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B 3mol cmambe pacckazom 0 MHO20ghYHKYAUOHAbHBIX U OONOSTHUMESTbHbIX KOMAaHOaxX 3asepwiaemcs 063op

KOMQAHO CU2HAJTbHO20 npoyeccopa

MHOTOOYHKLIWOHANbHBIE
1 AONONHUTENbHLIE KOMAHAbI

Jlns 3aBepreHus 0630pa KOMaHz CUTHAIBHOTO IPOLIECCOpa
HaM 0CTaeTCsi pacCMOTPeTh MHOTO(YHKIMOHaIbHbIe KOMAH-
OBl ¥ KOMaHObI, KOTOpbIe Helb3si OTHeCTH K KaKoi-nubo
KOHKPETHOH Ipyliie B CBS3H C T€M, YTO OHH BBUIOTHSIOT
pasnnuHble GyHKiMH. 30eck OHY OynyT Ha3bIBATbCs HOIION-
HUTEJIbHBIMY KOMaHIAMH.

MHOTOOYHKLIWOHANIbHBIE
KOMAHbI

B mHOrodyHKIMOHAIBHBIX KOMaHAAX peayM3yIoTCsl CBOTIC-
TBa IapajUle/Iu3Ma apXMTeKTYpsl npoieccopos ADSP2181.
Bnaropapsi 3TOMy CTaHOBHTCS BO3MOXKHBIM OHOBpeMEHHOE
BBIITOJIHEHHME B OMHOM LIMKJIe IIPOLieccopa NePeChUIKY NaHHbIX,
omepanuii YTeHus1/3armucy B IAMATH ¥ BHIYMCIIEHHIL

PaccMoTpuM MHOTOQYHKUMOHANBHYIO KOMaHAY BBIIOJ-
Henus onepauumit A/IY u MAC ¢ onHOBpeMEHHBIM YTeHHEM
ONepaHOOB Y3 NaMsATH JAHHBIX U maMsaTH rporpamm. [lpumep
TaKO# KOMaHABI MPUBeZeH HIDKe:

MR = MR + MXO*MYO(SS), MX0 = DM(I3.MO), MYO = PM(I7,M4);

B mepBoit gyacTu 3TOi KOMaHALL B peructp MR (peructp
pesynbTata MAC), 3amuchiBaeTCsi CyMMa €ro npepbityliie-
ro 3Ha4YeHus Y Ipoy3BeleHNs TEKYLIHMX 3HAY€HHI BXOIHBIX
peructpos yMHOXuTenss MX0 1 MYO. 3nech o6a ciaraempix
paccMaTpUBAIOTCA B 3HaKOBOM (opmare.

BTopast ¥ TpeThsl YacTH HaHHOI MHOTOGYHKLMOHAIBHOI
KOMAaH[IbI OCYIIeCTB/sIOT BHIOOP ABYX HOBBIX OMEPaHIOB.
OnuH onepaHp ByiGMpaeTcss U3 namaTH JaHHBIX DM mo
agpecy, ykasaHHOMY B MHAEKCHOM perycTpe 13, comepsxumoe
KOToporo 3aTeM MOAUGULMPYETCsi ¢ OMOILUBIO 3HAYeHHUs
peructpa momudukannu M0. Bropo#t onepann Bribupaercst
M3 mamMATH mporpammbl PM no ampecy, ykasaHHOMy B pe-
ructpe 17, conep>xumMoe KOTOporo 3aTemM MoaupUIUPYeTCsi
BEIMYUHONM, HaxonsAwencs B peructpe Mmoaudukanuy M4.
3nayeHus MHAEKCOB GepyTcs M3 PerucTpoB I€HEepPaTOpOB
azpeca maHHBIX. JI1060it nHAEeKcHBI perucTp I ogHoro re-
HepaTopa azpeca JaHHBIX MOXET UCHOJIb30BaThCA B Iape C
mo6bIM peructpoMm MozvduKanyu M Toro ke resepatopa
agpeca JaHHBIX.

INockonbKy CHMTHIBAHME JAHHBIX U3 PETUCTPOB IIpo1eccopa
MPOU3BOLMTCS B Hayajle 1[MKJIA, a 3alyCh B PETHCTPBL — B
KOHII€, OIlepaH/ibl, Haxopsiuecs B peructpax MX0 n MY0 B
HayaJie KOMaHAHOTO 111K/, TIEPEMHOXAIOTCSA, A 3aT€M IIPOU3-
BeneHue no6aBIAeTCs K COLEP>KMMOMY PervcTpa pesy/ibTaTa
ymHOXuTenss MR. Ilocne okoHYaHM s onepanyy yMHOKEHMSA
omepaHabl OOHOBISIOTCS HOBBIMM 3HaYeHHsIMM, KOTOPbIe
6bUIM BHIOpaHBI B KOHIle TOTO e KOMAaHIHOTO IMK/Ia, U
CTaHOBATCA NOCTYIIHBIMY JUISl BBIYHCICHUI C HUMU B CJIEAy-
o1eM 1uisie. EctecTBeHHO, YTO OMHOBPEMEHHO C BBIYMCIIE-

H¥eM MOJKHO 3arpy3uTh 00051 perucTp JaHHBIX, @ HE TOJIBKO
PperycTphl YMHOXHUTENA/HAKOIIUTENA, KaK B IIPUBENEHHOM
BBILIle TTpPYIMeEpeE.

PaccMoTpeHHas koMaHna siBIsSIETCs, MOXKATYH, caMoil pac-
IPOCTPaHeHHO¥ B aropuTMax 1ydpoBoit 06paboTKH cCUrHa-
JI0B onepanueil. BelnonHsercs oHa crenyowmm obpasom:

e OCyLeCTBIAETCA BHIOOP IBYX omepaHnoB (Hampumep,

ko3¢ durenTa U JaHHBIX);

e MPOM3BOOMTCS TEPEMHOXKEHHE OIIEPaHAOB ¥ CYMMHPO-
BaHue pe3y/IbTaTa YMHOXKEeHHSI C II0/Ty4eHHBIMHU 10 3TOTO
pesy/IbTaTaMu.

Beruuc/mTeIbHOM 9acThio aHHO MHOTO(YHKIMOHAIBHOM
KOMaHIBI MOXKeT ObITh /mi06as 6€e3yC/IOBHO BBITONHAEMAs KO-
maHpaa AJ1Y, 3a uckmoueHreM aeieHus!, Wi mobas KoMaHza
YMHO>XMUTeJsl, KpoMe HacbllieHHsA. MMeloTcsi M HeKoTophle
IpyrHe uckmoyeHusi. Harpumep, cnenyionpii onepany X fon-
KeH 3arpy>karbcs B perucTp MX0 13 naMsATH AaHHBIX,  HOBBIH
omepaHn Y fo/DKeH 3arpykaTtbcs B peructp MYO 13 mamsatu
niporpamm (/i KOMaH] JaHHOTO YPOBHs HeCYILIeCTBEHHO, U3
BHYTpeHHe#1 'I1 U3 BHelllHel 1aMATH). Kpome Toro, peaynbrar
BBIMHC/IEHMS NOJDKEH 3aIMHCHIBAaThCA B perycTp pesynbrata (MR
wm AR), HY B KoeM C/Tydae He B PerucTp O6paTHON CBs3U
(MF wm AF).

Temnepp paccMOTPUM KOMaHIbI OTHOBPEMEHHOTO YTEeHHA U3
NaMsATH JAHHBIX U TAMATH [IPOTPaMM. JTH KOMAHABI Mpen-
CTap/s1i0T co60i1 pa3HOBUIOHOCTb OIMCAHHOIO BBIIlle BUIA
MHOro()yHKUMOHATBHBIX KOMAaHA. Mx 0co6eHHOCTBIO B~
€TCsl OTCYTCTBYE BBIYMCTEHHIA. ITH KOMAHIBI 33/1al0T TOJIbKO
OIIHOBpeMeHHYIO BBIGOPKY ZiByX onepaHios. [Ipymep Takoi
KOMaH/bI ITPUBENEH HUXe:

AX0 = DM(IZ,M0), AY0 = PM(14,M6);

B manHOM mpyuMepe B KayeCcTBe PerMCTPOB-IIPHEMHHKOB
HCHOJIB3YIOTCs1 BXonHble peructpbl AJIY. Kak 1 B npensiny-
111eM THIe MHOTOGYHKIIMOHAIBHBIX KOMAHJI, 371eCh OTlePaHbl
X [OJDKHBI M3BJIEKaThCsl M3 [IAMATH OAaHHBIX, a ONE€pPaHAabl
Y — u3 mamaTH nporpaMm (M B TOM ¥ B IPYTOM C/ydae u3
BHeILIHE WX U3 BHYTPEeHHel ITAMATH IPO11eCCOPOB C BHYT-
peHHeil TaMATHIO).

Cy11ecTByI0T MHOTO(QYHKIIMOHA/IbHBIE KOMAH/IBI BHIITO/THE-
HHA BBIYUC/IEHHI C OMHOBPEMEHHBIM CIMTBIBAHHEM U3 IT1aMsl-
Tu. Ecny, B OT/IHYME OT ONMCAHHBIX BhIllle MHOTOQYHKIIHO-
Ha/IbHBIX KOMaH]I, BMECTO JBOIHOIO CYUTHIBAHHUSA U3 aMATH
KOMaH[a 3afaeT BhINO/IHEHHE TOJIBKO OHOM ONePalluy CYU-
THIBaHMS U3 OIHOTO THUIIA MAMATH, TO OTHOBPEMEHHO C BhI-
60pKOIT HAHHBIX U3 TAMATH MO>KHO TIPOM3BECTH Pa3/IMYHOTO
pona seramcneny. K uncity Takmx pa3perieHHBIX BBIYHCTIEHHIA
OTHOCATCA Bce onepanyu AJ1Y, 3a UCK/TIOYEHHEM [E/IeHHA, BCe
onepaiyy yMHOXMUTeNns-HakonuTtens MAC u Bce onepanuu
YCTPOWCTBa CABWIA, 33 MCKIIOYEHNEM HENOCPENCTBEHHOIO
casura SHIFT IMMEDIATE. Bce BbI4yc/IeHMS HO/IKHEI OBITH

ANALOG
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6ezycnoBHbIMU. [IprMep MHOTOQYHKIIMOHATBHO KOMAHIbI
TaKOTO THIIA NMPYBeNeH HiKe:

AR = AXO+AYQ, AXO0 = DM(IO,M3);

B atom mpumepe B AJIY BHIONHAETCA onepaLys C/IOXe-
Hus, B TO BpeMs KaK U3 MaMsATH JAHHBIX BBIOMpaeTcs OIUH
oniepaHf. 3TOT TUII MHOTO(YHKIIMOHA/ILHBIX KOMAHI, MMeET
Te >Xe OTPaHHWYEHMs, YTO W IpembIAylil. 3HadeHue, Xpa-
Hsuleecss B perucTpe AX0 1 ucnonb3yemoe Kak MCXOOHOE B
Xolle BBIYMCIIEHMH, mpencTasaseT coboi comepiumoe 3TO-
TO PerucTpa B Hadale LMKIA. B KOHIle 1MK/a B pe3y/nbTaTe
onepanyy CYMTBIBaHUs JAHHBIX U3 MaMsaTH B peructp AX0
3arpykaercsi HoBoe 3HayeHue. I1o 3Toil ke MpUYMHE peryuc-
TpoM HasHadeHHs (B 3TOM mpumepe AR) He moxkeT GBITH
PerucTp, YKasaHHBIH B KayeCcTBe pervcTpa HasHaYeHus Npu
CYUTHIBAHMM OAHHBIX U3 NaMATH.

Crepyomu# npuMep AeMOHCTPUPYET BBINOJHEHHE BhI-
YyCTeHui ¢ ONHOBPEMEHHOI1 3allMChI0 JAHHBIX B HaMSATb.
Komanpa BEI9HC/IEHNS ¢ OMHOBPEMEHHOI 3aNHChIO B AMATD
¥MeeT Ty Xe CTPYKTYpY, YTO ¥ KOMAaH/a BBIYMCIIEHUS C OfI-
HOBpPEMEHHBIM CYMTBHIBaHHEM U3 NaMATH. OIHAKO NOPAIOK
ONepaTopoB B CTPOKe HAHHOI KOMAaHMbI MeHseTCs Ha 06-
patHblit. CHagana BBINOJHAETCA 3allMCh NAHHBIX B IAMSATD,
a 3aTeM BBIYMC/IEHME. BOT IpuMep TaKoi KOMaHAbL:

DN(IO,M0) = AR, AR = AXO+AYO;

B mpuBemeHHOM IpyMepe MCXOIHBIM 3HAY€HMEM IUIs 3a-
IHCcU B NaMaATh (3HayeHue, cofepskaiieeca B peructpe AR)
AIBJIsIeTCs1 3HaYeHHE, XPaHsAIIleeCA B 3TOM perucTpe B Hayalle
nuKna. B pesynbTaTe npou3BeNeHHOTO BBIYHC/IEHHA B 3TOT
>Ke perucTp 3arpy’kaercsi HoBoe 3HaY€HHe, KOTopoe AB/AETCA
copep>xumbIM peructpa AR B KoHlle nmkia. I1py nocraHoBKe
OTIEpaTOpPOB AaHHOI KOMaHAbl B 06paTHOM moOpspKe, 4TO
SIB/IAETCSA HepaspellleHHbIM HeficTBHeM, accembiiep reHepH-
pyeT npenynpeXxieHue, MOApasyMeBaloree, YTO B IaMsATh
3aMMCBIBAETCS Pe3y/IbTAaT BBHIYMC/IEHMS, a He Ipenblayliee
3HayeHHe PerucTpa, KOTOpoe AO/DKHO GbUIO 3aIHChIBaTh-
cs B namsaTh. Mcnonpzosanyue mpu 3TOM OXHOTO M TOTO JKe
perucrpa He siBNAETCs 06s13aTe/IbHBIM, XOTs HMEHHO TaKuM
obpasoM yalile BCETO OPraHu3yeTcs KOHBewep ollepaHioB 11
BbIYHC/IeHNs. I/ BBIMUCTHTEBHEBIX ONlepalMii ¢ MOMOLIBIO
TaKMX KOMaH[ AEHCTBYIOT Te XX€ OTPaHH4eHMs, YTO U Il
KOMaHJ, paCCMOTPEHHBIX BblIlle. PasperneHHbIMY ABNAIOTCS
Bce onepanyu AJIY, KpoMe fefieHMs, BCE onepanyy yMHOXH-
TenA-Hakonurenss MAC u Bce onepanyy ycTpo¥icTBa COBuTa,
Kpome HeloCpPeNCTBEHHOTO CABHUIA. BBIYMCIIEHNA NOIDKHBI
6b1TH 6€3yCTOBHBIMUL

HaxkoHen, paccMOTpuM KOMaHAbI BBIMOITHEHMS BbIUMCIe-
HUH C OOHOBPEMEHHOI1 NEPEChUIKOH NAHHBIX MEXITYy PErUCT-
pamu. MHoro¢yHKIHOHa/IBHbIE KOMAHIIBI TOTO NOC/TENHEr0
THIIA 32/1a10T BBHINOJIHEHYe MEPeCbUIKM NaHHBIX U3 OMHOTO
perucTpa NaHHBIX B OPYroil ¢ ONHOBPeMEHHBIM BBLIIOJIHE-
HHUeM KaKoi-M60 BEIYMCIUTENbHOI onepauny. bonbinmc-
TBO OrpaHUY€HM#1, PACCMOTPEHHBIX /ISl NPEABIAYIINX THUIIOB
MHOTO(yHKUMOHAIBHBIX KOMaH]l, CIIPABEIIMBO U /I 3THUX
kxomaHn. IlpymMep Takoil KOMaHAbL:

AR = AXO+AY0, AX0 = MA2;
B nanHOM mpuMepe onepanmsa cnoxenus B AJIY npous-

BOIMTCS OLHOBPEMEHHO ¢ 3arpysKoii B peruictp AX0 HoBOrO
3HaYeHus1, B3ATOTo u3 peructpa MR2. Kak 1 B npenpinymiyx

TIpUMepax, I BBIYHC/IEHMS HCTIONB3YeTcsl 3HaYeHue, cofiep-
kaugeecs B peructpe AX0 B Hagale uuita. JlaHHable MoryT
TiepecbUIATHCA MeXKAY BCeMH PErMCTpaMy BBOLA WM BHIBOAA
AJTY, ymHOXUTens-HakonuTens MAC 1 ycTpoitcTBa ciBura,
33 UCK/OYeHneM peructpoB obparHoit cesau (AF u MF) u
peructpa SB. B paccMoTpeHHOM npuMepe HOBOe 3HadeHHe
sarpyxaercsi B perictp AX0 M3 perscTpa AaHHBIX B KOHIIE
1uMKa. PaspemennriMu aBnsioTcs Bee onepanyu AJIY, kpo-
Me fe/leHHs], BCe ollepaiyyl YMHOMKHTE/s1-HaKOTIMTENA U Bce
omepalyy yCTPOMCTBAa CABHMIA, KPOME HENOCPenCTBEHHOTO
coBura. Berasicenus no/mkHbI 6bITH 6€3yCIOBHBIMML.

Hinke mpuBOauTCs MOMHBIA CHIMCOK MHOTOGYHKIMOHA/Ib-
HBIX KOMAaHJI B COOTBETCTBMM C TIPUHATHIMM PaHee YC/IOB-
HbIMM 0603HaYeHusiMi. HasHayeHye KOMaHp NIPUBOIMTCS B
TeKCTe OMMCAHMs 3TUX KOMAaHI,.

BeryyicrieHye ¢ nepecbUIKOi pervCTp-perucTp:
I<ALU> |,

[<HAC> |
| <SHIFT> |

dreg = dreg;

Boruscnenue ¢ YTeHHEM U3 MaMATH:

| <ALU> |.dreg= |DM( [10], [MO}) H

| <HAC> | | 111] M1 |

| <SHIFT> | |12} N2} |
| 13| [M3] |
I 114] |M4] |
| II5] [M5] |
I I6] IM6| |
I 117] |M7] |
| |
IPH ( I141, IN4}) [
| I1I5] |M5] I
| 116] |N6] |
I 117] [M7] |

BriuncneHye ¢ 3anUChI0 B NAMATH:

DN [I0], [MO]) l=dreg, [<ALU> [;
I 111} [M1] | I<MAC> |
I 112] M2 I I<SHIFT> |
| 1131 [M3] |
| |14} |M4] |
| 1I5] [M5] |
| 116] M6} |
| 1I7] IN7] |
I | |
IPH ( |14].|M4}) |
I 1I5] {M5] I
| |16} |M6] I
| 1I7{ M7]| |

YTeHre naMATU DAaHHBIX U nporpamMm:

| AX0 [=DM( 101, [MO]), |AYO |=PM( 1141, |M41);
[AX1 | 1I1] IM1} [AY1 | |I51 [M5]
|MX0 | [I2] |M2| |MYO | 116] |M6]
[MX1 | |I3] [MN3] [MY1 | 1I7{ IN7]

Komanpa ANTY wm MAC ¢ yteHueM mamMATH OAaHHBIX U
nporpaMm:
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I<ALU>|, |AXO [=DM( [IO],  IMO[), [AYO |=PM( |IA4|, |M4|);
I<NAC>| [AX1 | 111) [N} [AY1 | |I5] M5}
[MX0 | 112) IM2]  [MYO | |16} [M6]
IMX1 | 1134 N3] [MY1 | [I7] [M7]

B kauecTBe perucrpoB dreg MOryT GbITh MCHOJIB30BAHBI
AXO0, AX1, AYO0, AY1, AR, MX0, MXI1, MY0, MY1, MRO, MR1,
MR2, SI, SE, SRO u SR1.

Ilpu atom <ALU> — mobas xomanma AJIY (uckmoyas
DIVS u DIVQ);

<MAC> — mobas KOMaHIa YMHOXUTEs1/ HAKOIUTEIs1.

JU1st 3THX KOMaHJI NO/IKHBI MCIIO/Ib30BATHCA TONMBKO Peruc-
Tph1 pe3ynbTaToB AR, MR, a He perucrpel 06paTHBIX cBsi3eit
AF, MF;

<SHIFT> — mo6as xomaHza ycTpo¥cTBa CABUTa (MCKITIO-
Yasi HEMOCPENCTBEHHBII COBUT).

Huxakue u3 3THX KOMaHA He MOTYT GBITH YCTOBHBIMH.

JONONHUTENbHBIE KOMAHAbI

B cucteme KoMaH] CUTHa/ILHOTO IPOLIECCOPA MMEETCA He-
CKOJIKO KOMAaHJ, KOTOPble He/lb3s1 OTHECTH HU K OHOH U3
nepedHiCIeHHBIX paHee rpymiL. T1o/HbI CIMCOK 3THX KOMaHA
B COOTBETCTBUH C IPUHATHIMYU PaHee YCIOBHbIMU 0603Hade-
HYAMM TPUBOIOUTCA HIDKE.

ITycras komanpa:

NOP;
Mopudunmposanue peructpa agpeca:

MODIFY( |I0], |NO|);

[I1] [M1]
112] M2}
|I3] [M3]
|I4] [M4]
I1I5] [M5]
|16] |M6}
1I7] [MT7]

anaBneHne CTEKaAMM:

[IPUSH} STS] [,POP CNTR] [,POP PC] [,POP LOOP];
[POP |

YrnpaeneHue pexxumMom:

[ENA | |SEC_REG | [, ...1;
|D1IS | IBIT_REV |
|AV_LATCH |

[AR_SAT |

IM_MODE |
[TIMER |
| G_MODE |
[INTS |

KmogeBble c10Ba 03HAYaIOT C/IEAYIOLIME PEKUMBIL:

SEC_REG — ¢oHOBBII peTHCTPOBBIit ¢haiir;

BIT_REV — 6uTt-peBepc agpeca renepatopa DAG1;

AV_LATCH — 3amesnka craTtyca mepernofHenuss AJlY
(AV);

AR_SAT — HacrinieHue peructpa AR;

M_MODE — pexxuim pasmenieHus pesynbrata MAG;

TIMER — pasperuuts paboty Taitmepa;

G_MODE — paspermts pexxum «Go mode»;

INTS — pasperuTs npepbiBaHys.

NOP — 3T0 KOMaHOa OoTCYTCTBMA onepaiyit. OHa 4acto
IPUMEHAETCA [U1s BBIIOJHEHHUSA XOJIOCTOIO 1IMKJIA ITpo1leccopa
B Ka4yecTBE 3aJ€P’KKM Ha OIMH TaKT.

Komanpa MODIFY nosponser monygui1upoBaTh yKa3aTe/pb
ajipeca B 3aJaHHOM perucTtpe | Ha BemuuHy, KoTOpas comep-
JKUTCs1 B 3aJaHHOM peructpe M, He obparjasce npu 3ToM
K mamaATy. Kak u1 Bo Bcex Apyrux cinydasx, peructpel [ u M
IOJDKHBI OBITh PersicTpaMH OZHOTO U TOTO >Ke TeHepaTopa aj-
peca paHHbIX; Mo6oit peructp 10— 13 MOXeT MCII0Ib30BATHCA
B KoMbuHanmu ¢ mo6biM pernctpom M0—M3, a moboit pe-
ructp 14—17 — ¢ mo6eiM peruictpom M4—M7.

Komanner PUSH u POP no3BossiioT HerocpeacTBeHHO YII-
PaB/ATh CONEPKUMBIM CTEKOB COCTOSIHUA, CHETYNKA, CUETIH-
ka nporpamm (PC) u umiioB. HekoTopble 13 3THX CTEKOB
aBTOMAaTHYECKH 3aNOJHAIOTCA Y OITYCTOLLIAIOTCS BO Bpems
o6cTy>xuBaHus HpephIBAHMIL.

KoMaus! ynpapieHHA pexxvMOM pa3peLIaloT U 67I0KUpYIOT
Pe’KMMBI HEKOTOPBIX OI€paLuii npoueccopa. 3Tta KOMaHAIbI
YIIPaBJ/IsSIOT PeXyMaMy PEBEPCHON afipecalyyl B TeHepaTope
ampeca maHHBIX 1, dukcayeit mepenonserus AJ1Y, HacpILe-
HHeM perycTpa pe3ynbrata AJ1Y, Boi6opomM Habopa OCHOBHBIX
WIM TEHEBBIX PeTMCTPOB, pexxumoMm GO mis HempeKpaiua-
1o1eltcst paboThl NpoLeccopa BO Bpemsi MPenOCTaB/IeHNUs
LLIMHBI, PEXMMOM CABMIa B YMHOXKHTeJIe [/I BBIIIOJHEHUs
11€/I09HC/IeHHBIX WK APOOHBIX BEIYHCIEHHI M aKTHBH3aITHeil
TaiiMepa. 3a onepatopamu ENA wm DIS Moxker cnenopats
Yepe3 3aIATYIO CKO/IBKO YTOIHO HaeHTH(HKaTopoB. Komanae!
ENA u DIS MoryT HoBTOpsAThCA B KOMaHAHO¥ cTpoke. Kpome
TOTO, BCE CEMb PEXKMMOB MOTYT Pa3pel1aThcst, 6I0KHpOBaThCH
WM M3MEHSITBCA NPY HOMOIIM BCErO ONHOM KOMaH[BbL.

IIpodonscerue credyem

Oner Banbna,
r. Muacc YensabuHckoit o611,

- ™

-+

HOBOCTU OT «HUMNIKCNO»

Komnahua «4rnIKCMNO» npurnatlaet NpUHATL yYacTue Y NOCETUTD Crielvani3vpoBaHHYI0 BbICTaBKy-PpOpYM «INeKTpOHUKa-
TpaHcnopT 2006», koTopan nponaeT 20—22 ¢espana 2006 r. 8 LieHTpe MexayHapoaHoi Toprosnu (KpacHonpecHeHcKan
HabepexHan, A.12).

3aABKy Ha yuyacTne MoxHO odopmuThb Mo agpecy http://www.chipexpo.ru/transport-2006/req/, a no agpecy http://www.
chipexpo.ru/transport-2006/reqticket/ OTKpbIT 3aKa3 NpUrnacuTenbHbix 6UNETOB ANA CNELVanMCToB.

BuneTb! TalOke MOXXHO NMONYHYUTbL NO agpecy: yn. Meposckan, A. 19/2, cTp. 3, npeagBapUTenbHO 3aKasaB MX Mo
TenedoHy (495) 368-10-39.
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Mukpocxembl gna
MMMYJNbCHbIX UICTOYHVKOB
nutaHna NCP1010, NCP1011,
NCP1012, NCP1013, NCP1014
dupmbl ON Semiconductor

NPOEKTUPOBAHUE
NPEOBPA3OBATENEN HANPAXKEHUA
HA MUKPOOXEMAX CEMEMCTBA NCP101X

IlpoexTupoBaHye KOHKPETHOTO Mpe-
obpasoBate/isi HA MMKPOCXeMe PaccMat-
p¥BaeMoOro cemeiicTBa CJefyeT HauaTb
¢ BeIfopa pexxuma ee muTaHua — DSS
(BBIMpsIMIIEHHBIM HaIPsXXEHHEM CeTH
Yepe3 BHIBOA, CTOKA) WIM OT HOMOJIHH-
TellbHOIL 06MOTKH TpaHcdopMaTopa
(ycnoBHO Ha3BaHHBIM paHee PEXUMOM
Aux) [3]. B momonHeHye K peKOMeHIa-
LM, TIPUBENEHHBIM B KOHILIE pasiena
OAHHOM cTaTbM «PacyeT MaKcHMaTIbHOM
MOLITHOCTH NTpeobpasosatens» («Cxemo-
TEXHHKa», 2005, Ne 9, ¢. 2—4), ykaxkeM
cIemyolee:

1. Ecm tpebyeTcs MHHMMAaNbHOE
noTpefeHre IpH OTCYTCTBUH HArpys-
K¥, MICIIOJIB3YHTE HONOHHUTEILHYIO BTO-
puuHyio 06MOTKY.

2. Ilpu nipoexTHpoBaHUH 1Ipeobpaso-
BaTe/Is ¢ BLIXOLHOM MOLIHOCTBIO MeHee
5 Bt BnionHe npuMennM pexum DSS.

3. Insa monydyeHuss MaKCHMaJlIbHOMN
BBIXOZTHOIT MOIITHOCTH HEOOXOAHMO MM~
TaHKe OT [IOIIOTHUTE/IbHOI BTOPUYHOM
obMoTKM.

Ianee cnenyet BbIGpaTh MUKpPOCXEMY
110 BBIXO/THOM MOIITHOCTH U B COOTBETC-
TBHH C IPYyTUMHM CIIePHUIeCKUMH Tpe-
6oBaHusaMU K ripeobpasopaTemo. OTme-
THM, 9TO B TabJ. 7 yka3aHHOIO BBILIIE
pasnena cTaTby YMCIa B IOC/IENHEN KO-
JIOHKe JTO/DKHBI TIOJIHOCTBIO ITIOBTOPATD
YUC/IA NPENoC/IenHe.

[Npu myuTaHHUM MUKPOCXEMBI OT IOTION-
HUTE/IHOI 0OMOTKY TpeOyeTcs TIaTe b
HEII1 TTofXon1 K BEIOOPY HOMMHA/IA TOKO-
OrPaHUYMBAIOLLIETO PE3UCTOPA B LEMH
BbIBozia Vo (R2 Ha puc. 23 npenbigyuieit
yacTH ctatbi). OCHOBHas! POJIb 3TOTO pe-
3UCTOpa — OTPaHIMUTh TOK Y€PE3 aHA/IOT
crabwmtpona VDI (puc. 3) u B TO e
BpeMs 00ecriedUTh YeTKOE BHIK/TIOUEHHE

v
npeobpa3soBaresis npu 06pbiBe OIToIaps!
Leny o6paTHOM CBA3M.

Kak ykaspIBajioch BBIILE, B PeXXHUMe
DSS na BeiBozE Ve GopMUPYIOTCH mu-
noo6pasHble KonebaHysA MEXIY YPOBHSA-
mu 7,5 u 8,5 B. [lns Toro, 94To6b1 pea-
JIM30BaTh IUTAHKME OT IOTIOTHUTEBHOI
06MOTKH, Ha BuiBofie V¢ Heobxomumo
[OIIEP>KUBATh HAIIpsDKEHHE He MeHee
7,5 B, vHaye MUKpOCxeMa mepeiizieT B
pexxum DSS. C gpyroit cTopoHsI, npu
YBeMYEHUH HallpsDKEHMA Ha 3TOM BBI-
BOlle CBepX ypoBHs, Ha 0,2 B npeBsI-
maroutero 8,5 B, OTKpbIBaeTCsl yIIOMHU-
HAaBLLIMIICA BRILIIE aHA/IOT CTabGWINTpOHa,
TNOAIUIIOYEHHHN K BbIBOny Vcc. Korma
TOK, IIPOTEKAIOLIMI Yepe3 3TOT aHaIor,
npeBbICUT 7,4 MA (HOMHHA/IbHOE 3HaYe-
Hye, MUHHMMaJIbHOE COCTaB/isieT 6,3 MA),
MpOM30ieT BEHIKJIIOYEHME Tpeobpaso-
BaTeNsl, TOCKO/IbKY 3TO OymeT uHTEp-
[IPeTHPOBATHCS KOHTPOJUIEPOM MHK-
PpOCxeMBI KaK aBapHilHOe yBelMdYeHHe
HAIPsDKEHHs] Ha BTOPUYHBIX 0OMOTKaxX
M HarpysKe u3-3a o6pbIBa onTomnapel.

Takum 06pazom, IIPH HOPMaNbHOM
pabote mpeobpa3oBaresisi BO BCeM mua-
na3oHe MUTAIMX HANPSDKEHWH, U3-
MeHEeHHU Harpy3Kyl U TEMITEPATYPHI OK-
pY>KatolLieil Cpenbl, ¢ ONHOI CTOPOHHI,
HanpsDKeHMe Ha BeIBone Ve HODKHO
6bITH He MeHee 7,5 B, ¢ gpyroit — toK
yepes aHAJOT CTabKINTPOHA He IO/DKEeH
npesbIlIaTh 6,3 MA.

Ilpu pacuere CONMPOTHUBIIEHHS TOKO-

OrpaHUYUTEIBHOIO PpE3UCTOPA CIIEAYET

YYMTHIBATh, YTO HANPpsXeHye Ha BBIXOAE
BBIPAMUTENA [OMONHUTENIHHON BTO-
PUYHO# 06MOTKe MOXXET CYIIeCTBEHHO
MEHSITBCA TIPU U3MEHEHUH YKa3aHHBIX
BBILIIE YCIOBMI paboThl npeobpa3opa-
tenss. Hanpumep, npu HOMHMHaJIBHOM
HaIpsHXXeHUH nopsifka 16 B oHo mosket
magats go 10 B mpu pabore 6e3 Harpys-
KM 32 CYeT IIPOITyCKa IMKJIOB.

B pesynbTate MOXXHO IOMYYUTh OBYC-
TOPOHHEe OTPaHHI€eHE Ha CONMPOTHBJIE-
HHe 3TOTO pe3yCcTopa;

U —8,7B
RLIMIT > %’ (31)
TRIP
U —-U..ON
R e __s%_ (32)

B atux dopmynax Unon — Hanpsoxe-
H¥le Ha [ONIOJIHWTENBHOM 0OMOTKE 1Py
HOMMH&/IBbHOI1 Harpy3ke; Ugrpy — Ha-
MpshKeHVe Ha 3Toil 06MOTKe B XKAyIlleM
pexume; Itpip — TOK depes BbIBOL, Ve
npy HOpMmaibHON paboTe, OH HOKeH
6bITh BHIOpaH Ha ypoBHe MeHee 6,3 MA;
ICC1 — Tok HoTpebenHs MUKPOCXEMBI B
pexume nporrycka TakToB; UccON — 310
YPOB€Hb, HA KOTOPOM IOIIOTHUTE/IbHAS
06MOTKa IO/DKHA O[IEP)KUBaTh HaMpsi-
JKeHHe Ha BbIBome Ve IUIA UCKTIOYEHUS
repexopa MyKpocxembl B pexxum DSS.
He cnenyer Bbhibupats TOK Irgip C/maLLI-
KOM 67IH3KNM K 6,3 MA, eC/TH JKe/aTe/IbHO
TIO/TYYNTh MUHHMAIBHYIO MOLITHOCTD ITOT-
pebnenus npeobpasosatens npu pabote
6e3 Harpy3KM, KOTHa Ha C4eTy KadKIblit
MWUIMBATT TOTpebenys.

Jlist HampsiXKeHUsl Ha TOTOJHUTEIb-
HO¥ 0OMOTKe TIPM HOMUHAJILHOH Ha-
rpyske Unom MOXHO PEKOMEHIOBAaThb
BeruuHy 20 B, aT0 X0Opormwmit 3amac mo
oTtHouieHHIO K 8,2 B. Bribepem Taroke
3HayeHHe TOKa Yepe3 aHanor crabu-
JIUTPOHA, paBHOe 5 MA. Ilpu TUHIOBOM
3HayeHuu TokKa ICCl = 1 MA, HOMU-
Ha/lpHBbIN TOK Iprip yepes BuIBOO Vc
cocraBuT 5+1 = 6 MA. B pesynbTare
TIONCTAaHOBKY YHC/IeHHBIX 3HAYeHUil B
dopmynet (31) u (32) monyuum:

R >20—8,7

LIMIT =—

=1,8 kOm,

R <12—8,2

LIMIT —

=3,8 kOm.

Eciy npoekTupyeTcsi MCTOYHMK C
BBIXOOHBIM HampsbxeHueMm 12 B, coot-
HOILIEHHE YyCce/l BUTKOB NOIO/IHUTENb-
HOH U OCHOBHOI BTOPHUYHBIX 0OMOTOK
coctaBut 12/20 = 0,6.

TouHOE CONMPOTHBIEHNE OTPAHNYH-
TEJIBHOTO Pe3ucTopa criefiyeT nopobpath
B [1OJIyJEHHOM [IHarta3oHe B pe3y/IbTaTe
akcnepumenTa [3]. [lon6op npousso-
IOUTCHA B HECKOJIBKO I11arOB:

1. Pesucrop Ryt ycTaHOBUTH Mak-
CUMa/TBHO PaCCYMTAHHOIO COITPOTHBIIE-
Husi — 3,8 kKOm.

ON Semliconductor
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2. OTKIOYMUTDL HATPY3KY.

3. [NonkmoYNTh MepBLIM BXOM IBYX-
KaHAILHOTO ocuwulorpada K KaTony
BBIIPSMUTEIBHOTO [HMOMA OIOIHU-
TENIBHO# BTOpHMYHOU 06MOTKM (VD4
Ha puc. 23), BTOpoii BXOI — K BBIXOJY
npeo6pasoBaTea. BKMOYHTD XOyLIyio
Pp2a3BepTKy, 3aIyCKaeMyio OT IIOJIOXKH-
TE/ILHOTO Mepernaja Ha IEPBOM BXOTIE.

4. BrmouuTs mpeobpasoBaTenb ImpH
MaKCHMa/IbBHOM CETEBOM HAIIPSLKEHHUH 1
3aMKHYTb TIEPEMBIYKOM CBETOMMOI OIl-
Tomapel (Ul.2 mo puc. 23). Hanpsbxenue
Ha IepBoM Bxofie ocuwviorpaca (ocumi-
sorpamma Vyx Ha puc. 31) Bospacrer no
mopora BHIK/OYeHUA IpeobpasoBare/s.
Crnenyer 3aMeTUTh MaKCHMaJbHble 3Ha-
YeHHUs HAITPSDKEHUN B 06€MX KOHTPOJH-
pyemeix Toukax. [lanee o6a HarpshKeHust
OOJDKHBI HA4aTh najate. Ecmm 1o He Tax,
C/IeflyeT YMEHBILMTD COIIPOTHB/IEHHE pe-
3uctopa Rypvit ¥ NoBTOpUTS 1. 4. Jlist
6bICTPOro BHIKTIOYEHHs! KOHTPOJLUIepa
cilefiyeT 3aMKHYTB BbiBombl Ve ¥ GND.

5. OtkntouuTth npeobpa3oBatens OT
cetH, ybenuThCs, YTO BHIXONHOE HaIpsi-
>KeHye ynaio [0 HyJs.

6. CoxpaHUB TIOOKMIOYEHHA 110 I 3,
BKJIIOYMTH IIpeo6pasoBate/ib mpu pabo-
Talomei nerste o6paTHoit cBa3y (mepe-
MBIYKa CO CBETOMOMA OIITOIAPHI CHS-
Ta), ¥ NPOCIENUTh HAIPsDKEHUs B TeX
JKe Toukax ycTpoiicta (puc. 32). Ecm
B pe3ynbTaTe IOJIYIN/ICA NOCTATOYHBIN
3arac MeXXIy HOpMa/JIbHEIM HalPsKeHU -
€M Ha BBIXOJIe BBITPAMHUTE/SA JOIONHM-
TeJIbHOU BTOPHYHOIT 06MoTKu (16 B Ha
puc. 32) u HampsDKeHueM OTKTIOYeHUS
(32 B), Bce B nopsnxe. ITpu Heo6xonu-
MOCTH MOXXHO [OIIO/IHUTE/TbHO CHU3UTH

HHUe 6mu3ko k 8,7 B, To, mo-BuIMMOMY,
BIJIIOYMJ/ICSI @HAIOT CTabMIIMTPOHA, YTO
yBe/myuBaeT morpebiieHHe MOIIHOC-
TH. MOXHO yBe/JIHYHUTBH COITPOTHBIIE-
HMe Ripvr ¥ CHH3UTH HampsbkeHue mo
ypoBHs Hyke 8,7 B. [lanee cnenyer nos-
TOPHUTD II. 1—7 U NPOBEPUTH YETKOCTH
OTKJ/II0YeHHA peoOpasoBaTesis 1Py 3a-
MBIKaHUM CBETOAMOMA OITOIAPHI.

Topsinok pacyera TpaHcdopmaTopa 1
onpeneneHus MapamMeTpoB OPyrHx aJle-
MEHTOB ITpeo6pa3oBaTe/Ia PacCMOTPUM Ha
KOHKpeTHOM rpuMepe. [Tycts s mpeob-
pa3oBatens ¢ BLIXOOHBIM HallpshKeHUeM
12 B 1 mottHOCTEIO 12 BT 117181 paboTh! rpu
HanpsoxeHny cety 230 Bx15 % u temie-
parype okpyxatouei cpenst 10 50 °C B
pexxume DSS B cootBercTBHM ¢ Tabn. 7
BpI6pana myikpocxema NCP1013P06. 3ta
MHKpocxeMa paboTaeT Ha yactore 65 Kl
M JIOITYyCKAaeT IMMKOBBI TOK Yepe3 BBICO-
KOBOJIBTHBI K04 350 MA.

MakcumManbpHOe BBITPSIMIIEHHOE ceTe-
BO€ HAITpsDKeHHe COCTaBUT

UmnDCumax = (230+15 %)x 1,414 = 374 B,
MuHuManIbHOE —

UnDCun = (230-15 %)x 1,414 = 276 B.
Kak yxke ykasbIBaJIOCh B OXHOIT W3

TIpeObINyLINX YacTel, «OTPaKeHHOEe»

Hanpsbkere Upgr He [O/DKHO IIpeBBI-

M1aTh MHMHMMAJIbHOE BHIIIPSMIICHHOE

HaIpsi>KeHHe CeTH:

Uor = Nx{Upyr+Up) < UnDCuin. (33)

Kpome TOro, IMMKOBO€ HAIIPAXEHUE

roe Urgax — 3amac Ha BEIOPOC Ha UH-
OYKTUBHOCTH PpacCcesHHusl IepBUYHOM
06MoTKH TparcdopmaTopa.

Ecnyu 3aparbesi mameHueM Hamnpsi-
JKeHUs! Ha BBIIPAMUTENIbHOM IUOIE
BTopuuHo# 1ermd Ur = 0,5 B (muon
Hlottxu) u Urgax = 80 B, us BbIpa-
sxeHuit (33) u (34) MOXHO ONYYUTH
IBa OTPaHUYEHUs HA 3HaYeHUE K03 -
¢unuenra rpancpopmanun — N < 22
u N <20 coorBerctBeHHO. Ilpu N =
= 20 «oTpaxkeHHOe» HanpsikeHne Upg
coctaBuT 250 B.

3Hast koadduument rpanchopma-
UMM, HETPYIHO OonpenenuTs TpeboBaHus
K BBITPAMMTETBHOMY MOy BTOPHYHOI
veny. MakcumanbHoe o6paTHOe Harps-
sxerre Uppp NPHKIanpIBaeTcss K HeMy
Py MAaKCUMaJTbHOM BXOIHOM Hamipsi-
>KEHMM ¥ OTKPBITOM BBICOKOBOJIBTHOM
K/TI04€e U COCTABJISAET:

Uosr = UNDCyax/N + Ugur =
= 374/20+12 = 30,7 B.

Pabouwmit Tox muona HO/DKEH B TP
pasa IpeBBILIaTh MAKCHMAIbHBIN BbI-
XOnHOM TOK, nopoitget nuon HloTTku Ha
40 B, 3 A, manipumep, MBRA340.

s mpeo6pasoBarteneit Ha MUKpO-
CXeMax pacCMaTpUBaeMOIO CeMe¥ic-
TBa PEKOMEHIYETCs PeXKUM paboTHI ¢
MPepHIBUCTHIM MAarHUTHHIM ITOTOKOM
TpaHchopmaTopa. MakcumaneHasi MH-
IYKTUBHOCTD IIEPBUYHON OOMOTKH, TIPH
KOTOPOIt COXPaHAETCS 3TOT PEXKUM, MO-
eT 6bITh paccunTaHa Ho opmyie (7).
[NoncraByB B Hee 3HaY€HHUsA [Is HAILIETO
cydas, HOMydrM:

COnpoTHB/IeHMe Pe3ncTOpa RumiT-A1A  HA 3aKPHITOM BHICOKOBONBTHOM KIOYE | _ 0,8 _
YMEHbLLEHHs! IIOPOra OTK/IIOYEHMSI. He [I0/DKHO MPEeBBIUATh HOMYyCTUMBIX & ¢ , 1 1 Y
7. [Tposeputs MomHOCTh HoTpebne- 700 B ¢ HeKOTOPBIM 3amacom: 2x65%10°x12 250 + 276
HHs Y HanpshKeHue Ha BeiBojie Vo IIPH
OTCYTCTBHM Harpy3KH ¥ MaKCMMa/IbHOM Nx(Ugut + Ug) + UnDCpax + = 8,8 MI'H.
HalpshXeHuH ceTd. Ecm 310 Hampsixe- + Urgak < 700 B, (34)
0. 9. . 0 0.EOZN 1 I 9
i ! ’
= - = oo e : Latching Level . - -
'l Margin [}
) ou " Vaux
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[pyt MHAYKTUBHOCTH TIEpPBIUYHOH 06-
MOTKH MEHbLIIE PaCCIMTAHHOMN IapaHTH-
PpyeTcsi IIPEpPHIBUCTBIH PeXXHM paboThI
npeobpa3oBaTensi.

Paccurutaem Tak)ke 3HaYeHHE UH-
OYKTUBHOCTH IIePBUYHOM 06MOTKM IO
¢opmyne (8), ucxons U3 MaAKCUManbHO
noIycTUMOro koagduimenTa 3amonte-
HuA 40 % ¥ MaKcMMa/JIbHOTO 3HA4€HUs
MMUKOBOTO TOKA BLICOKOBOJIBTHOTO K/IO-
Ya, cocTaBsiowero 315 MA (MeHbllee
3HavYeHMe B Ipefenax pasbpoca).

Lpmax = 0,4x276x15,4x1073/0,315 =
= 5,4 mI'H.

ITockonpky 3TO 3HaYeHME MEHbIle
IOJIy4eHHOTIO 110 Tpenblnyieit ¢hopmy-
Jie, TIPH TaKOil UHIYKTHBHOCTY TapaHTU-
PYeTcA IPephIBUCTEI PeXXUM PaboThL

PaccurrtaemM MaxcHMaIbHYIO MOIITHOCTb,
KOTOPYIO MOXKET OTHATh Mpeo6pasoBate/b
Py BBIOPaHHO# HHIYKTHBHOCTH IIEPBHY-
HOM 06MOTKM 110 hopMmyrne (2):

Pout = 0,5%0,8%5,4x 10-3x0,3152x65x
x10% = 13,93 Br,

410 ¢ He6OJIBILINM 3a11aCOM IIPEBBILIAET
HeoOXOmMMYIO BEJIMYHHY.

Paccuntaem mapaMerpst pemirupy-
omeit e (R7C8VD3 mo puc. 23).

bymem cumTaTh, YTO MHAYKTUBHOCTH
paccestHus cocTaByseT 2 % OT UHAYK-
TUBHOCTH TIEPBUYHOI 0OMOTKH, T. e.
LLEAK = 0,02X5,4 = 108 mkI'n. 3ana-
OUMCA MaKCMMaJIbHBIM HaIpsHKeHHeM
Ha nemdupyrowme nemnouke Ucpamp =
300 B, mpu 3TOM ITMKOBOE HampsXXeHue
Ha 3aKPBITOM K/TI0Ye COCTaBUT

UINDCMAX + UCLAMP =374 + 300 =
= 674 < 700 B.

TTuxoBeIit TOK Ipmax B Xymiuem ciyyae
moxker focturath 0,385 A (MakcumMan-
HOe 3Ha4yeHue B mpenenax pasbpoca).

Paccuritaem commpoTHBIeHye Pe3UCTO-
Ppa Demiipupyrolleit 1enoYKu:

2UCLAMP (UCLAMP — Uon) —
LLEAKIIZ’MAXFSW

_ 2x300%(300—250)

" 108x107° x0,385 x65x10°

Repame =

(35)

= 28,8 kKOm.
YcraHaBnmuBaeM pesuctop Ommxaii-
mero MeHpliero HomuHana 27 KOm.
MorHOCTb paccesiHUs pe3ucTopa €o-
CTaBUT

Pcramp = Ucramr?/Rerame =

=300%/(27x10%) = 3,33 B1.  (36)

EmkocTh KOHAEHCaTOpa nemiipupyio-
LIEH LEeTTOYKY PACCINTHIBAEM I10 CIIefly-
forueit popmyie:

U

CLAMP —

C =
CLAMP U R
RIPPLE FSW CLAMP

300 B
20x65%x10° x27%10°

(37)

= 0,0085 MxD.

roe UrppLg — aMIUIMTyma ITy/IbCallmii
Ha KoHJeHcaTope. BbibepeM koHpeH-
catop 6nuskoro 60ibIllero HOMUHATA,
Hanpumep, 0,01 wm 0,022 mx®. Ero
pabouee HampsKeHyE NOJDKHO IPEBHI-
marb Ugpamp € HEKOTOPHIM 3aI1acom,
ropoiaeT KoHneHcatop Ha 400 B.

B kagecrBe memnupyionero monoii-
OeT ybTPabbICTPhIiT 1107 Ha paboyee Ha-
npsbxenue 600 B, sarmpumep MURI160.

* * X

OrnicaHHas BHIILe METOIMKA II03BOJIs-
€T JOCTATOYHO IIPOCTO PacCYUTATh ITpe-
obpa3oBarei HarpsLKEHUs1 HA MUKPO-
CXeMax paccMarprBaeMoOTO CeMeVICTBaA.

OdunuansHbiM TUCTPUOBIOTOPOM
¢upmer ON Semiconductor siBisieTcs
000 «MakpoTum».

Cepreit bupiokos,
r. Mockea

Maxpo Tum

® Pasnusnbie pewienvs B pexuma HENMPepLBHOM
Taka u pe)l(MMO KpMTM‘ieCKOI.;l NpoBOAUMOCTH

® TUEKOCTL, KOMNOKTHOCTb, HEGOMBIICR CTOMMOCTL
B pexnme nossiaiouiera npeobpasosarens (Boasl)

® DUKCUPOBOHHOA YOCTOTA U BO3MOKHOCTb
CHHXPOHM3ALMM

® YMEHbLLEHME SNEKTPOMOFHUTHBIX MOMEX

® Huakoe notpebreqme ToKa B HEXYPHOM DexXmme

® UuterpupoBaHHOR B KPUCTANN 30LLMTA AT
FIEPEFPY3KY 10 TOKY, OT NPEBLILLIEHUA W
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NpumeHeHne

rpadpunueckoro KKU BF9864A

Kopnopauus Bolymin ebinyckaem 2paguyeckuti unoukamop BF9864A

¢ paspeiueHuem 98x64 moyku. TonwuHa uHOUKamopa cocmasnsem

1,6 MM U onpedenaemcs 8 OCHOBHOM «cmeknonakemom» XKW, mak kak
KOHmpouinep u winelgh pacnonoxerHol Ha Npo4Hol 2ubkol nneHke (mex-
Honozusa COF — Chip-on-Flex). Maneie 2abapumel u nompebneHue 3Hep-
2uu, 08yxnpoeoOHbIl uHmepelic I2C, numaHue om akKyMynamopos unu
Nanb4YUKOBbIX 2071b8AHUYECKUX 3/1EMEHIMO8 U npuemnemoe pa3peLueHue
Oesnarom BF9864A yOobHbiM 0718 npuMeHeHUA 8 MOBUJIbHbIX U3MEpUMESTb-
HbIX ycmpoticmeax, 20e Kpome cumeonbHoU uHpopmayuu mpebyemcs u

2paguyeckoe omobpaxkeHue.

coxaneHuio, B MHTepHeTe yma-

JIOCH PasbICKaTh JIMILb OIMCaHKe

HCIIONIb3YeMOr0 B YCTPOMCTBe
koHTposuiepa PCF8548 (Philips Semi-
conductors) 6e3 npuBA3KM K KOHK-
perHOoMy mucrutero u obinee omcanue
BF9864A.

Ha puc. 1 nokaszan gucrineit BF9864A,
JKMIKOKPHUCTAUIMYECKMH MHIMKATOP
(OKKH), pasmernieHHbliT Ha IUIEHKE KOH-
Tposutep PCF8548, a Taxoke ykasaHo pas-
MellleHre TIePBOTo BLIBOJIA 1uleiiha.

KOHT.1
PCF8548

Puc. 1

B 1a6n. | npuBomATCA TexHUYECKue
XapaKTepUCTHKM 13 onrcaHnit BF9864A
u PCF8548 ¢ mononmHUTEeNbHBIMU KOM-
MEHTapHsAMH.

B mpoiiecce OT/IafKu M ITeperporpam-
MHPOBaHHsl YCTPOWMCTBO [UIMTE/BbHOE
Bpemsi IIMTa/IOCh OT HCTOYHYMKA Hallps-
XeHyeM 5 B, onmHako Takoe HanpsiKeHve
IIPeBBILIAET TOIyCTUMOe 3HaYeHue Vad
mis1 KoHTposutepa PCF8548.

JIENOBATENIPHOTO IPOrPamMmMaTopa, OHU
HCIIO/Ib30BaHbI BMECTO OOBIYHO IIpHMe-
Hsiemoro pazbema BH-10. Ilockonbky B
YCTPOITCTBe HCIIOIL3YIOTCA HeTau IS
MoBepPXHOCTHOTO MoHTaXa (SMD), 1wo-
uragh, 3aHuMMaemasi pasbemom BH-10,
OKAa3bIBaeTCsl COMBMEPUMOI € CyMMap-
HOIT IJIOIAIbIO0 OCTA/IbHEIX 3/1EMEHTOB,
2 ero BBICOTA 3HAYUTETHHO IIPEBOCXOOUT
BbIcOTY Mo6oro ux Hux. Yno6HO moss-
30BaThCs MTEPEXONHHUKOM — PazbeMOM
BH-10 ¢ nmoctossHHO mopmassHHbIMHA K
HeMy rmpoBomaMu (puc. 3).
PexoMeHnyeTcsi MHOTOXM/IBHBIM
IIpoBOZ Bo (PTOPOIIACTOBO# U30JIALMM
(MI'T®), yCTONYMBLI K MHOTOKpAT-

Tabnnya 1
—I'I_apame'rp BF9864A PC_FBEEB KommenTtapuin
Vico, B 8,2 45..9 8,2 B reHepupyeTcA KOHTponnepom
Vo, Vong, B 3 1,9...55 coenHeHbl C UICTOUHUKOM NUTaHuA ATmegas,

DD1- VDD2e 3 24...45 3KCTINYaTUPYIOTCA Npy 2,4...5 B*

Ihore,MA 0,2 — c ATmega8 — 6 mA npu 3B

Lenawpms — — ¢ ATmegas8 B «cnsLiem» pexvme — 14 mkA npu 3 B
BKNKOYEHWUE UHOWUKATOPA HbIM usru6aMm. [IpunausaThs MpoBona

IlonHoe HavMeHOBaHWE AUCIUIes —
BF9864AFPH. [1o HekoTOpBIM HAHHBIM,
6yxBa H o6osHavaer mpeuMyriiecTBeH-
HBli1 0630p CHU3Y, eCTh OUCIUIEN ¢ 06-
30POM CBEPXY U € IOfCBeTKOM. PasHuna
B 0630pe cBepXy ¥ CHU3Y JUTsl JUCIUIes C
6ykBoit H HesameTHa.

Ha puc. 2 npusenena o4eHs mpocTas
cxeMa ysna, obecriequBaioliero pabory
mucruiest BF9864AFPH non ynpasneHuem
MHMKpOKoHTposvtepa ATmega8-16Al.

K KOHTakTaM pasbema BH-10 Hano ko-
POTKHMMH KacaHUSIMU IasNIbHUKA, HHA-
Ye KOHTaKT pa3bema cTaHeT cBoGOmHO
JIBUTaThCA B IJIACTMACCOBOM KOpITyce
pa3bema. Ha kaxxapbIit mpoBox, ¢ KOHTaK-
TOM BO3MOJKHO IUJIOTHee HATATHBAIOT
vsonupyioliyio Tpybky. Ha Bce mposopa
HaTATHUBAIOT €llie OfHY TPYOKy — 3TO
MpenoTBPaTHUT OGPEIB IPOBOIOB Y Pasb-
eMa Y MpUIacT u3penuio 6osee akKy-
patsbiit Bun. IlpoBoga mo/mkHbl OBITH

W e HU<01 i°§|:s',<13—:g PBS5/SCK CPU|  S5/0C1B/PB2 —'i;
R1 Onos 2] 7B4MSO OC1A/PBI =5
10k 92 Sore—r——= PB3/MOSI/OC2 ICP/PBO |-=
6 RESET 29 |————=tr 1
atl oL 25| POB/RESET Ani/PDT |
ot SoA— 27| POB/ADCE/SCL Aino/PD6 o=
51 ST Lop 06| FCY/ADC4/SDA | 2 T1/PD5 |-
FPC-0,5-8 ———e| Pca/aDCs 2 Xew/TO/PD4 [
1 s 54| PC/ADC2 3 int1/PO3 |
2 2= 53]Pc1/ADCt ° Int0/PD2 (2=
3 50]°C0/ADCO E TXD/PD1 =
4 - ca 0 < RxD/PDO (2= 7 +U
5 0,1k —{PBB/TOSCI/XTALT XTAL2/TOSC2/PB7 |- | c6
6 U<e8I, v lt 10mK
7 5= 21 OVCC 33 3 8¢ 63B
> 0,1 mx 19 [
8 ] w o Vee 5—1—> +
L ADC7 DD1 v c7
T oim IOJ MK
Puc. 2
JKKU BF9864AFPH ne uzobpaxen,
€Tr0 HaJo MONKTIOYUTD K pasbemy XSI.
IMermouka R1Cl ymepxwupaeT nor. 0 Ha . |
mymuann RESET muxpokoHTposiepa B | l
Te4yeHHe BPEMEHM, NOCTAaTOYHOIO IJIs
armapatHoro c¢bpoca mocre nofayy Ha-
npsokeHus nuraHus. KoHTtakTel 1—6 Puc.3

npenHasHavYeHbl A1 NOOK/IIOYEHUS ITOC-

BOLYMIN
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TIpOMapKHPOBaHbl, HalIPHMEP, MOXXHO
HajeTb KYCOYKH IIBeTHBIX 0060/104ex
OT NPOBOJIOB MJIH CJ€/JaTh INPOBOAA
pasHo¥ JUIHHBI — TIPOBOJI OT TE€PBO-
TO KOHTaKTa — CaMbIil KOPOTKHH, OT
111eCTOT0 — CaMbIf I/IMHHBINA. B mepe-
XOJ/IHHKe, H300pa>keHHOM Ha PHC. 3,
IUIA HaDIADHOCTH HCIIO/IB30BaHBI 06a
crioco6a MapKHPOBKH.

IlpoBosia MpHIIaMBAaIOT K COOTBETC-
TBYIOILIMM KOHTaKTaM IUIAaThl Ha BpeMA
TIPOTPaMMMPOBaHHA H OT/IagKH.

K xoHTaKkTaMm 7 ¥ 8 mogxmoyaroT HCTOY-
HUK ITMTaHHA HanpshkeHHeM 2,7...4,5 B.
Ecmu ALIIT MuxpoxonTposuiepa ATmega8
He HCTio/ib3yeTcs, KoHpeHcaropbl C4 u C5
MOXHO He ycTaHaBMMBaTh. O6BMHO 1
obecrieuenus paborst 11mst 12C ee mamm
SCL u SDA pekoMeHpOyeTcA COENVHSATH
yepes pesrcTopbl 10 KOM ¢ HCTOYHHKOM
IHMTaHM, OHAKO B TAHHOM YCTPOFCTBE
B HYX HeT HeoOXOOMMOCTH.

ONEPATVBHASA NAMATD
KOHTPOJUIEPA PCF8548

Koutponnep PCF8548 obnamaet
BCTPOEHHOM MaTpHIIEN ONlePaTHBHOM
naMATH AaHHBIX auciies DDRAM
(Display Data RAM) ¢ opraHu3aiueit
102x 65 6ur. Kaxpoit Touke Ha XKU
cootBeTcTBYeT OfuH 61T DDRAM KOH-
Tpoiuiepa PCF8548.

3ammch manHbix B DDRAM ocymect-
BJIAETCA TIO6aNTHO, TIO3TOMY H3Me€He-
HHIO TIO/IBEPTAeTCH COCTOSTHHE Cpasy
BocbMH Todek JKKU, a nna appecanuu
opranusanus DDRAM BeImisguT kak
102x9 6aitr.

CyuteiBasue gaHubix U3 DDRAM He
npenycMotpeno. Ina XXKH ¢ marpueit
98x64 Touky yacTb DDRAM He Hcrionsb-
3yeTcA.

Ilia obpaiieHys K IPOH3BOJIBHOMY
6aitry B DDRAM Hano ycTaHOBHTH €O-
OTBETCTBYIOIIIHe 3HaYeHHS yKasaTeJlei
Ha BbIOpaHHBIT GaliT X ¥ Y (HOoMep
cTO/I611a M CTPOKH COOTBETCTBEHHO).
3HauenHe X MOXeT H3MEHATHCA B JIHa-
naso”e 0—101, Y — 0—8. OnHomy
6aitty B DDRAM CcOOTBETCTBYIOT BO-
cemb Touek Ha JKKH, pacnono>xeHHBIX
BEPTHKAJIBHO, IIOC/IENIOBATE/IbHO JIPYT 3a
npyrom. OnHa crpoka — 102x1 Gaitr
(omuH 6ank DDRAM) COOTBETCTBYeT
crpoke Ha JKKHM B 102x8 Touex (102
KOJIOHKH Ha 8 psafioB). B Takoit 6ank
Y106HO BBIBOOHMTB CTPOKY CHMBOJIOB
IpH pasMepe MaTPHLbI CHMBOJIa 7x5
TOYeK, BOCbMO¥ PAJl CHH3Y H IlIecTas
KOJIOHKA CIIpaBa — ITYCThbIe [UIA BH3Y-
a7IbHOTO pas3jie/leHNA CHMBOJIOB.

Koutponnep PCF8548 obecnieunBaer
aBTOMHKpPeMeHTHPOBaHHE ajipeca NpH
BBOJIe Ka)XX/I0T0 c/lefytoliiero 6aiita 1an-

3 1. CxeMoTexHnka Ne 2

HBIX, T. €. TIOC/Ie 3alkcH GaiiTa B AYeil-
Ky C afgpecoM N azpec aBTOMaTHYECKH
YBEJIMYMBAETCH, U CIIAYIOIIMI TIOCTY-
nuBIIHit 6aiT gaHHBIX Gymer sanucaH
B COCENHIOI0 AYelKy ¢ agpecoM n+l.
ITpu 3TOM HCTIO/NB3yeTCA CKBO3HAsA af-
pecanus srieek DDRAM, anppec Aaveliku
n = 102xX + 8xY.

Koutponnep PCF8548 naetT BO3MOX-
HOCTh IIPOrPaMMHO H3MEHATH NOPHA-
nok Hymepauuu siieek DDRAM xak
10 BEPTHKA/IH, TAK U II0 TOPH3OHTANH.
Kpome Toro, Mo>XHO HU3MEHATB NIOPALOK
cootBercTBuA Todek JKKM paspsapam
syeek DDRAM, T. e. MOXXHO omlipene-
JIUTh, O6yneT JM MJajlIeMy paspany
COOTBETCTBOBATH CaMasA BEPXHAA WIH
caMasl HIDKHAS To4Ka 6aHKa.

Ectp elle 3K30THYECKasd BO3MOX-
HOCTb — M3MEHATH NOPANOK ONHCAHHO-
10 cooTBeTcTBHA Todek JKKU paspsmam
syeek DDRAM 1A YeThIpeX ropu3oH-
TajbHBIX 30H, TPaHHIbI KOTOPBHIX He
COBIIafaIoT ¢ rpaHHuamMu 6ankos. Ilpu
HCTIO/Ib30BAaHUHU TaKOH BO3MOXXHOCTH
BEIBOJI CTPOK II0 6aHKaM 3aTpynHeH
— OfHM CTPOKHM YHMTAIOTCA HOPMaJb-
HO, IPyTHE OKa3bIBalOTCA 3€PKAIBHO OT-
P2XeHHBIMH, a JIf HECKOJBKHX CTPOK
BEPXHAA 4aCThb HOPMaJIbHasA, a HIDKHAA
3ePKaJIBHO OTPaKeHa.

Hipke TIpHBOAATCA 3HaY€HHA Iapa-
METPOB, COOTBETCTBYIOLIHE aPeCAIiHH
CjleBa HampaBo (ykasarenb X), CHH3Y
BBepx (ykasatenb Y), BepXHeit TO4YKe
6anka XXKH cooTBercTBYeT cTapiumi
pa3spsan s4eiikn DDRAM.

DO = 1 (BepostHo, Data order —
NOpsAOK OTOOPaXXKeHHA TOYEK B JaH-
HBIX).

MY = 1 (Mirrored Y — 3epkainbHas
agpecanH 10 BEPTHKATH).

MX = 1 (Mirrored X — 3epkaibHas
ajipecaliis TI0 TOPH3OHTA/IH).

V = 0 (Vertical addressing — Beptu-
Ka/ibHasA/TOPH3OHTaNbHaA afipecans).

TRS = 0 (Top rows are not mir-
rored — BepxHue panp 19—32 u 51—
64 3epKaNbHO He OTPaXXaTh).

BRS = 1 (Bottom rows are not mir-
rored — HI>xHHe panp 0—18 u 33—50
3epKaTbHO He OTPaXKaTh).

Yno6HO BBIBOOMTB CTPOKY CHMBO-
sioB B 6aHKk DDRAM, rpanuisr 6aHkoB
MOXHO ONpelenuTh Kak nx8, rie n =
= 1...8. Ho Tak Kak rpaHMIBl BEPXHHX
M HIKHUX pangoB (panger 19, 33 u 51)
He COBNAfaloT C IrpaHHnAaMH GaHKOB
DDRAM, HeBepHBIi BBIOOpP paccMoOT-
PEHHBIX TNapaMeTPOB MOXET BBI3BATh
«CTpaHHOe» oTobpa)keHHe cTpok. Ha-
TIPHMeP, HIDKHAA YacTh CTPQKH MOXET
0oT06pakaTbCsl HOPMaJIBHO, a BEPXHAA
OKa)XeTCS [IEPEBEPHYTON.

Ectb ellie Tpu napaMeTpa, onpenens-
IOIHe PeXXHM JHCIIIEA.

PD = 0 (Power down — pexum mo-
HIDKEHHOTO TIOTPe6JIeHHA, JUCIUIEN He
HMHIULHpPYeT HH(pOPMALHIO, BHYTPEH-
HHe TeHEPaTOp HaIPsXKEHHA M TaKTO-
BBII TeHepaTop KoHTponiepa PCF8548
BBIKJIIOYEHBI ).

D:E = 10 — HOpMajbHBIH peXHM
IUCIUies,

D:E = 11 — MHBepCHBII peXXHM.

WHOOPMALIMA OB UHTEPOENCE
LKHDI 12C

JByxnpoBoaHas muHa 12C npenHa-
3HaveHa IJIA JBYCTOPOHHero obmeHa
HHpOpManHel MeXay HeCKOIBKHMH
MHKpOCXeMaMH H MOAYIAMH (MHTep-
¢evic momyckaeT MOAK/IIOYEHHE K ILIHHE
70 128-Mu agpecyeMbIX ycTpoHCTB). [l
obMeHa [aHHBIMH MCIIOJIB3YIOTCH IBE
yuamnu: SCL (Serial Clock Line — nmuauns
TakTOBBIX curHa/0B) M SDA (Serial Data
Line — nunusa panubix). Ilepenaya nan-
HBIX JIOJDKHA HAYMHATHCA TOBKO TOT/a,
Korjia IIMHa cBoGoHa.

Ilo mKHe BO3MOXXHa Tlepepiaya JaH-
HEIX, @ TakoKe YIPaBIAION[UX CHTHA/IOB
(ycnosuit) START u STOP.

Ilepenaya omHoro 6UTa maHHBIX CO-
MPOBOXIIAETCA MepeNadeii OOHOTO TaK-
TOBOTO HMMITY/IbCa, NaHHbIE Ha JIMHUH
SDA nmo/mKHBI OCTaBaThCA HEU3MEHHBI-
MH, Korja Ha munaun SCL yposens sior. 1
(puc. 4).

-

SCL

| | M3MEHEHME |
| pBAHHBIE | JBAHHbIX |
: BOCTYNHbI : PA3PELUEHO:

Puc. 4

Hsmenenne curHana Ha juHMH SDA
npH yposHe Jior. 1 Ha jmauu SCL HH-
TEpPIIPeTHPYETCA KaK YIIPaBJIAFOLIN
CHTHaJl — CIlal CHTHaJla Ha JIMHHH
SDA — ycnosue START, Hapactanne —
ycnosue STOP (puc. 5).

YcrpoiicTBo, IOChUIAOLIee NaHHbIE
Ha mnHy 12C — 3T0 nepeflaTyHK, IpH-
HHMalolllee JlaHHbIE C IIMHBI — IIpH-
€MHHK.

Master (Bexmyiimit) — yCTPOHCTBO,
MHHLIMHpYIOlllee Tiepenady, TeHepHpY-
olllee TaKTOBBIE CHTHAIBI M 3aBepllia-
IoIllee TIepeiayy.

Slave (BemoMEIN) — YCTPOWCTBO, K
KoTopoMy obpartiaercsa (appecyetcs)
BeTyILHI.

Ha puc. 6 npencrasieHbl BO3MOX-
HBle COYETAaHHA BeAYIHX, BEJOMBIX,
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Bemymmuit obpatiiaetca K BelOMOMY,
TiepeniaBas €ro amgpec.

Iina untepdeitca 12C onnobaiTHEIN
ajipec onpenenAeTcs CEMbIO CTAPILHMH
pa3psagaMu, CaMbIit MIaJILINH, HY/IEBOH,
ykaspIBaeT BeloMoMy, 6ymeT /m 1mociie-
ayrolias MHQOpManHA 3anUCHIBATBCA
M/IH CYUTBHIBaTBCA. [l KOHTponnepa
PCF8548 cymecTByeT IBa BO3MOXHBIX
anpeca: 0111100x u 0111101x (oT/H-
Yyue— B IlepBOM paspsafe). Hynepoit
paspAn NpeAcTaBIeH CHUMBOJIOM X, €CITH
x = 0, nocnenytoras nagopmanus Gy-
IleT 3amMCBIBAaTHCA, NepenaBaTbCA OT
BeAyIero K BemOMOMY; IIpH x = 1 Be-

KX/

HET NOATBEPXNEHMA \

SCL
[
e vt ——
START NEPEAANA JAHHBIX STOP
Puc. 5
BE AYUIHHA BE AYUIUHA BE AYULIHHA BE fIOMbIN
NEPEAATYMK NPUEMHUK NPUEMHUK 7 NPUEMHKK /
NEPEQATUKUK NEPE BATYUK
soa__| | 1 |
SCtL
Puc.6
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MO>Ha TIOTIBITKA HECKOJIBKHX BETYIIHX '
YIpPaB/ATH IIHHOH OJIHOBPEeMEHHO. Soor ;
Arbitration (ap6utpax) — mpouemy- EAURED | . |
pa, obecriednBaroIias paspelieHHe KoH- slﬂﬁlt

¢mikTa npu onHOoBpeMeHHOM O6palie-
HUH HeCKO/IbKHX BEAYIIHX K LIIMHe ITyTeM
BBIOOpa OHOTO Bemyiero 6e3 Hapyule-
HUA TlepefaBaéMOro MM COOOILIeHH .

CuHXpOHHM3allMA — TIIponefaypa
CHHXPOHM3AIIUH TaKTOBBIX CHIHA/IOB
HECKOJIBKHX YCTPOVCTB.

Acknowledge (monteep>xnenne) —
I[10C/le Tiepefayd KaXKABIX BOCBMH GHT
(6aitta) mepenaerca GHT TIOANTBEpXKHe-
HHUA. BUT TIONTBEP>XIIEHHA — YPOBEHB
JIOT. 1, ycTaHaB/IMBaeMBIH Tle€penaTyH-
KOM, BeIYILHIT COTIPOBOX/1aeT 3TOT 6UT
JIOTIOJIHUTE/IBHBIM TaKTOBBIM HMITY)Ib-
coM. AIlpeCyeMblii BEJIOMBIH IPHEMHHK
HO/KEH TeHePHPOBaTh GUT TIOATBEPXX-
IeHus Tocle mpueMa Kakaoro Oaifra.
Bepmyimit npHeMHHK IO/DKEH TalOKe re-
HEPHPOBaTh GUT MIOATBEPXKAEHHA TI0C/IE
TIpHeMa KaXkoro 6aifTa, epesaBaeMoro
BeIOMBIM IePeNaTYHKOM.

Jl11 reHepHpoOBaHHUA NOATBEPXKAEHHA
YCTPOMCTBO HO/DKHO YIEP>KHBATh JIH-
Hu10 SDA B coctossum sor. 0 B TeueHHe
CHHXPOMMIIY/IbCA, CONPOBOXXIAIOLETO
6T TIONTBEPXKIEHHUS.

Bepmyimii IpHeMHYK JIO/DKEH CHTHA-
JIM3HPOBaTh NEPENATIHKY 06 OKOHYaHHH
nepefayH JaHHBIX OTCYTCTBHEM IIOJ-

Pc

TBEPXX/IEHUA 110 OKOHYaHHH Ilepenayy
Be[IOMBIM TOCTenHero 6aiita, OCTaB/ss
JIMHHIO TaHHBIX B COCTOSHMH JIOT. 1 mis
TOro, YTOOH! BEYILINY MOT TeHEPHPOBaTh
ycnosue STOP. Iporneaypy nonteepaxkae-
HHA TIpHEMa WUTIOCTPHPYeT pHC. 7.

B mpencTaBiieHHOM YCTpOVICTBe Be-
nywum (Master) sAB/IA€TCA MHKPOKOH-
Tponnep ATmega8, enuHCTBeHHBIM Be-
noMeM (Slave) sBsieTCA KOHTPOJUIEp
PCF8548.

B xoutpomiep PCF8548 Bo3amoxHa 3a-
NHCh KOMaHJI M JaHHBIX. MO>XHO TaK»ke
CYHTaTh CTaTyC KOHTpOJUiEpa — ORMH
6aiiT, 0TO6paXKaloLMii BOCEMb TIapaMeT-
POB peXXHMa paboThI 3TOTO KOHTPOJLIe-
Ppa. 3HauyeHMA 3THX IIAPaMETPOB Tiepena-
I0TCS MHKPOKOHTpoJTepoM ATmega8 u
3alHcaHbl B €TO0 NPOTPaMMe, TO3TOMY
CYMTBIBaHHE CTaTyca He HCIIOJIb3YETCH.

IockoneKy naHHbBIE B KOHTPOJUIEP
PCF8548 B mauHoM ycTpoiicTBe 6ymyT
TOJIBKO TlepeflaBaTeCA, MUKPOKOHTPO/I-
siep ATmega8 nocToAHHO HaXOOHMICA B
peXuMe IlepeqaTyHKa, a KOHTPOJUIEp
PCF8548 — B pexxume NpHeMHHKA.

nonrnzmsuu£\7__—/
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TAKTOBHN MMNUNLE, CONPOBOXAABMMA

BT NOATBEPXNEHNA

OyLIHi HaMePeH CYNUTBIBATh TaHHEBIE.

Bri6op appeca M3 IBYX BO3MO>XHBIX
onpenensaeTca NOOK/IIYEHeM BHEILIHEH
TIePeMBIYKH MEXIY ONHHM H3 KOHTaK-
TOB KOHTpo/iepa PCF8548 k onHol u3
NMUHMI TMTaHHsA. Takas BO3MOXXHOCTB
BbIOOpa afipeca MO3BOJIAET MONCOENH-
HATB K 1mMHe 12C 1o nByX He3aBHCHMO
yNpaB/ifgeMbIX YCTPOVCTB, COTEPXKALIMX
kxoHTponnep PCF8548, npu ycnoeuw,
YTO MX IE€PEMBIYKH YCTRHOB/ICHH IO~
pasHoMy. O4YeBHIHO, YTO B OMCIVIEAX
BF9864 nepeMbIykH 3anasHBI OMUHAKO-
BO, II03TOMY TIOJICOEAHHEHNE HECKOJIb-
KHX IHUCIUIEEB K OTHO¥ ILIHHE B JTy4IlleM
CIydae TpHBefieT K oTO6pa)keHHIO Ha
HHUX OQMHAKOBO# HH(POPMAIUH,

[Mockonbky B ommcaHum nucnnes
BF9864 ner MHpOpMALMH 0 TOM, Kak
yCTaHOB/IeHa TTePeMBIYKa, a OTIPEAEIHTD
€e BH3ya/JIbHO He yHNajoch, NOHanobu-
JIOCh 3KCTIEPHMEHTA/IBHOE OTIpefie/ieHHe
ampeca.

Pa6ouynm oxasanca agpec 0111100x
WIH B II€CTHaAIIATEPUYHOM TIPEfCTaB-
nennu 0x78 niA 3anMCH JaHHBIX B KOH-
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tposutep PCF8548 u 0x79 nis cuMThIBa-
HHUA U3 HEro.

Ha puc. 8 nokasan nporiecc niepena-
YH KOMaHj, ¥ JaHHBIX B KOHTPOJUIEP
PCF8548.

IMocre ycranoBku ycnosus START
(S) nepenatumk moceutaet GaiiT ampeca
koHTpomepa PCF8548 — cems crap-
mux 6UT — co6CTBEHHO ampec, Mian-
M 6UT — 3anMch/CYUTBIBAHHE 1A
Halllero YCTPOFCTBA BCerfia PaBeH HYJTIO
(3amuce).

Benomsnit (korrponnep PCF8548) oTse-
YaeT NOATBEPKIEHHEM ITpHeMa (A), Takas
ke TIponefypa MOATBepP>KAEHUA BBIIIOJ-
HsleTCA TI0CIe TIpHeMa KaXKaoro 6aira.

Anpecanis BBIIOTHEHA, MOXXHO IIepe-
naBaTh MHPOPMaLHIO, NIpedHa3HayeH-
HYI0 IJIA apECOBaHHOTO YCTPOMCTBA.

BropriMm mepenaerca 6aitr yrpas-
JIEHHs, H3BEIAIIHII KOHTpO/UIep
PCF8548 o ToM, uto 6yneT niepeniapaTh-
cA Janble — 610K KOMaHA WK 670K
nansbx. Ecmu crapiumit 6ut 6asita ymi-
PaB/IeHHA paBeH efIMHUIIE, fiajee moce-
nyeT 6JIOK KOMaHI, ec/i 3TOT 6UT paBeH
HYJII0 — 610K maHuerx. bruter 0—5 Gait-
Ta ynpapjeHus KoHTpoinepa PCF8548
BCer/ia paBHBI HYJTIO, 6UT 6 TaloKe paBeH

Hymo (3T0T 6HT Jo/mKeH OBITH paBeH
€TMHMIIE TONBKO IIPH CIHTHIBAHUH CTa-
Tyca koHTposUiepa PCF8548).

Ha puc. 8 usobpaxeHa THDHYHAA
TIpoliefiypa TiepefayH, KOTAa 3a KOHT-
pornbHBIM 6aitrom 1100000 cnemyeT 6710k
KomaH[, 3a 67I0kOM KOMaH]I TiepefiaeTcs
el1le ofyTH KOHTpO/NbHBIH Gairr 01000000,
3a KOTOPHIM crenyeT 670K NaHHbIX. 3a-
BepiliaeT nepenayy yciosue STOP (P).
Kaxxnas koManza xoutpomnepa PCF8548
npeficTaB/ieHa ofHUM 6aitToMm.

KomaHnph onpenensior pexxum pabo-
ThI KOHTpO/UIepa PCF8548, manHbIe ne-
penatotcs HertocpencTBeHHo B DDRAM,
Ha JKKH orobpakaeTcsi COOTBETCTBYIO-
1asg UM KapTHHKa.

BoaMoxxHa mepeniaya TO/IEKO KOMaHJ
WIH TOMBKO NaHHBIX. B aToMm citydae
Tpolieniypa Mepenayl TaKoBa: Iepena-
ercs ycnosue START — KOHTpONBHBII
6aitt 6moka KomaHn/JaHHbEIX — O/MOK
KoMaHp/maHHbIx — ycnoBHe STOP.

KoneuHo e, HH 0JlTHa KOMaH[la KOHT-
pomnepa PCF8548 He copnaziaeT ¢ yrpas-
nsiomwuM 6aiiToM, HO B 6/10Ke NaHHBIX
BO3MOXHO TIOfiB/ieHHe GajiTa MaHHBIX,
PaBHOTO IO 3HAYEHHIO OITHOMY M3 YTI-
paB/AIIHX 6aHTOB, HUMEHHO TI03TOMY

6J10K KOMaH]] MOXKET 3aBEPILINTBCA KaK
YTIpaB/IAIOIMNAM 6aiTOM, TaK H YCIOBHEM
STOP, a 6,10k TaHHBIX — HCK/IIOYHTEND-
Ho ycnosuem STOP.

NUTEPATYPA:

1. Hnopmayuonnuiil aucmox o Ouc-
nnee BF9864A http://www.bolymin.com.
tw/data/P030-BF9864A.pdf.

2. Texnuueckoe onucaxue KOHMponne-
pa PCF8548 http://www.semiconductors.
philips.com/acrobat/datasheets/PCF8548 _
2.pdf u http:/fwww.semiconductors.philips.
com/pip/PCF8548.html.

3. Apxus c Flash-ponuxamu, http://
bvnl23.narod.ru/Measure.rar u http://
bvwli23.narod.ru/menu.rar.

4. Ilpucpm Ona ducnnes (anznuiicxuil
u xupunnuya) http://www.bolymin.com.
tw/tech/p10.pdf.

5. TexHuveckoe onucaHue MUKpPOKOHM-
ponnepa ATmega8 http:/fwww.atmel.com/
dyn/resources/prod_documents/doc2486.pdf.

ITpodonxcenue credyem

Bagum bapaHoB,
T. XapbKoB, YKpauHa

MEMS-akcenepomeTpbl

Lieneto Hacmosweli cmameu A818emcs 03HaKoMieHue yumamerneu ¢
MEMS-akcenepomempamu — oOHUM U3 Hauboriee pacnpoCMpaHeHHbIX
munos MEMS-0amuyukos. Kpamko onucarel akcenepomempesl Hauboriee
U3BECIMHBIX MUPOBbIX npou3ssooumernel, npusedeHbl UX OCHOBHbIe XapakK-
mepuUCMUuKU, 0co6eHHOCMU CXeMomexHUKU U 061acmu NpuMeHeHUs.

NpenpInyiuX HoMepax HaIllero

XypHasia 6pula oly6jHMKOBaHa

cTaThd, IOCBAIleHHas O3Ha-
xoMaeHH1o ¢ MEMS-texnonoruaMu u
MEMS-npu6opamu [1]. Hamomuum,
yro ab6penarypa MEMS (Micro
Electro-Mechanical Systems) o3Havaer
«MununatiopHrie JyekTpo-MexaHmyec-
kue CHcTeMbl». ABTOPCKHE IIpaBa Ha
3TOT TepMHH NPHHAI/IEXAT aMepHKaHC-
Ko¥t kommaunu Analog Devices, Kotopas
OKOJIO TIATHAfLATH JleT Hasaj COo3faia
niepebiii MEMS-npu6op — naryuk-ak-
cesiepoMeTp. B Hacrosiliee BpeMs 3Ta
KOMITaHHA SABJIAETCA MHPOBEIM JIHJE-
poM B 061acTH pa3pabOTKH H TIPOH3-
BonctBa MEMS-nipu6opos. Ceropus
nop, tepMuHoM «MEMS-texnonoruv»
TIOHHMAIOT KOMIUIEKT TEXHOJIOTHI, He-
00XOIHMBIX JI/If H3FOTOB/IEHUA U SJTeK-
TPOMEXaHUIECKUX 3/IeMEeHTOB IaTYHKOB
M COOTBETCTBYIOILIMX HHTETPHPOBAHHBIX
MHKpocHcTeM 06paboTky nannbix. [Tpu-
60pEI, co3naHHble C HCIIO/Ib30BaHHEM

STHUX TEXHONOTHM, Ha3biBaloT MEMS-
npH6opaMH.

PassutHe MEMS-TeXHOIOTHIT B IOC-
JIEMHHE TONBI HAET OY€Hb HHTEHCHBHO.
OnHako YHC/I0 KPYTIHBIX IPOU3BOIHTE-
Jielt u3neyui, ucnoab3yionmx MEMS-
TEXHOJIOTHH, He 04Y€Hb BeJIMKO. MBI OC-
TaHOBHUMCA Ha pacCMOTPeHHH HanboJiee
u3BecTHBIX U3 HuX. K narepke ymnepoB
c/lefilyeT OTHECTH CJIENYIOIIHe KOMIIa-
uuu — Analog Devices [2], MEMSIC
[3], Kionix [4], Honeywell [5], ST
Microelectronics [6].

OcHoBHbIE NOHATUR

Onnumu 13 niepBbIx M Haubojee pac-
MPOCTpaHEHHBIX B HACTOsAILlEE BPEMA
MEMS-nipH60poB SIBJISIIOTCA aKcenepo-
meTphl (Accelerometers) — npu6GopEH!
IUIA U3MEPEHMS JIMHEMHBIX YCKOPEHHIL.
Huorna sty npu6ops! Ha3pIBalOT MHK-
mHoMeTpami (Inclinometers). Cpasy e
CTOMT CKa3aTh, YTO B MUPE BBIIYCKAeTCHA
MHOTO aKCe/IEPOMETPOB, BHIIO/IHEHHBIX C

TIOMOILIBIO CaMBbIX Pas/IHMYHbIX TEXHO/IO-
THi1 ¥ MMEIOLMX pas/IHiHOe HasHaYeHHe.
MHorHe M3 HHX MMEIOT yIapoIlpOYHOe
repMeTHYHOE TIPOMBIIIIEHHOE HCIIO/-
HeHMe, 4To o6yciaBnuBaeT ux 60/blline
rabapHThl U Bec. B paMKax aTo#t craTbH
MBI OyleM paccMaTpHBaTh TO/IBKO Ma-
norabaputaeie MEMS-axcenepoMeTper,
BBINIO/IHEHHBIE B KOPITycaX MHKPOCXeM
win Mukpomornyneit. Ipexne, gem tpu-
CTYIMTB K PaCCMOTPEHMIO 0cO6eHHOCTER
BBIITYCKaeMBIX B HACTOAILIEE BPeMSA aKce-
JIepOMETPOB, 03HaKOMHMCS ¢ OCHOBHBI-
MH TePMHHaMH Y XapaKTePHCTHKaMH.

Ilpexxpe BCero, OTMETHM, YTO aKce-
JIEpOMETPB! NOMPasfeNAlOTCcA Ha MNpH-
60pBbI € aHA/IOTOBBIM BBIXOJIOM, LLIHPOT-
Ho-umnynscHbIM (IIIMM) BBIXOIOM H €
uugpposbiM uaTepdeiicom. Kpome toro,
OTMETHM, YTO BBHINYCKAIOTCA ONHO-,
IIBYyX- U TPEXOCHBIE aKCelePOMETPEL, Y
KOTOPBIX OCH Pacrio/laraloTcs BO B3aHM-
HOTIEPIIEHIHKY/IAPHBIX HallpaBJ/leHHSAX.
Takue akcesepoMeTPbl HHOIA Ha3bl-
BaIOT ellle MHOTOOCHBIMH.

OpnHolM M3 MX OCHOBHBIX XapaKTe-
PHCTHK fABJIfAETCA YYBCTBHTEIBHOCTB
(Sensitivity). YyBCTBHTE/IBHOCTE aKce-
JIEPOMETPOB, KaK IPaBWIO, IIPHBONUTCA
B MIWVUIMBOJIbTaX Ha g (g — ycKopeHue
cBo6opiHOTO Nafenun), T. e. MB/g.

Jpyroit ocHOBHOM XapaKTePHCTH-
Koil sBaserca HenuHelHocth (Non-

11
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linearity). HemineltHoCcTB, Kak IIpaBH-
JI0, IPHBOAUTCA B IponeHTax. MiHorna
HE/TMHEMHOCTh 3aMEHAETCA TOYHOCTBIO
(Sensitivity Accuracy).

Crnenyromnielf 0CHOBHOH XapaKTepHC-
THKOW fABJIAeTcA paboyuii AuarasoH
(Range). Kak mpasmio, nHana3oH yka-
3bIBAETCA B EIMHHIAX g.

BaxHO#1 XapaKTepHCTHKOM ABIAETCA
nojoca pabounx vacror (Bandwidth).
O6br4HO MaKCHMajIbHasA I107I0Ca YacTOT
olIpefenAeTCA 10 YaCTOTe MEXaHHYECKOrO
PesOHaHca J]aTYMKa Ha ypoBHe -3 ib.

[IymoBoilt XapaKTepHCTHKOH ABJIAET-
€A IVIOTHOCTE (MHTEHCHBHOCTB) LIIyMOB
(Noise Density). MUamepsierca aTa Be-
JIMYHHA B MWUTHOHHBIX IOJIAX g (MKg),
TIPUXONALINXCA Ha KOPEeHb KBa/IpaTHbIA
rnoyiockl paboyux yacrort (Mkg/T'ul?2).
10 3HaveHHe PaKTHYECKH TIOKA3bIBaeT
CpeIHEKBaApaTHYECKHH LIIyM YCKOPEHHA
OaTYMKA MPH HOMHHAIBHOM HaIpsXe-
Huu nutanusa (Upp) U TeMIeparypsl
Y ckopeHus, MeHBIIIHE, Y€M 3TO 3Haye-
HHe, NATYHKOM pa3/IMYUMBbI He 6ymyT.

KpoMme mepeunc/ieHHBIX OCHOBHBIX
XapaKTePHCTHK OOBIYHO NPHBOAATCH
Ouana3oH paboyuMX HalpsHKEHHI IIH-
TaHHA, paboumit Tok mHTanusa (Supply
Current), paboyuii [Hana3oH TeMIiiepa-
Typ (Temp. Range).

B MHOroocHsIx akcerepoMeTpax Mo-
JKeT YKasbIBaThbCA BeJIMYMHA IIapasuT-
HOJ UyBCTBHTE/IbBHOCTH, BO3HHKAIOIas
TIPH TlepeMeILeHUAX BIOIb CMEXXHBIX
oceit (Cross-axis Sensitivity). Hanpumep,
€C/IH aKceJIePOMETP HMEET JIBE H3MEPH-
Te/IbHBIE OCH — X H Y, TO yKa3bIBaeTcs
YYBCTBUTEIBHOCTE TI0 BBIXOAY ocH X
IpH IBH>KEHHUH BIOJb OcH Y.

HHorpa ykaspIBaroTcA TakKXe TaKHe

NHTaHKA, IO3TOMY /I8 KOPPEKLIHH TIO-
KasaHUI MHOTTIa IPMBOJHMTCA TaKOMH I1a-
paMeTp, KaK TeMIIEpaTypPHOE CMellleH e
(Offset vs Temperature). TemnepatypHoe
CMellleHHe OTIpefie/IAeTCA KaK PasHOCTh
Me>XTy BBIXOOHBIMH HAaIIPSDKEHUAMH IPH
MaKCHMaJbHOM M MMHHMATbHOH pabo-
YHUMH TeMIlEpaTypaMH OpPH HY/IEBOM yC-
KOP€HHH, T. €. B COCTOSAHMHM MOKoA. Jla
oIpefieneHys OIHOOK H3MEPEHHHA, BO3-
HUKaIOIMX [IPH M3MeHeHHH Hanupshke-
HUfA [IMTaHHA, BBOMKUTCA [TOHATHE OTHO-
curenbHoM o6y (Ratiometric Error).
3Jra Be/MMYHHA [TOKa3BbIBAET, Ha CKOJIBKO
HM3MeHAETCS YyBCTBHTENBHOCTE (B IIpO-
LIEHTaX) NPH U3MEHEHHH HalpsXeHUs
NMTaHUA Ha 5 %.

Kpome aToro, B IOKyMeHTalHH O6bIY-
HO YKa3bIBaeTCH YHC/I0 H3MePUTETbHBIX
OCeH, THIT BBIXOJJHOTO CHTHA/IA (@Ha/I0To-
Bblit, IIIMM, ueTepdeiic), THI Kopryca,
B HEKOTOPBIX C/IyYasx /I HECTaHAAPT-
HBIX KOPITyCOB — rabapuTHEIE pa3MephI
H BEC, a TaKOKe MMpOYHe HeCTaHAapTHEIE
XapaKTepHCTHKH.

Axcenepometpbl $upmbi
Analog Devices

IMpucTymuM K paccMOTpPeHHIO IMpo-
OYKUHH BelyIller0o MHPOBOTO IPOM3-
BOOMTeENA akcenepoMeTpos — Analog
Devices. ®upMa BBIITyCKaeT HECKOIBKO
TPYTIII aKCeJIEPOMETPOB B COOTBETCTBHH
€O CBoeit KI1accupUKanueit.

K nepBo#t rpymme oTHOCATCA aKce-
NiepoMeTpHl, paboTalolliiie B NHaIa3o-
He +1...20 g (Low-g Accelerometers).
ITH TIpHOOPHI LLIHPOKO HCIOJB3YIOTCH
B aBTOMOGWIBHOJM TeXHHKe, COBPeMeH-
HbIX POTO- M KHHOKaMepax, HEKOTOPbIX
THIIAX CUCTEM 3aLLUTHI )KeCTKUX JUCKOB

1151 HOYTOYKOB, 3/IEKTPOHHBIX CUCTEMAX
yTipaBjieHMs cTabWIbHOCTBIO M T. 1. Oc-
HOBHbIe TaHHBIE aKCEIEPOMETPOB 3TOMH
Ipynsl IpHBeneHsI B Tabi. 1.

Bropas rpynna — mimMpokonua-
nasoHHble akcemepomerpol (High-g
Accelerometers). ItH nipubopsr pabo-
TaoT B AManasoHe 120...250 g. Onu
LLIMPOKO MCIIOJIb3YIOTCA B cHcTeMax Ge-
30MacHOCTH aBToMoOuel, HallpHMeEp,
IUIA BK/TIOYEHHA BO3MYILIHBIX IMMOMYILIEK
6e30MacHOCTH, B Pa3/IMYHBIX CHOPTHB-
HBIX H3MEPHUTENBHBIX CHCTEMAX, B MEIH-
IIMHCKHX M (IPOM3BOICTBEHHBIX CHCTEMAX
IUIS1 M3MEPEHHA YOapoB WIH BHOpaiuii.
OcHOBHBIE HaHHBIE aKCeNTePOMETPOB
3TOM TpyImbI PHBeENeHE! B Ta61. 2.

Il Bcex mpu6OpOB, TepeyHCIIeH-
HBIX B Tabn. 2, TOYHOCTB — 15 %,
BEIXOJl — aHa/IOTOBBIN, I0JI0OCa Yac-
ToT — 400 I'ty, Hanps>keHHe HCTOYHU-
Ka nuTanusa — 4,75...5,25 B, muanason
pabouux remnepatyp — —-40...+105 °C,
xoprryc — E-8.

Tperpa rpynna npu6opoB — akxce-
JIEPOMETPBI C BCTPOEHHOM CHCTEMOM
o6MeHa NaHHBIMH, T. €. C HHTeP(eHcoM
(ADIS Accelerometers). 1o nocTatoy-
Ho HoBas rpynny MEMS-npu6opos,
OCHallleHHas BCTPOEHHOM CHCTeMOH
uaMepenns (ouudposku) H uuPpo-
BBIM HHTep(eiicoM, [I03BOJIAIOIIMM He
TOJIBKO BBINABaTh NAaHHBIE, HO H IIPO-
TPaMMHPOBaTh NPOLECC H3MEPEHHI.
WHupIME cioBamu, 3TH pH60OPE! 06712~
HaloT MHTE/UIEKTYanbHOCTHIO. [Ipenno-
JIaraeTcA, YTO CO BPeM€HeM BCe THIIBI
akcenepoMeTpoB O6YmyT OCHaIaThbCa
ADIS cucremaMu H pyHPPOBBIMH HH-
TepgeiicaMu i TIPHMEHEHHSA B pas-
JIMYHBIX 00/1aCTAX M3MEPHTENbHON H

Ta6bnumua 1
Awvanaszon
Yucno| AmanasoH, | Yysctem- | TouHocTb, Monoca | Mnorwocrs Hanpsxenme Motp. paboumx
Tan oceit g TeNnbHOCTb % Boixon acror, wyma, nutamms, B | TOF TeMneparyp, Kopnyc
Ky MKg/Ty1/2 y MA oC ’
ADXL103 1 1,7 1000 mB/g 16 AHanorosbi 25 110 5(3...6) 0.7 -40...+125 E-8
ADXL202 2 +2 12,5 %/q +16 LM 6 200 3...525 0,6 -40...+85 E-8
ADXL203 2 +1,7 1000 mB/g +6 AHanoroebin 25 110 5(3...6) 0,7 —40...+125 E-8
ADXL204 2 +17 620 MB/g 15 AHanorosbin 25 170 33(3...6) 05 -40...+125 E-8
ADXL210 2 310 4,0 %/q +20 LM 6 200 3...525 06 -40...4+85 E-8
ADXL213 2 1,2 30%/q - 10 WM 25 160 5(3...6) 0,7 -40...485 E-8
ADXL311 2 12 174 mB/g 15 AHanorosbin 6 300 24...525 04 0...+70 E-8
ADXL320 2 15 174 MB/g +10 AHanoroebin 25 250 24...6 05 —20...+70 CP-16
ADXL321 2 +18 57 MB/g +10 AHanorosbivn 25 320 24...6 05 —20...+70 CP-16
ADXL322 2 2 420 mB/g +10 AHanoroBbin 25 220 24...6 05 -20...+70 CP-16
Tabnuya 2
SKCIUTyaTafHOHHBIE TIApaMETPBI, KaK UYmcno YyBCTBMTENbHOCTD, MnorHocTb Motpe6.
. Twn " HOuana3oH, g
aJIeKTpoCcTaTHyecKas ycroymBocTs (ESD oceil mB/g wyma, mKa/Tu12 _| Tox mA_|
Tolerance) ¥ YCTOMYHBOCTH K MeXaHH- +35 55 11
R ADXL78 1 +50 38 14 13
yeckuM ynapam (Mechanical Shock). 70 27 18
Cnenyer o6paTUTh BHUMaHHe Ha TO, +120 18 3,0
ADXL193 1 1,5
YTO YyBCTBUTEJBHOCTh MNPAaKTHYECKH +250 8 50
BCEX aKCe/ePOMETPOB CYIIECTBEHHO 3a- +35/35 55/55 11
ADXL278 2 +50/50 38/38 14 2,2
BHCHUT OT TeMIIEPaTyPBl H HAaIIPHKEHUs 370735 27/55 18
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Ta6nuua 3 NUTEPATYPA:
AvanasoH, | Yysctem- | HanpswxeHnme Norp. -
Twn Onucanme g TenbHocTh | nutanms, B | TO% Kopnyc o 1. O. Huxonaiiuyx. Beedernue 8 MEMS-
Tieyxoceaon MA mexHonozuu. — Cxemomexnuxa, 2005,
BYyX0CeBOU
ADIS16003|  akcenepomerp +17 | 820uSBig | 3.525 | 14 |7x7mmiGa | N 11 €33-35 2006, Ne 1, ¢ 47—50.
c vHTepdeicom SPI 2. http://www.analog.com/.
Mporpammnpyembiii 3. http://www.memsic.com/.
ADIS16201 af:g’;:;g;‘:‘:p +20 2LSB/mg 3..36 12 | 99 MM LGA 4. http:/fwww.kionix.com/.
c uHTepdericom SPI 5. http:/fwww.honeywell.com/.
ROTATION AXIS
e~ .
MIRROR -
NODE -
Cs+ : Cs—- = °
PAD+ PAD- L]
.-
Puc. 1

(o]

MIRROR
MODE

Puc.2

BBIYMC/IUTE/IBHON TeXHHKH. OCHOBHEIE
IaHHbIe aKCeJIEPOMETPOB 3TOM IPYNIIbI
npuBelieHs! B Tabj1. 3.

B nipu6opax, nepeuncieHHbIX B TabIL. 3,

€CTh JIaTYHK TEMITEPATyPHI, AHAIa30H pa- uc.3

60unx Temmnepatyp — —40...+125 °C.
IlpencraBnsier MHTepeC KOHCTPYK-
nus 6oneiuHcTBa M3 MEMS-akcerre-
poMetpoe ¢upMbl AD, oIHCaHHas B
[7]. CobcTBeHHO HaT4YMK TIpeNCTaBIAET
co60ii NOTYTIPOBOHUKOBYIO THCKOBYIO
MeM6paHy, 3aKperUIeHHYIO B IByX TOYKaxX
o auameTpy. MeMbpaHa siBsieTcs 06-
Ifeit 06K/IaIKOM A1 OByX KOHIEHCATo-
poB. Broprle 06K/1anku KOHAEHCATOPOB
PacriofioXXeHb! 107l MOABKHOM MeMOpa-
HO¥ U TIPENICTAaB/IAIOT co60¥ MOIYKPYyTH
Takoro >e fuametpa. Ha o6e obxianku
TIONAIOTCA Pa3HOIIONAPHBIE MMITY/IBCHL.

3a cyeT cWI MHepLMH IIPH JBIXXEHHH C
YCKOP€HHEM BIIOJb OCH, NEPIIEHTHUKYTSP-
HOM TOYKaM 3aKpeIUIeHHS MeMOpaHBHI,
OIIMH M3 €€ KPaeB OIyCKaeTcs, IIPH 3TOM
3a30p B COOTBETCTBYIOIIIEM KOHJIEHCa-
TOpe yMeHbInaeTcs. Bropoii kpai MeM-
6paHbl IOTHUMAETCS, YTO NPHBOAUT K
yBeMHYeHHIO 3a3opa. CxeMaTHYHO 3TO
[oKa3aHo Ha pHC. 1, Ha puc. 2 nokasa-
Ha yTIpoliI€eHHas cXeMa OIHOOCHOTO aK-
ceJIepoMETpPa, Ha PHUC. 3 TOKasaHo, Kak
zatuynk MEMS-akceyrepomerpa BBITTIA-
IUT Ha M/IACTHHE NOJyTIPOBOAHHKOBOTO
MaTepHaa.

6. http:/fwww.st.com/.

7. T. Roessig Mirrors with Integrated
Position Sense Electronics for Optical-
Switching Applications. Analog Dialogue,
vol. 36, Ne 4, 2002, http://www.analog.
com/library/analogDialogue/archives/36-
04/mirrors/index.html.

Oxonvuanue credyem

Oner Huxonaiiuyk,
r. Kunmmnes, Monpasus

Mpegnaraem opraHMsaymam v Gpuanueckum nuyam opopMMTb NOANMCKY HA KHUFY
«X51-COBMECTUMbBIE MUKPOKOHTPOJINEPBI ®UPMbI SILICON LABORATIRES (CYGNAL)»

Astop O. U. Huxonailuyk, o6noxka markas, 640 cTp.

BTopoe paclumperHoe n3faHue HacToALLeA KHUrm NpegHa3HauyeHo
AnA 03HAKOMIEHUs YnTaTesien C NOSHBIM CTMEKTPOM X51-COBMECTUMDBIX
MUKPOKOHTPOIIIEPOB, BLIMYCKaeMbIX B HaCTORLLee Bpems ¢pupmoi SiLabs,
Kotopan obveauHunack ¢ upmon Cygnal.

B kHure nogpo6HO paccMOTPEHDbI apXuTeKTypa, coctas Nepude-
PUNHBIX NOACUCTEM, CTPYKTYpa pPernctpos n ocobeHHOCTM npume-
HEHWA BbICOKOMHTErPUPOBAHHbIX cuctem o6paboTkn AanHbIX x51-
COBMeCTUMbIX MUKPDOKOHTpONNEpOB CO CMELLAHHOW aHanorosoun wn
LMPPOBOA apXUTEKTYPON, BKAIOHAKOLWMX BblCOKONPOU3BOAUTENIbHOE
MUKpoKoHTponnepHoe agpo CIP-51, NoCTpoeHHoEe No KOHBEMEPHOMY
npuHyuny. bnarogaps asTomy MHOTMe CEMENCTBa MUKPOKOHTPONNEPOB
¢upmbl SiLabs pazenBaloT NMMKOBYIO NPOU3BOANTENBHOCTL 25 MIPS, a
ogHO U3 cemencts — 50 n gaxke 100 MIPS, 4yTo ABNAETCA HANBLICLIMM
pe3ynbTaTom Mo NPon3BoaUTENbHOCTY CPean MUKPOKOHTPONEPOB B
MUpe. ITO yHUKanbHOe MUKPOKOHTPONMEPHOEe AGPO OCHALLEHO HE Me-
Hee MOLYHbIMUY aHanoro-yndpoBbiMn ¥ UndpPo-aHanoroBbLIMM y3namm,
pacwmpenHon undposon nepudpepuelt, BrIOYaOLen nHTepdencsl

4 1. CxeMotexruka Ne 2

UART, SMBus (12C), SPI, CAN, USB, MowrbiMn noacuctemammn NamaTn
W TipepblBaHuni, a TaKkkKe YCoBepLUIEHCTBOBAHHbIMW CPeACTBaMN BHYT-
PUCUCTEMHOTO NPOrPAaMMUPOBAHWUA U OTNIaAKKN. Takum o6pasom, cos-
pemenHble MUKpoKoHTponnepbl dupmbl SiLabs (Cygnal) aensiotcs ve
TOMBKO CAMbIMKN BbICOKONPOW3BOANTESbHBIMMW, HO Y CAMbIMM MOLLHBIMN
MO cOCTaBy aHanorosol un Ludpposon nepndepun.

Bo BTOpOE n3gaHvie gononHutenbHo BBefeHa nHopmauma o Ye-
ThIPEX HOBbBIX CEMENCTBAX, KOTOPble NOABWINCH C MOMEHTa NepBoro
m3ganvA KHurn. Kpome Toro, ucrpassieHbl HEKOTOPble HETOYHOCTH,
AonylieHHbIe B NMePBOM U3 aHUN.

KHura paccumTana Ha LIMPOKWUIA KPYT MHXEHEPHO-TeXHNYeCKnx pabot-
HWUKOB, a TAKXKe CTYAEHTOB W acTMpPaHTOB, MHTEPECYIOWUXCA NOUIEAHNMU
AOCTMIKEHUAMN COBPEMEHHON MUKPOKOHTPONNEPHOM TEXHUKI.

CTOMMOCTb NOANMCKM Yepes peaaKLyMIo Ha Kuury — 250 py6.,
3Ty CTOMMOCTDb BK/IIOUeHa CTOMMOCTDb NMepecbinku no Poccum.

Mpumep 3anonHeHNA KBMTaHLUMM ONA ONMaThl yepes 6ank CM.
Ha CTp. 56.
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NocnepoBarenbHasa nepepavya

AAHHDbIX

MUKPOCXEMb)
C NPOrPAMMUWPYEMbIMU
MPUEMONEPEAATYUKAMU

ITosi/IeHHEe MUKpPOIIPOLIECCOPOB, a 33
HHMMH H IPOrpaMMHpYeMBIX riepHepHii-
HBIX MMKpPOCXeM, 03HaMeHOBa10 Hayajio
HOBO#1 310X B 06/1aCTH CXeMOTEXHHKH.
Ecnu panee ycTpoiicTBa, peaiMsyolliye
Te WIH MHble QYHKIMH, COOHpaniH Ha
HecsATKaX MHKPOCXeM Majioi CTeleHH
HMHTETPaLliH, TO C IOSBJIEHHEM MPO-
TpaMMHPYeMBIX TepHepHHHBIX KOH-
TPOJUIEPOB CO3[aHHME 3THX YCTPOWCTB
cBenock K BeIGopy nopxopsiieir BHUC,
COMPSKEHHIO €€ ¢ MUKPOITPOIECCOPOM
M NpOrpaMMHPOBaHHIO MUKPOCXeMEBI IJTS
paboTEL B TOM WIH HHOM PE&XHMe.

Jl1s1 oc/ienoBaTeIbHOM CBA3H B CEpe-
IVHe CeMHIecATHIX ronoB Intel cosmana
MHKpocxeMy 8251. ITo 6buTa mepBas
MMKpOCXeMa, OCyLIeCTBABILNAA Kak
npeo6pasoBalye Mapaute/bHOro 6aiita
IaHHBIX B 62aHT MOC/leNOBaTe/IBHBIX IaH-
HBIX CO CTapT- U cTon-6uTamMy, 6uTamMu
YEeTHOCTH, TaK M o6paTHoe mpeobpaso-
Banue. C OqHOIT CTOPOHBI OHA CTaHAPT-
HbIM 00Pa3oM CBASKLIBAIACH C MUKPOITPO-
ueccopom (8080, 8085, Z80), ¢ mpyroit,
IOTIONIHEHHas 11peo6pasoBaTe/IMH YPOB-
uA u3 TTL B RS-232, oHa ocyiuecTBIA1a
TIOC/IENOBATENBHYIO Nepefaydy NaHHbIX. B
TedeHHe NeCATWIETHSA 310 GbUIa OflHA M3
CaMBIX TOMYNAPHBIX MHKPOCXEM Yy Pas-
paboTYHKOB MUKPOTIPOL(€CCOPHOH amtia-
patypbl. OnHaKo ceiryac OHa HHTepecHa
pasBe YTO TeM, KTO He XO4eT PacCTaThbCs
€ MMKPOKOHTPO/UIEPaMH, He HMEIOILIMMH
c06CTBEHHOTO TOC/IEA0BATENBHOTO IIPHe-
MoIiepeNlaTiNKa, K PH 3TOM BHIHY)KIIEH
CBS3BIBATH CBOE YCTPOMCTBO C APYTHMH
TIO TIOC/IEI0BATe/TBHOMY KaHaTy.

CosnaBasi ¢BOM MHKPOKOHTPOJLIe-
pbl ceMeiictBa x51, Intel BkmouMIa B
HHUX y3e/l, aHAIOTUYHBL! YIIOMAHYTOMY
8251. Takum o6pasomM, Kaxkaplit MHK-
POKOHTpPO/IIEp CeMelicTBa X51 ToMy4ym1
BCTPOEHHEII T10C/IeOBaTe/IBHbI MIPHe-
MonepenaTiuK, H OCyIIeCTBUTE IIOCTIEN0-
BaTe/IbHBI 0OMeH Ha TaKMX MHKPOKOH-
TpOJUIEpax OKasajaoCk, YTO HasbIBAeTCH,
Tpollie TIapeHo# perbl. YyTh HIDKe MBI
PpaccMOTPHM, KaK peay30BaTh 3Ty Hpo-
CTOTY. A cei4ac e TONMBKO 106aBIIo, YTO
ufes cHabAUTH CBOM MMKPOKOHTpOJUIEp
MOC/IeA0BATENMbHEIM CTaHOAPTHBIM TIPH-
eMoTiepeaTiHKaM TIpHUIIIACH 10 Jyllle

14 paspaboruxam MHOI¥X KOHTPO/IEPHBIX

CEMEVCTB, B CBA3H C YeM NPaKTHIECKH C
KaKUMH 6bI MUKPOKOHTPOJUIEPAMH MJIH
CUTHATBHBIMHU ITPOLIECCOPaMHU BHI He pa-
60Ta/M, YHHBEpPCAIBHBIN aCHHXPOHHBIX
upuemoniepenariik (UART, wm YCAITI
TIO0 OT€YEeCTBEHHOM TEPMHUHOJIOTHH) BCET-
Iia €CTb B BallleM PacriOpsDKeHHH.

CTAHAAPTHbIW NOUIEAOBATENbHbIH
WHTEPOEWC MWKPOKOHTPON EPOB
CEMEWCTBA x51

Paccmarpipas oco6eHHOCTH tipHeMo-
nepeNiaTinKa, aBTOP HUCXONHT H3 TOTO,
YTO YUTATE/Th 3HAKOM, XOTA OBl B 06111eM,
C MMKPOKOHTpoOJ/UIepaMu ceMmeiicTia x51,
M IPHBOAKMAs HIDKe HHOPMALUS HMe-
€T CBOelt 11€/1bI0 JIHIIL H36aBUTH €ro OT
sarnansBaHuA B datasheet ipu onpene-
JIeHHs1 KOHKPETHBIX 3Ha4YeHHI! [1apaMerT-
POB, 3aHOCHMBIX B PETUCTPEI I paboTEI
UART. B npoTHBHOM CTy4ae peKOMeH/Iy-
€Tcs O6paTHTBCA K JIMTEpaType, HallpH-
Mep, K kuure A. B. ®pyHse. MUKpOKOH-
Tponepbr! JTto xe npocro! T. 1. — M.:
000 «MI CKMMEH», 2002.

YHHBepcalbHBII AaCHHXPOHHBI TIpHe-
monepenatauk (UART) muxpokoHTpOIT-
Jiepa OCYLLECTBIIAET TIPHEM H [epefiayy
yHGOpMALINH, ITPEICTaB/IeHHOH IOC/Ieno-
BaTeIbHLIM KOOOM (MIamiiMH 6uTaMHu
BIlepeN), B [IOIHOM IyIUIEKCHOM peXKHMe
obmeHa. B cocraB npueMonepenaTynka,
HasbIBAEMOr'0 YaCTO TMOC/ENOBATeIbHBIM
TIOPTOM, BXOIAT IIPHHUMAIOLLHIA H [lepe-
JAIOILMH CABUTAIOILME PETHCTPHI, a TAKXKeE
cnenyaEHbI 6ydepHbnt peructp (SBUF)
npHeMoriepenaTyuka. 3armick Gaitra B 6y-
¢ep tpHBOAUT K ABTOMAaTHYECKOH TIepe-
myicH 6aifTa B CIBUTAIOLINIL PETHCTP repe-
JaT4MKa M HHULIMUPYeT Haua/Io [iepefiaiu
6aiira. Hammune 6ydepHoro perucrpa
[IPHEMHHKA IIO3BOJIAET COBMEILIATh Olle-
PALMIO YTEHHA paHee MpHHATOro Gaiita
¢ ipreMoM ovepegHoro. Ho ecmt x Mo-
MEHTY OKOHYaHuA IpHeMa 6aifTa rpeabl-
nmywmmit 6aitT ve 6pU1 camutan u3 SBUF, 1o
oH 6yrneT NoTepsH.

[MocnenoBaresnbHBLT TOPT X51 MoXeT
paboTaTh B YeThbIpeX PasTHYHBIX PEXH-
MaX, ¥3 KOTOPBIX JUI Hac HaUGO/IBILIHI
HMHTEPeC NPeacTaB/IAIOT PeXUMEI 1 U 3.

B pexume 1 mepenatorcs yepes TXD
WM upyHKMawTcsa U3 RXD muapnmMu
6uramu enepen 10 6ur mudopmami:
CTapT-6MT, BOCeMb OWUT NaHHBIX H CTOII-
6urt. [Tpu npreMe vHgopMary cron-6uT
3aHocuTCca B 61T RB8 perrcrpa ympase-

HMA-CTaTyca mpHeMonepenaryuxa SCON.
CxopocTb npueMa/Tiepenayy — BeMY1Ha
TieEpeMEHHAA M 3a/Ia€TCA TAMMEPOM.

B pexxume 3 uepes TXD nepenarorcs
wid 3 RXD npuHMMaloTcs MIaAILIMMH
6uramu Briepen 11 6ur madopmanm:
cTapT-6MT, 8 6MT IaHHBIX, TIPOrPaMMH-
PpyeMeIit neATH 6UT M cron-6uT. Ilpu
Tlepefiaye AEBATBI OHUT IaHHBIX, U3BJIE-
Kaemblit u3 6uta TB8 pernctpa SCON
(ero ormicaHMe MPHUBEAEHO HIDKE), MOXXET
NpWHMMATh 3HayeHue 0 wiu 1; Harpu-
Mep, [/1A MOBBILIEHHA HOCTOBEPHOCTH
riepefiagy IyTeM KOHTPOJIA 110 YETHOCTH
B Hero MOXXeT ObITb MOMEI1IeHO 3HAYEHHE
TIpH3HaKa IapUTeTa U3 CI0BA COCTOSHUA
nporpammel (PSW.0). Ilpu npueme ne-
BATBI OUT JaHHBIX NOMeIjaeTca B OUT
RB8 SCON. YacroTa npuemal/niepenayu
TAKOKE AB/IAETCA Be/IMYMHOM IIepeMEeHHONM
H 33[aeTCA TaMepPOM.

B o6oux pe>xxumax mepenaya MHHIIH-
aTH3HPyeTCA HHCTPYKiMel, B KOTOPOit
naHHble NepeMeralorcsa B SBUF.

ITpueM B 060X peXKHMax HHHLIMATH-
3UpyeTcs TIpH o6Hapy>KeHHH Iepenana
u3 1 B 0 Ha Bxoge mpueMuuka. [Ipu atom
OH JIOMHXEH COMPOBMKIATEHCS BBITIO/THE-
HHeM ycnosua REN = 1 (tab. 2).

YrpasnenyeM peXXHMoM paboThI MpH-
eMollepeaTYHKa OCYIIIECTB/IAETCA Yepe3
CHerHaabHbIN PErHCTP ¢ CHMBOJIHYEC-
kuM nmeHeM SCON. 3rtor perucrp co-
IePXKHT He TO/IbKO YTIPaB/IAIoILHe 6UThL,
ollpefie/IA0IHe PeXXUM paboThl moce-
[OBaTebHOIO NOPTa, HO M EBATHIN GUT
TIPMHHMaeMBIX HTH TIepeNaBaeMbIX NaH-
Hbix (RB8 u TB8), 1 6UTHI npepbIBanKs
npueMonepenatyuka (RI u TI).

DyHKIIHOHAIbHOE Ha3HavYeHHe GHTOB
PperHucTpa yIpasjieHHs/CTaTyca IPHeMo-
TlepenaTyMKa IIPHBORUTCA Tab. 2 .

ITpuknanHas mporpaMMa ITyTeM 3a-
TPY3KH B cTapiiude OGHMTBI perHcTpa
SCON nByx6UTHOTO KOa OMpenessieT
Ppe>XXHM paboThl MpHeMollepelaTyHKa.
O6paTuTe BHHMaHHe — BOIPEKH yCTO-
sBLLIeiicA Tpaguiu 6ut SMO ABseTcs
CTapILHM B OTHOILEHHH K 6UTYy SM1.

Bo Bcex pexxumax paGoTsl Mepenada
HHULIHA/MSHpPYeTCs /mo00i KOMaHuoil, B
kotopoii 6ydepubii periictp SBUF ykaszan
KaK TNiony4dartenb 6aiira. Kak yoxe otmeya-
JIOCh, TIpHEM B pexxumMax 1 u 3 ocyuecrrin-
€TcA IpH yoIoBuH, uto REN = 1.

B 6ure TBS nporpaMMHO ycTaHaBMBa-
€TcAl 3Ha4eHHe IeBATOr0 6MTa JaHHbIX, Tie-
penasaeMoro B pexxume 3. Il pexxuma 1
conepxanvie 6uTa TB8 3naueHuA He UMe-
eT. B 6ure RB8 B pexxuMe 3 pukcupyercs
NeBATbHI MPUHHMAeMBbIi OHT NaHHbIX, a B
pexxuMe 1| — TIpHHATRIA CTON-OHT.

@Jiar TpephIBaHHA NepenaTyvka 11
yCTaHaB/IMBaeTCA allapaTHO B KOHIle
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Ta6bnuuya 2
SCON Anpec=98H. BuTbl agpecyembl.  3HaueHme no cbpocy = O0H.
7 6 5 4 3 2 1 0
[ smMo | smM1 | sM2 | REN | TB8 [ RB8 [ Tl | RI |
Bur__| Cumeon DyHKuma
SCON.7 |SMO Pexuvm paboTbl npuemonepegarumka, 6ur 0
SCON.6 | SM1 Pexxum paboTbl npuemonepeaarymka, bur 1
SMO SM1 Pexum Onmcanme CxropocTb npuemonepeaarymka
0 0 0 CABVIroBbli perncTp fosc/12 unun fosc/6 B 3aBUCMOCTH OT pexumMa
— 0 1 1 8-6utosbiin UART nepeMeHHan
1 0 2 9-6utosbin UART fosc/64 vnu fosc/32
1 1 3 9-6utosbiv UART repemeHHan
SCONS5 |SM2 BbuT pa3pellieHnA aBTOMaTMYECKOTrO pacno3HaBaHUA agpeca B pexumax 2 u 3. Ecnn SM2 = 1, To Rl He ycTaHoBUTCA B 1 A0 TeX Nop,
noKa 9-n 6UT NPUHATBIX AaHHBIX (RBB) He 6yaeT paser 1. B pexiume 1, ecnmn SM2 = 1, Rl He ycTaHOBUTCA B 1 A0 Tex MNop, NoKa He
6yneT NPUHAT NPaBUNbHbBIA CTOM-6UT.
B pexxume O 6uT SM2 nomxen 6biTh ycTaHoBneH B 0.
SCON4 |REN buT paspelleHua NpremMa NociefoBaTENbHbIX AaHHbIX. YCTAHABNMBAETCA n c6pacbiBaeTca nporpammio. REN = 1 pa3spelaer
npvem NnocneaosaTenbHbix gaHHbix, REN = 0 3anpeuyaer.
SCON.3 | TB8 9-¢1 6UT NepefaBaeMbIX AAHHBIX B PpeXXnMax 2 1 3. YCTaHaBNMBAETCA 1 c6pacbiBAaETCA NPOrpaMMHO B COOTBETCTBUM C XKENAHNEM
Nonb3oBaTena.
SCON.2 |RB8 9-i1 6uT NepegaBaemMbix AaHHbIX B pexkumax 2 u 3. B pexxume 1, ecnn SM2 = 0, RB8 nepefiaetca Kak cTonoebin 6ut. B pexxume 0 RB8
He UCNonb3yeTCcA.
SCON.1 [Tl Onar NpepblBaHWUA NepefaT4nKa. YCTaHaBNMBAETCA annapaTHo:
B pexume () — B KOHLie BpEMEHW Bbiaayun 8-ro GuTta faHHbIX; B pexumax 1, 2, 3 — B Havyane cron-6ura.
YCTaHOBKa OCyLIeCTBNRETCA aBTOMATUYECKM NOCNe 3aBeplUeHUA Nepeaaqm Kaxaoro Nepegasaemoro 6aira. C6poc aomxer 6biTb
OCyWecTBNEH NPOTrPaMMHBIM My TeM.
SCON.O |RI Onar NpepblBaHWA NPUEMHUKA. YCTaHaBNMBAETCA annaparHo:
B pexxume 0 — B KOHLie BpeMeHn Npuema 8-ro 6uTa AaHHbIX; B pexumax 1, 2, 3 — B cepeiuHe cTon-6ura.
YcTaHOBKa OCYLLeCTBNAETCA aBTOMATUYECKN MOC/e 3aBeplieHnA Mpruema Kaxaoro NnpuHmumaemoro Ganra (cm. Takke SM2). Copoc
omkeH Obitb_ocyliecTBNEH NPOrPAaMMHBIM MY TEM.

TlepHofia Tiepefayl cTon-6uTa BO BCex
pexxuMmax. CooTBETCTBYIOLaA TIOAIIPO-
TpaMMa 06C/Ty>XHBaHHA IIpepBIBaHHA
nomkHa cbpaceiBate 6ut TI.

®nar npepriBaHHA NpHeMHMKa R1 B pe-
»KMMax 1 ¥ 3 ycraHaB/IMBa€eTCA alnapaTHO
B CepeNiiHe TlepHOJA IIpHeMa cTon-6HTa.
IMoarporpamMma 06CTy>KHBaHHA TIPEPBIBA-
HUA Oo/DKHA cOpachiBath 6MT RI

B pexxnmax 1 ¥ 3 ckopocTb npueMa U
Tlepefayy 3aBHCHT OT Pe30HAHCHOM Yac-
TOTBI KBAPLIEBOTO PE30HATOPA, a TAIOKE OT
3HaveHuUs ynpasnamwollero 6ura SMOD B
perucrpe crielnabHbIX ¢yHKimit PCON
(tab. 3). [Tpy MpoYHX PaBHBIX YC/IOBH-
AX, CKOPOCTB TIpHeMa/IiepeNiayy yIBaH-
Baetca 1ipu SMOD = 1 B cpaBHeHMH CO
crydaeM, korna SMOD = 0.

KoHkperHoe 3HaYeHHe CKOPOCTH ITPH-
eMa/TiepeNilaui oTIpeNeNsAeTCs YaCTOTOM
IeperoyiHeHUsT TaliMmepa/cyeTynka 1,
IIPH 3TOM YacTOTa IlepeflayH 3aBHCHT
OT YacTOTHI NepenoyiHeHNs fovim ¥ on-
penenserca ciemyoluM obpasoM:

f = 2SMOD X foy111/32. (1)

IpepeiBanue or TaiiMepa 1 B 3TOM
cIy4ae NOMKHO GBITH 3a67I0KHpPOBaHO.
CaMm >xe TaiiMep MoXXeT paboTaThk IIpH
3TOM KaK B peXXHMe TaiiMepa, TaK H B
pexxumMe cyeTynka. Homep pexxuma pa-
60thI TaiiMepa (0, 1, 2) ponu He Hrpaer.

Han6onee TMIIMYHBIM ABJIAETCA €TO
HCTIO/Ib30BaHHE B peXXHMe TaiiMepa ¢
aBTolIlepe3arpyskoil (pexxuM 2; crapiias
terpaga TMOD = 0010B).

ITpu aTOM YacTOTa Nepenayx onpene-
NSeTCA BhIpaKeHHEM:

Tabnuya 3
PCON Appec = 87H. BuTbl He agpecyembl. 3Haderue no cbpocy = 0xxx0000B.
7 6 5 4 3 2 1 0
[smop | — - I = GFt_| GFo [ PD [ DL |
Bur | CumBon DyHxumn
PCON.7| SMOD | but yaBoeHHoOM ckopocTy nepeaaun. CKopocTb yaBauvBaeTcs, ecnv 6ut
YCTaHOBNEH B 1, CKOPOCTH ONPEAENAETCA TANMEPOM/CHETUMKOM 1 1
nocnegoBaTenbHbIv NOpT pabotaer B pexxumax 1,2 unm 3.
PCON.6 — He uncnonb3yetca
PCON.5 — He ncnionbsyerca
PCON.4 —_ He ncnonb3yetca
PCON.3| GF1 MNonb3oBarenbckuii dnar obULero HazHaveHws.
PCON.2| GFO__ | Nonb3oBavenbckui dpnar obuero HasHaueHus.
PCON.1 PD Onar pexxuma BbIK/IIVHEHHOTO HANPAXEHWUA NUTaHWA. YCTaHOBKa 3Toro 6ura e 1
AKTMBMPYET PEXMM BbIKMIOYEHHOTO HaNpmxeHna NuTakuA (power-down mode).
PCONO{ IDL |®nar pexuma xonocroro xoga. YCTaHOBKa 3Toro 6uta B 1 akTuBUpyeT pexmum
xonocroro xona (idle mode).
Tabnvua 4
Yacrora Yacrora Tahmep/cueTumk 1
npvema/nepepaum pesoHaropa, | SMOD T Pexum | Mepesarpyxaemoe
(BAUD RATE) Mly (MODE) uMcno
Pexum 0, Makc. — 1,67 My 20 X X X X
PexxunM 2, Makc, — 625 KIiy 20 1 X X X
Pexxkumbl 1,3 — 1042 k) 20 1 0 2 OFFH
19,2 kly 11,059 1 0 2 OFDH
9,6 kly 11,059 0 0 2 OFDH
48 klu 11,059 0 0 2 OFAH
24 KMy 11,059 0 0 2 OF4H
1,2kl 11,059 0 0 2 QESH
1375y 11,986 0 0 2 1DH
110y 6 0 0 2 72H
110y 12 0 4] 1 OFEEBH

f=2SMODx f../[32 X 12 X
x (256 — TH1)]. (2)
B Ta6s1. 4 MpHBOAUTCA ONMCAHHE CTIO-
co60B nacrpoiiku T#/Cl mnsa nomyyenus
THIIOBBIX YacTOT [1epefaydH NaHHbIX Ye-
pe3 nnpueMonepenaryuk. OTMETHM, 4TO
CKOPOCTb IIpHEMa M TIepefayH MOryT OT-
NMYaTBCA APYT OT Apyra.
[Npene/bAO HUKUX YacTOT TIpHEMOITe-
penayy MOXKHO TOCTHYB TIPH HCTIO/B30-
BaHUH TaiiMepa B pexkuMe 1 (16-6HTHbLH

TaliMep) U paspellleHnH IIpePrIBaHHIL OT
TaiiMepa (crapmmit nomy6airr TMOD
= 0001B). Ilepesarpyska 16-6uTHOTO
Ta¥iMepa To/DKHa OCYILeCTB/ATHCA TIPO-
IPaMMHBIM ITyTEM.

ITpodonscenue cnedyem

Anexcangp ®pynse,
r. MockBa
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BepOoATHOCTHaA

CUHXPOHU3aALUUA
B Te/IeKOMMYHMVKALMOHHDbIX

cucremMmax

YckopeHune nepenaun MHGOPMaLVNOHHDbIX

KappoB

YCKOPEHME NEPEQAYU
WHOOPMALIMOHHDIX KAQPOB

Jlanabie 06BIYHO MMEPeNialoT MO KaHa-
JIaM CBASH B BHIE HENPEPLIBHOM IoC-
JIeAOBaTENBHOCTH MH(POPMAITHOHHBIX
Kazpos [7] (puc. 3).

Kagp (J- 1) Kanp J Kagp (J + 1)
Bpems
s
HOonrwe [ Prar | pavbie onar | favwibe
t ;
Puc. 3

Ins ux pasrpaHUYeHHA TIPHMEHSAIOT
¢riary, KaXxapI M3 KOTOPEBIX, KaK mpa-
BWIO, pasMeIllaeTc B Hayajle Kafpa.
®rnar MoXeT GBITB IIPeNCTaB/IEH HEKOTO-
Po¥# YHHKa/IbHOM [TOC/IENOBATETEHOCTHIO
6MTOB, KOTOpas He BCTPEYaeTCA B Teste
Kafpa. YTo6bl TapaHTHPOBAaTh TaKYIO
YHHKaIBHOCTD, TIPHMEHAIOT 6HTCTad-
¢unr — nobassenne cayke6HBIX GHTOB
B IIOTOK «TI0JIE3HBIX» TaHHHBIX.

Hcnonb3osanve (/aroB ¥ IIpHMeHe-
uue 6urcradpunra cumxaer agdex-
THBHOCTH paboThl KaHana CBA3M, TaK
KaK 3aMeTHas 4YacThb €ro IPOIyCKHOM
Croco6HOCTH pacxoflyeTcs Ha Tepefa-
4y cayxebnoit nudpopMaumH B yiuep6
nosiesHoi. B mpennaraeMoii cHcteMe
mepenayM OaHHBIX KaHaJ CBA3H HC-
noys3yerca Gonee 3¢pPeKTHBHO, Tak
KaK Iyl pasrpaHHYeHHs KaJpoB BMeC-
TO (praroB HCIONB3YIOTCA CIy>KeGHbIE
NaHHble, TlepeflaBaeMble NOCTATOYHO
pelko B cry4aiiHble MOMEHTEI BpeMe-
HH B COOTBETCTBHH C PaCcCMOTPEHHOI
panee obuieit upeeit (puc. 2). Ipu atom
TIPONyCKHasi Crioco6HOCTh Kanana D1 we
CHIDKaeTCs — OH MCIIONb3YeTCA TONBKO
IUIS1 TIEPENadH «I10)Ie3HbIX» GUTOB HaH-
ubIX. [TporryckHas crioco6HOCTh KaHaa
D2, xax 6bUIO TOKa3aHO, CHIDKAETCA B
npeHe6PeXXHMO Maof CTElleHH.

ITpennaraemelit croco6 mnepemauu
IaHHBIX [MOACHAETCA PHC. 4.

B cooTBeTcTBMM C paHee paccMoT-
PEHHONl BpPEMEHHON JHarpaMMoii
(puc. 1, 0), romns TxD ucrione3syrotes as
mepenayy NaHHBIX KaHana D1, a nunus

‘] 6 CLK — s mepenauu 6uroB d kanama D2,

S1

CTHTHYTa, TO NOJTy4eHHas YCTPOMCTBOM
2 uH$popManHs JIMILB TIONTBEPXKAAET ee
NpaBWIBHOCTB. Eciii KampoBas cHHXpoO-
HH3a1MA ellle He OblIa JOCTHTHYTa, TO
ToJTy4eHHas MH(pOpMaiusa TO3BOJISAET
€€ YCTaHOBHTb.

Cobritue S1 (pHc. 4) cONIPOBOXKAAET-
cs mepenayved1 19-paspanHoro cayxeb-
HOro kona Q, B KOTOPOM COIepXHUTCSA
yucio Delta D1, paBHOe paccTOAHHIO
1o Hayana 6yDKajiilero Kafpa IoTo-
ka D1. Jto paccrosHHe HM3Mepserca B
Yucie GUTOBBIX HHTEPBAJIOB MEXY MO-
MeHTOM O6HapY>XeHHS 3aJaHHOTO KOjia

CnyJavHble cobbITUA ONO3HaHWA 3a4aHHoIo Koaga

S

Delta D1 K ar D1
i anpt:}\ aHana

5 32%‘\’* S I———

S4 % E Bpem

Delta D1
7
i+ L

TXD sCRCROsCRCRCROsOs OO OO

| 8 8 N N B

K | KaHana D2 -
anpbl KaH 8D

Delta D2

Delta D2

Puc. 4

6HTOB | CHHXPOHH3AIUH H, B IOTIO/IHEHHE
K 3TOMY, 6MTOB KaHana D3.

Iannble xanana D1 (D2) npencrasne-
HBI HeNPEPBIBHOM 110C/IeJ0BAaTETbHOCTHIO
HHGOPMalMOHHBIX KaIpOB, TIOKa3aHHBIX
Ha PHCYHKE B BHI€ YePHBIX H 6e/IbIX Mps-
MoyronbHHKOB. Kaxapiit kanp B naHHOM
npuMepe conep>XHUT 4x103 «1ose3HbIX»
6utoB. Kak yxxe ormeyanocs, «moses-
Hble» 6UTHI d, ITepeaBaeMble TIO0 TUHHH
CLK, o Mepe Heo6XONMMOCTH I1epeMe-
XKaroTcA ¢ 6UTaMM i CHHXpOHHM3aLMH,
a Taioke ¢ kogamu Q. IToatomy Kanpel
Kanana D2, nomumo 4x103 6uros d, co-
HEPXXaT B CpPEHEM CTOJIBKO XKe GHTOB i
IUIIOC HEKOTOPOe YHC/I0 6UTOB KOmoB Q
(IpAMOYTONBHUKY HIDKHEH THArpaMMBl
PacTAHYTHI TI0 TOPH30OHTAM B [Ba pasa
10 CPaBHEHHIO C IPAMOYTOJIBHHKaMH
BEPXHEI AHArpaMMBbl).

B mporiecce mepenayl JaHHBIX MeXX-
oy ycrposictBamu 1 u 2 (puc. 1, a)
MMM PETHCTPHPYIOTCA CIydaiHble CO-
6bITHA S; ONMO3HAaHHA 3aJaHHOTO KOma
Z = 010—101 va muumu TxD (puc. 2).
ITH cO6BITHA YC/IOBHO IIOKa3aHBI Ha
puc. 4 B BUIe Benbiek cBeta. [Tpu kaxk-
IOM OIIO3HAaHMH Kona Z YCTPOJCTBO 1
(MCTOYHMK aHHBIX) BCTAB/IAET B Iepe-
nmaBaeMbrii 1o yiuHKH CLK noTok kanpos
3apaHee [IOATOTOBJIEHHOE 19-pa3psHoe
c/oBo QQ cmy>xeGHBIX NaHHBIX.

YcrpoiictBo 2 (IIpHEeMHHK JaHHBIX)
OIHOBpPEMEHHO C YCTpo¥cTBOM 1 pac-
To3HaeT Kop Z, nonydaeT cioBo Q H
IoC/Ie €ro aHajM3a OIpefleNifgeT, TIe
HaXOOMTCA Hayano Omkaiiiero Kanu-
pa notoka D1 win D2. Eciu kappoBas
CMHXPOHH3allUsA paHee yXe 6bUia Jo-

Q = 010—101 B cxoiB3AIIEM OKHE H
MOMEHTOM TIOJTyYeHus nepBoro Gurta
c/ledyIollero Kaapa. YCTpo¥HcTBO 2 3a-
TPY>KaeT 3TO YHC/I0 B CYETYHK TaKTOB,
paboTaoIiuil B pe>XHMe BBIYHTaHHA.
K MoMmeHTy omnycrollleHHA CYeTYHKa B
YCTpOWCTBO 2 MOCTyTaeT TEPBEIHT 6T
odepenHOTO Kanpa Kanaaa D1.
AnanoruyHo cobpiTHe S2 CONMpOBOX-
naerca nepenadedi kona Delta D2, xo-
TOPBIN omnpelendeT IIMHY HHTepBajia
OT MoOMeHTa o0Hapy>KeHHA 3aIaHHOTO
kofma Q ;Mo MoMeHTa Hayana GJH>Kaii-
1Iero Kagpa noroka D2, 3toT uHTEpBan
3apaercs uncioMm 6utoB d. CayxebHbie
6utel i u Q; (ec/M OHM MMeIOTCA) TPH
nonicuete He yuuthbiBaloTca. (Kak yxxe ot-
MeYa/I0Ch, IPHEMHHK «IIPOPHCOBHIBAET»
BpeMeHHble NHarpaMMbl, aHaTOTHYHbIE
MPUBENEHHBIM Ha puc. 1, 0, H 0 HUM
onpefe/nsieT MECTOTIONOXeHHe OHTOB d.)
Touno Tak e cobpiTusa S3 u S4 HecyT
WHGOPMaNMIO O NOIOXXEHHH OnyKaii-
KX Kaapos notokoB D1 u D2 u T. &.
B ommmyHe OT OOIIENPHHATOrO CHo-
coba ykasaHHA TpaHHI MEXIy Kajpa-
MH (KOTfIa KaXXIIblil M3 HUX CHab>KaeTcsa
¢rarom), npumenenre BepOATHOCTHOM
CHHXPOHH3allHH TIO3BOJISET Tepera-
BaTh 3HAYMTE/IbHO MeHbIIHMI 00beM
cBenieHui 06 9THX TpaHuLax 6e3 yiep-
62 i QYHKIHOHHPOBAaHHSA CHCTEMBI
Tlepefiayy aHHBLIX. B ycTaHOBHBIlEMCA
peXHMe IPHEMHHK BENET Y4YET KaapoB
aBTOHOMHO B COOTBETCTBHH C COOC-
TBEHHOM CUCTEMOM MX OTCYeTa U JIUIIIb
«H3pefKa» Tnony4aeT yncna Delta D1 u
Delta D2, xoTopble paccMaTpHBaeT KaK
KOHTPOJIbHbIE CBEIEHHA, TIOATBEPXIAIO-
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Tabnuuya 1
Ob6o3naueHme CiyyalHoOro Kopa cny»ebnbix gaHnbix Q0 - Q18 (puc. 2)
cobbiTma (puc. 4) Qo Q1—Q6 Q7—Q18
S1 1 111000 (Delta D1) 110101110001 = 3441,,= Delta D1
S2 1 111001 (Delta D2) 011000000000 = 15364, = Delta D2
S3 1_1[. 111000 (Delta D1) 111111111010 = 4090,,= Delta D1
S4 1 111001 (Delta D2) 100000000000 = 2048,,= Delta D2

IL[HEe TIPaBHIBHOCTE CBOE OPHEHTAIUH
BO BpEMEHH.

Hanomuum, yto cobertus S; Moryt
COTNPOBOXXIATh M MHYI0 MH(MOPMAIHIO
(onpenensemyro paspapamu Q0—Q6
Kopa Q cry>xke6HBIX NaHHEIX), [I03TOMY
IUIA KampOBOM CHHXPOHH3AIIMH MOXET
HCIIO/Ib30BaThCA JIMILIb HESHAYNTE)IbHAS
HX DosisA, HanpuMep, 0,1 %.

B T1a6s1. 1 noka3aHbl BO3MOXXHBIE KO-
NOBbIE CHTYallMH, COOTBETCTBYIOIHE
cobsrTuam S1—S4 (puc. 4).

W3 tabmuuel crenyer, 4to cobbiTHA
S1—S4 compoBoXxIaloTcA mepenayert
KOJIOB CITy>keOHBIX NaHHBIX, B KOTOPBIX
QO = 1. Kak y>xe 0TMe4an0Ch, 3TO 03-
Hayaer, 4To B paspanax Q1—Q18 atux
KOJIOB TIPHCYTCTBYIOT COGCTBEHHO CITy-
>keGHbIe faHHBIe, a He 6MTHI d. Konpr
111000 u 111001 B paspamax Q1—Q6
3a71aI0T TUIIBI JAHHBIX, Pa3MeIIeHHBIX B
paspsanax Q7—Q18. B panHoM npumepe
xon 111000 (111001) mokaswiBaeT, YTO
mmocnenyromse 6HTHl 3afal0OT PaccTo-
auue Delta D1 (Delta D2) mo nauana
6mnkaiiiuero kagpa notoka D1 (D2). B
paBoM cronfiie TabIuip! IPHBENEHE
YHC/IeHHbIe 3HaYeHHA PacCTOAHHMIIL.

APXUTEKTYPHbIE O4YEPTAHUA
NPEANATAEMOU CUCTEMDI NEPEAAYH
DAHHbIX

IokaxeM NPHHIMIIHAJIBHYIO BO3-
MOXHOCTH peajH3alHH IpefjiaraeMoi
cucrempl. HamomuuM, 4T0O OHa conep-
XUT CoeNUHEHHBle JTUHHUAMHU TxD u
CLK ycrpoiictBa 1 1 2 — COOTBeTC-
TBEHHO, UCTOYHHK U TIPHEMHHUK JaH-
HEIX (puc. 1, a). Koguposanue naHHbIx
ycTpoiicTBOM 1 M MX JeKOOHPOBaHHe
YCTPOMCTBOM 2, KaK IIpefIoJaraeM,
BBITIO)IHSAETCH MPOrPaMMHO.

Ha mepBoM 3Tame NMoAroToBKH naH-
HBIX K [lepefaye OHU Pa3sMELAIOTCA B
naMATH ycTposictsa 1 (puc. 5, a).

JlaHHble TIpencTaB/ieHBl HeCKpeMO6-
JIMPOBaHHBIMH TIOC/IENOBATe/IbHOCTAMH
6utos D1’ u D2. 9tn mocienoearens-
HOCTH pasfie/ieHbl Ha HHOpMallHOHHBIE
xanpel. Kagpel mociienoBarembHoCTEH
D1’ u D2, Boo6111e roBOpPS, MOTYT HMETH
PasHyIo WIH IlepeMEHHYIO JUIHY. B nioc-
JieMHeM Crydae HHGOPMaLMA O UIHHE
KaJpa COONEeP>XUTCA B HEM CaMOM.

Ha BTopoMm stame (puc. 5, 6) noc-
nenoBatenbHOCTE D1’ mporpamMmmuo
ckpeMmbHpyeTcs, T. e. mpeobpasyercs

5 1. CxemotrexHika Ne 2

B TOC/efoBaTeNbHOCTE D1, kotopyio
MOXHO pPacCMaTPHBATh KaK CTy4aHHYIO.
C 1IOMOI1BI0 ITPOrPaMMHOTO «CKOJIB351-
I[€TO OKHAa» B 3TOM IOC/IEAOBATEBHOC-
TH BBIABJIAIOTCA kopnbl Z = 010—101.
HamoMmHMM, 4TO BCAKHII pa3 mocie
BBISAB/IEHHA TAKOTO KOJla OKHO CKa4-
KoM mepeMertiaercs Ha 20 our BIIPaBo,
TI0CJIe Y€TO NOMCK OYepenHoro xona Z
[IPOMOJDKAETCA C I1LIATOM B OOUH OHT.
IMocnenoBatensuocts 6utToB D2 ocra-
€TCSl HEU3MEHHOM.

Ha tpetbeM aTamne (puc. 5, 8) mocneno-
BaTeibHOCTh D1 ocTaercs HensMeHHOM, a
6wh1 d mocnenosaremsHocTH D2 «pas6ae-
NAOTCA» GUTaMH | CHHXPOHH3ALHH, KaK
6b110 N0Ka3aHo Ha puc. 1, 0. Kpome Toro,
11071 Ka)KJTBIM KOJIOM Z, pasMel1aeTcs Kox,
Q, kak 6bU10 NOKa3aHo Ha puc. 2 M 4. B
niporecce KOTHPOBaHKSA KaJphI IIOC/IENO0-
Bate/bHOCTH D2 pacrarupaiorcs Bmpa-
BO IPHMEPHO B IiBa pasa. B pesyneraTte
HMCXOIHO OTHHAKOBHIE 10 [UTMHE CTPOKH

6uToB (pHC. 5, @) CTAHOBATCA PasHBIMH
(puc. 5, 8), M03TOMY IUIs1 BEIPABHHBAHH A
IUIMH TpeByeTcs NONIO/IHUTE/IbHAS «II0T-
Kauka» ¥ nipeobpasopanue faHHbx DI’, a
TaKXe HeOOXOMUMBI IipyTHe (OTHCaHHbIe
paHee) onepaiiH.

Y1068 COBMECTUTE BO BPEMEHH TIPO-
LI€CChI KOTUPOBAaHHUA M BBILIAYH JaHHBIX
B muumn TxD u CLK, yno6Ho mpume-
HUTHb KOHBeepHBIN cnoco6 Hx ob6pa-
60TKH ¢ Hcnonb3oBaHueM OydepHoi
namaty tvma FIFO (First In First Out).
Taxyio namMaTh MOXXHO CMOJIeTUPOBAaTh
IPOrPaMMHO Ha OCHOBE OGBITHOTO OIle-
PaTHBHOTO 3allOMHHAIOIIET0 YCTPOH-
cTBa. Kak nokasaHo Ha puc. 6, 6ydepryio
NaMATB MO>XHO YC/IOBHO NPENCTABUT B
BHJle Napbl KOHHEHTPHYECKHX KOJIEL[ U3
6GHTOBBIX sTY€eK, IPOHYMEPOBAHHBIX OT
1o M-1, rne M — o6seM bydepa.

BHyTpenHee Ko/blo IIpeNHa3Have-
HO IUIf BpeMEHHOTO XpaHeHHusA ¢par-
MeHTa cTpoku 6uroe D1 (puc. 5, 8),
BHellIHee — [I/I5l XpaHeHHs (parMeHTa
cTpoku D2+SYN+D3 (SYN — o603Ha-
YeHHe MHOXKeCTBa GMTOB i CHHXPOHH3a-
uuH). IlpuMepHO 0 AHaMeTPy KoibLa
PpasmeliieHbI «6eryite IO Kpyry» mpo-
LECCOPBI CYMTHIBAHMSA H 3aITHCH TaHHBIX

B 6ydep.

McxoaHele panHble AnNA nocnegyiowero npeobpasosanus
Y Nepeaayn no KaHany CBAR3n
a) Kanp HeckpembninposanHas nocrnegosarensHocTs 6uros
Crpoku
Kagp  HeckpembnuposanHan NnocneaosatenbHoCTb 6uTos gﬁ::ab:“’“o"
D2 tgmmmﬁmttmmjmﬂmm::b
YacTuuHo npeobpa3oBaHHble AanHblie (D1'— D1)
6) p CkpembnupoBaHHan nocnegoBarenbHOCTb 6utos
D1 t:E:_:-mﬁnmn:imm::nnt:dm
Konz | Crpokn
Ka.qp\ HeckpembnnpoBanHan nocrieqoBarenbHoCTb GuToB zﬁn:ab:(OBom
D2 tgzmanhmxmﬂmmﬂmmrbﬂmd:
y
[lanHble, NOAroTOBNEHHbIE K Bhigave B KaHan cBA3n
Crtpokn
B) pasHow
OTVHDBI
(HvxHAR
pacTsHyTa
BNpaBo)
kanana D2 BuTbl | cUHxpoHu3aymun kaHana SYN
<«— Hanpasnehnwue Bbifaun 6UTOB B kaHAN CBA3N
Puc. 5
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DaHHbie, NoaroToBNEHHbIE K Bblgade

CuHxpoHHas Bblaada
nByx 6utoB

us suenku M — 2

B riHumn TxD n CLK

Mpoueccop cuUTbIBaHUS JaHHbIX

Puc. 6

Kak nmokasaHo Ha pHucC. 6, B HEKOTO-
PEBIiT MOMEHT MPOLECCOpP CYUTHIBAHHA
IAaHHBIX H3BJIEKAaeT M3 INapbl AYeekK
IaMATH ¢ agpecoM M-2 ngBa 6uTa M
nepeceUiaeT MX B muHuHM TxD u CLK.
B cnenyroninx TakTax oyepenHble Iaphbl
OHMTOB CYMTHIBAIOTCA U IepPeNaroTCH
B KaHaj CBSI3H U3 f4YeeK C aJipecaMH
M-1,0, 1, 2 u 1. g. Ilponieccop miar 3a
11IaTOM MPOIBHIaeTcA Mo IyraM, H306-
Ppa>X€HHBIM Ha PHCYHKe YTOJII€HHBIMU
NHHHUAMH. DTH OYTH COOTBETCTBYIOT
fAYeliKaM NaMATH, B KOTOPBIX pa3Me-
[[eHbl AaHHBle, IIOATOTOBJIEHHBIE K
Beitave B ytuHMHM TxD u CLK. Cko-
poctk V mponBHXXeHHA IIpoLleccopa
TIo AyraM NOCTOsAHHA M paBHa 1/T, roe
T — mHMTeNbHOCTH OGUTOBOTO MHTEP-
BaJIa B KaHajie CBSA3H.

Ilporjeccop 3anMcH [aHHBIX BBITION-
HSeT BCe ONHCAHHBIe paHee OMepanuy
(p¥uc. 5) 110 IOATOTOBKe NaHHBIX M IIOC-
JIeIOBaTe/IBHO 3alMChIBAET Pe3y/bTaThl
B AYelKkHu ¢ ampecamu M/2-2, M/2-1,
M/2 u . n. CpenHAs CKOPOCTh 3alHCH
pe3y/ibTaToB KOOMpOBaHHA B Gydep-
HYIO [IaMATH AO/DKHA OBITH B TOYHOCTH
paBHa ckopocTH V s TOTO, YTOOK! 3Ta
NIaMATH He IePeloJIHANach H He OITyC-
TOILIANACH.

JA BBINOJIHEHHA 3TOTO YC/IOBMA
CKOPOCTH KOAMPOBaHHA BbIOHpaet-
cs Heckojbko 6o0jiee BBICOKOWM, YeM
Tpebyemasn. B Heo6XOMMMEBIX C/Tydasx,
KOrfja CpefHAA yrjoBas IJIMHA OYT,
TIOKa3aHHBIX YTOJIILeHHBIMHU JIHHHUA-
MH, 3aMeTHO npeBbiuaer 180°, xoau-
poBaHue 3aMeIUIETCHA BBHINIONHEHHEM
«IIyCTBIX» KOMaHJ, H Hao60poT, 3TH
KOMaHJbl He ' BHIIIOJIHAIOTCA, €C/IH
CpefiHHe JJIMHBI IyT CTAHOBATCA KO-
poue MoJIOBHH OKPYXXHOCTeH. JITHHBI
IyT BEYHCIAIOTCH CPaBHEHHEM afpe-
COB 3aITHCH U YT€HHU S, KOTOPBIMHU Olle-
PHPYIOT [IPOI€CCOPHI.

Brnaropaps Hanmumio 6ydepnoit na-
MATH, IIPOIeCCOP, BBINOMHAIOUIHH
KOIOHpOBaHHE, MOXeET NONOJHATH ee

18 JaHHBIMHM C HEPaBHOMEPHBIM TeMIIOM

B 3aBHCHMOCTH OT BO3HHKAIOII[MX KOJO-
BBIX cutyaumii. Yem Gosblie 6ydepras
IaMATh, TeM GoJbllle y 3TOrO Mpouec-
copa «cBo6OAbI» B pacnpeneieHHH cobc-
TBEHHOTO BPEMEHHU.

ITpuemHoe yctpoticteo 2 (puc. 1, a)
MOXET COIEPXXaTh TaKyIo Xe GydepHyo
NMaMATh M ABa «Oeryuiux mo KoybLy»
poneccopa. Ileperiit npolieccop npH-
HHMaeT [1apbl 6MTOB U3 KaHaaa CBA3H
M C MOCTOSHHBIM TEMIIOM 3alMCBHIBAET
HX B TIOC/IeNOBaTe/IbHbIE AYelKH Oy-
¢epnoit mamatu. Bropoit npoueccop,
pacno/ioXXeHHBI TPHMEPHO HA IPOTH-
BOIIOJIOXKHOH CTOPOHE IaMeTpa KOJ/Iblia
(110 anaIOrMH ¢ fHarpaMMolt Ha pHC. 6)
OCYIIIeCTB/IAET NeKOAHPOBaHHe IAHHBIX.
CpenHAs CKOPOCTh HEKONHPOBAHHA
NO/DKHA B TOYHOCTH COBMAIATh CO CKO-
pocTbio V, HO pa6oTa KeKOAMPYIOLLEro
IIporieccopa MOXeT GBITh B 3HAYUTE/Tb-
HOM CTeTIEHH HePaBHOMEPHOM C TOYKH
3pEeHHA TeMIIa CYHTHIBAaHHMA NaHHBIX U3
6ydepa.

PaHee mpenronaranaock, YTo CKpeM-
6yiep u peckpembiiep MOCTPOEHHI Ha
OCHOBe HEH3OJIMPOBAaHHBIX T€HepaTo-
POB TICEBIOCTYYaiHbIX TTOC/IeNOBaTENb-
Hocre¥l 6MTOB [1] MMM MX mporpam-
MHBIX MoJle/iedi. JTo obecrieyHBaeT ux
KOIOBYI0 CaMOCHHXPOHH3allHIO, HO
[IPHBOIUT K Pa3MHOXXEHHIO OIIHOOK,
KOTOPBIe MOTYT BO3HHKATh B KaHasle
cBasu. KpoMme Toro, Takas cucTeMa
HEYCTOIM4HBA T10 OTHOILEHHIO K HEKO-
TOPBIM He6/IarOMPHATHBIM KONOBBIM
CUTyanHAM.

Ins ycTpaHeHHA 3THX HENOCTaTKOB
MO>KHO TPHMEHHTE H30/IMPOBAaHHEIE Te-
HepaToPHI [ICEBIOC/TY4aHHbIX NOC/IEN0-
BaTeNbHOCTel OMTOB (WIH MX IpOrpaM-
MHEIe Mopenn). B atom ciydae konoBast
CHHXPOHH3aLHA MeXTy H30/IHPOBaH-
HBEIMH T€HEPATOpaMH YCTPOVWCTB 1 M 2
MODXXET OCYLIECTBATBCA HX ONHOBPE-
MEHHO}M YCTaHOBKOH B OTHO M TO XK€
HayalbHOe COCTOSHME IPH o6HapyKe-
HHH KOJOB Z.

KogupoBaHue
OaHHbIX A5
nocrnegyouien
BblAa4U

B uHUU TxD n CLK

Npoueccop
3anucy AaHHbIX

3AKNIOYEHME

B aroit craTee mpepnoXkeHa CHCTEMa
Tiepenayy NAaHHEIX C MOITYTHOH CHHXPO-
uusauueit. Ee mpotoTunamu saBmiorcs
CHCTeMBI ¢ CHHXPOHHBIMHU MHTep(elica-
mu cemericTa RS (RS-232, V.35 u mpy-
rue). ITpennaraemas cucrema obnamaer
CNenyIoLUHMH CBOMCTBAMH.

o JIuausa TxD, xak ¥ B M3BeCTHBIX
CHCTeMaX, UCHOJb3YeTCs IUIA Tepe-
Oa4yyd JAHHBIX C TapaHTHPOBaHHOM
ckopocrso V = /T, rne T — pnu-
TeNIbHOCTH GHTOBOTO HMHTEpBala B
kaHase cBa3u. OnHaKo, B OT/IMYHe
OT M3BECTHBIX CHCTEM, TIPH HCTIO/B-
30BaHHH KaJ[POBOI CTPYKTYpPHI laH-
HBIX HeT HeoOXOMMMOCTH Nepefa-
BaTh MO 3TOHM JIMHHHU CIy>KeGHY10
undopmarmo. Kaaprr cremyror 1o
Hell «BCThIK» 6€3 Kakux-nu6o pasge-
nuTened, o noBkiaer 3¢ dexTHs-
HYIO CKOPOCTB TlepeayH JaHHBIX.

e Jlunusa cunxponusanuu CLK mc-
TI0/Tb3YeTCA He TONBKO IO IIPAMOMY
HasHaveHu1o. [lo Heit mepenarorcs
IaHHblE OOTIONIHHUTEIBHOTO KaHala
CBA3H CO CKOPOCTBIO, NMPHMEPHO
pasHoit V/2. Ilomumo artoro, mo
miauu CLK B cmyvaitHble MOMeH-
THI BpeMeHH TepedaloTcs NaHHbIe
yTIpaB/FIoONIeTo KaHaaa, eCcly 3To
Heo6xonumo. CKOpOCTh Iiepenadn
NaHHBIX [I0 3TOMY KaHAIy MOXHO
perymMpoBath BEIOOPOM MapaMeT-
POB CHCTEMBL.

o [IpHeMHHK CHHXPOHH3HPYETCH B
Ka)K[IOM TaKTe, TaK KaK Ha FPaHULIaX
MeX Ty OUTOBBIMU HHTEPBaIaMH, TI0
KpauHel Mepe, Ha ODHO U3 JIMHUN
(TxD wrmu CLK) npucyTcTByeT epe-
IIa]] yPOBHEH HaIpOKeHH.

e AJITOPUTMEI KOOUPOBaHHA H Ie-
KOJIMPOBaHHUA HaHHBIX HeC/I0XHBI
H MOTYT GBITH pealH30BaHbI IPO-
rPaMMHO.

Bopuc IlleBkomnnsac,
. Mocksa
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MukpokoHTponnepbi? 3TO e NpocTo!

My6bnukayuio mpemeez20 moma KHu2u ¢ makum Xe Ha38aHuem 3aKoHYuUM Yemeepmoli 271aeol, NOCBALEHHOU
pabome ¢ 3HaKOBbIMU Ye/bIMU HUC/IaMU; Hymepayus pucyHkos, mabnuy u ¢popmyn npu amom 6ydem coom-

semcmeosams KHuee.

3HAKOBBIE LLE/IBIE YHUIA

Kakx MBI yke oTMeuasl, B IOAAB/IAIOIIEM GO/BILIHHCTBE
MHKPOKOHTPOJUIEPHBIX IPUMEHEHUI /Il peLlieHus BCeX CTOSA-
IIMX IIEPEN], CHCTEMOI 3a/iad OKasbIBaeTCA BIIOJHE JOCTATOYHO
yMeTh OIlePHPOBATH UMEHHO C 6e33HAKOBBIMH ABYX6aTOBEI-
MH Iie/bIMH YHcIaMH. Y IIpH Ha/IMYMH HEKOTOPBIX HABBIKOB
BBl BHIO/IHE ofoiineTeck 6Ge3 apuMETHKY 3HAKOBBIX THCET,
T. €. 9Hce] KaK ITOJIOKHUTENBHBIX, TaK K OTPHIIaTe/TbHBIX.

B camom pene, mycTh Bailia CHCTeMa, K IIPHMEPY, yTpaB-
NA€eT T€EM WIM HHBIM PEryMHPYIOIIUM ycTpoitcteoM. [lycTh
TaKXe pery/pyeMblii IIapaMeTp MOXKeT ObITh Kak Gojbiie,
TaK H MeHbIII€ HEKOTOPOTO 3aJaHHOTO 3HayeHHA. [IpuMepoB
TaKHX Pery/IITOpOB He CUECTb — PEry/IATOPHI OCBELEHHOCTH,
MOIITHOCTH, CKOPOCTH BpailieHH, TEMIIEPATYPbI, AaBCHUA U
T. . (ec/M HagaTh NEPEYUC/IATD BCE BO3SMOYKHBIE PHMEHEHHS
PETYHPYIOLIMX YCTPOHCTB B COBPEMEHHOI TEXHHKE, IIOTPE-
6yercs He MeHee JeCATKa CTPAHMIL).

Ecnu MbI onipenetum omxnoHenue pezynupyemoti 8euLuHbL
om 3a0aHH020 3Ha4YeHUSA KaK PasHOCTh MEXIY 3aJaHHBIM H
TEKYLUHM 3SHaYeHHEM PEry/IMpyeMOoro IapaMeTpa, TO O4eBU-
HO, YTO OIIpefe/leHHOE TaKUM 06pasoM OTKIOHEHHE MOXXET
6bITH BEIMUMHOM KaK IIOJI0XKHTE/BHOM, TaK U OTpHLIATENDb-
Hoit. HampuMep, npH BIUTIOYEHMHM CHCTEMBI CTaGMIU3aIMH
9JaCTOTHI BpallleHUA Bajla [IBUraTe/sl, KOIfa perylHpyeMbilit
MapaMeTp elle faleK OT TpebyeMoro 3HadeHHs, OTKIOHEHHE
6ymeT IOMOXXUTENBHEIM H YMEHBIIAIOLUMCA IO MOJY/IIO
II0 Mepe BBIXOMa CHCTEMBI Ha pexxuM crabummsanmu. Cryc-
T HEKOTOpOE BpeMs IOC/IE BKAIOYEHHA YacTOTa BpallleHHs
HocTHrHeT TpebyeMoro 3HadyeHHsd, IIOC/Ie Yero Ha oIpene-
JICHHBIH IIPOMEXYTOK BpeMEHH HECKOJIBKO MPEBBICUT €ro. B
MOC/IERHEM CIIyYae OTK/JIOHEHHE CTaHeT OTpHLaTe/IbHBIM (B
nopassioeM 6onbinuHCTBe Cry4aeB). Ecan Bl Hcrons-
syeTe MpPOIOPLHOHATBHO-HHTETPHPYIOLIYIO CHCTEMY pery-
JTMPOBaHHsA, TO HPH YHOMSHYTOM IIPEBBILICHHH BaM HY>XHO
6yner BBIMMTaTh MOAY/Ib STOT0 OTKIOHEHHSA, YMHOXKXECHHBII
Ha HEKOTOPYIO KOHCTaHTY, U3 (popMHpyeMOTO YyIpaB/Iflo-
LI{€TO CHTHaJIa, B TO BpeMs KaK BHayajle, II0Ka OTKAOHEHHE
6LLIO NO/IOXKUTENBHBIM, BaM HYXKHO 6bUIO CKIafbIBaTh 3TH
Be/IMYMHBL. TakuM 06pa3oM, BB U B TOM, H B IpyTOM C/Tydae
6ynere orepHpoBaTh ¢ 6€33HaKOBBIMH LIE/IBIMH YucaaMH. Ho
B OFHOM CJTyyae y Bac aJropMTM o6paboTku mornkeH Oyner
BKJIIOYATh B ce6s omepaliiy BbIYMTaHMA, a B PYTOM — oIle-
paiuu cnoxxeHua. HpIMH cnioBamu, BaM HyxHO 6yHieT pa3pa-
60Tath (hakTHIECKH ABE NPOTrpaMMbl — OJHY JUIA ACHCTBHIL,
KOTHa peryiupyeMblii IlapaMeTp MEHBIlE 3aIaHHOIO, T. €.
OTK/IOHEHHE MO/IOXHUTE/IBHO, H BTOPYI0 — JJIA CIy4as OT-
PHILIATENBHOIO OTKAOHEHHS, KOTTia Pery/IMpyeMblii IapaMeTp
IepeBATH 3a TpebyeMyIo OTMETKY.

Ho ecte u ppyroit nyts. Kak Mbl IOMHMM H3 IKOJIBHOTO
Kypca anreGpbl, BBIMUTaHHE OHOI'0 YHC/Ia APYTOr0 pABHOCH/Ib-
HO CJI0XXEHHIO YHCeJT, BTOPOE C/IaraeéMoe B KOTOPOM — OTPH-
[aTe/IbHOE YHCI0, MOAY/Tb KOTOPOTO PaBeH YMEHBILIAEMOMY.
HHBIMH CTOBaMM, PasHOCTb @ — 8 9KBHBAJIEHTHA CyMMe
a + (—8). Ecmu Mpl HayuyuMMcs OnepupoBaTh CO 3HAKOBBIMH
YHC/IaMH, TO B PACCMOTPEHHOM BBILIIE C/Ty4Yae BIIOJTHE MOXKHO

060HTHCh €AMHCTBEHHBIM AITOPUTMOM, KOTOPBII OKaXeTcs
OIOHHM M TeM € KaK [UIA II0JIOXKUTEIbHBIX 3HAYEHUIA OTK/IO-
HEHHA PETYHMPYeMOro IapaMeTpa OT 3alaHHOIO 3Ha4YeHHS,
TaK H VA OTpMllaTe/IbHBIX. [IperMytitiecTsa, KOTOpBIe MBI IIPH
3TOM IoJTy4aeM, O4YeBHOHBI — 60Jiee KOPOTKas IporpamMmma,
MeHbIIIKe 3aTpaThl Ha ee paspaboTky M oTnapky. Ilostomy
apu(MeTHKa 3HAKOBBIX YUCE/T BOCTpeGOBaHa U MMeEeT [1paBo
Ha CyllleCTBOBaHHe.

OcobeHHOCTH NpeACTaBNEHUA 3HAKOBBIX YMCen
B IBOMYHOM CUCTeme

Kax BBI O/DKHBI IOMHHTB, B re6pe NecATUYHBIX YHCeT,
KOTOPYIO Bce MBI TaK M/TH HHa4e H3Yy4a/li B [IKOJIE, OTPHLa-
TeJIbHbIE YHC/A IPEACTABIA/INCh €MUHCTBEHHBIM, NpHYeEM,
Ha II€pPBBIil B3IJIAM, COBEPIIEHHO €CTECTBEHHBIM 06pasoM.
OHu cocTos/IM U3 3HAKOBOM M UHGPOBOIT YacTH. 3HaKoBas
9acTh — 3TO 3HAaK MHHYC, 3aITHCBIBAaBIUMIICA B Hadaje OT-
PHUIIATENILHOTO YHC/A. 3aTeM 1IUIa ero IUdpoBas 4acTh, WIH
MOJIy/1b, KOTOPBII COCTOSI M3 BECATHYHBIX Iudp, go 6omm
SHaKOMBIX U3 Kypca apudmeruiu. Lindpet atu popmrposam
(c y4eToM cBoMx BecOBbIX KO3(h(DHIMEHTOB) 3HaYEHHE MO-
nyna. Harmpumep, paccMOTpHM OTpHIlaTeIbHOE YHCIO —343.
OTpHuaTeIbHOE OHO MOTOMYy, 4YTO Ileper HppaMu CTOUT
3HaK MHHYC, ABISAIOLIMIACA 3HAKOBOM YacTbI0 YHC/a; MO-
ZlyJb XK€ €ro paBeH TpeMcTaM copoka TpeM. M Bce, HUKakum
ApYTHM 06pa3oM OTPHLIATE/IBHOE YHCIO B Kypce IIKO/IBHOM
anre6phl MBI He TIPEACTAB/IUTH U OaXKe He 3aJyMBIBAIHCH O
TOM, YTO 3TO BO3MOXHO.

Boopy>keHHBbIE 3THMH 3HAHHUAMH, BEPHEMCA K JBOMYHOM
cucreMe cuucnenns. Kakum o6pasom Mbl DO/DKHEI (MM MOT-
/M 6B1) TIPEACTaBUTH B Hell oTpHLaTenbHOe Yicno? Ecmu Bhl
ellle He 3HaeTe OTBETAa Ha MOCTaB/ICHHBIA BOIIPOC, OH MOXXET
OKa3aTbCs BecbMa CIOXHBIM. B caMoM Herne, B TO/NBKO YTO
YTIOMHHABLIEMCA NPeACTaBICHUH OTPHLIATENbHBIX JECATH-
YHBEIX YHCET MBI (PaKTHYECKH HCITONb30BAH YK€ He AeCATh,
a opuHHaaLaTh HGp (BeAb MUHYC B Hayajle 3allMCH OTPH-
LIATEeJILHOTO 9HC/Ia UIPaeT POJib AOIOJHUTENbHOM LMQPHI,
MOCKOJIbKY OH He COBIIQJIa€T HHU C €AMHHIICH, HU C JBOMKOM,
HH C TPOHKOi1 U T. A.). B To >xe Bpems B pamMkax HABOMYHOI
CHCTeMBI BBECTH JOMOJHUTENBHYIO, TPEThIO UH(PY MBI He
MOXX€M — JIOTHYECKHE MHKPOCXEMBI ONEPHPYIOT TONBKO C
€IHHHIIEH (BBICOKMM YPOBHEM) U Hy/leM (HH3KHM), IIPOMEXY-
TOYHBIE COCTOAHUA 3anpellieHbl. ClefloBaTeNbHO, 3HAKOBYIO
9acTh OTPHLIATE/IBHOTO YHC/Ia HaM IPHAETCA KOOMPOBAaTh
mibo epuuULEl, TG0 HyNEM, TPETHETO HE JaHO.

Tak c/oXxunock, 4T0 H3obparkeHHe 3Haka “+” B 3HAKOBOM
paspsAne YHcaa NPHHATO KOAMPOBATh A/ HBOMYHBIX YHCEN
rudpoii 0, a 3Haka “-” — uuppoit 1. [Movemy Tax? Bunumo,
BO BHHMaHHe ObUIa IPHHATA ClIeRyIomasn ananorus. I1pu sa-
TIHCH TI0JIOXHUTENBHOTO YUC/IA 3HAK “+” nepef HUM OOBIMHO
OIycKaeTcs, T. €. AB/seTcA HesHavammM. Hynb ke, cTosammi
B HayaJle YHC/Ia, TOXKE ABJIAETCA He3HAYALI[UM, H IIPH 3alIMCH
4YHCIa Ha GyMare CToALIME IIEPEel HUM HY/IH TaK)Ke MOXHO
orycTUTh. B 06111eM, 110 5TO# /111 IIPHYHHE WK 11O KaKOM-TTH60
Apyroii, HO 3HAKOBBI Pa3psAf OTPHLIATENLHOIO ABOHYHOIO
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YHC/Ia MIPHUHATO BHIOGMpAaTh paBHBIM 1, M 9TO IPOCTO HAIO
3aTIOMHHTh.

Kak HeTpyHO OTanaThCs, SHAKOBEIM PaspAnoM BRIGHPAIOT
camblit crapiumit (KpaiiHui ciepa) 6ut wucna. OcranbHble
paspsAnbl cOCTaBAAIT HH(POBYIO YacTh YHC/A, T. €. HECYT
un(pOpMaLHIO O €r0 MOAYJIE.

Bot 3pech 1 HaynHaerca caMoe HHTepecHoe. Jlenio B ToM,
YTO BO3MOXXHHI I10 MEHBILEH Mepe TPH Pas/IHYHbIX BApHAHTA
pasyMHOT0 npefcTapneHus nugppoBoil YacTH 3HAKOBOTO ABO-
HYHOTOo YyHC/a. JlaBaiiTe pacCMOTPHM HX NONOApo6Hee.

IlepBblit BApHaHT HAEHTHYEH PaCCMOTPEHHOMY BEILIIE IIPEN-
CTaBJIEHHIO NECATHYHBIX yHcen. OH IpearnosaraeT, 970 uuc-
poBas 4acTh Kak IIOJIOXHTENBHOTO, TAK M OTPHLATENLHOTO
YWC/1a BCETia COREPXHMT abCOMIOTHYIO BETMYHUHY 3TOTO YHCIA.
Hanpumep, +8,o = 01000, -8,5 = 11000,. [IBonyHOE npen-
CTaBJIEHHE IUTI0C BOCBMH H MHHYC BOCBMH OT/IMYAIOTCA JIHIIb
CaMBIM CTaplLUHM, 3HaKOBBEIM GUTOM — B MEPBOM C/Iy4ae OH
paBet 0, Bo BTopom 1. Iludpopas xxe 4actb B 060Mx cydanx
onuHakoBa ¥ paBHa 1000,. Takoi cnoco6 npencraBneHUA
3HAaKOBBIX YHCeN, €CTECTBEHHBI1 U Hanbosee npHeM/eMBlil
Ha IIEpPBBII B3IJIAA, HAa3bIBAlOT NPAMBIM KONOM.

Onuako TaKoOH €CTeCTBEHHBIH, KasaJock ObI, NPAMON KOJ
He TOJIyYH/ IIMPOKOrO PaclpoCTPaHeHHUA B pealnsyeMoi
MHKPOKOHTPOJUIEPAaMH M MHEIMH LM(POBEIMH BBIYHUCTH-
TE/IBHBIMH YCTpOCTBaMH ABOMYHOM apHdMeTHKe. [Toyemy?
Bo-nepBrix, 06paboTka YHces, NPeACTaBIEHHBIX B IIPAMOM
Kope, TpeGyer OTHENBHBIX oNepaiuil Hag uHu(pPOBOM M 3Ha-
KOBOM YacTAMH, a TaKXXe AIbTEPHATHBHOTO BBLIIIOJHEHUSA
oIepaLuit CI0XKEHUA M BbINHTaHUA. Bo-BTOpPBIX, NOABNAIOTCA
IBa pasIMYHBIX npefctabnenus yucna 0: +0 u -0. Hanpu-
Mep, 11 apobHBIX ucen +0,4 = 0,00...00,, -0, = 1,00...00,.
YkasaHHbIE HEIOCTATKH CHEPXKHBAIOT IIPUMEHEHHE IIPAMOTO
KOfia B MUKpPOKOHTPOJ/IEPHOM M MHKPOIIPOLIECCOPHOM TEX-
HHKE, M OH MCIIOJIb3YeTCA IIPEUMYLLIECTBEHHO B OIlepallMAX
BBOJI3/BBIBOJA JaHHbIX.

Bropoii BapHaHT — Tak Ha3bIBa€Mblil HHBEPCHBIN KOX.
IIpencraBnenue nonoxcumenvHozo YUCIa B MHBEPCHOM KoJie
HMACHTHYHO TAaKOBOMY B IIPAMOM KOJ€: 3HaKOBBI paspsap
paseH 0, a qudpoBas 4acTh NpeACTaBaseT us cebsa cTaHmap-
THYIO ABOMYHYIO ¢OpMy 3ammcH MORynsa yucia. Tak, +8yg
= 01000,, +48,5 = 0110000, u 1. 1. (He 3abynbTe, KpaltHMiIl
c/leBa HY/Ib — 93TO 3HAKOBBI 6uT). Pasnuuus xe mMexmy
NPAMBIM M MHBEPCHBIM KOJIOM HPOSABIAIOTCA IPH 3aTIUCH QT-
pHuaTensHbIX Yrce. Bee 6MTHI IBOMYHOTO omputiamenvHozo
YUCTIA ABSAIOTCA Pe3y/IbTaTOM MHBEPCHH COOTBETCTBYIOIINX
6uTOB (BK/IIOYAA 3HAKOBBIN) IIOJIOXKHUTE HOTO YHUC/IA C TEM
»xe mopyneM. Harrpumep, +8,9= 01000,, -8,¢= 10111,, +48,5=
= 0110000,, -48,0= 1001111,.

HuBepcHBIil KOJ elle Ha3bIBalOT AOIIOHEHHeM J0 1, moc-
KO/NBKY n-paspsAfHoe OTpHLATe/lbHOe ABOMYHOE Yucno K
OJIYYalOT BHIYMTaHHEM 3KBHBAIEHTHOIO IIOJIOXKHMTEIBHOIO
yucna P us (27-1): K = (2»-1) — P. B camoM pene, -89 =
11111, — 01000, = 10111,, -48,5 = 1111111, — 0110000, =
1001111,.

3aueM HY>KHO NIpeCTaB/ieHHe 3HAKOBBIX YHCE B MHBEPCHOM
Kope? JIoCroBepHOro OTBETa Ha 3TOT BOMIPOC aBTOPHI He 3HA-
101. [lyMaetcst, i 6oree ogpO6GHOTO OOBACHEHH, YTO TAKOE
[OTIO/THUTE/ILHBII KOJI, 0 KOTOPOM MOMJET pedb B C/IEAYIONIEM
ab6zane.

IlpencraBnenue nonojumenvHoz0 YUCIA B NOMOIHHTEND-
HOM KOJIe HIEHTHYHO TAKOBOMY B IIPAMOM KOJie — 3HaKOBBII
paspan paeeH 0, a nudpoBas YacTh NpencrapnseT coboit
CTaHIAapTHYIO ABOMYHYIO (hopMy 3anucH Moayns yucia. Tak, B
HOIIO/IHUTE/IBHOM KOAe Ho-IIpexxHeMy +8,5 = 01000,, +48,9=

0110000, u 7. 1. B TO Xe BpeMs n-paspaRHOe ompuyamensHoe
ABOHYHOE YUC/O L nomy4aroT BHIMHTAHHEM 3KBHBAJIEHTHOIO
TIOJIOXKUTENBHOTO Yyucna P us 2n: L = 2n — P. Taxum obpasom,
B IOIIO/IHUMTE/IBHOM Kojie -85 = 100000, — 01000, = 11000,,
-48,4, = 10000000, — 0110000, = 1010000,.

Teneps papaiiTe 06paTM BHUMaHHE Ha C/I€NYIOLIEE OYEBHI-
Boe cooTHoruenMe: L = K + 1. Y6enwnuce? Tak BOT, U3 3TOrO
COOTHOLLEHUA CIIENYET, UTO CaMbiil HPOCMOil cnoco6 noayuums
3anuce OMpUYAMEIbHO20 HUCNA 8 OONONHUMENbHOM K00e — M0
npounsepmuposams éce 6umvt (6xa104as 3Hakoswiii 0) pasHozo
emy 1o MOOyZi0 NOnoXcumenvHozo vucia (m. e. npedcmasums
ompuyamenvHoe HUCIO 6 UHBEPCHOM KOOe), nocne 4ezo npu-
6asumv k nocnedHemy 1. B camom pene, B MHBEPCHOM Kofie
~830 = 10111,; npu6aBUM K 3TOMYy pPE3y/nbTaTy €AVHMILY:
10111, + 1, = 11000,. A xax MBI OTMeYa/ B MpeAbIAYILEM
absarie, B IOIIO/IHUTEILHOM Kofie ~8,9 = 100000, — 01000, =
= 11000,. E1ue pas: B uuBepcHOM Kope —48,5 = 1001111,; ripu-
6aBiM K 3TOMY pesynbrary equamiy: 1001111, + 1, = 1010000,.
A KaK MBI OTMeYa/1M B nipeAblnylieM ab3aue, B AONOTHUTE -
HOM Kojme —48,, = 10000000, — 0110000, = 1010000,. Bce
COLJIOCH?

FEine opun cnocob moyydeHUs 3aIllMCH OTPHUIATENLHOIO
YHC/Ia B IOIIO/THHTE/ILHOM KOfi€ 3aK/II0YA€TCA B CIEMYIOLIEM.
BosbeMeM ABOMYHYIO 3alHCh MOJIOXKHTEIBHOTO YHCIA C TEM
)Ke Mofy/ieM (OHa ONHHAKOBA M B IIPAMOM, U B MHBEPCHOM,
M B JIOIIO/IHUTE/ILHOM KOJE) M IIPOaHATH3HPYeM €€ IIOGUTHO
CIpaBa HAJIEBO B IIOMCKaX CaMOil IIPaBOi M3 BXOHAIIMX B
YUCIO €NUHUL,. Jmy eQuUHULY U CMOAU4ue npasee Hee HyNMu
(ecau makoswie umeromcs) ocmagum 6e3 usmereruil, a ce Hup-
Dbl cmosu4ue Neéee IMOLL OcmasLelicss HeUSMEHHOU eOuHULbl,
npounsepmupyem. Takum 06pasoM NOIYYHUM 3allUCh OTPH-
LIaTeIBHOTO YHCIA B NOMIOHHTENRHOM Kofe. Hanpumep, s
y>k€ MHOTOKPAaTHO PaccMOTPeHHOTO —48, npoLieAypa 3arkcH
€ro B IONIO/THUTE/ILHOM KOJ€ BRITTIAAUT Tak: +48,5= 0110000,
KpalHAA CIIpaBa eAMHHIA CTOMT B 9€TBEPTOM CIIpaBa pasps-
ne. Ee u yeTnIpe pacnionoXKEHHEIX NPaBee €€ HyJ/ls OCTaB/IsgeM
HEU3MEHHBIMY, a €JUHUITY B IIATOM CITpaBa paspsfie U Hylb
B 1lecToM IpouHBepTHpyeM. [lomydaem —48,, = 1010000,.
CoLIOCh ¢ TTOTYYeHHBIM paHee pesylnbTaToM?

JlokasaTh cIpaBeIHBOCTb MOROGHOTO mpeobpasoBaHUsA
MBI IIpe[yraraeM YUTaTe/IsM B KaYyeCTBE CaMOCTOATENBHOTO
yHpaXKHeHUA.

aBaiiTe Tenepp paccmoTpuM 6ostee obliiee onpenenieHHe
HOTOJIHUTENBHOIO KOofa U ero ceofictBa. IlycTs 3nakoBoe
yucno conepxuT N+1 R-uyHbIx paspsapos (R = 2, 3, ..., 10,
.. 16, ...}, mpHueM KpaitHuit CieBa paspsag B popmarte yucia
— paspsAg 3HaKa, B KOTOPOU IUTIOC 3aKORMPOBaH LU(ppoit
0, a Muriyc — umpoit R-1 (1 — 19 ABOMYHOMN CHCTEMBI,
9 — ns pecaTHyHoM, F — 1is mecTtHapnarepyuyHoit). Torma
HOIIO/IHUTEBHBIN Kof 4HMcna [Agldoon onpepenserca coot-
HOLIEHHEM:

[ARlmon = Ag, ecnmu Ag 2 0
[Agloon =T + Ag, ecmu Ag < 0 (43)
rae I' — epanuya vucna, pis LebIx YHCE paBHAA COOTBETC-
TBeHHO: [ =2rtl mma R =2, T = 107t una R = 10, T = 16n+1
wia R = 16.

HHbiMu CI0BaM, B TOMIOTHUTEIBHOM KOJIE 3aIlUCh IIOIOMKH-
TE/IHOTO YHC/A MACHTHYHA €10 3alMCH B IIPAMOM KOJIE, a 3aIIHCh
OTPHLIATE/ILHOTO YHC/IA IIPEICTAB/IAET COOO0M pe3y/IbTaT onepa-
LIMH BBIYMTAHKMS MOAYNA Yucaa Ag u3 rpannust: I — | Ag |-

INockoneky rpanuua I' npencrasnser co6oit ¢puxcupo-
BaHHYIO CTeIleHb, JIETKO ITOKa3aTh, YTO YKasaHHasA OllepaLHs
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BBIYUTAHUA CBOAMTCH K IOPA3PARHON OIEPalMM AOIIO/HE-
HUA KaXpoi Dudpbl yucia [0 crapuueit uugpbl cHcTeMbL
cumrcieHun (IMOMCKY B3auMHO 06paTHOI uudpsl b; Takoit, YTo
a; + b; = R-1) ¥ CyMMHMPOBaHHIO MOIYYEHHOTO OOPaTHOrO
Kopa c¢ emuuHnelr. HanpuMmep, 11a monoxurensHoro pecs-
TUyHOTro yucna 04321,y ero oTpuNaTe/IbHBIH 3KBHBAJIEHT B
HOIIOTHUTENBHOM Kopne paBeH 95678,y +1 = 95679, Yrto-
6b1 y6emuThCA B NMPaBIIBHOCTH IpeoGpasoBaHus, CIOXKHM
3TH ABa yucna: 95679, + 04321,y = 100000,y ITockombky
dopmaT YMcen comepXUT MATH paspAnOB (3HAKOBLIA M de-
ThIpe uHGPOBBIX), TO MOMyYeHHAsA B Pe3y/bTaTe C/IOXEHHA
€MHMLIA B CTapilieM paspsfe BHIXOAMT 3a paMKu ¢opmaTa
TIIpEACTaB/IeHHA U JO/DKHA 6bITh oT6potieHa. [ToaToMy HCTHH-
HEBIi pesynbTaT coxenus paseH 00000, OH noxTBep>KaaeT
TIPaBWIBHOCTB Pe3y/IbTaTa Ipeobpa3oBaHus — CyMMa I0JI0-
JKHTE/IBHOTO Y OTPHIATENIBHOTO YHCe/T C paBHBIMH MOIY/IAMH
BCETMa Hy/eBasl.

Jlo6asimio, YTO a/IropuT™M O6paTHOrO NepeBofa — AOIOJHH-
TEILHOTO KOZla OTPHUIIATEIHOTO YHC/IA B IIPAMOI KO — TOYHO
TaKOI JKe: Hy>KHO IIPOBECTH TY K€ CaMyI0 MOpaspAIHYIO oIepa-
LMIO IOMOTHEHHS KOKI0# LHGPBI YUcIa A0 cTapiuei mugpbl
CHCTEeMBI CUNC/IEHHS. H TIPOCYMMHPOBATD MOy YeHHBLT Pe3y/ibraT
¢ enuautieir. [Topo6Hoe mpeo6pasoBaHre (HOIOHUTEIHLHOIO
KOJIa OTPHIIaTeNbHOTO YKC/Ia B IIPAMOIt KO) HeOOXOAUMO I
HAXOXKIEHUA MOMOY/S OTpPHLATENbHOro 4Mcaa. Jins nposep-
KH CTIPaBelIMBOCTH ITOPUTMa IOCIEHHEro IpeofpasoBaHNA
HajifieM MOMy/lb OTPULIATENIbHOTO AECATUYHOTO YHcia 95679
[-95679;¢| = 04320, + 1 = 04321,,. Kax BuanTE, CXOIUTCA.

ITocne Toro, xak Mbl TOAPO6GHO MO3HAKOMUIUCE C TIPEX-
CTapjieHHeM 3HAKOBBIX YHUCe B IOTIOTHUTENLHOM KOJE, y TeX,
KTO CTO/IKHYJICH C MPEACTaB/IEHHBIM MaTepHalOM BIIEPBEIE,
OO/MKeH BO3HHMKHYTH C/IEAYIOINMI BOIpOC: a 3ayeM, cobc-
TBEHHO, HY>XHO 1ojio6uoe npepcrasnesune? OTBeT IPOCT.
Kak 6yner nokasaHo fajee, IpUMeHeHHe AOIOIHUTENBHOTO

_ KOJIa TI03BOJIAET IPOU3BOAMTE C/IOXKEHHE M BEIYMTAHHE 3Ha-
KOBBIX YHCET TIO OTHOMY M TOMY K€ aNTOpPUTMY, IIPH 9TOM
BBIYHTAHHE 3aMEHACTCA CIOXXEHHEM YMEHBLIAEMOTO C OT-
PHMIATENIBHBIM YHC/IOM, PABHBIM II0 MOJY/TIO BEIYHTaEMOMY.

Y, riaBHOE, TIpH HCIIO/Ib30BaHUM JOMOMTHHTEILHOTO KOAa
06paboTka IpH CIOXEHHH 3HAKOBOM U LHU(PPOBOI JacTei
4ycen IPOUSBOIUTCA 10 ONHHUM M TeM Ke IPaBIIIaM, IPHIeM
MPaBH/ILHEI 3HAK Pe3y/bTaTa (GOPMHUPYETCs ABTOMATHYECKH.
YBBI, HM IIPAMO}, HH OOpaTHBIH KOIB! TAKMMH CBOVICTBaMH He
006/1aa10T, B CBA3H € YeM IIPH UX HCTIO/IB30BAHUH BaM HYXHO
IIPOBOIMTE COOTBETCTBYIOLIYIO KOPPEKIHMIO Pesy/IbTaTa Ioc/e
IPOBEJICHHUA Ollepallii CYMMHPOBaHHA WIH [IPOCTO OCTABHTH
IOIBITKH CK/IaJbIBATh 3HAKOBbIE YHC/IA, IIPECTABIEHHEIE B
IIPSIMOM WIH HHBEPCHOM KoOJie, H paboTaTh TOJILKO € AOMION-
HUTENBHBIM KomoM. M HacnaxpaTecsa TeM, 4TO pesysbTar
CJIOXKEHHA Cpa3y IOIy4YaeTcs IIPH 3TOM NPaBWIBHBIA H He
Tpebyer Kakux-mu60 KOppeKLHii.

Tabnuya 18
BTl Npamoi Ko, WHBepcHbIt KO OTIONHMT. KO,
0111 +7 +7 +7
0110 +6 +6 +6
0101 +5 +5 +5
0100 +4 +4 +4
0011 +3 +3 +3
0010 +2 +2 +2
0001 +1 +1 +1
0000 40 +0 +0
1000 -0 -7 -8
1001 -1 —6 -7
1010 -2 -5 —6
1011 -3 -4 -5
1100 -4 -3 -4
110 -5 -2 -3
1110 -6 -1 -2
1111 -7 -0 -1

B sakaioyeHHe NpuBefeM Ta6G/IHIy UHTEPIPETaLHH de-
THIPeXOHUTOBBIX 3HAKOBBIX YHCeI B MPAMOM, HHBEPCHOM H
HOIOJHUTENIBHOM KOMIAX.

Ilpooonycerue cnedyem
Anexcanpnp Opynse,

Anekceit Opynse,
r. Mocksa

HoBbie kHUrK

A. B. Opynse

MUKPOKOHTPOJIJIEPbI ®UPMbI PHILIPS CEMENCTBA x51

Hapatenbckmit noM «CKUMEH» BBITYCTIUI NMEPBbIi TOM KHMIrH Anekcanzapa @pyhnse «Muk-
poxontpowiepsl ¢upmbr Philips cemerictsa x51». B 31031 KHHre npuBefieH MOApOGHbL 0630p
BCeX BBITycKaeMbIx $pupMoit Philips MukpokoHTpo/UIepoB, nasa nHGOpPMalMA MO AOCTYIIHBIM
OTe4eCTBEHHOMY NO/b30BATENIO0 MUKPOKOHTPO/UIEpaM CeMENCTBA X51, M3rOTaB/IMBaeMBIM Apy-
THMH BeAYLLIMMH MHMPOBBIMM IpOMSBOAUTE/IMU. B Hell npuBelieHa caMas cBeXas HA MOMEHT
BBITYCKa CBOAHaA Tabiuua no BceM pblyckaeMblM Philips MuKpokoHTpo/viepaM, a Taioke
TEPMUHO/IOTHYECKHH CToBapk. [lajiee noapo6GHO paccMAaTPHBAKOTCA OCOOEHHOCTH KIACCHYECKHX

e

o MUKPOKOHTPOJUIEpOB ceMeiicTBa X51 — cucreMa KoMaHI, (IONpOGHO OIMUCAHBI BCE KOMAH-
Ibl MUKPOKOHTPO/UIEPOB € KOIaMH ONepalilii, OTlepaHaMy, IIPHMEPAaMH JieH-CTBHSI KOMaH[,
BpeMeHeM HMX MCTOJ/IHEHHs) U aNmnapaTHble 0cOGeHHOCTH (CTPYKTypa NMaMsITH U PerHCTPOB,

apr¢MeTHIeCKO-TIOTHYECKOe YCTPOHCTBO, TaliMePhl-CI€TYMKN H PEeXHMBI HX pabOThl, CUCTeMa
NpepBIBaHHIA, CTAHAAPTHBLA MOCTENOBATE/bHbI IIOPT CO BCEMH PEXXHMMaMH paboTEI M CHCTeMA
yTipaB/ieHys mitasnem). [1onpo6HO onrcaHbl MUKPOKOHTPOJUIEPHI € paspaGoTaHHBIM (PUPMOit
Philips opyurnnaneueiM sinpom 80C51+, B TOM 4MC/le MMKPOKOHTPOJUIEphI ¢ (/I31u-NIaMATHIO

MuxpoxouTponnepst
Gupmst PHILIPS
ceameiicTas x51

MpOrpamm, ¢ NpOrpaMMHpyeMO¥ MaTPHIIEH CYETIYMKOB, C PACILIMPEHHOM MaMATHIO TPOTPaMM H
DaHHBIX. PaccMOTpeHb! Takke MMKpOKOHTPOJUIEPHI ¢ IONIO/THHUTETEHBIMY NTOPTaMH BBOAA/BBIBOTIA,

C aNnapaTHO PeIM30BaHHOM MHOM 12C 1 BCTPOEHHBIM aHAIOro-1(pOBBIM IIpeobpa3osaTenieM.
Bcs npuBenieRHas HH(OpMALMA OCHOBaHA Ha CIIPaBOYHBIX Marepuaiax ¢pupmsel Philips.

Kuura paccunTana Ha IUMPOKHIt KPYT MH)KeHEPHO-TEXHHYECKHX PAGOTHHKOB, HHTEPECYIOo-
IIHXCA OCIeNHYMHM IOCTIIKEHUAN MHKPOK TPOJ/UIEPHO¥M T€XHMKH.

Knura ¢popmara A4 uMeeT MATKYIO 06/I0XKKY H COllep>XUT 336 c.

Bri MOXKeTe ToONMHCATHCA Ha 3Ty KHUTY Yepe3 pemakunio. CTOMMOCTb TOONMHCKH — 260 py6., B 3Ty CyMMy BK/IIOYeHA NepeChUIKA 110

Poccuu. Hann pexkBU3HTHI ¢M. Ha C. 56.

6 1. Cxemorexnvka Ne 2
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KomMmnbloTepHoe

CXeMoTexXHU4yecKoe
MmoaenupoBaHue
NEKTPOHHbIX YCTPOUCTB

B 0anHOU cmamee paccmampusaomca Makpomooesu npocmediux
onepauuoHHsix ycunumerset (OY), sbinosiHeHHbie cpedcmeamu Npozpamm
Electronics Workbench (EWB) u Micro-Cap (MC).

CXEMOTEXHUYECKUE
MAKPOMOJZENH OY

Kanonmaeckuit OY umeer yetripe cur-
Ha/IBHBIX BHIBOIA — JIBAa BXOAHBIX (MH-
BEPTHPYIOLIMIT M HEHMHBEPTHPYIOLI{HIT),
BbIxO M o6uuii npoeon. Ha npynuu-
MHaIbHBIX cxeMmax Takoi OY o6bryHo
1300paXkaloT B BHAE PaBHOCTOPOHHETO
TPEYro/NbHUKA, OPMEHTHPOBAaHHOTO IIO
HaIPaB/ICHHUIO PacIIPOCTPAaHEHHUA CHTHA-
J1a, OOTIONHAA €T0 COOTBETCTBYIOITMMU
BbiBOfaMH. Ecn K yeThIpeM curHaib-
HBbIM BBIBOJAaM HO0AaBHTH BBIBOABI 1A
ABYHOJIAPHOTO IIMTaHMA, TO BCETO BbI-
BOIOB AO/MKHO OBITH 1uecTb. OnHAKoO,
BhiGpaB B nporpamme MC mnocnenosa-
TebHO kKoMaHne — Component>Analog
Primitives>Active Devices>Opamp, no-
nmyaum rpaguyeckoe usobpaxenue OY
C OATHIO BRIBOAaMH (puc. 225).

B nmporpamme EWB, naxkaB JIKM 11a
HMKOHKY € M306pa)keHHEeM aHATIOTOBbIX
MHKPOCXeM r’g’g ¥ BbI6paB B HHCIIafa-
tommeM Menio Analog ICs (Analog Inte-
grated Circuits — aHa/OroBble HMHTer-
PaJIbHBIE CX€MBI) HKOHKY Qj MOJTyYUM
usobpaxkene OY (5-Terminal Opamp),
ToKasaHHOE Ha pHc. 226.

+ +

Puc. 226

Puc. 225

B atux YT'O cneBa pasmelrieHsl HH-
¢opmarmonnbie (cUrHanbHBIE) BXOABI,
a crpaBa — BEIXOMI, CBEPXYy H CHH3Y
BBIBO/IbI IIMTaHHUS, HE SABJAIOIIHECH
undopmanmonnsimu. Eme pas crenyer
NOAYEPKHYTH, YTO 3HAKH «+» H «—» Ha
HHGOPMaIIMOHHBIX M HeMH(pOPMaIHOH-
HBIX BHIBOfIaX HMEIOT NPHHLHIIHAILHO
pas/MHUYHbBII CMBICT — Ha HHGOpPMaIH-
OHHBIX OHH YKa3bIBalOT Ha (hasbl BLIXOJ-
HOTO CHTHaJIa IO OTHOLUEHHUIO K BXOJ-
HOMY, a Ha HeMH(OPMALTMOHHBIX — 3TO
O6GBIYHElE 3HaKH HANPSXKEHUIT IO OTHO-

27 1wenmio x ofmemy nposomy. Crenyer

TaK)Xe MMeTb BBHOY MU TO 06CTOATETH-
CTBO, YTO BHIBOJ 0611[eT0 IpoBoaa (cur-
HaJILHOTO Y ITIUTaHMs) B 9THX CXEMaX He
IIOKA3bIBAETCA.

B oTedecTBEHHOM TUTEPATYPE COTIaCc-
10 TOCT ms nopo6ubx OY npUMeHsIoT
CXOXKHe H300paskeHUsl B BUIE TPEYTOJIb-
HHMKOB WIH B BHJ€ NPSMOYTO/ILHUKOB,
COXpaHsAs MHEMOHHMYECKHI1 TPeyro/ib-
HHMK BO BHyTpeHHeM moJie (puc.227),
3fieck Ha HEMH(OPMALIMOHHBIX BXOAAX
HMHOTH@ CTaBAT YC/IOBHYIO METKY B BUJIE
KOCOTO KpecTa.

+Un
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~Un
7 3 6
8 6 > =17
2 +Ut—
2 U 4
4

Puc. 227

Coset. O6pamume sHumanue HA MO,
umo 6 pasnvix cnocobax YI'O no-pas-
HOMy pasmeuaiom 1o omHoueHuio opye
K Opyzy «nniocv» u «munyco> (urgpop-
MAayUOHHbIE 1 NUMAHUS) U NO-PASHOMY
opuenmupyiom YT'O 8 npocmparcmee no
OMHOWEHUIO K 20PU3OHMANBHOLL OCU.

HTak, Ha mpuBefieHHHIX 06o03Have-
HHSAX IIOKa3aHbl IIATh BHIBOJOB BMECTO
ecTd — He XBaTaeT BbIBoJa oOlie-
ro NpoBOHAa, C HUM BCerfa MpobieMEl.
Jlns Toro 4T06bI € 3TUM pasobpaTbcs,
HOCMOTPHM Ha COOTBETCTBHE MEXIY
BBIBOJIAMH pe€aIbHOM MHKPOCXEMEBI M
npuBefeHHBIMH Ha YTO.

Bepuemcs k puc. 216 («CxeMoTexHHKa»,
2006, Ne 1, c. 25), roe ms OY K140Y11
pana LUbpoBas HyMepanus BBIBOLOB
Y [/ OCHOBHEIX BBIBOAOB YKa3aHO MX
¢yHKIMOHAIbEHOE HAa3HAYeHHE: 9 — HH-
BEPTUPYIOLLMIL BXOJI, 10 — HeMHBEpTHDY-
IOLIUI, 5 — BBIXOA, 7 — MNOAK/IIOYEHHE
MO/IOXKHUTEIPHOTO BBIBOJIa HCTOYHHKA El
u 1 — nopx/moYeHHe OTPHLIATEILHOTO
BbIBOfIa McToYHMKa E2 (oTHOCHTE/BHO

Mx OOIIEeH TOYKH, KOTOpas COeNHHEHa C
o61uM npoopom). Beison 4 — Ground
(o61uwit) camoro ycwTes, XOTH U UMe-
€T Hy/IeBO# MOTEHUHA, O6GBIYHO C «BHE-
LIIHHM» OOILIAM IIPOBOAOM He COENUHAIOT.
Taxum o6pasoM, ocTaerca MATh Heobxo-
IMMBIX BBIBOIOB, OTCYETBI YK€ BCEX CUTHA-
JIOB IIPOM3BOJATCA OTHOCHTE/IBHO 001
TOYKH MCTOYHHMKOB IMTaHusA («BHEIIHe-
ro» ofi1ero HpoBoaa).

Cobepem B nporpamme EWB cxemy,
aHaJIOTMYHYIO ITOKa3aHHOM Ha puc. 216,
«crpATaB» Bce komnoHeHTH HMMC
BHYTpH ee YI'O u coxpaHuB IIpu 3TOM
HYMEpaIHIO BBIBOJIOB (pHC. 228).

7.+Ucc

. E1
) 12v
" E2
) 12v

_Puc. 228

Ecmu 661 B 6M6/1MOTEKe KOMIIOHEH-
TOoB niporpammbl EWB copepxanca OY
K140Y 11, 1O mmocne BKAIOYEHHUA MoOfe-
JIMpOBaHHA MbI 6B IOJTYYIIN pe3y/bTa-
ThI, IIOJIHOCTBIO COBIAZIAIOLI{HE C paHee
MpeacTaB/IeHHBIMU Ha puc. 217. MoxHo,
KOHEYHO, OTPERAKTHPOBATh CYILIECTBY-
OIMI 6H6/IHOTEYHBIN KOMIIOHEHT, HO
310 TpebyeT AOMOMHUTEIBHEIX JaHHBIX
o MuKpocxeMe. OrpaHHYHMCSA TEM, 4TO
IPOAEMOHCTPHPYEM MPHUHLHITHAILHYIO
paboTocrioco6HOCTE cO6paHHOTO y3na.
Bribepem B 61611OTEeKe KOMIIOHEH-
T0B OY 741 U, yMEHBIIHB HaIpshKe-
HHE Ha MCTOYHHMKE BXOJHOTO CHTHaIa
po 10 MxB, BKIIOYHM MOHAETHPOBaHHE.
PesyneTaT nokasan Ha puc. 229.

W3 ocuwiiorpaMm BHOHO, YTO [JIA
atoro OY koaddurment ycunenus co-
cTaBiseT okomo 10°, moCKONbKy Mac-
1ITa6 BepTHKANLHOWM pPasBEPTKH IO
KaHa/IaM Ha OfHO Je/IeHHE COCTaB/IsAeT
10 MxB pnsa xanama A u 1 B — s xa-
Hama B.

Ilpopenaem Takylo ke 3aMeHY B IPO-
rpamme MC s OY pA709, mockonbKy
ofHa M3 ero MoaupHKaHi CONEPIKUTCA
B 6u6/1MOTEKEe KOMIIOHEHTOB.

Hrak, HayHHaeM € YMCTOTO JIMCTa
(New>Schematic) u, BLIIONHAA IIOCIENO-
BaTe/bHO KoMaHbl: Component>Analog
Primitives>Active Devices>Qpamp>U00
00>UA709AM, BribepeM HeOOXORUMBII
OY (puc. 230).
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Hymepanus BeiBogoB OY Ha aTOM
PHCYHKE COBIIaflaéT C HyMeparuei
Ha pHc. 221, mpaBfa 3hech B CXeMHOM
MofienH (PUIypHPYIOT He BCE BBIBOMBI
peaTbHOM MHKpocxeMbl. Bxmoyum B
COOTBETCTBMH ¢ 0603HaYeHHAMH W ITac-
MOPTHBIMM [aHHBIMH MCTOYHHKM IIH-
TaHHA, a TAKXKe BXOJHbIE H BBIXOAHBIE
LIETH aHaJIOTHYHO pHC. 221.

CxeMa roToBa 1 MOAETHPOBAHHA, HO
BHayale IIpHIaguM €l [pyroil BHI, MC-
[I0JTb3ys ONIMCAHHBIN paHee 3/ieMeHT Tie.

JT1o moseonser «ybpate» B moboe
MeCTO MCTOYHHMKH NMUTaHUA (IIPH 3TOM,
COIJIaCHO NPUHATEIM ycnoBuaM, OY oc-
TaeTcsA K HUM HOAKXTIO9eHHbIM). Tenepb

UA708AM 7 +Vee

+VCC -Vee

J:15 j|:15
Puc. 231

IIpOBEeAEM MOAC/TINPOBaHHE 3TOH BCTPO-
€HHO¥ MaKpOMOJE/H aHAJIOTUYHO paHee
MCCTIEAOBAHHOM pa3sBePHYTOH MOKOMIIO-
HEHTHOM MOJIeNH.

PesynbTaThl MOJENHpPOBaHHUA IIpeN-
CTaBJIeHH Ha puc. 232—234; BUAHO,
YTO OHH aHAJIOTWYHBLI MPUBENECHHBIM
Ha pHC. 222—224.

ITapamerpel MaxpoMopenel! 3afaloTcs
COBCEM M3 IPYTHX CXeM 3aMeEILLICHHs, M OHU
He AB/LAIOTCA IMPOCTO TAKOBBIMMU IUTA KOM-
[IOHEHTOB peajbHOM MUKPOCXeMBI (MHa-
Yye uX YUC/I0 6pUIo 6BI 0Y4eHb 6ONBILKMM).
3apaHye 3THX MaKpOIapaMeTpOB MOXHO
JIETKO yBHIETh B mporpamMme EWB, s
3TOTO JOCTAaTOYHO BBIJEIMTh BBHIOpaH-
HbIA KoMnoHeHT OY M NMoCMOTperh €ro

Ok 100K 1M

Puc. 234

Mopenb. Boobiue xxe B mporpaMmme EWB
HMeeTcA JeThIpe BapHaHTA aHAJIOTOBBIX
OY, ux YTO nokasanri Ha puc. 235.

IlepBbIit H3 HUX — 3TO TaK HasbIBae-
MbIi uaeansHb OY.

B cxeMOTexHHKe LIMPOKO HCIIONb-
3yercs mpeAcTaB/ieHHe 06 MACATLHOM
onepaoHHOM ycummTene. OCHOBHBIE
cBoiicTBa MaeanrsHoro OY TakoBEI —
6ecKOHETHOE BXOIHOE CONPOTHBJIEHHE
Y Hy/IEBOE BBIXOJIHOE, 6ECKOHEYHBII KO-

741 UAT748

D £ B £

Puc. 235

acdunuenT yeunenus (pu pasoMKHy-
Toit e OC), 6eckoHeyHas LIMPHHA
IIO7IOCHI IIPOTTYCKaHHA, HAYHHAIOLLAACH
C Hynsa. 3T0 [Hano OCHOBaHHE ORNHOMY
M3 KPYITHBIX CIIELMATHCTOB IO Orepa-
LHOHHBIM YCH/IMTENAM [OLIYTHTD, YTO
«cnienugukanusa» Ha upeansHpit OY
COJEPXKHUT JIMIIL HY/IH M 3HaK Gecko-
HEYHOCTH.

B cxeme BK/IIOYEHHA HOEANBHOTO
OY d4acto BooGire He H306paxaloT
HMCTOYHUKH MUTaHHSA, IPEAIIONaras Mux
MpPaBH/ILHO MOAKIIOYEHHBIMH. OTCUeT
CHI'HAJIOB MIPOU3BOAHUTCA OTHOCHUTE/Ib-
HO 0611Iero MpPOBOJa, KOTOPBII HO/KEH
6bITH Ha cxeme. Kpome Toro, B mpo-
IpaMMax pacyeTa CXeM, COEpPKallHX
upeanbhblit OY, 3a1al0T He Hy/TH U 6ec-
KOHEYHOCTH, @ KOHKPETHBIE IaPaMEeTPhI.
Bri6op 3nayeHuit mapamMeTpoB ornpefne-
NgeTCs OTHOCHTENBHBIMH MacluTabamMu
sagayu, Nogo6HO MexaHuKe — 3emis
B IUTaHETapHOM MaciuTabe — Matepu-
a/bHasg TOYKa, HO NPH ABKXKEHHH IIO
Hell Te/ll OFPaHHYEHHBIX Pa3MEPOB MBI,
KOHEYHO )K€, YYHTBIBAaEM €€ IIPOTKEH-
HocTh. B Mopenu e upeamsnoro OY
Hano MPHHATH BO BHHMaHHE OTHOCH-
TE/IBHOCTh MacIUTab0B 3MEKTPHYECKUX
Be/IMYMH (BXOJHBIX M BBIXOJHBIX CHTHa-
7I0B). MaTeMaT4ecKHe MOTE/H Hieaib-
nworo QY ABAAIOTCA THHEHHBIMH.

Bommomuue B nporpamme EWB noc-
nefoBaTeNbHO KoMaHAabel — Analog
Ics>Component Properties>Models>
default>ideal>Edit oTxpoeM okxHa ¢
mictamu Sheet 1 (puc. 236) n Sheet 2
(puc. 237) nns penakTHpOBaHUA TpeEX-
BbiBopgHOro OY — 3-Terminal Opamp
Model «Ideal».

IlpuBenenHbIe B 3THX /IMCTaX mapa-
MeTpbl TAKOBBIL.

3 Teiminal Upamp Model ideaf ﬂﬁ'
Sheet 1 I Sheet 2]
Openvioap gan (A}
Input ressstance (R} Te+10 Q
Dutput resistance (RO): "l Q
Positrve vokage swing (VSW+). 20 v
Negative volage swing (VSW-} l—ZO v
Input offset vokage (YOS} lO v
Input bias currert (IBS} 1] A
Input oifset current G0S): 0 A
Slew rate (SR} I1e¢1 0 Vi
Urity-gain bandwidth {FU): |1a+12 Hz
I 0K I Crvena J
Puc. 236

23
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-Temmi X e Positive voltage swing —mnonoxu- IMpumep BHI6Opa YHCIOBOTO 3HaYe-
Shoet1 Sheet2 | TEBHOE HANPSDHKEHHE «pacKadKH» HHA NapaMeTpoOB IIOKa3aH B IIPHBENCH-
(MakcuManbHOe 3HadYeHHEe BBIXOA- HbIx mucTax Sheet 1, 2 (puc. 236, 237).
Locaton of second pole (FP2): IE Hz
= HOI'O Hal’IpH)KCHHH); I'Ipn nepexone K MoOO€naM pe€allbHBIX
Compensaton capacitance [CC) '[‘ F . .
s Negative voltagc swing — orpuna- OY Heobxonumo BBIGpaTE BMECTO Hfie-
TebHOE HaNPsXEHHE «pacKayKH»  aJIbHOIO M3 IPHMBEACHHOM 6UOTHOTEKH
(MMHHMMa/IBHOE 3HAYEHHE BLIXOAHO- KOMIIOHEHTOB HY)XXHBII THII HJIH OTpe-
ro Hanpﬂ)KeHmi); JaKTHPOBaTh UMEIOIIIHECA MOJEC/IH.
e Input offset voltagc — HalpshKeHHe JeicTBys aHAJOTHYHO NpeRBIOYyIIle-
CMEIIEHHUA HYNA; MY, MOXHO Bbl6paTb mopens OY c¢ us-
e Input bias current — BxogHO#1 TOK;  THIO BhIBOmAaMH — 5-Terminal Opamp
e Input offset current — pasnocte Model «741», KOTOpBIt NPHHAT 3a CBOE-
BXOJHBIX TOKOB CMEILEHHA; o6pa3Hini CTaHAapT, WIM APYTro¥ IIoA-
l ok I Orena J -
4| e Slew rate — MakcUMaIbHasA ckopocth  xopsauuit THn OY (puc. 238). Yucno
Puc.237 HapacTaHWsA BBIXOMHOTO HAlPOKEHHUSA; MapaMeTpoB 3THX QY 60nbie, Tak Kak
Tabnmya 1
O6o3navenue YpoBeHb moaenu Napametp EavHmya 3Hauenme no
Level M3MepeHun YMONYaHMIO
Level 1—3 YpoeeHb mogenwm (1, 2, 3) — 1
TYPE 3 Tun BxogHoro TpaH3aucTopa: 1—NPN, 2—PNP, 3—JFET — 1
C 3 EMKOCTb KOppeKLMn D 30-10712
A 1—3 Ko3$PpUUMEHT yCcnneHns Ha NOCTOAHHOM TOKE — 21 05__
ROUTAC T 1—3 BbixogHOe CoONpoTUB/IEHUE NO NEPEMEHHOMY TOKY Om 75
ROUTDC 1—3 BbixogHOE conpoTUBAEHNE NO NOCTOAHHOMY TOKY Om 125
VOFF 3 HanpsxxeHne cmeLleHUAa Hyna B 0,001
IOFF 3 Pa3HOCTb BXOOHbIX TOKOB CMELLEHUSA A 10°°
SRP 23 MakcumanbHaa CKOPOCTb HAapPaCTaHUA BbIXOAHOTO HaNPAXEHUA B/c 5-105
SRN 2,3 MakcumanbHaa ckopoCTb CNajia BLIXOAHOTO HaMpPAXEHWA B/c 5-10°
IBIAS 3 BxoHOM TOK CMeleHua A 107
VCC 3 HanpsaxeHue NonoxurenbHOro NUTaHUa B 15
VEE 3 Hanps»xeHue oTpyLaTenbHOro NUTaHuA B -15
VPS 3 MakCrManbHOE BbIXOAHOE NONOKUTENBHOE HaNpPAXEHUE B 13
VNS 3 MakcumanbHOe BUIXOAHOE OTPULATeNbHOEe HANPAXEHWE B -13
CMRR 3 KoadduumeHT nogaenenmns cuHdasHoro curHana — 10°
Mnoujage yewnenua (pasHa NnpoussegeHuio koaddumeHTa "
GBW 2,3 — 10
_ycuneHua A Ha YacToTy NEepPBOro NOAKCa)
PM 23 3anac no ¢aze Ha YacToTe eUHUYHOIO YCUIIEHUA rpag 60
PD 3 [MoTpebnaeman MOLLHOCTb Br 0,025
105C 3 BbiXO4HOM TOK KOPOTKOIO 3aMblKaHWUA A 0,02
T_MEASURED 3 Temneparypa namepeHun °C —
T_ABC 3 ABCONTHaA TeMnepartypa °C —
T _REL_GLOBAL 3 OTHOCUTeNbHaA TemNeparypa °C —
T_REL_LOCAL 3 Pa3HOCTb MeXay TeMnepaTypol yCTPONCTBa o _
¥ MOZenu-npoToTMna

UAZ410 6 neiat pu poxe operatu nal smphtrer

Name Vo
[maDEc T Show 1T Show  Chenge ]
Dmley -

T~ PrMake: PrHemes § PoNutben ¥ Curot ' FPower ¥ Condiion
FARAT <7 Bode Plot =
PACKAG = wen
COSTe
PowERe i

* LM709AM
e
4
[0 ] comef g } 00 | ) b | ‘:I.
Now | Swtsc | P | Gopud. | HopBaf | —l!_l—-l
AMPLBA
[Ta:89) Treefi cfiF
& 20 o AC % £z
FF ™ OFF 20 SO0K
™S00 N 15
xns VPR 134 134
DR 3 62K G INEG L}
D S0 oA a
undehred OB undened
Puc. 238

e Open-loop gain — ko3 duument
ycunenus Hanpspkenna OY, ve ox-
payennoro OC;

e Input resistance — BXORHOE COITPO-
THBJIEHHE;

e Output resistance — BBIXOZHOE CO-
[IPOTHUBJICHHE;

Puc. 239

¢ Unity-gain bandwidth — wacrora
e€NUHHUYHOIO ycwieHus (dyacrora
BXOAHOIO CHIrHala, IIPH KOTOpOM
K03 UIHEHT YCHIECHHA paBeH
eIMHUIIE);

e Location of second pole — gacro-
Ta BTOPOTO IIOJTI0CA ITepeAaTOYHOI
XapaKTepPUCTHKH (4acTOTa BXOf-
HOTO CHTH&/Ia, IPU KOTOpo#t (dasa
BBIXOOHOTO CHTHAaNa CTaHOBHUTCH
> 180°);

e Compensation capacitance — eM-
KOCTh KOPPEKLHH.

Mogenu yxe HemHelnbe. [1pu Heo6-

XOAMMOCTH y4eTa KOMIICHCAIHOHHBIX
M KOPPEKTHPYIOLIMX L€Nei HUCIONb3y-

10T BcTpoeHHble Mogenu OY, uMeronue
CceMb U ACBATH BBIBOAOB.
B mporpamme MC Ttaroxe HMeIOTCA

pasIMyYHBlEe BCTPOEHHBIE MOfieTH U 616-
miotekn QY. Ba3oBbIM KOMIIOHEHTOM
spiaserca QY ¢ nmaTeio BeiBO#aMH. [le-
pedeHp napameTpoB mopem OY B MC
IIpUBEAEH HIDKe B Tabn. 1 us kuury [1].

3peck MOXXHO HCIIONIB30BaTh MOAETU

TpeX pasjuyHbIx ypoBHeil (Level) —
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NPOCTEHIIYI0 MACAIHHYIO THHEHHYIO
(Levell), ycnoxxHeHHy0 JHHEHHYIO
(Level 2), u nenunetinyio (Level 3). Okro
IUIA peRaKTUPOBaHHUA COREPKUT KaK Ia-
pamerpsr, Tax u Tunbt QY (puc. 238).

Ilo ymoryanuio 3agaHa MOfe/Ib Tpe-
Thero ypoBHs cnoxxHocrH (Level 3), npe-
OYCMOTpPEHa BO3MOXHOCTh IPOKPYTKH
TUIOB U napaMetrpos OY.

:

ebasden-

dh(V(Out3))

Puc. 241

IToBepnenne mopeneil BO BpEMEHH
NpH Iofa4Ye Ha HUX IIPAMOYroJbBHOTO
HMMITy/IbCA MO CXeMe pHcC. 239 mokasaHo
BO BpeMeHHOI o61acTH Ha pHc. 240, a
B YaCTOTHOM — Ha puc. 241, nipuyem
HyMmepanHa OY u BEIXOHOB Ha cxeme
COOTBETCTBYET HOMEPY YPOBHA MoJe-
JIH.

JINTEPATYPA:

1. B. J1. Pasesuz. CxemomexHu4eckoe
modenuposanue ¢ nomougbio Micro-Cap
7. — M.: I'opsiuas nunus-Tenexom, 2003,
¢ 219, 220

IIpooonyucenue credyem

Tenpux Kapnames,
r. MockBa

OcBauBaem paboty c yacamm

DS1307

B Hawem xypHane yxe 6bin1a onuCaHa KOHCMPYKUUS 4aco8 Ha MUKpocxe-
me DS1307 [1]. B amoli cmamee paccmampusaiomcs 0CHO8Hble 0COBeH-
HOCMU pabomesi MUKpOCXeMbl U NpuBooUMCA NPUMepP Npoz2pamMmei 01

pabomei ¢ Hell.

yiecTByeT 60MBLIOE YHCTIO 37IEK-
TPOHHBIX YCTPOMCTB, B KOTOPBIX
OIHHUM M3 OCHOBHHIX Tpe6GOBaHMIt
SIB/IAETCA TOCTOAHHBIA y4eT BPEMEHH.
B nmacrosiinee BpeMs Takas (pyHKIHs
MOXxeT OBITH peajH30BaHa C HCIIONb-
30BaHHEM Pa3HbIX MHKPOCXEM YacOB
peanbHOro BpemeHH. Ha pbinke 3mek-
TPOHHBIX KOMIIOHEHTOB BH/THOE€ MECTO
[0 IPOH3BOACTBY TaKMX MHKPOCXEM
3apumaer kommnanus Dallas Semicon-
ductors. Ona BBITIyCKaeT MHKPOCXEMBI
DS1307 u DS1340. Ha monenun DS1307
A M XoTten 6 OCTAHOBUTHCS.
Jlnst Toro, 4TO6HI CTaThA HE Kasanach
BaM elLLe OfHUM nepesoioM Datasheet, s
He 6ynly OCTaHaB/IMBATHCA HA TEXHHYEC-

7 1. CxemotexHmka Ne 2

KMX XapaKT€pPHCTHKaX, KOTOpbl€ BBl U
caMu 6e3 ocoboro Tpyaa cMoXKeTe Haii-
TH B COOTBETCTBYIOLLEH TE€XHHYECKOM
OOKyMEHTAITHH.

OCHOBHOH OCOOEHHOCTBIO 4YacOB
DS1307 siBnisetcs paborta no mmse 12C.
Yace! BBICTYTIAIOT B Ka4eCTBE YCTPOITC-
TBa Slave. Pa6ora ¢ DS1307 naunnaer-
€A C TEHEPALMH MIPOLIECCOPOM YCIOBHS
«CtapT», IMocsie KoToporo Master mocel-
naet agpec 1101000, 3a KoTOopbIM HAET
6MT YTEeHHA-3aIUCH, NIPHHHMAIOLHI
Hy/NeBO€ 3HaUYeHHe BO BpeMs 3aITHCH B
yacel. YcnoBue «CtapT» onpenensiercs
ycTpoitctBoM Slave, xorga mauua SCL
HAXOIUTCA B COCTOAHHM JIOT. 1, a Ha jin-
HuM SDA 11pousolen nepexop T BbICO-

KOro YpoBHsA B HU3KHI. [locne npuema
appeca ycrpoiictBo Slave HOMXHO BHI-
ctaBuTh curHan Acknowledge, yxaspiBas
ycrpoiicTBy Master, YTO 4achl rOTOBBI
K mpuemy cnepyiomero 6aitra. [anee
Master nofiaer axgpec perucTpa, ¢ KOTo-
poro 6yneT HaYMHAThCA IPOLIECC 3ATTHCH
OaHHBEIX B MHKpOcxeMy 4acoB. Kak us-
BecTHO, DS1307 umeeT BHYTpH BOCEMb
peructpoB RAM (appeca 00H—07H),
KOTOpBI€ XpaHAT B cebe nHPpOpMaLHIo
0 TekyiueM Bpemenu (Tabm. 1).

Bce 210 ecTp B Datasheet na DS1307.
Hudopmarus o TeKyiieM BpeMeHH [O-
6bIBaeTcA YTEHHEM perHcTpoB. Jlro6bie
HM3MEHEHUA BO BPEMEHH MOTYT OHITH
BHECEHBI IyTeM 3allHCH COOTBETCTBYIO-
x perucrpos B O3Y DS1307. Conep-
JKHMO€ PETHCTPOB BPeMEHH HaxORUTCA
B ¢opmate BCD. Ecmu 6ut 7 perucr-
pa C Hy/I€BBHIM afipecOM YCTaHOBJIEH B
€IMHHUYHOE COCTOsAHHE, paboTa yacos
MOJIHOCTBIO 3aIPeLaeTCH.

Bcrien 3a agpecoM perucTpa ycrpomcTBo
Slave O6s3aTeNibHO BHICTAB/IAET CHIHAI
Acknowledge. 3atem Master HaumHaer

25



Cadr

Ta6nuya 1
| Anpec | Bur7 | But6 | BuT5 T Bur 4 Bur3 | Bur2 | bur1 | bur0 3HaueHue
00H CH LecaTkn cekyHa EAviHWLBI cekyHA 00...59
01H X [ecaTkn MuHYT EavHuLbI MUHYT 00...59
02H X 12/24 Jecatku yacoe/dnar AM-PM eCATKM HYacoB EAnHMUBbI YacoB 01...12wmn 00...23
03H x X X X X eHb Hegenun 1...7
04H X X [ecaTku aHen EavHnubl gHen 01...28/29,01...30,01...31
05H — — _flecaTkm mecAues EAvHuUUb MecaueB 01...12
06H JecsaTku net EAvHWubI teT 00...99
07H | OUT | x X ] SQWE x | _x [ RSt | Rso —
08H
e RAM 56xB —
3FH

nepenasaTh KajkabIit 6aiiT fAHHBIX, [OJ-
TBep>kpaeMblii curnanoM Acknowledge
DS1307. I'locne nepenayuu Beex 6aiT faH-
HbIX Master Ho/DKeH CreHepHpOBaTh YC/IO-
BHe «CroI», 4TOOBI YKa3aTh YCTPOICTBY
Slave na 3aBepieHMe Ipoliecca repegadu.
Jna ero reHepanyy np aor. 1 na mmuM
SCL na muuuun SDA ¢opmupyetcs nepe-
raj M3 HU3KOrO YpOBHA B BBHICOKHIL.

s TOrO, YTO6BI CYMTATH JaHHBIE U3
4JacoB, Master mocelaeT ycTpoitcTBy
Slave agpec 1101000, 3a KOTOPBIM ClEAY-
eT 6UT YTeHUA-3aIHCH, IPHHUMAIOMIMH
e[IMHUYHOE 3HaY€HHE B IIPOIecce dYTe-
HuA ganHbIX U3 DS1307. TTocne npuema
6aiiTa, coiepallero aapec, Yachl BhI-
crapnsoT curnan Acknowledge. Iocne
3TOTrO Yackl HAYMHAIOT NepefaBaTh JaH-
HBI€, HaYHHas C afpeca, 3alHCaHHOTO B
PErUCTPOBBL YKa3aTenb, T. €. eCNH A0
3TOro IPOM3BOAWIACH 3AITHCh B Yachl €
peructpa 04h, To B perucTpoBbIit yKa-
3aTe/b 3aHOCHTCA 3HaveHHe 04h. Kax-
pas mepenada GaiiTa compoBoOXpAaeTcs
curnanoM Acknowledge ot DS1307. Ha
puc. 1 mokasaHbl BpeMeHHbIE fHarpaM-
MbI paboTH! YacoB depes wmHy [2C.

B aitne, xoTopbIit MOXHO HAHTH Ha
caifTe )KypHasla, HAXOZUTCA acceMbnep-
HBII1 KOA NporpaMMbl Ha MHKpPOKOHT-
pomtepe ATmegal28 njs paboThi ¢ yaca-
mu DS1307. JlannbIit nporpaMMHBIi KOJ
SIB/IAETCA COCTABHOM YaCThIO IIPOrPaMMBbl
IMarHOCTHYECKOTO KOMIUIEKCA MPHHTe-
poB tepmoneyatH. HemocpencrBenHoe
y4acTHe B TpoBepke npHHHMaeT PC
(mepconanbhriit koMiboTep). OcHOB-
Hafl Hjes 3TOro NporpaMMHOTO MOy
3aKUn04aeTca B ToM, 4To PC mockuiaer

RS-232 3HayeHHe TEKYLUETO BPEMEHH.
MHKpPOKOHTpOLIEP IIPOH3BO/MT 3aTHCh
OAHHBIX, KaCAIOIIUXCA BPeMEHH, B Yack]
DS1307. IloToM OH fetaeT 3aepxKy B 1
C M CYMTHIBaeT 3HAYECHHE C YaCOB, M0C/e
4ero MUKpOKOHTPOJUIEP IIePefaeT IOy~
JeHHBIe JaHHbIEe B KOMIBIOTEp. [lj11 Toro
4TOOBI HAOMOAATE 33 JAHHBIMH, IEpena-
BaeMbIMH II0 HHTepdeiicy, IpeIaraio
HCcnonb30BaTk TepMuHan COM-nopra B
nporpammuoit cpefe Code Vision AVR,
O4eHB YROOHBII H IPOCTOI B OCBOCHHUH.
BonbiuHcTBO paspaboTyHKOB HCIONB3Y-
€T ero mpH o6KaTKe CBOMX YCTPOICTE.

B xavecrBe mmmm SDA s ucnonmb3yio
BeiBof, PD7 Muxpoxoutpormrepa AT-
megal28, B kadecrBe munn SCL — PES.

Ileppas yacTb mporpaMmpl — HHHIIH-
anusanus nepudepu U IpepbIBaHHI.
3a Heii criefyeT IporpaMMHas 4acTb az,
rfie nporeccop o6MeHuBaeTca GaliTamu
3anpocoB U NoATBepxaeHus. Ilocne ato-
ro PC moceuiaer maHHBIE O COCTOSIHMM
TEKYILLIETO BPEMEHH B IIporieccop — a3,
M MHKPOKOHTPOJUIEp HayHHaeT 3allof~
HATH BpeMeHHO# 6ydep Buffer_recieve_
from_pc_installed_time_to_ds1307. [Toc-
ne Toro, kak MK sanomuun 6ygep, on
nepexonuT Ha MeTky frame_of data_to__
the_ds1307. B 3Toit yacTH mporpaMmel
MHKpPOKOHTpPOJUIEp IIepefaeT HAaHHble
u3 6ydepa buffer_recieve_from_pc_in-
stalled_time_to_d1307 B DS1307. 31a
JacTp BK/AIOYaeT B cebs MCIIO/IB30OBaHHe
HECKO/IBKHX MOATIPOrpaMM:

o start_condition__ I2C — renepupyer

IU1A 9acoB ycnoBHe «CTapT»;

s out_byte_ I°C _transmit — nop-

nporpamMma Iepepayu Garira yepes

B MHKpPOKOHTpOJUIEp 4€PE3 PIHTCp(bCfiC LIMHY IZC;
v
' TN S 1
SDAY ! \
: ¢ MSB 1
. Aapec ycTpoicTaa But ;
' 1 Slave qreHns/ Curnan 1
1 1 « Acknowledge '
1 b 3AMMCH | Curvan or nonywarana 1
! ' Acknowledge '
V 1 oT nonyyatena '
P :
| ' ]
] ] [}
] ' ]
]

Yernoswe “Cron®
WIH NOBTOpeHUE
ycnosus “"Crapr”

< L

Mepagava faHHBLIX

e get_acknowledge_from_ycTpoiicteo
Slave — nognporpaMma nomydeHus
curHana acknowledge.

3anucae Heo6XOOMMBbIE AaHHBIE B
9acel, MUKPOKOHTPO/UIEp HAENnaeT 3a-
HepXKy B 1 ¢, [y 3TOro McIoIb3yeTcs
noanporpamma delay_from_timer_0. B
crnemyiollieil YacTi nporpammsl frame_
of_data_to_the_ds1307_reception_pro-
cesS MHKPOKOHTPOJUIEP CYMTHIBAeT
3HaYeHHE BPEMEHH, 3alIMCAHHOE paHee.
B Hee BXOAAT HECKO/NBKO OCHOBHBIX
MOANPOTPaMM, KOTOPBIE Y)K€ HCIIOJb-
30BaMCh paHee — start_condition_i2c,
out_byte_i2c_transmit, get_acknowledge_
from_ycrpoitcto Slave u moanporpam-
MbI byte_i2c_recieve — mopmporpamma
uteHNA Gaitra us DS1307, acknowledge_
with_the_side_of_master — nopmpo-
rpamMma dreHus Acknowledge, nmomyuen-
Horo ot DS1307. [Tocne YTeHHA OaHHbIX
13 YaCOB, MUKPOKOHTPOJUIEP IIOMEIIAeT
KaxpIi 6aiiT Bo BpeMenHoit 6ydep buf-
fer_transmit_from_mcu_to_pc. ITocre
CYMTBIBaHHA MOCnenHero 6aifTa, samu-
CaHHOTO B YaChl, IPOLECCOP IEPEXOMHT
Ha Ty YaCTb AITOPHUTMA, IN€ [POMCXO-
OMT Tepefiada 3HAYEHMI, XPAHAIMUXCA
Bo BpeMmeHHOM Gydepe buffer_transmit_
from_mcu_to_pc. 3mecs ncnonbsyercs
HoATporpaMMa usart_l_recieve, kotopas
TiepefiaeT AAHHEIE Yepes MOC/IeAOBaTE Ib-
HBII uHTepdeiic. [Tocne Toro, Kak MHK-
poxoHTposUIep nepena ece 6aitrel B PC,
oH et 6aitr 66h. Ilocne nomyyenun
6aitTa 66h MHUKPOKOHTPOJUIEP IEPEXORHT
Ha Ha4aJIo MPOrpaMMHOTO MOJIYJIA.

Ha caiite no agpecy www.dian.ru/
programs/ HaxofATCA (ait/ibl NPOLINB-
KH MHKpOKOHTpoinepa ATmegal28,
HMCXOIHBIN KOf Ha acceMbiiepe u ¢aiun
npoekra Ha AVR Studio.
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NMporpammHbie cnoco6bl
onTMMn3sayumn aaropmMTmos
undpoBon o6paboTkn

CUrHanos

B cmamee daH 0630p cnocoboe onmumu3zayuu asrzopummos yuegpoeol
06pabomku cuzHanos, 0aHel peKoMeHOayuu NO oNMUMU3ALUU npozpam-

MHbIX NPOOyKMOo8.

HaCTOsAIIee BpeMs B CBA3H C OT-

pOMHOM IIPaKTHYECKON 3HaIH-

MocTeio IUppoBas obpaborka
curnanos (LIOC) npusuana oTnensHoIM
06/1acThi0 HayKH M TexHUKH. Cytiect-
ByeT MHOXXECTBO 3a7lay B CaMbIX pas-
JMHYHBIX HAaYKOEMKHX cepax desno-
BEYECKON [eATENbHOCTH, B KOTOPHIX
HOC npeanoyTHTeNEHA WM ABAAETCA
€IHHCTBEHHBIM BO3MOXXHBEIM METOROM
O/1 TIOJy4EHUS HYXXHOTO pe3y/lbTaTa.
ITon 06paboTKOit Yale Bcero NoHUMa-
I0TCA CHEKTPaIBHBIN aHanmHu3 U QWIb-
TpallUs CUTHAIA.

Boobine, nudposas ¢punsTpanus —
ato npouecc obpaborku nudposoro
CHMTHaza, O6/aflaloIUil CBOMCTBAMH
JIMHEIHOCTH M, KaK MpaBWIO, CTAaLMO-
HapHocTH. TakuM o06pasom, nu¢ppoBbie
dunbTpet (LI®) obnapator ropasgo 6o-
Jiee LHPOKUMH BO3MOXHOCTAMH, YeM
aHasoroBrie. B camom ob1eM Bujie an-
roput™ uHppoBOi GHILTPALMH OIH-
ceiBaetca ¢hopmynoin:

y(k)=b,x(k)+bx(k—1)+...+
+b_ x(k—m)—ay(k—1)— (1)
—a,y(k—2)—...—a_ y(k—n),

e a, 1 b, — BemecTBenHbIe K03 DH-
uuenTsl, y(k) — k-1 orcyer BrIxonHOIO
curnanma, x(k) — k-it orcuer BxopuHoro
curHana, k, m, n — npousBo/IbHBIE Ha-
Typa/bHBIE YHCTA.

B ocHOBe e pasmUYHBIX TEXHOMOTHIA
CIIEKTpa/JILHOTO aHajMus3a LH(PPOBOTO
CUTHAJIA JIOKXUT OUCKPETHOE mpeobpa-
soBanue ®ypre ([IID), koTopoe mpo-
HM3BOAMTCH CIEAYIOLUM o6pasoM:

N-1
X(m) =3 x(k)exp(—j 22K
k=0 N

Pesynsratom [III® sBnsetca psap
KOMIIZIEKCHBIX YHCEJI, YHUCIO YIE€HOB
KOTOPOTO PaBHO YHC/TYy OTCYETOB BXOA-
HOTO CHTHaJIa.

Kax Bunmuo u punbrpanus, u crek-
Tpa/bHBIA aHaIN3 TpebyloT 60/BIIOTO
9HC/Ia BHIYHCIEHHIT (IIpeHMyIeCTBEH-
HO Iap OIepaIMil «yMHOXEHHe-CTIoXe-
Hue»). To xe caMoe MOXHO CKasaTh M O

). ()

apyrux anropurMax HHOC. A nockonbky
MHOXecTBO npunoxxenuit IIOC pommxuo
paboTarh B pea/ITbLHOM BPEMEHH, 3aia4a
yBenmnueHHs 3P GEKTUBHOCTH a/TOPUT-
moB 1TOC u ymMeHBbIlIeHHA MX BBIYHCTH-
TeNILHOH CTI0XXHOCTH HHUKOTHA He Iepe-
CTaHeT GBITh aKTYaJbHOM.

O pasnuyHBIX criocobax OITTHMM3a-
LIMH TAKHX AITOPHTMOB U IIOMAET PeYb
B aToll craTtee. Ilon omTuMu3anueit
IIOHMMAaeTCss MHHMMHSAIHA BPEMEHH
UCTIONMHeHus (pacyera) C COXpaHEeHHEM
TpebyeMoit TOTHOCTH.

Ins Havana clemyeT CKasaTh O BO3-
MOXXHBIX CIIOCOGAaX peaTH3aly airo-
purmoe LIOC. Ectp fBa Haubornee pac-
NIPOCTPaHEHHBIX criocoba:

e peaM3alMA ANTOPUTMA B COCTa-

BE IMPHIOXKEHHA, 3aIllyCKaeMOro
Ha nepconansHoMm IBM PC-coB-
MEeCTHMOM KOMITBIOTEpe MM Ha
ApyroM KOMIIBIOTepe o6liero Ha-
SHaYeHHs;

e HCIIO/Ib30BaHHE aITOPUTMa B pabo-
T€ CIIENHAILHOTO YCTPOMCTEA, B KO-
TOPOM B Ka4eCTBE OCHOBHOTO M/IM
BEIOMOIO BBICTyIIaeT LUGPPOBON
curHansHbnil npoueccop — LCII
(Digital Signal Processor, DSP).

B cyuae paspaboTku cIieHalBHOTO
yCTpo#cTBa BO3MOXHA ONTHMH3ALUA
He TOJLKO NPOTPaMMHOTO, HO M CXe-
MOTEXHHYECKOTO pellleHHsA, YTO TaK-
K€ MOXeT 3HAaYHMTE/IbHO MOBIHATH Ha
[IPOU3BONHUTE/ILHOCTE CHCTEMBI, HO B
HAaHHOMN CTaTbe pacCMaTPHBAaTBCA He
6yner.

Y10 e Kacaercs Mporecca ONTHMH-
3aIMH [IPOTPaMM, TO €TO IPHUHATO fie-
JIMTh Ha TPM OCHOBHBIX YpoBHs [1]:

e BBHIGOp CaMOro ONTHMAIBHOTO ajI-
TOPHTMa — BBICOKOYPOBHEBasl OII-
THMH3aLHA;

e Haubo/lee ONTHMaNbHAA pealH3a-
LUA VITOPUTMA — ONTHMH3AIUA
Ha CpefiHeM YPOBHE;

e [IOficYeT TAKTOB, TPATAIIUXCHA Ha
BBIIIO/IHEHHE KaXX[A0# KOMaHJbl,
M ONTHMH3ALHUA UX IOPARKA IUIA
KOHKPETHOTO IIporieccopa — HH3-
KOYPOBHeBasi OIITHMHU3ALHA.

BbICOKOYPOBHEBAA ONTUMM3ALIUA

Bri6op onTHMaapHOIO aaropHTIMa
JULA pellleHHA 3ala4! BCeria IPHUBORUT
K JyYIUHM pe3ynbTaTaM, deM Jo6oii
Ipyro¥i BuJ ONTHMH3aLHH. [leiicTBH-
TeNIbHO, IPH 3aMeHe ITy3bIpbKOBOIT cop-
THUPOBKH, BpeMsI BBIITO/THEHHA KOTOPOi
nporopriHoHanbHo N2 (tne N — yucno
COPTHPYEMBIX 3/IEMEHTOB), Ha 6bICTPYI0
COpPTHPOBKY, peanisyeMylo Kak Nlog,(N)
(B myuineM cayvae), B cpeiHeM BTOPOIt
ITOPUTM BceTHa 6yneT BBIIIONHATHCA
6bicTpee, kak 6bI IPOrPaMMHO OH HHU
6611 peam30BaH.

VIMeHHO Ha 3TOM yPOBHE OIITHMH3a-
1M NposiBasieTcs crenughuka BEIOpaH-
HOM 06/1aCTH HayKH M TEXHHUKH, B JlaH-
HoMm ciay4yae — LIOC. Ha 6onee Huskux
YPOBHSAX croco6bl ONITHMH3ALHH, KaK
IIPAaBUJIO, ABJIAIOTCA YHHBEpPCAIBHBIMH
M MOT'YT IIPUMEHATHCA BHE 3aBHCHMOC-
TH OT TOTO, KAKUM ILIE/IAM CITY>KHT IIPO-
TPaMMHBIH [IPORYKT.

Knaccuyeckum mpuMepoM BBICOKO-
YpOBHEBOIT ONTHMH3ALHH ABJIAETCA
anroputrM 6BICTpOro npeobpasoBanuA
Oypre (BITD), usobperenne KOTOPOro
BHEC/IO OTPOMHEII BK/Iafl B pasBHTHE H
nonrynsapusaumio 1HOC.

Jins BRIMMCIEHUA ORHOro Koagdu-
nuenta JI1® no dopmyne (2) Heob-
XOOMMO BBINOMHUTL N KOMIUIEKCHBIX
YMHOX€eHHUH U clioXxeHHi. TakuM obpa-
30M, pacuet Bcero [II1®, conepxxaiero
N xoagduimuentos, norpebyer N2 map
omnepanuil «yMHOXEHHe-CIIOXEHHe».
Opnaxo, ecu N He AiBAsieTCA NPOCTHIM
YHCIOM U MOXeT OBbITh pa3nioXeHo Ha
MHOXXHTE/IHM, IPOLECcC BBHIYHUCIECHHI
MOXHO YCKODHTB, Pasfe/HB aHaJIHU-
3HpyeMEBIil HabOp OTCYETOB Ha JacTH,
BbiyucuB ux JIII® u o6benuHUB pe-
3y/IbTaThL Takue crioco6bl BLIYHCIEHHA
JII1® naspiBaoTca GBICTPBIM Npeobpa-
soBanueM Dypre (BI1P) 1 noBcemecTHO
MCIIONB3YIOTCA Ha IMPaKTHKE.

ITpu peamsanyn BI1® BO3MOXHO He-
CKOJ/IbKO BapPHAHTOB OPraHM3al[UM BEl-
JYHC/IeHHUIT B 3aBUCUMOCTH OT criocoba
[e/IEHHsA NIOCTEN0BATE/IBHOCTH OTCYETOB
Ha yacTH (MPOpeXHBaHKe N0 BPEMEHU
60 110 4aCTOTE) U OT TOTO, Ha CKO/IBKO
¢parmMeHTOB IpOH3BOAUTCH pa3buenne
[OC/IEAOBATE/IBHOCTH Ha K)KAOM LiIare
{ocnoBanue BII®) [2].

CreneHb yCKOpeHHsA BBIYUCIIEHHUH 3a-
BHCHT OT YHC/Ia (PparMeHTOB IOCIENO-
BaT€/IbHOCTH H SAIB/IAETCA MAKCHMA/ILHOM
IIpH feJIeHHH Ha JiBe yacTi. [Tocne pene-
HUS TOJTyYeHHBIE YaCTH MOXXHO TakKXKe
paspenuth (ecnu, pasyMeercs, YHC/IO
COZIEPIKAIIUXCA B HUX OTCYETOB — He
npocroe uncno). Hanboneinas crenenn
yCKOpeHHs BBITHCICHHIT MOXeT OBITh

27



| cO(])T

nocturnyra npu N = 2K, B atom ciryqae
neaeHHe TMOCHeAOBaTeNbHOCTEN Ha ABe
JacTH MOXXHO IPOROJ/DKATh O TEX IOp,
IIOKa HE MOJyYaTcsl ABYX3JIeMEHTHBIE
nocnepoBatensHocTH, JI1P kKoTOopbIX
BBIYMC/sAETCA BooOle 6e3 McIo/b30-
BaHMA OllepallMil ymMHOXeHus. Yucno
TpebyeMbIX IIpH 3TOM Map omepanui
«YMHOX€HHe-C/IOXKEHHE» MOXHO Ore-
HuThb KaK Nlog,N. Takum o6pasom, BEI-
YHC/MTE/NbHbIE 3aTPAThl 10 CPaBHEHHIO
C HEIIOCPEACTBEHHBIM HCII0/Ib30BaHHEM
¢dopmynel (2) ymensinaorca B N/log,N
pas. I1pu 6onblzom N 3TO OTHOLUEHHE
CTaHOBHUTCH BeCbMa BEJTHKO.

PaccmaTpusas upelo BI1®, nene3s ne
OTMETHTD CHIEfyIolee:

e BIT® ne aBnserca npubnmxeHHbBIM
ITOPUTMOM; IIPH OTCYTCTBHH BBI-
YUCTUTENBHBIX NOTPELIHOCTEH OH
JacT TOYHO TAaKOM >X€ pe3y/bTaT,
9TO M MCXonHas ¢popmyna IO (2).
YckopeHue BOCTUTAeTCa HCKITIOUH-
TE/ILHO 3a CYET ONITHMAILHOM Opra-
HH3AITHH BbIYHCIIEHHI.

e Anroputm BII® npepnasuaden
A/1 OMHOBPEMEHHOTO pacyeTa Beex
criexTpanbHbIx otcyeroB X(n) . Ecmy
ke HeoOXOIUMO NOTYy4UTh 3TH OT-
CYeTHl JIA HEKOTOPBIX N, MOXeET
OKa3aThCA IPEANIOYTHTENNbHEE IPS-
Mas opmyna OI1O wiu arroputm
I'epuens (Hoertzel) [2]. [ina Berumc-
JIEHHS CIIEKTPAJBHOTO OTCYETa IIO
anroputmy l'epuens Tpebyerca N+4
BELUECTBEHHbIX yMHOXEHHM H 2N+3
BEILECTBEHHBIX C0XXECHHUM.
Hau6onbineir apdexturocTH an-
roputm BIT® pocruraer, ecnu yuc-
JIO 3JIEMEHTOB B aHa/IM3HPYyEMOM
IIOC/IEN0BATENNBHOCTH AB/IACTCA
crenenbio yucna 2. Onuako dJarie
Bcero N # 2X u nake MoxeT 6bITD
MPOCTBIM YHC/IOM.

Y710 >xe menaTh B 3TOM C/Iy4ae, €CH
6picTpopeiicTBue anroputma JITP ne
YHOOBNETBOpsAET MOCTaB/ICHHBIM Tpebo-
BaHUAM? Pelllenye BbITEKAET U3 CIIEAYIO-
mux coobpaxenuit. 11O npencrapns-
eT co6o¥ IIPOCTO AUCKPETHBIE OTCYETHI
CHEKTPATBHON (PYHKIIMH JUCKPETHOTO
CHTHaJIa, COOTBETCTBYIOIIHE YacTOTaM
o, =on/N:

Xm=5¢2)=80,%), @
NT N
Ifie ®, — YacTOTa JUCKPETUSAIHH.

ITo aToit npuyune snavenus [I1O
MHOT/]a Ha3bIBAIOT CIIEKTPAIbHBIMH OT-
cyerami [2]. U3 cooTHoluenus (3) cre-
AyeT ORMH BaXXHBIi BEIBOJ — €C/IH A0~
6aBUTH K KOHEYHOMY Habopy OoTCUeTOB
HEKOTOpPOe YHUCIO HyJeH, CIeKTpab-

2 8 HasA (YHKUMUA AUCKPETHOI'O CHUTHAIA,

€CTECTBEHHO, He u3MeHuTCs, Ho JII1D
pacT 6osblllee YUCO CIEKTPIHHBIX OT-
CYETOB, COOTBETCTBYIOIHX OTCYETaM,
6071ee TeCHO pacliONOXEHHBIM B HHTEp-
BaJle OT HY/IA 10 YaCTOThI AUCKPETH3a-
LIIHH. MBI XK€ MOXX€M HCIIO/IB30BaTh 3TO
CBOMCTBO He [Jisfi IIOBBIILIEHHA CIEK-
TpansHOro paspeinenus IO, a pna
yBE/IMYEHUA ATMHBI MCXORHOI IOCIe-
HOBaTeJILHOCTH [0 BE&IHYHUHEI, paBHOM
CTEIIeHH YOI 2, KOTAA Yoke IPHMEHHM
anroput™ BITO.
A¢dexTHBHBIE CTOCO6HI OKPYTTIEHHA
LEJIOTO YMCIa X B 6O/BLIYIO CTOPOHY
[0 6/mMKaiilei 1e/of CTENEeHM YMCIa
nBa Mbl ofcymuM painee, koraa 6Gynem
rOBOPHUTD 06 OIITHMH3AIMK Ha CpefHEM
YPOBHe. A ceirdac IIOrOBOPHM O elfe Ofi-
HOM BO3MOXXHOM paciiupeHuu cthepbl
npumenerus BI1®. Kak usBectHo, mmpe-
obpasopatre Gypbe sBNAETCH HHCTPY-
MEHTOM CIIeKTpaabHoro aHamsa. On-
HaKo, KaK MBI ceff4ac yBHIAUM, MOXHO
ucnonssoBath AP u mia dunbTpaumn
OMCKPEeTHOTO CHTHAlA.
Hs3 cpoiicts [II1® BuAHO, 4TO Nepe-
MHOXXEHHE MUCKPETHBIX CIIEKTPOB CO-
OTBETCTBYeT KPyroBOil CBEpTKe NepH-
OJIMYeCKHX IOCIeN0BaTe/ILHOCTEM, B TO
BpeMs KaK BBIXOHOM CUTHAN OUCKPeT-
Horo ¢wIbTpa npexncrasaseT cobo TH-
HEMHYIO CBEPTKY MOC/IEROBaTENNbHOCTEHN
KOHEYHOH IIMHBI — BXOJHOTO CUTHaIa
M MMITYJIbCHOM XapaKTepPUCTHKU (pHIb-
Tpa. OpHako ¢ nomowusio 1O MoxHO
MOJIyYHTh M JIMHEMHYIO CBEPTKY, A
3TOro Heo6XOOUMO AOO6ABUTH K KaXKAOH
U3 CBOpaYHBaeMbIX MOCIeAOBAaTE/IBHOC-
Tell Hy/leBble OTCYETHl B KOTHIECTBE, He
MEHbIIIEM, YeM AJIMHAa BTOPOM INOCie-
HOBaTeIBHOCTH MHHYC eguHMIA. Jlmu-
HBI 060UX ITOC/IENOBATEILHOCTEN HOC/E
3TOro JO/DKHEI CTaTh pasHbl. Kpyrosas
CBEpPTKa TaKUX AOIOJHEHHBIX HY/IAMH
NOC/IEAOBAaTEILHOCTEH COBAA€T C JIH-
HEMHOM CBEPTKOM MCXOAHBIX MOCIENO0-
BaTe/IBHOCTEMN.
IMockonexy AII® nuueinoi cBepTKH
paBHoO npoussenenuio [P cBopayupa-
€MBIX IIOCEN0BAaTENILHOCTEH, MBI IOy~
YaeM CIEAYIOMHH aropuT™ ¢GhHIbTpa-
LIMM B 4acTOTHOM obnactu [2]:
® [I0C/IEAOBATE/ILHOCTE OTCYETOB
BXOIHOTO CHIHala M MMIIy/IbCHAsA
XapakTepMcTHKa (pUIbTpa HOMNON-
HAIOTCA HYJIAMM TaK, YTOOBI [UIMHEI
MOC/EAOBAaTE/ILHOCTEN CTalMH paB-
HBIMH H HE MEHBIIIHMH, YeM CyMMa
IUTMH MCXOMHBIX NTOC/IeIOBaTEIbHOC-
Teil MUHYC eAMHMIa;

e pe1yMcnsioTca 1O gormonHeHHbIX
HYJIAMH NOC/IEAOBATENILHOCTENM;

e BeryHcieHHble JII1® nosnemeHTHO
MEePEMHOXKAIOTCH;

e BpIyHCIAeTcA obparnoe OII® ot
pesynbTaTa NepEMHOXKEHHA.

Yucno Hyneit, [o6aB/iseMBbIX K OC/Ie-
AOBaTeIbHOCTAM, MOXeT OBITH 6o/Iblle
MHHHMalbHO HEOOXOOMMOIO — IIpH
3TOM JIUIUB IIOABHUTCA COOTBETCTBYIO-
LI[€€ YUCIO0 KPaeBBIX Hyseil B BbIYHC-
JIEHHO# cBepTKe. TakuM 06pa3oM, MBI
BCETAa MOXXEM BHIOPAaTb YMC/IO Hysei
TaKUM, YTOOBI [UIHHA IOTyYHBLIENHCS
[OC/IEROBAaTE&/IBHOCTH Obuia paBHa CTe-
IIeHH OBOVIKH, U MCIO/B30BaTh 3¢ dek-
THBHBII anropuTt™ BI1O,

HepocrarkoM ommcanuoro meropa
unbTpanyu ABnAETCA T0, YTO BXOOHOM
curHazi obpabarbiBaeTcs cpasy LEIHUKOM,
T. €. pacyeThl MOXXHO HaYaTh TO/BKO M0
OKOHYaHHMH BXOHOTO curHana. OnHako
Ha IIPaKTHKEe B GOJIBIIUHCTBE CIy4aeB
Heob6xonuMO 06pabaThiBaTh OTCYETHI
BXOHOHOTO CHT'HaJIa 110 Mepe MX MOCTYII-
JICHUA.

Bo3moXHEBEIM pelienreM npo6emsl
aBaserca 6nouynas, WM CEeKLHOHHASA
ob6paboTka BxogHoro curnana. Ilocne-
[OBaTelLHOCTh BXOMHBIX OTCYETOB fie-
JIMTCA Ha 6710KH (CeKLMH) 3alaHHOTO
pasMmepa, M 3T 6/IOKH IOXBEPraloTCA
¢punETpanuK B YacTOTHOM 0o61acTH 1o
oTpenbHOCTH. Ilpy BBIGOpE pasmepa
6510Ka HeO6XONUMO peaM30BaTh KOMII-
POMHCC MEX]Ty YHC/IOM oneparyi (yem
6osnblie pasmep 6/10Ka, TeM 3¢dexTHs-
Hee McIonb3oBaHue anroputma BI1D)
M 3alepXXKOM ITOyYeHHsA BHIXOTHOTO
curHana (4eM MeHbIle pasMep 6/0Ka,
TE€M MeHBIlIe 3Ta 3aePXKKa).

B o6ueM ciyyae 6nounas ¢punstpa-
IHA OPTaHHU3yeTCA CAERYIOIIMM 06pa-
30M:

e BXOIHOM CHMrHan pas6uBaeTcs Ha

6n0xu uuoi N oTcyeros;

e KaXxnblit 610K puabTpyeTca Hesa-
BUCUMO. J[/IMHa BLIXOJHOTO CUTHAsIA
cocrapnsetr (N+M-1) orcyeros, rae
M — puHa MMITyZIBCHOM XapaKTe-
puctuku ¢unpTpa. s NOBEILUeE-
Hus 3 PeKTHBHOCTH PHIBTpalUA
OCYLLIECTB/IAETCA C HCIIO/IB30BaHUEM
BI1P;

e 6JIOKH BHIXOLHOTO CHTHaJa 06b-
€IUHAIOTCH, IIPH 3TOM KX KpaitHHe
M-1 oTc4eroB IePeKpHIBAIOTCA M
CYMMHPYIOTCA.

JlaHHBII AITOPUTM HasbIBaeTCs Me-
TOIOM ITEPEKPHITHA C CYMMHPOBaHHEM
[2]. Opyroit Bo3MOXHBIT BapHaHT —
[epEKPBITHE € HAKOIUIEHHeM. [Ipu aTom
BXOIHOM CHTHAI pas6HBaerca Ha 6710-
KM, IIepeKpBIBAIOIHECA N0 KPasM Ha
M-1 orcueros, a y BBIXOGHOTO CHIHa/Ia
INfA KaXJAOoro 6/10ka oT6packIBalOTCA
KpalHHe «XBOCThI» 1o M-1 otcuyeToB
¢ kaxxgo# cropousl. [locne aroro BhI-
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xonuble 6/10ku 06bemTuHAIOTCA 6e3 Tie-
PEKPBITHS.

Hpyrum crnoco6oM yMeHblIeHHs] BbI-
YHUCTUTEIbHON C/IOXKHOCTH aAropurMa
$unbTpauuu sBisieTcs paspaboTka
CTPYKTYP C HU3KO#1 YyBCTBHUTE/IBHOCTBIO
[3] (1MmeeTcs B BUIY YyBCTBUTENIBHOCTD
HE K BXOJHOMY CHTHATTY, 2 K H3MEHEHHIO
CO6CTBEHHBIX TTapaMeTpoOB). BaxkHoCcTh
3TOro HanpabJieHus o6ycnaBIUBaeTCH
TeM, YTO CTPYKTYPBI C HU3KO# YyBCTBH-
TEeNILHOCTBIO TPeOYIOT Bcero HECKOIBKO
6uT B KomoBoM cioBe k03¢ uiiuenTa
Y, C/IefoBaTe/IbHO, 00ecrednBaloT BO3-
MOXHOCTb 3(p(PEKTHBHOI peam3aliuu
I1®. Teopusa 4yBCTBUTETBHOCTH U3y4aeT
BIMsIHHE TOYHOCTH 33JaHKA NAPAMETPOB
KaK B aHaTUTHYECKOM acreKTe, oITpene-
JI5151 XapaKTePHCTHKH YYBCTBUTENBHOCTH
M3BECTHBIX &/ITOPUTMOB U CTPYKTYP, TaK
U B CHHTETHYECKOM, HAaIpaB/IEHHOM Ha
OTBICKaHHe AITOPUTMOB, obnagaoimx
cnaboi, eaTeNbHO HaWMEHbIIIeH,
YYBCTBHUTENIBHOCTHIO.

Ha npaktrke amropurmbl 1HOC, kak
TIpaBWIO, UCHOJB3YIOT apu(METHKY C
(HKCHPOBaHHOM 3aNATON U peanusy-
IOTCl € TIOMOIIBIO TPOLECCOPOB C OI-
paHMdYeHHON paspanHoi ceTkoi. Orpa-
HHU4YEHME CETKU MPOSIB/ETCA ABOSKO:
BO-TIEPBbIX, OTpaHWYeHHe TIPUBOOMT K
OTKJIOHEHMIO (PaKTHUECKIX 3HAYeHHI pe-
IM30BaHHOMN NepenaToqyHOoi (PYHKLHK
OT €€ pac4yeTHbIX 3HAYEHHUI, NOTyIEHHBIX
Ha 3Talle CHHTE3a; BO-BTOPBIX, OHO IIpU-
BOIMT K HETUHEIHOCTH XapaKTePHCTHK
M TIOAABNIEHHIO HeTMHENHbIX 3()(eKTOB B
BHJIE LIIYMOB yC€4eHHA, [IEPETIONHEHHIO H
OPYTMX MM TIOOOGHBIX sIBJIEHMIL

MeTopaMy TeopuHM 4YyBCTBHTEIbHOC-
TH MOXXHO M3y4MTh, KaK BIIUsET Orpa-
HHYEHUE PaspsiiHO¥ CETKH Ha TOYHOCTh
peasusaluy repesaToyHoi PyHKIHU
I1®. OueBupHO, YTO YeM MEHBIIIE pas-
PANOB paspsiiHOM CETKH HEO6XomuMOo
Ul BOCIIPOM3BENEHHA T€penaTOYHOM
¢yHKIMY, TeM MeHbllle BBIYUCIUTENb-
Has CJIOXKHOCTh aITOPUTMA.

Jlo6UTbCA CHIKEHMs1 YMCIa Pa3spsAnoB
MOXXHO, Hcnonb3ys 11Q, BuIMomHAIOIIHE
TIPOCThle BBINMC/IMTE/NbHBIE OMEPaIiu
pisi obecriedeHuss HayalbHOIO TIPH-
6mxenus k tpebyemoit popme AUX
¢unbrpa. Ina touHoro obecnedeHusn
TpebyeMpIiXx 3Ha4YeHUH IapaMeTpoB
AYX KacKaiHO € TAKMM NPOCTHIM (DHJIb-
TPOM BKIIOYAETCA KOPPEKTHPYIOILIMHA
¢uwibTp-BBIpaBHKBaTeNE. TaKoil CMIOCO6
yMeHbILIIeH!s] BHIMHCIMTENbHOM CIIOX-
HOCTH, Ha3BaHHBIN €ro aBTOPaMH Kak
MeTop, «npedHIbTP-KOpPeKTop», 6bL1
BIIepBbIe ONMCAH B [4] mpuMenuTeNbHO
K NIOCTPOEHHIO JIMHEHHO-(a30BOTO He-
pekypcuBHoro O HHXXHMX 9acTOT.

[TpedunbTp «peKypCcHMBHO CKOb3sI-
mero cpentero» (¢punbtp Yomua) ss-
JIseTCs Cpely BCEX JPYTHX CTPYKTYP
npe¢mwibTpoB N-ro nopspka nanbonee
TIPOCTHIM, T. €. 06/1alaeT HAMMEHbIIIUM
U3 BOSMOXXHBIX [10KasaTeleM BBIYHC-
JIMTENbHOR CNOXHOCTH. O6BscHI-
ercsi 3To TeM, 4TO (unbTpel Yorua
MPUHUMITHAIPHO He TpebyIoT I/IA CBO-
€i1 pea/IM3aLiiM BBINIO/IHEHUA OTIepaLui
ymHoxenus. ITockonbky Tpe6oBaHus
K (WIbTPy-BbIpaBHMBATEMO ocnabrre-
HBI TIO CPaBHEHHIO C TPeOOBaHHAMHU K
GUnBTPY B LieNoM, I ero peamsaiuy
MOYXHO MCMO/Ib30BaTh MEHbIIlee YHCII0
K03(pHLHEeHTOB (COOTBETCTBEHHO Tpe-
6yeTcsi BBIMO/THEHHE MEHBIIIEro YUCIA
YMHOXXE€HUI) H/MTH MeHee TOYHpIE KO-
addurmenTsL.

Kax 65110 moxasaHo B [4], cymecTBy-
€T eJUHCTBEHHBIN ONTHMAa/IbHBIA Kop-
PEKTOP, UCTMIO/b3yeMBbIH B COEIMHEHHU
¢ mo6BIM 3aJaHHBIM TpedUILTPOM.
[ockonbky perireue 3agadyl yCIOBHOIM
ONTHMH3aMH NPHHLMNHAIbHBIX TPYL-
HOCTE€H HE BCTpedaer, SCHO, YTO Oalb-
Hejilee pasBUTHe criocoba «rpedribTp-
KOPPEKTOP» CBs3aHO ¢ TOCTPOEHHEM
6onee 3¢dekTUBHBIX IPeUIBTPOB, C
TeM, YTOGHI Y/IyYIIHTh XapaKTePUCTUKH
CJIOKHOCTH BBIYMCTIEHMH Pe3yNbTHPYIO-
utero ¢puabTpa.

Xoporyio 3¢ ¢peKTHBHOCTb B CMBIC-
Jie KpUTepusi MUHUMM3AaLMHM BBIYHC-
NMUTeNbHOU CIOXKHOCTH MeTopbr 11OC
TNPOABIAIOT B CTydae MHOTOKaHA/IbHOM
¢unbTpanuy, Korga BXOZHOM CHTHAI
paspenAerca Ha K kaHaloB, a Takxe B
cry4ae, Korga o6paboTka curaana BbI-
TIOJIHAETCS € YaCTOTOM JHCKPETH3aIUH,
OT/IMYHOM OT YaCTOTHI HHCKPETH3ALMH
3TOro BXopHOro curiana. CoxpailieHue
BBIYMC/TUTE/TBHOH CJIOXXHOCTH TIPY MHO-
roKaHa/IbHOW (PHIBTPALIMH BO3MOXKHO,
€C/IM TIPH 3TOM MCHOJIB3YIOTCS IPYINO-
Bble MeTonbl 06paboTku. U3 onpenene-
HHs FPYTINOBBIX METOROB C/IEyeT, 4TO
obecniednThb 3¢ (PEKTUBHYIO PeAT3AIUIO
BO3MOXXHO, €C/IM TiepefaTo4Hble (yHK-
LMH OTHE/IbHBIX KaHATOB IOABEPTHYTH
OEKOMIIO3UIIMH /151 IOC/IEAYIOILIETO Tie-
PperpynnupoBaHus.

MHorockopoctaas obpaboTka Mo-
XeT ycuauBaTh 3¢pdeKTHBHOCTE MHO-
TOKaHAILHOM (PUIBTPALMM B CMBIC/IE
COKpailleHUsl BBIYMCIHUTENIbHON C/IOX-
HOCTH. MHOTOCKOPOCTHBIMH Ha3hIBAIOT
CHCTEMBI, B KOTOPBIX Pas/IHYHbIE 3TaIbl
06paboTKy BHINOJHAIOTCH Ha Pas3aud-
HBIX YacTOTax AUCKpeTH3aluu. Moxer
TIPUMEHATHCA C/lefylolias MeTOAuKa
— MCXOOHBIA aHAJIOTOBBIN CUTHAJI pa3-
pensieTcs Mo KaHajlaM € PasIMYHbIMH
(HemepeceKaOIIMMHCA) YaCTOTHBIMU

NYaIa3OHaMH, CUTHA/1 B KOKIOM M3 HUX
NUCKPETU3HUPYETCA € YaCTOTOH, yIOBJIET-
BOpsitonielt Teopeme KoTenbHnkoBa, H
najee Mo OTHEAbHOCTH O6pabaThiBaeTcst
(a Ha KaKOM-TO 3Tamne, BO3MOXHO, 06b-
€[IMHSETCS NPU MOMOLIM MHTEPTIOJIs-
nmH). Ecm McxopHeiit curnan — nud-
POBOM, BOSMOXXHO IOJIYYMTh CHTHal C
TIOHWXXEHHOM YacTOTOM IHCKPEeTH3al Uy
TIPM TIOMOILIM CHCTeMBI ferManyu. Ta-
KHM 06pa3oM, CHrHaI B KKIoM KaHajie
orupoBaH ¢ YacTOTOM, HOCTATOYHOM
IUIA 3TOro KaHa/a, a He ¢ MaKCHMaTBHOR
(Heob6xoaKMMOIl I8 TIONHOTO CHUTHaIA).
¢ dexTuBHOCTE 06pabOTKM TIOBBIIIIA-
€TCs 33 CYET MCK/TFOYeHHS M30bITOYHBIX
OTCYETOB Y NPOMEXYTOYHBIX Ollepanui
C HMMH, He TpeGyeMbIX I MOIyIeHUs
HEHCKa>X€HHOTO BBIXOIHOTO CHTHANA,

HOpyruM IiyTeM ONTUMU3ALMH anro-
PMTMOB SBJISETCS pa3BUTHE HOBBIX Me-
TOIOB anIIPOKCHMALMHU. 3ajaga anmnpok-
CHUMalUi — IIpefCTaB/eHHe CI0XHOM
¢yukuuu 6onee mpoctoit (yHKIHEH
1M HabopoM npocThix GyHKImi. [lpu
3TOM BecbMa eNaTeJIbHO, YTOoObI ar-
TIpOKCUMaIMsA ObUTa Kak MOXXHO Gonee
TOYHON U BBIYUCISUIACh 33 MaJIoe BpeMsi.
Pa3BuTHe Hayku M TEXHHKH TIPHBENO K
CO30aHUIO BEJIMKOTO MHOXECTBA Mpo-
CTBHIX CIIEL{aNibHBIX MaTeMaTHYeCKHX
(YHBKUMIA, TPEACTABSIOLMX PeleHus]
oy depesLMaTbHBIX YPaBHEHMI OTIpe-
[e/ICHHOTO BHJIa WIH HHTErpaioB. bosb-
LIMHCTBO HHTErPAJIoB HAXOOSAT TONBLKO B
YKC/IEHHOM BHJI€, M TAKW€ BHIYUCIEHUS
TpebyioT MHOTO BpeMeHu. B MHoroBe-
KOBOJ! HCTOPHH PasBHTHA MaTeMaTHKU
[IPMHYMAIMCh HEOTHOKPATHHIE TIOMBIT-
KU peLlleHHs 3a1a4yy NpUb/IDKkeHys npo-
u3BO/IbHBIX GYHKIWIT U curHanos. He-
KOTOPBI€ U3 HHUX NPUBEJIM K CO3IAHUIO
KJIACCHYECKHX METOOB HHTEPTIO/AIMY,
anmpoKCUMAaLMH ¥ perpecciu, 3HadeHue
KOTOPBIX B&IHKO M B Hau HU. Ho, no-
YKaTyH, OIHMM M3 CaMbIX BbIIAIOIUXCS
OTKPBITHII B MaTeMaTHKe CTaIH PsAabl
Oypbe. Bnepprie nosBUIack BO3SMOX-
HOCTb 0fHOO6pasHOro MpencTaBIeHus
MPOM3BOJIBHBIX (C HEKOTOPHIMH OTOBOP-
kamu) GYHKIMHA U CUTHAIOB € TIOMO-
mipio Habopa cuHycoMa,.

Opnako, mo Mepe NPaKTUYECKOTO
HCno/ib3oBaHusi psgoB Qypbe cTano
HapacTaTk HEJOBOJNBCTBO UMH. BBUTO
O04YeBMAHO, 4To 6asoBas yHKUUA —
CHHYCOM[A SIBHO HEynayHa MJisl Tpen-
cTaBeHMsl (PYHKIMI ¥ CHTHAJIOB C JiO-
Ka/JIbHBIMU OCOGEHHOCTSIMH, HaTlPHMep
paspriBaMH. BeckOHe4Hoe Yuc/Io WieHoB
B psige Oypbe Hepea/mayeMo Ha Tpak-
THKe, a MX OrpaHy4YeHle TIPHBORMT K
BOSHMKHOBEHHIO 6OJIBIIIVX TIOTPELLIHOC-
teit (3apdext Imb6ca [2]). INosaBnenue
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CUTHAIOB C $IBHO BBIPA)XEHHBIMHM OCO-
6eHHOCTAMY, HampUMep HMITY/IbCHBIX,
1upPOBBIX, CUTHAIOB M300pakeHui1 U
T. f., Bce Yallle ¥ Yauie cTalo AeMOHC-
TPUPOBaTh HEBLICOKYIO 3(pPEeKTUBHOCTD
¥ NIPUHLMITHA/IbHBIE HEJOCTATKH CUHTe-
3a ¥ anam3a Pypee.

B cBs3M ¢ 3TUM TIpenNPHUHUMAIUCD
HeOLHOKPaTHbIE NOMBITKY NPUMEHEHHS]
psinoB ¢ uHbIMH 6a30BbIMH yHKLMSI-
mu (Hanpumep, Yomia, Xaapa u gp.).
JIumb K KoHiy 80-X rogoB npouuioro
CToJieTHsA 3TH NIOTIBITKY TIPUBENH K HO-
BOMY OTKPBITHIO — BeiiBieTaM. Beiis-
netsl (wavelets) npepctaBisioT coboit
OOBOJIHO OGIIMPHBIA KIace QPyHKIMIT,
HMMEIOLIMX BIJ, KOPOTKUX BOJIH, OTPaHu-
JeHHBIX BO BPEMEeHH H/IH IPOCTPAHCTBE
M CNocoOHBIX K NepeMelleHuI0 M Mac-
tabuposanuio. IlpuMedatenbHO, 4TO
MHOTHE BEHBJIETHl MOTYT NIPeCTaB/IsTh
abCOMIOTHO TOYHO WY TIPUOIHXEHHO
npou3BoibHble (DYHKLUMM, CHTHAIBI,
usobpaxenus [5].

Opna U3 ocHOBONoOArarOIUX Ullei
BEIBJIET-TIPECTaB€HUsI CUTHAIOB 3a-
KII04aeTcs B pasbuske npubiivxeHus K
CUTHaJIy Ha IBE COCTaBJIIoONIHe — TPy-
6y10 (anpoKCHMHPYIONIYIO) M YTOHYEH-
HyI0 (IeTaIH3HpYIOLLYIO), C IOC/IENYIO-
UM MX YTOYHEHHEM WTepPauMOHHBIM
metronoM. Kaxknbrit 11ar Takoro yroy-
HEHUsl COOTBETCTBYET OIpene/IEHHOMY
YPOBHIO IeKOMITO3UIUH M pecTaBpaltu
CHUTHasIa.

OpHako He CTOMT yIOBaTh Ha Beii-
BNIETH, KaK Ha JIyulllee CPencTBO Jiisl
annpoKCHUMaluy NPOU3BO/IBHBIX CUTHA-
noB. [TocrosiHHO BexyTcs OUCKH Goriee
3(¢(peKTHBHBIX pellleH i1, Ja ¥ caMa Teo-
PH BeVBJIETOB MOMTYYWIa CBOE Pa3BUTHE
(xypBreTs! ¥ fp.).

IpyruMm crioco6oM BBICOKOYPOBHe-
BOH ONTHMH3ALMH, PACCMOTPEHHBIM
B 3TOi1 cTaTbe, GymeT UcCno/mb3oBaHUe
amroput™a l'opHepa miA BHIYMUCIEHHSA
MOMMHOMOB. Ajnrebpanyeckue W TpH-
TOHOMETPHUYECKHE MTOTMHOMBI, HCIO/b-
syeMble B 11 poBoit 06paboTKe, MOTYT
6bITh TIpenCTaB/IeHbI B arebpanieckoM
BUJE TIPOCTOH 3aMEHON INepeMEHHBIX.
B pesynbraTe aJTOPUTM BBIYUC/ICHUS
BCAKOTO MOJIMHOMAa HETPYAHO CBECTH K
BBIYMC/IEHUIO ITPOCTEMIIETO:

N
y(x)= Zaix‘ .

i=0
SlcHo, YTo BBIYKC/IEHHE TIOIMHOMA He-
nocpencreeHHo No opmye (4) Tpeby-
et N omepanmit cnoxenusa u N(N-1)/2
oTiepanuil YMHOXeHWUs, T. €. BCero Heob-
xonumMo npowussectd N(N+1)/2 apud-
MeTHYEeCKUX oNepanuil, YTo npu 60Jib-

4

3 0 mux N, xapaktepusix s HOC, moxet

CTaTh KPHTUYHBIM TIPH HEOOXOMUMOCTH
obecrniedenNs BBIYMC/ICHUN B peabHOM
ppemenu. Kpome Toro, npu ucnosnb3o-
BaHHM apuPMETHKH C (PHUKCHUPOBaHHO
TOYKOM B TTpoLecce BRIYUCICHUS MOTYT
MPOsIBUTHCS [Ba HeXelaTeNlbHbIX 3¢-
¢exTa — nepenosHeHye B CyMMaTOpax
M TIOTepPsi 3HaYHMOCTH BC/IELCTBHE BO3-
BefieHUA B 60/IBIIYIO CTENEHb YUCa, TIO
a6CcoMOTHON BelYMHE He MPEBbIIIAIo-
LLIETO eAHHUIIBL.

Bo usbe)xaHue nepedyrcieHHbIX Heo-
CTaTKOB NPSIMOTO BLIYHC/IEHNA TONMHO-
Ma MCNOoNb3YIOT arropuTt™ I'opHepa:

y(x)=a, +
+x(a, +x(ap +...+ay)...),

KoTopbIl Tpe6yer N ymMHOXeHult 1 N
CJI0XeHMI, T. e. ob1lee 4uCiIo apudme-
THYECKHMX OIlepaliMil COCTABIIAET BCEro
2N, uto B (N+1)/4 pasa MeHblie, YeM
B C/Ty4ae npsiMoro BbIuKcTenns. Kpome
TOro, JAHHBINA AITOPUTM He IPUBOAUT K
TIEPENO/IHEHMIO M MOTepe 3HaYUMMOCTH.
Amroputm Topaepa HeTpynmHO mpuMe-
HUTb Y JUTs] BBIYKC/IEHHS MHOTOMEPHBIX
TIONIMHOMOB [6].

&)
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Buumanuio aBTopoB ¥ unTaTeneli!

Ecmu BB 06HapyxuTe Kakue-nmbo
OLIMOKH B XXYPHAIBHBIX CTATHAX, CO-
0061LHTE B peAKIINIO, MBI OITyO/IMKyeM
nioripaBKH. Batmm norrpasku 6ymyT, o
BO3MOXHOCTH, YUTEHBI TIPH BBITYCKe
O4YepenHOTo MUCKA C COnepXKaHueM

JXXypHana.

Pepakumus

1060e yCTPOHCTBO, BBITIO/IHEHHOE

Ha 6ase MUKPOKOHTpoOJ/LUiepa ¢up-

met SiLabs (Silicon Laboratories)
[1], MOXKHO 71IeTKO OCHACTUTH CHHTe3a-
TOPOM MEIONNI, SHAYUTEIbHO Paciliy-~
psomuyM GYHKIHOHANBHbIE BO3MOXK-~
HOCTH npubopa. Begb BO3MOXHOCTH
ONHOTOHAIBHOTO 3BYKOBOTO H3/Ty4aTe-
51 — 6y33epa, KOTOPIMH OU€Hb 9acTO
OCHALIAIOTCA YCTPOICTBA HA MHKPOKOH-
TPOJUIEPAX, OTPaHMYEHBI TO/IBKO PHTMH-
YECKHMM PHCYHKOM 3BYKOBBIX CHTHAJIOB.
Hcrnosm3oBaHue >ke 3BYKOBOTO CHHTe3a-
TOpa MeJIOUit NOBHIILIAET Y3HaBaeMOCTh
CUTHAIOB Y, 6€3yClIOBHO, 3HaYUTE/THLHO
yBemuuMBaeT UX pasHoobpasue. s
CpaBHEHUA BCIOMHUM CKPOMHBIE BO3-
MOX@XHOCTH BCTPOEHHBIX M3jyvyaTtenefi
3ByKa MEPCOHAILHBIX KOMNBIOTEPOB, U
CpaBHHM HX C BO3MOXHOCTSIMU Aake
TIPOCTBIX 3BYKOBBIX KapT.

AnmnapaThasi peausalius y3/ia CHH-
Te3a MeONHI ABJIAETCA BeChbMa NpOC-
toit. Jlia atoro ysna tpebyercs HamM-
YHe BCEro ofHOH CBOGONHOM JTHHHH
nopTa BBOfia/BbIBO#a. BO3MOXHEI, KakK
MHUHHMYM, IBa BapHaHTa peajy3auy
3TOrO y371a — C IPAMBIM BKJIFOYE€HHEM
M3/IydaTe/s 3BYKa U C JOTIO/IHUTENBHBIM
BHELIHUM YCHUJIMTENeM.

B mepBoM ciyyae cBOGOmHAA NTHHMs
MOpTa KO/DKHA OBITH HACTPOEHA Ha BhI-
BOL B P&XHME C OTKPBITHIM HCTOKOM,
H K Hell NMOOKIIOYAIOT OOWUH U3 BBI-
BOIOB MaIorabapUTHOTO H3/TydaTesis
3ByKa, HarpuMep, HCO905F (5 B) mwm
HCO0903F (3 B) ¢upmsbt JL-World Corp.
[2]. Bropoit BbIBOR u3nydaTesis MOn-
KIIOYa€eTCs HEeMOCPENCTBEHHO K JIMHUM
NYMTaHusi MUKPOKOHTpo/iepa. Crenyer
OTMETHUTb, YTO COMPOTHBJIEHHE 3TUX
U3/Iy4aresieil OBOJIbHO HHU3Koe — 40 u
25 OM CcOOTBETCTBEHHO, NO3TOMY TIOC-
NlefloBaTe/IbHO C U3TydaTesieM OOBLIYHO
BK/IIOYAIOT pe3ucrop 30...56 Om. On-
HaKO BO3MOXXHO M HETIOCPENCTBEHHOE
(T. e. 6e3 pomoONHUTENIBLHOTO pe3ucTopa)
BK/IFOYEHME U3/TyyaTens 3ByKa, T. K. JIV-
HWH NOPTOB BBOJA/BbIBOAa MHKPOKOHT-
ponepos ¢upmst SiLabs umMeroT Bctpo-
eHHble orpanuuuTe/M Toka. CremyeT
OTMETHTh, 9TO IPOMKOCTb 3ByKa IIPH
TaKOM BKIIOYEHUM HEBEHKA, [I03TOMY
YacTO MCNONb3YyIOT BTOPOM BapHaHT
BK/IIOYEHHUS] — C BHEIIHUM NONOJIHK-
Te/IbHBIM YCHIUTEIEM.

BHentHMiT NOTIONMHUTENBHBIA YCUIIH-
Te/Ib MOXeT GBITh BBIMO/MHEH KaK Ha
TPaH3KCTOpe, TaK Ha CNELHAIU3UPO-
BaHHOM MUKPOCXeMe YCH/IHTeIIs HU3KOi
gacrotel. McnonbsyeMas nMHUA nopra
BBOJa-BbIBO/IA NO/DKHA OBITH HACTpOEHA
Ha paboTy B akTUBHOM pexxume (Push-
Pull Mode).



CuHTe3 menogun
B MUKPOKOHTpoOMnepax

dupmbi SiLabs

Leneio HacmoAwieli cmameu A8nAemMcA o3HakomeHue yumamernet ¢ 00-
Hum u3 cnocoboe hopmuposaHuA 38yKOBLIX CUZHAIIO8 8 MUKDOKOHMPON-
nepax ¢pupmeil Silicon Laboratories (SiLabs).

PaccMoTpuM NMporpaMMHYIO CTOPO-
Hy peaM3alliy CUHTe3aTopa MeIOfHH.
CyTh OIIMCHIBa€MOTO BapHaHTa 3aKIIO-
YaeTcs B TOM, YTO YaCTOTa K&XKAO0M HOThI
FeHepUPYETCA € TOMOILLBIO (DYHKIIVI 3a-
OeprkeK, KOTOpbIe IepeciUThIBAIOT TaK-
TOBYIO 4acTOTY MUKPOKOHTPO/UIEpa U
MepeKII0YaloT BHIOpaHHbIil HAMY BBIBOT,
JIMHMM BBOJAa-BBIBOJia. JlomycTHM, YTO
MBI Ha3Ba/Ii BHIOpaHHyIO IMHHIO BBOpA/
BeiBopa P2.0 cienyrommMm 06pasoM:

sbit MUZ =P2 "0

PaccmaTpuBaeMble HW)Ke TOANpPO-
rpaMmsl 6yIyT HCNOJB30BaTh QYHKIMH
safiep)xek o6lllero HasHadeHHs, KOTO-
Ppble O6BIMHO HUCTIONb3YIOTCH B OCHOBHOM
nporpaMme. OTMETHM TaxoKe, 4YTO NPH-
BelleHHBIE 3Ha4YeHUA BpeMeHHbIX 3a1iep-
YKEK pacCUUTaHbl Ha TAKTOBYIO YacTOTy
reHepatopa 22,1184 MI'n,

A e T )
// OyHKUMA reHepauuu KOpPOTKOR 3ALEPKKM
// NpumepHo B+MKS MuKpOCeKyHR

P e L I T L A
void Time (unsigned MKS)

{

while (MKS--) {WDT();}

}
//ii.l'.t'.itttiiiti..tii.....tiit'-..t
// OyHKUMA reHepauMu [ONMHHOR 38A6PKKM
// npuMmepHO MS MUAAMCEKYHA
//.tttiiittltttt'ii.tt.iiiiit-l..iit...
void (unsigned MS)

{

while(MS--) {Time(1000);}

}

//lt"li.i.i'tttt-.tttt.tt.....tnii.ii.

Delay

// OyHKUMA nepeaanycka

// OXxpaHHOrO TaiMepa

VA P A T L L]
void WDT (void)

{

// nNoCnefoBATENbHOCTL KOMaHA,

// 3aeucsuyas oT

// ceMeRcTBA MUKpOKOHTposnepce Silabs

B namrem ciayvae mbr 6ynem peanu-
30BBIBAaTb OJHOTOJIOCBIM CHUHTE3aTOp
3BYKOB, OXBaTBHIBAKOIIMI [IHANa3sOH
OBE C JIMIIHHM OKTaBbl MY3BIKa/IbHOTO
psifa — TIepBYIO, BTOPYIO H OBE HOTHI
TpeTbel OKTaBbl. M3BecTHO, 4TO YacTo-
ThI Pa3/IMYHBIX HOT MY3BIK&TBHOTO PAna
HMEIOT Hele/I0YMC/IEHHbIe SHAYEeHHA, U
3afiaBaTh UX MBI 6yneM ¢ HEKOTOPBIMH
onM6kaMu, ONHAKO YJIOBUTb HA CIIYX
TaKoe pas/iM4yue CMOTYT JIMIIb JIIOOYU C
a6COMIOTHRIM MY3BIKaJIbHBIM CIIyXOM M
COOTBETCTBYIOLLIMM 06pa3oBaHHeEM.

Htax, Kak MBI y>Ke CKa3ayii, Mbl OyneM
¢opMHpOBaTL HOTHI C OKPYIJIEHHBIMH
3SHAa4YeHHsIMH 4acToT.

s mepBoit OKTaBbl HOTHI 6ymyt
vMeTh clepylomue JacToTel: Jo —
424 Ty, Ho # (oues) — 401 I'y, Pe —
377 'y, Pe # — 356 I'u, Mu — 336 I'ny,
®a — 317 I'u, Pa # — 299 I'n, Conp —
283 I'u, Conb # — 266 'y, JIs — 251 Iy,
Jis # — 237 I'u, Cu — 224 I'u. Kaxpas
HOTa HMMeeT OMpefeNieHHYI0 ITUTeNb-
HOCTb 3By4aHHs], 0603Ha4uuM ee KaK DL.
Torpa, ecnmu GyHKuus, GopMupyollias
3BYK HOTHI, 6ymer HaspiBaThbcsi DNota,
[J1s TePBOI OKTaBbI MOXKHO HAIMCAaTh
Makpoollpefie/ieH|sl HOT C/IefyIoIuM
obpasom:

#define
#tdefine
#define
#define
#tdefine
#tdefine
#idefine
#define
#define
#define
#tdefine
#define

Do1(DL); DNota(424,DL);
Do1D(DL); DNota(401,DL);
Re1(DL); DNota(377,DL);
ReiD(DL); DNota(356,DL);
Me1(DL); DNota(336,DL);
Fat(DL); DNota(317,DL);
FaiD(DL); DNota(299,DL);
Sol1(DL); DNota(283,DL);
Sol1D(DL); DNota(266,DL)
La1(DL); DNota(251,DL);
La1D(DL); DNota(237,DL);
Se1(DL); DNota(224,DL);

Jlns BTOpo¥ OKTaBbl YacTOTHI OT/IH-
9aroTcsl MPUMEPHO B [Ba pasa M Mak-
poonpeneneHus: HOT OyayT BBIIJIAACTH
CIeyoLUM 06pa3om:

#define Do2(DL); DNota(211,DL);

PaKTUKA

#tdefine
#tdefine
#define
#tdefine
#tdefine
#tdefine
#tdefine
#define
#tdefine
#tdefine
#tdefine

Do2D(DL); DNota(199,DL):
Re2(DL); DNota(188,DL);
Re2D(DL); DNota(178,DL);
Me2(DL); DNota(167,DL);
Fa2(DL); DNota(158,DL);
Fa2D(DL); DNota(149,DL);
S012(DL); DNota(141,DL);
S012D(DL); DNota(133, DL);
La2(DL); DNota(126,DL);
La2D(DL); DNota(119,DL);
Se2(DL - DNota 113,DL ;

U3 tpereit oxtaBel Mbl OymeM Hc-
0J1b30BaTh TOJILKO IBE€ HOTBI, KOTOPbIE
Haubornee yacto BcrpedawoTcs B 601b-
IIMHCTBE U3BECTHBIX MEIOIHIA:

#define Do3(DL); DNota(107,DL);
#define Re3(DL); DNota(94,DL);

Teneps HaM OCTa10Ch PacCMOTPETh,
4To U3 cebs1 npencTasisier cO6CTBEHHO
nopnporpamMmma, GopMHpyoLas HOTy:

L L T T T T T T PP
// TNognporpamMMa GOPMMPOBAHUS 3BYKA HOTH
// FR - 4HactoTra HOTH
// DL - pAuTenLHOCTL HOTH
[/ anrnsnsnssstunennannnnnsunssansnnsn
void DNota (int FR, int DL)
{
for(int 1=0; 1<DL; i++)
{
MUZ=0;
MUZ=1;

Time(FR);
Time(FR);

JIMTeNbHOCTH HOT B MY3BIKaJIBHOM
rpaMoTte MpuHsATO 0603Ha4YaTb B yc-
JIOBHBIX €IHHHIIAX KAK «1le/Ible» — MBI
6ynem 0603Ha4aTh UX Kak 1, «MOJIOBHH-
Ki» — 2, «4eTBEPTHHKH» — 4, «BOCb-
Mymku» — 8, «ilecTHaguateie» — 16
U «TPHALaTh BTopble» — 32. Ha camom
zesne «uefble» HOTbl UMEOT HaubO/Ib-
LIYIO IUIHTE/IbHOCTD, @ OCTA/IbHbIE HMe-
10T JUIMTEIbHOCTh COOTBETCTBEHHO 1/2,
1/4, 1/8, 1/16, 1 1/32 OT WIHTENBHOCTH
nenoit. O6BIYHO JIA MENIOIUH CPEIHEro
TeMna UIHTEIbHOCTh «TPUALATh BTO-
poii» cocTapisieT npuMepHo 500 Mxc.
C00TBETCTBEHHO, JIETKO TIOCYHTATD J/TH-
TENBHOCTh OCTa/JIbHBIX HOT.

HsBecTHO TaKkke, yto npu ¢popMupo-
BaHWH MEIOOMH HMCIIOJIb3YIOTCA Tay3bl,
WIH «ITyCTbl€ HOTBI», KOTOPBIE TakXke
HMEIOT omnpenenieHHble IMTeNbHOCTH,
Kak ¥ HOThbl. PaccMOTpUM mopnporpam-

My, KoTopasi (jopMupyeT maysbl:

®
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[/ arn e nn st kAR AR SRR SRR SRR AR AR
// TNognporpamMmMa ¢OpMMpOBaHMS Nay3
// DL - pnwrenbHOCTbL nNaysb
/7 (1,2,4,8,16,32)
//nn-tn-nnnntntnntn.nn.nn-.tq-t-nn.i.it
void Pause (int DL)
{

switch(DL)

{

case 16: Delay(1); break;
Delay(2); break;
Delay(4); break;
Delay(8); break;
Delay(16); break;
Time(500); break;

break;

case 8:
case 4:
case 2:
case 1:
case 32:
default:
}

Hy BoT npakTu4ecku u Bce, 4TO He-
06xopuMo 151 GopMHpOBaHHUsA MeJo-
puit. K coxaneHuro, IIMTENBHOCT HOT
HeJ/b3s1 YKasplBaTh B YCIOBHBIX €IH-
HHMLAX U MPUXOIUTCS €€ yKasbIBaTh
B MHUKpoOceKkyHpax. OTMeTHM TaKXe,
4yT0 1A 0671erdeHys YUTaeMOCTH po-
IrpaMMBI MEJIOOMH TAK)K€ PEKOMEHNy-
eTcHd CHada/la 3aluChIBaTh B BUIE MaK-
poonpeneneHHil, a 3aTeM BBISBIBAaTh B
OoCHOBHOI mporpamme. [ln1s npumepa
TIpYBeneM MpHMMepbl 3alIMCH HEeCKOJIb-
KMX U3BECTHBIX Menopgvii. Hanpumep,
TaK BBITJISAMT 3aIIMCb XPOMAaTH4EeCKOH
raMMBI:

#define MUZ_Gammai1():

=0; Do1(50); Do1D(50); Re1(50); Re1D(50);\
Me1(50); Fa1(50); Fa1D(50); Sol11(50);\
So11D(50);\
La1(50); La1D(50); Se1(50); Do2(50);\
Do2D(50);\
Re2(50); Re2D(50); Me2(50); Fa2(50);\
Fa2D(50);\
§012(50); S012D(50); La2(50); La2D(50); \
Se2(50);\
Do3(50); EA=1;

OTMeTHM, 4TO IJIsl TOro, YTOOBI 06-
pa6oTka /mo6bIX MpepHBaHUiT He MCKa-
JKasia 3By4YaHHe MeJIONMIl, YKe/IaTe/IbHO
Ha BpeMs 3BY4aHMs 3alpellaTb Bce
MpepLIBAHUsL.

A Tak BBRIIJIAJMT 3alMChb Hadala MU3-
BeCTHOH Menogud Monapra:

#define MUZ_Mozardi();

EA=0; So11(150); Delay(32); Re1(50);\
$011(150);\

Pauae(1); Re1(50); S011(50); Re1(50);\
So11(50);\

Se1(50); Re2(200); EA=1;

U, B sakmoueHue, pparMeHT M3BeCT-
Hol1 Menopuu «Topeapop»:

THy
—; POO/REF |MPU Voo :
R1 r | 8] PO1 § P04 1= ca [I‘
L R4 [1Rs R61k
56K 56k 4 C3C/RST E PO5 [9 T 10mx 11k
sB1 s{Poen | 2 PO6 |- ‘
T Po3/X2 | & |Po7/C3D I 3 5 1
ci=L Lc2 pp1| GND 4 oy nlia
0,22 mx 0,22 mx 3 Lo 5
O
- L +Vpp 8 Co— —=C6 i g L
2 g 7 1 MK 0,1 MK 9 S 0
-in1 e Out1 -—‘0==C4 BA1 e ]
R3 2| 8 Jour 6 10wk =
29k 3 = 5 | GB1 i
-In2 | paq |GND I
Puc. 1

#define MUZ_Toreodor();

EA=0; S012(200); Pause(8); La2(100);\
Pause(8);\

S$012(100); Pause(8); Me2(200); Pause(8);\
Me2(200); Pause(8): Me2(100); Pause(8);\
Re2(100); Pause(8); Me2(100); Pause(8);\
Fa2(100); Pause(8);\

Me2(400); Pause(2); EA=1;

IlpuBeneHHBIX cBepeHHUI BNOHE OO-
CTaTO4YHO [Isl TOTO, YTo6b! M0b0i ce-
LUaJIKCT, HEMHOTO 3HAaKOMBIH C asaMu
MY3BIK&ILHOM IPaMOThI, MOT 3aIHCaTh
o6y MeoguIo.

OnnauM U3 NpocTeNIMX NPUMeHeHUH
OITHMCaHHOI'O CHHTE3aTOpa MeNIogui AB-
JseTcsi My3BIKaIbHBIN 3BOHOK. Ha Muk-
poxonTposviepe C8051F300 ¢pupmer Sili-
con Laboratories ero MoxHo co6parhb
Ha fIe4aTHON I/1aTe, yMEMIAIOLIENCa B
Ccnu4eyHOM KOpOOKe, ¢ mUTaHUeM OT
TPEX Majlora6apuTHBIX aKKyMY/ISITOPOB
(nmockux GP uwau AAA) u, 4To camoe
HHTepecHOe, C MHOXXeCTBOM OPHIH-
HIBHBIX MeNofuii U 6o/bIIMMH BO3-
MOXHOCTAMU. B oT/imume oT gpeBHeEro
OTe4eCTBEHHOTO CeMeICTBa MUKPOCXEM
YMCO07(08), Bbrryckaromerocs yxe 6o-
nee 20-TH J1€T, 9Ta KOHCTPYKLIMA MO3BO-
NeT OnepaTHBHO M3MEHSTb MeNopgHH
(mmyreM mepenporpammupoBanus). Kpo-
Me TOro, oHa cBobofHa OT psiga Hemo-
CTaTKOB, NMPHUCYLIMX KOHCTPYKIHAM Ha
MuKpocxeMmax cepud YMC, rmaBHbIM
U3 KOTOPBIX SIBNISIETCS CIOXHOCTH OP-
raHM3alU¥ aBTOMAaTHYECKOH CMEHBI
MeJlofvit, 06yC/IOB/IEHHAst OTCYTCTBUEM
CMrHajJa KoHna memonuM. Ilpunnunu-
albHasl cXeMa My3bIK&/IbHOTO 3BOHKA
npHBeJeHa Ha pHc. 1.

MysBbIKaJIbHBIII 3BOHOK COCTOMT U3
OBYX GYHKIMOHAIBHBIX y3/I0B — cobC-
TBEHHO MUKpoKoHTpo/iepa DDI
(C8051F300) u ycumuTensi 3ByKOBOIX
yactoTel DA1 (TDA7050). 3BoHOK mH-
TaeTcs OT TPeX ra/lbBAHUYECKUX 3/IEMEH-
TOB M/IM aKKyMY/IATOpoB AA ¢ cymMMap-
HBbIM HampshxeHnHeM 3,6 B. Ilorpebnenne
B CIIAIILEM PeXXHME COOTBETCTBYeT NPU-
MepHoO 2,5 MA, B paboieM — 0KoJO

60 MA. KHonka 3Bonka S1 mopxmode-
Ha K BXOJy MHKPOKoHTposulepa P0.3.
[TporpaMMHBII CHHTE3aTOP MeNOIMI
HACTPOEH Ha HCIIONb30BaHHE B Kadec-
TBe BbiIxogma BeiBoza P0.2. Mysbikanb-
Hafl MOC/Ief0BaTe/IbHOCT UMITY/IBCOB C
3TOro BHIXO[A MOCTYTIAET HA PETYIATOP
rpoMkoctd R3 4epes paspenvTe/bHBIN
xoHpencatop Cl. C Beixopa perynstopa
IPOMKOCTH CHTHaJI [IOJAETCA HA PasHo-
TOJIIPHBIE BXO[IBI KAHA/IOB MUKPOCXEMBI
DA, BKIIOYEHHOII 10 MOCTOBOH CXeMe.
Pesucroper R4&—R6, konpencaropsr C5,
C6 u 1THIpeBOit pasbeM J1 ofpasyoT
neny cbpoca M TpOrpaMMHPOBaHUs
untepdeiica C2 (Moau¢HIIMPOBaHHEIT
JTAG). Mukpokoutposnep C8051F300
uMeer o6beM nporpaMmuon Flash-na-
maTy 8 K6aifT, B Heil MOXHO pa3Mec-
TUTh, KPOME CaMON NPOrpaMMBbl, OO
150...200 Menonuii. Hanmuuue B MysbI-
KaJIbHOM 3BOHKE MHMKPOKOHTPOJUIepa
M03BOJISIET THOKO USMEHATh AITOPUTM
paboTHI 3BOHKA U MEPEK/MOYeHHe Me-
JIOOMIA.

Ilpusepernyio cxeMy MOXHO ymyd-
LIMTh 33 CYeT HEKOTOPOTO YC/IOXKHEHHUS].
Hanpumep, no6asus npa TpaHsucropa,
06pasyronux KoY NHTaHus, TIOaBa-
eMoro Ha ycunurens DAL, v ynpasnis-
eMBIif 0T MMKPOKOHTPOJ/UIEPA, MOXXHO
CHU3UTBb HoTpebsienye B crslleM pe-
JKHUMe [I0 [ecATKOB MHUKPOaMIiep, YTO
3HAYUTE/IBHO YBEIUYUT CPOK CITYXOBI
3NIEMEHTOB IUTaHMsl. [IpyTre HeHCIIO/Nb-
30BaHHBIE BXOIBI MOXKHO UCIIO/Ib30BATh
IUTsl OPTaHU3ALIMH, HATIPUMeEp, CBETOBOIA
HHIVKanUy WM /Is1 yCTaHOBKY Iepe-
KII04aTessi, BbGuparoiero Habop me-
JIOOHIA H/IH IJIMTENIbHOCTh 3BYYaHHs.

NUTEPATYPA:

1. http://www.silabs.com/
2. http://www.jlworld.com

Oner Hukonairayk,
r. Kunmvines, MongaBus
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OTtnagouHbin mogysnb
Keil FlashMon51

Modyne FlashMon51 exooum e cocmae nakema npozpammHozo obecne-
venrus Keil Software — pVision2 (uVision3). lNakem pVision2 npedHasHavweH
0518 paspabomku npo2pamm 0517 MUKpOKoHmposnepos cemeticmea C51,
€251, C166/ST10 u ARM. C noMouwibio 0aHHO20 Nakema MoXHo ocyuiec-
meume 0ea cnocoba omnadku. lNepewlli 3ako4aemcn 8 UCNO/1b308aHUU
cumynamopa, Komopbili N0380/1A€m Npo2pammMHO umumupoeams pabo-
my MUKPOKOHMPOJ1/1epa u 8HewHUX cu2Hanoe. Bmopot cnocob ocHoeaH
Ha UCNo1b308aHUU BHYMPUCXeMHO20 IMYSIAMOPA UNu NPo2pammHO20
cpedcmea Monitor (Flashmon), umo obecneuusaem nonHoyeHHyio om-
Na0Ky annapamHo-hpo2paMmmMHbIX cpedcme MUKpOonpoyeccopHo20 ycm-
policmea. B daHHoti cmamee 6ydem paccmMompeH 0OUH U3 Om1adoYHbIX
moodyneti Monitor 0na mukpokoHmponnepos cemeticmaa C51.

pena paspa6oTKy pVision2 BKJIIO-
qaeT B ce6s1 MeHemKep POEKTOB,
TEKCTOBBIN PeﬂaKTOP HCXOOHOro
TeKCTa, KOMIUISTOPH SI3BIKOB IIpPO-

Ha. Mcnonb3oBaHue BHELIHEH NaMATU
06yCIIOBIEHO TeM, YTO KOHTPOJUIEPHI
cemeiicrea C51 He umenu 6osbioro
o6beMa BayTpenHeir namstd (Flash u

RAM) u He MoOrM MORUQPUIIMPOBATH
CBOI0O BHYTPEHHIOIO NaMsTh. Takas
OpraHusanusi OT/agdMKa yCIOXHSIA
caMoO YCTPOMCTBO M €ro paspaborky,
0co6eHHO, ec/IM B YCTPOMCTBE He Mpeq-
MONIArajioch UCIIO/Ib30BaHHe BHELIHEH
TIaMSTH.

B Hacros111€€ BpeMs cUTyalus usMe-
HUWJIACh, T. K. TIOSIBWINChH KOHTPOJUIEPHI
C pacIlMpeHHBIMH alapaTHHIMU CPenc-
TBaMH U BO3MOXXHOCTBIO BHYTPHUCXEM-
HOI Momudukanuu cBoeit namsaty ISP
(In-System Programming) no ogHomy
U3 MoC/lefoBaTeNIbHBIX UHTepgeiicoB. B
Tab/1. 1 mpuBeeHbI HEKOTOPBIE U3 TAKUX
KOHTPO/LIEPOB M X OCHOBHBIE XapaKre-
pucruku [1].

Qupwma Keil Software BrinycTiia Ho-
BBIIi MOHHTOP /1A 3TUX KOHTPOJ/LIEPOB
(flashmon51). PaccmoTpuM ucrmonb-
30BaHHE 3TOTO Mony/sl Ha IpHMepe

Tabnuya 1
Muxpo- Hanpsixenue Taxtosan . Ananorosbie .
Yacrora, /O | FLASH | EEPROM | SRAM | UnHTepdeiicnl Taimepbi Kopnyc
KOHTpoOMNep nuTanun, B MI y3nbi
UART, IDE,
USB1.1, SP), 2x16-pa3p. TQFP80
AT89C51SND1 2,7...33 20 44 64K — 2304 2C, MP3 10-pa3p. AUN WDT PLCC84
Decoder
UART, IDE, 10-pa3p.
ATBOCSISND2 | 2,7..33 20 44 | 64K — 2304 UlszBC‘ ',ul;c’: L sz’(‘)%”aap 2"‘&'8?‘" CTBGA100
Decoder LIAT]
DIP40
T89C51RC2 45.55 40 32 | 3% — 1280 |  UART,SPI — 3",‘&‘_5\'&/3;‘; PLCC44
' VQFP44
PDIL40,
PLCC44,
T89C51RD2 27...33 40  |[32/48| eax 2K 1280 UART — 3X16-pasp- | yoppgy,
45...5,5 PCA, WDT
PLCC68,
VQFP64
3x16-pa3p. PLCC44,
AT89C51RD2 2,7...55 40 32/48 64K — 2048 UART, SPI - PCA WDT VQFP44
PDIL40,
PLCC44,
ATB9CS1ED2 27..55 40  |[32148] 64 2K 2048 |  UART,SPI — 3x16-pasp. | yoepay
PCA, WDT
PLCC68,
VQFP64
TQFP44,
T89C51CCO1 45..55 40 34 | 32K 2K 1280 | UART,CAN | 10-pasp.Aun | 3X16P2P- | p/ecay
PCA, WDT
CA-BGAG64
PLCC28,
2,7..33 g 3x16-pa3p. SOIC28,
T89C51CC02 45..55 40 20 16K 2K 512 UART, CAN 10-pasp. ALN PCA, WDT TSSOP28,
SOIC24
VQFP44,
ATsocsicCo3 | 2733 40 34 | 64K K | 2250 | UART.CAN | 10-pasp.ayn | 3X16P3P- | piccas,
45...55 PCA, WDT
CA-BGAG4
rpammupopanus C, accembnepa u cuc- Verpoiicto na 6aze MK AT89CS1ED2
Temy oTnagku Debuger. -
Jo HepaBHero BpeMeHM MCI0/Ib30Ba- Vi s[ilolfl'; A - Flas| oerr XDATA
HMe nporpaMMbl Monitor i1 MUKpo- Kon moruTopa Rarreie moruropa
OTIAAYHK C:0xE000 X:0x0600
koHTposutepos C51 6bpUT0 BO3MOXXHO
TO/ILKO TIPH YCTIOBMM HAIWYHSA B Pas- poporpaua
pabaTeIBaeMOM YCTPOJICTBE BHEILIHEMH Raweie nombaosatena
mamaTu nporpamm (I13Y > 5 K6aiir)
¥ naMaTu gauubix (O3Y > 256 Gairr). Li‘:;‘:::g . <:> UART
ITpu 5TOM NaMATH NO/DKHA GBITH Opra-
HH30BaHa 1o apxuTekType Gon HeltMa-  pyc ¢
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YCTpOMCTBA C MUKPOKOHTPOJUIEPOM
AT89C51ED2.

CTpykTypHas cxema, peajlusymolias
PEXUM OTJIAIKH C IOMOLIBI0 MOHHTOP,
npepcTasjieHa Ha puc. 1.

Ilepern pa6oToit ¢ MOHUTOPOM HEO6-
XOIMMO CKOH(MUIYPHPOBATh U OTKOM-
nwMposaTe Mopynb flashmon51, a sa-
TeM 3aMMcaTh ero B MUKPOKOHTPOJIIED.
Ha puc. 1 moxasaHo, 4To KO porpam-
MBI MOHHTOPa pa3sMeIlaeTcss B BEpXHei
obsacTH NaMsATH NporpaMM KOHTPOJI-
nepa C:0xE000—C:0xEFFF. OctanbHoe
aJipecHoe MPOCTPAHCTBO MOXKET HCIIONb-
30BaTbCA NMPOrpaMMoM I0JIb30BaTeNs
(C:0x0000—C:0xDFFF). MoHuutopy
TpebyeTcs 256 GaiiT B 061acTH NAHHBIX,
KOTOPBIE Pa3MEIAeTCA B paCIIHPEHHOM
03y (XDATA X:0x0600—X:0x06FF).
Ilpu paspaborke HeobxopMMo, 4TOOBI
TIporpaMMa TIO/Ib30BaTesIsl He HaK/a-
OpiBaach Ha o6j1acTb MOHUTOPA, 3TO
MOXXeT NpuBecTH K cboro cuctemsl. Kop
TporpaMMBl MOXET pasMeIlaTbcsi B
mo6oi1 4acTH afpecHOro MIPOCTPaHCTBa
MHKpOKOHTpoJUTepa kpome C:0xFO00—
C:0xFFFF. 3ta obnacthb 3aHsTa 3arpys-
YMKOM MHUKPOKOHTPOJLIEpA.

B pexxume omaaxu flashmon51 obme-
HHUBaeTcs1 paHHbIMU ¢ TTK yepes BcTpo-

Rl
cTs
RTS
DSR
GND
DTR
™

RXD
cb

i

RxD
TxD

— RxDPin
— TxD Pin

RS232
Driver

= N WhHh O~ 00

Puc.2

€HHBIi1 TIOC/IefoBaTebHbIN HHTEPdhETC
UART. Ilpu 3ToMm ycTpoiicTBO Hon-
KJHO4aeTcss depe3 GJIOK COIIACOBaHMsA
yposneit RS-232 (nanpumep, SP232)
COM noprty ITK. Cxema coenuHHUTENb-
Horo Kabea mpuBeneHa Ha puc. 2 (Ha
npumepe pazbema DB9).

IIpuHIMNINaIbHAA CXeMa YCTPOICTBa,
obecrednBaroiiero paboTy MoHHTOPa,
TIOKa3aHa Ha pMc. 3.

st Kakgoro KOHTpoJUulepa HMMe-
1otcsi cBou Mopynu flashmon51. Onu
NpencTaB/ieHbl OTHEIbHBIMH MPOEKTa-
mu. OTKpoeM B pVision2 mpoexT /A
KonTponnepa AT89C51ED2/RD2 — ...\
C51\FlashMon\AT89C51RD2\Monitor.
Uv2. Kontponnep ED2 ornMyaerca oT

3 CcPU
c1i;o +58 (-15 E/VP

! xi PO1 =2
i } l o g_;
1
HC49812 M POS I
I o Po4 |2
a8 | el
€230 RES P06 [
12— 32
INTO (20 &=
R1100k 13 INT1 Tzﬁ..ﬂ
+5B <« J— % T | & P2 % ca
1(():3"( —1T1—' = P22?4 1M~K1GB
R i1 - R vy s [
81p12 P25 |28 ce ol ot
:;J P13 peofs  O1 “"_E% c1- w 6_‘4 8
<P }P_zﬂ‘—7 e -
=115 PITLC J1 o 1521__5_ anp|18y o 67 \ PLSR3/DBIM
j P16 P36 | F} —o1c2- 14 0.1 M [Circuit | Pin
P17 PSENOZ— o|TIN TiouT | ouT | 3
0 ALELS o1 T20UT 2 H Gno (5
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RD2 namuuem BRyTpenHeit EEPROM.
B atoM mpoexte 0TKpoeM ¢hait KoH-
¢urypauuu, B KOTOPOM YKasbIBaIOTCs
Cllemyolie apaMeTphL:

e XDATA_START — onpepenser
Hadaso o6sacTH MaMATH NaHHBIX
moHuTopa XDATA;

e CODE_START — ompenensier Ha-
Yajio 06/1aCTH MaMATH NPOrpaMMBbl
MOHHTOPA, TIPOrpaMMa MOXET 3a-
HUMaThb 4...5 K6aiit;

o INT_ADR_OFF — ycraHaBnuBaeT
agpec Hayana Tab/MIlBI BEKTOPOB
TIpephIBaHNs;

e DEF_PC_VAL — onpepensier 3Ha-
JeHWe cdeTdyuka mporpamm (PC-
program counter) Ipy cTapTe oT-
JIaM4HKa;

o SERIAL — 3apaer reHepaTop nns
UART (0 — Bctpoennsiit UART ¢
reHeparopowm ot timerl; 1 — Bcrpo-
ennelii UART c renepatopoM ot
timer2; 2 — BcTpoeHnblit UART ¢
BCTpoeHHBIM reHepatopoM (BRG);
3 — premamit UART);

o BAUDRATE — ycranasnusaeT cko-
pocTb 06MeHa ¢ OT/IAMHYHMKOM, MPU
BAUDRATE = 0 npou3BoauTCs aB-
TooTpefeneHre CKOpocTu obMena;

e EX UART_CLK — wactoTa KBap-
11eBOTO Pe30HaTOpa MHKPOCXEMBI
BHerunero UART;

e EX UART_ADR — agpec namsatu
XDATA 51 MUKpoOCXeMBI BHEIIIHE-
ro UART;

e CPU_CLOCK — ompepensieT yac-
TOTYy TaKTHPOBaHHs IIpoieccopa

(dacToTy BHelllHero pe3oHaTopa),
KOTOpas MCIO/Mb3yeTCH IJIsi BBIYMC-
JIeHHs1 CKOpocTH o6MeHa.
B cooTBeTcTBUM € HalIeH cxeMoii yc-
TaHaB/IUBaeM C/IEAYIOIHe 3HAYCHH:
XDATA_START = 0600H
CODE_START = OE000H
INT_ADR_OFF = 00H
DEF_PC_VAL=0
SERIAL =1
BAUDRATE =0
CPU_CLOCK = 12000000,
3aTem Heo6XOOHMMO OTKOMIIM/IH-
poBaThk pgaHHBI npoekT (F7) ¥ mo-
Jy4eHHBII Tocne a3roro hex-dain
moHuTopa (Monitor.hex) sanucaTs
B MHMKPOKOHTPO/UIEP C MOMOIIBIO
nporpammaropa FLIP [1]. 3roT mpo-
rpaMMaTOp OCYLIECTBJsIET MPOrpaM-
mupoBaHde ISP ¢ ucnonb3oBanuem
sarpysumnka (bootloader) Muxkpokont-
ponnepa. [lepen mporpamMMypoBaHHeM
Heo6X0ouMO YCTaHOBUTD MepeMbIuKy J1
(PSEN = 0) u nopaTp nMTaoilee Ha-
npsikKeHve Ha MHKPOKOHTposUiep
{c6pocutb MUKpoKoHTpOnTep). Takum
obpasoM, peamusyeTcsi mepexop B pe-
>KUM 3arpysiHka MHKPOKOHTpoJLIepa.
Janee Heo6X0pMMO yCTaHOBHTDH CBsi3b
porpaMMaTtopa € 3arpy3ddKoM, IUis
4ero Bri6upaercs uHTepdeic CBs3Y
RS-232, nHomep COM-nopTa u cko-
poctk o6Mena. Heobxonumo oTme-
THTb, YTO HE BCE CKOPOCTH o6MeHa M3
CIMCKa MOTYT TIOHOWTH Ui CBSI3H C
3arPy34MKOM. ITa CKOPOCTb 3aBHUCHT OT
9aCTOTHl TaKTHPOBaHUA MHKPOKOHT-

Tabnuya 2
HYacrova, MMy
Cxopocts, GuT/c 55435 T2 [ 2,4576 | 3,6864 |4 |5 [ 6] 73728 |8 [ 10| 11,0592 | 12| 14,318 | 14,746 | 16 | 20 | 24 [ 32
4800 + + + + +l+1+ + -1 + + + + + -1l-1-1-
9600 + + + + +|-1+ + +1 + + + + + + 1+ 1+ | -
19200 + + + + +l+1+ + +] - + + + + + 1+ 1+ |+
38400 - + - + +1+1+ + +1 + + + + + - l-1+1+
57600 - - = + -1-1- + = = + - — + + 1+ 1+ 1 +
115200 - - - - R + -1 - + - - + -1l -1-1+
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T 1 T T Device| Yapet} Ouput] Lating} C51 | AS1 | BLS1 Locate | BLS1 Misc Dahanluciﬁsl
QIESI ’)" | - ]l ’I € Uss Sienudator Setfings l € Use: [Ked Monitor 51 Diiver <] Setings I
! ' v ATEICSIED2 ¥ LoadAppicabon st Statup 7 Gio Wl main P LoadAppication at Statup T~ Go il main(
Sox  64Kbytes ToonaecByor [ 2 nitiakzation File: IniGakzation Fle:
Blank  FF
7 Eroes P DevcoBootlds | [ _J 1 ' | _J £ '
FFO000 HadweroByts [
. Dffest  DOOD Bootioader Ver. lf‘ Restores Debug Sesuon Settnge Restors Debup Session Settngs
Blark Check Reset Belom Loading Faus 2 ¥ Breakponts ¥ Toobox 7 Breakpomts ¥ Toobox i
-_ W watchporis & PA T waeichponts !
F Progam HEX Fio. Bsasessssv FF oo JEo 7 Memory Display ¥ Memory Display
DevcsSS8 — .
B Verty 1_ & Lovall CPUDU.  Pasamsler DiverDLL  Paameter
Am € vt [semsttl | [t |
ol
_HL"J l:h-l Leval2 o
I Resst DislogDLL:  Pasameler DisogDLL:  Pasamter:
- [pPsioLL fpateDz FSIDL  |pATEDZ
o — o _]_omew | voas: |
Puc. 4 Puc. 5 latget setup I
ponnepa. B tabi. 2 3HaKOM «+» OTMede- JIMBAaTh TOYKHM OCTAHOBA, MOLIATOBO Comen PottSekngs ——— — — — I
HO, HA KAKUX YaCTOTaX TAKTHPOBAaHMs  BBIMOJIHATH MporpaMmy ¥ T. . Heo6- Pot fCOM2 =] TS finsctive ] .
obecrnieduBaeTcs CBAA3h C 3arPy3YMKOM  XOAMMO OTMETHUTD, YTO H3MEHEHHE CO- Baudkate: [3500 v} Ot [inscive ] l
L
MUKPOKOHTpOJUIEpa. OEPXXMMOro HEKOTOPBIX PerucTpoB cre- Coche Optiors =
Kax BuaHo 3 3T0M TabMMIIbl, MAKCH-  1{HaIbHBIX (PYHKIIHIT BOSMOXHO TOIBKO 7 Cache DATA [SFF} % CacheXDATA
Ma/TbHas CKOPOCTb B IAHHOM CTy4ae (Ui B KOMaHIHOM CTPOKe OTnajuuka. Ha- || W Cxtemata W Cache COBE
12 MTI'u) moxert 6bITb 38400 6m1/c. IToc- npumep, komanpa P1 = 0x11 sanuirer Stop Progiam Execulion vith —
Jie yCTaHOBKM CBsA3H BbIOHpaeM hex-¢aiun B mopt P1 suadenue 11H. MoxkHo naxe T Sedintenpt
M 3aIHCBIBaeM €r0 B MUKPOKOHTPO/UIEp.  M3MeHSTh 3HaYeHHe CYeTYUKa KOMaH[ Moritor 51 Idenification ——
- = — Moritor 51 VersionV400
3asepruatoryM atanoM ycraHoBkH flash-  (PC = 0x20 — nepexop Ha KOMaHzy 1o Morkor 51 ’%?z;m woussdbyMonkost:
1 C.0x£000 - C:
mon sBnasercs koHurypanua Security appecy 20H). | | 50050 %060t
Byte. [Iy1s1 atoro ycranasmsaem checkbox B cryyae mombITKH MopuuKanuu - —
neper BL]B, B BSB 3amiceiBaem FF u B sideex B 0671aCTH NMaMATH MOHHMTOpa Corcel_|

SBV — EO (puc. 4).

Burt BLJB ykaseiBaeT Ha To, 4TOo 6ymeT
3aIyCKaThCsl MPOrpaMMa Mo/b30BaTes
unM sarpysuuk. Baitt BSB — perucrp
cTaryca 3arpysuvka. Baiir SBV — Bexk-
TOp 3arpys4MKa, Ilie XpaHUTCs CTapILHil
6aitT asipeca 3arpy3qyKa Nosb3oBaTesst
(B HaleM c/yyae MOHHMTOP).

CrnenyoimuM OTBETCTBEHHBIM Mo-
MEHTOM sIBJISIETCsl HACTPOMKa Cpefbl
otnagky pVision2. Ha miate Heo6-
xogumo yb6paTh mepembriky J1. Hnsa
CO3JaHHOTO MPOEKTa OTKPBITh CBOMC-
TBa npoekta (Project — Option for
Target), Boibpath 3axnanky Debug
M YCTaHOBUTbH pexxuM ornanku Keil
Monitor-51 Driver. ITocne aToro Ha-
KaTh KHOMKY Settings m/is yCTaHOBKHU
CBOJICTBA OT/IAN0YHOTO pexuMa (puc.
51 6), T. €. yCTAHOBHUTb He06XOIUMBIil
Homep COM-nopTa 1 CKOPOCTb Tepe-
na4y JaHHBIX.

Ecnu Bce cpenaHo mpaBWIbHO, TO
[OC/Ie TNepexofa B PeXHM OTIafKH
(Debug — Start/Stop Debug Session)
3aIIyCTHTCSL MOLY/Ib MOHMTOPA U Mpo-
HU30HieT 3anMch B MUKPOKOHTPOJIEP
mporpaMmel npoekta. Pabora otTnap-
4YHKa B PEXUME MOHHTOpA CXOJHA C
paboToil CUMYNIITOPa, MOXXHO NpOu3-
BOMUTH Te e CaMble OTlepaLvy, KaK U B
CHMYJIATOpPE — H3MEHSATD COflePXKHMoe
sYeeK MAaMATH M PETUCTPOB, YCTaHaB-

OT/IAIYHK BBIIACT OLIMOKY 0 JocTyTie K
TIaMATH U yKaxeT 06/1acTh, B KOTOPO#
pasmeltien MoH#TOP (pHC. 7).

Hecmotps Ha To, 4To UART ucnions-
3yeTCﬂ MOHHMTOPOM, OH MOXXET MCIIOJIb-
30BaThCA ¥ IPUI0XKEHHEM TIO/Ib30BaTe-
Jisl, OIHAKO HCNONbL30BaThcsl OH Oymer
C mapaMeTpaMH, YKasaHHBIMHM TIPH
xondburypauus MoHUTOpa. B mpuio-
YKEHMHM TIO/Ib30BaTe/Isi HHULMATH3HPO-
BaTb UART He HyxHo. [I/151 KOpPEKTHO#
pa6otel UART HeobxopyMo 3apesep-
BHPOBAaTh TPH SYEIKH NaMsiTH B 06-
JIACTH BEKTOPOB MpepBIBaHUs C aJipeca
C:0x0023, nanpumep,

#include <REG51xD2.h >
#include <stdioc.h>

char code reserve [3] _at_ 0x23;
void main (void) {

printf (“Evalution board AT89C51ED2\
oo

Hcnone3osaHue Takoro MoHUTOpa
T03BOJIsieT YCKOPUTD IpOLecc paspa-
60TKM TporpaMMm I MUKPOKOHTPOJI-
JIEPOB, OBICTPO U Ka4eCTBEHHO OT/IANUTD
KaK anmnaparHylo, TaK U IPorpaMMHYIO
4acTH MMKPOINPOLIECCOPHOM CHCTEMBI €
HCTIONB30BAHHEM KaK acceMbriepa, Tak
U s13pika C.

Puc. 6

Menite o7

Thagal varkte access at CODE address OxE000!
Please ralocate the application to a different address areat

Monkor-51 curtently uses the following address ranges:

C:0xE000 ~ C:BxEF21
X:0x0600 - X:0x06C4

[ o ]

Puc.7

NUTEPATYPA:

1. www.atmel.com.

2. www.chipinfo.ru.

3. www.keil.com/support/man/docs/
flashmon51/.

Omutpuit OHBnuKo,
r. Hoeodepkacck Pocrosckoir 0611

Pepakuua XxypHana
«CxeMmoTexHukKa»

npwrnawaet asTopoB K COTPYAHWYECTBY
no BCeEM Bonpocam obpalarscs
e-mail: editor@dian.ru, ren./dpakc
(095)777-12-15
Tpe6oBarms No oPOPMNEHVIO CTaTeN
cMm. B Ne 12, 2005, c. 42 v Ha caiiTe
penakuw www.dian.ru.
loHopapb! BbINNa4YMBaOTCA aBTopam,

npoxueatoum Ha Tepputopun CHI.
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36 B cosleHoMpe, Ty

[JPakTvKa

MarHurorepaneBTn4yecKas

yCTaHOBKa

B Hacmosnuwee spema mazHUMOMepanesmuyveckue annapamsi u yc-
MAHOBKU 6Ce WUpe U Wiupe NPUMEHAIOMCA 8 PA3/IUYHbIX MEOUYUHCKUX
yupexoeHusx. Bcmamee asmop npedcmasnsem onucaHue MazHUMo-
mepanesmuvyeckol yCmaHoeKU, NpuHYyun ee pabomei, CXeMOMEXHUKY,
KOHCMpyKmMueHoe ucnosniHeHue, 0aem nodpobHbie KoOMMeHmMapuu K npo-

epammHomy obecneyeHulo.

arHUTOTEpaneBTHYECKasA yCTa-
HOBKa (Oajiee yCTAHOBKa) Ipe-
HasHa4yeHa [Ulsl JIEYE€HHUs] pa3-
mnyHbIX 3aboeBaHUil ITyTeM BO3pOeic-
TBuUA Ha MAaIlHEHTa 0XBaTHIBABAIOLLIMMH
€ro repeMeLAIoIIMMKCs B MPOCTPaHC-
TBE MarHMTHBIMM TIO/ISIMHM. Y CTAHOBKH
ono6HOTO THIA ITPUMEHSIOTCA B MEAH-
LMHCKUX YYPEXAEHUAX U AEMOHCTPU-
pyeT ompeneNeHHbI TepaneBTHYeCKUil
adpgexT. YcTaHoBKa cocTouT U3 61oKa
yupaBieHus Y HHOYKTopa. MHAYKTOp
nipencTaBisieT co60i TPH Ko/blia-cojie-
Howpa nuamerpom 800 MM. Konbiia MO-
I'yT KOMIIOHOBAaThCst 1160 B IpH3MY /1A
CO37aHus BPAaIAIONIErocs 3/IeKTpoMar-
HUTHOTO NI0J151, 160 B LIWIMHAP, B 3TOM
C/ly4yae BO3HHKAET JIMHEHO MlepeMeltia-
oieecs none. K anekTpoHHOM 9acTH
YCTaHOBKY NPEbABIISIOTCS CIEIYIOLINe
TpeboBanusi. Heobxomumo obecriedutn
BO3MOXXHOCTb CO3aHusI HMITY/IbCOB 3a-
TYXAIOIIEro TPex(asHoro nepeMeHHOro
MAarHMTHOTO MOJIS C BOSMOXXHOCTBIO Ba-
PpHManyy CleyIolyX ero napamMeTpoB —
VMHAYKLMH, IJIUTEIBHOCTH BO3[EHCTBYS,
koHQurypanyu. Heobxopumo obecrie-
4UTh Taxke cobmonenuit TpebGoBaHUT
10 371eKTPo6e30MaACHOCTH, P bsBIIsIe-
MBIX K YyCTAHOBKaM Mopo6GHOro THITA KaK
K M3IemUsIM MEOUIIMHCKON TeXHHKH.
IlpyunumnuanpHas cxema yCTaHOBKH
npuBeneHa Ha puc. 1, untepdeiic 6rmoka
yIIPaBJIEHMs1 — Ha pHC. 2.

TexHuYeCKHe XapaKTEPHCTHKH
YCTaHOBKM
Hanpsxenue
nuradus, B
[NoTpebnsiemas
MOILHOCTb, BT
MakcuManbHas
vuayKups (By o) MTn
B 1IeHTpe cojieHouna
B6/IM3U cosleHoMpa
Jlnanason peryiMpoBKu
MHAYKIMH B LIEHTpe
coreHoMpA
JMcKpeTHOCTb 3aaHun
UHOYKuY, M1
YacroTa Kone6aHui ToKa

22020 %, 50 I'n
<150

410,7
26+6

(0,5...1)Byiaxc
0,5

100£15

YacToTa NOBTOPEHUIT HMITY/ILCOB

Bpems HempepbIBHOF paboThI,

Hac He OrPaHHY€eHo
Pa3meper 6/oka

yIpaBJieHHs1, MM 360x70x130
Macca 6510ka ympaBnenus,

KT <10
Macca HHIOYKTOpPa, KT <11

YcnoBus akcIUTyaTalum:
TeMInepaTypa OKpYyXaroien

cpenst, °C +15...35
JaBJIeHHE, MM. PT. CT. 645...795
BJIAXKHOCTD, % 45...75

TOKa B coj/IeHouae, Iy 1+0,1 YcraHoBKa cocTOUT u3 6/10Ka yTIpaB-
MakcuMaibHas JINTEIbHOCTD nenus Al (puc. 1) u uanykTOopa (A2).
cearca, MUH 99 Uunyxrop npepcrasiseT coboit KoMbu-
JuckpeTHOCTD 3ajianus HAILIUIO U3 TPEX COIEHOUIOB U KPenex-
ITUTELHOCTH CceaHca, MHH 1 HbIX npucnocobnieHyii, KOTOpble JalOT
JnaMeTp coneHonga, MM <800 B0O3MOXHOCTb KOMNOHOBAaTh CO/MIEHOU-
Yucjo coneHoupoB 3 @bl B UWIMHOP WIK MPU3MY.
By nons npu KOMNoHOBKeE IIpunumMn peftcTBUSA yCTaHOBKM 3a-
COJICHOWUJOB; K/II0YaeTcd B cnenymonieM. MHKpokoH-
LM/IMHAD 6erymiee none  tposurep DD1 ocyinectBisieT peryiu-
npHsMa Bpalamlleecs mojie  pyeMylo 3apsAOKY Tpex HaKOIIUTENbHBIX
+5B 5 +5B
+5B VT5..VT8 R271k
R13 KT3107E
kM éms R263k | vT5
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H1 H2
— —/
Widyxyus, MTn - Bpems mun
HG11 Ho12 H521 Hi22

] Hl—l
lElﬂ L]
He H5 H6 HI
T

St S2 59 %
[~ [5]

Puc. 2

xoHpeHcaToposB C8—C10, 3aTeM MHK-
POKOHTPOJLIEP C BEIBOAOB 7—9 BbIgaeT
TpH 3afieP>XaHHbIX OTHOCHTE/IBHO APyT
OpyTra MMIIY/IbCa, YIPaBAOIIUX ONTO-
TupuctopamMu VS4—VS6. Yepes pau-
HBbI€ ONTOTHPHCTOPB! OCYLIECTBIISIETCS
paspsinka kongeHcatopoB C8—C10 Ha
TpH coneHonpa L1—L3 unpyktopa A2.
Paspsipka B KaXXKHoM KOHTYpP€ HOCHUT
xapaktep cBOOOOHO 3aTyXalOIIMX CH-

HYCOMIA/IbHBIX TOKOB, ()a3bl KOTOPBIX
cMelleHBl Ha 120°. !

B unTepdeiic 650Ka ynpapnenus
ycTaHOBKHM (pHc. 2) BXOOUT K/IaBHa-
Typa (kHomku S1—S4), MHOUKATOPHI
HL1—HL6 M 610K UMHOHUKaLUM M3
OBYX OBYXpaspsifHBIX IIU(POBBIX ce-
MMCErMeHTHBIX MHAHKaTtopoB HGI,
HG2. Unrepdeiic 61oka ynpasnenus
JOCTAaTOYHO KOMITIAKTEH H XOPOU.IO qU-
TaeM, ynobeH u MMeeT COBPeMEHHBI
JH3anH.

KHorky x/1aBUaTyphl UMEIOT CIERYIO-
1lee Ha3HAYEeHHe:

e S1 (A) — yBe/IMYeHHe MarHUTHOM
MHAYKUMH M IJIMTE/IBHOCTU CceaHca
(MMH), yneprxaHHe KHOIIKH B HaXKa-
TOM COCTOSIHHM 607ee 3 ¢ B pexxume
yBENUYEHUs [JIMTETLHOCTH CeaHca
MIPUBOLOHT K HEIIPEPHIBHOMY YBEJIH-
YEHHIO BPEMEHH Ha TPHM €IHHMIIbI
gepes Kaxxpple 0,2 c;

e S2 (V) — ymeHbIIIeHHe MarHUTHOM
VHAYKIHH U [UIHTEIBHOCTH CeaHca

.
A11{Inara ynpaenexus

A1 Bnox ynpasnexus

IOTMOO D>
IOTMOODP

DASB-11GWA

HL1.. HLE
KB2300SGD

2|HL1.2 2|HL2.2 2|HL3.2[{BA1
HPA17A

1 3 7 |2 14 l1 2 X6 $=A1-X1
2PMAZTENB7I5B1_§ 2PMIZTKIHTLLISE
H1 H2 1 Llers j<<| |
V51..VS6 VD6 VD10 S
TO325-12,5-13 | Kp202T KA2027 3 S12 |2 »——g-
] VD7 VD8 RdD [: Ra1 521 |3
v 5T ¥ KA202T Frazoy 00k | ¥ Rl =
(&% ] R3s = VDY #wn_ 6] §§f 2 5|
20 MK [i]m' KA2027 k227 |7 6
1000B 4 r— s32 |7
1]vss |6 1lvsa e T1{vss |6 ilvss |6 2
H2 WHayxTop
= ref(E=%) &% $:%) | (=% ,ou
/| 3 7 3 7 3 7 3 7 2
™ [7_] 7] 7_|
u Jvst cs co c1o 3 L2
== [100mx 100mMx== = [100mx
| te Hi 750B 7508 750B s
1 s 3
|
12 6 5|7 5

(Mun), yoepr>kaHue KHOIKM B HaXa-
ToM cocTosinuM Gornee 3 ¢ B pexkume
YMeEHBIIICHHsI JUIMTEIbHOCTH ceaHca
MIPUBOJMT K HENPEPHIBHOMY YMEHb-
1IIEHUI0 BPEMEHHW Ha TPH €IMHUI[bI
yepes kaxapie 0,2 c,
e S3 (P) — Bb160p 3agaBaeMoro napa-
MeTpa — WHAYKIUS WIH JNUTENb-
HOCTB ceaHca. B pexxvMe U3MeHeHMst
MHOYKIIMY BKJIOYEH WHIMKATOP
HL1, HL2 BeIK/IIOYEH; B pexuMme
U3MEeHEeHHs [IJIMTe/IbHOCTH CeaHca
pimoyeH uHpukatop HL2, HL1 BeI-
K/IIOYEH.
$4 (S) — (Crapt/Cromn) KHormKa 3a-
MyCKa MIM OCTaHOBKH MPOLIENyPHIL.
Pa3pspgbl MHpuKanuu uHTEp(eiica
UMEIOT CTIeAyIollee Ha3HadYeHue (cieBa
HaIpaso Mo puc. 2):
e 1 paspsn (HGL.1) — eguHMLBI MH-
ayxkuuu (MT);
e 2 paspsan (HG1.2) — pecaTsie nomu
uHpyKuuu (MTn);
e 3 paspsan (HG2.1) — pecatxu mMu-
HYT;
o 4 paspan (HG2.2) — enuHUIBI MH-
HYT.

Cpasy noc/e mopayv NHTaHus Ha
MHAHKaTopax oto6pa’kaloTcsi Hy/eBbIe
3Ha4YeHWsA MHOYKUMH ¥ [IIMTEIbHOCTH
ceadca. Manukatop HL1 Bxtoden, HL2
peimioyeH. KHomkamu S1, S2 (A, V)
YCTaHaB/IMBAIOT HeOOXOOUMYIO MHAYK-
IUI0 U AJIMTeNbHOCTh ceaHca. Ilocne
3amaHMsl BBILIEYKa3aHHBIX [apaMeTPOB
OJisi 3amycka Heo6XOmMMO HaKaTh Ha
kHOTIKY $4 (S). YcranoBKa mepexoput
B paboumnii pexxuM. OcyniecTBiseTcs
3apsigka U paspsiiKa HaKOMUTE/TbHBIX
KOHJIEHCATOPOB, MJET 06PaTHBIi OTCUET
3a[JAHHOTO BPEMeHH, HHIHLHUPYEMOTO
Ha uHpukatope HG2. Jlna xoHTpOns
BpeMeHH Tpouenypsl (uwm ceanca), B
yCTaHOBKE OpPraHU30BaH TajiMep ¢ 06-
PaTHBIM OTCYETOM BPEMEHH.

PaccMoTpyM $yHKIIMOHAIBHEIE Y3/IbI
ycraHoBkH. OCHOBOH YCTPONCTBa Ciry-
>UT MuKpokonTpomnep DD1, gacrota
ero pa6oThI 3afaeTcs pesonatopom ZQ1
10 MI'u. MuKpOKOHTpO/LIEp YIIpaB/s-
€T paboToil BCETO YCTPOICTBA B 11€/I0M.
Krarmatypa cob6pana Ha KHorkax S1—S4.
Jsa onpoca KiaBUATyphl MCIIONIb3yeTCA
BbIBO7, 2 (P3.0) MuxpoxoHTponepa DD1.
Pesucroprt R35—R37, R39—R41 — To-
KOOTpaHHUMTE/IbHBIE [J1 CBETOBBIX I10-
noc HL1—HL3 n HL4—HLS6.

Ha capoennom onrpone Ul cobpan
DATYHK, OTCIEKHUBAIONUUIT MOMEHTHI
repexofa ceTeBOTO HAIPsDKEHUA depes
HyJIb. BbIXOIHOe HanpshKeHVe JaTduKa
¢ pesucropa R13 moctynaer Ha BeiBozn 3
MMKpOKOHTpostepa DD1.
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[PaKT1Ka

Y3en pgMHAMHY€ECKO¥ HHAMKALUU cob-
paH Ha MuKpocxeMe DD2, TpaH3ucTopax
VT5—VTB8, n8yx ciBoeHHBIX IM(PPOBBIX
ceMHcerMeHTHBIX uHmMKatopax HGI,
HG2. Peructp DD3 cimy><HT /15 yBeNIH-
YeHMsl YHC/Ia JIMHUI BBIBOJA MUKPOKOH-
TpoJulepa U yIpaB/isieT BHYTPEHHUMU
MCIOJIHUTENbHBIMU YCTPORCTBAMU —
3BYKOBBIM CUrHaJIoM (Mbe303/1eKTpH-
Yeckuit usnydatenb BAl), unpukato-
pamu pexkuma (cBetopble nonockl HLI u
HL?2), ceetoBo# nonocosit HL3. Curnan ¢
BbIXopa 12 peructpa DD2 yepe3s pe3suc-
Top R34 Brmoyaer Touky h B uHOMKaTO-

pe HG2.2. Muxpokontponnep DD1 ym-
pasnsier ontoTHpMcropamu VS1—VS6
yepe3 TpaHsucTopel VI1—VT4. Ysen
3apsapgxu koHpeHcatropos C8—C10 noc-
TPOEH Ha OCHOBE BBIIPSIMUTEJA C YIBO-
eHHeM HalpshkeHUsl ¥ BIJIIOYaeT B cebst
xoHpieHcatop C7, 3apsiiHBIE ONTOTHPUC-
TOpbL VS2, VS3 u nHopns! passasku VD6,
VD8, VDI10. C moMolibI0 ONITOTHPUCTO-
poB VS2, VS3 npoucxoouT perynpoBKa
HanpsDKeHUs1 3apsAJKU KOHOEHCATOPOB
C8—C10, perynupoBKa OCyILECTBJIsI-
€TCA IyTeM HM3MEHEHHUA NIMTE/HLHOCTH
3apsAIKY OaHHBIX KOHJEHCcaTopoB. I1pu

U3MEHEHHH [JUIMTe/IbHOCTH BKTIOUEHMs
onToTHpUcTopoB VS2, VS3 usMmensercs
HanpsDKeHVe 3apsoKy HaKOIUTE/IbHBIX
KOHJIeHcaTopoB. OT 3apsiya 3aBMCHT Be-
JIHYMHA UHOYKIMM MarHMTHOTO MOJIs1 B
HHAYKTOpe A2 mpu paspsiike HaKOMu-
TeJIbHBIX KOHOEHCATOPOB 4epes CoJie-
Houasr L1—L3.

Oxonuanue cnedyem

Cepreit INnmxkux,
r. Capos Hmxeropopckoii o611

MHorodpyHKLUMNOHaNbHbIE Yacbl

Mpednazaemvie MHO20(hYHKYUOHAIbHbIE Hackl MO2Yym U3MEPAMb meMm-
nepamypy Ha ynuye u 8 dome, umetom 6youneHUK u Mo2ym pabomame 8
pexxume MeOUYUHCK020 mepmomempa. C80ou NOKA3aHUA HACkl 8b1600AM
Ha Yemblpex3HaYHbIl cemuceemeHMHbIU C6emoOUOOHbILl UHOUKamop,
yYmo ocobeHHO yOobHO 6 HOYHOe Bpems.

pUMeHeHHe CBETONMOMHBIX MH-

IUKAaTOPOB BBI3BaHO NMPOCkGaMH

YyuTaTeNe XypHaIa, He HMeo-
L{MX BO3MOXXHOCTH MPHOOpecTH moka
ewtte nedpymmrhble B rayounke XXKH ms
[IOBTOPEHMs1 paHee OIy6IIMKOBaHHOTO
ycrporicrsa [1].

Yacpl HMeIOT cepyolie PeXXUMBI:

® Yachl;

o OymIIbHUK;

e H3MepeHue TeMIIePaTyphl C TOYHOC-
1610 0,5 °C (ymua);

e M3MEPEHUE TEMIEPATYPHI C TOYHOC-
110 0,1 °C (mom);

e yY3MepeHHe TeEMMepPaTyphl € TOYHOC-
Th10 0,1 °C ¢ 3aMOMMHaHHEM MaK-
CUMaNbHON TEMNEPATYPBI I UC-
TIO/IL30BAHMSA YCTPOMCTBA B Ka4eCTBe
MENUIIMHCKOrO TEPMOMETPaA;

Tok, morpebnseMsblil 4HacamMy c
BK/IIOYEHHO¥ MHIOWKAINWeNl, COCTaBIis-
et 15...20 MA B 3aBHCHMOCTH OT 4YHC/Ia
BKJIIOYEHHBIX cerMeHTOoB. IloTpebise-
MBI TOK B pPeXXHMe Pe3epBHOTO MMTa-
HHS ¢ BBIKJIIOYECHHOY UHOUKaLlHEn —
0,6 MA.

Mupukanus Tekyero BpeMeHH, TeM-
MepaTyphl Ha yaulie M TeMIEpPaTypel B
JoMe Yepefyercsa B yKasaHHOH Iocrie-
JIOBaTe/TbHOCTH C 33JJaHHBIM BpEeMeEHeM
MHOVKAIMY COOTBETCTBEHHO 8—6—6 C.
Taxum 06pasom, HOCMOTPEB Ha MHAWKA-
Top B TeueHue 20 ¢, MOXXHO CYMTATh BCIO
uHGOpMaLMIO Ha PACCTOSIHUY, He U3Me-
Hsisl PeXXMMOB WHIVKALIMH KHOIIKaMH.

YcTaHoBKa YacoB BBHINOJIHAETCS Tpe-
Ms KHONKamMu —  «PexxuM», «Pa3psan»,
«YcraHoBka». HasHayenHe KHOIOK Mo-
HATHO M3 MX HaspaHusA. Kpome roro,
B "acax yMmeeTcs KHomka «Copoc» mis
YCTaHOBKM 4YacoB MO CHTHAJIAM To4-
HOI'O BPEMEHM, BBIK/IIOYEHHs 3yMMepa
6ynunbHUKa M Ul cOpoca MoOKasaHMi
HMHAMKaTOpa YacoB npH paboTe B pexu-
Me MeJULIMHCKOrO TEPMOMeTpa.

Jia BKIIOYEHUs pexvMa MeIULIvH-
CKOTO TEPMOMETPAa MMEETCsI COOTBETC-
TBYIOLLIUM IepeKMoYaTeNb.

B pexxuMax MeAHUHMHCKOTO TE€pMO-
MeTpa M YCTaHOBOK 4acoB W Oynmuib-
HMKa 4YepegoBaHWs WHIUKAIUM He
npoycxoguT. 3adMKCHPOBATh PEXKHMBI
MHIHKaIMH TeMIEepaTyphl B JOMe MU
Ha Y/IHLIEe MOXKHO [P [IOMOIIH KHOIIKU
«C6poc».

JlaTurkamMu TeMIepaTyphl B 4acax C/Iy-
»kaT Mukpocxembl DS1820 u DS18B20
¢upmer Dallas Semiconductor. B ceasu
C TeM, YTO JAaTIYMKH UMEIOT PasHYIO TOY-
HOCTb H3MEPEHHs TeMIIepPaTyph! (CoOT-
BerctBenHo 0,5 u 0,1 °C), nporpamMmsl
VX MHMLIM&/I3a1IMH, TIOCUIKY M ITpHeMa
KOMaH[ ¥ JAaHHBIX pasIMiHBbL.

Anropur™ paboTs! mpOrpaMMBL MHK-
POKOHTpOJI/IEPA TIPUBENEH Ha pHC. 1.

Tlocne mycka M MHULMAMU3AIMH
PEerucTpoB MHKPOKOHTPOJUIEpa Mpo-
1neccop mnposepsieT cocTosinue drara
opHO# MuHyTHL. Eciu MHHyTA ee He
MpOLUIA, CPABHEHHE HE BBINONHAETCA,

B NPOTHBHOM C/lydae MPOM3BOOMTCS
CpaBHeHHe 3Ha4eHHI TEeKYILero BpeMe-
HH M ycTaHOBOK 6ymuibHuka. Ecmu Gy-
ner o6Hapy)xeHO COBIIafieHye 3HAYeHHH
4yacoB ¥ OyoM/IbHHMKA, TO BKIIOYAIOTCS
BBIXOABI 3yMMepa M yCTaHaB/IMBaeTCs
¢nar BxmoYeHHOTO OynW/IBHHMKA, MMO-
3ToMy Bpemsi paboTel symMMepa, KaK U
OMCKPETHOCTb YCTaHOBKH OymUIbHUKA,
PaBHO OTHOM MUHYTE.

A

1 MHYH?
JA

CPABHEHHE

TTIPOBEPKA KHOIIOK

Puc. T
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Ianee npoBepsieTca HATM4YHE CETEBO-
ro MUTaH¥Ws MHUKPOKOHTposiepa. lns
yMeHBbIIIeHAA NoTpe6/iAeMOro Toka oT
3JieMEHTOB Pe3epBHOrO IHTaHWSA TIPH
OTCYTCTBMH HaNpsDKEHUS CETH CBETO-
[MONHbIE HHAMKATOPHI M IATYMKH TEM-
nepaTyphl BHIKIIOYEHBL B 3TOM Ccrydae
HeT CMBIC/Ia USMEPATh TEMIIEPaTypy, U
LUK/ TIOBTOPSETCA C TIPOBEPKH COCTO-
anvA ¢priara opHok MUHYTHL Takum 06-
PasoM, Iake NpH NponajaHUY HaIps-
JKeHHS CETH NP HAMYMH Pe3epPBHOTO
HMCTOYHUKA OYIBHUK Pa3byaMT Bac B
YCTaHOBJIEHHOE BpPEMH.

[Ipu HanUuuM CeTEBOrO NHUTAHHUA
npoBepsieTca ¢iar BKIOYEHHOTO 6y-
mwibnyKa. [1py BKIIO4eHHOM 3yMMepe
Ha MHAMKaTOpe (PUKCHPYeTCH 3HaYeHHe
TEKYILEro BPEMEHH, TO3TOMY TaK JKe,
KaK TP OTCYTCTBHM CETE€BOrO HaIps-
JKEHHsI, HeT CMBIC/Ia U3MEPATH TeMIIepa-
TYPY, ¥ LIMKJI IOBTOPSAETCA C IIPOBEPKU
¢rrara ofHOY MHMHYTHL

[Tpu BHIKIIOYEHHOM OynUIBHHKE
BBITIONIHAIOTCS TORNPOrpaMMbl H3Me-
peHHsA TeMIlepaTypsl B JOME, Ha YJ/IUIlE
M TIPOBEPKH KHOTIOK. AJIropHTMBI pabo-
Tl 3THX MOAIPOrpaMM HEOZHOKPAaTHO
onucansl aBTopoM B [1, 2], moatomy
3fieck He mpusopArca. [locie nposep-
KH COCTOSIHHUSA KHOTIOK YCTaHOBKH LIMKJI
TIOBTOPSAETCA € IPOBEPKH (iara OFHOM
MHHYTHI.

Ha puc. 1 MOXXHO 3aMETHTB OTCYTC-
TBME IIPUBBLIYHOM B TAKMX CIyJYasaX MO~
MporpamMmbl BHIBOA Ha MHAMKALMIO.
Heno B TOM, 4TO BO BpeMs paboThl
MONIPOrPaMMBl ONPOCa ¥ MHUIMAIH-
3aLHY JAaTIHKOB TEMIEPaTyphl HEMb3s
OTBJ/IEKaTh MHUKPOKOHTPOJUIEp Ha BbI-
TIO/THEHKE WHAUKALIMHY, 3 TUHAMUIeCKas
uHvKanusA TpeGyer 6onee-MeHee onu-
HAKOBOTO BPEMEHH CBEYEHHA Ka’KHZOro
paspazna. 310 tem 6oree HEBBINIOIHNMO,
€C/IM Y4€CTb, YTO BpeMs OIIpoca JaTiHKa
Temneparypsl DS18B20, ycTaHOB/IEHHO-
ro Ha usmepenue ¢ TogHocteo 0,1 °C,
pasHo 0,75 c. JlanHOE MpOTHBOpEUHe
6bUIO YCTPaHEHO BBITIOIHEHWEM IION-
MporpaMmbl BBIBOIa NaHHBIX Ha MHIIV-
KallMi0 BO BpeMms IpepbiBanus. IIpe-
pBiBaH¥s 3amlpeiieHbl Ha BpeMs CBA3H
C TEPMONATYUKOM, a NPephIBaHHA BO
BpeMsa Tay3 ¥ o6paboTKH NPUHATHIX
NAHHBIX HE BIMAIOT Ha IIPOLIECC U3Me-
PeHus TeMIepaTyphl.

[1pu yacToTe KBapLIEBOrO Pe30HaTOPa
4,096 MI'u, koagpdunreHTax pereHvs
nipepaenutens 16 u taiimepa TMRO 256,
€ y4eTOM MAIIMHHOIO IJHKJIa, PaBHOIO
YeTHIPEM, NpepbIBaHUA OymyT BBINON-
HATHCA yepe3 4 mc (4096000/4/16/256 =
= 250 T'u, 1/250 = 0,004 ¢). Ecnu BO
BpeMs KaXXIOro NpepblBaHMs BBINON-

IPEPEIBAHVE
COXPAHEHHE
PETHCTPOB

+1 BCUETYMKH
BPEMEHH

TPAIYCHUK?
YCTAHOBKA? GHKCAIAS?
BYIWILIHK BKIT?
@IIA 1 C. 07

A
- 3AI'PY3KA PETUCI'POR
VHIIMKALA

A [

HET

YCTAHOBKA ®JIAI'A

TEMIIEPATYPA JIOM

\
CMEHA KATOJTA

YCTAHOBKA OJIATA

JA

TEKYIIETO BPEMEHH |

VCTAHOBKA OJIATA
TEMITEPATYPA YIIMITA

Puc. 2

HATb CMeHY MHIMKAalLMM paspsafa, TO
YaCcTOTa BKJIIOYEHWs1 KaXKHOIO paspsana
6ynet paBHa 62,5 'y (4x4 mc = 16 M,
1/0,016 = 62,5 '), 4TO BHONHE MpHEM-
JieMO 1A MMHAMHIeCKO HMHIVKaIMH.
HanbHeiiliiee nefieHye YaCTOTBI [IA NOJ-
CYeTa CeKyHJ BBHINONHACTCA HE/IUTENEM
Ha 250.

AnroputM paboThl NOAIIPOrpaMm
BO BpeMs NIpephIBaHHA NpPHBENEH Ha
puc. 2.

[Tocne coxpaHenuss perMcTpOB HMHK-
PEMEHTHPYIOTCA CYETUYMKH BPEMEHM H
yCTaHaBIMBAIOTCS BpPeMeHHBIE (brary.
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