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BBEOEHUE

Jlio6oii IBM-coBmectuMmblii niepconanbhbiii komnpiotep (ITK), naxe
HECKOJIBKO JIeT NMpOoBaJIsBIIHiics B riaybnHe mkada 3a HeHagoOHOCTbIO,
MOZKET IIPEBPATUTLCS B MOIIHBIH H3MEpPHTEJIbHbBIT KOMIIEKC, eCIi ero
CHAGNTb OHUM MJIH HECKOJBKHMH aHAJIOroBbIMH BXogaMi. Ero kia-
BHATypa 1 3KpaH NPe0CTaBJISIOT CYIleCTBeHHO O0JIblINe BO3MOXKHOCTH
MO CPaBHEHMIO C TeMH, KOTOpble MOTYT /laThb MYJLTUMETP HJIM OCIUJI-
Jorpad, a IMCKOBOZ M MPHHTEP MPEKPACHO MOAXOAST sl pericTpaluu
JMOOBIX UTUTEJIbHBIX HpolieccoB. KpoMe Toro, BhIUMCAUTEIbHAST MOIIL-
Hoctb [1K no3Bossier nojiBeprats cobpanHble ¢ €ro MOMOIbI0 HHpOpMa-
IIMOHHBIE JaHHbIe JI000ii, laske oyeHb cloXkHOIT oOpaboTtke. Eue He-
CKOJIbKO JIeT Ha3aJ AJs npespaiienns [1K B BupTyanbHblii namepu-
TeNbHBIT pHOOP TPeGOBAIOCh YCTAHOBUTbH B KOMIIBIOTEP OAHY HJIN
HECKOJIbKO CJIOXKHBIX U IOPOrOCTOSIIHX I171aT.

Takoii moaxo/ 10 CHX MOP HCIIOJIB3YETCs! B IPOMBIIIJIEHHOCTH U Hayy-
HBIX JTabopaToOpUsAX, HO CEro/lHs TaKkKe MOXKHO J0OUTHCS JOCTOMHDBIX
pe3yJIbTaToB, MPOCTO MOAKIIOYHB HeboblIMe aHaNIoTo-1IHdpoBLIe TIpe-
ob6pa3oBartesii K CTaHAaPTHBIM MOCJIeI0BaTeIbHBIM WJIH MapaijielbHbIM
nopraM. Ha pbiHke ecTb rotoBble u3zenns, npejaaraeMble Mo MpHeM-
JIeMoii 11eHe, HO TM0/106HbIe YCTPOIiCTBA MOXHO cOOpaTh M CaMOCTOS -
TeJIbHO, PYKOBOJZICTBYSICh CXeMaMH H peKOMeH/[allusIMH, TPUBe/IeHHbIMU
B JlaHHOM KHHTe.

Bnaropapst 6ubanorexe apaiiBepoB, KOTOpbie Npe/Ha3HAYEHDI ISt
OIMCBHIBaeMbIX YCTPOIICTB, 3Ta KHHTa 1 (aiisibl, HaXoAA1IHecs Ha cepse-
pe www.dmk.ru, nosBossit ynTareso GLICTPO MEPEHTH K MPAKTHYECKOI
pabote, kakoB Obl HH ObLII eT0 YpOBeHb 3HaHUI B 06J1aCTH 3JIEKTPOHUKH.

Jlns Bcex 3ajayu, paccMaTpHBaeMbIX 3/1eCh, PHBOJSATCS MPOrPaMMBI,
TOTOBbIE K MPHMEHEeHHIO, IIPHYeM MO)KHO aJIaliTHPOBATh HX TaK, YTOOBI OHU
OTBeYaJIH HHBIM MOTPEOHOCTSIM, BCETO JIMILb H3MEHHUB HECKOJIbKO CTPOK Ha
a3bike BASIC win PASCAL. Takum o6pa3oM, 4To 04eHb BaKHO, BUPTY-
AJIbHBII U3MEPUTEIbHbIIT KOMIIEKC SIBIISIeTCS NepernporpaMMIpPyeMbIM.

Cerozus NpHHATO HAa3LIBATh «BUPTYAJIbLHBIMH» Bce XOTS OBl B HEKO-
TOPOIi CTeneHn HecTaHJAApPTHbIEe MPUJIOKEeHHS JUUIsI TePCOHANBbHBIX KOM-
nbiotepoB. MHOro nosie3HbIX Bellleil MOKHO MPOCTO MOJIEJIMPOBATh
Ha XOpoILUeM IIBeTHOM 3KpaHe ¢ BbICOKHM pa3pellleHHeM, U pe3yJibTaT
3ayacTylo OyleT BLIIJISICTD «Jyyllle, YeM eCThb Ha CaMOM JieJie».

Wrak, Ha sKpaHe BUPTYaabHOIO H3MEPHTEJIbHOro NPHHopa HaBepHsiKa
Oyner npejicTaBiieHa CJI0KHAs, HachlllCHHas KapTHHKa, Ha KOTOPOii ecTb




Vit BUPTYAJIbHbIV M3MEPUTEJIbHbIVI KOMIMIEKC HA BA3E IBM PC

M KHONKH, M Pa3IMyHble WHAMKATOPbI, M WIKaJbl, M [aXKe OCHUJLIO-
rpaduyeckue skpaHbl. BoamoxHocTu rpadiyeckux nHTepdeiicoB Tuna
Windows obecrneunBaioT ropasno 6ojiee HIMPOKYI0 06JacTh IpUMe-
HeHUs], YeM MOXKeT UMeTh OObIYHBIN H3MepUTEJIbHbIH pubop, — He ro-
BOPS1 YK€ O NIOTEeHIIHAJIbHOM HCIOIb30BaHUM NIPUHTEPOB, AUCKOBBIX Ha-
KOMHTEJIei, a Tak)Ke MoJIeMa, ITOIKJIIoYeHHoro k Internet.

CobcTBeHHO BHPTYaJbHBII NpUbOp npezcTapisier coboii 6osee wim
MeHee CJIO)KHOe IporpaMMHoe obecrieyeHre, yCTaHOBJIEHHOE Ha Mepco-
HAJIbHBII KOMITBIOTEP,  HeKOe HHTepdeliCHOe YCTPOICTBO, MO3BOJISIIONIEe
[1IK nomyuyuts poctyn kK TeM ¢Gu3HYeCKUM BeTHMYHMHAM M IIpoLeccaM,
KOTOpble OH JoJkeH OyaeT obpabareiBaTh. Kak mnpaBuio, B kayecTBe
Takoro MHTepdeliica BBICTYNaeT aHaloro-1udpoBoii npeobpasoBareb
C OTHUM MJIH HECKOJIbKUMHU BXOZIaMHU, BO3MOXKHO, CHaGKeHHbIH YCTPOii-
CTBOM HOPMMPOBaHHS BXOTHOTO CUTHAJIA.

B npuHINne MOXKHO pacCUUTHIBATh HA TO, YTO BUPTYaIbHBIiT MpUGOp
Ipe/IOCTaBUT CBOEMY BJIA/IeNIbIy ropaszio 60Jiee MNPOKHE BO3MOXKHOCTH,
TIpHYeM Io 1ieHe Gy/IeT CPaBHUM C KJIACCHYECKUM U3MEPUTEbHBIM MPH-
6opoM, UMEIOLINM TOT JKe YPOBEHb TEXHUYECKHX XapaKTePHCTHK.

Takoit MOKX0/ MO3BOJISAET OrPAHHYMTHCA MUHHMATbHBIMH 3aTpaTaMH,
ecnu TpebOBaHUSI K U3MEPUTEIbHOMY KOMILIEKCY He OYeHb XKeCTKHe.
[Tomo6Hoe peleHKe UaeaNbHO COOTBETCTBYET HYX/JIaM paauosiobuTe-
JNeii, npenozaBareseil U laxke HEKOTOPBIX HayYHO-HCCJIe/IOBATENbCKHX
nabopaTopHuii, KOTOpPble HMEIOT I€JI0 C OTHOCHTEJIbHO MeITIEHHBIMH (b1~
3nyeckuMu npoieccaMu. Kpome Toro, aTo 1aeT BO3MOXXHOCTb BEPHYTb
K aKTMBHOI1 M MoJie3HO#1 paboTe cambie cTapble U3 IBM-coBMecTHMBIX
ITK, koTopsle, ka3anoch Obl, 0O6pedyeHbl Ha TO, YTOOBI TUXO IMBUIUTHCS
B r1y6uHax mkagoB M KI1aa0BOK 61aroaps yMOIOMpPaYHTe bHON 3BO-
JIIOIIMH BBIYUCIUTEBHOM TEXHUKH, a TAKXKe IMOJUTHKE KOMITaHUKA-TIPOU3-
BoauTeseit [IK u nporpamMmmHoro obecrneyeHust.
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2 BUPTYAJIbHbIV U3MEPUTE/IbHbIVI KOMIT/IEKC HA BA3E IBM PC

B nannoit riase IpHBe/leHa KOHUENLHs IMOCTpOeHHs BUPTYaJlbHOIo H3-
MEPUTEJIbHOTO KOMIIJIEKCa Ha Gaze IepCoHaJILHOIO KOMIbIOTEPA H pac-
CMOTpeHbI 33/la4yH, pellaeMbie MPH IMMOMOUIH COCTaBHBIX yacTeii 3Toro
KOMIIJIEKCa.

POMIb KOMMBIOTEPA

Komnbiorep (06bp14to IBM-coBMecTHMBII, HACTOJIbHBIIH MM IIOPTaTHB-
HBIiT) Kak LleHTpaJibHblil OpraH Jio6oi BUPTYalbHON H3MepUTebHOI
cHCTEeMBI BBINOJIHSIET Mpexe Bcero ¢hyHKIuN nHTepdeiica «yegoBek —
06BeKT uaMepeHns». JKpaH J06Or0 MOHUTOPA aeT ropaszo Goblie
BO3MOJKHOCTeH /171 MHAMKAIlMH, YeM 3KkpaH ociiiorpada (6yab ToT
flaxke 3alIOMMHAIONINM), H, Pa3yMeeTcsi, 3KpaH MOHHTOpPa 3HaYUTEJIbHO
Gonbire, yem aucnieii myastiMerpa. Knasuatypa 1 ocobenHo Mblillb
ynobHee B paboTe, 4yeM KHOMKH, a MPHHTEp — Jaxe MPOCTeiHi —
TpefoCTaBIIsieT HeOlleHHMble BO3MOKHOCTH /Il BbIBO/IA Pe3yJITAaTOB
na 6ymary. Kpome Toro, no6oit ITK, nyctb 1axe oueHb <«IApeBHH»,
obsanaeT 6OJbIIONH BBIYUCANTENbHONH MOILIHOCTBIO, KOTOPYIO MOXHO
JICITOJIb30BATh IS TOTO, YTOObI IPUMEHUTH Pa3/IMYHbIe BUABI 06pabOTKH
pe3yJbTaTOB N3MepeHUil: HopMUpoBaHHe (NpHBeeHHe IKaJIbl), JH-
Heapu3aliio, BpeMEHHYIO NPHBA3KY, BbIYHC/ICHHE CTAaTHCTHYECKHUX T10-
kasareseii u T.1. Hakonel, anckoblii HakonuTe b 6yzeT oyenb ynoben
Z1S1 HAKOTLIeHHs 60IbIINX 06HEeMOB JIAHHbBIX C LieIbIo HX NMocaenyoulei
06paboTKH, apXHBHPOBaHUS WJIH Nepefayl Mo JUHUAM CBSA3M C MO-
MOLIBIO MOJeMa.

POJIb UHTEPOEWCHbIX YCTPONCTB

Uamepenne ¢pusnyeckux mapaMeTpoB, TaKHX KakK HallpsKeHHe, TOK,
TeMIlepaTypa WM JiaBjieHie, Npeano/araeT TOYHYIO OlleHKY aHaJIOTOBBIX
BeanunH. KoMnbioTep e paboTaeT HCKIIOYHTENbHO € AHCKPETHBIMU
BesmyuHamu. CrienoBatesibHo, npolecc npespatetns [1K B Buptyasnb-
HbIH M3MepUTeIbHBIT Mpubop npeanosaraet NoAKMOYEHIE aHAIOrO-
undposoro npeobpasosatenst (ALLIT). Komnbiotep MOXeT ynpaBasiTh
ALLIT 6o yepes noce/10BaTebHbLI HN NapaIebHbII TOPTHI, 1H60
HEIOCPE/ICTBEHHO Yepe3 LIMHbI, ec/i aHajoro-uudposoii npeobpaso-
BaTeJ/Ib BLINOJIHEH B BHJIe IIaThl paciuuperns nwau kaptol PCMCIA.
[TepBblif BapHaHT rapaHTHPYeT MaKCHMaJIbHYIO MPOCTOTY M Jelle-
BH3HY, a MPH HMCIOJb30BaHNH BTOPOTO MOXHO MOJYYHUTbH OTJIMYHbLIE
XapaKTepUCTHKH, HO TOJBKO 3a CYET CJIOKHOCTH M BBICOKOW LEHBI.
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UnrepdeiicHoe ycTPoiicTBO TakKe MOXKET BBINOJIHATH U Pyrie HeobXo-
nuMble GYHKLMU, HalpUMep, rajibBaHUYeCKyl0 pa3BsA3Ky MCTOYHMKOB
curHazos ot ueneii I1K, cornacoBanue curianos, GopMUpYeMbIX HEKO-
TOPbLIMH THUIMAMM AAaTYMKOB, 110 UMIIEIAHCY, HANIPSAXKEHHUIO, IIOJSPHOCTH
U T.JI., 2 TaK)K€ KOMMYTALIMI0 HECKOJIbKUX BXOIHbBIX KaHAJIOB.

POJ1b NPOrPAMMHOIO OBECMNE4YEHUA

O6aacTh NpUMeHeHHs BUPTYaJbHOTO NMPUOOPa NMPaKTHYECKU MOJHO-
CTbIO OTpe/ieIieTCsl XapaKTepUCTUKaMHi MPOrpaMMHOro obecreyeHns,
B TO BpeMsi KaK XapaKTEpPUCTHUKH MHTeP(eHCHBIX YCTPOHCTB B 60b-
IIMHCTBE CJIy4aeB BIIOJHE MIOHSTHBI MOJIb30BaTeIo.

[IpomblnieHHble U3/IeaHsl TOA0OHOTO pozia MOYTH BCerAa UCIOJMb-
3yloTcs npu pabote ¢ 6osiee UM MeHee Pa3BUTHIM rpauyeckKuM HHTep-
deiicom (kcratH, He Beerna noax Windows), mo3BoJISIIONIMM BBIOPaTh
KaKoi-1160 pexKuM ¢ TIOMOLIBIO KJIaBHATYPbl UM MBIIIH Yepe3 pa3jiuy-
Hble MeHIo (puc. 1.1).

P

Ll Eeinmasa

Puc. 1.1. SxpaHHsie meHIO BUPTYANbHOrO M3MEPHTENLHOTO NPUboPa

Kak Gyzner nokasaHo B JajibHeiilieM, oyeHb y100HO co3zaBaTh Ma-
JIeHbKHe NPOrpaMMbl, ClielIHaIbHO Npe/iHa3HaYeHHble /1Sl BHITIOJTHeHUs
TOH WJIM MHOIT MpakTHyeckoii 3aayu. YacTo oHM MUILIYTCH Ha TaKOM
nonyJispHoM U npoctom s3bike, kak BASIC. Hebonbioe cTpykry-
pHpoBaHHe 3TUX MpPOTrPaMM IO3BOJIUT IIPH YCJOBHH IepecTaHOBKH
TOJIbKO COOTBETCTBYIOLIEro JpaiiBepa NPUMEHATb U NMPOMbIIIJIEHHbIE
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uHTepdeiicHble yCTPOICTBA, H Te, YTO MOXKHO cOOPaTh CAaMOCTOATEIbHO
U3 OT/IeJIbHBIX 2JieMeHTOB. Huke OyzieT 1poBeieHo cpaBHeHHe 000X Ba-
pHaHTOB, G1aroaps YeMy YHTaTed CMOTYT BbIOpaTh peleHne, Haubo-
Jiee COOTBETCTBYIOIIEE UX JIMYHBIM MOTPEOHOCTSIM, TEXHUYECKUM U Pu-
HAHCOBBIM BO3MOXHOCTSIM, 1, HAKOHEll, TaJlaHTaM B 00JIaCTH MPOTrpaM-
MHPOBAHUSI.

[ToMHMO BbITNIOJIHEHUS MporpamMM c60pa JaHHBIX, 110/1b30BaTe/b BUP-
TYaJbHOTO H3MEpPUTEIBbHOTO IpHGOpa CMOKET YacTo IKCNOPTHPOBATH
pe3yJbTaThl U3MepeHHil B OoJiee pa3BUTble IPUJIOKEHUS, HapUMep
3JIEKTPOHHbIE TaGMUIbI WIH MPOTPAMMBbl ITOCTPOCHHS AHArpaMM. ITH
o ucHbIe PUIOKEHHUS JIeJIAI0T MOHSATHBIMU caMble aOCTpPaKTHBIE 3a-
MUCH MM MACCHBBI IaHHbBIX, BbIEJSASA B HUX He3aMeTHble Ha MepBblii
B3IJI/I TEHAEHIIMH WM B3anMHble cBsA3u. U, koHeuHo, dainbl uud-
POBBIX JIaHHBIX, MOJyYEHHBbIE TIPH 3aMUCH H3MepseMbIX PHU3NYecKux
1IapaMeTpoB, MOTYT Tepe/laBaThCs 110 JIMHUSIM CBSI3H C HCIIOJIb30BaHHEM
MO/IeMa, B YaCTHOCTH TIO 3JIeKTPOHHOIT oyTte u yepe3 Internet.

TOYHOCTb U BbICTPOAENCTBUE

[Ipu cpaBHEHUHU peajbHBIX U BUPTYaJIbHBIX MPUOOPOB, MOMHMO Mpe-
JIOCTaBJIIEMBIX BO3MOXHOCTEH M PesKMMOB paboThl, HAZIO TaKXKe MpH-
HHMaTh BO BHMMaHUE H UX OCHOBHbIE XapaKTepHUCTHKH — TOYHOCTb
1 GpIcTpO/EeiicTBHE.

ToyHoCTh BHpPTYaJbHOTO NPHOOpPaA OIpesiesisieTcsi He TOJbKO KOJIH-
4yecTBOM 1P MocJie 3ansToi, KOTOpPoe BLIBOAUTCS Ha 9KPaH YNpaBJis-
onteit mporpammoit. Keraru, atu undpst Moryt 6bITh OmIHOOYHBIMH,
€CIM He NMPHUHATHl HEKOTOpble Mepbl METPOJIOTMYECKOro XapaKTepa.
O/IHUM M3 OCHOBHBIX KPUTEPUEB SIBJASIETCS] Pa3psIHOCTb aHAJIOTO-LH(-
poBorO MpeoOpa3oBaTtesisi. ITOT NapaMeTp ornpejessieT CTeleHb pa3pe-
HIEHUS] TIPU U3MEPEHHUSIX, TO €CTh TY HAaUMEHBILYIO Pa3HHUILY MEXY ABY-
Msi COCETHUMH 3HAYEHHSIMH, KOTOPYIO «4YBCTBYeT» H3MePHUTEJbHBIH
npubop. K npumepy, Bocbmupaspsinbiit AIIT ciocoben ¢opmupoBath
28, uim 256 pa3nMuHBIX 3HaYeHHii BbIXOJAHOTrO curHana (kozxa). Ecau
ero 1oJiHasi LIKaja cocTapiisieT 5 B, on cMoXkeT pa3jiMYUTDb /iBa YPOBHS
BXOJIHOTO H&TIPsiKeHMs], OTJHYalolrecs: npuMepHo Ha 20 MB; aTo coot-
BETCTBYET YYBCTBHUTEJIbHOCTH XOPOIIEro CTPeJOYHOro rajbBaHoMeTpa
kaacca 0,4 wiu GosbiMHcTBa ocumsiorpados. Ilpocroit pacyer noka-
3bIBaeT, UYTO BXOJAHOe Hanpsikenue 4 B Moxker ObITh U3MepeHO ¢ TOY-
Hoctbio okosio 0,5%, a Haupsokeuune 100 MB — smumb ¢ ToyHOCTBIO
oxoJ1o 20%.
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3nech NPosIBJISIETCS U3BECTHOE AIMITUPUYECKOE TIPABUIIO «TTOCIe/IHel
TPEeTH LIKaJbl», KOTOPOE, BEPOSITHO, U3BECTHO BCEM I0JIb30BATENSIM
AQHAJIOTOBBIX MYJIBTUMETPOB M OCTAETCSI CTOJIb XKe aKTyaJbHBIM B LIH(-
POBYIO 3TOXY.

12-paspsiaubiit ALLII ¢ Bo3aMoxxHOCTBIO hopMUPOBaHUST Ha BBHIXOZE
2'2 = 4096 pa3nMYHBIX 3HAYEHHH CMOXKET H3MEPUTDb HampsikeHue 4 B
¢ ToyHocThio okoJio 0,03%, a 100 MB — ¢ TouHocThIO OKOJIO 1,2%.
Pasymeercs, 3TH pacyeTbl BEPHbBI IPH YCJIOBHUH, YTO BCE JIEKTPOHHBIE
komnoHeHThl B ALLIT uMeloT qonycku, COOTBETCTBYIOLIHE YKa3aHHBIM
BeauynHaM. He crout, HanpuMep, pacCUUTHIBaTh Ha CPEAHIOI TOY-
HOocTh 1% (uTO 6bLTO ObI BeCbMa HEIJIOXO) B M3MEPHUTEJbHBIX IIEMNsX,
coOpaHHBIX Ha OOBIYHBIX PE3UCTOPaX € AOMYCKOM 5%.

Kpome Toro, onpenensiolee 3HaueHue i TOYHOCTH BCEro yCTPOii-
CTBa UMeeT TOYHOCTh XapaKTePHUCTHK MCTOYHUKA OMIOPHOTO Hampsike-
Hus, paborawouero ¢ AIIII. /locTaToyHO MPOJUCTATh KaTaJorH, YTOObI
y6enuThcsi B TOM, KaK BBICOKO LEHSATCS MCTOYHMKHU OIMOPHOTO HAIpsi-
xeHus ¢ gonyckom 0,1%. Kpome Toro, Haio yYyuThbIBaTh HeU30EKHBINH
TeMIepaTypHblii Apeiid, BAUsSHUE KOTOPOTO MOXKET OKa3aThCs CYIIECT-
BEHHBIM I[IPU MPOBeJIeHUH U3MePEeHHIi B IOJIEBBIX YCIOBUSIX B pa3Hoe
BpeMs roja.

W3 Bbllecka3aHHOTO CJielyeT, YTO /1Sl NOJYYeHHST BHICOKOTOYHBIX
M3MepeHHit HerocTaToyHO 1pocto cobpath ALLII ¢ 12-10 paspsiamu uan
6onee (ceituac ectb U 16-, 1 gaxke 24-pa3psiiHbie).

Tak e, Kak ¥ JI060€e APyroe CPeAcTBO H3MePEeHNsi, BAPTYalbHbIN
npubop N0JKeH TMOBePATbCA MJIH KaJluOPOBaThCS HACTOJNBKO 4acTo,
HaCKOJIKO 3TO HeoOXOIMMO, 32 UCKJIIOYEHHEM CJIyYaeB, KOTrJa MpoBoO-
JSATCSI CpaBHUTEJIbHbIE HJIH OTHOCHTEJIbHbIe U3MepeHus. BoT nouemy Bo
BCeX pasjiesiaX 3Toil KHUIH paccMaTpuBaioTcst Toabko AL ¢ yncnom
pa3psnoB ot 8 1o 12, yxe ceifuac HaueJuxX caMmoe pa3HoobpasHoe
NpUMeHEHHUe. '

Yro xacaetrcst 6bICTpO/IEiiCTBUS, ClIe/[yeT YKa3aTh, YTO OOJIBUIMHCTBO
BUPTYaJbHBIX MPUOOPOB, HOCTYMHBIX IO 1[eHe, UMeeT OTHOCUTENbHO
Y3KYI0 1oJjiocy paboyux yacToT. ITO BBI3BAHO, C OJIHOH CTOPOHbI, 3a-
TpataMu BpeMeHH, HeoOXxomuMbiMu ALLIT st BeIONHEHUS] KaX0T0o
npeobpa3oBaHus «aHajor-undpa», a ¢ APyroil CTOPOHbI — 3aTpaTaMu
BpPEMEHH, He0OXOUMBIMU JIJISl TIPOrPaMMHOI 06pabOTKH pe3yJibTaToB.
JlelieBble BUPTYyasibHbie MPUOOPHI Yalile BCETO OTPaHUYEHbI 10 CKO-
POCTH M3MepeHHii (OT HECKONIBKUX JIECSITKOB /10 HECKOJIbKUX IeCSITKOB
TBICS'Y OTCYETOB B CEKYHY ). ITOro HoJjiee yeM JOCTaTOYHO, HAllpUMep,
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IUIsL PETUCTPALMK KPUBbBIX 3apsifia WK pa3psiia akKyMyJISITOPOB, a TakK-
e JIIsl 3aMepoB MeTeopoJiornyeckux napamerpos. Ho auist npaBusisHOro
otobpaxxeHus: GOpPMbI 3BYKOBOTO CHTHAJIa Ha 9KpaHe BUPTYaJIbHOIO OC-
uuiorpacda Wi 171t BBINOJIHEHUS CEPbe3HOTO CIIEKTPAIbHOTO aHAIM3a
pecypcoB notpebyercsi Goblie,

[Tonb3oBatesb MOJOOHBIX MPUOOPOB BCeraa MOJKEH 4YeTKO Tpes-
CTaBJISITh BO3MOXKHOCTH CBOEr0 000pYA0BaHHs M MPOrpaMMHOTO obecrie-
yenns (I1O) u yuyuThiBaTh MX, PEXK/IE YeM JleJIaTh NIOCTelIHbIe BBIBOJIbI
U3 MOJyYeHHbIX Pe3yJITaTOB.
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CymiecTByeT MHOXeCTBO CIOCOGOB /sl TpeoOpa3oBaHUsl aHATIOTOBOTO
CUTHaJIa — 3JIeKTPUYECKOr0 HANpsKEHUS! MJIM TOKa, U3MEHSIONIErocs
NJIaBHO M HENpephIBHO, — B MOTOK UH(POBBIX JaHHBIX, MPeACTaBJISIO-
1Mt co60it JUCKPETHYIO KOAMPOBAHHYIO I10C/I€/I0BATEIbHOCTD UMITYJIb-
coB. Ha npaxTuke yaiie Bcero UCNob3yeTcsi aHaloro-uugpoBoe npe-
o6pa3oBaHue C MOMOIIBIO MMITYJIbCHO-KOA0BOH Moayasauuu (MKM).
B aToM ciyyae mporecc HauMHaeTcs ¢ TMpeACTaBIeHHs HENPEPBIBHOTO
CHMTHaJIa B BU/Ie NIOCJIe[IOBaTeIbHOCTU OTCYETOB, KOTOpBIe OepyTcs yepe3
oIpe/ie/IeHHbIN IIPOMEXYTOK BpeMeHU (MHaye roBOpsl, C ONpeeIeHHOM
YacTOTOH ANCKpeTH3alHu). ITY GYHKIMIO BBINOJHSAET CXeMa, Ha3blBa-
eMasi yCTPOHCTBOM BbIOOPKU-XpaHeHus. 3allOMHHasi MTHOBEHHOE 3Ha-
YyeHHe BXOAHOTrO CMrHaja (4Yalle BCero Ha KOHJeHCaTope), 3TO YCTPOii-
CTBO obecreynBaeT coOXpaHeHHe BeJUYHMHBI B3SITOIO OTCYETa Ha BPeMsi
npoiuecca ouudpPOBKH, KOTOPbIH COCTOUT B NPeACTaBIeHUH aMILIUTY bl
Ka)</10ro oTcyeTa B hopMe IBONYHOTO KOJIOBOTO CJIOBA C OMpe/ieIeHHbIM
KOJIMYECTBOM pa3pszoB. Criocob, Mcnob3yeMblii 71 BbITOJIHEHHS Ta-
Koii olluPOBKH, H oNpe/iesisieT BO3MOXKHOCTH, CJIOXKHOCTD U 1IeHYy aHa-
Jioro-1uu¢poBoro npeobpasoBareis.

B cemuzecsaToix ronax nepssie ALLII npeacrapasiiu coboit Gosblime
TieyaTHbIe TUIaThl MJIH, B JIyYlleM ciydyae, Oobliie ruOpHIHble MOLYJIH,
KOTOpble OOBIYHO OYeHb JIOPOro CTOWJIH. I1oMynpoBOAHMKOBBIE HHTE-
rpajbHble MUKpocxeMbl ALLTI, npumienniie UM Ha CMeHy, TOXe TIOHAYaITy
6bLIH TOBOJILHO ZIOPOTH, TIPUYEM: BBITYCKAJIMCh OHM B HEeyJIOGHBIX KOp-
nycax ¢ GOJIbIINM KOJHYECTBOM BbIBOJIOB. [laxke Temepb 3TO OCTaeTcs
aKTyaJIbHBbIM, HO TOJIbKO /1Sl HeKoTopbIX TUTOB ALIII ¢ oyeHb BHICOKUMHU
XapakTepHCTHKaMH (pa3pellieHHe, ObICTPOAECTBHe, YHCIO BXOJOB);
ropaszio 6oJiee NPOCTHIe U JielieBble MOAEH TOSBHJIMCh JIMIIb HECKOJIb-
KO JIeT Ha3ajl.

HOBOE NOKOJIEHUE AUN

Heob6xoaumocThb BCTpanBaTh BBICOKOKaYeCTBEHHbIE aHAJIOTO-1IH(POBbIE
npeoGpasoBaTesii B U3/ieJIMsl U TOBapbl LIMPOKOTro notpebieHus: (3Jek-
TPoOBITOBBIE NMPUOOPBI, aBTOMOOMIIM, CPEACTBA TeJIeKOMMYHHUKAIUH
M T.IL.), KOTOpBIe Bce B GoJIblIeil cTeneHn OCHOBBIBAIOTCS Ha IIHU(POBBIX
TeXHOJIOTHSIX, 3aCTaBHJIa U3TOTOBHUTEJEH TMOJIYNPOBOAHUKOBBIX 3Jie-
MEHTOB NPUMEHUTb HOBbIE MOAXO/bI K pelIeHHIO MPOOIeMBI.

B Hacrosiiee BpeMsi MeHee yeM 3a ABaLATH JA0JITTAPOB MOKHO KYITHTh
AIIIl B kopnyce ¢ BoceMblo BbIBOJAMH, IPUYEM BO3MOXKHOCTH 3THX
npeoGpa3oBaTeieil OLlEHMBAIOTCS JIOBOJBHO BBICOKO. VX MCMoOB3yIoT,
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B YACTHOCTH, /IIs1 pabOThl C CAaMbIMM COBPeMEHHBIMH KOMIIOHCHTAaMH —
RISC-MukpokoHTposiepaMu M LIM(PPOBBIMU CUTHAJIbHBIMU MPOLIECCO-
pamu (LICII).

['naBHast ocobeHHocth Takux ALLIl cocTout B opraHusanuu ynpas-
JICHUS TIO OJIHO- WJIM ABYXIPOBOAHOM mocienoBatenbHol muHe (SPI,
Microwire, I,C u T.I.), a He yepe3 nmapainenbHblit HHTEpdeiic, Tpeby-
IOIIMA HAJIMYKMST OJTHOTO BBIBOJIAa MMKPOCXeMbl Ha KaXkK/IbIl pa3psil Wu-
Hbl ynpasienusi. KoHeuHo, Takoii cnocob nepeaayn GUTOB JaHHBIX —
OJIMH 32 IPYTHUM 10 OZTHOMY TIPOBOJY — OTPaHMYMBAET CKOPOCTh 0O6MeHa
undopmaiueit, XoTst ¥ 371eCb MOXKHO JIOCTHYb CKOPOCTH Tepeaadyu JaH-
npix mopsinka 1 M6ut/c. Ha npakTuke, ¢ y4eToM CBOICTB U BO3MOX-
HOCTel cXeM JMCKpeTH3allMi M KBaHTOBAaHHUS, HE CTOMT PacCYMTBIBATh
la npeojosieHre Gapbepa B HECKOJIBKO JIECSTKOB THICSIY H3MEPEHHIA B ce-
KYHJy, 4YTO B CPeJITHEM COOTBeTCTBYeT yacToTe AucKkperu3anuu 20 kI
TakuM 06pa3oM, 3TH 3JIeKTPOHHbIE KOMIIOHEHTHI He CTOUT CPaBHUBATh
co ceepxckopoctHbiMu ALLIT Tuna «flash» unmn «video», Ho oHu Tem
lie MeHee OTHOCATCS K Kaaccy opictpomeicTByomux AL IToatomy
1pU pa3psAHOCTH OT 8 710 12 GUT OHM MPEKPACHO MOAXOAST IS pellie-
1tust 6OJIBIIMHCTBA 3a/1aY B 00JIaCTU CO3/1aHHSI BUPTYATIbHBIX U3MepH-
TeJIbHBIX TPUOOPOB.

Ha puc. 2.1 npuBesieHa CTPYKTypHasi cXeMa CTaHAapTHBIX IocIe-
noBatenbHbIX AILTI, BbINONHEHHBIX B KOPIycaX C BOCEMbIO BLIBOJAMHM.
Jlornyeckuit KOHTPOJLJIEP CO BCTPOEHHBIM TAKTOBBIM F€HEpaTopoM YIIpaB-
JsieT paboToii cxeMbl Tpeobpa3oBaHusi, GYHKIIMOHUPYIOIIEH MO MPUH-
IMITY MOCJIEZIOBATEIBHOTO MPUOIMKEHNST. DTOT IPHHIMII COCTOUT B MO-
CTereHHOM IOIIarOBOM HaKOIJIEHUHU B IPOMEXXYTOYHOM PericTpe AaHHBIX
JIBOMYHOT'O KOJIOBOTO CJIOBA, COOTBETCTBYIOLIETO COOTHOIIEHHIO BXOTHOTO
AHAJIOTOBOTO HaNpsKeHUs (Pa3HOCTH MeX/ly YPOBHSIMH HAlIPsKeHHUs] Ha
nbdepennmanbhbix Bxofax ANALOG +IN u ANALOG -IN) 1 onopHoro
HanpsokeHUs: (PasHOCTH MEXy YPOBHSIMM HanpsibkeHust Ha nuddepen-
uManbHbiX Bxoaax REF+ u REF-).

[{ukn npeobpa3oBaHus HaYyMHaeTcsl ¢ GUKCALUU YPOBHS BXOIHOTO
QHAJIOTOBOTO HAIpPSKEHHSI B YCTPOUCTBE BHIOOPKH-XpaHEHMs, a 3aTeM
1peobpa3oBaresib HaYuMHaeT (OPMUPOBATD collepKuMoe peructpa. IIpo-
llecc HaKOIJIEHUSI KOJIOBOTO CJIOBA 3aHUMaeT HEKOTOpoe BpeMsi, Ha3bl-
BaeMoe BpeMeHeM NpeoOpa3oBaHuUsl.

Ha npakruke kak MUHUMYM ofiiH U3 BbiBoZIoB ANALOG —IN unu REF—
TEXHOJIOTMYECKH coelinHeH ¢ obumMm npoBogoM (GND), BeaiencTBue yero
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JIHIIb HEKOTOpble Mojie/i TocenoBaTenbHbIX AT MoryT paGotath 110
cxeme ¢ MdpdepeHIIMaIBHBIM BXOIOM.

[lo okoHuaHuM Tpolecca npeodpa3oBaHmUs CENEKTOP JAHHBIX, pac-
110JI0’KeHHbIH 1epe/l BBIXOAHBIM KacKa/loM, HAauMHaeT MOoCJie/JoBaTeIbHO
puIOHpaTh GUTHI HHMOPMAIINH, COJIePIKalllHeCs: B PETUCTPe IaHHbIX, U 3a-
TeM TakKe nocJesioBatTesnbHo nojaet ux Ha Beixox DATA OUT. Yacrora
BLIGOPKU ¥ HOPMUPOBAHUS BHIXOHBIX UMITYJIBCOB onpenemeTca BHelll-
num taktoBbiM curtaiom I/0O CLOCK.

Jlnst mpaBusbHOTO (pyHKIMonupoBanusi ATl HeobxoaMMo Hannume
1ICKOTOPOI BHELIIHEH YTpaBJIsIiolled CUCTeMBl, KOTopasi JoJIKHa dop-
MIPOBATh MOCJIE/[0BATEIbBHOCTH CHHXPOHU3UPYIOIIUX CUTHAJIOB.

B 6onbimmHcTBe caydaeB aHanoro-nudpoBoe npeobpa3oBaHie Ha-
uHMHAeTCs B MOMEHT 110/Jayl COOTBETCTBYIOIIEro CHTHaia Ha BbiBo CS
(BbiGop kpucramna). Camo no cebe npeobpazoBaHUe BBHIMOIHSETCS
3a HECKOJIbKO JIeCSATKOB MUKpoceKyHi. [Tocsie aToro HeobxoaumMo noiathb
Hy>HOe KOJIMYeCTBO TaKTOBBIX MMMyJsbcoB Ha BbiBoA [/O CLOCK,
uToOBI BBIAATH pe3ysbTar npeobpazoBanus yepe3d BbiBog DATA OUT.
XoTs BeJMYMHA TAKTOBOIl YacTOThI BBIBOJIA JAHHBIX /ISl HEKOTOPBIX
Mojiesieil UMeeT orpaHnyeHue ciuady (Hanpumep, 100 kIir), ona Bce-taku
HAMHOTO HYJKE, YeM BHYTPEHHSISI TaKTOBasl YaCTOTa MpeoOpa3oBaHMS.
Kax npaBuio, ckopocTb nocJjieZioBaTeJbHOTO BbIBOJIa MH(OpMaIuy 3a-
BUCHUT TOJIBKO OT CKOPOCTH, C KOTOPOIi yIpaBJsiiolias cUCTeMa MOXeT
0bpabaTbIBaTh MOCTyNaoNHe OUThI IaHHbIX.

Pa6ota cxembr AILII nocnenoBatensHoro npubimkenus (puc. 2.2)
3ac/yXuBaeT 6oJiee 1M10/POOHOTO ONMCAHNS, TAK KaK MMEHHO Oiaroapsi
il MOSIBUJICS ATOT TUIl KOMIIOHEHTOB.

OcHoBOII (pyHKIIHOHANBHOI CXeMBI CJIY)KUT KOMMYTHpyeMasi MaT-
pHUIIa KOH/IEHCAaTOPOB. 3HaueHHe KaX/0ro OMTa JaHHBIX OMpeenseTcs
MOPOTOBbIM /IETEKTOPOM B 32aBUCHMOCTH OT BEJIMYMHBI 3apsiia KaKIA0ro
M3 BECOBBIX KOH/IEHCATOPOB, cocTaBisionux Matpuiy ALIIL. Puc. 2.2
cooTBeTcTBYeT AecaTupaspsaaHomy AIIL ITo pucynky BuaHO, yTO YMC-
JIO KOH/IEHCATOPOB, COJIEPXKAIIUXCS B MAaTpHIlE, OJKHO OBITh Ha e/u-
Hu1y 6oJiblite, YeM Y0 pa3psiioB. OTHOCUTEIbHBIN BeC KaXKAO0H Lenu
MaTpHIlbl KOH/IEHCAaTOPOB OIlpe/ieisieTcsl B COOTBETCTBUU € TMOCJIe/I0Ba-
TeJIbHOCTBIO CTeleHell Yucaa /iBa, To ecTh oT 1 10 512 ais necatupas-
psanoro AILTL.

B nayase uuksia npeo6pasoBanisi JIOrHYeckoe yIpasJsiioliee yCTpoii-
CTBO 3aMbIKaeT BCe KJII0YH S| U S, BCIEACTBHE Y€ro Bce KOHAEHCATOPb
O/IHOBPEMEHHO 3apsKalOTCA /10 YPOBHS BXOAHOTO Hamnpsikenus V, (pe-
)KUM BBIOOpKH). 3aTeM Bce KJIIOYM Pa3MbIKAlOTCs (PeXXUM XpaHeHHs ),
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AHAJIOIO-UNDPOBOE NPEOBPA3OBAHUE CIHAJIOB 13

I OPOTOBBIi JIETEKTOP HauHHaeT (JOPMUPOBATh OUTHI JAHHBIX, CPABHU-
sasi HanipsbkeHue REF— ¢ HanpspkeHUsIMUM Ha KaXK/I0M U3 KOH/IEHCAaTOPOB
MATPHIBL.

[TepBbIM 0OpabaThiBaeTcsl Hanpsi>keHHe Ha KOHJEHCATope, YCTaHOB-
JICHHOM B IIelTH MaTPHULbl C MAKCUMAJIbHBIM BeCOM (B /JaHHOM CJlyyae —
see 512). s atoro y3en 512 noakinioyaeTcss K MCTOYHUKY HaNPsPKEHHUS
REF+, a Bce ocranpble y3ibl noakaoyaorcss kK REF—-. Ecan nanps-
JKeHue B CyMMHpYIolleil Toyke 6osblire nopora cpabaTbIBaHUS JeTeK-
Topa, npuMepHo paBHoro VCC/2, To GUT JIaHHBIX yCTaHaBJIMUBAETCs
B HyJIEBOEe COCTOsIHUE, a y3el 512 moaxioyaeTcss K HCTOYHUKY Hanps-
keHust REF—. Eciu e HanpsikeHHe B cyMMHUpYIOllLleil TOUke MeHblie
1lopora, GUT JaHHBIX YCTAHABJIMBAETCSI B €TMHHUYHOE COCTOSIHHUE, a y3eJl
512 noakmoyaercs k ucroynuky REF+ 1o 3aBepiienus npouecca npe-
o6OpazoBanus. Ta xke Mocyiez0BaTeIbHOCTD ONepalnii OBTOPSETCS AJIs
iienu ¢ BecoM 256, motoM ¢ BecoM 128 — 1 Tak 1o Tex 1op, noka He 6yzet
ollpe/ieJieHO 3HaYeHue KaX/[0TO paspsi/ia perucTpa JaHHbBIX.

CienyeT MOMHHTD, YyTO N-pa3psiaubiii AILIT moxet chopmupoBathb
JIMUIb 2" pa3TMYHBIX ABOMYHBIX KOMOBBIX CJIOB (256 s 8 pa3psinos,
1024 s 10 paspsos, 4096 nas 12 pas3psizoB M T.1.). PasHuna mexny
JIByMsI COCEIHUMH KOJOBBIMH CJIOBaMH COOTBETCTBYET aHaJIOTOBOMY
Becy MJIajiero 3Hayvautero paspsina (M3P, wiu LSB B nHocTpanHoit 1u-
Teparype). FIaMeHeHHe BXOZHOTO HAMPSIXKEHUS HA BEJIMYMHY, MEHBIIYIO
110 CPaBHEHHIO € 3TOM pa3HHUIleil, MOXKeT OBITh He OTPa’KEHO B BBIXOIHBIX
JanHbix. HexoTtopble nmpeobpa3oBaTesid, KpoMe TOFO, BHOCSIT JOMOJHHU-
TEJIBHYIO MOTPEIHOCTH U (GOPMUPYIOT pe3yJIbTaT C TOYHOCTBIO 10 OHO-
ro uin aaxe 10 AByx M3P. Takast JHCKPEeTHOCTDb pe3yIbTaToB Npeobpa-
30BaHUS SBJsSieTCS CIefcTBHeM XapakTepHoii 1st ALLIT nepenatouHoit
XapaKTEPUCTHKH B BHJIe «CTyNeHbKU» (pHc. 2.3a).

CoBeplileHHO 04€BHHO, YTO B 3TOM CJIyyae, KaK U IpH JI0O0M APyroM
Ipoliecce aHaJIOro-uKuGpoBoro Npeodpa3oBaHus, MOJYYEHHbIH pe3yib-
TaT CO/IEP)KUT HEKOTOPYIO MOTPELIHOCTD, Ha3bIBaeMylo OIIMOKO KBaH-
ToBaHUsl. [IpUYKMHbBI ee BOSBHUKHOBEHUSI TOSICHSIIOTCS B rpaduke, Npu-
Be/IleHHOM Ha puc. 2.36.

Ounbxa KBaHTOBaHUS MOSIBJSIETCS] B pe3yJibTaTe 3aMeHbl HCTUHHOM
BEJIMYMHBI OTCYETa BXOJHOIO CUTHAJA ee JUCKPETHBIM 3KBHUBAJIEHTOM
B BHJIe BBIXOZHOTO KOJIa M olpe/iesisieTcsl KaK Pa3HOCTb Mexay rpadu-
KaMH CTyIeHYaToH IepeaTOYHON XapaKTepUCTHKU M MIealbHOH nps-
Moii. MakcuMasibHasi BeJIMYMHA OMIMOKM IS TepelaToYyHOM Xapak-
TePUCTHKH, IIPUBeleHHOI1 Ha pHc. 2.3a, paBHa MOJIOBHHE BeJIMYMHBI 1l1ara
KBaHTOBaHMsI (MOJIOBHHE aHajoroBoro Beca M3P).
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Tabnuua kopos
npeobpasoBaHus BixoHoM
Clins = ABOMUHBIA KO
Aranacon: | Beoopo A WpeansHas npamas —\
- 0..101 1 7L,
45..55 | 0..101 /
OpHa 0..100+ Cepepura
35..45 | 0..100 [ ol ; e = va
& oanl” v A
St Mo ¥ A (\0 - 011+ ’ P
15..25 | 0..010 /
0..010+ va
05..15 | 0..001
0..
0..0,5 0...000
i 0..

Paamax BenuuuHbl
OWUOBKU KBAHTOBAHUA

6)

Puc. 2.3. Mepeaarouras xapaxrepnctuka AL u Tabanuya kogos npeobpasosarms

BaxxHO y4YMTBIBaTh 3Ty OCOOEHHOCTb, KOTOpasi, €CJIM B3SITh AJIS
npumepa 8-paspsaubiit AIIl ¢ moanoit mkanoit 5 B, nmposBisiercs
B Hen30eXKHOM MOrpeIHoCTH npeobpa3oBanus BeanyuHoit 1o 20 MB.
U xots ara BeanyuHa coctasaser auiib 0,4%, ee caeayeT NIpuHUMATh
BO BHUMaHHe.

8-PA3PSIAHbIA ALN
C NOCNEAOBATE/IbHbIM UHTEP®EACOM

8-paspsiaubie nocienopatesnbHble AL sBasiioTCs M caMbIMU JleleBbI-
MH, U CaMbIMH TIPOCTBIMH B npyMeHeHHH. Ecin oM paboraior B moc-
JieHeil TPeTH CBOeil MOJIHO# WIKasbl (YUTO MOXKHO 0OecreyuTs MpH no-
MOIIM TMpeBapUTENbHOTO YCUJIMTES CO CMellleHHeM), UX pa3pelleHue
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€ TOYHOCTbIO 1/256 BNOJIHE COOTBETCTBYET TOYHOCTH, Tpebyemoii BO
MHOTMX NPUJIOXKEHUSIX BUPTYaJIbHOrO U3MEPUTEIbHOIO KOMILIeKca.

KoMmoHeHTbI Takoro THMa NpeaiaraloT MHOTHe IPOU3BOAUTENH, HO
N0 KakoH-JM00 CTaHAapTH3aLMK U YHU(UKALUN B 3TOM obsacTu elile
oYeHb Janeko. PacriosioxeHue BHIBOJOB M TPOTOKOJIbI CBA3M Y Pa3HbIX
tnoB noaobusix AT pasauunbl. Bo3aMOXHO, M3rOTOBUTENH ACTAIOT
ATO IJIS TOTO, YTOODI 3aTPYAHUTh 3aMeHY KOMIIOHEHTOB Ha M3JeJIHsi
KOHKYPEHTOB.

8-paspsinnblii nociaenosarenbhbiit AL, xotopsiit 6yzer ucnosib-
30BaThCS B NpUMepax, ObLI BBIOPaH, C OAHOI CTOPOHBI, BBHAY €ro Liu-
POKOT0 pacnpocTpaHeHHsl U BIOJIHe MpHeMJIeMOIl LieHbl, a ¢ ApYyroii
CTOPOHBI, BBUAY TOro, yTo cyuectByloT 10- u 12-pa3psiaHble MozesH,
110JIHOCTBIO COBMECTHMbIE C HHM T10 PacnosiokeHHIo BbIBoJ0B. [1pn cay-
yae 3TO MOKET YNPOCTUTD NMPoOIeMy MOAepHHU3AIIH MeYaTHBIX IJIaT.

rers [1] Vee

ANALOG IN [ 2] 7] vocLock
Rer- 3] 6] patacur
GND E 5] cs

8-paspagHuiii ALIN TLC 549 IP
10-paspaaHuiid ALIN TLC 1549 IP

J

Puc. 2.4. Pacnonoxenve ssi80g08 aHanoro-ungposoro npeobpasosarens TLC 549

Ha puc. 2.4 npusenena cxema pacnosnoxenusi soiogos ALIT TLC
549 dpupmst Texas Instruments. menHo ata Moziennb Gyaet paccMoTpena
IIKe B ee MTPAKTHYECKOM NTPUMEHEHUH.

Taxoit AILTI umeet Tosbko onuH aHanoroshuiii Bxon (ANALOG IN)
If /IBa BXOZIa LTS MoK TioueHus onopHoro Hanpsikenust (REF+ u REF-).
BropbIM aHaloOroBbIM BXOJIOM MOXHO cYHTaTh BbIBOA GND — obumii.
Ecsiv npu atom BuiBox REF- Toxe nofktioyeH k obiieMy 1poBoJLY, TO Ha
nuixoae AILIT 6yner dopmupoBaTbes 6aliT BHIXOAHOTO KO/, paBHbLIH
00000000 nmpu 1yJieBOM HallpskeHHH Ha aHasoroBoM Bxoae, M 11111111 -
1IPH BXOZHOM HAINPs)KEHHH, PAaBHOM OINIOPHOMY, KOTOpOE 110/1aeTCs Ha
nuiBog REF+.

IIpotokon cBsian atoro ALIl pocraroyHo npocT, ero BpeMeHHbIe
JMarpaMMbl puBeziesl Ha puc. 2.5. [Ipu nepexoze curiana Ha BbIBOJE
CS oT BBICOKOTO K HU3KOMY YPOBHIO B PETHCTp BbIBOJIA JIaHHBIX ITOMe-
lnaeTcsi pesyJsisTar npeabiayutero npeobpasosanus. [Toatomy pexomeH-
JlyeTcst BBINOJIHUTH «IlycToe NpeobpasoBaHies cpa3y 1oce BKIIOYeHUS
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yCTPOMCTBA WM B CJyyae BBIOJHEHUS ABYX MpeoOpa3oBaHUil, pa3-
JICJICHHBIX IOCTaTOYHO MPOAOJDKUTENbHBIM HHTEPBAIOM BpeMeHu. [lep-
1BOC CYUUTaHHOE 3HaYeHHe BBIXOHOTO KOJIa B 3THX cJIy4yasx OyaeT HeBep-
num. Crenyiouiee npeobpasoBanne 6y/eT MPaBUIbHBIM, OHO HaYHETCs|
10 11lepBOMY TiepeziHeMy ppPOHTY MMITyJIbca, TOCTYIMBIIEro Ha BbiBoi CS
1ocJle HU3KOTO YpoBHSA. BakHo, yTo6bl Ha BbIBote CS 6bLI BBICOKMIA
YPOBEHb B TeYeHHe BCero BpeMeHU MpeoOpa3oBaHMsi, HO, TOCKOJIBKY
OTOT MPOLECC TTUTCS BCETO HECKOJIbKO ZIeCSITKOB MUKPOCEKYH/, JaHHOe
yCJIOBHE MOXHO CYMTaTh aBTOMAaTHYeCKH BBINMOMHSeMBIM, ecau AITI
ylIpaBJIsieTCs] POLeCCOPOM ¢ NPOrpaMMOii, HATHCAHHOM Ha CYIeCTBEH-
110 MeHee 6bICTpOM si3biKe, yeM Assembler.

Kaxxapiit 6MT BBIXOAHBIX ZaHHBIX MOKeT OBITH CYMTAH Ha BBIBOJE
DATA OUT, npuyem OUTHI BHIBOASATCS cTapliuMu paspsiaamu (MSB)
miepen no nepenHemy GpoHTy umiyJbcoB Ha BeiBoge I/O CLOCK.

Onno u3 npeumyuectB atoro AIIII cocTouT B TOM, 4TO OH MOXeT
paboTaThb ¢ 060 YacTOTOMN JUCKpETU3aAIlUH, ONIpe/ieNisieMOii yIpaBJs-
I011lel CHCTEMOI, — OT OIHOTO U3MEPEHNs! 32 HECKOJIBKO YacoB /IO 1BaJl-
IATH THICSY U3MePEeHHUIt B CEKYHAY.

10-PA3PSIAHbIA ALIN ;
C NOCJNIEAOBATEJIbHbIM UHTEP®ENCOM

*aspeltienne B 10 6UT — 3TO cBOCOOPa3HbIit KOMIIpoMHUCC Mexay 8- u 12-
PA3PSAAHBIMH YCTPOMCTBaMH, NO3BOJISIIONINI YCTPAHUTD IPOGJIEMBI, CBSI-
MallHbIe C HEJOCTaTOYHO B HEKOTOPBIX CAYYasiX TOYHOCTBIO, PAaBHO Kak
M €O CJIOXKHOCTBIO B M3rOTOBJIEHUH U HACTpPOMKe.

Ananoro-ugposoii npeodpasosaresns TLC 1549 npousBoacrsa Texas
Instruments yzno6eH TeM, YTO OH COBMECTHM II0 PACTIOJIOKEHHUIO BbIBO-
noB ¢ TLC 549 (puc. 2.4), HO 3TOT KOMIIOHEHT AOIMYCKaeT 1IeCTb pas-
JIMUHBIX TIPOTOKOJIOB CBSI3U (TP «OBICTPBIX> U TPU «Me/JIEHHBIX» ).

[IpoTokon cBa3H, MpHBeCHHbIN Ha pUc. 2.6, 04eHD NIOX0XK Ha NPOTO-
kon TLC 549, ¢ TeM nuib OTIMYHEM, YTO 3/1eCh UCHOb3YIoTcst 10 6UT
JWMHHBIX BMecTO 8.

Ilpsimoit koukypent ALIIl TLC 1549 — ananoro-uudposoii npeob-
pasoBarens MAX 1243 npousBozacrBa xommnannu MAXIM - umeer
(OBEpPILIEHHO JIpyroe pacnosoxeHue BbIBoAOB (puc. 2.7). I[lomumo cBoux
OTJIMYHBIX XapaKTePUCTUK, OH HHTEPeCEeH TCM. YTO NPUHAIEKHT K ce-
MCHCTBY MOJHOCTBIO B3aMMO3aMEHsIEMbIX R, KOTOpOe BKJIIOYaeT
12-pa3psanyio Bepcuio MAX 1241, a Takoke TeM, 4TO € TOMOILBIO poOC-
10ii MPOrpaMMbl €0 MOKHO JIETKO 11ePeKJIIOYHTD B 8-pa3psaHblil peXXuM.
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voo [1] 8] scux
an [2 7] cs
sHon [3 6] pour

RerF [4 BGND

| —

10-paspagHuii ALIM MAX 1243
12-pa3pagHein ALIN MAX 1241
MAX 187/189
MAX 1240/1242

Puc. 2.7. Pacnonoxenue ssisonos ALIMT MAX 1243

Takoe e pacnoJioxkeHHe BHIBOJOB UMeEIOT U GoJiee paHHUE U3Je/THs
komnanud MAXIM (MAX 187, MAX 189), u coBpeMeHHBIe MoIeau
(MAX 1240, MAX 1242).

Hexotopbie u3 atux ALII cHaGxeHbl BCTPOEHHBIM HCTOYHUKOM OIOp-
HOIO HampsIXKEeHHUs, YTO AaeT AOMOJIHUTEIbHbIE TIPEUMYILIIeCTBa IIPH pac-
IIMPEHHH BO3MOXKHOCTeH YCTPOMCTB, pacCMaTpUBaeMbIX B IJIaBe 4 1aH-
no#t KHUTH.

CyiecTByeT iBa BApHaHTa POTOKOJIA CBSI3H, HCMOJIb3yeMOT0 NPH pa-
hore ¢ ALLIT MAX 1243. Ouu npezcrasiensl Ha puc. 2.8.

[TepBbiit BapuaHnT (puc. 2.8a) B OCHOBHOM NpeJiHa3HayeH /ISl MpHU-
MCHCHHSL B YCTPOMCTBAX, KOTOpbIE MCIIOJIb3YIOT MPOTOKOJI, CTPOTO COOT-
nerctByommuit cranaapty QSPI s onpe/esieHHBIX THIIOB NOCJIeA0Ba-
10/IbHBIX HHTepgeiicOB MUKPOKOHTPOJIepoB. OH OT/IMYaeTcss HaTMYHeM
AnyX AoNoHUTENbHBIX 6UT SO 1 S1 ¥ MCOIb30BaHNEM JIOTIOJTHUTEIbHBIX
NyJieii, BLIBOAUMBIX TIpH NosiydyeHuu 6osiee 11 TakToBbIX MMITyJIbCOB. [Ipo-
rokon, coBMectuMblii ¢ SPI u Microwire (puc. 2.86), B 60Jibliieii cTeneHn
(OOTBETCTBYET HaIlIUM HY>KJIaM, Tak Kak paboTtaet ¢ 6;0kamu no 10 6ur.

Cnenyer yyuThIBaTh, YTO B Hayajie KOJOBOM MOCHIIKH NPHCYTCTBYET
¢0/IHHUYHBIH» OUT, B HEKOTOPOM POJIe CTAPTOBBIi; €ro HY>HO UCKJIO-
WATH nepes; 06paboTKOM, HanpyMep NO/IaB ONWH JOTIOTHUTENbHbIIH TaK-
fONLI UMITYJIBC. _

B ornuyue ot BeimeonucaHHbiX KoMnoHeHToB, AIIIl MAX 1243
AOJIKEH BBITIOJIHUTD NpeoOpa3oBaHye Mepe TeM, KaK BbIBECTH CJIOBO
nianmnix. CrieoBaTenbHO, NOCJe MOAaYH YPOBHSI JIOTHYECKOro HyJIsl Ha
wunop CS (Hayano npeobpasoBaHusA) HAO X/aTh He MeHee 7,5 MKC
WAK loxuaaTbes mepexona curiana Ha BeiBojle DOUT B cocrosinne
NOrHYecKoit eIMHULBI, NIepe/l TEM KakK 1oJaTh MOJI0XKUTeIbHBIN 11epenaj
manpsikennst (GpoHT uMmysabca) Ha BbiBog SCLK st Hayasna BbiBona
nanunix. IpenmyiecTBo Takoro crnocoba paGoThl COCTOMT B TOM, YTO



BUPTYAJIbHbIN U3MEPUTEJIbHBIV KOMITIIEKC HA BA3E IBM PC

20

.E¥Z1 XYW LINV need uodoLod) | 98¢ Mg

_‘ ol
(5%) sr 912 o IWIL 314D
yrgg Wy ~
s 920 sTig=s19,9°0 X S°0L sn g (ANODy)s™i g4
Q70H ; e = MIvYL 31VIS
e L - 010H/%V¥L
XMHHDP XISHIY3WDQOPavIou | | NHDGOEDOQOadY | 3700 IIVIIINI
30t ppogrg ®IqvhuwnodxHn) 303 T 32an0dy) s
- 203 N\
(08 X18X28 X £8X 7 XS8X98 XL X8EXEE) \.LI\\ L——— 1noo
f / / %138
m v F 44 7/

/ L £ L

|l—|— 7/ 7/ _ s
INZAD¢A4] C:«\ HEBED tOxOLOQ: O%N “1d

X

TSy srl L5 Wil 3142
et -+ et -
s %20 snp s166°G =S990 X §°ZL s1 (ANOJy)sml g
l o ! NIVYL 3LVIS
Ll 1 IBIZT b 070H ) 1 v
navfin Awng unHDQoEDdgoadu QI0H/XIVYL
| GWIOHIBW , 3MHIV3W , XNMHHDQ XMHAY3WDQOPaVIOU
370 ; b - 5 e e 370/ 3IVAIIINI
-DQopavaoy - NHVOUO ppogrg MavhuwnodxHn) J03 333nody
203 N\
(s X1s X0aX 18 X28 X £8 X 78 X 58 X98 X L8 X88 X86) . T 4 L 00
£ / f X138
9 2 8 9 ! d “l
g J L
|_l|._ 7 &2 7/
N——— (%)



21

AHAJIOTO-UNDPOBOE NMPEOBPA3OBAHME CUTHAJIOB

Q70H

L¥Z1 XYW LINY vessd voxolod|| ‘6 oMd

. (2% AL i}
2y - SR—— —
st 9270 s g s7iS6°s=sTI9Ly’0 X S sig ~ (ANOJys7 sy
1 ole I_l
= AVl L

navhn ¥nHDQoEDdoEDdQoady

370 |vT|||Laeuux.=\mE XRHHDP XKHIY3WDQOPIVIOU Jo- o i
-Dgopavioy ppogrg mavhuwnodxun) J03 J23nody

WL 31342

NIVl ILVIS
0T0H/ X2V

3101 33YIH3LNI




22 BUPTYAJIbHBIV M3MEPUTE/IbHBIY KOMITJIEKC HA BA3E IBM PC

1OJIyyaeMblil pe3yJbTaT COOTBETCTBYET TeKylleMy LUKJY Mpeobpa3o-
BaHHUs; a He TpeJbIAYyIeMy, KaK y BBIIIEOIIMCaHHBIX ycTpoiicTB. Kpome
TOrO, MPHU BbIBOJIE pe3yJibTaTa MOXKHO HCIOJIb30BaTh TOJBKO BOCEMb
CTapIIUX 3HAYalIMX pa3psiioB, NHAYe rOBops, Hcnonb3oBaTh MAX 1243
B 8-pa3psi/[HOM pexuMe OuYeHb BBICOKOI TOYHOCTH. [lJ1s1 aToro mocra-
TOYHO MpPEKpPaTUTh Iepeady AaHHbIX mocye 6uta B2, noaas Ha BbIBOA
CS cHrHan OrHYecKOil eMHUIBL.

12-PA3PSIAHbIA ALIN
C NOCJNIEAOBATEJIbHbIM UHTEP®EACOM

Ananoro-uudposoii npeobpazoBaresp MAX 1241, nosHOCTBIO COOT-
BercTByoumii AIIII MAX 1243 no pacriosioxkeHuIo BbIBOZIOB, sIBJIE€TCS
12-pa3psaaHoii Bepcueil, KOTOpasi UCIOJIb3YeT NPOTOKOJI CBSA3H, OYEHb
CXOXHH C MPOTOKOJIOM, NpeacTaBjieHHbIM Ha puc. 2.86. ITonHocThbio
npotokoa cBsi3u AIIII MAX 1241 npuBeziex Ha puc. 2.9.

vrer [ 1 = 8] Voo

+N |2 ' CLK

N [3] 6 | pour
GND |4 E CS/SHDN

12-paspagHbid ALIMN LTC 1286 CN8
12-pa3paaHuin ALIM ADS 1286 PK

Puc. 2.10. Pacnonoxenue swisogos AL LTC 1286 u ADS 1286

Cpenu ToJIyNpOBOAHUKOBBIX KOMIOHeHTOB KoMnanuii Linear Tech-
nology u Burr-Brown moxxHo Haiitu 12-paspsannsie ALLII, xotopbie o
pacnoyioxennio BeiBoioB cxoxu ¢ ALLIT TLC 549 u TLC 1549. Tak,
npu6opsi LTC 1286 u ADS 1286, npakTHyecku UieHTUYHBIE IPYT APYTY
(3a MCKJIIOYEHHEM HEKOTOpbIX yacTHocTell), otinyalorest ot TLC 549
1 TLC 1549 1o HecKoJIbKMM OCHOBHBIM TyHKTaM. IIpexze Bcero e,
yTo OHM UMeloT auddepernnanbHbie ananorossie Bxoasl +IN u —IN
(puc. 2.10) 1 oxHOMONSIPHBIIT BX0/ onopHoro Hanpskenns VREE

I[Ipu coeaunennn BoiBozia —IN ¢ obuM npososoM GND moxHo no-
JIyYUTh KOHpHUTYpaluio, coBMecTUMYIO ¢ 8- n 10-paspsinbiMi ipeobpa-
3oBatensamu. Ee cxema npuBeseHa Ha puc. 2.11.

Yka3zaHHasi aHAJIOTUS Ha YPOBHE MOAKIIOYEHHS] MHKPOCXEM He pac-
NpocTpaHseTcs Ha ucnojib3yembie rnportokosst cesa3n ALLIL Puc. 2.12
JIEMOHCTPHUPYET pa3iH4us ITUX MPOTOKOJOB. /17151 BbiBOa 1H(OpMaLMH



AHANIOTO-UNDPPOBOE MNPEOBPA3OBAHUE CUITHAJIOB 23

—

REF+ E +5V
E 7 | CLOCK -
2]

El DATA OUT

: e

Puc. 2.11. YnusepcansHas cxema skmoverns AL

miataJe caeyeT noaaTh Ba <«IMyCThIX» TaKTOBBIX MMILYyJIbCa BMECTO
O/NOrO; KpOMe TOTO, MOKHO CYMTHIBATh BbIXOAHBIE JaHHBIE KaK CTap-
MM, TaK ¥ MJIQJLIMMH Pa3psilaMH BIiepel.

Komnanus Linear Technology npousBoaut xomnonent LTC 1292,
[Y/\CTBEHHBIH BblllleHa3BaHHBIM 06pa3iaM. Y Hero ectb HECKOIbKO Ba-
WX OTJIUYMH, B YACTHOCTU COBEpLIEHHO HEMOXOXKee PacIoJIoKeHHe
nuwnonoB (puc. 2.13).

s — [Jw
+0NE BCLK
N[ 6] oour

G [ E] VREF

12-paspagHbiid ALIN LTC1292
Puc. 2.13. Pacnonoxenue suisogos AL LTC 1292

Muxpocxeme LTC 1292 cTOUT MOCBATUTH HECKOIBKO JOMOJTHUTEb-
KX CTPOK, TaK Kak OHa Mcnojb3yercs B otAeabHbIX AIITT mpomsimi-
NCHHOTO U3TOTOBJIEHMS, /11 KOTOPBIX YAOOHO MUCATh ClellHaJbHble
I1POrPaMMBIL.

ITpotokon cBasu LTC 1292 npuBeseH Ha puc. 2.14. OH oyeHb MOX0X
i npotokos LTC 1286, Ho Tosbko ¢ Buay... B otinuune ot LTC 1286,
y LTC 1292 orpannyeHa MUHHMaJIbHasl TAKTOBAasi YaCTOTa BBIBOJA MH-
(hopmanuun Ha yposHe 100 kI ITo He BBI3bIBaeT TPyAHOCTEH MpHU pa-
6ore ¢ mporpamMmaMu Ha si3bikax Assembler uin C, Ho yeaokHsieT npu-
MmeneHue nporpaMM Ha sispike BASIC unu naxe Ha s3bike PASCAL,
paGoTaloLMX Ha MellIeHHOM npolieccope. KoHeuHo, y HUXKHero npejena
IAKTOBOI1 YaCTOTBbI eCTh Olpe/ie/leHHble OMYCKHU Ha MPaKTHYECKOe UC-
110/1b30BaHIe, HO Bce e TpeQyeTcsi OCTOPOXKHOCTD MPH OLEHKe TOY-
HOCTH TIOJIy4aeMbIX Pe3yJIbTaToB.
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HALO NI BbIXOAUTb 3A NPEAEJbI 12 PA3PAA0B?

ITonbiTaemMcst OTBETUTH HAa BOIPOC O TOM, HACKOJIBKO OIPaBIaHO NpHMe-
HeHHe aHasoro-uudpoBbIX NpeobpasoBaTelieil ¢ pa3psiAHOCTbIO GOJIb-
wei 12 s pelieHUs OTHOCHTENBHO MPOCTHIX 3aj1ay MPH MOCTPOEHNH
BUPTYaJIbHOTO H3MEPHUTEJHLHOTO KOMILJIEKCA.

B npoMblilsieHHOCTH M HayKe LIMPOKO NpUMeHstioTcs 16-, 24-pa3psiz-
Hble YCTPOIiCTBa U Jlaxe yCTpoiicTBa ¢ Goblieil pa3psaHocTbio. OnTu-
MasbHas akcnayatanus Takux AILII ¢ Boicokum paspenreruem 0,015%
1 6 ppm = 6 X 10-%(B HHOCTpaHHOIi JIUTEpAType YAaCTO BCTPEYaeTCs eu-
HHMLa ppm — yacTeil Ha MUTHOH — uau 107%) npeanonaraer ocobyio
aKKypaTHOCTb B BOIIPOCaX, KacalolUXCsl BBICOYAiflllell TOYHOCTH M Ka-
AUOPOBKU Bceil M3MEPUTENbHOM LieNMu — OT AaTYMKOB [0 YCTPONCTB
MHIMKALUK ¥ nevyaTH. B moboM ciyyae aTo npenrnosaraet 60bline 3a-
TpPaThl, YTO HEMAJIOBAXHO.

Jns TOro yTOObI OLEHNUTh CUTYALHIO, CJIEYeT IIPUHATh BO BHMAaHHe,
4TO MO WIMPHHe JHcTa ¢popmarta A4 naxke npu paspeumennu 600 dpi sa-
3epHBbIH MPUHTEP CMOXKeT pa3MecTUTh Tosibko 7000 oTHeIbHBIX TOYEK,
a xopoluuii rpadpuyeckuii akpau ¢ TpyaoM BMenraetr 800 Touek mo Bep-
THKaaH. CiezioBaTesbHO, C TOMOLIBIO 3THX YCTPOICTB HEBO3MOXKHO rpa-
(uyecku TOYHO BOCIIPOU3BOANTb Pe3yJbTaThl U3MEPEHHUH, cleaHHbIX
IIeCTHAAaTUPa3PSAAHBIMH NpUGOpaMu, B IECATKU U COTHHM pa3 Gosee
TOYHBIMHU. VIcKITIOUeHHe COCTaBSIOT CIyyau BbIBOJAa OCOOBIX Y4aCTKOB
¢ 6ospuIMM yBeuyeHHeM. [103TOMy B JaHHOI KHHre He paccMaTpuBa-
10TCsl npakTuyeckue KoHCTpykuuu AIIII ¢ paspsanocTsio Gosbiueit 12,
KOTOpBbIe K TOMY ke KpaliHe peZIKO BBIIIYCKAIOTCSI B KOPITycaX C BOCEMbIO
BBIBOZIaMHU M CHaOXeHbl 10C/IeJoBaTeIbHbIM HHTepdeiicoMm.

OcHoBHOe BHHMMaHuUe B JalbHeiilieM OyzeT obpallleHO Ha TO, Kak
NOOUTBHCS yAAYHBIX Pe3yJIbTAaTOB (3a4acTyIO CaMbIMH MPOCTBIMHU CIIO-
cobamu), ucnonbays 8- unu 10-paspsigubie AILIL; ans cambix B3bI-
CKaTeJIbHBIX YUTaTeJseil IPUBOAATCS U CBefleHHs 0 12-pa3psiiHbIX aHa-
Joro-1udpoBbIX nMpeobpa3oBaTensix.

UCTOYHUKU ONOPHOIO HAMPHAXEHUA

TpanuLUHOHHBIM 3/1eMEHTOM CTaOMJIM3aTOPOB HANpsKEHUs SABJISETCS
CTabMIMTPOH, HO eMy MPUCYIIIH MHOTHE HEJOCTaTKH, He M03BOJISol1e
HCIOJIb30BaTh €ro B kayecTBe TOYHOTO UCTOYHHMKA OTOPHOTO Hamps-
XKeHUs Jaxe JUIsi 8-pa3psiIHOro aHaoro-1ugpoBoro npeobpasoBaTeis.
Jlns Tex HanpaBJIeHUH CXeMOTOXHHKH, rie TpeGyeTcsi BbICOKasi TOUHOCTh



AHAJIOTO-UN®DPOBOE NMPEOBPA3OBAHUE CUITHAJIOB 27

]e3yJILTaTOB, OBLIH paspaboTatbl ropaszio 6osee y06HbIE KOMITOHEHTBI —
HirrerpaJibHble HCTOYHUKH oropHoro Hanpsikenust (MOH).

Ha puc. 2.15 npuBenieHa kjaccuyeckasi BoJbT-aMIIepHasi XapaKTe-
puernka crabuautpona (auozna 3eHepa). HanmoMHuM, YTO NpH NpsMOM
CMCHICHHU CTaGUINTPOH BeZeT cebsi Kak OOBbIYHBII A1of, a pU 60Jib-
oM 0OpaTHOM cMellleHuu nposiBisiercs addexT 3eHepa.

ekt 3eHepa, wiu 3eHepoBckuit Mpoboii |

Mpaman
(Pa3IOBUAHOCTD JIABUHHOIO), — 3TO SBJIEHHE, seTsL
I pe3yJsibTaTe KOTOPOTO MO/l CTAHOBUTCS MPO- Vi "
NOJIILAM TIPH CMeIleHHH p-N-Tiepexosa B 06- ve
pirnoM HanpassieHud. Iloporosoe sHayenue - -
NanpsXeHus cMelleHus V,, pu KOTOPOM Mpo- seTeb
HiAsieTCs AaHHBIA 3(QEKT, HA3bIBACTCA HA-  pyc 2 15 Bonsr-amnepHas
lnpskeHneM 3eHepa WJIM HalpsKeHHeM CTa- XQpaKTEpUCTHKG
Oun3anum. CTabunMTpoHa

AHanM3 BOJIBT-aMINEpPHOM XapaKTEePUCTUKH
¢TaOMIMTPOHA ITOKA3BIBAET, YTO, C OHOM CTOPOHDI, ee U3JIOM B Touke V,
¢ OYeHb pe3KHuii, a C Jpyroil CTOpPOHBI, JeBasi HUCMAAalollasl BETBb
XUPAKTEPUCTHKHU He SIBJISieTCSl BepTUKAIbHON. Ecan k aToMy 106aBHTH,
WTO HampsiKeHHe V, CyIIECTBEHHO 3aBUCUT OT TEMINEPaTypbl H UMeeT
MMETHYIO IIYMOBYIO COCTaBJSIONIYIO, CTAaHET OYEBHJHO, YTO cTabu-
JIMTPOH HeJb3s1 OTHECTH K MPEeIIM3HOHHBIM KOMITOHEHTaM.

TakuM 06pa3oM, CTaOUJIMTPOH MPEKPacHO MOAXOAUT /S JIOOBIX
anjlay, CBSA3aHHBIX €O cTabuiaM3anueil MM peryJHpoBaHUeM Hamps-
KEHUsI TTUTAHMS, HO €ro HeJib3sl UCIOJIb30BaTh KaK 3TaJlOH B U3MEpPH-
resibHBIX pubopax niu B ALLIL. EcrecTBeHHO, CyleCTBYIOT pa3IHyHble
enocobbl yaydlleHHs XapakTepucTHK ctabuantpona. Hanpumep, npu
yBennueHnn obparHoro (paboyero) Toka paboyasi Touka yAansieTcst ot
H3/I0Ma XapaKTePUCTHKH; 9TO NMOBbIIIAET TOYHOCTD HaNpsiKeHUs V., HO
He3HAYUTEbHO. ‘

JInst GONBIIMHCTBAa MAJIOMOIHBIX CTaOMINTPOHOB paboyHit TOK co-
€TaBJIsIeT B CPE/IHEM OT HECKOJIbKUX €IMHMUIL ZI0 HECKOJIbKHX AeCATKOB
MWJLIMamIIep, YTO CyLIeCTBEHHO npeBbilaeT Tok norpebaenust ALLIL.

Ha npakTuke IWIHPOKO NPUMEHSIETCS cXeMa CTaOMJIMTPOHA C Tep-
MOKOMIIeHCaliel, B KOTOPOii MOC/e/[0BAaTeIbHO CO CTaOUTUTPOHOM
NKJII0YeH KpeMHUEBDIiT IM0J B IpsIMOM HamnpaBieHHH. VIX TemniepaTyp-
nnie kKoahpuuKeHTH GJN3KH MO BeJIUYHHE, HO IPOTUBOMOJIOXKHBI
110 3HaKy; B pe3yJbTaTe GIIOKTYalMH ToKa 060UX ANO/0B, BbI3BaHHbIE
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N3MEeHEeHHUSIMU TeMIepaTypbl, KOMIIEHCUPYIOTCS, OTHAKO M 3TOTO I10-
NpexxHeMy He[0OCTATOYHO.

HekoTopble ABYXBBIBOJHbIE WHTErpajibHble CXEMbl MOTYT JIETKO
3aMeHHUTh CTAOMJIMTPOHBDI, TIPH 3TOM OHU 0OECIIEYMBAIOT CYLIECTBEHHO
JIydine xapaktepucTuku. O/lHa U3 caMbIX CTapbIX MOJeJIell — 3TO MH-
TerpasbHblii crabunitpon TAA 550, KoTOpBIi BBIyCKaJICs B KOpIyce
tuna TO18 ¢ AByMs BbIBOZIaMM M IIMPOKO MCIIOJIb30BAJICA IS cTabu-
JIM3ALMH HANPSKEHUSI CHCTeM YyIIpaBJ/ieHUsl BApUKaNaMu B TeJIeBU30pax
(ot 31 o 35 B npu toke 10 5 MA). [Ins1 nosiyuyeHusi CTOJIb BHICOKOTO
HanpsKeHUs cTaOMIN3alMK B HeM ObLIO MPUMEHEHO HeCKOJIbKO OfIH-
HaKOBBIX [1OCJIeI0BaTeIbHO BKJIIOYEHHBIX KacKaJOB.

Komnonent LM 113 umeeT npakTuyeckd UAEHTHYHYIO KOHCTPYK-
LUIO, HO ero HOMHUHAJIbHOe HamlpsiKeHHe cocTaBiseT Toabko 1,22 B
¢ To4HOCTbIO 1%, 2% WK 5% B 3aBUCMMOCTH OT MCIOJIHEHHs, onpe-
nensieMoro GyKBOif, CTOSIIIEN TOC/e Ha3BaHUs. JTa BeJIMYMHA HaMps-
’KeHUsI OCHOBaHa Ha (pU3MYECKUX CBOMCTBAX KpeMHUs (3HaMeHHUTas
«IIHPHHA 3allpelleHHO# 30HbI») W JIETKO MOBTOPSIETCS B CEPUUHOM
1npousBo/icTBe. PekoMeHIyeMblii paboumii TOK /il 3TOTO MHTErpajibHO-
ro crabunutpona cocrasisier ot 0,5 MA 10 20 MA.

KoMnoHeHTBI M0/106HOTO THIA BBIMYCKAIOT MHOTHE W3TOTOBUTENH —
B YaCTHOCTH, MOXXHO Ha3BaTbh Mozesu ICL 8069 dupmer Intersil, AD 589
¢bupmbl Analog Devices u ap. VHTerpajibibie MCTOYHUKH OMOPHOTO
Hanpsikenust (MOH) cepnit LM 185, LM 285 u LM 385 ocHoBaHbl
Ha TOM ke (PU3NYeCKOM IPUHILIUIIE, CYIECTBYIOT TaKXKe BEPCHHU C HAMps-
xenueM 2,5 B ¢ Tounoctoio 1% u 2%. HexoTopble MCTOYHMKH BBINOJ-
HSIOTCSL B KOPIIyCcax ¢ TpeMs BBIBOJAMH, MIPU 3TOM JOMOJHUTEIbHBIN
TPeTHii BBIBOJ MO3BOJISIET NMPU HEOOXOAMMOCTH PeryJupoBaTh Iapa-
MeTpbl CTaOMIM3aTOPOB € MOMOLIBIO BHELITHETO JIeJIUTEJIs Ha Pe3UCTOpaXx.

YkasaHHbBle UCTOYHMKU OMOPHOTO HaMNpsiKeHHs 00JafaloT cleny-
IOLIMMHU OCHOBHBIMH XapaKTePUCTHKAMHU:

Pralonmil 1000 ovcciismimermsasssomminsmsiommpmessinss 20 MkA — 20 MA
JluHamMuyeckoe COnpoTHBIIEHUE

(na yacrote 20 Iy, mpu ToKe 100 MKA) ..o 1 Om
I/1C myma

(nipu Toke 100 Mk A, B mostoce 10 Iy — 10 KIT1) oo 120 mxB

JlonroBpeMeHHast HecTabOHILHOCTD

(npu Toke 100 MxA u temnepatype 25+0,1°C) ...... 20 ppm 3a 1000 u
TemneparypHblii K03 duLIHeHT

(11pH TOKE 100 MKA) .ot 150 ppm/°C
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“Iyin Gosee moporue, HO U 6Gosee cTabU/IbHBIE YCTPOWCTBA THIIA
I 1 1009 komnanuu Linear Technology n REF 25 Z xomnanun GEC
I'lewwey roske GOpMUPYIOT OMOpHOe HanpsixeHue 2,5 B, Ho ¢ ToyHOCTBIO
COOLICTCTBEHHO 0,2% ni%.

() IMCTHM TaKKe HeKOTopble KoMIoHenTsl, poacTBennbie MOH, Ho
HACIONLIC BITOJTHE OTTpe/ieJIEHHBIH TeMIiepaTypHbIil koadduuneHt. JTo,
wanpimep, LM 135, LM 235 1 LM 335, BoixonHoe HanpsikeH#e Ko-
topiix MeHsietcst Touno Ha 10 MB nipu mamMeHeHUU TeMIiepaTypbl OKpy-
aonieil cpeibl Ha OMH rpaayc. B AaHHON KHUre 3TH KOMIIOHEHTHI
(1y/1y | YIIOMHHATBCA MPH OMMCAaHWH BUPTYaJIbHBIX MPHOOPOB /IS U3Me-
|1 TeMiepatypbl (cM. raaBy 6).

OTHOCUTEJIbHbLIE UBMEPEHUSA

1K, o4eBHIHO, YTO aHasoro-1ndpoBoii peodpasoBaTesb HyKAAETCS
I OMCHb TOYHOM M CTaOMUJIBHOM HCTOYHMKE OIOPHOTO HampsiKeHHs,
(11OCUTENBHO KOTOPOro cxeMma Ipeobpa3oBaHHs OLlEHHBaeT yPOBEHb
NXO/UHOro HampskeHUsl. B Tex ciyyasix, Koria OMopHOe HarpsiKeHue
WWCTYaeT B KayecTBe 3TaJOHA, MPUHITO TOBOPUTh 06 abCOMOTHOM
1peobpa3oBaHUU.

Onnako 6bIBAIOT cJly4aH, KOrja Kakasi-TH0o u3MepseMas BeJHYMHa
MOXKeT GbITh OIIpe/ie/ieHa He B BUJIE OJIHOTO HANpSLKEHMUs], a B BHJE CO-
OTHoIeHUs ABYX HanpsikeHUt. CaMbIM OYeBU/IHBIM IIPUMEPOM SIBJISI-
¢1CS TIOTEHIIHOMETPUYECKHI JIaTYNK, HO MOXKHO IPEeICTaBUTh TaKkkKe
(IpYHHBIE JaTYNKH, MAarHUTOPE3UCTOPDI, IaTYMKH TeMIIEPaTypbl HIH
ABJIeHHs], WH, B 6oJlee IMMPOKOM IUIaHe, Jio6Obie cocoObl H3MepeHHii,
NCIOB3YIOLHe U3MEHEeHHe COTNIPOTHBJIEHHS.

Hanpsixenue na ALLIL B TakoM ciryyae mojgaeTcsi ¢ pe3MCTOpPHOTO Jie-
JIMTeIs1, IUTaeMOro OT HCTOYHHKaA OnopHoro Hanpsbkenus. [Ipu aTom z1o-
(TATOYHO HCIOJIb30BaTh OJJMH HCTOYHUK OMOPHOrO HalNpPsKEHUS U ISt
peauctoproro aenutenss AL, u a5 faTumka, yTo6bl aBTOMATHYECKH
CHATb BIUSHHUE TIOTPEUIHOCTH WM Jipeiicda onopHoro Hanpsxenus. Ta-
KM 06pa3aoM MOXKHO OYeHb TOYHO M3MePATh OTHOILEHHE HalpsKeHHi
M y3J1aX Pe3CTHBHOTO MOCTA, Ia)Ke eCJIi ONIOPHOE HalpsKeHUe He CIIUII-
KoM cTabuabHo. B 3TOM ciyyae NpUHSATO TOBOPUTb 06 OTHOCHTEbHOM
1ipeo6pa3oBaHHH. _

Ha puc. 2.16 nokasat npocToii npuMep OTHOCHTEIbHBIX U3MEPEeHH i,
i UMEHHO oIllpe/ieJieHHe TMOJIOXKEeHHSI OCH NMOTeHLMOMETpa, OTpaxaio-
lliero, cKaskeM, MIoJIoXKeHHe driorepa, repa pyJisi HIH CTBOPKH 1033,
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Vee
R4 R1 f]

Analog Vee —
R3 +IN J
Mocneposarenshpin | VO CLOCK | liuka
REF+ AUN DATA OUT AL ey R
| Grallalo LRSS
Analog | REF- |[GND
R2 -IN
GND

Puc. 2.16. Mpumep cxembl oTHOCHTENLHOMO NPEOBPA30BAHMS

Onopnoe HanpsikeHre ¢GOpMHPYETCs] HETIOCPEJICTBEHHO U3 HaIpsi-
xeHust nutaHuss VCC, o6bIyHO cTaGUIM3NpPOBaHHOTO U paBHOTO 5 B.
[IpencraBuM, uto B cxeme R4 = R1, a R3 = R2 uan yto oTHOMIEHHS
R1/R2 u R4/R3 opunakoBel. Korma mojBUKHOW KOHTaKT IOTEH-
LIIOMEeTpa HaXO[AUTCs B BepxHeM nososkeHuH, Ha BXxogax ANALOG+IN
i1 REF+ Gyzner onnHakoBoe HampsikeHue, i npeobpasoBaresib chop-
MHPYeT JBOMUHBII KOJI, COOTBETCTBYIOIIMI{ €ro 10JHOI mKase (3KBU-
BaJIEHT YKcaa 255 st 8-paspsiiHoro npeodpaszoBarelisi). B HIDKHEM 110+
JIOXKEHHH MOABHXKHOTO KOHTAKTa IIOTEHI[HOMETpa Ha HeM Oy/ieT HyJieBoe
Hanpspkenue, n AlLLL, ectectBenHo, chopmupyer Koji, COOTBETCTBY-
01U HyJeBoil BXOAHOH BeinuuHe. PeayibraT naMepeHust Mexuay =
yKa3aHHBIMHM KPalHIMH ToYKaMi Gy1eT OYeHb TOYHO OTpPaskaTh YIJIOBOE
10J10’)KeHHe MOABHXXHOTO KOHTAKTa MPH YCJOBHH, YTO 3TOT 110TEHIIHO-
MeTp NPelH3HOHHbII 1 HMeeT JHHEHHYIO XapaKTepHCTHKY.

Eciin HanpsixeHue nurauus yMeHbnTes 10 4,5 B win yseanuurcs
10 5,5 B (4TO COOTBETCTBYET AECATHIPOLEHTHOI MOTPEIIHOCTH), 3TO
M3MeHeHHUe MOBIHAeT Ha IIOTeHIHa/bl 1 Ha U3MePUTeJIbHOM, U Ha OIop-
HOM BXOJIaX Npeofpa3soBareJisi, a X Pa3HOCTb OCTAHETCs TIPEKHEN.

Jlannas cxema nosBoJigeT BBeCTH MONPaBoYHble KO DIIHEHTbI ITyTeM
M3MEHeHHs! BeIMYIHBI CONPOTUBIIEHNS pe3ncTopa R4. Dto HeobXoammo,
B YaCTHOCTH, IIOTOMY, YTO MeXaHHYeCKUil XOJ ITO/BHKHOIO KOHTaKTa
(yros noBopoTa ocu) 0ObIYHOTO MOTEHIIHOMeTpa MeHbIe 360°.

NMPEOBPA30BAHUE
OTPULATEJIbHbIX BXOAHbIX HANPAXXEHUW

BoapuinHCeTBO NpocThiX aHastoro-uugpoBbIX npeobpasoBarelieil npej-
Ha3HayeHo Uil paboThl ¢ BXOJIHBIMH HAIlPsKeHUSIMH B iHanasone ot 0 B
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A0 BeJIMUMHBI MEHBIIEH WM PaBHOIT ONIOPHOMY Hallps:KeHUI0, KOTOpoe
It ¢ 1010 OUepe/Ib MeHbILe WM PaBHO HANPSKEHUIO TUTAHUS.

Besikoe BXOIMHOE HampsiKeHHe, MeHblllee HaNpsKeHUs Ha BXojle
RIEE -, npeobpasyercsi Ha BBIXOJle B KO, COOTBETCTBYIOUIMH HYJIIO,
i Hanpsikenue, 6osbliee HanpsbkeHus: Ha Bxoae REF+, onpenensiercs
WAl panioe HampsikeHnto nosHoit mkaabt AL

Ananoro-udposble npeobpasoBaten, crnocobHble o6pabaTbiBaTh
O1piiaTeIbHOE BXOIHOe HampshkeHue, GopMHUPYIOT Ha BBIXOJE Pe3yJib-
{1 1peobpasoBaHusl «CO 3HAKOM», TO eCThb 0ObIYHbIE IBOUYHbIE CJIOBA,
¢ tapiinit pa3psii KOTOPBIX YKa3bIBaeT MOJIIPHOCTD.

N paspsaHblii IpeoGpa3oBaTesib «CO 3HAKOM» OyJleT B TakoM ciyyae
METH TOTbKO 7 pasps/IoB JUIsl TIPe/ICTaBIeHNs abCOMIOTHOI BeJTHYMHBI
IAMEPSIeMOTO0 3HaUeH s, a 3TOTO MOXET 0Ka3aThCsl HeJIOCTaTOYHO (Bcero
| 28 BO3MOXXHBIX YPOBHE! KBAaHTOBaHHS ).

licim namepsieMoe BXOJHOe HamnpsikeHHe Bcer/la siBJIsAeTCs OTpUla-
[e/IbHOI BeTMYMHOI, caMoe MpocToe peleHne MpobaeMbl 3aKII0YaeTcs
Il llepeMere MecT BxozHoro i obutero BeiBoioB AILII, kak aTo nenaercs
¢0 wynamu Joboro crpenoyHoro tecrepa. Ho Takum o6pasoM HeJsb3s
nabexarsb nmpobsieMsl TPH U3MePEHUH MepeMeHHOro BXOJIHOTO Hampsi-
MEHUS C HyJIeBbIM CPEeJHUM 3HadyeHHeM, KOTopoe HHTepecHo o6paba-
IWBATh B TAKMX NPHJIOKEHHSX, KaK BUPTYaJbHbIH oclu/iorpad, aHamu-
ANTOP CTIEKTPa, WK JKe C LeJIbI0 U3MepeHNs! MCTHHHBIX 3((eKTHBHBIX
anavenuii (cpeaHexBanpatuyHoe uau RMS).

[Ipocreiimuit BBIXOA COCTOMT B 00aBJeHHWH K BXOJAHOMY Hamps-
MEHUIO TIOCTOSSHHOTO HANpsiKeHUsl cCMelleHus; HHaye roBops, Halo
UMCCTUTb «HOJIb» Ha BEJMYUHY, He MEHbIUIYIO ITMKOBOIO 3Ha4YeHHUs
HMepseMOro CHrHaia. B HEKOTOPBIX CIydyasiX 3TO MOXKHO ClesaTh,
floc/IeI0BaTeIbHO MOAKIIOUNB Gatapeiiky, Ho GoJiee pa3yMHO NpHMe-
NUTH CYMMHPYIOLLYIO cXeMy Ha 6a3e onepallMOHHOIO YCHJIHMTEIS.

Ecau aMIuIMTy1a M3MepsieMOro CUTHajla MaJja 110 CPaBHEHHIO C MoJI-
noit mkanoi ALLIT, MOXHO BBECTH B CXeMY JONOJHUTE IbHbIA BXOLHO#M
yenautess, ITOT caydaii 6yeT paccMOTpeH B Iiiase 6.

YCTPOACTBA HOPMUPOBAHUSA CUIHAJIOB

(6bYHO YCTPOICTBOM HOPMHPOBaHHS CHTHANOB Ha3blBalOT JM00YIO
¢XeMy, BKaovyeHHylo Ha Bxoje AILIl u npexHasHaueHHyio AJs corfa-
COBAHUSI €ro XapaKTePUCTHK € XapaKTePUCTHKaMH M IlapaMeTpaMu
nerounnka wamepseMbix curianoB. MYHKIUM TaKMX YCTPOHCTB MOTYT
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ObITb ropas/io CJIOXHEee, YeM MPOCTOM CABHI YPOBHS WM JOMOJIHH-
TeJIbHOe YCHUJIeHHe, KOTopble TpeOyIoTCs B pUMepax, IpeCTaBlIeHHbIX
Ha puC. 2.17 (u3MeHeHue HanpsikeHUs V B 3aBHCUMOCTH OT 3HaYeHUS
¢dbusuyeckoit Besnuunst G).

Hepenko ycTpoiicTBO HOpMUPOBaHMS JIOJIKHO BbINOJIHATH Npeobpa-
30BaHHe «TOK-HaIpsXeHHe», OJIHO- UM JABYXIIOJIYIePHOLHOE BITIPSIM-
JieHHe, GUIIBTPALMIO WM AaXke Npeobpa3oBaHHe H3MEHEHHH eMKOCTH
UJIY MHAYKTHMBHOCTU B U3MEHEHHe IIOCTOSIHHOIO HampsikeHus. Tak,
TepMonapbl TpebyloT koMneHcaluu 3¢ dexra «X0M0AHOro cras», a Mpu
paboTe ¢ MOCTOBBIMM JaTYUKaMH HeoOXoAnMO Haauuue AuddepeH-
uMajabHoro Bxoza. Hexoropble aTyuku ¢ HeJMHETHBIMU XapaKTepHC-
THKaMU (HalmpuMep, TePMOPE3UCTOPBI), /[Ba NpHMepa KOTOPBIX MpH-
BeJleHbl Ha pUc. 2.18, TpebyIoT JIMHeapu3alluy 110 JOCTATOYHO CIOXKHBIM
MaTeMaTHYeCKUM 3aKOHaM.

B TakoM ciydyae 06BIYHO MCMOJIB3YIOT Kak aHAJIOIOBYIO KOPPEKIHIO,
BBIMOJHAEMYIO CXeMaMH B YCTPOICTBE HOPMUPOBaH U, Tak U IU(PPOBYIO
KOPPEeKLHIO, BBIIIONHSAEMYIO IPOrPAaMMHO B TIpoliecce 06paboTKH Bbl-
XoAHBIX faHHbIX ALLIL

v ®) vh ®
A
A
G G
Puc. 2.17. [lsa npumepa . Puc. 2.18. [lsa npumepa

JINHENHBIX 3ABUCUMOCTEH HENMHEHHbIX 3aBUCUMOCTEHN
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Briosine BoaMoskHoO npeBpatuth IBM-coBmectimelit [1K B BUpTyanbHblii
M3MepHUTeIbHBII MPHOOP, He c/le/IaB HH.ONHOI NeYaTHOI IJIaThl U He Ha-
nHcaB HU O/IHOH CTPOUkH nporpaMMbl. CylecTBYIOT FOTOBbIE pellieHus!
«I10J] KJIIOY», CTOSIIIIE OT HECKOJIKUX JIECSITKOB /10 HECKOJBKHX ThICSY
N0JIIapOB B 3aBUCHMOCTH OT INpe/iJlaraéMbIX BO3MOXKHOCTEN.

CaMmble J1yyinyie U3 HUX J1aJ1€KO TIPeBOCXOASAT BO3MOKHOCTH OOBIYHBIX
M3MepUTeJbHBIX MPHOOPOB, a caMble 3KOHOMHYHbIE PELIEHUS] YacTo
YAMBJSAIOT IUPOTON UX NMOTEHLUAJILHBIX TPUIOKEHUH.

MHTEP®ENCHBLIE NNATbI BHYTPEHHEO UCMOJIHEHUS

YctpoiicTBa, BbINOJIHEHHble Ha TJaTaX, KOTOpble YCTaHaBIMBAIOTCS
B cJ0Thl MaTepuHckoi muatsl I1K, Mo3BoasioT AocTHYb B peajbHOM
Macutabe BpeMeHH YacTOThl AMCKPETH3AllUU B HECKOIbKO JECSTKOB
Merarepl M pa3psfHocty 16 uam 24, npuyeM 4acTo A/t HECKOJBKHX
BXO/IHBIX KaHAJIOB OJIHOBPEMEHHO.

ITH YCTPONCTBA XKECTKO MOJAKIIOYEHBI K IIHHE 1leHTPAJbHOTO Mpo-
1ieccopa M MOTYT paboTaTbh B pesKUMe IMPSIMOTO JOCTYMa K MaMsTH
(TITAII - DMA), a cnefoBatesIbHO, TIOJHOCTBIO HCIIOJIb30BaTh BO3MOJXK-
HOCTH caMbIX OBICTPBIX MnpoiieccopoB. Jlyyiine Moaenu Aaxe MOTYT
6bITh cHabOXkeHbl Oy(depHOit MaMsAThIO 06BEMOM 10 HECKOJIBKHX Mera-
6aiiToB, 1103BOJIAIONIEl PErHCTPHPOBATh CaMble GBICTPbIE IPOIIECCHI B pe-
alIbHOM MaciuTabe BpeMeHH.

Komnaunus National Instruments Bcerza 6bl1a THOHEPOM B JaHHON
cdepe U ceityac mo-npexHeMy 3aHMMaeT JUANPYIOLMe TO3ULIUH B 3TON
obsacTu pbiHKa, CTaBlleil B HacTosillee BpeMsi MOJeM jKecToyaiureit
KOHKYPEHLH.

TpaanuMoHHBIMU TOTPeOUTENAMHM YKa3aHHON KaTeropuu U3aeaunit
B Pa3BUTBIX CTPaHax SIBJSIOTCS IIPOMBILIIEHHbIE OTPAC/IU M Hay4Hble
OpraHu3alMy, HHaye TOBOPS, MOTPeOUTeNH, KOTOpble He 3IKOHOMSAT Ha
CpelCTBax, MO3BOJISIOUNX NOJAYYUTh METPOJOTHYECKH Oe3ynpeyHble
peayJIbTaThl.

BHEWHWE UHTEP®ENCHbLIE YCTPONCTBA

B cayyasx, xorza 6picTpoeiicTBHe He MMeeT IepBOCTENEHHOro 3Ha-
YeHMs, DJIETAaHTHOE U 3KOHOMHMYHOE pellleHue NPeACTaBASIOT BHElUIHHE
uHTepdeiicHble ycTpoiicTBa, noakawoyaeMble K [1K yepes nocienosa-
TeJbHbIA WK napajiesibHblil mopTol. K aToMy T HHTepdeiicoB MOX-
HO oTHecTH Kax MMHMaTiopHblit ALIII, pacnosoxxeHHbiit B Kopmyce
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pronema DB25, Tak M Knaccuyeckuii MyJIsTUMETp, cCHaOKeHHBbIH pasbe-
MoM RS232, a Takske HacTOJBHBIN MPUOOP, UMEIOLIMIT HA KopIyce He-
(KOJILKO Pa3beMOB U OPraHOB YIIPaBJIeHUSI.

(bupma National Instruments npeiiaraeT opuriHasbHOe pellieHue, Ha-
LO/bIIeeest TIocepeinHe MesKly IByMsl YKa3aHHBIMHM BapHaHTaMU U Iipe-
ikpieiio noaxoasiee st nopratuBHelx [TK. Bupryanpustit MyastuMerp,
popnOoTanHbiii 3Toi dupMmoii, BeimosHen B Buzte kapthl PCMCIA,
YO IMIOBNTB KOTOPYIO TaK K€ TIPOCTO, KaK BCTABUTD JIMCKETY B IMCKOBOJ,
KM e [lapaMeTpbl He YCTYNAloT MHOTUM OJHOKaHAJIbHBIM IlJIaTaM,
LS HAYEHHBIM JIUTSE BHYTPEeHHEero MoHTaxa. /[uanoroBoe 0KHO MyJIb-
fHMOTPa oka3aHo Ha puc. 3.1.

-~ TRIGGER
Source Slope. Level

cio POS £iE
EXT NEG ;@;

PPHUGRAM CONTROL

RETURN [F4)

Puc, 3.1. [lnanorosoe okHo supTyansHoro mynstumetpa ¢upmsl National Instruments

CHANNEL POSITION ’
Time Base, . Volts/Div. -

10 ms/div

L'
i :
AxB- S

Hmazdve 20 roctde’

AT

AHANOIO-UNPPOBLIE MPEOBPA30BATEJTU
ADC 10 U ADC 12

Epesn Mozeneii, npeasiaraeMblX B BUJie BHEIINUX WHTepdeiicoB, MU-
Hinriophble ananoro-iudpossie npeobpasosarenn ADC 10 u ADC 12
womnanun PICO Technology moabayiorcs 60sbiioii momyJssipHOCTBIO.
Hpuunnoii ToMy CIyKHUT UCKJIIOYHTENbHAsE MPOCTOTa UX NMPUMEHEHUs
i pocrynnas neda. ADC 10 u ADC 12 npezactaBasiioT 3aMeyaTesIbHYIO
NOAMOXKHOCTD 106aBJIEHHS OJTHOTO MJIM HECKOJIBKUX AHAJIOTOBBIX BXO/IOB
It nobomy TIK.
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ITporpammHoe obecneyeHue, MOCTaBIsieMOe B KOMILJIEKTe C JaHHbIMH
AIlII, cpasy mpeBpalliaeT, KOMIbIOTEpP B UH(POBOI MYJIBTUMETP, 3aMO-
MHUHaIMI ocuuorpad, aHaJIu3aTop CleKTpa U Jaxke B JEHTOYHbIN
perucrTparop (caMomnucel), pHYeM Bce 3TH BUPTYyasbHble MPHOOPHI
paboTaloT ¢ CUTHAJIAMH B 10JIOCE YAaCTOT OT HyJIs1 (IIOCTOSIHHBIIA TOK) 110
HECKOJIbKUX KHJIOTepIL.

[Tono6Hoe o6opyOBaHKe NPH HATUYHUU COOTBETCTBYIOLIUX JaTYUKOB
M YCTPOUCTB HOPMHUPOBAHHUS OTJIUYHO IOAXOJUT /I UBMEPEHHS U pe-
FHUCTPAllMU CaMbIX Pa3HbIX (HU3NYecKHX mapaMeTpoB. KoHKpeTHbIe Tex-
HUYECKHe pellieHHst MoAPOoOHO paccMaTpUBAlOTCs B IJ1aBe 6.

Puc. 3.2. Brewnwit sug AUIM ADC 10 u ADC 12

Konuenuus, pazpaborannas 6puranckoii komnanueit PICO Techno-
logy, Becbma opurunanbha: AIII ADC 10 u ADC 12 BpimosiHeHbl
B Bujie npoctoro pazbema DB25 (puc. 3.2). [loakaiouenye aHaJI0roBOro
CHMIHaJIa OCYIIECTBJISIETCS C TIOMOIIbIO Kabesist yepe3 pazbeM THIa BNC
(CP50-73).

JlocTaTOYHO BCTaBUTh OJMH M3 3THX NMPHOOPOB B pa3beM Mapal-
nenpHoro mopra (LPT1 uau LPT2), yTo6bl npeBpaTHTh MOCTEAHUIA
B aHAJIOTOBBIN BXOJ C iMana3oHoM Hanpsikenuii ot 0 1o 5 B. He HyxHO
nu Garapeif, HM APYToro BHEIIHEro MCTOYHMKA MUTAHMUs, Tak KaK caMm
AIIIT 1 ero MCTOYHHUK ONOPHOTO HATIPSKEHHSI TTOTPEOJISIIOT CTOIb MAJIo
9HEPTHH, YTO MUTAIOTCSI OT TeX lieneii Mepefayn JaHHBIX, KOTOpble He
3ajeiictBoBa4n s cBsasu ¢ [1K. Hago nunib 3anycTutb nporpamMmy
PICOSCOPE, nocrasisemyio BmMecte ¢ ALLII, yto6bl cpa3y ke mouy-
4YuTh 1IMGPOBOIT BOJIBTMETP, 3aNIOMHHAIOLIMIT ocLiu/Iorpadg ¥ aHaIH-
3aTop CIeKTpa.

[pennaraemsiii otaenbHo naker PICOLOG nosBosisiet, B cBOIO oye-
pellb, IPOBOJIMTH PETMCTPALIMIO IHHAMUKHU MeIEHHBIX npoleccoB. On
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o6JtaJaeT Tak)ke MHOTHMHM IPYTMMH BO3MOXKHOCTSIMH, KOTOpble GyayT
1oApoOHO pacCMOTPEHBI B IJIaBe 5.

KoneuHo, He cieflyeT pacCYMThIBaTh Ha TO, YTO 3a HECKOJIBKO Jie-
¢HTKOB JI0JIIAPOB MOXKHO TMOJYYHTh 9KBUBaJeHT npubopa, crosiuero
I IHICSYH pa3 IopoXe.

()cHOBHbIE OTPaHUYEHHUS HA IPUMEHEHHe pacCMaTPUBaeMbIX YCTPOMCTB
HAIJEILIBAIOT MAKCHMa/IbHasl YacToTa AMCKpeTH3aluH (10 25 KIir) 1 ennH-
CTWeHHBII AUana3oH BXoAHbIX Hanpsbkenuit (0-5 B). Ilpasaa, cienyer
('IMCTHTB, YTO BXOJ 3alllMilieH OT mneperpy3ok no 30 B.

D4
LI = o3
e o ?54148 ' ' e '
10 0,1
oF l HF -L ) 15kQ BAT42
D3 .
REF25Z = C3 |} T ! 4.9 D2..D7
R2 01uF L 9REF+ Voo p— 5
. IN GKE—10) 00
(o REF- DOUT-——@3 BUSY
J S ’ D1 GND CST__a@ D1
(]) Bne  |§ R1 A 1N4148 = > ~—@ GND
K pasbemy
— DB25
Bxoq E (0... +5B) (LPT1: wm LPT2:)

Puc. 3.3. YnpouwenHas cxema AUMADC 10 u ADC 12

Takum o6pa3oM, st GOJNBUINHCTBA NMPAKTHYECKHX MPHJIOKEHHI
aroro npubopa moHano6uTcsi 106aBHTH YCTPOHNCTBO HOPMHPOBAHMUSA
¢MI'Haja, B KayecTBe XOTOPOTO MOXeT BBICTYIHUTh IPOCTas rajbBaHU-
Weckasi Gatapeiika, pe3UCTOPHBIN lle/IMTe b HallpsiXKeHHUs], KOHJleHC a-
1O] WM OTIEPALIMOHHBIN YCHIUTE/b C HECKOIILKUMHU Pe3HCTOPaMH.

Hwke npuBeaeHs! paiiBepbl, KOTOPbIE MO3BOJIAT JIETKO MUCATh IPO-
IPAMMBI 151 pellleHus Jio6oit KOHKpeTHo#t 3ajauu U Ha sisbike BASIC,
i na sissike PASCAL, u Ha ssbike C. DTH BONpOCH Mopo6HO ocBe-
HAIOTCs B TIaBe 5.

Ha puc. 3.3 npuBenena ynpoiueHHasi npuHIMnHaibhas cxema ALLTI
ADC 10 u ADC 12, a Ha puc. 3.4 nokasaHa KOHCTPYKIMs 3TUX U3/Ie/Hil.
I1pu ouyeBUIHOI TPOCTOTE TEXHUYECKOTO pellieHHsi BO3MOXKHOCTH H3Me-
HTEIbHOI CHCTEMBI B 3HAYMTENIbHOM Mepe ONpe/IesISIOTCs ee TIPOrpamMM-
HM obecrieyeHueM.

ITa cxeMa SIBJSIETCS XOPOIIUM NPUMepOM NIPUMEHEHUSI MUHHUATIOP-
X aHaJIOro-UM(POBBIX MpeobpasoBaTesiell ¢ BHIBOAOM HH(pOpMALHH
I 110CJIe/I0BaTeIbHOM KOJIe, PACCMOTPEHHBIX B IJiaBe 2. OpUTrHHaJIbHOCTD
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Puc. 3.4. Konctpyxuns AUM ADC10 w ADCI2

cXeMbl B TOM, UTO OIIOpPHOE HanpsuKeHue B Heil cocrapasier 2.5 B,
a BXO,THOe HaNpsikeHHe JeJUTCH Ha 2 IS MOJAYYCH IS MOJAHOM 1Kabl
verpoiictBa B 0-5 B. [loaoGHasi XUTPOCTb 1103BOJISET, KPOME TOTO,
BeecbMa 3GeKTHBHO M ¢ MaJbIMH 3aTpataMu 3amntiTb BXoj AT
OT 1ICPCIPY30K, a TakkKe 0O00HTHCH /LI MHTaHHS YCTPOICTBA HallpsikKe-
HueM okoio 5 B, noayyaemsim ot eneii nHpopMauMOHHbIX AanHblX
fMapajijieabHoro nopra. /[7iss 3Toro Ha COOTBETCTBYIOMMX BbIXO,1aX
MopTa MPOrpaMMHO YCTAHABAHBAIOTCSA HANPSDKEHUS BBICOKOTO J10TH-
YCCKOTO VPOBHSA.

Ananoro-umngpossie npeodpasosarean ADC 10 u ADC 12 pasin-
qarnTea Mesky coboil pa3psaaHocThio (cooTBeTCTBEHHO 8 M 12 pa3psijion)
H BXOIHDBIM conpoTuBieHueM (cooTBeTcTBeHHO 200 KOM u 66 1KO).
Kpome 3Toro, Moztenn MoXHO pa3iiiuMTh 110 uBeTy Kopnyca. Ha npaktiike
clIeAyeT YYHTBIBaTh YKasaHHbIC BCJHYMHbBI BXOAHBIX COIPOTHBICHITIT,
€CJN TIJIAaHHPYeTCs HCIO/Ib30BATh CTAHAAPTHBIE IYITBI C JIEAHTESIMH,

Bosuukaet co6:nasn cpasy npeanouects ADC 12, a ve ADC 10, n no-
Jy4uTh pa3peluienue B 4096 Touek no npuemsiemoii nede. Ho ne nee rax
npocto!

IIpexxae Bcero, Haflo OTMETHTH, UTO Nepeaada 12 6uT B noc/e0-
BaTeJbHOM KoJle 3aHHMaeT Kak MMHUMYM Ha 50% Oosibuie Bpeme-
HH, yeM nepeziaya 8 6ut. OT 3TOr0 CHJIBHO 3aBHCHT BEPXHHil 1pejie
YacTOThl AUCKPETH3ALHH, 2 OH JIOJDKEH OBITh Kak MOXKHO O0JLIIIM...
Kpowme Toro, ciienyeT yuyecTb, YTO TOYHOCTb APYIHX KOMIIOHEHTOR (XO-
75 OBl BXOJIHOTO JleNinTelisi) cocTaBisieT 1%. ITO COOTBETCTBYCT pa3-
pemenHio B 256 Toyek (8 pa3psiioB), HO HEAOCTATOYHO JUISE TOMHOCTH
0,025%, coorBercTBylomleii paspemernio B 4096 Touek (12 paspsiion).
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BoabwnkucrBo ocunanorpados ¢ uHgpoBoii NaMATbLIO HMEIOT TOY-
HOCTB 1ML OT 2% 110 4% W pa3spellelie Ha YPOBHe 8 pa3psioB, 3aTO
OHH pabOTAKOT MPH YACTOTAX BXOAHBIX CHIHAJIOB /10 JIECATKOB Merarepll.

[naBHbiit aprymeHT B noib3y ADC 12 cocTOHT B TOM, YTO €ro TouY-
HocTb 1% obecneuyunBaeTcs Aaxke /IS BXOJIHOIO HanpspKeHHs, CyLlecT-
BEHHO MeHbIlero NsTH Boabr. /leicTBUTE/IbHO, IIAT KBAHTOBAaHHS 3TOrO
AILIT cocrasasier 1,2 MB, B To Bpemst kak y ADC 10 on pasen 20 MB
(TeopeTHueckoe 0DOCHOBaHHE JaHHOIO (hakTa MPUBEJACHO B T/1aBe 2).
CnenoBaresibHo, B AHalna3oHe BXoAHbIX Hanpsikenuit 0 B — 300 B
aHasioro-1ngposoii npeodpasosarens ADC 12 Gyaer Takum xe Tod-
HbiM, kKak ADC 10 B utanazone ot 0 B 10 5 B. 3ameTuM, yT0o MOXkHO 10C-
THYb TOTO ke pe3y.ibTata H ¢ nomoursio ADC 10, cnabaus ero peryau-
pyeMbIM ycHauTeaeM. IToT cnocod Gynet paccMoTpeH B 1u1aBe 6.

APYITME KOMMOHEHTbI 3TON CEPUM

Komnauns PICO Technology, pactionokennas B 0o6acti, KOTOpPYIO
OOBIKHOBEHHO Ha3bIBaloT aHrauiickoit Kpemuuesoii JloanHoit (B ok-
pectHocTsax Kembpika), yike MHOTO JleT cieltHasinanpyercs Ha npubo-
POCTPOEHHH U cHcTeMax cOopa H 00pabOTKH JaHHBIX.

Uaneans ADC 10 u ADC 12 - smb 18a oOpa3iia H3 BCero MHOro-
o6pasusi MPOAYKTOB, pa3padoTaHHBIX KOMMNaHitell, XOTS OpUIHHAb-
HOCTb Ha3BaHHBIX PHOOPOB cenana HX OecTcesepami.

KpoMe aTHX ABYX OTHOKaHANbHbBIX YCTpOiicTB Hano otMeTuTh ADC 11
(11-kananbHbiil, 10-paspsaunii), ADC 16 (8-kanasibHblil, 8- nau 16-
paspsazanblit), ADC 100 (2-xananbubiii, 12-paspsanmiii), ADC 200
(2-xaHanbHbI, 8-pa3psanblil, ¢ yacToToM AMCKpeTH3auuy o 100 MIw).

3a uckaodeHHeM ADC 11, koTopslii CTOMT CTOJILKO e, CKOJIbKO
ADC 12, 1 uMeeT yacToTy Auckpetnsauun ao 15 kI, obractb npu-
MeHeHHs TepeyncyeHHbIX npubopoB coBcem HHas. [lelicTBUTENBHO,
YacToTa AMCKPETH3allH CHJIbHO 3aBUCHT OT YHMCJa BXOAHBIX KaHa10B
U pa3pafHOCTH npeofpa3oBatens. Hanpumep, uMesi 4acToTy auckpe-
ti3auuu 2 Iu npu 16-paspsinnom 1 300 ['u npu 8-paspsiatoM pexume,
ADC 16 moxer obpabarpiBaTh JHIIb OYeHb MeJIEHHbIE NMPOLECCHI.
Ho npu BxonHoM conporusiedun 1 MOM, 1nana3oHe BXOAHOIO CHI-
Hazia oT —2,5 B 1o +2,5 B n Bo3aMoxHOCTH opranu3saunu aupdepeHuu-
aJIbHBIX BXOJOB €ro MOXKHO NMPHUMEHSTD VI CaMbIX «TOHKHMX» NPHJIQ-
)KeHUH, TAKUX Kak XxpoMaTtorpadus HJIH U3MepeHHe GHONOTeHLHANIOB.

Ananoro-undposoit npeobpasosaresr ADC 100 sacayxuaet 60-
nee moApoOHOTO onycaHMs, B YaCTHOCTH MOTOMY, YTO OH 3aMeTHO
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npesocxoaurt 1o napamerpaMm ADC 10 (1o cTouT npu atom B nsATh pas
aopoxe) naaxe ADC 12. OyeBHAHO, YTO €ro MOXKHO NPUMEHSATH
B Gosiee cepbe3HbIX o6macTsIX. BhinosiHeHHBIN B MIaCTHKOBOM KOpIyce
(puc. 3.5), koTopblii yno6Hee 1o cpaBHEHHIO ¢ KOpITycoM pasbema DB25,
ALII ADC 100 umeer ropaszio Gosiee CJIOKHYIO CXeMy, YeM ero mpej-
IIeCTBEHHUKH, TaK KaK ero KOHCTPYKLMS He OrpaHHYeHa TpeGoBaHUsIMH
MHHHATIOPU3AIUH.

Ha npuseznennoit ¢otorpaduu BHAHO, YTO psAAOM C ABYMS pa3sb-
emamu BNC pacrosioxkeHbl Ba KHOTIOYHBIX TlepeKyioyaTess, KOMMY-
THPYIOLIMX OTKPBITOE M 3aKkpbiToe coctosgHue Bxona (AC/DC). Kak
u m060# ocuusLorpad, mpubop MokeT paboTaTh U € OTKPHITHIM BXOZIOM,
1 yepe3 KOH/IeHCATOp, NPeNATCTBYIOUUI IIPOXOKAEHUIO TTOCTOSTHHOI
COCTaBJSIOIIEH BXOAHOTO CHIHala. Ta BO3MOXKHOCTD, IpeCTaBs-
olasi B Adanazode 0-5 B numb oTHOCHTEIbHDIH MHTEpPEC, B JaHHOM
cjllyyae MOJIHOCTbIO omnpasjaHa, nockojabky ADC 100 paGoraer kak
C MOJIOXKUTEJIbHBIMH, TaK U C OTPUILIATeIbHBIMU BXOJIHBIMH HaIPsXKeHH-
siMu. Bosiee Toro, on MMeeT ceMb NpeJiesIoB U3MepeHUs, BbIOHPaeMBbIX
nporpammHuo: +200 MB, +500 MB, +1 B, +2 B, +5 B, +10 B u +20 B.
Braronaps BXoHOMY cONpoTHBIIEHNIO, cOCTaBsA©EMY poBHO 1 MOM
Ha BCeX Ipe/iesiax, 10CTaTOYHO J1I060ro CTaHAapTHOTO LIy ¢ e TUTeIeM
1:10 ana nomyyenus ronoaHUTENbHOTO Tpesena +200 B.

Takum o6pasom, AL ADC 100, umeromuii 4096 ypoBHeii kBaHTO-
Banust (2048 ana nonoxuresnbHbIX 1 2048 11 OTpULATEIbHBIX HANIPS-
)KeHMit), o6J1ajiaeT pu U3MepeHuHu Hanpsixkenus 25 MB Ha Bxojie To# ke
TOYHOCTBI0, YTO0 U ADC 10 npu uamepenun Hanpsikenus 5 B. Jlump
B PeIKHX Cly4asX MOXeT MOHaZoOMTbCs Ao0aBjieHHe Ha ero BXOJe
KaKOro-JM60 BHELIHEro yCHINTEIs.

B cranapapthyio mocrabky ADC 100 BXoAsT makeThl Nporpamm
PICOSCOPE u PICOLOG, kotopble noaiepKuBaioT ero J0N0JTHU-
TeJibHble BO3MOXKHOCTH. Hanpumep, ocunmnorpag PICOSCOPE ss-
JisieTcsl AByXKaHaJIbHbIM M MOXeT paboTaTh faxe B pexnume «X—-Y»
1st hopmupoBanua ¢uryp Jluccaxy. Ero Takxke MoskHO HCII0/I30BaTh
B kayecTBe Xapaktepuorpacda JUIsi CHATHSI BOJIbT-aMIIePHBIX XapaKTe-
puctuk (BAX) nonynpoBoH1KoBbIX TPHGOPOB HIIH KaK «aHATM3ATOP
CHTHATYp» TeX YCTPOWCTB, /11 KOTOPBIX OTCYTCTBYIOT IPUHIMITHAb-
Hbl€ CXEMBI.

IIpu o6paboTke CHrHAJIOB OHOBPEMEHHO B 060MX KaHa/IaX peaibHast
yacToTa AUCKpeTHsauuu aocturaer 53 ki (npu ucnoapsoanumn 1K
¢ nipotteccopom 386SX25). ITo o3Hayaert, yTo curHa ¢ yactotoii 10 ki,



[TPOMBbILLIIEHHBIE U3ESINS 4]

Puc. 3.5. Brewnwii sug nnatsl ALIMT ADC 100

(IPAAMOYTOIbHBIN MM JaXke TPeyroJIbHbIH, Gy/leT CHAbHO HCKakeH (HO
TeM He MeHee TIPUTOJIeH /UIs OLleHKH, B OTJIMYKE OT CHUTYaLMH C UCTIOJIb-
nosannem ALII ADC 10 u ADC 12).

B onHOKaHAJIbHOM peXHMe TIPH TeX jKe YCJIOBHSAX JI0CTHXKHMA Yac-
rora quckpernsauu 106 kI (1o 120 k[t npu Mcnonb3oBaHKUH MPoO-
leccopa 486/66 MI1), MOCKOJIbKY HET pas/ie/ieHUsi pecypcoB Mexay
kananamu. ITpsmoyroabhbiil curnan ¢ yacroroit 10 kI'u B takom cayyae
(y1eT oTo6paXkeH MPaBUIILHO, BOSMOXKHO, € UyTh MeHee KPYThIMH (PPOH-
[AMH, YeM Ha CaMOM JieJie.

Yro kacaeTcs BepxHero npejeJia yactornoro auanasona ADC 100, To
011 06beKTHBHO JeKUT B obsiacTu ot 8 1o 12 kI, Torna kak, npuMeHsis
ADC 10, enBa n yaactesi nepemaraytb pybex 2-3 kI

WHaye 06CTOUT €10 TipH paboTe ¢ BUPTYaIbHbIM aHATH3ATOPOM CIeK-
Tpa, TaKk KaK B 3TOM cayyae He TpebyeTcst TOUHO BOCCTaHABIUBATh (POPMY
¢HrHAta, a cJeyeT BBIIOJHUTh aIrOpPUTM ObICTporo mpeobpasoBaHmsi
(Mypoe (BIID — FFT). Ha npakTrke MOXHO MOIy4aTh CNEKTPhI CUTHAJIOB
i nosoce mupuHoi 10 30—-40 kI, a 3T0 3HAYMT, YTO 110JI0CA 3BYKOBBIX
yacrot 20 Tt — 20 kIt nepexpbiBaeTcst noJHoOcTbIO. KeTaTh, MOXKHO O4eHb
TOUHO BBIEJMTH cocTaBsiionyio nunoT-curdana 19 kI B cnekrpe pa-
JMoBemaTebHoro kommuekcHoro crepeocurnaia cucrembl CCIR.

[ludppoBoil BUPTYaNbHBIIl MYJILTUMETP TakXKe UMeeT J0NOJTHUTEb-
jible BO3MOKHOCTH. [[J1s1 0JTy4eHust cpe/iHeKBaipaTUYHOTO BOJIBTMETPA
Tenepb He HY)KHO YCTPOICTBO HOPMMPOBaHHS, a PeKHM YacToTOMepa
103BOJISIET NPOBOJIMTDL TOYHellINe U3MepeH sl OCHOBHOM rapMOHHKH
¢ vactoroii 10 30 k1. 1o 6yIeT OTJIHYHBIM J0TOJTHEHHEM aHaJIn3aTopa
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CIIeKTPa, KOTOPBIH MOKa3bIBaeT BhICIIME TAPMOHMKHU B CIIEKTPe BXOJ-
HOTO CHUTHAJIA.

IIpu 5TOM B pa3anyHBIX peXXMMaxX Ha dKpaH MOXHO OJHOBPEMEHHO
BBIBECTH /10 LIIECTH HHAMKATOPOB, TO €CTh 110 TPH MHAMKATOPA Ha KaHAJI:
BOJIBTMETP MOCTOSIHHOTO TOKA, CPeIHEeKBaiPaTHYHBIIl BOJIBTMETP U Yac-
ToToMep. B 0coGeHHBIX cliyyasix MeeTcsi BO3MOXHOCTb peobpa3oBaTh
OJIHO U3 HaNPsIPKEHUil HIIN YacTOTY B IpyTHe, 6osiee y1oOHbIE BeTHYHHBI
JUIS IPSIMOTO OTCYeTa U3MepsIEMOTro MmapaMeTpa.

Kak 6b110 ykasano, AIIIT ADC 100 umeet ceMb Ipe/ieJioB uaMepeHus,
KOTOpbIe BBIOMPAIOTCS MTPOTPaMMHBIM CIIOCOO0M BPYYHYIO MJIM aBTOMa-
tuyecku: BoasTMeTp PICOSCOPE mosxer cam nckarh rnpezies uaMmepe-
HHs, o0ecreuynBaoInii HanGoJIBIIYI0 TOYHOCTD, & B CJIyYae MCIOJIb30-
BaHMs BUPTYyaJbHOro ociuiorpada ynpasieHne BoIOOPOM MpeesioB
ocyulecTBasieTcsi BpyyHyio. Ecau ¢ aToil nporpaMmoit MCrosib3yoTcst
AIIIT tunoB ADC 10 u ADC 12, o ona npocrto noabupaer macurrad
UIKaJIbl 1/I BBIBOAMMON KPUBOM.

[Ipu pa6ote ¢ nporpammoit PICOLOG nosb3oBatesib 10JXKeH 10 Ha-
yajia U3MepeHHii CaMOCTOSITE/IbHO OTIPe/IeIUTh TOT Tpejiesi, KOTOPbIit OH
couTeT HauboJiee MOAXOASAIINM ISl KaXK/IOTO KaHasa.

ATl ADC 100 noakaioyaercsi kabesneM, BXOASIIUM B KOMILIEKT
MOCTaBKH, K pa3beMy napasuienbHoro nopra [1K (He Hy»HO HM HCTOY-
HUKa NMUTaHMS, HU JlaXke rajbBaHuyeckoil Garapeiiku). IIpu aToM oH
criocober obecrieduTh BOSMOKHOCTH M XapaKTepPUCTUKH, CPaBHUMBIE
C HEKOTOPBIMH IIIaTaMK cOopa JaHHBIX, pe/iHa3HaYeHHbIMH JIS yCTa-
HOBKH B CJIOTbl MAaTePHHCKOM IJIaThI.

ADC 100 - aTo TexHuYecKoe peleHye, KOTOpoe 11e1ecoo0pa3Ho Uc-
N0JIb30BATh, €CJIN 0CTATOYHO YacToThl AMckpeTu3auuu B 50-100 k.
Ilns Gonee Bbicokux ckopocteit crout BeiGpats AIIIT ADC 200.
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KoHUuenums NOCTPOEHUA BUPTYaNbLHOIo
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1
2 npeobpa3oBaHne CUrHanoB 7
3 MpOMBILWNEHHbIE N3AENNA 33
4 CEOPKA
USMEPUTEJIbBHOIO
MHTEPDEUCA
YHuBepcanbHbiii aHaNoroBbIi
uHTepdeinc ana nocnenosarTeNbHoOro
nopra 44
Bepcus unrepdeiica
xomnaxumm MAXIM 48
Bepcus unrepdeiica
C ONTPOHHOM Pa3BA3KON 50
MporpammHoe obecneyeHune
9 BUPTYanbHOro KOMrnekca 57
6 JaTtyvku u NPUHAANEXHOCTH 103
7 Mpunoxexus 131
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Camocrodrenbhas cbopka aHAJIOrOBOTO HHTepdeiica NpUBIEKaeT Tpexk-
Jle BCero 3HaunTeIbHOM 9KOHOMMel! cpe/ICTB, 0COOEHHO €CJIH MPU 3TOM He
NOHAZI0OMTCS cepbe3Hoe MaTeMaTHyeckoe obecriedeHue, 06BIYHO MO-
CTaBpjiseMoe B KOMILJIEKTEe C MPOMBIIJIEHHBIMU u3/ienusiMu. [Ipu Takom
TO/IXO/1e MOKHO TaKKe BHIOpaTh 2pyTHe crnocobbt cBsi3u uHTepdeiic = IK,
Hanipumep noakmoyathess k ITK uepes nocnenoBarenbHblil, a He yepes
napaJujieJIbHbIi TI0PT, /M JKe UCTIOJIb30BaTh ra/IbBAHMYECKYIO Pa3Bs3KY,
KOTOpasi B OIIpele/IeHHBIX cilydasix OyaeT HeoOXoanuma.

YHUBEPCAJ1bHbI AHANTOrOBbI UHTEP®ENC
ANA NOCNEAOBATEJIbHOIO NOPTA

Yro MoxeT GbITh Goslee ecTeCTBEHHBIM, YeM TOJIKII0YeH e T10CIe/I0Ba-
tesbHoro AILIT k nocenoBarenbHOMY MOPTY, /iaske ecJu TPOMbILLIEH-
Hble U3JleIUs Yallle UCTOoJb3YIOT MOPT Nnapaiesibhblii? Ha camom gene
rJIlaBHOE TPEHMYIIECTBO TaKoro penieHus cocTonT B ToM, uto I1K ¢ aBy-
Ms (M JlaKe C YeThIpbMs) Moc/eJoBaTeIbHBIMU MTOPTaMU BCTPeYaloTcst
ropasjo yaie, yeM I1K ¢ aBymMs napaienbHbIMH TOpTaMH.

C Tex mop Kak MOABWJINCH CHEIHATIbHbIE TIOPTHI /Ul MBILIH, Y KOM-
NbIOTEPa JIOBOJIBHO YACTO OCTAETCsI CBOOOHBIM 110 MEHbIIEH Mepe O/IuH
nocJieIoBaTeIbHBIN OPT; MEKIY TeM MapaliebHBII MOPT MPaKTHYECKH
BCer/la 3aHAT NMPUHTEPOM, OYeHb MOJIe3HBIM B BUPTYaJbHOM MU3MEpH-
TEeJIbHOM KOMILJIeKce /1Sl BbIBO/Ia TPaMKOB M UNCJIOBBIX Pe3YJIbTaTOB.
Eute osinum npenmyiecTBoM nocsieoBatesabHoro nopra RS 232 apns-
ercsi Gosiee BbICOKAsk HArpy304YHasi CIIOCOGHOCTH 110 CPaBHEHHIO ¢ 60J1b-
IMHCTBOM NapajiebHbIX MopToB. OHa MO3BOJISET OTYACTH PaspeliuTh
npobieMy NMUTaHUS He BCerza 3KOHOMHYHBIX cXeM UHTepdeiicoB.

[IpunnunuanbHas cxema, npuBesieHHas Ha puc. 4.1, mocTpoeHa Ha
ocHose cxembl npombinienHbix AL ADC 10 u ADC 12 (puc. 3.3).
B yacTHOCTH, IpHMeHeH aHaJIOTHYHBIIT BXOHOM KacKajl ¢ leIuTeJIeM
Hanpsikenus. [Ipu ncnosb3oBanny Tex ke HOMMHAJIOB pe3ucTopoB R4
1 R5 (100 xOm ana 8-paspsanoro ADC 10 u 33 kOm s 12-paspsia-
Horo ADC 12) moxno obecneynth aBTOMaTHYECKYI0 COBMECTHMOCTD
3TOI'0 yCTpoiicTBa CO BCEMH IPUCTaBKaMM, KOTOpble OYAYT OMUCAHBI
B I71aBe 6, — ycTpolicTBaMM HOPMHUPOBAaHHsI CUTHAJIOB, JIaTYMKAMHU U T.II.
U nao6opor, coBepiieHHO 04eBH/IHO, YTO C JIaHHBIM YCTPOHCTBOM HeJIb3st
UCIOJIB30BaTh NporpaMmbl, npeiHasHadyenHsle 1ast ADC 10 u ADC 12,
MOKHO IIPUMEHATDH TOJILKO Te IPOrpaMMbl, KOTOpble HamMCaHbl HMEHHO
IS Hero W npuBeieHbl Ha cepBepe www.dmk.ru. Takxe nonyckaercs
MCMOob30BaHNe cOOCTBEHHBIX pa3paGoTOK, OCHOBaHHBIX Ha JpaiiBepax,
0 KOTOPBIX MOI/IeT peyb B IJ1aBe 5.
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HomuHabsl pe3ancTopoB BXOHOTO JA€JIUTEIS B JIIOOOM cllyyae HyxK/aa-
I0TCSl B MOSICHEHMSIX, a UX NMOA00p TpebyeT akKypaTHOCTH.

Hano yuurteiBath, 4yTo BXOAHOe comnpoTuBieHue Mukpocxemsl AILTI
TOCJ/IeZI0BATEIbHOTO MPUOIMKeHNs! (BBIBOA 2) MMEET, M0 KpaiiHeil Mepe
BO BpeMsi BBINOJHEHUSI MpeoOpa3oBaHusl, MOYTH TOJHKO €MKOCTHBIN
xapakrep. [Ipu HanpskeHun nutanusi 5 B Tok yreyku B npeienax 1 MKA
COOTBETCTBYeT aKTHUBHO# cocTtapiisiioneit conpoTuBaenus 5 MOM, uto
3HAYUTEJIbHO GOJIbIIIE BXOZHOTO COTMPOTHBIEHUSI OOBIYHOTO OCIMJLIO-
rpada. EMkxocTHas ke coctapsifonias MoxeT nocturath 30 nd y Muk-
pocxembl TLC 1549 u 100 n® y LTC

R 1 AUN ~1292. 310 He CUJIbHO OTJIUYAETCS OT TOTO,
w75 YTO CBOMCTBEHHO BXO/Y KJIAaCCHYECKOTO
I ocuuaorpada, HO ciyyail, KOTOpBIit Hac
r c MHTEpeCyeT, COBEPIIEHHO OCOObI.

Bxonnasi emkxocTh obpa3oBaHa 3Je-
MEHTaMH ycTpoiicTBa BBIOOPKH-XpaHe-
HHSI, ¥ OHa NOCTOSIHHO n3MeHsietcst. Co-
IJTACHO pHC. 4.2, MHTerpUpYIOLIMA QUIBTP,
obpa3yeMblii 9Toil eMKOCTbI0 C U BCAKHM
comnpoTuByeHneM R, BKIIOUEeHHBIM Mocie-
JIOBATEJIbHO C BXOJIOM, OIIpe/ieJIsSieT BpeMsl
HapacTaHUs CHTHAJIA, POMOpIHOHaIbHOEe npousBeneHnio RC.

Ecan yactota auckpeTH3alMu CJIHMIIKOM BeJHKa OTHOCHTEIbHO
YacTOTHI cpe3a HMHTerpHupymouiero GpuibTpa, To npeobpazoBaHre Had-
HeTCsl B TOT MOMEHT, KOT/Ia 9KBUBAJIEHTHBIIT KOH/IeHcaTop ¢ eMKocThio C
Oyzer 3apskeH ellle HE IOJHOCTBIO, M, CJIe0BATEJIbHO, pe3yJbTraT
u3MepeHust Oy/1eT HeBEpPHBIM.

Benmuunbl peauctopos, BhiOpaHHbIe /st BXOAHBIX 1eneit ADC 10
n ADC 12 (puc. 4.1), 6111 paccyrTaHbl Tak, YTOObI TapaHTHPOBATh
XeJ1aeMy10 TOYHOCTb Ha BBICOKUX YacTOTaX IMCKPETH3a1MH, Ha KOTOPBIX
MoryT pabotarb atu npubopsl (okomo 20 klm). OaHaKo HOMHHAIBI
PE3UCTOPOB MOXKHO YREJIHUYMBATD, €CJIU MOTPEOUTEIsI YCTPAaUBMOT He
CTOJIb BBICOKHE CKOpOCTH u3MepeHuil. [Ipu mcroab3oBaHUN A3IeNUIM
B KOMILJIEKTe C IporpaMMaMu, HanucaHHbBIMU Ha si3bike BASIC ¢ unrep-
NPeTaTopoM H BBHIOJHSEMbIMH Ha He OYeHb OBICTPOM Mpoleccope,
HOMHHAJIbl MOXKHO yBelnYuTh 710 500 KOM, YTOOBI MOJYYUTH CTAHAAPT-
Hoe BXo/Hoe conpoTtusienne, 1 MOM. B 06bIYHBIX CIyYasix MpeKpacHo
nozoiiner HomuHan 100 kOM (¢ ronyckom 1% unn MeHble).

[Moaxmoyenue aununit ynpasnaenust u aunun favubix AT x nopry
RS 232 6onee cnoxnoe, yeM K napajiebHoMy 1opTy. JleiicTBUTEIBHO,
paboure ypoBHU HalpsiKeHUil Ha BBIBOJAX MOCJIe/I0BATEILHOTO MOpTa

Puc. 4.2. K noacrenmio 3¢pdekra
MHTErpUpYyioLLEero ¢punsTpa
Ha Bxoge ALM
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0Ob1yHO coctaBigior okoso 12 B, torna kak AILLIT dopmupyer nanpsi-
kenust ot 0 10 5 B.

Jlnst peiienust aToil MpobIEMBbl B cXeMe YCTaHOBJIEHbI TPU CTaOUJIH-
rpoHa D5 — D7 na nanpsisxenue 4,7 B n i1Ba peaucropa R1 u R2. Kpome
TOro, Nepejl MHTErpaJbHbLIM cTabuausatopoM 78L05, dhopmupyiomum
nanpsikenne 5 B u3 curnana auaun TXD, mosmkeH 6bITh BKIIOYEH
MMITyJIbCHBII non D8.

[IpenycmoTpeH Taioke BXOJ I BHEIIHEr0 MCTOYHMKA MUTAHUS,
PACTIONIOKEHHDBIH PS/IOM € aHAJIOTOBBIM BXOZIOM, Ha TOT CJIyYaif, Koraa
ITK He cMosxeT obecrieynTh OCTATOYHBIH YPOBEHb HANPSIKEHUSA. ITO
OGbiBaeT, XOTs M KpaiiHe pejiKo, IPH HCTIO0JIb30BaHUH HEKOTOPBIX Mojie/IeH
noytoéykoB. B takoii cutyaiu mpocrasi 9-BosibTOBast raJibBaHuYecKkast
Gatapeiika HajoJro odecriedut paboTy yCcTpoicTBa.

Bce yctpoiicTBo cMOHTHpOBaHO Ha TeyaTHO# 11are (puc. 4.3), pas-
Mepbl KOTOPOIi HeBeJIMKH, HO KOTOpasl BCe Jke He IpeTeHIyeT Ha pa3Me-
leHue B kopnyce pazbeMa DB9, noakiiouaemoro k ITK.

Puc. 4.3. Tononornyeckas cxema ne4aTHo# Nnarsl ycTpoAcTsa

[Tonxmouenne yepes kabenn DBY (Bunka/poserka) ¢ o1HOMMEHHOM
pacnaifkoit (YAUIMHUTENDb, a He HyJIb-Mo/ieM) OoJiee NPeATNOYTUTEIHHO,
ueM npsivoe nozaksiovenre k pasbemy ITK. B takom ciyvae ALII 6yner
PACTIONIOKEH B HENOCPEACTBEHHOI GJIM30CTH OT MCTOYHMKA CUI'HAMA,
a He ot IIK, yto naer 6onbire npeuMmyniecTs, 4eM HEJOCTAaTKOB, Ha TeX
YACTOTaX, Ha KOTOPBIX Npe/iro/araercst paboTarh.

MonTtaxHnast cxema 1 cororpadusi, npuBesieHHble Ha puc. 4.4 u 4.5,
COOTBETCTBYIOT BCeM TPeM BapHaHTaM yCTpPOiicTBa, KOTOpPble MOKHO
cobpaTh CaMOCTOSATEJILHO:

* 8-paspsnubiit ALII ¢ TLC 549;

* 10-paspsianbtit AILIT ¢ TLC 1549;

* 12-paspsanbiit AL ¢ LTC 1286 nau ADS 1286.
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Puc. 4.5. BHewHmii Bua neyartHos nnate ycTpoicTaa

CoenMHUTebHASA KOJOAKA € YeThIPbMS KOHTAKTaMM (M1 /Ly MS,
€CJIN He MPeJnoNaraeTcsi HCNoib30BaTh BHCUIHHIT HCTOYHIK 1 TaIIs)
npe/iHasHayeHa /Uls NOAKMIOYCHNS BXOJHOTO CHTHAMA,

[Toao6usit criocod MexG10uHBIX coeIMHCHTTI NpeacTaBseTCs hosee
yA0OHBIM, HexenH koakcuibhble pazbeMbl BNC man RCA («rio0b-
naH» ), JUIsl NpejnojiaracMpiX odbyacteil MpUMEHeHUs, B 4acTHOC LIt HPH
MCIIOJIb30BAHNH NMPHCTABOK, OMMCAHHBIX B T/1aBe 6.

BEPCUSl UHTEP®ENCA KOMIMAHUU MAXIM

B npaktnueckoM npuMeHeHHH I110JIE3HA BEPCHS YCTPOIicTia, paipa-
6oranHas Ha ocHoBe MukpocxeM ALLIT MAX 1241 u MAX 1243, nmelo-
IMX OTJIHYHBIE XapaKTePHCTHKH Il PAaCCMOTPEHHBIX B ritane 2

OCHOBHOC OTJIHYME OT HPEABILYLICTO BAPHAHTA 3AKIIOUACTCH TONLKO
B KOMIIOHOBKe IleyaTHOil muatbl (pHc. 4.6), Tak Kak paciiojioixcime
BBIBOJIOB 3TMX KOMIIOHEHTOB COBEPIICHHO HHOE.

Ilns mukpocxem MAX 1241 (12-paspsaausiii ALLIT) 1 MAX 1243
(10-paspsianbtiit ALLIT) ronycTUMO HCNOIB30BATb OTHH M T¢ /K¢ DJICMEH-
Thl U OJIMHAKOBOE HX pa3MeliieHue Ha nuare (puc. 4.4 n 4.7).

YuutsiBasg Manyio BXOAHYI0O €MKOCTb 3THX MHKpocxesm (16 nd),
MOXKHO NONpoboBaTh KAk MUHUMYM YABOUTL BENHUYHILI DCANCTOPOB
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Puc. 4.6. Tononoruueckas cxerma Nne4aTHOA NNaTy YCTPOKCTBA
ans sepcrn komnarnn MAXIM

BXOJIHOTO JIeTUTeNA JIst Toil Ke yacToTbl Auckperusanuu. M3 coobpa-
XeHuil yHIHKaMH X COBMECTHMOCTH B cXeMe 11es1ecoo0pa3Ho NpuMe-
HHTb HCTOYHMK OIIOPHOIO HAIIPSKCHHS TPOU3BOJACTBA KOMIIAaHHH
MAXIM, napameTpsl KOTOPOro aJlanTHPOBalbl K NapaMeTpaM OIUChI-
paembix AILIT. Xotsa B atom cemeiictBe ALLIT cymectByor Moaenn co
BCTPOCHHBIM MCTOYHHKOM OMOPHOTO HAIPAKEHHH, 3a4acTyio Jyyliye
pe3yJibTaThl MOJVYAIOTCS 1IPH HCTOIb30BAHUH CHELHAIH3MPOBAHHOIO
H ONTHMH3HPOBAHHOTO OT/IE/IbHOIO KOMIIOHEHTA.

UcTtounuk onopuoro nanpsikens (MOH) tina MAX 6125, pacno-
JIOJKEHHE BBIBOJIOB KOTOPOIO [PHBEICHO Ha PHC. 4.8, BhINyCKaeTcs B KOP-
nyce SO 1 MoBepXHOCTHOIO MOHTa)a (SMD). 910 He «yayylieHHbIi
CTaOHJIHTPOH », @ IKBUBAJICHT BbICOKOTOYHOTO (1%) TPeXBBHIBOIHOIO MH-
Terpasibioro crabinssaropa. OH BKIOYAeT B cebsd 1 IBYXBbIBOIHbII HC-
TOUHHK OHOPHOTO HANPSKEHIS, H HCOOXOUIMBIIT Noce/iiieMy pe3ncTop,
BCJIECTBHE Yero 11oTpedicHIie TOKa YCTPOICTBOM CYIIECTBEHHO CHUXKa-
eres (75 MxA va MOH 1 menee 2,5 MA na ALLIT).

Jlna montaxka MOH B pacemarpuBaeMoe YCTPOICTBO HEOOX0AHMO
A06aBHTh HeDOJBIIYIO 1eYaTHYO 11Ty (ec TOIoJIorHYeckas cxema
npuBejieta Ha puc. 4.9). OHa MOHTUpPYeTCS Ha OCHOBHYIO IJIaTy 1pH

Puc. 4.7. Brewnwii 8ua nesaTHos naars ycTponcT8a ang sepcmm komnaxmn MAXIM
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ourli] ~ [EIm TIOMOIIH TPeX MeTa/l/INYeCKNX LITHIPHKOB, U3r0-
nc.[Z]| [fnc ~ TOBJICHHBIX M3 BBIBOZOB pe3ncTopoB. IlITbipbKn
nc.[E [Elne  BCTABISIOTCS B OTBEPCTHS, IPeHa3HAYeHHbIE /UL
e[z [Elnc. Pesucropa R3 u monoxurenbroro BbiBoaa VD4

REF 25 Z (puc. 4.1).
Mourax MOH MAX 6125 nenocpecTBeHHO
Puc. 4.8. Pacnonoxenme i kopTaKkTHBIE IUIOMALKH 3TOIT HEGOMBILION T1a-
swsonos MIOHMAX 6125 11 (puc. 4.10 1 4.11) He npencTaBasier npo6uen,
ecJI MCIOJIb30BaTh MAasJbHUK C TOHKUM JKaJOM, He HabupaTh MHOTO
NPHUIIOS M CHayaJa NMPUMAsATh /1Ba AHMaMeTPaJbHO IIPOTUBOMOJIOKHBIX
BbIBOJIa (HanpuMep, 4 u 8). 3aMeTUM, 4TO NPUIANBaATh HEUCTIOIb3yeMble
BbiBOZbl N.C. Heobs3aTe bHO.
BriGop BapuanTa GyzieT 3aBHCETb OT JIOCTYITHOCTH KOMIIOHEHTOB U OT
BO3MOJKHOCTeI IT0JIb30BaTeJIsi, HO Ob1J10 OBl HHTEpeCHO coOpaTh Ba Pa3HbIX
YCTpOICTBa M CPaBHUTB I0JTy4aeMble B Pa3HBIX IIPUJIOKEHUSIX Pe3yJIBTaThl.

Puc. 4.9. Tononorndyeckas cxema neyaTHos nnarsl
[N19 MCTOYHMKA onopHoro Hanpaxerus sepcun MAXIM

MAX 6126

MAX 6125

ol

Puc. 4.10. Mo+raxHas cxema MOH ans sepcum komnarmm MAXIM

BEPCUS UHTEP®ENCA C ONTPOHHOW PASBA3KON

OnucbiBaeMble B KHUTe YCTPONCTBA, KaK MPaBUJIO, UCMOJb3YIOTCS s
M3MepeHHsi ITapaMeTPOB CUIHAJIOB OTHOCHTEIBHO 00111ero Ui CeTEBOTO
npoBoza. Ho B psifie cutyauuii MOryT BO3HUKHYTb Ipo6.1eMbl U3-3a TOTO,
yTO O6IIMIl TPOBOJ yCTpoiicTBa coefnHeH ¢ kopmycoM ITK.

3a UCKJIIOYeHNeM TeX cJly4aeB, KOTZa YCTpoicTBO paboTaeT ¢ mnepe-
HocHbIM [TK ¢ aBTOHOMHBIM IHTaHUEM, ero Hesb3sl MOAKIIoYaTh Hemno-
CPeJCTBEHHO K 1IeMsAM, He U30JJMPOBAaHHBIM OT CETH MJIM HaXOMSILUMCS
IO/I BHICOKMM ITOTEHIIMAIOM.

JlobaBnenye HECKOMBKHX ONTPOHOB K pacCMaTPHBaeMoii cxeme IIOMO-
JKeT PELIUTh ITY NPoOIeMY, XOTS U IIPUBOANT K HE3HAYUTETBHOMY YXY /-
IIEHHIO XapaKTepUCTHK HHTepdeiica.
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Puc. 4.11. Brewnwii Bug nevatrosi nnatsl MIOH, ycraHosneHHosi Ha nnarty ycTporicTaa,
ana sepcun komnaHmm MAXIM

Kaxumu 661 mapameTpaMu Hu 06J1ajiall ONITPOH, B HEM BCEr/1a HCIIOb-
dyeTcst ONTHYECKHIT MPUHIUIT Nlepe/layil CUTHAJIOB 6e3 BCAKOMH rajibBa-
Huyeckoit csiau. [Ipu aToM M MCTOYHHK, W TIPUEMHHUK ONTHYECKOTO
M3JyyeHHus pa3MellleHbl B eJIMHOM kopryce. [list mepe/iaun uajiyyeHus
OT UCTOYHMKA K NMPHEMHHUKY MCIOJB3YIOTCS pa3jiMYHble TEXHOJOTHH,
OIIMCaHUe KOTOPBIX BBIXOJHUT 32 paMKH JaHHOM raasbl. OcobeHHOCTH
9THX TeXHOJIOTHIT OIpe/e/IIIOT OCHOBHbIE XapaKTePUCTHKH ONTPOHa,
obecrieunBasi, B 4aCTHOCTH, HEOOXOJAUMBII KOMIIPOMHCC MeXy cTe-
IIeHbIO U30JIALMHU, K03 DHIIHEHTOM Tepelayi U GBICTPOAEHCTBHEM.

Gty —1o
BRA
B o

Puc. 4.12. Cxema u pacnonoxeHie BbIBOJOB TUMOBOrO ONTPOHA

B GosblMHCTBe clyyaeB HCTOYHHKOM H3JIYYeHUS CILYKUT CBETOMOJ
M3 apcenHza raumis, paboraioninii B 6iikHeill nHdpakpacHoil 061acTi
cnektpa. [Ipu aToMm criekTp ero ussydyeHus: NpakTHYECKH COBMajlaeT ¢ 06-
JIACTBIO MAKCHMAJIbHOI CHEKTPAJbHOI YyBCTBUTEIBHOCTH KPEMHHEBBIX
(poTonpueMHNKOB, HanboJIee JelIeBBIX i IUIHPOKO PaCpOCTPAHEHHBIX.

B cneunanpHbpIX ONTPOHAX MOTYT MCIOJIb30BAaThCS M APYTHE U3JY-
yaTesny, TakMe Kak MHUHHATIOpHbIE JIaMIbl HaKaJlHMBaHUS WJHU TIa3o-
paspsiiHble CBeTOM3JyYalonue mpubopbl, HallpuMep HeoHoBbIe. B Ka-
YecTBe HOTONMPUEMHHKOB MOXKHO YACTO BCTPETHTH (HOTOPE3UCTOPHI,
Kak, HanpuMep, B ONTONapax — JlaMlla HakaJauBaHUs-poTope3nucrop,
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IIHPOKO NPUMEHSIBILUXCS JIET ABaJilaTh Ha3aA. DTH ONTONAPbl UCIIOJIb-
30BaJIMCh B 3BYKOBbIX TPAaKTaX B KauecTBe MOTEHLHOMETPOB C 3JIeKTPOH-
HBIM YIIPaBJIE€HHEM.

OnTpoHbl HeOHOBAs J1aMNa-(OTOPE3UCTOP NMPHUMEHSIOTCS B OCHOBHOM
B KayecTBe IeTeKTOPOB MOChI/IOK BbI30Ba B HEKOTOPBIX ClIeHAIU3UPOBaH-
HBIX Tesie()OHHBIX YCTPOMCTBAX.

Cawmble pacnipocTpaHeHHbIe ONTPOHBI BhIycKaloTcs B kopnyce DIP6
U CTPOATCH IO cXeMe, NpHUBe/leHHoN Ha puc. 4.12: undpakpacHblii cBe-
TO/IMO/L ONITHYECKH CBA3aH C (POTOTPAH3UCTOPOM, TPH BBIBOZIa KOTOPOTO
SIBJISIIOTCS. BBIXOZIAMU ONTPOHA. f

ITo puc. 4.12 BuziHO, YTO IPUHSTOE PACMOJIOKEHHE BbIBOIOB obeciie-
YiBaeT MaKCHMaJIbHOE PacCTOSTHHE MeX/y BXOAOM M BbIxoaoM. Que-
BUIHO, YTO IIPH TaKOil KOHCTPYKIHH HeT HeOOXOIAMMOCTH JesiaTh
ONTPOH C M30JsilMel, Bbiep:kuBaoweil Hanpsikenne 3000 B, ecan
HamnpspKkeHHe npobosi MeXAY KOHTAKTHBIMH IUIONA/IKaMH MM Nevyat-
HBIMH IIPOBOJIHMKAMHU cocTaBJiisieT Bcero okosio 500 B.

BriBozt 6a3bl OOBIYHO He HCMOJIB3YETCs, TAK KaK TPAH3UCTOP Tepe-
XOJHUT B MPOBOJsillee COCTOSSHUE B pe3yJibTate (HOTO3JIEKTPHYECKOTO
a¢dekra. Tem He MeHee MHOT/IA BCTPEYAIOTCS CXEMBI, I7ie MeX1y 6a3oii
1 3MHUTTEPOM BKJIIoYeH pesuctop. ObecrneunBas GbICTpoe paccachiBaHHE
HaKOIlJIeHHOTO B 6a3e 3apsijia, Takoe CXeMHOe pellleHHe 3aMeTHO YIIyy-
11aeT BpeMsi cpabaThiBaHUA ONTPOHA, HO, K COXKANEHHIO, 32 CYeT CHUXKe-
HHA ero koagduinenTa ycuieHus 1mo Toky win koadguunenTa nepe-
aayun. Hazo 3aMeTHTB, YTO 3TOT pe3auCcTOp yMeHbIlaeT Takke H 0OpaTHbIH
TOK KOJUIEKTOpA.

B HekoTOpbIX ciyYasix BHIBOA Ga3bl MOXKHO MCIIOJIb30BATh /IS YIIpaB-
JIEHHSI TPAaH3UCTOPOM He3aBHCHMO OT COCTOSIHHSI CBETOAMO/IA, HO TIPH 3TOM
HA/IO CJIeZINTD, YTOObI He HAPYIIHJINCH H30JISIIIHOHHbIE CBOICTBA ONITPOHA.

Taxoit pacnpoctpanennsiii ontpos, kak TIL 111 (ananorn MCT 2,
H11 A2 v 1.n.) umeet Hanpsixxenne usoasiiuu 1500 B, nosocy mpomyc-
kauus 300 kIt u koadduimenT nepeaaun Toka okoso 8%. ITo 3HAYMT,
4TO NpH cuje Toka cBeroanona 10 MA cuia toka ¢oToTpaH3HCTOpa
Gyzet cocTaBsATh He Gosee 800 MKA.

Onrpon 4N28 npu Hanpskennu usonsiuuu 500 B umeer koaddu-
1ueHT nepegaun toka 10%, Torna kak 4N25 umeer Takoit ke K0ad-
¢uumenT npu Hanpsxenuu uzoasuuu 2500 B.

Y mogeneit Tuna SL 5500 (cnemmanbHbiii TesnedOHHbIH ONTPOH)
K03 dUIMEHT nepeilayl Toka MOXeT cocTaBJsATh 10 40%, a Hanpsixke-
Hue usonsuuu pasHo 3500 B npu nocrosinuom Toke wian 2500 B (adh-
¢dexrusnoe) npu nepemenHom. Ontpon SL 5501, 1eHa kotoporo 4yTh
HIKe, HMeeT K03 dUIIMEHT nepefayn Toka He 6osee 15%.
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Yro kacaercsi ontpoda CNY 17-2, mupoko npuMeHseMoro B TeJe-
tporum, To ero koapdunnent nepepaun gocruraer 80%, HanpsikeHue
usosauuu cocrapiasdger 4400 B, a mupuHa noJsockl NponyckaHus —
Somee 1 MIi.

HexoTopble onTpoHbl, BhiltyckaeMsie B kopiycax DIP8, ucnoanay-
0T GOTOAMO/, COEIMHEHHbIH C TPAaH3UCTOPOM, He YYBCTBUTEbHBIM
K M3JIy4EHHIO, a CJIy>KalluM JHULIb /IS yCUJIeHus Toka oroanona. Tak
KaK J/Isl MpaBUJIbHON paboThl Ha (HOTOAUOA JOJKHO GBITH MOAAHO
obpaTHOe HanpsikeHHe CMElleHHsl, CO3/laloliee COOTBETCTBYIONIHMIT 06-
PaTHBIA TOK, ONTPOHBI TAKOTO THUMA MUMEIOT JOMOJHUTEAbHBIH BBIBOJ
AU ero noaxjaoyeHus, obosnayaemsiit VCC.

TakuM 06pa3oM MOXKHO MOJYYHTH ONTPOHBI C JOCTATOYHO BBICO-
KMM K03 PHLHEHTOM Nepeiayil ¥ ¢ HCKIIOUNTEIbHBIM ObICTPO/IEHCTBH-
eM — 11 MIu ans anementa CNW 136 komnanun Hewlett Packard.
Onrpon HPCL 4562 Toro sxe u3rotoBuTeJisi, ClielMaibHO NpeIHa3Ha-
YEHHBIii /I Nepe/layd aHaJIOrOBBIX CHTHAJIOB, HMEET I10JI0CY MpOIyc-
kanua 17 MI'u npu koapduimente nepenaun toka 200%.

Ho cambIM Nomy IsipHBIM peleHueM /Uisi paiiKaibHOrO YBeJTnYeHUs
ko3¢ duLHeHTa nepeaydl TOKa SIBJISIETCS NPUMEHEHHe COCTaBHOTO
(poroTpansucTOpa, NOCTPOEHHOTO 1O cXeMe Jlap/nuHrToHa. DTo pelreHue
MCIOJIb3YETCsl MPU U3TOTOBJIEHHH ITHPOKO PacIpOCTPaHEHHOTO ONITPOHA
4N33, uMmeromero BbicOkuii koahduMeHT nepexayn Toka — 500%,
Ho moJiocy npomnyckanus Toabko 30 kI

Bonee 6bicTpozeiictBytomuii ontpon CNW 139 (npoussoantens —
Hewlett Packard) umeer pexopaublii koadunuent nepenaun 3000% —
MHBIMH cJloBaMHU, ycuseHue B 30 pas.

B cxeme unrepdeiica, npezncrapienHoiiHa puc. 4.13, ucnob3oBaHb TpU
CaMbIX JeleBbiX ontpoHa 4N33, Ho A7 yJyyllleHUs] TapaMeTPoB 3TOTO
AILII MoxHO npuMeHsTH 60Jiee KauecTBEHHbIE U IOPOTHe KOMITOHEHTBI.

IIpumenenue onTpoHOB ¢ GOJbIIMM KOI(DOUIMEHTOM Tepeayy T1o-
aBoJisieT 06ecIeYnTh NPOCTOTY CXeMOTeXHUYECKHX pPellleHHil, JOCTHXKe-
HHe KOTOPOii ABJIsieTCsl OZHOM U3 1ieJieil JaHHOM KHUTH.

B 6onee cepbesHbIx npoektax Mexay ontpoHamu v AIIIl HaepHsika
GyzyT BKJTIOYAThCS JIOTHYECKHeE CXeMbl ¢ Tpurrepamu [1IMuTTa, C1ysKamm-
MU B KayecTBe hopMHpOBaTesei sk ObICTPOU3MEHSIIOLIMXCS CUTHAJIOB.

Manorabaputhsie nocienosaresnshbie AL crioco6ubl obecneduTs
Gonbuine BBIXOAHBIE TOKM, YTO MO3BOJISAET MOAKIIOYATh CBETOXHON
ONTPOHA HETOCPENCTBEHHO K MX BBIXO/IaM Yepe3 Pe3nucTop COIpPOTHB-
NenueM Beero 2,7 kOM. IToro poctaToyHo, 4TobOBI POTOTPaH3UCTOP
ONTPOHA HOPMaJIbHO paboTas ¢ BXOAHBIMH JMHUAMH TopTa RS 232
KOMIIbIOTEpA, MoJiy4yas Hanps:keHue nutaHust oT iuHUM RXD Toro xe
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1opTa yepes TaKoii e peauctop. Cieryer y4uTbIBaTh, YTO HaNpsKeHHe
Ha 9TOii IMHKUK 6oJiee BbICOKOE — MHOI/Ia BhIle 12 B.

Jlns 32Tl OT OTPULATENBHOTO HATIPSKEHHS, NOSIBSIONErocs Ha
BbiBoZlax mopTa RS 232 u Taxke Bo3/eiicTBYIOIEro Ha CBETOAMObI
uepe3 pe3ucTop conporusienueM 2,7 kOM, B cxeMy J106aB/IeHbl HOMbI
D1 u D2 1N4148.

@orotpansuctopsl ontporo OP1 1 OP2 dopMupyior ynpasJstionme
CHIHAJIbI, KOTOPbIE BO3/1eHCTBYIOT Ha BX0o/ibl AILIT, coeiiiHeHHBIe ¢ 06IIM
TIPOBOZIOM pe3ucTopamu conpotuBieHreM 82 Owm. Takoit HoMuHan, He-
06bIYHO MaJIBIif M BBI3bIBAIONIMIT TIOTpebIeH e GOIBIIONH MOUIHOCTH, He-
06X0/MM /17151 TIOBBILIEHHS KPYTH3HbI (PPOHTOB YIIPABJISIONIMX CUTHATIOB,

Takum o6pasoM, rasbBaHMYecKasi pasBsA3Ka LEJIHKOM obecrieyeHa
CO CTOPOHBI HU(GPOBOIi YaCTH, a CXeMa aHaJOrOBOTO BXOJa OCTaJach
abCoTTIOTHO MIEHTHYHOM cXeMe, OKa3aHHoOM Ha pHC. 4.1.

B ocranbHoil yactu ycTpoiicTBa ToXke ecTh HeCKOJIbKO 0COGEHHOC-
Teil. Tak, 17151 101aYM HaNIPSKEHUs INTAHNS HU B KOEM CJIyyae HeJlb3st
ucrnosnb3oBaTh Nopt RS 232, unave Gyner Hapyliena co3aHHas rajib-
BaHWyeckasi u3oadguus. IloaTomy Heo6X0UM BHEIIHUI HCTOYHHUK TTH-
TaHUs (HanpuMep, rajibBaHHYecKas 9-BoabToBas Gatapes). B kauectse
crabunusatopa BbiGpaH kommnoHeHT LM 2931, nMerommii ouens Majioe
NajleHie HaNpsiKeHUs Ha PeryJupyionieM 3JIEMEHTe, YTO MO3BOJISET
npu HeoOXOAMMOCTH 0GOUTHCH MCTOUHMKOM THTaHus 5 B. Ecam ke
€CTb YBEPEHHOCTb, YTO BHelIHee HaNpsikeHUe IUTaHus OyneT Bceraa
6oabme 5 B, T0 MOXHO MpUMeHHTD 06BIUNBIII cTabHIH3aTOp 78L05,
YMEHBLIMB eMKOCTb KOH/IEHCaTopa Ha BBbIXOJle cTabHJIM3aTopa A0
10 Mx®. IIpu MCIONB30OBAHWM BHEWIHErO MCTOYHMKA MHTAHUS Tpe-
6oBaHHsA K 3HepronoTpe6JeHHIO CTAHOBATCS MeHee KeCTKHMH, Mo-
9TOMY HMCTOYHMK omopHoro HanpsikeHuss REF 25 Z moxer 6biTh 3a-
MEeHeH Ha MeHee 3KOHOMMYHBIH, HO GoJiee JelwieBblii M MPH 3TOM
uMeloLi TouHocTb 0,2%, a He 1% (nanpumep, LT 1009 CZ npoussox-
crBa komnanuu Linear Technology).

IIpr M3roTOBIEHMH 3TOrO MOAYJS HCINOJB3OBAHA OJHOCTOPOHHSS
neyarHas IJiaTa, 4yTh 6oJiee JUIMHHAS, YeM TIpe/Iblly e, HO MMelouast
Ty e wHpuHy. Ee Tononornyeckas cxema nokasana na puc. 4.14.

MoxHo 3ameTHTB, YTO 01Ha KOHTaKkTHas momaaka MOH LT1009 CZ,
Npe/HasHauYeHHas Il MOHTaXa 3J1eMEHTOB LiellH TOYHOI NOACTPOHKH,
HHUKY/a He noJKI0ueHa. BepositHo, Takoe e M3MeHeHHe OHa00UTCS
BHECTH B PHCYHOK Me4YaTHOM NJaThl, NpUBEAEeHHbIH Ha pHc. 4.3, ecan
BO3HHKHET HeOOXOAMMOCTh NMPUMEHHUTD AaHHBII KOMIIOHEHT BMECTO
REF 25 Z. 3o npencraisier onpenenennbiit untepec st 10- u 12-pas-
panubix Bepeuit AILIT.
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Puc. 4.14. Tononoruyeckas cxema nnarel nocnegosarensHoro AL
C ONTPOHHOH Pa3BA3KON

PacnonoxeHnue aneMeHTOB cXeMbl Ha IeyaTHON IL1aTe IIOKa3aHO
Ha puc. 4.15 u 4.16. Iloakmoyenue ycrpoiicrsa k [IK npoussoaurcsa
TNpH IIOMOILIM TaKoro ke kKabens ¢ pasbemamu DB, kakoii ucnosb3o-

BaJICsl B IIPE/IbILYIIMX CTyYasx.
::,‘-M293‘ 10 uF/ 10V
1N4148
= 3
C

=" - O6Wwwmn "E" - Bxoa
‘+" - Hanpsikenune nutanma  "Gnd" - O6wwumin

Puc. 4.15. MontaxHas cxema nocnegosarensHoro ALl ¢ ontpor+Ho#i pa3saskoi

Puc. 4.16. BHewnwsi sug nnats nocnegosarensHoro AL ¢ ontpoHHos pa3saskos
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Bri6op TOro mim MHOro KOMMepYeckoro NporpaMMHOro oGecreyeHnst
(T1O) ansa BUPTYaNbHOIO H3MEPHTENLHOTO KOMILTIEKCa OTIpe/le/IeTcs] Kak
KOHKPETHBIM THIIOM aHAJIOrOBOTO HHTepdeiica, MMeIoLIerocs B HATHYNH,
TaKk ¥ 0COGEHHOCTSAMM U3MepEHHii, KOTOpPble HeOOXOAUMO NPOBOMT.

B uenom nporpammbl, nocTasiisieMble ¢ IPOMBIIIIEHHBIMH HHTE-
Gelicamu, ABIAIOTCS JYYLINMI, €C/IH TOBOPUTH O BO3MOXKHOMN 4acToTe
AMCKPETHU3AIUH, ¥ 4acTO MOryT paboTaTh B TAKHUX CJIOKHBIX PeXHUMAX,
KaK CMeKTpaJIbHblif aHAJIM3 CUrHaloB M T.I. VX ajantamus s HeKo-
TOPBIX 3a/1ay MHOT/Ia TPeOyeT 3HAYNTEIbHBIX YCHIIHH, TaK 4TO B MOH06-
HBIX CJTyYasiX IIPEANOYTUTE IbHee HaIHCaTh HECKOJIBKO CTPOK MPOrpaMMBI
Ha s3bike BASIC, yTo6b1 10CTHYD 3KeTaeMoil 1eJIH.

B nannoii rnase 6yayT nocsieoBaTebHo pacCMOTPEHBI 9TH JBa pas-
HBIX, HO B3aUMOJIONOJIHAIOIUX crlocoba NPakTHYeCKOro BOIJIOMEHHS
KOHUENIHUH MOCTPOEHUS BUPTYaJbHOTO H3MEPHTE/ILHOTO KOMILIEKCa.

KOMMEP4ECKOE NMPOrPAMMHOE OBECNEYEHUE

PaccmoTpuM BHavasie nmporpaMMHoe obecrieuerine, ocTaBasieMoe B KOM-
mekte ¢ AILII ADC 10 u ADC 12.

Ilaker PICOSCOPE
PICOSCOPE - s10 yHuBepcaibHoe npuiioxkenne, B KOTOpoM TpH T0-
MOIIM MEHIO MOXHO B J1060if MOMEHT BBIOpPAThL THII IPHOOpa, HYXKHOTO
I10JIb30BaTEJIIO:
* uHpPOBOil BOJIBTMETP MOCTOSHHOTO HIIH 1IEPEMEHHOT0 TOKa (Cpesi-
HEKBaJlpaTHYHbIN );

* undpoBoii Yacrotomep;
* 3anoMuHaoMi ocuuanorpad (ot 1 mc/aen 10 5 ¢/nen);
* HU3KOYACTOTHBII aHATM3aTOP CIEKTpa.

Bepcust nakera 119 DOS nosBosisier Hcnonb3osath 0IHOBPEMEHHO
TOJIKO OJMH BHPTYaJbHblii MPHOOP MM HECKOJNBKO MYJILTHMETPOB,
Toraa kak Bepeus st Windows zoryckaet MHOTOOKOHHOCTS (pHc. 5.1),
XOTs 3TOT PEXHUM 3aMeTHO 3aMeJlIsieT paboTy BCeil CHCTEMBI.

Ouenb BaXKHO OTMETHTB, YTO NMPH paboTe ¢ CHrHATAMH ePeMeHHOTo
TOKa HeoOXOIMMO obecrieynBaTh 0CTATOYHYIO BETMYHHY TTOCTOSIHHOTO
CMellleHNs BXOJIHOTO cUrHazla. B mpoTuBHOM ciyyae Besikast oTpuila-
TeJIbHasl COCTaBJisgionias Gy/ieT HTHOpHpPoBaThes (AMaNnas3oH U3MepeHHil
cocraser ot 0 1o 5 B, u Tonbko Hosoie Mmogenn ADC 40 u ADC 42
HUMEIOT BXOZIHOM Anamnason =5 B).
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Puc. 5.1. nnioctpauus mHorookonHoro pexuma nporpammsl PICOSCOPE

Tlojaya mepeMeHHOTo Hampsibkelusi npsmo Ha Bxoa ADC 10 waun
ADC 12 He IPUBOJUT K MX BBIXOJY N3 CTPOs (TIO KpaiiHeil Mepe, /10 30B
‘nukoBoro 3Hauenns wiu 10 20 B adrpextuBHoro). Ho npu aToM noka-
3aHUMS CPEeJHEKBAAPATHYHOTO BONBTMETpa 6yAyT abCOMOTHO HeBep-
HBIMH, OCI[MJLIOTPaMMa OKaskeTcsi ype3aHHOM (0/HOMOJIyNepHoaAHoe
BBIIIPSIMAIEHHUE), a CTeKTp Oy/eT nckaxeH MapasuTHHIMU CIIEKTpasib-
HBIMU JHHUAMH (TOABATCS YETHBIC TADMOHUKH). ,

EcTb MHOTO BCIIOMOTATEAbHBIX C1I0COO0B (HarmpuMep, UCT0/Ib30BaHN
rabBaHHYecKoii GaTapeiiky, BKII0UCHHO TT0C/IeIoBaTe IbHO C BXOTIOM),
KOTOpbIE TI03BOAI0T 06pabaThiBaTh CHTHAIbI lEPEMEHHOTO TOKA C HYyJIe-
BOIl MJIM MaJIoif MOCTOSHHOII cocTaBjsionlei, Ho 6osiee MPEANOYTH-
TeJIbHO MCIOAB30BaTh XOTs Obl MPOCTOE YCTPOHCTBO HOPMHPOBAHUSA
curHanoB (cM. riaBy 6).

Xotst ALUIT ADC 10 1 ADC 12 MOXHO NOAK/TIOYHTD K obomy IBM-
comectumomy 1K (skenatenen axpar VGA, no nocratouro u CGA),
He PeKOMEH/YeTCsl MCI0/Ib30BaTh MporpaMmy PICOSCOPE c npo-
neccopamn Huke 386, B kpaiineM ciaydyae, 286. Briose npurofHbl
mozenu [1K tuna BSGSX}S, HO, eCTeCTBEeHHO, 60Jiee COBpeMeHHbIE IT0-
JOUAYT Jiydlie.

B ciayuae chopa TaHHBIX O MapaMeTpax Me/UIeHHbIX POIECCoB (CHA-
THe KPUBBIX 3apsi/la HIN Pa3psijla akKyMyJIssTOPOB, H3MEpPEHNE TeMile-
paTyp M T.IL.) MOXKHO OBbITH YBEPEHHbBIM, UTO Jlajke CTaporo npoueccopa
8088 ¢ TakToBOIi uacroToii 4,77 MI 6yjiet noctatouro. Ho st pabo-
TBI C HIM HaJI0 HCTOJIb30BATh ApyTYIo nporpammy, Hanpumep PICOLOG
umu 110, kotopoe npuBoantea Ha caiire www.dmk.ru.
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B nenom xenarenpHo Hayath paboTy B peskume ocippuiorpada, ¢ Bbi-
BoztoM rpadriku (puc. 5.2 n 5.3). Takum c11oco60M MOKHO BBISIBUTD BCe
BO3MOKHBIE OTpaHMYEHUs] CHTHAJIA WM APYTHe SBJeHHs, ClocoOHbIe
NOBPE/IMTh TOYHOCTH M3MepeHHil Kakux-nbo crneliduyecKux BeJTHInH.

10 12
25n0v1997 11:54

Puc. 5.2. Sxpar suptyansHoro ocumnnorpaga 8 pexume Windows

Kak u npu ucnonszosanmn jmoboro apyroro ocignorpadga, cieayer
IIOMHUTD, YTO BOCHPOM3BECTH TOUHYIO (POPMY CHTHAA MOXKHO TOJIBKO
TOIZla, KOr/la BepXHss 4acToTa ero CleKTpa ropa3jlo MeHblile MOJIOCH
NPOIYCKaHH U3MEPUTEIbHOM Henu. ITO 3HAUUT, YTO B JAaHHOM CJIyyae
’KeJlaTeJIbHO OrPAaHUYMTBCSA CUTHAJIAMU ¢ YyacToToil He 6ojee 2 k1.

Ecan xe npeBpIcUTH pazyMHble Tpejie/ibl, MOKHO MOJIYYUThb OYeHb
KpacuBble KPUBbIE, HO ¢ OMUOKAMU B HECKOJIBKO TNOPsA/IKOB. [IpnunHoit
TOMY — KJIacCHYecKoe sIBJIeHHe, Ha3blBaeMoe Ha/l0)KeHUeM CIEKTPOB.
Ono nposiBasieTcst B 11060ii cicTeMe, B KOTOPOI YacTOTa AUCKPETH-
3al[M¥ MeHbllle YacToTbl 0O6pabaThiBaeMOTro CHIHAJIA.

Yepes cucremy HepapxuyeckuX MeHIO MOJKHO BBIOMpATh caMble pas-
Hble PeXUMbl paboThl, B OCHOBHOM COOTBETCTBYIONIHE KJIACCHYECKUM
pexkumam paboTbl ocitisorpada: BHIGOP peknMa CHHXPOHHM3AIUH,
BBIGOP YaCTOTHI pasBepTKH, YCHJIEHHMsI M cMmelleHHs: (B MocjeaHeM
ciyyae »eJaTeJbHO NMPUMEHSTh BHEIIHHE 3JIeKTPOHHBIe YCTPOICTBA).
IIpu aTOM ecTh BO3MOXKHOCTH COXPAHUTH Pe3yJibTaTbhl H3MepeHUsl Ha
ancke 160 pacieyaTaTh OCHMIIOrPAaMMbI MIIH CTIEKTPBI Ha 6ymare. Pe-
3yJBTaThl MOTYT OBITh TakoKe 3alncatbl B TaGa4HOI hopme, IPUTOAHOM
anst 06paboTK B MPOrpaMMax 3J1eKTPOHHBIX TabJHIl, B TEKCTOBBIX pe-
JIAKTOpax WK B rpad)ueckux nakerax.
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Puc. 5.3. SkpaH suptyansHoro ocunnnorpaga

Xots aHa/aM3aTop cnekTpa ¢ nosocoi 2 kI MoxkeT BbI3BaTh YIBIOKY
Y CKENTHKOB, aHAJIM3aTOpP, KOTOPLIii BXOAUT B cocTaB nakera PICO-
SCOPE, — coBceM He UrpylIKa, HECMOTPSI Ha €ro yIpoUleHHBbIil airo-
put™ (1s moBbieHust 6picTposieiicTBusA). Ero TouHOCTD JIerko orte-
HHTD, MPOAHAIM3MPOBaB AByXyacToTHble Mockliku DTME, coctoamue,
KaK H3BECTHO, M3 Map Y4acTOT 3BYKOBOTO AHANa3oHa M TPHMeHsAeMble
B TesiepoHUN /IS iepeaun 1wigp HabupaeMoro HoMepa.

ITonsatHo, yTo aHaNMM3 curhaios ¢ yactortoii 50 Il He npezacraBasger
npobJieM, a 3TO OTKPBIBAET 11HPOKIie BO3MOKHOCTH B H3YYeHHHU Pa3/iny-
HBIX YCTPOICTB, paboTAIOUINX OT CETH.

BonsrMerp BhinoJiHeH B Bije 1igpoBoro tabsio, BUAUMOro ¢ 60Jib-
IIOTO PaccTOsiHUSL (HanpyMep, ¢ nocJeaHeil napTol B knacce). B Bep-
cun DOS oH cHabGxeH Taioke JMHEHHON Kanoil. TO B HEKOTOPOM
¢MbICIIe aHaAJIOT oclMJIIorpada ¢ BHIKJIIOUEHHON pa3BepTKOM; NOCTOAH-
HOE HamnpsikeHHe oToOpakkaeTcsi POCTO YePTOYKOI Ha 9KpaHe, a nepe-
MeHHasl COCTaBJISIONIasi BBIIJIS/INT Kak 110JI0Ca, IUPHHA KOTOPOii paBHa
ABOITHO# aMIJIMTY/le CUTHaJIa. DTOTO JIOCTATOYHO /JIsS aHaJu3a orpa-
HUYeHuii curraia 6e3 ociuiorpapuyeckux HabMIOIeHHil.

Takum obpasom, B nonoxennn DC (nocrostHHbIH TOK) OyzeT us-
MepeHo cpejiHee 3HaueHue, a B nojoxeHuu AC (nmepeMeHHBI TOK) —
cpetHekBazipatTnyHoe (adexkTHBHOE) 3HaUeHHe HaNpsKeHUs, KaKkoBa
661 Hu Gblia popMa BXoaHOTO curHana. [1ogo6HbIX Bo3MOXKHOCTell He
MOTYT IPEAOCTAaBUTh MHOTHE 0OBbIYHbIE MYJIBTHMETPBI.
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IHaker PICOLOG

Perucrparop Ha GyMaXKHOIi JleHTe (caMOMKCell) /10 CHX NOp UIHPOKO
MpHMEHSIeTCs /I BU3YaJIM3allHH MeJJIEHHBIX MPOLECCOB C /IJIUTENb-
HOCTBIO OT HECKOJIBKMX CEKYHJ /10 HECKOJIbKUX 4acoB, AHEeH Wn Jaxke
mecsitieB. OCHOBHOI HeJOCTaTOK TaKUX MPUOOPOB COCTOMT B HX JO-
poroBu3He (1l€Ha ZOCTUTAeT HECKOJIBKUX THICSY 0JIJIApOB).

[Taker PICOLOG u oauH u3 aHaymoro-ugpoBuIX peobpa3oBateiei
xommnanun PICO Technology Bcero 3a HeckosbKO A€CSITKOB /10JUIApOB
TNI03BOJISIIOT NpeBpaTUTh 0601 ITK ¢ npunTepOoM B BUPTYa/IbHbIN peruc-
TPaTop, CHOCOOHDII BHIMOJHATD He TOJNBKO (MYHKIMN 00bIYHOTO camo-
NKcL@a, HO M HeKoTopble Apyrue. HecoMHeHHO, 3TO y/lauHoe pellleHue,
KOTOpO€ ZI0JXKHO 3aHHTepecoBaTh YUTATEJIsl.

Yo xacaercs MemsieHHbIX npoueccos, To naker PICOSCOPE nos-
BoJsieT obecneynTh MAaKCHMAJIBHYIO IVIUTENbHOCTh passepTku 50 ¢
(5 ¢/nen). IIporpamma PICOLOG oyenn xopouio jonosnsier PICO-
SCOPE, umes yacToThl pasBepTOK OT OJHOTO H3MCPCHHUS B MMJIJIH-
CeKyHJZy 10 ofiHoro uaMepenus 3a N aHei.

ITaker PICOLOG, BomnoaHsionmii GyHKIHH JCHTOMHOIO perrc-
TpaTopa, — 3TO MpeXKe BCEro Mmporpamma coOopa JiaiibiX: OHa Hakafm-
JIMBAET B onpe/iesieHHOM aiiyie IpUBS3aHHbIE K TEKYIICMY BPCMEHU HH-
‘popMmanMOHHBIE aHHbIE, TOTyYyaeMble C 3alaHHOIl 1acTOTON onpoca.
ITO MOTYT ObITh Pe3yJIbTaThl 0OPAabOTKH HECKOJIbLKHX 110¢/I¢/I0BATEb-
HBIX U3MepeHUil (3dekThl NpuMeHeHHS QUALTPallMi HAH YCPeaHe-
Hust). Umenno u3 atux gaHHbix PICOLOG 3arem BLIBOANT OJIUH WK
HECKOJIbKO OTYETOB, IpeICTaBJIeHHBIX B BUZle IpahKon 1in INpPOBLIX
Tabuu.

EcrecTBeHHO, 0TYeTHI MOTYT OBITH IGO0 pacreyatalibl Ha OGymare, -
60 aKCOPTHPOBAHbI Ha IUCKETY B CaMbIX pa3HbIX (popmatax, Jinbo npoc-
TO BbIBEZIEHBI Ha 3KpaH (pHUC. 5.4) Kak C 3aIepXKKOii, TaKk i I PeaJlbHOM

Macurtabe BpeMeHH, ecli HHTepBas Mexay otcuetamit Gosniie 50 Mc.
[Tockonbky nepen HayajioM U3MepeHHit coBepuIeHo Heobs3aTe/b-

HO 3a/1aBaTh BUJl OTYETa, €r0 MOKHO BBIBECTH B JII000I1 (popMe U € JIHO-
ObIM HaOOPOM JJaHHBIX U3 TeX, KOTOpbIe Yxke 3anucanbl wa ancke. [pu
3TOM MOJKHO 000iTHCH M 6e3 ucrosb3oBaHus npunTepa. Mamepenus
MoryT ObITh caenanbl Ha nopratuBHoM IIK wan na crapom XT ¢ mpo-
eccopom 8088, a 3aTeM obpaboTaHbl Ha 6oJiee MOILIOM, HO MeHee
MOOMJIBHOM KOMIIbIOTepe — IPOCTO NOTpebyeTcs CKONMPOBaTh U nepe-

cnatb aiin! -
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100 TEMPERATURE
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Run C:\adc10\log\temp: collected 12:11 on 17Jun99
Puc. 5.4. PesynsTar Bbisoaa uHopmaumm Ha 3KpaH
npw ucnonszosaxum naketa PICOLOG

VIMeHHO Ha 9TOM aTalle — aTare paciindpoBKHU pe3yJIbTaToOB — JIOTHY-
HO BOCIIOJIb30BaTbCA MIMPOKHMH BoaMoxHocTsiMu nakera PICOLOG
JUist 06pabOTKU TMOJIYYEHHBIX JlaHHbIX: TIPUBA3KOM K IIKaJle ¢ MCIOJIb-
30BaHHeM MaciuTabHoro KoaduinenTa, MOJTHHOMUAIbHBIM WIH J1aXke
TabJIMYHBIM IIPeobpa3oBaHieM, COBMelleHHEM Pe3yJIbTaTOB HECKOJIbKUX
M3MepHUTebHbIX KaHalIoB U Jip. B obuieM, ato o3nayaert, yto PICOLOG
cnocobeH JIMHeapu30BaTh JafHble J000ro AaTuiKa, XapaKTepUCTHKH
KOTOPOI'O TOYHO M3BECTHBI.

EcrecTBEeHHO, MOJKHO BBIJIEJIMTD M pacreyaTaTh WK BbIBECTH Ha 9KpaH
110 OT/JIEIBHOCTH BCe MHTEpeCyIollie YJacTKH 3alicH Moboro AanTe b
HOTO TIpollecca, TaK e, Kak ecy Obl.JIeHTa 0ObIYHOrO perucTpaTopa
paspe3asiach Ha KyCKH JUIsi TOJIpOOHOTO U3yYeHHs.

Jlns xpaneHuss HHGOPMAIMOHHBIX JaHHBIX M3MepeHUul U Gopm oT-
YyeTOB He HYHbI pasHble aitnpl. Kaxkaomy Habopy AaHHBIX COOT-
BercTBYeT oauH (aiin B criertnanbioM ¢opmate PLR (Pico Log Run).
OH coziepuT yske coGpaHHbIe JIaHHbIe, a XapaKTePHCTHKH BHIBOAUMbIX
oT4eToB 106aBasAIOTCA B 9TOT (haiin o Mepe ux ¢opmuposanus. Hano
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TaK)Ke 3aMeTUTD, YTO OZIMHAKOBO JIETKO BBIBECTH CJleJIaHHbIH OTYeT Mo-
BTOPHO, OIpEe/Ie/INTh BUJL HOBOTO OTYeTa JUISl TOTO JKe Habopa JaHHBIX
WM )K€ U3MEHUTDb BUJI C/IeJIAaHHOTO OTYeTa. ITO OYeHb yA06HO, HO He-
MHOTO OIlaCHO, TaK KakK B NMOJOOHOM ciy4yae ecTh PUCK MOTepATh He
CTOJIbKO CaMH /IaHHbIe, CKOJIbKO (pOPMbI M HACTPOIIKH, KON KOTOPBIX
MOXeT 1 He coXxpaHuTbcA. [loaToMy crenyeT MocTosiHO M0JIb30BaTHCA
MHOTOYHMC/IEHHBIMH CIIOCO6aMU KONMPOBAHHS 1 COXPaHEHHs!, KOTOpPbIE
NporpaMma Mpe/iiaraeT B CBOEM MeHIO <yIpasienne dhailiaMu», 1 1o
BO3MOXKHOCTH Bcerjia paboTaTh ¢ Komueil. 1o o6a3aTeIbHO JOKHO
BOWMTH B NPHBBIYKY, €CJIH €llle He BOLLIO.

[IpaBusibroe npumenenue nakera PICOLOG nosipasymeBaet noce-
HOBaTeJbHOE BBINOJHEHHe OONBUIOr0 KOJNMYECTBAa ITaloB, NpHYeM
B OIpe/ie/IeHHOM IOpsi/IKe, HAYMHasH ¢ BBI30Ba MHOXecTBa MeHio. Heko-
TOpasi CI0XKHOCTD NIPOXOXK/IEHUS 3THX ITAIOB — IIaTa 3a OIPOMHBIE BO3-
MOXHOCTH nporpaMmbl. OueHb BaXKHO pa3obparbesi B Hpuiinax pa6o-
Tl PICOLOG, nnaye MOXHO TONAcTh B «3aMKHYTBIii Kpyr» 1 Booblie
He NI06UTBCS JKeTaeMoro.

[Ipexxae Bcero, HaZl0 BBIMOJHUTD HHCTAUIAIUIO IIPOIPAMMBI C JIUC-
KeTbl, CJIe[lysi IPUBEICHHBIM YKa3aHHSIM, KOTOPbIE MOI'YT pa3/inyaThCs
B 3aBUCHMOCTH OT BEPCHH.

ITomumo makero PICOSCOPE, PICOLOG u KOH(HT'Y pallHOHHBIX
(aiiios, co3naBaeMbIX B npoliecce HHCTAJLISALIH, eCTb elite (aiiabl apaii-
BEpOB, HEOOXOMMBIX JUISl BbIBOJAA HHGOPMAIMU Ha HPHIITED WIH IS
9KCIOPTa B pasnuyHble oducHbie mporpaMmbl. Maiinbl 13 cranjapTHoil
TOCTaBKM PaboTaloT ¢ GOJIBUIMHCTBOM COBPEMEHHBIX TIPHITEPOB, 2 €CIIN
JKeJlaTeIbHO BBIBOZIMTH MH(popManmio B popmatax BMP win PCX (ans
Windows), PostScript, TIFF u T.I., TO Hafio «M3rOTOBUTL> ClIElHATb-
HbIii ipaiiBep NPY NOMOUIM YTHJIUTBI, POJABAEMOIl OT/CIBHO.

Hano ormeTtuTs, uTO ApaiiBephbl OblIM HaNMCAHBI HE CaMOil KOMMa-
nueit PICO Technology, a xomnanmueii, cnennanusupyionieiicsi B nas-
Hoii obsacti, — Fleming Software. ¥imenno 'moatomy nporpamma
Bbl/laeT rpadpuyeckue H306paxkeHHsI OY€Hb BBICOKOTO KauecTBa. OHa-
KO He peKOMEeH/IyeTCs MOCTOSTHHO MCII0JIb30BaTh OINIHUIO «BbICOKOE pa3-
pelleHHe» NMpPH MeYyaTH Ha MaTpUYHBIX MpuHTepax. Ha crapoix ITK
B 3TOM CJly4yae MHOT/Ia MOXeT NOoTpeboBaThCs /10 10Jyyaca BpeMeHH
AJIS pacneyaTKH OJIHOIl CTpaHMUIbl; KpOMe TOro, yJayulicHie u3obpa-
XKEHMS OCTHraeTcs B ylepb TOYHOCTH NMOCTpoeHust Kpusoii (addext
«CrJIaXXUBaHHUSI» ).
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TTOMUMO HACTPOIIKH TAPaMeTPOB NeYaTH CO BCeMH ONMUUSIMH 110 Hop-
MaTaM, OpHeHTAllMHd ¥ pa3pelieHuIo, Mpoliefypa UHCTAISALNH 1103~
posisieT onpeeauTh THI ipuMensieMoro AIIII u noprt, k KOTOpoMy OH
6yner noakmioyen. ITousiTho, uto ecu AL noaksmoyeH K napauie/ib-
HOMY TOPTY, TO MOCJEIHMUIA yXKe Heslb3sl HCIOJIb30BaTh s MOAKIIO-
yennst npuHTepa. ECTb /Ba BapHaHTa pelieHusi 9TOM npobJieMsl: 3ape-
aepsuposath 3a ALLIT BTopoii IpuHTEpHbIil TOPT (LPT2) unu BHIBOAUTD
JlaHHble VISt evaTy B paiis, co3aBaeMblii Ha aucke. Pacniedararh 10Ky-
MeHT, odopMIIeHHBIIT TAKUM 06pa3oM, MOXHO B J106oe 1pyroe BpemMs
W Ha Jo60M ApyroM KomribioTepe. [Ipu 9TOM Halo y4UTBIBATDH, YTO daiin
6yner oueHb BeIHK, — Topasfio Gobuie, YeM pe3yIbTaThl N3MepeHMil.

Iepen Tem Kak MepeliTH K MPaKTHYECKOMY HCNONb30BaHUIO BUPTY-
AJILHOTO perucrparopa, Oy/ieT MOJIe3HO € IMOMOIIBIO ONMIMH BBIBO/IA
YMCIOBbIX BeJMYMH («mokasath Haripspkenne AILIl») npoBepuTh mpa-
BUNbHOCTD M3Mepenusi Hanpsokenust AILIT B ruanasone ot 0 10 5 B,
nozaBaeMoro Ha ero Bxojt. Eciin BosHUKawOT Kakie-1ubo ommbku, cie-
JlyeT y6enuThest B IPaBUIBHOCTH BCeX COEIMHEHHIT, a Takske NpOBEpHTD,
HeT Ju anmapatHeix konpumktoB Meskty TTK u ALUI (eco onm ects,
TO TakHe e KOH(IMKTBI MOSBATCS ¥ 1PU UCIOIb30BAHNH NPOTPAMMBDI
PICOSCOPE).

Kax npaBuio, nogo6nsie npo6eMbl BOSHUKAIOT TOJIBKO MPH HCTIOb-
3oBaHuy nopratuBHbIX [IK, B KOTOPBIX MISi CHUKEHNA sHepromnotpeb-
JIeHHs TIPUMEHEeHBI HeCTaH/lapTHbIe PelieHns B cXeme MopTa.

IIpex/e yeM HayaTh ceanc U3MePeHUit 1 NPUCTYNIHUTH K obpaboTke
Pe3yJIBTaTOB NPH CO3AAHNH OTYETa, HeoOXOIMO BHINIOTHUTH MHOKECTBO
onepanuii. K cyacTpio, HeoGA3aTeIbHO KaXK/Ablil pa3 MpoO/e/IbBaTh BCe
3TH ONepalyu ¢ HyJs, TaKk KaKk NpeAycMOTpeHa MpocTasi mpoueaypa
I Tlepe3anycka Jio6oro npoBeieHHOTO paHee ceaHca. Hapo npocto
MPUCBOUTD z[pyroe umsi cpaiiy, uTOGBI He MOBPEAMTD CTapblid daitn
IPH BBO/Ie HOBBIX JIaHHBIX. _

[Tonb3oBaTesio peKOMeH/1yeTcs 3apaHee MOArOTOBUTh HECKOJIbKO TaK
Ha3bIBaeMBbIX KaJIHOPOBOUHBIX TabJIHIL, COOTBETCTBYIOUIMX TEKYLIMM 3a-
nayaM. BriocenctBuu Tabauibl MOXKHO Gy/IeT MCMOJIb30BaTh 110 Mepe
HajloOHOCTH.

B ta6u1. 5.1 npuBe/ienbl HekoTopbie MpuMepbl. OHHU MOKA3bIBAIOT, KaK
3amMchiBaTh Ha GyMare Bo BpeMeHHOM MaciuTabe 3HaueHHe Hampsike-
Husi, uamensiouterocsi or 0 10 5 B uiu ke nMpuBeEHHOT0 K 3TOMY
AMANa3oHy BHEUIHHUM YCTPOICTBOM HOPMHPOBaHMsl BXOJHOIO CHIrHaIa.
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B nepBoM npumepe sHauenusi perucTpHpYIOTCs KaXkayio MUILTHCEKYH-
Ay (aTo caMasi BbICOKas CKOPOCTh PETHCTPAIuK) CTo pa3 noapsaza. Kax-
Rasi uHdpa NpeACTaBASeT pe3yJIbTaT BBYMCACHHS CPeHEro 3HaYeH s
110 TPeM COCeIHUM BbIOOPKaM, U3 pacyeta «OAHO U3MepeHHe 3a Kax-
asie 100 Mxc». Takum 06pa3oM, BbIYMCIEHHE 3HAYEHUS JIS PETHCTpa-
LMK IPaKTHYeCKH BHIMOMHseTCs 3a 300 MKcC.

Hano ot™MeTuTs, 4T0 Takoil pexXuM COOTBETCTBYET 1pe/ieJibHbIM BO3-
moxxHocTsiM AL ADC 10. IIpsimoyrosibhbiii curnan ¢ yacroroit 100 [y,
obpaboTanHblii ¢ moMomuibio npoueccopa 386SX25, Gyner BbiBeAeH
C 3aMeTHO 3aBajleHHbIMH (poHTamu. A co crapbiM [TK Ha npoueccope
8086/8 MIu uan 8088/4,77 MIu HexesarebHO NpeBHIATh AaXKe
yacroty 10 . Ho kakoii 6b1 IIK Hu ucnosib3oBajics, rapaHTHpOBaHbI
OTJIMYHbIE pe3yJBTaThl IS JI0O0r0 BXOJAHOTO CHTHajla C YacTOTOM
MeHblueii uau paHoit 1 Ti. Takum obpasom, obecreueno corsiacopanue
¢ BoaMoxHocTsaMU nporpammbl PICOSCOPE. ,

Bo BTOpoMm npumepe Takke perucTpupyeTcs ofHO 3Hayenue 3a 1 Mc,
HO TBICSYY Pa3 NMOJAPSIJL, TO eCTh B Te4eHUe OJHON CEKyH/Ibl.

Tpernit npumep nmoCTpUpyeT U3MepeHHe, IPOBOAUMOE B TeYeHHe
OZlHO¥ MUHYTBI, CO CKOPOCTbIO OJIHO 3HaYeHHUe 3a JIeCSATh MUJJIMCEKYH],
Takas ckopocTb BHIGOPKH A0CTATOYHO BBICOKA ISl TOTO, YUTOOBI MOXKHO
6bI10 BHIBOIMTL OTYET Ha 9KPaH HEIIOCPEACTBEHHO BO BpeMsl PericTpa-
uun. B atoMm ciryyae nosmbsoBatesib yBUAMT COOBLIEHNE O TOM, YTO MAET
TNPOLIECC PErUCTpPAIIHH.

B yerseprom mpumepe peructpupyercs 14400 snayenuii B yac
CO CKOPOCTbIO O/(HO 3HayeHHe 3a 250 Mc (To ecTb 4 3HaUeHNS B CEKYHAY),
HO KaX/bl pa3 BBIYHCJ]SETCS CcpeiiHee apudMeTHYecKkoe Mo NecaTH
M3MepeHHsIM BMECTO TpeX. JTO TMO3BOJSET Jydlle OT(HUILTPOBATh
BO3MOXHbIE TIOMEXH, crocoOHble UCKA3UTh BUJ KpHBOii. Takast cko-
pocTh c60pa TaHHBIX NMO3BOJSIET BHIBOJAUTb OTYET Ha IKPaH B TeYeHHe
BCEero Mnepuojia U3MepeHuil M Jake U3MEHSITb MapaMeTpbl npouecca
NPsAIMO BO BpeMsi paboThl.

Bepxnss wactb Tabamunl («ITapamerpsl c6opa aaunbix» u «[lapa-
METpbI KaHajla») COOTBETCTBYET TeM HACTPOiiKkaM, KOTopble HeoHX0AUMO
TMpPOBeCTH /10 Hayana paboThl. Bee ocrambHble aTanbl oTHocsTCS K 06pa-
60TKe pesyJIBTaTOB, a 3HAYMT, UX YCTAHOBKA MOXKeT OBITh NpOBeIeHa
110 OKOHYaHUH npoiuecca l/lSMepe}il{ﬁ. MoxHo 3a/1aTb BUJ1 OTYETOB U B Ca-
MOM HayaJle, eC/i¥ 3apaHee M3BECTHO, KaKOil pe3yJbTaT Ha/lo 110Jy4YHTb,
EcrecTBenHO, 3T0 HEOGXOMMMO C/le/1aTh M IIPH BBIBOJIE OTYeTa HEeTloCpei-
CTBEHHO B IIpoliecce U3MePeHHIl.
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Tabnuua 5.1. Mpumep kannbposoyHosi Tabmusi

NapameTpsl c6opa AaHHBIX
g 10 250
MC MC Mc
1000 6000 14400
§ MapameTpbl kKaHana
Kanan 0 0 0 0
% Nms ADC10 ADC10 ADC10 ADC10
MuHiumym 0 0 0 0
Makcvmym 255 255 255 255
Yucno otcyetos 3 3 3 10
Merop, o6paborku YcpenHetve Ycpenxetve YcpenHeve Ycpenxetve
Buibop napamerpos
Wma Hanpsxetue Hanpsixetue Hanpsixeue Hanpsixetve
EnnHuua uamepetns Bonbt Bonbt Bonbt Bonbt
[yanasoH 5 5 5 5
Kon-Bo 3H. nocne 3ansioit 1 1 1 1
Llikana Nuxedtas JinveiiHas JlnneiHan JinreiiHas

HacTpoiika nuHeiHO! WwKanbi

|
g TpagyvpoBKa Wwkans! Bonbt Bonbt Bonbt Bonbr
s 06uwi napametp ADC10 ADC10 ADC10 ADC10
é Cnsur Hyns 008B 00B 008B 008
a Koadppuument 0,01961 B/M3P | 0,01961 B/M3P | 0,01961 B/M3P | 0,01961 B/M3P
§ HacTpoitka oryeta
= | v=F(t) 100 mc 1c 1 M 1y
g X MUH. 0 0 0 0
’é X Maxc. 1000 1000 60000 3600000
§ dopmar JiureiiHbii JInHeiHbIA JHeiHiIA JInHeAHbIA
§ : BeprukansHas ocb KoopaMHaT »
= |Bosowm Ja Ja fa - fa
8 Merxa wm eq. uamepenns Bonbt Bonbt Bonbt Bonbr
Y M, 0,000 0,000 0,000 0,000
Y maxc. 5,000 5,000 5,000 5,000
Mapamerp Hanpaxetve | Hanpsxexve | Hanpaxexve | Hanpsxexve

Ocb Y Cnesa Cnesa Cnega Cnesa
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Hazo uetko npeacrasisith, yto Ha atane c6opa undopmaiuu B daiis
3aIlMCBIBAIOTCS «CBIPbIE» JlaHHbIe, He UMEIOIIHe Pa3MePHOCTH. ITO TPoc-
TO JIBOMYHBIE YHCIIa, HApUMep B nHTepBaje ot 0 0 255 Npy HCnob-
3oBanuu 8-paspsanoro AT ADC 10. Takoit 1oToK IaHHBIX Ha3bIBaeTCs
<KaHAJIOM», 1 €My JIOTKHO GBITh PUCBOEHO 1MsL. B npiBeeHHBIX mpH-
Mepax BbiGpano nms «ADC10». Pasymeercst, HeCKOIbKO KaHa/IOB MOTYT
CYIIECTBOBAaTh OHOBPEMEHHO, B YaCTHOCTH IIPH paboTe ¢ MHOTOKaHaJlb-
aeiM AT, takum kak ADC 11.

Cpenu Bcex BUIOB 0TYeTOB, KoTopbie niporpamma PICOLOG mosxker
M3BJIEKATb U3 «CBIPBIX> AHHBIX, 3aMNCAHHBIX B (ailie, caMbiM yIoTpe-
GutenbHbiM OyzieT, 6e3 coMHeHHs], KpUBas U3MeHeHHs TapaMeTpa B 3a-
BUCHMOCTH OT BPeMeHHM (MHBIMH CJIOBaMH, TO, UTO BblJlaeT OOBIYHBII
JIEHTOYHBIIi peructparop). IMeHHO Takoil oT4yeT npuse/ieH B Taba. 5.1.

XoT4 BepTHKATbHYIO OCh IIKaJIbl MOXKHO TPajlyHpoBaTh B JBOMYHBIX
kozax AIIII, ropaszo Gosee nHTEpecHo MPOBECTH MX NpeobpaszoBaHUe
B €/INHUIIBI, COOTBETCTBYIOIIHNE peasbHbIM BeJMYMHaM (HarpuMep, Ha-
npsokenue ot 0 1o +5 B). 3nauut, Hano onpenennTh MM TapaMeTpa
(3mech: «Hanpsizkenues») n ykasaTh nNporpaMme MaTeMaTHYECKYIO 3aBH-
CHUMOCTD, CBA3bIBAIONLYIO HH(OPMALMOHHBIE laHHbIe B «KaHajle» H caM
napamertp. B 1annoM cirydae aTo 04eHb MPOCTO: 3aBUCUMOCTD JINHeiTHas,
cMellleHye oTcyTCTBYeT (HyJ1eBoii koa Ha Bbixoge AILLII cooTBeTcTBYeT
0 B Ha Bxoze), a xoadduiuent npeobpazoBanus cocTasisier 5 B
Ha 255 M3P, un 0,01961 B/M3P. Ilocaie aToro Hajio onpeeuTh npes-
craBjieHue KpuBoii «Y=F(t)» (puc. 5.5), HO MOXKHO TaKKe 3allpOCHTh
¥ TabanyHOe NpecTaBien e, o6pasel KOTOPOTo MpHBe/eH Ha pHc. 5.6.

CHayana MOXKHO MPHCBOUTDH rpaduKy uMsi, Kotopoe Oy/eT OTpakeHo
Ha Gymare B BHJie 3aroJIOBKa; BIIpOYeM, 9T0 Heobs3aTe/bHO. 3aTeM Halo
rpajlyupoBaTh OCH, COOMIO/Iasi Pa3MEPHOCTH M eJIMHHUILBI, BHIOpaHHble Ha
npeapyyux stanax. Ilo ocu X, Hanpumep, cieayer obecreunts MaKkCH-
MasbHoe 3HayeHue 60000, ecin TpebyeTcs IPOM3BECTH 3aITHCh B TeYeHHE
OJIHOIi MMHYTBI, C BpeMeHHOIH IIKaJIoii, MPOrpajyupoBantoii B MUJIJIHCe-
KyH/IaX (HeBa)KHO, C KAKHM HHTEPBAJTIOM MPOBOAMINCH U3MEPEHIs — KaX-
Able fecsiTh WK cto MuHcekyHn). ITo ocu Y rpaxymposatine NPOBECTH
Tpolle; OCTITOYHO 0OBABUTH MAKCHMAJIbHOE 3HAYEHHe NapaMeTpa, co-
OTBeTCTBYIolIlee TosHOM 1ikaze AITIT.

ITosBosMTeNIBHO TaK>Ke BHIBOAMTH B OTYETe MH(OPMAIIMIO JIHIIIb O Yac-
TH U3MepPsieMOro MHTepBaJla, yKa3aB napameTpbl «X MHH.» U «X Makc.»,
OrpaHM4HBalolllMe WHTepecyloluHii yyactok. TeopeTHYeCKH BO3MOKHO

clieJIaTh TO Ke CaMoe U JUIs] BeIMUMH, OTKJIa/ibiBaeMbIX 1o ocH Y, HO Toraa
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Puc. 5.6. Mpumep otyeta 8 Buge Tabnuusi

YXyAlIaeTcss pa3penieHue. HOE)TOMy Jiydmie npe/iBapuTeJbHO MacliTa-

6MpoBaTh CHTHAJ, EC/IH €T0 YPOBEHb He JIOCTHTaeT BeIyuHbI +5 B.
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ITocnie BBIBOIA Ha KpaH H, BOZMOXHO, 10CJ€ KOPPEKIHU TOr0 WIN
HHOTO NapaMeTpa BbIBO/Ia MOXKHO IIPOU3BECTH paclieyaTky MoJyyeHHbIX
otyetoB. Heckosibko TpiuMepoB, NIPHUBEIEHHBIX 3/1eCh, JAIOT MPe/ICTaB-
JIeHHe 0 TOYHOCTH U YeTKOCTH, KOTOPbIe JIOCTUTAIOTCS Jlaske Ha IIPOCTOM
NPUHTEpe C eBATHIO UToJIKaMU U ¢ 8-pa3psiiabiM AL

Puc. 5.7 — ato npuMep pacrneyatku B pexxMe HU3KOTO pa3pelieHus
1 a1b0OMHOIT OpHeHTalnH, a pUC. 5.8 — IpHMep pacleyaTku B pesxuMe
BBICOKOT'O pa3pellieHst 1 KHHKHOH OpHeHTallHH.

[IpuBeneHnas Ha rpadukax skcrnoHeHta otobpaskaer Mpoiecc pas-
psia KoHzieHcaTopa eMKocTblo 10 Mx®D, 3aps:keHHOTO 10 HANpsiKEeHUs!
5 B, uepes peaucrop conporusiennem 1 MOwm.

Jlpyroii nuTepecHblii caydaii — o6paboTka (aiiia, copepKaliero ymc-
JIOBbl€ 3HAYEHMs], CIIeLHAIH3HPOBAIHBIMU TIPOrpaMMaMH IS MoJyye-
HHUS BBICOKOKayeCTBeHHOIt rpadukn. ITo MOTyT OBITh Kak pacipocTpa-
HeHHble NMaKeThl 1e10Boi rpaduKii, Tak N MaKeThl, pejHa3HaYeHHble
IUIs1 HayYHBIX HceaenoBaunii. Tak, rpaduk, nzobpaxkennslii Ha puc. 5.9,
ObL1 NocTpoeH npu noMmouy nporpammbl SigmaPlot, pazpaGoranHoii
komnanueit SPSS Science, ¢ ucnosb3oBaHHeM KOPOTKOM 3alUCH CHT-
HaJ1a, MOJIyYeHHOTo OT (hYHKIHOHATBLHOTO reHepaTopa.

NPOrPAMMHOE OBECNEYEHUE YACTHOIoO NPUMEHEHUA

3TOT pas3aes MOXHO Ha3BaThb I'VIAaBHbIM BO Bceil KHUTe: UMEHHO B HEM
PacCKa3bIBa€TCA, KaK peliaTh MpakKTHYeCKH Jno6ble 3aZlayH, CBSA3aHHbIE
Cco C60pOM AAHHBIX ITPU HU3KHX 4YaCTOTaX AHUCKPEeTH3allHH. MO}IyJ[bHaﬂ
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Puc. 5.10. Obwas cTpykTypa np1knQaHbIX MPOrpamm, PaccMaTpUBAaEmBIX B KHUTE

CTPYKTYypa HH>KeNpUBeeHHBIX nporpaMm Ha si3bike BASIC uin s3pike
TurboPASCAL nosBossier azianTupoBaTh X K HOBBIM 3aJjayaM, H3Me-
HSIs1 JIMLIb HECKOJIBKO CTPOK.

Ha puc. 5.10 npezicraBiena cTpykTypa, Mo KOTopoii 6y1yT CTpOHThCS
roToBble K paboTe NMPUJIOKEHHUSI.

B Hayazne mporpaMMbl HaXOAUTCS ApaiiBep, COOTBETCTBYIONMI Bbl-
6pannomy AILIT — 60 roToBoMy, 160 COBPaHHOMY CaMOCTOSTEIbHO
110 ONMCaHMIO, KOTOPOe NPUBEECHO B ITOI KHHTe.

Kaskzptii apaiiBep Gbl1 HamucaH B COOTBETCTBUH CO crielrduKalu-
AMM, NpPeJCTaBJeHHBIMU U3TOTOBUTEISIMH HCIOJIb3YeMbIX KOMIIOHEH-
TOB, NpUYeM ocoboe BHUMaHHe Y/eNsJ0Ch BpEeMEHHBIM JlHarpaMMaM
NpoTOKOJIOB cBsA3H. [[paiiBepbl MOXHO paccMaTpuBaTh Kak [10, nocras-
JsieMoe IO KJII0Y», HO JIOMYCTUMO Takke MOAMdHLUPOBATh UX B ca-
MbIX Pa3HBIX LeJsX.
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IlepBoiii 6J0K Kasxaoro apaiiBepa (ctpoku 10-90) npoBoauT Mnu-
LHAJU3aIMIO 110C/Ie/I0BaTeJIbHOIO WM MapaJljesbHOro MopTa, HCIOJIb-
3yeMOro Uil CBsi3H, U obecreynBaeT Mojayy HanpsiKeHWs NMUTaHUsA
Ha noxakaodeHHblit k Hemy AILIl. Biox 3akaHumMBaeTcsi KoMaHIOM
GOTO 200, nepenaromieii ynpasiaeHie cOOCTBEHHO NTPUKJIALHO MPO-
rpamme (ctpoku 200-290). ITa mporpaMma yHHBepCalbHa, OHa 3aBUCHT
TOJIBKO OT BBINOJIHSEMOM 3aJlauy, HO HH B Koeil Mepe — OT MpPUMEeHs-
emoro AIIIIL. IToatomy 3amenuTb apaiiBep npu cMene AIII (Hanpumep,
TpH nepexojie oT 8-pa3psiiHoro Kk 12-pa3psapHoMy) oYeHb MPoCTo.

I[IpukiaaHas nporpaMMa MOXeT camMa 06paiarhest Ko BTopomy 6J10-
Ky apaitBepa (ctpoku 100-190) HacTo/IbKO YacTo, HACKOIbKO Tpedy-
eTcs. DTa yacThb JipaiiBepa OTBeYaeT 3a BbINOJIHEHUE OZHOTO — H TOJIbKO
OJHOTO — aHaJIoro-1U(pPOBOTo NMpeoOpPa3oBaHMs U 3a pa3MellleHHe pe-
3yJbTaTa (BeJIMYMHBI HanpsbkeHus B Jianasone ot 0 1o 5 B) B nepe-
menHoit D. Tosbko npuKJIaHas nporpaMma onpeiessieT, ¢ KaKkoii cKo-
pOCTbIO 6YYT NPOBOAMTHCS 11peobpa3oBaHust, HAO JIM KOMOMHHPOBATh
MoJlydeHHble 3HAYeHHs TMepe/l BbIBOJOM pe3yJibTaTa M KakoB Oynaer
cnocob obpabotku pesynsrata (1HudpoBoe Tab10, MOCTpoeHHe KPUBOH,
3anKch Ha JUCK, BKJIIOYeHHe CHTHasla U T.IL.).

Ecau ne xBatut Mecta Mexay crpokamu 200 u 290 nporpamMMbl,
MoxHO noMectutb onepatop GOTO B crpoke 290, yTO 1MO3BOJMT
nponoJkath paboty, Hanpumep, co crpoku 2000. Eute onna 3apesep-
BUpOBaHHas 06JacTh, HaYuHHas co cTpoku 300, mpeaHasHayeHa A
onepaTtopoB BbiBojia rpapuku. Biok mexay crpoxamu 300 u 490
OTBeJieH JUISA OTepaTopoB MHUIMAIU3allMH dKkpaHa (BbI6op rpadu-
YecKOro pexkuma, MocTpoeHiie KOOPAMHATHOH CeTKH, onpejeseHie
1BeToB M T.11.). [Ipoleaypa BbIBojIa pe3yJIbTaTOB Ha 9KpaH HauMHAeTCs
co crpoku 500. iMenHo npukiaanHasi nporpamma (ctpoku 200-290)
OysieT B HY>KHBIE MOMEHT BbI3bIBaTh rpadM4yecKyio MOANpOrpamMmy
xoManzoit GOSUB 500. )

QueBHIHO, YTO MOHAZOOUTCS UCNOJB30BaTh rpaduyeckue npoue-
Nlyphl, Tpe/iHa3HayeHHbIe JUIsl KaXI0To U3 aKpaHHbIX pexuMoB (CGA,
VGA u 1.1.), xots pexxum CGA, Hanpumep, 6e3 npobieM (1 aaxe c He-
KOTOPBIMH MIPEeUMYIIIECTBAMH) TOJIEPKUBAETCS] BCEMH COBPEMEHHBIMU
rpapuuecKUMU M1aTaMH.

Ipaiisepsi 11 8-paspsaaubix AU

Ha cepsepe www.dmk.ru copepxarcs apaiiBepbl 15 yeTbipex 8-paspsia-
ubix AILLIT:
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« AILIT ADC 10 komnauuu PICO Technology;

+ Bepcust ALLIT va 6aze TLC 549 (puc. 4.1, 4.3);

« Bepcust ALLIT na 6aze MAX 1243 (puc. 4.6);

* Bepcust ALLIT na 6aze TLC 549 (puc. 4.13, 4.14).

3ametum, yto, XoTsa AIIII ADC 10 u cobpan Ha 6aze TLC 549, on
TpebyeT ocoboro ApaiiBepa, Tak KakK NMOAKIIOYACTCS K MapaiiesbHOMY

nopry. Bniosine noruyno, 4to Bepcus apaiiBepa st ADC 10 Ha a3bike
BASIC wnaspiBaercs ADC10.BAS.

10 REM ---- ADC10 ----

20 KEY OFF:CLS

30 B=&H378:REM LPT1:

40 N=8:REM uMcno pa3psnos

50 OUT B, 2

60 FOR T=0 TO 100:NEXT T

70 OUT B, 254

8C FOR T=0 TO S00:NEXT T

9C GOTO 200

1060 OUT B,252:D=0:REM nonyyeHue OaHHHX
110 FOR F=0 TO N-1

120 OUT B, 253

130 E=INP(B+1) AND 128

240 OUT B, 252

150 IF E=0 THEN D=D+2"(N-1-F)
160 NEXT F

170 D=5*D/(2”N-1)

180 OUT B, 2:RETURN

190 REM (c)1997 Patrick GUEULLE

[IlecTHaauarepuyHas BenuynHa 378 B ctpoke 30 mpeanonaraet, YTo
ADC 10 noaknioyded k mnapaanenbHoMmy nopty LPT1. Yrob6el noxa-
kmoyntb ADC 10 k nopty LPT2 (ecnm takoBoii uMmeetcsi), Halo 3a-
MEHHMTb 3Ty BeJIMYMHY Ha 278 MIM Ha MO0V IPYryio BeNNYHHY,
cooTBeTCTBYIOIYI0 ycTaHoBKaM BIOS ucnosib3yemoro kommbiorepa.
PazpaforaHa Takxe Bepcus Ha s3bike TurboPASCAL, kortopasi npuro-
JIUTCS, ecH HYXHa 6oJlee BBICOKasi YacTOTa AMCKPETU3AIHH.

Ucxonusiit Tekct ADC10.PAS npexncrasasiet coboit He npocto apaii-
Bep. B kayecTBe npiMepa oH cofiepxkHT HeCOIbIIYI0 NPUKIAAHYIO [1pO-
rpaMMy BbIBOJA Ha dKPaH pe3y.bTaTOB ABAaJAUATH NOCJe10BaTeIbHBIX
H3MepeHHIi, TPOBOAMMBIX ¢ HHTepBasioM B 500 Mc.

program adcl0;
uses crt;
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var n,f,e:byte;
b,g:integer;
d:real;
procedure init;
begin
b:=$378; n:=8;
port1b]:=2;
delay (100);
port [b] :=254;
delay (500) ;
end;
procedure acquisition;
begin
port[b]:=252; d:=0;
for £:=0 to n-1 do
begin
delay (2) ;port [b] :=253;
e:=port [b+1l] and 128;
port [b] :=252;
if e=0 then d:=d+exp((n-1-£f)*1n(2));
end; )
d:=(5*d)/ (exp((n) *1In(2))-1);
port [b]:=2;
end;
procedure affiche;
begin
acquisition;
d:=(int (100*3))/100;
wrizeln(d);
delay (500) ;
end;
begin
clrscr;
init;
for g:=1 to 20 do
begin
affiche;
end;
end.
(* COPYRIGHT 1997 Patrick GUEULLE *)

YerpoiictBo Ha 6aze MAX 1243 takoke Tpebyer ocoboro apaiiBepa,
Bepcus kotoporo Ha s3bike BASIC nasbiBaeTci MAXIMS8.BAS. On
onpesensieT 8-pa3psaAHbIil pexXuM paboThl JaHHOTO KOMMOHEHTa, Ha
caMoM JieJie peicTaBisiomero coboii 10-paspsiaHoe ycTpoicTBO.
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10 REM ---- MAXIM8 ----

20 KEY OFF:CLS

30 B=&H3F8:REM COM1:

40 N=8:REM yucno pa3psiioB

50 OUT B+4,1

60 FOR T=0 TO 100:NEXT T

70 OUT B+3,64

80 FOR T=0 TO 500:NEXT T

90 GOTO 200

100 OUT B+4,0:D=0:REM ACQUISITION
105 OUT B+4,2:0UT B+4,0

110 FOR F=0 TO N-1

120 OUT B+4,2

130 E=INP(B+6) AND 16

140 OUT B+4,0

150 IF E=16 THEN D=D+2" (N-1-F)
160 NEXT F

170 D=5*D/ (2”N-1)

180 OUT B+4,1:RETURN

190 REM (c) 1997 Patrick GUEULLE

lectHaanatepuynas BenuuynHa 3F8 B crpoke 30 mpenmosaraer,
YTO YCTPOMCTBO MOJKJIIOYEHO K mocienoBateabHomy mopty COMI.
Y1o6b UMETh BO3MOXHOCTh Mcnoab3oBath COM2 Bmecto COM1,
Ha/I0 3aMeHUTh 3Ty BeJuuHHy Ha 2F8, a npu Mcrnonp3oBaHuy mopra
COM3 unan COM4 pexomeHayeTcsl TpeBapUTEIbHO NPOBEPUTH
ycranoBku BIOS mo skpany nactpoiiku SETUP, BoiBoguMOMy Ha
nucnieit npu Bkaovenun I1K.

Bepcust Ha sizbike TurboPASCAL nassiBaetcss MAXIMS8.PAS u tak-
e BKJIIOYaeT HeOOJIBIIYIO NMPUKJIAJHYIO YacTh, BHIBOASAILYIO Ha 3KpaH
pe3yJIbTaThl ABaJILATH U3MepPEeHUIA.

program maxim8;

uses crt;

var n, f,e:byte;
b,g:integer;
d:real;

procedure init;

begin

b:=$3F8; n:=8;

port [b+4]:=1;

delay (100) ;

port [b+3]:=64;

delay (500) ;

end;
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procedure acquisition;
begin
port [b+4]:=0; d:=0;
port [b+4]:=2;port [b+4] :=2;
port [b+4]:=2;port [b+4]:=0;
for £:=0 to n-1 do
begin
port [b+4]:=2;
e:=port [b+6] and 16;
port (b+4]:=0;
if e=16 then d:=d+exp((n-1-f)*1n(2));
end; . :
d:=(5*d)/(exp((n)*1n(2))-1);
port [b+4]:=1;
end;
procedure affiche;
begin
acquisition;
d:=(int (100*d))/100;
writeln(d);
delay (500);
end;
begin
clrscr;
init;
for g:=1 to 20 do
begin
affiche;
end;
end.
(* COPYRIGHT 1997 Patrick GUEULLE *)

Jpaiisep nis ycrpoiict Ha 6aze TLC 549 (puc. 4.1 u 4.13), Hanu-
canHblii Ha si3bike BASIC, HasbiBaetcst 8BITS.BAS. On Takxe npesna-
3HayeH st paboThi ¢ nocJenosatebhbiM noprom COM1 (3F8h).

10 REM ---- 8BITS -—~--

20 KEY OFF:CLS )

30 B=&H3F8:REM COM1:

40 N=8:REM umucJiio pa3psiioB

50 OUT B+4,1

60 FOR T=0 TO 100:NEXT T

70 OUT B+3,64

80 FOR T=0 TO 500:NEXT T

90 GOTO 200

100 OUT B+4,0:D=0:REM ACQUISITION
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110 FOR F=0 TO N-1

120 OUT B+4,2

130 E=INP(B+6) AND'16

140 OUT B+4,0

150 IF E=16 THEN D=D+2"(N-1-F)
160 NEXT F

170 D=5*D/ (2”N-1)

180 OUT B+4,1:RETURN

190 REM (c)1997 Patrick GUEULLE

Ero Bepcusi Ha ssbike TurboPASCAL nasbiBaetcs 8BITS.PAS u co-
JEPXHT y)Ke YIOMAHYTYIO NporpaMMy BbIBOZA Ha 3KpaH pe3yJbTaToB
ABaZllaTH U3MEPEHHIA.

program huitbits;

uses crt;

var n,f,e:byte;
b,g:integer;

d:real;
procedure init;
begin
b:=$3F8; n:=8;

port (b+4]:=1;
delay(100);

port [b+3]:=64;

delay (500) ;

end;

procedure acquisition;
begin

port [b+4]:=0; d:=0;
for £:=0 to n-1 do
begin

port [b+4]:=2;

e:=port [b+6] and 16;
port [b+4]:=0;

if e=16 then d:=d+exp((n-1-f)*1n(2));
end;

d:=(5*d) /(exp((n)*1n(2))-1);
port [b+4]:=1;

end;

procedure affiche;
begin

acquisition;

d:=(int (100*d))/100;
writeln(d);

delay (500) ;

end;
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begin
¢lrscr;
init;
for g:=1 to 20 do
begin
affiche;
end;
end.
(* COPYRIGHT 1997 Patrick GUEULLE *)

HpaiiBeps! nas 10-pa3paaubix AL

Tak kak 10-paspsigHoii Bepcun ADC 10 He cyuiecTByeT, IpUBOAUMbIE
3/1eCh IpaiiBEPbl OTHOCSATCS TOJIBKO K TPEM YCTPOMUCTBaM It CaMOCTO-
ATeNbHON cOOpKH:

» Bepcus ALLII Ha 6ase TLC 1549 (puc. 4.1, 4.3);

* Bepcusi ALLI Ha 6aze MAX 1243 (puc. 4.6);

* Bepcusi AIIII na 6ase TLC 1549 (puc. 4.13, 4.14).

Bepcusi Ha sisbike BASIC mist obonx ycrpoiicts Ha 6ase TLC 1549
HasbiBaeTcsi 10BITS.BAS. Ona Hanyncana st paboThl ¢ ocsie1oBaTelb-
ubiM ioprom COM1 (3F8h).

10 REM ---- 10BITS ----

20 KEY OFF:CLS

30 B=&H3F8:REM COML1:

40 N=10:REM uucino pa3psnos

50 OUT B+4,1

60 FOR T=0 TO 100:NEXT T

70 OUT B+3,64

80 FOR T=0 TO 500:NEXT T

90 GOTO 200

100 OUT B+4,0:D=0:REM ACQUISITION
110 FOR F=0 TO N-1

120 OUT B+4,2

130 E=INP(B+6) AND 16

140 OUT B+4,0

150 IF E=16 THEN D=D+2"(N-1-F)
160 NEXT F

170 D=5*D/ (2"N-1)

180 RETURN

190 REM (c) 1997 Patrick GUEULLE

Bepcusi Toro xe npaiiBepa Ha sibike TurboPASCAL c BbIBoZIoM Ha 3K-
paH pe3yJIbTaTOB ABaALaTH U3MepeHuii HasbiBaeTcss 10BITS.PAS.
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program dixbits;
uses crt;
var n,f,e:byte;
b,g:integer;
d:real;

procedure init;
begin
b:=$3F8; n:=10;
port [b+4]:=1;
delay (100);
port [b+3]:=64;
delay (500) ;
end;
procedure acquisition;
begin
port [b+4]:=0; d:=0;
for £:=0 to n-1 do
begin
port [b+4] :=2;
e:=port[b+6] and 16;
port (b+4]:=0;
if e=16 then d:=d+exp((n-1-f)*1n(2));
end;
d:=(5*d)/(exp((n)*1n(2))-1);
end;
procedure affiche;
begin
acquisition;
d:=(int (100*d))/100;
writeln(d);
delay (500) ;
end;

begin

clrscr;

init;

for g:=1 to 20 do
begin

affiche;

end;
end. »
(* COPYRIGHT 1997 Patrick GUEULLE *)

YcrpoitctBo Ha 6Gase MAX 1243 Ttpebyer ocoboro apaiiBepa
MAXIM10.BAS # Takxe npeaHassayeHo aias paboTel ¢ moce-
nosatesnbHbIM optom COM1 (3F8h).
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10 REM ---- MAXIM10 ----
20 KEY OFF:CLS
30 B=&H3F8:REM COM1:
40 N=10:REM umucno pa3psinos
50 OUT B+4,1
60 FOR T=0 TO 100:NEXT T
70 OUT B+3,64
80 FOR T=0 TO 500:NEXT T
90 GOTO 200
100 oUT B+4,0:D=0:REM ACQUISITION
105 OUT B+4,2:0UT B+4,0
110 FOR F=0 TO N-1
120 OUT B+4,2
130 E=INP(B+6) AND 16
140 OUT B+4,0
150 IF E=16 THEN D=D+2"(N-1-F)
160 NEXT F
170 D=5*D/ (2~N-1)
180 OUT B+4,1:RETURN
. 190 REM (c)1997 Patrick GUEULLE

Ero Bepcust Ha si3bike TurboPASCAL nassiBaetcss MAXIM10.PAS.

program dixbits;

uses crt;

var n,f,e:byte;
b,g:integer;
d:real;

procedure init;

begin

b:=$3F8; n:=10;

port [b+4]):=1;

delay (100) ;

port [b+3] :=64;

delay (500) ;

end;

procedure acquisition;

begin

port [b+4]:=0; d:=0;

for £:=0 to n-1 do

begin

port [b+4]:=2;

e:=port [b+6] and 16;

port [b+4]:=0;

if e=16 then d:=d+exp((n-1-f)*1n(2));-

end; .
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d:=(5*d)/(exp((n)*1n(2))-1);
end;
procedure affiche;
begin
acquisition;
d:=(int (100*d))/100;
writeln(d);
delay (500);
end;
begin
clrscr;
init;
for g:=1 to 20 do
begin
affiche;
end;
end.
(* COPYRIGHT 1997 Patrick GUEULLE *)

Hpaiisepsi s 12-paspsaaubix AL

Ha cepsepe www.dmk.ru cozepskarcst apaiiBepsl s yeTbipex 12-pas-
psiztibix AT

« AIIIT ADC 12 komnanuu PICO Technology;

« Bepcusi AILIT Ha 6ase LTC 1286 uau ADS 1286 (puc. 4.1, 4.3);

» Bepcusi AILIT Ha 6aze MAX 1241 (puc. 4.6);

« Bepcusi ALLIT na 6aze LTC 1286 nan ADS 1286 (puc. 4.13, 4.14).

Tax kak AL ADC 12 co6pan Ha 6aze LTC 1292, on TpebyeT TakTo-
Boif yactoTnl He MeHee 100 kTir. B cuiy atoro o6cTosiTenbeTBa ApaiiBeph
ADC12.BAS u paxxe ADC12.PAS caenyet ¢ 60J1b1110i1 OCTOPOKHOCTBIO
MCII0JIb30BaTh Ha cTapbiX U MeleHHBIX 1K, nockospKy B TakoM ciyyae
He Bcerza yjaetcs J0OUThCsl pe3yJIbTaToB, KOTOpble MOXeT 00ecrednTh
AIIT ADC 10 mpu Tex e ycioBusix. CaMas HexkeslaTe/IbHasi CHTyallus
BO3HMKAET IPU MCMOJIHEHHU mporpaMMbl B okHe Windows, uTo ere
Goanplie 3amMe/iseT paboTy MO CPaBHEHHIO € BbIIOJHEHHEM HeNocpe-
ctBerHo B DOS.

Wnaue rosops, ALIII ADC 12 6yzner paGorath ¢ nosaHoii oTaavyeit
TOJIBKO CO CBOMM IporpaMmHubiM obecneyennem PICOSCOPE u PICO-
LOG, npuuem noa DOS nyuuie, yem nox Windows.

10 REM ---- ADC12 ----
20 KEY OFF:CLS
30 B=&H378:REM LPT1:
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40 N=12:REM unucno paspsioB

50 OUT B,1

60 FOR T=0 TO 100:NEXT T

70 OUT B, 254

80 FOR T=0 TO 500:NEXT T

90 GOTO 200

100 OUT B,252:D=0:REM ACQUISITION
105 OUT B,254:0UT B, 252

106 OUT B,254:0UT B, 252

110 FOR F=0 TO N-1

120 OUT B, 254

130 E=INP(B+1) AND 128

140 OUT B, 252

150 IF E=0 THEN D=D+2" (N-1-F)
160 NEXT F

170 D=5*D/ (2”N-1)

180 OUT B, 253 :RETURN

190 REM (c)1997 Patrick GUEULLE

program adcl2;
uses crt;
var n,f,e:byte;

b,g:integer;

d:real;
procedure init;
begin
b:=$378; n:=12;
port[b]:=1;
delay(100);
port [b] :=254;
delay (500) ;
end;
procedure acquisition;
begin
port [b]:=0; d:=0;
port [b] :=254;port [b] :=252;
port [b] :=254;port (b] :=252;
for £:=0 to n-1 do
begin
port [b] :=254;
e:=port (b+1] and 128;
port [b] :=252;
if e=0 then d:=d+exp((n-1-f)*1n(2));
end;
d:=(5*d)/(exp((n)*1n(2))-1);
port(b]:=253;
end;
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procedure affiche;
begin
acquisition;
d:=(int (100*d))/100;
writeln(d);
delay (500) ;
end;
begin
clrscr;
init;
for g:=1 to 20 do
begin
affiche;
end;
end.
(* COPYRIGHT 1997 Patrick GUEULLE *)

OnucaHHble B KHUTe YCTPOMCTBa, paboTalolie yepe3 IocjiefoBa-
TeJIbHBIN NOpT (pHUC. 4.3 1 4.6), He UMEIOT TAKOTO OrPAaHUYEHHST K MOTYT
'HaWJIy4YUIMM 06pa3oM HCIIOJIb30BaTh TOYHOCTh BHICOKOKAYeCTBEHHBIX
AITIL. Tonbko Bepcusi ¢ ontousonsiuuei (puc. 4.13, 4.14) norpebyer
olnpe/ie/IeHHOH aKKypaTHOCTH, TaK KaK NMPUMEHEeHHe ONTPOHOB cJierka
yXyZIUIaeT XapaKTePUCTHKU YCTPOMCTBa B 12-pa3psiTHOM pexuMe.

M3 cxasanHoro moxHo czenats BoiBoz, yto ¢ AIIT LTC 1286 uin
ADS 1286 6yayt paborarb nporpamMbl 12BITS.BAS u 12BITS.PAS
npu ycnoBu, uto Ais cBs3u ¢ IIK ucnonbayerca nocienoBarenbHblit
noptr COM1 (aapec 3F8h B cTpoke 30).

10 REM ---- 12BITS ----

20 KEY OFF:CLS

30 B=&H3F8:REM COM1:

40 N=12:REM 4yucno pa3psiios
50 OUT B+4,1

60 FOR T=0 TO 100:NEXT T
70 OUT B+3,64

80 FOR T=0 TO 500:NEXT T
90 GOTO 200

100 OUT B+4,0:D=0:REM ACQUISITION
102 OUT B+4,2:0UT B+4,0
103 OUT B+4,2:0UT B+4,0
104 OUT B+4,2:0UT B+4,0
110 FOR F=0 TO N-1

120 OUT B+4,2

130 E=INP(B+6) AND 16
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140 OUT B+4,0

150 IF E=16 THEN D=D+2"(N-1-F)
160 NEXT F

170 D=5*D/ (2"N-1)

180 OUT B+4,1:RETURN

190 REM (c)1997 Patrick GUEULLE

program douzebits;
uses crt;
var n,f,e:byte;
b,g:integer;
d:real;
procedure init;
begin
b:=$3F8; n:=12;
port [b+4]:=1;
delay (100);
port[b+3]:=64;
delay (500);
end;
procedure acquisition;
begin
port [b+4]:=0; d:=0;
port [b+4]:=2;port [b+4] :=2;
port [b+4] :=2;port [b+4]:=0;
port [b+4] :=2;port (b+4]:=2;
port [b+4] :=2;port [b+4]:=0;
port [b+4] :=2;port (b+4]:=2;
port [b+4]:=2;port [b+4]:=0;
for £:=0 to n-1 do
begin
port (b+4]:=2;
e:=port [b+6] and 16;
port [b+4]:=0;
if e=16 then d:=d+exp((n-1-f)*1n(2));
end;
d:=(5*d)/ (exp((n)*1n(2))-1);
port[b+4]:=1;
end;
procedure affiche;
begin
acquisition;
d:=(int (1000*d))/1000;
writeln(d);
delay (500);
end;
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begin
clrscr;
init;
for g:=1 to 20 do
begin
affiche;
end;
end.
(* COPYRIGHT 1997 Patrick GUEULLE *)

C ALIl MAX 1241 (puc. 4.6) O6yayr pabortaTh nporpaMmbl
MAXIM12.BAS Ha savike BASIC u MAXIM12.PAS ua s3bike
TurboPASCAL.

10 REM ---- MAXIM12 ----

20 KEY OFF:CLS

30 B=&H3F8:REM COM1:

40 N=12:REM uucno paspsincs

50 OUT B+4,1

60 FOR T=0 TO 100:NEXT T

70 OUT B+3,64

80 FOR T=0 TO S00:NEXT T

90 GOTO 200

100 OUT B+4,0:D=0:REM ACQUISITION
105 OUT B+4,2:0UT B+4,0

110 FOR F=0 TO N-1

120 OUT B+4,2

130 E=INP(B+6) AND 16

140 QUT B+4,0

150 IF E=16 THEN D=D+2”(N-1-F)
160 NEXT F

170 D=5*D/(2"N-1)

180 OUT B+4,1:RETURN

190 REM (c¢)1997 Patrick GUEULLE

program maximl2;

uses crt;

var n,f,e:byte;
b,g:integer;
d:real;

procedure init;

begin

b:=$3F8; n:=12;

port [b+4]:=1;

delay(100);
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port [b+3]:=64;
delay(500) ;
end;
procedure acquisition;
begin
port [b+4]:=0; d:=0;
port [b+4] :=2;port [b+4]:=2;
port (b+4]:=2;port [b+4]:=0;
for £:=0 to n-1do
begin
port [b+4]:=2;
e:=port [b+6] and 16;
port (b+4]:=0;
if e=16 then d:=d+exp((n-1-£f)*1n(2));
end;
d:=(5*d) / (exp((n)*1n(2))-1);
port [b+4]:=1;
end;
procedure affiche;
begin
acquisition;
d:=(int (1000*d))/1000;
writeln(d);
delay (500) ;
end;
begin
clrscr;
init;
for g:=1 to 20 do
begin
affiche;
end;
end.
(* COPYRIGHT 1997 Patrick GUEULLE *)

IIpukaazaHbie IpOrpaMMsl

B aTom passene nokasaHo, kak Jo6aBieHUe HECKOJIbKHX CTPOK Ipo-
rpaMMbl K BbILIEONIUCAHHBIM ApaiiBepaM NMPHUHOCUT MOJIe3Hble MPaKTH-
yeckHe pe3ynbTaThl. YUTaTeu Z0/mKHbI OYAYT CAMOCTOSTE/IbHO BHOCHTb
Tpebyemble H3MeHeHHs (4aCTO MUHUMAJIbHbIE ), KOTOPBIE ONpeesTCs

KOHKPETHBIMH 33/1a4aMHU.

B ni060oMm cnyyae o6benuHeHHe COOTBETCTBYIOLIETO ApaiiBepa H npH-
KJ1a/tHOH mporpaMMmbl BoinosiHsiercss no komManae MERGE (B s3bike

BASIC).



88 BUPTYAJIbHbIV U3MEPUTESIbHBIVI KOMITITEKC HA BA3E IBM PC

Jlnst ucnosnb3oBanust nporpammbl VOLTS.BAS cosmectho ¢ AT
ADC 10, nanpumep, na asvike GWBASIC nin axBuBanienTHOM Hajlo
HalucaThb cJe/lylouiue CTPOKH:

LOAD "ADC10" (3arpyska jipaiiBepa);

3areM '

MERGE "VOLTS" (106aBJieHHe MPUKJIaJHOMN MPOrpaMMbi).

ITo xomanze RUN sanyckaercs nosiydyeHHasi mporpaMma, KOTOpyio
MO>KHO COXPaHHTb LIEJINKOM 0 KOMaH/Ie:

SAVE "uMs",A (ecsIH jkeslaTeJIbHO 3anmucath (ailsi B TekcToBoM ¢op-
Mare)

HJIH TIPOCTO:

SAVE "JMS" (ecJii JKeJlaTeJIbHO COXPAHUTD ero B HanboJiee KOMIIaKT-
HOM BHJIE).

Byzet nenecoo6pasHo npou3BecTH MOJHYIO KOMIUJISALIIO COCTAaB/IeH-
HOIf IIporpaMMBbl, PaBHO Kak M mporpaMmbl Ha s3pike TurboPASCAL,
B (paitn UMS.EXE, ucnonusemsiit Henocpeacrsedto nox DOS uian
Windows. /17151 9TOro HaZo UMETH B pacropsi>KeHHH KaKoii-Huby b KoM-
nusitop, HanpuMep Turbo BASIC man Quick BASIC.

Iudposoit BosbT™METp

Ouenp koporkas nporpamma VOLTS.BAS npexpacho noaxoaur aus
TIePBBIX 1IATOB B M3YYEHUHU TOJBKO YTO COOPAHHOIO WJH KYILJIEHHOTO
AlIT], Ho Taioke npuroHa u i GoJiee 0OLIMX 3aj1ay.

200 REM ---- VOLTS ----

210 GOSUB 100

220 D=INT(100*D) /100

230 LOCATE 1,1

240 PRINT USING"##.##";D

250 GOTO 210

260 REM (c)1997 Patrick GUEULLE

[IporpamMMa BBIBOZMT B BepXHEM JIeBOM YIJIY 9KpaHa BEJIHUYMUILY Ha-
npsikeHUs (B BOJIBTAX), MOZAHHOIO Ha BXOJI MOJYJIsI 11peoOpa3oBaTelis.
ITa BeJIMYMHa Mo/iBepraeTcs npocreiiiieil 06paboTke, MOATOMY /laHHas
nporpaMMa — OjlHa M3 caMbIX OBICTPOAEHCTBYIOUIMX B «OGUOIMOTEKE>,
Jlake IIPH UCMOJIb30BAHNH oYeHb MeteHHbIX TTK.

[Tpumenenne xomauast LOCATE, kaxablii pa3 Bo3Bpaiuaiolieii Kyp-
COp B BepXHMIi JIeBblii yroJs akpaHa, NPHBOAMT K 3aMelleHHIO CTaporo
3HayeHMs HOBBIM. IIpM 3TOM HMHAMKAIMS TOCTOSSHHO OGHOBJIsIETCS
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CO CKOPOCTbBIO, PAaBHOM 4acToTe B3sTHsl BHIGOPOK, TO €CTh COBEpIIEeHHO
TaK e, KaK B KJIaCCHYeCKOM L[(POBOM BOJIBTMETPE.

Hano o6paTuth BHUMaHMe Ha CIoco0, MOCPEACTBOM KOTOPOro M3Me-
peHHasi BeJINYMHA OKPYTJIsieTCsl 10 IBYX 3HAKOB 10cJIe 3ansToii (cTpoka
220), a moToM BBIBOAUTCS B XKecTKoM opmate, Haubosee cooTBer-
cTByollleM BbiGpaHHON ToyHOCTH (cTpoka 240). ITonobHoe penenue
6y/IeT YacTO UCMOJIb30BAThCS U B JaJibHeLIeM.

IJTa nporpaMma paccyuTaHa Ha paboty coBMecTHO ¢ 8- unu 10-pas-
psaaubiM ALLIL (ToyHocTs 1%), HO ee MOKHO ONITUMHM3UPOBATh U IS
pa6otsl ¢ 12-paspsaubiM AILTI, ucnpaBus ctpoku 220 u 240 creny-
joliM 06pa3oM M oBecreynB MPU ITOM TPH WHAMIMPYEMBIX 3HaKa
nocJie 3ansAToi (To ectb TouHoCTh 0,1%):

220 D=INT(1000*D) /1000
240 PRINT USING"##.###";D

He crouT Take ymyckaTb M3 BMAY, YTO JpaiiBep He BBINMOJHSET
HUKaKUX OKPYIJIEHHIA, TIOJHOCTbIO coOJII0Iasi TOYHOCTh Npeobpa3oBa-
tens. Tosbko MpUKJIaHasi TpOrpaMMa B COOTBETCTBHH C NMOCTaBJIEHHON
3afayeil [O0/KHA TaK MJIH WHaye MCI0JIb30BaTh MOJIyYyaeMylo TOYHOCTD,
u He Gosiee Toro. BeIBOJ Tpex 3HAKOB 1ocJie 3ansIToi sl 8-pa3psAHOTO
AIITl Gyzmer M3AMIIHUM, TaK Kak TPeTHH 3HaK IIPH 3TOM He HeceT
HMKAKOTO CMBICJIA.

200 REM ---- BARRE ----
210 LOCATE 6,1

220 FOR H=1 TO 5

230 PRINT" |. ... ....";

240 NEXT H

250 PRINT" | *

260 LOCATE 7,1

270 PRINT"0 1 s ",
280 PRINT"3 4 5n

290 GOSUB 100

300 D=INT(10*D)

310 LOCATE 5,1

320 PRINT SPC(D);"|";

330 PRINT SPC (50-D)

340 GOTO 290

350 REM (c)1997 Patrick GUEULLE

[Tporpamma BARRE.BAS, B cBolo ouepenb, oKa3blBaeT, KaK JIerko
MO>KHO OPTaHH30BaTh BBIBOJI aHAJIOTOBOM IITPUXOBOM IIKaJbI.

7
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Ira ¢opMma INpeicTaBieHUst pe3ysbTaTa, MeHee TOYHasl, yeM Lud-
poBasi MHIMKalLusl, ropa3o 6osee yaobHa, Korja TpedyeTcs IMLIb Olle-
HUTH HalpaBjeHue H CKOPOCTh U3MEHeHUIt MM OTKJIOHEeHHil uaMeps-
eMoii BeJINYUHbBI, HAIIpUMep, TIPH PYYHOIi peryJupoBKe WIH HacTpoiiKe.
B npuBeneHHoM npuMepe Likaia nocrpoeHa Ha 6aze ASCII-cuMBoIioB,
HO TaKasl Jke LIKaJia MOXeT OBITh BBITIOJIHEHA U B rpadyecKoM pexxrme
aKpaHa.

Yepenusonuit GunbTp

HauGonee pacnpoctpaHeHHbli cnocob nopaBieHus: OBICTPBIX HIIOKTY-
aluii (YacTo napa3uTHBIX) B Me/IJIEHHO U3MEHSIOIEMCSI CUTHAJIe COCTOUT
B BBIYHCJIEHHH CPEIHEro 3HaYeHHsi HECKOJIBKUX BBIOOPOK, OTHOCSILIUXCS
K OJIHOMY MHTepBaJly AUCKpeTu3alni. KoHeuHo, Takoii croco6 Moxer
3aMeINTDh paboTy CHCTEMBI, IO3TOMY OH TMIPUMEHEH B IBYX NPOrpaMMax,
BBIBO/ISIIUX pe3yJibraT ofiuH pa3 B cekyHay (SECONDE.BAS) u oxaun
pa3 B Munyty (MINUTE.BAS).

200 REM ---- SECONDE ----

210 Q=0:5=0:GOSUB 100

220 LOCATE 5,1

230 PRINT"UgeT usMepeHue. . ."

240 HS$=TIMES

250 IF H$<>TIMES THEN BEEP:GOTO 290
260 GOSUB 100

270 S=S+D:Q=0+1

280 GOTO 250

290 D=INT(100*S/Q) /100

300 LOCATE 1,1

310 PRINT USING"##.##";D;

320 PRINT" (cpenHee 3a ";Q;" u3MepeHumn) "
330 GOTO 210

340 REM (c)1997 Patrick GUEULLE

[ToMuMO BbIYMCIIEHUs] pe3yJibTaTa H3MepeHHH, Kax/1ast U3 3TUX Mpo-
rpaMM BBIBOIUT M KOJIMYECTBO M3MepeHMii, KOTopoe ObLIO MCNOJb-
30BaHO MPH pacyere. ITO MO3BOJISET TOYHO OLEHUTD peasibHOe OBICTPO-
AeiicTBHe cucTeMbl B 3aBHcuMocTH oT npuMmensiemoro K. Tak, MoxHo
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MONy4YuTh 3—4 U3MepeHHs B CEKyH/y Ha «aHTHKBapHOM» ITK 8088/
4,77 MTu, 60-70 uamepenuii B cexynay Ha 386SX25 u 700-1000
u3Mepenuit B cekynay Ha 486DX/133 Ml uto Bce Xke 10CTaTOUHO
aieKo OT COBPEMEHHBIX CKOpocTeii, HO BechbMa noyeTHo st BASIC-
UHTEpIIpeTaTopa.

Ctout 06paTUTh BHHMaHIe Ha TO, KaK WCIOJIb30BaHA 3ape3epBu-
posannas uukaosas nepemennasg TIMES. Ona nossonsier npu n1060ii
yacToTe MpOIleccopa MOJNYYHTh JOCTAaTOYHO TOYHYIO HIKaIy CEKyHI,
MHHYT U JIaJke 4acoB. A eCJIH TIOHaJ0OUTCS OCYIIECTBIATD, HAPUMED,
OJ[HO M3MepeHHe 3a HeCKOJIbKO JiHeii, TO MOXKHO MCHOJIb30BaTh Mepe-
mennyio DATES.

200 REM ---- MINUTE ----

210 0=0:5=0:GOSUB 100

220 LOCATE 5,1

230 PRINT"UneT usMepenue. .."

240 H$=LEFTS (TIMES,S)

250 IF H$<>LEFTS (TIMES,S5) THEN BEEP:GOTO 290
260 GOSUB 100

270 S=S+D:Q=Q+1

280 GOTO 250

290 D=INT(100*S/Q) /100

300 LOCATE 1,1

310 PRINT USING"##.##";D;

320 PRINT" (cpenHee 3a ";Q;" m3mepenum)"
330 GOTO 210

340 REM (c) 1997 Patrick GUEULLE

ITMKOBBII pErucTpaTop MMHMMYMOB H MaKCHMYMOB

JlocTaTouHO 06aBHTH HECKOJIbKO CTPOK Ha si3bike BASIC, uTo6bI nozy-
YUTh PeKHUM 3aMOMHHAHNA MHHUMYMOB H MaKCHMyMOB M3MEpSEMOro
HaNpsiXKeHHsl, ¢ BO3MOKHOCTbIO OOHYJIEHHs Pe3YJIbTaTOB MyTeM Haxa-
THS Ha KJ1aBuuly npoGena na kiasuatype ITK.

200 REM ---- MINMAX ----

210 PRINT"HaxaThb Kiasuily npobena ms rnepesamycka"
220 I=5:A=0:Q=0:GOSUB 100

230 FOR G=1 TO 100

240 GOSUB 100:Q=Q+D

250 NEXT G

260 Q=Q/100

270 IF Q<=I THEN I=Q:S$=TIMES
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280 IF Q>=A THEN A=Q:T$=TIMES

290 LOCATE 3,5:PRINT "Mes : ";

300 PRINT USING"##.##"; INT(100*Q)/100;
310 PRINT" "+TIMES

320 LOCATE 5,5:PRINT "Makc: ";

330 PRINT USING"##.##"; INT(100*A)/100;
340 PRINT" "+T$

350 LOCATE 7,5:PRINT "MuH: ";

360 PRINT USING"##.##";INT(100*I)/100;
370 PRINT" "+S$

380 IF INKEY$=CHR$(32) THEN 220

390 Q=0:GOTO 230

400 REM (c)1997 Patrick GUEULLE

10 nobasenue 6bu10 cenano B mporpamme MINMAX.BAS; Takxke
B Hee ObLIM BKJIIOYEHBI ONEepaToOpbl BHIBOJA TPeX 3HaueHHi BpeMeHH
(B yacax, MUHYTax M CeKyH/aXx):

* BpeMs TeKYyIero u3MepeHus;

* BpeMsl perucTpaluu MaKCUMyMa;

* BpeMsi perucTpaluu MUHUMYMa.

Hazio oTMEeTHTb, YTO MyJIBTUMETP PEAKO JaeT M0J00HbIe BO3MOXHO-
CTH, CTOJIb JIETKO peaM30BaHHble B BUPTYaIbHOM Npubope.

PerucrpaTop /IMTeJIbHBIX NPOLECCOB

B aToM paszesie OyzeT pacckazaHo O TOM, KaK 3a HECKOJIbKO JIeCSTKOB
JIOJJIAPOB IOCTHYb Pe3yJIbTAaTOB, OOBIYHO BO3MOXKHBIX TOJIBKO TPHU HC-
110JIb30BaHUH JIEHTOYHBIX MJIM MATHUTHBIX PETUCTPATOPOB — NMPUOOPOB,
CTOSIIMX B COTHH pa3 gopoxke! Bmecto Toro uto6sl yeptuth Ha Oymare
KPUBYIO B peajbHOM MacuiTabe BpeMeHH, YTO TeXHHUYECKH TPYIAHOBbI-
NOJHMMO, FOpa3/io Mpollle HaKalJIMBaTh AaHHble B dailne Ha AHCKe,
a yxe moToM 06pabaThiBaTh UX.

[Tporpamma c6opa naunbix (FICHIER.BAS), kotopyio, koHe4yHO
)Ke, HAI0 JIOTOJIHUTD JApaiiBepoM Hcnoabdyemoro AILII npu momouun
komanabl MERGE, uckmountenpHo npocra.

200 REM ---- FICHIER ----

210 GOSUB 100

220 OPEN "dat.dat" FOR OUTPUT AS #1
230 PRINT"UmyT u3aMepeHus..."

240 FOR G=0 TO 639

250 GOSUB 100

260 PRINT#1,D
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270 FOR T=0 TO 2000:NEXT T
280 NEXT G:CLOSE#1
290 REM (c)1997 Patrick GUEULLE

B opuruHajbHOIt Bepcuu 3Ta mporpamma coszaet daitn DAT.DAT,
conepxanuii 640 BBIGOPOK, KOTOPBIE IPOM3BOAATCS C YaCTOTOI ANCKpe-
TH3alMH, onpenensemMoil B crpoke 270 (mpocrtas 3ajaepxkka). Pasyme-
etcs, yucao 2000 ucnosnb3yercst JULIb MPH NEePBbIX MOMBITKAX, 2 IOTOM
Hazio 6yzieT o06paTh 3Ty BETMYNHY B COOTBETCTBHH co ckopocThbio [TK
U KOHKPETHOM 3afiayen. :

B caMbiX CJIOXHBIX caydasx MoxHo, o npumepy SECONDE.BAS
1 MINUTE.BAS, ucnoabsosatb nepemenyio TIMES naa yayymenus
TOYHOCTH M 3HaYMTEJIbHOTO CHW)KEHHS YaCTOThI IMCKPETU3ALMH.

Yucno 640, B cBOO oyepe/ib, COOTBETCTBYeT YHCIY TOYEK IO rOpH-
30HTAIH OOBIYHOTO rPahUYeCKOro IKpaHa, YTO NMO3BOJISIET BbIBECTH I'pa-
(bUK KpMBOi HENOCPECTBEHHO Ha 9KpaH, Mepej TeM Kak CKOMMPOBaTh
ero Ha Gymary, ecji 3T0 He0OXOMMO.

Ipadonocrpouresnn

BbiBoz MH(pOpMAINK Ha 3KpaH ocyilecTssieT nporpamma CGAVISU.
BAS unu VGAVISU.BAS. Bropasi 3 HuX NpUMeHsETCs, eC/IU XKeJa-
TeJIbHO BOCIIOJIb30BaThCsA OOMBIINM pa3pellieHreM, COOTBETCTBYIOIIUM
akpaHaM VGA.

500 REM ---- CGAVISU ----

510 OPEN "dat.dat" FOR INPUT AS #1
520 INPUT#1,Y:Y=199-INT(Y*199/5)
530 PSET(0,Y)

540 FOR X=1 TO 639

550 INPUT#1,Y:Y=199-INT(Y*199/5)
560 LINE -(X,Y)

570 NEXT X

580 CLOSE

590 REM (c)1997 Patrick GUEULLE

500 REM ---- VGAVISU ----

540 OPEN "dat.dat" FOR INPUT AS #1
520 INPUT#1,Y:Y=349-INT(Y*349/5)
530 PSET(0,Y)

540 FOR X=1 TO 639

550 INPUT#1,Y:Y=349-INT(Y*349/5)
560 LINE - (X,Y)
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570 NEXT X
580 CLOSE
590 REM (c)1997 Patrick GUEULLE

OueBHIHO, KaXAYI0 U3 MPOrpaMM Hallo OObEAMHMTb C IKPAHHBIM
npaiiBepom CGA.BAS unun VGA.BAS, coOTBETCTBYIOIIMM HCNOJb3Ye-
MOMY 060pYNIOBaHHIO.

300 REM ---- CGA ----

310 SCREEN 2

320 KEY OFF:CLS

330 LINE(0,0)-(0,199)

340 FOR Y=0 TO 199 STEP 20

350 LINE(O,Y)-(639,Y),,,&HCCCC
360 NEXT Y

370 FOR X=0 TO 639 STEP 32

380 LINE(X,0)-(X,199),,,&HCCCC
390 NEXT X

400 LINE(639,0)-(639,199)

410 LINE(0,199)-(639,199),,,&HCCCC
420 REM (c) 1997 Patrick GUEULLE

300 REM ---- VGA ----

310 SCREEN 9

320 KEY OFF:CLS

330 LINE(0,0)-(0,349)

340 FOR Y=0 TO 349 STEP 35

350 LINE(0,Y)-(639,Y),,,&HCCCC
360 NEXT Y

370 FOR X=0 TO 639 STEP 32

380 LINE(X,0)-(X,349),,,&HCCCC
390 NEXT X

400 LINE(639,0)-(639,349)

410 LINE(0,349)-(639,349),,,&HCCCC
420 REM (c) 1997 Patrick GUEULLE

IT0 0ObeIIHEHE MOXKHO C/leJIaTh CJAeAyIoIIUM 06pa3oM:

LOAD "CGA" (3arpyska jpaiiBepa);

3aTeM

MERGE "CGAVISU" (106aBJjieHHe MpOrpaMMbl BbIBOJIA HAa 3KpaH).

[Tosyyennast nporpamMma Tenepb MOXKeT ObITh COXpaHeHa Mo KakKHM-
1160 nMeneM TpH noMoli 06bIYHOM KoMaHabl SAVE.

Ha puc. 5.11 nokasaH pe3ysibTaT BbIBolIa Ha GyMary ¢ HCHOJIb30Ba-
HueM 6ydepa oomena Windows kpuBoii paspsiia KOHIeHCaTOpa eMKO-
ctbio 4,7 Mx® yepe3 Bxoanoe conporusienne AL drta kpusasi 6bi-
J1a osiyyeHa Ha akpane CGA (640%X200 Touex).
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N\\

Puc. 5.11. Pesynstar, nonyyennuiii 8 pexume CGA

‘~~

Puc. 5.12. Pesynstart, nonyyennsii 8 pexume VGA

Puc. 5.12 Bocnipou3BoMT Ty e 3aMHCh, ePecYUTaHHY IO 1J1s1 BbIBOJIA
Ha akpaH VGA.

OGecneyeHne TOYHOI BPEMEHHOI Pa3BePTKH

Jlnst npusokenuil, TpeOYIOLIMX TOYHOI perucTpaluy napameTpa <«Bpe-
Msi», MOXKHO Mcrosib3oBath nporpammy TIME.BAS, 3anuceiBaloniyio
B (paitn DAT.DAT 3nauenue nepemennoit TIMES$ Bmecte ¢ nosnyuenHoi
BEJINUUHOMN HamNpsiKeHusl.

200 REM ---- TIME ----

210 GOSUB 100

220 OPEN "dat.dat" FOR OUTPUT AS #1
230 PRINT"UgyT usMepeHus. .."

240 FOR G=0 TO 639

250 GOSUB 100
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260
270
280
290
300

ITousiTHo, yTo AN MoNHO# 06paboTkK Takoro (aiina moTpebyloTcs
cneluaibHble MporpaMMbl. MOXHO MCIIOJIb30BaTh Kak 6OJIbIIME KOM-
MepyecKHe MaKeTbl, CTATUCTHYeCKHe WM rpaduyeckue, Tak M MPOCThIe

PRINT#1,D, ,TIMES

FOR T=0 TO 2000:NEXT T

NEXT G

CLOSE#1

REM (c)1997 Patrick-GUEULLE

nporpammbl TCGA.BAS u TVGA.BAS.

500
510
520
530
540
550
560
570
580
590
600

500
510
520
530
540
550
560
570
580
590
600

REM ---- TCGA ----
OPEN "dat.dat" FOR INPUT AS #1
INPUT#1,Y:Y=199-INT(Y*199/5)
INPUT#1,S$:PSET(0,Y)

FOR X=1 TO 639
INPUTH#1,Y:Y=199-INT(Y*199/5)
INPUT#1,T$:LINE - (X,Y) .

NEXT X:CLOSE #1

LOCATE 1,1:PRINT S$

LOCATE 1,73 :PRINT S$

REM (c)1997 Patrick GUEULLE

REM ---- TVGA ----

OPEN "dat.dat" FOR INPUT AS #1
INPUT#1,Y:Y=349-INT(Y*349/5)
INPUT#1,S$:PSET(0,Y)

FOR X=1 TO 639
INPUT#1,Y:Y=349-INT(Y*349/5)
INPUT#1,T$:LINE - (X,Y)

NEXT X:CLOSE #1

LOCATE 1,1:PRINT S$

LOCATE 1,73 :PRINT S$

REM (c) 1997 Patrick GUEULLE

Ocumuiorpad

Bo MHornx cutyanusax 6biBaeT HyXHO HaboaaTh HOPMHUPOBAHHeE KPH-
BOii B peaJibHOM MacmiTaGe BpeMeHH NpsiMo Ha akpane I1K. ITpu stom
IOJKHA OBITH MPEeyCMOTPEHa BO3MOXXHOCTD PAacieYaTKH H306paskeHus
Ha MIpUHTepe NocJle BBIBOJA HA 9KPaH MJIH aXke B IpoLiecce BBIBOJIA, IIPU
BKJIIOYEHHH OMNIUH «IleyaTh 9KpaHa». Takoii pe3ysbraT oueHb IPOCTO

TNOJIyYUTh, COBMECTUB TPH IIPOrPaMMBbI:
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* spaiieep AILLT,

* JIpaiiBep 3KpaHa;

* IPHKJIQHYIO TIPOTPaMMY.

IlepBbie Ba MOZYJISl y>Ke U3BECTHBI, @ B Ka4yeCcTBe TPEThero MoXeT
OHuiTh HMcrosb3oBana 6o mporpamma CDIRECT.BAS (¢ axpanom

CGA), im6o VDIRECT.BAS (c axpanom VGA).

85 GOSUB 300

200 REM ---- CDIRECT ----

210 GOSUB 100:PSET(0,0)

220 FOR G=1 TO 639

230 GOSUB 100

240 Y=D:GOSUB 500

250 FOR T=0 TO 2000 :NEXT T:REM pa3BepTKa
260 NEXT G

270 END

415 X=0:RETURN

500 Y=199-INT(Y*199/5)

510 LINE -(X,Y)

520 X=X+1

530 RETURN

540 REM (c)1997 Patrick GUEULLE

85 GOSUB 300

200 REM ---- VDIRECT ----

210 GOSUB 100:PSET(0,0)

220 FOR G=1 TO 639

230 GOSUB 100

240 Y=D:GOSUB 500

250 FOR T=0 TO 2000:NEXT T:REM pa3BepTKa
260 NEXT G

270 END

415 X=0:RETURN

500 Y=349-INT(Y*349/5)

510 LINE -(X,Y)

520 X=X+1

530 RETURN

540 REM (c)1997 Patrick GUEULLE

[ToTpebyioTcs caemayonie KOMaH/bl:

LOAD "MAXIM10" (3arpy3ka apaiiBepa must MAX 1243);

MERGE "VGA" (mobGaBieHue JpaiiBepa st akpaHa VGA);
MERGE "VDIRECT" (1106aBjieHUMe MonyJis ocuunorpaga VGA).
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Ha puc. 5.13 npuBesiena nosydeHHast TakuM 06pa3oM OCLMJLIIOTpaM-
Ma CHHYCOMJaJIbHOrO curHaja ¢ amiuutynoit 1 B u yacroroii 4 It Ha
BbIXO/le (PyHKIIMOHAILHOTO TeHepaTopa, BbIMOJHEHHOTO Ha 6a3e IMPOKo
pacnpoctpaHeHHoit Mukpocxembl MAX 038. B nannom ciyyae 10-pas-
pamubiit AL pabotan ¢ ITK mozxenn 486/133 MTI1 ¢ sxkpanom VGA.

ANEY LY X

L/ N A \

Puc. 5.13. Ocumnnorpamma, nonyyenHas s pexume VGA

Yro6b! npucnocobuTh ocumiorpady K Toii MM MHOI MPaKTHYeCKOi
3ajlaye, B NMporpaMMy J0CTaTOYHO BHECTH MHUHHMMaJIbHble N3MEHEHHS.
s nonyyenus HenpepbIBHOI pa3BepTKu Ge3 OUUCTKH SKpaHa (PeskKuM
JUTUTEJIBHOTO TOCIeCBeYeHHs ) ciejlyeT HCIPaBUTh CTpoKy 270:

270 X=0 : GOTO 220

Jlns nomyyenus Toro xe pesyJibrata, HO ¢ O4MCTKOMH 9KpaHa Ha KaxkK-
oM «0OpaTHOM XoJle» Pa3BepTKU (PeKUM KOPOTKOTO 110C/IeCBeYeH s ),
HaJlo 3anucarhb:

270 CLS : GOTO 85

s nonyyeHus pexxuMa «KAyliei CHHXPOHU3ALUK» clieyeT f1oba-
BHUTb TOJIKO OJIHY CTPOKY:

215 IF D=0 THEN 210

ITa KOMaH/1a MO3BOJISIET JI0KAATHCS TOJOKUTEHHOTO HaNPSKeHNs Ha
Bxozie ALLII a4 3anycka passeptii. Koneuno, MoxHo BbIGpath 1 J1i06yio
ApYTYI0 OTJIMYHYIO OT HyJIsl BeIMYMHY B /iHana3oHe ot 0 10 +5 B, a Takxke
NPUMEHSATD YCJIOBHBIE ONIEPATOPBI «00JIblIle, YeM» MU «MEHbIIIE, YeM>».
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MoXHO Takxe NMpeAycMOTpPeTb U BXOX BHelIHeH pa3BepTKH, HCTOJb-
3yst w60 sropoit ALLTL, 1160 oann u3 undpossix Bxoa0B (unuu /ACK
i BUSY napansiesbHOro nopra, HrpoBoii 1OPT M T.IL.).

B03M0HOCTH MHOTOKaHAJIbHBIX H3MepeHHi

[Toakmouenne neckoabkux AL k mapannenbHbIM U MOCNENOBATEIb-
HBIM MOpTaMm Mo3BoaseT ocHacTHTh [IK HeckobKHMMH aHaJOTOBBIMH
BX0AaMH, He mpuberast k nomowty goporux ALUI ¢ MynbTHNIEKCHBIMU
BX0/aMH. Bo3MOJKHBI JI0ObIe couyeTaHus KakK annapaTHbIX, TaK H Mpo-
TPaMMHBIX CPC/CTB.

CaMbiit pacnpocTpaHeHHbII ciy4ail — 3TO co3/laHHe BYXJYYeBOro
BHPTYaJIbHOIO ocuuiIorpada, Ho MOXKHO NPUHSTH B pacyeT W 3a/lauH,
Tpedyole pexima pabotel «X-Y», a TakkKe MpocTo 3anuch B dailn
OoJ1ee WM MeHee B3aMMOCBS3aHHBIX 110CJI€l0BATeIbHOCTEH AaHHBIX.

Jlonyckaetcst OrpoMHOe MHOXKECTBO Pa3/IMYHBIX KOMOUHALMIl — Bce
MX aaxke He nepeuncautb. CkaxkeM, npnobpers oanu rotosbiit ALLI,
BTOPOit MOKHO cOOpaTh CaMOCTOSITEIbHO, YTOOBI He MJIATHTb IBAX/IbI 3a
0J/IHO 1 TO e MporpaMmHoe obecreyeHie. B HEKOTOPbIX caryyasix MOXeT
10Ha00NThCA HCIONb30BaHKe ABYX abconoTHO HaeHTHYHbIX ALLIT.

S REM ---- BICOURBE ----
1C REM ---- MAXTM12 ----
20 KEY OFF:CLS

30 B=&H3F8:REM COM1:

40 N=12:REM uymcno pa3psancs
50 OUT B+4,1

60 FOR T=0 TO 100:NEXT T
70 OUT B+3,64

80 FOR T=0 TO S00:NEXT T
84 GOSUB 1000

85 GOSUB 300

90 GOTO 200

100 OUT B+4,0:D=0:REM ACQUISITION
105 OUT B+4,2:0UT B+4,0
110 FOR F=0 TO N-1

120 OUT B+4,2

130 E=INP(B+6) AND 16

140 OUT B+4,0

150 IF E=16 THEN D=D+2" (N-1-F)
160 NEXT F

170 D=5*D/ (2"N-1)

180 OUT B+4,1:RETURN
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200 REM ---- VDIRECT ----

210 GOSUB 100:GOSUB 1090

220 FOR G=1 TO 639

230 GOSUB 100

240 Y=D:GOSUB 500

241 GOSUB 1090

242 Y=Q:GOSUB 600

250 FOR T=0 TO 2000:NEXT T:REM pa3BepTKa
260 NEXT G

270 END

300 REM ---- VGA ----

310 SCREEN 9

320 KEY OFF:CLS

330 LINE(0,0)-(0,349),2

340 FOR Y=0 TO 349 STEP 35

350 LINE(O0,Y)-(639,Y),2,,&HCCCC
360 NEXT Y

370 FOR X=0 TO 639 STEP 32

380 LINE(X,0)-(X,349),2,,&HCCCC
390 NEXT X

400 LINE(639,0)-(639,349),2

410 LINE(0,349)-(639,349),2,,&HCCCC
415 X=0:RETURN

500 Y=349-INT(Y*349/5)

502 PSET(X,V)

505 V=Y

510 LINE -(X,V),12

520 X=X+1

530 RETURN

600 Y=349-INT(Y*349/5)

602 PSET(X,W)

605 W=Y

610 LINE - (X,W),14

630 RETURN

1000 REM ---- 12BITS ----

1010 KEY OFF:CLS

1020 C=&H2F8:REM COM2:

1030 M=12:REM uucno paspsinoB
1040 OUT C+4,1

1050 FOR T=0 TO 100:NEXT T

1060 OUT C+3,64 h

1070 FOR T=0 TO 500:NEXT T

1080 RETURN

1090 OUT C+4,0:Q=0:REM ACQUISITION
1100 OUT C+4,2:0UT C+4,0 '
1110 OUT C+4,2:0UT C+4,0
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1120 OUT C+4,2:0UT C+4,0

1130 FOR F=0 TO M-1

1140 OUT C+4,2

1150 E=INP(C+6) AND 16

1160 OUT C+4,0

1170 IF E=16 THEN Q=Q+2" (M-1-F)
1180 NEXT F

1190 Q=5*Q/ (2"M-1)

1200 OUT C+4,1:RETURN

1210 REM (c) 1997 Patrick GUEULLE

ITporpamma BICOURBE.BAS He nosmkHa paccMaTpuBaThest TOIbKO
KaK WJUIIOCTPALUS TOTO, YTO MOXKHO TMOJIYYUTh MPU KOMOMHMPOBAHNH
pPOrpaMMHbIX MOJYJIell, IpUBEJIEHHBbIX B JIaHHO KHUre. ITO oOpa3sen
10/IX0/1a, Ha3bIBAEMOTO aHTJIOTOBOPSIIIMMH IIPOrpaMMHUCTaMu quick and
dirty («ObICTPO U TPSI3HO»): 371ECh OTCYTCTBYET BCSKOEe CTpeMJeHHe
K CTPYKTYPHPOBaHHIO M YyeTKoCTH. [Iporpamma pabotaer, 1 aTo riaBHoe!
B yactHocTH, HeonHokpaTHO npuMensiach ¢pyHkuuss RENUM g3bika
BASIC nns nepeoripesiesieHnss B pa3HbIX MecTaX TOIl MJIM Apyroi
MO POTPAMMBIL.

B ToM BHZe, B KakOM OHa NpHUBeJieHa, IporpaMMa yIpasisieT cpa3y
nsymsi 12-paspsanasimu AT — onnum Ha 6aze MAX 1241 u apyrum
Ha 6Gaze LTC 1286. /lns xaxz0ro U3 HUX orpe/iesieH O/IMH U3 KaHAJIOB
NBYXJydeBoro ocuuaiaorpada (puc. 5.14), B KOTOpoM pasHble IBeTa
Jydeit no3BoasiioT 6e3 Tpyaa oranyars oxud ALLIT ot apyroro.

/]
N,
\‘\

Puc. 5.14. lNpumep pabotsl BupTyansHoro 4syxny4esoro ocumnnorpaga
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JleiictBuTenbHO, a3bik BASIC serko nosBossieT 3ajiaBaTh aTpUGYTHI,
OINpe/e/IOLIXE L{BET TOTO WM HHOTO rpaduyecKoro a/ieMeHTa, JTMIb 651
ero nojepxuBai rpaduyeckuit saxpaH. Huxe npuBeseHb! KOAbI IIBETOB:

oo~ W =O

YepHBIit

CHHUH

3eJIeHbIi

roayb6oii

KpacHBIA
MypIypHBIH
KOpHUYHeBBIH
Geblit (LIBET 1O YMOJIYAHHUIO)
cepbiit
CBETJIO-CUHUM
CBETJIO-3€eJIeHbIH
cBeTJI0-rosy6oi
CBeTJIO-KPaCHBIH
CBeTJIO-IypPIYpPHBIH
HKeJITBIH
ApKO-6ebiii



CTPAHUUA

[ o Konﬁq;;\ocrpoemn BUPTYanbHOro
1 MU3MEPUTENBHOMO KOMMNEeKca 1
AHanoro-undposoe
2 npeobpasoBaHue CUrHanos 7
3 MpOoMbILLNEHHbIE U3aenus 33
4 CGopka n3meputensHOro uHTepgenca 43
MNporpammHoe obecneyexHve
5 BMPTYanbHOro KOMMNeKca 57
BxogHou ycunurenb 104
AaTtyuk Temnepartypbl 109
AaTtuuk paBneHus 114
doToMeTpUYECKUA AaTHUK 120
AaTtuuk Toka 126
s .
7 _Mpunoxers 131]
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Ananoro-undpossie npeobpasoBaTesin, KOTOpble pacCMaTPUBAIOTCS Ha
CTpaHHIaX ATOIT KHUTH, CIOCOOHBI 06paboTath J060e HaNpsiKeHue B Ji1a-
nasote ot 0 10 +5 B, HO oHHU paccunTanbl U Ha GoJiee NIHPOKOe UCIIOJIb-
30BaHMe, TaK Kak MOTryT paboTaTh C JaTYMKaMH HJM YCTPOICTBaMH
HOPMHPOBaHHsI CUTHAJIOB, 3a4acTyIO0 caMbIMHU MpocThIMU. [Ipu aToM ¢ nx
TMIOMOIIBIO MOKHO U3MepPSITh GOJIBIIMHCTBO OCHOBHBIX (DU3NYECKHX BEJN-
YHH, laXKe TaKKie HalpsiKeHUsi ¥ TOKH, KOTOpble HUKaK He COOTBETCTBYIOT
pabouemy miranasony ALLIL

BXOAHOW YCUIIUTENb

[Ipu noMoliu HeGOIBIIOTO YCTPOICTBA, KOTOpOe OY/eT OMICaHO HIXKe,
JIETKO CHUMAIOTCSl /1B OCHOBHBIX OTPaHMYeHMs], IPUCYIIHUX MPOCTeii-
M AILIT: BxoaHoi ananason ot 0 1o +5 B 1 Hecrioco6HOCTH paboTaTh
C NepeMeHHbIMH HaNps>KeHUsIMU 6€e3 IOCTOSTHHOM cocTaBJIsIoNeil.

Hanpumep, ycTpoiicTBO cMellleHHsI HyJISl U YCHUJIMTENb C MepeKJIio--
yaeMbIMU Ko3pdununentamu ycunenus 1, 10 u naxe 100 cunbHo pac-
uupsT obnacts npuMenerus ALIII ADC 10 u Toro MolHoro rnporpam-
MHOTO obecnieyeHusi, kotopoe k HeMy npuiaraetcs. ItoT ALLIT MosxHO
Gy/ZieT KCMOJIb30BaTh Jlaxke /ISl ol poBKY 3BYyKa!

[Tonaya rnepeMeHHOTO HANpsiXKEHHUSI C HYJIEBBIM CPEHHM 3HaYeHHeM
(MHBIMH CTOBaMHU, 6€3 MOCTOSTHHOM COCTaBJISAIOLIEi) Ha BXOJI aHAJIOro-
g poBoro npeobpaszosaresisi ¢ BXOAHBIM AuanazoHom 0-5 B npuBoaur
K 3¢deKTy oHONOIYyIepHOAHOTO BhINpsiMieHus. Pe3ysibTaTsl H3Mepe-
HUI{, BBIIOJIHEHHBIX €3 yyeTa 3Toro 06CToSTeNbCTBA, KOHEYHO, OKAXKYT-
cs HeBepHbIMU. [laHHas CUTYyalysi aHAJIOTHYHA TOii, KOT/Ia JIy4 0OBIYHOTO
ocuuiorpada pacnosioxkeH y HWKHEro Kpast 9KpaHa, a He B cepelllHe,
MJIM KOT/Ia [1epo pericTpaTopa YCTaHOBJIEHO Ha OIMH U3 KpaeB GyMar.

B o6oux ciayyasix peryJMpoBKa MOJOXEHHS Jy4ya MU YCTAaHOBKH
HYJIsl TI03BOJISIET-PEUIMTh MpobieMy myTeM J0OaBIeH S peryJinpyeMoro
TIOCTOSIHHOTO HaNPS>)KeHUsI CMelleHUsl K BXOJHOMY CHTHaly.

Xots BXoAHO# nuana3on 0—5 B U nmoaxomuT /uist pellieHHst MHOTUX
3aj1ay, NpU N3MepeHHsiX ¢ nomolsio 8-paspsianoro AILIl xenarenbHo
HCIOJIb30BaTh MAKCUMAJIbHO BO3MOXKHOE KOJIMYecTBO U3 256 ypoBHeii,
TO €CTb HYKHO YJIOKMTbCSI B MOCJEHIO TpeTh 1Kaabl. K npume-
Py, BXOIHOE HamnpsbkeHue, u3aMeHsioleecs B npejenax ot 0 zo 500 mMB,
npu npeobpazoBaHUM 3aliMeT Bcero 25 ypoBHeii, YTO COOTBETCTBY-
et TouHocTH 4%, Toraa kak AILIl HaBepHsika MMeeT TOYHOCTb He HH-
xe 1%.

12-paspsinnbie AT pemrator aty npobieMy, HO oHU ToXxe He pabo-
TAIOT C CUTHAJIAMU TIepeMEHHOTO TOKa.
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Bxonnoe conporusienne Gonpummucrsa Mmukpocxem ALLIT snaun-
TeabHo Menbuie 1 MOM, 1 u3-3a aToro obblunblil aeaurens 1/10 Gyner
CJIMIIKOM CHJIBHO TIOJABJSIThL CHTHAJIbI, aMIIJINTY/la KOTOPBIX JIMIIb He-
MHoOruM 6GoJibiie ypoBHs 5 B. '

[peasaputenbHblit yeuautensb ¢ koapdumentom ycunenns 10 mo-
3BOJIUT M3MepsiTh Hampsikenus 1o 500 MB ¢ Takoil ke TOYHOCTbIO,
¢ kotopoii cam AILIT onncdpossiBaet Hanpsikenus 10 5 B. IIpyu Bxonnom
conpotuBaennu 1 MOM npeycHanTeNb ¢ eJHHUYHBIM YCHIIEHHEM T10-
3BOJIUT paboTaTh Ha npesese uamepenusi «50 B» ¢ ucrnonb3oBannem
obpryHoro pesutens 1/10.

C yuyerom npoctoThl cxeMm onucbiBaembix AILIT 6bur paspaboran
caMblii ipocToit yeusnurenb. JleiicTBUTENbHO, HE HYKHbI HY HIMPOKas
noJjioca (OCTaTOYHO HECKOJBKHX KHJIOTepl), HH BbICOKAas TOYHOCTD
(mocratouno 1%), HU cMellleHHe HYJISi HA YPOBHE MHKPOBOJIBT, I10-
ckosbKy 8-paspsianbiii AILIL ¢ Tpynom omnpenenser pasHHIy MeXLy
sesnunHami 0 B u 20 MB.

! Cl2
MepemerHoe *YcraHoska Hyna" re———
HanpsxeHue Mor — —0 +
°°69°&! ' (wm 78L05) —L I
(AC) ‘CL (Oext c2 ¢t 9B/ MA
0.1 uF- _L 88nF == 104F
e) i e s .
MocToAHHoe s
HanpsxeHue (O 5 B:ﬁo#
DC K
©9 ADC 10
|
Oa
R7/100 kQ
G=1 :A+C Mg o P
G=10 :B+C ;Mepembiuku
(G=100:C) MHoroo6opoTHbiid "YcuneHue" c

Puc. 6. 1. lMpuHumnuansHas cxema BXOAHOrO ycunutens

He najo paccmarpuBath cXeMy, NpHBeieHHYI0 Ha puc. 6.1, kax odpa-
3ell BLICOKOTOYHOTO 1pHbopa — 3T0 HebOJIbIIoe, HO MOJIe3HOe YCTPOii-
CTBO, IpeJlocTaBJIsiiolliee HeMaJible BO3MOKHOCTH.

[71aBHBIH KOMIIOHEHT CXEMBbI — C/[BOEHHBII OMepallHOHHbIH YCUIHTeIh
M358, pazpaboTaHHblii 04eHDb JaBHO M HIMPOKO pacrpocTpaHeHHblii. OH
MOXKeT paboTaTh ¢ HANPSKEHHAMI, oueHb O/I3KHMIT K HYJIO, faxke 6e3
IBYXMoJisipHoro nutanus. IIpoctoil AeBATHBONLTOBOI rajabBaiiiyecKoi
Garapeiiku BIIOJIHC XBATHT JUIS [HTAHIA OHICBIBACMOTO YCTPOHCTBA,
KoTopoe Horpediser Tok te Gosee 1 MA (500 vacos HernpepuiBioii paboThl
¢ HOBOIT LIe0uHOoIT datapeeit).
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W3 nanpsxenns nuranus +9 B mukpocxemoii TLE2425 npousson-
crBa Komnanuu Texas Instruments opMmupyercs crabuibHoe Hanpsixe-
Hue 2,5 B. O6b14HO 3Ta MHKpPOCXeMa UCIIOJIb3YeTCs B yCTPOICTBaX s
NOJIyYeHUs] «BUPTYaIbHOI 3eMJIN».

Xors Hanpspkenus 2,5 B paxe npu eIMHUYHOM YCHJIEHMH BIIOJIHE
NOCTaTOYHO /IS C/IBUIA HYJIS B cepeluHy pabouero auanasona 0-5 B,
npu oTcyTcTBUHM MUKpocxeMmbl TLE2425 nonyctumo npumenenue mH-
TerpabHoro crabunnsaropa 78L05. ITpu atom napamerpnl 6yayT MeHee
cTabU/IbHBI, a oTpebJieHne ToKa yBeanunTcs. PacronoxkeHne BbIBOJIOB
06eux MUKPOCXeM OJIMHAKOBO.

MHoroo6opothbiii notenuomerp R9 ¢ conporusnennem 10 kOm
CJIIYXXHT JUI T0a4M YacTH BBIXOAHOTO HANpsDKEHUs] MHUKPOCXEMBI
TLE2425 na pesucropublii cymmarop. Ha atot e cymmarop noctymaer
M BXOJIHOE HalpsiKeHHe, KOTOpoe MOXKeT I0/1aBaThCsl HANPSMYIo (pa3b-
eM DC — oTKpBITBI BXO/) MJIM Yepe3 pas/ie/INTelIbHblil KOHIeHCaTop

C,.. (pasbem AC — 3aKpbIThIii BXOZ1), KaK U Y OOBIYHBIX OCIUIIOrpadoB.

Hcnonb3oBanue Bxona AC nospoisier yopaTh U3 BXOJHOIO CHTHasa
NOCTOAHHYIO COCTABJAIOILYI0 (0OBIYHO NPUCYTCTBYIONIYIO), a 3aTeM NPH
nomouy noreHunomerpa R9 nonobparh Takylio ee BeauunHy, KOTOpas
MaKCHMaJIbHO YIIPOCTHT MpoBe/ieHHe u3MepeHHii. EMKocTh HeaslekTpo-
JUTHYecKoro koHaeHcatopa C_ (kesatesbHo, 4ToOBI OH GBI paccynTaH
Ha HanpskeHue 400 B) Gyner 3aBrceTh OT yCJI0BUIT M3MepeHMUIt: BeJIH-
ynHa 1 Mmx® nosBoussier paboTaTh Ha OYEHb HU3KMX YACTOTAX, 2 BETUYH-
Hbl 0,1 Mk® nocTaTouHo /17151 paboThl B 3BYKOBOM JIHaIla30He.

Homunaner peanctopos (¢ To4HOCTbIO 1%) GbLIN paccunTaHbl TAKMM
06pa3oM, 4TOObI MepBbIil Kackag HMeJl eIHHUYHOE YCHIIeHHe, a BXOIHOe
conporuBieHne coctaasano 1 MOwm. Pesucrop ¢ conporuBienunem
500 kOM MOXHO MOJYYUTb, COEIHHHIB MApaJJIe/IbHO [IBa PE3UCTOPa 10
1 MOM kax/blit.

Bropoii kackaa umeer nepexsiroyaeMslii kKoadduimenT ycuaenus 1,
10, 100, a MHOrOOGOPOTHBII MoTeHoMerp R10 22 kOm nosBonser
6o TOYHO OTKaNMOPOBaTh yCHJIEHHE NMPH HacTpoiike, 1Mo pery-
JIUPOBATb €ro IJIABHO — TaK e, KaK 3TO MOXKHO MPOo/ie/IaTh P MOMOLIH
06bIyHOrO ocimIorpada, Bpallas pyuky «YcHIeHHe MJ1aBHO».

KoneuHo, HUYTO He MellaeT NCMOJIb30BATh HHble HOMHHAJIbI PE3HC-
TOPOB, YTOOBI MOJNYYUTD Apyrue K03 HIUEHTH YCHIeHUs: 2, 5 U T.A.

Hna peanusaunn xoapduunenta ycunenns 100 B uenu obpatHoit
CBSI3M ONEPALMOHHOTO YCHJHMTENS HCIONb3YeTCs] Pe3UCTOpP ¢ HOMM-
HasioM 1 MOwm, nns koaddunmenta ycunenusi 10 — napasieibHoe co-
eanHerue pearcropos 100 kOm u 1 MOM. [Ins peanusauum exuHny-
HOTO yCHJIeHHs (CXeMa I0BTOpPHTeJIs) NpUMeHeHa 00bIuHas IlepeMbluKa.
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Yrtobpl 0b6ecneduTh BHICOKYIO TOYHOCTb YCTPOMCTBA, KaluOPOBKY
HaJl0 MPOBOANTH NMpU koadduuuente ycunenna 10, Tak Kak pexum
«X100» Hcrnosb3yeTcs: peliko U, KpoMe TOTo, B 3TOM pexuMe orepalu-
oHHbI#1 ycunurenb LM 358 noasepxeH Bausanuio adpdexra cMeleHus
Hyss1 (KoTopoe eBa Jii 6yeT CKOMIIeHCHPOBAHO IOJTHOCTDIO).

Crenyer 06paTuTh BHMaHHe Ha TO, YTO, €CJIM He HCII0JIb3YeTCs Bep-
CHs C ONITPOHHOIT pa3BA3Koii, 061IMil TTPoBO/ ycUIUTes (B YaCTHOCTH,
BXOJIHBIX pa3beMoB) coenuHeH ¢ o6muM nposoaom AIIII u, ciaenosa-
tesibHO, ¢ kopnycoM [TK. OueBuaHo, uTo HenpeaHaMepeHHas Moaaya
CIMLIKOM GOJIBIIOrO HANpsKEHUs Ha BXOZ ycuuTes unu camoro AL
MOXeT MPHBECTH M K €ro Monajianiio Ha MatepuHckylo miary IIK.

OrnucbiBaeMoe YCTPOHCTBO HeJIL3st
paccMaTpUBaTh Kak 3alllUTHOE: OHO He
npeaHa3HauyeHo s 3T1oil uean. Ilosn-
30BaTeJb MpPHU NPOBeJleHNH U3MepeHHH
caM JIOJDKEH MpeANpPUHSATH Bce HeoOXo-
JIMIMbI€ MePBI MPEIOCTOPOXKHOCTH U ITOM-
HuTh, uto IIK Gosee ysa3BuM, Hexenu
ociyiorpad MIN MyJIBTHMETP.

PaccMOTPUM KOHCTPYKIUIO YCHIIH-
tens. Ha puc. 6.2 npuBesena tomnoo-
riuyeckasi cxeMa IeyaTHOil MmjaaThl, Ha
KOTOpPOil pa3MellleHbl BCe 3JeMeHTDI
ycrpoiicTBa. MOHTaxkHast cxema IpH- ? j
Be/ieHa Ha puc. 6.3; Ha Hell noka3aHbl
TaKke COeMHATEbHbIC KOMOAKH nsi  H1C 6-2. Tononoruseckas cxema
TO/IK/TIOYEHHSI IPOBOJIOB BXOJIHBIX 1 Bpl- '€ 10THOM N1IATH BXORHOTO y CUIUTENA
XOAHBIX curHasioB. [Ipy HEOOXOAMMOCTH MOXKHO MOAKIIOYHTH BHEL-
HMI MICTOYHMK IIMTaHISA BMECTO rajibBaHnuyeckoii 6batapen 9 B. 3to mo-
’KeT MOHaZ00MThCs, HAlpIMep, IIPU NMPOBEICHHH OYeHb AJUTEbHOTO
M3MepPUTENBHOTO Tpollecca. BHemnuii Bi niatol ¢ yCTaHOBJIEHHBIMH
aJleMeHTaMM ToKasal Ha puc. 6.4.

BHe nuiatst Oy/eT CMOHTHPOBAH TOJIBKO BXOJIHOI konaeHcatop C_,
pasMepbl KOTOPOro MOTYT ObITh BecbMa GOJIbIINMH, €CJIN BbIOpaH HOMHU-
Han 1 Mx®@ X 400 B.

MHuoroo6opoTHhble 1o/icTpoeynble norenignomerpol R9 u R10 npen-
Ha3HayaloTCs Kak JJid Me4aTHOro MOHTaa, TaK I Ul MOHTa)ka Ha ma-
HeJib. Bropoii moaxoa npeanoutiTesied, 0coOeHHO /st peryasiTopa ycra-
HOBKH HYJIsI, TOJIb30BAThCS KOTOPLIM MPUAETCS JI0BOJIbHO YacTo.

Boi6op koaduiieHTa ycHIeHHs MOXKET OCYIeCTBAATCS P MTOMO-
1M 6J10Ka nepeMbiyex (NP peIKoM HCTIOJIb30BaHHH ) TMOO0 NTPU MOMOLIH
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TymO61epa UK nepexsioyareisi (pu pe-
ryJsipHOM Mcrnosb3oBanuu). Ho B 60Jib-
IIMHCTBE CJy4yaeB JOCTaTOYHO TYMO-
Jiepa C MoJIOKeHUSIMU «X1» 1 «X10»,
Pa3Mepbl n1aThl MO3BOJSIOT pa3Mec-
THTb ee BMecTe C raJibBaHu4YecKoii 6ara-
peeii B MeTa/JIN4eCKOM KOpIyce THIa
EM 06/03 ESM. Heckosbko oTBepcTHii
B KOpIyce MO3BOJISIT YCTaHOBHUTb BCe
OpraHbl ynpaBJieHHs], a TakXke, eCJI 10-
HajobuTcs, ABe NPUOOpPHBIE PO3ETKH
BNC (CP50-73):
CxeMy 0YeHb JIerko HaCTPOUTb, JaXKe
: -, He MoJlaBasi Ha Hee BHEIUHW BXOAHOI
curHan. IIpu ycraHoBke mepekioyare-
JIsl TIepeMblueK B MOJIOKeHHe <«eAUHNY-
R Pl HOe yCHJIEeHHEe» U B PesKUMe «OTKPBITBIi
Bxo» (DC) Heo6X0AUMO «3aKOPOTHTH>
Bxox ycuautens. Ilpocroe Bpamenue
PYYKH peryJsatopa «YCTaHOBKa HYJIsi»
JIOJKHO NMPUBECTH K M3MeHEeHHsIM TIoKa-
3aHUI BUPTYaJbHOTO BOJIBTMETPA B Ipe-
nenax ot 0 no 2,5 B (noxa3zaHust 10J1K-
Hbl yBeJIMYMBATbCS B JIeCSATh pa3 MpHU
nepexosie Ha pexuM «X10»). B takom cnyuae, ectectBenno, AL[II He
MoskeT 06paboraTh BXOJHOe HanpspkeHue Bbiuie 5 B u 6yzet popmu-
pOBaTh KOJIOBYI0 KOMOMHAIIHIO, COOTBETCTBYIOIIYIO MAKCUMYMY IIKAJIbI.

O6wumin

Bxog
NcTouHuk ©
nuraHus <

Puc. 6.3. MontaxHas cxema
BXOQHOIO yCuauTens

Puc. 6.4. Buewnwii Bua nnats BXofHOro ycunutens
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OATHYUK TEMNEPATYPbI

Cpenut Bcero MHOrooOpasus JIaTYHKOB, KOTOPble MOXKHO MOAKIIOYATh
k ALLIT j1st 06paboTKH € MOMOIIBIO BHPTYAJIbHOTO U3MEPHTE/ILHOIO
KOMILJIEKCa, OJIHIUM H3 CaMbIX MOJIE3HBIX Oy/IeT JIaTuuK TeMIepaTypbl.
Baaronapst unipoxomy paboyeMy aHanasoHy OH MOXKeT MPHUMEHATLCH
W JUISE PErHCTPalHi MeTeopOJOrHYCCKUX TPOIeCccoB, M JUIS aHalu3a
TeMIICPATYPHOTO PeKHMa aKKYMYJIATOpa NpH OBICTPOM 3apsijie, U Jlake
JUI TIPOBEPKH paboThl aBTOMATHKH XOJIO/IVILHBIX KaMep.

[IIupokue Bo3MoXKHOCTH MaciiuTabupoBanus, 3akiaabiBaembie B [10
JUISE BAPTYAJIbHOTO U3MEPHTEILHOTO KOMIUIEKCa, 1103BOJIAIOT CylecT-
BEHHO YIIPOCTHUTB IPe/[BAPUTEIIbIYI0 00pabOTKY CHrHAA HIH AasKe MoJ-
HOCTBIO OT Hee OTKa3aThCs.

C y4eToM HCKJIIOUUTEIbHOIT IIPOCTOTHI CXeMOTEXHUKH Ipe/lJlaraeMblX
AILIT Jiorn4HO MCMOMB30BAThH TAKOI JKe TIPOCTOM AaTYUK TeMIIepaTyphl.
He MoseT ObITh M pedH O IJIaTHHOBOIH IIPOBOJIOKE, TIOCKOJIbKY €e HU3Kas
YYBCTBHMTEJNLHOCTh U HEJIHHEHHOCTH 1TapaMeTpoB MOTPeOyIOT NnpuMe-
HEeHUsI HECKOJIbKUX OMepallMOHHbIX YCHIUTeNel; He MOoJ0MAYT U TepMO-
napbl, Tak Kak UX KOMIIEHCATOP «XOJIOZHOTO Clasi» CJIOKeH T10 KOH-
CTPYKIIMU U TpeOyeT OueHb Cepbe3Hoii HaCTPOIKH.

TepMOpe3HCTOPDI ¢ MOJTOKUTEILHBIM HJIH OTPHUATEIbHBIM TeMIlepa-
TypHbIM Koadunnentom conpornsienns (TKC) ouenb yyBCTBUTEIbHDI
K H3MeHeHHsM Temmepatypbl. OHI POCTO MOAKIIOYAIOTCS], HO UX Xapak-
TCPUCTUKU HEJIMHEHHBI, TAK YTO HX YPEe3BLIYAITHO CI0KHO KamuOpoBaTh.

B temneparyptom znanasorie ot —50 °C g0 +150 °C 6onbluue npe-
IIMYLIleCTBa UMEIOT KpeMHieBble aT4uku. [[ocTaToYHO YyBCTBUTEIb-
Hble 1 yacTo obJazalolie Xopolieil JHHeiiHOCThIO XapaKTepUCTHK, OHH,
KO BCeMY IpoueMmy, JiellieBbl M ocTynmHbl. Haso n uckath UM 3aMeny,
ecJI H3BECTHO, YTO M0 TOYHOCTU OHU cpaBHUMBI ¢ ALLII, KoTOpbIE OMH-
CBIBAIOTCS B 9TOM KHUTe?

CkuiajipiBaeTcs Brieyat/ieHue, 4yro Mukpocxema LM 335 (unu ee Ba-
puantsl LM 135 n LM 235) co3jiana crieniaibHo Ui pellieHus JlaHHO#M
npobieMbl. ITa MHKPOCXeMa BBIITYCKAaeTCsi MHOTUMH TIPOM3BOUTENISMH,
B ToM umcJie komnanusimi National Semiconductor n SGS-Thomson. Ona
MMeeT KOPIyC TPaH3UCTOPHOTO THNA M MOXET PacCMaTpuBaTbhCs Kak
cTabnIUTpoH ¢ TemiepatyphbiM Koadduunentom nanpsxkenns (TKH)
pasrbiM 10 MB/°K. Pa6ounii anason temneparyp Mukpocxembel LM 335
sesxnut B rpannnax ot —40 °C o +100 °C (s Bapuanta LM 135 on co-
crassger oT —50 °C o +150 °C). I1put aTom HyJIeBoe BLIXOHOE HaTIpsiKe-
HIHe COOTBeTCTBYeT TeMmeparype abcosioTHoro nyas 0 “K (-273,15 °C).
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o
\,

8 3B

Hanpsxetue (B)
NN W
b

0 L >
-273°C -50 °C 25°C 150 °C 227°C
(0°K (223 °K) (298°K) (423 °K) (500 °K)
0°C 100 °C Temneparypa (°)
(273°K) (373°K)

Puc. 6.5. TemneparypHas xapaktepuctuka mukpocxems: LM 335

+ | 3,9kQ
ev e

e . : 10 MBFK
LM |ADJ ADC (10, 12,100, u T.n)
335 ke © gsp (T 273 po 4227 °C)
" 0°C=273°K=2,73B

Puc. 6.6. [MpuHumnmansHas cxema AATduka Temneparyps!

Mo xapakTepHcTHKe, TPHBEIEHHOI Ha puc. 6.5, BUJIHO, YTO BBIXOIHOE
Hanpsikenue mensietcst ot 2,23 B npu —50 °C (223 °K) 1o 4,23 B npu
+150 °C (423 °K). 9Ti napaMeTpbl ylauHO COOTHOCSTCS ¢ pabouum
nuanazoHoM onucbiBaeMbix AT — ot 0 110 5 B.

EcJiit He BBECTH B cXeMy 3JIeMEHTbI KaJTHOPOBKH, TO HECOOTBETCTBHE
MeX/1ly TeMITepaTypoil i BBIXOJHBIM HAMPsIKEHHeM B HALIXY/IIIEM cJydae
moxet aocturath 9 °K. CiesoBaresibHo, JUIst BHIOJHCHUS 3a/a4, pac-
CMaTpUBaeMbIX B KHITe, TpeOYeTCs MOACTPOCYHbIT Pe3UCTOp IS KaJli-
6poBkH. C y4eToM 3TOro Nojyyaercs, Kak H Hpearnosarajloch, HCKIIO-
YHTEJIbHO MPOCTas cXeMa, NpuBe/ieHHas Ha pHc. 6.6.

Hazo 3aMeTuTb, 4TO /71t 0OecneyeHss HopMajibHOIl paGoThl 3TOTO
JAaTYHKA OCTATOYHO OJHOTO PE3HCTOpa U HeOOJbILOIT ralbBaHHYECKOil
6atapen 9 B, Toraa kak st 60JbHINHCTBA M3/IEHIT JIPYTHX POU3BO-
anresieii morpebosasicst Obl HCTOYHUK CTAONIIBLHOTO TOKA.

[Tocne xanu6poBku (06b1yHO MpH Temiepatype +25 °C) TOYHOCTD
N0JIy4aeMbIX pe3yJIbTaTOB B 3aBUCHMOCTH OT TPYIIIbl JaTYHKA OKa3bl-
Baetcs ayuiue, yeM +(1-2) °C. Haunyuuueii siBasietcsi rpynna «A». 1o
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b

Puc. 6.7. Tononornyeckas cxema neyarHos nnatel SATYAKA Temneparypsi

Perynuposka  Adj @ LM335Z >
K ALN ADG ||
Obumit  Gnd @ ; '3.9 K&
WcTodHnk + @

nuTaHna

Puc. 6.8. MoHTaxHas cxema garymka Temneparypsbi

XOPOILO COOTHOCHUTCS € TOYHOCTBIO 1% 1 paspemennem 20 MB (To ectb
2 °C) 8-paspsnoro ALLIL

IIpu pa6ore ¢ 10- nn 12-paspsanpivn ALLIT HeobxoanMo uenosb3o-
BaTh MUKPOCXeMY JaTyuKa IPYIibl «A» M yAeauTh ocoboe BHUMaHHe
KaJuOpOBKe.

ITeyaTHas nuaTa JaTyiika HMeeT MPUMEPHO TaKHe jKe pasMepbl, KaK
JIeBSITUBOJIBTOBas rajibBannueckas 6atapes. Tornonornyeckas cxema re-
YaTHOI1 MJIaThl NIpHBejieHa Ha puc. 6.7.

[Ipu cOGopke cXeMbl JaTYHKa ClIe/lyeT PYKOBOJACTBOBAThCS MOHTaX-
Hoii cxemoii (puc. 6.8). Crout 06paTuTh BHUMaHHe Ha TO, YTO Ha IJIaTe
YCTaHOBJIEHBI NIPAKTHYECKH BCe KOMITOHEHTDI, a TaK)Ke pa3beM rajbBa-
HUYeCcKoii GaTapen N COeJIMHITEebHAA KOJIO/Ka, MOAKIOYeHHe K KOTO-
PBIM MOKET OCYIIECTBISTBCS CAMBIMH PasHbIMU criocobamu. BremHuii
BHJL IIJIATHI IATYHKA C YCTAHOBJICHHBIMH 2JIeMEHTaMHU NToKa3aH Ha puc. 6.9.

Yepes COEAUHUTEIIBHYIO KOIOJKY € ITOMOIILBIO OJIHOH Mapbl POBOJIOB
JATYMK Temnepatypbl nozkiouaercs k AL a ¢ nomontbio pyroii napbt

Puc. 6.9. BHewHuii By nnaTsl RATYHKG TEMNEPATYPbI



112 BUPTYAJIbHbIV M3MEPUTENbHBIM KOMIJIEKC HA BA3E IBM PC

Ha nJIaty MOKHO MOJaTh HalpsikeHue nutaHus ot 9 o 12 B, samenus
rajbBannyeckyio 6arapeio Ha BHEUIHUIT MCTOYHHK. DTa ke COeMHH-
TeJIbHasi KOJIO/IKa MO3BOJIUT, NPH HEOOXOAMMOCTH, C IOMOLIbIO Tpex
POBOJIOB JTHHOIT 10 OIHOTO MeTpa BBIHECTH JaTYIK Ha MUKpOCXeMe
LM 335 na 6esonacHoe paccrositine, 4ToObl HE 10BEpPraTh OCTAIbHbIE
YCTPOMCTBA H3MEPHTEILHOTO KOMIUIEKCA BPEJAHOMY BO3/AEHCTBHIO.

Jlnsi pabor, CBA3aHHBIX C MIOTPYKEHHEM B XKHJKHE cpefibl, OyzeT He-
06XOMMO M30JIPOBATh AATYHK, IOMECTHB €0 B 4eX0Jl 3 TepMOpeak-
THUBHOTO MaTepHasa, MpUYeM J0CTaTOYHO TOHKOTO, YTOObI TeIsioBast
MHEePIMOHHOCTD JIaTYHKa YBEJIHYNIACh He CHIbHO. Vineanbwblii Bapu-
aHT — 3TO YeX0J1, 3al0JHeH bl TepMokieeM. [ToHsTHO, 4To MecTa nasi-
HBIX COeIITHeHHUIT POBO/IOB U BBIBOJIOB JaTYMKa IMepe/l pasMelleHueM
B 130JIMPYIOIEM 4YeXJe JUIsl TpefoTBpallleHusl 3aMbIKaHUil 0/KHBI
ObITh M30/IMPOBaHBI OTpe3KaMH THOKOIT M1aCTHKOBOIT TPYOKIL.

Tak kak naTymk onpezesnseT TOYHOCTb BCETO H3MEPHTEIBHOTO TPAKTA,
Ka/M6POBaTh €ro HyXKHO NPe/Ie/IbHO aKKypaTHO. B npuHImme kanGpoky
cJieiyeT NpOBOANTD 1pH 25 °C, HO HHYTO He MellaeT IPOBECTH ee NPH JIpY-
roii remneparype B npeziesax ot 20° 1o 30 °C. IIpu 3TOM Halo MOMHHUT,
YTO TeMIepaTypa B Pa3HbIX YacTSX NOMellleHUs] MOXKeT ObITh HeoIMHAKO-
Boii. CiefloBaTesIbHO, 3TaJIOHHBIIT TEPMOMETP, KaK MOKHO 60Jiee TOUHBII,
JI0JDKEH pacroJiaraTbCa B HENOCPe/ICTBEHHOH GJIM30CTH OT KaTubpyeMoro
Haryrka Ha Mukpocxeme LM 335, u, kpome Toro, Heo6X01MMO BbIKAATh
HEKOTOpOe BPeMsl, YTOObI I0OCTHYD TEINJIOBOTO PaBHOBECHSI.

Hanpssxenne kanubpoBKy 3aBHCHUT OT TeMIlepaTypbl OKpyXaloleii
cpenbl: Hanpumep, npu Temnepatype 20 °C (unn 293 °K) BbixonHoe
HanpsbkeHHe laTYuKa Hy>KHO YCTAaHOBHUTb Ha BelnuuHy 2,93 B.

MoxHo pekomenoBaTh 1 GoJiee MpocToii crnoco6 KaanbpoBKH NpH
0 °C, ne Tpebyioumii 06pasnoBoro repMoMerpa. /{151 3TOro 10CTaTOYHO
Npojiesiath B KycKe JibJa OTBepcTHe (HampHUMep, OCTHIBAIOLIUM Masijib-
HHKOM) M noMecTHTb kopnyc LM 335 (Ho He BbiBozib!) B Tasyio Bomy,
KOTOpas HauHeT OBICTPO 3AMOJHSTH YIiIyOJeHHe, — 3TO «TAIOIHIi Jiel»,
TeMIiepatypa KoToporo no onpe/esiennio pagta 0 °C. 3arem Hano 6yaer
NPH [IOMOLH MHOFOOGOPOTHOTO MOACTPOEUHOIO PE3HCTOPA OTPEry.IH-
POBaTh JIATYMK /IO MOMYYCHUS Ha TabJIO BUPTYAJILHOTO BOJBLTMETpa 10~
kasaHu 2,73 B.

Baxxno BbInosnHATh kannbpoBKky AaTunka umenno ¢ tem AT, ¢ ko-
TOPBIM 3TOT JIaTUHK Oy/eT paboTaTh BIIOCAEACTBHH, YTOOBI Kak MOXKHO
Jiyqlie CKOMIIEHCHPOBATh €10 MOTPEHIHOCTD.

Ecrectsenno, nonyckaercs komGunnposaiie 060ux BbllleyKa3aH-
HBIX METO/I0B UIst [OJ1yYeHUs MaKCHMA/ILHOIT TOYHOCTH, XOTS TIPU 3TOM
He CTOUT PacCYMThIBATh Ha IoJiyyeHne oduleii ToyHocT Bbime 1 °C.
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BosbIMHCTBO 3a/1a4 MpenoaraeT npoBe/ieHue JMHaAMHYecKoii peru-
CTpallMM U3MeHEeHHil TeMIepaTypbl 3a TOT MJIM UHOMH Nepuo/l BpeMeHH.
OnHOKpaTHbIEe N3MepeHUsl TeMIIepaTyphbl ropasjio yaobHee NMPOBOAMTDH
TNPH MOMOIIM OOBIYHOTO TePMOMETpA.

ITaker PICOLOG, pa6otaioumii co Bcemu uaieusimu komnanun PICO
Technology, no3BosisieT BBINOMHATL U3MEPEHHsI C BPeMeHHBIMH HHTep-
BaJlaM# OT HECKOJIbKMX MUHYT /10 MHOTHX MecsilieB H faxe Jet. [Tomumo
3TOr0, OH JIaeT BO3MOXKHOCTD MPOBECTH MaclTabupoBaHHe pe3y/IbTaToB
M3MepeHHii, a MPU MCMOJIb30BaHNH JIaTYMKA TeMIepaTyphbl BbINOJHUTD
npeobpa3oBaHue «BoJBTBI-rpaaychl Llenbcnsi». (BHayane Hao ckoppeKkTH-
poBaTh HAKJIOH XapaKTepHCTHKH IpeoOpa3oBaHusl Ui MOMyYeHHs pe-
3yJIBTaTOB B rpajiycax KesbsiHa, a 3atemM MpoH3BeCTH KOPPEKIMIO cMelle-
HUS [T TIepexo/ia K BeJIMUHHAM, M3MepeHHbIM B rpaaycax Llembcus.)

Kaxoii 61 ALLIT nu ncnionnzosasicst (ADC 10 uau ADC 12), Heobxo-
JMMas BeJIMUMHA KOPpeKIHH cMellienns B Menio « Hacrpoitka auneiinoii
mKaJibl» /IS mapametpa «Temneparypa» paBHa —273. Koadbduument
Koppekiuu HakjoHa npu pabore ¢ ADC 10 (8-paspsaanbiM) paBeH
1,9608, a npu pabore ¢ ADC 12 (12-paspsianbiM) pasen 0,1221.

Yaure Bcero 6yser Mcnosib3oBaThes LIKaaa, rpajyupoBaHHas oT
-50° C no +100 °C uau +150 °C n Bruiovaioniasi Bech pabounii 1uana-
30H JIaTYHKA.

Xotsi naker PICOSCOPE B menbiueii crenenn, yem PICOLOG, npu-
roJieH JUIst u3MepeHust 1 06paboTKH 3aMepoB Temiepatyp (ociuiorpad,
YaCTOTOMEP M AaHAJIM3ATOP CIIEKTpa 3/1eChb He NMOMOIYT), ero BOJBLTMETP
NOCTOSAHHOTO TOKA MOYKHO HACTPOHTD HEMOCPEACTBEHHO Ha 0ToOpaXkeHue
u3MepeHHoit Temreparypst (puc. 6.10).

Jlnst orobpaxkennst Temrepatypbl B rpasycax KeabBuna 10cTaTouHO
BoIOpaTh pexxnum «[lepemennast mkana», 3ateM yCTaHOBUTh MUHHMAaJIb-
HOe 3HayeHHe paBHBIM HYJI0, a MakcuMaibHoe — 500, 6e3 3HaKoB 1oc-
Jie 3andaToil (mecsartrie joan rpaayca npu tounoctu =1 °C He uMmeloT
3navenusi). [Ipu orobpaxkenun pesyisrato B rpagaycax Lleavcus mu-
HUMaJIbHOE M MaKCHMaJibHOe 3HaueHUsl PaBHbI COOTBETCTBeHMHO —273
U 4227, Taxke 6e3 3HAKOB [10CJIe 3alATOM.

Pa6oras ¢ AILIl, koTopble H3TOTOBJIEHBI 110 NPHUBEIEHHBIM B KHUTE
cxemaM, Ha npumepe nporpammbl DEGRES.BAS Mmoo ybenutbes,
HACKOJIBKO IPOCTO IPEBPAaTHUTh BUPTYaJbHBII BOJLTMETP B BUPTYallb-
HbIIl TepMOMeTp.

200 REM ---- DEGRES ----
210 GOSUB 100

220 D=INT(100*D)

230 LOCATE 1,1



114 BMPTY{_\ﬂbe/H l/_@/\_A_E{_’_MTEﬂbeII/'I KOMITNIEKC HA BA3E IBM PC

fppuye Ur mnos r/.rr?ter 1’ af fichage
curs.u: &:l e I'ﬂs pour f.u res cadres

gl (s 0 T S b e et T il

nage

Puc. 6.10. Bug 3kpaHa 8 pexvime m3mepeHns Temneparypsl

240 PRINT USING"###";D-273;

245 PRINT"'C "

250 GOTO 210

260 REM (c)1997 Patrick GUEULLE

Metoa npuBeieHs LIKa/Ibl, HCIOJb30BAHHBIT B 9TOM YIIPOIIEHHOM
BapuanTte nporpaMmmbl VOLTS.BAS, MokHO IpHMEHSATH BO BceX APYTUX
NporpaMMax, pacCCMOTPEHHBIX B IJlaBe J.

AATHUK DABJNIEHUA

Wamepenue u perucrpaiius JaBjeHis IWHPOKO pacrnpocTpaHeHbl Kak
B IIPOMBIILJIEHHOCTH, TaK U B IMOBCE/IHEBHOI JKU3HU: METEOPOJIOTHYEC-
Kue 6apoMeTpbl TMoKa3bIBaloT aTMoc(epHoe JaBJieHie, a MeHIMHCKHE
TOHOMETPBI — JaBjeHie B HajysaeMoii Maixere. He crout 3abbiBath
¥ 0 BbicOTOMEpax (aJbTHUMETpax), KOTOpble, 0 CYTH, NMPeACTaBISAIOT
co6oii Te sxe 6apoMeTPBbl, HO €O crelHaIbHON HIKAJIOIL.

Huxeonmcanublil npocToil 1 JieliieBblii 1aTYNK AaBJeHus, Crnocob-
Hblit paboratp ¢ AILI, kotopeie paccMoTpenbl B IJaHHOI KHUTE, MOXKET
NPUMEHATBCS B CAaMbIX PA3HBIX IleJIsX.

B 3aBucuMocTH oT HCIOb3yeMoil TeXHOJOIHH JaTYNK AaBJieHus 6e3
3JIEKTPOHHOI YacTH MOKeT ObITh U OYeHb JZOPOTHM, U OTHOCHTEJIbHO
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Puc. 6.11. BrewHmii 81 KpemHueBoro Aatyuka AaBNeHUs

JlelIeBBIM. DKOHOMHYHBIC JIATYHKH, IOCTPOCHHbIE HA OCHOBE KpUCTAJl/Ia
KpeMHHsI, ObLJIH HACTOJIBKO YCOBEPIIEHCTBOBAHDI, YTO Tenepb napameT-
PbI 11pohecCHoHaIbHOTO YPOBHSI MOJKIO MOJYUNTD, KYTIHB H3/leJ11e NpH-
MepHo 3a 25 siosapoB. Takoil atyiK cOCTOMT U3 IByX OCHOBHBIX Yac-
Teii: FepMETHYHOro Kopiyca, 00bIYHO cHabKEeHHOTO MITYLepaMi, HO3BO-
JISIOUNMHU TIOJICOCAMHATL THOKIE TPYOKH, U 0YeHb HeOOBIYHOTO MOJY-
MPOBOAHUKOBOTO KprcTassa. Ha oHoil 1 TOJ ke KpeMHUeBOIl I1JIacTHHE
BBITOJIHEHBI U KJIAaCCHYECKHE JIEKTPOHHbIE KOMIIOHEHTBI, U CTPYHHbBIE
JaTYuKn HaTskeHns (puc. 6.11).

PeBouolimontas 1esi COCTOUT B TOM, YTO UMEHHO caMa IJIaCTHHa,
ornpe/esieHHasi YacTh KOTOPOI clieslaHa oyeHb TOHKOI MPH MOMOLIH MU~
KpooOpaboTKH, HrpaeT posib MeMOpaHbl, AedopMupyioneiics nojx Bo3-
JleliCTBUEM JlaBJIeHHS.

[TepBble aTYMKH, H3rOTOBJEHHBIE 1O TaKOH TEXHOJOLMH, JaBajH
He CJUIIKOM XOpolllne Mmokazatesu. Y HUX MPHUCYTCTBOBAJI OLLYTUMbIH
TeMIiepaTypHblii fipeiid, a Taike 3aMeTHBII CIBUT HYJIsS (HaJlM4YHe BBIXO/-
HOTO HaIpsbKEeHHs PU HYJIEBOM JIaBJIeHHH ), KOTOPbIT CHJIbHO MeHsJICA
ot obpasua Kk obpasily. DJIEKTPOHHBIE KOPPEKTHPYIOLHEe YCTPOiicTBa,
K CYacCTbI, MOIJIM CYIIECTBEHHO CIJIaJIUTh 3TH HEIOCTaTi!, a Ha Cerojl-
HSILIHUIT IeHb MOJI0’KeHHe 3HAYUTEJbHO YIYYIIHJIOCD.

BuinosiHeHne Ha OHOI TJIaCTHHE, IOMHUMO CTPYHHBIX /IaTYMKOB Ha-
TSDKEHIIsI, TEPMOPE3UCTOPOB H PE3UCTOPOB C JIa3epHOIT MOATOHKOMN 110-
3BOJIAET POU3BOUTEAM CO3/IaBaTh U BBINYCKATh YKe KaTHOpOBaHHbIE
1 TepPMOKOMIIEHCHPOBaHHble aTyuku. Vcnonb3oBaTh X OYeHb NPOCTO:
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(HeoBaaatensHo) *Yeunenue"

Puc. 6.12. Cxema ycTposicTsa cornacoBanms Ans AATYMKQ AABNEHMS

JIOCTaTOYHO MOJATh MOCTOSTHHOE HaNpsDKeHHe Ha OJ{HY /IHaroHajlb MOCTA,
COCTOSIIIIETO U3 CTPYHHBIX JIaATUUKOB HATSKEHUS], U CHUMATh C JIPYroif
JIMATOHAJIN 3TOTO MOCTa HAIpsiKeHHe, MPONOPIHHOHAILHOE MPUJIONKEH-
HoMy aaBiienuio. Tak, natuukm komnanuu Motorola n3 cepun MPX
2000 o6b1yHO (HOpMHPYIOT HyJIeBOE HalpsizKelne B IMaroOHaIH TPH HY-
JeBoM JlaBiieHnu 1 40 MB (peanbho — B npesienax ot 37,42 no 42,58 mB)
IIPU Z1aBJIEHUH, COOTBETCTBYIOIIEM HX IOJIHOI LIKaJe.

Jlist yeTpoiicTB, paccMaTpUBaeMbIX B 3TOil KHHUTe, € LIeJIblo OXBaTa Hau-
6outee unipokoii chepsl npumenenns Obi1 BeIOpaH gaTynk MPX 2200,
paboTaioliuii B inariasoHe H3MeHeH s JaBaenus 10 2 6ap (1o 200 kITa).
Hatunk Beinyckaercs B AByx Bapuantax: MPX 2200 AP, nasbiBaemblit
abcomotHbM, 1 MPX 2200 DP, nasbiBaeMmbiii anddepenipanbubiM. OueHb
Ba)KHO MOHATH MPHHIMIIHAJBHYIO Pa3HHIy MeXK1y HUMH M BbIOpaTh
HMEHHO TOT BapHAHT, KOTOPBIil COOTBETCTBYET YCJIOBUSIM H3MEPEHHUSI.

Hedopmupyemasi MeMOpaHa JaTUMKA MOKET «UyBCTBOBATb» TOJIb-
KO Pa3HHILy JaBJieHUs] MeX/IY JIBYMSI CBOUMH MOBEPXHOCTSMH, IPUTOM
M0-pa3HOMY B pa3HbIX HampasiieHusiX. BesencrBue ocobenHocTeil KoH-
CTPYKILUHU Y Hee eCTh CTOPOHA «BBICOKOTO JIaBJIEHUSI» U CTOPOHA «HM3-
KOro iaByieHusi». I1oaToMy KopIiyc atyika cCOCTOMT U3 JIBYX TOJIOCTE,
MeX/1y KOTOPBIMH M pacroJioskeHa MeMOpaHa.

Ecim kaxkiast u3 nosiocteii cHabkeHa IITYHePOM JUTS TPUCOeIMHEH ST
TpyOOK, AT UK Olpe/e/sieT Pa3HHIy MeXAY JABYMS IPHJIOKEHHbIMHU
JIABJICHUSIMH, TO ecTb gBsietcs AuddepennanbHbiM. OHO U3 ITHX
JlaBleHnit MOXKeT ObITh aTMOC(hEPHBIM — JUISt ATOTO O/(HA U3 IOJIOCTel
ocraeTcst OTKPBITON (K HITYIlepy HHYero He PHCOe/IMHSIETCS ).

B naTuynkax, nazpiBaeMbIX abcomoTHBIMH (MM, 6oJiee paBHIbHO, ab-
COJIIOTHOTO JIaBJIEHUST ), OJ{HA U3 ITOJIOCTEI MOJHOCTHIO TepPMETH3UPOBaHa
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M «HakayaHa» JI0 Ollpe/IeJIeHHOro JlaBjieHus (XOTS BHYTPH Hee MOXeT
ObITh ¥ Tay6oKHit Bakyym). TakuM obpa3oM, AaBjieHue, IPUKIaJbIBa-
eMoe K e/IMHCTBEHHOMY BXOJLy /IaTuMKa, Oy/leT H3MepeHo OTHOCHTEIbHO
3TOro ONOPHOTO AaBieHus. [laTyrKy 1M006HOTO THIIA UCTIOIB3YIOTCH,
B YacTHOCTH, B GapoMeTpaxX M BBICOTOMEpPaAX, KOTOpble CPaBHHBAIOT
BHelIHee atMocdepHoe faBieHne ¢ onophbiM. EcTecTBeHHO, TakoMy
JATYNKY JUIsE HOPMAJbHOIH paboThl He Hy)XHa CJI0OKHas 3JIeKTPOHHKA.

Cxema ycTpoiicTBa corJiacoBaHus, Tpusesientas Ha puc. 6.12, padara
Henocpe/ICTBEHHO M3 PYKOBOJCTBA 1O MPHMEHEHHIo, pa3paboTaHHOTrO
koMmianineii Motorola, 1 siBasiercst He caMoii sryylueil U3 cylecTByOLIUX,
HO ee TOUHOCTH B H30bITKe XBaTaeT /uisi paboThl ¢ 8-paspsiibiM AT

K aroit cxeme 6bla1 j006aBjeH HHTerpajibhbiil crabuansarop 7805,
dbopmupylomuKil HanpsiKeHne MUTanust 5 B s raTynka u U1 MUKpo-
cxeMbl c/IBOeHHOro omnepaiunonHoro ycunaurtens LM 358. Kackazbi
MHKPOCXEMbI PelliaioT JiBe 3a/laui: BO-TePBbIX, BOCIPUHUMAIOT Anudde-
peHIHAIbHBIH CHTHAJI C BBIXO/Ia /IaTYHKa, BO-BTOPBIX, YCHJIUBAIOT €rO.

———
ikl

Puc. 6.13. Tononornyeckas cxema ne4artHoH nNaatsl AATYHKA AABNEHMS

[Tpu Hanpsi>keHUU UCTOYHNKA UTaHUs O B Hanpsikenue Ha BbIXozie
BTOPOI'O ONEepaliHOHHOTO YCHINTEJIs He MOXKeT coCTaBsATh Oosbuie 4 B.
ViMeHHO 9Ta BeJIMYMHA M SIBJISIETCS HANIPSKeHHeM MOJTHOM IIKaJIbl yCTPOi-
crBa (4 B nipu naBienun 2 Gapa).

MHoroo6oporhbiii notenmomerp R6 ¢ Homunazom 20 kOM cryKuT st
TOYHOI1 YCTAHOBKHM 3TOH BEJIMYMHbBI MM KaKoii-/1100 Apyroii ToyKkH miKa-
JIBI, LTSI KOTOPOii MMeeTCsi BO3MOKHOCTD [TPOBEPUTD JlaBJleHHe C ITOMOLIBIO
aTaJIoHHOro MaHoMetpa. [IpucyTeTBylonmii B OpUrnHaIbHOM cxeme, HO He
00s3aTeIbHBII TIO/ICTPOEYHbII PE3UCTOP VIS KOPPEKLHH CMeLlleHHs HYJISt
He ObLT UCTIOIL30BaH BBH/LY MaJIoii BeTMYMHBI 3TOIO CMellleHnsl M OrpaHH-
yeHHii TOUHOCTH TpeoOpaszoBanus 8-paspsinbix ALLLL

Tonosornyeckass cxema rneyaTHoi IJIaThl pa3apaboTaHHOTO YCTPOH-
cTBa puBejieHa Ha puc. 6.13, MoHTakHas cxeMa — Ha puc. 6.14.
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Puc. 6.15. Brewri sua nnatsl garyuka aasneqms

Harunk mojpean MPX 2200 (vo ne MPX 2010, koropslii, cornacHo
pykoBojcTBY KoMianii Motorola, paccuirran na gasaense o 100 mbap)
KpenuTest K 1JatTe JIBYMSE BIHHTAMI-CAMOPe3aMil CO CPCHHM YCHITHEM
3aTsKKH M (hHKcanHelt BHHTOB TaKOM HJIH KPacKoii.

[Tocae 3akpensenns aT4iiKa ero JeHTO4HbIC BbIBObI TPHITAHBAIOTCSI
K 1Pe/lyCMOTPEHHBIM IS HITX KOHTAKTHBIM Ilitowaakam. [lepen oM
BBIBOJIBI JIATYHKA JIOJIKHBI ObITh aKKYPATHO OT(POPMOBAHDI IIPH TOMOIIH
MUHLIeTa WM naccatiokeil ¢ kpyribimMi ryoxkami. Buemnnii Bua cyMon-
THPOBAHHO MeyaTHOIT 11aThl lokadan Ha puc. 6.15.

Jlo Tex nop noka Ha JaTYHK He M0/aHo BHelIHee AaBaeHHe, MoJKI0-
YeHHbIT K YCTPOICTBY BHPTYaJILHBIIT BOJIBTMCTP JI0JKEH IMOKa3biBaTh
HYJICBOe HallpsiZKeHIe, ec/ii Berosb3yeTest 1atynk AnddepeHunaib-
HOTO THITA, HJI HATIPSIZKeHHe, COOTBCTCTRYIONIee aTMOChepHOMY jlaBJie-
1HI0, eCTH HCIOJIBb30BaH JaTuiK abCOJI0THOIO THIIA.

[TIupoyaiitiie BOIMOKHOCTH KaAHOPOBKIL I IIPHBEICHHS KA TaKHX
nporpamM, kak PICOSCOPE 1 PICOLOG, 1o3BossiioT BbIBOAHTD
MHAOPMALHIO HEMOCPEACTBEHHO B TCX BEHUHHAX, KOTOPbIe HHTepecyIloT
110JIb30BATEJIsl; B UACTHOCTH, JIaBA€HIC BBIBOXHTCS B JIIOOBIX COOTBETCTBY-
IOUMX eIMHHIAX (HarnpHMep, eIMHHIAX BBLICOTHI), paBHO Kak 1 11060ii
JIPYTOil mapaMeTp, KOTOpbiil /List y106CTBa H3MEPCeHHS MOKeET ObITh COOT-
HeceH € JIaBeHneM.
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[Tpumensist BUpTyabHbtii Boasrmerp nporpammbl PICOSCOPE cot-
CYTCTBYIOIMMH (YTO BaXKHO) 3HAKaMM 10CJIe 3alsTOl, 10CTaTOYHO, Ha-
npHMep, YKa3aTb HyJeByio BeJHunHy s MuinMaibhoro u 2500 rlla
(unu Mbap) A8 MaKcMMaJbHOTO 3HaYeHHil, YTOObI IPH MOMOLIM AaT-
ynka MPX 2200 AP nonyyuth npsaMyio HHAMKaIHIO aTMochepHOro
JaBJeHMsl B CTaHAApTHBIX einHuuax. Kpome Toro, nocraTouno ycra-
HOBHMTH MAKCHMAJIbHYIO BeJIMYHHY paBHOi 1875, 4ToObl N0JIYYHTD HH-
AMKALMI0 aTMOCHEPHOTO JIaBAeHHs B MIJLIMETpax pTyTHOro crojiba
(mmHg — MM pT. CT.), eAMHUIIAX BHECHCTEMHBIX, HO LIHPOKO pacrpo-
CTPaHEHHbBIX W MOHATHDIX.

XoTsi cranjiapTHoil enHuLeil 1aBieHus sB/siercst nackab (I1a), Mmox-
HO KOHCTATHPOBATD, YTO KPOME HEro HCIojb3yercsi OYeHb MHOTO JIPYTHX
eIMHUIL — OT aHTTHiIcKX pyHTOB Ha KBaapaTHbiit Atoiim (PSI) 1o G6ap wim
Kr/cM2, B KOTOPBIX TApHPOBaHbl, HATPHMEP, aBTOMOOHIbHbIC MAHOMETPBL.

ToyHble COOTHOLICHMSI Pa3JHYHBIX €JAHHUIL JaBJICHUS TPUBEAEHBI
B Tabu. 6.1. ATy MHPOPMALIMIO MOKHO HCIIONB3OBATh NPH KalnGpoBKke
TOI MM MHOI MPOrpaMMBl € 11eJIbI0 MHIUKAlMK Pe3yJIbTaToB H3Mepe-
HUI B KaknX-THO0 eHHUIAX H3 psijla llepevyrcIeHHbIX,

B tabaniie ucnonb3oBaHbl ceyone 0003HaYeHUs:

PSI dhyHT/KB. T10HM
JIOHM BOJL CT.  JI0IIM BOJSIHOTO cTON0A
oM PT. CT.  JII0IM PTVTHOTO cT0102

klla KHJIOMacKaJlb

mbap Mubap

CM BOJI. CT. caHTHMeTp BOAsiHOro cronba
MM PT. CT. MUJIJTUMETP PTYTHOTO cTos16a

Tabmuua 6. 1. CooTHOLWEHME OCHOBHBIX EAMHML MIMEPEHNS AABNEHNS

68,947

36127 x 102| 1,000 |7,3554 x 102| 0,491 | 2491 2,5400 | 1,8683

0,4912 13,596 | 1,000 33864 | 330864 | 34532 | 25400

0,14504 40147 | 02953 1,000 | 10,000 | 10,1973 | 7,5006
001450 | 040147 | 0,02053 0,100 | 1,00 | 1,01973 | 0,75006
1,423 03937 |2,8958 x 102| 0,09806 = 09806 | 1,000 | 07355
18] 1,9337 x 102| 0,53525 | 39370 x 102] 0,13332 | 1,3332 | 13597 | 1,000
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®OTOMETPUYECKUA OATHUK

Eute npotie, yeM /laTUMKH TeMIepaTypbl H JaB/IeHUs], U3TOTOBIAETCS
hoTomeTpHYecKHil IATUIK, YaCTO HA3BIBACMBIiT JIIOKCMETPOM, HO Ha caMOM
Jleqie BhIIOJHsIoNHIT ropas/io Oosiee ninpokie dhyHKIHIL

M3mepeHue napamMeTpoB CBETOBOTO H3JIYUeHHS sBJSETCA OYeHb
CJIOKHOM 3ajaueil, 0cOOEHHO eCI OTCYTCTBYET YeTKoe Ipe/icTaBleHHe
0 TOM, YTO U KaKUM 00pa3oM Hajlo uaMepsThb. Jlaske B caMbIX cepbe3HbIX
JabopaTopusiX MHOT/Ia MOTYT OBITH MOJIy4YeHbl 00ecKypakuBaoL1e pe-
3yJIBTaThl M3-3a TOTO, YTO MPU U3MepeHHsX IpeHebperiu oopMIeHHeM
YeTKOTO0 NMPOTOKOJIA.

Hao 3Hatb, 4T0 OCHOBHOIT BeJIMYHHOIT B (JOTOMETPHH SBJISIeTCS CHJIA
cBeTa HCTOYHIKA U3JIyYeH s, uaMepsieMas B kanzenax (ka). Jloke (1),
GoJlee H3BeCTHAs e[IMHMIIA, HA CAMOM JleJie sIBJIsSieTCs] e/INHHLell H3Mepe-
HUSI OCBELIEHHOCTH, a 3TO MPUHIHIHAJIbHO pa3Hble BeJIHYHHBIL.

[l mosydyeHus OCBEIIeHHOCTH B OZMH JIIOKC 9KpaH IJIOLIa/IbIo O1H
KBaJIpaTHBIN METp Z0JDKeH OBITh PaclosioKeH Ha PpacCTOAHUHN OJHOIO
MeTpa OT TOYEYHOr0 UCTOYHHMKA U3JTyYeHHs, OJHOPOHO M3Jy4aiouiero
CBET BO BceX HalpaBJeHHUsIX (CHJIa CBeTa COCTaBJIsieT OJHY KaHMeNy).
Crporo roBopsi, aKpaH J0JKeH HMeTb GopMy chepuyeckoro cermeHra
IJIONIA/IbI0 OIMH KBaJIpaTHBIM MeTp, a He MJIOCKOro KBajpaTa CO CTO-
poHaMH B OtuH MeTp. B TakoM ciryyae kaxkaasi Touka akpaHa GyzieT pac-
110JI0KeHa Ha OJINHAKOBOM paccTosiHiH (1 M) OT HCTOYHMKA. ITO BasKHO,
TaK KakK OCBEIIEHHOCTh H3MeHsieTcss 00paTHO MPONOPIHOHAIbHO KBa-
JIpaTy paccTOSHUsS OT MCTOYHHKA. B yKka3aHHBIX YCJIOBHSX oOaacThb
MPOCTPAHCTBA, OrpaHNYeHHast NMPSMBIMH, KOTOpbIe COeAHHAIOT HCTOY-
HUK ¢ JUHUeil, oOpasyiouleil epuMeTp dKpaHa, MnpeacTabisieT coboii
«TeJIeCHBII YyroJi» B OJWH CTepajyaH M 3akjioyaeT CBETOBOIl MOTOK
B oitnH jgoMmeH. Cie/oBaTesibHO, OCBEIIEHHOCTb B OAWH JIIOKC COOT-
BETCTBYET CBETOBOMY IIOTOKY B OJIMH JIIOMEH, MajaiolieMy Ha OJWH
KBa/IPaTHBII METP IMJIOLIA/IN.

OcBelleHHbII MOI0OHBIM 06pa3oM aKpaH Oy/leT OTpaXkarh, 110 MeHb-
ureit Mepe, yacTb Na/iaolero Ha Hero ceta. Takum o6pasoM, oH obaaeT
HEKOTOPOil SIPKOCTHIO, BbIpaXkaeMoil B KaH/leJ1aX Ha KBaJipaTHBIIT MeTp —
eINHNI[AX, Ha3biBaeMbIX HUT (HT). IMEHHO 3Ty SIPKOCTb H3MEPAIOT IKCII0-
HoMeTpaMu B (otorpaguu, Toraa Kak JIOKCMETPaMU U3MEPSIOT KOJIH-
YeCTBO CBETa, a/IalolIero Ha MoBepXHOCTh (Hanpumep, Ha pabounii ctox).

CBsi3b MEXKy 9TUMH JIBYMS1 BeJIMYMHAMH BecbMa CJIOJKHA, ITOCKOJIbKY
OCHOBaHa Ha OTPaXKalOIMX CBOMCTBAX 9KpaHa M 3aBUCHT OT ero aabbesno
(Genn3ibl) — BeAMYMHDBI, XapaKTepU3YIolIeil CloCOOHOCTD TeJIa OTPAKATD
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Tabnuua 6.2. PenepHbie Touku poTometpum

ficHoe He6O (ropraoHT) 3125
(24 %nopge:»?l ) 1000-1500
Pabouwit cton 500
B TeHu, CONHEYHbIM AHEM 435
MonaeHb 1875
Cymeprn 70
Hauano Houu 15

najalolinii Ha HEro CBETOBOIl MOTOK, — a TaKkXXe OT yrja HabmoneHus
akpana. K mpumepy, B ororpadpun oO6bIYHO NpeANoNaraior, YTo «cpej-
HUiT» 00BeKT oTpaxkaeT He Gosee 18% nanalolero Ha Hero cBeTa.

Jl1st Toro 4TOObI YMTATENH TIPABMIIBHO MOHSJIH TMPOLECC KaTUOPOBKH
HIDKeoTcaHHoro npubopa, B Tabs1. 6.2 npuBe/leHbl HEKOTOPbIE BeJIH-
YHHBI OCBEIIEHHOCTH, OJIyyaeMble Ofpeie/IeHHOI TOBEPXHOCTBIO B pa3-
JIMYHBIX IPUPOIHBIX YCI0BUAX. MOXKHO YOeUThCS, YTO ANHAMIYECKHii
JIMana3oH OCBelleHHOCTell IOCTaTOYHO BeJUK.

B ta6u. 6.3 npuBOJSATCS COOTHOILEHUS MEX/y OCHOBHBIMH €IHHM-
HaMH APKOCTH, IPUMEHSAEMbIMH Ha IIPpaKTHKE.

Tabnmua 6.3. CooTHoweHMe mexay OCHOBHbIMU eAMHULIAMM SPKOCTH

sb (cune6) 104
K/ke. dyr ‘ 10,76
KI/KB. [IOiM 1550
asb (anocTwib6) 0,318
L (nambepr) 3183
fiL (dyr nambepr) 343
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Kak ¢ nHxeHepHOIi TOYKHM 3peHusi, TaK U ¢ TOYKH 3peHust NPaKTH-
yecKoil a71eKTPOHHKH Bce hoToMeTpHYeckre U3MepeHHsT TPOU3BOAATCS
¢ nomotpbio otoanekTpuyeckoii ssyeiiku. OHAKO KOT/IAa 3 Pe3yJILTATOR
3THX M3MEepPEeHMUIl, NOJIyYeHHBIX B BOJIBTAX, HYXKHO MOJIYYHTh BeJTUYHHbI
CHUJIBI CBETA, OCBELLIEHHOCTH, CBETOBOTO IMOTOKA WJIH SIPKOCTH, HAJ0 MOJI-
XOAMTD K 3TOMY C TOYKH 3peHHs PpU3HKa.

OzMH U3 caMBbIX NPOCTbIX POTOMETPUYECKUX AATYMKOB — 3TO (HOTO-
aunoa. Ecan ero BkmounTh kak ¢poToBONBTaNYEeCKYIO siueiiky, To ero ToK
KOPOTKOTO 3aMbIKaHUsl Oy/IeT MOYTH NMPSIMO MPOTOPIHOHAIEH OCBEIIeH-
HOCTH. 3HAYMT, OH B [TIOJIHOM CMbICJIe siBJIsieTcs JokemeTpoM. Ho Bce He
TaK IPOCTO, NOCKOJIbKY ClIeAyeT YYUTBIBATh CIEKTPAJIbHYIO YYBCTBH-
TeJbHOCTD HoTOANOA.

PIN-doToanon 3 MOHOKpHCTAIIMYECKOTO KPeMHUS, HallpUMep LIH-
POKO pacnpocTpaHeHHbIi aiemeHT BPW 34, nmeer MmakcumasibHYyIo 4yB-
CTBUTEJBHOCTb B KpacHOi M MH(pakpacHoii ob6acTsx crnekTpa. ITo
3HAYMUT, YTO /LISl TPUMEHEeHHsI TAKOTO TUIA STYeHKH B IIPelln3MoHHOiT ¢o-
TOMETPHH HaJ0 NMpeyCMOTpeTh CIelHaIbHblil CHHe-3e/eHblil (PUILTp.
@DoToa7eMeHTbl Ha OCHOBe aMOP(MHOrO KpeMHMs, HallPOTHUB, HMEIOT
CNEeKTPaJbHYIO UYBCTBUTEIBHOCTD, O4Y€Hb OJIM3KYIO K YYBCTBHTEIbHOC-
TH YeJI0BeYecKoro ri1asa (kak oOIenpuHsATOro atanoHa). B takux ciy-
4asiX rOBOPAT, YTO AATYUK U yesoBeyecKuii ri1a3 «pororunuynbi». M3
1N0/100HbIX 3JIEMEHTOB CTPOSITCS SIYEHKH COJMHEeYHBIX Garapeii, KOTOpbIe
0OBIYHO Npe/IHa3HaYeHbI LISt UCTIOJIB30BAaHUS B CHCTEMAX 3JIEKTPOITHTA-
HUS MJI0i1 MOIIHOCTH, HO 3TH ()OTO3IEMEHTDI TAKKe MOTYT ObITH OTJINY-
HBIMH (POTOMETPUYECKUMH AaTYMKAMU.

HecMmotps Ha oulyTuMyio pasuully B paamepax, ortoanon BPW 34
U caMas ManeHbkasi u3 sueek SOLEMS umeloT conocraBumyio 4yB-
cTBUTeNbHOCTD. Tak, npu ocBemenHoctn 1000 1k BPW 34 dopmupyer
TOK KOPOTKOTO 3aMbIKaHHUsI 0K0JI0 65 MKA, a siueitka SOLEMS 05/048/
016 — oxoso 95 MKA.
~ Paznunume 3akmioyaerca B ToM, uto Garapess SOLEMS cocrour
M3 [IATH OOBIYHBIX JMOJIOB, BKJIIOYEHHBIX MOCJEI0BATE/IbHO, YTO MO0-
3BOJISIeT YBEJMUYUTDb reHepupyeMoe elo Hanpspkenue. IIpu koporkom
3aMbIKaHMU HaNpsi’keHUsl HET BOBCe, TOT/lAa KaK OTAaBaeMblil TOK orpe-
nessieTcsl 3/ieMeHToM Oatapey ¢ HaMeHbllel MJIoLaAblo (B CpefHeM
oxoso 1,2 cm?).

OTt™MeTuM, oiHaKo, yTo otoauon BPW 34 umeer ropasno Gosbiiyio
a¢dexTHBHOCTD Mpeobpa3oBaHus, TaK KaK yKka3aHHbIe XapaKTepPUCTHKH
JOCTHTraloTCsl MPU IJIOUIAIM YYBCTBUTEJIBHOTO CJIOSI BCEro B 7 MM,
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Takim 06pasom, TIpHMEHs HeCTaHJapTHYI0 CXeMy MOACTPOIiKH, B HU-
’KEONMHCAHHOM YCTPOICTBC MOKIO HCHOIb30BaTh 1 oroanon BPW 34
(npomssojictBa kKoMitaiiy Siemens min Centronic), n conteunyio 6a-
tapeio SOLEMS. [ocuieunii Bapiant 6oJiee npeiioyTHTENIEH TIPH H3-
MepeHHsIX OCBCHICHTIOCTI, Pe3yJIbTaT KOTOPbIX, BbIpaKeHHbIH B JIIOKCAX,
nosked ObiTh TounibiM, a BPW 34 — B cayyasix, korja HyKeH JaTuuK
0YeHb MaJICHLKIX pasMepoB (B YaCTHOCTH, TPH U3MEPEHHAX OIlTHYeC-
KOH TLJIOTHOCTIN).

IIpit yeaonni paboThl ¢ MOHOXPOMATHYECKHM H3yueHneM (KpacHblii
CBCTO/UI0/L, 1OJIYITPOBOJIHUKOBBI M MHOM Jla3ep) JIIOKCMETP 1103BO-
JSCT ONPE/CIATh cBeTorepeiady Jo60ro Mojynpo3payHoro obbekTa
((niantp, naacTMaccoBas IUIeHKa, olpeiesieHHast ob6acth Ha (oToHe-
rarnne i 1), JloctatoyHo oTperyinpoBaTh H3MEpPUTE/IbHYIO 1lelb Tak,
q100b 0becnednTh HHAMKAIMIO cBeTonepeaaun pashyio 1,00 npu npa-
MOIT BHMMOCTH, ¥ TOT/Ia 110cJIie pa3MellieH st 00bekTa Mexk/1y HCTOYHHU-
KoM cBeTa M (hOTOAMOIOM € MHIKATOPAa MOXKHO CYUMTBHIBATh HENOCpe/-
CTBEHHO TMOKa3aHMsI YPOBHA CBeTOIepeIayi.

Ucnob3yst MoJyuyeHHBI pe3yJIbTart, J1erko paccynTaTh ONTHYECKYIO
IJIOTHOCTb CBETOBOTO MOTOKA: OHA ¢ TOYHOCTDBIO JI0 3HaKa paBHa Jlecs-
THYHOMY JIorapudMy BeJIYIHBI CBEeTONepeIayH.

[Ipununnuagbias cxema JIOKCMeTpa, MpuBejeHHas Ha puc. 6.16,
IIOBTOPSIET KJIACCHYECKOE CXeMHOe pellleHde, ONMCAaHHOEe B Pa3/IMYHbIX
PYKOBOJICTBaX 10 MPHMEHEHHIO ONepallHOHHbIX YCHIIHTeIeil.

Pasnoctb HanpsikeHuil Ha Bxoax anddepeninajbHOro yCHanTess
Bceria 6J1M3Ka K HYJIO, clefioBatebio, GoTo ol paboTaeT B peknMe
KOPOTKOTo 3aMbikaHitst. [Ipi aToM BX01HOIT TOK yCHIIMTE IS TaKKe HMeeT
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2,8 B/85 MKA

Puc. 6.16. [MpurumnmansHas cxema niokemeTpa
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OUYEeHb MaJyI0 BEJIMUMHY, UTO OTpe/iesisieTcsl BBICOKHM BXOJIHBIM COIIPO-
THBJIEHHEM, A TOK Yepe3 pe3ucTop oOpaTHOIl CBSA3HM paBeH 10 BeJHYHHe
TOKY (hOTOAMO/A, HO TIPOTHBOMOJIOKEH 110 HAIIPABJIEHHUIO.

BoixosHoe HanpsikeHue kackaga U B TakoMm ciayyae Oyjer onpeje-
astbest kak U = RXI, rie R — conporipienite pesucropa B e oopat-
HOM cBsi3H, a | — doToTok, hopmipyemblii hoToganoroM.

C yyetoMm koadduimenTa ycuaeHms BTOPOro Kackaja, peryamupy-
emoro B npeziesiax ot 1 10 11, ueThipe nepekiouaeMbIX pe3ncropa B 1ie-
1 06paTHOM CBSI3M MEPBOro Kacka/a Mo3BOJAT YCIEUHO MepekphiTh
npexenst 50, 500, 5000 1 50000 sk mpu BLIXOHOM Hanpskenui 5 B.
EcTecTBEHHO, 3TH BeJIMYMHBI MOTYT OBITH Tepeolipe/ieieHbl T0JIb30-
BaTeJieM — MyTeM U3MeHeHHs IN00 HOMUHAJIOB Pe3UCTOPOB, JTHOO0 Koad-
¢unmenTa ycusieHnust BTOporo kackasa.

3aMeTHM TaKXe, 4TO IpH ypoBHe ocBetleliocTH Boiie 10000 snx su-
HeifHOCTh XapakTepucTHKH hoToanona BPW 34 npoussoauresnem He ra-
panTupyercsi, a napametpsl siyeiikn SOLEMS ne cnenndunnpyiores
npu ocgelieHHocTu Boinie 100000 nx. Bepositho, aT0 ypoBeHb, COOTBET-
CTBYIOIIMIA Hauasy HacelleHust. [ToaToMy npu ypoBHSX OCBEIIEHHOCTH
Bbiire 50000 Jik pekoMeHAyeTCsl TPUMeHsITh cepblil (HHIBLTP H3BeCTHON
IUVIOTHOCTH U COOTBETCTBYIOIIMM 00pPa30M MPOrPaMMHO KOPPEKTHPOBATh
pe3yJIbTaT U3MepeHHil.

PaccmatpuBaeMoe ycTpoHCTBO MHUTaeTcsl OT MPOCTOIl rajbBaHHyec-
Koit 6arapen 9 B, Tax kak mukpocxema LM 358 cnennanbio paccuntana
Ha paboTy OT OJIHOTIOJIAPHOTO NCTOYHHKA.
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Puc. 6.17. Tononornyeckas cxema neyaTHos nnartsl GOTOMETPUYECKOro aTYMka

Ha puc. 6.17 nokasana tomnoJioriyeckast cxema 1e4atHoii njaats ¢o-
ToMeTpuueckoro Jatunka. [To paamepaM niata cpaBHIMa ¢ yKasaHHOIl
rajibBannyeckoit 6atapeeit.

MoHnTaxkHasi cxeMa ycTpoiicTBa npe/icTaBieHa Ha puc. 6.18, a ero BHelu-
HHUIl BUJI C yCTAHOBJIEHHBIMH 3JIeMeHTaMH — Ha pHc. 6.19.
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Puc. 6.18. MoHTaxHas cxema poTomeTpuyeckoro garymka

Puc. 6.19. BHewnwsi Bun poTomeTpuyeckoro aarymka

Ha nuiate npeycMoTpeHo MecTo /it yctaHoBKkH potoanona BPW 34.
[Ipn ycraHoBKe He0O6X0ANMO cOobII0AaTh YKa3aHHYIO TMONSPHOCTD, KO-
TOpasi Ha TepBbIi B3IJISIL MOXKET M0Ka3aThCsl HeMpaBHJIbHOM, HO 3TO
omubounoe MHeHune. [Ipy Takux paaMepax mJaTbl ¥ NpPeiOKEeHHOM
cnocobe moHTaxka b6atapess SOLEMS Ha nuate pasMecTHTbCsS He MO-
xet. Ecam peureHo Mcrosib3oBaTh B kayecTBe (hOTOUYBCTBHUTENIBLHOTO
ajieMeHTa 3Ty Harapeio, TO MOAKIIOYATH €e Ha/lo NMPH IOMOIIH ABYX
IIPOBOJIOB JUTHHO# 0kosio 10 cM, MpHKJIEeHHbIX CHelHalbHbIM IIPOBO-
JSIIUM KJIeeM K JIBYM MeTallIM3MPOBAHHBIM KOHTaKTaM Ha 3a/Hei
CTOpOHE sTYeiKH.

HecMoTpsi Ha pekoMeH/Iallii TPOM3BOAUTESI KOMIIOHEHTOB, KaTero-
pPUYECKH He COBETYeM UCI0JIb30BaTh Maiky o0BoM!
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Jlna nopkmoyenus aatynka Kk AT 1 k BbIBomaMm rajibBaliuccKoii
GaTapen TpeycMOTpeHa CoeIMHUTENbHAsT KOJIOAKA, HO ITPOBO/IA MOKHO
1 npunasite. byok nepeMbruex, yZi00HbII MPU HEYACTOI CMeElIC TTPC/IC/IOB,
NpU HeOOXOAMMOCTH 3aMEHSIeTCs Ha TaJIeTHDII MepeKIioyaTcin.

[lepen BbIMOJHEHUEM CEepbe3HBIX U3MEPEHHUI YCTPOICTBO JIOJHKHO
ObITh OTKAJIMOPOBAHO METOIOM CPaBHEHHMS € MOKA3aHUSAMH JIIOKCMCTpa
BBICOKOTO Kj1acca TOYHOCTH. Ho ecTb MHOKeCTBO MHTepecHbIX 3ajlay,
KOTpbIe He TPeOYIOT CTPOroil KaTMOPOBKH, OTHAKO MPEAOoJaraloT Ha/ii-
YHe y IaTYMKa BBICOKOM JIMHEIHOCTH Npeodpa3oBaHmsi, KOTOPOIl Kik pa3
obsaiaet paccMoTpeHHoe yeTpoiicTBo. Ciofila OTHOCSTCS, HAllPHMep, H3-
MepeHHUs ONTUYECKOH MJIOTHOCTH MJIM KOHTPACTa, a TAKXKe pPerucTpaiyls
HU3MeHEeHUIl OCBEIleHHOCTH 3a Olpe/leJIeHHbIe MPOMEXYTKH BPCMCHI.

OATHUK TOKA

Cpenu pa3iIMYHBIX MPUCTABOK, KOTOPBIMHU JKeJIaTeJIbHO OCHACTHTD BHp-
TyaJIbHBII U3MEepPUTEJIbHBII KOMILJIEKC, YCTPOUCTBO ISl UBMEPEeHH s ToKa
OyneT OHUM U3 caMbIX MoJsie3HbIX. Topaszno Gosee yo6HBIN 1 rHOKIIT
B UCIIOJIb30BAHNH, YeM OOBIYHBII PE3HCTUBHBIN LIYHT, MpeaiaracMblii
JIaTYMK B HAaUMeHbIlIeii CTeleH! MOBIHsIeT Ha paboTy CXeMBbI, B KOTOPYIO
GyeT BKJIIOYEH; TIPH 3TOM OH MPEKPaCHO MOAXOAMT i paboThl ¢ H3-
MepHTeJIbHBIMHI NPHOOpaMH, UMEIOLIIMU caMble pa3Hble BXOHBIC Mapa-
MeTpBbl U Ipejieibl.

N3BectHo, uto cambie npoctbie ALLIT MoryT ocyiiecTBasth npeod-
pa3oBaHye TOJIbKO MOJIOXKUTEJIbHBIX BXOAHBIX HaNpsiKeHUil B Harna-
3oHe oT 0 10 5 B. UTo6bI OCy11eCTBUTD MPH MOMOUIHM TaKHX YCTPOHCTB
M3MepeHHe CUJIbl TOKA C TMOJIHOI NIKaJIoi, MPeanooXuM, 5 A, HaJl0
MOJKJIIOYUTD NMapaliieJlbHO UX BXOJY pe3ucTop ¢ HomuHaioMm 1 OM.
Ira BesMyKHHa HaMHoro Gosibuie conportusiaenus 0,064 Om, kotopoe
BHOCHUTCS B IIPOBEPSIEMYIO CXeMY XOPOIIHM CTPeJOYHBIM MPUOOPOM
Ha TOM e mpeaene «5 A». [Moaknaouernne nogo6HOro ycTpoiictBa
MOJXKET Cepbe3HO MOBJIUSTH Ha NMPOBEPSIEMYI0 CXeMy, He TOBOPsI yxkKe
0 TOM, YTO NPHU CUJIe TOKa 5 A paccerBaeMasi Ha pe3UCTOpe MOIIHOCTD
nocturHer 25 Br!

Jlyuive pe3yibTaThl MOTYT NMOJYYHUTHLCS, €CJIM UCTIOIb30BaTh pe3uc-
Top c conpotuBaennem 0,1 Om. Ho npu cuse toka 5 A nagenue Hanpsi-
JKeHHst Ha HeM cocTaBmio 61 500 MB, a aTOro HesocTaTouHO ISt paGoThI
ALLIT (ocobenHo 8-paspsiiHoro) co nikanoii 5 B, koraa tpebyercst Bbico-
Kast TOYHOCTh U3MepeHHii.



JATYUKN U NPUHALJIEXHOCTH 127

OnTuMaibHOe pellieHHe COCTOMT B MCIOJbL30BAHMH Pe3UCTHBHOIO
IIYHTa MUHUMAJIbHOI BEJIMYUHBL M B ITOCJEYIOIEeM YCHJIEHNH 0]y~
YEeHHOTO Ha HeM HalpsiKeHUs 10 BeJHYHHbI, HeoOXOIAUMOil 1IsT HOp-
MasibHoI pabotel ALLIL

Miukpocxema MAX471 komnannun MAXIM, cosnanHas 11t KOHTPO-
JISl ©BMEHEeHHi1 CHJIbl TOKa B aBTOHOMHBIX HCTOYHHKAX MUTaHUSI MOOHIIB-
HOTo 000PYIOBAHMS, COJIEPIKUT B OTHOM KOPIyCe Pe3HCTOP C CONPOTHUB-
nenneM okoso 0,035 OM M HeckoNbKO ONepalMOHHBIX yCHUIHTeJei
¢ MaJioil TioTpebJisieMoil MOITHOCTBIO, BKJIIOYEHHBIX M0 OPHTMHAIBbHOI
cxeMe. JTa MHUKpocXeMa MMeeT paboumil 1nanasoH HanpspKeHHi nuTa-
Hust or 3 B 10 36 B (npn morpebiasiemom Toke Menbiue 100 mMxA)
1 hopMIIpyeT Ha BBIXOJIe M3MePUTEbHBII TOK, cocTaBasiiomuii 1/2000
OT TOKa, IPOTeKalolero yepe3 BHyTpeHHuil mwynT. Ha conpotupiennu
2 kOM n3MepHuTeNbHBIH TOK co3faeT Hanpsbkenue 1 B mpu cune Toka
B M3aMepsieMoit ienu 1 A. 9TH napamMeTpnl KaKk HeJb3s Jyylile NOAXONAT
JUISL I3MepeHust JTI0OBIM BUPTYATbHBIM IIPHOOPOM.

Koneuno, nanublit koadpuimeHT npeobpa3oBaHisi MOKHO U3MEHUTD,
HCIIO0JIb30BaB IPYTOM PE3NCTOP COOTBETCTBYIOIEro HoMuHaMa. Mukpo-
cxema MAX471 nmeer BepxHuit npejien1 naMepsieMoit ciJibl Toka 3 A
(10 A nuxoBoro 3HauyeHusi B Tedenne He 6osee 10 mc). Kpome Ttoro,
MOXKHO OTPeryJIMpoBaTh cXeMy /IS 0JyYeHHs Ha BBIX0/1e HaNpsKeHUs
5 B npu custe Toka 3 A. IIpu aToM B nporpaMMy HeoOXoanMo 106aBUTh
KOPPEKTHPYIOIUINiT MHOXKHTETb.

B nmo6om ciiyyae pekoMeHayeTcs OTKaIubpoBaTh yCTPOIiCTBO aKkKy-
paTio, TaKk Kak TOYHOCTh BHYTPEHHETr0 U3MEPHUTEJbHOTO Pe3ncTopa 3a-
MCTHO HIDKe, yeM y Xopourlero myHTta. Ho Grarozaps oyeHb BbICOKOI
TeMIIepaTypHOil CTaOWILHOCTH TOJIHAs NOTPEeUIHOCTD koadduuienTa
npeobpa3oBaHUsl COCTaBsieT MeHee 2%, YTO COOTBETCTBYET BO3MOX-
noctsim 8-paapsinoro ALIIL

[TpuHuMnuanbHas cxeMa JaTyuka TOKa, MpUBelenHas Ha puc. 6.20,
cojiepkuT nozctpoeynblii peaucrop 10 kOMm, no3possOLMIl peryanpo-
BaTh ee KoahdUIHEHT nepefayd B MHPOKUX NpejiesaX OTHOCHTEIbHO
pesimunibl 1 B/A.

3ameTuM, 4TO HalpaBJeHHe U3MePSIeMOT0 3JIeKTPUYECKOro ToKa (ero
3HaK) MOXeT 6bITh Ipou3BoibHbIM. Mukpocxema MAX471 B HekoTo-
POM CMbICJIE «BBINPSIMJISIET> HaNpshKeHUe, NMajalolee Ha HIyHTe, ¢ TeM
4TOOBI BBIXOJIHOE Hampsi’KeHHe Bcerja oCTaBaloCh I10JI0XKHTEJbHBIM.
ITO 0YeHb BasKHO MPH paboTe ¢ JT0OBIM BUPTYaJIbHBIM H3MEPUTEIbHBIM
11pu6GOPOM, HEYYBCTBUTEILHBIM K OTPHLATEILHOMY HallPAKEHHIO.
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WNameprembin
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Buixoa k ALIM ADC 10/12

Puc. 6.21. Cxema nutarHma ycTposicTea oT ransBanmyeckoii 6arapen

Ceeronnozn D1 cayuT [l MHAMKALUY 3HAKa U3MEPSEMOro TOKa,
YTO MOKET OKa3aThesl MONE3HBIM B HEKOTOPBIX CIy4asix (HampuMep, B pe-
KHMMe 3apsi/ia MM pa3psifia akKyMyJIsiTopa).

Boob1e roBopsi, ycTpoiicTBO T0JKHO MUTATHCS OT TaJbBaHUYCCKOMH
Gatapeu 9 B (puc. 6.21), Ho B psizie cutyanuii (Hanpumep, NpH JUIU-
TeJIbHbIX U3MEPeHHsX) HamnpshkeHHe MUTAaHUS MOXKHO MOJIy4yaTh Hemno-
CPeICTBEHHO OT MCTOYHHUKa, hopMUpYIolLlero uamepsieMbiii Tok. /s
3TOro JI0CTaTOYHO MCIOJb30BaTh CXeMy, IpUBeeHHYI0 Ha puc. 6.22, no
KpaiiHell Mepe, py HanpskeHUsix ot 3 1o 36 B.

Kax u Bce ycrpoiicTBa, onucanHble B 3TOi I71aBe, IaTYHK ToKa coOpaH
Ha MeyaTHoii 1iate, 6J1M3K0il M0 pa3MepaM K rajJbBaHH4YecKoii b6aTapee
9 B, ot kotopoii ocyuiectBiasiercs ero nuranue. [locie uarorosieHus
IJIaThl B COOTBETCTBUU C pUC. 6.23 Ha Hee HA/0 YCTAHOBUTD JJIEMEHTHI
TaK, KaK [0Ka3aHo Ha MOHTa)XXHOM cxeMe (puc. 6.24).
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Harpyska

Puc. 6.22. Cxema nutanms ycTpoicTBa ot uamepsemon uenm
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Puc. 6.23. Tononoruyeckas cxema NeyaTHos nNars 4ATYMKA TOKQ
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Puc. 6.24. MoxTaxHas cxema garymka Toka

UctouHuk | ' @ -1 8l -
\J

K uamepaemoit = | :
uenu

Bueuinuii Bua ycTpoiicTBa npezctaBiied Ha puc. 6.25.

/lBe coepHNTENbHBIE KOJOAKY, YCTAaHOBJIEHHbIE Ha IJIaTe, MO3BO-
JISHOT HOJIKJIIOYUTb U3MEPHUTEJIBHYIO LIeNb U MCTOYHUK MTUTAaHHS C OHOM
CTOPOHDI, & C IPYroii CTOPOHBI CHATD BBIXO/IHOE HanpsikeHue. K nocen-
M KJIEeMMaM JBYMSI IIPOBOJIaMHU € COOJTIOleHUEM TTOJIIPHOCTH TOKIHO-
yaeTes aHaoro-ungpoBoit mpeobpasoBarelb.

KannbpoBka ycrpoiicTBa ocyLlecTBIsIETCS NOJCTPOEYHBIM Pe3HC-
ropom R2 ¢ ucnonbszoBaHueM, HallpuMep, HCTOYHMKA CTaOUJIBHOTO
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Puc. 6.25. Brewwmwi sug parunka Toka

00pa3110Boro Toka BeJIMYHHON 3 A. MOXKHO YCTAaHOBUTD M APYTHC JlNa-
Ma30Hbl U3MePSIeMOil CHJIBI TOKa NPH JAHAla30He BBIXOAHOTO Hallpsi-
xenusi ot 0 10 5 B. /Iast atoro Heo6X0AUMO U3MEHHTDb KO3 HIHeHT
npeobpa3oBaHs, TO €CThb CeJIaTh ero OTIUYHBIM OT euHuIb (1 B/A).
Hogoe ycraHoB/IeHHOe 3HaueHHe cJieflyeT 3allOMHUTb M BBECTH B Ka-
yecTBe NapaMeTpa B MPOTrPaMMHYIO YaCTh BUPTYAJIbHOTO H3MEPHTEIIb-
Horo npubopa.
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KoHuenuvsi NoCTPOEHWsI BUPTYaNIbHOMO
N3MepUTENLHOrO KoMNNekca

AHanoro-umdposoe

npeobpa3oBaHve CUrHanos 7
MpoMbILWNEHHbIE U3AENUa 33
C6opka nameputenbHoro nitepdeiica 43
MporpammHoe obecneyeHne

BUPTYANbHOIO KOMMNnekca 57
JaTtynkn n NpUHaaNEXHOCTH 103

NPUNOXEHUSA
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Huxke npuBoasitcs cBefieHus o haiinax, KoTopble sBIAIOTCS J0I0JIHe-
HHeM K aToii kuure. Haiiti ux Bbl Moxerte 1o azapecy http://www.dmk.ru.
Jlaubl Taioke KOOpAHHATI (PUPM-TIOCTABIIINKOB H TOPTrOBBIX IPeTPHATIIIT,
K KOTOPBIM YHTATEIH MOTYT OOPATUTBCSI 110 HHTEPECYIOLIHMM BOIIpoCcaM.

®ANNbI, HAXOAALWMUECSH HA CEPBEPE

K nporpammuomy obecneyeHHIo, AOMOJHSAIONEMY KHUTY, OTHOCATCH
caeayloine Gaiiabl M JHPEKTOPHMU:

DEMO4_00.PIN 329 720 15/08/96 12:47
INSTALL.EXE 93 534 22/05/96 1215
WINSTALL.EXE 45 934 20/05/96 18:44
WINSTALL.HLP 15 098 09/05/96 8:47
README . DOC 2 513 04/11/95 3:07
BASIC <DIR> 25/11/97 13:42
PASCAL <DIR> 257117497 13:42
PCB <DIR> 25/11/97 13:43
EXE <DIR> 25/11/97 13753

MDaiibl, HaxoAsUIMECS] B KOPHEBOM JNPEKTOPHH, [103BOJISIIOT ycTa-
HOBHTb IEMOHCTPAIIHOHHbIE BEPCUU NIPOTPaMM, 0OBIYHO MOCTaBJISIEMbIX
¢ AIIIT ADC 10 u ADC 12 xomnanuu PICO Technology.

Jlns yeranosku Bepcin DOS nazio 3amyctutb nporpammy INSTALLEXE,
a juis Bepcun WINDOWS — nporpammy WINSTALLEXE n3 menio «Bbi-
TIOJIHUTD...». [Ipolie/ypa YCTAHOBKH TO3BOJISIET BbIOPATh 5A3bIK, HA KOTOPOM
JIOJDKHBI paboTaTh IPOrpaMMbl.

JleMOHCTpalMOHHBIE BEPCHH JAIOT BO3MOXKHOCTbH CMOJEJIHPOBaTh
GOJILIIMHCTBO TpeJlaraeMblX PeXHMOB, HO TOJIbKO ISl CHTHAJIOB,
HMHTHPYEMBIX CAMHMH IIporpaMMaMi. AHasoro-undpooii npeobpazo-
BareJib, noakaoyeHnplil k [1K, 6yaer B 3ToM ciiyyae NpoHrHOPHPOBaH.

Iupextopus BASIC BkJoyaeT Bce mporpaMMbl U ApaiBepbl, JIHC-
THHTH KOTOPBIX TIPHBE/IeHbl B KHUTe, 3a HCK/II0YeHHeM TeX, KOTopble Ha-
nucanbl Ha s3bike TurboPASCAL. IMocnenHne HaxoaaTcst B IMPEKTOPHI
PASCAL (ucxonnsie Tekctol) 1 EXE (rcnosHsieMbie MOLYJIN).

Hakonen, B nupextropunt PCB cozepxarcs Tonojoruyeckue cxeMbl
BCeX MeYyaTHbIX MJ1aT, PACCMOTPEHHBIX B 3TOii KHUTe, B BuJe (aiiioB ¢ pac-
uniperueM .pcb, crenepupoBannbix nakerom BOARDMAKER.

MONE3HbIE ALPECA

3nech npuBeeHbl KOOPAMHATHI (PUPM-TIOCTABLIIMKOB M TOProBBLIX MpeJ-
NPUSTHI, YIOMHHAEMbIX B KHHTe, K KOTOPbIM UHTATeIH MOTYT 06paTHThCA
OT UMEeHH H3JaTesis Ui NMPHOOGpeTeHNs] KOMIJIEKTYIOINX, [TPOrpamM,
KOMIIOHEHTOB, a TakKe MOJYYUTb BCIO HEOOXOAMMYIO JIONOJHHTEIbHYIO
HHGOPMAIIUIO 110 HHTePeCYIOIHM BOITPOCAM.
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* Autex (095) 3347741, (095) 3348729, info@autex.ru
« Yup u Jlun - (095) 2819917, (095) 2813368, chipdip@aha.ru

UMMNOPTHLIE 3JIEMEHTbI
M UX OTEYECTBEHHbIE AHAJIOTU

Anement ‘ Ananor ‘ Mpumevanne
Paszvemul
BNC  |cPs0-73 |
Crabunuzartopnl
KP142EH5A;
78L05 NoBbie MHTErpanbhbie CTabunMaaTopbl

B kopnyce KT-26 (T0-92)
Tio6oit MHTerpanbHIi cTabuauaatop Tuna | MpAMOro aHanora He UMeeT; 0COBEHHOCTb
LM2931 LDO (Low Drop Out-— manoe nagenue COCTOMT B NPUMEHEHUM PEryaupylowwero pnp-
HaNPAXEHUA HA PETYNMPYEMOM 3NeMeHTe) | TpaHaucTopa

OnepayMoHHbIe YCHAUTENH

(M358 |KP1040YA1 Jlyywe ucnonb3osatb UMMNOPTHBIE YCUAKTENM,
0C0BeHHO B CxeMe NIOKCMETpa

Awnoanl

IN4148 KA 510, KO 522
W APYrve UMNYNbCHbIE AMOAb!

dotoanoabl W GOTOINEMEHTH

11060/ GOTOMMO 11 MPHEMHAKOB CHCTEM MpAMOr0 aHaNora He UMEET; HaunyuLWHi
BPW34 WKy P pe3ynbTat B CXeMe MIOKCMETPa MOXHO

nonyuute, npumenvns Of1-3A

MpAMOro aHanora HeT; MOXHO UCNONL30BaTh
SOLEMS Jliobuie conHeyHble GaTapem nobble ConHeyHbie Hatapen uam, ewe
npolue, 4acTb GonbLuoii Garapey

OnTpoHul

AOT127;
nio6O ONTPOH € COCTABHLIM

$OTOTPaH3UCTOPOM (POTOAAP-NMHITOH)
8 kopnyce DIP6

4N33

Ipumeuanue. Moo npumensmo nobvle nooxoosuue no pasmepam
peaucmopot. Ocoboe euumanue ciedyem obpamumy na 6xoouvie 610Ku
u Kackadvl onucannvix ycmpoucms. B nux mneobxodumo ucnoavsosamo
MONLKO Memanionienounvie pesucmopot, nanpumep munos MJIT, OMJIT,
a maxxce u3 epynnvt C2 (nanpumep, C2-21 uru C2-23). B ocmanvivlx
cayuasx Jonycmumo npumensimy 1106vie nooxXo0suue Konoencamopol.
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Kak npespatuis
NepcoHanbHbl ¥
B U3mepurtennit

HocTtatoyHo nobasuTh Kk nobomy IBM-coBmec-
TUMOMY KOMIMBIOTEPY — OYEHb CTAPOMY U/ CaMOMy
COBPEMEHHOMY — HEDONbLLYID 3NEKTPOHHYIO CXEMY,
M OH NPEeBPaTUTCH B MOLLHbLIA BUPTYasbHbIA n3Me-
puTenbHbin npubop. O6opyaOBaAHHbLIN aHaNOro-
undposbiM npeobpasosatenem (NMMOO roToBbIM,
nmbo cobpaHHbIM NO CXEMaM, KOTOPbIE MPUBOAATCS
B 3TOW KHUre), KoMnbloTep OyaeT npeBpawaTbcs TO
B MYNbTUMETP, TO B ocumnnorpad, 1o B BUpTyasb-
Hbl cCamMonucel, — NIEHTOYHbIA pPerncTpaTop u T.n.
C nomMoLLbo MporpaMmMHoro obecneyeHns n apan-
BEpOB, NpeacTaBNeHHbIX Ha cante www.dmk.ru,
MOXHO CKOMMOHOBATb «Ha 3aka3» cuctemy cbopa
1 06paboTKN AaHHbIX, ONTUMN3NPOBAHKYIO MO KOH-
KPETHbIE Lenu.
B kHUre Takxe onucaH paa AatiukoB s TOYHO-
ISBN 5-04074-143-6 ro U3MEPEHNSA U perncTpaunm cambix padHbix Guam-
YECKUX BEINYMH — HE TOSIbKO HaNPsXXeHUs 1 Toka, HO
|M H 1 TeMnepaTypbl, AaBNEHUS, OCBELLEHHOCTU.
741435
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