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NMPOrPAMMUPYEMbIE MATHUTHDbIE

austriamicro

XAPAKTEPHCTHKH OBNACTb NPHMEHEHHA

= paspewenue 8, 10 u 12-6ut MOBOPOTHbIE BbIK/tOYATENM
m TO4YHOCTb 10 0,0875° (4096 no3uuwit) KoHTposb no3uuun AC/DC-moTopos
m uHTEpGencs o(uCHas TEXHUKA: MPUHTEPBI, CKAHEPb U Ap.
- CMHXPOHHBIV MOCNEA0BATENbHbIN KOHTPOJIb NOJIOXKEHUSA KNanaHoB, BEHTUNEN
uHTepgeic 3aMeHa ONTUYECKNX IHKOAEPOB
- WUPOTHO-UMNYNbCHAA MOAYNALNA CEHCOp yrna noBopoTa pyns
- MHKpEMEHTHbIN AATYMK NO3MUMK Nefanu «rasan»
- aHanoroseblv po6oToTeXHUKa

- ynpasnflowne curHanbl ons aBToOMaTuKa
0eCKoNNeKTOpHOro ABUraTens
MOCTOAHHOTIO TOKA
NpOrpaMmMUpPOBaHNe KHYNEBOW NO3ULUN» NMPEMMYLLECTBA
BbICOKasA CKOpoCThb (o 30 000 06/mMuH) = JHKOfJep Ha OAHOM Kpuctanne
hYHKUMA KKHOMKMY He TpebyeTcs kannbposka
MarHuTHas 4yscTBUTENbHOCTb 20...80 mT UAENbHO NOAXOAUT AN NPUMEHEHNA B HeBNaronpuUATHbIX

TemneparypHbIi AuanasoH pabotsl ot —40°C yCnoBuax 0Kp_y>+<a|0m,el71 cpeabl §
po +150°C BbICOKAs Hafl&XHOCTb 3a CYET OTCYTCTBUA ABUMKYILMUXCA YacTen

ManeHbKnit kopnyc SSOP 16 (5,3 MM x 6,2 MM) YCTOMYMBOCTb K Pa3blOCTUPOBKE U U3MEHEHNIO TeMnepaTypel
yAbTPaHU3KNit TOK noTpebnerns 30 MKA OKpyXKatolweit cpefbl
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(cBupetenscteo M Ne ®C77-18792

oT 28 okTA6ps 2004 ropa)
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“TlyLwiKnHeKas nnowlages”»
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109548, r. Mocksa, yn. LLloccenHasn, a. 44

MepeneyaTka MaTepuasioB JONyCKaeTCsi TObKO
C MUCBMEHHOrO paspeLLeHusi peaakLmu.
OTBETCTBEHHOCTb 3a COfiepXXaHue peknambl
HecyT pekriamogareny.

OTBETCTBEHHOCTb 3a COAepXaHue craTei
HECyT aBTOpbI.

Martepuassl, nepeaaHHbie peaakLuum,

He peLeH3UpYIOTCS U He BO3BpaLLaoTCs.

© CTA-TPECC, 2008

Yeaxaemble yurtarenu!

O/HAa U3 TE€M 3TOTO JKypHa/Ia — CUCTEMbI ABTOMATU3HUPOBAHHOI'O IIPO-

exTupoBaHust, win CAIIP.

MHe BCIOMMHAIOTCSI BPEMEHA, KOIZIA Ha OOOPOHHBIX IPEIIPHSTHIX
I€YATHBIE TUIATHI Pa3pPadaThIBAINCh C IIOMOIIBIO KapaH/Ialia ¥ MUJUIH-
METPOBOI OGyMary. Ceryac 3To MpeACTaBUTh CEOE HEBO3MOXKHO, BE/Ib TE-
nephb JaKe PAgUOII0OUTETN B JOMAITHUX YCIOBUAX Pa3pabaThIBAIOT PH-
CYHOK I€YaTHOH IIJIAThI HA KOMITBIOTEPE, 4 3aTEM PACIIEYATHIBAIOT HA JId-
3epHoM npuHrepe. [ToTom, npasja, 11 IEPeBOJja PUCYHKA C Oymaru Ha
CTEKJIOTEKCTOIUT HUCIONb3YeTCs OOBIYHBIN YTIOT, HO, COITTACUTECH, Ha-
YaJbHBIM 3TAIl 3TOTO HEMYJAPEHOIO TEXHOJOTHYECKOTO IIporecca 6e3

CAIIP, r1yCTb 1K€ HECTOKHOM, HEBO3MOKEH.

MblI IPUBBLIKIM K TOMY, YTO IpakTudecku Bce CAIIP aBisgioTcs 3apy-
OEKHBIMU IPOAYKTAMH. B 9TOM >XypHasIe IpeJCTaBIeHa OYE€Hb HHTEPEC-
Hasg OTeYeCTBEHHAd Pa3padbOTKa: TPACCUPOBIIUK IE€YATHBIX I1aT TopoR.
ITyCcTh BAC HE CMYIIAET CO3BYYHE 3TOTO OP3IH/IA C IPUMHUTHBHBIM HHCTPY-
MEHTOM /Il PYOKH JPEBECHHBL DTO BBICOKOMHTEJICKTYAJIbHBIN IPO-
JYKT, HE UMEIOIMH 3apyOeKHBIX aHaI0oroB. TOPOR sIBISIETCS IEMCTBU-
TEJIbHO 6€CCETOYHBIM TPACCHPOBIIUKOM, B OCHOBY Pa6OTHI KOTOPOTO 3a-
JIOKE€Hbl OPUI'MHAJIbHBIE AATOPUTMBI. IO CpaBHEHUIO C JAPYrUMHU
TPACCHPOBIIUMKAMHU OH IIO3BOJIAET 3HAYUTEIBHO YMEHBIIIUTD JUTHHY IIPO-
BOJHUKOB M YHCJIO IEPEXOJHBIX OTBEPCTUH HA II€YaTHOM 1uiate. Ceryac
MO/THO YIIOTPEG/IATH CIOBO «<MHHOBAIIMSI», HO B KOHTEKCTE 3TOTO IIPO/YK-
Ta OHO COBEPIIEHHO YMECTHO M ONPABIAHHO. I HA/IEIOCh, YTO YYEOHBIN
Kypc pab6otsr ¢ TopoRoMm, my6IuKamus KOTOPOT'O HAYHMHAETCSI C 9TOTO
JKypHaia, 6y/IeT BAM MHTEPECEH U IOJIe3€H. Brpodem, Kak U Jpyrue
CTAThU 3TOT'O HOMEPA.

C ysaxncenuem,
Anexcanop Maiicmpernxo
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Market

News from the RuSSian Market « .« sos viesomsin s es snee s sesessssssosssssnessnsssssasssvas

Gomponents

Honeywell Air Humidity Sensors . .........iiiiiiiiiii ittt a it e aerananeennannns
Viadimir Vychuzhanin

Automotive Design of Digital Microelectromechanical Accelerometers ...............cooiiiiannn.
Andrey Lebedev

Purely Differential Operational Amplifiers ... ....... ...ttt ettt aenasasannenss
Georgiy Volovich

Gircuit Design

Programmable Wideband Generator :::::ci:ciicisimaisnessmnsi o e s e aessssisn:sse i@ e
Aleksandr Baranovskii, Oleg Dvornikov

Units and Modules

Torque Motor Drive for Precision Servosystems ............cccoiiiiiniiiinincrecsarncrncnnnnes
Sergey Kapralov, Viadimir Matveev, Victor Maiorov, Denis Pavlov, Anatoliy Smurnov

Three Bodies 0N ONe PIAHOITN : e s o s s s s siis s s 0o o1 50 » 55055 5 1o 5 15 50 5 5 500 & 8 08 o630 6 360 0 8 618 78 50 80 i 60 5 9 8 0 ) 6 90 90 909 5
Voldemar Ruf

Projects

Smart Gas Detector with X10 Interface .........c..iiiiiit ittt ettt enanerannnaneennnns
Vladimir Semenov

Magnetic Therapeutic Setup Based on AVR Microcontroller ...............ccciiiiiiiinninrnnnnnns
Sergey Shishkin

Design and Simulation

TopoR Wiring System: Quick Start (Part 1) ....... ..ot i ittt et i s aaanans
Sergey Luzin, Oleg Polubasov

Practical Course of Simulating Magnetically Controlled Position and Velocity Transducers
on the Base of FEM Software FLUX. Part 1: Introduction into the FLUX Environment ................
Svetlana Sysoeva

Practical Course of Design of Digital Devices Based on Xilinx FPGA (Part14) ......................
Valeriy Zotov

Insight into the Altium Designer 6 Program (Part 1) ...ttt i ninannenn
Aleksey Sabunin

Nonsynthesizable Constructions ofthe VHDL ........... ...ttt iiniinancnnnnns
Pyotr Bibilo

Simulation of Jammers by Analog Communication Systems ................ ... . i it
Roman Antipenskii

Events

EkspoElektronika and ElektronTekhEkspo (ExpoElectronics and ElectronTechExpo):
Demonstration of Advances in the ElectronicIndustry ............ ... i,
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HoBocTu poccUiickoro pbiHKa

KomnoHenTtbl

N3mepeHue BnaxxHocTu Bo3ayxa gatynkamm Honeywell

- Bnagumup BbiqyxaHvH

‘ Lncposbie MOMC-akcenepomeTpsbl B automotive-ucnonHeHum
AHppevi Jlebenes

MonHocTbio audhepeHumanbHbie onepaLmoHHbIe yeunuTenu
| [eoprwi Bonosn4

MporpaMmMupyeMbIi LLMPOKOMOJIOCHBINA FeHepaTop
. AnekcaHpgp bapaHoBckuii, Oner [JBopH1KOB

Y3nol U Moaynu

| MOMEHTHbIV 3N1eKTPONPUBOS, AJISt MPELU3NOHHBIX CREAsLMX CUCTEM
 Ceprevi Kanpanos, Bnagummp Matsees, Buktop Maviopos, Jeruc lNasnos, AHatonuii Cmypos

Tpwu Kopnyca — ogHa nnartcopma
" Bonwgemap Pyg

. WHTennekTyanbHbI feTekTop rasa ¢ uHtepcpericom X10

i . Bragumup Ceméros

MarHuTOTepaneBTM4YecKasi yCTaHOBKa Ha 6a3e MUKpOKOHTpornnepa AVR

~ Ceprevi LLnwukmH

CucTtema TpaccupoBku TopoR: 6bicTpbIi cTapT (4acTb 1)
Cepreii JlyauH, Oner Nony6acos

3HakoMmcTBO ¢ nporpammori Altium Designer 6 (4actb 1)
Anekcesi CabyHuH

MpakTuyeckuii Kypc MoAeNMpoBaHUA MarHUTOYMNpaBnsieMbIX AaTYNKOB MOJIOXKEHUS U CKOPOCTU
Ha 6a3e KOHeYHO-3NeMeHTHoro nporpammHoro nakera FLUX. Yacte 1. BeegeHue B pa6ouyio cpegy FLUX
CsertniaHa Cbicoesa

MpakTU4eckuii Kypc CKBO3HOro NPOeKTUpoBaHUs LinpoBbIX yCTPOUCTB Ha ocHoBe MJTUC dompmbi Xilinx
(vactb 14)
Banepui 3otoB

O HeCcUHTE3MpyeMbIX KOHCTPYKLUMaX si3bika VHDL
rérp bubuno

MopenupoBaHue UCTOYHMKOB NpeAHaMepPEeHHbIX MOMEX CUCTEMaM aHaNIoroBoW CBSI3U
PomaH AHTUNEHCKMM

GobbiTua

«JKCNOINEKTPOHUKA» U «DNEKTPOHTEXIKCNO»:
AEMOHCTpaLMOHHas NnoLaaKa BbICOKUX AOCTUXXEHUIA 3/IEKTPOHHOM NPOMbILLIIEHHOCTH

-u
@)
L
>
S

COBPEMEHHAA GNEKTPOHWKA ¢ Ne 5 2008 WWW.SOEL.RU




HoBocTm

VPX-cuctema Curtiss-Wright
nocrasneHa B FlocHUU
adBMaLUUNOHHbIX CUCTEM

Komnanus Curtiss-Wright Controls Embed-
ded Computing — npon3BoguTenb BCTpanea-
eMbIX KOMMNbITEePHbIX MfiaT U cucTtem Oansd Bo-
€HHbIX NMPUMEHEHWIN — OCYLLIECTBUNIA NEPBYHD
noctaeky ceoux VPX-npoayktoB B Poccuio.

KomnnekT VPX QSK (Quick Start Kit) no-
ctaBneH B MNocHUW aBuaumoHHbIX cuctem

(MockBa) B oTaeneHne nepcnekTUBHbIX pas-
paboToK 1 KOMMIIEKCMPOBAHUA aBUOHUKK. B
komrnekt VPX QSK Bxopgat kpewt VPX6-
905 Ha wecTtb cnotoB VPX 6U, ogHonnart-

MuHMaTIOPHbIA IMHEWHbIN
cTabunusaTtop HarnpsKeHuUs
AS1369

Mwukpocxema AS1369 npon3soacTBa KOM-
naHuu Austriamicrosystems npepcrasnser
CO60M NUHENHbI CTabunuaaTop Hanpsxe-
HUS C ManbiM MafeHUeM HanpsKeHus B
yneTpamaneHbkom koprnyce WL-CSP ¢ pas-
mepamu 1 x 1 mm. CtabunuaaTop obecneyu-
BaeT BbIXOAHOM TOK A0 200 MA npu dpukeu-
pPOBaHHOM BbIXOAHOM HaNpPsXXeHun B guana-
3oHe 1,2.... 5,0 B ¢ warom 100 mB u

AS1369 High Performance LDO

Size does matter: 200mA from 1mm?

(8B austriamicrosystems
b= 2 leap ahead in anaiog

Curtiss-Wright CHAMP-AV6:
TecTUpoBaHUE NPOMNYCKHOW
CMOCOGHOCTU KOMMYTUPYEMOW
cTpykTypbl VPX

Komnauusi  Curtiss-Wright ~ Controls
Embedded Computing — npoussogutesnb
BCTPavBaeMbIX KOMMbIOTEPHbIX MiaT U cUc-
TEM AN BOEHHbIX MPVYMEHEHWUI — nposena
TECTUPOBaHWUS MPOMYCKHOM CMOCOBHOCTU
KoMMyTHpyemoit cTpykTypbl VPX (VITA 46).

TecTupoBaHue 6b1510 NPOBEEHO C UCTOSb-
3oBaHveM aByx DSP-npoueccopos CHAMP-
AVB6, coeIMHEHHbIX MexXay CO60M YeTbipbMsi
VPX-noptamu Serial RapidlO (SRIO). lNMpo-
ueccop CHAMP-AV6 npencTtasnser co6ou
mMopynb chopmata 6U VPX Ha 6ase HeTbIpéx

HbIi KomnbtoTep VPX6-185 Ha 6a3e MUKpPO-
npoueccopa Freescale PowerPC MPC8641
n VxWorks 6.x BSP gns VPX6-185. Komn-

TOYHOCTbIO +£0,7%. NageHne HanpsXXeHus Ha
nepexofe BXoA-Bbixof coctasnser 80 mB
npu Toke 200 MA, 4TO no3BonsaeT adek-
TUBHO UCMONb30BaTh EMKOCTb akKyMysisiTo-
pa unu 6ataperiku. Tok NnoTpebnexHus B pa-
6o4emM pexume coctaenseT 25 MKA, a B pe-
XWUME «CHa» OH yMeHbLUaeTcs 0 5 HA, 4To
NMONOXWUTENIbHO CKaXEeTCA Ha NpPOJOSIXU-
TENbHOCTU paboTbl YCTPOUCTB OT aBTOHOM-
HbIX MCTOYHWKOB TOKa. Ha kpuctanne pea-
NM30BaHbI Lienu 3aLluTbl OT Neperpesa u Ko-
poTkoro 3amblkanus. [Mpubop pabortaer B
MHOYCTPUanNbHOM [uanasoHe TemnepaTyp
—40...+85°C.
www.prochip.ru
Ten. (495) 232-2522

HoBble MMKPOKOHTpPONEPDI
komnaHum «MunaHap»
HauunHasi ¢ 2008 r. komnaHven 3A0 «MKK

MwunaHgp» CEepURHO BbIMYCKAKTCH MUKPOKOHT-
ponnepbl 1886BE2Y, 1886BE3Y, 1886BE4Y,
1886BE5Y; npuémonepepatyivkn 55591H4Y,

OBYXbsilEpHbIX MUKponpoueccopos Free-
scale PowerPC 8641D. MakcumarnbHas cko-
pocTb oO6MeHa [aHHbIMU MeXOy [OByMs
CHAMP-AV6 cocTaBuna 8,68 [6/c unun 92%
OT TeopeTnyeckon wire speed uHTepdhenca
SRIO. OocTturHyTbii pedynstar B [OBa pasa
MpeBbILIaeT MUKOBYIO MPOMYCKHYHO Crnoco6-
HOCTb KOMMYTUPYEMOW CTPYKTypbl VXS
(VME Switched Serial, ctaHgapt VITA 41).

Ha npasax peknambi

POCCMMCKOro pbiHKa

NeKT 6yAeT Ucrnonb30BaTbCs 418 TeCTUpOBa-
Hust VPX-mopyneit poccuinckux upm, Beay-
wmx paspabotku no 3akasy NocHAWAC B
pamkax komrnekcHon HAP no UMA (vHTer-
PUPOBaHHOWM MOYNbHOV aBUOHMKE).
Komnanus Curtiss-Wright CEC o6pasosa-
Ha nocne 06'be£lVIHeHV|ﬂ BeyLux rnpousBo-
IOuTernel BCTpamBaeMblx nnar v cucTem asns
BOEHHbIX NpuMeHeHuii: Dy4 Systems, VISTA
Controls, Synergy Microsystems, Systran,
Peritek, Primagraphics n Pentland Systems.
Ouctpubbiotop Curtiss-Wright CEC B Poc-
cun — komnanua AVD Systems
www.avdsys.ru
Ten: (495) 148-9677

5559NH10Y, 5559MH14Y, 5559NH15Y;
onepaTuBHblE 3anoMUHalLMe YCTPOW-
ctBa 1645PY1V, 1645PY2T, 1645PVY3Y,
1645PY4Y; NoCTOsIHHbIE 3anoMuUHaroLLme YCT-
povictea Flash-tuna 1636PP1Y, 1636PP2V;
cuHTe3aTopbl Yactot 1508117V, 1508IM/110T,
1508MM1T, 1508rM2T; cxembl ynpasreHus
nutaHuem 1309EP1T, 1310MH1Y, 863EMM1Y.
Bce Bbinyckaemble 13penvs noctasnsoTcs
¢ «5» npuémkon. Ha paHHbIi MOMEHT KOM-
naHus Befét 14 OKP ¢ cepuiHbIM OCBOEHU-
eM 1 CPOKOM OKOH4YaHusa 2008-2009 rr. Mo
3aBepLUEHUI0 3TVX paboT Ha POCCUINCKOM
PbIHKE 3MEKTPOHHbLIX KOMMOHEHTOB C «5»
NPUEMKOI MOSIBATCA COBPEMEHHbIE WHTer-
parbHble MUKPOCXeMbl, Takve Kak 16-pas-
PAOHbIA  CUrHaNbHBIA  MUKPOMpPOLLECcop
(aHanor TMS320C546) 1 32-paspsafHbiii
MUKPOKOHTponnep ¢ sgpom ARM 7, akcne-
pUMeHTasbHble 06pasLibl KOTOPbIX MOXHO
6yneT nony4uTb B Ha4ane 2009 r.
www.milandr.ru
Ten.: (495) 739-0282

Komnanusa Curtiss-Wright CEC o6pasosa-
Ha nocne 06beAVHEHNs BeOyLUMX NPOV3BO-
ouTenen BCTpamBaemblix nnat U cuctem and
BOEHHbIX NMpumeHeHui: Dy4 Systems, VISTA
Controls, Synergy Microsystems, Systran,
Peritek, Primagraphics n Pentland Systems.
OucTtpubbtotop Curtiss-Wright CEC B Poc-
cun — komnanusa AVD Systems.
www.avdsys.ru
Ten: (495) 148-9677

PaguauMoHHO-CTONKME
DC/DC-npeo6pa3oBaTenu
C pagualuoHHON CTOWKOCTbIO
30 kpap

Hav6onbluyto onacHocTb Ans yHKLMO-
HUpOBaHWUA pasmeLuaeMOﬁ Ha KOCMUYEeCKUX

WWW.SOEL.RU
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Ha npasax pexnambl

HoBOCTM POCCMMCKOro pbiHKa

obbekTax annapatypbl NpeacTaBnsatoT KOC-
MUYECKUe U3NYy4EHUs: ranakTuyeckoe, cosl-
HeyHoe M pagmauMoHHble nosica 3apsKeH-
HbIX YacTuy 3emnun. pu UCNoNbL30BaHUM
3M1eKTPOHHOrO 060PYAOBaHUS B KOCMU4YEC-
KUX MPUMEHEHUSX B GOMNbLUMHCTBE Crly4aes
He TpebyloTcs MOAYSIN UCTOYHUKOB MUTaHUS
C BbICOKOW pafuaLMOHHON CTONKOCTbLIO, Bbl-
AepxuBatoLme 0O6LLYK HAKOMIEHHY0 A03Y
1o 100...300 kpag (Si). B ycnoBmsax HU3KOUH-
TEHCUMBHOIO  M3My4YeHUs  KOCMUYECKOro
MPOCTPaHCTBA M 3KPAHMPOBAHWUA O6LLMBKON
KOCMMYeCKoro annapara ans 60nbLUMHCTBA
MPUIOXEHWUI BMOSIHE JOCTATOHHO MPUMEHe-
HUS KOMMOHEHTOB CO 3Ha4YeHWeMm npepge’ib-
HOW HakornneHHon no3bl 50 n gaxe 10 kpag.

YuuTbiBas 3T0 06CTOATENLCTBO, KOMMaHUA
CRANE/Interpoint (CLUA) Havana npovssopg-
CTBO pagymaumoHHo-cTovikmx DC/DC-npeobpa-
30BaTenNer Co 3Ha4eHeM nNpeaesibHon Hakor-
nexHor po3bl 30 kpag (Si). B cootBeTCTBUM C
TexHudeckumm ycnosuavn MIL-PRF-38534F,
B KOAMPOBKE 3TVX MoJenev NpumeHsieTcs byK-
Ba P. [JononHUTENbHO K 3Ha4eHuio obLLen Ha-
KorneHHon fo3bl 30 kpag (Si) nagenus ypoBHs
P xapakTepu3yloTC CTOMKOCTbIO K BO3[AeWt-
CTBMIO OOMHOYHbBIX 3aPSKEHHBIX HacTuL, Mpu
MOPOroOBbIX 3HAYEHUSX JIMHEMHOW rMepedaqu
aHeprum (JM3) 40 MaB cm?/mr u 6onee.

B ncnonHeHun HP (Class H, ctaHpapTtHbiv
YPOBEHb KavecTsa U3Aenni 4Jis BOBHHbIX Mpu-
MEeHeHWI) [ocTynHbI nonynspHele DC/DC-npe-
o6pazoeareny komnaHum Interpoint cepuin SLH
(BbIxOOHast MoLHocTb 1,5 BT), SMSA (BbIXOA-
Has MoluHocTb oo 5 Bt), SMHF (go 15 Br),
SMTR (zo 30 Br), SMFL (go 65 BT) u SMFLHP
(mo 100 BT), gocTynHble Npexae B UCMOTHEHW-
AX CO 3Ha4YeHVeM npedenbHOV HaKoMIeHHON
no3bl 100 kpag (Si).

[nsa ynpoLleHus paspaboTku 1 NpoBepKu
napgenuin pgoctynHel Standard Microcircuit
Drawings (SMD). lNpu npoussoacTse uape-
NS YPOBHS P MpUMEHSIIOTCA TexHonorum u
NMPOV3BOACTBEHHBIE MOLLHOCTU KOMMaHun
CRANE/Interpoint, npegHasHa4eHHble OnA
NpoM3BOACTBa MPOAYKLMM CO 3Ha4YeHuem
obLen HakonneHHon fo3bl 100 kpag (Si) u
6onee.

DC/DC-npeo6pasoBatenu ¢ ypoBHem P
npefHasHaveHbl Ans KOMMEPYECKUX U BOEH-
HbIX CMYTHUKOB (MCCNeaoBaTenbCKNX KOCMM-
Yeckux annapaTtoB U KOCMWYECKUX Kopab-
nen), NyCKOBbIX MNaTtopM, a Takxe KOCMU-
YeckMx Kopabnen C KOCMOHaBTaMu Ha
60OpTYy, MUNOTUPYEMbIX KOCMUYECKUX CTaH-
UM 1 Ona Opyrux NPUNOXEHUA C MOHMXKXEH-
HbIMW TpebOBaHUAMU K 3HA4EeHWo o6LLen
HaKOMMEHHON A03bl.

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

Cepwus | komnakTHbIX 1...3-BT
DC/DC-npeo6pa3oBaTteneu
pacwmpeHa 6onee 4yem

A[o 2000 mopenen

Komnanua XP Power aHoHcupoBana Ho-
Bble [OMNOJSIHEHUS K CBOEW cepum | ManomoLLy-
Hbix DC/DC-npeo6pasoBatenent. B HacTos-
uiee Bpemsi cepus, Bkmoyawowas 11 ce-
MEWCTB, MpeanaraeT psg BapuaHToB [Jis
MOHTaXa, MPUHSATLIX B MPOMbILLIEHHOCTH,
Bktodas SIP, DIP n DIP24. [JocTynHbl YeTbl-
pe BapuaHTa WCMOSIHEHUS C BbIXOAHbLIMM
MoLuHocTamu 1; 1,5; 2 n 3 BT.

Bce mopenu obecneyvBatoT MPOYHOCTb
ranbBaHM4YeCKON pas3BfA3KM BXOA-BbIXO[
1000 vnm 3000 B. Ons cepunt IH u IN Takxe
[OCTYMHbI BapuaHTbl C MPOYHOCTLIO M30NS-
umm 4000, 5200 1 6000 B.

BxogHble Hanpsbkenus: 3,3; 5; 12; 24 u
48 B (£10%); cepun IW u IU xapaktepuay-
I0TCS LUMPOKMM [AManas3oHoOM BXOAHbIX Ha-
npsxennn (2 : 1), Bknoyasa 4,5...9, 9...18,
18...36 1 36...72 B.

OpHokaHanbHble mogenu obecneymsaroT
Ha BbIXOAE HOMMUHAIbHblE HanpsxeHus 3,3;
5;9; 12; 15 n 24 B. [1ByxKaHanbHble MOLENU
obecrneynBatoT Ha Bbixoae +3,3; £5; +9; +12;
+15 n +24 B.

Mogynu obecrie4mBatoT MOSMHYK MOLLI-
HOCTb B AmanasoHe Temnepatyp —40...+85°C.
Co 3HaveHnem MTBF cBbiwe 1 MAnH. 4 Mogy-

M cepuy | SBRAIOTCA 4pe3BblHaHO HaOEX-
HbIMWU N3OENUAMW.

www.prosoft.ru

Ten. (495) 234-0636

OneKTpontoMUHECLIEHTHbIe

aucnneu ot Planar Systems

Ansa aKcnayaTtauum

npv NOHWXXEHHbIX

Temneparypax ao -50°C
OnekTpontoMuHecLieHTHble (EL) aucnnen

komnanum Planar Systems HaxogaT LUMpoKoe

NPUMEHEHNE BO MHOIMMX OTBETCTBEHHbIX 06-
nacTax NPUMEHEHWs: annaparype BOEHHOro
Ha3Ha4yeHWsl, TPAHCMOPTe, MPOMBbILLIEHHOC-
M, MeguuMHe, MOPCKOW annapartype. Teky-
Las HoMmeHknartypa EL-gucnnees Bkniovaet
MoZenw ¢ AmanasoHoM paboumx Temnepartyp
—40...+85°C (+65°C) 6e3 ncnonb3oBaHuns go-
MOMHUTENbHBIX CUCTEM O6Orpeea, YTO He
BCerpa sBMsieTcst [0CTaTO4HbIM, OCOBEHHO
npu ycTaHOBKE AWCNNEeB B 060pynoOBaHWeE
60OpPTOBbLIX CUCTEM TPAHCMOPTHBLIX CPEACTB U
BOEHHYK TEXHWKY. [Ins ycnewHoro npume-
HeHus EL-gucnneeB B yCnoBUSX MOHWKEH-
HbIX MpefenbHbIX TemnepaTyp cneuvanucTbl
komnaHun Planar Systems rotoebl gopa6o-
TaTb CyLLECTBYIOLLME MOLENN C AUana3oHoMm
pabounx Temnepatyp —40...+65°C (+85°C)
TakuM 06pas3oM, YTO OHWM 6yayT YCMeLuHO
(hYHKLMOHMPOBATL MPU MOHWKEHHOW Temne-
patype cpegfpbl go —50°C.

EL-gucnnen He3ameHUMbI B TeX CyYasXx,
Korga Heo6xoanmo obecneynTb AnUTensLHoe
N HagéxHoe PYHKLUMOHUPOBaHME B YCOBU-
AX yaapHbIx Bo3gencteui (go 100 g) n BMG-
pauui (BubpoyckopeHue Ao 5 g). Y Hux mu-
HMMW3MpOBaHa YyBCTBUTENBHOCTb K 3MEKT-
POMarHUTHOMY M3My4eHuto, a co6CTBEHHOE
3MeKTPOMarHUTHOE W3My4YeHne He MpeBbl-
LlaeT yCTaHOBJIEHHbIX MeXAyHapoaHbIMU
cTaHgaptamu Hopm. BbicTpoe 6e3blHepuu-
OHHOE 0TO6paXxKeHue (BpemMs OTKNnKa MeHee
1 MC) ucknoyaeT cmasbiBaHne nsobpaxe-
HUI NOABWXXHBLIX OOBEKTOB U MHOFOKOHTYP-
HOCTb.

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

NcTOYHUKM NUTaHUA
C Ll,l/l(prBblM ynpassnieHuem
ot Lambda

Komnanua Lambda BBena HoBbIN psig 1C-
TOYHUKOB NMUTaHWA ¢ UMGPOBLIM yrpaBsne-
Huem B ceputo NV-Power KoHurypupye-
Mbix AC/DC-uctoyHukoB nutanus. OHu
NO3BONAT YBENNYUTL BbIXOAHYIO NMUKOBYHO
mMoLHocTe go 1450 Bt (B TeveHue 10 c).
HoBble mMoAynu npegocTaBNSAlOT BO3MOX-
HOCTb KomnaHuu Lambda yposnetsopuTb
BO3pacTalLMin CMPOC Ha KOHMUrypupye-
Mbl€ UCTOYHUKM NUTaHUA BbicoTon 1U C BbI-
XOOHbIMU MoLLHOCTAMM Bbiwe 1000 BT ans
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paguoBeLLaTenbHOro, M3MepuUTENbHOrO,
MeMLMHCKOro, aBTOMaTU4ecKoro ucnbita-
TeNnbHOro 06opyAoBaHWs, aBToMaTM3aLuu,
MapLUpyTU3aTopOB ¥ CEPBEPOB, CUCTEM be-
30MacHOCTU BbIYUCTIUTESNbHBIX CETEN.

Hosble mMogynu ¢ uudpoBLIM ynpasne-
HUEM BKJTHOHAIOT B KOHCTPYKLUWM MHOIO WUH-
HOBALMOHHbIX [OCTOMHCTB, B TOM 4ucne
HOBbIM MHTErpuvpoBaHHbIA TpaHchopma-
TOp, KOTOpbIM ob6ecrnevusaeT HebonbLune
ra6aputbl M MOBbILWEHHY 3PDEKTUB-
HocTb. Lindposoe ynpasneHune obecneyn-
BaeT BO3MOXHOCTb W3rOTOBMEHUA MOZy-
Jlel MO TakKUM TEXHUYECKUM TpeboBaHUAM
3aKa34MKoB, Kak W3MEHEHHOEe orpaHuye-
HWe ToKa Harpysku unm napameTpbl 3anyc-
ka. Kpome TOro, anektpuyeckas ycuneH-
Has usonauusa Mexagy MnepBUYHOM U BTO-
puyHON LUenbko Bbligepxusaer 4000 B
(DevicTBytoLlee 3HaveHWe), YTO MO3BONSAET
NPUMEHSATb UCTOYHUKM NMUTAHNSA B MeOULMH-
CKOM 311eKTPO060pY[OBaAHUN.

B wuctoyHmnkax nutanua cepum NV-Power
ucronbadyetcs 8-paspsifHbI MUKPOKOHTPOI-
nep AS1A ynpaeneHus CTaHAapTHbIMK Npo-
Liefypamu npeobpasoBaHus HanpsxxeHus. OH
3aMeHsIeT KOMMMEKT KOMMapaTopoB, orepa-
LIMOHHBIX ycunuTtener u psga OUCKPETHbIX
KOMIMOHEHTOB, UCMOMNb3YyeMbIX B MEHEE UHTEr-
PUPOBaHHBLIX KOHCTPYKUMSX. 3TO pelueHue
0aéT 50-% cokpalleHue Yncra KOMMOHEHTOB
1 0CBO6OXJaeT AononHuTenbHble 40% nevar-
HOW Nnartbl A1 CUMOBbIX LiENen.

Cepus NV-350 obecrne4ymBaeT B Harpyske
[0 600 BT gnutensHom moLHocTu (750 BT nu-
KOBOW MOLLHOCTV B TeyeHne 10 c) oT ectu
KOH(Urypupyembix mogynen. [laTeHToBaH-
HbIi MHOTOPE30HAHCHBIN METOp, MepeKIoYe-
HMA cunoebix TpaHaucTopos (Multi Resonant
Topology, MRT) u gpyrvie KOHCTpyKTOpCKue
peLLeHUs MO3BONAT 3HAYUTENBHO YIyHLLNTD
rokasartenu 3MeKTPOMarHUTHOM COBMECTU-
MOCTU (knacc B) u mony4utb TOK yTeYkM Ha
3emto MeHee 300 MKA npu BXOOHOM Hanpsi-

HoBOCTM POCCMMCKOro pbiHKa

XeHun 264 B 1 yacToTe nuTaroLLen cetut
63 'Ly (B COOTBETCTBUM C TPEGOBAHUAMM CTaH-
naptos IEC/EN/UL60601-1).

Cepusi UcTOYHMKOB MuTaHus NV-750 o6ec-
ne4msaet B Harpyske go 1150 Bt gnutens-
How MoLLHocTM (1450 BT NMKOBOWM MOLL{HOCTM
B TedeHue 10 C) OT BOCbMU CKOHCOUIYpPUpO-
BaHHbIX mopynei. Ocob6eHHO Heob6Xxoavmo
OTMETUTb, YTO HOBbIA OOHOKAHANbHbIA MO-
Aynb «C» ¢ UMdpoBbLIM yrpaBeHnem nmeet
LUMPUHY TPEX CMOTOB M AOCTYNEeH C HOMW-
HanbHbIMU HarnpsbkeHusvmu 12, 15 un 24 B,
obecneunBas 450 BT onuTenbHON MOLLIHOCTU
1 600 BT nukoBow MoLLHOCTH B TedeHne 10 c.

Vimerowmiics LUMpOKuUiA pag Mogynen aa-
ET BO3MOXHOCTb MOSTy4YUTb MHOXECTBO KOM-
6UHALMIA BbIXOOHBIX HaMPSKEHUA U TOKOB.
Wcnonb3ys on-line koHdurypatop NV-
Power, paspaboT4nkn MOryT co3gatb CBOU
CO6CTBEHHbIe KOHMMrypaumm (wWww.nv-
power.com). 3Ta cepBuCHas nmporpamma
npoBepsieT KoHUrypaumio n npegnaraet
OoNTVManbHOE peLUeHue.

[ocTynHbl MOZEnn C BbIXOQHbIMWU Hanpsi-
XeHuamu ot 3,2 0o 64 B, a Takxe Bbixodp!
5B/2 An 12 B/1 A gna obecne4yeHust oexyp-
Horo pexxwuma. B cepumn NV-Power ncnonsay-
eTCA KOMMIEKCHas TEXHOMOrMs MOBbILLIEHUS
ahpekTuBHocTM (Multiple Efficiency Gain,
MEG), o6ecneuuBatoLyas 3HaqeHve K go
90% B 3aBUCUMOCTU OT KOHGUrypaumm.

Bce mopenu B cepun NV-Power cootsert-
CTBYIOT TpeGOBaHUAM CTaHAAPTOB 3MEKTPO-
6e3onacHocT |[EC/EN/UL 60950-1 gns wH-
cdhopmaLMoHHOro o6opyaoBaHus, a Takxe
ctanpaptos [EC/EN/UL60601-1 ana meguumH-
ckux npumeHenuin; IEC/EN61010-1 gnsi na6o-
paTopHOro 060pyAoBaHua U 060pyAOBaHUA
ynpaeneHns NPoM3BOACTBEHHbIMM NpoLiecca-
M. UcTouHnkn nutaHus cepumn NV-Power
NOAAEPXUBAIOTCA TPEXIIETHEN rapaHTUen.

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

HuskonpodunbHble
250-BaTTHbIE UCTOYHUKU
anektponutaHus AC/DC
C BbICOKMUM 3Ha4YeHUuem
yAEenbHOW MOLLHOCTHU
obecne4ymBaroT NMUKOBYHO
MoLuHocTb 600 BT

Komnanua XP Power o6bsiBuMna o Hava-
ne Bbinycka cepum SDR250 koMnakTHbIX
250-BaTTHbIX MCTOYHUKOB nuTaHus AC/DC
C OAHUM U OBYMS BbIXOAHbIMU KaHanamu.
Mopenu B KOHCTPYKTUBHOM MCMOSTHEHUM C
M-06pa3HbiM LWAccu WMEKT pasmepsl
81,2 x 127 x 38,1 MM, XxapakTepu3ayoTcs 3Ha-
YeHveM ypenbHow MoluHoctu 10,4 Bt/gronv®
1N obecneyuBaloT B Harpyske 250 BT npu

Ha npasax peknambl

NPUHYOUTENBHOM 064yBE WMHTEHCUBHOCTHIO
16 CFM. meeTca Takxe KOHCTPYKTUBHOE
MCMOJTHEHWE C BEHTUAMPYEMOM KpbiLLKow (M-
obpasHoe Liaccu) M 3akpbiTas Momenb C
OXJTaXAAIOLLMM BEHTUNIATOPOM.

WcTouHnkn nutanus cepum SDR250 siBns-
0TCS MAearnbHbIM BbIGOPOM AN LUMPOKOrO
psifa NPOMbILLMIEHHBIX MPUMEHEHWI, CUCTEM
nepenaqv AaHHbIX 1 6eCrpoBOAHbIX OKasb-
HbIX ceTei. Bnokn nutaHua moryT obecne-
4ymBaTb B Harpy3ke MUKOBYKD MOLLHOCTb
600 BT B Te4eHune kopoTkoro nepuoga. Mpu-
MEHEHVE 3TUX KOMMAKTHbIX MCTOYHUKOB NW-
TaHUs BMECTO 60s1ee MOLLHbIX MOAEnen nos-
BOSIAET COKOHOMWTH GHOIXKET U YMEHbLUUTb
TpebyeMbIi 06BLEM AN MOHTaXa.

Cepuist BktodaeT 11 ogHOKaHanbHbIX 1 6
[ABYXKaHanbHbIx Mogenen. OgHokaHanbHble
MoAenu BbINYCKAOTCA C HOMWHasNbHbIMU
HanpsxxeHuamm ot +5 go +60 B. [IByxka-
HanbHble MOAenu o6ecneynBatoT coveTaHme
HanpsxeHun +3,3; +5; +12; +24 n +48 B.
BbixogHOe HanpsbkeHue MepBoro KaHana B
060MX MCMOSTHEHUSX PEryMpyeTcs NoTeHUm-
OMETpOM B guanasoHe +5 %.

Bce mopenu cootBeTCTBYOT TpeboBaHUAM
ctaHpgapta EN550022 Level B K KoHOyKTUB-
HbIM MomexaMm. He Tpebyetcs npumeHeHve
BHELLIHMX (OUMBTPYIOLLMX KOMMOHeHToB. Moay-
NV TaKXe OTBEYaloT TPebOBaHMAM CTaHAApPTOB
anekTpo6esdonacHoctn UL60950, EN60950
Ons 06opynoBaHvs MHPOPMAaLMOHHOW TEXHO-
FIOrVK, NPOMBILLINIEHHOrO 060PYAOBaHMS.

VICTOYHUKM nuTaHua opMUPYIOT curHan
COCTOSIHMSI BbIXOQHOrO Hanpsbkenus (Power
Good) ans curHanuMsaumm o HemcrnpaBHOCTU
B UCTOYHMKE MUTAHWUA 1 OCHALLIEHbI CUrHAIIOM
LOMCTaHLMOHHOMO BKITHOHEHWS/BbIKITOHEHNS.

[nsi NOAKMOYEHUsT BHELLHWUX Lienen MoryT
MCMONb30BaTLCA BUHTOBbIE 3aXXMMbI U CO-
eguHutenu Molex, 4To obecnedvBaeT [oO-
MOSTHUTENbHYIO MTMOKOCTb.

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

HoBble ynpo4HEHHbIE
XK-ancnneu gna XEcTkux
yCNOBUW 3KcnyaTauum
Komnanwus i-sft (Fepmanus), n3BecTHbIV
npon3BoauTesib XUOKOKpUCTanIn4eckunx

WWW.SOEL.RU
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OUCMNEEB A1 MPOMBbILLMIEHHbIX MPUMEHEHUI
N Ons KECTKUX YCMOBWW 3KCnyataumu, B
2008 r. 3Ha4nTEeNbHO 06HOBUITA MPOAYKTOBYHO
nuHeliky. Brnarogapsi HOBOW NMPOMBILLIIEHHOW
TEXHOMOrMM N3roTOBMEHUS MIIOCKOMNaHesTbHbIX
AViCreeB co3paHbl Mogenu, pabotatoLve B
LUMPOKOM [AuanasoHe Temneparyp, YCTOn4u-
Bble K BO3[EWCTBUI HEGnaronpusiTHbIX da-
KTOPOB BHELLIHEN cpefbl.

OcHOBHble 0651aCTU MPUMEHEHUA [UC-
nnee: POI/POS (nHdopmaLMoHHble 1 Kac-
COBblE TEPMMHAIbI), TPAHCMOPT (XKenesHo-
LIOPOXHbI/aBTobyCHbIN), BIK, aBuoHuKa,
MOPCKOW (OrOT M NPOMBbILLIIEHHOE MaLLUMHHOE
obopygosaHue.

®narmaH Komnanum — mogenb 160i.15X ¢
HOpPMUpPOBaHHOW APKOCTbIO 1600 KA/M® — ro-
flydmia HOBYIO KOHCTPYKUMIO MepegHux v
3a[lHMX MONAPU3ATOPOB M OJHOKAHasbHbIN
nHTepcenic LVDS. [axe ¢ ycTaHOBNEHHbIM
CEeHCopHbIM 3KpaHoM 160i.15X obecne4vsa-
eT 60siee YeM [OCTaTOYHY0 YETKOCTb U3006-
paxenusa. Ocobo cnegyeT noayHepKHyTb Ta-

KOHTpOﬂb 4acToThbl
no MNMOHACC u GPS

3A0 «MpuCT>» npepcTaBnseT pyouanesbin
CTaHAapT YacToThl CO BCTPOEHHLIM KOMOUHM-
poBaHHbIM npuémHukom GPS/ITIOHACC —
GPS-12RG npoussogctea Pendulum Instru-
ments. Ctangapt GPS-12RG ocyLuecTtenser
KOMOVHUPOBaHHYO MPUBS3KY K ABYM OCHOB-
HbIM BPEMEHHBIM U HABUraLMOHHbBIM CMyTHU-
KoBbiM cuctemam: GPS u [TIOHACC, uto
yAyyLLUaeT TOYHOCTb NMpYGopa 1 30HY YBEepeH-
HOro MpUEMa CMyTHUKOBbIX CUrHASIOB.

Mpubop sBnseTca ganbHEeNLIMM PasBUTK-
eM paHee aHOHCHMPOBAHHOIO MOMYMSAPHOro

VxWorks 653 —
onepauyuMoHHasa cuctema
eBponencKkoro 60esoro
6ecnunotHuka nEURON
OnepaunoHHas cuctema Ans UHTerpu-
poBaHHOM MoaynbHON aBuoHWKK VxWorks
653 BblGpaHa B kadectBe OCPB ueHT-
panbHOro KoMMbioTepa eBponenckoro 60-
esoro BIMJIA nEURON, koTopelii pa3paba-
ThiBaeTca komnaHuen Dassault Aviation
(PpaHumnsa) n eé nATblo eBpPONencKUmMmu
naptHépamu: Alenia (Wtanus), SAAB
(LBeuus), Hellenic Aerospace (Mpeuws),
EADS (Mcnanus) n RUAG (LLUsenuapusi).
[MpoekT Havanca B 2006 r., a nepsbIn No-
néT 3annaHuposaH Ha 2011 r. OcHoBHON
yensto npoekta nEURON siBnsieTcs paspa-

HoBOCTM POCCMMNCKOINo pbliHKa

Kue [OCTOMHCTBA KOHCTPYKLMWW, KaK OTCyT-
CTBWE BbICOKOBOSBTHbIX LiENen, OTCyTCTBUE
BEHTWUNATOPOB, HebonbLUMe rabaputbl 1 OT-
NUYHasa 4ETKOCTb M306paKEHUS NMPU APKOM
CONMHEYHOM cBeTe (OTHOCWUTESIbHbIA KOHT-
pacT 6onee 450 : 1).

[MockonbKy cnpoc Ha Mopenu C LUMpo-
KUM [uanas3oHOM TemnepaTtyp MOCTOAHHO
pacTéT, KoMnaHua npefactasuna Mofenb
100i.10X-XT, npegHasHa4eHHy0 Ansa XEecT-
KUX yCroBwiA akcnnyatauuu (tam, rae auva-
na3oH Temneparyp npoctupaercs ot —40 o
+90°C). Mo cTorkocTn K BB® Mopenb oTee-
YaeT TpebOoBaHWAM BOEHHOrO CcTaHgapTa
MIL-STD-810F.

XapakTepuayioLlancsa SpkuM nsobpaxe-
Huem (1500 KA/M2) U BBICOKMM KOHTPacToM
HoBasa 12,1-giorimoBas mopaens 150i.12X ¢
hopmatom nzobpaxenus XGA npegHasHa-
YyeHa Ans NPUMEHEHUN, rae TpebyeTcs cHm-
TbIBaHNE N306PaXeHUs B YCNOBUAX APKON
BHELUHEN 3acBeTKM Mpu HebOonbLUOW Mno-
Tpebnsaemon moLiHocTu. [ucnnein n BCTpo-

cTaHfapTa YacTtotbl GPS-12R, koTopbIi nc-
nonb3oBan curHansl cnytHukos GPS ans
KOHTPONA COBCTBEHHOM BbIXOAHOM YaCTOThI.
Tenepb HoBas mofenb GPS-12RG ocyuyecT-
BNAET CUHXPOHU3ALUMIO CUrHana BCTPOEHHO-
ro pyouamneBoro BbICOKOCTabuIbHOro NCTOY-

60TKa [EeMOHCTpPaLMOHHOro npoToTuna
6oeBoro BJIA ¢ npuMmeHeHneM KoHuenuum
WHTErpupoBaHHOM MOLYNbHOW aBUOHUKMK
(MMA) n pewenuit Ha 6aze COTS (Com-

€HHbIN MHBEPTOP NPV MakcumasnbHOW sip-
KOCTU W306paxKeHus MoTpebnsalT MeHee
35! BT:

[Mogo6Ho BCEM aucnnesam Npou3BoacTea i-
sft, npegnaraembim komnanven NMPOCODT,
mogenb 150i.12X oTnnyaetcs HebonbLUMMK
ra6aputaMm U MPOYHOCTBIO KOHCTPYKLMK,
LLMPOKMM AManasoHoM paboyunx Temneparyp
W AMTENbHBIM CPOKOM cyx6bl (50 000 Ya-
COB [0 YMEHbLLEHUs MepBOHaYanbHON fAp-
KOCTV 306paXKeHns BOBOE).

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

HMKa OMOpHOW 4acToTbl kak no GPS, Tak n
no MNMOHACC.

[Mpubop ob6ecrneynBaeT [OOMTOBPEMEH-
HYI0 HEeCTabunbHOCTb MO YacToTe nopsaka

1 x 1072 B geHb Npu NpuBA3KE K CMYTHUKO-
BbIM CUrHanam un BblIAEpPXMUBAET TaKylo Xe
HecTabunbHOCTL MpW MOTepe curHana co
cnyTHUKa B TedeHune 8 4. CTaHaapT MoXeT
MCnonb30oBaThCs Kak 06pasLoBbIA B METPO-
NOrnYecknx cnyxoax, nccnefoBaTenbckmx
WHCTUTYTax, a TakxXe Ha npegnpuaTusax
3MEKTPOHHOr0 MaLUMHOCTPOEHUS U B Tere-
KOMMYHUKaLuu.
www.prist.ru
Ten. (495) 777-5591

mercial Off-The-Shelf)
NPOrpamMmMHbIX KOMMOHEHT.

MporpammHoe o6ecneveHre nEURON 6y-
feT paspabaTbiBaTtbCsi B COOTBETCTBUWU CO
ctangaptom wmzonsauum VIMA-npunoxeHun
ARINC 653 n MOXeT cepTudmumpoBaTthecs
no tpeboeaHusim RTCA DO-178B/EURO-
CAE ED-12B. TlpuknagHoe O cucTtemsbl
ynpasneHus nonétom nEURON paspa6artsi-
Baetca Dassault Aviation ¢ npumeHeHvem
cuctembl SCADE (Safety Critical Application
Development Environment) komnanun Este-
rel Technologies.

HOuctpubbiotop Wind River n Esterel
Technologies B Poccun — komnanua AVD
Systems.

annapaTtHbiIX w

Ten: (495) 148-9677
www.avdsys.ru
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U3mepenue BnaXxHocTH Bo3yxa
aartynkamu Honeywell

Bnapumup Boiuyxauun (r. Ogecca, Vkpauna)

B ctatbe onucbiBaloTCA EMKOCTHbIE AaT4YUKKU BIAXKHOCTU BO3ayXa

KomnaHuu Honeywell.

B Hacrosmee BpeMs Ha PbIHKE KOHT-
POJBHO-U3MEPUTEIBHBIX  YCTPOMCTB
IPE/ICTABIEHBI PA3HOOOPA3HbBIE JATIYUKH
BJIAYKHOCTH 3aPyOEKHBIX U OTEYECTBEH-
HBIX IMPOU3BOJUTENEH. DTO B OBICTPO-
JIEUCTBYIOIIME JETEKTOPBI, OOECIIeYnBa-
IOIIHE BBICOKYIO JTMHEHHOCTDh IIpeodpa-
30BaHHA OTHOCHUTE/JIBHOM BJIAKHOCTH B
YHHU(PUIIMPOBAHHBIN BBIXOJHOM 3JIEKT-
PUYECKHI CUTHAJI, U HEIOPOTHUE IIpe0d-
pasoBaTeu ¢ 6OJIBIION ITOTPEIIHOCTHIO.

Ha mpaxruke s u3MEPEHUsT OTHO-
CUTEJIbHOM BJIAKHOCTH HIPUMEHSIIOTCS
HECKOJIBKO TE€XHOJOTHH, UCIHOJIb3YIO-
IIUX CBOYICTBA PA3JHYHBIX CTPYKTYP
HM3MEHATH CBOM (PU3MYECKHE MAPAMET-
pBl (EMKOCTB, COIIPOTHBJICHHUE, IIPOBO-
JHUMOCTDb ¥ TEMIIEPATYPY) B 3aBUCHUMOC-
TH OT CTEIEHH HACBIIEHUS BOISIHBIM
mapoM. Kaxxgoil u3 TeXHOJIOTHUI CBOM-
CTBEHHBI OIPEJEIEHHBIE JOCTOUMHCTBA
U HeJOoCTATKU. OJHAKO, HECMOTPS Ha
CYIIECTBYIOLIEE MHOTOOOPA3Ue CPEACTB
HM3MEPEHHS BJIAKHOCTH, BBIOOP HAUOO-
Jiee MOAXOAAIErO U3 HUX /11 KOHKPET-
HBIX YCJIOBHH 3KCIUTyaTALlUM [JOJDKEH
OBITh OOOCHOBAHHBIM.

Haubosiee U3BECTHBI MOJTUMEPHBIE U
IUIEHOYHBIC JATYUKH OTHOCHUTEIbHOH
BJIQKHOCTH KOHJEHCATOPHOTO (EMKOC-
THOI'O) WJIH PE3UCTUBHOTO THNA. EMKO-
CTHBIE JATYUKH YCTOMYUBO PA6OTAIOT B
IHPOKOM JIHANA30HE TEMIIEPATYP,
HMEIOT MAJIOE BPEMSI OTKIHUKA, BBICOKYIO
JIMHEHMHOCTb XAPaKTEPUCTHUKH HPE06-
Pa30BaHUA BJIAYKHOCTb — EMKOCTD M CTa-

GMIIBHOCTBD ITEPETATOYHOM XaPAKTEPHC-
THUKH BO BpeMeHHU. Kpome Toro, eMKoCT-
HBbI€ IATYMKH OTIMYAIOTCS BBICOKOM Ha-
JIEKHOCTBHIO U HU3KOM CTOMMOCTBIO IIPH
HMCIIOJIb30BAHHUN MHKPOJIEKTPOHHOH
TEXHOJIOTUHU JJII M3TOTOBJIIEHUSl TOH-
KOIUIEHOYHBIX KOH/IEHCATOPOB IUIAHAP-
HOI'O THIIA, KOTOPAsA 06ECIeYuBaeT MU-
HHATIOPHOCTb YYBCTBHTEJIBHOTO 3Jie-
MEHTA M IIO3BOJISIET PEAJIHU30BATH
CIEUHATU3UPOBAHHYIO CXeMy o0O0pa-
GOTKH CHUT'HAJIA HA TOM JK€ KPHUCTAIUIE.

JIaT4MKH KOHJZEHCATOPHOTI'O TUIIA, Pa-
60Tas B IIMPOKOM JHUAINIa30HE PA6OIHX
TEMIIEPATYDP, YACTO HE HYXAAIOTCA B
TEMIIEPATYPHOM KOMIIEHCAlMK. biaro-
Jlapsa BBICOKOM TOYHOCTM M TeMIIepa-
TYPHOH CTAOMJIBHOCTH OHH ITOJIYYHIIH
HauOOJIbIIEE PACIPOCTPAHEHHE KaK
JJII U3MEPEHMS BJIAKHOCTH OKPYKAKO-
LIETO BO3AYyX4a, TAK U JI/Is1 IDUMEHEHU B
IIPOU3BOJCTBEHHBIX IIPOIIECCAX.

PesucruBHbIE JATYMKA SABJIAIOTCA Ca-
MBIMH JIE€IIEBBIMH, HO MEHEE TOYHBIMH,
4eM €MKOCTHBIE. [IpOM3BOANTENN TAKKE
MPEIAraroT JATYUKHA HA OCHOBE OKCH/IA
0JIOBA U OKCH/IA AIIOMHHUS. [lepBbie Xa-
PAKTEPUIYIOTCS IUIOXOM CTAOMIBHOCTBIO
M B3aMMO3aMEHAEMOCTBIO, BTOPBIE — y3-
KHAM JUAITIA30HOM U3MEPEHMA.

Cpeau npOU3BOAMTEIECH JATUHKOB
OTHOCHTEJIBHOH BJIAJKHOCTH XOPOIIO
3apeKoMeHioBana cebs kommanus Ho-
neywell, koTopast yCHJIHI2 CBOU IIO3U-
MM, PACHIMPUB JIMHEHKY BBIITyCKae-
MBIX €EMKOCTHBIX JAaTYMKOB cepun HIH.

Tenepp pa3pabOTYHKAM KOHEUYHOTO
060pPYyLOBaHUSA JOCTYITHBI JATYUKUA OT-
HOCHTEJIBHOHN BJIAJKHOCTH B KOPIyCH-
POBaHHBIX BEPCHUAX C IOITOTHUTETBHBIM
TUIPO(POOHBIM (DHIBTPOM, A TAKKE JAT-
YUKH JJII MOHTAKA HAa IOBEPXHOCTD.
IIponsBoAIMbIE KOMHOAHUEH TATUHUKA
NPUMEHAIOTCSI B METEOPOJTOTHYECKOM
06GOpYIOBAaHUH, CYIIWJIBHBIX KaMeEpax,
XOJIOJUABHUKAX, CHCTEMaX YyIIpaBJe-
HUS KJIMMATOM B ITIPOU3BOJCTBE U OBITY.
IIpepnaraempie KOMIIAHHMEH €MKOCT-
HbIE€ JATYUKHU BIAKHOCTHU IIPEJIHA3HA-
YE€HBI /11 U3MEPEHUSI OTHOCUTEIBHON
BJIA’KHOCTH BO3/lyXa B JuariazoHe ot 0
10 100%.

Kommnanusi Honeywell nnpoussogut
CEMENCTBO JJATYUKOB
BJIAKHOCTH, B KOHCTPYKIIUH KOTOPBIX

E€MKOCTHBIX

HCIOJAb3YETCsI MHOTOCJIOMHAA CTPYKTY-
pa, o6pa3oBaHHAsA ABYMs IUIOCKUMH
IUTATUHOBBIMU OOKIAJKAMHU U JIM3JIE-
KTPHUYECKUM TEPMOPEAKTHUBHBIM I10-
JIMMEPOM, 3AIIOJIHAIOIMM IIPOCTPAH-
CTBO Mexjay HuUMH (cM. puc. 1). Ha
KPEMHHEBYIO MOJJIOXKKY MHOTOCIO¥-
HOH CTPYKTYPbI YyBCTBUTEILHOTO 3JI€-
MEHTA HAIBULAETCS IUIATUHOBAA IUIEH-

Mbinb, rpsA3b, Macno

| MNaTMHOBBIi 3NEKTPOA

TepMOopeaKTUBHbIN
nonumep

KpemHueBas noanoxka
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Puc. 1 KoHCTpYKuMs AaTYNKOB BNaXHOCTH Komnanun Honeywell

Puc. 2. XapakTepucTuku npeobpasosanus
par4mka Bnaxxxoctv komnanun Honeywell
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Ka, o6pasyiomas IIEPBBIH 3JIE€KTPOJ
KOH/IEHCATOPA. [IU3JIEKTPUKOM CITYKUT
TEPMOPEAKTUBHBIN IOJIUMEDP, IIOBEPX
KOTOPOTO BBIIIOJHEHA BTOPAs OOK/IA/-
K4 KOHJCHCATOpA — IUIATHHOBAS ILJIEH-
Ka ¢ nepdopanuen, IO3BOJAIOMASL
BJIATe IIPOHHUKATH K a6COpOUpyIOmemMy
CJIOXO0 Y1 U3MEHSATD €I0 OTHOCUTEIbHYIO
JHUATIEKTPUYECKYIO TIPOHUIIAEMOCTD H,
COOTBETCTBEHHO, €MKOCTb KOHJ/IEHCA-
TOpA. BEpXHUM CI0€M ABJIAETCA IUIEH-
Ka TEPMOPEAKTUBHOIO IOJIMMeEPa, CIIy-
JKAIAS ISl 3A1IUTHL OT IIbLIM U I'PA3H.

B mporecce paboOTh AATUYMKA BOJIsA-
HO¥ T11ap, NPOHUKAS Yepe3 MOPHUCTYIO
OOKIAIKY KOHJEHCcaTopa (cMm. puc. 1),
YPaBHOBEIIMBAETCSA C OKPYKAIOIIHUM I'd-
30M. OJJTHOBPEMEHHO BEPXHASA OOKIAL-
Ka 3aUIUIIACT JIEKTPUYECKHE MPOIIEC-
CBI, IPOTEKAIOIIHE B [IOJTUMEPHOM CJIOE,
OT BHENTHHUX (DU3HNYECKUX BO3/IEHCTBUMI
(cBETA M JIEKTPOMATHUTHOTO H3JIyde-
Hus). Caom moiaumepa, MOKPbIBAIO-
U IIOPHUCTBIM IUIATHHOBBIM 3JICKT-
PO/ CBEPXY, CIIY’KUT 3aIHUTOM OT ITbUIH,
rpsi3u 1 Macen. Takaa puibTparmoHHas
cuCcTEMA OOECIEeYHUBAET JATYHUKY JIJIH-
TEIbHYIO OecrnepeborHylo paboTy B
YCIOBUAX CHIBHOHM 3arpA3HEHHOCTH
OKPY’KAIOIIEH CPEIbl U YMEHBIIAET Bpe-
M OTK/INKA. KOHCTpyKUMS 4yBCTBH-
TEJIBHOT'O 3JIEMEHTA JIETA€T BO3MOKHOM
IIPOMBIBKY JAaTYHKOB. Clegyer orme-
THTD, YTO TEPMOPEAKTHUBHBIH ITOJIMMED,
II0 CPABHEHHUIO C TEPMOPEAKTHBHOM
IUIACTMACCOH, OOECIeYnBAET JATYHUKY
OoJiee MUPOKHUH AUANA30H PabOUYNX
TEMIIEPATYP M BBICOKYIO XMMHYECKYIO
CTOMKOCTD K TAKHM arPECCUBHBIM JKH]I-
KOCTSM H HX IIapaM, KaK H3O0IPOIIMNII,
OEH3HH, TOTYOJI U AMMHUAK.

B 11€710M JATYMKU BJIAKHOCTH KOM-
manuu Honeywell — 3TO MHTErpUpoO-
BaHHBIE IPUOOPHL [TOMHMO 4yBCTBH-
TEJBHOTO 3JIEMEHTA, Ha IOAJIOKKE
pacroyiaraeTcs JIEKTPUYIeCcKas CXema,
obecneynBaOmias NpeodpasoBaHUe,
YCHJICHHE U JUHEAPU3ALUIO CUIHAIA.
BpIXOJHOM curHana gardyrka Honey-
well sBisieTcss QyHKIUEH HallPSsKEHU
MHUTAHUA, OKPYKAIOIIEH TEMIIEPATYPhI
U BJ2KHOCTH. YeM BbIIIE HATIPSUKEHHE
IMUTAHUA, TEM OOJIbIIE PA3MAX BBIXO/-
HOI'O CHUTHaaa H, COOTBETCTBEHHO,
YYBCTBUTEIBHOCTD JATYNKA. XapaKTe-
PHCTHKH IPEOOPAZOBAHUSA PEATBHOTO
naruuka Honeywell npu pasjanyHbIX
TEMIIEPATYPAX MPHUBEJEHBI HA PUCYH-
Ke 2. BBIXOJZHO¥ CHI'HAJ JATYUKOB
umeer auanaszon or 1,0 mo 4,0 B,
YTO YAOOHO JJIsI HENOCPEJACTBEHHOTO
MOJKJIIOYEHUSA K aHAJIOro-uu@poBoO-

My HIpeo6pasoBaTen0 MHUKPOKOHT-
poJuiepa.

HekoTopsle MOfE/IN NPUOOPOB UMe-
IOT BCTPOEHHBIE TEMIIEPATYPHbIE JATYH-
K{, HCOOXOUMBIE ISl TIOJYYEHUS BbI-
COKOH TOYHOCTH HM3MEPEHHSA B LIUPO-
KOM JJUATIA30HE TEMIIEPATYP, [IOCKOJIbKY
BBIXOJHOH CHUI'HAJI JIOO60T0 (EMKOCTHO-
IO WIH PE3UCTHBHOI'0) 26COPOLIMOHHO-
ro JaT49HKa BAAKHOCTH IIPEACTABIAET
cO60¥1 (PyHKIIHIO TEMIIEPATYPHI M BIIAXK-
HOCTU. I103TOMY HEKOTOPBIE MOJEIN
maTayukoB Honeywell mMeIoT BCTpPOEH-
HBIM IUIATUHOBBINA TEPMOPE3UCTOP CO-
nporusiaenuem 1000 Om, KOTOPBIN pac-
IIOJIOXKEH C OOPATHOM CTOPOHBI IOJ-
JIOJKKH.

Hepasuo xkomnanus Honeywell npen-
JIO’KHJIA €MKOCTHBIC JATYMKHA OTHOCH-
TEJIbHOU BJIAJKHOCTH HOBOHM CEPHH
HIH4000, BBIIYIIEHHON HA 3aMEHY Ce-
pun HIH3610. HOBbIE MOJETH /IATYH-
KOB BiaxkHOCTH cepurii HIH4000 (Tex-
HUYECKHE XAPAKTEPUCTUKUA JATYHUKOB
IPUBEJEHBI B Tabau1e 1) OTIN4aioTcs,
[JIABHBIM OOpPa30M, KOHCTPYKTHBHBIM
HCIIOJIHEHUEM KOPITyCa. JIaTYNKK BIaXK-
Hoctu HIH-4000 BBITYCKAIOTCA B IUIOC-
Kux koprmrycax SIP 1ByX THIIOPa3MeEpPOB.
Kpucrann garyuka obpaboraH Jase-
pOM; Ha HEM PACIIOIOKEH UyBCTBUTEIb-
HBIF €MKOCTHOM 3JIEMEHT U3 TepMOpe-
AKTHUBHOI'O MOJIHUMEPA C MUKPOCXEMOH
YCUIE€HUsI CHUIHajla. MHOTrocC/JIonHas
CTPYKTYPa YYBCTBHTEJIBHOTO 3JIEMEHTA
06ecIeynBaAECT OTIMYHBIC XaPAKTEPHC-
THKU IPHOOPOB B TSKEIBIX YCIOBUAX
SKCIUTYaTAL M.

OCTAaHOBHUMCS KPATKO HA OTIHUYMAX
JaTaukoB cepuit HIH4000 1 HIH3610.
B jparyukax cepun HIH3610 tipu BO3-
HUKHOBEHHUH KOH/IEHCATAa HA BBIXO/IE
(HOPMHPYETCST CUI'HAJI BBICOKOT'O YPOB-
H$I, COOTBETCTBYIOIIUH MaKCHMAJIbHO-
My YPOBHIO BIQKHOCTH. B 1aT9mKax HO-
Bou cepuu HIH4000 nipu 06pa3oBaHuM
BJIATH HA ITOBEPXHOCTH YYBCTBUTEIb-
HOT'O 3JIEMEHTA YCTAHABIUBAETCH BbI-
XOJHOH CUI'HAJI HU3KOTO YPOBHS, UH/IY-
LUPYIOMUHA OTCYTCTBHE BAAKHOCTH. C
IIOMOIIIBIO 3TOT'O HOBOBBEIEHUS ITOSIBU-
JIACh BO3MOKHOCTb (DOPMHPOBATH CHI-
HaJ OIMHUOKY, T.K. TOKA3aHUS JATYNKOB
BJIQKHOCTH B YCJIOBHMSAX KOHICHCALIMH
BJIATH HE ABISAIOTCA TOYHBIMH.

Jaruuku BaaxxHoctu cepuu HIH4000
pa3paboTaHbl CIEUUAJBHO IJIA IIPO-
MBINUIEHHBIX IPUMEHEHHU. OHU MOTYT
OBITh HETIOCPEJICTBEHHO ITOIKIIOYCHBI K
MHKPOKOHTPOJUIEPY WIH IPYIOMY YCT-
PO¥ICTBY It OO6PABGOTKU JIMHEMHOI'O
CUTHQJIA 110 HANIPSZKEHUIO. C TUITHYHBIM

Tabnuua 1. farunku cepun HIH4000

5

HIH-4602-A, HIH-4602-C 50

HIH-4602-L 30
HIH-4000-001/003 15 = |
HIH-4000-002/004 EEE——= . |

HIH-4010-001/002/003/004| 15

HIH-4020-002/003/004 15

HIH-4021-001/002/003/004| 15

HIH-4030-001/003 15 %
HIH-4031-001/003 15 L.
HIH-4100-001 15 ‘ ?
HIH-4101-001 15

[Ananason RH 0...100%, T,,5 =—40...85°C

TOKOM mnoTpetsieHust 200 MKA TaTYUKHU
BJIKHOCTH PEKOMEHAYIOTCSA I IIPH-
MEHEHMA B yCTPOHUCTBAX C ABTOHOMHBIM
nuTaHuem. IlonHas B3auMoO3aMeHse-
MOCTb JATYHKOB IIO3BOJISIET COKPATHTH
3aTpaThl HA UX KATHOPOBKY.

Hatunku cepun HIH4021 oTnn4gaioT-
ca ot npudopos cepun HIH4020 mo-
TIOJTHUTENbHBIM I'uIAPO(hOO6HBIM (PHUIIBT-
POM, KOTODBIM CJIYKHT JJIs 3aIIUTBI
YYBCTBUTEIBHOI'O 3JIEMEHTA OT GPBI3T
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KOMMOHEHTbI

Taonuua 2. fQaruuku cepun HIHA602

AxTHEHbI MaTepian ' " Teppeamaﬁb{ﬁM : ebMopeaKfmsnblu Tepmopeafwsuba 0,qup6nHuﬁ Onr}opouuaﬂ Xnopua nuTHeBas VcnaputenbHsii ‘
i nonumep nnacTuk nnacTuk TEPMONACTUK | TPUOKMCh amOMUHUSE nnexka NCUXPOMETP
|Moanoxka Kepsg"x:;:zzﬂm" K’;Z?/latml:sz?:ﬁh ﬂonn;;;ﬁ:g L ’ Het Her Kepamuyeckas Her :
| CTeKNAHHaA ‘
Msmeumomv@cﬂzapamerp EmkocTb EmKocTb EmkocTs ConpoTusnexue ConpoTusnexue [lpoBoAMMOCTb Temneparypa }
|iamepsiemsiit napameTp % RH % RH % RH % RH % RH % RH Te"";‘*g’;;ggi;g;ﬁ“”'
[anasoH usmepennsi ©0...100% RH 0...100% RH 0..100%RH | 20...100% RH 2..90%RH | 15..<100% RH |  20...100% RH
To4HOCTS +(1,0...5,0)% +(3,0...5,0)% +(3,0...5,0)% +(3,0...10,0)% +(1,0...5,0)% +5,0% 3,0...4,0%
BsaumosamenseMocTs +(2,0..10,0% RH | +(3,0...20,0)% RH | £(2,0...20,0)% RH | £(5.,0...25,0)% RH Mnoxas +(30...10,0)% RH OTnuiHas
|Tuctepesmc <1,0...3,0% 2,0...5,0% 2,0...5,0% 3,0...6,0% <2% 04eHb BbICOKMIA Bbicokuit
.ﬁmna?inb;bi T +1,0% +1,0% +2,0% Mnoxas [noxas Od4eHb nnoxas Mnoxas
Bpewnommac | 15.60 15...90 15...90 120....300 180...300 180..300 |  120..300 |
[lnanasoH pabo4nx Temneparyp 1 —40...185°C -30...190°C -25...100°C 10...40°C -10...75°C - 0...100°C
TemnepaTypHbiit é&mem -0,0022%RH/°C 0,3/%RH/°C <0,3/%RH/°C >1,0/%RH/°C >1,0/%RH/°C >1,0/%RH/°C <0,5/%RH/°C
TonrospemenHas oTaGMnsHOOTS | £1,0%RHI5 ner +10%RH/fron | +10%RHiroa | +3,0%RH/roa >1.0/%RHC | >1,0%RH/rop +0,1%RH/rog
|CTOMKOCTb K 3arpsi3HeHnto 0TnmnyHas Xopowas O4eHb xopoLuas 04eHb xopoLuas 04eHb xopoLuas +1,0/%RH/°C OyeHb xopoLuas
TCT[.OVIK‘OACT:K KCTHL{R&W [ OTnuyHas OyeHb xopoluas Xopowwas O4eHb xopoLuas OyeHb xopoLuas O4eHb xopoLuas O4eHb xopoma'é_'

M KPYIIHBIX YaCTHI, OCTABASACHh IIPU
3TOM IIPOHHIIAEMBIM /I MOJIEKYJI BO-
AbI,
MO¥ ra3oBOM cpeje. [JaTdyuku cepuu
HIH4030/31 B 11acTMacCoOBOM KOP-
IIyce IPEJAHA3HA4YEHBI 151 MOHTAXKa

COAEPKALUIUXCS B KOHTPOJIHPYE-

Ha IOBEPXHOCTB;
HIH4031 cHabxeHbl ruapodO6HBIM
dunprpom. Jarunk HIH4101-001 BeI-
IMOJTHEH B BU/JE MOAYJIS, IPEACTABIISIO-

JATYUKH CEPHUH

1ETO COOOM MEYATHYIO IIIATY C PACIIO-
JIO)KEHHBIMM Ha HEH CEHCOPOM H
pasbémMom. /1151 MOBBIIEHUSI TOYHOC-
TH TPOM3BOJHTC/Ib PEKOMEHAYET K-

HoBocTyn Mmmpa

MEMS-paTuuk kone6aHuun

®upma Analog Devices npepcrasnser
ADXLO0O01, patuuk BMOPaLMOHHbLIX U yaap-
HbiX Harpy3ok. MEMS-anemeHT npegnara-
eTcs C Tpems AMHaMUYeCKUMW Auanaso-
Hamu: 70, 250 n 500g. A4X BO BCeEX TpéX
AvanasoHax MMeeT pPe3oHaHC Ha 4YacToTe
22 kl'y n HavmnaeTcs ot 0 I'y. CeHcopel
MMeT HenuHenHocTb 0,2% BO BCEM Aua-
nasoHe. ADXL0OO1 B 3Ha4mTenbLHoM cTene-
HW HEYYBCTBUTENEH K BAUSHUIO 9NEKTPO-

padaupoOBATh JATYHUKHU C OTKPBITHIM
KPUCTAIZIOM OT IPSIMOI'O COJTHEYHOI'O
CBETA, OKa3bIBAIOIIETO BIHUAHHUE HA
YyBCTBUTEJIbHBIE JIEMEHTHI.
Komnanuert Honeywell Taxoke BbIITyC-
KaroTes aargukd cepun HIH-4602 (cm.
TAG/IMIY 2) B META/UIM3UPOBAHHBIX KOP-
Mycax, IPeACTaB/Iomue COO0OH HHTET-
PHUPOBAHHbBIE YCTPOMCTBA /I M3MeEpe-
HHUs TEMIIEPATYPBI U BIAKHOCTH. Tlomm-
MEPHBIM EMKOCTHON HM3MEPHUTEIbHBIHN
3JIEMEHT C JIA3€PHOH 0O6pabOTKOM CHAO-
JKEH CXEMOM YyCWIECHM CUTHAIA. JJaTauK
TEMIIEPATYPBI COEAUHEH C JATYUKOM

News of t

MarHuUTHbIX BO34EeWCTBUMI 1 BbICOKOYAC-
TOTHOM UHTepdepeHuMn n paboTtaeT B
paclUMpeHHOM TeMnepaTypHOM Auanaso-
He —40...+125°C. ADXL001 nuTtaetcs Ha-
npsxexuem 3,3...5 B 1 He TpebyeT kanub-
poeku. O6pasLbl yxxe npegnaratorcs. Ce-
pUiHOE NPOM3BOACTBO [OMKHO HavaTbCH
B aBsrycte 2008 r.
www.analog.com/ADXL001

MocnepoBartenbHble
EEPROM c ogHonpoBogHoOM
LUMHOW

Komnanua Microchip npegcrtaensier ce-
MeNCTBO nocnegosatenbHbix EEPROM ¢
OOHOMPOBOAHLIM UHTepdercoM. MamaTts

pa6otaetr no UNI/O-Memory-Device-npoTo-

kony Microchip. Tunbl 11XX010, 11XX020,
11XX040, 11XX080 n 11XX160 pa6otatoT
CO CKOPOCTAMYM Mepefayun aaHHbix ot 10 go
100 kl'y 1 pacnonaratT EMKOCTbIO 1, 2, 4, 8
n 16 K6. OHU MMEIOT perncTpbl COCTOAHUS,
NPOrpaMMHyt0 3aLlUuTy OT 3anvcu ans 4et-

BJI2XKHOCTH TAKMM OOPA30M, UTO JAHHbIE
YCTPOYCTBA MOTYT OBbITh MCHOIb30BAHBI
JUII U3BMEPEHUSI TOYKH POCHI U JIPYTHX
a6COJIIOTHBIX IAPAMETPOB BIAKHOCTH. B
Tab/IULE 2 IPUBEAECHBI PE3YJIBTATHI CPAB-
HEHHA HOBBIX [JAaTYHUKOB KOMIIAHHUM
Honeywell 1 1aT4nKOB APyTUX (pHUpM.
Taxum 06pa3oM, B HACTOAILEE BPEMA
HanOoIee TEXHOIOTHYHBIM TPUOOPOM
KOHTPOJIA BIQYKHOCTH BO3/lyXa SIB/IAIOT-
Csl JaTYUKU €MKOCTHOTO THIIA. BBIGOp
KOHKPETHOI'O MPOMBIIUIEHHOI'O JATYH-
Ka o6eryaercsi 60JbII0H HOMEHKIATY-

©)

poit I10/I00HBIX U3 C/TUHI.

WM BCEr0 Maccuea,
OUNLTPLI HANPSXKEHWUA MOMEX W 3aLUuTy OT
aneKTpocTatuieckux paspsaos. OHu nog-
OEPXMNBAKOTCA HOBbIM CTapT-KOMMIEKTOM
MPLAB Starter Kit gns nocnegoBaTtenbHbIX

BepTH, MOAOBUHbI

3/1EMEHTOB  MaMsATW, MporpaMMaTopom
MPLAB PM3 Universal Device Programmer
1 mporpamMmHbIM gpavisepom ans PIC-MCU
chmpmbl Microchip. OnemeHTsl namat npes-
naratotcs B AByx Bepcusx. 11LCXX0 pabo-
TaeT ¢ HanpsxeHvewm nutaxHus 2,5...5,5 B, a
11AAXXO0 1,8...5,5 B. Bce anemeHTbl namatu
npeanaralTcsl B TPEXKOHTAKTHOM Kopryce
SOT-23, a TakXe B BOCbMUKOHTaKTHbIX KOP-
nycax PDIP, MSOP, SOIC u kopnyce TDFN
pasMepom 2 x 3 MM.

www.3dnews.ru
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[pegHa3HayeHbl 4nA N3MepeHnit yrnoBbix nepeme-
LLLeHWI, CKOPOCTU U MONOXKEHWA Bana afiekTpoasuraTensa
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linchpossie MIMC akcenep
B automotive-ucnonHeuuu

Auppei Jle6enes (Bbibopr)

CraTba 3HaKOMUT YuTaTens c Hoow cepuein MOMC-akcenepomeTpoB
cdouHckon compmel VTI Technologies. B ny6nukauum npyveefeHbl o6Limne
XapaKTepucTUKK, cBeieHUs 0 PYHKLIMOHaNbHbIX OCOGEHHOCTSX U 061acTaxX

NMPUMeHeHUus AaT4YUKOB.

AKCEJIEpOMETPHBI MPEICTABIIIOT CO-
6011 MHTErPAJTbHbIE KOMIIOHEHTHI, 6€3
KOTOPBIX HEBO3MOXKHO IPEJCTABUTH
COBPEMEHHBIH aBTOMOOMJIB. ITO ypOB-
HAM H3MEPAEMBIX JIHANIA30HOB YCKO-
peHus aBTOMOOUIbHBIE AKCETEPOMET-
PBI 1eIATCs Ha:

e axkcenepomerpbl high-g-yckopeHus
a1 (DpOHTANBHBIX IOAYIIEK 06€30-
IIACHOCTH — U3MEPAIOT YCKOPEHUA B
JECATKH U COTHHU g;

® axcesepoMeTpsl low-g-yCKOpEeHU
JUI  OCTAJIbHBIX aBTOMOOHIbHBIX
CUCTEM H3MEPEHUA

(low-g akcenmepoMeTpbl) M YIJTIOB

HAKJIOHA (MHKJIMHOMETPHI) — U3MeE-

YCKOPEHUsI

PAIOT YCKOPEHMS IIOPAIKA HECKOJIb-

KUX g.

Hanpumep, akcenepomeTpsl low-g u
MHKJIHMHOMETPBI IIPHUMEHSAIOTCS 1A
JE€TEKTHPOBAHUS KPEHA B CHCTEMAaX
Kypcosom ycrouuuBoctu ESC/ESP, B
ABC, cucreMax MOHMTOPHHIA JaBie-
HHs HAKAYKH IIHMH, KOHTPOJs BUOpa-
LIUH JBUTATE/ISA U B OXPAHHBIX CUTHA-
JIA3AUAX.

CerogHss Ha PBIHKE IPHCYTCTBYET
JOCTATOYHO MHOTO (PUPM, 3aHHUMAIO-
MUXCsA Pa3pabOTKOM M IPOU3BO/J-
CTBOM lOow-g-aKceaepoMeTpOB U MHK-
JHHOMETPOB JJsI aBTOMOOHUIBHON
IIPOMBIIIZIEHHOCTH. OTAa 00J1ACTh IPH-
MEHEHUS XAPAKTEPUIYETCA OOJIbIIH-

Puc. 1. latymuku Automotive Digital
Accelerometer Platform opuenTupoBanbi
Ha aBTOMO6MNbHO-NPOMBILINEHHbIE 3afa4K

MU OOBEMAMH MOTPEOISIEMBIX KOMII-
JIEKTYIOIIHMX, YTO IO3BOJIAET IIPOU3BO-
JUTEIAM aKCEIEPOMETPOB OKYyIaTh
MHBECTHIIMH B Pa3pabOTKy HOBBIX
TEXHOJIOTHH U I'apaHTHPOBATH HHU3-
KyIO 1I€eHy KOMIOHEHTOB [1-2]. IloT-
pebuTeNno KpaHe Ba’KHO IIPABUJIb-
HO COPHUEHTHPOBATLCA B MHOXKECTBE
IIPEVIOKEHNI Ha PBIHKE U BbIOPATH
TSI ce0sT HaubO0JIee OIITUMAIbHBIE Ba-
PHAHT.

HemumuauM OyAeT HAIIOMHHTB, YTO
AKCEJIEepOMETP — ITO JATYHK JJIs1 U3Me-
peHHA YCKOPEHHS, KOTOPOE MOXKET
OBITH JIMHEHHBIM WM YIJIOBBIM, CTATH-
YECKUM (IPABUTALIMOHHBIM) WU JUHA-
MHUYECKUM (BUOPAIMOHHBIM). BBIXOJI-
HOHU CHTHAJ aKCEJEPOMETPA IPOIOpP-
LUOHAIEH H3MEPSIEMOMY YCKOPEHHIO
(B aBTOMOOM/IE OOBIYHO JTHMHEHHOMY
JUHAMHUYECKOMY), BBIXOJ, HHKJIHHO-
MeTpa MPOIOPIHOHAIEH YTy, OOBIYHO
H3MEPAEMOMY B KBA3HMCTATHYECKOM
YACTOTHOM JJMaIlla30HeE.

B nopassromeM GOIBIIMHCTBE aB-
TOMOOMUIBHBIX CHCTEM CETOJHSA MC-
IIOJIB3YIOTCSL JIByXOCeBble low-g-marT-
YUKH, IPUYEM B HOBBIX Pa3padoOTKax
TPEOYIOTCS JATYUKU C HHU(PPOBBIM BbI-
XOJHBIM CUTHAJIOM. IJIs aBTOMOOMIIb-
HOHM 006JaCTH NPHUMEHEHHUS TaKKe
BaKHA BBICOKAsA HALEXKHOCTH YCT-
POMCTB.

Hosple akcenepomerpsl VII Techno-
logies pazapaGOTaHbl UMEHHO /I 3a7a4
M3MEPEHUsA JTHUHENHBIX YCKOPEHUMN H
VIJIOB HAKJIOHQ, IJJ€ BA’KHA «3aKOHYECH-
HOCTb» JaTYHKA, €TO TOTOBHOCTD K HC-
IOJIb30BAHUIO, OIM(PPOBAHHBIN BbI-
XOJIHOM CHTHAJI, HAAEKHOCTh U MaJIoe
3HEpronorpedaeHue.

VTI pa3pabaTbiBa€T U IPOU3BOJUT
KPEMHHUEBBIE €MKOCTHBIE [JaTYUKH
yckopeHusi okoso 20 ser. Ocoboe
BHUMAaHHE KOMITAHUS YyAEIsIeT QU3aH-
HY CEHCOPHOTO 3JIEMEHTA M pa3paboT-

OMETpbl

kaMm ASIC 11 aBTOMOOMJIBHBIX IIPH-
MEHEHUI, B TOM YHCJIE, B KIMEHTCKOM
BAPUAHTE, BKIIOYAsi CXEMOTEXHHKY U
KOPITYyCHPOBAaHHUE.

He rtaxk paBHo (pupma VTI Techno-
logies 3aaBmIa 0 pa3paboOTKe TEXHO-
goruu 3D-MEMS (IIOBEPXHOCTHAA H
06béMHAA 06pabOTKA KPEMHHS) KaK
COOGCTBEHHOTO KOMOHUHHPOBAHHOIO
METO/A IPOU3BOJMTE/IA U O IPUMEHE-
HHUHU 3TOU TEXHOJIOTUH JJIsI CO3/AAHUA
YYBCTBUTENBHBIX 3JIEMEHTOB HMHTET-
PaJIbHBIX AKCEJIEPOMETPOB, UHKIHHO-
METPOB, 4 TAKXKE JATYHMKOB JaBICHHUA.

B 2007 r. VTI Technologies npeacra-
BWJIA HA PBIHOK HOBYIO JIMHEHKY aKCe-
sepomerpoB SCA8X0/21X0/3100 (cm.
puc. 1), KOTOpbIE KOMIIAHHA OTHOCHUT K
HOBOMY IMOKOJIEHHIO aBTOMOOMIbHBIX
AKCEIEePOMETPOB, PA3PAOOTAHHBIX CIIE-
IIUATBHO JI/I1 aBTOMOOMIBHBIX CHCTEM.
Ha cerogHss B aBTOMOOMJIBHOH IIPO-
MBIIIUIEHHOCTH TPEOYIOTCSI MYJIBTHOCE-
BbIE M3MepeHMs, IudpoBad nepegada
JIAaHHBIX, BBICOKAsI HA/IEKHOCTD M OIITH-
MaJIbHOE COOTHONIEHHE II€HBI U pabo-
YUX XAPAKTEPHUCTHUK, TIPEXKIE BCETO,
TOYHOCTH.

Dra pazpaboTka npuodpesna Craryc
HOBOI KOHIIENIIUH, KOTOPAs IMOJydH-
Jla Ha3BaHME aABTOMOOMIbHOM ILIAT-
dopmel VTT Hu@dpOBBIX aKCETEPOMET-
poB — Automotive Digital Accelero-
meter Platform (ADP). OcHOBHOM
ujeed KOHICIIUH SIBJIACTCH «3aKOH-
YEHHOCTBh> ITH(POBOro HU3MEPEHUsN
YCKOPEHUs HJIM HAKJIOHA B OJHOM
HAIIPaBJIEHUHU, IIPU JIOOBIX KOMOMHA-
OUAX JABYX HAIpaBAECHHUH JTHOO BO
BcexX Tpéx HamnpasiaeHusax. Iliardop-
Ma OCHOBAaHA HAa HOBOM cepun MOMC-
AKCEIEePOMETPOB /IJIsT AaBTOMOOHIBHOM
IEKTPOHHUKH.

HagéxHocTh U KadyecTBO low-g-ak-
CEeJIEPOMETPOB U MHKJIHHOMETPOB 5B-
JsieTcss OOIer cTrparerued padoThl
KOMIIAHUH KaK /I YK€ CYIECTBYIO-
IHUX, TAK U I8 IOTEHIIHAJIbHBIX 06-
JIaCTEW IPUMEHEHU.

XapaKTepUCTUKH HAAEKHOCTH TIAT-
dopmbl ADP OCTATOYHO BBICOKH, YTO
IIO3BOJISIET IIPUMEHATb [JATYUKU B
JKECTKUX YCJIOBHSX 3IKCIUIyaTalluH, B
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TOM YHCJIE B ABTOMOOHIBbHOM 3JIEKTPO-
HUuKe. Pabouynil TeMIiepaTypHbIN Jua-
na3oH coctaBsier —40..+125°C, maxk-
CHMAJIbHOE YCKOPEHHE IEePErpy30K
(ynapuoe yckopenue) — 20 000 g. ITpo-
JYKIIHSI COOTBETCTBYET CTAH/AAPTAM aB-
TOMOOWIBHOM 3/1EKTPOHUKH (AEC, Ha-
6op TectoB Q100 I MHTErPATLHBIX
MHUKpOCXeM), cranaapry TS16969 u
ceprudpuuponana ISO 14100.

MaccoBO€ NPOU3BOJACTBO U OTTPY3-
K4 JATYUKOB 3aIUIAHUPOBAHBI HA JIETO
2008 r. UHxkeHepHbIE O0OpPa3Ibl JO-
CTYIIHBI CeryJac.

CXxEMA
U ®YHKLMUOHAJIBHOCTD
TUMUYHOI o
ABTOMOBUJIbHOIO
AATYUKA YCKOPEHUSA
Kopiryc Dual Flat Lead Tunosoro jar-
yuka SCA3100/SCA21x0/SCA8x0 nmeer
pasmepsnl 7,6 x 8,6 x 3,3 MM, 12 KOHTAK-
TOB U IIPEJIHA3HAYEH I ITIOBEPXHOCT-
Horo moHraxka. Kopmyc DFL coorser-
creyeT gupexrusaM RoHS u ELV.
BHYyTpu KOopmyca paciojaraercs
4YBCTBHUTEIbHBIN 3jieMeHT (YD) musa
O/IHO¥, /IBYX WJIH TPEX OCEH HU3Mepe-

YyBCTBUTENbHBINA

SCA3100 / SCA2100 / SCA810

anemeHT MOMC Mukpocxema nepsuyHon 06paboTkn CUrHAN0B W yNpasneHus AaTYNKoM
lpuBA3Ka K KOOPANHATAM -
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Puc. 2. AkcenepomeTpbl VTl — KOMNOHEHTbI BbICOKOW CTENEHU MHTErpaunn. [ins n3MepeHui HyXHbl

WCTOYHUK NUTAHUA U MUKPOKOHTpONNEp

HUSA 1 MHUKPOCXEMa YIIPABICHUA U 00-
pabdorku cur"ana ASIC ¢ 1aTYUKOM
TeMneparypbel. CUMTBIBAHHE 3HA4YE-
HHMHA YCKOPEHHUs/TeMIepaTypbl H
VIIPABJIEHHE JATYUKOM OCYIECTBIIA-
eTcst yepe3 Habop perucTpos IO HH-
Tepdericy SPIL. 1151 OHOOCEBBIX aKCE-
JIEPOMETPOB MNPEAYCMOTPEH JOIIOJ-
HUTenbHbIN HIMM-BBIXO,.

O6nias nmardopma ImogpasymeBaeT
B3aUMO3AMEHACMOCTDh 3-, 2- U 1-oce-

BbIX TATYHKOB. To ectb JATYUKHA UMC-

IOT OJJMHAKOBBIE Ta0apUTHI, HAIPsKE-
HUE NUTAHUA, HA60P KOHTAKTOB U pe-
rucTpoB. TOYHOCTh YYBCTBHUTEIbHBIX
3JIEMEHTOB B JIATYMKAX TAKKE OJHUHA-
KOBA.

Ha puc. 2 nmokazana 6J10K-CXeMa aKce-
nepomerpa SCA3100/SCA21x0/SCA8x0.
CUTHAJI C YYBCTBUTEJIBHOIO 3JIEMEHTA
(YD) mnepBOHAYAJIbHO YCHIMBAETCS,
(rIsTpyeTcsa U 1mpeoopasyercs:i B aHa-
JIOTOBBIH. [lajee OH OLU(pPOBBIBACTCS

12-paspagueim AT,  BcrpoeHHBIE
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Puc. 3. Mpu u3amepeHny ogHOOCEBbIM
WHKNUHOMETpOM yrnoe 6onee 30° TOYHOCTD
3HAYUTENbHO CHUXKAETCA

GUABTPBI HU3KHUX YaCTOT IPOIIyCKa-
IOT IOJIE3HYIO COCTABJIAIONIYIO CUTHA-
Ja (4acToTa cpe3a (PUIbTPa COCTABIIA-
er 30...55 I). ITocae TOTO Kak MOJIy-
4yeH HU@PPOBOH CHUIHAT M yAAJICHBI
COGCTBEHHBIE ITYMBI, IPOUCXOIUT IIPH-
BSI3Ka K KOOPJUHATHBIM OCSIM U KaJIUu6-
POBKa.

KomnieHcanusi CHUCTEMATHYECKOH
MNOTPEMIHOCTH H TEMIIEPATYyPHOIO
aperda OCyLeCcTBASIETCA aBTOMATH-
4EeCKH B MUKPOCXEME aKCEIEPOMETPA.
J11 9TOTO HMCHOJIB3YIOTCS 3aBOJCKHE
3HAYEHU, «3AIIUTBIE» B SHEPTOHE3a-
Bucumoe I13V, 1 usmepeHus remiepa-
TYPHOTO CEHCOPA, PACIOJOXKEHHOTO
«Ha 60PTy>» MUKPOCXEMBL.

B pesyinbraTe MaKCUMaIbHBIH Apend
HYyJIs1 (CMEIIEHNE) B IOJTHOM padoueM
TEMIIEPATYPHOM JAHUANA30HE OLICHU-
BA€TCs, HAIIPUMED, I TPEXOCEBOTO
pardyuka SCA3100 B 70 mg (u3mepu-
TEJbHBIN JUANA30H *2 g I KAKIO0H
OCH), a C Y4E€TOM OTPHIATEIBHOIO
BIMAHUSA TEMIIEPATYPBI, CPOKA CIIyXK-
6Bl 1 BO3MOYKHBIX OIMHOOK KAaTHOPOB-
K4 — B 100 mg. JIpyrue TeXxHHYECKHE
XaPaKTEPUCTUKH AKCEJIEPOMETPOB
(IMHEUHOCTD, IIYMbI) pacCMaTpUBa-
I0TCA HIpKe. 3aberas BHepén, MOXKHO
CKa3aTh, YTO /s MHOTHX aBTOMO-
OMJIBHBIX NPHUMEHEHHUH THIOBBIEXA-
PAKTEPUCTHUKHU JATYHUKOB BIIOIHE IIPH-
€MJIEMBL.

Ba)XKHO NOJYEPKHYTDb, UTO XapaKTe-
PUCTHUKH JaTYHUKA
BO3MOJKHOCTSAAMHU TEXHOJOTUM 3D-
MEMS u ASIC. 3D-MEMS mnoszBoaser
dbopMupoBaTh TPEXMEPHBIE, YYBCTBU-

OIIPpEeACIAI0TCA

TEJIbHBIE K YCKOPEHUIO, 3aIHUIIEHHbBIE
(MHKANICyJIUPOBAHHBIE) CTPYKTYPHI.
BcaeacrBue npuMeHeHUs AeMII(pHUPO-
BAHUSA 3THU CTPYKTYPbI XAPAKTEPHU3Y-
IOTCSI HAJEXKHOCTBIO PabOTHI B yCJIO-
BUAX BHUOpanui, a TAKXE MaJbIMHU
pasMepaMy, MaJabIM IHEPTrONoOTped-

JIEHHEM, NPOCTOTOM HHTETrpanuu C
ASIC.

J7151 ”HKIMHOMETPOB TOYHOCTD TEX-
Hosioruu 3D-MEMS VTI 3aaB1€eHa Kak
JIydllle OJHOH YIJIOBOM MHHYTBI, YTO
IEPEKPBIBAET IIOKA3aTEJIH MHOTHUX
Apyrux MOMC-TeXHOJIOTHI.

Kpome TOro, npu BKJIIOYEHHUHU [aT-
YUK 4BTOMATHYECKH IIPOBEPSET CO-
crosauue I13VY, KOPpPEKTHOCTL U3Mepe-
Huit YD u paboTy MHKPOCXEMBIL. DTH
3TANbl JUATHOCTUKU MOXKHO HHUIIH-
HMPOBATh U NPOTPAMMHO 4YE€pE3 pe-
ructp CTRL. CaMO1arHOCTUKA ITOBBI-
maeT HaAEKHOCTD JAaTYNKA KaK KOM-
IIOHEHTA CHUCTEMBI B  JKECTKHX
YCIOBHUAX IKCIUTyaTALIU .

AxcenepomMeTpsl HOBOHM aBTOMOOUIb-
HOM 11aT@opmbl ADP oT/IH4aoTcs Ma-
JIBIM 3HepronorpebieHueM. BxoaHoe
HanpspKeHue — 3,3 B, pabo4uii TOK — 10
5 MA, TOK B criuieM pexxume — 120 MKA.
B KagyecTBEe HCTOYHHKA BO3MOKHO HC-
MONB30BAHHUE 6ATAPEEK, UTO BOCTPEHO-
BAHO, HAIIPUMEDP, B HABUI'AIITMOHHBIX
HWJIUA IIPOTUBOYTOHHBIX CUCTEMAX.

YyBCTBUTEIBHOCTDb AKCEJIEPOMETPOB
cepun ADP — 900 CY€THBIX €JUHMHI]
Count Ha 1 g, rae Count — geCATUYHOE
3HAYEHHE B IAPE PETHCTPOB COOTBET-
crByromei ocu. CregoBaTenbHO, TEO-
peTudeckoe nu(pPOBOE pa3pelieHue
cxembl — 1,1 Mg, HO OKOHYATEIbHO I10-
pOT 4yBCTBHUTEIBHOCTU OYAET OIIpe/ie-
ATBCSA NIYMOBOMW cocTasiAomen. Ha
BBIXO/IE /IATYUKA B OTCYTCTBUE YCKOpE-
HUs — HyJIb. JIUHEHHOE HEHYJIEBOE
YCKOPEHME PACCYUTHIBACTCS OTHOIIIE-
mueM Count/900 [g].

B axkcenepomerpax SCA3100/
SCA21x0/SCA8x0 HaxosaTcs 64 peru-
cTpa. M3 HUX TPpU NTapbl PETHCTPOB CO-
JEpKAT 3HAYEHHUA YCKOPEHUS IO
ocam X, Y, Z (eci1u HUCHONb3YIOTCA),
OJIHA Mapa — 3HAYEHUE TEMIIEPATYPHI.
Peructpser STATUS u INT_STATUS
OTOOPAKAIOT CTATYC CAMOJUATHOCTH-
KM, OIIMOKH KOHTPOJBLHOM CYMMBI,
IIPEBBINIEHUE TUANIA30HA U3MEPEHUS
(2 g), omu6kH SPI. Pe;KuMBbI CHA, BbI-
ga4ga SPI-kajpa u BApHUAHTBI CAMO/IH-
ArHOCTHUKH 33JAI0TCS YEPE3 PETHUCTP
CTRL. Yacrora SPI-mHTEpderica co-
crasager 8 MIn. Ecim wactora XOCT-
KOHTPOJIZIEPA BBIIIE, PE3YIbTATHI 3a-
MEpPOB OYyAyT IOBTOPATBHCSH, IIOKA Ha
JIATYHK HE ITOCTYIIUT HOBOE 3HAYEHHE
napamerpa.

YyBCTBUTE/IBHBIN JIEMEHT JIETIAET 3a-
mepsbl 2000 pa3 B ceKyHy (CKOPOCTb I1€e-
penadu gJaHHBIX). [IpOrpaMMHO MOXKHO
32/1aTh HEOOXOJIUMOE KOJHYECTBO OT-

CY€TOB, YTOOBI XOCT-KOHTPOJUIED HC-
II0JIB30BAJI YCPETHEHHOE 3HAUYCHUE U3-
MepsIEMOH BEJIUYHHBI YCKOPEHHUS, HA-
npumep, 10, 50, 100 OTCYETOB.

U3SMEPEHME YInA
HAKJIOHA AKCEJIEPOMETPAMM
ADP

ITonoca MponycKaHus JaTdukoB VTI
He npespimaeT 50 I, yTO MOXKET OKa-
3aThCSI HEJOIYCTUMBIM B HEKOTOPBIX
JAUHAMHAYECKUX HM3MEPEHHUSIX, HO OT-
JIMYHO MOJAXOAUT JJIsI U3MEPEHUS Ha-
KJIOHA. 3HAYEHHE YI7IA PACCUYUTHIBAETCS
BHEIIHUM KOHTPOJIJIEPOM C IOMOIIBIO
TPUTOHOMETPHYECKUX (DYHKIIHH.

B HEKOTOPBIX NPUMEHEHHUAX TPeOy-
€TCsI U3MEPATh OTKIOHEHHE KaKOI'O-
160 0ObEKTA OOBIYHO B IBYX B3aMMHO
NEPIEHIUKY/ISIPHBIX HANPABICHUAX —
T.€. OTKJIOHEHHE OT BEPTHUKAJILHOIO
WA TOPU3OHTAIBHOIO IIOJIOXKEHHSA B
rPaBUTALMOHHOM 110s1e 3eMau. HacTo
3TO JEIAETCA JJIsl KOMIIEHCAIIUU U3Me-
pPEHUHN COOCTBEHHO YCKOPEHHS WM
YPOBHSL.

ITyCTh YI'OJI HAKJIOHA U3MEPAETCA O~
HOOCEBBIM JIATYHKOM OTHOCHUTEILHO
OCH 3€MHOro mputskeHus (Z). Ipu
BPAIIEHUH OOBEKTA CUI'HAJI HA BBIXOJE
akcejlepoMeTpa OyAeT MEHATHCA IO
cunycouge. HyjreBomy yriay HaKJIOHA
COOTBETCTBYET HYJEBOE YCKOPEHHE,
HEHYJIEBOMY — 3Ha4eHHE X = sinf [g].
Vron 6, cieoBaTeIbHO, PABEH arcsinx
[rpax].
BKJI4]] B IIOTPENTHOCTD U3MEPEHHUH OY-

Haubonee 3HAYUTEIbHBIM
JIET BHOCUTH CMEIIEHUE HY/IA. B cBA3H
C CHHYCOHU/IAIbHOCTBIO IEPEJATOYHOM
(yHKUMH H3MEpPEHHE yIIa OJHOOCe-
BBIM [JATYHMKOM COIIPOBOXK/IAETCA H
POCTOM MOTPEMIHOCTH C YBETUIEHHUEM
yraa (cm. puc. 3). Ipyrue (hakTopel, Ta-
KHE KaK TeMIIepaTypHbIE JApeHndml, II0-
IepeyHas 4yBCTBUTEJILHOCTD, IIYMBbI,
TaKKe OyAyT OKa3bIBATh BAMSAHUE HA
TOYHOCTb U3MEPEHUI.

IIpu
MOHTAKE PEKOMEHYETCS HCIOJIb30-

CTAHJAPTHOM IIJIAHAPHOM
BaThb KaK MHHHMYM JIByXOCEBOM JaT-
quk (X-Z, Y-Z) niu TpéxocesBou. B
3TOM CJIy4a€ MOXKHO JOCTHYDb JIMHEM-
HOHM 3aBHCHMOCTHU CHUIHAJIA OT yIja
HAKJIOHA (CM. pUC. 4). PAaC4€THBIN yroJ
paseH arctg(x/z) [rpaa], rae x u z —
3HAYEHUs YCKOpeHUs 110 ocam X(Y) u
Z [g]. Ipyu BpameHuu OO'bEKTA BOKPYT
FOPU3OHTAIBHOM OCH TOYKH 0° 1 180°
COOTBETCTBYIOT YyCKOpeHHIO 1 g —1 g.

11 n3MEPEHUs YIJIOB OPUEHTALUHA
(KpeH, TaHTaK) OOG'BEKTA HET HEOOXO-
JUMOCTH 33/1aBATh TOYKY OTCY€TA, TAK
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KaK JaT9UK BBIAAET a6COMIOTHOE OT-
KJIOHEHUE OT OCH 3€MHOI'O IPHUTIKE-
HUA. UHKJIMHOMETPBI — 3TO, KaK IIpa-
BHJIO, BBICOKOTOYHBIE YCTPOKCTBA, HO
TOYHOCTb HM3MEPEHH yIJId HAKIOHA
pargyukamu ADP He ykaszaHa npousBo-
JUTENEM, TaK KaK 3aBHCUT OT MOHTA-
’)Ka ¥ MeToga (POPMUPOBAHMA CUI'HAJIA
B KOHEYHOM u3eauu. TouHocTs — pe-
3yJIBTAT BAUAHUS MHOTHX (DAKTOPOB, O
KOTOPBIX CTOUT YIIOMSHYTb JOIIOTHHU-
TEJIbHO.

MorpPEWHOCTHU

B akcenepomerpbl HOBOM automo-
tive-nmaTOpMbl BCTPOEHBI CEPBHE3Z-
HBIE€ CPEJCTBA MOBBIMIEHUSI TOYHOCTH
H3MEPEHUN — KOPPEKIHU 110 3aBOJC-
KHM 3HA4YE€HHUAM, TEMIIEPATYPHATI KOM-
NeHCalusa, CaMOAUArHOCTHKA. OaHa-
KO TE€XHOJIOTUA 1aT4uKOB VTI He 1103-
BOJIIET MCIIOJIb30BaTh MX B 327a4aX,
rjie TpedyeTcs ocodast TOYHOCTb U3Me-
pEHHH, HAIPDUMEDP B PErHCTPATOPAX
CEMCMHUYECKON aKTUBHOCTH.

CpegHue TOYHOCTHBIE XAPaKTEPHUC-
Tk y SCA3100/SCA21x0/SCA8xO0 cie-
AyIOolye: HETMHEMHOCTD — 710 £20 Mg (B
npegenax guamnazoHa +1 g), Makcu-
MaJIbHAsA OIIMOKAa MacCIITAOHOTO KO-
a(pdunmenTa — +4% OT IMOJTHOTO AUA-
na3oHa (2 g).

TeMIlepaTypHBIH Aperd CMemeHus
10 =70 Mg KOMIIEHCHPYETCS CAMHM
JaTIUKOM, HO MOJKHO JOIIOJHHUTEb-
HO OTKaJHOpPOBATH U HCIIOJb30BATH
Pa3HHUILY 3HAYEHHUH YCKOPEHHUS B pe-
AJIBHBIX YCAOBHAX M IIPU KOMHATHOM
Temueparype. MakCuMaabHO BO3MOK-
HBIF CABHUI HyJS IIPU COBOKYIIHOCTH
HEOMArONpHUATHBIX (PAKTOPOB AOCTH-
raer £100 mg. COOGCTBEHHBIN LIYM B
SCA3100/ SCA21x0/SCA8x0 He mpe-
BBILIAET 5 Mg.

ITonepeyHas 4yBCTBUTEJIbHOCTD AK-
CEeJIEPOMETPOB, IIPUBA3BIBAEMASA K OC-
HOBHOMY CHIHAaJYy, He 6osee 5%.
MaxkcuMaJIbHOE IIOIIEPEYHOE yCKOpe-
HHE IIPU HU3MEPEHUH YIVIAa HAKIOHA,
3aBUCAIIEE OT HETOYHOCTH MOHTAXKa
YD, MOKeT OBITh U MEHbIIE. BirusHue
HAKJIOHOB B «IIOCTOPOHHHUX» IIJIOCKOC-
TSX MOKHO YYUTBIBATD, OTKATUOPOBaB
JAaTYUK B
Hanpumep,

«HJI€aJIbHBIX> YCIOBHIX.
HY’XKHasg OCb Oepércsa
B/IOJIb OCH Z, U3MEPEHUS YCKOPEHUS —

BTOYKax 1 u-1g.

OBNACTU NPUMEHEHUA
Hatuuxu VTI Technologies moryr

HUCIIOAB30BATHCS KAK B aBTOMOOHIIb-

HBIX IMPUMCHCHUAX (CI/ICTCMbI AKTUB-

HOM 0€e30I1aCHOCTH ABTOMOOWIEN H

IIOMOIIM BOJUTEIIO), TAK U B PAJIE «y3-

KHUX» [IPOMBIIITIEHHBIX O0/1aCTEMN.
PekoMeHyeMbIe aBTOMOOUIbHBIE

IIPUMEHEHHS BKIIOYAIOT:

® KOHTPOJIb KYPCOBOM YCTOMYUBOCTH

(ESC, ESP);

JerekTuposanue kpeHa (Rollover);

@ IIOMOIIb IMPU CTAPTE HA XOIMAX —

Hill Start Assistant (HSA);
® JJIEKTPOHHAS ITAPKOBKA TOPMO30B —

Electronic Parking Brake (EPB);
® KOHTPOJIb 3JIEKTPOHHO-YIIPaBIIsie-

mou nnoasecku (ECS);

@ HABUTAIIMOHHBIE CUCTEMBI;
@ IIPOTUBOYI'OHHbIE cUCTEeMBI (Antitheft

System);
® CECHCOPHBIE KIACTEPHL.

B IpOMBINIZIEHHOCTH MOTEHI[HAJIb-
Hble 061ACTH IPUMEHEHHUSA — 3TO IIPHU-
60OpBI 6€30MACHOCTH JOPOKHO-CTPOHU-
TETBHOHW TEXHHUKH, MOJBEMHO-TPAHC-
060pygOBaHUE
YKJIQTUYUKH, CIEITEXHHUKA), HHKINHO-

NOpTHOE (KpaHBbl,
METPHS CKBAKUH 1 HAKIOHHOE OypeHHe.
BO3MOXHO NpPHMEHEHHE B Tapa’KHOM
060PY/IOBAHNH (CTEH/IBI HATAHCHPOBKH,
Ppa3Bajia-CXOKIEHMA, U3MEPUTEIH TI0dh-
Ta, IIPOBEPKA TOPMO3HOH CHCTEMBI 060-
PYAOBAaHMs AaBTOMOOMIIEIT).

Kpome TOrO, NpuMEHEHHE aKcele-
pPOMETPOB HOBOM IMIAT(HPOPMBI BO3-
MOJKHO B JIOOBIX 00/71aCTAX, TJI€ HEOO-
XOJHUMO ITH(PPOBOE MHOTOOCEBOE H3-
MepeHHe YCKOPEHHs M HAaKJIOHA,
BUOpAIINY, yAaPOB ABHKEHUSA, U IIO-
Jn0xeHud. IIpyu 3TOM €O CTOPOHBI pa3-
paboT4ynKa TPeOYIOTCSI MUHHUMATbHbBIE
ycunus. JIONMOTHUTETbHYIO HH(OPMA-
LUIO MOKHO IMOJY4YUTb Ha camte VTI
Technologies.

O grPyrux pgatumkax VTI
AxcenepoMeTpbl aBTOMOOMIBHOM ILIAT-
dopmer VTI SBJIAIOTCS MPOJOLKEHHU-
€M JMHEHKH TpéxoceBbIx MOMC-ak-
CEIEPOMETPOB C LHU(MPOBBIM BBIXO/I-
HBIM CUTHAJIOM. [JaTYMKH CEPHUHU
SCA3000 gocTymHBI ¢ pabo4yuM JHa-
1a30HOM 2, 3, 6 wiu 18 g mist Kaxkaon
ocu. OHyTHUMBIMHU ITPEUMYIIECTBAMU
SIBJAIOTCSA BBICOKASI TOYHOCTb YYBCT-
BUTEJIbHOIO 3J€MEHTA (/I JaTYHKA
+2 g paspemenue gocruraer 0,75 x
x 107 g mam 0,04 yriaoBeIX rpagyca) U
MaJbId padoumuit TOK (480 MKA ams
JATYHUKA C TEMIIEPATYPHBIM CEHCOPOM
1 120 MKA 14 JaTYUKOB 6€3 TEPMO-
KOMIIEHCAIIMH). AHAJIOTHYHO HOBOMY
ceMeHncTBy, 3aJeKTpoHuka SCA3000
KOMIIEHCHPYET IIOIPEMHOCTH CMEIIe-
HUA, MACIITAOHOTO KO3ddunueHTa u

Yron Haknoxa, rpag.
% o

60

30

arctg (x/z)

-30

-60

-90 -60 -30 0 30 60 90
PacyéTHblit yron, rpag.

Puc. 4. TouHoe U3MepeHue yrnos HaKNoHa
ABYX0CEBbIM UHKMHOMETPOM

JIMHEMHOCTU BBIXOJHOM XaPaKTEPHC-
TUKH. JJOTIOTHUTENbHBIE (DYHKIIHO-
HaJbHbIE BO3MOXXHOCTH — BCTPOCH-
HbI€ IPEPBIBAHUA CBOOOJHOIO majae-
HUSI U (PUKCAIUU JIBHKEHUS C
BO3MOKHOCTBIO KOH(HUTYPHUPOBAHUS
NOPOTrOB CpabaTBIBAHUS, a TaKXKe
koub1eBOM FIFO-6ydep Ha 64 oTcué-
TA JJIST KAJKAOM OCH.

Haubosiee TOYHBIE «HEABTOMOOHIb-
Hble» UHKIUHOMETPHl VII — aByxoce-
Bble SCA100T 1 ogHOOCeBBIE SCA103T —
HMEIOT BO3MOXKHOCTBH AHAJIOT'OBOTO U
nupposoro SPI-Berxoaa. Iyst 3TUX IBYX
NPOAYKTOB ITPOU3BOAUTENL YKA3AJT B
cnenu@UKaIUaX MaKCHMaIbHOE YITIO-
BO€ DPA3PEIIEHHE U APYTHE JIOIIOJTHH-
TeJIbHBIE IAPAMETPBI, KOTOPBIE HEOOXO-
JMMO 3HATh WIN PACCYUTATD IIPU U3ME-
PEHHH YITIOB.

Crapmmue npeacrasurenu VIT — ana-
JIOTOBBIE JIBYX- HJIM OJJHOOCEBBIE AKCE-
JlepoMeTpbl. BO3MOKEH BBIOOP 11O JUa-
MA30HY U3MEPEHHI U IOJI0CE MPOITyC-
KaHMSI.
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NonHocTbio AndhdhepeHumanbHbie
onepauuoHHbIe YCUNUTENH

Feopruii Bonosuy (r. Yensi6uuck)

B ctaTbe paccMoTpeHa cxemMOoTeXHMKa NONHOCTbIO AucpdepeHLmanbHbIX
onepaumoHHbIx ycunutenen (OY), naHbl OCHOBHblEe COOTHOLLUEHUS,
yCTaHaBMBawLMe CBA3b MeXAY BXOAHbIMU U BbIXOAHbIMU CUrHanNamu,
npeacTaBneHbl HEKOTOPbIE CXeMbl BKIIHOYEHUS U NPUBEAEHbI
CpaBHUTENbHbIE XapaKTEePUCTUKU NONHOCTbIO auddepeHumnanbHbix OY.

OBWME CBEAEHMUA

[ToaHOCTBIO AU (P EPEHITNATHHBIMA
(I1]1) maseisaror OV, numeromue audde-
peHIIHAIbHEIE (TTapada3Hbie) BXOAbI U
nuddepeHnuaIbHbIe BhIX0AbL. Mies Ta-
kux OV He HOBa: IIEPBBIN KOMMEpPYEC-
Kur JlamnoBbii OV tuna K2-W, ucnosib-
30BaBUINI I YCHJICHUS CUI'HAJIA JIBA
JIBOMHBIX 3JIEKTPOBAKYYMHBIX TPHOJA,
umen quddepeHITnaIbHbIE BXO/IbI U BbI-
xX0n1pl. OZHAKO B 3MOXY JIAMII IIPA YPOB-
HE BXOJHBIX M BBIXOJHBIX CHI'HAJIOB
+100 B 3TO HUKAaKOT'O IIPEUMYIIIECTBA HE
JIaBaJIO, IIOTOMY IIPAKTHYECKH BCE IMOC-
JIEJTYIOIIHE MOJIE/IH YHUBEPCAIbHBIX OV
BBIITYCKAJTUCh C HECUMMETPHYHBIM (O
HO(DA3HBIM) BBIXOAOM. YHCIO IMACCUB-
HBIX 3JIEMEHTOB, BXO/IAIIMX BO BHEITHUE
ueru I17] OY npuMepHO BIBOE OOJIBIIIE,
geM TpeOyeTcsl JJisi AHAJTOTHYHOM CXe-
MbI Ha OY ¢ OMHOYHBIM BBIXO/IOM.

Crrycrs 30 et pa3pabOTYHKH ITPHIIUTH
K BbIBOAY, 4TO I1/I OV — B HEKOTOPBIX
MPWIOKEHMSIX — MOTYT UMETh IIPEUMY-
mecTBo repes MOV ¢ oqHO()A3HBIM BbI-
xonoM. (B mudpoBOM TEXHHKE MOJI-
HOCTBIO JU(MhdepeHINAIbHBIE CUCTEMBI
MPHUMEHSAIOTCA YK€ JaBHO.) B riociieqame
TO/IBI B CBSI3H CO CHIDKEHHEM ITHTAIOIINX
HATIPSDKEHUI aHAJOTOBBIX M aHAJIOIO-
IU(PPOBBIX YCTPOMCTB M ITOBBIIICHHUEM
HUX OBICTPOJEHCTBUA CYIIECTBCHHO BO3-

pOoC/IM TPEGOBAHMS K ITOMEXO3ANTUIIEH-
HOCTH JIMHHUU TIEepefadyr aHaJIOTOBbIX
cur"anos. [Togsrwmck ckopocTHbie ALTT
¢ muddepeHITHAIBHBIMU BXOJAMH, JIIS
IMOJK/TIOYEHUST KOTOPBIX K OOBIMHBIM OV
HCIIOJIB30BAITUCH TPAHC(HOPMATOPHI, 00-
JIAJAFOIIUE PS/IOM HEJOCTATKOB. BCE 31O
CTHMYIHPOBAJIO PA3PAOOTKY HOBBIX MO-
nenew [T OV.

OpnHako ycwmutenu ¢ auddepenim-
ATBHBIMHU BBIXOIAMHU MOTYT UMETh 6071€ee
IIUPOKOE TPUMEHEHHE, YEM 3aMEHA CO-
[IACYIOIUX TpaHchopMaTOpOB. Tud-
(bepeHITHATBHBIE TEKTPUYECKHE LICTTH
JIy4Iie 3AIMINEHbI OT BHEIIHUX 3JICKT-
POMArHUTHBIX IIOMEX, 4YEM HECUMMET-
puuHble. [Ipy MPOKIAKE 3TUX JIMHUM B
HEIOCPEACTBEHHOH OIM30CTH JPYr OT
JIpyra roMmexa, HaBoAuMas Ha obe Ju-
HUH, GyIeT MPOSBIATHCA KaK CHHPA3-
HBIM CUTHAI, KOTOPBIH 3(HEKTUBHO 110~
nmasistet I1/] OV. Kpome TOro, CHHKAa€eTCs
YPOBEHBb IOMEX T10 LENAM ITUTAHHS.

CxemoTEXHUKA N OY
IHonHOCTBIO AU(EepEHIIHATBHBIM
ONEPALIMOHHBINA YCUINATEND 10 CXEMO-
TEXHUKE HAIIOMHHAET CTaHAAPTHBIN
ONepalMOHHBIN ycunuTenb. Ha pucyn-
ke 1 mokazaHa ynpoiénHas sepcus I17]
OV [1]. Tpausucrops! VI u VT, — nud-
(depeHIaIbHAS BXOAHAA ITapa. B cran-

Uce

IN-

T
a o

BbixogHon
NDi 6ychep

ouT+

IN+

ouT-

Uee

BbixoaHou 6ydep

Puc. 1. Ynpowénuas cxema N[ 0V

gaptHoMm OV BBIXOJHOH TOK IIEPBOIO
KACKaJJa OTBETBJISIETCS TOJIBKO OT OJHOM
KOJUIEKTOPHOM IIENH M HCIIOIb3YeTCs
JUIL IPEOOPA30BAHUS B BBIXO/IHOE Ha-
MPSDKEHUE HECUMMETPHUYHOT'O KaCKa/a.
B III OV (cm. pucC. 1) KOJIEKTOPbI BXO/I-
HBIX TPAH3UCTOPOB HAIPYXEHBI HaA
AMUTTEPBI TPAH3UCTOPOB VT3 m VTy,
IMOTEHIINAT 6a3bl KOTOPBIX (PHKCHPO-
BaH (KaCKOJHOE BKJIIOUEeHUE). Tpansuc-
TOpbl VT'5 1 VT 06pasyior IMHAMUICC-
KYIO HAaTPY3Ky BXOJHOTO KaCKa/a, UMe-
IOIIYI0 OYEHb BBICOKOE JUHAMHYECKOE
COIPOTHUBJICHHUE, 32 CYET yero obecrie-
9UBAETCS OOMBINION KO(P(PHUIIHMEHT YCH-
JICHUSI HATIPSDKEHMST OJHHUM KACKaJOM.
BhIXO/IHbBIC HATIPSDKEHUS KACKa/1d 9yepes
OyhepHbIE TTOBTOPUTEIN COCTUHSIIOTCS
¢ nuddepeHIHATbHBIMH  BbIXOIAMH
ycunurenss OUT+u OUT-.

B riepBOM NPHOIHKEHHUH MOXKHO CYH-
TAaTh, YTO CUH(PA3HOE HANIPSKEHUE BXO-
710B IN+ 1 IN— (UIC) He BbI3bIBaCT U3ME-
HEHUI KOJUIEKTOPHBIX TOKOB TPAH3HUC-
TOPOB. YCHIUTENb VY yCTAHABIUBACT
KOJUIEKTOPHBIE TOKH TPAH3UCTOPOB VT5
1 VT TaK, 9TOObI MUHUMHU3UPOBATH Pa3-
HOCTh MEXJY CHH(A3HBIM BBIXOJIHBIM
HanpspKeHUeM Upc U HAIPSDKCHUEM HA
BoIBOZIE Ugg. /[IBa KOMIUIEMEHTAPHBIX
YCHJIMTEIBHBIX KaHAJa HCIOIB3YIOT
OJJMH W TOT K€ BXOMHON nuddepeHin-
QIBHBIF YCHJIMTEIbHBIM KACKaJl, UX Xa-
PAKTEPUCTHKH XOPOIIO COITIACOBAHBI, U
cxXeMa MOIEPIKUBAET UX PA6OUHE TOUKU
OIU3KO APYT K Apyry. IToaromy HCKazke-
Hua auddepeHInaJIbHOro CUrHasia,
BHOCHUMBIE NTAPAha3HBIMU YCHIUTE/ISIMH,
KaK IIPaBWIO, CUMMETPHUYHBL DTO IPU
OIIPE/IEIEHHBIX YCTIOBHAX 00€CIIEYNBACT
CHIDKEHHE YPOBHS YETHBIX TAPMOHHUK.

Ipyrum goctouHCcTBOM I1/1 OV sABiisier-
Cs1 YBEJIMYEHHBIN B [IBA P34 IMHAMUYEC-
KW JUAITa30H BBIXOJHOI'O CHI'HA/IA 110
CPaBHEHHIO CO CTaHAAPTHBIM OV, C TeM
JK€ Pa3MaxoOM BBIXOJHOTO HATIPSKEHU.
JIeICTBUTEIBHO, €C/IM HAIIPSLKEHHWE Ha
BoeIxojie OUT+ cocrasnsier Uy, Sinwf OTHO-
CHTEIBFHO OOIIEH TOYKH, TO HA BBIXO/E
OUT- 6yxer HanpspkeHue —Uysinot. B
TaKoOM cirydae Ju(pdepeHInaIbHOE Bbl-
XOIHOE HAIpsDKeHHuE (CM. puc. 2) Upp =
= Upur+ — Uour- = 2Upsinot. HakoHer,
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Uy Uour+
Un Uour-
Uco

Puc. 2. 06o3na4enus Boisogos M 0V

Ra

Bbixop
NlaHHbIX

le

1

Ro

Puc. 5. Cxema pgpaiieepa gudhhepeHunanbHoi
NUHUK

Unis o

Uour-
Uout+

Ry

R
13—
Une Bi | Uour-
o— 1 ——o
Un- "5, Uco| Uours
R
Ko=-R/Ry +—31—3
a)  al=awRC

Puc. 4. Cxema ppaiisepa ALN
¢ auththepeHunanbHbIMK BXOAAMI

ec/ii HeOOXOIMMO HHBEPTHPOBATDH BBI-
xoaHo¥ curdan IT/I OV, To 1ocTaTrouHO
TIOMEHSITh MECTAMH BBIXO/Ibl YCHJIMTEIA.

JIpyTUMH ypPaBHEHHUSAMH, OIHCHIBAIO-
mumu [1/1 OY, ABAsAIOTCS:

Up=Up — Uy
Uop =KUpp;
Wour+ + Uour-)/2=Ucwm-

JUtst TIojiaBIeHust CHH(MA3HOTO BXO/I-
Horo curxana s I1/1 OV orpunarenbHas
o6parHasi CBA3b OT OOOUX BBIXOJOB K
06OMM BXOJ]aM /IOJDKHA OBITh CUMMET-
puuHoit. [Ise wactu Il OV o6pasyror
IBA MJCHTUYHBIX HHBEPTUPYIOIHX
YCWIHTEIS, II0O9TOMY IIPU ITIOCTPOEHUH
CXEMBI CJIE/IyeT HUCII0JIb30BATh TOIIOJIO-
ruio uHBeprupymomero OY. Hecummer-
pusi Liereil OOpaTHOH CBA3H CHIDKACT
KOCC ycwmurensa. Hanpumep, pas36a-
JIAaHC KOA((PUIMEHTOB MIEpeaadu Iie-
e 06paTHoM CBA3HU B 0,1% IPUBOJUT K
camxennio KOCC 1o 60 ab. B raburne 1
IIPUBEECHBI 3HA4YEeHHUA KO3 PHUIreH-
TOB yCuWIeHUsI UM @PEPEHINAIbHBIX U
CHH((A3HBIX CUTHAJIOB HaeaIbHOro I/
OV npy CUMMETPHYHBIX IEIMAIX obpar-
HOW CBSA3H.

NMeuMmeHeHuE M OY

OCHOBHAs CX€Ma BKJIIOYEHMsS I10JI-
HOCTBIO JTU(P(HEPEHIHATBHOIO YCHUIH-
TEJsI TPHU ABYXIOJAPHOM IHMTAHUU
MPEICTABICHA HA PUCYHKE 3. [IJIg 9TOH
CXEMBI CITPABETTUBO COOTHOIIIEHUE:

R,
Uop =-Ump ——.
Ry
BxogHoe conpoTusieHue Ry = 2R;.

OJIHO M3 OCHOBHBIX IpUMeHeHur T1]]

OV — ynpasnenue guddepeHnaabHbI-

Puc. 6. Cxema nonHocTbio AuchthepeHunanbHoOro
M3MEpPUTENbHOTO yeunuTens

MH BXOJAMH aHAJIOTIO-ITU(PPOBBIX IIpe-
ob6pazoBarenen (ALIT). CKOpOCTHBIE
AIITT gacTO CcopepkaT Ha KPUCTAJUIE UC-
TOYHHK OIIOPHOIO HaupsuKeHust Uggp.
Kaxk nipaBmio, Takue AIIIT umMeroT oaHO-
NOJIIPHOE TUTAHUE. B 3TOM Ciyyae CUH-
dazHoe BXogHOoe HanpspkeHue Ucy OV
JO/DKHO OBITh PaBHO Uggg. CXeMa BKIIO-
qyeHus ALl ¢ BXOJHBIM JIpaiBEpPOM Ha
111, OY, KOTOPBIN, B CBOIO OYEPE/Ib, IIPH-
HHUMAaeT CHUTHAJA OT HECHMMMETPHYHOIO
WCTOYHHUKA, IIPUBEJCHA HAa PHUCYHKE 4.
Hanpspkenue mexay auddepeHnuannb-
HbIMH BXxO/1aMu ALIIT cocrasisier:

R,
Uop =-Un 7
1
BxoHOE COIPOTHUBIEHHE PABHO 2K.
ITo aHa/JOrUYHOM CXEME BBIIIOJTHEH
aparisep auddepeHnanbHON JTMHHHA
cBsI3u (CM. puc. 5). CuHdaszHoe BBIXO/-
HOE€ HAIIPSDKEHUE TIPU OTHOIIOIPHOM
THATAHUH OOBIYHO ITOJIy4aIOT C JETUTES.
IIpu 3TOM HA/I0 UMETh B BUZTY, YTO BXO/I-
HOE€ COIPOTHUBJIEHHUE BbIBOJA Ucq CPaB-
HUTEIBHO BEJIMKO, HO HE GECKOHEYHO.
Hanpumep, st MOY tuna AD8132 ono
paBHO 50 KOM, 11 AD8138 — 200 KOM.
CxemMa NOMHOCTBIO JH(pdepEHITAITb-
HOT'O U3MEPHUTEIBHOTO YCWINTEIA IIPU-
Be/lcHA HA puCcyHKe 6. MCronbp3oBaHue
aByx MOV ¢ HECUMMETPHUYHBIM BBIXO/IOM
006€eCIIeYNBAET BBICOKOE BXOJHOE COIIPO-
TusieHue. Koadpdunuenr ycuneHus
ITOM CXEMBI OITHCHIBACTCSI BBIPAKEHHEM:

R 2R
et P - |
R R,

dunsTpbl Ha OY NMAQ
OIBTPHI BBITOJIHSIOTCS B OCHOBHOM
AHAJIOTUYHO (DUIBTPAM Ha OOBIYHBIX

Puc. 7. Cxembl ®HY (a) n ®BY (6) nepsoro
nopspaka Ha Np oV

OV. HUcnonp3yloTcs CXEMbl IIEPBOTO U
BTOPOIO MOpPAJKA C MHBEPTHPYIOUIUM
BrIodyeHuem OY. B 4acTHOCTH, HA pH-
cyHKe 7 npuseseHnl cxempl PHY (a) u
®BY (6) nepBoro nops/ika, a Ha pUCyH-
ke 8 npeacrasiaeHbl cxempl ®HY (a) u
®BY (6) BTOPOro MopsKa.

B npuHuumne cxemMa GUKBAJPATHOTO
¢dunprpa [2] MO3BOJISIET PEATU3OBATH
Ha I11 OV BCce OCHOBHBIE THIIBI (DHUJIBT-
pos: HY, BY, u36upaTeIbHbIE U PEIKEK-
TopHbIE. OgHAKO PBY 1 peKEKTOPHBIE
(UIBTPBI TPEOYIOT JTOMOTHUTEIBHOTO
OV, 103TOMy NPUMEHEHUE OUKBAAPAT-
HOH CXE€MBbI I HAUX HE OINTUMAJIbHO.
®HY u usbuparenbHble (PUIBTPHI, B
OTIHUYUE OT OOBIYHOM CXEMBI [3], MOXK-
HO peanu3oBaTh BCcero Ha Apyx MOV
(cMm. puc. 9). [Iy1s1 3TOM CXEMBI CIIPABE] -
JIMBBI CJICAYIOUIHUEC YPDABHECHHUS:

v <l L _p 1| R |
D ~eD R R e s Ry
Uop =-Uip _ L. €Y

SC2R3

Hangém u3 3TUX ypaBHEHUH OTHO-
wenue Uyp/Upp. Honaras s = oS, mo-

yYnM:
Up Ry
Whe (5)= T - "R~
D 1
RG9S

“1+0,SC, Rs Ry / Ry + @2 S?C,C, Ry Ry - (2)

Ta6nuua 1. Koadhchuumentol yeunenus
audhdepeHunanbHbIX U CMHa3HbIX CUTHANOB
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Uout-
—o

—o
Uoury

Ko = —Rg/Rﬁ
al = Z(DCCZ(RQ + Ra + RaR3/R4);
b1 = 20¢%C,C1R2Rs

C
u]§+_| i
Cy

U|§__I
Cy
K= —Cz/Cﬁ
6) al= (C1 +Co+ C3)/CngR20)(;;
b1 = 2/w¢2C1CoR1R2

Uour-
—o0

—oO
Uoury

Puc. 8. Cxembl ®HY (a) u ®BY (6) BToporo
nopspaka Ha M oy

R
Uns o—D1— Uour+
Up Uop

R
Ut Uour-

Puc. 9. buksapparHbiii hunbtp Ha N 0V

Beipaxenue (2) npeacTasiIsieT CO60M
NEPEAATOYHYIO (DYHKITUIO ITOJIOCOBOTO
(n3buparensHOro) ¢uiasrpa. Ilpupas-
HHUBAsA KOI(PPUIIMEHTBI BBIPAKEHUS (2)
K Ko3(uuueHTam MepesaTouyHoOun
(YHKIIMH TT0JIOCOBOTO (priIbTpa [3], mo-

Tabnuua 2. OcHoBHbIE XapaKTEPUCTUKK NONHOCTbIO AUthdiepeHUUanbHbIX younurenei

Jy9uM (POPMYIIBI /IS PaCYeTa mapamer-
poB pubTpa:

(l)p =1/ CICZRiR

Q=R, /C /CaR3 Ry
Ky=—Ry/R,.

ITopcraBus Uy, HAWJIEHHOE U3 COOT-
Homenus (1), B (2), moaydyuMm nepeaa-
TOYHYIO (DYHKIIHIO, CBSI3BIBAIOILYIO
BXOJHO€ H BBIXOJHOE HAIIPSIKEHHUA
OUKBAIPATHOTO (PHIBTPA:

Ry

YUop _
B

Upp

Wy (S )=

1
X1+ 0. SCy Ry Ry / Ry +02S2CLCy Ry Ry » (3)

T.€. OUKBAAPATHBIN (PUIBTP MOKHO HC-
IOIB30BaTh B KadyecTtse PHY.

Comnocrasisisa (3) U NEPeSaTOYHYIO
dyakuio ®HY BrOporo mnopsaka [3],
HAWIEM ITapaMeTpsl (PUabTpa:

Ko =R4/R1;
ay =0 CoR3R, /Ry
bl = COCZCICZR?,R4.

OgHUM U3 IIPEUMYLIECTB OHUKBAAPAT-
HOTO (PHUIBTPA TIEPE, CXEMOM, IIPUBEIEH-
HOMH Ha puC. 8a, ABIAETCI HE3ABUCUMAA
PETYIHMPOBKA YCHJIEHHS PE3UCTOPOM R1.

HECUMMETPUYHBIE PEXUMbI
na oy

Kak mpaBuIo, OTHOCTBIO gudde-
pPEHIIMAIbHBIE YCHINTENIH PaboTaIoT B

CHUMMETPUYHOM PEKHME, IIPU KOTOPOM
menu OOpAaTHOM CBSI3H <«BEPXHEH» U
«HWKHEIM» TIOJIOBUH YCUJIMTE/Is HJIEH-
TUYHBL. Tem He MeHee, OonpeneaéHHbIN
HHTEPEC IIPEACTABIAET U HECUMMET-
PHUYHOE BKIIOYEHHE TAKUX YCUITUTEICH.
PaccmoTpum o6mmMH Ccaydar BKIIOYE-
Hus I171 OV (cm. puc. 10a).

Ecm OV sABisieTcs H/I€a/IbHBIM, Pas3-
HOCTb IOTEHIIMAIOB MEXK/Y €ro BXoaa-
MH paBHa Hymo. CleJoBaTelbHO, IS
MPUPANIEHUH TEPEMEHHBIX, CIPABE/-
JIMBO ypaBHEHUE:

AUour- Ry +AUN, Rip _
Ri1 + Ry

_AUouyr+ Ry +AUIN_ Ry,
Ry + Ry '

“®

0603H2a9UM KO3(D(PUIIHEHTHI IIepe-
Jla9y 3BEHBEB OOPATHOM CBA3H KaK:
Ry .

Ryy + Ry

Ry
2 = .
Ry; + Ry

B

Torga ypaBHeHHUE (4) MOKHO IEPEIH-
€aTh B CJIEAYIOLIEM BH/IE:

AUpur-P1 + AUN+(1 = B1) =
=Ayour+B2 T AUIN-(1 = B2).  (5)

PaccMOTPUM HPAKTUYECKHA BAXKHBIN
cJIygau, KOIr/ia IepeMEHHBIN CUTHAJ 110~
Jaércsa Ha OWH U3 BXOJOB, HAIIPUMED,
IN+, 2 Ha BTOPOM BXOZ, ITOAAETCS ITOCTO-
SIHHBIH ntoTeHnuas. Torga npupanjeHue
HanpspkeHus Uy paBHO AUpy, 4 HaIIps-
skeHus Upy_ — By/mo. ITOCKOIbKY

e T i 2(10) | (350) | 1200 | 107 [ 70 | 8 0

AD8138 3..455 - 7 1 ~92(10) | (320) | 1150 | 20 | 95 | 5 -

AD8351 3.55 e 6 -95(10) | (2200) | 13000 | 28 | - | 27 VeineHme YCTaHaBNMBAETCH OJHAM PE3UCTOPOM
ADA4937-1 33..5 = 80 1 20 | -106(10) | (1900) | 6000 | 395 | - | 22 -

ADA4938-1 5, 35 - 775 i 35 | -112(10) | (1500) | 4700 | 40 | 95 | 22 -

THS4120 33 2 9 3 | 12nA| -80(1) | (100) | 50 | 11 |100 | 54 Pexum Power-down
THS4130 5...#15 7 s o2 b2 sedy A0y | 52 ] e TS Pexum Power-down
THS4509 3..5 25 | 90 1 8 | 104(10) | 3000 | 6600 | 38 | % | 19 K>2

THS4520 33.5 40 |84 | 025 65 | -t00¢1) | 1200 | 570 | 142 [105| 2 Pexum Power-down
LMH6552 5..12 02) | 80 . 60 | -93(10) | (1500) | 3800 | 225 | 80 | 1,1 Pexum Power-down
LMH6555 33 = 68 [ 15 - | -62(500) | (1200) | 1300 | 120 | - | 38 DUKCHPOBAHHITL K = 5
LTC6400-20 | 2.85..35 | - 65 2 — | —e7(10) | (1800) | 4500 | 90 | 20 | 21 ®ukcuposaHbiii K = 10
111994 AT BRI R AT 18 | -100(1) | 70 65 | 15 |85 | 3 BCTPOGHHbIA JenvTens ans Voo
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U IN UOUT—
—o Uour+

) Uco

Un Uout-
+—o Uours

Puc. 10. HecummertpuyHoe Bxnioyenue MM 0V

Uour+ +Uour- _,,
————=Ucwm

’

MPUPAIIEHUST BBIXO/IHBIX HAIPSKEHUH
PaBHBI 110 BEJIMYUHE U ITPOTHBOIIOJIOXK-
HBI 110 3HAKY:

AUoyr

AUgyrts =—-AUgyur- = 5

3anumeMm ypasHenue (5) g npupa-
IIEHUH IIEPEMEHHDBIX:
AUgur AUour B

By +AUN (1-By )= > 20

M3 KOTOPOTO cieiyeT (hopmysia Jyist pacyé-
T4 KO3 PUITHEHTA TIEPEAAYM YCHTATEIA:
_AUgyr _ 2(1-B1)
AU By +B2

©)

I[IpuMeHUM 3Ty (POPMYITY IJIsl CXEMBI,
MOKa3aHHOM Ha puc. 106. Eciu B, =0, u3
BoIpaKeHUs (6) CIEAYET, 9TO

-2
By

B 1aHHOM CJTydae Mbl IMEEM JIpaiBep

K

nuddepeHINANbHON TUHHAN CBA3U C
BBICOKHM BXOJIHBIM COIIPOTHBIECHHEM.

B cxeme, nipuBe€HHOI HaA puc. 10B,
B, =1. B aTOoM ciryuae:

2(1-p,)

- By +1

W3 nocieaHen (popmysibl, B 4aCTHOC-
TH, CJIEAYET, 9TO IPU B =11 B =1 (mam-
pumep, ecnu R, = 0) KoaddumeHT me-
peaauu ycrinress K= 0. Ecim oxe B, =1
u B; = 0 (em. puc. 10r), MbI IIOIyd4aeM
0€e3pEe3UCTOPHYIO CXEMY C BBICOKHM
BXO/IHBIM CONIPOTUBIEHHUEM H K = 2.

CxemMoTexXHHKA NIpuMeHeHu 111 OV
IIOKA HEJOCTATOYHO PA3BUTA U IIPEAOC-
TaBAAE€T MHOI'O BO3MOKHOCTEH [IJIs
TBOPYECTBA.

B Tabnauue 2 npusBegeHbl OCHOBHBIE
XAPAKTEPUCTUKH HEKOTOPBIX COBpeE-
MeHHBIX mojesner [1/1 OV.
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KPYTNOCYTO4YHAS AEMOHCTPALIUA

BALLNX MPUNOXXEHUI

= [IpocToTa 06¢cnyX1BaHus

PIP, PbyP

PC/AV-ayanoBbIX0 PC-ayavosxoa

BHELLUHUIA

AV-ayanoBxo
rPOMKOroBOpUTEND e 4

BbIxoA(DVI-D)
AV-uuchposon 15 pin)
BxoA (DVI-D)

= Paspewenue akpaHa Full HD 1920x1080
chupmenHas TexHonorus ASV Black TFT

= Pa3paboTaHo 519 KOMMEp4eckoin aKcnnyaTaluuum
BMepBble 6E3BEHTUNIATOPHOE OXNAXAeHe, paboTa 24/7

yaaneHHas guarHoctvka yepes nopt RS-232C
= [TonHbIA KOMNIEKT KOMMEPUECKNUX NPUIOXKEHNA
N3MEHeHNe pasmepa U300paXKeHus:: BULEOCTEHbI,

PC-ananorosblit Bxoa (BNC)
KomnosuTHbIl Buaeosxon (BNC)

5 «<@®:—— (D-sub 9 pin)
: *’Q"— RS-232C-Bxop

PC/AV-uncpoBoit PC-unchpoBoit  PC-aHanorosbiii  KoMnoHeHTHble
BxoA (DVI-D), sxop (mini D-sub Bxoabl (BNC)

O®ULHANBHBII AUCTPUBLIOTOP KOMMAHUM

RS-232C-Bbix0a

(D-sub 9 pin)

ARP B POCCUN U CTPAHAX CHI

I)ROSOFT Ten.: (495) 232-2522  E-mail: info@prochip.ru ® www.prochip.ru
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CXENMHbIE PELLEHUSA

NiporpaMmupyemblii
IMPOKONONOCHbIN reHeparop

20

Anekcanpap bapanosckuii, Oner [lsopuukoB (r. Munck, benapycs)

PaccmoTpeHb! cXxeMOoTexXHU4YeCcKrne 0CO6EHHOCTM U pe3yNbTaTbl MOAENUPOBaHUS
ynpaBisieMoro TOKOM NosyrnpoBOAHUKOBOIO reHepaTtopa, hopMupyHoLLEero
TPEYrosnbHbIN U NPSIMOYroNbHbIA CUrHalbl ¢ YacToTou ot 1 'y go 40 Mrru.

HeorpemieMO 4aCTBIO PATHUOIIEKT-
poHHOM anmaparypsl (PDA) saBisiioTcst
reHepaTopel KoieoaHuu. OHU IPUMEHSI-
IOTCA B TIOOOM M3MEPHUTEIBHOM IIPUGO-
pe, cucremax yrpasIeHHs O00OpyaoBa-
HUEM M PA3ITMYHBIX YCTPOHUCTBAX, pabo-
Ta KOTOPBIX CBA3aHA C NEPHOAUYECKUMU
COCTOSAHUSMUA MU IEPUOJHUYECKUMHU
KOJIEOAaHUAMH. Peanmusanysi coOBpeMeH-
HOU POA HA OCHOBE CHCTEM HA KPUCTAJI-
Jle CTUMYJIMPOBaja padoThl IO CO3/a-
HHUIO HOJYIIPOBOJHHKOBBIX I'€HECPATO-
PpOB Koe6aHui B BUE [P-KOMITOHEHTOB,
KOTOpPBIE€ JOJ/DKHBI 3aHHMATh HEOOJIb-
LIYIO TUIOIIA/Ib KPUCTA/UIA U ObITh MAK-
CHUMAJIbHO YHHBEPCAJIbHBIMH, T.€. 00€eC-
II€YUBATh I'€HEPALUIO CUTHAJIOB pa3-
JIMYHOH (DOPMBI H YACTOTHI C IIOMOIIBIO
MMHHMAJIbHOI'O YUC/IAd BHEITHHUX BPEMSI-
33/JAI0IIMX 31E€EMEHTOB HM/WIH 3JIEKT-
POHHOTO IPOrPaMMHpPOBaHUs. Peme-
HHE JAHHOM 332494 ITyTEM UCTIOIB30Ba-
HHUA METOAa IHIPsAMOro 1IHu@pPOBOTO
cuHTe3a (DDS) 3aTpyJHUTEIBHO HU3-32
HEOOXOMMOCTH NPHUMEHEHUsS T'€Hepa-
TOpPa TAKTOBOM 4aCTOTHI [1, 2].

R3 C

] = —
. | A
Vourt Vour2

Puc. 1. FeHeparop TpeyronbHoro
1 NPAMOYrONbHOTO CUrHaNoB

+V

Puc. 2. Bbicoko4acToTHbIi reHepaTop
TPEyrosibHoro ¥ NPAMOYrofibHOro CUrHaNnoB

CXeMOTEXHUYECKAsA CTPYKTypa I'eHepa-
TOPOB KOJIEOAHUIT OOBIYHO IPEICTABIIACT
COOOH TIOC/IEIOBATEILHOE COEJUHECHHUE
unrerparopa (R, C, DA, Ha pucynke 1) u
Tpurrepa IlImurra (Ry, Ry, DA;), BbIIIO-
HEHHBIX HA ONEPAMOHHBIX YCHIMTEIAX
(OY) [3]. BerxoaHOE HANIPSDKEHHE TPUITE-
pa Vo Ipeobpasyercs pe3suctopom R B
TOK, KOTOPBIH, IIPOTEKAs 10 KOH/IEHCATO-
py C, IPUBOJUT K ITOSIBJIEHHIO HA BBIXO/IE
ONEPALMOHHOIO ycwaurenst DA, Hen-
HO M3MCHAIOIIEIOCA HAIPsLKEHUA V.
Korpa nanpspkenue Vo, JOCTUIAET 110-
pora cpabaremBanus Tpurrepa IlImurra,
€I'0 BBIXO/IHOH YPOBEHb CKAYKOM M3MEHSI-
€T COCTOsAHHME. B pesy/brare TOK, IPOTeKa-
IOIMI yepes3 pe3uctop R, u HanpspxkeHue
HA BBIXO/JI€ MHTErPaTopa MU3MEHSIOTCA B
IIPOTUBONOJIOKHOM HAIPABIEHUHU [0
BTOPOTO IIOPOTra CPpadATHIBAHUS TPHUITE-
pa. PeryammpoBKa 4acCTOThI TPEYTOJIbHBIX
KONEOAHHUH OCYIIECTB/IIETCSI U3MEHECHU-
€M IIOCTOSTHHOM BDEMEHU HHTETPaTopPa, a
AMILIATY/Ibl — T'HCTEPE3UCOM TPUITEPA
IIIMurTa. B TO K€ Bpems Ha BBIXOJE yCH-
yaress DA; renepupyercs CUrHal IIpsi-
MOYTOJIBHOM (POPMBI C Pa3MaxoM, OIIpe-
JI€JIIEMBIM MAKCHUMAJIbHBIM BBIXO/JHBIM
Hanpspkenuem OV.

K onepanyoHHbIM yCWIMTESAM, IIPU-
MEHsAEMBIM B reHeparope (cm. puc. 1),
NPEIBAB/IACTCA P CHEUAIbHBIX TPEOO-
BaHHUH. /11 O6GeCIedeHuss CUMMETPUY-
HON (DOPMBI TPEYI'OJIBHOIO CHUI'HANIA
BXOJHOM TOK ycuaureass DA, nomxen
OBITH 3HAYUTETHLHO MEHBIIE TOKA 3aps-
J1a/paspsana xongencaropa C. Kpome To-
ro, Ha (pOpMy TPEYIOJbHBIX KOJIEOAHHHI
BIIHSIET ObICTpOAEHCTBHE DA, B pe3y/bra-
T€ VI BBICOKOYACTOTHBIX CUTHAJIOB BEP-
IIHHBI TPEYTOABHUKOB 3aKPYIVISIIOTCSA
BCJIE/ICTBHE OI'PAHUYECHUA CKOPOCTH Ha-
PacTaHusa BBIXOJHOIO HampspkeHus: OV.
Cxemorexauka OV o0IIero Ha3HaAYeHUs,
OPHUEHTUPOBAHHASI HA OOECIICYEHHUE BBI-
COKOro Ko3a((pUuIMEHTA YCUIECHUs, HE
TIO3BOJISIET B IIOJTHOM MEPE HCIIOIb30BATh
BO3MOKHOCTH TEXHOJIOTHYECKOI'O MaPIII-

pyra usrorosyienus MC i1 MakCMMM3a-
IIUHM CKOPOCTH HAPACTAHHUSL.

ITo ykazaHHBIM IDpUYHHAM L1 (HOp-
MHPOBAHUS TPEYTOJbHBIX KOJE€OAHUI
BBICOKOM YaCTOTBHI YaCTO HCIONb3YETCs
cxema Iepesapsaaa KOHIEHCATOpa ¢ IIo-
MOIIIBIO KOMMYTHPYEMBIX JIHOHBIM MOC-
TOM I'€HEPATOPOB TOKA (PUCYHOK 2) [3].

MopenupoBaHuE TAKOIO I'eHepaTopa
VISl TDAH3UCTOPHBIX CTPYKTYP COBPEMEH-
HbIX MC MO3BOIMJIO YCTAHOBUTD, YTO HE-
BBICOKOE BBIXOJHOE COIIPOTHBICHHUE TIe-
HEPATOPOB TOKA, OOYCJIOBJIEHHOE HU3KUM
HaNpPsSKEHUEM DPriy OUIIONSAPHBIX TPAH-
3HUCTOPOB [4], ¥ mapa3uTHBIC EMKOCTH OH-
NOJSAPHBIX JUOAO0B (D—-D,4 Ha puc. 2) BbI-
3BIBAIOT MCKAKEHUE (POPMBI TPEYroOJib-
HOT'O CUT'HAJIa BBICOKOM 4YaCTOTHI.

st pOpMHPOBAHUS TPEYTOJBHBIX U
NIPSMOYTOJIBHBIX KOJIEOAHHH HA 6A30BOM
MaTpuU4YHOM Kpuctawie «<ABMK 1_3» [5,
6] pa3paGoTaHBbI 1Ba BAPHAHTA IIPOrPaAM-
MUPYEMBIX TE€HEPATOPOB, OTIAHYAIO-
IIUXCS TOKOM ITOTPEOIEHHs U IHAIa30-
HOM pab04HX 4acToT. CXEMBbI I'€HEPATO-
PoB (PUCYHKH 3 U 4) 6asupyrOTCa HaA
paHee anmpOOHMPOBAHHBIX KOMIIOHEHTAX
CXEMHO-TOIIOJIOIUMYECKOH OUOINOTEKH
«ABMK_1_3»: nmporpammupyemom OV
tuna Amplifier_5 u Tpurrepe IImurra
Trma Shaper [6 — 8.

IIpuMeHsieMble B T'€HEPATOPAX KOM-
noHeHTel Amplifier 5 u Shaper o6mazma-
IOT CJIEAYIOIMMH OCOOEHHOCTMHU:
® B nnporpammupyemom OV [9] nipeay-

cMoTpeHbl BeIBOAbLL Cory, Cor, nas

MOJKIIOYEHHUs BHYTPEHHEIO HIN

BHEIIHEI'O KOHAEHCATOPA, HOMUHAI

KOTOPOT'O BIMAET HA CKOPOCTb HAPAC-

TAHHUA BBIXOAHOTO HANPSKEHUS U

BHJ] aMIUTHTYJHO-9AaCTOTHOHU Xapak-

TEPHUCTHKHU, Oobecrnieyunas pabory OV

06e3 camoBO30YxAeHMA. EC/IN BBIBO/IBI

Cory, Cor, COeIMHEHBI MEXIY COOOM,

1O OV XapakTepuU3yeTcs MaKCUMalb-

HBIM OBICTPOJEHCTBHEM;
® MyTEM HM3MEHEHUS COIPOTUBIECHUA

pe3ucropa Rbias, mOAKIIO4EHHOTO

MeXAy BbIBOAAaMH Bias; m Bias,, ocy-

IECTB/ISIETCA TIPOTPAMMHUPOBAHHE

OCHOBHBIX napaMerpos OV: BXOZHO-

IO TOKa, TOKA MOTPEOIEHHA, ITOJIOCHI

IPOITYCKAHUSA M CKOPOCTH HApPaACTa-

HUSI BBIXOHOT'O HAIIPSOKEHHS;
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e BBHIBOABI Bal; u Bal, npejnasHadeHbl

UL TIOACTPOMKH HAIIPSUKEHHUST CMe-
menust OY ¢ TOMOIIBIO BHEITHUX Pe-
3UCTOPOB (HA PHUCYHKE 3 K 3TUM BbI-
BOJIAM TTOJK/IIOYEHBI PE3UCTOPHI Ry =
=R, =1T0wMm, u 6anancuposka OY He
BBITIOJTHSICTCSA);
® M3MCHEHHUE COIIPOTUBICHMA BHELIHE-
ro pesucropa RTH, mogxiro4eHHOro
mexy BoiBosiamu ThCntr u OUT-, B
nuarnaszone ot 100 Om 10 10 KOMm 1103-
BOJISIET U3MEHATDH TUCTEPE3UC KOMIIO-
"enra Shaper [9] B mpenenax ot 307,2
10 39,1 MB;
© HauboJiee BAKHBIE VIS T€HEPATOPOB
mapamerpsl OY WIIIOCTPUPYIOT pe-
3Y/IBTATBI CXEMOTEXHUUYECKOT'O MOJIe-
JIMPOBAHUSL, IIPUBEJEHHDBIE B TA0/IUIIE
M HA PUCYHKAX 5 U 6 (TepegaTodHas
V(OUT) = fA(V(IN) m mnepexoaHas
V(OUT) = f(Time) XapaKTepUuCTUKHA
IPY HATIPSDKEHUH MMHTAHUSA, PABHOM
+5 B, Rppas= 0, Rpjas = 10 KOM 1 cOipo-
TUBJICHUH BHENTHEHN HATPY3KHU R),,q =
=2 kOm. [IepexoHas XapaKTePUCTH-
Ka TOJy4€Ha [l WHBEPTHPYIOIIEH
cxembl BKTIoueHust OV ¢ K= —1).
CXeMOTEXHHYECKOE MOJEIUPOBAHHE
OBUIO BBIIIOTHEHO C IIOMOUIBIO CUCTEMbI
mpoexrupoBaHusi OrCAD /151 3IEMEHTOB
«ABMK 1 _3». B CBA3M C 9THM HAUMEHOBA-
HUSI [IEPEMEHHBIX, Y3/I0B, OCEH U MaTeMa-
THYECKHE COOTHOIIIEHMSA HA PUCYHKAX CO-
OTBETCTBYIOT IIPUHSATHIM B Ipa(HyecKomM
nocrpoueccope, Bxogamem B OrCAD
[10], a HauMeHOBAHUA JIEMEHTOB HA
NMEKTPUYECKUX CXEeMax — Oubimorexe
«ABMK_1_3», npuuém TpebyemMoe Copo-
THBJICHHUE OOECIIEYEHO C IOMOMIBIO IO~
C/I€OBATEIBHO-TIAPAJUIEIbBHOTO COC/IH-
HEeHUsI JOCTYITHbIX Ha BMK pe3ucTopos.
Pa3paboTaHHBIE T€HEPATOPBI UMEIOT
OIMHAKOBYIO CXEMOTEXHHUYECKYIO CTPYK-
TYPY U COCTOSIT U3:
© MCTOYHUKA BBITEKAOMEro Toka (Q,,
Q3), mepexmouarens Toka (Qy, Qs
Qg), B KOTOPBIX TPAH3UCTOPHI Q3, Qy,
BKJIIOYEHHBIE 10 CXeMe ¢ obmen 6a-
301, IIPEeJHA3HAYEHbI [UISI yBEIHYC-
HHS BBIXOJHOI'O MaJOCHUTHAJIBHOTO
conporusieHus [11], a nenu Qs, Qg,
I3, Vbias,, Vbias, ycranaBnuBaroT Tpe-
OyeMBI PEKUM PabOThI TPAH3HCTO-
poB Q3, Qg
e Tpurrepa IIIMUTTAa HA KOMIIOHEHTE
Amplifier 5 ¢ yCTaHOBKO¥ I'HCTEPE3U-
ca pEe3HCTUBHBIM JAenureneMm Ri, Ry
(cm. puc. 3) wim KomrioHenTa Shaper
C YCTAHOBKOU THCTEPE3NCA PEZUCTO-
poM Rth (cm. puc. 4);
® pesuctuBHoro geaurens (Rg, Ry Ha
puc. 3, R3, Ry Ha puc. 4), KOTOPBII

Vee

PNPJFpnp
Q2

PNPJFpnp
Q3

V Y R3
2R 9,2k

Ra-1

R9-1 R9-2 R9-3 SHED

3R 1,575k

2
2000 (] .
ee

40U C)M

-6B

R4-2

2R15k 2R 15k 2R 15k 2R 1,9k

Puc. 3. Fenepatop curuanos Ha ockoBe nporpammupyemoro 0V tuna Amplifier_5 us 6uénuorexun

«ABMK_1_3»
Vee
Rth
R1 R2 Vec  Thntr @ —L——
2R 1,25k g5 1,25k 3R 325
PNPJFpn PNPJFpnp IN ouT-
po? 02 v
100u a Egdepnp Vee ouT+ .'—\.V
Vee CEXT |
-—iisp Hr, R4-3 R4-4
> 2R15k 2R 58Kk
GCIE Vbiast BEL
QA 9B GCIE 2R 5,8k
05
GC1E R4-1
Vee 06 20u< 2R 5,8k

GCIE  GCIE |
a7 a8

Vee R3-1 R3-2
—— ===l
2R58k  2R5:8

200u<>|2

Vee
-6B

3000 o

Puc. 4. Teneparop curuanoe Ha ocxose Tpurrepa llimurra Tuna Shaper u3 6uénuorexu «ABMK_1_3»

obecrieyuBaeT Ha 6a3e TPAH3UCTOPA
Q- pasMax HMIIYJIbCHOTO HaIpspKe-
HUA Vg7, JOCTATOYHBIN JUIsL €0 yBE-
peHHOTrO nepexnodeHus. [ogxmoye-
HHE JONOJHHTEIbHOIO HMCTOYHHKA
TOKA I, caBUTaeT ypOBEHb HAIIPSIKE-
HUSL TAKUM O0OPa30M, YTOOBI UMITY/Ib-
cbl Ha 6a3e Q5 ObUIH CUMMETPUYHBI-
MM OTHOCHTEJIBHO HATPSHKEHUSA Ha

6a3e Qg (Vgg). Taxk, u1s1 cXembl reHepa-
TOpPA, HOKA3aHHOM HA PHC. 3, HAIPsI-
skenue VB7 usmensercs ot —2,86 10
—-3,15 B npu Vgg = -3 B, a ;i renepa-
TOpa II0 CXEME PHC. 4 HANPIHKEHHE
Vg7 u3MeHsercsa or —3,18 no —-3,73 B
npu Vgg =-3,47 B;

@ 32/1AI0INMX YaCTOTY KOJIEOAHUH HC-

TOYHMKOB TOKA /1 U1, = 21,. ]Ins1 Tpan-

Xapakrepuctuku nporpammupyemoro 0V tuna Amplifier_5 npn Vg =+5 B, Vg = -5 B, Byg59 = 2 kKOm

KoadhcpuumeHT yeunenns aucbchepeHumnanbHoro Hanpsmkenus, ob 65,5
HanpsibxeHne cmeLleHus Hyns, MB -1,01 -9,6
BX0AHOI TOK, MKA 1,88 0,23
Tok noTpe6nexus, MA 21 0,43
YacToTa eAMHIYHOrO yeunenns, Mry 1374 28,1
CkopocTb HapacTaHus/cnaja BbIXOAHOTO HanpseHus, B/MKe 63/95 13,6/19,7
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40 v(ouT), B
——
V,=-1,01mMB
Rmas =0
l,=2,1MA
2,0 \
0
-2,0
V,.=-9,6 MB
Ry = 10 KOM
l.=0,43 MA
—4,0
-15 -10 -5 il
V(IN), mB

40 ZSUT), B
2,0
0
2,0
Ry = 10 KOM
4,0
58 6,0 7,0 8,0
Bpewms, Mkc

Puc. 5. Mlepenaroynas xapakrepucTuka
nporpammupyemoro 0V tuna Amplifier_5 npu
Rigaq = 2 KOM

Puc. 6. Nepexopnas xapakrepucTuka
nporpammupyemoro 0V tuna Amplifier_5 npu
Rigag = 2 KOM ¥ MHBEPTUPYIOLLEM BKJTHOYEHUN
¢ Koathchuumentom nepepaum K = -1

26 VB
2'0 N 4
044 ‘
20
25 U J V V
2,0 3,0 4,0 5,0 6.0

Bpems, mkc

V,B

|

VIV V[V

1,00 1,05 1,10 1,15 1,20
Bpems, mkc

Puc. 7. Pesynbratsl MoaenupoBains reseparopa
no cxeme puc. 3 npu I, = 200 mkA, /;= 100 mKA,
cm = 5 IIQ

3UCTOPOB <ABMK_1_3» M yKa3aHHBIX
HA CXE€MaX PEXUMOB PabOTHI TOK re-
HepaTopa /; PEKOMEHAYETCS BBIOU-
paTh B JHUania3oHe OT 5 MKA 10 1 MA.
Hcrounuiku Toka I v 1, MOTYT OBITH pe-
AIM30BAHbl HA BHEIIHUX 3/IEMEHTAX,
HanpUMep, B BU/IE MOCIEN0BATEILHO CO-
€IMHEHHBIX BBICOKOOMHBIX PE3UCTOPOB
U HUCTOYHHKOB IOCTOSHHOIO HAaIIpsDKe-
HUSA, HO IS BBITIOJTHEHUS YCIIOBUA [, = 21
11e71€CO00Pa3HO UX (DOPMHUPOBAHUE B UH-
TErPAIbHOM HCIIOJTHEHUH, KaK IIOKA3aHO
Hroke. Kongencarop Cgyp — BHEITHHIT, €70
€MKOCTb COBMECTHO C HOMWHAJIAMH TO-
KOB /| u [, ONIPEJIE/IAET YACTOTY TEHEPHUPY-
€MbIX KOJIeOaHUI. TpeyroapHbN CUrHaI
Veexr GOPMUPYETCsi HA CHTHAIBHOIM 06-
KIagke xKonjaeHcaropa Cgyr, a4 IPAMOY-
TOJIBHBIN CUTHAI — HA BBIXOJE TPHUITEPA
IIImurra (Ha pUCYHKAX 3 M 4 B 3THUX y3/1aX
PaCIIONOKEHBI MAPKEPBI HAIIPSDKEHMS V).
PaccmorpuM  (DyHKIIMOHHPOBAHUE
CXEMBI T€HEPATOPA, IOKA3aHHON HA PU-
cyHKe 3. [TOCTOSHHBIN TOK MICTOYHHKA [
HHBEPTHPYETCS TOKOBBIM 3€PKAJIOM HA

Puc. 8. Pesynbrarbl MoAenupoBakus reseparopa
no cxeme puc. 4 npu /, = 200 mkA, /;= 100 mMKA,
cm =5n®

TpaH3ucTopax Qi, Q, M mocrymaer B
SMUTTEP TPAH3UCTOpPA Q3. Pe3ucropsl
Rs 1 Ry 06ecrieunBaroT 3HaYE€HHE KO3 (-
(uiHEeHTa ITePEAaYH TOKOBOTO 3EPKAJIA,
GIM3KOE K €IMHUIIE B pabodeM auana-
30HE TEMIIEPATYP, YMCHBIIAIOT BIUSHHE
Ha KO3(M@HUIMEHT Iepegauyn pa3Gpoca
AaPaMETPOB MHTETPATBHBIX 3JIEMEHTOB
M YBEIMYUBAIOT BBIXOJHOE COITPOTHBIIE-
HHE TPAH3UCTOPA Q.

JIONO/IHUTEIbHOE YBETMYEHHUE BBIXOJ-
HOI'O CONIPOTHUBJIEHHUSI UCTOYHHKA TOKA
IIO3BOJISICT PEAIU30BATH TPAH3UCTOP Qs,
BKJIIOYEHHBII IO CXEME C 00IIer 6a30H,
KOTOPBIF MOYXHO PACCMATPHUBATE KAK HC-
TOYHHK TOKA C BRICOKOOMHBIM COITPOTHB-
JIeHrEeM (BBIXOJHOE COIIPOTHUBIICHHE Q)
B OMUTTEPHOM 1enu [3]. HanpspkeHue
Vbias, BBIOPAHO TaK, YTOOBI TAPAHTHPO-
BaTh PA6OTy TPAH3UCTOPA Q) B AKTUBHOM
pEXHME MPH MAKCHMAIBHOM 3HAYCHHUU
TOKA /] (MAKCHUMA/IbHOM IIaZIEHUH HATIPS-
JKeHUs1 Ha pe3ucrope Rg), a TpaH3ucTropa
Q3 — IPpH MAKCHMAJIBbHOH aAMIUIHTYIC
HAIPsDKEHMA Ha KOH/IeHcaTope Ceyr-

Ecu manpsoxenne Ha 6a3e TPaH3UCTO-
pa Q- Gombuie, yem Ha 6aze Qg, T.e.
Vp7 > Vg, TOK HICTOYHMKA [, TIEPEKITIOYUA-
ercst B aMurTep Q-, KOJUIEKTOPHBIM TOK
TPAH3UCTOPOB Q4, Qg OTCYTCTBYET M KOH-
aeHcatop Cpyr 3apsiKaeTcst KOJUIEKTOP-
HBIM TOKOM TpaH3ucropa Qs (Igz = Iy).
Bricokoe BBIXOJHOE CONPOTHBICHUE
TPaH3UCTOPA Q3 CTAOMIU3HPYET TOK
3apsiia KoHgeHcaropa Cyyp TP TMHEH-
HO HAPACTAIOIIEM HANPSLKEHUH Vipx.
ITo poctmkeHnn Vg IOPOra Tpurre-
pa IIMuUTTA BBIXOZHOE HAIPSIKECHHUE
TPUITEPA CKAYKOOOPA3HO H3MEHSETCS
U 9epe3 PE3UCTUBHBIN JeuTenb Rg, Ry
IoCTymnmaer Ha 6a3y TpaHsucTtopa Qg.
IIpu ycnosun Vg < Vgg TOK HCTOYHHUKA
I, mepexnoyaercs B 3MHUTTEPBI TPAH-
3UCTOPOB Qg, Q4. Yepes KoHAeHcaTOp
Cgxr HTPOTEKAET PAa3HOCTh KOJUIEKTOP-
HBIX TOKOB TPAH3UCTOPOB Q3, Qy4, U, TTO-
CKOJIbKY BBIIIOJIHSIETCA yCaoBue I, = 21,
Paspsi/i KOHZEHCATOPA OCYIIECTBIISICTCS
TOKOM, PaBHbIM Iy — Ic3 =1, — I = I;. Kak
U paHee, TPAH3UCTOP Q, BKIIOYEHHBINA
IO CX€Me C 00IIei 6a30¥, O6ecIIeauBaeT
BBICOKOE€ BBIXOJJHOE CONPOTUBICHUE HC-
TOYHHKA TOKA, Pa3psj KOHJEHCATOpa
Cgxr HNOCTOSSHHBIM TOKOM M JIMHEHHOE
YMEHbIIIEHUE HANPLKEHUA Vgt B IIPO-
necce AOCTHKEHHA BTOPOrO IIOPOra
Tpurrepa IImurra. Hanpsokenue Vbias;
BBIOPAHO TAaK, YTOOBI TPAH3UCTOP Q4 Ha-
XOAWJICA B AKTUBHOM PEKHME IIPA MUHHU-
MaJIbHOM HAIIPSUKEHUH VpxT, 4 TPAH3UC-
TOP B IMOJJHOM BKIIOYEHHH Q5 M MCTOY-
HHK TOKA /3 IPEIOTBPAIIAOT HACBIIIEHHE
TPaH3UCTOPA Qg, VI KOTOPOTO Vpg ~ 0.

CXeMOTEXHHYECKHE OTIUYUS T'eHE-
PaTOPOB, ITIOKA3aHHBIX HA PUCYHKAX 3 U
4, 06yCIOBIEHBI HEOOXOTUMOCTBIO COT-
YPOBHEN  HAIIPSIKEHUA
Vcext ¥ Vg € JOITyCTUMBIM BXOJHBIM U

JIACOBAHUA

BBIXO/IHBIM HAIIPSDKEHUEM KOMIIOHEH-
ToB Amplifier 5 (OV ¢ 6uUnoasspHpIM
BXO/IHBIM M BBIXOJHBIM HAIIPSDKEHHUEM)
u Shaper (BxomHble B BbIXOAHBIE DCJI-
ypOBHH). 1le1eco06pa3HOCTh UCITOIH30-
BAHUA VI peaTu3aliuu Tpurrepa IImu-
TA PA3HBIX KOMIIOHEHTOB U3 OMOINOTEKH
«ABMK 1 3» ob6msicHsiercs TeM, uro OV
Amplifier_5 uMeeT OTHOCHTEIEHO MaJIbIe
TOK nnorpednenus (ot 043 no 2,1 MA) u
OGBICTPOJIEVICTBHE, B TO BPEMSI KaK TOK
norpedneHusa (0xono 20 MA) B GBICTPO-
JIeNICTBHE KOMIIOHEHTA Shaper cymecr-
BeHHO Gompine. Tak, ipu [, = 200 MKA,
1; =100 MKA 1 Cgxp = 5 1P reneparop 1o
cxeMme pHC. 3 (POPMHUPYET TPEYIOIbHBIN
CHT'HAJI C 9aCTOTOM 1,6 MITL (PUCYHOK 7),
a TEHEPaTop II0 CXeMe PHC. 4 — C YaCTO-
Tou 20,8 MI11 (PUCYHOK 8).
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S ID Mpu noaaepxke Poccunckoro otaeneHns
? A . MexayHapogHoro gucnnenHoro obuiecTsa

OCIETY FOR INFORM <
USSIA CHAPTER

POCCHICKAS CNEUMANU3NPOBAHHAS BbICTABKA
CPE/ICTB W CUCTEM OTOBPAXKEHUS UHOOPMALIMA

Mocksa, IiBK "3JkcnoueHTp”
1-3 okTa6psa 2008 ropa

® TFT, INT, KK gvucnnen 1 MHAMKATOPbI ® CpefcTBa M TEXHOJIOTMM OTOGpPANKEHHA

= WndopmaliMonHble Ta6No, MOHMTOPLI, IUCTIEN creuwanbHoro Ha3Ha4eHua
NnasmveHHble gucnnen ® KomnoHeHTb! CPEAiCTB 0TO6pAIKEHUS

=

m LnchpoBbie W MATPHYHbIE AUCTINEH - gg:g;gg::‘::!an;:#z::a“pﬂ::%z‘:::n
Jlazeptibie TEXHONIOTHH BH3YanH3aLi ® TexHonoruu NPON3BOACTBA M 0GCNYIKMBAHUA

i CBerojjMofiHble CPeicTBa OTo6paXKEeHNA ® Ycnyru no CO3/aHNI0 KOMRAeKe! IX

H [IpoeKyHoHHOE 060PYA0BAHNE M CHCTEMbI HHIDOPMALMOHHBIX CHCTEM

eMHHapb! U KoHepeHyun no cpeficTBam 0TO6paXKeHua 11 NPOMbILLNEHHOCTH, IHEPreTHKH, TRaHcnopTa,
1eN0B0i M ropofjcKol HGPACTPYKTYRbI, GOPTOBLIX M BCTRAHBAEMbIX NPUMEHEHHH, TOProBIM, PeKIaMHOro
pasBneKarenbHoro 6usHeca.
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Frons
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Puc. 9. 3aBucumocTb 4acToTbl Kone6anui
reHeparopa no cxeme puc. 4 oT EMKOCTH
BHeWwHero Konaencaropa npu /; = 0,1 MAn 1 MA

Pue. 10. 3aBucumocTb 4acToTbi Konebanui
reHepaTopa no cxeme puc. 4 oT TOKa UCTOYHWKA
Iy npn Iy = 21, n Cgyy =1 HD; 10 HD

05 VB I,=1MA, |, =2 MA,Co= 5 N®

l,=1MA, |,=2 MACqr=5n®

R,=357 -0 122
e M
= M M FFT
(\ / :
N
-1,0 A a 4o
1,2 =
=
o
5
15 W
\] -1,6 =
U
v
JR::T,ZSK M v V 4 V“FJ
1,000 1,025 1,050 1,075 1,100 1,000 1,025 1,050 1,075 1,100
Bpems, mxc Bpems, mkc

Puc. 11. TpeyronbHbie 1 NpsMoyronbHbie Kone6aHus reHepaTopa no CXeme puc. 4 Npu pasnuyHbIx

conpoTuenexusx pesucropa R, (R, = 1,25 kOm)

Q1 GCIE

Ve 6 B

1

Rload1

1
Rload2

|\|QB L409 k|010 L|Q11 ]\|012 h|O13 m

E:GC1E CGC1E CGC1E E:GC1E CGC1E CGC1E L)
Q2 Q3 Q4 Q5 Q Vbias1

6 Q7
1)"GC1E lﬂ'GC1E‘E'GC1E l"‘GC1E l)"GC1E r"GC1E __t3B

Bias2
[ E;I(N Amplifier_5
Cor1 Out
Cor2 out
Balt
—_ Bal2 Vee
== IN+

leiaﬂ

Pue. 12. Ynpasnsembiii MCTOYHUK TOKA

AHAIM3 PE3YIBTATOB MOJETUPOBAHUS
IMO3BOJISET C/IEJIATh BBIBOJ, YTO IS T€HE-
panmy Kojae6aHui ¢ 4acToTow 10 500 KIig
L[€/IECOOOPA3HO MCIIOAB30BATh I'€HEPa-
TOP IIO CXEME PHC. 3, 4 VI IHAIIa30HA
gacToT 1...40 MI11 — reHepaTop 110 cxe-
Me pHC. 4, KOTOPbBIF 06€CIIeYnBaAET JIU-
HEMHYIO 3aBHCHMOCTb YACTOTBI OT EM-
KOCTH BHEIIHEI'O KOH/IEHCATOpa (PHUCY-
HOK 9) M TOKa (pUCYHOK 10) B IIUPOKOM
AVAIIA30HE UX U3MEHEHMUA.

Eciu mameHuTs KO3 UITHEHT TIepe-
/la4y TOKOBOT'O 3€pKajia, HAIIpUMEDP, C

IIOMONIBIO BHEIIHUX PE3UCTOPOB, CO-
€JUHEHHBIX I1aPAJUIEIbBHO PE3UCTOPAM
Ry, R, Ha pucyHKe 4, TOK 3apsaja KOHJEH-
caropa Cgyr 6yJeT OTIHYATBCA OT TOKA
paspsaga. O1oT 3PMPEKT MOKHO HCIIOb-
30BAThb VI yIpaBjJeHus (HPOPMOH Tpe-
YTOJIBHOTO M IIPSIMOYT'OJIBHOT'O CUTHAJIOB,
KaK ITOKa3aHO Ha PUCYHKe 11, 10 Makcu-
MaTBHO¥ YaCTOTBI, PABHO¥ 47,6 MI11,

B KayecTBE HCTOYHUKOB BTEKAIOIIETO
TOKa I 11, C COOTHOIIEHUEM 3HAYEHU
I, =21} 1OTyCTUMO IIPUMEHSITH TOKOBBIE
3epkasia [12], B KOTOPBIX BXOJHON TOK

YCTAaHABIMBAETCS C IIOMOUIBIO PE3UCTO-
Pa ¥ KUICTOYHHMKA HanpsokeHusa. OZHAKO
JUISL 3BHAYUTEIBHOTO YIyUIICHUS XapaK-
TEPUCTHUK I'€HEPATOPOB pa3paboTaHa
CXeMa yIIpaB/IsIeMOI'0 UCTOYHHKA TOKA,
IIOKAa3aHHAsl HA pPUCYHKe 12,

Vpas/sgeMbIi HCTOYHHK TOKA BKJIIO-
gaer OV Amplifier 5, oxBauyeHHBII
OTPHIIATEIBHOH OOPATHON CBA3BIO
(O0C) ¢ TOMOIIBIO N—P—N-TPAH3UCTO-
pa Qp ¢ obmert 6azoi. Bxog OV uepes
pe3ucTop Ry coOeTMHEH C HICTOYHHUKOM
BXOJHOT'O (YIIPABJIAIONIETO) HaIIpsDKe-
HUA VN, 4 BBIXOJ, — C SMUTTEPAMH TPAH-
3UCTOPOB Q, — Q-, BKIIOYEHHBIX IIO
cxeme ¢ obmiert 6a30¥1. TpaH3uCTOPHI B
KaCKOAHOM BKIIOYEHHH Qg — Q43 1Ipes-
HA3HAYEHBI JIs1 YBEJTMYEHHUS BBIXO/IHO-
ro CONPOTHBICHHUS MCTOYHHKA TOKA.
HevicrBue OOC NIPUBOJHT K TOMY, YTO
Ha BpIxoge OV yCTaHaBIUBAETCA HaA-
npspKeHue Vo, CMENAIOEe SMUTTEP-
HBIM MepexoJ, TpaH3ucTopa Qp B mps-
MOM HAaIIPABJIE€HUH TAK, YTO BBIITOIHSI-
€TCsl YCJIOBHUE:

Iy =Igias e, (1
e Iy — TOK, IIPOTEKAIOLIHI Yepes pe-
3UCTOP Ryn; Igips — BXOJHOM TOK HHBEP-
Tupyromero (IN-) sxoga OV; I — KO-
JIEKTOPHBIN TOK TPAH3UCTOPA Q.

Jnsa OV ¢ 3amkHyTOH 1enpo OOC
Pa3HOCTb MOTEHIIUAIOB MEXKIY BXO/a-
mu IN- u IN+ 6;1m3Ka K Hy/10. Kpome To-
ro, OOBIYHO BBIIIOJHIETCS YCIOBHE
Igias << Iy, mo3TOMY, MCX0ad u3 (1) u
mozemu I'ymmensa-Ilyna mia OUnosap-
HOT'O TPaH3UCTOpa [6], MOJIydUM COOT-
HOILICHUS:

Vin -V Vi

Icy =Iiy = R
IN

Vour =Vaias1 —VBe1 =Vaias1 —

Iy
~NForIn—¢, 3)
rge V_ — HaIIpsoKeHUE Ha HHBEPTHPYIO-
meM Bxozie OV; Vpiagy — HaIpspKeHUe
MCTOYHUKA; Vg — HATIPSDKEHUE HA TIPsi-
MO CMEILIEHHOM 3MUTTEPHOM MEPEXOe
TpaH3ucTopa Qp NF — (akTop, ONHCHI-
BAIOLIUIM OTKJIOHEHHE BOJIBTAMIIEPHOM
XAPAKTEPUCTUKH P—N-TIEPEXOAA OT IKC-
IIOHEHTHL; IS — TOK B Mojaenu I'ymmensi-
IlyHa, XapaKTEpU3YyIOMUH IEPEHOC HE
OCHOBHBIX HOCHUTEJIEH 3apsza yepes 6a-
3y TPAaH3UCTOPA; G — TEMIIEPATYPHBIH
noreHuuan, ¢ = R7T/q; R — NOCTOSIHHAA
Bonbpumana; 7' — a6COMIOTHAS TEMIIEpa-
TYpa; g — 3apsif] ANEKTPOHA.

WWW.SOEL.RU
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Puc. 13. 3aBUCMMOCTb HOPMUPOBAHHOTO
koadhhpuumenTa nepenayum Ky ot ToKa,
npoteKarowero Yyepes peauncrop Ryy

Hcxoas U3 CXeMbI pHC. 12 B COOTHO-
meHus (3), MOKHO YTBEPKIATD, YTO:

Ve2 = VBes = VBE4 = VBEs = Vare =
=Vpe7 = Veias1 — Vour=Veer-  (4)

Ecimm TpaH3ucTopel Q; — Q; uMeror
HWJEHTUYHYIO TEMIIEPATYPY U IapaMeT-
pwt IS, NF, MOYKHO 3aITHCaTh (IpeHedpe-
rast TOKOM 6a3bl):

Icy =Icy =Ic3 =1y =
Vin

=lcs =Icg =Ic7 "R 3)

2ViN
Lioapt =Icg +1co =2In =—4—, ©6)
IN

Lioap2 =1cio +1cin +iciz +

4Vin
Rix’

+1c13 =4I =

™

7€ I10ap1s [LoAD2 — TOK, TPOTEKATOMIHI
uepes HArpysky Ryoapi1, Rroapa-

Sony pa3pa6oTana ru6puaHbin
TOM/IMBHbIA 3NeMEeHT

Kopropauws Sony Ha MeXayHapoaHON KOH-
hepeHumm Small Fuel Cells 2008, kotopas npo-
xoguna ¢ 30 anpensi o 2 masa B AtnaHte
(CLUA), npopemoHcTpupoBana rmopuaHbIi
TOMIMBHBIN ANIEMEHT HEGOTbLLUUX Pa3MEpOB.

WCTO4HWK MUTaHUsA HACTOMbBKO Marl, 4TO MO-
XET MOMECTUTLCA Ha f1ladoHW, ero pasmepbl
50 x 30 MM. Sony BriepBble npefAcTasuna no-
[0GHBI TMOPUAHBIA TOMMVBHLIA Sr1eMeHT. B
YCTPOWCTBE COBMELLIEHbI: KOMMAKTHbIA MOHHO-
NIUTUEBLIA aKKYMYNIATOP, YNPaBstoLlas MUK-
pocxema 1 TonnvBHbIi anemeHT DMFC-tuna. B
anemveHTax DMFC-tuna (Direct Metanol Fuel

NaeHTUYHOCTb 3NEKTPUYECKUX I1a-
paMeTpoB U TEMIEPATYP TPAH3HUCTO-
pPOB, PACIOJIOKEHHBIX PAJOM Ha Of-
HOW IIOJIYIIPOBOJHHMKOBOH ITO/JIOXKKE,
JIOBOJILHO BBICOKA [6], IOTOMY HaHU-
OoJibllIee BIMSHHE HA TOYHOCTH BBI-
nonHenus coorHomenuit (6) u (7)
OKa3bIBAIOT 3HAYCHUA KO3 (puLienTa
IepeJavyy TOKa OUIIOIAPHOI'O TPAH3UC-
TOPA, BXOJHOU TOK U HAIIPSKEHUE CMe-
menust OV. C 11e/1pI0 yBEJIUYEHUs JIU-
HEHHOCTU IIPeoOpPa30BAHUA BXOJHOI'O
HanpsukeHust Vin B TOK f1oap1s f1oAD2
WIH, JPYTUMHU CJIOBAMH, CTAOMIM3AIIUNA
ko3 puimenTa nepejadud Toka (K =
=I10ap1/IN, K12 = Iroap2/IiN), B YIPaBIA-
€MOM HCTOYHUKE TOKA HCIIOJIb3YeTCsS
nporpamMupyemserii OY ¢ 6a1aHCHPOB-
KOM HanpspkeHusi cmenienus (Rbal, =
=10 xOM Ha puUCyHKe 12) 1 MUHHUMaAJIb-
HO BO3MOKHBIM BXOJJHBIM TOKOM (Igjas =
= 0,23 MKA 11pHU R}, = 10 KOm). Kak cie-
JIyeT U3 PEe3yabTATOB MOJETUPOBAHMA,
IMOKA3aHHBIX HA PUCYHKE 13, HOpMHPO-
BaHHAS BEIWMYWHA KO3 (pUIIMEHTA I1e-
penaun Toka Ky = Kyj;/max(Ky;) B qua-
IMa30HE TOKOB OT 50 MKA /10 1 MA o1/~
YaeTCsl OT MAKCHUMAJIBHON MEHEE YeEM Ha
1%. B yKa3aHHOM JUAIIa30HE TOKOB 6€3
6a7TaHCHUPOBKH HAIIPSKEHUsI CMelle-
Hust (Rbal, = 1 I'OM) 1 Ipy MaKCHUMaJIb-
HOoM BxoaHOM Toke OV (Rbias = 0) Besn-
yrHa Ky OT/IMYAETCA OT MAKCUMAJIbHOM
Ha 4,8%. Ilpy HOMHHAJIBHOM TOKE
I;n = 100 MKA K03 (DHUITUEHTHI TIEpe/Ia-
au Kj; = 1,93 u K;, = 3,86.

B 3axIr09€HHE OTMETHUM, YTO COBMECT-
HOE HUCITOJIb30BAHUE YIIPAB/IAEMOTO HC-
TOYHHUKA TOKA M CXEM, TOKA3aHHBIX HA
PHUCYHKAX 3 U 4, MO3BOJSICT PEATH30-
BaTh Ha BMK yIIpaB/isieMbIf TOKOM T'e-
HepaTop, (POPMHPYIONIUI TPEYTOJib-
HBIE U TIPSIMOYTOJIBHBIE CUTHAJIBI C 4aC-
ToTo¥ ot 1 Iy 10 40 MI11.

Cell) porib TOnnMBa UrpaeT BOAHbLIV PacTBOP
MeTaHora, pa3geneHHbIi MemopaHon-KaTanm-
3aTopoM ¢ kucnopofom. OfgHa cTtopoHa 3Ton
MemMbpaHb! UrpaeT posb Karoga, a gpyras —
aHopa. BcTynas B peakumio ¢ aHOAHbLIM CII0eM,
METaHO MOHWU3UPYETCA, ero ANEeKTPOHbI Mpu
3TOM CO3AAH0T TOK, & NONOXUTENBHO 3apshKeH-
Hble WOHbI, B3aMMOQENCTBYA C KUCIIOPOLOM,
06pagyoT Bogy.

B npogeMoHCTpMpOBaHHOM Ha KOHhepeH-
umm Small Fuel Cells 2008 UCTO4HVKE NUTaHUA
Sony NpUMeHeHa akTvBHasA TOMMBHAA CUCTe-
Ma, B KOTOPOW rnogada MeTaHona perynupyet-
CSl MVHWATIOPHBIM HAcocoM. Sony oTMeYaerT,
YTO BbIXOAHAH MOLLHOCTb MOXET JOCTUrath
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3 BT, 4ero foCTaTo4HO Ans MUTaHUs nopTaTuBe-
HbIX YCTPOWCTB B peXVUMe MakCUMaTbHbIX Ha-
rpy30oK. MNpun 3ToM pesepeyapa C AECATHIO MUIT-
JMNATPamMy MeTaHona, Kak yTeepxaaertcs, by-
[EeT [OCTaTo4HO Ans MPOCMOTPa Ha aKpaHe
MOBUNBLHOrO TenedhoHa TENEBU3NOHHBIX Nepe-
[ad B TeyeHue 14 4.

Sony nnaHWpyeT HanaguTb MacCoBbi Bbl-
MYCK rMOPUAHBIX TOM/IMBHBIX SNEMEHTOB, OfHa-
KO CPOKM WX MOSIBNEHUA B MPOQaXe Mnoka He
YTOYHSAIOTCA. VICTOYHWKN NUTaHWA HOBOTO TUMa
MOFYT HaWTV NPUMEHEHNE B KAPMaHHbIX MEaV-
anrneepax, COTOBbIX TenedoHax, MOOUNbHbIX
VHTEPHET-YCTPOMCTBAX 1 NMPO4MX ragpKeTax.

www.tfot.info
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MomeHTHbIA 3NeKTponpuBeo.
ANA NPeun3NOoHHbIX crneaswunx cucrTem
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Cepreit Kanpanos, Bnagumup Martsees, Buktop Maiiopos,
HOennc Nasnos, Auatonuit Cmypos (r. Benuknii Hosopop)

CTaTb COQEPXUT KpaTKUIi aHaNU3 CYLLEeCTBYIOLMNX U NepCrneKTUBHbIX
Hay4YHO-TEXHUYECKUX HanpaBieHUI, CBA3aHHbIX C MPUMEHEHUEM
anekTponpuBoaa. OCHOBHOE BHUMaHue yaeneHo 6e3peayKToOpHOMY
MOMEHTHOMY NpPUBOAY, NO3BONSIIOLEMY peanu3oBaTh B cregsiuen
cUCTeMe Ka4eCTBEHHO HOBblE€ KOHCTPYKTUBHbIE U (hYHKLMOHAMNbHbIE

XapakKTepucTuku.

BBEOEHME

PasBuTHE BBICOKOMHTE/UIEKTYAJIBHBIX
YCTPOYICTB IIPOTPAMMHOIO JBIDKECHUS,
HABE/ICHUs, CJICKEHHUA U CKAHUPOBAHUS
MPEIbABIAECT KECTKUE TPEOOBAHUSA K
TOYHOCTH MEXAHUYECKUX CUCTEM ITO3H-
LUOHUPOBAaHMsA. COBPEMEHHBIE TEXHO-
JIOTHHU TPEOYIOT OT 3JIEKTPOIPHUBOAA
IOBBILIEHUS KAYECTBA ABMKEHUS (KaK B
CTAaTHKE, TAK U B JHHAMHUKE), OBICTPO-
JENCTBUA, HAAEKHOCTU U 3P hEeKTUB-
HOCTH HapsAy C YMEHBIIEHHEM CTOH-
MOCTH ¥ BHOCHMBIX IIPHUBO/IOM HCKaXKe-
HUH B CETEBOE HANPsDKEHHE. JTO
OOyC/IOBIUBAET NMPHUMEHEHUE KAK «HO-
BBIX» JBUIraTejer (BEHTHJIbBHBIX, BEH-
THJIbHO-UHIYKTOPHBIX, OECKOJUIEKTOP-
HBIX), TaK U 00JIee CIOKHBIX METO/IOB
YIIPABJIE€HUSA 3TEKTPOIPHUBOIOM, PEAJIH-
3yeMBIX HA4 HOBOM 3JIEMEHTHOH 6aze
(CHIIOBO¥ M YIIPABJISIONIEH).

UcToPusa PA3BUTUA
TpaguIIMOHHOE TIOCTPOEHUE IJIEKT-
POIIPHUBOJA B BH/E IEKTPOABUTATE/IA
MOCTOSIHHOTO WJIX IIEPEMEHHOIO TOKA U
MOHMKAIOIIErO PEAYKTOPA B HACTOAIIEE
BpEMsI TIOYTH UCYEPIIATIO BO3ZMOKHOCTH
HOBBIIEHUSA TOYHOCTH, OBICTPOJIECH-
CTBUSA U HAAEKHOCTH. /19 3TUX IPUOO-
POB CJIOKWJICS CPABHUTEILHO YCTOMYM-
BBIM KOHCTPYKTHUBHBIN OOJIMK MCIIO/IHU-
TEJbHBIX 3JIEKTPOJBUTATENIEH MaJIOH
MOIIIHOCTH, IIPUMEHAEMBIX B CHCTEMaX
ABTOMATHYECKOI'O yIIpasiaeHusA. B 601b-
IIUHCTBE CJIy44€B JBHUIATE]IN HMEIOT
KOPITYCHYIO KOHCTPYKITUIO, KOHTAKTHBIE
Y316l (11 KOJUIEKTOPHOI'O BaPHUAHTA),
YACTOTY BPAIIEHHS HECKOJBKO THICAY
00OpPOTOB B MHUHYTY U OTBOJL TEILJIA BO
BpamaronmeMmcs axope. Bcé 3to npuso-
JUT K CyIIECTBEHHBIM OIPAHUYCHUAM
10 9KCIUTYaTAalJMOHHBIM YCJIOBUSM U pe-

JKMMaM, a TAKKE YMEHbIIAeT BpeMs Ha-
PadOTKH IBUTATEIEH HA OTKA3.
3aMeTHOE YyIydlIeHHUEe KadyeCTBEH-
HBiX ITOKA32TEJIEH CHUCTEM HaBEJCHUS
MOJKET OBITH JOCTHUTHYTO OJarojgaps
6e3peyKTOPHOTO
npuBoja Ha 6a3e OECKOHTAKTHBIX MO-
MEHTHBIX 3JICKTPOJBUIrATEICH. XapaK-
TEPHOH OCOOGEHHOCTHIO JAHHOTO THUIIA

UCITOJIb3OBAHHUIO

3JIEKTPOIIPUBO/A SABIAETCS OINTHMAIb-
HO€ 3HAYEHHE CTATHYECKOM J06pOT-
HOCTH, T.€. HAUOOJIbIIAsI BETUYUHA MO-
MEHTA B €JUHHIIE MACChl U HU3KUE -
3NEKTPUYECKHUE IOTEPU B OOMOTKE
aKops. OTCYyTCTBHE PEIYKTOPA U CBs-
3aHHBIX C HUM JIIO(DTOB, 3230POB H MO-
MEHTOB TPEHHUA OOECIIEYMBACT YHH-
KaJbHbIE CBOMCTBA 3JIEKTPOIIPUBOAA:
IUIABHOCTD X0O/14, BbICOKHE TOYHOCTHBIE 1
JIMHAMHYECKHE I10KA3ATEIH, €CTECTBEH-
HYIO CTA0MIHU3AIUIO POTOPA MOMEHT-
HOTI'O ABUIATENA C OOBEKTOM yIIpaBJIe-
HUS TpU paboTe Ha ITOABHKHOM
OCHOBaHHMH, OOJIBIIYIO JKECTKOCTH Me-
XAHUYECKOU CHMCTEMBI M BBICOKYIO 4aC-
TOTY COOCTBEHHBIX KOJICOAHUI.

C Ipyroi CTOPOHBI, MOMEHTHBIE JIBU-
raTeayd 9acTo UMEIOT OOIBIIYIO MACCY U
MOIIHOCTh MOTEPb, YEM TPAJHUIIHOH-
HBIM IIPUBOJI C peAyKTOpoM. Jjig HHUX
TpedyeTcs: 60aee KaYEeCTBEHHAS DJICKT-
POHHKA — KaK HH(OPMAITUOHHASA, TAK U
cuI0Bas. B oTmmune oT 6€CKOHTAKTHBIX
JBUTATEIEN ITOCTOSITHHOIO TOKA C JIHC-
KPETHOM KOMMYTAIlUu€H, MOMEHTHBIE
JBUTATEIN HCIOJb3YIOT CXEMBbI ITHTA-
HHSA C HEIIPEPBIBHBIM H3MEHEHHEM (Pa3-
HBIX HANPSDKEHUN KaK (QYyHKIMH yIIa
IIOBOPOTA POTOPA U € (POPMHUPOBAHUEM
CHT'HAJIA, IPOIIOPILIMOHAIBHOIO Tpebye-
MOMY MOMEHTY.

OJHUM M3 OCHOBOIIOJIOKHUKOB MO-
MEHTHOT'O 3JIEKTPOIIPUBOJA SABIAETCA

B.H. BpoagoBCKHii, 3HAYUTENBHO IIPO-
JBUHYBIIMH TEOPHIO YACTOTHO-TOKO-
BOI'O YIPAaBAE€HUA CHHXPOHHBIMH H
ACHHXPOHHBIMH ABurarenamu. B Kasa-
HCKOM aBHAIIMOHHOM HHCTUTYTE IIOJ,
pykosoacTBoM 1pod. JLM. Cronosa
YCIIENTHO Pa3BUBAIOCH HAIIPaBIEHUE
«MOMEHTHBIE JIBUT'ATE/IH C IOCTOSHHbI-
MH MarHUTaMHu». Beayniyio poab B pas-
pPaboTKaxX MOMEHTHBIX 3JIEKTPOIIPHBO-
OB, KOTOpPbI€ NPOMU3BOAWINCH COB-
MECTHO CO CHEIHAJHUCTAMH 3aBOJA
«MammHoanmnapar» (. Mocksa), Urpa-
10T pa6orel A.I. Mukeposa (HIIO «Jle-
HUHelp, CaHkT-IleTrepOypr).

BOJIbIINX yCIIEXOB B 00JIACTH MOMEHT-
HOTO 3JIEKTPONIPHUBO/A JIOCTHIIA (DHP-
ma Aeroflex (www.aeroflex.com), 0OCHO-
BaHHas B 1937 r. Iloapasaenenune Mo-
tion Control Systems 3TOH KOPIOpaluu
3aHUMAETCSI Pa3pabOTKONH KOMIIOHEH-
TOB M CHUCTEM YIIPABIECHUS JIBIDKEHHEM
239POKOCMHYECKOTO M BOEHHOTIO IIPH-
MeHeHUs1. Masioe 3HaueHue Koadpuiy-
€HTA BA3KOIO TPEeHHUs, OOJbIIasg BEIH-
YMHA MOMEHTA, IIPEKPACHBIE MACCOTa-
GapUTHBIE U POKHH
JUANa30H pabouyux TeMreparyp — BCE
3TO, B IEPBYIO OYEPED, TOCTUTAETCA 32
CYET YIYyYIIEHHON KOHCTPYKIIMH, IIPH-
MEHEHHUS MATEPHAIOB BBICOKOI CTeIe-
HU yuCcTOTHI (<1% TML 1 <0,1% CVCM)
U BBICOKOIHEPIETUYECKUX MATrHHTOB
HEO/TUM—KeJIe30—-00p.

IIOKa3aTCIH,

OBJIACTV NPUMEHEHMA

MOMEHTHBIE JIEKTPOIIPUBO/BI IIPE/I-
HA3HAYEHBI JUISI BPAIEHUA OOBEKTOB
VIIPABJIEHUS B IPELMU3HUOHHBIX JJIEKT-
POMEXAHUYECKUX CHCTEMAaX CTA0MIM-
3aLIUH, IIPOIPAMMHOIO JIBMKEHUS H
CJIEJKEHMA.

I MOMEHTHOI'O 3JIEKTPONPHUBOJA
XapaKTepHa HJEOJIOIUsA ITOCTPOEHHUSI
CHCTEMBI YIIPABJICHHUSA B IIPOCTPAHCTBE
MEPEMEHHBIX COCTOSIHUH, T.€. yIIPABJIs-
JOIIEE YCTPOMCTBO IIO TEKYLIEMY VITy
IIOBOPOTA M YACTOTE BPAIECHUS BbIPA-
6arpIBaeT TpeOyeMOe 3HAUECHHE IJICKT-
POMAarHuTHOrO MoMeHTa. Takoi moj-
XOJ| K CHHTE3y aBTOMATH3UPOBAHHOIO
3JIEKTPOIIPHUBO/JA CYHIECTBEHHO OT/IH-
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Jaercss OT NPHUHIMIA ITOJYHHEHHOTO

PETYIUPOBAHUA C TPEMSA KOHTYPAMH

yrpasjieHUs (110 Iy, CKOPOCTH Bpame-

HUS U TOKY).

ITo BUAY peryaupyeMou (pusndecKomn
BEJIMYUHBI MOMEHTHBIN 3JIEKTPOIIPH-
BO/I MOJKET OBITh IIPEJHA3ZHAYEH IS YT~
JIOBOT'O TEPEMENIECHHsI OOBEKTa YIIPaB-
JIeHWs, TSI BPAIEHUS OOBEKTA C TPedy-
eMO¥l 4aCcTOTOHM (IIOCTOSTHHOM JHO60
H3MEHAEMOH 110 HEKOTOPOMY 32KOHY),
a TAKKe JUIA MPUIOKEHHUS K OOBEKTY
YIIPaBJICHUS TPEOYEMOIO MOMEHTA.

B kauyecTBE IEPCIEKTHUBHBIX OOMaC-
TEN NPUMEHEHUsI OECKOHTAKTHBIX MO-
MEHTHBIX IIPUBOJOB MOKHO BBIZEIUTH
CIIeIyIOIHE:

@ OBICTPOACHCTBYIOUIHUE IIPOIPAMMHDIE
WU CJIEISIIIE CUCTEMBI YITIOBOM CTa-
OWIN3AIIUH BBICOKOI TOYHOCTH C JIH-
HAMHYECKON OIIMOKOH 1...3 yIIIOBBIX
MUH U MeHee (Kak IIPaBHIo, B 6e3pe-
JYKTOPHOM HCIIOTHEHUH);

® CHCTEMBI ABTOMATHYECKOTI'O yIIPABJIE-
HYS Pa3IMYHOI'O HA3HAYEHHUsS B pe-
JIYKTOPHOM M 0€3pEeyKTOPDHOM MC-
IIOJTHEHUHM C NOBBIIIEHHBIMH IOKA32-
TEJISIMU HAJIEKHOCTH U CPOKA CITY>KObI
(c Hapab6oTKO¥ HA 0TKa3 20...50 THIC. 4
u 6oJiee), B TOM 9HCJIe pabOTAOIIHNE B
0CO00 THKETBIX YCTOBUSX IKCIUTyaTa-
TAY;

@ WCIIOJTHUTEIbHBIE CUCTEMBI POOOTOB
¥ MAHUITYJISATOPOB;

® TOBAPHI OBITOBOTO Ha3HAYEHUA (CTH-
pajbHbIE MAIMHBI, KyXOHHBIE KOM-
OayiHBbI U T.IL).

B Hacrosmee BpeMsA HaMETHUIACh
TEH/ICHIVS IPUMEHEHHUA GECKOHTAKT-
HBIX MOMEHTHBIX 3JIEKTPOJBUTATENCH
11 6e3peyKTOPHOTO PETyIMPYEMOTO
3JIEKTPOIPUBOA B MEJULIMHCKOM IIPH-
60pOCTPOEHUN  (ATNAPATHL  «HCKYC-
CTBEHHAsI IOYKa» U NPUHYIUTEILHOTO
KPOBOOOPAIIECHUS, ITI€ TIPENBABIAIOTCS
MOBBIIICHHBIE TPEOOBAHHA K YPOBHIO
ryma, MyJabCaiui BPAIAOIMETO MO-
MEHTA U T.IL.).

BBH/ly KOHCTPYKTUBHBIX OCOOEHHOC-
TEH («IVIOCKOE» BCTPAUBAEMOE UCIIOTHE-
HHE) NPEJCTABIAETC IEPCIEKTHBHBIM
HCIIOJIb30BAHHUE 3IEKTPOABHUIATENECH B
MPUBOAAX MOTOP-KOJEC MEKTPUMHUIIH-
POBAHHBIX TPAHCIOPTHBIX CPEJCTB, 4
TAKKE B KAYECTBE T€HEPATOPOB (HAIPHU-
Mep, B BETPOCHJIOBBIX YCTAHOBKAX) VIS
CO3/IaHMs PErYJIMPYEMOH HaIPy3KH B Be-
JOTPEHAKEPAX U T.J.

OCOBEHHOCTU KOHCTPYKLIAU
MOMEHTHBIH 3IEKTPOIBUTATEIH HME-

€T MOJY/JIbHYIO CTPYKTYDY, T.€. COAEPAKUAT

KoHueHTpartop

MarHuTHOro noToka [1OCTOSAHHBIA MarHuT

BHYTpEHHSA BTYNKA

[OCTORHHbIA MarHuT
!

Puc. 1. Potop MOMEHTHOro 3neKTpoAsurarens

(a) C TaHreHuManbHbIM HamarHu4BaHueM MarHuTos; (6) C pagnanbHbIM HaMarHnYMBaHUEM MarHuToB

JIBE€ OT/ICJIbHBIE COOPOYHBIE €IMHHUIIbI —
pOTOP U CTATOP, COOUPAEMBIE TOTPEOH-
TEJIEM 11O CHEIHATBHBIM TPEOOBAHMSIM.
DTO MO3BOJISIET HE TOJBKO PACHIMPHUTD
(PYHKITMOHAIBHBIE BO3MOKHOCTH IIPDH-
BO/IA, HO U OOECIIEUYUTh KOMIIAKTHOCTD
KOHCTPYKIUH IIPU HENOCPEACTBEHHOM
COCIUHEHUM JIBUTATENSA C HCIIOJIHH-
TEJIBHBIM YCTPOUCTBOM. lleHTpasibHOE
OTBEPCTHE B POTOPE, AB/IAIONIECECS MO~
Ca/IOYHOM IOBEPXHOCTBIO, OOECIEYHn-
BA€T BO3MOKHOCTb IIPOKIAJKH BOJI-
HOBO/IOB, BOJIOKOHHO-ONTHYECKHX H
JIEKTPUYECKUX Kabesel, a TAKKe TIOCT-
POEHHA OTKPBITBIX M 3€PKAJIbHBIX OIl-
THYECKUX cXeM. KpoMe Toro, Bcrpausa-
€eMO€ KOHCTPYKTHBHOE€ HCIIOJIHEHHE
MPETOCTABISIET BO3MOXKHOCTD MHTEH-
CHBHOTI'O OTBOJA TEIUIA, BBIAEIAIOLIETO-
Cs B CTaTOPE.

OTCyTCTBHE PEAYKTOpA YMEHBIIAET
METAITIO- M TPYAOEMKOCTh HM3IOTOBJIE-
HUSI IIPUBO/A, €I'0 U3HOC, LIIyM IPH pa-
6ote u ynpomaer odociayxusanue. Of-
HAKO OCHOBHOE IIPEHMYIIECTBO 6e3pe-
JYKTOPHBIX IIPHUBOJOB 3AKIIOYAETCSA B
BO3MOYKHOCTH IIOBBIIIEHHUSI TOYHOCTH
32 CYET OTCYTCTBHA JIO(MPTOB, CyIIECT-
BEHHOI'O YMEHBIIEHUA «MEPTBOIO XO-
J1a», TIOBBIIICHUS PE30HAHCHOM 4aCTO-
TBI, 4 TAKKE CHIDKCHHS MOMEHTOB CyXO-
ro TPEHWs U APYTUX HEKEJIATEIbHBIX
daxkTopoB. OTCYyTCTBHE PEAYKTOPA I103-
BOJISIET OGECIIEUHUTD JTUTEIbHOE CKAHHU-
POBaHUE C BBICOKOH YaCTOTOM, CKAYKO-
OGpa3HbIe MIATOBBIE JBIDKEHHUA U JIPY-
rve CIelUaabHbIe PEXHUMBI PabOTHI,
TpeOyIolMe OT IIPUBOJA BBICOKHX YCKO-
PEHMMI M YACTBIX PEBEPCOB.

MOMEHTHBIE TIEKTPOIBUTATEIN UMeE-
IOT MHOTOIIOJIIOCHBIM POTOP C TAHI'€H-
UAJIBHBIM (CM. puc. 1a) 1ubo pagu-
aIBbHBIM (pHC. 16) HAMAarHUYHBAHUEM
MarHuToB. C 1enpl0 obecredeHus
MAaKCUMAJIBHOM CTATUYECKOHU JOOPOT-
HOCTH HCIIOJB3YIOTCSI BBICOKOYHEPTE-
TUYECKHE MOCTOSHHBIE MATHUTBI M3
MaTepuasa CaMapuH—KOOaIbT UIH HeE-
OJIUM—KeJIe30—00p, IPU 3TOM OTHO-

LHIEHUE OCEBOM JUIMHBI POTOpPaA K €ro
muHe cocrasiser 0,2..0,4. Ipumene-
HHUE BBICOKOIHEPIeTHYECKHUX MATHH-
TOB pelaeT 3a7ady OOeCHeYeHHus ycC-
TOUYUBOCTHU JBUTATENA K ITyCKOBBIM
TOKaM, IIEPETPY3KaM II0 TOKY U MOMEH-
Ty, 4 TAKKE MTO3BOJISIET HAMATHUYHUBATD
MAarHUTHI IO UX YCTAHOBKHU B POTOP U
HE IIPEAYyCMAaTPUBATL CIELHATbHbBIX
Mep UX 3ALIUTHI OT PA3MATHUYHUBAHUSA,

B cirygae poTopa ¢ TAaHT€HITUAIbHBIM
HAMATHUYHUBAHUEM MATHUTOB BHYT-
PEHHASA BTYJIKA BBIIIOJHAETCS U3 He-
MATHUTHOHN HEP)KaBCIOLIEH CTaaIH, a
IIOJIIOCHI, BBIITOIHAIOIMIUE POJIb KOHIIE-
HTPATOPOB MATHUTHOIO IIOTOKA, — M3
HIMXTOBAHHBIX JIUCTOB MaTepUaja TH-
na 50H TommuHOM okoo 0,5 mMm. s
pPOTOpa C PaJUaJIbHBIM HAMATrHUYUBA-
HHEM MAarHUTOB BHYTPEHHSS BTYJIKA
M3TOTABAUBACTCA U3 MArHUTOMATKOTO
MaTepuaaa M CIAYKUT 3aMBIKATEIEM
MAarHUTHOI'O IIOTOKA.

CTaTop MOMEHTHOIO 3JI€KTPOJBHIA-
TEJIS TAKOKE MOKET UMETD 1B KOHCTPYK-
TUBHBIX MCIIOTHEHUSA C IBYXCIOMHOM
METIEBOM OOMOTKOM: IMagkui (6ecra-
30BBIM) W MA30BBIA. [I1d IIaIKOTO CTa-
TOPA XaPAKTEPHO OTCYTCTBHE PEAKTHB-
HOI'O OCTATOYHOT'O MOMEHTA COIIPOTHUB-
JIEHUsI W My/JIbCallUI BPaNIAIOLIErO
MOMEHTA, 4 TAKKE MaJIbIE TEKTPOMAT-
HUTHBIC ITOCTOSHHBIE BPEMEHH OOMO-
TOK. ITa30BBII CTATOP IO3BOJISIET 06EC-
neyuTh 60j€€ BBICOKYIO MATHHUTHYIO
HH/IYKIIUIO B BO3AYIIHOM 3230D€, IIOBbI-
IIEHHYIO CTATUYECKYIO0 JOOPOTHOCTh U
MEHBIIYIO 3JIEKTPOMEXAHHUYECKYIO IIO-
CTOSTHHYIO BPEMEHH, YEM B JIBUTATEIAX
C VIAJKUM CTATOPOM.

BbiBoabl

BeCKOHTAKTHBIE MOMEHTHBIE 3JICKT-
POABUTATENIN YCTYNAIOT TPAAUIIHOHHO-
My IIPHBOJY C PEAYKTOPOM B IIEPBYIO
ouepeab 1o Mmacce u rabapuram. OTcyT-
CTBHIE WJIM MaJIOE CKOPOCTHOE JieMIihu-
pOBAaHHE B MOMEHTHBIX [IBHIATE/IAX
TpeOyeT IPUMEHEHHUS JATIUKA YACTOTHI
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BpallleHUA WA JUMdEPEHITUPYIONIEro
YCTPOMCTBA. DJIEKTPOHHBIEC CXEMBI ITUTA-
HHs CMHXPOHHBIX M ACHHXPOHHBIX Ma-
ITHMH MOMEHTHOTO IIPUBO/IA 607I€e CIIOXK-
HbIE, YeM, HaIIpuMep, y 6€CKOHTAKTHBIX
JBUTATEIEN ITOCTOSTHHOTO TOKA C JUCK-
PETHOM KOMMYTALIHEN.

OfHAKO YKa3aHHBIE HEJOCTATKH KOM-
IIEHCHPYIOTCA KAaYECTBEHHO HOBBIMH
CBOMICTBAMM B IIPEIH3UOHHBIX CHCTE-
Max Ha 6a3e 6ECKOHTAKTHOI'O MOMEHT-
HOTO 3JIEKTPOJBUTATENS. JJOCTIIKEHYS
COBPEMEHHOM 3JEKTPOHHUKHU ITO3BOJISI-
IOT OOECIeYnuTh CTAOMIBHBIN 10 YLy
IIOBOPOTA POTOPA 3TEKTPOMATHUTHBIN
MOMEHT IIPH MUHUMAIBHBIX ITIOTEPSX B
OOMOTKE SIKOPSI, HEYYBCTBUTEIBHBIN K
MaJIbIM OTKJIOHEHHAM BEKTOPA MAarHHU-
TOJBHIKYIIEH CHJIBI OT OITHMAaJIbHOIO
HaIlpaBjIeHUs. BO3MOXHA KOMIIEHCA-
1M HECHHYCOUIATBHOCTH PacCIIpese-
JIEHUSI MAaTHUTHOM HH/IYKIIUH POTOpA-
MHAYKTOPA BJIOJIb 3230pPa, 4 TAKKE HC-

HoBocTn mmpa

TexHonoruun oxnaxapeHus
YMMNOB — B CONTHEYHOWN
dHepreTuke

Cpenn MHOrO4MCIIEHHbIX HanpaBneHuin Ha-
Y4HO-UCCNeaoBaTenbCKON AEATENIbHOCTU KOM-
naxus IBM He oboLuna BHUMaHem 1 npobne-
Mbl COMHEYHOM 3HepreTuku. B xope aHanusa
BO3MOXHOCTEW AarbHEeNLLIEro CoBEPLLEHCTBO-
BaHUA (POTOBOMBTAUHECKUX CUCTEM creuya-
JMCTbI 0OPaTWM BHUMAHWE Ha OAVH U3 acrek-
TOB, [I0 CUX MOp ABNABLUMICS Hambornee cnabo
MPOrpeccMpoBaBLLMM KOMMOHEHTOM MOL06-
HbIX 3/IEKTPOreHepaTopoB — Ha OXMaXAeHWe
npeotpagayioLLVX SNIEMEHTOB.

Kpome noBbilLeHVsi 3hheKTUBHOCTU Mpe-
00pa3oBaHnA B camux (POTOBOJLTANHECKMX
ariemMeHTax, yny4ylinTb apheKTUBHOCTb reHe-
pPaTopoB MOXHO MYTEM YBEIMYEHUS KONMYECT-
Ba MoNafatoLLero Ha HUX CBETa, YTO AocTura-
eTcA C MOMOLLBIO MPUMEHEHUS OMTUHECKUX
KOHLIEHTPUPYIOLLMX crucTem (concentrator pho-
tovoltaic, CPV). OgHako B 9TOM crny4ae pesko
YBENU4MBAIOTCA TPeOOBAHMA K CUCTEME OTBO-
Ja Tenna OT MpeobpasyrolinX 3NIEeMEHTOB,
MOCKOJTbKY €ro U36bITOK Kak MUHUMYM CHUKa-

I10/Ib30BAHUE PEAKTUBHOM COCTABJIAIO-
IIeH IEKTPOMATHUTHOI'O MOMEHTA.
J171s1 yCIIenmHoro MpuMEeHEHU MOMEHT-
HOTI'O 3JEKTPOABUTATEISI HEOO6XOIMUMA
UIEHTU(PHUKALHSA [TAPAMETPOB BXOJ-
HBIX BO3JAEHMCTBUHI U CAMOI'O IIPUBO/A.
IIpu 1MHETHOM U KOJIE0ATEIbHOM JIBU-
JKEHUU 1€/ CJICKEHUsA IapaMeTphl
BO3JEHCTBUH OLIECHUBAIOTCS IO CUT'HA-
JaM B 3HAYUTEIBHO OTCTOSIIIUE MO-
MEHTBI BPEMEHH, 4 IIaPAMETPHl MOME-
HTHOI'O 3JEKTPOIPUBOAA JOIIyCTHMO
OLIEHMBATDH I'PAJHUEHTHBIM METOJOM. B
CBSI3U C 3TUM AKTYaJIbHOM 33/1a4Y€N SIB-
JISIETCSI MPOBEJEHUE PAOOT 110 MOJE/IH-
POBAHUIO TEXHUYECKUX PENIECHHUH H
YCTAaHOBJIEHUIO OOJIACTEH UX NPAKTH-
YECKOHM IPUMEHHUMOCTH, 4 TAKXKE Pa3-
paboTKe HMHIKEHEPHBIX METOOHUK pac-
4€Ta YCTPOYCTB U CUCTEM Ha 6a3e MO-
anexkrpoasurarens. Ha
OCHOBAHUM PE3YABTATOB MOJAEIUPOBA-

MEHTHOTO

HHS MOTYT OBITh BHECEHBI KODPEKTHBbI

News of the World

eT 3(PPeKTUBHOCTb UX PaboTbl, a Kak MaKcy-
MyM — MOXET MPUBECTU K UX MONHOMY BbIXOZY
13 CTPOs W paspyLueHunto. [na opraHvdauum
adhhekTnBHOrO oxnaxaeHus CPV komnaHus
IBM npeanoxuna ucnonb3oeartk TEXHOMOrMM C
NpYMEHEHWEM B Ka4ecTBe TensioHocuTenemn
XUOKUX METANMOB, YTO NepBoHa4asibHoO 6bi1o
pagpaboTaHo Ania 0TBoAa Tenna B Havbonee
BbICOKOMPOW3BOAUTENbBHBIX YMMaX.

CornacHo NpuBefEHHbIM CBEAEHUAM, TeX-
Honorusa IBM no3sonut otBoauTh 3/4 0T 06-
Lero konu4ecTea Tenna, obecrneyvBas Co-
XpaHeHve paboTocnoCO6HOCTM CUCTEMBI NMpU
paboTe CO CBETOBLIM M3My4EHUEM, IKBWBA-
JIEHTHbIM 3Heprun «boriee Yem TbICAYU
conHu». Cama KoMMnaHus He HamepeHa Bbl-
nyckaTb KOMMOHEHTbI CUCTEM OXNTaXLAEHUs
ana CPV, Ho 6ydeT npofaBaTh JIMLEH3UM 3a-
WHTEpPecoBaBLUMMCS Npou3BoauTensaM. 3TO
He eguHCTBEHHas pa3pabdoTtka IBM B obnactu
CONTHEYHOWN 3HEpreTuKW, — U3BECTHbI TaKxe
paspaboTku KoMMaHuu B 06/1acTy TEXHOSO-
T NPOWU3BOACTBA KPEMHUEBBLIX POTOBOMb-
Tau4ecKnx 3MEeMEHTOB Ha CTEKNAHHbIX nog-
NOXKax, a TaKxXe NMPYMEHEHUs SNEMEHTOB U3
0611aCTV HAHOTEXHOMOr A ANs Nony4eHns 6o-
nee 3hheKTUBHbIX NpeobpasoBaTenei.

1BM

KomnbioTepHas 6ymara
Onsa 3anucen

Cneunanuctbl MaccadyceTckoro TexHW-
HECKOTO WHCTUTYTa COSAanM «<yMHble Ha-
Knenku». 970 cneuuanbHble NUCTOYKU AnA
3anvcein, KOTopble XUTpbiM 0O6pPa3oM nepe-
0aloT MHPOPMAaLIMIO, HAHECEHHYIO Ha HUX, B

B TCOPETHYCCKHC IIOJIOKECHHUA H 006-
LIYXO METOJO/IOI'HIO CHHTE3a MOMCHT-
HOTI'O 9JICKTPOIIPUBOAA.
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HoBocTy Mmmpa

KOMMbIOTEP WU OpYyrue 3NMeKTPOHHbIe YCT-
pourcTea. HecMoTps Ha KaxyLLytocs NpocTo-
TY, aMEepUKaHCKUIA MPOEKT Ype3BblHaNHO
CNOXeH. B HEM umcnonbaytoTca nocnegHve
HapaboTKku B chepe UCKYCCTBEHHOMO UHTEN-
JieKTa, paguMo4acToTHOW uaeHTUuKauuu,
OMO3HaBaHWsi PYKOMUCHOro BBOAA.

Bymaxka Quickie kpenutca Ha 4yBCTBU-
TENMbHOM NMOBEPXHOCTU, C MOMOLLIbIO KOTOPOW
PC cuuTbiBaET 1 COXpaHSET 3anncaHHyo UH-
hopmaumio. 310 cTano BO3MOXHbIM 611aro-
[Japs UCMOMb30BaHMI0 KOMMEpPYECKM J0CTyn-
HOW TexHomoruu umndposoro rnepa. Joctyn K
JaHHbIM 06ecneymBaeTcs C MOMOLLBIO cre-
LUuaneHOro nporpaMmMHoOro obecneveHus.
CHavana 3anvcaHHOe XpaHuTCs B Ka4ecTse
n3obpaxeHus, a no3xe obpabaTbiBaeTcs
NPUNOXEHUEM W MPeBpaLLaeTcsi B TEKCT.

Wcnonb3ya Quickie, nonb3osartens CMO-
XeT He TONbKO nepebupartb CBOWU 3aMeTKM B
3MEKTPOHHOM BUe, HO U OCYLLECTBNATL NO-
MCK MO KM4eBbIM crioBaM. Cuctema ymeet
CTPYKTYpPMpPOBaTb W COPTMPOBATb KOHTEHT,
BbIJENAS HYXXHbIE HANOMUHAHUS O BCTpeYax
1 np. C NOMOLLbIO STUX HaKIeek MOXHO Aa-
Xe BHOCUTb W3MEHeHus B opraHansep u
CUHXPOHM3NPOBaTb C MOBGUITbHLIMU Tenedo-
Hamu, HoyTOyKamu.

www.tfot.info
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PELLEHWUA OT KOMMAHWUW HARTING
ANA WHAYCTPUANbHbBIX CETEHN Pust
ETHERNET

o HARTING npepnaraet nosiHyto
NHEPACTPYKTYpy NPOMbILLEHHOI Ethernet-
CETW: KOMMYTATOPbI, COBAUHUTENN, Kabenu,
KabenbHble COOPKM

e Bce Ethernet-kommyTaTopbl NPOU3BEAEHLI B
lepmanmnu co 100% BbIXOAHbIM KOHTPOSEM

®Bce 13enuns BbINOMHEHbI B METANNNYECKMX
Koprnycax W MOSIHOCTbK) COOTBETCTBYIOT
06LLENPOMbILLEHHBIM CTaHAapTaM,
a Takxxe paay 0Tpacnesbix

® Bhicokas HagexxHocTtb: MTBF ot 600 000
no 1000 000 yacoB ans pasnuyHbIX cepuii
KOMMYTAaTopOB

PA3JINYHBIE KOPMYCHBIE UCMOJTHEHUA:

KOMMYTaTOpbl B IMTOM KOPNYyCe CO CTeNeHblo 3awuTbl IP65/67
1 Temneparypoii akcnnyatauuu —40...470°C

CTaHJapTHbIe LKAMHbIE PELIEHNs C KPEnieHnem Ha
(DIN-peitky) u Temnepatypoit akcnayatayum ot —10°C
(onumoHansHo o1 —40°C)

KOMMYTaTOpbI B KOpMYyCax, NpefHa3Ha4eHHbIX AN MOHTaxa

B 19” KOHCTPYKTUB BEPTUKAsbHO (BbIicoTa 3U, wupuHa 1U,
rny6uHa 160 mMm)

YHUKAJIbHBIE NPEUMYILECTBA
OTAENbHbIX CEPUM:

eCon 2000 — 6r0aKeTHas cepusi KOMNAKTHbIX KOMMYTaTOpPOB
B METaNM4eCcKoM Kopnyce. Temneparypa 3kcrniyarauum
—10...470°C. Apkuit npeacTasutens cepumn eCon 2050-AA
MMEET 5 rurabuTHbIX NOPTOB

sCon — KoHurypupyemble Yepe3 USB-nopT KoMmyTaTopsl,
06nafatoLLMe MHOTUMU (DYHKLIMSMUN YTIpaBASeMbIX KOMMYTa-
TOPOB (Hanpumep, Pe3epBUPOBAHNEM TUMA «KOJbL0»

Unn «napannenbHas nuHus»), Npyu 3TOM UX LieHa 0CTaeTcs
Ha YPOBHE HeynpaBnsieMbIX KOMMYTaTOPOB

mCon 1000 — cepus ynpasnseMbix KOMMYTaTOpPOB, COOTBET-
cTBytowas ctaHaapty IEC 61850 — BO3MOXHO NPUMEHEHME

B 3HEPreTUKe, B TOM YWC/E HA NOACTAHLMSAX

PROSOFT@) AKTUBHbIN KOMNOHEHT BALIEr0 BU3HECA
(495) 232-2522 e info@prochip.ru ®© www.prochip.ru @ www.cree.ru
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Tpu Kopnyca

[Me4ataetcs ¢ pasperuenus pupmbl Schroff (http//www.schroff.ru)

Bonbpemap Pyt (Fepmanus)

— 0[1HAa nnart

Komnanus Schroff paspaboTtana nuHelKy KOprnycoB, KOTopasi yCMeLUHO
ucnonb3yercs AnA cy66n0KoB U wkados. Mossunack nnatopma U3 TpEX
TUNOB KOPryCcoB, KOMMNEKTYeMbIX OQUHAKOBbIMU KOMMOHEHTaMU!.
Wcnonb3ys ux, MOXXHO co3paBaTth Nnobbie cuctembl ans KUMuA —

OT 3KOHOMUYHbIX A0 AOPOroCcTOoSALINX.

TpeboBaHUA K KOPITyCAM JJIST DJIEKT-
POHHOTO OOOPYAOBAHHUA ITOCTOSIHHO
u3MeHawTca. Hanpumep, B o6maactu
KHIIHA HYKHBI O4EHb TMOKHUE BO3MOMXK-
HOCTH KOMIIJIEKTAIIMHY KOPITyCOB C IIU-
POKHM 4aCCOPTUMEHTOM NIPHUHAJIEK-
HOCTEH M KOMIIOHEHTOB. Kpome TOro,
60IBIIOE 3HAYEHHUE UMEECT JU3arH. Yac-
TO O0A3ATENbHBIM YCJIOBHEM SIBJISETCS
onTUMaabHasT DMC-3a1HUTA C BBICOKUM
3KPAHUPYIOIIUM CBOMCTBOM.

HUcxopsa wu3 aroro, komnauus Schroff
pa3padboTasa CBOIO KOPITYCHYIO ILIAT-
($opMy, KOTOPasI YCIIEITHO HUCTIOIB3YEeTCS
11 cyo6110Kk0B M mkagos. Ilnatgpopma
COCTOMT M3 TPEX TUIIOB KOPITyCOB, KOMII-
JIEKTYEMBIX OJJMHAKOBBIMH KOMIIOHEHTA-
MH. MCITOIB3Ys1 KX, MOKHO CO3/1aBATh JIIO-
onie cucrembl st KUITHA — OT 3KOHO-
MHYHBIX 10 JJOPOTrOCTOANIUX (CM. pUC. 1).

CompACPRO: NEPEHOCHOW
9KOHOMUYHbIA KOPMYC

Koprrye CompacPRO MOXKHO HCHOJb-
30BaTh /YIS IIPOCTBIX CUCTEM 6G€3 OCOOBIX
TpeboBaHuIT K DMC B KAYECTBE HACTOJIb-
HOI'O WIH IIEPEHOCHOIO KOPITyCca C pyd-
KOM ¥ OCHAIIATH KaK 19-/TFOMIMOBBIMH, TAK
M HECTAHJAPTHBIMH KOMIIOHEHTAMH U

Puc. 1. Tpu TMna KopnycoB ¢ pa3HbiM AU3aiiHOM HA OCHOBE OJHOI YHUBEPCANbHOI

nnargiopmbi

moayaMu. CylecTByeT MHOI'O BapHaH-
TOB KOMILVIEKTAIIUH KOPITycd. BO3MOKHBI
WHIUBH/TyaIbHbIE MOAUMHUKALINHU C APY-
T'OH INTyOMHOM, HECTAHJAPTHBIMH OTBEPC-
TUAMH WIA MAapKHPOBKOM. B kopmyce
MOKHO HCIIOJIb30BATD JIFOObIE KOMIIOHEH-
Tbl ¥ IPUHAIICKHOCTH JUISI CEPUM CyO-
610xkoB EuropacPRO (cm. puc. 2.) Ilar
MOHTKA IIPUHAIJIEKHOCTEH I10 TITyOHHE
paseH 15 MM. Pe3b00BbIE KAHAIBI C BHYT-
pEHHEFT CTOPOHBI GOKOBBIX ITAHEJICH IT03-
BOJIAIOT 3aKPEIUIATh JOIIOTHUTEIbHBIC
KOMITIOHEHTBI B JIFOOOM MECTE€ BITTyOUHE
Kopiryca. IIpruHaIeKHOCTH JIETKO Kpe-
nATcsA cHapyku. CoopaTh KOPIyC OYEHDb
Jierko. IlepeiHsasa 1 3aHsA 9aCTH KOPITyCca
WJIEHTHYHBI, T.K. BCE YaIle BOZHUKAET He-
O6GXOAMMOCTb YCTAHOBKH IIE€YATHBIX TUIAT
C MEPEJHUMH MAHEIMH U C OOpPaTHOH
CTOPOHBI KOPITyCOB. /Il ONIITUMAJIbHOI'O
OXJIQKI,EHUA B HIDKHEH ITAHE/IN UMEIOTCS
BEHTWIALIMOHHBIEC OTBEPCTHSL.

ProPACPRO: YHUBEPCAJNbHbIN
NOPTATUBHbIA KOPNYC

D PeKTHBHOE IKPAHUPOBAHUE KOP-
myca PropacPRO ob6ecnieunBaeT KadecT-
BEHHYIO MEXAHUYECKYI0 U DMC-3amury
YyBCTBHTEIBHOTO 3JIEKTPOHHOIO 060pPY-

posanws. Kak u CompacPRO, 31oT KOpITyC
MOKHO HCIOJIB30BaTh B KA4e€CTBE Ha-
CTOJIBHOT'O MJIM IIEPEHOCHOIO KOpIyca ¢
PYYKOM M OCHAIIATD KaK 19-10MMOBBIMH,
TAaK ¥ HECTAHJAPTHBIMHA KOMIIOHEHTAMH U
moaysimu. K PropacPRO noaxoaar jxo-
Gble KOMITIOHEHTBI Y IPUHA/IIE;KHOCTH U3-
BECTHOM cepuH cyo6010k0B EuropacPRO
or xomnanuu Schroff. Tak kak y Bcex
KOpIIyCOB opHa 6asoBas 1wiardopma,
BHYTPEHHSISI KOHCTPYKIUS aHAJIOTHMYHA
KOHCTPYKIMH Kopiryca CompacPRO.

BO3MOXHBI pa3/JIM4YHbIE BaPHUAHTBI
guzariHa PropacPRO. MHIuBUAYAIb-
HBbI€ 3JIEMEHTBl OOJHUIIOBKH C PE3bOO-
BBIM KPEIUIEHUEM U COBPEMEHHBIE 11BE-
TOBBIE HCIIOJIHEHUSA NPHUIAIOT KOPIIY-
CaM JOCTOWMHBIN BU/I.

RaTiorAcPRO:
YHUBEPCAJIbHbIN
BbICOKOTEXHOJIOrM4YHbIA
KOoPnycC

DTOT KOPIYC MOAXOAUT JJIsI CAMBIX
cnoxHbIX cucrem KUITHA. RatiopacPRO
npeacrasasier cob6or OMC-3anuinés-
HBIH, IPOYHBIN METALIMYECKUI KOPITYC
U COOTBETCTBYET TPEOOBAHHUAM COBpE-
MEHHOTO 19-110MIMOBOIO CTAaHIAPTA,
a TaKKe aMEPHUKAHCKOIO CTaHZAapTa
IEEE1101.10/.11. Takum 0OGpa3oM, Ha
KOPITYC MO>XHO MOHTHPOBATH PBHIYAXK-
HbIE 3AIEIKU I YBEJIMYCHHSA YCHIHA
VCTAaHOBKH M U3BJICYEHUSI KOMIIOHEHTOB
B cucremax CompactPCI u VMEG4x (Ha-
npumep, 3amenku IEEE). Moayim MmoxHO
BCTAB/IATD KAK CIIEpeay (Harpumep, djie-

Puc. 2. Bce komnoHeHTbl 1 npunapnexuocti EuropacPRO moxuo
nenonb30Bath B cepun KopnycoB GCompacPRO
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Y3Jibl U1 Moavsin

MEHTHI WUHAWKAIIMHN), TaK U 3304 (Ha-
rpumep, OJIOKH MATAHMA), HE CHUMAs 32~
IATHBIX ITaHened. HacTombabit 19-110¥i-
MOBBII KOPITYC WIM OGAIIEHHBIN KOPITYC
Tuma Tower COGUpPaETCss HAa OCHOBE OIHO-
ro 6a3oBoro kopiryca. Ha BeI6op npezyia-
ratorcsa ase moaenn: RatiopacPRO (kom-
MMAKTHOE WCIIOJIHEHHE C BADUAHTAMU BbI-
coTsl 2, 3,4, 5 u 6 U) u RatiopacPRO-air
(BapuaHT, 60BN IO BeicOoTe HA 1 U).
Paccrostaue Y2 U Hal ¥ 11O/, YCTAHOBJIEH-
HBIMU MOJIY/IIMH HCIIOIBb3YeTCs UL I10-
JIa9¥ XOJIOTHOTO BO3yXa U OTBOJA TEIl-
ma. DPPEeKTUBHASL CUCTEMA BEHTUWIALIMN
MO3BOJISIET YCTAHABIMBATL KOPIyCa C
yBesmmaeHHOM Ha 1 U BBICOTOM JPyr HA
apyra B mkady WIH Ha CTOJIE, He TPeOys
JIOTIOJTHUTEIBHOTO IIPOCTPAHCTBA U B TO
JKe BPEMsI HE JIONYCKas Ieperpesa.

Ilo 3aKa3y KIMEHTA BO3MOKHO H3IO-
TOBJICHHE KOpIycoB RatiopacPRO crie-
ITUATBHBIX Pa3MepOB. ybrHa KOpIycoB
TAKOKE BAPBUPYETCA 32 CYET COOTBETCTBY-
FOIIIM 06PA30M ITOJOOPAHHBIX OOKOBBIX
rmanesieit. HecMoTpsi Ha U3MEHEHUe rada-
PHTOB, 37I€Ch HCHOJIB3YIOTCS TAKHE KE
IIPUHAICKHOCTHA M KOMIIOHEHTBI, KaK B
koprrycax CompacPRO u PropacPRO.

KpoMe TOro, Ha OCHOBE KOpIyCa
RatiopacPRO paspaboraHa cepus ma-
JIBIX KOPITYCOB, B KOTOPBIE MOKHO YCTa-
HAB/JIMBATb €BPOIUIATHI, 19-A10MiMOBBIE
MOJY/IH WJIM HECTAHJapTHOE 000pya0-
BaHUE, HAIIPUMED, II€YATHbIE ILIATBL CO
ITEKEPHBIMHU pazbéMamu. OnmchiBae-
Mas wiatopMa OTINIAETCS THOKUMU
BO3MOXKHOCTSIMU KOMIUIEKTAUMH. [l1s
BCEX TPEX THIIOB KOPITyCOB HAPALY CO
CTAHJIAPTHBIMHU BAPHAHTAMU BO3MOK-
HBI MOJU(DUKAIINH C UHAHUBHIYATIbHOM
KOMIUIEKTAIUEH 110 3aKA3y KIMEHTA.

Yenyru SeErViICEPLUS:
MOHTAX KOPMYCOB

Ha npoTsLKEHUU MHOTHX JIET KOMITA-
Hus Schroff mnpegnaraer MmMUPOKUI
CIIEKTP YCIIYT IO COIPOBOKIEHUIO CBOE-
ro npoaykra. Yepes MHTEpHET BO3MO-
JKEH WHAVUBHIYAJIBHBIN IIOJO0D KOPITy-
COB M CyOOJIOKOB C MMOMOIIBIO MHTEPAK-
THUBHBIX KOH(UTYPATOPOB. [TocTOAHHAS
IIPOBEPKA HA COBMECTHMOCTD IIPEJOTB-
pamiaer OomMoOKHU IPU BBIOOPE KOMIIO-
HEHTOB.

IIpu 3TOM OTIENbHBIE JETATH MOXKHO
MOAUMPUIIUPOBATh, HAIIPHUMED, AO0AB-
JIITH 1a3bl U OTBEPCTHA. A 3TOro
KOHCTPYKTHBHBIE YEPTEXHU IIPOAYKIOB B
dpopmare DXE, DWG mu 3D 3arpysxaror-
¢ u3 MHTEpHETa U MIBMEHAIOTCS COOTBET-
cTByromuM obpaszom. Ha ocHose 3ron
HHIUBHIYATBHOH KOH(UIYPALIMH KOM-

manus Schroff oTmpasisieT IpemIoXe-
HHE II0 3JIEKTPOHHOI noure. O6paboTka
32KA30B HAYMHAETCS HE MTO3/THEE, YEM Ye-
pe3 [IeHb MOC/Ie UX IMOCTYIUICHHA. DTa
yoayra 1aéT IOJIb30BATETI0 BO3MOXK-
HOCTb COKOHOMHUTH BPEMsS HAa MOHTAX U
MIPUCTYIIUTh K PEHIEHUIO COOCTBEHHBIX
327124 Cpa3y >Ke IOCJIe MOIyIEeHHs MPO-
JIYKTA.

NHavBUAYANIBHOE
U3roTOBNIEHUE MEPEAHUX
NAHENENA

IlepeaHue MaHe I ONPENETIAIOT IULIO»
KOPITyCa WM Cyo010Ka. Ha iepegnei ma-
HEJIU Pa3MENIaloTCsA a3bl i1 PA3bEMOB,
CBETOJUOAHBIE MHIUKATOPBI, PYYKH U
MapKUPOBKA (CHELUAIbHBIE HAJIIMCH
WIN JIOTOTUIN KOMIOAHUU). DKCIIPECC-
ycayra xommnanuu Schroff mossosser
KOHCTPYHPOBAaTh M HM3TOTABIMUBATH IIE-
penHue MaHeIu II0 UHAUBHAYAIBHOMY
3akazy. [Ipy 3TOM OCTaBKa € 3aBOJA BO3-
MOJKHA YK€ 4depes3 aBa JHA (OIrpyska B
Tepmanuu). 9Ta yoayra npepiaraercsa u
JUIS1 TPEX OIMMCAHHBIX THUIIOB KOPITyCOB.

[na pacuéra CTOMMOCTH HHIHUBH-
JYAJIBPHOTO H3TOTOBJIEHHA INEPESHUX
MaHeJeH MOXKHO BOCIIOJb30BATbHCH
Be6-caiToM KoMmmaHuu Schroff -
http://www.schroff.ru.

B paspgene IlepegHue maHeIn» HEOO-
XOJUMO BBIOPATh TPEOYEMYIO IAHEIb.
ITocie perucTpanuy Ha BeO-CauTe 3a-
Ka34YUK IIOIy4deT JOCTYII K 3arpyske
YepTeKer BHIOPAHHOM IaHeaIu B (pop-
matax DWG, DXF u PDFE. Ilocne BBene-
HUS BBICOTHI, IMHPUHBI, KOJIUYECTBA
KPYIJIBIX OTBEPCTHH, MH(MOPMALIUH O
Tpedyemom OMC-3KpaHHUPOBAHHUHU, O
THIIE TTOBEPXHOCTH, O IIOKPACKe, TPa-
¢aperHoit meyaTH (KOJIHMIECTBE IIBE-
TOB) MOXKHO YKa3aTb HEOOXOJUMBIE
MPUHAJIECKHOCTH (BTYIKH, BUHTBHI C
MIIPOTOYKOH, MaTEpPHAT IKPAHUPOBA-
HUA). IIpu 3TOM 3aKA34YMK PEIIAET,
JOJDKHBI JIM IPHHAIECKHOCTU OBITH
YK€ YCTAaHOBJIEHHBIMHU WIM HIATH B
KOMIUIEKTE. 3aT€M 3aKa34YHK OTIIPABJIA-
€T 00pabOTaHHBIN YEPTEXK IIO IIEKT-
POHHOH IIOYTE OJHOMY M3 INAPTHEPOB
KoMnaHuu Schroff, KoTopble IpeACcTaB-
JIEHBI Ha Be6-canTe B pyopuke «KoHTaK-
ThI», U IOTy4aeT OT HETO MPEJIOKEHUE
HAa CKOH(UTIYPHUPOBAHHYIO MEPETHIOIO
IIaHETIb.

YCnyra UHTErPALIUMA
SERVICEPLUS: CUCTEMBI
PLuG + PLAY HA 3AKA3

Ilox ycayrowi mHTErpanuu Service-
PLUS xomnianus Schroff mogpazymena-

€T OOBEIMHCHHUE 3JIEKTPOMEXAaHUYEC-
KHUX U 3JIEKTPOHHBIX KOMIIOHEHTOB,
HanpuMep, KOMIIOHEHTOB I obecte-
yenuss OMC, xkabenbHON IPOBOJKH,
BBIKJIIOYUATEJICH, KPOCCILIAT, OJIOKOB
NUTAHMS, KOHTPOJIBHBIX YCTPOMCTB M
CHUCTEM OXJIAXKIEHUA B OJJHOM KOPIIyCE.
ITonp30BaTENb IOJYYAET CBOETO poja
npoaykr Plug + Play gy 19-110iMOBO-
ro obopygoBaHus. KiueHTaM O4YE€Hb
yZOOHO HMETH JE€J0 TOJBKO C OJHHM

IIOCTABIIMKOM U OJHHUM 33Ka30M,
BRKJIIOYAIOIIUM BCE KOPITyCHOE 06O0pPY-

IOBAHHE. @

OntumanbHas
~ KOMOMHauma

~ BnoYHble KapKacsl U yeyru
ServicePLUS komnanuu Schroff

19" cy66noku

& Tpv BapuaHTa cy6610K0B s
Pa3NMYHbIX PELLIeHUi

@ Tunopasmepsl: 3,69 U

Ycnyru ServicePLUS ans cy66n0koB

@ BecCb KOMMNEKC yCnyr nof, 04HUM
HOMEpOM 3aKka3a

@ KoHpurypatop B UHTEPAKTUBHOM
pexume: www.schroff.de/conf

@ Yenyrvi no MOHTaxXy

@ MexaHnyeckas MoaMduKaums

& WHterpauus aneKTPOHHbIX KOMMOHEHTOB
& Ycnyru «9kenpecc-cepsucy |

oneClick@¢yHkuus noncka

www.schroff.biz
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UHTennekTyanbHblil AETEKTOP rasa
¢ unrepdeiicom X10

Bnagumup Ceménos (r. Benukuit HoBropop)

B craTtbe onucaHo npumMeHeHue uHtepderica X10 ans nepenaymn curHana
TPEeBOru AeTeKTopa raza MeTaHa K UCNONTHUTENIbHOMY U CUrHaNbHOMY
YCTPOWCTBY MO NPOBOAAM 3JIEKTPUHECKON CETHU.

BBEAEHME

B Hauvasie Texyiero roga mpou3onuia
Lenas Cepusa KaracTpod B pe3yibTaTe
B3PBIBOB OBITOBOTO I'a3a — 32 IIEPBbIE JBE
Hezienu roaa 16 nmorubumx u 19 pane-
HbIX. ITo ganabpiM OAO «Pocrasuguxa-
US>, €KETOHO B JKIWIOM CEKTOpPE IIPO-
HCXOIUT Mopsaaka 230 mpouCIIECTBUH,
CBAI3AHHBIX C MCITOTB30BAHUEM TOILIHB-
HOTO ra3a. [Ipy 3TOM B CpETHEM B Ir'OJi 1O-
rubaer 130 genosek [1]. M xoTst a1 ud-
pbl HECPABHMMBI C TOTEPSIMU CTPAHBI,
HalpUMep, B aBTOMOOWIBHBIX KATACTPO-
¢ax, HO ¥ 32 HUMH CTOAT HU3JIOMaHHbIE
4JeoBeyecKkue Ccyanonl. Kpome TOroO,
B3PBIBbI OBITOBOTO I'a3a COMPOBOKAAIOT-
¢s 6OJIBIIMM MATEPHUATBHBIM YIEPOOM —
paspylmieHre IMOABbE3I0B U JaKE IIEIbIX
JIOMOB HE SBJIETCSI PEAKOCTBIO.

Jnst IpeynpesxieHHsl O BOSHUKHOBE-
HHUHM B3PBIBOOIIACHOH CHTYallUH HC-
IMOJIb3YIOT I'A30BbIE JETEKTOPBI — IIPH-
GOpBI, U3MEPSAIONIUE KOHIIEHTPAIIHIO
ra3a ¥ CUTHAJIM3UPYIONIHUE O IIPEBBIIIIE-
HHH HEKOTOPOTO ropora. Kak npasuio,
3TOT HOPOT HA MOPSAJOK MEHBIIE B3PbI-
BOOIIACHO¥M KOHIICHTPAILIUH IE€JIEBOT'O
rasa jerekropa (6aJIOHHOIO WIH IIPH-
poaHoro). Tak, mpu B3PBIBOIACHOM
KOHIIEHTPALWMH IIPHPOJHOTO Ira3a MeTa-
Ha 5% 1Opor cpabaTbIBAHUA JETEKTOPA
BBIOMpPAIOT HA ypoBHE 0,5%. DTO maér
BO3MOKHOCTb HAUTH HCTOYHHK YTECIKH
H IIPETOTBPATUTD B3PBIB.

Han6osee 9acTo B HEJOPOTHX JIETEK-
TOPAaX HCIIOJb3YETCS AATYUK KOHIICHT-
PalMy ra3da Ha OCHOBE HArPEBAEMOIO
pesucropa U3 JIHOKCHAA 0JioBa SnO,.

1B 10B

Puc. 1. Ocyunnorpamma BCnbIWKK

OJHAaKO TOYHOCTb TAKOI'O JATYHKA B
3HAYMTEIbHOMU CTEIEHH 3aBUCHUT OT
TEMIIEPATYPBI U BIAKHOCTU OKPYKAIO-
IIEH CPEIBI.

ABTOPOM IIPEIJIOXKEH HHTEUICKTY-
QJIBHBIA JIETEKTOP ras3a [2], B KOTOpOM
Ul KOMIIEHCAIIMH HEHUAEaIbHOCTEH
JATYHUKA HMCIIOJb3YIOTCSA BBIYMCIUTEIb-
HBIE CPEJICTBA MUKPOKOHTpOJLIEpa. ITo-
POI, C KOTOPBIM B IETEKTOPE CPABHUBA-
JOTCA MOKA3aHUSA JATYHUKA KOHIEHTPA-
MU T34, ABIAETCA aJalTUBHBIM. OH
BBIYHC/IAETCS ITPOLIECCOPOM MHKPOKO-
HTPOJIJIEPA HA OCHOBAHHUH ITOKA3aTeNIeH
BTOPHYHBIX JATYMKOB TEMIIEPATYPHI U
BJIAKHOCTH, YTO M IO3BOJIET CKOPPEK-
THPOBATh HEUIECATBHOCTDb IIEPBHYHOI'O
JaTYUKa rasa.

HegocTaTkoM 3TOro, KakK, BIPOYEM, U
OGOJBIIMHCTBA IPOMBIIUIEHHO BBIITyC-
KA€MBIX I'a30BBIX JE€TEKTOPOB ABJISCTCS
TO, 9YTO JATYHK I'a32 ¥ CUTHAIU3ATOP 00
OMMACHOCTH OOBEAUHEHBI B OJJHOM TIPH-
60pe, B TO BpeMsi KaK C TOYKH 3PEHUS
NPUMEHEHUA HUX CJIETOBAJIO GBI paszie-
1Tk, Tak, B KOTTEPKE C Ta30BBIM OTOII-
JIEHHEM JATYHUK Ia3a IeJIeCOOOPA3HO
Pa3MECTUTD B MECTE PACHOIOKECHUS I'a-
30BOTO KOT/Ia (OOBIYHO 3TO IOJBAI), 4
3BYKOBYIO UM CBETOBYIO CHUTHAIM3ALIAIO
00 OITACHOCTH — B )KWIBIX [TIOMEICHUIX.

OJIHAKO B 3TOM CJTy4ae BCTAET BOIIPOC
O CII0CcO6€ COEIUHEHUS IATINKA U CUT-
Ha/im3aTropa. Pasymeercs, MOXKHO CO-
C€/IMHUTD UX OTAEJIbHON IIPOBOJHOU I1a-
pO¥i, HO 3TO HEBO3MOXKHO CAEIATh 6€3
YXYAUIEHUS 3CTETUKU UHTEPhEPA, CCIIH
TOJILKO 3TA Mapa He ObUIA IIPETYCMOTPE-
HAa IIPU CTPOUTEIBCTBE KOTTEKA.

D@MOHEKTUBHBIM pPENICHHEM 3TOH
MPO6GIEMBI ABISETCS IIPUMEHEHHE HH-
Tepderica X10, UCIOIB3YIOWEro IS
nepeayy CUrHAJIOB IIPOBOAA OGBIYHOM
JIEKTPHYECKOM CETH.

HnTepderic X10 66Ut pa3padoraH He-
OOJIBIION MIOTIAH/ICKOM (hupmoit Pico
Electronics B koHIe 70-X roioB IIPOII-

JIOro Beka [3]. 9ro 6bu1a 10-a pa3padbor-
Ka 3TOH (DPUPMBI 32 BpeMsI €€ CyIIeCTBO-
BaHMsA, OTKY/J]A U IIOILIO HA3BAHHUE HH-
Tepderica eXperiment #1(0. Ilepsbie
MyOJIMYHBIE OIMMHCAHUA HHTEp@derica B
HHKEHEPHOM IIPECCE OTHOCATCS K JIETY
1979 r. C Tex nmop uHTEPGENC CTal
CTaHAAPTOM Jie-(PaKTO JUIA JUCTAHIIH-
OHHOH Ilepefadyud HHEAOPMALUU IO
NPOBOAAM 3JEKTpoceTH. B mocnennee
BPEMsI HOBBIF HMITY/IbC JIUISI Pa3BUTHSA
YCTPOKCTB C TAKUM UHTEP(EHNCOM Jana
KOHIIEIIIIHUA YMHOTI'O JoMa [4].

JIOrM4ECKUIA YPOBEHb
MHTEP®ENCA X10

Hnurepderic X10 umeer aBa ypoOBHs —
JIOTHYECKHH M (pusnyeckuid. Jlorngec-
KU YPOBEHbD OIPEJE/IAET IPOTOKOJ I1e-
penayu MH(GOPMAIIUHU, U OH CPaBHH-
TEJILHO POCT.

IToCKOIBKY mepegada CUrHAJIOB OCy-
IMIECTBIAETCS IO OJHOM IIPOBOJHOM IT1a-
pe — mpoBojaM cetu, uHTepgderic X10
AB/IAETCA B IPHUHIUIIE TOCIEA0BATEb-
HBIM HHTEp@dercoM. CHHXPOHHU3ALMA
nepegady eCTeECTBEHHBIM 0OPa30M OCy-
HIECTBIAETCA C HCIOJIb30BAHUEM Ha-
npspkeHust cetu. Ilepegaua mHdoOpma-
UM [ePEeJATIUKAMH IPUBA3aHA K MO-
MEHTAM IME€PEXOJa HAIPKEHUS CETH
4epes HOJIb.

Jna nepegayu HUHGOPMALUU HC-
MOIB3YIOTCSI TAK HA3bIBA€MBIE BCITBIII-
K1 umnyabcos (Carrier Burst) gacro-
TOM
BCIBIKK 1 Mc (cm. puc. 1). Cneayer oT-
METHTb, YTO 3[€Ch U JaJiee Ha OCIHII-
JIOrpaMMax CHTHAJI HPOIYLIEH 4Yepe3
JuddepEeHIUPYIOMIYIO LIEMOYKY C II0-
CTOAHHOM BpemeHu 4,4 Mxc. Haimmyue

120 xIu npu AJIATEABHOCTH

BCHBIIIKA B MOMEHT II€pEXO/a HaIIpPs-
JKEHUsI CETH YE€PE3 HOJIb MHTEPIIPETHU-
PYeTcsi Kak JIOTU4YeCcKas eJUHULA, OTCYT-
CTBHE — K4K JIOTHYECKUH HOJIb. Hauasio
BCIIBIIIKH HE JO/DKHO 3aI1a3/bIBATh OT-
HOCHTEJIBHO MOMEHTA Iepexoza boee
yeM Ha 200 mKc. Benpimka nepegaércs
TPH pa3a 3a IE€PHUOJ, B MOMEHTHI, COOT-
BETCTBYIOIUE IIEPEXOJY YEPE3 HOJIb B
TpéxdaszHoit ceTu (CM. puc. 2).
Nudopmanus nniepegaéres ppeimaMu
[5]. IHonHoOE Bpemsi nepemadu ¢perma
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cocrasisier 11 nepropos cetu min 0,22 ¢
npu uacrore 50 Ity (cm. puc. 3 [6]). CHa-
gasia mepeaaércss CrapToBblid Koa (Start
Code), 9TO 3aHHUMAET /IBA IIEPHO/IA CETH.
3areM repeaéTcs TaK Ha3bIBAEMbBIN KO/
noma (House Code), 4To 3aHMMAET eé

4 mepuoza. 3aBepHIAET ITOCBUIKY KO
wnoua (Key Code), 9To 3aHUMAET 5 IepH-
0710B. C IIEJIBIO YTYYIIIEHHS IIOMEXO3aIIH-
IEHHOCTH (PPEUM NEPEAETCA JBAXK/IbL.
Ko kJ1r09a MOKET CofiepKaTh MH(pOopMa-
ITHIO O YaCTH 4 peca WIX KoMaHzy. B riep-
BOM CJTy9ae KOJ| K/II04a IIPE/ICTABIIAET CO-
6011 Ko HOMepa ycrporicta (Number
Code ¢ 1110 16), a BO BTOPOM — KOJI (DyHK-
muu (Function Code, BRIIOYHTD, BHIK/IIO-
YUTH U T.IL).

WH(pOPMAITHOHHbBIE OUTHI IIEPENAIOT-
CsI BHYTPH TIEPHO/1A JOTIOTHAIOIIUM KO-
nom (true compliment form on alter-
nate half cycles of the power line [6]).
DTO 3HAYUT, YTO JIOTHYECKASA CAUHUIIA,
rnepeaBaeMasi BCIBIIIKOM IIPU IIEPEeX0-
JIe HAIPSDKEHHsI CETH OT OTPHIIATE/Ib-
HBIX 3HAYECHHUH K ITOJT0KUTETbHBIM, 10-
IMOJIHSIETCSI OTCYTCTBUEM BCIIBIIIKA IPU
CJIEZYIOLIEM TIEPEXOME OT MOIOKUTEIb-
HBIX 3HAYECHUI K OTPUILIATETbHbIM. AHA-
JIOTUYHO TIPH TIEpeade JTOIMIEeCKOro
Hy/ISl OTCYTCTBHUE BCIIBIIIKH IIPU TIEpe-
XO7ie HATIPSDKEHUS CETH OT OTPULIATE/Ib-
HBIX 3HAYECHHH K ITOJOKHUTEIbHBIM [0~
TIOJIHSETCS BCIIBIIIIKOM IIPH CJICTYFOIIEM
Iepexose OT IOJOKUTE/IbHBIX 3HAYe-
HHM K OTPULATE/IbHBIM.

TTostHAst TOCHUIKA BKIIOYAET B ce6s 1B
dperima aspeca u aBa GperiMa KOMaH/IbI
C pa3jeIuTe/IbHBIM HHTEpBAIOM (Gap) B
TPU EPHOJA MEXKIY HUMH (06 HUCKIIO-
YEHWH U3 HTOTO IpaBwiIa OyJeT CKa3aHO
Hroke). TAKUM 00pa30M, BpeMsi, 3aTpavu-
BaEMOE Ha IIepeiady OJHOH KOMaHJIbI
WIN KBUTAHIIUH, COCTABIIAET 47 IePHO-
J10B yacToThl cetu wik 0,94 ¢. beicTpbhiM
uaTepderic X10 sBHO HE HA30BENIb.

Koz moma u KoJ, HoMepa yCTPOHUCTBA
OOBIYHO YCTAHABINBAIOTCA IIEPEKIIOYA-
TENSIMH HA INEPEAHEHN ITaHEeNIN YCTPOM-
crBa ¢ uaTepdericom X10 (cMm. puc. 4).
Koz 1oMa 1103BOJISIET UCKITIOYUTD KOH(D-
JIMKTBI TIPU UCIIOJIb30BAHUH YCTPOKCTB
c unrepgericom X10 B coceAHUX KBAP-
THUPAX WIN JOMAX, KOIJa IOCBUIKH OT
CBOMIX TEPEAATIUKOB JOCTHIAIOT IPHU-
EMHHMKOB COCEJEMN. YCTAHOBKA Pa3HBIX
KOJIOB JIOMa IIO3BOJISIET Pa3JeIuTh WH-
dopmaroHHeIe ceTH cocener. CooTser-
CTBUE HOMEPA JOMA U €ro Ko/a [6] faHo
B TaOue 1.

B Tabauue 2 AaHO OIMCAHHE KOJA
xmoua [6]. [lepseie 16 3HAYECHHUI TIPE/I-
CTAaBJIIOT COOOI KOJ HOMEpPA YCTPO¥-

crBa. Ilepegaya 3TOro Koja B IIEPBOM
nape (perMoB NO3BOSAET YCTPO¥-
CTBAM <«IIOHUMAaTb», KaKOMy M3 HHX
IpeaHa3HadYeHa KOMaH/a, BO BTOPOM
K€ TIOCBIIKE 3TOMY YCTPOMCTBY YKa3bl-
BAETCSI, YTO HYXKHO cjenath. Kak yxe
OBUIO CKA3aHO, aIPECHBIE 1 KOMAH/IHbIE
(perimMbl pa3/ie/IeHb] 3AUUTHBIM UHTEP-
BaJIOM B TPH Iepuoja ceru. Mckmoge-
HHE 37IeCh CJIEIAHO Ui KOMaH/ IUIaB-
HO¥1 perymupoBky cseta DIM u BRIGHT,
JUISI KOTOPBIX 3TOT HHTEPBA OTCYTCTBY-
€T ¥ KOTOPBIE MTEPEAAIOTCA CTOJIb JOJITO,
CKOJBKO TpebOyeTcs /id YyCTAHOBKH He-
0OXOJUMOT'O YPOBHA OCBEIEHHOCTH.

«3ampoc mnepenarguxos» (Hail Re-
quest) nepesaeTcs KOHTPOUIEPOM s
OIIPEIEJICHUS] TOTO, HAXOAATCA U emé
Kakue-Tu60 TePeJaTIuKU B 30HE
JICVICTBUS TAHHOTO KOHTposuiepa. IIpu
[MOJIy9€HHH JJAHHOTO 3aIIPOCa «JyKOM»>
repeJaTIrK JIOJDKEH OTBETUTD COO0Ie-
uuem «OTBeT mnepemaryukos> (Hail
Acknowledge). ITpu 3TOM B yCTaHABJIM-
BAEMOM CETH JOJDKEH OBITh MCIIOJIb30-
BaH JPYroM KO/ JOM4.

[Ipu UCTIOTB30BAHUH KOMAH/IbI IIPE/I-
YCTaHOBKH sIpKOCTH 6UT D8 (CM. Ta61. 2)
MPENCTABISIET CTAPIINE 61T, a 6uThl H1,
H2, H4, H8 BO (pperime KOMaHbI ITPeIC-
TABJBSIIOT MJIAJIIAEe OUTHI 3HAYEHUS AP-
KOCTH CBETWIBHHKA, KOTOPOE [JOJLDKHO
OBITh YCTAHOBJIEHO.

Koj (xomaHja) paclIMPEHHBIX aH-
veIX (Extended Data) mosBossieT nepe-
ath uH(OpPMAIMIO 06 aHATOTOBOM BeE-
JIMYHHE, IPEOOPA30BAHHOM B IBOMYHbINA
KOJ[ TIOCPE/ICTBOM aHAIOrO-LU(POBOTO
rnpeo6pasosaresd. 32 TUM KOJOM Iiepe-
JIAFOTCsI TOTIOJTHHUTEIbHBIE OAMTBI, TIPH-
gyéM GaT, CIICAYIOMMI HEIOCPEICTBEH-

Ta6bnuua 1. AgpecHble Kofabl

058 10B 10 mc

Puc. 2. OcymnnorpamMmma Ha4yanbHoM 4acTu
NOChINKK

start [H1[Hz[na]He o1 p2] o4 efors
code | N |2 |4 |8 11 12 1 D4 18 j01
U LW/ B W L\ A
1110011010011010100101
11100 1 1 0 d 1 1 0 0

1110
Start Code

0110
House Code «A»

11100
Key Number «2»

Puc. 3. Ctpykrypa thpeiima

Puc. 4. BHewHuii BUA MOAYNA ¢ uHTepthencom
X10

HO 32 KOJJOM, COAEPKUT HH(POPMALIHIO O
YHCIIe JOTIOTHUTEIBHBIX TIEPEJABAEMBIX
6aittoB. PasmenuTenbHbIE WHTEPBAJIBI
MEJKIy KOIOM PACHIMPEHHbBIX JAHHBIX U
JIOTIOTHUTEIbHBIMU GAaUTaMH OTCYyTCTBY-
IOT; HATMIHE TAKUX HHTEPBAIOB MOXKET
[IPUBECTH K HEBEPHOM paboTe APYyTrux
MOJYJIEN B CETH.

A 0 1 E e 0 1 1 0 0o
B 1 1 1 0 2 1 1 1 0 0
c 0 0 1 0 3 0 0 =] 0 0
D 1 0 1 0 4 1 0 1 0 0
E 0 0 0 1 5 0 0 0 1 0
F 1 0 0 1 6 1 0 0 1 0
G 0 1 0 1 7 0 1 0 1 0
H 1 1 0 1 8 1 1 0 1 0
1 0 1 1 1 9 0 1 = 1 0
J 1 1 1 1 10 1 1 1 1 0
K 0 0 1 1 1 0 0 1 1 0
L 1 0 1 1 12 1 0 1 1 0
M 0 0 0 0 13 0 0 0 0 0
N 1 0 0 0 14 1 0 0 0 0
0 0 1 0 0 15 0 1 0 0 0
P 1 1 0 0 16 1 1 0 0 0

COBPEMEHHAA SINEKTPOHUKA ¢ Ne 5 2008

WWW.SOEL.RU




MPOEKTbI

M0-aHrMNIACKKN
(o2

ﬂ_K]—

330 Mk®
+15B 408
1Bt

by
(=1
w
@

RFC 220m 22 WKO®
1/2B1 508

I

VDR
V1301, A2

i

D
o
=1
=

7N IN 4001

o

1500 n®
47K 200 B
KC1047

5

2N3904
220 Om

| B O Some—" " |

T

1000 n®
I
1

+30B

20 _|

KC1047

B3l

68 B
1Bt

Puc. 5. MpuHuunnanchas cxema moayns PL513

AHAJIOTUYHO PacHIMpPeHHbIN Kox (Ex-
tended Code) mo3BoisieT BBOJUTH B
CUCTEMY JOIOJTHHUTEIBHBIE KOMAHJIBL.
banT, creayromui HEmOCPEICTBEHHO
3a (pperiMOM C KOMaH/IOM PACHIMPEH-
HOTI'O KO/I4, COJAEPKUT HH(POPMAITHIO O
YHCJIe JONOJHUTEIbHBIX OaHTOB, a
pasaenuTe/IbHbIE HHTEPBATBI MEXKIY
JAOIIOJTHUTEABHBIMU GaNTAMH OTCYT-

CTBYIOT.

Tabnuuya 2. DyHKUMOHANbHbIE KOABI

®PU3NYECKUN YPOBEHb
MHTEP®ENCA X10

PuU3NYECKU YPOBEHb HHTEpderica
X10 70CTATOYHO CJIOKEH. DTO CBA3AHO C
HEOOXOJUMOCTBIO TEePEeIady CHUTHAIb-
HBIX IIOCBIIOK 11O IIPOBO/IAM CETH, KOTO-
pbl€ M3HAYAABHO JIsI 3TOTO HE IIpe-
HA3HAYIUCh. [IOroHHAas €MKOCTB IIPO-
BOJIOB JJOMANTHEH 3JIEKTPUIECKOM CETH
MOJKET OBITh OLIEHEHA C UCITOIb30BAHU-

BbikniouunTts Bee ycTpoiictsa (All Units Off) 0 0 0 0 1
Bkniounts BCe caeTunbHuky (All Lights On) 0 0 0 1 1
Bknioyuts yerpoicTao (On) 0 0 1 0 1
Bbikniouunts yetporictso (Off) 0' 0 1 1 1
VYMEHbLUUTL IPKOCTL CBETUIbHUKA 0 1 0 0 1
YBENnU4uTL APKOCTb CBETUNbHUKA 0 1 0 1 1
BuikniounTs Bce cBeTunbHMKu (All Lights Off) 0 1 1 0 1
PacLumpeHHblii ko 0 1 1 1 1
3anpoc nepepar4ukos (Hail Request) | = 0 0 1
Otset nepenaryukos (Hail Acknowledge) 1 0 0 i 1
Mpepycranoska sapkocTy (Pre-Set Dim) 1 0 1 X 1
PacLumpeHrHble fJaHHble 1 1 0 0 1
COCTOSHYE — BKIOYEHD (Status = On) 1 = 0 1 1
CocrosHue — BbiknioyeHo (Status = Off) 1 1 1 0 1
3anpoc cocTosiHus (Status Request) o 1 1 1 1

€M 1261111 U3 [7], 310 nopsizka 50 nd /M.
Bxaroy€HHBIE B CETh JIEKTPONPHOOPHI
YACTO IPEACTAB/IIOT KOMILUIEKCHYIO (CO
3HAYUTEIHbHON PEAKTHUBHOH COCTABIISA-
IOLIEN) M HHU3KOOMHYIO HArpy3Ky I
nepeaaTIuKoB cucTemsl X10.

B xauvectBe mnpumepa NPHUBEIEM
MPUHIMIIHAIBHYIO CXeMy (DU3HUYECKO-
ro uHTepgerica moxaymas PL513 [8],
npegnaraeMoro pupmon X10 B kayecT-
BE I'OTOBOI'O OJHOHAIIPABJICHHOI'O WH-
Tep(ENCHOTO MOJYJIA IS CO3/IAHUA 3a-
KOHYE€HHBIX YCTPOHCTB C HHTEP(EICOM
X10 (cm. puc. 5). OH BKIIOYAET B CeOsI:
@ WCTOYHMK IHUTAHHA C TFACAIIUM KOH-

JAeHcaTopoM 4, 0O6eCrnedrBaAOIIAN

MOAY/Ib HanpspkeHusiMu 15 u 30 B;

@ JIETEKTOP mepecedyeHus Hyaa (Zero

Crossing Detector) 1;
® CUHYCOWJAJIbHBIN T'€HEpaTop 3 yac-

ToTOM 120 KIiI;
® KJII0YEBOM KaCKaf, 2, KOTOPBIF KOMMY-

TUPYET BBIXOAHOM YCHIUTEb 5, Iepe-

JAXOIINI IIOCBUIKH B IMHUIO.

CBA3b MOAY/ISA C KOHTPOJUIEPOM OCY-
LIECTB/IAETCA YEPE3 ONTOUZOISITOPHI.

Moayab UMeEeT CJICAYIONIHE XapaKTe-
PHCTHKM (DU3UYECKOTO HHTEPdeErica:
® CpelHsAsa BBIXOAHAS MOIIHOCTH B

JIEKTPUYECKYIO ceTh: 60 MBT Ha Ha-

rpyske 5 Om;

@ NMKOBOE HAIPAKCHUE IIOCBUIKH B

NEKTPUIECKOH ceTH: 5 B;

WWW.SOEL.RU
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Pesoniouus yxe Hauyanachb!

Cepus XLD-AL-001 Cepua XLD-AL-003

\ T O e,

06wWwme 3KCNNyaTaUUOHHbIE XapaKTePUCTUKK:

« Pabo4uit TemnepatypHblit AnanasoH akcnayarauum: -40...+85 °C
« [lonyCcTMMbIil TEMMEpaTYPHBIA AnanasoH akenmyaraumu: -60...+85 °C
« HomuHanbHbI npamoi Tok: 350 MA

« Pa3nuyHble LBeTa CBEYEHNs

XLD -PS-001 XLD-PS-003

3KCKJIHO3MBHbIA NOCTABLUUK NMPOAYKLMN XLIGHT B POCCUN N CTPAHAX CHT

Cepus XLD-AGC-007 Cepus XLD-AC-009

Cepus XL-LINE

MonynpoBoaHUKOBbIE UCTOYHUKM CBETA

« Knactepbl 0JHOr0 UNI HECKOMbKUX MOLLHbIX CBETOANOA0B
Cree® XLamp™

. CBBTO)J,VIOJlbI CMOHTUPOBAHbI HA NeYyaTHbIX niaTax Ha 0CHOBE
aNiOMUHIS UK CTEKNOTEKCTONMUTA

« [peycmaTpuBaioT YCTaHOBKY CTaHAAPTHON BTOPUYHON OMTUKM

Dpaiteepb! 4519 NoNynpoBOAHUKOBbIX UCTOYHUKOB CBETA

« IcTOYHMKI CTABUNN3NPOBAHHOMO TOKA

« 06eCNeYMBaOT HOMUHATTbHBIE PEXIMbI PAGOThbl MOLHBIX
CBETOANO/0B B LIMPOKOM AManasoHe U3MEHEeHM BXOAHBIX
HanpSKEHWUIA 1 TeMnepaTypbl OKPY)XaoLLieid cpesbl

« MoryT UMeTb J10MONHUTENbHbIE YHKLUMM: 3NEKTPOHHOE
OTKJII04EHMe, PerynnpoBKa ApKoCcTY, TEMNoBas 3aliuta u ap.
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MUTaHNs

[letekTop
| nepeceyenus
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Hynb HanpshxeHus cetu
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Hyns

InekTpoceTb

OnTomusonstop 1

Kop kBuUTaHUMN

[ekonep

Ontousonstop 2 ——»

Bkn/Bbiks Koz komaHpp!

V3onupyrowmin
TpaHcdopmarop

Komm-it
ycunutens

Ontonzonstop 3 j&——

i

[eHepatop
120 kl'y

Puc. 6. CtpykrypHas cxema mogyns TW523

® YaCTOTA IMOChUIKM: 120 + 2 KIix;

® MAKCHUMaJIbHAsl 3aJ€pPKKa JIeTEKTO-
pa nepeceyeHus HyasA (T.€. MEXIY
MOMEHTOM II€PECEUYEHUSI HYJISA
HANPAKEHUEM CETH U (PPOHTOM
UMIIYJIbCA Ha BBIXOJ€): HE 6osee
100 MKkc;

® MAKCUMAJIbHAS 33/I€PIKKA BKIIOYCHHUS
reseparopa (T.e. Mexay (QpoHTOM
CUIHAJIA Pa3pelIeHuss paboThl reHe-
paropa ¥ HA4YaJIOM BCIBIIIKHA IO
ypoBHIO 90%): He 6071€ee 50 MKC;

® MAKCUMAJIbHO JOITyCTUMAs 3a/IEPIKKA
06pabOTKH CUTHAJIA B KOHTPOJIEPE
HE JJOJDKHA IIPEBBIMATh 50 MKC;

® IIPOJOJ/DKHUTEIBHOCTD BCIIBIIKH: 1 MC
(+100 MKc, =50 MKC);

® IIPOYHOCTH 2500 B

(ZEVICTBYIOIIEE 3HAUYEHUE) B TEUCHHE

H3O0JISAIUU:

OJIHOM MUHYTBIL.

MakcuMaIbHO JOITyCTUMAS 3a4€PIKKA
06pabOTKH CHUTHAJIA B KOHTpPOJIIEpPE
OIIpeJE/IAETCA KAaK PA3HOCTb MEX/Y /10-
ITYyCTUMBIM BPEMEHEM 33JICP’KKHU Ha4a-
JIa BCIIBIIIKH OTHOCHUTEJIBHO MOMEHTA
nepeceyenus Hyasa (200 MKC) U 3aaep-
JKEK B Jierekrope Hyus (100 MKC) u Ha
3aIyCcK reHeparopa (50 MKC).

JIByHAIIPAaBIEHHBIN HHTEP(MEHCHBIHN
Moayab TW523, BBIITyCKA€MBIH TOH Ke
dupmori, emé 6Gosee croxeH. CTpyk-
TYpHAs CXe€Ma MOJy/id IPHUBEJEHA HA
puc. 6. MOay/Ib COREPKUT KAHA JJETEK-
TUPOBAHWA HANIPSDKEHUS HYJISI 1 KAHAT
IMOCBUIKHM KOMAaH/Ibl, HJCHTUYHBIC IIO
cxeme moxyaro PL513. Kanan npuéma
KOJIa KBHUTAHIIUHU BKJIIOYAE€T B cebs
GuabTp, AEKOAEP MOCHUIKA Ha OCHOBE
CHEUAIBHO Pa3paboTaHHON MHKPOC-
XEMbI U OIITOU30JIATOP. XaPAKTEPHUCTH-

ki (pusmyeckoro uHTepderca Te Ke,
yrouy PL513.

OKCMEPUMEHTAJIbHbIA MAKET

st orpaborku uHTepderica X10 B
WHTE/UIEKTYAIbHOM JIETEKTOPE I'a3a aB-
TOP HCITOJIL30BAJI YIIPABJIAEMBIH BBIK/TIO-
yarenb (Appliance Module) Marmitek
AM12 (cMm. pucC. 4) B Ka4eCTBe IPUEMHHU-
Ka CUTHIOB. IIpH 3TOM BKIIOUEHHOE
cocrogHue AM 12 HHIMIIUPOBAJIO TPEBO-
Ty, BBIKIFOUEHHOE — €€ OTCYTCTBHE.

Kopmosas nmoceuika, (hopmupyemasi jie-
TEKTOPOM TIa3a NPH BO3ZHUKHOBEHUH
TPEBOTH, UMEET BH/I:

[1110]1[(01) (10) (10)(01)1[(01) (10)
(10) (01) (01)1
[1110][(01) (10) (10) (01)1[(01) (10)
(10) (01) (01)1]

[(000000)]
[1110]1[(01) (10) (10) (01)][(01)(01)
(10) (01) (10)1
[1110][(01)(10)(10)(01)]1[(01)(01)
(10) (01) (10)]

JIJ1st TOrO 94TOOGBI OTMEHHUTH TPEBOTY,
JIETEKTOP MEPEIAET ITOChUIKY:

[1110]1[(01)(10)(10)(01)]1[(01)(10)
(10) (01) (01)]1
[11101[(01)(10)(10)(01)]1[(01)(10)
(10) (01) (01)]1

[(000000)]
[1110][(01)(10)(10)(01)1[(01)(01)
(10) (10) (10)1

[1110]1[(01) (10)(10)(01)1[(01)(01)
(10) (10) (10)1

B 3anmcu BbIlIEe UCITOIB30BAHA CIEY-
romas Horauust: udpa 1 win 0 o3Hava-
€T BKIIOYEHHE WM HE BKIIOYEHHE T'eHe-
paTopa BCHBIIIKHA IPHU HOCTYIUICHHUH
CUT'HAJIA OT ieTeKTOPA HyJ1s1. CKOOKH HC-

+12B
1 m 8[| — VD1
F5j6n0 vee = Vi3 1INS818ZN (3
3] TRIG DIS . 2N2222A Re 1500 1 T C4
Ynpasnexue 4 out THR 5 _1 1,17 mH I__o
O RES  CONT VD2 P | ° 9250 B ggTrb 220 B,
1RI: ICM7555 N IN5818 0,47 mk 4 u
5 6k 0,22mkI +1c2) B
VT2 R7
c2 L N3906 g —D2 1 20k
MepeceyeHne mFT™ - s
o)
O 4 3
R3 H =
115k 4N37

Puc. 7. Mpunuvnuanchas cxema thuanyeckoro ukteptheiica makera
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Puc. 8. Ocyunnorpamma KoA0BO# NOCHINKK

MOJIB3YIOTCS [T YYUIIEHHUS YUTAEMOC-
i HOTAMU. KBagpaTHbIE CKOOKH BbI-
JEISIOT CTPYKTYPHBIE COCTABIISIIONINE
IOCHUIKH — CTAPTOBBIN KOJI, a7Ipec JiIomMa
u T.7. KpyIibie CKOOKH IIOKa3bIBAIOT OH-
ThI HTH(MOPMAITMOHHOTO Koja. Takas 3a-
ITKCh yI0OHA B KAYECTBE UCXOJHON MH-
dopmanuu s NPOrpPaMMUPOBAHUS
MHKPOKOHTPOJLIEPA.

Cxema (pu3n9ecKoro uHTepdenca ma-
KeTa IokKasaHa Ha puc. 7. CTPyKTypHO
OH COOTBETCTBYET MHTEP(ENCY MO/
PL513 u BKIO49aeT B ceOs JETEKTOP HY-
Jis1, TeHepaTop uMnyabcos 120 kI, ycu-
JIATENb UMITYIbCOB. OJIHAKO IPH TTOCT-
POEHUHM CXEMBI HCIOJIL30BAH TPAHC-
¢popMaTOPHBIH NCTOYHUK HATIPSIKEHHUSA
12 B, yK€ UIMEIOIUMCSL B COCTABE HHTEI-
JIEKTYaJIbHOTO JIETEKTOP Ta3a, YTO He-
CKOJIBKO €€ YIIPOCTHIIO.

uPD78F9222,
BXO/IAIIUI B COCTAB UHTE/UICKTYaIbHO-

MUKPOKOHTPOJIED

IO JIeTeKTOpa ra3a, yupasusier paboTomn
reseparopa, (GopMHUpPys OruGarOILyIO
(envelope) yacrorsr 120 kIit. Berxoz je-
TEKTOpa HYJ/ISl IPHUCOEJIHMHEH K BXOIY
NPEPHIBAHUA MUKPOKOHTPOJUIEPA, U B
COOTBETCTBUH C KOJIOM, IIPOITMCAHHBIM
BBILIE, MUKPOKOHTPOJIEP BKIIOYAET I'e-
HepaTop Ha 1 MC B COOTBETCTBYIOIIME
MOMEHTBI BDEMEHH.

[TepBOHAYAIBHO IIPE/IIONIATATIOCH HC-
[10JIb30BATH JIISI ONIPEJEIEHMs HYJIS Ce-
TEBOI'O HAIIPSLKEHUST HAIPSKEHUE BTO-
pUYHOIT OOMOTKH TpaHCOpmMaTOpa
MCTOYHUKA [MHUTAHUS HHTEUIEKTYa/lb-
HOTO JeTekTopa. OJHAKO 33aJepPrKKa HY-
JIsl HATIPSDKEHUST BTOPUYHOM OOMOTKH
OTHOCHUTEJIBHO TEPBHUYHOIO HAIIPsiKe-
HHsI OKa3a7aCh 3HAYUTEIBHO OOJIbLIe
Tpebyembrx 100 MKc. [To3TOMY OT 3TOM
WJIEH MPHUIUIOCh OTKA3aThCSA W BBINOJI-
HUTH JETEKTOpP HY/Is Ha 6a3e TPaH3UC-
TopHOrO onTpoHa 4N37 (D2). s (op-
mupoBanust Hecymern 120 kIir ucroib-
IMC7555 (D1) B
s

BKJIIOUECHHS U BBIKJIIOYCHUSA I'€HEPATO-

30BaH TamMep
ABTOKOJIEOATEILHOM — PEKHME.

Pa UCIIOIB3YETCA BXOJ, cOpoca Tanmepa

RES. UMy 1IbCHOE HAIIPSIKEHUE C BBIXO-
Ja TaiMepa mojaéTcs uyepe3 m3bupa-
TeapHyIO 1enb L1, C3 Ha NEepBUYHYIO
o6moTKy Tpancopmaropa T ¢ koad-
¢unmentom Tpancdopmamun 2. O6-
MOTKH TpaHC(HOPMATOPA HAMOTAHBI HA
Kxonbiie METGLAS 2714R 32 x 22 x 10.

OCHMIOTPAMMa TTOCBUIKM MaKeTa
TIPUBEIEHA HA PUC. 8.

JIUTEPATYPA

. Bapumosckuii A, Cmpoumenesa E. Tlouemy

—

B JKWIBIX JIOMAX B3PbIBACTCA Ia3. U3BeCTHS,
17.01.2008.

. Ceménos B. IHTEJUIEKTYAIbHBINA JIETEKTOP

o

raza. CoBpeMeHHas1 AeKTPOHUKA. 2007. Ne 9.

3. www.hometoys.com/htinews/feb99 /arti-
cles/kingery/kingery13.htm.

4. www.smartrussia.ru.

5. www.x10.ru.

6. www.smarthomeusa.com/info/x10theo-
ry/#theory.

7. Boaurn MJI. TTapasuTHbBIE IIPOIIECCHI B PA/IH-
03JIEKTPOHHOM anmnaparype. M.: CoBeTckoe
paauo. 1972.

8. X10, Inc. Technical Note. The X10 POWER-
HOUSE Power Line Interface Model PL-513

and Two Way Power Line Interface Model

TW-523. @

BbICOKOTEMNEPATYPHbIE PAIMALIMOHHOCTOUKUE

SiC u GaN CBY-Tpan3ucropbl

PROSOFT

' [lnana3oH yacToT: 0 4 [Ty

v Hanpsxenue nutauus: 28...48 B
v Mowgtocts: 10...60 BT

v KNQ: > 45%

v Temnepatypa nepexopa: > 255°C

v Hapa6otka Ha oTka3 (MTTF) SIC CBY-npu6opos:
2,2 MJTH. YyacoB npu +225°C
60 MnH. yacos npu +175°C

ODULMANbHbIA ANCTPUELHOTOP KOMIAHUM CREE B POCCHU M CTPAHAX CHI
® AKTWUBHbIAN KOMNOHEHT BALUEr0 bU3HECA

I

M=

Peknama

TenedoH: (495) 232-2522 « E-mail: info@prochip.ru « Web: www.prochip.ru
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MaruutotepaneBTuyeckas yCTaHOBKa
Ha 6a3e mukpokoHTponnepa AVR

Cepren Wnwkun (Huxeropoackas o6n.)

MarHMTorepanequecme annapatbl U YCTAaHOBKU LUMPOKO NMPUMEHSAOTCS
B nne4ye6HOM NnpakTuke MmeguunHCKuX yqpe)Kp.eHuﬁ. B ctatbe onucaH oguH
M3 BO3MOXHbIX BapUaHTOB peanu3auuu Takown YCTaHOBKU

Ha COBPEMEHHOW 3NIeMeHTHOW 6a3e.

CoBpemMeHHass MarHUTOTEpANus -—
6€3601€3HEHHBIN U GE30MaCHBIN CITO-
co6 neuyeHus. B Hacrosmee Bpems Ha-
KOILICHBI OTIPE/IEIEHHBIE 3HAHUS O BO3-
JEVCTBUM CAA0BIX MATHUTHBIX IIOJIEH
Ha GUOJIOTUYECKHE CTPYKTYPHI U Opra-
HH3M Y€JIOBEKA, A TAKKE 3HAYUTETbHBII
JIe4€6HON OIBIT HKCIUTYyATAIMH MATHHU-
TOTEPAIIEBTUYECKHUX YCTAHOBOK B ME/TH-
LIMHCKUX YYPEIKICHUSIX.

MarHuTOTEPANIEBTHYECKASI YCTAHOB-
Ka (Jlajiee yCTaHOBKA) IIpeAHa3HaAYeHa
JUISL IEYEHUS PA3/IMYHBIX 32607I€BaHUI
myT€éM BO3JEHCTBUS HAa NAIUEHTA
OXBATBIBAIOIIHUMH WU TIEPEMEIAOIIH-
MHUCS B IIPOCTPAHCTBE MATHUTHBIMH
IOJISIMH. YCTAHOBKA COCTOUT U3 6JIOKA
YIPaBICHUA U UHAYKTOpa. UHAYKTOP
MIPEACTABIAET COOO¥ TPHU KOJBIIA-CO-
aenouga guamerpom 800 mm. Kosbija
MOTYT KOMIIOHOBATbCS IUOO B IIPU3MY
(W1 CO3aHMsA BPAMAIOMIETOCS JJIEKT-
POMArHUTHOIO MOJISA), JUOGO B IHU-
JIMHAP (VI CO3AaHMs JTUHEHHO mepe-
MEM[AXOMETOCS B IIPOCTPAHCTBE I1OJIS).

DJIEKTPOHHASA YACTDh YCTAHOBKH (610K
YIIPABJICHUS) JO/LKHA OOECIIEYNUTh BO3-
MOKHOCTb CO3/[JaHHUA HMITYJIbCOB 3aTy-
XaoMEro TpEx@aszHoro mepeMeHHOro
MarHUTHOTO I10JIA C BO3MOXKHOCTBIO M3-
MEHCHUS CJIEAYIONIUX MaPaMETPOB: HH-

MYKIUH, JUTATEIbHOCTH BO3JEHCTBUSI U
KOH(pwurypanuu. Heo6XoqumMo Takke
006eCneynTh COOMIOAEHHE TPEGOBAHUI
3JIEKTPOOE30MACHOCTH II0 CTAHJAPTAM
MEIUIITHCKOM TEXHUKH.

CTpyKTypHas cXeMa yCTAaHOBKH IIPH-
BEJI€HA HA PUCYHKE 1, cxema urep@er-
ca 6/1I0Ka YIIPaBJIECHUS — HA PUCYHKE 2.
OCHOBHBIE TEXHHYECKHE XAPAKTEPHUC-
THUKH YCTAHOBKH IIPUBE/ICHEI B TA0IHIIE.

C LeIpI0 yaydIIeHHs] MacCcorabapur-
HBIX M SHEPIeTHUYECKUX XAPAKTEPHUCTUK
YCTAHOBKM M PACIIMPEHUS JUAINTA30HA
AMIUIMTYIHO-YACTOTHBIX XAPAKTEPUCTUK
MAarHUTHOI'O TOJISI B YCTAHOBKE IIPHIMeE-
HEH TPEX(a3HBIN T€HEPATOP, BBIITOTHEH-
HBIN B BUJI€ TPEX OJMHAKOBBIX 3aPS/IHO-
Pa3PSIAHBIX KOHTYPOB. Ka/Iblii KOHTYD
BKJIIOYAET B CeOs1 HAKOITUTEIBHBIM KOH-
JIEHCATOP, PA3PATHBIN KII0Y (OIITO3IEK-
TPOHHBIM THPHUCTOP) U COTIEHOM/T HH/YK-
TOpa. 3aps/ KOHAEHCATOPA KOHTYPA OCY-
LIECTBIAETCA OT OI0OKA IMUTAHUS 4depe3
Pa3BA3BIBAIOIIMI 11O, Pa3psii KoH/IeH-
CaTOPOB OCYIIECTB/ISAETCS MMITYIbCAMHE
OT 6JI0KA YIIPABJIEHMUS, C JUTUTETBHOCTHIO,
JIOCTATOYHOM JIJIsi 0O6€CIIeYeHUsI pa3psiaa
KOHJIEHCATOPOB. B TakoMm reneparope,
6aroapsi IPHUMEHEHHIO HAKOIIUTEb-
HBIX KOH/ICHCATOPOB, HAIIPSDKEHUE 3aPsi-
/12 MOJKET U3MEHSATHCA B IIMPOKHUX IIPe/ie-

bnok ynpasnexus Al
=1
Al1.2 i
~220B BROK NHTaHWs [nata KOHTPONS ¥ ynpasneHus A12
-
A\AI ¥ vD2 ¥ vD3
J VS1 J VS2 VS3
To | @ED | 7o | @=D) | To | @D
A2
L1§ L2§ L3§ WNHaykTop

Puc. 1. CTpyKTypHas cXeMa ycTaHOBKM

Jax. BeomeacrBue 3TOro aMIUTHUTYJHOE
3HAYEHHE HAIPKEHHOCTH MATHUTHOTO
IOJIsI B MHAYKTOPE TAKKE MOKET HU3Me-
HATHCA B IIMPOKUX IIPEIEIAX.

KOHCTPYKTHBHO yCTaHOBKAa COCTOHUT
u3 6;10Ka ynpasaenus Al (cm. puc. 1) u
uHIyKTOpa (A2). MHAYKTOp IIpE/ICTaB-
JigeT CO601 KOMOMHAIUIO U3 TPEX Coe-
HommoB (L1, L2 u L3) u KpenéKHBIX
MPUCIIOCOOIEHUH, KOTOPBIE JAIOT BO3-
MOKHOCTb KOMIIOHOBATb COJIEHOW/IBI B
LWIMH/P WK IIPU3MY U IOTY4YaTh, CO-
OTBETCTBEHHO, GErymiee WM BPaIaro-
1eecss MAarHUTHBIE 11OJ1s1. Biiok yipasie-
HUS BKIIOYAET B CEO5 IUIATYy KOHTPOJISI U
yupasiaenus Al.2 (nanee IIKY) u cuno-
BYIO 4aCTh: OJIOK muTanust Al.1; KoHjgeH-
caropsl C1 — C3; nuoasl VD1 — VD3; oni-
TOTUPHUCTOPHI VS1 — VS3.

B cocras IIKY BXOZAT cleaylonjue
(PyHKITMOHAJIBHBIE Y3JIBL: JATIHK epe-
XO/la CETEBOTO HAIPSDKEHUS dYepes
HOJIb, MICTOYHUK ITUTAHUA, 3JIE€MEHTHI
uHTEPp@Erca ¥ MUKPOKOHTPOJIED TH-
na ATtiny2313, Ha 6a3e KOTOPOro u
OCTPOEHA JaHHas 11aTa. [1s1 PyHKIu-
onuposanusa ITKY B JaHHOM MHKPOKOH-
TPpOJUIEPE 3aJE€HUCTBOBAHBI IIOYTH BCE
anIrapaTHeIE PECYPCHL

ITpUHIII IEHCTBHS YCTAHOBKHU 3aKITIO-
yaercsa B aaegyromeM. ITKY coBMeCTHO ¢
6;10kOM TIUTaHUA Al.2 OCYIIECTBISIET pe-
IYIAPYEMBIN 3apsii TPEX HAKOIIUTEIb-
HBIX KOHIeHCaTOpOoB C1 — C3. 3arem I1IKY
BBIIAET TPU 32/I€P/KAHHBIX OTHOCHUTEIb-
HO JIPYT IpyTa UMITY/IbCA, YIIPABILTIOIAX
orrroruprucropamu VS1 — VS3. Yepes 1aH-
HBIE€ ONTOTHPHUCTOPHI OCYLIECTBISICTCS
Pa3ps/i HAKOIIUTETbHBIX KOH/ICHCATOPOB
Ha Tpu cosieHomza L1 — L3 ungykropa A2.
Paspsaj B KaKJOM KOHTYPE HOCHUT XapaK-
Tep CBOOOJHO 3aTYXAIOIMUX CHHYCOU-
JIANIBHBIX TOKOB B LC-KOHTYpE, (ha3sl KO-
TOPBIX cMeneHbl Ha 120 rpamycos.

B unTepderic 6:10Kka yrpasIeHus yera-
HOBKM (CM. PHC. 2) BXOAHUT KIABHATypa
(xuonku S1 — 84), uumkaropst HL1 — HLG
U GJIOK MHAMKAIIMH (JJUCIVICH) U3 IBYX 2-
Pa3PAAHBIX ITU(PPOBBIX CEMUCETMEHTHBIX
uHaukaropos HG1 u HG2. MnaTepdetic
GJIOKa YIIPAaB/IEHHs JOCTATOYHO KOMITAK-
TEH, XOPOIIO YHTAEM, YIOOEH U HMEET
COBPEMEHHDIM /IM3AMH.
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KHOITKH KJIAaBHATYPBI UMEIOT CJIEAYIO-

nee Ha3Ha4YeHue:

S1 (A) — yBeJIMYMBACT 3HAYCHHS Mar-

HUTHOM UH/IYKIIMH U JJIMTEIbHOCTH Ce-

aHca (B MUHYTAX); y€pPKaHUE KHOIKH

B HAKATOM COCTOSIHHM Oosee TpEX ce-

KyH/I B PEKHME YCTAHOBKH JJTUTEIbHOC-

TH CEaHCa IIPUBOJMUT K HEIIPEPHLIBHOMY

YBEJIMYCHHUIO BPEMEHHM HA TPU CUHH-

bl Kaxaeie 0,2 ¢;

S2 (w) — yM€EHbIIAET 3HAYCHUSI MATHUT-

HOM MHAYKIIHMA U JIJIMTEJIbHOCTU CeaHca

(B MMHYTaX); yI€p;KaHUE KHONIKU B Ha-

JKATOM COCTOSTHHHU O0see TPEX CEKyH/I B

pEKHME YCTAHOBKH JITUTEIBHOCTH Ce-

aHCA TPUBOJHUT K HEMNPEPBIBHOMY

YMEHBIICHHIO BDEMEHU HA TPU €/TUHU-

1161 Kaxkiwie 0,2 ¢;

S3 (P) — BBIOMpAET 3aJ]aBAEMBIN IMapa-

MeTP: MH/IyKIIHIO I JTTATEIbHOCTD Ce-

aHca. B pesxuMe M3MEHEHWsI HHYKI[T

BKItOUYeH uHaukarop HLI1, maaukaTop

HL2 BBIKJIIOYEH; B PEKMME MU3MCHCHUS

JUTATETBHOCTH CEAHCA BKIIOYEH WH/IH-

karop HL2, naaukaTop HL1 BBIKIIOYECH;

S4 (C) — 3amyCKaeT WIM OCTAaHABIMBACT

IPOLIEAYPHL
Paspsiipl MHAWKAIMKU HHTEPderca

UMEIOT CJIEAYIONIEE Ha3HAYeHue (CIeBa

HAMPABO 10 PUCYHKY 2):

e 1 paspsag (uagukatop HG1.1) o106~
pa’KaeT €JUHHULIBI 3HAYCHUS HHIYK-
i B M1

e 2 paspsay (uapuxarop HG1.2) oro6-
pa’kaeT AecsAThIC O 3HAYCHUS HH-
mykiyuu B mTun

e 3 paspszp (uagukaTop HG2.1) o1o6-
PaXKAET JECATKA MUHYT;

e 4 paspsan (uuguxarop HG2.2) oro6-
paskaeT eTMHHUIIbI MUHYT.

ITocsie oAy MUTAHUA HA WHUKA-
TOpax uHTEpdErca OTOOPAKAIOTCS HY-
JIEBbIE€ 3HAYEHUS MH/IYKIIMU U JI/TUTE/Ib-
HOCTH ceaHca; uHaukatop HL1 BKIIO-
yen, HL2 BeixmouyeH. Knonkamu S1 u S2
(A,y) yCTAaHABIHUBAIOTCA HEOOXOAM-
Mbl€ 3HAYEHUS MHAYKIIUH U JUINTE/Ib-
HOCTH CeaHca. [t 3a1ycka HeoOXoau-
MO HaKaTh Ha KHOIIKY S$4 (C). YcraHOBKa
IepPEeXOAUT B paboumii peskum. Ocymiect-
BISICTCST 3aPsA]l U Pa3psf; HAKOIIUTE/Ib-
HBIX KOHJEHCATOPOB, HUAET OOPATHBIN
OTCYET 33JAHHOT'O BPEMEHH, OTOOpaKa-
emoro Ha uHauKarope HG2.

Cxema 3apsiia kKoHAeHcatopos C1 —
C3 BrIro4aer B cebsi OJOK MUTAHUSA
A1.1, quoast passsa3ku VD1 — VD3 u on-
TOTUPUCTOPBI VS1 — VS3. PeryimpoBka
HAIPSDKEHUA OCYIIECTBAETCA TyTEM
M3MEHEHUS JUTUTEIBbHOCTH 3APAA KOH-
JieHCaTOpOB. OT YPOBHA HAIIPSIKEHUS
3aBUCHUT BEJIMYMHA UHIYKIIMH MATHUT-

HOT'O IOJIsI B UH/TYKTOPE A2 1IPU paspsijie
HAKOIUTE/IbHBIX KOHJEHCATOPOB Yepe3
conenouzpl L1 — L3 uaaykropa A2.

Emkocts kougencaropos C1 — C3, au-
aMeTp KoJIell, CONPOTUBIEHUE U UHTYK-
THUBHOCTB COIEHOUJ0B L1 — L3 paccuwn-
TAHbBI TAKUM OOPA30M, UTO IIPH U3MEHE-
HUW HAIPSDKEHUS HA HAKOIUTEIbHBIX
KoHgeHncaropax or 70 1o 500 B uHayk-
ysi B IIEHTPE CONEHOMJA MEHSACTCS
or 0,5 10 4 mTin. CBeToBBIE€ IIOJIOCHI
HL4 — HL6 cayxart Jjisi BU3YaJbHOT'O
KOHTPOJSI NMPOLIECCOB 3apsAja U pas-
psila HAKOIHUTEJIbHBIX KOHJIEHCATO-
POB. /1151 YMEHBIIEHUA YPOBHSA TTIOMEX
KasK/IbIF PAOOYHH UK HAUNHAETCA B
MOMEHT IIE€pPEexX0Ja CETEeBOI'0 Hampsi-
JKEHUSI Yepe3 HyIb.

AJTOpUTM PabOTHI YCTAHOBKHU B Pa60-
JyeM IUKIe creayromui. Kak yxe ymo-
MHHAJIOCh, IIOC/IE TIOJAYM ITUTAHUS He-
06XOAMMO C KIaBUATYPBI HHTEpderica
6JIOKA YIIPABICHUSA 33/1aTh ITAPAMETPBI
paboTHI — MHAYKIIHIO U BPEMS IIPOLIEAY-
pBL. JIJaHHBIE ITAPAMETPHI MOCTOSIHHO
OTOOPAKAIOTCS HA AUCIVIEE (MHUKATO-
pst HG1, HG2). YcTaHOBKA IIEPEXOIUT B
pabouHil IIUKII CPA3y ITOC/IE HAKATHS HA
KHOTKy «Crapt/cTon» (§4), nMpu 3TOM
BKJIIOUAETCsl CBeTOBas Imojoca HL3.
MUKPOKOHTPOJIJIEP HAYMHAET OIPAIIU-
BaTh JATYHUK CETEBOTO HATIPSUKCHUS, U B
MOMEHT ITPOXOKIEHUA CETEBOI'O HATIPSI-
SKEHMSI Jepe3 HOJIb BKIIOYAETCA OI0K
nutanus Al.1l. HaunHaercs padouuni
UKT 32Psi/ia HAKOIIUTEIbHBIX KOH/ICH-

CeTeBoe HanpshkeHue nutaxms, B

WHaykums, mTn
HG1.1 HG1.2

~|8d

HL4 HL5 HL6 HL3
O N | r—

Bpemsi, MuH
HG2.1 HG2.2

gH =

S1 S2 S3 S4
NIVIP|S

OcHOBHbIE TEXHUYECKUE XapaKTepUcTUKK MarHuToTepanesTUYecKon YCTaHOBKK

Puc. 2. Uutepdheiic 6noka ynpasnesus

catopos C1 — C3, KOTOPHIH MOKET IPO-
nosokatbest oT 50 10 400 Mc, B 3aBUCH-
MOCTH OT TOT'O, KAKOE 3HAYEHHE MATHUT-
HOI MH/IYKIIMH 33/IaHO OIIEPATOPOM.

Yepe3 YCTAHOBJIEHHOE BPEMS MHK-
POKOHTPOJUIED BBIKIIOYAET OJOK ITH-
Tanus Al.1, ocraHaB/IuBas 3apsj Ha-
KOITUTE/IBHBIX KOH/IEHCATOPOB. 3aTeM
(uepe3 900 MC) MHKPOKOHTpPOJUIEP
BKJIIOYAET ONTOTHPUCTOP VS1 mepso-
r'o pa3pAAHOro KOHTypa. HaunHaercs
KOJIEO6ATEIbHBIN IIPOLIECC paspsja
koHgeHcaropa Cl gepes conenouy L1
WH/IYKTOPA, KOTOPBIN HOCUT XaPaKTEP
CBOGOJJHO 32TYyXAIONUX CHHYCOM/IAb-
HBIX TOKOB. CrrycT eme 3,3 MC MHKPO-
KOHTPOJITIEP BKIIOYAET ONITOTUPHUCTOP
VS2; emé depes 3,3 MC — OIITOTHPHC-
Top VS3, n xougeHcaropsl C2 u C3
Pa3psKAIOTCA Yyepe3 coleHouanl L2 u
L3 BTOPOTO U TPETHETO KOHTYPOB HH-
JyKTOpa A2.

Korga ¢ MOMEHTA BKIIOYEHMSA OIITOTH-
pucropa VS3 npoxoaur 100 mMc, OrrroTH-

220 + 20%, 50

MoTpe6nsemas MOLHOCTb, BA, He Gonee 150
MakcumanbHas NHAYKUMS (Byaxc), MTH

— B LEHTPe coneHovpa 4+£07
— 861K coneHonaa 26+6
[nanasoH perynupoBKu MHAYKLMM B LEHTPE coneHounaa 07 0,5Byac 80 Byagc
JIMCKPETHOCTb 3aJaHNsA UHAYKLMKM, MTA 0,5
Yacrora konebaHuit Toka B coneHouge, 'y 100 £ 15
YacToTa NoBTOPEHWiA UMNYbCOB TOKA B coneHounge, 1201
MakcumanbHas ANNTENbHOCTL CeaHca, MUH 99
[MCKpeTHOCTb 3afjiaHns ANUTENbHOCTYU CeaHca, MUH 1
[nameTp coneHouaa, Mm, He 6onee 800

Konu4ecTBO CONEHOMOB, LT,

3

By nons Npyu KOMMOHOBKE CONEHONA0B
— UAnuHAp
— npu3ma

berywee none
Bpawatouieecs none

Bpems HenpepbIBHON paboThi

He orpannyexo

[a6apuTbl 6110Ka ynpasnexus, Mm 360 x 70 x 130
Macca 6noka ynpasnenus, kr, He 6osee 8

Macca uHayKTOpa, Kr, He 6onee ]
Yenosus akennyarauum

— Temneparypa oKpyxxatoLLev cpefsl, °C 1535

— [1aBIeHNEe, MM PT. CT. 645...795

— OTHOCUTENbHAS BNAXHOCTb, % 45...75
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Puc. 4. bnok ynpaenenus

pucropsl VS1 — VS3 3akpbeIBaroTcs. 32 31O
BpPEMsI KOJIEGATEIbHBIE ITPOLIECCH B KOH-
Typax 3aKaHYHBAIOTCS, ¥ PAOOYHMI UK
3aBepmaercsa. Claeayromun  padovuit
IIAK/T HAYUHAETCSA B MOMEHT OIrDKaIIe-
TO MPOXOKAECHUSA CETEBOTO HATIPSDKEHUS
uepes3 HO/b. LIMK/IBI 3aps/1a ¥ pa3psi/ia Ha-
KOTIHUTE/IbHBIX KOH/IEHCATOPOB IIPOJ0JI-
JKAIOTCH, TIOKA HE 3aKAHYHBAETCS BPEMS
ceaHca (MM BPEMS IIPOLELYPhI).

Bo Bpemsa paGouero ruria Touka h
uHauKaTopa HG2.2 Muraer ¢ 4acroroi

Pa3BegbiBaTenbHbIN
po6oT-nayk pns apMum
CLWA

Komanaa uHxXeHepoB Hbio-IFemnwmnpe-
Ko komnaHuu BAE Systems 3aknoduna ¢
uccrnefoeartenbckon naéopaTtopuen ap-
Mun CLUA KoHTpakT Ha 38 MnH. gonn. u
Hayasna paboTy COBMECTHO C apMercKumm
VHXeHepamu 1 cneumanuctaMmy us akage-

MbILLAIEHHbIX Npeanpusatuin. KoHe4YHbiM
NPOAYKTOM [AaHHOrO COTpyAHUYecTBa
HOfXHa CTaTb JIMHEKa aBTOHOMHbIX MU-
HU-po6oToB MAST (Micro Autonomous
Systems and Technology) ans ncnonb3o-
BaHMA B FOPOACKMX YCNOBUSX, Fropax u ne-
Liepax.

TOHOMHbIV passefbliBaTebHbIN Po6oT-na-

| MUYECKMX KPYroB, a TakXe psaoM npo-

OOHUM U3 HUX, BOBMOXHO, CTaHET aB-

1 Ii1. ITo OKOHYAaHUH 33JaHHOTO BpeMe-
HU IIponeaypsl Ha 10 ¢ BKIIOYAETCS 3BY-
KOBasi CUT'HA/IM3A1IH, 4 CBETOBAsI IIOI0CA
HL3 muraer ¢ yacroroi 1 It. ITo ucreue-
Hur 10 ¢ cBeroBasd nosoca HL3 BBIKITIO-
Jaercs, U Touka h mHaukaropa HG2.2
racHeT. YTo6bl HAYaTh HOBYIO IPOIIETY-
Py, HEOGXOOUMO 32/1aTh 3HAYEHUE HH-
JYKIIUH, JJIMTEIbHOCTD CEAHCA ¥ HAKATH
Ha KHONIKY S4 (C). [l/11 OCTAaHOBKH IIPO-
LIEAYPHI B JIIOOOK MOMEHT BPEMEHH He-
06XOJMMO HAKATh HA JAHHYIO KHOIIKY
(cBeroBas nnonoca HL3 roracHer).

IudposBass 9acTb CXEMbI YCTAHOBKH
pasMelmeHa Ha IUIaTe yIPaBICHUA U
KOHTPOIA Al.2 ¥ TA/IbBAHUYECKH PA3BSI-
3aHA OT IIUTAIOIIEH CceTH. BHEenTHUIT BUj
YCTAaHOBKH IIPE/ICTABIEH HA PUCYHKE 3;
COJIEHOU/IBI HH/TYKTOPA CKOMIIOHOBAHBI
B UWIHMHAP. BHemHUI Buja 6710Ka
YIIPABJIEHUS IIOKA33aH HA PUCYHKE 4.

[IporpamMmmHOEe O6GECIIEYEHUE MHK-
POKOHTPOJIJIEPA OGECIIEYNBAET PEATH-
3A1MIO YIIPABAAEMOrO 3aPsA/a HAKOIIH-
TENbHBIX KOHZeHcaTopoB Cl1 — C3,
TaiMepa ¢ OOPATHBIM OTCYETOM Bpe-
MEHHU U BBIBOJ IIAPAMETPOB HA JUHA-
MHUYECKYIO MHAUKALWIO. PazpaboraH-
Hag Ha Accembaepe IporpaMma 3aHH-
maeT 820 6adiT mMaMATH IPOTPAMM
MHUKPOKOHTPOJIIEPA.

CxeMma ynpaBiaeHHUsI U KOHTPOJIst Al.2
BBIIIOJIHEHA HA IE€YATHOH ILIATE pa3-
mepoMm 100 x 140 mm. KOHCTPYKTHUBHO
GJIOK yIIpaB/IEHUS PEATU30BAH B BHUJIE

YHKIIMOHAJbHO 3aKOHYEHHOI'O MO-
ayasa. BHyTpu 6/10Ka K mepegHelt naHe-
JIU MOJYJISI KPENHUTCA ILIaTa yIIpaBiie-
Hus Al.2. Ha 3agHeH maHenu pasme-
IIA€TCA BBICOKOBOJIBTHASI CHUJIOBAS

yK. OanHbin MVHU-pasBefynk 6yneT ocHa-
LWEH pasnu4HbiMKM fgatyvkamy Ans asTo-
HOMHOIO NepeABMXEHUs U NpeoaoneHus

TPenaTCTBUIA, a TakxXe O0ObIYHOM U Tersio-

BU3VIOHHOW BUAEOKamMepamu.

Mporpamma MAST genutcs Ha yeTbipe
OCHOBHbIX KCcnegoBaTenbCKUX Hanpassie-
Hus: BAE Systems oTBevaeT 3a uHTerpa-

 BAHCKUW YHMBEPCWUTET — 3a aBTOHOM-

Tenbckov nadopatopum apmum CLUA. —
MAST 6ygyT CriOoCOGHbI BAUSITL HA PasBu-

4aCTh CXEMBbI, BKJIIOYAsl CETEBOH BBIK-
JIIOYATEIb U BBICOKOBOJIBTHBIN COEH-
HUTEIb, K KOTOPOMY IOJKIIOYAETCA
COEJUMHUTEIb MHAYKTOpA A2. Mexny
nepeaHer U 3aJHEN MAHEIAMHU PACIIO-
JIOKEH OJIOK HAKOMUTEIbHBIX KOH/ICH-
catopos C1 — C3.

Kaxapiii cojJieHOHJ B HHIYKTOPE
BBIIIOJTHEH B BH/IC KOJbIA JUAMETPOM
800 MM u copepkut 100 BUTKOB IIPOBO-
ga II9B-2 puamerpom 1,06 mm (IOCT
7262-78). Kosp1io 06MOTAHO JIEHTOM U3
CHHTEIIOHA U YJIOKEHO B /IBE€ OO0JIOYKH
(BEPXHIOIO M HIDKHIOIO) U3 IIOJIMCTUPO-
aa YIIC-0803D (I'OCT28250-90). Co-
€JUHHUTE]Ib HHIYKTOpAa YEpe3 BBOJ
MGB-P-8G moawIouYeH K COJIEHOHUIAM
kabenem IIBC2 guamerpom 1,0 Mmm.

B/IOK ynpaB/ieHUA HE COACPXKUT HU-
KAKUX HACTPOEK MU PEryJupoBOK. Eciu
MOHTAK BBITIOJIHEH IIPABUJIBHO, OH Ha-
4YHHAET PaboTaTh Cpasy IOCIE IMOJAYN
HANpPsDKEHUs NuTaHusa. [Togxioyars
MHJIYKTOP K OJIOKY YIIPABIECHHUS MOKHO
TOJBKO IPHU OTCOETUHEHHOM CETEBOM
HHype. B yCcTaHOBKE MMEETCsT OIIaCHOE
JUIS S)KM3HU HanpspkeHue 10 1000 B, mo-
3TOMY BO BpEMs IIPOBEPKHU paboTaIOIIe-
ro 6;10Ka (TIPH CHSITOM BEPXHEH KPBIIII-
K€) HEOOXOJHMO COOIIOATh MEPHI
IEKTPOOE3ONACHOCTHA. 3HAYECHHE Mar-
HUTHOH HMHIYKIIUHM MOKHO H3MEPHUTh
MMHJUTATECIAMETPOM.

JIUTEPATYPA

1. HTuwxkun C.B. MarHATOTEPATICBTHYCCKAS

ycraHoBka. CxemortexHuka. 2006. Ne 2.
C.36-38; Ne 3. C. 43-45.

2. Macanos FO. A., Ceupuoenxo CA., Ceupuoen-
x0 A. C. ITarenT P® Ne2088278. @

umio, MuyuraHckuii yHuBepcuteT — 3a
MWUKPOSMEKTPOHUKY, YHUBEpcuteT Mapu-
neHpa — 3a MUKpomexaHuky, a MeHcunb-

HOCTb.

«P060TM3NpOBaHHbIE pa3BefbiBaTeslb-
Hble MNaTopMbl NO3BOMAT NOAYYaTh UH-
dopmMauuio B CMépTeﬂbHO onacHbIX Ans
YyesioBeka YCNOBUSAX, — FOBOPUT [LOKTOP
[Oxo3ed Maiir, MeHegXxep wuccnegoBa-

TUE He TOSIbKO BOEHHOW NMPOMBbILLIIEHHOC-
TW, HO U Ha pas3paboTku B cdepax aspo-
MEeXaHWKN, 30HAUPOBAHUSA N HaBUraLUmn».
CotpynHuiecTBo no nporpamme MAST
paccyutaHo Ha 5 neT ¢ y46TOM BO3MOX-
HOro NPOANeHNUs eLé Ha Takow Xe CPoK.
http://www.3dnews.ru
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SAINMEKTPOHUMK A

KOMMOHEHTbLI * OBOPYOOBAHVIE = TEXHONOM 1

OKTABPb 1-3
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6-A VIE>X KOVYHAPOOHAA BbICTABKA
POCCWVIA - MOCKBA - 3KCINnoueHTP

BEOAYLWARA POCCVMNCKAR
BbICTABKA NPUIMMALLAET!

COBMECTHO C BbICTABKOW MPU NOAAEPXKE:
T ”
v LAY I
*nﬁo ; ) lI I'

MUWHUCTEPCTBO NPOMBILLUNIEHHOCTU

n aHepreTuku Poccuiickon Depepauun
depnepanbHoe areHTCTBO NO MPOMBbILLUJIEHHOCTU
AenapTaMeHT Hayku v MPOMbILLIIEHHON
nonutTuku ropona Mocksbl

MockoBcKas TOProBo-npomMbillieHHas nanara
Poccuiickasa UhxeHepHaa Akagemus

MHOOPMALIMOHHA4
NOAAEPXKA
PATES. KOMIOHERTBI| 110Kk
CHIP i extonorvin
MWKPOSNEKTPOHMKA @ E)@ J




NMPOEKTUPOBAHVME M MOOEJNIMPOBAHME

42

Cucrema tpaccuposku TopoR:
bbiCcTpbIN cTapT

(4actb 1)

Ceprei Jlyaun, Oner Mony6acos (Caunkt-Merep6ypr)

B cTtaTtbe onucaHa poccuiickas nporpaMma TOMnosoru4eckom TpacCUpPOBKHU
TopoR (Topological Router), npegHa3Ha4yeHHas ANs NPOEKTUPOBaAHUS
nevyaTHbIX Nnart, NpeaBapuTeNbHO NOAroTOBJIEHHbIX B hopMaTax

PCAD ASCII PCB, PADS ASCII PCB unu DSN.

PeasmsoBanneie B mporpamme TopoR
AJITOPUTMbI U HHCTPYMEHTAIBHBIC CPE/I-
CTBA TIO3BOJISIIOT Haubo0s1ee 3((HEKTUBHO
HUCIIO/Ib30BATh MOHTAKHO-KOMMYTAIIH-
OHHOE POCTPAHCTBO, YTO OOECIIEYNUBACT
CYLIECTBEHHOE IIPEMMYIIECTBO aBTOMA-

b . reawopcum

THYECKOTO Tpaccuposiuka TopoR 1o
CPABHEHUIO C JIPYTHMH IIPOTPAMMHBIMH
CPEJCTBAMM AHAJIOTUYHOI'O HA3HAYEHUSL.

Xotrs nporpamma TopoR gaBHO u c yc-
MEXOM MCIIOIb3YeTCs Ha IPEIIPUATUIX
Poccun, Ykpaunsl, bBoarapun, Ascrpa-

e

gum, CIIIA 1 OUHIAHIUY, V TTIOTEHIU-
AJILHBIX ITOJIB30BATEIEN BCE €lIE IIPUCY-
TCTBYET OIpee/JEHHAA CTENEHb HENO-
Bepus. CBA3aHO 3TO B IIEPBYIO OYEPEb
C HEOOBIYHOCTBIO ITPOJYKTA U C OCOOEH-
HOCTAMM IIPOIIECCA TPOEKTHPOBAHMS B
HEM. MHOI'MX I1IOJIb30BATEICH CMYIIAET
BHJI TOIIOJIOTMU (€3 IPEUMYIIECTBEH-
HBIX HAIIPABIEHHH IPOBOJHUKOB IIOJ
90° 1 45°, a TaxKe HATUUUE HAPYIICHUH
IOC/I€ ABTOMATHUYECKOH TPACCUPOBKU.
Cucrema TopoR Bceria o6ecnieuuBaer
100-% pa3BojKy Lienei. Pazpoasarcs Bce

e

3a0p
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Puc. 3. Mnara, pa3BepéHHan TpaAuLMOHHBIM TPaCCUPOBLYMKOM
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Puc. 4. Mlepen Ha4anom TpaccUpoBKM BCE PaHEE NPONOXKEHHBIE NPOBOAHUKM
aBTOMaTH4ECcKN YAansioTcs. CTPOruii KOHTPONb TPACCUPOBKM OTKNHOYEH
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CBSI3H, JTIAJKE €CJTU ISl TOTO MPUXOIUT-
Cs1 HAPYIINUTb HEKOTOPbIE€ KOHCTPYKTHUB-
HO-TEXHOJIOTUYECKHE OTPAHUYEHUS.
VeTpaHeHHue 3TUX HAPYIIEHUI B UHTEP-
AKTUBHOM PEKHUME OOBIYHO HE BBI3bIBA-
€T TPYAHOCTEH, OJJHAKO CaMa HEOOXO-
JUMOCTh KOPPEKIIMH II0CJIE TIPUMEHE-
HHUSL aBTOTPACCHUPOBIIMKA BCTYIIAE€T B
MIPOTUBOPEYHE C IPAKTHKOH HCIIO/Ib30-
BAHUS IPYTUX CHCTEM.

Ho ecnu y HO/Ib30BATENS XBATAET TEP-
meHusi pa3o6paTbCsi B OCOOEHHOCTAX
npoexkruposanusa B TopoR (morpedyer-
Cs1 OJJUH-/IBA JIHA), OH BO3HATPAK/IAETCS
CYIIECTBEHHBIM IIOBBINIEHUEM (P DeK-
TUBHOCTH Pa3PaAOOTKHU.

JlaHHasi CTATbsl OTKPBIBAET CEPHIO
MyOGIMKAIUI O IPOEKTUPOBAHUHU II€-
YaTHBIX IUIAT B nporpamme TopoR. Ha
MIPOCTOM IIPUMEPE ONMHMCAHBI OCHOBHBIE
3TAIBI IPOEKTHPOBAHMA. B mociemyro-
IUX CTATHSIX OY/IyT IOAPOOHO PaCCMOT-
PEHBI HEKOTOPBIE OCOOEHHOCTH H IIPH-
€mbl paboTeI B 3T0M CAIIP.

UmnorT PCB-®ANNA

U CO3[AHUE PAWUJIA NMPOEKTA

1. 3amryctuTe nporpammy TopoR.

2. Bei6epure myHKT MeHio ®dain — Um-
niopt PCB-daitnos u HatiauTe Gaii B
COOTBETCTBYIONIEM KaTajore. B maH-
HOM ciIy4dae 3To oyaer dain Z80-rou-
ted.pch.

3.B AuaJoroBOM OKHE UMIIOpTa (hariia
IIporpaMma CIPOCHT, TOJ KaKUM
MMEHEM COXPaHUThL (DAl BO BHYT-
perHeM ¢opMare CUCTEMBI U (harl
npoekra. ITo yMo/I4aHuio mnpezaiara-
ercst umsi pcb-gariia ¢ COOTBETCTBYIO-
UM pacmupenuem: Z80-routed. fsx v
Z80-routed.fsr.

4. Tlocsie BBO/IA HA3BAHUI (DAMIOB HAXK-
mute KHONKy OK.

5. B guanorosom okHe «OrpejeieHue
crwis pa3paborkn» (puc. 1) cremyer
YCTAHOBUTDH IIPABHJIA, IO KOTOPBIM
OyzeT BBIITOJHEHA TPACCUPOBKA.

B guanorosom OkHe Routing Layers
(CJIOM TPACCUPOBKM) CJIEAYET YCTAHO-
BUTH ci1ou Top 1 Bottom B KayeCTBE HC-
[MOJIB3YEMBIX I TpaccupoBku. Korga
IIPOBEPKA M KOPPEKTUPOBKA IaPaMeT-
POB TPACCHUPOBKU OyAeT 3aKOHYEHA,
HakmuTe KHONIKY OK (puc. 2).

Haxmure kaonky ¢, na skpase mo-
SIBUTCSI U30OPAKEHUE TUIATHI, PA3BEIEH-
HOM B iporpamme Protel DXP (puc. 3).

B HroKHEM yIUTy OKHA UMEETCST CTPOKA
cocTosiHMsA (Status bar), B KOTOPOM Ipu-
BOJUTCSI CYMMAapPHas JUIMHA IIPOBOJIHU-

NMPOEKTUPOBAHME U MOOENMNPOBAHME

Y

®adin  Mpaska  Bua Cnpaska.

X # [Bwpen nposepra: Hapywerse DRC (17,69, 1384) lSOk
Pasmewtenne: 597.40/693.07 cm, Nepexonos: He MeHee O, myywenuﬁ: 50

11958:1297 [eM]

Puc. 5. BKno4eH CTporuii KOHTPONb TPAacCUPOBKK
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KOB (730,52 CcM), YHUCJIO MEKCIOMHBIX 15.20:16.36 [cu] Any
nepexos10B (19) u yncao ommo6ox (0). Puc. 7. Buewnnii BUA BbIGPAHHOr0 BapuanTa TPaccUpPoOBKK
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NMPOEKTUPOBAHME M MOOEJMIMPOBAHME

Puc. 8. «KnuH4» NnpoBOAHNKOB

Puc. 10. «Knun4y» NMKBMANPOBAH B peXxume
PY4HOro PeAaKTMPOBaHUA

Puc. 12. OkoH4aTenbHbIl BapUaHT TPACCHPOBKM

TPACCHPOBKA MJIATbBI
6.Haxmure xuoonky P§ (wmm F5).

IIporpaMmMa MIHOBEHHO yOepéT Bce

OPOBEJEHHbBIE PAHEE CBA3U U IIPOPH-

CyeT HOBBIE B BU/IE€ COBMEIIEHHOH TO-

ITOJIOTH M.

B 3TrOM pexnMe MOKHO ITepeMENaTh
KOMITOHEHTBI, BPAIaTh UX (Space), epe-
HOCHTD HA JIDYI'YIO CTOPOHY (§), a TaKoKe
(PUKCHPOBATH C IIOMOLIBIO KHOIIKK
(v F) KOMIIOHEHTBI, IIEPEMEIIEHUE KO-
TOPBIX HEXKeNIATeNIbHO. Komecom MbIm
MO’KHO YBEJIMYHBATH WIH YMEHBIIATH
MacmTad HM300PAKEHUS; IIPH HAKATOM
IIPABOM KHOIIKE MBIIIX (MU KOJIECE)
MOKHO IIEPEMENIATH U300PAKEHHE.

B okHe COOOHIEHUIT OTOOPAKAIOTCS
MPEIYIPEXRTEHUSA O HE3AKPEIIEHHBIX
3JIEMEHTAX, MEPECEKAIOMUX Kpasi IljIa-
ThI, U IIOACBEYHUBAIOTCSA HAPYIICHUS 3a-

Puc. 9. lepemelienre npoBOAHNKA B peXxume
PY4HOro pefaKTUpoBaHNs

Puc. 11. Bua npoBOAHMKOB Nocne CraaxueaHus

30pOB. Ilepeync/IeHHBIE 2JIEMEHTHI He-
06X0aUMO 32(PUKCHPOBATD JTUOO TIepe-
MECTHUTD /ISl TUKBHIAIIUH HAPYIICHU.
IIpu atoM coobmeHue 06 OHIMOKe U
MO/ICBETKA HAPYIIEHUH ITPONaIaIoT.
IIpeaycMOTPEHO ABA PEKUMA TPACCH-
POBKM coeguHeHHuH: «CTPOruM KOHT-
poib» (Strict check) (kHonka ¥ HaXKa-
Ta) u «Hecrporuii KOHTpoOab> (Weak
check) (xnonka #d4 ormymena). IIpu
TPACCHPOBKE B pexuMe «CTpOrui
KOHTPOJIb» TPOUCXOJHUT IIOJIHOE CO-
OJIIO/ICHHE BCEX BBEACHHBIX PAaHEE OI-
paHuYeHHUH. B ciygae TpaCCHPOBKU B
pexume «HecTporur KOHTPOJIb> JOITyC-
THMBbI HAPYHIEHHSI OIPAHHUYEHUH C ydé-
TOM TOTO, YTO B TAJIbHEHIIEM OY/IET UC-
IIOJIb30BATBCSI ABTOMATHYECKOE WJIN
HHTEPAKTUBHOE IEPEMEIIECHUE KOMIIO-
HEHTOB 0€3 HApyHIEHHs I1eJJOCTHOCTH

Pa3BOJAKH M 3TH HAPYIIEHHUsA MOIYT

OBITh TUKBUAUPOBAHLI (PHC. 4).

B maHHOM IIpUMEpE KOMIIOHEHTbBI
PACIIONIOXKEHBI JIOCTATOYHO ILIOTHO, IO~
3TOMY CJIEYET BBIOPATH BApUAHT «CTPO-
U KOHTPOJIb> (PHUC. 5).

7. Haxmure xuonky & (wm FO).
IIporpamMmma IoyYTH MIHOBEHHO IOJIy-
YUT HEKOTOPBIH BAPHUAHT TOIIOJIOTHH,
KOTOPBIM 3areM OyJeT MbITAThCA
VAYUYIIUTD, COXPAHAS KOHKYPHPYIO-
Y€ 1O PA3JIMYHbIM IIApAMeTPaM Ba-
puanTsl (puc. 6).

Ha HeOOJbIINX IIIaTaX JOCTATOYHO
HECKOJIbKUX MHUHYT ISl TTOJTYy4YEeHUs
IPUEMJIEMOT'O BapHaHTA. sl OCTAHOB-
K4 HaxxmuTe FO.

PaccMoTpuUM OJMH M3 BAPHAHTOB
(puc. 7).

B HIDKHEM YIUTy MIMEETCsI CTPOKA COCTO-
SIHUSI, B KOTOPOM IIPUBOJIUTCSI CyMMap-
Has JUIMHA MPOBOJHUKOB (667,14 cm),
YHCJIO MEXCIOMHBIX IIEPEXOJ0B (2) U
9uCIo OmMuGOoK (86), 06YCIOBIEHHBIX
HAPYIIEHUEM 3230POB MEXKAY KOMIIO-
HEHTAaMU. B 11ose Ha/i CTPOKOH IIPUBO-
JHUTCSI JUATHOCTHKA ONTHOOK C YKa3aHHU-
€M KOOpAWHAT W C10s. [Ipu memdke
MBIIIBIO HA CTPOKE C ONIMOKOM MECTO
OIMOKHA OTOOPAKACTCS TEPEMEIICHH-
€M OKHAa, U3BMEHEHHUEM MaciTaba u Mu-
TAIONIEH IO CBETKOM.

PEAAKTUPOBAHUE
8. Ha pucyHke 8 mapa IpPOBOJHHUKOB
o6pa3zyer TYIHKOBYIO CHTYaIlHIO

(«KJTMHY»), KOTOPasi HE MOKET OBITh

yCTpaHEHA OJMHOYHOM IepeKIas-

KOH JTI060T0 U3 IBYX IIPOBOJHHUKOB.

Haxvure xHonky {¢, uro6mr mpo-
rpaMma Iepenia B PeXUM PyYHOTO pe-
gaktuposanusa. Ha pucynkax 9 u 10 no-
Ka3aHbl JE€HCTBUsA, ITO3BOJSIONIME YCT-
PAHUTD «KJIMHY» BPYYHYIO.

Ilocne criakuBaHua (KHONKA P )
(parMeHT pa3BOJKHM ILIATHI IPUHHUMAET
BU/I, IOKA3aHHBIN Ha puc. 11.

Ha rutare uMeroTcst emeé HeCKOJBKO
«KJIMHYEM», KOTOPBIE JKEJIATEIbHO YCT-
paHuTb. OKOHYATEIBHBIN BUJ, TOIOJIO-
UM IIPEICTABIEH Ha PUCYHKe 12,

B HIDKHEM YTy HMEETCS CTPOKA COCTO-
SIHHS, B KOTOPOM IIPUBEIEHBI CyMMapPHAs
JUTMHA ITPOBOJJHUKOB (651,17 ¢M), 4rciio
MEKCIOMHBIX IIEPEXO/I0B (3) U KoInde-
cTBO Oo1uOO0K (0). B HCXOHOM BapHuaH-
T€, MOJYYCHHOM C IIOMOIIBIO IIPOrPaM-
MBI TpaccupoBku Protel DXP, cymmap-
Hasg JUIMHA ITIPOBOJHHUKOB COCTABIISAIA
775 €M, a4 YMCJIO MEKCIOMHBIX IIE€PEXO-
0B — 20.

IIpooonxncenue credyem

WWW.SOEL.RU
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NMPOEKTUPOBAHME 1 MOOEJNIMPOBAHME

3HAKOMCTBO C nporpammon

Altium Designer 6

(4actb 1)

Anekceit Cabynun (Mocksa)

Cpenau poccUCKMX pa3paboT4YMKOB nevaTHbIX NnaTt Haubornee
nonynsipHou ABnseTcsa NuHelika nporpamm P-CAD, o npuocTtaHoBKe
pa3paboTku KOTOpoW 6b110 o6basneHo B 2007 r. BsameH P-CAD cupma
Altium npepnaraeT NONHbIA NakeT CKBO3HOro NpoeKkTupoBaHus Altium
Designer 6, 6onee u3BecTHbIA nopg HasBaHuem Protel.

JJaHHOM CTATBEH MBI HAYHMHAEM ITyO-
JIMKALMIO IIUKJIA YPOKOB IO padore ¢
CHCTEMOM aBTOMATH3UPOBAHHOTO IIPO-
exrupoBaHus Altium Designer 6. B He-
CKOJIBKMX CTATBAX OY/IET PACCKA3aHO 00
OCHOBHBIX KOHLENIIMAX PAOOTHI B AaH-
HOM IIPOrpaMme, O CO3JAaHUHM OUOIHO-
TEK, CXEM M ILIAT, 00 aHAJIOrO-IIM(PPOBOM
MOJEIMPOBAHUU M AHAJIM3E IEJIOCTHOC-
TH CHUTHAJOB, 2 TAKXKE O IOATOTOBKE
(haiioB U MPOU3BOICTBA IUIAT U O pea-
JIM3A1IMU IPOEKTOB Ha 6a3e [VIHC.

B nnepBo7i cTaThe OyIET IPE/ICTABICHO
obmiee onucaHue UHTEP@EICa OIb30-
BaTessl M 6A30BBIX KOMAH/T YIIPABICHUS
H300pPAKEHUEM M HABUTAIIUEH B 000-
souke DXP, a Takoke OCHOBHBIE HACTPOF-
KH CpeJibl IPOEKTUPOBAaHU. [Ipexae
YEeM IIPHUCTYIIUTh K paboTe ¢ CHCTEMOM
Altium Designer, HEO6XOAUMO YCTaHO-
BUTHh €€ HAa KOMIIBIOTED ITOIb30BATEIIS.
IIpro6perass MporpamMmMHOe ObGecrieye-
HHE Y O(QHIHMAIBHOIO IPEICTABUTEIIST
GUPMBI, TTOTB30BATENb IIOAYYAET IBA
JIUCKA, COAepyKAIIUe OUCTPUOYTUB IS
YCTaHOBKH IPOTPAMMBL YOEIUTECh, YTO
BO3MOKHOCTEH KOMIIBIOTEPA JOCTATOY-
HO /ISl IPABWIBHOM PabOTHI BCEX IIPH-
JoxeHmi Altium Designer.

Pexomenayercst craemyiomas KOHpU-
rypanys KOMITbIOTepa:

@ orepalonHas cucrema Microsoft Win-
dows 98, 2000, XP, Vista (Ttoaaep:kuBa-
ercs ¢ Bepcuu Altium Designer 6.7);

e mporteccop 1,6 I'Tiy;

e O3V 1T6;

® MOHMTOD 17" ¢ paspemenuem 1280 x
x 1024 u BbIIIIE;

e 2,26 cBOGOZHOIO MECTA HA JKECTKOM
JUCKe (A1 ITIOTHOM YCTAHOBKH);

@ BH/IeOIUIaTa C MOAAEpPKKOM DirectX
9.0c.

Kak u iporpamma P-CAD, Altium Desig-
ner UMeeT HECKOJIBKO THUIIOB JIHIIEH3UI

CO CBOMMHM OI'PAHMYEHUAMH 10 (DYHKIIH-

OHAJIbHBIM BO3MOXKHOCTSIM. B oTyIiaume or

P-CAD, BCE THUIIBI JIMIICH3UH HE HUMCIOT

KOJIMYECTBEHHBIX OTPAHUMYEHUI T10 CJI0-

AM WIHM KOJIMYECTBY KOMIIOHEHTOB. ITo

(PYHKIIMOHAIBHBIM BO3MOKHOCTSAM JIH-

LIEH3WH JICTIATCS Ha YEThIPE BUA:

e Foundation — MPOEKTUPOBAHUE CXEM
U MOJIETUPOBAHUE;

e Embedded Intelligence Implemen-
tation — npoexktuposanue IUIUC;

® Board Implementation — IpoeKTHPO-
BaHHUE MI€YATHBIX IUIAT;

e Complete Electronic Product Develop-
ment — MOJIHAs JULEH3UA (BKIIOYAET
B €051 BCE BBIICTIEPEYHCIEHHBIE BO3-
MOKHOCTH).

MHTEP®ENC NONb30OBATENS

IMporpamma Altium Designer npeno-
CTaBJIAET OOJBIINE BO3MOKHOCTH [IIS
Pa3pabOTKH JIEKTPOHHBIX YCTPOMCTB,
OXBATBIBASI BCE ITAIBI IPOEKTUPOBAHUS,
KOTOPbIE BCTPOEHBI B MHTET PUPOBAHHYIO
miatopmy Design Explorer (DXP). DyHK-
LIUOHAIbHBIE BO3MOXXHOCTU ITOC/ICIHEM
3aBUCAT OT IIPUOOPETEHHBIX JIMTIICH3UI.

HnrerpuposBanHas 1wiargopma DXP
3aITyCKAETCsA OJHOBPEMEHHO C JIIOOBIMHU
U3 PEJAKTOPOB M MPOrPAMMHBIX IIPO-
nenayp Altium Designer, T.e. o cyTu
IPEeACTABIAET COO0H HHTEP(PEHC MTOITh-
30BaTENIsl CO BCEMH IIPOTPAMMHBIMU
MHCTPYMEHTAMH U PEJAKTOPAMU.

JIJ1s1 3HAKOMCTBA € MHTEP(EHCOM ITPOT-
PaMMBbl BOCIIOJIb3yEeMCSI TOTOBBIM ITPOEK-
TOM, KOTOPbIH HAXOAWTCA B ITATIKE [IPHIME-
pos Altium Designer. IIpeamnonaras, 9ro
nporpamma Altium Designer yxke 3arrymie-
Ha, BBIIOIHUM File — Open, TIOC/IE Y€ro B
crpoke Tunia parina (Files of type) Beioupa-
eMm Project file i OTKpPbIBAEM IIPOEKT U3 TH-
pexropun C:\Program Files\Altium Desig-
ner 6\Examples\ReferenceDesigns\4 Port

Serial Interface (cMm. puc. 1). daru1 npoek-

Ta UMeeT pacumpenue PrjPcb; kpome He-

r0, IPyrux (paryios B Ianke Het. Beioupa-

€M 3TOT (DAl U HAXKUMAEM KHOIIKY Open.

Buz, paboueit 06/1aCTH HE U3MEHUTCH, 4

ceBa Ha rmaHenu Project mosiBUTCs OTO0-

paKEHHUE CTPYKTYPbI IIPOEKTA. [IBAKIbI

IIETKHYB HA APJIbIKE C Ha3BaHUEM ISA Bus

and Address DecodingSchDoc, OTKpoem

JIMCT CXEMBI, ITOCJIE YErO OTOOPAZKEHHE HA

JUCIUVIEE TIPHUHUMAET BHJ, ITOKA3aHHBIN

HA PUCYHKE 2.

OKHO peJakTopa COCTOUT U3 HAbOpa
MEHIO U TIaHEJIE€H HHCTPYMEHTOB, pabo-
gyer OO0JIACTH U OTAEJIbHBIX IaHEJIeH,
IIOCPEICTBOM KOTOPBIX ITPOHU3BOJUTCSA
Oo/bpIIas 9acTh PabOThl HAJ, JOKYMEH-
TaMHU IIPOEKTA B cpeje Altium Designer.
Ocob60€e BHUMAaHHE CTOHUT YJEJIUTh Me-
HI0 DXP, yepes3 KoTopoe OCyIeCTB/IAET-
Cs IOCTYII K HAaUOOIe€e BAXKHBIM JHAJIO-
TOBBIM OKHAaM, TAKHMM KaK HACTPOUKH,
OOHOBJIEHUS U T.JI. JJaHHOE MEHIO CO-
JIEPKUT CAEAYIONIHE KOMaH/IbI:
® Customize — TepeYEHb BO3MOKHBIX

KOMaH/] ¥ IIaHeJIeN HHCTPYMEHTOB;
® Preferences — JOCTYII K HACTPOHMKAM

OTIE/IbHBIX PEIAKTOPOB;

e System Info — nepedeHb NPUIOKEHHUH,
JOCTYIIHBIX (B COOTBETCTBHH C JIH-
IEH3ueN) IS 3aIyCcKa Ha 6a3e /IaH-
HOH 11aTgopmer DXP;

® Run Process — 3aITyCK IIPOLIECCA;

e Check for Update — poBepKa HaIU-
4usg OOHOBJIECHUH;

® Licensing — ylpas/JI€HHE JINUICH3HUAMU,;

® Run Script — 3aITyCK CKPHIITA.

B ommyme o1 Bcex OCTaIbHbBIX MEHIO,
COCTaB KOMaH/I MeHIO DXP He U3MEHsI-
€TCs IIPU 3aITyCKE PA3TUYHBIX PEIaKTO-
poB Ha 6ase miatdopmsl Design Explo-
rer, T.e. JAHHOE MEHIO OTHOCHUTCH KO
Bcer 1IaTdopMe, a OCTATIbHBIE MEHIO
NPHUHAIEKAT AKTUBHOMY PEJIAKTODY.

YNPABNIEHUE NAHENSAMU

IManenu paGouert 061aCTH SAB/IOTCS
OCHOBHBIM 3JIEMEHTOM cpenpl Altium
Designer. OHH MOTYT OBITh HACTPOCHBI B
ONpeAe/IEHHOM PEAAKTOPE JOKYMEHTA
HMJIA MOT'YT MCIIO/Ib30BAThCs HA IVIOOAIb-
HOM YPOBHE.

WWW.SOEL.RU

COBPEMEHHASA SINEKTPOHUKA ¢ Ne 5 2008
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Cancel

{Software source fils [*.

Puc. 1. Bbibop Tuna thaiina

[Ipu 1epBOM 3AITyCKE IIPOIPAMMHOTO
obecrieyeHust psiJi maHesnen Oyger or-
KpbIT cpady. HekoTopble M3 IMaHEJIEeH,
Takue Kak Files wim Projects, 6yayT no-
SIBJITHCA TPYIIIAMH CJIEBA OT IVIABHOI'O
OKHA IIpoekTa. JIpyrue, Takue Kak Iia-
Henb Libraries, TIPEICTABIIIOTCA B BbI-
MAJAI0LUEM PEKUME U IOABIAIOTCA B
BH/IE KHOIIOK HA IIPABOM I'PAHMUIIE ITIAB-
HOI'O OKHA IIPOEKTA.

B HIDKHEN IIPaBOM YaCTH IIPUKIAHO-
IO OKHA UMEETCA PsJ] KHOIIOK, KOTOPbIE
ob6ecreynuBalOT ObICTPBIF JOCTYII K I1a-
He/sIM paboyeit 061aCTH, B 3aBUCUMOC-
TH OT UCIIOJIB3YEMOI'O PEJAKTOPA JOKY-
MeHTa. Kak1as KHOIIKA IIOMEYe€Ha Ha-
3BAHUEM KATCTOPUHM ITAHETIEH, K KOTOPOH
BO3MOJKEH JIOCTYIL IIpy HAKATHUH TAKOM
KHOIIKA TIOSAB/IAETCS  BbINAJAI0MMHI
CIIUCOK ITAHEIEH YKA3aHHOM KaTerOpUun
(cm. puc. 3).

Bce Texyuye rmaHenu pabouen oodaac-
TH MOTYT OBITB TAKKE JOCTYITHBI U3 ITO/]-
MmeHIo View — Workspace Panels.

J1J151 3BHAKOMCTBA C OIIEPALIMAMM YIIPAB-
JICHUSI PACIIOJIOKEHHEM IIaHEeJIeH OTK-
poOeM JOIIOTHUTEIBHO IAHEIb Snippels.
JIJIs1 3TOTO CIEAYET BBIOPATH KATETOPUIO
System y HaNiTH €€ B CIMCKE ITaHEIeH
(cm. puc. 3). ITo yMOTYaHMIO JAHHAS 112~
HEJIb OTKPBIBACTCS B IIEHTPE paboder
06JIaCTH KaK CAMOCTOATE/NbHASA OJU-
HOYHAs IIAHEIb.

B 3aBHCHMOCTH OT AKTUBHOI'O PEJAKTO-
Pa TEKYIIEro JOKYMEHTA, PJI IIAHEIECH MO-
5K€T OBITh IOCTYIIEH HJIM OTKPBIT B JIIOO0H
MOMEHT BpeMEHU. [1s1 0O/Ieryenmss KoM-
IIOHOBKHM ¥ HCIIOTb30BAHMSA MHOXKECTBA
MaHeIeH B pabodeii 00/IaCTH CyIIECTBYIOT
Pa3IMYHbBIC PEKUMbI IIPE/ICTABICHUS T1a-
HEJIEN U YIIPABIEHU X CBOMCTBAMM.

B nporpamme Altium Designer noj-
JEPKUBAIOTCA TPH PEXKUMA IIPE/ICTAB-
JIEHUS TTAHEJICH:

:"h: " wn«l—-—-—-—-—

1A BKTMBHOTO PEAAKTOPA.

K90V 610

Puc. 2. Untepdpeiic Atium Designer 6

Docked Mode — B 3TOM peXuUMeE Ia-
HEJIb MOJKHO PACIIOJOKHTb I'OPH30H-
TJIPHO WM BEPTHKAJIBHO B IIpeesiax
IJIaBHOT'O OKHA. HaskaTue rnpaBoi KHOII-
ku Mblmy (ITKM) Ha 3arojoBKe IaHeaIu
u BBIOOP Allow Dock 13 BBIIIAAIOIIETO
MEHIO ITO3BOJSAIOT BBIOPATH OPHEHTA-
1uro. [Ipy BEPTUKAJILHOM Pa3MeleHUN
IaHeab OyJZeT IMOMENIEHa CIIPpaBa WIN
CJIEBA B ITTABHOM OKHeE IpoeKTa. [Tpu ro-
PU3OHTAIBHOM pPa3MEILIEHUN NaHEeIb
OyJeT MOMeNIeHa BhIIIE ITIABHOT'O OKHA
IIPOEKTa (HO HIKE IIaHeJIed HHCTPY-
MEHTOB) M/JIM HHJKE ITIABHOT'O OKHA IIPO-
€KTa (HO BBIIIE CTPOKU COCTOSTHU).

Ha npuMepe OTKPBITOM paHee IaHe-
Iu Snippets MOCMOTPUM, KAK pasme-
aTh MaHeab B pexxume Docked Mode.
Jist 3TOro HEeoO6xXoaAuMO HakaTh [TKM
Ha 3aroJIOBKE ITAHEIH, BBIOPATh ITYHKT
Allow Dock m yka3aTb JOCTYIIHBIN THII
opueHTauuu nanenu (Horizontal), Kak
MOKa3aHO Ha pucyHke 4. Ilociae 3Toro
MOKHO Pa3MECTUTh AHEIb Ha HY;KHOM
MECTE, /ISl UETO CJIEYET 3aXBATUTD €€ 32
3arOJIOBOK JIEBOM KHOIIKOM MBIIIH
(JIKM) u HayaTh nepeMemars. Ilpu me-
PEMEIIECHUH B LIEHTPE IMAHEIN TTOSABIISA-
IOTCSI METKH PACIOJIOKEHUS ITAHEINU
(cMm. puc. 5). Heo6xoaumo, He OTITyCKast
JIKM, nepeMeCcTUThb IaHeJIb 34 3arojio-
BOK HA HIZKHIOIO METKY, IIOCJIE€ YEro OHA
Pa3MeCTUTCSI B HIDKHEH yacTu padode-
IO OKHA, KaK [TOK4a3aHO Ha PUCYHKE 6.

Pop-out Mode — B 3TOM peXHME IIa-
HeJb Oy/IeT MOABIATHCA B BU/IE KHOIIKHA
Ha rpaHuie pabodero okHa. Ecau BbI-
noaHUTbh HaxkaTue JIKM Ha KHOIIKe ma-
HEJIH, 3TO IPUBEJIET K IEPEHOCY ITaHEIH
3a rpaHuIly okHa. [IOBTOpHOE HajKaTHE
JIKM Ha KHOIIKE ITaHEJ/IM BbIZOBET €€ I1e-
pememenue ob6parHo. Kpome Toro,
MOXKHO ITPOCTO HABECTH yKA3aTE/Ib MbI-
1M HA KHOIIKY IIaHEJIU, ¥ JYepe3 2 C 3Ta

MMaHEeJIb ITOSABUTCS B paboyem OKHe. VO-
paTh BCIUIBIBAIONLYIO ITAHEIb MOJKHO,
BBIIIOJIHUB 111e 190K JIKM B 1I060M Mec-
Te oKyMeHTa. CUMBOJ BBIBOJAA OyAeT
U3MEHATHCA JJIs1 YKA3aHUS PEXKUMA:
E n1aHeTh B OOBIMHOM PEXKHUME pa3Me-
MICHMSA;
Bl 11aHEeTb B BBITA/IAIONIEM PEKHME.
Floating Mode — B 3TOM peXuMe I1a-
HEJIb MOKHO ITOMECTHTD IJI€ YTOHO,
BHYTPH WIH BHE cpepl Altium Designer.
DTO — CTAaHAAPTHBIN PEXKUM JIIsI OTKPbI-
THS ITAHEJIEH, €CJTH OHU HE ObUIH ITPE/Ba-
PUTEIBHO YCTAHOBJIEHBI B PEKMME Pa3-
MEIIEHHUS WIH B BBINTAAIONIEM PEKHUME.
[TnaBaromas IaHeab, MOMEIMEHHAs
IIOBEPX 30HBI PEJAKTUPOBAHUSA B IJIAB-
HOM OKHE IIPOEKTA, OyEeT NpeACTaBIe-
HAa B IOJYIPO3PAYHOM PEKHME, YTO
IO3BOJIIET IPOU3BOAUTH HHTEPAKTHB-
HBIE ONIEPAIUH B ITTABHOM OKHE B COOT-

BETCTBUU C IMaApaMETpaMH, 3aJaHHbIMU

Clipboard
Favorites
Files
Libraries
Messages
Output
Projects
Snippets

Storage Manager

To-Do
re eEp

Instrumen

Puc. 3. [locTtyn K navensam pabo4ei o6nacru

Puc. 4. Bknioyenue pexuma Docked Mode
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Puc. 5. Metku pa3melienus navenu

Ha CTpaHuue System — Transparence nu-
anora DXP — Preferences.

Kpome ommcaHHBIX METOJOB pasme-
LIECHUs, ITAHEJIM MOIYT OBITh CIPYIIIH-
POBaHbI ITOCPEACTBOM IIE€PETACKUBAHUS
U (PUKCAIUH OJHOM IIAHEIH IOBEPX
JPYrou. PesyibraT OTOOPaKEHUs! IPYII-
IIBI 3ABHCHUT OT TOTO, I71€ O6bL1a 3a(DUKCH-
poBaHa J106aBieHHas maHenb. Ilomgaep-
JKUBAIOTCSL JIBA PEXKHMA T'PYIIITHPOBKU
MMaHEeIeH:

Cmanoapmmnas 2pynnuposxa B BUJE
BKJIQ/IOK — 3TOT PEKUM OTOOPAKAET HA-
60p MaHeeH KaK IPYIY BKIAJOK, TIPH
9TOM BH/IUMA TOJBKO OAHA (AKTHUBHAS)
[aHe b B rpynre. st rpyrnnupoBaHus
IIAHEICH B 3TOM BAPUAHTE HUCIIOIb3YITE
CIIEYIOMME JEHCTBUS.

[eperammuTe HYKHYIO TAHEIb IS 10-
GaB/IeHHs B LIEHTP BBIOPAHHOM MAHEIU
(WM CymeCTBYIONIEH I'PYHIIbI) U 3a(DUK-
cupymte e€. OpamKeBast CTPEIKA IMO3U-
LIUOHUPOBAHHSA MMOABUTCS B IIPABOM YAC-
TH BKJI/IKH BBIODAHHOM IIAHEH, YKA3bI-
Basi, B KAKOE MECTO I'PYIIIBI HOBAS ITAHE/Ib
O6yner nob6aBieHa B KadeCTBE JPYroi
BKJIA/IKH. [OTyO0H IIBET TAKKE YKA3BIBAET,
Kyaa Oyzer n1o6aBjieHa MaHeIb OTHOCHU-
TEJILHO BBIOPAHHOKM ITAHEJIH.

Pasmecrum nanesns SCH Inspector, Koto-
PYI0O HEOOXOAMMO CHAYaJIa OTKPBITH, B
rpymity K nanessm Files v Projects. YTo6b1

Include gl ez ol cbrecls from @izt doues: ]
B X
Obwect Kind Pail ﬁ
E Design 2 = e
Ovwer Cocumer Port UART ard Line Cnvers. SchDoc -
R MeTkv Ans hpakTanbHol
& = TPYNMUPOBKY NaHesnei
Oreniair Degess —
Mircrad - -t & =
Dispian Mode Normal
Show Hirkden Pinc
showDesgnay V.
D Obect Specin
Deserpton
Lock Dy e Y
Ll Merka 4ns cTaAapTHOl
Poios rPYNNMPOBKM NaHeneit

Conbguraton o E
Ly . 2

1 abrectis! ave dsolevedm 1 documert(s]

Puc. 7. MpynnupoBanue nanenei 8 BuAe BKNaAoK

Puc. 6. TopU30HTaNbHO W BEPTUKANLHO PACNONOXEHHbIE NAHENU

OTKPBITh MaHenb SCH Inspector, oTKpoem
KaTeropuio naueser SCH B IpaBOit HIDK-
HEH YaCTH OKHA M BLIOEPEM U3 CITHCKA I1a-
Henb SCH Inspector, KOTOpast TIOSIBUTCS B
LHeHTpe pabodero nmosst. 3areM J0O0aBUM
3TY IIAHEJTb B TPYIIITY ITAHEJIEH, YKA3aHHYIO
Bb11IE. /17151 3TOrO 3axBaTHM JIKM 3a 3aro-
JIOBOK Ttaneu SCH Inspector v nepemec-
THM €€ B LIEHTP I'PYIIIbI ITAHEIICH, TTOC/Ie
YEr'o IOABATCS METKU I'PYIIITUPOBKU ITAHE-
Jier (CM. puc. 7). B JaHHBI MOMEHT HAC
HUHTEPECYET OPAHKEBAs CTPEIKA B HIDK-
HEH YaCTU IaHEIH, KOTOPAsi IIOKA3bIBAeT
PACITOJIOKEHHE HOBOH ITAHETH B IPYIIIIE.
Pacrionnoxmus Kypcop B IEHTPE TPYIIILI
nanesen, ornyckaem JIKM, mocie gero na-
Hesb SCH Inspector J06aBIAETCS B IPYIITY
W B HWKHEH YACTHU T'PYIIILI MOSIBISETCS
COOTBETCTBYIONIAS 3AKIAIKA (CM. PHUC. 7)
TMopsa/IOK pasMeneHHs TAHEIIEH B IPYII-
1€ BKJIAJIOK MOKET ObITh U3MEHEH B JIIO-
6O BpeMst H’KATHEM Ha BKIAJIKE ITAHETH
U IIPH HEOOXOAMMOCTH IEPEMEICHUEM
e€ nipasee wiu jesee. IToSIBUTCS CTpeska
MO3UIIHOHUPOBAHKA, MAPKUPYIOMIAS TI0-
3UIHIO B IPYIIIIOBOM IOCJIEOBATEIBHOC-
TH, B KOTOPOH Oy/IyT PaCHOJIOMKEHBI ITaHe-
JIA TIPY OTITYyCKAHUM KHOITKY MBIIIIH.
Dpaxmansroe pynnuposamie — Tor
METOJ] OTOOPAKAET HAGOP MAHEICH KAK
(pakTasbHOE TPYIIIMPOBAHUE, KOIZA
HECKOJIBKO IIAHEJICH B IPYIIIE BUIHBI OfI-

B Graphical
a

- n 540
i Oientatr

Vrerod

Dicpiay Mde

Show Hidden Pins

Lok Desgnator

Lock Pat D

Pins Locked v

Fe Hane

Coréguation : &

1 shjasks) e deplapec 1 docimand

HOBpPEeMEHHO. DPPaKTAIbHOE I'PYIIIIUPO-
BaHHUE MOJKET COIEPKATb WH/IUBU/TYAITb-
HBIC ITAHEIN W /WIH CTAHJAPTHYIO I'PYIITY
BKIQJOK (cM. puc 8). B arom Bapuanre
I'PYIIIA ITAHE/ICH CO3AAETCA IIPOCTBIM IIe-
pPETaCKUBAHUEM JJOOAB/ISIEMON TTAHETH B
BEPXHIOIO, JIEBYIO, IIPABYIO HJIH HYDKHIOIO
YaCTh LEIEBOM ITAHEIH (M/IM CYLIECTBYIO-
IIEH TPYIIIIBI) C IOCTIEAYIOMICH (DUKCALIH-
eii. BeIGpaHHOE HanpaB/IeHUE OIPEIEIisi-
€T MECTO HOBOM ITAHEJIN OTHOCHTEIBHO
OCHOBHOM (TIO3UIIMsI HOBOH ITAHEIH Oy-
JIET TIOKa3aHA METKAMU BBEPX, BHU3,
BIIPABO, BJIEBO — KAK HA PUCYHKE 7).

[Mpyu mepemMenmeHnuy MaHeJIH IMOBEPX
OCHOBHOM 32T€MHEHHE OYAET OUYEBUIHO
(cm. puc. 9), — UCIOIB3YHTE €ro /IS 10~
MEIIECHUs MAHEIH B TpebyeMoe MeCTO.
V6eauTech, 9TO OPAMKEBAs CTPEIKA 110-
BUITMOHUPOBAHUA HE OTOOPAKACTCA IPU
J06ABIEHHUU TIAHETH, UHAYE OHA Oyler
J06aBIEHA KAK JOIIOTHUTE/IbHAST BKIAI-
Ka ITaHeIU (CTAHJAPTHBIM CIIOCOO0OM).

[Tanenb MOKHO 3aKPBITh IIETIKOM
ITKM B CTpOKeE 3aro10BKa (/I HA BKJIA/T-
Ke, €CJIM OHA JIOCTYITHA) U BBIOOpOoM Close
M3 TIOCIEOBATEIbHOCTA BbITAJAIONINX
MeHI0. UCIIONB3yHTE «KPECTHUK> B IIPABOI
YACTH 3aI'OJI0BKA TIAHEH [Tl 3aKPBITHS
OJUHOYHON maHean. OIHAKO eC/Id Iia-
HEJIb SIBIAETCS YaCThIO IPyIIbl (ppak-
TAJIbHOM WIH CTAHIAPTHOH U3 BKIAIOK),
HUCIIO/Ib3YUTE <«KPECTHK> IS 3AKPBITHS
BCEH I'PYIITHI ITAHEJIC.

B muiasaroniem peskuMe rmaHeIb MOKET
OBITh MAKCUMHU3UPOBaHA 1e/19koM [TKM
HA CTPOKE 3arojioBKa (WIM HA JOCTYII-
HOM BKJI3JIKE) U BBIOOPOM KOMAHJIBI
Maximize M3 IOCIEIOBATEIBHOCTH BBI-
T/IAONIETO MEHIO. /11 BO3BpATa MAKCH-
MH3HUPOBAHHOM MAHEIHN K €€ MPEKHEMY
pasmepy BbIIOJHHUTE Haxkatue ITKM Ha
CTPOKE 3ar0JI0BKA WM HA BKJIA/IKE U YKa-
JKHTE KOMAHY Resiore U3 BBIIIALAI0ETO
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MeH0. KpoMe TOro, MOKHO [ABAXIbI
MIETKHYTh HA CTPOKE 3ar0JIOBKA IS T1e-
PEKIFOUCHUST MEKTY COCTOSHUAMM MaK-

CUMHU3ALIUU 1 BOCCTAHOBJICHMSL.

Tunbl NPOEKTOB

B ALTiUM DESIGNER
HagasbHOM TOYKOM KaXKJOro KOHCT-

pykruBHOro pemeHus B Altium Desig-

ner sSBAAETCS NMPOEKT. IIpoexkT npen-
craBasger cob60i HAGOp JOKYMEHTOB,

JIAaHHBIE KOTOPBIX MOTYT TPAKTOBATHCS

OAHO3HA4YHO. HampuMmep, cxema M 1uia-

Ta B IIPOEKTHBIX JITAHHBIX IIPE/ICTABIISAIOT

co6011 HAGOp (PaIOB JIJIsI U3TOTOBIIE-

HUS €IUHCTBEHHOMH I1€YaTHOM IUIATHI, B

TO BpeMsi Kak cxema 1 TekcT HDL B mpo-

eKTHBIX JaHHbIX 1 [UIMC npeacras-

JSIIOT COB0 HA60P (haityIoB, HEOOXOIH-

MBIX /IS IIPOIPAMMHMPOBAHHSA €IUH-

crBeHHOM ITJIMC.

KOMILIEKT JOKyMEHTOB, KOTOPBIE CO3-
JIAI0T IPOEKT, (POPMHUPYIOTCSA COBMECTHO
¢ (ariom npoekra. Parin NpoeKra co-
JIEPKUT BCE YCTAHOBKHM, BKJIKOYAs CBS3H C
KOKIBIM JJOKYMEHTOM B IIDOEKTE U BCE
IIPOEKTHO-3aBHCUMBbIE MapamMeTphl. Kax-
JIBII JOKYMEHT B IIPOEKTE 3aIIMChIBAETCS
KaK OTJE/IbHBIH (paril, KOTOPBIH CBA3AH C
IIPOEKTOM Y€pPe3 OTHOCHUTEIbHBIE CChLI-
KH K (partzaM Ha OZHOM M TOM K€ JIOT'H-
YECKOM YCTPOMCTBE HIH AOGCOTIOTHBIE
CCBUTKY Ha (haiiIbl Ha Pa3/JIMYHbIX JIOTH-
YECKHUX YCTPOMCTBAX. BBIXOAHBIE JaH-
HbI€e, TCHEPUPYEMBIE U3 IIPOEKTA, TAKKE
CCBUTAIOTCS HA IIPOEKTHBIN (Dari.

To4uHBIN HAOOpP COXPAaHEHHBIX I1apa-
METPOB OYAET 3aBUCETH OT THUIIA IIPOEK-
Ta. OH OYAET COJAEPKATh ITH IAPAMET-
PBI, CKOH(UTYPUPOBAHHBIE B HATIOTE
Option for Projects, TAKHAE KaK:
® YCTAHOBKH KOHTPOJSI OIIMOOK KOM-

MUIATOPA;

@ YCTAaHOBKH CUMHXPOHHM3AILIUM IIPOEKTA;

® MECTOHAXOXK/ICHHE BBIXOJHBIX (Dari-

JIOB;

@ YCTAHOBKH BJIHSAHHS MHOTOKAHAJIb-
HOCTH;

@ YCTAHOBKHU BBIXOJHBIX JAHHBIX, TAKHUE
Kak OT4ETHI, paceyaTky, Gerber U T.1.
OTMETHM, YTO OHM SBJIAIOTCSA YCTa-
HOBKAMH /UI BBIBOJA, JOCTYIIHBIMH
Yyepe3 MEHIO CXEMHOIO PeNaKTopa
WIH PeJaKTOopa ILIAT, HO HE YCTAHOB-
KaMH /I BBIBOJA, 33JaHHBIMU B JO-
Kymenre Oulfob.

Altium Designer moagepKuBaeT pas-
JIMYHBIE THIIBI IIPOEKTOB. HIDKe KpaTKO
PAcCMOTPEHBI OCHOBHBIE TUIIBI IIPOEKTOB.

IIpoexm naamot (*PrjPcb) — BHAO60p
JIOKyMEHTOB, HEOOXOJUMBIX ISl U3I0-
TOBJICHUS II€YATHOMU IIaThL. B pefakro-

NMPOEKTUPOBAHVME U MOLOEJNIMPOBAHME
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Puc. 9. Mpouecc thpakranbHOW rpynnUpoBKN naHenen

pe CXeM BBOJMTCS 3JIEKTPOHHAs CXeMa,
cosaBaemMasi U3 GUGIHOTEYHBIX CUMBO-
JIOB, KOTOPBIE PA3MENIAIOTCS HA JIUCTE U
COEIUHAIOTCS IPOBOJHUKAMU. [IpoexT
nepesaércsa B PEJAKTOP ILIAT, I1€ KakK-
OBIA KOMIIOHEHT IIPEJICTABIISAETCA KaK
IIOCAZOYHOE MECTO (KOPITYC) M IIPOBOJ-
HHUKHA HAa CXEME MPEO6Pa3yIOTCs B CO-
€IMHUTE/IbHBIE IMHUHU OT BbIBOJA K BbI-
BOAy. Omnpenensaercs OKOHYATEIbHbBIA
BH/I TUTATBI COBMECTHO C (PU3UUYECKUMHU
CJIOSIMU TU1aThL. ONMCBIBAIOTCS IIPABUIA
NPOEKTUPOBAHUSA /I H3TrOTOBJIEHHSA
doTomabroHa (IIUPUHA IIPOBOJHUKOB
¥ 3230pbI). KOMIIOHEHTHI pa3MeIanTcs
B IIpeJesiax KOHTypa IJIAThl M COEMHSA-
IOTCS TMHHUSIMH CBA3€EH, KOTOPBIE 3aTEM
3aMEHAIOTCS TPACCAMHM, BPYYHYIO WIH
aBTOMaTU4YeCKd. Korja mpoekT 3aKOH-
YE€H, TEHEPHUPYIOTCSA BBIXOZHBIE (DAL

4 Pot UART and Line Diivess SchDoc

X1 220

Y1 810

Onentation 0Degrees

Murored
|21 Display Mode Noimal
e Show Hidden Pins

Show Designatr (¥

B Object Specific

Description

Lock Designator

Lock Pat ID

Pine Locked v

File Name

Configuration

Libray

B CTAHJAPTHBIX (POopmMaTaAX, KOTOPHIE
MOXKHO HCIIOJIb30BATh /IIsI M3TOTOBJIE-
HHUSA IIATBI, YCTAHOBKH KOMIIOHEHTOB
Ha COOPOYHOM MAIIUHE U T.JI.

IIpoexm IUIHC (*PrjFpg) — BabOp J10-
KyMEHTOB, KOTOPBIE MOT'YT OBITb 06pabo-
TaHbl I nporpammuposanusa [UIHC.
ITpOEKT CO3AAETCA C IIOMOILIBIO PEAAKTO-
pa cxem U (WIKM) IIPOrpaMMHPOBAHHUEM
Ha sizpike HDL (VHDL mnu Verilog). J1o-
OaBIAIOTCA (DariIbl OTPAHUYEHUN IS
ONMCAHUA TPEOOBAHUI IIPOEKTA, TAKHX
KaK IIPOrpaMMHUpPyEMOE€ YCTPOMCTBO,
BHYTDEHHEE PACIPEIETIECHHE BbIBOJOB
1A Lener M YyCTPOMCTB, OBICTPOAEH-
CTBHE LIEITH, YACTOTBI CUI'HAJIOB HA BBIBO-
Jax u T.11. CUHTE3 IPOEKTA TPAHCIHUPYET
MCXOJHBIE JAaHHBIE B HAOOpP BEHTHWICH
HHU3KOI'O YPOBHA, B CTAHJAPTHBIN (Dop-
mar (parra, u3BeCcTHBIN Kak EDIFE
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Puc. 12. Bbi6op TMna npoekTa B BbiNafaloilem
menw File — New — Projects npu co3pganum
HOBOF0 NpoeKTa

HWHCTPpYMEHTAPUM IIPOU3BOJHUTENS yCT-
pO¥ICTBA 3aTeM OOpPaGATHIBACT AAHHBIC
EDIF 1 nbITa€TCsl Pa3MECTUTH U TPACCHU-
POBaTh MPOEKT TAKUM OOPA30M, YTOObI
BCTPOUTH JAHHBIE B IIPEJHAZHAYECHHOE
YCTPOMCTBO U CI'€HEPHUPOBATH IIPOIPaM-
MHBIH (pari. 3aTeM IIPOEKT MOXKET OBITh
Pean30BaH B YCTPOMCTBE, YCTAHOBJICH-
HOM B Iu1ate o113k Nano Board.
Bcecmpoennoiit npoexm (*.PrjEmb) —
HA60p JOKYMEHTOB, HEOOXOAUMBIX ISt
MPOM3BOACTBA MPUKIAJTHOTO IIPOrpam-
MHOTO OO€CIIe4eHHUsA, KOTOPOE MOXKET
OBITH MCMOIB30BAHO B YACTH YIIPABIISI-
IOWIEro IMPOIECCOPa B 3JIEKTPOHHOM
ycrporcree. McxoaHbIi npoekTt ¢op-
MHUPYyeTCs Ha A3bIKe Cu U (WIH) acceMo-

siepe. TTociie 3aBepuieHUs KOTUPOBAHUS
BCE YACTH HUCXOAHBIX (DAHIIOB KOMITH-
JIIPYIOTCA B (DOPMAT A3bIKA acceMbepa
U Jlajiee B OOBEKTHBIN KO, OO'bEKTHBIE
(Gaiisbl 3aTEM CBA3BIBAIOTCS BMECTE
(KOMIIOHYIOTCSI) U Pa3MEIaoTCs B
MPOCTPAHCTBE ONEPATUBHOM IMAMSITH,
GopMHpPYSI €AHHBIN, IIEIEBOM BBIXO/I-
HOM (hari.

Humezpuposannan  6ubnuomera
("LibPkg) & (*.IntLib) — yCIOBHBIE Tpa-
(puueckne OTOOPAKEHHUS U TOCATOY-
HbIE MECTA KOMIIOHEHTOB (DOPMUPYIOT-
Csl B PeJIaKTOpe OUOIMOTEK I CO3/a-
HHUSI UHTETPUPOBAHHOM OHOIHMOTEKH.
CHuMBOJIBI KOMIIOHEHTOB /ISl CXEMBI BbI-
YEPUYUBAIOTCA CPEACTBAMU OGUOIHOTEY-
HOTO PEIaKTOpa CHMBOJIOB, U JUISI HUX
OIpPEJEIAECTCA MOJIEIBHOE TIPECTABIIC-
Hue. K CHMBOTY MOTYT OBITH 106aBICHBI
YEThIPE TUIIA MOJIENICH, HATIPUMED, OIIH-
CaHHE MOCAJTOYHOIO MECTA KOMIIOHEH-
TA HA IIATE, JAHHBIE JUISI CXEMHOTI'O MO-
JETAPOBAHUSA, MOJETUPOBAHUS IIEJIO-
CTHOCTH CHTHAJIOB H TPEXMEpPHbIE
mozenu. Paiiibl, COAEpIKAITHE MOJICIH,
nobasnsaoTcs B Integrated Library
Package (*.LibPRkZ) WM OIIPEJESIIOTCS
IyTH TIOMCKA I UACHTU(DUKAINN HUX
pacnonoxeHusa. MCXOQHbIE CXEMHBIE
6MGIMOTEYHBIE CUMBOJIBI U TPEOYEMBbIE
MOJIEJIM 3aT€M KOMIIMJIUPYIOTCS B €/IH-
HBIA (paris;, HA3BIBAEMBIN HHTEIPHPO-
BAHHOM OMOIHOTEKOM.

MaHENL PROJECT

JTa IMmaHeab, BO3MOXHO, Hauboiee
9aCTO HMCHomb3yercs B Altium Designer.
ITanenp Projects mpeacrasiasieT 0630p
CTPYKTYPbl M JOKYMEHTOB IIPOEKTA.
IIpy OTKPBITHH IPOEKTA €r0 JOKYMEH-
Thl OTOOPAXKAIOTCA, KaK IMOKA3aHO Ha
pucyske 10.

T103BOJIAsA OTKPBIBATH HECKOJIBKO J10-
KyMEHTOB /I PENaKTUPOBAHHUSA, 3TA
cpesa TaKKe MOAAEPKUBAET OTKPBITHE
MHOTHX IPOEKTOB M JOKYMEHTOB O[I-
HOBPEMEHHO (CBA3aHHBIX WIH HE CBS-
3aHHBIX). Ha pucynke 10 mpencrasie-
HBbI TPH CBA3AHHBIX IIPOEKTA — IPOEKT
IIAThI, KOTOPBIX copaep:xut IVIHUC, ipo-
exr s rou IJIMC, KOTOpBIE Ccomep-
ZKHT IIPOTPAMMHO-OINMCAHHBIH IIPOLIEC-
COP ¥ BCTPOEHHBIN IIPOEKT IS IIPOTPAM-
MHOTO OO€CIIeYCHHS.

PegakrupyeMbiii TEKYIIUI JOKyMEHT
PaccMaTpUBAETCSI KAK AKTHUBHBINA JTOKY-
MEHT, IIOJICBEYUBAEMbIH Ha TaHe . Ecmu
JK€ OTKPBITO MHOT'O IIPOEKTOB IS PEAAK-
TUPOBAHUSA, IIPOCTLIM IIYTEM /IS BBIIIO-
HEHWUS KOMAHJI, KACAIOIIHUXCA JJOKYMEH-
TOB B BLIOPAHHOM IIPOEKTE, SBJISIETCS FIC-

1oJjib3oBanue Haxkatus [IKM Ha umeHn
MPOEKTA B aHe U Projects. I1pu 3ToMm 110-
SIBUTCSI KOHTEKCTHO-YYBCTBUTEILHOE ME-
HIO, I/I€ MOKHO BBIITOJIHATD JEHCTBUS HAJT
JIOKYMEHTAMH TIPOEKTA, HE3ABUCHUMO OT
TOTO, NMPUHAIIEKUAT ITPOEKTHBIA JIOKY-
MEHT K 3TOMY IIPOEKTY WIH HET.

Jna nanenu Projects AIMEIOTCS He-
CKOJIBKO IMMapaMeTPOB OTOOpakeHus1. Pe-
JKAM OTOOPAKEHMS 110 YMOTYAHHUIO TO-
Ka3bIBA€T JOKYMEHTBI IIPOEKTA, CIPyI-
NUPOBAHHBIE B PA3/JMYHbIC TIATIKH,
Takue Kak Source Document, Libraries,
Settings v 1.7,

DTH mapaMeTphl YCTAaHABIUBAKOTCS
Ha BKIAJIKe System — Projects Panel nyia-
siora DXP — Preferences. BbICTPBIN CIIO-
€00 JIOCTYIIA K TOW ITAHEIH BBIIIOJIHS-
ercs HakaTtrueM ITKM Ha KHOIIKE B BEpX-
HEH 9aCTH IaHEeIH, KAK 3TO IOKa3aHO
Ha pucyHkKe 11.

OTMeTHM, 9TO MAITKH, [IOKA3aHHBIE B
nanenu Projects, He TIPEICTABISIOTCS
KaK ManKu Ha KECTKOM aucke. OHU
TOJABKO OCYIIECTBJIAIOT IIOMOIIL B
NPEJCTABICHUH JOKYMEHTALIUH IIPOCK-
Ta B yJOOHOM BH/IE.

JoxyMeHTbl B TIpylie (Harmpumep,
Source Documents) OTOOGPaKAIOTCSI B
IOCJIEOBATENBHOCTH JOOABJIECHUS B
IPOEKT (KOTOPHIH TAKKE OTOOPAKAETCS
B IIOPAZKE CO3AaHuA). Is1 H3MEHEHU
MOPAAKA JOKYMEHTOB B OTOOPaKa€MOH
nanke Haxxmure JIKM, rieperamure 1 3a-
(pUKCHPYHTE JOKYMEHT B HOBOH I1O3U-
uu. ITocie 3aBepieHus CO3aHMs IIPO-
€KTa UCXO/HBIE JIOKYMEHTBI OTOOPaXKa-
IOTCA B IIOPSIAKE UEPAPXHUU IIPOEKTA.

OTMETHM, YTO HEBO3MOXKHO IIOCTPO-
HUTDb HEPAPXUIO IOCPEACTBOM II€EpEMEIIIE-
HHUA JOKYMEHTOB B IIPOEKTE. OTHOIIEHUA
MEXAY ITIABHBIMH H ITOJYHHEHHBIMH J10-
KYMEHTAMM B IIPOEKTE ONPE/IEIEHDI 110~
3ULIMENd CHMBOJIA JIUCTA B CTPYKType
IVIABHOT'O JIMCTA.

Ecim nanens Projects He SIBISAETCS aK-
TUBHOM U BUJUMOH, €€ MOYKHO OTKPBITh
HA)KATHEM KHOIKHU Sysfem B HIDKHEN
TIPaBOH 4aCTH paboYeH O6IACTH U BBI-
Opathb Projects 13 TIIOABUBIIETOCS MEHIO
(cm. puc. 3).

PABOTA C NMPOEKTAMM
Hcnonp3yiiTe mapaMeTpel B IIOJMEHIO
File — New — Projects 1yis1 CO3IaHUsI HO-
BOTI'O IPOEKTA, KAK IIOKA32HO HA PUCYHKE
12. OT™MeTHM, YTO IIPOEKTHHIN (DA CY-
IECTBYET TOIBKO B ITAMSITH IIPH IIEPBHY-
HOM CO3JaHHH, IIO3TOMY HCIOIB3YHTE
KOMaH/BI Save Wiy Save As JJ1s1 COXpaHe-
HUS IPOEKTA HA )KECTKOM JIMCKE C HEOO-
XOJUMBIM HasBaHueMm. MMena daitios
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s ipoektroB FPGA, Core u Embedded
He JJOJDKHBI COJIEPIKATh MIPOOEIBL.

[Tocsie CO3AaHUs IPOEKTA U COXPaHe-
HUSI €r0 B HY’)KHOM MECTE BO3HUKAET He-
00XOAUMOCTD T00ABIEHHUS JOKYMEHTOB
B 1IpOeKT. CaMBbIF IPOCTOH CIIOCOO H0-
6aBJICHUS HOBBIX WIM CYHIECTBYIOIIUX
JIOKyMEHTOB B IIPOEKT — Haxarbh [TKM
HA HA3BAHUHU IIPOEKTA B TaHEIH Projects
Y BBIGPATH U3 BBINA/IAIOIIETO MEHIO Add
New to Projects (106aBUTb HOBBIM JIOKY-
MEHT B NPOEKT) wiu Add Existing to
Projects (106aBUTb CyLIIECTBYIOUIUM [JO-
KYMEHT B IIPOEKT).

KpoMme co3faHus BHYTPHIIPOTPAM-
MHBIX (DAHJIOB, TAKKE UMEETCS BO3MOXK-
HOCTD IOOABISITh B IPOEKT JIPYI'HE IIPO-
E€KTHO-CBSI3AHHBIE JTOKYMEHTBI, TAKHE
kak (paiel Word mim Adobe PDFE. Ilpu
JI0GABIEHUN UX OOBIYHBIM ITyTEM (Add
Existing to Projects), B paanore Choose
Document to Add HEOOXOAUMO yCTAHO-
BuTh TUN (paruios (File Type) pns npo-
cmorpa B All Files (*.7).

OTMETHM, YTO HEBO3MOKHO IlepemMec-
THTH IIPOEKT, BBIIIOIHUB KOMaHJy Save
As Ha/T JOKYMEHTOM IIPOEKTA MU COXpa-
HUB €r0 B HOBOM MECTE, JIaHHOE
JIEICTBHE TOJIBKO COXPAHMUT JOKYMEHT
IIPOEKTA B HTOM MECTE. DTO TAKKE OOHO-
BHUT BCE€ CBSI3H B JIOKYMEHTAX, KOTOPBIE
COZIEPIKATCS B IPOEKTE, OPIraHMU3YsI CBSI3HU
C HOBBIMH JIOKYMEHTAMH IIPOEKTA HA
CTApOM MECTE, IJ€ B JEHCTBUTEIbHOCTHA
COXpPaHEHbI IOKYMEHTHI TPOeKTa. Kpome
TOTO, IAHENb Projects He IpejHa3HAYeHA
JUISL yIIpaBeHus (paiiaMu, — /IS BBIITOJ-
HEHWs JIAHHOM 337]7a9H HEOOXO/IMMO TIe-
pEMECTUTH JTOKYMEHTBI IIPOEKTA CPE/I-
CTBAMH OIIEPALIMOHHON CHCTEMBIL.

Hepeako CyIIecTBYIOT IPOEKTHI, KO-
TOPBIE SIBJISIIOTCA CBA3AHHBIMU. Harpu-
Mep, U3[eIHE MOXKET COJAEpKaTh He-
CKOJIBKO TI€YATHBIX IUIAT, WA BOZHUKAET
HEOOXOIMMOCTD CTPYHITMPOBATH BMECTE
PAa3/IMYHbIE BEPCHHU IIPOEKTOB IUIaT. Ta-
KO€ OOBEIMHEHUE TIPOEKTOB BO3MOKHO
IMOCPECTBOM CO3/IaHUS I'PYIIIILI IIPOEK-
TOB (Design Workspace).

B pericrBUTEIbHOCTH TIaHEb Projects
OTOOPAKAET TEKYIILYIO I'PYIITY IIPOEKTOB —
JILGO OZTHY IO YMOTYAHHUIO, TIUOO Ty, KO-
TOpast CO3/IaHA WIM OTKPBITA. [I/IA COX-
paHEHMsI TEKYIIETO OTKPBITOrO HA60pa
IIPOEKTOB B BUJIE IPYIIIbI IIPOEKTOB CJIe-
JIyeT HaKaTh KHONKY Workspace B BepX-
HE 4aCTH ITaHenu Projects uin uCroJjib-
30BaTh COOTBETCTBYIOIIME KOMAH/bI B
MeHIo File (Hanpumep, Save Design -
Workspace As — COXpaHUTD I'PYIIITY TIPO-
extoB u Open Design Workspace — OT-
KPBITB I'PYIIITY IIPOEKTOB).
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Puc. 13. HeckonbKo OTKPbITbIX JOKYMEHTOB B F/TaBHOM NPOEKTHOM OKHE

TIpex/ae yeM cOo3/1aTh HOBYIO WIH OT-

KPBITh CYHIECTBYIONYIO TPYIITYy IIPOCK-
TOB, CJIEAYET 3AKPBITH TEKYIIYIO TPYIIITY
IIPOEKTOB, IPU 3TOM OYAET IOTY4EHO
NPeayIpeXRICHUE O 3aKPBITHHA BCEX HE
COXPAaHEHHBIX PaHee JOKYMEHTOB, IIPO-
€KTOB WJIM U3MEHEHMI B TEKYIIEH IPYII-
Ti€ IPOEKTOB.

HaBurauuvsa no QOKYMEHTAM
MPOEKTA
U MACLWUTABUPOBAHME

B cucreme Altium Designer Kaxapii
BHJI JIOKYMEHTA OTKPBIBAE€TCA M 06paba-
TBIBACTCSI COOTBETCTBYIOIIUM DPEJAKTO-
pom. HanpuMep, CXeMHBIE JOKYMEHTDI
OTKPBIBAIOTCSI 1 06PA6GATHIBAIOTCA B pe-
nmakrope cxeM (Schematic), GUOIHOTEKH
IMOCA/IOYHBIX MECT — B pefaKkrope 6uo-
suotek (PCB Lib), v Tak nanee. Ilpu co3-
JTAaHUU HOBOT'O JOKYMEHTA MJIH OTKPbI-
THH YK€ CYLIECTBYIOIIETO, COOTBETCTBY-
IOIMUM  PEJAKTOp /I 3TOro THIA
JOKYMEHTA CTAHOBHUTCSA aKTUBHBIM pe-
JaKTOPOM.

Hasurauus 1o IIpoeKkTy OCyIeCTBIIsA-
eTcsl IIPU IIOMOINM IaHenu Project, a
TAKKe IMPU HAKATUH BKJIAIOK IIEPEKITIO-
YeHUs JOKYMEHTOB. [IJ11 paCCMOTPEHUSA
TpUEMOB HABUTALIUH OTKPOEM OCTAJIb-
HBIC /IBA JIOKyMEHTA, COAEp)KAIIHeCs B
OTKPBITOM paHee npoekTe. ITpu OTKPHI-
THUH JOKYMEHTA OH CTAaHOBHUTCH AKTHUB-
HBIM JIOKYMEHTOM B IJTABHOM OKHE IIPO-
ekTa. HeCKOJIbKO JIOKYMEHTOB MOKHO
OTKpPBITh OJJHOBPEMEHHO, YTO M ObLIO
crenaHo paHee. Kaxaplid OTKPBITBIN J0-
KYMEHT UMeEET COOCTBEHHYIO BKIA/IKYy B
BEPXHEH YaCTU OKHA, HO TOJIBKO OJIMH

JIOKYMEHT SIBJISIETCSI AKTUBHBIM B 3TOM
okHe. Ha pucynke 13 moxkasaHbl TpH
OTKPBITBIX JOKYMEHTA — OJHA ILIaTa U
JIBE€ CXEMBI, IIPU 3TOM AKTHUBHOM SBJ/ISET-
Cs IUIATA.

AKTHUBHBIN JOKYMEHT BbIIEJIECH IIOJC-
BETKOH €ro BKIAAKH. YTOOBI aKTHBHPO-
BaTh IPYTOM OTKPBITHIN JIOKYMEHT, HEOO-
XOAUMO IIPOCTO MIETKHYTb €r0 BKIAJKY.
C JIpyro¥ CTOPOHBI, MOKHO HCIOJIb30-
Barhb ropsiume iasumm Ctrl+Tab u
Ctrl+Shift+Tab s UKINYECKOro nepe-
©60pa BCEX OTPBITHIX JJOKYMEHTOB BIIEDE]
WIN HA3a],

JJ1s1 KOMIWIIIUKA MCXOJHBIX JOKY-
MEHTOB HEOOXOAMMBI PA3JTUYHbBIE CPEJI-
CTBA, U IPHU HEOOXOJAHUMOCTH KOMIIHJISA-
LIV BBITIOJTHSICTCSI ABTOMATHYECKH. [1s1
3TOT'O BCE 3TH JJOKyMEHTbI HEOOXOIHUMO
IIPEJBAPUTEIBLHO OTKPBITh. B 3aBHCH-
MOCTH OT IIPOEKTA, YHCJIO JOKYMEHTOB
JIIST KOMITHJIIIIMHA MOJKET OBITh Pa3Ind-
HBIM. YTOOBI CI€IaTh BCE JOKYMEHTBI
OTKPBITBIMH, KaK JOKYMEHTBI CO CBOH-
MU BKJIQJKAaMU, B [NTABHOM OKHE IIPOEK-
Ta MOYKHO CO37aTh Pabovyro 061acTh C
IIPOU3BOJIBHBIM pa3MelleHueM e€ 3ie-
MeHTOB. C 3TOM LIE/IbI0 B CUCTEME IIpe-
JIYCMOTPEHA BO3MOKHOCTbH CKPBIBATH
JTOKyMeHTBI. OHH ITOJIHOCTBIO OTBEYAIOT
TPe6GOBAHUAM K OTKPBITBIM JOKYMEH-
TaM (TaKMM KaK BO3MOKHOCTb KOMIIH-
JISILIAM ¥ IEPEKPECTHBIX CChUIOK), HO HE
IIOKAa3aHbI HA 3KPAaHE B IVIABHOM OKHE
IIPOEKTA.

JI30601 OTKPBITBIH JOKYMEHT MOKHO
CII€/1ATh CKPBITBIM, BBIIIOJTHUB:
® Hakatue [TKM Ha ero BKI3JKE U KO-

manpny Hide;
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& Auxitary SchDoc | | [ Mixer. SchDoc || (3 Effects.SchDoc

@ Input channel.SchDoc
4 Headphone.SchDoc
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4 output channel.s

L Power,SchDoc

8 Mixer_Routed PCBDOC
1

Puc. 14. [locTyn K CKpbITbIM JOKYMEHTAM

e Haxarue [IKM Ha 3TOM KOMITOHEHTE
B na"eu Projects ¢ BIOOPOM KOMaH-
el Hide.

CKpBITBIE JOKYMEHTBI ITEPEYUCIICHbI
B BBINA/IAIOIIEM MEHIO PSA/IOM H IIpaBee
nmaHenu Document, KOTOPOE COAEPKUT
BKJIAJKH JJI1 3THX JOKYMEHTOB (CM.
puc. 14).

[ITer90K Ha KOMITOHEHTE B CITHUCKE OT-
MEHMT COCTOSHUE <«HEBHIUMOCTU» JO-
KYMEHTA, 1 OH IIOBTOPHO IIOSIBUTCS (B
BHJIC BKJIAJIKH) B ITTABHOM OKHE IIPOEK-
Ta. D1aBHoe menio Window v fOKyMeH-
Thl MEHIO OT Haxkatus [TKM Ha maHenu
Projects Taxke COAEPKAT KOMAH/IbI /ISt
OTMEHBI «HEBUJIMMOCTH> JOKyMEHTA.

Projects v X
e s =
| Workspacel.Dsnwtk v }lWOIkspacel

' Mixer. PriPCB ![ Project ]
® Fie View O Structure Editor
= Al

=3 Source Documents
= 3 Mixer.SchDoc
2 Auxilary. SchDoc

[nKTOrpaMmb| B naxenu
Project nokasbisatot
OTKPbITbIE, CKPbITbIE

1 N3MEHEHHbIE
NOKYMEHTbI

B8 Miver_RoomsOnly,PCBDOC
B9 Mixer_Routed PCBDOC v

Puc. 15. OTob6paxenue nMKTOrpaMmmbl cTatyca
AOKyMeHTa
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Close Schematic Documents
Close All Documents

Close Other Documents
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Hide Auxilary.SchDoc *
Hide Schematic Documents L
| Hide All Documents
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| Split Horizontal !!

Tile &l
Open In New Window

B kagecTBe yacTu napamerpos Gene-
ral 11 manenu Projects MOJKHO aKTUBU-
pOBATh OTOOPAKEHUE ITHKTOIPAMMEBI C
OTOOPAKEHUEM CTATYCA <«OTKPBIT/MO-
auduupyercs» (6onee MogpoGHO Oy-
JIET OIMCAHO HMXKE). DTO IO3BOJISIET
OBICTPO COPHEHTHPOBATHCS, KAKHE JIO-
KYMEHTBI OTKPBITBI, CKPBITBI WA OBLIA
M3MEHEHBI (CM. pHC. 15).

MoaupuIupyeMslil JOKYMEHT, IIPO-
€KT WJIH TPyIIla IIPOEKTOB, KOTOpPas
JIOJKHA ObITh COXPAHEHA, TAKXKE IIOME-
YAIOTCsA 3BE3OYKOM PAAOM C 3aITHCHIO
3JIeMeHTa B maHenau. Moaudunupye-
MBIH JJOKYMEHT TAKKE IOMEYAETCS 3BE3-
JTOYKOM BHYTPH COOTBETCTBYIOIIEH
BKJIA/IKH B IZTABHOM OKHE ITPOEKTA.

ITporpamma Altium Designer He orpa-
HHUYEHA IIPOCMOTPOM U PabOTOI C OfI-
HHUM JJOKyMEHTOM. MEIOTCS pa3InyHbIe
KOMaH/Ibl, O3BOAIOMHUE I(P(PHEKTUBHO
YIIPABJIATh OTKPBITBIMU JOKYMEHTAMHA U1
U3MEHATHh PA3IMYHbIE BAPUAHTHI TOJIO-
JKeHus: OKOH. Hasxatue ITKM Ha BKIaKe
JIOKyMEHTA O6ECTIEYUBAET JOCTYII K Pa3-
JIMYHBIM KOMaHJaM YIPaBJIEHUSA OTOO-
Pa)KEHHEM OKOH OTKPBITBIX JOKYMEH-
TOB. K HUM OTHOCATCA KOMaHAbI Close
(3aKkppITh), Save (coxpaHurts), Hide
(CKpBITB), 2 TAKKE KOMAaH/IBI yIIPaBJIe-
HH OTOOPAKEHHUEM BCEX OTKPBITHIX JIO-
KyMEHTOB B IIp€Ze/axX ITTaBHOTO OKHA
poekTa (cm. puc. 16).

Komanzp! i pas3geneHus I7IaBHOTO
OKHA IIPOEKTA HAa TOPU3OHTAIBHBIC WIH
BEPTUKAIbHBIE (pparmMeHThl (Split Ver-
tical v Split Horizontal) MOTyT OKa3aTh-
Ccs yAOOHBIMHM IIPHM HEOOXOJIUMOCTH
CpaBHEHUS, HAIIPUMED, CXEMBI U IUIATHI,
IIPA UX OZHOBPEMEHHOM OTKPBITHU B
oaHOM OKHe. IIph TakoM pasjieeHuH
39KPaHa JJOKYMEHTBI IPOEKTA UMEIOT KaK
ObI CAaMOCTOATEIbHBIE OKHA. KpoMe aTO-
ro, UMeroTcsa KomaHabl Tile All u Merge
All, XOTOpBIE TIO3BOJISIIOT PACIOJIATATH
BCE OTKPBIThIE OKHA JJOKYMEHTOB B BHJIE
MO3aUKH M CBOPAYHMBATh BCE OKHA,
BO3BPAMIAsICh K PA6OTE C OTHUM OKHOM.

I[Ipu HEO6XOAUMOCTH MOXKHO OT-
KPBITh JJOKYMEHT B OTJEIBbHOM IIPOEKT-
HOM OKHE. JIJI1 3TOTO CJIEAYET HAXKATh
ITKM Ha BK/IaIKE M BBIIIOTHUTb KOMaH/Ty
Open in New Window. nu xe HaXXaTh

JIKM Ha BKIaAKe JOKYMEHTA U IepeTa-
LIUATH €T0 B OOIACTh 9KPAHA, 34 IIPE/IEJIBI
IJIABHOT'O TIPHK/IAJHOTO OKHA IPOEKTA.
3aTeM MOSB/AIOTCA JOCTYITHbIE KOMaH-

JIbI B INIaBHOM MeHI0 Windows — Arrange

All Windows Horizontal (Vertical) nns

PacCIoIOKEeHUsA OKOH T'OPHU3OHTAJIBHO

WIH BEPTHKAJIBHO.

IMporpamma Altium Designer momiep-
JKMBA€T JIBA MOHMTOpPA C PEKOMEHIye-
MbIM paspereHuem 1280 x 1024 muxce-
Jis1. JIJIs KCIIOJIb30BAHHSA BTOPOT'O MOHH-
TOPa HEOOXOAUMO B HACTPOMKAX IKPAHA
BBIOpaTh Tapamerp <«Pacmmputbs pabo-
4YHH CTOJI HA BTOPOM MOHHMTOp». Ilocie
3TOT'O MOKHO OYZIE€T UCIIOIB30BATh OJTMH
MOHHUTOP UIsl paGOTHI € MPOTrPaMMOI
Altium Designer, a BTOPO¥ — JI/I1 OCTA/Ib-
HBIX IPWIOKEHHUH. Taxke UMeeTcst BO3-
MOKHOCTb OTKDBITH Pa3HbIE IPHIOXKE-
Hus Altium Designer Ha AByX 3KpaHax;
HAuOOIEe PA3yMHOE HCIOIb30BAHUE —
OTKPBITh HA OJJHOM MOHHTOPE CXEMY, 4
Ha IpyTOM — ILIaTy.

HaBuramuio 1o OTKpbeITOMY JOKyMEH-
Ty HPOJEMOHCTPUPYEM HA IIpUMEpE
PCB-arira. [Ij1s1 nepemenieHus n300pa-
JKEHHS 10 9KPAHY MMEETCS HECKOIBKO
BO3MOKHOCTEN. BO-mIepBBIX, 3TO CTaH-
JapTHAs I10JI0CA MPOKPYTKU. Bo-BTO-
PBIX, IIPU IIOMOIIHU KOJI€CA IPOKPYTKH
(scroll) MBI U300pAKEHUE IIEpEMeE-
IIA€TCA BBEPX U BHU3, 4 IIPU IIPOKPYTKE
C HaxkaTou kiaasuien Shift mzobparke-
HHE IIEPEMEIIAETCS BIEBO U BIIPABO. B-
TPETbUX, IIEPEIBHKEHUEM H300paxKe-
HHSA B TI00YIO YaCTh 9KPaHA IIPH HAXKA-
THUM (YKA34TE/Ib MBIIIH IIPH 9TOM UMEET
BU/L JIQZIOHN) U yaep:kanuu ITKM.

MacmrabupoBaHHE U300PAKEHHUS OCY-
LIECTB/AETCA IPOKPYTKOH € HAXKATOH
xi1asue Ctrl Wiy npy HaKaTHY KIABH-
mu PageUp (yBesmmuyeHue macimraba) u
PageDown (ymMeHbIIEHHE MACIITA02).

JIJ1s1 HAaBUTAIIUHU 110 JOKYMEHTY TAKOKe
NPEJHA3HAYEHbI KOMAH/Ibl B BBIITA/1A10-
meM MeHio View (cm. puc. 17). Hioke
OINHMCAaHbI BCE KOMAaH/bl MEHIO View, 1c-
IOJIb3yE€MbI€ JI/II HABUTAIIMU U MACIITA-
OUPOBAHUS:

e Fit Document (COYETAaHHE KIABUII
Ctrl+PgDn) — noAroHsieT JOKyMEHT K
pasMepy 3KpaHa;

® Fit Shit — TOATOHSAET CTPAHUILY K pa3-
MEpPY 9KpPaHa;

® Fit Board — 1IOATOHAET IUIATy K pa3Mepy
39KpaHa (B PeAAKTOPE CXEM €CTh AHAJIO-
rugHas komaszga Fit All Objects, koTo-
Ppas pacroaraeT B OKHE BCE JIEMEHTHI);

® Area — NOATOHAET BBIOPAHHYIO ILIO-
aJb K pasMepy 3KpaHa (OOBIYHOE

YBETHYEHHE PAMKOM);
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e Around Point — NO3UIITUOHHUPYET BBI-
GpaHHYIO IUIOIIAJb BOKPYT YKa3aH-
HOM TOYKH B pa3Mep IKPaAH4;

e Selected Objects u Filtered Objects — iof-
TOHsIET K Pa3Mepy 9KPaHa BbIICICHHbIC
1 OT(PWIBTPOBAHHBIE OOBEKTBI;

e Zoom In, Zoom Out — yMEHbIICHUE U
YBEJTHUCHHUE;

e Zoom Last — BO3BpAIIaeT TPEIbIITY-
1y MaciTab;

e Pan — TepeMeNIaeT H300pasKeHue
IO/T KypCOPOM B LIEHTP 9KPAHA;

e Flip Board — TIOKa3bIBACT IIEPEBCPHY-
Toe Ha 180° U300paKEHNE IUIATHL;

® Refresh — OGHOBIEHUE N300PAKEHUST;

e Full Screen — IO3UIJMOHUPOBAHHUE PaA-
6ouert 00IACTA BO BECh IKPaH, IPU
3TOM CKPBIBAIOTCS BCE MMAHEH, TIOJIO-
CBI IPOKPYTKHU U CTPOKH CTATYCA.

CUCTEMHBIE HACTPOWUKM
(SYSTEM)

IMporpamma Altium Designer mpen-
cTaBgeT CoO60M OUYeHb THOKYIO, HACTpa-
MBAEMYIO I10J] KOHKPETHOI'O ITOJIb30BA-
Telst CUCTEMY. Bce HACTPOWKH B IIPO-
rpaMMe YCJIOBHO JENATCS Ha TPH
YPOBHSI: HACTPOMKH CHCTEMBI, HACTPOM-
KM PEJaKTOpa ¥ HACTPOMKH TOKYMEHTA.
HacTpOMKHU CHUCTEMBI M HACTPOUKHU pe-
JAKTOPOB JOCTYIIHBI U3 €IMHOI'O MECTA —
menio DXP — Preferences. B maHHOM
paszene 6yayT PaCCMOTPEHBI HACTPOH-
KM, OTHOCSIIIIUECS KO BCel cucreme. [Iyist
HUX HEOOXOAUMO BBHINOJHUTL DXP —
Preferences 1 OTKPBITh BKJIAZIKY System.
JlanHAas BKJIAJKa COJEPKUT CIIHCOK
HACTPOEK IO ONpeAeNEHHBIM HAIIPAB-
JIEHHSIM, KKOasi U3 KOTOPBIX, B CBOIO
ouepeb, COAEPKUT ITIEPEYEHb TAPAMET-
poB. B criicke HaCTpoOeK System BbIOU-
paem General, Ha KOTOPO¥t CO6pPaHbI 06-
IHE HACTPOUKH.

Ha Briagke General, TAK )K€ KaK U HA
JPYI'HX BKIQJKaX HACTPOEK, BCE mapa-
METPBI JAEJSTCA 10 (PYHKIIHOHATIBHOMY
HA3HAYEHHUIO HA OIpeAeNEHHbIE IPyII-
IbL. [pyHITBl OTAEISAIOTCA APYT OT Apyra
6ostee TEMHOM paMKOX. OIIMCAaHHE BCEX
mapaMeTrpoB OyAeT TMPOBOJUTHCS IIO
(YHKITMOHAIBHBIM Ipynmam. [Ipu aTom,
ec/y 6bUT U3MEHEH XOTA ObI OJIMH Napa-
METpP, Y Ha3BaHHUA BKIAJIKU B CIIHCKE
HACTPOEK MOSIBUTCS CUMBOJI 3BE3JOYKH,
KOTOPBIN OyAET OTOOPAX,AThCA A0 Ha-
JKATYST KJIABUIIH ADPLy.

IlepBas rpymia Ha BKIaaKe General —
Startup, B KOTOPOH IIE€PEUYHCICHBI OCO-
GEHHOCTH 3aITyCKa CUCTEMBIL:
® Reopen Last Workspace — OTKPBIBATH

MOCJIETHIOD TPYIILy IPOEKTOB IIPHU

HOBOM 34aITyCK€;

NMPOEKTUPOBAHVE U MOAOEJNIMPOBAHME

@ Open Home Page — OTKPBIBATH [10-
MAIIHIO CTpaHuIy Alfium, ecnu HeT
JIOKYMEHTOB JUIs OTKPBITHA (TIpU 32-
BEPIIEHUH ITOCICTHEN CECCUU HE Obl-
JIO OTKPBITHIX JJOKYyMEHTOB);

e Show startup screen — TIOKa3bIBATH
34CTaBKy IIPH 3aITyCKe.

Tanee wnaét rpymna Default Locations —
3/1€Ch 32/1aI0TCS UMEHA MAIIOK, KOTOPbIE
OyAYT UCIIOIB30BATHCA /IS COXPAHEHUA
JIOKYMEHTOB U OGHUOIHOTEK IO YMOIYa-
HU1o. CTOUT OTMETHUTD, YTO II0 YMOJT4Ia-
HUIO 37IECh YKA3aHBI IMAIIKU B IMPEKTO-
puun ycraHoBku Altium Designer, 4To
Jlydiie M3MEHHUTh B Hadajae paboThl
IManka Examples COREPKUT IPUMEPBI
Pa3TUYHBIX TUIIOBBIX IIPOEKTOB OT pa3-
pa6oryukoB Altium, a manka Library —
Ha6op OUOAHOTEK. «32COPATH> ITHU
MMAaIK{ CBOMMH MIPOEKTAMH U GHOIHO-
TeKaMH He peKoMeHayercs. [Tanmku st
XpaHEHUsI IPOEKTOB U OUOIUOTEK pe-
KOMEH/YETCsI CO3/1aTh B KOPHEBOM [IU-
pexropuu aucka C ¥ HA3BaTh UX JIATH-
HCKUMH OyKBaMH. DTO CBA3AHO C TEM,
YTO HEKOTOPBIE IMPOTrPAMMBI, KOTOPbIE
MOTYT HCIIOJIB30BATbHCA COBMECTHO C
Altium Designer (Hanpumep, Specctra),
YYBCTBUTEIBHBI K JUIMHHBIM HMEHAM
GdaitoB (a umaA @ariaa COACPKUT IIyTh
[oCcTyma), IpobesiaM B HA3BAHUU U K-
PWLIHILIE.

Ipynma System Font 1O3BOJISIET IIPU
HEOOXOJUMOCTH HU3MEHATh HACTPOWKHU
CHCTEMHBIX IPUQPTOB (KOTOPHIMH BbI-
TIOJTHEHBI HAJIIMCH B JUAJI0raX UHTEP-
deiica). Cieayer OTMETUTDH, UTO IIO
YMOJIYAHUIO YCTAHOBJIEH Hambosee
YOOOHBIN pa3Mep IpPHEdTA, KOTOPBIH
JIy9qIIe HEe MEHATD.

Ipynna Localization OTBe4aeT 3a pyCH-
duxanmo uaTEpderca. [Mapamerp Use
localized recourses Ja€r JOCTYII K JBYM
BapuaHTaM pycuduKauuu uHrepderca
mporpaMmsel. 1l pyCH(PUKAIUUA BCEX
JIMAJIOTOB HEOOXOAUMO BLIOPATh Display
localized dialogs, nis BCIUIBIBAIOIIHX
o7ICKa30K — Display localized bints only.
JonmoMHUTEIbHBI mapameTp Localized
menus IO3BOJSIET PYyCHMUIHMPOBATDH
HA3BAHU ITYHKTOB IVITABHOI'O MEHIO.

Bragka View ompeaenseT TPYIITbI
HACTPOEK OTOOPAKEHUSA JIEMEHTOB Pa-
6ouero crona. Ipyrma Desktop onpeze-
JIIeT HaYaJIbHBIE ITApAMETPhl pab0odYero
CTONA TPH 3aIlyCcKe cHcTeMbl Altium
Designer:

e Autosave desktop — COXpaHsET PACIO-
JIOYKEHHE TTaHeIeH pabodyero CTona;

@ Restore open documents — BOCCTAaHABIIN-
BA€T JJOKYMEHTBHI, OTKPBITHIE B ITOCIIE/I-
HEH CeCCHUH PAOOTHI C IIPHIOKEHUEM.

View | Project Place Design
4] Fit Document  CtrH-PgDn
Fit Sheet
Fit Board
% Area
Around Point
. Selected Objects
34 Filtered Objects
& ZoomIn PaUp
(=L Zoom Out PaDn
Zoom Last
Pan Home
3] Flip Board
Refresh End
|5} Ful Screen AIL+FS
f -

Puc. 17. Komangbl maciutabupoBanus
HaBUrauun no AOKYMEHTY

B crpoke Exclusion BbIOUPAIOTCA
MIPYJIOKEHMS, JOKYMEHTBI KOTOPBIX HE
OYAYT OTKPBIBATHCA B HOBOM CECCHH.

I'pynna Show Navigation Bar As HACT-
pauBaeT THI OTOOPAKEHUA NaAHEIH
Navigation, KOTOpPasi UCIIOJIb3YETCS B Ka-
ygecTBe CTPOKHU apeca Internet Explorer
JIUIST HABUTAILTUH 110 JJOKYMEHTAM U CTPa-
Hunam UurepHer. Ilapamerp Built-in
panel otobpaskaeT manenb Navigation
KaK BCTPOEHHYIO B uHTepderic DXP, a
Toolbar — xaK OTAEIbHYIO ITAHEb.

Ipynma General — 310 Ha00p OOIIMX
[apaMeTPOB, IPEIHA3HAYEHHBIX 11 60-
Jiee TOHKO¥M HACTPOMKH THUIIA OTOOpakKe-
HUS TTAHEJIEH, THCTPYMEHTOB U MEHIO. B
rpyuite Popup Panels HACTPAUBAETCS 32~
JI€P’KKA TTOSBJIEHNSA M CKPBITHS BCIUIBIBA-
IONIUX MTAHEJIEH, a TAKKE BKIIOYAETCI U
BBIK/TIOYACTCA AHUMAIHUA IIPU IOSBIIE-
HUM 3TUX naHenei. Ilapamerp Favorites
Panel onpepeisger pasMep MUKTOIPaMM
JIOKYMEHTOB B ITaHem Favorites.

I'pynna Document Bar OUPENEISET
HACTPOMKH BKJIAJOK IE€PEKIIOYCHUS
JTOKyMEHTOB:

e Group document if need — BKIIOYE-
HUYE/BBIKIIOUYEHHUE I'PYNIIMPOBKU Ia-
HeJIel, II0C/Ie Yero Ha BBIOOP Ipe/ia-
raeTcsi IBa BapHAHTA: IPYIITHPOBATH
10 THUITY JJOKyMEHTOB WJIH I10 IIPUHA/I-
JIEKHOCTH K IIPOEKTY;

e Use equal-width button — NCIIOIb30BATDH
BKJIQ/IKH OJJMTHAKOBOH IIMPHHBI; B IIPO-
THUBHOM CJIy4dae JUIMHA BKIAJKH Oyner
OIIPEAEIITHCS HA3BAHHEM JIOKYMEHTA;

e Auto-bide the document bar — aBTO-
MaTHYECKU CKPBIBATD BKJIAJKU II€pe-

KJIK4YEHHUsA JOKYMEHTOB, KOTOPBIC
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Puc. 18. Hactpoiika napametpoe nawenu Projects

OYIyT MOABIATHCS TOJIBKO DU HABE-
JCHUH KypCOPa HAa MECTO HUX PACIO-
JIo)KeHUs (yIOO6HO CKPBIBATH BKJIA-

KU C IEIbI0 YBEIHUYEHUSI pabouent

061aCTH);

® Multiline document bar — UCTIONIBL30BATH
MHOT'OCTPOYHOE OTOOPAKEHUE BKJIA-
JIOK IIEPEKTIOYEHMS TOKYMEHTOB (yI06-
HO HCITOJIb30BATh IIPH OTKIIOYEHHOM
HACTPO¥Ke Group document if need);

e Cirl+Tab swilches to the last active do-
cument — Ctrl+Tab nepexniouaer Ha
MOCACAHUNA PEJAKTUPYEMBIH JTOKY-
MEHT; 1P OTKIIOYEHHOM HACTPOIKE
Ctrl+Tab nepexIto4yaeT JOKyMEHTHI B
TOPAIKE UX OTKPBITHST;

® Middle click closed document tab — naxa-
THE KOJIeCa IIPOKPYTKH MbImw (Scroll)
Ha BRIQJIKE TIEPEKIIOYEHHS JTOKYMEH-
TOB 3aKPbIBACT BEIOPAHHBIH JJOKYMEHT.
Ha crpanuue Altium Web Update mo-

I'yT OBITH BBIOPAHBI /1BA BADUAHTA TIOHC-

Ka 06HOBIEeHMH yepe3 UntepHer (URL)

U B JIOKAJIBHOW CETH MPEIIPUSITHSI

(Network path). B o6oux ciydasx B

BBIOPAHHOM CTPOKE 3aIMCHIBAETCS afl-

pec noncka O6HOBIEHHI; B IEPBOM CITy-

4ae — 3TO CauT pa3paboTIUKa, BO BTO-

POM — aZipec pecypca B IOKAIBbHOM CETH

npeanpusaTusa. [IouCKk OOHOBICHHI B

CETH OPEANPHUATHSA UCIIOTB3YETCS TIPU

HUIUYUH HECKOJIbKUX JIMLIEH3UH, TIPHU

3TOM Ha OJHOM KOMIIBIOTEPE ITOIH30BA-

TeJis1 OGHOBJICHHSA 3aTPY/KAKOTCS C CafTa

Pa3paboTyHKa, TIOC/IE YEro 3TH OOHOB-

JICHUSI BBIKJIAJBIBAIOTCA B OOIIEe Xpa-

HWIHIIE, YEPE3 KOTOPOE OOHOBISIOTCH

OCTA/IbHBIE€ CHCTEMBL.

B rpynime Automatic checking ykaspisa-
€TCsl YaCTOTA AaBTOMATUYECKOTO ITOUCKA
o6HOBIeHMUI. IIpH BEIGOpE TH0605 HACT-
poriku, kpome Never, IIOUCK OOHOBIIE-
HUI OyIEeT IPOUCXOJUTH ABTOMATHYEC-
KU II0 2/IPECY, YKA3aHHOMY BBIIIE, U IIPU

YAQYHOM IIOMCKE OyIeT MPEIOKEHO
3arpysuTh HaHJEHHbIC OOHOBIeHMs. Ha
BKIAZIKE Transparency BKIIOYAETCS T10-
JIYIIPO3PAYHOE OTOOPA’KEHUE BCILUILIBA-
IONIMX OKOH M ONHMCHIBAeTCA KO3 du-
LIMEHT IIPO3PAYHOCTH.

Bxnanka Navigation o6beuHsieT HaCT-
POYIKH OTOOPaKEHUSI OOBEKTOB B IIAHE-
au Navigalor W OIHCBIBAET HAOOP
JEUCTBHUI C OOBEKTAMH, BBIOPAHHBIMUA
IIOCPE/ICTBOM JAHHOM MaHenu. B rpym-
rie Highlights Methods MOXXHO BBIGPATH
YETBIPE NEHCTBHA, KOTOPBIE OYAyT IIPO-
HUCXOJUTH C OOBEKTAMH B paboueit 06-
JIACTH, BBIOPAHHBIMH 4Yepe3 MaHeIb
Navigator:
® Zooming — yBEUYUTDH BBIOPAHHBIM

006beKT Ha Ko3a(dumuenT, ykazau-

HBIM B IpyIrime Zoom Precision;
® Selecting — BBIIETATH OO'BEKT; JAHHOE

JIENCTBHE HEOOXOUMO JIJISI TOT'O, UTO-

6Bl MMPOU3BECTH KAKYIO-THGO Orepa-

IIMIO HA/l JAHHBIM OOBEKTOM;
® Masking — OTIENNATh OOBEKT MACKOH

OT OCTJIbHBIX OOBEKTOB JJOKYMEHTA

(ocTanpHbIE OOBEKTHI IIPU 3TOM BbII-

JSIAT KaK Obl 3aTEHEHHBIMH); KO3(h-

(pUIEEHT NPO3PAYHOCTH OGHEKTOB,

OTJEIEHHbBIX MACKOH, YCTAHABIUBAET-

Csl KHOITKOM Mask Level B HYDKHEM Jie-

BOM yTuIy pabouer o6mactu. [10a3yHOK

Mask onipesienseT ypoBEeHb BUIUMOC-

TH MaCKHPYEMBIX OOBEKTOB (100 —

IIOJHAsI BUIUMOCTD, 0 — OOBEKT HE BH-

AuM);
® Connective Graph - 1TOKa3bIBATDH

rpad cBa3er (HAIPUMEp, Ui BHIO-

PaHHOM 1ienHu OyAyT MOKa3aHbI BCE

KOMIIOHEHTBI, OOBbEeIUHEHHDBIC 3TOM

LIETIBIO).

B rpynine Objects To Display nepeunc-
JICH CIIMCOK OOBEKTOB, KOTOPBIH OTOO-
paxaercst B naHenu Navigator mnocie
KOMITWISITHH.

Ha Bknagke Backup onpenestorcs
IMapaMeTphbl aBTOCOXPAHEHMS MPOEKTA.
B 1aHHOM OKHE yKa3bIBAIOTCS TPH ITapa-
METpPa: YaCTOTA ABTOCOXPAHEHMS, KOJTH-
YECTBO KONMUM M ITyTh COXPAHEHUS pe-
3€PBHBIX (DaKIOB.

Ha Briianke Projects Panel ycTaHaBIN-
BA€TCA HAO60p MapaMeTpoB NaHEIH
Projects, KOTOpbI€ TTO3BOJISIIOT HACTPAU-
BATh IMAPAMETPLI OTOOPAKEHUS JTOKY-
MEHTOB MpoeKTa (puc. 18). [TapameTpsr
naHeau Projects MOIyT OBITh TAKKE JTI0C-
TYIIHBI 110 (DYHKITMOHAJIBHOM KHOIIKE Ha
caMo maHenu. JlaHHas BKIAJKA TOJIe-
JICHA HA KATErOpHuH, KaKIass U3 KOTO-
PBIX UMEET HECKOIBKO IMaPAMETPOB:

1. General — obuiue

® Show open/modified stalus — MTOKa3p1-

BaTh CTATYC JOKYMCHTA;
® Show VCS stalus — IOKa3pIBaTh ITHK-

TOTPAMMY KOHTPOJISA BEPCHUTL;
® Show document position in project —

TOKA3bIBATh TTO3UIIHIO JOKYMEHTA B

IIPOEKTE;
® Show full path information in bint —

TIOKa3bIBATD ITOJIHBIN ITyTh BO BCILIbI-

BAIOWIEH MOJACKA3KE;
® Show grid — TIOKa3bIBATH CETKY.

2. File View — Bup aitia

® Show Project Structure — OTOGpaKaTh

CTPYKTYPY IIPOEKTA;

e Show Document Structure — oro6pa-
JKATh CTPYKTYPY JOKYMEHTA (JIJISI MHO-
TOJTUCTOBBIX JOKYMEHTOB).

. Structure view — BUJI CTPYKTYPBI

® Show Documents — IIOKa3bIBATb JIOKY-

MEHTBI;
® Show Sheet Symbols — 1OKa3bIBATH

CHMBOJIBI JTUCTA;
® Show Nexus Components — TIOKa3bI-

BATh KOMIIOHEHTHI Nexus.

4. Sorting — COpTUPOBATH JOKYMEHTBI 110

onpeaeIEHHOMY IIPU3HAKY

@ Project Order — B IOpsAJIKE TIOJTUPEK-

TOPHI ITPOEKTA (T.€. CHAYAIA CXEMBI 1

W

IUTATBL, 4 3ATEM CT€HEPUPOBAHHBIE BbI-
XOAHbIE (parIbl, GUOIMOTEKHN U T.J1.);

e Alphabetically — o andasury;

e Open/modified status — 10 crarycy
OTKPBIT/MOAU(PUITIPYETCS;

® VCS status — 1O CTaTYCy BKJIIOYCHUS
KOHTPOJISI BEPCHI;

@ Ascending — 110 BO3pacTaHUIO (OTHO-
CHTCS KO BCEM BBIIICTIEPEYHCIIEHHBIM
BHAM COPTHPOBKH).

5. Grouping — rpyniimupoOBKa

@ Do not group — He TPYIIIUPOBATE;

® By class — TpyIIIIHIPOBATH 10 KJIACCY;

e By document type — COPTHPOBATH IO
THITY JOKyMEHTOB.

6. Single Click — neficTBue 1o HAKATHIO

JIKM
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e Does nothing — HET IENUCTBU;
e Activates open documenis/objects —

AKTUBHUPOBATDH OTKPBITHIH JJOKYMEHT;
e Open and show documents/objects —

OTKPBITh M aKTUBHPOBATD JJOKYMEHT.

Ha Bwiajake File Types nepeduciieH
CITUCOK THUIIOB (PAFIOB, KOTOPBIE MOTYT
GBITH ACCOIMMUPOBAHBI C CUCTEMOM Alti-
um Designer, T.e. JIA OTKPBITUSI KOTO-
PBIX OyIE€T UCIIOTb30BATHCS OIMH U3 pe-
JakTopoB DXP. HEKOTOPBI MepeYeHb
TUIOB (PAFIOB U3HAYAIBHO OIPEIeNEH
nporpammori Altium Designer. Hanpu-
Mep, B JAHHOM CITMCKE HMMEETCS THII
¢aivios ¢ pacmmpenuem “PCB. Takum
06pa30M, IIPH MOIBITKE OTKPHITH (harix
* PCB C )€CTKOTI'O JUCKA aBTOMATUYICCKHU
6yner 3arpyxarbcs He P-CAD, a Altium
Designer; Tak »e 06CTOAT JeJIa C APyTry-
MU TAITAMHU (pasIoB.

Hanpumep, CIIICOK LieTIel 60/1ee nmpu-
BBIYHO MIPOCMATPUBATH B IIPOTrpamMme
Notepad, HO TIOCIE yCTAHOBKU Altium
Designer Turt arina *nef Taxke Gyger
ACCOIMUPOBAH C ATOH NIporpammon. B
JAHHOM CITHCKE PEKOMEH/IYETCS OTKIIIO-
YUTH CJIEAYIOUIUE THUIIBI (DAKIOB: *pCh,
*1ib, *.cam, *net ¥ Ipyrue TUIIBL, U pe-
JAKTHPOBAHMST KOTOPBIX UCIIOJIb3YIOTCS
oTe/bHbIE TporpamMmbl. KHOIIKM cripa-
B4 OT CITMCKA THTIOB (PAFIOB ITO3BOJISIOT
Ppa3peImnTh/3aPETUTh BCE THIBI (havt-
noB (All on/All off), paspenmTh/3anpe-
TUTH TUIIBI (PAIIOB B BBIOPAHHOM IPYTI-
e (All on/Group off) 1 paspemunTsb/3a-
MIPETUTH BHIOPAHHBIN TUII (DAMIIOB.

New Document Defaulis — nanuas
HACTPOWMKA ITO3BOJIAET BBIOPATH IIAGIOH
JUISL BHOBB CO3/IaBAEMBIX JIOKYMEHTOB.
IIs1 KKAOTO THIIA JIOKYMEHTa (CXeMma,
IUIATA U T.J1.) ¥ JIIS1 KQSKJOTO TUIIA IIPOEK-
Ta (IIPOEKT ILJIATHI U JIP.) MOYKHO YKa3aTh
Garu1, KOTOPBIH OyzIeT (POPMUPOBATHCS
IIPU CO3JIAHUH HOBOTO JIOKYMEHTA [TaH-
HOTO THIIA. DT HACTPOMKA MOXKET ObITh
[0JIe3HA TIPH CO3/JaHUH OJHOTHITHBIX
HEePAPXUIHBIX IIPOEKTOB U HCIIOIb30Ba-
HUH OJTHOTHITHOT'O O(DOPMJIEHHS CXEM U
miar. st BeIGopa JOKyMeHTa-06pasna
HEOOXOUMO BBITIOTHUTE HaxkaThe JIKM
HA HYKHOHM CTPOKE, 4 3aT€EM HAXKATh
KHOIIKY CIIpaBa OT CTPOKH, IEPEUTH B
IIPOBOJHHUK U YKA3aTh HCXOAHBIN (DAL

Ha Bxunajike Installed Libraries yka3biBa-
€TCsI CITUCOK TOKIIOYEHHBIX OHOIHOTEK,
KOTOpBIE Oy/IyT UCIIOIB30BATHCS /IS T10-
WCKAa KOMIIOHEHTOB B ITaHenu Libraries. B
TOM TIOPSIIKE, B KOTOPOM 3TH OHOIMOTE-
KM YK43aHbI B 9TOH BK/IAJKE, OHH OyayT
MPEJCTABICHBI B BBITAJAIOMIEM CITMCKE B
niagenu Libraries. [/t IOAKIIOYEHUA HO-
BO¥ OGUOIMOTEKH WIH Y/IAJIEHUA U3 CITUC-

Ka CYIIECTBYIOIIEH OMOIHOTEKH UCIIOb-
3yI0TCS1 KHONIKU [nstall/Remove. KHOIIKA
Move Up/Move Dowr ACTIOIb3YIOTCS JIJIsT
repeMeneHuss OUOIUOTEKH II0 CITMCKY
(BBEpPX/BHHU3). MOKHO YKa3bIBATH TOIBKO
YacTb NYTH K OHOIMOTEKE, IIPU ITOM OC-
TAJIbHASL YACTh YKAa3BIBAETCA B CTPOKE
Library Path Relative To.

ITpy yCTAaHOBKE CHCTEMHBIX HACTPOCK,
KaK Y IIPH JIPYTUX HACTPOMKAX, HMEETCH
BO3MOKHOCTb COXPAHEHHUS TAHHOM KOH-
durypanuu 1 3arpy3sku paHee COXpa-
HEHHOM. CylIecTBYeT BO3MOKHOCTD 3a-
I'PY3KH KOH(UTYPAIIUH IO YMOTIAHHIO:
KHOTIKOM Set To Defaults MOKHO BOCCTa-
HOBHUTDH KOH(PUTYPAIIUIO I OTAETbHON
rpyurst Default (Page), 17151 BBIOPAHHBIX
BKIQ/IOK Default (Branch) n 1A BCeX
Hacrtpoek Default (All).

MH®OPMALIMOHHAS
noaneEPXKA ALTiuUM DESIGNER

JokymeHTAaIyst 1o mporpamme Altium
Designer s OOJbIIEH JOCTYITHOCTH
OpPraHU30BaHA U CTPYKTYPHUPOBAHA C
nomoupio naHnenu Knowledge Center.
Ianens Knowledge Center npeCTaBIsIeT
CcOGO¥ CIIPABOYHYIO UH(OPMALUIO /IS
pa6oTs! ¢ mporpammoi Altium Designer.
J1J151 3a1TyCKa STOM ITAHEIH HAXKMUTE KJIa-
punry F1. [Tanens Knowledge Center nH-
TEPAKTHUBHO 3arpykKaeT CIPaBOYHbBIC
JaHHbIE 00 d/IeMeHTe uHTepdeica min
06 MHCTPYMEHTE IIPH BBIIIOJIHEHUH HA
HéM meraka JIKM. Hannpumep, 11 11ory-
JeHUs CIIPaBKHU O MaHeau Project (pac-
CMOTPEHHO¥ B IPEIbIIYIIEM pPasaese)
JIOCTATOYHO HaXKaTh KiaBumry F1 u Ha-
skath JIKM B 11I000M 4YacTH IIaHEIH
Project. [l 1OJIlydeHUsl CIPaBKU 00
uHCcTpyMeHTe Wire (pasMelieHue Co-
€IUHEHUH), IIPOCTO HABEAHUTE yKa3a-
TeJIb Kypcopa Ha MUKTOIPAMMY JAHHOTO
MHCTPYMEHTA B ITAHETN MHCTPYMEHTOB
(cm. puc. 19).

BepxHsiss gactb nanenu Knowledge
Center SIBISICTCSl IIOPTAJIOM I 3aI1PO-
COB, — OT KPATKOM CHPABKH JO CCHUIOK
Ha JaHHbIe B (popmare PDF u nipuxia-
HbIE JOKYMEHTBI. HIDKHSAA CEKLIYA ITaHe-
JIA COAEPIKUT JIEPEBO HABUTALIMH, KOTO-
pO€ HCIOIB3yeTCs A IPOCMOTPA 0~
kymeHtanuu B (opmare PDF m mis
OTKPBITHS HHTEPECYIOUIETO JOKYMEHTA.

Nanens Knowledge Center IpeioCTaB-
JISIET PA3BUTHIE BO3MOKHOCTH IS TIOMC-
Ka JJAHHBIX, JIOCTYITHBIX B HIDKHEH 061ac-
TH NTaHeH. OTKPBIBAIOTCA CTPAHMIIBI, CO-
JIeprKalie ¢JIoBa B CTPOKE 3aIpoca (3a
MCKIIOYEHHUEM «H», <HIH» U T.IL). IIpene-
JIBI TIOMCKA ONPEIEIAIOTCA TEKYIIEH I10-
3UIIMEN B HABUT'AIITMOHHOM CTPYKTYPE.

NMPOEKTUPOBAHME U MOOEJIMPOBAHME

- oo
Wire =
Awire is a polyline object that forms an electrical connection between points on &
| schematic and Is analogous to a physical wire.
| Wires are available for placement in the Schematic Editor only.
Awire is an electrical object and should ONLY be used to make electrical
connections between points on a schematic. To draw a non-electrical line on a
schematic, use the Line object
|
| Documentation Livay > Search results = Tl = {
| @[2} AP0107 Impedanca-Controlled Routing a{
| @ [2} AP0130 Moving to Altium Designer From P-CAD
# [73 AP0132 Moving to Altium Designer From OrCAD
| @2} APD13S Interactive and Differential Pair Routing
|| @2} AP0138 Pin and Part Swapping with Dynamic Net Assignment
| @ [2} AP0150 Moving to Altium Designer from PADS Layout and OrCAD cap
| % [2} AP0153 Moving to Altium Designer from Pads Logic and PADS Layout
- #[2} AR0101 An Overview of Electronic Product Development in Altium Det
# [Z} AR0126 Internal Power and Split Planes
# 2} AR0128 Situs Autorouting Essentials
TR ARATAE Casbnn Varis Canthalbs and akasls i wihkabs aam in Albim Pas
i S—

Puc. 19. Hcnonb3osanue Knowledge Center
ans o6y4enus unu Ans nNpocMoTpa u NouckKa
nokymenTauum B hopmare PDF

Kpome OnMCcaHHOM IMaHeIH, /I yBe-
JIMYEHUST TIPOAYKTUBHOCTH PAaGOTHI B
cucreme Altium Designer npeiaraercst
AKTUBHOE HCIIOJIB30BAHHUE <«TOPAYUX>
wiasum. Hakatve xiaBum 6osee ag-
(bEKTHBHO, 4YE€M IIO3MIMOHUPOBAHUE
MBIIIKA HAa KHOIIKE MJIM IIOMCK IO MHO-
TOYPOBHEBBIM MeHIO. Ilocime usydeHust
«OPSYHUX> KIABHII UX HCIIOIb30BAHHUE
CTAHOBUTCSI OIpejendomuM. B cpene
MHOTI'UX PEJAKTOPOB, Kak U B Altium
Designer, 3alIOMHMHAHHE TOPSAYMX KIIa-
BUII 3aTPYJHEHO, OCOOEHHO KJIABUII
CHEIUAIIBHOIO Ha3HAYEHMs, KOTOPbIE
JIOCTYIIHBI IIDU 3aITyCKE OIPEAEIEHHbBIX
KoMmaHz1,. 11 OOIerdyeH s 3aIIOMMHAHUS
ObUTH JOOAB/ICHBI HOBBIE KDATKHE MEHIO,
KOTOPBIE MOKHO HCHOJIb30BaTh CO BCE-
MH HHTEPAKTUBHBIMH KOMAaHJAMH BO
BCeX peakTopax. [TpH BEIIOTHEHHH KO-
MaH/Ibl UHTEPAKTUBHOH TPACCHPOBKH,
HAIIpUMEP, MOKHO HaKaTb KJIABUIIY
TWIBJBI (~) — MOABUTCA MEHIO C IIeped-
HEM BCEX JIOCTYITHBIX «FOPTINX> KJIABUIIT
JUTSI JAHHOM MHTEPAKTHBHON KOMAH/IbIL.

TaroKe MUMEETCs HOBAsA ITAHENb <«TOps-
yux» KIaBuil (Shortcuts), KoTopas 0To00-
paXaer «ropsguHe» KIABHUIIH, JOCTYITHbIE
B Altium Designer. ITaneb KOHTEKCTHO-
OIIO3HABAEMA; OHA HE TOJBKO OGHOBJIA-
€TCsI TIPH TIEPEXO/IE OT OHOTO PEAAKTO-
pa K APyromy, HO TAKXKE OOHOBIACTCA
IIPH BBIOOPE KOMAaH[bI, JEMOHCTPHUPYS
JIOCTYITHBIE BHYTPHIIPOIIECCOPHBIE <«I'O-
psame> KIABHIIHN. DTO yAOOHO ISt TIPO-
EKTHPOBIIUKA, KOTOPBIM IIEPEXOJUT
MEX/Ty TPUKIAJIHBIMH TPUIOKEHUAMU
M UCIIBITBIBAET TPYJAHOCTHU B 3aIIOMHMHA-
HUW TaKuX Kiasuml. Kiasumm s OT-
JIEJIbHBIX ITIPOIIECCOB TAKKE JOCTYITHBI

(©)

ITpooonxncenue cnedyem

TIPU HAXKATHUHN KJIABUIIHU TUIB/bL.
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NMPOEKTUPOBAHME U MOOENMMUPOBAHME

lipaKkTU4eckuit Kypc moaenupoBaHus
MarHutoynpasnsiembiX 4aT4uKoB
NOJIO)XEHUSI U CKOPOCTH Ha 6a3e
KOHEYHO0-3JIEMEHTHOr0 NPOrpaMMHOro

naketa FLUX

YacTtb 1. BBeeHue B pabouyro cpeny

FLUX

Csetnana CoicoeBa (Mocksa)

B ctaTtbe paccmoTpeHo nNpumMeHeHue nporpammHoro nakerta FLUX
Bepcumn 10.1.2 komnaHum Cedrat gns pac4éta aBTOMOGUIIbHBIX
MarHMToynpasnseMbIX 4aTYUKOB NOJIOXKEHUS U CKOPOCTM.

BBEAEHME

Pa3paboTka HOBBIX aBTOMOOHIBHBIX
MAarHUTOYIIPABIAEMBIX JaTYUKOB CKO-
POCTH U MOJOKEHUS, (PYHKIITHOHUPYIO-
IIUX C BBICOKOM TOYHOCTBIO, Tpebyer
KOMIUIEKCHOI'O aHAJIN3a COOTBETCTBUSA
(YHKIIMOHAIBHBIM TPEOGOBAHUAM U YC-
JIOBUAM paboThI [1-4]. TI03TOMY KOMITH-
FOTEPHOE MOJE/IMPOBAHUE U AHAINU3 Pe-
3yJIBTATOB BRIYMCIEHH HA IIEPCOHAIIb-
HOoM KommbroTtepe (ITIK) craHoOBsTCS
HEOTHEMJIEMOM YACTHIO COBPEMEHHOTO
mponecca pas3paboTKH HOBBIX YCT-
powucTB. /I aHAIU3a NEPCHEKTUBHBIX
ABTOMOOM/IBHBIX MAarHHUTOYIIPABIIsiE-
MBIX IATYMKOB (B TOM YMCJIE JATYUKOB
Xomwia) ¥ uX pabOYuX MAarHUTHBIX I10O-
JIEH, IPEXK/IE BCETO, HEOOXOAUM PaCUer
MArHUTHOM MHAYKIIMU B pabo4Yer 30HE
JIATYMKA B PA3IMYHBIX yCI0BUAX. [Toce
3TOr0 OCYIIECTB/ISAETCA AHAIU3 (PYHK-
IIMOHHUPOBAHUSA YCTPOUCTBA.

MeTo/i KOHEUHBIX 3JIEMEHTOB SIBJISICT-
Csl IEPCIIEKTUBHBIM /11 KOMIIBIOTEPHO-
IO MOJEIMPOBAHHMA ABTOMOOMJIBHBIX
JaTYMKOB, TAK KaK OH ABJISICTCSI YHUBEP-
CQIbHBIM M II03BOJIAET AHATIM3UPOBATH
JIO6BI€ BKIIOYEHHS MATEPHUAIOB B pa-
60dYert 30He, B TOM YHC/IE HEJIUHEHHbBIE
deppomarauTHeie. Ha COBpeMEeHHOM
YPOBHE BBIYHCIUTEIBHON TEXHUKH MO-
JKET OBITh JOCTUI'HYTA BBICOKAS TOY-
HOCTb MOAETUPOBAHUA [2].

OCHOBHBIE 3TAIIbI KOHEYHO-3JIEMEHT-
HOT'O 2aHA/IM32 MOXKHO IIPEJCTABHUTb B
TAKOU MOCJIETOBATEIbHOCTH:

IIOCTPOEHHME WJIM UMIIOPT I'€OMETPH-
YECKOM MO/ (TIPEIIPOILIECCOP);
reHepaIHs CETKH;

3aJaHHue (PU3NIECKUX CBOVCTB;

MPOLECC PENIEHMS;

ob6paboTKa pe3yabTaToB (TIOCTIPO-

1eccop).

Cpeau crienuaJIu3upOBaHHBIX ITAKe-
TOB i1 PACYETOB MATHUTHBIX MOJIEH
BcTpedaroTcsa 2D- u 3D-xkoHduUrypa-
nuu [2]. XoTts 2D-BepCcUM JIEIIEBIE U
MOTYT OBITh ITOJIYYEHBI B KAYECTBE Jie-
MOHCTPAIIMOHHBIX, /JISI BBIIIOJTHEHHUS
607€ee TOYHBIX PACYETOB U OOBEMHOM
BU3YAJIU3A1IMH I'€OMETPUYECKOH MO-
Jenu  pas3spaboTYUKaM HMHTEPECHBI
uMeHHO TpéxmepHbie CAD/CAE-niake-
TBI IPOTPAMM, IPUIEM C MAKCUMAJIBHO
JPYXECTBEHHBIM I10JIb30BATEIBCKUM
UHTEP@ENCOM, TTO3BOISIIONINM OIlepa-
TOPY HOJTHOCTBIO CKOHIIEHTPHPOBATH-
Cs HA PEIICHUH 3a/Ia4H.

OQHUM M3 TAKUX CHELIHATU3UPOBAH-
HBIX ITaKeTOB ABgercsa FLUX, pa3pabo-
TAHHBIA (PPAHIY3CKOM KOMITaHHEH
Cedrat [2, 5]. [TakeT npegHA3HAYEH /I
MHOT'OIIAPAMETPHUYECKOTO IEKTPOMAT-
HUTHOTO, TEIJIOBOTO H 3JIEKTPOMEXA-
HHUYECKOro aHanusa 2D- u 3D-koHpu-
Iypanyi MOJIEIEN yCTPOKCTB.

IIporpammueid naker FLUX mpeno-
CTABJIAET I10/Ib30BATEII0 BO3MOXKHOCTD
CUMYJSIIUH CTATUYECKUX, I'APMOHH-
YECKHX U NEPEXOIHBIX COCTOSHUM IS
MAarHMTHBIX H 3JIEKTPOMAaTrHUTHBIX
NPUMEHEHHMH, BKIIOYasd MEXaHHUYEC-

KyI0 (KMHEMATHYECKYIO) U 3JJIEKTPH-
YECKYIO IIPUBA3KY K MOJE/IH, U AHAIU3
TEIUVIOBBIX NpoIeccoB. OH BKIIOYAET
MIPENPOLECCOP C OOIBIIMMH BO3MOXK-
HoctamMu umnopra CAD-daimios u
CPeACTBAMU 3aAHHUA T€OMETPHUH, OA3BI
JAaHHBIX MATEPHAJIOB, CXEMHOM IIPH-
BA3KH M T€HEPATOP CETKU. MO E/TMPYIO-
mue Crioco6HOCTH nporpammsl FLUX
pacmMpeHbl BO3MOKHOCTBIO 3aJaHHUs
GECKOHEYHBIX OOJIACTEH, TAK XK€ KaK U
PAa3IHYHBIX I'DAHUYHBIX yCJIOBHH, Ma-
TEPHAJIOB U HCTOYHHUKOB.
MHoOronapamMeTpu4eCcKui pemaTeab
FLUX 1103BOJIIET BBIYUCIATH U OITH-
MH3UPOBATh KOH(PUTYpALIUU TIPU HU3-
MEHEHUHU I'€OMETPHUYECKHUX M CXEMHBIX
IIapaMeTPOB, 4 TaKXKe MaTEPUaJIOB.
MHoromnapamerpudyeCckuf IOCTIPO-
neccop FLUX BeIYHCIISET pacripeesne-
HHE IUIOTHOCTHM MAarHUTHOI'O MOTOKQ,
TOKH, HAIIPSDKEHUS, CHJIBI, CKOPOCTh U
IOJIOKEHHE, UCITO/IB3Ys PA3/IMYHBIE BbI-
xoaHbie (popMmaTtsel. IIHPOKHE BO3MOXK-
HOCTH 3KCIIOpTa, uHTEp(eric ¢ MATLAB
Simulink u APpyruMu CUMYISTOpPAMHU
Boizensa0T FLUX cpeau nporpamMMHBIX
MAKETOB, IIPEAHA3HAYEHHDBIX /I JJIE€KT-
POMAarHUMTHOIO M 3JIEKTPOMEXAHHYEC-
KOro aHaJM3a METOJOM KOHEYHBIX
3JIEMEHTOB, IPUYEM CTPYKTYpPa IMAKETA
BBIIIOJIHEHA TAKHUM O06pPa30oM, 4TO IO3-
BOJIAET OCYHIECTBJISATh €rO IPHUBA3KY K
JI060MY IIAKETY.
MHOrOnapaMeTrpudyecKkue METOJbI
CUMYJIALIUH U HHTEP(EFICHBIE BO3MOXK-
HOCTH, PE€AJM30BAHHBIE B IPOTPaM-
mHOoM makere FLUX, mpeacraBiasiorT
3HAYUTEC/IBbHBIM MHTEPEC JIsI MOJEIH-
POBAaHUA ABTOMOOUWIBHBIX JATYUKOB —
C pacyéroM, B IIEPBYIO OYepeab, Ha
JaJIbHEHNIIEE OCYIECTBIEHHE I1I0TYyIEH-
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Flux Supervisor 10.1.2 - FLUX3D

NMPOEKTUPOBAHME M MOOENIMPOBAHME

Pot. [0\Cediof Patc fompies ExamplesiOMagneto i ADpICasonF kad Fes\Conact Fa.
Nome [sze [Dete  [Type | [Neome. [sce  [Dae  [Type |
contoct 1151 KB 18022008
contac? fu 1373K8 18.622008 Geomety

S92KB 15022005 Moin Sle: Physical
1KB 13022008 Pyton
15K8 15022005 Pybon

OoXx

Physical memory : 2190 MB / 2462 MB

— DikD - 246380MB/ 3968618

i manager T«] | Pot: F1_Doc_sxompiesiEvampiesioy e R lesicase] i
(P :f@ Neme Sz [Dse  [Type
id By |casel u 1082KB 18022008 FhadiD projec
4 2% 1085KB 18.022008 FhodiD projec
€ Moterinis database =1 e
| Lo 1087KB 18822008 FodiD projec

= Extern View -

1082KB 18622008 FlwdD projec

Physical memory : 2146 MB / 2462 MB

Puc. 1. Npe3entauus pa6otbl Flux 10.1.2 - BUR rnaBHoro okxa Flux Supervisor B Konturypauusx 2D/3D
a — OKHO Flux Supervisor 10.1.2 npu nepeom 3anycke — ¢ norotunom FLUX Bo BCTPOEHHOW 30HE NPOCMOTPA;
6 — BIA MNABHOTO OKHa Flux Supervisor 10.1.2 B 2D-KoHurypauuu;

B — OKHO Flux Supervisor 10.1.2 B 3D-KoH(Urypauuu ¢ npeasapuTenbHbIM NPOCMOTPOM reOMeTpii MoJenu;
I — OKHO Flux Supervisor 10.1.2 B 3D-KoHcurypauuu 6e3 BO3MOXHOCTM NPOCMOTPA MOLENN.

HBIX PE3yAbTATOB HA NPAKTUKE. [JaHHas
CTAThs IEMOHCTPHUPYET YPOBEHD COBPE-
MEHHBIX CHEIHATU3UPOBAHHBIX ITAKe-
TOB JJIsE pacy€Ta MarHUTHBIX MOJIEH U
MOKET CTATh NPAKTUYECKHUM PYKOBOJ-
CTBOM IO IPUMEHEHUIO makera FLUX.

BBEAEHUE B PABOYYIO CPEQlY
FLux 10. MHcTANNALMSA
M OKHO FLUX SUPERVISOR
OCHOBHBIM YIIPABJIAIONHM MO/IYJIEM
sBisieTcss Flux Supervisor, OTKPbITHEM
IJIABHOTO OKHA KOTOPOTO COIPOBOXK/1A~
ercsi 3aIyCK HPOTPAMMHOIO IaKeTa
Flux 10. 1. 2 u3 MEHIO IporpamMmm MS
Windows (cMm. puc. 1). I[Ipu riepsom 3a-
IyCKe B rpauyeckom OkHe OyJer 1o-
kaszaH jgororurn FLUX (cM. puc. 1a).
IIporpammusbit maker FLUX Bepcun 10
BKJIFOYAET JBA OCHOBHBIX IIPHJIOKEHUS
(2D u 3D), nepeIIOYEHNE MEXKTY KOTO-
PBIMH OCYIIECTB/IAETCSI B paboder cpeje
makera (cM. puc. 16 u 1B). Tperbum 1pu-
JIOKEHHUEM, TIPEAHA3HAYECHHBIM /I aHA-

JT32 OCOOBIX KOHCTPYKTHBHBIX CJIY4a€B C
OTCYTCTBHEM CUMMETPHH (THUIIA CKOIICH-
HBIX POTOPOB), stB/IsieTCs FluxSkewed.

B pa6ouert cpeae Flux 10.1.2 mogynua
FLUX 2D w FLUX 3D yHU(pULIHPOBAHBI,
9TO YAOOHO JIIs TTOJIb30BATEIA, HAXO/Is~
IIEroCs Ha 3Tae OCBOEHUSA IIPOrpam-
MBI BTOPBIM OT/IMYMTE/IbHBIM IIPU3HA-
KOM Flux 10 sB/IsIeTCA yCOBEPUIEHCTBO-
BaHHBIN rpadudeckuil nHTEp@EHC.

[ToCcTpOEHHE TEOMETPUYECKON MO/Ie-
JIM OGBIYHO HAYMHAETCA C BRIOOpA OC-
HOBHOrO 2D-1u1aHa, IO3TOMY Ha [IBY-
MEPHBIX MOJIEJISAX JIETYE OCBAMBATH 060-
JIOUKY IPOTPAMMBI, 4 3aT€M 2D-06bEeKThI
MOJKHO HICIIOJIb30BATh B KAUECTBE 3ar0-
TOBOK MJIM OUOIMOTEUHBIX MOY/IEH JIJIs
nocrpoenus 3D-Moenen.

Upes 2D/3D-yHu(HUKALIUU I1OABU-
sace B Bepcuu Flux 8, e 661 BiepBbie
BBEJEH OOBEIUHEHHBIN I'paduyecKur
npeanpoueccop 2D/3D. 3arem B Bep-
cuu 9 6BUT PeTU30BaH OObETMHEHHDBIN
pusnueckuii npeanpoueccop 2D/3D. B

Disk D : 248389 M8 / 33988.6MB

Bepcuu 10 peannu3oBaH COBPEMEHHBIN
YHU(DHUIHUPOBAHHBIN HHTEPdEHC A
3D-pemarens U 3D-mocrnpoieccopa,
HO 2D-pemarens (SOLVER 2D) mn 2D-
nocrapoueccop (POSTPRO_2D) npej-
CTaBJIIOT COOOM OTAETBHBIE MOY/IH.

B mwraHax pa3pabOTYMKOB OCYHIECT-
BUTH yHH(HUKAUIO Bcex 2D/3D-npu-
MEHEHHH B 11-H BEPCUM ITAKETA.

Kak M3BECTHO, KOHEYHO-3JIEMEHTHOE
MOJIETUPOBAHHUE IIOBBIIAET TpebGOBa-
HUS K aIIIaPaTHOM YaCTH KOMIIBIOTEPA,
IIOCKOJIbKY B IIPOIIECCE I'€HEPAIUH CET-
KH, PEIICHHs B OOPA6OTKH 0OPa3yIOTCs
U HCIIOJIB3YIOTCSA OOIBIIME MACCHBBI
maHHbIX. Ho uis 2D-KoHMuUrypamnuu ar-
apaTHbpIe TPEOOBAHUS HIDKE, II03TOMY
IIPHOOPETEHHE BBICOKOIIPOU3BOUTE b~
HOI'O KOMITBIOTEPA HE CTOJIb AKTYaIbHO.

H3HavyaapHblE TPEOOBAHMA K aIlIIapar-
HOM 4YaCTH, NpeabsasasieMbie 3D-Bepcu-
€M, JOCTATOYHO BBICOKU. HO IOCKONMBKY
JUISL YIYYIIEHUs KAa4eCcTBA U YCKOPEHUs
BBIBO/IA I'paduKu HA JucIvien B Flux 10
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NMPOEKTUPOBAHVE U MOOEJNINPOBAHME

pa3paboOTYMKAMH pPEeaTU30BaHA HOBAs
TEXHOJIOTHsA TpapudecKkoro uHTepder-
Ca, B alIapaTHOHM YaCcTH KOMIbIOTEpa
oco60e BHHMaHHUE JIOJDKHO VAEIATHCS
Buzgeokapre. U s 2D-, u g 3D-KoH-
durypamuii peKOMEHIYeTCsl BUJEOKap-
TBI C 512 M6 BUAEOIIAMATH, COBMECTH-

Tabnuua 1. Haana4enne n ocHOBHble aneMeHTbl MHTEpdhelicHbIX 30H okHa Flux Supervisor

Flux Supervisor 10.1.2 - FLUX3D

Eile Display Versions | Tools Help

ECQQ 5 é"guse'svemom.‘

mbie ¢ OPEN GL v2.0, XOT MUHHUMAJIb-
HBIE TPEOOBAHUS K BHICONIAMITU B 2D-
koH(urypanumu (Magneto Static) He or-
paHU4MBaIOTCH, a 11 3D-Bepcuun pera-
MEHTHPYIOTCSI 06BEMOM 256 M6.

IIpu uncrawsnyuu naket FLUX aBTo-
MaTHYECKHU «OOHAPYKUBAET> BUJCOKAP-

—

—-— &1 Compress/Uncompress of a project.
& License manager
_Skin depth...
 Options...
T

License manager

File (Quit) Bbixop U3 nporpamMmb!
Display BKNHOYEHUE/BLIKNIOYEHHE OTOBPAXEHUS
30H Flux Supervisor
i npoCcMOTPa FreoMeTpUM
Display the geometry (TonbKo AnA 2D-KoHcUrypaLuii),
Programs Manager MEHe/Kepa NporpaMm
Tools Bar NaHenn MHCTPYMEHTOB
Versions TMepekntoyeHue MEXAY CTaHRAPTHOM U
TiABHGs Tt Standard nepcuuyu nonb3oBarens
Menu Bar Brushlike_101 (Brushlike_101, Table_101,
lamination_101 - npegonpegenéxHbie
Table_101 8 Flux nonb30BaTenscke Bepcym)
Tools WHCTpYMEHTbI '
. BbI30B MeHeJKepa Nonb30BaTesbCKux
Users version Bepeuii
Compression/Decompression of a project ApxvBHpOBaHHe/pasapxMBMpoBaHme
npoekTa

MeHemxep nuueHaui

Skin Depth Kanbkynsrop ry6uHbl cknH-abchexTa
. Onuwuu, BKNI0YaA HACTPOMKI A3bIKOB,

Options namsaTv 1 apyrue

Help CucTema nomouu

Manual (BocTyn K pyKOBOACTBY, AOKYMEHTaM,
Documents WHcpopmaumn

0 KOMNaHUW 1 caiTy
About Cedrat KomnaHuu Cedrat)

g .
2 Users version

@, Compression/

MaHenb MHCTPYMEHTOB
Tool Bar 4f Options
% License manager

@ Help

Decompression of a project

BbI30B MEHE[XEpa BepcHil

ApxusupoBaxue/
pa3apxMBHPOBaHME NPOEKTa

MapameTpbl/ycTaHOBKH
MeHepxep nuueH3ui

[loctyn K on-line-pykoBogcTBy

MeHezxep nporpamm

Programs manager

Oto6paxaer Moaynu Flux Kak anemeHTb
[lepeBa, CrpynnupoBaHHbIe B CeMencTBa

B Pa3NnyHbIX nankax. Mogynu 3anyckawotcs
[IBOVHbIM LLENYKOM, Nanku passepTbiBalOTCS
11 CBEPTLIBAIOTCA OANHAPHBIM KTUKOM NO
3HAYKY «+»

30Ha nporpamm

30Ha, oTo6paxatoLLas cA3u
C BHelwHumu nporpammamu tuna DOS Shell,
Windows Explorer. [pyrie nporpammbi MoryT

My program:
nonb3osarens Y programs 6bITb noéaaneHu nonb3oBatenem BHGODOM B
KOHTEKCTHOM MeHt0 NyHkTa Add a program ...
Wnu yganes! no komawae Delete ...
MeHemxep katanoros Directory manager OtobpaxaeT Katanorv Komnbtotepa

30Ha npocmoTpa

TeOMETPUYECKOI MOenu Geomptry tiew

OTo6paxaeT reoMeTpUI0 MoAenU

Ans Bbl6paHHoro npoekta (nankn *.FLU
ana 30/*.TRA ans 2D) unu norotun Flux,
€C/K 3arpy3Ka unu npocmMoTp MOAenu
He npoussoasTcs (puc. 1r)

113 KOHTEKCTHOTO MEHIO JOCTYNeH Takxe
NPOCMOTP BO BHELUHEM OkHe Extern View
C BO3MOXHOCTbI0 BbI6OPA B KOHTEKCTE
CBOWCTB OTOGPAXEHNS

MeHemxep chainos Files

OTo6paxaeT TekyLni nyTh

¥ CMUCOK (hannoB NpoekTa

(vnu katanoros Windows *.FLU

ans 30/* . TRA ans 2D, ABOMHBIM KNIUKOM
MbILLK 3TW (haiifibl MOrYT ObITh 3arPyXKeHb!

Ty IIK, 1 €c/ii OCyIIECTBIEHHE HOBOM
rpauIecKoOr TEXHOJOTHH HEBO3-
MOXKHO, OyIE€T UCIIOIb30BATHCS TOJIBKO
NIpebIAYIAsa TEXHOAOTHA. [I71s1 3TOTO B
0060JI0YKE PeaIM30BaAHA BO3MOXKHOCTD
BKJIIOYEHUSA HEONTHUMH3UPOBAHHOI'O
rpaU4YeCcKoOro pexuma.

PexomMeHJOBAHHBIE XAPAKTEPHUCTUKHU
anmapaTHoM yacTu 41 3D-koudurypa-
IIUH BKJIIOYAIOT IIPUMEHEHHE CKOPOCT-
HBIX XKECTKUX JUCKOB (10 000 06/MHUH),
2 I'o O3V mis 32-pa3ps/THOM CHUCTEMBI
wia 4 6 O3Y st 64-pas3psiHOi, HO
MHHHMaJIbHbIE TPEOOBAHHUSA TOITYCKAIOT
116 O3V.

AnmapaTtHbele TpeOGOBaHUSA pa3Inya-
IOTCSI TAKJKE B 3aBUCHUMOCTH OT (DHU3HU-
YECKOI'0 IIPHUMEHEHMUS, KOHIEIIIHUS KO-
TOPOTO MO3BOJIAECT MEPErPYNITHPOBHI-
BaTb MH@MOPMALHIO OTHOCUTEIBHO
MOJI€NIEH YPABHEHUH U METOJOB pelle-
HUA, pa60YHUX THUIIOTE3 (CBOMCTB M Xa-
PAKTEPHUCTHK MATECPHAJIIOB U UCTOYHH-
KOB) Y TPAHUYHBIX YCJTOBUH.

basoBble IpHMEHEHUS CTPYIITNPOBA-
HBI B TPH KATETOPHUH:
® MAarHUTHBIC;
® TEILIOBBIE;
® JJIEKTPUYECKHUE.

MO>KHO TAKXKE BBIIEIUTD JABE KATEIO-
PHUH IIPUMEHEHHI:
® MAarHUTOTEIUIOBBIC;
® JJIEKTPOTEIIOBBIE.

B obmeM cirygyae MarHuTHBIE U Mar-
HUTOTEIJIOBbIE IPHUMEHEHHS, BKIIO-
uénnble B FLUX 2D u 3D, MOIyT OBITH
KJIACCU(PHUITMPOBAHBI CIEAYIOIUM 00-
pasoM:
® MArHUTOCTATHKA (OO6pabOTKAa HEu3-

MEHHBIX BO BPEMEHHU IIPOLIECCOB B

YCTPOMCTBAX, B KOTOPBIX HCTOYHUKHA

I10JIs1 HE3ABUCHMBI BO BDEMEHH);
® NEPEXOAHBIE MATHHUTHBIC ITPOILIECCHI

Transient magnetic, KOTOpble 06paba-

TBIBAIOT IIEPEMEHHBIE, U IIPOLIECCHI B

YCTPOMCTBAX, B KOTOPBIX HCTOYHHUKH

10JII U3BMEHSIOTCSI BO BDEMEHH;
® YCTOABIIHECS IIEPEMEHHBIC MATHUTHBIC

npoueccel Steady State AC Magnetic.

Ecim s pa6orer 3D-moayns npo-
IPAMMBI B OOBIYHOM PEKHUME JOCTATOY-
HO 50 I'6 Ha KECTKOM JUCKE, TO IS Pa-
60TBI B pexxuMme aHanusda Transient
Magnetic nnorpedyercst 100 I'6. s pa-
60TBI C OOMBIIUMH OOBEMAMH JAHHBIX,
pasMENIaeMbIX B MPOIEcce paGoThl HA
JKECTKOM [JHCKe, moTpebyercss U 6O0Jib-
U O6bEM ONIEPATUBHOM ITAMSITH.

IMaker Flux 10 Tawke IOIEPKUBAET
PEXHM PACIIUPEHMS (PU3HIECKUX afpe-
COB, Pa3pabOTAHHBIN KOMITAaHUEH Micro-
soft U1 IPUMEHEHMI, KOTOPBIE UCIIOb-
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3yioT 6osee ueM 2 I'6 O3Y (mpegern s
32-paspsguoit OC MS Windows). IToz-
POGHOCTH MHCTAUIAIIUY ITAKETA M AKTH-
BAIMH PEXHUMOB PabOTBI MOTYT OBITh
HAWJIEHbI B JOKYMEHTAIINH, TIOCTABJIsAE-
MO BMecTe ¢ mporpammori FLUX.

MPE3EHTALIUS PABOTbI
FLUX SUPERVISOR

Ha pucyHke 1 mokasaHbl BapHUAHTHI
okHa Flux Supervisor — OCHOBHOTO
yrupasistiomero moayas Flux 10, Koto-
pbIiT ynpasiasieT (paraaMu U Karajora-
mu 1poekToB FLUX. OCHOBHBIE HHTEP-
(eiicHbIe 30HBI BKIIOYAIOT (CM. Ta6/I1-
oy 1):
® MeHeKep nporpaMmm;

e MeHeKep KaTaJIoros;
® 30HY IPOTrPaMM I10JIb30BATEIS;
@ 30HY IIPOCMOTPA T'€OMETPHUYECKOM

MO/IENIH;

e Crucox (hamaoB IIPOEKTOB;
e [laHenM MEHIO, HHCTPYMEHTOB, CTPO-

KY COCTOSTHHSL.

MopenupoBaHue U3 okHa Flux Super-
VISOY 3aMYCKACTCA C MEHEKEPOM IIPO-
rpamMm, KOTOPBIH BKJIIOYAET KOMAH/IbI
3aI1yCKa IAaBHBIX Moaynen Flux 2D, 3D
wnu FluxSkewed, n Mmopy/iei, mpeacTaB-
JIEHHBIX B ITAIIKAaX JIEPEBA CEMEWCTB U

KnemMmbl
U coeaguHUTeNnu

NMPOEKTUPOBAHME M MOOEJIMPOBAHME

Tabnuua 2. OyHKUMOHANbHOE HA3HAYEHWE NanoK U MOAYNEN MeHefXepa nporpamMm B KoHthurypaumsax
Flux 2D, 3D unu FluxSkewed

Mopynb

2D

Construction
Geometry & Physics
Circuit

Material Database

KoHcTpyupoBanue

Co3aaHne reoMeTpuyeckon 1 huanyeckon
MOAenu, ceTku

Co3pjaHue 3neKTPUYECKOit CXeMbl,
Ha3Ha4eHue CBA3ei

HasHa4yeHue matepuanos, CBONCTB
MCTOYHUKOB ANSA Pa3nuyHbIX KOMNOHEHTOB,
HagHau4eHue rpaHNyHbIX yCnOoBIi

Solving Process

PewweHue npo6nems! (8 npsamom Direct nnu
|nakeTHom Batch pexume)

Analysis

Konu4ecTseHHbIA aHanus, Bu3yanusauns
W aHUMaLmna pesynbTatos

Compatibility

Hactpoiiku ans paboTsl ¢ MOBYNAMI
13 npepLwectsytownx sepeuit FLUX

Flux3D/Flux Skewed

Flux3D unu Flux Skewed

Mopgynb no3sonfer: co3jasatb reomMeTpu-
YeCKYH0 MOZENb, CETKY, 3MEKTPUYECKYIO CXeMy,
matepuabl, Ha3HayaTb CBOWCTBA MaTepuancs
W WCTOYHWUKOB, FPaHU4Hble YCNOBWUA, CBS3U
K BHELWHWM Cxemam, pelarb npo6nemy
B NpAMOM (direct) pexume, BbI4UCAATL Pa3nny-
Hble KONWYECTBEHHbIE MOAENH, CO3AaBaTh BU-
3yanbHOe ¥ aHUMUPOBAHHOE OTOBPAXEHUE pe-
3ynbTaToB

Tools

Circuit

Material Database
Solve in Batch

OTpUCOBKA W OMPeeneHre anNeKTPU4eCcKoN
cxembl ¢ naketom ElectriFlux

[o6aBnenne moaenen marepuancs
¢ mogynem Cslmat

PeLueHne npo6nembl B NaKeTHOM
batch pexume

Compatibility
Circuit with CirFlu

Preflux/Flux 3D Convertor

Hactpoiiku ans pa6oTbi ¢ MORYNAMU
3 npepawectsytowmx sepcuit FLUX:

Pa6ora co cxemamy nocpeacTBOM MOAyNa
Cirflu

KoHBepTep hainos, npeaLecTByoLuX
sepcum 8.1

|

ANng nevYatHbiX nnart

waco

INNOVATIVE CONNECTIONS

0DULMAIIbHbIA JUCTPUELHOTOP KOMIAHUA WAGO B POCCUM N CTPAHAX CHI

®
I)ROSOFT Tenedon: (495) 234-0636 » dakc: (495) 234-0640 » E-mail: info@prosoft.ru © www.prosoft.ru
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NMPOEKTUPOBAHUE U MOOENTMPOBAHMUE

Flux Supervisor 10.1.2 - FLUX2D
Blle Display Yersions Jools Help |

%8sl W A

Flux2D: Standard
=-E3Construction

i~ & Geometry & Physics
t--Circuit

Directory manage
|

Users vérsions manager

.| | Path:

' Date IType
18.02.2008 Geometry

I Size
1151 KB
421 KB

L @Meterials database
=-E3Solving Process
E#Direct

.Bulch
:Translam startup
1 -@Stop solve

i@ Delete Results

i~ @Convert Results
- EMetal 7
~ASimulink
-E9Analysis

@ Shared

S | 7|0 i ©f

eate a new user versionf—

1 - Compiler—————
8 1379KB
592KB
1KB
15KB

18.02.2008 Geometry

19.02.2008 Python
16.02.2005 Python

Subroutines
i A¥Results ~

"@Coupling
23 Compatibility

=-£3Geometry Compatibility J;‘
[ n]n.

“4 »
® Fued | @ Fiuad l !Fluxhib

M usrswe_9f

ompilation 1
My programs I Compilation repot
#-E2System Tools

e

Version : Standard

Physical memory | 2056 VB / 2462MB

T |
~ DiskD : 248389 MB /339886MB

15.02.2005 Main file: Phy |

15.02.2005 Main file: Phy |

Puc. 2. Npesentauus pa6otol Flux Supervisor 10.1.2 — vnTeptheiicHOE OKHO MEHEXepa
nonb30BartenbcKux sepcuii Users versions manager

Flux Supervisor 10.1.2 - FLUX2D
I I =2l -~ Archive manager

Flux2D: Standard
+- 23 Construction

Lo

@stop sove
~@Delete Results

. Create a FLUX2D project archive

1‘? Create a FLUX3D project archive

I Date l Type
18.02.2008 Geometry

lSIze
1151KB
421 KB
1379KB
592 KB
1KB

18.02.2008 Geometry

19.02.2008 Python
15.02.2005 Python

15KB

~@Convert Results _
- FMmatal 7
~ASimulink

Project name to archive:

Z3Geometry Compatibility -
1| A ... JV‘\]‘L

Directory where the archive will be created;

) »
@ FlueD | @ FluaD | @ Flu«|»

My pragrams ]
-E3System Tools

G

Archive name

|

[-Option ——
& Whole project

€ Projectwithout results |

|
I
|

Y ey

examples\ExamplesZDiMagnetostaticApplication\FluxFilesy

15.02.2005 Main file: Phy |

15.02.2005 Main file: Phy |

Version : Standard

/2462 MB

Puc. 3. Mpesenrauus pabotel Flux Supervisor 10.1.2 — untepdeiicHble 0KHA MEHEKEPa apXvBaLuu
Archive Manager B 2D-Kouchurypayuu

NPEAHA3ZHAYEHHBIX /IS BBIIIOJTHEHUSI
PA3IUYHBIX 3TAIIOB KOHEYHO-3JIEMEHT-
HOTO MOJAeIupOBaHHA. DYyHKIITMOHAIb-
HO€ HA3HAYECHHE MOJYJICH MEHEIKepa
MIPOTPAMM IIPEACTABIECHO B TA6IUILE 2.
Ocob6ennocTu pa6orsl ¢ FLUX Tpe6yror
TIOSICHEHHSI.

PAasoTA
C MOJIb30OBATEJIbCKUMM
BEPCUAMMU

CylIeCTBYIOT OT/I€/IbHBIE BEPCUH Flux
2D /Flux 3D:
® CTaHAAPTHAST,

® I10J1b30BATEIbCKUE BEPCUH, SBIISIO-
IUECH PACIIMPEHHEM CTAHJAPTHOM.
B nmosb3oBarenbckoit Bepcuu (I1B)
MOJKHO, HAIIpUMeEP, 3a/1aTh HECTAHIa-
pTHBIE (PU3UYECKHUE CBOICTBA (MCTOY-
HUKH HAOPSKEHUs WIM TOKA, CBOM-
CTBA MaTE€PHATIOB) KaK (PYHKIIHH KPHU-
TEPHUEB, BBIOUPAEMBIX IOJIb30BATEICM
(BpeMs, MIPOCTPAHCTBO, IIEPEMEHHBIE).
ITosb30BaTENbCKUE BEPCUU PACIIONA-
TaTCA B CIEAyOmux Karaaorax (D —
IIPUMEP JHUCKA I PAa3MEIIEHUS IIPOT-
pamMMBbl):
e D:\Cedrat\User\User2d ms 2D Bepcuit;

e D:\Cedrat\User\User3d ansa 3D Bep-
CHH I10Ib30BATEIISA.
IIpenonpenenéHHble BEPCUU MTOIb30-

BaTess TAKKE BKIIOYEHBI B r1akeT FLUX:

e Brushlike 101 —niepexIrOueHE B 3aBH-
cuMocTH ot ostoxkeHwust (Flux 2D 10.1);

e Table 101 — cUATHIBAHHE CBOYCTB
MAaTEPHUAIIOB ¥ ICTOYHUKOB B (hariiax
(Flux 2D 10.1);

® Lamination 101 — IpUHATHE B pac-
9€T pPaCCIOEHUA MaTepuanos Oe3
OIIpEJIEIEHUsI TE€OMETPUH JIMCTOB
(Flux 3D 10.1 v FluxSkewed).
Mewnemxep Bepcuii Users versions man-

ager, BbI3bIBAEMBIN C IIAHEIW HHCTPY-

MEHTOB (CM. PHC. 2), yKa3bIBA€T HA MEC-

TONOJIOJKEHUE KaTtajora ¢ anaamMmu

II0JIb30BATENBCKOM BEPCHUHU. [IBa I/1aB-

HBIX MECTOITOJIOKEHHSI BBIOUPAIOTCH B

pexume Mode. Be160p KHONIKU Local 103-

BOJIAET I10JIb30BATEIO ONPEAEIUTD JaH-

HOE PACIIOIOXKEHUE, BBIOOP Shared o3Ha-

YaeT, 4YTO OYAYyT UCIIO/Ib30BATHCS YKA3aH-

HBIE BBIIIIE CTAHAAPTHBIE JUPEKTOPHH.
Koonku maHend MHCTPYMEHTOB Me-

HEUKEPA BEPCUM IIPEJHA3HAYEHDI I

BBIIOJIHEHUS TAKUX (DYHKITHUI, KAK CO3-

JaHue, yAICHUE, KOMIIWIALUS 10Ib30-

BaTEIbCKUX BEPCHIT, JOGaBIEHUE, PEJAK-

THPOBAHHUE U YAATEHHE NOJIIPOTrPAMM.
Coszganue IIB ¢ 06s3aTEJIbHBIM J10-

6aBIEHHEM OIOPHBIX IOJAIPOrPaMM

IPOU3BOJUTCA B MEHEKEPE BEPCHH,

e Ha IIK yCTaHOBIEH KOMIMJIATOD

Fortran. B nnasoroBoM okHe Options Ha

BKJIa/IKe User version (BbI3BIBAEMBIM IIO

HAKATHIO KHOIIKHM WIH BBIOOPA ITYHKTA

meHIo Options) nnsa pexxuma Local nepep

CO3[JaHHEM MOKHO 32aTh KATaJIOT pac-

IIOJIOKEHUS IIO0JIb30BATEIBCKOM BeEp-

cuu. 371eCh JKe Ha BKiIaake User version

I10JIb30BATENb MOJKET BBIOPATH BEPCHIO

KOMIIWILITOpA Fortran U yKa3aTh IIyTh K

harry THUITHATA3AIUN.

ITonb30BaTEIb MOKET MOAUMDULIUIPO-
BAThb TEKYIIYIO BEPCHIO, JOOABIAA IO/
nporpammel (Add subroutines), ynausis
HMX M3 MIPOLECCA KOMIWIALUHN (OTMe-
HOM TPUITEPHOI'O MapKepa OTKIOHAET-
Cq MX y94CTHE B KOMIIWIALIUM, HO IO/~
IIPOrPAMMBI COXPAHSIOTCS B CIIEITHATD-
HOM KaTaJIore) WM YAAJISAA U3 TeKylleHn
BEPCHUH 110 HAKATHUIO KHOIIKM Delete the
subroutine. Knonka Edit the subroutine
MIPEJOCTABIAET BO3MOKHOCTD PEJAKTH-
poBaHusa IIB TEKCTOBBIM PEZAKTOPOM
Notepad wnn IpyruM pegakTopom (3a-
naércs B mone Editor na BKaake General
JHAATIOTOBOrO OKHA Options).

B none Names BO3MOXKHO EPEKITIOYE-
HHUE MEXIY IOJIb30BATCIbCKUMH BEPCH-
samu. Hazsanue Bp1OpanHOM 1B 1 Ha3Ba-
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NMPOEKTUPOBAHME N MOOENMNPOBAHME

HUSA TOAIPOTPAMM OTOGPAKAIOTCS B IO~ Project Applicalion Ogometry Mesh Physics ParameferiQuantiy Display View Select Tools Extensions Help
11X Names Subroutine COOTBETCTBEHHO. e - @sd8 2 e amig s Kb a2gnsicanangsn
Otuér o xomnuasiuu Compilation Re- "’S‘E’ﬂf::m e IR T T AR I DN
port, KOTOPBIH BO3MOKEH TOJIBKO IIPH gégfts:";iimum
HAIUYNUM KOMITIIATOpa Fortran, BKIIO- £ Postprocessing
YaeT AaTy KOMIIWIAIIUH C YKa3aHUEM Ha- & &9 Bxensions
uMeHoBaHuA Bepcun FLUX.
APXUBALIMA NMPOEKTOB
@aruter nipoekTa FLUX MoryT ObITh
OOJILIIMMHU, OCOOEHHO /TSI CJIO’KHOU I'€O-
METPUHU M MEJIKOM CETKH, IPHU 3TOM B
poIecce MHOTONAPAMETPHUUECKOTIO
PEIIEeHHS MOXKET IT€HEPHPOBATHCA 6OJIb-
moe 9ucio (hamioB pe3ynasraTos. I1o-
3TOMY JI/IsI OGJIETYEHUS TMEPEIadu WIn
APXUBUPOBAHUSA IIPOEKTOB 3TH (DAKIIbI bose -0002 7
CJKUMAIOTCSI BCTPOEHHOI CUCTEMOM ap- w'_mﬂ'_*_—
xuBanun FLUX. a) T ———————— ———
DaIBI APXUBOB */drbz MOTYT BKIIO- T 35 5 5 {5 |
p Project Application Geometry Mesh Physics Tools Help
TS BOE (AR NPGCKER, TONEKD: Onpe: B2 - U@ 2 [ ™ohwi vty KBava %A S BREGLD
JEJIEHHYIO YaCTh U (WIK) IpyTrUe (hambL. = loomunion BN i )
K TaxuM (pariaM OTHOCATCS, HALIPUMED, e
ariie *py HA A3BIKE IPOrPAMMUPOBA- £ oA e
Hus Python (http://www.python.org), el
KOTOPBIH HCIIONIb3yeTCsA B KAYECTBE OC-
HOBBI PyFlux — BCTPOEHHOI'O s3bIKa
nporpammupoBanus FLUX.
Hnrepderic apxuBuposanus Archive
Manager 09€Hb IIPOCT U TO3BOJISIET O
HOBPEMEHHO 3HAKOMHUTBCA CO CTPYKTY-
poit manok u ¢arnos npoexkroB FLUX.
[101b30BATEND JOJDKEH BRIOPATD IIPOEKT
U1 APXUBHUPOBAHMSA, YKA3aTh MECTO U
UM I ApXUBA, (pariabl I BKIIOYE-
HUSA B APXUB. S T e e e
IIpy apXUBALUH JOCTYITHBIE ITAPAMET- '
pbI B 2D- 11 3D-KOH(UTYPALMAX Pa3inda- 6) I~
10TCs. B 2D-KOH(DUTYpaITiK JOCTYITHBI [1a- R 5 v 55 [
Project Application Geometry Mesh Physics Parameter/Quantity Solving Dltplwl View Select Tools Help
paMeTphl ApXUBHUPOBAHMS BCETO ITPOEKTA md~a 5" ' B e ,,‘m T
U TIpoeKTa 6e3 pesynsratos (Project with- Tt amshecocladde - s s sbnpsad h,
out results) (puc. 3). B 3D-koH(pUrypanum el
MPEUIaraloTCs: APXUBUPOBAHHE BCETO E3 a8 P arsmefei
[POEKTA WK BCeX (DAIUIOB M3 KaTAIora e
*FLU (PROBLEM _FLUPFIL, GEOM_FLUPFIL, A
MESH FLUPFL, SOLVE i j), BKIIOYEHUEC B .
apXUB TONBKO (haru1os onmcanua 6e3 pe- )
meHys (TEPBBIX TPEX M3 BBIIETIEPEYHC-
JICHHBIX) ¥ ADXUBHUPOBAHUE (DAIIOB OIH-
caHus 6€3 CETKU (TOIBKO MEPBBIX IBYX).
Kuonika Restore an archive nipegHa-
3HAYEHA U1 PAa3apPXUBUPOBAHUA IIPO-
C€KTOB C WasaHHeM HUMCHH 1 HYTPI BOC- :301 o 0120 Face 61 Face 71 Line 11 Volume 1 Tt
CTAHOBJIEHUS. 5 BER-EIF GEF VERIPREEe WY VERRITE G
Command »>> |
HAONONIHUTENbHLIE =
CPEHCTBAIHAPAMETPtﬂ B) E—B |! loadProject('Cedrat/Flux_10.1 Doc_examples/Examples3D/Magnetostatics/FluxFiles/CASEZ.FLU')
NMPOrPAMMBI I |55 v/ 257 w6 [ |
K HUM OTHOCSTCS: Puc. 4. Npe3sentayus pa6orsi npenpoueccopo Flux 10.1.2 B Konthurypauuax 2D/3D
e Cucrema nomoniu (TaKk Ha3bIBA€Masd a—8ug Preflu2D 10.1.2 ¢ reOMeTPUYECKO MOAENBIO B rpadiu4eckon 30He;
online-Bepcust JOCTYIIHA s ABTO- 6 — Bug Preflu2D 10.1.2 ¢ rpadpu4eckont MOLENbIO 3N1EKTPUYECKON CXEMbI;
HOMHOTI'O IIPOCMOTpPA IIO KHOIIKE Ia- B — BUA Flux 3D 10.1.2 ¢ reOMeTpU4ecKon MOLENbI B rpadpuieckomn 30He.
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#Brush-segment
= Capacitor
#Coil conductor
#Current source
*Diode
=GTO
-#Ground
“Inductor
*Resistor
~#Solid conductor
-»Solid conductor N ter.
-#Squirrel cage

Switch

#Thyristor

=Voltage source

| Skew._Ciruit
{©iComponents
|EPotentials

Puc. 5. Mpesentauus pabotbl Moayna Circuit (peakTupoBanue cxembl B nporpamme ElectriFlux)

HEJIM MHCTPYMEHTOB, JOCTYII K PYKO-
BOJICTBY U KO BCEM OCTA/IbHBIM JIOKY-
MEHTAM OCYIIECTB/ISIECTCA YEPE3 ITyHKT
MeHIo Help);

® KaJIbKyIATOp ITyOHHBI CKUH-3( ¢ eKTa

(BBI3BIBAETCS U3 ITYHKTA MEHIO T00IS);
® MeHemKep JTUIEH3UH (KOH(MUTYpH-

pyercs CTaHZAPTHBIM CIIOCOG0M);

e O6mue mapaMeTpsl B JUATOIOBOM

OokHe Options.

YceranoBku Options JOJDKHBI OBITH
IIPUBEECHBI B COOTBETCTBHE. Ha BK/IaiKe
General IONL30BATEIb MOXET BBIOPATH
A3BIK MHTep(erica (AaHITTHUCKUN WIH
(PPAHITY3CKUIT), BBIOPATH KATAIOI 6A3bI
JAHHBIX MATEPHAIOB (MCIOIB3YS IIpe-
JonpenenéHsbie 6a3sl gJaHHbIX FLUX B
pexume Shared nons Materials, KOTO-
pbI€ MOTYT OBITh HAF/IEHBI B KATAJIOTE HA
UCKE C OJHOMMEHHBIM HAa3BAHHEM):
FLUX_xxx_MATERI.DAT, IMPHY xxx_MA-
TERI.DAT wiH CO3/1aTh HOBYIO 6a3y JIaH-
HBIX MATEPHUAIOB.

Eciim mosib30BaTe/Ib IUIAHUPYET BBI-
6paTte B nione Materials pexxum Local, Ka-
Tanor 6a3pl JAHHBIX MATEPHAIIOB HEOO-
XOIMMO CO3/1aTh IPEJBAPUTEILHO. B pe-
skume Current directory njis 6a3bl JAHHBIX
HCITONB3YEeTCs TEKYIAst THPEKTOPHSL.

TaxKke MOTB30BATENb MOXKET 3aITyC-
KaTb nporpammel Preflux2D, Flux3D
wu Circuil BMeCTe C BBIGPAHHBIM IIPO-
€KTOM, eCclIM B O60kce Other BpIOpaH
yHKT Open the program with the select-
ed project (AIBTEPHATHBHO IIPOrpaMma
3amyckaercsa 6e3 BBIOPAHHOTO IPOEK-
Ta), 32/1aTh PACIOJIOKEHHUE TEKCTOBOI'O
peraxKTopa Juist MOaynen B nosue Editor u

CKOPPEKTUPOBATL IIyTh K JOKYMEHTA-
uuu Document Path B pexxume Local, ec-
JI OHA PA3MENIAETCA HA KECTKOM JIUCKE
(MOxHO BBIOpaTh CD-ROM).

Ha Bximanke Display monb3oBaTenb
MOJKeT 33JaTh 3anmyck FLUX B HeonTu-
MU3UPOBAHHOM I'PA(PHUUECKOM PEKUME,
€CJIM TIPHA PEeATN3aLUH HOBOTO rpadu-
YECKOI'O PEKHUMA C YCTAPEBIIUM JIHC-
IUIEEM BO3HHUKAIOT ONIMOKH, U3MEHUTD
¢doH g 3amycka moayniert MS DOS, 3a-
J1aTh YMCJIO IMHUK TECTOBOM KOHCOJIU B
30He History paboden cpenpl IIPo-
TPaMM, JOITyCTUMBbIE THUIIBI (DAMIIOB MO~
mumo “flu, *.py, *.tra, *.ccs 15 orobpaxe-
HUA B (paryIoBOI 30HE FluxSupervisor.

Ha Brnagke Memory TOIB30BATEND
MOJKET U3MEHHUTD ITAPAMETPHI YIIPaBJIC-
HUA IAMATHIO, 3aHuMaemon FLUX. Cpe-
¥ IPYI'UX IapamMeTpoB OkHa Options —
NAPaMETPhl YKA3aHUSA KaTAJIOTOB I
MaKpOCOB M HAJIOKEHUs, IIOPTA CepBe-
pa, pexuma zamycka (Windows wnn
Batch), mapaMeTpsl OT/IaT4nKA. PeKo-
MEHJYEeTCsI OCTAaBUTh 0€3 M3MCHEHUS
IapaMeTphl, YCTAHOBJIEHHBIE IO YMOJI-
YAHHIO, HJIM OOPATHUTHCA K JOKYMEHTA-
LM /I UX YTOYHEHHA.

PABOYAf CPEIA
FEOMETPU4YECKOIro
NMPENPOLIECCOPA

IIpenpoueccop Preflux2D 3amyCKaeT-
Cs1 M3 OKHA MEHEIKepa MPOrpaMM MO-
ayns Flux 2D DQBOMHBIM IIETYKOM MbI-
K 110 BeTBU Geomeltry@Construction.
[Ipenpoueccopsl Flux 3D u FluxSkewed
AKTUBHPYIOTCS JBOMHBIM IIETYKOM MBI-

IIX II0 COOTBETCTBYIOIIUM MOJIY/ISIM B
JIepeBe KaTaJIOTOB.

Ecnm monmp30BaTesib HE 3AIMyCTHII Ka-
KyI0-THOO M3 3TUX IPOTPAMM BMECTE
C BBIOPAHHBIM TIPOEKTOM, JOCTYIIHBI
TOJIBKO JIBA IIYHKTA MEHIO: Project — s
CO3[JaHMsA U COXPAHEHHS HOBOTIO IIPO-
€KT4, OTKPBITHUSA, 3AKPBITHA, UMIIOPTH-
POBaHUA U AKCIOPTHUPOBAHUA (PAIOB
IIPOEKTOB, a Takke Help (co cranpapr-
HBIM JIOCTYIIOM K Oonline-pyKOBO/JICTBY).

B03MOKHOCTB paGOTHI C IPOEKTAMH 1
OOBEKTAMHU SIBJISIETCS BAXKHOM OCOOEH-
HOCTBIO FLUX. /IJIs1 CO3aHMs IIPOEKTOB
npeJHa3zHa4vYeH IyHKT MeHIO Project. Ho-
BBIH IIPOEKT MOKET OBITh AKTHBHPOBAH
1o KoMmanje New, eMy OyAeT IPUCBOEHO
umsas ANONYMOUS. 3areM CO30aHHBIH
IIPOEKT 3aIHUCHIBAETCS O KOMaHJE
Save. B xaTajnore npoekra ¢ YHHUKaIb-
HBIM HAa3BAHHMEM U pacmiupeHuem FLU
IMIOMEMAIOTCA (PAFIBI ONMHUCAHUS TIPOG-
JIEMBI, FTEOMETPUHU U CETKH C (PUKCUPO-
BaHHBIMU UMeHaMu PROBLEM FLU.PFL,
GEOM_FLU.PFL, MESH FLU.PFL; nns
Flux 3D B IPOEKT BKIIOYAIOTCS (PAFIIBI
pesyabraroB SOLVE FLU.EFL wnu SOL-
VE_FLU i.EFL,1ne i — mar.

C BBIOGOPOM ITyHKTOB CO3JaHUs New
WU OTKPBITUA nIpoekTa Open Project...
ABTOMATHYECKH OTKPBIBACTCS pabodas
cpeia IPEnpoLIECCOPa, MOIEICHHAS HA
30HBI (CM. pUC. 4).

Pa6ouas cpena FLUX aBTOMATHYECKA
3aBHCHUT OT:

@ pasmepHOCcTH Moay/A (2D unu 3D);
® BbI6OPA (PHU3UYECKOTO IPHUMEHECHUS B
nyukre Application (6e3 ykasaHus,

MAarHMTOCTATHKA, 3JIECKTPOCTATHKA);
©® KOHTEKCTA B CBA3H C TEKylleH (pa3or

npoexra:  Geometry/Mesh/Physics/

Solver/Post-processing (I1aHEIA UHCT-

PYMEHTOB);
® KOHTEKCTA /IS JaHHOH TeOMEeTPHH

CAIIP.

I'pacduueckast 30Ha, B KOTOPOM OTOG-
pa’kaeTcsi TEeOMETPHYECKass MOJIEeNb
YCTPOYCTBA, ABIAETCSI OCHOBHOH B pa-
G6oueil cpese mpemnporeccopa. B rpa-
(pUYIECKOH 30HE KAK OT/EIBHOE OKHO
OTOOPAKAETCA M CXEMHAsI MOJIENIb YCT-
pOYICTBA, CO3JaHHAsA, HAIIpHUMEp, B
nporpamme ElectriFlux. IIpouecc Mmoe-
JIMPOBAHMSA HAYUHAETCS C CO3/IAHUS I'e-
OMETPHUYECKON MOZEIH, 1 KOTOPOM
MpEJIHA3HAYEHbl CIEIMAJIbHBIEC ITyHK-
Thl IVIABHOTO MEHIO M COOTBETCTBYIO-
e KHOIKH MaHEIH HHCTPYMEHTOB.
KOHEUYHO-3JIEMEHTHBIN ITPOEKT BKIIIO-
Jaer Gonpmue O6bEMBI PA3HOOOPA3-
HBIX B3aHMMOCBA3AHHBIX JITAHHBIX — TO-
Y€K, JIJMHUHU WIH JPYTUX €AUHHUYHBIX
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06peKTOB Flux (entities), 3aBUCAIIUX OT
comepkaHusg wiad  (Haspl  IPOEKTA
(geometry, mesh, ...).

B 6a3e pganubpix FLUX BBIAEISAIOTCA
MMOHATHS CTPYKTYPbI WIN THIIA JAHHBIX
(entity type) Manu COOCTBEHHO JaHHBIE
(entities). JaHHbIE, CO3/JABAEMBIE B I'Da-
(puuecKO¥ 30HE IIOCPEACTBOM OTHAENb-
HBIX KOMAH/I U KHOIIOK, — 3TO €JUHHUY-
Hble 00beKThI FLUX.

ITporecc paGOTHI € TEOMETPUYIECKUM
npenponeccopom FLUX odeHb yI06€H,
TaK KaK BBIOOP Ka’KJOTO MHCTPYMEHTA
JUIST CO3MAHUS €JMHUYHOTO I'€OMETPH-
YEeCKOTr'o OO'bEKTA entity CONPOBOXK/IAECT-
Csl MOSIBJIEHHUEM JHUAJIOTOBOIO OKHA, B
KOTOPOM HA3HAYEHHE I0JIeH, TpeOyro-
IIUX 3aTIOJTHEHUS, IIOSICHAETCA U B PsAie
CJIy4aeB CONPOBOMKIAECTCSA AHUMALUEH.
IIpu BBOJIE JIaHHBIX, T10JIsA, TPEOYIOMMUE
3aII0JIHEHHUS B KAYECTBE HEOOXOIUMOIO
U JOCTATOYHOT'O YCJIOBHUSA IOMEIIECHUS
00G'BEKTA, MAPKHUPYIOTCA 3BE3J0YKOM (7).
Ipr4EM BBIZEIAIOTCA JIJAHHBIE KAK I'Pa-
(UYECKHX TUITOB (TOYKH, TUHUH), TAK U
He rpaduyecKkue JaHHbIe (KOOPAUHAT-
HBIE CHUCTEMBI, TPAaHC(HOPMALIUN).

CymecTByer
JIAHHBIX U MACCHBOB JAHHBIX (IPYIIIT

BO3MOXHOCTb BBOJa

00'BEKTOB). B pamMKax NpoOeKTa JaHHbIC

23-25 ceHTabpa
2008

Mpu nopaepxke

TNMN Poccuickon
Depepaynn

NMPOEKTUPOBAHME N MOOENMMPOBAHME

MOTYT OBITH CO3/IaHbl, MOJU(DULIPOBA-
HBI U yJJAJICHBL.

O6mexTsl FLUX 1nipeiHasHavYeHbl st
KOHCTPYHPOBAHHUS HOBOI'O YCTPOH-
CTBa, IPUYEM B paMKaX HOBOT'O IPOEK-
Ta BO3MOKHO KOHCTPYHMPOBAHHE I10-
CPEACTBOM YK€ CO3JAHHBIX B JPYIOM
IIPOEKTE OOBEKTOB B KAYECTBE YHU(DU-
LIUPOBAHHBIX yacTeH. CylecTByeT BO3-
MOYKHOCTb CO3/IaHHA I10Jb30BATE/b-
CKOro 6aHKa OOBEKTOB, UMIIOPTA M
¢uapTpalliu OOBEKTOB IO KOMAaH/E
Import Flux object menio Project.

B pamkax OJHOH IyOJHMKALIMHA HE
IIPEICTABISETCS BO3MOXKHBIM IIPOMJI-
JIIOCTPHUPOBATH IIPOIECC PAGOTHI B pa-
6oueri cpese FLUX. D10 11e71eCO00pa3Ho
CIEeNaTh B CJIEAYIOMIEH CTAThE HA MPH-
Mepe CO3AAHUS TEOMETPUIECKOU MOjie-
JI OJHOH U3 KOH(DUTYyPALIU JATYHUKOB,
OITyOJIMKOBAHHBIX B [1, 2, 4].

Kak roBOpH/IOCH BBIIIE, BAYKHOM OCO-
6enHOCTbIO nakeTa FLUX sBisieTcs BO3-
MOYKHOCTD BKTIOYEHHMS B AaHATU3 (PU3H-
KH U1 2JIEKTPUYECKOM CXeMbL. B mporpam-
Mme ElectriFlux ICTOYHUKU U ITACCUBHbIC
KOMITIOHEHTBI IIEPEHOCATCA B rpadu-
YEeCKyIO0 30HY, I/I€ PA3MEIIAETCA CXeMa
MOJICTUPYEMOT'O YCTPOMCTBA, IO LIe/T4d-
Ky MBIIIH (CM. PHUC. 5).

JJaHHOE BBEICHHE B Pabodyio Cpemy

FLUX npezasapsieT OIMCaHHUE IIPOIeCcca

IMPAKTHYCCKOI'O MOJC/IHUPOBAHUA ABTO-

MOOMIbHBIX JAATYUKOB, KOTOPOE€ IVTAHH -

pyercsi B JaJbHEUIINX NyOIUKAIIUIX.

Ho gake npeaBapuTeIbHBIN 0030p UH-

tepderica Flux 10 MO3BOSAET CAEIATDH

BbIBO/I O TOM, YTO BO3ZMOKHOCTH aHAJIH-

32 ABTOMOOWJIBHBIX JATYHUKOB C ITAKE-

TOM Flux 10.1.2 BeCbMa 3HAYUTEIbHBI.

IIpooovncenie creoyem

JIUTEPATYPA

1.

no

Coicoesa C. UHTE/UIEKTYya/IbHbIE ABTOMO-
OMIbHBIE JATYHUKU IOJTOKEHMA/CKOPOCTH.
ITyrn onrumu3anuu. Yacte 1. CoBpeMeH-
Hast 3reKTpoHuKa. 2007. Ne 9. C. 26-31.

. Covicoesa C. Pa3BUTHE KOHIIEIIIIUHA MaTEMa-

THYECKOIO AU P‘r.lC‘lé'I‘HOI‘O MOAC/ITUPOBAHHA
ABTOMOOWIBHBIX JaTYUKOB CK()[)()C'I'H/II()-
noxeHuss. KOMIIOHEHTBI U TEXHOJIOTHH.

2007.Ne 12. C. 72-80.

. Coicoesa C. VIHTEUIEKTYyalIbHbIE ABTOMO-

OWIBHBIE JATYHUKH IT0JIOKEHHS/CKOPOCTH.
ITyrn ontumusanuu. Yacts 2. CoBpemMeH-
Hast dneKkTpoHuka. 2008. Ne 1. C. 34-41.

. HoBbl€ KOHIIENIIUH JATYHUKOB CKOpOC-

TH/TIOJIOKEHUsI. KOMIIOHEHTBI U TEXHOJIO-
ruu. 2008. Ne 1.

. Texauyeckas JokymeHTauus (pupmer Cedrat. @

HoBocubMpCK
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CUEUPCHHA HOPYM MHDOPMALMOHHbIX

TEXHONOTMMA ¥ TENEKOMMYHMKALUA
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MHd)OpMauMOHHbIX TeXHONOruv U KOMMbHTEPHOU TEXHUKKN, CEPBUCOB WHTepHet

JNEKTPOHCHB

Cneunanu3vpoBaHHas BbICTaBKa 3MeKTPOHHbIX KOMMOHEHTOB 1 TEXHONOrN4eckoro oGopynoaaHuﬂ

CHBUPL-TENEPAJMOBELLIAHME

CHEL{MBHMSMPOBGHHaH BbiCTaBKa KabenbHoro n CNyTHUKOBOrO TeneBuaeHuA, paguoBeLlaHns n

leHepanbHble
MH(OPMALMOHHBIE CIOHCOPbI
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NMPOEKTUPOBAHME U MOOENMMPOBAHME

lIpaKTHYeCcKU Kypc CKBO3HOIO
NPoeKTUPOBaHUA UNPOBLIX YCTPOMCTB
Ha ocHoBe IJTUC dupmbi Xilinx

(4actb 14)

Banepwuii 3otoB (Mocksa)

YeTbipHaauaTas 4acTb Kypca 3HaKOMUT C COAepXXaHUeM aTana peanusauum
(implementation) npoekTupyembix ycTpoicTs B kpuctannax MNJINC
cemelicte CPLD. PaccmoTpeH aTtan peanusauum pa3pabaTbiBaemMoro
yCTpOWCTBa B KpUcTannax ¢ apxutektypowu CPLD.

MNpuBoaUTCA KpaTkoe onucaHue CTPYKTYpPbl OTHETOB O BbIMOSIHEHUU

3Tana pasmeLleHUsi U TPaCCUPOBKU U pe3yNbTaToB CTaTUYECKOro

BpeMeHHOro aHanusa.

BbINONHEHUE 3TAMNA
PEAJIUSALIMU NMPOEKTUPYEMbIX
YCTPOWUCTB,
PA3SPABATbIBAEMbIX
HA ocHOBE IMJIUC cCEMENCTB
CPLD

AKTHBH3aLIHsA BCEX MPOLIEAYP dTana
peajnu3anuu IPOEKTUPYEMOTIO YCT-
POMCTBA OCYIIECTBJSETCA JIBOMHBIM
LIEJTYKOM JIEBOM KHOIIKM MBIIIM Ha
crpoke Implement Design B OKHE IIPO-
neccos (Processes Window) Hasuraro-
pa npoekra (Project Navigator). NH-
dopManua O XOJ€ €ro BBIIIOJTHEHHUS
OTOOPAXKAETCsI B OKHE KOHCOJIBHBIX CO-
obmenunt Transcript Window. 3asep-
IIE€HHE BBIINOJHEHHUS KaXKIONU (a3sl
3TOrO MPOLIECCa OTMEYAETCS COOTBET-
CTBYIOIIIEH ITUKTOI'PAMMOM B CTPOKE C
€€ HA3BAHMEM M COIIPOBOXKAAECTCA OT-
9€TOM O IIOJY4EHHBIX pe3yabTaTax.
s mpocMOTpa OTYETA O BBIITOJTHEHUH
TPAHCIALMHU CJIEAYyeT ABAKABI IIET-
KHYTb JIEBOM KHOIIKOM MBIIIHA HA CTPO-
ke Translation Report, KOTOPasi IOSIBIISI-
€TCA B OKHE IIPOLIECCOB Processes
Window 1iocie NepexIoYeHust B pas-
BEPHYTOE COCTOSHUE CTPOKHU Trans-
lation. TIpU 3TOM OTKPBIBA€TCSI HOBOE
pa6ouyee okHO B HDL-penakrope, B KO-
TOPOM OTOOPAKAETCA BBIOPAHHBIH OT-
4€T. B KayecTBE IpUMepa HUKE IIPUBE-
J€H OTYET O BBINIOJHEHHUH TPAHC/IALIUHU
NpoeKTa CYETYnKa /PDKOHCOHA, CUHTE3
KOTOPOTO OBUT PACCMOTPEH B IIPEIBITY-
el 4acTu CTaTbU. OTYET COAEPIKHUT
HMHGOPMALIUIO O KAXKIOM IIare TpaHC-
aauuu (npeo6paszoBanuu EDIF-omnuca-
HUH B popmar Xilinx NGD, nposepke

BPEMEHHBIX Clenu(pUuKaIui, Bepudu-
KAIlUX JIOTUYECKOM CTPYKTYPBI IIPOEK-
Ta), a TaKKe 00 OHMIMOKAX W IIPEyIl-
PEXIECHUAX.

Command Line:
D:\Xilinx92i\bin\nt\ngdbuild.exe
-ise
D:/PRJ/jc2vh/jc2_vhd/jc2_vhd.ise
-intstyle ise -dd _ngo -uc
jc2_top.ucf -p xbr

jc2_top.ngc jc2_top.ngd

Reading NGO file
"D:/PRJ/jc2vh/jc2_vhd/jc2_top.ngc

Applying constraints in
"jc2_top.ucf" to the design...

Checking timing specifications

Checking Partitions ...
Checking expanded design

No Partitions were found in this
design.

NGDBUILD Design Results Summary:
Number of errors: 0

Number of warnings: 0

Total memory usage is 67184
kilobytes
Writing NGD file "jc2_top.ngd"
Writing NGDBUILD log file

nje2 topLblidm i

COAEP)XAHME OTYETA

O BbIMOMTHEHUU 3TANA
PEAJIUSALIUUA NMPOEKTUPYEMbIX
YCTPOMUCTB,
PA3SPABATbBIBAEMbIX

HA ocHoBE NJIUC

¢ APXUTEKTYPOM CPLD

YTOOBI OTKPBITH OTYET C PE3YIAbTA-
TAMH BBIIIOJHEHUA PA3MEIIEHUA U
TPACCUPOBKH, CAECAYET ABAKABI IIETK-
HYTb JIEBOM KHOIIKOM MBIIIH HA CTPO-
Ke Fitter Report, mocje 4ero TeKCT OT-
4y€Ta OTOOpPA’)KAETCA B HOBOM OKHE
BcTpoeHHOro HDL-peaakropa. 9roT
OTYET MOKET OBIThb NPEACTABIECH B
HTML- uiu TekcToBoM (opmare, 1o
BBIOOPY IOab30BaTENsA. CTPYKTYypa OT-
4é€Ta O XOJl€ U pe3yabTaTax Ipolecca
pasMenieHus1 U TPACCHPOBKU pac-
CMATPUBAETCA JaJIee HA IPUMEPE COK-
paméHHOro BapuaHTa OTYETA O BBI-
MOJHEHHUHU 3TAIla PEAIHU3ALUH IIPOEK-
Ta C4€TYHKA [IPKOHCOHA.

OTY€T COAEPKUT IECTh OCHOBHBIX Pa3-
JIEJIOB, B HA4YAJI€ KAKIOI'O U3 KOTOPBIX YKa-
3aHO €ro HaspaHue. B paspene Mapped
Resource Sumimary ipuseicHa OO ast UH-
dopmarua o pecypcax IUTMC u ux uc-
IOJIb30OBAHUH JIISI PEATU3ALIUH IIPOEKTH-
PyeMOro yCTporcTBa. B Hauasie 31oro pas-
Jena yKa3aHel JaHHBIE 00 OOmeMm
KOJIMYECTBE M YHCJIE UCIIOMb3yEMbIX MaK-
POAYEEK, TEPMOB, PETUCTPOB, BBIBO/IOB U
(PYHKIIMOHAJIBHBIX OJIOKOB KPHCTAJLIA.
Janee npuBOAWTCS OOLIAA CTATUCTHYEC-
Kasg MH(pOPMAIUA O CUTHAIAX, BBIBOJAX,
MAaKpOSTUEHKAX, ITIOOAIBHBIX PECypCax U
pexuMe noTpedaeHus Makpostaeek. Teker
paszena IpUBEIEH Ha CaNTe JKypHaa.

Paznen Summary of Mapped Logic co-
JEPKUAT NOAPOOHYIO MH(MOPMALIHIO 000
BCEX MHTEP(ENCHBIX CUTHAIAX (LIETIIX)
IPOEKTUPYEMOTO YCTPOMCTBA. 3J€ECh
NPHUBEJEHbI CBEICHUA O THUIIE BBIBOJIOB
TIJIMC, K KOTOPBIM HOAKTIOYAIOTCS BHENI-
HHE LIENHU Pa3padaTbIBAEMOI'O yCTPOM-
CTB2, PEKUMAX PAGOTHI U UCITOIB3yEMBIX
CTaHJapTax BBOJAA/BBIBOAA. /111 KAXKI0I0
BXOJ/JHOT'O, BBIXO/IHOT'O M /IByHAIIPABJICH-
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HOTO IOPTA YKa3aH HOMEpP (PyHKIIHO-
HAJIBHOT'O OJIOKA, B KOTOPOM (hOPMHUPYET-
Cs1 COOTBETCTBYIOIIMI CUI'HAL

khkkkhkhkhhkhkhkhkhkhkhkhkhkhkhkhdkdkkk

Summary of Mapped Logic

khkkhkhkhkhkkhkhkhkhhhhhhhkhkhhhhkk

** 4 Outputs **

Signal Total Total Loc Pin Pin
Pin I/O I/O Slew Reg Reg Init
Name Pts Inps No. Type Use STD
Style Rate Use State

Q[0] 3 5 FB1_3 E1 I/O O LVCMOS18
FAST DFF RESET

Q[1] 3 5 FB1 9 D1 GTS/I/O O LVC-
MOS18 FAST DFF RESET

Q[2] 3 5 FB1_10 C1 GTS/I/O O
LVCMOS18 FAST DFF RESET

Q[3] 3 5 FB1_11 A3 GTS/I/O O
LVCMOS18 FAST DFF RESET

** 4 Buried Nodes **

Signal Total Total Loc Reg Reg
Init

Name Pts Inps Use State

DIR 1 1 FB1_1 DEFF RESET

RUN 1 1 FB1_2 DEFF RESET

N PZ_35 1 3 FB1_8

N _PZ 34 1 2 FB1_16

NMPOEKTUPOBAHME U MOOEJNIMPOBAHME

** 4 Inputs **

Signal Loc Pin Pin Pin I/O I/O
Name No. Type Use STD Style
RIGHT FB1_1 F1 I/O I LVCMOS18
KPR

STOP FB1_2 E3 I/O I LVCMOS18 KPR
LEFT FB1_12 A2 GTS/I/O I LVC-
MOS18 KPR

CLK FB2_7 J1 GCK/I/O GCK LVC-
MOS18 KPR

Legend:

Pin No. - ~ - User Assigned
I/0 Style - OD - OpenDrain

- PU - Pullup

- KPR - Keeper

- S - SchmittTrigger

- DG - DataGate

Reg Use - LATCH - Transparent
latch

- DFF - D-flip-flop

- DEFF - D-flip-flop with clock
enable

- TFF - T-flip-flop

- TDFF - Dual-edge-triggered T-
flip-flop

- DDFF - Dual-edge-triggered
flip-flop

- DDEFF - Dual-edge-triggered
flip-flop with clock enable

3A0 «HN® «[JOJIOMAHT»

OJHA W3 CAMbIX BbICOKOTEXHONIOTMYHBIX KOMNAHUIA POCCAN

/S (after any above flop/latch
type) indicates initial state is
Set

B TperbeM paspene oryé€ra Function
Block Details copep:KUTCA TOAPOOHAs
uHopManysa 06 HCHOIB30BAHUHU pe-
CYPCOB KXKAOI'O (PYHKIIMOHAJBHOI'O
o6noka IUIMC. DTOoT pasjen BKIIYACT B
cebsa N CaMOCTOSTETbHBIX, OJHHAKOBBIX
IO COCTABY, CEKIIMH C HAa3BaHUAMHU FB1 —
FBN, e N — KOMTA4eCTBO (DYHKIIHOHAIIb-
HBIX 6JIOKOB B HCITOJIb3YEMOM KPHUCTAJI-
ge. Ha carite XypHajla HIPUBOJUTCS
TEKCT IIEPBOM CEKIIMHU JAHHOTO pasjiesna
OT4Y€Ta, B KOTOPOU IPUBEIEHBI TOIPO6-
HBIE JaHHBIE 00 UCIIOIB30BAHUH PECYP-
COB (PYHKIIMOHATBHOTO 6710Ka FB1.

B paspene Implemented Equations co-
JIEPKATCA UTOTOBBIE BBHIPAKEHMUS, OITH-
CBIBAIOIIHE IIPOEKTHPYEMOE YCTPOH-
CTBO Ha 3Tarle ero peajusauuu. Texcr
JIAaHHOTO pa3fesia MPEJCTaBICH Ha A3bI-
ke HDL, KOTOpBIN 6bUT BBIOpPAH C IO-
MoubIo napamerpa HDL Equations Style.

*hkkkkkkkkk

Equations Mapped Logic

khkkhkkkkkkk

Honomanr

_ 3A0 HAYHO-MTPON3BOLCTBEHHAS @UPMA «[O/IOMAHT»

3A0 «“HN® <JOJIOMAHT” NPUINAWAET K COTPYAHWYECTBY W OCYUECTBIAET:

nocraeky >

| 3/1EKTPOHHbIX KOMIOHEHTOB B Ka4ecTBe BTOPOro noctaBLymka [HOMBHKH&'TypE

[pon3BoACTBEHHOE BbICOKOABTOMATU3UPOBAHHOE 060pya0BaHNE

nopsaka 400 Teic. HaumeHosaHuii Gonee 60 3apybexHbix npon3soguteneiil
npy coTpygHm4ecTse ¢ rpynnovi komnawmi [IPOCO®T

NpoKH3BOAJCTBO

MPOMBILLIIEHHBIX 1 BCTPaNBAEMbIX KoMMbioTepos (B gropmatax Compact PCI, VME,
EPIC, 3,5", PC/104, MicroPC, AT96, PICMG, Mini-ITX, ATX), nnat ans MoHTaxa
Ha DIN-peviky, a Takxe kapkacos, LUieiichoB, Kaberew v aKceccyapos, npegHasHa-
YeHHbIX [N1s paBoTbl B XECTKUX YCIOBUSX 3KCMYaTauun C BOBHHOM MPUEMKON

pa3pabotky =

nPorpaMMHbIX 1 annapaTHbIX CPeacTs M0 TEXHNYECKOMY 38[aHNK 38Ka341Ka

1104 KOHTPO/1IeM BOEHHOro NMpeacTaBuTesbCTea

KOHTpaKTHYI0 c6opKy =

nagenwi no Kﬂ 3a8Ka34uKa, BKto4asa N3roToB/IeHNe rne4vaTHbIX nnar,
| M0BEPXHOCTHBI MOHTaX 1 TECTUPOBAHNE 3IEKTPOHHBIX MOZYMed,

W3roTOBIEHNE MEXBHUYECKUX [ETanei KoprycoB v nepegHux naHenen
o4 KOHTPOieM BOEHHOro NpegcTaBuTeribcTea

L1719 NOBEPXHOCTHOrO MOHTAXa 3MIEKTPOHHbIX MOZYnen

3A0 "HIN®" [JonomaHT" cOOTBETCTBYET ypOBHIO TPEGOBAHUA MUPOBbIX
nponasogutened. 060pynoBaHuE 8AaNTVPOBEHO K WCMOb30BaHIID
6ecCBIHL0BOVI TEXHOOMN, NMO3BOISET NPOV3BOAUTL aBTOMATUYECKYIO
pa36PaK0BKY 1 PEHTTEHOBCKWII KOHTPOMb K3YECTBA Maliki.

3A0 «HN® «JOJIOMAHT» ;
VIMEET MLEH3NN Ha Pa3pa6oTKy 1 MPOV3BOLCTBO 3MIEKTPOHHbIX CPEACTB
L7151 BOOPY)XEHNS Y1 BOBHHOA TEXHUKW 1 aTOMHbIX 3MIEKTPOCTEHLMIA,
CBUAETENLCTBO 06 aTTECTALMM BTOPOr0 MOCTABLUMKA, @ TaKXe CUCTEMbI §
MEHEXXMEHTA 1 Ka4ecTsa, CepTUULMPOBaHHYI0 B CUCTEME «BOEHHBI
pervctp» Ha cootsetctaue [OCT P YICO 001 » FOCT PB 15.002.

117437, Mocksa, yn. lpoghcowsHas, 4. 108
Ten./hakc: (495) 232-20-33

E-mail: info@dolomant.ru

Weh: www.dolomant.ru
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NMPOEKTUPOBAHME U MOOEJNIMPOBAHME

FDCPE_DIR: FDCPE port map
(DIR,RIGHT,CLK,'0','0',NOT
N_PZ_34);

N_PZ_34 <= (RIGHT AND LEFT);
N_PZ_35 <= (RIGHT AND LEFT AND
STOP) ;

FDCPE_Q[0]: FDCPE port map

(Qro1,0fo0l_o,CLK,'0"','0"','1");

Q[0]_D <= ((Q[0] AND NOT RUN)
OR (DIR AND RUN AND NOT
QI[3])
OR (NOT DIR AND RUN AND
Q[11)):
FDCPE_Q[1]: FDCPE port map

(Qf11,Q[1] _D,CLK,'0','0"','1");

Q[1]_D <= ((NOT RUN AND Q[1])
OR (Q[0] AND DIR AND RUN)
OR (NOT DIR AND RUN AND

Ql2]));

FDCPE_Q[2]: FDCPE port map

(Q[205,9[21-DSCEHR 0, SU0E Zud oy

Q[2]_D <= ((NOT RUN AND Q[2])
OR (DIR AND RUN AND Q[1])
OR (NOT DIR AND RUN AND

QI31));:

FDCPE_Q[3]: FDCPE port map

(QI315 QI3 TEDFCLE 10  v0Y v 1iv):s

Q[3]_D <= ((NOT RUN AND Q[3])
OR (NOT Q[0] AND NOT DIR

AND RUN)
OR (DIR AND RUN AND

Ql[2]1));

FDCPE_RUN: FDCPE port map

(RUN, STOP,CLK, '0','0"',NOT

N_PZ_35);

Register Legend:

FDCPE (Q,D,C,CLR,PRE,CE);

FDDCPE (Q,D,C,CLR,PRE,CE);

FTCPE (Q,D,C,CLR,PRE,CE);

FTDCPE (Q,D,C,CLR,PRE,CE);

LDCP (Q,D,G,CLR,PRE);

Paspen Device Pin Out, npueeoérmulii
Ma caiime JHCypPHad, B HATTSITHOU (op-
M€ OTpakaeT HH(POPMALIHIO O HA3HAYe-
HHHU BCEX BBIBOJOB Kpuctauia ITJIMC
IOCJIE€ 3aTPY3KH KOH(PHUI'YPAITHOHHBIX
JIAHHBIX TTPOEKTUPYEMOT'O YCTPOMCTBA.
B Havazne 3TOoro paszena npuBeaeHo yC-
JIOBHOE rpaduyeckoe HU300paKeHHE
TOIIOJIOTHH BBIBOJOB IS BBIOPAHHOTO
Tuia xopiryca ITVIMC. Janee B popme
TAGAUIIBI  TIPEJCTABICHO (DYHKI[HO-
HAJIbHOE HA3HAYEHHE KAXKIOI'O BBIBOAA
KPUCTA/LIA TIOC/IE 3aBEPIIEHMA IIPOLIEC-
ca xoH(urypuposanus I[UJIUC. Pac-
mH@MPOBKA YCIOBHBIX OOGO3HAYECHUI
TUIIOB BBIBOOB ITJIMC, NCIIOIb3yeMBbIX
B TaO/IMIIE, IIPUBE/ICHA B 3aAKTIOYNTE/b-
HOM 4aCTH PACCMATPHUBAEMOTO pa3/iesia.

B zaxmounTenpHOM pasjene oTyéra
Compiler Options npuBeneHBI CBee-

HUA 00 YCTAHOBJICHHBIX 3HAYCHUAX OC-
HOBHBIX IIAPAMETPOB IIPOIIECCa pasMe-
IICHWA U TPACCHUPOBKH:

khkhkhkhkhkhkhkdkhdkhhkhkhkhhkhhkdkhkdkhhkhddk
Compiler Options
khkhkkhkhkhhkhhkhhkhhkdkhkhhhhkhhhhdkhdd
Following is a list of all glob-
al compiler options used by the

fitter run.

Device(s) Specified : xc2cé64a-5-
CP56
Optimization Method DENSITY

Multi-Level Logic Optimization :

ON

Ignore Timing Specifications :

OFF

Default Register Power Up Value
LOW

Keep User Location Constraints :

ON

What-You-See-Is-What-You-Get :

OFF

Exhaustive Fitting OFF

Keep Unused Inputs : OFF

Slew Rate : FAST

Set Unused I/O Pin Termination

KEEPER

Global Clock Optimization : ON

Global Set/Reset Optimization :

ON

Global Ouput Enable Optimization

: ON

Enable Input Registers : ON

Function Block Fan-in Limit : 38

Use DATA_GATE Attribute : ON

Set Tristate Outputs to

Termination Mode KEEPER

Default Voltage Standard for All

Outputs LVCMOS18

Input Limit : 32

Pterm Limit : 28

COAEPXXAHUE OTYETA
C PE3VYJIbTATAMU
CTATUYECKOIo BPEMEHHOI'O
AHAJIU3A, BbIMOJIHAEMOIo
HA JTAMNE PEAJIU3ALIUMU
NMPOEKTUPYEMbIX YCTPOMUCTB,
PA3PABATbBIBAEMbIX
HA ocHoOBE IMJIUC cemENCTB
CPLD

i TIpOCMOTPAa BPEMEHHBIX XapPaK-
TEPUCTUK PACIIPOCTPAHECHUSA CUTHATIOB
BHYTPH KPHCTANIA CJIEAYET OTKPBITh
OTU€T C PE3YAbTATAMH BBIIIOJTHECHUS
3TAIla PEeaNTHu3aLUHd IPOECKTUPYEMOTO
ycrporicrsa B HTML-(popmare, momec-
THTH KypCOP HA CTPOKy Timing Report,
PACIIONOKEHHYIO B BEDXHEH YaCTH 3TO-
ro OT4€Ta, U MEIKHYTD JIE€BOM KHOITKOM
Mpid. CTEIEHb JETATU3ANHUU COJEep-

JKAHUS OTYETA ONPEAEIIeTCs BRIOpaH-
HBIM 3Ha4YeHUeM mnapamerpa Timing
Report Format, paCCMOTPEHHOTI'O BBIIIIE.
Kak 06006ménHas, Tak U IOJPOOHAA
¢opma oryéra BKIIOYAET B CEOA CEMb
pasaenos. CopepKaHue KakJOro pas-
Jena OT4éTa C pe3yIbTaTaMU CTaTH4YeC-
KOTO BPDEMEHHOTI'O aHAIN3a PACCMATPH-
BAETCS Jajiee Ha IpUMEpe IPOEKTa
cuérunka /PxoHcoHa. B Havasie oruyéra
IPUBOJAATCSA OCHOBHBIE CBEJEHMS 00
AHAJIM3UPYEMOM IIPOEKTE, BPEMEHU U
JlaTe CO3AAHUS OTYETA:

Timing Report

Design Name jc2_top

Speed (SpeedFile
{Xc2ce64A}, -5 (14.0

Advance Product Specification)

Date Created Sun Mar 23 21:39:42

2008

Created By Timing Report

Device,

Version)

Generator: version J.38
Copyright Copyright (c) 1995-
2007 Xilinx, All rights

reserved.

Inc.

B paszene Performance Summary yka-
3aHbl 3HAYEHHS BPEMEHHBIX XapaKTe-
PHUCTHK PACIIPOCTPAHEHHUs CHUTHAJIOB B
KPHUCTALIE /151 PA3/IMYHBIX MAPUIPYTOB,
COOTBETCTBYIOIIUE HAUXYJLIEMY CIIy-
4aro. B Havase sTroro pasaena orodpa-
JKAETCA MMHHUMAJIBHOE 3HAYEHHE TIePHU-
0/1a ¥ MAKCHMMaJIbHAsl 4aCTOTA BHYTPEH-
HEro CUIrHajga CMHXpOHHU3anuu. [Janee
MPUBOJUTCA UHAOPMALIUA O BPEMEHHU
PacIpoCTpaHEHMs CUTHAIA IO LIEILIM,
BKJIFOYEHHBIM MEXAY JBYMS TPUITEpPA-
MU WIH PErucTpamMu (ynpas/Isi€eMbIMH
OJJHUM CHUI'HAJIOM CHHXPOHU3ALHH), O
BPEMEHU YCTAHOBJICEHHUsSI CHUIHAJIOB Ha
BXO/IaX JIAHHBIX 110 OTHOLIEHHUIO K TAKO-
BOMY CHUI'HAJy M 3HAYEHUH 33/I€PKKH
CHUI'HAJIOB HA BBIXOJHBIX KOHTAKTAX IO
OTHOIIEHHUIO K TAKOBOMY CUTHAJLY.

Summary

Performance Summary

Min. Clock Period 4.200 ns.
Max. Clock Frequency {(£SYSTEM)}
238.095 MHz.

Limited by Cycle Time for CLK
Clock to Setup {(tCYC)} 4.200
ns.

Setup to Clock at the Pad
{(tsuU)} 5.500 ns.

Clock Pad to Output Pad Delay
{(tCcO)} 3.900 ns.

B pasgene Timing Constraints mpuBo-
OATCA UH(OPMALMsA O BHIITOJTHEHUHU

WWW.SOEL.RU
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BPEMEHHBIX OIPAHUYECHUM, 33JaHHBIX B
IpoeKTe. B Havaze 3Toro paszena oToo-
PAKAIOTCS CBEACHUSA O TPEOYEMBIX U I10-
JIY4€HHBIX 3HAYCHHUAX BPEMEHHBIX I1apa-
METPOB CUTHAJIOB, /U151 KOTOPBIX YCTAHOB-
JIEHBI COOTBETCTBYIOIIME OIPAHUYEHUS.
3aBeprraer paszen HHOOPMAIUI O Bpe-
MEHHBIX OTPAaHHUYCHHUAX, KOTOpPHIE HE
VAAJIOCh BBIIIOJHUTD MPH PEATH3AIUN
IIPOEKTHPYEMOT'O yCTPOHCTBA.

Timing Constraints

Constraint Name Requirement (ns)
Delay (ns) Paths Paths Failing
{TS_CLK} 20.0 4.2 20 0
Constraint: TS_CLK

Description:
PERIOD:CLK:20.000nS:HIGH:10.000nsS
Path Requirement (ns) Delay (ns)

Slack (mns)

{DIR.Q to Q[0].D} 20.000
4.200 15.800
{DIR.Q to Q[1].D} 20.000
4.200 15.800
{DIR.Q to Q[2].D} 20.000
4.200 15.800
{DIR.Q to QI[3].D} 20.000
4.200 15.800
{Q[0].Q to Q[0].D} 20.000
4.200 15.800
{Q[0].Q to Q[1].D} 20.000
4.200 15.800
{Q[0].Q to Q[3].D} 20.000
4.200 15.800
{Q[1]1.Q to Q[0].D} 20.000
4.200 15.800
{Q[1].0 to Q[1].D} 20.000
4.200 15.800
{Q[1].Q to Q[2].D} 20.000
4.200 15.800
{Q[2].Q to Q[1].D} 20.000
4.200 15.800
{Q[2].Q to Q[2].D} 20.000
4.200 15.800
{0[2].Q to Q[3].D} 20.000
4.200 15.800
{Q[3]1.Q to Q[0].D} 20.000
4.200 15.800
{Q[3]1.Q to Q[2].D} 20.000
4.200 15.800

HoBoCT

NMPOEKTUPOBAHME M MOOENMTMPOBAHME

{Q[3]1.Q to Q[3].D}
4.200 15.800

20.000

{RUN.Q to Q[0].D} 20.000

4.200 15.800

{RUN.Q to Q[1].D} 20.000

4.200 15.800

{RUN.Q to Q[2].D} 20.000

4.200 15.800

{RUN.Q to QI[3].D} 20.000

4.200 15.800

Number of constraints not met: 0

Paznen Data Sheet Report COOEp:KUAT
3HAYEHH OCHOBHBIX BPEMEHHBIX Xa-
PAKTEPHUCTHK, OTHOCANIMUXCA K BHCII-
HUM HUHTEP(@ENCHBIM LienaM (CHUI'Ha-
J1aM) pa3zpadaTeIiBAEMOI0O YCTPOKCTBA:

Data Sheet Report

Maximum External Clock Speeds
Clock fEXT (MHz) Reason

CLK 238.095 Limited by Cycle
Time for CLK

Setup/Hold Times for Clocks
Setup/Hold Times for Clock CLK
Source Pad Setup to clk (edge)
Hold to clk (edge)

LEFT 5.500 0.000

RIGHT 5.500 0.000

STOP 5.500 0.000

B pasgene Clock Pad to Output Pad
(1CO) oTpaskeHa HH(pOPMaIHA O 3HAUE-
HUAX 33[I€P/KEK CUTHAJIOB HAa BCEX BBI-
XOAHBIX KOHTakTax IUIMC, ucnonssye-
MBIX B IIPOEKTE, ITIO0 OTHOIIEHUIO K CHT-
HATY CHHXPOHU3AI[HH:

Clock to Pad Timing

Clock CLK to Pad

Destination Pad Clock (edge) to
Pad

Q[0] 3.900

Q[1] 3.900

Q[2] 3.900

Q[3] 3.900

B pasnene Clock to Setup Times for
Clocks ipeiCTaBIE€HbI 3HAYEHUA Bpe-
MEHH PACIPOCTPAHECHUA CUTHAJIA JJIA

a News

BCEX IE€TEI, BKIIOYECHHBIX MEKAY JBY-
Ms TPUITE€PAMH HIH PETUCTPAMH, YII-
PaBISEMBIMU OJJTHUM CUTHAIOM CHHX-
POHHU3AIHU:

Clock to Setup Times for Clocks
Clock to Setup for clock CLK
Source Destination Delay

DIR.Q Q[0].D 4.200

DIR.Q QI[1].D 4.200
DIR.Q Q[2].D 4.200
DIR.Q Q[3].D 4.200
Q[0]1.0 Q[0].D 4.200
Q[0].Q Q[1]1.D 4.200
Q[0]1.0 Q[3]1.D 4.200
Q[1].Q Q[0]1.D 4.200
Q[1]1.Q Q[1].D 4.200
Q[1]1.Q Q[2].D 4.200
Q[2].Q Q[1].D 4.200
Q[2].Q Q[2].D 4.200
Q[2].0 Q[3].D 4.200
Q[31.0 Q[0].D 4.200
Q[31.Q Q[2].D 4.200
Q[3]1.0 Q[31.D 4.200
RUN.Q Q[0].D 4.200
RUN.Q Q[1]1.D 4.200
RUN.Q Q[2].D 4.200
RUN.Q Q[3].D 4.200

Pad to Pad List

Source Pad Destination Pad Delay

3aBepmaer OTYET C PE3yAbTATAMH
CTAaTHYECKOTO BPEMEHHOIO aHa/JIHU3a
uHOpMaIUA O KOJIUYECTBE IIPOAHA-
JIU3UPOBAHHBIX NIIYTE€H pacIpocTpa-
HEHUA CHUTHAJIOB M YHCJIE OOHapy-
JKEHHBIX OIIHOOK:

Number of paths analyzed: 20
Number of Timing errors: 0
Analysis Completed: Sun Mar 23
21:39:42 2008

I[Ipy IMMONYYEHHUH YCIEHIHBIX pe-
3y/JIBTATOB PAa3MEIIEHUS U TPACCHPOB-
KU MOJKHO MEPEeHTH K CICAYIOIIHUM
3TanaM pa3pabGOTKHU IIPOEKTHPYEMO-

ro YyCTPOHCTBA. @

IIpooondcerue credyem.

HomocTy Mmvp

OKI pacno3Haér nuua
nonb3oBaTenen

SAAnoHckas komnanus Oki Electric Industry
paspaboTana annapaTHoe peLleHue pAns
ono3HaBaHus nvua nonb3osatens. Hamowm-
HUM, YTO paHee AaHHas upma y>xe npeano-
Xuna MexnnaropMeHHOE MpPOrpammHoe
obecnevenne FSE (Face Sensing Engine),
peluaiolliee Ty xe 3apady. bnarogaps Ho-

BOV paspaboTke OaHHYH (YHKLMIO MOXHO
BHeOPSATb ¥ B annaparbl co cnabbiM npoLec-
COpPOM.

B manHbii MmomeHT OKI noctaensetr FSE
TOMBKO ANA MOBUNbHBIX TENeOHOB U -
POBbIX Kamep CPefHero v BbICOKOro Knacca
(B YacTHOCTY, ANs yny4LleHus aBTodokyca).
[Npu 3TOM OT NPoOU3BOAUTENEN U KITMEHTOB
yXe MocTynany nNpepsiokeHs YBenu4uTb

CKOPOCTb pacno3HaBaHWsa 1 yny4LinTb yao6-
CTBO paboTbl. [ns 3TOro HeO6XOAUMO UC-
nonb3oBatb 60nee COBEPLUEHHbIE MWUKPO-
CXeMbl, KOTOpbIe, B CBOK Oo4epenb, TpebyroT
60rblLie SHEPruun.

Menepxepbl OKI monaratoT, 4TO HOBOE
NPeanoXeHve MOMOXET Ha4aTb WUCMOMb30-
BaTb FSE B Hepgoporux ycTponcTeax.
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NMPOEKTUPOBAHME M MOLOENTMPOBAHMUE

0 HecHHTe3npyeMmbIX KOHCTPYKLUAX

a3bika VHDL

Metp buéuno (r. Munck, benapyco)

B ctatbe uay4arwTca MofenvpyemMbie, HO HECUHTE3UPYEMble KOHCTPYKLIUU
a3bika VHDL ans aByX LUMPOKO pacnpocTpaHEHHbIX CUHTE3aToOpPOoB
norn4yeckKkmux cxem — cuHtesatopa XST, BXoAsLLEro B COCTaB CUCTEMbI
Xilinx ISE ckBO3HOro NnpoeKTUpoBaHUsi MPOrpaMMUPYEMbIX JIOTU4ECKUX
MHTerpanbHbix cxem cpupmbl Xilinx, u cuHTesatopa Leonardo coupmbl
Mentor Graphics. CtaTtba npegHa3Ha4eHa s cneyuanucTos,
3aHUMMaKLMUXCA NPOEKTUPOBaHUEM LMPPOBbIX CUCTEM U 3HAKOMbIX C

OCHOBHbIMM 3nemMeHTamu a3bika VHDL.

A3k VHDL IIMPOKO pacIipoCTPaHUI-
Cs B Ka4YECTBE A3bIKA IIPOEKTUPOBAHUSA
IU@PPOBBIX CUCTEM. DTOMY CIIOCOGCTBO-
BQJIM €r'0 UCIIOJIb30BAHUE B PA3TUYHBIX
IPOMBIIIEHHBIX CUCTEMAX ITPOEKTUPO-
BaHMUA W CTAHJAPTU3ALUSA A3BIKOBBIX
BepCUIi. B HacTosIIEE BpEMsI OCHOBHBIM
JEUCTBYIOIIUM CTAHJAPTOM SBIISICTCSA
cranmapTt ANSI/IEEE Std 1076-1993, rio-
ABUBIIMKCA B 1993 1. u 6onee U3BecT-
HbIM Kak VHDL'93. UMEHHO 3TOT CTaH-
JapT TOAJEPKHUBAETCSA B HACTOSAIIEE
BPeEMs B OCHOBHBIX HPOMBIIUIEHHBIX
CHUCTEMAX IIPOEKTUPOBAHMA. B Takux
CHCTEMAX MOKHO KaK IIPOBOJIUTH MOJIE-
JIMPOBAHUE MCXOAHBIX CIIEIIU(PDUKAIIHI,
TaK ¥ CHHTE3HUPOBATh JIOTUYECKUE CXe-
MBI II0 KOppekTHbIM VHDL-nnporpam-
MaM. OHaKO CHMHTE3 JJOTHYECKUX CXEM
BO3MOXEH HE€ I BCEX KOHCTPYKIIMH
a3pika VHDL. KOHCTPYKIIUH A3BIKA, KO-
TOpPbIE NOIEPKUBAIOTCA IIPU CHUHTESE,
OBPa3yIOT cunmesupyemoe MOJMHONKE-
CTBO A3bIKa. HOIZIA CHHTE3upyemoe
MOAMHOKECTBO Ha3bIBAIOT TAKKE CUH-
me3sabenvrvim [1] mogmHOXKecTBOM. U
xota umeercs cranaapt IEEE Std 1076.6-
1999 Ha CHHTE3UPYEMOCTb KOHCTPYK-
nuri yposHa RTL, IpU HpaKTHYECKOM
MCIIOJIb30BAHUN PA3TUYHBIX CHHTE3a-
TOPOB CJIEAYET y4UTBIBATH CJIEAYIOLICE
BAKHOE OOCTOATENBCTBO — PAa3THYHBIC
CHHTE3ATOPBI «IIOHMMAIOT> CUHTE3UPY-
€MO€ MOJAMHOXKECTBO sA3biKa VHDL 1o-
pasHOMYy.

PaccMoTpuM JBa JOCTATOYHO pac-
IIPOCTPAHEHHBIX CHHTE3ATOPA JIOTH-
YECKHUX cxeM: cuHTe3aTop XST 1 cunre-
3atop LeonardoSpectrum, ganee Ha3bl-
Baemblsi Leonardo. Cunredarop XST
BXOJUT B cocrTaB cucreMbl Xilinx ISE
CKBO3HOT'O IIPOEKTHPOBAHHUSA IIPOTIPAM-

MHPYEMBIX JJOTUYECKHUX UHTErPAIbHBIX
cxeMm (INTHUC) ¢pupmer Xilinx. CuHTe3a-
Top Leonardo (¢pupma Mentor Gra-
phics) mo3BoO/IsIET CHHTE3UPOBATh KaK
cxempl [VIMC, Tak ¥ JIOTUYECKHE CXEMBI
B 32/IaHHOM IIOJIL30BATEIEM OUOIHOTE-
K€ IIPOEKTUPOBaHUA. Takue CXeMbl BXO-
JAT B cocTtaB 3aka3Hbeix CBUC (ASIC).
3amerum, yTo Leonardo MokeT OBITH
HCIIOJIb30BAH B KA4ECTBE HHCTPYMEHTA
cuHTe3a U B cucreMme Xilinx ISE. Ha
IIPAKTUKE 3249aCTYI0 INPUXOJUTCA HC-
I1I0JIb30BATh 004 CUHTE3ATOPA, HAIIPH-
mep, B cirydae nepexozga ot IUVIMC k 3a-
kazHor CBHC 1u60 HA060pOT, KOIJa
HY)KHO PEaJIM30BaTh 3aKA3HYIO CXEMY
B cocrae IIJIMC. Ecau UCXO/JHBIE
VHDL-1iporpaMmsl HalITHCaHBI 6€3 y4é-
Ta MCIIOJb30BAHHA JBYX CHHTE3ATO-
pPOB, TO B HEKOTOPBIX JOCTATOYHO
«TOHKHX» CUTYALIHSIX MOTYT IIPOSIBUTh-
Cs PA3JIMYMA B OIIPEJEIEHUN CUHTE3U-
PYEMBIX KOHCTPYKIIMH U IIPOEKT, CHH-
TE3UPOBAHHBIN C IIOMOUIBIO OJHOI'O
CHUHTE3aTOP4, MOXET HE CHHTE3HUPO-
BaTbCA JPYTUM CHHTE3aTOPOM.

Henpro JaHHOHM CTATBU SBJISAETCA
HM3y4EHHUE U CPABHEHUE MHOKECTB MO-
JeJUPYyEeMBIX, HO HECHUHTE3UPYEMBIX
KOHCTPYKUHH a3bika VHDL gma XST
(Bepcus 8.1i) u mis Leonardo (Bepcus
2005a.82). ITpeamnonaraeTcs, 4To 4UTa-
TEIb 3HAKOM C OCHOBAMH IIPOTPAMMHU-
poBanusa Ha VHDL.

IIpusenémM npumMep MOAETUPYEMOH, HO
HecuHresupyeMor VHDL-iporpaMmsr:
-- VHDL-XOJn, HECUHTE3UPYEMIi B

Leonardo m XST

entity example_1_shared is
port (

x1 : in integer;
vl, y2
end example_ 1 shared;

out integer);

architecture beh of
example_1_shared is
shared variable COUNT : Integer;
begin

pl: process (x1)
begin

COUNT := 1;

vyl <= x1 + COUNT;
end process;

p2: process (x1)
begin

COUNT := 3;

y2 <= x1 + COUNT;
end process;

end beh;

Paznensemas (shared) nepeMeHHas
COUNT HCIIOJIb3YETCS B JBYX IIPOILIEC-
€ax pl, p2, OAHAKO IIPH CUHTE3E IOAB-
JIIETCSA IPOTHBOPEYHE, CBA3AHHOE C
yonoTpebIeHueM 3TOM IEPEMEHHOHM.
ECTEeCTBEHHO, 4YTO €CJIH B KAXK/IOM IIPO-
11€CCE MCIIOIB30BATh CBOIO JTOKAJIBbHYIO
IEePEMEHHYIO, HallpuMep, COUNTL —
JUIsS IIpolecca pl, COUNT2 — IS IIPO-
11ecca p2, TO ONMMCaHHUE OYAET CHHTE3H-
pyembiM. Tak BOT, 1ajiee B CTaThe OyAyT
paccMaTpuBaThCa KOppekTHbie VHDL-
nporpamMmmel  (VHDL-KOHCTPYKIITUHN),
KOTOPBIE ABJIAIOTCA MOJE/JTHPYEMBIMH,
HO HE€ CHHTEe3upyeMbIMHU. byzem Ha-
3BIBATH UX 3ANPEMEHHBIMH (/151 CUH-
TE€3a, HO HE I MOJEIUPOBAHUA)
VHDL-KOHCTPYKIHMAMH. 3anpemnéH-
HbIMUA VHDL-KOHCTPYKIIMAMHU B CUHTE-
3aropax XST u Leonardo moryr OBITH
HEKOTOPBIE THUIIBI JIJAHHBIX U OIIEPATO-
pBIL. 3ampeTbl Ha CHUHTE3 MOIYT OBITh
CBA3aHBI TAKKE C ONPEACAEHHBIMU OT-
PAaHUYEHUSAMHU HAa HCIOJIb30BAHUE
OIIEPATOPOB, OTCYTCTBUE IOAAEPHKKHA
IIPH CUHTE3E MOXKET OBITh CBA3AHO TAK-
JK€ C TIPEBBIIIEHHUEM PA3MEPHOCTEH
JAQHHBIX U T.J.

IlepeyncIMM KOHCTPYKIIMH, KOTO-
pBIE He n000epPHCUBAOMCA NPU CUHINE-
3e o6onmu cuHTe3aropamu XST u Leo-
nardo. ITonyrHo 6yaeM (PUKCHPOBATH
HAN/I€HHbBIE 3KCIIEPUMEHTAJIbHBIM ITy-
TEM pPa3JIAYHA B IOHUMAaHUH (Onpeje-
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JIEHHH) CHHTE3ATOPAMH 3alpeméH-
HBIX KOHCTPYKUHUH. 3aMeTHM, 4YTO
GOJIBIIIOE YHUCIO IPUMEPOB CHHTE3H-
pyembix VHDL-KOHCTPYKIMi st Leo-

nardo MOXHO HAaUTH B [2].

Onepauumu Hap Tunom real
He NoAAEepPXUBAIOTCHA NPU CUHTE3e
OTCyTCTBHE MOJICPKKH TTIOHUMAETCS
CIEAYIOMHAM OOPa30M: €CIH MPOCKTH-
poBmuk yrorpeéua B VHDL-koze Tuil
real, TO CHHTE3aTOPBI BBIIATAYT COOO-
meHue 00 omuoOKe (THUIl real HEIb3sl
JIeKTapUPOBATh) U CXema He Oyaer
OCTPOEHA:

-- Hecuuresupyemsii VHDL-KOO B
Leonardo mu XST

entity expl_real is
port (
bl :

-- ommbra

in real range 2.0 to 3.14;
(Tun real He mopmep-

XMBAETCHA IPU CUHTE3Ee)

b2 : in real range -2.0 to 4.77;
b3 : out real range -4.0 to
8.00);

end expl real;

architecture strl of expl_real
is

begin

b3 <= bl + b2;

end strl;

Onepauum Hap chanamm

He noaaepXXUBarTCA NPU CUHTE3e
JlaHHBIE OIIEPALIMH UCIIOIb3YIOT KO-

yeBble ciaoBa VHDL: file (darin),

acsess — (JIOCTyII).

Pacnpegenutenu (allocators)

He NoaAep)XUBAIOTCA NPU CUHTE3e
DTa KOHCTPYKIMSA KOMMEHTAPHEB HE

Tpedyer.

ATpubyThI,

onpepenéHHble Nonb3oBaTenem
Cunrezarop XST He DOAJIEPKUBACT

TaKkue aTrpubyThl, a CHHTE3aTOp Leo-

nardo — nogaepsxusaer. [Ipumep arpu-

oyra

[10JI30BATEJIEM, TPUBEIEH B JIMCTUHIE:

two_length, OIIPEAEIEHHOTO

-- VHDL-KOH, CMUHTE3UPYEMEIi B
Leonardo
-- VHDL-KOn, HECUHTE3UPYEMSII B

XST

entity attr is

port( a :
5);
b

in bit_vector (0 to

out integer); end;

NPOEKTUPOBAHME U MOOENMNPOBAHMUE

architecture beh of attr is
attribute two_length : integer;
attribute two_length of a : sig-
nal is (a'length) * 2;

begin

b <= a'two_length;

end;

B pesyiabrare CHHTE3a IIPENCTaAB-
snennoi VHDL-niporpammsel Leonardo
IIOJIy4aeT CXEMHYIO peaJn3aruio
KOHCTAHTBI
maccusa). Jlormyeckas cxema COC-

TOHUT M3 JJIEMEHTOB, PCATUIYIOIIHUX

12 (yaBOEHHAsd JIIHHA

JIOTUYECKUI HY/Ib U JIOTHYECKYIO €U~
HHUILY.

CurHanbl, ieKnapupoBaHHbie
B nakerte

Cunresarop Leonardo xe noodoeporcu-
gaem TaKue AeKaapanuu (Ipumep B
JIMCTUHTE HIDKe), cuHTe3aTtop XST —
noooepacusaem. B 1mucTuHIe npuBe/e-
HO CTPYKTYPHOE OIIMCAaHHE CXEMBI,
BHYTpeHHHI curHana Cl KOTOPOM JeK-
JIApUPOBAH B nakeTe pack:

-- VHDL-KOH, HECHHTE3UDYEMSIi B
Leonardo
-- VHDL-XOn, CHMHTe3upyemsni B XST

package pack is

signal Cl1 : bit; -- pexknapauua
curnana C1

end pack;

package body pack is
end pack;

Library work;

use work.pack.all;
entity adder_2 is

port (al, bl, a2,b2 : in BIT;
c2,82,81 : out BIT);
end adder_2;
architecture struct_1 of adder_ 2
is
component
addl port (bl,b2: in BIT;
¢l;81: out BIT);:
end component;
component add2 port(cl, al,a2:in
BIT;
c2,82:0ut BIT);
end component;
-- signal c1:BIT := '1"; —- curxan
aexnapupoBaH B makere pack
begin
circl: addl port map (bl, b2,
cl, 8l)q
circ2: add2 port map (cl, al,
a2, ¢2, 82);

end struct_1;

3aMeTuM, 4TO €CJIM BHECTH B OIIHCA-
HUE CTPOKY, SABJISIOLIYIOCI KOMMEHTA-
puem (B VHDL kaxkaas crpoKa KOMMEH-
TApUsl HAYUHAETCA C ABYX CHMBOJIOB
«—»), 1 HE UCII0JIb30BATh IIAKET pack, TO
u a1 Leonardo onucanue CTaHeT CHUH-
Te3upyemMbiM. OUEBHAHO, YTO 00a CHH-
TE3aTOpa IOTPEOYIOT (PYHKIIMOHAIb-
HbI€ OIIMCAHUS KOMIIOHEHT addl, add2
JUISI HOJTHOTHI ITPOEKTA.

KnroueBoe cnoso after
WUrHOpUpPYeTCH Npu CUHTe3e

DTO CIPaBEIMBO /11 OOOUX CHHTE-
3aTOPOB. UTHOPHPYETCS — 3TO 3HAYHUT —
IPOITYCKAETCS, KaK OyJTO 3TOrO CJIOBA
BOBCE M HeT. [I03TOMy CMHTE3aTOPbI HE
rapaHTHPYIOT TPEOYEMYIO 3aJEPKKY
CHHTE3UPOBAHHON CXEMBbI (3aJ€PKKA
OIIpEeIEIAETCA AITOPUTMHUYECKON MO-
1e1p10). CUHTE3aTOPhl OPUEHTHPOBAHBI
HA PEATH3ALIHUI0 HEKOTOPBIX (PyHKIIUM
(anropuTMOB), KOTOPBIE COOTBETCTBY-
IOT COOBITHUSAM, CBSI3AHHBIM MEXKIy CO-
6011 TPUYUHHO-C/IE/ICTBEHHBIMU CBA351-
MH B (PU3HMUYECKOM BPEMEHH, CXEMHas
peamuzanus (PYHKIHH MOXKET IIPUBEC-
TH K IIOBE/ICHUIO BO BPEMEHH, OT/IMYAIO-
MIEMYCS OT IMMOBEJICHHs BO BPEMEHHU aJl-
TOPUTMHAYECKOHN MO/ICIIN.

Hanpumep, onepaTtop
Y <= X1 or X2 or X3 after 30 ns;
B IIPOLIECCE CUHTE3A 3AMEHAETCA TPEXB-
XO/IOBBIM JU3BIOHKTOPOM, KOTOPBIHA
UMeEeT 34I€PIKKY, HallpuMep, 3 HC. DTO
peanbHas 3aJ€PKKA JIOTHYECKOI'O 3Jie-
MEHTA U3 TEXHOJIOTHYECKOHN 6ubanore-
Ky. TAKUM K€ JTJOTUYECKUM 3JIEMEHTOM
OyJeT 3aMeHeH oneparop
Y <= X1 or X2 or X3 after 1 ns;

Jlaxxe B 3TOM IPOCTEMIIEM IIPpUMEpPe
BU/IHO, YTO ITOBEJAEHHUE BO BDEMEHHM HC-
XOIHOM aITrOPUTMHYECKOM Mozenn Oy-
JIET OTJINYATHCS OT IIOBE/ICHHA JIOIHYeC-
KOM CXEMBI.

OrpaHM4YeHUs Ha UHULUaANU3auuIo
3Ha4YeHUn

HUrHOPHUPYIOTCSA MHUIIMAIbHbIE 3HA-
YEeHHsI CUTHAJIOB B pasjiese JAexiaapa-
MU CUT'HAJIOB APXUTEKTYPHOT'O TeJIa.
UTrHOPHUPYIOTCS MHULMAJbHBIE 3HA-
YeHHUs IOPTOB OUTPUT, INOUT B MH-
Tepderice 06bEKTa NPOEKTA, T.€. B
entity. B onneparope npouecca urHo-
PUPYIOTCS MHUIMAJbHbIE 3HAYEHHS
IIEPEMEHHBIX B pasjeie AeKIapaiumn
IIE€PEMEHHBIX.
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NMPOEKTUPOBAHME U MNOAEJNIMPOBAHME

OrpaHv4eHUs UCNONb30BaHUSA
oneparopa uyukna loop

LIUK/IBI TOVIEPKUBAIOTCS, €CTH LIHK-
JIOBBIE ITIEPEMEHHbIE OTPAHUYEHbBI KOHC-
TAHTAMH.

OrpaHuyeHUs Ha UCNONb3OBaHUe
onepartopa wait

Beipaxenue B yoI0BUH until omepa-
TOpa Wait JO/DKHO OIIPEAE/ATh IIepe/-
HUH WIN 33THUH (PPOHT. MHOTOKPATHBIE
OIIEPATOPHI wait JOIYCKAIOTCSA B ONIEpa-
TOPE MPOLIECCA, OJHAKO YCIOBUS OXKU/JA-
HUs JTO/DKHBI OBITh OJMHAKOBBIMH [2].
Iia XST onepaTop wait HE MOMKET GbITh
BHYTPH IIUK/IA (OIIEPATOP ITUKIA MOMKET
ObITh B mporiecce, (DyHKIHMH, IPOLE/IY-
pe), w1 Leonardo — MOXer.

OrpaHuYeHus Ha aTpUbYTbI

BbiienieHUsi Y)POHTOB CUrHaANOB
ATpubyTBl 'event, 'stable MOTYT

OBITH MUCIIOTB30BAHBI TOJIBKO JJISI TOT'O,

4TOOBI

3aaHU (PPOHTEI CUTHAIOB. Hanpumep:

® clk'event clk='1"' (3amaHue
nepeaHero (poHTa CUrHaia clk);

® clk'event clk='0"' (3agaHue
3aaHero (OpoHTa CUrHana clk);

® not clk'stable and clk='0"' (3a7a-
HHUE 33JHEr0 (PPOHTA CUrHAIA clk).
Bripaskenust, 3agaromue (h)pOHTHI CUT'-

HAJIOB, MOTYT OBITH HCIIOJIB30BaHBI

TOJIBKO KaK ycioBusa. Hanpumep:

® If (clk'event and clk='1') then
(yciioBue B orieparope if);

OIPEICIUTh IIEPEAHUN WU

and

and

® Wait until ((not clk'stable) and

clk='0') (ycioBue B oneparope
wait);
® Block (clk'event and clk='1')

(OXpaHHOE BBIPAKEHHE B OIIEPATOPE

06710Ka).

B ycnoBuax (BBIpaKEHHSAX), IJIE €CTh
CHHXPOCUTHAJI clk, HE JOIyCKaeTcsa
yHoTpebieHue APyrux CUI'HAJIOB. Ha-
MpUMep, KOHCTPYKIIHSA

If (clk'event and clk='1l' and
rst ='0') then
SABIACTCA 3alpemEHHON KaK s

Leonardo, Tak u st XST.

B npuBeIEHHOM HIDKE IIPUMEPE CHH-
Te3aTop Leonardo cuHTE3HpyeT cxemy
(TpUITEP MU JIOTUYECKHH 3JIEMEHT), a
cuHTe3aTOp XST BBIAET COO6IIEHNE 06

ommuobKe:

-- VHDL-KO&, CHMHTE3UDYEMEII B
Leonardo

-- VHDL-KOX, HECHUHTE3UDPYEMHIi B
XST

library IEEE;
use IEEE.std logic_1164.all;

entity event is

port (CLK, D : in std_logic;
Q1 : out std logic;

Q2 : out boolean);
end;

architecture RTL of event is
begin

process (CLK)

begin

if (CLK'event and CLK =
then --

Qli <= D

end if;
Q2 <= (CLK'event and CLK = '0"); --
UHBEPTOP

1)

TpUrTEep

end process;
end RTL;

Ecim ymanuTe M3 JTUCTUHTA CTPOKY,
OTMEYEHHYIO KUPHBIM HMPUPTOM, TO
XST crpout cxemy — D-Tpurrep.

B cremyromem nmpumepe CHHTE3ATOP
XST HE CHMHTE3UPYET JIOTHYECKYIO CXe-
My, Leonardo — cuaTe3upyerT:

-- VHDL-KOJ, CUHTE3UDPYEMEIi B
Leonardo

-- VHDL-KOI, HECHUHTE3UPYEMEIi B
XSsT

entity while_loop is
port (inp_sig : in bit_vector (3

downto 0);

ena : in bit;
result : out bit_vector (3 down-
to 0));

end while_loop;
architecture example of
while_loop is
begin

process
variable i : integer;
begin

4 = 0
(i<4)
result (i) <=

while loop
ena and
inp sig(i);

1 v=-q1 4 1%

end loop;

wait until (inp_sig = "1010");
end process;

end example;

Bcé€ neno B BBIICIEHHOM >KHPHBIM
mpudrTom ycnosuu (inp_sig = "1010")
OJKH/IAHUS B OIlEepaTOpE wait: IJIs1 CHH-
Te3aTropa XST He JOIyCKaeTcs HC-
I10JIb30BAHUSA BEKTOPOB B YCJIOBHIX
Ui wait. Ecim MCIOIB30BATh OHO-
6uTHBIA curHail, To XST cxemy cuHTE-

supyer. B cunrezarope XST oneparop
wait MOXKET MCHOJIB30BATHCS B CIEIY-
IOIIEM BHJIE:

wait [on clock signal] until
[clock_signal'event | not
clock_signal'stable) and]
clock_signal= {'0'|'1'};
KBagpaTHble CKOOKHU O3HAYAIOT HE-
005A3aTEIbHOE BBIPAKEHHE, BEPTUKATb-
Hasg 4epra CIOyKUT i1 0OO003HAYECHMUS

AJIBTEPHATUBHBIX CJIy4Ya€CB.

OrpaHu4YeHUs Ans onepauumn
{/s rem, mod}

B BeIpakeHHAX
c <= x / y; —-- omnepaunus QOeleHusa,
C - nenas 4YacThk dYacCTHOI'O
d <= x rem y; -- omepauusa nene-
Husa, d - ocTaToxk
e <= x mod y; -- omepanus pmene-

HUSA IO MOZIVII

3HAYEHHUE y JOJDKHO ObITh 2Y, N=0,1, 2, ....
Hanpumep, ceayionue BbIPayKeHUsT:

c <= a /(-2); --error
d <= b rem (3); --error
e <= x mod (5); --error

PacCCMaTPpUBAXOTCA KAK OIINOKH, U CXe-
MbI HE CHHTE3UPYIOTCA.

OrpaHu4yeHus onepartopa **
(Bo3BegeHue B cTeneHb)
Oneparop
c <= a*®(2); --error
npuBoguT K omuoéke B XST u B
Leonardo. B 060uxX CUHTE32TOPAX TOJIb-
KO YMCIO 2 MOXXHO BO3BOJHUTH B CTE-
II€Hb:
2** (N); -- good
rge N — 1enoe IOJIOKUTEIBHOE YHCIIO
THUIIA integer.
B Leonardo MOXHO CXEMHO peau-
2** (N);, €CJIH
pa6orares B

30BaTh ONEPATOP ¢ <=
0 < N £ 30. Yrob6m1
Leonardo ¢ 6oiplIeii pa3MepHOCTHIO
N Thna integer, TPEOYETCS MOJKIIIO-
YEeHHE NAKETOB, HANPHUMEP IaAKeTa
NUMERIC_STD. Bce onmcaHHbIe B 1aKe-
T€ NUMERIC_STD (DyHKIIUH ITO/ICPIKH-
BaIOTCs IPU CHHTE3E, KpoMe (DyHKITHI
{/, rem, mod}, KOTOPBIEC CHHTE3HPY-
IOTCSI TOJBKO B CJIy4YasX, KOTJAa Je/Iv-
TENb paseH 2~
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B ormune ot Leonardo, cUHTE3aTOP
XST peanusyer oneparop:

Clic= 2%*(N);
st N > 30.

OxpaHsaeMblii 610K

I[IpuMep INOKAa3bIBAET DPA3IUYHI B
CHHTE3UPYEMBIX KOHCTPYKLIHAX Leo-
nardo u XST: B cunTtesarope Leonardo
cxema cuHTe3upyercs, B XST BeIJa€TCA
COOOIIEHUE, YTO OXPAHAEMbBIE CUTHAJIBI
HE IOJJECPKUBAIOTCA IPH CHHTE3E, U
cxXeMa HE CTPOUTCS:
-- VHDL-KOH, CUHTE3UPYEMHII B
Leonardo
-- VHDL-KOQ, HECUHTE3UDPYEMEII B
XST

entity guard is

port (

%1, %2, %3, x4, x5; %6
¥, W i3 out bit);

end guard;

architecture str of guard is
begin

pl: block ((x5 and x6 )='1")
begin

v <= guarded (x1 or x2);

w <= guarded (x3 xor x4);
end block;

end str;

HasnayeHue curHana

B XST noagepKuBarOTCs OIEPATOPHI
HA3HAYEHUA CUIHAIA C KIIOYEBBIM CJI0-
BOM transport U HE IOJJECPKUBAIOTCS
CO CIIOBOM guarded (OXpaHsAeMblil). B
Leonardo Takux OTpaHHUYEHHH HET.

CurHanb! Tuna register, bus

B XST He n000epiucusaromcs THIIBI
register, bus, a B Leonardo nogaepxu-
BaroTcsa. ECM AeKIapupoBaTh CUTHAJIbI
TaKoro tuna, To cuaresarop XST Beiga-
éT craenyiomee COoOlIeHHe: «Bus — or
signal

register unsupported in

declaration.»

KnioueBoe cnoBo disconnect
He nogaepXuBaeTcs

B TaGauily CBEJEHBI PE3YJILTATHI
CpaBHEHHUS CUHTE3aTOPOB: 3HAK «—» CO-
OTBETCTBYET 3aIPEIIEHHOM /I CUHTE-
32 KOHCTPYKIIUH; 3HAK «+> COOTBETCTBY-
€T CHHTE3UPYEMOH KOHCTPYKIIMH; 3HAK
«#» YKA3BIBACT HA PA3IMYHOE ITOHUMA-
HUE CUHTE3UPYEMOCTH KOHCTPYKIIUH B
CpaBHHUBAE€MBIX CHHTE3aTOpax. B 06-
1meM OKasbiBaercs, 9ro Leonardo nme-

NMPOEKTUPOBAHMVE U MOLOENIMPOBAHME

Pe3aynbTaTbl CpaBHEHUs CUHTE3aTOPOB

real

file, accsess

allocator

disconnect

guarded

register

bus

linkage

group

| wait

x/a;xrema;xmoda; (a=2%N=01,2,...)

2**N

()

[leknapauus curHana B nakete

+ =

ATpubyT, onpeaenéHHbIN Nonb30BaTeNnem

- +

‘i after

NrHopupyetcs WrHopupyetcs

er MeHblle 3anpeméHHbIX VHDL-
KOHCTPYKIIUH, HCKIIOUYEHHUE COCTABIISA-
€T TOJBKO OIepanus
crenens 2%, st KoTopor XST He nmMeer

BO3BCACHUA B

orpanudenusa N < 30. [Toaromy npoek-

TBI, CHHTE3UpOBaHHBIE B XST, nMeroT

IIAHC OBITb CHHTE3UPOBAHHBLIMHU B

Leonardo 6€3 JOIIOJIHHUTEIbHBIX U3Me-

HEHU, HO He HA000pOoT. OZHAKO 3TO

He aO6COJIOTHBIM BBIBOJ, OIIBITHBIE

IIPOEKTUPOBIIUKH, BO3MOKHO, BCTpE-

YaJUCh U C APYTUMH CUTYALUAMH HE-

COBMECTHMOCTHU CHHTE3ATOPOB. CHH-

TE3aTOPBI OBICTPO COBEPIIEHCTBYIOTCS,

U I CJIEAYIONIUX BEPCHH CUTYALUS

MOKET OBITD YK€ IPYTOM.

151 TIOJTy4eHHMA CHHTE3UPYEMBIX ITPO-
€KTOB, IMOBBIIICHUS UX KAa4€eCTBA U BO3-
MO’KHOCTH HCIIOJIb30BAHNA OOOMX CHH-
te3atopoB — XST u Leonardo — MOXHO
PEKOMEHIOBATD CJIEIyIOIIEE.

e He ucnone3dyrite B VHDL-tipoekTax
3a/1aHUE BDEMEHH B «<sIBHOM» BU/JIE, T.€.
creayeT u30eraTb KOHCTPYKIIMM BHU/IA
wait for;

e [lepexmroganTe COCTOSHUS IIPOEKTH-
PYEMBIX CHCTEM IIO HM3MEHEHUAM
(POHTOB U YPOBHEH CUTI'HAJIOB;

® He moimb3yHTeCh KOHCTPYKIIUAMH, KO-
TOpPBIE HE CHUHTE3UPYIOTCA (Pa3ayuda-
FOTCSI B IIOHMMAaHHH) B OOOHX CHHTE3A-
Topax. Ilonbp3yniTeCch TEMH KOHCT-
PYKIIUSIMH, KOTOPbIE IOHHMMAaIOTCH
OJVWHAKOBO B OOOMX CHHTE3ATOPAX,
TEM OOJIe€ YTO TAKMX KOHCTPYKLIUH
TOAABJIAIONIEE GOMBIIHMHCTBO;

e [N yHU(PHUKALHUHU IIPOEKTOB I10/b-
3yHTECh MaKeTAMU U3 OHOIHOTEKH
IEEE;

® OCOGEHHO OCTOPOIKHO CIIeyeT 00pa-
ATBCS C OIEPATOPOM wait OXKH/Ia-

HUSA WU BBIPAKEHUAMH IS YCJIOBUM
oxxkuaHusa. UMEHHO 3TH KOHCTPYK-
LU IPHUBOJAAT K IIOCJIEJOBATEIBHO-
CTHBIM CXEMaM, T.€. CXEMAM C TPHUITe-
paMH, 1 UMEHHO 3/1€Ch €CThb BAXKHbIC
otmuuus XST u Leonardo. B Beipaxke-
HUSIX C CUTHAJIOM clk JJOJDKEH y4acCT-
BOBATh TOJIBKO OJIUH CUTHAJ clk, 4 HE
HECKOJIBKO CUTHAJIOB, — 3TO JIOBOJIbBHO
TUIIUYHAS ONTHOKA;

® JI)1st OTTUCaHUSI KOMOMHAITMOHHOM JIO-
TUKH HE HCIOJIb3YHTE OXPAHSAEMbIE
CUTHQIBI ¥ 6JIOKM — OHU BEAYT K TPUT-
repam;

e Yem Ommxe ctuab VHDL-mporpamm
K ctwno data flow [1, 2], Tem ny4d-
e pe3yabTaThl CUHTE3a B OOOHMX
CHHTE3aTOpaxX — HMEETCA B BUAY
CJIOKHOCTD U OBICTPOJIEHCTBHE JIO-
TUYECKUX CXEM;

® COBMECTHMOCTb CUHTE3aTOPOB XST 1
Leonardo moxxer OBITH ObecriedeHa
Ha ypoBHe RTL-ommcaHui, HaAIIpHU-
Mep, IPOEKT CHHTEe3upyercs: Leonar-
do, 3areM € HOOMOUIBIO KOMAaH/bI
unmap OCYIIECTB/ISIETCS IIEPEXO] K
RTL-onumcaHuio, KOTOPOE BOCIIPHUHU-
maercsa cuHTedatopoMm XST. Hamom-
HuM, uTo RTL-onmucanHusd, mosy4dae-
mbie Leonardo mocie unmap, cogep-
JKAT TOJIBKO JIOTHYECKHE OIEepPaTOPhI
U OIIEPATOPHI port map CTPYKTYPHO-
IO ONHCAHUA.
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NMPOEKTUPOBAHME U MOAOEJIMPOBAHME

MopaenupoBaHue UCTOYHMKOB
npegHaMepeHHbIX nomex
cucTtemMam aHanoroBou cB3u

Poman AHTuneHckuii (r. Boponex)

B cTatbe paccmatpuBaeTcs MeTogMKa co3aaHUA UCTOYHMKOB
npegHamMepeHHbIX MOMEX CUrHanam ¢ aHasoroBov MogynsiLmen.

3TN UCTOYHUKM NOMeX NnpefHa3Ha4yeHbl A MOAENMPOBaHUSA peasibHbIX
yCnoBuih paboTbl NPUEMO-NepeaaroLLeli paguoaNieKTPOHHOW annapaTtypbl,
UCMOoNb3YIOLLEeN CUTrHaNbI C aHanoroson Mmogynauuen. Ctatbsi MoOXeT
OKasaTbCsl MoJIe3HOW pa3paboTyMKaM TaKou annapaTypbl.

ITpy IPOEKTUPOBAHUH MPUEMO-TIEPE-
JAOIIMX PATUOTEKTPOHHBIX YCTPOMCTB
C MOMOILIBIO CHCTEM CXEMOTEXHUYECKO-
ro mopemuposanusa (CCM), Takux Kak
OrCAD, Microcap, DesignLab u zip., wacto
IPUXOJANTCS UCIOIb30BATh PA3THYHBIE
MCTOYHHUKH CUTHAJIOB JIJIs1 IIPOBEPKH IIPO-
EKTHPYEMO¥ CXEMbI HA IIPEAMET IIepeaa-
4d (IMIPeoOPA3OBAHMS) IEPBUYHOTO CHT-
Hala 6e3 MCKaKEeHUI. [Ipu 3TOM HMEro-
IIMECS B IIOJOOHOIO poja IPOrpaMmax
MCTOYHUKH CUTHAJIOB HE BCEI/IA B ITOTHOM
Mepe YAOBJIETBOPAIOT 3aIIPOCaM paspa-
GOTYMKOB. [IJI1 MCCIICIOBAHUST XapaKTe-
PHUCTUK CO3/IABAEMBIX YCTPOMCTB B YCIIO-
BHSAX BO3/IEHCTBHSA PEATHHBIX CUTHAJIOB 1
TMIOMEX YACTO IIPUXOJUTCA PA3PA0ATHIBATH
COOCTBEHHYIO MOJIE/Ib BXOJHOM CMECH
CHUTHAJIA ¥ TIOMEXH, 4 3aTEM HCITOIb30BATh
€€ r1pu MoJeIMPOBaHUHU cxeMbl B CCM. B
OPEABIAYIINUX IMyomuKanuax [1-4] aBrop
[TOKA32J1 METOJJUKY PAa3PAGOTKH B UCTIONb-
30BAHMSA UICTOYHHUKOB PA3/IMYHbBIX CUI'HA-
JIOB B IIPOrpaMMHO¥ cpezie MathCAD. Dra
CTaTbsi 3HAKOMHUT YHUTATEIS C MOJE/ISIMH
MPEIHAMEPEHHBIX IIOMEX CHUCTEMaM aHa-
JIOTOBOM CBI3H, CO3/IABAEMBIX aIlIIApaTy-
PO¥ PagHUOIIOIABICHUS, U C METOIUKOM
HCTIO/Ib30BAHMSA TAKUX IIOMEX B KAYECTBE
BXOJHBIX CUTHAIOB B CCM pa/IMO3/IEKT-
POHHBIX YCTPOHCTB DesignLAB.

CornmacHO JEHICTBYIOMICH B HACTOSIIEE
BpEMsI KITACCHU(PUKALIN, TIOMEXOBBIC CHT-
HAJIbI IEJIATCA Ha TPU OCHOBHBIX BHU/A [6):
JIECTPYKTUBHBIE, MACKUPYIOIIUE M HMU-
TUpYyIomue. Takke MOryT IMETh MECTO UX
KOMOMHAIIUH. MaCKUPYIOIIHE ¥ UMHTH-
PYIOLIHE TTOMEXOBBIE CUTHAIBI, KAK IIpa-
BWIO, ABJIAIOTCSA aJIUTUBHBIMH, T.€. B TIO-
JIABIIEMOM IIPHEMHOM YCTPOYVICTBE OHH
CKJIA/IBIBAFOTCSI C TIOJIE3HBIM CHTHAJIOM.
JleCTPpYKTHBHbIE IOMEXOBBIE CUTHAJTBI Pe-
ATUBYIOTCA C TIOMOIIBIO IIPEAHAMEPEH-

HBIX 3JIEKTPOMAarHUTHBIX HW3TYJCHUIT
6O/IBIION dHEpPruu. BozziericrBue aect-
PYKTHBHBIX ITOMEXOBBIX CUTHAJIOB ITPH-
BOJAUT K HEOOPATHMBIM HM3MEHEHHSIM
BXOJHBIX 3JIEMEHTOB IIPHUEMHBIX YCT-
PO¥ICTB OOBEKTOB MOJABICHMSL. MacKupy-
IOIIHE IIOMEXOBBIE CUTHAJIBL, BO3JCHCTBYS
B CyMME C ITOJIE3HBIM CHTHAJIOM Ha IIpU-
€MHOE yCTPOMCTBO, HCKJIIOYAIOT WIH B
3HAYUTETLHOM Mepe 3aTPYAHSAIOT IIPUHS-
THE pereHus: 060 OOHAPYKEHHH U PACIIO-
3HABAHUM (KIACCHU(PUKAIINI) ITOCTYIIAO-
IIUX HA BXOZ IIPUEMHOI'O yCTPOKCTBA T10-
JIE3HBIX CUTHA/IOB. OCHOBHBIE IIAPAMETPBI
UMHUTHUPYIOIMIUX ITOMEXOBBIX CHTHAIOB
MPEAHAMEPEHHO JIEIAIOTC OIM3KHUMU K
napamMerpaM CHIHAJIOB UMUTHPYEMBIX
OOBEKTOB, YTO MOKET IIPUBECTH, HAIIPH-
Mep, K IIEPEHALIETTUBAHUIO ITOIAB/IIEMBIX
CHUCTEM YIPAB/IEHMs BOMCKAMU U OPYKH-
€M C MCTHHHBIX 11€JICH HA JIOJKHBIC.
HauGorpiee pacipoCTpaHEHNE B TEX-
HHUKE DPaJIMO3JIEKTPOHHOIO IIOAABICHUS
IOJTIyYHUIA MACKHPYIOIIHUE TTomMexH [6],
CpeIi KOTOPHIX OOBIYHO BBIJIEISTIOT IIOME-
XU CUTHAJIAM C aHAJIOTOBOH U JIMICKPET-
HOM MOJIY/IAIIMEH, 4 TAKKE IIOMEXH IIHPO-
KOTIOJIOCHBIM CHMT'HaIaM. B gaHHO¥ pado-
T€ ABTOP CTABHUT LIEJBIO Pa3paboTaTh
UCTOYHHUKH IIOMEX AHAJIOTOBBIM CHUTHA-
JIaM ¥ TI0OKa3aTh METOAMKY (DPOPMHPOBa-
HUS QUIMTUBHON CMECH CUTHAIA U COOT-
BETCTBYIOIIEH €My IIOMEXH, KOTOPYIO 3a-
TEM MOXHO OyJeT NIOAaBaTb HAa BXOJ
MOJIEJTMPYEMOT'O YCTPOKMCTBA IS IIPOBEP-
KH €ro paboTOCIIOCOGHOCTH B YCJIOBHSIX
BO3JIEHCTBHA IIPEAHAMEPEHHBIX IIOMEX.

Mopgenb
YACTOTHO-MOAY/IUPOBAHHOM
WYMOBOW NMOMEXMU

B craHuMsAX MomMex JIMHUAM PaHOCBsI-
31 C CUTHAJIAMH C AaHAJIOI'OBOM MOIY/IAIU-

€M aBTOMAaTHYECKH HA3HAYAETCs ToMexa
B BHJIE HECYIIIECH, MOAYIMPOBAHHOH IO
YACTOTE TOJIOCOBBIM IITYMOM C JIEBUAIIH-
eit £3,5 kliy, £5 Iy, +10 kI (YMIID) [6].
JIsi MOAEIMPOBAHMS TAKOH IIOMEXH He-
06xoauMO  c(POPMHUPOBATH IITYMOBYIO
MOC/IEA0BATE/ILHOCTD, MCIIOJIB3YsI MOZIE/Ib
TeseoHHOoro coodmenus (1], a 3arem
OCYIIECTBUTh MOZIY/IALIMIO HECYIIEH I10
YACTOTE 3TUM ITOJIOCOBBIM IIyMOM. IIpm
9TOM MATEMATHYECKAs MOJEIb TAKOT'O
IIOMEXOBOT'O CHUTHA/IA MOKET OBITh IIPE/I-
CTaBJIeHA CJIEYIOUIUM BBIPAKECHUEM:

Savm (7 )= Smcos[znfo b +y+

Ny -1

+ 12 mp, sin(Zan lj+9p )J (@)
k=0

rjae Sm — aMILIMTy/Ia HECYIETo Koaeoa-
HUS; f( — 9ACTOTA HECYIIETO KOJICOAHMS;
V — (PA3OBBIN CABHUI' HECYHIETO KOIeHa-
HuUst; Fp,p — 9acTrora ¥ (PA30BBIF CABUAT
R-O¥ rapDMOHMKH MOJIYJTUPYIOIIErO IIy-
Ma; N — KOJIHMYECTBO MOJEIHPYEMBIX
rAPMOHHUYECKMX COCTAB/IAIOMMNX B IIy-
M€; My, — MHAEKCBl YACTOTHOH MOJLYJIsI-
LIUH, BIYHC/IAEMBIE 110 (popmyie [7]:

Umy, +dU,
My =0 (2)
k

IJI€ & — HEKOTOPBIM ITapaMeTp, XapaKTe-
PHUBYIOMHNA HEJIMHEHUHBIN 3JIEMEHT MO-
aynsaropa; Umy,, dUj, — aMILTATYABI Tap-
MOHHYECKHUX COCTABJIAIOIMX IIyMa U
nx (QIyKTyaluu.

IIpuctynmum K pa3paboTKe MOAETH
YMIII-1toMexXu B IIPOIrPAMMHOM cpejie
MathCAD, 11ipu 3TOM B KA4€CTBE TTO/JABJISI-
€MOI'O CUI'HAJIA BO3bMEM AMILUTMTYIHO-MO-
JYJTMPOBAHHBIN CUTHAJI, MATEMATHYICCKAS
MOJIEJIb KOTOPOI'O MOKET OBITh IIPEJCTAB-
JIEHA CTIEAYIOIINM BhIpAKeHHeM [1]:

N -1
S (t))=5m [1+ Z (Umy, +

+dU, )(:os(Zn(F,e +dF, )t ; +

+p )Jcos(anO £ +\u), 3)

rae Sm — aMIUIUTy/a HECYLIEero KoJie-
GaHUs; [ — 4ACTOTA HECYIIEro KoJie-
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6aHus; Fp,@, — 4acTOTa M (Pa30BBIN
CIBUT R-OM T'AapPMOHHUKH NEPBUYHOIO
curHasna; N, — KOJIM4eCTBO MOJIEHPY-
€MBIX TAPMOHHYECKHUX COCTABJIAIO-
IHUX B IEPBUYHOM COOOILIEHUH; 11, —
mapuuaabHble KO3(MOUIIHEHTHI AMII-
JHUTYTHON MOJYJIAIIUH, BBIYUC/IAEMbIE
1o (popmyiie:

my, =a
% Sm

, (€C))
I7ie d — HEKOTOPBIX IIapaMeTp, Xapak-
TEPUIVIOMIUYI HEIMHEMHBIN 3JIEMEHT
moaynsitopa; Umy, dU, — aMIUTATYbI
TAPMOHUYECKHUX COCTABIAIOIMUX Te-
s1epOHHOTO COOOIMEHU U UX (DIYKTY-
AIMH.

IlepBoe, C Yero Mbl HA4YHEM, — CHOP-
MHpPYEM OTCUETBI MHAEKCHOM IIEPEMEH-
HOM j, KOTOPYIO OyJeM HCIOJb30BATh
JIIL JOCTYIA K JIEMEHTAM MACCUBOB, a4
TaKKe cOOPMHUPYEM OTCUYETHI BPEMEHU
1; ¥ 9aCTOTHI /:

Nn:=10000 j:=1.Nn
e -6 o= 2
1;:=jx10 Sfj:=7x%10",

[anee 3agaémM KOJIMYECTBO IAPMOHH-
YECKUX COCTABIAIOMMX IIEPBUYHOIO
CHUTHAJIA, UHIEKCHYIO IIEPEMEHHYIO R, 2
TAKKE aMIUIUTYABI Um U 9acToThl F fe-
CATYU TAPMOHHK, KOTOPbIE OYAyT y4acT-
BOBaTh B (POPMHPOBAHUM MOJIYIAPYIO-
IIEr0 KOoJeOaHuA Uil AMIUIUTYIHO-MO-
JyIHPOBAHHOI'O CUTHAJIA U TIOJIOCOBOTO
nryma i YMIII-nomexmu:

N:=10 k:=1.N Um,:=3
Umy:=4 Umgz:=6 Umy:=5
Ums:=4,5 Umg:=4 Umy;:=3,5
Umg:=3 Umgy:=2,4 Umyg:=2
F, :=300 F,:=600 F;:=900
F,:=1200 F;:=1500 F;:=1800
F,:=2100 Fg:=2400
Fy:=2800 F:=3200

3arem popmupyeM caydarHble (a-
30BBbI€ CABUI'U TAPMOHHK @, PEATU3a-
U0 HOPMaJIBHO-PACHPESEIEHHOTO
myma Q, BDEMEHHOM MACCHUB IIEPBUY-
HOro curtana 7' ¥ pacCYHTBIBAEM €TI0
CHEKTP C UCIOAb30BAHUEM (DYHKIINH
AJIBTEPHATHBHOTO OBICTPOTO MPEOO-
pasoBauus ®dypwe Cfft(S(%)) [5]. Ipu
3TOM KaK /ISl BDEMEHHOTO, TaK U JJIs
CHEKTPATBHOTO NPEACTABIECHUI Mep-
BHYHOTI'O CUTHAJIA BBIIIOJTHUM HOPMH-
POBKY aMIUIMTYJHBIX 3HAa4YeHuM. Pe-
3yJIBTUPYIONIHE MAaCCHUBBI (POPMBI U
CHEKTPa MOAYIHUPYIOMIETO KOJE€OAHMA
0603HAYEHBI C UCITOTB30BAHHUEM HJIEH-

NMPOEKTUPOBAHME U MOOENIMPOBAHVE

Tuduxaropos TLF u bT COOTBET-
CTBEHHO:

um:=max(Um) @ :=rnd(Uny,)n
Q:=rnorm(10001,0,1)

T, := g Uty COS(ZT\’F L +® )
J '—lzsx um kg k
T;
R:=max(T) TLF;:=—
SwT:=¢fft(T) 0T :=|sw;|
Z)Tl
r:=max (oT) bT; =

Jlajiee BBOJMM aMIUIUTYAy CHIHaJIa
Us, HECYIILYIO YACTOTY f, ITTyOUHY MOAY-
JISILMY @ ¥ YPOBEHB IryMa Sh, popMupy-
€M AJTUTUBHYIO CMECh St AaMILTUTYHO-
MOJIYJTHPOBAHHOI'O CHTHA/IA U IIyMa M
paccuuThIBaeM €€ CeKTp b:

U:=1 f0:=70x10° a:=1 Sh:=—

st :=U(1+aTLFj )cos(anOtj)+Sij

st;
mst:= max (st) stj:= ;37

Sw:=cfft(st) v ::‘Swjl

r:=max(v) b; ===

3aTreM BBOAMM IMapaMETPhlI IIOMEXM:
AMIUTMTYJHBIM YPOBEHD Up MO OTHOIIE-
HUIO K YPOBHIO CUTHQIA, JE€BUALMIO D,
HECYIIYIO 4acTOTy momexu fp. Janee
dbopmupyem ciaydamHble
aMIutuTyael Ump 1 (PasoBBIX CABUTOB
¢p TAPDMOHHYECKHMX COCTABIAIOIINX,
V4ACTBYIOIIHMX B (POPMUPOBAHUU MO/IY-
JIMPYIOILIETO IIyMa, TEHEPHPYEM MACCUB
BPEMEHHBIX OTCYETOB IIOMEXH § B COOT-

3HAYCHHA

BETCTBUU C BeIpaxkeHueMm (1), paccuu-
THIBAEM AMIUIUTYOHBIM crnekrp YMIII-

noMmexu bp u GOpMHUPYEM ATTUTUBHYIO
cmech AM-curHana u YMII-nmomexu
(upeHTU(UKATOP SS):

D:=1000 fp:=65x10>
Umpy, :=rnd (Umy, ) +um

Opy, :=1nd(Umpy, )

Ump,, D
ump F,

ump:=max(Ump) mly, :=

S ::cos(anptj +

N
+ ¥ ml, sin(Zantj +Op, ))
k=1

Ha puc. 1 npeacrasiaeHbl pe3y/IbTaThbl
MOAETUPOBAHMA AJIUTUBHON cMecu AM-
CUTHaIA, rayccona myma u YMII-riomexu.

25
ssj+1,5
1,63

M 1111001
1 e L o

-1

05
0,38
0,25
0,13 T

bs;

0
5x 104 6x 104 7x10% 8x 104

fi

Puc. 1. Pesynbrarbl MOAENUpoBaHus
apauTMBHOW cmecn AM-curnana, rayccosa lwyma
1 YMLL-nomexm

EQuUHCTBEHHOE, YTO OCTAJIOCH CAE/IATh, —
3TO 3aIHMCATh B (DAFUT pe3yabTar (popMu-
POBaHUA BPEMEHHOTO IIPEICTABICHUA
ANIUTUBHOM CMECH I €€ HMCIIOIb30Ba-
HHS B KAYECTBE BXOJHOTO CUTHAJIA B CUC-
TEME CXEMOTEXHHUYECKOTI'O MOJIETUPOBA-
Husa POY. B CCM DesignLAB niperycmor-
PEH HUCTOYHHK CUTHAIA U3 daria, Ipu
3TOM JAaHHBIE B (paiie HEOOXOTUMO
NIPEACTABUTD B CeAyromeM (popmare:

(<oTcuéT BpeMeHM 1> , <OTCUET
aMIInIuTynoe 1>)
(<oTcuéT BpeMeHu 2> , <OTCUET

AMINIUTYOE 2>)

(<oTrcuét BpeMeH:M N> , <OTCHUeT

aMonmuTyms N>) .

I7ist TOro 4TOOBI HANI A/TUTUBHBIN
CUTHAJ BBIIVIAZEI B (pailyie IOJOOHBIM
o6pa3oM, JOO6ABUM B MOJENb CIELYIO-
LMK IIPOTPAMMHBIN KOJ:

i:=0.1 sig;;:= zf(z—O,J,ssj)

WRITEPRN ("sig .dat"): = sig

[MosICHUM BBEJAEHHBIE OOO3HAYECHUSL.
Mbl C(POPMHPOBAIM MACCHUB BCETO M3
nByx 3HadeHur (0 u 1) 11 MHIEKCHOM
TIIEPEMEHHOH 7, KOTOpasA OyIeT y4acTBO-
BaTh B (GOPMHUPOBAHUH JIBYMEPHOTI'O MAC-
CHBA $ig 110 IPaBHITY: eIk £ = 0, TO B j-371€-
MEHT MACCHBA 3aIIMCBIBAEM OTCYET Bpe-
MEHH [, €C/I HE PABEH HY/IO (PaBeH 1) —
TO 3aMHCBIBAEM OTCYET AATUTHUBHOTO
curnazna ss;. 3arem popmupyem pai ¢
HMEHEM sig.dat, OH OyJeT pPa3MelaTbCsa
B TOM JK€ KaTaJIOore, 4TO U Haul (Pani ¢
MozeIbI0. CIIEAyeT TAKKE CKa3aTh O TOM,
4TO [/ IPABUIBHOM 3aITMCH PE3Y/IbTa-
TOB MOZEIMPOBAHUA B (paiiyI HEOOXOU-
Mo B riporpamme MathCAD ycTaHOBUTH
CIIEYIOIIHE 3HAYCHUS CUCTEMHBIX ITa-
pamerpoB PRN File Settings: Precision
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NMPOEKTUPOBAHUWE U MOOENMNPOBAHUVE

oSiem Schernatics - [*pd.sch p.1 (stale) ]
Edt Draw Nevigets View Options Anaysis Took Marbars Window Help

Ol=ial 8| +[v(e] of | slajala(a]| siTiow|

®
FILE=sig.dat ’

K

BE2|n 00|

0,5
04
03
0,2
01

H;ix 0,5

b,
i i it g

0% 10° 7x10¢ 8 x 104

Puc. 2. HenbitatenbHas cxema ¢ UCTOYHUKOM
curHana u3 thaiina

’ Hanpsxenue, B

1 431 12 13 14 45 16 17 18
Bpems, mc

Puc. 5. ApautusHaa cmecb AM-curiana

1 YMLL-nomexu Ha BXope n3bupatenbHoii uenu
papuonpuEMHOro yCTpoicTea NoAaBnsemoi
CHUCTEMbI CBA3N

Puc. 3. Pe3ynbratbl MoenMpoBaHna UCTOYHUKA
CUrHana ¢ apauTMBHOA cmecblo AM-curnana
v YMLU-nomexu B cucteme DesignLAB

Hanps»enue, MB

375
250
125 A
|/ Nk
0 b

20 40 60 80 100 120
Yacrora, kI

Puc. 6. ARAVTMBHBIV CUrHan Jo W nocne
thunbTpayumn u3bupaTenbHoii Lenbo

Puc. 4. Pe3ynbTathl CNEKTpanbHoro aHanusa
AAAMTMBHOIO CUrHana B cUcTeMe
CXeMOTEeXHUYecKoro mogenuposanus DesignLAB

(ToyHOCTB OTOOpakeHus) = 10, Column
Width (mupuna cronéna) = 20.

ITokaxkeM Temneppb, KaK BBIIOJIHUTH
BBOJ| U MOJE/JIHPOBAHUE HCIIBITATE/Ib-
HOM CXEMBbI /IS IIPOBEPKH HCTOYHHUKA
curHana B DesignLAB. Beeaém cxemy,
NOKA3aHHYIO Ha PHUC. 2.

B xayecTBE MCTOYHHUKA CUTHA/IA BOC-
nonb3yeMcst KomrtoHeHTom VPWL_FILE
(MCTOYHMK HAOPSDKEHUS, 33JAHHBINA B
(aiiyie) ¥ yCTAHOBHUM 3HAYEHHE €ro aT-
pubyra File = sig.dat. Coxpanum co6paH-
HYIO CXEMYy, IIOMECTHB B MAIIKy CO CXe-
Mo (paiin sig.dat, 3a1aguM mapamMeTpsl
JIMPEKTUBBI BPEMEHHOT'O AHATIU3a U BBI-
IOJIHUM MOJIEIMPOBaHMeE. B OKkHe Ipo-
rpammel Probe cucremsr DesignLAB Mbl
YBHAUM TOYHO TAKOM K€ AJTUTHBHBIN
CUTI'HAJI, KOTOPBIY IEPBOHAYAIBLHO OBUT
CO3/JaH HAMH C IIOMOIIBIO IPOTrPAMMBI
MathCAD (cM. puc. 3).

BbIIOTHUB OBICTPOE JTHCKPETHOE
npeob6paszosanue Pyppe B CHUCTEME
CXEMOTEXHUYECKOTO MOJEIHUPOBAHUS
DesignLAB, MOTyYHM CHEKTpPaJIbHOE
IPEICTABJICHUE CUMIHAJIA, ITOJTHOCTBIO
COOTBETCTBYIOIIEE TOMY, KOTOPOE MBI
MOJTYYMIIN C HCIIOIb30BAHUEM pa3pabo-

15

0,75
0

s3t;

-0,75 |

-15

LT 6K

B u

fj

Puc. 7. Bpemennas thopma nepsu4Horo
W AETeKTUPOBAHHOIO CUTrHaNoB

TAHHOM MOJIEJIM B IIPOTPAMMHOM cpejie
MathCAD (cm. puc. 4).

TTokakeM BO3MOYKHOCTb OCYIIIECTBIIE-
HHs1 AaHAIM3a IpreMa AM-CHUTHasIA B yCIIO-
BUAX BozgericrBusa YMIII-iomexu ¢ uc-
MOJIB30BAHHEM PAa3PAOOTAHHOIO HCTOY-
HUKA CUTHaIa. I 3TOro IpumeM
CJIe/TyFOIIHE OTPAHNYEHUS U JIOITYIICHYST:
© B KQUeCTBE U30HUPATE/IBHOM LEIHU Pa-

JUOIIPUEMHOIO YCTPOHCTBA AM-cuUr-

HaJa OyAeM HCIIOJIb30BaTh IPOCTOM

KOI€0aTeIbHBIN KOHTYP;
® JEeTEeKTHPOBaHHe AM-CHUTHaIa U €ro

GUABTPALHIO OYAEM OCYIIECTBIISITH C

HMCIIOJIb30BAHUEM MATEMATHYECKHUX

omnepanuM, KOTOPBIE JETATHU3UPYEM

Jasee;
® NpH aAHAJTHU3E PE3YAbTATOB IpHEMA

curHaza 6yaeM HCIOIb30BaTh (PyHK-

ITUIO ONTHOOK, 3HAYEHHST KOTOPOX MO-

JIOJKMM OT/IMYHBIMH OT HYJ/IA IIPH IIpe-

BBIIIEHHUH PA3HOCTH OTCYETOB UCXO-

HOI'O M JIETEKTUPOBAHHOT'O CUTHAJIOB

HEKOTOPOTO ITOPOra.

3agaguM napaMeTphl IEMEHTOB KO-
1€6aTeIbHOrO KOHTYpa R, L, C, paccyu-
TAEM €r0 KOMILIEKCHYIO IIEPEAATOYHYIO
XAPAKTEPUCTUKY A U BBIYUCIUM €T0

J06pOTHOCTD QR U PE3OHAHCHYIO YaC-
TOTY fD:

R:=500 C:=20x10° [:=0,253x1073

2= EC jp::% Qk::R%
b= 1 7
-, i
1+J-1Qk 2nj§ +2nﬁ

b2

b2, :=‘bj-l z:=max(h2) H; :=?"

BeiBeeM Ha rpapUK CIIEKTPBI CUTHA-
JIOB M IIOMEXH, AMIUIATYJHO-4aCTOT-
HYIO XapakTepucTuky (AYX) KoHTypa
(cMm. puc. 5).

Hcnonb3ysi CHEKTPAJIBHBIM METO/,
aHajM3a [7] DPOXOKIEHUA CUTHAIOB
4Jepes LENH, BBIYHCIUM KOMIUIEKCHBINA
crekTp cmecu K3 Ha BbIXOAe U36upa-
TEJIPHOU LENU PATUONPHUEMHOIO YCT-
PO¥ICTBA IOAABIAEMOM CUCTEMBI CBA3H.
BpIIOHUB OOpaTHOE AJIBTEPHATUBHOE
npeo6pazosanue Pypwe icffi(x) [6], mo-
JIyYUM MACCHB KOMIUIEKCHBIX OTCYETOB
AOIUTUBHOM CMeCH S37 Ha BBIXOJIE BO
BpeMeHHOMH popme (cM. puc. 6):

R3;:=Sw3;b; r3;:=|R3;

r3y

a3:=max(r3) Sp5j;=_E
S3t:=icfft (R3) S?)t»,‘::Re(S?)lj)

$3t;

Zz3:=max(s3t) s3¢;:= =

Ha puc. 6 mOKa3aHBI PE3yAbTATHI
GuIBTPpANIMU AATUTHBHOM CMECH CHI-
HaJIa ¥ IOMEXH, B3 KOTOPBIX BUAHO, YTO
B BBIXOJHOM CHTHa/JI€ 3HAYUTEIBHO
OC/Ia6JIEHO BIMSHHUE IIYMOB (BBICOKO-
YaCTOTHOH COCTABJISIONIECH).

3aTeM BBIIIOJHHM JEeTEKTHPOBAHUE
AM-cUrHaaa, UCIOIb3ysd MAaTEMaTHYEC-
KyIO OIIE€PALMIO BBIACJICHUS MOIYJI,
4TO COOTBETCTBYET IIPUHITUITY JETEKTU-
POBaHHUA AMIUIMTYJHO-MOJYJIHPOBAH-
HBIX CUI'HAJIOB — BBIJEJICHHIO Oruo6aro-
e MOAYJIMPOBAHHOIO curxaia. IIpo-
TPAMMHBIA KOJI TaKOH OIlepanuu
3AIMIIETCS CIETYyIOINM 06pa3om:

. / . G3;
G3; :=|S§tl-| g:=max(G3) Gk, :=?.

U3 rpacduxa (cMm. puc. 7) BUJIHO 3HA-
yuTeabHoe BaugHue YMIII-nomexu — B
JETEKTUPOBAHHOM CUT'HAJIE TTOSIBUINCH
OTKJIOHEHHSA AMIUIUTY/IbI, KOTOPBIX HET
B IIEPBUYHOM COOOIIEHHH.

BeiosauM (GUIbTPALHIO JETEKTHUPO-
BAHHOI'O CUTHAIA GR, UCKITIOYUB U3 €TO

WWW.SOEL.RU
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CIEKTPa TAPMOHHYECKHE COCTABJIAIO-
I#e, 9YaCTOThl KOTOPBIX IIPEBBIIAIOT
BEPXHIOIO YACTOTY CIIEKTPA IIEPBUYHO-
ro curHazna Fy (cm. puc. 8):

Us:=cfft(Gk) uv; ’les‘/’ \

uv,-

m2:=max(uv) uv:=——
(uv) —

IN

fiy =i (0< 1
<Fy ,Usjexp(—‘/—lxo,Zl),O)
fit:=icff(fi1) Ufil;:=Re(fit;)

B pesynsrare B nepemenHou Ufil 6y-
YT COJEP’KATBCS OTCUYETHI NETEKTHPO-
BAHHOTO CHTHAJIA IIOCIE (DUIBTPALIMHN.
IIJist TaTbHEHUIIEH 00pabOTKUA IPUHATO-
ro curHaja (aHaau3a pe3yabrara II0o-
JIABJICHUSI TIPHUHITOTO COOOIIEHUA) He-
06XOIUMO TIPHUBECTH IIEPBUYHBIN U JI€-
TEKTUPOBAHHBIM CUTHAJIBI K €JUHOMY
MacmTady Mo aMIIMTYyAHOM ocu. ITpu-
BO/IMMBIH IIPOIPAMMHBIN KOJI OCYIIECT-
BJISIET 3Ty OIEPALMIO /I IIEPBUYHOTO
curnaia TLF v feTeKTUpOBaHHOTO Ufil:

mu:=max (Ufil) mim:=min(Ufil)

mue: = if ((mud] > |mim|, mu | mim])

Ufi i
mu

Ufil; :=
mt:=max (TLF) mit:=min(TLF)

mt = if (|mt|> |mit|, mt ,|mit|)

TLF;
TLFilz -
‘ mt
Gk,
mf :=max(Gk) Ud; :=m—f

Ha puc. 9 moxa3aHbl IEPBUYHBIN TLF,
JIETEeKTUPOBAHHBIN Ud U OT(QUIBTPO-
BaHHBIN Ufil CUTHAIbI B HOPMHPOBAH-
HOM BHJIE.

3aKIIOYHUTEIBHBIM IIATOM Pa3paboT-
KU MOJEIH SIBJISETCA (POPMHUPOBAHUE
dyHKIIMH OHMOOK Oz MyTEM NOACYETA
KOJTAYECTBA OTCYETOB, B KOTOPBIX Pa3-
HOCTh AMIUIUTYAHBIX 3HAYEHHMH IIE€P-
BUYHOTO 7LF U geTeKTupoBaHHOrO Ufil
CUTHAJIOB IIPEBBIIIAET IIOPOTOBOE 3HA-
yeHwus1 (IpuMeM ero paBHbIM 0,15 OTHO-
CHUTEIHHO €JUHUIIBI). MakcuMyM (DyHK-
UK OIIMOOK Su Jajiee CaeAyeT pasje-
JIUTh HA O0OII€e KOJUYECTBO OTCUETOB
MOJEeIHpPyeMOro (pparmMenTa Nn v 11pu-
HSTh PEIIEHHE — €CTh 3(PPEKT OT BO3-
JEHCTBUA IOMEXH WIH HET:

Oz, :=if (ILF; ~Ufil

1[>0,15,0,2)

NMPOEKTUPOBAHMWE 1 MOOENIMPOBAHME

w
lh..

0,5 ‘ml
0
a) 0 2000 4000 6000

Fx

4

|
s
0 A

0
2000 4000 6000

6)

Puc. 8. Peaynbrathbl hunbTpayum AETEKTUPOBAHHOrO CUrHANa
(a) CnekTp AETEKTMPOBAHHOTO CUrHana; (6) CnekTp AeTeKTMPOBAHHOTO CUrHana nocne unsTpa

05 N TLFx05+05 /\

A\
AT
AN AVAIAY
P Ufilix0,5-0,5
0,001 0,002 0,003 0,004

]

05+A S

: /

o mvﬁoz/ 14 A

-0,5 \J ‘
Ufil

h 0 0,001 0,002 0,003 0,004 0,005

§

Puc. 9. NMepeuunbliii TLF, petextuposanubiii Ud
u orthunbTpoBanublii Ufil curnansi
B HOPMMPOBAHHOM BUfiE

sty :=0
Suj:i= if(Ozj = O,max(su)+1,0)
sum: = max(su)

Ha puc. 10 mokaszaHbl pPe3yIbTaThl
aHaau3a Bo3aeucTBus YMII-nomexu
Ha AM-CUTrHaJL

KoHe4yHO, NpHUHATBIE JOIYIIEHU M
OTpaHUYEHHUSI MOJE/IHN HE IIO3BOJIAIOT B
TIOJTHOM MEPE M C BBICOKOM CTENEHbIO
JIOCTOBEPHOCTHU OCYIIECTBUTH NOH06-
HBIN AHAJINU3 — 3TO TE€MA OTJAEIbHOU pa-
60T1bL. Hamra 3aa4a 3aKIi04a1ach B TOM,
YTOOBI pa3padboTaTh MOAEIb UCTOYHUKA
CUT'HAJIA, TO3BOJIAIONLYIO YIIPABIATD Ma-
paMeTpaMy MOJYJIMPOBAHHBIX CHIHA-
JIOB U IIPETHAMEPEHHBIX ITIOMEX IIPH MO-
JICTUPOBAHUM DPA3JIHYHBIX IPUEMHBIX
YCTPOFICTB B PEAIBHBIX YCJIOBHAX Pabo-
TBI, ¥ ITIOKA3aTh BO3MOKHOCTD M HAIIPAB-
JIEHHE JAIBHEHIIETO PA3BUTHS MOJIE/IH.

IIpumeHas MOJEIHN JPYTUX aHAIOTO-
BBIX CUTHJIOB, PACCMOTPEHHBIE B pado-
Te [1], yuTarens 6€3 TpyAa CMOXKET MO-
IU(PUIUPOBATL IPOrPAMMHBINA KO
TPEACTABIECHHON MO/IEIHN IS CO3JAHUA

Puc. 10. Pe3ynbrartbi aHanu3a BO3AeACTBUSA
YMLU-nomexu Ha AM-curnan ¢ MCnonb30BaHueM
paspa6otanHoi Mopenu

BepositHocTh pas6opuusoctu Pp = 0,737;
pesynbrat nogasnexus Kp = "NO EFFECT"

HUCTOYHHUKOB aJJUTHUBHBIX CHUI'HAJIOB,
UMUTHUPYIOUIUX PEAJIbHBIE YCIOBUS pa-
60TBI paJUONIPUEMHBIX YCTPOMCTB CHUC-
TEM CBA3U C AHAJIOTOBOM MOAY/IALIUEN.

Mopenb
YACTOTHO-MOAY/IMPOBAHHOW
nonocCoBbIM LUYMOM NMOMEXHU
Hapsany ¢ YMIII-nomexom i1 IIOJaB-
JIEHUs IMHUPOKOIOJIOCHBIX aHAJIOTOBBIX
CUTHAJIOB B CTAHIUAX IIOMEX IIPpENy-
CMOTpEHA ITIOMEXA B BHJIE HECYILEH, MO-
JyTAPOBAHHOM II0 YaCTOTE OTPAHMYEH-
HBIM II0 AMIUIMTY/E€ YaCTOTHO-MaHMITY-
JIMPOBAHHBIM [IByXIIOJIOCHBIM IIIyMOM C
3 (PEKTUBHON JAE€BHALIUEN YaCTOTBI
DF =8 + 1,6 Iy [6]. Takast moMeXa HOCHUT
Hazpanue YMIIIT (9aCcTOTHO-MOIY/IH-
PpOBaHHAs IIOJIOCOBBIM IITYyMOM). I'paHny-
HBIE€ YACTOTHI IIEPBOM M BTOPOM II0JIOC
IIyMa YCTaHOBJIEHbI AShy = 1,1...1,5 kIt u
ASh, =1,9...2,3 kI11 COOTBETCTBEHHO. Ma-
HUITY/IALMA II0JI0COBOTO IIyMa OCYIIECT-
BJISIETCSI XAaOTUYECKOM UMITY/ILCHOH ITOC-
JIEJOBATEIBHOCTBIO, KOTOPYIO MOXKHO
TMOJIYYUTb C MCIOJIb30BAHUEM AJITOPUT-
Ma (pOpMUPOBAHMA MOC/IETOBATEIBHOC-
TH CO CIYYaHMHBIM CJIE€JOBAHHEM €IH-
HHUYHBIX 1 HYJIEBBIX IIOCBUIOK [2]:

T, Ty,
t,+—n+Pk<t; <t, +—(n+1)+ Pk,
Nu : NL{
Np-1N, -1 md(1)20,5,
Sxy[n (t[)= > > f 1, ’ s (5)
k=0 n=0
0
0
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e I, — JIJIMTEIbHOCTD MHTEPBAIA 33/ICPK-
KU KOJIOBOH ITOCBUIKU OTHOCHUTEIBHO MO-
MeHTa BpeMenu #; = 0; IV, — KOJIM4ECTBO
HMMITY/IbCOB B IIOCBLIKE; 1), — JINTATEIbHOCTD
KOJTOBO¥ TIOCBUIKH; /V,, — KOJTMYECTBO 10~
CBUIOK B ITOC/IEIOBATEIbHOCTH; P — nepu-
O71 TIOBTOPEHMS IIOCBUIOK.

st mMOCTPOEHMsI UCTOYHHKA IIOMe-
xu YMIIII BOCIIOJIB3yeMCsl pa3pado-

Np-1N, -1

Ml )= S 3 f|f Re{lFFT[m (Jo) FFT (Sh; (f,.))}},

k=0 n=0

0

rae H,(jw), H>(jw) — KOMIUIEKCHBIE I1e-
penarouynblie QYHKIHUH (DHIBTPOB, 06eC-
TIEYHBAIOIIMX BBIJIEJIEHHE TTOJIOC IIIyMa B
COOTBETCTBHHM C OIHCAHUEM ITOMEXHU
YMIIIIT; Sh(Z;) — BEKTOP 3HAYEHUI IIep-
BUYHOM IITYMOBOH MOC/IENOBATEIHHOC-
TH C HOPMaJIbHBIM 3aKOHOM pacIpesie-
nenust, FFT(x) nu IFFT(x) — (yHKIun
IIPSAMOIO M OOPATHOTO OBICTPOTrO Mpe-
obpaszoBanus Pypee.

CdhopmupyeM MacCHB mIyma ¢ HOP-
MaJIbHBIM 3aKOHOM pacIpeaeaeHus
Q, BBE€JIEM I'PAHHUYHBIE YACTOTHI IIOJIOC

S11, f12, f21, f22 1 BBITOTHUM (DUTBT-

panulo myma B YACTOTHOM O06JIACTH.

T, Ty
ty +——n+Pkst; <t, +——(n+1)+ Pk,
N,

rnd(1)20,5,

Re{IFFT[Hz (Joo) FFT (8B (1, ))]}

14 .
0 0,005 0,01 0,015 0,02
ipy D;x por i

Puc. 11. BpemeHHoe npefcTaBnexue
ABYXNONOCHOI0 WYMa M Xa0TUYECKOW
MMNYNbCHOA NOCNEA0BaTEeNbHOCTH

) spj+22 hip; D

1
0'75 | | I
05 | i
025 | | 1%

0 M

6 B85 T 75 8 85 9 95 10

6) f;x 104

Puc. 12. Bpemennoe (a) u cnextpanbHoe (6)
npeacrasnexdus YMLLIN-nomexu v nonocosoro
wyma

NMPOEKTUPOBAHVE U MOOENIMPOBAHME =

TAHHOU Mmopgenbio UYMIII-momexu. B
3TOM MOJEIU B KAYECTBE MOAYJIHUPYIO-
IIEro HANPSDKEHUS OyIeM HCIOJIb30-
BATh YaCTOTHO-MAaHUITYJTHPOBAHHBII
nojaocosor myMm (YMHIIII). Anro-
purm popmuposanusa YMHIIII 3amnu-
IIEM C HCIIOJIB30BAHHEM BBIPAKECHUS
(5), BB€1 COOTBETCTBYIOIHE OOO3HA-
YEHUS:

u

©)

ITocie o6paTHOrO NpPeoOpPa3OBAHUS
®ypre maccuBel Sg1 u Sqg2 6yayT co-
JepKaTh HeoOXoauMble st (hOpPMHU-
pOBaHUA TIOMEXHU IIyMOBBIE (par-
MEHTBHI:

Q:=morm(20001,0,1)
f11:=1100 f12:=1500 f21:=1900
S22:=2300 SQ:=cfft(Q)

S01; ::if(f11<jj/~ < f12,8Q; ,O)
$Q2;:=if(f21< f; < £22,5Q; ,0)
sql:=icff(SQ1) Sq1;:=Re(sq1;)

sq2:=icfft(SQ2) Sq2;:=Re(sq2;)

$q1;
sm1:= Sql) Sql1;:=——
sm1l:=max(Sq1) Sq1; i
sm2:= Sq2) Sq2;:= -
sm2:=max(Sq2) Sq T

3arem BBEIEM IIOPOT POr 1A OIPAHU-
YEeHHUA MHK-(aKTOpa IIyMa, IIePecInuTa-
€M C €ro y4€ToM 3HA4YECHHsA MACCHBOB
Sql u Sq2, 3apaguM JyIHY dS 371€eMeH-
TAPHOI'O MMIIY/IbCA XAOTHYECKON HMM-
MyJIbCHOM T10cIeg0BaTeIbHOCTH (XUIT)
u chopmupyem €€ (MAECHTHPHUKATOP
hip) B COOTBETCTBHH C AJATOPUTMOM,
OIIMCAHHBIM B [2]:

pop:=09 Sq1, :=gf([5q1j[>
> por,if(Sql_l- >0,por, - por),Sq 1; )
sq2; :=if(|sq2;|>

> por,if(Sq 24 >0,por,- por) Sq2; )

ds:=8x10™ dL:=dsx10°
b:=0,dL..20000 1h:=0.dL

Ry, :=nd(107Q; )y :=®(sin (R ))
Y(h+rb) =Y
D;:=if(¥;>0,5,1,-1)
bip; :=if(D; =1,591; ,592;)

Ha puc. 11 noka3aH nepBUYHbIN CHUTI-
HaJI (ABYXIIOJIOCHBIM IIIYM), KOTOPBLIM
TEIEepb HEOOXOAUMO IIPOMOAYIUPO-
BATh HECYIIIYIO YACTOTY B COOTBETCTBUU
C IIPUHITAIIOM YaCTOTHOM MO/Y/ISAIIMH.

B 3axmrouenue BBEJEM HECYHIYIO
4yacTOTy moMexH fp, nesuanuio DF,
napamMeTp HEJUHEHUHOCTH MOAYIATO-
pa a u cpopmupyem maccus YMIIIT
TIOMEXH SP:

1

:=80x10° DF:=8000 a:=—o
SRty 2000

spj = Cos(anpz‘j +aDFbip ; )

Ha puc. 12 nmokasaHbl BDEMEHHOE U
CIIeKTpaJIbHOE nipeacraBiaeHus YMIIIT
IIOMEXH.

Hcrionb3ys TIpe/ICTaBIeHHbIE B Pabo-
TE€ MOJEJH MNPEJHAMEPEHHBIX ITOMEX,
BO3MO’KHO CO3[JaHME HCTOYHUKOB a]-
JUTHUBHBIX CHUT'HAJIOB, UMHTHUPYIOIIUX
pealbHbIE YCIOBUS PabOThl PAAHONIPH-
€MHBIX YCTPOHCTB CHUCTEM AHAJTOTOBOM
PaAHUOCBA3H B CJIOKHOM 3JIEKTPOMAr-
HHUTHOM OOCTaHOBKE.
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e MpuHUMN 6ECKOHTAKTHOrO NEPEKNI0YEeHNS (EMKOCTHOM UM ONTUYECKIUIA MPUHLNN)
® BO3MOXXHOCTb PEryiimpoBKu HyBCTBUTENILHOCTY

© B03MOXHOCTb MNOCTABKM BO B/1Aro3aLLnLLeHHOM UCTONTHEHIN

e TemnepatypHblit Anana3oH ot -40 °C go +85 °C

e [lpuroaHbl AnNs aBTOMATUHECKON COOPKU

e Marnbie paameps! (10 * 10 * 25 mm)

® BO3MOXHOCTb MOHTaXKa BHYTPU KOpnyca U3fenuns no3sonser genatb BbI6OP JItO60Or0
Jn3anHa n3penusa v o6ecneynBaeT 3awwuTy OT BaHAAIM3MA

CBETOMNPOBOAHUKUA U CUCTEMbI HA UX OCHOBE

AN U CTPAHAX CHI

PROSOFT® (495) 232-25-22 « info@prochip.ru ® www.prochip.ru



COBbITUSA

«JKCNOINEKTPOHMKA>»

U «JInekTpoHTexJIkcno»:
[AeMOHCTpPALMOHHAA Nnolaaka
BbICOKMX [AOCTV)XKEHNI INEKTPOHHOM
NPOMbILLUJIEHHOCTH

C 15 no 18 anpens 2008 r. npoLwu MeXAYHaApPOAHbIe BbICTaBKU
«JKCNOJNEKTPOHUKa» U «AneKTpoHTexAkcno», cTaBLUME YXKe
TPaAULMOHHBIMU MEPONPUATUAMM UHAYCTPUMU NpodhecCUoHaNbLHON
3NeKTPOHUKU. OpraHm3aTopamm NPOEKTOB BbICTYNUIM KOMMNaHUA
«Mpumakcno» u eé ocuumanbHbI NapTHEP — komnanus ITE Group plc.

3a 11 s1eT CBOETO CyIECTBOBAHUS BbI-

CTaBKa <«DKCIODJIEKTPOHUKA» CTajIa
KPYITHEHIINM OTPACJIIEBBIM COOBITHEM B
Poccun u BocrouHoit EBporie. BeicTas-
Ka «DnekrpoHTexDKCro» B 3TOM Troay
IIPOIILIA Y3Ke B G-11 Pas, 32 IO/l COBMECT-
HOM PaGOTEI C «DKCIODIEKTPOHUKOM»
JIAHHBIN IIPOEKT BBIPOC IO IUIOIIAIU U B

3TOM I'Ofty 3aHsI 34% 3KCIIO3UIIUH.

LiM®oPbl U ®AKTbHI

B sTOM TrOAY CBOIO MPOAYKIIMIO H
YCIIyTH NIpeacTaBuan 509 koMnaHui us
26 crpa" Mupa. «DKCHODIEKTPOHUKA» —
BBICTABKA MEXIYHAPOJHAs. «32» €€ MEeX-
JAYHAPOJAHOCTh KaK KOJHWYECTBEHHBIE
MOKA3aTE/IH — JI0JIs1 3APYOEKHBIX SKCIIO-
HEHTOB COCTaBWIA 36,9%, — TaK U Kade-
CTBEHHBIE — EXXETOJHBbIC HAITMOHAJIb-
HbI€ CTEH/bI IUZAEPOB JICKTPOHHOM OT-
paciu (I'epmanuu, TonkoHra, TarBass,
Pecrry6muku Kopess, Kuras). 32 10U pa-
GOTBI BBICTABOK HX IIOCETHJIH Gojee
20 000 crierrpanucToB. O0mAs MIOMIA b
IKCIIo3uuuu cocrasmia 20 775 KB.M.

OKCMNo3ULMA BbICTABOK
«DKCIODIEKTPOHHUKA> U «DIEKTPOH-

TexDKCIo» B OYEPETHOM pa3 IPECTa-

BHUIM JIEJTIOBOM OOIIECTBEHHOCTH COCTO-
SIHUE POCCHMCKOM 3JIEKTPOHHOM IIPO-
MBIIUIEHHOCTH.

IenTpajpHOE MECTO 3IKCIO3UILIUHU
BBICTABKHM <«DKCIIODJIEKTPOHHUKA> IIPAK-
TUYECKA TOJHOCTBIO OBLIO 3aHATO
KPYIHEUITUMHU JUCTPUOBIOTOPAMH, KO-
TOpBIE NPEJCTABWIN CBOH YCIYI'H IO
MOCTABKE KOMIIOHEHTOB U KOMIUIEKTY-
IOMHUX, a4 TaKKe MNPOoPEeCCHOHAIBHO
KOHCY/JIbTUPOBAJIN IIOCETHUTENEH BbI-
CTaBKH.

bonee 50 npeanpusaTuil pOCCUMCKOM
IIPOMBIIIEHHOCTH OBUIM IIPEJCTaBIIC-
Hbl HAa MacITa0HOM KOJJIEKTHBHOM
CTEH/IE€ PAJUOIJIEKTPOHHOI'O KOMILIEK-
ca Poccun, miomazs KOTOPOro COCTa-
Bua 6oee 200 KB. M.

C KaXIbIM I'OJOM BO3PACTAET AKTHUB-
HOCTb U 3aPyOEKHBIX IPOU3BOIHTE/ICH,
CBUJIETEIbCTBYIONAsA 06 HMHTEpece K
pasBUBAIOLIEMYyCsl PBIHKY Poccuu. B
3TOM TOJy B BBICTABKE NPUHIN yd4a-
crye 185 MHOCTPAHHBIX KOMITAHUH, BbI-
CTYIIMBIIMX CO CBOMMH COOCTBEHHBIMH
3SKCIO3ULIMAMHU B OTIIMYHE OT BEH/IOPOB
MHPOBOTO YPOBH, a6COMIOTHOE 6OJIb-
IIMHCTBO KOTOPBIX OBUIO IIPEICTABICHO
Ha CTE€H/IAX 3JIMTHBIX IUCTPHUOBIOTOPOB.

O norpebHOCcTAX Poccuu B cdepe
PO ECCHOHATIBHOM JIEKTPOHUKH TI'O-
BOPHUT U 3AMETHBIF POCT YMC/IA KOMIIA-
HHUH, NPEJOCTABISAIONMMNX MMHPOKUH
CIIEKTP YCIYT KOHTPAKTHOI'O IIPOU3BOJ-
CTBA: OT U3IrOTOBJIECHHUS TIE€YATHBIX ILIAT
J10 COOPKH CIOKHEHIIEH aIrapaTypbl.

Ha BpICTaBKE «DneKTpOHTEXDKCII0»
IO TPAJUIAHA MOKHO OBLIO HAUTH BCE
HEOOXOUMOE ISl IIPOU3BOJCTBA IIPO-
(deccuoHaNbHON 3JIEKTPOHHUKH — OT
PO3HMYHOM NOKYIKH KOHTPOJIbHO-U3-
MEPUTEIBbHBIX IIPUOOPOB /10 KOMILIEKC-
HOTI'O OCHAIEHUA IIPOMU3BOACTBEHHBIX
IUIOIIA/IOK.

CTPATErMMECKUM NNALGAPM
HA PbIHKE 3JIEKTPOHHOW
NMPOMbILIEHHOCTH

BpICTaBKHU TAaKKe CTAJTA MECTOM OCBE-
LIEHUA CTPATETHUH PA3BUTHUSA POCCHUU-
CKOM 37IEKTPOHHOM IIPOMBIILIEHHOCTH,
npusHATON 10 2025 1. Tema odpumans-
HOHM IIpecc-KOH(MEPEHINH BBICTABOK
TFOBOPHUT CaMa 3a CeOs: «DJIEKTPOHHAS
MIPOMBIIIIEHHOCTh Poccuu HAa HOBOM
pyoexe». IUMCKycCHsl, pa3BEpHYBIIASICS
MEX/Y TOCYAAPCTBEHHBIMH YHHOBHH-
KamMu U npeacrasureasmu CMU, ceuge-
TEIBCTBYET O IIOJMTHKE HMH(pOpMALU-
OHHOH OTKPBHITOCTH Pocnipoma B 601b-
IIHHCTBE BOIIPOCOB, MHTEPECYIOIHNX
JIEJIOBYIO OOIECTBEHHOCTD.

HEnoBAs NPOrPAMMA

TpaZMIIMOHHO BBICTABKH COIIPOBOXK/IA-
JINCh MACHITA0HOH JEIOBOH IIPOrpam-
MO, BKIIIOYAIOIIEH B cebs 26 TeMaTrnyec-
KHX MEPOIPHATHIA: IIPECC-KOH(EePEeHIINH
BEYIINX MHPOBBIX IIPOU3BOIUTE/ICH, Ha-
Y4HBIE KOH(DEPEHIIUH, JEIOBBIE BCTPEYH,
CEMUHAPBI U TIpe3eHTaIuN. Pesyisrarom
CTAJI0 YBEJIMYEHHME YHCIA CEMHHAPOB U
MPE3CHTALINI, MPOBOJAMMBIX KOMITAHUS-
MH-y4aCTHUILIAMH.

B cneoyrouwem 200y 8biICmasKu npoti-
oym c 13 no 16 anpens, 8 nasunvore N°3
MBI] «Kporyc Drcno».
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VIl MEXQYHAPOZHAA CMELIANU3UPOBAHHAA BbICTABKA
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MEXAYHAPOZHbI NPOMBILUAEHHII OOPYM «PALMOIMEKTPOHMKA. NPUBOPOCTPOEHUE. ABTOMATHU3ALIAS>

Cauxt-Nerepoypr, Nerepoyprexmii CKK

Ten./thaxc: (812) 777 0407, 718 3537

e-mail: radel@orticon.com a e
www.farexpo.ru
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HALEXHOCTb B 3KCNYATALUM

OCOBEHHOCTH

M Bce oTTEHKM Oenoro LiBETa CBE4YEHUH.
» XONOHbIA 6enbli

» eCTeCTBeHHbIN 6enbliit o1 3700 K go 5000 K

» Tennblil 6enblii 01 2600 K po 3700 K
B Camble BbICOKME 3HA4YEHWS CBETOBOr0

NOTOKa:

» X0noAHelil 6enbini - 114 Jlm @ 350 mMA

» eCTeCTBEHHbI 6enbii 87,4 JIm @ 350 MA

» Tennbii 6enbii - 80,6 Jim @ 350 MA
| I'apaHTun CTabunbHoOCTH LBETOBbIX

XapaKTepucTAK
W CHUXEHWE CBETOBOTO MOTOKA
He Gonee 30% 3a 50000 4acos

e COOTBe‘chmue;caMbw BbICOKUM
CTaHfapTam CBETOAUOAHOH UHAYCTPUM

MOLLHbIE CBETOAUOAbI OCBETUTEJIbHOI0 KNACCA:
JHEPT03®®EKTUBHOCTb, CTABWUJIbHOCTb LIBETOMEPEAYMN,

ot 5000 K o 10000 K

M ABapuiiHoe 0CBeLleHue

o e —— s
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OBJIACTU NPUMEHEHUA

B HapyxHoe ocBeLieHHe:

MapKoOBOE, YNN4HOE,
rneLiexoHble nepexofbl

W lepeHocHbIe NPOXEKTOPbI U (hOHAPH

W CucteMbl 00L1Ero 0CBELLEHUS:
JKKX, aBTOMO6UIbHbIE NAPKOBKM

M [loficBETKA BUTPHH, PEKNAMHbIX LUTOB

B ApXUTEKTYpHas ¥ naHgwadTHas
NnofcBeTKa

B ABTOHOMHbIE CUCTEMbl OCBELIEHUS
C NUTaHWEM OT CONHEYHbIX GaTapei

MipeumywecTea oceeweHns Ha ocHOBe cBeToauoaHbix namn Cree:

>> BbicOkas cBeToBas otgava; 6onee 100 Jiv/BT @ 350mA
>> BbIcokoe ka4ecTBo caeta: CRI > 80
>> Camast BbICOKasi HaieXHOCTb B OTPac/H

>> JKOM0rnyeckas 6e30MacHOCTb: He COAEPXKUT PTYTI, CBUHLA, APYMUAX TAKESbIX METaNN0B
>> JHepreTnyeckas apdeKTMBHOCTb
>> Pab0T0Ccnoco6HOCTb MY 3KCTPEMANBHO HU3KIMX TemMneparypax: 4o —190°C*

*Mo pesynsratam uccnegosanuii ®TU umenn A.®. Uodde

O0®ULUANIbHBIA AUCTPUBLIOTOP CREE B POCCUM U CTPAHAX CHI

PROSOFT® AKTUBHbIN KOMNOHEHT BALIEr0 BU3HECA
Tenedoon: (495) 232-2522 « info@prochip.ru e www.prochip.ru « www.cree.ru



Fos’fek,c?

®OPMVIIA YCINEXA:

} VOEWN 3AKA3YUKA,
, PEAN3ALINS — ®ACTEKO

KOHTPAKTHOE NPOM3BO/ICTBO 3NEKTPOHUKY

CPEJHE# U BbICLLEA KATEFOPUM CNOXHOCTH

B [puopuTeTbl — NPoOeKTam MosHOro LKA NpoM3BOACTBA

B KomnnekcHbie NPOEKTbI: OT pa3paboTki ONbITHOrO 06pasLa
[10 BbIMyCKa CEPUIHBIX 13N

B Jluuen3uu v ceptuchukaTtbl Ha NPON3BOACTBO ANEKTPOHHOMO
060pya0BaHus

B naxupoBaHWe NOCTABOK rOTOBbIX N3AENNIA N0 rpadukam 3akasynka

e ABTOMATU3WPOBAHHbIA MOHTaX NeYaTHbIX niart nobonn  ® 100% KOMMIEKTOBAHUE 3MEKTPOHHbIMU KOMMOHEHTAMU

CII0XKHOCTW, BCE TUMbI NaT U KOMMOHEHTOB. NMPON3BOACTBEHHbIX Mporpamm. Perncrpauns

e KopnycHas c60pKa aMeKTPOHHbIX Y3108, KDEMTOB, MPOEKTOB, [ONITOCPO4HbBIE NPOTPAMMBI, CKIlaA.
LKadoB 1 6510K0B; c60PKa, TECTUPOBAHME U e 100% KOHTPO/b Ka4ecTBa: ONTUYECKNIA N PEHTTEH-
NpPOrpaMmunpoBaHie NPOMbILLIEHHbBIX KOMMBIOTEPOB KOHTPOJIb, MACNOPTU3ALMSA N3AENUIA Ha BCEX 3Tanax
1 KOHTPON1epoB 663 OrpaHNyYeHNin B TEXHONIOMUAX. MPOM3BOACTBA, CNy>X6a KOHTpons kavectsa, OTK.

e [locTaBka me4aTHbIX NNaTt ft060MN COXKHOCTH, e |13roToBNEHUE NNLEBbLIX NPUOOPHBIX NaHenen,
cooTBetcTBue ctaHaaptam IPC n TOCT. KoHcynbrauum, LIMNbAO0B, AeTanen Koprnycos, pagnaTopos.
opaboTka. .

i3rotoBneHune Kabesien, XXryTos.

e [ln3aiH-LeHTp no paspaGoTKe 3NeKTPOHHOro
060pynoBaHNs: 0T MOAYJeit 10 NPOrpamMmmMHO-
annapaTHbIX KOMMIEKCOB.

MOCKBA Ten.: (495) 739-0775 « ®akc: (495) 739-0776 « E-mail: product@fasteko.ru « www.fasteko.ru
MpepctaButenncTBa: HOBOCUBMPCK Ten./chakc: +7(383) 330-65-56 « E-mail: procomp@i-techno.ru « www.i-techno.ru

MWHCK  Ten./thakc: +3(751) 728-96-333 « E-mail: smt@elticon.ru « www.elticon.ru




HOBbLIEBO3M@O

MpocTto noaknwuus ZET 210, 220 unu 230 K nepcoHanLHOMY
KoMnbloTepy, Bbl nony4yaete 6onee 100 npubopos B oAHOM
MarieHbLKOM Koprnyce:

* BOMbTMETP NOCTOAHHOIO ¥ MEPEMEHHOTO TOKa,
* Y3KOMOSOCHbIA aHanu3arop cnekTpa,

- MHOroKaHarbHbIM UMpoBor ocuunnorpad,

* TEpMOMETP TEPMOCOMNPOTUBIIEHUI 1 TepMmonap,
- U3MepuTenb HENMUHENHbIX UCKaXXEHUNA,

- U3MepuTernb CONPOTUBIEHUS U EMKOCTH,

© U3MepuTenb MHAYKTUBHOCTU U BOSTHOBOTO COMNPOTUBIEHNS,
- TeHepaTop CUrHanoB pasfnyHon Popmbl,
- TEH30METp;

e [lsreontaiii ooty (173) -Cewe puos o

8 Mt narmansocimaor i
3

f

Bbl cMOXeTe BOCNoONbL30BaThLCA HaGOpOM TR AT
Takux cpeAcTB aHanmsa u obpaboTku
AaHHbIX, KakK:

. CMEeKTparbHbI aHanms,

. cTatucTuyeckas v uudposas o6paboTka curHanos,

unbTpauns CUrHanos,
BbicTpoe npeobpasoBaHne Pypoe.

] BonnmmeTp nepese tioro rond - curnanl

L asomep - ( curmant 1 exriant )

141570, Mockosckas 06n., ConHe4yHoropckui p-H, n. MeHgeneeso, 3A0 “33T”
T./®. (495) 744-81-60, 1. (495) 922-03-56, (499) 130-94-29;
info@zetms.ru, www.zetms.ru



