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n3garmam «Ulrich’s Periodicals
Directory».
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3a cogepxaHue cratbm
1 €€ OpUrMHaANbHOCTbL HeceT
OTBETCTBEHHOCTL aBTOP

MonHoe nnu yactnyHoe
BOCNpoOu3BefeHe MaTepUancs
NONYCKaeTCA TONbKO C pa3pelLeHns
000U Ckumen”

WHdopmaumio o nognucke
CM. Ha nocnefiHen CTpaHuLie XypHana

A Ne 8 (82)
asrycr 2007

CopeprkaHune

K OMMNOHEHTbI

B. AibakoHoB. CoBpeMenHas na6oparopus paspaboTynka

IJIEKTPOHHBIX CXEM 2

M CKYCCTBO CXeMOTEXHUKW
K. BopuceBuy. BimsiHne J/IMHHBIX THBUIA IEpefayy
Ha 6bICTPORENCTRYIOMIME MUKpocxeMbl KMOIT 5

A. JluraBpuH. MHOTOKaHA/TbHEIE YCHIMTENbHbBIE CTPYKTYPHI

B YCHJIMTE/IAX MOLIHOCTH 3BYKOBO# YaCTOTHI 9

B. Mopo30B. Pacuer 1 Monemposasite HOBHIIAIOLIE-TIOBMKAIOLIETO
npeo6pasoBaTeisi HANPSHKEBUsA 11

b. Weskonnsc. Crioco6 ymenpiiesns o6bema 6ydepHoit

NaMATH y3/1a KOMIIBIOTEPHOM CETH 14

C. 3a00pOXHbIIA. /TMHEAPH30BaHHEIT AKTUBHBIIT CMECUTEND 17
COQDT

I. Mpmyenos. [TonynposoguukoBent aHop B cpeie MICROCAP 21

O. Banbna. Kapre! flash-mamsty tuna Compact Flash 23

C. WnwkmH. Tarimeps! Ha MUKpOKOKTpo/tepax AT89C4051-24P1
u AT902313-10P1 28

B. bapaHos. Hcrionb3osasne USART MukpokonTposepa
15 06€CTIeYEHNs CBA3U ¢ KOMITBIOTEPOM 30

O. MeTpakoB. PacueT 3/1eKTPOMarHUTHBIX KOMITOHEHTOB

B Transformer Designer Orcad V10.5 36
n PaKTWKA
B. NMonsakos. [Npocroit yskononocksit GpuibTp 40

K. @ekoNKNMH. 31eKTPOBHBII 3aMOK ¢ 66CKOHTAKTHBIMH
xwyamu RFID 40

8. Tenew. TTpoctoit uamepurens ESR 44

H. 3aeu. A.BTOM06I/UI]>HI>IC Yacel, BOJILMETP U TaliMep
Ha MukKpokoHTpoiepe PIC16F676 45

Tlpecc-penns ot komnanun «HUIT-Skcno» (c. 4). Hosble kuuru. A. Opynse.
«Muxpokontpomnnepst ¢upmm Philips cemeitcrsa x51» (c. 13). Tommmncka-2007 (c. 48).




LMOMI'IOHEHTbI

OxoHuyauve. Hauano — N° 7/2007

CoBpemeHHan naboparopun
pa3paboTunkKa SNeKTPOHHbIX

cXem

OCHOBHblE TeXHMYECKME XapakTe-
puctuxu ocummnorpados cepun TDS
1000 B/2000 B npenctaBneHb! B Tab. 2.

CrouMocTb 3THX NpU6oOpoB HaxOAUT-
ca B npepenax 1000...2500 pomn. ITonoca
qacTtoT npubopos 40...200 MI'y u Bpe-
Ms HapacTaHMsi o 1,8 HC OTKphIBalOT
BO3MOXXHOCTY UCCIIENOBAHUSA U OTTIAIKU
OTPOMHOFO YMC/Ia CX€M Ha pasfIMYHbIX
TIOJTYTIPOBOHUKOBBIX ¥ MHHIX pubopax
u Mukpocxemax. [loxosxue no BreltHeMy
BUAIY ¥ BO3MOXXHOCTAM ocLyiorpadsl
TPS 1000 B/2000 B uMeroT BXO/IbI C Fajib-
BaHU4eCKOV pa3BA3KOi ¥ BOSMOXKHOCTD
NMTaHMsE OT aKKyMYNATOPHOI1 6aTapen.
OHM oYeHb YIOOHDI /151 UCCTIENOBaHUA U
TeCTUPOBAaHUA UCTOYHUKOB 37IEKTPONU-
TaHMst ¥ Pa3INYHBIX YCTPOIICTB 3Hepre-
TUKU Y NPOMBILITIEHHO 37IeKTPOHRMKM.
ITpubops! MMEIOT BO3MOXXHOCTDH ITPOBE-
OE€HMsE KypPCOPHBIX U3MepeHuH, 11 aBTo-
MaTUYeCKUX U3MepeHUIT U BCTPOEHHBI
1ndpoBoI YaCTOTOMEP.

IIpueMneMblii LIeHOBOJ JUanasoH Uy
LU¢POBbIX 3aNIOMMHAIOMIMX OCLMINOL-
pados cepun TDS-3000 ¢ Texnonornei
mudposoro ¢pocdopa (DPO). Ony BbI-
MYCKAIOTCA € MAaKCUMMA/IbHBIMUY 9acToOTa-
MU UCCTIERyeMbIX CUTHA/IOB B iMana3oHe
100...500 MI'1y 1 yacToTaMy gUCKpeTHU-
zapum 1,25...5 [Ty, CroumMocts crap-

Puc. 5 paeT npepcraBieHne 0 TOM, Kak
CUJIbHO yMeHbIIaeTCst 06beM BbIdMCIIe-
Huit npu BII® B cpaBHenun ¢ [II1O.

I KONuUHEcTeo ROMANEKCHBIX YMHOKeHRIA
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Pe3koe ymeHblueHue Bpemenu BIID
NO3BOJIMJIO peaniu30BaTh €ro B HU(-
poBbix ocuwmnorpadax U NpeBpaTUTH
MX aHa/M3aTOp CHeKTpa IS MacCOBBIX
npuMeHeHuit. A NoOBbILIEHUs paspe-
HIaioniei cnoco6HOCTY CNeKTPanbHOLO
aHanM3a UCONb3YeTCss OKOHHOE Npeob-
pasoBaHMe ¢ OKHaMM pas/M4YHOro THNa
(npsiMoyronbHbIM, XaHHMHTa, briakmana
u up.).

Ha puc. 6 nokasaHa cnieKTporpamMma
MPSIMOYTONBHBIX UMITY/IHCOB, NOMTyYeH-
Has ¢ noMoubio ocuytorpaga TDS-
2024B.

3pech UCNoONb3yeTcst OKHO XaHHMH-
ra. HeTpynHo 3aMeTUTD, YTO Y JaHHOTO

IIMX Mopienielt 3TUX Npu6opoB focTuraer Tok  JL BTG PosZ06 - MATH
14000 pomn. -
BonpUIMHCTBO COBpeMeHHbIX UG po- R
BbIx ociumiorpadoB peanusyeT OpICTpoe =
npeo6pasosanne Qypve (BIIP) — oco- |
6b1i1 aITOPUTM AMCKPeTHOrO Mpeobpa- L
3oBaHusA Oypbe (JIID), nosponsronmit %
YMEHBIIUTD YUCII0 KOMIUIEKCHBIX YMHO- i -
skeHust po (N/2)-log2N. 9to pocturaer- mmm‘ ,lll“.mn. Lk rrr.
51, €CTTV 9MUCTIO OTCYETOB COCTaBNsAeT 2K, C21008 500k CH00E5/) Fanning ™
rae k — nenoe uncno. O6vranoe JITO Tondrese  zs
TpebyeT N2 KOMITZIEKCHBIX YMHOXKeHMit.  Puc.6
Tabnuya 2
Mopenb | Yucno xananos | Monoca uacTot, My | YacTota Bbibopky, BLIG/C Aucnnei
TDS1001B 2 40 0,5 MOHOXPOMHbBI
TDS10028 2 60 1 MOHOXPOMHbBIY
TDS1012B 2 100 1 MOHOXPOMHbBI
TDS2002B 2 60 1 LieeTHOWM
TDS20048B 4 60 1 LiBeTHoWM
TDS20128B 3 100 1 LieetHOW
TDS2014B 4 100 1 LiBeTHOM
TDS20228B 2 200 2 LiBeTHOM
TDS20248B 4 200 2 LiBetHon
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ocuumnorpadga cnekTporpaMMa OdeHb
HaIlOMMHaeT ee KIaccuyecKoe u3obpa-
>)KeHUe B BUjie BepPTMKANbHBIX JIMHMI
C 4YacTOTaMM, COOTBETCTBYIOIIUMU
dacToTaMy rapMoHuk. K coxanenuso,
TaK ObIBaeT f1a/ieKo He BCeTfja, 4acTo
JIMHUM CHEKTpa MMEKT BUA NJIaBHBIX
[IMKOB, PacnoIOXXeHHBIX Ha LIYMOBO
[OPOKKe.

PazyMeeTcst, OTMedeHHble BHIllE
npubOpHl SBISIOTCS NAZleKO He efyHC-
TBEHHBIMM, HO OfHUMM U3 JIyYIIUX B
cpenHeM knacce. OTNIMYHbIE FeHEPaTOPhI
CUTHAJIOB Y OCLMIUIOTPadbl BBINYCKAIOT
KOHKypeHTH kopnopanuy Tektronix —
dupmer Agilent Technologies, LeCroy
u ap. OpHako He CTOMT mpMobpeTaTh
OpUOOPBI XaOTUIHO — 3TO MOXKET NpU-
BECTU Y MHOFOYMC/IEHHBIM HECTBIKOBKAM
B MX COBMECTHOM Mcnonb3osanum ¢ ITIK
Y IPYT € ppyroM. Beibop MynbTUMETPOB
[t TAKOW 71a6OpaToOpuM, KaK U Beibop
VICTOYHUKOB 3/1eKTPONIUTAHUSA, Ha POC-
CHMCKOM pbIHKe HAacCTONbKO BENUK, 4TO
TPYAHOCTelt ¢ UX NipuobpeTeHMeM HeT.

NABOPATOPUS BbICLLENO
YPOBHS (HIFI)

JIabopaTopus BBHICILErO KIacca MM,
Kak ceifyac NpuHATO ropopuTh, Hi-Fi
KJIacca HYXHa [ifIst cepbe3HO¥ Npo-
dbeccuoHanbHOIM nesTenbHOCTH. IJTO
uccrenoBaHua B obmactit GUBUKY Bbi-
COKOCKOPOCTHBIX sSIBJIEHMI1, pa3paboTka
COBpPEMEHHOI TeNIeKOMMYHUKALMOHHOI!
anmapatypbl ¢ BHICOKOV TpPOMYCKHOM
CnocobHocThI0 U T. fi. HauBHO mona-
raTh, 9470 Takylo 7abopaTopyI0 MOXXHO
CO3[aTh, BIOXXMB HECKOJbKO ThICAY
ROTIapOoB, 3aTpaThl 6YAYT Ha OfUH-/1Ba
NOpsAAiKa BhIlle.

FeHepaTop NnpoM3BONBHBIX CUTHAJIOB
u uupoBoit ocuynorpad no-npexHe-
MY ABJISIIOTCA OCHOBHBIMM IpubopamMu
U juisi TabOpaTOPUM BRHICIIEFO YPOBHSL
OpHaxo Tpe6GoBaHUA K HUM Kyfia XXec-
T4e, YeM TpelbsBisieMble K Npubopam
nabopaTopum cpepHero yposHs. U apecnb
Ha IepBOM MecTe CHOBa puGOpH Kop-
nopauuit Tektronix, Agilent Technolo-
gies n LeGroy, x0T ecTb U psap, ApyTUX
GUpM, [OCTONHO TNPeACTaBIAIIUX
U3MepUTeNbHble NPUOGOPH BHICOKOTO
K/1acca.

IMpe>xxpe Bcero, Hafio y4UTHIBATD, YTO
YHUBepPCaNbHbIX FeHePATOPOB CUTHATIOB
Ha AMana3oH 4acToT o pecsitkoB ITn
noka HeT. Hanbonee yHTepecHbiMU B
KJlacce YHMBEpCaNbHHX TeHepaTopoB
SIBIAIOTCST CeHepaTOpbl CUTHAJIOB I1pO-
usBonbHON dopMbl cepun AWG7000
koprnopauumu Tektronix. I[Ipubopn
C1ocO6HBI TeHepUPOBaTh CUTHANLL pas-
HOO6pa3HOI GOPMBI € 4aCTOTOI NOBTO-
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penus po 5,8 ITy 1 nepepaBars MHOTO-
YPOBHEBbIE CUTHANIEL CO CKOPOCTBIO IO
10 T'éur c. Yacrora OUCKpeTUsauuu y
atux npubopos gocruraer 20 [T, Mu-
HUMaJIbHOE BpeMs HapacTaHUs CUrHa-
noB — 45 I1¢, paspeleHue 1o BepTUKAIN
10 6ur.

Hnmuba oyudpoOBaHHBIX CUTHAIOB JO-
cruraer 32,4x 106 Toyex, 4TO N03BONAET
dbopMupoBarh CloXHelIMe MOCTeNo-
BaTENIbLHOCTH, MPMMeEHsiEMble LIPU UC-
C/IEIOBAaHUU U OTNaiKe COBPEMEHHOTO
KOMMYHMKALUOHHOrO 060py[OBaHUs.
Wpeonorus mpubopo v npvHUMIbL
paboThl ¢ HUMU Te XKe, YTO y IPUGOPOB
cepuu AFG3000. ITpomexyrounoe no-
TIOXEHVE 3aHUMAIOT TeHePaTophl Cepuu
AWG5000.

Buibop ocummnorpadoB s cospe-
MEHHOI TabopaTopuy BBICUIETO KJTacca
AOCTaTO4YHO WHPOK. Cpeay aHanoroBbx
ocyunorpadoB ¢ MONOCOI YacToT A0
1 ITy Heb3s HE OTMETUTD YHUKA/IbHBIE
npubopb AnoHckoit ¢pupmer Iwatsu.
Onn npojawres nog mapkoit ACK-
8104/8064 (nonoca yactor 1/0,6 ITy)
Y peanu3yTcsa KOMIIaHuel «Jnuke». B
npubopax UCronb3yeTcs Manopasmep-
Hasl CKaHUPYIOILIast 3/IeKTPOHHO-Tyye-
Bas Tpybka Ha mpubope ¢ 3apAKOBOIi
cBsasbo (TI3C) u nmamsATbHIO Ha IECTH
OCUMJUIOTPAMM, CUTHA € KOTOPOLo
MOCTYNaeT Ha TUIOCKUYU XUAKOCTHO-
Kpuctannuaeckuit mapukarop. Cko-
POCTb 3axBaTa OCUWIIOIPaMM y 3TUX
npubopos yHukansha — o 106/c, cko-
poctb 3anvicu pocturaer 10 men/Hc.

Hpyras cepus npubopoe ACK-
7074/7404/7304 (c monocoit 4acToT
470/400/300 MI'y) BbinoNHeHa Ha ynmb-
TPasipKo¥l 3NeKTPOHHO-TTy4€BOi1 TPyOKe
06b19H0#1 KoHCTPYKumu. Ipubopst unme-
10T ABe pasBepTku — A n B, passepr-
Ka B Moxer 6bITh 3ageprxaHHoN (nyna
BpeMeHM).

Opnnako ocropoit Hi-Fi na6oparopun
SIBJISIETCS. HIUPOKOMOJIOCHBI U CKOPO-
CTHOW 1MGPOBOIT 3AMOMVHAIOIMIA OC-
yunnorpad. Y uudpoBbx ocyunior-
padoB BbiCLIEro Knacca CHENUanUCTbl
LIEHAT He TOJBKO MOIOCY YaCTOT UCCHTe-
AYEMBIX CUTHAIOB, HO M CHOCOOHOCTDL
ocyunnorpadoB XpaHUTh OonbIIVE
KYCKM oLM¢POBaHHBIX CUTHA/IOB I BO3-
MOXHOCTU CUHXPOHU3AUMM U 3aIyCKa
O PasUIHBIM COOHITUAM.

Hemanosaxxnoe 3HauyeHue uMeer co-
cobHOCTL ocuunorpadoB NpencTaBnATH
CUTHA/IBI B CHIELMAJIBHOM BUIE, HAMPU-
Mep, B BUJI€ IJIa3KOBBIX AMArpaMM, ruc-
TOrPaMM, OCUMJUIOTPaMM C PasIu4HOM
rpajianyert ApKOCTY U UBeTa u T. i. Camo
coboii pasymeeTcsi, YTO HO/HKHO OHITH
obecrnieyeno noakmoyenue k 1K, kak

IpaBuIo, Yepes ckopoctHoi nopt USB.

W3 cpaBHUTENBHO HE[OPOrMX COBpe-
MEHHBIX M(POBBIX 3aTIOMUHAIOLINX OC-
uunnorpagos ¢upmer Tektronix mMox-
HO oTMeTuTh Mopfienu cepun DPO-4000
(puc. 7). OHM BBITYCKAIOTCA C NMONOCOI
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yacrot 0,35, 0,5 u 1 ITy. JIvus Mnagias
mopenb DPO-4032 gByxkananbHas, oc-
Ta/lbHHIE — YeThIpexKaHanbHble. [1pubo-
PHBI 3TOV CEPUU PEATUIYIOT TEXHOJIOTMIO
uudposoro pocdopa, uMuTHpyOILYIO
CBOVWCTBO M3MEHEHUA APKOCTH OCLII-
norpamM. CrienuanbHoe yCTPONCTBO
Wavelnspector oTkpbiBaeT BO3MOX-
HOCTb MPOCMOTPa U aHanu3sa Majoro
YYacTKa OCUM/UIOIPAaMM, JTMHa KOTOPHIX
Joxoput fo 106 Touek B KaXk[JoM KaHaste.
INpubope! MO3BONAIT aBTOMaTUYECKU
BBIIIO/IHATD 25 U3MEPEHUI1, UMEIOT pac-
LIMPEHHBIE CPEACTBA CMHXPOHUSALMM,
cnot USB pnsi cmeHHbIX Kapr flash-na-
MATU U BCe HeOOXOAUMBIE CPEfICTBa 1St
paborn coBmectHo ¢ T1K.

Bnvskumu xapakrepucrukamu obna-
naot ocyumorpadw cepun TDS-5000B,
BBINO/THEHHHE Ha ratdopMe nepco-
Ha/IbHOTO KOMITBIOTEPA C OIIEPAIIMOHHOI
cucremoit Windows 2000 Professional.

Hudposrie ocuunnorpadn kopmo-
panuu Tektronix DPO7054/7104/7254
€ 4acTOTaMM UCCIefyeMBbIX CUTHANOB
0,3/1/2,5 TTy umeroT 4acTOTy AUCKpe-
TU3aUMU Ha BCex KaHanax ao 10 I'ewnib/c,
a Ha OfjHOM KaHase aaxe fo 40 I'ebi6/c,
ANMvHA 3anmucu pocruraet 4x108 toyek.
YHVKanbHble CPefiCTBa CMHXPOHU3a-
yuu Pinpoint o6ecnieyuBator npakTu-
YECKUE HEOTPAHNYEHHBIE BO3MOXXHOCTU
3anycka no mobem cobpituam — 6o-
nee 1400 BapMaHTOB CMHXPOHU3ALWU.
Yucno BHINOMHAEMBIX aBTOMaTUYECKU
usMepeHMIt focturaetr 50, 3axBar oc-
LU/UTOTPaMM BO3MOXEH €O CKOPOCTHIO
2,5x105 ocuy/c. ITpubopm BHIMONHEHD
Ha OCHOBE ITaTGOPMBI MEPCOHANTBHOTO
KOMITBIOTEPa C ONepaiuOHHON CUCTEMOi
Windows XP.

Hoselllas cepus YeTnpexkananbHbIX
HIMPOKONONOCHBIX ocunorpados Tek-
tronix DPO-70404/70604/70804 umeet
CYLIeCTBEHHO PaClIMPEeHHbIW AUana3’od

UCCneayeMbIX 4actotr — no 4, 6 u 8 I'Ty,.
YUyBCTBUTENBHOCTD 1O BEPTUKANU CO-
craensier 1 MB.. 10 B/pen, passeprka
no ropusonTanu — 20 nc...1000 c/gen.
Ipuboput umerot mxurTep (BpeMeHHY0
HeCTabUILHOCTL) MeHee 1 1C, a MUHU-
MyM BPEMEHHOTO KMTTepa — 425 ¢
(yKxasaHBI cpelHeKBa/IpaTUYHEIEe 3Have-
Husg — RMS). Ocummnorpadsr umeror
orpoMHuBIA (30 cM) XUAKOKpUCTaNIU-
HYeCKMI LBETHOWM JIUCHIeN C paspeLie-
HueM XGA. OCHOBOI ABNIsiETCS NIEPCo-
Ha/IbHBII KOMIIBIOTEP C ONEPALUOHHOM
cucremoit Windows XP.

HuanasoH 4acToT WMPOKOMONOCHBIX
uubpoBbIX ocuunnorpadoB peanbHO-
ro BpeMeHu goxogut go 10...20 I'Ty,
a crpobockonvyeckux go 70...100 [Ty
(mpubopr TDS8000B koprioparuu Tek-
tronix u WaveExpert u SDA 100 G dup-
Mbl LeGroy). O6sop npubopos atoro
Knacca fiad B [6, 7). ITH yHUMKanbHbIE
HPUOOPH UCTIONB3YIOTCSL [TA paspaboT-
KU CBEPXCKOPOCTHBIX CX€M [/Isi MUKPO-
LPOLIECCOPOB, YHUKANbHOro dusuyec-
KOro o60opymoBaHus, UCCAENOBaHUA U
TECTUPOBAHUA TEJIEKOMMYHUKAIJMOHHBIX
CKOPOCTHBIX YCTPOMCTB, COBPEMEHHBIX
unTepdeiicoB CBs3M KOMIBIOTEPOB C
nepudepuitibiM 060pyAoBaHMEM U Jp.
YCTPOWCTB.

HepmaBno mosiBUNOCh HOBO€ TMOKO-
neHue ocuunnorpadoB cMelaHHBIX
CUTHANO0B, KOTOPHE obbenuusaoT B
OfHOM Kopryce u$pPOBOI oCUANOr-
pad ¢ 2/4 xaHanamm M ynpoleHHHit
16-kaHanbHHI aHANMU3aTOP NOTUYeEC-
KUX COCTOSAHUM UMQPOBHIX YCTPOVICTB.
3to npubopn cepuu MSO4000 Gupmbr
Tektronix, cepur MSO 6000 dpupmur
Agilent Technjlogies u zp.

B na6oparopum xnacca Hi-Fi neo6-
XOAUM aHa/NU3aTop CIEKTPa BHCOKOIO
knacca. Haubosee nonHoe paseutue me-
TO/BI CIIEKTPANbHOTO aHAIN3a IONYYMIN
B COBPEMEHHBIX aHAIUIATOPAX CIIEKTPA
PEanbHOTO BPEMEHU M B aHaNus3aTo-
pax curHanoB. Kopnopanus Tektronix
BBIITYCKAET PAJ HaCTO/NIbHBIX aHanmu3a-
TOPOB CIEKTPa PEANbHOLO BPEMEHH,
HNOCTPOEHHBIX Ha OCHOBE BCTPOEHHO-
ro IIK. Hanpumep, 3to ananusatophbi
CIIEKTPa PeaNbHOTO BPEMEHU — cepusi
RSA2200 (puc. 8), RSA3408A u HoBel1-
was RSA6100A.

Ionoca o6sopa — 3 I'Tu y monenu
RSA2203A u 8 ITy y RSA2208A, o6bem
MaMATYU Ha KaXKAbIN KaHan — 512 M6aiiT.
IMyipuna nonocst 063opa y RSA3408A B
manasone 0...40 MI'y. 1Ipu6opst umeror
BBICOKY10 CTabMJIHOCTD YacTOThl 1 Ma-
7Bl ypoBeHb 1yMoB. OHU NO3BOJISIOT
peanusoBaTb MHOECTBO BHJIOB CIIEKT-
PIBHOTO aHanu3a, B TOM 4MClie Tpex-



KOMHOHGHTbI

MEepPHOTO «CIeKTpalbHasl MIOTHOCTb—
4acTOTa—BpeMs» U JIMHaMUYeCKOro.
Bo3Mo)xHOCTD MONyueHNs AMHaAMMYec-
KOT'O CrieKTpa 0coOeHHO NMpUBJIeKaTesbHa,
TIOCKOJIbKY TIO3BOJISIET BBIAB/IATD MHOTHE
aHOMaMUM UM OCOOGEHHOCTU CUTHAJOB,
KOTOpble HEBO3MOXXHO OOHAPY>XHUTb C
MOMOIIBIO OOBIYHBIX OCLIWIIOTPAMM.
[Tpubopsl HOBOTO KTacca — aHaIN3a-
TOPbI CUTHAJIOB ¥ MCTOYHMKOB CUTHAjIa
npefiHa3HayeHbl [Jis1 aHalM3a CIIOXKHBIX
CUTHAJIOB CO MHOTMMM THMIIAMM MORY-
JISIYUM B COBPEMEHHOM KOMMYyHMWKal[M-
onHoM obopynopanuu. O6BIYHO OHU
00beUHAIOT HECKOJIbKO NMpUGOpoB A/s
aHanusa (azoBbIX IIYMOB CUTHAJIOB U
6bICTPOrO aHa/M3a MX CMEKTPOB CUTHA-
JIOB pa3nuyHbiMu Metofamu. [Toxanyit,
JIUJIEPCTBO B MX pa3paboTKe M BBITYCKe
Ha PBHIHOK MPUHAJIEKNUT KOPHOpanunm
Agilent Technoligies, kak u B BHITIyCKe
ocnutorpadoB CMelIaHHBIX CHUTHANIOB.
YeTblpexkaHalIbHbIE AHATN3ATOPDI TeJle-
KOMMYHHMKAI[MOHHBIX CUTHATOB KOPIO-
pain Tektronix RSA70404/70604/70804
OXBaTHIBAIOT INANA30H YaCTOT aHAJTU3U-
pyeMbIX curuanos o 4/6/8 I'Tw.
YHMKaNbHbIE AHATN3ATOPBI UCTOYHM-
koB curnanos FSUP8/26/50 ¢ nuarnaso-
HoM yactoT oT 20 I'ny 1o 8, 26,5 m 50 I'T'1y
(¢ BHemHuM cMecutenem no 110 T'Tr)

Puc. 8

seityckaer ¢upma Rohde&Schwarz.
[Tpubopel NMO3BONAIOT BHIAENATD MEJIb-
Yaiflue JleTan CHeKTPa C pa3pelieHneM
1o 1 I'l. MunumanbHoIil ypoBeHb CUT-
Hana Jocturaer —140 gb.

IpakTiyeckn Bce COBpeMeHHbIE N3Me-
puTenbHbIE TPUOOPH UMEKOT CPefCcTBa
CBA3M C MEPCOHA/ILHBIMU KOMITBIOTEpaMy
¥ MPOTpaMMBI JUIsl BBOJia B KOMIIbIOTEP
3HAYCHUI M3MEPseMbIX TAPAMETPOB, OC-
LWIOrpaMM ¥ criekTporpamMm. OHU MO-
ryT 06pabaThIBaThCs C HOMOIIBIO CUCTEM
KOMITbIOTEPHOV MaTeMaTHKI, YTO OTKPbI-
BaeT OrPOMHbBIE BO3MOKHOCTU B TEOPETHU-
9eCKOM aHa/n3e U IKCIepUMEHTATIbHOM
UCCTIeIOBAHNM C/IOXKHDBIX MPOLIECCOB.

NUTEPATYPA:

1. A. A. Adonckuii, B. IL [lvsikoros.
M3mepumenvrvie npubopvt u maccosvie

anexkmponnwvie usmepenus. — M.: CO-
JIOH-IIpecc, 2007.

2. B. IL. llvakonos. QyHKUUOHANIbHDIE
zenepamopv. — Cxemomexruxa, 2006,
Ne 9, ¢ 10—12, Ne 10, c. 13, 14.

3. B. I1. lvaxonos. Bupmyanvhvie na-
6opamopuu. O630p npucmasox u naam
K NepcoHanvHOMY Komnviomepy. — Pe-
monm u cepsuc, 2005, Ne 7.

4. A. A. Adonckuii, E. B. Cyxanos.
Msmeperust no 3a0anHoti mpaekmopuu
8 USB-nabopamopuu (usmepumenvHotii
xomnnexc ACK-4106). — Konmponvro-
USMEPUMENbHDIE CUCTEMbL U NPUbopbL,
2004, Ne 2.

5. B. Il. [Ivaxonos. MnozodyHk-
yuonanvHvle zenepamopvt Tektronix
AFG3000. — KonmponvHo-usmepurmens-
Hble npubopvt u cucmemn, 2006, Ne 6,
2007, Ne 1.

6. B. I. lvsixoros. Ljugposvie 3anomu-
Hawuue ocyunnozpagdvr cpedHezo Knac-
ca. — Pemonm u cepsuc, 2006, Ne 8.

7. B. II. Ilvakonos. Cmpobockonu-
weckue ocyunnozpagut y 6apvepa
100 I'Ty. — Pemonm u cepsuc, 2005,
Ne 12,

Bnapumup JbskoHOB,
r. CMONEHCK

EuroDISPLAY 2007 + SKEEF Corporation:
BcemupHan npembepa HOBOro pbiHKa cuctem BUsyanmsayum

25 uionn 2007 2.

B cenTsnibpe cocTOMTCS BceMUpHas MpeMbepa HOBOM KOHIEMIIMY aBTOMATH3a1MK pabodero MecTa pyKOBOJIUTEIS.

Kak n3BecTHO, ycIiex COBPeMEHHOTO MpPEeANpHATIs BO MHOTOM 3aBICHT OT YPOBHsI aBTOMATH3aLMK U 3 (eKTHBHOCTH paboThl
PYKOBOMTEIEN BBICLIEro 3BeHa. BrictaBounan komnanua «unI3KCIIO», BicTynaol@as OpraHMsaTopoM MeXAyHapOHOM BbI-
CTAaBKM CPEACTB U cucTeM oTobpakenns utdopmarmu EuroDISPLAY-2007, u komnanus «SKEEF Systems» nopnucanu cornatuesme
o mposenierny 18—20 centsbps 2007 r. B MOCKBe BCeMUPHOI NpeMbepbl HOBOI KOHIEII My paboyero MecTa pyKOBORMTENA.

Ikcnozunms «Iudposast cpepa oburanms pykosoauresns» Ha credje rpynnel SKEEF craner HeHTpambHBIM cOOBITHEM
soicTaBKi EuroDISPLAY-2007 B nanHoM cermenTe pbiHKa. Ha ctenyie 6yner neMOHCTpUPOBATHCS KOHLEIITYalbHO HOBOE NMOC-
Tpoexue paboyeil 30Hbl PyKOBOJUTE TOCYAaPCTBEHHOTO WM KOMMEPYECKOTO MPEANpPHUSITUSA C UCIIONIb30BAHNEM I1€PENOBBIX
MOCTIDKEHUI B 06/1aCTU AUCIDIEHHOM TEXHUKU U CIeNaIbHOTO NpOTrpaMMHOro ofecriedeHns.

310 cobbITHE cTaHeT OQUIMATBHBIM OTKPHITUEM HOBOIO CETMEHTA PbIHKA CUCTEM aBTOMATU3alMy — NEPCOHAIbHbIX NHGOpMa-
IMOHHO-2HA/TMTHYECKMX KOMIUIEKCOB 151 TON-MeHeIKepoB (06beM poiHKa — 6ojiee 5 MIIH. MPENPUATUI BO BCEM MHpe).

PR-cmyx6nr
3A0 «Yun3KCIIO»
SKEEF Corporation

Esponeiickuia opym no cpeactsam 1 cuctemam otobpaxeHns nidopmauum EuroDISPLAY opranusyeTca oguH pa3 B gBa roga Mex-
ZJyHapogHbim aucnneiHbim obulecteom (SID), B 2007 r. Bnepsble nporpet B Mockse. EuroDISPLAY-2007 BkniovaeT B ce6a TEXHUHECKYI0
BbICTABKY (IKCMOLEHTP, MAaBUNbOH 7) 1 HayuHble MEPONPUATUA: 27-10 NCCnegoBaTenbekyo KoHdepeHuuio no gucnneam (IRDC'07) n 16-1o
pervoHanbHyto koHdepeHUuo “MNMepenosbie gucnneiiHble TexHonorun” (ADT'07). http://display.chipexpo.ru

«Hun3KCMO» — poccnMinckan BbICTAaBOYHAA KOMMaHWA, OpPraHn3aTop Creyranu3npoBaHHbIX OTEeHECTBEHHBIX BbICTABOK MO NIEKTPOHUKE
1 cuctemam ynpasnenua (ChipEXPO, EuroDISPLAY, «3nekTpoHuka-TpaHcnopT). www.chipexpo.ru

«SKEEF Systems» — poCccnitckan KomMnaHua, OCyLIeCTBNAOLWAA CBOK AEATENbHOCTb B cdepe KOMMbITEPHOM TEXHUKY, NPOrPaMmMHOro
o6ecrneyeHus 1 ynpaBneHuYeCcKoro KoHcanTuHra. Komnanua apnaeTtca pas3paboTymkom MHGOPMALIMOHHBIX CUCTEM HOBOTO Knacca PSTM
(Personal Systems of Top Managers). www.skeef.ru
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BnuaHve gNNHHDbIX TNHUNA

nepegaum

Ha 6bICcTpoaencTByOLWMe
munkpocxembl KMOI

Ha puc. 6 nokasaHel peanbHBIE Kpy-
BHe Juia 3nemenTa 74HCO00, ynpasnsio-
L[ero APYTMM 3JIEMEHTOM C TOMOLIBIO
TIPOBOJHMKA, PACIIO/IOXKEHHOTO HaJl CT10-
eM 0011[ero NpoBofa IEYaTHON MIaThl
(Zo = 200 Om).

Cnenyer 3aMe€THUTb, YTO BBIXOJHOM
YPOBEHb JipaiiBepa CMeEIAeTcsA B Ha-
IMpaBJ/IEHUM TIPOTHUBOIIOIOXKHOIO JIOTH -
4eCKOro YPOBHS, UTO TIPMBOJIUT K ellje
GonblueMy «3BOHY» Ha CTOPOHE MpH-

5B 5B 200rc
BXOJL N
JIPAUBEPA r ) _f

BbIXOJ]
JIPAVIBEPA

BXOJ Py L 1

TIPUEMHUKA | A

| s00mB

Puc. 6

L[C KYCCTBO CXEMOTEXHUKN

TocrenoBaTenbHOE BKIIOYEHNE PE3NC-
TOpa HeOOXO/IMMO JUIsl TOrO, YTOOBI IIPH-
BECTM BBIXO[IHOM MMIIEIAHC JipaBepa
B COOTBETCTBME C MMIICITAHCOM JIMHMMH.

Rr

s

RT= le - ROI.'T

(a)

€MHMKA. ITOT AONOJHUTENbHbINA 3BOH
HPOI/ICXOHI/IT no HPI/I‘H/IHC BbIXOJHOI'O
MMIIeJaHCA NMHUKM, GOnee HM3KOTrO, Ur
m6o 6ornee BBICOKOTO 110 CPaBHEHMIO ©
€ TeM, KOTOPHI MCIONb30BANCA NPH
aHanmse. Rn
XoTA OTpakeHus B IMHMM HE TpE]-
Crap/siioT MpobeMy Juis 6O/IBLIMHCTBA
KOHCTPYKLIMM, MOXET IOHafoOMThbCS
yMeHbIHI/ITb «3BOH» /I OHpeﬂeHeHHbIX
TIPUIOXKEHMI, HAIIPUMEpP, TAKUX, KOTO-
Pble UCIIOTIB3YIOT JUTMHHBE Kaberw, C/1oit ®)
ob11lero MpoBofia MeYaTHHIX IJIAT M 9yBC-
TBUTE/IBHBIE 3/7IEMEHTHI, M1 HE ]IOHYCKalOT O_B_S
HanM4mMa M3Ty4aeMoro IIyMa ¥ Tepe- Zo=TRs Zr
erCTHbIX TIOMEX. MO)KHO HCITO/IB30BATH
HECKOJIBKO METOJMK [JIsl YMEHBILEHUS Ra
«3BOHa». O]IHa 3 HUX — anMeHelme
nocnenoBaTe/IbHbIX OI‘paHI/I‘{I/ITeTIbeIX Usr
PE3NCTOPOB B Ka4eCTBE OKOHEYHOI Ha- ©
rpysku (puc. 7, a). Puc.7

RT! IR'I'1= Zn R'I'I

FLASH namMmsaTtm

¢ Moaknwouenue k MK yepes
USB kabenb

e MoaAepxKa BLICOKOCKOPOCTHORY NADN-

FLASH nporpamMmupoBaHuns

e JlerkoCrb nporpaMMupoBaHmna BrJIOTb

A0 asTOMaTM3aumn

¢ ABTOMaTHMYECKOE onpeaeneHune Kopnyca

MUKPOCXEMbI

e ABTOMarnyeckoe onpeaeneHvie tuna F

naMAaATU U NnpoussoanTena

¢ CaMoTeCTHpoBaHue annapaTHoro cpea

e MNMutaHme: 90...260 B nepeM.ToKa

(WnnATAH

. PPS-10
~ .

L]
‘o

r ¢ MonHopa3mMepHbIv gucnnien 128 x 64 Touek

e Baeoe ymeHsbLUeHHbIM kopnyc 155 x 100 MM

e OavH kanan 2 My, 0.1 mB

¢ YNpaB/ieHne Yepes AXKONCTUK ABUKEHNEM
OAHOrO Nasnbua

¢ U3mepeHnna pbm, nBB, DC, RMS

¢ Moakntouenne k MK yepes RS-232 uHtepdeiic

www.platan.ru

WnrATAH



MCKVCCTBO CXeEMOTEXHUKIN

3ta poLiefypa yCTpaHs€eT IpeBhlIleHNe
CUrHajla Ha MPMEMHOM KOHIle IMHMY,
HO 3aMeJylsieT BBIXOJHOWM CUTHal, M HE
6yner paborarh C IIMHAMY U CTI0EM 06-
L[ero IpoBOAia MeYaTHBIX IUIaT.

ITapannenbrple OKOHEYHBIE YCTPOICTBA
moryT neperpysutb anement KMOIIL.
INapannensHoe BK/IIOUEHVE OKOHEYHBIX
pesucropos (puc. 7, 6, ¢) coeavHsteT pe-
3UCTOP Ha NPMEMHOM CTOPOHE JIMHUU
60 € HATPSDKEHMEM VICTOYHMKA TNTa-
Hust, 6o ¢ obummM nposogoM, Mbo ¢
penurteneM Hampsbkenus Mexxuy Ucc n
obumm nposopoM. Benmumna pesmcro-
pa (WM 3KBMBaTEHTHOE CONPOTHUBIEHME
maphl pe3ycTOPOB) O/DKHA COBNAAaTh €
mmnenarcoM Hnn. O6bIMHO CUCTeMHasA
kabesbHas yKIa[Ka MMeeT OTHO OKOHEY-
HO€ YCTPOVICTBO Ha OOHY CUTHA/ILHYIO K-
nuto. Hekoropble oueHb 6bICTpBICE IIMHEL,
OJIHAKO, MOTYT COfiep>KaTh JJO IBYX OKO-
HEYHBIX YCTPOICTB, IO OFHOMY Ha KaK-
71011 CTOpOHE KabeJIbHOV YK/TafIKM.

Euwite opiHoiT npo6emMoit ¢ napasuiesnb-
HBIM BKJIIOYEHVEM IBYX OKOHEYHBIX yC-
TPOICTB ABjsieTcsa Gorblloe noTpebie-
HU€ SHEPIUY, Ie/Iaoljee HeBO3MOYKHBIM
BbibOp mpubopor cepun 54HC/74HC
Ha HayalbHOM 3Tane. Kpome Toro, noc-
KOJIbKy OKOHE€YHas lieNb JJOJDKHa CO-
OTBETCTBOBATh MMIIE[JAHCY JIMHMY, Ta-
pajulesibHas LieNb MOJKET Ieperpysuthb
BhIxOAbl Ipr6opoB cepyu 54HC/74HC
Y TIOMeNIaTh YIPAaB/SATh IIMHON JIOTU-
YeCKVIMY YPOBHSIMIL.

PaccmoTrpum st mpumepa LIMHY
TTH umnepgaucom 150 Om ¢ epuuc-
TBEHHBIM OKOHEYHBIM YCTPOICTBOM 1
3KBMBAJIeHTOM Harpysku B BUJ€ OKO-
HEYHOTO Pe3CTOpa CONMPOTUBIEHMEM
150 OM, NOAK/II0YEHHOTO K MCTOYHMKY
MTaHNs Hampsbkenuem 3,5 B. B Ha-
MXY[lleM Cilydae VMMIEJaHC ApaiiBepa
myHb 31eMeHTOB cepuu 54HC/74HC
cocrapnser 100 Om. [locTosiHHOE BBI-
XOJIHOe HampsDKeHe U IpubopoB ce-
pyvm 54HC/74HC, ynpasistommx IHOM
TTJI x mor. O coctaBuno 6bI:

Uour = 3,5 B (100 OM/250 Om) =
=1,2 B.

3TO C/MILIKOM MHOTO /LI TOTO, YTO-
6561 cpopmMIpOBaTh BHIXOHOI YPOBEHD
gior. 0. Takoe BK/IIOYEHME 110 NOCTOSTHHO-
MY TOKY MO>KHO VICIIO/Ib30BaTh TOJIbKO B
TOM CJIyuae, eC/ NaJieHye HalpsDKeHNsA
Ha anemenrax cepvu 54HC/74HC 6yper
He 6onee 0,5 B.

Kpome Toro, ecnu nmHuUsI fOCTaTOMHO
JUIMHHA, YTOOBI MposBAATL GONBIIYIO
3aJiep>KKy TIO BCell CBOeN JJIMHE, CTaHO-
BUTCS BaXXHOIH CIIOCOGHOCTD TPUEMHOTO
JIOTMYECKOTO 37leMEHTa IepeKTIoYaThCA

oy, fieficTByieM PpoHTa Majaloweii Bojl-
Hbl. Ec/iv BefIMyumHa CTy4ailHOM BOJIHBI
OKa)XXeTCs1 HeIOCTAaTOYHOM, NPMEMHMK
JIOJDKEH XJaTh OTpaKeHMs Mepeyy CiM-
THIBaHMEM M3MEHEHMA Ha €TO BXOfe.

HampsbxeHre Ha TIpyeMHMKe ONpefe-
JIIeTCA BBIXOJHBIM HalpsDKEHMEM Jipaii-
Bepa, BLIXO/JHBIM MIMIIEIAHCOM JipaiiBepa
Y XapaKTepUCTUIECKNM VIMIT€/JAHCOM JIU-
mvm. [Tpubopst cepyn 54HC/74HC mme-
10T TUIIMYHBIN VMMIIEaHC B gUaria3oHe
40...50 Om, NO3TOMY NPUEMHMKN S7i€-
meHTOB cepun 54HC/74HC nepexmoya-
I0TCA TI07] BO3pielicTBreM (PPOHTOB Naja-
10111eM BOJIHBL, €C/TA TUMTMYHBIN MMIIEAaHC
nviHum 6orbiue 150 Om.

Ilpn 3amene LS-xkomMmoHeHTOB Ha
anementh cepun 54HC/74HC, Heo6-
XOMMO M36eraTh ynpabjleHMs IIVHa-
MU C KOHEYHBIMM YCTPOICTBaMy, Yeit
3KBMBA/IEHTHBIN MMIIEJAHC COCTaBILAET
meHee 500 Om (mamxypuumit ciydvait),
orpaumyenHbiit Ugc = 0 B umm 250 Om,
OTpaHMyeHHBbIN 3 B.

OxoHeuHslin umnepauc 1T/ — ato
He eqVHCTBeHHas npobema py 3aMeHe
TTJ1 Ha Mykpocxembl cepym 54HC/74HC.
Jnd npumepa pacCMOTPUM HAITPSKEHNA,
K KOTOPBIM TOAK/IIOYAKOTCA OrPaHmyYM-
tenpHble Lenu. O6BIYHO JKBUBA/EHT-
HBII UMITE/JAHC OTPaHMYMTEbHBIX 1ieTiei
TIpMBSA3aH K HaIPSDKEHMIO B JIMATIa30He
2,5...3,5 B. CnenoBarenbuo, korga T1J1
IIVHBI B COCTOSIHUM BBICOKOTO JIOTMYec-
KOTO YPOBHsI, OHM NIPUHMMAIOT 3TH 3Ha-
YeHUs HalpsDXEHUsA, 3aCTaB/UiA 3IEMEH-
18! cepum 54HC/74HC tanyTtb Toxu I,
KOTOpbBI€ BEJIVKM 110 CPaBHEHMIO € TOKa-
MM, FEHEPVPYeMbIMY, KOT/Ia ILHA MMeeT
OKOHEYHbI€ YCTPOVICTB, ITOAK/IIOYEHHbIE
K Ucc mm obiemy npoeopy. Taxxe 3a-
METHM, YTO MOTYT BO3HMKHYTh HEKOTO-
pble JIOrMYecKye OIIMOKM, MOCKOJIBKY
JVana3oH HanpsbkeHwit 2,5...3,5 B ne
SIBNIAETCA JIEVICTBUTE/IBHBIM JIOTHECKNM
yposHeM g cepvim 54HC/74HC.

Mcnonb3oBanune OKOHEYHON Lienu,
MOKa3aHHOM Ha pUC. 7, 2, KOTOpas CBA-
3bIBa€T CUTHAJI C OKOHEYHON LieNblo C
MIOMOIL[BIO KOHJIEHCATOPa HEGOBILION eM-
KOCTH, NIO3BOJLSIET PEILNTD 9Ty ripobiiemy.
KoupeHcatop 6710KMpPYeT NOCTOSHHBIIN
TOK M OTHOBpPEMEHHO paboTaeT KaK nepe-
MBIYKa BO BpeMsi TIepeK/TIo4eHNs CUTHa-
na. B aToM BapuauTe y3en He notpebrsiet
MOIL[HOCTb IO TOCTOSIHHOMY TOKY M B
TO e BpeMsi MoTpebser ayrHammdec-
KYI0 MOILJHOCTB. Kpome Toro, ecim vHa
TIPUMHMMAET COCTOsIHME JIOT. 1, OKOHed-
Hbl€ KOHJICHCATOPBI Y/IEP>KMBAIOT LIMHY
B COCTOSTHMM TIPEABIYILEro IOTM4eCcKOro
YPOBHA B T€4€HUE KOPOTKOIO IIPOMEXYT-
Ka BpeMeHH, n3beras ypesMepHbIX TOKOB
Icc. Ecmn nmmvHa vimeer moTteHUMal, KO-

TOPBIiT M3MEHSETCA B T€YECHME JJIMHHbIX
[IepUONIOB, MOXKET MOHAfOOUTbCA J10-
6aBKa BBICOKOOMHBIX HOTATVBAIOLINX
Pe3nCTOPOB, YTOOB! YAOCTOBEPUTBCS B
TOM, YTO YTeYKM IIMHBI He NPUBOAAT K
HENpaBWILHOMY (YHKLMOHVPOBAHMIO.
31U paccyxieHus MPUMEHNMBI K BbI-
xomaM 3neMmeHToB cepym 54HC/74HC.
Bxoppr 54HC/74HC nerko cornacyrotcs
€ 71106BIM TUIIOM IUMHBI, MO0 TMHMM Tie-
penayy, KOTOpble YIOBIETBOPSIOT Tpe-
60BaHMAM IO BXOJHOMY HAINpPSDKEHMIO
ns mykpocxeM cepuu 54HC/74HC.
YcrpaneHnye npuduHALYX Gecro-
KOJICTBO OTPa)K€HMI1 KacaeTCs TONBKO
YCTPOJCTB, UMEIOIUX €MHCTBEHHYIO
napy nepeparyuk/mpyeMHyK. OpHaKo
B3alMHasi IIapasUTHasd MHAYKTMBHOCTb
M eMKOCTb, CBSI3aHHble C CUCTEMHBIMI
MEXXCOeMHEHUAMY, IIPUYMHAIOT Iepe-
KpecTHHE noMexu (puc. 8 u 9).
Bermuyza moMexy 3aBUCHT OT JI/IVHBL,
PacCTOSAHYIS, IKPAHMPOBAHVS VICTIONB30-
BaHHOTO npoBoja. O6BIMHO TepeKpect-
Hasi IOMeXa He BhI3bIBaeT 6eCIOKONCTBa,
ecnu iBe vy 6ornee JIMHUIL He BXOJAT
B COCTaB OfHOV JIMHUM Ha NpOTsKe-
Hymn GONbIION gucTaHmmu. JlaXke Kor-
J1a VICTIOJIb3yeTCs J/IMHHAS CUTHAIbHAsA
IIMHa, NOMEXOYCTONYMBOCTD Cepun
54HC/74HC ympomaeT tpe6oparus s
MUHVMM3aLMH TepPeKPeCTHOM MOMEeXI.
[Tpoanammsupyem NepeKpeCcTHyX Io-
Mexy mpocroro npubmoxenus (puc. 9).
Puc. 9, a nokaspiBaeT jBe CUTHAIbHBIE
JIMHUM C UMTiegaucaMut Zoy U Z oy, CBsI-
3aHHble Zc. B TOuKe cBA3bIBaHMSA HANPS-

Zn/2

©)
Puc.9
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xenme curHana Up,, MHAyLMpPOBaHHOe
Ha BTOPYIO JIMHMIO, ITOTyYeHO Griarofaps
TENUTEINI0 HaNpsDKeHUs, ChOpMMPOBaH-
HOTO M3 Zoy, Zo, U Zc(6). Hanpsixe-
uue Uy, nomyvaerca u3 Upyr nepBoro
MHBEPTOpa, YNPAaBJIAIOLIETO [eUTENEM
HampsKeHus, cPOPMUPOBaHHBIM U3
Rour m Zo; BrOoporo unsepropa. Ecim
BBIXOJIHOJ MMIIEfiaHC YIPAaB/IAIIErO
9JIeMeHTa MaJ, Toraa
Uour = Ut = Ucc u Zoy = Zoz = Zo.
JKBMBaJIEHTHAst MOjie/Ib MMIlelaHca
(6) IpMBOINT K BBIPAXKEHUIO:
Zy,12

Zc+§1—+@
2 2

Zy

U, =

X

Koma CUTHa/I JOCTUTAET IIPUEMHIKA,
OTpa’keHMe 3acTaB/IfA€T YPOBEHb CUTHa/MA
yoBanBaTbCA:

U = 2(Upa).

KauecTBeHHO MOXHO BU€TH, YTO Ile-
PeKpecTHas IOMeXa BO3pacTaeT, KOTfa
Zc yMeHblIaeTcA. Zc B CBOKO OYepeib
YMEHBLUIAETCA C YBE/IMYEHUEM JTMHBI

B3aMMOEeNCTBUA
(yMeHbPImIEHUEM
PACCTOSHUA MEXIY
OBYMsi COeIVIHUTE-

CHrHansubie
NPOBOJHUKH

NIAMU) U YXYALIeHN-
€M 9KPaHMpPOBaHU.
VYMeHblIeHUE Zo
CHIDKaeT IepeKpec-
THYIO IIOMeXY, HO He
B TAkKOW CTeNeHH,
Kak M3MeHeHue Zc.

“Jemamoii”
[POBOJHUK

&

CurranbHbie
NPOBOJHUKK

/X/M)////

OrHocutenbuas cssb: K=1,0

“JeMaaHON™
MPOBOAHHK

3aMmeTuM, YTO KOI-
Ia Zc CTaHOBUTCHA
MaJIlIM, M3MeHe-
Hue Zo He3HAYU-
TEJIbHO BJIMsAET Ha
yMeHbllIeH)e mepe-
KPECTHOM IOMEXM.

OrHocutenbHas ceasb: K=0,8

CHrHanbHele
npOBO}IHHKH

/%M/yy/

OgHako ycusieHue
9KPaHMPOBaHUA Ka-
6ena cumxaer Zo n
yBeNMuMBaeT Zc U,
CnefoBaTeNbHO, SAB-
nsercs 3¢QeKTUBHON Mepoit Mo CHU-
JXEHUIO [IEPEKPECTHOM MOMeXN.

Ha puc. 10—12 npowunocTprpoBaH
3¢ PeKT IepeKpecTHOI MOMEXU IS He-
CKOJIBKMX KOH(UTYpaliuit POBOJHMKA.

Ha puc. 10 nokasaH oTHOCHTeNbHBII
KO3(QUIUMEHT CBA3YM MEXAY AByMA
IPOBOAHMKAMM TEYATHOI IJIATH IpU
PasNMYHbIX BApMaHTaX SKPaHMPOBaHMA.

Puc. 10

OrtHocurenvHas cBsasb: K=0,2

‘ 3eMJISlH]:le
TPOBOAHMKH

Ha puc. 11 — ocumiorpaMmsl curiana
yacroTtoit 1 MI'y B xabene pnmHoit 2 M
ISl PasiMYHOTO YMC/A MPOBOLHUKOB,
NOMIK/IIOYEHHBIX K 061ieMy IpoOBOxy.
MoxHO 3aMeTUTb 3HAUNTE/IBHOE YMEHb-
HIEHUE MEPEKPECTHON TOMEXH MEX[Y
ABYM#A TPOBOIHUKAMM, KOT[a TPETHil
IIPOBOAHMK B Kabesie COeNMHEH ¢ OOLIMM
nposogoM. Ha puc. 12 nmpuBeneHs Te e

ANEMEHTHI BALLUA MUHI
WMUPUT  revsopHLIX
R YCTPOWCTB

USB-JTABOPATOPUS 1S AKTAKOM'

USB-JIABOPATOPMSI - YHUBEPCAJ/TbHOE PELLIEHUVE NS BALIWX

U3MEPUTEJIbHbIX 3AAY U ABTOMATU3ALMY NPOU3IBOACTBEHHbIX

NMPOLECCOB HA BA3E NK

KOPNYCA
NOTMHECKUE AHANU3ATOPBI ‘__;'“ s
- - AKC-3166/3132/3116 i arTAKOM ~—— = =6 7
= 16 kananos (AKC-3166, AKC-3116), '
32 kanana (AKC-3132) .
« O6bem Bycepa 10 2 M BbIGOPOK HA KX AbHA KaHan S
Mo npegnaraem Ana pa3paboT4MKOB LUIMPOKUIA CREKTD * Mpon3BonbHaA perynupoBka pasmepa npea3sanucy
HEAOPOrUX COBPEMEHHBIX NNACTUKOBBIX AMEKTPOTEXHUYECKUX ¥ nocnesanucu
¥ NPUBOPHLIX KOPNYCOB OBLLEr0 HA3HAHEHWA. -~ -~
BbiCOKOE Ka4€CTBO, NPEKPACHBIA BHELUHWA BUD W HAZEKHOCTD. LUroPOBOW 3ANOMUHAIOLLIMIA
pou3BOACTBO LWMALANKOB JNA KOPITYCOS. OCLUMNOrPA® m iy ool
ACK-3002/3102 hAasTAKOM® & r | o
PA3bEMHBIE COEQUHNTENN * 2 HE3ABMCUMbIX KaHana ¢ Nonocoi
nponyckaqua 1o 100 Mly
« Bybep 3anucy go 64 kb Ha kaHan
SH220R-3.5-02P..-24P SHZ30R-6.0-02P_.-24P ‘ (onpepensieTce nonb3osaTenem)
« [pou3BONLHO BbIGMpaEMan ANUHA
‘ npepzanucu/nocnesanieun
SH220-3.5-02P_..-24P SH230-5.0-02P...-24P
‘ TEHEPATOP LIMOPOBBIX . =
NOCNEAOBATENBLHOCTEN | PO
COEAVHUTENBHBLIE AHP-3616 I\ AKTAKDOM’ N |
NPOBOLOA « 16 uuchpoBLIX KaHanos -4 - b
- [nvHa namatu va kawan 256 kBuT LT
AN UBMEPUTENBHBIX « YacTgra BHYTpEHHErD P Nt
NPUBEOPOB akTvposanus 2 Iy, 100 My o . .
* YaCToTa BHELIHErD .
TaKTUpoBaxua po 50 My
* AMINITYAA BRIXOAHOND HANPSOKEHNA i
115211, Mockea, Kawumpckoe wocce 57, kopnyc 5 OBO BCEX MOLE/JIsIX U NOQPOBHEE
Ten.: (495) 344-9765, 344-9766; chaxc 344-9810 HA www.irit.ru, www.aktakom.ru/sheme.htm

E-maii: pale @irit.ru Internet: www.irit.ru
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| 2m |
| |
A B
I| 1 } I/\\ i 1 } o
e
- Hewncnonesyemele  6-npoBoaHoOM ,__l_. K ocunnnorpady
MPOBOIHUKU My4KOBOM Kabenb
Brixon npaiisepa il I I
I 1
(5B/nenenue)
1 3 LY
TlepexpecTHBIe MOMEXH \ Bce Heucnone3yempie
(500MmB/nen) TIPOBOZHMKH “323¢MJICHBI”
€O CTOPOH i
7 7 7 0 CTOPOHHI NpaiiBepa
\ \ \ OnuH NPOBOIRMK “3a3eMiIeH”
IlepexpecTHeie noMexu ¢ obeux cTopoH -- Bee ocTanbHble
(500MB/nen) HEUCIONbL3yEeMBIE TPOBOHHKH
“3a3eMJIeHBI’CO CTOPOHBI AipaiiBepa
TlepekpecTHbIE FOMEXH 1N T Bce Heucnone3yeMele IPOBOIHUKH
(500MB/nen) . ¢ o
I 14 14 “3a3eMIIEHBI”C 00EHUX CTOPOH
Pazgeptka 200nc/nenenne
Puc. 11
| 2m |
I I
A ay B
1 — 1 )
P T
L Heucnons3yemsle  [lonockoBbli J=_ K ocnnorpady
MPOBOIHMKH Kabenb
Brixon npaiisep 1| I
(5B, L 4
Tlepekpectibie nomexH |—c I 4 J1Ba IpOBOJIHKKA, Pa3/ieNCHHBIC
(500mB/nen) ) > 1pOBOTOM, “saeers” Coe0eo
¢ 06enx CTOPOH.
\ \
Tlepexpectbie nomexu [ \ JlBa CMEXXHBIE IPOBOHHUKA, _
(500mB/zem) || P OCTANLHEIE “3a3eMIIEHEI" O
r \ ¢ obenx CTOpoH.
IT HHIE TIOMEXH
peKp - Ba CMEXKHBIC FIPOBOIHUKA,
(500nB/ze) :r-T- -+ ﬁlcranume “3a3§mnenm" 000800
4 I'l €O CTOpPOHBI fipaitBepa.

Pazeeprka 200Hc/nenenne

Puc. 12

cxeMbl ISl pasUyHBIX KoHQuryparmi
[IPOBOAHNKOB B ITIOCKOM Kaberne. 3nech
HauMeHblas [lepeKpecTHas oMeXa BO3-
HUKaeT OT pa3fie/leHNst CUTHaTbHBIX IIPO-
BO[JHVKOB [POBOAHNKAMM, COEAMHEHHDI-
Mu ¢ obium nposogom. Hanbonbimas
IlepeKpecTHast IOMeXa BO3HMKAET, KOT/Aa

IBa NPOBOLHMKA MAaKCUMAaNIbHO 6113KN
APYT K APYTY U HET MPOBOAHUKOB, CO-
€JUHEHHBIX C 00I[UM IIPOBOAOM.

XoTa GONBUIMHCTBO IIPUIIOKEHUN
6picTpogeiictyonyx KMOII pkmoyaet
B ce0s MCTOYHUK IIUTaHNsl HANIPSUKeH!-
em 5 B, HEKOTOpbIe PUTI0XKEHMST MOTYT

MCIOMb30BaTh 2 B — HIDKHMIA mpepen
HanpsDKeHUs MUTAHNS A7 MUKPOCXEM
cepuu 54HC/74HC. Ilpn HanpsxeHnn
nutaHus 2 B anementn cepun 54HC/
74HC mmerot npubnusutensHo 0,3...0,5
Harpyso4Hoi1 Crioco6HOCTH U NpuUMep-
HO B 3...5 pa3 6o7bLIyIo 3aiep>KKy pac-
MPOCTPAHEHNA M BPeMA MePeKTIIeHNs
10 CPaBHEHMIO C Temu e npubopam,
paboTarouuMy OT MCTOYHMKA IIUTAHNS
HanpsokeHneMm 5 B. BuixopHoe Bpems
repeKnioYeHns 1IpU HaNpsHKeHUU -
TaHuA 2 B cocrasnser okono 30 Hc,
4TO 103BOJseT 0Cnaburh TpeboBaHuA
K TPacCUPOBKE CUTHANbHBIX JIMHMIA 1
OKOHEYHHIM ycTpoiicTBaM. I1ockombky
BpeMEHa HapacTaHuA U clajia HaCTo/b-
KO BENMKHU, OTPAXKEHMUsI U «3BOH» He-
3HayuTeNnbHbl. IlepekpecTHble nomexu
U LIyMoBas CBA3b OJHOJ CUTHATbHOM
JIMHUM € APYTOM TaKXe YMEHbUIAKTCSA
npuMepHo B 3...5 pas, orpaHUYMBast
reHepupyeMyIo 1yMoByK ¢Basb. Op-
HAaKO, UCTIONDb3YA NCTOYHUK MUTaHUA C
MEHBIIMM HanpsHKeHNeM, IIOMEXOyCTOl-
YMBOCTD I10 MOCTOSAHHOMY TOKY YMEHb-
maercst mpubnu3nTeNIbHO B [iBa pasa,
CiefloBaTeNnbHo, oblasg yCTONUMBOCTD
K BHEIIHEMY UIyMy yMeHbIIAeTCA.

Ins KOHCTPYKUMIT € HanpspKeHneM
2 B myMm 1 «3BOH» IS IMHUI [€penay
B OCHOBHOM YCTPaHSAETCs, a IlepeKpecT-
HBle [IOMEXY YMEHBIIAKTCA 10 JBYX Pas.
Koncrpynposaxue napnenuit ¢ 6pctpo-
nencreyromnmyu Mukpocxemamy KMOITI
NPy HaNpsDKeHuM nutanus 2 B moxer
6BITh OMUCAaHO, KAK MOYTH UJIEHTUY-
Hoe KOHCTpympoBaHuio Ha 6onee cta-
poil CTaHAAPTHON JIOTUKE MUKPOCXEM
KMOII npn HanpsbkeHNM MCTOYHUKA
nutaHua 5 B.

JIUTEPATYPA:

1. www.fairchildsemi.com. AN-393.pdf.
Fairchild Semiconductor Corporation.

Koncrantun bopucesud,
r. Munck, benapych

BHumanuio unrarenen!

Ha caiite xypHana «CxemotexHuka» no agpecy http://www.dian.ru/programs/index.htmi BbinoxeHsl nporpammel
Tabnuupl npowwmeky M3Y K cTatesaM No MYKPOKOHTpONnepam, ApyruM CTaTbaM 13 nocnefHUX HOMEepoB, a Takxe
cofepxaHve (nepeyeHb cratei B chopmare Excel) Bcex BbiLLEALIMX HOMEPOB XYpHaNoB «CXeMoTexH Ka».



MHorokaHanbHble
ycunutenbHble CTPYKTYPbl
B YyCUINTENAX MOLLHOCTI
3BYKOBOWN 4acToThI

B cmamee onucarbl MHO20KaHabHbIE yCuUmMensHbie cmpykmypel
(MKYC) 8 ycunumenax mowHocmu 38ykosoti 4yacmomei (YM3Y).

pennaraemeiit YM3Y npencras-
nseT coboit 60see cOBEPLLEHHYIO
KOHCTPYKIMIO 110 CPaBHEHUIO C
ONMCaHHbIMU paHee [1—3], Tak Kak 06-
napaeT KpakiHe ray6okoi 100-npouent-
HOM OTPHLATE/NIbHON 0OpaTHOM CBIA3BIO
(OOC) na Bblcokux 4actotax (BY). B
COBOKYIHOCTH €T0 YCHJIEHHE COCTAB/IAET
6onee 150 nb Ha wactote 20 kl'y, urto
HO3BO/sAIET MONYYUTH OYeHb HU3KHI
k03 duiMeHT uckaxennit (0,0002 %).
Ho, He cMoTps Ha 3TO, ycunuTenb He
ABACTCA CXEMOTEXHMYECKU CJIOXKHBIM
YCTPOHCTBOM, IOITOMY €F0 MOXHO OT-
HECTM K K/IacCy YIIPOLIeHHbIX Y M3Y.,
Cnenyer OTMeTUTb, YTO CaMoOil Miee
MHOT'OKaHa/IbHOTO YCUIEHUs yike 60-
Tiee TIONyBeKa, TeM He MeHee, 0 ee 6Ob-
o HONyAAPHOCTM, K COXKaneHUIo,
FOBOPUTDH He HPUXOAMTCA. Mexuy Tem
MMEHHO MHOTOKaHaJbHble YCUIUTENb-
Hble CTPYKTYPHl NO3BOISIOT YIyYUINTD
Psil OCHOBHBIX (KJIOYEBbIX) HapaMert-
poB YM3Y4, B ToM uucne obecrnedntb
KpajiHe Majioe BpeMs peakiMu NeTnu
OOC (BPIT OOC) u, cooTBETCTBEHHO,
BBICOKYI0 IIEPETPY30YHYI0 CIOCOOHOCTD
KacKaJioB, WIMPOKYIO MON0Cy paboTbl
OO0C, 6onbImoit 3anac ycuneHus BHyT-
pu nermu OOC.

KPUTEPUW 1 NPUHLIUNBI 00C

ITpousBeneM oLteHKy BIMSHUA KpUTe-
puee OOC Ha mapaMeTpbl yCH/TUTeNbHbIX
KacKajoB 1 YM3Y B ienoM. OCHOBHBIM
KPUTEPUEM OLIEHKM KadecTBa paGOTbl
OOC cnepyeT cyntarb napaMeTp «BpeMs
peaxun et OOC» (BPIT OOC = Ty)
WY aHAZOTMYHBIA TapaMeTp «4acToTy
3aMbikanus netau OOC» (Y311 OOC =
= Fzam = 1/T3). Kak ormeueno B [1],
BPIT OOC nomxHo 6bITb KpaiiHe ManbIM,
serepcreue vero Y3IT OOC nonyvaetcs
Hpefe/IbHO BbICOKOI. ITO HeOOXOOUMO
mnst obecriedeHNnst BBICOKMX TIEpErpy3oy-
HbIX XapakTEePUCTUK KaCKafgOB, B TOM
4yucne U B 06acTH 4acToT, OIM3KUX K
gactoTe 3aMblkaHus netan OOC [2]. B
9TOM C/ly4ae YPOBHM CUTHAJIOB, HOMeX
M T. II. HA YaCTOTaX, O6Au3KkuX K Faan,
BecbMa Hebonbline. IIpu yeenuyeHnn
BPII OOC (nonmxenun Fsay) paGora
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nernu OOC, kax npaBuno, Hpuobperaer
HpepbIBUCTHIN XapakTep. B cBolo oue-
penb 3TO HPUBOAUT K 3HAYUTENbHBIM
OlINOKaM B CHCTEMe aBTOPETYNMPOBaA-
HUsL ¢ 06PATHOI CBA3BIO, YTO OOYCTIOBTIE-
HO pasmbixkauueM OOC B HeJMHENHbIX
AMHAMMYECKNX pexumax. Takum obpa-
30M, CO3JAI0TCsA YC/IOBUA [JIsL PE3KOTO
pacmmMpenns CeKkTpa UCKa>KeHUil, MH-
TEPMOMYNALMM BbICOKMX HOPSIIKOB [1] u
HIyMONOA06HOI MHTepMopynsiu [2], a
TaKXKe BeCbMa CyLIeCTBEHHO YBeMMUMBa-
H0TCSL IPOAB/IEHUst IKUTTEPONIOROOHBIX
McKaskeHu [1].

Kak ckasaHo Bbitte, BPIT OOC pomx-
HO 6bITb KpaiiHe ManbIM. OHaKO IOHAT-
HO, YTO B KOHKPETHbIX ycunutensix BPII
OOC npuHMMaeT KOHKPETHOE 3HaYeHMeE,
Hanpumep, ecn BPII OOC pagno 10 Hc
(F3am = 1/10 Hc = 100 MT'y), 3TO MHOTO
unn Mano? Jinsa curHana gacroroit 1 kI'y
upu Fzam = 100 MI'y xagecTBO paboThi
OOC 6ypet JOCTATOYHO BHICOKMM, a ISt
curHana 4acroroit 1 MI'y npu Fyay =
= 100 MI'y — OTHOCKMTENbHO HU3KUM.
IMoaToMy orieHMBaTH Ka4ecTBO paboThl
OOC pgnst oTHenbHO B3SATOTO CUTHaIa
ClIelyeT MO OTHOLLEHMIO YaCTOThI 3aMbl-
kauus nernn OOC (F3aym) K yacToTe Uc-
XOIHOTO CUTHana.

OcHoBHBIM KpHTepueM 3pPeKTUBHOC-
™ pabotbl OOC cregyer cuuTaTh OXBaT
BCETO YCUNUTENA (MM HECKOMBKUX €ro
KackagoB) Imybokoit 100-npoueHTHOM
OOC Ha BY. Bonboi 3anac ycunenns
BHyTpy HeT/in OOC — coBepLIeHHO He-
obxonumMoe (06s13aTeNnbHOE) yCIOBME IS
00ecredeHMs BbICOKUX I1EPErPy3OYHbIX
U, COOTBETCTBEHHO, BBICOKMX TMHENHBIX
XapaKTePUCTUK yCUNUTeNs (KacKafoB)
B nionoce pabotst OOC. OcobeHHo 3d-
dextuBHa 100-npouentHas OOC npu
OONbLIOM 3amMace yCHMIEHUS B MHBep-
TUPYIOIUX YCUNUTeNsAX (Kackajax).
Daxtuveckn OOC nepeHOCUT (riepeHa-
npaensieT) oblee ycuneHue BO BHYTPb
netnu OOC, koapduumeHT ycunenns
yeumutens Kyc va BU cunbHO yMmeHb-
IIAETCS, @ 3a11aC yCUIeHUsA BHyTPY HeT/In
OOC yBenuuuBaeTcs, B TOM YUC/IE U Ha
9acTOTaX BbIIIE YaCTOTbl AMHUYHOrO
yeunenus YM3Y. TIpyu atoM uckaskeHns
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CHMKAKOTCS KaK Obl IBaK/IbI, BO-TIEPBbIX,
3a CYeT CHIDKeHuMst yposHsi BU curna-
na (3aBUCUMOCTb G7IM3Ka K KYyOUUECKOi1
[1]), a Bo-BTOpBIX, 32 cueT pocTa ycune-
Hus BHyTpu netan OOC.

OnHoBpeMeHHO HeobxomMMo 06pa-
TUTb BHUMaHME Ha CHeYIOLUI OTpU-
IfaTeNIbHbIT MOMEHT. BBeneHue obmiei
100-npouentroit OOC dakTuueckn
COEeIMHAET BXOJ yCUIMUTeNst (KackKapa)
C €ro BHIXOZOM. ITO O6IEHPUHSTOE
CTaHJ]APTHOE pellieHNe B 3BYKOTEXHUKe,
Bnaropapst aToMy napasuTHbie CUTHANDI
(MckaxeHus, UIyM, HOMeXM M T. J1.) Io-
najanT Ha BXOJ ycunuTensi (kackaja).
Ecnmu ato npoucxoant B nonoce paboto
0O0C, ona nomassster (KOMIeHCUpyeT)
3TU CUTHaJ/bl, COOCTBEHHO 3TO U eCTb
ee ocHoBHas ¢yHkuusa. Ecau xe ato
HPOMCXOINUT Ha YACTOTAX BbILIE HOOCH
pa6oTsl OOC (r. e. Ha wacToTax, 671M3-
KMX K F3am), cos3paoTcsa ycnosust st
IUPKYIALMN APa3UTHBIX CUTHANIOB B
cpene YM3Y co BceMu BBITEKAKOUMMU
OTCIO[a MTOCTIEACTBUAMMU,

MoOXHO cienaTh BbIBOA, YTO, 100-npo-
uentHas OOC yxxecTouaer TpeGoBaHNs
K IEePETPY3OYHBLIM XapaKTePUCTUKAM
KaCKaIOB Ha 4YacTOTaX BbILle MOIOCH!
pa6oter OOC (061acTh 9acTOT 6AUIKUX
K F3am). OHM JOMKHDBI 6bITH OYEHD BbI-
COKME, a yCUM/IEH)E Ha 9TUX YaCTOTaX [
BCEX KacKajIoB — IIpee/ibHO HU3KOe.
3nech cnemyeT 0OpaTUTb BHMMaHME HA
TO, 410 100-nporenTHast OOC Ha BY B
UHBEPTUPYIOIMX YCUAUTENsX (KacKa-
max) obnajaer OYeHb LEHHBIM CBOVIC-
TBOM, (paKTHYeCcKu HpexcTaBnsis coboil
BXOJIHO¥ (PM/IBTP HUBKMX YACTOT.

Kparko cnegyeT KOCHYTbCSA M Takoro
HapaMeTpa, Kak CKOpOCTb HapacTaHus
HalpsDKEHUs Ha BbIXOZle peanbHO pado-
Tafoutero Y M3Y. B kavecTBeHHOM ycuin-
TeJle CKOPOCTb HapacTaHMs HAPsDKEHUS
Ha Bbixome YM3Y BecbMa Hu3skad, 4to
JKECTKO OOYCTOB/IEHO Hanu4MeM B ycu-
nutesie obuielt 100-npouentHoit OOC Ha
BY. Cunraercs, yTo jjaHHbII HapameTp
XapaKkTepusyeT Heperpy3odHble Xapak-
TEPUCTUKM BBHIXOJHOTO KacKaja yCUmu-
TeNst, OQHAKO 3TO HE COBCEM KOPPEKTHO.
Bonee To1HO oneHMBaTh Neperpysodnble
XapaKTEPUCTUKM BBIXOJHbIX KaCKaJoOB
YCUNIUTENEN CrleflyeT Ha OCHOBE OTHO-
CUTENHHOTO KO3 PUIMeHTa, PABHOTO
OTHOLIEHUIO CKOPOCTM HapacTaHUs Bbl-
XOJHOTO HaNpsKeHUs! C OTKIIOYEHHOI
OOC x cKOpOCTM HapacTaHWA BBIXOJI-
HOTO HamnpsDKeHnA ¢ BkmoverHoit QOC
(Korn = Uooc orxii/Uooc sxn) tipy duk-
CMPOBaHHOM BXOIHOM CUTHaje.

Hanpumep, paguodactorasie QY, kak
HpPaBU/IO, UMEIOT BHICOKME TIEpPerpy30y-
Hbl€ XapaKTePUCTUKU BHIXOJHOTO Kac-
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Kafa ¥ BecbMa BHICOKYIO CKOPOCTb Ha-
pacTaHus BBIXOHOTO HAMPsKEHUA TPy
orcyrcrBuu OOC. [pyu oxBare faHHOTO
OV obmwein 100-nponentHoit OOC Ha
BY momyunTcs odeHb HM3KAA CKOPOCTh
HapacTaHys BHIXOHOTO HaNpsHKeHUs Ha
Berxofie OY. KoaddumeHT oTHOLIEH M
(KoTn) ckopocTeit HapacTaHuA Ha BbIXO-
me OY 6ynet 601bIIMM, COOTBETCTBEHHO
M Teperpy30yHble XapaKTePUCTUKU 11O
CKOPOCTY HapacTaHus GYRYT BBICOKM-
mu. [ina YM3Y, y koToporo oTcyTcTByeT
obmasn 100-npouentHas OOC Ha BY,
Kotu ckopocreit HapacTaHuA 6yfeT pa-
BEH efUHMULE.

Heckonbko C/IOB O TaKOM IOHATUM,
kKak (pasa unu dasoBas 3afepkka. B
menoM (asza — KOHTPONMPYeMBIH U
JIErKO M3MeHsieMblit napamerp. Creny-
eT TO[4epKHYTh, 4TO M3MeHeHue (asbl
MICXORHOTO CHTHana He BlAMAeT Ha Xa-
PaKTEPUCTUKIY YCUITUTES, HO TIPY 3TOM
06s13aTe/IbHO ROMKHbI OHITh YCTPaHEHHI
napasuTHBIE pe30HAHCHBIE TIPOLECCH, a
TakXe obecrieieHo kpaitHe manoe BPII
0o0cC.

BbIBOAbI U CNEACTBUA

KoHe4Ho, BBICOKME IeperpysoqHbie
XapaKTepUCTHKM KackajoB MOXKHO HO-
JIY4UTD ITPY TIOMOIIYM PEXXUMOB C O4EHD
6ONBIIMMY HAMPSDKEHUSAMU U TOKaMU
nokos. He ucknoueHo ux npuMeHeHMe
¥ B BHIXORHOM Kackane YM3Y, ognako
Ha CeTORHSLIHMI JleHb TaKoM MOAXOR
ClenyeT CYMTaTb ReCTPYKTMBHBIM. bo-
7lee panMOHaNbHO BHICOKMeE MEperpy-
304Hble XapaKTePUCTUKM KacKaJioB B
3BYKOBOM pRMarnasoHe [IOMY4MThb IPH
nomoiy KpaitHe manoro BPIT OOC u
kpaire rybokoit OOC Ha BY. Oco6o
clenyeT OTMETHUTD, YTO KpailHe Ty6o-
kast OOC addekTMBHO KOMItEHCUpYeT
mobble BUZHI MCKaXKEHNI, B TOM YuCTle
M B BHIXOZHBIX Kackagax YCMIMTeNeit,
paboranmux B pexxume knacca C, D,
uny ux MoguduKanusax.

B pemom nmob60it ycunuTenb MoXXHO
paccMaTpuBarh Kak guckperHoe (uud-
poBoe) ycTpoiicTBo. COOTBETCTBEHHO
BPIT OOC — aro Bpems MeXRy RMC-
KpeTHBIMM (uMpPOBBIMU) OTCYETAMM
CHUTHAJla, a 4acTOTa 3aMbIKaHMA HETIU
OOC — 3r0 4acToTa JUCKpeTH3ALUM.
YMeHblileHMe BeCOBBIX 3HaUEHUI MEXTY
6mKatmmmy [UGPOBHIMU OTCYETAMYU
npu cHywkerun BPII OOC ynyumaer
TOYHOCTb U KadecTBo paborer OOC. B
COOTBETCTBMM € 3TUM Ha/M4yye KaKoro-
6o BY curHama ¢ 4acroToil, paBHOI
WY BBINIe YaCTOTHl AMCKpeTHU3auuy,
HegomycTuMo. B mpoTuBHOM cnyuae
4yacTb 3Hepruu BY curnHama apTomatu-

1(Q decku nepesocutcs B HM3KOUACTOTHYIO

067acTs, T. €. B 3ByKOBOH criekTp. Tou-
HOCTb ¥ KadecTBO pabornt OOC ymyu-
LIAeTCS Y TIPY ITOHMKEHUM YacTOTHI UC-
xonHoro (pabovero) curHaja, mpuyeM
YCUIIUTEND NOJDKEH 00/1afaTh BHICOKUM
ObIcTpOneicTBIEM, HO Y3KOM MOOCOM
TIPOTIYCKaHMUA.

PaGoTa Ha HM3KOI YaCTOTe RUCKpe-
nsauum (F3ay) ocoberHo npy dopcu-
POBaHMM YCUIIEHMA Ha YacTOTaX, O/us-
kux K Fsam, ¥ HM3KMX TeperpysouHbIX
XapakTepUCTHUKaX, KaK IPaBUIO, BemeT
K TpaHCopManuy TUIMYHBIX UCKaXKe-
Huit (TapMOHMKM ¥ MHTEPMORYNALMA),
B aTHNMYHble (MHTEPMORY/IALMA BBICO-
KMX MOPARKOB, UIyMOMORo6Has MHTep-
MORY/ALMA, 3aMETHBIN POCT IIPOSABIIE-
HUI [KUTTepONOROGHBIX MCKaXKeHuUI).
MMeHHO aTMNUYHBIE UCKAXXeHUS TNpH-
BOMAT K TIOTEpe IMPO3PayHOCTU U YBe-
TIMYEHUIO KECTKOCTY 3BY4aHuUs, YXy/illle-
HUIO YeTKOCTY JIOKAIU3auuy 3BYKOBBIX
06pa3oB, NPUMELINBAT K 3BEHAILUM
COCTAB/ALIMM WNINIME HIPU3BYKHU.

Jina peanusaumuy BHICOKOTO OBICTPO-
meitctBua (kpaitHe Manoro BPIT OOC)
ycunuTeneit 3ByKOBOI 4acTOTH ClIERyeT
npuMeHATh aneMeHTHl CBY unu KBY
guanasoHa. OdeHb yROOHO NPUMEHATDH
panuouactorHeie OY, KOTOpHIE CKOP-
PEKTUPOBaHHI 110 YaCTOTe IO eNUHUYHO-
ro koapuumenta yeunenus (Kyc = 1).
Llenecoo6pasHo paspabarbiBaTbh Takue
OV, xoTopble BoNycKamy 65 BO3MOX-
HOCTb YaCTOTHOM KOPPEKIMM KaK A
Kyc =1, Tak u gna Kyc = 0,5...0,7.

CTPYKTYPA UHBEPTUPYIOLLLETO
YCUNUTENA

PaccMOTpUM cXeMy TpeXKaHa/lbHOTO
MHBepTUPYIoLero ycumurens (puc. 1).

Puc. 1

T'maBHBI KaHaN ycUnuTeNs cobpaH Ha
Mukpocxeme DAL, oH obmapmaer npu-
opuTeToM Ha 3ambikaHue nerniu OOC.
Ycunureny, cobpaHHble Ha MUKpOCXe-
max DA2 u DA3, 06pasyioT fononHu-
TelbHble KaHalbl, JEMCTBYOIME IO
KPUTEPHIO TIOlaBNIeHNsI CUTHa/Ia COOT-
BETCTBEHHO Ha BXoje ¥ Bhxone DAL
DA2 — npenysuOHHbIN YCUIUTEND, Pa-
60TauNi B MAJIOCUTHAIBHOM peXyMe.
BpeMeHHO YIIpOCTMM RaHHYIO CXeMY M
paccMOTpPMM BapMaHT Ha puc. 2.

Buixog,

Puc. 2

OCHOBHOIT HENOCTATOK 3TOM CXEMBI —
BO3MOXHOCTb FPOXORa HelNMHENHOro
(npenycKakeHHOTO) CUTHaja C BHIXO-
pa DA2 Bo BHyTpp mernu OQOC depes
He/llMHeHOe BXOTHOE CONpPOTUBIEHME
OVY DAL. BesycnosHo, BiuAHMe 1opo6-
HOM HEMMHEMHOCTY Ha XapaKTepUCTUKU
YM3Y odeHb HEBENVKO, HO [LA YCUIIUTE-
711 C TEHREHLIMO3HO BHICOKYMY flapaMeT-
paMM NOOOHBIE MPOSIB/IEHUA ROKHBI
OBITb MCK/TIOUEHBI fTIONTHOCTHI0. BBeneHue
PpasfenuUTeNbHOTO KOHIEHCATOPa Ha BXO-
fe OY DAL (puc. 3) HeCKO/IbKO Y/Iy4IlaeT
XapaKTEPUCTUKY YCUIUTEA, HO B LIENIOM
BOIIPOC OCTAETCH OTKPBITHIM.

PaccmoTpumM ycunurenn, npepcras-
TIeHHBI} Ha puc. 4.

JlaHHas cxeMa 10X0XKa Ha cXeMy Ha
puC. 2, OBHAKO B Heil MMeEIOTCA Ompe-
RelleHHble OTNINYMA, B YaCTHOCTY KaxK-
mbiit aneMenT nernu OOC (R1R2C1)
BBITIOTIHEH ABONMHBIM, nipudeM RI1.1 =
= R1.2, R2.1 = R2.2, C1.1 = C1.2. IIpn
Hanuuuy mepembruky II1 cxema Ha
pHC. 4 TONHOCTbIO UAECHTUYHA NIPUBe-
AEHHON Ha PHUC. 2, €CIU NMEPEMBIYKY
IT1 pasopBaTh (MCKIIOYUTH), 3TO He
TIPUBENET K KaKMM-TUOO0 CYLjecTBeH-
HBIM M3MeHEeHUAM B paboTe ycumunTe-
711, 4TO 0OYCTIOBNEHO MAEHTUHHOCTDIO
peneit OOC. B Toxe BpeMA paspHB
nepeMbIYKM MCKIIO4aeT foNafaHue
NPERMCKa)KEHHOIO CUT'HAja C BHIXORA
DA2 Bo BHYTPb NETIH NPELU3NOHHOM
0O0C (R1.2, R2.2, C1.2), TeM caMbIM
yCMnIuTenb Ha puc. 5 mpuobperaer
BecbMa LIEHHOE Ka4yecTBo.

R5

Buixog

Puc. 4
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Puc.5

B uemom cobmofaTh MEEHTUYHOCTH
geneit OOC (RL.1 = R1.2, R2.1 = R2.2,
Cl1.1 = C1.2) ueobsasarenpuo. OnHako
06sA3aTeNbHO CIeAyeT 06eCednTh TOY-
HOCTb (MEEHTUYHOCTD) K03 duiMeHTOB
nepefaun 3Tux OOC, 4TO BBHIIOTHAET-
¢ IIpU YCTIOBUM HPONIOPIMOHAIBHOCTI
(paBeHCTBa OTHOLIEHMIT HOMMHAIOB)
anemeHToB OOC

R1.1/R1.2 =R2.1/R2.2 =
= CL1/Cl1.2.

HomonuurenpHpiit ycunurens DA2
Ha pUC. 5 MOXKHO PacCMaTpMBaTh KaK
BHELIHUI CENIEKTOP MCKaXKEHMIL, a caMy
CTPYKTYPY YCWINTENIA B LIEIOM — KaK
cxemy ¢ mHoromnerneBoit OOC. OnHako
Ba)KHO He TO, ¢ KAaKUX TO3UIUIT paccMar-
PUBaTh KAHHBI YCUIUTENDb, 2 Te 06513a-
Te/IbHBIE YCTTOBMA, BHINIOHEHNE KOTOPBIX
obecrieunBaer 6Ge3yKOPU3HEHHYIO (BHI-
cokorouHyio) pabory OOC u npaHHOI
CTPYKTYPHI B LI€/IOM — 3TO AOCTATOYHO
BBICOKIE TIEPETPY304HbIE XapPaKTEPUCTHU-
KM I7IaBHOTO KaHana DA1, 4ro B nepsyio
odepeb O6YCIOB/IEHO KpaiiHe MajIbIM
BPIT OOC npu mmpokoit monoce pa6oTs
100-npouentHoit OOC Ha BY.

B cooTBeTCTBUM C 3TUM B KauecTBe
DA1 moxer 65ITb MCIIONbB30BaH 060
YCUIIUTEND, COOTBETCTBYIOLIMIT JAHHBIM
Tpe6oBanuaM. [Ipnyem BbIXOFHAA MOIII-
HOCTb YCMJIMTENA He MMeeT HUKAKOTO
3HaYeHnA. ITo MoXer 6bITh Kak OY, Tak
1 MOLUHbIT YM3Y.

NUTEPATYPA:

1. A. Jlumaepun. Mnozoxananvroe
yeunenue 8 YM3Y ¢ xpatine enyboxoii
OOC. — Paduo, 2004, Ne 3, c. 18—20,
MNe 4, ¢ 19—21.

2. A. Jlumaepun. IIpocmotl ycunumens
unu MKYC 8 YM34 c eny6oxoii cmon-
poyenmnoti OOC. — Paduodeno, 2006,
Ne 9, c. 34—42.

3. A. Jlumaspun. MKYC 8 YM3Y ¢ eny-
boxoii cmonpoyenmnott OOC, — Paduo-
deno, 2007, Ne 1, c. 12—15., A. /Tumase-
pun. YM3Y ¢ napannenvtoim kaHanom u
maxcumanvio enyboxoit OOC. — Paduo,
2007, Ne 6, c. 19—22.

4. http://www.analog.com (AD8055).

5. http://www.cqham.ru.

Oxonuanue cnedyem

Anexcanpap JIntaBpun,
r. Mocksa

OkoHuanue. Havano — N2 4/2007

PacueT u MmogenupoBaHve NOBbiLLaoLLe-
noHmxarowero npeobpasoBaTena HanpaKeHnA

Ha puc. 25 npeficTas/ieHa HellpepbIBHAsA MOAEND Ipeo6pa-
sosatens SEPIC, Bioyarouas B ce6A MOJE/N CHIOBOM 9acTu
npeo6pasosarens u [IIMM-kourpomiepa UCC3807.

JaHHasg Mofienb MO3BONAET NPOBONUTH aHAIM3 KaK Iie-
PEXOHBIX TPOLECCOB B PeXKMMe GOMBIIIOTO CUTHAMA, TaK H
MaJIOCHMTHA/IbHBIM 4YacTOTHBIN aHanmm3. Ha puc. 25 nokasan
BapUaHT JUIA aHA/IM3a yCTOMYHBOCTH Ipeo6pasoBaTens moc-
PenCcCTBOM MCTOYHHMKA TeCTOBOro curHana VIEST, BkIoueH-
HOTrO B 1enb o6parHoii ceasu. ®HY LOL, COL, Bk10YeHHbI
MOC/IENOBATE/IBHO C UCTOYHHKOM TeCTOBOro curiana VIEST,
paspbiBaeT HENb [/ IepeMeHHOrO TOKA, YTO IHO3BOIAET MC-
CJIEIOBATH CXEMY NIPU Pa3OMKHYTOM I€T/ie 06paTHOM CBA3MN.
Anement NODESET safaer HadyaibHOE 3HAY€HNUE BBIXOTHOTO
HaTpsDKeHns, 6M3Koe K HOMUHAIBHOMY, I YIy4lIeHUs
cxommMMocTu anropurmMa PSpice.

AHAJIU3 YCTOWYUBOCTU MPEOBPA30BATENS

Yno6HbBIM MHCTPYMEHTOM [UIA aHANN3a aMIUIMTYfo- 1 ¢a-
30YaCTOTHBIX XaPaKTEPHCTHK ABJIAETCA KYCOYHO-TMHEHHas
annpokcumauusa [10]. Ha puc. 26 nokasannt rpaduxn AUX
DB(V(vo)/V(err)) u ®4X P(V(vo)/V(err)) cumoBoil yactu
npeo6pasosarensa SEPIC ¢ o6parTHoit cBA3bIO IO TOKY, IIO-
Jy4eHHBbIE B PE3YNbTAaTe MaIOCHTHAIbHOTO YaCTOTHOTO aHa-
7M33a CXeMbI Ha puC. 25 u aNNMpOKCUMUPYIOUIUE HX OTPE3KU
TPAMBIX JIMHUM.

IIpu annpokcumanun ®YX Toukoil Havana M3MEHEHUSA
&aspl IpMHMMaeTCcA YacTora, paBHas 1/10 cooTBercTByiorIel
€l 4acToTHl usnoma AYX,

Meroanka aHamMsa YCTOMYMBOCTM IpeobpasoBarend
BK/IIOYaeT B ceba uccnemoBanme AYX n ®YUX cuwioBoil vac-
TH Npeo6pasoBaTe/A U BbIGOD Ly YaCTOTHOH KOPPEKIHH,
obecreuynBaiomIeil HeO6XOMUMBIH 3aMac YCTOMYMUBOCTH TIO
ycwreHnio u dase.

1) Tlo anmpoKcuMupoBaHHbIM Tpadukam AYX u OUX
CUIIOBOJ 4acTy MPeo6pa3oBaTeiA ONpeeNieM XapaKTePHbIE
YacTOTHI (TOYKHU MU3/IOMa):

¢ Ha HM3KOM 4acTOTe 3HadeHMe MOAYNA Koapduumenra

niepefiaun MOCTOSAHHO, a (basoBBIil CABUT paBeH HYILIO;

& HayuHaA ¢ yacroTsl Fp = 380 'y Mopyb koaddpuumenta
Iepenayy yMEHDbIIAETCA C HAKTOHOM XapaKTepUCTHKU
-20 nb Ha fiekafly M NOABIAETCA 3amasfblBaHNUe asst ¢
HAK/IOHOM -45° Ha fekany. Takad XapaKTepHUCTHMKA CO-
OTBETCTBYET MOMIOCY, B TAHHOM C/Ty4ae 06pa3soBaHHOMY
CONpOTUBICHHEM Harpysku RO 1 eMKOCTbI0 BBIXOAHOTO
KoHfeHcaTopa C20;

Ha vacrore Frypz = 5,5 k[ yMeHblileHHe MORYIA KO-
addpuimenTa mepefaun KOMIEHCUPYETCA OABEMOM, B
pesy/IbTaTe Yero Hak/0H XapaKTE€pUCTUKY YMeHbIIAeTCA

(anmpoKcUMMPYIOLIas IMHUSA UAET TOPUSOHTATBHO), IPK
3TOM 3amasfibiBaHue (asbl yBeUYMBaETCA erre Ha 45° u
cocrapmaer -90° Ha nekany. Takas XxapaKTepucTHUKa COOT-
BETCTBYET HYJ[IO B TIPABOI KOMIIIEKCHOM MOMYIIIOCKOCTH
(RHPZ), 4To mpucyllie BceM TOMOMOTUAM HMpeobpazoBa-
TeNeH ¢ pasnenbHBIMM das3aMy HaKOIUIEHHS IHEPTUM B
Apoccerie U Tiepefayn ee B Harpysky [13];

Hy7b, 06pa30BaHHbI €MKOCTbIO BBIXOMHOTO KOHIEHCA-
TOPa 1 €r0 3KBUBAJICHTHBIM NIOCTIe0BATETBHBIM COIIPO-
tusnennem ESR, B TaHHOM cTyyae He MOKasaH, T. K. €ro
4acTOTa PacloNoXXeHa HAMHOIO BBILIE€ MHTEPECYIOIIETO
Hac AMala3oHa 4acTorT.

2) Omnpenensem GpakTopsl, OrpaHUYMBAIONHE YACTOTY -
HUYHOTO YCWIEHNA 3aMKHYTOH IIeT/IV 06paTHOM CBS3U I1peot-
pasoBarena. TunmyHbIM PakTOPOM, KaK B JAHHOM NIPUMeEDE,
ABJAETCA Hy/b B IPaBO# KOMIUIEKCHOM NOAYTIIOCKOCTH, T. K.
€0 B/IMAHNE YMEHbLIAET OTHOBPEMEHHO 3aIlachl YCTONYUBOC-
TH TI0 yeunenuio u ¢ase. 1A yCTpaHeHus ero HeraTMBHOTO

11
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NODESET= 14.99V

L1 RLI —1
Dvo
{L1} {RL1} 1 c20
Vin L2 88u []
{Vin_DC} {L2} Ro
PARAMETERS: Rl g(sjzo (RLOAD}
— .Om
VIN_DC=10v (RL2} PARAMETERS:
= RLOAD=85
CcUnoBan 4acTtb
V\\/) EL1 EL2 Gout PARAMETERS:
Don -] - -
: L1=82u
> Q] , @ . @: 12=82u
TeCTOBbLIN ‘_l _J 7 RLI=0.14
Lol  curHan e ) ) RI2=0.14
1kH Rs =75m
Col EL1 = (KLD*I(L2))* Ron*v(DonyH(V(in)+ Vd}+V(vo)*(1-v(Don)) Rdson = 165m
-] FL2 = (V(in)(I(L1*H(L2))*RonY*v(Don)-({Vd }+V(vo))* (I-v(Don)) ‘éd = 05;’(1 .
= +
IKF Gout= (I(LIH(I2)y*(1-v(Don)) on = {Rdson+Rs}
@ Viest
ACMAG = 1Vac UCC3807 TRIG | R33 R4
Vosc 20k 1k R35
 Dmax {(Vdd/3)*Fs} {Rs}
Zc ou! —L PARAMETERS:
= Vdd = {15-0.6-5.1}
gzo Dimin EDon Fs = 150kHz
' PARAMETERS: [] _© +[ rAmp <
1000pE Dmin = 0.01 i - e <1
R23 oy ‘ Dmax=0.78
[] 100K R26 i COMP ==
2k OlF V(% N 0N J* {gm =T
B , /olN-)* {gm oea
& T =
Cpl 00
154k e A i
4 2V pARAMETERS: i
Av =230dEBG Rpl= {pwr(10,Av/20)/gm} Ro2
Fu=2M B N
am=lu Cpl= {gm/(6.28%Fu)}

EDon= Fs*(V(em)-(I(L1H(L2)y*Rs Y(V(ramp)+Rs*0.5*((V(in }-(L1 Y* (Ron+RL1YLI+(V(in)-1(L2)* (Ron+RL2)Y1.2))

Puc. 25

BAMAHUA 9aCTOTa eNUHWYHOTO yCWIEHUA 3aMKHYTOM MNETIH
O6paTHOM CBA3U HOMKHA OBITH B HECKO/IBKO Pa3 HMXKE Jac-
TOThI FRsz.
3) /s BBIGPAaHHOTO JHAIA30HA YACTOTHI €AMHHUYIHOIO YCH-
JIEHM OIpefie/iieM CyMMAapHOE 3anasbisaHue 1Mo Qase B netne
UCXOJH U3 TOTO, 4YTO:
e OTpULIATENIbHAA O6paTHAS CBA3b Jaer cABur ¢assl 180°
BO BCEM JHamnasoHe YacCToT;

e 3amasabianue Mo ¢ase B CUAOBOM 4ACTH, KAK BUAHO U3
puc. 26, Ha gacrorax jgo 1 xI'n He mpesbunaer 90%

® NOCKO/IbKY LI€Mb YaCTOTHOHW KOPPEKLUH COAEPXKHUT, IO
KpaitHeil Mepe, OOUH ITOJII0C, 3TO A0OaBIAeT K 3anasipl-
BaHuio ¢assr 90°.

Hroro cymMmapHoe 3anasgbiBaHue 1o ¢ase B JaHHOM
cnygae He MpepbliraeT 360°, 4TO IO3BOMAET UCNOAL30BATH
Koppekrupyollee 38eHo tina Il [16], o6o3HaueHHOe Ha
puc. 25 kak ZC. Koadduument nepegayu ycunurens ¢ Kop-
PEKTHPYIOLIUM 3BeHOM THna Il onmuckiBaeTca cnenyomum

BbIPaXKEHHEM:
{ I+
®
E(s)=-—X —,
STo 1+ f,,)
®

P

Tfe § = j&) — KOMIUIEKCHas 4acToTa.
KoadduuueHT nepenayuu ycunuTens OmMOKY Ha puc. 25
COMEPIKUT:

e TIOJIIOC HA HYIE€BOH YacToTe ¢ IMOCTOAHHOW BpPEMEHHU

T, = R23 x (C29 + C31);
[ ] HY}Ib Ha 9aCTOTEC
f, = D7 _ ! ;
7 2m 2mx R26 x C31

® NIO/I0C HA 9aCTOTe

_ O _ !
T 2n 2mxR26xC,’
C29x C31
rpe L, =————— — IIoCNeJOBaATEIbHOEC COCIUHCHUE KOH-
C29+ C31

nencatopos C29, C31.

TTpuHUUI YACTOTHOM KOPPEKIIMU MOCPEACTBOM 3BEHA THITa
I cocrour B «1ogbeMe» ¢asbl HyseM f, Ha HU3KMX YacToTax
IS [IOMyYeHUA 3a11aca yCTOMIUBOCTH 1O (ase U CHIKEHUH
YCHIEHU A TTONI0COM fP Ha BBICOKHX HaCTOTAX /I I10/IyIeHU A
3araca ycTOMYUBOCTH M0 ycuneHuIO. I1pu aToM n/1s ycTpane-
HUA B3aUMHOTO BIMSAHUSA Hy/ISl ¥ TIOTI0Ca KOPPEKTHPYIOILEN
Ly JO/UKHO BHIMOMHATLCA ycnosue fp >> f;. B manHom
npumepe f; = 796 T'y, f, = 80 xl'm.

4) TIpoBeneM anamu3 AYX u ®UX npeobpasoparesis € LIENbIO
9aCTOTHOM KOPPeK¥H. PesynbTaThl aHAIM3a MPH IBYX 3HAYEHH-
ax sxopHoro Hanpspxerus (10 u 40 B) nokasansl Ha puc. 27.

3anac ycroiuusoctyu mo ¢ase cocTasiseT He MeHee 68°, 3a-
rac ycTOMIMBOCTH IO ycuieHu1o —36 ab, uro ynosnetsopser
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IMITUPUYECKOMY KPUTEPHIO YCTONYU-
BOCTH UMITY/TbCHBIX TIpeobpasoBareei
HarnpsoKkenus [14].

MeTtonuka pacdera npeo6pasosarens
SEPIC B ycraHoBHBIIEMca pexcuMe, a
TAK)Ke MMITy/IbCHAsA MOJieSlb CUIOBO
YacTH, OITUCAHHbIE B IEPBOI YaCTH CTa-
TbH, NIO3BOMAIOT BBIOPATh 3/IeMEHTHYIO
6asy mis HOMyuYeHMs 3aLaHHbIX XapaK-
TEPUCTHUK npeobpasoBaTeis.

---------- : TlpencraBnenHas HempepbiBHAA MoOLe/h
S0rp/ex ——i . CMJIOBO# uacTH npeo6pasosarensi SEPIC

: ! MHBApHaHTHA K 3/IeMEeHTHON Gase 1 MOXKeT
6bITh MCTIO/IB30BaHA JUIA NTpeobpasoBaTe-
. ' { JeH C BHEIIHMM, KaK B PaCcCMOTPEHHOM
1 oxz Tounz 100Ktz TIpUMePe, a TAKOKe C BCTPOEHHBIM KITI0YOM
(LM5000). Mopens LIMM-koHTposuiepa
MOJKeT ObITh UCIOIB30BaHa Ge3 U3MeHe-
Huit i Mmukpocxem UC3842, UC3843 u
UX aHA/IOTOB, & TAK)XXe C HE3HAYUTE/TbHBI-
MU usMeHeHHAMH 1A HIMM-kouTposuie-
POB C OliEPalIHOHHBIM YCHINTEIEM TIPO-
BoauMOCTH (operational transconductance
amplifier) B kadecTBe ycunutens ommoKu
M BCTPOEHHOM CXeMOM «KOMITEHCALMU Ha-
KiIoHa» (LM3488, LM5000).

135d-----

1220) :
45d- . 3 /28 EETCTEREEE SO RS i

450

-135d-

>>

-xgd -180d
1.8Hz 16Hz 186Hz

x DB(U(uo)/U(err)) [2] a P(U(uo)/U(err))

Frequency

Puc. 26

160 180d |
I

46 984 4 -
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BasecnaB Moposos,

Puc.27 r. Pocros-na-Jlon

HoBble KHUrK A. B. ®pyHze

MUKPOKOHTPOJIJIEPbl ®UPMbI PHILIPS CEMEUCTBA x51

Waparenbckui oM «CkumeH» BhIMYCTUR NEPBbIA TOM Kiurv Anekcarpa dpyhae «MUKPOKOHTPOANEPbI
thvpwmb! Philips cemeicTsa x51». B 3T0M KHure npuBesieH NoapobHbIi 0630p BCex BbINYCKAEMbIX (OUPMOiA
Philips MukpokoHTpontepos, faHa MHOPMALMA 110 OCTYMHLIM OTEHECTBEHHOMY MONb30BATENIO MUKpO-

, KOHTDONNEPamM CEMEICTBA X51, U3TOTaBNMBAEMBIM [PYTUMU BEYLUMMU MUPOBLIMU NPOUIBOLUTENSMY.
A.B.®pyH3e B Heit NpuBeaeHa camas CBEXas Ha MOMEHT BbIMycka CBOAHas! Tabnuua 1o BCem BoimyckaembiM Philips
MWKPOKOHTRONABPAM, @ TaKXKe TEPMUHONOMMYECKMIA cioBapb. flanee NoApOBHO PAacCMATPUBAIOTCS 0CO-
BEHHOCTY KINACCUHECKUX MUKDOKOHTPOMNEPOB CEMEIRCTBA X51 — CUCTeMa KOMaHg (noApo6Ho onucaHbl
BCE KOMaHZbl MUKDOKOHTPONNENOB € KOZAMMU ONEPaLyiA, ONepanaamu, NpUMepami A8R-CTBUS KOMaHg,
BPEMEHEM UX UCMONHEHUS) M annaparkble GCOBEHHOCTU (CTPYKTYPA MamsTh4 U PErucTpoB, apudhime-
TUHECKO-TIOrMHECKOe YCTPOWCTBO, TAMMEPLI-CHETYUKM U PEXMMbI UX PaboTbl, CUCTEMA MPEepbIBAHUMA,
CTaHAaPTHbIA NOCAEA0BATENLHbIA NOPT CO BCEMU PeXMMamu PABOTh! U CUCTEMA YTIPABIEHHS MUTaHNEM).
Mofapo6HO 0AMCaHBI MUKPOKOHTPOAEDL! ¢ Pa3paboTaHHbIM DUPMOil Philips opuruHanbHbiM sgpom
80C51+, B ToM 4nCne MUKPOKOHTPORREPBI C (ONSLL-NAMATLIO NPOrPaMM, ¢ NporpaMMuUpyemMoii MatpuLieit
CHET4MKOB, ¢ PACLUIMPEHHON NAMSATLIO NPOTPAMM U [aHHbIX. PaCCMOTPEHb! TaKkKe MUKDOKOHTPOREPD!
C LONOAHUTENBHBIMU NOPTaMU BBOAA/BLIBOAA, € aNNapaTHO PEasM30BAHHON IMHOIA 12C 1 BCTPOEHHBIM
aHarnoro-LuchposbiM NpeoGpasosarenem. Bes npuBesieHHas WH(OPMALMA OCHOBAHA HA CMIPABONHBIX
marepuanax upmsl Philips.

KHura paccyutama Ha LWMPOKUA KPYT MHKEHEPHO-TEXHUYECKMX PAaGOTHUKOB, MHTEPECYIOLNXCS
NOCREAHUMU [OCTUXKEHUAMU MUKDOKOHTPONNEPHON TEXHUKMU.

Gupme PHILIPS
cemelicrea x51

Kuura thopmara A4 umeeT Markyio 0610XKy v cofepxut 336 c.
Bbl MOXETE NDANMCATLEA HA 3TY KHUTY YEPE3 PefaKuuio. CTOMMOCTb NOANMCKH — 260 py6., B 3Ty CyMMy BKJIIOYEHA Nepechinka no Poccuy. Mpumep
3anoNHeHNA KBUTAHUMK Ang onnatbl 4epe3 6aHK cM. Ha cTp. 56.

4 1. CxemotexHunka Ne 8
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Cnoco6 ymeHbLueHNA o6bema
6ydepHON namATN y3na
KOMMNbIOTEPHOM ceTn

Takxe, kak u 8 mpaHcrnopmHol cemu 6onbwoz2o 2opoda, 6
KOMIMbIOMEPHbIX CemMsX 8 Yachbl MUK U He MOJIbKO MOXem Ha-
bnodambcs nepeapyska 0OHO20 UNU HECKOINbKUX KaHaroe cesi-
3u. lNpu smom yacmb nepedasaeMbiXx MO HUM naxkemoe O0aHHbIX
mepsiemcs, nubo oHU nepedaomcsi MHO20KPamHo o fnpuyuHe
epemeHHoU HecriocobHocmu npueMmHuka ux obpabambieams.
[ns yecmpaHeHust unu, no mexHbwel Mepe, yMeHbWeHUs re-
peapy30K cemu MPUMEHSAIoMm pasnuyHbie crnocobbl ynpaeneHust
nomokamu OaHHbIX. Bce OHu, nomMumo rpoyeeo, npedycmampu-
ealom Hanu4ue 8 y3nax cemu bnokoe 6yghepHol namsmu muna
FIFO («nepebil sowedwull nepebiM 8bixo0umy»). B amux 6no-
Kax epeMeHHO xpaHsamcsl u x0ym ceoel odepedu Ha nepedayy
nakemsl 0aHHbIX, KOMOPbIM HE «08€3/10» NpPolmu Kpumuyec-
Kull yqacmok mpaHcrnopmHol cemu 6e3 3adepxku 8 rnepuod,
koeda npobku ewe He 6bino.

B cmambe paccMompeH 8 3Ha4umenbHOU cmerneHu napadokcarnb-
HbIl cnocob [1] ymeHbwerHus mpebyemoeao obbema byghepHol na-
mamu nymem 0obaeneHusi K OCHOBHOMY OMOKY MPOXO0AwWUX Ye-
pe3 Hee ronesHbiX 0aHHbIX OOMOIHUMENbHO20 MOMOoKa «yCmbIX»
nakemoes. [JelicmeumenbHo, 30paebili CMbICIT NoOCKa3bieaem, 4mo
roebileHUe UHMEeHCUBHOCIMU 8XO00HO20 MoMmokKa yeerudusaem
mpebyembili 0bbem 6yghepHoU namamu, He mak nu? B daHHoOM
criydae — Hem.

TPAQULUOHHBINA CNOCOB YNPABJIEHUA
NOTOKOM AAHHbIX

PaccMoTpuM OMH U3 U3BECTHBIX CHO-
c0o6OB yTIpaB/leHUst IOTOKOM JaHHbIX Ha
nipuMepe ¢pparmMeHTa ceTH, NOKa3aHHOTO
Ha puc. 1, a (MCTOYHUK JAHHDBIX > y3en
ceTu > NPUEMHMK JJaHHBIX).

JIns nepefauy AaHHHX B HPOTUBO-
110/I0)KHOM HampaB/leHUM MCHONb3Y-

UNcTouHMK
AaHHbIX

OTBETHLIE NakKeTbl

Y3en cetn

eTCs aHa/loTUYHaA Lienb (Ha PUCYHKe
He TokasaHa). JlaHHble nepepamwTca
1O JIMHUAM CBA3M B BUjE€ HOTOKOB
IIaKETOB HOCTOSIHHOWU M/IM IepeMeH-
HOW ONUHBI.

CKOpOCTb Tiepefiain HakKeToB HO JIU-
HUM CBSA3U 33f1a€TCA IUTENTbHOCTAMU
riay3 Mexxay Humu. Eciiu naketsl nepefia-
0TCA BIJIOTHYO APYT K ApyTy (6es nays),

Mpueémnnk
AAHHbIX

OTBETHLIE NAKETLI

a)

MNakeTbi ¢ faHHbIMKU
Morok IN

Herektop

ouepaan

MNakeTbl ¢ AaHHLIMN
MoTok OUT

Z — nponyckHan
cnocoBHoCTb
npuémHnka

. _ Y3encemm

UCTONHUK MpuémHmk
oo e
OTBETHLIE NAKeTb / OTeerHble nakeTsl
d e —— —-————‘I
6) H
Detextop
ovepenn MNakeTbl ¢ AaHHLIMK
MakeTbl ¢ AaHHBbIMK v W NyCTbie NakeTol
Mook IN Q3 Q1 nwg_)
FIFO

1 4 Puc. 1

Z — nponyckHas
cnocobHocTb
MPUEMHNKA

CKOPOCTDb MX Hepefiaui MakcuManbHa. C
yBenuMueHUeM JIUTENLHOCTU T1ay3, KOTO-
phle 3anonHAKTCA (raroBeiMu 6uramu
[2], ckopocTs (MHTEHCUBHOCTD) UX Ile-
penayun yMeHbIlIAeTCA.

bydepnas namare Tuna FIFO npep-
CTaB/ieHa Ha puC. 1 B Buje 6aKa ¢ >Xup-
kocTeio [2]. B orcyrcTBUMe Oyepenu
Ha mepefiady OaHHBIX U3 6ydepHOi
namATH 6ak NycT, HATUYUIO Odepenu
COOTBETCTBYET HEKOTODBI YypOBEHDb
ero sanonHenunsa. deMm anuHHee oye-
penb, TeM BHIIEe ypOBeHb 3aloJIHe-
Hua 6axa. Ilepenonnenne 6ydepnoii
TaMATU NPUBOAUT K HOTEpPE [AHHDIX,
C/lefloBaTeNnbHO, TpebyeMblil ee 06beM
3aBMCUT OT JNMHBI OYepeu U JO/DKeH
BBIOMPATbCS C HEKOTOPBIM 3aMacoM.
Jerektop odepenu cpabartbiBaer 1pn
HakomeHnn B 6ydepHoOil namMaTu He-
KOTOPOTO MMHUMMaJIbHOTO YMUC/Ia Ha-
KETOB.

3ajjaya cOCTOUT B TOM, YTO6B yMeHB-
LIMTD JUIMHBI O4epesieil, KOTOpHE MOTYT
BO3HMKATb B CHCTeMe TIPU ee Tleperpys-
KaX, U TeM CaMbiM YMEHBbILUTb Tpeby-
eMblit 06beM GydepHOIl namMsiTi B ABa
pasa unu 6onee.

IIpepnono>xum, 9410 B UCXOTHOM CO-
croaHun (puc. 2, a, nepnon T0...T4)
MPUEMHUK [JAHHBIX yCreBaer o6paba-
TBIBATb BCe NMpUGHIBaliMe cO CTOPOHBI
y3na cetu nakersl noroka OUT.

Iponycknyto cnioco6HOCTD Z npueM-
HUKa, HaripuMep 1000 naketos/c, npu-
MeM paBHOM 100 %. VIHTeHCMBHOCTD
BXOAHOTO NOTOKa IN nakeToB faHHBIX C
BBIXOfIa UCTOYHMKA PaBHA UHTEHCUBHOC-
™1 noroka OUT Ha BHIXOfe y3na ceTu
U B JaHHOM NpuMepe coctasiser 80 %
MPOITYCKHOM CHOCOGHOCTH MpUeMHUKa
(800 nakeros/c). [Ipennonoxxum taxxe,
YTO B UCXOOHOM coctoaHnM GydepHasn
namats FIFO y3na cetu nycra. Tounee,
OHa NPUHUMaeT OYepeHON HaKeT [aH-
HbIX 13 notoka IN 1 k MOMeHTy nocTyT-
JleHUs CefyIoLIero IaKeTa yCreBaeT oc-
BOGOIUTBCA, TlepefiaB paHee MPUHATHIIN
TIaKeT Yepe3 IMHUIO CBA3U B TIPMEMHUK
OaHHBIX.

B nauanpspiit nepuop TO... T4 umeer-
€5 pe3epB HNOBBILIEHUS CKOPOCTH BbIfa-
Y1 11aKeTOB UCTOYHMKOM fIaHHBIX OT 80
10 100 % nyTtem ymeHblIeHUSA J/INTEND-
HOCTHU T12y3 MeXly HakeTaMy (CKOpOCTb
nepefiadyt 6UTOB MO IMHUM CBA3M NOC-
TOSIHHA), HO B IAHHOM CILIEHApUM 3TOT
pesepB NO KakUM-1160 NpUYUHAM He
UCTIONB3YeTCA.

B nepuop T4...T10 nponycknas cno-
cO6HOCTD Z HNpUEeMHUKA TUHENHO CHU-
xaerca ot 100 go 70 %, Hanpumep, B
cBsa3K ¢ 06pabotkoit 6onee npuopuTeT-
HBIX HAaKeTOB, IOCTYIAILUX C APYTUX
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HarpaB/ieHuit (3T HalpaBIeHNs Ha PUC.
1 He nIOKa3aHHI ).

Ha nmporshxennu murepsana TO...T8
NpOINyCKHas CHOCOOHOCTh MpUMEMHMKa
npesbimaer 80 %, nmepemaya AaHHBIX
ctabunbna, 6ydepHas namaTe He 3a-
TIOJIHEHA, HO HM UCTOYHUK [AHHBIX, HU
y3€71 CETU He 3HAIOT O HAaJBUraloI[eMCH
Kpusuce («TpaHCIOPTHOI mpobKe»).
ViupiMu cnoBaMu, KpM3MUC 3acTaer Cuc-
TEMY «BpacIoX», YTO BleYeT 3a coboii
¢dopmMupoBaHyie 3HAUUTENBHON OYepesn.
3T0, CO6CTBEHHO, M ABNAETCS HEAOCTAT-
KOM TPalIMIIMOHHOM CUCTEMBI Mepefadn
nannbix. [ToyeMy >xe BO3HMKaeT IAMH-
HasA o4epenb?

Hauunas ¢ momenra T8, ckopocts
NpUOBIBAIOIMX B y3€/ CeTU MaKeToB
(morox IN) npeBnilaer cKOpocTh Mx
nepefiadu B MpMeMHUK JaHHHIX (MO-
tox OUT). JeitcTBUTENBHO, CKOPOCTD
notoka OUT He MoxeT ObITh Bbile
NPONyCKHOM CIOCO6HOCTH Z mpuem-
HUKa — «IMITHMe» IaKeThl OTBEpra-
1oTcs uM. Kaxqoe cobnitie orkasa B
NpyueMe TMaKeTa MM TPYIIbl MaKeTOB
COMPOBOXAAETCA OTBETHBIM IAKETOM,
NepechlIaéMbIM U3 IIPMEMHUKA B y3en
ceTy. Y3e/l CeTU Ha OCHOBE IIOJIy4eH-
HOJi 3 NpUEMHMKA MHGOPMALIMK 1IbI-
TA€TCA BHOBDb TNIEPENaTh OTBEPTHYTHIE
nakeTel B yniep6 BHOBb mnpubsiBaio-
mum. B pesynprare B 6ydepe FIFO
HauMHAET pacTU OvYepefb M3 Henepe-
JaHHBIX TIaKETOB.

Y3en ceTn OTCNexMBaET CHMKAKOIMIA-
€5 ypOBeHb IPONYCKHO CIOCOGHOCTH
NIpUEMHMKA METOAOM Npo6 U ommboK,

TIOCTOSIHHO CHIDKas CKOPOCTh Nepenayy
naketoB B noToK OUT u TeM cambiM
CcTpeMsAch U36aBUTBCA OT IONyYeHUSA
YBEAOMIEHMI 06 OTBEPrHYTBHIX IaKe-
TaX. B pesynvrare B unreppane T8...T15
nepefiaya JlaHHBIX U3 y37a CETU OCy-
LIECTBAETCA CO CKOPOCTBIO, IPYMEPHO
paBHOI1 (YyTb MeHbLel) MPONYCKHOM
CIIOCO6HOCTY NpUEMHMKa.

Hetextop ouyepenn cpabartbiBaer B
MoMeHT T9 mo ypoBHIO 3amonHeHus
6ydepHoit namaATH, pasHomy Q1. JtoT
YPOBEHb MOXET COOTBETCTBOBATh, Ha-
npuMep, TPpeM HeNepejaHHbIM B IOTOK
OUT mnakeram. O6HapyxuB pacTyiiyio
o4epenb, y3en CeTU B MOMEHT, 61M3Kumit K
T9, nocrinaeT UCTOYHMKY JAHHBIX IIAKET
¢ MpEANMCaHMEM O CHIDKEHMM MHTEH-
CMBHOCTM BbIfIaulf NTAKETOB Ha HEKOTO-
PYI0 BENMYMHY, B JaHHOM Ciydae ot 80
70 60 %.

Tax KaK MCTOYHUK AaHHBIX oOnajaer
HEKOTOPOi1 MHEPLMOHHOCTBIO, OH Ha-
YMHAET CHMXKaTb MHTEHCUBHOCTb BBI-
IlaYy NaKe€TOB He MIHOBEHHO, a uepe3
HEKOTOPbII NpoMexyToxk Bpemenu dT
B MOMeHT T11 M 3aBepiuiaeT CHIDKEHME
K MomeHTy T13.

Kak cnemyer U3 guarpaMmel, npuse-
H€HHOM Ha pUC. 2, a, B MHTEPBaJie BpeMe-
Hu T8...T12 uHTeHCHMBHOCT NOTOKa IN
NPEBHILIAET MPONYCKHYI0 CIOCOGHOCTD
Z mpHueMHMKa, NMo3ToMy B GydepHoi
MaMsATU y3/1a CETU HaKal/lMBaeTcsl oye-
penn anuHoM Q2 nakeros. JTa ouepenb
MOXET BK/IIOYAThb JIECATKM MM COTHU
MaKETOB, OXUAAWIMX INEPeChUIKY B
npuemMHuk. C yBenuMueHMeM odepenu
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BO3paCTaeT 3aiepKKa Nepeayy aKeToB
OT MICTOYHMKA K NMPMEMHUKY AaHHBIX,
YTO HEXENATENbHO WM HEONyCTUMO
TU1s HEKOTOPBIX TIPUTIOXKEHMUIA.

Haumnas ¢ momenrta T12, ouepens
13 MaKeTOB, HAKOIIEHHHIX B OydepHoit
MaMATH, HaYMHAET paccachiBaThCca Ona-
rofaps TOMy, 4TO y3en ceTu (opmupyer
NOCTaTOYHO MHTEHCHMBHBIN BBIXOAHOM
nortox OUT, orpanuyeHHbI npomnyc-
KHO#1 CIOCOGHOCTBIO NMPMEMHUKA, PaB-
Hoit 70 %. Iipu 3TOM BXOAHONM MOTOK
IN menee untencuser. K momenty T15
o4€epenb MONMHOCThIO paccackiBaercs (6y-
(epnas namaTe nycra).

ITocne momenta T15 cucrema nepe-
XOLUT B HOBOE YCTOMYMBOE COCTOSIHME,
Npy KOTOPOM MHTEHCUBHOCTU IIOTOKOB
IN u OUT opunakoBsl. Peseps nosbi-
LIeHMA CKOPOCTU NEPEAauM NaKeToB
cocraBnser 10 % (60...70 %), HO HM
MCTOYHMK JIAHHBIX, HU Y3€1 CeTH He
3Ha1oT 06 3TOM 6€3 npenBapuTENLHOl
«pa3sBeAKU» NYTeM CEPUM NPOOGHBIX
YBENUYEHMI CKOPOCTH Iepefadu Ma-
KETOB UM OTCNIEXMBaHUA OTBETHOM pe-
aKLMM MPMEMHMKa.

NPEANATAEMbII CNOCOB YNPAB/EHMSA
NOTOKOM BAHHbBIX

Ilpennaraemoe [1] ycoBepiuencTsoBa-
HUE TPafIMIIMOHHOM CUCTEMBI TIepefayn
JI2aHHBIX, MOKa3aHHOI Ha puc. 1, a, co-
CTOMT B TOM, 4TO B y3eJl CETU BBEJEH
TeHepaTop MyCTHIX MakeToB (puc. 1, 6,
puc. 2, 6). I'eneparop ymnpasnsercs us
Y3712 CETU M TIpU He06XOAMMOCTH NIOTION-
Hier 6ydepHy0 NaMATH NOTOKOM Myc-
THIX ITAKETOB 3aJlaHHOM MHTEHCUBHOCTH.
Toynee, mycThle MakeTbl UMEIOT TE e
PpasMepbl, YTO U MO/IE3HBIE (TIPUCYTCTBY-
rolne B notoke IN), Ho copepxaim-
€Csl B HMX JlJaHHbIE HE MCIIONb3YHTCA.
[ToTox MycCTBHIX MaKeTOB CMELIMBAEeTCA
B 6ydepHoit namatu ¢ motokom IN u
B coctaBe noroka OUT nepechinaercs
B IpUeMHUK, Tle obpabarbiBaeTcsa Ha
PaBHBIX NpaBax ¢ NOTOKOM IO/IE3HBIX
nakeToB. OfIHaKO B KOHEYHOM CYeTe Mo-
TOK ITyCTBIX IIAKETOB YHUYTOXAETCA KaK
HeHy>XHblIi1. EcTb 1M nonp3a o1 Takoro,
Ha MePBbIii B3[JIAI, CTPAHHOTO PeLlIeHNA?
ITpexpe yeM OTBETUTH Ha 3TOT BOIPOC,
PacCMOTPUM IIP€J/IaTaeMyIo CUCTEMY
nogpobuee.

[Ipenmnono>xum, YTo MponyckHas cro-
Co6HOCTD MPMEMHMKA, KaK U B TPaUIH-
OHHOI1 CHCTEMe, UCXOAHO paBHa 100 %,
a B nepuop, T4...T10 ymenbiuaercs no
70 %. UHTeHCUBHOCTD BXOAHOTO MOTO-
Ka IN, KaK 1 B TpagMIIMOHHOM CUCTEME,
paBHa 80 %.

B ncxopnom cocrosnuu B Gydep-
HYIO NIaMATDb y371a CETU TOMMMO NOTO-
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ka IN BTekaeT ITOTOK IIyCTBIX ITAKETOB
MHTeHCUBHOCTBIO 10 %. Ofa moToka
cmemnBaoTcsa B nortoke OUT, ero
MHTEHCUBHOCTb CocTaBisaeT 90 %. by-
¢depHas maMaATh y37a, IIepBOHAYANBHO
IycTasg, OCTAeTCA B 3TOM COCTOAHUU
n0 MoMeHTa T6. B 3TOT MOMeHT CHU-
KAKWOUAACA MPOIYCKHAA CIIOCOOHOCTD
Z npueMHMKA IPeofoieBaeT OTMETKY
«90 %» u NpofoMmKaeT yMeHbUIATLCS,
B TO BpeMs KaK BXOJHOIt IIOTOK OCTa-
eTcA HeusMeHHbIM (90 %), mosToMy
B 6ydepHoil MaMATH HaAYMHAET PacTU
ouepejib U3 MAKETOB, OXXNUAAIOMINX TIe-
pemaym.

Ouepens 0OHapyXMBaeTCA B MOMEHT
T7, korga ee JJIMHA JOCTHUIaeT IOpora
Ql. Kak u B TpafMIMOHHOI CHUCTeME,
cpa3y mocjie OOHapy>KeHUA odepenyu
y3€/ CeTH IOChiJIaeT MCTOYHMKY HaH-
HbIX [TAKET C IpefINCcaHueM O CHMXKe-
HIM MHTE€HCMBHOCTU BBIJauM MAKETOB
oT 80 fo 60 %. To mpexnMcaHme, KAk
U B TPaAMIIMOHHOI! CHCTeMe, HauMHaeT
BBIIIOIHATBCA ¢ 3agepxkoit dT.

OpHOoBpEMEHHO C BbIaueit mpej-
IMCAHUA y3€/ CeTH BbIK/IIOYaeT TeHe-
paTop IMyCThIX [IaKeTOB, B pe3y/nbTaTe
MHTEHCUBHOCTh BTeKaloniero B 6ydep-
Hyl0 IIaMATb IoToka IN (80 %) oxa-
3bIBAETCSA MeHbLIEH MHTEHCUBHOCTH
BbiTekatomero noroka QUT. Ilocnen-
HIIT OrpaHMYeH MPOIMYCKHO CI0co6-
HOCTbIO NpueMHuKa. biarogapa romy,
YTO BBITEKAIONII IOTOK MHTEHCUBHEe
BTEKaIOM{Ero, HaKoIUIeHHas B 6ydepHoi
aMATH HeboJbLIad oYepelb paccachl-
BaeTcA K MOMeHTy T8.

B momeHnT T8 cHInKaIONMAACS IIPOILyC-
KHas CIIOCOOHOCTD NIpHeMHMKA TIPe0go-
neBaeT OTMETKY «80 %» u mpojomkaer
YMEHbILATbLCA, B TO BpeMA KaK BXOHOI!
ITOTOK OCTaeTCs HeusMmeHHbIM (80 %),
mo3ToMy B 6ydepHOil MaMATH BHOBb
HAayMHaeT PacTy odYepemb U3 IaKeTOB,
oXupaomux nepegaun. B moment T9
CKOPOCTb POCTa OYepefy MakKcHMajb-
Ha, TaK Kak BTeKamowui B OydepHyo
aMATh [IOTOK Hanbojiee CHIbHO NpeBbl-
maeT BhiTekalomyit. IIpumepHo B 3TOT
e MOMEHT 110 ypoBHi0 Q1 NOBTOpPHO
cpabaTbiBaeT leTeKTOP Ouepeny, HO 3TO
coObITHE B JAaHHOM CLi€HapUM UTHOPHU-
pyercs.

B moment T10 pnmHa ouepepm max-
CUMaJIbHA, 3aTeéM OHAa HauMHaeT YMEHb-
HIaThCA, TAK KaK cKopocTb notoka OUT,
paccachiBaloniero cogep:xumoe 6ydepHoit
MAMATH, IPUMEPHO PaBHa (YyTh MEHbIIIE)
IPOIYCKHOI CIIOCOOHOCTH ITpUEMHMKA U
IpeBbIIIaeT CKOPOCTh IToToka IN, Hamnorn-
Hsmoniero 6ydgep BHOBb IIpUObIBAIONIIMY
nmaxeTami. K MmomeHTy T12 ouepens 1on-
HOCTBIO PaccachblBaeTCA.

W3 comocraBnenus: puarpams, mpu-
BEIEHHBIX Ha PUC. 2, a U 6, BUJHO, YTO
IIPU OV HAKOBBIX HaYa/IbHbIX YCIOBMIX
paboThl 06e1X CUCTeM epenayl JaHHBIX
3HAYMTENbHO YMEHbIIEHA MaKCHMab-
Hasi JINHA odepeni B OygpepHOIt aMATH
(Q3 < Q2). YMeHblIeHNe B OCHOBHOM
06ycnoBneHo Gomee paHHUM OGHapyXe-
HIMeM CHIDKEHMA IPOIYCKHOM CI1ocob-
HOCTH NpueMHMKA (MOMeHT T7 BMecTo
momeHTa T9) U, ciemoBaTenbHo, Hoee
paHHell Bbigadell B MCTOYHMK JAHHBIX
KOMaH/bl YMEHbIIIEHUSI MHTEHCUBHOCTU
rmoroka IN.

B nmepuop T12...T16 cucrema Haxo-
AUTCS B HOBOM YCTOVYMBOM COCTOSHUMY,
IIpY KOTOPOM MHTEHCHUBHOCTHU TOTOKOB
IN u OUT opnHakoBbl, GydepHas ma-
MATBb IycTa. B cucreme umeercs peseps
IIOBBIMIEHMS CKOPOCTY Iepefayn JaHHbIX
Ha 10 %, Ho oHa 06 3TOM ITOKa «He 3Ha-
er». [l BhISABIIEHNA pe3epBa y3el CeTH
B MOMeHT T16 BK/IIOYaeT B [ECTBIE Ie-
HEPaTOp ITYCThIX [IAKETOB, YCTAHOBUB IH-
TE€HCUBHOCTb MX BBIIAYM Ha JOCTATOYHO
HM3KOM YpPOBHe, Halpumep, 2 %.

B naHHOM cnydae OTBEpPrHYTBIX IIpU-
e€MHIKOM MaKeTOB HeT, II03TOMy y3ell
cetu B MoMeHT T18 yBenuumsaer ux
WHTE€HCUBHOCTb 70 4 %, B MOMEHT
T20 — mo 6 % u T. A. BIUIOTH HO Mepe-
TPy3ku npuemMHuKa. [lpueMHmk no 8os-
MO>XHOCTH IMPUHIMAET aKeTHl JaHHbIX,
a OTBepraeT TONbKO IIyCTble MaKeThl U
coobniaeT o Texymeit CUTyauuy yamy
ceTu. B aTOT MOMEHT U olpegensaerTcs
TpaHNIIa BO3MOXKHOrO MOBBINIEHUS CKO-
POCTH nepemaym.

Kak oTMeyanoch, MyCThle MaKeThl
majee IIO CeTH He PacCIpOCTPaHSIOTCH,
T. €. B MO6OM Clydae YHUYTOXKAKTCH
MPUEMHIKOM.

3Has [OIyCTUMYI0 I'PaHUIY IIOBbI-
IIEHUsI CKOPOCTU Iepefayl, y3el CeTu
BBIYMCITIAET ONTUMaIbHOE COOTHOLIEHME
ckopocTy nnotoka IN 1 MHTEHCHMBHOCTI
BbIJTa4y ITYCTHIX IIAKETOB, KOPPEKTUPYET
UX U B [JanbHeIleM C OlpegeneHHbIM
IepuofoM IOBTOPAET 3TH OMepaiuu
Ha OCHOBE MOHMTOPMHTIA IIPOITYCKHOI
CIIOCO6HOCTH MPHEMHMKA.

B03MOX<HBI HEKOTOpbIE YCOBEPIIEHC-
TBOBaHUA 3ToN cucreMbl. Hanpumep,
MpPUEMHUK MOXeT NpeRyIPexK[aTh y3en
CeTH O NPeACToANEeM CHIDKEHUN CBOEN
IPOITyCKHOM CIIOCOOHOCTH, YTO CIIO-
co6CTBYeT Goee GHICTPOIT aganTannn
CHUCTEMBI K IPUOIIKAION[EMYCA TpaHC-
HOPTHOMY KPM3UCY M HOIONHUTENb-
HOMY YMeHbHIEHWI0 HJIMHBI O4epeniu.
I[TycTble makeThl MOXHO HCIIONB30BATH
BN nepegadM ciryxkeOHoit mHbopMa-
LMY MEXKAY Y3/I0M CeTH U NIPHUEMHIKOM
" T. M.

O0CHOBHbIE BbiBO/1bl

B craThe paccMOTpeH c11ocob ymeHb-
mweHns Tpebyemoro obbema GydepHoit
MaMATH B y3/7e KOMIIBIOTEPHOU CETHL.
Cnoco6 ocHoBaH Ha TOM, 4TO B 6ydep-
HyI0 IIaMATb Y371 CeTU HapARy C Ilake-
TaMU TIOJIE3HBIX AaHHBIX IepefaloTcs
IycThie TIAKeThl, KOTOpble He MEIIAloT
HOPMaJIbHOV paboTe CHCTeMBI, eC/i OHA
He Meperpy>keHa 1 B Heil UMEIOTCA X0TA
6B MajIbie pe3epBbl IIOBbILIEHUS CKOPO-
CTH TlepefiayM MaKeToB.

Ecnu Ha HexoTOpoM yuacTKe ceTn
HaspeBaeT KPUTHMYECKas CUTyallus,
Hajiyue MyCThIX [aKeTOB IPUBOAUT K
6onee paHHeMY ee ITPeACKa3aHUIO U, CTle-
AOBaTeNbHO, Kk 6oree CBOeBPeMEHHOMY
INPUHATUIO Mep IO ee TOC/efyIoleMy
ycTpaHeHuo. VIHbIMU CTTOBaMU, ITyCThle
IaKeThl ABJIAIOTCA CBOETO POfia «pasBef-
YUKaAMM» IPeACTOANMX KPUTUYECKUX
CUTYyaL Uil

IlpumeHeHne npepnaraemoit MAeu
YMeHbILIaeT odepefild U CBs3aHHbIE C
HUMU 3aJIep>)KKI. YMEHbIIAIOTCH TakxkKe
anmapaTHble 3aTPaThl Ha peanN3aliyio
6710k0B Oy(depHOI IIaMATH Y37I0B KOM-
MbBIOTEPHON CETHU.

JUTEPATYPA:

1. Iam. CIHA Ne 6.954.430 B2. —
http://www.uspto.gov.

2. C. M. Cyxman, A. B. bepnos, b. B.
Illesxonnsc. CunxpoHusauus 8 meneKom-
MYHUKAUUOHHBIX cucmemax. AHAnu3 un-
HerepHoLx peudenuti. — M.: Ixo-Tpends,
2003. SnexmpoHHAs Bepcus KHUU:
http://1it.lib.ru/s/shewkopljas_b_w/.
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JInHeapun30OBaHHDbIN AKTUBHbIN

cmecnTenb

Onuceisaembill 8 cmambe Memod no3sonsiem yiyuwums Xapak-
mepucmuKu 08yx6asiarHCcHO20 aKmueHO20 cMecumernsi o uHmep-
MOOYTISIYUOHHBIM COCMABIISIIOWUM rymem 88edeHusi ompuyameris-
HOU obpamHoll ceasu Onsi CHUXeHUS] HeNUHeUHOCMU aKmUSHbBIX
anemerHmos. B pesynbmame no ceoum xapakmepucmukam deyx-
banaHcHbIl akmusHbIl cMmecumerns CPasHUM ¢ MaKuMU U36eciT-
HbiMU sapuaHmamu cmecumenel [1, 2], kak konbuesoti OuoOHbIL
CMecume/ib U CMecumesib Ha MOWHbIX KITHONE8bIX I0f1e68biX MpaH-
3ucmopax ¢ u3onuposaHHbiM 3ameopom (MOSFET).

MECUTENU U MOJY/IATOPHI ABMIA-
FOTCA BaKHOI COCTaBHOI 9acThIo
npu MOCTPOEHUY PagUOYaCTOT-

HBIX cucTeM cBa3y. s peanusanum b

CHCTeMax CBA3K TaKUX (QYHKLMIL, Kak

npeobpasopaHue 4acTOTH, MOMYJIs-

LML U OEMOAYTSALMS, NPUMEHSIOTCS

pa3MyHbIE CXEMBI CMECHUTENIEN, MoC-

TPOEHHBIX C NMPUMEHEHUEM UOMOB,

MOL(HBIX KITHYEBBIX MOEBBIX TPaAH-

3MCTOPOB € M30/IMPOBAHHBIM 3aTBOPOM

(MOSFET), nByX3aTBOPHBIX MOJEBbIX

TPaH3UCTOPOB, A TAKXE CXeMa pas-

paboranHoro Ixunpbeprom Cenmom

(Gilbert Cell) n o4enn monynsipho-

ro «TPAaH3UCTOPHOro jepera». Ho Bo

BCEX 9TUX BApUAHTaX HEJMHENHOCTD

UCITONb3YEMBIX ITOTYIIPOBOIHUKOBBIX

npuGOPOB MPAMO MM KOCBEHHO BHI-

3bIBAET UCKAXKEHU ST TIONIE3HOTO CUTHA-

JIa IpY B3aMMOJENCTBUM B CMECUTEIE

nByx unmm 6osnee curuanoB — GeHoMeH,

M3BECTHHIA KAK BO3HUKHOBEHNE WH-

TEpMOAYNALMOHHBIX McKaXkeHuit IMD

(intermodulation distortion).

NCTOYHUKYM MHTEpMOIYNAMOHHBIX

UCKDKEHUI — 3TO NMpegMeT OTHETbHOM

pucKyccuu. Banmanuio untareseit Gyner

HPEAJIOKEHO KPATKOE OOCYXIEHME IBYX

HanbosIee M3BECTHBIX CXEM MOCTPOEHUS

CMECUTENEN —  KOJIBLIEBOTO IMOMHOTO

CMeCUTENIA U «TPAH3UCTOPHOIO zepe-

Ba» — NIl BBIAABJICHUSI WX OCHOBHBIX

XapaKTepUCTUK U TIOC/IEAYIONETO CPaB-

HEHMS C ABYX0aJaHCHBIM AKTHBHBIM

CMecuTeieM € OTPULATEBHOI 06paT-

HOV CBA3DIC.

KONbLEBOW AUOAHBIA CMECUTEND

KonbueBbie puopHbie cmecutenu
CTany NMPUMEHATHCA KOHIe 40-X romoB
npouytoro Beka. Henmuueilnocts ux xa-
PAKTEPUCTUKM CPa3y CTana OYeBUIHOI
[3, 4]. AToT dPenomen no cux nop npo-
BOIDKAET 6BITh OGDEKTOM MPUCTANBHOTO
U3YNEHUA B CHENMANbHON TUTEPAType
[5—7].

ITocTpoeHne KONBLEBOTO AMOIHOTO
emecutens Knacca [ mnmocrpupyet cxe-
Ma puc. 1.

5 1. Cxemorexrvka Ne 8

B

3mech uerThpipe gUoma COENMHEHB! B
KOJIBLIO U TIONEPEMEHHO TMEPEK/TIoYa-
0TCSA B COCTOSIHUSA «Bkn.» 1 «Boikn.»
nopasaembiM ¢ rerepopuna LO (local
oscillator) curnanom. [Ins HopManpHO
paboThl cMecUTeNs MOIHOCTDL CHTHAja
rerepoarHa oObIYHO coCcTaBnseT +7 nbm
(5 MBT), 17151 KONBLEBBIX AMOLHBIX CMe-
cuTene NMOCNENYINX KIACCOB MOLLI-
HOCTh jgocturaer +17 gbm (50 MBT) 1
Gonee, uTo OOYC/IOBNEHO CTPEMIEHMEM
K 6071€€ BBHICOKMM Ka4€CTBEHHBIM MO-
KasaTensaM 10 UHTEPMOLY/ISILUOHHBIM
COCTaBJISIFOLUM.

C LenbIo MOCAEAYIOLIErO CPABHUTE b~
HOTO aHa/IM3a PACCMOTPUM PaCHPOCTpa-
HEHHBIN KOJIBLEBOM AMOAHBII CMeCU-
Tesnb knacca I — SBL-1, npouzBogumbrit
¢$upmoit Mini-Circuits. IToT cMecuTens
NOJIb3YETCsl OMYNSAPHOCTIO Cpey pas-
paboTuMKOB U panuonbuterneii, a ero
KOMMEpYEeCKUI «uBoiiHnK» SBA-1 pac-
NpoCcTpadeH euje 6omee MIMPOKO, MO3-
TOMY OH U 6bi1 BHOpaH Onsi JaHHOrO
UCCIIEMOBAHUS.

ITo ycnoBusim TectupoBanus ypo-
B€Hb CUlHA/Ia TETEPOAMHA 4YacTO-
Toin 10 MI'y coctaBnsiet TpebyeMbie
+7 nbM, a Ha ppyroit BXop cMecuTens
IMOCTYNAT ABa CUTHaNA ¢ YaCTOTaMU
500 u 510 kI'y. 3Tu yacToTh 6BITU
BbIGPaHBI McxouA u3 pabodero auana-
30Ha 4acTOT cMecutens SBL-1 n 6ynyT
MCTIONIB30BATHC A MOCTENYOILETO
CPaBHMTENIbHOLO TECTUPOBAHUS JPY-
TUX CMECUTEJIEN.

Y poBeHb MHTEPMOAY/ALMOHHBIX 1C-
KaXXEHUI KONMbLEBOTO IUONHOTO CMECH-
tenst SBL-1 MoxHO oneHuts no puc. 2
(mMacmTa6 10 nbm Ha geneHue).

UncreHHblE BETUUMHBI MHTEPMOMY-
NSIMUOHHBIX MCKKEHUI NPUBEIEHBI B
Tab/. 1.

Puc. 1

Puc. 2
Ta6bnuya 1
Curnan Yacrora, k'Y YpoBeHb
BxogHbie curHanbi
i 500 -9 nbBr
fy 510 -9 pbBr
CurHan retepoguHa
fio 10000 +7 pbBr
BuixogHbie curHarnbi
fiotf; 10500 -14 pbBr
fiotfs 10510 -14 nbBr
fio+2f~f; 10490 -56 dBc
flo+fi—2f, 9480 -56 ob
Gain -5 nb
11P3 +19 nbBT
Pias -4,5 nbBr

ITO TUMMYHbIE XaPAKTEPUCTUKHN KOMb-
LEBOrO JUOMHOTO CMECUTENS Kiacca I,
HO, KaK 6yneT nmokasaHo Hunke, 6oee
Bbicokye ypoBHu IIP3 u Pigp MoryT 6biTh
HAOCTUTHYTBI IIPY 3HAYUTENBHO MEHBLLEH
MOII[HOCTU CUrHAjIa reTepopnta B ak-
TUBHOM CMECUTEJE, MOCTPOEHHOM Ha
6ase IBYX ycuIHTesneil ¢ OTpULATEIbHON
00paTHO CBA3bIO.

C(MECUTE/Tb HA MOLLIHBIX KJTHOYEBbIX
MONEBbIX TPAH3UCTOPAX
CU30JINPOBAHHBIM 3ATBOPOM
(MOSFET)

B npodeccuonanpHoit u paguomobu-
TE/IbCKON JmTepatype [8—14] mmpoko
06CYKTIaeTcsi TeMa NOCTPOEHMS KOJbLIE-
BBIX CMECUTENIEN Ha MOLLHBIX K/TFOUEBbIX
NOJIEBBIX TPaH3UCTOpax. Bmecto auopon
VICTIONB3YH0TCA KIIFOYEBBIE [TO/IEBBIE TPaH-
suctopet MOSFET. Tunoas cxema tako-
IO CMECUTENS TIPELCTAB/ICHA HA pUC. 3.

Hns cmecutenedt sToro Tuna xapax-
TePHa TOYKa TEPECEIEHUA 11O MPOIYK-
TaM MHTEPMOLY sty 3-ro nopsigka I1P;
(input intercept points) Bbime +40 gbm,
HO 1I€HOW OY€Hb BBICOKOIO YPOBHS
MOIHOCTY CUrHaja reTepoguua (o6brd-
HO +17 nbm u BbiIE). DTO yCnoOBME Ha
NPaKTUKE 9acTO MEIIaeT MX IpUMeHe-
HUIO B IIOPTATUBHOM PafioanIiaparype.
Bmecte ¢ Tem no cBouM xapaktepuctu-
KaM OH NPEBOCXOUT KOMbLEBOM UOJ-
HbIl cMecuTenb Knacca I11

17
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T
Lo 5 IF
Puc.3
CMECUTENb NO CXEME

«TPAH3UCTOPHOE OEPEBO»

Ha puc. 4 npuseneHa pyHKIMOHAIb-
Has CXeMa CMeCUTeNIsl TUIIA «TPaH3uC-
TOpPHOE JlepeBo».

ITepBoHayanbHO 3aTIaTeHTOBaHHLIN B
1966 r. XoBapnoM JI>xOHCOM (Howard

LaTeNbHOI 06paTHOIi CBA3M TI0 TOKY,
obo3HayeHHbIe Ha cxeMe Ry.

BoixosiHbie TOKM i depeHLaNbHOTO
MCTOYHMKA TOKA (KONIEKTOPHBIE TOKM
tpansucropos VT3 u VT¢) nporuso-
(pasHO KOMMYTHPYIOTCA TPaH3UCTOPaMM
ABYX TPaH3UCTOPHBIX nuddepeHIaND-
Hbix nap (VT VT, u VI4VT; coorserc-
TBEHHO), TIOTlePEMEHHO TIePeK/TI0YaeMBbIX
B cocTtositus «BKL» U «BBIKJIL» CHMIHa-
7ioM, TiofaBaeMbIM C rerepopmuHa LO
uepes tpaHcopmarop T;. Konnexropn
TPaH3MCTOPHHBIX T1ap B3aIMHO KPeCT-Ha-
KpecT coefMHeHHI, TI03TOMy 671aropaps
CYMMMPOBaHMIO TOKOB Ha pe3uCcTopax
Harpysku conporusnennem 100 Om
CUTHa/bl reTepofHa U MPOMEXYTOY-
HO1 4YaCTOThI TIOIABJ/IAIOTCS, @ IPOAYKTHI
MX CMelleHNs, B TOM YMC/e TIOoNe3Hbli
panunocurHan RF, Beijiensiorcs Ha mep-
BUYHO 06MOTKe TpaHchopmaTopa Ti.
C uenblo TPOBEPKM Xa-

FHf] CS__—TE 1006 100ﬁ

*Vee
PaKTEPUCTUK TIOKA3aHHbII

3 Ha puc. 4 cMecutrenb 6bul

A~  cobpan Ha mpomsBopMMOlL
¢$upmoitr Harris Mukpocxeme
CA3054 (teniepb ee pouU3Bo-

nut ¢pupma Intersil — npum.
TiepeBOTYMKa), CopteprKaLieit
nBa upeHTUYHbIX puddepeH-
UMaIbHBIX yeunurenst. [Tpu
HalnpshKeHUH Tiutanms +12 B
U COTIPOTUBIIEHUM Pe3UCTO-
poB Ry, pasrom 100 Om (uc-
T0/1b30BANIACh PE3UCTOPHAS
c6opKa 13 Tpex pesrCTopoB),
HanpshkeHMe Ha 6asax TpaH-
sucropos VT3 u VT 6pu10
YCTaHOBJIEHO pPaBHbIM +2,1

c4
HH
T
Lo 3
c VT V2 | VT4 vT5
° |} 200
R2(] VT3 VT6
2
IF 3
2
b '—il—i 200 ,_%_
R3 R4Q R4Q
Puc.4

Jones) kak cMHXpOHHBIN nerexrop [15]
3TOT TOMYJ/ISAPHBIN AKTUBHBIN CMeCcH-
Te/b U3BecTeH Gonblle KaKk cMecutenb
Ixunsbepra Cenna B COOTBETCTBUH C
6onee TO3gHUM TIATEHTOM U MCTIONb30-
BaHyeM 3TOV CXxeMbl B KadecTse 6a30B0i1
TIPY TIOCTPOEHMY AHAIOTOBBIX TlEPeMHO-
>xurenei [16].

CMecHtensb 10 CBOeMy TIOCTPOeHMIO
SIBJIsieTCs TIPOU3BOTHON ceMeliCTBa JlaM-
MOBBIX CUHXPOHHBIX NE€MONyNATOPOB
[17]. BxopHoi1 curHan MmpoMeXxyTOYHOM
vacrorsl IF gepes tpaHchopmartop T,
npotusodasHo ynpasnser nuddepen-
LMaNbHBIM MCTOYHMKOM TOKa Ha TpaH-
sucropax VT3 u VT¢. Ins crabumisa-
uuu ko3ddunmenta npeobpasoBaHms
cMecuteNsl B IIMPOKOM JMHAMUYECKOM
NMatia3oHe ypOBHEi BXOHOTO CUTHAA,
a TaKKe JUIsA CHIDKEeHUs! BIVAHNUA Hemnu-
HeitHOCTH TpaH3ucropos Vs u V1g B
IMUTTEPBL U MEXAY HUMMU BKIIOHYEHBI

18 pe3ucTopbl TOCNenoBaTenbHoil oTpu-

B, niput 3TOM KOJIEKTOPHBIN

TOK CMEIIEeHNs TpaH3uUCTO-
poB cocraBui 15 MA. Hanpskenne Ha
6asax rtpaHsucropos VT, VI, VI, n
VT5 6bi710 ycTaHOB/IEHO PaBHBIM +4,7 B.
Paboyas Touka Tpansucropos VT3 u VI
oCTaBa/Iach Ha IMHeITHOM y4acTKe UX Xa-
PaKTepUCINKM BO BCEM AVHAMMYECKOM
nMaTia3oHe ypOBHeil BXOZHOIO CUIHaja
[18]. Tpancdopmaropel T,—1T3 conep-
XaIM TI0 YeThipe BUTKA TpUUIApPHOIL
obmoTKM Ha cepneyHnke Fair-Rite 2843-
002-402 (6uHOKYIAP-TPaHCPIIOKATOP).
Ipu coorHomeHnn o6motok 1:1:1 Bxon-
HBI€e ¥ BBIXOJTHOJ MMIIEIAHChI CMECUTeNst
cocrasan 50 Om.

Ycnousi TeCTUPOBaHUA CMeCUTeNs
6bUTH TAKMMI XKe, KaK M U151 KOTbLIEBOTO
AMOIHOTO CMeCHUTeNIf, 32 UCK/IIOYEHNEM
YPOBHSI CMTHa/Ia reTeponiHa, KOTOPbIi
cocrassin 0 gbm (1 MBT). 10T ypoBenb
6b11 ycTaHOBJIEH JI/1s BCeX paccMaTpuBa-
eMBIX B [JAHHOJ CTaThe aKTUBHBIX CMe-
cuTeneil, BIIO/IHE YNOBIETBOPUTENbHO
paboTarmx ¥ Ipu TAKMX HU3KKUX YPOB-

HSIX CHTHaJIa reTepoiyHa Kak —6 nbm
(0,4 MBT1).

Puc. 5 v Tabn. 2 UnmocTpupyoT Ka-
YeCcTBeHHBIe XapaKTePUCTUKI CMeCUTeNs
IO CXeMe «TPAH3UCTOPHOE NEPEBO».

Touka kommnpeccun P gp xapaxte-

N T o
Puc. 5
Tabnuya 2
Curnan Yacrora, kl'y YpoBeHb
BxopgHble curHanbi
f1 500 -7 nbBr
fa 510 -7 nBBr
CurHan rerepoguHa
fo | 10000 0 sEBT
BbixogHblE CUFHanNbI
flo+h 10500 -5,5 n6BY
flo+f2 10510 -5,5 nbBT
fiot2f1—f;, 10490 -42,5 nb
fio+f1-2f, 9480 -42,5 b
Gain -1,5pb
11P3 +17,5 pbBt
P1aB +4,5 nbBr

PUCTUKK cMecuTelss, cOBpaHHOro IO
cXeMe «TpaH3MCTOPHOE [epeBO», pac-
TIOJIOXKEHa Bblllle, YeM Y KONbLIEBOTO
RMOAHOTO CMecuTens, a TOYKa Iepe-
CeyeHMsi 10 MHTEPMOAYIALMOHHBIM
COCTAaBISAOMNUM TPeTbero TOopsaKa
IIP; — Hmke. OfHAKO HECMOTPSA Ha
tor ¢axTt, 9To Tpebyembiit xna pabo-
TBl CMeCUTeNsA TUIIA «TPaH3UCTOPHOE
nepeBO» YpOBEHDb CUIHA/Ia TeTepOAMHA
CYLIECTBEHHO HIDKE, YeM Ji7Ifi KONblie-
BOT'O IMOHOI'O CMECUTENA, eTo Kadec-
TBEHHBIE XapaKTEPUCTUKH TI0 YPOBHIO
VHTEPMOJYNALMOHHHX MCKaXXeHni
YCTYNalT KONbLEBOMY OIVIOTHOMY CMe-
CUTeNI0 He3HAUUTENIbHO.

Jlonroe BpeMst CYUTANIOCh, YTO OCHOB-
HBIM TIPeNSITCTBMEM JUIS TIONY4YeHUs: B
cMecuTesnie TI0 CXeMe «TPaH3UCTOpHOe
nepeBo» 6onee BBHICOKUX XapaKTepuc-
TUK 10 YPOBHIO BHOCUMBIX MHTEPMO-
LyNSIIVOHHBIX MCKa)XKeHMil ABIAIOTCA
ynpasisomme Tpan3ucropu VI3 n
VT, paboraloiye Kak ynpaBjisieMble
HanpsDKeHueM MCTOYHUKM Toka [19,
20]. i xoppeKLiy 3TOro HeROCTaTKa
YCIEIHO KCTIONb30BANCA DS METOJOB,
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onucaHHEIX B [19, 21, 22]. Opnako 3tn
METO/Ibl UTHOPUPYIOT APYTUE UCTOYHU-
KU MHTEPMOIYNALMOHHBIX MCKaXXEHUIT,
TaKMe KaK HENMHEMHOCTb Ko3gguim-
€HTa mepenayu Toka hpg ynpaensmomnux
TPaH3UCTOPOB, a TaK)XXe HEIMHENHOCTD
XapaKTEPUCTUK YETHIPEX MEPeK/IYal0-
IMX MX TOK TpaHsucropos VT, VT, u
VT, VTs. 3tu HegocTatku MOryT OBITH
TIPEO/IOIEHB! NPUMEHEHUEM LIENU KOM-
OGUHUPOBAaHHOI TIOCIENOBATENbHO-Ta-
PJUIENIbHOI OTpuULLaTeIbHOI 06paTHOoi
ceaA3n (series/shunt feedback), oxsathi-
BAIOWIE BCE TPAH3UCTOPHEBLE Y3/IbI CMe-
CUTELA TIO AHA/IOTUM C TPAH3UCTOPHBIMU
YCUWITUTENBbHEIMYM KaCKafiaMu.

YCWIUTEND ¢ KOMBWHWPOBAHHOW
NOCNEAOBATENBHO-NAPANNENbHON
OTPULIATE/IbHOW OBPATHOW (BA3bI0
(SERIES/SHUNT FEEDBACK)

Ha puc. 6 npusenena cxema TpaH-
3UCTOPHOTO YCWINTENSA ¢ KOMOMHMpPO-
BaHHOW MOCTENOBaTeNbHO-NTAPAIIENb-
HOJ1 OTPULATENbHON 0OPaTHOI CBA3bIO
(00Q).

Puc.6

Lens nocneporatenvhoin OOC (se-
ries feedback) o6pasosana pesucropom
R;. BK/IIOYEHHHIM B 3MUTTEPHYIO LieNb
Tpausuctopa VT. INapamnenshas OOC
(shunt feedback) o6pasosana c nomoubio
pesucropa Ry, BK/II04EHHOTO MEX/y KoJl-
nextopoM u 6asoit Tpansucropa VT.

Bxoptoe u BrixogHOe conpoTusnenme
YCWINTENA ONPENENAETCA COOTHOUIEHH-
eM [23, 24]:

Ri:Ro:\/Rl'Rz’ n

a KoadULIMEHT yCueHUs MO MOIHOC-
TH:

(2

Takas Tomonorusi orpuiaTenbHO
00paTHOII CBA3M MO3BOJAET MPOCTHIMM
CpefiCTBAMM NOBBICUTh JIMHETHOCTh TPaH-
3UCTOPHOTO YCWIINTE/IA, M KPOME TOTO, OHa
TIETKO peanusyeMa B cMecuTerne, cobpaH-
HOM [10 CXEM€ «TPaH3UCTOPHOE IEPEBO».

JINHEAPW30BAHHbIH AKTUBHBIN
CMECHTEND € 00C

Cxema JIMHEAPU30BAaHHOTO aKTUBHOTO
CMeCuTeNnA, C06paHHOI‘O IO CXEME «TpaH-

3UCTOPHOE JlepeBO», OXBa-
4geHHoro rny6okoin OOC,
NpuBefeHa Ha puc. 7.
IlepBhiit nuneapusosaH-
HBIN «yCUINTENb» C KOM-
OGuHMpoBaHHoOil TIOCTENO-
BaTe/IbHO-NIApas/IeNnbHOI

470
100

+Vee
470 ﬁ 470
100 R5
1
o RF

ca

RS 100 RS

100

OOC ofpasoBan mytem Lo 3
BK/IIOYEHUA OTHeENbHBIX -
PE€3UCTOPOB MapaeNnbHoii y

OOC (shunt feedback) Rs

Ci
_|H 200

VT2

P

VT4 VTS5

MEXMYy KONneKTopaMu

cs.

VT6 -

TPaH3UCTOPOB KI/IIOYEBO¥A 2
TPaH3UCTOpHO¥ Napsl VT-
1VT, u 6a3oit ynpasnstonie-
ro TpaHsucropa VT; uepes

Cc2

Pa3BA3LIBAIOIMIT KOHIEH-
catop Cs. Ilocneposarenn-
Has OOC (series feedback)
o0pasopaHa LieNblo U3 Tpex
pesucropos R,. B pesynbrare ycunupae-
MBli1 CUTHAN NMPOMEXYTOYHOI YaCTOTHI
IF, koTopslit nogaenserca B 6a3oBoii
CXeMe «TPaH3UCTOPHOTO AepeBa», 3leCh
BBI[IE/IAETCA KaK CUH(A3HbIT Ha pesnc-
TOpax HAarpysku U yYepes Lienb mapa-
nenbHON OOC RsCs; nomaetcs B 6azy
ynpasnswoulero Tpausucropa VT, B o
XK€ BpeMs CurHanbl rerepoauua LO nu
pesynbTupyoulein paguoyactotsl RF Ha
6ase Tpamsuctopa VT3 nomaensiorcs.
Takum o6pasom, ysen paGotaer kak ycu-
TUTeNb TOJBKO JUIA CUTHANIA IPOMEXY-
ToYHOI YacTotht IF, n mockonbky uenn
KOMOMHUPOBaHHOM TIOCTEI0BATENbHO-
napannenbhoii OOC oxsaTeiBaeT Bce
TpU TPaH3UCTOPA, BHOCMMbIE MMU MC-
Ka)XeHusA, 00yC/IOB/IEHHBIE MX HENMHENI-
HOCTDbIO, KOMIIEHCUPYIOTCA.

AHaNOTMYHO BTOpasi TPAH3UCTOPHAsA
napa VT,VTs co BropbiM ynipasasionm
TpaH3ucTopoM Vg u cooTBeTCTBYO1IM-
MU LENAMU NapajuleNIbHON U TOC/IENO-
BatesipHoit OOC 06pasyior BTOpOIt N11-
HEAPU3OBAHHBIN «YCUITUTENbY. 3aMeTuM,
4TO Tpu pesucropa R, urpawor 1y e
poib, 4To u pesucrop R; B cxeMe Ha
puc. 6 u B BolpaxkeHusx [1 u 2].

Brixontoii Tpancdopmarop Ts mop-
KII0YeH K KOJUIEKTOPaM TPaH3MCTOPOB
TpaH3ucTopHbX map VI, VT, u VI, VT,
H€epes 1ieNb, COCTOANIYI0 M3 4YeThIpex
pesucropoB conpoTusneHneM 100 Om,
TaKuM 00pa3oM, YTO CUTHaJIbI C YacTo-
Toi1 rerepopiuta LO 1 npoMexyToynoii
qactotsl IF Ha ero nepeuytoit 06MOTKe
TIO/IAB/IAIOTCA M HA BBIXOJlE CMECUTENA
MPUCYTCTBYIOT TO/IbKO HMPOXYKTHl MX
CMelleHN .

Hna Tectuposanusa nuHeapmsopaH-
HOTO aKTMBHOTO cMecuTensa Obin co6-
PaH y3en u3 Takux ke 37IeMEHTOB, 4TO
U MPERbITYUMIT CMECUTENDb, C TEMU XKe
PeXMMaMu 1o NOCTOAHHOMY TOKy. [1pu

R3

Puc.7

CONMPOTUBJIEHUN PE3UCTOPOB Napasuielib-
noit OOC Rs = 330 OM BXOfHOE U Bbl-
XOAHOE CONPOTUBTIEHUE 060X «yCUIU-
Teneii» Grio npuMepHo paBHo 100 O,
a yCWJIEHME KaXIOBIM «yCUITUTENIEM»
CUTHasIa POMEXYTOYHOI1 YacToTH IF
COCTaBUJIO OKONoO +6,7 nb.
IlpuBeneHHBIe Ha puc. 8 u B Tabn. 3
Pe3ynbTaTel TECTUPOBAHMA MOKA3HBAIOT,
4TO COOpaHHBIN IO CXeMe Ha puc. 7 -
Heapu30BaHHBIN aKTUBHBIN CMECUTEND C
KoM6uHuposatHoit OOC umeer Goree
BBICOKME XapaKTEPUCTUKYU MO YPOBHIO
BHOCHMBIX MUHTEPMORY/IALIMOHHbIX MICKa-
XKEHMI U MPEBOCXOUT KOMNbLEBON M-
ofiHbIA cMecuTenb SBL-1 ¢pupmbt Mini-
Circuits npu cyujecTBeHHO MeHbLIEM
YPOBHE curHasa rerepoputa LO.
Heckonbko crpapaer Toyka Komr-
peccun Pigp, 3TO BHI3BAaHO HEMOMHBIM
nojiaB/ieHUeM CUrHajia reTepopuua LO
Ha KOJUIEKTOPax TPaH3MCTOPOB KIIIO-
HYE€BBIX TPaH3UCTOpHHX nap VT, VT,
un VI4VTs, uTo nmpusogut kx cnmukom
PaHHeMy HaCBINIEHUIO 3TUX TPaH3UC-
TOPOB. JTO 0OyCNOB/eHO HannuuMeM
HETBIPEX PE3UCTOPOB COMPOTUBJIEHUEM
100 OM B nepekpecTin Mexjy KOmmeK-
TOpaMu 3TUX TPAH3UCTOPOB, TOTHA Kak
B CMecHUTeNe «TPaH3UCTOPHOE IEPEBO»
(puc. 4) cooTBeTCTByIOLIME KOJIIEK-

Puc.8
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Tabnuya 3
CurHan ] Yacrora, kliy I YpoBeHb
BxopHble curHansl
f 500 -3 nbBT
f, 510 -3 nbBT
CwrHan retepoavnHa
fio 10000 0 nbBT
BuixoaHble curHans
fio+fi 10500 -10 pbBr
fio+f, 10510 -10 nbBT
fio+2f, -1, 10490 -49 nb
fio+f—2f, 9480 -49 nb
Gain -70b
1IP; +21,5 nbBr
Pias +5,5 nBBT

TOPH TPaH3UCTOPOB COENMHEHBbI [JPYT
C APYTOM HENOCPEACTBEHHO M CUFPHAN
FeTepoAMHa Ha HUX TOJIaBIIsieTcsl IpaK-
TUYecKM HosHOCTEIO. Kpome Toro, ata
1ellb 13 Pe3UCTOPOB BHOCUT M3JIMIITHEE
3aTyXaHME BBIXO[HOTO CHTHAJIA — OKOJIO
6 nbM. JTOrO HegmoOCTaTKa YHAnoCh U3-
6exaTb MyTeM COBMEIEHMA BBIXOJHBIX
CUTHAJIOB CMECUTENIsl HE Ha PEe3NCTOPAX,
a IIOMOUIBIO TAK HA3BIBACMOTO «IMOpULI-
HOro» Tpancdopmaropa.

COBMELLEHWE CUTHANOB C NOMOLLUbI0
«TMBPUAHOTO» TPAHCOOPMATOPA

I'ubpupnbie TpancopmaTopsl [25—
27], n3BeCTHBIE TAKXEe KAK MOCTOBbIE
TpaHcHOPMATOPHI UM CUMMETPUYHBIC
TpaHchOpMaTOpH, paHee MMPOKO NpH-
MEHANMUCD B TeNleQOHHBIX YCUIIUTENAX,
HO C MCHONb30BaHMeM deppoOMarHut-
HBIX MaTepUanoB HALIIM CBOE IIPpUMe-
HEHME HA BBICOKMX YACTOTAX.

B cxeme Ha puc. 9 rubpunHbLit TPaHC-
dopmMaTop MCHONb3yeTCA TS BbifCNIeHUS
Pa3HOCTHOTO CUTHAIA U3 IBYX CUTHAJIOB
¢ curasHOi COCTABNAIOLIEN.

Curzansl, uMeromme cuHasHyo co-
CTaBMAKILYIO, TOAATCS Ha NPOTUBO-
IIO7I0>KHBIE BHIBOZBI IIEPBUYHOI O6MOT-
ku tpancopmaropa, KoTopast uMeer
OTBOJ| OT CEPENMHBI Y U30/IMPOBaHa OT
sBropuyHoit. Takum obpasom, cundas-
Hble COCTABMSAWOIME NOSIBIAKTCI Ha
cpenHeil TOYKe MEPBUYHON OOMOTKM
TpancdopmaTopa, a pasHOCTHBIN CUT-
Hajl BBIIETSIETCS HAa BTOPUYHON 06-
Motke. IIpoucxogut ato notomy, 4ro
TOK B [TEPBUYHON OOMOTKE HOABIAETCA

Puc. 9

TONMBKO HNpU pa3sHOM IMOTEHIjMame Ha
IPOTUBOTONOXHBIX BHIBOAAX IEPBUY-
Hoit 06MOTKM TpaHcdopmaTopa.

[yctp nepBuyHas u BropuyHas 06-
MOTKM TaKOTO TpaHCpopMaTopa UMEKT
1o 2N n M BUTKOB COOTBETCTBEHHO.
Torpa i cornacoBaHus ¢ HarpysKoii
3Ha4YeHUsl CONPOTUBIICHUI1 B CXeMe Ha
puc. 9 QOMMKHBI OBITH CBA3AHBI CTIIEAYIO-
MMM COOTHOIIEHUAMIM:

a

NV
RCOM _(ﬁ) 'Rl > [3]

Rai =R, =2-Reoy- [4]

Wcrnonb3oBanue Ans COBMeEIIEHMA
BBIXOZIHBIX CUIHAJIOB B CMeCUTeNle Ha
puc. 7 nenm U3 YeThipex pesucTopos
compotusnenuem rmo 100 OmM npuseno
K yMeHbllIeHUI0 Koaddunyenra nepe-
nayy cmecurtens Ha 6 gbM. Ilpume-
HEHMe A Toil »xe Lenu rubpuagHoro
TpaHcopMaTopa CBOAUT 3THU HOTEPU
Ha HET, I03TOMYy, T'OBOPs O TaKoi TO-
[IOJIOTMM, YACTO MCHONb3YIOT TEPMMUH
«lossless», T. e. «6e3 norepb» unu «6es3
3aTyXaHMil».
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NonynpoBoagHMKOBbLIN gnoa
B cpeae MICROCAP

KOHCTPYWPOBAHWE BUPTYANbHOIO

Koncrpynposanne BbinosnHsercs B
TPU 3Tana — U3MEPEHue napamerpoB

peanbHoOro MO/, 3aMnch INapaMeTpoB
B 6ubnnoreky MC, ucneitanust Bupry-
a71IbHOrO IMOJA.

Vismepurb napamMeTpbl peasbHOrO
OMOJia MOXKHO C IOMOLIbIO CXeM, IpH-
BeJeHHbIX Ha puc. 13, 14.

Puc. 14

Vsmepus Hanpsbxkenust B ysnax 1,
2 (puc. 13), BbluMCAsieM TOK guopa
[=(U,-U,)/R, n crpoum Bonbrammep-
Hyto xapaktepuctuky I = f(U,). Meuss
MOJSAPHOCTh UCTOYHMKA V1, cHuMaem
npsiMyto um obparhyio Bersu BAX. Jlns
ofpefie/ieHsi MablX OOpaTHBIX TOKOB
AMO[a MOHaoOUTCsl 9YBCTBUTENbHBIN
BOJIbTMETP C BBICOKMM BXOJHBIM COIPO-
TuBjienneM. VismMepurenbHoe conpoTus-
nenue R1 BoiGpano 1 MOmM (1 MOwm B
MC — 1e6). Ina uamepenust npsamoii
BerBu BAX pesucrop Rl ymenbinaem
o1 xkOm u . ;.

Cxema Ha puc. 14 nossosser noiuy-
9nThb BO/IbTGAPAAHYIO XaPAKTEPUCTUKY
3amepToro Auoja-BapuKana — 3aBUCK-
MOCTb €MKOCTU BapMKaIla OT Hamnps-
xenmsa U3. EMKocTh uaMepsiercs pe-
30HaHCHbIM MetopnoM. KonebarenbHbiit
KoHTyp L1C:

Ll =1 mI'n; C=Cl1 x C2/(C1 + C2),

rzie C1 = C2 — eMKOCTH Bap1KaIoB Ipu
sanmparolieM Hanpspkenun U3.

Pesucropn R1, R2 onpepenstior no6po-
THOCTb LC-KOHTYpa, Mo3TOMY BHIGMpAIOT-
¢s1 BBICOKOOMHbBIMH {20 KOmM, 10 MOwm).
Ecrmm pesonanc nabofiaercsa Ha gactore
159 kI'u (w = 10° paa/c), eMmkocTb

C, =2/w?’L = 2 u®.

AmnuTyna koseGanuit reHepatopa
V2 pomxkna Obith nopsigka 10 MB.

6 7. CxemorexHuka Ne 8

CxeMbl nsMepeHusl rapaMeTpoB pe-
a/IbHBIX IMOJOB UCTIONL3YIOTCS JlaJlee KakK
TECT-CXeMBI [17151 IPOBEPKM BUPTYa/IbHbIX
auonos niporpammbl MC. Puc. 13, 14 Bbi-
TO/THEHbBI C NOMOMbIO FPaUUecKoro pe-
JakTopa nporpamMmbl MC.

Boittu B 6ubnmoreky puomos MC
MO>XHO C HOMOLbIO CIIEAYIOIMX KOMAH]L;
Fille — Open — Tun ¢aitioB — Bbibop
(V) — Model Library (*.LBR) — diode.
Ibr — Open — Add — Name = 01D —
Memo = «9KCNepuUMeHTalbHbIA IUOJ
No 1».

Haskap knonky Add (mo6asuts mmop),
nosyyaeM TabnuLy napamMerpoB TUNo-
Boro guoja. Ecnu nocraButh kypcop
MbIIIM B OKHO JIOGOT0 napaMeTpa, BHU-
3y AucHest NOsIBUTCA KOMMEHTapui,
Hanpumep, i okHa IS — «Saturation
currnt», T. €. «TOK HacblleHus». MMs
moga (Name) cregyer nucath naTuHc-
Kumu GyKBaMy, HauuHath Hyrmem (01D),
TOrJ|a B CIIUCKE IMOAOB 0d Oyner pas-
MellleH BBepXy climcka. Memo — kpar-
Kasi aHHOTaLusA K [UOJYy Ha PYCCKOM
SA3bIKE.

3ANONHEHME TABNINLIbI TAPAMETPOB

AnoaA
Tabnuua saxogures B [1]. Ins cxemo-

TEXHMKA UMEIOT 3HaYeHMe CIeyolue

napaMeTpbl:

e HanpsDKeHMe Havazna toka (puc. 9),
OIpeJieNisieMOe TOKOM HaChII[eHUs
IS no ¢opmyrne batyuieBa;
COIpOTUBIIEHNE KOHTAKTOB RS;

e 00paTHOe CONPOTHBJICHIE 3aIIEPTO-
ro nuopa RL;

e Harpsbxenue npobos BV (y crabu-

JIUTPOHOB — HANpsiKeHue crabu-

U3aLUN);

muddepenunanbHoe conpoTus-

nenne npoboitHoro ydacrka BAX

(puc. 7, Tpeyronpuuk 1);

e 6apbepHas eMKOCTb IIPY HYJIEBOM
Hanpspkennn Ha auope CJO;

e BpeMsl BOCCTaHOBJIEHUsST 0OpaTHOTO
CONPOTHUBJIEHNS IVOMA, 3aBUCSAIIEE
oT napametpa TT;

e TeMIieparypHble KO3(pPuimeHto

ppefida mpsiMoit u obpatHoii Bet-

Belt BAX;

UIyMbl p-N-IlepeXofa Mpu MpsAMoM

u obpatHom BkMouernn (dakrop

KEF).

Hpyrue napamerphl cyujecrBeHHOTo
3HAaY€HUS HE VIMEIOT. YCTAaHOBMB Tapa-

od1

MeTpbl, 3aKpbIBaeM GMOGIMOTEKY mnona
u Ha Bonpoc «Save changes in DIODE.
LBR»? orBeyaeM «YES».

NCNbITAHWA BUPTYANbHOTO
AWOAA

Vcnibiranus BHINOJTHAEM ¢ MOMOLLbIO
cxeM Ha puc. 13, 14. OHu nosonsior
BBISICHUTDb, KaK NpOrpaMMa npuHsiia
K UCTIOJIHEHMIO CKOHCTPYUPOBaHHbII
Hamu uop. OTMeTuM, 9To pe3y/bTarh
UCTIBITaHUI1 MOTYT OKa3aThCs PasHbIMU
715 pasHbIX BEPCUIT TPOrpaMMbl U KOM-
NbIOTEPOB.

Ilpn BupTyanbHBIX MCIBITAHUAX
MOXHO UCIIO/Ib30BaTh IKCTpeMalibHble
BE/IMYMHDBL, K [IPUMEpPY, HAa3HAYUTh [JIs
cXembl Ha puc. 13 V1 = le6 = 10° B.
Apapun ne 6yger. Ha camom pene nipu
HaNPAXEHHOCTU MEXIy MpoBojamu
anekTpudeckoro nosns 6onee 30 kB/cm
npoucxoamut npotoit. Vismepsist Bpems
BOCCTaHOBJIEHUs1 0OPaTHOTO CONPOTUB-
nenusi fuojia no puc. 12, nago y4ecrn,
qro «ocumnnorpag MC» He uckaxkaer
CHTHAJT, MOCKOJIbKY €0 Ry = oo, Cpy = 0,
N0710Ca 4aCTOT — oo.

BAX nuopa wusywaercs mo cxeme
Ha puc. 13 B pexxume DC-ananusza. B
BepxHeit crpoke DC-MeHw 3anuceiBa-
em: «Variable 1 — Auto — V1 — 100,
-100,0.1», yto 0o3Hauaer «MeHsTb IJ[C
V1 or +100 o =100 B ¢ miarom 0,1 B».
3nech sansThle 03 MHTEPBA/IOB — 3TO
npobensl Mexxuy ungpamu.

[lpemenyt Bapuaumit Temmnepary-
ppl — B Tperbelt crpoke DC-ananusa:
«Temperature — Met-hod = Linear —
Range = 70,20,50». OTMedenbl Makcu-
MajibHasi I MMHUMa/lbHas TeMIlepaTypl,
usMeHsAoIImecs: ¢ maroM 50°. 3pech >xe
onpegensercss TOYHOCTb aHanu3a (5 %).
Ecnn ycranosurb Tounocts 0,01 %, BAX
6ynyT u3obpaxkaTbCsi MeJIEHHO, a 3TO
yNoOHO sl OpMeHTauuKu B CeMeiCTBe
BAX.

B yetBeproit crpoke DC-aHanusa Bko-
YaeTCA MOJIe3HasA OIS — aBTOMATUYeC-
KMl IOUCK IpefesioB st rpadmka: «Run
Options — Normal — (v) Auto Scale
Ranges» B crpoke 5 ykasbiBaem, Kak Crpo-
ntb rpadyik BAX sa nucre 1 (P = 1): no
on X «XExpression = v(D1)» uso6pasurb
HanpsbkeHue guopa; 1o ocu Y «YExpres-
sion = i(D1)» mokasatb ToK Iuoja.

I[To komanpe «RUN» 6yayr nocrpoe-
nbl rpadpuxn BAX. Haxas kHomky «Scale
Mode», MO>HO Boigenuts ¢parMent
BAX, paccmorpeTb ero npu yBennye-
HUN.

Bonbrdapanuyio xapakrepucruky m-
ojia npoBepsieM B pexkuMe AC-ananusa,
uamepsis AUX konebaresbHOro KOHTypa
(puc. 14).
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McnbiTaHUA MHEPUMOHHBIX CBOMCTB
nuona (puc. 12) npoBoguM B pexnme
Transient-aHam3sa. Co3paguM UMITYIIbC
C upiea/ibHbIMM (PPOHTaMHU, BbIGEpeM Ha-
npsukenusa Uy, E (mo moxymio Uy, > E,
E < Uj;p). l/mTenbHOCTD MMITY/TbCa OKO-
no 1 MKc (t,; = 5t,); R = 100 Om.

PE3Y/IbTATbI UCTIBITAHWA
BUPTYANIbHDIX AK0A0B MC7

PesynbTaThl pa3pendioTca Ha [Be
TPYMIB — XOPOILO BOCIIPOM3BORAMMbIE
napameTpbl (6e3 MeTKM) M IJIOXO BOC-
IpOM3BOMMbIE TTapaMeTpPhl (MerKa *).

Hanpsxkenue Hayama TOKa XOpOIIO
BOCIIPOM3BOZMTCA B COOTBETCTBUM C
dopmyrmoit Barymesa. ITonyuns BAX Ha
3KpaHe MOHUTOPA, MOXCHO BK/IIOYUTD OIl-
uuio «Step-ping» Toka IS ana puopa D1
(puc. 13) u HabmiopaTb cemeiicrBo BAX ¢
pasmanbiMy U pu I = 1 MKA.

IIpsaman BetBb BAX muona, nudde-
PeHIMaNbHOE CONPOTUBIIEHME 1 paboueit
To4KM A (puc. 9), BIMAHME COIPOTHUB-
neHusa xoHTakToB (RS) Ha BAX puc. 10
TaK>Ke 3aMe4aTe/IbHO BOCIIPOU3BORATCS
nporpammoit MC7.

3aBucumocTb TOKa HacbluieHusa IS
OT TeMIepaTtyphl (puc. 6) mporpamma
MC7 tpakTyeT mo-csoemy. Bmecro 3a-
KOHa «TOK HACBIIEHMA P-n Inepexopa
BO3PACTa€T B {Ba pa3a NPy yBe/IM4eHMH
TemriepaTyphbl Ha xaxasle 10 °C» MC7
yBemumumBaeT ToK IS B yerbipe pasa Ha
xaxasie 10 °C.

Hanpsxenue npo6osa BV Hapo yBs-
satb ¢ IBV (roxom Hadama npo6os).
Tax, gna BV = 8 B, IS = 1e-9, RL =
= 10e6 cnemyer yctaHOBUTb IBV He
meHee 8/10e6+1S = 8001e-9 = 8 mMxA.
C sToro ypoBHA HayHercA Hpolecc
JTABMHHOTO YMHOX€HMA ToKa. Hamps-
XeHue CTabMIM3annu M3MEpAIOT NpH
TOKe 5 MA B 30H€ YCTOABIIErocs Ipo-
6os (puc. 7).

luddepenunanbHoe conpoTUBIeHNE
npoboitHoro yyactka BAX olieHuBaewm,
aKTMBU3UPYs KHONKY «Peak» ¢ n3obpa-
YKeHueM BbIIyk10it kpuBoit. Ha rpadmxe
nosBATcA aBa Busupa («Bus» Ha puc. 7).
OHM ycTaHaBAMBAIOTCA JIEBOM M Npa-
BOii KHOnKamyu Mbiny Ha BAX, BHu3y
rpaduxa BOSHMKAIOT OTCYETHI TOKOB,
HanpsDKeHMi B TOYKaX BU3MPOBAHUA U
Pa3HOCTM 3TUX BETMYMH.

Wcnoiranue puddepenunanbHoro co-
HPOTUBJIEHNs B pesxume npoboa 1y =
= AU/AI (puc. 7) nosBonder ybegnrbcs,
470 K03 PUIMEHT TABMHHOTO YMHOX€-
Hus M (1) He paboraer HM 1A JTaBUH-
HbIx (U, > 6 B), Hut /s TyHHeNTbHBIX
(U < 6 B) npob6oes. Brio 651 pasymHo
B Tabnulle mapaMeTPOB BUPTYaTbHOTO
muona [1] sammcarb xoadpduumenr k gs

dopmynsl M, XOTOpPBIiT TO3BOMMI GBI
MeHATb Iy Ho nockonmexy k negocry-
IIeH, BeIMYMHA Iy HE Pery/mpyerca u
HaxopuTcA B npegenax 5...10 Om kax
RIS TABUHHBIX, TAK U JUIA HU3KOBOJIb-
THBIX TYHHE/IbHbIX npoboeB. BepoATHo,
B [1] Bkpamacy omnbxa: 3gech Ha c.
199 n 250 BHayane «M» ucnonbsyet-
Csl /I ONMCaHMSA JTaBUHHOTO npobos
(dopmyna 1), 3atem — A onMcaHuA
BoNbT(apajgHOIl XapaKTePUCTUKH, T/e
OH peiicTBUTENbHO paBeH 0,5.

IOpeitd B puanasoHe TeMIilepaTyp Ha-
npspkeHns npobos p-n nepexopa (BV)
3aBUCHT oT koabdunmenta TBVL. Ecin
B35iTb CTAOMIMTPOH C HaNpsKeHUEM
BV = 8 B, no ¢opmyne (3) peanbHas
HecTabUIbHOCTD HANPSXEHUA Yy =
= 4,5 MB/rpag (puc. 7). MoxHo no-
nobparp BemuuuHy TBV1 =~ 0.77e-3,
KoTopas ofecne4ynt BUPTyalbHble 4,5
MB/rpas. VInrepecHo, yto npu TBV1 =0
MMeeM Yy = +2 MB/rpan, xak pis nps-
moit BetBu BAX, e y = -2 mB/rpan.

TemnepatypHbli apeiid NpsAMoit BeTBM
BAX He 3aBucur ot Beymaunst TBV1. Ilpu
TOKax B jauanasoHe 10 MkA...10 MA oH
HaxopuTcA B npegenax 2,4...1,6 mB/rpan
(puc. 11).

IlTyMbl BUPTYalTbHOTO AMOKA MOXKHO
IPocMOTpPETh B pexxume Transient-aHa-
7433 Ha NPAMOI M 0OpaTHOI BeTBAX
BAX. IllymMbI BHIITIARAT KaK TPeyTo/b-
Hble KonebaHuA. AMIUIMTY/A M YacToTa
Koyne6aHMiT 3aBUCAT OT TOrO, KaKyio
pa3BepTKy ocumiorpagpa MC mbl npu-
MmenseM. K npumepy, ecimn Bech «3KpaH
ocuumnorpadpa MC» = 1 ¢, ammuryna
Konebanmit — 12 B, yacrora — 25 I'.
Ecnu «3xpan ocumimnorpadpa MC» =
= 100 MC, nmeeMm 30 uB, 250 I'u. IIpu
3ToM ycTaHoBKa ¢dakropa myma KF B
puanasoHe 0...10° He MeHseT KapTu-
Hbl IyMoB. OTMeTUM, YTO IIPM aHa-
JOTUYHBIX MCOBITAHMAX IIYMbl TPaH-
3MCTOPOB BBIITIARAT HOPMAalbHO, Kak
XaoTuyeckue KomebaHMA Ha dKpaHe
ocumnorpadpa MC. O6Hapy)KxeHHBbI
«mrymoBoit gedext MC» MoxHO nc-
MPaBUTb — Haj0 NOCIEOBATENBHO C
RAMOOM BKITIOYMTbH COOTBETCTBYION] M
reHepaTop CUTHANA.

BonbrdapagHas XapakTepucTuxa
BapMKama, u3MepeHHas no puc. 14,
NPUMEPHO COOTBETCTBYyeT ¢opMyie
(2). Ecnu mameHuth nonapHocth V1
Ha puc. 14 u oTKpHITH AMOABI TOKOM
50 MxA, TO B go6aBieHMe K eMKOCTH
C, noasurca auddysuoHHas eMKOCTb
oxomno 450 n®.

3AKNIOYEHUE

KoHcrpynpoBaHue BUPTYalbHBIX JiU-
O7I0B — XOPOLIMIA TPEHUHT IPU OCBO-

eaun nporpammbl MICROCAP. Bax-
HO COBMECTUTb BUPTYa/lIbHBIE OIBITHI C
peanbHbIMM U3MEPEHUAMM, HAIIpUMep,
o [5].

Paboras ¢ mporpammoii, nonb3oBa-
Telb OTMETUT, KaKue CBOVICTBA JUOIOB
noka euie He yantbiBaecr MICROCAP:

¢ TennoBoil ructepesuc BAX. Ecnu

MeIeHHO nsmepsaTh BAX mpu 20°
C, To B KOHIIe M3MEPEHNsT MOXKHO
nporpets guoxn xo 70° C u oxasaTb-
csa Ha BAX, coorsercrBytowteit 70° C
(puc. 11);

® MaKCMMalbHYI0 paboyylo Temiepa-
TYpPY p-n-nepexopa (puc. 2);

TOKM IIAB/IEHUA IIPOBOIOB- KOHTAK-
TOB, T. €. BHIXOJ| AMONA 13 CTPOS IPH
neperpyskax;
® NIONIPaBOYHbIA K03GULUEHT miA
sKcroHeHTl BAX npu Heverkom,
Pa3MbLITOM DP-n Iepexoye;

® 0COOEHHOCTY HU3KOBO/IbTHHIX, TYH-
HeNIbHBIX mpo6oeB p-n-mepexoa,
xorga puddepeHLNaTBHOE COMPO-
tuBneaue BAX B pexxume npobos
nopsinka 100 Om;

® 3HAYMTENbHBINA YPOBEHb (PIIOKTY-

auii, WyMOB 1A p-n-liepexosia B
pexxuMe npobos;

e ontudeckne 3¢deKTsl, IpUCyLe

p-n-nepexony;

e TyHHe/IbHble M oOpallleHHbe AUO-

JBL.

IIporpamma MC7 MeeT BCTPOEHHYIO
noxgnporpammy MODEL [1], xortopas
IIOMOTaeT MO/Nb30BATENI0 BBHIYMCIUTD
napameTphl MOZENM /IS PEATbHOTO -
ofa 110 peanbHBIM M3MepeHuAM. IIyTb
kx MODEL-DIODE: IMycx — IIpo-
rpamMmbl — MC7 — Model — File —
New — Diode — OK — View — «If
vs. Vf» — nocrpoenne BAX guopa no
TOYKaM-M3MePEHUAM M ABTOMATUYECKMIA
pacyeT ToKa Hacblmenus IS, conmporus-
neamsa RS u . 1.

NUTEPATYPA:

5. K. B. Hlanumosa. Ilpakmuxym no
NOMYNPOBOOHUKAM U HOIYNPOBOGHUKO-
svim npubopam. — M., Borcuas wixona,
1968.

T'ennapuii Hpumenos,
r. Taranpor



Kaprtbl flash-namatn

Compact Flash

B cmamee onucwieatomes kapmer isw-namsmu Compact Flash, ux oco-
6eHHOCMU, KOHCMPYKYUSA U mexXHUYecKue Xapakmepucmuku.

aprsl flash-mamsty Compact Flash

(CF) BriepBble GBIy OpeI/IoKeHbl

Ha pbIHKe 3/IEKTPOHHBIX KOMIIO-
HeHTOB koMmanHeit SanDisk. 9ty kapTh
NIPe/ICTaB/IAT co001 JierKye, CheMHble
n 6bICTPOJENCTBYIOIME YCTPOViCTBA
namatn Gonpuioit emkoctu. Kaptol
Compact Flash moryr ncnonssoBatnbcs
B CaMbIX pasHOOOpasHBIX YCTPOVCTBaX,
BK/I0Yas Ly poBble Kamepsl, MP3 npo-
UTpbIBaTeNy, cMapT¢OHBI, KapMaHHbIE
KOMIIBIOTEPH! U T. I

Cranpapr Compact Flash noanepxu-
BalT MHOTOYMC/IeHHble 1aTdhopMbl U
orepalyoHHbIe CUCTeM, BKIoyas Win-
dows, Apple System 7, 6onpumMHCTBO
TunoB UNIX u np.

Haumnas ¢ 1995 r., crangapT Ha faH-
HBI/l TMII KOMIOHEHTOB CTafa MPOJiBU-
ratb Accoupauys Compact Flash (CFA),
co3nanHas Hewlett Packard, Hitachi,
IBM, Motorola n ap. Ceityac B Hee Bxo-
asT yxe 6onee 165 ¢upm.

Cranpapt CFA cneumduumpyer pas-
Mepbl M MexaHudecKMe cBorictBa Com-
pact Flash, a takrxe TuIIBI NpyMensieMblx
Pa3beMOB, 3NeKTpUYecKMit MHTepdelic,
dopmMaTel KOMaHA, MPOIPAMMHYI0 MO-
Henb ¥ ajanTephl /151 DOAKMIOYEHUs
ycrpoiicts Compact Flash k umue PC-
MCIA. B cooTBeTCTBHM CO CTaHAAPTOM
CFA untepdeiic HakormmTeneit Compact
Flash snextpuyecku coBmectum ¢ mn-
tepeiicom IDE.

Cranpapt Compact Flash Bkmoyaer
nBa tunopasmepa — tun I n I1. Kapter CF
tina I Bbimyckarorca B Bupe kapr flash-
namATH. Kaprel Tvmna II MoryT BXOommTh B
cocraB pa3Ho06pasHbIX nepyiepUitHBIX
ycrpoitctB. K HMM OTHOCATCS MofieMBl,
TBEPOTe/IbHblE IMCKYM, A[ANTEPH CITYT-
HUKOBO# Hasuraumy GPS, mogynm Bol-
COKOYaCTOTHON PafMOCBA3N GNMXKHETOo
panuyca neitctBus Bluetooth u 1. p.

Kaprp1 mamati CF BO3HMKM B Kayec-
TBe anpTepHariBbl PC Card ATA Flash.
B ormmume or PC Card oln 6onee kom-
NaKTHbI, MMEIOT MEHbLIMI1 BeC U MOBHI-
LHIEHHYI0 YAAPHY0 IPOYHOCTD. BHetHmi1
Buj kapthl CF npuBepeH Ha puc. 1.

Paspa6orumkn cranpapra CF mpeny-
CMOTpeny BO3MOXXHOCTb paboThl 3TMX
Kapt Kak ycrpoiicts PC Card wnu IDE.
B mepBom cnyyae kapThl paboTarT Kak
o6brynble yerpoiicrBa PC Card, Bo BroO-
pOoM — Kak >xectkue gucku IDE m mx

Puc. 1

nntepdeiic GyHKuMOnMpYeT, Kak 1nHa
ATAPL

NCTOPUA PA3BUTUA

[TepBonayanbHO 06'beM MaMATH KapT
Compact Flash coctaBnsin egmHMLB
M6aiiT, a CKOpPOCTb YTEHMS HE MPEeBHI-
wana 1,5 M6aitr/c. [To mepe pasButus
TEXHOJIOTWIA yBeIMYUBANCs 06beM nams-
TU U CKOPOCTD TepefiauM AaHHBIX.

B mrone 2003 r. 6sina yTBepxpeHa
cneipduxaiys v2.0, cOrnacuo Koropoii
CKOPOCTb TNepefiayyl AaHHBIX MOXET JI0-
crurarb 16 M6aiit/c, mpu stom obecre-
YMBaeTCH 0OpaTHAA COBMECTHIMOCTD, T. €.
KapThl, BbINyllleHHble 1O crielpiukaimm
2.0, cmoryT paboTaTb B CTapbIX YCTPOI-
CTBax, HO ¢ MeHbLIel cKopocThio. C no-
AB/IEHMEM BTOPOIT BepCUM CTAHAAPTA Ha
kaprrl Compact Flash ckopoctb urenns
IaHHBIX mocturna 8 Mo6aiit/c, a 3anu-
cn — 6,6 Mbaitr/c.

B konue 2004 r. nosiBunack tperbs
BEPCUA CTaHAapTa, HOAAEP>KMBAIOIIAs
pexxumbl UDMA33 1 UDMAG66. B pe-
3ynbTaTe TeopeTMyecKasi CKOPOCTh iie-
peflauM JaHHLIX Oblna yBenM4yeHa o
66 M6airr/c.

MakcumManphblit 06beM HakonIMTeNel
¢ nnrepdeitcom Compact Flash gocrur
12 I'6aiit 1 6onee. CroMmMoCTb KapT na-
st CF HeBenMKa M NOCTOSHHO CHU-
JKaeTcsl.

CTPYKTYPA

Amnanornyno PC Card, kap-
Ta CF cofep>XuT BCTPOEHHBIii
KOHTponnep, obecrneynpar-
WMt ee COBMECTMMOCTb CO

CTaH[]ApTHBIMM MHTepdeiica- - . Oy
HTepdeiic <y KouTtpomnep

mu. Ha puc. 2 usobpaxena Yupessenne | TTAMATS

BHYTPeHHSIs1 CTPYKTYpa KapThl

namsatn CF.

OpHMM M3 TNaBHBIX [O-
crounctB kaptol CF sBnsi-
€TCs Ha/lnuMe BCTPOEHHOTO

KkoHTpo/epa ATA, 6naro- p,. 5
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Iapsi KOTOPOMY KapTa COBMeCTMMa C
untepdeiicom IDE. Ha nporpammuom
YPOBHe KapTa HMuYeM He OT/INYaeTCs OT
JKECTKOTO JIVICKa, NOCKOMNbKY obnafgaer
BCEMM HeOOXOJVMEBIMI MapaMeTpamu,
TaKVMM KaK BUPTyajlbHble LVIMHPH
M TONOBKM.

BcTpoennbiit npeobpasoBarens Ha-
TIPSKEHS MUTaHMS TIO3BOJISIET MOMKITIO-
yaTp Kaptel Compact Flash B cnots ¢
Hanpsbkenuem 3,3 u 5 B.

OYHKLWOHANBbHOCTb

Kapter CF moryT pabotate B OfiHOM
M3 TpeX peXxxMMOB — KapT namsitu PC
Card, xapr BBopa/BeiBoia PC Card n
ycrpoiicts IDE (ATA). B nepeix nByx
peXumax KapTbl paboTanT ¢ TeM#n Xe
nnTepdeiicHBIMU crHanamy, yro u PC
Card. B pexxume IDE snekrpuyeckmii
unTepdeiic U cucTeMa KOMaHj| MOHO-
CTBIO COBMECTMMBI CO crieLy¢puKanneil
ATA. Cneumanbuo ans flash-nuckor B
cucremy Komang ATA BBefieHa 1ienas
IPyIna KOMaHfl, HauMHAILMXCS C Npe-
¢dukca CFA, opyentnposanHas Ha crie-
unduky samncy flash-namarn. Creuu-
¢1Ka 3aKIK0YaETCA B TOM, 4TO 6BICTpEE
BCETO 3amyCh BBIMONHAETCS B YUCTHII
(cTeprniit) 6710K, a nepesannch Tpebyer
OTHOCHUTENBHO ANUTENBHOTO CTUPAHMA.
HononuuTenbHble KOMaHIbI MO3BOJIAKOT
ONpeeNATh COCTOSHME CeKTOPOB (UMCT
71 CEKTOD, CKONIbKO pa3 Mnepesanncal),
BHIIO/IHATD CTVpaHye CEKTOPOB U 6bic-
TPYIO 3aNUCh B YMUCTble CEKTOPHI.

KOHCTPYKLIWA N TEXHUYECKUE
XAPAKTEPUCTUKU

Kapro1 CF tina I n Il otmyarorcs apyr
OT pyra TO/IbKO TonumuoN. Kaptel Tuna
II Tonuie xapt t™na I Ha 2 MM u 6binn
paspaboTaHbl € Lie/IbEO yBe/MYeHreM 06b-
ema naMsATH. B HacTosiiee Bpems KapTel
Tuna Il TepsA0OT NONynsipHOCTL, TaK Kak
i [ fornan ux no o6bemy. IMockonbky
KapThbl TMIA | TOHbILE, X MOXXHO BCTaB-
NATb BMECTO KapT tumna II.

Kaptoi CF ™ina I umeror pasmeps
42,8%x36,4x3,3 MM, UX BeC COCTAB/ISET
okono 11 rp.

JaHHbie

Kapra ¢pu-namsru CF




Coot

24

Ha puc. 3 mpusenen ueptex xaptoi CF ¢
yKa3aHueM pa3MepOB €€ KOHCTPYKLIMM.

NEKTPUYECKUM UHTEPOEN
IapajtenbHbiit MHTepderic KapT NaMs-
™ CF anajiornaen unrepdeiicy kapr PC
Card, Ho umeer 50 KOHTaKTOB BMeCTO 68.
CoxkpatieHye 9Mcia BHBOZIOB uHTepgeiica
26

3yeMoro pexxuma. B tabi. 2 npuseneHo
Ha3HaYeHue CUTHAJIOB MHTepdelica Kap-
ol CF 1151 Tpex pexxumoB paborhi.
PexxuM paboTh KapThl OnpefensieTcs
C IIOMOI1bI0 HEKOTOPHIX BXOJIHBIX CUT-
HanoB. BuICOKMIT MM HUBKUIT YPOBEHD
CUTHaJIa Ha 3THX BBOJax popmupyer yc-
TPOMCTBO, K KOTOPOMY TOJK/II04YaeTCs
50
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Puc. 3
kapTa. B 3aBUCMMOCTM OT 9TUX yPOBHE
curHana v Buibupaercs pexxum paboTbi
KapThl.
;. B Tabn. 3 npuBogMTCS CMMBONBHOE
\ 0603HaueHMe, TUIT M ONMCAHUE CUTHAIIOB
& uHTepdeiica KapThl NaMsTH, Ha3BaHMsl
' CUTHAJIOB TIPMBOJATCA IS PEXVMOB
PC Card Memory, PC Card I/O u True
[DE.
Puc. 4 OCHOBHBIE TEXHUYECKVE

ro cpagHenmio ¢ kapramu PC Card mpo-
M3OLJIO 32 C4eT CTapLIMX aJiPecHBbIX JH-
HMI Y HECKOJIbKMX BBIBOJIOB IIMTaHMSL.

Iockonpky cyrHanb untepdeiica kap-
th1 CF anektpydecky ¥ PyHKLIMOHAIBHO
NOBTOPSIOT HasHayeHue KOHTakToB PC
Card, nonyckaeTcs NOAKIIOYEHME KapThi
CF Bmecto PC Card ¢ noMoribio pocreit-
LLIETO aJlanTepa-TNepexOIHNKA, TIOBTOPSI0-
LeTrO CBOMMM pasMepaMyl OObIYHYIO KapTy
PC card ATA Flash. Ha puc. 4 npencras-
JIeH BHELUHMI BUJ TAKOTO ajantepa.

B Ttabn. | mpuBefieHO COOTBETCTBME
mexny curdanamu kapt PC Card u CF.
Vims curnana 1o CMMBOJIa «/» VICIIOJIb3Y-
ercs B pexxume PC Card memory; — noc-
Jie CMMBOJIA «/» VCTIONB3YETCA B PEXXVME
PC Card I/O; — B ckobkax «( }» — B
pexxume True IDE.

Tak kak CF moxet paborarb B Tpex
Pas3/IMYHBIX PEXXUMaX, HEKOTOPbe CUT-
Hanbl uHTepdeiica KapThi MEHSIOT CBOE
Ha3HaueHME B 3aBMCUMOCTY OT VCIIONb-

Tax e, kak u kaptet PC Card, kap-
o1 CF MOTYT MuTaThCsA OT UCTOYHUKA
NIUTaHUs HanpskeHuem 5 wimm 3,3 B.
[MorpebnsieMbiit KapTOit MaMATU TOK,
Kak ITpaBuJIO, He npeBbilaer 100 MA.
Bpems xpaneHus undopmanuu 3asns-
sieHo He MeHee 100 net. Yucno nukios
3armcy oObIYHO He MeHee 1000000.

KapTbl KOMMepuecKoro ucnonHe-
HUs CIIOCOOHB paboTaTh B IManasoHe
temniepatyp 0...70 °C. na nupycrpm-
aNbHBIX KapT TEMIIEPATyPHBIT JiMara-
30H paboTBl pacUIMpeH U COCTaBiser
-40...85 °C.

C(OBMECTUMOCTD

INockonbky kaptel namsatu CF cos-
MecTuMbL ¢ uHTepdeitcom PCMCIA
u B pexxume pabornl True-IDE moryr
BBINOJHATE (QYHKLMY HAKOIIUTENS, CY-
LECTBYET BO3MOXXHOCTD TTOJIK/TIOUEHM
kapt CF u PCMCIA (PC Card) k uH-
tepdeiicy IDE ¢ nomonbio mpocreinmx

Tabnuya 1
PC Card CF
Curnan Kont. | KoHt. CurHan
GND 1 1 GND
D03 2 2 D03
D04 3 3 D04
D05 4 4 Do5
D06 5 5 D06
D07 6 6 D07
-CE1 7 7 -CE1{(-C50)
A10 8 8 A10
—OE 9 9 —QE (_ ATA SEL)
All 10 — —
AQ9 11 10 AQ9
A08 12 11 A08
A13 13 — —
Al4 14 — —
-WE 15 36 -WE
READY/ 16 37 READY/
—-IREQ -IREQ(INTRQ)
VCC 17 13 VCC
VPP1 18 — —
A16 19 — —
Al15 20 — —
Al12 21 — —
AQ7 22 12 A07
A6 23 14 AO06
A0S 24 15 AOS5
A04 25 16 A04
AO3 26 17 AO03
AQ2 27 18 A02
AO1 28 19 AO1
A0O 29 20 ADO
D00 30 21 D00
DO1 31 22 D01
D02 32 23 D02
WP/ WP/-I0iS16
oiste | B3| 2 (-10C516)
GND 34 50 GND
GND 35 — —
-CD1 36 26 -CD1
D11 37 27 D11
D12 38 28 D12
D13 39 29 D13
D14 40 30 D14
D15 41 31 Dis
—CE2 42 32 -CE2(-CS1)
-VS1 43 33 -VS1
—-1ORD 44 34 -IORD
—IOWR 45 35 -IOWR
Al17 46 — —
Al18 47 — -
A19 48 — —
A20 49 — —
A21 50 — —
VCC 51 38 VCC
VPP2 52 — —
A22 53 — —
A23 54 — —
A24 55 — —
A25 56 39 CSEL
-V52 57 40 -VS2
RESET
RESET 58 41 (-RESET)
~WAIT
~WAIT 59 42 (IOREADY)
—INPACK
—INPACK 60 43 (-DMARQ)
-REG 61 44 ~REG(DMACK)
BVD2/- BVD2/-SPKR
sk | &2 | A (-DASP)
BVD1/
sB;lsDcKE; 63 46 ~STSCHG
(-DIAG)
D08 64 47 D08
D09 65 48 D09
D10 66 49 D10
—-CD2 67 25 -CD2
., GND 68 50 GND
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Tabnnya 2 nepexopHukob. Kpome toro, takue xe
Pexum PC Card memory Pexum PC Card I/0O Pexunm True IDE NpOCTENINE TIEPEXOJHNKN MOXHO UC-
= = = TNO/IL30BATD AJi noaxnwuenns kapt CF
5| f s | £ s8] ¢ : ey '
o £ = o £ = g £ = K uHTepdelicy.
@ v @ v @ v B tabn. 4 npuBeneHo cooTBeTCTBUE
1 GND — 1 GND — 1 GND — OOHOTUIIHHX BbLIBOOB aist Kapt PC
2 DO3 110 2 DO3 110 2 DO3 110 -
3 D04 /o 3 D04 o T3 D04 /o Card u CF B pexxuime True-IDE.
P} DO5 /0 P} D05 ) 4 D05 ) OcTannHbie BLIBOAbI KapT U MHTEP-
5 D06 110 5 D06 1/0 5 D06 170 (eiica IDE gormkubI ObITh HOOK/TIOUEHDE
6 Do7 /O 6 Do7 Vo 6 Do7 /0 K 0011ieMy POBOJY, UCTOYHUKY MTUTAHUS
7 ~CET I 17 ~CET L |7 ~Cs0 | HICMY IPOBOLY, Y
8 A10 ] ) A0 ] 8 A10 | UMM OCTaBaATbCA HE NMOAK/IIFOYEHHbIMU B
9 -OE 1 9 —OE [ 9 —ATA SEL ! COOTBETCTBUMU C TabJL. 5.
10 A09 1 10 A09 I 10 AD9 I CyIMBOJI «XX» 03HAYa€T, 4TO 3TOT CUT-
11 AO8 ! 11 AO8 | 11 A08 | a eerT 3 AIEHTHOI C
2 AO7 0 2 AO7 I ) A7 I Hajl He MMEET 3KBUBAJL Ol1 CBAA3U B
13 VCC 13 VCC 13 VCC 3aToMm cranpgapre. OcrajibHble BHBOLHI
14 AO6 ! 14 A06 | 14 A06 | PC Card nukyna He mopk/r0uaroTCs.
15 A0S | 15 A0S | 15 A0S |
16 AG4 [ 16 A4 |16 A4 i CymecTByior u apyrue apantepei,
17 AO3 | 17 AO3 | 17 AO3 1 MMO3BONIAKILIME TIOAKJIKYATb KapThl
18 A02 I 18 A02 I 18 A02 ! ¢naur-mamsaTu CF x nmepcoHanbHOMY
19 AO1 | 19 AO1 | 19 AO1 |
KoMIbTepy. Hanmpumep, Ha puc. 5
20 AOCO | 20 AOO 1 20 ACO | py p p P
21 D00 /0 21 D00 70 | 21 D00 /0 MOKAa3aH aJianiTep, NMO3BOAAKLIMMN LOJI-
22 Do1 /O | 22 Do1 o | 22 DO1 o witounTb Kapty CF k unrepdeiicy Serial
23 D02 110 | 23 D02 1o [ 23 D02 /O | ATA xommbioTepa.
24 wp (6] 24 -l0IS16 (6] 24 -10CS16 (6]
25 -CD2 [0} 25 -CD2 [0} 25 -CD2 [0}
26 —CD1 0 | 26 D1 0 | 2 _cD1 5) NPEUMYILLECTBA U HEAOCTATKW
27 D1 /o | 27 D11 l/o_| 27 D11 /o Hakormrenn Compact Flash popoxe
28 D12 1/0 28 D12 1/0 28 D12 1/0 -
2 D13 ) 2 D13 /O | 29 D13 ) OOBIUHDBIX HAKOITMTE/ICH Ha KeCTKUX AVIC
30 D14 1/0 30 D14 1/0 30 D14 1/0 KaXx, KpoMe TOro, nx 00'beM AMATY TTOKA
31 D15 110 31 D15 Vo | 31 D15 1/0 €I1[€ OTCTaeT OT 00'beMA JKECTKOTO AUCKA.
32 —CE2 | 32 —CE2 1 32 -CS1 |
HAKO KapThl act Flash o6n T
33 Vst o [ 33 Vst o |33 VS 5| Omwakoxaprn Compact Fla anato
_IORD _JORD _IORD AOCTaTOYHO BECOMbBIMM MPEUMYILECTBA-
34 HSTROBE | 34 HSTROBE | 34 HSTROBE | MU TIepen, )XE€CTKUMM IUCKaMU.
HDMARDY HDMARDY HDMARDY Bo-11epBbix, KapThl IAMATU HE UMEOT
35 “JOWR I 35 ~IOWR i 35 “JOWR | B CBOEM COCTaB€ ABUKYIMX acrein
STOP STOP sTop OEM COCTABE ABIDKYIMXCS | ]
36 _WE | 36 ~WE ] 36 _WE | 4YTO 00eCTIeunBAET HAMHOTO O0JIee BhI-
37 READY o) 37 —IREQ o | 37 INTRQ 0 COKYI0 COXPaHHOCTb [JAHHHIX U, KpOMe
38 VCC 38 VCC 38 VCC .
39 ~CSEL 0 39 ZCSEL I 39 “CSEL ] TOro, YMEHbUIACT BEPOATHOCTb BHIXOHA
40 -VS2 o) 40 -Vs2 O | 40 -Vs2 o) HAKOMMTE/s N3 CTPOsL.
1 RESET | 41 RESET | a1 ~RESET I Bo-Brophix, s nnTanus HeoGXoguMo
-WAIT ~WAIT IORDY BCETO OfHO Hanpspxkenue 3,3 win 5 B,
42 -DDMARDY o} 42 -DDMARDY o} 42 -DDMARDY (0] 6 6
DSTROBE DSTROBE DSTROBE OOBIYHOMY >KECTKOMY nmcx); TpE z)ylngCH
-INPACK -INPACK ABAa UCTOYHMKA NIUTAaHUA — 51 1 .
43 _DMARQ (0] 43 _DMARQ o} 43 DMARQ o}
-REG -REG
44 _DMACK I | 44 DMACK 1| 44 ~DMACK [ NPUMEHEKWUE U NEPCNEKTUBDI
45 BVD2 (o} 45 -SPKR [0} 45 —-DASP 110 bnaropaps ceoum TNpeMMyLecTBaM 1
46 BVD1 O | 46 ~STSCHG O | 46 —PDIAG I/0 OTHOCUTEJILHO HeQonbluuM pasMepam
47 Do8 1/0 47 D08 1/0 47 Do8 1/0 B
28 D0O o T a8 D09 o T 48 DS 7o kaprel Compact Flash nonyunm Gonb
49 D10 /O | 49 D10 /0 | 49 D10 I/O | WIOC paclpoCTpaHeHne B KOMMAKTHBIX
50 GND 50 GND 50 GND MGpPOBBIX YCTPOICTBAX. Kpome Toro.
Tabnmya 3
CvmBon  [Tun Onucanmne
B pexumax pabotbl PC Card Memory 1 PC Card I/0 3Tn agpecHbie nuHumn BmecTe ¢ curtanom REG MCMOnNb3yITCA, perncTpoBs rnopra
AO—A10 I B8BOAa/BLIBOAA, ANA appecayun PErMcTPOB NAaMATU OTOEPAXEHHOI Ha nopT unu ans agpecauvn nHGOPMaLMOHHOKN CTPYKTYPbI Kap-
ThI, €€ CTaTYCHBIX 1 yNPABNSIOLMX PErncTpoB KoHdurypauuy. B posxianie True IDE MCnons3yotes Tonbko nunvm AG—A2 gnn seibupa
0AHOro 13 Bocbmu perncTpos nopta IDE. OcranbHble nuHun agpeca AOMKHBE CORAYHATHLCS € 06LLMM nNpoBOAOM
B iBYX MepBbIX PEXMMAX 3TV IMHUN NEPEHOCHT AAHHBIE, KOMAHAB! U CTAaTYCHYIO MHGOPMaLIVIO Mexay ynpasnsaioLmm yCTpONCTBOM
Do-D15 | /0O ¥ KOHTpOnnepom kapTbl. DO senseTca mnagwum paspaaom uetHoro 6anta cnosa. D8 — mnaguumin paspsg HEUETHOro 6aiiTa crosa.
B pexknme True IDE Bce onepauymm $annosbix 3agau nponcxoasT 8 6ainToBoM pexxvme no mnagwen wuxe D(7:0], Torpa kak sce nepe-
Aaun 16-paspagHbiX JaHHLIX MCNOMb3yIoT wimHy D{15:0].
ITn curiansl NCNonb3ylotcs Ans BbIGopa kapThl 1 pasaenenus cnos Ha 6aiite. Curvan —~CE2 Bcerga o6ecneunsaer AOCTYM K HEYETHO-
My 6airty cnosa, ~CE1 — foCTyn K ueTHOMy 6ailTy nnm HeueTHoMy 6ainTy Crioga B 3aBUCUMOCTH OT curHanos AO 1 —CE2. Y3en MynbTH-
-CE1 MNEeKCMPOBaHKSA, OCHOBaHHbIN Ha curkanax A0, ~CE1 n —-CE2, o6ecneunsaet 8-pa3psaHbiil AOCTYN KO BCEM JaHHbIM Mo wiuHe DO— D7.
[-CS0l, | |Korpa curhan ~-DMACK akTuseH, curvant —CE1 1 —CE2 SOMKHbI yAEpXUBATHCA HA HU3KOM YPOBHE 1 pa3psaaHOCTb AAHHBIX 06MEeHa
-CE2 [-CS1] AOMKHA COCTaBNATL 16 6uT. B pexxume True IDE curnan —~CE1 HoeuT ums —CSO 1 ocylecTenseT BH60pKy aApecHOro MPoCTPaHCTBa
Ans perncTpos $ainnosbix 3agaHui, Torga Kak aurHan —CS1 nenonb3yeTcs, uto6bl B6paThb ansTepHATUBHBIA CTaTYCHbIN Permcrp u
perncTp ynpasneHmsa ycTpONCTBOM
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Oxonuanue Tabnuubi 3

Cumson |Tun Onucanne
Cvrnan paspeLleHmns Bbixofa $OpMUPYETCA MMaBHBIM MHTEPGEACOM N UCNONb3YETCA ANA YTEHUA IAHHBIX N3 KapTbi CF B pexume PC
-OE, I Card Memory a Takxe AnA YTeHnA H$OPMALMOHHON CTPYKTYphI KapTbl CIS (Card Information Structure), n perncTpos KOoHUrypa-
—-ATA SEL uvn. B pexume PC Card I/O 3TOT curHan ncnonb3yetca Tonbko anga utenna CIS n pernctpos koHdurypauymu. B pexume True IDE ator
BbIBOA JOMKeH 6biTb coerHeH ¢ o611M NPOBOAOM
B pexxume PC Card Memory 3ToT curkan ¢opmmpyerca xoCTOM U MCNonb3yeTca ana CTpo6MpoBaHMA 3aNncy AaHHbIX NAMATU B pernc-
“WE | |TPbiKapTbi NamATY, KorAa OHa CKOHUIypUPOBaHa B pexume NHTepdeiica Nnamaty. OH Takxe NCNONb3yeTcA ANA 3aNUcn PerncTpos
KoHdurypauun. B pexvme PC Card I/O curHan ucnonb3yeTca Ans 3anncy perncTpos KoHGuMrypaumm. B pexume True IDE, oH He
NcNonb3yeTca 1 JOMmKeH ObiTb noaknioueH K yeny VCC x0CToM
3TOT CUrHan UCNONb3YeTCA B TeueHne LMKNOB NaMATK, uro6bl pasgenuTb 4OCTYN K o6Lueit M BCNOMOraTesbHOM PerncTpoBoi NamATy.
BbICOKWI ypOBEHDb CUrHaNa CRly>UT [A SOCTYNA K OBLEN NaMATY, @ HU3KWA — ANA JOCTYNa K BCNOMOTaTesIbHON NamATU. B pexume
PC Card Memory, korga npotokon Ultra DMA noagepXmBaeTca XOCTOM, XOCT LOMKEH yaepXUBaTb CUrHan —REG Ha HN3KOM YPOBHe
-REG, B TeueHMe BbiNonHeHUs Nio6oit komanasl DMA ycTpoicTBom. CUrHan AOMKeH Takxe ObiTb aKTMBHBIM B TeUeHNe LKNOB BBOf1a/Bbi-
-DMACK, | |soga, korna agpec BBOAA/BHIBOAA HAXOANTCA Ha WHe. B pexxmme PC Card I/0, korga nporokon Ultra DMA noaaep1BaeTca XOCTOM,
DMACK XOCT [LOMKEH yaepXmBaTh curkan —REG Ha HU3KOM YPOBHE B TeUeHIe BbINONIHEHNA M0G0 KOMaHAb! DMA ycTpoiicTeom. CurHan
_DMACK curHanmamnpyer B OTBET Ha curhan xocta -DMARQ, uTo xocT moxeT HauaTk nepepsauy DMA. B pexume True IDE, noka nenc-
TB1A DMA He aKTMBHbI, KapTa fo/Ha nrHopvposaTt curHan —-DMACK, Bkniouan nnaeatowee ycnoswe. Ecnu onepauum DMA B pexu-
me True IDE He nofepMBalOTCA TONBKO XOCTOM, 3TOT CUrHan IOMXeH MMETb BLICOKMI yPOBEHb M NOAKJIIOYEH K Lenu VCC xocTom
READY B pexwume PC Card Memory 3TOT curHan NpUHMMaeT BBICOKMI YPOBEHb, KOTAa KapTa NamMATV roToBa NpuHATL onepauumio nepeaatn
-IREQ O |HOBbIX JAHHBIX U MPUHUMAET HM3KWIA YPOBEHDb, KOTAA KapTa 3aHaTa. B pexume PC Card I/0 curian ncnonb3yeTca Kak 3anpoc npepbi-
INTRQ BaHuA. B pexxume True IDE aKTUBHBII BLICOKMIA ypOBEHb curHana ¢opmupyeT 3anpoc npepbiBaHuA XocTy
371 curHanbl 06HapyeHUA KapTbl NPeayCMOTPEHb! 117 KOPPEKTHOrO 06Hapy>KeHNA BCTABI@HHON KapThbi. OHY NOAK/IIoUEHbI K 3a3eM-
_cp1,-cp2| © TIEHVIO HEMOCPeaCTBEHHO BHY TP KapTbl NamAT 1 obecneunBaloT HU3KMIA yPOBEHb BCAKUIA Pa3, KOTAa KapTa YCTAHOB/EHA B pa3bem.
IneKTpUUeCKan cxema nHTepdeiica KapTbl AOMKHA MMETL pesncTopsbl 10 KOM nnn Gonee AnA NOATATVBAHUA CUTHANOB HA 3TUX BbIBOAAX
K NOTEHLMANy NCTOUHUKA NUTaHMS. [INA BCeX PEXMOB PaboTbi KapTbi 3TU CUTHasbl BLINOMHAIOT OAVHAKOBYIO GyHKUMIO
WP B pexume PC Card Memory Compact Flash He umeeT Kfioua 3a1ymThi 3anmcuw. ITOT cirHan yAepKMBaeTcA Ha HU3KOM ypoBHe nocne
_I0IS16, 3aBepLIeHNsA NOCNEAOBATENbHOCTM MHMLManu3aunm cépoca. B pexume PC Card I/O 310T BbIBOA MCNONb3yeTCA AnA BbIGOPKM 16-
_10CS16 O |pa3pagHbix NopToB BBOA2-BbIBOAA (—I01S16). CUrHan HM3KOro YPOBHA YKa3biBAET, YTO TOMNLKO onepauum AnA 16-6UTHBIX CNOB UNN
HeueTHbIX GaltT MOTyT GbiTb BLINONHEHb! Ans afpecyemoro nopta. B pexwvime True IDE nmeeT HM3KUIA ypoBeHS, korfia YCTPOICTBO
oXugaeT UMKN nepegaymn cNoB JaHHLIX
CurHan —VS1 coeguHeH Ha KapTe € o61MM NPOBOAOM U YKa3blBa€eT, 4To KapTa MOXeT ObiTb NpounTaHa Npum Hanpsxelnn 3,3 B. Cur-
-VS1,-VS2 | O |Han -VS2 3ape3epBupoBaH ans uHtepoerica PCMCIA B kauecTse BTOPOCTENEHHOTO HanpAXeHNA U H1Kyfa He NoAKNIoueH Ha kapre.
[InA Bcex pexkMmoB paboTbi KapTbl 3TU CUTHaTbl BLINOHAIOT OAMHAKOBYIO GYHKLMIO
B pexwme PC Card Memory 3ToT curHan He ucnonb3syetcs. B pexume PC Card I/O TOT curian nofikniouaeT gaHHble BBOfA/BbLIBOAA
_IORD K LIMHe, KOra KapTa ckoHurypuposaHa CF ana ncnonb3osanuns nntepdeiica BBofa/Bbisofia. B pexume True IDE 3ToT curian
_HDMARDY| 1 BLINOAHAET TaKne )K.e dyHKUMY, Kak B pexxume PC Card I/0. Bo Bcex pexmmax, Korfia aKTUBEH PEXUM UTeHNA Ultra DMA, atoT cur-
HSTROBE Ha’n yCTaHOBMEHHDbII XOCTOM, YKa3blBas, UTO XOCT YMTAET AaHHbIe. XOCT MOXET yCTaHOBUTb CUrHan -HDMARDY gns Np1oCTaHOBKK
nepefaumn faHHbIx. Bo Bcex pexmmax, Korga aktueeH pexum 3anucy Ultra DMA, 3TOT curian ABnAeTcs lalHbimm cTpoba creHepu-
poBaHHbIMK xocToM. Kak HapacTaolmia, Tak 1 cnagatowmin ¢poHT HSTROBE Bbi3biBaeT faHHble, KOTOPbie HyXHO 3anucarb
B pexxume PC Card Memory 70T curHan He ncnonb3syetcs. B pexume PC Card 1/0 nmnynbcbl curHana ncnonb3yloTes AnA CMHXpo-
_IOWR, Hu3aumMK 3anucn fanHbix. B pexume True IDE, noka npotokon pexuma Ultra DMA He akTVBEH, 3TOT CurHai UMeeT Ty xe $yHKUMIO
STOP I |uto n ana pexuma PC Card I/0. Korga npotokon pexwvma Ultra DMA akTuBeH, 3TOT curHan AofpxeH oTpuuaTbca nepes NPoToKonom
pexuma Bcrynnenns Ultra DMA. Bo Bcex pexmmax, noka npotokon pexmnma Ultra DMA akTueeH, akTuBauua 3TOTO CUrHana Bbi3biBaeT
3aBepuleHne pexvma Ultra DMA
B pexumax pa6otsl PC Card Memory v PC Card I/O 3T0T curdan He ncnonb:3yeTcs, HO AoTKeH 6bITb 3a3eMneH XocTom. B pexume True
—CSEL | |IDE curnan nogTaHyThill BHYTPM KapThl K BBICOKOMY YPOBHIO, MCNOMb3yeTca AN KOHGMIyPNpOBaHUA KapThi kak Master unu Slave.
Korga 3TOT BbIBOZ 3a3eMAeH, 3T0 YCTPOCTBO ckoHdMryprpoBsaHo Kak Master, korga BbiBOJf He NOAKAIOYEH Kak Slave
_INPACK, B pexxvume PC Card Memory~3To1' curHan He ncnonbayetcs. Curkan -INPACK o3Hauaer, 4ro KapTa BbiGpaHa 1 pearvpyeT Ha UMK BBOAA/
_DMARQ, | O BLIBOAA N0 3fPeCy, KOTOPbIF HAXORVTCA Ha LIMHE ajipeca. 3TOT CUrHan MCNonNb3yeTcA XOCTOM ANA YNPaBsieHUA paspeLeHnem niobbix
DMARQ BXOAHbIX OydepoB faHHbIX MEXaY Kaproit namatm n npoueccopom. Curian -DMARQ 3anpawmvsaeTcs, uto Mcnonb%osaTb nepegavy
naHHbIX DMA Mexay xoCToM n ycTponcTtsom. B pexume True IDE DMARQ He gomxeH aKTMBUPOBATLCA, €C/IN YyCTPOMCTBO He BbibpaHO

RESET, I B mBYX NepBbIx pexumax kapTa copacsisaeTcs, korga curian RESET npuHUMAET BbICOKNIT yPOBEHb. B pexwvime True IDE 31oT BXOA,
—RESET ABMAETCA anNNapaTHbIM CPeACTBOM CBpoca OT XOCTa aKTMBHBIMU HN3KUM YPOBHEM

B pexxnme PC Card Memory 1 PC Card I/0 curnan oxunpanmns —~WAIT npuH1MaeT H3Kuii ypoBeHb, yTo6bl CUTHANN3NPOBATh XOCTy O
3af1epKKe 3aBepLIEHNA onepauuii Lkna obpalleHus K NamMaTy MM LUMKNa BBOAA/BLIBOAA AaHHbIX. B pexmme True IDE, 3a ncknio-

-WAIT, yenvem pexumos Ultra DMA, 3TOT BbIXOAHOI CUTHaN MOXeT BbiTb ncnonb3osaH kak IORDY. Bo Bcex pexmnmax, KOTaa pexvm Ultra
IORDY, o DMA akTuBeH, 3TOT CUrHan yCTaHaB/IMBAETCA XOCTOM, YTOBbI yKa3biBaTb, YTO yCTPOMCTBO NPOUMTaHO, 4TOGbI NONyuaTh flaHHbie

-DDMARDY, Ultra DMA. YcTpoicTBo moXeT chopMMpoBaTh HU3KMIA ypoBeHb curiana ~-DDMARDY, uto6b1 nprocTaHoBuTb Nepesavy Ultra
DSTROBE DMA. Bo Bcex pexumax, korfa pexum Ultra DMA akTiBeH, 3TOT CUrHan ABNSeTcA cTPOGOM BbIXOAHBIX JaHHLIX 1 FeHepupyeTca
ycTpoicTeom. Kak HapacTalowuii, Tak 1 cnagalowmin GpoHT curHana DSTROBE $popmmpyeT gaHHbie Ans xocTa. YCTPOUCTBO MOXET
nepecTars reHepupoBarb nepenagbl curiana DSTROBE, uro6bl NpUOCTaHOBUTL AaHHbIE

BVDI, B pexxume PC Card Memory 3TOT CUrHan yCTaHOB/IEH B COCTOAHME BbICOKOTO YPOBHA 1 KaK cyrtan BVD1 He nosaepuBaetca. B

_STSCHG, | o pexume PC Card I/O oH ycTaHaBNMBAETCA B COCTORHME HU3KOTO YPOBHS, YTO6bI n"penynpenmb XOCT 06 U3MeHeHUN FTOTOBHOCTU 1
_PDIAG COCTOSHUM 3aLLUTBI 3aNUCK. ITO UCNONB3YETCA NPU YNpaBneHnn KOHGUrypaumen KapTbl 1 CTarycHOro permcrpa. B pexvme True IDE
OH ABNAETCA ANArHOCTUYECKMM CUTHaMIoM NPOTOKOMNa pykonoxartua Master/Slave.

BVD2, B pexxume PC Card Memory 3TOT CMrHan ycTaHOB/IeH B COCTOAHME BHICOKOTO YPOBHA Y KaK CUrHan BVD2 He nopaepxuBaetca. B pe-
_sPKR, |10 »ume PC Card I/O sta nuHmnna ABNACTCA 61HapPHbIM ayIUo BLIXOAOM KapTbi. ECi KapTa He nofaepxmBaet ¢yHKLum 6UHapHOro ayano
—DASP BbIXOfa, NMHUA [OMKHA MMETb HN3KMI yposeHb. B Pexume True IDE 3TOT BBOA/BLIXOA ABNACTCA CUTHANOM NPUCY TCTBUA aKTUBHOTO

aucka Slave B npotokone pykonoxatua Master/Slave
VCC — |Hanpspxenue 5 vnv 3,3 B anAa nuTaHmnA KapTo!
2 6 GND — |BbiBOA 323€MneHna onA KapTbi
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Tabnuya 4 Tabnuuya 5
BbiBo, BoiBog
PC Cord ; IDE Curnan PCCard |CF|IDE CurHan ueﬂb NnoAKNIOUYEHMA
30 Py 17 DO 26 17 | xx A3 GND
25 16 [ xx A4 GND
31 (215 D1 24 [15|xx| A5 GND
32 23|13 D2 23 14] xx A6 GND
2 2 1 D3 22 12| xx A7 GND
3 3 9 D4 12 11| xx A8 GND
4 4 7 Ds 11 10| xx A9 GND
5 5 5 D6 8 8 | xx A10 GND
1 1] xx GND GND
6 613 b7 34 |xx|xx| GND GND
64 47 | 4 D8 35 [Xx[xx| GND GND
65 48 | 6 D9 68 |50 xx GND GND
66 49 8 D10 17 13| xx VCC VCC
37 27 | 10 D11 51 38| xx VCC VCC
38 28 | 12 D12 9 9 | xx OE GND — pexum «True-IDE»
39 20| 14 D13 15 36| xx WE VCC
61 44 | xx -REG VCC
40 30 | 16 D14 56 39| xx -CSEL GND — pexum «master», He noaknioyeH — «slave»
41 31|18 D15 36 26| xx -CD1 He nogkntoueH
29 20| 35 A0 67 25 xx -CD2 He nogknioueH
28 19| 33 Al 43 33 [ xx -Vs1 He nogknioueH
97 18 | 36 A2 57 40 | xx ":‘\F/)izc - He nogknioueH
60 43 xx | - He nogknioueH
16 37 | 31 INTRQ XX Xx| 2 GND GND
33 24 | 32 -l0CS16 XX x| 19 GND GND
44 341 25 -IORD xx_ [xx|22] GnND GND
45 35| 23 -IOWR XX Xx| 24 GND GND
58 41 1 -RESET XX Xx| 26 GND GND
59 42 | 27 IORDY XX Xx| 30 GND GND
o2 25| 39 DASP xx__|[Xx[40 | GND GND
XX Xx| 20 KEY Knioy (otcyTcTBytowum sbiBog coeavHutens IDE)
63 46 | 34 -PDIAG XX Xx| 21 | DMAREQ He nogknioyex
7 7 | 37 | -CElebi6op Ox1FX XX Xx| 28 | SPSYNC He nogkntoueH
42 32| 38 —CE2 BbIbop OX3FX XX Xx| 29 | -DMACK He nogknioueH
N7 . ANV R
. N > ; Kaprot namatu Compact Flash ssnstorca oguum us campix
4 T3 PAaCNpOCTPaHEHHBIX U HELOPOIUX TUIOB cMeHHOi1 flash-ma-
2 - 2 o Msiti. OHOI U3 OCHOBHBIX TPUYNMH MX NIMPOKOIO pactpo-
N ‘? . '}Qﬁ- iy CTpaHeHus HOCTY>XMIO TO, YTO € 3TUX KapT Hadanach 3pa
o T R o NOPTaTVBHBIX UMpOBLIX ycrpoiict. Cnotel mis kapt CF
v % # 2? MOXHO OOHapYXXWTh B Pa3IMYHEIX MOJEIAX 1nudpossix ¢o-
. -0 TOANNapaToB, MHAYCTPUANBHBIX U KAPMAHHBIX KOMIIBIOTEPOB.
¥ . ;’9{\" E?E:‘\"\x Tupaxu Beinycka kapt CF foctatoyHo Benuky, CITPOC Ha HUX
L S - /\ ﬁg BOCTATOYHO BBICOK, YTOOBI CTOMMOCTD 3THX KapT NOCTOSAHHO
LD // YMEHBILIANach.
N Cnenyer samerutn, 4ro 6ynyiee Compact Flash ronue
orpefienieHo 6arofapsi TOMy, 9TO B 3TOM THIIE KapT peany-
} 3yrorcs laBHue Hapaborku ATA, ycnenrHo npoenume uc-
NbITaHVEe BPEMEHEM Ha KOMIIBIOTEPHBIX )XECTKUX JMCKaX.
Puc. 5 Ot pegakuyun. B nacrosugee BpeMA B CBSA3U C Jalb-

OHI YCIIENHO UCTIONB3YTCA B KOCMUYECKUX GOPTOBBIX KOM-
NbloTEpax.

Hns pabotni ¢ kaproit CF Ha nepcoHanbHOM KOMIbIoTepe
HeoGxonyM afanTep, NofKMoYaeMslit k cnoty PCI, napanern-
HoMy 1mopry wm untepdeiicy USB. Cymwectsywor u apyrue
TUIIBI A/IANITEPOB, UX Pa3HOBUAHOCTU M YUC/IO MOCTOSHHO
YBENMUYMBAETCH.

Heiulell MUHMaTIopu3anueit GopMaT Hayan TEPATh CBOIO
NOMyMAPHOCTh, BMECTE C T€M MUHMATIOPHBIE JXECTKUE
nuckyu ¢opmara Compact Flash 11 eme mocrarouno nep-
CMEKTUBHEL.

Oner Bansma,
r. Muacc Yenabunckoir o6n.
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Tanmepbl

Ha MUKPOKOHTpoJepax
AT89C4051-24PI
n AT902313-10PI

B daHHoli nybnukayuu npednazaemcs d8a malimepa ¢ npakmuyecku oou-
HAKOBLIMU CXeMOMEeXHUKOoU U anzopummom pabomsi. Talimepel 8binosiHe-
Hbl Ha MuKpokoHmposiepax AT89C4051-24P1 u AT902313-10PI. Aemop ¢
Nodpo6HbIMU KOMMEHMAPUAMU NPUsoOUM Npoz2pammHoe obecneyeHue
kak 0ns MCS-51, mak u 0ns AVR. [lybnukayus 6y0em nosie3Ha mem, Kmo
3HAKOM C MUKpoKoHmposnepamu MCS-51 u nepexodum Ha MUKDOKOHM-

ponnepol cemeticmsa AVR.

PHMHLHUIIHA/IbHAA CXeMa Talmepa

¢ oOpaTHBIM OTCUETOM BpeEMeE-

HU Ha 6a3e MUKPOKOHTpPO/E-
pa AT89C4051-24PI npenctasnena Ha
puc. 1.

Kawan ynpasneHus Harpyskoit cobpan
Ha TBepaoTenbHoM pene DAL Ynpas-
nsAeT KaHaioM MUKpokoHTponnep DDI
uepes BuBOA 11. [IbesoanexTpuyeckui
usnyuatenb BAl mopkiiioueH K BHIBOIY
8 mukpokonTponnepa DD1, ungukarop
HL1 — x BbiBORY 9.

Mukpokontponnep DDI1 ympasnser
KraBuatTypoit (kHorku S1—S3) 1 nuHa-
MUuecKol MHauKaumein gepes nopr Pl,
cobpanHoit Ha Tpansuctopax VI1—VT3
M CEMUCETMEHTHBIX MHAMKaTopax HG1—
HG3. Pesuctopnt R5—R12 orpanmnausaior
TOK [/l CErMeHTOB uHuKkaTopoB HG1—
HG3. Konp! jy1s BKIHOUEHUA MHINKATOPOB
HG1—HG3 npu pabore AUHAMMYECKON
MHIUKAIUU NOCTynarT Ha Bxop P1 Muk-
poxonrporiepa DD1. Jlji pynximonupo-
BaHUs K/IaBUATYpPbl 3aJIEiiCTBOBAH BHIBOJ,

[TpenycmoTpeHa nopada 3ByKOBOIO
CUTHaJIA I/IUTENbHOCTLIO 60 C B MOMEHT
OKOHYAHMS OTCYETA 3aJJaHHOTO BpeMe-
ny. Paboyas yactoTa MUKPOKOHTPOII-
nepa 3ajaercsa TeHepaTOPOM € BHEITHUM
pesonatopom ZQ1, paborammmum Ha
yacrore 10 MI'L.

[udpopas yacTb ycTpoiCTBa TaliMepa
rabBaHMYECKN pasBaA3aHa OT CETU.

B unrepdeiic ycrpoiicTBa BXORAT Kia-
puarypa (kHonku S1—S3), MRAMKATOP
HLI1, namnoyka H1 u 6510k nHgMKaymuu
(nucrneir) u3 Tpex 1UQPOBBIX CEMUCET-
MenTHbHIX MHAMKatopoB HG1—HG3.
Wurepdeitc [O0CTaTO4HO KOMIIAKTEH,
yRoOeH 1 MMEET XOPOLIYI0 YMTAEMOCTD.
KHoTKuM KaBUaTyphl UMEIOT CREAYIOIIEE
Ha3Ha4YeHME!

e S1 (A) — yBenMdeHMe HA €NUHULYY
MPY YCTAHOBKM BPEMEHM B MUHYTAX.
Ilpu ynep>kaHyMM JaHHOM KHOTIKU B
HakaToM coctostnun 6onee 5 ¢ 3Ha-
JeHUE BPEMEHU, MHAUIIMPYEMOE Ha
JUCTUIEE, YBEIMUBACTCS Ha 5 €n-

e S2 (V) — yMeHblIEHME HA €IMHU-
1y MpU YCTAaHOBKU BPEMEHU YACOB,
COOTBETCTBEHHO TIPU YAEPYKaHUU
JNAHHOI KHOIIKU B HAXXaTOM COCTO-
stuy 6oiee 5 ¢ 3HaYeHNE BPEMEHM,
MHAMIMPYEMOE Ha OUCTLICE, YMEHD-
waeTcsi Ha 5 equumi 3a 1 ¢;

e $3 (C) — KHOTKa BKIIOYEHYS/BbI-
KioueHUs Bolmpsamutens. C Haxa-
TUEM JAHHOM KHOMKYM HAa4YMHAETCA
pabora TaiiMepa — uneT o6paTHbIi
oTcyeT 3alaHHOTO BPEMEHH, BKJIIO-
qaeTcs TBephorenbHoe pene DAI
(namnouka H1), BKnwyaeTcs MH-
nuxatop HLI.

Paspsapbl uHAMKauuu MHTEpdeiica

UMEIOT C/IERYIOIIEE HA3HAYCHME:

o 1 paspan (nupuxarop HG3) oto6-
paXkaeT €IVHULBI MUHYT;

e 2 paspsap (uupuxarop HG2) oTo6-
paXkaeT JECATKU MUHYT;

o 3 paspspn (unnukarop HGI) or1o6-
paXkaeT COTHU MMHYT.

Cpasy mocne mojiaym NUTAHUA Ha
BoiBofie 1 MukpokonTtpomiepa DD2
yepes RC-uernb R4C1 dopmupyetcs
curnan anmapatHoro cbpoca MUKpO-
koutponnepa DDI1. Ilpyu uHuumnanmsa-
MU TIbE303NIEKTPUUECKUI N3NYUATEND
BA1, unnukatop HL1 u tBeppoTenbHOE
pene DAL oTknwouensl. Ha unnukato-
pax HG1—HG3 unpuuupyorca Hy/iu.
Touxa h ungukatopa HG3 BriroveHa.

Jlna nepeBopa ycrpoiictsa B pabounii
pexum Heobxomumo kHornkamu S1 (A),
$2 (V) ycraHoBuTH HEOOXOAMMBIN UH-
TepBan BpeMenu. Ilpu ycranoBke Bpe-
MeHU B TaliMepe 3ampeniaercs oTcyer
Texyero BpemeHu. [anpiie neobxonu-
Mo HaxkaThb Ha KHonky S3 (C). Ilpu atom
BK/IIOUNTCA MHAMKaTop HL1 u nammnoyka

7 Mukpokonrtpoyiepa DD2. Hui 32 1 G H1, na BoiBoge 11 MUKpOKOHTpOnniepa
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ycraHosurcs nor. 0, pene DA1 oTkpoer-
€A Y OJIK/IIOMUT HarPy3Ky B CeTb. YCTa-
HOBJIEHHO€ BpeMs 3aHOCUTCA B MaMATh
MUKpoKoHTponnepa DDI1. 3amaBaemoe
BpeMs HaXOOUTCS B OauamnasoHe 1...999
MMH C IMCKPETHOCTBIO 1 MMH.

Bpewmsi, mapmnpyemMoe Ha MHIMKATO-
pax HG1—HGS3, pgexpemenrupyercs c
Kaxpo0it MunyToit. Touka h ugnxartopa
HG3 muraer ¢ nepuogom 1 ¢. Ecnu He-
00XOMIMMO M3MEHUTD 3a7AHHOE BpPeMs,
HEOOXOIMMO HaXaTh Ha KHoNKy S3 (C),
NPy 3TOM BHIK/THOYATCA MHAMKaTop HLI1,
namnouxa H1 u pene DAL, kotopoe oT-
KITIOYMT HATPY3Ky OT CeTU. 3aTeM KHOM-
kamu S1 (A), S2 (V) cnenyet ycraHoBuTH
HeoOXOMMMBLI T MHTEPBaT BPEMEHU I Ha-
XaTb Ha KHOMKy S3 (C).

IIporpamMmHoe obecmeteHe MMKPO-
KOHTPOJINIEPa NOMTHOCTBIO 06ecneunBaeT
peanu3aIio aropuTMa paboTst 3/eKT-
POHHBIX 4acoB. PopMMUPOBaHIE TOUHDIX
BPEMEHHDIX MHTEPBAIOB JINTENLHOCTDIO
1 ¢ caenano ¢ moMowbIO npepbIBaHMIl OT
Taiimepa T/CO u cueTunKa Ha permuctpe
R3. Cuetunx Ha perucrpe R4 ¢opmu-
pyeT untepsan B 1 MuH. Tasimep T/CO
dopmupyer sanpoc Ha npepbiBaHye Upes
kaxabie 3400 Mxc. CueTumku Ha gaH-
HBIX PETHCTPaX MOACUUTHIBAIT YMCIO
TPEpLIBAHMIL 1 Yepe3 KXyl MUHYTY
ycranapnuBaetcs Gmar (PUSK), rexymiee
BpeMs IeKPEMEHTUPYeTCH.

Vintepsan 3400 Mxc pis TaliMepa
T/CO Bnibpan He cayuaitHo. Yepes
Kakapte 3400 MKC MpoMCXOAUT OTO6-
PaKeHUEe PaspAnOB B JUHAMMYECKOI
VHAMKAanuM YCTPOUCTBa.

TexcT mporpaMMsbt JiiA MMKPOKOHT-
poiepa AT89C4051-24P1 ¢ nogpo6-
HBIMU KOMMEHTapUAMM HaXOJUTCA Ha
CaiiTe pefaKLuM KypHada 1o ajpecy
www.dian.ru.

ITporpamMma cocTOMT M3 Tpex oc-
HOBHBIX YacTeil — MHUIMATU3ALUH,
OCHOBHOI nporpaMmsi, paGoTaroiei
B 3aMKHYTOM HMKJIE€ ¥ HOJHPOTPaMMbi
06paboTKu mpepbiBaHMA OT TaliMepa
T/CO (coorBercTBenHO MeTKM INIT,
SE1, OT).

B ocHOBHOIT nporpamme npoucxoguT
MHKPEMEHT, IEKPEMEHT 3aJaHHOTO 3Ha-
YeHMs BPeMeHMU.

B mogmporpamme obpaGorku mpe-
PBIBaHUsS OCYLIECTBAAETCS CYET OHONM
CEKYHJBL, OTIPOC K/IABMATYPHI, BKIIOYE-
HJE CBETOBBIX U 3BYKOBbIX CUTHA/IOB U
HEPEKOAMPOBKA JBOMYHOIO 4KCNa 3HA-
YeHMI1 BPEMEHU B KOX I OTO6Gpace-
HUsl MHGOPMALMM Ha CEMMCETMEeHTHBEX
MHIMKATOpax.

B nmamaTM JaHHBIX MUKPOKOHTpPON-
nepa B amManasoHe agpecos 30H...32H
opraunsosan 6ydep otobpaxkenus s

AVHAMUYeCKON MHAuKanuu. JlaHHbIe
agpeca sarpyxawrca B peructp RO
MUKpPOKOHTpo/Iepa. [lpu Hakatum Ha
KHOTKy S1 TeKylllee 3HaueHIe BpeMeHU
Ha JIMCTIee YBEMMUMBAETCA HA eIUHM-
Iy U ycraHaenuBaerca dmar, paspeua-
FOLUIT YBEIMIMBATD TEKYLIee 3HAYEHMeE
BpPEMEHH, VHIUNVPYEMOTO Ha OQUCIIEE.
OJHOBPEMEHHO 3aMyCKaeTCs CHeTYUK 110
azipecy 59H, bopmupyroumit BpeMeHHoj1
MHTEPBas 5 ¢. ECiu KHOTIKa yiep>KuBaeT-
cs 6onee 5 ¢, 3HaUEHMe BPeMeHH, MHJM-
LUPYeMOe Ha TUCIIIeE yBETMYMBAETCA Ha
5 enmnny 3a 1 c. VnTepBan Bpemenn, B
TeueHVe KOTOPOIo NPOVMCXOMUT yBeiye-
HJie BpEMEHM, OPTaHM30BaH B sYeliKe Mo
agpecy 58H. IIpu OTHyCKaHMM KHOTNKM
S1 Bce BBIIIEYKA3dHHbIE CYETUMKM O6-
HynsoTcA. COBEPLICHHO aHATOTMYHBIM
06pasoM opranu3oBaHa paboTa KHOMKM
S2 fi7is yMeHbINeHA TEKYIETO 3HAYeHUsA
BpPEMEHM, MHIUOMPYEMOTO Ha [UCIIEe.
IIpn HaxaTum Ha KHomky S2 Texyuiee
3HAYeHMe BPEMEHM Ha JUCIIee yMEHb-
maeTcs Ha enuHuny. Ecim xHonka yaep-
KMBaeTcs 6onee 5 ¢, 3HaUEHUE BPEMEHM
MHAMIMPYEMOE Ha TUCIUIeE YMEHBLIAETCA
Ha 5 egunun 3a 1 ¢. CyeTunku npuse-
AEHHOTO AITOPUTMA JI/IA KHOIKM S2 op-
T'aHM30BAHbI COOTBETCTBEHHO B AUeliKax
no agpecam 5BH, 5AH.

Ha perucrpe R1 opraunsosan cueTdmx
paspsagos. IIpu kaxxpom obpauennm x
HOINpPOTPaMMe 06pabOTKM MpepbiBaHms
peructpst RO 1 R1 maKpeMeHTHpPYeTCH.
ITpu mamnmanusanyu B RO sarpyxaercs
agpec 30H,aB R1 — 1.

PaspaboranHas nporpamMma Ha accem-
6nepe sanmMaer mopsaaxa 0,57 K6aiir
HaMATH POTPaMM MUKPOKOHTPOJIEpa,
anmaparHas 4acTb MUKPOKOHTPOIIepa
DD1 ucnonb3oBaHa nOMHOCTBIO.

Kaxppiit 6aifT u3 gpyHxiuonanbHoil
TPYNIbE B UKJIE B HOANporpaMMe obpa-
60Tky npepsiBanusa Taiimepa T/CO (Mer-
ka OT) noc/ne HepeKOANPOBKM BLIBOINUT-
ca B mopt P1 mMuxpokoutponnepa. Jna
BK/IIOYeHMs uHAuKaropos HG1—HG3
HEO6XOAMMO YCTaHOBUTD JIOT. 0 Ha Bbi-
BOJax 2, 3, 6 Muxkpokonrpomiepa DD1
COOTBETCTBeHHO. Tax, Hampumep, mis
TOTo 4T06b Ha MHAMKaTOpe HG1 namn-
qUpoBanach «1», HeOOXOAMMO JBOUYHO-
AEeCATUYHOE YUCTIO, PACTIONIOKCHHOE 110
agpecy 30H, nepexogupoBars, BHBeCTH
B nopT P1 MUKpokoHTponnepa u ycTa-
HOBUTbH JIOT. 0 Ha BBIBOJE 2 MUKPOKOH-
Tponnepa DD1. 3anuchiBasi moodepegHo
NIoCTe MEPEKOJUPOBKHU B HUKJIE B IOPT
P1 Muxpoxontponnepa Gaiitot u3 pyn-
KIMOHANbHOM rpynmbt 6ydepa oTo6pa-
XeHNnsa u yor. 0 Ha cOOTBETCTBYOILMIA
BpIBOZEE HopTa P3 DD, Mbr momydum
PEXVM IMHAMMYECKON MHIMKAIMUIAL

B nponecce 06paboTku nopnporpam-
Mbl MPEPHIBAHUA HOPOUCXOUT OTPOC
KnaBuatypsl. llpu a3TOM Mnmammas tet-
Ppana BeIBOLMMOTO B mOPT P1 MUKpoKoH-
Tposuiepa 6aliTa /i1 KnaBUaTypbl Npe-
CTaBrisieT coboil Kox «Berymuii Homb».
ITocne sanucu ganHoro 6aifta B mOpT
P1 muxpoxonrponnep DD1 amanusu-
pyer curHan Ha Bxozne 7 (P3.3). B pam-
KaX BBIIIEYKa3aHHON MOXIPOrPaMMBb
npy mo6oil HaXXATOH KHOMKE Ha BXOJE
7 MHUKPOKOHTpPOJ/Iepa NPUCYTCTBYET
nor. 0. Takum 06pasom, KaKaas KHOTIKa
KJIaBMATYPbI «[IPUBsI3aHa» K CBOEMY Pas-
pAmy B Miamineit TeTpase 6aliTa qaHHDIX,
BBIBOAMMOTO B OPT P1 MUKpOKOHTpO-
nepa 1A OMpPOca KIABHATYPHL

IlpunnunuanbHas cxeMa Talimepa C
OOPaTHBIM OTCYETOM BpeMeHM Ha Gase
MUKpokoHTponnepa AT90S2313-10PI
HpeficTaBneHa Ha puc. 2. B anHoi cxeme
OPUCYTCTBYIOT Te K& QYHKIMOHANbHbIE
Y3JIBL, UTO M Ha puc. 1. OTnuiue sakmo-
4yaercs B nogxmodeHny RC-tenouky x
BbIBOZly 1 MUKPOKOHTpOIIEpa /A CHC-
TeMHOro cbpoca. CucreMHbiil c6poc
MUKpPOKoHTponnepa AT90S2313-10PI
OCYU[eCTBNIAETCA CUTHAIOM HM3KOTO
ypoBHs, 4epe3 RC-uenb R4C3. B stom
¥ 3aKTI0MAeTCA OTIMYME TAHHOM CXeMBbI
OT MpeACTaBAeHHON Ha puc. 1.

TexcT mpoTpaMMBL Il MUKPOKOHT-
pomnepa AT90C2313-10PI ¢ monpo6-
HBIMYM KOMMEHTAPUAMM HaXOJUTCS Ha
caiiTe pegaKuuy XypHana mo ajpecy
www.dian.ru.

TaxoKe, KaK 118 MUKPOKOHTPOEPOB
MCS-51, mporpamma cocrout us Tpex
OCHOBHBIX YacCTell — MHUIManM3anmy,
OCHOBHOJ¥ MPOTPaMMbl, paboTamwleit B
3aMKHYTOM IUKJ/I€, ¥ HOANPOTrPaMMEI
06paboTky mpephIBaHMA OT TaitMepa
T/C1 (coorBeTcTBeHHO MeTkM INIT,
SE1, TIMO).

Cpasy nocte Hogayy NUTaHUA UHULU-
ATU3MPYIOTCA PETUCTPBL, CUETUMKM, CTEK,
Taitmep T/C1, croposxeBoii Taitmep, rop-
TbI BBOAa/BbIBOAA. HasnaueHue ¢naros
B peructpax flo u flo1 npuseneno B npo-
rpamme. PakTUYECKM MPOTPaMMa peanu-
3yeT airTOpPUTM paboThI TaliMepa, KaK U
mwis MCS-51, Ho ¢ ydeToM 0cobeHHocTel
CHCTeMB! KOMaHJI MHKPOKOHTpOJUIEpa
cemeiictBa AVR.

IToTpe6nenue Toka no KaHany Hamps-
XeHus +5 B — He 6oree 100 MA. Bunka
X1 BXOAMT B COCTaB CeTEBOTO IMHypa
HIBBIT-BII2 x 0,75- 250-18-6—2,2-1.

B Tajimepe, cobpanHoM no cxeme Ha
puc. 1, npumenensl koHgeHcatopsr C2,
C3 — K10-17a, koHpmeHcaTopbt C1, C4 —
K50-35. B raiimepe, co6panHoM no cxeme
Ha puc. 2, koHgeHcaTopst C1—C5 — K10-
17a. Konpencatop C6 — K50-35, ero yc-
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TaHABMBAOT MEXZY Liebio +5 B u 06-
I[MM IPOBOJHUKOM MUKPOKOHTPOJIIEPA
DDI. Pesucropst — C2-33H-0,125.
HomuHanbHBI! TOK TIpefoXpaHUTENEN
FU1, FU2 cocrasnser 1,1 A. Tun npenox-
pannteneit — BII1-1,1A (1,1 A/250 B).
Jlep>kaTenu IIaBKux BCTaBoK — J[BI14-
1 B. HoMuuanpHBI TOK IPeJOXPAHNTENSA
MOXXHO BBIOpaTb MCXOfA U3 HOMMHANb-
HOTO TOKa MOAK/IIOYAaEMOIt HarPy3KH.
[Ibe303MeKTPUYECKUI U3TyYaTeNnb
BA1 HPM14AX MOXHO 3aM€HMTb Ha
HPA17AX win HPA14AX. Mlapgukato-
pbt HG1—HG3 — HDSP-F501 senenoro
nseta. IlogoiayT nobbie APyIue MHAN-
KaTopbl ¢ OOIIMM aHOJOM M IIpUeMIIe-

VD1 K Bui8. 20 DD1 +5B 1
Kf5224, cak o5l L 06w} 2
1 = = 10Mx==
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MOl SIPKOCTBIO CBEYEHMS, HANPUMep,
AJIC321. Moxuo nogobpaTb Apyrue
3/1€EMEHThl MHAMKALY C YIETOM OTOBO-
peHHBIX Bllle TpeboBanmit. VIHAMKaTOp
HLI1 — 3/1341K KpacHOTro 11B€Ta, MOXKHO
IpuUMEeHUTD 06071 ¢ Irpp = 10 MA. VInpu-
KaTopHYyI0 naMiry H1 MOXHO 3aMeHUTD
Ha 100V APYTYIO ¢ pabounM HanpsiKe-
HueM 220 B, Hampumep, Ha HEOHOBYIO
namiy N-706R, min N-702R.

NUTEPATYPA:

1. A. B. Opynse. Muxpoxonmponnepvi?
3mo me npocmo! 3 T. — M.:000 ]I
Crumen», 2002.

2. M. C. I'ony6yos, A. B. Kupuuenxosa.
Muxpoxonmponnepvt AVR: om npocmozo
K croxcHomy. 130 2-e ucnp. M don. — M.:
Conon-IIpecc, 2005.

3. UnmezpanvHbie MUKPOCXeMbL U UX
sapy6exctvie ananozu: Cnpasourux./
A. B. Hegpedos. T. 8 — M.: MII Paduo-
Cogpm, 1999.

Cepreit IHInmixun,
r. CapoB, Hixeropogckoit o611

Npopomkexune. Hauano — N 6, 2007

Ucnonb3oBaHue USART
MUKPOKOHTpoOMIEepa
anA obecneyeHnsa cBA3N
C KOMNbIOTEpPOM

noaAnPOTPAMMA TXEND

B perncrpe UCSRA nipopepsietcs €o-
crosinye paspsga TXC o Tex nop, moka
paspsp He OyJ€T YCTAaHOBIEH, YTO CBUJE-
TE/NbCTBYET O 3aBePIICHUM IIPOLIECCa Tie-
penaun 6aitta. [To OKOHYaHMK [IEpEaAYM
Ha muauyn TXD nopra D ycranaBiuBa-
€TCs1 BHICOKMI YPOBEHD U BBITIONIHAETCA
nanumannsanua USART, cHoBa niepeBo-
Asmas €To B PEXUM Ipuema.

Jins npoBepku paboThl NPOTPaMMbl
HaJI0 3aTPY3UTh €€ B MMKPOKOHTPOJUIED,

He 3a6biB 06 ycTaHoBKe fuse-6aitToB, 3a-
TeM 3aIyCTUTh IpwiokeHne RS232.exe u
BBITIO/IHUTD YCTAHOBKM B COOTBETCTBUU
¢ puc. 6.

B okne «I[IOPT» BeI6epuTe HOMEP
COM-nopTa, K KOTOPOMY IOAKNIOY€EH
KOHTpo/Utep. JInsg mepefaum KOMaH-
el $20 MUKPOKOHTPOJNIEPY B OKHE
«Komanpga» Habepure 20, HaXXMHUTE
«ITyck». IIpoBepbTe OTBET MUKpPO-
Koutponnepa. To ke MOBTOPUTE AN
KoMaHab $21.

NPOBEPKA PABOTbI NPOTPAMMbI
MWUKPOKOHTPONNEPA

[lonydeHHbI B pe3ynbraTe acceM6-
AMpPOBaHUA NPOTPaMMHBIA KOJ, Xpa-
Hamuiica B Qaitne COMsimple.hex,
3arpysuTe B MUKPOKOHTPO/IEDP ¢ IIO-
MOMbBIO MPOTPaMMaTOPa, MOAKIIOUNB
ero K pazbeMy XP1 u mopgaB nutaHue
Ha KOHTpoiep (puc. 7). Jna 3ammtsbl
YCTPOJCTBA OT BBIXOJ]a U3 CTPOS JKena-
TeNbHO OTPAHNYUTH MAKCHMMATIbHBIN TOK
MCTOYHMKA TUTAHUSA HECKOIbKMMMU Jie-
csaTkamu mwuimamiep. Ilo oKoHYaHuUM
3arpysKiu IpoTpaMMbl B TAMSTh MUKDO-
KOHTpOJUIEpa CefyeT BBIKIIYUTD IMTa-
HME M OTKIIOYUTD IPOrPaMMaTOp.

Ianee HY)XHO TTOAKIIOYUTD YCTPOMC-
TBo K COM-NopTy KOMITbIOTEPR, ITOATD
HanpsbKeHye MUTaHud +5 B, sanycruts
«Monutop» (daitn RS232.exe) u ycra-
HOBUTD CTIEAYIOIMA PEXUM:

o cTon-6uthl — 1 6uT;

e 6UTHI faHHBIX — 8 OUT;



Cxemotexnmka N2 8 -apryct 2007

® YETHOCTh/HEYETHOCTD;

e ckopoctb 9600 Go;

o IIOPT 1 (nomep COM-niopTa, K KO-

TOPOMY MOJIKNIOYEH KOHTPOIEp).

Otmetky B okne «+CR» cnemyer y6-
parh, BBeCTU KOMaHAy 20 B okHO «Ko-
MaH[ia», Ha)KaTb KHOTIKY «Ilyck». B okHe
«OTBET KOHTPOJIZIEPA B LIECTHAJLIATH -
PUYHOM KOJI€» JIOIDKEH MOSIBUTBCA I1si-
TUOATHEI OTBET Ha KOMaHJIy:

5a 20 <hiSumF> <loSumF> <CR>.

BeenuTe koMangy 21, HaxXMUTE KHOTI-
Ky «Ilyck». OxnpmaeMblit YeTbipex6airt-
HBIII OTBET KOHTPOJIIEpa:

5A 21 < A > <Ci>.

NPOrPAMMA 11l MUKPOKOHTPOJE-
PA C MHOTOBAUTHbIMU KOMAHLAMU

3ayacTy1o mporpaMMHoe ofecneyerue
51 KOMIBIOTEPa ¥ MMKPOKOHTPOJIEpa
pa3pabaThiBalOT pasHble CHELUANUCTDI
WU TPYTINIbI CHEManucToB. YTo6w pas-
paboTKa MpOrpaMMHOro o6ecrneyeHus
JUIsl KOMIbIOTEPAa ¥ MMUKPOKOHTPOJINE-
pa MOr7ia BBHINONHATLCA HapanienbHo,
paspabaThiBaeTCsi MPOTOKON o6MeHa
uHpoOpMan et MeXAyY ITUMU YCTPOTic-
tBaMu. OH JIO/DKEH COREPXKaTh BCKO
Heob6xofmmyto MHGpOpMALMIO JUIA pas-
paboTKK obeux Mporpamm Tak, 4To6bI
HE3aBUCUMO CO3JIaHHBIE MPOTPaAMMBHI,
YOOBNETBOPAIOIINE BCEM TPEOOBaHUAM
TIPOTOKO/a, MOITIM OBITh B KpaT4aiimi
CPOK CTBIKOBaHBI JIpyT ¢ ApyroM. [losro-
MY B MIPOTOKONE CTIELYeT y4eCTb BCE TOH-
KOCTV COBMECTHOJI paboTbl NpOrpamMm, a
€T'0 TTOTIOXEHMA JIOJDKHBI OBITh YeTKMMI,
He [IOMYCKaIOUMMIU BO3MOXXHOCTM pas3-
NIMYHOTO TONKOBaHMA. B 10 xe Bpems
HET CMbIC/Ia TIEPETrpPY>XXaTh MPOTOKOI,
Hanpumep, NepenuchiBas U3 CTaHpapTa
RS-232 Tpe6oBaHuA K 3N€KTPUYECKUM
napaMeTpaM CUTHarna.

Ilporokon cornacoBbBaeTcsi BCeMu
3aUHTEPECOBAHHBIMK CTOPOHaMM. [laxe
€C/I Bbl CaMOCTOSITENIBHO pa3pabaThi-
Ba€Te BCe MPOrpaMMHOE obecrnedeHue,
HanucaHue U CoXpaHeHue HedpopMalb-
HOTrO MPOTOKONa o6MeHa, Hampumep,
TONBKO €T0 4acTH, KacaloLeics KOMaHj,
MO3BOMIMT CUCTEMATU3MPOBATh BaUlM
TIPEJICTABNIEHNA O TOM, 4TO U KOrAa 6y-
net nepefasatbcs. OUeHb MONE3€H Ta-
KO/ TIPOTOKON Hapsfly ¢ 6JIOK-CXxeMoit
TpOrpamMMbl U KapToil pacrpeneneHust
TIaMATU B T€X Cy4yasX, KOTAA BBI MbITa-
€Tech BCTIOMHUTD, KaK paboTaeT aBHO
HanucaHHasg Mporpamma mam paséupa-
€TeCh B Yy>KOi1 porpamme.

Hioke npusoauTcst npuMep npoto-
Ko7a 06MEeHa, OH COMIEPXXKUT JIOCTATOYHO

nndopmanuy, 4TOGH HOHATH 3ajiayy,
KOTOPYIO NPECTOUT PELNTD.

MPOTOKO OBMEHA
061ue nonoxenus

O6men nubOpMaLMeli BHINOMHAETCS
ACUHXPOHHBIMU CepPUsIMU B COOTBETCTBUM
¢ TpeboBannamMn untepdeitca RS-232.
INEKTPUYECKME XaPAKTEPUCTUKY CUTHANTA
TaKKe JIOTDKHBI COOTBETCTBOBATH Tpebo-
BaHuAM uHTepdeiica RS-232.

Ilannbie nepefaoTcs CooOLeHUAMMY,
KOTOpbIE COCTOAT U3 HECKOIbKUX 6aii-
ToB. Ilepefaya coobieHnit BHNOMHA-
€TCA HE Yallle O[HOTO pasa B CEKYHY.
Kaxppnit 6aitT coobiienus nepemaercs
B COCTaBe I'PYTITIbI 13 OIMHHAALATY 6UT
(dpeim). Ilepenaya ppeiimMa HaunHaercs
CTapTOBBbIM GUTOM, 3aT€M MEPENAIOTCA
BOCeMb MHGOPMALMOHHBIX 6uT (cobC-
TBEHHO 6ailT co0bI111eHNA), 3a HUMMU Clle-
OyIT OUT YeTHOCTH U CTOT-6UT.

Ilapamerpnl mepenaBaembix ¢peit-
MOB:

® CKOpOCTh nepefaun —9600 6ur/c;

e 8 uHOPMaLMOHHBIX 6UT;

® TIPOBEPKa Ha HEYETHOCTH;

® OJIUH CTOM-6UT.

CTPYKTYPA COOBLUEHUA

CoobuieHuss MMET CIeRYIIUiA
Bug — 5A CMD <6aitth manueix> CR,
rae 5A — craprobiii 6aitt, CMD — 6aiit
KOMaHJIbl, <6aliThl JAHHBIX> — UX YUCTIO
3aBucUT OT 6aiita komansblr, CR — 6aitt
KOHTPOJIbHOM CYMMBbI.

Konrponbhas cymMma nomnydaercs cym-
MUPOBaHMEM BCexX 6aiiToB COOOIIEHUA B
CyMMaTope aymHoi B 1 6aifr.

KOMAHAb! KOMNBIOTEPA W OTBETDI
KOHTPONNEPA
B Tekcre coobienuit HensMeHsaeMble
6aifThl 3amMCaHbI B LIECTHAALATEPUYHOM
dbopmare, nameHsieMble GaitThl 3aMCaHbl
KaK NMOAYEPKHYTbIE TIEPEMEHHBIE.
Komanga «Tect RS-232»:

5A 20 7A.
Otser Ha koManzy «Tect RS-232»:
5A 20 CRH CRL CR,

rge CRH u CRL — pBa 6aitta KoHT-
POJIbHOM CyMMBbl COAIEP>XKMMOTO NaMATH
MporpaMM KOHTponiepa, a CR — mnaj-
uInii 6aiiT KOHTPOJIBHO CyMMBI KOMaH-
JIbL.

Komanna «3anpoc copepxumoro pe-
rucrtpa OSCCAL»:

5A 21 7B.

OtseT Ha «3anpoc coflep>kMMOro pe-
ructpa OSCCAL»:

5A 21 <copepxumoe OSCCAL> CR

CoobiieHne KoHTponnepa 06 oun6-
Kax:

5A CMD Ex CR,

rie CMD — npuHsTas KOHTPONNepom
KomaHma, Ex — kop oumébku (EQ —
ouwnbka yetHocty, E1 — nepsriii 6aitt
KOMaHjihl He 5A, E2 — oummbka xoHT-
PONBbHOI CyMMBI KOMaHfbl, E3 — He-
usBecTHas koManpa), CR —6aifT KoHT-
PONBHOI CYyMMBL.

Ecnu npoTokon mmmercs tonbko mis
CO6CTBEHHOTO UCMONb30BAHNA, MOXHO
TMOArOTOBUTh €ro HabpoCoK, KOTOPHIi
6ylleT KOppeKTHpOBaTbCsA B MPOLiEcce
paboTbl Hafi MporpamMMamu.

NPOrPAMMA

JUIA MUKPOKOHTPOJI/IEPA

C ObPABOTKOW MHOTOBAUTHDIX
KOMAHA

Kak opranmsoBath npuem komauj,
OMUCaHHHX B TIPOTOKONe o6MeHa?
Ipennonoxum, Bce KOMaH/ibl COEPXaT
OIMHAKOBOE YUCNIO 6aiiTOB, HampuMep,
ceMb. Torpga mocne mpueMa NepBOro
6aifTa HaZO MPUHATH ellle UecTb 6alfT,
a 3aTeM HayaTh 06pabOTKy NMpMHATON
NOCNEA0BATEIHHOCTH.

Ecmn mpuem mnepBoro 6aitta 6bin
BBI3BaH MOMEXOM, MUKPOKOHTPOIEP
MpU 3TOM TIPOCTO 33aBUCHET, OXUpas
cnenymoiue uectb 6aitT, a yacthb crue-
Ayoueil KOMaHAbl 6yNeT BOCMPUHATA
KaK TIPOO/mDKEeHNe mpepbiayeit. s
YCTpaHEeHus1 OaHHOI CUTYyallMU MOXHO
OTPaHNYUTh BPEMS NMpUEMa C MOMEH-
Ta MOCTYNNEHus nepporo 6aiira. Ecnu
I/IMHA KOMaHJ| pasinyHa, TO, NMPUHAB
NEPBbIi 6aiiT, MOXKHO NPOIXOIDKATH TIPH-
€M B T€YeHME BpeMeHHU, IOCTATOYHOIO
IS MpyeMa CaMoii ANIMHHOM KOMaHbl,
TIPEyCMOTPEHHON TIPOTOKONIOM 06MeHa,
4 0 MCTEYEHMM 3TOTO BPeMEeHU [pO-
aHaNU3MPOBAaTh NPUHATYIO MOCNENOBa-
TEJIbHOCTb.

Ognako 60nee 3KOHOMUYHBI 110 Bpe-
MeHU GYAlyT NpMBefeHHbIE HIDKE BapU-
AHTbI.

1. [ins BHIGpaHHOI CKOPOCTY Tepenayn
MMKHO pacCyuTaTh UHTEPBANL BPeMEHU
MEXJy MPUEMOM [IBYX COCeIHUX 6aiiT,
YBENUYUTD €r0 B TIONTOPa-ABa Pasa, NojTy-
YEHHDIl Pe3yNbTAT CINTAETCA BpPEMEHEM
OXUIaHUA O4YepeHOro 6aitta. Yeemmue-
HU€ MHTepBa/la 3aBUCUT OT NepeflaTyMKa
curHana. Komnbrorep, Hanpumep, 6yner
TpepbiBaTh Nepefiadyy Ans 06paboTkm

3
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COOCTBEHHBIX BHYTPEHHUX IpepLIBaHMIL
I[Tpu npueme GaiiTa HY>KHO HayaTh OTCYET
BpeMeHU O>XXUJiaHust crleytolero Gaiita,
€C/IU OYEPENIHOM Garitr MNPUHAT, CHOBA Ha-
yaTh OTCYET BpeMeHU oxkupanus. Ecim ot-
CyeT BPEeMEHU 3aBepLIMICS, @ OUEPETHON
6aitT He ObUI IIPUHAT, MOXKHO CUMTATD,
YTO IpUEM 3aBeplieH U HadaTb aHa/Iu3
MOCTYTIMBILEN KOMaH/Ibl.

2. Ilpu npueme Komanp ¢ GUKCUPO-
BaHHOM JI/IMHON MO>XHO aHaNM3upoBarb
HOMep KOMaH[bl ([0 NPOTOKOJNY 3TO
BTOpOI1 6aiT coobLieHus) u B 3aBUCH-
MOCTU OT KOMaHfbl OXXUJAaTb npuema
COOTBETCTBYIOLLETO eil uncia 6ainToB.

3. Jlna KomaHp ¢ M3MEHAEeMbIM YUC-
oM 6aiiTOB B COOOLEHUU B TIPOTOKON
MOHO BBEeCTU OJUH MU ppa Oaiita,
MHGOPMUPYIOILMX IPUEMHHUK O YnCIIe
6aiiToB B COOO1EHUN.

Bocnionbsyemcs BapuaHTOM €O Bpe-
MEHEM OXXMAAHUA NpUEMa OYEPENHOTO
6aiira. OpraHusyeM nporpammy s
MUKPOKOHTpOJIepa Cnefywlum obpa-
30M — 10cJie HeOOXOIMMOF¥ MHULMAIN-
3aLmu nporpamMmma 6yieT BBHIIIONHATD Oec-
KOHEUHDBIN IIVKJI, OXUJas IpepblBaHus
nocste npuema Gaiita JaHHbIX 110 KaHaNy
RS-232. O6paboT4MK IpepbIBaHUs OKOH-
yaHus npuema cumsona USART samyc-
it Taitvep T2. Ecmu go nepenonHeHus
raiiMepa OyaeT npuHAT ouepenHo baitr,
CHOBa IIPOM3OIJIET NpepbIBaHKe OKOHYa-
HUSA npyieMa CUMBONa U TaiiMep T2 6yper
nepesarryileH. Ecnm >ke cyeTunk Taiimepa
T2 nepenonuuTcsa, NpOU3OHAET Mpephbi-
BaHue MepenoiHeHns Taitvepa T2, 06-
paboTymK 3TOro NpepbIBanys obecrieunT
BbITIOTHEHME pAfa NOANPOrpaMM aHa/Iu-
3a yXe IPUHATON NOCTIefOBATENBHOCTH,
pacno3Hapanus KOMaH[ibl, ee 06paboTKu
" nepepayuM 0TBeTa MUKPOKOHTPOJUIEPOM
no kananay RS-232.

Ornpenennm BpeMs OXXUAHNA ITpHeMa
ouepepHoro barita:

tOXKMITAHUSA = 1,5 X <umncno 6utos
BO (pperime>/<CKOpOCTb Nepefaumn>

nin

tOXKMIOAHMSA = 1,5 x 11/9600 =
=0,0017 ¢ = 1,7 mc.

Bribepem koadduiment mpepsapu-
TENBHOTO JIENICHNA YaCTOTHI A7 TaliMepa
T2 KIIPEJB = 1024 un onpenenum Be-
nuuuby C, KOTOpPYI HaJio 3arpy3uTh B
cueTumK Taiimepa T2 g otcyera 1,7 mMc
IIpM TaKTOBOIA YaCcTOTE MUKPOKOHTPOI-
nepa FTAKT = 7372800 I'm:

C =0,0017 x FTAKT/K ITPE]IB =
=0,0017 x 7372800/1024 =12.

3aMeTuM, YTO NpepbiBaHUe OKOHYA-
Husa npuema cuMbona USART npoucxo-
[MT TOCJIe TOTO, KaK NPUHSTBINA CUMBOI
niomeneH B peructp UDR (USART Data
Register — pernctp panubix USART).

Hns yno6ctsa TekcT nporpaMMel mpu-
BOIUTCA ONOKaMM € KOMMEHTapusMU
nocjie Kaxpaoro 6rmoka. T1oHBIe TEKCTbI
NPOrpaMM HAXOJATCA Ha caiiTe pefaKkLym
nporpaMmbl 1o ajipecy www.dian.ru.

bnok 1. Bekroppl nnpeppiBaHuii, o11-
penenenne KOHCTAHT M NEPEMEHHDIX,
OCHOBHasl YacTb NPOrpaMmbl, 06pa-
6oTuMkM npepbiBanMii Taitmepa T2 u
USART

; ¢ \avr\COM_port\COM\COM. asm
;KBapuesbi peacHaTop 7,3728 MIy
; CTAPUMA  Fuse-GanT 1101 1001
;MIAJUMA Fuse-~ Gawt 1011 1111

22

; MAPAMETPbl COM~-NOPTA:

. CKOpOCTh nepepaum 9600 6ut/c,
;8 OMT paHHbiX

;1 cton-6ut

; OuT HEHETHOCTW

L EER

; KOMAHLOb PC: Ha3HauyeHnue: OTBET MK:
;5A 20 TA TecT CBA3M 5a
20 <Hi(FlashSum)> <Lo(FlashSum)> CR

;5A 21 7B 3anpoc 5a 21 < ka-

nubp. 6auT> CR
; kanubp. 6aiTa

.include “c:\Program Files\Atmel\AVR
Tools\AvrAssembler2\Appnotes\m8def.inc"
. CSEG

.org 0
rjmp RESET
.org OVF2addr
rimp TIM2_OVF ; BexTop npe-

pbiBaHu$t nepenonHeHus Tadmepa 2
.org URXCaddr

rimp U_RXC , BEKTOp npe-
pbiBaHMA 3aBepueHuWsl npueMa cuMeona USART

.def tmp =ri

.def CR =ré

.def tm3 =r§

.def loSumF  =r9

.def hiSumF =ri0
.def tmi =ri6
.def tm2 =ri7
. def Ust =r21
.def cntRx =r22
.def datrs =r24
.def cmdrs =r25
.equ aCMD =$60
.equ AXD =PDQ
.equ TXD =PD1

.equ erParity=$E0
HOCTH
.equ eribt

; oumbka ueT-

=$E1 ;oumbea B 1-M

baiiTe coobueHus
.equ erCR
POALHON CYMMbl
.equ erUnkCmd=$E3
MaHfa Heu3BecTHa

=$E2 ;ounbka KOHT-

;oumbra: ko~

.equ FrstRx =$5a ;nepebi  Gaut
KOM&HLH

.equ cmRS =$20 ; KoMaHpa TecT
RS-232

.equ cmCalibr=$21 ; UBMEpEHME
.equ cmHi =$22 . KOA nocnep-

HeW KoMaHpbh + 1

.equ stRxEnd=1 ; npueM 3aBepueH

.equ stTx =2 ; COCTOsHUE
nepepayu
.equ stErr =4 ;oumbka B
KOMaHge
.equ Pre2 =7 ; Fkeapua/1024
.equ Tick2 =12 ; NepencHeHus
Timer2 wepes 1,7 Mc
.MACRO TimQvfIni
IF @0==
1di tm1, 256-@1
out TCNTQ, tm1
1di tmi, €2
out TCCRO, tmt
in tm1, TIMSK
sbr tm1, 1<<TOIEQ
out TIMSK, tm1
.ELIF @0==
1di tm1, 256-@1
out TCNT2, tmi
1di tm1, @2
out TCCR2, tm1
in tm1, TIMSK
sbr tm1, 1<<TOIE2
out TIMSK, tm1
.ENDIF
. ENDMACRO
.MACRO UInit
1di
tm1, (1<<RXCIE){ ( 1<<RXEN)
out UCSRB, tm1
1di tm1, (1<<URSEL )| (3<<UPMO
Y1 (3<<UCSZ0)
out UCSAC, tm1
1di YH, high(aCMD)
1di YL, low (aCMD)
clr cntRx
clr cmdrs
clr Ust
. ENDMACROQ
; 06paboTunkn NpepbiBaHKIA:
U_RXC: in tmp, SREG
push tmp
TimQvfIni 2,Tick2, Pre2
in datrs, UDR
st Y+, datrs
inc cntRx
sbic UCSAA, PE
sbr Ust, 1<<stErr
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pop tmp
out SREG, tmp
reti

TIM2_OVF:
in tmp, SREG
push tqp
in tm1, TIMSK
cbr tm1, 1<<TOIE2

,3anpeT npepbiaHust Talimepa 2

out TIMSK, tm1

clr tml

out TCCR2, tm1

sbr Ust, 1<<stRxEnd

pop tmp

out SREG, tmp

reti
RESET: 1di tm1, (1<<WDCE) | ( 1<<WDE)

out WDTCR, tm1

1di tm1, (1<<WDE) | (1<<WDP2)|
(1<<WDP1) | ( 1<<WDPQ)

out WDTCR, tm1

ser tml

out DDRD, tm1

out PORTD, tm1

1di tm1, low(RAMEND) ; uHMUM—
anu3auus cTeka

out SPL, tm1

1di tm1, high(RAMEND)

out SPH, tm1

1di tm1, high(47)
;9600 6uT/c

out UBRRH, tm1

1di tm1, low(47)

out UBRRL, tm1

UInit

clr tml

out TIMSK, tm1 ; 3anper npe-

puiBaHUA TakmMepop
sei

cycle: wdr
sbrs USt, stRxEnd
rjmp cycle
rcall RcgCmd
;@HaNU3 NPUHATOro coobueHus
tst cmdrs
breq cycle
rcall ExeCmd
rjmp cycle

B nporpamme ucronnsyercst pepbiBa-
HMe annapaTHoro cbpoca Reset, a Taroke
NpepbIBaHe Nepeno/iHeHus Talimepa T2
(ero 06paboTuYnNK HayMHAETCA METKOI
TIM2_OVF) 1 npepoiBanie 3aBepuIeHMs
npuema cumsona USART, o6paboTumk
KOTOporo HaymHaerca metkoit U_RXC.

OrnpepenisieMble NMepeMeHHbIE M KOH-
CTAHTB! MIPOKOMMEHTHMPOBAHBI HEMOC-
PENCTBEHHO B IMCTUHTE, IONIO/THUTEND-

Hble KOMMEHTapuu OYAyT JAHBL 110 XONY
PaccMOTPEHMs! IIPOTPaMMBL.

B 06pa6oTunke MpepbIBaHyus anmapar-
HOTO c6poca, HaYMHAIOLIEMCS] METKOI!
RESET, croposkeBoii TasiMep MMKpOKOH-
TpO/UIEpa UHUIMATUSUPYETCs! TaK, YTOObL
depe3 2 ¢ pabOTHI MPOrpaMMbl IPOUCXO-
TWJT aNNapaTtHebI cOPOC MMKPOKOHTPOJT-
Jiepa, e/t CTOpO>KeBoW TaliMep He GypieT
cOpoieH koMauoit wdr, T. e. Kaknas
komanna wdr 6ymer mponisTe Bpems
paboThl MUKPOKOHTpoO/iepa 6e3 c6poca
CTOPOXXEBBIM TalIMEpPOM eliie Ha 2 C.

KomaHpa ser BHI3BIBaeT ycTaHOBKy
BCeX paspsoB MepeMeHHON tml, mo-
3TOMY BBIBOJ] COJIEP)KMMOTO 3TOM Ile-
pemeHHoOl B noptsl DDRA u PORTB
MPUBOTIUT K TOMY, YTO BCe IVMHNUM ITOpPTa
D pa6oTaior kak BBIXOJIbI, Ha HMX ycTa-
HOBJICHBI BBICOKVE YPOBHM.

Crenywluye YeTbipe KOMaH bl MHULU-
AM3KPYIOT CTEK, pa3Meliiast ero B KOHLe
O3Y MUKPOKOHTpONIEpa.

B peructp UBRRH:UBRRL (USART
Baud Rate Register), ompenensroumii
CKOPOCTb Tepefiaum U npuema nHpop-
mauuu USART MuKpokoHTpo/iepa,
3aHocuTCst Koapdpuuyent 47. Kak u B
NpenbIymei mporpaMMe, BoIOpaHHBLI
K03(PUIMEHT 06ecTieunBaeT CKOPOCTh
9600 6u/cC.

[Ipennonoxum, 4ro st MonyveHus
MaKCUMaJIbHOM CKOpOCTH Npeo6pasosa-
HUs1 curHana BerpoeHHbiM ALITT mykpo-
KOHTpO//Iepa MOHaI00MI0Ch UCIONb30-
BaTh KBApLEBbIN PE3OHATOP C YACTOTOM
6,4 MI'y. Ilpu Boi6ope koaddunmenTa
FeNeHVs. TAKTOBOM YaCTOTBI JI/IsL BCTPO-
ennoro AT, paBHoro 32, Mmakcumann-
HO JIOTyCTMMasi YacTOTa TAKTMPOBa-
Hust ALIT nmonyunrcs 6400000 I'u/32 =
= 200000 I OmpefnienyM, KakoBa 6Gbiia
6Bl TIOTPEITHOCTD YCTAHOBKU CKOPOCTU
nepefiagn 9600 607 Mpy UCMONB3OBAHUU
3TOTO KBAapILEeBOTro pesoHaropa. Ilo moc-
nefiHelt opMyTie MOXKHO PacCaMTaTh TOY-
Hoe 3HayeHye koadduptenta UBRR:

UBRR = FTAKT./(16xBAUD)-1 =
= 6400000/(16x9600)-1 = 40,6.

Oxpyrnss nonydeHHBI pe3ynbTat
no 6muxaiinrero 1enoro, MOJIYyYuM
UBRR = 41.

Tenepn onpenmenym 3HaueHe CKOpo-
cru BAUDYCT.,, koropas 6ynet ycra-
HOBJIEHa TIpU TakoM Koaduienre:

BAUDYCT. = Frakt/(16 x (1 +
+ UBRR)) = 6400000/(16 X (1 + 41)) =
= 9523,81.

OTHOCUTeNnbHas MOrpeurHoCThb ycta-
HOBKM CKOPOCTU COCTAaBUT:

100 x (BAUDycr - BAUD)/BAUD| =
Y
= [100 x (9523,81 - 9600)/9600| =
= 0,79 %.

ITO 3HAYMT, YTO KBAPIEBbI pe3OHa-
TOp wacTtotoit 6,4 MI'y obecrieunr oTHo-
CUTETIBHYIO0 NMOTPELIHOCTL MeHee 1 % npu
YCTaHOBKe CKOPOCTM 0bMeHa UH(popMal -
eit 9600 6oy1/c. BuiuncieHye oTHOCHUTEND-
HOI1 MOTPEUIHOCTH YCTAHOBKM CKOPOCTU
38400 6ox/c MpuBefET K CyUIECTBEHHO
6ombreit morpetuHocty (6oree 4 %).

YacToTa KBapleBOro pe3oHATOpa
7,3728 MI'n nossonsiet YCTaHAaB/MBATD
m06Y10 U3 MEpeYNCIEHHBIX paHee CKOPO-
CTel psiffa C HyJeBOW NMOIPEIIHOCTBIO, a
wis1 obecrieuenus ckopocty 115200 6oxn/c
koaddurpment UBRR pgomken 6bith pa-
BeH TpeM. B aToM nerko yGenutbes, Boc-
TMO/Ib30BaBIIVCD NPEICTaB/IEHHBIMM BBILLIE
dopmynamum.

Bce ckasaHHOe KacaeTcst CBA3M MUKpO-
KOHTPO/I/IEpa ¢ KOMITBIOTEPOM WIH Jipy-
IVIM YCTPOVICTBOM, CKOPOCTh KOTOPOTO
TOYHO COOTBETCTBYET Of{HOI M3 CKOpO-
creit psafa. Ecim >xe npoussonurces co-
eIIMHCHME, HAllpUMep, OBYX MUKPOKOH-
Tpo/iepoB no kanany RS-232, to peun
MOXeT UATU 00 OTHOCUTENbHOI MOT-
PELIHOCTYU PaccOrNacOBAHMS CKOPOCTEN.
Ilp1 ORMHAKOBBIX TAKTOBBIX YaCTOTAX
U ONIMHAKOBOM BbIOOpe K03 Pumiyen-
T0B UBRR 0601X MUKPOKOHTpO/IEpoB
CKOPOCTM CBSI3M, OATEP)KMBaeMble MU,
6yaIyT OIMHAKOBHI (OTHOCUTE/NbHAS MOT-
PEIIHOCTh PacCOrIacoOBaHMs CKOPOCTE
PpaBHa HYJII0), XOTsI U MOTYT 3HaYMTEb-
HO OT/IMYAThCSl OT CTAHHAPTHBIX.

TponiomxMM paccMOTpeHIte Mporpam-
M. [locne 3arpysku koncrantht UBRR
BbI3bIBaeTCsl Makposamuch Ulnit, vuM-
nyamsupyomas USART u pasperuaro-
as MpephBaHUe 3aBepLICHMs TpUeMa
cumBona. OtnmyMe 3105 Makposanmucu
OT paccMaTpyBaBILEHcs B NTpefbayLeit
MporpaMMe 3aK/II04YaeTcsi B OYMCTKE Ile-
pemenHbIX cntRx, cmdrx u Ust, a Taroke
B 3aHeceHMM B perMctp Y HavyaabHOTO
anipeca SRAM, HauuHas ¢ KOTOpOTO B
pesynbTate nmpyemMa 6yfieT pasMeniaTbes
KOMaH/ia, TlepeflaHHasi KOMIbIOTEPOM.

Ouncrtka perucrpa TIMSK sampe-
ulaer npepeiBanus TaiimepoB T0—T2,
a KOMaHja Sei paspellaer amnmaparHsie
HpepbIBaHMsI.

Mertkoit cycle nauunaercs 6ecko-
HEYHBI UMK/l TPOrPaMMbl, B KOTOPOM
HNPOU3BOIUTCSI OYEPESTHON COPOC CTOpO-
XKEBOTO TaiiMepa, Moc/ie Yero MpoBepsi-
eTcs cocrosinme nepeMennoi Ust. Eciu
OHO paBHO KOHcTaHTe stRcgEnd, 3naunt
NpMeM COOOLICHMA OKOHYEH, BHISbIBAET-
s nopgriporpamma RegCmd. Hinke 6yner
PaccMOTPEHO, KaK MaHUITYNIMPYIOT TIepe-
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menHo# Ust 06paboTunky npepuiBanui
okonyanus npueMa cumsona USART u
nepenonHeHus Taimepa T2.

TIopmporpamma RegCmd B cBorO 04e-
penb BBI3BIBAET MOAIIPOrpaMMy pacros-
HaBaHMs KOMaHJ, a NPy O6HapyXeHuu
owmnbOK — MHOANPOrpaMMy mepefaun
coobenus 06 oummbke. Ilocne Bosppara
u3 nogmporpammel RegCmd nepementas
cmdrs coiep>XUT KOl IPUHATON KOMaH-
bl 160 ee 3HaYEeHMe PABHO HYTIO (KO-
MaHpa 06paboTaHa, MUKPOKOHTPONIED
NPONIOTDKAET BBINIONIHEHME 6€CKOHEYHO-
ro uukna). Ecnu cogepxumoe mnepeMen-
HOM cmdrs He PaBHO HYJIIO, BBI3bIBAETCSI
nopnporpamma ExeCmd BHIonHeHMs
KOMaHfIbl, B IPOTUBHOM CITy4ae MU 1O
3aBepIIEHUN BBINONHEHNS KOMAaHLHI
TPOMCXORUT BO3BPaT K Hayamy 6ecko-
HEeYHOro LmKna (Merka cycle).

O6paboruuk U_RXC mnpepbiBanus
OKOHYaHusA Tpuema cumsona USART
(USART RX Complete Handler) bisbi-
BaeTCs1 TIOCTIE TOTO, KaK TepBbil 6aiiT KO-
Manjpl oKasbiBaeTcst B peructpe UDR.

B navase 06paboTuNKOB IpephIBAHNIA
7lydilie COXPaHATb COCTOSIHKE Perucrpa
craryca SREG koManyioit push 1 Boccra-
HaB/IMBATD €r0 IIepefl BIXOJOM U3 Mpephl-
BaHMA KOMaH[oi1 push, MHaYe MOXET BO3-
HUKHYTb HEKOHTPOZMpyeMas CUTyalysl.
IlpepriBanyie MOXKET BOSHUKHYTD B /0001
MOMEHT, HArpuMep, NpU BHIIOTHEHUN
NePBOI U3 CIEAYIOUMX JPYT 3a OPyroM
KOMaHj, tst <mepeMeHHas> u brne <mer-
ka>. Ecu 3HadeHVe TIePeMEHHON paBHO
HYJ/L0, YCTAaHOBUTCA (hriar Z perucrpa cra-
Tyca SREG, B pesynbTare aHanmmsa ¢nara Z
KOManpa brne BEI30BET NePEXOJ] K METKE.
Ecnu >ke mocne KOMaHfpl tst B pesynb-
TaTe MpepHIBaHUA OyIeT BHIIIONHEH €ro
obpaboTumk, cocrosiume pernctpa SREG
MOXKET M3MEHUThCS, U TOCe BO3BpaTa
u3 06paboTYMKa OXXMIAEMOTO TIepeXona
K MeTKe MOJXET He IIPOM30ITH.

Ecnu Heo6XOmMMO MaKCMMAaJIbHO CO-
KpaTUTb YMCTIO KOMaHz B 06paboTiuKe,
OT COXPaHEHUsI COMIEPXXKMMOTO PErucT-
pa SREG MOXXHO OTKa3aTbcsi, Py 3TOM
HeO6XOAMMO UCKITIOUNTh BO3SMOXXHOCTD
OIMCAHHOM CUTYallUN.

O6pa6orunk mpeppiBanus U_RXC
MPOLOJDKAETCS BHI3OBOM MaKpO3amucu
TimOvflni 2,Tick2,Pre2. 3a umenem
MakKpo3anmucy ClefyloT TpU napamert-
pa. Hynepoit napameTp 2 — 3TO HOMePp
VMHULMATM3UPYEMOTO TaiiMepa, epBbIf
napameTtp Tick2 — snavenne, sarpyxa-
€Moe B CYETYMK TaiiMepa, BTOPOJ mapa-
metp Pre2 ompenensier koadpduiment
MpeBapUTEIbHOTO [ENIEHUA YacTOTH
taitmepa. Coflep>xuMoe MaKpO3amu-
CU paccMOTpuUM HIDKe. Makposanuch
TimOvflni BHI3BIBaeT 3aIlycK TaiMepa

T2 npu npuemMe KaxXgoro CMMBO7IA.

B uepemennyio datrs us perucrpa
UDR nepepaercss npuHATHIA 6aiiT 1
3aIMCBIBAECTCA B NAMATH TaHHBIX MUK-
POKOHTpOJIIEpPa B SIYENKY C afipecoM,
XPaHALMMCS B peructpe Y, mocie 3a-
MUCK afipec yBEIMYMBAETCA. YBENINYN-
BaeTCs U COlepXKUMOe cyeTuMKa cntRx,
XpaHsiiero NHGOPMALMIO O KONMYECTBE
HIPUHATHIX 6ai1TOB.

Cnenytowmasn komanpa sbic UCSRA,PE
npoeepsiet paspsin PE perncrpa UCSRA.
Ecnu oH He cOpolLeH, TO NPy IpueMe
KOHTpPOJb Y€THOCTM BBIABUN owwmn6-
Ky, B 9TOM Cliyyae B mepeMenHoi Ust
ycranapnmpaercs paspsap stErr. 3atem
BoccTanapnusaercst peructp SREG u
cnenyer Bo3BpaT B 6€CKOHEUHBI 1IUKJI
TPOrpaMMbL.

Ecnu ouepensom 6aiiT HEe NPUHAT, B
pesynbTate 4ero CueTuMK TaiiMepa T2
TIEPENONTHIICA, NPOU3ONIET TpephIBa-
HMe nepenonHenus Taitvepa T2 u 6y-
[eT BHI3BaH 06paboTYMK NpepbiBaHMUA
TIM2_OVE. Tlapa koMaHf, BHIIIONIHAET
COXpaHeHUe COMEPXKMMOTO PErucTpa
SREG, emie Tpu KoMaHfbl 06paboTunka
sanpelanT npepbiBanns Talimepa T2,
1 [iBe KOMaHMbl OCTaHABNIMBAIOT PaboTy
cuetunka. Komanpa sbr Ust,1<<stRxEnd
ycranapnuBaeT paspsin stRxEnd nepe-
MenHoit Ust, cBufieTeNbCTBYIONMIT 06
okoHyauuu npuema. Ilepes BosBpaToM
13 06paboTuMKa NpepbiBaHMs BOCCTa-
HaBnmBaercs: peructp craryca SREG.

O6parure BHUMaHNE Ha UCTIONb30Ba-
HUE NIapaMeTPOB B COTEPYKUMOM MaKpo-
sammcy .MACRO TimOvflni. Ilpu ac-
ceMONMPOBaHNN BMECTO NapaMeTpoB @1
1 @2 NPOCTO NOCTAB/ISAITCA NEPBHIi 1
BTOPOI1 TapamMeTphl U3 CTPOKY IPOrpam-
MBI, B KOTOpOJ1 BbI3bIBa/lach MaKpo3a-
nuchb. Hynesoii napamerp UCIONb3YeTCs
B KauecTBe onepanfa KoHcTpykuum .IF
.ELIF .ENDIF. [Ina npumMepa B 3TOil
KOHCTPYKLMM peany30oBaHa VHULMATU-
sauus Taiimepa TO, ecnm Hy7neBoy ma-
paMeTp paBeH Hy/IO (B IporpamMme He
ucnone3yercs). KOHCTPYKUMIO MOXHO
pacumputh, 106aBUB MHULIMATUZALMIO
taitmepa T1 ((ELIF @0==1). bnok ¢ nogx-
MporpamMMamy IpUBEJieH HIDKe.

Bnox 2. IlognmporpamMmbi

; NOANPOT PAMMbI:

:Mlepepava Gailra:

TxCh: 1di tm1, 1<<TXEN
out UCSRB, tm1
1di tmt, 1<<TXC
out UCSRA, tm1

mrx: sbis UCSRA, UDRE
rjmp mTx
out UDR, datrs

ret

; koHel TxCh

:Mlepepaya nocnepHero GaiiTa cepuu:

TxEnd: sbi

mTxE: sbis

TynneHue CHMBONA
rjmp
UInit

ret
;koHeu TxEnd

;—Pacno3Harb koMaHpy,

PONbHYD CYMMY

RegCmd: sbrs
rjmp

;oumbka 4YETHOCTb
1di
rcall
rjmp

chkibt: 1di
1di
1d
cpi
breq
1di
recall
rjmp

chkCR:  subi
nextbt: 1d
add
dec
brne
1d
cp
breq
1di
recall
rjmp
defCmd: 1di
1di
1d
cpi
brlo
clr
cmd_ch1:cpi
brge
clr
nocmd: tst
brne
1di
rcall
rcgend:
clr
ret
; koHey RcgCmd

PORTD, TXD
UCSRA, TXC ; xaarb noc-
B8 UDR

mTxE

47

NPOBEpUTb KOHT-

Ust, stErr

chkibt

B NPMHATONH KOMaHpe:
cmdrs,erParity
BadCmd

recgend

YL, LOW(aCMD)
YH, HIGH(aCMD)
cmdrs, Y+
cmdrs, FrstRx
chkCR

cmdrs, eribt
BadCmd

rcgend

cntRx, 2
datrs, Y+
cmdrs, datrs
cntRx

nextbt

tm3, Y+

tm3, cmdrs
defCmd

cmdrs, erCR
BadCmd

rcgend

YL, LOW(aCMD+1)
YH, HIGH(aCMD+1)
cmdrs, Y+
cmdrs, cmHi
cmd_ch1

cmdrs

cmdrs, cmRS
rcgend

cmdrs

cmdrs

rcgend

cmdrs, erUnkCmd
BadCmd

Ust

;Nepepaya coobuerust o6 ownbKe B NpPHHA-

TOH KOMaHpe:

BadCmd:
1di
1di
1d
mov
recall
1d
add
rcall
mov

YH, high(aCMD)
YL, low(aCMD)
datrs, Y+
cntRx, datrs
TxCh
datrs, Y+
cntRx, datrs
TxCh

datrs, cmdrs
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add
rcall
mov
rcall
rcall
UInit
ret

; koHey BadCmd

cntRx, datrs
TxCh

datrs, cntRx
TxCh

TxEnd

47

i BeNOnHKTL KOMampy:

ExeCmd: cbi
cpi
brne
rcall

RSct: ¢pi
brne
rcall

RSc2: clr
UInit
ret

,==-end ExeCmd

UCSRB, RXCIE
cmdrs, cmRS
RSc1

xTstRS

cmdrs, cmCalibr
RSc2

xCalibr

ust

47

;Tect RS-232, orvBer: 5A 20 CalibBt
HighCRFlash LowCRFlash CR

xTstRS:1d1i
1di
clr
clr
clr

clcCR: 1lpm
add
adc
sbiw
bree

1di
rcall
mov
nov
rcall
add
nov
rcall
add
nov
rcall
add
rcall
rcall
clr

xTst6* ret

; KOHelY

xCalibr:1di
rcall
mov
mov
rcall
add
in
rcall
add
rcall
rcall
ret

ZL, 1ow(FLASHEND«2+1)
ZH, high( FLASHEND»241)
CR

loSumF

hiSumF

loSumF, r0
hiSumF, CR
L, 1
clcCR

datrs, FrstRx
TxCh

CR, datrs
datrs, cmdrs
TxCh

CR, datrs
datrs, hiSumF
TxCh

CR, datrs
datrs, loSumF
TxCh
datrs, CR
TxCh

TxEnd

CR

(Tect RS-232)

datrs, FrstRx
TxCh

CR, datrs
datrs, cndrs
TxCh

CR, datrs
datrs, 0SCCAL
TxCh
datrs, CR
TxCh

TxEnd

IMopnporpamma RegCmd Bhimonuser
pacrno3HaBaHue MPUHATON KOMaHJbI,
BBIYMC/ISAET KOHTPOJIBHYIO CyMMY, a TIpK
HeoBXOMMOCTH TlepefiaeT B KOMILIOTED
coobuieHre 06 06HAPYXeHUH OLINGOK.

Komanpa sbrs Ust,stErr onpepenser,
He yCraHOBNEeH nu paspsap stErr B ne-
pemenHoit Ust. Eciu paspsap oxasancs
YCTaHOBJIEHHBIM, TO IIPM BBIIOJHEHMU
obpaborunka npepeipanus U_RXC
KOHTPOJIb 4€THOCTM BBIABWI OLINOKY.
‘Torma cnemyroian xomanpa rjmp chklibt
IIPOITyCKaeTCs, B NepeMeHHyIo cmdrs 3a-
Tpy>XaeTcs KOHCTaHTa erParity (ommbka
9€THOCTH), BHI3bIBAETCS HOANPOTPaMMa
BadCmd gy mepepaun coobmerns o6
o1M6Ke KOMITBIOTEPY, @ 3aT€M BBINOJTHA-
€TCs NIEPEXON B KOHEL] IOANPOrPaMMbI
10 KOMaHfie rjmp rcgend.

ITpn orcyrcTBMM O1INMOGKM IPOMCXOAUT
nepexoft K Merke chklbt. B mepemennyo
cmdrs u3 o6mactn O3Y MUKPOKOHTpOJI-
nepa, XpaHsulell IPUHATYI0 KOMaHJy,
3arpyXaercsi MepBbIH IOCTYNMUBIINI
6aifT, 1 ero sHayeHue cpaBHMBaETCA C
KoHCTaHTO# FrstRx. Ecmn pesynprar
CpaBHeHMs OTpMLaTeNeH, KOMIIbIOTEPY
nepepaerca coobuieHue 06 ownbke B
mpupymoueM 6aiiTe KOMaHpbL

Ilpu orcyrerBum ommbku npomncxo-
aut nepexofi Ha MeTKy chkCR, xoTopoii
Ha4YMHAETCs BHYKCTIEHME KOHTPOIBHOIM
CYMMBI IPMHATON KOMaHfBbL.

Ilepemennas cntRx comep>xut yncio
NPUHATHX 6aiiTOB ¥ MCHIONbB3yeTcs KaK
IepeMeHHas IMK/IA I NoficyeTa KOHT-
ponpHOM cyMmMbl. Ho Tak kak noceumii
6aitT npuHsTOrO COO6IEHNA ABNAETCA
6aifTOM KOHTPOJIBHOI CyMMHI 1 B TIOf-
cyeTe KOHTPOJIbHOM CyMMBl HE YYMTHI-
BaeTCsl, a MepBblil 6aitT KOMaHIbl yxe
XPaHMTCA B NepeMeHHON cmdrs, yuc-
JIO, XpaHslleecss B MepeMEHHOM cntRx,
YMEHbLIAETCA Ha [Ba.

B umxne, HauMHamoLleMCA MeTKO
nextbt, BHINONHsETCA HAKOIVIEHNE KOH-
TPOJIBHOM CyMMBI B TIEpeMeHHO cmdrs,
A1 3TOTO B NepeMeHHy1o datrs 3arpyxa-
ercsa 6aitT u3 sayeitkn O3Y, agpec Koro-
poit xpauuTcs B perucrpe Y. 3ror Gaitr
npubassisercs Kk nepemenHoit cmdrs, co-
crosiHue cyerymka cntRx ymeHbuiaercs
Ha eiIMHMITYy U, €C/IH €r0 3HayeHHue He
PaBHO HyJTIO, IIMKJI IIOBTOPSETCA.

B nepemennyo tm3 3arpysaercs noc-
nepHNit 6aitT IPUHATOrO COobLIeHN —
6ailT KOHTPOJIPHOI CyMMBL XpaHSAmancsa
B rIocnefiHeM Gaiire mpuHATOrO COO6MIE-
HISI KOHTPOJIbHAS CyMMa CPaBHUBAETCS
€ BBIYMCIIEHHON MMKPOKOHTPOJUIEPOM
KOHTPOJIPHOI CyMMO¥ KOMaHZOil Cp
tm3,cmdrs.

Ecim onm He paBHBI, TO Mpomsouuia
oumbKa KOHTPONBHOI cymMMbL. B mepe-

MeHHY10 cmdrs rmomenlaercs kog om6-
KM KOHTPOJIbHOI CyMMBI M BHITIONTHAETCA
nopnporpamma BadCmd nepenaun co-
obuieHns o6 ommbxe,

Ecim xoHTpONbHAS CyMMa KOMaHpbI
BepHa, ¢ Metkyn defCmd Haumzaetcs npo-
B€PKa KOJia IIPMHATON KOMaHpbL. Eciu
KOJl KOMaHpb! 6onblile KoHCTauTH cHi
wm MeHplie ¢mRS, 3HaynT npunsta
HeM3BecTHas KoMmaHpa. Torfa BbisbiBa-
ercsl nopnporpamma BadCmd, nepepa-
oulan coobuieHne 06 ommbke ¢ KOEOM
erUnkCmd (uenssecrras xomauna).

Ilo saBepuieHnn mnoOAIPOrpamMMbl
RcgCmd B nepemersoi cmdrs xpannt-
€5 KO KoMaHjibl (OH 607Ibllie WM paBeH
cmRS) win xop, Menblumit Koga cmRS,
Ipy 06HAPY>KEHUM KaKoii-n60 olmbku
B IIPMHATOW KOMaHJe.

IMopmporpamma BadCmd o6ecrieunpa-
€T nepefavy coobuieHns o6 ommbke.

KoHurponbHasgs cymma coobuenns
MUKPOKOHTpOsiepa 06 owmnbke Hakar-
NMBaeTCA B MepemenHoi cntRx. IMepen
K2X/[bIM BBI3OBOM IOAIPOTPaMMH
TxCh 6aitr, nopnexxawmit nepecrike,
MIOMeIaeTcs B epeMeHHylo datrs, a ero
3Ha4yeHNe H06aB/AeTCA K COTEPKUMOMY
nepeMeHHoi1 cntRx. CornacHo npoToxo-
ny o6MeHa Ipu mepefiaue COOOLIEHMS
06 omnbke mepsrIM nepenaerca Gaiir
$5A, satem Kof KOMaH[IH, Ha KOTOPYIO
JlaeTcs OTBET, flanee Kof olunbku u 6airr
KOHTPOJIbHO¥ CyMMBIL.

ITepen saBepienneM mopnporpamMmpl
BadCmd USART nepepoputcs B pexxum
rpuema.

Iognporpamma ExeCmd waumnaer-
¢a ouncrkoi paspana RXCIE perucrpa
UCSRB, Bh3bIBalOLLI€l! 3aIpeT Ipepbipa-
Hua npueMa fanubix USART, nosromy
B0 3aBepLUEHNA BHIIONHEHNSA TIOAIPO-
rpaMMBl BCe IOCTYNAKLNE KOMaH[bl
6ymyT MTHOPMPOBATBCA.

3areM B NOANPOrpaMMe BHITOJTHAETCA
CpaBHEHME KOJIa KOMaH/Ibl, XpaHALIETOCS
B TlepeMeHHol cmdrs ¢ Kofamu omm-
CaHHBIX B IIPOTOKOJIe O6MeHa KOMaHI,
IIpM COBNAJEHMM C OFHUM M3 KOJOB
BBI3BIBAETCA COOTBETCTBYIOLIAA IIOf-
Iporpamma.

Ilepepn 3aBepuienneM MOAPOrPaMMBbl
ExeCmd ycranasnmpaercs pe>xxum npu-
ema USART.

IIpodonsenue cnedyem

Bapum bapamnos,
r. XapbpKoB, YKpauHa
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PacueTt 31eKTPOMarHUTHbIX
KomnoHeHToB B Transformer
Designer Orcad V10.5

Nepsuunoe nanpsxenue (V,/V,,)

[lepBuuHOe HAMpsKEHUE — 3TO Ha-
OpsoKeHVMe Ha MepBUYHON 06MOTKe
rpancopmaropa unu gpoccend. B rex-
cropom Tione Primary Voltage onpepe-
JIATE BXOJHOE HAaIpsKeHUe, MPUKIajibl-
BaeMoe K IIEPBUYHON 0OMOTKe.

BropuuHas o6moTKa

Ira obnacrs B Transformer Designer
[OCTYTIHA, TOMbKO €C/I KOHCTPyUpyercs
Tpancpopmarop. B rpymimme BTOpUYHBIX
06MOTOK HaJIO ONPEAe/IUTD 3TIeKTPUIEC-
Kie mapaMerpbl A KaXJoi BTOpuY-
HOV 06MmoTKM. st TpaHCcHOpPMATOPOB
C MHOTOKpaTHOW BTOPUYHOI 06MOT-
Koii cronber; Winding Name copepxut
CIIMCOK HasBaHMIT KaXIO¥ BTOPUYHOM
06MOTKM. ITa 06/IACTb HEAOCTYIIHA /1A
pelaKTUpPOBaHMUA.

Yucno 06MOTOK, KOTOpble MOABIAOT-
ca B cronbie Winding Name, papHo 4uc-
JTy BTOPUYHBIX 0OMOTOK, ONPEIENEHHbIX
BO Bropom 1uare Transformer Designer.
Y1065l M3MEHUTH YUCTIO BTOPUIHBIX
06MOTOK, Haf0 M3MEHUTb 3HAa4YeHNe B
texcrosom mone Number of secondary
(4MCO BTOPUYHBIX 06MOTOK).

B saBucumocTs OT Tuma paspabarbl-
BaemMoro TpaHchopmaropa fna Kakaoi
BTOPMYHOI OGMOTKM MOXeT IOTpe6o-
BaTbCA ONpeNeNNUTh ONMH UMM Gomee
SNEKTPUYECKUX HApaMeTpOB.

Hanpsaxenue (VS)

B KO/NOHKe HampsiKeHMe BBEJUTE
feiicTByIOllee Hampskenye (rms) Ha
BTOPUYHOI 0OMOTKE.

Tok (Is)

B KONMOHKe TOK BBeIUTE CPeHEKBAL-
paTuUecKoe 3HadeHMe TOKa Yepes BTO-
PUYHYIO OOMOTKY.

Hanpskene ¥ TOK BTOPUYHBIX 06-
MOTOK MCIIOIb3YIOTCA /IS BbIYMCTIEHUA
MOIL[HOCTY Ha BBIXOJIE.

Koa¢puuuent TpaHcpopmaumu (K)
Koadpduunenr Ttpanchopmanuu
(K) — 310 OTHOILIEHNE MEXAY YUCTIOM
BUTKOB B [IEPBUYHO 06MOTKE U 4MCIIOM
BUTKOB BO BTOpPUYHON 06MOTKe. JTa
Be/IMYMHA NODKHA ObITH OlpefeneHa
TONLKO A7 BIEPENXONOBBIX Mpeobpa-

3 6 3oBarenen.

B komonke koa¢pduMeHTa TpaHc-
dopmanuu onpegenute kosdduument
TpanchoOpMaLMy AA KaX[0# BTOpUd-
HOU O6MOTKM.

Pa6ouas uacrora (f)

B Ttekcrosom mnomne Operating
Frequency BBefuTe pabouyio 9acTOTy
tpancdopmaropa.

Hanpaxenue usonauuu

B TexcroBom mone Voltage Isolation
ompejenure 3a30p MM PacCTOAHMUE
MEXJly HepBUYHBIMM UM BTOPUYHBIMU
06MOTKAMMU.

Bbixoanas mownoctb (POUT)

[l Briepes; XONOBbIX IpeobpasoBareneri
HeOOXOMMMO OMpPEENTUTb BHIXOAHYIO MOIII-
HOCTb B TEKCTOBOM M07IE output power.

lins apyroii Tononoruu Tpancdopma-
TOpa MOILHOCTb Ha BBIXOJie pacCyuTaHa
KaK CyMMa MOILHOCTEN [7Is Ka)K[IOM BTO-
PU4HO OOMOTKM.

Oopma curHana

B cmucke Waveform BbiGepuTe THUI
CMTHa/Ia, KOTOPBIN IO/DKEH ObITh MTOTaH
Ha BXOji Tpaxcdopmaropa.

Ora 06macTb JOCTYIHA /IS PefaKTy-
pOBaHUsA TOMbKO A/IA CUTIOBBIX TPaHC-
(dbopmaropos, rae MOXKHO 3a7aThb hopmy
BXOJIHOTO CUTHA/Na — CUHYCOUANbHYIO
WUIIU TIPAMOYTONBHYIO.

MakcumanbHbiit pabouui uukn (D)

Pa6ounii UK JOMKeH ObITh Ompefe-
7IeH JIIS BIIePEeIXONOBbIX ¥ 06PaTHOXONIO-
BbIX MpeobpasoBarerieil. MakcUManbHbII
pabounii UMK — 3TO TIapamMeTp IPOEKTa,
KOTOPBI He JO/DKEH U3MEHATHCA B Te-
4eHue UTepauuii Ipy TPOeKTUPOBAHUN
rpancdopmaropa. Ero usmenenue Bbl-
3pIBaeT U3MEHEeHMS B HaMOTKe 0OMOTOK
M UX TOKaX, 4TO MOXKeT KapAMHalIbHO
AOB/IUATH HA MX PacIOOKEHUEe U Xa-
paktepucTiku Tpanchopmaropa.

JIns BIIepeIXOOBLIX MpeobpasoBaTe-
Jie¥i ¢ ABOVHBIM KIKYOM, MaKCUManb-
HbIIf pabouMii LUK He MOXeT ObITh
6onbie uem 50 %.

ONPEAENEHUE BENUYUH NAPAMETPA

Bbi6Op MarHMTHOTO CepAEYHMKA —
1L1aT, KOTOPbIIT ABNAETCA OOIMUM [Is BCeX

TUIIOB pa3pabarbiBaeMbIX KOMHOHEH-
T0B mpyu ucnonb3osanuu Transformer
Designer. 9Ta mponeaypa BKIOYaerT:

e BBHIGOP MOCTABIMKA CEeP/IeYH UKOB;

e BBIOOD Marepyuana, UCIoNb30BaBHO-

TO /11 KOHCTPYKLIMU Cep/ieYHUKa;

e BbI60p GOPMBI CEPHEUHMKA;

e BLIGOp cepfiedHMKaA C pazMepaMM,

YROBNETBOPAIMMU TpebGoBanMAM
K KOHCTPYKLIMM.

Undopmanus, rpebyemaa Trans-
former Designer nns Bbi6opa dpopmbr
ceplevHMKa M MaTepuana, UCMONb-
3yeMOro /s cepAedHMKa, 3a/jaercd
nonb3oBareneM. Mcxons U3 Monb3o-
BaTeTbCKOTO BBOZA U 3aJlaHHBIX BXOJ-
HBIX M BBIXOLHBIX CcrerMuKanmii,
Transformer Designer Boluncinaer tpe-
Gyemoe mpousBesieHMe IUIOMAU OKHA
AnA cepievyHMKa. 3aTeM Transformer
Designer 4uraer cBow 6asy JaHHDIX,
410661 OOHAPYXUTh KOMITOHEHTBI, KO-
TOpble MMEKT IIPOM3BefecHUe TIIoIa-
mm okna (W, Ap), paBHOe umu 6o/buee
pacueTHON BenuuuHbl. Bce KoMmonen-
Tbl, KOTOPbIE YHZOBIETBOPAIT 3TOMY
Tpe6OBaHMIO, MOABIANTCA B PacKpbiBa-
rowemcs cmucke Vendor Part Number,
KaK MOKa3aHO Ha puc. 6.

Transformer Designer Bpifaer monHbie
dusnueckue JlaHHble HA MarHUTHbII
cepmeuHuK. I1o 3TMM [JAHHBIM MONb30-
BaTe/lb MOXKET BHIOPAaTb KOMIIOHEHT U3
cmcka Vendor Part Number.

U3 packpsiBarowerocs crvcka Vendor
Name (uMMs mocraBmuka) BblGepure
TpeGyemoe, 160 U3 PacKPHIBAKOIIETOCA
cmucka Family Name (sasBanue cemeii-
cTBa) BbIGEPUTE CEPREYHNK TPebyeMOii
reoMeTpuM.

Cmucox Family Name copepxur Bce
CepHIeYHMKM TPOU3BOJNTENEN, MUMEIOIUX-
¢4 B 6a3e u nopaepkaHHbix Transformer
Designer. [lns1 6o7ee moapo6Hoit uapop-
marpu o Family Name, orkpoite myHKT
«JTobaBenue CBOMCTB CepiedHMKay,

MOoXKHO TaK)Ke U3 PaCKpbIBAOIIErocsa
CIMCKa MarepuajioB BbIOpaTh MaTepuar,
KOTOPBIi JIOTDKEH JICIIONb30BaThCA s
cepneunuka (puc. 7).

CeoiicTBa matepuana tuma Bg, ., By
U [ OKasblBaKT OONMbLIOE BIMAHUE HA
npoekT Tpancdopmaropa.

ITOT CIUCOK TaKXkKe 3aNONHAETCS, UC-
II071b3ys BBOA 13 6a3bl JaHHBIX.

B rexcroom mone Operating B (pa-
604as MHAYKLMS) OnpefenuTe pabouayio
MAaTrHUTHYI0 VHAYKLMIO HACBILEHUS A7s
tpancdopmaropa. 35adene AO yMOI4a-
HUK MOMYYEeHO, MCXOOA U3 MATHUTHOM
VHAYKUMYA HACBIERNA 1A UCIONb30-
BAHHOTO MATepyasa, OHO Oy/ieT PasHbIM
VI PasIMYHON TOTMOIOrMM Tpanchop-
maropa. Hanpumep, A1 CU/IOBBIX TPaHC-
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¢bopmaTopoB, ncnonssyonux notok 0,75
OT MarHMTHOW MHAYKLUY HaCBIU[eHUs]
(Bgo1)- TouHO Takxke st PSMOXOJIOBO-
ro TpaHchopMaTopa ta Bemuyna — 0,75
(Bgar—Bg)- Benuuuna paGouero moroka
UCTIONb3YeTCs [ BBIYMCIIeHMsE TUIOIAu
OKHa, UTO BAYsET Ha BbIOOP CepeTHuKa.

Tak >xe 3amonHAeTCA TEKCTOBOE MOJE
Utilization Factor (koadxpuiyent ucnonn-
3oBanuA). Ilo ymomuanuio sta Benmyuna
ycranosneHa 0,6. Ecny tpebyercsi, MO>XKHO
U3MEHUTD €€, HO OHa JIOMKHA OBITb MEHb-
we epuHunpl. Koaddutment ucnonbzo-
BaHUs — 3ITO YKasaHMe IUIOMAaY OKHA,
UCTIO7Ib30BaHHOI Wit o6MoTKu. Hampu-
Mep, koaduuyeHT ucnonpsosanus 0,6
ykasbiBaeT, 4to 60 % momaan okHa uc-
TIONb3yeTCA A7l pa3MeLleHns OOMOTKI.

Hnsa o e caMO¥l MOIHOCTY TPaHC-
tdopmatopa Transformer Designer npef-
maraeT cepfleuHUK GONbllIero pasMepa
C MOHMWKEHHBIM KO3(QUHUeHToM uc-
MONb30BAHY .

Hakone1, 4T06bl OKOHYATENbHO BBI-
6path cepueuHYK, NENKHUTE KHOTIKY
Propose Part. Korja Bbl BbiOupaere sty
KHOTIKY, [ransformer Designer rene-
pUpYeT CITUCOK CEPHie4YHYUKOB, KOTOpPbIe
COOTBETCTBYIOT BallYM TPeOOBAHUAM.
Homep komnoneHTa, BUAMMBIIL B CriHC-
ke Vendor Part Number, ¢paktuyeckn

ABJAETCS NYYIIUM It 33JJaHHBIX Tpe-
6oBanuit. /I BHIOPAaHHOIO KOMITOHEHTA
okno Core Properties OymeT 3anosnHeHo.
MOXHO UCMIONB30BATh 3TOT KOMITOHEHT
unm BLIOpaTh MoGoM APYTONt M3 CIIUCKA
Vendor Part Number. 3amerum, uro npu
VSMeHEHUY HOMePa KOMIIOHeHTa, CBOJIC-
TBa CEPJIEYHNKA TAK)XXe U3MEHSIOTCA.
[locne Toro, Kak Bl BHIOpanu cepiey-
HMK /15 pa3pabaThiBAEMOrO MarHUTHOTO
KOMIOHEHTA, I{e/IKHUTE KHOIKY Next.
[Mocnepnuii war npy paspaborke Mar-
HUTHBIX KOMIIOHEHTOB C MCITONb30Ba-
nuem Transformer Designer — Bubop
600U HbI, KOTOpask UCTIONB3YETCS MEXKIY
CepAeYHUKOM U OOMOTKON, 11 O6MOTOY-
HbIX TIPOBOJIOB MOJIXOAAIETO pasMepa.

Onpepenenue BoCTB 606MHBI
Transformer Designer mcrionbsyer

KOHCTPYKTUBHBIE pasMepbt cepreriiiika

/15 BBIYUC/IEHYst pasMepoB GoOMHBL. Pas-
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MepHI [/ 3aj1laHHOi 606MHBI 0TOGpaXKe-
HBbl KaK LIMPHMHA, BBICOTA OKHA, JUIMHA
u wupyHa 606mubl. Ecnin ectb Go6unbt
B 6ase pgannpix Transformer Designer
C pasMepamy, COTTIACOBBIBAIOIMMMUCA C
PacyeTHBIMY pasMepamyl, OHY MOSIBILAIOT-
ca B cnycke Bobbin Part Number (puc. 8),
B IIPOTUBHOM c1Tyyae crmcok Bobbin Part
Number Bhiienser NO_NAME.

Boibop cooTBetcTBy®OUIEH GOGUHBL
B)KEH, TMOCKO/bKY TONONOrUs 606UHBI
B/IUSIET Ha pa3Mep o6acTy, pacronara-
€MOi1 U1s pa3MeleHus 0OOMOTOK.

B 3aBucuMOCTH OT pasMepa u reoMeT-
puu ceprie¥HUKA pasMepbl OOOVHBI TaK-
ke nsmeHaAwTca. UToOn! y3Hath Gonbiie
06 ypaBHEHUAX, MO KOTOPHIM BBIYMC-
nATcA pasMepbl 606uHLL (EE 606uHbL,
UU 6o6uHbl, TOpounanbHbie 60OUHDL),
CMOTpUTE pasfen «JJNeKTPUYecKye na-
paMeTpsi».

Bbi6op 06moTouHOro npoBoga

ITO NOCNENHAA CTYIIEHD IIPY TTPOLIEC-
ce MPOeKTUPOBaHUs TpaHchOpMATOPA C
ucnonb3opanveM Transformer Designer.
Bribop 06MOTOYHOrO mpoBona BANsAET
Ha KOHCTPYKTUBHBIE MAPAMeTPhl — pac-
nono>xeHye 0OMOTOK ¥ MOTEPY B MEMMU.
ITpu atom Hapio BHIOpaTh:

e TUII IPOBOJIA, HATIpUMep, single (onu-

HOYHBIY) umy Litz (nutueHppar);

e cTaHfapT npooga AWG unu SWG.
AWG (American Wire Gauge) —
aMePUKaHCKMIl CTAHAAPT MPOBOJNIO-
KM ¥ IPOBOAOB (MHOINA M3BECTEH
kak Brown u Sharpe (B&S) copra-
MeHT NpoBofa). 1o cranpapt CILIA
Ha OFJHOXXWJbHble NPOBOJAA, KOTO-
pblii ompefiensgeT AMaAMeTp NMPOBO-
71, €T0 CEeYeHUE U COTIPOTUBIEHUE.
PasMmepul mo AWG onpefienieHbt pu
U3MepeHUM IuaMeTpa MPOBOJHUKA
C yHAneHHOU wu3onsiiueil (ronpii
nposof). CyliecTByeT CrieljuaibHas
Tabnuua nepesona (tabn. 5);

® COPTaMEHT MPOBOJIOB.

I1pu npoekTuposanny 06MOTOK TpaHc-
¢dopmaropa B Transformer Designer
nepBble JiBe BeNIUYUHDBI NOTDKHBL GbITh
3alaHbl MONb30BaTesieM. B 3aBucumoctu
OT 3TUX BXOJHBIX fAaHHbIX Transformer
Designer BpiOMpaeT copraMeHT 06MO-
TOMHDIX MPOBOJOB C COOTBETCTRY I MM
AMaMeTpOM MPOBOfA.

Selpct bobkin pant number and winding parameters

Bobbin Bropeties

Cots PartNo E@ﬁ

Bobbin PartNo PC-B2520-TA

Window Height W mm
Bobhbin Lx [feeoz0 om

Puc. 8

-l

Windpw Width 5 83750 mm
Bobbun Ly l13 34000 mm

37
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Tabnuua 5
Tabnvua nepesoaa cTaHgapTa NpoBOAOCE
AWG
Homep | Ovamerp, | Ceuetine, Conpo-
AWG " ot | TViBneHve,
Om/Km
500 17,96 253 0,07
350 15,03 177 0,1
250 12,7 127 0,14
0000 11,68 107,2 0,18
000 10,40 85 0,23
00 9,27 67,5 0,29
1/0 825 53,5 037
1 7,35 424 047
2 6,54 336 0,57
4 519 212 091
6 4,12 133 1,44
8 3,26 8,37 2,36
10 2,59 5,26 3,64
12 2,05 3,31 541
14 1,63 2,08 8,79
16 1,29 1,31 14,7
18 1,024 0,823 23
20 0813 0,519 345
22 0,643 0324 548
24 0,511 0,205 89,2
26 0,405 0,128 146
28 0,32 0,0804 232
30 0,255 0,0507 350
32 0,203 0,0324 578
34 0,16 0,02 899
36 0,127 0,0127 1426
38 0,102 0,00811 2255
40 0,079 0,00487 3802
42 0,064 000317 5842
44 0,051 0,00203 9123

Y1o6b1 BbI6paTh 11poBo7, Transformer
Designer cHayasa BEIYUCIIAET 3alaHHYIO
TIIOIA/Ib TIOIEPEYHOTO CeYeHMUsA UCXOS
U3 BEMMYMHBI CPeNHEKBaApaTUIYECKOro
TOKa Yepe3 IpOBOJ, 1 OTTyCTUMOI! I/IOT-
HocTH TOKa. [locrie 3TOTO OH OTKpPbIBAET
6a3y jaHHbIX [i/151 TIOMCKa TIPOBOJIOB, KO-
TOpbl€ MMEIOT IJI0IIATIb CEYEHMs PABHYIO
um 6oLy, YeM BbIYMCIEHHASA T110-
1a/1b TOIIEPEYHOrO CEYEHUA.

Tunbl 06MOTOK

Transformer Designer nonnep>xxusaet
TpY THUIa 06MOTOK:

o single (ommHOYHan);

e litz (quTHeHppaT),

o foil (donvra).

Single o6o3HayaeT OXMHOYHBLI HPO-
BOJI KpyT710i1 (pOpMbI 7Sl MCHIONb30BA-
Hus B obMoTKax. Tui nposoga — AWG
unu SWG. Ha ocHoBaHuM 3THX YyKasa-
Huit Transformer Designer sbibupaer
COOTBETCTBYIOIMI COPTAMEHT MPOBO-
noB 13 6a3pl JaHHDIX.

Litz o603HaYaeT MHOXKeCTBEHHbBIE KPYT-
JIbi€ TIPOBOJIA, COSIHEHHBIE B Tapa/lyierb.
MHOX€eCTBO M30MMPOBaHHbIX XKMJT OHO-
MPOBOIOYHOrO TPOBOJid UCTIONB3YeTCA
BMeCTe, YTOOB [OCTMIHYTb 3a/jaHHOM
M/IOIANy TOMEPEYHOro CeYeHus Mpu
ycnoBuM, YTo TpeboBaHME Ha TOMILM-
HY CKMH-CTIOf He 6yfeT HapyuieHo. [ins
tpascdopmaropa c obMoTkoit Litz Hapsamy
c undopMalmest 0 CopTamMeHTe IPOBOJIOB
Transformer Designer Takke BHIYMCIAET

COOTBETCTBYIOLLEe YHC/IO IPOBOJIOB, KOTO-
pble UCIIONb3YI0TCA B IATLIEHPATE.

Ecmu Bbibpats Foil, To BMecTo mpo-
BOLOB B KauecTse 06MOTKM Tpancdop-
MaTopa GyfeT MCIIONb30BAThCA TOHKAS
donbra. B satom cnyuae Transformer
Designer BHIYUC/IAET TOMLUHY U IUM-
puny (oOIbru JiA HEePBUYHBIX U BTO-
PUYHBIX OOMOTOK.

O6moTku Foil He moppep>kaHbl B
Transformer Designer pns Toponfiaib-
HBIX CEPAETHNKOB.

YT06b1 leTanbHO OTIPENENUTD JAHHBIE
o6MotouHoro mposopa B Transformer
Designer, Hajio BBITIONTHUTD CHEMyIOILME
IIaru:

e OTIPElENUTb TUN IIPOBOJIOB BbIGO-

pom xHomky Single, Litz urm Foil;

e OTIpENIENUTb CTAHJAPT IPOBOJOB BBI-
6opom kHonku AWG umu SWG;

e 13 pacKpbIBatoLerocs crvcka Gauge
(copramMeHT) BHIOPATh COOTBETCTBY-
JOLIMIT COPTaMeHT IMPOBOJIOB JJis
KaXkjloi 13 0OOMOTOK, YKa3aHHbIX B
xonotike Winding Name (nassanue
0OMOTKM).

Y106b1 3aBEPIUIUTD TIPOLIECC TPOEKTH-
poBaHus M IPOCMOTPETb PE3YNbTATHI,
crenepuposatusle Transformer Designer,
cnenyer HaXatb KHOIKY Next.

MPOCMOTP PE3Y/IbTATOB

IMocnepuuit WIar TPOEKTUPOBaA-
HUA [ODKEH 3aKOHYUTHCA NPOCMOT-
pPOM pe3y/bTaToB, CT€HEPUPOBaHHbIX
Transformer Designer. ITocne Bbi60-
pa 606unbt u obmotox Transformer
Designer paccuuThiBaeT pasmelieHue
O06MOTOK M XapaKTEPUCTUKU INEKTPO-
MarHUTHOIO KOMIIOHeHTa. Pe3ynprath!
POEKTMPOBaHUA OTOOPaKEHB! B OKHE
nokasa pe3ynptaTos. [Tokas pesynpbTaTos
oTo6paxkaeT AHHbIE B [IBYX Tabnmuax:

1. Manufacturer Report;

2. Model View.

MAHEND OTYETA MANUFACTURER
REPORT

IManenp Manufacturer Report mo-
Ka3biBaeT TMOJHBI OTYET O Mpoilecce
mpoekTuposauna. OHa BEIaeT CIIMCOK
KOHCTPYKTMBHBIX TIapaMeTpoB U MX
COOTBETCTBYIOIMX BETUYMH, KOTOPbIE
TpebyroTcs, 4TOO6H M3TOTOBUTH pas-
paboTaHHBI KOMIOHEHT. JTa MaHeNb
TaKKe M03BOJAeT KOHCTPYKTOpaM BHO-
CUTb U3MEHEHUA B MPOEKT, 4YTO MO3-
BOJISIET BBIIIOTHUTDH HMPOEKT METOMIOM
uTepayumn.

BenuuuHbl mapaMeTpa MpOEKTa He-
3aBUCUMO OT TOro, GbImM T OHM 3aja-
Hbl TI0JIb30BATENEM MU PACCYUTAHBI
Transformer Designer, oTo6pakeHbl B
OIJHO¥ M3 TPEX KONMOHOK OTHeTa:

o Electrical Specifications (anektpu-

yeckue crienmbuKanym);

e Winding Parameters (mapameTphl

06MOTOK);

e Calculated Values (pacuyerHnie Be-

JIVUYMHBL).

BenuumHbl, BHecEHHble B CIIMCOK
Winding Parameters u cron6ipi Calculated
Values — 3T0 mapaMeTpb! pasMelleHus
06MOTOK ¥ pabounX XapakTepUCTHK, pac-
cumntanHbix Transformer Designer mocrne
BbIGOpPa OOMOTOYHBIX TIPOBOTIOB.

Ycrex uim 0TKa3 Iporecca IMPOeKTH-
posaHus o6o3HaueHb! B o6mactu Design
Status (coctosinme mpoexTa). B crmyyae
TIOTPELIHOCTY MOXXHO M3MEHUTh HEKO-
TOpble BENMYMHBI ¥ TIOBTOPHO BBIYMC-
NUTb PE3yNbTAaTHI.

TMoppo6Hee o0 pasmMuHbIX O6nacTaX B
Manufacturer Report MO>KHO y3HaTb B
pasiene «Pe3y/nbTaThl IIPOEKTHPOBAHUS».

Manenb noxasa mofenu

INpepncraBieHye MOIEM IOKA3bIBAET
texct PSpice Mopeny, creHepMpOBaHHO
Transformer Designer. Pspice Monens co-
xpansiercs B *.lib daitne. Hassanue daii-
na * lib Takoe e, Kak Ha3BaHue YCTAHOB-
NeHHOE 1IpK BHIOOPE KOMIIOHEHTA.

Tabn. 6 COLEPXKUT CITMCOK-PE3tOMe MPO-
1iecca TIPOEKTUPOBaHNSA € UCTIONb30BAHU-
em Transformer Designer 1o maram.

IMNEKTPUYECKUE MAPAMETPbI

Cy1ecTBytoT pasnmuunbie GpU3MIecKme
U 37MeKTpUYecKue TTapaMeTphl, KOTOpbIe
BIUAIOT Ha IPOEKTHPOBaHNe TpaHcdop-
Matopa. HexoTopble U3 HMX 3aaioTCs
MoNb30BaTeNeM, IPYTHE pacCYUTHIBAIOT-
ca Transformer Designer, a B HEKOTO-
PBIX CTyYasK YMTAloTCA U3 6a3bl JaHHBIX
Transformer Designer. Hike onmcaHbl
3IEKTpUYECKIe TapaMeTpbl, KOTOPbie
6ynyT MCIIONDb30BATHCA TIPH [POEKTH-
poBaHuM TpaHchOpMaTOpa.

TIpyu npoexTMpoBaHMu Tpancdopma-
Topa ¢ ucrnonb3osanyem Transformer
Designer cobmiomaercs cnemyrollas moc-
nefoBaTeNbHOCTD LIATOB:

1) BBI6OP CepreutmKa. YTo6H BHIOpaTh
cepreyHMK, Transformer Designer ucronb-
3yeT NpoM3BeleHNE TNOIazei OKHa;

2) BbIuMCEHVE pasMepa GOOMHbL

3) BBIYMCNIEHME YMCTTa TIEPBUYHBIX U
BTOPUYHBIX OOMOTOK;

4) BbrYvCcIEHE TOKOB OOMOTOK;

5) BBIYMC/IEHME TTapaMeTPOB Paciono-
YXeHUs1 OOMOTKY;

6) BHIYMCTIEHVE TAPAMETPOB, BIMSIOILME
Ha XapaKTepUCTHKK Tpatcdopmaropa.

Bri6op cepiedHNKa MOXHO paccMmart-
pUBaTh KaK OTHPaBHYIO TOYKY HPU KOHC-
TpyuposaHuy TpaHcdopmaropa. ITocne
TOTO, KaK Bbl ONpefiennTe TpeboBanms K
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Tabnuya 6
LWaru BoinonHaemble 3afaum
Bblbop komMoHeHTa ans paspaboTtku,
Step1 | Beibop komroHeHTa | onpepenetue HassaHus PSpice Mogenu, KoTopasn byger
creHepuposaHa
Step2 OcHoBHan OnpegeneHve ans NpoeKTa 3HaYEHWA MapameTpos BBOgA U
vHdopmayus BbIBO/, cogepxatumxca B Tabn. 3
Step 3 neKkTpuleckne OnpegeneHne 3HaUeHUA 3NEKTPUNECKMX MapamMeTpoe,
rapameTpbl cofilepxalumxcs B Tabn. 4
Bbibop ceppeyHrKa ansa paszpabaTbiBaeMOro MarHUTHOO
KOMIMOHEHTa:
Step4 | BoiGop cepnedHika 8bIbOp GopmbI 13 pacKpbiBatolyerocs cnvcka Family Na_me,
sbi6op MaTeprana 13 packpblsaioLleroca cnucka Material,
Bbibop pa3mepa 13 packpbisatolerocs cnucka Vendor Part,
KOTOpbi 3anonHaeTcs Transformer Designer
Bbi6op 606UHbI [ins BbIGPAHHOTO CEPLEYHUKA, B|?|6epme 606uHy 13
packpbisaoleroca cnucka Bobbin Part Number
Step 5 | pns pasmelyenus
OEMOTKU (ecnu B cnucke HET JOCTYMHDBIX '606I/IH, VCMONb3YI0TCA pa3Mepsbl,
sbluncneHHble Transformer Designer)
[pocmoTp pesynbTaToB, KOPPEKTUPOBKA Pe3ynkTaTos,
creHepuposaHHbix Transformer Designer,
Step6 MNpocmotp BEPOATHO, MPUAETCA COBEPLUNTL HECKONBbKO UTEepaLui NPexae,
pesynbTaTtos 4eM Bbl 3aBEPLUMTE NPOEKTUPOBaHWE TpaHchopmaTopa,
pekomeHgyeTcs, UTobbl MapameTpbl MPOEKTa, oNpefeneHHbIE B
HaYanbHbIX LWarax NpoLecca NPoeKTUPOBAHUA HE b U3MEHEHDBI

Tabnuua 7

OcHOBHbIE CBOWCTBA CepAeYHNKa

Mpou3ssegenve BnvHa nuHuM Mar-
nnowagen (W,A;) HUTHOW UHZyKUuK (MPL)
MNnowaae nonepey-
Horo cedeHus (Ap)

Mnowjagp nosepxHocTH

Pasmepb! O6bem ceppeuHuka

KOHCTPYKLMM TpaHcopmaTopa us 06-
wpx coobpaskeHnit, Hapo Oyner BpIGpaTh
CepfieyHNK COOTBeTCTBYMOwEl GOpMBI
u pasMepa. basupysce Ha gaHHBIX, 3a-
[aBaeMbIX 110/Ib30BaTeseM, Transformer
Designer renepupyeT CrucoK cepredHm-
KOB, KOTOpbl€ MOTYT KCIOb30BATbhCH
B TpaHcpopmaTope. YToOb TeHepupo-
BaTh 3TOT CIMCOK, Transformer Designer
UCTIO/Ib3YeT BENIMYMHBI IEKTPUYECKUX
CBOWCTB M TIpOM3BefeHME IUIOLafei
okna (W,A;). HesaBucumo ot tuna
paspabaTbIBaeMOrO 3/IEKTPOMarHMTHOTO
KOMIIOHEHTa BHIOOp CeplieYHMKa Bcera
OCHOB2H Ha IpOM3BeJIeHNN TUIOLaIei
okHa. [loMnmo npowmsBepeHus rouja-
1€l OKHa TeOMeTpuA cepievHMKa U eTo
TMII TAK)XX€ BIMAIOT Ha BHIOOp ceppued-
HKUKa. T'eoMeTpuM ceppeYHMKOB, TOf-
nepxkupaemble Transformer Designer B
Hacrosiulee BpeMsa — E-ceppeunmk, U-
CepAeYHUK, TOPOUTAIbHLIN CepAeYHMK.

Tabn. 7 comep>XuT CrMcoK HEKOTOPBIX
OCHOBHBIX CBOVICTB CEpJIeYHUKOB Hapsigy
C KOHCTPYKTUBHBIMM TN2paMeTpaMu.

Mpouzsepenne nnowjapei oKkHa

Hnsa 3amaHHOM BeNMYMHBI MOLIHOCTY
Ha BbIXOfle, TpeOyeMoe Mpom3BeneHmne
nnowaen okHa W, Ap paccumThiBaercs
€ UCTIONb30BaHUEM OpMYIIBI:

WA, =(P-109%(K-J-B-f), (1)

rie W, Ay — npousseneHue miowiazei
okHa B cm?, K — kosdduument ncnonn-
30BaHM, 3HA4Y€EHUA 110 YMOIIAHUIO:
e 0,6 mnsa cunoporo TpaHcdopmaropa
U Opoccerneit;
e 0,25 s BrIEpEIXONOBBIX IIpeobpa-
30BaTe/1el;
e ,3 s mpeoGpasoBarereit 06paTHO-
ro xopa;

ceppeyHvKa

Bbi6op 606MHbI (KaTyLLKK)

Iocne BriboOpa cepredHuKa ceayonmm
[IaroM f0J/DKeH ObITh BEIGOP 606MHbI a1
ceppieuHuKa. bobuHy MOXHO paccMatpu-
BaTh KaK pamy (KOpIIyc), HOMELIEHHYO
B OKHe ceppiedHuMKa. B saBucumoctu or
TOTO, ABJIAIOTCA M f@HHble 606MHEBI O~
CTYIHBIMY J/Is BBIOpaHHOTO cepiedHMKa,
Transformer Designer BHocut B crmcok
HaspaHyne GOOMHBI U ee pasmepbl WM
BBIMUCIISET pasMephbl GOOMHEL, MCTIONb3Ys
3HaYeHMe 110 YMOJIMAHUIO YIS TO/IIMHBI
6001HbI 1 MM. Pasmeprt 6061MHBI BIMAIOT

MexcroliHas
usonams

QOO0000000
OOCOOCO00

Waonsuma
KOHL,OB OBMOTKM

O6moTKa
TpaHcthopMaropa

00000000

BobuHa

®epputoBbIx

Puc.9

P (Pyyp) — BHIXOmHasA MOLIHOCTD
TpaHcdopmaropa, B, ] — nnotHoCTs
TOKa, A/cM%, B — MarumTHas uHayKims,
Tn (pna obpaTHoxOmOBOrO CHMIOBOTO
TpaHcopmMaTopa 1 Apoccens 10 yMoT-
qaHmio 0,75 Bg, ., nna BnepemxopoBbix
npeoGpasosareneit — 0,75 (Bg,,~Bg),
F — pa6ouas vactora, L.

Bemuunbl, BBesieHHBle B MHTepdeiice
Transformer Designer, 3agatorcs B A/mMM2,
HI03TOMY 4TOObI TIONYYUTD J, cnenyeT ym-
HOXWTb BeJimamHy Ha 100.

Mns pocrynHbix ceppeunnkos W, A
onpepeieH usrotoputeneM. i BoiGpan-
HOI1 reomMeTpuM cepfiedHnka Transformer
Designer cpaBauBaeT TpeGyemoe npous-
BeJleHMe IJIOIajieii OKHa C LpoM3Bejie-
HUEM IUIOLJafiefi OKHa, 3aJJaHHBIM U3-
rotoeuTeneM. Bce koMmoHeHThI B 6Gase
maHHBIX Transformer Designer, koTopsie
NpMHaJJIeXXaT BEIOPAHHOMY CeMeNCTBY 1
VMMEIOT IpOoM3BefeHue Iioulagein 6osb-
1le /I paBHOE pacqeTHOMY, JIEJIAIOTCH
mocTynHeiMM i BeiGopa. CepuedHuk,
KOTOPbI/ MMeeT Npou3BeAeHNe IJIOILA-
Jieit OKHa camoe 67mm3koe u Oosblie, YeM
pacdeTHas Be/IMYMHA, SABMISAETCA KOMIIO-
HEHTOM, IpeanaraempiM 1ransformer
Designer. MOXHO MCIoNb30BaTh KOM-
MOHEHT, NpeanoxeHHsiit Transformer
Designer, nnu BoiGpath m060it Apyroit
KOMIIOHEHT U3 CTIMCKa.

CEPACHHUK

Ha 00a OCHOBHBIX pasmepa cepjleyHHKa
(puc. 9) u reomMeTpuIo cepedHUKa.

CeMeiicTBO ceppeYHMKOB, 3aaHHOe
BaMu, Onpefie/isieT reOMeTPUIO cepiied-
Hyka. BoiGop 6061HB1 BayKeH, II0CKOMbKY
OHa oIpeJieNifieT NIOMANb OTBEPCTUSA, J10-
CTYIIHOTO IIs pasMereHus 0OMOTOK.

Hnsa EE u UU ceppedHUKOB pasmeps
600MHbI paccYUTaHBI, UCTIONDB3YS ypaB-
HEHM, JaHHbIE HMXKE.,

bobbin window height =
= core window height-2T, (2)

bobbin window width =
= core window width-T, 3)
Bobbin_L, = Core_L,+2T, 4)

Bobbin_L, = Core_L,+2T, (5)

rae T = Bobbin Thickness (TonmHa 60-
6uHHI), unTaeMas u3 ¢aiva mabnoHa.

Pazmepst 606MHDBI 151 TOPOUAANBHBIX
CEpAIEYHMKOB He TpebyIoTcs.

Bricota okHa 606uHbL, paccumThIBaemas
MO ypaBHEHMIO (2), paBHa BbICOTE OKHa
(H,, wn G), pacrionaraemoro a1 06MoT-
k. To4HO Tak ke lMpuHa OKHa 6o6M-
Hbl, paccYUTBIBaeMas IO ypaBHeHuIO (4),
ABNIAETCS PAaBHOM wimpuHe okHa (W),
pacrionaraemoit [ist 0OMOTKM.

IIpodonsenue cnedyem

Oner Ilerpakos,
r. Mockga
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Y3KOMOJIOCHbIN GUALTP

B cmamee onucaH npocmotli hunemp 38ykogoull yacmomel. E20 enagHele
docmouHcmea — docmynHocme demaneli U omcymcmaue 0ono/HU-
mesbHblX 3/1eMeHMO8 NPU KACKadUupOBAHUU 36eHbES.

BTOpP M3TOTOBMJI JAHHBIH Y3KO-
MOMOCHBI GUIbTP HA YacCTOTY
1000 'y, mns BBIgENnEHUsA cIaboro
TOHATLHOTO Te/IEMETPUIECKOTO CUTHA/IA
u3 myma. O6napas «aagkumm» AYX u
®OYX, Gunbrp He BHOCUT 3HAYMTE/b~
HbIX MCKaXKEHUH U «3BOHa» B MPOIYC-
KaeMbli1 CUTHaJI, 00ecTiednBas [IPU ITOM
HETINIOXYI0 YACTOTHYIO CeIeKTMBHOCTD,
[TpuMeHUTb €ro MOXHO B /H060I an-
napatype, HO OCOOEHHO OH TIOIXOIUT
IUIS SKOHOMMUYHBIX TeleMeTPUIECKUX
reTepOMHHbIX [IPUEMHUKOB MPAMOIO
npeofpa3oBaHus.
CxeMa OffHOTO 3BeHa QHUIbTPA MOKa-
3aHa Ha puc. L.

+6B
140 MKA

C1 R4
6800 22k

C3
0,015 mk

|———> Buixog

VT1
KT315B

R1

22K
Bxog <114

c2
R2] | 6800

Puc. 1

310 cTaHfapTHasA cxeMa MOI0COBOTO
RC-¢dunprpa, copepxamias MHUHUMYM
JeTajiell M BCEro OAMH TPaH3UCTOP.
o6poTHOCTL 3BeHa HEBENMKA — OKO-
JI0 JIBYX, YTO TO3BO/NAET He 3a60TUTHCA
0 TouHOM mopbope HoMMHanoB. IIpu
MCIIONIb30BAHUM PE3UCTOPOB U KOHJIEH-
CaTopoB ¢ JOMyCcKOM * 5...10 % dbunbrp

He TpebyeT MOACTPONKN. ITO BLITOZHO
OT/IMYaeT JAHHbLT GUIBTP OT pereHepa-
TUBHBIX GuIbTPOB ¢ MOcTOM Buna unu
€ PEXEKTOPHBIM JBOMHBIM T-MOCTOM
B et OOC. TpaH3UCTOPHI IOAOHAYT
NpakTH4YeCKH Mobble MajoMOIlIHbIE
KpeMHMeBbIe, ¢ K03dpuLineHTOM nepe-
gauu Toka ot 50...70 u Bbllle.

HysxHas celeKTUBHOCTb JOCTUTAETCS
MpOCTHIM KacKaJMpOBaHUeM OJMHAKO-
BBHIX 3BEHbLEB, IPM 3TOM BbBIXOJ OfHOTO
3BeHa COeJMHsETCHS C BXONOM APYroro
6e3 Kakux-1mbo JOTIOMHUTE/IbHBIX 3/1e-
MEHTOB. 3BeHbs UMEKT HeBObIIOE YCH-
JleHpe IO HAMpKeHn0 — OKono 1,8...2.
Ha puc. 2 noxasana AHYX tpex3sBeHHOTO
GbubTpa, MMELIETO YCUIeHHE Ha LieH-
TpanbHO YacTore 8..9 pb.

K. 4B

% /] AN

N4 N
WL
b3 / \

N

1500 F. Hz

-30
500 750 1000 1250

Puc. 2

Kak BURHO U3 PUCYHKa, NI0/I0CA TIPO-
NycKaHMA TO YpoBHIO -3 nb paBHa
250 ', no yposuw -6 gb — 350 I'y.
OuabTp IKOHOMUYEH U TIOTPEB/IAET TOK
meHee 0,5 MA (Tpu 3BeHa).

MoskHo 60/1ee TLIaTeTbHO HaCTPOUTD
dbunprp. Hpexpe Bcero, peKOMeHAyeT-
cs mopoOparh pesuctophl R3 B Kaxaom
3BeHe TakK, YTOObl MOCTOAHHOE Hamps-
JKeHWe Ha KO/UIEKTOPE COOTBETCTBYHO-
11[eI'0 TPAH3UCTOPA PABHA/IOCH NONIOBUHE
HalpsOKeHNA muTaHus. 1o obecrievut
MaKCHMAaJIbHYIO aMIVIUTYY HEUCKAXKEH -
HOTO CUTHA/Ia U CUMMETPUIHOE OTPaHU-
4yeHHe TpM Meperpyskax. Pexomenpye-
MOe HaIlpsyKeHUe MUTaHUA TPUEMHUKA
HaxoAuTCca B AuamasoHe 3...12 B. Ecm
€CTb BO3MOXXHOCTb, MOXKHO TIPOBEPUTH
AYX ¢ mOMOIIbIO 3BYKOBOT'O T'€HEPATO-
pa n ociyorpada. Ecm dunbrp yxe
BKJIIOYEH B COCTaB MPMEMHMKA MU TPaH-
CMBepa, 3BYKOBOI1 TeHEPATOp HE HYXKEH,
[OCTAaTOYHO TMOJATH Ha BXOJ QUIbTpa
YUCTYI0 HEMOJYTUPOBAHHYIO HECYLIYIO
or 'CC n, perynmmpysa paccTpOouKy, Io-
Jy4UTb CUTHaIbl OMEHU C HYXHbIMU
vyactoramu. B kauecTBe MCTOYHMKA CUT-
Hajla JOMYyCTMMO MCMO/Ib30BaTh KBapIie-
BB KaIUOPATOP WM BCTIOMOTATENbH bl
reTepOJH.

AYX MoxHO caenarb 6onee mpsMo-
YTONBLHOM, €M eCTh TaKasg Heo6Xoam-
MOCTb, PACCTPOUB YaCTOTHI IBYX 3BEHbEB
U3 Tpex BBepX M BHU3 OT LIEHTPA/IbHOM
YacTOTHI, IIPM ITOM T10JI0Ca MPOTIYCKa-
HMA HECKONMbKO PACLIUPUTCH, a obliee
yCu/leHMe yIajeT. YBenudeHue eMKoc-
teit 38eHa Cl u C2 nponopuuoOHanbHO
NOHM)KaeT eT0 4YacTOTy, a yMeHblile-
HMe — yBenuumBaer. [JononnurenbHoe
ocnabieHne HWKHUX 9acTOT MOXET IaTh
yMeHbIIeHMe eMKOCTH Pa3fe/IMTeIbHOTO
KoHZeHcaTopa C3.

Bnagumup Ionsaxos,
RA3AAEL,
r. MockBa

DNEeKTPOHHbIN 3aMOK
¢ 6eCKOHTAKTHbIMU KNoYamMmm

RFID

Camoble pacnpoCmpaHeHHble U NpusblyHble 8 HaCMoAwee 8pemMA 3aMKu —
MexaHuyeckue unu kodosaole. B 0aHHOU cmambe onucaHo npedHAa3HavyeH-
Hoe dna padoso2o nompebumena ycmpoulcmao 00Cmyna — 3/1eKMpOH-
Hblll 3aMOK ¢ 6eCKOHMAKMHbIM K04YOM, COBpaHHbIU Ha 6ase 8binyckae-
mo2o komnaruel «Macmep KUT» modyna BM3421.

KOMIUIEKT mocTaBku BM3421
(puc. 1) BxomsAT: 6a30BbIit 610K
cucreMbl B Kopryce 6e710ToO 1iBe-
Ta pasmepaMU 90x65x30 Mm, 5 KiIr04eit
foctyna (Kmo4u uMeloTcs B cBobon-
HO¥l NPOJIaYKe M HeIOPOTH, JUIA OfHOTO
3aMKa MOXHO KYNHUTb J0 48 Kmoduein),

40 IIaTa-MEPEXOIHUK ¢ KabeneM st oA~

KMO4eHNns YCTPOICTBAa K KOMIbIOTEPY,
a TakKe moapobHas MHCTPYKUMA [
TO/Ib30BATENA.

Texnudeckne XapaKTepUCTHKH
Hanpsoxenne nutanus, B 12
Tox norpebnenns, MA <25
Toxk Harpysky, A <2
Kommyrupyemoe nanpsoxenne, B 220

Yucno pagnokiodent, mr <43
TeMnepaTypHbI AMATIa30H,
°C -10...+50
Pasmepnbl edaTHOM maThl,
MM 82x42
Pasmepnbl Kopniyca, MM 90x65x30

IMpuHLMNMaTbHbIE CXeMbl OCHOBHO-
ro 6710Ka 1 TIepeXOAHMKa Ha nHTEpdeiic
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BoixopHOi TOK MCTOYHMKA MUTAaHUA
ToMXeH OBITh He MeHee MoTpebsaeMo-
IO 3aMKOM B aKTVBHOM PeXKUME.
ABTOp NpUMEHMN [JIA HUTAHUA
CxeMbl ajlantep nutaHus PWI1215B
(puc. 4). ApanTep BBIIONHEH B HEGOMD-
LIOM KOpIyce u ofecreunBaer ctabu-
JIM3UPOBaHHOE HanpsbkeHue 12 B ¢ to-
KOM Harpysku o 1,5 A. Hemanosaxxuo
U TO, 4TO afjanTep MMeeT 3aU[UTY OT
KOPOTKOTO 3aMBIKAHUS ¥ TIPEBBIIIE-
HUA JIOMYCTMMOTO TOKa nOTpebrenus.
AnanTep mocTaBIseTcss CO CTaAHHAPT-

notpebnenns 10 2 A — MMEHHO Ha TAKYIO
HArpPy3Ky pacCUMTaHBl KOMMYTUPYIOLIYE
KOHTaKTH pene. Ha peiHke npeficrasie-
HBI [eCATKN Pa3sHOOOpasHBIX MoOperei
MOJOGHEIX 3aMKOB. ABTOpP MPUMEHW B
CUCTEME HIOCTYTIA HAK/IATHO 3EKTPOMe-
xaHu4ecknit 3amok EL-371A nponsBoyic-
TBa kommanuu YUS (puc. 5).

HanHplit 3aMOK cpabaThIBaeT OT Mmoc-
TOSIHHOTO HalpsbKeHus 12 B, Tok ero
NOTpefIeHNs B peXXuMe cpaGaTbiBaHms
okono 1 A. 3amxm EL-371A moryT mc-
NO/Ib30BATHCA [l YCTAHOBKM Ha Jie-

PEBAHHbIC ¥ MeETajljIN-

1J_ _L - YeCKMe MBepU. 3aMKu
I a1 & et | HNOMYCKAeTCsi yCTaHAB-
&7 s |ReI0K ERERERCEE I6 J_7 T Ts T JIMBATDb «BBEPX HOIAMM»,
0,1 mk 2383" 198;3“ 0,1 mk 2 MO3TOMY OJiHA MOJie/ib
xss5]° MONXONUT JJIA JIEBO- U
= C3_L _LC2 R8100
1 ]:(0)’11 e T T 1000 I l'IpleOCTOpOHHI/IX IBE-
On - Terminat off | 38 C4 1090 SENSOR pent.
Off - Terminal on, rfid on e L ot Heckonbko cmoB o
5% npyHLIKne paboTe! cuc-
Tembl. Vicnonbsyem ycro-
B1 asiecs B cpepie RFID
x543 e . (cucrema papmouacror-
BC847 . HOW WIeHTUUKALUK)
N Fvoe 220 s 2[° TepMUHBL «MeTKa» (Gec-
| L4148 S P2 |%0 KOHTaKTHBIll K04, 6pe-
BS-10e- L ovne ' 5B <o NOK) U «CUUTHIBATEIIb»
PLS-4 (6azoBmii1 6710K).
Puc.2 RFID-meTKka mnpegp-
cTaBnAeT co6Oi MUK-
RS-232 nokasanw Ha puc. 2 u 3 coor- pocxeMy mnamsATH, COBMEUIEHHYIO C
BETCTBEHHO. / MaJIOMOLIHBIM pafiyonepeiaTinkom. B
Jnsa nocTpoeHus NOMHOM CUCTEMBI MaMATh METKM Ha 3aBOJie-M3TOTOBUTETE
1OCTyNa NOTpedyeTcsi HOMOMTHUTENBHO 3aHECEH YHUMKATbHBI LMPPOBOIT KO,
KyNUTh BCETO JIUIIb UCTOYHMK MUTAHNUA Haunnas RFID-MeTKka He MMeeT BHYT-
Y VCTIOTIHUTENIbHELN 3JIEMEHT (3/IeKTpO- P¥ UCTOYHMKA SHEPTUN, T. €. SIBISAETCA
MarHUTHBIV WIN 371€KTPOMeXaHNYeCKuii naccuBHOM. Braropaps oTcyTcTBuMIO
3aMOK). BHYTPEHHEIO MCTOYHMKA NUTAHUSA
lns nuTaHus ycTpoicTBa MOXHO RFID-MeTKa MMeeT npaKTUYECKU He-
[IPUMEHNUTb CTaGUIM3UPOBAHHBIN WC- OTPAaHUYEHHBIN CPOK SKCITyaTal|Mn.
TOYHUK IUTAHUA HaNpsDkeHneM 12 Bu IpobnemMa NUTaHWUS MeTKM pelleHa
TOKOM He MeHee 100 MA. Ecrit ske mpu-  pye. 4 O4YeHb OpuruHanbHO. CUMTHBATEND

MEHAEMBI 371€KTPOMAarHUTHBIN/371e K-
TPOMEXaHUYECKUI 3aMOK MMeeT Ha-
npsokeHne nuTanusa 12 B, ero MoxHo
3aMMUTATh OT 9TOTO >Ke 610K MUTAHUS.

R2 *5B
51k
R1 , P
10k DCDe
VT
_g‘_ RXD->
T2 X0
R[] vor | TSP PTRe
5.1kb 14148 | 5P| GND
o1 ¢ } —1>|DsR-
10mk T-_)_ RTS«
Xs1 258 1 Hlerss
o4, 58 5B iz Rl->
37 DRB-OMA
o1 R3
o 5.1k
1
(o]
PS4
Puc.3

HbBIM PasbeMOM NUTAHUS, KOTOPHIN
OPUIETCS YHANUTD.

B cucreme nmranus ycrpoiicrea pe-
KOMEeHJlyeTCs npuMeHeHne GydepHoro
aKKyMy/sTOpa, YTOOBI B Cllyyae OTK/IIO-
YEHUsA 3NEKTPOIHEPTUM HE OCTATHCA
Tieper 3anepToit nBepbio. MoXHO npu-
MEHUTb TOTOBBINI MCTOYHUK Gecmepe-
6oitHoro nuTaHus Ha Hanpskenue 12 B
VTV USTOTOBUTH €10 CAMOCTOSTENIBLHO. B
panuoTexXHU4IecKol muTepatype u Vn-
TepHETE ONMCaHOo GONMbIOe KONIECTBO
KOHCTPYKLMI NOAOOHBIX YCTPOIICTB,
NO3TOMY MX U3TOTOB/IEHUE HE JOMKHO
BBI3BATH TPYJHOCTEN.

3aMOK MOXeT GHITb 3/IeKTPOMEXaHN-
YECKUM W/N 37I€EKTPOMATHUTHBIM C Ha-
NpsDKeHneM nutanus 1o 220 B u toxom

MOCTOAHHO U3JIy4YaeT 3/1€KTPOMATHUT-
HBII CUTHANT HeGONBINOW MOU[HOCTH.
JlocTaTouHO MOpHECTH MeTKy Ha pac-
cTosiHME 5...10 ¢M K CUUTBIBATENIO, U
B aHTEHHE METKV MHIYLUPYEeTCS IIeK-
TPUYECKUN TOK, HOCTATOYHBIN Jst
GYHKIMOHMPOBAHMS YMIIA U TIOCHITI-

KI KOJIOBOV KOMOUMHanuu. B mamaATb

Puc.5
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CYUTBHIBATENA IONb30BATEND MOXET
3aHecTH [0 48 YHMKanbHBIX KOJOBBIX
xoMbuHanuit. OTKpHITh 3aMOK MOXXHO
JUIID OJHMUM My HeckonbKrMy RFID-
KNMIOYaMy, a He MI00bIM M3 MUINMAPOB
CYILLECTBYIOIMX.

Cucremy Heo6xommMo cobpaTh Ha
MakeTe, a MOTOM, NPOTECTUPOBaB M
yGenmBLIKCh B €€ 4eTKoi paboTe, MOH-
TUpOBaTh Ha pealbHOM OOBEKTE, Ha-
npyMep, Ha JBepu. ABTOpP M3rOTOBMI
OEMOHCTPALMIOHHHI CTEHN, MOKa3aH-
HBII1 Ha puc. 6.

JI/151 HaCTpOWKY CHCTEMBI HEOOXOINMO
OTKPYTHUTb UIYPYIIbI ¥ PACKPHITH KOPIIYC
(puc. 7).

3arem criefyeT MOOKITIOYUTD afianiTep
rmTaums K pasbeMy XS3, cobmofas 1o-
NAPHOCTD (METKM «+» ¥ «—» YKa3aHBI Ha
LEHTPAIBHOI TU1aTe), ¥ MOJKIIOYUTH K
HOPMJIbHO Pa3OMKHYTBIM KOHT2KTaM
pasbeMa XS4 mposoia B pasphiB LN
TMUTAHUA 37€KTPOMAarHUTHOTO 3aMKa.
Tocre 3TOro MO>KHO IPUCTYIIUTD K pa-
6ote ¢ cucreMoi foCTyna.

Kitiouy jocTyna nocTas/sAaioTCA Hesan-
pOrpaMMMpOBaHHBIMY, YTO MOBBILIAET
6€3011aCHOCTD TIPE/IaraeMoil CUCTEMBI.
JUtst TOro YTOOBI «IIPOMKCATh» KITIOYK B
cucreMe, TpedyeTcs MpofieNaTb HECKOMb-
KO IPOCTHIX OIlEepalinil.

B nepByio ouepenb HEOOXOOUMO Ha-
3HAYUTD MacTep-Kiiod. [lns aToro cre-
LyeT MpoJieNaTh TOCNEfOBATENBHOCTD
onepanuit:

® BBIK/IIOYMTD NUTaHKE YCTPOWCTBE;

® HaXXaTh KHOTIKY B1 M BK/IIOYUTD N~

TaHNe, yAep>K1Basd KHOTIKY;
® KOrjfla KpacHblif CBETORNOJ 6bICTPO
3aMWIaeT, KHOTIKY HaJI0 OTIYCTUTD;
® TIOIHECTH K YCTPOVCTBY K04, KOTO-
pblil 6yZieT MacTep-KMI0UYOM.

Ilocne 3TOTO KpacHBI CBETOAMON
3aropyTCs MOCTOSIHHO, 4TO OyfieT CBU-
[ETENbCTBOBATh 06 YCIIENTHOM BBINION-
HEHWMHM OIlepallyy ¥ BXofie YCTpOMCTBa
B pexxumM «HacTpoiikar.

JauHbIM anTOPUTMOM MOJXXHO BOC-
TIO/Ib30BATHCS, €CTM MAaCTEP-KIII0Y TIOTe-
PAH, OHAKO BCS MaMATb OyfieT cTepTa 1
K/IIOYY, KOTOpbIE paHbllle NeCTBOBAMN,
TIPUAETCSA 3aHOBO 3aHOCUTH B MaMATh
CHICTEMBL.

B pexxum HacTpoliku B m060i Mo-
MEHT BpPEMEHM MO>XHO BOWTH C MO-
MOIIBI MacTep-Kio4a. Macrep-knio4
HAJIo TIOIHECTH K YcTpoitcTBy. KpacHbiii
CBETOIMOL, 3aMMIaeT, u depes 5...7 ¢
nipubop Boiizer B pexxum «HacTporikar.
Ecnu xe xmiod yoparh 0 MCTEYEHMS
BpeMeHMU 5...7 C, TIPOM3ONJIET OTKPBIBA-
HHE 3aMKa, 0 YeM OyIeT CBUAETENBCTBO-
BaThb CBEYEHME 3€/IEHOI0 CBETORMOMA
OMUTENBHOCTDIO 2 C.

e st e
VIFKTPOINLIN IAMOK
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s 3asecenysi HOBBIX KTIOY€EN HAIO
BOMTH B PE&XMM HAcTPOMKM M TOOUeE-
penso (¢ uHTepBanoM He Gonee 10 )
TIOHOCUTD K yCTPOMCTBY KIIOYM, KO-
TOpPBIMM BBl COOMpaeTech HOIOMHUTD
crivcok. I1pyu npembaBREHNN KaXAOTO
kmoya 6yieT MpONCXOUTH €r0 3aHece-
HM€ B CIIMCOK JOCTYIa, IIPY 3TOM CBe-
TOOMO MUTHET OfMH pas. Ecny maMsth
YCTpPOJICTBa MepeNoTHeHa, TPOU30IJET
MATUKPATHOE MMIAaHME KPaCHOTO CBe-
TORUOJA.

st MCKMIoYeHMA KIoYel U3 CIC-
Ka [OCTyNa B pe&KMMe HACTPONKMU HAO
TIOIHECTU K YCTPOMCTBY K/IKOYM, KOTO-
pbie HAaIO MCKITIOYUTD U3 CTIMCKA JOCTY-
ma. Ceetopuon 6ymer MuraTh sa pasa
Ha KXXTDbI YHaNeHHbIN K04,

Ins Boxoma B paboumii pexxnM nocne
TIPOM3BENIEHNs HACTPOMKM [OCTATOYHO
KPaTKOBPEMEHHO ITOTHECTH MacTep-KITioY,
1OCTIE YEro YCTPOVICTBO nepedizier B pabo-
YW1 pe>XMM Y CBETOMON TTOraCHET.

B 3aBMCMMOCTM OT TUIA NPUMMeEHsIE-
MOTO 37IEKTPOMArHUTHOTO 3aMKa MOX-
HO HaCTPOWTD JTUTENbHOCTb 3JTEKTPU-
YECKOro VMITyNbCa, MOMlaBaeMOro Ha
SNEKTPOMATHUTHBI 3aMOK TIpM cpaba-
THIBAHMM KII0Ya B guamnasone 1...10 ¢,
WIM YCTAaHOBUTb TPMUITEPHBIN PEXUM
nepexmoyenns 3amxa. O60 Bcex sTUX
HaCTpOMKax MOAPOOHO HANMCAHO B MH-~
CTPYKLMN.

VcTpoitcTBO [OCTyIIa MOXET GBITh
TIOK/ITIOYEHO K KOMITBIOTEPY, TP 3TOM
OTKpBIBAIOTCS [NOMOTHUTENbHBIE BO3-
MO>KHOCTY ITO €70 HACTPOIIKE U YTIpaBJie-
HMIO. [T MOK/IIOUEHNS UCTIONb3YeTCA
mnata-nepexogHyk RS-232 u ctaupapt-

Puc.8

HblIi1 HY/Ib-MOJIEMHBIi1 kabenp, BXOHsIIye
B KOMIIIEKT 1OCTaBKM (puc. 8).

Heo6xX0oyMoO OTKpPBITh KOPHyC YC-
TPOVCTBa HOCTYNa M BCTaBUTb TIIATY-
IEpEXONHUK B pa3beM XS1 OCHOBHOM
nnatel. Ilnata aganrepa COEMUHSETCH
c noproM RS-232 xommbioTepa ¢ 110-
MO0 HyNMb-MOJeMHOTO kabens. B
KayecTBe MHTepGeiICHOI MporpaMMbl
VICTIONbB3YeTCA CTaHapTHaA IporpaMma
«'uneprepMMHa/», BXOAAILIAsA B Olepa-
uuonHylwo cucremy Windows, ycranas-
NIUBATH JOTIOTHUTETBHOE TPOrpaMMHOE
obecrieyenye He IPUAETCSL.

Hogpo6buo pabota ¢ ycTpOiCTBOM
HocTyna B pexume «TepMUHaN» OmM-
caHa B MHCTPYKLIMM IOJb30OBaTEN,
3[1eCh K€ 1epeYUCTUM OCHOBHEBIE BO3-
MO>XHOCTH, NPefOCTaBIAEMbIE B 3TOM
pexxnmMe:

®» TIOSBJISIETCS BO3MOXXHOCTh BUIETH
Ha 9KpaHe KOMITbIOTEpPA YMC/IO CBO-
6O[HBIX M 3aHATHIX SYEEK MaMATH
(«xmioueit»). Ocobenno ynobHa ata
byHKUMS, €C YUCIIO KIIIodeit 60mb-
1€ JIecATKa;

o 06011 13 48 KTI0YEl JOCTYTIA MOX-
HO YHaIUTb M3 NMaMATU CUCTEMBI,
npydeM HaJM4YME CAMOTO KIoYa
He Tpebyercsa. ITo odeHb yobHas
¢ysxuma. B 6pITy yacTo BO3HMKA-
€T CUTYyalysi, KOrfa K04 [oTepsiH,
U €CTb TOFO3PEHNS, YTO UM MOXET
BOCIIO/Ib30BATBCS HENOOPOXKENaTeb.
Tlo 3101 NpMYMHE B CITy4ae TPOTIaXKH
XOTs1 6bI OFHOTO KII0Ya OT MEXaHM-
4eCKOTrO 3aMKa IPUXOAUTCA TIOTHO-
CTBI0 MEHATh 3aMOK WM IMYNMHKY,
4TO XJIOIIOTHO M HakKnafiHo. B cimyyae
K€ VICTIONb30BaHMs 3/1EKTPOHHBIX
kmodeil RFID pocratouso ymamThb
M3 MaMsTV YCTPOVICTBA JOCTYIa UH-
OVBUEAYAIbHbIA 3JIEKTPOHHBIN KON
MpOTaBLIEro Kaw4a — K € 3TOTO
MOMEHTa BPEMEHM YK€ HMKTO HE
CMOXXET OTKPBITh IBEPb HAMIEHHBIM
WM PYICBOEHHBIM 6€CKOHTAKTHBIM
6penxom;

o B pexnmMe «TepMunam yrobHO pe-
anmm3oBana (QpyHKLMSA Bhibopa TpUT-
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TEPHOTO UV UMITYTIbCHOTO PeXXuma
paboTel cuctembl. Beop Bpemenn
3a7IepXKU B MMITY/IbCHOM pPeXume
NPOU3BOAMUTCA HENOCPENCTBEHHO
C K/IaBMATyphl KOMmbIoTepa. JIna-
Ta30H BPEMEHM 3a/[€PXKKM MOXKET
6biTe 3320 wmpe (1...99 ¢ NpOTUB
1...10 ¢ B cTaHEAPTHOM peXXMMe Ha-
CTPOIKM);

e IpENlyCMOTPEHA BO3MOXXHOCTh Ha-
3Ha4eHNs Naposis A paboTsl C yCT-

POICTBOM IOCTyTA B pexxume «Tep-
MMHA/I» — Tenepb NPpOCMaTPUBATh U
U3MEHATH HACTPONKU CUCTEMBI CMO-
KeT JIMIIb TOT, KTO IeJiICTBUTEIBHO
MMeeT Ha 3TO MpaBo.

YnpaBiaTh HaCTPOIKaMM yCTPONCTBA
¢ KOMIbIOTepa yAo6HO, HO JIOCTOMHC-
TBOM CUCTEMBI ABNIAETCSA TO, YTO OCHOB-
Hble €€ HaCTPOUKM (HazHayeHue, obas-
JIeH)e Y UCKITIOUEHNE KII04ell OCTyTIa)
MO>XHO IIPOM3BECTH U 6€3 MOJIKMIOYeHN

K xommnbioTepy. IlosToMy yctpoitcTBo
MOXeT npuobpecTyt U NPUMEHUTD MO,
CBOM 3aja4yy /0601 YeloBeK, faxe fa-
JIEKVH OT COBPEMEHHBIX KOMITbIOTEPHBIX
TE€XHOJIOTUIA.

Koucrantnn ®exonkmH,
r. XuMxu MocKOBCKoir 0671.
k.fekolkin@masterkit.ru

Ytobbl COKOHOMUTL Bpemsa W 136aBWUTb BaC OT PYTUHHOW PaBoTbl MO NOUCKY HEOBXOAVIMBIX KOMMOHEHTOB UM M3rOTOBNEHWIO
nevaTtHbIX nnat, «Mactep KUT» npepnaraet 6nok BM3421 B cobpaHHom BUae. Bam OCTaHETCA TONBKO KynNUTb MeKTPOMarHUTHBIN
(3nekTpomexaHnyeckui) 3amok ¢ 6MOKOM NUTaHNs, CMOHTMPOBATbL BCE YACTM CUCTEMBbl HA ABEPU — Tenepb Balla «<KPenocTb»
CTaHeT IeNCTBUTENbHO HENPUCTYMHOMN 1A HE3BaHbIX rOCTel.

Bonee nogpo6HO 03HAKOMUTBLCA C aCCOPTVMEHTOM HaLLEN NPOAYKLIMM MOXHO ¢ nomMoubio CD-Karanora «Mactep KUT-2007» un
Ha carte www.masterkit.ru, rie NpeacTaeneHo MHOro None3HoN MHGOPMaLMY MO INEKTPOHHBIM Habopam U Mogynam «Mactep
KUT», npueeneHb afpeca MarasuHoB, rge ux MOXHO KynuTb.

Ha caite «Mactep KUT» paboTaeT koHdepeHLA, B KOTOPOI MOXKHO NOMYYUTb TEXHUYECKYIO NOAAEPKY MO BOSHUKAIOLVM BOTT-
pocam, IeNCTBYET SMIEKTPOHHAA NOANUCKA Ha PacChinky HoBoCTel, B pasaene «KUTbl B XypHanax» NpeanoeHbl PagoTeEXHNHECK1e
CTaTby, a TaKxKe MHOrO UHTepecHoi nHGopmaLv AnA paguoniobuTtenei U CneliManvcToB, Halw acCoOpTYIMEHT NOCTOAHHO pacLuy-
PAETCA N AONONHAETCA HOBUHKaMK, CO3JAHHBIMU C UCNOMb30BaHUEM HOBEMLLMX AOCTUMHKEHUIN COBPEMEHHON NEKTPOHUKM.

Ha6opb, 6nokmn v mogynu «Mactep KUT», a Takke »ypHanbl «CXeMOTEXHVIKa» MOMXHO KynuTb B MarasuHax pagvogetanen Ba-
LWwero ropofa. 3a cnpaskamu MOXHO 06paTuTLCa no Ten. (495) 234-77-66, no noutosoMy agpecy: 109044 Poccns, Mockea, a/a 19,

MacTep KUT.
enaem Bam NPUATHBIX NOKYNOK!
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MpocTon nameputenb ESR

B ces3u ¢ wupoKum pacnpocmpareHuem U HeobXxo0UMOCMbIO pemMoHMa
UMNYJIbCHBIX UCIMOYHUKOB NUMAHUSA cywjecmeyem npobnema mecmu-
posatus ESR (3KkeusaneHmMHo20 NocnedoeamerbHO20 CONPOMUBJIEHUS)
3/1eKMPOAUMUYECKUX KOHOeHcamopos. OBbIUHO y HeUCNPABHbIX KOHOeH-
camopos ESR MHo20KpamHo eo3pacmaem, No3momy npu peMoHme Hem
Heob6Xo0UMOCMU MOYHO20 U3MEpPeHUS 3mo2o napamempa. [ins onpede-
JIEHUS UCNpAsHOCMU KOHOeHCcamopos no OaHHOMY Kpumepuio aemop u

npeonazaem OaHHbIU NPOBHUK.

pobnema nsmeperus ESR snek-

TPONUTHIECKUX KOHIEHCATOPOB

CTOUT OCOGEHHO OCTPO TIPH pe-
MOHTE MMITY/IbCHbIX HCTOYHUKOB ITUTa-
HHA U JIPYTHX UMITY/IBCHBIX YCTPOHCTB,
0co6eHHO KOI'Ta CXeMa PEeMOHTHPYeMO-
ro nipubopa HeuspectHa. [lo BHEITHUM
TIpH3HAKAaM HEHCIIPaBHBIH KOHIEHCATOP
olpeneTh TPYOHO (KOHIEHCATOPh
eMKocThio 10 100 MK® ovYeHb penKo
B3[yBalOTCs ).

ABTOp TipeylaraeT CBOIO KOHCTPYK-
o uameputens ESR B Bujie IpoOHH-
Ka, OYeHb YIOOHYIO B MCIIONb30OBaHHH.
[Tpo6HHK BHIIIOJIHEH B BUJIE IPUCTABKHI
K MWUIMBOJIBTMETPY (MM aHalOrMY-
HOMY), COIEPXXHUT MHUHIMYM JleTajlel 1
He HY)X[]2eTCs B HACTPO¥iKe. ABTOP HC-
TIO/Tb30Ba/l MIWUTHBOIBLTMETp M-830B.

Texuuveckne XxapaKTePUCTHKH:

Hanpsixenne

nuTanuA, B 3
(mBa anemenTa AAA)

[ToTpebnsiembrit TOK, MA 10

YacrtoTra usMmeperns, kl'n 50

Iuanason nsMepenus ESR,

Om 10...0,02

Hanipsoxeniist Ha KonpeHcatope, B 0,3

Cxema npo6HHKa TIpHUBEJEHa
Ha pHc. | M COCTOMT M3 TeHepaTo-
pa (DD1.5, Cl1, R1), noBropuTes
(DD1.4), CMHXpOHHOIO [eTEeKTOpa
(DD1.6, VT1, C3, R3), orpanuuuTena
nanpspxenns (VD1, VD2), Tokosagato-
miero pesucropa (R2) U pasgenuTenb-
Horo KonpeHcaTopa {C2).

Oco6eHHOCTBIO YCTPOICTBA ABJIAETCA
IpHMeHeHHe CHHXPOHHOTO [ETEKTOpa

R1 DD1.4 R2 c2

10k 270 0.1mk
—I'_'J——<|—l

Ha noneBom Tpansuctope (VT1), uro
TIO3BOJIIIO YIIPOCTUTb CXeMy H obrer-
YUTb HACTPOMKY IIPOOHHKA.
OcHosHbIe y37b! COOpaHBI Ha MHUK-
pocxeme K1554TJI2 (1ecTh TpUITEPOB
IlIMuTTa ¢ MHBepcHelt). ITa MHKPOCXe-
Ma BhIOpaHa TIOTOMY, YTO Ha TPUITEpE
IlIMuTTa OYeHb MIPOCTO BHIIOJIHUTD Te-
nepatop Mmeannpa. Cepusi 1554 umeer
BLICOKOE ObICTpONENCTBIE U BBICOKYIO

Han
i

i

Puc.2

X1 i —

DD1.5

11 10

DD1.6
=
13 I 12 ﬁ@ T 0. 1mk
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DDy KMN501A
K1554TN2

=T 1800
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e AV 4
K MunuBonETMETPY

Puc. 1

. XT4 wHanpumep M-830B

T
-

HATPy304YHYIO CIOCOGHOCTD (10 50 MA)
TIPY HAIIpsDKeHUH NuTanys 3 B. Moxxo
MIPUMEHHUTD U IPYTYI0 MUKPOCXEMY, HO
HeoOXxonumMo, YToObl OHAa ObecTieyHBa-
na BHIXOMHOM TOK 10 MA Ha vacTOTe
50 xI'u, 1160 cobpaTk yCUIUTENb Ha
IBYX TPaH3UCTOpaXx.

Pesucrop R2 orpannuiiBaer TOK yepes
TIpOBepAEMBII KOHJICHCATOP, €ro Tof6o-
POM TPOU3BOMAT KaTHOPOBKY H3MEPH-
Tens. Paspenurtenbhbiil konpercatop C2
ybupaeT MOCTOAHHYIO COCTABAIOLIYIO,
€C/IM ero MCKJIIOYNTD, HALIpsOKEHHE Ha
BBIXOJle TIPOOHMKA YBEIMYUTCA B JiBA
pasa. Hanpsixenue 0,6 B moxer oT-
KpbIBaTh p-N I€peXOfbl MONYITPOBON-
HHUKOBBIX IPHOOPOB, UTO MpHUBENET K
HCKaXXeHUIo pesynbTaToB. Juons VD1,
VD2 (K528 ¢ mo6biM 6yKBEHHBIM HH-
OEeKCOM) KpOMe OIpPaHMYECHHsA HaIps-
YK€HHst UT'PAIOT elile ¥ 3aLUTHYIO POjb
(ecnu MCOIBITYeMBIM KOHIEHCATOP IPH
TIpoBepKe OKasascsi He PaspshKeH), To-
3TOMY OHH JIOJDKHBI BBIIEPXXUBATH TOK
no 1 A u Hanipspkerde no 200 B. Pesuc-

\ 1

Puc.3

Puc. 4
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TOp R4 ycTpanser BaHsiHHe BHYTpeH-
Hell NapasUTHOH HHAYKTHBHOCTH IPO-
BepsieMoro KoHpeHcaTopa. OH BHOCUT
HEIMHENHOCThL B U3MepenHe ESR, no
mpu ESR menee 5 OM HenmueiiHOCTh
HesaMeTHa. [IpHMeHeHHe CHHXPOHHOTO
AETEKTOpa Ha NOAEBOM TPaH3HUCTOpPe
VT1 no3sBoanio yBepeHHO JETEKTUPO-
BaTh CMTHaA B NOMH MHUIMBOJLT 6e3
YCWITHTENEH U 06ecreyunno oTaMYHbIe
XapaKTePUCTUKU.

YCTpolicTBO HEKPHTUYHO K MCITO/Ib-
3yeMbIM netanaM. Tparsucrop VT1 —
mo6oi N-KaHaJILHBIH ¢ U30THPOBaH-
HHIM 3aTBOPOM (aBTOP MCIOMbL3OBA
KII501A, a gist SMD MonTaXa BeIas
M3 HEMCIPAaBHOW IUIaTHl KOMIIbIOTepa),
Ppe3UCTOPH — HeNpOBoJIOYHbIE. ['eHe-
paTop MOXXHO cobpaTh no APYyro# cxe-
Me, OHU HEOJIHOKPATHO MYGIMKOBATHCE
B pajlMOTeXHUYECKOH nuTepatype. ESR
KOH/IEHCATOPOB HOPMHMPYETCH Ha Yac-
ToTe 100 kI'y, nns M3MeHenusn wacTo-
Thl JOCTaTOYHO IIOMEHSTH HOMHHAJILI
R1 wu CI. Ilnara nog SMD snemenThi
CIpOEKTUPOBaHa B IporpamMme layout

4.0 ¥ mokazaHa Ha pucC. 2 (BHJ cO CTO-
POHBI HABECHBIX 3JIEMEHTOB, Ha IUlaTe
He MOKa3aHbl ).

TleyaTHas mata H3roToOB/IEHa MPH TO-
MOIIH METOJA WIA3€PHOTO yTIOTa», HEO-
HOKPaTHO OIHCAaHHOTO B XypHa/iax.

Konctpykiusi npo6uiika nokasana
Ha puC. 3, 3a/MTas KOMIIayHIOM — Ha
puc. 4.

Ilyn u3 TOJACTON IUBEHHONH HIJIbI
NPUITaAH [PAMO K IUiaTe, a IulaTa
KpenuTcs K 6aTapeliHOMy OTCEKy de-
THIPbM# IIPOBOIOYHBIMU CKOGaMu. [ 151
TOAK/IOYEHHUA K LIyIaM MHJUTUBOJb-
TMETPa aBTOP HCIO/B3OBANT 3AXKHUMBI
«xpoxoaui». [Tonsiprocts HMeeT 3Ha-
9eHHE TOJILKO MPHU HCHOAB30BAaHHH
CTpesIOYHOrO MM/UTHBONBTMeTpa (Bep-
XHHH BBIBOJ 10 CXeMe «+»).

B 3axmioueHMe MOXXHO OTMETHUTD,
UTO y NMPOOGHUKA €CTh CMellleHHe Hyss
(TpM 3aMKHYTBIX HAaKOPOTKO II{yIax
BOJIbTMETP IOKa3bIBAeT HAMPsKEHUE
2,1...2,5 MB), HO 3TO He KpUTHYHO.

ESR KOHEEeHCATOPOB OOHOro HO-
MHHajia MOI'YyT CHJIbBHO OT/IMYAaThCH B

Tabnuua 1

KongeHcarop Hanpsxenve, mB
1 MkOX50 B 43

2,2 MkOx50 B 22

10 MKOX50 B 97

22 mkOx35 B 6,7

47 vk®x35B 46

100 vk®x16 B 3

3aBHCUMOCTH OT IPOM3BOAUTENS U Ce-
PHH, TO3TOMY >KEaTeTbHO COCTAaBUTD
Tabnunp ESR i 3aBemomo mcnpas-
HBIX KOHIEHCATOPOB TeX THIOB, KO-
TOpble IPUMEHAIOTCH B PEMOHTHpYe-
Mo annapatype. Ilns KOHOeHCaTOpOB
Hitano cepun EXR (cepus ¢ HH3KUM
ESR) nokasanus npu6opa npuBeneH b
B Tab6n. 1.

Ilpu ouenke ESR y koHmencaTopos
eMKOCThIO 6ojiee 100 MKD HeobxoaHMO
YIHMTBIBAaTh CMELLEHHE HYITA.

HOmurpuit Terenr,
dim.b.t@mail.ru
r. Munck benapycn

ABTOMOOUNDbHbDbIE Yacbl,
BOJIbTMETpP U Tanimep
Ha MMKPOKOHTponepe

PIC16F676

B OanHoll cmambe asmop npednazaem rnpocmoe yHUBEPCanbHOe
ycmpoucmeo Ha MuKpokoHmpornepe. O3HaKOMUMBbCS ¢ HUM 6y-
dem OCOBEHHO NONE3HO MEM, KMO Ha4yuHaem oceausams MUKPO-

KOHmMponnepsi.

CTPOMICTBO YCTaHAB/IHBAeTC B

aBTOMOOWIe U CAYXXHUT IJIA MH-

OUKAalMW BPEMEHH, KOHTPONA
HalpsXKEHUsA B 6OPTOBO# CeTH aBTO-
MO6M/IA M PErMCTpaluu O6ILIEro Bpe-
MEHH, POBEJIEHHOTO B IyTH. J{Hanason
KOHTPOJIUPYEMOTO HAIPSIKEHUA MOX-
HO BHIGpATh MOGOH, 0 YMOMYAHUIO B
MporpaMMe yCTaHOBJIEH AHANa3soH H3-
Mepenus 12...15 B. Ilpu Brixone xon-
TPOTHPYEMOTO HAITPsDKEHHA 32 f1pefe-
JIbl YKa3aHHOTO THAIa30Ha BK/IIOYAETCH
symMmep. MakcuManbHOe 3HaYeHMe Taii-
Mepa — 99 yac, 59 MuH, 59 c.

O6buHO NIOROGHBIE YCTPOIICTBA pas-
pabaTblBalOTCs1 € MPHMEHEHUEM CeMICET-
MEHTHEIX CBETOTMOIHBIX HHAUKATOPOB,
HOTPebAINMX 3HAYUTEILHBIE TOKH BO
Bpemsa CTOAHKH aBToMOOwWIs. C penbio
YCTpaHeHHsi [aHHOTO HELOCTaTKa B
TIpefyTaraeMOM YCTPOICTBe MHIHMKATOPBI
BBIK/TIOYAIOTCA TPH BBIK/IIOYEHHU JIBH-

ratens. Ilpumenenne XKW B aBTOMO-
6UIILHBIX YCTPONCTBaX OrpaHHYeHO, KaK
[PaBWIo, TEM, YTO TPU HUIKUX TeMIIe-
parypax >XHUIKue KpUCTa/ulbl 3aMep3alor.
C nosinennem nosuix YKKU ¢ 6obiiimm
OHANasoHOM pabo4uHX TeMIlepaTyp 3TO
orpanuvende cHumaercsi. Hexoropble
JKKW, BHINONHEHHBIE 110 TEXHOMOTHH
COG (Chip-On-Glass), umeror guama-

30H pabounx Temreparyp —40...+80 °C.
B npeparaemom ycTpoiicTBe pHMeHen
unpukarop TIC55 ¢ paboueft Temnepa-
Typoii B guanasone —40...+60 °C.

B [1] 6b11 ormcan nuprikatop TIC9162,
OLIMGOYHO MPUHSATHIN ABTOPOM 3a OTe-
YeCTBEHHBIH. ABTOP IIPUHOCHUT U3BHHE-
HH3 32 OLIMOKY OTe4eCTBEHHBIM TpPO-
U3BOIMUTENAM U PHPMe-H3TOTOBUTEIO.
KK-unpukaropn ¢ a66pesuarypoit Tl
(crexno) u TIC (co BCTpOeHHBIM prpaii-
BEPOM) BRINTYCKAIOTCA TalBaHBCKOM
¢upmon Ampire [2].

Vinpuxatopel TIC55 yupasnsiorcs
AHANIOTMYHO HHAMKaTopaM TIC9162, Ho
HMEIOT BOCEMb PaspsOB € KYpCOpaMM.
BHewnmit Bup 1 pasmepsl MHAMKATOpa
TIC55 moxasans Ha puc. 1.

IMlects yrnoBeIX BHIBOAOB lpegHa-
3HAYEHBI JUIA KPETUIEHUs UHUKATOpa,
TIEPBbI BHIBOJ, — KpaiHMII JIeBHIi CBep-
xy. Takum obpasom, mwis yrnpasnenus
HHIMKaTOPOM Heo6XOAMMa NOCHeno-

U0 [

b
—
0
B
B
B
(I
(B

Puc. 1

70.0010.20
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BaTEeNIbHOCTh U3 9%8 = 72 UMIIYNBbCOB.
Hannpre (DIN) 3an1CHIBAOTCA B UHIU-
KaTOp HOpU BHICOKOM YPOBHE MMIIYJb-
ca cunxponnsatum (DCLK) u HusKoM
ypOBHe MMNYJbca BoIbOpa MHAMKATOpPA
(LOAD). EguHUYHbI yPOBEHDb JJAHHBIX
BK/o4aeT BhlOpaHHbIil cerMeHT. CooT-
BETCTBME MMIIY/IbCOB CETMEHTaM IIOKa-
3aHO B TaOm. 1.

Tabnwya 1
Umnynbc
PaspAR T2 (34|56 7]8]9
1 H|K|C|B|A|F|G|E|D
2 HIK{C|B|A|F|G|E|D
3 HIK|[CIB|A|F|{G}|E|D
4 H|K|{C|B|A|F|G|E|D
5 H|K{C|B|A|F|G|E|D
6 H{K|C|[B|A|F|G|E|D
7 H|K|C|B|A|[F|G|E|D
8 HIK|C|B|A|F|G|E|D

Ins coctaBneHusi KapThl ajgpecaluy
371eMeHTOB MHjuKaTopoB Tuma TIC
NPUMEHSTCH TIPOTPaMMBbl usart4.asm,
tic.asm, onucanusie B [1]. [Tporpam-
Mbl MOXXHO HailTU Ha caiTe pefaKLumn
KypHana 1o agpecy www.dian.ru/pro-

grams/.
YcTpoicTBO YIpPaBNAETCH JIBYyMs
KHOIIKaMu — «YcTaHOBKa/Pexum» u

«Paspsap/Ilyck/Crorn». OyHKLMM KHOTIOK
M3MEHSIOTCA B 3aBUCMMOCTH OT BHIOpaH-
HOTO peXXMMa MHAMKalmu. KHonkoun
«Pexxnm» BLIOUPAOT PeXXKUM MHAMKALIMY
B MOC/EJOBAaTeIbHOCTU Yachl — Tail-
Mep — HallpspkeHue. B pexxume uH-
IUKALMM 9acoB KHOMKOU «Paspsap» Ha
MHUKATOP BBOAMUTCH KYPCOP JUIS Bbl-
6opa paspsja YCTAHOBKH, & € IOMOLIBIO
KHOIKM «YCTAHOBKa» YCTAHAB/IMBAETCA
HeobxopmMoe 4ucno. B pexxume taitmepa
KHOIIKa «Paspsazy BbINONHsET (GyHKLMIO
BK/MOYeHUs «I1ycK» MM BBIK/THOYEHUS
«Cron» Taiimepa. [Ipu u3MeneHumn Ha-
NpsKeHUs Ha aKKyMynstope Gonmbiue
WIN MEHbILE JOIIYCTUMOTO BKIIOYAeTCsl
3ymmep. [1/isl BLIK/IFOUEHIs 3yMMepa HC-
T0/b3yeTCsi KHOMKa «CTOoI.

Anroput™ paboThl HPOrpaMMbl TIOKa-
3aH Ha puc. 2.

INocne mycka ¥ MHULMATU3ALUY
MUKPOKOHTPOJIJIepa [porpaMma nepe-
XOLUT K pacHpefieNuTenio, B KOTOPOM
Ka)KIy0 CeKYHJTy MOC/IeIOBATe/IbHO U3-
MepsieTcsl HampshkeHue, IPoBepseTcs
COCTOsSIHME KHOIIOK M BBITIONHAETCA
BbiBoJ, MHGOPMALIMU Ha MHAMKATOP.
[TpepriBaHME OT ITOI MOCTIEAOBATEND-
HOCTU BbIITOMHAETCA KXY CEKYHY
IUIA TIOJICY€eTa BpeMEeH! B Jacax U Tau-
Mepe, ec/iM OH BKJIIOYEH.

[Mocne BrmoueHus: piara OOHON ce-
KYHJIbl [IpoBepsiercss 60pTOBOE HAmpsi-

IIYCK
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A
+1BPEI' KYPCOPA

A

+ 1 BPEI. PEXMMA >

\
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BEIBOP PEXUMA
HMHIVKAIIMA

A ‘L

xerme. Ecnu HallpsbkeHUe BBIXOAMUT 3a
YCTAaHOBJIEHHBIE TIPEJieNibl, BK/IFOYAETCs
3BYKOBOU CUTHaJl, €CliM HET, U3MEPEH-
Hbl€ 3HAUYEHUS NIEPEKOAMUPYIOTCA I UH-
IUKALIUU B IBOUYHO-IECATUYHDBINA KO,

Hanee mporpaMma nepexogut K Mpo-
BepKe COCTOAHMUA KHOTOK. ITockonmbky
KHOTIKM MHOTOQYHKLMOHAIbHbIE, UX
[pOBepKa TPOU3BOIUTCA B HECKONBKO
stanos. CHavana npoBepsietcst ¢ar
MHAuKaLumu 4acoB. Ecnu HeT uHpukKa-
LU 9acOB, KHOIKA YCTaHOBKU Kypcopa
«Pa3psp» He NpoBepAETCs, a IPOBeEpsieT-
cs KHollka «Pexxum». Ecnu nHpukanus
YacoB BKJIKOYEHA M HaXkaTa KHomKa «Pas-
ps/i», B perucTp Kypcopa pobasnsercs
€MHULIA.

Ecnu xHonka «Pexum» Haxara, pe-
TUCTP PEXXUMA Ha €IMHULY YBEUYUBA-
erca. 1o 3HaYEHUIO peTucTpa pexuma
u3 TabmuLBl BHIOUPAETCs PeXUM UHOM-
Kayyu (puc. 3).

[Ipn MHpMKanuM HANpsHKEHUs paHee
MepeKkofMpyeMble 3HAYEHUsl HarnpsiKe-
HUS TIePeNUChIBAKOTCA B PETUCTPbI UH-
IUKALVU.

Puc. 2

ITpu MHAMKALIMY YacoB NPOBEPAETCH,
ObU1 71 paHee BBelEH Kypcop B TIONE
nHpukatopa. Ecniu 3Hauenue perucrt-
pa Kypcopa He HYNEBOE, BbIIIONHAETCA
ycTaHOBKa 4yacoB. Eciu kHOMKa «Ycra-
HOBKa» Haxxata, eaMHuULa fo0aBiseTcs
B BHIOpaHHBIN paspsjl U PErucTpbl UH-
AMKaLMU 3aMOJHAITCH HOBHIMU 3HaYe-
HUAMU. ECIM yCTAaHOBKU HET, PErnCTpHI
VHJIMKALIMY 3aTIOHSAIOTCA 3HAYEHUAMMU
TEKyII[er0 BpEMEHMU.

[Tpn uMHpuKauuM TaiiMepa CHadvama
npoBepsietcs kHomka «Ilyck/Cron».
Ecnu KHOTIKa HaXkaTa, IPOBEPSAETCA Te-
Kylliee cocTosHue Taitmepa. Ecnu Taii-
Mep BKJIIOYEH, OH OCTaHaBIUBA€TCH, B
IIPOTMBHOM cily4ae BK/IK4YaeTca ¢rar
TaiiMepa u oH obHynaetcs. 1o BKirveH-
HOoMY ¢rary TaitmMepa Ipy TIpepbIBAHUN
paspeLiaeTcs IPOXOXKJEHUE IIPOrpaMMbl
Ha CYETYMK Taitmepa. 3HaueHus Taiimepa
TIePEeTUCHIBAIOTCA B PETUCTPbl MHMKA-
LU

3ano/nHeHHble PETUCTPDl MHAMKALMY
elle He TOTOBH K BHIBOJTY Ha UHIMKa-
LU0 — B HUX HeOOXOIUMO BHECTHU 3Ha-
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Puc.3

YeHue Kypcopa cornacHo Tabn. 1. Ecim
3Ha4YEeHME Kypcopa He Hy/eBoe, T. €. OH Ha-
XOIMTCA B NOJIE€ UHAMKATOPA, OH BBOIUTCS
B M/IQ[IIUMIA PA3PAN PErMCTPa UHAMKALMY
COOTBETCTBYIOLIETO 3HAKOMECTa.

Ecnu kypcopa HeT B nosie MHOVKATO-
Pa, OOHYJIAETCA CHETYMK LMK 3aTUCH
U TIEPBHIM UMITYJIbCOM BBHIBOUTCA 3HA-
yeHve sanAToN s N-ro paspsapa. 3ans-
Tass B yCTPOIACTBE HEOOXOAMMaA TOJIHKO
OflHa /1A BBIE/IEHUS NECATHIX [OJIei
BOJIbT4, HO MOANPOrpaMMa BHIBOLA Ha
VHIVKALUMIO YHUBEPCA/bHA, NMO3TOMy
HET CMBIC/Ia €€ M3MEHATb. 3HaYyeHus
3aMATHIX 3apaHee 3aNUCHIBAIOTCA B MO-
3ULMOHHOM KOJi€ B PErucTp 3anfToil.
Ecnn Heo6X0aMMO BBICBETUTD 3amsATyIO
B IITOM paspsAie MHAMKATOPa, B MATHIN
paspsy perucrpa 3anmuchbiBaroT eIUHNLLY.
Heo6xoaMMO MOMHUTD, YTO EPBHIMY B
UMITYJIbCHOM MOC/IENOBATENIbHOCTU UIYT
3HaY€HMA KPAIHEro MpaBoro paspsaa.

Ilocne BbIBOma 3amATOM MOCNENO-
BaTe/IbHO BBIBOAMTCA 3HayeHue N-ro
perncrpa, HaumHasi ¢ MAIaJLUIEro pasps-
pa. Jlo6aBnsgerca eguHUILa B CYETYUK
1JMKJIOB ¥ NPOBEPACTCA €r0 3HaYEHUE.
Ecnut oHO He paBHO [€BATH, LIMKJT BhI-
BOfIa ITaHHBIX Ha MHAMKATOP MOBTOPS-
€Tcsa co cnepytolmM peructpom. Ilocne
BBIBOJIa 3HAYEHUS MOCTIEMHETO PErUcTpa
MpOrpaMMa BO3BpaIAeTCA K OKVIAHMIO

BK/IKOUEHUA (pr1ara OfHOI CEKYHJIBL, KO-
TOPBIii YCTAaHOBUTCSA NPY NpePhIBaHUMN.

IlpepriBanye OpraHmM3oBaHO OOLIY-
HBIM CITOCOOOM IO TTEPENOTHEHNIO Tai1-
mepa TMRO. Ilpu yacToTe KBap1EBOTO
pesonaropa 32768 ' koagpduument
HeNeHUA npefenuTens paBeH 32, yto
BMecTe € K03 puIneHTOM feneHns Taii-
Mepa 256 ¥ LUK/IOM, PaBHBIM YeTBIpEM,
cocTaBUT 4x32x256 = 32768.

IlpuHyunuanbHas cxeMa ycTpoicTea
MOKa3aHa Ha puc. 4.

Crabunutpon VDI mnpepoxpanser
U3MEPUTENbHBIN BXOJ, MUKPOKOHTPOJI-
7iepa Npu BHIXOIE U3 CTPOSA PeryATopa
Hanpsoxkenua. Konpencarop Cl crna-
JKMBaeT VMIY/IbCHBIE ITOMEXH, KOTOPBIE
HEU3OEXXHO MMEKTCcA B GOPTOBOI ceTH
aBTOMOOW/IA.

B Bupy mpocroThl ycrpoiicTBa me-
JaTHas IJIaTa He paspabaTbiBanach, Bce
37IEMEHTBL MOTYT OBITH COOpaHbI Ha Ma-
keTHoU mate. Knonku SB1, SB2 >kena-
T€/IbHO YCTaHOBUTD IO Pa3HBIM KpasiM
uHauKaTOpa. OCTaNbHbIE 37IEMEHTHI pac-
NOJIaraloT o MHAVKATOPOM.

Bmecro mupukatopos TIC55 MoxHO
NpUMEeHUTh MHEUKaTophl TIC42 wmnn
TIC8148, Ho nocnegHye He UMEKOT yr-
JIOBBIX KPEMEXHBIX BBIBOIOB. 3yMMep
BF1 Mo>xHO B3ATh MI060I €O BCTPOEH-
HBIM FeHePaTOPOM, UX MOXXHO KYTIUTh B
aBTOMarasuHax (OHM MCIIOJIB3YIOTCA JIs
U3BEILEHYSA O BKJIIOYCHUH pesie MOBOPO-
ToB). Knonku SB1, SB2 — MeM6pannbie
€ yIVTMHEHHBIMM IITOKAMM.

ITpu nacTpoitke mpubopa cHavana
HaJI0 IPOBEPUTD HANIPSKEHME MUTAHUSA
MUKDPOKOHTpOJI/IEpa, KOTOPOE He JOTK-
HO npeBbimaTh 5,1 B. IloTpebnsemsiit
TOK YCTPOVICTBA HE {OJDKEH NPEBBILIATD
10 MA npu HanpsKeHUM UCTOYHMKA
nutanus 12,6 B. Ilog6opom pesucro-
poB genutens RIR2 Hago ycraHoBuTh
Ha MHOVKATOpE HaNpsyKEHHue, paBHOE
BxOogHOMy. KOHTponb mpaBuibHOCTH
TIOKa3aHWUM BLINOIHAOT JIOOKIM 1Md-
POBBIM BONLTMETPOM. ITocKONBKY Yacht
B ycTpoiictBe 6ymyT paboTaTh Hempe-
pBIBHO, HeOOXOMMMO NOAOGPATh KBap-
€BBII PE3OHATOP C YaCTOTOM TOYHO
32768 I'u.

K akkymynsivopy onp,l DA1 IBuon +5B
+128 3 78105 |1 "Ycranoexa“/
g ?(;x 2| 06uy “Pexum”
1 P 12 L SB1
Vo | V] BT, O A3 0o
[T] RA2 o O
R[] ciL vp1® c2L © Paspan’/
910 10,01 mxk TKC147 ]0,1 MK E "l'(l:y((:)x"/
1 TON
OByt 1‘; Vs | 2| rea ; ; DIN Her
- o]R0 | & | ReaZ 2{peLx U
510 RCS LOAD
BFIé
HCM1206 0OSC1 | pp1 | 0SC2 +5|3<——; Voo LU
- D c e | i
4
zQ1
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[pu BK/IOYEHNM YCTPOICTBA HA UH-

IMKATOpE Ha OfJHY CEKyHIy BBHICBETSTCSH
BCE CETMEHTbl ¥ YCTAaHOBUTCA PeXUM
MHAMKaLMu 9acoB (puc. 5).

Kaxyo cexynpy noouepento 6ymyT
BKIOuaThCsA cerMenThl D 1 G. Haxkmure
KHOIIKY «Paspsaji» n BBeuTe Kypcop B
none uHpukaropa (puc. 6). Ilepemelnas
Kypcop MO paspsfaM KHOIKOW «YcTa-
HOBKa», YCTaHOBUTE MPaBU/bHbIE [TOKa-
3aHMA 4acoB. /151 ycTaHOBKM 4acoB M0
CHMTHaNaM TOYHOTO BpeMeHM HeoOxonu-
MO IIOMECTUTD KypCOp I0J] CEKYHIHBIMU
CerMEeHTaMM U HaXKaTb KHOMKY «YCTa-
HOBKa», PErMCTPHI CEKYHJI U MUHYT 06-
nymsitcs. ObHyneHue 3aKOH4YUTCs TTocrie
OTIYCKaHMsi KHOMKM «Y CTaHOBKa».

Ecnu Kypcop OCTaBuTb B M0JI€ MHIM-
KaTopa, TIpU CMEHE 3HAYE€HMIT NECATKOB
MMHYT OH BbIKMIouMTCs. [1pn BKIIOUeH-
HOM Kypcope HeNb3si U3MEHUTDH PEXUM
MHAMKAIMH, TIO3TOMY, €CJTI HEOOXOAUMO
M3MEHUTH PEXUM, KypcOp BbIBOAST 32
Tipefieibl UHIMKATopa.

s mepexofia B peXXUM MHAMKALN
TaiiMepa Ha)>XMuTe KHOIKY «Pexxum».
Ha unpukarope OyneT nokasaHO BpeMs
ycTaHOBKM TaitmMepa (puc. 7).

Ecnu Heo6XoaMMO BKITIOYUTD U/U BbI-
KIYUTh TallMep, Ha)KMUTE Ha BpeMA

TR

Puc.7

Puc. 8

OKONO OIIHOM CeKyHIbl (He 6onbiue!)
kHotky «Ilyck/Crom». 3amnyck u octa-
HOBKa TaliMepa BBIIIONTHAIOTCA Ha CIeMy-
I0LI€el ceKyHIe MOCIe HaXaTus KHONKY
«Ilyck/Cromn». I1pu ocTaHOBKe TaiiMepa
HaGpaHHble 3HAYE€HUs OCTAKTCA Ha UH-
OMKaTope, a IpU BK/IIOYEHUM TaliMepa
OHU OOHYJIAKTCA.

Haxxmute KHONKy «Pexxum», u yct-
POVICTBO MEPENAET B PEXXUM MHAMKALMM
6optoBoro HampspkeHus (puc. 8). Ilpn
y€pXKaHUM KHOMKM «PeXum» pexum

MHIMKALUK OYZIeT U3MEHATHCA KaXKOYH0
CEKYHJTY, 4TO YZ00HO Iy GBICTpOro mpo-
cMmoTpa.

BiiodeHue 3ymMmepa COOOIUT O He-
nonajkax B 60pToBoM NuTaHuu. 3yMmep
BK/IIOYAETCs C IIepuojioM 2 . Buikmoyntb
3yMMep MOXXHO IIpu paboTe YCTpOiCTBa
B peXXMMe 4acoB WM MHAMKAUMMU Ha-
[psDKeHNsT HaXaTueM KHOIKM «CToI.
Ecnu HeucrnpaBHOCTb He YCTPaHeHa, TIpU
CMeHe pa3psfia eiIMHUI, 4aCoB 3yMMep
CHOBa BKJTIOYUTCSI.

®aiin s OporpaMMUPOBaHUA MUK-
pokonTpomepa abto.hex moxHoO HaliTn
Ha caiiTe pefaKLiMM >KypPHana 1o ajgpecy
www.dian.ru/programs/.
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Hukonai 3aern,
benropoxnckast 0651. 1. Beitneneska

Kypnan «CXEMOTEXHVKA»

INOOIIVICKA — 2007

PefiakiMoHHast TOAMMcKa Ha 2007 r. — 600 py6neii.

Yepes karanor AreHtctsa «POCIIEYATD» (xpacHbliT)

e uHuekc 80724 — nopnucka Ha 1-e nomyrogue 2007 r;

e uHmeKC 82117 — MoAmNKcKa Ha apXuB >XypHana 3a 2004 r. Ha CD.

Yepes karanor «[IO9TA POCCHHN»

e uHaekc 60192 — monmucka Ha 1-e nonyroaue 2007 r.
e uHIeKC 60193 — ronoBas noanucka Ha 2007 r.
OdopMUTb MOAMUCKY € NOCIETYIOLEH JOCTaBKOH B JTIOBOW CTPAHE MoxHO uepes nopnucHoe areHTcTBo « MK-PERIODICA».
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Jlis NoaMUCKY yepes penaKi{Hio

e IMepeuncInTe JEHBIH Ha Halll PacyeTHEIH cueT depes COep6aHK MO KBUTAHLHH, nubo yepes NOYTOBOE OTHETEHHE MMOY-

TOBBIM ME€PEBONOM;
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e BBl MOXeTe TaKyke MOAMNHCATHCA Ha XKyPHaJl HEMOCPENCTBEHHO B PeflakLuHM MO aznpecy: I. MockBa, JlenuHrpanckoe 1.,
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