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naBa 1

Llenb faHHOM KHUMMn

Ecnu nokomnaTecs Ha KHWXKHBIX TOJIKaX, TO MOXHO HalTH HYXKHYIO KHUTY MPaKTUYECKU
o JTF0O0MY pazfieNy BBIYUCIUTENhHON TeXHUKH. HO BECh 3TOT MIMPOKUI acCCOPTHMEHT
KHAT HE OTpPakaeT KOJMYECTBEHHBIX COOTHOIICHHH MEXIY OONacTIMH NPUMEHEHHS
mporteccopoB. Jlaxke eciii MOCMOTPETh TOJNBKO Ha CBOW COOCTBEHHBINM IMEPCOHAIHHBIN
KOMIIBIOTEP, TO MOKHO yOEIUTHCS, YTO €r0 HEHTPaJIbHBIN MPOLECCOp — 3TO BCETO JIMIIb
OJIMH U3 MHOXECTBA IIPOLIECCOPOB, IOTOMY YTO KIIaBHATypa, KOHTPOJUIEP KIaBHATYPbI U
pasnu4Hble MHTEpPQENCh MepUPEPUIHBIX YCTPOHCTB TOXE CHA0KEHBI COOCTBEHHBIMH
IIPOLIECCOPaMH.

JlaHHas KHWTa paccMaTpUBaeT KOMITBIOTEP JIUIIb KaK BCIIOMOTATENbHOE CPENCTBO U B
OCHOBHOM OPHEHTHPYETCSl Ha MHOXECTBO OoJiee MENKHX 3aJad, BO3JIaraéMbIX Ha Mpo-
LIECCOPBI, TOYHEE, MUKPOTIPOIIECCOPEl. B ee Ha3BaHWU HE CIlyd4aifHO MPHUCYTCTBYET CIIO-
BOCOUCTAaHUE "M3MEpHUTENbHAS TeXHUKA". 3HAUUTENbHAs YacTh MPUMEHEHUN MPOIECCO-
POB IPUXOAUTCS Ha 3Ty 007aCTh ANEKTPOHUKH.

Ecnm HeCKOBKO pacIIMpHTh MOHATHE H3MEPUTEIBHONW TEXHUKH, TO OHO Oy/IeT OXBaThI-
BaTh JIIOOBIC TUIIBI COOBITUH W cUTyalui. Takum 00pa3oM, CoJa OTHOCSATCS BBOJ Yepe3
YIIPaBISIOMINE KOHTAKTHI, TOYHO TaK )K€, KaK U PETHCTpals TEMIIEpaTyp WM TPAeKTO-
puii. [Tockonbky mporieccop 0OBIMHO MOXKET 00pabaThiBaTh TOIBKO LU(POBBIE TaHHEIE,
npeoOpa3oBaHKe AaHAJIOTOBBIX BEJIMYMH, XapPaKTEPHBIX U OKpYJKaromled Hac IeHCTBH-
TEJILHOCTH, B HUPPOBYIO (popMy TpecTaBiIsieT cOO0H OTHIeNnbHYI0 3aaady. Jlanee BbI y3-
HaeTe, Kak BBIOJHUTH 3TO NMpeoOpa3oBaHKE M KAaKOe BIMSHUE HA KOHEYHBIH pe3yiabTaT
OKa3bIBACT BHIOOP aIMapaTHBIX CPEACTB M MPOrPaAMMHOT0 00eCIIeUeHUs.

Uto0b!I onpaBAaTh CBOC Ha3BaHME "TPAKTHUYCCKOE PYKOBOJCTBO'", KHUTA OPUCHTHUPYETCS
Ha OCHOBoNoOJararomue NpuHUunbl. [losToMy B Hell mpeanararoTcss MHOTOYHCIICHHBIC
CXEMBI, KOTOPBIE MOTYT IMOCIYXHTh MPUMEPOM pEIIeHHs] KOHKPETHOH MPOoOIeMbl, W
e WUIIOCTPUPYIOLINE OAHY M3 WAEH, NPUTOAHBIX Ul peanu3alyy ClelHaIn3upOBaH-
HBIX 3a7a4. J{7s Kaxaoi U3 mpeJyiaraeMbIX CXeM MPHBOASTCS PEKOMEHIAIMH OTHOCH-
TEJILHO BO3MOKHOCTEH U orpanndeHuil. UtoOsl n30exars 60IbLIIOro o0beMa TeopeTuye-
CKMX BBIKJIAJIOK, BO MHOTHX CIy4asX pacdeT IapaMeTpOB M KOMIIOHOBKA CXEM
BBINOJIHSUIMCH TP TIOMOLIM IIEPCOHAIILHOTO KoMITbIoTepa. Koraa Bel 3aBepiunTe 4TeHHE
KHUTH, B BallleM PACIIOPSHKEHUH OKa)KeTcsl Ha0op "CTPOUTENbHBIX OJOKOB" ISl CO3JaHUS
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KaK CXEM, TaK U IIporpamMm, KOTOPBIC BbI, 110 KEJIIAHUIO, CMOXKETE MCIIOJIb30BaTh IIPH IIPO-
CKTUPOBAHUUN COOCTBEHHBIX YCTpOfICTB.

B nanHOi#l KHUTE MBI OTAAEM MPEANOYTEHUE MPOCTON U HEAOPOTOM U3MEPUTEIHHOMN TeX-
Huke. [lo3ToMy HEe CTOUT OXKUAATH OT PACCMOTPEHHBIX YCTPOUCTB HAUBBICIIUX 3HAUCHUN
TOYHOCTU M OBICTpOACHCTBUSA. J[1s1 3TOTO TPEOYIOTCS CIIOKHBIC PACYCTHl TEXHHUYECKUX U
(m3nueckux mapaMeTpoB cxeMebl. [lomoOHas 3a1aya BiIeYeT 3HAYUTEBHBIC (DMHAHCOBBIC
U BPEMCHHBIC 3aTpaThl, U B JOMAUIHUX YCIOBHUSIX TaKOM MPOEKT OCYIIECTBUTH HEBO3-
MO3KHO.

Bri0upas npoueccop, Ha 0aze KOTOpOro TpeOOBAIOCh PEAIU30BaTh BCE IPUMEPHI U3 3TOH
KHUTH, MbI ocTaHOBIWINCh Ha ATmegal28 ot Atmel. Be3ycioBHO, OH HE OTJIHYAETCS ca-
MOH MPOCTON anmapaTHOM M MPOrpaMMHOM CTPYKTYpOH, HO 3aTO UMEET MHOTO APYTHX
MIPENMYIIECTB: OH HamoMuHaeT ceprio 8051, ero MOXXHO MIPHOOPECTH B Mara3mHax M s
HEro CYIIecTBYeT OecIuiaTHas cpefa pa3padoTKH.

BakHbIii MOMEHT — JOCTYITHOCTh CHCTEMBI pa3paboTku mist pacmuperus AVR-Studio.
bnarogaps s3ToMy nosiBisieTcs BO3MOKHOCTD MIEPEHECTH YUCTO MPOTPAMMHYIO SMYJISIIUIO
Ha "BHemIHee" anmmapaTHOe OOECIeYCHHUE, U 3a CUET ITOT0 PEeal30BaTh CIOKHBIE TECTHI
Ha 0a3e MporpaMMHO-aNapaTHBIX KOMIUIEKCOB.

[Ipunaraemplif K KHUre KOMIAKT-AUCK COAEPXKUT MPOrpaMMy MOJIEJINPOBaHMS, Ha3HaUe-
HUE KOTOPOW HE OrpPaHUYMBAETCS JHIIb 3KCIIEPUMEHTAMH, ONHMCHIBAEMBIMH B IaHHOU
KHUTe. BBl MOXeTe NpUMEHATh ee B COOCTBEHHBIX HCCIIEAOBAaHHUAX M TECTHPOBATh C €€
[IOMOILBIO CBOU CXEMBI U IPOTPAMMBI.



naBa 2

UTO Takoe namepeHus,
YTO U KaK MOXXHO U3MEepPATb

"I[Toxazanue HaIMpsKEHUA, paBHOC HYJIIO0, HUYETO HaM HC T'OBOPUT, B KpaﬁHCM ciiydac —
YKa3bIBA€T, YTO HAIPSHKEHUE HACTOJIBKO MaJIo, YTO €T0 HEJIb3A I/I3MepI/ITB".

2.1. Yto Takoe namepeHue

YroObl U3MEHUTH YTO-HUOYIIb B OKpY’KaIOIIEH cpelle, CHavaia Heo0X0AUMO OLEHHUTH €
¢axTraeckoe cocrostaue. IIporne ToBoOps, BKIIOUYEHHIO OTOIUICHHS IPEIIECTBYET 0CO3-
HaHHUE TOTO, YTO B IMMOMEIICHUH XOJIOIHO. YK€ B 9TOM MPOCTOM IpUMEpPE MBI HE MOXKEM
o0oiTHCh 63 M3MEepHUTETHHOTO Mpoliecca. UToOBI OHATH, 9TO B TIOMENICHUH XOJOIHO,
HEOOXOAUMO CPaBHUThH TEMIIEPAaTypy COOCTBEHHOIO Tella ¢ TEMIEpaTypoil OKpyXkKaromle-
r0 BO3IyXa M NPHUTH K 3aKIIOYCHHIO, YTO TEMIepaTypa BO3IyXa B MOMEIICHUH HIKE.
3a BBIBOJIOM, KOTOPBIN JEeIaeTCsl HA OCHOBAaHUM PEe3yJIbTaTOB U3MEPEHU, ClIeyeT peak-
ST CHCTEMBI: BKIIIOYEHUE OTOTUICHHSI.

TakuMm 00pa3oM, H3MEPUTENHHBIN MPOIIECC BCETIa SBISETCS MPEATIOCHUTKOM IS IeIeHa-
MIPABJICHHOI'O0 U3MEHEHMsI OKpYKaroliel cpeabl. Pe3ynbprar mogo0HOro U3MEHEHHS CHITb-
HO 3aBUCHUT OT TOYHOCTH pErHcTpanuy (JaKTHIECKOTO COCTOSHHUS U, CIEAOBaTEIbHO, OT
TOYHOCTH U3MEPEHUM.

Takum 00pa3oM, H3MepeHre 3aKITI0YACTCS B CPABHEHUH BEJIMYMH. DTO CPAaBHEHHE MOKET BbI-
TMIOJHATBCS. B aHATIOTOBOM Wi B 1M(poBOi hopme, HenocpeACTBEHHO WK KocBeHHO. Hampu-
Mep, yPOBEHb 3aIIOTHEHUS COCY/Ia MOXKHO M3MEPHUTh HEMOCPEICTBEHHO B aHAJIOr0BOH (hopme,
€CJIM Ha CTeHKH €MKOCTH HaHEeCTH IpaJyHpOBaHHYIO HIKaly. Temmeparypy oObIMHO U3Meps-
IOT KOCBEHHO: 10 00bEMY JKHIIKOCTH, UTHHE METAINTMUECKOTO CTEPKHSI MITH TI0 COTIPOTHBIIe-
HHIO TOJIyIPOBOAHMKOBOrO Marepuana. Ilpu stom ucnone3yercst apyras ¢gusnyeckas BeIu-
YrHa, KOTOpasd HaXOAUTCA B ONIPEACIICHHOM OTHOIICHUH K 1/13Mep;1eM0171.

Ecnmu mombITaThCs MpEACTaBUThH MPOLENYpPY M3MEpPEHHs, TO Tpoliecc OyJeT BBIIAICTh
TakK, KaK Imoka3zaHo Ha puc. 2.1.

B TepMuHOMIOrMY BEIYUCIUTEIBHON TEXHUKH MPOLECC U3MEPEHUS MOKHO OMPEICIUTh KaK
B3aUMOJICHCTBHE YeJIOBEKa U KOMIIboTepa. MHaue ropops, BBOA MH(OPMAIMH, OCYILIECTB-
JISIEMBIU TONB30BATENEM C KJIABUATYPhI, KaK MPABUIIO, MOXKHO OMUCATh KaK MpoIecc U3Me-
penus. [Ipu 3ToM denoBek Oeper Ha ceOsl 3HAUUTEIBHYIO YacTh (DYHKIHH, TOCKOJIBKY TEKCT
Y IpyTUe NaHHbBIE OH B OOIBIIMHCTBE CITy4aeB BBOJIUT B KOJUPOBAHHOU (opMme.
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M3mepsemas
dumsmnyeckas
BenuynHa

OTanoHHoe(ble)
3HayeHue(s)

(OBBbekT namepeHms) (penep)

Mpeobpa3soBaHue
dusnyeckon
BEMUYMHbI

CpaBHeHne

Pesynbrar
n3MepeHust

(N3mepeHHas
BENUYnHa)

Puc. 2.1. Cxema npouecca nsmepeHus

2.2. YnpaBrneHue u perynmpoBaHue

B nmpenpigyiiem pasznene Mbl yTBEP)KIald, YTO U3MEPEHHsI POBOIATCS ISl OCYIIECTBIIC-
HUS KakKuX-T100 n3MeHeHui. Takum o0pa3oM, H3MEpeHHUE BBIIOJIHACTCS AJISl TOTO, YTOOBI
Ha OCHOBaHHUHM IOJYYEHHBIX PE3yJbTaTOB OBLJIO MPEANPHHATO ONPEACICHHOE ACHCTBHE,
Ha3bIBAEMOE YIPABIIOLINM Bo3JeiicTBUEM. BUA ¥ MHTEHCHBHOCTH 3TOrO BO3ACHCTBUSA
YCTaHABIUBAIOTCA 10 3aBUCUMOCTH MEXIY U3MEPEHHON BEIMYMHOMN M 3aIIaHUPOBAHHOM
LIETbI0, T. €. pacueTHOM BeanuuHoOW. Ilo Tumy reHepanuu ynpapJsIOLIErO BO3ACHCTBUSA
3/1€Ch Pa3INYarOT JBa METOAA: YIPABIEHHUE U PETYINPOBAHHE.

2.2.1. NMpsimoe ynpaBneHue

IIpu npsiMmoM yTipaBJIieHUH PEAKIUS CUCTEMBI MOJYYAEeTCs HETOCPEICTBEHHO Ha OCHOBA-
HUU 1I€JIEBOTO 3HaU€HUsA. BBIXOJHON OTKIMK HE CBS3aH C BEJIMUMHOW, HA KOTOPYIO OKa-
3pIBaeTcs BozaeiicTBue. Tak, HalmpuMep, MOXKHO BKIIFOYATh WJIA BBIKIIOYATh YIMYHOE OC-
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BEIIICHHUE MCXO/Is M3 BpeMeHH CyTOK. Takoe yrpasieHue OyneT 1elCTBOBAaTh HE3aBUCHMO
oT (aKkTUUecKoi ocBerieHHOCTH. Cxema, peaqu3yromas 3TOT HPUHIUI, TMPHBEICHA
Ha puc. 2.2.

PacyetHoe > Brnok ». YripaBnsiembiit
3HayeHve ynpaeneHus 06beKT
Hanpumep:

Bpewmst AsToMaTu4eckoe ynpasneHue OcselleHune

Puc. 2.2. Cuctema ynpasneHuns oceLleHnem

[Mpn peanm3anny anbTEpPHATHBHOTO BapHaHTA YNPABICHUS OCBEHICHHEM HY)XXHO YYeCTh
(aKTHIECKyI0 OCBEUICHHOCTb. UTOOBI MOJaBUTh NOMEXH, BHI3BAHHBIC, HAIPUMED, TEM,
9TO Ha CEHCOP MOXKET YCECThCS MTHIIA, OJOK YIpaBIeHHUS PHICTCS YCIOKHUTE. briBaer,
9T0 Mpo0IeMy MOXKHO YCTPAHUTD IIyTEM COTIPSDKEHUST HECKOIBKHUX PACUETHBIX 3HAYCHHH,
JOIyCTUM, BPEMEHU M OCBEUIEHHOCTH, KaK B JaHHOM npumepe. Ho ObiBaeT m Tak, 4To
mpoOyieMa He MOKET OBITh pelieHa, MOCKOJIBKY B XOJIe TIPOoIecca OTCYTCTBYeT oOpaTHas
CBSI3b MEKY YIPABISIEMBIM 00BEKTOM M PACUCTHBIM 3HAUCHHEM.

2.2.2. YnpaBneHue ¢ oopaTHON CBA3bIO

VYnpasneHnue ¢ 00paTHON CBSA3bI0 OTIMYAETCS OT IPSMOI0 YIIPABICHUS TEM, YTO B YIPaB-
JSIFOILIEM KOHTYpPE CYLIECTBYET OOpaTHasi CBSI3b OT KOHEYHOM TOUKM KOHTYpa K peryiu-
pyIOLIeMy YCTPOWCTBY. DTO O3HA4aeT, YTO Pe3yJbTaT MOXHO HPOBEPUTH U CKOPPEK-
TUPOBaTh 3ajaromnee BozaeiicTBue. [logOOHBINH yHpaBIAIOMMIA KOHTYp H300paXKeH
Ha puc. 2.3, T/ie 4eTKO BUHA 00paTHas CBS3b.

BenuunHa Perynupyembii YCTponcTBO
3ajaroero —p > oBLeKT P cbopa AaHHbIX
BO34ENCTBUSA PerynupytoLLee U3MepEHUI

YCTPOWCTBO

Ob6partHasi cBA3b

Puc. 2.3. Cxema ynpaBnsitoLiero KoHTypa ¢ obpaTHoOM CBSI3biO

2.2.3. 3aMKHYTbIN KOHTYP
aBTOMaTU4YeCKOro perynmpoBaHus
B ornuume ot ynpasieHHs, IpH pEryIUPOBAHNN PETYIUpyeMasl BEINUMHA JOJDKHA H3Me-

PATBCA IMOCTOSHHO. Har[pI/IMep, BKJIFOYATh W BBIKJIHOYATh OTOINUICHHUEC MTPOCTO YC€PE3 HCKO-
TOPBIC MMPOMCIKYTKH BPEMCHH SABHO HCAOCTATOYHO. I[J'IH 9TOro, 663y0J'IOBHO, Tpe6yCTC$I
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H3MEpEeHUe TEeMIIePaTyphl B OTAIUIMBaeMOM momemniennd. Ho Takas oOpatHas cBs3b Tpe-
OyeT OT pPEryIHPYIOIIETO YCTpPOWCTBa 0O0jee BBHICOKON IMPOM3BOAUTEILHOCTH, YTOOBI
obecrieynTh TPeOyeMyIo ONepaTUBHOCTh. [Ipy BKITIOYEHUH M OTKIIOYCHUU OTOILICHUS
n3MepsieMasi BeJIMUMHA (TeMIeparypa) MeHseTcsl He cpa3y. [I[pHuuHa 3TOro JIXKHT B Iie-
PEXOJHBIX TMpoIleccax W SIBICHHSX TUCTEpe3rca, UMEIONINX MECTO B OTAIUIMBAEMOM I10-
MelleHHH. B ManbHEHINX dKCIIepUMEHTaX BbI MO3HAKOMHUTECH C YKa3aHHBIM SIBIICHHEM
ommKke.

2.3. 3a4yeM HyxHa umncppoBas usmeputenbHas
TeXHUKa B aHanoroBom mupe?

Panee yxe yTBep)KIaJoCh, YTO SBICHHUS U BEIMYMHBI B OKPY)KAIOIIEM HAaC MHPE MOTYT
OBITH TIPE/ICTABICHBI B BHIE OECKOHEYHOTO KOJHMYECTBAa 'CTYNEHYATHIX' 3aMepoB, Ha-
CTOJIBKO CTJTIAKEHHBIX, YTO MPEJCTaBIIsieMble MM (DYHKIIMH MOTYT CYHTATHCS HEMPEPHIB-
HeiMH. MHave roBopsi, 310 — aHanorosble GyHknun. Ho, ecan MBI )KHBEM B aHAJIOTOBOM
MHpe, TTI0YeMy e TOTJa MBI CTPEMHUMCS IPOBOANTH U3MEPEHHs B U(POBOit popme?

CymiecTBeHHBII apryMeHT B IOJIb3Y HU(POBOIl perucTpaiy JaHHBIX WM IpeoOpa3zoBa-
HUS aHAIOTOBBIX JaHHBIX B IMH(POBYIO PopMy — 3TO mpolbiiema mepegadn JTaHHBIX U3-
Mepenuit. COOp NaHHBIX WM3MEPEHHH M UX O0paboTKa OYEHb PENKO OCYIIECTBISIOTCS
B OZHOM M TOM ke MecTe. Yalle Bcero BO3HHKAaeT HE0OXOIUMOCTbh Mepe/laun JaHHBIX U3
TOYKH 3aMepOB TyJa, TAe OylIeT OCYyMIEeCTBIAThCS UX o0paboTka. M3-3a Hamuuus nomex
B IIpoHecce mnepeaadyu MOryT UMETh MECTO IMOTCPU HaHHBIX. Ecan B xauecTBe mnmpumMepa
paccMOTpETh Iepeady 3HAYCHUM MallblX HAlpsDKEHWM Ha JAJIIBHHE PacCTOSHUS, TO He-
O6XOI[I/IMO IMPUHUMATh BO BHUMAaHHUEC aKTHUBHOC COIIPOTUBJICHUEC JIMHWUU, a IIPU IICPEMCH-
HbIX HAIPSKCHUAX — €MKOCTb JIMHUHU. KpOMe TOro, Ha JJIMHHBIX JIMHUAX NIEpEaad €MKO-
CTHBIC M MHAYKTHUBHBIC MApPa3UTHBLIC CBA3KU TOXKE BHOCAT HOIOJHUTCIIBHBIC MCKaXCHUA
B [IEPENABAEMBIN CUTHAI.

Ho ecnu m3mepsieMblii curaan npeoOpas3oBath B mU(pPOBYIO (GopMy HEHmOCpenCTBEHHO
B TOYKE 3aMepa, TO €r0 MOXHO Oy/JeT 0e3 HCKaKEHHH mepenaTsh Ha JIt000e, CKOJIb YTOJTHO
0oJpIIoe paccTosHUE. AHATOTHYHOTO APQeKTa MOXKHO IOOHUTHCS, €CIU H3MEpIeMoe
3HAUCHHE MPeoOpPa3oBaTh B IPYryI0 (PU3NYECKYIO BEIHYHHY, MCHEE MOJBEPKECHHYIO HC-
KaxeHmsM. Harmpumep, npeoOpazoBanue HaNpsHKEHHUS B 9aCTOTY MOKET 0OECTIeYHTh Te-
penady NpakTHYecKH 0e3 IMoMeX, HOTOMY 9YTO KOJIeOaHMS MOXKHO PacCMaTpUBATH Kak
QG poBO cUTHAT ¢ OBYMSI COCTOSIHUSIMU. HO IPOJOIDKUTENIFHOCTD MEPHOa HCKAKEHH-
SIM HE MOJIBEPKEHA.

3a yCTOMYMBOCTh HAIIUX PE3yJIbTaTOB U3MEPEHUN K MCKAKCHUSM MPUXOIUTCS TIATUTh
MOTEPEeH TOYHOCTH, MOCKOJIBKY TJIajKas HempepbiBHAsS (PYHKIHMS aHAJIOTOBOI'O CHUTHAja
MIPEJICTABIISCTCSA B BUJIC CTYNEHYATON (DYHKIIMH, UMEIONICH KOHEYHOE YUCIIO "CTyneHek",
KaKJ1asl U3 KOTOPBIX COOTBETCTBYET IUCKPETHOMY 3aMepy.

CJIG):[y}OH_II/Iﬁ ApPTYMCHT B IIOJIB3Y OHHq)pOBKI/I — CYHICCTBCHHOC IOBBIINCHUC TOYHOCTU
O6pa6OTKI/I 3aMCPCHHBIX 3HaueHui. B MNPUHIUIIC, MMOYTU BCC BCIIMYMHBI MOT'YT B JaJIb-
HeHIeM O6pa6aTLIBaTLC$I Kak a"ajoroBsie. Ho aHamoroBeiM QJICKTPOHHBIM YCTPOﬁCTBaM
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MPUCYIIH JIOTIOTHUTEIHHBIE UCKAKEHHSI, CPEId KOTOPBIX JUIsS HAIIEro MpUMepa MOXKHO
Ha3BaTh TEMIIEPATYPHBIH Jpel(, cTapeHre KOMIOHEHTOB U IIIyM, TPHBHOCUMBIN KOMIIO-
HeHtamu. [Ipu mudpoBoii 00paboTke 3T (HaKTOPHI HUKAKOH POJTH HE UTPAIOT.

PaccmoTpum npoctoii mpumep U3 obnactu MexaHuku. [Ipencrasere cebe, 4To BaM HEOO-
XOAMMO OOMEpUTH OOBEKT, pa3Mepbl KOTOPOTO COCTABIISIOT OKOJIO OJHOTO METpa, U pe-
3yJIbTaT BBIPA3uTh B MuLiMMeTpax. "Kakue TyT MoryT ObITh mpobieMbl?" — crpocuTe
Bbl. [IoCKONIBKY B JaHHOM cllydae HEOOXOAMMO MPOBOAMTH 3aMEPHI ¢ TOYHOCTBHIO HE Me-
uee 0,5 MM, BB Oepete pyneTky ¢ 2000 nenenui, 9To cooTBeTCTBYET 1 1-paspsaHoii mka-
ne. OnHaKO B MAaIIMHOCTPOCHUH MOXKET MOTPe0OBaThCS TOYHOCTH M3MEPEHHUH OKOJIO
0,02 MM, 11 OHa JOCTH)KMMa TOJIBKO C TIOMOIIBIO MUKPOMETpa. ITO COOTBETCTBYET TOYHO-
cti 10 17-ro paspsna, ¥ Torja yxe MoHaao0uTces mkana, umetomiast 128 000 nenenuii. Ho
npoOyieMa 37ech 3aKII0UacTCsl B TEMIIEpaType Bo3lyxa B momenieHun. Ecmu Temneparypa
BO3[lyXa U3MEHHUTCS Ha 5 TPagycoB, TO M AJHMHA CTaJbHOU PYJIETKH U3MEHHUTCS] IPUMEPHO
Ha 0,06 Mm. [ToaTOMy, eciu BBl XOTHTE MOJTYYUTh TOCTOBEPHBIA pe3yIbTaT H3MEPEHHUH, BaM
HEOOXO0AUMO, YTOOBI M M3MEPSIEMBIN MPEAMET, U U3MEPHUTENIFHOE YCTPOUCTBO OBUTM HM3TO-
TOBJIEHBI U3 OJJUHAKOBOI'O MaTepraia i UMEIN OIMHAKOBYIO TEMIIEPATYPY.

Ecnm paccMoTpeHHBIH MpuMep HEepeHecTH Ha 007acTh 3JIEKTPOTEXHUKH, TO 3/1€Ch BO3-
HUKHYT TaKue MPOoOJIEeMBI, KaK pa3dpoc mapamMeTpoB KOMIIOHEHTOB, N3MEHEHHE CBOICTB
MOJTYTIPOBOJHUKOB B 3aBUCHMOCTH OT TEMIIEPATyphbl, CTapeHHE KOMIUICKTYIOIIHX.
3a cuer mepexona Ha MU(GPOBYIO PETHCTPAIMIO PE3yIHTATOB M3MEPEHHHA M MU(POBYIO
00paboTKy 3TH MPOOIEMBI Oy TyT CHATHI.

2.4. [ipyras cTOpoOHa U3MepeHUu

OcoO0blii cityyail perucTpanuu Wik 00paOdOTKU JaHHBIX — CHUTYyaIHsl, KOTJIa HCTOUHUKOM
WIN TEJIBI0 Mpoliecca SIBISIETCS YeNOBEeK. 3/1eCh MPU pacueTe mapamMeTpoB JOJDKHBI yUU-
THIBATHCS CIICIYIOIINC KPUTCPUH:

0 HacKOJBKO OBICTPO YETIOBEK MOXKET PabOoTaTh C KIaBUATYPOIL;
O B KakOM YaCTOTHOM JMara3oHe OH 00J1a1aeT HAaUBBICIIEH YyYBCTBUTEIBHOCTHIO;

a npu KaKOH 4acTOTe CICHOBaHUS HUMITYJIBCOB YCJIOBEK BHUIWUT HEIIOABUIXHOEC I/1306pa—
KCHHUE U MEPECTACT pas3indaTb OTACIBHBIC KapPhI.

OTH KpUTEepUH BHIOpPAaHBI MOTOMY, YTO YEJIOBEK — CYHIECTBO "ONTHYECKH OPUEHTHUPO-
BaHHOE", T. €. OONBIIYIO YacTh HH(POPMALIMU OH BOCTIPUHHMAET M 00pabaThIBaeT 3a cYeT
3penust. [loaTroMy oH ObIcTpee pearupyeT Ha M3MEHEHHE COCTOSHUS 00BEeKTa (MM U30-
OpaskeHUs), YeM Ha M3MEHUBIIMECS UPPHI WIH TEKCT Ha SKPaHe.

UeM sydie ynaercs NpUCIOCOOUTH BBOJ M BBIBOJ JaHHBIX K MOTPEOHOCTSAM M 0cOOEH-
HOCTSIM 4eJIOBEKa, TeM HazaexHee U addexTuBHee Oyaer ero padota. [Ipogemoncrpupy-
€M 3TO Ha HarJIs,THOM IIpUMEpE.

Bo mHOrmX ciiy4asx Ji0ad MPEAIoYrTaloT "cTapopeKUMHBIE" Jachl C aHAJIOTOBBIM ITH-
(depbOaaToM nudpPOBBIM YacaMm, IMOTOMY YTO MaJi0 KOrO B OOBIUHOW >KM3HH HMHTEPECYET
BpeMsI C TOYHOCTBIO JI0 CEKyHJIbl. Bpsan a1 Bam mHTEepecHO y3HaTh, uTo ceriyac 07:43:30,
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€CJIM BaM HY)KHO 3HATb BPEMsI C TOYHOCTHIO JI0 MUHYT, U Bac BIIOJIHE YAOBJIETBOPHUT OT-
BET, UTO B JTAHHBI MOMEHT MPUMEPHO "0€3 YeTBEpTH BOCEMb'". A IIJIS TOTO JOCTATOYHO
MPOCTO OPOCUTH B3IJISAA HA Yachl, IPUUEM C aHAJIOTOBHEIM IH(epOIaTOM UETIOBEK BOC-
MpUMET 3Ty WH(MOPMAIHIO OBICTpee, YeM C ITU(PPOBBIM BBEIBOAOM TOYHOTO BPEMEHHU.
B 00b19HO# cuTyarum 3Ta HeOOIbIIas 3a7epKKa 1Mo BpeMeHH HekputrdHa. Ho ecnm de-
JoBeK paboTaeT Ha AMCIETYEPCKOM IYHKTE, TO 33JeP)KKa B HECKOJIBKO CEKYHI MOXKET
MMETh CYIIECTBEHHOE 3HAYCHHE.

2.5. C KaKOU TOYHOCTbIO HY)XXHO
NPOBOAUTL U3MEpPEHUNA?

B MexaHuke ecTh U3BECTHOE IIPABUIIO, TJIACALIEE, YTO HYKHO paboTaTh HE ¢ MaKCUMAJIb-
HO BO3MOYKHOI TOUHOCTBIO, a C TAKOM, KOTOPAasl BaXKHa ISl BAC B KOHKPETHOU CUTyallUU.
K n3mepurenpHON TEXHUKE 3TO TOXKE MPUMEHUMO 0€3 BCIKUX OIpaHUYECHUH, IOTOMY YTO
3l1€Ch TOYHOCTb MOJKET OBITh BBIpa)K€Ha KOHKPETHBIMH ICHEXHBIMH cyMMaMu. [1oBbI-
[IeHNe TOYHOCTH HM3MEpPEHWH BIeYeT 3a COO0OW IKCIOHEHIMAIBHBIA POCT HU3IEPIKEK,
a 3Ha4uT U ueH. lloaToMy B M3MEPUTENHHON TEXHMKE CHadajla HY>KHO OLIEHUTH IOTpe-
Oyl TOYHOCTb, UCTOYHHUKH OIIHMOOK U BO3MOKHBIC U3AECPIKKH M TOJIBKO IIOCJIE 3TOTO BbI-
OmpaTh METOJ M3MEPEHHH M COOTBETCTBYIOIIYIO TEXHHKY. BakHeWIwii BOMpOC, KOTO-
PBIM CIIETyeT 33AaThCs TPU OINpeNeIeHnH He0OX0ANMOI TOYHOCTH, 3BYUHT Tak: "Kakoi
LIEJH S X049y TOOHUTHCS, BHIIONHSASA n3Mepenne?"

[ocraBum cebe 3aaauy PUKCHPOBATH HAPYKHYIO TEMIIEPATYPY C MOMOIIBI0 MUKPOKOM-
IIBIOTEPA. ILHS[ IMPOCTOTHI ONIPCACIIMM, YTO AWAITA30H BO3MOXHBIX TEMIICPATYP COCTaBJIA-
er or —40 mo +60 °C. B Hamem pacrnopskeHUM uMeeTcs 12-pa3psaHblii aHajIoro-
QpoBoil mpeobpazoBarenb, ¢ MOMOIIBI0 KOTOPOTO MOXKHO H3MEPSTh TEMIIEPaTypy
¢ TogHocThio A0 0,025 °C. Kak M0OXXKHO J1orajaThCsl, €CIM MBI TIOBECUM TeMIIepaTypHBIH
AaTYUK HECIIOCPCACTBCHHO 3a OKHOM, TaKasd TOYHOCTb HaM HC HY)XHA, IOTOMY 4YTO TCILJIO-
BO€ M3IIyYeHHE OT OKHA M OT CTCHBI IOMa CIIOCOOHO MCKa3UTh U3MEpsieMoe 3HaueHHe Ha
HECKOJIBKO IpaaycoB. Kpome Toro, naHHOe U3MepeHHOe 3HaUCHHE OYAET JeCTBUTEIHHO
TOJILKO JIJISl TOW TOYKH, B KOTOPOW MPOBOJUIICS 3aMep, M ero Hemnb3si 0000mars. BeiBoa:
JUTSL 3TOTO U3MEPEHUS HaM OyJIeT JOCTATOYHO S-pa3psHOTO aHAJIOTO-IKU(POBOTO MPeoo-
pasoBarens (muckperHocts — 0,5 °C). Ilpu 3TOM TeXHUYECKHE 3aTPaThl CHIKAIOTCS,
€MKOCTh IaMATH MOKHO YMCHBUIUTL Ha 50%, " OJ1d XpaHCHUA MaCCHBa OJaHHBIX Tp66y-
€TCs TOJIBKO OJTUH OaiT.

2.6. NMporpaMmMHble U3MepeHUsa unu annapatHbie?

Ha npoTskeHnH MHOTHX JIET OTBET Ha 3TOT BOIIPOC 3aBUCENI TOJIBKO OT BO3MOXXHOCTHU
TEeXHUYECKON pean3aliy, HO CeroHs 3TOT BBIOOP ONpeNeaeTCsl HAINYUEeM CBOOOIHOTO
MecTa, CKOPOCTH, a TaKke IEHOH pemieHus. Bo MHOTHX ciydasx mpu QOpMyITUpOBKE
TEXHUYECKOTO 33J]aHUsI MOXKHO BBIOMPATh MKy MPOrpaMMHON M allllapaTHOW peann3a-
nusiMd. B BarieM pacnopsbkeHHUH HMEIOTCSI MUKPOKOHTPOJUIEPHI, OCHAIIEHHBIE HE00XO-
JUMBIMH (QYHKIMSIMH, U TIPU 3TOM JIOCTATOYHO ObIcTpble. [loaToMy Temeph permicHHe
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3aBUCHT HE TOJBKO OT 3aJaHMsl HAa HM3MEpeHHe, HO M OT OCOOCHHOCTEW KOHKPETHBIX
dbysKM 1 equHUN U3MepeHusa. [loaToMy MHOTHE 3afjaud MOXXKHO pealin30BaTh IMPO-
TPaMMHO, €CJIH TIPOIECCOP YIKE KECTKO OMpEesieH uepe3 Apyrue (PyHKINU CHCTEMBI.

VYike mpocTeimii ciaydaid aHanoro-upoBoro npeodpasoBaTeis JeMOHCTPHPYET HIMPOKUI
CIIEKTP BO3MOXKHOCTEH BbIOOpa peleHus. boIbIIMHCTBO MUKPOKOHTPOJIJIEPOB UMEIOT BHYT-
peHHue aHanoro-I(poBkIe MpeodpazoBaTenu ¢ paspsaHocTsio ot 10 go 12 our. Ecian atoro
JOCTaTO4HO, TO Ipobiiema peneHa. Eciu Het, B BallleM pacropsDKEHUH JiBa BapUAHTA!

O MOXXHO YCTaHOBHUTH TIEpE]l MPOIECCOPOM BHEIIHUN aHAIOTO-ITU(POBOM TIpeodpa3oBa-
TEJIb C COOTBETCTBYIOIIMMH CBOMCTBAMH, KOTOPBIC OMPEACISAIOTCS C YYETOM TaKUX
KpUTEpHEB, KaKk CKOPOCTh H3MEpPEHUH, rabapuThl U [IeHa;

O MOXXHO pearM30BaTh MPOTPAMMHBIN aHAJIOTO-II(POBOH Mpeodpa3oBaTeb, KOTOPHIH IM0-
TpeOIeT BHIUUCIUTEIBLHBIE MOIITHOCTY U MHOT/IA 3aMeUIsieT paboTy, HO 3aTO Ha ammapar-
HOM YPOBHE HYXIa€TCsl TOJIbKO B TPEX MACCHBHBIX AJIEMEHTAaX, M MIOTOMY HE TpeOyeT HU
JOTIOTHUTEIIBHOT'O TIPOCTPAHCTBA, HU JIEHEeXKHBIX 3aTpart. [Ipumep ALI, paborarorero mno
npuHIEY 6anancupoBk 3apsma (Charge-Balancing), MbI paccMOTpuM B 2rage 9.

OnucaHHBIM TOIXOA MOKHO PAacCHpPOCTPAHUTHh HA NMPAKTHUYECKH JIOOYIO OIEpaluio; He
Ba)KHO, YTO BBI IIBITACTECH CHIENATh — CTeHEPUPOBATh (DYHKIINIO, YIIPABIAThH cpabaThiBa-
HHUEM peJie WIN ONITUMHU3UPOBATh BKIIOYEHUE TUPUCTOPA.

B 3710i1 KHUTE MBI CO3HATEIHHO OyIeM KOMOMHHUPOBATH PACCMOTpPEHHBIE MOAX0 Ikl Cero-
nHs yxe He co3natoT ALl meronom mocienoBarensHO# annpokcumanuu. Ho eciu Bb
MOHMETE aJITOPUTMBI, HEOOXOAWMBIE IS Pa3pabOTKH YHPABISIOIINX IPOTPAMM, TO
HAMHOTO JIYYIlIE CMOKETE OLIEHUTh UX MPEUMYILECTBA U HEAOCTATKH.

2.7. O nporpaMmmMupoBaH1Mn

Korga peds 3aX0IUT O MPOrpaMMHPOBAaHHMH aIlMapaTHBIX CPEICTB, TO MHOTHE oOparia-
I0TCS K s13bIKY TIporpammupoBanust C. Ho mpu mocTaHoBKe 3a7a4 Ha pa3paO0TKy H3MEpPH-
TEJIHBIX KOMIUICKCOB MPEINOYTEHUE Yallle OTAACTCS HEMOMYJISIPHOMY HBIHE SI3BIKY Ac-
ceMOJiepa, OTOMY 4YTO OH IO3BOJISICT pEIIaTh 33Ja4d B YCIOBUSX OTPAHHUYCHHS I10
pecypcam. YacTo 3ajaHue 3aKIFOYAcTCs B HANMMCAHWM OYCHb KOMITAKTHOW M OBICTpPOW
IIPOrpaMMBbl, a 3Ty LI€Jb MOXKHO JOCTUTHYTH TOJIBKO IPH NMPOTPaMMUPOBAHUU Ha Ac-
cembOinepe. Kpome TOro, BOmpoc 4acto COCTOUT HE B pa3padoTKe KOMIICKCHOTO 3a/laHus,
a B pelICHUH YacTHOW 3a/1a4yd, HApUMep JIOKaJbHOTO MU3MEpeHHs W IEepBHUYHON oOpa-
OOTKH Ha MECTE.

PaccmoTpuM B KadecTBe mMpuMepa 3IEKTPUIECKYI0 3yOHYIO MIETKY, KOTOpasi CEroHs TO-
’K€ OCHAII[EHA MHUKPOKOHTPOJIJIEPOM. DTOT KOHTPOJUIEp UMeeT Bcero-to ot 1 go 2 Kobair
naMsITH AJs XxpaHeHus nporpamm. [lpu ucnonszoBanuu komnuwisitopa C Bbl CTONKHETECH
c OONBIIUMH TPYIHOCTSIMH, TBITAACh MPOTPAMMHUPOBATH TaKOW MHUKPOKOHTPOJLIED.
A ¢ momoresio Accembepa MOKHO PEIINTh 33a9y MPOCTO U U3SIIHO.

HOBTOMy OpUMCPLI, TPHUBCACHHBIC B JTOH KHUTC, HAITMCAHBbI HA SA3BIKC AcceM6nepa. Ecimm
Yy BaC YCTAaHOBJICH KOMITWJIATOP C u BH OpeaAnoYnuTacTe pa60TaTL C HUM, TO, €CTCCTBCH-
HO, MOXXHO IMONBITATbC PCIINTDh OMMMCAHHBIC AAJICC 3aJa4u U C Cro MOMOILIBIO.
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U3MmepeHna — nporpamMmmHble
Wnn annapaTtHble?

3.1. Yto n Korpa cnenyet BbiOUpaThb

B mpeamiecTByrommx riaBaX MBI YK€ PacCMOTPENH PA3IMYHBIC aCTEKTHl M3MEPEHHH.
CoBpeMeHHas! NEKTPOHHUKA TPEUIaraeT MHOKECTBO BO3MOKHOCTEH, TOITOMY OCHOBHOE
pemieHne, KOTopoe He0OXOAMMO MPUHSTH, KacaeTcsl BBIOOpa yIpaBIeHHUS — aHAJIOTOBO-
ro wim nudposoro. B Hacrosmee Bpems moHsTHe 'mH(pPOBOE yIpaBiieHHE" BITOJIHE
MO>KHO MIPUPABHATH K MOHITHIO "MUKPOKOMIBIOTED" .

HCpe‘-II/ICJ'II/IM HCKOTOPLIC MPEUMYIIIECTBA aHAJIOT'OBBIX pemeHHﬁ, BKJIIO4Yass MEXaHUYCCKUC:

0 wu3MepuTesbHBIE TPUOOPHI OPraHU30BaHbI TaK, YTO MOTYT MOJIy4aTb SHEPTUI0, HE0O-
XOAMMYIO Ul UX pabOTBhI, OT CaMOT'0 IIPoLECcca;

O Onaromapsi HECJIIOKHBIM TpPEOOBAaHHUSAM, U3MEPHUTEIbHAs CXeMa OKa3bIBACTCS OYCHB
MIPOCTO;

O ecnu TpoIecCHl TNHEHHBI, TO YIPaBIeHHE MTOYTH Beeraa OyIeT OYeHb MMPOCTHIM;

0 aHaJOroOBBIC CXEMBbI YIIPABICHHS PEarupyroT Ha BO3JICHCTBYSI OYE€Hb OBICTPO.

ECTGCTBGHHO, AHAJIOTOBBIE M3MCPUTEIIBHBIE CXEMBI 06J'I3,,H3.IOT " OIIPEACIICHHBIMU HEI0-
CTaTKaMU:

O 4yBCTBUTEIBHOCTH K TIOMEXaM;
0 3aBHCHUMOCTH OT OKpY’KaloIIel TeMIepaTypsl.

Ho 00 ananoroBoil TeXHHUKE CTOMT MOAYMaTh U BO MHOTUX CIIydYasiX C HEIMHEHHBIMH
¢byHKUMAME. B mocneayromux riaaBax Bbl YBUIUTE, KaK JAOPOTo 00XOAUTCS MOCTPOCHUE
reaeparopa (PyHKIMH MOCPEACTBOM KOMITbIoTepa. OO aHaJIOroBOM YIPAaBJICHUH CIIECAYET
BCIIOMHHTB, KOTJIa TpeOyeTcs TMHEHHAsT 3aBUCUMOCTh OT BPEMEHH, pealiu3alisi KOTOpon
IUTSE KOMIIBIOTEPa, B CHITy OCOOEHHOCTEH ero CHCTeMbI KOMaH/I, MPeICTaBiIsieT co0oi He-
IIPOCTYIO 3a/1auy.

Hudposast TexHUKa UMEET CBOM IpeumyinecTBa. C ee HOMOLIBIO BBl CMOXKETE PEann3o-
BaTh NPOCTYIO IOMEXOYCTOWYMBYIO Tepeiauy JaHHBIX HA PACCTOSHHUE U MPOCTYIO pealu-
3aluio CNoXKHBIX (pyHKumMid. Ho U3 paHee M3M0KEHHOTO MaTeprana Mbl yKe 3HaeM, YTO
B 3TOM CJIy4ae HaM HPUAETCS CMUPHUTHCS C OTPAHUYEHHON TOYHOCTBIO, KaK U C TEM, YTO
pu paboTe ¢ TU(PPOBBIMU 3HAUCHUSIMHU MOTYT NOSBUTHCS HOBBIE HCTOYHUKH OILINOOK.
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Takum oOpa3oM, Ha BOIIPOC O TOM, KOTZIa U KaKO# CIoco0 M3MEpeHUil CTOUT BHIOPATh,
OJTHO3HAYHOTO OTBETA HE CYIIECTBYET. B KakJOM KOHKPETHOM Cydae pelieHue Oynet
3aBHCETh OT TMOCTAaHOBKH BOIPOCA, a TAKXKE OT UMEIOMIMXCS TEXHUYECKHX BO3MOXKHO-
cTeil. MOXKHO aTh JIUIIH HECKOJIBKO OOIIMX PEKOMEHTAIIHIA.

Haan/IMep, AHAJIOTOBBIC PCIHICHUA LIGJ'ICC006p3.3HO BBI6paTI:>, €CJIIn:

O TpebyeTcst BRICOKAsE CKOPOCTh peaKIuH (TIPHU TOM yUTHUTE, YTO CaMo MpeoOpa3oBaHMe
TOXXe TpeOyeT BpeMeHN);

O naHHBIC TIEPEAAIOTCS HA KOPOTKHE PACCTOSIHUS WM BOOOIE oOpabaThiBaroTCs "Ha
mecrte";

O npeoOpa3oBaHne 3aMEPEHHBIX 3HAYCHHUI B TIOJE3HBIA AIIEKTPHUUECKUN CHUTHAI OKa3bl-
BAeTCs JOBOJILHO CJIOKHBIM MJIH CIIMIIKOM HETOYHBIM;

0O MeXIy JaHHBIMHU CYIIECTBYIOT IMIPOCTHIC (DU3NUECKUE 3aBUCUMOCTH.

B nonp3y nudpoBbIX perieHuit roBopsT cienyomme GakTopbl:

O B BaleM pacHoOpsSKEHUH YK€ UMEETCS KOMIBIOTED;

IIPOLIECCHI MPOTEKAIOT AOCTATOYHO MEJICHHO;

3aMepeHHbIe 3HAYeHNsI HEOOXOMMO MepeaBaTh 10 IJIHHHBIM JIMHHUSM CBSI3H;

XapaKTCPUCTHUKU JATYMKOB OYCHb CJIOXKHHI,

I R R

cxema TpeOyeT AOTOIHUTEILHON KaTnOPOBKH.

Ha npunsiTHe OKOHUATEIBHOTO PEIIEHHS B M10JIb3y aHAJIOTOBOI'O MM LK(POBOTO BapHaH-
Ta BIUSIOT U JOTOJHUTEIbHbBIE (PAKTOPHI: TEXHOJIOTMYECKHE MPOOIEMBbI, YHCIIO JIEMEH-
TOB CXEMBI U pa3Mep MOHTAXHOI II1aThI.

HOCKOJII)Ky JaHHas KHUT'a IIOCBAIIICHa HI/I(l)pOBI)IM HU3MCPCHUAM, Mbl OCHOBHOC BHUMAHHE
yaciuM MMEHHO HM. Ho »t10 HE 3HA4YUT, YTO aHAJOTOBLIC BapUAHTLI 6}/)IYT HNCKIIKOYCHBI
13 HEC MOJIHOCTBIO, T. K. MHOT'Ia OHHU MOTYT OKa3aTbCd ropasao Impoiie.

3.2. Ponb npoueccopa B U3aMepuUTeribHON TeXHUKe

MuKponpoueccopsl CyIECTBEHHO MOBIHMIIN HAa Pa3BUTUE U3MEPUTEIBHOMN 3MEKTPOHHUKH.
[Ipexne Bcero, 3T0 SBUIIOCH CIEACTBUEM €r0 MPHPOIBI, BOBMOKHOCTH BBINOJIHATH MHO-
KECTBO PEILIECHUH W pearupoBaTh Ha CIIOKHBIE Bo3aeHCTBHA. C IMOMOIIBIO COOTBETCT-
BYIOILIUX aJITOPUTMOB MHUKPOIIPOLIECCOPH! B COCTOSIHUM PEaIM30BaTh TaKUE U3MEPUTEIb-
HBIE METOJbI, KOTOPbIE HEBO3MOKHO OCYIIECTBUTH YUCTO ANMapaTHBIMH CPEACTBAMH.
Kpome Toro, Mukpomporeccopsl MOI'yT KOPPEKTUPOBATh OIIMOKHM 32 CYET CTaTHCTHYe-
CKOM 00paOOTKH, MOBHILIATH TOYHOCTh U3MEPEHHUH U BBIIOIHATH (PYHKIMOHATIBHYIO IPO-
BEPKY U3MEPHUTEIBHBIX CXEM.

B a10it 00macTi 0cOOEHHO XOPOIIO 3apEKOMEHIOBANN ceOsi MHUKPOKOHTpoJuiepbl. OHM
O00BEAMHSIOT B OJTHOM YHIIE BCE OCHOBOIOJATAOIINE (PYHKIIUH CYETHO-PEUIAOIIETO YCT-
po¥icTBa, M 3a CYET ITOr0 MOYKHO OYCHb SKOHOMHO peasi30BaTh Bce (PYHKIIUHU Kak Tep-
BUYHOH, TaK U BTOPUYHOUN 00pabOTKU 3aMEpOB.



UsmepeHusi — npozpaMMHble unu annapamHbie? 13

Muxkpormponeccopsl 1 MUKPOKOHTPOJIJIEPEI 00€CIeUnBalOT BHICOKYIO MPOIYCKHYIO CIIO-
COOHOCTH TIPH TIPHUEME U BBIJAY€ MAHHBIX. DTO CBOHCTBO OCOOCHHO IIEHHO, ITOTOMY YTO
BMECTO CIMHCTBEHHON aHAJIOTOBOM YIIPABIIIONICH (QYHKIIMK TIPH ITUGPOBOH 00paboTKe
HE0OXOMMO BBIMIOJHATE MHOXKECTBO IIarOB, YTO CHJIBHO CKa3bIBAETCS Ha MPOIYCKHOM
crocoOHOCTH. TaM, TZie 3TO BO3MOXKHO, I 00pabOTKH M3MEPEHHUA TPUMEHSIOTCS U Ha-
cronbueie IIK. Brpouem, uX OpHMEHEHHE OrPAaHMYMBAIOT CHCTEMBI BBOJA/BHIBOJIA.
B mocnenyromux 3KCepUMEHTax BbI CMOXKETE CaMOCTOSTENFHO yoemuThes B 3ToM. Ho
3ato IIK mpemocTaBisaioT MHOKECTBO Pa3HOOOPAa3HBIX PENICHHWH B 00JacTH 00pabOTKH
M3MEepeHHi, epepaboTKi U 0TOOpakeHHUs JaHHBIX. [lepcoHambHBIE KOMIBIOTEPHI XOPO-
10 TTOAXOAT 7151 00pabOTKH JaHHBIX SKCIIEPHIMEHTOB M MTPOTPAMMHUPOBAHUS PA3THIHBIX
YCTPOMCTB.

B npumepax, MpUBEICHHBIX B 3TOH KHUTE, MBI yICIUM OCHOBHOE BHUMaHHUE MUKPOITPO-
meccopam ATmegal28 ot Atmel. Onu mHpoKo pacpocTpaHeHbI U 00J1aAal0T BCEMH pe-
CypcaMu, KOTOPbIe TPeOYIOTCS B H3MEPUTEILHON TEXHUKE.



naBa 4

MoaenupoBaHue

Kak yxxe ynoMuHalioch B enase 1, Ha POTSDKEHUU BCEH ATOW KHHUTH YHUTATEIh CMOXKET
II0JIb30BaThCS MTPOrPaMMOU MOJICIIUPOBaHUs (CUMYISTOPOM). C IMOMOIIBIO 3TOTO BCIIO-
MOTAaTEIBHOTO CPENICTBA BhI MOJIYYHTE BO3MOXKHOCTH CO3[aTh 0a3y Ui SKCIICPUMECHTOB
B 00JIaCTH M3MEPUTENILHOW TeXxHuKH. [Iporpamma Obuta pa3paboTaHa CICHUANBHO IS
JAHHOW KHUTH, HO TIOJIOWJIET U JUIS JPYTUX SKCIICPUMEHTOR.

1
Ha xommakT-gucke”, mpuiiaraéMoM K KHHT'€, COIEPXKaTCs MPUMEPHI, KOTOPhIe TOXKE I10-
Hano0ATCs U1 AaJbHENHIINX IKCIIEPUMEHTOB.

HecmoTps Ha THmIaTensHOE TECTUPOBAHUE, MOKET 0KA3aThCs, YTO HEKOTOPHIE TIPOTPaMMBbI
BCE )K€ cojiepkaT omuOKu. Eciin BBl 00HAPYKUTE OIIHOKY, CBSKUTECH C aBTOPAMU KHU-
TH TI0 AJICKTPOHHOHM 1ouTe. YUTOOBI OBICTpEe MOJYyYUTh OTBET U JOOUTHCS HCIPABICHUSL
OIMOOK, KaK MOYKHO TIOJIPOOHEE OIHUIINTE UX, a TAKXKE MPUIOKUTE K MUCbMY CIIeHapUi
SKCIIEPUMEHTA U UCXOIHBIN Ko st ATmegal?28.

Hamee B 3TO# riaBe OyayT OMHMCaHBI OCHOBOMOJATAOIINE MPUHIMITEI MOACITUPOBAHUS
1 paboTa ¢ IpOTrpaMMON-CHMYIIITOPOM.

4.1. OCHOBHbI€ NPUHUUNBI MOAENUPOBaHUA

MopenupoBanrue B OOJBIIMHCTBE CIy4aeB MPUMEHSETCS TOTJA, KOT/Ia SKCHEPUMEHTHI
HaJ| pEaJIbHOM CUCTEMOM SKOHOMUYECKU HEONPABJAHHBI, HECYT PUCK Ul OKPYKAroLIeH
CPEbl WIH K€ €CIU TEOPETUUECKUE BBIKIAJKHU CIIMIIKOM CJIOKHBI.

[Ipy BBINOJIHEHUH HKCIEPHUMEHTOB M 00pabOTKE MOJYYECHHBIX PE3YJIbTATOB HEOOXO0IAUMO
co0JIt0JaTh HEKOTOPBIE MPUHIMIIBI, KOTOPble OyIyT M3JI0KEHBI B MOCIEAYIOUINX pasze-
Jax. 3a c4eT MOJCIMPOBAHUS OOJBIIMHCTBO M3 MOACIHPYEMBIX OOBEKTOB MpEICTaBIIs-
IOTCSl B YIPOIIEHHOM BHje. CeloBaTeNnbHO, B PE3YJIbTaTe MOJCTUPOBAHUS BBl MOXKETE
MPUATH K HEBEPHBIM BhIBoAaM. ClieoBaTeNnbHO, IIepes TeM, KaK NPUCTYNaTh K MOJEINH-
POBaHUIO, HY>)KHO XOpOoLIo 00ayMaTh, a MOXKHO JIH BOOOILE OCYILIECTBUTh TO, YTO BbI IIbI-
TaeTech MPOJeaTh, C IOMOIIBIO UMEIOLIUXCS B BallleM PACHOPSKEHUN CPEACTB.

! DnekTpoHHEIA apXMB K KHHTe BhUIOXEH Ha FTP-cepBep m3matenbcTa mo aapecy: ftp://85.249.45.166/
9785977505727.zip. Cchuika JOCTyIIHA M CO CTPAHHUIBI KHUTH Ha caiite WWw.bhv.ru. Marepuainsr 3toro
apXuBa ClIe/lyeT UCIIOJB30BaTh BMECTO YIIOMUHAEMBIX B KHUI€ MATEPHAIOB MPUJIArAEMOT0 KOMITAKT-/UCKA.
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[Mocie Toro kak MoAenHpoBaHue OYET OCYNIECTBICHO, BAM B JIIO0OM CiIydae MPHJETCS
M03a00TUTHCS 00 MHTEPIIPETAIINH MMOIYISHHBIX pe3yasTaToB. [Ipu 3TOM Beerma Heobxo-
MO 33J]aBaThCsl BOIPOCOM, COOTBETCTBYIOT JIM Pe3yJIbTaThl JKCIEPUMEHTA BalllM
oxumanusiM. Ecii 5To He Tak, Hy>)KHO TIPOBEPUTh, IPABUIILHO JIM ObLT HAITMCAH CIICHAPHN
1 He OBUTH JTU YIYIIEHBI KaKue-HUOY b BaXKHBIE JIETATHN B MPOIecce MPeIBAPUTEIHEHOTO
paccMoTrpenusi. iMeeT cMBICI TIEpECMOTPETh W MEPENPOBEPUTEH CXEMY, UYTOOBI YOeIUTh-
Csl, YTO HAYaJbHbIC YCIOBHS W OTpaHWYCHHS ObUIM BHIOPAHBI TaK, YTO JOCTIDKEHHE pe-
3yJITATOB MOJICIUPOBAHUS MPUHIMITHAIEHO BO3MOXKHO. 3a CYET 3TOr0 BO3MOXHA IPO-
BEpKa CXEMbI MOJICIIMPOBAHHS CHCTEMBI YIIPABICHUSI.

4.2. U\cnonb3oBaHMe nporpamMmbi-CUMynATOpa

4.2.1. YcTaHOBKa

YcraHoBKa cuMmylisiTopa mojapassensercs Ha uactansaiuio AVR-Studio ot Atmel, eciu
3Ta WHTETPUPOBAHHAS Cpella pa3paboTKu OTCYTCTByeT Ha BamieM [1K, u Ha ycTaHOBKY
CaMoro CUMYJISTOpA.

[To coobpaxenmsim mmneHsupoBannss AVR-Studio Ha KoMmakT-mucke, MpHiIaraeMoM
K KHHUTe, He MpenocTaBisieTcs. Bel MoxkeTe OecruraTHO ckadaTh 3Ty cpeny ¢ Web-caifra
Atmel (http://www.atmel.com). CkauaB daiii, 3amycTUTE €ro U CiIeAyiHTe HHCTPYKIIH-
SIM, BEIBOAMMBIM IIPOrPaMMOM ycTaHOBKH. CHUMYJISITOP MOXKHO 3aIlyCTUTh C IIpHUJIaraeMo-
ro KOMIIAKT-JUCKa WM JK€ CKadaThb €ro C JOMAallHeH CTpaHuIbl IAHHOM KHUIHU
(http://lwww.schb-computer.de/messtechikbuch). Nmeiite B Bumy, 9to Bepcus cumy-
JSITOpa, UMEIOILAsCS Ha caliTe, MOXKET OKa3aThCs Ooyiee HOBOM, YEM JOCTYIHAs HA KOM-
MAKT-JUCKE, IPUIIAaraeMOM K KHUTE.

YroObl yCTaHOBHUTH 00€ MPOrpaMMbl, HEOOXOANMO BBITIOIHHUTH CIICAYIOIIHE ACHCTBUSL:

1. Vcranosure Ha cBoeM Kommbiotepe AVR-Studio.

2. 3amyctute ¢ailn ycTaHOBKM NporpaMMbI-cuMyJisiTopa (Setup.exe) u3 manku Simulator
Ha NPUJIaraeMOM KOMIAKT-IUCKE U CIEAYHTEe BHIBOAUMBIM Ha SKPaH HHCTPYKIIUSIM.

3. 3amycture AVR-Studio v akTHBH3UpYHTE MOMONHUTENBHBIN Moy b (plug-in). HeoO-
XOIUMBIC Ui TOr0 WHCTPYMEHTHI BBl Haiinmere B coctaBe MeH0O AVR Studio
Tools | Plug-in Manager. tot MoayJib aKTHBU3UPYETCS TOJIBKO MPU MOCIEAYIOIIEM
samycke AVR-Studio.

4. Ckomupyiite conepxumoe manku Aufgaben (3azanusi) ¢ npuiaracMoro KOMIakT-IucKa
B CBOIi pabouwmii karanor. [Tocie sToro cauMuTte ¢ (haiyioB aTpuOyT 3aIUTHI OT 3aIIKCH,
KOTOPBIH M0 YMOJTYAHHIO UMEIOT BCe (haiiiibl, COACPKAIIUECS HA KOMITaKT-TUCKE.

4.2.2. 3anyck cumynsaTtopa

[Tonb3oBaTeNnbCckuit MHTEPDEHC CUMYIATOPA YAOBICTBOPSICT KOHIEHIIMM COBPEMEHHBIX
ornepaloHHBIX cucTeM. Hampumep, 0ObeKThl, HCOOXOAUMBIC TSI MOJCITMPOBAHHUS, T1C-
peHocsTCS Ha pabouyuil CTOJN IMyTeM IMEepeTacKUBaHUS MBINIBI0. "Pa3zBojka" BBIMOIHS-
€TCS Jla CUET MEHIO, 3aBHUCAIICTO OT KOHKPETHBIX 00BEKTOB, KOTOPBIC OYAyT MoapoOHee
OTIHCaHBI Jalee.
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s ycrenmHoTo BEITIOJTHEHUS TIPoIiecca MOISITUPOBAaHUS 0053aTeTbHO HEOOX0IUMO Ha-
JTUYHEe MAKPOKOHTPOJIIEPA.

[ocne 3Toro mumiercst UM 3arpyxaercs ciieHapuid. HamoMHuM, 4TO B CUMYNATOpE B Ka-
YeCTBE OTJIaunKa ycTaHoBleHa cpena AVR-Studio, B kauecTBe MEKPOKOHTPOJIIEPA BHI-
opan ATmegal28, u yto AVR-Studio ¢yHkumonupyer B oriaagounom pexume. [Ipu
COOIIIOICHNH ITUX YCIOBUM m3 MeHI0 Simulator moxHo BeIOpaTh KoMauay Simulation
starten. J/lanee Bce coOwiTus OymyT oOpabaThIBaThCs cuMylsiTopoM. Bce Oymer moBTo-
PATHCS, KOT/Ia MOJIb30BATENb OCYIIECTBIISET BBOJ B CUMYJISITOpP (HAIpUMED, TOCPEACTBOM
Ha)XaTH Ha KJIABHIIHN) WM U3MEHSCT B CHMYJIATOPE CUCTUYHK ITHKIIA,

Uz-3a orpanmyennii o pacmmpsiemoctd, npucymux AVR-Studio, cumynsatop He pabo-
taet B pexxume AVR-Studio RUN.

[Toka cUMymSITOp aKTHBEH, B CIIEHApWH HENb3sT BHOCUTh HUKAKUX W3MEHEHWH. UTOOBI
3aBEPILIUTH MPOLECC MOJCITUPOBAHUS, HEOOXOAUMO COPOCUTH "TaIouKy" HAIPOTUB MEHIO
Simulation starten, moBTopHO BbIOpaB 3Ty KOMaHIY.

4.3. NMpnHUKMN paboTbl cMMynaTopa

CuMynATOp COCTOWUT W3 JIBYX KOMIOHEHTOB. IlepBhlii mpenactaBiser coOoi NOMOTHU-
TenbHBIN Monyib (plug-in) mist AVR Studio or Atmel, KOTOpEIi ycTaHaBITUBAET CTaTyC
MHUKPOKOHTPOJIJIEpa B CUMYJIATOP WK MOJU(PHUINPYET U3MEHEHHS B YCTAHOBKAaX PErHcT-
poB uepe3 cumymsitop B AVR Studio. Bropoit KoMIOHEHT — 3TO caM CHMYISATOp, Olle-
HUBAIOIIUI COCTOSHIE PETMCTPOB MUKPOKOHTPOJUIEPA W Pearupyloluii Ha N3MECHEHMUS.
Pabora cumynaTopa opHeHTHpOBaHA HAa BPeMs M COOBITHS. DTO 03HAYAET, YTO OJHU 00B-
€KTBl H3MEHSIOT €r0 COCTOSHUE IMOCPEJACTBOM BO3ACHCTBUI Ha BXOJE (HAIIPUMEDP, CBETO-
JIMOJT, KOMITApaTop), a APYrHe H3MEHSIOT €r0 COCTOSIHUE C TSUCHHEM BPEMEHH.

Macmtab Bpemenu it cumynaropa 3amaet AVR-Studio. Otcyer BpeMeHH oCyIecTBIIs-
eTcs 10 YaCTOTe MUKPOKOHTPOJUIEPA U KOJIMYECTBY IIUKIOB MOJAEITUPOBaHUS. UTOOBI 1o-
JIYYUTh Pe3yJbTAaThl MOJCIMPOBAHUS B T€UCHHE KOHEYHOTO MPOMEXYTKAa BPEMEHH, 3Ha-
YEeHHUs1 HEKOTOPBIX MapaMeTpoB 00beKTa HY)KHO 3aJaBaTh MHAYe, YeM 3TO MPOHCXOAMIIO
OBl B pearbHOM MUpe. Jlaree HeKoTopbie 00BEKTHI OYIYT ONMMCAHBI O0JIee TOAPOOHO.

4.4. OnncaHue o0 bLEKTOB MoAeNnMpoBaHUA

4.4.1. AHanoro-uncpoBou npeobpasoBaresnb

Amnanoro-uudporoii npeodpaszosareib (ALIT) npeoOpa3yeT aHAIOrOBBIH CUTHAT B COOT-
BETCTBYIOIIUI 1ubpoBoli curnan. I[IpeoOpa3oBaHue HHUIMUPYETCS, KOTJa HA YIpaB-
JSFOIMI KOHTaKT B TCUCHHE JIBYX TAKTOB IMOJNAETCS CUTHAN Bhicokoro ypoBHs (High).
AIIIT npeobpasyeT aHAIOroBOE 3HAYCHUE, TIOCTYIHMBIICEe HA BXOA K JAHHOMY MOMCHTY
BpeMenn. Ilocie wcTeueHuss BpEMEHH TpeoOpa3oBaHMs Ha KOHTAKT TOTOBHOCTH TOXKE
nomaetcs curian High. DTo roBopuT o ToM, 4To ITU(PPOBHIC TAHHBIC ACHCTBUTEIBHBI.

Bnusate Ha nmdpoBol CHUTHANM MOXKHO, 3a/aBasi OMOPHBIA CUTHANT M YUCIO Pa3psiioB.
B Tab:. 4.1 npuBeaeHsl napaMeTpsl IPeoOpa30BaTEINA.
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Ta6bnuya 4.1. lNapamempsi AL

MapameTp

MosicHeHue

HacTpoika

MpumeyaHue

Yucno paspsigos

BnusieT Ha pa3spelue-
Hue ALIM

8, 10 nnn 12 pasps-
fos

VICTOYHMK NONOXMK-
TeJlTbHOro OnopHoOro

3apgaeT nonoxurens-
HbI/ OMOPHbIN CUrHan

J1t0601 CTOYHUK
OMOPHOro HanpsiKe-

TeNTlbHOro onopHOro
HanpsxeHua

HbI/ OMOPHbIN CUrHan

HanpspKkeHus HUs (reHepaTtop
pyHKUMI)
McTouHuK oTpuua- 3apaet oTpuuaTens- 3emns B HacTosilwee Bpems

n3MeHeHne HeBo3-
MOXHO

Ynpasnsowun Bbl-
Boz (Steuer-Pin)

Mpu nonoxuTensHoOM
dpoHTe curHana
npoucxoauT akTu-
yeckoe npeobpaso-
BaHWe curHana

Jioboe 1-6utosoe
uucpoBoe 3HaYeHne

[ornxeH ocTaBaTbCH
Ha yposHe High He
MeHee [BYX TaKToB
npoteccopa

BbiBOAO roTOBHOCTHM
(Ready-Pin)

YcTtaHaBnmBaeTcs Ha
High npu 3aBepLue-
HuM npeobpasoBaHns

Jltoboe 1-6utosoe
unpoBOe 3HaYEHNE

OnutenbHocTb npe-
obpasoBaHus

Bpewms (B munnuce-
KyHAax), koTopoe
OOIMKHO MPONTN MeX-
Ay yCTaHOBKON
ynpasnsioLLEero Bbl-
BOAA W YCTaHOBKOW
BbIBOAA FOTOBHOCTU

BpemMeHHOoWn nHTep-
Ban NpoaomKMTenb-
HocTblo oT 0 go
1000 mc

AHanoroBbI curHan

CwurHan, KoTopbif
TpebyeT npeobpaso-
BaHUsi

JltoGown aHanoroBbI
WUCTOYHUK

MopT AaHHbLIX LSB

Mnagwwun 6ant
(Least Significant
Byte) oundposaHHo-
ro aHarioroBoro cur-
Hana

TioGol 8-paspsaHbIn
NopT MUKPOKOHTPOS-
nepa

MopT AaHHbIX MSB

Crapwwuii 6anT (Most
Significant Byte)
oundpoBaHHOro
aHanoroBoro curHana

ITro6ow 8-paspsagHbIv
NopT MUKPOKOHTPOS-
nepa

Mpw yctaHoBKe
8-paspsagHoro pas-
peLueHus aToro nopTa
B Balllem pacnops-
XeHun He ByaeT

4.4.2. "YepHbin awmk" AL

"Yepubiit suwk" ALIT (ADU-Blackbox) npencrasisier co60it koMOMHAIIUIO TeHEepaTopa
¢dyukmmit ¢ AL Hacrpoiika cpabaThiBaHMs OCYIISCTBIIIETCS B TOYHOCTH TaK )K€, KaK U
B cirydae ¢ ALIL Ipenocrapnsiercst 11 pa3nuiHbix GYHKINH, KOTOPBIE MOYXKHO aHATH3U-
pOBAaTh C IOMOIIIBIO METO/IOB U3MEPUTEIHHON TEXHUKH.
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[TockonmpKy ISl JaHHOTO OOBEKTa aHANHW3 HEU3BECTHBIX CHUTHAJIOB AEMOHCTPUPYETCS C
IOMOIIbI0 (DMITBTPOB, MOJEIHPOBAHKE MPOUCXOANT HE B PEATLHOM BPEMEHH, a depe3
BHYTpEHHHH cdeTyuK. [Ipy KakIoM CUMTHIBAHUH 3HAYEHHE TOTO CUETYHKA YBEINIHBA-

eTCs Ha eJIMHUILY, M TIPU KaXJJ0M cOpoce mporieccopa cOpachiBacTcs Ha HOIb.

[MapameTtps "yepHoro simuka" AL npuBenens! B Tadi. 4.2.

Tabnuya 4.2. lNapamempsi "yepHo2o swuka" ALM

BbIBOZ, (Steuer-Pin)

dpoHTe curHana
npoucxoamuT hakTu-
yeckoe npeobpaso-
BaHWe curHana

UM poBOE 3HaYeHne

MapameTp MosicHeHne HacTtpownka MpumeyvaHune
DyHKUNSA HacTtponka, ykasbl- Bbibop ogHol 13 ne- -
BawLlasa BblaaBae- peyvmcrneHHbIX YHK-
MY OYHKLMIO unn
Ynpasnstowmn Mpu nonoxurtensHom | Jllo6oe 1-6utoBoe [omxkeH octaBaTbcs

Ha ypoBHe High He
MeHee OBYX TaKToB
npoueccopa

BbiBOA4 roToBHOCTHM

YcTaHaBnmBaeTcs Ha

Jioboe 1-6utosoe

Ay yCTaHOBKON

ynpasnsioLLEero Bbl-
BOAA W YCTaHOBKOW
BbIBOAA FOTOBHOCTU

HocTbto oT 0 Ao
1000 mc

(Ready-Pin) High npu 3aBepLue- LuucpoBoe 3HaYeHne

HWUKM npeobpasoBaHus
JnutenbHoOCTb Bpewms B Mc, koTopoe | BpemeHHow nHTep- -
npeobpasoBaHus OOIMKHO MPONTM MeX- | Ban NPOAOIHKUTENb-

MopT gaHHbIX LSB

Mnagwwun 6ant
(Least Significant
Byte) oundposaHHo-
ro aHaroroBoro cur-
Hana

ITro6ow 8-paspsagHbIv
NOpPT MUKPOKOHTPOS-
nepa

4.4.3. ATmegal28

3TOT 0OBEKT MOJETUPOBAHUS CUMBOJIHUYECKH TPEACTABISIET MUKpOKOHTpoiuiep. OH He
o0najaeT HUKaKMMH BO3MOYKHOCTSIMA HACTPOWKH, HO €r0 MPUCYTCTBUE B JIFOOOM ClieHa-
puH 00513aTENBHO.

4.4.4. UndbpoaHanoroBbin npeobpasoBartenb

Hudpoananoroseiii npeodpasopareib (LIAIT) mpeoOpasyeT uudpopsie 3HaYCHHUS B aHa-
noroBeie. [yt 9Toro mudpoBoi BXOMHOW CHUTHAN JIMHEHHO WHTEPIIONUPYETCS MEXKIY
IBYyMsI 3HAUEHUSMH OIOPHOTO curHana. l3MeHeHwe 3HauyeHW Ha BXOAAaX MPHUBOAUT
K MCHOBEHHOW PEaKIMH Ha BBIXOJaX.

Otnenpubie napamerpsl AL nepeunciens: B Tadm. 4.3.
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Ta6bnuuya 4.3. lNapamempsi LIATT

MapameTp

MosicHeHue

HacTpoika

MpumeyaHue

Yucno paspsigos

BnusieT Ha pa3spelue-
Hue LA

8, 10 nnn 12 pasps-
fos

VICTOYHMK NONOXMK-
TeJlTbHOro OnopHoOro
HanpsxeHua

3apgaeT nonoxurens-
HbI/ OMOPHbIN CUrHan

Mpoun3BornbHbIN Nc-
TOYHMUK OMOPHOro
HanpsbkeHus (reHe-
paTop OYHKLMIA)

McTouHuK oTpuua-
TeNbHOro ONOPHOro
HanpspKkeHus

3apaet oTpuuaTens-
HbI/ OMOPHbIN CUrHan

3emns

B HacTosilwee Bpems
N3MEHeHne HeBo3-
MOXHO

MopT AaHHbIX LSB

Mnagwwun 6ant
(Least Significant
Byte) oundposaHHo-
ro aHaroroBoro cur-
Hana

TioGor 8-paspsiaHbin
NopT MUKPOKOHTPOS-
nepa

MopT AaHHLIX MSB

Crapwwuii 6ant (Most
Significant Byte)
oundpoBaHHOro
aHanoroeoro curHana

ITo6on 8-paspsagHbIv
NopT MUKPOKOHTPOS-
nepa

Mpn yctaHoBke
8-paspsagHoro pas-
peLueHus aToro nopTa
B BalLlem pacnops-
XeHun He ByaeT

4.4.5. UuTerpartop

3T0 yCTPOICTBO MOJIENUPYET KIACCUIECKUH HHTETPATOP, COCTOSIIUI U3 ONEPaluOHHOTO
YCHJIUTEIS, COMTPOTURIICHHUS, KOHJICHCATOPA U BBIKIIIOYATENS ISl Pa3psiikKk KOHACHCATO-
pa. MHTerpaTop Moaenupyercs Kak 00beKT peaabHOro BPEMEHHU, MHA4Ye TOBOPS, KpUBas
WHTETPaTopa COOTBETCTBYET PEaIbHON KPUBOKM B TOM MPEANOIOKCHHH, YTO KOMIIOHCHTHI
uaeanpHbie. OTCIONIA CIEAYET, YTO MOCTOSHHYIO BPEMEHH HY)KHO BBIOMPATH JOCTATOYHO
MaJiol, 4TOOBI pe3yJIbTaThl MOKHO OBUIO HAaOJIOAATh B TEUCHUE KOHEYHOTO BPEMECHHU.
[TapameTpsl 3TOro 00bEKTa MPUBEACHHI B Ta0JI. 4.4,

Tabnuua 4.4. Napamempbl uHMezpamopa

MNapameTp

MosicHeHue

HacTpomnka

MpumeyvaHue

AHarnorosbIli BXoa,

KombuHauusa Bxoa-
HbIX CUrHaNoB

BbiGop aHanorosoro
NCTOYHUKA

Bxop curHana cuc-
TeMHoro cbpoca

KombuHauusa Bxoa-
HbIX CUTHaNoB Bbl-

Jioboe 1-6utosoe
uucpoBoe 3HaYeHne

(B MMKpOCEKYHAAX)

(R-Bxop) Kntoyatens gns pas-

pPSOKM KOHOeHcaTopa
lNocTosiHHas [NocTosiHHas Bpeme- OT1 1 go 10 000 mkc
BpEMEHM HW MHTerpaTopa
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4.4.6. Komnapartop

KoMmmapaTop Mozenupyer ONepaluoHHbINH yCHIUTEIb 0€3 MOAKIIOUYCHHS HCTOYHUKA
BXOIHOTO curHana (tadi. 4.5).

Ta6bnuua 4.5. lNapamempsi komnapamopa

MapameTp

MosicHeHue

HacTpoika

MpumeyaHue

OTpuuartenbHbin
BXOf,

KombuHauus Bxoa-
HbIX CUrHaroB OTpu-

Beibop aHanoroeoro
MCTOYHMKA

LuaTtenbHOro nNoakrno-
YeHNA KoMmnapaTtopa

MonoxuTtensbHbIn KombuHauus Bxoa- Bbi6op aHanorosoro -

BXOf HbIX CUTHaroB Noso- NCTOYHMKa
XWUTENbHOro NOAKIH0-
YeHus Komnaparopa

Boixog KoHdurypaums BbI- JTo6ow BbIxoa MUKpO- | JormkeH KOHUrypm-

xoaa KOHTponnepa poBaTbCs TONbKO
Toraa, Koraa BbIXoA-
HOW cuUrHan MUKpo-
KOHTpOMnepa Hy>HOo

nepenasatb ganblie

4.4.7. CBeTtoguop

3TOT 00BEKT mpeacTaBisieT codoir Moaens ceeroanoaa (LED). MoxHO ycTaHOBUTH €ro
[[BET ¥ BXO/AHOW KOHTaKT. Beioop mexay High Aktiv u Low Aktiv onpenensier, npu Ka-
KOM CUTHAJIE CBETOIUO/] 3aropacTcs.

4.4.8. MaTpuua cBeToanonos

C moMoIIbI0 MATPHUIBI CBETOIMOJAOB MOXXHO MOJICTUPOBATh CEMHCETMEHTHBIN CBETOIH-
OJHBIM MHAMKATOP WJIW WKAJIbHBIM MHAMKATOP. MOXHO HOJKIIOYUTh HECKOIBKO CBETO-
JIMOJTHBIX MAaTPHII NapajuieIbHO U O0BEAMHUTL aHOBI OTACIbHBIX MATPHIL. Y IIPaBJICHUE
CEMHUCETMEHTHBIM CBETOJUOHBIM HMHIUKATOPOM COTJIACYETCS C OOIICTPHHSATHIM CTaH-
JapToM, B KoTopoM OMT 0 cooTBETCTBYeT cermeHty "a", OuT 6 — cermenry "g", a OuT
7 — necsaTHYHOW Touke. B IIKaNbHBIX HUHAMKATOpax OUT O COOTBETCTBYET IEPBOMY
IITPUXY IIKAJIbI, @ IOCICTHUN OUT — MOCICIHEMY.

C momouipo mapaMeTpa, Ha3blBAEMOI'O ONTHYECKON 3aJepXKKOM, MOKHO yKas3aTb IpoO-
JOJKUTEIBHOCTD "TIOCIIECBEUEHHA" CETMEHTa. DTOT MapaMeTp IMOJIE3e€H U1 TaKOro Mo-
JEJIAPOBAHNUS, IPH KOTOPOM "MynbpTHILIEKcHpYIoTcsa" Heckonbko LED-Matpun. Ilokasa-
HUSI COOTBETCTBYIOT TakTaM mpoueccopa. O630pHas nHpopMaLus o mapaMmeTpax 3TOro
3JIeMEHTa puBeeHa B Ta0m. 4.6.
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Tabnuua 4.6. Napamempbl ceemoduodHol Mampuubi

MapameTp MosicHeHne HacTpoika

Katon OTpuuartenbHoe noaknoyeHme JTro6oi 8-paspsiaHbIv BEIXOAHOW
ceeToaModa nopT MUKPOKOHTpONsepa

AHop [NonoxuTtenbHoe NogknoYeHne JTto6oWi BbIXOOHOWM KOHTAKT npoLec-
cBeToamona copa unm VCC

OnTnyeckas MocnecBeyeHne ceeToamona BpeMeHHoW nHTepBan, BblpaXeH-

3agepxka HbIA B TaKTax npoueccopa

4.4.9. O0bEKT perynmpoBaHus

OTOT 00BEKT MOAETUPYET KOMHATy C OKHOM, NIBEPHI0 M HArpeBaTEeNbHBIM TPHUOOPOM,
B KOTOPOM TemmepaTypa M3MepsieTcsl IByMsl TepMoMeTpaMu. MoennpoBaHue OCyLIecT-
BISIETCSL B PE)XKHUME PEaJbHOI0 BPEMEHH, M HAa HETO MOXKHO BIIHSTH, 3a/1aBasi MapaMeTphl
peryaupyeMoro o0bekTa. TepMoMeTphl 0TOOpaskaloT TEMIEepaTypy B rpagycax 1o IIKaje
Henbcust. 3HaueHne KOAUPYETCsS Kak JBOMYHOE JomnoiHeHne (3HadueHuio —1 °C cooTBeT-
CTBYeT 0xFFh). MOIIHOCTh HarpeBaTeNs peryiaupyercs depe3 256 crymeneit mo 10 Br.
B HavanbHbIH (Hy/1€BOI) MOMEHT BPEMEHH TEMIIEPATypa BO3IyXa B MIOMEIICHHH COCTAB-
nset 25 °C.

BrnusiHue Takux MapaMeTpoB, Kak MOCTOSHHAs BPEMEHH MOMEIICHUS, 3ama3iblBaHue W
ycuiieHue, OyneT oocyxaaThes B enase 11.

B tabmn. 4.7 nmepeuncieHsl mapaMeTpsl 00BEKTa PEryIHPOBAHUS

Tabnuya 4.7. [Napamempbl 06beKmMa peaynuposaHusi

MapameTp

MosicHeHue

HacTpoika

MpumeyvaHue

TepmomeTp 1
TepmomeTp 2

TemnepaTypa BO34y-
Xa B NOMeLLEeHUN,
n3MepeHHas B rpagy-
cax no wkane Lienb-
cua n kognpoBaHHasa
KaK ABOWYHOE Aomnon-
HeHune

ITio6ow 8-paspsagHbIv
NMoOpT MUKPOKOHTPOS-
nepa

OTonuTenbHbIn
npubop

CrtyneHyaToe pery-
nuposaxue, 256 cTy-
neHen no 10 Bt

TioGor 8-paspsaHbIn
NopT MUKPOKOHTPOS-
nepa

MocTosiHHas Bpeme-
HW NOMeLLEeHUs

YKka3sblBaeT, HacKOmNb-
Ko BbICTPO HarpeBa-
eTcs nomMeLleHne

3Ha4veHue no ymon-
YaHuo — 500

3anasgbiBaHue

YKkasblBaeT, kakoe
KONMMYECTBO LINKIOB
notpebyeTcs, 4TOObI
M3MeHeHUs B Nokasa-
HUAX TepMOMETpa
cTanu 3aameTHbl

3Ha4veHue no ymon-
YyaHuto — 1
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Tabnuua 4.7 (okoH4YaHue)

MapameTp MosicHeHne HacTpoika MpumeyaHue
Ycunexuve Yka3blBaeT, HaCKOMb- - 3Ha4veHus no ymon-
KO CUITbHO CTEeHa, YaHuio:
OBEepb U OKHO )
BMUSIOT Ha TeMnepa- creHa — 70;
TYPY OBepb 1 OkHO — 140
HapyxHasa Temnepa- | TemnepaTtypa Ha Ok- - -
Typa He 1 Hapy>XHOW CTeHe
BHyTpeHHsAs Temne- TemnepaTypa psaomM - -
paTtypa C [iBEPbIO

4.4.10. Buiknovyatenb

BrIkimrouatens CIy»XHT JJIsI TOTO, YTOOBI BKITFOYATH VI BBIKIIOYATh AHAIOTOBBIC WA
urgpoBbie cUrHaibl. KoJIM4ecTBO BXOIOB MOXKET BapbUpoBaThes OT 2 1o 8. Kpome Toro,
CYIIECTBYET BO3MOXKHOCTh YKAa3aTh, SBJSICTCS JTU BBHIKIIFOUATEINh 8-pa3psIHbIM [A(POBBIM
WM aHAJIOTOBBIM. B 3aBUCHMOCTH OT TOTO, KaKoW BBIOOP OyJAeT cieliaH, BBIKIIOYATEITh
MOJTyJaeT Ha BXOJE Pas3iIuyHble OOBEKTHI. AJPECHBIC OMTHI MOTYT OBITH MOJNYYCHBI OT
JOOBIX IU(POBBIX OOBEKTOR.

4.4.11. KnaBuartypa

JaHHbBIl 00BEKT MOJETHPYET MAaTPUYHBIE KIIABHATYPHI pasMepoM 2x2, 3x3 u 4x4. Kia-
BUIIM JTOJIKHBI TTOHUMAThCsl KaK 3aMBIKAOIME KOHTAKThI, MHBIMHM CJIOBaMHM, KOTJa Ha
BXOIHOHM KOHTakT nozpaercst curnan High, HaxxaTas kiaBuina 3aMbIKaeT COOTBETCTBYIO-
IIUH BBIXOJHOM KOHTAKT.

Bxonb! 1 BBIXOABI KJIABUATypHOW MATPHIIBI JOITYCKAETCS COETUHSATH TOJIBKO C KOHTAaKTa-
MH MHKPOKOHTPOJIIEPA.

4.4.12. KnaBuwa

O6mwekT "Knapumma" MOKeT paccMaTpuBaThCs Kak "uneanbHas kinaBuma' (6e3 apebdesra
KOHTaKTOB) WJIH Kak "peanpHas kinaBumia" (¢ npedesrom). s monenupoBanus npedesra
KOHTaKTOB B BallleM PacHoOpsDKEHHH MMEIOTCS JBE KpHBbIe "npede3ra KOHTaKToB" ¢ pas-
anyHOM nnuHoW. Ecnu knaBuina nomkHa OBITH CBSI3aHA ¢ MUKPOKOHTPOJUIEPOM, 3Ty Ha-
CTpOWKY HEOOXOJMMO YKa3bIBaTh SIBHO. B TIPOTHBHOM cilydae HACTPOWKa 3aBHCHUT OT
00BEKTa, K KOTOPOMY MOJKITIOUEHA KIIaBHILIA.

[Mapamerp "ynepxanus kmaBumu" (Halteverhalten) ykaspiBaer, moKHa JIM KiIaBUINIA
0CBOOOXKIAThCSl aBTOMaTHYecKU. Eclu 11a, TO yKa3bIBaeTCsl BpeMsl yIIepKaHUsl B MUJLITHU-
CeKyHIax.
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4.5. PewweHne npo6nem un o6HoBneHue MO

HecmoTtps Ha ectecTBenHOE TpeboBanue k 110, nukTyromee HEOOXOIUMOCTE Pa3paboTKu
porpaMM, CBOOOJHBIX OT OIMUOOK, HAa MPAKTUKE 3TO BPSI JH OCYIIeCTBUMO. [loaTOMY
JUIL JTaHHOW KHHTH ObUTa CO3JjaHa JOMAIHSSI CTPaHWIA, PACIIONIOKEHHAS TI0 ajapecy
http://www.shb-computer.de/messtechnikbuch, ma koTopyio OyayT BBIKIAIbIBATHCS
BCe OOHOBJICHUS K ITPHUBEICHHBIM B KHUTE ITPOTPaMMaM.

Ecnu B mporecce paGoThl ¢ MPUBEACHHBIM Ha MPHIAraéMOM KOMITAKT-AMCKE MPOTrPaMM-
HBIM 00€CIIeYeHHEM BblI CTOJIKHETECH C MPOOJIEMaMy HJIM €CITH BBI MPEIOIaracte, 4To
910 I1O comepuT OMMKOKH, HAMUIIKUTE 00 ITOM aBTOpPAM IO CICAYIOUIEMY aapecy:
messtechnikbuch@shb-computer.de. Yto6sl moAy4uTs OTBET MaKCHMAaIbHO OBICTPO,
[OCTapalTeCh KaK MOKHO TOYHEE OMKMCATh BO3HHKIIYIO Y Bac MPOOJIEMY M TPUIOKHTE
K MMCHMY TOYHBIN CIIEHAPHI M TIPOrPaAMMHBIH KOJI I MUKPOKOHTPOJIIEpA.
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Perncrtpaumnsa n obpaboTtka
AAaHHbIX U3MEepPEeHUun

"He BaxkHO, 4TO MBI U3MEPSIEM, HO JIENIA€M 3TO C TOUHOCTHIO JI0 BOCBMH Pa3psIoB'.

Ha ocHoBanwmm mpuBeeHHOTO "KPBUIATOTO BEIpAYKEHUS'" HECIOKHO JOTaAaThCs, 4TO OC-
HOBHOU TIpoOIIeMol Tipy paboTe ¢ M3MEPUTENEHON TEXHUKOW SBISIETCS aHAJIN3 OKHIae-
MBIX AAaHHBIX M HUX HHTepuperanus. llpexne, yem mepexoauTh K BBHIOOPY METOIOB U
CPEACTB M3MEPEHHUH, HEOOXOIUMO TINATEIBHO YACHHUTH, YTO MMEHHO BBl COOMpAaeTech
n3MepsTh. B 11eoM, 00beKT H3MepeHus TpeuiaraeT HaM ropasfo 0oibIine HHPOpPMAaIHH,
4YeM HeoOXOOuMO. DTH JaHHbIE MOTYT OBITh IIPEJACTABICHbI KaK B BHJE HEIOCPEACTBEH-
HBIX BEJIMYMH, TaK U B KOCBEHHOH (hopme. PaccMoTpuM ckazaHHOE Ha NMpUMEpE 3BOHKO-
Boro tpancdopmaropa (Klingeltrafo). Ve B 3ToM mpocToM YyCTpOHCTBE BbI MMeeTe
MHOXECTBO 3Ha4CHUI U IapaMeTPOB, KOTOPHIE MOKHO U3MEPATh UM BBIYUCIISITD:

O HampspKeHHE XOJIOCTOrO X044,

0 TOK KOPOTKOTO 3aMBIKaHHS;

O BHyTpeHHee (COOCTBEHHOE) COMPOTHBIICHHE,
O cocrasisomas myma;

00 MakCUMaJIbHOE HaIPsDKEHUE.

U s10 TONBKO SJCKTPUYCCKHUEC MAPaMETPhl, UX MOKHO HOMOJHHUTh TCPMHUYCCKHUMH, Mar-
HUTHBIMHU U JPYTUMH.

Ho moapo0OHbIit aHanu3 u3MepseMbIX 3HaUeHUI UMeeT U ApYryio neinb. [lonb3yscs mare-
MAaTU4YECKUMU METOJAMH, Mbl MOEM YCTPAHMTh U3 BCEH COBOKYIIHOCTH HM3MEPEHHBIX
3HA4YEeHUI CUCTeMaTHUYeCKHe U ciaydaliHble omMOKH. BeckMa HarisimHbeld mpuMep — To-
napieHue (GoHa ceTH. VICKiodeHue OmpeseNeHHbIX aMIUIMTYA WM 4acTOT U3 00J1acTu
U3MEPSAEMBIX 3HAUECHUM TaKKe I103BOJISIECT IOBBICUTH Ka4ECTBO U3MEPEHUM.

5.1. dyHaameHTanbHbIe NapamMeTpbl
cepun N3MmepeHun
[epBoouepennas 3amava npu GOPMHPOBAHNH KOHIICTIIIMH U3MEPUTEIHHOTO Mprbopa —

aHaJIM3 M3MEpSIeMOro 3HaueHus. [ pacdeToB HAIIMX CXEM M MpOrpaMM TpeOyroTcs
3Ha4YeHUs, Hecymue HHQOpMaIMio O TMOBeIeHHMH O0bekTa u3MepeHuit. Heobxommmo
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OTIPEAETUTh IUANa30H M3MEPEHH, KOTOPBIA MOKHO TONYYHUTh HA OCHOBAHHWHU CHCTEMa-
TUYECKH COOpPaHHBIX JAHHBIX, CHOHTAHHBIX €IWHUYHBIX 3aMEPOB WJIH K€ PYKOBOJCTBY-
ACh (PM3NYECKUMH U TEXHUIECKUMH pacueTaMH.

B nepByro ouepens orpeaennmcs, Kakve 3HAYeHHUsI XapaKTePHU3yIOT Halll 00 BEKT H3MEpEHHHA.

5.1.1. MMHMManbHOe U MaKkCUMaribHOe usmepsieMble
3Ha4YeHus

3Hasi 3TH BEJIMYMHBI, MOXKHO ONPEAETUTh pabouuil Tuama3oH, B KOTOPOM MBI BIIOCIIE/ICT-
BUHM OyJeM MPOBOOUTH M3MepeHHs. [I0CKOIbKY MBI MOXKEM BBIIIOIHUTH JIHMIIL KOHEUHOE
YHCJIO 3aMEPOB, BaKHO CHIENaTh 00JacTh H3MEPEHUIH KaK MOYKHO YK€, YTOOBI ITOBBICHTh
TOYHOCTb U3MEPEHU.

5.1.2. CpeaHee 3HayeHue

Cpennee 3HaueHHEe HeceT WHGOPMAIMIO O Hanbojee MpaBAONoI00HON BETUIHHE W3Me-
psieMmoro mapamerpa. Ero MoxHO HUCIIONB30BaTh AJIsl BRIOOpa paboumx Toyek (puc. 5.1).

CpezHee 3HaUCHHE PACCUUTHIBAIOT 110 opmyIie:

k
Cpemnee =| »_(3amep(n) | /K . (5.1)
n=1
MN3mepsiemas BennumnHa
A
max
/_\ \ CpenHee
min
» Bpewmsi

Puc. 5.1. ®yHKUMA, MMHUManbHOE, MakCcumarnbHOe 1 cpedHee 3HavYeHus

5.1.3. Ckonb3siwee cpeagHee

Ckonp3siiee cpeHee MpeACTaBisieT co00i MPOoCcToe apu(pMETHIECKOE CpeiHee Ui He-
OO0JIBIIOr0 HHTEPBAJIa U3MEPEHHIA, HA OCHOBE KOTOPBIX CTPOUTCS TaK Ha3bIBaeMast JTHHUSI
tpenna (teuaeniun) (puc. 5.2). IIpocroe cromp3siiee cpeanee (Simple Moving Average,
SMA) niepriosia N Ha MOMEHT K — 3T0 cpenHsis apudMeTHIecKas BEIHYHHA N 3HAYCHUI
ork—n+1gok.
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Msmepﬂemaﬂ Benn4ynHa

A

A

A

A

>t
Ckonba3sillee cpegHee
- o e o /
» t
Puc. 5.2. Ckonb3siwee cpegHee
Mamepsiemas BennunHa
\ .
>t
Ckonb3sillee cpeaHee
A
>t

Puc. 5.3. Opend
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Huaue rosopsi:
SMA(1) — aT0 cpenHee 3aMepeHHBIX 3HAUCHUH ¢ HOMepaMu oT 1 110 9;
SMA(2) — aT0 cpeiHee 3aMepPEHHBIX 3HAYEHUH ¢ HOMepamu oT 2 110 10;

SMA(3) — aT0 cpenHee 3aMepeHHBIX 3HAUCHUI ¢ HoMepamu ot 3 1o 11

SMA(K) — aTo cpeaHee 3aMepeHHBIX 3HaUeHH ¢ HoMepamu oT K —n + 1 g0 k.

CkoIp3sImee CpemHee MOXKET UTpaTh PoJib MpocTeimero GmibTpa. 3a cUeT BhIOOpa ITe-
pHoZla CKOJMB3AMIETO CPENHEr0 TOJABIAIOTCS OTIENbHBIE "TPOCKANb3bIBaHUA" 3aMepsie-
MOTO 3HaYEHHSI.

[To nmuHUM TpeHIa MOXKHO MPOTHO3UPOBATH JIOJTOCPOYHBIE (IIYKTYallud H3MEPSIEMOTO
3HAUCHHUS, HAIPUMEP, BBI3BAHHBIC TEMIIEPATYpPHBIMU Bo3aeHcTBUsAMU. [lo yrimy HakioHa
9TOM KPUBOW MOXHO BBISBIIATH HAMEUAIOIIMECs TeHaAeHIuH (puc. 5.3).

5.1.4. CpegHeKkBagpaTnyeckoe OTKNOHeHUue

CpCI[HeKBaI[paTI/I‘ICCKOG OTKJIOHCHHUEC BBIUUCIIACTCA AJIA JHalla3OHa I/I3Mep€HI/II71 u npeno-
CTaBJIAICT I/IH(bOpMaHI/IIO 0 Hauboee HpaBIlOHOIlO6HI)IX 1 Yallc BCEro BCTPCUANOMIUXCA 3HA-
YCHHAX I/I3MCI)H€MOI7[ BenuumHBL C IMOMOIIILIO 3TUX CBEACHUI MOKHO BBISIBUTH JHAIla30HEI
I/I3MepeHI/II71, OTJIMYArONIUXCA IO TOYHOCTH, 3a CUET UCTO YIIPOCTUTH CXEMY YIIPABJICHUA.

C mpakTU4YecKOl TOYKH 3pEHHs CPEeIHEKBaApPaTHIECKOe OTKIOHEHHE O3HA4YaeT, 4TO W3-
MepsAeMasl BEJIMYMHA C OIpElesIeHHON BEepOsATHOCTBIO (Hampumep, 95%) comepxkurcs
B 00J1aCTH, OTPaHMYCHHON 3HAYCHUAMH "CpelHee IUTFOC/MUHYC CPEeIHEKBAIPATHIECKOES
otkionenue” (puc. 5.4).

Mamepsiemas BennumnHa

A CpeaHee +
CpeaHeKBaapaTu4eckoe
OTKIIOHEeHNe

/_\/\/\ /\ A\ /Cpe,uHee
T~

CpepgHee —
cpefdHekBagpaTuyeckoe
OTKIIOHEHUNE

» Bpewms

Puc. 5.4. CpeiHekBapaTMHECKOE OTKIMOHEHME

o cux mop Mbl paccMaTpUBaJIM CTaTUYECKHUE 3HAUYCHMSI, XapaKTEPU3YIOLUE CEPUI0 U3-
Mepenuil. Tenepp nepeiiem K pacCMOTPEHUIO AMHAMUYECKUX XapaKTEPUCTHK.
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5.1.5. CKOpOoCTb U3MEHeHUs

Ha ocHoBaHMM MUHHUMaJIbHOM M MaKCHUMaJbHON CKOPOCTEW M3MEHEHHUS MOXKHO ClIeNaTh
BBIBOJBI 00 OXXHIAEMOM YaCTOTHOM CITeKTpe. UeM BBIIIE CKOPOCTh M3MCHCHHS, TEM
OoJpITie OYAYT YaCTOTHI, MTOJICIKAIITIE 00paboTKeE.

Ilo makcumanbpHOM CKOpPOCTHU HU3MCHCHHA MOKHO pacCUHUTATh H€06XO,[[I/IMyIO 4acCToOTy
3aMCpoOB, T. K. UCM 6BICTpee HU3MCHSCTCA U3MCPsACMas BCIMYUHA, TCM YalllC HYKHO IPO-
BOAUTH 3aMCPHhI, YTOOBI 3aXBATUTh BCE U3MCHEHHS.

5.1.6. lNepnopn cepun namepeHun

JAMUTenbHOCTh MepHoia CepUr W3MEPEHHH MOXKET MPEACTaBIATh WHTEpEC IUIS aHaIH3a
MOBTOPSIOMINXCS MPOLECCOB. DTO BasKHO, B TIEPBYIO OUEPE.Ib, IS MOJABICHUS TEPHOIU-
YEeCKHX MCKaKEHHH, TOTOMY YTO 3a CUET BBIOOpA MOJXOISIIECT0 METOIa peoOpa3oBaHus
MEpPUOTUYECKUE UCKaKEHHUs B HawOoJiee OJarompusTHOM CiIydae MOXHO OYyAeT Jaxke
YCTPaHUTb.

5.1.7. YacToTa gncKkpeTnsauum

Yacrora auckperusaimu (Sampling rate) — odeHb BaXKHBIN TapaMeTp, 3aAal0NIMH YacTo-
Ty B3sTUS 3aMepoB. HacToTa NUCKpETU3alUU CYIIECTBEHHO BIMSIET HA Ka4eCTBO U3MEpe-
HUU, €CIIU U3MEpPsieMasi BEJIUMYMHA MEHSETCSI BO BpEMEHU.

Puc. 5.5. [luckpeTtnsaumsa nepnogu4eckon yHKLun

I[J'ISI NEpUOANYICCKUX IMPOLCCCOB JOKa3aHa TCOpEMa OTCUCTOB (TeopeMa KOTGJ’ILHI/IKOBa),
B COOTBCTCTBHH C KOTOpOﬁ JJIs HAWBBICIICH YaCTOTHI BXOOHOI'o CMraajia Ha Ka)K,[[BIfI IIe-
puon HeOGXO}II/IMO HUMCTb KaK MHUHUMYM [BC TOYKH KBAHTOBAHMH. HO, KaxK BHIHO
U3 puc. 55, 9TO JaCT HaM 3aMCpBbI, HH(bOpMaHI/IOHHaH HOCHHOCTh KOTOPBIX HCBCIIMKA.
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Kak riacut smnmpuueckoe MpaBuiio, YacToTa JUCKPETU3AIMH JIOJDKHA OBITH TIPUMEPHO
B 10 pa3 BbIIIe MAaKCHUMAaJILHOM YacTOTHI CUTHAJIA.

HpI/I pa60Te C HCOCPUOANYCCKUMU CUTHAJIaMU CJICAYCT OPUCHTHUPOBATHCA Ha CKOPOCTH
HU3MCHCHHUA UJIN UCXOOUTHh U3 TOI'O, KAKHMEC MAaKCHUMAJIbHBIC U3MCHCHU S I/I3MCp$IeM0ﬁ BCIIN-
YWHBI HC UMCIOT BJIMSAHHA HA MPOLICCC B LICJIOM, KOT'la U3BMCHCHUS HEC ""3aXBaTHIBAIOTCS".

5.2. YnpaxxHeHune — cb0p 1 oueHKa
cepuu namepeHun

TenepL PacCMOTPUM HCECKOJILKO MPAKTHUYCCKUX NPHUMEPOB. I[J'DI 9TOI'0 HaM HOTpCGyeTCSI
CUMYJIATOD, KOTOpLIﬁ 6YI[CT MOACIIUPOBATH (I)YHKHI/II/I C pa3siiInYHbIMU CBOMCTBaMH.

Tak Kak 5TO Baml MEPBBIA ONMBIT PAOOTHI ¢ CHMYJISTOPOM, HEOOXOANMO MO3HAKOMHTHCS
¢ pa3pabaTbIiBaeMOM TIporpamMMoit 6osee moIpoOHoO.

5.2.1. Coop AaHHbIX HEMCKaXXeHHbIX (hYHKLUN

CuMynsaTop npeuiaraeT YeTblpe CHCTeMaTndeckie (QyHKINH, U3 KOTOPBIX MBI XOTHM HC-
ciemoBaTh (PyHKIHIO 2.

3apaHue 5.1

Cobepute 3HaUCHUS CHCTEMATHYCCKOH (YHKIMU 2 W TIPEJCTaBbTE Pe3yJbTaThl B Ta0-
nuaHo# popme. OrieHnTe NoBeaeHUE (PYHKIIUU U €€ TICPUO/I.

PeweHue

1. B cumynsTope cCOCTaBbTE€ OSKCICPUMEHTAJIBHYIO CXeMy H3 KOMIIOHEHTOB AVR-
Prozessor u ADU-Blackbox u ycranosure Boiiauy ¢hyHkimm 2.

2. 3amaiite crmeayromue BeiBoAsI: AQ — Bxoza, Al — curHan rorosHocTu (Ready Pin),
B — nmopt naHHBIX.

3. Hamummre nporpammy s cauteiBanus ALIL va 100 marax, 3arpy3ute pe3yiabTaThl
B MaMsATh U nipotectupyiite ux B AVR-Studio.

4. Tlpoananu3upyiTe MOJyYCHHBIC NaHHBIC H IMIIMPUYECKH OLIEHUTE POPMY H YaCTOTY
¢ynkunu. Kak BapuaHT, BBl MOXKETE OLIEHUTH YaCTOTY M NEPUOAMYHOCTh QYHKIUHU C
IIOMOILBIO IIPOTPAMMBI.

Hcxomausiii Kox mporpaMMBbI TIPUBEICH B JIMCTUHTE 5.1.

JNucturr 5.1. UcxoaHbIN KOA NporpamMmmbl Ans 3agaHus 5.1

.include "ml28def.inc"
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; IpuMep nporpaMMel njig sananms 5.1

;  OMyJATOp ODOpyIOBaHMUsA — OJIOKM

; CPU AVR
; ADU-BlackBox (Start=A0, Ready=Al, Daten=Bx)
.def templ = rl6 ; BPEMEHHBI PEeIUCTP
.def temp?2 = rl7 ; 2. PerucTp TEMP
.def temp3 = rl8 ; 3. Temp
.def loopl =rl9 ; Ouwor 1
; X = r26/r27 ; Ykasaresb
; Y = r28/r29 ;
: 7 = r30/r31 ;
dseg ; CerMeHT IaHHBIX
RAM: byte 200
.Cseg ; CerMeHT koIa
reset: 1di templ, low (RAMEND)
out SPL, templ ; HauanbHeD! ykasaTejlb CTeKa
1di templ, high (RAMEND)
out SPH, templ

; VHnuanmmsaumsa IIOPTOB IJIA BBIOAYWN

; —— Port 0 - A
1di templ, 000000000 ;
out PortA, templ
1di templ, 000000001 ; Hampamnenme (l=out)
out DDRA, templ ; A0 = out
; —— Port 1 - B
1di templ, 000000000 ;
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out PortB, templ
1di templ, 0b00000000 Hanpasnenue (l=out)
out DDRB, templ BCe Ha IN
main: 1di ZL, low (RAM)
1di ZH,high (RAM) Ykasaresnb Ha Oybep IaHHBIX
1di loopl, 100 CueTumMk LMKJIA
ml:
sbi PORTA, O IIyckoBoM wmmryssc "ADC"
nop lMay3a Ha aKTyaJIM3aluio OaHHBIX
nop
cbi PORTA, 0
m2:
sbis PINA, 1
rjmp m2 OxmaHue TOTOBHOCTM
; Daten da
in templ, PinB YhoepxaHue IOaHHBIX
st Z+, templ IanHele B RAM
dec loopl CueTumk LMKJIIA
brne ml
endl: nop
rijmp main

®parMeHT IPOrpaMMbl MEXKIY METKAMU reset M main CIYXKHUT JUISI HACTPOUKH IMPOIIEC-
copa u OyJieT MPUCYTCTBOBATh BO BCEX MocCienyromux npumepax. [lopt B OyneT ucmoib-
30BaThCs I BBOJA, Ui MOpTa A KOHTAKT 0 OyJIeT MHUIMAIM3UPOBaH Ha BHIBOJ, a KOH-
TakT 1 — Ha BBOJ.

daxTudecknii cOOp NaHHBIX HAYMHAETCS C METKH main, TJI€ YCTaHABIMBACTCSA yKa3aTelb
Ha JJaHHBIE W cueTYMK IuKiIa. C METKHM ml HAYHETCS aHajloro-IudpoBoe npeodpa3oBa-
HUe, A1 yero umnyisc | Oymer monan Ha koHTakT AQ. HaunHas ¢ MeTk# m2, OyJIeT BhI-
JTAaHO TPEIYIIPEKICHIE O TOTOBHOCTH aHAIOTro-I(poBoro mpeodpaszosarens, o 4eM Oy-
neT curHanmsuposath "1". [locie sToro nanHbeie OyIyT CYMTAHBI H COXPAHEHBI B TIAMSITH,
a TaK’Ke BBINOJHEHA IPOBEPKA LIUKIIA.
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Oo0padoTka
Hanecute 3amepeHHbIe 3HaUYeHUS Ha quarpammy. Kakos nepuos 3aMmepeHHo# GpyHKIu?
JlomosiHeHne K 3agaHuio 5.1

Omnpenenure Gopmbl GyHkuuii 1 u 3, BEIOpaB UX B CUMYJISITOPE.

3apgaHue 5.2

JopaboTaiite mporpamMMmy, NMpUBEACHHYIO B 3aaHuu 5.1, Tak, 4ToOBl OHa oOmpenesiia
MUHHMAaJIBHOE, MAKCHMAIBHOE U cpeliHee 3HaueHus pyHkimii 1-3.

HaﬁILHTe KOJIMYECTBO 3aMCPCHHBIX 3Ha‘IeHI/II71, 10 KOTOPBIM CPaBHUBAIOTCA PC3YJILTATHI.

PeweHue

Kon mporpaMmsl ipuBeieH B JIMCTHHTE 5.2.

JNuctuHr 5.2. Mpumep nporpammbl ansA 3agaHus 5.2

.include "ml28def.inc"

; lpuMep nporpaMMel Ojid 3alaHus 5.2

;  OMyJaTop obopynoBaHMA — OJIOKM
; CPU AVR
; ADU-BlackBox (Start=A0, Ready=Al, Daten=Bx)

.def templ = rl6 ; BPEMEHHBD PEeIUCTP
.def temp?2 = rl7 ; 2. TEMP-perucTp
.def temp3 = rl8 ; 3. Temp

.def loopl = rl9 ; LHmxor 1

.def min = r20 ; MIN

.def max = r2l ; MAX

; X = r26/r27 ;

; Y = r28/r29 ; CymmMa

; Z r30/r31 ; YkazarTesb IJid COXPaHEeHUs
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dseg ; CerMeHT HaHHBIX
RAM byte 200
.Cseg ; CerMeHT koOIa
reset: 1di templ, low (RAMEND)
out SPL, templ ; VHumanmsauma ykasaTessda CTeKa
1di templ, high (RAMEND)
out SPH, templ

; VMHunmanmsaumsa IIOPTOB IJi4d BBOIA

; —— Port 0 - A
1di templ, 0b00000000
out PortA, templ

1di templ, 0b00000001
out DDRA, templ

; —— Port 1 - B
1di templ, 0b00000000
out PortB, templ

1di templ, 0b00000000
out DDRB, templ

main: 1di ZL, low (RAM)
1di ZH, high (RAM)
1di loopl, 128

ml
sbi PORTA, 0
nop
nop
cbi PORTA, 0
m2:

sbis PINA, 1

’

’

’

Hanpamnenue (l=out)
A0 = out

Hanpamnenue (l=out)

Bce IN

Yxazaresb Ha Oybep OaHHBIX

CueTumk

IIyckoBoM wmmrysibc "ADC"

MMay3a Ha aKTyaIM3aLMio OaHHBIX
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rjmp m2 ; OXyOoaHve TOTOBHOCTU

; Daten da

in templ, PinB ; YIoepxaHue IaHHBIX

st Z+, templ ; IaHHBEle B RAM

dec loopl ; CueTumMk LIMKJIA

brne ml
7
endl: nop

;  Ouenxa MIN, MAX u cpenHero QyHKLVM

’

awl: 1di ZL, low (RAM)
1di ZH, high (RAM) ; Ykazaresb Ha Oydep HaHHBIX
1di loopl, 128 ; CueTumkx
1di max, 0 ; HauamnbHOe 3HaueHMe Max
1di min, 255 ; HauanbHoe 3HaueHue Min
clr YL
clr YH ; Cymma = 0
clr XH ; XH=0 nna moBaBiieHMS K CyMMe
aw2 : 1d XL, 2+ ; YIoepxaHMe 3BHaueHMS OaHHBIX
add YL, XL
adc YH, XH ; Pacuer cymmpl (IJ19 CpeIHETO)
cp min, XL
brcs aw3 ; XL > min
mov min, XL ; XL < min
aw3: cp max, XL
brcc aw4 ; XL < max
mov max, XL ; XL > max
awd:
dec loopl ; CueTumk LMKII&
brne aw2

add YL, YL
adc YH, YH ; YH = Cpenuee

rjmp main
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YacTe mporpaMMbl Il cOOpa MaHHBIX COOTBETCTBYeT 3amanuto 5.1. Jlnsa ympomeHus
OTICHKH YHICIJIO 3aMepOB OBLIO yBeNMm4ueHo 10 128.

[Mocie oneHKH BEKTOPOB JIAHHBIX 3arpyKEHHOE 3HAUCHHE 3aMEPEHHON BEJIMYUHBI CHAYa-
Ja 100aBIseTCS HAa PETUCTP CYMMUPOBAHHS ¥, HAKOHEII, CPABHUBAECTCS ¢ MHHUMYMOM U
MakcUMyMoM. B koHIle (hparMeHTa mporpaMMbl PErHCTP R20 COACPKUT MUHHMAIBHOE
3Ha4YEHUE, & PETUCTP R21 — MaKCHMaIbHOE. B C/IBOCHHOM perucTpe Y HaXOJHUTCSl CyMMa
3aMEPEHHBIX 3HAYCHUH, KOTOPYIO TpeOyeTcs pa3aenuth Ha 128. [[ns1 3Toro BEIOpaH Kpat-
YaRIIIH TyTh: CyMMa YMHOXaeTcs Ha 2 (ITyTeM CJIOKEHHUS C COOCTBEHHBIM 3HAUYCHHUEM),
IIOCJIEC Yero MepecTaHOBKa YH M YL JTaeT HaM JeJicHHue Ha 256.

B kauectse BapHaHTa OLCHKU BbI MOKETC YCTAHOBHTDL MOCJICIHUN IIar mporpaMmMhbl Ha
METKY awl U C IIOMOIIBIO OTJIag4YMKa HU3MCHHTH NCPEMCHHYIO IIHKIIA. I[Ba OCICAHUX
oreparopa CI0XKCHUA TOrAa MOKHO 6yI[eT BI)I6pOCI/ITI), a JICJICHUEC BBIMNOJIHUTHL BPYUYHYIO.

Oo6padoTka

[ombiTaliTech MHTEPHPETHPOBATH pE3yJAbTaThl HW3MEpeHHud. JlIst 3Toro paccuurtaiTe
(YHKUIHWIO JUI HECKOJIKUX TIEPHUOAOB M MHTEPHPETUPYHTE JIMHHUIO CPEAHUX Kak (yHK-
LU0 TPOJODKUTEILHOCTH 3aMepoB (UMcia pe3ynbTaToB u3Mepenuit). [loctpoiite rpa-
¢uku camoii GYHKIMH U ee CpeJHero. BriocieacTBUM 3TH 3aBUCIMOCTH €I1le MPUTOISTCA.

5.2.2. Coop cny4yanHbIX 3aMepoB

Oyuxius 4 "Yepuoro smuka" AT (ADU-Blackbox) B cumynsrope BbigaeT mocieaoBa-
TEJIbHOCTh CTOXAaCTHYCCKMX 3aMEepPOB. XOTS 3HAYCHHUS 3TOW (DYHKIHUH TEHEPUPYIOTCS
IIpOrpaMMHO U TMOBTOPAKOTCA 4Y€PE3 OMNPCACJICHHBIC IMPOMEKYTKU BPECMCHU, UX IMOBECIC-
HHUEC MOXXHO CUHUTATh CHy‘IaﬁHbIM.

3apaHue 5.3

Cobepute maHHBIE CTOXAacTHYECKOW (yHKIMU 4 W onpeneiante nepuoa. Haiinure MuHH-
MYM, MaKCUMYM U CPEIHEE JIJIS Pa3IUYHBbIX KOJUYECTB 3aMepoB. UKCIio 3aMepoB BhIOH-
paite u3 quanaszoHa ot 64 1o 256 ¢ maromM mpupanieHus, paBHbIM STUHUIIE.

PeweHue

3a OCHOBY BO3BMHUTE MNpPOrpaMMy, MPHUBEACHHYIO I 3aAaHus 5.2. Momuduuupyiire
3Ty NpOrpaMMmy Tak, 4ToObl (PYHKIMS 3a pa3 CUMUTHIBANA U3 MaMSTH M0 256 3JEeMEHTOB
1 HECKOJIBKO pa3 BBINOIHAIIA OLEHKY.

O0padoTka

Brinosaute 00paboTKy COOpPaHHBIX JaHHBIX, KaK B 3aJaHuu 5.2, U 00001uTe pe3yibTa-
ThI Ha 3Ty (PYHKIIHIO.

5.2.3. COop 3amepoB C UCKAXKEHUAMMU

Oyukuuu 1-3 "Yepnoro simuka" ALl cOOTBETCTBYIOT MACANTU3UPOBAHHBIM MOJEIISIM.
K coxanenunto, Ha IpakTUKE 3aMEPEHHBIC 3HAYEHHUS YaCTO OKa3bIBAIOTCS MCKAKEHHBIMH,
¥ 3TO HEOOXOIUMO YYHUTHIBATH MPH cOOpe 1 00paboTKe TaHHBIX.



Peeucmpauyusi u o6pabomka O0aHHbIX U3MepeHUU 37

CyIIecTBYIOT JIBa OCHOBHBIX THIIA MCKAXCHHUH:

a I[CTepMI/IHI/IpOBaHHBIe HCKAXXCHUA, KOTOPLIC MOTYT OIPCACIATHCA IO CCPUU U3MEPC-
Huii. OHH HaxoasaTCs B JKECTKOI B3aMMO3aBUCHMOCTH C MOJIYy4YCHUCM 3HAYCHUI 3aMe-
pHeMOfI BCJIMYUHBI U MTO3TOMY MOTYT OBITh MPUHATHI B PACUCT MATCMATUYCCKU WA
TexHu4Yeckd. K HUM MBI OTHOCHM TaKue SBJICHUS, KaK J:[peﬁ(b, CMCIICHUE 1 HCJIMHEH-
HBIC XapaKTCPUCTHUKHU.

O Croxactrueckue (ciiydaifHble) UCKaXeHHs. VX Henb3s MPOTHO3WPOBATH U BBISIBIIATH
10 KOHCTPYKIIMH M3MEPHUTEIHHOI0 TprOopa U HeNb3s mpeayranats. X MoxkHO orpa-
HUYATh TEXHUYECKUMH MEpaMH H, HACKOJIBKO BO3MOXKHO, HCKIIOYUTH M3 PAcCUETOB
MaTeMaTHIeCKUMH METOTaMH.

[Mocnenyronye 3aaanust CBsi3aHbl cO cOOPOM M 00pabOTKON MCKaKEHHBIX JIAHHBIX U3ME-
penuii. B 0CHOBY 7151 THX MPHUMEPOB TOJIOKEHBI YXKE W3BECTHBIC (DYHKIIUH.

3anaHue 5.4
Cobepute 3HaueHM, BotaBaeMble "Uepabpim smukom" AL ams dyakmwmii 5 u 6.

[To coOpaHHO# cepuM 3aMepOB ONpeNeIUTe MUHUMYM, MAKCUMyM U CpeJHee 3HaueHHe,
TI0JIB3YSICh IPOTPaMMOM, MPUBEAECHHON JUIsd 3aaHus 5.2.

O6paboTka

Onenure BIUSHHE HCKAKEHUH Ha 3aMepeHHbIe 3HaueHU. {11 3TOro cpaBHHUTE pe3ynbTa-
ThI, ITOJTyYEHHBIE TIPY BBIMOIHEHNH 3a0aHui 5.2 u 5.4. Kakue Mepsl MOXHO IPEeINPHUHAT
JUISL yCTpaHEHUS STUX UCKaKEHUN?

Oco0OeHHO HEOIArompusATHOE BIMSHUE OKa3bIBAIOT CTOXACTUYECKHE MCKAKEHHS IOCIIe-
JIOBATEeIHLHOCTH H3MEPEHU. DTy MpoOIeMy MBI paCCMOTPHUM B 3aJ1aHUH 5.5.

3apaHue 5.5

Cobepure 3HaueHus1, BeiaaBaeMbie "Uepnbim supkoM" AL ms ¢dynknuii ¢ 7 mo 11. Tlo
COOpaHHBIM CEpUsIM 3aMEpOB OIpEeINTe MUHUMYM, MaKCUMYM M CpeJHee 3HaueHHe,
MOJIB3YSICh MPOTPAMMOIL, TPUBENEHHOM JUId 3aJaHus 5.2.

O0padoTka

OrneHure NMpakTUYECKYIO MOJIE3HOCTh COOpaHHBIX pe3ynbTaToB. KakoBo BIMsSHHE OTHO-
IIEHHs TOpOra UCKa)KeHUH K 3aMEpeHHOMY 3HaYEHHIO?

[IpennpumeM MOMBITKY NPUBECTH 3TY CEPUI0 U3MEPEHHUH K Oosiee WK MEHEe MOJIE3HOMY
Bugy. IIpocreiimas BO3MOKHOCTh — paboTa CO CKOJB3SIIUM CPEJHUM, YTOObI peann3o-
BaTh CIVIA)KMBAaHUE CEPUH 3aMEPOB.

3apaHue 5.6

IToBTOpHTE MOCIENOBATENIBHOCTY U3MEPEHUM U3 3ananus 5.5. IIpu 3TOoM BO BpeMsl BbI-
IIOJIHCHMSI CEPUH 3aMEPOB OCYILECTBIIIUTE IIEPEPACYET C MCIIOJIB30BAHUEM CKOJIB3AIIETO
CpefHero, a 3aTteM oOpaboTaiiTe HOBYIO IIOC/IENOBAaTENbHOCTh U3MepeHuil. PaccMorpure
10 HECKOJIBKO TIEPHOIOB KKIOH QYHKIIHH.
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YKa3aHus K peweHuto

YroOrl caenaTh mporpamMmy 0OoJiee MpOCTOW U THOKOM, CileqyeT pas3faequTh cOop cepuit
3aMepoB U ux 00pabotky. st aToro Hakomute npumepHo 500 3amepos B Oydepe, a 3a-
TEM TPOCUYHUTAITE B LUKJIE IPOTPaMMBbl COOTBETCTBYIOILINE IPaHIUYHBIC U CPEIHUE 3HAUC-
Hus. [locTpouB CKONB3SIIME CPEAHUE, UCCIEAYHTEe MX BIMSHUE HA MEpuo] (YHKLUH.
[Ipoananu3upyiiTe BAMSAHUE MIEPHUOJIA CKOIB3SIIETO CPEJHETO Ha MOTyvYaeMble 3HAUYCHHUS
3aMepoB.

Oo0padoTka

3a cueT COOTBETCTBYIOLIETO BHIOOpA MapaMeTpa MOKHO AOOUTHCS MpEACTaBICHUS U3Ha-
YanbHBIX QYHKOWH. CpaBHHUTE MOTYYCHHBIE Pe3yJIbTaThl C paHee 3aMEpEeHHBIMH 3Haue-
HUSIMH.

5.3. MeToauka o6padboTKn CTOXaCTUYECKNX
U3MepeHnn

B 3amanusx 5.2 u 5.3 MBI IBITATUCH UCCIICAOBATh MPOJIOJDKUTEIILHOCTD Meproaa QyHK-
LIUY, paccMaTpuBas MoBeJeHUE ee cpenHero. [Ipu 3ToM MBI UCXOIUIN U3 TOTO, YTO JJIS
LIUKITUYCCKH TTOBTOPSIOIEHCS (DYHKIIMU e MEePUo/] BCEeTAa UMEET OJJUHAKOBBIC CPE/IHUE,
U TI03TOMY HECKOJBKO MEPUOAO0B JOJKHBI JaBaTh OJHO U TO ke 3HaueHue. CraTuctude-
CKas HaJIeXKHOCTh 3TOI0 METO/A HE CIUIIKOM BBICOKA, IOTOMY UTO OJMHAKOBOE Cpe/lHee
MOJKET MOJYYaThCS MPH PA3HBIX 3HAUCHHUSAX OTACIBHBIX 3aMepoB [5.1].

s pemieHust 3TOM 3aJa4dl CyLIECTBYET MaT€MaTUYECKUA METOJ, KOTOPBI OLEHUBAET
CXOACTBO (DZYHKIIMH WM cepuil m3MepeHuid. B pes3ynpraTe Mbl nodydaeMm Kod((UIUEHT
Koppessinuu (r), KOTOPbI MOKa3bIBACT, SBISIOTCS JIH IBE CEPUH U3MEPEHHH MPSIMO MPO-
MOpUHOHATBHBIMU (I << +1), 00paTHO MPOMOPIMOHATBHBIME (I >> —1) WK He CBA3aH-
HbIMU 3aBUCHUMOCTAMU (I = 0). ITockonbKy I' MOXeET BapbHpOBaThCs B mpeaenax ot —1
1o +1, npoMexyTO4YHbIe 3HAUCHHS JAIOT HHPOPMALIUIO O KaYeCTBE B3aMMO3aBHUCHMOCTH.
Koadduuuent koppensiuum 1 IBYyX CEpUi U3 N U3MEPEHUM pacCUUTHIBAETCS IO Clie-
Iyromieit popmyse:

r= n‘:l — — (5.2)
Z X, =X x Z Y, -Y
i=1 i-1
rae Xi, Yi— i-e 3aMepeHHbIe 3HAUCHHS B CepHsX naMepenuit X u Y; Y, Y — cpenHue

3HAYCHUA HOCJIe,Z[OBaTeHLHOCTCﬁ XuY.

[TockonpKy B HalleM cilydae Mbl IMEEM B CBOEM pAaCHOPSLKEHHUH TOJNBKO OJHY IOCIe-
JIOBaTENLHOCTh 3aMEPOB, MBI JOJDKHBI MCIIOJNB30BaTh JIPYryr0 3amuch (opmynsl (5.2),
KOTOpasi Ha3bIBAETCSl aBTOKOPpEISIeld. DTO 03HAYAeT, YTO OJWH (hparMeHt mocienoBa-
TEJILHOCTH 3aMepOB OyZeT CpaBHUBATHCS C JAPYTHM ()parMeHTOM TOHW ke camol rmociie-
JIOBaTeIbHOCTH 3aMepoB. [IpumenurenbHo k hopmyiie (5.2) 3T0 03HAYAET, YTO CPEIHUC
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MOCIIeIOBaTEILHOCTEH 3aMepoB X U Y OBUIN MIACHTUYHBI. 3aMepeHHOE 3HaueHue Y; Oymer
paBHO:

Yi= X+ k. (53)

DTy B3aMMO3aBHCUMOCTb MJLTIOCTPUPYET puc. 5.6.

I/Ismepﬂemaﬂ BENMNYMNHA
A

Puc. 5.6. ABTokoppensuus

BbrunciuB k03 QUIMEHT KOPPENSALIH sl HECKOJIBKUX 3Ha4eHH K, BBI MOJIYYUTE KOP-
pensaionHyto ¢ynkimio. Jns Hameil MocienoBaTeNbHOCTH 3aMepoB dTa (yHKIMS
JIOJDKHA B HECKOJIBKMX TOYKaxX JOCTUTaTh +1, YTO paBHO3HAYHO MOJHOW MPOIOPIIHNO-
HaJILHOCTH CpaBHUBAaEeMbIX (pparMeHToB. OJHAKO 3TO MMEET MECTO JIMIIb TOT/A, KOraa
UHTEepBa K paBeH MepHoIy.

Hanpumep, MOXHO BBIIOJHUTH 3aJaHuE 5.3 C MOMOIIBIK ONHUCAaHHONM MeToaukH. s
ATOTO JIOCTATOYHO TMPH CPaBHEHHH WMETh B CBOEM PACHOPSIKEHHUU (parMeHT CepPHH W3-
MepeHHU, KOTOPBIH MEHbIIE, YeM MOJIoBHHA repuoa (Hampumep, N = 50). Tem He MeHee
3aTpaThl BPEMEHHU Ha BBIYHCIICHHS B TOM CiIydae OyAyT 3HAUNTEIIbHBIMI.

5.3.1. MpaKkTnyeckmnm npumep U3MepeHun
C NPUMEHeHueM Koppensauum

I/ICHOJ'ILSYH TOYHO TaKOH ke METOA, C MOMOIIBIO KOTOPOI'O MbI ONIPEACIIAIN ITEPHUOI, MOXK-
HO U3MCPATH U CKOPOCTH. HpeI[HOJ'IO)KI/IM, YTO MaTcpual UMCCT MMOBECPXHOCTHYIO CTPYKTY-
Py, HC BCCTAa BUAUMYIO HaM. Ecmu PacCTOAHUC MCKAY ABYMS TOYKAMU KBAHTOBATH B Ha-
MpPaBJICHUHN ABUKCHUS, MOKHO BBIYUCIATH dABTOKOPPEIIALNUIO M1 COOTBCTCTBYIOIINX cepnﬁ
3aMCpOB. HOCKOJ’ILKY pCUb UACT 00 OJHOM H TOM XK€ O6’BCKT€, OCJICAOBATCIIBHOCTH U3MC-
pCHI/Iﬁ N0 BPEMCHHOMY CIBUTY OOJIKHBI OBITE NACHTUYHBIMH. I[anee, 3Has1 BpeMCHHOﬁ
CABUT U PACCTOSAHUC, HA KOTOPOC OTCTOUT AATYHK, MOXKXHO paCCUUTATb CKOPOCTh.

HOCKOJIBKy IIaHHBIﬁ METOJ CBsA3aH C OOJIBIIMMU 3aTpaTaMi, OH IPUMCHACTCA, IMPEKIC
BCEro, TaM, € HU3IMCPCHUA MCEXAHUYCCKHMHU CPEACTBAMU 1160 HCBO3MOXXHBI, 1160
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KpaifHe HEeTOYHEI. Jluckperusamnus 00beKTa H3MEPEHHUH B 00IIEM CITydae OCYIECTBISICT-
cs1 6ECKOHTaKTHBIMU METOAaMH (HapuMep, ONITHYECKIM, MAaTHATHBIM U T. II.).

CI.[CHapI/Iﬁ OPUMCHCHHA 3aKIII0YACTCd B U3MCPCHUU CKOPOCTU TPAHCHOPTHBIX CPEACTB.
I[J'DI OTOI'0 Ha KOPITyCC TPAHCIIOPTHOTO CPCACTBA 3aAKPCIUIAIOT IBA ONITUYCCKUX NaTUMUKA,
KOTOPBIC PCTUCTPUPYIOT OTPAKCHUA OT JOPOKHOI'O MOKPLITUSA. YT00kI ¢ IIOMOIIBIO TAKO-
ro MCTOJa MOJYUYUTh TOYHBIC U3MCPCHUA (baKTPI‘IeCKOﬁ CKOPOCTU TPAHCHIOPTHOI'O CpCI-
CTBa, H€O6XOJII/IMO HCKIIOYNTE BCE HMCTOYHHKH OMIMOOK: HETOUHOCTHU HAapy>XHOT0O aua-
MCTpa HINHBI, OIIMOKHU TaxoMeTpa u Jp.

5.4. OWMOBKN namepeHnn

31ech AEWCTBYET CIEAYIONINi MPHUHIUI: OTCYTCTBYIOUIHI pe3ybTaT CUUTAETCS OIIUO-
KOH. AGCOJIIOTHO TOYHOE M3MEPEHHE HEBO3MOXKHO, IIOTOMY YTO JaTYMK MOXET odecrie-
YUTh TOJIBKO KOHEYHOE YHCIIO 3aMEPOB, U IIPHU ITOM, B OOJIBIINHCTBE CIIy4aeB, caM BIIUS-
eT Ha o0BeKT m3MmepeHuil. [losToMy B maHHOW TJaBe MBI PAaCCMOTPHM HEKOTOpHIE
OCHOBOIIOJIAraloIKe COOOpaKEHUs, KaCaroIIUecs OINO0K H3MEPCHUH.

B u3MmepuTensHOM TEXHUKE Pa3inyaloT YEThIPE TIIaBHBIX THUIIA ONIHOOK:
O CucremMaTHdecKue

O CroxacTHYecKHe

O I'pyOsie

O OmmbKu, 00ycIOBICHHBIE METOIOM U3MEPEHHH

[IpuumHEl cucTeMaTHYECKUX OLIMOOK KOPEHSTCS B BBIOPAaHHOM METOJE H3MEpPEHHS,
B U3MEPHUTEIBHON CHCTEME, B CPAaBHUBAEMBIX BEIMYMHAX MM B COBOKYITHOCTH IEpEUHC-
JICHHBIX UCTOYHUKOB M YCJIOBHUH, IPU KOTOPBIX NPOUCXOAUT H3MepeHue. OmmnodKku 3Toro
THUIIAa OJYUHSIOTCS 3aBUCUMOCTSM, KOTOPBIE
MOKHO YCTaHOBUTb, U IOTOMY HX MOXHO
CKoppekTupoBaTh. Kinaccuueckuil npumep —
HU3MepeHue ToKa M HampsokeHus. Ckaxem,
eciu BaM TpeOyeTcs 3aMepuTh HampsiKe-
Hue OaTapeW BallMX YacoB, TO UL 3TOTO
MOJIOWIET MpocTasi cXxeMa, MPHUBEICHHAS Ha ! \'

puc. 5.7. R,

WneanbHblii MICTOYHUK HANPsHKEHUS 00J1aa- Uy
€T HYJIEeBBIM BHYTPEHHHM COIPOTHBIIEHUEM,
a WJCAbHBIM BOJBTMETP MMEET OECKOHEU- @
HOE BHYTpEHHee compoTuieHue. lIpumenm, —
YTO Ha MPAKTHKE BHyTPEHHEE COMPOTUBRIICHNE
Oarapen cocraBisier |1 kOM, a BHyTpeHHee
conporusieHne BoinbTMeTpa — 100 KOm. 0 —
Ompenenum Hanpspkenne Uy MeXITy KOH-

TaKTaMM [IOTEHIIMOMETpPa U3 COIPOTUBICHUNH  Puc. 5.7. Cxema Ans namepeHuns HanpsikeHus
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Ry 1 Ry. Cunras, yro HenckaxkenHoe Hanpskenue Ug coctasisger 1 B, B kauecTBe noka-
3aHUs Halllel N3MEPHUTEIHLHOM CXeMbI MBI ITOJTyYHM CJIEAYIOIIEe 3HAYCHHE:
100  xO
R u

U, = = = x1=0,990.
R,+R, * (1+100) kOm

3Ha4UT, 32 CUET BHIOPAaHHOTO METO/a U3MEPEHHUH U 3a CUeT (PU3MUYECKHX CBOWCTB HAILIMX
00BEKTOB M3MEPEHUH MBI YK€ IPUBHECIH B pe3yabTaT omnoky 1 %.

Croxactudeckue OUIMOKU M3MEPEHHH MMEIT MECTO IPHU HUICHTHUYHBIX CXEMax H3Mepe-
HUH ¥ OAMHAKOBBIX YCIOBUSX BBIIOIHEHUs u3MepeHuil. OHU 3aKIIF0YarOTCs B TAKUX pac-
XOXKIEHUSIX MEXAY IMOKa3aHMsIMHU, KOTOpPbIE HEBO3MOXHO BocmpousBecTd. [Ipudumnoit
CTOXaCTHYECKUX OHMIMOOK MOTYT OBITh CiydaiHble (UIYKTyallud BHELUIHUX WM BHYTpPEH-
HUX YCJIOBUH. YMEHBUINTh CTOXaCTUYECKUE OMUOKH MOXHO TOJBKO C IIOMOLIbIO CTAaTHU-
CTHYECKHX METOJIOB.

['pyOble omMOKM M3MEPEHU BO3HUKAIOT TI0 MPUYUHE Ae()eKTOB MM HeOIaronpusTHBIX
BHEIIHUX YCIIOBUH (CHJIBHBIC TOMEXH). B cepusix n3aMepeHuit oHu B OOJBIINHCTBE CBOEM
pacmo3HaroTcst Kak "BeIOpoch!". MICKMounTh rpyOble OMMOKK U3 cepruil M3MEpEHHUN MOXK-
HO C TIOMOIIBIO CTATUCTHYECKUX METOJIOB HIIM ITyTeM (HIbTPAIHU.

OmmoOKy, TPUBHOCHMEBIE 32 CYET BBIOOpa METO/Ia M3MEPEHHH, MTOX0KH Ha CHCTeMaTHde-
ckue. [1pu 3TOM peds neT o TaKuX OMIMOKaX, MPHYMHA KOTOPBIX OHO3HAYHO OMpPEIeInMa,
HO KOTOpBIE MOSBISIIOTCS CIydaiiHO. B KadecTBe mpumepa MOXHO TPHBECTH OIIMOKH
oI()POBKHU TIPU U3MEPEHUH YacTOTHL. M3-3a cirydaiiHOCTH BPEMEHHOTO MHTEpBaJia MEXIY
BpEeMEHEM CTPOOHMPOBAaHMS M COCETHUMH MMITYJILCAMU TIPH OJMHAKOBBIX YCIOBHSX H3Me-
PEHHUIT MOXKHO MOTYYUTh PA3IHIHBIC 3HAUCHHS H3MEPSIEMOi BeTHYUHEI (puc. 5.8).

OTH OmMOKH NMPH WHTEPNPETANH PE3yJbTaTOB M3MEPEHHH CIEAyeT OTHECTH K OIInO-
KaM, 00yCIIOBJICHHBIM CIIOCOOOM M3MEPEHUH.

8 umnynbcoB

CTpob a

9 nmnynbLcos

CT1pob b

A\

Puc. 5.8. MNMpeacTtasneHune ownbok oLundpoBKn
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5.4.1. IluHaMmn4yeckme owMOKN U3MepeHnNn

TepMuH "nmuHAMUYECKHE OITMOKH M3MEpPEHHUH" MOXHO Tepedpa3upoBaTh Kak "ommrm0-
KU, CBSI3aHHBIC C TMHAMHUKOM Tporiecca u3mepenus". [IpuanHa 3THX OmuOOK 3aKIrova-
eTCS B TOM, YTO M3MEPHUTEIHHBIN MPOIECC BCETaa CBSI3aH ¢ 00MeHOM dHeprueh. [lpm
M3MEPEeHUH TEeMIIepaTyphl SHEPTHS U3BJIEKAeTCA U3 00BhEKTa M3MEpPEHUH, YTOOBI N3Me-
PUTENBHBINA 30HA UMEN Ty XK€ CaMyl0 TeMIIepaTypy, 9TO U OOBEKT M3MEpeHUuH. DTOT
00MeH dHepruei, ¢ OJHON CTOPOHBI, MOKET MPUBECTH K UCKAKEHUIO 3HAUCHUHA H3Me-
psSieMOil BENMYWHBI, C IPYTroil — OH TpeOyeT KOHEYHOTO0 BPEMEHH, KOTOPOE TOJDKHO
yauTbiBaThCA. [10CKOIBKY B OOJNIBIIMHCTBE CIydaeB DHEPreTHUECKUl OOMEH MPOMCXO-
IIUT TI0 SKCTIOHCHIIHAIILHOM 3aBUCUMOCTH, PaBEHCTBO TeMIeparyp o0beKTa N3MEepeHuH
Y U3MEpPUTEIHHOTO 30Ha TapaHTHUPYETCS TOIBKO MO WCTEYEHWM OECKOHEYHOTO TPO-
MEXyTKa BPEMEHHU.

5.5. PekoMeHpaauumn no BbINONHEHNIO 3a4aHUN
U3 JaHHOM rnasbl

3apaHue 5.1

OyHKIMH 001aaf0T CICAYIOMINMHI XapaKTePUCTHKAMU:
O®yukuus 1: TpeyronbHas, nepuon 51 3amepos.
@yHKUHA 2: IPSIMOYTOJIbHAS, TIepHo] 28 3aMepoB.
OyHkuus 3: cUHycouAanbHas, nepuo 36 3aMepoB.

Bce ¢yHKIMM CHUMMETPUYHBI M I3MEHSIIOTCS B JiMana3one 3HadeHui ot 0 go 255.

3agaHue 5.2

3a cuer HU3YUYCHHUA CPECIAHUX 3HAYCHUH HCO6XOI[I/IMO ONpE€ACINTb 3aBUCHUMOCTb MEXIY
Cp€AHUM 3HAYCHHUEM U IIEPHUOIOM.

3apaHue 5.3

OyHKkIUsA 4 HE UMEET Y€TKO BBIPAKEHHOI'O MOBEACHHUS, HO U3-3a CTPYKTYPhI CUMYJISATOPA
o0aaeT NePUOAUYHOCTHIO. [l OLIGHKM MepHoja MCIOJB3YIOTCS pPe3yJbTaThl 3ajia-
Hus 5.2.

3anaHue 5.4
B nannom 3amanun notpeOyroTcs cienyoonye QyHKINH:
Oyuknys 5: TpeyronbHas (GYHKIHS 2) cO CMEICHHEM U JApeidom.

Oynknus 6: cunyconaa (GyHKus 3) co cMeLeHneM u Apeiidom.
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Cwmemenne (0ffset) MoskeT OBITH BBIIEIEHO M3 CEPHH M3MEPEHHUM KaK IIOCTOSHHOE 3HaYe-
aue. Jlpeti MOXKHO BBEIIBHTH C TIOMOIIBIO CKOIB3AIIETO cpemaero. I1o momydeHHsIM pe-
3yJlbTaTaM MOXXHO C(OPMHPOBATH CEPHIO M3MEPEHHI C yYETOM Pa3HUIBI MEXKIY 3ame-
POM U CpEIHHM.

3apgaHue 5.5

Cepust U3MepeHH ¢ UCKAKEHUSIMH WMEET JIMIIb OTPaHHYEHHYI0 007acTh MPUMEHHMO-
CTH. 3a CYeT yMy4IIeHHsI COOTHOIICHUS MEXIy CUTHAIOM M MCKaXEHHEM MOKHO TMOBBI-
CUTH MPAKTUIECKYIO TOJIE3HOCTh CEPUH N3MEPEHH.

3apgaHue 5.6

ITocpencTBOM CKOJIB3SILIMX CPEIHUX MOKHO HOOUTHCS CIJIaKUBAHUS 3aMEPEHHBIX 3Ha-
yeHu#. B pe3ynbrate MOXHO MOITyYUTh (DYHKLIUIO C MEHBIIMMH UCKaKEHHUSIMU.
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Vlsmepeva C noMouwbio AaT4nKoB

I/IcqeanIBa}omee OIIMCaHUC CCHCOpHOI)'I TCXHUKHU HOTp€6OBaJ'IO OBl HamucaHus OTACIb-
HOM KHHTH. 3I[€CI) MBI JIMIIb KPATKO PACCMOTPUM JAaTUYUKH HEKOTOPBIX TUIIOB.

6.1. U3mepeHne TemnepaTypbl

Bo3MoHOCTH H3MepeHus] TeMIepaTypbl JOBOJIBHO pa3HOOOPa3Hbl, T. K. B JTaHHOM CIYy-
4yae peub UIET O KIACCUYECKOH MocTaHOBKe Bompoca. IlockonbKy Temmeparypa BIUSET
Ha XapaKTEepPUCTHKH PA3IMYHBIX YCTPOMCTB, CyLIECTBYET IIMPOKUM BHIOOP OATYMKOB,
MIPUTOJIHBIX JJI U3MEPEHUS TEMIIepaTyp.

6.1.1. Pe3ancTuBHbIN TepMOMETpP

[MpuHnun aelHcTBUS PE3UCTHBHOTO TEPMOMETPA WIM TEPMOMETPUUYECKOTO COMPOTHBIIE-
Hust [6.1] ocHOBBIBaeTCS Ha 3aBUCHMOCTH DJIEKTPUUECKOTO COMPOTHUBICHUS METAIIIOB OT
Temreparypsl. MI3BecTHO, YTO B IIMPOKOM THAra3oHe TeMIIepaTyp 3Ta 3aBUCHMOCTD JIU-
HeliHa. Hambonee pacnpoctpaHeHHbI pe3ncTuBHBIN TepMmonaTtynk PT100 msrorasiuBa-
eTcs U3 IUIATHHBL. PaccMOTpHUM ero TeXHHUECKUE XapaKTepUCTUKU:

O nsnexrpuueckoe conpotusieHue mpu 0 °C pauo 100 Ow;
0 wu3MeHEeHHE CONPOTUBIICHHUS B 3aBUCHMOCTH OT TeMIepaTypbl npumepro 0,4 Om/°C;
O pabouwnit muana3on temnepatyp ot —200 xo 750 °C.

M3meputenbHyo cXeMy ¢ pe3UCTHUBHBIM JAaTYUKOM MOXKHO IMOCTPOUTH Ha OCHOBE IBYX

MIPUHIINTIOB:

1. ConpoTtuBieHHE BXOAWUT B COCTaB JACIUTEIS HAMIPSDKEHUS U C HETO CHUMAETCS BBIXOJI-
HOE HaNpsDKEHNE, IPOMOPIIMOHATBHOE TeMITepaType;

2. Yepes compoTHBICHHE MPOTEKAET IMIOCTOSHHBIA TOK, B Pe3yJIbTare 4ero rnepemnaj Ha-
MPSDKEHUS Ha PE3UCTUBHOM JTaTYUKE OyJeT MPOMOPLUOHANIEH TeMIIeparype.

MocTtoBasi W3MepuTeNnbHasi CXeMa, COOTBETCTBYIOIIAS IIEPBOMY IPHHIIUITY, MPHUBEICHA
Ha puc. 6.1.
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L4 +Us

Pt100| - R3

—— Ua

R4

Puc. 6.1. MocToBas nsameputenbHas cxema ¢ ncnonb3osaHunem PT100

Pesuctoper R3 u R4 onpenernsttor padouyto Touky cxembl. PT100 u R2 o6pasyroT perymnu-
pyembiii menuTens HampsbkeHus. [[uddepeHnuanbHoe HanmpsHKeHHE CHUMAaETCs ¢ 00enx
BETBEH 4Yepe3 BhICOKOMMIIEJAHCHBIM ONEPAlMOHHBINA yeunuTedb. CONpPOTHBIEHHE OIIOPHO-
IO JICIUTENsl HE 3aBUCHT OT TEMIIEpaTyphl (IIpU WAEHTUYHBIX KOMIOHEHTax). IIpoGiema
3akmovaercs mogade mutarus Ha PT100, mockombKy MOABOIAIINE TPOBOJA UMEIOT Tapa-
MeTpsl, aHanormgHele camomy PT100. Mx TemmiepaTypa JOmKHA OCTaBaThCA MO BO3MOXKHO-
CTH MOCTOSIHHOM, YTOOBI IPUBHECEHHBIE OINOKH OBIIIM HACKOJIBKO BO3MOXKHO MAaJIBIMU.

3a cyer crabunmzanun Toka yepe3 PT100 u chema nmajeHus HaNpsHKEHHUS Yepe3 BEICOKO-
OMHBIN BXOJ BJIMAHUC U3MCPUTCIIBHBIX JIMHUM MO>KHO B 3HAYUTEIBbHOM CTEIIEHU CHU3HUTD.

MamepuTenbHas
NNHUS

const

Pt100 | A"
R Ua

MameputenbHas
NVHWSA

Puc. 6.2. PT100 co ctabunusauunen Toka
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V3meHeHne COnpOTUBICHNS MOABOAAIINX ITPOBOJAOB MEHSCT TOJIBKO HANpPsDKCHHE HA M3-
MepuTensHOH BeTBU (puc. 6.2). [lockonbky m3mepsiemoe Hanpsbkenue Ha PT100 cHuma-
eTcsl 4yepe3 OICPAlMOHHBIN YCHIIMTENb, U3MEHSIONIEECs CONMPOTHUBICHHE ITOJBOMSAIINX
MIPOBOJOB HE BIMSET HAa Pe3yJIbTaThl H3MEpEeHUH. JlOMONHUTENbHOE TPEUMYIIECTBO pac-
CMOTPEHHOH CXEMBI COCTOMUT B TOM, YTO BBIXOJHOE HANpSDKEHHE MPSAMO HPOIOPLIHO-
HAJIEHO TEMIIEpaType.

6.1.2. Tepmucrop

Tepmucropamu (Tepmopesucropamu) [6.1], [6.2] Ha3bIBAIOT CONMPOTUBIICHHUS, 3aBHCUMBIE
OT TeMmmepaTypsl, obmanatoniie oTpunarensHeiM TKC (TemmepaTypHbIM K03 dummen-
TOM CONMPOTHUBIIEHU). VX M3roTaBIMBAIOT U3 CMECH MOJUKPUCTAIUIMYECKUX OKCHUIIOB I1e-
pPEXOMHBIX MeTaioB. TeMmnepaTypHas YyBCTBUTEIBHOCTh TEPMUCTOPOB JOCTATOYHO BBI-
coka. VX OCHOBHOW HEIOCTaTOK — CHJIbHAs HENMHEHHOCTh. THUMHWYHBIC TEXHUYECKHE
napameTpsl TepMUCTOPOB [6.2]:

O rtemneparypHbIii muamazon: oT —50 g0 300 °C;

0O nmnamazoH compotuBieHuid oT § MOM mo 80 OM (mis pa3nuyHBIX TeMIIepaTypPHBIX
oOmacreii).

1,0 OnopHoe conpoTuenexne npu 20°C

0,8 —

0,6 —

| | | | | L
-20 0 20 40 60 80

Puc. 6.3. iameHeHWe HanpspkeHWs1 Ans TepMucTopa,
BKItoYeHHoro BMecto R1 nnn R2 (cm. puc. 6.1)
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B muanasone temmepatyp oT 25 mo 85 °C moBeneHHE TEPMHUCTOPA OMMCHIBACTCS Clle-
JYIOIIUM BbIpaxkeHueM [6.2]:

11
R1=R2xexp| B[ ——— ||, 6.1
o (Tl sz 6.

rae R1 — conporusnenue npu temneparype T1; R2 — conpoTHuBIeHHE IPHU TEMIIEPATY-
pe T2; B — tak Ha3pIBaeMasi KOHCTaHTa MaTepuaina, Kotopas Bappupyercs ot 3 g0 5 K.

B u3mepuTenbHON TeXHUKE TEPMUCTOPHI BKIIIOYAIOT Tak ke, kak PT100. bnaronaps cy-
LIECTBEHHO OOJBIINM Jlala3oHaM COIPOTHUBICHUN BKJIAJ CONPOTUBIICHUS W3MEPUTENb-
HOW JIMHUM HE CTOJb BEIHK. MOCTOBas M3MepHTeNbHas cxeMa (cM. puc. 6.1) obecreun-
BaeT XOPOIIHE XapaKTePUCTUKU B padoueli Touke 25 °C. BenencTBre HEMMHEHHOCTH MIPH
MOBBIIICHNH TEMIIEPATYPhl XapaKTEPUCTHKA CTAHOBHUTCS 3HAUYUTEIHHO 0oJiee MOJIOTOH.

6.1.3. TepmoaaTymMk Ha OCHOBe p-n-nepexoaa

[lepexon "Gaza—mMuTTep" KPEeMHHEBOTO TPaH3WCTOpa B AWama3zoHe Temmepatyp oT 0
1o 100 °C obnagaeT 10CTaTOYHO JHMHEHHON XapaKTEPUCTHUKOM MPU MPSMOM CMEIICHUH.
Ecnm Ha 3TOT mepexos mojaTh MOCTOSHHBIA TOK, TO HampsDKEHHE Ha HeM OyIeT u3Me-
uaTbes npuMmepHo Ha —2 MB/K. CootBetcTByromas cxema (puc. 6.4) HUCIONB3YyEeT 3TO
CBOICTBO M YCHJIMBAET HAINpPsDKEHUE ¢ KO3(D(HUIMEHTOM 5, TaK UTO BBIXOJHOE HAIPSIKE-
uue i Temmepatyp ot 0 10 100 °C usmensetcs B ipeaeiax ot 0 mo 1 B [6.3].

3 +15V

10k
D3 e — - S — T
’7 +
1k
6,2V R2 4,7k

T

»
Nw 10k 39k 25k

Si-Typ

R1

-15V

Puc. 6.4. Cxema UsmMepeHus TemMnepartypbl C NonynpoBOAHUKOBLIM AaTYMKOM
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Cxema, m3o0pakeHHas Ha puC. 6.4, COCTOMT W3 YYBCTBUTEIBLHOTO djeMeHTa 11, uctodu-
HUKa MOCTOSIHHOTO TOKa Ha T2 W OINepalioHHOTo ycwinTens. bamancupoBka Hyns 10-
cTuraercs ¢ nomomsio R2. Ipenensl mikanbl ycTaHaBauBaroT ¢ nmomoiisio R1. Jnox D2
CITY’KUT JITISI TEPMOKOMIICHCAIIMY XapaKTEPUCTUKH TTOTYIPOBOAHUKOBOTO CTAOMIIUTPOHA.
B kavecTBe HCTOYHHKA TOKA MOXHO TIOCTABUTH CIEIHATH3HPOBAHHYIO MHKPOCXEMY.

6.2. UsamepeHune cunbl U faBneHus

W3mepeHue cuitbl U AaBIICHUST MBI pacCMaTPUBAcM COBMECTHO, IOTOMY UYTO 3TU BEIINYH-
HbI, B 3aBUCHMOCTH OT OOCTOSTENBCTB, JIETKO NpeoOpa3yroTcst ofaHa B npyryro. O0e Be-
JUYMHBI MOXHO ONPEICIIUTE M0 MEXaHUYECKOMY COIMPOTHUBIICHHUIO, CKaKkeM, 1o aedop-
Malliy YIpYyroro JJieMeHTa (Hampumep, NpPYXKHHBI). OTy aedopMmanuio MOXKHO
PETHCTPUPOBATh MOCPEACTBOM TEH30METPUUYECKOTO WM IMbE30PE3UCTUBHOTO JAaTYMKA.
Eme oqun Meton usmepenus nedhopMaliui — OLICHKA BEJIMYMHEI TiepeMertieHus. Tpetuit
croco0 3aKIoYaeTcsi B MPsIMOM NpeoOpa3oBaHUW CWIIBI B HANPSHKCHUE MOCPEICTBOM
MTbE303JICKTPUIECKUX 3(PPEKTOB.

6.2.1. UamepeHue ¢ NOMOLLLIO MeTanIM4YecKoro
TeH3o4aTuyumKa

MeToarka U3MEpEeHUI MOCPEICTBOM TEH30METPHUYECKOTO AaTYMKa XOPOIIO OTpaboTaHa
Y ONHCaHa B MHOTOYHMCIICHHBIX HCTOYHUKAX [6.4].

B ocHoBe meTonma nexuT Qu3nyecKkoe sB-

JICHHE, 3aKJIIoYaroleecss B TOM, YTO CO-

MPOTHBJICHUE METAJUIOB HW3MEHSETCSl I0[ — -
JEWiCTBUEM TIPHIIOKEHHOW CHIIBI (TIpH pac-
TSDKeHHH Wik ckatun). [lpu mponsBoacTee
TEH30METPHUYECKUX [aTYUKOB INPHUMEHSIOT
rUOpUAHBIE U TIOMYIPOBOIHUKOBBIE TEXHO-
aoruu. [IpocTelimmas KOHCTPYKLHS TEH30- R
METPUYECKOro JaTdyuKa I[IOKa3aHa Ha CiaTune
puc. 6.5. UToOBI MaKCUMaIIEHO YBEIUYUTH
IUIMHY DPAacCTSATUBAaeMOIo Y4acTKa IpPOBO-
JSIIUM TOJIOCKaM IPHUIAI0T H3BHIMCTYIO
bopmy.

[TockonpKy COMpPOTHUBIIEHHE TEH30aTUNKA L]
KaK METaJJIOIUIEHOYHOI'0 Pe3UcTopa CUJlb- > >
HO 3aBUCHUT OT T€MIepaTyphl, pocTeiimmas

KOHCTPYKLMSI BCTpedaercs peako. Yame

MIPUMEHSETCS MOIyMOCT C HUACHTHYHBIMU

TUIEYaMH, YTOOBI IOOUTHCS TEMITEPaTypHOI

KoMIieHcanmy. [lpy mprMeHeHHH MOJIHOTO

MOCTa TEH30/IaTYMKH BTOPOTO Ijieya TO- Puc. 6.5. KoHcTpykums Tensoparimka
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BepHYTH Ha 90° M0 OTHOIICHHIO K MIEPBOMY B HAIIPABJICHUM UX TepeMenieHus. [Ipumep
KOHCTPYKIIUH TIOJIYMOCTOBOW CXEMBI, MPEIHAZHAUYCHHONW JUISl N3MEPEHUsT CHIIBI TIPH TI0-
MOIIIK CTEPKHS, padoTaroIero Ha u3ruo, mokasaH Ha puc. 6.6.

TeH3opaTyuk 1

$\$

TeH3ogaTumk 2

Puc. 6.6. ViamepeHune cunbl Npu NomMoLLm CTePXHSA, paboTatoLiero Ha nsrnb

Jist pasaMaHBIX 00JIacTel MPUMEHEHHsT Pa3pabOoTaHbl CIEIHATM3HPOBAHHBIE TEH301aT-
quKH, (HopMa KOTOPBIX MOAXOMUT ISk KPEIUIEHHS HA KOHKpETHOM Hocutene. Ha puc. 6.7
MOKa3aH BapHaHT Pa3sMEIICHHs TEH30METPHUYECKUX JATINKOB JaBJICHHSA Ha JeOpMUpYye-
Moi Mmembpane [6.1, c. 86].

TeH3ogaTymkm

e

P

MewmbpaHa

Puc. 6.7. Npnbop anst uamepeHnst aBneHns ¢ TEH304aTYNKOM COOTBETCTBYHOLLEN hOpMbI
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6.2.2. [be30pe3nCTUBHbLIN AaTYMK

IMox MbE30pE3UCTUBHBIMU JATYMKAMH TOHMMAFOT MOJTYITPOBOJHUKOBEIE IPHOOPHI, pado-
TAOIINE TI0 MPHUHIMITY, AHAIOTHYHOMY METAJUTMYECKHM IUICHOYHBIM TEH30aTYHKaM.
JUstst 9TO# 1eNT PE3UCTUBHYIO TUICHOYHYIO CTPYKTYPY 3aKIJIFOYAlOT B CHIIMKOHOBYIO MEM-
OpaHy METOJOM MOHHOTO BHEApeHHs. TEeH30pe3HCTOPHI B TATYHKE 00Pa3ylOT MOCTOBYIO
CXEeMy, B pe3yJIbTaTe Yero BHIXOHOE HANPSUKCHUE WITH W3MEHEHHE HAIPSDKEHHST TIPOTIOp-
[IMOHAJIBHO MPUIIOKEHHON K MeMOpaHe cuite naBiieHus. YyBCTBUTEILHOCTh TAKMX TEH30-
JIaTYMKOB 3HAYUTEIILHO BBIIIE, YeM METATHYeCKuX. HO y Mbe30pe3UCTHBHBIX IaTUYMKOB
JPYroil HEIOCTATOK — XapaKTep TEMITEPaTypHON 3aBHCUMOCTH Y HUX 3HAYUTEIBHO XY-
e, 4eM Y METAJUTMYECKUX TeH301aT9nkoB. Ha prc. 6.8 roka3ana KOHCTPYKIIHUS ITbE30pe-
3MCTHBHOTO qarduka [6.4].

Puc. 6.8. KoHCTpyKUMS Nbe30pe3ncTUBHOIO AaTynka

6.2.3. Nbe303neKTpMYeCKMN AaTumK

[lpu Mexanuueckoil aeoOpMaluil MHE3OKPHCTAIUIA HA €ro MOBEPXHOCTH oOpasyeTcs
ANEKTPUUCCKHUH 3apsijl, KOTOPBIA MOCPEICTBOM 3JICKTPOMETPUYECKOTO YCHIUTENs (YyCH-
JIUTEIIS C YPE3BBIYAMHO BBICOKMM BXOJHBIM COIPOTUBIICHHEM) MOXKHO NPeoOpa3oBaTh
B ITOJIE3HBIH curHall. [10CKOJIBKY 3apsj BOSHUKAET TOJIbKO IMPU M3MEHEHUHU TPUII0OKCHHON
CWJIBI, IaHHBIA METOJI MOJXOUT, MPEK/IE BCETO, IS U3MEPEHUN OBICTPO MEHSFOIIUXCS
CHWJI Y TIPY BBICOKUX CTATHYECKHUX HArpy3Kax.

6.2.4. EMKOCTHOMN N NHAYKTUBHbLIN JaTYUKN

Panee MBI yke yCTaHOBWIIH, YTO JaBIICHUE W CHITY JIETKO peoOpa3oBaTh B ImepeMelll e-
HUE TOCPEJCTBOM MeXaHHWYeCKHX cucteM. Jlaree MOXHO mpeoOpa3oBaTh BEITUYHUHY
nepeMenieHusi B M3MEHEHHE MHYKTHBHOCTH WJIM €MKOCTH. B mpocToii cxeme, moka-
3aHHOHM Ha puc. 6.9, mepeMenieHre MOXKHO MPeoOpa3oBaTh B BEIWYHHY, MPOMOPIHO-
HAJIBHYIO JIaBIICHUIO.
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f/U-npeobpasoBaTtenb
(RemopynsTop) BbinpamuTtens

Hatunk
—_— _ Ua = f(ds)
=] (emKocTHOM =f(P)

VIV UHAYKTUBHbIN)
ﬁ\» ds

Puc. 6.9. anIHU,VIHVIaHbHaH cxema eMKOCTHOro unn MHAYKTUBHOIO AaTyunka

CxeMBl €eMKOCTHOTO M MHIYKTHUBHOI'O JaTYMKOB, NMOKa3aHHbIE Ha puc. 6.10, MO3BOISAIOT
HCTONB30BaTh KOJIeOaTenbHbI KOHTYp IIsl Tpeobpa3oBanus AeGopManiy B H3MEHEHHE
4acTOTHI, KOTOPYIO JIETKO 3aMEPHUTH C MIOMOIIBIO cueTynKa. Elle ouH BapuaHT 3aKiIo4a-
eTcs B IPeoOpa30BaHNUU OTKIOHEHHS YaCTOTHI B PAa3HUILY HAIIPSDKEHHS MMyTEM JAEMOTYJIs-
LUK U BBIIPSMIICHUSL.

JIJIst HOCTPOCHHSI EMKOCTHBIX M3MEPHTEIBHBIX CXEM CYLIECTBYET LEIIBIH DS CIICIUATH-
3UPOBAHHBIX MPUOOPOB, KOTOPBIE MOTYT paboTaTh C Pa3IMYHBIMH EMKOCTAMH U obecre-
quBarOT Tpedyemyto Tounocth. Hampumep, matank AD7746 ot Analog Devices cmoco-
GeH pearnpoBaTh Ha m3MeHeHue eMkoct B 4 ad (1 arrodapax = 102 ®).

Cx

- l

=
=

a 6

Puc. 6.10. EMKOCTHOW (&) N MHOYKTUBHBIV (6) AaTYUKK

6.3. YCKopeHune

I/I3M€pI/ITB YCKOPCHUEC OTHOCUTCIILHO IIPOCTO, MOCKOJIBKY OHO ONPEACIACTCA KaK BOS,Z[eﬁ—
CTBHUEC CWJIBI HA TCJIO onpeneneHHof/'I MacCChbl B TCUCHUC YKA3aHHOI'O BPCMCHH. HOBTOMy
34€Ch MPUMCHUMBI MCTOAbI U3MCPCHUS CHUIIBL. Ot1mune 3aKI04aeTcs TOJIBKO B HUHTCP-
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MpeTaly U3MEHEHUM BBIXOJHOTO curHana. IIpocteilimuii BapuaHT TaKoro U3MEPUTENb-
HOTO IIpubOpa OBLI IpHUBENEH Ha puC. 6.6. Ecu Ha KoHIIE Oaiku, paboTaromiei Ha u3ruo,
3aKpENUTh MacCy, TO 32 CYET YCKOPEHHUS BOSHUKHET OTKJIOHEHHUE, KOTOPOE MOYKHO 3aMe-
PHTh 3aKPEIUICHHBIMH Ha OaJIke TeH301aTYMKaMH, HalpUMep, Kak roka3aHo Ha puc. 6.11, a.

[Tbe301aTunKy 0OCOOEHHO YYTKO PearupyroT Ha U3MEHEHHE CHIIbI, TIO3TOMY OHH XOPOIIIO
ITOIXOJIAT JIJISl UCTIONB30BaHUS B akcelepoMeTpax. CxeMa akcelepoMerpa Ha Mbe3oaT-
YHKe TI0Ka3aHa Ha puc. 6.11, 6.

TeH3opaTumk 1

BunbponpospayHoe BeLlecTBO

MNbe3ogatyunk
Qa

! 7

YckopsieMblin 06bekT

TeH3opaTynk 2

Macca

a 6

Puc. 6.11. KOHCTpYKLUM aKkcenepoMeTpoB Ha MIIEHOYHbIX METANNMUYECKMX TeH3oaaTumnkax (a)
1 Nbe303NEeKTPUYECKUX AaTumKax (6)

6.4. flpkocTb

SIpKOCTh penKko M3MEPSIOT B a0CONMIOTHBIX (pu3ndeckux enuHunax. OIWH U3 HEMHOTHX,
HO IIUPOKO PacMpOCTPaHEHHBIX MPUMEPOB, — H3MEPEHUsS B aBTOMAaTWKe QoToamnmapa-
TOB. /{7151 OONBIIMHCTBA TEXHUUYSCKUX MPUMEHEHHUN JOCTATOYHO OYEHBb IPyOBIX HM3Mepe-
HUH SpKOCTH. YacTo BCTPEHAIOTCS CUTYallMH, KOT/Ia AOCTaTOYHO MPOCTOrO OTBETa Ha
Bornpoc: "Cperio unu TeMHo?"

[IpoGiema ¢ U3MEPEHUEM SIPKOCTH 3aKJIIOYAETCS B OYE€HD [IIMPOKOM JHaIa30He 3HAYCHHUH
(14 nmecsaTHYHBIX Pa3psIOB), KOTOPBIA BPSAA JM MOXHO OXBAaTUTh OJHHM JATYHKOM.
HeKoTOpble THIOBbIC 3HAYCHUS APKOCTH (CIMHUIA H3MEPEHHS — 1 CTHIBG ) 110 JaHHBIM
[6.5] mpuBenens! B Tab. 6.1.

" Enunnna usmepenus spkoctd B8 CU — kanjena Ha kagpatsiid Merp (1 criuns6 = 10% k/m?). — Peo.
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Tabnuua 6.1. Turosble 3Ha4eHUs SPKOCMU 06bEKMO8

O6bekT SApKocTb, CTUNLO
dnioopecLeHLms 1078... 1072
Ho4Hoe Hebo 107’

Jlamna HakanueaHusi ¢ konbor n3 MaToBOro cTekna 1...10
BonbgpamoBas cnvpanbHasa HUTb HakanuBaHUs 1000...2000
"anoreHoBas rasopaspsigHasi namna CBEpPXBbICOKOro AaBreHus 25 000...100 000
CornHeyHbI cBeT 100 000...150 000
KceHoHOBas rasopaspsgHas namna CBepXBbICOKOrO AaBMeHNs 100 000...1 000 000

Eme omHa pacnpocTpaHeHHasi CBETOTEXHUYECKAs! BETMYMHA — OCBEIIEHHOCTh — H3Me-
psetcs B okcax (k). OHa 3aBHCHT OT CBETOBOTO MOTOKA, OTPAKAIOIICH U TPHHUMATO-
IIei MOBEPXHOCTEH U yriia MKy HUMH. THUIIOBbIC 3HAYCHUSI OCBEIIIEHHOCTH 110 TAHHBIM
[6.5] mpuBenens! B TabMI. 6.2.

Tabnuya 6.2. Turnosble 3Ha4eHUs1 0C8EU,eHHOCMU 8 JTIOKCax
TunoBoOM UCTOUYHUK OcBeLleHHOCTb, NK
ConHeyHbIN cBET NeToMm 100 000
CornHeyYHbI CBET 3UMON 10 000
Paboyee mecto 100...4000 (Hanpumep, B odmnce — 500 nk)
Pabouee nomelleHne 40...300
YXnnoe nomelleHne 40...150
YnunyHoe ocBelleHne 3...30
Houb B nonHonyHune 0,2
BesnyHHas HoYb 0,0003

Ha puc. 6.12 cxemaTHuHO M300pa)KEHBI pa3IMUHBIC UANA30HBI OCBEIICHHOCTH M COOT-
BETCTBYIOIINE THITbI JATYUKOB, ITOIXOIAIINE sl n3Mepenuit [6.6].

|
doToym

10° 10*

| |
HOXMTENN
doTopesncTopsbl
t--
doTtoaunoabl 1
hoTOTpaH3nCTOPSI
POTOINEMEHTBI
10° 10? 10" 10° 10’ 10 10° 10* Nk

Puc. 6.12. ObnacTtu npumeHeHnss hOTOAATYNKOB pasnmyHbIX TUMOB
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6.4.1. PoToanemMeHTbl U (POTOYMHOXUTESNU

®DoTOdIIEMEHT — KJTACCHYECKUI TpencTaBuTeNb GoromatinkoB. OH HEMOCPEJACTBEHHO
HCTIONB3YeT (DOTOAIEKTpUIeCKuid 3G (PeKT, IpU KOTOPOM (POTOHBI, MMAJAIOIINE HA METal-
JTUYECKYIO0 TIOBEPXHOCTH, "BHIOMBAIOT" AJICKTPOHBI. DJIEKTPUICCKOE IIOJIC TEPEeMEIIacT
"BBIOUTEIC" ANEKTPOHBI K aHOAY. B HacTosmee BpeMs 3Ta KIacCHUeCKasi METOIUKA MpakK-
TUYECKH MOJIHOCTHIO 3aMEHEHA MOTYIPOBOJHUKOBBIMU TEXHOJIOTHSIMH.

Ho 3T0T ocHOBoMONIAratonvid MPUHIUI HAXOJUT MPUMEHEHHE B (JOTOYMHOKHUTENSX, KO-
I/1a pedyb UAeT 00 MCKIFOYUTEIIEHO MaJIbIX 3HAUEHHUSX OCBEIIeHHOCTH. [Ipu 3TOM 3rek-
TPOHBI, BLICBOOOIUBIIIHECS ¢ POTOKATOA, YCKOPSIOTCS MIEKTPHICCKUM TIOJIEM B CTOPO-
HYy BCIIOMOTaTEIbHBIX aHOJIOB, TJI¢ OHU MOPOXKAIOT JIOTIOTHUTEIBHBIC AIEKTPOHBI. Eciu
9TO JCUCTBHE MOBTOPSAETCS MHOTOKPATHO, TO (DOTOINEKTPUUCCKUI TOK yCHIIMBAETCS J0
MPAKTUIECKH 3HAUNMOM BeTHUUHBI (puc. 6.13).

MoTok ANEeKTpOoHOB

AHopg
Ceet
\

\/

BcnomoratenbHble
aHofbl

doTokaToa

Puc. 6.13. MpuHumn gencTeusa oToyMHOXUTENS

6.4.2. doTOope3nUCTopbI

®DoTOpEe3UCTOPHI TAKKE OTHOCATCSA K KJIACCHYSCKUM KOMIIOHEHTaM. VX mpuHIMI ACHCT-
BUS OCHOBaH Ha TOM, UTO ONpPEIEIICHHbIC XMMUYECKUE COCTUHCHUS MCHSIOT 3HAUCHHE
COIPOTHUBJICHHS B 3aBUCHMOCTH OT CHJIbI cBeTa. OCOOEHHO BBIpaKEH ATOT 3P (EKT st
cynbhuaa KaaMusl.

[IpenmymiecTBO (HOTOPE3UCTOPOB 3aKIIOYAETCS B OONBLIOM Pa3InYMU CBETOBOTO U TEM-
HOBOT'O COTIPOTHBJICHUI (OT HECKOJIBKHX OM JI0 HECKOJIbKHX Meraom). bricTpoaelicTBue
(hOTOPE3UCTOPOB HEBENHKO M B 3aBUCUMOCTH OT OOCTOSITENLCTB CKOPOCTh PEAKLUH MO-
JKET JOCTUTaTh HECKOJIBKUX CEKYH/I.

B cxemy oTope3ucTop BKIIIOYAIOT B COCTaB JACIUTEN HanpsbkeHus. [Ipy MakcuMaibHO
BBICOKMX 3HAYEHUSX COMPOTHBICHHUS W MHUHUMAIBHO BO3MOXKHOH Harpys3ke dSJIeMeHTa
MOJKET IPUMEHSTHCS MTOCIEAYIOIIee YCHIIEHUE MTOCPECTBOM ONEPAIIMOHHOTO yCUITUTETIS.
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6.4.3. DoToanoasbl

[etictBre $hoTOMMOMOB OCHOBAHO Ha 3(PdekTe BEICBOOOKIACHHUS CBOOOIHBIX JJICKTPOHOB
B TOJIYIIPOBOJHUKOBBIX KPHUCTAJUIAX IMOJ JAEHCTBHEM CBETa. 3a CUET 3TOTO BHYTPEHHETO
(hoToanexkTprudaeckoro 3¢ dhexTa HIMEHICTCS MTPOBOIUMOCTh MaTepraja, 4To I JHOI0B
BBIpa)KaeTCs B M3MEHEHHH 00paTHOTO TOKa Iepexona ((poToanomusrii pexknm). Bo3zMox-
HO W IPSIMOE TIPeoOpa3oBaHUE dHEPTUH M3IYUCHUS B DICKTPHUCCKYIO ((hoToranmbBaHUIC-
ckuii pexuM). DoTonHOARI B 3aBUCHMOCTH OT THITA NPUOOpa TEPEKPHIBAIOT ITHPOKUI
muanason ocererrocrei (ot 0,01 mo 1000 nxk).

doToranbBaHUYECKUN PEXUM

B dororanpBanmueckom pexume Gortomuon paboraer 03 BHEIIHETO HANPSHKESHUS CME-
menust. C nmpubopa OyieT CHUMAThCS TOJIbKO Bo3HMKaromias ¢oto-2JIC wnmu GpoToTok,
MPOTEKAOMNI Yepe3 OamgacTHOE COMPOTHBICHHE. JTOT (HOTOTOK HAXOAUTCS B JIOTa-
pUGMUIECKON 3aBUCHUMOCTH OT OCBEIICHHOCTH B JIMANIA30HE OKOJIO IIIECTHU JCCATUYHBIX
paspsnoB. [loatomy QoToranbBaHHUYSCKUN PEXKUM TNPEAHA3HAUCH, TPEKAEC BCETO, IS
Ka4yeCTBEHHBIX M3MepeHuit [6.7]. TeMHOBBIM TOKOM M €0 3aBUCHMOCTBIO OT TeMIIepaTy-
PBI IO CPAaBHEHHIO ¢ (DOTOTOKOM MOXKHO IMPEHEOPeYb.

IIpocras cxema BkimrodeHus (oroanona B (OTOTraIbBAHMUECKOM PEXMME IOKa3aHa Ha
puc. 6.14. TlockoapKy WHBEPTHUPYIOIIMIA BXO OTEPAIIOHHOTO YCHUJIUTENS WMEeT HyJe-
BOM moTeHIMai, OyJeT MoJydeH TOK KOPOTKOro 3amblkaHus ¢oromuona. Ha comporus-
neanu R1 ocymiecTBusieTcst mpeoOpa3oBaHKE ITOTO TOKA B MPOMOPIHOHAIEHOE €My Ha-
npsokeHne. 11ocKombKy TOK KOPOTKOTO 3aMBIKaHUS M3MEHSETCS B TUAla3oHe HAaHO- U
MHUKpOamIiep, TpebyeTcsi OnepalvoHHbIH YCHIINTENb ¢ BBICOKOOMHBIM BXOJOM (Hampu-
Mmep, S-FET). 3nauenne R1 cocraBisieT HECKOIBKO METAOM.

I, R,
—
. 1
L
— Ua = -IF*R1
oV

| .

Puc. 6.14. MpuHumnuanbHas cxema paboTsl hoToamnona B hoToranbBaHNYECKOM pexnme
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PoTOoaANOAHbIN PEXUM

B ¢orommonnom pexxume Ha p-N mepexoll MmoaaeTcs 3amuparollee HamnpspKeHue. 31ech
00paTHBIN TOK 3aBUCHT OT OCBEIEHHOCTH. TE€MHOBOW TOK B OOJBIIMHCTBE CIy4yaeB CO-
CTaBIISIET HECKOJbKO HaHoammep. CBETOBOH TOK, B 3aBUCHMMOCTH OT THIa MpuOopa, Ha-
XOJUTCS B JUaNa3oHE OT HECKOJBKMX MHKpOaMmIlep 10 HECKOJIbKHMX Muutunammep. Oc-
HOBHOE NPEUMYIIECTBO 3TOT0 PEKMMa 3aKJIIOYAETCs B BBICOKOM TI'paHMYHOM 4YacToTe,
MOTOMY OH NPUMEHSETCS, MPEXIe BCEro, Ui Mepenaynd ObICTPBIX MOCIeA0BaTeIbHO-
CTEU UMITYJIbCOB.

Cxema, moKa3aHHas Ha pHC. 6.15, paboTaeT aHaIOrm4yHO HpeApiayieii (cMm. prc. 6.14).
OOpaTHBIH TOK, TPOTEKAIONINA Yepe3 IHOJ, TOJACTCS Ha ONEPAMOHHBIN yCHUIUTENb.
ITockonbKy MOTEHIMAN MHBEPTUPYIOIIETO BXOJAA JAOJKEH OCTaBaThCSl HyJEBBIM, Hamps-
xenne U, m3MeHnTcs TakuM o0pa3oM, 9ToOBI TOK mpotekan depe3 R1. [Toatomy BeIxoa-
HOE HamnpspkeHHe OyAeT MPOoIOPIMOHATIbHO 0OPaTHOMY TOKY Yepe3 JHOA.

Ua

Puc. 6.15. MpuHumMnuansHas cxema BKMOYeHUs otoanoaa B poTOANOAHOM pexmme

3AMEYAHUE

M3 aByx TONbKO YTO MpUBEAEHHBIX NPUMEPOB OYEBWUAHO, YTO TOKU 34eChb O4YeHb Marnbl. [Ons
KOMNMYECTBEHHbIX U3MEPEHUI 3TO TpebyeT TwaTenbHO NPOAYMaHHON CXeMbl YCUNUTENS, KO-
TOPbIA JOIMKEH HAXOAMUTbLCS B HENocpeacTBeHHOM 6nun3octn ot doToanoga. MNMpu atom cne-
OyeT MOMHUTb, YTO COMPOTUBIIEHNE MEXAY OBYMSI COEAMHUTENBbHBIMU NPOBOLAHUKAMK Me-
YyaTHbIX NNaT cocTaBnseT "BCero Nuilb" HECKOMNbKO COTEH Meraom.

6.4.4. ConHeuYHble 3aN1eMeHTbl 1 baTtapeun

SIdeiky COJHEYHBIX DJIEMEHTOB YCTPOCHBI TAK K€, KaK U (bOTO,Z[I/IO,Z[LI. Bnaroz[apﬂ COOT-
BGTCTBYIOH_Ieﬁ KOHCTPYKIIMHU OOCTUT'AKOTCA OOIIbIIIME AKTUBHbBIC Iiomaanu, TaKk 4To CHH-
MacMbIC TOKH BBINIC, YCM Y (1)OTO,I[I/IO,I[OB. Cnez[yeT NOAYCPKHYTh, YTO TOK KOPOTKOTO
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3aMbIKaHHsl JIMHEWHO 3aBUCHT OT OCBelIeHHOCTH [6.7]. M3-3a GoJbmIMX pa3MepoB
(1, cemoBaTeNbHO, EMKOCTEN) TIOIYYAIOTCS OY€Hb TUIOXHE BPEMEHHBIE XapaKTePUCTHUKL.

ConHeUyHEIC 6aTapeH MMpEaACTaBIIAIOT coboit (I)OTOI)HCMCHTBI CIICOMaJIbHOI'O THIIA, OIITH-
MU3UPOBAHHBIC AJIA Hp€06pa3OBaHI/ISI COJIHCYHOTI'O CBCTA B 3JICKTPUYCCTBO.

6.4.5. doToTpaH3UCTOP

B ¢doToTpanzucropax cBoOo HBIE HOCUTENH 3apsiia B 0a3ze yIpaBIsIOT TOKOM Ha y4acTKe
"6aza—smurtep". [Ipu 3TOM TOK 0a3bl BO3HUKAET Onaromapsi BO3ACHUCTBUIO CBETa Ha 00-
paTHO CMeIeHHBIH P-n-nepexon "6aza—komaekTop". TOK KOJUIEKTOpa MO CpaBHEHHIO
¢ POTOTOKOM OKa3bIBAETCS BHIIIE, T. €. POTOTPAH3UCTOP ACUCTBYET KaK YCUIHUTENb.

DOTOTPaH3UCTOP BBIJACT BBIXOAHBIE TOKH, TOpa3fo Oojee ymoOHBIE IS HaidbHeHmeit
o0paboTku. K ero HenmoctarkaM MO>KHO OTHECTH CHIIBHYIO HETMHEHHOCTh, TaK YTO KOJIH-
YECTBEHHAsl OLIEHKA TOKOB IIOYTH HEBO3MOJKHA, a TAKXKe XyALINe JUHAMHYECKHE Xapak-
TEPUCTHUKH I10 CpaBHEHMIO ¢ oTonuonoM. Bpems nepexiodenus GoToauoaa no cpaBHe-
Huto ¢ pototpansucropom B 1000 pa3 MeHbie, mo3TOMY (HOTOTPAH3UCTOPHI MPUTOTHBI
IUIs TIepelayy CUTHAJIOB C YaCTOTOM He 00Jiee HECKOJIBKUX KUJIOTEPLI.

[Mpocras cxema BkItoueHUs (OTOTPAH3UCTOpPA MPUBEACHA Ha puc. 6.16. OneparoHHbINH
YCHIIUTENb (DYHKIIMOHUPYET NPU 3TOM KaK MOPOTOBOE YCTPOHMCTBO, Tak uto U, mpuHuMa-
eT ToabKo 3HaueHus Us wim 0. C momornsio notennuomerpa R1 ycranaBnnBaeTcs 3Have-
HUE TIopora cpabaTbhiBaHus, a ¢ MOMOIIbI0 R2 — rucrepesuc.

. ) ° +Ua

R1

VvV 250k
r 500k

R2

Ua

Rv
10k 50k

Puc. 6.16. ®oToTpaH3ncTop ¢ noporoeow cxemon Ha QY [6.7]
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+Ua

10k

——7 > Hanpuwmep, '4093

Puc. 6.17. ®oTOTpaH3NCTOp, NOAKIMIOYEHHbIV K LMGPOBOMY YCTPOMUCTBY

Ecnu He Hy)XHa BBICOKasi TOYHOCTh CpalaThIBaHHS MPU 33JaHHOM YPOBHE OCBEIICHHO-
CTH, TO (POTOTPAH3UCTOP MOKHO HEMOCPEACTBEHHO MOAKIIOYUTH K LU(PPOBBIM JIEMEH-
tam (puc. 6.17).

Tak xak TEMHOBOW TOK IPEHEOPEXHMMO Majl, B JaHHOM Cllydae LeJeco00pa3Ho IpuMe-
HUTh yHOpaBlieHHE Mo '"Macce", XOTS OpU HCIOJIb30BAHUM HHTETPAIBHBIX MHUKPOCXEM
KMOII aHanoru4Horo pe3ynbTara MOXHO JTOCTUTHYTh 33 CUET MaKCUMAaIbHO BBICOKOIO
COIIPOTHBIECHUS. BripodyeM, cxema ympaBieHUs! OYE€Hb NMPOCTA, XOTS OHA BPSA JIM IO3BO-
JUT 1OOUTHCS BBIPABHMBAHUS MOPOra MEPEKII0UEHHUsI. ITO 00ECIeunBaOT MUKPOCXEMBI
TCA205 mmn TCA345, xoTopsle CHenHnaabHO CIHPOEKTUPOBAHBI KaK IMOPOTOBEIE IEpe-
kmovaresnu. Eme ogHa BO3MOXKHOCTH BIMSIHHMS Ha HOPOT NEPEKITIOUEHHS 3aKIH0YaeTCs
B HCIOJIB30BaHUH (DOTOTPAH3UCTOPOB, CHAOKEHHBIX BBHIBOJOM 0a3bl. [Ipu 3TOM MOXHO,
KaK U B ciy4yae C OOBIYHBIM TPAH3MCTOPOM, yCTAaHABIMBATh Pa0OUyI0 TOUKY, MOAABas
cMelleHre Ha 6a3y. YKa3aHHbIE MEpPbI IIO3BOJISIIOT B OTPAaHUYEHHON 00JIACTH CTYIIEHYATO
PETyIUpOBaTh 4YyBCTBUTEIBHOCTD.

6.5. MarHuTHbIEe nonsa

W3mepenne MarHUTHBIX TOJEW OCYIIECTBIsiETCsS ¢ momolbio 3ddekra Xoma. 3a cyer
JIEHCTBUS MAarHUTHBIX TOJICH 3JIEKTPOHBI B IPOBOIHUKE, Y€PE3 KOTOPHINA MPOTEKAET DJICK-
TPUYECKHUH TOK, TIEPEMEIIAIOTCS Ha €r0 BHEITHUE TTOBEPXHOCTH. B MOIynmpoBOAHUKAX 3Ta
pPa3HOCTh MOTCHITMAIOB (HampspKeHue XoJula) MOXKET MOCTUrath 1 B, u oHa B MIMPOKOM
JMarna3oHe 3HaYCHUH IPOMOPIIMOHATRHA HAPSSKEHHOCTH MAarHUTHOTO TTOJIA.

Cy1ecTByIOT HHTETPaJIbHbIE MUKPOCXEMBI, pabOoTaIoIIKe 10 STOMY NPUHIMITY, KOTOPHIE,
TEM HE MEHEe, B OCHOBHOM HPOCKTHUPYIOTCS Kak HH(poBble AaTuuku. Kpome anemeHTa
XoIta OHU COJIepIKAT ellle TPUITEp JUIs COTNIacOBaHMs ypOBHEil HanpsokeHust (puc. 6.18).
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leHepaTop Toko-
Tpurrep V Xorna cHabxeHve

ov Q Us

Puc. 6.18. BHYTpeHHAs CTPYKTypa UHTErpanbHON MUKPOCXeMbI-gaTynka Ha adpdpekte Xonna

+Us
KHonka
Xonna Q@ /cTpo6-nmnynbC
KHonka
Xomma  Q

DO
KHonka
Xonma Q

D1
KHonka
Xonna

Puc. 6.19. Habop AaTyMKoB C BbiXxoA4amMu C OTKPbITbIM KOMeKTOPOM
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IIpocreiimme WHTETpaIbHBIE MHKPOCXEMBI-IATUYMKHA Ha 3Pdexre Xomia BBITYCKAIOTCS
B TPEXBBIBOJHOM TPAH3UCTOPHOM Kopmyce. OHH pabOTar0T Kak MPOCThIE MATIYUKH TOJIO-
kerus. Ha puc. 6.19 mokazaHo, Kak MOKHO OOBETHHITH HECKOJIBKO JATIMKOB C OTKPHITHIM
KOJIIEKTOpoM. JIMoIHas MaTpuIia CIyKHT 37eCh I KOJUPOBAaHUS IBOMYHOTO cMTHana. Ha
BBIXOJIE aKTHBHOTO 3JIEMEHTA B 3TOT MOMEHT MPHUCYTCTBYET CUTHAN C HU3KUM YPOBHEM Ha-
MIPSDKEHMS, TAKOH 7K€ TIOTEHIINANT YCTAaHABINBAETCSA HA COOTBETCTBYIOIINX IIIMHAX.

YCTpaHUTh HETOCTATOK, CBS3aHHBIN C OOJBIIMMU 00BEMaMH KOJWPOBAHUS, TTO3BOJISIOT
JATIUKH XO0JIa C OTKPHITEIM SMUTTEpOM. [1oTpeOyrOTCS JOMTOIHUTENEHBIE CXEMHEIC 3a-
TPATBI, 3aTO MOKHO 00BETUHSITE OOJBIIIOE YUCIIO AaTUUKOB (prc. 6.20).

E1E2  ElE2  E1E2  E1E2 N 148

N
Kopep BO
E1E2 E1E2 E1e2 E1E2 42 g4

KHorka
Xonna
E1 E1
\ E1E2 E2 E2 E1 E2 148
B2
Kopep

E1E2 4k2 B3

«

OTKpbITBIN o

KornekTop a

Puc. 6.20. Habop aaT4MKoB C BbIXO4aMW C OTKPbITBIM SMUTTEPOM

Marnut
S1 S2 S3 S4 S5 S6 S7 Llenb
CEHCOopoB
2,5Mm
Ua

Puc. 6.21. "Lienoyka" gaT4ymMkoB C aHanoroBbIMy afieMeHTamy Xonna
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3a cYeT MPHOPUTETHOT'O KOJUPOBAHUS MO3UIINS AKTUBHOTO 3JIEMEHTa MOXET CHUMAThCS
B BHJE JIBOMYHOTO 3HaueHUs. ClieoBaTeNbHO, COCTOSIHAE KHOIKH ONPENENSIeTCs] cpa3y
Ha armnapaTHOM YpOBHE.

Hcnonb3oBaHue B cxeMe aieMeHTa Xoijla B KaUecTBE AaTUMKa W3MEPSIEMON BEINYMHBI
MO3BOJISIET CO3/1aBaTh BHICOKOUYBCTBUTEIBHBIE MATHUTHBIE CEHCOPHL. [locTponB nenouxy
TaKuX NMPHOOPOB, MOKHO ONPEACTUTH MOJOKEHHUE MarHuTa 3a cYeT MaTeMaTHYeCKOW
00pabOTKH ¢ TOYHOCTBIO 10 MUKPOH. [ 5TOr0 MpOBOAUTCS WHTEPIIOISALUS TOUKH MaK-
CUMyMa HalpspDKEHHOCTH MarHUTHOTO TOJISI € TMOMOIIBIO HECKONBKHX PacIlONOKEHHBIX
0 COCEJICTBY AaTUUKOB (pHc. 6.21).

6.6. N3amepeHMe NMIMHEMHOro U yrnoBoro
nepemeLlleHuUsA

C BO3MOXKHOCTSIMHU PETUCTPALUU MPOUJCHHOTO IyTH MBI YACTHYHO YXKE MO3HAKOMIIIUCH
B pazzerne, MOCBSIIEHHOM M3MEPEHHUIO CHJIBI M JaBJICHUsI, TIe paccMaTpuBalach nedop-
Malusl IpeaMeTa IoJ BO3JCHCTBHEM CWIIBI. VI3MEHEHHE JJIMHBI MOXHO OILICHUBATh I10
PACCTOSHUIO MEXKY IJIAaCTHHAMHU KOHJICHCATOPa HMJIU TI0 BO3IYIITHOMY 3330PY B KaTYIIIKE
WHAYKTUBHOCTH. [IposBIsitONUECs] U3MEHEHUS SMKOCTH W WHAYKTUBHOCTH MOXKHO
peoOpa3oBaTh B YacTOTY, MPOMOPIHMOHATLHYI0 PACCTOSHUIO. AHAJOTHYHAS METOJMKA
MPUMEHUMA ¥ K U3MEPCHHSM YTJIOBOTO MEPEMEIICHHS, OTINYUE OYJIET COCTOSTh TOJIBKO
B MEXaHMUYECKOH peann3aluy npeoOdpazoBaTes.

6.6.1. UamepeHue nocpeaCcTBOM NOABUXHOIO cepaeyHuKa

Wzmepenune mepeMelieHuil ¢ MOMOIIBIO MOJBMKHOTO ceplieyHrKa (M0 BapHOMETpHYe-
CKOMY MPHUHIUITY) (PU3UYECKH COOTBETCTBYET 3aMepaM U3MEHEHHUI BO3IYIIHOTO 3a30pa.
31ech MCMONB3YeTCsl TOT (akT, YTO 32 CUET M3MEHEHHs CBOWMCTB KaTYIIKH KojeOaTeib-
HbIIl KOHTYp U3MEHHT CBOXO 4acToTy. IIpu mepemenieHuun cepacdyHuKa BHYTpb Kapkaca
KaTYIIKK WHAYKTHBHOCTH KaTYIIKH n3MeHsercs. [10100HbIH crtocod mo3BoIsIeT H3MEPSTh
pacCTOSHUS ¢ TOYHOCTBIO 10 MUIUIUMeTpa (puc. 6.22).

VHOYKTUBHBIN

ocLMnAsTop fa

Puc. 6.22. MpuHUMN 3MEPEeHUs NepeMeLLieHiA C NOMOLLIbIO KaTyLLKM C NOOBWKHBIM CEPASYHUKOM
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Ha puc. 6.23 mokasana cxema LC-reneparopa it OLIEHKH TepeMelneHus. i KaTyIKu
JIOCTaTOYHO HECKOJBKO BHUTKOB IPOBOJA, HAMOTAHHOTO HAa TOJBIA HWIMHIPUYECKUI
kapkac auamerpoM 5-10 MM. B kauecTBe MOABHMIKHOIO CEpACUYHMKA MOJOUICT ATIOMH-
HUEBBIH WM (EpPUTOBBIA CTEp)KeHb. B 3aBHCHMOCTH OT KOHCTPYKIIMH KaTYIIKHA CXeMa
Oynmet paboTaTh B Arama3oHe mpuMepHo 10 50 MI.

5V

10p npumepHo 20
1 BUTKOB
10n Ou 39 (Ha TpyBKe)

3,3p
BF241

fa

4,7n 1,5k 470

Puc. 6.23. Cxema LC-reHepaTopa Ans M3mepeHusi nepemeLLeHnst
C NOMOLLbIO KaTYLIKN C MOABWXHBIM CEpAEYHNKOM

6.6.2. A3MepeHune ¢ NOMOLLULI0 NU3MEPUTENBLHOIO
noTeHUMomeTpa

W3mepuTensHBIi TOTEHIIMOMETP 00ECTIeYnBaET IPOCTON METOM M3MepeHus yrioB. B ka-
YECTBE M3MEPUTEIBHBIX MOKHO B3SITh MPELU3UOHHBIE IPOBOJIOYHBIC MOTEHIHOMETPBI.
N3mepsiemble 3HaueHus JiexaT B auamnazoHe A0 300° ¢ paspemenuem npumepHo 0,5°.
3a cyeT MPUBOIHBIX MEXaHU3MOB U 10-XOZOBBIX CIIUPATIBHBIX HOTEHLIUOMETPOB MOKHO
pacMpuTh JOCTYIHYIO 00JacTh n3MepeHuid A0 360° U yIydIinTh pa3periaouryio Cro-
co0HOCTh. TOUHOCTH B CYIIECTBEHHOM CTENICHU 3aBUCUT OT MEXaHHUKH.

IMTockosbKy MpeoOpa3oBaHUE JTHMHEHHOTO TEpPEMEICHUsT B YIJIIOBOE MPOOJIeM He mpej-
CTaBJISICT, TAKUM CHOCOGOM MOXXHO U3MEPATH U JIMHEHHBIE MEpEMCUICHUS.

O6pa60TI<a QJICKTPUYCCKOI'0 CHUIrHajla OCYLICCTBIISACTCA TPAAUIIUOHHO. I/I3M€pI/IT€J'II>HLII71
MNOTCHLIUOMETP uenec006pa3H0 BKJIFOYUTh B MOCTOBYHO CXEMY, I'’Ic CHICHUAJIM3UPOBAH-
HBIC ITIPOBOJHUKHU YK€ 3apaHCC OTKaJ'II/I6p0BaHLI C YUCTOM TCPMHUYCCKUX OTKJIOHCHHM.
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6.6.3. UamepeHMe ¢ noMoLbiO JIMHEUHOIO
KOA4OBOro AaT4yuvkKa

M3MepeHne TMHENHBIX U YIJIOBBIX MEPEMENIEHUN C TTIOMOIIIbIO JIMHEMHOr0 KOJI0BOTO JaT-
YUKa MPEACTABISIET COOO0M MPOCTOH CII0co0, 00SCIICYNBAIONTHI HEBEICOKOE pa3pericHue.

Texauuecku LICJ'ICC006p2.3HO 3a4aTh IIar 4yTb MCHCC 1 Mm. I[J'II/IHa JIMHCHHBIX KOIOOBBIX
AATYUKOB 3aBUCUT OT KOJIMYCCTBA CUHUTHIBAIOIIUX OOPOKCK. Taxue JAaTYUKH IIOAXOOAT
JJIsL I’I)Y6OI7I OIICHKH ITOJIOKECHUA U CMCIIICHU .

JIuHeliHble W yTJIOBBIE KOMOBBIC MAaTYMKU COCTOST M3 MPO3PAYHOTO HOCHTEJNS, HA KOTO-
PpBIil HaHECEHBI HETIPO3pavHbIe OTMETKH (IIOJOCHI MIIN CEKTOPHI), TPEJICTaBICHHBIC B BU/IE
mBomdHOTO Koja (puc. 6.24). CkannpoBaHne (GaKTHIECKOTO TIOJIOKEHUS OCYIIECTBIISIETCS
IyTeM CUUTHIBAaHHUS HOMEPa IOPOKKH, COOTBETCTBYIOIIETO KOHKPETHOMY (POTODIIEKTPH-
4EeCKOMY JaTIHUKY.

12345678891
0

AN

DOTO3NEKTPUYECKNE AATUNKN

Puc. 6.24. KOMNOHOBKa KOAOBbIX AATYMKOB NIMHENHBIX U YIMOBbIX NepeMeLLeHuii

6.6.4. UsmepeHunsa nocpeacTBOM U3MepUTESIbHbIX
npeobpa3oBarenen

TUNUYHBIA TPEJCTABUTEIb CEMEHCTBA M3MEPHUTEIBHBIX MPEOOpa3oBaTeliel, ¢ KOTOPBIM
3HAKOM NPAaKTUYECCKU JIIO0OW M3 Bac, U HE TOJIBKO 3HAKOM, HO U JIEPXKajl B pyKax — 3TO
KOMIIbIOTEPHAA MBIIIb.

[IpenmyiiecTBO M3MEPUTENBHBIX MpeoOpa3oBaTeneii COCTOUT B TOM, YTO C MEXaHHYe-
CKOH TOYKH 3pEHHSI OHU HE MMEIOT HUKAKOTO TPAHUYHOIO 3HAYEHMs. 3a CUET 3TOTO MOXK-
HO U3MEPATh TPACKTOPUH NMPOU3BOIBHON AIUHBI. ECTECTBEHHO, YTO €CTh Y HUX U HENO-
CTaTOK, 3aKJIFOYAIOLINIICS B TOM, YTO OHH BBIOJHSAIOT JIMIIb OTHOCHTENBHBIE U3MEPEHUS,
MOTOMY YTO CHCTEMa HE IpeAiaracT HUKaKoW omopHOH (HyseBoil) Touku. IIpu HeobOxo-
JUMOCTH OMOPHYIO TOUKY MOXKHO CO3/1aTh, J00ABHUB AOTIOIHUTEIbHBIN JaTUHK.
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ChbeM JIaHHBIX O TEPEeMEIICHUH OCYIIECTBISIETCS OUYEHb MPOCTO: OH 3aKITIOYAeTCs B TOJI-
CYeTE MMITYJHCOB OT (HOTODIEKTPUUECKOTO JIATYHKA, MPHUYEM KaKIBIH UMITYJILC COOTBET-
CTBYET OTPEICICHHON BEIMYNHE TIEPEMEIICHNS. 3aTpaThl OYIyT HECKOJIBKO OOIbIIE, ec-
7 HeoOXOMMa CMEHa HaTPaBJICHUS JIBHXKCHUS, TIOCKOJILKY B 3TOM cly4ae morpedyeTcs
pean30BaTh CXeMy JUII HHBEPTHPOBAHUS 3HAKA.

+Ua
Rv 82k 82k
U1
82x '4093

u2

[nck c oTBEepCTUSAMU
Bnepeg Hasag

U1 U1
u2 u2

Puc. 6.25. Cxema pacnonioxeHusi poTo3NeKTpUIECKMX AaTHNKOB
AN peanusauun nsmepuTensHoro npeobpasosaTens
C AUCKPUMMHATOPOM HanpasneHus

HampasneHue OleHMBAeTCs ¢ MOMOIIBIO JBYX (POTOAIEKTPUUSCKUX JATIUKOB (puc. 6.25),
KOTOpbIe paboTaloT ¢ HEOOIBIIUM TEPEKPHITHEM. 32 CUET STOT'0 MOXKHO 0 (POHTaM HM-
MYJIbCOB YCTaHOBHTH, KAKOW M3 (POTORNEKTPUUECKUX NATUYUKOB CpPadaTHIBACT MEPBBIM,
U OIPEJIeIUTh HaNpaBJIeHue nepeMenieHus. [IocKoIbKy ONMMCaHHBI METO/ IPUMEHSIETCS
OYEHb YaCTO, CYIIECTBYET MHOXECTBO BapHaHTOB pealIM3alliK NIepECUeTHRIX cxeM. Pac-
CMOTpPUM HEKOTOPBIC U3 HUX.

B cxeme, npuBeneHHON Ha puc. 6.26, HET aHAJIOrOBBIX KOMIIOHEHTOB. B Hell reHepupy-
I0TCA OTAENBHBIE TAKTHI JUI OTCYETa MOCTYNATEIbHOIO M BO3BPAaTHOrO IBHMKeHUs. Mc-
MOJIB3yeTCs TOT (aKT, uTo peakuust D-tpurrepa npu noctyruieHuH GpoHTa UMITyJIbCa Ha
OJIMH U3 BXOJOB ONpPEAEIAETCS COCTOSHUEM Ipyroro kaHana. [foaTtoMy B 3aBUCUMOCTH OT
HaNpaBJICHUs EpPEMELCHNS MOTEHINA B TOUKe | nim 2 oKa3bpIBaeTCs BBICOKHM, Ojaro-
Japsi 4eMy CUT'HaJl Ha BBIXO/IE€ YETKO (DUKCHUPOBAH.
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Puc. 6.26. O6paboTka nmnynecoB ¢ NoMoLLbio D-Tpurrepa
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Puc. 6.27. O6paboTka numnynscos ¢ nomoLubto JK-Tpurrepa
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Cxema, n3o0paskeHHas Ha puc. 6.27, B3aTa u3 ucrounuka [6.7, c. 119]. Ona Toxe rene-
pUpYeT pasfenbHbIe TAKTHI JJISi UMITYJILCOB MOCTYATEILHOTO M BO3BPATHOTO JIBUYKCHUIA,
KOTOpBIE, pa3yMeeTcsi, aKTHBU3UPYIOTCS BHICOKAM YPOBHEM CHTHaia. 3a CYeT COeHHe-
HHS TAKTOBOTO (CHHXPOHHU3UPYIOIIETO) BXoaa U R-Bxoza (BXoma curHama copoca) ¢ Apy-
MM TPUITEPOM JIEHCTBUE TAKTOBOTO MMITYJIbCa B TPUTTEpE BCETHa OyJeT MOJABIISATHCS.
[Mo3TOMY BBIXOJHOW HMITYJIbC OyJET TEHEPUPOBATHCS TOJBKO TI0 OINepexaronemMy GpoH-
Ty CHTHAIA.

U1 ,
& U1

c

UP/DOWN
K U2
U2

R
S 1
CcP o
' 1
4027 up)

&
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Puc. 6.28. O6paboTka MMNynbCOB C MOMOLLIbIO CUrHana HanpaeneHust

Cxema, mpuBesieHHas Ha puc. 6.28, B3ara u3 ucroynuka [6.7, c. 118]. B otnuuue ot
NpeaAIICCTBYIOIUX CXEM, 31€Ch HAa CYHCTUYHUK IMOCTYNacT U CI/IHXpOHI/I?,I/Ip}/IOHlI/II\/'I CHUI'HaJI,
U CUTHAJ HampaBlieHUs. B JaHHOH cxeme y4TeH TOT (akT, 4YTO TPUTTEP BOCIIPUHUMAET
cocrosiavie Bxo0B J/K 10 GpOHTY CHHXPOHH3UPYIOIIET0 UMIYJIbCa. 3a CYET HATUUMS
noruyeckoro 3neMenTta "M-HE" 3T0 cOOTBETCTBYET COCTOSHUIO 3ala3/IbIBAIOIINX M-
IIyJIbCOB.

[TockonbKy paccMOTpeHHas 3a/a4a BO3HUKAET OYEHb YacTo, JJISI 9TOH LEeNM CO3/1aHbI
CTICIMATN3UPOBAHHBIC MHTETPAbHbIE MUKPOCXEMBI, OPUEHTHPOBAHHBIE Ha IOJKIIOYEC-
HHE K MUKPOTIPOIECCOPHBIM crcTeMaM. OIMH U3 TPeICTaBUTENEH 3TON TPYIITEI — MHK-
pocxema THCT12024 [6.8]. B nanHoM citydae peub uaeT 00 uHTepdelice HHKPEMEHTHO-
ro marumka nojoxenus (Incremental Encoder Interface), cmoco6HOM 006ecneunTsh
00paboTKy ¢ 24-pa3psIHON TOYHOCTEIO.

Brok-cxema THCT12024 npusenena Ha puc. 6.29.

Konraktel, o6o3nadennsie kak Ual u Ua2, cooTBeTCTBYIOT MMITyJIbCHBIM Bxogam Ul
n U2 paccMOTpeHHBIX paHee cxeM. YIpaBisiomue BXoabl MX cioyXar Ui yCTaHOBKH
Pa3NUYHBIX PEKUMOB PaOOTBl MUKPOCXEMBI: U3MEPEHHUE UIUTENILHOCTH MMITYJIbCa, Jac-
TOTBI, PEXKUM CUETA U MATh BADHAHTOB HHKPEMEHTHOT'O JaTYHKa.

XOTs 3Ta MUKPOCXEMa YK€ HE MOCTAaBIAETCS Ha PHIHOK, Mbl YIIOMUHAEM €€ 3/eCh IJis
JIEMOHCTPAILIMM TEXHUYECKOW peann3allii U CBA3aHHBIX C 3TUM 3aTpaT. Ha cerogHsmHuii
JICHb BCE ATH ()YHKIIMOHAIBHBIC BO3MOXKHOCTH PEATH3YIOTCS MPOrpaMMHO WM B BHIE
porpaMMupyembIx Jiorudeckux marpuil (FPGA).
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M1 M2 3 Ua0

Ua1 TNornka 24-paspsaHblit /€O
Ua2 n3mepeHnn CYETHYUK-BbIYUCTIUTEND
CLK /8O
/RES 24-pa3psigHbiv
Ics Jlorvka pemmeTp
/RD ynpaBsneHus
MynbsTunnekcop
BbixoaHom
Oydep c
Tpems
COCTOSIHUSAAMM
/WR DO...D7

Puc. 6.29. bnok-cxema THCT12024

6.7. MNepeknryaTtenob

KakuMm OBl IPOCTBIM HU Ka3aJiCsl 3TOT BJIEMEHT, OH MOXKET BbI3BATH MHOXKECTBO MPOOIIEM.
CJH0XHOCTh COCTOUT B TOM, YTO MEPEKII0YATeNb MPU 3aMBbIKAHUH SJIEKTPHUECKON Tenn
3aMBIKACT U Pa3MbIKAET €€ HeCKOJbKO pa3 (puc. 6.30). [Ipuunna 3akitodaeTcs B TOM, YTO
MaTepHaibl, U3 KOTOPBIX M3TOTOBJICHBI KOHTAKTHI, IPH WX 3aMBIKAHUW YOPYTo "MPYKU-
HAT". OTOT 3QdeKT nMeeT MEcTo BO BCEX MEXaHWYECKHX KOHTAKTax, BKIIOYAs pele,
1 HOCUT Ha3BaHMe "npedes3ra” KOHTAKTOR.

MI/IKponpoueccop CUHUTBIBACT CUI'HAJIbl C KOHTAKTOB OYCHb 6BICTpO, IMO3TOMY OH o6pa6a—
ThIBACT BCC CKAYKU, BO3HUKAIONIUC B PC3YyJIbLTATC z[pe663ra, BCJICACTBUC YCTO I'CHCPUPYCT
HC OJUH, a HCCKOJIBKO BbBIXOJHBIX UMITYJIbCOB.

Ecnm nanHbie BBOAWT YEIOBEK, HEOOXOIUMO YUHUTHIBATH €CTECTBEHHBIC IPEACIBI YeIo-
BEUECKHUX BO3MOXKHOCTEH. Tak, COBpEMEHHBIN PEKOPJ CKOPOCTU MeYaTaHUs COCTaBISET
9 ynapoB 1o KJIaBHIIIaM B CEKYHIY. B 0COOBIX Cilydasx, HarpuMep, Ipy Mo 4epKUBaHUH,
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MOXHO TOOHUThCS cKopocT 10 20 ymapoB B CEKyHHIY. DJIEKTPOHHUKA TOXXKE MMEET Bpe-
MEHHBIE OTpaHMUYEHUS, 37I€Ch Ha KJIaBHATYpPHBIN BBOJ TpeOyercs He meHee 50 mc. Ilpm
ABTOMAaTHU3WPOBAHHOM BBOJIE, HAIIPUMEP 4Yepe3 OKOHEUHbIE BBIKIIIOYATENH, HEOOXO0ANMO
OTCJIE)KMBATh MEXaHWYECKUE M BPEMEHHBIE MTapaMeTpsl KaKIoro natunka. [Ipu HexBaTke
OBICTPOICUCTBHS CIICAYET MTEPEHTH Ha ONITHICCKUE CPEIICTBA.

Ua

MpumepHo 5...10 mc

Puc. 6.30. MNMpouecc "gpebesra" KOHTaKToB

6.7.1. AnnapaTtHoe ycTpaHeHue apebe3ra KOHTaKToOB

Ycrpanuts ApeGe3r KOHTAKTOB MOKHO JIByMs MYTSIMH: 332 CHET ONTHMHU3AIMH MOCTOSH-
HOMW BpPEMEHH IIeTIH U € TIOMOIIBI0 TpurrepoB. O6a BapuaHTa okazaHsl Ha puc. 6.31.

+Us

a 6

Puc. 6.31. AnnapaTHoe ycTpaHeHune apebesra KOHTaKTOB:
a — ¢ nomolublo RC-uenu; 6 — ¢ noMoLLlblo Tpurrepa
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HenocraTok cxembl, puBeaeHHON Ha puc. 6.31, 6, COCTOMT B TOM, 4TO TpeOyeTcs mepe-
KITI0YaTeNlb, KOTOPBI JocTyreH He Bcerga. K ToMy ke, 00a pemieHHs Ieiecoo0pasHbl
TOJIBKO JIJIsl YCTPOWCTB ¢ HEOOIBIINM YUCIIOM TIEPEKITIOUaTEIICH.

Ha puc. 6.32 u3o0paxeH BapHaHT, MO3BOJIOUINNA YCTPaHHUTh ApeOe3r KOHTAKTOB B
OoNpIINX KIaBHLIHBIX ycTpoicTBax. /s aToro Ha Bpems apebe3ra KOHTAKTOB OHOBUO-
patop OJOKMpYET JOTHUYECKYI0 cXeMy HpuHsTUS pemenus. [locie ucrteueHus 3Toro Bpe-
MEHH YCTaHOBHBIIMICS CUTHAJ MOJAaeTCs Ha aHAJIU3.

+Us YnpasneHue ctonéuamu

Konep n
Bypep

Puc. 6.32. YcTpaHeHue apebesra KOHTaKkToB NocpeacTBOM ogHoBMbpaTopa

6.7.2. NMporpammMmHoe ycTpaHeHne apebe3ra KOHTaKTOB

[TockonbKky KOMIBIOTEP TO3BOJISIET JIETKO (POPMUPOBATH BPEMEHHBIC 3aBUCUMOCTH H BbI-
MIOJTHATH JIOTMUECKHE OMNepalluy, YCTpaHeHue apebe3ra KOHTAKTOB MOXKHO peain3oBaTh
IpOrpaMMHO. DTO OKYIIaeTcsl, IPeXae BCero, B TeX ciaydasx, KOIJa peub UeT O KJaBua-
TYPHBIX yCTPOMCTBaX ¢ OOJIBIIMM YHCIIOM KIABHII, W PEUICHUE MO3BOJISET COKPATHTh
anmaparssle 3aTpatsl. IIpocreiinias cxema KJIABHATYpPHONH MATpULBl I TAKOTO Cirydas
npuBesieHa Ha puc. 6.33.

B kaxmoii Touke nepecedeHus CTPOK U CTOJIOIIOB HAXOIUTCSI KHOTIOYHBIA BBIKITIOYATEIb.
Ha nwaMu cTpok (BXOMHBIC) MOJAH CHTHAN BBICOKOTO YPOBHS, a Ha JIMHUU CTOJOIIOB
(BBIXOJHBIE) — HU3KOTO ypoBHS. llpy 3aMbIkaHWW BEIKIIOYATENS] B aKTUBU3HPOBAHHOM
CTONOIIEe BBIXOJHON CHTHAN MEPEKIIF0YaeTCs Ha HU3KHUIA YpOBeHb. Pa3Bsa3bIBaroIme Aauo-
Il B JIMHUSAX CTOJIOIIOB OTBEYAIOT 3a TO, YTOOBI NMPU HAXKATHHU JIBYX KHOMOK B OJHOMN
CTpOKe U30eXaTh KOPOTKOTO 3aMBIKaHUS BHIBOJOB MUKPOCXEMBI U 00ECIICUUTh UACHTH-
(hKanuo eTMHCTBEHHOM KIIABUIIIH.



UN3mepeHusi ¢ MoMowbro damuyukoe

71

+Us

PO Ynpasnenue
P1 cron6buamu
P2 (BbIBOAHOW

P3 3aTBop)

P4

P5
Onpoc
CTPOK

P6 (BBOZHOM 1 KnaBuwa
3aTBop)

P7

Puc. 6.33. Cxema knaBmaTtypHon MaTpuubl

Laih]

Mo6anbHblii oNpoc MaTpuLbl

Bpewms Ha ycTpaHeHne
Apebesra 1

O6HapyxeHa
OflMHaKoBas Harpyaka?

Knasuwmn

OnpepgeneHve nonoxeHns

Het

Mamennnack nn
Harpyska Ha BBOAHOM
?

Ko;lmposaume nosvuun

»le

KnaBuwa otnyieHa?

nApebesra 2

Bpewms Ha ycTpaHeHne

Knasuwa otnyuierna?

Na

Puc. 6.34. Brnok-cxema npouecca 06paboTku knasmaTtypbl
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Ha puc. 6.34 npuBeneHa Bo3MOKHas OJIOK-CXeMa aaTopuTMa OoIpoca KilaBuaTyphl. B Ha-
YaJbHOM COCTOSIHHM MAaTpHIla KJIABHII MMOJHOCTHIO aKTHBU3UPYETCS, TaK YTO HaKaTHE
Ka)XI0W KJIABHUIIHM BBI3BIBACT OTBETHYIO PEaKIMIO Ha BbIXoe. [IpH 3TOM MOXHO MOCTO-
SIHHO OIpAIlIMBaTh BBIXOJBI WM CTCHEPUPOBAThH MpepbiBaHKe. [1ocae MCTEYSHUsSI CpoKa
OJOKUPOBKH Jipebe3ra KOHTAKTOB BBIMOJHSACTCS MPOBEPKA, YTOOBI BBISICHUTH, OCTACTCS
JIM B CHJIE€ BBI3BABIIIEE €r0 COOBITHE, MMOCIIE YETO BHIUMCIISIETCS MMO3MIUSI aKTHBH3UPOBAH-
HOM KyaBHIIH. Jlanee MOKHO BBITIOJIHUTH MPOBEPKY BBIXOIAHOW HArpPY3KH, 4TOOBI OIpe-
JIeTIMTh, aKTUBU3MPOBAHA JIM Ta K€ JIMHHS, YTO M B Hadaie. Harpyska MoXeT H3MEHUTh-
cs1, KOT/Ia TIPHM OJHOM Ha)KaToi KiaBWile OymeT akTuBu3upoBana apyras (Key-roll-over).
IMocre mepexoUpPOBaHKs MMO3MIUK HAXXATOW KJIABHIIHM B KEJIAEMbIH CHMBOJIBHBIH KO
nporpamma 0yJeT 0)KHUIAaTh, KOT/Ia OJIb30BaTE/ b OTIYCTUT KIIABHIILY.

3apaHue 6.1

CuMynATOp TIO3BOJISIET CMOJETHPOBATh KIIABHATYpHYIO MaTpuily. Bocmome3yiitech 310
BO3MOXHOCTBIO, YTOOBI co3aaTh MaTpuily 4x4. [TonpoOyiiTe peann3oBaTh NIporpaMmy Mo
aJITOPUTMY, MTPUBEICHHOMY Ha puc. 6.34, U TOMOIHUTH ee QyHKIMeH KinaBumm <Shift>,
YTOOBI TOMYYHUTh JAOTMOJHUTEIbHBIE KOAOBbIC KOMOUHALIUH.

YKa3saHuA K peLleHuto

[pencTaBieHHBI MpUMEp MPOrpaMMBbl peaiu3yeT 00pabOTKy HaKaTHs €IMHCTBEHHOMN
kaaBuid. [IpocToit myTh pacimpeHus nporpammbl GyHKImeH KiaBuimu <Shift> 3akitro-
YaeTcs B ChbeME KOJIOBBIX KOMOWHAIIMIA C TIOMOIIBIO TaOJIUIIBI KOaupoBaHus. [I0CKONIbKY
BBl HE B COCTOSIHAU OJIHOBPEMEHHO Ha)aTh WJIM OTHYCTHThH JBE KJIABHIIH, MMPOrpamMma
PETHCTPUPYET 3Ty KOMOWHAIIMIO KaK "3amlpelieHHy 0" 1 IpephiBacT COOBITHE KaK HeJeH-
cTBuTeNbHOE. TakuM 00pa3oM, CMBICH 33J]aHHs 3aKIIOYACTCS B TOM, YTOOBI HCKITIOYHTh
kiaapuinry <Shift> u3 mporecca TpoBepKH W peaan30BaTh AT Hee 0CO0yI0 00paboTKYy.
[IporpaMMHO OHa MOET OCTABATHCSH COCTABHOW YacThIO MATpPHUIIBI, YTOOBI H30eXaTh
JyONMpoOBaHMs CKaH-KOJA.

HporpaMMa HE NOJDKHA MMOCTOSAHHO OIpallvuBaTh KJIIaBHATYpPY, KOr'/Jla HC Ha)KaTa HU O/JHA
KiaBuma. B sTom CJiyda€ OHa BO3BpallacTCd C KOAOM 0. ITono>xeHne KIIaBUIIH onpenc-
JIACTCA IPpU €€ HAXKATUH, U IpOorpaMMa BbIAACT KOO €€ MMO3HUIHHU.

To, uto BO Bpemsi 00pabOTKM HakaTWil KJIaBHII KOMIBIOTEp HE JlelaeT HUYEro, Mmpen-
cTaBisieT coOoil HemocTtaToK. Hambonbliero mpoueccopHoro BpeMeHH TpedyeT oxuia-
HUE OTIYCKaHUS KIaBHILH.

[Ipocreiiniee penieHre 3aKIIOYAETCS B TOM, YTOOBI IOMECTHTH (parMeHT KOHIIA OIpoca
B Hayajio mporpammsl. J{Jisi 3TOro Hy>KHO COXPaHHUTh KOJ MO3ULMH, YTOOBI MpOrpamMmma
IIPH 3aIyCKE MOTJIA OIPENEIUTh, OCTAETCS JIM HAKATOM NPEXKHs KIaBUlla, WIH MOJIb30-
BaTellb ycHesl HaXKkaTh APYryl0. 3a CHUET 3TOr0 KOMIBIOTEP MOT Obl MIPOAOIIKATH PadoOTy
IIPY HAKATOM KJIaBUILE.

ITockonbky xopomrast KIaBHaTypa CHaOXeHa 5X0-(yHKIMEH, ee TakkKe PeKOMEHIYeTCs
peanu3oBath. JJOOUTHCS 3TOr0 MOXHO, MEHSSI TOCTOSHHYIO BPEMEHH LIEIH, YTOOBI pa3-
JMYaTh BpeMs OTKIIMKA U BpeMs MoBTopa. Mies cocTout B TOM, 4TOOBI peann3oBarh BbI-
XOJ U3 IMKJIA OTIIYCKaHMs KJIABUIIM MO TaliM-ayTy, U B Hadaje MpOrpaMMbl IPOBEPSTH,
MO-TIPEeXKHEMY JIM Ha)kaTa aKTUBU3WPOBAaHHAs KJIaBHIIA.
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Nepepaya gaHHbIX U3MEPEHUN

[lepenaua maHHBIX M3MEPEHWH M3 TOYKH 3aMepa B MyHKT OKOHYATENbHOW 00paboTKU
MIpenCcTaBiIsieT co00 BaXKHEWIYIO 3a/1auy M3MEpPUTENsHOU cucTeMbl. Crocod mepemadu
LEJUKOM OmpeensieTcs TpeOOBaHMsIMU TEeXHUYECKoro 3anaHus. Kakwe mpobiemsl 3a-
TPYJHSIOT Iepeiavy TaHHBIX? YKa)keM OCHOBHBIC!

1. HOMeXI/I, HaBCACHHBIC MArHUTHBIMH W JJICKTPUYCCKHUMHU IOJIAMU, K KOTOPBIM OTHO-
CATCA NICPCKPCCTHLBIC HABOJAKHU, ITYMBI U T. II.

2. Tlomexu, BBI3BaHHBIE Pa3HOCTHIO MMOTEHIMAJIOB MEKAY TOUKOH 3aMEpOB M AJIEKTPOH-
HBIMH cXeMaMu 00paboTKu.

ITomexu, 00yciiOBIEHHbIE OTPAKEHUSIMU B JIMHUU TI€PEIayu.

OmmOKH, BO3HUKIIIE BCICACTBIE H3MEHEHUS (PH3MYECKUX CBOWCTB Cpelbl epeaay,
B TOM YHCJIC U3-3a 3aBUCUMOCTU MEXy CONIPOTHUBICHUEM U TEMIICPATYPOH.

7.1. NMomexu npu nepepaye

7.7.1. lMomexun, HaBegeHHbIe NONAMU

[NockoipKy HOMEXH, BBI3BaHHBIC HHIYKTUBHBIMH M €MKOCTHBIMH CBSI3SIMH, IPHBOJISIT K OJIU-
HaKOBBIM 3¢ (eKTam, OrpaHUUUMCS PACCMOTPEHHEM EMKOCTHBIX CBSI3€Hl.

[IpoBogHMKH, TPOIOKEHHBIE NAPANJIENBFHO, H3HAYAIBHO 00J1a1al0T EMKOCTBI0. JTOH eM-
KOCTBIO HENb3sl TpeHeOperath, HanpuMep JJs BUTOH mapsl auamerpoM 0,5 MM oHa co-
craBnsier npuMepHo 34 nd/m. Yepe3 Takoil mapa3suTHBIA "KOHACHCATOP" HPOUCXOAMT
nepeada HEXeNaTelbHOTO CHUTHana, 0COOEHHO 3aMeTHas Ha BBICOKMX dYacTorax. llpu
3TOM CJIEAYeT MOMHUTh, YTO YacTO MEpPEAaBAEMbIN MPSMOYTOJBHBIM CUTHAT CONEPIKHUT
TapMOHMKH BBICIIETO MOpsAAKa. Takyro BUTYIO Iapy MOXKHO MPEACTaBUTh B BHJIE SKBHUBA-
JIEHTHOM cxeMmsl (puc. 7.1).

Takum O6p330M, nepen napasuTHbIM CUTHAJIOM HaXOAUTCS ACIIUTCIIb HAIIPSIKCHUA, KOTOpBIﬁ
COCTOUT W3 €MKOCTHU JIMHHI nepeaadyn v napauiCJIbHO MOAKIIOYCHHBIX COHpOTI/IBHeHI/Iﬁ
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HMCTOYHHUKA M Harpy3ku. [Ipy HEKOTOPBIX YHPOIIEHUSX BBIXOAHOE HampspkeHue U, MOX-
HO BBIYHCITUTH 110 (POpMYJIC:

R
=—"—xU +U,. (7.1)
R +R,

a

3neck R, mpencraBisier co60il CONPOTUBIIEHNE CXEMBI U3 MApaJLIENIbHO MOAKIIOYEHHBIX
Rq 1 Ra, a R.— 310 emkocTHOE conpoTtuBienne konaeHncaropa Cp. IIpu noxacranoske R,
MOJTy4aeM:

2f xCxR 1
= ° _xU,, e R, =———.
1+ 2f><C><Rp 2f xC

(7.2)

a

Rq

Puc. 7.1. Momexn, HaBoAMMbIE Yepe3 NapasuUTHbIE EMKOCTHbIE CBSA3N

Ecmu B 3T QopMynsl MOACTaBUTH (aKTHUSCKUE 3HAYCHHS, TO, HANpUMEp, Ui
f =100 k', C = 34 n® (s auany uHOH 1 M) 1 R, = 100 OM mosy4nM, 9TO amMIuIu-
TyJla Tapa3uTHOTO CUTHAJA cocTaBiseT npumepro 0,002U..

[IpeobpazoBanue Dypbe MO3BOJSET MPEICTABUTH CUTHAI JIF000H (DOPMBI B BUJIC CyMMBI
CUHYCOMJIAIBHBIX KoJicOaHuid. TakuM 00pa3oM, MOXHO ONPECIUTh BKJIAJ aMILIUTYIbI
BBICIIUX TapMOHMK TMPSIMOYTOJBHOTO CUrHaia. Bocmonb30BaBmIMCh AaHHBIMUA U3 [7.1],
JUTSL TIPSIMOYTOJIBHBIX KoJieOaHuil (Ipu OSCKOHEUHOW KpyTH3HE (DPOHTA) MOXKHO TOJY-
YUTh CJICAYIOIICE MPUOIMIKEHHOE BhIPAKCHHE:

Ua:U(f)+%U(3f)+éU(5f)+... (7.3)
3neck f — ocHOBHas YyacTOTa MPSMOYTOJIBHBIX KoJieOaHuit; Nf — N-KpaTHbIC TApMOHUKH.

3AMEYAHUE

30ecbk paccMmaTtpuBaeTcs TOMbKO BKMag amnautyd B obpasoBaHue NPsMOYrofibHbIX UM-
nynbcoB TpeGyeMbIX 4acToT.

3TO 03HaYaeT, 4TO Ha YTPOSHHOM YacTOTe BKJIAJ aMIUIUTYbI cocTaBiuseT 1/3, a Ha yms-
tepeHHoit — 1/5. B namem npumepe Ha yactore 200 k11 BKJIaJ HMapa3uTHOTO CHUTHAJIa
cocraBiseT 0,006Us. C yuetoM koadduimerta 1/3 BKiIag mapa3uTHOTO CHTHaJIa COCTa-
But 0,2%.
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YToObl MaKCUMabHO CHHU3WUTH BIIMSHHE ONHMCAHHBIX ITOMEX, BO3MOXKHBI CIIEAYIOIIHE
HOIXOIBI:

O yMeHbIICHUE KPYTU3HBI (DPOHTA;
O cuMMeTpHUYHas Iepe/iada CUTHANA;

O SKpaHUPOBAHUE JINHUIA,

O mnpeoOpa3zoBaHUE CTPYKTYPHI HH(OOPMAITMOHHOTO CUTHAJIA;

O yMEHBIICHUE COTPOTURICHUS KOHIIEBBIX COTJIACYIOIIHUX PE3UCTOPOB.
YMeHbLueHMe KPYTU3HbI PPOHTa

YMeHbIIeHnEe KPYTH3HBI (PPOHTA IPUBOANT K CHIDKCHHIO TIOMEX, TOTOMY YTO YaCTOTHBIHN
CIEKTp CHTHAla CTaHOBHUTCA TpH 3TOM Ooinee OmarompustHbIM. [lo anamorun c (7.3)
MOYXHO 3alIFCaTh BBIPaKEHHE /TS aMIUTUTYBI TPAIeHEeBUIHOTO CUTHAIA:

ua=U(f)+3iZU(3f)+5iZU(5f)+... (7.4)

[MTockonpKy [0S BBICIIMX TaPMOHHK CYIIECTBEHHO CHIDKAETCS, YMEHBIIACTCS M CyMMa
pAna, mpencTaBiIsIoIero codoil obiee mapa3uTHOE HAPsHKEHHE.

HpI/I nepeaaye HU3KOYaCTOTHBIX [II/I(I)pOBI)IX CHUTHAJIOB BKJaJ IIOMEX B OOJILIIIMHCTBE
CJIy4a€B HCKPUTUUYCH, ITIOTOMY YTO OH JIC)KUT HUKC IMPEACIbHOIO0 YPOBHA IOMEX III/I(I)pO-
BBIX 3JeMeHToB. Ho IIpr OYC€Hb BBICOKHX CKOPOCTAX IMEpEeaavyn JaHHbIX, KaK, HAIIpUMEDP,
B KOMIIBIOTCPHLBIX IMHWHAX, 3TOT 0e30IMacHbII YPOBEHb MOXKCET OKa3aThCA NMPCBLIINICHHBIM.

CI/IMMeTpM'-IHaFl nepenaya curHana

IIpocToit MeTo/ MOAABICHHS TIOMEX HPH TIepeade aHaJIOrOBOTO CHUTHAIA — HCIOIB30-
BaHHE CHMMETPHYHBIX JMHUIA. B aHHOM ciydae moMexu 00pa3yroTcst B 00EUX JIMHHUSIX
OJIMHAKOBO, YTO MPOSBISIETCS B BHIE CHH(BA3HOTO CHTHANA Ha BXOje Iu(hepeHIHaTbHO-
ro ycuutens (puc. 7.2).

V E

Puc. 7.2. CummeTpuyHas nepepada curHana
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SKpaHMpOBaHMe NNHUN

OKpaHMpOBaHHE JMHUK NPEACTaBIACT COOOH IMPOKO paclpoCTpaHEHHBIH BapUaHT I10-
nasneHus momex. [Ipu aTom skpaHupyromas 000I04Ka MpUHUMAET Ha ceOsl HanpspKeHHe,
HaBeIEHHOE MO0 €MKOCTH, W OTBOJAMT €ro Ha 3azeminioulyio (o0myro) muny. B paguo-
TEXHHKE CYIECTBYET SIMIHUPHUECKOE MPABUIIO: TIOBEPXHOCTh pacCMaTpUBAETCS KaK dKpaH
JUTSL BBICOKOYACTOTHOTO M3JIyYEHUs], €CIIN PacCTOsTHUE OIUIETKH MeHble, ueM 0,1 ot mu-
HBI BOJIHBI. 3HAUUT, MPOJIOKEHHAs MapajuIeIbHO CUTHAIY JIMHUS 3a3€MJICHUS TOXKE MO-
JKET CIYKUTh B Ka4eCTBE dKpaHa. JTOT MPUHIUI TOBCEMECTHO NMPUMEHSETCA B IIIOCKHUX
JICHTOYHBIX KaOelsiX, B KOTOPbIX CHUTHAJIbHBIC JIMHUK MOJKITIOUEHBI TTONEPEMEHHO ¢ 00-
LIMMH [TUHAMH.

Jis 6moxupoBaHUs MOMeX MpH OONBIINX YAATIEHUSX HEOOXOANMO IMO3a00TUTHCS O TOM,
9TOOBI MIMHBI 3a3eMJICHUS, JTMHUH MIepeIady MOJIE3HOTO CHTHANA U 3KpaH ObUIH paszerne-
HBI, TOTOMY 4TO 3((EKT 3KPaHUPOBAHHWS MOTYT CHI)KATh Iapa3UTHBIE TOKH YTEUKH.
Kpome Toro, BHyTpH Kopmyca mprOOpa 3a CYeT SKpaHHPOBAHUS MOXET 00pa30BaTHCS
nuterid 3a3emiieHns (Tak HaszplBaeMas "3eMIIsTHas MeTA"), KOTOPBIA TOXe TOpOXKaaeT
nomexu. [103ToMy TOHKYIO 9KpaHHPYIOIIYIO OIUIETKY HY’KHO 3a3€MJISITh TOJIBKO C OXHOM
CTOPOHHI (pa3opBaB "3eMIITHYIO TETII0").

NMpeoGpa3zoBaHue CTPYKTYpPbl MH(POPMALMOHHOIO CMrHana

Eme onHa BO3MOKHOCTB IOAABIICHUS IIOMEX 3aKII0YAETCA B UCIOIB30BAHUM UIA IEpe-
nauu uHpOpMaluuu Ipyroro GU3NIECKOro mapameTpa CHUrHajia, MeHee BOCIPUUMYHBOTO
K noMexaM. IIocKoJIbKy HaBEJIEHHBIE TIOMEXU BO3JECHCTBYIOT, IPEXKIE BCETO, HA AMIUIN-
TyZAY, OT UCIOJb30BaHMsI 3TOr0 MapaMeTpa Uil Iepeladd JaHHBIX CIEAYET, [0 BO3MOX-
HOCTH, OTKa3aThCsA. B KadecTBe aJbTEpPHATUBHBIX BAPUAHTOB B HAILIEM DPACIHOPSIKEHUU
OCTAKOTCSL 4acTOTa U BPEMs, KOTOPBIE B MEHBIIEH CTENEHU IOJBEPKEHBI HCKAKCHUSIM
npu nepenaye. [lepenaua nadGopmanuy ¢ MOMOLIBIO MOCIETHETO BApHAHTA OCYILECTBIIS-
eTcs MOCPENCTBOM TaK Ha3blBAEMOW MIMPOTHO-UMMynbcHOW Momymsauun (LIHUM). Ee
MOKHO peaji30BaTh C IOMOILBIO OJHOBHOPATOpa WM COOTBETCTBYHOLIEH HUGBPOBOI
cxeMsbl. Emie onuH pacnpocTpaHeHHBIN coco0 — MocieoBareNnbHas nepeaada JaHHbIX
B BH/JIE IAYEK UMITYJIbCOB.

Ilepenaua 4yacTOT 4acTo BCTpeyaeTcs Ha MPAKTUKE, TOTOMY 4YTO OTIENbHbIC 3HAYCHUS
C TIOMOILBIO YIPaBIISIEMbIX T€HEPATOPOB YAOOHO PeoOPa30BbIBATE B CUIHAJIBI, MOLYIHPO-
BaHHBIE 10 YacToTe. [ peanusauy 3Toro NpHHIKIA B 00IIeM ciydae NoAOoHIyT renepa-
TOpHI, yrpasisiemble HanpspkerueM (I'YH). [lanee mpruBeaeHO HECKOIBKO IPUMEPOB CXEM.

Oneparpionnsiii ycunmurens IC1 B cxeme, U300pakeHHON Ha puc. 7.3, IO3BOJSIET MOAKITIO-
YUTh K BHEIITHEMY BXOJy CXEMY JJISl YIPaBIICHUS JUTUTEIHLHOCTHIO MEPETHETO U 3aHETO
(dpontor. Hanpsokenue ¢ Boixona IC1 momaercst Ha moporoByio cxemy |C2, BbIAArOIIYIO
WHBEPTHPOBAHHBIN NMPSIMOYTroNbHBINA curHal. brmaromapst nHanmmumio B IC1 BHyTpeHHETrO
KOHJIEHCATOpa 3Ta MUKpOcXeMa paboTaeT KaKk MHTErpaTop, YIpaBisieMblid BXOJHBIM Ha-
NpPsHKCHUEM M TOKOM, TTOCTYIAIONIMM Ha BXoJl 8. B pesynbrare mpu U3MEHEHUH YIIpaB-
nsroniero Toka oT 100 mA o 10 MKA Ha BeIXOJI€ MOTy4aeTcs MPONOPLUUOHATBFHAS 4acTo-
ta ot 0,1 10 15 000 I'm1.
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Cucrema ¢aszosoit aBromoacTpoiiku gactotsl (PAITY, PLL — Phase Locked Loop) 4046
roapoOHo ommcana B [7.3] u [7.4]. B cocTtaB cXxeMBl BXOAWT TCHEPATOP, YIIPABISICMBINA
nanpsokennem (Voltage Controlled Oscillator, VCO), koTopblit 3a cueT MOIKIIOUEHMS
IIBYX-TPEX BHEIIHUX KOMIIOHCHTOB MOXKET paboTaTh Kak mpeoOpazoBaTenb '"Hampspke-
uue—vactora" (puc. 7.4). Komnonentsl R1 u C1 3amaroT yactoty reHepatopa. C momo-
mpio R2 ycranasimBaeTcst cootHornenne MEKAY fin 1 frax. TTapamerpsr R1 u C1 MoxHO
BBIOPATH 10 TpaduKaM, IPUBEICHHBIM Ha puc. 7.5.
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Puc. 7.5. I'padhmkn ans pacyeta 3HaveHmn R1 n C1 gna mukpocxembl HEF4046 [7.4]



lMepedaya OaHHbIX uamepeHull 79

YMeHblueHune conpoTuBIyieHnA KOHUEeBbIX Cornacyrowmx peamctoposB

Bxnan momex magaet v Ipu yMEHBIIEHUH COMPOTHUBIIEHUS COIVIACYIOIINX PE3UCTOPOB Ha
KoHIle JTMHUH. [[oCKONBKY TpH Tepenade HaNpsDKEHUS HENb3sl YMEHbBIIATh COMPOTHUBIIE-
HUE 10 OECKOHEYHOCTH, NPUOEraoT K mnepeaade Toka. [y 3Toro ucnoab3yeTcs peryiu-
PYEMBIi MCTOYHUK TOKA, YIPABISEMBIA CHTHAJIOM OT PE3WCTUBHOTO YYBCTBHUTEIHHOTO
aJieMeHTa (AaTyMKa TOKAa) M BBINAIONIUEN TOK, MPOIOPIUOHATLHBIA HampsokeHuto. [lo-
CKOJIBKY COIPOTHBIICHHE NaTYMKa MOKHO BBIOpaTh JOCTATOYHO MAJbIM, 32 CYET 3TOTO
YMEHBIIAIOTCS U MPECIbHBIC YPOBHU BKJIaaa momex (puc. 7.6).

Wnes cxembl, n300pakeHHON Ha puc. 7.6, COCTOUT B TOM, YTO Ha SMUTTEPE TPAH3UCTOPa
ycraHaBnuBaeTcs HanpsbkeHue Ug 3a BBIYETOM MAJICHUS HANpPSOHKCHUS Ha TEpexojie
"6aza—smurtep". [locpeacTBOM OTpHUIATENLHONW OOpPaTHON CBS3U TOK IOJJICPIKUBACTCS
MOCTOSIHHBIM. [TorpeniHocTh omnpenensercs, B MEpBYI0 o4Yepe/ib, HECTAOMILHOCTHIO KO-
a¢dunmeHTa yCuaeHus TPAaH3UCTOpa U BapualusaMu Toka 0asel. Pacuer mapamerpo R1
u R mpoBoUTCS UCXO/IS M3 MAKCUMATILHOTO TOKA W BEJIMYUHBI HANPSDKECHUS TUTAHUSL.

Ecimm Tpebyercss HOMONMHUTENHHO MOAABIATH IIOMEXHM 3a CYET CHMMETPUYHOM Hepemadn
CHUTHaJIa, MOXKHO HCIIOJIb30BaTh HE3a3eMIICHHbIE TMHUU. B mpocreiiiem ciayuae Harpy3ou-
HBII PEe3UCTOP, BKIFOUCHHBIH Ha KOHIIE JIMHNH, CIIY’)KUT B KA4eCTBE CONMPOTHBICHHS B LIETIN
00paTHOI CBA3M Kacka/ia Ha HeMHBEPTUPYIOIIEM ONIepPallMOHHOM ycunutene (puc. 7.7).

+U

R1
Ust

RL

Puc. 7.6. NprHUMn 4encTBma MCTOYHMKA NOCTOSIHHOIO TOKa, YNPaBnseMoro HanpsXkeHnem

R1 R2 Ua

Ue

Puc. 7.7. He3azeMneHHbIN UCTOYHUK TOKa C onepaunoHHbIM ycunurtenem
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ITepenaBats nupoBOI CUTHAI TIPOIIE, TOTOMY YTO 3/1€Ch IOIMYCTHM 00jiee BRICOKUN Ypo-
BeHb nioMeX. llepenava curHana B OONBIIMHCTBE CITy4aeB OCYIIIECTBISETCS IT0 CHMMETPHY-
HBIM JIUHHAAM, 00Pa3yIoIINM TaK Ha3bIBaEMYIO TOKOBYIO METIIO. [ apBaHMYecKas pa3Bsi3ka
peanm3yeTcs C MOMOINBI0 ONTPOHOB. lIpy 3TOM ympaBiieHHE MOXET OCYIIECTBIATHCS OT
MHKPOCXEMBI 3a1al01Iero reHepaTopa (popMupoBaresis), Kak mokasaHo Ha puc. 7.8.

+5B

TNuHus Q

Rv

7406
8286

Puc. 7.8. TokoBas neTns ¢ ONTPOHHbIM BbIXOAOM

Cxema crocobHa paborats ¢ Tokamu okoso 20 MA. IIpu 5ToM CKOpOCTH Tiepesadn JAaH-
HBIX octuraeT 19 200 6ut/C. 3a cyeT NOBBIMICHHS TOKA U CHUIKCHUSI CKOPOCTH TIepeadun
JaHHBIX JaJbHOCTH CBSI3M MOXKHO YBENMUYUTH. Ha mpakThke mpu M3MEpEeHHSX ¢ THUIHY-
HBEIMH 3HadeHUsAMH BeawmanmH (100 MA, 1200 6urt/c) U amuHe THHAH 6 KM B MECTHOCTH
¢ 6OJBIINM YPOBHEM TMTOMEX OIINOKa B OAHOM OWTe HabII0aIachk IPUMEPHO OJTMH pa3 3a
7IBa JTHSI.

BricTpas nepegada TaHHBIX Yepe3 TOKOBYIO IETIIIO omnpenaeiseTcs ctanmaproM RS422A.
PazpaboTanbl COOTBETCTBYIOIIME MHUKPOCXEMBI 3aJalOIUX TEHEPATOPOB M MPUEMHBIX
YCTPOKCTB, KOTOphIe 00ECIeYnBaloT Nepeaady AaHHBIX cO cKkopocTsimu go 10 Mout/c
(puc. 7.9). Ilpu sTom Tok B auHUHU MeHseTcs oT —20 mo +20 MA. Ha takux ckopocTax
MOYKHO TIepe/iaBaTh JaHHbIC 110 BUTOW Mape Ha paccTosHus a0 12 M. [Ipu cHmkeHNH cKo-
POCTH Tiepeiayd JTaHHBIX MOXKHO OOUTHCS MPONOPIHUOHATBHOTO YBEJIWYEHUS PACCTOs-
HUSI TIepeaayH.

Buton kabenb

AM26LS31 R=7/2 AM26L.S32

Puc. 7.9. HTepdenc RS422A [7.5]
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7.1.2. Nlomexu, BO3HMKaIOLWMe 3a CHET pa3HOCTHU
noTteHuuarnos

Hanmume pa3HOCTH MOTEHNIMANIOB MPEACTaBIseT cOO0 Cepbe3Hylo MpobiieMy, Koraa
TOYKA CheMa 3aMepPOB M YCTPOHCTBO 00PaOOTKH pe3ylbTaTOB MIPOCTPAHCTBEHHO yIaICHbI
IPYT OT ApyTa, a TaKXkKe, KOTrma MEXIy TOYKOW M3MEPECHHH (HampuMep, dJICKTPHICCKOU
MaIuHOM, muTaromieiics oT uctounuka 380 B) u anekTponusM kommoreHToM (Us = 5 B)
CYIIIECTBYET OOJBINON TIepenaa HanpsoKeHuH. [[1s Takux ciydaeB pa3paOoTaHbl MpaBUiia
TEXHHUKH 0€30MacHOCTH, KOTOpBIE MPEIyCMaTPUBAIOT JOTIONHUTENBHBIE MEPHI TI0 pa3je-
JICHUIO TIOTEHITAIIOB MOCPEICTBOM DPa3BSI3bIBAIONINX TPAHC(HOPMATOPOB WIIA ONTPOHOB.
B nomo0HBIX cuTyanusx mepenada aHaJOTOBBIX TOKOB M HAIPsDKEHUH BO3MOYKHA TOIBKO
C CYIIECTBEHHBIMH OTPAHHUCHHSIMH.

Heb6omnbmme Pa3sHOCTU NMOTCHIMAJIOB, KOTOPLIMU HpeHe6pera10T Inpu pa3pa60TKe " 3KC-
IIyaTalliy 3JICKTPOHHBIX CXEM, MOT'YT TAaKXKXC BHOCUTH CYHICCTBCHHBIC ITOMEXMU. I[J'DI nux
YCTpAaHCHUA NPCAJIOKCHBI PAa3JIMYHBIC MCPBI: CIICHIUAJIbHAA KOHCTPYKIUA TPOBOAKHU, CO-
CINHCHHUC HCHTpaJlI;HOﬁ TOYKH C 3a3eMIISIONICH MHHOﬁ, pasaciicHue O6HII/IX IIUH HH(p-
POBBIX U AaHAJIOT'OBBIX KOMIIOHCHTOB U JIP.

7.1.3. Nomexu, Bbi3BaHHbIe OTPAXEHUAMU B JINHUU

OTtpakeHHsI B JTIMHAA OCOOEHHO CHJIBHO HPOSIBISIOTCS MPH HAIWYMU IU(PPOBBIX CXEM
ynpasieHus. [IpudnHa 3TOro 3akiro4aeTcss B BOJIHOOOPA3HOM PAaCHpPOCTPAHEHHU 3JIEK-
TPOHOB B MPOBOJHHUKE U UX OTPAKEHUAMHU INpH "coynapeHuu" ¢ IpyruM KOHIIOM JTMHUH.
[TockonpKy OoTpakeHHash BOJIHA MOYKET JOCTUTHYTHh TaKOTO YPOBHS HAIpsDKEHHUS, KOTO-
PBIH IIPEBBINIACT 3a1ac MOMEX0yCTOMYMBOCTH (OTHOIIEHHE ""CUTHAN/IIYM" ) MUKPOCXEMEI,
9TO MOKET MPUBECTH K OIIMOKAM IepeKtoYeHus. Bripodem, 3Tu oTpaskeHusl JOCTUTAIOT
3HAYUTENbHON BETMUNHBI TOJBKO B 3JIEKTPUUYECKHU JTUHHBIX JTUHUSIX.

JIuHUS CcuuTaeTCsl JIEKTPHUUYECKH KOPOTKOH, €CIM BpEMsI IMPOXOXKICHUS COCTABISET
MEHbIIE [TOJIOBUHBI AJIUTENBHOCTH (PpoHTa yIpapisitomero curuana. B tabn. 7.1 npuse-
JeHbl OPUEHTHPOBOYHBIC 3HAUCHHS KPYTU3HBI ()POHTA U JUTMHBI JIUHUH, BBIITOJTHEHHON U3
CTaJbHOTO MPOBOJA, JUIsI MUKPOCXEM PA3IUUHBIX CEpUH IO JaHHBIM [7.6].

Tabnuya 7.1. 3agucumocmb 3reKmpuyeckoll OUHbI TUHUU OM KPYmMU3Hb! (hpoHma

Cepusi MUKpoCXem KpytusHa dpoHTa, HC AnekTpuyeckasa AnNUHa NMHUN
He 6onee, cM

74xX 5 50
74S 2,5 25
74LS 6 55
74AS 1,8 15
74HC/HCT 6 55

74LV 2,5 25




82 naea 7

Ua [V]
5
4
3
Butas napa (5 m)
Ue Ua 2
1
0
-1
t [ns]

o © o o o o o o

o o O o o o o

- N ™ < 0 © ~

Puc. 7.10. OTpaxeHus B aNeKTpUIeCKN ONIMHHON NnHWK [7.6]

Ha puc. 7.10 u300paskeH npumMep JHHUY NepeJadd U THIIMYHBIA BUJ CUTHAJIA B HEHl.
M1t 60ppOBI ¢ OTPAKCHUAMH B JIMHUU NIPEIUIOKEHO MHOTO Pa3IMYHBIX METOMOB:

O OrpaHuuuTh YPOBCHb HAIPSHKCHUSI OTPAKCHHOM BOJHBI, 33 CUET 4ero OyJeT YMEHb-
LICHO o0lI1ee BIUSHUE OTPaKCHHS.

O CornacoBaTh CONPOTUBICHHE JIMHUH TaK, YTOOBI OTPAKEHUSI UMENIU MECTO TOJBKO B
ONpeIeTICHHOM YacTH JINHUH.

O YMeHBIIUTH KPYTH3HY POHTA YIPaBISIONIEH MUKPOCXEMBI.

OrpaHunyeHne oTpakeHHOU BOJIHbI

[Ipu moxkIroueHNH 1MOJa HAa KOHLE JIMHUM aMIUIMTYAa OTPaskeHHOH BOJHBI OyneT orpa-
HUYEHA TPSIMBIM HampspkeHneM P-n-miepexona (puc. 7.11). 3a cyer 3Toro ypoBeHb Ha-
NpsDKeHUs OYAET CHIDKEH HACTOJIBKO, YTO MAPa3sUTHBIN CUI'HAJ OCTAHETCS B JOITyCTUMBIX
IpaHULAX.
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Puc. 7.11. CornacoBaHuve NMHWM C Harpy3Kkomr npv NOMOoLLM orpaH1ymBatoLlero guoaa [7.6]



lMepedaya OaHHbIX uamepeHull 83

CornacoBaHue NIMHMMU B KOHLEe

JIvHMs cyMTaeTCs COTJIACOBAHHOM, KOTIa BOTHOBOE CONPOTHUBIICHHE PABHO CONPOTHBIIC-
HHUIO OKOHEYHOW Harpy3ku. Takum oOpa3oMm, Ui YCTpaHEHHs OTPaKCHHBIX CHUTHAJIOB
B OOJIBIIMHCTBE CIy4aeB JOCTATOYHO COTJIACOBATh JIMHUIO Ha KOHIE. [Ipu TakoM cormna-
COBAaHHMHU OTCYTCTBYET OTpa)kKCHHasl BOJIHA, PACIIPOCTPAHSIOIIAsICS B 0OpaTHOM HarpasJie-
Huu (puc. 7.12).
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Puc. 7.12. CornacoBaHue nnHUM Ha koHLue [7.6]

Buras mapa W3 MOHTaKHBIX MPOBOJOB 00JIaJla€T BOJHOBBIM COIMPOTHBICHHEM OKOJIO
120 Om. IlockoibKy BXOMHOE COMPOTHBICHHE MHUKPOCXeMBI mpeBblmaeT 1 kOwm, mist
COTJIACOBAHUS JIMHUM HEOOXOIUM JIOMOJIHUTENBHBIN BHEIIHUNA pe3ucTop. UToOBl ypo-
BEHb CHTHaJa HE WM3MEHWICS, HCIONB3yeTCA ACIUTENb HaNpsDKEHHS W3 pPE3UCTOPOB
R1 =180 Om u R2 = 360 Om, uTo B pe3ynbTare oOecreunBaeT TpeOyeMblil JIOTHUECKUI
YPOBEHb Ha BXOJ€ MUKpOCXeMsbl. [lapannenbHoe coeAMHEHNE PEe3UCTOPOB TAa€T OKOHEY-
Hoe comnpotuienue 120 Om.

Henmocratku 3T0#1 cxembl — OOJBbIIME TOKW Yepe3 JeNUTeNb HANpsDKEHUsT B Heo0XO01u-
MOCTh B MHKpocxeMme (hopmupoBarens. PaccMOTpeHHyI0 cXxeMy 4acTO NPUMEHSIOT MpU
BBICOKMX CKOPOCTSIX TMepeAayd NaHHbIX. UTOObl YMEHBIIMTH TOK Yepe3 COriacylomui
PE3UCTOP, HCIIONB3YIOT aKTUBHBIE AMHAMUYECKHE HAIPY3KH.

CornacoBaHue NIMHMKM B Ha4vane

Ecnu nuHus corsiacoBaHa TOJBKO B Hayajle, TO 3TO MOJABJIET OTPAKEHHYIO BOJIHY, pac-
MIPOCTPAHAIOLLYIOCS BIIEPE.

Bxonnsle conporusnenus mukpocxem TTJI npu cmage curHaia jexkaT B JUamna3oHe OT
10 no 30 Om, a mpu Hapactanuu — oT 50 u 350 Om. B xkaxxaom cirydae [1sl HapacTaro-
miero (ppoHTa BO3MOKHO COTJIACOBAHME 3a CUET MOCIEJ0BATEIbHO BKIIOUYEHHOTO COIPO-
tusnenus. IIpu crage cUruain 3aKkopadnBaeTcs uepes auoz (puc. 7.13).
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Puc. 7.13. CornacoBaHue NMHUKM B Havane

7.1.4. OWwnGKN, BO3HMKAIOLLME 3a CHET cpeabl Nnepepavun

Hcrounnkamu ommoOOK, BO3HUKAIONIUX 3a CUST CBOWCTB CPEIbI MEepeIayu, IBISIFOTCS CO-
MIPOTUBJICHUE, EMKOCTh U TEMIICPATYPHbIC 3aBUCUMOCTH 3TUX Benu4yuH. OHEM mpruoOpe-
TAIOT 3HAYCHHE, TPEXKJIC BCEro, NMPU OUYCHb JUTMHHBIX JUHHUSX Tepeaadd WU TPU OYCHb
MaJICHBKUX TOKaX M HanpspKeHUsxX. M30exaTh omuOoK, 00YCIIOBICHHBIX CPEIoi nepena-
YH, MOKHO JTHOO 3a CYET CXeMOTEXHHYECKHUX PELICHUH, TM00 3a cyeT mepexoaa Ha nud-
POBYIO Iepeaady CUTHAIIOB.

7.2. BapmaHTbl nepeaaYvn gaHHbIX

B manHOM pasnene OCHOBHOE BHHMaHHWeE yaemseTcs MupoBOil mepemade MaHHBIX, TO-
CKOJIBKY aHAJIOTOBBIE CITOCOOBI CIHIIKOM TOJBEPKEHBI PUCKY BO3HUKHOBEHHSI OMIMOOK.
HecMmotpst Ha 3TO, HEOOXOAMMO MPHUBECTH W HEKOTOPHIE COOOpPaKEHHsI OTHOCHUTEIHHO
TepeIayrl aHAIOTOBBIX CUTHAJIOB.

7.2.1. Nepepaya aHaNoOroBbIX 3aMmepoB

OcHoBHas npo0sieMa npH nepeaaye JaHHBIX U3MEPEHUil B aHaJIOroBoi ¢opme Ha 00iIb-
LIMe paccTOsHU — BiusHUE TUHUM. [Ipu 3TOM Tpebyercs ycTpaHUTh OLIMOKHU mepena-
YW, BBI3BAHHBIC COINPOTHMBIICHUEM JIMHUHM U BIUSHHEM Temmeparypbl. CONpOTHUBICHUEM
JIUHUY (KaK U ero W3MEHEHUSIMH) MOXHO MpeHeOpedb, €CIM OHO 3HAYHUTENIFHO MEHBIIIE,
YeM BXOJHOE COINPOTHBICHHE MPUHUMAIOLIETO YCTPOWUCTBA. XOTS BOCIPHUMYHMBOCTH
K IIOMeXaM IPH 3TOM U BO3PAcTaeT, AaTYUK M3MEPSIEMON BEIMYMHBI TOJDKEH 00nanaTh
MaJbIM BBIXOAHBIM COIPOTHBICHHEM, YTOOBI MMETh BO3MOXKHOCTH MOJAIECPKUBATh HU3-
KOOMHOE OKOHEYHOE CONPOTUBIICHHUE JIMHUM. B 1IMHE 3a3eMiIeHuns Toxe 00pa3yroTcs Ha-
MPSDKEHMS, KOTOPBIE MOTYT BHOCUTH CBOM BKJIaJ B moMexH. JJsi ycTpaHeHHs oMex pe-
KOMEH/YETCsI YeThIPEXIIPOBOAHAS cXeMa, H300pakeHHas Ha puc. 7.14, MOCKOIbKY B HEH
MPESYCMOTPEHO HOAABICHUE BCEX BOBMOKHBIX HCTOYHUKOB ITOMEX.
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Us

Iconst

C1

Puc. 7.14. YeTbipexnpoBogHas cxema nepeaadu aHasnoroBoro curHana

[Mocpeacreom kouaeHcatopoB C1 u C2 Ha KOHIIE JIMHUU 3aKOpavMBacTCsS KOHTYp Iepe-
MEHHOTO HampshKeHHs. biaromaps 3ToMy IocTHTaeTcs JOTOTHUTEIHHOE CHUKEHHE Ta-
Pa3UTHBIX HANPSXKEHUN, KOT/Ia U3MepsieMasi BEIMUYMHA MEHAETCA JOCTATOYHO MEJJICHHO.

OKBUBAJICHTHAs cxeMa MPHUBEICHA Ha puc. 7.15.

R4

Us
Iconst
R1
Rm Ri V

R2

R3
0

Puc. 7.15. OkBmBaneHTHasa cxema l-I(ETbIpeXI'IpOBO,EI,HOVI CXeMbl nepegayvyn aHanorosoro curHana

Ommbka mepefayn JAaHHBIX M3MEpeHHi B momoOHo# cxeme paBHa (R1 + R2)/Ri, mo-
CKOJIBKY compoTuBieHus R3 1 R4 nuine BeIpabaTHIBAOT HANPSHKEHUE B LS HCTOYHUKA
Toka. OmunbOKa HaNpsHKEHUS TIPH IIepeiadue uepes conpoTuBieHrne R3 kommeHncupyercs 3a
CUET CheMa U3MEPSIeMOro 3HaYeHHs C He3a3eMJIICHHOTO KOHTYPa.

Uto0Bl Ha OCHOBAHMH 3THX TEOPETUUECKHUX PACCYKACHHUN MOIYYUTh MPAKTHYECKUE 3HAYE-
HHS1, PACCMOTPUM CJICAYIOIIHE MPUMEpHbIe HU(PbI st tuaun uTiHO#H 100 M (Tabm. 7.2).
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Tabnuya 7.2. 3agucumMocmb CONPOMUGIIEHUS JTUHUU OM memMnepamypbl

AnameTp npoBOAHMKA, MM R1 = R2 npun 20 °C, Om MorpewHocTtb ansa +30 °C, Om
0,2 55,8 +6,5
0,1 223 +26

Kak BUIHM, B pa601{eM Arana3oHe TEMICPATyp NU3MCHCHUEC COIIPOTUBIICHUA JOCTUTACT 11%.

7.2.2. Nepepava uudpoBbLIX 3HAYEHUN

J1s IpoCTOTHI pacCMOTPUM TOJBKO TE€ CIy4aw, KOTAa HHU HANpsOHKEHHE, H TOK HE HC-
MOJIL3YIOTCSL ISl TiepeHoca uHdopMaruu. [lpu pa3paboTke CXEeMbl, MOIXOJSAIICH s
HaIKX IeNel, He00X0ANMO CIeTaTh ONTUMAIBHBIA BEIOOP MEXIY CIEAYIONUMHE ITOKa3a-
TEJSIMH:;

O o0beMm uHpOpMaLNY;

O ¢opma npeacTaBiIeHUs] UMEIOIIUXCS TaHHBIX;
O paccrosiHue;

O cXeMOTeXHHYECKHE 3aTPaThl.

[Ipocreiimee pemenue — nepeaada 4acToT WIN MOCIEA0BAaTENbHOCTEW UMITYNIbCOB. [Ipu
3TOM YHUCJIO MPOBOJOB M (U3UUECKUE NapaMeTphl KECTKO 3alaHbl. Ecnn umeromiuecs
3HAYEHUS MPEJICTaBICHBI B IBOMYHON QopmMe, He0OOX0AUMO PELINTh, CIeTyeT JIU BHIOpaTh
MOCTIEIOBATENIbHYIO WIIM MapajulebHyI0 nepeaady. IIpu 3ToM He B MOCIIEAHIO 0Yepelb
YUUTHIBAIOT TAaKUE KPUTEPHH, KaK 00bEM IepelaBacMbIX JaHHBIX U TOCTYITHAS TEXHUKA.

[Ipusenem npumep pacyera. CKOpOCTh BBOJA AaHHBIX Yepe3 MOCIe0BATEILHBIA HHTEP-
¢etic I1K me nmpesprmaet 115 000 6ut/C. [IpoTokoa nepenadn JaHHBIX MPETYCMATPUBAET
nepeaady OJOKOB, COCTOSIMIUX M3 8 OUTOB AaHHBIX U 4 OUTOB ciyx)eOHON HH(pOpMALUU
(1 craproBbrit OUT, 1 OUT YeTHOCTH U 2 CTOMOBBIX OMTa). Mcmonb3ys 8-pa3psaHblii aHa-
JIOro-IIU(POBOI MpeodpazoBaTelib, MOXKHO Mepeaarh He Oosee 9580 3HaueHMIA 3aMepsie-
MOH BEJIHMYUHBI B ceKyHAy. Eciu yBenuuuTs yucno paspanoB 1o 10 wiu 12, To Ha nepe-
Jady KaXIoro 3amepa morpeOyercsl OTIpaBisaTh JBa MakeTa JaHHBIX, a 9TO 3HAYMT, YTO
B CEKYH/Iy MOXHO OyzeT nepenats Toibko 4790 3amepeHHbIx 3HaueHni. ClieoBaTenbHo,
JUTS TIepeIau OONBIINX 00BEMOB JaHHBIX TPEOYIOTCS MO0 APYTHE ammapaTHbIe CPeAcT-
Ba, MO0 MapasuiesbHas nepeJayda JaHHbIX.

Takoil kpuTepHii, Kak "paccTosHUE", MOKET PACCMAaTPHUBATHCA KaK C TEXHUYECKOH, TaK U
C OKOHOMHUYECKON TOUKH 3peHUs. C YUCTO TEXHUYECKON TOUKHU 3PEHMSI, IPH YBEITHMUECHUU
MPOTSKEHHOCTH JINHUM CBSI3W BO3MOYKHBIE CKOPOCTH NEPENadd JaHHBIX YMEHBIIAIOTCS.
Ecnu roBoputs 0 mapayiensHON nepenade JaHHBIX, TO CTOMMOCTh MHOTOXKMIIBHOTO Ka-
Oensl OTHIONb HE SIBJSIETCS TAKUM YK HECyIIECTBEHHBIM (akTopoMm. Kpome Toro, mpu
YBEJIMYCHUN JJIUHBI Kabems cleayeT YYUTHIBaTh U BO3pacTaHHe 3aTpaT Ha KacKajabl yCH-
JUTENEH MOIIHOCTH.
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[Ipu HEOOMBIIMX 00BEMAaxX MEepeaBaeMbIX JaHHBIX ¥ HATMYMHA KOMITBIOTEPA MOYKHO CHH-
3UThH 3aTpaThl Ha 00OpyIOBaHKE. B kauecTBe KOMIpPOMIECCa MOXXHO TIepefaBaTh JaHHBIE
10 CHEeNHATN3UPOBAHHOMY YIIPABIIAIONIEMY IIPOTOKOITY, KOTOPBIN yYHUTHIBAET JUHAMUYE-
CKH€ CBOWCTBA JINHUY TIepeaayu.

NMpumep 1: BbIHOCHaA KnaBuaTtypa

Ha puc. 7.16 npuBenena Gyi0K-cxemMa W3MEPUTENBLHON CHCTEMBI C BBIHOCHOW KOHCOJIBIO
IUI BBOZAA JaHHBIX. B JaHHOM KOHKpPETHOM ciiydae BBIHOCHAsI anaBUTHO-LU(PpPOBas
KJ1aBuaTypa yctaHoBieHa B 100 MeTpax OT KOMIBIOTEpA, a BCA CHCTEMa YIIPABISAETCS
C IOMOIIBIO HECKOJIBKUX pEJIe.
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Puc. 7.16. Bnok-cxema cuctemMbl UsSMepeHun 1 nepefadn AaHHbIX C BbIHOCHBLIM MyNbTOM BBOAA AAHHbIX

[IpoGiema 3meck 3akitoyaeTcsi B TOM, YTO OOCITY)KMBaHHE CXEMBI JIOJDKHO OCYIIECTB-
JSATHCS Yepe3 MCIOJIb3yeMbll 30-KuiIbHBIN KaOenb. [ mepenaun NaHHBIX B MPSMOM U
00paTHOM HamlpaBieHUH TpeOyroTcsa 16 cUrHaJIbHBIX JTHHUH, a 14 ocTalbHBIX HEOOXOIH-
MBI JUIs1 00CTy)KUBaHUsL. Takoe pacrpeeneHiue HeOIaronpusITHO s 3a3eMIISTIONICH [TH-
HBI, IOTOMY 4YTO MHUTAIONIMA TOK 4Yepe3 MPEeIOKOHEYHBIA Kackaj KaOels MEHbIIE, YeM
TOK, TEKYIIHH B 0OpaTHOM HamlpaBjicHUH. BHyTpeHHEE CONPOTHUBICHHUE, MOSBIIIOMICECS
B pe3yJbTaTe 3TOr0 B MUTAOIIEM Kadeie, coctaBuio mpuMepHo 7 Om Ha 100 M, uTO cre-
JIaJI0 HEBO3MOXKHOH TpeOyeMyt0 OKOHEUHYIO HAarpy3Ky IIHHBL.
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[MockonbKy HYXHO OBIJIO TAPAaHTHPOBATH MUHHMABHBIN MUTAIONIWHA TOK, TIPEXKIE BCe-
ro HEOOXO0IMMO HAWTH BO3MOKHOCTh YMCHBIIICHUS TOKA Yepe3 MPETOKOHCUHBIH KaCcKaJl
kabens. Cxema, m3o0OpakeHHas Ha puc. 7.17, Obuta BEIOpaHa MO CIEAYIOIINM coobpa-
HKEHUSM:

0O CocrosiHHEe TUHUW HEOOXOIMMO MOJACPKUBATH TAKHM, YTOOBI MO HEW MPOTEKAIU
ums Hebonmpimue TokU. [lockonmpky HU3KUH ypoBeHb (st mukpocxeM TTJI) cimox-
HEE peryJupoBaTh, B KAa4eCTBE HEWUTPAJBHOTO OBLI BBHIOPAH BBICOKHI ypOBEHB.
Kpome Toro, ¢ mOMOIIBIO MOATIATHBAIONINX PE3UCTOPOB B CTATHYECKOM COCTOSIHHU
ypoBeHb ObuT TOMHAT 10 Us, 3a cUeT 4ero ynaaoch JOOUTHCS JTYYIIETO OTHOIICHUS
CUTHAJA K IIyMY.

0 3a cyer yCTaHOBKH JAHOAOB BHIOPOCHI HANPSDKEHUS OBLTH CHIDKEHBI J0 JOMYyCTUMOTO
YPOBHS BXOJHOTO HAIPSDKEHUS Tpurrepa. J(moibl HEOOXOAUMEI, B TIEPBYIO OUYEpPE/Ib,
IUTSL TOTO, YTOOBI OTPaHUYHUTh YPOBEHD OTPAKEHHOM BOJHBEI.

O C nomoupio KOHAECHCATOpa AOCTUIAETCS] CHUKEHUE KPYTHU3HBI (PPOHTOB, T. K. OH BME-
CTE C CONPOTHUBIEHUEM JIMHUU 3a/1a€T TIOCTOSIHHYIO BPEMEHHU. Y MEHBIIIEHHE KPYTHU3HbI
(pOHTOB Taxkke YMEHbBIIAET NEPEKPECTHBIC HABOAKU. J|OMOIHUTENBHO 3TOT KOHIEH-
carop o0ecreunBaeT NoJaBJICHUE BEICOKOUACTOTHBIX IIOMEX.

+5B
+5B

1K 1,5k 'LS541

10n

Puc. 7.17. BxoaHon v BbIxoQHOW Kackagpbl ANa nepefadv AaHHbIX Ha AanbHUe paccTosAHUSA

Ecau nporpaMMHO MOYKHO rapaHTUPOBAaTh, YTO HU3KHM YPOBEHb OJTHOBPEMEHHO IIPUHU-
MaloT He Ooyiee 8 NMHMM, TO NMUTAIOLICE HANPSDKEHHE OCTAETCS B 3aAaHHBIX IpEEax.
[lepen mporpamMMHBIM OOECIIEYCHHUEM CTABHUTCS JTOTIONHHUTEIbHAS 3a/la4a TOJaBIICHHS
JIOKHBIX TEPEKITIOYCHUH, BOZHUKAIOIINX BCIEACTBUE OMIMOOK 32 CYET BPEeMEHH Pacipo-
CTPAHEHMS U MEPEXOIHBIX MTPOLIECCOB.

Mpumep 2: MMHUMU3aLNA ANNHBbI Kabens

Eme ogna pacnpocTpaHeHHast 3a1a4a — CHIDKEHHUE 3aTpaT Ha NpoKiIaaky JuHuu. C 3Toi
LEJIBI0O MOKHO BBIOpaTh Oosiee MpOCThIe pa3beMbl U JEIIEBhIN Kabens. MHTEpecHoe pe-



lMepedaya OaHHbIX uamepeHull 89

IIEHUE 3aKITI0YaeTCs B MOAYJILIMN pabodero Toka. [Ipu 3ToM MOXHO OOOWTHCH 0OBIU-
HBIM JIBYXKHJIBHBIM KaOeneM (puc. 7.18).

Us
Perynstop

RL

Mukpocxema

CMOS
ouT

Puc. 7.18. lNepenava gaHHbLIX NOCPEACTBOM MOOYNALMM TOKa

CoBpeMeHHBIE MUKPOCXEMBI CIIOCOOHBI paboTaTh ¢ TOKaMH B HECKOJIBKO MUIIIHAMIIED.
ITpu cHXeHuN pabouero Toka MOXKHO pealn30BaTh MOCIENI0BATEIbHYIO Iepeady JaH-
HBIX. B preMHOM ycTpoicTBe TOK mpeolpasyeTcs aHaIoro-nudpoBeIM Mpeodpa3zoBaTe-
aeM. YUTtoObl obecnieuuTh TpeOyeMblii TOK MOKOSi MUKPOCXEMBI, TaTYWK 3allyHTHPOBAaH
conporuBieHneM. Ha mpuemMHOW CTOpOHE OCYIIECTBISIETCS pas3Bsi3Ka M CTaOMIIH3ALU
HanpspKeHUs muTanus. i MOYIALMY TOKa B CXeMe MPEeLyCMOTPEH TPAaH3UCTOp U CO-
MPOTHUBIICHNE HATPY3KH.

Mpumep 3: MUHUMM3aALMA ANUHBI Kabens — nepepava 6onbLero
yucrna cocToAAHUMN

Ecmu tpebyercst nepenaBaTh OONbIIHiA 00BEM TAaHHBIX, pabOYNi TOK MOXKHO TaKKe MO-
yJINPOBaTh JIMHEHHO. [ 3TOM L€y NOJOMAYT CTaHIaPTHBIE MUKPOCXEMBI, HAIIPUMED
XTR116 [7.7] mpomsBonctBa Texas Instruments. XTR116 oGecnednBaeT MOIYISIINIO
pabouero Toka ot 4 mo 20 MA, TpUYeM TOKH HUXKE 4 MA MOTYT UCIIOJIb30BAThCS LIS
COOCTBEHHBIX HYXI.

Mukpocxema XTR116 ycunuBaeT TOK, momaBaeMbiii Ha BXoj, B 100 pa3. CrmemoBa-
TEJIBHO, JUIS TOJYYCHHUS BBIXOAHOrO TokKa 1 MA Ha BXoj TpeOyercs momath 10 MKA.
Omnopnoe nanpspkenne Ha XTR116 cocraBmsier 4 B, cnenoBarensHO, IPU BBIXOAHOM
Toke 1 MA compotuBienue cocrarimsieT 400 kOm. Ilpu cTynmeH9aTOM perymupoBKe Co-
npotusnenuit (400, 200, 100, 50 kOM) MOXKHO TepenaBaTh pa3IUYHbIE KOJOBBIE KOM-
OMHAIMY KJIABUILI.
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Puc. 7.19. Nepenava GonbLuero Ynicna ynpasnstoLMx CUrHaNoB NoCpeacTBOM MOAYALMMU Toka

Ha npuemHO#1 cCTOpOHE Ha CONMPOTUBIIEHUH HArpy3KH U3MeEPSeTCs NMaJCHUe HaNPsDKEHMS,

KOTOpOE C TIOMOIIBI0 aHAIOTO-NH(poBOro Tpeoldpa3oBarenss BHOBb IHpeolpasyercs
B M(pOBOIl CUTHAIL.
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MNMpeaBapuTenbHasa obpabdboTka
pe3ynbTaToB U3MepeHunn

Jo nmu mocrne nepenadn M3MEPEHHBIX 3HAUYEHUI K MECTy MX OKOHYATENbHON 00paboTKH
B OOJBIIMHCTBE CIy4daeB HEoOXOIMMa TpeaBapuTenbHas oOpaboTka curHana. Ee memun
pa3HOOOpa3HEL:

0 ynyd4llleHue OTHOLIEHUS "CUrHan—1Iym";

0 KOPPEKTUPOBKA AAHHBIX C T€M, YTOObI OHU HaXOJWINCH B IIpeliesiax 3aJaHHOTI'O YPOBHS;
O cyKeHHE YaCTOTHOIO AUAIa30Ha;

O CHHXPOHHU3ALM BPEMEHHBIX XapaKTEPHUCTHUK, a TAK)KE MHOTOE PYyTOE.

KOMHOHGHTLI, OIMMMCAaHHBIC NAJICC, CIIYXKAT IJIA PCIICHHUA IMEPCUUCICHHBIX 3aaadv. Baxno
OTMCTHUTB, YTO I_[I/Iq)pOBI)Ie METOJbI 3ACCh MOYTHU HE UCIIOJIb3YOTCA. EILI/IHCTBCHHOG mpak-
THYCCKH BaAXXHOC NCKIIIOYCHHUEC — HI/Iq)pOBaSI (I)I/IJ'H:TpaHI/ISI CHUIHaJa.

8.1. AHanoroBble cxeMbl puUnbTpaLumn

OuUIbTPHl NOAXOIAT IS PELICHUS ABYX OCHOBHBIX 3a]lad: YIyYIICHWE OTHOIICHUS CUT-
HaJI/IIyM, a TaKkKe U1 0T0opa nHGOPMAaLUMU U3 MHOITOKOMIIOHEHTHOTO CUTHAIA.

CeNeKuuio CUTHAIOB MOXHO OCYIIECTBIISITh ABYMs criocobamu. [lepBblii cOCTOUT B OT-
(UIBTPOBBIBAHMH IOJIC3HOTO CHUTHANIA. PacrmpocTpaHeHHBIH TpuUMep AaHHOTO MOJXO-
na — paauonpueMHuKk. C TOUKH 3peHUs] U3MEPUTEIbHON TEXHUKU MPHUEM aMIUIUTYIHO-
MOJYJIMPOBAaHHOTO CHUTHAJa PaCCMATPHBAETCS KaK CHATHE aMIUTUTYIHOU XapaKTEePHUCTH-
KM B Y3KOM JHMara3oHe YacTOT — JJIsl 9TOH LENH NMPUMEHSIETCS N30UpaTelnbHbIi MUKDO-
BOJIBTMETP. BTOpOii cmocod — nojasiaeHue onpeaeeHHOro CUrHana (CUTHaIOB) B HEKO-
TOPOM YaCTOTHOM JAHamna3oHe. 3/1ech B OONBIIMHCTBE CIy4aeB pedb UACT 0 QUIbTPalH
IMOMEX, TAKHUX KaK (1)OH CCTHU WM IIYM JUCKPETHU3allHU.

CoOcTBeHHBIE LIYMBI JIEKTPOHHBIX KOMIIOHEHTOB, OOYCIIOBJICHHBIE CIIy4alHBIM Iepe-
MEIIEHUEM 3JICKTPOHOB B MaTepHaje, OKa3bIBAalOT CBOC HETaTHBHOE BIIHMSHUE B TEX CIY-
Yasix, Korja uMmepsiemas BeJIM4YHMHa Maiya. [I0CKOJIbKY MOIIHOCTH IIYMOB IPOIIOPLHO-
HaJIbHA IIUPUHE CHEKTpa CHUTHAJNA, CY)KEHHE YacTOTHOTO AMANa30Ha BCEr/Aa MPUBOIUT
K YMEHBIICHHUIO TOJH ITYMOB B CUT'HAJIE.

B snekTpoHHKe pa3nuyaloT YyeThipe Tuna (GpuiIbTpoB:

O ¢uIbTp HU3KHUX YACTOT — MOAABISIET BBICOKHE YaCTOTHI;

) (1)I/IJ'ILTp BBICOKHX YaCTOT — IOAABJIACT HU3KUC YaCTOTHI,
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O 1oJ0coBOM (GUIBTP — MPOITYCKAET OMPEAEICHHYIO ITOJIOCY YacTOT;
0 3arpaxmarmuil GIIbTP — MOAABISET ONPEIEIEHHYIO MOJIOCY YacTOT.

IlepBbie nBa (rtbTpa — 6a30BBIC, a MOCIACAHHUE JBA TOMYUYAIOTCS ITyTeM KOMOWHAIIUH
(bMIBTPOB BHICOKUX W HU3KUX YaCTOT.

B 3aBucuMoctu oT TpeboBaHMI K KayecTBY M CBOWCTBaM (MIIBTPOB CYIIECTBYIOT pas-
JUYHBIE CXEMOTEXHHYeCKHe peanusanuu. KpurtepueM kauecTBa CXeMbl (QUIbTpalUU
CIy’KUT criag Ko GUIMEHTa YCUIICHUS Ha TPaHUIlax YaCTOTHOTO auara3oHa. st oObIy-
Horo RC-pmnprpa oH cocraBiser 20 1b Ha mekamy (YTO COOTBETCTBYET MAJCHHIO aM-
wmtyasl Ha 10% npu yBenmyennu 4actotbl B 10 pa3). Takue QuiabTpsl Ha3bIBAIOT
(nIpTpaMu IEPBOTO MOPSAKA. DMIMPUIECKOE TIPABHUIIO TIIACUT, YTO QUIBTP N-TO TOPSI-
Ka o0JlafiaeT CcrajioM XapakTepUCTUKHU, paBHbIM Nx20 1b Ha nekaxy. Bopouewm, 3To mpa-
BWJIO IPUOJIIKEHHOE, TIOTOMY YTO XapaKTePUCTUKN aKTUBHOTO (DMIIBTPA CUIBHO 3aBUCST
OT BBIOpPaHHON MUKPOCXEMBI.

B knwure [8.1] nmpeacraBineHo BCeoObEMITIONIEE CPAaBHEHHUE PA3IMYHBIX (PHIBTPOB C TIPU-
MepaMU YHCIICHHBIX PacyeToOB. 31I€Ch MbI PACCMOTPUM JIHMIIh HEKOTOPBIC OCHOBOIIOJIA-
raroIme cxemsl. Bce cxembl, MPUBEACHHBIC Jaiee, IIUTUPYIOTCS 10 KHUTe [8.2].

dUNbLTP HA3KMX YACTOT NepBoOro nopsiaka

B cooTtBercTBHE cO cxeMOH, (GMIBTP HA3KUX YaCTOT MPEACTABISAET COO0I yCHITUTEND CO
crnaoM K03 (uIeHTa yCuaeH sl Ha BBICOKUX YacTOTax.

C2
R2
R1
Ue
Ua
R1=R2 =15k
C2=10nF
fo=1«ly

R1|IR2

Puc. 8.1. lMpocTon akTUBHbBIN (PUNbTP HNU3KUX YacToT
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ITockonbKy ycuiaeHne ompenensercs cootHomenneM R2/R1, ¢uasrpanms mocturaercs
32 CYET YMCHBIICHHS COMPOTUBICHHS pe3ucTopa R2 ¢ pocToM 4acTOTH M3-3a IIYHTH-
pyrorero aeiicTeus KoHaercaropa C2 (puc. 8.1).

I'panudHyr0 yacToTy (PUIBTPa HUIKKUX YACTOT OIMPENEISIOT 10 cleAyromeil popmye:
1

f=— 8.1
° 27R2C2 81)

dUNbLTP HA3KMX YACTOT BTOPOro nopsiaka

B ¢unbTpe HU3KMX 4acTOT BTOPOTO MOPSAKA B METII0 0OpPaTHON CBSI3H OMEPAaLMOHHOTO
YCUJIMTEINS BKJIIOUEHBI JIBE PE3UCTUBHO-EMKOCTHBIX LIemouku (puc. 8.2). 3a cyer 3TOro
YBEIMUMBACTCS KPYTHU3HA criafia KodpuimeHTa ycuneHus Ha IpaHIYHON YacToTe.

R3

C2

R1 R2
Ue

Ua

C1

R1=R2=R3=R4
R4

Puc. 8.2. dunbTp HM3KMX YacTOT BTOpOro nopsaka (Punetp BattepsopTa)

IIpu R1 = R2 = R3 = R4 = R eMKOCTH KOHJICHCATOPOB (DUIBTPA PACCUUTHIBAIOT IO ClIe-
IYIOIIUM (hopMyJiam:
_ 1,41 c1 3

Cc2  Cl=— 2>
6nf,R 2,82nf R

(8.2)
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PuUnbTP BbICOKMX YAacTOT NepBOro nopsgka

KOB(l)(bI/II_[I/IGHT nepeaayun (bHHI:Tpa BBICOKHUX YaCTOT MNPOITYCKAHUA HAa HHU3KHUX YaCTOTax
Mall 1 OH pacCTCT C NOBBIIIICHUCM YaCTOTHI. 3t0 JOCTUTACTCA 3a CUCT ITOCIICA0OBATCIIBLHOTO
MNOAKIIFOYCHUA KOHACHCATOPAa U pE3UCTOPpa R1 x OINCPAIIMOHHOMY YCUIIUTCIIIO, ITIOCKOJIBKY
CMKOCTHOC COIIPOTHUBJIICHUC KOHACHCATOPA IMMPU YBCIIMUCHHUU YaCTOTHI IMaJacT (pI/IC 83)

R2

R1
Ue

C1 Ua

R1=R2=R

R1|IR2

Puc. 8.3. DunbTp BbICOKMX YACTOT NEPBOro nopsigka

I'paHnYHYIO 9acTOTy BBHICOKOYACTOTHOTO (DHIBTPA MEPBOTO MOPSAAKA PACCUUTHIBAIOT TI0
crenyromei hopmyre:
1
fp=—°=-—. (8.3)
2nR1C1
PUNbTP BbICOKNX YACTOT BTOPOro nopsigka

[lo ananoruu ¢ QUIBTPOM HU3KHX YACTOT, (QUILTP BBICOKUX YACTOT BTOPOTO MOPSIKa
MMeeT JIBa 3BeHa B Ienu o0paTHO# cBsi3u (puc. 8.4). Ho npu 3TOM omnepanuoHHbIi yCH-
JIMTENb PabOTaeT B HEMHBEPTHPYIOLIEM PEKIME.

IIpu R2 = 4R1 rpannynas yactoTta OyAeT paBHa:

1

f=— 8.4
° 4nRIC 84)
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Ue

R2
Ri R2 = 4R1

Puc. 8.4. dunbTp BbICOKNX YaCTOT BTOPOro nopsigka

NMonocoBoun hUnbTP NepBoro nopsigka

[Ipocroii monocoBo#t GUIBTp MpencTaBiIsieT co00i KOMOMHANNIO (PHIBTPOB BBHICOKHX U
HU3KHX dacToT. Cxema Takoro ¢uusTpa (1o manHbM [8.3]) npuBeneHa Ha puc. 8.5. Lle-
nouka R1 — C1 orpaHuumBaeT mojocy MpomycKaHus 1Mo HU3KUM JacToTam, a R2 — C2 —

110 BBICOKHM.

Cc2

R2

R1
Ue

c1 Ua

R1=R2=R

R1||R2

Puc. 8.5. MpocTow nonocosow ounbTp nepsoro nopsaka [8.3]
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8.2. UudpoBble puUnbTpLI

CoBpeMeHHEBIE TTPOIIECCOPHI B YCTPOMCTBA 00PAOOTKHM CUTHAIOB OCYIIECTBIISIOT BBHICOKO-
CKOpPOCTHYIO JTUCKPETH3AINI0 H KBAaHTOBAHUE MCXOJHOTO CHUTHAJA, (PHIBTPAIUIO TOJTY-
YEHHBIX OTCUCTOB C ITOMOIIBI0 MaTeMaTHIEeCKUX (DYHKIH, a Takke oOpaTHOE Tpeodpa-
30BaHME MU(PPOBEIX CUTHAJIOB B aHAJIOTOBYIO (hOpMYy.

HOCKOJ’IBKy IIpu CUHTC3C HH(l)pOBBIX (bPIHI:TpOB HUHTCHCUBHO HMCIIOJIB3YCTCA MAaTCMAaTHU4YC-
CKUH afnrmapar, HarjiigaHee BCCro IMpUHIMUIL L[PI(i)pOBOfI q)HHLTpaLII/II/I MOKHO NPOUJIIIOCT-
PUPOBATH C MTOMOLIBIO TPOCTOI'0 YUCJICHHOT'O 3KCIICPUMCHTA.

8.2.1. PopmupoBaHuMe cpeaHero 3Ha4YeHus

Paccmotpum mpocToit GUIBTP HU3KKMX YaCTOT MEPBOTO TOpsiaka. Bo3pMmeM 3a OCHOBY
NPUHIUIHAAIEHYIO CXeMy MHTerpaTopa, n300pakeHHyIo Ha puc. 8.1, 1 HCKITIOYNM U3 Hee
pesuctop R2. Ecnu comporusnenne R2 B dhopmyne (8.1) ycrpeMuts kK 6€CKOHEYHOCTH,
TO YacTOTa OOPaTUTCSI B HOJIb.

[MonpoOyem peann3oBaTh 3TH aHAJIOroBbie (GyHKIUH B Buae HU(PPOBBIX onepanuii. Om-
penencuHblil MHTerpan ¢Gynkuun f(X) Ha mpomexyTke [a, b] mpeacraBnser coboii mio-
Ia7b KPUBOJIHMHEHHON (UTyphl, orpaHndeHHO# rpadukom dynkuun f(X), ockro adermce
U npsiMbIMH X = a U X = b, CrenoBarenbHO, cpeliHee 3HAYeHHE MOKHO BBIPa3UTh uyepe3
CYMMYy JUCKPETHBIX 3HAYCHUIi, MPUUEM CyMMapHOE OTKJIOHEHHE U3MEPEHHOTO 3HAYCHUSI
(GYHKIMU OT CpEIHEro CTPEMUTCs K HyJIr0 (puc. 8.6).

M3amepsiemble 3Ha4YeHNst

CpepHee 3HayeHve

[nckpeTHble 3Ha4YeHns

Puc. 8.6. [NocTpoeHne cpeaHero 3HavyeHus no rpadmky dyHKLUm
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[TosToMy mocTpoeHHe CpeTHEro 3Ha4YeHMsSI TI0 Pe3yIbTaTaM AUCKPETHBIX 3aMEpPOB MPE/ICTABIISIET
co0oi1 naTerpupoBanre. TakuM 00pa3oM, MBI pean3yeM rpaHIYHOE 3HAUCHHE 3TOH (PyHKINH,
paBHOE HyIT0, M 0003HaYaeM CpeiHee, KaK IIOCTOSIHHYIO COCTABIISIOLIYIO HAIIeH (yHKIHH.

Ho, mockoibKy MBI XOTHM MOJNYYUTh BPEMEHHYIO XapaKTEpPUCTUKY M TPaHUYHOE 3HAYCHUE,
OoJIbIliee HyJIsl, MBI COKpaIllaeM YUCIO0 HaOIoaeMbIX 3aMepoB. Hampumep, moctpoum cpe-
Hee 3HAUCHHE IO JIECATH CMEXHBIM pe3ylibTaraM r3MepeHuid. [Ipy TakoM mojxojie MeyieH-
HBbIC M3MCHEHUSI CKA3bIBAIOTCS HA TIOTy4aeMOM 3HA4YCHHH, & ObICTPBIC — "MPOTJIATHIBAIOTCS .
"['parruHyIO Y9acTOTy" OCpEeTHEHHS HaIero (MIbTpa MBI YCTAaHABIMBAEM MCXOZS W3 YHCIIA
HCTIONTB3YEMBIX OTCYETOB. ECiM MbI XOTHM, 4TOOKI (hyHKIMY OBLIM HENPEPBIBHBI IT0 BPEMCHH,
TO peaTU3yeM ¢ MOMOIIBI0 MaTeMaTHISCKHX (hOPMYIT CKONB3SINEE CPETHEe.

Tenepp y)ke MOXHO CKa3aTh, YTO pEIIeHWE 3aMaHust 5.4 W3 21asvl 5 TPEACTaBIsIeT CoO0H
(bMIIBTP HU3KKX YacTOT NEepBOro nopsinka. [opsmok onpeenseTcs Baliei cepreii I3MepeHHI.

3a cUer JeTampHOM MaTeMaTHIecKoil 00padOTKH AUCKPETHBIX M3MEPEHUH MOYKHO peaTH-
30BaTh M JIpyrue GUIbTPhI, 00JIee BRICOKMX TOPSAKOB.

8.2.2. HakonneHHoe cpeaHee 3Ha4YeHUe

[pu uncnenHoit 00paboTKe CpemHUX 3HAUYCHUH TpeOyeTCs ONpeACIeHHbIH 00beM MaMsTH
JUI XpaHEeHHUs BCell TIOC/Ie0BaTEIbHOCTH JUCKPETHBIX 3HAUEHHI, a 3TO BO3MOYKHO HE BCe-
raa. [Ipu pabote ¢ HaKOMIEHHBIMU CPEIHHMH 3HAYCHHAMH OOJBLION 00BEM MaMsTH AT
XpaHeHHs1 JaHHBIX He HyxeH. He TpeOyercs 1 clokeHHe BceX 3aMepOB, TaK UTO (DYHKIHS
BBINOJHSIETCS. OTHOCUTENBHO OBICTPO, 0COOCHHO B JBOUYHOM CHCTEME CUHUCIICHHSI.

[Ipu pacuere 16-cTynmeHYaTOro HOPMaJBHOTO CPETHET0 HOBOE 3HAUYEHHE 3aMEepeHHON
BEJIMYMHBI 3alIUCBIBACTCA B KOHELl CTPOKH, @ CaMO€ CTapoe 3HAUCHHE Ha JPYroM KOHILIE
HIOCIIeI0BaTeIbHOCTH aHHyupyercs. Tlomydennas cymma nenurcs Ha 16. IIpu paGore
C HaKOIUIEHHBIM CPEAHUM IPOMEXYTOUYHbIE JUCKPETHbIE 3HAUCHUS HE COXPAHSIOTCSI, BbI-
YHUCIIAETCS TOJIBKO cyMMa 3aMepoB. [1oCKoNbKy OT/eNbHBIE 3HAUSHHSI 3aMePSIeMOil BeTH-
yuHBl OOJbIIEe HE (DUKCUPYIOTCS, AHHYJIUPYETCS YCJIOBHAsl BEJIMYMHA, NPUHAMaeMas
KaK caMoe CTapoe U3 3aMEepeHHBIX 3HaueHuH. [l 3Toro u3 oduieit cyMMbl, COCTOSILEH
n3 16 3amepoB, BeramuTaercs 1/16 gacTh, a BMeCTO Hee JOOaBISIETCS HOBOE 3aMEpPEHHOE
3HavyeHue. UToObl MOTyuuTh pe3ysbTaT, Hy’)KHO HOBYIO CyMMY CHOBa pa3ieiuTh Ha 16.
OTOT aNropuT™M MOKHO IPEACTaBUTh TaK:

Z HOB = Z crap - Z crap /1 6) + 3aMepHOB ’ Cpe'uHeeHOB =Z HOB /16 ' (85)

Ecau OornepangaMu sBJIAIOTCA ABOUYHBIC YKUCia, TO 00e HCO6XOI[I/IMBIX ornepanun ACJICHUA
BBITIOJIHAKOTCA KaK OI€paluy CABUTA.

PaccmoTpenHsli moaxoa, BIpodeM, 00JaiaeT U HeIOCTATKOM 0 CPAaBHEHHIO C PACYETOM
o0pryHOTO cpenHero. OH peanu3yeT NMPUHIMIT BBIYHCICHUS Pa3HHUILI MEXIY 3aMepeH-
HBIM 3HaueHueM M cpenHuM. Ecnm nmocne 16 3amepos, rae 16 x 3amep = 100, cneayror
TOJIBKO HYJIH, T. €. UMEET MECTO CKauOK, TO HOpMaJIbHOE CpeiHee 3a nocieaytonme 16 maros
OyzeT JIMHEHHO YMEHBIIAThCS, MOKAa HE CPaBHACTCS C HyleM. [ HaKoIUIEHHOTO cpen-
HETo OT CyMMBI 16 mocieqHux 3aMepoB KaxAbli pa3 OyJeT OTHUMAThCS JIHIIb OJHA IIe-
CTHajUaTas 4acTh OOIIEH CyMMBbl. XOTS HAKOIUICHHOE CpPEIHEe B ATOM Clydae TOXe
Oyner mamath, HO TOpa3l0 MeAJIEeHHee, M MOTpedyeTcss 3HAYUTENbHO OOJbIIe IIaros,
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npexie yeM OyJeT TIOCTUTHYTO HyJIeBOe 3HaueHUe. Eciu TOYHOCTh QUIbTpa COCTABISIET
0,1%, TO Ha mOCTIKEeHUE (PAaKTUUIECKOTO 3HAYCHHMS, PABHOT'O HYIIO, OoTpedyeTcs Ooree
90 mraroB. XapakTep u3MeHeHHs QYHKIUN CPEIHUX 3HAUCHUIN MILTIOCTPUPYET puc. 8.7.

Ha pwuc. 8.8 mokazana peakmwsi (pyHKIHH HAKOIDICHHOTO CPETHET0 Ha CTyIEHYATOoe

BXOJTHOE BO3JICUCTBHE.

XapakTtep uameHeHusi PyHKUUIN CpeaHUX 3Ha4YeHUn

100
o
"
90 3 3amepeHHoe 3HadeHne
%\ p
80 L Ckonbasillee cpeaHee
N\
R — . —. HakonneHHoe cpenHee

~
o
-

o2}
o

N
o
7

OMHI:Tp BbIXOAHOro 3Ha4YeHus
(&2
o

30 N
5 N,
20 “‘\ > ~
‘.‘ ~.

10 Y e
e e

11 16 21 26 31 36 41 46 51 56 61 6 71 76 81 86 91 96

LWaru domnsTrpauumn
Puc. 8.7. lNoBeaeHne gpyHKLMN HAKOMNEHHOrO cpeaHero
Peakuusi HakonneHHOro cpeAHero Ha BXogHoe CTyneH4YaToe Bo3gencTeme
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Puc. 8.8. Peakuns dyHKUUN HaKONNEHHOrO CpedHero Ha CTyneH4YaToe BXOAHOE BO3AeNCTBNe
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8.2.3. MeauaHHbIN UNLTP

MenmnanHbIi GUIBTP Yalle BCTpeUYaeTcs Mpu o0paboTKe m300pakeHUi, YeM B M3MEPH-
TeTHHOW TexHuKe. Eciam paccMaTpuBaTh MOAOOHBIN (GHIBTP B OJHOMEPHOM CIIy4ae, TO
OH OCOOCHHO XOpOIIIO TMOAXOIUT, YTOOBI YJAIATh M3 TOCIEI0BATEIFHOCTH H3MEPEHUI
ciny4aitaeie "BeIOpocH!”. OCHOBa MeauaHHOW 00paOOTKH — aaTrOpUTM COPTHUPOBKHU, KO-
TOPBIA YHMOPSAOYMBAECT BCE BHOBH MOSBIISIONIMECS 3HAUEHUS 3aMEpOB 10 UX BEIUYHHE.
B cooTtBercTBHE ¢ Ha3BaHWEM (WIBTPA, U3 ATOTO OTCOPTHPOBAHHOTO psifa Oepercs 3Ha-
YeHUE, pacIloioKeHHoe B cepenune ("'Memuana').

OubTp paboTaeT OTHOCUTEIILHO OBICTPO, BIIPOYEM, BPEMEHHBIC 3aTPaThl HA €ro padoTy
BO3pacTalOT B 3aBUCUMOCTH OT pa3Mepa (uibTpa HenmuHeiHo. [loaTomy uarie Bcero
(UIABTP COCTOUT W3 TpeX, ISTH WIA CEMH JIEMEHTOB. B MenamanHoM (uibTpe Beeraa
JIOJDKHO OBITh HEUETHOE YMCIIO 3JIEMEHTOB, YTOOBI OJHO3HAYHO ONPEICIIUThH "MeIuaH-
Hoe'" 3HaYeHHeE.

B Ta6mn. 8.1 mpuBeneH npuMep MeIuaHHOTO QIIIFTPa C OKHOM, pa3Mep KOTOPOTO COCTaB-
JSET 5 OTCYETOB.

Ta6nuua 8.1. Npumep meduaHHO20 ¢huribmpa ¢ OKHOM 8 5 omcyemos

OTtcuetbl —
14 (16 (15 |19 |12 |15 |16 (15 |13 |17 |15 (14 |15 |9 14 |15 |16 |15 |17 |11

12
14 |12
15 |15 |12

== |== |== |—> |15 |15 |15 |14 |14
== |== |== |—> |15 |15 |15 |15 |11
== |== |== |—> |16 |15 |15 |15
== |== |== |— |16 |16 |15
== |== |== | > |17 |16
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8.3. Bbinpsamurteno

B paznmuuspix cuTyanmsx ObIBa€T HEOOXOAWMO BBINIPSMIATH TMOCTYHAIOMIMIA CHUTHAIL
OObIYHBIE TUOABI 00NAaMAI0T HEMMHEHHBIMU XapaKTePUCTHKAMHU U HE TIOIXOMAST IS He-
OOJBIINX HANIPSDKEHUH W TOYHBIX M3MEpeHHd. B Takux ciywasx mpuOeraioT K onepanu-
OHHOMY YCHJIMTENIO M BBITIONHSIOT JINHEAPHU3AIHIO XapaKTEPUCTHK.

8.3.1. OgHononynepuoaHbIA BbINPAMUTESb

Taxoli BBIIPSMHUTENb MOAXOIUT, €CIU TpeOyeTcss 00paboTaTh TOJBKO OJHY IOJIYBOJHY
curHana. OnepanoHHbII YCUIIUTENb MOKET ObITh BKIIIOUEH KaK MHBEPTHUPYIOIINM, TaK U
HenHBepTupyomuM. Ha puc. 8.9 npuBeaeHa cxemMa HEHMHBEPTHUPYIOLIETO OJHOIOJIYIIE-
PHOTHOTO BBITIPSIMUTEITS, OTcaHHas B [8.4].

+Ue

Ua

Puc. 8.9. HemHBepTupyowmii ogHoNonynepnoaHsIv BelnpsMuTens [8.4]

I/I,Zleﬂ COCTOHUT B TOM, YTO HAIPSHKEHUE CMEIICHUA OIIEPAITMOHHOTO YCUIIUTEIA PaBHO HY-
mo. Kak scuHo u3 puc. 89, 9TO MMPUBOJUT K MPOTCKAHHUIO TOKa YCPE3 AUOA IIPU ITOJIOKHU-
TEIbHOU MOJIYBOJIHC BXOJHOT'O HAMPSIKCHUSA, B PE3YJIbTATC HAIIPSAKCHUC HA COIIPOTHUBIIC-
o R PaBHO BXOAHOMY. HpI/I OT”pHHaTeJIBHOfI MOJYBOJIHC OUOA 3aIliepT, MOITOMY
BBIXOJJHOC HAIIPAKCHUC OKa3bIBACTCA HYJICBBIM. HOCKOJ’ILKy OHepaHI/IOHHLIfl YCUIINUTCIIb
BXOOUT B PCKHUM HACBILICHUS, 'PaHUYHAs 4aCTOTa OKAa3bIBACTCA HEOOJIBIION. I[OCTOI/IH—
CTBO paCCMOTpeHHOﬁ CXEMbI — BBICOKOC BXOJHOC COIIPOTUBIICHUC.

Ecnu B34Th BBICOKOOMHBIH PE3UCTOP U MAPAJIEIBHO €My MOAKIIOYUTh KOHJIEHCATOP, TO
cxema OyJeT AeCTBOBaTh KaK BBIIPSMHUTEb aMIUTUTYIHBIX 3HAYCHUH.
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IIpu oTpumaTeT-HOM BXOAHOM HAINPsDKCHHH B cXeMe, m3o00pakeHHou Ha puc. 8.10, Toku
gepe3 PEe3UCTOPHl paBHBI U B Touke "P" TOK Oka3bpIBaeTCs HYJEBBIM. TOK TeUeT depe3 au-
on D2. TToaTroMy 3HaUYe€HHUE BBIXOJHOTO HAMPSDKEHUSI PABHO BXOJIHOMY, HO C TIPOTHBOIIO-
JIOKHBIM 3HAKOM.

R1 P R2
Ue Ua

D2

D1

R1=R2

Pwuc. 8.10. HBepTupyowmin 0o4HOCTOPOHHUI BbINPAMUTENb

[Ipu monokuTenbHOM BXOJHOM HAIpsDKEHUH HyJIeBOe 3HaueHue B Touke "P" mocturaet-
Cs1 32 CUET TOT0, YTO HANpPsDKEHUE HA ONEPALMOHHBIN YCHIIUTENb IOCTYIAeT HEIOCPEICT-
BeHHO uepe3 quoa D1. BxogHoe compoTuBienne 31oit cxemsl paBao R1.

B obenx cxemax, nmpuBeaeHHBIX Ha puc. 8.9 u 8.10, BBIXOAHOE HANpsKEHUE MOXKHO HH-
BEPTUPOBATH, U3MEHUB MOJISIPHOCTH BKIIOYEHUSI TUOIOB.

8.3.2. [iByxnonynepuoaHbIN BbINPAMUTESb

Ecnu HeoOxoauMel 00a mosyneproia CUrHamia, IPUMEHSETCS IBYXIIONYTIEPUOIHBINA BbI-
npsimutenb. [IpencTaBieHHble Jaiee cXeMbl pealu3yIoT 3TOT MPUHILIUIT TT0-pPa3HOMY.

Cxema, n300paxeHHast Ha puc. 8.11, cocraBieHa U3 OAHOMOIYIIEPHOAHOTO BEIIPSIMUTEIIS
u cymmaropa. [Ipu 3ToM BXoqHOE HampsDKEHHE YMHOXKAeTcsl Ha KO3 (UIMEHT, paBHbIHI

enuanne (R4 = RS), BbIX0IHOE HaNpsHKEHUE BBITIPSIMUTENS YBEIIMYMBACTCS B JIBa pasza
(R5 = 2R3).

[TonoxurenbHOE BXOJHOE HAIIPSKEHUE Yepe3 pe3ucTop R4 mocrymnaer HemocpeICTBEHHO
Ha cyMMartop. I10CKoJIbKY BBEIIPSIMUTEND 3alEPT, HANIPSKEHUE HA €r0 BBIXOJE PABHO HY-
JIIO, TAK YTO OH HE BJIMSIET HA BBIXOJHOE HAINPSKEHUE.
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R4

R1 P R2
Ue
R3 R5

D2
D1

Ua

Puc. 8.11. lNepBbiIt BapuaHT peanusauun AByxXnonynepuogHoro Beinpamutens [8.5]

[Ipu oTpuIIaTEILHOM BXOJHOM HANPSHKESHUH OHO TOJIACTCSI HA CYMMATOP C MOJIOKUTEb-
HBIM 3HAaKOM, U 33 CUET COOTHOIICHHS CONPOTUBJICHUN PE3UCTOPOB YCHIIMBACTCS C KO-
a¢unmentom 2. Iockonpky mpu 3TOM uepe3 pesuctop R4 momaercs orpuiareabHoe
BXOJITHOE HAINpsIKCHHUE, 00Iee BBHIXOJHOE HAIPSDKCHUE CXEMBI OISATh OKA3hIBACTCS PaB-
oM Uk,

BxonHoe compoTtuBieHne 3Tol cxembl coctaBisieT RX/2, T.k. R1 u R4 momkmroueHs!
K 0011ei Touke. BBIX0JHOE CONPOTUBICHNE OTIPEAEIISETCS ONEPAIIHOHHBIM YCUIIUTEIIEM.

[IpeumytiecTBO BTOPOTO BapUaHTa peau3alui CXEMbl IBYXIIOIYIIEPUOIHOTO BEITIPSIMU-
tenst (puc. 8.12) B TOM, 4TO OH 00J1a/1a€T BHICOKUM BXOJHBIM CONPOTHBIICHUEM MU OJIHO-
BPEMECHHO MOXET BBITOJIHATh (QYHKIIUIO YCHUITUTEIIS.

R4=R1x(n+1)/(n-1) R1=1k R3=nxR1
1,21k 10k
D1
1N4154 1n
1N4154
Ua =n x |Ue|
u
€ D2
R2 1k

Puc. 8.12. Bropow BapmaHT peanusauum AByxnonynepvogHoro Beinpamutens [8.6]
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[MapaMeTpbl KOMIIOHEHTOB OIPEJEISIOT TAK:
R3 =n x R1. (8.6)
R4 = R1x(n+1)/(n-1). (8.7)
3neck N — KO3 PUIMECHT YCUIICHUS.

[TpuHun aedcTBUSI CXEMBI IIPOILE BCETO MOHATh, €CJIN NPUHAITh KOI(P(UIIHEHT YCUIICHUS
n = 1. IIpu stom R4 obOpamaercss B OECKOHEYHOCTh U IMMOTOMY HCKIIOYACTCS U3 CXCMEI.
M5!I ucxoauM, MPEXAe BCEro, U3 IPEAIIONOKEHUS, YTO BXOJHbIE TOKH OIEpPAl[MOHHBIX
ycuiuresel paBHbl Hymo. [Ipu MONOXHUTETbHOM BXOAHOM HAIIPSKEHMU BBIXOJHOE Ha-
npsbkeHne cHuMmaetcst ¢ epsoro OV, npuuem quon D1 3amept, a auox D2 otkpeit. 10
nU3MeHeHne Hanpspkenus yeunuBaeT Bropoi OY. ITockonbky uepes pesuctopbl R1 u R3
TOK HE TeUeT, UHBEPTUPOBAHHBIEC CUTHAJIBI C 000MX OIEPALMOHHBIX yCUIIUTENEH MOJat0T-
Cs1 Ha BBIXOJ CXEMBI, TaK YTO BCS CXEMa B LIEJIOM paboTaeT Kak IMOBTOPUTEIb HAIpsKe-
wus. [lpu orpumarensHOM BXOAHOM HampsibkeHnu nuon D2 3ammpaertcs. Tlepsorit yenmm-
Tesnp paboraer uepe3 auox D1 kak moBTOpUTENs HANPSIKEHUS, TaK YTO BXOIHOE
HamnpspkeHue npuinoxkeHo K R1. Teneps Bropoit OY paboTraeT kKak HHBEPTHPYIOIIAN YCH-
JUTENh, TTOCKONBKY R2 momkimioder k obmel mmae. Takum oO0pa3oM, OTpHIIaTEIhHOE
BXOJJHOE HAIPSKEHNUE NHBEPTUPYETCS HA BBIXOAE CXEMBI.

Omnucannas cxeMa HaaCKHO pa60TaeT " 1IpH MaJIbIX BXOJHBIX HANPSKCHHUAX. I[I/IaHaSOH
pa60111/1x YJaCTOT BBIXOAUT AAJICKO 3a MPCACJIbI HHM3KOYaCTOTHOM 00IacTH. HpI/I IIOMOIIIH
KOHACHCATOpPa, NOAKIIOYCHHOTO MMapaJlICJIbHO R3, YCTPAHAIOTCA KoJIeOaHus npu usMme-
HCHUU NMOJIIPHOCTU BXOJAHOTO CUT'HAJIA.

8.3.3. lNorpelHOCTU aKTUBHbLIX BbINPSAMUTESEN

B nanHOM paszmene OyoyT paccMOTPEHBI JBAa MCTOYHHKA BO3MOXKHBIX MOTIPEIIHOCTEH.
[lepBblif U3 HUX — KOHEYHOE YCHJIEHHE OIIEPALMOHHOIO YCHJIMTENS, BCICACTBUE YEro
MOJKET HapyLIaThCsl JIMHEWHOCTh, YTO MPOSBISETCS, B IEPBYIO OYepenb, IPH MaJbIX Ha-
MpsDKeHUAX. BTOpoil ncTouHMK omMOOK — Mepexoi BXOAHOTO HANPSIKEHUS Yepe3 HOJb.
B toT MoMeHT, Koraa nuddepeHnnanbHOe HAPSHKEHUE Ha BXOAaX ONEPaliOHHOTO yCHU-
auTens OJU3KO K HYJI0, 00paTHas CBSI3b OKa3bIBAET IOMOJHHUTEIBHOE BHEIIHEE BO3/ACH-
ctBue. [1loaTOMY BRIXOHOE HAIPSKEHUE CTAHOBHUTCSI HEKOHTPOJIMPYEMbIM. B pesynbrare
BO3HHMKAIOT MCKAKEHMS, OCOOEHHO 3aMETHbIE Ha BBICOKHMX dacToTaX. CilenoBaTesIbHO,
IUISL CXEM BBIIPSAMHUTENIECH HY)KHO BBIOMPATh ONEPALMOHHBIM yCHIUTENb C BBICOKOH CKO-
POCTBIO HapaCTaHWS BBIXOAHOTO HAIPSKCHUS.

8.4. MynbTUnnekcop

MyJABTUIUIEKCOP CITYKUT JUISI IEPEKITIOYCHUST MEXKAY HECKOJIBKHUMU TOYKAMH U3MEPEHUSL.
MyJbTUIUIEKCUPOBAHKE MIPUMEHSETCSl TAKXKe IPH Nepeaade AaHHBIX U AT MUHUMHU3A-
UM KOJIWYECTBA aHAIOTO-UU(POBBIX TpeoOpa3oBaTeneil. MynbTHUINIEKCUPOBATHCS MOTYT
KaK aHaJOroBbIe, TaK U IU(POBbIe cUrHaANbI. [10CKOIBKY KOMMYyTaLus HU(POBBIX CUTHA-
JIOB TEXHUYECKOW MPoOIeMbl HE MPEACTABISIET, COCPEAOTOYNMCS Ha MEPEKIIOUCHUH aHa-
JIOTOBBIX CUTHAJIOB.
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8.4.1. NaccuBHbLIN aHaNoOroBbIN NepeknYaTenb

MexaHn4decKuil KOHTAKT MO-TIPEKHEMY SIBIISIETCSI CaMbIM HAICKHBIM, U, C TOYKH 3PEHUST
TEXHUYECKUX MapaMeTPOB, CAaMBIM JTyUIINM MepekiaodareneM. [loaToMmy B OOIBIINHCTBE
BBICOKOKAUECTBEHHBIX M3MEPUTENBHBIX MPUOOPOB IS MEPEKITIOYCHUS TPUMEHSIOT Tep-
KOHOBBIE perne. [lomomHnTeNnbHOe UX MPEUMYIIECTBO B TOM, YTO KOMMYTHpYyeMas Ienb
MIOJIHOCTHIO TaIbBAaHWYECKH OTNEJIEeHA OT BCeX ApPYyrux. Pemaercs n mpobiema pasHOCTH
MTOTEHIIMATIOB MEXIy TOYKAaMH H3MEPEHUH M MEePEKII0YCHNS MEXIy HUMH, TOTOMY YTO
o0e 1ieny W30JIMPOBaHbI APYT OT Apyra. MokHO mpeHeOpedb M BKJIAJOM NIOMEX B M3Me-
puTensHBIA curHan. K HemocTaTkaMm MacCHBHOTO aHAJIOTOBOTO MEPEKITIoYaTelNs Ha pesie
MO>XHO OTHECTH OTHOCHTEIFHO BBICOKHE TOKH YIPaBICHHSL.

CummMmeTpuyHas cxema TEepPeKITIOUeHHsT MEXIY TOUYKAMU M3MEPEHHUH C UCIIOIb30BaHHEM
perne mokasaHa Ha puc. 8.13.

r1/1
Uel

r1/2
r2/1
Uez r2/2
bC  q Rel6
r8/1
Ueb
r8/2 A
HaHHble B Rel5
C
Rel1

Puc. 8.13. CummeTpryHasn cxema nepeknioyeHms
MeXay ToYKaMu 3MEPEHU C UCMONb30BaHNEM pene

B mpencraBineHHO# cXeMe TOYKH M3MEPEHUH COEAMHEHBI CUMMETPUYHBIMU JHHUSIMH,
KakJas U3 KOTOPBIX KOMMyTHpyeTcs. Takoe pelieHne o0ecrnednBaeT Xopolee pasaene-
HHE KaHaJIOB M YMEHBIICHHBIC COTMPOTHBIICHHUS KOHTAKTOB B 3aMKHYTOM cocTosiHUH. [1o-
CKOJIBKY B CXEMe NPHUMEHSIOTCSI COBPEMEHHbIE MallorabapHTHBIE peie ¢ HeOOJNbIIHMHU
YIPaBISIONIIMHU TOKaMH, B OOJIBITMHCTBE CIydacB BO3MOKHA padota ¢ oosraabiMu TTJI-
MHUKpocxeMaMu. HeoOXoumble 3alUTHBIC U0l yKe MOJKII0UYEHBl K 0OMOTKaM pee.
CxemMa criocoOHa KOMMYTHPOBATh BEICOKOYACTOTHBIC CUTHAITBI.
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HenocraTok MexaHMYECKOTO MepeKIiouaTelss — OrpaHrndeHHasi CKOPOCTh €ro cpabathi-
BaHusA. Kpome Tor0, BHOBh BO3HHKAET MpodieMa pede3ra KOHTaKTOB, BCIEACTBHE KOTO-
POV MUHIMAJIFHOE BpeMsI IEPEKITIOUEHHS COCTABIISIET HECKOJIIBKO MIJITUCEKYHI.

He Mmenee BaxkHO U TO, YTO TOK 4YCpEC3 MEXaHHUYECKHI KOHTAKT HE MOKET OBITh CKOJIb
YroaHo MaJibIM. ﬂﬂﬂ OOJIBIIIMHCTBA KOHTAKTOB 3aJaHbl MUHHUMAJIBHBIC TOKHMH. Ecimm (baK—
THYCCKHEC TOKHM OKa3bIBAIOTCA HMXKC MHHHMAJIbHBIX 3Ha‘ieHHI71, TO COIPOTUBJICHUEC KOH-
TaKTa ITOBBIIIACTCAH. HOBTOMY CYHICCTBYIOT CIICHUAJIBHBIC CUTHAJIBHBIC PCJIC, KOTOPBLIC
CIIPOCKTUPOBAHBI JIJIL pa6OTLI C MMHHUMAJIbHO BO3MOKHBIMH TOKaAMHMH.

8.4.2. KMOIl-nepekntoyaTtenb

[penmymecteo KMOII-nepekirouaTeneir B TOM, YTO OHHM OOECIEYMBAIOT HAMHOTO
MEHBIIIEe BpeMs MEPEKIIOUYEHHs MO0 CPaBHEHHIO C MEXaHWYECKHUMH pelle, pacCMOTpEH-
HbIMH paHee. K UX HemocTaTkaM MOXHO OTHECTH BBICOKOE CONPOTHUBIIEHHE B 3aMKHYTOM
COCTOSIHHH, @ TAK)K€ OTpaHUYEHHBIE YCIOBHUS IKCIUTyaTalllu.

[upoko pacnpoctpanerHas MuKpocxema 4066 padoraer oT HanpsoKeHUS muTanus 15 B
M UMEET THIINYHOE COMPOTHBJICHHE B 3aMKHYTOM cocTosHUH 40 OM (y COBpEeMEHHBIX
ANIEKTPOHHBIX KOMIOHEHTOB 3TO CONPOTHBIICHUE MEHBIIIE OAHOTO oMa). KommyTupyemoe
BXOJIHOE HANpPSHKCHHUE MOKET M3MEHATHCS B TIpeeiax, OrPaHHYCHHBIX HaNpsHKEHHEM
MUTaHKUA. DTO Cepbe3HOe OTpaHMUYCHHUE, TPEKIE BCETo, B CIIydasx, Korjaa Tpedyercs 1me-
PEKITIOYaTh ABYTOJSPHBIC CUTHAIBI.

[penmymectso KMOII-niepekirouaTeneil cOCTOUT elie U B TOM, YTO Ha uX 0ase mpezsa-
raeTcsi MHOKECTBO 0OJiee CIOKHBIX AJIEKTPOHHBIX KOMIIOHEHTOB — OT MHOTOMOJISIPHBIX
nepeKiIroyaTeNe A0 MebIX YNpaBJsioImuX Marpuil. HekoTtopble m3 Hambonee 4acTto
BCTPEYAIONIMXCsI KOMIIOHEHTOB 3TOTO THTIA MIEPEYHCIIeHbI B Ta0. 8.2.

Tabnuua 8.2. Hekomopsie uHmeezparnsHbie KMOI-nepexntoyamenu cepuu 4000

Mukpocxema CoctaB
4016 YeTblpe oTAeNbHbIX NepekntoyaTens
4066 YeTblpe oTAenNbHbIX NepeknoyaTens
4051 8-kaHanbHbIA MyNbTUMNIIEKCOP
4052 [iBa 4-kaHanbHbIX MynbTUNNEKCOPa
4067 16-kaHanbHbIN MYbTUMMEKCOP
45100 MaTpuua nepekntoyartenen 4x4

i xoMMyTallK ABYIOJSPHBIX CUTHAJIOB MPEJIAraloTCs U JAPYTUe THUIIBI MHKPOCXEM.
OHH B COCTOSIHUM 00padaThiBaTh CUTHAJIBI 00CUX MOJIAPHOCTEH, HO JUIsl 3TOr0 UX HE0O-
XOJIUMO MMHUTATh ABYIOJIAPHBIMU HANPSHKEHUSMH. Y POBEHb BXOJAHOI'O CHUTHAJIA JUIS TaKHX
nepekitouaTesiell 00bIYHO JIekHuT B quama3one +10 B. CpeaHee conpoTUBICHHE B 3aMK-
HYTOM cocTOsiHHHM cocTasisier 150 Om u Goree.
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8.5. YcTpouncrea BbIOOPKM U XpaHEHUSN

8.5.1. ABTOHOMHbIe YCTPOMUCTBA BbIOOPKU U XpaHEHUA

YT0o05I rapaHTUpPOBATh HCU3MCHHOCTL BXOJHOTO CHUTHAJIAa B MNPOILECCEC U3MCPCHUA, CTO
HCO6XOI[I/IMO COXPAaHATH B TCUYCHUC OIPCACICHHOI'0 MPOMCIKYTKAa BPECMCHHU. HpI/I XpaHe-
HHUHU 3HAUCHHUC CUTHAaJIa HC JOJUDKHO MCHATHCA, HAIIPOTHUB, CICAYCT MPEAYCMOTPETHL HC-
OOIBIION MIPOMCIKKYTOK BPCMCHU IJId 3aBCPHICHUS IIEPEXOAHBIX IMTPOLICCCOB.

[Ipurnmn neiictBus ycTpoiicTBa BBIOOPKM M XxpaHeHus (YBX) mnpommirocTpupoBaH
Ha puc. 8.14.

Ue Vv Vv Ua

V1

Puc. 8.14. MNpuHUMN OencTBUSt yCTPONCTBA BbIOOPKM 1 XpaHEHUS!

B cxeme, n3o0pakeHHoii Ha puc. §.14, mpu 3aMKHYTOM TiepekitodaTene S ycumurens V1
mojaeT TOK Harpy3ku Ha konpeHcarop C. Hampsbkenwe ¢ konnmencaropa C cHEUMaeTcs
4yepe3 BHICOKOMMIIEAHCHBIM YCHINTENb V2, TaK YTO Ha €ro BBIXOJE MOSBISETCS HArpsi-
xenue U, paBHoe BXxogHOMY. UTOOBI MCKITIOUYNTH OIMIMOKHM, BOSHUKAIOIINE HA MEPEKITIO-
qarene W ONEPAlMOHHBIX YCHJIHMTENSIX, 00a YCHIMTENs OXBAaTHIBAIOT IMETIed 0OpaTHOMN
CBsI3H, KaK IMOKa3aHo Ha puc. 8.15.

B kauectBe nepexitodarens nogoiaet oobranbiii KMOII-kommyTatop.

V Ua
S V2

Ue V1

Puc. 8.15. YcTponcTBO BEIGOPKU 1 XpaHEHUS C 0OpaTHON CBSA3bLO
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Tenepb HEOOXOMMO B JIBYX CIOBaX paccKka3aTbh O TOYHOCTH YCTPOWCTB BBIOOPKH M Xpa-
HeHus. [Ipy pa3oMKHYTOM IepeKIfovaTelie B CXeMe MPaKTUYECKH BCErjia CYMIeCTBYIOT
OCTaTOYHBIC TOKU OT IEPEKIIIoYaTeNss U BXOJHOW TOK orepannonHoro ycunurens. Ocra-
TOYHBIE TOKH, XapaktepHble st KMOII-iepekitouareneit, gexxar B quanazone ot 10 go
250 HA, ¥ 3TH TOKH 3apspKaioT KoHaeHcatop C. BXoaHOH TOK ONEeparMOHHOTO YCHUIUTE-
7 ¢ KacKajoM Ha TIOJIEBOM TpaH3ucTope aocturaeT 3HadeHuH n0 20 HA. Ilockombky
KOHJICHCATOPBI TOXKE JIOJKHBI ObITh BHICOKOKAYECTBEHHBIMH C MAaJIBIMH TOKAMH YTEUKU
U HY)KHO JOOHMTBHCS MaJloro BPEMEHH Tiepe3apsjia KOHAEHCATOpa, BRIOUPAIOT KOMIIOHEH-
THI ¢ eMKocThio 100 HOD.

EMKoOCTB onpesiensieTcst claeayomum 00pa3oMm:

I xt
U
U3 (8.8) mosryuaem opMymy AJis HAPSKSHYS:

I xt
C
Ecnu tpebyetcs 3ameputh 3HadyeHue 3a 0,1 ¢, To u3 ypapaenus (8.9) MbI mosryuaem, 4to
mpu napasutHoM Toke 50 HA HanpsbkeHue usmenutcs Ha 50 MB. Ilpu pabouem nuamnaso-
He 10 B sto maer ommbOky 0,5%, BcieacTBue 4ero AJs 3aKIIOYMTEILHOTO aHAIoro-
uudpoBoro mpeodpasoBaHus TpedyeTcss TOYHOCTH 7 pa3psaoB. U3 sToro rpyboro pacue-

Ta MOXHO CACJIAaTh BBIBOJ, YTO OJIA AOCTHKCHUA 0oJiee BBICOKOH TOYHOCTHU Tpe6yeTc;1
bonee CKOpPOCTHOC npeo6pa3OBaHHe.

o= (8.8)

U= (8.9)

Ha puc. 8.16 mpuBeneHa cxema yCTpOWCTBA BEIOOPKH W XPAHEHHSI C aHATIOTOBBIM BBIXOJIOM.

+15B
47n (Ponbra) 91k
100k
Ue
S P Ua
10k
KP305I K284UD1
(noneson TpaH3ncTop 10k (SFET)
C ynpaensioLwmm
-N-NepPexofom
P pexoaom) 100k
-15B

Puc. 8.16. YCTponcTBO BIOGOPKU N XpPAHEHUS C aHANOroBbIM BbIXOA0M
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Ota cxema OblIa pazpaboTaHa IJI1 UCIIONB30BAHUSA B KadecTBe OydepHOro Kackama st
10-pazpsmaoro ALl OpuruHaneHas cxema, omnmcanHas B [8.8], maer apeiid 2 mB/gac.
Ha mpakTtuke B 1a00paTOpHBIX YCIOBHSIX ObLTa JOCTHTHYTa CTaOMIBLHOCTH 10 MB/MuH.
DTO COOTBETCTBYET Mapa3uTHOMY TOKY He Ooiiee 1 HA. BpIIO HOCTUTHYTO Takoe 3HadYe-
HHE, TIpU KOTOPOM KpuTHUYeckas Touka "P" moria ObITh 0003HAaYCHA, KakK ''BO3IyIITHAS
nuHEs niepenaun”. ['epMeTHK ¢ KOHTaKTOB T€PKOHOBOTO pelie S ObLT yJalieH, Tak 4To
yIpaBlieHHE OCYIIECTBISUIOCh HEMOCPEJICTBEHHO 4epe3 CTEKISHHBIN kopmyc. B cxeme
MIPUMEHEH TPaH3UCTOP C YIPABISIONUM P-N-TIEPEX0JI0OM, HAa BXOJaX OINEPANMOHHOTO
YCUJIMTEIIS TAK)KE TIPUCYTCTBYIOT TIOJIEBBIE TPAH3UCTOPHI.

8.5.2. UHTerpanbHble MUKPOCXEMbI
BbIOOPKU U XpaHeHUA

Kax sBcTByeT M3 mpeaplAyIMX MOJpa3fiesioB, MOCTPOCHHE BBICOKOKAYECTBEHHBIX YCT-
POMCTB BBIOOPKH M XpaHEHUs] — TPYAOEMKOe U foporoe aeino. [lostomy pasnudsble mo-
CTaBIIMKH NpEAaraloT WHTErpaibHble MUKpocxeMbl YBX mim aHanoro-nudpoBeie mpe-
oOpa3zoBarenu co BcTpoeHHbIMH YBX. B Ta0m. 8.3 mpuBeneHb HEKOTOpBIE MPUMEPHI
TaKWX KOMIIOHEHTOB 110 JJaHHBIM [8.7] u [8.9].

Ta6bnuuya 8.3. [Npumepb! uHMezparnbHbIX MUKPOCXEeM 8bI60PKU U XpaHeHUs

Mukpocxema Bpems BbIGOpKY, CkopocTb pa3psiga
MKC 3anoMMHalLWero KoHAeHcaTopa,
MKB/MkcC
AD1154 5 0,1
AD781 0,7 1
LF398 6 -

IlepBbie nBe Mukpocxemsbl cepun AD HMEIOT BHYTPEHHIOIO €MKOCTh, & MUKpOCXeMa ce-
puu LF TpeOyeT moakioueHus] BHEIIHETO KOHICHCATOPA.

Crpykrypa mukpocxembl LF389 npomnitoctpupoBana Ha puc. 8.17.
JlMop1 IPEeIOTBPAIIAIOT pa3MbIKaHHUE METIIM 00PATHOM CBSI3U B PESKUME XPaHCHMUSL.

3a cyer MOJMKIIOYEHHs BHEITHETO KOHIEHCATOPA MBI MTOJTy4aeM BO3MOKHOCTh ONITUMH3a-
LMY WHTEPBAJIOB BPEMEHHU BBHIOOPKM U XpaHeHHs. B cxeme Ha puc. 8.18 mepBriii kackan
cHa0keH HeOONBIIMM KOHJEHCATOPOM, KOTOPBIH OCYIIECTBISET OBICTPYIO BBIOOPKY
3aMepsaeMoll BelMW4YMHBL. BTOpoi Kackaja, BKIIOUEHHBIH BcieX 3a MEpPBBIM, MPHUHUMAET
Oy(epr3oBaHHOE U YCHJICHHOE 3HaueHHE 00jiee MEIJICHHO. 3a cueT OOJIbIIeld eMKOCTH
9TO 3HAYCHHUE OCTAETCS CTAOUIIBHBIM B TCUCHHE IJIUTEIBHOTO BPEMEHH.
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Bxopn

Jlornka

OnopHoe
HanpshxeHne
rorMYeckoro

6noka

Bxon

Bribopka

10 mkc

CwmelleHne 2

30k

150

+15B
-15B
LF398
2n
+5B
470k 27k
20n
273904
270

Puc. 8.18. [1ByxkackagHoe YBX

Puc. 8.17. BHyTpeHHAs cTpyKkTypa Mukpocxembl LF389

+15B

LF398

Bbixoa

6
KoHnpeHcatop

-15B

5 wmc
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8.6. AICTOYHUKM ONOPHOro HanpsXXeHus

[Tockonmpky mporecc m3MepeHus Oa3upyeTcsi Ha CpPaBHEHHWH W3MEPEHHOTO 3HAuYeHUS
C HEKOTOPOH 3TaIOHHON BEJIMYMHOMN, UICTOYHUKH OMOPHOI'O CHUTHaJla UTPAIOT B HEM II€H-
TpallbHYI0 poiib. KadecTBO M3MEpUTENHHOTO IMpoIecca BO MHOTOM OTPEAEINSAETCS HX
cBoiicTBamMu. Ha mpakTuke s aHaIoTro-IUGPOBHIX M ITUGPOAHATIOTOBEIX IMpeodpa3oBa-
TeJeW JIydie BCero MOAXOASIT UCTOYHHMKH CTAOMIBHOTO OIOPHOTO HAIpPSKEHUs, KOTO-
pBIe ¥ IPUMEHSIOTCS 4arie Bcero. OmopHbIe TOKH, HAIIPOTHUB, Yallle BCTPEYalOTCs B CXe-
Max CONPSDKEHUS C JaTYNKAMHU.

8.6.1. NonyyeHne cTabMNbLHOro HanpsXXeHusA

[TomyunTs TOYHBIE 3HAUEHMSI HANIPSKEHUS MOXKHO IByMs IyTsAMH. [lepBblil 3aKimrouaercs
B MIPIMEHEHUH OIMOPHOTO CTAOMIMTpPOHA (TaK HA3bIBAEMOTO AMOAA 3eHepa), XapaKTepH-
CTHKa KOTOPOTO B OIPEIEICHHOM AMANa30He TOKOB JAaeT MOCTOSHHOE IaJeHUE Harpsi-
JKEHUs Ha Harpyske. Takod Mmoaxoja IOCTaTOYEH JUIsl pelIeHUsl IPOCThIX 3aaad. Bropoi
CI0CO0 — 3a/eHCTBOBATh IJIsl CTA0MIN3AlMK CBOMCTBA XapaKTEPUCTUK yJacTKa TpaH3H-
ctopa "6aza—smutTep". [lomoOHbBIE 31eMeHTHI OoJiee CTaOMIIBHBI U MCTIONB3YIOTCS B WH-
TETrpajbHBIX MUKPOCXEMaXx.

CT36I/IJ'II/ITpOH o6nanaeT ABYM Ba’XHBIMU IMapaMCTpaMu: TCMHCpaTypHOﬁ 3aBUCHUMOCTBIO
1 B3aMMO3aBUCHUMOCTBIO MCKAY BBIXOJHBIM HANPSXKCHUEM U TOKOM. Konebanust Toxa u
TEMIICPATYPhI HEIIOCPECACTBCHHO CKA3bIBAIOTCA HAa BHIXOAHOM HAIIPAKCHUU.

Temmnepatypsblii K03()(UIMEHT 3aBUCHUT OT HANPSDKEHUS TYHHEIBHOTro Mpobost p-n-
nepexoja u Jexutr B auanasone ot 0,02 mo ot 0,1 %/K. Ero MOXHO CKOMIIEHCHPOBATH
IIyTeM HOCJIEA0BATEILHOIO MOAKIIOUYCHHS OHOTO-ABYX OOBIUYHBIX TMOJO0B, BKIIOUEHHBIX
B IPSIMOM HAaIlpaBJICHHU.

BrixonHoe HampspKeHUEe 3aBUCUT OT TUHAMHYECKOTo conpoTuBieHus R,. 3Has ero Beiu-
YHUHY, MOKHO OIPEIEIUTh, K KaKOMY M3MEHEHHIO BBIXOJHOTO HAINPSKEHUS IMPUBEIET
W3MEHEHHE TOKA.

Paccmotpum mpocTyro cxeMy, n300pakeHHYI0 Ha puc. 8.19, u mpumem criemyromye 3Ha-
yenusa U, =10 B u Uy = 15 + 10%.

R1 =1k R2
-15B

Uzl Uz2

Puc. 8.19. MpuHuMnNuanbHas cxema BKIYEHWUsI CTabuUMTpoHa
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Tok, mpoTekaromuii yepe3 conporusicHue R1, U3BecTeH, OH COOTBETCTBYET Y4aCTKY 3a-
pucumoctu Uy — U,. [Ipu sTom Hanpsokerne U, TOCTOSHHO ¥ Ha CONPOTHUBIICHUH MAal0T
BCE M3MCHEHUsI HaNpsDKeHUs. [Ipr 5TOM TOK MHOTJAa M3MEHSETCS BEChMa CYIIECTBEHHO.
B paccmarpuBaemoii cxeme Tok |, paBen 5+ 1,5 MA, uro npu R, = 20 OM npuBoaut
K KosiebanusM Hanpsokerus +£30 MB. Oto coorBercTByeT npumepHo 0,3% OT BBIXOJIHOTO
HanpspKeHus U (0e3 ydera BIUSHHS TeMITepaTyp) Ui MUQPOaHaIoroBOro mpeodpa3opa-
TEJISI TIO3BOJISIET NOCTHYL TOYHOCTH 7 OUT.

Ecnu paccMOTpeHHYI0 cXeMy HOJKIIOYUTH K OIPAaHMYHUTENIO Ha ONEPalHOHHOM YCHIIU-
TeJe, TO MOYKHO 00ECIIeUnTh JIyUIlyt0 cTadmim3aimio HanpspkeHus (puc. 8.20).

-Ub=15B
U,
R1
o
o
Te)
1"
12
5 MA
5 MA R2
Ua=Uz2
Uzl R3

Puc. 8.20. ONOpHbIN UCTOYHWUK HAMPSXKEHUS C ONEPaLIMOHHBIM YCUuTenem

N3-3a HECTaOWILHOCTH HArpy3Kku TOK depe3 R1 u3MeHsieTcs, a ¢ HUM MEHSETCS U CTa0u-
Tu3upyloliee Bo3aercTBre. Eciu TOK Ha BXO/€ ONMEPAlMOHHOTO YCHIIUTENS paBeH 5 MA,
To KoneOanus U, BBIYUCICHHbIE B TMpEIbIAYIIEM MpUMEpe, H3MCHATCS Ha
Urs — 60 /+ 160 mB. Konebanus Toka uepe3 pesuctop R2 okaxyrcs menbine 0,1 MA, 3a
CYET Yero JOIycK Konebanuii Hanpsokenus Uz, mocTurner 3HadeHus 2 MB. DTo cooTBeT-
ctByeT TouHocTH 0,02% oT Uy, (6€3 yuera TeMnepaTypHbIX BIUSAHUN) U, COOTBETCTBEHHO,
paspsaaocTH oT 10 10 11 Our.

B onucanHEBIX cXxeMaX BMECTO CTa6I/IJ'II/ITpOHOB MOKHO MPUMCHHUTL CIICHUAJIBHO IJIA 3TO-
Io pa3pa60TaHHLIe OIIOPHBIC AOHUOABI. OHU OTIMYAIOTCS yJ'Iy‘lI.HCHHOﬁ KOMHGHC&HHCﬁ
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TEMIIepaTypHOH 3aBUCHMOCTH W, Ha CETOJIHSIIHWN JIeHb, CAMBIMH MallbIMU TOKaMH.
3a cdeT 3TOro moBHIIaeTCs 3PGEKTHBHOCTD CTA0MITH3AITHH.

PaccmoTpuM eme 1Ba mpuMepa HHTETPANTBHBIX HICTOYHUKOB OTMIOPHOTO HATIPSDKEHUS, B3S-
ThIe U3 [8.9]. Obe cXxeMbl IpeACTaBIAI0T COO0H MPEUU3NOHHBIEC PETYIATOPH! HAIPSKEHUS
(puc. 8.21).

Muxkpocxema LT1019A 00bIYHO MO3BOJISET JOOUTHCS TOYHOCTH CTAOMIIM3ALlMK HAIPS-
xerust 0,002%, garo mocratouHo I paspsgHocTH 14 Out. s tremmeparypHoil ctabu-
JU3aldu MUKpOcXeMa CHa0XeHa TEPMOCOTPOTHUBICHUEM M KOHTAKTOM JUUISl U3MEpPEHHUS
TEeMITepaTyphl Ynma. 3a CUYET 3TOr0 BO3MOXKHA TOYHAS CTAOMIIM3AITUS 110 TEMIIepaType.

10,240 B
+Uyy
ouT 90,9k ouT 59k
IN IN
+Uin
LTC1019-10 LTC1019-10
TRIM TRIM
GND Sk GND 5k
4,02k 576k
-Uout
1,2k
-15B
Puc. 8.21. OnopHble UCTOYHMKM Ans HanpskeHns +10,240 B [8.9]
+5B
1N914
CMOS
8,5B
+5B
IN ouT
Fin=2«ly IN914 Uref
S LT1021-5
Sp
GND
0B

Puc. 8.22. ctouHMK onopHoro HanpsbkeHus 5 B, paboTatowmin oT HanpshkeHust nutanns 5 B
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HemocTaTkoM MHOTHX OMOPHBIX 3JIEMEHTOB SIBJISIETCS TO, YTO OHH HYXKAAIOTCS B IHTA0-
IIeM HaMpsHKEHUH, MPEBBIIIAIOIIEM BBIXOAHOE. DTY TMPOOIeMy MOKHO PEIIUTh C MTOMO-
IIBI0 YMHOKUTENS HanpspKeHus (puc. 8.22).

ITockonbKy pa3HHIIA HANPSHKCHUS MEXIY BXOJOM M BBIXOIOM COCTaBisieT Bcero 1,5 B,
HaM JIOCTaTOYHO 3J€Ch IMPOCTOrO YABOCHUS MUTAIOIIETO HampsbkeHus. B kauecTe
VIPABJISIONIETO 3JIEMEHTA JOJDKHA MCTIONB30BaThCS MHTETpaibHas Mukpocxema KMOII,
T. K. OHa paboToCIOcOo0Ha B OOJIBIIIOM JHANa30He HamnpshKeHMH. BRIXoHOE HaMpshKeHUe
noiy4aercst npuMepHo Kak U, = 2 X (Ug — Ure).

8.6.2. OnopHbIe TOKU

B OGonpmuHCTBE CiydaeB MOCTOSIHHBIE TOKH IOAAIOT HA CEHCOPBI, YTOOBI CO31aTh Tpe-
OyeMble ycioBHUs pabOThl WM OKa3aTh OINpPEAEICHHOE BIUSHUE Ha Iepegady CUTHaja.
He3zazemiieHHBIII UCTOYHMK OMOPHOIO TOKAa AOCTATOYHO IPOCTO CO3MATh IPHU IHOMOLIH
OTIEpaIIOHHOTO YCUITUTENS U MPUIOKEHHOTO OMTOPHOTO HANPSKEHUS.

YToOBI MOJYYUTH OTIOPHBIC TOKH B KOHTYPE C 3a3EMJICHUEM MTOCPEACTBOM OMECPAI[HOHHO-
T'0 YCHJIMTEINS, HEOOXOIUMO BBIIOJIHUTH CPABHEHUE HANPSDKECHUN HA PE3UCTHBHOM OIOP-
HOM ayieMenTe. Ha puc. 8.23 npuBeeHbl MpUMephl HCTOYHUKOB OITOPHOTO TOKa MO JaH-
HBIM KHHTH [8.9].

LT1034 la = 1,235 B/Rset
Ua
aa
+U 2N2222
10k
Rset
LTC1050
10k
LTC1050
Rset
U 2N2907
Ua
la
LT1034

Puc. 8.23. OnopHble UCTOYHMKM TOKA =+ lconst [8.9]

OTnpaBHOM TOYKOM IS COCTABJICHUS CXEM, IPUBEICHHBIX Ha puc. 8.23, sBiseTcs T0O 00-
CTOATENHCTBO, YTO PA3HOCTh HANPSHKEHUM Ha BXOAAX ONEPAlMOHHOTO YCHJIMTENS paBHA
HYJI0. DTO AOCTUTAETCs 3a CUET TOTO, YTO MaJCHUE HaNpsDKEHUs Ha pe3ucTope R ycra-
HABJIMBAETCS PABHBIM HANPSKEHHUIO OMOPHOTO 31eMeHTa. [I0CKOoNbKyY TOK, MPOTEeKatoInit
Yyepe3 OMOPHBIN 3JEMEHT, U3MEHsSeTcsl B OoJiee IMPOKUX Npezesiax, MajJeHne HampsbKe-
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HHUA Ha Harpyske€ yCTaHaBJIMBACTCA pPaBHBIM I10 BEJIWMYHMHE MAACHHUIO HAIIPSXKCHUA HA pE-
3UCTOPC Nepc] MHBCPTUPYIOIIIUM BXOIOM. I[HH OTPULIATCIBHBIX TOKOB ﬂCﬁCTBYIOT TC XK€
CaMbI€ ITPUHIMNIIBI.

IIpumep mcToUHMKA TOKa ¢ IMU(POBOW PETyIMPOBKON ObUT IpemiokeH B kaure [8.10].
3mech MpUMEHEHA Apyras MPUHIUIAANBHAS CXeMa, B KOTOPOW TOK OMpECIsuIicsS depe3
OIIOPHOE CONPOTHBIIEHUE U BXOIHOE HanpsukeHue (puc. 8.24).

10K 10k lout = Uin/Rout

Rout
10k
lout

CA3130
10k

Puc. 8.24. \cTOYHMK ONOPHOro ToKa, NpeanoxeHHbin B [8.10]

B nanHO# cxeme BBIXOJHOW TOK U BBIXOJHOE HaIpPSKEHUE JIMHEHHO 3aBUCAT OT BBIXOI-
HOT'O CONPOTUBJICHUS. BBIXOAHON TOK ONpeensieTcs CIEAYIOIIMM COOTHOLLICHUEM:

| =—in (8.10)

31ech, 6€3yCcIOBHO, HEOOXOAUMO MMO3a00TUTHCS O TOM, YTOOBI BHYTPEHHEE COMPOTHUBIIE-
HHE KMCTOYHHMKA HANpPsDKEHUs ObUIO KaK MOXKHO MEHbIIE, YTOOBI OANEPKUBATH OanaHc
B y3nmoBo# Touke "A". Ecinu cxema mommkHa paboTaTh TOIBKO MPH HOMUHAIBHOM Hampsi-
KECHUU, HCO6XOILI/IMO, ‘ITO6I)I OHCpaHHOHHBIﬁ YCUIIMTEIb MOI' OXBAaTbIBAaTh BECh AMAITa30H
YPOBHEH HAaNpsDKEHUH WM 4TOOBI MUHMMAJBHOE 3HAYEHHE TOKAa HE MOIJIO OKa3aThCs
HIDKE TMIOPOTOBOTO YPOBHSL.

Ecom momyctuMo "muraBaromiee” 3HaUE€HHWE TOKA OT MCTOYHHKA, MOYKHO HCIIOIH30BaTh
IIPOCTYI0 BCIIOMOTATENbHYIO CXeMy. B cxeme, mpuBeneHHOW Ha puc. 8.25, onepanuoH-
HBIH YCHIIUTENh paboTaeT B HEHHBEPTUPYIOIIEM pexuMe, U Ha 00a BXOjJa MOCTyMaeT
OJIMHAKOBOE HANpsDKEHUE. DTO HANpPsDKEHHE MOMYYaeTcsl 3a CUET MPOTEKaHMs COOTBETCT-
BYIOIIIETO TOKa 4epe3 pe3uctop Ry. Eciau mpeHeOpedb BXOIHBIM TOKOM OIEPALMOHHOIO
YCUJIMTEIIS, TO TOK uepe3 pe3uctop Ry OyneT paBeH TOKy depe3 Harpys3Ky.



lMpedsapumenbHas obpabomka pe3ynbmamos usmepeHull 115

nal 10k

lout

Rx

Puc. 8.25. "[MnaBaoLwmin” NCTOYHMK TOKa

BrixogHOM TOK MOTy4daeTcs U3 CIAEAYIOIIETO COOTHOILLECHHUS:

=—°, (8.11)

8.7. CneynannanpoBaHHble YCTPOMUCTBA

Jns npenBapuTensHON 00pabOTKM U3MEPEHHBIX 3HAYEHUH MOTYT HOTPeOOBaThCS U APY-
rve KOMIIOHEHTBI. DTH CIIC[MAIN3UPOBAHHbBIE YCTPOHCTBA OyAYT PACCMOTPEHBI B JAHHOM
paszee.

8.7.1. NNorapucpmupyrowmm ycnnurenb

Iy 00paboTKK BXOJHBIX 3HAYCHHIHA, JISKAITUX B OYCHb ITUPOKOM JIMANa30He, HEMoCpe -
CTBCHHOE Tpeo0pazoBaHHEe B IMUQPOBOIH CUTHAN HE Bcerja IenecoodpasHo. B manHOM
ciay4yae motpedyeTcss TU0O0 CIMIIKOM BBICOKOE pa3pelieHue, Tu0o paz0ueHue Mo ypoB-
HSAM OKaXKeTCs CIIMIIKOM TpyObIM. B Takux cuTyanmsx npemiaraetcs jorapuMupoBa-
HUC BXOI[HOfI BCJIMYHHBI.

CxeMa ¢ HETMHEHHOM XapaKTEPUCTHKOW MOIydaeTcs, KOrAa B MeTiie oOpaTHOW CBSI3U
OIIEPaIIOHHOTO YCWJIMTENS 33J€MICTBOBAaH HENMHENHHBIA 37€MeHT. [IJ1g 3TOro moaxonsT
VOBl U TPAH3UCTOPHI B MHBEPCHOM BKJItoueHHH. [locnennue obecrneunBaroT 6onee BbI-
COKYIO TOYHOCTb XapaKTEPUCTUKH B IIMPOKUX AMANA30HAX.



116 aea 8

IIpocTteimmii mpuMep — JToTapuGMHUISCKUN U3MEPHUTENTs YPOBHS (HemmepMeTp). UToOs
€ro MOJIy4UTh, JOCTATOYHO TPeX MOCIeI0BaTeNbHO BKIIOYCHHBIX A10A0B. s 06pabot-
KU JBYIOJIIPHBIX BXOTHBIX HAIPSDKEHUH MOTPEOYIOTCS TPH JOTONHUTENBHBIX JHOJA,
MTOAKITIOYEHHBIX BCTpeuHO (puc. 8.26). Paboumii amama3zoH BXOIHOTO HAIPSHKEHUS CO-
craBsieT 180 MB Ha mekamy, mpudeM 3a cueT OOpPaTHOW CBSI3U MOTyJaeTCs JTMHEapU3aITis
JIO BXOJHOTO YPOBHSI NP 3HaUeHUAX HIke 50 MB.

5,6k
Ue
Ua
20p
20pn
27k 15k
Puc. 8.26. NMpocTon norapudpmmpytowmii yennurens [8.11]
2N2979
2N2979 +15B
2k
100p 5.1k
124k
2,2n
10k
Ue 15,7k LM107
LT1008 '1-T21%°4C
(+/-15 B) '
1k
30p
Ua

Puc. 8.27. Jlorapndmuyeckuin yeunutens Ha 4,5 aekagpl
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MAT-1 MAT-1

+5B
3k
0,1 % 25k
2,2n 2’2p
0,1 % 15,7k o 1%
Ue 019 %
LTC1050 1k (U'-TCJ}/O550B)
—_— 0 S = +/-

(U.=+-5B) 0,1 % 171009

Ua=-LOG(Ue) -2 B

Puc. 8.28. Jlorapncdmuyeckuin ycunutens Ha 6 aekaa

Ecmu tpebyrores Goree mupokuii pabouwii Auama3oH U IMOBBIIIEHHAS TOYHOCTh, TO JJIS
3TOM LeNn Jy4lle MOAOUIYT CXEMbl Ha TPAH3UCTOPAX C KOMIIEHCALMEH TEeMIIEPAaTypHOU
3aBucuMocTH. [Ipumepsl Takux cxem u3 [8.9] nmpusenenst Ha puc. 8.27 u 8.28.

8.7.2. NepeknoyaeMbin NHBEPTOP

[MepexiroueHue MOIAPHOCTH aHATIOTOBOTO HANPSHKEHHS peau3yercs nmpocto (puc. 8.29).

R2
R1
Ue
Ua

R3

S1

CMOS-uHBepTOp
CD4066

Puc. 8.29. lNepekntoyaembli NHBEPTOP
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B wucxommoit cxeme [8.6, c¢. 91], Ha KorTopoii Gasupyercss cxema, HpUBEIACHHAs Ha
puc. 8.29, Bmecto KMOII-niepexmovarens ObUT HCTIOIL30BaH TPAaH3UCTOP. B aTOM Ciry-
yae OomurOKa Mmepefaydu CKIAIAbIBACTCS U3 HANPSHKEHHS HACBHIIICHHS Ha yYacTKe "KOJUIeK-
TOp—AMUTTEP", KOTOPOE MPOSBISAETCS Kak CMelleHHe. B mpencTaBieHHO# cxeme IO-
TPEIIHOCTs, O0yCIIOBIIeHA B OCHOBHOM OIICpPAIlMOHHBIM ycwmintenaeMm, korma KMOII-
nepexIogaTens 3aMKHyT. OHa coctapmsieT mopsaaka 0,6% 1 MOXeT ObITh CKOMIIEHCHPO-
BaHa 3a CYeT TOYHOTO OA00pa CONMPOTUBIEHUH PE3UCTOPOB.

8.7.3. KommyTupyemsbie ycunurenm

JuHamuueckasi MOACTPOiKa BXOTHOW BEWMYMHBI HAa ONTUMANIbHBIE YPOBHH Tpeolpa3o-
BaTellsl — 3TO IIEJCHANPABICHHAsl HACTpOiKa, TpeOyromas yCHICHU WM JeMndupo-

BaHUs. BBINOIHUTE €€ MOKHO, HAlpUMEp, ¢ TOMOMIBI0 KOMMYTHPYEMBIX YCHIIHATENEH
(puc. 8.30).

100K
100K Ua
Ue
s1
100K 50K 25K 125K
20 21 22 23

Puc. 8.30. KommyTupyembin yeunutens
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Ha pwuc. 8.30 mokazan KOMMYTHPYEMBIH YCHIIUTENh ¢ TOYHON peryaupoBkoi. [lepekiio-
YeHHE OCYIIECTBISETCS YIPABISIONIIM CUTHAIIOM, MPEICTABICHHBIM JTBOMYHBIM KOJOM.
[lepexnrouatens S1 gaeT BO3MOKHOCTD BEIOOpA PeKHUMA YCHUIICHHUS WK AEMITI(UPOBAHHMS.
Comporusnenns kananoB KMOII-niepexmodyaresnss MOXHO TOYHO TOACTPOUTEH C IMTOMO-
IIBI0 TTOCIIEIOBATEIHHO BKIIOYEHHBIX pe3ucTopoB. OCHOBHas MpoOiieMa 3aKII0YaeTcs
B BBICOKHX TPeOOBaHMIX K TOYHOCTH COMPOTHUBIEHHM, TOCKOIBKY MX JOMYCK BIUSET Ha
MIOTPEIIHOCTh ycuiieHnd. Ha mpakTuke mpearnpuHUMaloTCs TOMBITKHA TIepexoa Ha KOJ0-
yIpaBisieMble Pe3UCTUBHBIE MAaTPHIIBI.

Ha puc. 8.31 u3o0paxkeH emie oJuH BapHaHT KOMMYTHUPYEMOTO YCHIIMTEIS, TIPEIOKECH-
HBIN B [8.9].

1,11k 10k 100k 1M +3.18 B
1
V=1000 1
1/4 LT1079 2
V=100 3 Ua
4
1/4 LT1079 9
V=10 g 1/4 LT1079
Ue

5,6, 13
1/4 LT1079 CD4016

YnpaeneHve 7

Puc. 8.31. [lekagHblit ycunuTesb CO CTyneHYaTbiM nepekniodeHnem

B nanHOM cityyae n30aBUTHCS OT BHICOKOTOYHBIX PE3MCTOPOB OOpATHOM CBS3M HE yaa-
JIOCh, 3aTO IIPOXOJHOE COIPOTHUBIICHUE aHAJIOrOBOIO IEPEKIIIOYATEN HE UIPACT HUKA-
KOW pounu.

Eme ogHa BO3MOXKHOCTD peann3alii KOMMYTHPYEMOTO YCHIIUTENS 3aKIII0YAeTCsl B TIPH-
MEHEHUH II(PpoaHaroroBoro mpeodpazopareis. OCOOEHHO XOPOIIO s ATOM NN MO-
XOUT YMHOXKAIOMNI IU(POAHATOTOBEIH Mpeodpa3oBarenb, IOTOMY YTO B 3TOM CIIydae
BBIXO/IHOE HAINPsHKCHUE IMOJYYaeTCsl KaK MPOU3BEICHHE OMOPHOTO HANPSHKCHUS U -
POBOTO 3HAYCHUS:

_nxUm
a T ———
2m
3/1ech 3HAUCHHUE Uref PaBHO BXOJHOMY HampsLKCHHUIO, N — 3aJTaHHBIN KOB(b(l)I/II.II/ICHT ycu-
JICHUs, M — pa3psAaHOCTh B ourax. TUIHYHELH MpeaACTaBUTEIIb 3TOI'O ceMelicTBa — MUK-

pocxema AD7524 c pesucTuBHON ynpaBmsgeMoil marpuuei. ['panndnas dacToTa 31€Ch
B 3HAUUTEIILHOM MEpPE OMPEACIACTCS ONEPALOHHBIM yeruTeneM (puc. 8.32).

(8.12)



120 aea 8
Vdd
Ue
10..15p
15 14 16
DO..7 4.11 Uref Rf
AD7524 Ua
12 13 3
ICS
/WR

Puc. 8.32. KommyTunpyemblin yeunutens
Ha OCHOBE YMHOXatLLero umdpoaHanorosoro npeobpasosarens [8.12]
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AHanoro-uncgpposou
npeobpa3oBartenb

Ha cnenyromem stame o0paOOTKM HM3MEpEHHbIE aHAJIOIOBbIE 3HAUEHUS, KaK IPaBHIIO,
npeobpasytotcst B nugpoByto ¢opmy. CyliecTByeT MHOXKECTBO METOAOB MpeoOpa3oBa-
HUS 1 BAPHAHTOB ITOCTAHOBKHU 33[auH, [I03TOMY BBIOMpPATh TUII aHAIOTO-LU(POBOTo Ipe-
oOpazoBaressi He0OOXOIUMO OYEHb TIIATEIBHO.

YroOB! JTydlle MOHATH pacCMaTPUBaEMble METOJIBI aHATIOTO-IIM(POBOTo Mpeodpa3oBaHMs,
B JIaHHOM I7aBe BaM OyZeT IPEeAsIOKEHO MIPOBECTH PSII IKCIIEPUMEHTOB C CUMYJISITOPOM,
HMMEIOLTUMCS Ha KOMIIaKT-IUCKe, PUJIaraeMoM K KHHUTE.

9.1. Knaccudmkauua ALMN

B 3aBucuMocTu ot npuHnumna npeodpazopanus ALl gensaTcs Ha 1Be OOJBIIUE TPYIIIHL:
CPaBHHMBAWOIIME M HHTETPUpYIOMIHE MpeoOpazoBatend. llpu mcmonp3oBaHMK MeToda
CpPaBHEHUS BBIXOJHOE HANPSKEHUE CPABHUBAETCS C STAJOHHBIM CTYIIEHYAThIM CUTHATIOM.
B wmnaTerpupyromeM mpeoOpa3oBarene ecTh BCIOMOTATeNbHas €MKOCTh. Ha mpakTuke
BCTPEUAIOTCS JIBa MTOJX0/IA: BO-TIEPBBIX, MOXKHO H3MEPATH BPEMs, KOTOPOE TpeOyeTcs s
MOJIYYEHUS] ONPENEICHHOTO 3apsiaa, U, BO-BTOPHIX, MOXHO ONPEAENATh 3apsia, KOTOPBIHA
JIOJ>KEH HAKOMUTHCA 32 YKa3aHHOE BPEMA.

9.2. CpaBHuBatowmun ALM

CpasunuBatomue ALl cnoxHee M AOpoXkKe UHTETPUPYOMUX. TpyIHOCTh 3aKIrO4aeTcs,
MIPEXE BCEro, B HEOOXOANMOCTH CTYNEHYATOI'O OIIOPHOTO CHTHajla, OTHOCUTENIBHO KO-
TOpPOTO OCYIIECTBIsETCS CpaBHEHHUE. 3aTo npeumyiecTBo Takux ALl — cpaBHUTENBHO
HeboubIIoe BpeMsi mpeodpazoBanusi. Hem3sMeHHOCTh 3HaUCHHS BXOAHOTO HAPSDKEHUS BO
BpeMsi peoOpa30oBaHusl TapaHTUPYET YCTPOWCTBO BBIOOPKH M XpaHeHHs. Takum oOpa-
30M, MOKHO IIPENOTBPATUTh UCKAXKEHUS B IIPOLIECCE CPABHEHUS.

Ecnu BBI 3aX0TUTE HallTH MpUMEpPHI CXEM, pean3yromux cpaBHuBaromye AL, To mums
3pst motpatute Bpemsl. [IpeobpazoBatenut 3TOro Trma OOJIbIIE He COOMPAIOT Ha TUCKPETHBIX
3JIEMEHTaX, HOTOMY YTO TOUHOCTh HHTerpabHbIX ALl HaMHOTrO BhIIIE. BIoK-cXeMBI KOM-
OMHMPOBaHHBIX aHAJIOTO-IIM(POBBIX M LUPPOAHATOTOBBIX MpeodpazoBaTeNell BBHITIISIIAT
MPaKTHYECKU UACHTHYHO. CXeMa CpaBHEHHUS COCTOUT U3 (P POaHATIOrOBOro Mpeodpa3oBa-
TeJIs ¥ KoMmraparopa. Bee ocraibHbie (yHKINMU OepeT Ha ce0st MUKPOIIPOLIECCOD.
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9.2.1. NMNapannenbHbin AL

IMTapamnensapid AL — cambiif OBICTPBIN TIPEICTABUTEIL CEMEHCTBA aHAIOTO-IIU(PPOBBIX
npeoOpazosateneil. [103TOMy OHM Hallle BCETO BCTPEYAIOTCS TaM, TJie TpeOyeTcs OYeHb
ObICTpOE MpeoOpa3oBaHUE CUTHAIOB, HAPUMEP B BUJACOTEXHUKe. Hapsany c¢ »tum, ma-
paJuteNbHbIC IPEoOPa30BATENHN SBISIOTCS U CAMBIMHU JIOPOTUMHU, TTIOCKOIBKY ISl KOXKIOTO
13 YPOBHEH BXOIHOTO HANPSHKEHUS] HEOOXO0IMMO UMETh 3apaHee MOATOTOBICHHbBIN YPOBEHb
OTIOPHOTO HANpPSDKEHUSA. DTO O3HAYAET, YTO I 6-paspsimHoro mpeobdpazoBareis HEOOXO-
JITMO UMETh 63 OMOPHBIX HApsDKEHHS U 63 KommapaTopa. it JOCTHKEHNS KOMIIPOMEICCa
MEXIy 3aTpaTaMH W CTOMMOCTBIO OBUTH pa3paboTaHbl MHOTOYpOBHEBEIC (''cBepHYyTHIE'")
napauieNbHble IPeo0pa30BaTENH, B YACTHOCTH S-pa3psiHbIC.

CBepx0ObicTpoaencTByHOLIME
aHanoro-u1cpoBblie npeobpa3oBaTenu

B o6brunoM mapamiensHoM AL ocymiecTBisieTcsi cpaBHEHHE BXOJHOTO HAIPSIKCHHS
C OMOpHBIM HATpPsDKEHHEM, pa3OMTHIM Ha OIMHAKOBOE YMCIIO TUCKPETHBIX ypoBHEH. Uem
BBIIIE BXOAHOE HAMpPsHKEHUE, TeM OOJbllee KOJMIECTBO KOMIIAPaTOPOB BBIAAIOT CHIHAI Mpe-
BhiIeHHsl. COOTBETCTBYIOIIAs. MUKPOCXEMa, PeaT3yIONIasi JIOTUKY KOAUPOBaHUSA, Mpeodpa-
3yeT 3TH BBIXOJHbIC CUTHAJIBI B IBOMYHBIA KOA. YPOBHH OMOPHOTO HAMpshKeHHs: GpopMupy-
FOTCS C TIOMOIIIBIO JICTUTEIS, TOCTPOSHHOTO M3 N OJIMHAKOBBIX pe3ucTopoB (puc. 9.1).

Uref
R
K
Ue
R
Kogep 2°
K
21
R
K
R

Puc. 9.1. 1Byxpa3spsaHbivi napannensHbin AL
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Bpewms mpeoOpazoBanus takoro AIIIl ompenemsieTcss TONBKO CyMMapHBIM BpeMEHEM
MIPOXOXKACHUS CUTHAJA Yepe3 KOMIIapaTophl U KOZep.

Ora mpocTas cxema IPUTOJHA M JUIA JPYruX 00jacTeli NPUMEHEHHMS, HaIpuMep s
yhpaBieHUs MMOKa3aHUSAMHU CBETOBBIX TaOyo. B maHHOM cityyae BBIXOABI KOMIIApaTOPOB
YIPaBISIOT CBETOANOAaMHU. TpeOOBaHMs K TOUHOCTH 37€Ch OYAYT 3HAUUTENBFHO HIKE.

NMocnepoBatenbHo-napannenbHbin AL

Otot ALII cocTouT M3 ABYX IMOCIIEIOBATEIHFHO BKIIOUEHHBIX IMapalIebHBIX Mpeodpas3o-
Bareneld m ycunutensi. CHavama BBITIOTHSAETCS Tpy0doe IpeoOpa3zoBaHWE BXOJHOTO Ha-
MPSDKCHMS, HalpUMeEp 0 BOCbMHU ypoBHsM. IlonmyueHHoe B pe3ynbpTare HuQpoBoe 3Haue-
HUE BHOBb IIpeoOpa3yeTcsi B aHAJOTOBBIM CHUTHAJ, KOTOPBHIA BBIYMTAECTCS M3 BXOIHOI'O
HampspkeHus. Pesynbrupyloiee HampspkeHHe eme pa3 mpeobdpasyercs takum xe ALIL
Ha puc. 9.2 npuBeneHa cxema BBITONHEHUS ATOTO MPEeoOpa3oBaHUS IS KOHKPETHOTO
BXoJIHOTO HampspkeHnsa. Ha puc. 9.3 m3o0pakeHa O1I0K-cxema MOCIeI0BaTeTbHO-TIapa-
nenpHOTO AILIIL

Ob6nacte BXOIHBIX HampspkeHuil U,
3amepeHHoe sHadeHue (cm. puc. 9.3) — curHan mpeBblie-
HUS 1al0T OUTHI 5, 4 1 3.

0 1 2 3 4 5 6 7 Pesynprar mpeoOpa3oBanus mepBoit
010
Uh crynenu (6utsr 5...3) — 010.

3nauenue HanpspkeHus — Uy,

Bemnunna (U, — Uy) ymHOXKaeTcs
Ha 8, YTOOBI OXBATHUTh BCIO 00JaCTh
0 1 2 3 4 5 6 7 011 BXOJTHOTO HATIPSDKEHUSI.

010011 PesynsTar ipeobpa3oBaHus BTOPOit

crynenu (6uts 2...0) pasen 011.
Puc. 9.2. MpuHumMn MHOrocTyneH4aToro npeobpasoBaHns

AL ALM
Ue 3 6uta LAM V=8 3 6LIEIT8
Uh Ue - Uh
2°2' 2 22 2t 2°

Puc. 9.3. [IByxcTyneH4aTbIi napannensHbin ALM
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3a cYeT BBIUMTAHUA pe3yibTaTa OOpaTHOrO MpeoOpa3oBaHMS TOCE IMPeoOpa3oBaHUS
TepBOI CTYIEHU MBI TTOTydaeM "ApoOHYI0 9acTh" IpeoOpa3oBaHHOTO 3HAYCHUS BXOTHO-
ro HampsbkeHus. Ee Hy)XKHO YMHOXXHTh Ha YHUCIIO Pa3psoB IEPBOTO MpeoOpazoBares
(mast TpexpaspsimHoii cxemsl V = 8).

[lony4yenHoe B pe3yibTaTe BHIUMTAHUS HANPsDKCHUE OyJeT MpeoOpa3oBaHo CIEAYIOUIM
ALTI, nmeromuM Ty ke pa3psaHOCTb, 3a CUET Yero OyayT moxydeHsl eme 3 oura. [lyrem
YCUJICHUS 3TOTO (hparMeHTa OCYIIECTBIISIETCS MEPEOLeHKa YPOBHS, CHOPMHUPOBAHHOTO Ha
MEPBOH CTYINEHH, TaK, YTO PE3YJIbTAT BTOPOTO MPeoOpa3oBaHMsl COOTBETCTBYET HOZUIMSIM
MIIQJIINX OUTOB.

Bpems npeobpazoBaHmst mpUMEpPHO B TPH pa3a OoJIbIe 1o cpaBHEHHIO ¢ 00br9HbIM AL
[Ipu sTOM "HCNO KOMMIapaTOpoB yMeHbInaercs ¢ 63 1o 14, a 9nuciIo OMOPHBIX HApsKe-
HUH — ¢ 63 10 7 (mockombKy 00a mpeobpazoBaTelnss MOTYT paboTaTh C OJHUM U TEM Ke
OTIOPHBIM HAIPSKEHUEM).

9.2.2. NMNocnepnoBatenbHbin AL ¢ nnnoo6pasHbIM
HanpsbkeHueMm (NunooodpasHbIN NpeobpasoBaTersib)

Pemute mpoGeMy HECKOIBKUX OMOPHBIX HCTOYHUKOB MOYKHO C ITOMOIIBIO H3MEHSIONIE-
TOCsI OTIOPHOTO CHTHaNA. B kauecTBe OMOPHOI BEJMYMHBI [UISI CPAaBHEHUS MCIIOIB3YETCS
MII000pa3HOe HAINpPsDKEHNE, CKOPOCTh HapacTaHMsI KOTOPOTo TOYHO m3BecTHAa. CpaBHUB
9TO HANPSDKEHHWE C BXOIHBIM, MOKHO OIPEACIHTh TOUKY NEepeceueHHs 00enX JMHHH.
Bpemsi oT Hauama orcyera 0 TOYKH

TepecevyeH sl ONpeNeNIeTCsl Mo 3Haye-

HUIO HAITPSHKCHUSL. Ue

K &| a

Ha CYeT4YuK

bnok-cxema u BPEMCHHBIC ITUarpaMmbl
AUII ¢ munoobpa3HbIM HaMPsHKEHUEM
n300paxxeHsl Ha puc. 9.4.

[Munoobpa3zHoe HampspKeHUE  OYCHB
MIPOCTO TIOJYYHUTH C TMOMOIIBIO HHTE- fref
rparopa. s u3MepeHus: BpeMEHU He-
00XoJMMa OIOpHAsl YacTOTa, KOTOpas
MIO3BOJISIET TIPe0o0pPa30BaTh UMITYJILCHI B
Olpe/ieIeHHbIe WHTepBaNbl. B anano-
rosom Bapuante Takue ALl Gosnbire Ue |
HE MIPUMEHSIOTCS.

Umax

3apgaHue 9.1 0 t

C moMoIIpl0 CUMYJIATOpa pean3yiTe
ALII ¢ nunooOpa3HbIM HANPSIKEHUEM.
Hns 3TOM 1enu BOCHOIB3YWTECh MHTE- Q
rpatopoM U KommnapatopoMm. OueHute
JUHEHHOCTH MPEOOpa30BaTEIIs.

fref

Puc. 9.4. AN ¢ nunoobpasHbiM HanpsikeHMeM
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PekomMeHaaumm K pewieHuto

CHavaJia co3/laiiTe B CUMYJISTOPE HEOOXOUMYIO0 aHAJIOTOBYIO CXEMY JUJISl 3TOH MO/ e-
nau. ITocKONBKY 3TO MOBOJIBHO TPyIOeMKas 3amada, HeoOOXOIMMO IaTh HEOOIBIIOE
MHOSICHEHHE.

UToObI CreHepupoBaTh U3MEPSEMYI0 BEIIMYUHY, 3aJaiiTe aHAIOrOBOe HampshkeHue. Jlis
3TOrO BaM TNOTpedyeTcs TeHepaTop (YHKIWU C OMOPHBIM HampspkeHuem S5 B, a Taxke
nM(poaHANOTOBEIN MPeoOpa3oBaTeNb (Hanmpumep, 8-pa3psaHbIi), KOTOPBIH MOAKIIOYCH
gepe3 nporteccopubrit mopt A. Tlepemadya maHHBEIX U3MEpEeHH Ha 00pabOTKy OyIeT ocy-
IIECTBIIATLCSA Yepe3 mopT A.

Jlns mHTErpaTopa HaM MOTpeOyeTcs elie OJUH OMOPHBIH CUTHAJ, KOTOPBIA COCTABIISCT
—5 B. Curnan J0KeH OBITh OTPULATENBHBIM, IMOTOMY YTO HHTETPATOp MPEICTaBISET
co00l MHBEPTUPYIOIIHUI OJIOK.

Ha Bxojne uHTerparopa mpucyTCTBYET OTPULIATEILHOE OMTOPHOE HAIPSKEHUE. Y CTAHOBKA
B FICXOJTHOE COCTOSIHHE OCYyIIecTBIsieTcs yepe3 nnpoBoit koHTakT 0 mopta B. [loctosn-
Has BpeMmeHu paBHa 1000 mxkc.

Breixoanele curHanel uHTErparopa (+) u 1udpoaHaoroBOro mnpeodpaszosarens (—) co-
BMECTHO TMOJAIOTCS Ha KOMIIApaTop, a pe3yiabTaT BhlAaeTcs Ha KOHTakT B2. Curnanm Ha
HeM OyJeT paBeH eAMHUIIE, TIOKa HampsDKeHHE Ha MHTErpaTope MEHbIIE, YeM MMErolle-
ecsl 3HaYeHHe 3aMepsieMoil BenmuanHbl. [Ipomecc cuera ocranoBuTcs, korna B2 cpasaser-
Csl C HyJIEM.

[Ipu KCMONB30BaHNUN ONMMCAHHOW MPOTPAMMBI-IIPUMEpPa BO3HUKACT HEOOJIbINAsl ONMIMOKa,
BIUSIIONIAs] HA TOYHOCTh NMPeoOpa3oBaHus. B 3HaUMTEN HOW MEpe €€ MOXKHO YCTPaHUTh
3a CYeT M3MEHEHHUs MOopsaKa ciepaoBanust komaua. TouHo Hactpouth ALl MoxxHO, m0-
I00paB MOCTOSHHYIO BPEMEHH TakK, YTO B KOHIIE B PETUCTPE Pe3yibTara OyAeT HaXOdUTh-
c4 3aJJaHHOE 3HAYEHUE U3MEPSIEMOMN BETMYUHBI.

9.2.3. AUl nocnepoBaTenbHbIX NPUONNXEHNN
(ctyneH4aTbIn npeobpa3oBarterb)

CryneHuaTblii mpeoOpa3zoBarenb MpeacTaBiseT co0oi nuppoBoi BapuaHT MHI000Pa3HO-
ro (puc. 9.5). 3a cyeT OMOPHOTO HANPSHKEHUS B BUJIE CTYNEHYATOTO CHUTHAIa MOXKHO 3a-
MEHHUTh HECTAOMJILHBIN MUII000pa3HbIl CUTHAJ OIOPHBIM CHTHAJIOM C TOYHOH Tpamanueit
ypoBHeH. YrpasieHne mudpoaHasoroBpIM Mpeodpa3oBaTeieM, KOTOPHIi CIIYKHUT UCTOY-
HHUKOM OITIOPHOT'O CHUTHAJIA, OCYILIECTBIISIETCA HEMOCPEACTBEHHO C BBIXOJIHOI'O CUETUMKA,
paboTaromiero B pexkuMe 3aIrycka i OCTaHOBA.

Cyerynk paboTaeT B HAKONMUTEIFHOM PEKUME A0 TeX IOP, [T0Ka CPaBHEHHE, BHIIOJIHECH-
HOE KOMITapaToOpOM, He TMOKaXKET, YTO BBIXOJIHOW CHTHAI U(POAHAIOTOBOTO Ipeodpa3o-
BaTelNsl MPEBHILACT BXOAHOE HampspkeHHe. llocie 3TOro c4eT4Mk OCTaHaBIMBACTCS.
COpoc cueTdnka Ha HYJIEBOEC 3HAYCHUE HAYMHACT HOBBIM ITUKJI TPE0Opa3oBaHHS.
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Ue fe
hold
run
K 1 c CT
LIAM Q Qn
Start R
U(LIAIT)
Ue
t
hold
run t

Puc. 9.5. AU nocnegoBatenbHbIX NPUONMKEHWI

3apgaHue 9.2

Bocnons3oBaBuuck cuMynaropoM, peanusyire crynenyateiii ALl u momyuute ¢ ero
MIOMOILBIO 3a1aHHbIe 3HaYeHus. [Ipeobpa3oBaTens HOKEH ObITh 12-pa3psaaHbIM.

PekomeHaauum no BbINOSTHEHUIO 3aaHUsA

B cumynsatope Bam motpebytoTcs onmopHoe Hampspkerwe 10 B, mBa mudpoaHamoroBsix
peoOpazoBatens u kommnapatop. [lepseiid LIAIL ciy>kuT 1151 MOATOTOBKHA U3MEPEHHOTO
3HA4YEHUs, C TOMOLIbIO BTOPOro OyAyT pealn30BaHbl AITOPUTMBI AJISl 3TOTO W IOCIe-
OYIOUINX 3a1aHAN.

Ananu3 pe3yJabTaToB

[IpocneanTe 3a BEIIOTHEHHEM IPeoOpPa30BaHUs BO BpPEMEHH (IIOCTPOUTE AUHAMHYECKYIO
XapaKTepUCTUKY ITpeoOpa3oBaHus).

VYiydiieHus: TUHAMUYECKOW XapaKTePHCTHKH MOXKHO JOOUTBHCSI 32 CUET BBIMOIHEHHUS
mpeoOpa3oBaHus C MIEPEMEHHON BBICOTOM OTHENbHBIX ypoBHEH. Takoit ALIIl mHOTHA Ha-
3BIBAIOT MOJIMANa30HHbIM (puc. 9.6).

HpI/I 9TOM BApUAHTC IMOUCK MO 3HAYCHUAM BXOAHOI'O HAIIPSKCHUSA CHadalla OCYIICCTBIIA-
CTCA T py60 (prrIHLIMI/I I]_Ial"aMI/I), a 3aTCM INPOBOAUTCA aAllIIPOKCUMAIUs Ooliee MEKUMU
npupanCHUsIMU. I[aHHBIﬁ MCTOJ YaliC BCECro BCTPCUACTCA B KOMIIBIOTECpAX.
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U(LAIM)

Ue

Puc. 9.6. [InHamnyeckasn xapakrepucTmka ONnopHOro HanpshkeHusa nogananasoHHoro AL

3apgaHue 9.3

Moaudumupyiite TporpaMMmy, HaTUCAaHHYIO TIPH BBHITTOJIHEHUH 3aAaHus 9.2, Tak, 4TOObI
peanusoBathk ALl nogauanazonHoro tuna. IlocTpoilTe ero AMHAMHUYECKYIO XapaKTe-
PHUCTHKY.

9.2.4. AUIN cnegsiwero Tna

OcnoBHas unes peanusaruu ALl crensmiero tuma 3akito4aeTcs B TOUHOM CICKCHUH
3a BO3pPacTaHHWEM CTYIIEHYaTOr'0 ONOPHOIO HAMpPSKEHUS. Y CTaHABIMBAEMBINM OMOPHBIN
CUTHAJI YIPABIAECTCS HETIOCPEICTBEHHO U3MEPSEMBIM 3HAYCHUEM (pealn30BaH T. H. CEp-
BonpuHIMN). Ecnu omopHoe HampsikeHHE JIeKHUT BBIIIE YpPOBHS BXOJHOIO CHUTHANA,
TO YHUCJICHHOE 3HA4YCHHE OTOPaChIBAETCs, B MPOTUBHOM Cilydae — yBeiauuuBaetcs. [Ipe-
UMYILIECTBO 3TOTO TMOAXO0Ja — OTHOCHTEIBHO BBICOKAs CKOPOCTH MpeoOpa3oBaHUs AJIs
CJIydacB, Koraa H3MCp$I€MBIﬁ CHUT'HAJI U3MCHACTCA HE3HAUUTCIBbHO HJINM CJIHUIIKOM MCI-
JIEHHO.

3agaHuve 9.4

Monudunupyiite nporpammy u3 3amanus 9.2 Tak, yto0sl peanmnzoBats AL cnensmero
TUna. B kauecTBe HCTOUYHUKA CUT'HAJa BO3BMHUTE T'€HEPATOP TPEYroiIbHON (DyHKINH.

[octpoiite nuHaMuyeckyto xapakrepuctuky ALIL.

Ha npakTtuke Takoe nmpeoOpa3zoBaHue 1eIecoo0pa3Ho TOIBKO sl 00paboTKH MpephIBa-
HUH, T. K. IpoLlecCOp HEe MOAXOOUT HU Ui 4ero apyroro. Ecim onopHoe HampspkeHHE
CO3J1aeTCs METOAOM LIMPOTHO-UMITyJbcHOM Monyssiunu (LUVM) u mpu sToM nmeercs
BHYTPEHHHUM KOMIIApaTOp, TO AONOJIHUTENBFHO MOTPeOyeTcsl TOABKO OAMH KOHAEHCATOp
U PE3UCTOP.
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9.2.5. NMNocnepnoBaTtenbHasa annpokcumauus

ITocnemoBarenpHas anmpoKcUManusl (DAKTHIECKH TMPEICTABIAET COO0HM MOTU(BHUKAITUIO
ATl moxmuama3oHHOTO THIA. 32 CYET COOTBETCTBYIOIIETO YIIPABICHHS OIOPHOE Ha-
MPSDKEHHE MPEICTABISIETCS] B BUJIC CTYNIEHYATON MOCIEIOBATEILHOCTH B IBOMYHOM (op-
Mate. [Ipu 3TOM Bce YCHElHO HCIOb30BaHHBIC YPOBHH OCTAIOTCS aKTHBHBIMU, UX 3HAa-
YeHUsSl OMPENENSIOTCS W J00aBISIOTCS K (PaKTHYeCKOMY OIMOPHOMY HAIPSDKEHHIO.
[IpeoOpazoBaHrie HAUYMHAETCS C HAWOOJBIIETO Iara, KOTOPBIH COCTaBJISET IMOJIOBUHY
MaKCUMaJIbHOTO HarmpspkeHus. [locieoBaTebHOCTh AKTUBU3UPOBAHHBIX U OJIOKMPOBAaH-
HBIX YPOBHEH HaNpspKEHHsI COOTBETCTBYET MU(GPOBOMY 3HAUCHHIO HampspkeHus. [TpuH-
U TTOCJIEIOBATEILHOTO IPUOIKEHHS WILTFOCTPUPYET prc. 9.7.

U(LIA)

1/2 Uemax

Ue Ue
1/2 K SAR LIAMM

14 U4 14 U4 14 U4 L4
1/8
6
1/32 1/32 1/32 1/32

1/64 1/64 1/64

1/128 1/256

Puc. 9.7. MpuHuun nocnegoBaTensHOro NpubnuxeHns n 6nok-cxema AL
(SAR — Successive Approximation Register, pernctp nocnegoBatenbHOro NpUGNMxeHms)

[MpenMymiecTBO JaHHOTO METO/IA 3AKIIFOYACTCS B TOM, UTO JUISL 8-pa3psitHOTO Mpeodpa3o-
BaHMS NOTPeOyeTCs JINIIb BOCEMb IaroB. XOTs MPpeoOpa3oBaHue MPOUCXOIUT OYCHB OBI-
cTpo, ogHako napamrenbabie ALIT paboTaroT Bee ke ObicTpee.

3apaHue 9.5

[Ipeobpasyiite mporpammy u3 3amanus 9.2, peanusoaB ALlIl mocnemoBarensHON am-
npokcuMaiui. CpaBHHTE BPEMCHHYIO XapaKTEPHCTHKY IIpeoOpaszoBaTelield W3 3aja-
auii 9.1-9.5.

BonpmmucTBo AL, MMmeromux cpegHue TOYHOCTh M OBICTpoIeiicTBUE, paboTaloT MO
METOAY IOcJeN0BaTeIbHOro NpubmmKkeHnusa. Kak mpaBuiio, OHH coAepiKaT BCTPOCHHBIN
070K BBIOOPKHM W XpaHEHHUs, T. K. K3MCHEHHsI Pe3yJibTaTa U3MEPEHHUs! BO BpeMs mpeodpa-
30BaHMS MOT'YT IPUBOJAUTH K CEPbE3HBIM MOTPEIIHOCTSM MPE0Opa30BaHUsL.
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9.2.6. MNMorpewHocTb cpaBHMBarowmx AL

Bo-mepBhIX, 3TATOHHOE HAIPSHKEHHE JIOJDKHO OBITh CTAOMIBHBIM HACTOIBKO, YTOOBI HE
BO3HHKAIU OTKIIOHEHHS, MPEBBIMIAIONINE TOJOBUHY CTyNeHH. HecTaOMIbHOCTE ATaloH-
HOTO, IIPEXkJIe BCETro, P MOCIE0BATENFHON allPOKCUMAIINN BJICUYET 32 COOO0H JIOXKHBIC
cpabarpiBaHus. Tak Kak MOMEXH YMEHBINAIOTCS NMPH COKPAIICHWH JUara3oHa 4acToT,
9acTo MOMOTAOT MpocThie RC-GuibTpHhL.

Bo-BTOpBIX, TOYHOCTH MOpOTa MEPEKITIOUYEHUST KOMIIapaTopa — 3TO YYUTBIBAEMBIN pas-
paa. Ilpu BxomHoMm Hampspkennd 10 B u paspsimHocT 12 OUT BeIMYMHA CTYIEHH LIS
1 6uta coctapnser nums 2,5 MB. Komnaparop momkeH 6e3ynpeyHo mepeKIoyaTbest Ipu
pasHocTIX HampsbkeHud npumepHo 1 mMB. C npyroif cTOpOHBI, OH JOJKEH HUMETh BO3-
MO>KHOCTB 7151 00pabOTKH pa3HOCTH HANPSHKCHUH MPU MaKCUMaJIbHOM YPOBHE BXOIHOTO
HampspkeHus. 3/1eCh HYXKHO YYUTHIBATh YCTOHYHMBOCTH K MEPETpy3Ke U JTUHAMHUYECKYIO
XapaKTepUCTUKY KoMmapaTopa. OTO "BpeMs BOCCTAHOBJEHHS"' HE BCerja yKa3bIBaeTCs
B TEXHUYECKUX MAcIOpTax.

Tperbe BakHOE ycioBHe 0e30mMO0OYHOTO TPeoOpa3oBaHUS — CTAOMIBHOCTh M3MEPH-
TENPHOTO CUTHAJa BO BpeMs IpeoOpas3oBaHus. B mr000M ciiydae ITOIDKHO BBITIONHSATHCS
yCJIOBHE, YTO BXOJHOE 3HAUCHHE BO BpeMs Mpolecca MpeoOpa3oBaHUs HE W3MEHSCTCS.
[Mpn mocienoBaTeNnbHON aNNPOKCHUMAIMK HEOJHO3HAYHOE PEIICHHE MOXET INPHUBECTH
K TpyOBsIM ommbkaM. Y mHTerpansHbeIXx ALl mpobiema pemraercs noOaBieHneM OloKa
BBIOOPKH M XpaHEHHS Ha BXOJIE.

9.2.7. CpaBHeHue AL pa3HbIX TUNoOB

[Mapamnensusiii AL — 3T0 GeccropHO caMblif OBICTPOACHCTBYIOIINAN TPEACTABUTEND.
Ho um Henb3st ynpaBiasiTe MporpaMMHO.

ALIT mopazpsimHoro ypaBHoBemmBanus u ALl co crymeHuaTsiM MHI000pa3HBIM Ha-
MPSDKEHUEM CUHTAIOTCS YCTApPEBIIUMHU, HO B HEKOTOPBIX CIIydasx UX MPUMEHEHUE MOXKET
ObITh oOmpaBaaHo. WX peanusaius ¢ IOMOIIBI MHUKporpoieccopa mnpocta. OmHako
B 9TOM CIIy4ae XapaKTePUCTHKHU OIPEIEIISIOTCS alrOpUTMOM (YHKIIMOHUPOBAHUS, T. K.
anmapaTHBIE CpeJICTBA OJMHAKOBEL. [loMexu B H3MEpUTENLHOM CUTHAJIE IPUBOAAT K Tpe-
KpaIleHHIO0 TIpoliecca MpeoOpa3oBaHUsl B HEMOCPEICTBEHHON ONM30CTH OT MCTHHHOTO
3HayeHus. Bo3HUKaromuye npy 3TOM MOTPEIIHOCTH MOKHO JIETKO HCHPABUTh MPHU ITOMO-
I JIOTIOJTHUTEJILHOM CTaTUCTHYECKOM 00pabOTKH.

[Ipu nepenade maHHBIX TOCTATOYHO ABYX MH()OPMAIMOHHBIX MPOBOIOB: IS cOpoca —
K ALII n nig curaama — ot ALIIL.

Meron mocnenoBaTeNbHBIX NPHONMKEHUH ceroaHs Hambojee IIMPOKO PacHpOCTpaHEH
npu peanuzanun ALIT co cpeqHrMU mapaMeTpaMu TOYHOCTH M OBICTPOACHUCTBHSL. AJro-
pUTM paboTaeT O4YeHb OBICTPO, HO ITOT METOJ Haubojee UYyBCTBUTEICH K KadeCTBY
BXOJHOTO curHaia. Bo Bpems mpeoOpa3oBanus TpeOyeTcs CTaOMIbHOE BXOIHOE 3Hade-
HHUE U OTCYTCTBHE momeX. [lomexu mpuBOAST K TPyOBIM MOTPEUTHOCTSAM H3MEpPEHUs], KO-
TOpPBIE CJIIOKHO YCTPAaHWUTh. METOJ NPUrOJEH AJI1 IE€HEPALMH KAaK MOCIEAOBATEIBHOTIO,
TaK M MapajuIeIbHOTO NOTOKA TAHHBIX.



130 aea 9

AUII crmepsmero Tuma 3aHUMaeT IPOMEXKYTOYHOE TOJNIOKEHHE MEXIy Ipeobpa3oBare-
JISIMH C TIOCJIEIOBATEIHFHON alMpOKCUMAIINEH U ¢ TOpa3psAHBIM ypaBHOBemnBaHueM. OH
MIOAXOIUT TaM, TAe TPeOyIoTCs OBICTpBIE Pe3yJbTaThl U3MEPEHHS CUTHAJIOB C HE3HAYH-
TEeTBLHBIMH CKOPOCTSIMHU M3MeHeHus. [Ipu arom ALl crmensmiero Tuma MOXET OKa3aThCs
OoJiee OBICTPOIACHCTBYIONINM, YeM TIOCIeA0BATENbHEIN MpeobpazoBarens. OMHAKO OH HE
MIOAXOIUT JUTSl U3MEPSAEMBIX BEJIMYHH C OOIBIINM pa30pocoM 3HAUCHHH.

[Tosicaum ckazanHoe Ha npumepe. Pacemotpum 10-paspsansiii ALIL ¢ BxoaHsIM nuana-
30HOM HanpspkeHus 10 B. Pesynbrat namepenuns nsMensercs oxkoio 20 MB, 4to cooTBeT-
CTBYET JBYM CTYyNeHsSM. UTOOBI ompenennuTs HOBOE 3HAYCHHUE, AJISl MOCIEI0BATEILHOTO
npeobpazoBatens notpedyercs 10 maros. AL cnexsimiero Tuna ycTaHOBHT 3HauCHUE
HaIpspKEHUS OMOPHOTO CUTHAjIa COOTBETCTBEHHO 3a 2 mara. Mrak, 10-paspsausiii AL
CIEIAIIET0 TUMa IPU U3MEHEHUH pe3ynbTaTa u3MepeHus: MeHee 1 % oT MakCHMaJlbHOTO
3Ha4yeHus paboraet ObicTpee, yem AL mocinenoBaTensHON anmmpoKCUMAaIIUH.

9.3. UHTerpupyrowme ALN

OOmuM I MHTETPUPYIOMIETO METOAa MpeoOpa3oBaHusl SBIACTCS TO, YTO H3MepseMast
BeJIMYMHA QOPMHPYET 3apsi]l Ha KOoHAeHcaTope. Ecnu u3mepsieMoil BennunHON SBIsIETCS
MOCTOSIHHBIN TOK, TO MOYXHO c()OPMHUPOBATDH 32 BpeMs U3MEPEHUs ONpeleIeHHBIN 3apsin
W OIPENENIUTh 3apsifi, HAKOIUICHHBIN 3a 3aJaHHoe BpeMs. [IpenMyliecTBo UHTErpu-
pyromux ALIIl cocTouT B TOM, YTO OHM MOTYT HOJABJIATH IIOMEXHM BXOJHOTO CUTHAjA.
Meroa no3BOJIAET JOCTUYb BBICOKON Pa3psAHOCTH IIPU IIPOCTOM CTPYKType W HE3HAYU-
TEJILHBIX TPEOOBAHUAX K TOYHOCTH KOMIIOHEHTOB. Ho mporecc npeoOpazoBaHus CpaBHU-
TEJILHO MeJJICHEH: HECKOJIBKO THICSY M3MEpeHuil B cekyHy. OcHOBHas 001acTh MpuMe-
HeHus Takux ALIIT — 3TO MyJIbTHMETPBI C pa3psAHOCTHIO 10 24 OUT.

9.3.1. AU c AByKpaTHbIM MHTErpMpoBaHMeM

ALl ¢ AByKpaTHBIM HHTEIPUPOBAHHMEM OCHOBAaH HAa H3MEPEHHM BEIMYHUHBI 3apsia.
B TeueHune nepBoro Takta KOHIEHCATOP OIPEE/IEHHOE BPEMS 3apsDKaeTcsl HEM3BECTHBIM
BXOIHBIM TOKOM. Ha BTOpOM TakTe 3TOT 3apsn yMEHbIIAETCS IPH U3BECTHOM TOKE M M3-
MepseTCs 3aTpadyeHHOe BpeMsi. MaTeMaTHUECKH 3TO O3HAYAET CIeLyomIee:

le X to = ligs X 1y
WJIH JJISE BXOJTHOTO HATIPSDKEHUS:
(Ue/Re) x te = (Uret /Re) X t.
Ecnu npeobpazoBats Gopmyny amns pacyera HanpspkeHust Ug, TO TTOIYyYUTCS:
Ue = (Uyes x B/

Bxonnoe HanpsbkeHHE MPOMOPLMOHANBHO BpeMeHM 3apsana/paspsiza. Ha puc. 9.8 u 9.9
n300pakeHpl NpUHOUIHMAIbHAA cxema 3Toro ALl u smropel HanpspKEHUH Ha BBIXOAE
unrerparopa (U,).
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Puc. 9.8. AL c aBykpaTHbIM NHTErpUpOBaHUEM

Puc. 9.9. BpemeHHas guarpamma HanpskeHusa AL ¢ AByKpaTHbIM MHTErpupoBaHnem

IIpoctas cxema mokazana Ha puc. 9.10. Uepes pesucrop R1 mporekaer BXOJHOU TOK,
a gepe3 R2 — ok omopHoro curnana. [lepexmouaTens coeuHEH ¢ "BUPTYATHHOU 3eM-
neii", 4ToOBl MOKHO ObIIO 00padaThIBaTh JBYIOJSpPHBIC HamNpsDKeHUs. PerymmpoBka
BEpXHEro Mpezienia mpeodpa3oBatelisi BO3MOXKHA ¢ TIOMOIIBI0 pesuctopa R2. Kommaparop
JIEMCTBYET KaK TIOPOTOBBIN AJIEMEHT M UMeeT mopor cpabarbiBanus okoino 0,7 B. ITosTo-
MY OH MOXKET HETIOCPCACTBECHHO YIIPABJIATH JIOTHUYCCKUMU CXEMAMU.

B cocTosiHUM TOKOSI CYETUHK COXpaHACT UBMCPCHHOC 3HAUCHHUC, KOTOPOC NOJIZKHO OBITh
He Oozce JACCATHU our. HpI/I 9TOM O,Z[I/IHHa,Z[I_IaTI)Iﬁ our YCTAaHAaBJIMUBACTCA IMPU NCPLCIOJIHC-
HHUH, BCJICACTBUC YCTO HA BBIXOAC MOABIACTCA OIIOPHOC HAIIPSIKCHUC. CyeTyuk C6paCLI—
BaCTCs, NPUKIIAABIBACTCA HAIPSIKCHUC Ue " YBCIMYHNBACTCA HAIIPAXKCHUC HHTCrpaTOpAa.
HpI/I IMMPEBBIIICHUN TTOpOra Cpa6aTLIBaHI/IH CUCTYHK C6paCBIBa€TC$I TAKTOBBIM MMITYJIbCOM
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u HauumHaeTcs cueT BBepx. [locie 1024 ummynbcoB 6uT 10 cuerdymka cOpachiBaeTCs U B
CBSI3U C OTUM K BXOJIy CHOBA IOJIKIIIOYAETCS OTIOpPHOE HampspkeHue. CueTunk paboTaer
IO MOMEHTA TPEeBHITIIeHUS Topora. Muaamme 10 OUT B CUETIMKE COOTBETCTBYIOT PE3YITh-
TaTy H3MEPCHUSI.
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Puc. 9.10. Cxema AL c gByKkpaTHbIM MHTErPMPOBaHMEM

[IpeobpazoBaTeny ¢ ABYKPaKTHBIM MHTETPUPOBAHUEM B HACTOSIIEE BPEMs 3HAUUTEIHLHO
MOTECHEHBI HHTETPUPYIOIUME curma-aensta AL

3agaHue 9.6

Hanumure ynpasnsromnyro nporpammy uist peanuszauuu ALl ¢ qBykpaTHbIM HHTETpu-
poBanueM. Mccienyiite xapakTepuCTUKY IpeoOpa3oBaTessi U €ro TOYHOCTb.

PekomeHaauun no BbINOMHEHUIO 3aA4aHUA

Tak kak MCHONB3YEeMBIil HHTETPaTOp JOJKEH WHBEPTHPOBATHCS, TO MpOIIe Bcero pabo-
TaTh C OTPUIATEIFHBIM BXOJHBIM HaNpsHKEHHEM. 3/1eCh TOMOXKET peryiaupyembril LIAIL

HOTp€6YIOTC$I ABa MOJIOKHUTCIIbHBIX HANPSIKCHUA: AJI IOPOra NCPeKIOUCHUSA U OITIOPHO-
T'0 cCurHalia.

C IMOMOMIBIO IMPOrpaMMbl HEJIB3d HU3MCPUTH OYUCHL MAJICHBKUC HAIPAXKCHUA Onu3Kue
K HYJIIO, T. K. IIpAX 3TOM HUKOTrAa HEC AOCTUIAaCTCA IMOPOroBOC HAIIPAKCHHUC. Mo:xHO 3a-
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JIaTh BPEMEHHYIO 33J€PKKy B OECKOHEYHOM IHKJIIE 110 MPEBBIMIEHUIO MOpora (Wiu ycra-
HOBUTH HYJIEBOH ITOPOT KOMIIApaTopa).

AHanu3 pe3yJbTaToOB

M3mepbTe npu momommu cMmoaenupoBanHoro ALl HecKoMbKO 3HAYCHHWHA HAINPSHIKEHUS.
Kaxk BnusieT Bpemst u3MepeHus Ha pe3yJIbTaThl U3MEPECHUS?

[ToBTOpUTE M3MEPEHUS, U3MEHUB OMOPHOE HampsbkeHue. Kak MEeHSIoTca Mpu 3TOM TOY-
HOCTb, TIPEIENbl I3MEPEHUI U BpeMEeHHasl XapaKTepucTuKa?

Hccnenyiite BIMsiHUE BpEMEHU MHTETPUPOBAHUS Ha MPEebl U3BMEPEHUIN U JIMHEHHOCTD.

9.3.2. MpeobGpa3oBartesnb "4acToTa—HanpsaxeHune"

Hpyroii cmoco0d MHTErpupOBaHMs — HAKOIUICHHE OMPENENIeHHOro 3apsaa Ha KOHJCHCa-
TOpPE C €ro JajabHeHmuM paspsaoM. [Ipu sTom uzMepsiercs 3apsal, JOCTUTHYTHIN 3a OIpe-
neneHHoe Bpems. Yacrora cieloBaHWS MMIYJIBCOB cOpoca MPONOPIHMOHAIbHA TOKY
3apsiia. OnpefenieHre BETHYUHBI 3apsijia IPOUCXONUT C MOMOIIBI0 HHTErpaTopa U KOM-
naparopa. [Ipuniun nefictBust mokasaH Ha puc. 9.11.

Puc. 9.11. MNpeobpa3zoBaTenb "4acToTa—HanpshkeHne"

Tax xak 1 paspsiga TpeOyercss KOHEYHOE BpeMsi, KOTOPOe BHOCHUT MOTPELIHOCTb, CYIIIe-
CTBYET U APYroil BapuaHT. 31ech 3apsj KOMIIEHCUPYETCS U3MEHEHHEM 3HaKa BXOJHOTO
HanpspkeHusi. HanpspkeHne uHTErpaTopa JeUT MEXIy IByMs IOporaMu cpabaThIBaHUS,
B pe3yJbTaTe MOoJy4yaeTcss CUMMETPUYHBIN BBIXOJHON CUTHA.

[IpeoOpazoBaTenu "HanpspkeHHe—4acToTa" OJaromaps MHTETPUPYIOIICH XapaKTePUCTUKE
U METOJY U3MEPEHHUS YaCTOThI OKa3bIBAIOTCS HEBOCIPUMMYHUBBIMU K noMexaMm. Eiie ogHO
NPEUMYIIECTBO TaKUX NpeoOpa3oBaTeiieii — OYCHb OOJIBIION AMHAMHUYCCKHHA JUana3oH
BXOJIHOTO HanpsbkeHus. OCHOBHOHM HEOCTaTOK — MaJjiasi CKOPOCTh MPeoOpa3oBaHMSL.

OTH npeoOpa3oBaTesn JIydlle MPUMEHSTh TaM, e MPUCYTCTBYIOT MEIUIEHHO MEHSIO-
muecsa nporecchl. CUrHambHAs JUHUS JODKHA MMETh TajlbBaHHMUECKYIO pa3BsasKy. llpu
HENpPEPHIBHOM MTpeoOpa3oBaHUM He TPEOYIOTCSI HUKAKUE IMHUN YIPABICHUSL.
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IIpeobpazoBarenu "HampsokeHHe—JacToTa" BBIMTYCKAIOTCS C Pa3HBIMH XapaKTePHUCTHKA-
Mu. CaMble IPOCTBIE BapHAHTBI — 3TO YIpaBisieMble HampsbkeHueM reHepatopsl (I'VH,
Voltage-Controlled Oscillator, VCO), koTopsie HMEIOTCS CPeIr MHUKPOCXeM 74-ii cepum.
K ux uncny oTHOCSTCS, HanpuMep, MUKpocxeMbl 74xx124, 74xx324 u ynoMsHyTas pa-
Hee cepust 4046.

B [8.7] onmcana mukpocxema AD652 — BBICOKOJIMHEHHBIN WHTETPATBHEBIN TTpeodpas3o-
BarTenb "HampsKeHHe—JacToTa'.

[Ipumep mpeoOpazoBarens "HampspkeHHE—4acToTa" Ha TUCKPETHBIX KOMIIOHEHTaxX NpH-
BeleH Ha puc. 9.12. BxogHoe HanpsbkeHHE, MOJaBaeMOE Ha MHTETrpaTop, MONEPEMEHHO
KOMMyTHpyeTcs kimtouaM S1 1 S2, yTo NpUBOIUT K UHTETPUPOBAHUIO U JE3UHTETPUPO-
BaHu0. [lepexitoueHne MpoOUCXOUT IIPY HOMOLIH 000MX KOMIIapaTOpPOB, KOTOpBIE 00pa-
3YIOT METJII0 TUCTEPE3Nca B OKPECTHOCTH HyJIeBOM Toukd. Eciy HanpskeHue UHTerpaTo-
pa BBIXOJWT 3a MPEAEibl NETIH B MOJOXKUTEIBHOM MM OTPULATENbHOM HAIPABJICHUH,
MPOUCXOJNUT cpabaThlBaHWE TPHUITEPa U MEHSAETCA COCTOSHUE Kitoueld. Takum oOpazom,
MOJISIPHOCTH BXOHOTO HAIIPSKEHHUS MOXKET ObITh IPOU3BOIBHOM.

Puc. 9.12. lNpeobpa3soBarenb "HanpsbkeHne—vactora"”
ONs ABYNONAPHOro BXOAHOro curHana [9.1]

B cxeme nHa puc. 9.13 BenuuuHa 3apsiga onpenessieTcsl myTeM paspsiaa MpeaBapuTeIbHO
3apsKEHHOTO KoHJeHcaropa. [Ipu aTom norudeckas cxema paboTaer Kak TpUrrep, KOTo-
PBIii OTCIISKMBAET IPEBHIIICHUE 3apsiia Ha HHTEIPUPYIOIIEM KOHICHCATOPE.
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Puc. 9.13. NpeobpasoBaTtens "HanpsbkeHne—vactoTa"
¢ 6oNbLUNM AMHAMUYECKMM Anana3oHom [8.9]

3apaHue 9.7

Hanumwure nporpaMmy Ui MOAENMPOBaHHS MpeoOpa3oBaTelis "HanpshHKeHHe—4acToTra'.
JIIst 5TOTO MPOMHTETPUPYHTE BXOAHOE HAINPSDKEHHE 0 IOPOTOBOTO 3HAYCHUS M MOTOM
BO3BpPATHTE HHTETPATOP B UCXOAHOE MOJOKEHHE.

PekomeHaauum no BbINOSTHEHUIO 3a4aHUsA

Tak kak ajst pe3ysbpraTa TpeOyeTcs U3MEPEHHE YaCTOThI, TO HYXKHO CUHUTATH YUCIO M-
yJIbCOB cOpoca 3a ONpe/IeNiCHHbIH NepHoa. DTOT NEepHO 00pa3yeTcs 3aJaHHbIM KOJIH-
YEeCTBOM I11aroB Mojienu. [10JcCuuThIBACTCS YUCTIO KOMaH cOpoca.

B kayecTBe BXOJHOr0O HANpSKEHHUS MOXHO IMOAABATH OTPULIATENIbHBIE 3HAUCHUS 4yepe3
DAUI x unrerparopy.
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3anummTe pe3yNnbTaThl I HECKOJBKUX BXOTHBIX HANPSHKEHUH W MCCIeAyHTe JTUHEi-
HOCTH TpeoOpazoBanus. Kakue morpenrHocTn uMmeroTcs W B YeM ux npuunHa? Korma
BO3HHKAaET Mpo0iieMa MpU BPEMEHHOM AMCKPETHOM OIMPOCE HANpsDHKEHHS MHTErparopa’
O6aymaiite ciocod yMEHBIICHUS STHX MOTPELUTHOCTEH.

9.3.3. MHorokpaTtHble AL

Hns ynydmenus: Tounocty paszpadoransl AL ¢ Tpex- u yeTblpexkpaTHBIM IpeoOpaso-
BaHHEM. B 3TOM cilydae NOrpeIHOCTh YMEHBIIAETCS KBAHTOBAHUEM 110 BPEMEHH 32 CUET
JIOTIOJIHUTENBHBIX IaroB. Ha puc. 9.14 mokazaHa BpeMeHHas AuarpaMMa HMHTErparopa
TPEXKPaTHOT'O peodpa3oBaTes.

Puc. 9.14. BpemeHHasa gnarpamma TpexkpatHoro ALIM

WuTerpupoBanne OCYIIECTBISIETCS B TEUEHUE ITOCTOSHHOTO, OTHOCHUTEIHLHO OOJIBIIOrO
uHTEepBasa BpeMeHH. llorpemHocTs 00paTHO MPONOPUHMOHATIBHA YUCITY UMITYJIbCOB, T. K.
WHTEpBaJl OT HYJS U MEPBOTO MMITyJIbca He ompexaenieH. TodHoe BpeMs JOCTHUTaeTcs 3a
cueT cOpoca cyeTyrka B TOuke nepexona. Takoit meron 3 QeKTrBeH, MOCKONbKY YUUTHI-
BaeT TOJBKO LENble UMIYJIbChl. Kaxkaplil mocieayonuii UMIyIbC BBI3BIBAET KOMMYTa-
o Broporo onopHoro curHana (Referenz 2), cocrapmsitorero 10% oT HampspkeHUsS
nepBoro onopHoro curHana (Referenz 1). OctaTok MOXXET MHTEPIIOTUPOBATHCS MEXKIY
000MMH UMITYJIbCAMHU.
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9.3.4. AU c 6anaHcupoBKOU 3apsaaa

Kak yxe MoHSITHO M3 Ha3BaHMS, PEYb HIET O JOCTIKEHUH CTaOMIBHOTO cocTosHU. [Ipu
STOM pa3psay KOHJEHCATOpa MPOTUBOACHCTBYET 3apsij 3a CUeT BXOJHOrO TOKa. Uem
0oJpIIIee KOTMIECTBO TAKTOB pa3psiia MpUMEHsETCs, TeM OOJbIle BXOIHOW TOK, TaK YTO
pe3yNbTaT MPEACTaBIAeT COO0M COOTHOIICHUE BPEMEHH pa3psijia K BpEMEHU U3MEPCHUSL.
Jl1s munTIoCcTpaIuy OMMCAHHOTO TIPUHITUIA Ha puc. 9.15 npuBeeH IpuMep CXEMBI.

Puc. 9.15. Npumep ALIM ¢ 6anaHcupoBKon 3apsina Ha OCHOBE MukponpoLeccopa [9.2]

B kadecTBe OMOpHOTO MOTEHIMANA ONEPAMOHHOIO YCUJIUTENs MoIaeTcs MOJIOBUHA Ha-
NpsDKeHHUs NUTaHus. B pesynprare HampspkeHHE Ha BbIXOZE cocTaBisier +2,5 B wmm
-2,5B. Droro nmocrarouno st KMOII-mukpocxem. MHTerpaTtop MUTAeTCsl BXOTHBIM
TOKOM 11 1 OT omopHOro HampsiKeHus1, B utore nouyvaercs Tok 12. [Ipu HyneBom Bxon-
HOM HamNpsKEHUHM MHTETpUPYETCs TOJIBKO ONOpHOe HampsbkeHue. [Iporeccop ympaiseT
TakuM 00pa3oM, YTO KoseOaHUsl BOZHUKAIOT OKOJIO TOYKH HepekmoueHus. [Ipu kaxmom
OTIpOCe BXOJa pelIaercsi, TOJDKEH JI OMOPHBIA CHUTHAN OBITh MOJIOKUTEIBHBIM WM OT-
puLaTenpHBIM. B HamieMm ciydae nmepexiroueHre MPOUCXOIUT IPU KaXIOM OIpoce U Ja-
€T B UTOTe CUMMETPUYHOE KoyiebaHue. 3HaueHUs onopHoro currana mpu 100 ompocax
MTOJIOKUTENBHBI, TaKuM 00pa3om, B 50 cimyyasx u orpunarensHsl B 50. Ilpn nomade mo-
JIOKHUTENBHOTO BXOIHOTO HAMPSXKEHUST OMIOPHOE HANPSHKEHUE JOJDKHO OBITH JOJNbIIE OT-
pHULIATEIBHBIM, YTOOBI KOMIICHCHPOBATh BO3HHUKAIOIIUI 3apsia. B Bune MareMaTnueckux
COOTHOUIEHHH 3TO BBITJISIIUT TaK:

11 = UJ/R1;
12a =-2,5 B/R2;
12b = 2,5 B/R2;

N — oOr11iee YKCII0 OMPOCOB MPOIIECCOPOM;

K — dmcito ompocos.
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IIpu U, = -2,5 B nonyuum:
(11 x N) + (12a x k) + (12b x (N —K)) = 0.
Ecam cnenaTts momcTaHOBKY M OJOKHTH R1=R2, TO momyuunTes:
Ue=-2,5B x (1 —(2 x k/N)).
Pabouwnii muamnazoH HaMPsHKEHUH +U et

Bpewmst npeobpazoBanus ALl maHHOTO THIIA OTHOCHTEIHHO BEITHUKO. 3aTO OH HEBOCIIPH-
MMYHB K IIOMEXaM U JIOMYCKaM Ha KOMITOHEHTEHI.

Crnenyrommii pumep (puc. 9.16) B3st u3 [8.9, c. 2-228]. Cxema npeacraBiseT coboit
ABTOHOMHOE yCTPOWCTBO 03 mporieccopa. Pe3yibTar u3MepeHus Mmoyy4aeTcss U3 OTHO-
IIICHUS YaCTOTHI CJICTOBAHUS UMITYJIHCOB K TAKTOBOM YacToTe.

Puc. 9.16. 12-paspsaaHbii ALLM ¢ 6anaHcupoBkon 3apsga



AHanoeo-yugposoli npeobpasosamersib 139

9.3.5. Curma-genbta AL

Ouensb mpocTas cxeMa Il U3MEPEHUS HaNpsDKEHUS MpuBeaeHa Ha puc. 9.17. OHa cocTo-
ut quiib u3 RC-nienu U, mpu HEOOXOAUMOCTH, COJEPKUT JSIUTENb BXOIHOTO HAIpPsKe-
Husg. OTIMYHE OT TOJABKO 4TO paccMmorpeHHoro AIIIl ¢ GamaHCHpOBKOM 3apsma COCTOUT
B TOM, YTO WU3MEPHTEIbHAS U OMOpHAs IeNM pa3Bsi3aHbl. B mporecce mpeoOpazoBaHuUs
B IIETIM OMOPHOTO CHTHAJIA YCTAHABIUBAETCS TO YK€ CaMO€ HaIpsDKEHUE, Kak U B U3MEpH-
TEJILHOU LIEH.

Puc. 9.17. lNMporpaMMHO peanunaoBaHHbIN 12-pa3pagHbin curma-gensta AL

31eck mpouecc NpeoOpa3oBaHUs MOJHOCTBIO 3aBUCUT OT IPOrPAMMHOTO 00eCHedYeHUs..
HenocraTkom siBIsieTcst TO, YTO MpOLIECCOp LETUKOM 3arpyXeH BO BpeMs mpeoOpas3oBa-
HUSI, ¥ €T0 paboTe He TOJDKHBI MEIIATh TPEePHIBAHHUSL.

B pexume npoctos nopt P1 Haxonutcs Ha Hu3koM yposHe (0). C 3amyckoM mpeoOpazo-
BaHUs OH MEPEKII0YacTCs Ha BBICOKUM ypoBeHb (1) M jkIeT o Tex mop, moka KoMmapa-
TOP HC NCPECKIIIOYUT HCHTpaJ'IBHLIﬁ mpoueccop, 4TO CUrHaJIU3UPYCT O JOCTUKCHUN U3MCEC-
pHUTENBFHOTO HampshKeHus. Tenepb mopt nepeximodaercs B uukie 4096 yposneit (12 6ur)
cHoBa Ha 0, eciii BXOJHOE HalpsbKeHHE Y KOHIeHcaTopa Oonblie Hanpsokenus Uy, u yc-
TaHaBnuBaercss B 1, eciu oHo MeHblue. llogcunteiBaercss uncno eaunun. [ms storo
B KaX/I0M pabodeM IMKJIe OJJHOKPATHO ONpamimBaeTcs kommnaparop. [lpu nporpamMmmupo-
BaHWU HEOOXOJUMO CIIEUTHh 3a TeM, YTOOBI Yy 00ernX BeTBEH OBLJIO OIMHAKOBOE BPEMS
3aJepKKH IOCTie aHali3a JaHHBIX KOMIAapaTopa, YTOOBI MONYYUTHh MOCTOSHHOE BpEMs
nuKia. Yuceao 3aperucTpupoBaHHBIX JIOTHYECKUX E€IUHML MPOMOPLHMOHATIBHO K Hampsi-
xenuro U,.

ITpu mpumeHeHun mporeccopa Atmel MOrpEeNIHOCTH HEb3si CKOMIICHCHPOBATh MPOCTO
ONTHMH3aLUEN NOpora MepeKIFoYeHUs] KOMITapaTopa. DT0 MOXHO Pealn30BaTh, HAIPH-
Mep, ¢ oMoIbi pasznuuHsix MSP (Multimedia Signal Processor — npoueccop uugpo-
BOW 00pabOTKM MYJIBTUMEIUHHBIX CHTHAJIOB), UMEIOIINX HECKOJIBKO KOMMYTHPYEMBIX
BXOIOB. B sTtom CjIydya€ BXOJbl NEPCKIIOYAIOTCA, BBIMIOJIHACTCA MPOUECC U3MEPCHUA U
Oepercst cpenHuil pesynbrar u3MepeHui. [1ogpoOHO ommcaHHBI MpUMep paccMOTpeH
B [9.7], Tam e npuBeneH pacueT nmapamerpo RC-uemnu.
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9.3.6. LULMM-npeobpa3oBaTenb

[IMNM-tipeoOpazoBaTens SBiIsIeTcs Moau(UKanueld curMa-aennbTa npeodpazoparerns. Tak
KaK BO3HUKAIOIMIMKA BBIXOAHOW CHUTHAN B MOpTy Pl B KOHEYHOM HUTOTE COOTBETCTBYET
cobcTBeHHOMY perynupytomemMy curaany [IIMM, To MOXHO HCTIOIL30BaTh TakyKe HETO-
cpeacreerHo [IIMM-kanan mist ynpasineHus. OqHako 31ech Hy)KeH OanaHc MexXTy 000u-
My Bxofamu. [IpurogHs! Bce yKe pacCCMOTPEHHBIE alTOPUTMBL.

OT10T crocol 1enecoo0pa3eH TOIBKO, €CIU CUTMa-JAelbTa MPOIecC MPUBOIUT K HENPH-
eMJIEMOH Harpy3ke Ha IpOoIeccop /WU TpeOyeTcss BO3MOXKHOCTh IpephiBanus. biaro-
naps taiimepy [TIMM-nipeoOpazoBaHre MOXKET MPOUCXOIUTH aBTOHOMHO. [Iporecc mpo-
TEKaeT HECKOJIbKO MEJICHHEE, T. K. HCOOXOAMMO Y4eCTh BpEMsl YCTAHOBJICHUS (QUIILTPA,
OJIHAKO HET BMEIIATEIhCTBA B MPOIIECC PpeoOpa3oBaHms Yepe3 MPEePhIBAHUE U OH MOXKET
paboTaTh B OHOBOM peKUME.

9.3.7. NorpewHocTb UHTErpupyrownx AL

Panee ymomunanoch, yro unrerpupyomme ALl B OOJbIIMHCTBE CilyyaeB HEUYBCTBH-
TeNbHBI K JMomyckaM. [IpuumHa Kpoercs, Mpexke BCero, B 00pa30BaHUHM COOTHOIICHUS
Ipy peoOpa30BaHUH, KOTOPOE MOXHO PEaM30BaTh MPOILE 33JaHueM JoIycKa. UToOb!
obecrieunTh cTabmIBpHOCTH nopsaka 0,0001 %, HeoOXoAMMYO TAKTOBYIO YaCTOTY MOYKHO
MOJYYUTh TPH OMOIIM KBAapIIEBOTO T'eHEPaTOpa.

OcoOsIii HTEpEC MpeACTaBIsIeT MpodiiemMa TTOIaBIICHNS [ITyMa B WHTETPUPYIONIHX MIpeodpa-
3oBatemsix. OntumusuposaB napameTpbl ALIIL, MOXHO DOOUTBCS MOMHOTO MOXABJIECHUS Iie-
PHOIMYECKHUX ITOMEX U 3HAYUTENBHOTO OCNIalJIeHusI CiTydaiiHbIX. Takas BO3MOXKHOCTh CIIEAY-
€T U3 0OCOOEHHOCTEH MEeTO/]a MHTETrpUpOBaHus. MIHTerpan oT neproandeckoi (\yHKIMN paBeH
HYJIIO, €CIU MpeJiesbl MHTETPUPOBAHMS COBIAAAIOT C IIEPHOIOM MOBTOPEHHS UMITYJIbCOB.

Puc. 9.18. BsanmocBsa3b nepuoga noMex un nepunoga namepeHmin
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B mpeoOpazoBarensx ¢ JBYKpaTHBIM HHTETPHPOBAHHEM BpPEMSI WHTETPUPOBAHUS BHIOU-
paroT paBHBIM (WM KPAaTHBIM) TEPHOAY MOBTOPEHHS HUMITYJIbCOB momexu (puc. 9.18).
3TOT METO]T TO3BOJISIET MOJIABUTH MYJIbCAIIH CETH.

[Ipu BeIOOpe muTerpupytommx ALl HyXHO OOpamaTh BHHMaHHE TaKK€ Ha BO3MOXK-
HOCTB BIIMSTHHUS TAKTOBOW YaCTOTHI Ha BPeMsl HHTEIPUPOBAHUSI.

9.4. NorpewHocTn AL

M5! ysxe roBOpHIIH 0 KOHKpeTHBIX ommOkax ALl qByX pa3inu4HBIX THIIOB, TeNeph Ooiee
MOAPOOHO PacCMOTPUM HEKOTOpEIe HanboJee pactpocTpaHeHHble morpemaocTr ALIT.

Haubomnee Baxuoit Cpean HUX ABJIACTCA OIINOKa KBAHTOBAHUS. HpI/I‘II/IHa KpOCTCA B KO-
HCYHOM 4YHUCJIC MHTCPBAJIOB, KOTOPLIC MPEACTABIAIOT aHAJIOTOBOC 3HAUCHHC. I/IHTepBaJ'I
KBAaHTOBaHUA COOTBCTCTBYCT 3HAYCHHUIO MJIAAUICTO 6uta. Tak KaK MBI HE 3HacM, Haxo-
AUTC JI1 BEPHOC 3HAUYCHUEC BBIIIC WJIM HHUXKC, MOTPCIIHOCTL YKA3bIBACTCA KAaK 3HAYCHUC
+/—. YToObI BBIPA3UTH 3TY BCJIMYUHY B BHUJC HAIPSAKCHUSA, HY>KHO paCCUUTATh 3HAYCHUC
MJIaamero oura HUCXOOs U3 MAKCUMAJIBHOT'O BXOJHOI'O HAIIPAKCHUA U PA3ACIIMTL €ro Ha
BO3MOXXHO€ YUCJIO UHTCPBAJIOB.

Eme oxgna BajkHasi MOTPEIIHOCTh — HEJIMHEHHOCTh — B OOJIBIIMHCTBE CIy4aeB CBs3aHa
C OmMOpHBIM HampspkeHueM. Ilpu pabote co cTyneHYaThIMH ONOPHBIMH HANpPsDKEHUSIMU
BO3HHMKAIOT HOTIPEIIHOCTH, CBSI3aHHBIE C JOIYCKaMH KOMIUICKTYIOIIMX u3nenuil. B uH-
terpupytonux AIII npuynHa KpoeTcs B HEIMHEUHBIX XapaKTEPUCTHKAX TOKA YTEUKHU
OTIEPALMOHHOTO YCHIIUTENSI U KOHACHCATOPOB.

Tpetbst rpymmna omuboK 00yclioBlieHa ACHCTBHEM ACCTa0MIN3UPYIOMUX (HaKTOPOB. ITH
MOTPEIIHOCTH BKJIIOYAIOT B ce0s1 BCe M3MEHEHHMS M3-3a TEMIIEPATyphl, CTapeHust U apeida
OTIOPHOTO HAIPSHKEHUS.

Ha mpakTrke OONBIIMHCTBO MOTPENIHOCTEH YKa3bIBAETCS KaK OTKIOHCHHE B MIIAJANICM
ownre.

ITockonpky mpu ymenbiieHuu norpemnoctd ALl ero crommMocTh yBeTWUHBAEcTCS He-
MIPOMOPIIHOHAIBHO, MOXKET OKa3aThCs, 4TO camblii Tuioxoi ALIIl ¢ Oosbiieit pa3psaHo-
cThio Oyzet neresie, ueM AL ¢ Maoit pa3psaHOCTBIO, HO C BBICOKUM KJIacCOM TOYHO-
ctu. Ha mpaktuke npu 6onee Bbicokoi paspsaHocTr AL ommbke OyneT moaBepikeH
MJIaAMNN pa3psia.

9.5. NopaBneHue nomMmex HanoXeHus

HpI/I OI_II/I(l)pOBKe AHAJIOTOBOI'0 CUTrHajia UCTUHHOC 3HAYCHHUC PETUCTPUPYCTCA B AUCKPCT-
HBIC MOMCHTBI BPCMCHU. TO, 4TO ONPOUCXOOUT MCKAY OTCUHCTAMU, HC (I)I/IKCI/IpyeTCSI. Ho
YTOOBI NOJIYyYUTh MNPCACKA3YCMYIO XAPAKTCPUCTUKY IMPU AUCKPETHU3AIMU, K CUTHAJIIaM
n ux npeo6pa30BaHH10 OPpCABABIIAIOTCA JOIMMOJIHHUTCIBHBIC Tpe6OBaHI/IfL

Ilepuon nuckpeTH3anuu HE JOJDKEH MPEBBINIATh UHTEPBAI, HA KOTOPOM CHTHAJ MOKET
MU3MEHUTHCS. DTO 3aBHCUT OT MaKCUMAaJIbHOM YacTOTHI (HAaWBBICIIEH YaCTOTHI) BXOJAHOTO
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curnana. Cormacuo teopun Hatikeucra—Illernona (Shannon—Nyquist) curaan xeobxo-
IIIMO CUUTHIBAThH 00JIee ABYX pa3 B TCUCHHE MUHUMAIBHOTO TIEPHOJIa KoJieOaHui (HCX0-
JIsl U3 MAKCUMAaIIbHON 9acTOTHI B CIIEKTpe curHaia). [Ipu JucKpeTH3aluy CUrHana JBask-
I6I (WUTH MEHEE) 3a TIepHOo/ TIOJTyJaeTCs ONMTMO0YHAs YaCTOTa Ha BBIXOJE OTOOPaKEHHOTO
curHasia — (O PEeKT HATOKEHUS CIIEKTPOB.

Ha puc. 9.19 nmoka3zaHbl Pa3HbIC PCIYJIbTATHI JUCKPCTU3AIUU JId TPCYTOJILHOTO UMITYJIbCA.
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Pwuc. 9.19. lnckpeTnsauus TpeyronbHOro uMmnyrnsca

AwMIuuTyna BXonHOTro curtana usMmensiercst ot 0 go 10 exunui. Bee auckpeTHU3npoBaH-
HBIC CUTHAJIBI UMEIOT TY JK€ CaMyI0 aMILTUTYy, HO I HATJISITHOCTH CMEIICHBI BBEPX.

JnuTenbHOCTh BXOOHOTO curHana Ha puc. 9.19 pasna 20 egunun. Ecnu uncio oTcueToB
paBHo 10, To B pe3ynbTaTe BXOJHOM CHUTHAN MOJHOCTHIO MOXHO BOCCTaHOBUTH. [Ipu co-
KpallleHUH YUCIIa OTCYETOB A0 IISATH MPONAAyT MAKCHUMAJIbHBIEC 3HAUCHUS CUTHAJIA U YKe
MOTYT BO3HHKHYTH IOTIpeIIHOCTH. Ecnu ymcino oTcueToB cokpalinaeTcs B ABa pasa 3a Ie-
pHoJI, U3MEpeHHe ele MoXeT ynaBathes (2f — ciryuaii @), HO mpu HEOOJIBIIIOM CIBUTE
(ba3 MOXKeT MOJYYUThCS MOCTOsTHHOE HampspkeHue (2f — ciyqaii 6). Ecnu, Hanpumep,
HWHTEpBaJ paBeH 3/4 mepuoza, TO MOMy4aroT B pe3ybTaTe CUTHAJ C BABOE MEHBIIEH Jac-
toToii (hynkuus 15/20f).

U3 aTOrO aHammza MOXHO CAENATh BBIBOJ, YTO YACTOTA JUCKPETH3AIMHU JOJDKHA OBITh
BCer/a 3HaYUTENbHO OOJbIe, YeM MaKcHMalbHas 4acToTa curHana. B Merponorun
MUHHMAaJIbHOE 3HaYeHHe KOd(QUIMECHTa, KaK MpaBuiio, NpuHuMaetcs paBHbiM 10. Ec-
JIM TOYHBIM BUJ HAJIO)KEHUS CIIEKTPOB BXOJAHOTO CHUTHAJIa HEU3BECTEH, TO HYXHO pac-
CUHMTaTh QUIBTP MOJABJICHUS IIOMEX HAJIOXKEHHS UCXOIs U3 TpeOyeMoi MaKCUMAaIIbHOM
Y4acTOTHI.
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9.6. Kommepueckue cxembl ALT

IIpOMBINIJIEHHOCTD TpeJjIaraeT IMUPOKUNA aCCOPTUMEHT TrOTOBbIX MHTerpanbHbix AILIIL.
Briryckarorcss AL ¢ pa3nuaHbIME METOIaMH TPeoOpa3oBaHus, pa3psIHOCTHIO, OBICT-
ponelictBueM M uHTepdeiicom. B aToM pasmene OyaeT pacCMOTPEHO HECKOJIBKO CXEM
Pa3HOTO THIIA U TTPOU3BOAUTEICH.

9.6.1. Mukpocxemsbi AL

Knaccuaecknii npencrasurens uHTerpanbHbIx AIIl — wmukpocxemsr ADS570/AD571
(puc. 9.20) mo manHBM [8.7]. DTH MUKPOCXEMBI TIOSBUINCH Ha phIHKE B 1986 romy u Bce
ele npemiaralores K peanuzanun. OgHaKo, CyIs 10 LIeHe, CKOPO OHM MCYE3HYT U3 Ipo-
JaKU.

Puc. 9.20. basoBasi cxema nogkrnodeHms AD570

Cxembl AD570 u AD571 otnuyarorest TonbKo paspsinHocthio (8 u 10 6ur). O6e pabora-
0T 10 METOAY IOCJIEeNOBATEIbHONW aNMpPOKCUMALUN U UMEIOT BHYTPEHHMH HMCTOYHHK
OTIOPHOT'0 HANIPSKEHHUS.

Huamnaszon BxogHoro HampspkeHus coctaBisieT ot 0 mo +10 B wmm ot —5 B 10 +5 B, B 3a-
BHUCHUMOCTH OT peKMMa padOThI. 1JIs MOAKIIOUCHHS K IIIMHE MPOIECCOpPa UMEIOTCS BBIXO-
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IIbI ¢ TpeMs COCTOSSHUSAMH. Bo Bpems mpeoOpaszoBaHus (M 10 TeX IMOp, MOKa BeBOx 11
AMEET BBICOKUI ypoBeHb) BEIXoanl ALIII 3a0mokupoBansl. IIlpeobpa3zoBanue HaYNHACTCS
CO claJia UMITyJIbca Ha BBIBOJIE 11, a 3aBepmiaercs Mo crajy UMITyJbca Ha BBIXOJE CO-
crostaus (BBIBOJ 17). CkopocTh Haxomutes Mexay 30 000 u 50 000 nmpeobpa3oBaHUIMH B
CeKYH]IY.

[IpencraButens rpynmbl cBepxObicTpoaeiricTByommx ALl — mukpocxema ADS801
(puc. 9.21). IIpu paspsnHocTa 12 OUT JOCTHraeTcs CKOpocTh mpeodpasoBanus 25 MSPS
(Mega Samples Per Second, MuwimnoH oTc4eToB B ceKyHy) (1o gaHHbIM [9.3]). Beimyc-
KaeTcsl HECKOJIbKO THMOB ObicTponeiicTBytomux AL ¢ paspsaaHocTsio ot 8 U 14 6uT 1
CKOpOCTHIO Mpeobpa3oBanus 10 100 MSPS.

Puc. 9.21. CtpykTypHas cxema ADS801

CxeMa He UMeeT 0COOCHHOCTEH. YTIPaBISIIONINE CUTHANBI HE TPEOYIOTCS, T. K. pe3yJbTar
BBIJACTCS HA KaXJ0M TakTe. HyHO TOJIBKO yUUTBIBaTh, YTO U3-32 KOHBEHEPHOIO IIPHUH-
mumna padotsl 5Tux ALl okoHYaTenbHBINA pe3ynbTaT B HU(GPOBOM BUJE HA BBIXOC MOSIB-
JSIeTCS TUIB CITycTs 12 TakToB mocie (UKCcaly BXOJAHOTO CUTHATIA.

9.6.2. CuctemMbl cbopa AaHHbIX

Cucrema cbopa maHHbBIX KpoMe coOcTBeHHO AL COAepHUT JOMOIHUTEIBHBIC MOIYJIH.
3T0 MOTYT OBITH MYJIBTHILICKCODP W/HITK OJIOKW BHIOOPKH U XPaHCHHSI.

Cy1ecTByIOT MUKPOCXEMBI C TTapajuIeIbHbIM WM MOCIEeI0BaTeIbHBIM HHTEpdericoM. Mx
3NIEKTPONOTPEOICHUE YacTO OUYeHb HE3HAYUTENIFHO, UTO MO3BOJISIET BCTPAaBaTh UX B yla-
JICHHBIX 00BEKTaX MOHUTOPUHTIA. J[OMOJHUTENBHBI MOHTaX COCTOUT JIMIIb M3 Maruct-
pPAJIBHBIX yCHIHMTENeH-QopMupoBareiaei 1 COOTBETCTBYIOIIMX BXOJAHBIX Kackanos. llpe-
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IyCMOTpEeHa KaK HeCHMMETpUIHAs (¢ 00IIeH mmuHoM) Tak U cuMMeTpudHas (T. . mudde-
peHITHaIbHasA) KOHGHUTYPAITUS BXOIOB.

[Ipumep ncnonp30BaHUS MUKpPOCXEMBI MyibTuILIekcopa MAX181 B xoMMyTHpyeMoM
ycUIIuTeNe NpuBeieH B uctounuke [10.2].

Puc. 9.22. ALIIT c nepekniodyaembimM ycuneHuem

Y MAX181 BBIXOJ MyJNBTHUIUIEKCOpA U BXOJ OJIOKa BBIOOPKH M XpaHEHHs BHIBEICHHI Ha
JIBa OTAEIbHBIX KOHTaKTa. Uepes 3TU BBIBOABI MOXKHO BKJIIOYATh MYJIBTHUIUIEKCOP B 00-
PaTHYIO CBSI3b HEMHBEPTHPYIOIIETO ONEPALMOHHOTO YCHJIMTENS M Peali30BaTh KOMMY-
Taruio Kodddummenta ycwienus (puc. 9.22). Ycunenue mersercs ot 1 g0 32 ¢ marom 2.

B cucremax cOopa TaHHBIX BaXHO MPEITYCMOTPETh OJIOKH BHIOOPKH M XpaHeHus. B 3aBucu-
MOCTH OT 33/Ia4l TIPOBEJICHUS M3MEPCHUI MOXET MOTPeOOBAThCS, YTOOBI Pe3yIbTaThl PEerH-
CTPHPOBAIIICH OJHOBPEMEHHO, a HE TOC/IeoBaTeNbHO. [IpumepoM MokeT OBITh M3MepeHHe
TOKA M HAIPsDKEHUSI TS TTOCIIEYIOIIETO pacyeTa MOIIHOCTH. Tak Kak 371ech pelaroliee 3Ha-
YeHHe UMeeT cABUT (pa3, 00e BETMUYMHBI HY>)KHO CUUTBIBATH B OJIMH MOMEHT BPEMEHH.

BonpmmHCcTBO MHUKpOCXeM cOopa AaHHBIX CHAOKEHBI OOIIMM MYJIBTUILIEKCOPOM, o0ecredn-
BAIOLIMM BBIOOPKY M XpaHeHue. VckimroueHueM sipisiercst Mukpocxema MAX155/156, koro-
pasi IMeeT /ISl KaXKI0ro KaHalla pa3/iesibHble OJIOKH BBIOOPKH U XpaHeHus (puc. 9.23).
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Puc. 9.23. Brniok-cxema MAX155 [10.2]

Orta MHKpocxeMa O0ecIeurMBaeT CHHXPOHHYIO TUCKPETH3alHI0 BOCBMH KaHAJIOB IPU
paspanHoctu § 6ut. [Ipu ckopoctu npeodpa3zoBaHus NPUMEPHO 4 MKC Ha KaHaj BO3MOX-
Ha o0paboTtka curHama B HU-n1mnanazone. Tak kak mpeoOpa3oBaHme BCEX BOCKMHU KaHAIOB
OCYILECTBISIETCSl MapajuIeIbHO, MOXHO JOCTHYb YaCTOT JAUCKPETH3AlMU TOpAIKa
32 x['u. s geTbipexkaHanbHOM MUKpocxeMbl MA X156 3Ta yactoTta yaBanBaeTcs.

9.6.3. Mukpocxembl Ana MyfibTUMETPOB

MBI paccmaTpuBaeM 3TH MUKPOCXEMBI, KOTOpbIe TpuHaAiexkaT Takxke K ALl otaensHo,
T. K. OHH TIPEACTABIISIOT COO0 3aKOHYEHHBIE yCcTpoicTBa. C TEXHUIECKON TOUKH 3PEHHUS 3TO
MOy cOOpa JaHHBIX, KOTOPBIE MMEIOT BBIXOAHOM HHTEP(EHC yIIpaBIeHHs HHINKATOPOM.

JaeHo u3BecTHas mukpocxema AD2020 (nnu C520) npepHasHaueHa s Co3AaHus mud-
poBoro BosibT™MeTpa. OHa MOAXOIUT JUIs MPUMEHEHUH, HE TPEOYIOUMX BBICOKOH TOYHO-
CTH, HallpUMep, BCTPaUBAEMBIX PUOOPOB, pabouMii JUANa30H KOTOPHIX OYEHb OTPAHH-
yeH. MakcuManbHOe BXOAHOe HampsbkeHue coctapisier 0,999 B, moxakmouaembliii
HHIUKATOP TpeXpa3psaHbii. MUKpocxeMa MpeaHazHaueHa I YIPaBICHUS CBETOIUO-
HBIMH WHINKATOPaMH, KOTOPBIE HY>KHO TIOJICOSAMHSATE IIPH MTOMOIIIHA BHEIITHETO JIeKoIepa
U TPAH3UCTOPOB JUIA MyJbTHILUIEKcHpoBaHUA (puc. 9.24). B HacTosIee BpeMs BBITYCK
3TUX U3ACIINN ITPEKPALLICH.

CxeMy MOXHO IOJACTPAaWBaTh MPHU MOMOIIM IBYX perynsaropoB. ITorennmomerpom Pl
PETYIHPYIOT HYJIEBYIO TOUKY, & TOTEHIMOMETPOM P2 — KOppEKTHPYIOT BEpXHUH Ipenel
LIKaJbl. PerynnpoBKy ciieiyeT HOBTOPHUTH ABa-TPH pasa.
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Puc. 9.24. Ludpposon BonbTmeTp ¢ AD2020 [9.4]

Puc. 9.25. Undposor BonsTmeTp ¢ MAX130
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Mukpocxema MAX130 Taxke NpUHAIICKUT K ONUCHEIBAEMOMY ceMmeHcTBy. s ee
BKJIFOUEHUS TPeOyeTCss HEMHOTO BHEUTHMX KOMIIOHCHTOB M OHAa CIOCOOHA HETIOCPEICT-
BEHHO YITPABJIATh KHUIKOKPUCTAIUTHUCCKMUMHU HHIuKaTopamu (puc. 9.25).

BeimmyckaroTess MUKPOCXEMBI U [UIS MYJIBTHMETPOB CO CBETOANOJHBIM WHINKATOPOM, Ha-
npumep ICL7117 [10.2].

B cxeme Ha puc. 9.25 nmpexycMoTpeH HHAUMKATOp ¢ 3,5 paspsnamu. BxonHoe HampsbkeHne
coctarisieT 0,2 B. Cxema MoxeT paboTaTh nipHu HanpsokeHnn nutanus 5 B wm 9 B. Jloc-
TAaTOYHO TOJIGKO MOJOOpaTh PE3UCTOPHI OKOJIO BBIBOJAA | Ui HACTPOWKM OMOPHOTO Ha-
MIPSKEHUS ¥ OKOJIO BRIBOJIA 28.

9.6.4. AnbTepHaTUBHbIE peLUeHUs

UcnonrzoBanue ALl cymiecTBEHHO YBEIHMYHMBAET CTOMMOCTH yCTpoicTBa. [losTomy
HAMEET CMBICI MPOAYMaTh BO3MOKHbBIE aJIbTEPHATHUBBI.

BonbIIMHCTBO MUKPOKOHTPOJIIEPOB YK€ PacIoyiaratoT BEICOKO3()()EKTUBHBIMU BCTPOCH-
ueiMu ALI ¢ paznuuapiME JononHUTENEHBIMU QyHKIMsIMA. "TIpocteie” 10-pa3psiaHbie
AULII y>xe MOXXHO paccMaTpuBaTh Kak cTaHAapTHOe pemierne. OmHAKO ceiidac CymiecT-
BYIOT npoueccopsl ¢ 16- u 24-pa3psaabivu ALl 1 7ONOTHUTENEHBIMA BXOAHBIMHU YCH-
mutensmu. Hampumep, 3To mukpocxembl cemeiictBa MSP xommannu Texas Instruments
(o mansbM [9.5 1 9.6]) unu cepun ATmega komnanuu Atmel (o manubsM [19.6]).

[Ipenmy1iecTBO COCTOUT B TOM, YTO MOJ0OHAS MHUKPOCXEMa MOXKET OKa3aThCs JEHICBIIE,
yeM otnenbHbld AT, ecnu B yCTpoHCTBE Hy»€H CBOM MuKporpoueccop. axe ecau
IKCIUTyaTUPOBATh MUKpOCXeMy Tobko kak ALIIL, MoHO peann3oBarh Takue (QpyHKIHN
00paboTKH, KaK GUIBTPAIHsl U KOPPEKIINS XapaKTEPUCTHUK.

IIpumep nporpammsl 11t THULUaIH3auuu U u3Mepenust Ha MSP430F2013 naxonures Ha
KOMITaKT-JIUCKe, MPHUaracMoM K KHUTe. B HeM ucmonb3yercss HeOONBIION Mporeccop
IUTS 3aTCH JaHHBIX u nudpoBoit nepegaun. 16-paspsaaubiii ALIl cHabxeH perymupye-
MBIM TIpeIyCHIINTeNeM. MOJENb CIy>KUT AJISl W30JUPOBAHHOTO M3MEPEHMST HEOONBIINX
HaIlpsDKEHUH M HaXOIWUTCA HA MJIAaTe IUIOLAIbI0 3 oM. Bbrnarogaps mmdpoBoit nepenade
3TOT U3MEPUTEIHHBIN MOIYIb MOXKHO IPHUCOETUHATH PU IIOMOIIU ONTPOHOB.

9.7. PekoMmeHAauunm no BbINONMHEHUIO 3aA4aHUN
K rnaBee

3apanme 9.2. AIIII nopa3psiiHOro ypaBHOBeIIMBAHUS

AHH nopaspsaaHOro ypaBHOBCUINBAHUS pa6OTaIOT OYCHb MCJICHHO U PACCMATPHUBAKOTCA
TOJIBKO JIs1 U3YUYCHHS NpPUHIUIIA II@I71CTBI/I$[. B HacToANICC BPEMA OHHU IMPAKTUYECKU HE
OPUMCHAOTCAL.

3aganue 9.3. Muorocrynenuarsrii ALIT

bnaronaps BeIOOpY ABYX pa3HBIX BEJIMYMH MHTEPBaJa BpeMst IpeoOpa3oBaHMs HECKOIBKO
cokpamtaercsa o cpaHeHHro ¢ ALIII mopaspsanoro ypasHoBemuBanua. IToT Tin ALITT
TOKE€ HE UMEET MPAKTUYECKOTO 3HAYEHHS U CITYKUT TOJIBKO ISl MIUTFOCTPALUH.
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3ananue 9.5. ALIII nocienoBaTeIbHOr0 MPUOJIUKEHUST

Orot Tun ALII nosiBuics B pe3yabTaTe pa3BUTH METOAA MTOPA3PSATHOTO YPAaBHOBEIINBA-
Husl. VIMEHHO 371ech AJisl KaXI0ro OuTa pe3ysbTara IMEeeTcsl CTYIeHb H, TAKUM 00pa3oM,
JOCTHraeTcss MUHUMAIIbHOE BpeMs npeoOpazoBanusi. Panee Takue ALl coOupanuce Ha
JTUCKPETHBIX 3JIEMEHTaX, B HACTOAIIEE BPEMs OHM BBHIMYCKAIOTCA B BHJIE MHTETPAIBHBIX
MHUKpOCXEM.

3ananue 9.6. ALIII ¢ AByKpaTHBIM HHTErPUPOBAHUEM

HpI/I annapaTHOﬁ pcam3anu BaXXHO 00€CIIeUnTh IOTHOE PaBCHCTBO HHUKJIOB MHTCTIPU-
poBaHuAg U OC3UHTCIPUPOBAHUA. HpI/I HpOl"paMMHOﬁ pcam3anu BJINUACT HCCOBIAACHUC
BO BpPCMCHHU MPOLECCCOB IMCPCKIIIOYCHUA KOMIIapaTOopa M €ro ompoca. OcraTouHas IIO-
TpCUIHOCTL BO3HUKACT KaK MPHU 3aITyCKE, TAK U B KOHIIC UHTCTPUPOBAHMS.

3aganue 9.7. [luckpeTHblii M0 BpeMeHH nMpeodpa3oBaTenb '"HanpsxeHne—4acrora'"

OcHoBHas npobieMa 3aKII0YacTcs B TOM, YTO MHTETPaTop MPOJOJDKAeT padoTaTh B Ie-
PHOI MEXKAY AOCTHKCHHUEM TIOPOTa U MOCIeAYIOMM UMITyIbcoM cOpoca. HakamniBaet-
Ci U YHUUTOXKACTCS 3apsifl, KOTOPBIM OTHOCUTCS YK€ K CIEAYIIIeMy IUKITy. JTa IMo-
TPEIIHOCTh YMEHBIIIACTCS MPU CHIDKCHUH BXOJHOTO HATIPSIKEHUSL.
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LincppoaHanoroBbin
npeobpa3oBartenb

B MHKpOMpOIIECCOPHBIX HM3MEPUTEIILHBIX CHCTEMaxX IH()POAHAIOrOBBIC IPEOOpa30oBaTeIH
(ITAIT) obGecrieurBaroT mpeoOpa3oBaHUe MU(PPOBOTO CUTHANIA B aHAJIIOTOBBIA. MBI yiKe YIIOMU-
Haymm ux rpu 3HakoMcTBe ¢ ALII Ternepb paccMOTPHM 3TH YCTPOWCTBA HECKOJIBKO TIOIPOOHEE.

10.1. BaBelweHHOe CyMMUpPOBaHMeE TOKOB

Cambrif mpocToii MeTo] mU(POaHATOTOBOTO MPE0OPa30BaAHNI — CYMMHPOBAaHHE TOKOB
pasHoO¥ BenmuuHBL. {715 sTOro motpedyercs KoMmMyTaTop (TI0 BO3MOXXHOCTH 0€3 TOTeph)
JUISL TIEPEKITIOYCHUS] MEXIY IMOTEHIMAIOM OOIIel IIMHBI M OIOPHBIM HAaIrpsHKEHUEM,
a Tarxke cyMMupyroruit ycumutens (puc. 10.1).

Puc. 10.1. MpuHumnuaneHaa cxema LA ¢ cymmmpoBaHuem

IIpu ykasansoM Ha puc. 10.1 nonoxeHnn nepexarovaTenae BBIXOJHOE HAPSHKEHUE PaB-
Ho Hym0. Ecnn cpabateiBaer nepekmtouaresns SO, TO Ha yCUIUTENb MOCTYNAET OMOPHOE
HanpsbkeHue gepes pesuctop R. Tak kak compoTHBIeHHE B LIeH 00paTHOM CBSI3U omnepa-
LUOHHOTO YCHJIMTENS TOXKE PAaBHO R, BBIXOAHOE HamNpsHKEHHE OKAa3bIBACTCS PABHBIM
onopHoMy. IIpu nepekmtouenun S3 BEIXOTHOE HANPSDKEHUE OyIeT paBHO

Ua = (R/SR) X Uref = Uref/8.
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Tak kak moTeHuan Ha BXoqe OY paBeH HYI0, BCe TOKH TEKYT Yepe3 BXOIHOM KacKa,
a He Yepe3 Ipyrue pe3uctopbl. CiemoBaTeNlbHO, KaXAbIi MepeKIouaTellb MOXHO pac-
CMaTpUBaTh KaK He3aBUCHUMBINA. B pe3ynpTaTe BHIXOJHOE HAMPSDKEHHE PABHO CYMME yCH-
JICHHBIX 3HAYEHWH OMOPHOTO HampsokeHHs. [loaToMy cWrHam Ha BBIXOZE MOXET JTOCTH-
raTh 3HaYEHUS, TOYTH PABHOTO YABOEHHOMY OIIOPHOMY HAIPSIKEHUIO.

OcHoBHas TpyaHOCTh peanuzanuu 3Tux L[AIl cocrout B pesuctopax. 31ech TpeOyroTCS
PE3UCTOPBI ¢ HOMUHATAMH, U3MEHSIOIIUMHUCS TOYHO B JIBa pa3a, KOTOPbIC MPOMBIIIICH-
HOCTB HE BBIITYCKAET.

IIpuberatoT k KOMOMHAIMHY U3 HECKOJIBKUX PE3UCTOPOB WIIU MOCIEI0BATEIBHOIO COEIU-
HEHMS IIOCTOSHHOTO U MOJACTPOEYHOro pe3ucropa. Takoil cnocol MpUrofeH TOJIBKO MpH
HeOombmoi paspsaHoctr LIAIl n3-3a BIUAHUS TeMIIepaTyphbl U CTapeHUS KOMIIOHEHTOB.
ITono6Hoe pemenue 1enecoo0pa3Ho Ha BBICOKUX YacTOTaxX MPU Majlol pa3psiiHOCTH.

B xauectBe nepekmouarencit mogoiayr KMOII-kmoun. KoMiieHcanys conpoTUBIeHUs
KaHaJla B 3TOM Cly4yae HE MpeAcTaBisieT TpynHocTH. B mpocteix LIAII BcTpeuaercs
ympasieHue HerocpeacTBeHHo o1 KMOII-mukpocxem (puc. 10.2).

Puc. 10.2. 4-pa3psagHbivi LA ¢ reHepaTopamu BECOBbIX TOKOB

OmnopHoe HanpsbkeHne GOpMHUPYETCsl OT UCTOYHUKA MUTaHHs cXeMbl. [lapaMeTpsl pe3u-
CTOPOB BBIOpAaHBI TaK, YTO MaKCHMMAJIbHOC 3HAUCHHE HANPSDKCHUS HAa BBIXOJE PaBHO
(15/16)Uye. st yMeHbILICHHSI KPYTHU3HBI (PPOHTOB HMITYJbCa B MOMEHT KOMMYTAI[HH
MOHO 100aBuTh KoHIeHcaTop C. B pesynbrare mepexoapl MEXIy OTACIbHBIMU CTYIIC-
HSIMHU CTJIQJKHUBAIOTCS.

10.2. Cxema R2R

Cxema R2R mo3Bonser pemnts npodiaeMy moxdopa GONBLIOrO YMCiia TOYHBIX PE3UCTO-
POB pa3HBIX 3HaYCHHH, HEOOXOOUMBIX Ui CyMMHUPOBaHHS. TEXHOIOTHYECKH ropaslo
MPOILE U3TOTaBIMBATh PE3UCTOPHI OTPAHUYCHHBIX HOMHHAJIOB C ITOCTOSIHHBIM OTHOILIE-
HueM conpotusieHu. s cxembl R2R noctarodyHo pe3sucTopoB TOJBKO € ABYMS HOMH-
HaJIaMH B COOTHOIIEHHH | : 2.
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Ha pwuc. 10.3 mokaszad BapuaHT pe3UCTUBHON MATPHIILI, N3TOTABIMBAEMON U3 TOHKOILIE-
HOYHBIX 3JIEMEHTOB.

PaccmoTpuM cxemMy M MOIKITIOUUM BBIBOIBI 6—12 k o0mieit mune. [Ipu nogaue Hampsixe-
HUs Ha BXOJ | mojydaeTcs 4eThlpe BKIFOUEHHBIX I1OCIEI0BATENbHO ACIUTENs HalpshKe-
Hus. K touke 5 Oyner noctynats 1/16 BxogHoro HanpsbkeHHsl. TOK, MPOTEKArOIUi B Ka-
XKJIOM y371e, B KOTOpOH OH IOCTYIaeT depe3 pe3ucTop R, Teyer painbile HaOJIOBUHY
k 3emie (2R) u HanonoBuHy uepe3 R, T. K. CONpOTUBIIEHHE OCTANBHON YaCTH CXEMBI 3a
PE3UCTOPOM paBHO Takke 3HaueHuIo R. Eciu npuiiokuTh HanpskeHHe K TOUKe 2, ocie
Hee OKaKEeTCS JIMIIb TP ACTHUTEN, U B TOUKE 5 MOSBUTCA 1/8 MPHUIIOKEHHOTO HAIpsIKe-
Hus. Ho, MOCKONIBKY HalpsKeHHsT TaKUM 00pa3oM CKIIAIbIBaTh HENb3s, TO MX Ipeodpa-
3YIOT C TIOMOLIbIO PE3UCTOPOB B TOKU. Jlma 3Toro mpegHasHadeHbl BbBOAbI 7—10
(puc. 10.4).

Puc. 10.3. CtpykTypa 4-paspsgHon matpuusl R2R

2 3 4

MaTtpuua ] »+— Ua
pesnctopoB R2R

6 7 8 9 10 11 12

L

Uref .

Puc. 10.4. Cxema koMMyTauunm HanpsikeHus Ha maTpuue R2R
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Tak kak HEMOCpeACTBEHHAss KOMMYTAIUsl OMOPHOTO HAIpPsDKEHHs HEXelaTelbHa, 9acTo
HCIIONIB3YeTCS MHBEPCHBIN pexuM. [Ipu 3tom omopHoe HampspbkeHue U Bceraa mprio-
JKEHO K TOUKe 1, a pe3ucTopsl mepekimodarotcs B Toukax 7—10 (puc. 10.5).

PaccMmoTpennsie 1dpoaHaIoOTOBEIE MTPeoOpa3oBaTEIN XOPOImo pPaboTaloT ¢ H3MEHSIO-
IIUMUCS. BXOJIHBIMH HAIpPsDKCHUSIMU. B nmuTepaType OHM H3BECTHBI KaK yMHOXKAFOIIUN
IAIT (Multiplying DAC), T. k. BEIXOZHOE HANpsIKCHHUE SIBISICTCS TTPOW3BEACHUEM Ha-
npsokeHus: Ues 1 yCTaHOBIIGHHOTO ITU(POBOTO KOJIA.

Puc. 10.5. R2R-cxema B UHBEPCHOM pexunme

[TockombKy TEXHHYECKH MPOIIE CO3/aTh HMCTOYHUKHA TOKAa C HMACHTUYHBIMH TOKaMH,
TO PACHPOCTPAHEH TAKKE BAPUAHT MUTAHUS TOKOM. JIJIst 3TOro TOUKK 6—12 MOAKIIOYAIOT
K OOIIel muHe, a TOKH MOAA0T K BhIBogaM 1—4. BeIXomHOE HampspKeHHe MOXKHO CHH-
MaTh C TOYKH S5, BBIXOJHOW TOK — ¢ Todek 11 u 12.

10.3. Npeobpa3oBaTenb
"yacToTa—HanpsikeHue"

Mp! yke O3HAaKOMUJINMCH C IMpeoOpa3oBaHUEM HAINPsDKEHHS B 4acTOTY, KOIJa paccMart-
puBamu ALIIL. OOpatHas omnepanus MOXET BBITTOJHATHCS HEMOCPEICTBEHHO MOCIIE MOITY-
YEeHUsl CHTHajla M3 JMHUM WM OT mporeccopa. Mpes mpeoOpazoBaHus 3aKiIrOyaeTcs
B HUHTCIPpHUPOBAHHUU I3TAJIOHHBIX HMITYJIbBCOB, YaCTOTa IOBTOPCHHA KOTOPBIX MCEHSCTCA.
IIpu 3TOM UIMTENBHOCTH WUMIIYNbCA TOJDKHA OBITH MEHBIIE MHHHMAIBHOIO IEPHOAA
olieHnBaeMoii yactotsl (puc. 10.6).

IIpy MHTErpUPOBAHUM HMITYJILCOB [0 BPEMEHU Ha BBIXOJE IOJIY4acTCsl 3HAYCHHUE, KOTO-
pO€ 3aBUCHUT OT JJIUTEIBHOCTEH UMITYJIbCa U MAy3bl, T. €. YEM JOJIBLIE JIUTCS May3a, TEM
MEHbIIIE OKa)KeTCs BBIXOIHOE HampspkeHue. CaMblil IPOCTON NpUMep — MPUMEHEHUE
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OJTHOBHOpaTOpa JIJIsl TeHEepallui UMITYJIbCa ¢ TOCIEAyIoNeld QuibTpauei mocpecTBOM
RC-dpunbrpa. Ecniu k BRIXOJHOMY HANPSHKEHUIO MPEABSIBISAIOT O0Jiee BRICOKUE TpeOOBa-
HUS, K BEIXOLY MOXHO TOAKIIOYUTE PUIBTP HIKHKX dacToT (puc. 10.7).

Puc. 10.6. BpemeHHast AMarpaMma HanpshkeHUs Npu MHTErpUpoBaH1K MMMyrnbca

Puc. 10.7. MNpeobpa3oBaTenb "4yacToTa—HanpshkeHne" Ha ogHoBUbpaTope

CymecTBeHHO 0oJiee TOUHOE MpeoOpa3zoBaHUE MPOMCXOAMT, €CIU MUMITYJIBCHI HANpsKe-
HUS 3aMEHUTH TAJIOHHBIM 3apsiioM. COOTBETCTBYIOIIUI IPUMEpP NPUBEICH B HCTOYHHUKE
[8.9, c. 11-27], rae B KauecTBe N3MEPsAEMON BETMUNHBI BBIOpaH 3apsi KOHIEHCATOpa.
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Puc. 10.8. UudppoaHanorosoe npeobpasoBaHue npu NOMOLLM NEPEKIOYAEMON EMKOCTU

B cxeme, uzobpaxenHoi Ha puc. 10.8, konnencatop Cs cHavama 3apskaeTcs OT HCTOYHHKA
OIIOPHOTO HANPSDKEHUS A0 ONPEAEICHHOTO 3HA4YEHMs. 3aTeM HPOUCXOIHT €ro paspsia I0
HYJIA, T. K. ”tHBepcHBIN Bxox OY MOAKIIOUEH K BUPTYyaIbHOMY HYJIEBOMY HOTECHIIHAIY.

[anee mporekaroolMii TOK IMOJAETCs Ha WHTETrpUpyroluil KoHxaeHcatop. IIpu sTom
¢dbopmMupyeMoe HalpsHKEHHUE YMEHbIIAaeTcs Oy1arofaps napaiesbHO BKIIOUCHHOMY pe-
sucropy. OY pyHKUMOHHMPYET Kak QUIBTP HIDKHUX YacToT. KoMMyTanus KoHAeHcaTo-
pa MEXKAYy OIOPHBIM HANPSIKCHHUEM U MHTCIPAaTOPOM IMPOUCXOAUT MOJ IIGI\/’ICTBI/ICM TakK-
TOBOI'O CUTHAJa.

10.4. NMpeobGpa3oBaHMe Npn NOMOLLM LLMPOTHO-
uMmnynbcHou moaynsauum (LUMM-npeobpasoBaTenb)

[[upoTHO-UMITYIIECHAS MOAYJISIUS OCYIIECTBISICTCS TaK )K€, KaK M B MPEAbITyIIeH riia-
Be. MeHseTcs cpeiHee 3HaUeHUe CUTHaNIa B BUJe MeaHpa. Pasnudne cocTOUT B TOM, 4TO
MEPUOJT TIOBTOPEHUS HMITYJIBCOB OCTACTCA IMOCTOSHHBIM, a JUIMTEIBHOCTh HMMITYJIhCa
Bapbupyercs. OTO O4eHb YI00HO, KOT/Ia 3HAaUCHHUE MPEICTaBIeHO B IU(POoBOii popme.

Ha puc. 10.9 ynpaBieHne c4eTUNKOM NPOUCXOIUT C MOCTOSHHOW TaKTOBOW 4acTOTON U B
HemnpepsIBHOM pexume. [locne 3aBepiieHns cueT HauMHaeTcs cHOBa ¢ Hyms. Mcxoansie
COCTOSIHUSI CPaBHUBAIOTCS ¢ JOOABICHHBIM LU(POBBIM 3HaUeHHeM. Jlo TeX Mmop HoKa Io-
Ka3aHHe cUYeTYMKa MEHbIIE, YeM KOHTPOJIbHOE 3HAUYECHHUE, Ha BBIXOJE KOMIIapaTopa ocTa-
€TCsl BBICOKHI YPOBEHbB, KaK TOJIBKO OHH CPaBHSIOTCS, MOSBISIETCA HU3KUHA YPOBEHb.
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Puc. 10.9. LUMpOTHO-MMMNYNbCHBIN MOAYNSATOP

Ecnu cuetunk umeer 256 cOCTOSHUM, TO JUIUTEIBHOCTh UMITYJIBCA MOXKET COCTaBJSAThH OT
0 1o 254 TakTOB.

MUKpPOKOHTPOJUIEp ¢ MHKpOCXeMoW Taiimepa Takxke mmeer Onok [IIMM, mo3Bomnsio-
LM MOJyYUTh aHAJIOTOBBIM BBIXOAHOH curHai. Tak Kak TaKTOBas 4acTOTa MOCTYIAaeT
OT Ipoleccopa, pa3psAHOCTh OTPAHUYMBACTCA BEJIWYMHON mpumepHo 10 Out, B mpo-
TUBHOM CJIy4ae IEpUOJ IOBTOPEHHS HMITYJIBCOB BBIXOJHOTO CHTHAaja CTAHOBHUTCA
CJIMIIKOM MAJIbIM.

B HekoTopbIx mporneccopax (Hampumep, Atmel) peaanzoBansl HIMM-MUKpOCXeMBI ¢ TIO-
BBIIICHHBIMU TAKTOBBIMH YaCTOTaMH, 00€CIICUMBAIOIINE OONBIITYIO Pa3PSAHOCTb.
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10.5. MorpewHocTb LU POAHANOroBbIX
npeobpa3oBaTeneu

[Morpemnocts LAII onpenensiercss Temu xe (paktopamu, uro u s ALl 3nech Takke
BO3MO>KHBI OIIMOKKA KBAHTOBAHUS, HETMHEHHOCTh U HECTAOWILHOCTb.

Ommbka KBaHTOBAHUS BO3HHUKACT M3-3a UCKPETHBIX YPOBHEW HANPSKCHUS, BCIICJICTBHE
Yer0 UCTHHHOE 3HAYCHUE MOXKET MPEJCTABIATHCSA TOJIBKO C OTPAHMYCHHON TOYHOCTHIO.
Omubka HEMTMHEHHOCTH 00YCIIOBIICHa pa30pOCOM 3HAUYEHUH KOMIIOHCHTOB W TIPOSBIISACT-
Cs KaK B BHJIC MCKOKEHHUM XapaKTEPUCTHKHU MpeoOpaszoBatels. [lorpemHocts u3-3a He-
CTaOMIILHOCTH CHOBA CBf3aHA C KOJICOAHUSAME TEMIIEPATYPhl U CTAPCHUEM KOHCTPYKTHB-
HBIX 3JIEMEHTOB.

Hudpoananorosoe mpeodpa3oBaHre OTIMYAETCS €lle OJHOH 0COOEHHOCTHIO: HaIpshKe-
HUE Ha BBIXOJE COAEPKUT CKaukooOpasHble nm3MeHeHus. Kpyrteie (QpoHTH mMIysbca
B MOMEHT KOMMYTAIlU{ MIPUBHOCAT B BBIXOJHOW CHTHAJ Mapa3uTHBIE YaCTOTHBIE COCTAB-
JSFOILIME, KOTOPBIX HE OBUIO B UCXOIHOM CHUTHajE. DTH IIOMEXH HYKHO IOAABIIATH C I10-
MotIpio GuiabTpa. Ero cBolicTBa 3aBUCAT OT HYKHOM 4acTOTHI BBIXOJHOTO TOKa U HE0O-
XOAMMOM PAa3HUIIBI aMIIUTY]I MEXKAY IBYMS BBIXOAAMHU.

10.6. Mukpocxembi LIAT

OUPMBI-TPOU3BOAUTENHN BBITYCKAIOT IIMPOKUI crekTp uHTerpanbHbix [[AIl. Panee
B JTOM Ii1aBe yrmoMHHAIHCh R2R-cxembl, M3roTOBIIEHHBIE B BUI€ THOPUIHBIX WJIH TOHKO-
TUIEHOYHBIX PE3UCTHUBHBIX MaTpPUII.

OOmupHbIit accoptument LIAIl ¢ caMbIMU pa3HbIMUA CBOWCTBAMHU MOXKHO HaWTH Ha Caii-
tax ¢upm Texas Instruments, Analog Devices u Maxim. [{udpoananorossie mpeoopazo-
BaTeNH, Kak ¥ aHaJoro-mu(poBbie, MPEIaraloTcs ¢ TOCIEAOBAaTEIbHBIM WIN Mapal-
nenbHBIM uHTepdeiicom. Cpemu mocienoBaTenbHBIX HHTEpdeiicoB mpeodmamgaror 12C
u SPI, mpuuem y ObictpopetictBytomux LAl moxHO Takke BcrpetuTh LVDS-
nHTep(delickl. Y MHOTOKaHAIBHBIX Mpeo0dpa3oBaTeliell XpaHeHne 3HaYeHU BOOOIIe mpo-
ucxomut B udpoBoii popme. B Takom ciryuae MUKpocxema UMeeT 2, 4 uim § aHaloro-
BBIX BBIXOAOB. lIpm 3TOM Ha BRIXOmax MHOTOKaHaNbHBIX LIAIl wacto ecte OydhepHbIe
yeunutend. OJHOKaHaJbHBIE TpPeoOpa3oBaTeld HYKHO IOAKIOYATh, KaK IPaBHIIO,
K BHEIIHEMY OIEPAlMOHHOMY YCUJIMTENIO. B 3aBUCHMOCTH OT THIIAa MUKPOCXEMBI OIOp-
HOE HaIpspKeHHE GOPMHUPYETCS OT BHYTPEHHETO HITH BHEIIHETO HCTOYHUKA.

YnomsiayTeie pupmel npeiararoT 200 u Gosiee pasHbIx THIOB Mukpocxem LIAIL. Uu-
TepBaJl HapaMeTPOB OXBATHIBAET OOJBIION JHATa30H:

O pazpsgHOCTh OT 4 10 20 OuT;
0 4HCIO0 BBIXOAHBIX KaHaNoB oT 1 10 §;
O Bpems npeodpaszosanust ot 10 e 1o 10 Mmc;

0O BBIXOA IO TOKY HJIK BBIXOJ IO HAIIPSIKCHUIO,
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O pa3HbIe HHTEP(DEHCH;
O pa3HOOOpa3HbIC JMHAMUYCCKUE M CTATHUECKUE XapaKTEPUCTUKU IPeoOpa3OBaHMsL.

Kpome yamsepcanbnbix LIAII cymecTByIOT ele HeCKOIbKO 0COOBIX YCTPONUCTB, KOTOPHIE
OpPHEHTHPOBAHKI Ha OTpeeNieHHbIe 00IacTn mpuMeHeHns. K HUM OTHOCSTCA, B TOM YHC-
JIe, KOMITApaTOPHI C PETyIHPYyeMBIMH TTOPOTOBRIMU 3HadeHUAMHU Ha 1[AIl u Bumeo-11AII,
KOTOPBIC CHA0KEHBI TOMOJHUTEIHFHBIME MOIYIISIMHA MaMATH (Hampumep, O3Y mBeToBoOM
TTaJTUTPHI).

10.7. NMpumepbl npumeHeHus LATI

10.7.1. YMHOXeHMe HanpsXKeHUN

Hudpoananoroseie mpeodbpazoBatenu Ha 6aze R2R-cxem mo3BomstroT paborats ¢ mepe-
MEHHBIMH HaIPsHKEHUSAMH. BBIXOTHOE HANpsDKEHHE TaKOTo MpeoOpa3oBaTesis MoiydaeT-
Cs KaKk 9acTh OMOPHOTO HANPSDKEHHS, COTJIACHO (hopMyIe:

Ua= (N/Nmax) X Uret.

3nece N — 3amanHoe U Npax — MakcHManbHO BO3MOXHOE muppoBoe 3HaueHue. LAl
C BHEIIHMM OIOPHBIM CHI'HAJIOM AOIYCKAaIOT, CJICA0BATEIbHO, YMHO)KEHUE MPHIIOKEHHO-
ro HaIlPsDKEHMS aHaJIOroBOI'O CHTHaja ¢ HU(poBbIM 3HaueHHeM. Eciu nmeercs opHomo-
JSIPHBIN aHAJIOTOBBIN CUTHAN M YHUIOJSIPHBIN ITpeoOpa3oBaTelb, HyKHO paboTaTh B OJI-
HOM KBaJIpaHTe, IpU OWIOJSPHOM IpeoOpa3oBaresie — B IBYX KBaApaHTaX, a IpH
JOTOJTHUTEIEHOM ABYIOJISIPHOM OIOPHOM HAIPSKEHMH MOXHO paboTaTh B YeThIpeX
kBagpanrtax. Ha puc. 10.10 nokasan 4-KBaJipaHTHbIA YMHOKUTENb.

Puc. 10.10. 4-kBagpaHTHbIN yMHOXMTENb ¢ LIAT [8.12]

IonxnrounB nBa LIAIl mocnenoBaTensHO (T. €. BBIXOJA IEPBOr0 oOpasyeT OMOpHOE Ha-
MpsDKEHUE BTOPOTO Mpeodpa3oBaTenisi), MOXKHO IEPEMHOKATh Ba LHU(POBBIX 3HAYCHHUS
CO 3HaKOM.

YMHOKEHHE OCYIIECTBISICTCS B HOPMHUPOBAHHOW (OpMe, eCIIM ONOPHOE HAaIpshKEHHE
IIEPBOTO IIpeoOpa3oBaTess YUCICHHO PABHO €IMHUIIE.
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10.7.2. PerynunpoBKa ycuneHusa ¢ nomoliybio LIAT

B npunmune, nudposast peryianpoBKa YCHIECHHUS — 3TO YMHOXKEHHE CHUTHAIA TepeMeH-
Horo Hanpshxerus (puc. 10.11). Kak yxe 0puto panee otmedeno, oaus L{AIT BeinaeT BEI-
XOJHOE HaNpsHKeHHEe, aMIUTUTYA0N MEHBIIE BXOAHOTO, CIeI0BaTeIbHO, BO3MOXHO TOIb-
Ko ymesblenue. [Ipu atom ¢ 8-paspsaaueiM LAl qocturarot quanazoHa peryJinpoBaHus
48 nb, ¢ 10-paspsaasiM — 60 b, ¢ 12-paspsauasiM — 72 ab. 14-paspsaausiii LHAIT mo-
3BOJISIET IOCTHYb AVMHAMUYECKOro nuana3oHa 84 nb, olHaKo MpU 3TOM YK€ BOZHHKAIOT
MPOOJIEMBI ¢ OTHOIIEHWEM CUTHAI/IITYM U TIEPEKPECTHBIMH ITOMEXaMH.

Pwuc. 10.11. Uundposon atreHtoaTop [10.1]

Oto npumenenue LIAIT unTepecHo, npexae Bcero, Ijsl CXeM IeHepaTopoB, T. K. MOXKET
BBITOJIHSTHCSA TOYHAS PEryJIHPOBKa aMITUTYAb! BBIXOIHOTO CUTHAJIA.

10.7.3. LlndpoBom perynmpyembin KomnapaTtop

Ocobas pazHoBugHOCTh MUKpocxeM LIAIl — xommapaTopsl ¢ peryJupyeMblM IOPOTo-
BBIM 3Ha4eHHEM. B 3THX MHUKpocxeMmax BbIXOJ] IpeoOpazoBareisi HEMOCPEICTBEHHO CO-
€/IMHEH ¢ BXOIOM KOMIIapaTopa.

C Takoil KOHCTPYKIHMEH MOHO OY€Hb IMPOCTO CPOPMUPOBATH PEryJlUpyeMble CTPOO-
JUCKPUMHHATOPBI, KOTOPBIE UCIIOJIB3YIOTCS, HAIPUMEpP, B MPOOHHUKAX C PETYIUPYEMBIM
MIOPOTOBBIM HAINPSIKEHUEM.
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Puc. 10.12. Ctpob-anckpmmuHaTop ¢ umdpoBoi ycTaHoBKon noporos [10.2]

B cxeme, uzobpaxennoir Ha puc. 10.12, mpu momomu ayx IIAIl ycranaBmuBaroTcs
BEPXHUH W HIDKHUIA moporu. Beixon Q akTWBeH, eciM BXOJHOW CUTHAT HAXOIUTCS
B MAaNa30He, ONPEAEICHHOM IOPOTOBBIMH HAIPSKEHUSIMHL.
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CucteMbl aBTOMaTU4eCKoro
perynupoBaHus

OpHa W3 caMBIX PacHpOCTPaHEHHBIX 3a7ad B W3MEPUTEIBHON TEXHUKE — YIMpaBlICHHE
Y peryjupoBaHre. JTa 3a/1a4a BCTPEUaeTCs MPH aBTOMAaTHIECKOM H3MEpEeHUH, 00padoT-
K€ pe3yJibTara U3MEepEHHS U YIPaBJICHNH UCTIOIHUTEIbHBIMA MEXaHHU3MaMHU.

Jlaniee mpuBeneH HEOONBIIONH 0030p MPOOJEM CHCTEM aBTOMATHYSCKOTO YIPABICHUS
U PacCMOTPEHBI PA3IMYHbIC MPAKTUYICCKUE BApPUAHTHI PETYIMPOBAHUS HA TMPOCTHIX MPH-
Mepax. OnucaHHbIe 371eCh yueOHbIC 3a/IaHHs OTPAKAIOT JIUIITh MATYIO YacTh ATOW CIIOXK-
HOM oOiacTu. Bl mprOOpeTeTe MOMOTHUTEIBHBIA OIBIT, UCIIOIB30BAB CHMYJISITOP IS
CaMOCTOSITETIBHBIX IKCIIEPUMEHTOB.

11.1. O6GLwiMe nonoxeHus

[Ipu perynaupoBanuu (B OTJIMYME OT YNPABJICHUSA) OUEHb Ba)KHO OTCIIEKUBATH TEKYIEe
COCTOSIHME U3MEHsAEMOH BenYuHbL. [IporpaMMHbIe CpeicTBa MO3BOJISIIOT OPOBEPSITH ''pe-
3y.]]bTaT" Bamieun ACATCIIBHOCTU U BBIIIOJIHATH KOPPEKIUIO, OTMCHSAA I[eﬁCTBHC COOTBETCT-
BYIOIIIM 00pa3oM. Bo3MoskeH Takxke ydeT u 00paboTKa MOMEX, YTO MOBBIIMIAET CTA0MIIb-
HocTh cucteMbl. Ha puc. 11.1 npuBeneHa cxema KOHTypa peryiupOBaHHUs.

Puc. 11.1. CxemMa KOHTypa perynmpoBaHusi
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I[HH JIYYIICTO IMTOHMMaHUA MaTE€puajia CHadaia IpuBEaAEM HECKOJIBKO TCPMUHOB.

O Perynstop — 3IEKTPOHHBIA MOIYJb, KOTOPBIH MPOBOAUT 00PabOTKy MOCTYMAIOMINX
JAHHBIX U B PE3yNbTaTEe OCYIIECTBISIET COOTBETCTBYIOIIEE JEICTBHE.

O OOBEKT peryImpoBaHUI — COAEPIKUT PETYIHPYEMYIO BEIHUNHY, HA KOTOPYIO OKa3bI-
BaIOT BIUSHHE PETYJATOP U TOMEXH.

O Perynupyemblii mapameTp (X WM BBIXOIHAs BEJIWYHMHA) — IOJNy4aeT KaueCTBEHHOE
WM KOJIMYECTBEHHOE 3HAUCHHE U TIEPEJacTCs peryasTopy 1 00padoTKH.

0O 3aman”oe 3HadyeHue (F mm BXOMHONW mapaMeTp) — ATO MpeIoNpeeIeHHOE 3HAaUCHUE
BBIXOJHON BEIWYHMHBI AJIs PEryINpyeMOil BEINUMHBL. 3aada Peryjsropa 3aKkiaodaeT-
Csl B IPUBEICHUU B COOTBETCTBHE PEryJIMPYEMOM BEIMYMHBI U 3aAaHHOTO 3HAYCHUS.
[Ipu »TOM 3amaHHOE 3HAYEHHE MOXET OBITh KOHCTAHTOH, (DYHKITHEH OT BPEeMEHU HITU
pacueTHBIM MapaMeTPOM M3 MHOXKECTBA Pe3yJbTaTOB U3MEPEHHUSL.

O BenuunHa nomex (S) — Ha perynupyemblii 00bEKT U Ha caM PETYJIATOP MOTYT BIIHATh
nomexu. OHH MOTYT HOJPAa3EIAThCS Ha PEryINpyeMble U HEPEryIupyeMble TOMEXU
Ha BBIXO/IE.

O PaccornacoBanue (0X) — pasHuma MEXIy pEryIupyeMOl BETHYHMHOW M 3aTaHHBIM
3HayeHueM. OHO He0OXOANMO KaK OCHOBA IS OIIpEeNCHHUS ACHCTBUN PEryIaTopa.

O IlocrosHHOE paccoriaCcoBaHuC — TCXHUYCCKUC CBOMCTBA PEryIATOpa MO3BOJIAOT OOC-
THUYb 3aJaHHOI'O 3HAYCHUA TOJIBKO C onpez[eneHHoﬁ TOYHOCTBIO. CYHICCTBGHHBIMI/I q)aKTO-
paMu SABJIAKOTCA BUI PEryJIATOpPa U TOYHOCTDH IIPU U3MCPCHHUU perym/lpyeMoﬁ BCJIMYHMHBI.

O ®yHKuus peryaupoBaHUs — 3TO CBA3b MEKAY XaPaKTEPUCTUKONW BBIXOAA M BXOIHBI-
MU 3HAYCHUSIMHU.

O VYnpaBisiomuii HapaMeTp — COOTBETCTBYET 3HAUEHHUIO BBIXOJA PETyJIUpPYIOIIETo
YCTPOMCTBA U BAHSET Ha 0OBEKT PEryIUpPOBaHHS.

Jlanee paccCMOTpPHM JBE TPYIIIBI PETYIIATOPOB: JIMHEHHBIE (HETPEPHIBHBIC) U UMITYJIbC-
HbIE (AMCKPETHBIC) PETYISITOPEIL.

Jluneitnpie perymnsTophbl 37€Ch OMMCAHBI OYCHb KpaTko. [IpakTuuecku mo0yr0 cXemy
MOXHO paccMaTpuBaTh KakK pEryJissTop TOro Wivd UHOro poja. Hanmpumep, onepalioOHHbINA
YCUJIMTEINb C OOpPaTHOM CBSI3BIO TAKXKE MPEACTABISET COOOM PUMED pETyIsATOpA.

Bonee mHTEpEeCHBI UMITYJIBCHBIE PETYIATOPHI, T. K. BCE MHUKPOIPOLIECCOPHBIE CHUCTEMBI
ynpasneHus (paboTaroliye JUCKPETHO BO BPEMEHH) IPUHAAJIEKAT K 9TOMY KIIaccy.

11.1.1. HenpepbIBHbIe FIUHENHbIE PErynAaTopbI

CymiecTByeT TpH THIA HEMPEPBIBHBIX JHHEWHBIX perynsTopoB (puc. 11.2): mpomopimo-
HaNBHBIN perynsitop (P-perynsitop), unrerpansubiii perymsrtop (I-perymnstop) u mudde-
peHIMansHbIN perynstop (D-perymstop).

P-perymnsitop cootBeTcTBYeT yeunuremo (puc. 11.2, a), KOTOpblil yBelTHUnBaeT paccoria-
COBaHHE MPOMOPLUHOHAIBEHO M BO3ACHCTBYET HA PEryIUPYyEeMbIi OOBEKT. Y CUIUTENb MO-
XKeT OBbITh TaKKe WHBEPTUPYIOUIMM. Y TaKUX PETYISTOPOB BCEraa CyIIECTBYET HOCTOSH-
HOE PaccoriacOBaHUE, KOTOPOE OMIPEEIIETCS yCUICHUEM.
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8

Puc. 11.2. MpuHUMnuanbHble CXembl PeErynsTopos:
a — P-perynsatop; 6 — I-perynsatop; 8 — D-perynsitop

I-perynsitop "cymmupyetr” paccoriacoBanue (puc. 11.2, 6), BcieacTBHE Yero MpH HEU3-
MEHHOM paccorjiacOBaHUU BO3JCHCTBUE Ha PeryIHpyeMblii 0ObeKT yBennunBaeTcs. [lo-
TOOHBIN PETYIATOP MO3BOJSET JOCTHYh HYJIEBOTO PACCOTNIACOBAHUS, MOCKOIBKY MHpPHU
9TOM CHUTHAJ Ha BBIXO/E HE U3MEHSIETCS.

D-perynsatop BblAeseT U3MEHEHNE perynupyemMoit Benuuunsl (puc. 11.2, 6). OH ocobeH-
HO OBICTpO pearupyeT Ha momexu. Tak kak D-perymsarop He pearupyeTr Ha CTaTHYECKHE
COCTOSIHUSI, TO €T0 BCerjia KOMOMHUPYIOT C PETYISTOPAMHU IPYTUX THIIOB.

B uncToM Brzie paccMOTpEHHBIE PETyISTOPBI BCTpeyatoTest peako. Ha npaktuke OoibIImH-
CTBO KOMOHMHAIINIA COCTOMT n3 BapuantoB PD-, Pl- umu PID-peryssitopos (puc. 11.3).

a

Puc. 11.3. MNprHuMnunanbHble cXeMbl KOMOGUHMPOBAHHBIX PErynNATOPOB:
a — PD-perynsitop; 6 — Pl-perynsatop

HenpepbiBHbIC THHEHHBIE PETYISTOPHI MOXHO (OPMHUPOBATH TOIBKO KaK aHAJOTOBBIC
cxeMmbl. [ToaTomMy 3/1ech BO3HHKAET MpoOiieMa yCTOMUYNBOCTH KOHTYPOB PeryIupOBaHUs.
HecTaOumbHOCTh MOXKET TOSIBUTHCS, MIPEXKIE BCETO, NMPH OOJILIIMX OMEXaX MM PE3KUX
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M3MEHEHUIX 3aJaHHOro 3HadeHud. 1l1oxas BpeMeHHas XapaKTepHUCTHKA PEryIHpyeMOoro
00BEKTa TaK)KE€ MOKET MPUBECTH K BO30YKICHUIO CHCTEMBI.

[Ipobnema ycTOMYMBOCTH MpHUCYLIa M JUCKPETHBIM PETYJSATOpaM, HO 3/eCh €CTh BO3-
MOKHOCTh aHaJIM3a 3HAYEHUH BXOJHBIX BEJIMYMH U OTPAaHUYEHHUE peakiuid Oiaronaps
BBIYHCIUTENBHON TEXHUKE.

11.1.2. IucKkpeTHble perynsaTopbl

K auckpeTHbIM perynsiTopaM OTHOCSITCA T€, KOTOpble 00padaThiBalOT (DYHKLIHIO peryiu-
pOBaHUs 3a TUCKpETHOE BpeMs (HampUMep, Ha OCHOBE Ipoleccopa) M KOTOPhIE MOTYT
pearupoBaTth Ha JUCKPETHBIE 3HAYEHHUs PacCOrIacoOBaHUsI.

CaMbIif TpOCTON TIPUMEP TAKOTO YCTPOWCTBA (TaK HA3hIBAEMOTO BYXIMO3UIIMOHHOTO pe-
TYJIATOpa) — 3TO PETyIUPOBAHUE TEMIIEPATYphl B DJEKTPUYECKOM BOJOHArpeBaTerie.
Perynarop umeer nBa COCTOSHUS: OTPULATEIBHOIO (CIUIIKOM XOJIOAHO) WM TOJIOKU-
TEJILHOTO PACCOTIacOBaHUS (CIMIIKOM TEIMJIO) W, B 3aBUCHUMOCTH OT 3TOTO, BKJIIOYACT
(oTkITIOUYaeT) Harpes.

Ecnu HeoO0X0AuM HarpeB ¢ pa3HbIMHU CTYIEHSIMH MOIIHOCTH, TO IPUMEHSIIOT MHOTOIIO3H-
UOHHBIN peryysaTop. C ero MoMOUIBIO TEIUIONPOU3BOIUTEIEHOCTD (MOIIHOCTh HarpeBa-
TEJIs)) MEHSETCS C YUYETOM MMEIONICHCS Pa3HUIIBI 3aJaHHOTO U UCTHHHOTO 3HAYCHUI, Ha-
npumep 1o yetbipeM crynersm (0, 500, 1000 u 2000 BT). 3a cuet 3Toro MoKHO ObICTpEe
JOCTHYb IIEJTH U TOYHEE MOAACPKUBATH HY)KHYIO TEMIEPATYPY.

Hucno cTyneHed MOXKHO 3HAUUTENbHO yBenuuuTh ¢ nomouipro AIIL u HAIL B stom
cllydae TOBOPST O KBa3MaHAJIOTOBOM PETyJIUPOBAHUH, CBOHCTBAa KOTOPOTO OJIM3KH K YHC-
TO aHAJIOTOBOMY, HECMOTPS Ha pearupoBaHHE TOJIbKO B AWCKPETHBIE MOMEHTHI BPEMEHH.
OnHako U3-3a TUCKPETHOCTH BPEMEHHOM XapaKTEPUCTHKH Bcerna OyAeT UMEThCsl pacco-
[JIACOBAaHUE, KOTOPOE ONpeAessieTcsl pa3pelieHrneM npeoOpa3oBaTessi U BpeMEHHBIM CO-
OTHOLIEHUEM MEX]ly IIPOLIECCOM U CKOPOCTBIO PEAKILIUU.

11.2. NMpumep cuctemsbl perynmpoBaHus

PaccmoTpum perynstop Ui OTOIUICHHS TOMelIeHus. BBl yBUANTE yke Ha 3TOM IPOCTOM
IpUMepe, YTO JaKe TPH XOPOLIMX XapaKTEPUCTUKAX PEryJHpPOBAHMS MMEIOTCS HEKOTO-
pBI€ TPYTHOCTH MIPU OIIpe/ielieHIH apamMeTpoB. [lomMemenne s HallluX SKCIIEPUMEHTOB
co3zaauM B cumysstope (puc. 11.4).

VYhpoiieHHas MOAENs MOMEIEHHS] — 3TO MHTETPUPYIOLIUI CyMMaTop, B KOTOPOM, Kak
SICHO M3 HAa3BaHUs, TEIUIOBOM IOTOK CYMMHUpPYETCS M MHTerpupyercsa. B npumepax pac-
CMaTpPUBAIOTCS TEIUIOBBIE MIOTOKH OT CTEHBI, U3 OTKPBITON JBEPH, YEPE3 OTKPHITOE OKHO
U OT Harpesareis. BenuurHa NOTOKOB ONPENEIAETCS pa3HULEH TEMIEpaTypsl U TEILIO-
IIPOBOJHOCTBIO. BBIUMCIIEHNE MOTOKOB U peE3yIbTHPYIOLIEH TeMIepaTypbl MO)KHO CPaBHHUTH
¢ 3akoHOM OMa M 3NIeKTPUYECKUMHU BETMYNHAMH.
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[Ipu 3TOM MOMeleHre MOKHO TIPEJCTABUTh KaK KOH/IEHCATOP, TEMIIEpaTypy Kak Hampsi-
JKEHHE, TETUIOBOH MOTOK CPABHUTH C DJIEKTPHUECKUM TOKOM, a CTEHY, OKHO WJIA JBEPb —
¢ pesucropom. [lapamerpsl perynupyemoro o6bekTa mpoie OObsICHUTh YKa3aHHON aHa-
JIOTUEN MEXTy TEPMOJIMHAMUKON U 3JIEKTPUYECTBOM.

Puc. 11.4. lNomelleHne Ana 9KCNEPUMEHTOB C perynmupoBaHnem

[Mapamerp VYcuneuue (dmexTpudeckas MPOBOJUMOCTH) BIHMSET Ha ACWCTBHE Pa3HUIIBI
TEMIIepaTyp MEXIy NOMEILIECHUEM M HapyXHOUM WM BHYTpeHHEU Temmeparypoil. Ilapa-
Metp llocmosnnas eépemeru (€MKOCTh KOHAEHCATOpA) OIpPENeNsieT CKOPOCTh Harpesa
MIOMEIIEHUS NP MIOCTOSIHHOM TeIyIoBOM moToke. [lapameTp 3adepoicka He uMmeeT 3iek-
TPUYIECKOI aHAIOTMU M XapaKTepusyeT BpeMms 3amasapiBanud. Ilpouecc Temnonepenayn
HWHEPLHOHEH, TO3TOMY Cpa3y MOCJe BKJIIOYSHHUS HarpeBaTess TePMOMETp He 3adukcupy-
€T HUKAaKOr0 W3MEHEHUS TEMIIEPaTypHl.

CHayana MBI HCIOJIB3yeM MepBYIO TOuky usMmepeHus (ITM1). OTkpbiTHe OBEpU U OKHa
npezacTaBiseT coooi nomexy. [loMenieHne UMeeT BpEMEHHYIO XapaKTePUCTHUKY, T. €. €ro
HYXHO 000TpeBaTh JOBOJBHO JIONTO J0 TEX MOP, [MOKa HE MPOU30MIET TOBBIIICHUE TEM-
nepaTypel, a OTOMUTENbHBIH MPUOOP MOCIHE BBIKIIOYEHHUS €IIe OTAAaeT CBOE OCTaTOYHOE
Teruto. JleficTByeT Takke 3aKOH €CTeCTBEHHOTO CHIKEHMs TeMIeparyphl. g Hammx
SKCIIEPUMEHTOB 3a]1aJIUM JIETHIOI0O KOMHaTHYIO TemmepaTypy 30 °C.

Ilocne onucaHHBIX MpeaBapUTENbHBIX 3aMeYaHui chopMyaupyeM Teneps MepBylo 3a1a-
4qy. MBI IPOKOMMEHTHPYEM €€ HECKOJIBKO 0ojiee MOAPOOHO, T. K. MOTY4YEeHHAasi IporpaM-
Ma HOCITYXUT JUIsSl BCEX MOCIEAYIOIUX UCCIETOBAHHUM.

3agaHue 11.1

Brurounte Harpearenu paszHoit momuocTH (0, 500 u 1000 Bt) 1 HaGmronalite n3meHe-
HHE TEMIIEPaTyphl B IOMEUICHUU.
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PekomMeHAauMm no BbINOJIHEHUIO 3aAaHNsA

B mMozenupyemoli mporpamMMe Hy>KHO BBIOpaTh MPOLECCOP U PETYIHPYEMBIH 00BEKT, KO-
TOPBIHA KOHQUTYPUPYETCS, KaK YKa3aHO HHXKeE:

Tepmomertp 1 Port A
Harpes Port C
HapyxHas TemnepaTtypa 10
BHyTpeHHss Temmeparypa (HauaabHOE 3HAYCHHUE) 25
TepmoMeTp 1, TOCTOSTHHASI BpEMEHH 1 000
Ycunenue, 1Beph 100
VYcunenune, OKHO 100
VYcunenne, cTeHa 30

[lar n3meneHus: MOIHOCTH HarpeBaTelnsi paBeH 10 BT. MokHO 3a1aTh Takke 3HaYCHUS
0, 50 u 100 Br. JlonoaHUTETHHO MOYKHO MaHUITYJIMPOBATh OKHOM M ABEPBIO, 37I€Ch TaK-
K€ WHTEPECHO MOMYYHUTh TeMIepaTypHbIC 3aBUCMOCTH.

AHanu3 pe3yJibTaTOB

HOCTpOfITe TEMIICPATYPHLBIC 3aBUCUMOCTU U O0OBSICHUTE MX XapaKkTep.

11.2.1. IByXNO3ULMOHHbIN PErynaTop

ITocne uccnenoBaHus XapaKTepUCTHK HAIIETO PEryIupyeMoro o0bekTa TpedyeTcs cTa-
OMIM3MPOBATh KOMHATHYIO TEMIIEPAaTypy MHpPH TMOMOIIM MPOCTOTO JIBYXIO3UIIMOHHOTO
peryisTopa.

3agaHue 11.2

3agaiite TemnepaTypy B nomerienun paBHoi 25 °C. Ilonnep:xuBaiite 3Ty TeMieparypy,
BKJIIOYAs ¥ OTKJIIOYasi Harpesaresib. [IpoBeanTe HECKOIBKO CEpUil ONBITOB C Harpesare-
sssmu moraocTeio 1000 1 2000 Br.

PekoMeHAaauunm no BbLINONTHEHUIO 3aAaHNsA
Hcnonp3yiiTe yCTaHOBKHU PEryIMpyeMoro oobekTa u3 3amanus 11.1.

Ha KaXZIOM HIare nmporpaMmbl MOJCIUPOBAHUA TPOUCXOAUT aHAIN3 JAHHBIX TCMIICPATy-
PbI U BbLAACTCA PCHICHUC, BBIKJIHOYNUTH 060rpeBaTem> WK HET. 3,[[60]: TaKXKXC MOXHO IO0-
MOJHUTCIIBHO 3KCIICPUMCHTUPOBATE C OKHOM U JIBCPBIO.

Anaau3 pe3yabTaToB
Ounenure XapPaKTCPUCTUKY PETYJIUPOBAHUA U TPUTOJHOCTL 3TOr0 METOAA.

Bb1 yOenunuce, 9To Npu ABYXIIO3UIIMOHHOM PETYIUPOBAHUU MPOUCXOANT 3HAYUTEILHOE
KoJieOaHue KOMHATHOW TemIieparypbl. [IpuurHa KpoeTcs B TEIUIOBOW WHEPTHOCTH IIO-
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memeHns. HeobxonuMo 103MpoBaTh TEIIONPOW3BOANTEILHOCTE O0jiee TouHO. Ilompo-
OyeM 3To cleiaTh C ITOMOIIBI0 MHOTOIIO3UITMOHHOTO PETyJIIsTOpA.

11.2.2. MHOrono3nLUMOHHLIU perynarop

MHOTONO3UITUOHHBIN PETYISTOP OTIIMYAETCS MHOTOCTYIICHYATHIM 3aJ]aHuEM peryupye-
MOW BEJIMYHMHBI M PETYIMPYEMOTo mapaMeTpa. i Hallero SKCIepuMeHTaIbHOTO TToMe-
IieHUs1 BBIOepeM HarpeBartenb ¢ S00-BaTTHBIME CTYICHSIMHU. Perucrpamus TeMreparypsl
npoucxoaut depe3 5 °C.

3apaHue 11.3

Hactpolite komHaTHyt0 Temneparypy Ha 25 °C. s 5TOr0 MOXHO MEHSATH MOIIHOCTb
Harpesatesnd ctyneHsamu no 320 Bt (ot 0 go 2500 Br).

PekomeHaauum no BbINOSTHEHUIO 3a4aHUA

B kaxznoMm mukie mporpaMMbl OPOMCXOAWT aHAIN3 JAHHBIX TEMIEpPATypbl U BBIIAETCS
peleHne, ¢ Kakoil MOITHOCTHIO IPOAOIIKATh PaboTy.

AHau3 pe3yJIbTaTOB

OueHunTe XapakTepPUCTUKY PETryINPOBaHUs U IPUIOAHOCT JaHHOTO MeToza. B aToM mpoctom
BapHaHTEe MOIHOCTh HarpeBaTessi MOJKHO 3a/1aBaTh UCXOAS U3 PA3HULIBI TEMIIEPATYP.

3apaHue 11.4

[ToBTopuTe cepuro onbIToB co cryneHpio 80 Br. Kakue paznuuusa nomyyarores no cpaBHe-
HUIO ¢ 3a1anuem 11.37

PekomeHaauum no BbINOSTHEHUIO 3a4aHUA

31ech HeNb3sl ONPEAEIATh MOLIHOCTh HarpeBaTells 10 pa3HHULE TEMIEepPaTyp, IOCKOIbKY
MOJTY4ar0TCsl CIMIIKOM MaJleHbKHe 3HaueHus. [y pacuera Tpedyercs, Mo MeHbIIe Me-
pe, MOJIHAasE MOLIHOCTb.

11.2.3. HenpepbiBHOE perynupoBaHue

st nanpHenIero noBbILeHNs] CTaAOMIFHOCTH KOMHATHOH TeMIIEpaTyphl Mbl XOTUM HCIIBI-
TaTh PETYIMpPOBAaHHUE 110 MPUHLMITY HENIPEPbIBHOIO yrnpasieHus. [Ipyu 3ToM MoIIHOCTE Ha-
rpeBatens IJIaBHO MOBBILIACTCS WM IMOHMWKACTCS B 3aBUCHMOCTH OT Temneparypbl. Hau-
MEHBIIIasi MOIITHOCTh CTYIIEHH, IMEIOILAsiCs B HAIlleM pacriopsbKeHuH, coctasisier 10 BT.

3apaHue 11.5

Hanwmmmmre nporpamMmy HENpephIBHOTO YIIpaBieHUs HarpeBoM. IIpu aToM KOMHaTHas TeM-
nepaTypa J0JDKHA MoafaepkuBathes paBHoit 25 °C. Kakas MomHocTs Harpesarens TpeOy-
etca ayst aroro? OmnpenenuTe ee TakKe sl OTKPBITON IBEPU U MM OTKPBITOrO OKHa. M3-
MEHHTE [TOCTOSHHYIO BPEMEHH TIOMEIIIEHHS U IOCMOTPHTE Ha Pe3yIbTaT PEryIUpOBaHUsL.
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[Iporecc HENPepHIBHOTO PErYIMPOBAHHUS MEAJIEHHO pearupyer Ha MOMexH (Hampumep,
OTKpBITHE OKHA). UTOOBI yIIyUIINTh PEaKIHi0O Ha MOMEXH, MOIIHOCTh HAarpeBaTessl Me-
HSIOT C YYETOM Pa3HHUIIBI TEMIIEPATYP.

3apgaHuve 11.6

W3MmeHnTe anropuTM peryiMpoBaHUs TakK, YTOObI MOIIHOCTh HArpeBaTENs M3MCHSIIACHh
¢ yueToM paccorjiacoBanus. Kak 3To cka3anoch Ha XapaKTepUCTUKE PETYIUPOBAHUS MIPU
BO3JICHCTBUU MOMEX ?

11.2.4. BnnsaHne BpeMeHHOW XapaKTepUCTUKN
o6beKkTa perynupoBaHus

OpuH u3 cnoco0OB ynydlIeHHS BPEMEHHOH XapaKTepUCTUKHA — BBIOOp APYTod TOUYKU
cbeMa u3MepeHuil. Ecnu pacnonoxuts ee Oimke K HarpeBaTelo, TO BO3pacTeT CKOPOCTb
peakLuu CHUCTEMbl Ha U3MEHEHUs TeMmrepaTypsl. Mccnenyem BIMSHUE 3TOTO MEpOIpHs-
THUs B CIIEAYIOIIEM 3aJaHUH.

3apgaHue 11.7

[Moyuute XapakTEePUCTUKY PEryIUPYEMOro OOBEKTa MPU W3MEHEHHH TOYKH CheMa H3-
MEpCHUN ¥ BPEMEHHOW XapaKTEPUCTHUKH MMOMEIIEHHS. 3a OCHOBY BO3BMHTE MPOTPAMMY
3azanus 11.6.

PekomeHaauun no BbINOMHEHUIO 3a4aHUsA

B kauecTBe BTOpPOU TOUKH CheMa MU3MEPEHHUM yCTAaHOBUTE elle oAuH Tepmomerp. Ha xa-
PaKTEepUCTUKY ITOMEUICHHUS BIUSIOT Yepe3 MOCTOSIHHYIO BpeMeHH. Yem Oomnbiie Oyaer 3To
3HA4YEHHUE, TeM MEAJICHHEE PearupyeT peryaupyeMblii OObEKT.

Hpyrast BO3MOXXHOCTb 3aKJII0YaeTCsl B PErYIMPOBAHUM Harpena, PyHKIHsS KOTOPOTo Mpo-
TUBOJIEHCTBYET MapaMmeTpam mnomenieHusd. Ecnu teMmmeparypa omycTHJIach HUXKE 3aaH-
HOTO 3HAYEHUsI, TO OHA OyAET MPOJOJKATh CHIDKATHCA €Ile HEKOTOPOE BpEMsl, AaXKe €CIH
HarpeB yke BKJIIOYeH. [Ipu mpeBbllIeHNH 33aHHOW TeMIepaTypbl HarpeB OyIeT MHpo-
JOJDKAThCA €Ie HEKOTOPOE BpeMs MOCHE OTKJIIOYEHUS HAarpeBaTels, TaK YTO MOIYYHTCS
OTKJIOHEHHE OT YCTaHOBJIEHHOTo 3HadeHus. Eciu mpu BKIIOYEHMH HarpeB HauMHAETCS
cpasy ¢ OOJBIION MOIIHOCTH M YMEHBIIIAETCS OT Iara K Iary, TO XapakTepUCTHKA pery-
nupoBaHus Oyzaet nydiie. [Ipu 3ToM QyHKIMS peryinupoBaHHs YUUTHIBACT MEPBYIO MPO-
H3BOJHYIO.

3agaHue 11.8

HcnpoOyliTe perynupoBaHue CO CHIDKAIOMIEHCS CTYNEHYaTOH MOIIHOCTBIO HarpeBaTesl.
[IpoBenuTe 3KcIEepUMEHT MO onTHMU3aUuu ainropurMa. Ha puc. 11.5 nokasan mpubiu-
3UTEIBHBIA XapakTep mnpouecca. Mcmonp3ylTe B KauecTBE OCHOBBI Iporpammy 3a-
naaug 11.6.
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Puc. 11.5. i3ameHeHne TemnepaTypbl Npy CTyNeHYaToM perynupoBaHni MOLLHOCTM HarpeBaTensi

B mocneanem sKkcnepuMEHTe MPOTECTHPYEM HHTErpaibHbIN perynsarop. Ilpu stom pas-
HOCTh TEMIIEpaTyp 3aJaHHOTO W MCTHHHOTO 3HAYEHUS CKJIaIbIBaeTCs (C y4eTOM 3HaKa)
C MOILHOCTBIO HarpeBaTesl.

3agaHue 11.9

Hccnenyiite HarpeB ¢ MHTErPATbHBIM PETYIIMPOBAHUEM MOITHOCTH. ONTUMHU3UPYITE aIrOpUTM
U151 pa3HbIx cBorcTB nometeHust. ([Iporpamma 3amanust 11.6 yxxe peamisyer 9Ty GpyHKIHIO. )

PekomeHaauum no BbINOSTHEHUIO 3a4aHUA

TpyaHocTb, KOTOpasi BCTpeyaeTcs 3/1eCh, 3aKI04YaeTcs B TOM, YTO MOMEUICHHE TaKkKe
o0JamaeT MHTErpaIbHON XapaKTEPUCTUKOM.

B pesynbrate Temneparypa Oyner KoneOaTbes M3-3a IOMEX M MPUOIMKaThes K TpeOyeMoit
BEJIMYMHE TOJIBKO TIOCJIe HECKOJNBKUX TPEBBINICHUI 1 TIOHWKeHu. [Ipu HebiaromnpustHoM
3a/IaHAM TTApaMEeTPOB MOTYT BO3HUKHYThH NIOCTOSTHHBIE KOJIEOAHHUS OKOJIO 3aIlaHHOM TeMIepa-
TYpBL. Y CTPaHUTh YKa3aHHBIN HEJOCTATOK CIIOCOOSH IOTIONHHUTENBHBIN D-perymsrop.

BbI I03HAKOMUIIMCH € HEKOTOPBHIMH alTOpUTMaMu perynupoBanus. O0xacTs mpakTHye-
CKOT'0 IPUMEHEHHSI PErysaTopoB (0COOEHHO HH(POBHIX) CYIISCTBEHHO OOIIMPHEE U BbI-
XOJUT 3a paMKu Hamieit KHUrd. [lpu jxemaHuy BbI MOXKETE€ CaMOCTOATEIHHO MOIKCIIEPH-
MEHTHPOBaTh C PACCMOTPEHHON MTPOrpaMMONH-CUMYIISITOPOM.
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11.3. PekomeHpauum no BbINOJNIHEHUIO 3a4aHNA
K rnaBe

I[J'ISI OKCICPUMCHTOB C PCryJIMpOBAaHUCM OTCYTCTBYIOT TOUHBLIC PCHICHUSA, TaK YTO 3ACCh
MOKHO JaThb TOJIbKO O6H_[I/Ie YKa3aHus.

He wucmons3yiiTe mis dKCIepuMEHTOB (TI0 MEHBIEH Mepe, IMoHadaly) OTpHUIlaTeIbHBIC
temneparypsl. CUMyIIATOp MOXKET 00padaThIBaTh UX, OJHAKO BHIBOJUT B JIOTIOJHUTENb-
HOM JIBOMYHOM Kone. Bam mpuaercss MOAM(pHUIMPOBATH MPOTPAMMBI C YYETOM TaKOTO
MIpeICTaBICHAS YHCET.

HeKOTOpLIe IMPUMCPLI IMMPOrpaMMm €CTh Ha MpUjIara€MoM KOMIIaKT-JAUCKEC. I[J'ISI PEryiiaTo-
PoOB C HpOC‘II/ITaHHOﬁ BpeMeHHOfI XapaKTepHCTHKOﬁ npeajrara€Tcsa Jo0CTaTO4YHO BO3MOXK-
HOCTEH JUI OIITUMU3alliu.

IlyTem yka3zaHus CBOWCTB MOYKHO BIMSTH HAa MOMELIEHUE B HIMPOKOM Auana3zoHe. Pa3zy-
MeeTcs, IPU SKCIEPUMEHTUPOBAHNN MOXKET CIIYUHMTHCS TakK, 4TO JKelaeMasl TeMIepaTypa
[IPY UMEIOLICHCS B PACHOPsDKEHHH MOIIHOCTH HarpeBaTelisi OKaXKeTCs HEeIOCTHXKUMON
WM, HA000POT, KOMHATA IPEBPATUTCS B CayHY.

Hapy>KHa;1 TEMIIEpaTypa BCCraa AOJIKHA OBLITH HIDKE 3aJaHHOM TEMIICPATYpPhI, T. K. OXJIaXK-
ACHUC B CUMYJIATOPE HC MPCAYCMOTPCHO. Ecmu HapyXHag TEMIICpaTypa OKaXXCTCA BBIIIC
BHYTPCHHCﬁ, TO TEMIIEpaTypa B MOMCHICHUN IOBBICUTCA 10 HapyncHoﬁ (33 CUCT TCIIlIa OT
CTGHI)I) 0€e3 BCAKOro JONOJTHUTCIIBHOTO HArpeBa U pCTyIMPOBAHNUC CTAHCT HCBO3MOKHBIM.
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OTobOpaxeHue pe3ynbLTaToB
U3MepeHuns Ha gucnnee

B mporuecce pemeHust H3MEPUTEIBHBIX 33]a4 MOKHO BBIBOJUTH MOJyYCHHBIE JaHHbBIC Ha
UMEOIIUiicS B HanW4Yuu AucIuied. [Ipu ceropHsIiHeM YpoBHE pa3BUTHSA TEXHUKH 3TO
MOKET OBITh HE 0053aTeTbHO MOHUTOP MEPCOHATBHOTO KOMIIBIOTEPA, T. K. COBPEMEHHBIE
KUJIKOKPUCTAIUIMYECKUE U CBETOJUOJHBIC TUCIIJICH HE YCTYMAlOT €My B BO3MOXKHOCTSIX
oToOpaskeHUs U mpeacraBieHus uHpopMaruu. Ho 310 Bieder 3a coboil He TOIBKO Ipe-
HMMYIIIECTBa, HO U HEKOTOPBIN puck. Jlanee OyAyT paccMOTpEeHBI BO3MOKHOCTH BBIBOJA
WHPOPMALIMH HA TUCTLICH.

12.1. HeckonbKO OCHOBHbIX naeu

Camas mpocTtas ¢opma BeiBoAa HH(pOpMaMK Ha AUCIUIEH — LHUPPOBOE MPENCTABICHNE
pe3ynbraTtoB. Ho mosip3oBaTens Xyske BOCHPHUHHUMAET HU(POBOM BBIBOA HHGpOpMAaLuUH,
yeM rpaduk. ['74s1 Ha KOJOHKU Pe3yIbTaTOB U3MEPEHUI, MOXKHO TOJIBKO MPH OOJIBIIOM
OTBITE ¥ BHUMAHHM JOCTOBEPHO YCTAaHOBHThH B3aMMO3aBUCHUMOCTU M YCPEIHEHHBIC 3Ha-
yeHus. Ho nogoOnas 3amada 4acTo BCTpevyaeTcsl B U3SMEPUTENbHOM TexHuke. [Ipenmyie-
CTBO YHMCJIOBOTO IPEACTABICHUS AAHHBIX COCTOUT B TOM, YTO PE3yJIbTAaT MOXHO OTOOpa-
3UTh ¢ TpeOyeMOil TOUHOCTBIO.

[Ipencrasienue pe3yabTaToB M3MEPEHUS B BHIE (YHKIUHA, AMarpaMM WM BU3YaJbHBIX
HWHAMKAaTOPOB aHAJIOTOBBIX M3MEPUTEIbHBIX IPUOOPOB CYIIECTBEHHO MOBBIILIACT HATIISAI-
HOCTh OTOOpa’kaeMbIX JaHHBIX Jisi HaOMoAaTens. MoXKHO cpa3y OLIEHHTh YCpEeAHEHHOE
3HAYEHUE U COCTABUTH MPOMOPLUH, IPHUEM TOUYHASI BEJIMYMHA Yallle BCErO IMOHAYATy HE
HyxHa. [IpobGneMa npu rpauyueckoM BBIBOJE AAHHBIX — OTPAHUYEHHOE pa3pelleHHe
MaJeHbKUX aucIuieeB. Ecmm TpeOyercss 0TOOpa3uTh HECKOIBKO TpaduKOB (WM IITKA
npruOOPOB), TO pabOUHid AUATIA30H TTHKCEJIOB ISl KaXJ0T0 Ipudopa Oy/ieT OUYeHb MaJbIM.
Hucnneit B 100 uimu 200 351eMeHTOB — 3T0 NOYTH yxke npenen. [Ipu TakoM paszpereHnn
HET YBEPEHHOCTH, YTO BBl CMOXKETE BOCIIPOU3BOIUTH H3MEPEHHUS C TOUHOCTBIO JI0 OJTHOTO
mukcena (0,3 Mm).

He caenyer taxxe 3a0bIBaTh, YTO NP BHIBOAE MH(YOPMAIMH LBET SBIISETCS IMpEeUMYyILe-
cTBOM. L[BeTOM MOJKHO BBIJENATH COCTOSIHMSI WJIM TOACBEYMBATH Ba)KHbIE 3HAUCHUS.
B n1r060M cityuae nBeToBoe oopmiieHne OyaeT OUeHb MOJIE3HBIM.
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IIpu BRIBOMIE MHGOPMAIIMK HA YKpaH CHOBAa W CHOBa OpocaeTcs B TJia3a OAHa mpobiema:
MePErpyKEHHOCTh COJIepKaHus N300paxkeHus. [IporpaMMbl, OpUEHTHPOBAHHEBIC HA OKHA,
MOTYT OBITh BBITOJIHBI, HO €CJIH DKpPaH HANIOMUHAET 3aXJIAMJICHHBIH MUCHbMEHHBIH CTOJI,
TO HHPOPMAITMOHHAS [ICHHOCTh TPE/ICTABICHHBIX PE3YJIbTATOB H3MEPCHUS TEePsIeTCSI.

HpI/IBeI[eM HCCKOJIBKO ITOJIC3HBIX COBETOB I10 O(l)OpMJ'IGHI/IIOI

O He gmenaiite oToOpakeHue mHpopmauun (Iudp uiax rpaduKoB) CIUIIKOM METKUM.
Benp pesynbraT HyKHO OBICTPO OLICHHTH M JOCTOBEPHO MOHATH. [Ipn 3TOM HEeoOXo-
IUMO oOpamaTh BHUMAaHUE HA YUCIO MHUKCEJIOB U AuaroHanb auciuies. COBEpIICHHO
OUYEBUIHO, 9TO Ha 19-m0WMOBOM MOHHTOpPE MOXXKHO OTOOpa3uTh Oonbine nHpopMa-
UM, 4YeM Ha 3-II0MOBOM JTHUCIIIICe U3MEPUTEIHLHOTO MPHOOopa.

O I[lpexacraBnsiiTe MOMyYEHHBIC 3HAYCHUS COAEpXKATEIbHO. OrpaHUYbTECh NMPU ITOM
TOJBKO CaMBIMM HEOOXOIHMBIMH. J[OMONHUTENBHBIC CBEACHUS, 110 BO3MOXKHOCTH,
TydIie MepeHOCUTh Ha APYTYI0 IKPaHHYIO CTpaHUIly. MOXKHO peann3oBaTh BHI30B HO-
BOH CTpaHUIIBI (MITH TTIOACKA3KH) C TIOMOIBI0 (PYHKITMOHATHHON KIABUIIN MIIM KHOTIKA
MBIIIIH.

O HopwmupyiiTe BEIBOAMMBIE BEITUYHWHBI TaK, YTOOBI MOJIYYaHCh pallMOHAJIbHBIE BU3Y-
QJIbHBIE TIPOTIOPLIHH.

O HWcnons3yiiTe mBET A MOBBIMICHHUS WHGopMaTHBHOCTH. Ho He meperpyxkaiite m30-
OpakeHHEe MHOTOYHMCIICHHBIMH IIBETHBIMH JACTalsIMHU. L[BETOM JOIKHBI BBIACTSATHCS
Bceraa (Win BpeMs OT BpEMEHH) TOJIbKO HanOoJiee BaXKHbIC 3HAUEHUS UJIM COCTOSHUSL.

12.2. AncpaButHO-LUppoBOE NpeacTaBrieHne

[Ipu ucnons30BaHNN OYEHb MAICHBKUX IUCIUICEB YaCTO OTPAHUYMBAIOTCSA BBIBOIOM YH-
cell U TeKCTOB. J[JIst 3TOro co3naHbl CTaHAapTHEIE PopMaThl (HarpuMep, BHIBOA B 2 CTPO-
Ki 0 16 CHMBOJIOB), KOTOPBIX Tak)Ke JOCTATOYHO JUISA MPOCTHIX yCTpoHCTB. OmHAKO
Ipe/ICTaBIeHHEe 00JIee CIIOKHBIX JTaHHBIX HEBO3MOXKHO.

Ha puc. 12.1 nmokazan xunkokpuctamuueckuit aucrien (DOGM-Moaynb Mo JaHHBIM
[12.1]), xoTopHIil obecrieurBaeT oToOpakeHrne B pa3nuaHoM (popmare. Kpome andasur-
HO-IIU(POBBIX K ATOMY CEMEHCTBY OTHOCSTCA TaKke rpaduieckue nucruier. Habop cum-
BOJIOB OXBAaThIBACT HEMELIKHH an(aBUT, a TAKXKE PsIIl CIICLMATIBHBIX CUMBOJIOB U OCOOBIX
3HAKOB M3 JPYTHUX s3BIKOB. [locnenHue BoceMb CUMBOJIOB B HA0OPE MOJIB30BATENb MOXKET
3aJaBaTh caM, TaK YTO B OTPaHUYEHHBIX MpeaesiaXx MOTyT IPUMEHATHCS TaKKe COOCTBEH-
HBIE CUMBOJIBI.

Puc. 12.1. Mpumep XnaKoKpUCTanIm4yeckoro gucnnes
nepeHocHoro npmbopa
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12.3. 'pachnyeckoe npeacraBneHue

I'padmyeckuii BBIBOJ pe3yJbTaTOB M3MEPEHHS XOTS M BO3MOXKEH, HO TpeOyeT 3Ha4H-
TEJBHBIX MMPOTPAMMHBIX PECYPCOB. B OONBIIMHCTBE S3BIKOB MPOTPAMMHUPOBAHUS TTpETa-
raroTcs T€ WM WHBIE 0a30BbIe AIEMEHTHI IJs Tpad)uecKoro BhIBOJA JAHHBIX UCXOIS U3
MOIIIHOCTH $I3BIKA.

Ha rpaduyeckux nucmiesx MOXHO O4eHb ObICTPO BBIBOAUTH (hyHKUUH. [Iporpammupo-
BaHHUE Ha sI3bIKE acceMOJiepa KOOpAMHATHON rpad)MKy HE HACTONBKO CJIOXKHO, KaK 4acTo
JyMaroT, ¥ CKOPOCTh BBIBOJIA 3/1€Ch OUEHb BBICOKA.

Ha priEKE MMeeTcs MHOXKECTBO pa3HOOOpasHBIX rpaduueckux auciuieeB. CyIiecTBYIOT
TaKXKe AWUCIUIEH C CEHCOPHBIM 3KPaHOM, KOTOpbIe OOpa3ylOT €AWHBIH MOIYJb BBOJA-
BbIBoza. IlporpaMmHoe oGecrieueHue apaiiBepa B AUCIUIESX PEATU3yeT KOMMYHHKALIUIO
y’ke Ha OoJiee BEICOKOM YPOBHE, YEM IEPEKIIOUCHNE JTMHUU WU IHUKcena. TeKCTh nepe-
JAI0TCA ¢ YKa3aHHEM KOOPAMHAT PacHoiokeHus. MHTepnpeTanys KHOIOK MIPEACTaBISIET
co00¥ CIOXHBIH HAOOp MAaHHBIX, COAEPIKAIIUN pa3Mepbl, MO3UINI0, BHEITHUHA BUA U
BHYTPEHHHI TEKCT. YTIpaBIeHHE OCYIIECTBIIETCS Yepe3 MOCIeI0BaTeNFHBIN HHTEP(ETiC.

Ha puc. 12.2 B xauecTBe npumepa nokazan auciuieit KIT240-7 pazmepom 240x128 nuk-
cenoB [12.2]. YToObl mpOMIIIIOCTPUPOBATH CMOCO0 MPOrpaMMHPOBAHHS, HA KOMIIAKT-
JICKe, TIPUIIOKEHHOM K KHHT'€, 3allicaH KOPOTKUH (parMeHT nporpaMmel.

Wznepsxku npu rpaduueckoM IporpaMMHPOBAHUU OCOOEHHO 3aMETHBI, €CIIM CHavaja pas-
palaThIBalOT HECKOIBKO U3MEPUTEIBHBIX alllapaTHBIX CPEACTB, a 3aTEM XOTAT 0TOOPa3UTh
MOCTYMAIOIIYI0 OT HUX MH(OpMauuio Ha obmeM auciuiee. IIpuMeHeHHbIH 30ech qucIuiei
MOJKET BHIBOAWUTH OKOJIO 16 cTpok mo 32 cuMBOIa B KaXkI0i. MOXKHO CBOOOIHO TTO3UITHO-
HUPOBATh 3TOT TeKCT. MIHTEepdetic BKkrouaeT B cesi CEHCOPHBIH AKpaH u3 6 cTpok 1o 10 kHo-
nok. Ecnu moBTopsironpecs: KOMIIOHEHTHI, HApUMEp LU(poBast KIaBHATypa, O3ULHMOHHU-
PYIOTCS BCerga Ha OJHOM M TOM € MECTE, MOXHO JOCTHYb KOMIIAKTHOW CTPYKTYpBI
nporpamMMbl. OZHAKO KOMMYHHUKAIUIO ¢ KOHTPOJUIEPOM TOXE HeJb3sl HenooueHuBarb. O0-
asi CHCTeMa, W3 KOTOPO# IpUBeNIeH TIOKa3aHHBIN (hparMeHT, BeiAaeT Oonee 14 nzobpaxe-
HUI MEHIO 1 3aHIMaeT J00peie 66 Koaiit Ha MukpokoHTpoiuiepe ATmegal28.

Puc. 12.2. BHELIHWI BN CEHCOPHOTO XUAKOKPUCTANIMYECKOro Aucnnes
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MHaoukauusa cocTosiHUSA
U pe3ynbTaToB U3MepeHuns

Yacto npu NMpUMCHCHUU MHUKPOKOHTPOJUICPOB B H3MepHTeJ’ILHOI71 TCXHHUKE AJI BBIBOJA
I/IH(bOpMaIII/II/I B pacClops’KE€HUH HET BOO6H1€ HUKaKoro aucmies. MHoraa ucmnoab30BaHue
AUCIIIeA, UCXO0AA U3 3aTpar, Heuenecoo6pa3Ho. B HOI[O6HI)IX ciIydadx i1 MHAWKAIUA
pe3yiibTaTa USMCPCHUA HCO6XOILI/IMI)I JOIMNOJHUTCIILHBIC allllapaTHBIC CPEACTBA.

CeroznHsi BO3MOXKHOCTH Pa3HOOOPa3HBI M MPOCTUPAIOTCS OT CBETOAMOAA A0 CIIOXKHOI'O
TICTIIIES. C pacTpOBOU rpadukoil. 3aTpaTsl Toke pa3znndHbl. Hy)KHO 3a00THTHCS HE TONH-
KO 0 ¢opMe BhIBOAA WHGOPMAIHH, HO M O CITOCOO€ TOIKITIOYCHHS K TPOIIeccopy. 3/1ech
MHOI'O BAapHAaHTOB ONTHMHU3ALMH PECYPCOB MEXIY allapaTHbIMU CPEACTBAMHU U IPO-
IrpaMMHBIM 00€CIeYeHHEM, T. K. alllapaTHO-pealn3yeMble (YHKIUU MOTYT IEPEHOCHUTh-
Cs1 COOTBETCTBYIOILEH yNPABISIOLIEH IPOrpaMMoOil B IPOLECCOP.

B 370i1 r1aBe OyZeT pacCMOTPEHO HECKOJBKO MPUMEPOB YIPABIEHUS BBIBOJUMBIMU JaH-
HBIMM.

13.1. BbiBog uHhopmMmaummn
npv noMoLwm cBeToanoaoB

HpI/IMCHeHI/Ie CBCTOAMOO0B Ha HepBbIﬁ B3IV KaXXCTCA TPUBUAJIBHBIM, OJHAKO OHU CIIO-
COOHBI Ha Oolbliee, YeM TOJIBKO BKJIFOUAThCS M BBIKIIOUaThCS. biaaromapst pasHooOpas-
HBIM KOHCTPYKIHSM C MOMOIIBIO CBETOIMUOJOB MOYXHO peain30BaTh OYCHb MHTEPECHBIE
(hopMBbI 0OTOOpaKEeHUS], KOTOPBIE MBI Jajie€ PACCMOTPUM.

13.1.1. PaboTta c otaenbHbIMU cBeTOAMOAAMMU

OOBIYHBIMU CBETOIMOIAMH JIETKO YIPaBisaTh. CTaHIapTHBIE CBETOMOABI SKCILTYaTUPYIOT-
csl ¢ Tokamu okoJio 10 MA. SIpKOCTh CHIIBHO 3aBHCHUT OT TOKA, IPOTEKAIOIIETO Yepe3 MpH-
0op. CBeTOMOA MOXKHO TOJIKIIOYUTh K OOBIYHOMY BBIXOJY JIOTMYECKOTO 3neMeHTa. Jlims
sHeprocOeperaronmx cxem wim it padotel ¢ KMOII-cxemamu npemiararorcst caboTod-
HBIE CBETOAMOJIBI, PadOUYHii TOK KOTOPhIX He mpeBbimaeT 1 MA [13.1]. [nsg uaaukanum u
TIOJICBETKH (HAPUMED, KUAKOKPHCTAILTHIECKOTO JUCIUIES) TOCTYITHBI TaKKe KpymHorada-
PUTHBIE U MHUTAOIINE CBETOHOIBI, KOTOPBIE pabOTaIOT ¢ OONBIIMMYU TOKaMH. THTepecHBIX
3 (heKTOB MOKHO TOCTHYB C MHOTOLIBETHBIMH CBeToMoAamu (puc. 13.1, 6).
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Puc. 13.1. YnpasneHue ceeTognogamm

[TapameTps! pe3ucTopa OMpEneNsIFoT UCXOI U3 PA3HOCTH HAIPSDKEHUS MUTAHUASA U TIPs-
MOT'0 HaIpPsDKEHUS U0, a TAKKE C YUYETOM MPOTEKaromero Toka. Jljisi KpacHbBIX CBETO-
JIMOJIOB TPSIMOE HANPsDKEHUE cocTaBisieT okoyo 1,7 B, mans xenteix — 2,2 B, s 3ene-
HbIX — 2,4 B u qyis cuanx — 3 B. [l moouyepeHol KOMMYyTAIlMKA CBETOAMOABI MOKHO
MIPUCOEANHATH TaK)Ke TOCIEIOBATENFHO K MOAKIIOYeHHBIM MHBepTopam. [lpu BKirOUe-
HUU JIBYXIIBETHBIX CBETOAMOJIOB MOXKHO IMOJIYYUThH pasHble I1BeTa. OJHAKO yNpaBIsTh
CMEIIMBAaHUEM IBETA HEIb3I.

B cxeme, mokazaHHOU Ha puc. 13.2, npsiMble HaIPs>KEHUS] Ha CBETOAMOAaX pa3inyHbl. Ecin
BBIXOJ] JIOTMUECKOTO JIeMeHTa 3a0J0KHPOBaH, TO CBETUTCA 3eeHbli cBeTonuon. Ilpu mo-
SIBICHUHM HU3KOT'O JIOTMYECKOTO YPOBHS OyIeT CBETUTHCS KPACHBIM CBETONUOA, HaIlpsiKe-
HUE Ha OOIIEeM aHoJe MOHM3UTCS MPHUOIM3UTENBHO Ha 1,7 B, BcrencTBue 4ero 3eneHblit
cBeTouo 1 noracHeT. I1py enaHuu NCTIONb30BaTh OJJMHAKOBBIE CBETOANOIBI B ITOM CXEMe
HY)KHO BKJIIOYHTH OOBIYHBIA MO IOCIECIOBATENBHO CO CBETOJIMOIOM, BCIICACTBHE YETO
JIOCTUTAETCSl CMEIIEHUE TIPSIMOTO HanpsbKEeHHs MpruoIu3uTenpHo Ha 0,7 B.

IMTpu nomommu MuHU-LIAIT MOXHO BIHSITH TaKKe Ha SIPKOCTh cBeToaAnoa0B (puc. 13.3).
PaspsiqHOCTE OOJice ABYX HE HYXHa, T. K. BU3yaJbHO CIMIIKOM MAaJICHBKHE rpajalluy sip-
KOCTH OyyT Hepa3InIHMBI.

Puc. 13.2. Cxema nepekrnoveHns cBeToamoaoB Puc. 13.3. PerynupoBka sipkocTtu
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[Ipu paboTe CBETOAMOIOB OT IMEPEMEHHOTO HANPSHKCHUST UMEeTCsl MpodlieMa B HE3HAUH-
TEJILHOM O00PaTHOM CMEIICHUH CBETOAHOMOB. [109TOMY HY)XHO OTpaHHYMBATH 00OpaTHOE
cMmerenue 10 1 B ¢ moMoInsio BCTpeyHo BKITIoUeHHOTO auonaa (puc. 13.4). Jlomyctumbie
oOpaTHbIE HANIPSHKEHUST CBETOINOJIOB HAXOJATCS B iMamna3oHe ot 3 1o 5 B.

I[anee MPCACTABJICHBI CIIC TPU XOPOMIO M3BCCTHBIC CXCMBbI BKIIFOYCHHSA CBCTOAHMOIOB.
Onu HUITIOCTPUPYIOT pa60Ty npu 0OJIBIIIOM AWANa3oHe HAIPAKCHUS MUTAHUA W IIPU Ha-
NOPSKCHUU HUXKE IPSAMOTO HAIIPSIKCHUA.

IIpu GonmbIioM Auamna3zoHe HANPSHKCHHS MTATAHUS BKIIIOYCHHE CBETOIMOAA C JOOABOTHBIM
PE3UCTOPOM HEBO3MOJKHO, T. K. TOK Uepe3 CBETOAMOJ CIUIIKOM CHIIBHO MeHseTcs. Jlis
TaKHAX CITy4aeB MOAONUIET HCTOYHHK TOKA.

MaxkcumaabHOe HalpshKeHHE cXeMbl Ha puc. 13.5 ompenenseTcs, mpexae BCero, A0Mmyc-
TUMOH paccemBaeMOi MOIIHOCTBIO TpaH3ucTopa V2. HikHsis TpaHuiia HalpsHKeHUs Ha-
XOAWTCS B AWamna3oHe mpuMepHo oT 3,5 mo 4 B, B 3aBUCHMOCTH OT BBIOPaHHOTO THIIA
CBETOANO/IA.

B cxeme, nzobpaxxenHoit Ha puc. 13.6, 1Ba TpaH3UCTOpa 00pa3ylOT TpHUTTEP, paboTaro-
mui kak tupuctop. KoHneHcatop MenneHHO 3apskaerca. Ecnu HanpsikeHue IpeBBICUT
moTeHnuan 6a3sl V2, To Tpurrep "cpabaTsiBaeT" M KOHACHCATOP pa3psbKaeTcs uepes pe-
3uctop R2 u cBeTommoxn, 9To BiedeT 3a cOO0I KOPOTKYIO CBETOBYIO BCIBIIKY. [loacTpo-
euHblid pezuctop R1 perynupyet Bpems nayssl, R2 — Bpems cBeueHuUs.

Puc. 13.4. PaboTa cBeToanonoB
npu NepemMeHHOM HanpsikeHnm

Puc. 13.5. lNMpumeHeHune ceeToamoaa
npu 6onblUOM Anana3oHe HanpsbkeHus [13.2]
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Puc. 13.6. NHgmkaTop co cnaboTouHbiM nutaHunem [13.2]

Puc. 13.7. Mvranka c nuTaHnem OT HU3KOBOJSIbTHOrO MCTOYHMKA

Ecnm manpspkeHre TUTAHUS HAXOIUTCS HIDKE MPSMOTO HANpPsDKEHHsI CBETOIMONA, TO
TpeOyeTcs yaBoeHue HanpspbkeHus. OHO ocTUTaeTcst B cxeMe Ha puc. 13.7 mocpeacTBom
TOT0, YTO KOHJCHCATOP MEPEKIII0UASTCS MKy 00mIeH muHoi u HanpsbkenueM Ug. Ecin



MHOUKayusi cocmosiHUS U pe3ysibmamoe U3MepeHUsi 181

OTKpHIT Tpausuctop T1, To xouneHcaTop C 3apspkaercs depe3 auon V2. Korma oTKpeIT
Tpanzuctop T2, KOHIEHCATOP MOJKIIOUeH K HanpshkeHnio Us U pa3pshKaeTcs 4epes3 cBe-
toauof. Pesuctop R1 ciyxut mis orpanndeHus Toka. B kagectBe V2 ciemyeT BEIOpaTh
IIUOJT C MaJIBIM TIPSIMBIM HampsDKEHHEM, HanpuMep, repmanueBsiid wim auox Llotku. [lpu
nanpsokenuu Us = 1,5 B, pesucrope R1 = 10 OM u konaencarope 470 Mx® morydarorcs
CBETOBBIE BCTIBIIIKY C JUIUTEIHHOCTHIO TprOnm3uTensHo 0,5 c.

13.1.2. BapuaHTbI pacnosioxeHusi CBeToauonoB

Berpedatoress aBe opMBI pacIioioKeHUsT CBETOAMOIOB: JTMHeWHas u marpudHas. O0a
BapuaHTa MOJKHO COCTaBUTh W3 KOMIIOHEHTOB, JOCTYIHBIX B BHJE T'OTOBBIX MOIYJEH
(mampumep, o gansaeM [31.1], [13.3], [13.4]).

B nMHEHHBIX HHIUKATOpPaX OJHMH U3 3JIEKTPOIOB (KaTOM WIIM aHOJ) MOXKET OBITh 00bEIH-
HEeH. Y CBETOJMOIHBIX MHAMKATOpoB B DIL-Kkopryce Bce BBIBOABI JAMOJOB BBITOTHEHBI
otzaenbHO (puc. 13.8).

PaccmoTpeHHbIE MOIYTH YaCTO UMEIOT YK€ OIIPEeNICHHYIO sl IMHEHHBIX HHANKATOPOB
BHEIIHIO (GopMy. Bo3MokHBI 1Ba BuAa MHAMKALKU: JUHEHYaTast (110JI0COBast) U TOYEU-
Has. JIuHelvaTele HHANKATOPBI IPUMEHSIOTCS, IPEXKIE BCETO, B M3MEPUTEIbHBIX IPUOO-
pax, Toue4Hble — B IU(PPOBBIX IIKAJaX.

Puc. 13.8. LlokoneBka CBETOANOAHBIX NTMHEEK

YnpaBineHue 0T MUKPOMPOIECCOPa MOXKET OCYIIECTBISATHCS MapaUICTbHO WU MYJIbTH-
wiekcHo. [lJis mpocToro yIpaBlieHUs NapauieIbHBIMU JIMHEHYATHIMH HHIUKATOpaAMU
npeaHasHadena Mukpocxema AS1113 [13.9], xoropas umeer 16 Boixomos (puc. 13.9).
Tak Kak 3TH MHKPOCXEMBI JOIMyCKAIOT IIOCIEN0BATEIbHOE COEIUHEHHE, TO MOXKHO
YIPaBJIATh, B IPUHITUIIE, CKOJIBKO YTOMHO JUTMHHBIMY CBETSIIMMHUCS MTOJIOCAMU.
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Puc. 13.9. YnpaBneHue cBeTALWENCca NONOCcon npu nomoLum mukpocxemol AS1113

bnaroznaps Bo3MOXXHOCTH pabOTHI C BBICOKMM HAIIPSDKEHMEM INHUTAHMS CBETONMOJA 3Ta
MHUKpOCXeMa IHOAXOTUT TAKKEe AJIS yNPaBICHUS KPYNHOraOapUTHBIMH HHIUKATOPaMH.
OHHM COCTOAT U3 HECKOJIBKHUX MOCIIEJOBATENbHO BKIIOUCHHBIX CBETOIHOAOB, BCIEICTBUE
yero o01ee nNpsiMoe HaNpsHKEHNE Bo3pacTaeT u 5 B 11t paboThl HE XBaTHUT.

CBeToauoAbl pacroyiaraloT Takke B Buae MaTpullbl. [Ipu 3ToM ynpaBieHue Bcerga ocy-
HICCTBIACTCA C MYJIBTUIINICKCUPOBAHUEM BO BPCMCHHU. CBCT}IH_[I/IGCSI IMOBECPXHOCTU MOTYT
OBITh KPYIJBIMH WM KBaApaTHbIMU. CyIECTBYIOT, HAllpUMEp, MaHEeId C JAUaMETPOM
TOUYKH OT 2 10 5 MM M pasmepoM 10 16x16 Touek [13.4]. YnpaBnenue cBeronnonaMu
C TaKko¥ KOH(UTypanueil OMUChIBaETCsI B CIICAYIOIIEM paszee.

3agaHue 13.1

C noMoIIbI0 CUMYIIATOPA CO3AaiiTe TUHENKY U3 16 CBETOOMOAOB U YNPABISUTE UMH KaK
TOYEYHBIM UHIUKATOPOM.

PekomeHaauun no BbINOMHEHUIO 3a4aHUsA

Hcnons3yiiTe HMErOIIMECS B PACIIOPSKEHUM TPYIIIBI CBETOIUOAOB.

3agaHue 13.2

C noMolIpI0 CUMYIIATOPA cOo3AaiiTe TUHEHKY U3 16 CBETOIMOAOB U yNPaBISIUTE UMH KaK
MOJIOCOBBIM UHIUKATOPOM.
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13.2. MeTo4 BpeMEHHOro MynbTUMNJIEKCUPOBaHUSA

BrimyckaroTcst Taxoke pa3HOOOpa3Hble HHTETpaIbHbIE TU(POBbIE CBETOANOAHBIE MHINKA-
Topbl. CBETOANOABI B HUX OOBIYHO OPTraHM3OBAHBI B BHUJE MATPHIIbI, BCIECICTBUE YETO
COKpaIIaeTcs 91ucio BBIBOJOB, HO TpeOyeTcss KOMOMHUPOBAHHOE YIIPaBICHNE OTAEIHHBI-
MU TPYIIIIaMHU CBETOJAHOIOB.

MynbpTHIIEKCHOE YIPaBIEHHE OCHOBAHO HAa MHEPIMOHHOCTH BOCHpHATHA. Tak Kak cBe-
TOIUOBI MEPEKIIIOYAIOTCS JOCTATOYHO OBICTPO, TO MPU COOTBETCTBYIOLICH YacTOTE BBI-
KIIIOYEHHBIE TIPUOOPHI HE BOCHPUHUMAIOTCS Ii1a3oM. ['11a3 BocnpuHUMaeT nHPOpMAaLuio
LIEJTMKOM, U MBI OIIYII[AEM TOJIBKO HEKOTOPOE YMEHBIIEHHE ApKoCcTU. Ecian nenons3oBaTh
3TO 0OCTOATENBCTBO LIEJIEHANPABICHHO, TO JOCTATOYHO YNPABIATH HHIUKATOPOM TOJIBKO
B TeUEHHE KOPOTKOro BpeMeHU. B ocTaibHOE BpeMsi MOKET MPOUCXOANTD MOAKIIOUEHUE
JIPYTHX Y37I0B.

Ha puc. 13.10 moka3an mpUHIMI yOpPaBJICHUS BPEMEHHOTO MYJIBTUILNIEKCUPOBAHUS IS
4eThIpex cBeronnonoB. B meproit daze mmox 0 coemuusieTcst ¢ BbixomoMm 0 perucrpa.
B cnenyromeit daze quon 1 coenuasiercs ¢ BeixonoM 1 u T. . Llukir HaumHaeTCS ¢ IATON
(haszp1. Heobxommumo moodepesHO COSAMHSTh COOTBETCTBYIOIINE AMOABI ¢ MH(OpMAIH-
OHHBIMH BbIXozamHu. IlepexmroueHne oCyIecTBISIETCs] JEKTPOHHBIMH KIIIOYaMHU U C He-
CKOJIBKUMH JHOAAMU M1apajuIeIbHO.

Puc. 13.10. MpuHUMN MyNbTUMNEKCHOIO YNpasneHus

B cxeme Ha puc. 13.11 otaenbHble pa3psabl MHAUKATOPa 00CITyXHUBAIOTCA N0 ouepeny. Ecmu
B pe3yJbTaTe MYJIbTUILICKCUPOBAHUSA SIPKOCTh 3aMETHO CHMXKAETCS, TO HYXKHO MOBBICUTH TOK
4yepe3 WO, T. €. BEIOpaTh Ooliee MOIIHBIE TPAaH3UCTOPHI. [[paiiBepbl cerMenTa MPUHUMAIOT
TOJIBKO TOK cermeHTa (0T 20 mo 40 MA), MO3TOMY 3/1€Ch JIOCTATOYHO MHUKPOCXEMBI IIIMTHHOTO
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tdhopmuposarens. [Ipu ocraHoBke "mepeximodarens’ depe3 MU0 TeIeT HEIAOIYCTUMO BEICO-
KU TOK W WHJMKATOP TPUXOJUT B HETOJHOCTh. [103TOMY B OOJBIINX UHAWKATOPAX MPOIECC
MYJIBTUTIIEKCHPOBAHHST KOHTPOJMPYIOT C TIOMOIIIBIO TIepPE3aIryCcKaeMoro 0JJHOBUOpaTopa, Ko-
TOPBIN OJIOKHPYET MHIUKATOP NPH TIOTEPE TAKTOBOTO CUTHAJIA.

3agaHue 13.3

C MNOMOLIbIO CUMYIIAATOPA CO3HaﬁTC TpeXSHa‘-IHbIﬁ CEMHCETMCHTHBIN HWHIOUKATOP.

PekomeHaauum no BbINOSTHEHUIO 3a4aHUA

Bri6epute B cumymsitope B MeHio LEDS Tpu ceMucerMeHTHBIX HHIUKATOPA M COSAMHNTE
BCE CETMEHTHI C OTHUM U TeM ke mopToM. KonTakter Common Ha3HaYbTe COOTBETCTBEH-
HO OJJHOMY BBEIBOJY IOpTa. B KadecTBe BBIBOIMMOTO 3HAUCHHS MOXKHO HCIIOJIB30BATh
TEKyIIHe MOKa3aHHs CUCTUNKA.

Puc. 13.11. Cxema YeTbipex3Ha4yHoro niamkaropa

g uccnenoBaHus MHEPUUOHHOCTH BOCTIPUATHS MOKAa3aHUH MHIUKATOpa MPEeTyCMOTPEH
napameTp OnTu4eckoil 3agepkku. OH ycraHaBiuBaercs o0braHo Ha 100 TakTOB mpouec-
copa M YYMTBIBaeTCA, KOTJa BpEeMs BBIKIIOYEHHS HHAMKATOpa IOCIE MEPEKIIOUEHUS
MyJIBTHIUIEKCOpa MpeBbieHo. JJo Tex mop, moka nporpamma paboTaeT 10CTaTOYHO Obl-
CTpO, Takas CUTyalus He BcTpedaeTcs. MokeTe MpoBEpUTh 3TO, yMEHBIIas BpeMsl.

[Ipobnemoii mpu MyJIBTUIUIEKCHOM YIPAaBJICHWH B HAIIUX TpUMeEpax SBISETCS MOJHAS
3arpy3ka BBIUMCIHUTENBHON MOIIHOCTHU Tpoueccopa. Kpome Toro, B mporpaMme rnpumepa
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B 3amanun 13.3 m3-3a BRIOpaHHOTO METOJa IPeoOpa3oBaHUS YUCEN MOIyJIaeTCs pa3Has
MIPOJOIDKUTEIHHOCTh BPEMEHH JJISl YIIPABICHUS OTACIHHBIMU pa3psiiaMi, YTO BhIpaxa-
eTcsl B pa3HO# ApKoCTH. FIMeno OBl CMBICT HarpyKaTh MPOLECCOP TOJIBKO B TEUEHUE KO-
POTKHUX (ha3 KOMMYTAIMH M PEaTu30BaTh YIIPABJICHHUE C TIOCTOSHHOM TAKTOBOMW YaCTOTOM.
OTy 3amady pemraroT ¢ MOMOINBIO MPEPBIBAHMSA OT TaliMepa, MOocje Yero B Imporpamme
00pabOTKHU MPOUCXOIUT HHUITHATH3AITUS CIICIYIONIETO pa3psaa.

s M”HOUKATOPOB C YETHIPHMsI pa3psaaMy NpephIBaHUE MOAAETCS B TEUCHHE 5 MC, T. K.
KaXXABI pa3psia AOKeH ObITh akTuBeH S0 pa3 B CEeKyHIY, 4TOOBI HE OBLIO MEpLaHUi.
B mporpamme npepbiBaHHs HY>KHO BBIBOJUTH TOJIBKO TEKYIIEE COAEPKUMOE PETUCTpA.
PenaktupoBanue coaepKMMOro cerMeHTa MPOUCXOIUT Toraa B "ApaiiBepe qucres'.

3apgaHue 134

N3menute nporpamMmy u3 3aganus 13.3 U peanusyiiTe pexxuM IpepbIBaHUSL.

PekomeHaauun no BbINOMHEHUIO 3a4aHUsA

MOo’KHO BOCHOIB30BaThCAd MCXOAHBIM KOAOM IporpaMMbl. OHa OCYIIECTBISET BBIBOJ B
Oydep DaHHBIX, a HE HETIOCPEACTBEHHO B MOPT. UTOOBI MPOCIEANTH BHIIIOTHEHHE TIPEPhI-
BaHUsI, HY)KHO paboTaTh B [IOMIAroBoM pexkuMme ¢ kiasumiein <F11> (Step into).

Tak KaK MBI 3aHSUTMCH B TIPEABIAYIIEM pas3felie TMHEHHBIMA HHANKATOPAMH, TO OHU TPH-
CYTCTBYIOT W 371ecb. lIpn OONBIIIOM KOTMYECTBE KACKaZoOB TpeOyeTcs MyJIbTHILUIEKCHOE
yIpaBJIeHAE.

3apaHue 13.5

W3mennTe nporpammy u3 3afganus 13.2 nis ynpasieHus 24 cBETOANOAAMHU U peau3ynTe
MYJIBTHUILIEKCHBIN PEXUM.

PekomeHaauum no BbINOSTHEHUIO 3a4aHUA

Pemenwne 3akmouaercs B 00beIUHEHNH TIporpamMm U3 3agannii 13.2 u 13.4. JlanHbie WH-
JUKanuu nepeHocsates 3aeck u3 O3Y B MaccHuB peTUCTPOB, BCIEACTBHUE YEro MPOrpamMma
CTaHOBHTCSI OYEHb KOPOTKOW. TaliMep ycTaHOBJIEH Ha NpEepbIBaHUE, HAPUMEp, B Tede-
Hue 100 taktoB. Ha mpakTuke npu TakToBOM yactote nmpoueccopa 16 MI'n npepeiBanue
npousouuio 0l B TeyeHue 6,2 Mxc. OOHAKO B CUMYJISITOPE 3TO MPOMCXOIUT HAMHOTO
Jonblie — a0 5 Mc. "Ontuyeckas 3aaep:kka’ IJid UHAUKATOPOB OJDKHA IPEBBILIATH
220, uyToOBI OHM HE MEPLANH, T. K. TEIIEPh Nay3a MEKAY IByMs aKTUBHBIMH COCTOSHUSIMU
cocTaBisieT npuMepHo 214 takToB. UT0oOB MpocieauTs paboTy MpepbIBaHMs, HYKHO pa-
0oTath B momaroBoM pexume ¢ knasumeii <F11> (Step into).

VYnpasieHue MaTpUIEed TOYEK OTIIMYAETCS B OOJNBIIMHCTBE CIy4aeB TOJIBKO OOJBIIMM
YHCIIOM CTPOK H CTOJIONOB. Tak Kak pacrioyioKeHHe CBETOJIMOI0B HE COOTBETCTBYET Ka-
KAM-TTHO0O OTIpEe/ICTICHHBIM CHMBOJIAM, TO TpeOyeMbIii CHMBON JOPMHUPYETCSl IPOTPAMMHO
WIN anmapaTtHo. JTO MPOUCXOIUT MPH MOMOIIM 3HAKOTeHepaTopa, KOTOPbI aKTUBU3U-
PYeT MUKCENbI HECKOIBKUX CTPOK U CTOJIOIIOB.
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Takwe cBETOIMOMHBIE MATPHIIBI U3TOTAaBIMBAIOTCS (110 AaHHBIM [13.3]) ¢ pasmepamu 10
16x24 touek. [lpum 3TOM CTONOIBLI YACTUYHO 3AHATHI JBYXIIBETHBIMH CBETOJUOJAMH,
BCJICJICTBHE YETO KaXKJasi TOYKa MOKET CBETUTHCS KPACHBIM, 3€JICHBIM HJIH JKEJITHIM I[BE-
ToM. bonpmme momymm mo 24x48 Todek yke CHaOKEHBI cxemMoi wmHTepdeiica, mHaUe
YKCIIO BBIBOJIOB CIMIITKOM CHIIBHO YBEJINYHBACTCS.

13.3. NpMeHeHMe XnaKoKpucTaninyeckmnx
avcnrnees

VYmpasnenue xunkokpuctaumdeckumu uHaukaropamu (OKKHW) m3-3a ocobeHHOCTEH
TEXHOJIOTMHM MX WM3TOTOBJIEHHS OCYLIECTBIISIETCS! C IIOMOIIBIO JAOBOJBHO CIOXKHBIX KOH-
TposutepoB. [loaromy cxemy ynpasnerus JKKU camocToaTenpbHO pa3padaThIBalOT TOIBKO
B PEIKHUX CIIydasx.

Jucrien uMMeEOT 7TUO0 BCTPOCHHYIO CXEMY YIpaBIEHUs, JIMOO HX IOJKIIOYAIOT
K BHCIIHEMY KOHTPOJUIEPY C MPOCThIM HHTepdericoM. Jlnsd MaleHbKUX JIHCILICCB
(mo 80 cuMBOJIOB), KOTOpBIC MPUMEHSIOTCS B M3MEPUTEIBHBIX MPUOOpaxX, 4acTO HC-
nois3yercs koHTposiep — HD44780. Paccmorpum Bo3MmoxkHOcTH 3Toro KKU-
KOHTpOJIJIEpa HECKOJIIbKO Oosiee moapoOHo (mo maHHbM [13.6], [13.7]). Biok-cxema
KOHTpOJIJIepa puBeeHa Ha puc. 13.12.

Puc. 13.12. Bnok-cxema koHTponnepa HD44780
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Kontpomnep HD44780 MoKeT MOIKITIOUATHCS Yepe3 8- WiTu 4-pa3psaHbIi MapayuieIbHbIA
uaTepdetic. s mporpaMMUpOBaHMsI B 00CITy)KMBaHUS TMpearycMoTpeHo 11 koMmaHm, Ko-
TOpBIC MIPUBEACHBI B aucTUHTE 13.1.

Nuctnrr 13.1. Komanabl koHTponnepa HD44780

Bit 76 543210
Komaumer ynpasyienusa (RS=0, R/W=0)
1) 0000000 1 OumcTKka COOEPXMMOTO IOUCIIIES
2) 0000001 0 Kypcop B HauajJlo CTPOKM TEKCTa
n O3Y-ykaszsaTesnb Ha Agpec 0, COIEpXMMOE COXPaHIETCS
3) 000001 x y PexuMm BBOIA IaHHBIX
x Kypcop yBemmuuBaercsa (1) wm
yMeHbiaeTcs (0)
y=0 Kypcop mnepemMemaeTcs, MHIMKALMSA HENOIBIKHA
y=1 Kypcop HEeNnomBMWXeH, MHIOMKALMUA IepeMelaeTCs
4) 000 01 x y z Iucmuen BKI./BHKJI. (xyz=1l BKJI.)
x ucren
y Kypcop
z CMMBOJI Ha Kypcope MmuraerT
5 0001xvy 00 Coeur kypcopa/orobpaxeums Ha 1 CUMBOJI
x 0-Kypcop, 1-OrobpaxeHune
y l-Bopaso, 0-BJjeBO
6) 001 xy z 00 Onucanme mHTepdelica
x=0 4 our
x=1 8 our
y=0 1 Crpoka mmcrjues
y=1 2 CrTpoku Iucjes
z=0 CumMBOJIEI 5x7 TOUek
z=1 CumBoJsiEl 5x10 Touex
7) 01 x x xyyy VYCcTaHOBKa aIpeCcOB I'eHepaTopa 3HaKOB
xxx Kon crmvBojio $00-$07
yyy Ampec JmHMM B Ipenesiax CHMBOJA
Crnenyioumi OOCTYN K IOAHHBM MIOST
Ha RAM-TeHepaTOp 3HakOB (3ammch wm UreHue!)
8) 1 x X X X X X X Apgpec O3Y-mucruies IJjis CJIeOyouer'o OOCTYI K IaHHBM.
(2-a crpoka HaumHaeTrcs npu 409)
Komanma cocroaHus (RS=0, R/W =1-UreHue)
XYVYVYVYVYVY CocTosHMe mMcCIies
x=0 UTeHue mmcrjes
x=1 JuCrjiey 3aHAT

y TEKyUMM ampecCHBM ykKazaTesb O3Y-IaHHBIX
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Onepauyyt Han mauHeMu (RS =1)
R/W=0 UTeHre HOaHHEIX OT I'€HepaTopa 3HaKOB
O3y wm or O3Y-mucries
R/W=1 3ammchk OaHHEIX B O3Y-I'eHepaTop 3HaKOB

iy O3Y-nucruies

[Tpu BKITtOYEHNU TpeOyeTCss MHUIUAIN3AIMS KOHTpoIuiepa. TOIBKO Moclie ee OKOHYaHHUS
pe3yJbTaT ONepaluyl BbIBOIA MH(POPMAIIMH MOXKET 3aIIPallIBATLCS Yepe3 (Iiar 3aHITOCTH.
B muctunre 13.2 mpuBeneHa IMOCIEAOBATEIBHOCTh WHHUITMATU3AINN IS 8-pa3psiIHOTO
nopTa, onpeesacHHas mpousBoautenem [13.6].

NuctuHr 13.2. NocnepoBaTenbHOCTL UHMULMaNM3auum 8-pa3psaagHoOro noprta

Oxmunmanme 20 MC IIOCJIe BKJIOUEHMS HAIPSKEHUS
00110100 Onmcanme mHTEepderica

OxunmaHmue 5 MC

00110100 Onmcanue mHTepderica

Oxunmanme 1 McC

00110100 Onmcanme mHTEepderica

Oxmnanve 1 MC

00110100 Onmcanue mHTEepderica

00001000 Hucriier OTKJIIoUEeH

00000001 YIoaseHye COIEPXMMOTO IMCIUIes

00000111 Kypcop yCTaHOBJIEH, OTOOPaXeHMe IIepeMellaeTCs IIPpU

NO3MUMOHMPOBaHMM Kypcopa C KOMaHIOM 5)

000011xx OTobpaxeHne/KypCcop aKTUBU3UPOBAHEI

[Ipu momomy KOMaHIBl OYUCTKH COJAEPKUMOrO IHCIUIES MOXHO YIPAaBIATH BBIBOJOM
UH(QOPMaIK Yepe3 CUTHAJ 3aHATOCTU. BpeMst BeImoaHeHUs aj1st koMaHx 1 u 2 cocraBis-
€T MPUMEPHO 2 MC, I APYTuX KoMaHz Tpedyercs meHee 50 MKc.

[okoneBka BEIBOMIOB alihaBUTHO-IIM(POBBIX AUCIICEB MPAKTHUYECKH oauHaKoBa. [1o maHHBIM
[13.6] curHanbl Ha BXOJE HICHTUYHBI TAKXKE C JAUCIUICSIMH APYTUX Mpou3BoauTencit. Jluc-
U UMEIOT OJIHO- MITH IBYXPSIIHBIC pasbeMbl ¢ 14—18 BeiBogamu (Tadm. 13.1).

Tabnuuya 13.1. HazHayeHue KoHmMakmos pasbema oucrines

KoHTakT pasbema BbiBog HD44780

1 o6Lwmmn 23
2 +5B 33
3 KoHTpacTtHocTb (0T 0 go +5 B)

4 RS (Komanga=0, JaHHblie=1) 36
5 R/W (Ytenne=1, 3anunco=0) 37
6 Paspewenue (3anuck no cnagy umnynsca 1-0; Ytexune npu 1) 38

7..14 Butbl gaHHbix DO-D7 39...46
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Puc. 13.13. lNMoakntoveHne XK-gucnnesn

Ecmm mucnine#t comepkut aa kontposutepa HD44780, To BeBoas! 15 1 16 mpennazHave-
HBI 17151 BBIOOpa KOHTPOJUIepoB. JIpyroil BO3MOXKHBIA CHTHAN Ha BXOJE — 3TO (OHOBas
nojcBerka. lIpm SKCHepUMEHTaxX C HEM3BECTHBIMH WHIMKATOPAMHU YAOCTOBEPHTECH
B KOPPEKTHOCTH CUTHAJa Ha BXOJE.

13.4. CxeMbl Ana ynpaBrneHus
MHOUKaToOpamMu

PaccmoTpum aBa mpumepa ympaBieHUS WHAMKaTOpamMd. B GonbIIMHCTBE yCTpoOiiCTB
IpaliBepbl HHAMKATOpa BCTPAUBAIOT B COOTBETCTBYIOIIYIO CXeMy (HampuMmep, B CUETUH-
KM, 4achl, MyJIbTUMETPHI U T. 11.).

IIepBb1it npumep — Mukpocxema MAX7221 [10.2], koTopast MOKET yNpapisiTh BOCbMU-
3HAYHBIM CBETOAMOAHBIM MHAMKATOpoM. OHa MMeEeT MOCIel0BaTeNbHBIA TPEXIPOBOA-
HBIA MHTEpQENC U KacKaaupyeTcsl Yepe3 MocaeI0BaTeIbHbI HHPOPMAIMOHHBIN BBIXO/
(puc. 13.14).

[Mocne nepemaun kaxapix 16 OUTOB ompaluBaeTcs cOCTOsIHUE pa3psiaa. [Ipu aTom MuK-
pocxeMa MOKET M0JIaBaTh CUIHAJ, UMEIOIINICS Ha BXOAEC MHUIMAIN3aLUHI, HA CETMEHTBI
WIM CaMOCTOSITEIBHO MPeo0pa3oBbIBaTh Miaamme 4 oura B aecsatuunyto nudpy. UYepes
YOPaBISIOIINE PErHCTPhl PEryIUpPYETCsl YMCIO AKTHUBHBIX Pa3psioB M UX SPKOCTb.
Haznauenue OGMTOB OTJENBFHOTO PETUCTpa MPUBEICHO B TUcTUHTE 13.3.
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Puc. 13.14. bnok-cxema MAX7221 [10.2]

Nuctuhr 13.3. HasHavyeHne 6UTOB ynpaBnsoLWero perucTpa

D11 .. D8 = 0 NOP (HeT omnepaumn)
(Pexvm) 1...8 Agnpec pazpsanos 0-7
9 Beibop Hekormepa
10 ApxocTb
11 AKTMBHOE KOJIMUECTBO Pa3PSIOB
12  OTkJoueHMe
15 TecT nucniues
16
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Puc. 13.15. Cxema BkntoveHns MAX7219 [10.2]

buter manaex ot D15 no D12 He ncnonsiytotcs. Haznauenne 6utoB ot 7 mo 0 mist oT-
JIENBHBIX PETUCTPOB B PEXKMME WHUIHATN3AIIUHN PUBEICHO B TucTHHTE 13.4.

NucTtunr 13.4. HasHayeHMe GUTOB B peXXUme MHMLMANU3auum

PexymM 76543210 HasHaueHue

9 X X X X X X XX [Ip yCTaHOBJIEHHOM OMTE X STOT paspsan OyIeTr
BHYTPEHHe IepekomMpoBaH. Ina omror 0-3
IaMsaTV CeTMEeHTa NPOM3BOONTCS :
012 ..89 -EHL P BHKJIOUESHHUE
BuT 7 namsaTu ceTMeHTa ofpas3yeT HOECSTUYHYIO

TOUKY .
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[Ipu X=0 HENoCPeICTBEHHO NPENCTaBIIIETCS

IIaMATb CeI'MEeHTa.

10 -— -— X X X X VIHTEHCMBHOCTbL CBEUEHMs CET'MEHTOB

11 -— -— -X X X UMCII0 aKTMBHEIX pPaspsnoB C umdper "0"

12 -— -— —-= =X x=0 OTxynoueHme, x=1 HOPMAaJIbHEDL BEIXOI

15 -—- -- - =X x=0 HOPMAaJIbHEDI BHIXOI, X=1 TeCT CBEeTOIMONOB

Puc. 13.16. briok-cxema 18279 [13.8]
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Hy»HO ucToNb30BaTh CBETOIUOIHBIN HHAMKATOP C OOIIUM KaTogoM. Pesuctop Biusiet
Ha SPKOCTh CETMEHTA M 3aBHCHUT OT NPSMBIX HANPSDKEHHN W TOKa cerMeHTa. Ero Benmmuu-
Ha JUTIsI OOBIYHBIX CBETOAMOIOB JICKUT B muamnazone ot 10 go 50 kOm. brarogaps uero-
CpEZICTBEHHOMY TTOOMTOBOMY YIPABICHHIO K PACCMOTPEHHONH MUKPOCXEME MOXKHO TaK¥Ke
TTOAKJIIOYaTh CBETONUOIHBIC TUHEHKH (He 60see 64 CBETOHOIOB).

Bropoii nmpumep — 310 Oonee crapas cxema, KOHTPOJUIEp KIaBHATyphl M JUCIUIES ce-
meiictBa 8080 xommnanuu Intel. Kontpomnep 8279 moxkeT HemocpeACTBEHHO IMOIKIIIO-
4aThCs K MPOLeccopy U 00CITyKUBaTh KpOME KJIaBHATYphI Takke 32-pa3psiIHbIi IeCTHA-
OUAaTepUYHbli  wiau  16-paspsanbiii  andaBUTHO-UMPPOBON uWHIUKaTOp. braromaps
BO3MO>KHOCTH YIIpaBJIEHUS KaK JWCIUIEEM, TaK U KJIABUATYpOH OH BCE €IE MOXKET Npe-
CTaBJIATh MHTEPEC VIl HEOONBIIUX yCTpoiicTB (puc. 13.16).

Tak xkak MHCTPYKIHUS IO MPOTPAMMHPOBAHHIO KOHTPOJIIEPA COICPIKUT IIECTh CTPAHUIL
TEKCTa, MBI OTCHIJIAEM YUTATEN K YKa3aHHOMY MCTOYHHKY [13.8].
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YnpaBrieHne Harpy3Kkou

[Ipu dhopMupoBaHMU YHPaBISIONIMX BO3ACHCTBUI BCTpEUacTCs MPoOJieMa COMPSHKEHUS
C Harpy3kaMu, KOTOpbIC TPeOYIOT YPOBHEW CHUTHAJIOB, OTJIMYHBIX OT OOBIYHBIX BHYTpPH-
CXEMHBIX TOKOB U HaMpsDKEHUM. DTO KacaeTcs MOJKIIOUCHHUS, IPEKIE BCEro, TAKUX HH-
JTYKTUBHBIX Harpy30K, KaK pelie U AJIEKTPOIBUTATEIIN.

14.1. NMpob6nemsbl, BO3HMKaKOLUeE
Npr NOAKNKYEHUN OONbLUMX Harpy3okK

KomMmyTanus ”HIyKTUBHBIX Harpy3oK BIIE€UET 3a cOOOH ABE CyIIeCTBEHHBIC MPOOIEMBI:
00JIbIINE MyCKOBBIE TOKH MPH MOAKIIOUEHUH U MOsiBIeHHE MPOTUBO-DJC mpH OTKIIO-
YEHUHU.

[TyckoBBIE TOKM BCTPEUAIOTCS TAK)Ke MPH BKIFOYEHHU TTO3UCTOPOB U JIAMIT HAKaJIMBaHMSI.
CompoTuBiieHHE 3THX TPHOOPOB B HAYAIBHOM (XOJOJHOM) COCTOSIHUM MEHBINE, YeM
B paboueMm (ropsuem). Ho mpeBblieHne pabodero Toka B MOMEHT BKIIOYCHHS MOMKET
MOBPEINTH YHPABISIOMUHA TpaH3ucTop. CienoBaTenbHO, BBIOPOCH IYCKOBOTO TOKAa He-
00XO0JIMO TIPEIOTBPAIIIATb.

Ha pwuc. 14.1, a mapaieapHO TpPaH3UCTOPY BKIIOUEH pe3ucTop. B pesynpraTe uepes
JIaMITy T€4YET TOK, KOTOPBIM IIPEABAPUTEILHO HarpeBacT HUTh HAKaJIA TAK, YTO CBEUEHUE
JaMIbl ene He3aMmeTHo. HemocTaTkoM sIBisieTCs MOCTOSIHHBIM TOK 4yepe3 CXeMy U BO3-
MOJKHBIM JIOMOJHUTENBHBIA HarpeB pesucropa. K TpaH3ucCTOpy B NaHHOW cxeme He
MPpEABABIIAIOT MMOBBIMNICHHBIX TpC6OBaHI/II713 OH OOJI’KEH 6I)ITI> paccuuTaH Ha HOMUWHAJIbHBIN
TOK W HaNpsDKEHUE MUTaHMs. Tak Kak TPaH3UCTOp paboTaeT B KIIIOUEBOM PEKHME, TO €T
paccenBaemasi MOIIHOCTh pPaBHAa MPOW3BEIACHMUIO HAIPSDKEHUS HACHIIEHUS IMepexoaa
"KOJUIEKTOP—MHUTTEP" Ha TOK JIAMIIBI.

Cxema, m3o0paxxeHHast Ha puc. 14.1, 6, cBoO0HA OT HETOCTATKOB MPEAbIAYIIeH. 3Mech
MIyCKOBOW TOK OIpENEIIsIeTCS MEAJICHHBIM POCTOM HANpsDKEHUS Ha sMuTTepe. Bo Bpems
BKJIIOYECHHUSI HA TPAH3UCTOPE PaccerBaeTCA 3HAUYUTEIbHAs MOIIHOCTh, MAaKCUMyM KOTO-
poli paBeH MPOM3BEICHHUIO TOKA Yepe3 XOJOAHYI0 HUTh HaKasla Ha HANPSDKCHUE MTUTAHUS.
B pabouem cocTosiHMM Ha y4acTke "KOJUIEKTOP—AMHTTEP" NPHUKIAABIBACTCS HarmpsbKe-
HUE, paBHOEC HampsDKEHHIO "06a3za—sMuTTep" M MaJCHUIO0 HANPSOKCHUS Ha J00AaBOYHBIX
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pesucTtopax. UToObl YMEHBIIUTH PACCEUBAEMYIO IIPH STOM MOIIHOCTb, HAMPsDKEHUE Oa3bl
JIOJHDKHO OBITH BO3MOXKHO O0Jiee BBICOKHMM, YTO TpeOyeT YIpaBlIEeHHUsS depe3 JOTHUeCKUn
3JIEMEHT C OTKPBITHIM KOJUIEKTOPOM.

Puc. 14.1. YnpasneHue namnow HakanueaHus

VYuer npotnBo-O3/IC npy HHAYKTUBHBIX HAarpy3Kax OueHb BaykeH. EciM TOK B MHIYKTHUB-
HOCTH IPEPHIBAETCS], TO U3MEHEHHE MAarHUTHOTO IOJISI IPUBOAUT K MOSIBIICHUIO IIPOTHBO-
HaIpaBIECHHOTO HampsbkeHWs. B 3aBuCHMMOCTH OT CBOICTB MHIYKTHBHOCTH IIPOTHBO-
OJC MoxeT MpeBbILIaTh HaNpsDKEHUE NUTaHUs. B pe3ynprare Ha KOJUIEKTOpE YIpaB-
JSIFOILIETO TPAH3UCTOPA BO3HUKAIOT 3HAYMTENbHBIE BBIOPOCH! HampspkeHHs. X oObIHO

YCTPAHSIOT € TIOMOIIBIO 3aIlMTHOIO JMOJa, BKJIIOYEHHOTO MNapajIebHO KaTYIIKE
(puc. 14.2).

Puc. 14.2. Cxema noakso4eHns MHOYKTUBHOW Harpy3ku
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14.2. Mukpocxembl yripaBneHus

[pu pazpaboTke CrieUaTU3UPOBAHHBIX MHKPOCXEM YIIPABIICHHSI ObLITH YYTCHBI BBIIIICHA-
3BaHHBIC MPOOIeMbl. OJUH U3 TPUMEPOB — MHUKPOCXEMBI JJIsl YITPABICHHUS JTaMIIaMH Ha-
KanmBaHUsA U pene. Tunmanbie mpeacraBurenu — MukpocxemMa ULN2003A ¢ ceMbio BHI-
xomHbIMH Kackagamu (puc. 14.3) m ULN2803 ¢ BoceMbio kackamamu (anajgor D4803C).

Puc. 14.3. 3apaowwmi kackag ULN2003 [14.1]

Muxkpocxembl CHa0KeHbI O0€3bIHEPLMOHHBIMHU 3AIIMTHBIMHU JTUOJAMH JUIS TTOJKIIOUEHUS
WHIYKTUBHBIX Harpy3ok. KakIbIii BHIXOHON KacKaj MOXET BBIJaBaTh MaKCHUMabHBIN
Tok 500 MA, mpuueM mpesenbHO A0MyCTUMAas paccerBaeMasi MOIIHOCTb COCTABIISIET OKO-
7o 1 Bt. O6patHoe cmemenue pasro 50 B.

[Ipyu moaxirOYEeHUH JaMIl HAKaJIMBaHUS UX HOMHHAIBHBIM TOK HE JOJDKEH NMpPEBBILIATH
10% momycTuMOro mMMKOBOIO TOKA, T. K. MUKpocxeMa ULN2003 He umeeT cxeMsl 3aIiu-
ThI. B 3TOM Ciydae 3aiuTHbIe AU0bI He HYXHbI (puc. 14.4).

Puc. 14.4. MNMopgkntoyeHne namn HakanueaHusa kK Mukpocxeme ULN2003
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Ipy TOAKITIOYEHUH WHIYKTHBHBIX HArpy30K He TPeOyeTCss HUKAKMX JIOMOJHUTEIBHBIX
KOMIIOHEHTOB. 3alllUTHBIC IUObI IPUCOCANHSIOT HEMTOCPEICTBEHHO K UCTOYHHKY ITHTA-
aust. Tak Kak TOK yAepKaHHs pelie MEHbIIE HaYaIbHOTO MYCKOBOTO TOKA, B GOJIBIIHHCT-
BE CJIy4aeB KOMMYTAIlMIO MOKHO peajn30BaTh, OOBEJAMHUB [[BA BBIXOIHBIX KacKalaa
(puc. 14.5).

Puc. 14.5. YMeHbLUeHWe TOKa AN UHAYKTUBHbBIX Harpysok

B nanHOl cxeMe mocie mojayd ynpaBiSIOIIEr0 UMIYJbCa BTOPOM KacKaja BKIIIOYAETCS
npumepHo Ha 50 Mc. [l cpabaTbIBaHUS MaJTOMOIIHBIX PEJle ITOrO yxKe JOCTaTOYHO. 3a-
TeM TpeOyeMblil TOK yAep:KaHusI 00ecrieurBaeT MepBBI KacKal.

Muxkpocxema L293D paccuntana ans MOAKITIOUEHHS OONBITNX HATPY30K U HETIOCPEACT-
BEHHOTO YIIpaBJIeHUs AneKTpoaBurareneM. OHa COCTOUT U3 JBYX MOCTOBBIX CXeM, KOTO-
pble MOTYT KOMMYTHPOBaTh HArpy3Ky ¢ TokoMm 0,6 A mpu Hanpspkenuu 1o 36 B. Yopas-
JIEHWE OCYUIECTBIIAETCS cUrHajgaMu ¢ ypoBHeM TTJL

Tak kak mpu IBYMOJSPHOM MUTAHWU OJHOTO 3aIIMTHOTO AWOJIa HEJOCTATOYHO, OJIOKU-
poBka mpoTuBo-2J[C OCyIIEeCTBISIETCS C MOMOIIIBIO YeThIpeX 1uoa0B (puc. 14.6).

Cy1iecTByIOT MUKPOCXEMBI ISl aHAJIOTOBOTO YNpPaBieHHUS Harpy3koil. 9To B OOJbIINH-
CTBE CJIy4acB OICpAIlMOHHBIC YCHIIUTENU C OoJiee MOIIHBIMU BBIXOJHBIMH KacKaJaMH.
Hanpumep, mukpocxema LTC1010 nonyckaet BeixoaHou Tok A0 =150 MA [8.9].

Puc. 14.6. YnpasneHuve anektpoasuratenem ot Mukpocxembl L293 [14.1]
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st co3panust OONMBITUX YIIPABIIMIONINX TOKOB MOJOHIET Takke MomTHbp HU-ycunurens
WU crienuanbHbIi Montaerid OY. Hanpumep, mukpocxema OPAS548 [14.2] obecrieunBaet
BBIXOJTHOM TOK 2,5 A mpm HampspkeHun nutanus g0 60 B. Ee BkiIodyaroT aHajIOTHIHO
OTIEPAIIIOHHOMY YCHIIUTEIIO.

B cxeme, nzo0paxennoit Ha puc. 14.7, RC-uens npennazHaueHa Ui YaCTOTHOW KOPpEK-
uun. braromapst 1ByM nmojam, BKIIIOYEHHBIM IOCIIENOBATENBHO C 3JIEKTPOIABHUTATEICM,
JOCTHUTaeTcsl HaeKHasl OCTAaHOBKA AJIEKTPOABHUIATENS TPU HYJIEBOM TOKE.

Puc. 14.7. AHanorosoe ynpasreHye aneKTPoABMraTeneM ¢ NoMoLLbo MoLHoro QY

14.3. NpuMeHeHne TUPUCTOPOB
NPU NOCTOSAHHOM HanpPsHKeHUU

Eme oxra BO3MOXKHOCTH YIpaBIeHHsI MOIIHBIME Harpy3kaMyd — MpPUMEHEHHE THPHUCTO-
poB. OHH 00ecTiednBaIOT OOJBIION TOK Yepe3 Harpy3Ky MpH cIa0bIX YIPABISIOMUX BO3-
NIEUCTBUAX.

Puc. 14.8. Cxema ynpaBneHusi TUpuctopom
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Otnupatoliee HanpspKEHHE THPUCTOPA COOTBETCTBYET NPSIMOMY HAINPSDKEHHIO JIHOJA.
O/HaKO KOMMYTAIIMSI OCYIICCTBIISIETCS MMITYJIbCOM TOKA, & HE CTATUYECKUM CHTHAIIOM.
Ha puc. 14.8 mis aToro npemycmorpen kouaaeHcatop Cl1.

ConpotuBnenue R1 3aBUCHT OT Tuma THPUCTOpPAa M OIPAaHUYMBAET YHPABIAIOLINHN TOK.
B paccmoTrpeHHO# cxeme mojauel TOKa Ha YIpPaBIIAIOMUN 3JIEKTPO BBIKIIOYUTH TUPH-
CTOp Hemnb3s. [y BRIKITIOUEHUS HArpy3ku Tpebyercst Bropoid Tupuctop. Ilapamerpsl pe-
3uctopa R2 MomkHBI OBITH pacCUMTaHBI TaK, YTOOBI MPOTEKAIOMIUK TOK ObLT MEHBIIE TO-
Ka yJepKaHusl THPUCTOPA.

14.4. PaboTta Tupuctopa npu ceTeBOM HanpsXXeHUun

JIst KOMMYyTaIy MOIIHBIX HAarpy30K, MOJKITIOYSHHBIX K CETH, TPUMEHSIOT KaK THPHCTO-
PBI, TaK U CUMHCTOPHL. [Ipn 3TOM "YacTo TpeOyercs rajJpbBaHMYECKas pa3Bsi3Ka, IS YEero
IpeycMaTpPUBAIOT CHENHaIbHbIE KOMMOHEHTHI. [IpuHIMMManeHas cxema yIpaBlICHUS
CETeBOW Harpy3Koi mpuBeacHa Ha puc. 14.9.

Puc. 14.9. YnpaBsneHve ceTeBow Harpy3kon ¢ MOMOLLbIO CUMUCTOpPA

BLIHYCKaIOT ONITPOHHBIE CUMUCTOPBI, KOTOPBHIE BKIHOYAKOTCA OT CUI'HAJIa, IOAaBa€MOIo
Ha CBCTOOUOM, U CIIOCOOHBI KOMMYTHUPOBATh NEPEMEHHOE HAIIPAXKECHHUEC. CaeToauon, OII-
TpOHa raJIbBAaHUYECKU pa3BsA3aH U MOKET HEMOCPEACTBECHHO YIIPABJIATHECA OT KOHTPOJIJIC-
pa nuin JIOTHYECKOH MUKPOCXEMBI.
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eHepupoBaHue curHanos

B 370l r1aBe MBI HOI[pO6HO paccMOTpUM IreHepanunro 4aCToT, MOCJIeI0BaTCILHOCTEH UM-
MyJIbCOB U PA3JIMYHBIX (byHKIII/Iﬁ " yaciimm 0c000€ BHUMAaHHE MMPUMCHCHUIO MUKPOIIPO-
LECCOPOB.

15.1. OrpaHn4YeHus Nnpu reHepupoBaHUM CUrHarNoB
C NoOMoOLWbLIO Npoueccopa

®opMHpOBaHHE CUTHAJIOB C MMOMOIIBI0 MHUKPOIPOLIECCOpPa OIPAaHUYNBAETCS B OCHOBHOM
ero ObicTpoaeiicTBueM. [Ipu mporpaMMHOHN BbIade NaHHBIX TPEOYIOTCS KaKk MHHUMYM
TPHU KOMaHBI:

0 BBIIaYa IEPBOTO 3HAYCHHS CUTHATIA;
0 BbIJa4a BTOPOTO 3HAUCHHMSI CUTHATIA;
0 xomaHza AJis 3aITycKa UKJIA TPOTPaMMBbl.

Ecnu BBIBOI OcymecTBIsieTCs U3 TaONHUIBI, TO YCTAHOBKA BTOPOTO 3HAYCHHs Tpedyer
BBIUMCIIEHUS ajapeca. JlocTymnHble YacTOThl CTeHEPUPOBAHHOIO CUTHAja 3aBUCIT OT Bpe-
MEHH BBITTOTHEHUSI KOMaH/bI (Tabum. 15.1) u ckopocTH nepeadn JaHHBIX 0 [IWHE.

Ta6nuya 15.1. CKopocmb 8bIroIHEHUST KOMaHO pas3nudyHbIMU poyeccopamu

KomaHpa Mpoueccop (TakToBasa yactoTa)

Z84C00 (20 MI'u) | 8051 (12 Mlu) | ATmega128 (16 MI')
MOV mem, reg 7 24 2
ouT 11 12 1
INC 4 12 1
JMP 10 24 2
Cymma TakToB 32 72 6
MakcumanbHas YyactoTta 312 kly 83 kl'y, 1,3 My,
curHana (opMeHTMpoBOYHast)
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PaccmoTpuM pasHbie Tporeccopsl Uil BBIBOAA MPOM3BOIBHOW OWMHApHON MOCIeaoBa-
TETHLHOCTH, 3allMCAaHHON B TabnuIle miuuHOW 256 Oaiit. PasMep Tabmmil BeIOpaH HE CITy-
gaitHo, T. K. 256 0aliT — 3TO NpeAebHOe 3HAUYCHUE TIPH 8-paspsaaHoi axpecaruu. Cre-
JOBAaTEIbHO, BBIYHCICHUE ajpeca IS HMUKIMYECKOTO OMpoca COCTOMT B YBEITHMYEHUHU
JUIIb OTHOTO OaiTa.

JlonmycTrMasi 4acToTa MOJy4aeTcsi ¢ YYETOM JBYX BBIMOJHCHHUN UK, T. K. BRIXOIHOM
CHTHAJ JIOJDKEH MMETh B TCUCHHE MEPUOJIa, 0 MEHBIICH Mepe, OJHH pa3 HU3KHH ypo-
BEHb M OJIMH pa3 BBICOKUI ypoBeHb. Kak TONBKO B IMKII /11 HU3MEHEHHSI CKOPOCTH J0-
0aBisieTCs MycTas KOMaH/a, Mpe/eibHas 4acToTa 3HAUYUTEeIbHO YMeHbIaeTcs. [Ipu BbI-
BOJIC 3HAUEHHI M3 TAONHIIBI B OTPAHUUECHHOM JHAMa30HE YacTOT MOXKET MMOMOYb TaKKe
co3gaHre OMTOBOM KOMOMHALIVH.

IIporeccopsl COBpEMEHHBIX [IEPCOHAIBHBIX KOMIIBIOTEPOB Pa00OTAIOT HECKOJIBKO OBICT-
pee, 4eM MHKPOCXEMBI, TIpruBeneHHbIe B Tabn. 15.1, HO uX ObICTpoAeiiCTBHE CHUXKAET
OTpaHWYECHHAs CKOPOCTh 0OMeHa 10 BHyTpeHHeH muHe BBoga-BeiBoaa 11K, 13-3a sToro
nepuoa GOpMUPYEMOro CHUTHAJa ONPEAEseTCS B OCHOBHOM AJUTEIBHOCTHIO BBINOJI-
HEeHHs onepauuil BBoga-BeiBoAa. ONHAKO elBa JIM KTO-TO OyIeT reHepUpOBaTh CUTHAI
MPSIMOYTOJIBHOM (OPMBI C IOMOIIBIO NPOTPAMMHOrO OOECIEUEHHUS] NEePCOHATBHOTO
KOMIIBIOTEPA.

3apaHue 15.1

C momormrsio AVR-Studio onpezenute AOCTYIMHBIE YaCTOTHI MyTEM H3MEPCHUS BPEMEH-
HBIX MHTEPBAJIOB (YHCIIa TAKTOB B 1KKie). McenemyiTe mpu 5TOM pa3Hbie BAPHAHTHI MPO-
rpamm (HarpuMep, HEMOCPEACTBEHHOE MTPOrPaMMUPOBAHKE BBIBOJIA, TEXHUKY HCITONIB30-
BaHUs Ta0JIHII).

PekomeHaauum no BbINOSTHEHUIO 3a4aHUsA

Paboras B AVR-Studio, onpenennte HOCTYITHBIE YacTOTH M3MEPEHNEM BPEMEHHBIX HH-
TEPBAJIOB B CUMYJITOpE (ANIapaTHbIE CPEACTBA CUMYJIISITOPA HE TPEOYIOTCS).

He nyxHO npeHeOperatb STUM BapHaHTOM I'€HEPALUH TOCIEA0BATEILHOCTH UMITYJIBCOB.
Ta >xe camas mpoOiieMa OLEHKH MPeeIbHOW YacTOThl BCTpEYaeTCs MpU IPOrpaMMHUpPO-
BaHMM IIOCIIEIOBATEIBHOCTH HUMITYJILCOB JUIS JpaliBepa uHTepdeiica. MakcuManbHas
TaKTOBas 4acTOTa HHTep(eiica 3aBUCUT OT TAKTOBOH YAaCTOTHI IIPOLIECCOPA U MOCIIEI0BA-
TeNbHOCTH KoMaH]. [Ipomeccop MOKeT OBITh OCTaTOYHO OBICTPBIM, & OTpaHu4eHue Oy-
JIeT 3aKJII0YaThCs B OBICTPOJICCTBUH MTPOTPAMMHO peain30BaHHOTO ApaiiBepa [2C.

15.2. CurHanbl npsiMoyronbHou popmMbl

[IpsiMmoyrosbHBIE cHUTHaNBI C(OPMHUPOBATH MPH MOMOIIHU TpoLeccopa npoue Beero. On-
HAKO 3aTpaThl BO3PACTAIOT, €CIM TPeOYyIOTCS MepEeMEHHBIE aMIUIUTYAbl U TOUYHBIE YacTO-
Thl. AMIUIUTYIy CUTHAJIa MOXHO YCTaHOBHUThH C NMOMOIIbI0O IH(POAHATIOTOBBIX Ipeodpa-
3oBareneil. Ho Torma morpeOyeTcs yxke pa3psgHOCTb 00pabaThIBaeMBIX JAaHHBIX HE
MeHee 0JTHOTO OaiTa.
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15.2.1. N'eHepauunsa YyacToTbl U hopMMpoBaHME UMNYNbLCOB
nocpeacTBOM NporpamMmmMHoro o6ecne4yeHus

[IporpamMmMuoe (hopMHUPOBAHNE MIMITYJIHCOB OMPECSIIICTCS IBYMS ITapaMeTpaMu: BPeMEHEM
BBITIOJTHEHMS KOMaHIBl M METOJIOM T'€HEepanyy neproa. [Ipu 3ToM cTpeMsITCs TTOIyIUTh T10
BO3MOYKHOCTH OBICTPBII M yTIPABJIIEMbIN BEIBOJT JBOMTHOM ITOCIICIOBATETHHOCTH.

MOXHO OCYIIECTBUThH BBIBOJ JAaHHBIX M3 HEKOTOPOW 00JAaCTH MaMATH, MPEABAPUTEIHHO
3allOJIHEHHON COOTBETCTBYIOLIEH KoH(purypauueidr 6utoB. [Ipobiemsl ¢ pa3psIHOCTHIO Ha-
OJroaroTCs MpU Mepexoe ¢ KOHLA TaOMHLBl B HAYAIIO, €CITH aJpeca, KOTOpble TPeOYyIOTCs
171t ()OPMHUPOBAHUS IIEPUO/IA, HE JeNATCs 6€3 0CTaTKa B aJpECHOM MPOCTPAHCTBE TAOIHUIIBL.
TpeOytoTcst MO0 JOMOIHUTENBHBIE KOMAH B, TH00 BO3HUKAIOT UCKAYKCHUS CUTHAJA.

[IpenmymiecTBO TAOMIMYHOTO METO/IA B TOM, YTO MTpOrpaMMa MOXKET paboTaTs 6e3 orpoca
npepeiBanus. [IpepeiBanms TpeOYIOTCS TONBKO JJIsI M3MEHEHUS 3HAYCHUH B TaOIHIe.
PaccMOTpeHHBII METO ITOIXOTUT, TIPEXkK/IE BCETO, U aBTOHOMHO paboTaIOIUX IpoIec-
COpOB, KOTOpBIE 0OCTYKUBAIOTCS Yepe3 HHTEpQeiic.

AHanoruuHasi TeHepalusl CUTHaIA ¢ TIOMOIIbIO KOHTPOJUIEpa CTAHOBUTCS TipoOieMaTy-
HOM, eciiu MmapajulebHO BBIMOJIHAIOTCS JIPYTHe MPOLECChl, HAIpUMEp yIpaBieHHE Tail-
MEpOM, T. K. 3TO IPUBOJIUT K BPEMEHHBIM COOSIM.

15.2.2. DopmmnpoBaHue MUMNyrbCOB C NOMOLLbIO
annapaTHbIX CpeACcTB KOHTpornnepa

BoNbIIMHCTBO MUKPOKOHTPOJUIEPOB CHAOKEHBI TaiMEpOM, KOTOPBIH MO3BOJISET TeHEpH-
POBaTh BBIXOJHBIE CUTHAJBI C Pa3HBIMHU 4acCTOTaMU. Tak Kak MPOLECC PEAM30BaH YUCTO
anmapaTHO ¥ MPOTEKaeT He3aBHCUMO OT padoTaromiell mporpaMmbl, MOXKHO JTIOCTHYb 00-
Jiee BBICOKMX 4aCTOT U MEHBUIMX HUCKaKEHMU. TaliMep COCTOUT U3 NMPEABApPUTEIBLHOIO
¥ OCHOBHOTO nenutens (puc. 15.1).

Puc. 15.1. YnpoueHHas 6nok-cxema Tanmepa (ATmega 128)

[IpenBapuTenbHbBIA NenuTeNnsb AaeT TpyOble KOAQQUIMEHTHI JIeeHus. YTIpaBIeHHe Mpo-
UCXOAMT TI0 TAKTOBOMY CHUTHAIy Tporieccopa. OCHOBHOM NEIUTENh MOXKET JeiCTBOBATh
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KaK CYCTUYHMK BBEPX WIJIM BHH3, IIPUYEM OH CUHTAET OT (WJIH JI0) YCTAaHOBJIEHHOTO 3Haue-
Hus. B pesynbrare 00pasyercs BEIXOJHON CHTHAJ, KOTOPBIA HYXHO JACTHUTh [T CAUMMET-
pupoBaHms ele Ha 1Ba. Bo3MoxHBIE KOXDPHUITUEHTHI ACICHNS JeKaT B AUAa3oHe OT 2
1o 65 535. OmHako pacCMOTPEHHBIN TakMep BCe JKe He 00ecreunBaeT TOUHYI0 YCTaHOB-
KY YacTOTEHI.

15.2.3. dopmmnpoBaHme MMNyrnbLCOB
C NOMOLbLIO BHELWHUX annapaTHbIX CpeacTB

JanpHeWmmi myTh MOBBILIEHUS TOYHOCTH (OPMHUPOBAHMSI YAaCTOT — JEJICHUE YacCTOTHI
BHEIIIHETO BBICOKOCTAOMIIBHOTO TeHEPaTopa.

Tak KaK TOYHOCTb YCTAHOBKH YACTOTHI YIIYYIIACTCS MPU OOJIBIIOM KO3 PHUIMEeHTE Aeie-
HUS, BBITOJHO HUCIIOJIBb30BAHHE CTAOWIIBHBIX BHICOKOYACTOTHBIX BHEIIHUX T'CHEPATOPOB.
Hamnpumep, npu yactore kBapia ot 20 1o 30 MI't MOXHO MOTYYUTH YaCTOTY BBIXOJHOTO
HY-curnana 25 k't ¢ Tounoctsio 0,1%.

Puc. 15.2. Perynupyemsblii reHepatop

CueTunku B cxeme, U300paxxeHHON Ha puc. 15.2, cuntatoT BHM3. HaganpHoe 3HaueHue
3arpy’kaercsi U3 napajieIbHOTO PETUCTpa MU MOSBICHUN KaXI0TO UMITYJIbCa Ha BBIXO-
ne. TakuM 00pa3oM 4acTOTY BXOIHOTO CHrHaNa fi, MOKHO JITTMTh Ha MPOM3BOJIBHBIH 3a-
JMaHHbId KO3 dumueHt. YToOsl Ooliee TOYHO 3a/aTh YaCTOTY, MOXKHO B3STh HECKOJIBKO
0a30BBIX YaCTOT W BBIOPATh OJIHY U3 HUX, UCXOJS U3 MUHUMAILHOUN norpemHoctd. Ecin
ObICTpasl CMEHA 4YacTOThI HEe TpeOyeTcsl, TO MOXKHO MPEIyCMOTPETh COOTBETCTBYIOUIYIO
YIPaBISIONIYIO POTPaAMMY.
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ANBTEpHATUBHBIA ITyTh — TMPUMEHEHHE TEHEPATOPOB ¢ (ha30BOM aBTOMOICTPOUKOM dac-
totel (PAITY, PLL — Phase-Locked-Loop), koTopele obecrieunBaroT 0ojiee TOYHBIN U
CTaOWIBHBIN BBIXOMHON curHai. OcHOBHBIE 010KH TeHeparopa ¢ PAITY — reneparop,
yopasisembid HanpspkeraueMm, (I'VH, VCO), dazoserii kommapatop (PhK) n nenmmrenu
gacToThl. Ha puc. 15.3 moka3an npHHIIAI JEICHHS 9aCTOTHI.

Puc. 15.3. Bnok ¢pa3oBoi aBToNnoACTPONKM YacTOThI

Nwmmynsc Ha BeIXOne (ha30BOTO KOMIMApaTopa 3aBUCUT OT PasHUIBI (a3. ITOT HUMITYIbC
nonaercs uepe3 RC-1iens u ynpasiseT reHepaTopoM, 4acTOTa KOTOPOTO ITOHMKAETCS MIIH
MOBBIIIACTCSA B 3aBUCHUMOCTH OT HampsDKeHUs. B pesynbraTe Ha KOHAEHCATOpE yCTaHaB-
TUBaeTcs HampspkeHue, nmpu kotopom curHan ['YH coBmamaer mo ase m mo wactore
C BXOIOHBIM cHTHajioM yacTtoToil fl. B pe3synpraTe cTaOMIBHOCTH YacTOTHI BBIXOJHOTO
CHTHAJIa 3aBUCHUT TOJIBKO OT CTaOMIBHOCTU BXOAHOTO. B paccmoTpeHHOI cxeme cyecT-
BYET paccoriiacoBaHue, H3BeCTHOE Kak "npoxkanne” ¢a3. M3-3a sToro Ha BbIX0/1€ HAOIIO-
JaroTcs QIIyKTyalluy 9acTOTHI.

bonee mHTEpECHOE YCTPOHCTBO — YMHOMKUTENb YaCTOTBl — MOYHO IOCTPOMTH, IEepe-
craBuB Osoku (puc. 15.4).

Puc. 15.4. Bnok ha3oBon aBTonoACTPONKM YacTOTbl (YMHOXEHNE)

Ecmu wactora fy paBua 1 kI'1, T, Mest eCATHUYHBIN AeuTeNb ¢ KO3 duimenrom M, Ha
BBIXOJIE MOKHO TIOJTyYUTh 9acToTHI 1, 2, 3,4,5,6,7, 8,9 u 10 k[

OObennHUB cXeMbl, H300paxkeHHbIe Ha puc. 15.3 u 15.4, MoxxHO peanu3oBaTh ApOOHBIE
ko3 duuunents! genenus. C kBapuem Ha 10 MI'n MokHO Ge3 mpobieM MOMyduTh 4acTo-
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Ty 7 MI't, ecnmn menmutenb N uMeeT kodddunment 10, a memurens M — 7. Ilo Takomy
MPHUHIUITY MOXKHO TOCTPOUTH JIEKAJHO IMEPECTPauBACMBI T'€HEPATOP MPSMOYTOIHHBIX
HUMITYJIBCOB. JIJIs1 3TOTO ICIHUTEINN 3arpyKatoTcs Yepe3 napauielbHBIN MOPT Imporeccopa.

s co3maHus TeHEpaTOpOB BBHIMYCKAIOT CHEIHAIW3UPOBAHHBIE MHUKpocxeMbl. Hampu-
mep, MC LS124 unu 4046 nonoitayt B kauectBe ['YH. C 3Toif 11e1b10 BO3MOXKHO Takxke
MIpUMEHEHUe npeoOpa3oBarens "HanpspkeHne—dactora". [Ipenensl n3MEHEHUsT BXOHOTO
HaIpsDKEHUST CYNMIECTBCHHO BIMSIIOT Ha paboumii quama3oH reHepartopa. IlocTosHHas
BpeMeHH (MIIBTPa HE JOJDKHA OBITh CIHUITKOM Manol. [Ipu pacmmpeHnn moixockl 4acToT
IIOCTOSTHHYIO BPEMCHH CJIEIyeT YBEIUYHUTh, YTOOBI HA HU3KUX YacTOTaX MOJyYalics CTa-
OWIbHBINA BEIXOAHOU curHan. C Ipyroil CTOPOHBI, MOCTOSHHAS BPEMEHH BIIMSICT TAKXKe Ha
CKOPOCTh U3MEHEHUS IIPU KOMMYTAIIUU YaCTOTHL.

Puc. 15.5. MNMpumepsbl ha3oBbIx kKOMNapaTopoB

CylecTBYIOT pa3inyHble BapUaHTHI cxeM (ha3oBbIX KommapaTopoB (puc. 15.5). Cambiii
npocToit KommapaTop, BcTpoeHHbI B IC 4046, — 310 noruyeckuil 31eMeHT "HCKITIO-
yaromee WJIN" (puc. 15.5, 6). BeixoqHol curHan reHepupyercst B TeUEHHE HHTEpBaia
BpEMEHH, [TPU KOTOPOM HE PaBHBI 00a BXOJHBIX CUrHana. J[is HuppoBbIX CUTHAIOB JJTH-
TEIILHOCTh BBIXOJHOT'O OTKJIMKA COOTBETCTBYET B 3TOM CIIydae pasHuIle ¢as.

HenocraTok paccMoTpeHHON cxeMbl (TIpu OONBIION pa3Hulle (a3 BOSHUKAET HECTAOWIIb-
HOCTh) MOXHO YCTPaHUTb C MOMOIIBIO TpUITEpoB. llpumep cxembl NpHBEIEH Ha
puc. 15.5, s.

B cocraB mukpocxembr 4046 BXOJAT /Ba BHYTPEHHUX (Da30BBIX KOMIapaTopa, MpuieM
BTOPOI KOMIIApaTOp AAET JIyULINe Pe3yabTaThl.

Ha puc. 15.6 npuBenen npumep reHepaTtopa NpsIMOYTOJIbHBIX UMIIYJIBCOB B JUAINA30HE
gactoT oT 10 I'ty mo 1 MI'1, BEImonHeHHOTO Ha 6a3ze MUKpocxeMbl 4046.
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Puc. 15.6. MNMpuHuMnuanbHasa cxema reHepatopa NpsMOYrofibHbIX UMMNYbCOB

HpI/I YKa3aHHBIX MapaMETpax 3JIEMCHTOB CXEMblI MOJKHO pCaJIM30BaTh CJICAYIOUINWE ITI0M1-

JHaIta3oOHbI:

0 10I'1... 10,24 xI'g ¢ mmarom 10 I'm;
0 100T1 ... 102,4 xI'1g ¢ tmarom 100 I'i;
0 1000T... 1024 xI'g ¢ mrarom 1 xI'm.
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Tak xak cxema @AITY cocobHa paboTaTh ¢ AUANa30HOM 0oJIee YeThIpeX IeKad, TO BO3-
MoOXxHa Ooyiee TOYHAsI MOACTPOIKa 4acToThl. HO BepXHUH mpelen CeTKH JacTOT paBeH
1 MI'n. [Ins onpenenenus mapameTpoB konmeHncaropa Cl u pesuctopoB R1, R2 moxHO
HCIIONB30BaTh Tpaduk Ha puc. 15.7.

Puc. 15.7. 'pachmk ans onpegeneHns napaMmeTpoB BHELLHNX KOMMOHEHTOB
npu noaknodeHnn UC 4046 [7.4]
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15.3. CuHycouaanbHble CUrHanbl

Jist TeHepany XOpOIINX CHHYCOUJANBHBIX KOJeOaHHH TOJXOMSAT aHaJIOTrOBbIE TeHepa-
TOPBI WX OBICTpOACHCTBYIOMHE ITN(POAHAIOTOBEIE MPpeoOpa3oBarenn ¢ OOIBIION pas-
PAMHOCTBIO. BBICOKOE KavyecTBO CHTHAIIOB, CTCHEPHUPOBAHHBIX IH(PPOBBEIM CIOCOOOM,
MOHO OOECIICYNTh COOTBETCTBYIOMMM (PIIbTpoBaHuEeM. [Ipr HEOOXOAMMOCTH N3MEHE-
HUSI YacTOTHI ONMKMCAHHOE pEIICHHE CIHIIKOM pecypcoeMko. COBpeMEHHBIH MOAX01 —
HerocpencTBeHHbIi mudposoii cuares (DDS — Digital Direct Synthese) — mbr 06cy-
JIM TIO3]THEE.

15.3.1. LludpoBble reHepaTopbl CMHYycOMAarbHbIX
KonebaHumn

CHagana paccMOTPUM Te€HEpHUPOBAaHHE CHHYCOMIAIBHBIX KOJeOaHU IMU(PPOBBIM CIIOCO-
6om. J{ist aToro morpedyercs nndpoaHaIoroBhlil mpeoOpa3oBaTelb, KOTOPHIM YIPABISET
nporeccop. 3Ha4eHUsT MOXKHO PacCUUTHIBATH HEMOCPEACTBEHHO B IPOrpaMme, HO C IO-
MOIIBIO TaOJIHIBI BCE MMPOUCXOMUT ropasno ObicTpee. TOYHOCTh CHHYCOMTAIBHOTO KOJIe-
OaHMA Takas ke, KaKk W MPSMOYTOJIBHOTO, HO MOTpedyeTcs He OaUH OUT JaHHBIX, a 00Jb-
mre. IS Hammx SKCIIEPUMEHTOB MIPUMEM pa3Mep IOCIIeI0BATEIbHOCTH PAaBHBIM BOCHMHU
outam. Ilpm Oospmeil miMHE TOCIENTOBATEIBHOCTH JOIYCTHMAs MpenesbHas JacToTa
CTaHOBUTCSI HEMHOTO MEHBIIIE, T. K. TpeOyeTcsi OOIbIe BpeMEHN Ha BBIYMCIICHHE aJipeca
B TPOMO37KOil Tabmmre. YacToTa Ha BBIXOJE 3aBUCHT OT CKOPOCTH BBIITOJHEHHS IPO-
rpaMMBI | I1ara I3MEHEHUs apryMeHTa CHHYCa.

3apaHue 15.2

Hanumure nporpammy A7l BEIBOJA CHHYCOMAAIBHBIX Konebanuii B mopT AVR u onpe-
JIEJIUTE TOIIyCTUMBIE YACTOTHI.

PekomeHaauum no BbINOSTHEHUIO 3a4aHUsA

Ucnonszyiite AVR-Studio u onpenenure mpeneinbHble 9acTOTHI IIyTeM H3MEpPEHUS Bpe-
MEHHBIX UHTEPBAIOB (TI0JICIETOM TaKTOB B IIUKJIE). 3/1€Ch Mpearonaraercs pabora ¢ tab-
JUYHBIMH 3Ha4eHHsAMU. Pa3paboraiiTe onmTHManbHBIE pa3Mepsl TaOmuil (Yucio n3OpaH-
HBIX TOYEK), NPUYEM KpUTepHeM OyIeT OTKIOHEHHE 3HaueHHs H30paHHOM TOYKH
(ammmapaTHBIE CpeACTBa CUMYIISTOPA HE TOTPEOYIOTCH).

[IpoGnema OMMCaHHOTO METO/Ia COCTOUT B CKAUKOOOPa3HBIX M3MEHEHUSIX BBIXOJHOTO CHT-
Haya. [lepenaabl OyayT TeM OoJibliie, ueM OOJIBbIIIC IIar U3MEHEHUS apryMeHTa cuHyca. [l
CTJIaXKMBAHMS CTYNICHYATOTO HANpPsHKeHUsI HoTpedyeTcst 6osee 3 heKTUBHBIN QUIBTD.

KomnpomuccHoe pemieHre — reHepupoBaHie CHHYCOUAANBHBIX KOJEOaHUH ¢ TOMOILBIO
OTPE3KOB MPSIMBIX JTUHHUI PU Pa3HbIX mpupanieHusx (puc. 15.8).

Ecimu ncxonuTh U3 yNpouIeHHUs, YTO MOXKHO MPEJICTABUTh YaCTH CHHYCOHMJIAIBHBIX KOJIe-
OaHuWil U151 ONpe/IeTICHHBIX BPEMEHHBIX IMANa30HOB B BUJIE OTPE3KOB MPSIMBIX, TO MOXHO
YMEHBIIUTH YUCIO 00padaThIBAEMBIX JAHHBIX.
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Puc. 15.8. AnnpokcumaLmsi cuHycomaanbHbiX konebGaHuin oTpeskamu Npsimbix

Puc. 15.9. MNpuHumMnmanbHas cxema ans annpokcnumauum

CdopMupoBaTh CUTHAII U3 OTPE3KOB NPSMBIX HECIOKHO C MOMOIIBI0 MHTErpaTopa. Be-
JMYMHA TIPUPALICHUS ONPEICISIETCS BXOAHBIM HANPSHKECHUEM HHTErpaTropa, KOTopoe Mo-
KET MOCTyNaTh OT IudpoaHasoroporo npeodpaszosaress (puc. 15.9).

VYmpasnenue LAl MOXXHO peann3oBaTh MO TAKOMY K€ aJTOPUTMY, KaK TPU HETIOCPECT-
BEHHOM BbIBOJI¢ curHasia. OiHaKo B TaONHUIE Terepb OyayT He 3HaYCHUS (DYHKIIMH, a PH-
paIIeHus HaNpsHKEHHSI B COOTBETCTBYIOMICH TOUKE (UTO COOTBETCTBYET MEPBOU MPOU3BOI-
Holl (hyHkuuu). [Tockoybky Mexy 3HaueHUSAMH (YHKIIMU HET TIEPEaioB HAPSHKCHUS, TO
o01Mii 00beM JaHHBIX CYIIECTBEHHO COKPAIIASTCS, YTO MPUBOAUT IPH TOH KE CaMOU CKO-
POCTH BBITIOJIHEHUSI MPOTrpaMMbl K TOBBIIIEHUIO MPEACIbHON 4acTOThl. s ymydiueHus
Ka4eCTBa BBIXOJIHOT'O CUI'HAJIA 37IECh TAK)KE MMEET CMBICI BKIFOUUTH (DUIBTP.

HGI[OCTaTOK 9TOIr0 ME€ToJa COCTOUT B YacCTOTHOH 3aBUCHMOCTH BBIXOJHOT'O HAIIPAKCHUS.
Ha BCJIMYMHY BBIXOJAHOI'O CHUTHaJla MOKHO IIOBJIHATH YCPE3 BBIXOAHOC HAIIPSIKCHUC
HAH, HO €€ HCJIB3A JOCTATOYHO 6LICTpO CKOPPCKTUPOBATL paCYCTOM B IpCaciiax IMpo-
T'paMMHOI'0 TUKJIA.

Ecmu GpicTponeiicTBUs mpolieccopa He XBaTaeT, TO TabIuIly HYXKHO (JOpMHUPOBATSH C T10-
MOIIBI0 BHEIIHUX ammapaTHbeix cpeacts. Jias atoro LAIT oGcnykuBaeTcs HEMOCPEACT-
BEHHO M3 IUKIN4YecKu aapecyemoro O3Y. Ynpasnenue cuetunkom aapecoB O3Y moxer
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MPOUCXOJIUTh Yepe3 FeHepaTop MPSIMOYTOJILHBIX HUMITyJIbCOB, YIIPaBIsAEMbIi 1U(QPOBBIM
crmocoboMm. Bun dyHKIMKM ycTaHaBIWBaeTcs IpoleccopoM u 3arpyxkaercs B O3VY.
B [15.1] ommcana murata pacmmpeHHs sl KOMIBIOTEpa, OpHEHTHpOBaHHAs Ha 12-
paspsaasnii L{AIT n o6ecneunBaromas 3uadeHus 1o 100 ve. [lamaTs 3HadeHME QyHKIMHA
obbemoM 128 KbaliT mo3BOJIsIET peaan3oBaTh TaKKe MEUICHHBIE MPOIECCH ¢ XOPOIICH
TOYHOCTBIO.

15.3.2. HenocpeacTBeHHbIU LUPPOBON CUHTES

Texuosorust HemocpeacTBeHHOTO UdpoBoro cunresa (DDS — Digital Direct Synthese)
MPEe/ICTaBIsIeT COOOM COBPEMEHHBIH MeTOx (HDOPMHPOBAHUS BBICOKOTOUYHBIX CHHYCOH-
TANBHBIX KONeOaHWH M3 CTa0MIIBHOW YacTOTHI KBapueBoro reHepartopa. amee Oymer
OIFCaHa OJHA M3 CaMBIX MPOCTHIX MHUKPOCXEM, CIICIHAIBLHO PACCUMTAHHAS JUI MpUMeE-
HEHUS B DHEprocOeperaroImmx ycTpoiicTBax.

CymiecTByt0oT U 0oJiee CIIOKHBIE MHKpPOCXEMBI, 00ECIIeUMBAIOLINE, HANPUMEP, KpoMe
KOMMYTAILIUU 9acTOTHI U (ha3bl, TAKXKE aMIUTUTYAHYIO MOAYJISLHUIO UK TeHEPAHIO CETKU
gactor. Ilomoca yacToT MoOkeT OBITH B Ipenenax OT HECKOIbKHX MUJUTUTEpI A0
100 MTI'u. OGecnieurBaeMBbIii AT IEPECTPORKN HAXOAUTCS B TUANA30HE MUKPOTEPII.

HenocpenctBennas o6nacTs MpUMEHEHUS — TeXHHUKa cBA3H. OJHAKO paccMaTprBaeMast
TEXHOJIOTHSI TOAXOMUT TAKXKE I HU3KOYACTOTHBIX IPUMEHEHHH, a TakKe B KauecTBe
TaKTOBOT'O ['€HEPATOpa UM UCTOUYHUKA OIIOPHOT'O CUTHAJIA B U3MEPHUTEIBHON TEXHUKE.

OcnoBa DDS-reneparopa, u3odpaxensoro Ha puc. 15.10, — Tabmuna cuHycoB, B KOTO-
poli meproa KoyiebaHus MPEJCTABICH B BUJIE MOCIEA0BATEIBHOCTH 3HAYCHUH. DYHKIHS
umeeT 4 096 u3dpanubix Touek (12 O6ut) u BeimaeT Ha [IAIl cuHycoMIaNbHBIN CUTHAT
¢ 10-6uTOBBIM pa3peleHIeM.

Puc. 15.10. YnpouleHHasi 6nok-cxema DDS-reHepatopa [15.3]: 1 — perucTp YacToThl fo;
2 — perucTp yactotbl 1; 3 — mMynbTunnekcop; 4 — casosbii Gydep (28 6uT);
5 — MN3Y 3HauveHuih cnHycoB; 6 — cTapwumii 6anT; 7 — 10-pa3pagHein LIAM; 8 — peructp dasbl ¢o;
9 — perucTp ¢asbl 1; 10 — nocnegoBaTenbHbIN NHTEPEENC CO CXEMOM YNpPaBneHus;
11 — perucTp ynpasnenus; 12 — genutenb Ha 2; 13 — BbIXOQHOE HanpsXxeHne
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Yrpasnenue TaOauIeH 3HAUCHUH OCyIeCTBIsAETCS U3 "(ha30Boro akKymysstopa", mpen-
CTaBIISIOIIETO COO0I pEerucTp, K KOTOPOMY J0OABISETCS 3HAUCHHUE U3 PETHCTPA TAKTOBON
gacToThl. Tak Kak g YIpaBJICHHs TaOIHIICH HCIOIB3YIOTCS TOJBKO crapmme 12 Out
(ha30BOr0 aKKyMyJIATOPA, TO MIIAIIINE OUTHI MPU CIOXKEHUU YUUTHIBAIOTCS Kak "paspsi
JNECATUIHOW ApoOH", IMOATOMY TaKTOBYIO YaCTOTY HEPEIKO NEIAT HE Ha IEIOYUCICHHOE,
a Ha JIpoOHOe 3Ha4YeHne. B uTore 4acTora Ha BBIXOJIC paBHA!

Fout = f(clk) x Peructp gacrorsr / 228.

IIpeobpazoBaB Tabiuiy 3HAYCHUU (PYHKITAH, MOXKHO TIO TOMY € CaMOMY IPHHITHUILY
(hopMupoBaTh Ha BBIXOJIC MIIO0OPA3HBIN CUTHAN. ECiM OrpaHUYUTRCS CTapITUM OHUTOM,
TO Ha BBIXOJIC IMOJIYYUTCS CUTHAI MPSIMOYTOJIBHOM (OPMBIL.

He cnenyer 3a0biBaTh 0 TeOpeMe OTCUETOB: YaCTOTa HA BBIXOJE JOJKHA OBITH MEHBIIIE,
YeM TIOJIOBHHA TaKTOBOM 4acToThl. Jljis xopomero HU-renepaTopa Hy»HO BBIOMpATH CO-
OTHOIIEHUE YacTOT Kak MUHUMYM 50:1.

15.3.3. AHanoroBble reHepaTopbl
CUHycouaarnbHbIX CUTHaNoB

AHaJOT0BbIE TEHEPATOPHI CHHYCOHJABHBIX CUTHAJIOB OCHOBBIBAIOTCS HA (POPMHUPOBAHUHT
kojiebanust ¢ momompbio RC- i LC-nieneir. RC-reHeparops! yaie BCTpevaroTcs B HA3-
KouacToTHOM, a LC-reHepaTopsl — B BEICOKOYACTOTHOM Juarna3one. B murepatype onu-
CaHO JIOCTAaTOYHO MHOTO CXeM. MBI COCPEeIOTOYMMCS Ha PEryJUPOBaHUH YAaCTOTHI BBI-
XOJ/IHOTO CHUTHAJIA ITOCPEACTBOM IIPOIIECCcopa.

Kiaccuueckas cxema — RC-reneparop ¢ mocrom Buna—Poouncona (Wien—Robinson),
n3o0paxena Ha puc. 15.11.

Puc. 15.11. MNMpuHuMnuanbHasa cxema reHepaTtopa ¢ MocToM BuHa
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BrIxotHOE HampsKEHUE 3TOTO TeHepaTopa CTA0MIH3UPYIOT ¢ IOMOIIBIO CXEM PEryJnpo-
BaHUs WM MO3KcTOpa. JIONOJHHUTENBHBIC TICTH 3aIIUIIal0T MOCTOBYIO CXEMYy B MOMEHT
BKITIOUYEHUST ycTpoiicTBa. Ha cTaOMIIBHOCTh aMIUTUTY/IBI BIUSIOT TaKKe JAOMYCKH HOMU-
HajoB pe3ucTopoB Rla u R1b.

CHO0XHOCTD YHPaBJIEHUS YaCTOTOW 3TOW CXEMbI 3aKJI0YaeTcs B HEOOXOOUMOCTH HICH-
TUYHOTO M3MEHEHHsI compoTuBieHHs pe3uctopoB Rla m R1b. Ilockonbky dactoTa 00-
paTHO MPOIMOPIUOHATIbHA COPOTUBIICHUIO 3TUX PE3UCTOPOB, TO X KOMMYTAlUs JaeT He
OUYEHb XOPOIINI pe3ynbTar.

PaccMoTpuM XapaKTEpUCTHKN aHAJIOTOBBIX ONTPOHOB HA OCHOBE CXEMBI, B3SITOW U3 HC-
touHuka [6.3, c.73]. OnTpoH cocTOUT U3 cBeTonMOoAa M (POTOpPE3UCTOpa, KOTOPHIE HAXO-
ISITCSL IPYT TMPOTHUB APYTra B CBETOHEIPOHUIIAEMOM KOpITyce. 3aBUCHMOCTD COTPOTHBIIE-
HUS OT TOKa CBETOMO/Ia TpUBeicHa Ha puc. 15.12.

Puc. 15.12. XapakTepucTyka aHarnoroBoro onTpoHa

Jns HacTpoilKu reHeparopa IOCTATOYHO OUAna3oHa PErylIMpOBaHHs 3HAYEHUH COIpO-
tussieHus 1:10. C moMomIbio IByX MOAOOHBIX YCTPOHCTB MOCT BiHA MOXHO HacTpauBaTh
OT BHEITHET0 UCTOYHHMKA HanpsbkeHus. CxeMa reHepaTopa, n300pakeHHast Ha puc. 15.13,
MoJly4eHa oO0beAMHEHHEM NMPUHLMIHNAIBHBIX CXEeM, B3ATHIX M3 ucrouHuka [6.3]. Ilepe-
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KIIFOYEHNE KOHAEHCATOPOB, ONPEIEIAIONNX JaCTOTY, MOXKET IPOUCXOIUTH TP TIOMOIITH
aHaJIOroBOro KoMmyTtaropa unu pene B DIP-kopmyce.

BHUMAHME)!
Yutute, 4T0 34€Chb HEOBXOANUMO KOMMYTUPOBATL NEPEMEHHOE HaMPsXKEHUE.

Puc. 15.13. OnTuyeckun ynpaBnsiembln reHepaTop ¢ Moctom BuHa

B Ta6n. 15.2 npuBeaeHsl mapaMeTpbl KOHJICHCATOPOB M COOTBETCTBYIOIIUE YACTOTHI MPH
yIpaBJISIONIeM HanpskeHUH oT —5 10 +10 B.

Tabnuuya 15.2. [Juana3oH Yyacmom 8bIX0OHO20 cueHarsa

Mpeaenbi YacToThbI EmkocTb koHpeHcaTopoB C1=C2

BBIXOAHOTO CUTHANA | 1400 nad 100 HO 10 HD 1 D 500 n®
MuHuMmanbHas Yac- 1,6 16 160 1600 3200
ToTa, 'y,

MakcnmanbHas 4ac- 16 160 1600 16000 32000
ToTa, 'y,

[ OBBIIEHUS] TOYHOCTH YCTAaHOBKHM YacTOT OIMCAHHBIA IME€HEPATOP CIAEAYET MOIKIIIO-
yuTh K 00Ky (ha30BOH aBTOMOJACTPOWKH YacTOTHI. IJisi 3TOTO BBIXOJAHOM CHTHAN HY>KHO
mpeoOpa3oBaTh MPY MOMOIIM TPUTTEPA U MoAaTh Ha aenutens 0moka OAITY. Ctangapt-
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Hasl 4acTOTa MOCTYIaeT OT KBapIeBOro pe3oHaropa. @uibTp mocie Kommnaparopa oopa-
3yercst uHTErparopoM ¢ OV, KOTOPBIil HEMOCPEACTBEHHO YIPABIISIET CBETOIUOIOM.

I'eneparnust cuHyCcOUTANBHEIX KoJicOaHnii B BU-nruanazoHe He MpeACTaBIsSeT CIIOKHOCTH,
T. K. HACTPOHKY MOYKHO OCYIIECTBIIATH C MOMOIIBI0 Bapukamnos. biok ®AIIY cHoBa Oy-
JIET CIIOCOOCTBOBATh YBEIMUEHUIO TOYHOCTH YCTAHOBKH 4acTOTHI. Eciu Tpebyercs moo-
ca gactot MeHee | MI'm, To BapuKambl MOXHO 3aMEHHTH TOJTYIMPOBOJIHUKOBEIME CTaOH-
nutpoHamu. [lpu 0OpaTHOM CMENIEHUN OHU MMEIOT MOXOXKYI0 XapaKTEPUCTUKY, TOIBKO
€MKOCTh 3HAUUTEILHO OOJIBIIIE.

15.4. CneunanbHble PYHKUUMN

Bce ¢yHKIMH, KOTOpBIE OTIMYAIOTCS OT CHHYCOMIANBHOH WIIM TPSMOYTOJIBHOH, pac-
CMaTpHUBAIOTCS B OOJBIIMHCTBE CIydaeB Kak "mpoyne"”, T. K. UX MOXHO MOJyYUTh U3 3TUX
IBYX (DyHKIUH.

15.4.1. AHanoroBasi reHepaunUst MOHOTOHHbIX CUrHaNnoB

BonpIIMHCTBO HECHHYCOMTANBHBIX CHUTHAJIOB (DOPMHUPYIOT M3 KOJEOAHWH TPEyroIbHOMN
WM TPAMOYTOIBHON (POPMBI TP TIOMOIIIM aHAIOTOBEIX MHKpocxeM. [1omoOHbI Terepa-
TOP COCTOMUT U3 UHTETPAaTOpa U TPUITepa ¢ OONBILINM IT'HCTEPE3UCOM.

Puc. 15.14. MNpuvHumMnmanbHasi cCxema aHanoroBoro reHeparopa CMrHasnos



216 nasa 15

Ecam npeamnonoxute, 9To B cxeMe Ha puc. 15.14 sanpsokenne Uy, oTpHIIATENBHO, TO Ha-
MpsDKEHME Ha BBIXOJIE MHTErparopa HaumHaeT pactd. [Ipu mpeBwimeHnn mopora cpaba-
THIBAHHUA TOJIIPHOCTH BBIXOJHOT'O HANPSDKEHHS MEHSETCS W HauWHAeTCs oOpaTHOE HH-
terpupoBanue. B pe3ynbrare Ha Beixoae Uy (opMupyeTcst mpsiMOyTOIBHBIN CUTHAM, a Ha
BbIxoqie Uy — TpeyronsHbii. Ecmu MBI mogamuM KojiebaHUE TpeyronbHOW (popMmbI Ha
YCHITUTENb-0TPaHUINTENb, TO AOMOTHUTEIHFHO MOTYYHM TPANeUeBUIHBIA CUTHAN. DTH
OCHOBHBIE (JOPMBI MOXKHO TOTIONIHUTENHHO W3MEHSATh MoAu(UKanmend mernd oOpaTHOMH
cBs3u. Ha puc. 15.15 mokazansl BO3MOXHBIE (DOPMBI IIETICH.

Puc. 15.15. Llenn obpatHoi cBsA3u k cxeme no puc. 15.14

[Ipu momomu 0OBIYHOTO TIEpeMeHHOTro compoTuBieHus (puc. 15.15, a) MoxHO perymnu-
pOBaTh YacTOTY Ha BBIXOJE, T. K. B 9TOM CIIy4ae MEHSCTCS CKOPOCTh HAapacTaHHs Harpsi-
JKEHUs B MHTErpatope. B mernwm Ha puc. 15.15, 6 moTeHIMoOMeTp 3alIyHTHPOBAH IS TIO-
JIO’)KUTETBHBIX HANPSDKEHUH THOIO0M, B pe3yibTaTe BOHUKAET KojeOaHue muioo0pa3Hoi
(hopMBI ¢ KPYTHIM criazioM mMmiTyibca. Llems, m3o6pakenHas Ha puc. 15.15, 6, mo3BomseT
BapbUPOBaTh KPYTH3HY OTAEIBHBIX (PPOHTOB MMITYJNIBCA, YTO JJISI IPSIMOYTOJBHOTO CHUT-
HaJla Ha BBIXOJIE COOTBETCTBYET M3MEHEHHUIO CKBa)KHOCTH. OIHAKO 4acToTa 37IeCh OCTa-
eTcs HEU3MEHHOM, T. K. CyMMapHO€ BpeMsl HHTETPUPOBAHUS U JC3UHTETPUPOBAHUS OCTa-
€TCS OCTOSHHBIM.

IToTeHIIMOMETP MOKHO 3aMEHHUTH HU(POaHATIOTOBBIM MpeobpaszoBateneM (puc. 15.15, 2).
[onannoe mudpoBoe 3HaYCHNE BIHMACT HA YACTOTY TeHepaTopa. [Jis MOJ0KHUTENEHOTO U
OTPHUIIATETIFHOTO HANpPsHKEHUs B Touke X mpuMmensieTcs aBToHoMHbIN LAIL, 3aeck mo ot-
JETHOCTH PETYJIHPYIOTCS] COOTHOIIECHHSI (PPOHTOB UMITYJIbCA.
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Jlnst TeHepanuy CTYNEHYAThIX HANpsDKEHUH B ey 0OpaTHOW CBS3M MOXKHO BKJIIOYHTH
aHaJIOTOBBIH KOMMYTATOp. BHJ BBIXOJHOTO CHUTHANIA 3aBUCHT OT CKBaKHOCTH TEPEKITIO-
YeHHUs ¥ 3HAUYeHus conporusnenus (puc. 15.15, 0).

C moMoOIIBI0 HEMMHEWHBIX KacKaJOB MOXKHO IMOMYYHTh MHOXKECTBO APYrux (yHKUIHO-
HaNbHBIX QopM. B kadecTBe mpumepa yMoMsHEM JOTapUPMHUPYIOMINUN YCHIUTENb IS
yIpaBieHUS HHINKATOPOM YPOBHSL.

15.4.2. LindbpoBas reHepaumsa pyHKLUN

[udposas reHeparnus GyHKIUNA OCYIIECTBISACTCS COTIACHO TEM JKEe CaMbIM METOaM, KaKk
U (HOPMUPOBAHUEC CHUHYCOUNAIBHBIX KojcOaHWU. 3HaueHUs (PYHKIUM 3amHCBIBAIOTCS
B COOTBETCTBYIOIICH 00JIACTH MaMsTH U Aaiiee nepenatorcs B [{AIl anmaparHo i npo-
rpamMMHO. KOHKpeTHas peaiu3aiivs TOW WIM WHOW (YHKIIMM OTPAaHUYUBACTCS TOJBKO
TEXHUYECKUMU MapaMeTPaMU CXEMBI.

1 KoHTpOIIS MHOT/A 11eJeco00pa3HO BRIBOAUTH TaOIHITy aapecoB 3HAUCHUH (yHKITHH.
[Tomygatomeecs: muiooOpa3zHoe HANPSHKEHHE COBMAAAET C MEPUOAOM (PYHKIIUU H MOKET
WCTIONTE30BATHCS JIJISl BHEITHEH CHHXPOHH3AIIHH.

15.5. KopoBble nocnepnoBaTtefibHOCTU UMMNYNbLCOB

Oco0blif citydaif, KOTOPBIA 4acTo BcTpeyaeTcsi B (POBON TEXHUKE, — TE€HEpaTophl KOJO-
BBIX MMITYJIbCHBIX TOCienoBarebHocTel. [Ipu 3TOM peub uaeT 0ObIMHO 0 MHOTOKaHAJIBHBIX
reHepaTropax Mocie0BaTeNbHOCTEN MPAMOYTOBHBIX UMITYIbCOB, CTPYKTYPY KOTOPBIX MOX-
HO 33/1aBaTh MPOM3BOJBHBIM 00pa3oM. KaHasbl, Kak MpaBHiIo, CHHXPOHU3UPOBAHBI MEMKILY
co0oil. Takue KOIOBBIE MOCIEIOBATENBHOCTH TPEOYIOTCS, MPEXAE BCEro, A IMPOBEPKU
(pOBBIX cxeM. B 3ToM citydae HHOT]a TOBOPST O TECTOBBIX BEKTOPAX.

OO0br4HBI M(POAHATOTOBEIN MTPeoOpazoBaTellb B 3TOM CiIy4ae yxe He mojouner. Jlan-
HbI€ M3 HaMATH HEMOCPEACTBEHHO BBHIBOIATCS B BUAE MHOIOKAHAIBHOW KOMOWHAIMH
pa3panoB. B npoMBIIUIEHHBIX reHepaTopax BBIXOAHBIE CUI'HAJIBI YacTO IMOAAIOTCS Ha J0-
MOJTHUTENIbHBIE (POPMUpYIOIIME KAacKaAbl AJISl AOCTHKEHHS ONpPENENCHHBIX YPOBHEH U
JUHAMUYECKUX CBOUCTB.

B kauecTBe mpumepa Mbl PACCMOTPUM MPOCTOE YCTPOWCTBO AJISl TECTHPOBAaHUS KOMOHMHA-
TOPHBIX JIOTUYCCKUX CXCM. KOM6I/IH3TOpHYIO CXEMY MOXXHO OITUCBhIBATH, B TOM YHUCJIC ITPU
nomMomu kaptel KapHo (puc. 15.16, a). [Ipu Hanmuumu renepatopa KOJOBBIX MOCIEI0Ba-
TENBHOCTEH MOKHO COOpaTh MCIBITATSNILHYIO CXeMy, IoKa3zaHHyto Ha puc. 15.16, 6. Ha
YCTPOMCTBO MOAAeTCs KOAOBas KOMOWHAIMSA. BBIXOJHOW CHUTHANM MOAYIHUPYET SIPKOCTh
ayda ocumuiorpada. Ecam HemMHOTO pacoKycHpoBaTh Jy4, TO JIOTHYECKOH €IWHUIIC
Oy/IeT COOTBETCTBOBATH CBETJIOE MSTHO, @ JJOTMYECKOMY HYIIIO — OTCYTCTBUE CBEUCHHUSI.
3HaveHus agpecoB TaOJIHIl OAAIOTCS HA JBa MUPPOAHATIOTOBBIX Mpeodpa3oBaTens, BbI-
pabaThsiBacMble MU HaIpsDKEHHS OTKIOHSIOT JIyd ocipiuiorpada B HanpasieHusx X u Y.
B pesynbrare Ha 3KpaHe BO3HUKaeT M300pakeHue kapthl KapHo. Tak kak muanmme pas-
PSIBI afpeca COOTBETCTBYIOT OCH X, pa3BepTKa Jiyda OCYIIECTBISICTCS 110 TOPU3OHTAIIH.
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Conepxxumoe TaOJHIB! (KOI0Bass KOMOWHAIIAS) COOTBETCTBYET MO3HUITUH JTyda, B HaIIEM
MIpUMeEpe TOIYYAIOTCsI CIIEAYIONIHE JIeCATHYHbIC 3HAYCHUS (110 BO3PACTAHUIO):

0,4,12,8, 1,5,13,9, 3,7, 15,11, 2,6, 14, 10.

Puc. 15.16. YcTpocTBO AN NPOBEPKN LIMAPOBLIX KOMOMHATOPHbBIX CXEM:
a — CTpyKTypHas cxema; 6 — kapTa KapHo

15.6. UHTerpanbHble reHepaTopbl PYHKUNUN

Brimyckaetcst He Tak MHOTO YHHBEPCAJIbHBIX MHKPOCXEM-TeHEpaTOpoB GyHKIUH. boib-
Ie BCEro KOMIIOHEHTOB pPa3pabOTaHO AJsl 3BYKOBBIX WJIM JAPYTHX CIEHUAIBHBIX YCT-
pOMHCTB.

WzBectHBI npencTraButens — Mukpocxema 8038CC, koTopasi COMEPIKUT CTaOMITH3HPO-
BaHHBIA PETYIUPYEMBIA T€HEPATOP MPSIMOYTOIHLHOTO, TPEYTOIBHOTO U CHHYCOUJATBHOTO
curHasoB. brarogaps 3QpeKTUBHON YaCTOTHOW M TEMIIEPATYPHOU CTaOWIH3AIH OH XO-
POIIIO TIOJIXOUT ISt CUCTEM (Da30BOM aBTOMOACTPOMKH YaCTOTHI. Y IPaBIISIONIEe HAIIPS-
’KEHUE MO3BOJISIET MEHSITh YaCTOTY B cooTHOIIeHuu 1:1000.

Cxema, nzo0pakeHHas Ha puc. 15.17, npenHa3HadyeHa I pexKUMa BOOYJIALIMHU, HO MOJI-
XOJMT | JUIsl GOPMHUPOBAHUS CUTHAIIOB C YaCTOTOM, 3aBHCsIICH OT HanpsbkeHus. Onepa-
IIUOHHBIM YCHJINTENb Ha BXOZE CIYKUT JUIsI MHBEPTHPOBAHHS OMOPHOTO MOTEHIIHAa,
HEOOXOMMOTO MIPH YKa3aHHOM MOJIAPHOCTH BXOAHOTO HanpsikeHus. Pesucroper R4 u RS
CIIy)KaT A ONTHMM3AIMK TTapaMeTpOB CHHYCOMIAIbHBIX KOJeOaHUil U 0OecrednBaroT
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BenmurHy Kod(hdunmentoB rapmonuk meHee 1% B muamazone no 20 kl'm. Ilpu renepa-
UM CHHYCOMJAIBHOTO KojeOaHus pe3uctopbl Ra m Rb JMOMKHBI MMETh OJIMHAKOBBIC
3HAYCHUS, T. K. OHH ONPEACIISIIOT CKBAXKHOCTD, 4 HANPSDKEHHE CHHYCOMIATBHOW (HOPMBI
JIOJPKHO OBITh CHMMETPHUYHBIM.

Ecnu kakoii-HuOynp M3 PEe3UCTOPOB 3aMEHUTH MOTEHIHOMETPOM, TO MOSABISETCS BO3-
MOKHOCTh TOYHOW MOJCTPOWKH YacTOTHL. Perymupysi cOmpoOTHBIECHUE, MOKHO MEHSThH
CKBa)XHOCTB B mpenenax 1 g0 99%. Ilpu paBHBIX 3HaueHHAX pe3ucTopoB Ra u Rb uwacrto-
Ta ONpeaessieTcs B COOTBeTCTBUH ¢ cooTHomienneM T = 0,3/RaxC.

Puc. 15.17. l'eHepaTop pyHKUMA HA Mukpocxeme 8038 [15.2]

Ypasisiromuil MpsiMOyToiibHbIA curHail uMmeer yposens TTJI. Ilomoiiner, Hanpumep, kac-
KaJl C OTKPBITBIM KOJUIEKTOPOM M PE3MCTOPOM, NOJAKIHOYEHHBIM K IIOJIOKUTEIBHOMY II0-
TEHIMATy MUCTOYHUKA NMUTAHUA. [IOCKOIBKY aMIUIMTYABlI TpEX BBIXOJAHBIX CUTHAJIOB Pas-
JIMYHBL, UX HEOOXOIMMO CKOPPEKTHPOBATE, IPOITYCTUB Yepe3 JONOIHUTENBHBIC YCHUITUTEIH.
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U3MepeHMe 4YacToTbl U BPEMEHMU

W3meputh BpeMs M 4aCTOTY HECJIOXHO, T. K. MX JIETKO IpeoOpa3oBaTh B U(poByto dop-
My. [Ipu 3TOM BpeMeHHbIe U3MepeHHs OOBIYHO OKa3bIBAIOTCS Oosiee TouHbIME. [lorpem-
HOCTh M3MEPCHHUSI BPEMEHHBIX MHTEPBAIOB BO3HUKAET M3-32 HEAOCTATOYHOH TOYHOCTH
ornopHoro currana. [Ipu ucnoiap30BaHUM KBapIEBBIX PE30HATOPOB BPEMEHHbBIE HHTEPBA-
JBI MOXXHO M3MEPSTHh C OONblIeH TOYHOCTBIO, YeM, HANpUMEp, TOK WM HampshKEHHE.
IIpocToii YacoBO#i KBApI[ ¢ TOUHOCTBIO 10° yike COOTBETCTBYET 16-paspsaHOil TOUHOCTH.

Kpowme Toro, mpu omnpeneneHuH 4acTOTHl CUTHAJIAa HaM BaXXHO PACIIO3HATH TOJBKO /1Ba
COCTOSIHUSL: POCT WJIM IaJleHHE HAIPSKEHUS, YTO B MPHUHLUIE Y)K€ MOYTH aHAJIOIMIHO
nu(pPOBBIM METOaM, OCTAETCS TOJIBKO aJalTHPOBATh COOTBETCTBYIOIINE YPOBHH.

16.1. UamepeHune 4acToThl

Yacrora omnpenenseTcs Kak YMCI0 U3MEHEHUI COCTOSHUS CUTHANA 33 eUHUILY BPEMEHH,
T. €. KaK 4ucio KojeOaHuii B cekyHay. UToOBl peann3oBaTh METOJ M3MEPEHUS YacTOTHI,
MOYKHO TTO/ICYMTHIBATH KOJEOaHHs B TEUCHUE ONPEAEICHHOr0 BpeMeHH. [ u3mepenus
4acTOTHI MOTPEOYIOTCS TP OJIOKA: CUETUUK, CXeMa CTPOOHUPOBAHHUS M STAJOH BPEMEHH,
KOTOPBIil TOYHO 33/1aeT JIMTEILHOCTh M3MepeHus (puc. 16.1, a).

Puc. 16.1. MpuHUMN 3MepeHUs YacToTbl M BPEMEHHbIX MHTEPBAsIoB
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CxeMa cTpoOUpOBaHHS 3aIyCKAeTCsl OT ATAJOHHOTO TaliMepa Ha ONpeelICHHOE BpeMs U
YUCJIO UMITYJIECOB (KoJIeOaHnil) peructpupyercs B cueTdnke kak N. HacTora paccuuThI-
BaeTcs 1mo hopmyIie:

f= N/tref.

[Ipu >TOM mepHo] STAIOHHOTO CHTHAJIA TTOTYYaeTCs IEJICHHEM YacTOThI KBapIEBOTO pe-
30HATOpA U BhIpa)xkaeTcs, B OONBIINHCTBE CIy4YaeB, B BUJE IEKaTHOW CETKH 9acToT.

[Ipu u3MepeHnn BpEMEHHBIX HHTEPBAJIOB B CXeME CTPOOMPOBAHHUS MMPOCTO MEHSIOT BXO-
Il (puc. 16.1, 6). Cxema cTpoOMpOBaHUS 3aITyCKAeTCsl BXOAHBIM CUTHAJIOM HA HEU3BECT-
HOE BpeMsi, B TEYCHHE KOTOPOT'O MOJICUUTHIBAIOT UMITYJIBCHI OTIOPHON 4acToThl. YacTora
COOTBETCTBYET €IUHMIIE OTCUETa BPEMEHH, T. €. pH yacToTe | MI'1 kax b nugppoBoit
HUMITYJIbC O3HA4YaeT OTCUET BpeMEHH, paBHBIA 1 MKc. M3MepeHHOe BpeMsl MmoiydaeTrcs u3
COOTHOILICHHUS:

t = N/fref.

16.2. MNMorpewHoOCTb NP U3MEPEHUN HYaCTOTbl

[Tpu u3MepeHnn 4acTOThl U BPEMEHHBIX HHTEPBAJIOB MbI JIOJDKHBI YUUTHIBATH JIBA HCTOY-
HHKa MOTPEITHOCTH: CTaOMIILHOCTD ATAJIOHHON YacTOTHI U MOTPEITHOCTD AUCKPETH3AIHH,
00YCIIOBJICHHYIO METOJIOM U3MepeHusl. [1orpemHOCTh TUCKPETU3alMU HE 3aBUCHT OT H3-
MepsieMOi BEJIMYMHBI U BO3HUKACT B PE3YJIbTaTe CPABHEHUS JBYX JHCKPETHBIX BEITMYMH
(puc. 16.2).

g LLL LUl

10 uMnynescos

t, | |

11 vmnynecoB
t | |
2

Puc. 16.2. lNponcxoxaeHne norpewHocT Auckpetusaumm

Ecnu 3amyckaTh cxeMy CTpOOMpPOBaHUS Ha MIOCTOSIHHOE BPEMS, TO U3-3a HEOIPEIEIIEHHO-
ro BPEMEHHOI0 MHTEpBaja A0 MEPBOTO 3apETUCTPUPOBAHHOIO HUMILYJIbCA UTOTOBOE CO-
CTOSHHE CUETYMKA MOXKET OKa3aTbCAd Pa3HbIM. TakKk Kak TOYHBIA pe3yibTaT 3apaHee He
M3BECTEH, MMOKAa3aHMs CYCTYMKA yBEIMYMBAIOT (WM YMEHBIIAIOT) Ha exuHuny. CrenoBa-
TEJIBHO, TOYHOCTh U3MEPEHHUS MOXKHO OLICHUTH TaK:

HOJ’Iy‘-ICHHOC 3HauYeHHUE — VICTUHHOE 3HAUCHHUE . +1

Yacrorta = = .
[TonyueHnHoe 3HaueHue [TonyueHnHoe 3HaueHue

Kak BUJUM, TOUHOCTb U3MCPCHUSA BO3PACTACT IIPU YBCIMYCHHU IMOKa3aHHUA CHUCTUHUKA.
I/ICXO,Z[SI nu3 Tpe6yeM01‘/'I TOYHOCTH H OXHAACMOI'O 3HA4YCHHA H3M€p$[€MOfI BCJIIMYHHBI,
MOKHO pacCUnUTaTh HCO6XOI[I/IMOG BpeM: CTpO6I/IpOBaHI/I$I.
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HecTaOuiapHOCTh OMMOPHOM YaCTOTHI MPOSIBISETCS, MPEXKAEC BCEro, NMPH MaKCUMAaTbHOU
pa3psIHOCTA MHAWKATOpa. TOYHOCTh M3MEPEHUs OMpEIeNsercs, Kak TOJbKO 4TO OBLIO
MoKa3aHo, OomuOKoi B oauH otcuer (+1). Yem GombIe pa3psimoB, TeM BBIIIE MTOTCHITH-
aNbHasg TOYHOCTh. EcCiM MOTrpemrHocTs M3MEepeHus, 0OyCIOBIIEHHAS YHCIIOM pa3psioB,
MEHBIIIE, YeM TOTPEIIHOCTH OMMOPHOTO CUTHAJIA, TIOCIIEIHSS CTAHOBUTCS OIPEIEIISIOIIHM.
Ecmu tpebyetcs m3aMepuTh, HanpuMmep, 9actoty 1 Ml u Hcmonp3yeTcs cd4eTdyuk ¢ 7-
pa3psIHBIM MHINKATOPOM, BpeMsl CTpOOMpOBaHMs paBHO | ¢, a 3TalloHHOE BpeMs 3aaHO
¢ TOYHOCTBIO 107, TO MOrPELTHOCTS H3MEPEHHS, 00YCIOBICHHAs HECTaGMIbHOCTBIO OTa-
JIOHHOT'O TeHepaTopa, MokeT gocturath 10 Mkc. DTo coctarisieT nopsaka 10 xonedanuit
BXOJIHOW BenmuuHBL. CyMMapHas MOTPEIIHOCTh BKITFOYAET €M1 OMNOKY AMCKPETHU3aIlnU
u cocrasmser 10° + 107, Ha MIPaKTHKE YacTO MPEHEeOPeraloT MEHBIINM ClIaraeMbIM, T10-
CKOJIBKY OTIOPHBII T€HepaTop XOPOIINX H3MEPUTENBHBIX MPUOOPOB SBISETCS TOCTATOY-
HO TOYHEIM (Tabm. 16.1).

Tabnuuya 16.1. [ozpewHOCMb UCMOYHUKO8 OMOPHOU Yacmoma|

Tun reHepaTopa MorpewHocTb
Yacosow kBapL or10™ 0o 2x107°
Bbicokogo6poTHbIe KBapLbl [o 5x107°
KBapLieBbIl reHepaTop ¢ TemnepaTypHou ctabunusaumen fo 1078
OTanoHHbIV KBapLEeBbId pe3oHaTop or10° go 107

16.3. PeXXnmMbl UaMepeHunst 4acToTbl
WU ANMNTENIbHOCTHU

KomOunupyst mHGOpPMAIIMOHHBIE W YIPABISIONINE CHTHAIBI Ha BXOJIE CXEMBI CTPOOHPO-
BaHMs, MOXKHO peajM30BaTh Pa3HBIC PEXHUMBI U3MEpeHHUs. PaccMOTpUM yHpoOIIeHHYIO
CUETHYIO CXeMy, N300pakeHHyIo Ha puc. 16.3.

B nepBoM 1moJI0KEHUM IEPEKIIOYATENS 3aIlyCKAETCsl CTaHAApPTHOE U3MEPEHHUE YaCTOTBHI.
BxonHOl cHrHam OpoOXOTUT 4epe3 CXeMy CTPOOMPOBaHMS, KOTOpas YMpaBisieTcs OT
OIIOPHOT'0 T€HEpaTopa.

Bo BTOpOM MONI0KEHUN MEPEKII0YaTelisi MPOBOIUTCA M3MEPEHNE BPEMEHHBIX MHTEpBa-
JIOB B T€UYEHHUE 3aJaHHOro mnepuoaa. Cxema cTpoOUpOBaHMS 3alycKaeTcsi o (ppoHTY UM-
MyJbCa BILIOTH A0 CIEAYIOLIEr0 MMIYJIbca. Tak MOXHO M3MEpATh NEPUOJ CICAOBaHUS
HMITYJIbCOB.

BTopoii BX01 U3MEpUTEIBHON CUCTEMBI MOXKHO MCIOJIb30BaTh U1 YIIpaBiIeHUs. B TpeTh-
€M IIOJIOKEHUHU TIEPEKII0YaTeNs u3Mepserca oTHomeHne dactor. IIponecc aHanorndeH
WU3MEPEHHUIO YAaCTOTHI C BHEUIHUM OIIOPHBIM CUTHAJIOM.

Ecmu cxema CTp06Hp0BaHI/I$I INOCTOSAHHO BKIIOYCHA (nepeKnquaTem, B YCTBCPTOM I10J10-
)KeHI/II/I), TO OCYHICCTBIIACTCA CUCT UMITYJILCOB.
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Puc. 16.3. MpuHumMnmanbHas cxema KoMMyTaLum cnocoboB M3amepeHus

B msTOM MONI0KEHNH TepeKItoYaTeNs yCTPOHCTBO CHOBA U3MEpsIeT BpeMEHHbIE HHTepBa-
76l. B aTOM ciydae 3ameiicTBOBaHO [Ba BXO/a M HaJl CHTHAJIAMH BBIIOJIHSACTCS JIOTHYE-
CKasi omepanus Tak, 4TO CXeMa CTPOOHMPOBaHUS (YHKIMOHUPYET B PEXKHME 3amycKka U
ocTaHoBa. B pe3ynbraTe momyvaeTcs HECKOJIBKO BAPHAHTOB M3MEPEHHS ITapaMeTpOB M-
nynbca. Kpome Toro, Bo3MOXXHa HacTpOWKa ypoBHEH cpabaThIBaHHS BXOJHBIX ITOPOTO-
BBIX KackaoB. [lepedens pexxuMoB U3MepeHus IpuBeieH B Tabn. 16.2.

Tabnuya 16.2. Pexxumbl U3MepPeHUsI 8peMeHHbIX UHMepeasios

Bxopn YpoBeHb MonsapHocTb HasHauyeHue

A=B Pa=Pb A+ B- N3mepeHne onutensHOCTM MMYrbca BbICOKOTO
YPOBHS

A=B Pa=Pb A- B+ N3mepeHne onutensHOCT! MMMynbca HU3KOro
YPOBHS

A,B Pa=Pb A+ B+ M3mepeHne BpeMeHHOro casura AByX MMMyrbCOB.

M3amepeHne BpeMeHM NPOXOXAEHUS curHana, a
Takke casura casbl

A=B Pa=0,1Ue A+ B+ M3amepeHne BpemeHu hpoHTa nMmnynsca
Pb=0,9Ue
A=B Pa=0,9Ue A-B- M3amepeHne BpemMeHu cnaga umnyrbca

Pb=0,1Ue




UNsmepeHue 4yacmombl U epeMeHU 225

B 3aBHCHMOCTH OT MONAPHOCTH COOTBETCTBYIOIINHA (PPOHT UMITYJIbCa HA BXOZAE A MPUBO-
JIUT K 3aIyCKy CXEMBI CTPOOMPOBaHUS, a Ha BX0oJiec B — Kk ee ocTaHOBYy.

ITocnennue nBa pexxuMa MOAXOAAT, HAIPUMED, AJIA ONpeACIICHUs BPEMEHHU 3apsiia U pas-
psama. Ilpm m3MepeHnn BpeMEeHHM HapacTaHWs CHUTHAJla B HAaHOCEKYHIHOM JHara3oHe
OOBIYHBIC CYCTHBIC CXEMBI HE ITOJIXOJISAT BCICACTBUE UX OOJBIION MHEPITUOHHOCTH.

16.4. N3mepeHune 4acToTbl C MOMOLLbLIO
MUKPOKOHTpoOnepa

CoBpeMeHHBIE MUKPOKOHTPOJUIEPHI COAEPKaT B OOJBIIMHCTBE CIIydaeB OJIOK 3axBara
JaHHBIX, IPH IIOMOIIK KOTOPOTO MOXKHO M3MEPSTh BpeMeHHble nHTepBainsl. [Ipu mocrym-
JICHUW MMITyJIbca OJIOK 3aXBaTa COXpaHsET TeKylllee MoKa3aHhe cueTynka B peructpe. [1o
pa3HHLE 3HAYCHHUH CUETUYMKA AJIS ABYX CIEAYIOIIMX APYT 3a JPYroM COOBITHUI U M3BECT-
HOMW 4acTOTe CYeTa MOXKHO ONpPEIeNUTh HHTEPBAI BPEMEHH MEXKTy 00OUMH COOBITHUSIMH.

BaxHo, 4TO 3TOT PErUCTp HEOOXOIUMO MPOTPAMMHO OYHUIIATH Cpa3y MOCIE 3alUCH JaH-
HBIX B TIAMSATb, 9TOOBI OCBOOOAUTH SYEHKH IS CIeAyromero coosrrus. [loatomy MuHM-
MaJbHO BO3MOXKHOE M3MEPSEMOE BPEMsI OTPaHUYUBACTCS BEIUYMHON B HECKOJIBKO Jc-
CSITKOB MHKPOCEKYH]I.

Hcrnone3ys cdeTynK M TaiiMep MOXKHO OpPTraHHU30BaTh CUET COOBITHH, HApuUMep, MOCTY-
NArOIIUX UMIYJIbCOB. HekoTopbie MUKPOKOHTPOIJIEPEI MOTYT CTPOOHPOBATHCS] BHEIITHUM
CUTHAJIOM WJIM IIONy4aTh YNpaBJeHHE OT APYroro TaiiMepa, 4TO IMO3BOJSIET U3MEPATH
yacToTy. BO3MOXHOCTH OrpaHHYMBAET, MNpPEXKIE BCETO, OTHOCUTEIHHO HEOOJBIION
16-pa3psaHbIA CYETYHK, EMKOCTh KOTOPOTO B MPHHLUIIE MOXXHO YBEJIHYUTH C IIOMOLIBIO
MIPOrpaMMHOI0 00eCIIeUeHUSI.

16.5. CTpyKTypa UM poBbIX CHETYNKOB

B 3aBepuienue riaBbl MpHUBEAEM €IIE ABa IPUMEpa W3MEPEHHUs] YacTOTHL: C MOMOIIBIO
uHTerpanpHoro cyerynka ICM7226 1 Ha TUCKPETHBIX AJIEMEHTAaX.

Muxkpocxema ICM7226 npencrapiser co0oi 8-pa3psiiHbliA CHETYUK-ICITUTEIh YACTOTHIL.
On umeer 1Ba BxoJa U o0ecreurnBaeT BCE paHee PaCCMOTPEHHBIC PEKUMBI H3MEPEHUSI.
Bpewmst crpobupoBanust 3anano B npenenax ot 10 mc mo 10 c. [lpu Hammuum BockMu pas-
PAIOB MakCHMaJbHO BO3MOKHas u3Mepsaemas yactora paBHa 10 MI'u. Ilpocrtas cxema
HOJIKITFOUCHHMS B3sITa U3 ucTounuka [16.1] (puc. 16.4).

K wmukpocxeme ICM7226A HYXHO TOIKIIOYATh HHAUKATOPHI C OOIIUM aHOJIOM,
k ICM7226B — ¢ o01mmM KaTogoM.

[Ipumep Ha AMCKPETHBIX KOMMOHEHTaxX (puc. 16.5) WLIIOCTpUpPYEeT caMmylo IJIAaBHYIO
YacTh CUETUMKA — CXEMY CTPOOHPOBAHUSL.
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Puc. 16.4. CyeTunk Ha mukpocxeme ICM7226



UNsmepeHue 4yacmombl U epeMeHU 227

+5V
T4 T4 T4 T4
c|CT c CT c|CT c|CT
+5\——D Q_og 1D Q D Q D Q
-} @o I's Qo ag a
R IR
Cbpoc f f
3K +5V
f .
—l_z—a.?
3 +BY 2
o — o 4 1 — wacTota LS00 ‘LS00
2 — nepvon L 3 2 K Bycepy
3 — cuer MHAWKaTopa
4 — pnuTtens- q @
HOCTb UMNynbca
3k ‘520
a "S00
& K cyeTumnky
f . P q
" 2
ba

Puc. 16.5. Cxema cTpobrpoBaHusi yH1BepCcarnbHOro cHeTumnka

Cxema cTpoOHpOBaHUSA JODKHA 00ECIIEINBATh BHICOKYIO TOYHOCTh CTPOOHUPYIOIIETO WH-
tepBasia. CTpOO-MMITYIIbC TOJDKEH (POPMUPOBATHCS IO CUTHAITY 3aITyCKa.

PaccmoTpum noapoGHee mporecc n3MEpeHHst 4aCTOTHL. B MCXOHOM COCTOSTHHM BBIXOIBI
BCEX TPUITEPOB MUMEIOT BBICOKMI YpOBEHb M BCE (QYHKIMH OTKItOYeHBL. [lo curHamy
Reset (COpoc) Bce TpUTTEphl YCTAHABIUBAIOTCS B HU3KUH YPOBEHb M CUCTUHMK OUHMIIACT-
cs1. Cnenyromuii GpoHT UMITYJbCa OMOPHOTO TeHEepaTopa YCTaHABIUBAET BBHICOKUH ypo-
BeHb Ha Bbixone FF1 (Tpurrep 1), BcieacTBue 4ero 3ammyckaercsl cxemMa cTpoOnpoBaHHS.
ITo mcreyennn neproga omopHOro curHana Ha Beixone FF2 ycranaBiamBaeTcsi BRICOKUUN
YpOBEHBb, U cXeMa CTpoOMpoBaHUs oTKmoyaercs. Co CIeIyIOUMM TaKTOM OIOPHOIO
curHana FF3 cTaHoBUTCS aKTHBHBIM, BCIIEICTBHE YeTO (OPMUPYETCS MMIYIBC 3aIUCH
noka3aHuil B peructp. [locine yeTBepToro Takra cxeMma BO3BpallaeTcsd B MCXOJHOE CO-
CTOSIHUE U TOKa3aHMsI CYeTUYMKa MOXKHO CuuTaTh U3 peructpa. Ilocie aToro mpoxoxie-
HUS TIpoliecc M3MepeHus 3aBeplieH. Eciu mpoiiecc aBToMaTHYeCKH MOBTOPSIETCS uepe3
3aJlaHHBIA MHTEpBAJ BPEMEHH, TO IO CIaay UMITYJIbCa MOXKET MHULMAIU3UPOBATHCS BbI-
Bosl ZYKL omHOBHOpaTOpa, KOTOPBIH opMUpyeT UMITYIIbC Reset.

B pexume HenpepbIBHOIO CUeTa YEThIpEe TPHUITEpa OTKIIOYEHBI OT TaKTOBOM YacCTOTHI
u Ha Beixoznax FF1 u FF3 mpucyrcrByer BbicOkmid ypoBeHb. Cxema cTpoOUpoBaHuUs 3a-
ITyCKaeTcsl CUTHAJIOM Reset M JaHHBIE TOCTYIHBI AJIs1 CYATHIBAHUS U3 PETUCTPA.

g mocTpoeHusl MOPOTOBBIX CXEM BBITYCKAIOT pa3iuyHble KOMIUIeKTyromme. Cxema,
npuBeaeHHas Ha puc. 16.6, ob6nagaeT BHICOKOH YyBCTBUTENBHOCTHIO M COBMECTHMA IO
BBIXOJHBIM cUrHajiam ¢ yposasamu TTJL
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Puc. 16.6. Moporosas cxema ¢ MAX902 [16.2]

[TomynpoBOOHUKOBBIE CTAOMIMTPOHBI CIYXKaT AJIS CMEIIECHUs] pabOunX TOYEK M 3aIUTHI
OT HEJIOIyCTUMBIX BXOJHBIX HampspkeHui. [Ipn 3ToM MakcumManbHO BO3MOXKHOE BXOJHOE
HaIpsKEHUE ONPEAEISIETCS TOIBKO pacceuBaeMOM MOITHOCTBIO pe3ucTtopa R1.
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ELWwe HecKonbKo cxem
U cpeacTB U3MEepPeHUHn

B 3aBepmienne 0030pa aHAIOrOBOI M3MEPHUTEIBHON TEXHHKH B 3TOH TiaBe OymyT pac-
CMOTPEHBI €IlIe HECKOJIBKO MpuMepoB. ONMUCaHHBIE 3/1eCh aHATIOTOBBIC METO/IbI U3MEPEHUS
MOYKHO YCIICLITHO COYETaTh ¢ HU(PPOBBIMH, TIPUMEHSISI COOTBETCTBYIOIINE MUKPOCXEMBI.

17.1. U3mepeHune conpoTmBneHus

TpyaHocTs HW3MEpeHHs CONPOTHBICHHS COCTOMT B TOM, YTO KOHEYHBIH pe3yJabTaT
B OOJIBIIMHCTBE METOJIOB MOJTydYaeTcsi KOCBEHHO. HerocpecTBeHHas B3aMMOCBSI3b U3Me-
psieMOii BEJTMUWHBI C CONTPOTUBIICHHEM oOecTieurBaia Obl 00Jiee BHICOKYIO TOYHOCTb.

JluHeliHasi 3aBHCHMOCTB TIOJy4aeTCs, €CIIM W3MEpSIeMOE CONPOTHUBICHUE BKIIOYHTH
B LICTIb OOPATHOM CBSI3M ONEPALMOHHOTO ycuauTens (puc. 17.1).

Puc. 17.1. UamepeHue conpoTtmsneHus npy nomom OY

Hanpsokenue Ha Beixoge uHBepTupyiomero OV pasuo: U, = —U, X (RJ/R;). Takum 06-
pa3oM, BBIXOAHOE HAMpPsKCHHE MPSIMO MPOTNOPIMOHATILHO OTHOIICHUIO COMPOTUBIICHUH,
npuyeM pe3uctop R, mpeacraBisieT co0OH 3TaJIOHHOE CONMPOTUBIICHUE. JTa CXeMa 0CO-
OCHHO MOJXOJUT, €CJIU 3HaUeHue pe3uctopa Ry OyaeT Oosnbiie yem R,

Ecimm COIIPOTHUBJICHUC Rx 6y,Z[GT MCHbBIIC Rn, TO MOKCT BO3HHUKHYTH HECTaOMIIBHOCTh M
YBCINYUTHCA NOTPCHIHOCTD, T. K. HAa PE3YJIbTAT BJIUAIOT TAKHUC (I)aKTopI)I, KaK KOHCYHBIN
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ko3 purmenT ycunenus OY, HanpsHKEHUE CMEIICHUS U TOK yTeukn. Kpome Toro, Tou-
HOCTh U3MEPCHUS ONPECTSICTCS TAKIKE CTAOUIBHOCTBIO OTIOPHOTO HANTPSHKCHHS.

[IpoGiiemy peraeT METOJ JIOTOMETPUYECKOTO M3MEPEHHUsS OTHOIICHHS COMPOTHUBICHU.
YuuteiBaeTcs TOT (HakT, 9T0 K HEKOTOphIM AIIIl BO3MOXHO MOAKIIOYECHUE BHEITHETO
WCTOYHHUKA OIMOPHOTO HAmpsDKEHUs. Pe3ynbTaT Ha BBIXOJIE TaKOTO aHAIOTO-IU(POBOTO
peoOpa3oBaTeNss COOTBETCTBYET OTHOIICHHIO BXOAHOTO M OIOPHOTO HAINpPSKEHUS, CO-
riacHo gopmyoe:

N = Ue x Nmax/URefa

rae Nmax — MaKcHMalbHO BO3MOXKHOE IUQpoBoe 3HaueHue. Eciim uepes aTanoHHOE U
HU3MEpPAEMOE CONPOTHUBICHHS MPOTEKAIOT OAMHAKOBBIE TOKH, TO IOCIE MPeoOpa3oBaHUs
COOTHOILICHHE MOKHO 3aMucaTh TaK:

N =1 % Ry ¥ Npnax/(1 X Ry) = Ry X Nypa/Ro

BunHo, uTO M3MEpsSIeMbIil TOK B HTOTOBOM (opMyJie OTCYTCTBYeT. Pe3ynbTar nmpeobpaso-
BaHMS NPAMO IPOMOPLIMOHATIEH OTHOILIEHHUIO COPOTUBICHUM.

Iconst

Uin-H

H R Uin-L
l:l © Uref
I AL
L AL 1L

Puc. 17.2. lloroMeTpuyecknii MeToa U3MepeHUs ConpoTUBEeHUs

[Ipu pacuere mapameTpoB CXeMbl, H300pakeHHOH Ha puc. 17.2, HY)KHO YYUTHIBaTbh, YTO
Hekotopele ALl mMoryr mmerp auddepeHunanpHBI Bxon. BxomHoit TOk anamoro-
QpoBOTro MpeodpazoBaTessi AOJKEH OBITh CYIIECTBEHHO MCEHBIIE, YeM TOK Yepe3 W3-
MEpAEMOE CONPOTHUBICHHUE, YTOOBI HCKIIOUYNUTh BO3HHUKHOBEHHE morpemHoctd. Cormpo-
TUBJICHUEC MCTOYHUKA OIMMOPHOI'0 CUTHAJIa HYKHO paCCUUTBIBATL TakK, YTOOBI HaacHueC Ha-
npsoKkeHuss Ha pesuctope R, He mnpesbimano 40% 0T MakCUMaabHOTO BXOIHOTO
HaNpsHKEHUs, B 3TOM ciiy4ae 3HaueHue Hampspkenus Ha Bxone ALl ne mpessicut 80%
oT pomyctumoro. IIpu oTcyTcTBHM H3MEpSIeMOro pe3nucTopa BXOAHOE HalpsbKEHHE orpa-
HUYUBACT TOJTYIIPOBOJHUKOBBIN CTAOMIIUTPOH.



Euwe Heckonbko cxem u cpedcmea uamepeHul 231

17.2. U3amepeHne emKocTen

EMKOCTh MOXHO OTpeZieNnnTh, H3MEPUB BPEMEHHON MHTEPBAI UIIH YaCTOTY, T. K. B3aUMO-
CBSI3b MEXIy 3TUMU BEIMYMHAMHU HanOoJiee OUeBUIHA.

Camas mpocTtasi BO3MOXKHOCTh — HCITOJIb30BAaHUE OJTHOBHOPATOPOB, KOTOPHIC B 3aBHCH-
MOCTH OT BXOJHOTO CHUTHAJIa BHIIAIOT UMITYJILCHI 33/IaHHOM JUTHTEIhHOCTH. [Ipumep mipu-
BeJleH Ha puc. 17.3.

+Ub
R
1/2 x 4538
RC
Cs MMV R > 5k
—C C > 2nF
T=R*C
1T
| =———10 Q J_l_
[N

Puc. 17.3. lNpeobpasoBaHue "eMkocTb—Bpems”

YV OONBIIMHCTBA CXEM OJHOBHOPATOPOB CYIIECTBYET HUKHSASA TPaHUIA EMKOCTH, IO KO-
TOpPOU OHU paboTarOT CTabWIbHO. [l cXembl, n300pakeHHOW Ha puc. 17.3, oHa paBHa
npumepHo 2 HO. MakcUManbHOE 3HAYCHHE EMKOCTH B OOJNBIIMHCTBE CIIy4aeB He orpa-
HHUYCHO. I[J]I/ITCJ'II)HOCTL BBIXOQHOTI'O CUTHAJIA IIPAMO NPOMOpHHUOHAIbHA EMKOCTH.

[Ipu HEOOXOOMMOCTH M3MEPEHUSI MAJIBIX EMKOCTEH 11e1eco00pa3HO MCIONIb30BaTh KoJle-
OarenpHBIE KOHTYpHL. Cxema, n300pakeHHas Ha puc. 17.4, IO3BOISET H3MEPATH EMKOCTh
1o 10 n®d. 3xech HaNpsHKEHUE MMUTAHMS CIIEAYET JOIMOIHUTENEHO CTaOMITH3UPOBATh, T. K.
(IIyKTyaluu 4acTOThI HPUBOIAT K OIIMOKaM M3MepeHWH. MHUHUMYM HOTIpPEIIHOCTH Ha-
omonmaercs npu HanpsbkeHuu Upp = 10 B. YacTtora konebaHuii B omucaHHOW cxeMe Tps-
MO MPONOPLUOHAIBHA EMKOCTH.

Bonpmme eMkocTH U3MepAIOT € MOMOLIBI0 MHTerpaTopa. Onpenensercss BpeMsi HapacTa-
HUsI HaIllpsDKeHHs Ha KoHaeHcartope C mpu 3aJlaHHOM 3apsiTHOM TOKe. BBIXOHOM curHan
B BUJIC UMIIYJIbCA U3MEPSEMON JUTMTEIFHOCTH (OPMUPYIOT JiBa KoMmraparopa. EMKocTh
MOYHO PaCCUUTATh IO CICTYIOMIM (HOopMyIaMm:
C=1xt/(U2-Ul)
WA
C=U x t/(R x (U2 — U1)).

Eme onna mpocTtas cxema npuBeeHa Ha puc. 17.5.
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Puc. 17.4. NpeobpaszoBaTtenb "emMKkocTb—4acToTa"
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Puc. 17.5. MNpeobpa3soBarernb "eMKocTb—Bpems"”
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17.3. UamepeHue amMnnuTyaHO-4aCTOTHOM
XapaKTepUCTUKN

HpI/I pa3pa60TKe HHU3KO4YaCTOTHBIX yCHHHTCHCﬁ " PA3JIMYHBIX (1)I/IJ'IBTp0B Ba)>XHO HCCJICOO-
BaTh aMINUIMTYJHO-YaCTOTHYIO XapaKTCPUCTHUKY.

CrpykTypHas cxema yctpoicTsa mist cHatus AUX nmpuBenena Ha puc. 17.6. Mctounnkom
CHTHAaJIa 371eCh JIOJDKCH OBITh F€HEPAaTOp CHHYCOMJAIBHBIX KOJICOaHUH, T. K. BCe JIPyTHe
CUTHAITBI COJICPYKAT CIHIIKOM MHOTO TapMOHHWK, H PE3yJIbTaT OKa3bIBACTCS HEBEPHBIM.
HamnpsokeHue ¢ BBIXOa UCCIEyeMOro YCTPOMCTBA BBITIPAMIIIETCS U CriaxknBaetcs. Ec-
JW BXOJHOE HANpPsDKEHHE OCTACTCS MOCTOSIHHBIM, TO CHTHAN Ha BBIXOJIE MPEJCTABISCT
c000M 3aBUCHMOCTh YCHIICHHS OT YaCTOTHI.
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YCTPOMCTBO huneTp

Puc. 17.6. CTpykTypHasi cxeMa U3MepuTenst aMmninTyaHO-4acTOTHOW XapaKkTepucTUKu

Ecnu renepatop ympasinsieTcss HanpspKeHHUEM, TO Ha HETO MOXKHO IMOJIaTh CUTHAN U3 Ka-
Hajla TOPU30HTAIILHOTO OTKJIOHEHUs ociuiuiorpada. BeixoqHoe HampspkeHHE MMOJAeTCs
Ha BxoJ Y. B pesynbrare Ha 3kpaHe Bo3HHMKaeT m3o0paxkenue AUX. Takoii nmpubop Ha-
3bIBatOT u3MepurenaeM AUX c¢ kayaroriencs 4acToToH.

B 1mudpoBbIX perynupyeMbix TeHepaTopax 4acTOTy 3aJaeT MPOoLEeccop IMyTeM BbIOOpa U3
Habopa IUCKpeTHBIX 4acToT. CUrHA ¢ BBIXOAA MCCIIELyeMOro yCTPOMCTBa MMOJAeTCs Ha
ALl n nanee nomydeHHble HUGPOBBIC TaHHbIE AHATU3UPYIOTCS B IPOrpaMMe.

17.4. BcnomoraTternbHas WwKana ana ocuunnorpacdca

Wntepecnas mudpoBas mpucTaBka A ocUuiuiorpada — BCIOMOTraTelbHAs W3MEpH-
TeJbHAs ITKanxa — B3sATa u3 ucroynuka [17.1]. OHa mpuromHa Kak A mu(pOBBIX, TaK
U 17151 aHAJIOTOBBIX U3MEPEHHI.

Cxema, nzo0OpaxxeHHasi Ha puc. 17.7, COCTOMT U3 TpeX KOMIIOHEHTOB: IIOPOTOBOTO YCT-
pOMCTBa, cueTdynKa ¥ HU(PPOaHATIOTOBOr0 npeodpazosaress. McTOYHUK OMOpHON YacTo-
ThI Ha KBapLIEBOM I'€HEPATOPE B CXEME HE TMOKA3aH.

IIpu nepBoHa4YAIBHOM 3aIlyCKE CYETYHMKA HA BBIXOJAX BCEX JIOTMUECKUX 3JIEMEHTOB IIPU-
CYTCTBYET HU3KUH YPOBEHb, U, TAKUM 00pa3oM, PHCYeTCsl TOpU30HTaNbHast TiuHus. Korna
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CUETUMK JIOCUMTAET JIO IIITH, Ha BBLIXOJE JIOTHUeCcKOoro ajeMenTa "M" mosBisieTcs: BBICO-
KHii YpOBCHb, BCJICICTBHE YEr0 BO3HHMKAET HEOONBLIOW HUMIYJbC. Ero MIHMTEIBHOCTH
paBHa TOJOBHUHE MEPHOAa TAKTOBOM YacCTOThI, 8 aMIUIMTYIa 3aBUCHT OT COOTBETCTBYIO-
IIUX COMPOTUBJICHUI Ha BBIXOJIE.

[Ipu 3HaueHnyn cueTunka, paBHOM 10, OIMH U3 BBIXOAHBIX PE3UCTOPOB OTKIHOYAETCS, MTO-
3TOMY aMIUINTYyJa UMIyjbca Bo3pacTaeT. Cleayronue Mo BEJINYMHE UMITYJIbChl BO3HH-
KaloT MPH 3HAYCHMAX cueTdnka, paBHBIX 50 u 100. B pesynbrate Ha ocumuiorpade oto-
OpakaeTcs IIKana, PacCTOSHHE MEXIY NeNCHHSIMU KOTOPOH OmpeaessieTcsl MepruoaoM
TaKTOBOro curHaia. [lpm m3MeneHun Macmrtaba pa3BepPTKH dTa IIKala PacTATUBAECTCA
WK CYXaeTCsl, T. K. OHA HE 3aBUCHUT OT CMEIICHUS.

UroOp! mikanma He "Oerama" Ha dKpaHe, OHA CHHXPOHH3MPOBAHA C Pa3BEpPTKOM. DTy 3amady
obecrieqnBaeT OporoBasi cxema. V3mMensist mopor cpabaTbIBaHUs, MOKHO CIIBUTATh HYJIEBYIO
TOYKY IIKaJIBl Ha SKpaHe ocumniorpada Tak, 9ToOsl 00eCcIednTh Hanboiee YA0OHBIH OTCUET.
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U3mepeHna B undpoBbIX cxemax

[Ipoueccr n3mMepeHus B MUGPOBBIX CXEMaX OTIUYAIOTCS OT PACCMOTPEHHBIX PaHEe aHa-
noroBeiX. [Toka HanpsHKEHMSI HAXOIATCS B 3aJJaHHBIX TUana3oHax HU3Koro (L) u BeICOKO-
ro (H) ypoBHe#, TpyaHoCTel He Bo3HUKaeT. HO OTKIIOHEHHE OT 3TUX COCTOSHHIA TPUBO-
JUT K MHOXeCTBY mpobaeM. [y pa3HbIx MU(PPOBBIX CXeM M 3a/1a4 pa3paboTaHO MHOTO
Ppa3IM4HBIX METOOB U3MepeHU. HekoTopbie pe3ylbTaThl MOKHO MOMYYHUTh C TOMOUIBIO
JIOCTaTOYHO MPOCTHIX CPEICTB.

18.1. OnpepeneHne ypoBHen
M NTIOrM4eCcKuX COCTOAHUMN

O KOHTpOJIe CTATUYECKUX 3HAUEHHI YPOBHS HU(PPOBOrO CUTHANA B JIUTEpAType HaIuca-
HO MHOTO. OZIMH 13 MHOTOYHCIICHHBIX BAPHAHTOB CXEM MpHBeieH Ha puc. 18.1.
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Puc. 18.1. Tectep TTL-ypoBHS
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YerpoiicTBo mpeaHazHadeHo miisi koHTpoisiss ypoBHer TTJI. UtoOwl mepemenarh cxemy
nox ypoBan KMOII, HyXHO W3MEHHUTH 3HAYCHUS MPEAEIIOB. J[enuTens MoMKeH ObITh 10
BO3MOXXHOCTH HH3KOOMHBIM, T. K. Yepe3 HEro Te€YeT TOK, BOSHUKAIOIINN MIPH MPEBbIIIIE-
HUU BXOJHOTO HAIPsDKCHUS. BBIOpaB COOTBETCTBYIOIIMIA ONEPAIMOHHBIN YCHIIUTEINb,
MOXXHO MUTaTh CXEMy OT MUCTOYHHMKA +5 B W B 3THX Xe mpenenax HaXOAWTCS YPOBEHBb
BxonHoro curdaia TTJI. MoxxHO coOpaTh cxeMy Ha JIOTHYECKUX 3JIEMEHTaX MUKPOCXEM
IpYTUX Cepuil M M3MEHHUTH HAIpsDKeHWE MHUTaHWs. HIDKHSS TpaHUIa HANpsDKEHUS CO-
craBisieT 3 B, Bepxusiss — npumepso 30 B.

PaccMmoTpeHHBIH TecTep perucTpupyeT CTaTHYeckoe COCTOsHNE curHaia. HempustHocTH
BO3HUKAIOT W3-32 MMITYJIbCHBIX TOMeEX (BBIOPOCOB), KOTOpPBIE MPHUBOIAT K OITHOOYHBIM
cpabareiBaHUsIM. JITUTETBHOCTD HUMITYNIbCa Uil OOBIKHOBEHHBIX T TJI-KOMIIOHEHTOB
JOJDKHA OBITh MEHBINE BPEMEHH 3aIep’KKH paclpoCTPaHEHHS CHUTHaiA. Torma MOKHO
OTCJICKHUBATH 9TH UMITYJIbCHI M PETHCTPUPOBATH UX C TIOMOIIBIO CUETYMKA UIIK OJTHOBUO-
paropa.

IIpu nmpoBepke YUCTO JOIMYECKUX CXEM CPEOHEr0 OBICTPOAEHCTBUS UMILYJIbCHBIE CUTHA-
JBI MOXHO (PUKCHPOBATh ¢ ToMomibio D-tpurrepa. [Ipu HemocpeacTBEHHOM MpHCOenn-
Hennu VMC S74 K KOHTPOJIBHON TOYKE MOXKHO PETUCTPUPOBATH WMITYJbCHI IJIUTEIHHO-
cTeio 7,5 He. [Ipu mpuUMeHeHHH YCOBEpPIICHCTBOBAHHBIX ObIcTpoeiicTByromux KMOII-
mukpocxeM ¢ TTJI-coBMECTUMBIMU KacKaJaMU 3TO 3HAYEHUE OKA3bIBACTCA €IE MEHBIIE.
Ecnu tpebyercst pabota ¢ erie 0ojee KOPOTKMMH UMITYJIbCAMH, TO BXOIHBIC KacKaJbl
HY)KHO COOHpaTh Ha MHKpOCXeMaxX 3MHUTTepHO-cBs3aHHOW joruku (ECL — Emitter-
Coupled Logic).

18.2. Pernctpauusa nameHeHmsa LunppoBbIX
CUrHasrioB BO BpeMeHU

Perucrpamnus npomecca n3MeHEeHHUSI BO BpEMEHH IS [U(PPOBBIX CHTHAIIOB 3HAYUTEIHHO
CJIOKHEe, YeM JIJIsl aHaJoTOBbIX. ECu peub uaeT 0 NUKIMYECKH TTOBTOPSIONIUXCS MOCIIe-
JIOBATEIHHOCTSX, MOKHO PabOTaTh MpH MOMOIIX MHOTOKaHAIBHOTO ocimiorpada. Ox-
HAKO B IIU(PPOBOM TEXHUKE HAMHOTO Yallle BCTPEUYAOTCS OJHOKPATHBIC MOCIICIOBATEIIb-
HOCTH CHTHAJIOB.

HccnenoBars nocnen0BaTeNIbHOCT HMITYJIECOB MOYKHO C IIOMOIIBIO JIOTHYECKOTO aHAIIH-
3aTopa, COMPSDKEHHOTO ¢ MHOTOKaHANBHBIM ocmiuiorpadgom. Ho B maMsti takoro ycrt-
pOMCTBa COXPAHAIOTCA HE aHAJOIOBBIC 3HAYEHUS YPOBHS, a TOJIBKO JIOTUYECKHE COCTOS-
HUS CUTHANOB. J[OMOJHUTENBHBIA yUeT UMITYJIbCHBIX TIOMEX (BBIOPOCOB), MIUTEIHHOCTh
KOTOPBIX HAMHOT'O MEHBILIE MOJIC3HBIX CHUTHAJIOB, TPeOyeT NCIONIb30BAaHHs BeCbMa OBICT-
POACUCTBYIOIIMX U3MEPUTENBHBIX CPELICTB.

IIpyn normyeckoM aHaNIM3€ NPOUCXOAUT LUKIMYECKUH ONPOC COCTOSHHMA HECKOJBKHX
uu(pPOBBIX CUTHATIOB. CUMTAaHHOE COCTOSHHE HU3KOTO HMJIM BBICOKOTO YPOBHSI IOCIIEIO0-
BaTEJIbHO 3aIUCHIBAETCS B IIaMSATh.
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YacTo JIOTHYeCKHe aHAIM3aTOPhI CTPOSIT HA OCHOBE MHKPOIPOIIECCOPOB, KOTOPBIC OepyT
Ha ce0sl yrpaBJIeHHEe 3aliChI0 U aHATU30M JIaHHBIX. TEXHHYCCKH KPUTHUCCKUE OITOKH —
9TO MPOOHHUKH, BXOIHbBIC KacKabl U OydepHas mamsTh. BIOK-cXeMa JIOTHYECKOTO aHaH-
3aTopa npuBecHa Ha puc. 18.2.

BxogHow Bnok
— Kackag 06paboTkM
—— MPOBHMK ™|\ cxema NamaTb W perynu-
cTpoBupoBaHus poBaHUsA

Bnok ynpasnexus

Puc. 18.2. bnok-cxema norm4eckoro aHanmsaropa

[Ipu oueHke 1 BBIOOPE JOTUYECKUX AHATU3ATOPOB MOXKHO HMCXOIUTH U3 TPEX OCHOBHBIX
KpUTEPUEB:

O 4yuHCIO KaHAJIOB;
O MuHUMAaIbHAs BpEMEHHAas pa3peliaronias CiocOOHOCTb;
O Buj 3amycka.

Tak xak B mu(POBBIX CXeMax OYCHb BaKHO aHATU3UPOBATH BCIO COBOKYIHOCTH CHTHa-
7oB, TpeOyeTcs HECKONBbKO KaHaloB oOpaboTku. Hampumep, KOHTpOIb ycTpoHCTBa
C 8-pa3psaHBIM MIPOIECCOPOM yiKe MOTpeOyeT B oOIIeM ciaydyae Haauuus 32-X KaHaJOB,
4TOOBI 3apErHCTPUPOBATh BCE BaKHbIE CHUTHANBI Ha muHEe (16 ampecoB, 8§ MaHHBIX,
8 ympasnsromux curtanon). Ilpyu cnenuasbHBIX HCHBITAHUSAX WIM MPU COOTBETCTBYIO-
IIUX OFPaHUYEHUSAX UHOIAA TOCTATOYHO § WK 16 KaHaNOB.

Bpemennast paspermmaromas ciocoOHOCTh — 3TO PEHIAIONINIA TapaMeTp. 31eCh HYKHO
YUYUTBIBATh, 4YTO MUHHUMAaIbHBIN HUHTCPBAJI MCKAY OTCUHECTAMU H3MCPACMOI0O IIpoIeccca
Obu1 MeHbIIE 1/4 meproaa TaKTOBOTO CUTHaia. JTO HYKHO [UIA y4eTa HepeXoIHbIX Ipo-
neccoB. CrnenoBarenbHo, s u3mepenuit B LITY ¢ gactoroit 10 MI't motpebyercs pas-
pemieHue 25 He.

Crioco0 3arrycka CHIIBHO BIIMSICT Ha Pe3yJIbTaThl U3MEpeHus. Tak Kak 00beM maMsTu AJs
3aIllMCH JTAaHHBIX OTPaHUYEH, TO TpeOyeTcsi Mo BO3MOXKHOCTH OoJiee TOYHBIH BBIOOP MO-
MEHTa BPEMEHH 3aluCcH. J[JIs 5TOr0 NPUMEHSIOT TPU BapuaHTa CXEM 3aIlycKa:

O Hpe,I[BapI/ITCJIBHLIﬁ 3allyCK — 3allMCh AAHHBIX HAYUHACTCA C MOMCHTA 3aITyCKa.

O 3anyc1< B CCPCANHEC — AAHHBIC 3alIMCBIBAIOTCA B IMaMATH HUKIMYCCKH. ITo JOCTHUXKEC-
HHUHU IIOCTICAHETO aapeca Mpouecc mpoaonKacTtcda ¢ nN€pBoro. ITocne 3aryCckKa I1oJio-
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BHHA aJ[PEeCHOW OOJIACTH 3alONHSAETCS JaHHBIMH. 3aTeM 3aliCh 3aKaHYHWBACTCS.
O0BeM coxpaHeHHOUW MHGOPMAIIUHA OKa3hIBACTCS OJUHAKOBBIM JI0 U ITOCIIE MOMEHTA
3aIrycKka.

O Ilepe3anyck — B 3TOM cCily4ae 3alUCh NMPOUCXOAUT, KaK U BO BTOPOM BapHaHTE,
HO CHTHAJ 3amycka npepsiBaeT ee. [loctynuBiias nHpopmanus GuKcupyercs B ma-
MSITH.

OTH BHUIBI 3aITyCKOB JOTOJHAIOTCA Pa3NWYHBIMU (popMaMy BBOJA JaHHBIX M BBIOOPOM
CUTHAJIOB, oOecleunBaromux 3amyck. MHorma ects emne mpeaBapuTENbHBIN JeTUTeNb,
KOTOPBIA YCTaHABIUBAET YMCIIO BXOJHBIX CUTHAJIOB, ITPH KOTOPOM JIOJDKEH MPOUCXOIUTh
3aITyCK.

Jlo cux mop MBI TOBOPHIIM 00 aHaIM3e BPEeMEHHBIX TOcieaoBaTenbHocTel. Eciu nntep-
BaJIbl MEXKIY COOBITHSAMHU B CXEME BEJIMKH, TO B OOJIBIIMHCTBE CITy4acB BO3MOYKEH aHAIIN3
JIOTMYECKUX COCTOSTHMI. TOraa 3amich JaHHBIX TPOUCXOTUT MIPU H3MEHEHHH BBIOPAHHBIX
curHamoB. Tak MOXKHO PETHCTPUPOBATH OUEHB PEIKHE COOBITHS M MPEICTABIATH HX
B udposoii popme. B monoOHO# cuTyanun 1enecooopa3Ho 3amoOMUHATH MOMEHT HACTY-
IJICHUST COOBITHS, MOCKONBKY 3TO MOYET MOTPeOOBATHCS MPU JalbHEHIIEM aHaIu3e |
00pabOoTKe TaHHBIX.

O6cnyxuBanue nepuepuiiHBIX YCTPOUCTB, OI0OKOB mHTEp(elica 1 yrmpaBIeHUs Me -
JICHHBIMH IIPOLECCAMH MOKHO DPEalu30BaTh MPOrpaMMHBIMU cpeacTBamMu. OIuH U3
MIPUMEPOB — TMporpaMMa i §-pa3psAaHOro mpoieccopa, obecreunBaromas oOMeH
MAHHBIMH Yepe3 WHTepdehc MpuHTEpa W IocienoBaTeldbHbId mHTEep(deiic. [lpn Han-
OompIieil ckopocTH mepenayn JaHHbIX, npuMepro ot 50 000 mo 100 000 6ut/c, mpo-
rpammHoro Owictpoaeiicteus npumepHo 300 000 omepanmii CUMTHIBAHUS B CEKYHIY
eme gocrarogHo. C momMoripio Oydepa MaHHBIX OOJBIIOT0 00BEMa MOXKHO JOOWUTHCA
TOYHOU CUHXPOHM3ALIHH.

18.3. Jlornyeckme Kkomnapartophbl

Jlornyeckue KOMIAapaTopsl NpeIHa3HAuYCHbI ATl TECTUPOBAHUS U(PPOBBIX KOMIIOHEHTOB
MeTonoM cpaBHeHHs. C 3TOH LEbI0 K BXOAAaM MapajuIeIbHO MPOBEPSEMOMY H3IEIHIO
MOAKJIIOYAIOT BTOPOH aHATOTMYHBIM AK3eMIULsip. OIMHAKOBBIE BBIXOIbBI TECTUPYEMOH U
3TAJIOHHOH MHKPOCXEMBbI MOAKIIOYAI0T K JOTHYECKOMY JIEMEHTY, pPean3yromeMy ole-
paumto cpaBHeHUs (uckmoyaromee MJIM), Kk BEIXOAy KOTOPOro MPUCOESIUHEH CBETOIUO.
Ecnu npu mpoBepke CBETOIMOIBI HE CBETATCHA, TO XAPAKTEPUCTUKH HCCIEAYEMOTO U
CPaBHHBAEMOI0 KOMIUIEKTYIOIIUX H3AEIUN HAECHTUYHBL. ECnM OAMH M3 CBETOIMOIOB
CBETHUTCS, TO POBEPAEMBIM KOMIOHEHT HEUCIIPABEH, MMOCKOJIBKY IPH HICHTHUYHBIX KOM-
OMHAIMIX BXOJHBIX CUTHAJIOB BO3HUKACT APYTOM pe3ysbTar.

Cxema, nipuBeficHHas Ha puc. 18.3, obecrieunBaeT CpaBHEHUE TOJBKO COCTOSIHUN Ha BBI-
X0JlaX JIOTHYECKUX 3JIEMEHTOB. Y MPOMBIILICHHO BBIITYCKAEMbIX JIOTHYECKMX KOMIIapa-
TOPOB BO3MOXEH KOHTPOJIb COCTOSIHUI BCEX BBIBOJOB HU(POBBIX KOMIIOHEHTOB, II03TO-
MY MOKHO TECTUPOBATh BCE COBMECTHMBIE MHUKPOCXEMBI.
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Puc. 18.3. lNpuHUMN AenCTBMS NOrMYECKOro Kommnaparopa

18.4. CurHaTypHbIN aHanus

CurHatypHBIli aHaJIM3 WCIONB3YyeTCs pPeaKo. Mneo MeTona MOXKHO CPaBHHUThH C LIUKJINYE-
CKOH KOppeKLHel OmnOO0K ¢ IOMOIIBIO POBEPOYHBIX TOJTMHOMOB IIPH Nepeaye JaHHbIX.

Ecnu mogaBaTh Ha cXeMy YETKO 3a/IaHHYIO MOCJIEIOBATEIBHOCT JIOTHYECKUX CHTHATIOB
BBICOKOTO ¥ HU3KOT'O YPOBHEH, TO Ha BBIXOZE MPAaBHWILHO (GYHKIUOHUPYIOIIETO YCTPO-
CTBA TAKXKC MOABJIACTCA OIMPCACIICHHAA KOM6I/IH3HI/I$1 curHajoB. Eciu B cxeMe BO3HHUKaeT
OHII/I6K3, TO PE3YJIbTAT U3MCHACTCA. HyTCM CpaBHCHUA 3aJaHHOI'O W IIOJYYCHHOI'O pE-
3yJIBTaTOB MOKHO TPOBEPUTH PabOTOCIIOCOOHOCTh CXEMBI.

CoBwvroBbiii pernctp (CaBuUr BxogHoro bvTa BNpaBo Ha KaXaoM TakTe)

BxoaHas
nocnegoBaTenbHOCTb

AL OcTaTok OT AeneHus

Puc. 18.4. Cxema ons curHatypHoro aHanuaa
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B mpunHnmme, B HEKOTOPHIX CIy4asX MOXXHO TEOPETHUYECKH PACCUUTATH PE3YIbTUPYIO-
IIyI0 TOCIIEN0BATEIHFHOCTS U MECTO HEHCHpaBHOCTH. Ha mpakTruke oOHapy>KeHHE H JIO-
KaJIM3aInI0 OITUOKHU OCYIIECTBIISIOT MTOCPEACTBOM CPABHEHHUSI.

Cxema, nzo0OpaxkeHHasi Ha puc. 18.4, COCTOUT U3 PETUCTPOB CIABUTA U CyMMaTopoB. bia-
rofapsi oOpaTHOM CBSI3M pe3yJbTAaT Ha BBIXOAE CXEMBI CHJIBHO 3aBHCHUT OT U3MEHCHUM
BXOJHOM MMOCIIEI0BATEIEHOCTH, TOITOMY OUIMOKH MOXKHO HAJICKHO PacIO3HATh.

®upma Tesla riryckaer mukpocxemy MH101, koTopast momaepKxuBaeT 4eTHIPE PasHBIX
MPOBEPOYHBIX mojuHOMa [18.1]. B Hacrosmmee BpeMs MPOBEPOIHBIA TOJTUHOM BBIYHCIIS-
IOT ¢ ITOMOIIBIO TIPorpaMMupyeMoii morudeckoii Marpuisl (FPGA — Field-Programmable
Gate-Array) uiy peajiu3yroT MPOrpaMMHBIM 00ECIICUCHUEM.



nasa 19

KaHanbl nepegayum nHcgpopmauunmn
U uHTepdencol

Jns mepemaun pe3yabTaTOB M3MEPEHHUSI OT MEPBUYHOTO M3MEPUTEILHOTO Mpeodpas3oBa-
Tenst K 070Ky 00paboOTKH pe3yabTaToB HCIONB3YIOTCS CTaHIapTHBIE MHTEpdeics. OHU
00€eCTeYrBalOT MOJIB30BATEII0 BO3MOXHOCTD MPUCOSANHEHHS N3MEPUTEIBHBIX Mpeodpa-
30BaTeNeld CaMbIX Pa3HBIX NIPOU3BOAUTENEH. AHAIOTOBas Mepeavya CUrHana 0asupyercs
Ha HECKOJBbKUX (u3myeckux mpuHimnax. L{udpposas mepemada NaHHBIX B HacTosllce
BpeMs UMEET PeIlarollee 3HaueHUEe AJIs1 CEHCOPHOM TEXHUKH.

B aroit rmaBe OyneT gaH 0030p CTaHAAPTHBIX U3MEPHUTEIHHBIX HHTEP(EIHCOB 3aBOICKOTO
npou3BoAcTBa. CyleCTBYIOT YHHBEPCAJIbHBIE M3MENHs, KaK TOTOBbIE, TaK M BCTpauBae-
MBIE B pa3padaTeIBaeMble YCTPOICTBA.

19.1. AHanoroBble KaHarsbl nepegaymn

g mepenaun CUTHAIOB B aHAJIOTOBOM (hopMe TIOIXOIAT HAMIPSHKEHHE, TOK, YaCTOTa WITH
JUTUTEIBHOCTh HMMITYJIBCHOM TIOCIIEOBATEIbHOCTH. ODTHMH BBIXOJHBIMUA BEIMYUHAMU
JIETKO MaHUMYJIHPOBATh W IMEPElaBaTh UX IO BYX- WK TPEXIPOBOTHBIM JHHUAM. [lpn
AHAJIOTOBOM Tiepeave BCErla MPOMCXOIUT IMPeoOpa3OBaHUE H3MEPSECMON BEIUYMHBI
B CHTHAJ 33/IaHHOTO TMHAMHYECKOTO IHana3oHa. JTO 03HAYaeT, YTO, HAlpUMep, JaBie-
uHue ot 0 1o 20 G6ap wimu Temmeparypa oT —20 mo 50 °C mpeobpa3yercsi B HalpsHKEHUE
ot 0 7o 10 B. OueBuzaeH nepBblil NPUHLUNHAIBHBIN HETOCTATOK: HA APYTOM KOHLE JIH-
HHUH OOJbIIEC HET HUKAKOW HHPOpMauu 00 n3MepsieMOl BeJTHIHHE.

Btopoii cymiecTBeHHBIH HEIOCTaTOK aHAJIOTOBBIX MEPBUYHBIX MPEOOpa3oBaTeyiel H3Me-
psAeMOii BETMYUHBI — 3BE3/1000pa3Hast TOMOJIOTHS COSANHEHUH, T. €. KaXK/IbIi pe3yabTar
U3MepeHus OTACTBHO rnepeaaercs: Ha 0ok oopadotku. [ToaToMy npu GOIBIIOM KOJHYeE-
CTBE TATYUKOB BO3PACTAIOT 3aTPaThl HA UX COCIMHEHUE.

CpaBHeHHE aHAJIOTOBBIX KaHAJIOB Nepeaayn npuBeaeHo B Tadm. 19.1 (mo ganuem [19.1]).

AHaOrOBEIe 3HAYCHHUS YaCTOTHI U (Da3bl OTINYAIOTCS OT HANPSKEHUS MM TOKAa TEM, YTO
OHHM HE peaju3yloT "IMHaMHUYECKUI" Coco0 mepenayd CUTHAJIOB. TOYHOCTH Mepeaadu
JAHHBIX TIPU 3TOM OKAa3bIBACTCS BHINIC, a MOBEJCHUE CHTHANIA B JIMHUM CBS3U MOJI00HO
BBICOKOYACTOTHBIM KOJIECOAHUSIM.
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Tabnuua 19.1. Ceolicmea aHaro208bix kaHanoe nepedayqu
Cnocob OanbHOCTb Yucno MpeunmyuiectBa HepocTtaTtkmn
nepepayun nepepauu paspsgoB
Hanps»keHue | Heckonbko OT1 12 6ut MpocTtas reHepauus, MapeHue HanpsxeHus
OECATKOB OTHOCUTESNBHO HEe3Ha- | B MMHWUM Nepefayn
MeTpoB ynTenbHas noTpeo- Np1BOAUT K omnbkam
nsiemasi MOLLHOCTb
Tok B ABYX- o 1 km o 12 out Bonbluas ganbHOCTb Bbicokas pacceunBae-
NpOBOAHOM CBA3U, T. K. Npy nepe- | Mas MOLLHOCTb, BO3-
nHUN Jadve mana norpeLu- MO>XHbI TOSNIbKO AaTyK-
HOCTb, TOMbKO OBYX- KW C HE3HAYNUTENbHbIM
nosntocHoe COBCTBEHHbIM Mo-
NOAKIOYEHNE TpebneHnem
Tok B Tpex- 0o 100 m o 12 out Bonblwas gansHoOCTb Bbicokas paccevBae-
NpOBOAHOM CBHA3W, T. K. NpM nepe- | Mas MOLLHOCTb
nHUN [aye mana norpeLu-
HoCTb, obecnevunBaeT
BonbLUON TOK AaT4nKa
YacToTa 3aBucuT oT [o 20 6ut | Bbicokas guHamuka TpebyeTtcs 6onbluas
cpencTB KOM- n3MepseMon BeENnyn- | rnorioca 4actoT
MYHMKaLMK Hbl, cTabunbHas Be-
nMYMHa OMOPHOro CUr-
Hana (Bpems),
BO3MOXHbI anbTepHa-
TMBHbIE KaHanbl nepe-
[aun AaHHbIX
®asa (LULMM) | 3asucuTt ot [o 12 6ut | CrabunbHasa Bennyu- TpebyeTtcs 6onbluas
cpencTB KOM- Ha OMOpHOro curHana nonoca nponyckaHus
MYHMKaLMK (Bpems), BO3MOXHbI KaHana, BO3MOXHbl
anbTepHaTMBHbIE Ka- norpeLuHocTy n3-3a
Hanbl nepefayv gaH- BPEMEHHOro 1 Yac-
HbIX TOTHOrO paccornaco-
BaHUsI

19.1.1. NMepepaya HanpsAXKeHUA

CranaaptusoBansbiii curHai ot 0 1o 10 B — 310 6a30BBIM THI CHTHAlA TIpU Tepeaade
HanpspkeHus. OH HE 3aBUCHUT OT HAIPSDKEHMs MUTaHWs MEPBUYHOTO IMpeoOpasoBaTens
U3MepsIEMON BEJIMYMHBI, KOTOpPOE OOBIYHO HaxoAWTcs B auamnazone ot 15 mo 30 B. Co-
NPOTHBJICHUE HATPY3KH COCTABIISIET, KaK MpaBuiio, 6oiee 10 kKOM.

HGI[OCTaTOK HO,I[O6HOFO crocoba nepeaadu, npexaec BCCro, B TOM, 4TO BLIXO,I[HOI\/'I CHUTHaJI
HUCKaKacTCA MPU PACTIPOCTPAHCHHUU IO JJIMHHBIM KaHaJIaM CBA3U, T. K. UX COIIPOTHBJIC-
HUC BbI3bIBACT MMAACHNUC HAIIPSIKCHUA. MoskeT BO3HHKATh TaKKe MapasuTHOC HAIIPAKCHUC
CMCIICHHUA, O6yCHOBJ’IeHHOG TOKaMH B 333€MHHIOHleﬁ IIIHUHE.

[IpeumymiectBo atoro mHTepdelica — npocToTa Aemmdpanun curHanoB. HampspoxeHus
U3 YKa3aHHOTO JMala30Ha MOXXHO OonU(pOBBIBaTH U 00pabaThIBaTh MPU MOMOIIH HPO-
CTBIX CPE/ICTB.
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CyIecTBYIOT HECKOJIBKO 0COOBIX BapHaHTOB MHTEpdeiica, KOTOPhIe OTIWYAIOTCS JaHara-
30HOM BBIXOJHOTO HampspkeHHs. Hampumep, nHOrna BcTpeuyaercs uHTEpQeEic ¢ Hamps-
skeareM oT 0 1o 5 B, KOTOpEBIN MO3BOJIIET pabOTaTh NMPHU MEHBIEM HAIPSKECHUU TTHTA-
Husg. CMecTHB HYJIEBYIO TOUYKYy, Hampumep, Ha | B, MoxuHO wu30exars mpobdiieM
C JUHEWHOCTHIO HAa HAYAJBFHOM YYaCTKE XapaKTePUCTHKH, KOTOpas MOKET BO3HUKATH
B ITPOCTHIX BBIXOJHBIX KAaCKaJax M3MEPUTENBHBIX MTPeoOpazoBaTenei.

19.1.2. lloromeTpuyeckas nepegada HanpsKeHUs

OCO0EHHOCTh JIOTOMETPUYECKOH Mepesadn HamnpspKeHHsI COCTOUT B TOM, YTO Pe3yJIbTar
HU3MEPEHUs] COOTHOCUTCS ¢ HanpsbkeHuem nuranus U,. M3mepurensHble npeodpa3oBare-
JY TaHHOT'O THMA 3KCILUTyaTHPYIOTCS, KaK MpaBWwio, ¢ HampsbkeHueM 5 B. Mmeromuiics
B paclopsDKEHUM JUANa30H BBIXOJMHOIO HampspKkeHHs coctaiser Torma 5-95% ot U,
(T.e. ot 0,25 10 4,75 B) mwu 10-90% ot U, (t. e. ot 0,5 10 4,5 B). B pesynbrare peria-
FOTCSI IPOOJIEMBI JTMHEHHOCTH BBIXOJHBIX KACKaJOB IIPU MAaKCUMAJIbHOM 1 MUHUMAJIbHOM
YPOBHSIX CUTHAIA.

IIpeumymecTBo 3TOro wuHTepdeiica 3akioyaeTcss B HECIO0XXHOM aHAJIOTOBO-
muppoBOM MpeoOpa3oBaHMHU, T. K. 37€Ch HAINpPSDKEHUE MHUTAHUS MOXKET HCIOIb30-
BaThCsl Kak omopHbiii curnan s AL KonebGanus HampsoKeHHsS MHTAaHUS HCKIIO-
4arTcs. DTOT THI UHTep(elca 4acTo MPUMEHSIETCs MPH NepeJadye CUTHAJIOB B Mpe-
nenax yctpoicTsa. IIoCKOIBKY OH TEXHMYECKH NPOCT, TO U 3aTPaThl HA pealn3alHio
OKa3bIBAIOTCSI MAJIBIMHU.

19.1.3. Nepepaya ToKa

I'maBHOE HpenMyILECTBO ATOr0 THNa HHTEp(eiica 3aKII0YaeTCsl B CIICAYIOIIEM: COCIHHNU-
TEJIbHBIE IPOBOAA MOTYT OBITH JOBOJBHO AJMHHBIMU. TOK OT MEPBUYHOIO JAaTYUKA BBI-
3bIBaeT MaJICHUE HANPSDKEHUS B JIMHUH, I03TOMY HEOOXOANMO yBEIMYUBATH HANPsDKEHUE
MIUTAHUS] CUCTEMBI, HO 3TO HE BIIMSIET HA U3MEPSIEMYIO BEIUUHHY.

B ucrouHMKE 3MEKTPONUTAHUS TOK, MPOTEKAIOUIMI uepe3 MOJHOE CONMpPOTHUBICHHE Ha-
rpy3KH, IpeBpallaeTcs B HanpsbkeHue. TunuyHble 3HaUeHHs Harpys3ku cocrasistioT 100
i 200 OM. MakcumansHoe 3HaueHne — 600 Om.

Ha mpakTtuke pacnpocTpaHeHO ABa BapHaHTa TOKOBOTO MHTepdeiica: IByX- U TPEXIpo-
BOJIHBIE CXEMBI.

[OByxnpoBoaHbIN nHTEepdenc

K nByxmpoBogHOoMy HHTEp(hEHCY MOAKIIOYAETCS TOJIBKO UCTOYHHUK MUTAHUS U U3Mepsie-
Masi BEIMYMHA MOIYJIMPYET TOK mepBuuHOro jaatuuka (puc. 19.1 u 19.2). Tak kak npu
npeoOpa3oBaHUM CUTHAJIa BCET/Ia UMEIOT MECTO MOTEepH, TOK HE MOXKET ObITh HYJIEBBIM
Jake MpH HauMEHbBIIEM 3HAYEHHWH H3MepAEeMOM BeIHUYWHBI. B KauecTBe CTaHIApTHOTO
OpUHAT auana3oH oT 4 1o 20 MA. Tem He MeHee, 3TOT uHTepderic MPUroJieH TOIBKO, KO-
/12 JJIEKTPOHHBIC OJIOKH MOTPEOJIAIOT TOK MEeHee 4 MA.
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Puc. 19.1. [1ByxnpoBoaHbIN nHTEpdEc
C M3MepeHnem Toka Pwuc. 19.2. [IByxnpoBoAHbIN nHTEpdENC
C U3MEPEHNEM HaMNPSHKEHUS HA Harpyske

TpexnpoBoaHbIN HTEepdenc

B TpexmpoBogHOM HHTepdeiice MOAKIIOYEHNE K UCTOUYHUKY MUTAHHS OCYIIECTBIIIETCS
cTaHAapTHO. VICTOUHUK TOKa Yepe3 CONMPOTHBICHUE HATPY3KH MOJCOEAMHSIETCS K 00IIe-
My npoBoay (puc. 19.3 u 19.4). Ilpu TakoM MOAKIIOUYEHUH BO3MOXKHO 0o0Jiee BBICOKOE
coOCTBEHHOE MOTpebIeHNE IEPBUYHOTO JaTIYMKa. 3/1eCh CTAHIAPTHBIM SBIISCTCS AMAaria-
30H u3MeHeHus Toka oT 0 1o 20 MA. OgHaKo 4acTo BCTpedaeTcs U BapHaHT ¢ AUana3o-
HOM TOKOB OT 4 110 20 MA, 4TOOBI TapaHTHPOBATh YHH(PHUKALNIO HHTEP(HEHCOB.

+ +
Bbixop, Bbixop,
Aatdnk = HAatunk B o
.]' = j‘
Puc. 19.3. TpexnpoBoaHbIi UHTepdeiic Puc. 19.4. TpexnpoBoaHbIi UHTEPEnc
C N3MEepeH1eM Toka C M3BMEpEHNEM HanpPsKeHUs

19.1.4. Nepepaya 4acToTbl U LULMPOTHO-UMNYNbCHaA
Moaynauus

[IpenmyiiecTBo nepeaayn BeIUYHMH, 0a3UPYIOIIUXCS HA HHTEpPBajax BPEMEHH, B TOM, 4TO
peanu3yercst mpocTas our(ppoBKa M BBICOKA TOYHOCTh. acTOTHO-MOIYITHPOBAHHBIH
CHTHAJI MOKHO JIETKO PETeHEpUPOBATh Ha MPOTSKECHUN JIMHUU TIEpEeIavH.

MNMepepaya yacToThbl

ITpn mepenade aHANIOrOBOTO CHUTHaja CYHIECTBYET OrpaHHYEHHE, OOYCIOBICHHOE IIpe-
JIeTIbHBIM pa3pelieHneM U3MepuTeabHoro curnana (puc. 19.5). IlpuurHbl 3aKI09aI0TCS,
HalpyMep, B HAJUMYMU MOTeph KaHala mepefadd wiu nomex. llameHue aMmmuTynsl Ha
OMMYECKOM COINPOTHBIIEHUH PHU NIepeade YacTOTHO-MOAYTMPOBAHHOTO CUTHAIA MOXKHO
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CKOMIICHCHPOBATh B TOYKE MpHeMa, T. K. YPOBEHb CHTHAIA HE BIMSET Ha WHHOPMAIHIO.
ITo 3Toi1 ke MpUYMHE OTCYTCTBYET MOTPENTHOCTD U3-3a TTIOMEX.

Bnaronapﬂ YKa3aHHbIM NPCUMYIICCTBAM 4aCTOTAa NPHUMCHACTCA KaK HOCUTCIIb I/IH(l)OpMa—
ouu, OpeKac BCCro, B JaT4ynKax C OOJIBIINM JUHAMHUYCCKHUM JUaIla30OHOM. 3T0, Harpu-
MCP, JaTUYUKU CBCTA, KOTOPLIC UMCIOT ):[I/IHaMI/I‘lCCKI/Iﬁ JAHara3oH OT 104 U OOJIbIIIE.

¥y
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Puc. 19.5. [latuunk ¢ npeobpasoBaTtenem "HanpshkeHne—vacrora"”

LLinpoTHO-UMNynbCHaA Moaynsums

[Ipu mmpotHO-UMIynscHON Monymsiunu (LM, PWM) nepenaetcst mpsSMOyroiIbHBIH
CUTHaJl, B KOTOPOM WH(OPMALMOHHBIN CHTHAJ BO3JCHCTBYET Ha OTHOLICHHE MEPHOAa
MOBTOPEHHS UMITYJILCOB (OT (hpoHTa 10 GpOHTA UMIYNbCA) K AIUTENbHOCTH (OT (poHTa
IO CTIaJia UMITYJIbCA).

Takoit CUrHaJI He 3aBUCHUT OT 3HAYCHHUS YaCTOTHI U ¢e cTabmibHoCTH (prc. 19.6).
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Puc. 19.6. lNeHepauus LUMM-curHana

OCHOBHOE MPEUMYIIIECTBO AAHHOTO MHTep(deiica 3aKI0UaeTCs B MPOCTOTE TEXHUUSCKON
peanusaiyy nepeaTuika U MPUEMHHUKA. BOJIbITMHCTBO MUKPOKOHTPOJIJICPOB CHAOKEHO
osoxoMm 1TTNM.

HenocraTok 3akirodaercss B UCIOJIB30BAHUM IIPSIMOYTOJIbHBIX CHIHAJIOB, T. K. OHU COZEpKaT
OOIBIIIOE YMCIIO TAPMOHKK U, CIIEZ0BATENbHO, K KaHATY Nepeladyd JaHHBIX MPETbsBISOTCS
MOBBIIICHHBIE TpeOoBaHMs. [I0CKONBEKY MHTEpPBaI BpEMEHH MEXIY IBYMs (POHTAMU M-
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MyJIbCa COJICPIKHT TepelaBacMyt0 HHPOPMAIIHIO, TO MOJIOTHE (POHTHI, BHI3BAHHBIC OTPaHH-
YCHHOW ITOJIOCOM TPOITYCKAHWSI JIMHUW CBS3H, TIPUBOJIAT K OITHOKE Tepeaadn. ITO OCOOCHHO
MPOSIBIISIETCSI, €CITH TIEPEIAl0TCsl MATICHFKUE 3HAYCHHST I3MEPEHHOW BeM4MHbL. Torna tpedy-
eTCsl ToJI0ca MPOIYCKaHUSI HAMHOTO IIUpE, YeM PACCUMTAHHAS M3 YCIOBUS MAaKCHUMATHLHOM
paboueit gactotel. [loatomy LIIMM-urTEepdeiichl paboTaroT B MOJIOCE YaCTOT OT HECKOIBKUX
COTEH TEePII 0 SAMHUI] KIJIOTePI] ¥ 00eCTIeurBatoT TOUHOCTE 10—12 OuT.

19.1.5. YeTbIpex- n WeCTUNpPoOBOAHbLIN NHTepdeunuc

Ortot uHTEpdEiic 3aHMMaeT 0c000e MECTO B CEHCOPHON TEXHHUKE, T. K. pa3paboTaH HCXO-
It U3 crioco0a BriroueHus Aatanka (puc. 19.7). OH HCIoNIb3yeTcsi B OCHOBHOM TS TIOJI-
KJTFOYCHHSI TACCUBHBIX M3MEPHUTEIIBHBIX JIEMEHTOB (HAallpHMep, JaTYMKOB TEMIIEPATypBbI).

OcHoBHas naesd — pa3aciiCHUC MUTAOIINX U U3MCPUTCIIbHBIX JIMHUI JaTyuKa. L[CJ'II) —
KOMIICHCAIUA MaACHUA HAIPSKCHHUA B HHTaIOHICfI JIMHUHW, B TO BPpEMA KakK U3MEpACMan
BCJIMYMHA IEPEAACTCA MO OTACIBbHBIM ITPOBOJaM HCTIOCPCIACTBCHHO OT AAaTUHKA. Tak kak
YCUIIUTEIN U3MEPUTCIILHOTO an/I60pa BBICOKOOMHBIC, TO IO USMECPUTCIIBHBIM IIPOBOJaM
TOK HC TCYCT U MaACHUC HAIPSIKCHUA OTCYTCTBYCT. B PE3YIbTATC MOXHO OUCHBL TOYHO
HU3MCPATH MAJIbIC HAMIPSIIKCHUA OaXKC MMPU UCIIOJIB30BAHNUHU JJJIMHHBIX IIPOBOAOB.
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Puc. 19.8. lNepenaya curHana ot MOCTOBOW CXEMbI MO LLECTUNPOBOAHOMY UHTepdency
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Takum 00pazoM, paccMarpruBaeMble HHTEP(EHCH 1e1ecoo0pa3Hbl IPH U3MEPCHHUH U TIe-
pelaye OueHb CIIAOBIX CHUTHAIOB C BBICOKOW TOYHOCTBIO. TakuM 00pa3oM, BO3MOXKHA
TOYHOCTH U3MEPEHUS 10 24 OWUT, 9TO HEOOXOIUMO, HAIIPUMED, TIPH MCTIOIH30BAHUH TCH-
30pE3HUCTOPA.

B mectunpoBoanoii cxeme (puc. 19.8) k nmpoBonaM MUTaHUS U U3MEPUTEIBEHBIM JIMHHUSAM
N00aBISIOTCS ABa MPOBO/A OMOPHOTO CHTHAJA, KOTOPBIE TaK)Ke HE HArpyXeHbl. JTO He-
00X0IMMO, €CJIH JOJDKHBI NIepeaaBaThCs HAMPsHKEHHE C MOCTOBOM CXEMBI M H3MepsieMast
BennurHa. HampspkeHue ¢ MocTa HrpaeT pojib ONOPHOTO HCTOYHMKA IS aHajoro-
uu(pOBOro Npeodpa3zoBaTes.

19.2. UndpoBble KaHanbl nepegayun

B mudpoBom kaHame Takxke MPOMCXOTUT MOAYISAINS HANPSHKEHHUS WM TOKA. 31eCh Cy-
mecTByeT O00bInoe pasHooOpasue BapuanToB. L{ndpossie nHTEpdeElics yacTo odopmite-
HBl B BUJIE IIUHBI, YTO YNPOIIAeT CoenuHeHne Kabeneil. Bee M3BECTHBIE BBIYHCIUTENb-

HBIE CETH OCHOBAHBI Ha TPEX BUIaX TOMOJOTHH: "KoibHo", "3Be3na” u "mmHa".

Pemratomee mpeumymiecTBO 1HQPOBBIX HHTepdeiicoB — Oonbmas WHPOpPMaHOHHAS
eMKOCTh. B 070k 00pabOTKM MOKHO TepelnaTh HE TOJIBKO HOPMHUPOBAHHBIA pe3yiabTaT
H3MEpPEHUs, HO U, HallpuMep, CBEJCHUS O AMAaNa3oHe, U3MEPSEMBIX BeIHYHUHAX, BOZMOXK-
HBIX TpPEACTbHBIX 3HAYCHMSX AaTUMKa W JAPYrylo Oojee MOoApPOOHYI0 WH(OPMAIHIO.
TONBKO TH AOMONHUTENBHBIE CBEICHHSI TIO3BOJISIOT aBTOMAaTHIECKH aJMHUHUCTPHUPOBATH
1 00CITYHBATh CETh, COCTOSIIYIO U3 HECKOJIILKUX COTEH IaTUUKOB.

MOXHO yIOMSIHYTh M TaKH€ OCOOCHHOCTH LU(PPOBBIX HHTEP(PEHCOB, KaK TapaHTHPOBaH-
Has repejaya JaHHbBIX, HCIIPABICHUE OMMOOK U IByHAIPABICHHAs! KOMMYHHKALHS.

B Ta6:1. 19.2 npuBeneH 0030p HEKOTOPBIX HUPPOBBIX KAHAIOB IEpeaul JaHHBIX.

Tabnuya 19.2. Ceoticmea yughposbix kaHanoe nepedaqu

WuTtepdenc | NanbHocTb | CkopocTb Mpenmywectsa HepocTtatku
nepepauu nepepauu
AaHHbIX
CAN Ho 1500 m Oo 1 MéuTt/c | bonblwas aanb- TpebyeTtcs o6bemMHOE npo-
HOCTb Nnepepayn, rpaMMHoe obecnedeHne
npocTble apanBe- NpoTOKONa, MHOXECTBO
pbl, peanusosaH cy6-NpoTOKOSIOB 1 cneun-
B COBPEMEHHbIX anbHbIX Bepcui, TpebytoT-
npoueccopax Csl NIULIEH3UM, MareHbkne
nakeTbl AaHHbIX No 8 6anT
LON [o 2700 m MpumepHo OuyeHb 6onblune TpebyeTcsi 06bEMHOE Npo-
no 1 Méut/c; | cetu, nepapxumde- rpammHoe obecrnedeHne
TUAMYHOE cKkasi CTpyKTypa npoToKona, BbICOKME 3a-
3HAYeHre — TpaTbl HAa TEXHWUYECKOEe
78 KkBuT/C obecneyeHue, TpebytoTca
NULIEH3UN Ha Nporpamm-
Hoe obecrneyeHve y3nos
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Ta6bnuua 19.2 (okoH4YaHue)
WHtepdenc | JanbHocTb | CKOpoCcTb MpenmyliectBa Hepoctatku
nepepayu nepepayu
BaHHbIX
HART Heckonbko MpumepHo Tonbko ABa nposoaa TpebyeTcsi o6beMHOE
coteH meT- | 100 6aiit/c ONs NOAKII0YEHMS, nporpaMmmHoe ob6ecne-
poB MOXeT MCMOoNb30BaTh- YeHue npoTokona,
Csl CTapoe COeAUHEHNE | OYeHb MeLEHHbIN,
nocpencTBom kabenen | Tonbko 3Be3goobpas-
Hasi Tononorusi, Tpeby-
eTCH NULUEeH3Nns
RS485 Heckonbko | Oo 1- TexHnyeckasn 6a3a ans | OTcyTcTBMe cTaHOap-
KuriomeTt- 15 M6ut/c Opyrux nHTepdencos, TU30BaHHOIO Npo-
poB NpPOCTOE UCMNOSTHEHNE rpammHoro obecneve-
(B BonbLMHCTBE Cry- HWS, pasHoe
yaeB UART umeeTcs dopmMUpoBaHmne nNpoTo-
B Hanuyum B LIMY) KOnoB
Profi-Bus o 9 km Oo 1— MpocTble annapaTtHble TpebyeTcs o6beMHOE
12 M6ut/c cpeacTtBa, bonblias nporpammMmHoe obecne-
paspsAHOCTb, BbICOKas | YeHue npoTokona, ma-
CKOpOCTb nepefayn NeHbKNE NakeTbl AaH-
OaHHbIX HbIX, TpebyeTcsa
nnLEeH3ns
12C B npegenax | Jo OTcyTCTBYIOT 3aTpathl, | MckniountensHo fno-
nnarbl 400 kbut/c noaTomy peanusauusi KanbHOEe MpUMeHeHe,
npocTa, BHeApeH BO TpebyeTcsa nuueH3na
MHOTMX MUKPOKOHTPOS-
nepax, LWMHHasi Tono-
norusi
SPI B npepenax | Oo OTCyTCTBYHOT 3aTpathl, | TONbKO NOKanbHOe
nnarbl 10 Méwut/c noaTomy peanusauusi NPUMEHEHNE, TONMbKO
npocTa, peanv3oBaH coeavHeHne "Touka—
BO MHOIMMX MUKPOKOH- ToYka"
Tponnepax, NuueH3us
He TpebyeTcs
IEEE 1451 B npepenax | Oo 2 kbut/c MoppepxuBaetcst MHO- | WcknioumTensHO no-
nnarbl rMMU MUKPOKOHTPOI- KanbHOEe NpUMeHeHe,
nepamw, NOCKOMNbKY obecneyvBaeT nuulb
ocHoBaH Ha SPI- NPOCTOM NPOTOKON
BEPCUM, NULEH3MSA
He TpebyeTcs
lNMPUMEYAHUE

YkasaHHble B Tabn. 19.2 Heobxoanmble NULIEH3NM OTHOCSTCS K NPOU3BOAUTEN COOTBETCT-
BYHOLLIMX KOMMOHEHTOB, a He K Nonb3oBaTenio.

Hudpossie uarepdeiics TpeOyIOT, B 00111eM ciIydae, 00beMHOTr0 IporpaMMHOro odecrie-
YeHUs Ui peaju3auud Tpaduka MEeXIy NepefaTirkoM U npueMHukoM. Ilostomy, kak
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Ha CTOPOHE MEPBUYHOTO MPeoOpa3oBaTelis U3MEPseMOil BETMYMHEL, TaK U B YCTPOHCTBE
00pabOTKH M yIIpaBICHHS TpeOyeTcs MPoIeccop.

PaCCMO’I’peHHLIC JAajieC NpUMEPbI OXBATBIBAIOT TOJIBKO MAJIYI0 4YaCThb npnmaaHoﬁ obuac-
TH CCHCOpHOfI TCXHHUKU.

19.2.1. 'pynna nHtepdencos CAN

[Mox ob6mum HazBannem CAN moapa3yMeBarOT HECKOJIBKO MPOTOKOJIOB mepenayn. Cama
CAN-1mMHa IpUMEHSIETCSI MPEUMYIIIECTBEHHO JUIS MepeIay NaHHBIX MM KaK CPEICTBO
3amuThl. [IpumenuTensHo K 7-ypoBHeBOU mojenu B3aumojehctBus ISO-OSI rosopst
0 BBICOKOM YPOBHE WJIM O MPOTOKOJIAX MPHUKIATHOTO YPOBHSI.

MpoTtokon CAN

[Iporoxon CAN ompenenen craanaprom ISO 11898. Peus naer o mpoToxome, OpueHTH-
POBaHHOM Ha Iepelady AaHHBIX. Bce ydacTHHKHM 00s1aqaroT paBHBIM JOCTYIIOM K IIMHE.
1 Ha3HauEHUS IPUOPUTETOB COOOIIEeHNH peaycMoTpeHo 11 6ut uinm naeHTuduKaTop
umHOH 29 Out. OnuH makeT mepeaadn NepeHocHuT A0 8§ OalT mone3HsIX JaHHBIX. CKo-
pocTh mepenayd OOpaTHO NPOINOPIMOHATIbHA MacIITady CETH W MOXET JOCTHraTh
500 x6ut/c (mpu 100 M) n 50 kOut/c (mpu 1,5 kM). MakcuManbHas CKOPOCTh Teperavn
coctaBiser 1 Mowut/c. Uncmo ycTpoHCTB B CETH OTpaHUYEHO BHIOPAaHHBIMH JIpaiiBepaMu.
B Hacrosimee BpeMs K ceTH MOTYT MOJKiIoUaThes 64 ycrpoiictBa. B kadecTBe nuHUM
CBSI3U 9aCTO MCIOJIB3YIOT BUTYIO Mapy. Bo3MOXXHO puMeHEHNE BOIOKOHHO-ONITHUECKUX
JIMHUH.

Baxxaple coo0IeHns ¢ Malloi 3aJep>KKOH MOTYT IepeaaBaThCs, HECMOTPSI Ha BBICOKYIO
3arpy3Ky IIMHBI, ¢ IOMOIIBIO PACIPECICHHs IPHOPUTETOB MMOCPEICTBOM HACHTU(DUKA-
Topa. TakuM 00pa3oM, CHCTEMHBI MHTETpaTop crnocoOeH OOHapy>KUBaTh M yCTPaHSThH
OLIMOKH, HECMOTPSI Ha OOJBLIYIO 3arPy3KY.

MpoTtokon CAN-Open

MexnayHapoanas accouuanusi nojp3oBarened u npousBonutencii CAN-nmpoayKTos
(CAN in Automation — CiA) pa3spaboTtajia HECKOJIBKO MEXaHH3MOB JUISl yIIPABICHHS
U WCHOJHEHUs y37la CeTH. YIPABICHHE CETHI0 NPEeIHA3HAUCHO Ui KOPPEKTHPOBKH
pexxuma paboThl NepeAayd M MpHeMa Uil OTHAENbHBIX YCTpoHCTB. COOTBETCTBYOIUE
MexaHu3Mbl nepeuncicHsl B gokymente CiA DS 301. Yepes LSS-meron (CiA DS 305)
KaKA0MY YCTPOUCTBY Ha3HA4aeTCsl CKOPOCTb Iepeadn U HACHTU(DHUKATOP.

Onexrponnbiit macnopt (Electronic Datasheet, EDS) comepxut (yHKIIHOHATbHBIC BO3-
MOYKHOCTH OT/ICJIbHBIX YCTPOWCTB B BHJE OTACIBHOTO (haiiia MM HEMmoCpeICTBEHHO
B YCTPOMCTBE.

Jns kaxnoid nmpukiIagHod o0JIacTH co3JaroTcsl mpodwin ycTporcTBa. st ceHCopHOi
TeXHUKH npeaycMmoTper npopuns CiA DS 404, B koTopoM 3a)uKCHPOBaHbI KOHKPETHBIE
napameTpsl il OUQPOBOI Mepenauyn aHaJOTOBBIX PE3yJIbTaToOB M3MepeHus. Hapsmy
C KOJMPOBAaHHMEM DPE3YNbTAaTOB M3MEPEHUs 3aJaH MapameTp AJsl JONOJIHUTENLHON -
POBOi1 00pabOTKH U3MEPUTEIHHOTO CUTHAIIA.
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Cy1ecTByeT MHOXECTBO APYTHX Tpodriield yeTpoiicTBa U mpmiiokeHus. [lomp3oBarenu
CO37aI0T HOBBIE MPOMMIN. DTO CIIOCOOCTBYET MIUPOKOMY PaCIPOCTPAHEHHUIO W YHHUBEP-
cagpHOMY IpuMeHeHuto potokora CANopen.

19.2.2. LON

[Muna nokansHoi omeparnuonnoii cetn (LON — Local Operating Network) mpennasua-
YeHa I TOJKIIOYEHHsI OOJBIIOTO YHCiIa JAaTYNKOB M MCIOTHUTEIHHBIX MEXaHH3MOB.
Cetb opMupyeTCS HEPAPXUICCKU. Y POBHH Pa30MBAIOTCS HA JOMEHBI, CY0-CETH U y3JIHI,
MpUYEM TOMEH MOXET colepxkarh 32 385 y3noB. B cucteMe BO3MOXKHO MOJKIIOUEHUE
1o 248 MOMEHOB.

OO1ast IIMHA CETH MOXET COCTaBJIATh HECKOJIBKO KHUIIOMETPOB. BO3MOXKHAs CKOPOCTH
nepeayy 3aBUCUT OT TOTIONIOTHH M MacIiTaba CeTH W HaXOIUTCS B Tpejiesax oT 2 KOuT/c
1o 1,25 Moéut/c.

19.2.3. HART

Unrepdeiic HART [19.5] peanusyer BO3MOXHOCTH TOJYYCHHS OMOJTHUTEIBHONW WH-
(dopManyu OT AaTYMKa B aHAIOTOBBIX cUCTeMax M3MepeHus. CHcTemMa COCTOUT M3 Iep-
BUYHOTO JAaTYMKa U3MEPSEMON BEJIMYMHBI U TOKOBOTO JABYXIIPOBOJHOIO KaHajia Tepena-
YM JAaHHBIX. AHAJIOTOBBII Pe3ybTaT U3MEPEHUS MepeaacTCsi HEMOCPEICTBEHHO MO JIMHUH
ces3u (puc. 19.9).

MogynsTop/
[emopynsaTtop TokoBas neTns

LOatuuk

uny

TokoBas neTns

Puc. 19.9. Ctpyktypa HART-gaTtunka

Hudposas nepegaya JaHHBIX NPOUCXOAUT Onaroapsi MOAYJISALUH MEPEMEHHOTO Hampsi-
xkeHus. [IockoNbKy cpeqHee 3HaueHUE MEPEMEHHOI0 HANPSDKEHUS PABHO HYJIO, OHO HE
BJIMSIET HA aHAJIOTOBBINA pe3ynbTaT u3Mepenus. Ha o0onx KoHIaxX JMHUM Nepeiadn ycTa-
HaBnuBaeTca HART-mozeM, KOTOpBIH OCYIIECTBIAET MOZAYJIALMIO WM aHAIH3HPYET
NPHUHATHIN cUTHaJI. B pe3ynpraTe K JaTYMKYy MOTYT MOCBUIATBCS KOMaHABI U TEHEPHPO-
BaThCS OTBET OT HETO.

B npotokosie peann30BaH aCHHXPOHHBIN MOIYAyIUIEKCHBIA npouecc. J[aHHbIE KOAUPY-
IOTCS B COOTBETCTBUH C METOJIOM YaCTOTHON MOJYJISAIIUH, IPHUUEM 10 yMoia4anuto "0" —
gactora 2,2 kI'm u "1" — gacrora 1,2 x['11. CkopocTs mepenadn JaHHBIX OTHOCUTEIHHO
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mana: mpuMmepro 100 6aiit/c. [lepemada mPOUCXOMUT C TMOIKITIOYECHHUEM 'TOYKa—TOUYKa"
(3Be31000pa3Has TonoJyorus). Bo3MokeH peKUM IMUHHOMN TOTIOJIOTHH, HO TOTAa TIPUACT-
sl OTKa3aThCs OT AaHAJIOTOBOTO PE3yJIbTaTa U3MEPEHHSI.

19.2.4. RS485

Hutepdeiic RS485 — 310 crapsiii craHaapT, KOTOPBIA onpeaessaeT Oonblie GU3NISCKUE
ycIIOBUS, YeM cojliepxaHue U popMy nepenauu. Peus uzaer 3nech 00 acHHXPOHHOM nepe-
Jlaue JaHHBIX B MOJYIYIUIEKCHOM PEXHUME paboThl, T. €. JaHHbIE IOCBHLIAIOTCS MM IpU-
HUMAIOTCSl TIOCIIE0BAaTENFHO BEAYIIUM YCTPOWCTBOM. B KauecTBe HMIMHBI HCHONB3yeTCA
BHUTAasl Iapa C MONEPEeYHbIM cedeHueM xuibl 0,75 MM?, BOJIHOBOE CONPOTUBJICHUE KO-
Topoi coctaBnsier 120 Om. JlaHHBIE TOCBHUTAIOTCS B BHIC TUPQPEPEHIMATEHOTO CHI-
HaJla, 4TO 00ECHEeYMBAEeT XOPOUIYI0 IOMEXOYCTOHYMBOCTh. B0O3MOXXKHO mNoOIKiIOUEHHE
10 32 yCTpOMCTB, KOTOPBIE MOTYT PaclpeAeIAThCS Ha IIUHE AJIMHON A0 HECKOJIBKUX CO-
TeH MeTpoB. C IMOMOIIBIO COBPEMEHHBIX MHTETPAIbHBIX (OPMUPOBATEIEH MOXKHO yBe-
JIUYUTH YUCIO YCTPOHCTB.

UnTtepdeiic nmpuMeHsieTcs B CpeACTBaX aBTOMATU3AIMU U SIBIISIETCS OCHOBOW JUISL IPYTUX
uHTepdeiicoB, Hanpumep, Profi-Bus. B u3o0paxenHom nHa puc. 19.10 3agaromem kacka-
ne compoTuBieHre R11 urpaer ponb oKOHEUHOW HArpy3KH IIMHBEL. Ero 3HaueHue paBHO
120 OM U cOOTBETCTBYET BOJIHOBOMY COIPOTHBIICHUIO BUTOH MapH.

>N
(Ly]
+
2
RXD 8
> z
(9]
5 DIR — é &l KL1
TXD 5 I L
IC4 - L
x —L
KL3
(&)
T&
GND

Puc. 19.10. 3agatowmii kackag onsa nHtepdenca RS485
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B HEKOTOPBIX MPOMBIIIEHHBIX YCTPOMCTBAX, HAPUMED, KOHTpOJIepax S7 OT KOMITaHUH
Siemens, 3TOT BBIXOMHOHN Kackam MOIU(DHUIMPYETCS I YIYUIICHUS YPOBHEH IIPH II0-
Moty pe3uctopoB R9 u R10. B stoM ciaydyae mpumensroT pesucrtopbl R11 =220 Om
u R9 = R10 = 390 Om. ComnpoTuBiieHHEe Harpy3KH MpH 3ToM Takke paBHo 120 Om.

19.2.5. Profi-Bus

Profi-Bus mupoko pacrnpocTpaHeH B MPOMBIINUICHHOCTH, T.K. O0OCCIECYMBACT OUYCHBb
OONBLIYIO JaNBbHOCTH Tepelavul U OTIMYAETCs MPOCThIM MoakiIoueHueM. OH 6azupyercs
Ha uHTepdeiice RS485, HeckonbKko ypoBHEH MPOrpaMMHOTO OOCCIICUYCHHUs HAKIIaJbIBa-
forcsi B 3aBucuMocTH oT OSI-momenn s obecneueHus (QYHKIMOHAIBHOCTH CETH
(puc. 19.11).

TunoBas CKOpocTh mepenayn coctaisger 1 Mout/c, mpu HEOOIBIION IMHE JTHHUN MO-
xKeT jocturath 12 Mowut/c. B kakaoM cerMeHTe NOMYCTHMO HOKIIoYeHue 1o 31 yer-
pO¥CTBa, MPUYEM CETh MOXKET PACIIHPSTHCS IOCIEI0BATEIBHBIM COSANHEHUEM 10 YETHI-
pex cerMeHTOB. MaKCHMaJIbHOE pAacCTOSHHE MEXKAY ABYMS YCTPOMCTBAMH JOCTHUTAET
1,2 kM, 00Mmast JUIMHA CETH C MYJIbTUILTUKATOpaMu — 10 9 KM.
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Puc. 19.11. Mpumep cetu Profi-Bus [19.2]
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19.2.6. 12C

12C npencraBnser coOol mocieaoBaTeabHblii HHTEpdEic, OPHEHTHPOBAHHBIN Ha T100aii-
TOBYIO OPTaHH3AIINI0, KOTOPBIH pa3padaThiBajICs JUIS MOJKIIOUYESHUS CXEM Ha Iuiate B 00-
JacTU ayJMOTEXHUKH M BHUJICOTEXHUKH. DTO CHHXPOHHBIM JBYXIPOBOAHON MHTEp(eElic,
KOTOPBII COCTOUT W3 JIMHUU JAHHBIX U TaKTOBBIX UMIYJIbcoB. O0€ IMHUH JIByHAIIPAB-
JICHHBIC U MOTYT OOBEIMHATHCS B MIMHY. YUCIIO MOAKIIOYaEMBIX YCTPOHCTB OrpaHU1HBA-
€TCs TOCTYIHOM 7-OUTOBOM 001acThIO ajpeca U cocTapiisieT 128.

Bnaronaps cMHXpOHHOW mepegade OaHHBIX TOT WHTEepdeic He NMPEeABbSBISIET BHICOKUX
TpeOOBaHM K CTaOMIIBHOCTH TAKTOBOTO CUTHAJIA U XOPOLIO MOAXOJUT AJISl MPOrPaMMHOM
peanuzanmy. Bo MHOTMX MUKPOKOHTpOJIIEpax 3TOT MHTep(deiC peaan3oBaH anmnapaTHo.
Tak kak 3Ta muHa pabotaeT 6e3 MHUKPOCXeMBI-hOpMHUpOBATEINs, ¢ AJTUHA OrpaHuYcHa
HECKOJILKUMH JECATKAMH CAHTUMETPOB.

B unTepdeiice 12C nmepegada qaHHBIX OCYMIECTBISETCS MPU TTOMOIIH TIPOCTOTO MPOTO-
Kola co ckopocthio n0 400 x6ut/c. 3amuch JaHHBIX OOpamIIsIeTCsl CHTHAJIaMHu
CTAPT/CTOIL. IlepBrrit OaliT mocie 3amycKa COAepKUT 7-pa3psAaHBIA afpec Ha3Haye-
HUA u Out mHpOpManuu o HampaBieHun (OWT 3amucu/ureHus). Cremyromniie OalThI
collepKaT nepenaBacMble JaHHbIE, CTPYKTYpa KOTOPBIX ONPEAENseTCs] COOTBETCTBY HO-
UM ycTpoiicTBoM. Bce mepenaHHble OGalThl KBUTHPYIOTCS OWUTOM TOATBEPKICHUS
(ACK/NACK).

TeopeTHueCKH KaxJI0e YCTPOWCTBO, MOAKIIOUEHHOE K INHHE, MOXET paboTaTh Kak Be-
JyIiee WM BEAOMOE, Ha MpakTHKe OOJBIIMHCTBO KOMMOHEHTOB (maruuku, ALl wmu
ITAIT) xoupUTypHUpYIOTCS Kak BegoMmbie (puc. 19.12).

Tax xak uaTEpdEic HETOPOTrOi U SKOHOMUYHBINA, TO OH YaCTO MPUMEHSIETCS ISl KOMMYHH-
Kall{ B MaJIOTa0apUTHBIX CEHCOPHBIX YCTPOMCTBAX C BHICOKOM CTETICHBIO MHTETPALIHH.
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Puc. 19.12. MogknoyeHne gaTtymnkos K wuHe 12C
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Tak Kak BBIXOJHBIC KacKansl wHTEp(deiica [2C BBITIONHEHBI C OTKPBITHIM CTOKOM, HE00-
XOJIMMBI Harpy3o4uHsie pe3uctopsl (R15 u R16 Ha puc. 19.12). ConpoTuBiieHus y 1aT49u-
KOB 3aIIMIAIOT BHIXOJHbBIE KacKaIbl BO BPEMsI KOMMYTAIlX HANPaBJIEHU Ha IIHMHE. DTO
0COOEHHO Ba)KHO, KOTJa JAaTduK yrpasisercs oT LIITY, KoTopslif TOAKIIIOYEH K ITHHE
yepes MOJHOIEHHBIA BBIXOAHOM KacKa/l.

19.2.7. SPI

Hutepdetic SPI pa3paboTtan mis mogkmoueHUs nepu(epuiHbBIX MOAYJICH ¢ TPOIecco-
poM B mpenenax iatel. OCHOBHAsS Hjesi — OBICTPBI 0OMEH JaHHBIMHU Yepe3 PETUCTPHI
capura. [Ipr 5TOM OTCYTCTBYIOT CIy»KeOHBIE CUTHAIBI KaK B alapaTHBIX CPEJCTBaX, TakK
U B MIPOTPaMMHOM OOECTICUCHHH, B PE3yIbTATE JTOCTUTAIOTCS BBICOKHE CKOPOCTH Tepe/ia-
YU JIAHHBIX.

JlaHHBIC TIEPEAAIOTC CHHXPOHHO MOCPEJCTBOM TAaKTOBBIX INHH M IBYX JIMHHUHA JTaHHBIX.
CHHXPOHU3AINS 3aMHUCH JaHHBIX TPOUCXOAUT Yepe3 UeTBEPTHIN MPOBOJ, 0003HAYAEMBIi
kak CE (Chip Enable) unu SE (Slave Enable). OOMeH mpoucXoauT 1mo o0euM JIMHUSM
JIAHHBIX, [0 TIEPBOM — OT BEAYIIIETO K BEIOMOMY, IT0 BTOPO — 00paTHO.
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Puc. 19.13. Bnok-cxema uHtepdpenca SPI B MmukpokoHTponnepe [19.6]
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[Ipu 5TOM HamparieHUe TIepeiadn M0 JIMHUH OCTAETCsI HEM3MEHHBIM, YTOOBI MOTIIN TIPH-
MEHSTBCS npaiBepsl. [Ipu cMeHe pexnMa "BeIyImii/BeJOMBIN" JTHHUH TEPEKIIOIAI0OTCS.
Benyiee ycTpoiicTBO Beerya BeIpaOaThIBaeT TakTOBbIC MMITyJbchl. Ha puc. 19.13 uso-

OpakeHa Ook-cxema uHTepdeiica SPI.

Jo6aBuB BBIXOJHBIE KacKalbl MOXKHO peann3oBath uHTepdeiic SPI B Buae munbl. B aTom
cllyyae Hy>KHO IPETyCMOTPETh CTPYKTYpPY ''BeAyIIMH—BEJOMBIN".

19.2.8. IEEE 1451

IEEE 1451 — 5T0 ceMeHCTBO cTaHIAPTOB, KOTOPBIE OMPEICISIOT MOAKIIOYEHUE MEXKITY
JaTYiKoM (MJTH MCTIOJHUTEIBHBIM MEXaHU3MOM) U ceThio. OCHOBY 00pa3yeT 3JeKTPOH-
ueiid macopt, TEDS (Transducer Electronic Data Sheet), koTopblii HE 3aBUCHUT OT BBI-
Opannoro unrepdeiica. Tam comepkatcs cBeneHust 00 UAeHTH(GUKALUY, TaHHbIE Kannuo-
POBKH, AaNa30H U3MEPEHNs, a TaAKKe CrienuanbHast ”HPOpMaus 00 U3roTOBUTETIE.

Hoctyn x cBempenusm n3 TEDS mo3BomsieT ympaBisiTe OONBIIAM HA0OPOM NAaTYMKOB U
UCTIOTHUTENPHBIX MEXaHM3MOB IO CETH. 31eCh HIMPOKUH CIIEKTP BO3MOXKHOCTEH: OT
(YHKIIMOHAIBEHOHN MPOBEPKH U MapaMeTPU3AIMU BIUIOThH JI0 KOHTPOJIS CPOKOB TOTHOCTH
(Hammpumep, pabounX BEIIECTB B JaTIYMKaX Traza) U (POpMHUPOBAHUS TUIAHOB TEXHUYECKOTO
00CITyKHBaHHUS.

Eme omno mpeumymectBo |IEEE 1451 — BO3MOXKHOCTH pa3felbHOTO MPOCKTHPOBAHUS
JaTYNKOB M CETEBBIX YCTPOMCTB Onarojaps craHaapTuizaiud. [Ipu sToM cuTyanus yii-
polaeTcst Kak [uis mojb3oBaresis (T. K. He Hy)KCH CHeHUaTM3UPOBAHHBIN JaTUUK IS Ka-
KIIOTO THUIA CETH), TaK U ISl MPOU3BOIUTEINS (T. K. €My JJOCTaTOYHO pa3paboTaTh JIUIIb
oauH Tun uHTepdeiica) [19.3] [19.4].
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DONeKTpOHHBIA apXWMB K KHUTE BbUIOkeH Ha FTP-cepBep m3marenncTBa 1o ampecy:
ftp://85.249.45.166/9785977505727.zip. Ccbuika AOCTYIIHA W CO CTPAHHUIBI KHUTH Ha
caiite Www.bhv.ru. Marepuansl 3Toro apxuBa cieiyeT HCIOJIb30BATH BMECTO YIOMH-
HAaGMBIX B KHHUI€ MAaTEPUAJIOB IMPUIIAraeMOr0 KOMITAKT-IUCKa. 3aIHIINTE COJCpIKaHHe
ANIEKTPOHHOTO apxuBa Ha OonBaHKy CD M mcmonp3yiiTe coOriacHO NMpHUBEICHHBIM Jaiee
PEKOMEHIALUSIM.

Manka Adobe

B aroii manke Haxoautes qucTpuOyTHB nporpammMel Adobe Reader 9.

NManka Simulator (CumynsaTtop)

B aT0if manmke HaXoAsATCS MOACTHPYIOIIas porpaMmmMa 1 HeoOxoaumbie oubnmmotexn DLL
Uit nonkiroueHust cumynsitopa u [10 AVR-Studio. Onucanue o yctaHoBKe pOrpaMM-
HOT0 o0ecreueHus cM. B 2rase 4.

Mankn Aufgaben (3apgaHus)

B mankax coOpaHbl pemieHns: YIpaxXHEHUH W MPUMEPHI IPOrpaMM ISl PEHISHUs 3a/1ad,
cozeprKanmxcs B KHATe. Takke 371ech NMEIOTCs TabInIa CHHYCOB M TabuIa reHeparopa
(GyHKIUH.

MNManka Zusatz (JJononHeHuA)

JTa manka COACPIKUT AOIIOJIHUTCIILHBIC ITIPUMCPBI U CBECACHMUS.

O Ilpumep mporpammsl ansi cobopa manubix ¢ MSP430F2013 — manka Kapitel 9.6.4;
¢aitn Buch_Kapitel _964.asm; 6a3ossrit mpoext Embedded Workbench von IAR.
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0O ®dparMeHT nporpaMMbl K CTPYKType TIpadUuecKoro H300pakeHHs MEHI0 Ha
puc. 12.2 — nanka Kapitel 12; ¢aiin beispiel.pas; 6a3oBsiii mpoekt AVRco von ELAB
(nC-Pascal).

0O Cmucok xomans nporeccopa AVR — gaitn AVR_Befehlsliste.pdf [20.1].

BbI30OB MeHI0 KOMNaKT-AUCKa

MeHio oToOpaXkaeTcsi aBTOMATHYECKH MOCJE BCTaBKM KOMMAKT-IAHCKa. Ecmu dyHKms
aBTO3aIlyCKa JTUCKOBOJA OTKJIFOYCHA, OTKPONTE TUCKOBOJ OOBIYHBIM CIIOCOOOM M JIBAXK-
IbI IETKHUTE MBIIIbIO Ha (aiie Start.exe. Ha skpaHe mosiBUTCs cieayroliee OKHO, H30-
OpakenHoe Ha puc. [11.

-
F- Franzis Starter @Eﬂ

Praxisbuch

PC-Messtechnik

+ AVR-Studio herunterladen von www.atmel.com/avrstudio
Auf dieser Seite im Abschnitt Software auf das Symbol Register links vom Eintrag
AVR Studio 4.18 (build 684) (116 MB, updated 11/09) oder neuere klicken.
Nach der Eingabe Ihrer Registrierungsinformationen kann der Download sofort
gestartet werden. Hinweis: In den Registrierinformationen muss bei State/Province der
Eintrag Not Applicable ausgewahit werden.

« AVR-Befehlsliste (PDF) anzeigen

« Peripherie Simulator fiir das AVR-Studio installieren
oder die Installationsdatei im Ordner anzeigen

+Lésungen zu den Aufgaben - ohne Verbindungsleitungen im Schaltplan im Ordner anzeigen
« Losungen zu den Aufgaben - mit Verbindungsleitungen im Schaltplan im Ordner anzeigen
+ Daten zum Kapitel 9.6.4 im Ordner anzeigen

« Daten zum Kapitel 12 im Ordner anzeigen

FRANZIS Newsletter Copyright- Support- I !ncludes
abonnieren Information Information WAl "0OBE READER'

Puc. MN1. MeHo o6ecneunBaeT yaoOHbIN AOCTYMN KO BCEMY COAEPKMMOMY KOMMAKT-AMCKa
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3arpy3ka AVR-Studio

AVR-Studio MOHO 3arpy3uTh MO CCHUIKE, YKa3aHHOW B 3arpy30YHOM MEHIO KOMIIAKT-
mucka. Ha puc. [12 crpenkoli BelZieTIeHa CCBUIKA, KOTOpas JaeT BO3MOXKHOCTh PErucTpa-
UM U TIOCIIEAYIOIIEH 3arpy3Ku.

G T v e e |
.‘ ‘ http TR ah'ne{cum.-’dyn.-’pruductsﬂools card.asp? « - ‘“}I X | |l’l Google » "|
¥ Favoriten | A Atmel Products - Tools & Software [ | ft v B v 2 @ v Seitev Sicherheitv Edrasv @ *
e —

Software:

QTouch Library (210 MB. revision 3.2, updated 12/09)

AVR Studio 4.18 5P1 (build 692 ) (28 MB, updated 12/09)

MNew device support since the release of AVR Studio 4.18:
See Release Notes 4.18 SP1 for more details.

AVR Studio 4.18 (build 684) (116 MB, updatad 11/08)

AVR Studic 4.18 includes new device support and numerous overall enhancements;

QT&00 support in programming dialog in AVR Studio, AVR Dragon support for all AVR 8-bit devices
including XMEGA, P ing and deb ing within AVR Studie, command line softvare support
for ELF production file format, and button for starting AVR322 Studie.

AVR Studio 4.17 (build 666) (112 MB, updated 7/09)

AVR Studio 4.17 includes new device support and numerous overall enhancements;

Full AVR. ONE! 8-bit support - both programming and debugging, AVR Battery Studio version 1.02,
JTAGICE mklI command line SW with support for ELF production file format, and STKS00 command
line SW with rt for ELF production file f t

AVR Studic 4.16 SP1 (build 638) (34 MB. updated 5/09)

New device support since the release of AVR Studio 4.16:
ATxmegalED4, ATxmega32D4, ATxmegas4D3, ATxmegal28D3, ATxmega256D3

New Features
AVR ISP mkIIl command line SW support for XMEGA device Family.

Release Notes 4.16 5P1

AVR Studio 4.16 (build 628) (126 MB, updated 2/05)

&

€ Internet | Geschitzter Modus: Aktiv 43 v ®100%

Puc. MN2. Be6-cTpaHuua www.atmel.com/avrstudio




NpeameTHbIN yKa3aTersb

4

4-KkBaJIpaHTHBIN yMHOXUTENs 159

A
ADU-Blackbox 18

D

DDS 211
Digital Direct Synthese 211
D-perymsarop 164
E
Emitter-Coupled Logic, ECL 236

F
Field-Programmable Gate-Array,
FPGA 240
I
Incremental Encoder Interface 67
I-perynsitop 164
L
Local Operating Network, LON 250

P

PD-perynsitop 165

Phase Locked Loop 78
Phase-Locked-Loop, PLL 205
PID-perynstop 165
Pl-perymsitop 165
P-perynstop 164

R
RC-reneparop 212
RS422A 80

S

SAR — Successive Approximation
Register 128
Simple Moving Average 26

T
Transducer Electronic
Data Sheet 255
Y
Voltage Controlled Oscillator 78
Voltage-Controlled Oscillator 134
A

AL 17
uaTerpupyromuii 130
MHOTOTaKTHBIH 136
TapauTeNbHbI 122
mtooOpasHeii 124

MoCTIeTOBaTeNbHO-TTApaIUIeTbHbIN 123

MOCIIEJOBATENIbHBIX
npubmmkeHnidc 125

¢ OamancupoBkoi 3apsaa 137
C JIBYXTaKTHBIM
uHTerpupoBanueM 130
cBepxObIcTpOoAeicTBy oM 122
curma-nensra 139

crensuiero tuna 127
cpaBHuBarommii 121



266

lMpedmemHnbili ykaszamerb

B

Bapuomerpuueckuii npuHunn 62

Bennunna nomex 164

BoOymsius 219

Beimpsimurens 100
JaByxnosynepuoassiii 101
onHonosryneproansii 100

r

I'eneparop:
KOZIOBOH TocnejoBatTenibHocTH 217
¢ MmoctoM Buna 212
¢ ®AITY 205
CHUHYCOUIABbHBIX KoeOanuii 209
yrpasiseMblit HanpsbkenueM 78, 205
¢bynxuit 218

I'epkonoBoe pene 104

I'VH 76, 205

a

Jaruuk:
AD7746 52
eMKOCTHOU 52
WHIIYKTHBHBII 52
KOJIOBBIN 64
MbE30PE3UCTUBHBIN 51
MbE30JIEKTpUIecKrii 51
temnepatrypsl PT100 45
Xomnna 61
JlekaHbIi YCUIIUTENb CO CTYIEHYATHIM
nepekaroueHrueM 119
Juddepennmanbhpiii perymsitop 164
Jpebesr koHTakTOB 68
Hpoxanue pa3z 205

X
KK-nucmeir 186

3

3ajgaHHOE 3HAUCHHUE WIIH BXOJHOM
nmapamerp 164
3amyck B cepenune 238

n

N3mepenue:
AUYX 233
BpPEMEHHOT0 HHTepBaia 221, 222

nasienus 49

JUTHHBL 62

emkoctu 231

noromerpuueckoe 230

MarHuTHOTO moJist 59

nepemMereHust 62

cuisl 49

compotuBicHus 229

Temrepatypsl 45

yckopeHus: 52

yactoTel 221

aprocta 53
W3mepurensHbie npeobpaszoBarenun 64
WnnykTuBHas Harpy3ka 196
HuTerpanbHbie UCTOUHUKH OTIOPHOTO
HanpspkeHus 112
Wnrerpanbslii perynstop 164
Wnterpatop 20
Wnrepeiic:

2-ipoBOJHEIN 243

3-nipoBoHbI 244

4-nipoBonHBIN 246

6-ipoBoHbIN 247

CAN 249

HART 250

12C 253

IEEE 1451 255

Profi-Bus 252

RS485 251

SPI 254
HcTtouynuku onopHoro
HanpspkeHus 110

K

KoneGanus tpeyrosnsHoit popmbr 215
KommyTtupyemsie yemmurenn 118
Kommapatop 21
KoHTpomnep nucrues:

8279 193

HD44780 186

MAX7221 189
Koaddumment xoppensmuu 38

n

Jlorapudpmupyronmii ycunurens 115
Jlormueckwii anamm3arop 236
Jloruueckwuii kommaparop 238
Jloruueckwuii Tectep 235



lMpedmemHeIl ykazamerb 267

M CurHatypHbIit aHanmu3 239
Cucrema coopa manusix 144
Ckonp3asiiee cpenaee 26
ConHeunslii oeMenT 58

MynbTHIUIEKCHOE ynpaBieHne 183
Myneruiuiekcop 103

H Cpennee 3HaueHne 26
CpeaHekBaIpaTHIeCKOe OTKIIOHEHHE 28
Henuneitnocts 158 Crabumurpon 110
HenocpencrBennsiii nudpoBoii cuates 211 Cxema R2R 152
Henmepmerp 116 Cxembl MynbTHMETpa 146
o T
OG6bekT perynupoBanus 164 Tensonatuuk 49
OcgenieHHOCTE 54 Teopema orcueroB 30
Omnbka kBanroBanus 141, 158 Tepmucrop 47
Ommbxu: Tupucropsr 199
rpyosie 41 TOYHOCTB MOPOTra NEPEKITIOUEHHUS
usmepennii 40 Kommapatopa 129
IpH nepezave NanHbIx 73 TpanerueBuansie konedanus 216
croxactuueckue 41
y
n
VYBX 106
ITepesanyck 238 Ymuoxkarommii [TATT 154

[epexmouaemsrit maBepTop 117
[ocnenoBarenpHas ammpoxcuMarus 128
[ocrosHHOE paccormacoBanne 164
[penBapurensHbIi 3amyck 237
[IpeobpazoBanne eMkocTb—BpeMs: 231
[IpeobpazoBanne eMkocTb—aacToTa 231

YMHOXeHne HanpsokeHnit 159
VYupasnenue namroit HakanuBanus 195
VYupasnenue snekrpoasurareneMm 198
VYnpasnsronmii napamerp 164
YcrpoticTBo BEIOOpKH 1 XpaHeHHs 106

[peobpazoBaTens o
HanpspkeHHe—4actora 135
[peobpazoBaTens ®da3oBas aBTOMO/ICTPOHKA YaCTOTHI 78
yacrota—Hanpsbkenue 133, 154 dazoslit kommapatop 205, 206
[IponoprmonanpHEIi perymarop 164 OuIbpTp:
BBICOKHX YacToT 91
P BTOpOTo nopsiaka 94

nepBoro nopaaxka 94
PaccoriacoBanue 164 epBoro nopsiaka 9

3arpaxparomuii 92
Peructp mocieaoBaTesHOTO MPUOIHKEHHS .
128 MeauaHHbeii 99

HHU3KHX yacToT 91
BTOpOro nopsiaka 93
nepBoro nopsigaka 93

Perynupyemsrii mapamerp 164
Perynstop 164

c nosiocoBoit 92
nepBoro nopsiiaka 95
CBeTOMOAHBIN HHANKATOP uudposoit 96
muHernsin 181 Ounbrper 91
MaTpH4HbIi 182 Onykryauun yactotl 205
Ceeroguonsr 177 doToranpBanuuecKuil pexum 56

CemucermenTHbI uHAuKaTop 21 dotommon 56



268

lMpedmemHnbili ykaszamerb

dotoanoaHbIH pexum 57
dortope3ucrtop 55
®dortoTpan3uctop 58
DoTOyMHOXHUTEND 55
®oroanement 55

OyHkus peryaupoBanus 164

U

LAIT 19

LIATII c cymmupoBannem 151
udpoanasorosslii npeobpazosarens 151
udposas perynupoka ycuienus 160
udposoii arrentoarop 160

y

Yacrora nuckpernsaunu 29
"Yepusnit sumk" AT 18

L

INUM-npeobpazosarens 140, 156
[IupoTHO-UMITyIbCHAS MOIYJISIIUSL 76

3

DKpaHUpOBaHUE TUHUI 76
Oddexr Xomma 59



	Глава 1. Цель данной книги
	Глава 2. Что такое измерения,  что и как можно измерять
	2.1. Что такое измерение
	2.2. Управление и регулирование
	2.2.1. Прямое управление
	2.2.2. Управление с обратной связью
	2.2.3. Замкнутый контур  автоматического регулирования

	2.3. Зачем нужна цифровая измерительная техника в аналоговом мире?
	2.4. Другая сторона измерений
	2.5. С какой точностью нужно  проводить измерения?
	2.6. Программные измерения или аппаратные?
	2.7. О программировании

	Глава 3. Измерения — программные  или аппаратные?
	3.1. Что и когда следует выбирать
	3.2. Роль процессора в измерительной технике

	Глава 4. Моделирование
	4.1. Основные принципы моделирования
	4.2. Использование программы-симулятора
	4.2.1. Установка
	4.2.2. Запуск симулятора

	4.3. Принцип работы симулятора
	4.4. Описание объектов моделирования
	4.4.1. Аналого-цифровой преобразователь
	4.4.2. "Черный ящик" АЦП
	4.4.3. ATmega128
	4.4.4. Цифроаналоговый преобразователь
	4.4.5. Интегратор
	4.4.6. Компаратор
	4.4.7. Светодиод
	4.4.8. Матрица светодиодов
	4.4.9. Объект регулирования
	4.4.10. Выключатель
	4.4.11. Клавиатура
	4.4.12. Клавиша

	4.5. Решение проблем и обновление ПО

	Глава 5. Регистрация и обработка  данных измерений
	5.1. Фундаментальные параметры  серий измерений
	5.1.1. Минимальное и максимальное измеряемые значения
	5.1.2. Среднее значение
	5.1.3. Скользящее среднее
	5.1.4. Среднеквадратическое отклонение
	5.1.5. Скорость изменения
	5.1.6. Период серии измерений
	5.1.7. Частота дискретизации

	5.2. Упражнение — сбор и оценка  серий измерений
	5.2.1. Сбор данных неискаженных функций
	Задание 5.1
	Решение
	Задание 5.2
	Решение

	5.2.2. Сбор случайных замеров
	Задание 5.3
	Решение

	5.2.3. Сбор замеров с искажениями
	Задание 5.4
	Задание 5.5
	Задание 5.6
	Указания к решению


	5.3. Методика обработки стохастических измерений
	5.3.1. Практический пример измерений  с применением корреляции

	5.4. Ошибки измерений
	5.4.1. Динамические ошибки измерений

	5.5. Рекомендации по выполнению заданий  из данной главы
	Задание 5.1
	Задание 5.2
	Задание 5.3
	Задание 5.4
	Задание 5.5
	Задание 5.6


	Глава 6. Измерения с помощью датчиков
	6.1. Измерение температуры
	6.1.1. Резистивный термометр
	6.1.2. Термистор
	6.1.3. Термодатчик на основе р-n-перехода

	6.2. Измерение силы и давления
	6.2.1. Измерение с помощью металлического тензодатчика
	6.2.2. Пьезорезистивный датчик
	6.2.3. Пьезоэлектрический датчик
	6.2.4. Емкостной и индуктивный датчики

	6.3. Ускорение
	6.4. Яркость
	6.4.1. Фотоэлементы и фотоумножители
	6.4.2. Фоторезисторы
	6.4.3. Фотодиоды
	Фотогальванический режим
	Фотодиодный режим

	6.4.4. Солнечные элементы и батареи
	6.4.5. Фототранзистор

	6.5. Магнитные поля
	6.6. Измерение линейного и углового перемещения
	6.6.1. Измерение посредством подвижного сердечника
	6.6.2. Измерение с помощью измерительного потенциометра
	6.6.3. Измерение с помощью линейного  кодового датчика
	6.6.4. Измерения посредством измерительных преобразователей

	6.7. Переключатель
	6.7.1. Аппаратное устранение дребезга контактов
	6.7.2. Программное устранение дребезга контактов
	Задание 6.1
	Указания к решению



	Глава 7. Передача данных измерений
	7.1. Помехи при передаче
	7.7.1. Помехи, наведенные полями
	Уменьшение крутизны фронта
	Симметричная передача сигнала
	Экранирование линий
	Преобразование структуры информационного сигнала
	Уменьшение сопротивления концевых согласующих резисторов

	7.1.2. Помехи, возникающие за счет разности потенциалов
	7.1.3. Помехи, вызванные отражениями в линии
	Ограничение отраженной волны
	Согласование линии в конце
	Согласование линии в начале

	7.1.4. Ошибки, возникающие за счет среды передачи

	7.2. Варианты передачи данных
	7.2.1. Передача аналоговых замеров
	7.2.2. Передача цифровых значений
	Пример 1: выносная клавиатура
	Пример 2: минимизация длины кабеля
	Пример 3: минимизация длины кабеля — передача большего числа состояний



	Глава 8. Предварительная обработка  результатов измерений
	8.1. Аналоговые схемы фильтрации
	Фильтр низких частот первого порядка
	Фильтр низких частот второго порядка
	Фильтр высоких частот первого порядка
	Фильтр высоких частот второго порядка
	Полосовой фильтр первого порядка

	8.2. Цифровые фильтры
	8.2.1. Формирование среднего значения
	8.2.2. Накопленное среднее значение
	8.2.3. Медианный фильтр

	8.3. Выпрямитель
	8.3.1. Однополупериодный выпрямитель
	8.3.2. Двухполупериодный выпрямитель
	8.3.3. Погрешности активных выпрямителей

	8.4. Мультиплексор
	8.4.1. Пассивный аналоговый переключатель
	8.4.2. КМОП-переключатель

	8.5. Устройства выборки и хранения
	8.5.1. Автономные устройства выборки и хранения
	8.5.2. Интегральные микросхемы  выборки и хранения

	8.6. Источники опорного напряжения
	8.6.1. Получение стабильного напряжения
	8.6.2. Опорные токи

	8.7. Специализированные устройства
	8.7.1. Логарифмирующий усилитель
	8.7.2. Переключаемый инвертор
	8.7.3. Коммутируемые усилители


	Глава 9. Аналого-цифровой  преобразователь
	9.1. Классификация АЦП
	9.2. Сравнивающий АЦП
	9.2.1. Параллельный АЦП
	Сверхбыстродействующие  аналого-цифровые преобразователи
	Последовательно-параллельный АЦП

	9.2.2. Последовательный АЦП с пилообразным напряжением (пилообразный преобразователь)
	Задание 9.1
	Рекомендации к решению

	9.2.3. АЦП последовательных приближений (ступенчатый преобразователь)
	Задание 9.2
	Рекомендации по выполнению задания
	Задание 9.3

	9.2.4. АЦП следящего типа
	Задание 9.4

	9.2.5. Последовательная аппроксимация
	Задание 9.5

	9.2.6. Погрешность сравнивающих АЦП
	9.2.7. Сравнение АЦП разных типов

	9.3. Интегрирующие АЦП
	9.3.1. АЦП с двукратным интегрированием
	Задание 9.6
	Рекомендации по выполнению задания

	9.3.2. Преобразователь "частота–напряжение"
	Задание 9.7
	Рекомендации по выполнению задания

	9.3.3. Многократные АЦП
	9.3.4. АЦП с балансировкой заряда
	9.3.5. Сигма-дельта АЦП
	9.3.6. ШИМ-преобразователь
	9.3.7. Погрешность интегрирующих АЦП

	9.4. Погрешности АЦП
	9.5. Подавление помех наложения
	9.6. Коммерческие схемы АЦП
	9.6.1. Микросхемы АЦП
	9.6.2. Системы сбора данных
	9.6.3. Микросхемы для мультиметров
	9.6.4. Альтернативные решения

	9.7. Рекомендации по выполнению заданий  к главе

	Глава 10. Цифроаналоговый  преобразователь
	10.1. Взвешенное суммирование токов
	10.2. Схема R2R
	10.3. Преобразователь  "частота–напряжение"
	10.4. Преобразование при помощи широтно-импульсной модуляции (ШИМ-преобразователь)
	10.5. Погрешность цифроаналоговых преобразователей
	10.6. Микросхемы ЦАП
	10.7. Примеры применения ЦАП
	10.7.1. Умножение напряжений
	10.7.2. Регулировка усиления с помощью ЦАП
	10.7.3. Цифровой регулируемый компаратор


	Глава 11. Системы автоматического  регулирования
	11.1. Общие положения
	11.1.1. Непрерывные линейные регуляторы
	11.1.2. Дискретные регуляторы

	11.2. Пример системы регулирования
	Задание 11.1
	Рекомендации по выполнению задания
	11.2.1. Двухпозиционный регулятор
	Задание 11.2
	Рекомендации по выполнению задания

	11.2.2. Многопозиционный регулятор
	Задание 11.3
	Рекомендации по выполнению задания
	Задание 11.4
	Рекомендации по выполнению задания

	11.2.3. Непрерывное регулирование
	Задание 11.5
	Задание 11.6

	11.2.4. Влияние временной характеристики  объекта регулирования
	Задание 11.7
	Рекомендации по выполнению задания
	Задание 11.8
	Задание 11.9
	Рекомендации по выполнению задания


	11.3. Рекомендации по выполнению заданий  к главе

	Глава 12. Отображение результатов  измерения на дисплее
	12.1. Несколько основных идей
	12.2. Алфавитно-цифровое представление
	12.3. Графическое представление

	Глава 13. Индикация состояния  и результатов измерения
	13.1. Вывод информации  при помощи светодиодов
	13.1.1. Работа с отдельными светодиодами
	13.1.2. Варианты расположения светодиодов
	Задание 13.1
	Рекомендации по выполнению задания
	Задание 13.2


	13.2. Метод временного мультиплексирования
	Задание 13.3
	Рекомендации по выполнению задания
	Задание 13.4
	Рекомендации по выполнению задания
	Задание 13.5
	Рекомендации по выполнению задания

	13.3. Применение жидкокристаллических дисплеев
	13.4. Схемы для управления  индикаторами

	Глава 14. Управление нагрузкой
	14.1. Проблемы, возникающие  при подключении больших нагрузок
	14.2. Микросхемы управления
	14.3. Применение тиристоров  при постоянном напряжении
	14.4. Работа тиристора при сетевом напряжении

	Глава 15. Генерирование сигналов
	15.1. Ограничения при генерировании сигналов  с помощью процессора
	Задание 15.1
	Рекомендации по выполнению задания

	15.2. Сигналы прямоугольной формы
	15.2.1. Генерация частоты и формирование импульсов посредством программного обеспечения
	15.2.2. Формирование импульсов с помощью аппаратных средств контроллера
	15.2.3. Формирование импульсов  с помощью внешних аппаратных средств

	15.3. Синусоидальные сигналы
	15.3.1. Цифровые генераторы синусоидальных колебаний
	Задание 15.2
	Рекомендации по выполнению задания

	15.3.2. Непосредственный цифровой синтез
	15.3.3. Аналоговые генераторы  синусоидальных сигналов

	15.4. Специальные функции
	15.4.1. Аналоговая генерация монотонных сигналов
	15.4.2. Цифровая генерация функций

	15.5. Кодовые последовательности импульсов
	15.6. Интегральные генераторы функций

	Глава 16. Измерение частоты и времени
	16.1. Измерение частоты
	16.2. Погрешность при измерении частоты
	16.3. Режимы измерения частоты  и длительности
	16.4. Измерение частоты с помощью микроконтроллера
	16.5. Структура цифровых счетчиков

	Глава 17. Еще несколько схем  и средств измерений
	17.1. Измерение сопротивления
	17.2. Измерение емкостей
	17.3. Измерение амплитудно-частотной характеристики
	17.4. Вспомогательная шкала для осциллографа

	Глава 18. Измерения в цифровых схемах
	18.1. Определение уровней  и логических состояний
	18.2. Регистрация изменения цифровых сигналов во времени
	18.3. Логические компараторы
	18.4. Сигнатурный анализ

	Глава 19. Каналы передачи информации  и интерфейсы
	19.1. Аналоговые каналы передачи
	19.1.1. Передача напряжения
	19.1.2. Логометрическая передача напряжения
	19.1.3. Передача тока
	Двухпроводный интерфейс
	Трехпроводный интерфейс

	19.1.4. Передача частоты и широтно-импульсная модуляция
	Передача частоты
	Широтно-импульсная модуляция

	19.1.5. Четырех- и шестипроводный интерфейс

	19.2. Цифровые каналы передачи
	19.2.1. Группа интерфейсов CAN
	Протокол CAN
	Протокол CAN-Open

	19.2.2. LON
	19.2.3. HART
	19.2.4. RS485
	19.2.5. Profi-Bus
	19.2.6. I2C
	19.2.7. SPI
	19.2.8. IEEE 1451


	Литература
	Содержание  электронного архива
	Папка Adobe
	Папка Simulator (Симулятор)
	Папки Aufgaben (Задания)
	Папка Zusatz (Дополнения)
	Вызов меню компакт-диска
	Загрузка AVR-Studio

	Предметный указатель

