag/c). Ho koM-
naHus Interpoint BeIOpania 3TO 3HAUE-
HHE UHTEHCUBHOCTH U3Ty4eHHUs Hoiee
12 ner Ha3aJ, U OHA CUUTAET BEJIMYMHY
9 paz/c HanboJIeEe NOAXOIAIIEH /I BbI-
SABJIEHHA IIPOOJIEMBI.

Y ABYX HCIIBITBIBAEMBIX O0PA3110B ObI-
JIM TIOJIBEPTHYTHI IIPOBEPKE IEPBUYHbBIE
3JIEKTPUYECKHE IIAPAMETPDI M IIapaMeT-
pBI OCa€e HAKOIUIEHUs J03bl 10 Kpag.
IIpoBepKa 3EKTPUYECKUX TAPAMETPOB
IIPOU3BOJAMIACH KAK/BIHM Pa3 IOC/IE HA-
KOIUIEHHU J1O3BI 25 Kpaj. OKOHYATE b~
Hasi MPOBEpPKa ObLIa IPOBEJEHA I10-
cJie JOCTHUXKEHUS TTOTJIOMEHHOM JO3BbI
200 KpaZi ¢ IOCIEAYIOIUM KOHTPOJIEM
MapaMeTPOB I10CIe 24-4aCOBOM BbIJIE-
PrKKU MoayJieH 1ipu 25°C. Moaynu Obutn
NOABEPTHYTHI BTOPHUYHOMY BBICOKOTEM-
IePaTyPHOMY OT/KUTY B TedeHue 168 g
npu temneparype 100°C u 3aKII0YH-
TEJILHOMY HUCCIEAOBAHUIO JJIEKTPHUYEC-
KMX IIapaMeTpoB. B oreyecTBEHHOM
MPAKTHUKE METOM OOTYIEHUSA C TOCIIELY-
ome TepMOOOPABOTKON IMMOJYYUIT
Ha3BAHUE <«PAJUALTHOHHO-TEPMUYEC-
Kast 06paboTKa» U IPUMEHIETCS B IIPO-
necce npoussogcTsa KMOIT MC g no-
BBIIIEHUA IIPOLIEHTA BBIXO/A T'OJHBIX
M3/I€/IUH HA IVIACTHHE KPEMHHUA 32 CYET
OTOPAKOBKH YHIIOB C MAKPOAEMEKTaMU
B OKCH/IHBIX IUIEHKAX [5].

IlepBOHAYA/IbHBIE, IIPOMEKYTOYHBIE
M 3aBEPIIAIOIINE UCIIBITAHUS IIPOBOJH-
JIACh B TPEX pEXHUMaAX: XOJOCTOM XOJ,
20% OT MOJHO¥M HAIPY3KH U NIPH I10JI-
HOM Harpyske. IIpu Kax10oM 3HA4EHHUH
HAarpy3Kd PETUCTPUPOBAJIHCH 3HAYeE-
HHSA BXOJHOI'O TOKA M BBIXOJHOI'O Ha-
npsckeHusA. B 1a6a. 1 npuBeJeHbl yCIo-
BUSI HCHBITAHUM U 3aPErUCTPHPOBAH-
HBIE JaHHBIE UL OJHOT'O U3 OOPA3II0B.
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O6ny4yeHne HUSKOUHTEHCUBHbIM
MOHU3UPYIOLLUM U3NTyHeHUuem

HccnenoBanue pajuaniioOHHON CTOM-
KOCTH IIPU BO3JEHCTBUH HU3KOM MOIIL-
HOCTH /103BbI IIPOBO/IWJIOCH IIPH UHTEH-
CHUBHOCTH H3JIy4eHust 6 paji/C Ha ABYX
ob6pa3nax BO BKIIOUYEHHOM COCTOSIHUH.
DTO 3HAYEHHE HHTEHCHUBHOCTHU OBLIO
HAMMEHBITUM IIPAKTHYECKHUM PEKMMOM
JUIS1 ICTTIBITATEIbHOM YCTAHOBKH.

HcnpiTanus OO6y4eHUEM HU3KOHW MH-
TEHCHUBHOCTU IIPOBOJATCS /I OIIpEe-
JeHus 3(P@eKra BOCIPUUMYUBOCTH K
JUINTEIBHOMY BO3JECHCTBUIO HHU3KON
momHoctu 10361 (Enhanced Low Dose
Radiation Susceptability — ELDRS). Me-
TOJMKA HCIBITAHHUH IO OOHAPYKEHUIO
BOCIIPMUMYUBOCTHU K JJIATE/IBHOMY BO3-
JEHCTBUIO HU3KOMHTEHCHUBHOI'O U3/Tyde-
HUS BBEJEHA B BOEHHBIN cTanaapt CIIA
MIL-STD-883F B 2004 1. (pa3men Method
1019.6) 151 UCOBITAHUI GUIIO/BIPHBIX U
BiCMOS TMHEHHBIX CXEM WIH CXEM CMe-
IIAHHBIX CUTHAJIOB C YCTAHOBJIECHHBIMU
MOIIHOCTSIMM JIO3BI OOJIy4EHMS IIPH UH-
TEHCUBHOCTU MeHee 50 paz/c. Muorue
OGUIIOJIAPHBIE JIMHEHHBIE 3€MEHTHI
MIPOSIB/ISIIOT BOCIPHUUMYUBOCTD K JUIH-
TEJIBHOMY BO3JIEHCTBHIO OOJIYIECHUS C
HU3KOH HHTEHCHBHOCTBIO, KOTOPYIO HE-
BO3MO’KHO BBIIBUTBH IIPU MHTEHCHUBHOC-
Tax usnydenus 50...300 paj/c ¢ gomnosn-
HUTEIBHBIM OT’KUI'OM IIPU IIOBBIIIIEHHOM
Temueparype (HarnpuMmep, kak i MOII-
KOMIIOHEHTOB). KOMIIOHEHTBI, B KOTO-
poIx npossisiercsa 3 dexr ELDRS, nomwk-
HBI OBITh UCIBITAHBI WIH IIPU 33JaHHOH
HHTEHCHUBHOCTU U3TYIEHM JIO IIPEAE/Ib-
HOM HAKOIUIEHHOM JIO3bl, WIH IIPU HU3-
KOHMHTEHCUBHOM OOJIy4€HUH IIPU IOBBI-
IIEHHOH TEMIIEPATYPE, KOTOPOE BK/II0YA-
€T mapamMerp JONYCTUMOH OIIHOKH
ko3 duLeHTa 3a11aca.

O dexT BOCHIPUUMYUBOCTUA K JIH-
TEJIBHOMY BO3JEHCTBUIO HU3KOMHTEH-
CHUBHOIO y-msaydenusa (“°Co) MoOxer
ObITb OOHapykeH Bo MHorux HMMC. K
IpUMeEPY, 3TOT 3P PEKT ObLT ONpeAeIEH
st UMC LM 119, koTopast IpUMEHAETCs
B KOHCTPYKIIMH IIpeoOpa3oBaTesIeH
cepun SMHF. HUBKOMHTEHCUBHOE PAIU-
AIIMOHHOE OOIY4EHHUE MOJKET TAKOKE YBE-
JIMYUTH HAKOIUIEHHYIO JO3Y, YTO BBI3bI-
BA€T HEKOTOPBIE PAJHALIMOHHBIC SIBJIC-
HUA. DTO MOKET UMETh MECTO IIPU OYCHb
HU3KHUX MOIIHOCTSIX O3Bl PagUALlHOH-
HOTO OOTy4EHHs, KOIJJa HHTEHCUBHOCTD
ObydeHra MPUOIIKAETC K BEIMIUHE
MHTEHCHUBHOCTH PEJIAKCALIUH JO3BI B
nporecce orxura. Taxkou addexr 6but
OOHAPYKEH BO BpEMA UCC/IEJOBAHUH OT-
ka3za UMC TCS4426 npu mOrIomEHHOM

J103€ Ha YCTAaHOBKE JIabOpaTOpHUH peax-
THUBHOTO /BMKeHHs (Jet Propulsion
Laboratory, Pasadena, California).

ITocsie MeEpBUYHOTO U3MEPEHHUS JJIEKT-
pHUYECKHX NapaMETPOB /JBa MOAYIA
SMHF 6bL1M IIOABEPTHYTHI OOTYYECHHIO
HHU3KOUMHTCHCHUBHBIM HOHH3HUPYIOIITHUM
U3TYYEHUEM IO JAOCTIDKEHUSI CyMMap-
HOM JI03BI 2,5 Kpaj, C IOCIEAYIOIIUM H3-
MEPEHHUEM JIEKTPHUUYECKHUX ITAPAMETPOB.
O6ryueHmne NpoJOILKANIOChH IO JOCTHIKE-
HUS ITOITIOLEHHOM J103bI 20 Kpaj, ¢ u3Me-
pEHHEM 3JIEKTPUYECKUX I1APAMETPOB
IOC/IE KAXKAOTO NPUPAMICHUS CyMMap-
HOM ITOIVIOIIEHHOM O3Bl HA 2,5 Kpal.
[Tocie KOHTPOJIA JIEKTPUUYECKUX I1apa-
METPOB U BBIIEPIKKH MOJIY/IEH B TEUEHUE
24 4 ripu Temueparype 25°C CHOBa U3Me-
PpSUITMCH 3JIEKTPUYECKHE TApaMeTPsl U
MIPOBOJIMJICA OTKHUT IIPH TEMIIEpaType
100°C B Teuenue 168 4 ¢ 3aBEPUIAIOIIAM
U3MEPEHUEM 3JIEKTPUYECKHX ITapaMeT-
POB. Pe3ynbraThl MCIBITAHUM OJHOIO M3
0Opa3LI0B IPE/ICTABICHBI B TA0. 2.

AHANU3 PE3YNIbTATOB

UCNbITAHUNA

CpaBHeHMe C gonycKamu

HOPMaTUBHbIX JOKYMEHTOB
ITocTpaguanMOHHBIE JIOITYCKU LIS

moays SMHF2805S/HR mociie jocru-

JKEHHS CYMMAPHOM IOIVIOMEHHOM /103b1

100 Kpaj nepedrcaeHbl B TEXHUYECKUX
ycnosuax SMD mia aroro moayns. B
Ta6J1. 3 IPUBEJEHBI OIYCKH HA TTAPaAMET-
pbl SMD 1 3aperucTpupOBaHHBIE B IIPO-
LIECCE UCTBITAHUH MapaMeTpPhI I CyM-
MapPHOM NOIVIOWEHHOM 103b1 100 Kpaz.
JIBa 10o1myCKa B TA0JI. 3 OTMEYEHBI KAK
BBIYMC/JE€HHBIE 3HA4YE€HHUA. BpIXOomHOE
HAIPsDKEHUE U PEXUMa XOJIO0CTOrO
XOJ|a KOHKPETHO HE€ YKa3aHO B SMD.
OnHAaKO yKa3aHbl 3HAYEHHUs BBIXOJHO-
IO HAIIPSDKEHUS IIPU IIOJIHOM HATrpy3Ke
U KO3(PPHUIIUEHT HECTAOMIBHOCTH IO
HANPSKEHUIO IIPH M3MEHEHUM TOKA
HArpy3KH OT 3HAYEHHS B PEKUME XOI0C-
TOT'O XOZa IO 3HAYEHHU IIPU IIOJIHOU Ha-
rpyske. IIporeaypa BEIYMCICHUS BKIIO-

Tabnuua 1. Pe3ynbratbl UCAbITAHWA NPU BO3AEACTBUM BbICOKOWHTEHCUBHOTO UOHU3UPYIOLLETD

nanyyenus (o6pasey SN 0945)

HOE Hanpaxehue, B,
‘ P
0 28 5
10 25,1 4,99
25 251 4,99
50 252 4,99
75 25,1 4,99
100 S 4,99
125 25,1 4,99 565 4,94
150 25,1 4,99 566 494
200 25,1 499 564 4,94
I%T;KT"EF Mﬁn;:l:;g: gg“c 26,6 499 565 4,94
r%’:‘g;ﬂ;::i;gz e 239 499 560 4,94

Tabnuua 2. Pe3ynbTathl UCAbITAHUA NPU BO3AEACTBMM HUIKOUHTEHCUBHOrO MOHN3NPYIOLLEr0 U3NYYEHUS

AHOE Hanpsxenue, B, BxogHo# Tok, MA, | Bb
UM XONIOCTOTO XA | MOAHAs Harpy3Kka |
5 552
25 232 5 545
5 229 5 545
75 232 5 541
10 232 5 543
125 224 4,99 544
15 29 5 544
17,5 23 499 545 495
20 925 5 546 494
A TS5 226 5 543 494
T
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yaeT B ceOs BbIUMTAHHE 3HAYECHUA He-
CTaOMIBHOCTHU IO HanpspkeHuio 100 mB
U3 IIPENEJIbHOIO 3HAYEHUA BBIXOJHOTO
HAIIPSDKEHMSA B PEXKUME ITOJIHOM HArPy3-
K. 3HAa4YEHHUE BXOJHOI'O TOKA IIPH I10JI-
HOM HArpy3Ke He yKa3aHo B SMD, o1Hako
ykazano 3Hadyenue KIIJI npeo6pazosaTe-
JIA TP TIOJTHOHM HArpy3Ke M BXOJHOM
HanpspkeHuu 28 B. MakcumanbHOE 3HA-
YEHHE BXOJHOI'O TOKA BBIYMCI/IAETCA JIe-
JIEHHEM BBIXOJHOM MOIIIHOCTH IIPH I101-
HOI HArpy3Kke Ha MUHHMAJIbHOE 3Ha4e-
Hue KIIJI u gejreHueM Ha 3HAYEHUE
BXOJJHOTO HAIIPSDKEHUS.

CpaBHEHUE JAHHBIX B TA0J. 3 IMOKa3bl-
BAET, YTO UCIILITAHHBIE 0OPA3IIHI COOTBE-
TCTBYIOT TpeboBanusaM SMD nocie BO3-
JENCTBUS MOHHU3UPYIOUIETO HU3TydEHMs.
OAHAKO HEKOTOPBIE TEHJEHIIUH B pe-
3yJIBTATAX MCIBITAHUH TPEOYIOT JOMOJI-
HHUTEJIBHOT'O aHATIN3a ¥ OOCYKIEHHSL.

U3meHeHUe BXOAHOro ToKa
npy NOMIHOM Harpys3ke

B mporecce HUCIBITAHUN 0OPa3IOB
HaOII01AIOCh BHE3AITHOE YMEHbIIIEHHUE
3HAYEHMS BXOJHOI'O TOKA IIPH ITOJTHOMN
HAarpy3ke U CYMMapHOH J03€, IPEBbI-
maroumen 75 Kpaj. MUHHUMa/JIbHOE 3HA-
YeHHE BXOJHOTO TOKa HAOTI0JaT10Ch
IIPHU CyMMapHOM g03e 150 Kkpas.

st OOBSCHEHHS ABICHUA CHIDKCHUSA
TOK2 HEOOXOAMMO PACCMOTPETD IIPOLECC
npeo6pazoBanua sHepruu B DC/DC-
nmpeo6pa3oBaTene Ha OCHOBE BBICOKO-
YAaCTOTHOTO PEryJIHPyEMOro Ipeodpa-
30BaHUsA. IIpeodpas3oBaTeb ABIAETCA
YCTPOMCTBOM C MaJIOH IIOTPEG/IIEMOM
MOITHOCTBIO. BBIXO/IHAS MOIIHOCTD CBS-
3aHa C OOIIEH BXOZHOM MOIIHOCTBIO OT-
HOCHUTE/IbHO ITIOCTOSHHBIM 3HAYEHHEM
KII[I, CHikeHHe CTAOWIM3HPOBAHHOIO
BBIXO/IHOT'O HAIIPSDKEHMA IIPU PE3UCTUB-
HOM Harpy3ke H3MEHAET BBIXOJHYIO
MOILIHOCTD IIPOIIOPITUOHAIBHO KBAAPATY
U3MEHCHUs HanpspkeHuss. C M3MeHEeHH-
€M BBIXOJHON MOIIHOCTH OJIHOBPEMEH-
HO U3MEHUTCS BXOJHASA MOITHOCTD. Eciin
K€ BXO/THOE HAIIPSDKECHUE SABJLAETCS HEM3-
MEHHBIM, TO BXOZHOM TOK JOJUKEH
YMEHBIIUTELCS TTPOMOPIMOHATIBHO U3ME-

HEHHIO BBIXOHOTO HANPsKEHUsA. Takum
06pa30M, CHIDKEHHE BXOJHOI'O TOKA SB-
JIAETCSL PE3YABTATOM CHYDKEHUS BBIXO/I-
HOTO HAIIPSDKEHMA. BhIXOHbIE HATIPSIKE-
HUS IBYX O0Pa3110B CHU3WIHCh IIPUMeEpP-
HO 710 90 1 95% OT nepBOHAYATIBLHOI'O
3HAYEHUS. DTU JIAHHBIE JOCTATOYHBI JIJIs
pacyéra U3MEHEHMs BXOJHOTO TOKA.

WU3meHeHUue BbIXOQHOIO
Hanpsi>)XeHUs NpU NMoOJIHOW Harpyske

V 1ByX 06pa3rioB HAGIIOAAIOCh CHH-
JKEHHE BBIXOJHOI'O HAIPSDKEHMS, HAYH-
Hasl IPUMEPHO OT 3HAYEHUSA CYMMAPHOM
JI03BI OOTyd€eHHs 75 KPaJi ¥ IIPOIOJIKATO-
meecst 10 3HavyeHus 150 kpaz. beuio or-
MEYEHO, YTO BBIXOJHOE HAIIPSKEHUE
He u3MeHsAeTcs 6onee yem Ha 10 MB ot
IIEPBOHAYAIBHOI'O 3HadeHus. IIpu 10-
CTIDKEHHUM CYMMapHOM O3Bl Ob/yde-
Husa 200 Kpajg ¥ OCae OTXKHUI'A BBIXO/-
HOE HAIIPSDKEHUE MOXKET U3MEHUTHCH U
Ha JPYIYIO BEJIMYHHY. DTH NOCAEIHHE
TOYKH JAaHHBIX B PEXHUME XOJIOCTOTO
x0/a ¥ B pexxume 20% OT IIOJTHOM Ha-
IPY3KH SIBJSIIOTCSI BAKHBIMH, T.K. OHH
YKa3bIBAIOT HA JIEMEHTHI IIPE0OPa30-
BATEJIsA, HE SIBJTIONIUECS IPUYUHOM I1a-
JICHUsI BBIXOJHOTO HamnpsukeHusa. Ha-
IIPUMED, BCIIOMOTATEIbHBIN UCTOYHUK
omopHoro Hanpspkenust (LM136) u
yewnurens (MC34072) mpu HEGOTbIINX
TOKAX HATPY3KU SIBJISIIOTCH CTAOMIbHBI-
MH JJ2KE€ TIPU OYEHb BBICOKOH CyMMap-
HO¥ I03€ OO/TyJeHH.

JlaHHBIE TAKKE ITIOKA3BIBAIOT, YTO Orpa-
HUYEHHE KOA(PPUIIMEHTA 3aTIOJTHEHUS
HMITY/IBCOB WX Ipooaemel IITMM-KOHT-
posutepa He BBI3BIBAIOT IA/ICHHE BBIXO-
HOTO HanpspkeHus1. KoadduimeHT 3a-
IIOJTHEHHST UMITY/IbCOB NTPH 20-% Harpys-
ke u 100-% Harpyske oguHakosB. IIpu
20-% Harpyske mpeoopasosareib pabdo-
TAET C TOCTOSTHHBIM TOKOM B BBIXOJHOM
Jpoccesie. B pexume Hepa3phIBHOTO TOKA
KO2(D(DHUITHEHT 3aTIOTHEHMSI UMITYIbCOB
npeodpas3osaresa ABIAETC (PyHKIUEH
BXOHOT'O HAIPSDKEHHUS M M3MEHAETCS
IIPOTHUBOIIOIOKHO U3MEHEHHIO 3TOT'O Ha-
npspreHnsA. Ho KoadUITHEHT 3a110/IHe-
HUsSI IMITY/IbCOB HE U3MEHAETCA IUPOKO

Ta6nuua 3. CpasHeHue gonyckoB HopmatueHoro Aokymexta SMD na uanenus SMHF ¢ pesynbratamu

MCTbITaHWi AN nornowénHon ao3nl 100 Kpan

VBXOAHOFI TOK, pexum XONOCTOrO xopa, MA <100 28,3/0 Oépaaéu SN6947
BbIX0[IHOE HAaMPSXXEHWE, PEXIUM XON0CTOro X04a, B 48...52* 5,02/100 O6pasey SN0947
BxogHoM TOK, nonHas Harpyska, MA <654* 571110 O6pasey, SN0947
BbIXO/IHOE HanpsKeHue, NONHas Harpyska, B 47..528B 4,72/100 QO6pasey SN0952

*BbI4ncneHHbIi Npesern.

MPHU AOTIOTHHUTEIBHOM YBEJIMYCHUHN Ha-
rpy3ku. HesHaunutenpHOe MI3MEHEHHUE KO-
3¢ durireHTa 3aI0THEHNs UMITY/IbCOB Ha
HECKOJIBKO TIPOLICHTOB ITPOM3OUIET M3-
32 YBEJIMUECHMS IIOTEPD IPU 60JIee BbICO-
KHX Harpy3Kax, HO 9TO HeOO/IbIIOE U3Me-
HEHHE HEJOCTATOYHO /11 OObsSICHEHUS
IMaJ€HUS HAIIPSDKEHUA.

M3MeHEeHHE TOKA B IIPEEIaxX JOITyCKa
VYHUTBIBACTCA TIPU PETMCTPALIUMA H3ME-
HEHUS BBIXO/THOTO HaIpsKeHusA. B cxe-
me monyasi SMHF nmpumMeHseTcss KOHTYP
o6parHO¥ cBA3U C AByMsa OV. Beixosl
YCHINTEISI KOHTYPA PETyJIMPOBAHUS 110
HANPSDKEHHUIO U YCHINTE/IS KOHTypa pe-
CYJIMPOBAHUSA TI0 TOKY OOBEIMHEHBI 11O
cxeme MJIM. BpIXOJHOE HAIPSIKEHHUE
npeo6paszosarens SMHF ocraércs 1o-
CTOSTHHBIM BIUIOTb [0 JOCTHKEHMS T1PE-
JIEJIBHO-JOITYCTHUMOI'O 3HAYEHHs TOKA
HATrPY3KH, 2 32TE€M BBIXOJ] IIEPEXOIUT B
PEKUM IreHepaTopa MOCTOSHHOTO TOKA.
HoMuHAIBHOE 3HAYEHHE MPEJETHbHOIO
TOKA HATPY3KH YCTAHOBJIEHO Ha 15% BBI-
11€ 3HAYEHUS ITOJTHOT'O TOKA HATIPY3KH.

II0 UCTEYEHHUHM HECKOIBKHX HEZEIb
[10C/IE OKOHYAHMS PAJTUAITMOHHBIX HC-
IIBITAHUI Y BCEX IHTH OOPaA3LOB ObUIM
M3MEPEHBI IEKTPHIECKUE TTAPAMETPBL
Pe3y/bTaThl U3MEPEHUN ObLIN TAKOBBI,
Kak OyATO 32 MCTEKIIEE BpeMs IIPO-
HM3O0MIET OTKUAT U3/1e/THI. BO BpeMsi UCITbI-
TAHUA MOAYIHU (DYHKIIMOHUPOBAIN IIPU
MOJIHOM HArPy3Ke U HOMHHAJIbHOM BBI-
XOJHOM HaIpspKeHUU. OJHAKO Ipe/Ieib-
HBII TOK Y 06Pa3I10B, IIOTyYHBIIMX Go/1ee
BBICOKHE JO3bI OOTy4EHUs, MAJIO OT/IH-
YaJICsI OT TOKA JPYTUX 0OPA3I0B X HOMH-
HAJIBHOTO 3HAYEHUA ITOJTHOI'O TOKA Ha-
rpy3ku (2,5 A). Y KOHTPOIBHOTO 06pasiia,
KOTOPBII HE TTOJBEPTAJICA BO3AEHCTBUIO
paguanuy, MpeieaIbHbIN TOK COCTABHII
2,88 A. V mmpeo6pa3oBateneii, HCIIbITAH-
HBIX /IO ITOTJIOMIEHHOM 10361 20 Kpaj Ipu
HU3KOUHTECHCHUBHOM HOHHU3HUPYIOIIEM
H3Ty9EHUH, TOK COCTABUII 2,8 A'y OTHOTO
06pasia u 2,73 A -y apyroro. Y npeobpa-
30BaTEJIEHM, UCITBITAHHBIX O ITOIVIOIIEH-
HOM 10361 200 KpaJ NMpyu BEICOKOWHTEH-
CHUBHOM HOHHU3HPYIOIIEM H3IyYCHHUH,
MIPEETBHBIA TOK OBLT OMM30K K HOMU-
HAJIBHOMY 3HAYEHHIO (2,5 1 2,58 A). D11
JAHHBIE TTOATBEPIKAAIOT, YTO MOCIE pa-
JIMOAKTHUBHOI'O OOIydYEHUA MPEICTbHBIN
TOK HATPY3KH ITOHIDKAETCA BCJIENCTBUE
TIOHMKEHUWS BBIXOTHOTI'O HAIIPSDKCHA.

SAKJTIOYEHUE

Ucnoeiranaeie 06pasusl DC/DC-tipe-
o6pa3oBaTesiel MO BCEM ITapaMeTpam
COOTBETCTBYIOT TPEOOBAHUAM HOPMa-
TUBOB SMD /11 MOIIOIEHHOM 1O3bI
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100 xpapg 1py MHTEHCHBHOCTH MOHU3U-
pyromiero usnydenusa 9 paa/c. Ucmbira-
HUS 10 TIOTJIONIEHHOM 10361 20 Kpaj Ipu
HU3KOH MHTEHCHUBHOCTH HOHHM3UPYIO-
IEro U3AydeHust 6 Paj/MUH HE BBIABHU-
JIA Kakux-1160 aggexroB ELDRS. Diek-
TPHUYECKHE ITapaMeTPhbl IIPU BHICOKON U
HU3KOM UHTEHCHBHOCTH MOHM3UPYIOIIIE-
IO U3AY4EHUs NPU OJUHAKOBOM IIOIVIO-
MEHHOM JO3€ U3MEHSIOTCA UAEHTUYIHO.
Pe3y/ibTaThl MCIIBITAHUI THX IPE0s-
pasoBareneil pu 6osiee BBICOKOM TI0-
IOIIEHHO¥ /103€ (200 Kpaz) IO3BOJIAIOT
YBEJIMYHUTB JIOITyCTUMYIO HOPMY CyMMap-
HOM IOIIOMEHHOI JI03BI JUIA IIPeodpa-
3oBaresiert cepurt SMHF miu MOTYT OBITH
MCITOIB30BAHBI /I YBEJIMYEHMs 3ar1aca
10 IEKTPUUYECKHUM IIApAMETPAM IIPpH
YCTAHOBJIIEHHOH MaKCHMaJbHOM /103€
100 xpan. Kpome TOrO, 6BII0 PEKOMEH-
JIOBAHO B IIPOHU3BOJICTBEHHOM IIpOLiecce
YBEJIUYUTh HOPMY IIPEAETBLHOIO TOKA
HATPY3KH, IPEBBIIIAIONTYI0 HOMHHAIb-
HOE 3HAYEHHE TOKA HATPY3KH Ha 25%.
DTO U3MEHEHHE IIO3BOJMT YCTPAHUTD
[MQ/ICHUE BBIXOJHOTO HAIIPSLKEHUA TIPU
MOIIOIIEHHOF 03¢ BIUVIOTH 10 200 Kpas.
XapaKTepUCTUKHA
crorikoctu DC/DC-npeobpasoBarenei
¢dupmbl Interpoint MO3BOJIAIOT IIPHUME-

PajuaAlIOHHOM

HATH 3T U3JEIHSI B GOPTOBOM arapa-

Type KA:
® C /UIUTEJIBbHBIM CPOKOM aKTHBHOI'O

CYIIECTBOBAHHSA B YCJIOBHAX BO3/IECH-
CTBUSI IIPOTOHOB C BBICOKHMH IHEP-
TUSMH,

® CHCTEMBI JUCTAHIIMOHHOI'O 30HIUPO-

BaHUS 3€MJIH,
® Ha HU3KUX KPYrOBBIX opouTax (Low

Earth Orbit),
® HA CPEJIHHUX KPYIrOBBIX OpOUTAX

(Medium Earth Orbit),

e Ha op6uTax c Toykamu LaGrange L1,

L2 u ap.

Venenpiit onbIT npumenenus DC/DC-
npeob6pazosarenein ¢Gupmbl Inter-
point B Takux mpoekTrax, kak Hubble
Space Telescope, X-ray Timing Explorer,
HEJAaBHEM YCIEIIHOM IpoekTe Mars
Reconnaissance Orbiter, a Taxke B He-
KOTOPBIX POCCHHMCKHX KOCMHYECKHX
IIPOrPAMMaX, IMOATBEPKIAIOT BBICOKYIO
HaAEKHOCTD ITUX U3JIC/THM.

ITogpo6Has uHOPMALIM 10 OLIEHKE
YCTOMYUBOCTH HHTErPAJIbHO-TUOPH]L-
HbIXx DC/DC-nipeobpasoBaresiei K BO3-
JIEUCTBUIO HOHHU3HUPYIOIINUX U3Ty4YEHUHN
KOCMHYECKOT'O IPOCTPAHCTBA, XapaKTe-
puctuka 3(p@EKTOB, BBI3BAHHBIX II0-
ITIOIEHHOM 1030¥, U 3(P(HEKTOB OJUHO-

YHBIX CO0EB, HEKOTOPBIE PEKOMEH/A-
UM JUIsI pa3pabOTYHKOB aIlmapaTypsl
KA nipezicrasiessl B crarbe [6).
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3. 2Koankun B.K. BTOpUYHBIE HCTOYHHUKA
anekrponuTanus (upmel Interpoint. Co-
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4. Jobnston Allan H., Swift Gary M. Radiation
Test Results for Interpoint Power Con-
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HC. Hepa3pymaromui KOHTPOJIb Ka4eCTBA
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6.2Koanxun B.K. YCTOMYHBOCTH I'MOPH-
Hbeix DC/DC-nnpeo6pazoBareneii K BO3-
JIEHCTBUIO MOHU3HMPYIOIHX H3Ty4EeHHUH
KOCMHYECKOTO mnpocTpaHcTBa. CoBpe-
MEHHBIE TEXHOJOTHMH ABTOMATH3AIHH.

2005. Ne 3. G

interpoint

ACRANE CO. COMPANY

CRANE_

AEROSPACE &
ELECTRONICS

PagnaunoHHO-CTOMKKE
DC/DC-npeobpa3oBarenu
Interpoint

PROSOFT*

(
C.-NETEPBYPT (

CAMAPA

495) 234-0636, 234-0640 « info@prosoft.ru » www.prosoft.ru

812) 448-0444, 448-0339 « info@spb.prosoft.ru « www.prosoft.ru
EKATEPUHBYPI (343) 376-2820/376-2830 « info@prosoftsystems.ru « www.prosoftsystems.ru
(846) 277-9165; 277-9166 « info@prosoft.samara.ru

m MHoroo6pa3sne BapuaHTOB KOHCTPYKTUBHOMO UCMOSHEHNS
m Pa6oynit ananas3oH Temneparyp ot -55 go +125°C
m Bbicokas paguaunoHHas ctonkocTts 40 500 kpag
m YenbHas MOLWHOCTb cBbile 5000 Bt/am®

m BbixogHas molwHocTs ot 1,5 o 100 BT

m BxogHble HanpsxeHus: 16...40 B n 160...400 B nocTosHHOrO TOKa

m BbixogHble HanpskeHus: 2,2; 3,3; 5; 12; 15; £5; +12; +15; +5/+12; +5/+15; 28 B
m BbixoaHo# KoHTpons no MIL-STD-883 n MIL-PRF-38534
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OnTUMKU3UPOBaHHbBIE TBEpAOTENbHbIE
Hakonutenu komnauuu SimpleTech
1711 BOGHHbIX 3aa4 0C0001 BA)XXHOCTH

38

Auppeii Jle6epnes (Jlenunrpaackas o6n.)

Tpe6oBaHuMs K yCTPOWCTBAM XpaHEeHUsi MH(HOPMALMKN CO CTOPOHbI BOEHHOW
NPOMBILLNIEHHOCTHU SIBMISIOTCS OAHUMM U3 CaMbiX XECTKMX. Cpeau HUX —
pPaboToCnoCO6GHOCTbL B 9KCTPEMaJIbHbIX YC/IOBUSIX B TEHEHME ASIUTESIbHOro
BpeMeHU. O6bIKHOBEHHbIE XECTKUE HAKOMUTENM 3a4acTyIo He rapaHTUpYIoT
Heo6XOAUMbIN YPOBEHb HAAEXKHOCTU, — FOBOPUT aBTOP.

XAPAKTEPUCTUKMU XKECTKUX
AUCKOB

Kécrkue guckum HDD (Hard Disk
Drive) moaBep;KEHBI MEXAHHYECKHUM
IOBPEXAEHUAM U OTHOCHUTEJIBHO He-
HaAEKHDI, TAK KaK COCTOST U3 Bpala-
IOMMXCA TNIACTHH M JIBHIKYIIEHCS
ronoBKH. JKECTKHE HAKOITUTEIN HE Ta-
PAHTHPYIOT TAKOH YPOBEHb Ge30Iac-
HOCTH JIAHHBIX, KaK IOJYIIPOBO/HU-
KOBbIE€ HaKomuTenau. Bno6asok, ¢op-
mMatuposanue HDD — niuTenbHBIN
mmporiecc.

ONTUMU3UPOBAHHBIE
TBEPAOTEJNBbHBIE
HAKONUTENU SSD
(SoLip STATE DRIVE)
TBEP/AOTEbHBIE HAKOIHUTEIH KOM-
nanuu SimpleTech, mocTpoeHnHble HA
ocHoBe NAND-Flash, — anprepHaTusa
TPAAMIIMOHHBIM Hakonureasm HDD.
Hakonutenu SSD 6onee HALEXKHBI B
9KCTPEMAJIBHBIX YCIOBHUAX, TPEOYIOT
MeHble sHepru, yem HDD, nioaaep-
JKUBAIOT IIE€PEJOBBIE TEXHOJIOTHUU
obecrneyeHus: 6€30MACHOCTH, OTBEYA-
IOIIUE CaMBIM CTPOTHM BOEHHBIM
crangapram. TonmuHa SSD-AHCKOB
COCTABJISIET 9,5 MM.

BE30OMNACHOCTb
HAKONUTENEN SSD
bBe3onacHOCTh COAeP;KUMOTO TTOApa-
3yMEBAET, IPEKAE BCEro, 3aIMUTY OT
PaCCEKPEYUBAHMS JAHHBIX HAKOIIUTE-
JIsl B TEYEHHE HECKOJIbKHUX YACOB KN
3aIUTy OT IOJIHOTO Pa3pylIEeHHs YCT-
po¥icTBA B TEYEHHE KPUTHYECKHUX
CEKyH/I. YPOBEHB 6€30IIACHOCTH COZIEP-
sxumoro SSD SimpleTech ygosieTBopsi-
€T NOTPEeOGHOCTIM MHUHHUCTEPCTBA 060-
POHBI, AT€HTCTBA HAIIMOHAJIBHOMN Oe-

3onmacHoctd, BBC, apmuu u ¢uora
CIIA.

OKCTPEMAJIBHBIE YCNOBUSA
CPEQAbI

TBepaOTEIbHBIE HAKOITUTEIH JIJIST BO-
€HHBIX 32/1a4 OCOOO0¥M BAXKHOCTH IIPO-
JO/DKAIOT PaboTaTh B CIEAYIOMIAX
3KCTPEMAIBHBIX YCIIOBUAX:
® GOJbIIAsI BHICOTA,
® TPACKA,

@ IIOBBIIICHHAS BIAKHOCTD,

® DKCTPEMAJIbHBIE TEMIIEPATYPHI,
® IIECOK U IIbUIB,

® BUOpaITUM.

Haxonwurenu SSD SimpleTech ypos-
JIETBOPAIOT TPEOGOBAHUAM BOEHHOM
IIPOMBIIIEHHOCTH H COOTBETCTBYIOT
BOEHHBIM cTaHgapTaMm MIL-STD-810F.

MPUMEPBI UICNONIb3OBAHUA

SSD

«YEpHbIA ALMK>» B aBUALUMU
«HEPHBIN AMMK> COAEPHKUT IOTYIIPO-

BOJIHMKOBBIE€ HAKOIIMTEIH, HA KOTOPbIE

3AIHUCBIBAETCA BCA MH(OPMAUA O II0-

JIETE U BCE IIEPETOBOPHIL.

Cucrtema 06paboTKm U3o6parkeHun
CucreMbl 06pabOTKH H300PAKEHUI
YCTAHABIMBAIOTCA HA CITyTHHKAX C CUCTE-
MaMU CIEKEHHsS U HCIOIb3YIOTCA IJISA
pacrniosHasaHus 1eyier. OrpOMHOE KO-
4eCcTBO MH(OPMALTUH ITOCTYIIAET OT MHO-
JKECTBA IATYMKOB 1 3AIHChIBAeTCs Ha SSD.

Cucrtembl HaBUraumm

CHuCcTeMBl HABUTALIUU TOXKE HMEIOT
SSD-HaKOIMUTEIN U OOBETUHSIIOT B CEOE
dynkuuu GPS u INS, 61arogaps KoTo-
PBIM JAIOT YETKYI0O MHEMOPMAILIUIO O
MECTOIIOJIOKEHHUH, CKOPOCTH JIBMXKE-
HUSI, BBICOTE M JIP.

Mcnonb3oBAHUE B MOJIEBbLIX
YCNoBUAX

TeepaoTenbHbIE HAKONIUTETN Simple-
Tech Taxke MOAXOAAT JJIST KCITOJIB30BA-
HUA B KOMIIBIOTEPAX IE€PEHOCHBIX
YCTPOMCTB, HOYTOyKaX, TE€PMHHAJIAX
TPAHCHOPTHBIX CPEJCTB, IUIAHIIETHBIX
KOMIIBIOTEPAX M YyCTPOHUCTBAX, BMOHTH-
POBAaHHBIX B OfexKay. Takue yJ1bTpaToOH-
KHE KOMIIBIOTEPBI MMEIOT YCTPOHCTBO
XpaHEHHUsA [JaHHBIX, IIPOIECCOp, Ia-
MATH, HAPYXKHBIM JUCIUIEH, CETEBOU
WM 6€CIIPOBOAHOM HHTEP(EIC, UCTOY-
HHK ITUTAHUS ¥ IIPOYHBIH KOPIYC.

B atux ciayyasx guck SSD sBasercs
OTIMYHOU 3AMEHOMN KECTKOMY JUCKY
HDD. HU3o/s1Msi ¥ rameHue Kojebda-
HUH He TpebyroTcsa, Tak Kak SSD He
COJEPIKUT IIOJABHMKHOM MEXaHUKHU. Mc-
MOJb3YIOTCS CTAHAAPTHBIE HHTEP@EH-
col IDE mnn ATA. ITponyCKHasI CITOCO6-
HOCTB JOCTATOYHA B OOJBIIMHCTBE

CTy4aes.

MPUMEPBLI «nNONEBLIX» PC
PC co BcTpoeHHOU GPS

DTOT BAPHAHT KOMIIBIOTEPA IIPEJIC-
TaBJ/IAET COOOH KOMOMHAIIUIO HOYTOYK-
tablet PC 1 mMeeT BCTPOEHHBIN MOJY/Ib
GPS. Onepauuonnas cucrema — Win-
dows XP, mpoueccop ¢pupmer Intel, ycr-
PO¥ICTBO XpaHEeHUsA HHAMOPMALIUU —
40 T'6 SSD. IToryIIpOBOTHUKOBBIM HAKO-
nurtenb norpedaser Ha 30% MeHblIe
9HEPIUM, YEM OOBIUYHBIH BUHYECTED,
YTO IO3BOJISIET JOJBIIE PA6OTATh B I10O-
JIEBBIX yCJIOBHAX. KOMIIBIOTED XpaHHUT
CEKPETHYIO HH(POPMALIHIO (KAPThI, HAII-
PaBiI€HUA) B CHEIHUAJIBHO OTBEAEHHOM
pasgene SSD. OTOT CEKPEeTHBIM pa3jen
MOJKET OYHINATBCS MEXKAY 3aJaHUAMH,
ITOJTOTABINBASA CUCTEMY K CIIEAYIOIEMY
3aJAHUIO.

PC, kpensawMmncs K Hore

DTO OYEHD JIETKHMHI U MAJIEHBKUH IIE€P-
COHAJIBHBI KOMIBIOTEP, KOTOPBIH MC-
MOJb3YETCsA CONAATAMU M IHIOTAMH B
KabuHax. OH OCHAIMEH 8-TUradbaTHHIM
auckoM SSD, XxpaHAImuM 643y MapHuIpy-
TOB M BAKHBIX TOYEK (GPS), 1 BeIIE€pIKH-
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BA€T IEPErpy3KH IPHU MPU3EMIEHUH C
IIAPANTIOTOM.

PC Ha TPaHCNOPTHOM CpefAcTBe
DTOT BaApUAHT KOMIIBIOTEPA OT/IHYA-

€TCSl TOBBIIICHHON IPOYHOCTHIO. OH

YCTAaHABJIMBAETCS HA TPAHCIOPTHBIX

cpeacrBax. B cocraBe KomIblOoTEpa —

nporueccop Intel, mamsars SDRAM 1 I'6 1

guck SSD 20 I'6. Dra cucreMa JO/LKHA

BBIJICPKUBATDH CJIEIYIONIHE YCIOBHUSA

IKCIUTYyaTAL M H:

e temueparypy ot —40 go +70°C,

@ TerwIoBo¥ nepenay or —20 10 +50°C B
aBa 10-MHUHYTHBIX HHTEPBAJIA,

@ BO3/ICIICTBHUE COJTHOTO TyMaHa B Te-
gyeHue 48 4,

® BUOpAIIUIO OOIIUX YaCTEH I'yCEHHY-
HBIX U KOJIECHBIX MAILIIWH,

@ JICHCTBHE BETPA C IECKOM U IIBUIBIO CO
CKOpPOCTBIO 32,18 KM/4 B TeYyeHHE
30 MUH.

AMOPTH3HUPOBAHHBIE KECTKHUE TUCKU
HDD ¢ MOBBIIIEHHOW NPOYHOCTBIO HE
OTBEYAIOT /JAHHBIM TPEOOBAHUAM B
IIOJTHOM Mepe, TOIZJA KAK TBEPAOTE/Ib-
HBIE HAKOITUTENIHN SSD BIeanbHO MOAX0-
AT B PACCMOTPEHHBIX IIPUMEPAX.

Honsa PbiIHKA SSD

PacTtymuri cripoc Ha yCTPOMCTBA XPa-
HEHWS JAaHHBIX B PEAJTbHOM BPEMEHU
HA CHUCTEMBI YIIPABJICHUS U AHAIU3A B
BOEHHBIX 33/]Ja4aX CIIOCOOCTBYET IPOJI-
BIDKEHUIO M Pa3BUTHIO TEXHOJIOIHUH
TBEP/IOTEIBHBIX JTUCKOB. I1omynpoBo-
HUKOBbIE HAKOIIUTEIN CETOIHS SBIs-
FOTCSL HAUOOJIee COBEPUIEHHBIMH YCT-
PO¥ICTBAMHU XPAHEHUA JAHHBIX C ITHUPO-
KUM JHUANIa30HOM PabOYUX YCIOBUH
OKPY’KAIOMIEI CPEIbI, JYYIIMMU ITOKA-

3aTE/IIMU HAIEKHOCTH, KOMIIAKTHBIMH
pa3mMepaMu, HU3KUM dHepronorpeode-
HHEM, HAUOOIBLIEH IPOITYCKHOM CIIO-
COOHOCTBIO M BO3MOKHOCTBIO 3AIIHUTEI
COIEPIKUMOTO.

CrouMoCTh SSD-HakOnUTENEH CHU-
s)kaercs. HampuMmep, LIEHbI HA KOMIIO-
HeHTel NAND-Flash kax/1pI¥i roji yMeHb-
maroTcst Ha 30%. DTO MPOUCXOAUT Yac-
THYHO H3-32 MOBBIIIEHHOI'O CIIPOCA HA
PpBIHKE BOOpPYXEHHA. B CBOIO ouepenp,
IMOTPEOHOCTH PBIHKA BOOPYKEHHUSA B
YHHUKAJIBHBIX PEIIECHUAX CIIOCOOCTBYIOT
CKOpEHIIEMY PA3BUTHIO U MCII0/Ib30BA-
HHIO HOBBIX TEXHOJIOTHUM.

HakonuTenun SIMPLETECH
ZEUS

Haxonurens SimpleTech Zeus nmeer
CJIEIYIOIINE XaPAKTEPUCTUKH:
TOHKHI U IIPOYHBIN KOPITYC;
EéMKOCTb /10 128 I'6;
uHTep@ericel ATA/IDE, SATA, USB;
IIPOITYCKHAsI CHOCOGHOCTH 10 66 M6/c;
(dopM-(haKkTOp HaA 3aKa3;
cTagAapTHeIN (popm-akrop (2,5 u
3,5 1101Ma).
Haxomnurens Zeus SSD 6bu1 paspabo-

TaH U IPOTECTUPOBAH B COOTBETCTBUU
CO MHOKECTBOM BOEHHBIX CTAH/IAPTOB.
K mpuMepy, OH ObLI IPOTECTUPOBAH 11O
crangapry MIL-STD-810F ¢ monoxu-
TEJIBHBIMHU pe3yabTaTaMu. Hakonureib
paboTaeT NpU BBICOKUX M HU3KHUX TEM-
rnepaTypax, Ioj, BO3/IEHCTBHEM II€C-
Ka WU TBbLIH, BBIIECPKUBAET TEIIOBOM
yaap, yCKOpeHHE, BUOPAITUIO, B3PBIBO-
OMACHYIO aTMOC(EPY U TMOBBIIIEHHYIO
BJIAKHOCTb.

JIYICK MMEET MHOKECTBO JOIIOJIHU-
TEIBHBIX BO3MOYKHOCTEH IO 3aIHTE

\) ramma

N HALEXHbIA NOCTABLMK
KAYECTBEHHBIX
INEKTPOHHbIX
KOMNOHEHTOB

MockBa T./d.: (495) 913-81-20
info@icgamma.ru, www.icgamma.ru

gaHHbIX (BasicPurge™, Rapid-Purge™,
MilPurge™, Intelligent Destructive Pur-
ge™).

B paHHBIF MOMEHT HAKOIIUTEIb Zeus
SSD ncnonb3yercs eme U B aBUaKOCMH-
YECKOH IPOMBIIUICHHOCTH, U CIEKTP
€r0 IPUMEHEHUS HENIPEPBIBHO PACIIH-
pseTcsL.

PE3IOME

Jomsa peiHka SSD-HAKOIIUTENEN B BO-
€HHOM HIPOMBIIUIEHHOCTH IOCTOSTHHO
pacTEéT, U Yyepe3 HEKOTOPOE BpeMs, I10-
BUJIMIMOMY, TBEPJOTE/IbHBIE HAKOIIHTE-
JIA CTAHYT CTAHJAPTOM Je-(PaKTo Ha
PBIHKE BOOPYKEHHS. @

RFID-paHHble no Ethernet
u TCP/IP — B KOopnopaTUBHYIO
CeTb

Yetpovicteo IGW/800-RFID cupmbl SSV
ABNAETCH KOMOUHaLMen nporpammupyemo-
ro cepeepa v RFID-npuémHvka u CMOCO6HO
nepepgasatb RFID-gaHHble B KoprnopaTvB-
Hble cetu. RFID-cuutbiBaTEnb Mnonyvyaer

DaHHble ¢ TpaHcnoHgepa 125 kl'y Ha pac-
ctosHum go 30 cm. Yepes Ethernet—waep-
heiic Ha 6aze TCP/IP npubop MOXeT ObITh
BK/TIOHEH B CyLLIECTBYOLLYIO I T-uHpacTpykK-
Typy. BetpoeHHas OC Linux B IGW/800 nog-
OepXuBaeT pasnuyHbie hopmaThl AaHHbIX U
ERP-uHTepdeiicol.

www.ssv-comm.de

TpéxoceBoW KOMMNAaCHbIN
MoAayJib

TpéxoceBow komnacHbin mogyns TCM5L
dupmbl PNI umeeT paspeluenue 0,1° n To4-
HOCTb uamepenus 0,3°. Mopynb cogepXxut
TaKXe JaTYYK KpeHa, U3MEPSIOLLMIA HaKIoH
KOMMacHOro Moayns K ropu3oHTasbHOV nio-
cKoCTU. PesynbTathl USMEPEHWIA BblaaoTCs
Yepes nocnepoBaTenbHbii MHTEpdenc RS-

232. lNpu Hanps>keHun nutanus ot 3,6 Jo
5 B ToK, noTpebnsemMbii Mogynem, He npe-
Bbiaet 20 MA. B pexume oXugaHus TOk
noTpebnexus cokpatiaercs Ao 0,6 MA. Kom-
rnacHbIA Mogynb Becom 12 r umeet pasmep
3,5 x 4,3 x 1,3 cM 1 gnanasoH pabo4mx TeM-
nepatyp —40...85°C.

www.pnicorp.com
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Y35nbl N MoayJyin

OnHokpucTanbHbie TpaHCHBEPDI
Nordic Semiconductor — HoBbIe
CTaHpapThbl 6ecnpoBoHON CBA3M

Auppeii ApxunoB (Mocksa)

OpHokpucTanbHble TpaHCUBEPbI (MpUémonepenaTinku), paboTaroLyme

B paguopamanasoHe ob6uiero nonb3osaHus (ISM), yxxe nonyumnu goctato4Ho
6onblLUOe pacnpocTpaHeHue. Takue TpaHCUBEPbl MOXHO BCTPETUTb Kak

B 6bITOBbIX YCTPOMCTBAX (6€CNPOBOAHbIE MbILUW, YNIPaBJIeHUe rapaXkHbIMU
BOPOTaMM, CIOPTUBHbIE NPUNOXKEHUS U T.N.), TaK U B NPOMbILLNIEHHON cchepe
(6ecnpoBofHble AAaTYUKOBbIE CETU, AUCTAHLMOHHbIA MOHUTOPUHT

v ynpasneHue). B naHHoOW cTatbe NOMAET peyb 0 6eCrnpPOBOAHbIX PeLUeHUAX
Ha 6a3e HOBbIX OAHOKpUCTanbHbIX TpaHcueepoB Nordic Semiconductor.

370 OTANYHaRA anbTepHaTMBa TPAAULMOHHBIM 6ECNPOBOAHbIM pPeLUeHUsM, —

cHUTaeT aBToOp.

3AQAYA OPFAHU3ALIMMU
BECMPOBO/IHbIX CETEW

Ceityac MOKHO BCTPETUTD JJOCTATOYHO
MHOTI'O HpOI/ISBO/ZII/ITeIICﬂ KOMIIOHEHTOB
JUIL TTIOCTPOEHHUSI CUCTEM OECIpPOBOJ-
HOM cBaA3u. Hambosiee pacupocTpaHéH-
HBIMH H IICPCIEKTHUBHBIMU SABJIAOTCA
T.H. OJHOKPHUCTAIbHBIE TPAHCUBEPHIL:
OOBEANHEHHE BCEX HEOOXOAMMBIX Y3-
JIOB NIPUEMOTIEPEJATUYHNKA B OJTHOM KOP-

myce MHKpOCcXeMbl. HeMaJloBaKHBIM
¢dakTOpOM B BBIOOpPE MOAOOHOTO TPAH-
CHBEpa SIBSIETCS HATHYHE ATITAPATHO-
ro IMPOTOKOJIA Iepeiadyu JaHHbIX. OH B
CBOIO O4Ye€pe]b BHIOMPAETCS C y4ETOM
HMCXOAHOM 3aJa4YM IepeJadyd JaHHBIX
JUIsL KOHKPETHOTO yCTpoMcTBa. IIpexae
BCETO, UCIOJIb3yEMBIH IIPOTOKOJI OIIpe-
JEISIeT TIOAJEPIKKY TE€X WM HUHBIX TH-
OB 6€CIIPOBOAHBIX ceTed (puc. 1).

[pocTble cetn

CeTu ¢ 06LMUM
KaHanom

€

LLInpokoseLLaTenbHble

Hesasucumble ceti

Puc. 1. Tunbl 6ecnpoBogHbIX ceTen

Kak mmpaBuiio, COBpEMEHHBIE O/JHO-
KPHUCTAJbHbBIE TPAHCHUBEPHI JEIATCH
Ha JIBE I'PYIIIbL: TPAHCUBEPHI, IIOAJ1EP-
JKUBAIONIHE IIPOCThIE CETH («TOYKaA-
TOYKA», «3BE€3/Id», CETHU C OOIUM KaHa-
JIOM M HIMPOKOBEIIATEIbHBIE CETH) U
0oJsiee COBEPUICHHBIEC PEIIECHMs, MO/~
JEP)KUBAIOIIUE CETH CJIOKHOTO THIIA.
B ceTax C/I0KHOTO THUIIA KAXKABIN y3€
MOJKET MapHIPYTHU3UPOBATH ITAKETBHI
JAHHBIX OT APYroro y3jaa (JuHaMHuJec-
Kasi MApLIPYTHU3ALUA JAHHBIX), TAKKE
obecrieynuBaeTCa JUHAMHYECKAsA Iiepe-
KOH(pUrypanusa ceTu (4To O4EHb BAK-
HO IIPH BBIXO/IE U3 CTPOs OJHOTO WA
HECKOJIbKHX Y3710B CETH WJIM IIPHU 4acC-
TOM AOOABICHUH /yJaICHUU BXOSIITUX
B CE€Th YyCTPOMCTB). Emé€ ogHuUM OTIH-
YUTEJIBbHBIM IIPHU3HAKOM CJIOKHOM CETH
SIBJISIETCS HAJIMYHE B HEHU 60JIee OTHOTO
XOCTa — aKTUBHOI'O y3J1a CETH, MHUIH-
HUPYIOIIEro OOMEH JaHHBIMH C APYIH-
MU y3JIaMHU CEeTH. /11 peaqusanuu ce-
TE€H IIPOCTOrO THIIA ITPOU3BOJUTEIN
TPAaHCUBEPOB HEPEAKO H300pETAIOT
COGCTBEHHBIC IIPOTOKOJIBI, ITOCKOIBKY
3TO JOCTATOYHO IIPOCTO. Paszpaborka
IIPOTOKOJIA JJIsI PEATM3AIIUN CJIOKHBIX
ceTel — JIEI0 HEIIPOCTOE, IIO3TOMY IIPO-
TOKOJIBI IIEPEIAYH JAHHBIX JIJIA I10/100-
HBIX THUIIOB CETEH 3a4acTyio pa3paba-
TBIBAIOTCSI OTJEIbHBIMHU KOMIIAHUAMU.
1 IpuMepa MOXKHO IIPUBECTH TaKHE
IpOTOKOJIBI, Kak WLAN (802.11b),
ZigBee, ANT.

MuxkpocxemMA NRF24AP1 -
OAHOKPUCTAJIbHbIA TPAHCUBEP
C UHTErPUPOBAHHbIM
nroTtokosiom ANT

DTO CPaBHUTETHLHO HOBAsA Pa3paboT-
ka xommnaHuu Nordic Semiconductor.
IIpUHIIMITHAIBHON OCOOEHHOCTBIO 3TO-
I'O TPAaHCHBEPA SIBJIAETCA HATUYHE ITOJI-
HOCTBIO HHTETPHUPOBAHHOI'O IIPOTOKO-
JIa Iepefavy JAHHBIX, HE TPEOYIOIEro
HHUKAaKHX BHEIIHHUX PEeCypcoB. JTOT
IIPOTOKOJI IIEPEAAYM JAHHBIX, Ha3bIBAC-
MBI ANT, 6b171 pa3paboTaH KOMIIAHUEN
Dynastream Innovations. OH BIOJIHE
CIIOCOGEH KOHKYPHPOBATH C TAKHMH
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MOMY/IIPHBIMH  HUHTepdericaMu, Kak
ZigBee u Bluetooth (ta6m. 1), paboraro-
IIMMH II0 IPOTOKOIY 802.15.

B mepByio ouepenpb JAHHBIM IIPOTO-
KOJI pa3paboTaH I KOMIIAKTHBIX yCT-

pO¥ICTB C ABTOHOMHBIM ITHUTAHHEM
(TpaHCHUBEPHI,
IIPOTOKOJ, OTITHYAIOTCA UCKIIOYHTE/Ib-
HO MaJIBIM TOKOM HOTPEOJIEHMS) I
nepeayyd OTHOCUTEIbHO MaJIbIX ITaKe-
TOB JaHHBIX. [IPOTOKOI MO3BOIAET OP-
TAaHU30BBIBATh OTKPBITBIE M YACTHBIE

HCIIOJIB3YIOIIHE ITOT

THNBI 6ECIIPOBOJHBIX CETEH, B TOM YHC-
JIe CJIOKHOTO THUIIA C JUHAMMHYECKOM
KOH(pUTYpALIHE; OH CO3/1aH HAa OCHOBE
texnonorun PAN (Personal Area Net-
work) u nnoggepsxkusaer ciaou 1 — 4 cre-
ka OSI (Open Systems Interconnection
network model). TUMUYHOE MPpUMEHE-
HHE TAaKOI'O IPOTOKOJAA — OeCIpOBOJ-
HBIE JATYHKH.

Hecymasa gacrora nporokosna ANT —
2,4 T'Ti, KOMTUYEeCTBO YACTOTHBIX KaHA-
JIOB IIPU 3TOM paBHO 125 (mrar 1 MIig B
guanasone 2400...2524 MItr). CKopocTb
nepefavyy JAaHHBIX 110 PaJHOKaAHATY
(BKIIOYAsl IIPOTOKOJI) MOKET COCTAB-
JISITh 10 1 MGuT/C.

B OZHOKPHCTAJIBHBIN TPAHCHUBED
nRF24AP1 uHTErpUpPOBaAH IIOJTHOCTBIO
ANIIAPATHO PEATM30BAHHBIN IIPOTOKOJI
ANT, cMHTE3aTOp YaCTOTBI, YCHIMTED
MOIIHOCTH, MOAYISATOP M KBAPLEBBIM
re’HepaTop s Hu(ppoBOro uHTepder-
ca (puc. 2). Tpancusep umeer nudpo-
BOM IIOCJIEAOBATEAbHBIN HHTEP(ETIC,
MMEIOIIUH BO3MOYKHOCTh paboTaTh B
CHHXPOHHOM M ACHHXPOHHOM PEXHUME
JUISL TIOAKJIIOYEHUS] K YIPABIAIOMEMY
MHKPOKOHTPOJLIEPY.

Muxkpocxema nRF24AP1 paspabo-
TaHA JJIs1 NUTAHHUS OT 4aCOBOTO JHC-
KOBOTO aKKyMyJsTOpa (Halpumep,
CR2032). CpetHHI TOK IOTPEOICHUS —
0K010 30 MKA B peXuMe pabOoThI B Ka-
YeCcTBE THUIIMYHOIO OEeCIHPOBOJHOIO
JaTduKa. DTO JOCTHUTAETCI OYE€Hb KO-
POTKHM BpPEMEHEM PabOTHI TPAHCHBE-
pa B peKHME IEpPefavu WM Npuéma u
HHUYTOKHO MaJbIM (IIOpAJKAa 2 MKA)
TOKOM IOTPEeOJIEHUSI MHUKPOCXEMBI B
pexuMe oxugaHusg. KOpoTkoe HHKO-
BO€ IIOTpeb/IEeHHE TOKA B PEKMME IIe-
penauyu/mpuéMa COOOHIEHUA TaKKe
IOJIOKUTEIBHO CKA3bIBAETCS HA JUHA-
MHUKe paspsaza 6arapeun. Xapakrepuc-
TUKU TpaHcuBepa nRF24AP1 npusene-
HBI B TA0J1. 2.

st TpaHCHBEPA TPEOYeTCs MHHHU-
MaJIbHOE KOJHMYECTBO BHEIIHUX KOM-
NOHEHTOB. OH MOXeT O00eCIeYUuTh
nepejady HEIPEPBIBHOIO MOTOKA

o [2e] [2=] [sa] [aa] =] [2a]
(s} o @ o o o o
S N S By o i
gl aligli el 2] 2] 2] 2
EXT32K B XC1 g
CUHXPOHM3ALMM —
PORTSEL XC2
i
BR2/SCLK | VSS_PA=0B
BR1/SFLOW | VDD_PA=188
SUSPEND/SRDY ANT1
UARTwm || npémon .| 1Mbo 100 O + 175 Om
SMSGRNY CUHXPOHHbIN
SLEEP/SMSGRDY | || ien Sharanuibi TpaHcvsep ANT2
— nHTEphenc
RTS/SEN
RXD/SIN
TDX/SOUT
IREF
——T—n
22K

Puc. 2. CtpykTypHas cxema Tpancusepa nRF24AP1

JAHHBIX CO CKOpPOCThIO 10 20 K60z
(HanpuMep, ¢ MNOAKIIOYEHHOIO IIO
IIOCJIEJOBATEJIBHOMY HHTEp@ency
MHUKPOKOHTpOJLIEpa). Bech mporecc
OpraHU3alUyu NEepefadyu JaHHBIX

Tab6nuua 1. CpaBHeHue 6ecnpoBOAHbIX CTAHAAPTOB

(cosmaHue MOAKIIOYEHUSI U HICHTHU-
dukanuga B cety, GOPMUPOBAHUE T1a-
KeTOB, KOHTposib CRC u mmoTepu maxe-
TOB U T.II.) TPaHCUBEP O6epeT Ha cebs.
Hy:XHO Jumb CKOH(MUIYPHUPOBATH

Hecywias yactota, Ty 24 2.4 24
Moaynaums GFSK GFSK QPSK

CKopocTb nepefayn AaHHbIx, K6ut/c 1000 1000 250
YacTOTHbIX KaHanos 125 79 16

BHewwHue cuctemHble pecypebl, K6 Her 250 28
MopaepxxuBaemble TMbI ceTen «3Be3fla», «TOYKa-TO4Ka» | «To4Ka-TOYKa» | «3BE3Aa», «TOYKA-TOYKA»
MuHumansHas koHdurypauus RF-yana Mepeaarynk uan NPUEMHNK Mepenarynk lMepenarymnk

Tabnuua 2. OcHoBHble napameTpbl Tpancusepa nRF24AP1

=

MuHuManbHoe nuTaloLLee Hanpsoketue, B “ 1,9
MakcumanbHas BbIXOAHAS MOLLHOCTb, ABM 0
MakcumanbHas CKopoCTb nepefayn (pagnokaxan), Kﬁmlc 1000
[nanasoH pa6o4ux Temnepartyp, °C -40...85
YyBCTBUTENBHOCTb, ABM -80
Cpeanuii Tok noTpe6nenus, MKA, He 6onee 30
lMnkoBoe noTpebneHne npu nepegaye Ha -5 abm, MA/MKC 13,5/350
MukoBoe noTpebnexue npu npuéme, MA/MKC 22/600
MakcumansHoe 41cno 0AHOBPEMEHHbIX NOAKMOYEHMA* >65 000
MakcumanbHoe Y1Cno He3aBUCUMbIX ABYHANPABMEHHbIX MOAKNKYEHWI 4
MakcumanbHas CKopocTb nepefadn nonesHblx JakHbIX (6€3 yyeta npotokona)* *, K6ut/c 20
Bpems HenpepbiBHOW paboThbl B Ka4eCTBE TUNUYHOTO 6ECPOBOAHONO AaT4MKa oT 6atapen CR2032***, net 5

*B cetu ¢ 061ymm kaHanom (shared channel).

**MakcumanbHas CKopoCTb HENPepbIBHOI0 NOTOKA JaHHbIX A1 KOHEYHOr0 yCTPOCTBA.

***WHTepsan coobLyeHni 2 ¢, HermpepsiBHas pa6ora 1 4ac B feHs.
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Puc. 3. MpuHyMnuanbHas cxema TpaHcueepa Ha 6ase mukpocxembl NRF24AP1 ¢ BHewHeii 50-oMHo

WTbIPEBO/ AHTEHHON

Puc. 5. Habop paspa6otuuka gns ucnonb3osanus nRF24AP1

TPAHCHUBEP IO IIOCJEJOBATEIBHOMY
uHTEP@ENCY MOC/Ie BKIIOYEHUA ITHUTA-
HUS: BBIOPATh THUII CO3JaBaeMOMH Oec-
MIPOBOJAHOM CETHU, YACTOTHBIN KaHAaJI,
BBIXO/JHYIO MOIIHOCTDb IE€PEAATUYNKA U
4aCcTOTy Iepegadu/mpuéma coobime-
HUH. birarogaps npocrore HaCTPOMKH
TPAaHCHUBEPA B KAYECTBE YIIPABJISAIOLIE-
I'O MOKET OBITh BBIOPAH MPOCTEHIIHHI
HEJOPOroH 4- miIn 8-OUTHBIF MHKPO-
KOHTPOJLIEP.

BpICOKOYACTOTHASL YACTh TPAHCHUBE-
Pa TakKe TpedyeT MUHHUMAIbHOI'O KO-
JIMYECTBA BHEIIHHUX KOMIIOHEHTOB.
JIns oTy4eHUsl MAKCMMaJIbHOM MO -
HocTu nepegaruyuka (0 gbMm) Heo6-
XOJHUMO HMCIIOJb30BATh AHTEHHBIN

TPAKT C AKTUBHBIM COIPOTHBIECHHUEM
100 OM 1 UHAYKTUBHBIM 175 OMm. [i1s
HCIOJb30BAHUA AHTEHHBI C OoJee
HHU3KUM HMIIEAAHCOM (HAIpUMED,
50 OM) MOXKeT OBITh HCHOIB30BAHA
IIpOCTENIIAsA COIJIACYIOIIAasA CXeMa.
Jns mpumepa Ha PHUC. 3 IPUBEACHA
IIPUHIUIIHAIbHAA CXEMA TPAHCHUBEPA
Ha 6a3e nRF24AP1 nj1s uCriojb30Ba-
HHA C BHEIIHEN 50-OMHOM IITHIPEBOM
AHTEHHOM.

Taxke XOpOmIO MOAXOAMT AJIs HC-
IIOJIb30BAHUSA AHTEHHA II€4aTHOTO
ucnosHeHuda. OHa HUMeEeT pPAJ HEHOo-
CTAaTKOB IIO CPABHEHHUIO C BHEIIHEN
IITBIPEBOH (MEHBIIUH KO3() HUIIHEHT
YCHJICHHs, MEHEE yIOOHaA AuarpaMmma

Puc. 4. BHewHunid BU Moayns TpaHcusepa
Ha 6a3e nRF24AP1

HAIIPaBJIEHHOCTH, HEBO3MOXHOCTD
BBIHOCA 324 IIPE/IEJIBI IEYaTHOM IIATHI).
Ho €€ poCTOUHCTBA OYEBU/IHBL: HHUY-
TOXKHO Majass CTOMMOCTb M KOMIIAKT-
HOCTh. Ha cayite IIPpOU3BOJUTEIISA
TPAaHCHUBEPA BBUIOKEHBI PEKOMEH/IA-
uuu 1 Gerber-daiipl /19 IPOEKTUPO-
BaHUS IIE€YATHOM AHTEHHBI JJI TPaH-
cuBepa nRF24AP1. HMcrionb3ys TaKOM
THUII AHTEHHBI, MOXKHO JOOUTHCA JaJIb-
HOCTH PaboThl TpaHcusBepa Ao 20 M
pu paboTe Ha MAKCHMaJbHOM MOII-
HOCTH II€PEAATYHKA.

CTOMT TaKXe OTMETHUTL BEChbMa
NPAKTHYHBIA KOPHYC MHUKPOCXEMBbI
TpaHcusepa (QFN24): on umeer pas-
MepBHI 5 X 5 MM, €TI0 BBIBOJIbI 3AIIPECCO-
BaHBI, © UX HEBO3MOKHO IOBPEJUTH
IIpu MOHTaKe. Kpome TOro, BBIBO/IBI HE
3aKPBITHI C TOPILIOB KOPITyCa, 4YTO YIIPO-
IAET MOHTAX/JEMOHTAX MHKPOCXe-
MBI BPYYHYIO. YCTPOHCTBO, IIOCTPOEH-
HOE II0 IMPUBEAEHHON NPUHIIUIINAb-
HOH CXeMe, IIPU MPUMEHEHHUH B IETIAX
OOBA3KH KOMIIOHEHTOB THIIOpAa3Mepa
0603 BecbMa KOMITAKTHO (pHC. 4). Tak-
JKE€ CTOUT OTMETHUTD, YTO B IIPOEKTUPO-
BaHHUHU YCTPOMCTB Ha 06aze nRF24AP1
CHJIBHO MOXKET IOMOYb HAOOp pa3pa-
6oryuka (puc. 5). B aror Habop BXO-
JAT IBA KOMIUIEKTA OTJIaJJOYHBIX IUIAT,
CD ¢ nporpaMMHBIM OO€CIIEYEHUEM U
USB-niporpaMmMaTophbl.

Taxum obpasom, TpaHCUBEP
nRF24AP1, nmesi mupokue (PyHKIIHO-
HaJbHBIE BO3MOKHOCTH, IIPOCTOM

u@POBOH UHTEP(ENC, OYEHD MAJIbIN
TOK HOTPEGIECHHS U MHUHHUMAJIbHOE
YHC/IO BHEIIHUX KOMIIOHEHTOB, H/l€a-
JIEH [/ HEJOPOIUX KOMIIAKTHBIX AB-
TOHOMHBIX YCTPOMCTB, BXOJAIIUX B
CcoCTaB 6ECIPOBO/THOM CETH CTOKHOIO
THIIA.
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Puc. 6. CtpykTypHas cxema tpancueepa nRF24L01

MukpocxemAa NRF24L01 -
OAHOKPUCTAJbHbIN
TPAHCUBEP C AMMAPATHOW
NMOAREPXXKOW NPOTOKOJA
NEPEOAYMU

Jpyrasgs  paszpaboTka
Nordic Semiconductor — OJHOKpHC-
TaTbHBIM TpaHcuBep nRF24L01. Ias-
Hasg €ro OCOOGEHHOCTh — BO3MOKHOCTD
nepeaBaTh JAHHBIE CO CKOPOCTBIO JO
2000 Kb60p B paguOYacTOTHOM JHaIa-
3oHe 24 ITi ¢ MOJHBIM ANIIAPATHBIM

KOMIIaHHUH

KOHTPOJIEM II€PEJABAEMBIX JAHHBIX.
DTO ABIAETCS PEBOJIIOLIUEN CPETH MUK-
poCxXeM MOJOOGHOTO K1acca. Tak, Harmpu-
Mep, OYEHb MMOXOKHH MO APYIUM IIapa-
MeTPaM OZHOKPHCTAIBHBIN TPAHCHUBED
CC2500 mnpou3BOACTBA KOMIAHUU
ChipCon mMeeT MaKCHMaJIbHYIO CKO-
poctb nnepegayuu Bcero 500 K6oa. Taxcke
TpaHncusep NRF24L01 orimyaercsa A0-
CTATOYHO HH3KOM LEHOMN (mopAnka
$2 3a mT.). CTpyKTypHasi cxeMa 3TOro
TpaHCUBEPA IIPUBE/ICHA HA PUC. 6.
IpuBIMNHAIbHAA CXEMA IOJKIIOYe-
HH, 4 TAKKE BHEIIHHE LENH U KOMIIO-
HEHTBI TpaHcuBepa nRF24L01 npakTu-
YECKH HE OTIMYAIOTCS OT CXEMBI IOJ-
kmoyenus nRF24AP1 (cm. puc. 3). B
TpaHcuBepe nRF24L01 npumeHEH an-
napaTHel¥i npoTokoa - Enhanced
ShockBurst™, KOTOPBIH IIO3BOISET OP-
raHMU30BaTh NUMPOBOH UHTEPOEHC C
YIIPaBIAIOIMNUM MHKPOKOHTPO/LUIEPOM
IO IIOCAEeaOBATENbHOM ImHUHE SPIL.
OTOT IPOTOKOJ ABJIAETCS yCOBEPIICH-
CTBOBaHHEM NPOTOKOaa ShockBurst™
(mogpo6HOE ONIMCaHHE NPOTOKONA
IPUBEIEHO B sKypHayie CD Ne 3, 20006).
OCHOBHBIM OTJIMYHEM YCOBEPIICH-

CTBOBAHHOT'O IIPOTOKOJIA ABISAETCS BO3-
MOKHOCTb OPraHH30BaTh IIPOCTYIO U
3¢ dexTuBHYIO IepeJady JAHHBIX C 006-
PaTHO¥ CBA3BIO. B pexxume AByHaANIpas-
JIEHHOM CBSI3M IIPUHUMAIOIIAs CTOPOHA
MOJKET IIOChUIATD TOATBEPKACHUE IIPU-
€Ma MaKeTa IepeAarouer CTOPOHE, YTO
B TpaHcusepe nRF24L01 peann3oBaHO
ANIapaTHoO. OTO IO3BOISAET OCBOOOANUTH
YIPABIAIOMMXH MHKPOKOHTPOJIIED OT
AHAJIM32 ITIOTEPU MAKETOB JAaHHBIX U UX
TMOBTOPHOM IOCBUIKH.

TpaHCHBED HMEET TPEXYPOBHEBBIM
FIFO-6ydep npuéma, pa3genéHHbii Ha
IECTh KaHAJIOB, U TPEXYPOBHEBBIN
FIFO-6ydep nepegayn. TAKuM 06pa3om,
mukpocxema nRF24L01, ckoHburypu-
poBanHas B pexume npuéma (RX), mo-
JKET IOJTY4IaTh ITAKETHI JAHHBIX OT IIECTH
Pa3HBIX IIEPEJATYUKOB, PAOOTAIOIINX
H4 OJJHOM 4YaCTOTHOM KaHaje (puc. 7).
CTpyKTypa MAaKETOB JaHHBIX IS IPOTO-
konoB  ShockBurst™ wu Enhanced
ShockBurst™ npuBeieHa Ha puc. 8.

OJHUM M3 OTIMYHH MAKETA JAHHBIX
nporokona Enhanced ShockBurst™ ot
nakera gaHHbIX ShockBurst™ sBisercs
Ha/IMYME JE€BATH OUT UIEHTH(MUKAITINA
nakeTa IIocjae moss agpeca. I[lepsbre

YacToTHbIM kaHan N

Puc. 7. CTpykTypHas cxema 6ecnpoBojHol ceTu
Ha TpaHcuBepax nRF24L01

2 6UTA UCTIONIB3YIOTCS KAK JIBYXPa3psii-
HBIY JBOUYHBIN CUYETYUK, 3HAYECHHE
KOTOPOI'O yBeJIHWYHUBAETCA Ha 1 mpu
MpUEME KAXKI0I'0 IMaKeTa. DTO II03BOJIA-
€T OTCIAEKHUBATD IIPABUJIBHYIO O4epE-
HOCTBH IpUEMA IMAKETOB MH(pOPpMAITUH.
OcranbHbBIE CEMb OUT B TPaHCHUBEpE
nRF24L01 He MCIOIB3YIOTCA U 3ape-
3€PBHPOBAHBI IO/ OYAYIIHE IIPOTYKTHIL.
JI1s1 COBMECTUMOCTH C TPAHCHUBEPAMHU
nRF2401/nRF24E1 u nRF905/nRFIES
noje UAEHTU(PHUKAIHU IAKETA MOXKET
HE MCIIOIb30BAThCA.

TexHOJIOTHA Nepefadyd AAHHBIX B
nRF24L01 cienyromasn. AHATU3UPYS aj-
pec IPUHATOTIO IMAKEeTAa, IPUEMHHK pPac-
IIO3HAET, OT KAKOTO MEPEAATINKA STOT
naker npumen Kak ToIpKo NpuEMHUK
YCHEIIHO IIPUHUMAET U UAECHTHDUIIN-
PYeT IaKeT JAHHBIX, OH BBICBUIAET IT1a-
KEeT IIOATBEPXKACHHUA NPUEMA C TAKUM
JK€ aIPECOM, KAK U IIPHUHATHIN nakeT. Ec-
JIM MEepeJaTYHuK HE IIOJy4YaeT 3TOTO
MOATBEPKIECHHs, OH IIOCBUIAET ITAKET
JTAHHBIX TOBTOPHO. KomuyecTBo mo-
BTOPDHBIX IIONIBITOK NEPEJAYH IAKeTa
MOKHO 32/1aBaTh IPOTPAMMHO IIPH
KOH(UTypaluu TpaHcusepa. Eciu or-
MPABUTH MMAKET TAK M HE yJaJIOCh, T€He-
PHUPYETCs IPEPBIBAHKE /IS KOHTPOJLIE-
pa, 2 B PErucTpe Craryca TPaHCHBEPA
ycranasausaercss 6ut MAX RT. [ias
YCIIENTHOM I€PEJAYH TAKETA TAKKE BbI-

MakeT gauHbix Enhanced ShockBurst ¢ nonesHbiMu AaHHbIMKU 1-32 Gaitta

3aronosok

1 6aiT Appec 3-5 6aint

9 6ant

CRC

[aHHble 1-32 Gaitta 0/1/2 6aiiTa

BuThl (pnaHra/

Maket ganHbIx ShockBurst — comecTumocTs ¢ NRF2401/nRF2402/nRF24E1/nRF24E2

3aronoBsok

1 Gaiit Anpec 3-5 6ailt

[anHble 1-32 6aitta

CRC
0/1/2 6aitta

Puc. 8. CTpykTypa nakeToB fanHbIX Ans npotokonos ShockBurst™ u Enhanced ShockBurst™
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Puc. 9. BHewHuii BUA Mopyneii TpaHcUBepa Ha
6a3e nRF24L01 ¢ ne4yaTHOV W BHELUHEW aHTEHHOW

Puc. 10. Habop paspaboryuka
ans ucnonb3oBanus nRF24L01

Mukpo-
KOHTpOnnep

1 Mé6/c
TpaHcueep

LS

1Mol

TpaHcusep
i =

KOHTpOnnep

Puc. 11. Mpumep opranusauyun 6ecnpoBoAHON AATYUKOBOW CETH

pabdaTpIBAETCA CHUTHAA IIPEPBIBAHUA
(BeiBog TX DS IRQ), a mepenaroniui
FIFO-6ydep ognniaercs.
XapaKTepUCTUKH TpaHCHUBEDPA
nRF24L01 npuseneHsl B Tabl. 3. MHK-
pocxeMa BBIIIOJHEHA B KOMIIAKTHOM
xopiryce (QFN20). Ha puc. 9 npuBeeHbI
IIPUMEPHI IIEYATHBIX IIAT TPAHCUBEPOB
Ha 6a3e mukpocxembl nRF241L01. Ha
IUIATAX PACIIOIOXKEH Pa3beéM HU(MPOBO-
'O IIOCTIEIOBATENBHOTO HHTEP(derica SPI

Ta6bnuua 3. OcHoBHbie napamerpbl nRF24L01

M MUHBI TUTaHuA. OJHa IU1aTa BBIIOJ-
HEHA C IIEYaTHOMN aHTEHHOM, Apyras — C
pazsémom RCA fa1da NTOAKIIOYEHUA
BHEIIHEH aHTEHHBL. DTOT IPUMeED eIné
pa3 IIOKA3bIBAE€T, HACKOIBKO KOMIIAKT-
HBIMU MOTYT OBbITh YCTPOFICTBA Ha 6ase
Tpancusepos Nordic Semiconductor.

st TpaHcuBepa nRF24L01 ects Ha-
6op paspaborunka (puc. 10), obrerya-
IOIIUE Pa3paboTKy YCTPOHCTB Ha OGase
3TOU MHUKPOCXEMBI.

MuH1ManbHoe nuTaoLlee Hanpsxexue, B 19
MakcumansHas BbIXoHas MOLWHOCTb, AbM 0
MaxkcumansHas cKopocTb nepefayy (paguokaxan), Kout/c 2000
[lnanasox pa6ounx Temnepatyp, °C ;40..‘85
YyBCTBUTENLHOCTL MpU cKopocTv 1 M6wT/c, sbm -85
CpefHuii TOK NOTPe6NeHNUs npu MoLHOCT —6 ABM, MA 0,05
Mukosoe notpe6nexune npu nepegade Ha -0 Abm, MA 11,3
MukoBoe noTpe6nexne npu npuéme, MA/MKC 22/600
MakcumanbHoe Y1Cno OAHOBPEMEHHBIX NOAKII0YeHN™ 6
Konu4ecTBo 4aCTOTHbIX KaHanos 125

*Pexum paboTbl B Ka4€CTBE MPUHUMAIOLLEN CTOPOHBI.

BO3MOXHBIE OBJIACTH
NMPUMEHEHMA TPAHCUBEPOB
NRF24AP1 u NRF24L01

ockonbKy TpaHcuBep nRF24AP1
IIpEJHA3HAYEH [/ OPraHu3alHuNA
CJIOKHBIX OGECIIPOBOJHBIX CETEM, OJ-
HUM W3 €ro THIIMYHBIX IPHUMEHEHUN
SIBJISTIOTCSL OECIIPOBOJHBIE CETH COOPA
nH(OpMATUH C JAaTYHKOB. IIpocren-
masi CXeMa TAKOHM CETH IIOKA3aHa Ha
puc. 11. V3asel cetu S1 — S3 HCIIONMHAIOT
poJib GECIPOBOAHBIX JATYUKOB. OHH
HMEIOT B CBOEM COCTABE TPAHCHUBED,
AHAJIOTOBBIN WM ITU(MPOBOM JATYUK U
MHUKPOKOHTPOJLIED 151 OOPAOOTKHA MH-
dopmaruu OT MOAKIIOYEHHOTO IaTIM-
Ka. B manHoMm npumepe HHQGOPMAIIUIL
OT TAKUX GECIIPOBOHBIX JTATYHMKOB CO-
GUPAETCS OJHUM Y3/IOM CETH, Ha3bIBaAC-
MBIM Xa060M. DTOT y3€J MOKET BBIBO-
auTh uHpopManuio Ha LCD-3KpaH uin
rnepeaaBaTb COOPAHHYIO HH(POPMAIIHIO
110 IIPOBOJHOM MHHE 1160 110 6ecpo-
BOAHOM ceTu. IlogoOHBIE CHCTEMBI
MOT'YT IPHMEHSTBCSI B KOMIUIEKCAX
OXPAHHO-TIOKAPHOM CHUTHAIM3ALUH, B
CHCTEMAX «yMHBIM JOM»>, YCTPOMCTBAX
LEHTPATU3OBAHHOTO c60pa nHPOPMA-
IIUH U T.IL.

IIpyMeHEHHE OJHOKPHCTAIBHOI'O
npuémonepenaraynka nRF24L01 mene-
COOOpPa3HO B TEX CIydadx, KOIJA He-
06X0oaUMO IepeaaBaTh JaHHBIE B
PEKHME «TOYKA—TOYKA» HIH CO3/4aTh
IIPOCTYI0O OECHPOBOAHYIO CETh THUIIA
«3Be37a». IMEHHO UIs1 3TOrO IIpeaHa-
3HAYEH ITOJTHOCTBIO ATIAPATHO PeaTu-
30BAHHBIN B 3TUX IIPHEMOIIEPEIATIH-
kax nporokon Enhanced ShockBurst™.
IIpenocraBasass yAOOHBIH IUPPOBOM
UHTEP@ENC U OCYIECTBIAS TTOTHBIN
anmapaTHbIA nepena-
BaeMOH HHGOpPMALXUHU, TPAHCUBED
nRF24L01 mo3BOJIsIET KOHCTPYHPO-
BATh IPOCTHIE, KOMITAKTHBIE U HEJJOPO-
rue ycrporicrsa. Tpauncusep nRF24L01
11eJ1IeCO0OPA3HO TAKKE IPUMEHSATD JIJIS
Iepejayy JaHHBIX HA CPABHHUTEIBHO
OONBPIION CKOPOCTH, a TaKKe IIpPU
IOCTPOECHUM OECIIPOBOJHOM CETH IO

KOHTPOJIb

cxeme, U306 paKEHHOM Ha puc. 11 (60-
JIee CJIOKHBIE THIIbI O€CIIPOBOAHBIX Ce-
TEH AMIIAapATHO B HEM HE MO EPKUBA-
IOTCA).

[JpyruMy HallpaBIe€HUAMH IIPUMEHE-
HUs TpaHcuBepa nRF24L01 saBasAr0TCS
CIeAyIomKE: TIepeada MoToKa HHPOP-
MaUMy C TOJABIJKHBIX OOBEKTOB, Gec-
IIPOBOJHBIE ITYJILTHI YIPABICHUA C
O6GpaTHOM CBA3BIO, GECIIPOBOJHAS TI€-
penada ayJJMOCHMIHa/Iad U AKTHBHAs pa-
JUOYACTOTHAS UACHTU(DUKAIUA. @
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OpHokpucTanbHbli TpaHcusep nRF24AP1

Mukpocxema nRF24AP1 — 310 HoBas pa3pa6oTka komnanuu NORDIC, KoTopas BKIKOYaeT annapaTHyr NoAAepKKy npoTokKosa
ANT pns 6ecnpoBofHO Nepefadn faHHbIX, TeM CambIM CHUMAS C pa3paboTynka 3afaqy Co3aHus NpoToKona 06LLeHUsS Mexay
6ecnpoBOAHLIMU YCTPONCTBAMM.

Kpatkoe onucanue nporokona ANT:

W Pa3paboTaH crneumnansHo ansg paboTbl ¢ AUCKOBbIMY B becnpoBO/HbIE JaTYMKOBbIE CETH
aKKymMynsTopamu M [TpombILLNeHHas aBTOMATU3aLms

B OxpaHHas 1 noXxapHas curHanmsauus

B CnopTneHoe 060pynoBaHMe

M OnHO- 1 1BYHaNPaBNEHHbIA PEXUM Nepeadyn faHHbIX
M Pasgenenve kaHanos: TDMA

W 232 afpecyemblx KaHana

M [IpoBepka A0OCTOBEPHOCTM AaHHbIX: 16-6uTHas CRC

W AanTuBHbIE COBAMHEHUS — aBTOMATIYECKasn
MOZICTPOIKA U CUHXPOHM3ALMA [PYT C APYrOM:
YBEPEHHOE, GECcnpepbIBHOE COBAUHEHME

B Pexumbl nepeaadu: LNPOKONOI0CHbIA, NaKeTHbI,
aflpeCHbIN

B O6ecneyeHne 6e30MaCHOCTY NepeaaBaeMblX AaHHbIX U
3alnTa OT NepeKkpPecTHbIX MoMex

W loanepxka ceten TUNa «T04Ka—TOYKa» U «3Be3aa»
B OpraHu3auns Kak OTKPbITbIX, TaK U 4aCTHbIX CeTel

Tabnuua cpaBHeHNs COBPEMEHHbIX GECNPOBO/IHbIX NPOTOKONOB

ANT Bluetooth ZigBee Alliance

Yactora 2,4 1Ty 241Ty 241T1Ty

Mogynsauus GFSK GFSK QPSK
CKopocTb AaHHbIX 1 M6og 1 M6og 250 Kboa
YacToTHbIX KaHanos 125 79 16

BHELIHUX CHCTEMHBIX PECYPCOB Her 250K 28K
MoppepXuBaemble TUMbI CETEN «3Be3/a», «T0YKa-TOYKa» «To4Ka-TOYKa» «3Be3fa», «T04Ka-TO4Ka»
ml_(_u’mhurypauuu RF y3na (MuHumym) Mepeaatynk nam NpUEMHNK Mepeaarymnk Mepegarynk

Kpatkue xapaktepuctuku nRF24AP1

|Yacrora CO00LLEHMI i R 0,5...200 'y
[ToTpebnsemblil TOK B XAYLLEM pexnme . o 2 MKA
[T1KOBbIV TOK NOTPEBAEHUS B pexxume npuéma 22 MA
[M1KOBbI TOK NOTPebneHus B pexxcume nepeaayn npu 0 bm V 16 MA
CpefHuii TOK noTpe6neHns npu nepeaade coo6LUeHus - 39,4 MKA
CpegHuit Tok noTpebneHns npu npuéme coobLLeHNs 43,1 mkA
MakcumanbHoe Konu4ecTso OAHOBPEMEHHbBIX MOAKMOYEHNN >65 000
MakcumanbHas cKopocTb nepefadnt JaHHbIX o 20 Kéog
CpepnHee Bpems pa6oTbl 0T 6atapen CR2032 npu TMNMYHOM NPUMEHEHUN B Ka4ecTBe 6ECMPOBOAHONO farynuka |5 ner

® [POCO®T — I KOMNOHEHT BALLEr0 BU3HECA

l’ROSOFT TenedpoH: (495) 234-0636 * E-mail: info@prochip.ru * Web: www.prochip.ru




MHorokaHanbHbI#
CYETYMK-perucTparop
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HOpuit MapTbiwesckuii, Banepnit Kopmunun (r. Tomck)

OnucaHa KOHCTPYKLMS 8-KaHanbHOro CHETYMKa-permcTpaTopa, paboTawero
B Nape ¢ nepcoHasnbHbIM KOMMNbIOTEPOM Yepe3 uHTepdelic RS-232. YactoTa
peructpaumm — ao 3,5 K'Yy (MoXeT 6bITb MOBbILLIEHA CO CHUKEHUEM
nomMexoycToM4MBOCTH). B KayecTBe AaTHYMKOB MOTyT UCMOJb30BaThCS
yCTpOWiCTBa, (hOpMUPYIOLLME HA BbIXOAE CUTHAN NIOrMYECKNX YPOBHEN

¢ Tokom okono 10 mA.

«CuéTt na yuér» — OCHOBA TEXHOJIOTH-
YECKOro IPOoIecca JTI0O0ro MpOM3BOJ -
crBa. TpyAHO IIPENCTABUTH COBPEMEH-
HOE IPOM3BOJCTBO 6€3 CTPOroro y4éra
1 KOHTPOJIA. CIIOKHO NEPEYUCTUTD BCE
BH/IBI OOBEKTOB, KOTOPbIE€ HYK/IAIOTCS B
o/icYéTe UX KOJIMYECTBA. YCTPOMCTBA,
peanusyromue (PyHKIHUIO C4€Ta, HA3bI-
BAIOT CUETUYUKAMM.

B nureparype OnmcaHbl Pa3JIMYHBIC
THITBI CYETIYUKOB [1, 2]. Bce X MOXKHO
Pa3AeanUTh HA anmapaTHbie U IPOIrpam-
MHBbIE. B anmapaTHBIX yCTPOMCTBAX
HCIONIB3YIOTCA IH(POBbIE CUETUNKH,
BBIITOJIHEHHbBIE HA MHTEIPAJIbHBIX MHK-
pocxemax (Tpurrepax, TariMepax). s
TAKOW PEATU3ALUU XAPAKTEPHBI BBICO-
Kasi CKOPOCTb CY€Ta IIPU BBICOKHX 3a-
Tparax Ha pa3paboOTKy,
KCIUTyaTAllUIO YCTPOMCTBA U OI'PaHH-

OTNaAKy U

YeHHbIE (DYHKIITMOHAIbHbIE BO3MOKHOC-
TH, CBSI3aHHBIE C (DUKCUPOBAHHOM pa3-
PSTHOCTBIO, OTPAHUYEHHBIMU BO3MOK-
HOCTSIMH OTOOPAKEHMS MPOIECCa CUE€Ta
U Pe3y/IbTaTOB. AIIapaTHBIE 3ATPAThI,
rab6apuThl U IIapaMeTPbl SHEPronoTpes-
JICHUS TIPSIMO 3aBUCAT OT Pa3PAIHOCTHA
CYETYUKOB, KOJHMYECTBA KAHAJIOB H
CJIO’KHOCTH OTOOPAKEHMS PE3Y/IBTATOB.

B mporpaMMHO peau3yeMbIX CUETIN-
KaX CYET OCYILIECTBIIAETCS IIOCPEACTBOM
MIPOrPaMMHOIO ONpPOCa BXOJa IMOPTA
MHUKpPOKOHTposutepa (MK). ®akrudyecku
BEJICTCS CYET YMC/Ia UMITYyJIbCOB HA BBI-
XO/ie HEKOTOPOTO IIPe0OPa30BATE A MH-
dopmanuu. BpICTpOAEHCTBHE TAKHUX
CYETYUKOB OTPAHUYEHO MPOIPAMMHOMN
peanuzaiueit (Bpemenem) ompoca. Ox-
HAKO OHH 00/1a/1aJ0T IIPOCTOTOM pean-
3aIUH, JCIICBU3HON, MPAKTUYECKH He-

OrPAaHHUYEHHOM Pa3PATHOCTBIO CUETA U
OOJIBIIIUM YHCJIOM KaHA/J0B, BO3MOXK-
HOCTBIO IIEPENPOrPAMMHPOBAHUS, IIH-
POKMMHU (PYHKITHOHAJIBHBIMUA BO3MOXK-
HOCTSIMHA KOHTPOJISI U OTOOPAKEHMsI MH-
¢opmaruu B MpoIiecce CIETa.

IlpeanaraeMblii  MHOTOKAaHAJIbHBIN
cuéryuk-perucrparop (MCP) opueHTH-
pOBaH Ha pabOTy B COCTABE MEPCOHAIb-
Horo kompioTepa (ITK) u npegHasHa-
YeH IS PEruCTPAUU COOBITHI (MM-
IyJIbCOB) TIO BOCbMH HE3aBHCHMBIM
KaHaJIaM C MAaKCUMAJIBHOM YaCTOTOM IO
3,5 k1. B kadecTBe JaTYUKOB MHMOP-
MaIuy MOTYT HCIIOJIb30BATHCS OIITH-
YeCKHue, JIEKTPOMATHUTHBIE U JIOObIE
JIPYT'HE yCTPOMCTBA, (POPMUPYIOIIHE HA
BBIXO/I€ CUTHAJI JIOTHYECKUX YPOBHEMN C
TOKOM OKO0JIO 10 MA. CBA3b U 1I€pEAada
naHHbIX Mexkay MCP u ITK ocymiecTsiis-
ercs io uHTepdericy RS-232.

[MpuniunuanpHas cxema MCP npwu-
BejeHa Ha puc. 1. MCP coepKuT 8-BXO-
JIOBOE YCTPOHCTBO COITIACOBAHUS C OIIT-
pOHHOM pa3Bsa3kor, MK u uHTepdernc
RS-232, ob6ecrieuyuBarOmui CBA3b C
HHCTpyMeHTAIbHBIM ITK.

CoempuHeHue 1aT9ukoB ¢ MCP ocyie-
CTB/ISIETCS Y€Pe3 BHEUTHUE PA3hEMBI TH-
ma CP50 (BNC44) u pazpem Ha ruiare X1.
OnTpoHHAsT Pa3Bs3Ka BBIITOJHEHA HA
anemenTax DD1 u DD2 tuna TLP542-4
(KKAast U3 3TUX MHUKPOCXEM COJEPIKUT
no 4 onrpona). Pesucropsr R1 — R8
OrpaHUYMBAIOT TOK, a Auoabl D1 — D8
3AMMINAIOT BXO/{HbIE IIEITH OT OOPATHOM
MOJISIPHOCTH IIPH HENPABUIBHOM BKIIIO-
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Puc. 1. MpunyunuanbHas anektTpuyeckas cxema MCP
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yeHHUHU. ONTPOHBI HATPYKEHBI PE3H-
CTHUBHOIM Marpuieit R9 — R16 (H1-4)
HOMHHAJIOM 2,2 KOM. BoceMb BBIXO0OB

OIITPOHHOM Pa3BA3KU IOJKIIOYEHBI K
nopry PB MUKpOKOHTpO/LIEPA.

B kagecrBe mporpaMMHupyeMoro
anemenTa DD3 B MCP mcnonab3yercs
8-paspsaaneii MK ATMega8535, pabora-
FOIIUIT HA TAKTOBOM yacTtoTe 8 MIII, KoTo-
PpBIF MMEET BHYTPEHHIOIO IaMATh IPO-
rpamMm 06bEMoM 8 K6 1 EEPROM /1aHHBIX
06BEMOM 256 6Gaitr. TakTOBast 4acrora
MK cTabmim3nupoBaHa KBAPLEBBIM PE30-
HaTopoMm ZQ1. g yno6crBa (hopMupo-
BaHMsI BPEMEHHBIX HHTEPBAJIOB, KpaT-
HbBIX 5 MC, Tarimep CT2 MK CHHXPOHH30-
BaH OT BHYTPEHHETO IreHepaTopa 4acTo-
TBI 32 768 I, CTabMIn3upOBaAHHOIO
kBapuem OSC1. Ilens, cocrostimasi u3 R17,
R18 1 C1, BeIoIHAET COPOC IPH HAYATIb-
HOM BKJIIOYEHMH YCTPOVCTBA.

Hnrepderic csasu ¢ IIK RS-232 pea-
JM30BaH Ha MHUKpocxeMme DDS5 Tuna
MAX232, koTopas npeo6pasyeT ypoOBHH
cur"asos 0...5 B B umnynbcel +12 B, He-
OOXOAMMBIE JUISI HOPMAJIBHOM PabOThI
uHTepderica.

Bo BropryHOM 6710Ke nutanus MCP
HCIIONB30BAH IAPAMETPUYECKUN CTa-
6unusarop DD4 HanpsKeHHs THUIIA
7805, 06ecreunBarONii HOMHHATIbHOE
HanpsukeHue Vee =5 + 0,1 B npu Heo6-
XOAUMOM TOKe Harpysku 20...25 MA.
Konpencatopsr C4, C5 BBIIOTHSIOT
poJib (DUABTPA MUTAHUA. IS TTOIKIIIO-
YEeHMUsI BHENTHEIO UCTOYHHKA K DD4 nc-
OJIb3yeTCs pa3bém XAl.

ITopte!l PA, PD, PC MK cBOGO/IHBI, BBI-
BeZ€HBI HA Pa3bEMbl X3 — X5 Tuna IDC10
MU MOTYT OBITb MUCIIOJIb30BAHBI IS JA/Ib-
HEHIIEro PacCIIUpeHust (PYHKIIMOHAIIb-
HBIX BO3MOKHOCTEH MCP. 3ameTrumMm, 4To
HA 3TH K€ PA3HEMBI BBIBEIEHO HATIPSDKeE-
HHUE V¢ U OOLIUIT IIPOBOJ, YCTPOIICTBA.

CocTogHME KAKIOrO U3 BOCBMH BXO/IOB
nopra PB cOOTBETCTBYET COCTOSIHUIO CO-
OTBETCTBYIOIIEIO KaHalIa c4érdymka. MK
o6padareBaeT HHMOPMAIHIO O COCTOSI-
HUM 8 CHUIHAIbHBIX JIMHHH, IIOCTYIAIO-
LIYIO C ONTPOHHOM Pa3BA3KH, IIOCTOSHHO
onpammsas nopt PB. IIpu pmurebHOCTH
AKTUBHOI'O YPOBHs CUI'HAJIA He MeHee 140
MKC MaKCHMaJIbHBIH IIEPHOJ OIIPOCA COC-
TOAHHUA HUHQMOPMALMOHHBIX Pa3psaJ0B
nopra PB cocrasmser 26...28 MKC C yué-
TOM BO3MOKHOCTH IIITHKPATHOTO OIIPO-
€2 32 BpeMs aKTUBHOM YaCTH UMITYJIbCA.

Jnsa nmopcyé€ra MMITyJIbCOB B KAXK/IOM
kaHase MK @Quxkcupyer wu3MeHeEHUE
YPOBHs Ha BbIBOAAax moprta PB. B npo-
rpamme MK mMmeercs 8-6UTOBas Iepe-
MEHHAf BEJMYHHA, COXPAHSIONIAs B

OHTAX TEKYIEe COCTOSHHUE KAKIOTO Ka-
Hazta. [Ipy KaXKI0M CpaBHEHUH CYHUTAH-
HOTO C nopra PB 3HaueHus ¢ ykazaHHOH
IepEeEMEHHOHU YAAETCA CPA3y ONIPE/ICTUTD
KaHAJIbl, U3BMEHUBIIHE CBOE COCTOSIHHUE.

JIJ1s1 MOBBIIEHMS IIOMEXOYCTOMYHUBOC-
TH U3MEHEHHBIN YPOBEHb CUTHAJIA B Ka-
HaJI€ IOJUKEH IIOBTOPHUTHCS B YETBIPEX M3
MATA  TOCJIENOBATEIbHBIX  OIIPOCAX.
Tonpko B aTOM Cirydae MK ¢uxcupyer
HOBOE COCTOSIHME KaHaJIa B IIE€PEMEH-
HOM. IToACYET ITOBTOPEHUI BEIETCS He-
3aBHCHMO /IS KQKJOTO KaHA/IA, YTO I103-
BOJIIET OOHAPYKHUBATH UMITYJIBCHI, TIPH-
XO/AAIMEe B KAHAJIAX B JIIOOOM COYeTa-
Hun. Ecm mpu (pMKcau HOBOT'O COC-
TOSHUSA VI JAHHOI'O KaHaJIa YPOBEHb
HM3MEHHUJICSA C BBICOKOT'O Ha HU3KMH (CI1af,
HUMITYJIbCA), IO TAHHOMY KaHATY CUETUYHK
yBeIM4YMBAeT 3HaueHne Ha 1. Tak nmozc-
YHUTBIBAKOTCSA UMITY/IbCHI B KAHAJIAX.

Tarimep CT2 ¢ MOMONIBIO KBapra C
9aCcTOTO¥ 32 768 I (hopMHUpyeT CUrHAT
IPEePbIBAHUA KaXKAble 5 Mmc. B nmoamnpo-
rpaMMme O6paGOTKH IIPEPBIBAHUSI HAKO-
IUIEHHAA HHQOPMAIHA O COCTOSIHHU
BCEX BOCbMH CYETYHUKOB KOITUPYETCS BO
BpeMEHHBIN Oydep, OTKyAa neperaércs
uepes3 unrepderic RS-232 B IIK. B ator
MOMEHT CYETUYUKN OOHYIISIIOTCS, U CUET
HAYMHAETCS CHAYaJIa.

HuTtepderic RS-232 MK siBasiercs: an-
[IAPATHBIM YCTPOKMCTBOM, IIO3TOMY IS
IIEPECBUIKU H6aKTa HE TPEOYET PECYPCOB
LIEHTPAAbHOro 1poueccopa. C 3asep-
LIEHUEM IIepeayu GaiTa BBI3BIBACTCS
IIPEPBIBAHUE 151 3ATPY3KH OUEPETHOTO
6arita U3 BpeMeHHOro 6ydepa B 6ydep
nepegadu. Bpemsa mepegayu BOCBMHU
6aITOB, OTPAKAIONIUX COCTOSTHUSA BCEX
CYETYMKOB, HA CTAaHAAPTHOM st [IK
ckopocTa 38 400 60/1 COCTABISIET OKOJIO
2,1 mc. ITIponeccopHoe Bpems MK pac-
XOZYETCsl TOJIBKO Ha KOITMPOBAHUE Gali-
Ta B Oydep nepeaarauka. Jjisi KOIMUPO-
BAHUA OJHOTO GANTA B IEPEJATIUK TPE-
oOyercst 10 MAaIUHHBIX TAKTOB, T.€. 1,25
MKC, 4 UI1 BOCbMH OaNTOB — COOTBET-
crBeHHO 10 MKc. TakuM o6pa3oM, pabo-
Ta KaHA/IA IIEpefayvn yepe3 uHTepderic
RS-232 aBnseTcst «<1po3pavyHON» ISt pa-
6OTBI CYETYMKOB B KAHAIAX U IIPAKTH-
YECKH HE IIPEPBIBAECT IPOLECC CUETA.

[Ipr MakCHMMaJIbHO BO3MOKHOI YaC-
TOTE BXOJAHBIX UMITYJILCOB 3,5 KII1 U1 11€e-
pHOJE 3aITyCKa LUKIA Tepeaadu (O6HY-
JICHW CYETYMKOB) 5 MC Tpedyemast pas-
PSTHOCTD KQ)KJOTO CUETYHKA KAHAIA HE
npeseimaer 5 6ur. I[pu 6arToBom dop-
MaTe KaKJOIo CYETYHKA UMEETCSI BOCh-
MHKPATHBIA 3aI1aC IO MaKCHUMaJIBHOMY
3HAYEHUIO, KOTOPBIH MOXKHO HCIIOIB30-

BaTh KaK IIOCPEACTBOM HOJIEE PEIKUX T1e-
penay, Tak ¥ ¢ IMOMOIIBIO ITOBBIIICHHST
MAaKCHUMa/JbHO BO3MOXKHOM YaCTOTBI
BXO/IHBIX UMIIYJIBCOB C Y4ETOM HEOOXO-
JIMMOT'O YBEJIMYEHUS TAKTOBOM YACTOTHI
MK. Bpi6pannbiit MK crioco6exn pa6o-
TaTh HA MAKCHUMAIBHOM yacToTe 16 MIir.
3a CY€T HEKOTOPOT'O CHIKEHUS IIOMEXO-
YCTOMYHUBOCTU KOJHYECTBO HEOOXOIH-
MBIX OIIPOCOB /I (PUKCAITUM MMITY/IbCA
MOJKHO CHHU3HUTD [0 TPEX MU JAXKE JIBYX.
[Ipu 3THX yCJIOBHAX MAKCUMAIbHAS YaC-
TOTA BXOJHBIX UMITYyJIbCOB MOJKET OBITh
MOBBIIIEHA B IIATh pa3 — 10 17 ki1,

CocrosgHME BCEX BOCbMU KaHAIOB MCP
OTPAXKAETCAA B TPAPUIECKOM BH/IE (JTHar-
pamma) Ha MonHutope IIK. Ilpu arom
nporpamMmmHoe o6ecneyenue ITK 1mo3Bo-
JISIET 33/1ATh JIsI KAKIOI'O CYETYMKA HEKO-
TOPYIO TIOPOTOBYIO BEJIMYMHY, IIPH TIPE-
BBILIEHUH KOTOPOH MOKET ObITh MHUITH-
HPOBAHO  ONpPENENEHHOE  JIEHCTBUE.
[IpocTermmm JerCTBHEM SIBISIETCST (DUK-
CalyisA TEKYIIEro BpEMEHHU U JIAThl MOMEH-
Ta COOBITHA NPEBBIIEHNS TIOpora. Takast
uHdopmays puxcupyercs B mamsity [TK
U TIEPHOTHYECKHA COPACHIBAETCS B BBIXO/I-
HOM (paru1 Ha BHEITHUIT HAKOIIUTEIb. ViI-
paB/IEHHE PEKUMAMU PAOOTHI CYETIYMKA
BBIINOJIHAETCA C KIaBuaTypsl ITK.

Cxema anropurma paboThl IPOTPaM-
Mmbl [IK mpuseseHa Ha puc. 2. Padora
IIPOTrPAMMbI OCHOBAHA Ha OXHIAHUU
COOBITHI.

TlepBbIM OKH/IAEMBIM COOBITHEM SIBJISI-
€TCsl HaKaThe KHOMKU «OIeHKa (hoHa».
IIpu 3TOM 3aITyCKAETCs IIPOLIECC CUUTHI-
BAHMA «KaJpa» HH(POPMAIINH C TIOCTIEI0-
BaTesibHOrO nopra IK. «Kagp» copepsxur
240 orcuéroB (o 30 IS KaXKIOTO U3
BOCbMH JIATYMKOB), IIOCBUIAEMBIX 4Yepe3
Kaxzple 5 Mc ¢ MK. ITMTeTBHOCTD Kaapa
cocrasrser 5 x 30 =150 mc. [TosrygeHHbIe
OTCYETBI CYMMHUPYIOTCA 110 8 KaHAIAM U
CPaBHUBAIOTCA UIA KAKIOTO KaHAIA C
MaKCHUMAJIbHBIMU 3HAYEHHSAMH, OIPE/Ie-
JIEHHBIMH B IPEIBIAYINNX [THK/IAX BBOJA
Kazipa. 1IUKI MOBTOPSIETCS 10 TEX, ITOKa
I10JIb30BATEIb €0 HE OTMEHHT.

3a c9éT MHOTOKPATHOTO IOBTOPEHUS
B K2KIOM M3 BOCbMH KaHAJIOB OIIPE/IE/IsI-
€TCsl MAKCUMYM YHCJIA UMITY/IbCOB, KOTO-
PRI ¥ IIPUHHUMAETCS 33 YPOBEHB (pOHA.
IIpu ormene pexmuma «OneHka gona»
IPOrpamMMa BBOJUT B OKHO ITOPOTOBBIX
3HAYEHUU YPOBHHU (DOHA, YBETMYECHHBIC
Ha 10%. ITo/1b30BaTENIb MOXKET U BpYY-
HYIO BBECTH YPOBHH I1IOPOT'A IS KAK/IO-
ro U3 BOCBMH KaHaJOB. Ilocie 3TOro
TPOrpaMma BXOJUT B PEKUM OKUTAHUS.

Creyronuym 0KHUAEMBIM JIEHCTBUEM
TIOIL30BATE/ISA ABIACTCS HAXKATHE KHOTI-

COBPEMEHHAA SNEKTPOHWKA # Ne 4 2006

WWW.SOEL.RU

47



48

HayanbHas nHuumuanuaaumus
nporpamMMsl 1 yCTpoicTBa

[Oxunanue Haxatwit kHonok |

OLIEHKN»?

amarpammbl»?

Haxarue KHOMKM Haxarne kHOMKI Haxatue kHonkn
«0ueHka (hoHa» «[lanka Ans faHHbIX» «CTapt»
3anyck cTaHaapTHOro
[avanora Bblbopa
Karanora fns 3anuci EoTh i
BBop «kagpa» aHHbIX NPOrpPaMMbl
I A 'a,up | & ;’ P NaccuBHble
= KaHanb?
CYéT yucna umMnynbcos Bo3Bpar B 0xuaanme
10 BOCbMY KaHanam
i Het
dukcauns BoCbMU Bpems ncTekno?
MaKcUMyMOoB
Her Haxara Haxara a [CHsTs npuaHak «naccuser |
KHonka «OcTaHoB KHoMKa «Bkn. o7

fa [ Beoa «kagpa» |
'
noporos I BKnio4eHve naHenu ‘ [ CY8T YMcna MMNynbCoB |
Avarpammb! 110 BOCMU KaHanam
Bo3Bpat B OXWaHue i [

[ Pucosanue avarpamme | |

CpasHeHue BOCbMU
KaHanos ¢ noporamu

Mopor kaHana
MPeBbILLEH U KaHan
aKTUBEH?

Dukcauns BpeMeH 1 Yucna UMNYynbCoB KaHana
YcTaHoBKa NPU3HaKa «KaHan naccuBeH»

Her
Haxara kHonka

«Cton»?

Ja

3anuch HakonneHHo
MH(opmauwuu B daitn

Boaspar B 0xuaaHue

Puc. 2. CTpykTypHas cxema nporpammuoro o6ecneyenus MK

Iarpamma

8

g

g

- KonwuyecTeo umMaynkcoe
2

pLs &R

o

Mop: oa&n
YPOBEHb
L g

Puc. 3. [inarpamma TeKywero cocTosHua Bcex kaHanos MCP

KU «3aryck». [IporpaMMa HaYHHAET BbI-
ITOJTHATH IIOBTOPSIIOIITHECA LMK/ B Kax-
JIOM ITUKJI€ BBOJUTCS HOBBIM KaJap JaH-
HBIX. [IporpamMMa BBIYHCIAET KOIUYe-
CTBO HPHHATBIX MMIIYJIbCOB 332 BpeMs
Kagpa IO KaKIOMY U3 BOCbMHU KaHAJIOB.
DTO 3HAYEHHE CPABHUBAETCS C COOTBET-
CTBYIOIIMM IIOPOTOBBIM 3HAYEHHUEM Ka-
Haja.

IIpu IpeBBIIEHUH ITOPOTOBOI'O YPOB-
HS B pabodeM OKHE COOBITHH JJAHHOTO
KaHa/Ia PUKCUPYETC TEKYIEE BpEMsI U
YHCIO UMITY/IBCOB. ITocie 3TOro y JAaH-
HOTO KaHaJia yCTAHABJIMBAETCA IIPH-
3HaK «KaHas nmaccuBeH». OTOT IIPU3HAK
rapa”HTHUPYeT, YTO JaHHBIE C YKA3aHHO-
ro KaHajaa B TEYEHHUE 3apaHee onpele-
JIEHHOTO BPEMEHH HeE OyayT ITOBTOPHO

BBI3BIBATH (PUKCAITHIO (PAKTA IIPEBBIIIE-
HHS TOpOra.

Ha guarpaMme TEKyIIero COCTOSTHHS
Bcex kaHaaoB MCP (cMm. puc. 3) ypOBEHb
[IOPOTa IMOKA3aH JKEITHIM LIBETOM. 3€1€-
HBII 11BeT (0603HaUEH IHM@POH 1) IoKa-
3pIBAET 3HAYECHHE TEKYIIETO COCTOSHUSA
KaHa/a, HE IIPEBBIIAIONIEIO IIOPOT.
Kpacusbii user (Iudpa 2) moKas3bIBaET
(akr npessieHus nopora. [1o pasmaxy
KpPaCHOTO (3e7IEHOT0) CTOJIOMKA MOKHO
3PUTEIBHO OLIEHUTDH BETUYHUHY IIPEBBI-
meHus (3a11aca) NOPOroBOro 3HAYEHHUS.

Bpems pa6otel MCP B 3TOM pEKHUME
OIpeJeseTCs Moab3oBareneM. Hakorr-
JIEHHBIE JAHHBIEC IIPU HAKATHHU KHOIIKH
«OCTaHOB» 3AITUCBIBAIOTCS B (DAY, KM
KOTOPOT'O COCTAB/IAECTCA U3 ATl U BPE-
MEHH 3aITMCH.

TIOBTOPHOE HAKATHE KHOIIKM «3aITyCK>
3aITyCKAET IIPOLEAYPY HAKOIUICHHS C
NIPEABAPUTEILHBIM OUHILEHHEeM OyhepoB
COOBITHUI. BBIXO/ 13 IIPOrPaMMBbI OCYIIEC-
TB/IICTCSI HAKATHUEM KHOIIKM «BbIXO/p.

MuxkpoxoHTposnep MCP aBisercs 1ie-
PEIpoOrpaMMHUPYEMBIM YCTPOMCTBOM M
JOIyCKAET BHYTPUCXEMHOE II€PEnpor-
pamMmMmupoBaHHuE uyepe3 pasbém X2. Jljist
MEePENPOrpaMMHUPOBAHUA  MOTYT HC-
I0AB30BATHCS TTporpamMmmaropsl CTK200
wiu CTK500, Pony Prog wim uM nogo6-
Hble, paboTatomue rmog Windows.

KoucrpykruBHO MCP BBINOJIHEH Ha
JBYXCTOPOHHEN II€YATHOM IUIATE U3
crexiorekcronura Mmapku CP4 pasme-
pom 116 x 70 x 1,5 mm. PCB-daiin
IIE€YaTHOM IUIATHI, 4 TAKKE TEKCT IIPO-
rpammsl ys ITK Ha si3pike Cut+ 1 3arpy-
304HbI (parr MK ATMega8535 npuse-
JIEHBbI HA CayTe JXypHa/a.

OmnuceiBaembiri MCP MCIIOIB30BAJICS
JU1s1 pabOTHI B COCTABE EPEHOCHOM CHC-
TEMbI PATHOU30TOITHOTO KOHTPOJIA Ka-
yecTBa OOOTAlEHUs aIMa30COoAepIKa-
mer MmopoApl. B KadecrBe JaTYHUKOB
CHCTEMBI PAJUOU3OTOITHOTO KOHTPOJIS
IPUMEHSIICS (POTOITEKTPOHHBIN YMHO-
sxurenb (OOY), cUurHag ¢ KOTOPOro B
MCP nioctynan B ypoBHsax 0...12 B.

ABTOPBI BBIPAXKAIOT 6/J1ArOJaPHOCTD 3a-
BeyomeMy nad6oparopueri ®IHY HUN
SInepHas (usuka> mpu TOMCKOM ITOIH-
tTexuuvyeckom yHusepcurere (TITY) Ila-
HOBY I0.A 32 IIOCTAHOBKY 32/1a4H1 1 00Cy-
JKIEHHE PEe3y/IBTaTOB PAGOTHL

JIUTEPATYPA

1. Zlonzuii A. YCOBEPIIEHCTBOBAHHBIN peEBEp-
CUBHBIM cuéruyuk. Pamgmo. 2005. Ne 11.
C.28-29.

2. www.atmel.ru.

3. www.atmel.com. @
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MPOEKTUPOBAHME U MOOENNPOBAHUE

Cxembl, METOANKU U CLieHapUX
rectupoBanusa SPICE-coBMecTUMbIX
MaKpomopenei onepayuoHHbIX

50

ycunurteneu

(4acts 3)

Cepreii Jlo3nukwii (r. bpsuck)

B TpeTbel 4acTu CTaTbM NPOAOIHKEHO PAacCMOTPEHUE 0COBEHHOCTEN

1 npo6nem makpomopgenei OY, faHbl METOANKU UX TECTUPOBaHMS

1 onucaHbl crnoco6bl YCTPaHEeHUs OLUMGOK NPU MOAENMpPOBaHUN
npuknagHbix cxem. CTaTbsi OpUEHTUPOBaHA Ha CMeLuanucToB,
3aHMMAaIOLLMXCS NPAKTUYECKOW pa3paboTKOW aBTOMaTUKM, INTEKTPOHUKM,

M3MepMTeﬂbHOI7l TeXHUKWU.

HANPS)KEHUA HACBILEHUS
Bbixoga MM OY

Pe3ynprarsl TeCTUpoBaHusa MM OV B
CXEME€ Ha PHUC. 22 MO3BOJAIOT HNOCTPO-
UTh IpaUKU 3aBUCUMOCTEH HaIIpsiKe-
HHUHN Viar > Vsar p HACBIIIEHUSA BBIXO/A
OV oT ero ToKa Harpys3ku Ioyr-

TpeTp HANIPSLKEHUs MATAaHus Vg Ipu-
JokeHa K Bxogam OY DA1 B TaKOM I10O-
JIIPHOCTH, IIPU KOTOPO¥ OH HAXOJUTCS
B COCTOSIHMH HOJIOKHMTEJIbHOIO HACHI-
meHus Beixoga. OY DA2 HAXOAUTCSA B
COCTOSTHHUM OTPHULIATEIbBHOI'O HACBIIIE-
HUs BbIXOAa. TOKH, MpoTeKaouue Je-
pe3 Bbixoapl OV DA1 u DA2, paBHbI Te-
KyIIeH BeTUYHHE TOKA Iy UICTOYHHUKA

DA1
D> V+ —T

SatP
v
OPA132/B8
Vi VD1
il 1[4

Dmod
| {Vs/2+0,6}
{Vs} [ VSt # N Tt
+, V2 <’ 0 MA

VD2

4
S

vs) {Vs/2+0,6) Dmod
DA? 226 MB
> Vs SatM

V-
OPA132/BB
R6

100 PARAMETRS:
Vs 30B

Ioue Hanpspkenue Viap p MOTOXKHATEb-
HOT'O HACBHIIEHUs BBIXO4a OY pasBHO
a6COMIOTHON BEJIMYMHE Y3JI0BOTO Ha-
npspkeHus V(SatP), a HalpsyKeHUe OT-
PHULIATENBHOIO HACBIEHUA Voar  — BE-
JIMYUHE Y37I0BOTO HanpspreHus V(Saill).
Ecm TOK MCTOYHMKA Iy, TpeBbIIIACT
IIpE/IEIbHbIE BEJIHMYHHbBI BTEKAIOMIETIO
Iyt LiMé ¥ BBRITEKAOMEro Ioyr piv—
TOKOB BbIxOZa OY (TOKOB KOPOTKOTO
3aMbIKaHUsA BBIX0/1a OY), TO 6€3 IpUHA-
THSI CIICITHAIBHBIX MEP Y3/10BbIE HATIPSI-
s)xeHus V(SatP) u V(SatM) HeOorpaHu-
YEHHO BO3PACTAIOT. [IIsT MCKIIOYEHUS
3TOM HEKEIATEJIbHOM CUTYyalUH HC-
ITOJIB3YIOTCA OTPAHUYUTENNA HATIPSIKE-
HUS, PEATU30BAHHbBIE HA KOMIIOHEHTAX
VD1, VD2, V1, V2, KOTOpbI€ OTPAHNUYH-
BAIOT BBIXOJHBIC HanpspkeHusa OV Ha
YPOBHAX, HNPHOJM3UTEIBHO PABHBIX
IMOJIOBUHE HAIPSDKEHHUA HCTOYHHKA
nuTanus V.

I'papuKky 3aBUCHMMOCTEMN HaAIIPsSIKE-
HUU Vour vy Vsar p OT TOKA Iy KJIACCH-
gyeckort MM Boruss OPA132/BB, nocr-

POEHHBIE IO pPE3yabTATAM AHAJIN3A
cxempl puc. 22 B pexkume DC Sweep
IPU BaApUALMHM TOKA MCTOYHHUKA I, B
nuana3oHe 3uaveHun 0..40 MA ¢ ipu-
pamenuem 0,01 MA. M300pakeHbI HA
puc. 23 (xpuBble C MeTKOM MM
OPA132/BB).

Ha puc. 24 n300pa’ke€HbI XapaKTePUC-
TUKH HaChlleHUsA peanbHoro OV
OPA132, 3aumcrBoBanHbie u3 datasheet
(www.ti.com).

W3 cpaBHEHHUS PE3YILTATOB TECTUPO-
BaHusg MM C XapakTepuCTUKaMH pe-
anmpHoro OY cnenyer, yto MM bBoris
MOJICTUPYET HAIIPSIKEHUE HACBIIICHHUS
BbIX0J2 OV IIpH HYJIEBOM TOKE HAI'PY3-
KH, 2 Taoke 3 @PEKT OrpaHUIEHUS BbI-
X0HOTO TOKa OY. OCHOBHOM HEIOCTA-
TOK MM Bomsa 3aKII09a€TCs B TOM, 4YTO
OHA HE MOJEJIHUPYET YBEIUYCHHE Ha-
IPsUKEHUU Vspr v, Vsar p IPH U3MEHE-
HUU TOKA HArpysku OV oT HyJs 1O Be-
ananHsl Ioyr pvée B/AIH oyt L=
HanpspkeHust HaChIeHUs BeIxojga OV
u ero MM 1ipu Toke Harpysku 40 MA OT-
JIUYaroTcsa Ha 2..3 B. M3 CKa3saHHOIO
CJIe[IyeT, YTO B CJIy4a€ MCIIOIb30BAHHUS
MM bBoriuisa JOCTOBEPHOCTH PE3Y/IbTa-
TOB MOAETUPOBAHUS HAIPSKEHUSA Ha-
ceiieHus BpIxoga OV npu 3HAYUTE/Ib-
HBIX TOKAX HArpPy3KH OKa3bIBACTCS
Be€ChbMA HU3KOU. Ci1elyeT NOJAYECPKHYTh,
9TO 0COOAsI ONMACHOCTD 3AKII0YAETCS B
HEOIIPABJAHHO ONTUMHCTUYHBIX BEJIH-

B

401 3asucumocTy
1 Vsarm = f(lour)
L Vaarp = f(lour)

. MM: OPA132/My

Vsarm MM: OPA132/BB

Vsarm

0 5 1 15 20 25 3 35 40
I_lout, MA

HanpsbkeHue Hacblllenus, B

15

al_Vu=158

13 -

’ ~ | 25°C | 55°C
2

i 125"\ .

o ssc) \ |\ \
0 ar
ﬂ 125°c || ] 85C | I
i h X/(
‘:i ‘% ' Y55°C
g P 25°C

V. V=158

0 10 20 30 40 50 60
BbIXO/HOM TOK, MA

Puc. 22. Cxema TeCTUpPOBaHUA HANPSXKEHUIA
Hacbiwenus Bbixoga MM 0V

Puc. 23. XapakTepMcTUKU HacbIWEHUA BbIXoAa
asyx MM 0V OPA132

Puc. 24. XapaKkTepucTUK1 HacbilWeHus BbiXoAa
peanbHoro 0V OPA132
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NMPOEKTUPOBAHVE N MOAEJNIMPOBAHME
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Pue. 25. ®parmenT cXembl BbIXOAHOTO Kackafia UCXoAHoi (a) u gopabotanuoi (6) MM Boiins

YUHAX HANPSDKEHUNA Vipr v, Vsar p MM
borist, IOCKOIBKY OIIMOKH MO/IETHPO-
BaHUSA BEPXHEH I'PAHUIILI THUHAMUYEC-
KOI'O JMANa30HA IPAKTUYECKHUX CXEM
OCTAIOTCA HE3AMEUYEHHBIMHU I10JIb30Ba-
TeseM. BOZHHUKAET BOIIPOC: MOMKHO JIH
VIy4IIUTh CUTyanuio? K caacrelo, ga. Ha
puc. 23 xpusble ¢ MeTKOU OPA132/My —
3TO TPA(PUKU 3aBUCHMOCTEN HAIIPSLKE-
HUH Vsor v, Vsar p OT TOKA Iy Topabo-
TaHHOU MM bBoriur OV OPA132. Oue-
BHUJHO, YTO 3TU KPHUBBIEC 3HAYUTEIHHO
JIy4II€ COOTBETCTBYIOT XAPaKTE€PHUCTH-
KaM HACBHIIIEHMA BBIX0/1a peabHOTO OVY.

Ha puc. 252 u3zo6paxx€én pparMesT
CX€MBI BBIXOJZHOTO KacKaja HMCXOH-
HOM MM OPA132/BB (www.ti.com), a
Ha puc. 256 — gopaboraHHOW MM
OPA132/My.

JopaboTkKa 3aKII0YaAeTCs B JI0O6aBIIe-

HOE CONPOTHBAECHHE HA MAJIOM CHI'Ha-
Jie, HEOOXOJUMO COIIPOTHUBICHUE pe-
sucropa ROIn paccuynteiBath 110 Hop-
MyIie:
ROIn=Rol - Rg,,. €))
Cnepyer 3aMETUTh, YTO €CIH B pe-
3yaprare pacuéra o popmyne (4) Be-
JnumHa pesucropa RO1n okassiBaer-
Csl OTPULIATEIBHOM, TO MMEHHO 3Ty
(OTpHIIATENBHYIO) BEIUYUHY HEOOXO-
JHUMO HUCIOIB30BATh B OMUCAHUU JIO-
pa6oTanHor MM. st mpeo6pas3oBa-
MM OPA132/BB B MM
OPA132/My HEOOXOZUMO B OLIUCAHHE

HUA

IIEPBOM M3 HHUX BHECTH CJIEIYIONIHE
KOPPEKTHUBBIL:

.SUBCKT OPA132/My 1 2 3 4 Out

8,0 B T T

MM: AD712/AD
Vs =308 i

I_lout, MA

Puc. 26. Xapakrepuctuku Hacbiwenus MPZ MM
AD712/AD

MPZ MM 60see peaTuCTUIHO MOJe-
JIMPYET OrPAHMYEHHE BBIXOJHOT'O TOKA
OV (cm. puc. 26).

Ha pwuc. 27 usobpakensl xapaxre-
pucTukM Haceimenus Rail-to-Rail OV
AD8605, 3auMCcTBOBaHHBIC U3 data-
sheet (www.analog.com), a Ha puc. 28 —
pe3yabTaThl MM
ADB8G605.

Kpussie Haceimenuss MM 1 peanbHO-
ro OV 3aMETHO Pa3IHYAIOTCS TOJIBKO

TECTUPOBAHUA

IIPU KPaWHE MaJbIX TOKAX HATPY3KH.
OJHAKO 3TO €IBa JIK MOXKHO CUMTATH
CEPBE3ZHBIM HEOCTATKOM MM, ITOCKOJIb-
Ky IIPH MaJbIX TOKaX Harpysku OV
(MenpmuxX 10 MKA) HaIIPSDKEHUS HACHI-
menus MM u peanbHoro OV OT/IN4aroT-
Cs1 HA JI0JIM MHUJIJTMBOJIBTA.

A Tenepp pacCMOTPHUM IIPUMEP Ka3y-
HCTUYECKOrO PEe3yabTaTa TECTHPOBA-

HHMH B cXeMy MM JOIIOJTHUTEIBHOIO pe- *;01d Ping: 1 3 3 485 HUSI, KOTOPBIN SIBJISIETCSI CJIEJICTBHEM
3UCTOPA Ry;i M1 UBMEHEHHUM COIPOTHUB- ceeermeesssnenenrenes : OIHOKH, TOMYIIEHHOM Pa3pPabOTIUKOM
senus RO 1. ConpoTHBIEHHUE PEZUCTOPA *RO1 8 5 20 MM OV. Ha puc. 29 u3006pa’keHbI rpa-
Rs,¢ paccumThiBa€TCA 110 (popmysie: ;My Remark GUKH, ITOCTPOEHHBIE IO PE3Y/IbTATAM
AV RO1ln 8 5 - TecTupoBanus MM AD743 /AD.
SAT OPA ;
Rsat = ?Alb/\&’ 47.5 ;My Correction W3 atux rpagukos CAEAYET, YTO IPHU
J A
OUTORA Rosat 5 Out 67.5 TOKE HArpysku Ioyr = 7,2 MA HaIpspke-
rae: AVsar opa — IPUPAIIEHUE HAIIPsDKe- ;My Addition HHUE Vgpr p U3MeHseT 3Hak! ITpu HyseBom
HUS HACBIIIEHUS BEIXOJHOTO HAMPSKE- eoevveeenersesnseessnnes : TOKE HATPY3KH HAIPKEHUE Viup p PAB-
HUA peanbHOro OV mpu HU3MEHEHUH vC 3 53 DC HO —0,65 B. DTO 03HAYAET, YTO BBIXOJI-
€r0 BBIXOJHOIO TOK4 Ha BEJIHYHHY 1.50 ;My Correction. HOoe Hanps:keHne MM OV ua 0,65 B
Aloyt opa- *0ld Value=1.20 G0IbIIIE HATIPSKEHUS ITUTAHUST MM.
I1s1 TOTO 9TOOBI B PE3YABTATE IOPA- oovovceeeesosreeecsneeeon . COBEPIIEHHO OYEBH/IHO, YTO BBIXO/-
60Tk MM HE U3MEHWJIOCH €€ BBIXOJ- .ENDS OPA132/My HOE HaIPsLKEHUC pecanibHOTo OV, pado-
1000, VSV_VOMV\M\B T T T B 65
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Tok Harpyaku, MA

I_lout, A

Puc. 27. XapakTepucTuku HacbileHus
Rail-to-Rail 0V AD8605

Puc. 28. XapakrepucTukn Hacbiwenus MM 0V
AD8605

Puc. 29. Peaynbratel Tectupoanns MM,
HEKOPPEKTHO MOAENUPYIoLei XapaKTepucTUKn
Hacblwexus 0Y
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NMPOEKTUPOBAHME U MOOENINPOBAHUE

—
1
INV, L Al
e
1.0 "
W = cL Vs/2}| VS1
AD817/AD | [(cuy |~ (V82
RL =
A {RL} I
\I‘Ilapameg%bg " +
S 2 Vfict
cL ond \Z/osB {Vs/2}] VS2
RL 1e12 -

Puc. 30. Cxema tectupoBanus napamerpos MM
0V, 3aBMCALIMX OT YacTOTbl BXOAHOIO
AuththepeHUManbHOro cUrHana

o) :
i a3a, rpag. Avd, nb

100
\ MM: AD817/AD
135

90 N

45+

Ap=0ab

135 \

-180 A<«

102 10° 10¢ 10° 10° 107 10%
Yacrora, My

cd, p zd

10M

124 Rivo

10 F100K

Zino 10K

10K

<<SEL
; ‘ | 10K
102 108 10* 105 106 107 108
Yacrora, Ny

Puc. 31. Peaynbrarbl Tectuposanus MM
AD817/AD B cxeme puc. 30

TAIOMIETO B PEKHUME XOJIOCTOTO BBIXOA4,
HU IIPU KAKUX OOCTOATENILCTBAX HE MO-
JKeT BBIXOJUTD 34 TPAHUIIBI pa3Maxa -
TAIOIIUX HanpspkeHui. Ham B odepen-
HOH Pa3 MIPEACTOUT 3aHATHCA KOPPEK-
TUPOBKOM omnucanua MM. Harigure B
onucanuu MM AD743/AD (pparmeHr:

V199 13 DER1B7.5E=3
D1 12 13 DX
V2 14 50 DC 1.3375

M IIPUBEIUTE €O K CIEAYIOIIEMY BUY:

Vi 99 13 DC 2.034 ;My
*Correction. 0ld Value=187.5E-3
DL 1213 DX

V2 14 50 DC 2.234 ;My
*Correction. 01ld Value=1.3375

Teriepb OCYIIECTBUTE TECTHPOBAHHE
opaboTaHHOM MM U CpaBHUTE €TI0 pe-

3yAbTaTBI C pHUC. 29 W [JAHHBIMH
datasheet. Cnegyer 3aMeTUTh, YTO pac-
CMOTpPEHHbBIE HEAOCTATKH MM
AD743/AD B TO¥ WIN UHOM Mepe Npu-
cymu Taxke MM AD8041a/AD,

LM358/STM, LM358/NS 1 HEKOTOPBHIM
JPYTUM.

JIVHEWHBIE NAPAMETPbI
MM OY, 3ABUCSALUUE
OT YACTOTblI BXOAHOIo
AUNDDEPEHLIMAJIBHOIO
CUrHANA

CxeMa TeCTUPOBAHMSA, H300paKEH-
Hass Ha puc. 30, TO3BOJAET IIOJIYYHUTh
HCYEPIBIBAIONIYIO HH(MOPMALIMIO O 3a-
BHCHUMOCTH I1APAMETPOB JIMHEAPU30-
BaHHOH cxeMbl 3aMmereHusa OY or yac-
TOTBI BXOJHOIrO AU(M@EPEHIINAILHOTO
CUT'HAJIA.

Cxema TeCTUPOBAHMSA IIPEACTABIIAET CO-
0O0¥1 MHBEPTOP HAIIPSDKEHUSA, B KOTOPOM
BbIxo7 OV DA1 «passsizan» or e OC
(pesucropsl R1, R2) npeansabM 6ydepom
C €IMHUYHBIM KO(D(PUITHEHTOM TIE€pe/ia-
yy. VICIIOMb30BaHUE IVIOOATBHBIX I1apa-
merpoB RL, CL mosBossieT BapbUPOBATH
BEJIMYMHBI AKTUBHOH U EMKOCTHOM CO-
crap/siomux Harpy3ku OV DA1 B mporiec-
C€ MHOTOBAPUAHTHOI'O AHAIM3A CXEMBL
VICTOYHUK HYJIEBOTO HANPSKEHUA Vi
((pUKTHUBHBIN HCTOYHUK HAIIPKEHM)
HUCTIONIB3YETCSA B KAYECTBE JATUYMKA TOKA,
IIPOTEKAIOIIETO YEPE3 HEMHBEPTHUPYIO-
it Bxo OV DA 1. CoBepieHHO OUeBH/I-
HO, YTO IOTEHILIUA]I HEHHBEPTUPYIOLIETO
Bxoaa OV DA1 paseH HY/IIO H, CJI€I0BA-
TEIbHO, KO3 puiueHT Ayp YCWICHUS
muddepeHIIaIBHOIO CUrHaIa 31oro Oy
PaBEH OTHOIICHUIO Y3JIOBBIX HaIIPsDKe-
uuit V(OUT) u V(INV). i1 1OCTpOEeHMsA
rpadukoB JIAUX u OUX koadpuImeHTa
ycwteHuA JudOepeHITHAIBHOIO CUTHAIIA
Tecrupyemoro OY He06XOIMMO Ha dKPaH
Probe BBIBECTH TPACCHI, 33/1aBAEMbIE BbI-
paxenuamu:  DB(V(OUT)/V(INV)) u
P(-V(OUT)/V(INV)). OgHaKO HPaKTUKA
TecTupoBanua MM OV moxaszana, 4ro
BMecTOo Tpaccel P(-V(OUT)/V(INV))
yaooHee HCITOJIb30BATh Tpaccy
P(V(OUT)/V(INV)), KOoTOpas SABIAETCA
rpaUKOM 3aBHCHMOCTH 3aI1aCa YCTO-
YHUBOCTH 1O (pa3e OIEePALMOHHOM CXe-
MBI OT BEJIMYHHBI €€ KoadduuueHra
ycewienus myma Gy [2]. Juddepennu-
AJIbBHOE BXOJIHOE COIIPOTHBJIEHHE Z|N p
TectupyeMori MM OV paBHO OTHOIIE-
HUIO HanpspkeHusd ysiaa INV K TOKy, 11po-
TEKAIONIEMY Yepe3 HEHMHBEPTUPYIOUUI
Bx0/1 OV DAl 1 (pUKTHBHBIN UCTOYHUK
HanpspkeHus Vi U1 mocTpoeHus rpa-
¢uKa 3aBUCUMOCTH Zjy p OT YaCTOTHI He-

00X0AUMO Ha 3KpaH Probe BeIBECTH
tpaccy V(INV)/I(Ve). Craenyer 3ame-
THTB, YTO TOKH, IIPOTEKAIOLINE YePE3 MH-
BEPTHUPYVIOMINH M HEHMHBEPTUPYIOMIHI
Bx0/bl OV DA1, pa3zinyarorcs Ha BeIu-
unny 0,5V(INV) /Z .\, ¥ TOITOMY IIPH OIT-
peeneHnn Zp HeMb3sl CChLIATHCA HA TOK
uHBEpTHpPYIOomero sxoga OV. Hecnoxk-
HBIN aHAJIU3 IIOKA3BIBAET, YTO /IS IIOCT-
poenus rpaduka 3asucumoctu audde-
PEHITUATBHOM BXOJHOM EMKOCTH Cp, TEC-
THpyeMOi1 MM OT 4acTOTBI HEOOXOUMO
Ha 3KpaH Probe BwIBECTH Tpaccy
IMG(I(Vie)/VANV)) /(pi2 x Frequency).
Ha puc. 31 u306pakeHsl TpaUKU pac-
CMOTPEHHBIX 3aBUCUMOCTEH, IIOCTPOEH-
HBIE IO PE3Y/IBTATAM TECTHPOBaHMA MM
OY ADS817.

Yacrora Fp €IMHUYHOIO YCHJIECHUS
MM OV yuciaeHHO paBHa X-KOOPJAUHA-
T€ Kypcopa, NO3ULIMOHUPOBAHHOI'O B
TOuYKy Tpaccer dB(V(OUT)/V(INV)) ¢
HYJIE€BOH OPJAMHATOM (KOMAH/A ITOMC-
ka: sle(0)). Tenepp A1 onpeneaeHus
BEJIMYUHBI Py 3amaca yCTOMYMBOCTH
TecTupyemMor MM 1o ¢ase J1ocTaTrod-
HO HA)KaTHEM KOMOWHAIIUU KJIABUIIL
«Ctrl + —» ODEPEKTIOYUTH KypCcop Ha
Tpaccy P(V(OUT)/V(INV)) u cYuTarh
BEJIMYUHY €ro Y-KoopauHaTbL s
OIIpeIeIeHIS TPUOTU3UTETbHBIX BEIH-
YHUH YCUIEHUA Aypo ¥ BXOJHOT'O COIIPO-
TUBIEHU Rp MM OV Ha IIOCTOSSHHOM
TOKE HEOOXOJAMMO CYHUTATh Y-KOOP/IH-
HATy Kypcopa, IO3ULIMOHHUPOBAHHOIO B
Hayano tpacc dB(V(OUT)/V(INV)) u
V(NV)/I(Vge) COOTBETCTBEHHO. Eciu
9aCTOTA HAYAJIBHOHM TOYKHU TPACCHI U
9aCTOTA IOII0CA, HA KOTOPOH COOTBET-
CTBYIOIIAsl KPUBAA IPETEPIIEBAET M3-
JIOM, Pa3HECEHBI Ha JeKaay U 6osee, TO
IIOTPENTHOCTH OIPEACICHUS BETUYUH
Aypo U Rp He npespimaioT 0,043 ab
(0,05%), 1 UMH MOKHO TIIpPEHEOPEYD.
Creyer 3aMeTHTBD, 9TO IS yIIPOIEHUSA
M YCKOPEHHS IIPOLIETyPhI BBIBO/IA HA 9K~
pas Probe rpauxkoB pacCMOTPEHHBIX
3aBHCUMOCTEH MOXXHO HMCIOJIb30BATh
CJIeIyIOIME MAKPOCHI [3, 4]:

Pi2=6.28318531

Avd_dB=dB(V(OUT) /V(INV));
*Frequency Response OPA
Phase_opa=P(V(OUT) /V(INV)); Phase
*Response OPA
Zin_opa=V(INV)/I(Vfict); Zin OPA
Cd_in_opa=IMG(I(VEfict)/V(INV))/
+(pi2*Frequency); Cd Input OPA

HMHOrga M3roTOBUTE/b YKa3bIBACT B
datasheet He 4gacToTy Fp €IUHHUYHOTO
ycunieHusa OV, a BeJIMYUHY [IPOU3BE/IE-
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HUS «yCHUIEHHE x 4acToTa» (GBP mim
GBW) Ha HEKOTOPOH (PUKCHUPOBAHHOM
yacrore F. B TaKux cIy4asx 1Le/1ecooo-
Pa3HO BBIBOJHMTH HA 3KPAH JUCIUIESA
Tpaccy V(OUT) x Frequency, KoTopas
sIBJIIETCS rpadukxom 3aBucumoctu GBP
OT TEKyIeH 4acTOThl. OpIMHATA KypCO-
pa, IO3ULHOHUPOBAHHOIO B TOYKY
TPAaCChI ¢ a6CHUCCo F, YHCIIEHHO PaB-
Ha BenmmuuHe GBP Tectupyemoit MM OV
Ha 3TO¥ yacrore. Ha BepxHeM rpaduke
puc. 32 n3obpaskeHa 3aBUCUMOCTb GBP
OT 4aCTOTBI, IIOJy4EHHAS B PE3Y/IbTATE
TecTupoBaHua MM OV LT1022, a nHa
HIDKHEM TIpaduxe -—
JIAYX sTOM MM.

B datasheet (www.linear.com) yka3slI-
Baercs, yTo OY LT1022 nMeeT TUIIOBYIO
BesmmyuHy GBP = 8 MIu Ha yacrorte
1 MITi. OTu JaHHBIE XOPOIIO COIJIACY-
IOTCS C PE3y/IbTaTaMH TECTHPOBAHMA.

KIaCCHUYECKasda

3aMeTHuM, 4YTO IOCKOJbKY Ayp(Fr) =
= 1, Bcerja BBIIOJHAETCA YCJIOBHE
GBP(Fry) =Fr.

B HacTosAmEe BpEMs BBIITYCKAETCA
JIOCTATOYHO OOJBIIOE KOJTUYECTBO TAK
HA3bIBAEMBIX HEJOKOMIIEHCUPOBAH-
ueix OV (ADS848, LF357, LM6165,
OPA37 u ap.), yCTOMYUBOCTb KOTOPBIX
H3TrOTOBUTEIb I'APAHTUPYET TOJIBKO B
TEX CXE€MaX BKIIOYCHUS, B KOTOPBIX KO-
adpdunuenT Gy ycuwieHusa myma [2]
TIPEBBIIIAET HEKOTOPYIO IIPEJEIbHYIO
BEIUYHUHY. B IaCIOPTHRIX JAHHBIX Ta-
kux OV ykasbpIBaeTcs npejeibHas (MU-
HHUMAaJbHAsA) BEJIMYHUHA Gy U COOTBET-
CTBYIOIIAsA €M BeIU4YUHA PN 3amaca
YCTOMYHBOCTH 11O (pasze. I1a onpejee-
HUS BEJIMYUHBI Py N TECTUPYEMOX MM
HEJOKOMIIEHCHUPOBAaHHOTO OV HE06-
XOJHMO:

@ BBIBECTH HA IKPaH AHUCIUIES TPACChI

V(OUT)/V(INV) u P(V(OUT) /V(INV));
@ IMO3UIIMOHHUPOBATh KYPCOP B TOUYKY

Tpaccel V(OUT)/V(INV) ¢ opauHa-

TOU Gy
® «IEPEKJIIOYUTb> KypCOp C TPaCChI

V(OUT)/V(INV) Ha Tpaccy

P(V(OUT)/V(INV));
® B OKHe Probe Cursor cuuTaThb Y-KOOP-

JUHATY Kypcopa, KOTOPas YMCIEHHO

PaBHA UCKOMOM BeIUYUHE Py6N.

Bripouem, 60s1ee HAITIATHOE IIPE/ICTAB-
JICHUE O 3aI1aCe YCTOMYHMBOCTH IIPHUKIAL-
HOM OIIEPAIITMOHHON CXEMBI, B KOTOPOM
HCHOJIb3YETC HEJOKOMIIEHCUPOBAH-
"I OV, 1a€r rpadHuK 3aBUCUMOCTH 34-
maca yCTOMYHUBOCTH IIO (pa3e ITOM CXe-
MBI OT BEJIMYHHBI €€ KO3(p(PHUIIMEHTA
ycwieHus uryma Gy (CM. puc. 33).

IJIs1 IOCTPOEHHUs 3TOTO IpaduKa He-
06XOIUMO:

NMPOEKTUPOBAHME N MOOEJIMPOBAHMUE

@ BBIBECTH Ha 3KpaH Probe Tpaccy,
ompezenseMyio Makpocom Phase_opa;

@ JBAKIBI HIETKHYTD YKA3aTE/JIEM MBIIIH
110 X-0CH rpapuKa, ¥ B OTKPBIBIIEMCS
OKHe Axis Settings Ha BKIagke X Axis
YKa3aTEJIEM MBIIIA HAKATh KHOIIKY
Axis Variable;

@ B OTKPBIBIIEMCST OKHE X Axis Variable B
crpoxke Trace Expression HaGpaThb BbIpa-
skerue V(OUT)/V(INV) u 3aKpbITh OTK-
PBIThIE OKHA HAKaTHEM KHOIIKU OK.

N3 puc. 33 caeayer, 4yro MM
AD848/AD npu ycwieHuu Gy = 5 (Mu-
HHUMaJIbHAsl BEJIMYMHA YCHUJIEHHUS, OIO-
BapuBaeMas B datasheet) umeer 3amac
YCTOMYUBOCTH 11O (pase Pygy = 56,59° 1
HAaXOJHUTCS Ha I'PaHH CaMOBO30yXKIe-
HUWS TIPU yCwieHun Gy = 1,346.

B datasheet BeumauHbI Aypo, Fr U Py
YaCTO HOPMHPYIOTCSI IIPH OIIpEeIEH-
HBIX BEJIMYHMHAX COIPOTHUBJIEHUA U EM-
KOCTH Harpy3ku OY. OOBsACHAETCA 3TO
TEM, YTO MCHBITATEJIbHOE 00OPYAOBa-
HHeE, UCTIOIb3yEMOE B IIPOLIECCE TECTU-
poBaHus peanbHeIX OV, NMeeT KOHeY-
HbI€ BEJITMYUHBI AKTUBHOM U EMKOCTHOM
COCTABJISIIOUIUX BXOJHOTO COIPOTHB-
senus. O4eBUIHO, YTO BEJITUMYUHBI Aypo
Zioad> 1 z10ad ¥ Py zi0ad> TIOTYYEHHBIE B
pe3yabTaTeé TECTUPOBAHUSA HarpPy/KEH-
HOrO OV, 32BUCAT OT BETUYHHBI BBIXO/I-
HOTO conpoTusnaeHud Zoyt OV. 910 Cy-
IIECTBEHHO 3aIlyThIBAET CHUTYALMIO U
CO372a€T MPEeANOChUIKUA [ OMHOOK,
3aKII0YAIOINXCA B TOM, YTO BIHAHHE
BBIXOJJHOTO conpoTusieHuda OY Ha ero
IMapaMeTPHsl MOKET OBITh YITEHO JBAXK-
a6l Ecii OY ¢ BBIXOJHBIM COIIPOTHUBIIE-
HHUEM Ropyp Harpy’K€H Ha COIIPOTHBJIE-
HUE R, TO B pe3ysIpTaTe €ro TeCTUPOBA-
HUA OydeT IOoJaydeHa Cleyronas
BEJIMYUHA KOd(p(PHUIIMEHTA YCUIECHUA
Ha IIOCTOSHHOM TOKE:

Ry
Ry +Rout

BemmumHa KO3((pUIIMEHTA YCWICHUS

AypoRrL = Aypo .

HarpykeHHOTo OV Aypg grr OTIUYAETCS
OT UICTMHHOM BEJIMYHHBI KO3 PHUIIUEH-
Ta ycunenusa OV Aypg, padboTaromero B
peXuMe XOJIOCTOTO XOJa BBIXOJ4, B
R;/(Ri+Royut) pa3. B pesyiabrare moji-
KIIOYEHHE K BeIXoAy OV €EMKOCTH B €TI0
NepeaaToyHon (PYHKUIHU Ayp(S) MHOAB-
JIA€TCS JTOTIOJIHUTENbHBIM BBICOKOYAC-
TOTHBIH IIOJIOC [2], YTO BBI3BIBAET
YMEHbIIIEHUE BeTUYHH Py 1 Fr. U3 cKa-
3aHHOTO ciaeayer, 9ro MM OV, mapamer-
PBI KOTOPOI'O HOPMHPYIOTCA B datasheet
IIPU OTrOBOPEHHBIX BeJIMYMHAX RL u CL,
HEOOXOJUMO TECTHPOBATD JABAK/IbL: OJUH
pas npu RL =, CL =0 (B pesKuMe XOJI0C-

GBP, MI'y
o MM: LT1022/LT 794 My

6 6,20 My

Avd, nb

501 Fr=6,29 My
0 Ap=0a6— 1

Yacrora, My

Puc. 32. Pesynbratel TecTupoBanus A4X MM
LT1022/LT

. 3anac npoyHocTi no ase, rpag
80 MM: AD&48/AD

704
601
50 1
404 1
30 1
204 1
10 R

10 .
-20¢/ (1,346 i

50 70 10 20 30 4050 70 90

Gy

10 20 30

Puc. 33. 3aBucumocTb 3anaca yCToRYMBOCTH
CXeMbl 0T eé KoadhpuymenTa ycunenus wyma Gy

TOro BbIXOAa OV) /U OIpPENEIEeHNs HC-
TUHHBIX BEJIMIUH Ay, Fp M Py 1 BTOPOK
pas — nupu BeimyrHax KL, CL, yKa3aHHBIX
B datasheet, 11 TOCTPOEHUS TPAPUKOB
M OIpeAesieHusa BeIUIUH Avpo zioads £
Zload ¥ Py Zloads KOTOPBIE IO3BOJIIOT Ce-
JIaTh BBIBOJBI O CTEIIEHH COOTBETCTBHA
napaMmeTrpos MM u peanpHoro OV. ITosry-
4UTh OOJIee IONTHOE IPEACTABICHHUE O
BIMAHHU Harpy3ku MM OV Ha e€ napa-
METPBI TO3BO/IAIOT I'PA(UKHI TAPAMETPHU-
YECKUX 3aBHCUMOCTEH, IIOCTPOEHHBIE ITO
pe3yasTaTaM MHOTOBAPHAHTHOT'O AHATH-
32 CXeMbl IPH BAPHALIMY BEJIMYHH I1apa-
MeTpoB CL u RL.

3aBUCUMOCTb Aypo OT COIPOTUBIIE-
HUsA RL HArpy3Kd SIDKO BBIPDAKEHA Y
Rail-to-Rail Output OY, IOCKOJIBKY OHU
HMMEIOT BBICOKOE BBIXO/IHOE COIIPOTHB-
neHue [1]. Ha BepxHem rpaduxe
puc. 34 u306pakeHa NapaMeTPUYECKast
3aBUCUMOCTL Aypo (Tpacca BBIBOJA:
YatXstart(Avd_dB)) oT cOnpOTHBIECHUSI
HArpy3Ku KL, IOCTPOEHHAA IIO0 PE3Yib-
TaTaM MHOT'OBAPHMAHTHOIO aHanu3a MM
CMOS Rail-to-Rail OY AD8515.

Bapuanusa RL B 1uana3oHe 3HAYECHUH
o1 100 Om 10 1 MOM BBI3BIBAET U3MEHE-
HHeE BEIWIUHBI Aypo Ha 63,7 1B (6osee
yeM B 1500 pas). [TapameTpudeckue 3a-
BHCHMOCTH 3aI1aca YCTOMYHUBOCTH IIO
¢ase 1 9acTOTHI €IMHUYHOTO YCHJICHHST

COBPEMEHHAA SINEKTPOHVIKA ¢ Ne 4 2006

WWW.SOEL.RU

53
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Avd, nb
MM: AD8515

140  3asucumocts:
Avoo[ab] = f(RL
1201 woo[AB] = f(RL) Ve=58

160

CL=0
100 RL = VAR = 100 Om...1 MO
A0 100 3x10°  10°  3x10° 10°
RL, Om

10 3100 10°

SEL>>

09 ad0® 102 3102 100 3xi0” 1

Yacrora, Ny

54

Puc. 34. 3asucumoctb ycunenna MM AD8515 na
NOCTOAHHOM TOKE OT CONPOTMBNIEHUA Harpy3Kku RL

3anac npoyHocTv no chase, rpag
601 MM: AD8515 |

40 3asucumocts:
Py =1(CL)

20+
0 50 100 150 200 250 300 350 400

_Fy My

5

450 50
CL, no

o Vs=58 3aaucum‘:af)rb
CL = VAR = (0,5...500) n®

sé> [RL = 1612 Om

5 50 100 150 200 250 300 350

Avd, dB

400 450 500
CL, n®

8
Yacrora, My

Puc. 35. 3asucumoctu napamerpos Py n F; MM
AD8515 ot émMKocTH Harpy3ku

VAC=18B

PARAMETRS:!
Vs 308

Puc. 36. Cxema TectupoBanus napamerpos MM
0V, 3aBuCALYMX OT 4acTOThbl CUHtha3HOro
BXOAHOr0 CUrHana

MM ADS8515 or CL (Tpacchl BbIBOJA:
PhaseMarginOPA(Avd_dB,Phase_opa) u
XatYequal O(Avd_dB)), nuzo6pak€HHbIE
HA PHUC. 35, HAIVI/THO MTOKA3bIBAIOT, UTO
€MKOCTb HAIPY3KH HETATHBHO BIIMAET
Ha OCHOBHBIE YACTOTHBIE IIAPAMETPBHI
MM OV.

JleTasbHO BOIIPOCHI HCIIOJIb30BAHMS
MapaMEeTPUYECKUX 3aBUCHMOCTEN pac-
CMATPHUBAIOTCS HIDKE. 3/IECh JKE TOIBKO
OTMETHM, UTO IIPH IIOCTPOEHUH rpadu-
KOB PaCCMOTPEHHBIX ITapaMeTpUYec-
KHX 3aBHCHMOCTEH OBUIM HCIIO/Ib30Ba-
HBI HECTAHJJAPTHBIE (OTCYTCTBYIOIIHE B
(parine pspice.prb) meneseie (PyHKIUH
[3, 4], KOTOpBIE ONUCHIBAIOTCSA CIELYIO-
UM 00pa3om:

Thkkhkhkhkhkhhhhkhkhhhhkhkhhhhhkhdhhhhdhhhik

*

XatYequal 0(1) = x1
*

*Find the value X where Y is 0
*

*#Argl#* magnitude trace in dB

* Usage:
* XatYequal_ 0(<trace name>)
*
{
1|Search forward level (0)
LB L3
)

hkhkhkhkhkhkhkhkhkhkhkhhhhhhkhhhhkhdkhhhhhhhkdhi
*

PhaseMarginOPA(1,2) = y2

*

*Find the value of the phase
*second trace at the same X value
*where the dB magnitude first
*trace crosses 0.

*Usage:

*PhaseMarginOPA (<dB magnitude

*trace>, <phase trace>)

*
{

*Search for where the magnitude
*is 0 dB

1|Search forward level (0)
s
*Find the phase where
*the magnitude is 0 4B

2|Search forward xval (x1)

N
~

}

khkhkhkhhkhkhkhhkhhhhddhdhhdddhhhhhhdhdr
*

YatXstart (1)=yl

*

*Find the value Y for start
*point trace

*

*Usage: YatXstart(<trace name>)
{
1|Search forward x value
(0%) !1;
}

khkhkhkhhkhkhdhhhhdhdhdrdhhkhdddrdrdrhhhhdhdk

*

Henesas pynkumsa XatYequal_O(<tra-
ce name>) YUCIEHHO paBHA X-KOOPJU-
HAT€ TOYKH TPACChHI, B KOTOPOH OHA
IIEPBBII pa3 MEPECEKAET HyJIEBOU ypO-
BeHb. LleneBas pynkumsa YatXstart(<tra-
ce name>) paBHa Y-KOOPJAHHATE CTap-
TOBOH (CaMOM JIEBOM) TOYKHM TPACCHIL
®yukiusa PhaseMarginOPA(<dB magni-
tude trace>, <phase trace>) nmoaydeHa B
pe3y/ipraTe HE3HAYUTEIbHOH Mogudu-
KAallUM CTAaHAAPTHOM IIeIeBOM (PyHK-

uuu PhaseMargin. O6pature BHUMaHUE
(cMm. puc. 34 1 35) Ha UCIOIB30BAHUE
MaKpPOCOB B KA4€CTBE (PAKTUYECKUX I1a-
paMeTpOB LEIEBBIX (DYHKITHH.

MapameTPbl MM OY,
3ABUCHLUMUE OT HACTOThI
CUH®A3HOIo BXogHoOro
CUrHANA
Koadpunuent ocaabnaenus (IoAas-
neHusa) cuHgaszsHoro curaaa (KOCC)
OV paBeH OTHOWEHHUIO KO pUIIHEH-
TOB ycuieHus JU(epeHuaIbHOIO U
CHH(pAZHOI'O CUTHAJIOB:
CMRR[1B] = 201gﬂ,
Acwm

()

INocTpouTh rpa@UK 3aBHCUMOCTH
KOCC ot yactoTsl TecTupyemoi MM OV
MO3BOJISIET CXeMa, M300pakKEHHAS HA
puc. 36.

32 cuéT AericTBUS HA IHOCTOSHHOM
Toke 100-% orpunarenpbnoi OC, oxsa-
TeiBaromenn OV DA1 uyepe3 pesucrop
R1 m ynpaBiageMbiii HCTOYHUHK E1, Be-
JIMYUHA TTOCTOSIHHOTO HaNPsKEHUS
Ha BBIXOJE€ 3TOTO OV HE NnpeBbIaeT
BEJIMYHUHBI €0 HANPSIKEHUsT CMelie-
Huda. Pesuctop R1 u konzgencarop C1
06pa3yIOT OJHONIOJIIOCHOH (DHUIBTP
HHU3KOHM 4aCTOTBI, KOTOPBIH OJOKHPY-
et gercreue OC HAa IEPEMEHHOM TOKE.
DTOT (PUABTP HMEET YPE3BBIYANHO
HU3KYIO 4aCTOTy Cpe3a (4acrora Io-
moca paBHa 1,6 x 107" I, a TOCTOSIH-
Hasg BpeMeHU (PUALTPA NPEBBIIIAET
3 mwinuoHa jaet (1)), U mo3ToMy IJIy-
6mHa OC Ha YaCTOTaX, NPEBBINIAIO-
mux 107 I'm, npeHe6pexumo mana. U3
CKa3aHHOTI'O CJIEAYET, YTO B IIPEJICTAB-
JISTIOIIEM IIPAKTUYECKUIT MHTEPEC YaC-
TOTHOM [JHAIIA30HE BBIIIOJIHAIOTCSA
CJIEAYIOIIHE YCAOBHSA:

e quddepeHIUuATbHOE HANPSKEHUE
Vb pa1, IPHUKIAIBIBAEMOE MEK/TY BXO-
apamu OV DAI1, paBHO Pa3HOCTH Ha-
IPSDKEHUH UCTOYHHUKOB V1, Vo;

e cuH@da3HOE BXOAHOE HAINPIKEHUE
Vem par OY paBHO nojryCyMme Harpsi-
JKEHHUI UCTOYHUKOB Vd 1, Vd2.

Hraxk:

Vbpa1 =Vd2 -vd1=0,5-0,5=-1B,
Vempar = 0,5(Vd2 +Vd1) = 0,5(-0,5 +
+0,5)=0.

YacTp CXeMbl, peatn3oBaHHas Ha OY
DA2 v CBI3AHHBIX C HUM KOMIIOHEHTAX,
OT/IMYACTCA OT PACCMOTPEHHOM YaCTH
CXeMbl TOJILKO TeM, U4TO Ha 06a Bxoaa OV
DA2 or ncTtogHuka Vi, IOCTYIAI0T O/IH-
HAKOBBIE€ HAIPSDKEHMA C ypoBHEM 1 B 1,

WWW.SOEL.RU
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Puc. 37. Pe3ynbrarel Tectupoanus MM
THS4011 B cxeme puc. 36

CJIEIOBATEIBHO, BBITOJIHAIOTCS CIIE/TYIO-
[[He yCTOBHS:

Vbpaz=0,
Vempaz =1 B.

OueBH/IHO, YTO BBIXOJHOE HAIIPsIKE-
aue V(Diff) OV DA1, Ha BXOAbBI KOTO-
poro moctynaer moavko auddepen-
IMAJbHBIN CHUTHAI C ypoBHEM 1 B,
YHCJIEHHO PaBHO KO3(MPUIHEHTY Ayp
ycuneHus auddepeHuuanbHOro CUr-
Hana tectupyeMbim OV. Taxxke cosep-

NMPOEKTUPOBAHME U MOOENMMNPOBAHME

IIEHHO OYE€BH/IHO, YTO BBIXOAHOE Ha-
npsprenue V(Sinf) OV DA2, Ha BXOABI
KOTOPOTO MOCTYIAET MOAbKO CUH(DA3-
HBIN CUT'HAJI C YpOBHEM 1 B, yncienno
PaBHO KO3(PUIIMEHTY Aqy YCHICHHUS
CHH((}pA3ZHOIO CHUTHAJIA TECTUPYEMBIM
OV. U3 dpopmyinl (5) Caenyer, 9To i
IOCTPOEHUA rpadura 3aBUCHUMOCTH
Moy KOCC o1 4aCcTOTBI JOCTATOYHO
Ha 3KpaH Probe BeIBECTH Tpaccy
DB(V(Diff) /V(Sinf)). Cundasnasa co-
CTABJISIONAsl BXOJIHOTO COIIPOTHUBIIE-
HUA Zcy Tectupyemoro OY paBHa OT-
HOIIEHUIO HANPSKEHUSA HCTOYHHKA
Vem K TOKY, IPDOTEKAIOUIEMY YepPe3 3TOT
HCTOYHHUK. [IJIs TOCTPOEHHUs rpaduka
3aBUCHUMOCTH MOAYJA Zcy OT 9aCTOTHI
Ha 3KpaH Probe gocTaTro4HO BBIBECTH
Tpaccy 1/I1(V.,,). Hecioxuablii aHanu3
IOKA3BIBAET, YTO JJIsA IIOCTPOEHUS I'Pa-
(puKa 3aBUCUMOCTH CUH((A3ZHOMN BXO/[I-
HOM EMKOCTH Cy OT YACTOTHI HA 3K-
pan Probe HeO6XOJUMO BBIBECTH
Tpaccy IMG(-I1(V.y))/(pi2 x Fre-
quency).

Ha puc. 37 u3ob6paxkeHbl rpaduku
BCEX PACCMOTPEHHBIX 3aBHCHUMOCTEH,
IOCTPOEHHBIE MO PE3YJbTATAM TECTH-
poBanusa MM BBICOKOCKOPOCTHOTO OV
THS4011 (www.ti.com).

CnegyeT 3aMETHTD, 4TO rpaduk 3a-
Bucumoctu KOCC ot wacrorst MM
BECHhMaA CYIIECTBEHHO OTIHYACTCS OT
COOTBETCTBYIOmEro  rpacduxka B
datasheet (MM uMeET CAUIIKOM OIITH-
MUCTHYHBIC HapaMETPbl B YaCTH

KOCCQ).
IIpoooncernue cnedyem
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NMPOEKTUPOBAHME U MOAEJNIPOBAHME

lipuMeHeHne NoKanbHbIX CeTei
nepepauu uHdopmauum
B BbIYMCANTENbHLIX KOMMANEKCaX
ManorabapuTHbIX yCTPOMCTB

56

Oner Watpos (Yensb6bunckas o6n.)

B cTtaTbe paccmoTpeHbl Hanbonee BaXHble BOMPOChI MPUMEHEeHUs
NIOKanbHbIX CETEN B BbIYUCIIUTENbHbIX KOMMJIEKCaX Manora6apuTHbIX
ycTpoucTe. OnucaHbl NnapamMeTpbl ceTer Ha hU3n4ecKoMm ypoBHe.
O6cyxpatoTcs NPenMyLLIecTBa U HeAJOCTaTKN CTaHAapTOB, NPUMEHAEMbIX
ANs NOCTpoeHus ceTend. PaccMoTpeHbl HanpBeHus onNnTUMU3auun cTtaHgapTa

n I'lpVIBeAéH BapuaHT peanu3auun.

BBEAEHMUE

JIOKaIbHBIE BBIYHUC/IUTEIBHBIC CETH
(JIBC), nCcoyIib3yeMbI€ B BBIYMCITATEND-
HBIX KOMILIEKCAX MaJIOTrabapuUTHBIX
obOecIieynuBaTh
(DYHKIIMOHUPOBAHUE B PEAJIBHOM Bpe-

YCTPOMCTB, JOJKHDI
MEHH, C OBICTPOM pPeaKIMeH Ha KOMaH-
Jly WA BHEIIHEE BO3/IENMCTBHE B yCIIO-
BUAX HAJIMYMA IIOMEX U CKMBY4YECTb>
IIPH OTKA3aX OTJEJbHBIX Moayaei. Of-
HOBPEMEHHO IPEIbAB/IAIOTCA KECTKHE
TpeGOBaAHHUS K rabapuTaM U noTpebse-
MOH MOIIHOCTH. B TaKMX KOMIUIEKCAX
padoTaroT YCTPOMCTBA, BBIIIOIHAIOIIHE
pasnnuHbie (DYHKIIMU 1 OKa3bIBAIOIINE
BJIMSTHHE JIPYI HA Jpyra, KOTOPOE yCH-
JINBACTCA IIPU OJIM3KOM B3aHMHOM PaC-
ITOJIOKEHUHM CHJIOBBIX U HM3MEPHUTEND-
HBIX MOJy/IEN. /IJIs1 yMEHBIIICHUS B3ANM-
HBIX [IOMEX U IOBBIIIECHU HALEKHOCTH
paboTbel HEOOXOAHMA TI'aJIbBAHUYECKAs
pa3BA3Ka (PYHKIIMOHAIBHBIX YCTPOMCTB
U OTJEJIBHBIX IPUOOPOB, 4 TAKKE IKPA-
HupoBaHue. Takue ycaoBHUS PaOOTHI
npeasassioT K JIBC TpeGoBaHUA IO
raJIbBAHUYECKOM PA3BA3KE, XOPOUIEH
MIOMEXO3AIUIIEHHOCTH U HEOOIBIIOMY
YPOBHIO COOCTBEHHBIX ITOMEX, obecre-
YHUBAS IIPU 3TOM BBICOKYIO IIPOITYCKHYIO

CITOCOOHOCTD U1l pabOThl B PEATBHOM
BPEMEHH.

B xaugectse JIBC B GOPTOBBIX BBIYMC-
JIUTEIBHBIX KOMIUIEKCAX IPUMEHSIIOTC
cerr, mOoCTpoeHHesle Ha ocHoBe I'OCT
26765.52-87 [1], TOCT 23675-79 [2],
T'OCT 18145-81 [3]. 3apyOeKHbIM aHAIO-
rom I'OCTa [1] sBasiercss crangapt MIL-
STD-1553B [5], a TOCTam (2, 3] B yacTu
nepegayyu HHOPMALIUHU IO CUMMETPHU-
YHBIM JIMTHUSIM COOTBETCTBYET CTAHIAPT
RS-485 [6]. JOCTATOYHO ITOJTHOE OIHCA-
HUE NIPUEMOIIEPEIAIOIINX TPAKTOB YKa-
32HHBIX BBIIIIE CTAHAAPTOB NIPUBEJEHO B
craree [8]. YacTo yKa3aHHbIE CTAHAAPTHI
HUCIIO/IB3YIOTCSI B CHCTEMAX OJHOBpE-
MEHHO C IPHUMEHEHHEM TPAHCIATOPOB
JUISI TIepEexXo/1a MeK/Ay pasnuaHbivu JIBC
U JIOCTYDKEHMS IIPEUMYIIECTB, IIPEJI0CTA-
B/ISIEMBIX OT/IEIbHBIMH CTAHJAPTAMH.
[Ipo6aeMbl pa3BUTHSA M CTAHJAPTU3A-
uu JIBC 1IOKa3aHbI B CTATHE [7].

OCOBEHHOCTHU
PEANU3Auuu JIBC
HA ocHOBE RS-485 u FOCT
26765.52-87

Cranmapt RS-485 mosBossieT cosna-
BaTh JIBC CO CKOPOCTBIO MEPEAaIn UH-
dopmanmu 1o 10 Méut/C B

3aBHCHUMOCTH OT JUIMHBI JIH-
4 | mun. g nepegagu uHAMOP-
MAaIUH HCIIOJIb3YETCs IIOIAP-
HBIM KO/ 6€3 BO3BpaTa K HY-
1 | 110. DTOT KOJ HE ABJIACTCA
CaAaMOCHHXPOHU3UPYIOIUM-
csi 1 TpeOyeT nepegadu J10-

/ \ A
A inw\/\/.\"v\/wu./w/\/\/ ATY.
o 0 i g 35

wacrora (MIu)

= IIOJTHUTEIbHBIX UHTEPBAIOB
CUHXPOHH3AIUU  (CTApPT-

Puc. 1. TunoBoii cnexTp curiana cranpapra RS-485

cronHeie 6UTHI). Kak mpaBu-

JIO, HCIIONB3yeTCs GanToBasA mnepemadya
uH(MOPMALIIH, OJTHAKO MOKHO IIepe/ja-
BaTh U MEHbIIee Yuciao 6ur. CTaHaapr
onmceiBaeT napamerpsl JIBC Ha dusu-
YECKOM YPOBHE (HAIIPSDKEHMWs, TOKH,
TPEGOBAHUS K YCTPOMCTBAM COIIPSIKE-
HUS U JIMHUU NIEPEIadHn).

HHTepdericHbIE IUIaThl, OCHOBAHHBIE
Ha 9TOM CTaH/APTE, BBIITYCKAIOTCS MHO-
IAMHA OPOU3BOJAUTEISIMU B PA3TAYHOM
WCIIOJTHEHUH U IIHMPOKO MPUMEHSAIOTCS
B IIPOMBIIIUIEHHOCTH. HEO6X0 UM TO/Ib-
KO OJJMH UCTOYHUK nutanus (3...5 B). B
craThsx [4, 8] 060CHOBBIBAETCA HEOOXO-
JUMOCTB 6OJIe€ IIHMPOKOTO IPUMEHE-
aus RS-485 B 6oprosbix JIBC. OpHAaKO
HEOOXOJUMO OTMETHUTD, UTO OTCYTCTBY-
€T EIUHBIN CTAHJAPTU3UPOBAHHBIN
IIPOTOKOJ IIEPEAAYH, ITOITOMY BO3HH-
KAIOT TPYAHOCTH IIPHU COINPSKEHUH YCT-
POYICTB PA3/IMYHBIX IPOU3BOAUTE/ICH.

Kpome Toro, KO, UICTIOJIb3yeEMBIH B RS-
485, HEONITUMAJIEH C TOYKHU 3PEHUSA IKC-
IUIyaTAIIHOHHBIX mapameTrpos JIBC. B
HEM HET IPU3HAKA IIEPEIAYH CITYKEOHOM
uH(bOpMAaIINY, TIO3TOMY is1 €€ (PopMu-
POBaHUA HEOOXOAMMO YBE/IMYMBATH YHC-
JIO TIepeaBAEMBIX GANTOB, YTO 3HAYH-
TEJIBHO YBEJIMYMUBAET BPEMS IE€peIadu
COOOIIEHMS, A 3HAYMUT, U BPEMsI PEAKITUU
CHCTEMBI Ha BHEIIIHEE BO3/IEHCTBHE.

Koj, uCnonb3yeMblH I IepeJadu
nH(pOPMAIIUH, 3aTPYAHAET ra/lbBAHNYC-
CKYIO Pa3BsI3Ky YCTPOHCTB U BBIZICICHUE
CHHXPOCHUTIHAIA. PacCMOTpUM THUITHY-
HBIF YACTOTHBIN CIIEKTP JAHHOT'O KOJa
JUISI CKOPOCTH TIepejaur MH(OpMauu
1 M6oz, TpUBEAEHHBIN HA PUCYHKE 1.

W3 HETO BHAHO, YTO OCHOBHAs dHEP-
IUsi CUI'HAJIA COCPEJOTOYEHA B I10JIOCE
qacToT OT 0 O YaCTOTHI, IEPHOJ KOTO-
pO¥1 paBE€H /UIUTEIBHOCTH OGHTOBOIO
uHTepBana. CIEKTP COAEPXKHUT IIOCTO-
SIHHYIO COCTABJISTIONTYIO, YTO JIE/IACT HE-
BO3MOJKHBIM HCIIOJIb30BAHHE TPAHC-
¢dopMaTOPOB /I raTbBAHUYECKOM Pa3-
BA3KH IIPHOOPOB, IOAKIIOYAEMBIX K
JIBC. st iepeagy UH(MOPMAIIUKA UC-
MOJIB3YIOTCS YPOBHHU 2...3 B. MOIIHOCTD
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CHUTHAJIA, BBIJaBaeMasl IEPEJATIUKOM
H4 JIMHUIO B HMMIIyJIbCE, — He Oosee
0,15 Bt. UHTEpDEHCHBIE MUKPOCXEMBI
MMEIOT OTPAHHUYEHUE 110 BXOJHBIM HM-
IIyJICHBIM TTOMeXaM 0 16...20 B. Ilpu
GOJIBIIEM YPOBHE MOMEX HEOOXOIUMO
HCIT0/Ib30BATD JOIIOJHHUTEIbHYIO 3a1IH-
Ty. PEKOMEHA1IMH 110 IIPUMEHEHHIO RS-
485 mpusezensl B padore [6]. MOXKHO
J10GABUTH, YTO MHUPOKO IIPUMEHIEMBbIH
B ABTOMOOWJIBHOH IPOMBIIIJIEHHOCTH
crangapt CAN Ha (PU3HYECKOM YPOBHE
MNPAKTHYECKH aHaJorudeH RS-485 u
eMy IIPUCYIIH T€ K€ HEJOCTATKH, XOTs
CAN mMmeeT XOpomoO MPOopabOTAHHBIM
CJIOZKHBIN IIPOTOKOJ Nepeaadu HHdop-
MAllUM ¥ UCIIPABICHUA OIIUOOK.

Cranmaprt RS-232 Taxke MMeeT IIo-
JOOGHBIE HEJOCTATKH, HO 3HAYHUTEIBHO
MEHBIIYIO IIOMEXO3AMMUILEHHOCTD H
CKOPOCTB Nepegavyr HH(POPMALIHHL.

B JIBC, co3mannbeix Ha ocHOBe 'OCT
26765.52-87 (MIL-STD-1553), uCO/b-
3yercs (Pa30MAHUITYTUPOBAHHBIN JBYX-
YPOBHEBBIH KOJI, KOTOPBIH SIBJIAETCS Ca-
MOCHHXPOHH3HUPYIOIMMCS Ha KAXKIOM
OUTOBOM HHTEpBaJe. YacTO JTaHHBIHI
KOJI Ha3bIBaXOT Manuecrep-II, u on mm-
poko npumensiercss B cersax Ethernet.
JIOIIOJIHUTEIbHBIX OUTOB JI/II OCYILIECT-
BJIEHUSI CHHXPOHHU3ALIMU HE TPeOYeTCs.
DTO MO3BOJIAET HA IOPAAOK IIOHH3UTH
TPeOOBAHMS K TOUHOCTH HECYIIEH Jac-
TOTBI 110 CPAaBHEHHUIO C RS-485, rae cuH-
XPOHHU3ALMA UH(MOPMAIIUH OCYIIECTB-
JIAETCA B HAa4ajJe U B KOHIIE Nepefaqyu
6ariTa (CTApTOBBIM U CTOIIOBBIM OUTBI).
CKOpOCTh Iepefadyu MHGOpMaALUU —
1 M6oa. THIIOBO¥M 4YaCTOTHBIN CIIEKTP
NPUBEAEH HA PUCYHKE 2.

DHEPreTUuYeCcKr CIIeKTp UMeeT 6osee
IIHPOKYIO MOJIOCY 9aCTOT. CKOPOCTb U3-
MEHEHHUs CUI'HAJA B JUHUH B JBa pa3a
IPEBBIIIAET CKOPOCTD ITepenadn nH(Oop-
MalMH, YTO TAKKE B JBa pa3a OOJbIIE,
yem y RS-485. B cmekrpe OTCyTCTBYET
TIOCTOSTHHASA COCTAB/ISIIONIAS, YTO TTO3BO-
JIAET IIepeaBaTh CUTHAI Yepe3 TPaHC-
(opMaTOp IIsi BBITOJTHEHUS TAIbBAHU-
YECKOM Pa3BA3KH. MOIIHOCTh CHUTHAJIA,
BbIJABA€Mas IIEPEAATIUKOM B HUMITYIIbCE,
— 6onee 2 BT, 4TO MO3BOJISIET PAGOTATH HA
JIOCTATOYHO JIJIMHHBIE TIMHUU. TpebyeTcs
OT/AEIbHBIA UCTOYHUK JIUIST ITUTAHUS BbI-
XOIHBIX KACKaI0B. Bonee moapo6HO co
CTAHAAPTOM MOKHO O3HAKOMHTBCS B Pa-
6orax [1, 5, 9, 10]. TOCT 26765.52-87
HMEET  XOpOIIO  HIPOPabOTAHHBIN
HAAEKHDBIM IIPOTOKOA OOMeHa HHOOP-
Mauuei. B crarbe [4] peKkoMeHayeTcs U B
JaJIbHEHIIEM HCIOJIb30BATh JTAHHBII
IIPOTOKOJ OOMeHa HH(MOPMAILHEH IS

NMPOEKTUPOBAHME U MOOENMTNPOBAHME

HH- T

MO/JIEPHU3UPOBAHHBIX
TepdEncos. I

CPABHUTENbHbIA AHA- |
N3 CTAHAAPTOB —
JIBC, moCcTpOE€HHBIE HA OC-

nose TOCT 26765.52-87, “"N w

00eCcneyuBaIoT Ir'aJIbBAHUYE- ’

. -
=

' ' L ! L f
15 0

3 33
wacrora (M)

CKYIO Pa3BA3KYy 4yepe3 TPAHC-
¢dopMaTop M JIErKO COIIacy-
IOTCSL C TUHUEH Iepefadu
uH(popmauu. JOIOTHUTEIBHO TPAH-
cpopmMaTOp BBIINOJHAET (DYHKIIUIO
(UIbBTPA HU3KUX 4acTOT i audde-
PEHITMATBHBIX ITOMEX, JIEKAIIUX BHE
CIIEKTPA CHUTHAJIA, OCYIIECTBISET CHM-
METPHPOBAHME JTUHHUH U XOPOUIO ITOAAB-
JsieT CMH(a3HbIe IIOMEXHU. DTO IO3BOJIS-
€T paboTaTh IIPU 3HAYUTETHHO OOJIBIIEM
YPOBHE IIOMEX B JIMHHH, YEM B CIy4ae C
RS-485, rae 60/bIIOE HANIPSDKEHUE MO-
JKET BBI3BATDH MOBPEKIEHUE MHUKPOCXEM
WA UCKA3UTHh HH(OPMATIHIO. BEIMrphIin
B IIOMEXOYCTOHYHUBOCTH OIPEE/ISIETCS
KO3(b(PULIMEHTOM IIOAABACHUS CHH(DA3-
HBIX TIOMEX UMITYIbCHOTO TpaHCc(hOopMa-
TOPA, €r0 HEGOJIBIIO IIPOXOAHOM EMKO-
CTBIO U XOPONIEH CHMMETPHUYHOCTHIO.
BoIITyCKaroTCs CIIEMaIbHbIE CUTHAJIb-
HbIE TPAHC(HOPMATOPHI C CEKIIMOHHBIMH
OOMOTKAMH /ISl YMEHBIICHUS TAPA3UT-
HBIX EMKOCTEH U YBEJIUYECHHUS JTOITYCTU-
MBIX PaboYMX HaNpssKeHuH. CTaHgapT
RS-485 3Ha4UTEIBHO HPOUTPBIBAET B
IIOMEXOYCTOMYHMBOCTH U BO3MOXXHOCTH
OCYHIECTBIEHUSA TATbBAHMYECKOH PA3BA-
3KH (V1A 3TOrO IPUXOAUTCS IPUMEHSITH
CIEITHATM3UPOBAHHBIE MHUKPOCXEMBI C
OIITPOHAMH U JOTIOTHHUTEIBHBIM UCTOY-
HHUKOM IIUTAHMS, YTO YCJIOXKHSIET CXEMY,
CHIDKAET HAZEKHOCTD M CO3AAET JIONOI-
HHUTEIbHBIE IOMEXH B CHCTEME). [oTos-
HUTEIBHBIN UMITY/IbCHBIM HCTOYHHUK ITH-
TAHUSA SAB/IAETCS MCTOYHHUKOM ITOMEX, 4
IPOXO/IHBIE TIAPA3UTHBIE EMKOCTH €ro
TpaHchOpMaATOPA UMEIOT 3HAYUTEIb-
HYIO BEJTMYMHY U OTPHUIIATEIBHO BIHSIOT
HA [IOMEXOYCTOMYHMBOCTD.

BonbpIION ypoBEHb CHTHAIA B JIMHUH,
ucnonszyemsrii B TOCT 26765.52-87,
06€CIIEYNBAET XOPOIIEE COOTHOIIECHHE
CUI'HAJI/IIIYM, BO3MOKHOCTb PabOThI HA
JIMHUM CBSI3M JUTMHOM B HECKOJIBKO
COTEH METPOB. DTO 3HAUYUTETHLHO ITPEBBI-
IIaeT MAKCUMaJIbHYIO JaJIBHOCTh Pabo-
Tbl RS-485 1 TpebyeT GobIION ToTpes-
JIIEMOM MOITHOCTH, YTO SIBJISIETCSI U30bI-
TOYHBIM B ciydyae Hebonpmux JIBC, a
TAKKE MOKET OTPHUILIATEILHO BIHATH HA
HOPMAJIbHYIO Pa6OTy IPYTHX CHCTEM.

Koxa, mnpumensemepisi B T'OCT
26765.52-87, 06eCIeYnBaeT MOACTPOL-

Puc. 2. TunoBoi cnekTp curiana cranpgapra MIL-STD-1553

Ky 4aCTOTBI Ha KaKJOM OUTOBOM HH-
TEPBAJIE, YTO HA MOPSIJOK JYUIIE, YEM Y
RS-485. B gaHHOM CiTydyae 3HAUYUTEIbHO
CHIDKAIOTCA TPEOOBAHUS K 33/AIOIIHNM
TAKTOBBIM I'€HEPATOPAM U ITOBBIIIACTCS
HaJEXHOCTh npuémMa MHMOPMAIUU B
YCIOBHSAX IIOMEX.

JIBC, nmocrpoennspie Ha ocHOBe 'OCT
26765.52-87, obnamaior Goibluei Ha-
JEKHOCTBIO II0 CPpaBHEHUIO ¢ RS-485,
OCOOEHHO B YCJOBHSIX BO3JCHCTBUS
CHJIBHBIX IIOMEX, U 3HAYHUTE/IHbHO CHU-
JKAIOT B3AaMMHOE BIIMSIHHE MEXAY OT-
JICIbHBIMH YCTPOHMCTBAMH.

OCOBEHHOCTU NMOCTPOEHMUS
JIBC BbIYMCNMUTENBHBbIX
KOMIJIEKCOB
MAJIOTABAPUTHbIX YCTPOMUCTB
IIpy HEOGOABIMIMX IabapHUTaX aIapa-
T4 U3JIUIIHEE BBICOKOE HAIPSDKEHHUE B
JIMHUU CO3J2ET IIOMEXH JIPYIHUM CHCTE-
MaM. Heo6XoauM OINTHMATIBHBIN YPO-
BEHb CHT'HAJIA B JIMHUU. Maiple pazme-
pbl TPpeOYIOT IOBBIMIEHHOM ITOMEXOY-
CTOMYHBOCTH NPUEMHHUKOB CHI'HAJIA
M3-32 BIMAHUS OJTU3KOPACIIOIOKEHHBIX
cocenen. JyImHa TaKUuX CeTer — He DoJiee
10...20 M (cymmapHOE 3aTyXaHHE B JIU-
Huu MeHee 10 gb), uTo 1o3BOIseT NOHU-
3UThH HAIIPSUKEHUE B IMHUHU II0 CPaBHE-
Huto ¢ TOCT 26765.52-87 10 ypoBHE¥t
HAIIPSDKEHUH, MCIIOIb3yeMBIX B RS-485
(2..3 B npu 9yBCTBHTEIBHOCTH BXOJ-
HBIX KoMItapaTopos 200...300 mB). 3to
Ja€T BO3MOKHOCTD YIIPOCTHTD IPUEMO-
IepeJarollee yCTpoMCTBO U IIOHU3UTH
UMITYJIbCHYIO II€PEAABAEMYIO MOIII-
HOCTD 10 0,15 BT. Cxema nHTEP(ENCHO-
o MOZYJA JJIsl IPUMEHEHUST B HEGOIb-
mux JIBC npuBeseHa Ha PUCYHKE 3.
HHTepdEnCHBI MOYIb COCTOUT U3
MHUKpocxembl D ADM485, pesucropa R
HoMuHaJIOM 10 OM M HMIYJIBCHOI'O
Tpancpopmaropa T mapku TH4 ¢ koah-
dunuenTom tpancopmanpu 1. Mo-
AyAb BBIIAET B JIMHUIO £2..3 B, umeer
BXOJHOM rucrepesuc 250 MB u 3arac 1mo
BXOJHOMY HalpsbkeHuio 10 20 B, uto
IO3BOJIAET UCIIO/Ib30BATh I'OTOBOE KOH-
TPOJIbHO-UCHBITATEIBPHOE O60OPYIOBa-
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Puc. 3. Cxema untepcheiicHoro moayns

HUE U paboTaTh C YCTPOHUCTBAMH, OT-
Beyaromumu TtpeboBanuam I'OCT
26765.52-87. IIoMUMO OCHOBHOTO Ka-
Hana JIBC, 11 UCIIBITATEIbHBIX IIEIEI
YACTO UCIIOIB3YETCS TEXHONTOTUIECKU
KaHaJ, 110 KOTOPOMY OCYIIECTBJIAETCH
PETYIUPOBKA U CHEM JOIOJTHUTEIbHON
UH(OPMAITUH NIPU IIPOBEAEHUH HCIIbI-
TaHUM. IIpyU UCIIOJIB30BAHNUN OJJUHAKO-
BBIX IIPOTOKOJIOB MOYKHO TH60 OOBEH-
HATH 002 KaHAJIa HA BpEMsI IIPOBEAECHUA
IIPOBEPOK, TUOO HCIOJIb30BATh TEXHO-
JIOTUYECKHI KAaHAJI B KAYECTBE PE3€PB-
HOTO /IIsI [TOBBIIIICHUSA HAJEKHOCTH.

ITockonbKy paccMmarpusaembie JIBC
UMEIOT JUIUHY 10 10 M, BO3MOKHO IIPH-
MEHEHHE COIVIACYIOHNEro Kabeass C
HEHOPMHPOBAHHBIM BOJIHOBBIM COIIPO-
TuBJAeHHEM. [Ipu THUIIOBO¥M 3aJEPIKKeE
CUTHAJIA BJIMHHUHU 5 HC/M CyMMapHas 3a-
JIEP’KKA CUT'HAJIA C OTPAKEHHUEM OT KOH-
12 JIMHUM U BO3BPATOM K HCTOYHUKY
CUTHAJIA PaBHA:

5HCc/Mx 20 m =100 HC.

Bpemsi TepexoaHbIX MPOIECCOB B JIN-
HUU HE MPEBBIIIACT JJTUTETbHOCTD (PPOH-
Ta curtana (100...200 ve). Mcrnons3oBa-
HHE KOHIIEBBIX PE3UCTOPOB HA KOHIAX
Kabesst 06s3aTe/IbHO (C BOJHOBBIM CO-
IIPOTHBIECHUEM, COOTBETCTBYIOIIMM THITY
Ka6eJIst), HO X HOMHUHAJI MOKET OBbITh I10-
JOO6PAH C MEHBIIEH TOYHOCTBIO (0 £5%),
yem Tpebyercst B TOCT 26765.52-87. Ka-
6e1 ¢ HOPMHUPOBAHHBIM BOJIHOBBIM CO-
[IPOTHUBICHUEM HMEIOT OOJIBIION JHra-
MeTp 1 GOIBIION PAINYC U3rM62, YTO 3HA-
YUTEIBHO YBEJTUYHUBAET JIMHY JIMHUUA
Jake IIPU OJIM3KOM PaCHOJIOKEHUH
6,10KOB. VICIOIB3ysT TOHKUE Kabenu (Ha-
npumep, MIT®D 2 x 0,12), Ipu MaIbIX
pasmMepax JIMHUM MOKHO 3HAYHUTEIBHO
YAYYIIATG MACCOTabOaPUTHBIE XAPAKTE-
PUCTHUKH 6€3 3HAYUTETLHOTO YXY/IIIEHUS
KA4eCTBa [1€PEIaBAEMbIX CUTHAIOB.

BO3MOXKHO yBEJIMYEHHUE CKOPOCTH TIe-
pemayn uHdopmanuu Beime 10 Moz
[IPU PEUTU3AIUH KOAHPYIOIIHNX /IEKOI~
PYIOIIHUX YCTPOHCTB B IPOIPAMMHUPYE-
MBIX JIOTHYECKUX HHTEIPATHHBIX CXEMAX
(TTHC). IUVTMC 1O3BOJISAIOT B OTHOM KOP-
IIyCE PEATN30BATh HECKOJIBKO YCTPOKCTB,
paboTaromux 1o pasmmaHbv JIBC.

Puc. 4. NMpumep noctpoenus JIBC

BAPUAHT NMOCTPOEHUA
NOKANbHOM
BbIMMUCJIUTESIbHOW CETH
MAJIOrO ANMMNAPATA

HarpspkeHne B IMHUM TOHMKEHO 10
3 B. [Turanwue 11TV OoT nCTOYHMKA 3...5 B.
Tox yepe3 TpaHCc(hOpMATOP B UMITY/IbCE —
0K0J10 50 MA Ipu paboTe HA JIMHUIO C BO-
JIHOBBIM corporusaeHueM 100...120 Om.

Kabenp ¢ HOPpMHUPOBAHHBIM BOJIHO-
BeIM conporusienueMm (KBC®-75) 3a-
MeHEH Ha TPOoBOJ MIT®D-2 x 0,12 mu6o
BUTYIO I1APYy B 3KPaHE, UMEIOUIYIO BOJI-
HoBoe comporusiaeHue 100...140 Om.
JKenaTenpHO HCHONIB30BATH 3KPAHUPO-
BAHHBII KA6€JIb, YTO MO3BOJISET YMEHb-
IIIATh UMITYJIbCHBIE 3JICKTPHYECKHUE I10-
MEXH, KOTOPBIE IIJIOXO IIOJaBJIAIOTCS
TpaHchopMaTOpoM U AuddepEHINATD-
HBIMH BXOJHBIMH IEIIAMU IIPUEMHHUKA
M3-32 MTAPA3UTHBIX BXOJHBIX EMKOCTEH
U MOTYT IIPEBBICUTE JIOIyCTUMBII BXO/I-
HOW MIPEJIEJI /I MUKPOCXEMBL.

Hcnoab3yercs
26765.52-87, 9TO 0GECIIEYUBAET COBME-
CTUMOCTD YCTPOMCTB M YIIPOIIAET MO-
IUPUITUPOBAHUE CUCTEMBL.

ITpumep nocrpoenus JIBC npusenéx
Ha pUCYHKe 4.

Uurepdericapie mogymu MM1..MMn
MOAKJIIOYAIOTCS K JTUHHUHM HAIPAMYIO
6e3 3aUUTHBIX PE3UCTOPOB, B OTIHYHE
ot pexomenanuii TOCT 26765.52-87.
VIIpoméHHOE MOJKIIOYECHHUE K JTUHUN
6€3 MOCIEAOBATEIbHBIX 3AIUTHBIX pe-
3UCTOPOB ITO3BOJSAET MOBBICUTH YPO-

nportokoa TOCT

BEHb CUI'HAJIA, BBIIABAEMOTO B JIMHHIO, U
YMEHBIIUTD HANPKEHNUE MUTAHUSA UH-
TepdericHOro Moaysis (YPOBHHM CHI'HA-
JIOB GyayT aHAJIOTMYHBI CTaHAapTy RS-
485). HOMHHaJI BOJIHOBBIX COIPOTHUBIIE-
HUI HA KOHIAX JIMHUH 3aBUCHT OT TUITA
NIPUMEHEHHOTO Kabeisi M OObIYHO Ha-
xoaurca B guanaszone 100...120 Om.

BbiBoabl

1.Ilpumenenue RS-485 orpaHudeHO
JIBC ¢ HU3KOM CTOMMOCTEIO, 6€3 Tpe-
6OBAHUI K HAJIEKHOCTH U 6€3 rajibBa-
HHAYeCKo¥ passasku. g JIBC ¢ mo-
BBIIIEHHBIMHA TPEOOBAHUAMM K Ha-
JIEKHOCTA U IIOMEXOYCTOMYHUBOCTH
HEOOGXOIUMO IIPUMEHATh CETH HA OC-
nose TOCT 26765.52-87.

2. TIOHMKEHHE YPOBHEH CUTHAIA U, KAK
C/Ie/ICTBHE, HAIPSKEHUS IHTAHUS
no3zsoJisier co3aars JIBC Ha OCHOBE
T'OCT 26765.52-87 C BBICOKHMH Tpe-
OOBAaHMAMH 11O HAAEKHOCTH, MUHHU-
MAJIbHBIMU TA6APUTAMH U TTOTPEOIS-
eMOM MOIIHOCTHIO, MHHHUMAJIbHOU
HOMEHKJIATYPOH MCTOYHHMKOB ITMTA-
HUsL [IPU 3TOM COXPAHAETCA BO3MOK-
HOCTB PabOTBI C YCTPOHCTBAMHM, COOT-
BercTByromumMu I'OCTy Ha JHHUAX
mmaHOoM 10 10...50 m.

3.VopomjeHue TpeGOBAaHUHN K Kabe/b-
HO¥ ceTu B Masibix JIBC 11o3BOJISIET OT-
Ka3aThCsl OT Kabels ¢ HOPMHUPOBAH-
HBIM BOJIHOBBIM COIIDOTHUBJICHUEM H
[MPUMEHHUTD IKPAHUPOBAHHbBIE BUTHIC
[apsl, YTO BEAET K YMEHDUIIECHHIO T'd-
6apUTOB, MACCHI M1 CTOUMOCTH 6€3 Cy-
MIECTBEHHOI'O YXYyJIIEHUs Ka4ecT-
BEHHBIX ITOKA3aTEIEH.

4. Tlpumenenwue Tpanchopmaropa odec-
IIEYUBAET ITOBBIIIEHHYIO ITOMEXOY-
CTOMYUBOCTD M HAJAEKHOCTh PAOOTHI
JIBC B yCJIOBHAX BO3JEHUCTBHUS CHJIb-
HBIX nTomMex. TpaHncdopmarop mo3Bo-
JISIET PEanu30BaTh KAaYE€CTBEHHYIO
TAIbBAHHUYECKYIO PA3BA3KY C MAJIBIMHU
IIPOXOHBIMH EMKOCTSIMH M XOPOIIUM
IMOABJICHUEM CHH((A3ZHBIX I[OMEX,
YTO MPEBOCXOJUT CTAHZAPTHYIO pea-
JIM3AIAIO TAJbBAHMYECKH PA3BA3aH-
HOro kaHajaa RS-485 Ha onrpoHax v ¢
IOTIOJTHUTEILHBIM HCTOYHHUKOM ITH-
TaHWsI. XOpollee IOJaBJIeHHUE CHH-
asupix 1 gUdPEPEHIHATBHBIX 10~
MeX SIBJISIETCST GOJIBIITHM IPEUMYIIECT-
BoM 'OCT26765.52-87 10 CPDABHEHUIO
¢ RS-485. TaibBAHUYECKAS PA3BA3KA B
JIAHHOM CJIy4Ya€e BBIITOJTHAETCS C IIOMO-
B0 OJHOTO TpaHchopmaropa (B OT-
guure 0 RS-485), 4TO 3HAYUTEIIBHO
yBeIu4IuBaeT HaaéxHOoCTh JIBC npu
MEHBIIEH CTOUMOCTH HOIKIIOYCHHUSL.

5.Cranzapt RS-485 TpebyeT UCIoab3o-
BaHW 33JAIOIIHX I'€HEPATOPOB C TOY-
HOCTSIMH Ha TTIOPSITOK BBIIIIE, YTO MPHU-
BOJUT K XYJAIICH HaAEKHOCTH MU I10-
MEXOYCTOMYHUBOCTH.

6. B ONMCaHHOM PEAIN3AIMH CYIIECTBYET
BO3MOKHOCTH COBMEIIEHHS ITATHOTO
M TEXHOJIOTHYECKOT'O MHTEP(PEHCOB.

7. Acionib30BaHUE CTAHAAPTHOTO UHTEP-
(etica na ocnoe I'OCT26765.52-87
IMO3BOJIIET MOJECPHU3HUPOBATH CHCTE-
MYy, UCITOJIb3Ys TOTOBBIE MPUOOPHL ITpHr
MPOBEACHUH HCIBITAHUI BO3MOXKHO
WCIIOIb30BAHUE OOOPYIOBAHMS, I10JI-
HOCTBIO OTBEYAIOIIETO TPEOOBAHUSIM
TOCT26765.52-87.

8.IIpu CON3MEPHUMBIX Ta6apUTaAX U I10-
Tpe6IsIeMOH MOIIHOCTH YCTPOMCTBA
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Ha ocuose TI'OCT 26765.52-87 (c
y4€TOM YKAa3aHHBIX BBIIIE 3aMeda-
HUI) Ob6ecneyuBaloT 6oee HagEx-
HYIO U nomexoycronuusyio JIBC 1o
cpaBHEHMIO ¢ RS-485.

Ha ocHOBE BCEro BBIIIECKA3aHHOI'O
MOXKHO C(POPMYIHNPOBATH CJIEAYIONIHUE
NPEIOKEHUS 110 COZJAHUIO PEAAKIIUM
T'OCT 26765.52-87 1y1s1 KCITOJIb30BAHUS B
MaIbIX 60pTOBBIX JIBC (JtHO¥M 10 10 M):
1. IToHU3UTH YPOBHU CUTHAJIA B JIMHUU

rnepegayn uH(GOpPMALUKU JO YPOBHEN

RS-485 — BBIXOJHOE HAIIPSLKEHUE TI€E-

peJaTyuKa YCTAaHOBUTh HA YPOBHE

1,5...3 B Ha Harpyske 50 Om.

2. VIIpOCTUTB MOAKIIOUECHUE K IMHUH, OT-
Ka3aBIIMCh OT 3AIIUTHBIX PE3UCTOPOB.

3. VmpocTtuTh TpeOGOBAHUS K KAOETHbHOM
CeTH, JOIyCKast UCIIOJIb30BAHHUE Kabe-
JIs C HEHOPMHMPYEMBIM BOJTHOBBIM CO-
IIPOTUBJICHUEM; IIPH 3TOM B IIpEJe-
J1ax opHou JIBC 1O/KEH TPUMEHSTh-
st OfuH THUIT Kabesst. Kabenp Jo/pKeH
OBITH BUTBIM 1 SKPAHUPOBAHHBIM.

4. [IpexycMOTPETh BO3MOKHOCTD ITOBBI-
IIEHNs CKOPOCTH Ilepeadu uHPOp-
MAalMM IIPH COOTBETCTBYIOIIEM H3MeE-
HEHUU I1APAMETPOB JIMHUH.

Bce mepeumnciieHHBIE TTYHKTBHI Kaca-
FOTCS TOJILKO JIMHUH IIEpeJadu HHQOpP-

MAaIliH, 1APAMETPOB CUI'HAJIOB B TMHUH
M CITOCOOOB IMOIKTIOYEHUS K HEM, He 3a-

TparuBasi MPOTOKOJ. B pesynpraTe mo-
JIyY9UM KaHAJI OoOMeHa HH(MOpMaIUEH,

10 MPOCTOTE OPraHM3alMU U Tpedye-

MBIM 34TPATaM COU3MEPUMBIN ¢ RS-485

6€3 raIbBAaHUYECKOM PA3BA3KH, HO 3HA-

YUTETBbHO MPEBOCXOJAIINMI €ro I10

HaJEKHOCTH U TIOMEXOYCTOMYHUBOCTH.
OCHOBHBIE IIPEUMYIIECTBA IIPEIJIO-

sKeHHO pemakuuu TOCT 26765.52-87:

® BBICOKASI TIOMEXOYCTOMYHBOCTH;

® IIpOCTasi U HAJEKHASA TaJTbBaHHUYEC-
Kasl Pa3BA3Ka ¢ IOMOIIBIO TpaHCHOP-
MaTopa;

® HU3KHE TPEOOBAHMS K CTAOMIBHOCTH
YaCTOTBI IEPEJAYUH;

® HH3Kasg NOTPeO/IsIeMast MOIIHOCTD;

® IIPOCTOM M HAJAEXKHBIN IPOTOKOJI 00-
MEHA;

® IIPEEMCTBEHHOCTD HA YPOBHE IIPOTO-
KOJIAa ¥ BO3MOKHOCTb PabOTHI B Ce-
TAX, ITOCTPOEHHBIX HA ocHOBe ['OCT
26765.52-87.

JITEPATYPA

1. UHTEp(bEeic MaruCTpaJIbHbIN IIOCIEI0BA-
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JIAHHBIX C OKOHEYHBIM O6OPY/OBAHHEM
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Hus. TOCT 18145-81.
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TOBBIX BBIYMCIUTEIbHBIX KOMIUIEKCOB Ma-
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Muorokananohbiii UART
C 3)heKTUBHbIM UCNONbL30BAHUEM
pecypcoB Kpuctanna MJINC

Anekceii lla6anux (Mocksa)

B cTtaTtbe paccMOTpeHO nocTpoeHne Heckonbkux ogHoTunHbix UART,

MMeloLLMX O6LLYI0 annapaTHYIo 4acTb.

MpepnnoxeH npumep BbINOMHEHUS

Takou cxembl Ha 6a3e MJINC coupmbl Xilinx cepun VIRTEX Il. HecmoTpst Ha To
4YTO NPUBOAMUTCS BapuaHT NOCTPOEHUSI KOHKPETHOro yCTPOMCTBa —
MHorokaHanbHoro UART, paccmaTtpuBaemble MeTofbl MOTYT 6bITh
NPUMEHUMbI U B APYrux criy4asx, korga Tpeéyercs NocTpoeHne B OQ4HOM
KpUcTansne HecCKoNbKUX OAMHAKOBbIX MOAYIEeN.

CoBpeMEHHBIE TEXHOIOTHH U3I'OTOB-
JIEHUS
MaJIBIX 32/IEPKEK Ha JIOTHYECKUX 3JJIe-
meHTax (st FPGA - 2.4 uc [1]) u, co-
OTBETCTBEHHO, OYEHb BBICOKUX Pabo-
yuxX 4acToT. EcTrecTBeHHO, 06mas 3a-
JIep’KKa Ha KOMOWHHPOBAHHOI CXeMme

HUMC 1mO3BOJSIOT JTOCTHYb

3aBHCHUT OT CJIOKHOCTH OYI€BOH (DYHK-
IIUH, PEAIM3yeMON €10, U BO3MOKHO-
crer 6a30BOHM SYEHKHU KPHUCTALIA I10
NOKPBITHIO 3TOM (PpyHKIHH. Ho, Kak
IPaBMIO, OHA He npepbimaeT 20 HE, 9TO
IO3BOJISIET CXE€ME paboTaTh HA 4aCTO-
Tax /0 COTeH Mmerarepi. s paGoThl
MHOTHUX CPaBHHMTEJIBHO MEIJIEHHBIX
HU@POBBIX YCTPOMCTB, TAKUX, HAIIPH-
Mmep, Kak UART, CTO/Ib BBICOKAs 4aCTOTA
He TpebyeTcs. PACCMOTPEHHBIN METO/
IIOCTPOEHUSA YCTPOMCTBA MO3BOJISET B

HEKOTOPBIX CJIy4asaX MAKCUMAIbHO HC-
IIOJIb30BATh BO3MOKHOCTH OBICTPOM
JIOTHKH, COKpalnas IPpH 3TOM Jparo-
LIEHHYIO IUIOIIA/b KPHUCTA/UIA, 3aHUMA-
€MYIO TPYIIIOH OJWHAKOBBIX YCT-
POMCTB.

OcCHOBHasl ujes — HCHOJb30BAHHE
OJHOMH «OBICTPOM» ANNAPATHOMN YaCTH
JUI1 OOCYKHUBAHHSI HECKOJBbKHX O/]I-
HOTHUIIHBIX «MEJJICHHBIX> YCTPOMCTB.
B JaHHOM CXeéMe€ TAKOW 4aCTbhIO SBJIA-
ercst apromat coctossHun UART, KOTO-
PBIFT MOJKET ITOCTIEAOBATEIBHO OOCTY-
JKHTh HECKOJIbKO KaHaJIOB. Paspabo-
TAaHHBIH NPUEMOIIEPENATYUK HMEET
BO3MOJKHOCTB OOCIYy’KUBAHUA 8 KaHa-
JIOB. DTO IPOJAUKTOBAHO 3apaHeEe 3a-
JAaHHON BHYTPEHHEH 4YacCTOTOM -—
29,5 MITT ¥ MaKCHMMaJbHON CKOpPO-

From_sm AsTomar
COCTOSHUA |« e S,
e e n_s
UABT-mpacminy = COCTORHMN
To_sm AgTomar NPUEMHMKA 1
cocTosHMs  ——— | Qut_st | NePemaTinKka
UART-npuémHuK
l Addr_in
RB Mogynb ynpasnexus rxdl | Kommyrarop | 4 BXD (0.7)
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Puc. 1. Ctpyktypa mHorokasanoHoro UART

CTBIO II€PEAAYN KAXKJOTO KaHaxa —
115,2 K6og,.

OIHAKO YCTPOMCTBA IAMATH PErUCT-
POB U COCTOSTHHI CTPOSITCS HA 3JIEMEH-
TaxX € IYOGUHOM 16, I03TOMY CYIIECTBY-
€T BO3MOKHOCTb YBEJIHMUYECHHSA KOIHUYE-
CTBA KAHAJIOB 70 16 mpPU ITOBBIIIEHUH
BHYTPEHHEH TAKTOBOM 4aCTOTEL Q6111251
CTPYKTypa yCTPOMCTBA IIPEACTABIEHA
Ha pUCYHKe 1.

s 6ypepa FIFO ucnonbdyercs 6104-
Hasi IaMATh, XapaKTePHas /I KpUCTAI-
J10B VIRTEX, CKOH(DHUTYPHUPOBAHHAA KaK
2K x 8. Ucnoap3yeTcst OIUH OJIOK TAKOKU
IMaMSTH, KOTOPBIM MO3BOJISET XPAHUTD
128 mpuHATHIX U 128 XKAyIIHUX OTIIPAB-
JeHus 6aiT. K 31O maMsaTH MOTyT 00-
panaTbCs:

@ NIPUEMHHUK — /IS 3aITHCH;
® IepeaTInK — JIJIg YTEHMs;
® MO/IyJIb YIIPABJICHHUA YTCHUEM U 3AI11-~

CBIO — JI/ISL 3AITUCH B OY€peb Iepe/ia-

BA€MBIX OAMTOB H JI/IsSI YTEHUA U3 OUe-

peny IPpUHATHIX.

TaxkuM 00pa3oM, 32 OJIMH KBAaHT Bpe-
MEHH pPabOThl KaHajda OAHOBPEMEHHO
MOJKET IPOUCXOJIHUTD O YETBIPEX 06pa-
MIEHUWH K NaMATU. [TaMATh — IBYXITOPTO-
Basl, YTO O3HAYAET BO3MOKHOCTD 3aIIH-
CBIBATb U YHTATH 110 IIPOMU3BOJIBHOMY
agpecy B OJHOM TakTe. M3 BbllIeCKa3aH-
HOI'O CJIEAYET, YTO I TOTO, YTOOBI
obecrieynuTs padoTy KaHalIa B XyAUIEM
caygae (TIpH OHOBPEMEHHOM OOpaiie-
HUM IPUEMHHUKA, IIEPEJATINKA U MOZY-
JISL yIIPABJIEHUS] YTEHHUEM /3aIIMChIO), HE-
006XOUMO 32TPATUTH MUHUMYM JIBA Ta-
KTa. I3 3TUX COOOPAKEHUH 110/] KBAHT
BpPEMEHH PabOThI OJHOTO KAHA/I4 BbI/IC-
JIEHO /1BA TAKTA.

Bce perucTpbl U HaMsATh COCTOSHMI
IIOCTPOEHBI TAKKE HA IMAMATH, HO JPy-
TOro THIIA.

B Trepmunosoruu Xilinx ona Ha3bl-
Baercs pacnpenenénnoi (Distributed
RAM) [2]. OCOGEHHOCTBIO 3TOM MaAMSI-
THU ABISAETCS apXUTEeKTYypa 16 x 1. DTa
MaMSTh TAKKE JBYXIIOPTOBAA, YTO I1O-
3BOJISIET OOpaIaThCAd K PErucrpam
NPpUEMHUKY, IIEPEJATIUKY U MOJYIIO
VOPABICHHUS YTEHUEM/3ATHUCHIO 32
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OJJMH KBaHT BPEMEHH PAOOTHI aBTO-
Mara.

HCcnosb30BAaHUE TAKOMW MaMSITHU JIJIs
XpaHEHUs 3HAYEHUH PErucTpoB BME-
CTO TPHUITEPOB IO3BOJISET, IIOMHMO
MPOYEro, 3HAYMTEIbHO COKPATUTh 3a-
HHUMA€EMBIN aIapaTHBIN PECYpPC KpH-
cTasia.

Ha pucynke 2 mpejpcraBieHa CEK-
U1 KOH(PUTYPUPYEMOTO JIOTHYECKO-
ro 6J0Ka KPHUCTAIIOB CEMEHMCTBA
VIRTEXII [2] (CLB slice); 1oru4ecku
610Kk BrIoyaeT 4 Takux yactu. Kak
BHU/IHO M3 PUCYHKA, B KAJK/JOM CEKLIUN
COJEepKATCSA [BAa TAK Ha3bIBAEMBIX
¢yHKIIHOHANBHBIX reHeparopa (FG —
function generator), KOTOpbIE MOTYT
koH(puUurypuposarbcsa kak LUT (pyHK-
UOHAJIbHbBIA
SHRL16 (CABHUIOBBII PErucTp) HIH
RAM16 (mamsith 16 x 1) 1 iBa TpUTrTEpa
(register).

IIpy HMCIIOJB30BAHHU I XpaHe-
HHUSA OZHOTO GHUTA TPUITEPA, JJII pea-
JIN3AL MU 8-Pa3pAJHOrO PErucTpa mno-
TpeboBaIOCh OBl 33/IEHCTBOBATH pe-
cypcel yeTpIpéx CLB slice, a g1g cos-
JlAaHUA BOCBMH PETUCTPOB (I KaXK-
noro kaHana) — 32 CLB slice, To ectp
64 Tpurrepa. B TO jxe BpeMst HCIIOIb-
3oBanue FG, CKOH(UIYypHUPOBAHHBIX
KAaK pacnpejenéHHas JByXIIOPTOBAsA

npeodpa3oBaTesnb),

NaMAThb, IIO3BOJIAET 3aJEHCTBOBATH

pecypcsnl aumb BocbMmu CLB slice (s

JBYXIIOPTOBOTO 23JIEMEHTA MNaMATH

RAM16 Tpebyercs a8a PYHKIIMOHAIb-

HBIX TeHeparopa). B aTrom ciayuae ka-

KB 6710k RAM16 XpaHUT HEKOTO-

pBIFT pa3ps)l HEKOTOPOI'O PErucrpa

BCEX KaHAIOB.
ITeperigém Terepb K pacCMOTPEHHIO

(DYHKIHMOHHPOBAHUSA YCTPOHCTBA.
IIpMEMHUK COCTOHUT M3 CIEAYIOIIHNX

MOJIyIEen:

® IeHEePATOP YIIPAB/IAIONINX CUTHAIOB —
OoIpeeIsieT HOMEpP TaKTa M HOMEP
paboTaonmero B JAaHHBIH MOMEHT
UART;

® NaMATb PETrHCTPOB — XPAHUT 3HAYE-
HuA perucTpos Bcex UART; mocTpoe-
Ha Ha PACIpeIeNEHHBIX 3JIEMEHTAX
MMaAMATH C ABYMs HOPTAMY;

® [IaMATb COCTOSHUH — XPAHUT COCTOSI-
Hust Bcex UART; Taxoke nmocTpoeHa Ha
pacnpeaenéHHbIX JIEMEHTAX IAMATH
C IByMA IOPTAMU;

©® KOMMYTATOP CHMI'HAJIOB — BBIOMPAET,
KAKOM M3 BXO/SIIIHUX CUTHAJIOB 0Opa-
6aTBIBACTCS B JAHHBIN MOMEHT;

® MOJY/JIb YIPAaBJIEHHSA YTEHHEM/3a-
MHUCBIO PETHCTPOB — PEAJTHU3YET HH-
Tepderic gocrynma K pPErucrpam

NMPOEKTUPOBAHVIE U MOOAEJIMPOBAHME

UART (manee RB), ocymiecTBiasieT

cBA3b ¢ IT 1 KOMMYTHPYET PErUCT-

po1 Tpedyemoro UART ¢ aBTOMaTOM

COCTOSIHHS;

e cxeMa (POPMHUPOBAHUA COJEPKUMO-
I'O CTATYCHBIX PETUCTPOB U yIIpaBie-
Hus FIFO - ympasiiseT maMsaThio, Op-
TaHU3YS JUCLHHUIVINHY BRIGOpKU FIFO
U KaKJIOTO M3 KAaHAJIOB, U (hopMH-
pyer 3HA4Ye€HHs PErucTpOB, CBA3AH-
Hbl€ C HCIIOJB30BaHHEM Oydepa
FIFO.

® aBTOMAT COCTOSTHUI: MPUEMHHUK 00pa-
GarpiBaeT BXOAHbIE JaHHbIe (RXD) 1 B
COOTBETCTBHH C IIOJTY4EHHBIM CJIOBOM
HM3MEHAET 3HAYEHMST PErUCTPOB.
IlepesaTyuK B HY)KHBIF MOMEHT J1a€T

KoMMyTaTopy Komanay TXD, B cooTBer-

CTBHHM C KOTOPOHM HAa TOM HJIU HHOM

TXD-kaHasie yCTaHABJIMBAETCS Tpebdye-

MO€ 3HAYEHHE.

B mponecce (PyHKIHMOHHUPOBAHHUS
CXeMbl IPOUCXOTUT IIOOYEpENHAs pa-
6ora kaxxgoro UART. KBaHT paGoTsl —
JIBA TAKT4, IPHYIEM OTPabOTKA COCTOSI-
HuH UART IpoucxoiuT BCeraa, He3aBHu-
CHMO OT TOTO, BKJIIOYEH OH WIH HET. B
MOCAEAHEM CIydae aBTOMAaT padoTaer
«BXOJIOCTYIO».

Taxk Kak HAa YTEHHUE WIH 3aIIHUCh PETHU-
CTPOB HEOOXOAHM TOJBKO OJHH TaKT,
HMMEETCsI BO3MOKHOCTD 32 KBAaHT pPabo-
Thl ABTOMATa OOPATUTHCA K HUM /IBA
pasa: OJMH Pa3 CO CTOPOHBI ABTOMATA,
JAPYrom — co cropousl 1.

PaccmoTpuM 607ee noapodHO pabdo-
TY OCHOBHBIX MOJYJIEH.

lenepaTrop ympasasiOIHUX CUTHA-
JIOB BbIPAOATBHIBAET CHUTHAJI, OIIpeEJie-
JIAIOIIUH HOMED TAKTA KBAHTA — IIEP-
BRI uau BTopou (f — first, s — second),
HoMep Tekymero UART, a Taxxke HO-
MEp CJEAYIOWEro M IPEBAYIIEro.
OTU CUT'HAJIbI HEOOXOJUMBI /ISl BbI-
CTABJI€EHHsI 3HAYEHUH PETHUCTPOB K
MOMEHTY O0O6pabOTKM B aBTOMATE CO-
CTOAHMSA M 3aIIMCH HOBBIX 3HAYCHUH
nocsne orpaboTrku UART, IMOCKOJBKY
BO BpeMs pabOTHI C TEKYIIUMHU 3HAYE-
HUAMH peructpos UART uurTaercs
3HAYEHHUE PETHUCTPOB CIEAVIOUIEro
3aIHUCHIBAETCA
IIPEeAbIAYIIETO.

Moayib ynpaB/IeHHs YTEHUEM /3aITH-

pe3yabTar padoThI

CBIO PETUCTPOB, TIOMUMO BBIIIETICPEYH-
CJIEHHBIX (DYHKIIHIH, OCYIIECTBIISICT TaK-
JKe COpOC PEerucTpa NpPEpBIBAHUIL, T.K.
NPEPBIBAHUSA JO/LKHBI COPACHIBATHCS
pyU OOPAIEHUH K COOTBETCTBYIOIIUM
perucrpam co croponst LII, koropoe
MOJKET OCYIIECTB/IATHCSI B MOMEHT pa-
60181 1106010 UART, ¥ HET BO3MOKHO-

Peructp

Peructp

[ Dany

Puc. 2. ®yHkunonanbhblii 6nok VIRTEX 11

CTH KAaTh, KOIJIa 0OpabOTKa JOUAET 10

Hy>kKHOTO UART.

ABTOMAT COCTOSIHHH OIHCBIBAETCS
rpadomM, JyIhHA Bcex myreit — 2. ITo Tta-
KTy f aBTOMAT NNepexo/uT B COCTOSTHHUE,
KOTOPOE€ COOTBETCTBYET COCTOSHUIO
ob6pabareiBaemoro UART (ero 3Hadge-
HHE TPUXOJUT U3 HAMSITH COCTOS-
HU¥). [To BTOPOMY TAKTY S BBIITOTHSIET-
¢ 06pabOTKA: U3BMEHEHNE 3HAYCHUM
PErucTpOB M BBIBOJ HOBOI'O COCTOSI-
HUS, KOTOPOE 3aTEM IIOCTYIIAeT OOpaT-
HO B IAMATb COCTOSHHUI; aBTOMAT HIPHU
3TOM BO3BpAIAETCA B HCXOJHOE CO-
CTOSIHHE.

Kpome TOro, eciu 3HAa4Y€HHE B
CYE€TYMKE OXKHUJAHHUH, IPUIIEIIICE U3
IaMATH COCTOSIHUH, HE PaBHO 1, TO 11O
TaKTy f HUKaKOH 06paGOTKH HE IIPOUC-
XOJHUT, 4 TI0 S 3HAYEHHE YMEHBIIAETCS
Ha 1, ¥ aBTOMAT BO3BPAIIAETCS B HCXO/I-
HOe cocrosHue. Ecim 3HayeHwe B
CYETYMKE PABHO 1, TO B HETO 3aITHCHIBA-
ercs 3Hadenue u3 DLL u DLM (peruct-
p&®I Je/IeHUs 9acTOThl) Tekyiero UART,
M BBIIIOJIHAETCS OOPAOOTKA (CM. BBIIIE).
TakuM 06Pa30M OCYLIECTBISIETCS JeIe-
HHE YaCTOTBL

PaccMoTpuM, KaK OCYHIECTBIISIETCS
NpUEM JAHHBIX, HAIIPUMEP, BTOPOTO Ka-
Haza UART.

Taxm 1 (f): mepBBIN TAKT PAGOTHI IIpe-
JBIIYIIETO NPpUEMHHKA (IIepBOro). B
3TOM TAKTE OJJTHOBPEMEHHO OCYIIECT-

NOJArOTOBKa K pabore

agpec BTOPOTO

NPUEMHHKA BBICTAB/ISIETCS HA YTEHUE

M3 ITAMATH perucTpos (addr_out).
Taxm 2 (S): BTOPOH TAKT PabOTHI IIEPBO-

ro npuéMHUKA. B HEM TarxKe ocymie-

BIIAETCS
npuéMHHKA 2 -—

CTBJIIETCA IIOJIOTOBKA K pabore cie-
JAYIOWIETO MPUEMHHUKA: B 9TOM TAKTE
BBICTABJIAIOTCA JAHHBIE M3 IAMATH
PErucTpos, apec KOTOPLIX YKA3aH B
npeabiaynem Takre (from_regmem).
OZHOBPEMEHHO 3TH JAHHBIC ITOCTY-
IMAIOT HA BXOJ| A4BTOMATA COCTOSHHH
(to_sm).
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3apeiicTBOBaHHbIE PECYPChI KpUCTanna

e ——— —

it

10 240 975 (9,52/) 502 (4,90%) 4016 (39,2%)
CLB slice 5120 488 (9,53%) 251 (4,90%) 2008 (39,2%)
Tpurrepsl 10 240 648 (6,32%) 272 (2,65%) 2176 (21,25%)
BroyHas namatb 40 1(2,5%) 0 0

Taxm 3 (f): mepBBI¥ TAKT Pa6OTHI BTOPO-
o NPUEMHMKA.

Taxm 4 (S): BTOPOH TaKT pabOTHI
npu€MHUKA. B HEM Ha BBIXOJ| BBICTAB-
JIAIOTCSL HOBBIE€ 3HAYEHUSI PETHCTPOB
(from_sm) u cocTossHus (in_st).

Taxm 5 (f): nepBbIH TAKT pabOTHI CIIEAY-
omiero (Tperbero) UART. OcyiiecTs-
JIIETCSL 3AIIUCh HOBOI'O COCTOSAHUSA
Broporo UART. Hoseie gannbie (UART
2) IIOCTYNAIOT HAa BXOJ, TAMATH PEru-
crpoB (to_regmem = from_sm); of-
HOBPEMEHHO Pa3pPENIAECTCS 3aAIIMCh BO
BCE PETUCTPBHL

Taxm 6 (S): 11O STOMY TAKTY IIPOUCXOTUT
3aIIUCh B IIAMATH PETHCTPOB BTOPOTO
UART.

ITepegaTduk O6PAOATBHIBAET KaHAJ
COBMECTHO C NPUEMHUKOM. OHH O/IHO-
BPEMEHHO IOJIy4alOT HOBBIE 3HAYECHHUA
PEruCTPOB M COCTOSTHHI, OOpabaThIBa-
IOT UX U BBIJAIOT HOBBIC 3HAYECHUA IJIL
3aTIHCH.

3anuch HOBBIX 3HAYEHHH PETHCTPOB
CO CTOPOHBI IIPOIECCOPA OCYIIECTBIIA-
ercs cIeAyomuM oopasoM. Ilo Takry s

000 «

BBICTABJIIIOTCS JAHHBIE HA NMAMATbh pe-

rucTpos (to_regmem), HOMep UART

(addr_in); ycTaHaBIMBAETCA paspelie-

HHUE 3aIIMCH COOTBETCTBYIOIIEIO PEru-

crpa.

ITo TakTy f IPOMCXOAUT 3AIIUCh.

Ecu BO BpeMsi IPUXO/A 3aIIpOCa Ha
3anuch peructpa i-ro UART aBromar 06-
pabaremBaer (i — 1)-11, -t i (7 + 1)-11
UART, TO 3amuch OTKJIAABIBAETCA 0
OKOHYAHUS UX 0OPAOOTKH.

YTeHHUe PEruCTPOB MPOUCXOAMT TAK.
Taxm 1 (S): BBICTABJSIETCA aJIpEC HA Ma-

MATh perucTpos (Homep UART’a) —

addr_in.

Taxm 2 (f): 10 3TOMY 2ApECY NAMATD BbI-
IaéT COAEPKUMOE BCEX PErUCTPOB
UART (from_regmem).

Takm 3 (S): IO afpecy perucrpa
(reg_adr) BEIOMpPAETCA HYKHBIN U €r0
3HAYEHHE TIOCTYIIA€T HA IIMHY IIPO-
eccopa. Ecmi conocraBuTh 06panie-
HUs K mnaMata RB wu  aBromara
PUEMOTIEPEJATUYHNKA, TO MOKHO YBU-
JIETh, YTO OHA YUTACTCSA M 3AIMChIBA-
€TCsA B KAKJOM TAKTE.

121351, Poccusa, Mocksa, yi. MBaHa ®paHKko, A4.40, ¢1p.2
Ten./dakc: (495) 417 43 18
E-mail: spetspriemka@platan.ru

B 3axinoueHue cienyer OTMETHTD,
9yTO MOJieqb Hanucana Ha VHDL.
HUmeHHO HAa ocHOBEe VHDL-kO12 CUHTE-
3UPYETCSI CXEMa MU KAapTa Pa3BOIKH
kpucrauna. OgHako yacts VHDL-koxa
Cr€HEpUPOBAHA ABTOMATHYECKH — A
HMEHHO, KOJI, OTIHCBIBAIONINI COEJH-
HEHUSI MOJAYJIEH, M KO/, OIMCHIBAIO-
IIUH I'padbl aBTOMATOB IIPUEMHUKA U
nepesaTduKa. DTO MO3BOJIMIO COCpe-
JOTOYUTH BHUMAHHE Ha (PYHKIHO-
HAJIBbHOCTH, HE OTBJICKAACh HA CUHTAK-
cuC A3bIKA. [IJIsT 3TUX 1ieJIeH OblIa HC-
[0JIb30BaHa cpejga pa3padborku HDL
DESIGNER [3].

B o611eM cirygae COKpaleHue pecyp-
COB KPHCTA/UIA OIIMCBIBAECTCS CIIE/IYIO-
€N 3aBUCUMOCTBIO:

K= AN ’
A+D

rne K — xKoa(ppuuueHT, 1moKa3pBaro-
LU, BO CKOJIBKO Pa3 COKPAIAETCs all-
MMAPATHBIN peEcypc, A — anmaparTHbIA
pecypc 3aHUMAEMBbIN
OJIHUM YCTPOMCTBOM, DD — JIONOJIHHU-
TEJIBHBIH PECYPC, UCIIOJb3YEMbIN IIPHU
peayu3anyuy MHOTOKAHAJIbLHOCTH, pac-

Kpucrasaaa,

XOAyeMBbI Ha OGJIOKH, KOTOpblE 06ec-
MEYUBAIOT MOAAYY JAHHBIX Ha OOIIYIO
ANmapaTHyo 49acTb, N — KOJHYECTBO
KaHAJIOB:

F

EIOM

N =

]

rae F — gacTroTa paboThl MHOTOKAHA/Ib-
HOTO YCTPOMCTBA, Fyyoy, — 9acToTa pabo-
TBI €JUHUYHOT'O YCTPOKCTBA.

Tak Kak B OOIEM CJIydde KPHUCTAUI
IUIUC comep:KuT pa3HOPOIHBIE GIOKH,
TO IO, PECYPCOM KPHCTAJUIA 3/1€Ch I10-
HHUMAa€TCsA HEKOTOPOE yCPEAHEHHE I10
3aJ]€FICTBOBAHHBIM OJIOKAM.

OTcr0/1a BUHA BO3MOXKHOCTD IIPUME-
HEHUS TPEIJIOKEHHOM CXEMbI IS I10-
CTPOEHHsI OJHOTHIIHBIX YCTPOMCTB:
K>1,Tre DSAWNN-1).

B Tabnuie npuBegEH CIIMCOK 3a/1€H-
CTBOBAHHBIX PECYpPCOB  KPHUCTAJIA
2V1000 11071 pacCMaTpPUBAEMBbIH IIPOCKT
JUISI OTMHOYHOTO ¥ MHOT'OKAaHAJbHOTO
UART B COOTBETCTBHH C APXUTEKTYPOM
XR16C2850 [4].
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HoBocTu Mmuvipa

Paspa6oraHa nepsas
nevyararwLlyas rosioBka
Ha ocHose OLED

Kopnopauus Seiko Epson paspa6otana
MepBylo B MUpe MevaTatoLLyto rofoBKy, 1c-
MOMb3YIOLLYI0 CBETOMU3MYYaAIOLMIA SEMEHT
OLED (organic light-emitting diode).

B HacTosLLee Bpema anekTpodhoTorpacu-
4eckue TEeXHONOrnm (ANt KONUPOB Y NPUHTE-
pOB) B Ka4eCTBE UCTOYHUKOB CBETA UCMOSb-
3y0T MO0 nasdepHble, NMM60 CBETOAMOAHbIE
ycTporicTBa. KomnaHus Epson B cOTpyaHu-
yectBe ¢ Sumitomo Chemical paspa6otana
CBEPXbAPKUA CBETOU3MYHAIOLLWA SNIEMEHT
OLED, KOTOpbIM MOXHO 3aMEHUTb 3TU UCTO-
YHUKM cBeTa.

[Mpu thopmuposaHum ceetogunoda OLED
mMarepuan HaHOCUTCH HEMOCPELCTBEHHO Ha
CTEKIISHHBIN HOCUTENb, YTO NO3BOMSET Cpa-
3y co3AaBaTh NIMHEWKW UCTOYHUKOB CBETa.
Bnarogaps atomy nevartatoLuas rosioBka no-
fly4aeTcs O4YeHb MAaNIeHbKOW W YIbTPaTOH-
KOV, & CBETOBbIE 3/IEMEHTbI HY)XHOrO pasme-
pa rnony4atoTcs 04eHb YETKUMMU.

Mo 3asenenuio npepcrasutener Epson,
TECTUPOBaHWE NPOTOTWUNA NeYaTHOW roNoB-
k1 ¢ OLED-aneMeHTOM nokasano KayecTso,
CpaBHUMOE, a B HEKOTOPbIX Cy4asx 1 npe-
BOCXOfsiLiee mokasartenn 06blYHbIX Nasep-
HbIX MPUHTEPOB.

B Hactosiliee BpeMs crneuvanuctsl KOM-
naHuu pabotatoT Hag o6beguHeHnem OLED
1 CO3AaHHOM Epson TEXHONOrum U3roToBne-
HWS| TOHKOMNEHOYHbIX TPAH3UCTOPOB U3 HU3-
KOTEMMEPaTypPHOro MOIMKPUCTaNIMHECKOrO
KPEMHUS, YTO MO3BOMUT YBENYUTL paspe-
LLIeHMe neYaTu, a TakKe CHU3UTb CTOMMOCTb
nevyaTaroLmMx YCTPOMCTB 3a CHET MomeLle-
HUS YNPaBnsoLLIUX UHTErpanbHbIX CXeM He-
MOCPEeACTBEHHO B MEYaTaKoLLYHO FOMoBKY.

Mo oLeHKam cneumanucToB, HOBast TEXHO-
NIOrvsi U3roTOBIIEHUA MevaTatoLLeit rofoBKU
aKkTyanbHa [Ans NPOu3BOACTBA LBETHbIX
npuHTepoB. OHa Mo3BOMNseT co3pasatb Ma-
niorabapuTHble peLlenusi, obecneymBatoLLie
BbICOKOE pa3peLLeHune 1 60MbLLYI0 CKOPOCTh
neyatu.

http://itc.ua

Sharp BbInycTUT cambii
KpynHocopmMaTHbINA
npOdJGCCMOHaanbIﬁ
XK-gucnnen

Kopnopauus Sharp coo6Luuna, 4To ¢ uto-
HA Ha4ymHaeT noctasku B CLLIA camoro kpyn-
HodhopmaTHoro B mupe XKK-gucnnes npo-
heccuoHanbHoro ypoBHs. Mogens PN-655
UMeeT pasmep auaroHanu 65 AovMoB u
nopaepXvBaeT OByXMeranukcesibHoe pas-
petueHre (1920 x 1080).

NMPOEKTUPOBAHUWE N MOOEJFIMPOBAHME

News of the World

Wcnonb3oBaHue TexHonoruv DFE (Dual-
Fine Engine) no3sonser oto6paxarb C Bbl-
COKVMM Ka4yeCTBOM CUrHasbl, MocTynatoLimue
Kak OT KOMnbloTepa, Tak ¥ OT BULEOTEXHU-
Kun. [ucnnen o6opynoBaH NofHbIM HA6opoMm
pasbeMOB ANA NOAKIIIOYEHUS BCEBO3MOX-
HOro LM poBOro 1M aHanoroBoro 060pyno-
BaHus.

KoppekTHOMYy BOCMpOM3BEdEHUO BCeW
LIBETOBOWA ramMbl CroCOGCTBYET NpUMEHe-
HWe nNoopPecLIEHTHOM NMOACBETKM C XOof-
HbIM KaTO0M C U3JTy4EHUEM Ha YETbIPEX BO-
nHax. CobctBeHHas paspaboTtka Sharp
Advanced Super View (ASV) genaet mogens
PN-655 ontumanbHbIM BbIGOPOM [Ans OTO-
6paXKeHnss AUHaAMUYHOW rpachuky ¢ ManbiM
BpemMeHem oTknuka (6 mc). Yron o63opa
avicnnes coctasnsaet 170 rpagycos, a oTCyT-
CTBME OXNaXAAOLLEr0 BEHTUNIATOPA YMEHb-
LaeT 9HeprornoTpebeHre U YpoBEHb LyMa
N0 CPaBHEHUIO C MOLENAMU APYrux KOHCT-
pyKUnA.

nonBep)KeHbl JiIn BUpycam
cuctembl RFID?

lpynna wuccneposatenen U3 amctepaam-
ckoro yHusepcuteta (Vrije Universiteit) Ha
meponpuatun IEEE Pervasive Computing
and Communications Conference, npoxo-
AuBLUEeM Ha JHax B Wrtanuu, npefcraBuna
OT4YET C Ha3BaHueM: «Your Cat Infected With
a Computer Virus?». B aToit pa6ote coo6-
L{aeTcsa 0 TOM, YTO Y4€HbIM yAanoch 3apa-
3uthb Bupycom RFID-uyun Philips B cucteme,
KoTopast paborana Ha Windows-nnatcgopme
n ucnonb3osana B Oracle 10g. MNpu atom
BPE[OHOCHas nporpamMa Obinia MeHblle
1 K6. B uccnepgoBaHuy Takxxe paccCMOTPEHO
HECKOJbKO CLieHapnueB BO3MOXHOrO pasBu-
TUA COGBLITUIA C WCMONb30BaHMEM 3a-
PaXXEHHOro Yuna.

Hetanu wuccnepoBaHua ronnaHACcKUX
Y4€HbIX NMpeAcTaBneHsl Ha caite (www.rfid-
virus.org/index.html). Bnpo4yem, ctout oT-
METUTb, 4TO HEKOTOPbIE aHanUTUKW Moka
[0CTATO4HO CKENTUHYECKN OTHOCATCS K Mac-
COBbIM BMpYyCHbIM anuaemusm B RFID-cuc-
Temax.

http://itc.ua

Oki BnepBble B Mupe
ocyuiecTBuia nepepavy
160 I'6/c Ha paccTosiHue
635 Km

Oki Electric Industry coo6wuna o npo-
BE[EHHOM €0 YCMeLIHOM 3KCMEPUMEHTE Mo
nepefaye 3a ofHy cekyHay 160 6 Bupgeo-
AaHHbIX Ha pacctosHue 635 KM.

JTOT pesynbrat 6bin JOCTUTHYT B paMkax
npoekta Research and Development on

HoBocT™n mmpa

Ultrahigh-speed Backbone Photonic Network
Technologies HauuoHanbHOro WMHCTUTYTa
nHdopmaummn n kommyHukaumin (NICT) ¢ uc-
NoSib30BAHNEM SKCMEPUMEHTANBHOW OMTO-
BOJIOKOHHOW ceTu Japan Gigabit Network ||
(JGN 1I).

Mo mMHeHwo Xapywwure Cyrumoto
(Harushige Sugimoto), TexHu4ecKoro aupek-
Topa Oki Electric, ycnex ucnbitaHuii, cocto-
ABLUMXCS B Aekabpe 2005 r., npoaeMoHCTpu-
poBa BO3MOXXHOCTb MUCMOSIb30BaHUS TEXHO-
normii JGN |l gns peanu3aumm onTUYECKUX
KOMMYHUKaLWA Ha 60MbLUMX PACCTOAHUAX,
Hanpumep, mexay Tokuo n Ocaka (500 km),
CO CKOpoCThio, B 16 pa3 npesocxopsiiewn
BO3MOXHOCTWU COBPEMEHHbIX KOMMEPHECKUX
cuctem (10 I'6/c).

http://itc.ua

Vrnepom-lble HaHOpr6KM
nony4yartr npuMeHeHue

B CUCTemax noaAcBeTKU
ansa XK-naHenewn

YuéHble 13 yHuBepcuteta Tatung B Tau-
69e (TalBaHb) WM3roTOBUAM MNNA3MEHHYIO
CBETOBYIO MaHenb, B KOTOPOW B Ka4vecTse
3J1EKTPOL0B UCMONb30BaHb! YrNepoaHble Ha-
HOTPYOKW. Takon UCTOYHUK, OGecrneqmBaro-
LA paBHOMEPHOE OCBELLEeHUE, OCOOEHHO
nepcnekTuBeH ans npuMmeHexus B XKK-gucn-
nesx.

B HacTosLee Bpemsi noaceeTka XXK-na-
Hernewn ocyLLeCTBAAETCS C MOMOLLbLIO (Moo-
PECLIeHTHbIX Namn unu ceeToauofaos. lMep-
Bble PACXo[ylT MHOrO SHepruv, TpeodyoT
BbICOKOrO HanpshKeHUs 1 UMEIOT PSif KOHCT-
PYKTMBHbIX OrpaHuyeHui, Torga Kak BTO-
pble OTNUYalTCA BbLICOKOW CEGECTOMMO-
CTbHO.

B co3paHHOM Ha TariBaHe yCTpoicTBe 1c-
nosnb3yeTcs MNosynpo3pa4Has nnéHka Tos-
LinMHoM 10 MKM, copepxallias HaHOTPYOKU U
JIIOMUHECLIEHTHbIX nopoLuok. Metogom ne-
4YaTu 3Ta CMeCb HaHeceHa Ha KBagpaTHbIi
dhparMeHT npoBopsLlero crekna. HaHoTt-
py6K1 [OEVCTBYIOT Kak CBEYM 3aXKWUraHus,
co3jaBasi aproHoByl nnasmy, Kotopasi, B
CBOIO O4Yepefb, BO36YXaaeT ynsrpaduorne-
TOBbIM U3/Ty4EHUEM JIIOMUHECLIEHTHBIA Ma-
Tepuarn.

Mpototun paamepamu 5 x 5 cm co3gaH ¢
NMPUMEHEHNEM NPOCTOro NPOU3BOLACTBEHHO-
ro npouecca u notpebnser B 2..5 pas
MEHbLLE 3Hepruun, 4em nOOPECLEHTHbIE
namnbl ¢ Xo0AHbIM KaTogoM. Kpome Toro,
OTKa3 OT KCeHOHa U 3ameHa ero Gonee
[eLéBbIM aproHOM CrOCOOCTBYET CHUXe-
HUIO CE6ECTOMMOCTH ByAyLLIMX CUCTEM MOf-
CBETKU.

http://itc.ua
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CoBpemeHHble METOAbl aBTOMATU3aLUK
N3MepUTenbHbIX U TEXHONOrN4YeCcKuX

npoLeccoB

Veman @eiizxanos, [lanuna Tanukos (MockoBckas o6n.)

ABTOpbI AEMOHCTPUPYIOT, KAKUM 06Pa3oOM KOMMbIOTEPHbIE TEXHONIOTUK
o6ner4aloT peLeHne U3MepuTenbHbIX 3aaay U NPeAoCcTaBnaT 6onbLune
BO3MOXHOCTU 4115 YNPaBNEHUsi TEXHOJIOTM4ECKMMU npoLeccamu.

B kayecTBe npumMepa paccMoTpeHa cpepa pa3paboTku ZETLab-Studio.

3AAAYU UBMEPEHMA
U ABTOMATU3SALIUU
[IpuMEHEHHE KOMITBIOTEPHBIX TEXHO-
JIOTUH B COBPEMEHHBIX CHCTEMAX M3Me-
pEHUsI, MOHUTOPHHIA, AHAJIU3a CHUIHA-
JIOB WJIM YIIPABIEHUS TEXHOJIOTHYECKU-
MH TIPOLIECCAMH YK€ CTAJIO HOPMOM
JKU3HU. TpyaHO cebe IpeICTaBUTh MOII-
HBII M3MEPUTEIbHBIN KOMIUIEKC 06€3
KOMIIBIOTEPHOT'O OCHAIEHUA.
CoBpEMEHHBIE TEXHOJIOTHH I103BOJISA-
JOT CO3/1aBaTh MHOTO(MYHKIIMOHAJIbHBIE

U3MEPUTEIbHBIE KOMIUIEKCHI Ha 6ase
IePCOHAIBHBIX KOMIIBIOTEPOB M JIOIOJ-
HUTEIbHBIX YCTPOMCTB BBOJA/BBIBO/A
CUTHAJIOB: IUIAT aHAJIOTO-IU(pPOBOro
(ALID) 1 uudpo-aHaIOroBOro Ipeodpa-
3oBanus (IJAIT).

BOJIBIIMHCTBO 33144 HUCITBITAHUN, W3-
MEpEeHHI H/WIH HUCCIEJOBAHUN MOXKHO
MIPEJCTAaBUTD B BUJE IIOC/IEI0BATEIIbHOC-
TH JIOTHYECKHUX JIEHCTBHI: HAKOTUIEHHE —
06paboTKa — MPEICTABIECHUE PE3Y/IbTa-
TOB (pHUC. 1). KaKaplil 3Tan BKIIOYACT B

HAKOMIEHUE

OBPABOTKA

Puc. 1. OcHOBHbIE 3afja4u U3MepeHns U 06paboTKu CUrHaNoB

cebs1 MHOXKECTBO OIIEPAIvM, aBTOMATH-
321151 KOTOPBIX ITO3BOJISIET CYIECTBEHHO
YIIPOCTUTH U3MEPHTEIBHBII IPOTIECC.

IIporpaMMHBbIE U aANIAPATHBIE CPEJ-
crBa ZETLab KOMIIBIOTEPHOM aBTOMATH-
3a1UY U3MEPEHUH, YIIPABIECHUA U MOJIC-
JIUPOBAHUSA HIMPOKO IPHUMEHSIOTCA B
PA3THYHBIX 0OJACTAX MPOMBIIUIEHHOC-
TH, HAYYHBIX HCCIEJOBAHUAX U B 00pa-
30BaHUU [1]. AmmapaTHble CPEACTBA CO-
JIepPKaT BCE KOMITOHEHTBI COBPEMEHHBIX
U3MEPUTETBHO-YIPABIAIOMMUX KOMII-
JIEKCOB: CHCTEMBI COOpa JaHHBIX, YCT-
POMCTBA BBO/IA M BHIBO/IA AHAJIOTOBBIX U
IUMPOBBIX CUTHAJIOB, PACHIPeEIeIEHHbIE
U3MEPUTETBbHO-YIIPABIAIOMMNE KOHT-
posutepsr Ha muHax PCI, USB, Ethernet
u 1.0, Ucions3yemast B ZETLab konmern-
U1 BUPTYATIBHBIX IIPHOOPOB IIO3BOJIS-
€T 3HAYUTEIbHO PACIIHPHUTD (PYHKI[HO-
HAJIBHOCTb CO3/]aBAEMBIX HMCIIBITATE/b-
HBIX U HU3MEPHUTEJIbHBIX CHUCTEM IPHU
O/IHOBPEMEHHOM COKPAI[EHUH TPY/JO-
3aTpaT Ha UX pa3paboTky. Cpena paspa-
GOTKH IOJIB30BATENbCKUX NPHUIIOKE-
aur ZETLab-Studio npeacrasasger co-
6011 Ha6OP BCTPAUBAEMBIX KOMIIOHEHT
st 6BICTPOH U 3P (HEKTUBHOM pas3pa-
60TKH U3MEPUTETBHBIX, KOHTPOJbHBIX
U yIPaBIAIOMUX nporpamm. OHa sB/A-
eTcst yIOOHBIM HHCTPYMEHTOM UISL CO3-
JIAHUSI BBICOKOIIPOU3BOJAUTENBHBIX CHC-
TeM OOpPabOTKH CHUTHAJIOB B PEAJIbHOM
MacmTabe BpEMEHM.

MHOroBAPMAHTHOCTDb
PELLEHWUW ANSA PA3NMUYHbIX
3AO0AH

PemreHus CTAHJAPTHBIX 33/1a4 U3Mepe-
HUS TAPAMETPOB TEKTPUUECKUX CUTHA-
JIOB peanu3oBaHbl B cocrase ZETLab
60IBIIMM HAGOPOM IPOTrPAMM-TIPUOO-
POB: BOIIBTMETPBI, OCIH/UIOTPA(dbI, reHe-
PaTOpPBbL, IPOTPAMMEI JJIsI CTIEKTPATIbHOM
06PaBOTKH CUTHATIOB, CAMOITHUCIIBI, PETH-
CTPaTOPHI U T.IL JIIs1 pEIIEeHHUs 3a/1a4 110
KOHKPETHBIM TPEOOBAHUAM KOHEYHBIX
OJIb30BATENCH  Cpefa  pPa3paboTKu
ZETLab-Studio 103BOJISIET CO3[aBAThH
MHOTO(YHKIIMOHAIBHBIE TTPOIPAMMHO-
U3MEPUTETbHbBIE KOMIUIEKCHL

WWW.SOEL.RU
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IIpencraBbre cebe MHCTPYMEHT, MPH-
60p MJIM CHCTEMY, KOTOPBIE B TOUHOCTH
COOTBETCTBYIOT TPEOOBAHUSIM BAIIICH 32-
JAa4u; WHCTPYMEHT, KOTOPBIH COOHpPAET,
AHATU3HPYET, MPEACTABIAECT JaHHbIE U
OCYHIECTB/ISIET YIIPABJICHUE UMEHHO He-
06XOIUMBIM BaM CITOCOO0M. C IIOMOIIHIO
ZETLab TakuM HMHCTPYMEHTOM MOJKET
CTaThb OOBIYHBIN KOMIIBIOTEP, CTOSIIIUI
y BacC B 1a60OPATOPHUH WJIN HA IIPOU3BO/I-
cTBE, 1160 KoMubioTep Tuna Notebook,
OCHAIEHHBIN JOTTOTHUTETbHBIMHU YCT-
po¥cTBAMU uH(OpMAIUH.
ZETLab-Studio — MHTErpupOBaHHAS Cpe-
Ja pa3paboTyMKa I CO3/aHHA IPO-
rpaMmm c6opa, o6pabOTKM JaHHBIX U
yHpasaeHus: epupepUHBIMU yCTPOH-
cTBaMu. IIporpaMMHpPOBAHHE OCYILEC-
TBJIAETCS HA TIOOOM OOBEKTHO-OPUEHTH-
posanHOM a3bIKe (Visual Basic, Visual
C++, Delphi) ¢ ucnonpzopanuem 6u6Iu-
OTEYHBIX JIEMEHTOB M TOTOBBIX IIPO-

BBO/JA

rpamm ZETLab. Couyeranue mMHPOKO
HCIIOIB3YEMOTO SI3bIKA IIPOIPAMMUPOBA-
HHUSA U OOJIBIIOrO KOJIMYECTBA PA3ZHOOO-
Pa3HBIX KOMIIOHEHT NO3BOJISAET 3HAYH-
TEJIBHO COKPATUTh BpeMs Pa3pabOTKH
CJIOKHBIX CUCTEM IIPU COXPAHEHHH BBI-
COKOHM CKOPOCTH BBIIIOJHEHUSA IIPO-
rpamMm. BUGIMOTEeKN COBPEMEHHBIX aJIT0-
pUTMOB OOpabOTKU U AHAIN3A JTAHHBIX
npespamaioT cpeacrsa ZETLab B yHuH-
BEPCAIbHBIN MHCTPYMEHT CO3/IaHUS UH-
TErPUPOBAHHBIX CUCTEM Ha 6a3e Iepco-
HaJIbHBIX KOMITBIOTEPOB.

B xommnexkt ZETLab Bxomut 6o0iee
100 pasauyHBIX TOTOBBIX IIPOTPAMM,
KOMIIOHEHTOB U OUOIHOTEK, KOTOPHIE
II0JIb30BATEIM MOTYT MHTEI'PHPOBATH B
CBOM IIPUIOXKEHMA. B OCHOBY makera
nporpamm ZETLab 3a10:X€H IPHHIIAII
OHOBPEMEHHOH PaGOThI MHOTHUX IIPO-
rpaMM U MaKCUMaJIbHOE UCIOJIb30BAHHE
BBIYHCTMTETBHBIX MOITHOCTEH IPOTrPaM-
MHBIX M alllIaPaTHBIX CPEACTB. B makere
ZETLab 1moab30BaTeg 0 HAJA0 BCETO
JIMIIBL TOJ0OPaTh HA6OP HEOOXOJUMBIX
MHCTPYMEHTOB U CBSI3aTh UX B OJJUH IIPO-
exT. Takum o6pas3om, komiuiekT ZETLab
ITO3BOJIAET 6€3 MOTEPHU IPOU3BOAUTEb-
HOCTH M30€KATh C/IOKHOCTEH OOBIYHOTO
«TE€KCTOBOTO» U «I'PA(PUIECKOro» Ipo-
TPAMMHPOBAHHUSL.

PA3PABOTKA ®YHKLMUOHAJIBHO
MOJIHOA CUCTEMbI

Kaxk npaBuio, IpOrpaMMHBIE ITAKETHI
PEImAaT TOJBKO OJUH ACIEKT ITOCTaB-
n1eHHoM 3azauu. Ilaker ZETLab mpeno-
CTaBJISIET BCE HEOOXOJHMMBIE CPE/JCTBA,
OO'beTUHEHHBIE €IUHOM METOOJIOTH-
€M, — BUPTyaJIbHBIE IPHUOOPHI OOIIETO

NMPOEKTUPOBAHME U MOOEJIMPOBAHME

Ha3HAYEHHUA: OCHM/IIOTpadbl, camo-
MU CLBL, BOJIBTMETPBI, 4aCTOTOMEPHI, y3-
KOTIOJIOCHBIE U IOJIEOKTABHBIC AHATU32~
TOPBI, KOPPEJATOPHI, PETHUCTPATOPHI,
reHepaToOpbl PA3IUYHBIX CHUTHAJIOB,
(UIBTPEI BEPXHUX M HIDKHUX YaCTOT,
yCTpO¥iCcTBA UM(MPOBOIO BBOJIA U BHIBO-
na. Kpome TOro, nmpemocraBisiiOTCS
CIENHATU3UPOBAHHbBIE IPUOOPHL: U3ME-
PUTENIN HEJIMHEUHBIX UCKAKEHUH, aMIT-
JIMTYAHBIX, (DA30BBIX U YACTOTHBIX Xa-
PAKTEPHUCTHK, '€HEPATOPBI C OOPATHOM
CBSA3BIO, IIPOTPAMMBI JUISI MOAJBHOTO U
IIOPS/IKOBOTO aHanu3a. Ha ocHoBe roTo-
BBIX IIPHOOPOB MOYKHO COOPATH HUCIIBI-
TATEJIbHBIN WX U3MEPUTEIbHBIN CTEH],
CUCTEMY YIIPABAECHUS IIPOU3BO/JCTBEH-
HBIM LIMKJIOM MJIM CUCTEMY MOHHUTOPHH-
ra. HaxxarueMm Ha OJIHY KHOIIKY MOKHO
COXPAHHUTD BBIIIOJTHEHHBIN IIPOEKT U 32-
IIyCKAaTh €r0 IO Mepe HEOOXOIHUMOCTH.
IIpumep paboyero croja npu padore B
ZETLab nokasaH Ha puc. 2.

Bce BUpTyaIbHBIE IPHUOOPHI-IIPOTPAM-
MBI PAa0OTAIOT KAK B PEATTBHOM BPEMEHH,
TAaK U B peKUMe 00pabOTKH OLM(POBaH-
HBIX B BHJE (paiyioB curHaioB. CpeacTsa
PEruCTpanii U BOCIIPOU3BEAEHUA CHUTI-
HAJIOB IO3BOJIAIOT 3AIIUCHIBATh CUTHAI U
06pabaTBIBATh €TI0 C IPUMEHEHUEM pPa3-
JIMYHBIX AJITOPUTMOB. DTO CYLIECTBEHHO
MHUHHUMHU3HUPYET BPEMS Pa3Pa0OTKH U OT-
JIAJKU 3aKOHYEHHOM cucTeMbl. [laker
ZETLab mo3Bo/€T B OJHOM IEPCOHAIIb-
HOM KOMIIBIOTEPE OJHOBPEMEHHO HC-
I10JIb30BATh HECKOJIBKO PA3TUYHBIX YCT-
PO¥ICTB BBOAA/BbIBOJA. TaK, /111 MEjI€H-
HO MEHAIOIIMNXCS CUTHAJIOB MOJKHO HC-
I10JIb30BATh MHOI'OKaHaJabHbIe AIIIl, a
JI/151 OBICTPO MEHSAIOIIMXCS — BEICOKOIIPO-
uspogurenbHbie ALl CBsI3aB B JIOKA/Ib-
HYIO CE€Thb HECKOJBKO KOMIIBIOTEPOB,
MOHO Pa0OTaTh C OJHUM HU3MEPHUTEIb-
HBIM TPAKTOM Ha HECKOJBKUX KOMIIBIO-
Tepax B PEATBHOM MAacCIITa6e BPEMEHH.
DTO OCOOEHHO MOJIE3HO IPH IIPOBEE-
HHH y4eOHOTro npouecca. Taxke 3TO Imu-
POKO HCHOJIb3YETCA B CHCTEMAaX HEIpe-
PBIBHOI'O KOHTPOJISI MU MOHHTOPHHIA,
KOIZIa OAMH KOMIIBIOTED HCIIOIb3YETCS
JUUIs HEIIPEPBIBHOM 3aIIUCH CUTHAJIOB U
BBIJAYM TIPEAYNPEKACHUM, 4 JIPYTON —
JUISL IIPOBEAECHUS JUATHOCTHUKH KOHTPO-
JIMPYEMBIX Y3/10B. CylI€CTBEHHBIM IOCTO-
uHCTBOM mnakera ZETLab sBasercs To,
YTO MHOTHE BHUPTYaJbHBIE IIPHUOOPHI B
KOMIUIEKTE C YCTPOMCTBAMH BBO/IA/BBI-
BOAA CepTU(MHUIHMPOBAHBI B KA4YECTBE
cpencts uamepenus (CH) U BHECEHBI B
peectp CH Poccuiickoit ®enepariyy. Bt
MOKETE HAITMCATh COOCTBEHHBIE ITPUIIO-
JKEHUS, YIPABIAIOIINE BUPTYATbHBIMUA

NPUOOPAMU M COGUPAIOIINMHU PE3YIbTa-
ThL. B 3TOM ciIygae CyImeCTBEHHO YIIPO-
[AETCS METPOTOTHYECKAS ATTECTALHS
COOPAaHHOH TAKUM OOPA30M CHCTEMBI.
Jst co3manusi COOCTBEHHBIX IIPUIIOKE-
HUHM M YIOPAaBJIEHUS CYI[ECTBYIOU[UMHU
IPOrpaMMaMy HCHOJIB3YETCSI MOAYIIb
YIPaBJIE€HHUSA U aBTOMATHU3AI[HH.

Bce BupTyanbHBIE IPHUOGOPHI UMEIOT
BO3MO’KHOCTD 3aIIMCBIBATH PE3Y/IbTATHI B
ariisl 71 OCIEIYIOmEe 06paboOTKH U
aHa/1M3a pe3yabraroB. B makere ZETLab
MPETYCMOTPEHO BCE VI CO3AAHUA OTUE-
TOB B Microsoft Excel u Word ¢ MuHu-
MaJIbHBIMH 3aTPAaTAMH BPEMEHH U CHIL
Kpowme Toro, 1o1p30Bareib UMEET IHIHUPO-
KM€ BO3MOKHOCTHU IIO MaHHITyJTHPOBA-
HUIO IAHHBIMU — 3aITMCh/YTEHUE C JTHUC-
Ka, IIepe/1ayda 1o CETH, II€YaTh Ha IIPUHTE-
Pp€e WIH IUIOTTEPE.

MOCTPOEHMUE COBECTBEHHOIO
BUPTYAJIbHOIO NMPUBOPA

B ZETLab MOKHO HanucaTpy COGCTBEH-
HYIO IIPOI'PAMMY BHPTYAJIBHOI'O IIPUOO-
pa. IToCKOIBKY IIpOrpaMMHOE obecrie-
gyenue ZETLab nmosBossier 3anyckaTsh u
BBINIOJTHATH MHOKECTBO IIPOI'PAMM, BbI
MOJKETE PA3/AEIUTh CBOIO 33/1a4y HA He-
CKOJIBKO HE3aBHUCHUMBIX IIPOTPAMM.
I[IporpaMma BHUPTyaJIbHOIO IpUOGOpaA
MOKET OBITh HAIIMCAHA HA JIIOOOM OO'B-
E€KTHO-OPUEHTUPOBAHHOM S3BIKE IIPO-
IrpaMMHPOBAaHHUA. B mporpamMmmy ycraHas-
JIMBAIOTCA PAa3/JIMYHbIE IIPOIPAMMHBIC
KOMIIOHEHTBI, OTBEYAIOIINE 32 BBOJI-BBI-
BO/l AHAJIOTOBBIX M LIIU(POBBIX JAHHBIX,
rpaudecKkoe OTOOPAKEHHE JBYXMEP-
HBIX U TPEXMEPHBIX Ipadukos, X-Y-rpa-
(UKOB, rPa(dUKOB B MOSIPHBIX KOOPH-
HATaX, MHTErPAJIbHBIX YPOBHEH, TU(DPO-
BBIX MHIHMKATOPOB. B mporpaMmmy Taxke
MOKHO CTaBUTb CTAaHAAPTHBIE KOMIIO-
HEHTBl OOBEKTHO-OPHUEHTHPOBAHHOTO
A3bIKA: KHOIIKH, TEKCTOBBIE OJIOKH, Jua-
JIOTU OTKPBHITHSA (PAHIOB M MHOTHE JIPY-
rue. Bobiioe KOIUu4ecTBO y4eOHHUKOB U
IIPUMEPOB II0 CYIIECTBYIOIIUM SA3bIKAM
IIPOIPAMMUPOBAHUSA O3BOISIET U3Y4aTh
HX /IO JIIOOO¥ CTENIEHH JeTaau3anuu. Bee
KOMITOHEHTBI CAMOJOKYMEHTHPOBAHHBI,
YTO IIO3BOJAET JOCTATOYHO OBICTPO
OCBOUTb HEOOXOAMMBIE KOMAHABL B pe-
3y/IbTAT€ KOMIIWIAIIMH TOJIY9a€TCsS HC-
TIOJIHAEMBIH KO/ IIPOI'PAMMBI, YTO ITI03BO-
JISIET MOJHOCTBIO HCIIOTIb30BATh BBIYHC-
JINTEIbHbIE BO3MOKHOCTH KOMITBIOTEPA
U PACIIPOCTPAHATD UCIOIHAEMBIN pabo-
yui (parr mporpaMmel 6€3 HCXOJHOTO
TEKCTA MPOTrpamMMbl. ITOTy4eHHYIO IIPO-
rpaMMy MOKHO O(DOPMHUTBH B CBOEM HH-
JIUBU/TYaIbHOM JIM3AMHE U UCIIOJIb30BATH
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Puc. 2. Opuu u3 BapuanToB pa6oyero crona npu pa6ore B ZETLab

HApaBHE C MPOrpPaMMaMH H3 COCTABA
ZETLab.

CtpyKTYPA ZETLAB-STUDIO

ITaker ZETLab-Studio — 310 uHTErpH-
POBAaHHBIN HAOOP HHCTPYMEHTOB B 6H0-
JIMOTEK KIACcCOB st Microsoft Visual
Studio.NET u Visual Studio 6.0. Dtu Ha-
OOPBI MPUMEHSIOTCSA IIPU PENICHUH 34a-
a4 U3MEpeHUN U aBToMarusanuu. Ila-
ket ZETLab-Studio CymecTBEHHO YCKO-
psieT mpoiecc pa3paboTKH IPUIOKEHUI
O6marojgaps nopjepkke ActiveX seMeH-
TOB U NET-00BEKTOB, OOBEKTHO-OPHUEH-
THPOBAHHBIX AMIAPATHBIX U3MEPUTEIb-
HBIX UHTEP(ENCOB, HAIUMYHIO JIOIIOJIHHU-
TEJbHBIX OMOJIMOTEK AHANN3a JAHHBIX,
3JIEMEHTOB YIPABJIEHUS, CPEACTB Iepe-
JIaYy JIAHHBIX 110 CETH, MOIIHBIX I'padu-
YECKUX OUOIUOTEK JUISI TIPEACTABICHUS
JIAHHBIX.

ITpu TIOOBIX CPEICTBAX COOPA JAHHBIX
mmaker ZETLab-Studio nnpeocrasiseT Bce
CpeacTBa Pa3paboOTKU BBICOKOYPOBHEBO-
ro wuHTepderca MIPOrpaMMHPOBAHUA
npuwiokeHuH (API) B HEOOXOAMMOM cpe-
Jie pa3pabOTKHU.

ITaker ZETLab-Studio copep:KuT I10JI-
HBIF Ha60p (PYHKUIMN aHAIM3a U 00pa-
OOTKH JJAHHBIX U3MepPEHHI. C IOMOIIBIO
ZETLab-Studio MOKHO BOCIIOJIb30BATbCS
IIHPOKUM HAOOPOM TAKHUX CPEJCTB aHA-
Jm3a 1 0OpabOTKU JaHHBIX, KAK CIIEKT-
PaIBHBIM AHATU3, CTATUCTUYECKAA H
nudposast 06paboTKa CUIHAIOB, (DHIIBT-
paIysi CUTHAJIOB U OBICTPOE IPeodpa3o-
Banue Pypoe. EC/iM aHaIMU3 BBIIIOIHACT-
CsI KOHKPETHBIM IIPHJIOKEHHEM cbopa
JIAHHBIX, TO B (DAl MOKHO COXPAHHUTD
yKe 0O6pabOTAaHHBIE PE3YAbTATHI U3ME-
peHui.

ITaker ZETLab-Studio mossosiser He
TPATUTh MECALBI HA CO3/IaHME MPpodec-
CHOHAJIBHBIX I'PAPUUECKUX IOTB30BA-
TEJIBCKUX UHTEP(ECOB /151 IPOTPAMM
M3MEPEHHUS U aBTOMATU3AIUN. [l KaxK-
JIOTO THTIA U3MEPEHHIT TPOrpaMMma Ipe-
JIOCTABJISIET IIOJAb30BATEILCKUE JIEMEH-
Tl HHTEP@EIICA, KOTOPHIE MOKHO IPH
HEOOXOIMMOCTH Pa3MeNaTh U COBME-
ATh TPOU3BOJIBHBIM OOPA30M IS pe-
IIEHUs KaKJOM KOHKPETHOM 3aJayvyH.
Cpeau JOCTYIHBIX 3JIEMEHTOB YIIPaB/ie-
HUSI UMEIOTCSI PA3IMIHbIEC KHOIIKH, Pyd-

KH, ITIOJI3yHKH, CBETOAMOJbI U HU3MEPHU-
TeJIbHBIE IPUOOPHL. /I IPeICTABICHUSA
pE3YyJAbTATOB AHAAM3a HMEIOTCA IIPO-
IPAaMMBl OTOOPAKEHMS JAHHBIX B I'pa-
¢puyeckoM BHJIE: B IBYX- H TPEXMEPHOM
rpaduke, B MOJSIPHBIX KOOPAHUHATAX, C
aHaJIOTOBBIM 3(P(PEKTOM I10C/IeCBEYE-
HUSL BJEKTPOHHO-TYYE€BOH TPYOKH.
Vro6Hast cucremMa MacHTabHupOBAHUA
rpauKOB, IVTABHOE II€epEMELEHUE KyP-
copa, COXpaHeHHE rpadUIecKux JaH-
HBIX /IS OTYETOB B pepakropax Excel
Word Mmo3BOJAIOT OBICTPO IOJAYYATh
HEOOXO/IMMBIE PE3YJAbTAThl JJIsA I1OC/Ie-
ayromert nedaru. [Iupokuit Habop asie-
MeHTOB, umermuxcs B ZETLab-Studio,
MMO3BOJISIET OCYIIECTBIATH OOJiee HH-
($OpMaATHBHOE IIPEACTABIECHHUE JAHHBIX
10 CPABHEHHUIO C TPAJUIITMOHHBIMHU IIPH-
6opamu.

BHe 3aBUCHUMOCTH OT 33/1a49H, CKOPOCTD
BBITIOJTHCHUSI IIPOI'PAMMBI SIBJIAETCH BAK-
HENIHUM (PaKTOPOM aAHAIM3A JAHHBIX.
BUOGIMOTEKN aHAIN3A HCIIOIb3YIOT MaK-
CHMYM BBIYHUCIATEIBHBIX BO3MOKHOC-
TEN MEPCOHAIBHOIO KOMIIbIOTEPA. Bup-
TyaJIbHBIC IIPHOOPBI ONTHMHM3HUPOBAHDI
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JUISL ACTTOJIb30BAHUSA CIEAYIOMINX TEXHO-

JIOTHI:

@ MATEMATUYECKOI'O COIPOIIECCOpa,

® pACHIUpPEHUS
(MMX),

® IIpOoLIeCccopa I MOTOKOBOM 06paGoT-
KA OJHOM MHCTPYKIIMEH MaCCHBa
nesnbix yucen (Streaming Single In-
struction stream, Multiple Data Stream
Extension, SSE1) u 4yucen ¢ masaio-
mien 3arsToi (SSE2),

® TEXHOJIOTMM MHOTOIIOTOYHOHM 06pa-
60tku (HyperThreading).
Kpome TOro, CymecrByioT Cleruaim-

1A MyJabTUMEOHA

3HPOBAHHBIE OUOIMOTEKH, HCIOIb3YIO-
I¥E€ BBIYHUCIUTEIBHBIE BO3MOKHOCTH
IUQPPOBBIX CHUI'HAIBHBIX IIPOLIECCOPOB,
YCTAaHOBJIEHHBIX HA yCcTporcTBax AT u
LIAII [1].

ITaxer ZETLab-Studio cozpepsxur nepe-
JIOBYIO TEXHOJIOTHIO IPOI'PAMMHPOBA-
HHS, KOTOpasi TMO3BOJSIET CYIIECTBEHHO
3KOHOMHTD BPEMs HA HPOrPAMMHPOBA-
HHMH IIPWIOKEHUH 00pabOTKH 1 0TOOpa-
JKEHMS CUTHAIOB. JI7Is1 KasK/I0ro Tara pe-
IIEHMs 3224 M3MEPEHUA U 0OPabOTKH
curHayioB (cMm. puc. 1) B ZETLab-Studio
pEeann30BaHbl OTJEIbHBIC KOMIIOHEHTBL.
ITop30BaTENbh MOKET KOMIIOHOBATD HX B
CBOEH MPOTrPaMMe I CO3JAHUS IIPUIIO-
JKEHUH, KaK B KOHCTpyKTope. Bce atu
«KyOMKH» OITUMH3UPOBAHBI 110 GBICTPO-
JIEHUCTBUIO U HAIEKHOCTH. 151 TI0601 3a-
JIaYX MOTYT OBITh TOZOOPAHBI ONTHMATTh-
HBIE ANIIAPATHBIE U IIPOI'PAMMHBIE CPEJI-
CTBa.

BBOJ M BBIBOJ, aHAJIOTOBBIX U ITH(D-
POBBIX CUTHAJIOB IIPOU3BOJUTCS Yepe3
cepsep AaHHBIX. OH CIIPOEKTHPOBAH B
COOTBETCTBHUHU C TPEOOBAHHUAMH OOIIIE-
IIPOMBIIIJIEHHOTO  CTAaHAAPTA  JUIs
SCADA-cucrem — OPC. Cepsep OCyIIecT-
BISIET TMOJKIIOYEHHE K JpariBepaM yCT-
POMCTB, CHHXPOHH3AIIHIO IIOTOKOB JJaH-
HBIX OT PAa3JTHUYHBIX YCTPOMCTB BBOJA
WM BBIBOJA, OOECIIEYMBAET OJHOBpE-
MEHHO€E MOJKIIOYEHHE HECKOIBKHX Pa3-
JIMYHBIX TUIIOB YCTPOMCTB.

TTonp30BaTENBCKAST IPOTPAMMA IO/~
KJII0YAETCA K CEPBEPY JAAHHBIX IIPU I10-
MOIIM OJHOM KOMaHAbL. OJHOBpEMEH-
HO K CEPBEPY MOKET IOJKIIOUATHCS He-
CKOJIBKO TIOTb30BATETbCKUX IPOI'PAMM.
Janneie oT ALIII moCcTynaioT B Iporpam-
My ITOJIb30BaTes B (pOpMATE C IIJIABAIO-
e 3amnAaTON B 3aJaHHBIX €JUHHUIIAX
usMepeHusa (PU3NYECKUX BEIUYUH.
EAMHULIBI U3MEPEHUS 3aJAI0TCS T10Jb-
3oBareneM. IIporpaMma IOJIb30BATENIS
MOJKET CO3[aBaTh BUPTYaJIbHBIC KaHa-
JIbI, KOTOPBIE CYIIECTBYIOT HapaBHE C
GU3NIECKUMU KAHAIAMH U 06pabaThI-

BAIOTCS IPYITMMH IIPOTPAMMAMH TaK K€,
KaK ¥ (pu3ryecKkue KaHaisl IIporpamma
[IOJIb30BATE/ISA MOJKET CO3[1aBATh JAH-
Hple st JAIT u nepegaBats UX yepes
cepsep. Ceppep paboraer B pekume
PEIBbHOTO BPEMEHHU U B PEKHUME UTe-
HUSA OLU(POBAHHBIX JAHHBIX. [IpUuém
[IOJIb30BATEILCKAA IIPOrPaMMa OyAEeT C
O/IMHAKOBBIM YCIIEXOM PAGOTATH U B pe-
ATbHOM PEXHUME, U B PEKHUME YTCHUs
JaHHbIX U3 (aruta. [Ipu o6bequHEeHUN
HECKOJbKHX KOMIIBIOTEPOB B OJHY JIO-
KaJIbHYIO CETh MOKHO OOBEIMHUTD I10-
TOKH JAHHBIX OT CEPBEPOB JAHHBIX U
TAKUM OOPa30M PEATH30BATH pPacCIpe-
JIEIEHHYIO CUCTEMY OOPabOTKH CUTHA-
JIOB.

[l mepepavyu pe3ynbTaToB HU3MeEpe-
HHMH U YIIPaB/SIONINX KOMAH]] U3 OJTHOMI
MPOTPAMMBI B JIPYTYIO CIIYKHUT MOJY/Ib
YIPaBJI€HUsA U aBTOMATU3AINH. [10/1630-
BATE/IbCKASA IPOrPaMMa TOXKE MOXKET
MOJIK/II0YAThCA K 3TOMYy MoAymio. Hc-
MOJIb30BAHUE MOJYIS TNOAPA3yMEBaET
CBA3b MEXKIY IIPOTPAMMAMU THIIA «BEIY-
IU» — «BEIOMBIH».

JIrobasg mporpaMma, CBS3aHHAS C
M3MEPEHUSIMH,
yIpaBJI€HUEM, NO/LKHA 0O0pabaThIBATH
OuM(POBAHHBIE AHATIOTOBBIE JTAHHBIE 1
nudpoBeie AaHHBIE. [ YIPOLIEHUSs
PaGoTHI C TAKMMH JAHHBIMU HCIIOIb3Y-

ABTOMATU3ALIUEH H

ercst GUGINOTEKA JMHAMUYIECKH KOMIIO-
HyeMbIxX Mmoaysier (DLL) o6paboTku cur-
HAJIOB, KOTOPAs BKJIIOYAET B Ce6S IMPO-
rpaMMbl PaGOTBI C MACCUBAMU JIAHHBIX
U ONTUMH3HUPOBAHA ISl NPOIIECCOPOB
Intel Pentium IV ¢ cucreMoi KOMaH[
MMX u SSE.

PesynpTaTel 06pabOTKH MOTYT OBITDH
IIPEJCTABAEHbl B I'PAa(UYECKOM BHIE.
Bcé€, uTO BaM HAAO CAeNaTh, — 3TO IIO-
MECTHTD Ha CBOIO (hOpMy rpadudeckuit
aeMeHT ActiveX B HY)KHOM MECTE€ U
MIPUJIATH €My HEOOXOAMMBIE CBOMCTBA:
LIBETA CETKH, 'PpadUKOB, HAAINCEI, TH-
I1bI JIMHUI, KOJTMYECTBO OTOOPAKAEMBIX
rpadMKOB, KOJIMYECTBO TOYEK rpaduka.
CBO¥ICTBA KOMIIOHEHTOB MOJKHO H3Me-
HATHb KAK HA 3Tale IPOCKTUPOBAHUS
IIPOrPAMMBI, TAK M B XO/I€ BBIITOJTHEHHUS
[MPOrpaMMel. 3aTe€M, B IPOLIECCE PAGOTHI
IIPOI'PAMMBI, IIOJYYEHHBIC PE3YIbTATHI
B BH/I€ MACCHBA HEOOXOJUMO Il€peaa-
BaTh B rpaduyeckunl ActiveX-aiemMeHT.
DTO JeaeTcs OHON KoMaH oM. [padu-
YECKMI 3JIEMEHT CaM IPOPHCOBBIBAET
BCe rpapuKu 6€3 MEPUAHUA U «CHEra»
Ha 3KpaHe. B rpaduyeckux amemMeHTax
peann30BaHO MACHITAOMPOBAHHUE I'Da-
(PUKOB IO BCEM OCSM, IEPEJBIKEHUE
Kypcopa M OTOOPAKEHHUE IOJOKEHHUS

Kypcopa. [I/1s1 3TOro He HA0 IIMCATh HHA
€AUHOM CTPOYKU KOJA, T.K. IO TPeHO-
BAHHUIO I1OJIb30BATENS IPOTPAMMA MO-
JKET CYUTBHIBATH IOJOKEHHE Kypcopa
Ha rpauKe M BBIIOJIHATH APyrue
JIEUCTBUS.

3AKMIOYEHUE

[IpruMeHeHnEe COBPEMEHHBIX KOMIIb-
IOTEPHBIX TEXHOJOTHH HAa KAKIOM 3Ta-
e paGoTbl U3BMEPUTEIBHBIX U ABTOMA-
TU3HPOBAHHBIX IIPOIIECCOB IO3BOJISIET
CYIIECTBEHHO YIIPOCTUTH CaM IIPOIECC
U3MEPEHUS M YIPABICHHUS, HOBBICUTD
TOYHOCTb U HAJEKHOCTH BBIIOTHEHUS
TEXHOJIOTHYECKUX IHUKIOB. Cpeja pas-
pa6orku ZETLab-Studio jaér monb3osa-
TEJIIO IIPOCTOP /I BOIUIOUIEHUS WIEH 1
3a7ja4 B MHOTO(DYHKIIHOHATBHBIE TIPO-
IPAMMHO-ANNAPATHBIE  KOMILIEKCHI.
[IppuMeHeHnE aBTOMATHU3UPOBAHHBIX
CPeJCTB Pa3pabOTKU MOJIB30BATEIbCKUX
MIPUIOKEHNUH ITO3BOIAET CHUKATDH BPEMSI
M 3aTPAThl IIPU PEIIEHUH KOHKPETHBIX
3a/71a4.

TemIibl pa3BUTHA COBPEMEHHOI'O MU-
pa CTaBAT Mepes MPeJIPUITUIMH-U3-
FOTOBUTENAMHU BCE 60/I€€ BEICOKHE TPE-
6OBaHUA, 3ACTABIAIONINE BHEAPATH B
IIPOM3BOJCTBEHHBIN LMK/ TOCJIETHUE
JOCTHKEHUS PBIHKA BBICOKHUX TEXHOJIO-
run. IIpumenenue 6osee 3pdexTus-
HBIX CPEJCTB MO3BOJSAET HOOUBATHCS
ONTUMAIbHBIX PE3YIbTATOB. [IIs1 CHC-
TEM HU3MEPEHHUS, JUATHOCTUKU U ABTO-
MaTHU3ALHUH MCIOJb30BAHUE JTyYIIUX
pElIeHUH U BHEIPEHUE ITOCTETHUX Pa3-
PaGOTOK IMO3BOJISET «IEPKATH ILUIAHKY>
Ha JIOJKHOM BhICOTE. ONTMCAHHAS B TAH-
HOM cTarbe cpesna pazpadborku ZETLab-
Studio IOJIHOCTBIO YAOBIETBOPSIET BCEM
TPEOOBAHUAM, IPEABIBASIEMBIM K CHC-
TE€MaM aBTOMATHU3UPOBAHHOIO IPOEK-
TUPOBAHMSA U3MEPUTEIBHBIX KOMIUIEK-
coB. Unrerpanus ZETLab-Studio B yxxe
CYIIECTBYIOIIHE IIPOIIECCHl HE 3aUMET
MHOI'O BPEMEHH, a PE3Y/IbTAT HE 3aCTa-
BUT ceOd JONAr0 JKAATh — YXKE IOC/Ie
IEPBOTO 3HAKOMCTBA C IMPOTPAMMHO-
aNmnapaTHBIMU CPEJICTBAMU CEMEHCTBA
ZETLab u ODPpUHIHIAMH HOCTPOEHUS
I10JIb30BATEIbCKUX KOMIUIEKCOB KOHEY-
HBIH I10JIb30BATENb MOKET MPUCTYIIATH
K CO3/aHHMIO COOCTBEHHOM CHCTEMBI.
Bc€, uTO 171 3TOrO HYKHO, — TO IIOCTA-
HOBKA 33/]a4H 1 CTPEMJICHHUE U/TH B HO-
Iy co BpemeHeM. A cpeacrsa ZETLab 6y-
JAYT B 3TOM CTPEMJIEHUH HAJEKHBIM I10-
MOIIIHUKOM.

JINTEPATYPA

1. www.zetms.ru.
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liporpamma-cumynsarop
PIC Simulator IDE

Anexcalmp ﬂauunml (Bpnucxan oﬁn )

PIC Simulator IDE — 310 oTnag4vk nporpamMmm, HarnmcaHHbIX

L1l MMKPOKOHTposiepoB microPIC cepumn 12 u 16 komnanuum Microchip.
MporpamMma nossonsieT pa3paboT4uUKy HEMOCPEACTBEHHO B OTNAXWUBaeMON
nporpamme pa6oTaTb C BUPTyasnbHOW nepuchepueli, a npouecc otnagku

M HanucaHusi NPorpamMmbi BbINONHUTL HenocpeacTBeHHO B PIC Simulator IDE.
ABTOp NpuBOAUT NpuMepbl paboTel ¢ nporpammoii PIC Simulator IDE,
npopaboTaB KOTOpble, AaXe HauyMHaloLme pa3paboTHUKu cMoryT
CaMOCTOSATESIbHO TECTUPOBaTh CBOU NPOrpammbl.

Asropom nporpammbl PIC Simulator
IDE saBiercs Baagumup Coco (KOMITAHUA
OshonSoft). 3arpy3uts €€ MOXHO 13 HMH-
TepHera [1]. PIC Simulator IDE — 310 OT-
JIAJTYMK IIPOTPAMM, HAIIMCAHHBIX U1 MH-
KpOKOHTposw1epoB (MK) microPIC cepuu
12 u 16 xommauum Microchip. Dra nipo-
IpPaMMa TAKKE IMO3BOJSAET Pa3pPabOTIUKY
HEIIOCPEICTBEHHO B OTIAKUBAEMOM KOJIE
paboTarb C BUPTYAJIBHOH NepU(pEpPHE.
Hmeercs B BHJY, YTO CIIELMAIBHBIE IIPO-
rpammubie Moayau PIC Simulator IDE
MMUTHPYIOT PA0OTy PA3IMYHBIX PEasb-
HBIX 3JIEKTPOHHBIX YCTPOHCTB: CHMBOJIb-
HOro JKK-3KpaHa, 7-CerMeHTHbBIX HHHKA-
TOPOB, TEPMHHAIA CBA3HU, 4-KaHAILHOTO
reHeparopa, ocuuwuiorpada 1 Jpyroro
o60opynoBaHus. [IpaKTHIECKH BECh IIPO-

LIECC OTIAAKHA ¥ HAIIMCAHUA IPOrPaMMBbl
MOYKHO BBIIIOJIHUTB HEIIOCPEACTBEHHO B
PIC Simulator IDE, T.e. HET HEOOXOIHUMO-
CTH, BHECA B IIPOIPAMMY KaKHE-THO0 U3-
MEHEHMs, IIporpammuposars MK u nog-
K/IIOYATh €r0 B OTIAJOYHYIO ILIATy C IIPU-
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Puc. 1. OcHoBHOe OKHO nporpammbl PIC
Simulator IDE

COETUHEHHBIMM BHEITHUMHU yCTPOMCTBA-
vu. Brarogapst aromy PIC Simulator IDE
YCKOPSIET IIPONECC HAITMCAHUA U OT/Ia KU
nporpamm st MK.

PIC Simulator IDE mmeeT BCTPOEH-
HBIF acceMOrep U KOMIMIATOp Basic-
IIOAOGHOTO S3bIKA, YTO TAKKE YIIPOIIA-
€T IPOLEeCC HAIUCAHUSA IIPOTPAMM /IS
MK u yMeHBIIA€T BpeMs pa3pabOTKU
usgeaus B neaoM. B PIC Simulator IDE
uMeeTcst 6OIBIIOE KOTHIECTBO BCEBO3-
MOJKHBIX HACTPOEK M PEKUMOB PAOOTHI,
YTO ITO3BOJIAET IIOJB30BATETIO CAMO-
CTOSITEJIBHO BBIOPATH ONITUMA/IbHBIH pe-
JKMM OT/IAKH IIPOTpaMmsl 11t MK,

Bce 3TH BO3MOKHOCTH MPOTIPAMMBI
PIC Simulator IDE pgenaror €€ OTaIHd-
HBIM MHCTPYMEHTOM KaK JI/IT HAUHHAIO-
IMUX Pa3pabOTIHUKOB, TAK U JJIA OIIBIT-
HBIX IIPOIrPaMMHUCTOB.

IIpomecc yCTAHOBKM IHPOrPAMMBI
IPOCT B HE TPEOYET OCOOBIX 3HAHUI U
HAaBBIKOB. PacraxkoBaB apxXuB C IPO-
TpaMMOM, HaxXoAuM (aria setup.exe u
3amryckaem ero. Ha IosBisromuecs: BO-
IIPOCBI HEOOXOAUMO TOJBKO HAKHUMATh
xkaHonku OK, Next wtu Continue. ITociie
3aBepuieHusa ycraHoBku PIC Simulator
IDE nogsseTcss B MEHIO «IIporpaMmbl».
PexoMeHIyeTCsl BBIBECTH SIPJIBIK 3TOH
IIPOrpaMMbl Ha pabOYHi CTOJL

3anyctus PIC Simulator IDE, MbI yBU-
JMM OCHOBHOE€ OKHO 3TOM IIPOIDaMMbI
(puc. 1). B BEpXHEH 4YaCTU HAXOIATCA
Pas3/IMYHBIC MCHIO, YCPE3 KOTOPHIC MBI
MOAYYHUM JOCTYIl K Da3JTUYHBIM Ha-
CTPOMKAM U JOIOJIHHUTEIBHBIM MOLY/IAM
OporpaMmsel (Ha puC. 1 IIOMEYEHO KaK
«1»). Tanee, B crpoke Program Location
YKa3aH IyTb B BBIOPAHHOM BaMH IIPO-

rpamme ¥ e€ ums (Ha puc. 1 — «2»). Huke,

B cTpoke Microcontrollers, OTo6paskaeT-

Csl THIT BBIOPAHHOTO MUKPOKOHTPOJUIE-

pa (1a puc. 1 - «3»). B HIKHEH 4aCTH OK-

Ha UMEIOTCS IBE ITaHEIH (IIOMEUYCHBI KaK

«»> 1 <5»). B HUX OTOOPAKAIOTCSI COCTOA-

HUS CIIEIUAIBHBIX U YIIPABJISIONINX Pe-

rucTpoB BbIGpaHHOro MK (B AaHHBIA

MOMEHT HEeT HEOOXOAMMOCTH OIIHCHI-

BaTh PACHIM(PPOBKY UX COAECPKUMOrO, d

B JJaJIbHEHIIIEM PACCMOTPHUM, KaK MOXKHO

HMCIIO/IB30BATh 3TU JAHHbBIC U U3MCHATDH

XOJ] BBIITOJIHEHUS 3arpy:keHHou B PIC

Simulator IDE mporpamMmal).

[Mopsigok paboOTEI C MPOrPAMMO¥-CH-

MYJIITOPOM CJI€YIOLIMA:

e 3amyck mporpammel PIC Simulator IDE;

@ BBIOOpP THIIA IPOLECCOPA, I KOTO-
pOro HamMCcaHa MPOrpaMma;

@ BBIOOP YACTOTBI KBAPIIEBOTO I'€HEPA-
TOpa (BIAMSIET TOJBKO HA OTOOpaKkae-
MBbI€ IPOI'PAMMOM JJAHHBIC O BDEMCHHU
BBIIIOJIHEHUST MIPOTPAMMBI MJIH KO-
MaHJbI, HO HE Ha CKOPOCTb PabOTHI
IIpOrpaMMBel, OTIakuBaemMou B PIC
Simulator IDE);

e 3arpyska nporpammel B Bujge HEX-
darira WM 3aITyCK BCTPOEHHOT'O KOM-
MMUISATOPA A3bIKa Basic M HanMcaHue B
HEM HYKHOM IIPOTIPAMMBI;

® BBIOOP HYKHBIX MOJY/IEH BHUPTYaIb-
HBIX YCTPOMCTB;

@ BBIOOpP CKOPOCTH U pPeXMMa PabOThI
NPOrPaMMBI-CUMYJIATOPA;

@ 3aITyCK IIPOIECCA CUMYJIAIIUH PA6OTHI
IPOrpaMMbl HA BBIOpaHHOM MK;

@ OCTaHOBKa paboTbl nmporpammsl PIC
Simulator IDE.

B KOMIUIEKT IIOCTaBKH IIPOTPAMMBI-CH-
My/IATOPA BXOAUT HECKOIBKO IIPUMEPOB
paGoTel ¢ IporpaMmori. Bce mpuMepsl
HAMMCAaHbI Ha Basic, KOMIIIIATOP KOTO-
POTO BCTPOEH B IPOI'PAMMY-CHUMYJIATOP.

Bce nmpuBef€HHBIE B OIMMCAHHUM IIPH-
MEPBI IPOIPAMM PACTIONIOKEHBI B ITAIIKE,
B KOTOPYIO yCTaHOB/IEHA porpamma PIC
Simulator IDE. ITo yMO/TYaHHIO 3TA ITATIKA
pacrionoxeHa 1o agpecy: C:\Program
Files\PIC Simulator IDE [2]. Kpome (aii-
JIOB IporpamMm Ha Basic, B 9TO¥ mamke
XPaHATCA YK€ OTKOMIIMJIHMPOBAHHBIE
arunel Ha AcceMmbiiepe U (parIbl JaMIIOB
NaMATH, MOATOTOBJIEHHBIE /I HEIO-
CpeACTBEHHOM 3arpysku B MK. ®@ariier Ha
Accembnepe ¢ pacHIMpeHHueM .asm ObUTH
Cr€HEPHUPOBAHBI BCTPOEHHBIM KOMITHIIA-
TOopoM Basic. ®ariiibl 1aMIOB IAMATH C
pacmpenyeM .hex GbUTH CTeHEPHUPOBA-
HBI BCTPOEHHBIM 4CCEMOIEPOM.

WWW.SOEL.RU
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Hwxe nipusegensl 11 npumepos pa-
6OTBI C MPOrpaMMOH-cuMyaTOpoM. Ha-
YUHAS C IPUMEpPa 5, JEMOHCTPUPYETCS
paboTa KOMIIISITOPA, acceMb1epa M OT-
magguka. Bce mpuMepbl HAIMMCAHBI Ha
Basic 1 uMEIOT TOAPOOHBIE KOMMEHTA-
puu. Bo Bcex mpuMepax OCTAHOBUTD Pa-
60Ty nnporpammsl PIC Simulator IDE mo-
JKHO, HakaB Ha Simulation|Stop. U3y4yus
3TH MPUMEPBI, MOKHO IIPHUCTYIIAThH K Ca-
mocrosTenpHOoM padore ¢ PIC Simulator
IDE u nmucaTs NporpaMmel Ha Basic.

Mpumep 1: pa6oTa c Timer0,
o6pa6oTka npepbiBaHus TMRO

Dra mporpamMma HCIOJIb3YeT IPEPbI-
Banue Timer(O, 9TOOBI MEPHUOJAHUYECKHA
M3MEHSITH 3HA4YEHHUE HA BBIBOJAX IIOPTA
PORTB, T.€. IpU NEPETIOTHEHNUH TariMe-
pa IPOMCXOAUT MEPEXO Ha IMOIAIPO-
rpaMmy 06paGOTKH npepbiBaHusa. Cun-
ThIBAETCA 3HAYeHUE 13 rtopta PORTB, n
OHO YMEHBIIAETCS HA €JUHHIY. DTO
3HAYEHHUE 3AHOCUTCA OOPATHO B IOPT
PORTB. Bce 3T U3MEHEHHUSA COCTOSHUSA
Ha BbIBOZAX ropra PORTB oro6paska-
torcsa B PIC Simulator IDE. Tekcr mpo-
rpammsel u3 (darna timer(O.bas nmeer
CJIEAYIOIIMH BU/L;:

0x00

'macTpoiika mopTa PORTB Ha BHBOJ

TRISB =

LaHHBX
PORTB = %11111111
'Ha BCce BHBOIE nopta PORTB -

BEICOKUI YypPOBEeHB "1"
INTCON.TOIE = 1

'paspemaeT npepsBaHue Timer0
INTCON.GIE =
' BKIIOYaeT BCEe IIPEpPHBAHUA

OPTION_REG.TOCS =

True

False
'yveranaenuBaeT Timer(0) m mepeximoda-
eT ero Ha BHYTPEHHU reHepaTop MK
End

On Interrupt

'mopmporpamMmMa o6paboTru
IpEepHBaHUSA

PORTB = PORTB - 1

'yMeHBIIaEeM 3HadeHue noprta PORTB
INTCON.TOIF = 0

' BRIINYAEeT B3aHOBO IpepnBaxHue TMRO
Resume

' BHIXOI M3 IONIpOrpaMmsl o6paboTku
IpepsHBaHusa

3amyctuMm 3Ty nporpammy B PIC
Simulator IDE ciregyromum o6pasom:
1.3anyctuts PIC Simulator IDE;
2. Hasxatsb Options|Select Microcontroller;
3. Boi6pars PIC16F84 1 HaXKaTh KHOIIKY
Select;

1C Simulator IDE

i

D:\Program Files\PIC Simulator IDE \timer0.hex

| Program Location [
| Microcontioler | PICT16F84
Last i Net Instructi
[ MOVWF 0x06 ] l_ BCF INTCON,TOIF
— Program Counter and W Register—————————— ﬁm 3501
[FE [Toore | OO OO MMM | [Giock Gycles Counter | 26732

W Register [E5 WMMCC WO

r Special Function Registers (SFRs]

| Real Time Duration

Hex Binaty Value Hex Hex
Address andName  Value 76543210 Addh Value Add. Value
I [oc, CCCCmmeT &) || [ooch oo [oich [o0
| [OE CCCmmEEC 00Dh | 00 (01D [00
| 5 CCCmmCmm | ||| oo (oo [oien [o0
{[oa COLODCTT 00Fh_ | 00_ [01Fh [00
| [0 BEECCLLTD 010 [00_ [020n [00
| [E5 MRECCECH 011k [00_ {02k [0
| Fos COCLCTIT] | [Oizh_ |00 [022h [0
| [0 CCCCOCED [013n [00_ [023 [0
(00| EEECCCCT DOi4h |00 [024h [00_
77 CCMCCERN [Gi5h [ 00 [025h [00_
[OF W [o76h_ [0~ [026h [00
[GF CCC M o17h_ [ 00 [027n [00
oo CCCorco Gigh |00 [ozh [0
| [[oo | MEGECCCTT 0i%h |00 [029% [00_
60 CCOCCCOT 07Ah [00 [028h [00
[o1en [0

=
@
=
>
o

[ Cooor oo

[ 66830ps |

- General Purpose Registers (GPRs)—

] [ —T
] —
[ weR

R [ Reo/NT

|4

Puc. 2. Bup 3akpaHa ¢ BbINONHAIOWEACA NporpaMmmoi

4. Haxxars File[Load Program;

5.Bei6pare aiin timer0.hex n HaxaTh
KkHONKY Open (IIporpaMma 3arpysKeHa);

6. Haxxats ToolsMicrocontroller View (0T1-
Kpoercst OkHO Microcontroller View);

7.Bei6parts Rate|Extremely Fast simula-
tion rate;

8.Haxarp Simulation|Start (HauHéTcs
BBIIIOJTHEHHUE 3aTPYKEHHOM IIPO-
I'PAMMBI).
By sKkpaHa C BRIIOTHAIOMENCS IPO-

rpaMMOIX IIOKa3aH Ha PHUC. 2.

Mpumep 2: 06paboTKka BHELUHUX
npepbiBaHuii Ha npumepe RBO/INT
DTa IporpaMma U3MEHsIET 3HAYEHHE
nopta PORTA npu U3MEHEHHH COCTOS-
Hust Bxoga RBO/INT mo (dpoHTY HM-
nynbca. TekcT mporpaMmel U3 (ariaa
rbOint.bas nmeer cieayromumn BU/I:
TRISA = 0x00
'HacTpo¥ika mopTa PORTA Ha BHBOL

LOaHHBX
PORTA = Oxff
'Ha BCe BHBOAH nopTa PORTA -

BEICOKUI YpOBEeHBL "1"
INTCON.INTE = 1

'paspemaeT npepsBaHue RBO/INT
INTCON.GIE = 1

' BKIINYaeT BCEe IIpPEepHBaHUSA

End

On Interrupt

'mognporpaMMa O6paboTKM IIpEpPHBaHUSA
PORTA = PORTA - 1

'yMeHBUmAET 3Ha4YeHme nopra PORTA
INTCON.INTF = 0

! BRKIIOYaeT 3aHOBO IIPEpHBaHNE
RBO/INT

Resume

' BEIXOH M3 IOAIPOrpaMMil O6paboTku

IIpEepHBaHUA

«06paboTka npepbianunii Timer0 u TMRO»

3amyctuMm a3ty mnporpammy B PIC
Simulator IDE, BbIIOTHHUB IIE€PBLIE Ye-
TBIPE AEHCTBUA M3 IpuMepa 1 u ganee
TIPOIOIKHUB:
1.Bei6parse darin rbOint.hex u HaxkaTp

kHONKy Open (mmporpaMmma 3arpy-

JKEHA);

2. Hasxatp ToolsMicrocontroller View (0T1-

KpoeTtcst OKHO Microcontroller View);

3. Bei6parp Rate[Extremely Fast simula-
tion rate;
4.Haxarp Simulation|Start (HauyHETCA

BBIIIOJIHEHHE 3aTrPYKEHHOHU TIPO-

IrpaMMBbl).

Buj 9KpaHa C BBIIOIHSAIOMIEHCS IIPO-
rpaMMOM IIOKa3aH HA PUC. 3 (HaKaTue
KHOTIKU <«T», CBSA3aHHOW C HOXKKOH
RBO/INT, nepexItOuuT JIOTHYECKOE CO-
CTOSTHHE 3TOTO BBIBO/IA).

Mpumep 3: pa6ora c EEPROM

DTOT IIpUMEP 3AIOJIHAET  BCIO
EEPROM pa3sHbIMU 3HAYEHUSAMHU U BBO-
auT MK B OG€CKOHEYHBIM LMK Texkcr
mporpamMmsl U3 (paiia eeprom.bas ume-

€T CIAEIYIOIUMI BU/I:

Dim a As Byte

'agpec saueyixy B EEPROM MK
Dim b As Byte

' BaHHEIE, KOTOpHE 6YAYT B3amMCasHs
B EEPROM (y MK PIC1l6F84 64 6aiira
namMaTu EEPROM)

0 To 63

'IMKIJI OPraHmu30BaH OIA BCel
namMaTu EEPROM

b = 255 - a

' IOy YMM

For a =

3HaAYEeHMEe NEePEeMEeHHON s
zanucu B
Write a, b

' sanumem

naMaThb
3HaYeHVEe IepeMeHHOi "a'"
B Aueyiry "b"

Next a
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PIC Simulator 1 =
. Simlation  Rate Todls Optins Help

D:\Program Files\PIC Simulator IDE\rb0int hex
PIC16FB4

[Program Location |
[ Microcontroller ~ |
rLastl
| INTERRUPT!

Next i
| ’7 I SWAPF STATUS W |

[ Instructions Counter | 21023
| Clock Cycles Counter 167356
Real Time Duration 41983.0 ps

I»ongvam Counter and W Register

[Pc [Tooos | CCCCCT M
W Register | T O

L

i~ Special Function Registers (SFRs] - r~ General Purpose Registers (GPRs)—
Hex Binary Value Hex Hex
Address andName Value 76543210 Addi. Value Addr Value
[50Th TMRO [oo. CCCCCCCT &) | [oock [0 [oich [o0 &
[oa” CCCCCMET 00Dh [ 00 [GiDh [ 00
[iC. CCC T [0oEh {00 [GiEn [00_
o [GoFh_ [ 00 [GiFh |00
8 CrrEECEE [Gi0n [0 [G20n [00_
jisaE [.CCCOCICT [oiih |00 [02ih [00
0" CCCCCren [Gi2h |00 [022h |00
o Coorrort [013n [00_ [023h [00_
[o0 CECCCCCT [0i4h {00 [624h [00_
[z CCCROCCmE [Gi5h | 00 [025n |00
[FF I [Gi6h_ | 00 [02n [00_
oo IEECOCICT [Oi7n (00 [@27h 00
= [Fr EEEEEEE [Gieh |00 [o28n |00
E o EEECOCCC [o1oh |00 [025h |00
Fear CCCCCOOO [072h |00 [02ah (00
- rcrooorT w4 emes (oo fozen [oo =

£ Microcontroller Yiew - PIC16F84

B Az JFenn
Fon RA3 B

I ol =
BT — = |
g
-

B —
BT —

I~ AlwaysOnTop

Puc. 3. Bup 3kpana ¢ BbinonuAtowelics nporpammoii «06pa6oTka BHEWHNX NPEPbIBAHNI HA NpUMepe

RBO/INT»

[ Progiam Location [ D:\Program Files\PIC Simulator IDE \eeprom hex
[ Microcontroller PIC16F84

o

| BTFSC 0x08.1

1~ Next Instruction
’ ]V [ BTFSC 0x08.1 J
|

% EEPROM Memory Editor

|[00h [FF FE FD FC FB
[10h |EF EE ED EC EB
20h |DOF DE DD DC DB
30h |CF CE CD CC CB

I Always OnTop

3°74075 6 Y7 8 90 A BT CoD (B F

FA FO F8 F7 F6 F5 F4 F3 F2 F1
EA EQ E8 E7 E6 E5 E4 E3 E2 E1
DA D9 D8 D7 D6 D5 D4 D3 D2 DL
CA FF FF FF FF FF FF FF FF FF

[0 1 2

- Program Counter and W Register I fions Counter [ 2736
[FE" [Toote | COCTCCTCEMTIR | [Diock Cyoles Counter | 14220
Whegster  [AA ECMTETMT | [TReaTime Duralion | 35550 s
J
~ Special Function Fegisters (SFRs] - General Pupose Registers (GPRs)—
Hex Binary Value Hex
Address andName Value 76543210 Addr. Value Add Vale
i [ CCCCCCCT & | [each [0 [oick [o0 =
[i8. CCCRECEE [ooDh [0 [O7Dh {00
[ CCEEECRN [00Eh |00 [GiER {00
[ e . [00Fh_[00_ [GiFh |00
(00 COCCCCCC [oi0n_ 00 [020h [00
[o0” CCCCrCCT [071h 00 [B2ih 00
[Cs RECCRCTCE [012h [00_ [022h [0
[36. COEECRET [013n [00 [023n (00
60 MEECCOCT [014n |00 [024n |00
jiso; COC L0000 [015h [00 [026h |00
[Fr_ EEEEEREEE [Of6n [0 [026h [00
= [OF FrrEEEms [Gi7n [0 [027n |00
- [FF FEREEEEE [oi6h_ [ 36 [D28h 00
[6e [TTCCEEC [015h [ 9 [02sh [0
Moo [T (i [ [ [0 J
[ CCCCCCCT | | foeh [0 [o8h [0 2

Puc. 4. Bup 3kpana c BbinonHsioweiics nporpammoii «Pa6ora ¢ EEPROM»

'BHOEDEM CHIEemyHUyHn SYeiry IaMaTu
EEPROM

3amyctum nnporpammy B PIC Simulator

IDE, BBITIOJTHUB IIEPBBIE YETBIPE JICHCT-

BUsL U3 IIpUMepa 1 1 1ajiee IPOJOIIKIUB:

1. Bui6pars aiin eeprom.hex u HaxKaTh
Open (mporpaMma 3arpyskeHa);

2.Haxate ToolsEEPROM (pemakrop
EEPROM; oTkpoercsi OKHO Memory
Editor EEPROM);

3.Haxxatp Options|Change (Bpems 3a-
nucu EEPROM);

4.BBectn HOBO€e 3HavyeHue 100 u Ha-
skaTh OK (Hag0 OBITH BHUMATEIbHEE
IIPY BBIGOPE ITOTO 3HAYECHUS, [IOTOMY
4TO JIEMCTBUTEJIBHOE 3HAYCHUE —
npumepHO 20 000 TaKTOBBIX ITUKIIOB
IIPU Y4aCTOTE TAKTOBOI'O T'€HEpaTopa
4 MI11; B 3TOM IIPUMEPE MBI MCIIOJIb3Y-
€M YMEHbIIEHHOE 3HAYEHUE — ITO
3HAYMUTEIbHO YCKOPHUT IIPOLECC MO-
JICIMPOBAHMS, HO HE HAPYIIHUT Pabo-
Ty IIPOIPAMMBI);

5. Bei6paTh Rate|Extremely Fast sim-
ulation rate;
6.Haxarp Options|Infinite Loop

Stops Simulation;
7.Haxatsp Simulation|Start (HauHer-

Cs1 MOJIETUPOBAHHUE);

[Iporpamma 3amoOJHHUT IAMSITH
EEPROM pnaunubiMu u BBeaéT MK B
OECKOHEYHBIN UK, IOCIEe OOHA-
pyxenusa koroporo PIC Simulator
IDE aBTOMaTHY€CKH OCTAHOBUT Pa-
60Ty. Bua skpaHa ¢ BBIITOJIHSAIO-
me¥icss MPOTPAMMOM IOKa3aH Ha
puc. 4.

Mpumep 4: maTemaTuyecKkue
onepauum: nognporpamMmma
YMHOXXEHUSA

JemoncTpanuss paboThl KOMITH-
JIATOPA, aCCEMOJIEPA U OT/IAT9MKA. B
3TOM NIPHUMEPE YMHOXKAIOTCI JBa
gyucnaa: 123 (ImecTHaanaTe pUuYHbIN
7B) u 234 (WecTHaALATEePHUYHBIIT
EA), mosryaum pesynsrat 28782 (1re-

craaguarepuubiii 706E). TekeT mpo-
I'PAMMBI UMEET CJIEIYIOIINI BU/T:

Dim a As Word

'ImepeMeHHas OJIs XPaHEeHNUs IIepBOro
qucna

Dim b As Word

'mepeMeHHas QOIS XPaHeHuUA BTOPOTro
qucna

Dim x As Word

'mepeMeHHasa OIS XPaHEeHUs Dpe3ynb-
TaTa

123

'YCTaHOBUM II€PBOE 3HAYEHUE

b 234

'YCTAaHOBMM BTOpPOE 3HAYEHUEe
a*b

' BEIYMCNIVM PEe3yJIbTaT M IIOMEeCTUM

X

ero B NEpPEMEHHYH X

3amyctum 3Ty 1iporpammy B PIC

Simulator IDE, BBIIIOJIHUB IEPBHIE Ye-

TBIPE JEHUCTBUA U3 IpuMepa 1 u ganee

IIPOJAOJIKUB:

1. Bei6pats parin multiply.bas u Haxxatpb
KHOMNKy Open (3Ta nporpamma Gyzier
OTOOpA’KEHA B PEAKTOPE);

2. Haxatp Tools|Compile (koMImuisiTop
renepupyer a1 multiply.asm ¢ wmc-
XOZHBIM TEKCTOM Ha acceMbepe);

3.3axkpeITh OKHO BASIC Compiler;

4. Haxxats Tools|Assembler;

5. Haxars File|Open;

6. Ber6pats harur multiply.asm 1 HaxaTh
KHONKy Open (mmporpamma Ha Ac-
ceMbrepe OTOOPAZUTCA B PETAKTOPE);

7.Haxartp Tools\Assemble (mocie Toro
KaK onepanusa 3aKOHYHTCS, ACCeMO-
JIEp cre’Hepupyer asa aruia: multi-
plylst m multiply.hex; BBIXOJHOI
darin multiply.lst oro6pasurcs B pe-
JaKTOpE);

8.3akpeITh OKHO Assembler;

9. Hasxars File[Load Program;

10. Bei6pats parr multiply.hex u Ha-
JKaTh KHONIKY Open;

11. Haxarsp Tools[Breakpoints Manager
(orkpoerca okHO Breakpoints Ma-
nager);

12. Haxartp «/1la», 9T0OBI UCITOJIB30BATH
CYIIECTBYIOIIHI acceMOIIep, BbIaB-
i pari;

13. HaxxaTh CTPOKY, COOTBETCTBYIOIIYIO
agpecy 0018, 9TOGHI OIIPENETUTh KOH-
TPOJIBLHYIO TOUKY HA 3TOH KOMAH/E;

14. Breiopats Hold PC In Focus option;

15. Bri6parp Rate[Extremely Fast simu-
lation rate;

16. Haskars Simulation|Start (HauHércs
MOJIETMPOBAHUE).

Korga sTa maremaTHdecKas IMOJIpo-
rpaMMa 3aKOHYHTCS, IIPOrPaMMa BXO-

WWW.SOEL.RU
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IUT B OECKOHEYHBIN IIUKJI B ajpece
0018, HO 13-32 KOHTPOJIbHOM TOYKH PIC
Simulator IDE aBTOMaTHYECKH II€pe-
KIIOYUTCS B PEKUM MOJETHPOBAHUSA
Step by step. Pa6oty PIC Simulator IDE
MOJKHO OCTaHOBHTB, HAKaB Ha Simula-
tion|Stop, WK NPOJO/LKUTH €€ BBITIOJI-
HEHHE, OYUCTUB KOHTPOIbHYIO TOUKY K
HakaB Ha RatelExtremely.

Peructpol 19-11 u 18- 6yayr copep-
’kath nepsbii napamerp: 007B. Peruct-
pol 1BH u 1AH 6yayT copepkarb BTO-
poit mapametp: 00EA. Pesynbrar 700E
"axoaurcs B perucrpax 1DH m 1CH.
By 3kpaHa C BBIIOJHAIOMIEHCA IIPO-
IpaMMOM ITOKA3aH HA PUC. 5.

Mpumep 5: pa6oTa
c aHanoro-uucpoBbIM
npeo6pa3oBarenem

DTa mporpaMma 4YHUTAET 3HAYEHHUE Ha
anasorosom Bxojge ANO u orobpakaer
M3MEPEHHBIE T1aPAMETPBI HA BBIBO/BI
nopta PORTB kak 8-OMTHOE 3HAYEHUE.
Texct nporpammsl u3 (Qarina adc.bas
HMEET CJIETYIOIIMMI BU/I:

Symbol ad_action =

ADCONO . GO_DONE

'HOBOE Ha3BaHUe QOua 6bura
sanycka A/D

Symbol display = PORTB
'HOBOe HaszBaHme nans PORTB

TRISB = %00000000
'ycTaHOBKa HOXeK PORTB Kak BBIXOLOB
TRISA! = %1111%:1

'ycTaHOBKa HOXEK PORTA Kak BXOHOB
ADCONO = 0xc0

'ycTaHoBKa A/D

ADCON1 = 0

'HacTpomka BHBOAOB PORTA xaxk
aHaJIOT'OBHX BXOJMOB

High ADCONO.ADON

' 3anyCck aHanoro-umndpoBoro

npeobpasosaTens (A/D)

main:

Gosub getadresult
'mepexon B OORIPOrpaMMy
npeobpasoBaHUa

display = ADRESH

'oTobpazuM pesynbTaT
npeobpa3oBaHUS

Goto main

' 6eCKOHEUYHOE IIOBTOPEHME INPOTDaMMEI

End

getadresult:

'mopmporpaMMa Ipeo6pas’oBaHuUA
High ad_action

'zanyck mnpeobpas3oBaHuA
While ad_action

NnMPOrPAMMMPOBAHV

MOVF 0x18,V
Dim & As Word 'first number | MOVWF R3L
Dim b As Word 'second number MOVF 0x19,W
Dim x As Word 'result MOVWF R3H
HOVF 0x14,W
a = 123 'set first number MOVWF RI1L
jb = 234 'set second number MOVF 0Ox1B, W
x = a * b 'calculate result MOVWF R1H
CALL MOO1
MOVWF 0x1C
y s i MOVF R2H,W
MOVVF 0x1D
[Program Location | D:\Program Files\PIC Simulator IDE \muliply hex . ke &
Miciocontroller FICI6FB4 - A
LastInstruction Newt Instuction O +Eod of listing B
( MOVWF 0x1D H GOTO 0x018 [ e il
e SV e I—I——-—-——— e INumber 9: errors = 0 - j
e [Tooie | CCCCT }_-.::";; [TClock Cycles Counter | 1012 %2; Breakpoints Manager
W Regi 70 CI Fleal Time Duration | 253.0
ogisler = Defined [Address Opcode  Instruction
- Special Function Registers (SFRs] ~ General Purpose Registers (GPRs)— 015 G05C MOWWF OX1C -
Hex _ BinaryValue Hex Hex 1 16 081l HONEI R
Address andName Value 76543210 Addi Velue Addi Vake 2 017 009D MOVWE_0X10
[o0 [CCCorn 5 [0 [oiw [ & || 2 T aT——
SR oo e o —{ 4 [@p{coLs L0002: __ GOTO LOOI
"o0En [EA~ [o1ER |00 5 3 mMultiplication Routine
e e o 5 0015 3010 MOOL: _ MOVLW 0xi0
[oion [ [G20h ‘00" 7 Hover_Rit
fori [0 [oom [o0” [ @ ST
(072 [00 [02z0 [0 s S A
(67 [ 00 [o2 [0 (|| 10 LI ZE L A
5 (oo e o | RRF_R3L,F
A BIFSS STATUS,C
G15h | 00 [025h | 00 ; :
o oo T oo i B‘Uearw GOTO M003
Gi7h |00 |02 [ 00 ; vy
Oien | 76 [028h [ 00 5 HodPe PR :
fisn |00 [02%h |00 | InFocue ROV
DS L2 e BTFSC_STATUS,C
0iah [EA | [G28h [ 00 2
——meh ———-00 -——-'BZBh -—00 = - Always INCFSZ R1H,W
o OnTop ADDWF ROH, F A

Puc. 5. Bup 3kpana ¢ Bbinonuswweiica nporpammoi «Marematuyeckue onepayuu: néARporpaMma

YMHOXEHuUsA>»

'maysa Ois OKOHYaHUs Ipeobpaso-
BaHUA
Wend

Return

TIpoCMOTPUM  PE3YAbTATHI PabOTHI
aroit nporpammel B PIC Simulator IDE.
151 3TOTO BBIIIOTHUM IIEPBBIE YETBIPE
JIEHCTBUS U3 IpUMepa 1, BLIOpaB MO/ENb
MK PIC16F877, v jayiee IpOIOJDKIM:
1.Bei6parp ¢arn adc.hex m Haxarh

KHOMNKy Open;

2. Haxxats ToolsMicrocontroller View (or-
KpoeTcst OKHO Microcontroller View);
3.BeiGpaTth Rate[Extremely Fast simula-

tion rate;

4.Haxarp Simulation|Start (HauHeTcs
paboTa MPOrpaMMmel);

5.HaxaTb KHOIIKY, CBA3AHHYIO C BBIBO-
gom RAO/ANO (MCIOIb30BAHUE <«I1a-
HEJIU TPOKPYTKH> H3MEHAET aHAJIO-
rOBOE 3HAYEHHE HA 3TOM BBIBOJIE);

6. HakaTh KHONIKY ACCePt ¥ [TIOCMOTPETD,
KaK 3TO U3BMEHHUT COCTOSTHHE BBIBOJJOB
nopra PORTB. Ilocaeanue TpU mara
MOJKHO ITOBTOPHUTBH HECKOIBKO pa3 U
TOCMOTPETh HA PE3yIAbTaThl. Buja k-
paHa C BBIIOTHSIOMIEHCS TTPOTrpaM-
MOJ [TOKa3aH Ha pHUC. 6.

Mpumep 6: pa6oTa c KOMNapaTopom

DTOT IpUMEP IEMOHCTPUPYET PAbOTy
AHAJIOTOBOI'O0 KOMITAPATOpPa, AHAJIOIO-
BbIX BXO/10B ANO 1 AN1 M HCTOYHHUKA
ONIOPHOTO HANpspKeHHsA. TeKkcT Impo-
rpaMMbl U3 (paiina comp.bas umeer cie-
JYIOIIMH BUL,

PIR1.CMIF
'dnar mpepsBaHMA KoMIapaTopa
CMCON = 0x06

'paspemyM paboTy KoMIapaTopa
TRISA = 0x07
'ycTaHoBKa RAO,

Symbol comp_change =

RA1 m RA2 Kax
BXOOOB M QJPYrux HOXek PORTA kaxk
BEIXOTOB
VRCON = Oxec

'HacTpoOlika OenuTens HalpIXKeHUSI
Ha 2,5 B Ha RA2

TRISB = 0x00

'yCcTaHOBKa BHBOJOB PORTB Kak

BEIXOZIOB

loopl:

While Not comp_change
'maysa pOns npeobpa3oBaHUS
Wend
PORTB = CMCON

'oTobpasuM COCTOsSHME permcrTpa
CMCON Ha BHBOOH nopta PORTB, mnpmu
sToM RB6 m RB7 - BXOZH
KOMIIapaTopa

comp_change = 0

'cbpoc dmara mnpepsHBaHUSA
KOMIIapaTopa

Goto loopl

' 6ECKOHEYHOE IMIOBTODPEHNME IIPOTrDaMMEL

IIpOCMOTPUM PE3YAbTATEI PAOOTHI
3Tou nporpammsel B PIC Simulator
IDE. [l 3TOrO BBIIIOJIHUM II€PBbIE
4eThIpe eHCTBUA U3 IIpuMepa 1, BbI-
6pas mogens MK PIC16F628, u nanee
IPOIOJIKHUM:
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; PIC Simulator IDE
Flle Smuation Rate Tools Help

[Program Location [ D:\Program Files\PIC Simulator IDE\adc.hex

| Miciocontioler | FIC1EF877

rLsstIns\mction*—*——-—-' Nest
| MOVWF 0206 I( [ GOTO 0x013

|

— Program Counter and W Register—————

[ Tnstiuictions Counter 11708

A
B

[PE [Tooi7 [ CCCCCCCMC MRS | [Ciock Cocles Counter | 72116
W Register | | 67 I M0S | [“Real Time Duaton | 18029.0 ps

Special Function Registers (SFFis)—— - General Purpose Registers (GPRs)
Hex Binary Value Hex Hex

AddressandName Value 76543210 Addr. Value Addr. Value
[0 CCCCCCCC &) | | [620n] [00 [030h [00_
(7. CCOmrmmm S | | [621h [0 [031h (00
8 CCCEMCTC [022n |00 [032n [00_
0 o [023n [0 [033n [0
[0 BECICITC [024n [0 [039h [00
[67. MCHECWNN | [025n_ [00” [03h [0
o0 CCOCTCCC [02eh [0 [038h [00
w0 CCCrorer [027n [0 [037n [00_
o0 EEEEmCCC [028h_ |00 [038n [00_
0 BEECCCOD '02sh [00 [038h [00_
(5. CCOCCCmE '02ah [0 [0k [00_
40 CRCCCCCT [028n [0 [038k [00_
o0 ECECTERT [02ch [0 [@3ch [o0_
foe T CCCTT ] (020 00 [G30h [0
0. CCOCErCr [02Eh [0 [03ER [00
oo, FECCOCTT 5| | [62r [0 [o03Fn [ 00

!

%3 Microcontroller View - PICIGFSTT

[ WorNe [ove
BIr7= RAD/ANG FaFE]
Bl o RAT/ANT FanT
B0 [ RazaNaAver [
BI 0 [ RAsANaAer =2
) v o
BI0 [ nesmna i [on
B0 REC/ARD/A 0/INT N
Ao RET/AWR/A £]

. | e RE2/\CS/4 :

S e

B |

[ oscicd 5PsPs e L

[ Gsconkg ey [
1| M [Fcoriosori 0T i
| [T = 1
fd] N —T =
BT e =

Wl [ oo - Bl
T|MEEN [ Api/Psel 1
I~ Aliays OnTop G|

Puc. 6. Bup 3kpana c sbinonnstoweiica nporpammoii «Pa6ota ¢ aanoro-uudposbiM npeoGpasoBarenem»

dator IDE
Fie

| Program Location | D:\Program Files\PIC Simulator IDE \comp. hex

Microcantiofies PIC16F628

} {Next Instruction

Last Instruction:
[ BTFSC 0x0C.6

{ GOTO 0x014

i~ Program Counter and W Register [Mstiuctions Counter || 18143

[PE [Cooi7 | CTCCCTCT M MER | [Ciook Cycies Counter | 120840

[~ WhRegster [86 | MCCC MR | [Real Time Duraion. | 30210.0ps

- Special Function Registers (SFRs)—————————— ~General Purpose Registers (GPRs)—
Hex Binary Value !’ Hex Hex

Address andName Value 76543210 Addi Value Add Value
[0 CCCCCCTR & | [o2on [0 [G30n [00 A
(17 CCCRCUNER 021h 00 [03th (00 &
ECH CCCRRTTC 022h [0 [032h E
L 10230 | 00 f033h |00
oo; COCCICTICT 024n_[00_ [034h [0
(65 ECCTCRMC [025n [00" 038k |00
o0 | BERICCCCT (0280 |00 [G38h [00_
o, CCOOCCOM A1 [oo7m [0 [msn (00
[0 CCCOmOTe [026h_ [00 | [038h [0
[0 CCOCCOrT {02 [00_ [@3%h [0
[oo, CCCCOOOD 028 |00 [03&h G0
00 il CICTCICICT [028h [00 [038h |00
(o0 CCTCCCCT [02Ch |00 [G3ch [00.
EFI‘F‘T‘I‘I’I’I‘ -lfz'ﬁﬁ'_u_tl_'mi
[o0” CCOOOCO 02h [ 00 [G3Eh 00
00, CCCCOTCD @ | | [o2 [0 [oee o0

%2 Microcontroller Yiew - PIC16F628

[250v| [ RA2/ANA T/ANT [133v &
R [ Rav/ANay oAND [4owv Al
[ RA&/TOCKIZCY 7/0SCI/CLKIN | [EE
(TR [ RasAMCLA/T] B/05C2/CLKOUT RN
| 7mos o
| 6/T1050/T1CKT [REIRR
[ ABam= 5
5 RB3/C e |
™ Always On Top Close I

Puc. 7. Bug 3kpana c Bbinonksoweiics nporpammoii «Pa6ota ¢ KomMnapatopom»

1.Beibparp ¢arr comp.hex u HaxkaThb
KHONKY Open;
2. Haxars Tools|Microcontroller View (o1-
Kpoercst OKHO Microcontroller View);
3. BeiGpaTe Rate[Extremely Fast simula-
tion rate;
4.Haxars Simulation|Start (Haunércs
BBITIOJTHEHHUE IIPOTPAMMEI);
5.HakaTh KHOIKY, CBSI3AHHYIO C BBIBO-
mamu ANO mau AN1 (Mcronp30BaHue
«IIAHETHU IPOKPYTKH» U3MEHSIET aHAa-
JIOTOBOE 3HAYEHHE HA 3TOM BBOJIE).
[Tocne usMeHEHH AaHATIOTOBOI'O 3HA-
YEHUs HY’KHO HAKaTh KHOIIKY Accept u
TIOCMOTPETH, KAK 3TO U3MEHUT COCTOSI-
Hue BBIBOJOB NOPpTOB PORTB 1 PORTA.
ITocneanue Tpu mara MOXXHO HECKOJIb-
KO Pa3 IOBTOPUTH U IIOCMOTPETH HA Pe-
3yAbTATBL. BHJ 3KpaHa C BBIIOIHSIIO-
LIEHUCSA TPOTPAMMOH MTOKA3aH Ha PUC. 7.

Mpumep 7: pa6oTa ¢ mogynem LCD
B nnporpaMme CYUTHIBAECTCS AHATIOTOBOE

3HAYCHHE HA AHAIOIOBOM BxoOze ANO, u

TIOTy4E€HHBIE JAaHHBIE BBIBOIATCS Ha JKK-

akpaH (LCD 2 x 16). TekCT porpaMmel 13
(arina led.bas umeer ciremyronit BUI:

Define ADC_CLOCK = 3
' 3HaYeHMe IO YMONYaHuio - 3
Define ADC_SAMPLEUS = 10
' 3HaYeHMEe IO YMONYaHMI0 -
Define LCD_BITS = 8

20
'4 ynm 8 - RONMUYECTBO IIMHUIA
cBA3M MHTepdelica DaHHEX
Define LCD_DREG = PORTB
Define LCD_DBIT 0

'0 wmm 4 pgns uaTepdelica Ha 4

6uTa, UTCHOPUPYETCS OIs
8-6uTOBOrO MHTepdelica
Define LCD_RSREG = PORTD

Define LCD_RSBIT = 1

Define LCD_EREG = PORTD
Define LCD_EBIT = 3

Define LCD_RWREG = PORTD
'mo ymonuaHuw 0, ecnu He

VICIIONIB3YEM
Define LCD_RWBIT = 2
'mo ymomyanmuw 0, ecnu He

UCIIONB3YyEeM

Define LCD_COMMANDUS = 100
'samepxka nocmne LCDCMDOUT,
sHaveHue o ymomuaHmo 5000
Define LCD_DATAUS = 10
'zagepxka nocne LCDOUT, 1o
yMmongarmo 50

Define LCD_INITMS = 1
'3amiepxka, ucnonbsyemas LCDINIT,
3HayeHue no ymonuarHuo 100
'mocnepuEue Tpum KomaHmm Define
YCTaHaABIMBAKWT 3HAYEHUS,
NOOXOJAUMEe NIA MONENUPOBAHUSA; HO
OHM JIOJIXKHEI GHTEH OIYNEHH IS

peansHOr'o ycTpoucTeal

Dim an0 As Word

TRISA = Oxff

'HacTpomuTh BCe BHBOAE PORTA XKaxk
BXOJIEI

ADCON1 = 0

'Bce BHBOAE PORTA - Kak aHanoro-

BEI€ BXOIEI

Ledinit

'vEMmuanusanma LCD; Kypcop
BHKITIOYEH

loop:

Adcin 0, an0

Ledemdout LedClear
'ouncTuM pucnneit LCD
Lcdout "Analog input ANO"
'TEeRCT OnA CTporu 1
Lecdemdout LedLine2Home
'KYpCOp B Hayalne CTPORU 2
Lecdout "Value: ", #an0
'TERCT QOns CTPORKU 2
WaitMs 1

'B peanbHOM YCTPOWCTBE IOJIKHO
UCIIONBE30BATHECSA 6GONbllee 3HAYESHUE
Goto loop

' BECKOHEYHEIA IUKIT

[IpocMOTpUM pPE3yAbTATEI PAGOTEI
3ToM mporpammel B PIC Simulator
IDE. JIii 3TOTO BBIIIOJHHUM IIE€PBbBIC
4YEeThIPE JEHCTBUA U3 IpUMepa 1, BI-
6pas mozens MK PIC16F877, u nanee
IPOAO/IKHM:
1.Boi6pare (a1 comp.hex u HaxkaTh

KHOTIKY Open;

2. Haxatp Tools|LCD (OTKPOETCS OKHO

Module LCD);
3.HaxkaTpb KHOHOKy Setup B OKHe

Module LCD;
4.Haxatp Data Lines M yCTaHOBHUTH

PORTB;

5. Haxkats nosie Interface u ycTaHOBUTH

8 6uT;
6.Haxarp nose RS Line ¥ yCcTaHOBUTH

PORTD, 1;
7.Haxartp mone E Line u yCcTaHOBUTH

PORTD, 3;

WWW.SOEL.RU
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8. Haxxatp mosie R|W Line u ycTaHOBHTB
PORTD, 2;

9. Haxxate Apply! (3akpoeTcsi OKHO yCTa-
HosBku LCD interface);

10. Bribpars Rate[Extremely Fast simu-
lation rate;

11. Haxars Simulation|Start (HauHETCA
BBITIOJTHEHUE ITPOTPAMMBI);

12. HaxxaTp KHOIIKY, CBS3aHHYIO C
BbIBOIoM MK RAO/ANO (mcrnosnn3o-
BAHHE «IIAHETU IIPOKPYTKH> U3MEHSI-
€T aHAJIOTOBOE 3HAYEHHE Ha ITOM
BBO/JIE).

ITocsie U3BMEHEHMS AaHAJIOTOBOTO 3Ha-
YEeHUs Hy)KHO Ha’KaTh KHOIIKY Accept U
MO/IOK/ATh, TOKa Ha LCD oTtob6pasurcs
HOBOE 3HaueHwue. IToceHue TpH 1mara
MOKHO HECKOJIBKO Pa3 IIOBTOPUTD U I10-
CMOTPETH Ha Pe3y/IbTaThL. Buj akpaHa ¢
BBITTOJTHSIOMIEHCS TPOTPAMMOM ITOKa-
3aH Ha pHC. 8.

Mpumep 8: npuém u nepenaya
AaHHbIX U3 «annapaTtHoro» UART
M OTO6pa>keHue AaHHbIX
Ha LCD-akpaHe

B 3TO¥ mporpaMmMe HCIOIb3YyeTCsS
HECKOJIBKO Pa3IUYHBIX KOMaHJ pado-
Thl C BHEIIHUMM YCTPOHCTBAMU. BHa-
yaje mporpamma mnoceuiaer 6 CTpox
JaHHBIX U3 <«anmnapatHoro» UART, 3a-
TEM OTBEYAET HA IIOJIy4YEHHBbIEC OAMTHI,
IOCBUIASI OJTHY CTPOKY TEKCTA JJIS KAK-
JOTO MOJTy4eHHOTro 6auTa. TeKcT 1po-
rpaMmbl U3 (aria uart.bas umeer cie-
JYIOIWNA BUJ:
Dim i As Byte
'06BABMM NIEepeMeHHyH0 I Kak 6aiT
9600
'oTkpoeM nopT hardware UART:
cxopocTes 9600 6Gox
'WaitMs 1000
'sTa 3amepxKa OOJIXHA 6HTH B

Hseropen

peanbHOM YCTpOCTBE

10 To 5 Step - 1
'opraHmusyeM LMK C yYMeHBUIeHUEM
"Number: ", #i, CrLf
'mepepmaéM [aHHHE IIO

For i =

Hserout

IIOCIEeNOBATENBHOMY IIODPTY
'WaitMs 500

'STa 3afepxKa [OJIKHA OHTE B
peanbpHOM YyCTpOiicTBe

Next i

loop:

Hserin I

'XOEéM IOaHHEE U3 IOpTa;
"Number: ", #i,

'mepenaéM IOaHHEE B IIOPT;

Hserout CrLf

Goto loop

' 6ECKOHEYHSIA IWKII.

ons Help STERI 0 T

D:\Program Files\PIC Simulator IDE\lcd hex

[ Microcontioller | PIC16F877

Last Instruction Next Instruction
( SUBWF 0x28.F l [ [ BTFSS STATUSC 1
r~ Program Countes and W Register [Mrstructions Courter | 14567

| WRegister

r~ Special Function Registers (SFRs)

Hex
Addr.  Value

<
£

Hex Binary Value
Value 76543210
[ CCCCCCCC &)
" [6E. BCEEEES" )
[Ge° COCmECTC
E Emmma e |
[0 eocccces (i
(37 CCRECEEE
o CCIrre
(2 L CCCCCEC
' ceERErCe
(o0 CroCCcore
[ CCCCOrEE
E [0 Cocococo
[0 CCOCCECC
oo CCOCCCCD
6o [ CCCCrC
[oo. EECCCCCT 5

o8

EEEEEREEEERERER
| 5[elfe[elelale/sizpE el

SRR

=1
8

8]8]8]8]31818]8|8|8|a|8|8|8[8|8]

[Pe [ooee [T CCCWCWEEEET | [Ciock Cyoles Counter | 73620
[0 CCCCCEE@ECT | [THealTime Duralion | 18455055

1~ General Purpose Registers (GPRs}—

| ) e——

VIVIVIFODSARVIE

%% Microcontroller View - PICI6F877

I AMCLR~pp

B0 [ mravant
A0 [ RAZAN2AVeer:
AlF 0 [ rAvANaAer
NS [ RaaTock
A0 [ Rras/aNaA
Ao [ reoARD/A
B0 [ RetAWRA
AlT0 [ ReaAcsA

| I [ oS
] —eea
1 sy
T ——
o —T

I~ AwaysOnTop

Puc. 8. Bup 3KkpaHa ¢ BbinonHswweiica nporpammoi «Pabora ¢ mogynem LCD»

IIpOCMOTPHUM pPE3YIABTATBI PAOOTHI
3TOoH nnporpammel B PIC Simulator IDE.
JI151 3TOTO BBIITOJIHUM TIE€PBBIE TPH JEH-
CTBUSI U3 npuMepa 1, BEIOPaB MOJE/Ib
MK PIC16F877, u maee pOoJOJDKHM:
1.Haxxatp Options|Change Clock Fre-

quency;
2.BBecTH «4» ¥ HaKaTh KHOIIKY OK;
3.Haxatp Options|Change UART Trans-

mit/Receive Time;
4.BBectH «100> 1 HAKATh KHONIKY OK;
5.Haxars File[Load Program;
6.Bpi6pars artn uart.hex U HaxKaTh

KHOIIKY Open;
7.Hazxate ToolsiHardware UART Simula-

tion Interface (OTKpOETCSA OKHO CUMY-

JISILAM  alIapaTHOTrO MHTepderica

UART);

8. Bri6bparte Rate|Extremely Fast simula-
tion rate;
9.Haxkars Simulation|Start (HayHETCS

BBITIOJTHEHHE TIPOT'PAMMEI).

ITocae 3TOro HEOOXOAMMO BBIKIATH,
[IOK4 IPOrpaMma BbIAACT 6 CTPOK TEK-
CTa B IOCJIEIOBATEIbHBIN ITOPT. 11 11e-
PECBIIKH JAHHBIX B ITIOPT UCIIOIL3YETCs
OJlHA M3 TPEX JOCTYMHBIX KHOIIOK HMH-
Tepderica UART. IIporpamma OTBEYAET,
IOChIIasd CTPOKY JaHHBIX. ITocienHue
J1Ba 11ara MOKHO HECKOJIBKO Pa3 OBTO-
PHTB U IIOCMOTPETH HA PE3Y/IbTAThL. Bujy
9KpPaHA C BBIIOIHSAIOMIEHNCS MPOTPaAM-
MOM IIOKa3aH Ha pUc. 9.

Mpumep 9: npuém u nepepa4a
AaHHbIX Yepe3 «nporpaMmMHbin» UART
Dra mporpamma Ioceuraer 6 CTpok
gepes «aporpamMmubeiii> UART B miociie-
nosarenpHbii nopt (TX: PORTB.1). 3a-
TEM OTBEYACT Ha IIOJYyYECHHBIC OGAMTHI

(RX: PORTB.2), mocelnass OJHY CTPOKY
TEKCTA [ KaKJOTO ITOJy4EHHOTO
6anTa. TekcT mporpammbl u3 (Qarna
softuart.bas UmeeT CIeIyIOMMNHI BU/IT:

Define SEROUT_ DELAYUS =
Dim i As Byte

500

'O6BABMM NEPEMEHHYI

'WaitMs 1000

'STa 3afepxKa [ONXKHA 6HTH B pe-
anbHOM YCTPOWCTEE

10 To 5 Step - 1

'IVKI C YMEHBUIEHVEM
Serout PORTB.1, 9600,
w, i, CrLf
'mepenaéM QOaHHEE dYepe3 BHBOJ
PORTB.1
UART)
'WaitMs 500

For i =

"Number:

(nmuuusa TX software

'sTa BagepxKa OONXHa OHTH B pe-
anBHOM YCTPOMCTEE

Next i

loop:

Serin PORTB.2, 9600, I
'nepepfaéM QaHHHE dYepes BHBOL
PORTB. 2

' (nmueus TX software UART)
Serout PORTB.1l, 9600, "Number:
w, $i CELE

'mepenaéM pJaHHEE Yepes
IOCIEefOBaTEeNbHE IOPT

Goto loop

' 6ECKOHEYHEIA IIUKII

IIpocMOTPUM pPE3YIbTATHI PabOTHI
aron nporpammel B PIC Simulator IDE.
JI71s1 3TOTO BBIIIOJIHUM IEPBBIE TPH JI€H-
CTBHsI U3 IIpuMepa 1, BBIOPAB MOJE/Ib
MK PIC16F84, 1Ba ICICTBUS U3 IIPUME-
pa 8 u 1anee NPOJOIKUM:
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. PIC Simulator IDE

File Simuation Rate Tools Optiors Help

[ Program Location | D:\Program Files\PIC Simulator IDE\uart.hex

| Microcontroller [ PICTeFs?7

Last| d
[ [ MOVF 0x23.W i

t’ Next Instruction

BTFSS STATUS.C I

r— Program Counter and W Register

[PE] [Toosc | CCCCCCMC MM
I W Register [W COCCCCME

r— Special Function Registers [SFRs)
Hex Binary Value

AddessandName Value 76543210
fioas LU CUTLIC

a0 COCROCCT

SR ERE

I

EEEEEENE

UL L]

EEER

[

[
FECCCCCT = | | [626n [0 [03Fh

| Instructions Counter | 15857
] Clock Cycles Counter | 88600

| Real Time Duration | 221500 ps

r~General Purpose Registers (GPRs)—

Hex
Value

>
&
&
<=
&
§

g
&

T 51 [550n [00] &
gzini] 00 ifnain: | 00 |
022h [ €8 [032h [0
023h [ 03 [033n [0
024h [ 18 [034h [0
025h [00_ [035h

026h [ OF [036h

8
=
o
=1
=
@
=
=i

028h [ 00 [038h
025 |00 [03%h
02Ah (00 [036h
028 |00 [038h
02Ch |42 [03th

5
=
8
g
-l

5
=
=
ol
=

mEmm

2
E

%% Hardware UART Simulati

Clear UART Output
[ UART Output

Number: 10
Number: 9
Number: 8
Number: 7
Number: 6
Number: 5
Number: 6
Number :

o

I’UAHT Input

Send Byts [Deg) |

I” AlwaysOnTop

Puc. 9. Bup 3kpaHa ¢ Bbinonuswoueiica nporpammoii «lipuém v nepenaya faHHbIX U3 "annapatHoro”
UART u otob6paxenue aanHbix Ha LCD akpane»

; PIC Simulator IDE

%% Microcontroller Yiew - PIC16F84

T —

Fie Simuation Rete Tools Options He L] —
[Program Location | D:\Program Files\PIC Simulator IDE ysoftuart hex T [ RaaTOCK

l Microcontrofler PIC16F84

AMCLR

"Lasl i Next| [ Vss
SUBWF Ox15.F l ( BTFSS STATUS.C i ]
I S I TR [ As0/NT
- Program Counter and W Register [ Tnstructions Counter [ 47767 Fons | G
[PC [ooss | CCCCCRCCIRCBRMCT | [Ciock Gycles Counter | 364 e
W Regst G0, CCCCCOT T i 310 =
I egister | Real Time Duration | ps lI-  —r
r—Special Function Registers (SFRs) - General Purpose Registers (GPRs]— i
Hex _ Binary Value Hex Hex Ltk tnlon
AddressandName Value 76543210 Addr. Value Addr Value
o0 CCCOCCCCC (&) (| [oock) (o0 [Gick [0a] -
(5 RCCRCEEC H (oo [00] [Gioh, [ o b b T
(e (T CEmCEE [ooen [00- [oien [o0 | ||| RXLine — PORTE. 2 [TX Line —> PORTE, 1
[0 CCCCCCrr 00Fh [ 00 [O1Fh [00 [Baud Rate > 9600 [Logic Levels —> Standard
[00_ | o 0i0h [ 00 [020h [0 [ AT o
(05 CCCCCRmCT O1ih [ 00 [021h [00° P
[o07 COCCCCrT [0izh [00_ [0ooh 00 Number : 10 =
[o0] CCCCCTTT || foa oo oo Foo” (|| fuumoer: 2
o] EEECCTLT) (014 [B2 [022h 50 um
__(J_QLF['F'I_I'I'I'F 015h |01 [025h [ 00
[FF FEEEEEEE o16h [ 4€ | [028h | 00
[TF CrrEEmNE Oizh [ 00 [o27h [00
[F0. EREEERT= [o7en_ (06 [028h [0~ Ke
[0, FCECCCer Dish [ 02 [028h [00° ‘
 [or roereeee | || [man s e (o : B
CCCCrCCrT @ | fomsh 00 [028h 00 = | | [ Tine Stetus B 5 received

Serd Byte (Dec] | Send Byte (Hex) |

[UART Input

JRX Line Status: MARK state generated

I~ Always On Top

Puc. 10. Bup 3kpaHa ¢ Bbinonusioweics nporpammoii «fipuém n nepegaya faHHbIX Yepes

"nporpammubiii” UART»

1. Haxars File|Load Program;

2. Bei6Gparp parin softuarthex u Haxkarp
KHOIIKYy Open (IIporpaMma 3arpyskeHa);

3. Haxatp Tools|Software UART Simula-
tion Interface (OTKpOETCS OKHO CUMY-
JIALMH <IIPOrPAMMHOTO» MHTep(erica
UART; HaCTPOMKH 11O YMOJTYaHHIO: RX
Line — PORTB.2, TX Line - PORTB.1,
Baud Rate — 9600, Logic Levels —

— Standard).

4.Haxartp Tools|Microcontroller View
(orkpoercss OkHO Microcontroller

View).

5. BpIOpaTh CKOPOCTb MOJETHPOBAHUSA
Rate|Ultimate (No Refresh).

BBITTOTHEHHE ITPOI'PAMMEBI).

6.Haxkatp Simulation|Start (HauHETCS

IIocsie 3TOro HEOOXOAUMO BBDKIATH,
[I0KA TIPOTPAMMa BBIAACT 6 CTPOK TEK-
CTa B IOCJIEAOBATEIbHBIN TOPT. O6pa-
THUTE BHUMAaHHUE HA COCTOSIHHE BBIBOJA
PORTB.1 B okHe Microcontroller View.
ﬂ}lﬂ IICPEChUIKU JAHHBIX B IIOPT HC-
IIOJIB3YETCST OHA M3 TPEX JOCTYITHBIX

KHONIOK uHTepderica UART. O6pature

BHHMAaHHUE Ha COCTOSHHE BBIBOJA
PORTB.2 Ha okHe Microcontroller View.

IIporpamMma OTBEYAET, IOChUIASI CTPOKY

gaHHbpIX. [TociegHue ABa mara MOMXHO
HECKOJIBKO pPa3 IIOBTOPUTb U ITOCMOT-

perb Ha Pe3y/bTaThbl. By 9KpaHa C BbI-
MOJHSAIOMIEICS ITPOrPAMMOM ITOKA3aH
Ha puc. 10.

Mpumep 10: oTo6parkeHUe AaHHbIX
Ha 7-cermMeHTHOM aucnnee

Dra nmporpaMma OTOOPAKAET YMCIA
ot 0 70 99 Ha ABYX 7-CEIrMEHTHBIX JTHC-
IUIeSIX, KOTOPBIE€ MOAKIIOYEHbI ITapai-
JICIBHO W YIPAB/ISAIOTCA JABYMS JTAHUSA-
MU, [Is1 IEPEKIIOUEHHs UCIIOIb3yeTCs
mporueaypa  MYJIBTHUIUIEKCUPOBAHMSA
npepbiBanus TMRO. TexcT porpamMmel
u3 (aria 7segment.bas umeeT Caeayro-
UM BU/T:

Dim digit As Byte

' BXOfHAs NEepEMEHHas Qs IONIPO-
rpamMMel GETMASK

Dim digitl As Byte

'TeKylmee 3HaYeHMe cTapmei nudps
Dim digit2 As Byte

'TeRyllee 3HaYeHMEe Miuapumey nmdps
Dim mask As Byte

' BEIXOOHaA II€EpEeMeHHas OT IOAIPO-
rpamMMel GETMASK

Dim maskl As Byte

'Teryuee 3HaAYEHME cCTapumein nudps
Dim mask2 As Byte

'Texyuee 3HAYEHUE Mrnaguein mudps
Dim i As Byte

Dim phase As Bit

Symbol dlenable = PORTC.O0
'IMHUA YNOPaBIEeHMUA LIS CTapuero
3JIeMeHTa 7-CerMeHTHOI'O OUCIIeS
Symbol d2enable = PORTC.1
'IUHUSA YOPpaBIeHMSA OIIA MIajuero
BIeMeHTa 7-CEerMeHTHOI'O AUCIIIes
TRISB = %00000000

'HacTpoiika mopTa PORTB Ha BHEBOJ
TRISC.0 = 0

'HacTpoiika mopta RCO0 Ha BHBOL
TRISC.1 = 0

'HacTpoka mopTa RC1l Ha BHBOL
dlenable = False

d2enable = False

maskl = 0
mask2 = 0
phase = 0

INTCON.TOIE = 1

' BRIIOYMM NOpepnBaHue Timer0
INTCON.GIE = 1

' BKIIOYMIM BCE€ IIPpEPHBaHUA
OPTION_REG.TOCS = 0

'ycTaHoByM Timer(0 Ha BHYTDEHHUA

reHepaTop

loop:

For i = 0 To 99

dilgiel =1 /810

'momyuyM Texyumy® nudpy And
cTapme nudpsH

WWW.SOEL.RU
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VIVIMFOBARY

digit2 = i Mod 10
'IONYyYMM TeKymylo nmudpy Iis
Mnagmen Ludps

PIC Simulator IDE

| Program Location |
| Micracontroller |
TMRO = 0 = i
9TOBS [ I ” [ ALF 0x20.F

- Program Counter and W Register———————— Im IW'
[Pc” [ooso | FCCCCMCT MMM | [Clock Cocles Counter | 158368

D:\Program Files\PIC Simulator IDE\7segment. hex
PIC16F877

'cbpocyM TimerO, BCF STATUS.C

NIPEenOTBPAaTUTE €ro IpPepHBaHue

digit = digitl [ Whegstr | [ 00 CCLICCT O [TRES b ienil] 3955208

Gosub getmask r Special Function Registers (SFRs) r General Purpose Registers (GPRs)—

'TonyYuM B3HAYEeHUe NS c'rapmer‘/i Hex Binary Value Hex Hex
AddressandName Value 76543210 Addr. Value Addr Value

nudps
maskl = mask
digit = digit2

7 [ WMCCWCWET <
s MCCHMECW
[iE CCCMEEET
o0 CCCCCCET
0 e
" [58 CRCENC RN
o CCCCCCrm
iogs LI
| o0 EEEEECT T
oo WEECT T
(A2 WCECCCEN
o0 CCCCCCrC
B [0 BOECCERC
& o CCCCOC
o o

o
=
=]
=
o
S|
o
s
=
@
=]

-

=
Bl
EER
21518
§I =
EEE

=
5
=1
=1
o
@
=
=
=1
S|

=
=1
153}
=
o
S
o
@
@
it
=1

I
|
I
2

Gosub getmask

I
|

=]
2
e}
5
o
=

B

I
2

5
=
3
f=1
5]
=
=
3

'IONYyYVM B3HAYEHME OIS MIapuen
nudps
mask2 = mask

|
i
|
]

=]
]
@B
N
o=
o
8
Ex
o
S|

l
IEFI

2
@
=
-
n

§h 7 |
0 Display Enable  8PORTC.0 Inverted Level i

@

==
o

=18=

o

b

i

o

0
5
=4
o
@
0
=
o
=)

Gosub showl

=
2
Ul
=
j
2
L=
k=
8|

=
i}
m
=
ola

@0

o

@

Sl

S

'oTobpasyM HOBOE BHadYeHME

l

8
£

cTapume IudpE

Gosub show2

'oTo6pasyM HOBOE BHaYEHNE
Magwen Iudps

WaitUs 500

'3amepxKa [ MONENMPOBAaHUS
'UCIONB3YATE GONBUY 3anEePXKY
OIS peanbHOI'O YCTpOMCTBa,
HanpuMmep WAITMS 500

Next i

Goto loop

End

On Interrupt

'mopmporpamMMa NpepsBaHua Timer0
HENPEPHBHO IIEPEKINYaeT INEepBHl u
BTODOI pucmiein

If phase = 0 Then

phase = 1
Gosub showl
Else

phase = 0

Gosub show2

Endif

INTCON.TOIF = 0

'paspemaeT mnpepsBaHue TMRO
Resume

getmask:
'IIONyYMM COOTBETCTByWIlee 3HaYeHUe
7-CerMeHTHOI'O OUuCHIes OIsg

BXOOHOM LUPPH

mask = LookUp(0x3f, 0x06, 0x5b,
0x4f, 0x66, 0x6d, 0x7d, 0x07,
0x7£, 0x6f), digit

Return

showl:

' BEHBOOVIM CTaplylo Imdpy Ha [OUCIIIEN
d2enable = False

PORTB = maskl

dlenable = True

Return

o0 MECCCCCT &

Puc. 11. Bup 3KkpaHa ¢ BbINONHALWEACA nporpammoii «0TobpaXKenne JaHHbIX HA 7-CErMEHTHOM Aucnnee»

show2:

'BHBOOVIM Miagmyl nudpy Ha IOuUCHIen
dlenable = False

PORTB = mask2

d2enable = True

Return

IIpOCMOTPUM PEIYABTATE PAGOTHI
aton nporpammsl B PIC Simulator IDE.
JIJIs1 3TOTO BBIIIOJTHUM IIE€PBBIE TPU JI€H-
CcTBUA U3 npumepa 1, BEHIGPAB MOJEIb
MK PIC16F877, Tpu JeHCTBUS U3 IIPU-
Mepa 9 U ganee NpoJgOLKHM:
1.Bui6pare aiin 7segment.hex u Ha-

JKaTh KHONKy Open (Iporpamma 3a-

IpyKeHa);

2. Haxars Tools|7-Segment LED Displays
Panel (OTKpOETCA OKHO C YeTBIPbMS 7-
CETMEHTHBIMM JUCIUIESMH);

3. HaskaThb KHOIIKY Setup HMXKe JUCIUIesS
HOMED «2»;

4.HaxkaTb OpaHKEBOE IIOJIE PAAOM C
JHUCIIEEM, YTOOBI BKIIOYHTBH|OTKIIIO-
YUTH TOT JUCILICH;

5.BBectu «4», uTo68I BRIOpaTh PORTC 1
3aremM HaxKaTh OK;

6.BBectu «0», 9TOGBI BBIGPATH BBIBO/JL
RCO n 3atem HaxaThb OK;

7. Haxarps KHOIIKY Setup HUXKE JUCILIEs
HOMED «1»;

8.HakaTp OpaHKeBOE IIOJIE PAAOM C
JUCIIIEEM, YTOOBI BKIIOUHTB|OTKIIIO-
YUTH TOT JTUCIUICH;

9. BBectH «4», 9TOOBI BBIOpaTH PORTC 1
3atem HaxaTb OK;

10. BBectu «1», 4TOOBI BBIOPATH BBIBOJL
RC1 u 3arem Haxkatb OK;

11. Haxarp kHonky Hide Setup, 4To65I
COXPAaHUTh HEMHOT'O 9KPAHHOT'O IIPO-
CTPAHCTBA;

12. BeiGparts Rate|Ultimate (No Refresh);
13. Haxxars Simulation|Start (HaunéTCsH
BBIITOJIHEHHE TIPOT'PAMMBI).
IIporpamma oro6pa3uT yuciaa or 0 10
99 Ha ABYX 7-CErMEHTHBIX IHUCIUIESX,
HCIIOIB3YS IIPOLEAYPY MYIbTUIUIEKCH-
posanus npepoiBannsg TMRO. Coxpanss
JIAaHHBIE HA 9KPAHE, HEOOXOTUMO dKCIIE-
puMeHTHPOBATL ¢ onmuen Keep Last
Display. Buz 3kpaHa C BBIITOTHSIOIIEHCS
IIPOrpamMMOX ITOKA3aH Ha pUc. 11.

Mpumep 11: pa6oTa c reHepaTopom
CUrHanoB u ocuyunnorpacom

DTOT IpUMEP AEMOHCTPUPYET PAOOTY
ocumuiorpada u reHeparopa CHUrHa-
J10B. Taxke B 3TOM IIpOrpaMMe IIpuBe/ie-
HBI IIPUMEPBI PA6OTHI C BHEITHEH ITaMsI-
TpI0 (EEPROM) 1o nporoxony I*C. 9rta
TMOAIIPOTPAMMA HCIOIB3YET ITPOTOKOJI
cBsaA3u I°C ¥ 3aHOCHT 3HAYEHUS B IIEp-
Bple 32 sguerikm BHemHerd EEPROM.
Texcr nporpammbl u3 ¢aiia i2c.bas
UMEET CJICAYIOINI BH/T:

Dim addr As Word

'mepeMeHHaA ONIA XPaHEHMA azpeca
EEPROM

Dim data As Byte

'mepeMeHHas OIS XpaHeHus 6banrTa
nasEHX EEPROM

Symbol sda = PORTC.2
nnssi BeiBOma SDA
Symbol scl = PORTC.3
ons BeiBogma SCL

'HOBOE ¥MSA

'HOBOE mMMSA

For addr = 0 To 31
'opraHmsyeM IUKJI. ByOyT 3anmcaHs
nepBee 32 6aiTa

data = 255 - addr

' 3HaYeHue 6aliTa Q[AHHEX OIS 3alucu

COBPEMEHHAA SIMEKTPOHMKA @ Ne 4 2006
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Simulator IDE

l Mictocontrolier PIC16F877

Last Instruction 1 NextIn: ion
1’ | MOVF 0x2C.W ! |’ | MOVWF FSR

r Program Counter and W Register
[PE [Tooee T C T CmiCEmmEET
[ WhRegister IT IEEEnn )

rSpecial Function Fleoslels (SFRs):
Binary Value
Address and Name Value 76543210
Nl EEEREsEn
— [t WCEENEEC
=~ e rcrmme- |
: [ OO mEm

-
il
5

o meCCrerc
' [0, Cccoooce
e T
60 o
| [o0, EECERCTC
6o merorrro
Gz CCrorrmc
= oo Croceren

i [0 ECECCERD
® [0 Corrcrer
i [oo rcrorece
0] EECCCCr D &

e

2
£

l

S8
[elslsfe[=lslsl=[=[T=l=] £2

el

S|
=

0o

I

i

3
fg]

Always On Top

Il —
B[ 0 [ mavaNt
A0 [_RazAN2Ner:
Bl 0 [ AaaAaNen

@

. Period: 0 cc, Duty cycle: 0%

|

A0 [ AesANanss
Bl o [ Aeoroas
Ao [ rerwaze
ﬁ]l“—l—nz—zm

r__..__...
I—_"ﬁu—

il lncwnusumm
IT|EE | nci/Tiosicoez
| e
[N [ Acasscr/sce
1] [l —
[E|/MEE [ roveser

Puc. 12. Bup 3kpaHa ¢ BbInonHsoLieiics nporpammoii «Pa6ota ¢ reneparopom curnanoB u ocuunnorpatgom»

I2CWrite sda,
data

scl, O0xa0, addr,
'MCIIONIB3YEM HOPOTOKON I’C
ona sanucu B EEPROM

WaitMs 1

'MarieHpKas B3BalepxKa

Next addr

ITpOCMOTPHUM PE3YIBTATHI PAOOTBI ITOH
nporpammsl B PIC Simulator IDE. [Ijis1 310-
T'O BBIIIOJTHUM II€PBbIE MIECTh ICHCTBUI U3
npumepa 10 u ganee IpogoDKIM:
1.Bei6bpate ¢ana i2c.hex m HaxaThb

KHOIIKy Open (ImporpaMmma 3arpy-

JKEHA);

2. Haxats Tools|Oscilloscope (oTkpoeT-
Csl OKHO YETBIPEXKAHAIBHOI'O OCLIHI-
sorpada);

3.Haxxatp Canal Settings[Turn On/Off
Oscilloscope 1;

4.BBectu «2», 4T06BI BBIOpaTH PORTC
s KaHana 1, u Haxatb OK;

5.BBecTH «2», YTOOGBI BBIOPATH BBIBOJ,

RC2 mna xanana 1, u Haxxats OK;
6.Boi6pars onumio Pull-up Select ms

KaHaia 1;
7.Haxate xanHan Settings[Turn On/Off

Oscilloscope 2;
8.BBectu «2», 4TOO6BI BBIOpaTE PORTC

U1 KaHaia 2, 1 HaxaTs OK;
9.BBecTH «3», YTOOBI BBIOPATH BBIBOJL

RC3 msa kaHana 2, u Haxats OK;

10. Bei6pats onumio Pull-up Select s
KaHaia 2;

11. Haxarp Canal Settings{Turn On/Off
Oscilloscope 3;

12. Bsectu «1», yT0OBI BBIOpaTh PORTB
U1 KaHaa 3, 1 Haxkathb OK;

13. Bectu «0», 9TOOBI BBIOPATH BBIBOJ,
RBO w1t kanana 3, u Haxats OK;

14. Haxars Canal Settings[Turn On/Off
Oscilloscope 4;

15. BecTH «1», uTo65!1 BEIOpaTh PORTB
Juist KaHaia 4, u Haxatb OK;

16. BBectH «1», 4TOGBI BBIOPATH BBIBOJ,
RB1 gia kaHana 4, u Haxkats OK;

17. Haxars Tools|Signal Generator (OT-
KPOETCA OKHO 4-KaHAJIbHOI'O Ir'eHepa-
TOpa UMITY/IbCOB);

18. Haskars Settings|Turn On/Off Signal
Generator 1;

19. Bsectu «1», uyT0o68I BEIOpaTH PORTB
st KaHana 1, m Haxkats OK;

20. BBectu «0», 9TOOBI BBIOPATH BBIBOJL
RBO s kanana 1, u Haxarts OK;

21. Beectu «500», 4TOOBI ONPENEIUTH
IEPUO/, UMITYJIbCOB I KaHana 1, u
HaxkaTs OK;

22. BBectH «25», 4TOOBI OIPENETUTH
pexuM paboTel 1A KaHaaa 1, U Ha-
x&Kath OK;

23. Haarts Settings/Turn On/Off Signal
Generator 2;

24. BsectH «1», yTO6BI BEI6paTh PORTB
JUIs1 KaHaua 2, 1 Haxathb OK;

25. BBectH «1», 9TOOBI BEIOPATDH BBIBO/]
RB1 s kaHana 2, u Haxxatb OK;

26. Beectn «1000», 9TOOBI ONIPEAETUTD
MePUo/|, UMITY/IbCOB /IS KaHana 2, ¥
Haxkatb OK;

27. Beectu «50», 9TOOBI OLPEAEIUTH
pexuM paboThl ISl KaHAlA 2, U Ha-
skath OK;

28. Haxkatp ToolsMicrocontroller View
(otkpoercst okHO Microcontroller View;
OKHA Ha 9KPAHE YCTAHOBUTD TAK, YTOOBI
TOTY4HTh JIYIIee IIPEJCTABICHNIE);

29. Beiopars RatelExtremely Fast simu-
lation rate;

30. Hasxars Simulation|Start (HauHETCA
BBIITOJIHEHHUE IIPOTPAMMBI).

IIpouecc cBsa3u mo Imporokony I*C
MOJKHO IIPOCMOTPETHh Ha OCLIA/UIOTPA-
(e Kak MavKy UMITyIbCOB. Bujj 3kpana ¢
BBIIIOJIHAIOMIEHCA IIPOTrPAMMOM I1OKA-
3aH Ha puC. 12.

I[Ipopa6oTaB mpuUMeEpPLl PadbOThl C
nporpammori PIC Simulator IDE, BbI
CMOKETE CAMOCTOSTEIBHO TECTUPOBATH
CBOM IIPOTPAMMBI. B IIPUIOKEHUH TIPU-
BEJIEHBI a/IPECa JOKYMEHTOB, OTPAKAIO-
IUX BOIPOCHI PabOTHI C MHUKPOKOHT-
posutepamu microPIC kommnanuu Mic-
rochip.

JIUTEPAT

1. www.oshonsoft.com.

YPA
2. www.picbasic.narod.ru.

MpunoxxeHune

Cxema naamwit LAB-X3, ons ICD ¢ PIC16F628
http://www.melabs.com/downloads/
labx3sch.pdf

Muxporxornmponnep PIC16C84. Kpamxoe onu-
canue
http://www.nnov.rfnet.ru/pic/16¢84.html
Hab6op xomano PICI16XXX
http://yusoft.kulichki.com/russian/pic/op-
codes.htm

Xapaxmepucmurxu PICI6GF628
http://www.microchip.ru:80/lit/pic/
pic16f6xx/pic16f628

ITonesnwvie noonpozpammot 01 PIC-koumpos-
z1epos
http://www.kazus.ru/modules.php?name=
News&file=article&sid=410

Camoyuumens no npozpammuposanuro PIC-
KOHMPONNEPOEB /1 HAHUHAIOULUX
http://ikarab.narod.ru/Kea_20.html
http://www.nnov.rfnet.ru/pic/first.html
Cogemvl MO NPOZPAMMUPOBAHUIO U CXCMO-
mexHuKe
http://www.disall.newmail.ru/fag.htm
dmoKu» muxpoxorumpoanepos PIC
http://www.disall.newmail.ru/gluk.htm

FAQ 1o PIC-MUKpPOKOHMPOAEPAM
http://yusoft.kulichki.com/russian/pic/faq.htm
Mnozo ccoinok no PIC-muxpoxonmponrepam

©)

http://yl2.narod.ru/rpic-Ink.htm
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lMpu nogaepxke Poccuiickoro otgenexns SID
"ObLecTBa MHOPMALMOHHBIX Aucnnees” o

RUSSIA CHAPTER

CNEUNANTN3NPOBAHHASA BbICTABKA

B Cucrembl OTOOpaXKeHUsi CneumnansHOro UCMONHEHNS
® YHuBepcarnbHbie U cneunan3npoBaHHblie 3KpaHbl

® OtobpaxeHue B cUCTEMAX CBS3M U yrpaBneHus

® [opopackve MHOPMALMOHHO-CMPaBoYHbIE CUCTEMBI

® Cpepacrtsa 0TOOpaeHUsl B peknamHbIX TEXHOMOrUsIX

14-16 1oHs
N N N g
Dl S

MOCKBA LAOX

® KOMMOHEHTbI CUCTEM U CPEACTB OTOBPaKEHUS
® /iHdopMaLmMOHHbIe Tabrno, MOHUTOPLI, AUCHNen
® [poeKunoHHoe obopyaoBaHue 1 CUCTEMBI

® Cpepctea oTOOpaXeHusi Ha TpaHcnopTe

® CpepcTsa OTOGPaXXEHUsI B BOBHHOW TEXHUKE
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COBbITUA

8-1 MeXpyHapoaHas
Hay4yHo-TeXHUYECKas KOH(hepeHuus

N BbiCTABKa

«lluchposas obpaboTka curHanos
n eé npumeHenue — DSPA’°2006>»

29-31 mapra 2006 r. B MOCKBe
COCTOANUCH 8- MexayHapoaHas
HAyYHO-TEXHHYECKAsd KOH(EPEHIIUs
1 BpICTaBKa «IJuppoBas o6pabdoTKa
IIPUMEHEHHE —
DSPA’2006», opraHuzoBaHHbIe Poc-
curickum HTOPOC umenu A.C. Ilono-

Ba u kommnanuen AUTEX Ltd. coBmecT-

CUTHAJIOB U eé

Ho ¢ IEEE Signal Processing Society,
OrnenenneM HH(MOPMATUKH, BBIYHUC-
JIMTEJIbHOM TEXHHUKH M aBTOMATHU3a-
nuu PAH, MHCTUTYTOM PaJHOTEXHH-
KM U 3JIEKTPOHUKH PAH, UHCTUTYTOM
npo6iem yrnpasiaenus PAH, HHCTUTY-
TOM mpobieMm mnepegadym uHOOpPMa-
nuu PAH, MHUTHU, POCCUICKOM CEK-
nuer IEEE. B pa6ore koH(pepeHIINH 1
BBICTABKH IIPUHSIIH Y4aCTHE OKOJO
1500 gyenosex.

Ha xondepeHnun ObLIO 34CIyIIAHO
200 poxiamoB, IO MaTepHaJIaM KOTO-
peix mu3aaHel Tpyasl KoHdgepenuun B
2-X TOMaX H4 PyCCKOM W aHIVIMMCKOM
SI3BIKAX OOIIUM 06BEMOM 667 CTp.

Pa6ora KoHepeHIInH IPpOXOanIa
I10 JJ€CATH CEKITHAM:

® TCOPHUA CUTHAJIOB U CUCTEM;

@ TEOpHs U METOJbl NU(MPOBOH OOpa-
OOTKU CUTHAJIOB;

® 0O0pabOTKA CUI'HAJIOB B CHCTEMAX Te-
JIEKOMMYHHUKAI U

® 06paboTKa CUT'HAJIOB B PAIMOTEXHHU-
YECKUX CUCTEMAX;

e 06paboTKa U 1epegada HU3006pake-
HUM;

® 0O6paboTKa M3MEPUTETLHON HH(OOP-
Malyy;

@ IIPOCKTUPOBAHHUE U TEXHUYECKAA pe-
anuzanuysa cucreM L[OC;

e uH(pPOBOE PATUOBEIIAHHUE;

® 11U poBass 06pabOTKa MHOI'OMEPHBIX
CHUTHAJIOB;

® HEHPOKOMIIBIOTEPHAsA  0OpaboTKa
CHUTHAJIOB U U300PAKEHUI.
OJHOBpPEMEHHO C KOH@EepeHIUen

xomnanued AUTEX Ltd. 6pu1a oprasu-

30BaHa BpICTaBKa HOBBIX MH(pOpPMAIIU-

OHHBIX TEXHOJIOTHH PEATBbHOTO BpeMe-

HHU U UHCTPYMEHTAIBHBIX cpefcTs IJOC.

B pa6ore BpICTaBKM NPUHAIN YIACTHE:

AVD Systems, AUTEX Ltd., «<AIbTepHATHB

ComromrH3 AnbT-C», BeIopyCcCKuil rocy-

JapCcTBeHHBIN yHHUBEpcuTeT, 3A0 «JH-

CTPYMEHTAJIbHBIE CUCTEMBI», UITY PAH,

«JI-Kapg», OOO «JIabopaTtopust aBTO-
MaTU3UPOBAHHBIX cHucTeEM (AC)™,
HTL «Moayne», MOU (TV) - Kadenpa
anexkrpodusuxku, PCB Technology,

00O «Pactp Texnonomxu», PHTOPOC

uM. A.C. ITonnosa, 3AO «Pygues-IIInia-

eB», <«TeppasjnekTpoHHuKa», <«lleHTp

ALIT», HIIII «[JudpoBbie pemeHus»,

T'VIT HIILI «DnBuc», 3A0 «31€eKTPOHHBIE

TEXHOJIOI'HMH U METPOJIOTHYECKUE CHC-

TeMbl — 30T,

B aHu paboThl KOH(EPEHIIUHU U BbI-
CTaBKU COCTOSIZIUCh CEMHHAPBI 110 HO-
BBIM pa3paboTkam B obmactu DSP, koTo-
pble oceTuan 0Ko10 800 yeIoBeK:
® «VHUBEPCHUTETCKAsA IPOTrpaMma KOM-

nmanuu Texas Instruments»;

e I'VIT HIILI «®JIBHC»: «OT€uyeCTBEHHbIE
DSP-koHTpOMIEPH “MYyJABTUKOP” H
ananoro-uugpossie CBMC HIIL “DJI-
BUC” nist cucTeM CBS3H, MYJIbTHME-
aua 1 Hu@poBoi 06pabOTKH CUI'HA-
JIOB»;

e SPIRIT: «DSP-tipoaykrer SPIRIT B pe-
LIEHUAX JHUJEPOB MUPOBOM IT-uHIY-
CTPpHUH»;

e «Kpyrpiii ctos1 DSPA»;

e Analog Devices, Inc. — Autex Ltd.: <Ho-
Bble DSP-IPOAYKTHL U OT/JIaZ04YHbIE
CpeACTBa, a TAKKE JPYIHME€ HOBOCTHU
Analog Devices. Blackfin u nponec-
COPBI C IVIABAONIEN TOYKOM»;

® 3A0 MIHCTPYMEHTAIbHBIE CUCTEMBbI»:
«OnbIT peanmn3anuu ycrpoucts IOC
JUIA 337249 THAPOAKYCTUKH, PAJIMOJIO-
KAl U PAIUOCBA3M»;

@ OOO PCB Technology: «/lecsiTb cEKpe-
TOB MPOEKTHUPOBAHUS MHOTIOCJIOM-
HBIX MU THOKO-)KECTKUX II€YATHBIX
ILIAT>;

e «AnprepHatus ComoomH3 AnbT-Cr:
«ATIIIapaTHas IOIEPKKa BepU(PHKa-
nuu nu@poBex UC»;

Cnenyronias, 9-a KondepeHnuys 1 Bbl-
craBka DSPA'2007 cocrouTcss B MapTe
2007 1. B Mockse, B 3nanuu UITY PAH,
M. Kamykckas.

WWW.SOEL.RU
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COBbITUR

KOH®DEPEHUMUA «INEKTPOHUKA/A3POKOCMOC »

24 mas B MOCKBe TPOUAET KOH(DEPEH-
U «DQJIEKTPOHUKA/A3POKOCMOC», Op-
raHU3aTOPOM KOTOPOH BBICTYIIAET KOM-
nmanug National Instruments.

KoHpepeH1 1A OCBANEHA CO3IAHMIO CH-
CTEM TECTUPOBAHMA Y HCTIBITAHUI HU3/IC/II
PaHOIEKTPOHHOM U a3POKOCMHYECKOM
IPOMBIIVIEHHOCTH Ha 6a3e 000pyIOBAHMSA
National Instruments.

OCHOBHBIE TEMBI:

® TECTUPOBAHHE M3JEIUN CHIOBOH
3JIEKTPOHHKH,

® TECTUPOBAHMUE AHAJIOTOBOU U LIU(ppO-
BOH JIEKTPOHHUKH,

® TECTHPOBAHHME BBICOKOYACTOTHBIX U
pazyonepesarIuX YyCTPOKCTB, B T.4.
ABUOHMKHU M JIDYIHX HU3JEIUH a3pO-
KOCMHUYECKOM OTPACIIH.
B xoz1e KOH(EPEHIINU BBICTYIIAT Pa3-

pa6orunku National Instruments, cuc-

TEMHBIC HHTETPATOPbI, NPOUIET BHI-
CTABK4 aNIIapaTHO-IPOTPAMMHBIX pe-
LIEHUH IS 9JIEKTPOHUKH.

KondepeHiusa «DIeKTPOHUKA/A3PO-
KOCMOC» cocroutcst 24 mast 2006 1. ¢
10:00 go 15:00 mo agpecy: MOCKBa,
ya. IIokpoBka 47/24, LeHTpaJabHBIN
Jom IlpeanpuHumareis.

Ioopobnee o Kongepenvuu MoAIcHO
Y3uamo no men. (495) 783-6851 unu na
caiime bitp.//ni.com/russia.

CemuHAP ANALOG DEVICES

B pamkax 8-11 MeXyHapOJHOMN BbI-
cTaBKU U KOH(pepeHuumn <«udposas
06paboTKa CUTHAJIOB M €€ IpHUMEHE-
Hue» DSPA'2006, 30 mapra, COCTOSIICS
OJHOJHEBHBIN CHELIUATHU3NPOBAHHBIN
cemuHap Analog Devices, Inc. — Autex
Ltd. mo DSP-npoaykuuu Analog De-
vices.

Taxkue CEMHHapPhI MPOBOJATCS HA pe-
I'YJIIPHOM OCHOBE yxke 6omee 12 ner.

CeMHHAp HMeJ HACBIIIEHHYIO IIPO-
rpaMMy U IPHUBJIEK BHUMAaHHE OKOJIO
500 y4aCTHHUKOB.

Benu cemunHap Johannes Horvath
(Analog Devices) un Anexceii COnOBbEB
(opunimanbHOE  IPENCTABUTEIBCTBO
Analog Devices B Poccun). Paccmarpusa-
JIMCh Iporieccopsl cemericta Blackfin u
IIPOLECCOPHI C IVIABAOMIEN TOYKOM.

B KauecTBe Pa3gaTOYHBIX MaTEPHa-
JIOB yyacTHHKH noaydwiun CD 2005
Designers' Reference Manual, Short

19-21 cenTabpa 2006

Form 2005, a Taxke kauru ADSP-BF561
Blackfin Processor Hardware Reference,
ADSP-BF53x/BF56x Blackfin Processor
Programming Reference u Getting
Started With Blackfin Processors.

B odmuce Autex Ltd. emé Hexkoropoe
BPEMs MOKHO OYAET HOTYYUTh ITU Ma-
Tepuaygpl. TaxKe NPUITAMAIOTCA Ha
KOHCY/IBTAIIUH BCE, Y KOTO IOSIBHJIMCh
JOIIOJTHUTEIBHBIE BOIIPOCHL. IIpe3eHTa-
LIMs IPOIIEANIETO CEMHUHAPA pa3Mele-
Ha Ha caiTe www.autex.ru.

HoBocubupck

DT T T R VIGNATENBCKIN IOM
WHHIOPMALWOHHBIA
cnoHCop: nn ‘

CHEHPCHUH ®OPYM HH>OPMALIMOHHBIX
TEXHOJNIOTHH M TENEKOMMYHHKALLHK:
CHECBA3D. CHEKOMNbIOTEP. CHEMHTEPHET

KIV me:kayHanoAHan cneuuanu3vpoBaHHias BbICTaBKa CNEACTB CBA3U U

TBIIBHDMMUIIHIHIIIH“: KOMMYHWKaUWOHHOIO oGopyaoBaHua , MHOPMALIMOHHBIX
TEXHOMOIMKA U KOMNbIOTENHOMN TEXHWKK, CepBUCOB HHTEPHeT

JNEKTPOHCHD

Cneunanu3npoBaHHaA BbICTABKA 3NEKTHOHHbIX KOMNOHEHTOB U TEXHONOIMUECKOI0

CHbUPL-TENEPARHOBELLAHME

Cneuuanu3npoBaHHan BbICTaBKA KabenbHOIO U CNYTHUKOBOIO TeNneBUAEHUA,
pagvoBeLLaHnA U LWUNOKONONOCHLIX TENEROMMYHUKALUKN

BbictaBouHoe O6uwecTteo CUBUPCKAA APMAPKA
Poccusa, 630049, HoBocubupck, KpacHbin np-1, 220/10. Ten: (383) 210-62-90

dakc:

(383) 225-98-45. E-mai

ponkrat@sibfair.ru;

http://www.sibfair.ru

COBPEMEHHASA SINEKTPOHUKA @ Ne 4 2006
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Jlyywine npogyktel 2005 roga!

MporpamMmupyemblie aHanorosbie UC
CTaHpapTHbIe aHanoroBble NpUoopbI
Mukponpoueccopbl, MUKPOKOHTPONNEPbI
MukpocxeMmbl namaTH

LIAN, ALN

KoMnoHeHTbI CHIIOBOWN 3NEKTPOHNKY

Kapbup-kpemHuesbie
NoNyNpoBOAHNKOBbLIE NPUGOPDLI

Mukpocxembl Ha ahchekte Xonna

KomnoHeHTbl gns 6ecnpoBOfHOM
nepefayn gaHHbIX

KomnoHeHTbl Ana TeNeKoMMYHUKaLui
KomnoHeHTbl 06paboTku BUAEOCUTHANOB
TBepAOoTENbHbIE UCTOYHUKN CBETA
[laccuBHbIE KOMNOHEHTbI

CoeiMHUTENM N 3NEKTPOMEXAHUKA

OTnagoyHble cpeacTea

OpuruHanbHble pa3pabotku Mpocodt

PROSOI-'T

intel

28F256p3g

AN120E04 (ANADIGM)
Mo3BonseT CKOHUrypupoBaTh N060e YCTPOACTBO aHANOroBoi 06paboTku
Ha OJHOM KpucTanne. [nbkas guHamuyeckas nepekoHUrypaLns cucTemb!

LTC6903 (Linear Technology)
Mporpammupyemblit resepatop 1 kl'u...68 My, SPI-uxTepdeiic,
—40...+125°C

R8610 (RDC)
Hegoporoi 32-61UTHbIR X86-MUKPOKOHTPONNEP apxuTekTypbl 80486SX
LLIupokuit Habop BCTpoeHHON nepucbepun. MoTpebnsemas MowWHoCTs <1 BT

28F256P30 (INTEL)
Mukpocxema namatu émkocTbio 256M (16Mx16) HanpspkeHne nutaHns — ot 1,7 B.
Bpems poctyna — 85 Hc, —40...+85°C. OTnmyHas ueHa 3a 1 6UT namsitu

€S5534 (CIRRUS LOGIC)
24-pa3pagHbln 4-kaHanbHbl curma-gensta, AL co ceepxmanoLwymaiimm
YCUAUTENEM C MPOrpamMmMupyembiM KO3 MULMEHTOM YCUNEHUs

MP1570 (MPS)
WHTerpanbHbiv noHmkatowmuin DC/DC-npeobpasosarens 25 B, 3 A

€SD20120D (CREE)
BbiCOKOBOMLTHBIN Kapoua-kpemHuesblint guog LLotTku 1200 B, 20 A, -55...+175°C

ACS750SCA-075 (ALLEGRO)
[atyuku Toka Ha adhdekte Xonna 5...200 A, 0...50 k'

nRFYE5 (NORDIC)
OpHOKpUCTanbHbIA TpaHcusep AnanasoHa 433/868/915 MI'L co BCTPOEHHbIM
MUKPOKOHTPOepom 8051 1 annapatHbIM NPOTOKONOM Nepeaadnt AaHHbIX

ZL38002 (ZARLINK)
MuKpOcxema akyCTU4eCKOro 3X0noaaBeHus B CUCTEMAX rPOMKOrOBOPALLEN
CBSA3N C DYHKUMAMM YyHLLIEHNS Ka4ecTBa 3BYKa

RB5P0070M (SHARP)
Mukpocxema 06paboTku BuagocurHana ans LCD-aucnnees. MoanepxuBaeT pa3niniHble
thopmarthbl BXOAHOTO CUrHana u umeeT YHKLMI0 HAaCTPOVKIA MapaMeTPOB N306paXeHMs

XL7090 (CREE)
Camble 3ptheKTUBHbIE B MUPE CBETOANOAHbIE namnbl. CBETOOTAA4A A0 87 NM
Ha 1 BT. Cpok cnyx6bl — 100 TbiC. 4acoB. Bcsi ramma LiBeTOB

BbICOK03(h(heKTUBHbIE MAarHUTOAM3NEKTPUKYM Komnanuy Micrometals ans
CUIIOBOI 3N1EKTPOHMKN U BY-TEXHWKM

[epMeTIYHbIE BaHAANOCTONKIE KHOMOYHbIE MEPEKo4aTeny
1 nHAnKaTopbl komnaxun BULGIN

XLD-AL-004 (®ACTBEJ)
OTnagoyHas nnata cBepxbApKOi cBeToanoaHoi namnel Cree XLamp 7090
C UHTErpUpPOBAHHbIM ApaiiBepoM Ha antoMUHUEBOI Ne4aTHON nnare

PWD-433 (®ACTBEN)
becnposoaHbIi Moaynb Anana3oHa 433 MIy Ha mukpocxeme nRFOES Nordic
Semiconductor

NMPOCO®T — AKTUBHbIA KOMMNOHEHT BALLET0 BU3HECA

MOCKBA TenedoH: (495) 234-0636 e dakc: (495) 234-0640 e E-mail: info@prochip.ru e Web: www.prochip.ru

C.-METEPBYPI TenechoH: (812) 448-0444 e dakc: (812) 448-0339 e E-mail: info@spb.prosoft.ru e Web: www.prosoft.ru
EKATEPUHBYPI TenecoH: (343) 376-2820 e ®akc: (343) 376-2830 e E-mail: info@prosoftsystems.ru e Web: www.prosoftsystems.ru
CAMAPA TenedoH: (846) 277-9165 e ®akc: (846) 277-9166 e E-mail: info@samara.prosoft.ru e Web: www.prochip.ru




SNEKTPOHNMK A

KOMMOHEHTBI » OBOPYO0OBAHVIE = TEXHOOM 111

ChIpENPOiti

A4-A VEXOYHAPOOHAA BICTABKA
POCCUVA - MIOCKBA = SKCINoOUEHTRP

MPU NOAAEPXKE: MWHUCTEPCTBO NPOMBILLAEHHOCTU U 3HepreTukn Poccuiickon Peapepauum
e : ] MWHUCTEPCTBO 2KOHOMUYECKOTO PA3BUTUSI U TOProBAu Poccuickon Geaepauum
‘ 3 % : A iy "W (PepepaAbHOE AQreHTCTBO MO NPOMbILUAEHHOCTU

*m, } ;’j‘_z o “ AenapTamMeHT HayKu U NPOMBILLAEHHOW NMOAUTUKM ropoAd MoCKBbI

— MoCKOBCKQS TOProBO-MPOMBILLAEHHAS NAAQTA

MHOOPMALIMOHHAS
MOAAEPXKA

MUKPOINEKTPOHUKA

KOMMOHEHTBI
W TEXHONIOTMM

WSOATENLCKUA AOM

SNIEKTPOHUKA

OPTAHU3ATOP BbICTABKU

3A0 «HYun3kcno», Poccus,
111141, Mockea, yA. NMeposckas 19/2, c1p. 3,
TeA./dakc: (495) 368-1039, e-mail: info@chipexpo.ru
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