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'BBE[AEHUE

Jloboii IBM-cosmectiblii nepconanphnit komnpiorep (1K), naxe
HECKOJILKO JieT 1poBajiaBuiiics B riyonie wkada 3a HenafnodiocTho,
MOKET TMPEeBPaTHTLCA B MOLUDLIIT IBMEPHTEALIBIIT KOMIUICKC, CCAIl ero
CHaBUITL OJIIIM IUIIT HECKOJLKIIMIT aHajoroBeINT BXoxaMil. Ero kia-
BIATYPa [1 9KPaH NMPEAOCTABISIOT CYILECTBEHIL0 GOMLLIC BO3MOKIOCTII
10 CPABHEHHIO C TEMIL, KOTOPbIC MOIYT JIaTh MYJBTHAMETP ILTH OCLILI-
Jiorpad, a ICKOBOA 11 NPHHTEP MPeKPaciio HOAXOAAT AJIsl PeriiCTpaliiil
JHOGLIX JUIMTEbHBIX MpolieccoB. Kpome Toro, BbIMHCAIITCABHAS MOIIl-
Hoctb [IK nossonsier nogpeprats cobpatbie ¢ ero nosMoibio nHdopma-

UHOHHbIE HaHHbIe JI06OIl, 1aske ovyeHb cioxHoil obpaboTre. Eule He-

CKOJIbKO JieT Hasaj juis npespareniia [IK B BupryanbHoii ussmepu-
TeJbHDLI Tp1bop TpeGoBanoch YCTAHOBUTL B KOMIILIOTEP OAHY I
HECKOJIBKO CJIOKIBIX H JOPOTOCTOSIUIIX ILJIAT.

Taxoit noaxoz 10 CHX 0P HCTIOJIL3YETCS! B IIPOMBIUIJICHHOCTH 1 Hayy-
HbIX J1abOPATOPHAX, 110 CETOMNs TakKe MOXKHO JOBHTLCS AOCTOHHDIX
pesyJIbTaToB, MPOCTO MOAKIIOUHB 1ieOOJIbIIIE ananoro-1dposne mpe-
06pa3oBaTeTI K CTAHAAPTIIBIM [IOCEA0BATEALHBIM LI TAPAJICAbHBIM
nopras. Ha pbliike €CTh roToBbIE M3ACAUS, MPCANAraeMbie 10 IplieM-
JeMoii 1iene, 110 noxobHble yerpoiicTBa MOXKHO cobpaTh I cCaMOCTOS-
TCJIbHO, PYKOBOACTBYSICh CX@MaMII I PEKOMEIIALIISIMIT, TPHBE/CLITBIMII
B JaHHOH KHIITE,

Bnaronaps 61161110Tee apaiiBepos, koTopbic npeaiasiiayeribl s
OTHCLIBaeMBIX YCTPOIICTB, 9Ta KiMra 11 (afiibl, NaXoAsiecs na cepse-
pe www.dmk.ru, no3BoJIsIT unTatesio 6plCTPo nepeiiTi Kk NpaKTHYecKoil
pabore, kakoB 6bi 111 6bLT €IO YPOBCHD 3lallii B 064aCTIl NEKTPOHHKII,

Jlna Beex 3anay, paccMaTpIBaeMbIX 3/€Ch, NPHBOLATCA TPOrPaMAIL,
TOTOBDIE K NPIIMEIIEIIHIO, TTPHYEM MOXHO alanTHPOBATh 11X Tak, YTOObI OILII
OTBEYAJIIT HHBIM NOTPEGIIOCTSAM, BCETO JIHIIb [I3MEHIB IeCKOJIbKO CTPOK Ha
A3bike BASIC i PASCAL. Taxity 06pason, 4To oueHb BaHo, BUPTY-
AJIbIDIT H3MEPIITeIbIbIT KOMIICKC SIBJISIETCS IEPENPOrPAMMIIPYEMDIAL.

Ceropirs NPIHHATO Ha3bIBATL «BHPTYaNbHbIMI» BCE XOTS Obl B 11eKO-
TOPOIT cTeneHI HiecTalAapTHbIC MPIJIOKEHNS A8 NePCOHATLIBLIX KOM-
MbloTepos. Miioro nosiesHbIX Bemeli MOKHO MPOCTO MOAEIPOBATH
H1a Xopolues UBETHOM 3Kpaie ¢ BBICOKIIM pa3peniCiiien, Il peayaLTaT
3a4YacTy10 6yneT BLIIJISANETD <«JIyullle, UEM CCTh 1A CAMOM jiefes.

Vrak, a sxparne supryassioro namepiir €JIBIIOro npn6opa HaBCpHsIKa
Gyner npexcrapiena CJIO3KIIas, HACLICHLIAs KapTIHIKA, T KOTopoii ecTh
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11 KHOTIKII, 11 pasjiluHble IHAHKATOPDI, I MKaJbl, II laske OCUILIO-
rpadiueckite sxpanbl. BosmoxkHoCTI rpadiueckiix nrepdeiicos TIMa
Windows obecreunpaloT ropasio 6osee mipokyio obaactb npiie-
HEILIISE, YeM MOKET [1MeTh OOLIUHbBII 113MepiTenbHbIT npHbop, — He ro-
BOPSA yIKe 0 MOTEHIHATLHOM HCIIOAb30BaHIIT HPHHTEPOB, AIICKOBLIX Ha-
KOTIITeJIelt, a TaloKe MoJeMa, ToAKaoueHHoro k Internet.

CoberBeriio BUpTyaibHblil npubop npezacrasisier coboit 6onee 111
Meliee CoKIoe IporpaMMHoe obecriedeHiie, yCTaHOBJIEHHOe Ha Nepco-
HasTbIIbIT KOMIBIOTEP, 11 Hekoe HiTepdeiictioe yeTpoiicTBo, no3poJsioliee
MK nosyunth focTyn K Tem (U3MYECKHM BEJIHUIHAM I NpOLeccaM,
KoTOpbIe OH floMket Gyner obpabatbiBarh. Kax mpapuiio, B KavecTse
takoro nutepdeiica BhicTynaer anajoro-wugposoil npeobpasosaten
C OMHMAM W HECKOJILKHUMIT BXOAAMII, BO3MOXKHO, CHabsKkeHHbtii ycTpoii-
CTBOM HOPMHPOBaHIHSI BXOAHOTO CHIHAJA.

B npIHLIIE MOKHO PACCUHTLIBATD 1A TO, 4TO BHPTYa/bliblii npibop
NMpeI0CTaBIT CBOEMY BJIalelibIly FoPH3No 6oiee HpPoKHe BO3SMOKHOCTH,
NI Tio 1eHe Gy et cpaBHIIM ¢ kiaccHUCCKNM H3MEPHTENBIBIM TPH-
6OPOM, HMEIOIIIIA TOT 3K€ YPOBeHb TeXIHUECKIIX XapaKTepHCTIIK.

Taxofi OAXO NO3BOJISAET OIPARIYIITLCS MIIIHMATLHbBIMU 3aTPaTaMi,
ecair TpeGoBanIist k H3MEPHTENbHOMY KOMILICKCY He OYCHDB JKeCTKHe.
IMono6Hoe peleniiie 1eaqbHO COOTBETCTBYET HyXJaM paaiionobiire-
Jieit, npenosiaparedieil 1 Aaxe IEKOTOPLIX HayYHO-TICCCLOBATEILCKIIX
71aBoPaTOPHit, KOTOPbIE HMEIOT 1€J10 € OTHOCHTEILHO MeUIEHHDIMIT (II-
31yeckiMi nporeccaMi. Kpone toro, ato jjaeT BO3MOXKHOCTh BEPHYTD
Kk aKTIBHOIT 1T MoJ1e3Hoil pabore canble crapble 13 IBM-cormecTIMbIX
TK, koTopbie, kasaioch Gbl, obpeyelibl Ha T, YTO6bI TIXO MbUNITHCH
B ry6HHAaX HkadoB 1 KAajoBoK 6arofaps yMoNoMpauTebHoil 9B0-
JUOLITIT BBIYHCNTE bHOIT TEXHIIK, @ TAKKe NOIHTIIKE KOMIANII-TIPoH3-
poanreseit [TK 1 nporpasyHoro obecnieyens.
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B natinoii rnase [pliBeJicia KONUEenuird mocTrpoeig siuptTyanabHOro 13-
MEpPIITC/ILHOTO KOMILICKCa ITa Gase [iepconasbiloro KoMribiorepa I pac-
CMOTPCIILE 3anayvit, peilacMbie IpIl MOMOUIIT COCTABHDIX yacreii aToro
[KOMTIJICKCA.

POJIb KOMNbIOTEPA

Kommnbiorep (06nruno 1BM-coBstecTinablii, HACTONLHLIT 11111 TOpTATHB-
Hplil) KaK werrpaabHblil oprai goboil BUPTyanbHOI H3MepHTEIbHOIT
CHCTeMb! BbLITOJIHSET Hpeskie Bcero Qynkumit Hirepdeiica «yenopex —
06BEeKT H3MepeHus». JKpaH J060ro MOHUTOPA NaeT ropaszo HoJibiie
BO3MOzKIIOCTell ISl HAIKAUIIL, YeM 9kpaH octyuiorpada (6yab ToT
JlasKe 3aIlOMIINIAIOILIM), 1, PA3YMCETCSI, 3KPaH MOIIHTOpa 3Ha4IITeIbHO
Gonblie, yeM aicneii MyasTnMerpa. KiaBnarypa 11 ocobeHHO MblliIb
ynobitce B paboTe, YeM KHOIMKIH, a NPIHTEP — axe npocreiimmuii —
NpPeOCTABJISIET 1ICOLEHHAMbIE BO3MOXKHOCTI JUIA BHIBOJA PE3yJILTATOB
nia 6ymary. Kpoate toro, moboit TTK, nycts aaxe oueHb «IpeBlilii»,
obnagaeT 60JbIIOI BbIYHCAHTEILHOH MOIHOCTLIO, KOTOPYIO MOKHO
[ICIOIB30BATD 7118 TOFO, UTOODI IIPHMEHITb pasliryible BUbl 06paboTKIl
pe3yJIbTaToOB H3MepeHnil: HopMirpoBatiiie (npipeselie mWKaibi), JH-
Heapli3alliio, BPeMEIlyIo MPHBA3KY, BbIUIICAEHHC CTAaTHCTHYECKHX M0-
kazaTeeil 11 T.. HaxoHew, UICKOBBIH HaKkomiTe b 6yAeT odelb yinobeH
1A HaKkolIeH1 s 6onbLIHX 06BEeMOB JaHIIBIX C LebIo X nocaeayouleii
06paboTiiy, apXHBIPOBAHIS I Nepeflayll 10 JIIHAM CBI3H C No-
MOIIbIO MOZIEMa. ‘

POJ1b UHTEP®ENCHbLIX YCTPOUCTB

Wsnepetitie Gusigeckix napaMeTpos, TakHX Kak HAnpsKeHue, TOK,
TeMIepaTypa I JIaBJIcHHe, IIPeoaraeT TOYylo OllelKy aHaJIOrOBbIX
gemiuiii, Komnbiorep ske paboTaeT HCKIIOUNTEAbHO C AUCKPETHBIMI
Besnumnanil. Ciefoparenbio, npouecc npespautetis ITK B BupTyann-
Hplil 1I3MepITenblbil npHbop npeanoaraer noiK/I0YeHIle aHaA0ro-
g posoro npeobpazosaresst (ALIL). Kosmblotep MoxeT ynpapisTo
ALLTT 1160 yepes noceAoBaTeNbHBI M apaiebliblil opThl, 1H60
HeToCpe/ICTBEH IO Mepes LlIiibl, eCill ananoro-undposoil npeobpaso-
BaTesDb BLITIOJIHEI B BIE niaThl pacuiipens i kaprsl PCMCIA.
[TepBoiii BapiianT rapaHTHPYeT MaKCHMajibHYIO POCTOTY W JeLIe-
BI3NY, @ HPI 1ICI0Ab30BAlIII BTOPOTO MOXKHO MOMYYHTh OTJIHUIbIC
XapaKkTepICTIIKil, 0 TOJAbKO 33 CHYCT CJAOKHOCTH 1l BbICOKOH LEHDI.

KOHUETLMA NOCTPOEHNS BUPTYATIbHOTO M3MEPHTENTBHOITO KOMIIEKCA 3

WHurepdeiicHoe yeTpolicTBO Taxike MOKET BbITOJIHATD 1T APYriic HeobXo-
JUIMbIE (DYUKIUIL, HAlpIMEP, TAIbBAHIMECKYIO Pa3BA3KY HCTOYHIIKOB
curnanon ot teneit 1K, cornacopatiire criirdanos, gopMipyemMix 1eKo-
TOPDIMIT THHAMII JaT4IKOB, IO HMICIAHCY, HAPSUKEIILIo, HOJSPHOCTIE
H T.JL, a TAIOKE KOMMYTALHIO HECKOJILKIIX BXO/IHbIX KAHAJIOB.

POJib NPOrPAMMHOIO OBECNE4YEHUA

OG6acTb UPIMEHEHII BIPTYadbHOro Nplbéopa NpaKkTiiueckll HoMHo-
CTLIO OlIpefieifeTcs XapakTepHCTIIKaMIl HPOrpaMMIOro obecneyeris,
B TO BpPeMs Kak XapaKTepUCTHKH HHTepdeficibiX yCTpoiicTB B 60J1b-
IITHCTBE CIYy4aeB BIIOJIHE MOISATIIbl HOJIb30BATENIO.

ITposibiLuieliipie I3Aenus nofob1oro poja HOYTI BCEra 1elioib-
3yloTcst nipli pabore ¢ 6osiee 1T MerHee Pa3BHTIM IpadIyeckiM HHTep-
deiiconm (xcratn, ne Beerna nojx Windows), 1tossoasomiing Boi6paTn
KAKO{1-11160 PEXKHM C MOMOUIBIO KJIABHATYPbI 111 MBILIH YCpe3 Pasiiy-
nbie menio (puc. 1.1).
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Puc. 1.1. DKpanHbie MeHIo BUDTYQbHOTO H3MEPHTEBHOTO NPUBOPa

Kai 6yner noxasano 8 naspneiiies, ouenn yno6io cosuaparth Ma-
JIeHbKIIe TIPOrPAMMBI, CHICHIATLHO ITPEHA3HAUCHHDBIC JI71S BLITOJIICIIIS
Toit 1 nnofi npaxriraeckoit sagauit. Yacto oMl IHHIYTCS 1A TAKOM
Honyssapuos 1 npocron ssvike, kak BASIC. Hebosnnioe crpykry-
PlipoBaiiiie 9THX HPOrpaMM HO3BOJHT HPIL YCJIOBINI 1ICPECTAIIOBKIT
TOMLKO COOTBETCTBYIOWErO APAiiBepa MpItMesiTh 11 HPOMbIWJICHIIDIC
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intepdeiicupie yeTpoiicTsa, H Te, YTO MOKHO cOOPATh CaMOCTOATENbLIIO
113 OTACALHBIX slenmetToB. Hipke 6yaeT npoeneto cpahetile 0601IX Ba-
pHaiToB, 6Jaroaps YeMy uiTaTejli CNOTYT BbIOpaTDh penicHite, Han6o-
Jlce COOTBCTCTBYONLEE X JITUHbIM TTOTPEOHOCTSIM, TeXHIUeCKIHM 11 (hII-
HAHCOBDIM BO3MOKUOCTSIM, -1, HAKOHCIL, TaJlaHTaM B 06JIACTI IIPOrpan-
MIIPOBAHIISI.

[ToMITIMO BbIMOJIHEHIIST TpOrpaMyl cbopa MaHHbIX, OJb30BATEb BIIP-
TyaJblOrO 113MEpPHTENLHOTO TPHGOPA CMOXKET YacTO 9KCIOPTHPOBATh
pesyJbTaThl H3Mepeniil B 6ojee pa3BuTble TPHJIOKEIILSA, HalPIIMep
3JICKTPOHbIE TabIIIbl T TPOTPAMMbE ITOCTPOCHIS HArpaMM. IJTi
odlcble NPUAOKENIST 1e/1al0T NOHSTIILIMI caMble abCTPaKTHbie 3a-
IICH 1JIM MAcCIBbI JIAHHDIX, BbIICJsAS B HIIX He3aMeTHbIC Ha IepBbiil
B3IJISIA TEHACHLMII AN B3allMHbie cBsasd. M, xoneyHo, daiinbl nud-
POBLIX MAHIDBIX, TTOJIYUEllHble TPIT 3arici 13MepAeMbIX (U3HYCCKIIX
MapaMeTpoB, MOTYT HepelaBaThCsl MO JIHIIAM CBA3H C HCHOJL30BaAHHEM
MOJIEMA, B YACTHOCTI 110 3JIEKTpoHHOII rtouTe 11 yepes Internet.

TOYHOCTb U BbICTPOAEUCTBUE

ITpu cpaBHeHII PeaibHBIX 11 BUPTYaJIbHbIX HPHOOPOB, HOMUMO Tpe-
JLOCTABJISICMDBIX BO3MOKHOCTEN 11 peXIIMOB paboThl, Haflo TaloKe Ipil-
HIMaTh BO BHIIMaHIIE i1 X OCHOBIIbIE XapaKTCPICTIHKII — TOYIOCTD
11 6picTponeiicTBue.

TourocTs BUPTYaibHOTO TpIGOpa onpeneasercs He TONbKO KOJI-
yecTBOM I11H(p 1ocJIe 3ansTOll, KOTOPOE BLIBOAITCA 11a 3Kpall yIpaBJisi-
iomeii nporpasmoit. Keratn, ot wid)pol MOryT ObITh OLITIGOUHBIMIL,
ecJl He TIPIHUSTH HEKOTOpBIE MEpbl METPOJIOFIYECKOro XapaKTepa.
OMHHM U3 OCHOBHDLIX KPUTEpPIeB sIBASETCS paspsyIHOCTb aHa0ro-11d¢)-
poBoro Tpeobpasosaresis. ITOT MapaMeTp ONpeAenscT CTenelb paspe-
LICHIIST TP II3BMEPEHIIAX, TO €CTb TY HAIIMEHBILYIO PA3HIIIY MCKAY 1BY-
Ms COCEAHTIMII 3HAYCIISIMIL, KOTOPYIO «YYBCTBYET» H3MEpHTE/bHbi1
npnbop. K npunmepy, Bocwaripaspsiaibii AL cnocoben dopymiposatn
28 nan 256 pasnnuHbiX 3HavyeHHil BbXoAHOro clirbana (koxa). Ecan
ero MoJjiHas lKaja coctapisieT 5 B, oH cMoXKeT pasjuiThb Ba ypoBIIs
BXOZHOT0 HATIPSKEHIS, oTaIyatoutecs npisepno x#a 20 mB; ato coor-
BETCTBYCT UYBCTBIITE/ILHOCTII XOPOLIETO CTPENOYHOro rajibBAHOMETPA
xaacca 0,4 i 6oapuimnuctea ocitiiorpagos. [Tpocroii pacuer noka-
3BIBACT, UTO BXOAHOE Hanpsikenne 4 B soxer 6bITD 113MepeHo ¢ Tou-
nocthio okoso 0,5%, a nanpsketiie 100 MB — st € TOUHOCTbIO
oxono 20%.

KOHUENUWA NOCTPOEHVS BUPTYASIBHOIO M3MEPUTESIbHOIO KOMIMIIEKCA 5

37eCh NPOABIISCTCS 113BECTHOE IMITHPITUCCKOE NPABIJIO «MOCHeIel]
TPeTH WIKalbl», KOTOPOE, BEPOSITHO, II3BECTHO BCEM MOJb30BATENSIM
AHAJIOTOBLIX MYJILTIIMETPORB It OCTACTCS CTOJb Ke aKTYaJIbHLIM B 1111()-
POBYIO 9MOXY. .

12-paspaanotii AT ¢ Bossmoxkiocrsio dopaipoBaing na Bhxoje
2'2 = 4096 pasIuHBIX 3HAUCHIHT CMOYKET H3MepITDh namnpsokentce 4 B
¢ ToulocTeio oxono 0,03%, a 100 MB = ¢ tounoctsio okono 1,2%.
Pasysieercs, 3111 pacyeTbl BepHbI MPH VCJIOBIIH, YTO BCe 9JEKTPollHble
xoMitoneHThl 8 AILLIT uateroT momycki, COOTBETCTBYIONLITE YKA3aHIILIM
pesaruninaM. He ctotrr, nanpniep, p'lCCl{IlTLIBaTb Ha CpefiHIon ToY-
HOCTDL 1% (4TO OISO GBI BECbMa HEIJIOX0) B H3MEPITEbHbIX uersx,
COOPAHHDIX [fa 0GbIYHBIX PE3HCTOPAX € AOMYCKOM 5%.

Kpoae Toro, olipezensioniee 3ayenie g TOYHOCTH BCEro ycTpoii-
CTBa IIMCCT TOYHOCTDL XAPAKTEPICTIK [CTOYHIIKA OMOPHOTO HallpsiKe-
s, pabotaontero ¢ AL Joctatduno nposiictaTh KaTajloril, YTo6bl
yOemUTLCS B TOM, KaK BbICOKO LEHSITCS ICTOYHIIKI OMOPHOrO Hamps-
axend ¢ poiyckon 0,1%. Kpose toro, naao yunTnBarh 1en36eKIptii
TeMieparypibiil apefid, Barsne K0TOPOro MoXKeT 0Ka3aTLCS CYIIeCT-
BEHIIBIM [IPH IPOBE/IGHIIT [I3MEpPElTil B 10JIEBbIX yCAOBISIX B PA3HOE
BpeMs roja.

W3 Bbilllecka3alllioro caeiyeT, 4To AJIst TTOJAYUeHIs BHICOKOTOYHDIX
nsmepeltnii negocraroutio mpocto cobpars AL ¢ 12-10 paspaaanir o
Boance (ceityac ectb 1 16-, 11 ke 24- -paspsjinle).

Tax ke, kak 1 M060€ Apyroe cpeACTBO II3MEpeIis, BUPTYanbilblii
npubop foJKel MOBEPSITLCS 11 KaliGpoBaThCA HACTOALKO YacTo,
HACKOJILKO 3TO 11E0OXOIIMO, 3a ICKAIOYCHIIEM CJIyYaeB, KOIla MpoBo-
RATCsL CPaBIITEIbIDbIE I/ OTHOCHTEIbHDIE IaMepelns. BoT nouemy Bo
BCeX pasjies1ax aToll KHIUTI pacceaatprBaioress Togapko AL ¢ unicnoa
paspsiztos ot 8 o 12, yxe ceilyac Hamepnnx camoe pasioobpastioe
TNplNeHelre.

Yo kacaercs GbicTposelicTBII, CleNyeT yKka3aTh, 4To 6OALILITHCTBO
BIPTyasibHBIX NPHOOPOB, AOCTYNIIBIX HO 1elle, IIMEET OTHOCHTENbHO
Y3KyIo 110710cy pabouiX 4acToT. To BHI3BAHO, C OMION CTOPOHDY, 3a-
Tpartasu speietir, 1eobxoxnMbini ALLTT 1718 BolnoaeHis Kaxuoro
NpeobpasoBaniis «anagor-wippas, a ¢ APYroii CTOPOILI — 3aTpaTaMil
BpexeHIl, HCOOXOIMDBINIT 715t HPOTParMIOfi 06paBOTKII pe3yJIkTaToB.
Hemesnie upryanbiinie Mprdopsl daie BCero orpaliiuelis mno cKo-
Pocrin isaeperninit (0T NCCKOMBKITX JAECATKOB JI0 HECKOIbKIIX ACCATKOR
THICSHY OTCYCTOB B CCKYHILY ). DTOTO GoJiee e J0CTaToYII0, HAlIPIMEp,
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JUISt PETICTPAIUTI KPHBLIX 3apsifla MM Pa3psiia akKKyMYyJIATOPOB, a Tak-
’Ke JUISl 3aMepoB MeTeopoJloriidecknx napamerpos. Ho ars npaBiibHOro
oTobpazkeiisl (JOpMbI 3BYKOBOTO CIITHAMA 1a 9KpaHe BUPTYalbHOIO OC-
wiorpada 11l TS BLIOJIIEH S CEPLEIOro CMeKTPabHOro aNlajliiza
pecypcos notpebyercs GoJiblie.

Monn3osatenh 1104061bIX MPHGOPOB BCeraa AoJIKeN YeTko Ipen-
CTABJISATD BO3MOKIIOCTH CBOETo 060pyIoBaHs I IPOrpaMMHOro obecre-
yeuns (ITO) # yunThiBaTh HX, ipesk/Ie YeM [eaTh NoCHellible BBIBOADI
113 [IOJIyYEHHBIX Pe3yJILTaToB. :

TNABA

CTPAHULA

KoHuenuus nocTpoeHus BUpTyanbHOro
M3MEPUTENLHOTO KOMMNEeKca

AHAJIOrO-
LLMDPOBOE
NPEOBPA3OBAHUE
CUTHAJIOB

Hosoe nokonexnune ALMN 8
8-pa3psagHbiia AUMN
C nocnenosatenbHbIM UHTEpdEncom 14
10-pa3psaHbiin ALLM
C nocnepnosarenibHbIM UHTEpdencom 17
12-pa3pagHbiii ALM
C nocnepoBaTesibHbiM MHTEpgencom 22
Hapno nu BbixoauTsb 3a npegenst
12 paspsgos? 26
MCTOUYHMKM ONOPHOro HanpsHkeHus 26
OTHOCUTENbHbIE U3MEPEHUS 29
lNpeobGpa3oBakune oTpuLaTeNbHbIX
BXOAHbIX HaNpPsHKeHUN 30
- YCTpOACTBa HOPMMPOBAHUSI CUrHANOB 31
3 MpoMBbILLNEHHbIE N30enus 33
4 CGopka M3MepUTenLHOro nHTepdeiica 43
MporpammHoe obecneyeHmne
5 BMPTY&/IbHOrO KOMMNEKca 57
6 Jamivikn v npuHaoNeXHoCTK 103
7 MpynoxeHms 131
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CyuiecTByeT MHOKECTBO CrocoboB JUIst MpeobpasoBaHusA aHaJOTOBOI0
CHTHaJla — 3JIeKTPHYECKOTO HATPSLKEHHS M TOKA, H3MEHAIOIerocs
TJIaBHO I HENPEpPbIBHO, — B MOTOK 1{H(PPOBBLIX MaHHDIX, NPEACTaBJISIO-
il coboil AMCKPETHYIO KOAIPOBAHHYIO HOCIEOBATENLHOCTD HMTTYJIb-
cob. Ha npaxTiike yallie BCero UCIoyib3yeTcs aHajnoro-undposoe npe-
obpasoBaHile ¢ MOMOUIbI HMIYJbcHO-KoxoBod Moy sl (MKM).
B aToM ciydae mpouecc HauMHAeTCs C MPEACTABJIEHHS HEMPEPbIBHOTO
cliInana B BHie 0C/e/I0BaTeIbIHOCTH OTCUETOB, KoTopble HepyTcs yepes
olpesiesielblii MPOMEKYTOK BpeMeHH (MHaye FoBOps, C Olpe/eJIeHHOM
4acToToil AnckpeTHsanui). Ty QYHKIUIO BbIIOJHAET CXEMA, Ha3biBa-
eMad YCTpolicTBoM BbibopKH-XpaHeHHs. 3aloMIHasg MFHOBEHHOE 3Ha-
yeHHe BXOAIIOTO clirHaia (daie Beero Ha KoHAeHcaTope), 3TO yCTPOoii-
cTBo obecreyiBacT coXpaleHHe BeJHYIIHbI B3ATOI0 OTCYETa Ha BpeMs
npouecca oUu(pPOBKH, KOTOPbIi COCTOMT B NMpeACTaBIely aMIIHTY/Ib
KaX0ro otcyera B hopMe TBOHYHOI'O KOAOBOIO CJI0Ba C ONpe/ie/ie HHbIM
KoJnuecTBoM paspanos. Crnocod, 11crosbayeMblil 114 BbIIOJHEHUS Ta-
KO# oundpoBKH, 1 oNpeesisieT BO3MOXKHOCTH, CJIOXKHOCTD H [IeHy aHa-
JI0T0-1IHPOBOro 1peobpazoBaTessl.

B cemumecaToix ropax nepsoie ALIT npeacrasism coboil 6oiblne
reyarHble TIAThi WM, B JIydileM caydae, 60sbline THOPUIHbIC MOYJIH,
KoTopbie 06bIYHO OueHb Joporo crowiu. IlonynposoaHukoBbie HHTE-
rpaibHble Mukpocxempl AL npumenmme 1M Ha CMeHY, ToXXe IoHayany
bl IOBOJILHO JIOPOTH, TIPHYCM BLITYCKAJIHCh OHI B HeyZoOHbIX KOP-
rmycax ¢ GOJIbIUILIM KOJHYECTBOM BbIBONOB. Jlaxke Tenepn 3To ocTaercs
AKTYAJILHBIM, HO TONbKO Ut HexoTopbix THIoB ALLIT ¢ oueHD BhICOKHMH
XapakTeplicTikaMn (paspelueriie, GbICTpoaelicTBIe, YHCIO BXOOB);
ropaszio GoJiee IPOCThie U JlellieBbie MOZEJH MOABHINCH JHILL HECKO/Ib-
KO JIeT Hasall.

HOBOE NOKOJIEHME ALN

Heo6xoaHMoCTh BCTpalBaTh BLICOKOKaueCTBEHHbIC AaHAJIOro- U POBbIE
npeo6pa3oBaTesi B U3/ [ TOBapbl WHPOKOTro norpebaeHus (aJek-
TPo6LITOBLIE TPIGOPbI, aBTOMOGIIIN, CPEACTBA TeACKOMMYHHKAIHH
11 T.IL), KOTOpble Bce B GoJibiieii CTeneHn 0CHOBLIBAIOTCA Ha HIIPOBLIX
TeXHOJOTIIAX, 3aCTaBHJja H3rOTOBHTENEI NOJYTPOBOAHUKOBLIX 3Jie-
MEUTOB TIPHMEHIITD HOBbIE OAXO/IbI K pellieHHIO TPOBAeMbL.

B nacTosiuiee BpeMst MeHee YeM 32 ABaAlaTh J0JJ1apOB MOXKHO KYIHTD
AILLTT B xopnyce ¢ BOCEMbIO BBLIBOZAMM, IPItMeM BO3MOXKHOCTH 3THX
npeobpasopareJieil OlleHNBAIOTCSI HOBOJBHO BbICOKO. VIX MCIONIB3YIOT,

e

AHANOTO-LMDPOBOE MPEOBEPA3OBAHNE CUIHANOB 4

B YACTHOCTH, /U1 paboThi C CAMBIMH COBPEMEHHBIMH KOMIIOHEHTAMH —
RISC-MHKpOKOHTpOJLJIEpAaMH M ITHPPOBBIMH CHTHAJBHBIMH IPOLIECCO-
pamn (LLCII).

I'naBHast ocobeHHOCTb TakuX AILIT cOCTOMT B opraHn3auuu ynpas-
JIeHHsI TI0 OJIHO- MJIH JABYXIIPOBOJHO# NocsenoBaTesnbHoi tinHe (SPI,
Microwire, L,C u 1.1.), a He uepes napauienbHbiit uHTepdeiic, Tpedy-
[0l HaZMYHs OZIHOTO BBIBOZIA MUKPOCXeMDI Ha KAaXbiil paspsjl LIH-
Hbt ynpaBiennsa. Koneuno, Takoiil cnioco nepenauu 6UTOB JaHHBIX —
OJtMH 3a ZAPYTHM 110 OLHOMY TIPOBOZLY — OIPAaHHYMBAET CKOPOCTb O6GMEHA
undopmalnesf, XoTs U 371eCh MOXKHO JIOCTHYb CKOPOCTH Iepefayn naH-
HuiX mopszika 1 Méut/c. Ha npaxruke, ¢ yuetoMm CBOICTB U BO3MOX-
HocTelt cxeM IMCKPETH3allMH U KBaHTOBaHus, HE CTOUT PacCUMTHIBATh
Ha npeosiosieHue 6apbepa B HECKOJIBKO IeCATKOB ThICAY U3MepeHHil B ce-
KYHJY, YTO B CPEHEM COOTBETCTBYeT YacTtoTe auckperusanuu 20 kI
TaxuM 06pasoM, 9TH 3J1eKTPOHHbIE KOMIIOHEHTbI HE CTOMT CPaBHUBATL
co cBepxckopocTHbiMU AIIIT Tuna «flash» unu «video», no onu tem
He MéHee oTHocsATeA K kaaccy 6picTpoaeiictByomux AILIL Tostomy
TNpHu pa3psaaHocTH oT 8 10 12 6UT OHM NpeKpacHO MOAXOAAT LI pelile-
HHA GOJILIIMICTBA 3a1a4 B 0OJIACTH CO3IaHMsl BUPTYAJIbHBIX M3MEPH-
TeJIbHbIX HPUGOPOB.

Ha puc. 2.1 npuseneHa CTPYKTYpHasi cxeMa CTaHZAPTHBIX TMOCJe-
nopatenbHbix AT, BbINOJHEHHBIX B KOPNYCAax ¢ BOCEMbIO BLIBOJAMHM.
Jloruueckuit KOHTPOJLIEP CO BCTPOEHHBIM TAKTOBbIM FEHEPATOPOM YTpPaB-
JistieT paboroii cxembt npeobpasoBaHust, GYHKIHOHUPYIOLIE]T 10 NPUH-
LMY T0CTIe/I0BATENBbHOTO NMPUOMKEHHS. DTOT NPUHLHI COCTOUT B 110~
CTeTleHHOM IOIAroBOM HaKOILJICHUH B IIPOMEXYTOUHOM PETHCTPE AaHHBIX
ABOHYHOTO KOZIOBOTO CJIOBA, COOTBETCTBYIOLIENO COOTHOUIEHUIO BXOHOTO
AHaJIOroBOro HanpsKeHHA (Pa3sHOCTH MEXK/Y YPOBHSIMH HAIPSUKEHUS Ha
nmddeperimanshbix BxXonax ANALOG +IN u ANALOG -IN) 1 onopiioro
HalpsiskeHHA (PasHOCTH MeXIY YPOBHAMM HanpsikeHusi Ha pudppepen-
nanelbix Bxogax REF+ 11 REF-).

Lukn npeobpazopains HauUMHAETCA ¢ PUKCALMU YPOBHSA BXOAHOTO
aHAJIOroBOr0 HaNPsKEHHS B YCTPOIiCTBe BLIGOPKH-XpaHEHIIs, a 3aTeM
Npec6pasoBatesib HauMHaeT hOPMUPOBATD conepiMoe peructpa. [Ipo-
lecc HakomnsleHNHsl KOZOBOTO CJI0BA 3aHUMAeT HEKOTOPOE BpeMs, Ha3bi-
BaeMoe BpemenieM npeoGpasoBaHiis.

Ha nipaxruxe kax Munimym ozt u3 soisogos ANALOG —IN m REF-
TexHooriryecky coetuieH ¢ o6umM nposogoM (GND), BesiencTBHe uero
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(nonoxurensHoe)

Vee Hanpawerue
AUTaHUA

7

* HanpskeHue
(oTpUuaTensHoe,

I

REF- OnopHoe

Oroproe REF+

HanpskeHue
(nonoxutensHoe)

*

b HeKoTopbie Moaem nocicaonareabibix AL MoryT paGorats o
cxexe ¢ andyepeiiHanbibiM BXOTOM.

ITo okoHUYAHIH IpoLecca IpeobpasoBaniis CeAEKTOP AAUHDIX, pac-
[OJI0%KEHHDIE! TePel BBIXOAIBIM KACKALOM, HAYIIIACT 0CASAOBATENBIIO
BpIGHPATh GHTbE HHbOPMAILIT, conepmamue‘c;{ B periicTpe AaHUbLYX, 1f 3a-
TeM Takke MocjenoBaTesblio nodaet nx Ha sbixot DATA OUT. HacroTa
BBLIGOPKH 1 (POPMHPOBAIIIS BBIXOAIDIX HMIYJILCOB OIIPECsieTCs BHEL-
M TaxToBbiM crrHasos I/0O CLOCK.

Jlna npasivipiioro gynxiiornipopanis AL neobxoarmo tandne

O6wumia
Buixog
[aHHbIX

—— GND
&) DATA OUT

z z g - " HekoTopoil BHellHeil ynpasJsiolleil crcrenbl, KoTopast fosxkna ¢op-
é 58 " MIPOBAaTDh M0CAeI0BATEILHOCTI CHIIXPOHHBIIPYIOIIIX CHIHAJIOB.
< g% ’ B GoabmmHcTBe ciydyacs aHanoro-nndgposoe npeobpasopatine Ha-
5 5 g - = YHMHAETCSL B MOMEHT MOJaufi COOTBETCTBYIOUICro clirliana na soisog CS
Os [ < (Bbibop Kpucranna). Camo no cebe npeobpaszoBaHue BHITOJIISCTCS
S 1 3aneckosbro necsitkoB Mitkpocekyit. [ocie aToro HeoHXOIIMO MO/IATD
\ 2 NMy’KHOe KOJHYECTBO TaKTOBHIX 1MIYyJbcos tia Bbisoa [/O CLOCK,
s ' § ytobbl BLIIATD pe3y abTaT npeobpasopatiits uepes Bpizonr DATA OUT.
o 5 g% 8l < S XoTsa BeAHUIHA TAKTOBOH aCTOTHl BLIBOMA HAHHLIX TS HCKOTOPDBIX
5 5qf : § g g S MoJesielt umeet orpatidetiie cnay (nanpinep, 100 k1), otia Bee-Taki
%E £ g—'\ g1 o ledsy S . HAMHOTO HMXKe, YeM BHYTDEIIIssl TAKTOBASI YacToTa npeobpasoBalilisi.
%g :‘—/ g 8 gi 3 Kak npapusio, CkopocTb MOC/IEA0BATEALIOI0 BbBOjIA HH(OPMAIliI 3a-
g & §’§ g - o BHCHT TOJIBKO OT CKOPOCTII, € KOTOPO#l yNpaBsIonast CHCTeNMA MOKeT
S é g " % obpabaTblBaTh NOCTYNaoUIe GIITbI JaiiHbIX.
3 g Pabota cxempl ALLTT nocnepopatensHoro npubsiukenns (piic. 2.2)
g a 3aciyuBaeT 6oJce MoApo6GHOro onicaHis, Tak kKak HyMceHHo 6aaronaps
% 8 eil oSIBUJICA 3TOT THIT KOMIIOIEHTOR.
o % : <: OcHoBoit HyHKIMOHABLHOI CXeMbl CHYXHT KOMMYTIPYCMAasi Mat-
) £ ) : & pHIA KOHAEHCATOPOB. 3taucHiie KAKA0ro 6UTa AaiHbiX olpeaesseTcs
~ %% = 2l TIOPOTOBBIM ACTCKTOPOM B 3aBHCHMOCTI OT BEHYHHBI 3apAAa KOKJI0T0
o % § H3 BECOBLIX KONJAEHCATOPOB, cocTapisiionx Marpuly AL Puc. 2.2
& g 3 cootserctByet Aecsitipaspsiitiomy AT Tlo preyliky BIAIO, YTO HHC-
_ gl s JI0 KOIIZICHCATOPOB, COMEPXKALUIXCS B MaTpIfile, T0JUKHO 6bITh Ha efli-
gg + §§ 5| & Hiy 6oablie, Yeat Y1cio paspsagos. OTHOCHTENbIbIT BeC Kakoil e
.’2 % Z. %® E % @ GD MﬂTp”l[bl K()III[GI[CEIT?I)OB omnpeje/isieTca B CO(_)TBCTCTBHI/I C riocJjiczroBa-
B2 g g - § % TeNbHOCTbIO creneHeil uticaa asa, To ecth ot 1 10 512 nas necsripas-
58 % e 3 psaanoro ALLIT.
<3 g <3 o B navasie winwia npeo6pasopatiia jioriyeckoe yrpasJsiolee yeTpoii-

CTBO 3aMplKkaeT BCE K04 S, 11 S, BCJICACTBHE Yero BCe KOH/EHCaTopbl
OLIOBpeMEHITO 3apsKaloTCA JIo YPOBIA BXOANOro HampsikeHls V, (pe-
KHM BpIGopKIT). 3aTeM BCe KJIIOUN pasMBIKAIOTCst (PEKIIM XpateHIis),
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Sc

1 IIOpOl‘OBbIlU[ LACTCKTOp HaulaeT (I)O[)MII])OBZITI) O1THI JaHHDbIX, CpaBHIH-

z past Hanpsokelie REF— ¢ nanpsixeHusiMI [ia K2KIOM 113 KOTeHcaTopoB
&

c3 MaTpHILBI.

53 [TepBbIM 0OpaGaThIBaeTCst HANPSIKEHIE Ha KOHJeHCATOpe, YCTalloB-
¥ & }

JICHHOM B LICHII MATPHIBI C MAKCHMAJIBLHBIM BECOM (B 1al1IOM cIyvac —
gec 512). Jlnst aroro yzen 512 NojkmoyaeTest K ICTOUHHKY HalPSOKCITST
REF+, a Bce octasibupie yaibt noaxmoyaiores k REF—. Ecan nanpsi-
JKeHIe B CYMMHpYIoleli Touke GoJiblie 1opora cpabaThiBallis JeTek-
Topa, npumepiio papioro VCC/2, o 6MT malHplX ycTanab/ilBaeTcst
B HyJIeBOe COCTOSIHHE, a y3eJ1 512 mojk/io4aeTcss .k HCTOYHMKY Hanpsi-
1 xemna REF-. Ecan ke nanpsokeniie B cymmupyiomeli Toyke Melblie
1mopora, GUT AaHHbIX YCTANABIHBAETCS B CAMIIYHOE COCTOsIIIE, A Y3el

Noporoewi
feTekTop

M MaTpUUEN KOHQeHCaTopos

L
|

7ty 1

.—1“ Ow\z 512 . 2 ; -
- + imonKmoyaercs K ncroynnky REF+ jo saBeputeniis mpouecca npe
452_? obpaszopaniis. Ta xe nocicnoBaTenbloCTh onepanmil MOBTOpsSeTCs s
Xf 5 & \ uertn ¢ BecoM 256, 1otom ¢ Becon 128 — 1 tak 710 Tex nop, noka e GyzeT

*“‘“ - i o\£ OTIpe/IC/IeN0 3HaUeHlIe KasK/[0ro pa3psijia perucTpa JaHIiblx.
3 «—T Caenyer nomuuth, yto n-paspsiausii AT MoxeT chopipoBath
*—T XL s . JILL 2" pasAnybIX JBOHYNHIX KOZOBLIX CI0B (256 nns 8 paspsnos,
t \f T o] 1024 n1s1 10 paspsnos, 4096 ast 12 pa3psanos u T.1.). Pastinua Mesiy
'_,,ﬂl £ o o~ ABYMA COCEIHIMII KOJIOBBIMIL CIOBaMII COOTBETCTBYET alaloOrOBOMY
f_? \L Becy Maaznniero 3qadautero paspsna (M3P, i LSB B nnocrpanuoii -
Xf 5 U-;L_. Tepatype). F3setienie BXOIOTO HANpsiKelHs Ha BeJIITUHILY, MeHbLITyIo
'T,“ - . o 110 cpasiienio ¢ aToll pasniueil, MoXKeT GbITh He OTPaXKCO B BLIXOHBIX
E’j: Ranneix. HexoTtopule npeobpasosarceiin, kpose TOro, BHOCST AOMOJHII-
% TEALHYIO HOTPCUNOCTD 11 (POPMIPYIOT PE3YLTAT C TOYIIOCTHIO [0 OJIHO-
'—Hl = @ Fo i razke no nByx M3P. Taxas jickperiocts peaysbratos npcobpa-

© J|

of+

30BaHNA ABAsieTcs caencrsueM Xapaxrepioii ais AT nepexatounoii
XapaKTepiCTHKIL B BH/C «CTyneHbKi» (pric. 2.3a).

Cogepluielniio o4cBIIIO, UTO B HTOM Cayyae, Kak 11 Iipi J0GOM ZIpyToM
lipotecce ananoro-ihposoro npeobpasoBantis, MoJAyYeHHbHT pe3yJib-
TaT cozlepsKNT HeKOTOPYIO IOTPCITHOCTD, HaZbIBaeMylo olHbKoli KBal-
ToBatns. ITpuyunbl ee BO3UIKIOBCHIS NosicusoTes B rpadiike, npii-

/4

S

T—Ro
o
o

1,

T
Puc. 2.2. @ynxymoransHas cxema AL nocnenosarensHoro npubmmxeHus ¢ KOMMyTHPYEMO

1
—O"% —O0""2

1
I

128
Ref+
Ref-

T

- Sf+ - O"’\l Be/leion na piic. 2.36.
i Erj, Oumibra kBanToBaHIIs HOSBASICTCH B pe3yABTaTe 3aMelibl HCTHHIO
\?_ % ) BETIYInIbl oTCueTa BXOHONO CHIIANA €C AICKPETHbIM DKBIIBAJCHTOM
i \? = o1 BBlize Buixo/noro Koja 1t onpeensieTes Kax pasnocTh MEKIY rpagii-
?ﬂl ‘__T O~ g Kmlu CTYMCHYATOI NICPEAATOUHOIT XapaKkTepHCTHKI 1 ACaNbHOI 11psi-
o o \‘L qgg Mot Makcinasibiiag Besnmuiima ommbKi s nepenaToUnoli xapak-
g i £ g §>.. Tepucriy, nprsesctofii na prc. 2.3a, paBia Ho10BIIE BEIUINILE AN

KBatToanig (1HoMOBIIE alUIOTOBOIO Beca M3P).




14 BUPTYASTbHbIVT M3MEPUTESIbHBIV KOMITJIEKC HA BA3E IBM PC
Tabnuua koaos
npeobpasosanuvn BrixogHoi
—. [BOWYHBIR Kog, :
Lpanason | Bixappolt \ MaeanbHas npAMasn
BXOOHbIX | ABOVMHbIA —\ !
HaNpsKeHWiA| - . Kof !
0..101 74
45..55 | 0..10%
OaHa ¢ qop+ Cepeaura -/
CTyneHbka

CTYNEHbKY —\
8 Iy
{0,011 : \

0..010 g
/'

0,5..15 | 0..001 / TN
0..001 1 N— LLiupuHa cTyneHbku
0..05 | 0..000 Py
0...000 } t + t t -
0 1, 2 3 4 5 BxogHoe
HanpsKkeHve

a)

}__—, CepeguHa
CTyMeHbKY

0..011

Owwubka
KBaHTOBaHWA

BxogHoe
HanpRXeHne

-

Pasmax senuuuHbl
OLWIMUBKN KBaHTOBAHUA

6)

Puc. 2.3. Mepegarouas xapaktepuctuka ALIM 1 To6amua xkoaos npeobpazosarua

BakHo yunTbiBaTh 3Ty OCOOeHHOCTb, KOTOpPasi, €C/I B3ATh NS
npinepa 8-paszpazubiii AL ¢ nonnoii wikanoii 5 B, nposisisercd
B Hel3GexHoi norpelHocTH npeobpasoBanns Beanumoii 1o 20 MB.
W xoTst 3Ta BesqHuMHAa cocTaaset aulis 0,4%, ee cielyeT NPHHHMATD
BO BHIIMaline. '

8-PA3PSAOHbLINA ALLN

C NOCNEQOBATEJNIbHbLIM UHTEPDENCOM

8-paspsjitivie nocseioBaTebiibie ALIT sBasiioTcs M caMbIMH JlelleBbl-
MI1, 1 CAMBIMU TIPOCTBIMI B IpiMelieli. Ecan oni paboraioT B 110C-
nezeit TpeTi cBoell moMoil mKapl (YTo MOXKHO 00ecneylThb Ipit 1o-
MOIHIH TIPEABAPHTENBHOTO YCUJIHTEJISI CO CMEICHHEM ), HX paspeileHiic

AHAJSIOTO-UMDPOBOE [PEOBPA3OBAHME CUTHAJIOB 15

¢ TOYHOCTBIO 1/256 BnOJIE COOTBETCTBYET TOYNOCTH, TpebGyeMoil BO
MHOTHX TIPIVIOKEHIIAX BIPTYaJbHOTO I3MEPITELHOI0 KOMIJICKCA.

KoMnoHeHTbI Takoro TIiina MpearaioT MHorie MpOM3BOLHTENH, HO
10 KaKoil-1160 cTaHAapTH3ALIII 1 YHH(IKALMI B 9TOH 06JacTH elle
oyeHb JlajieKo. PacroJioskeHue BLIBOJIOB 1 TMPOTOKOJIDL cBA3N Y pasHbIX
THnoB noaobubix AL pazniunsl. Bo3sMoskio, H3roToBHTeNI HealoT
3TO /Ui TOTO, YTOOLI 3aTPY/IIUTb 3aMeHy KOMIIOHEHTOB Ha H3JeJiis
KOHKYPEHTOB.

8-paspsuHbiii nocnenosatenvuniit AT, koTopwiit 6yzer 1cmomnn-
30BaThCsl B TIpHMeEpax, Obl1 BhIOpaH, ¢ 0{HOH CTOPOHDI, BBHY €ro Iiii-
pOKOTO pAaCNpoCTpaHeH!sl 1 BNOJIHE TIpHeMJIeMOil 1eHbl, a ¢ Apyroii
CTOPOHDI, BBIY TOrO, YTO cyllecTByloT 10- u 12-paspsiinbie MolenH,
TIOJIHOCTBIO COBMECTHMblE C HIM T10 pacnoiokelnio BbiBo/ios. [Tpu ciy-
yae 9TO MOXKeT YIPOCTITDL NpobsieMy MoACPHU3AIIH NeYaTHbIX 11T,

e[l [

ANALOG N [2 | [7] 1o cLock
ReF- 3] 6] oatacuT
GND | 4 E] cs

8-pasprgHbit ALIN TLC 549 1P
10-paspagHsii ALIN TLC 15491P 7

Puc. 2.4. Pacnonoxetme seisonos aranoro-ungposoro npeobpaszosarens TLC 549

Ha puc. 2.4 npusenena cxema pacronoxenns soisogos AT TLC
549 dbripmpi Texas Instruments. Maenitio ata Mozesb OyneT paccMoTpelia
HIXE B e€ MpaKTHYECKOM IPHAEHeH I,

Takoit ALIIT uMeeT TOILKO O/H aHAJIOTOBBIH BXOJ (ANALOG IN)
M 11Ba BXoz1a Jlist noiJIoyenins onopHoro Hanpspkenns (REF+ 1 REF-),
BToppim ananoroBbiM BX0ZOM MOKHO cymTaTh BbhBoZi GND — o6uiiiii.
Ecii nipu sroa eiBog REF- toxe nomicmouen « obleMy npoBojLy, To Ha
Bbixoze AILIT Gyznet dopatitpoBaThbesi GaliT BLIXOAHOTO KoJa, paBHDII
00000000 npr 1y.tesom Hanpsikeni Ha aHanorosoM Bxoze, u 11111111 —
TPY BXoziHOM HanpsiKeH I, PaBHOM ONOPHOMY, KOTOpOe TofaeTcs Ha
BbiBog REF+.
mli};z:ﬁmn cesiail atoro ALl nocratouro mpoct, ero BpemeHHble
e MbI IipHBe/iedbt Ha pic. 2.5. [Ipy nepexoze clruaia 1a BbiBoJe
maegzﬂsglgslcjo;o K HU3KOMY YPOBHIO B DelliCTp BbIBOJa JaHHbiX TIOMe-
ers, Bbmﬁ JIIHTaT npefigyuiero ipeobpasosanus. [ToaToMy peKoMeH-

HTb «IIyCTOe 11peobpa3oBaHiies Cpasy Iocje BKIIOYEllis
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Mmnyabcer wukaa C

t conv

Mmnynsce uukna 8

S

su (CS)

L

Hi-2

20800098

wH (CS)

~

AN

87

MSB

LS8

MpeodpaioBanksie dauHsie B

MSB

LSB

Hi-2Z BuicokoumMnedaHCHOE COCMOsHUE

Mpedudywue npeodpa3zobarHsie danHse A——

Puc. 2.5. Mporoxon caaan AU TLC 549

AHAJIOTO-UNDPOBOE MPEOBPA3OBAHME CUTHATIOB 17

yCTpOHCTBA I B C/lyyae BLUTOJHEHIIs ABYX MpeobpasoBanitii, pas-
J1e/ICHHBIX {OCTATOY HO TNPOZOJIKUTENHBIM LIHTepBanon Bpemetn. [lep-
Boe CYHTAHHOE 3HAYEHIIe BHIXONHOTO KOJIa B 9TIIX C1yyasx OyneT HeBep-
M. Crieltyolee npeobpasoBatiie 6yaeT NpaBIAbLHBIM, OHO HAYETCS

110 IEPBOMY nepejiieny GppoHTY HMITy.jbca, TOCTYIIBLIErO Ha BHBOL CS
1ocne HIIBKOro ypoBHs. Baxuo, 4ro6ul na Boisogte CS 6bu1 BbICOKILT

YPOBCHD B TCUeHIIe BCero Bpemeril mpeoOpasoBanlis, HO, 1OCKOIbKY
9TOT NPOUCCC UINTCS BCEro HeCKOIbKO ACCATKOB MIKPOCEKYH, AaHH0e

YC/IOBHC MOXHO CYITATh aBTOMATHYCCKI BLITOJHsIEMBIN, ecant ALLTT

YNpaBJIACTCA MPOLECCOPOM C NPOTpamMMoli, HAlllIcCaHHOil Ha CyILlecTBeH-

HO MeHce OBICTPOM A3bIKe, Yed Assembler.

Kaxaplil ONT BHIXOAHBIX ZalHDIX MOXeT ObITh CYMTaH 1ia BbIBOJI€
DATA OUT, npuyenm 6utsl BbIBoAATCS CTapuuiiam paspsanamn (MSB)
BMEpel N0 riepe/iHeMy GppoHTy uMITybcoB Ha BeiBoge 1/O CLOCK.

Ouno n3 ripenvymects atoro ALITT cocTouT B TOM, YTO Ol MOYKeT
pabotath ¢ moGoi YacToToit AucKpeTH3aIMH, onpejiensieMolt ynpasJis-
ioieii clicTeMoii, — 0T 0HOTO 11BMepeHIs 33 HecKoIbKO YaCOoB 110 lBaj-
LTIl TBICSY U3MEPEHIIH B CeKyHY.

10-PA3PSOHbIU ALLN
C NOCNEAOBATE/IbHbIM UHTEPGENCOM

Paspeurenie B 10 6ur — ato CBOEOOPA3HbIiT KOMITPOMHUCC Mesxay 8- 11 12-
PA3PAIMBIMIT yCTPOHCTBAMIL, TO3BOJIIONNIT YCTPAHIITh MPOGACMDI, CBSI-
3alHble ¢ [1el0CTATOYHOIlT B HEKOTOPDIX CYYaAX TOYHOCTBIO, PaBHO KaK
I1.CO CI0IOCTBIO B 113TOTOBJIEHIN 11 HACTPOfiKe. .

Ananoro-ungposoii npeobpasosaresns TLC 1549 npoussoacraa Texas
Instruments ynoGen e, aro on cobmectin o pacronoxeniio BpIBo-
noB ¢ TLC 549 (puc. 2.4), HO 9TOT KOMIOHEHT JOIyCKACT UIeCTh pas-
JIIYHBIX IPOTOKOJIOB CBA3I (tpn <<6bICTpI>L\'>> H TPH «MCJJICHHDBIX» ). -

[Iporoxon CBSA3ML, NpIBe/eHHbIT Ha puc. 2.6, oyelib NOX0k Ha nporo-
kon TLC 549, ¢ tem OTJHIYIIEM, YTO 3jiech lCcHob3yloTes 10 6ur
AaHNDBIX BMmecTO 8,

psiaoi rolkypeHT AL TLC 1549 — auanoro-undposoii 11peot-
basosarenr MAX 1243 npoussonctsa xoMmaHmi MAXIM - uyeer
COBCpLIeltho sipyroe paciionoxkeliie BoiBOIOB (pric. 2.7). Tloatino cBonx
Oy Hprx x;ipam‘epucnuc, OH HHTEPECEeH TeM, UTO TIPIHALIEKIT K ce-
Meftersy nonnoctoio B3aimosanmensemnix AIIl, koropoe Brmoyaer
12'1383])511111}'10 sepeitio MAX 1241, a raiske Tenr, 4to ¢ nomonsio 1poc-
Tolt nporpasibl ero MosKio erko NepPeKIOYNTh B 8-pa3psiiniii pesxiis.
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vop [ 1] — 8| SCLK

- AN [2] [7]cs
ME EIDOUT

Rer [4 E| GND

7/~
B

J L

—

10-paspagHbid ALIN MAX 1243
12-paspagHsin ALIN MAX 1241
MAX 187/189
MAX 1240/1242

Puc. 2.7. Pacnonoxenue seisogos AL MAX 1243

UHuuuanu3zauus
—
MHuuuanuiauus

Wnmepban
aHanozo - yuppobozo
(<21ys)
Unmepban
ananozo ~yuppobozo
npeodpasobanus
(<27“S)

npeodpa3sobarus

Takoe e pacrosioxkeHHe BbIBOJOB HIMEIOT 1 Goslee paHHIle U3JeHs
e S xomnatinn MAXIM (MAX 187, MAX 189), u coBpemenHble Moze/i
(MAX 1240, MAX 1242).

Hexotopeie 13 atux AIIT cHa6eHbl BCTpOEHHbBIM HCTOUHUKOM OTIOp-
HOTO HATIpsDKeHMs, YTO JIaeT JOTOJHUTE/bHbIe TIpeHMyIlecTBa IPH pac-
UIMPCHUH BO3MOXKIIOCTEH YCTPOICTB, paccMaTpUBaeMbIX B IJlaBe 4 jaH-
HOI KHHTIL. .

CyiecTByeT 1Ba BApHaHTa MPOTOKOJIA CBS3H, HCIOAb3YeMOTo IPH pa-
tote ¢ ALLIT MAX 1243. Onu npejicrasienbl Ha pHc. 2.8.

[lepebiii BapuanT (pHc. 2.8a) B OCHOBHOM Mpe/iHa3HayeH U1 TpH-
MeHEHHUs B YCTPOICTBAX, KOTOpble HCMOMb3YIOT MPOTOKOJI, CTPOTO COOT-
BeTCTBYIOIMIT cTanzapty QSPI s onpeneneHHbIX THIIOB MOCTe0Ba-
TCJILbHBIX MHTepdeiicoB MUKpOKoHTpoiepoB, OH OTAHYaeTcs HalluieM
JBYX IOTIONHHTENBHBIX GUT SO U S1 M neronb30BaHMeM HOTONMHUTENbIBIX
lryJieif, BBIBOAMMBIX NP nosmyueduH 6oJiee 11 TakTOBBIX HAMyJIbcoB. [Ipo-
ToKo1, coBMecTHUMBIN ¢ SPI i1 Microwire (puc. 2.86), B 6Gonbliteii cTenein
COOTBETCTBYeT HAlIMM HyXJiaM, Tak Kak paboTaeT ¢ 6mokamu o 10 6ut.

CoietyeT yunThiBaTh, YTO B Hauajle KOJIOBON MOCHUIKH NPUCYTCTBYET
«CIUTHIYHDIT» OUT, B 11eKOTOPOM POJie CTapTOBBIIT; €ro HyKHO MCKJIIO-
uarh repest 06paboTKoil, HanpumMep NojaB OJANH JOMOIHUTENbHbI Tak-
TOBDII1 IIMTIYJIBC. .

B ornnyue or BulweonncaHubix kommoHeHToB, ALl MAX 1243
MOJKCH BBIMONHUTD MTpeobpa3oBanie mepesl TeM, Kak BBIBECTII CIOBO

Raunpix. CresoBatesnplio, Mocje NMojadu ypoBHsl JOTHYECKOTO HYJIS Ha
BoiBog CS (11auano mpeobpasoBanitst) HaLo KIaTb He MeHee 7,5 MKc
LT LOK11aTheA TepeXofia crreana na sosoge DOUT B coctosine
Noriueckoii eAHILbL, TIepel TeM Kak ToJaTh MoJ0KITeAbHbii nepenas
lanpskennd (¢ppout umnysnbca) a suiog SCLK zia navasa BoiBoja
Aanmpix. IpeusyuectBo Takoro crnocofa pabGoTbl COCTOMT B TOM, 4TO

_Azx Al X AQ

Urmnynscor yukaa B

1
L
;
1
{" (oo Yo Y mo X s X X X e X X o

Unmnynscer uukna B
Puc. 2.6. Mporoxon caaan AL TLC 1549

Hi- Z - BeicokoumnedaHcHoe COCmosaHUe

HL - Beicokui ypobens

Mpedwdywue npeodpazoBarmsie darHse
LL - Huskug ypobers

Npedudyuue npeodpazobarrsie darHsie

MSB

1
HI
i
1
i
t
1
i
1
i
i
i
|
1
|
L
h
i
1
)
Wnuuyuanuszauus

Wnuuyuanuzauusn
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oJyuaeMplii peayaLTaT COOTBETCTBYCT TEKYIIEMy Ky Ipeobpaso-
BaHIIST, 4 HE HPCAbIAYIICMY, KaK Y BbillieoicaiiblX yerpoiicTs. Kpone
TOrO, 1IPIl BbIBOAC PE3YJIbTaTa MOKHO [ICNOJL30BATh TOJIbKO BOCEMD
CTaplIMX 3HAYALIIX Pa3psiioB, Hllaue roBops, ucnobsosath MAX 1243
B 8-paspsHoM PexiiMe oueHb Bbicokoil TourrocTH. /lna aToro jgocra-
TOYII0 MPeKpaTITh Nnepeaavy JAanibix nocie 6nta B2, nonas na BLIBOA
CS ciirnal Joryeckoil eaHIIbl. '

12-PA3PAOHbIN ALN ,
C NOCJNIEAOBATEJIbHbIM UHTEPOENCOM

Ananoro-uudposoii npeobpazosarens MAX 1241, nonnocTbio coot-
getcrByomuid AL MAX 1243 no pacnoJioxennio BbIBOJIOB, sABJIsIeTCS
-12-paspsiziHoit Bepctieil, KOTOpas ICMNOJNL3YET IPOTOKOJ CBS3U, OUCHD
CXOXMI ¢ NMPOTOKOJOM, IpencTaBieHubiM Ha piic. 2.86. ITonnocrpio
npotoxos csan AIITT MAX 1241 mpusenen na puc. 2.9.

| -

12-pazpagHein AN LTC 1286 CN8
12-pazpaagHbit AN ADS 1286 PK

Puc. 2.10. Pacnonoxenne swsogos AL LTC 1286 n ADS 1286

Cpeul MOJIYUPOBOJUIIKOBLIX KOMItOHeHTOB koMmmanuii Linear Tech-
nology 11 Burr-Brown soxiio uafitu 12-paspsiuisie AT, kotopbie no
pacrosoxentio BuisogoB cxoxu ¢ AT TLC 549 u TLC 1549. Tax,
npnoopnt LTC 1286 11 ADS 1286, npakTiideckil HJEHTHYIIBIC IPYT APYTY
(3a HCKJIOYeIHeM HEKOTOpbIX YacTHocTe(l), oTanualores or TLC 549
11 TLC 1549 uno neckonbkity ocnonrbis myHkTas. [Ipexie Bcero e,
yTO oIttt nMetoT Jurhdepelilianbabie anagorosbie BXojl +IN 11 —IN
(pic. 2.10) 1 ojurouosipibtii BXoa onopnoro nanpstkeHns VREL

ITpi coenunernm seipozta —IN ¢ obuuin nposogost GND aosxiio no-
JYUHTH KOHGITYpaiinio, coBamectiMyio ¢ 8- 1t 10-paspsnivi mpeobpa-
sopartensivil. Ec cxema npuseacna na pic. 2.11

VkazaHHas aHaJOrnsl Ha YpoBie NOJAKNIOUCHIIST MITKPOCXEM 1ie pac-
1IPOCTpalsicTeA 1a Henojibdyenmbic rmporokonnt cssait ALIL Puc. 2.12
JICMOHCTPIPYET Pasiiiuiy 9THX HpoTorosos. st shisoja nndopmaiin

AHAJIOTO-LIMDPOBOE MPEOEPA3OBAHME CUTHAJIOB 23

| -

REF+ ' 8 +5v
e [2] [ 7] cLock -
{3] 6] DATA QUT
[5]cs

Puc. 2.11. Yunsepcanstas cxema sxnoyenms AL

BHauaJle ciefyeT MOjAaTh /BA «IYCTLIX» TAKTOBbIX HMIYJIbCa BMECTO
O/LIIOT0; KPOMe TOTO, MOXKIO CUHTBHIBATH BbIXOJHbIE JaHHble KaK CTap-
WIHMMII, TAK 1 MJIAZUIIMT pa3psioani BIepell.

Konmnauus Linear Technology nponssonut xommonent LTC 1292,
POICTBEHHDIIT BhillleHa3BaHIIbIM 0Opa3nan. ¥ Hero eCTh HeCKOJbKO BaX-
1IBIX OTJ/INYHII, B 4aCTHOCTH COBCPLIEHHO HeENOXOXee pacroyiosKeHUe
BBIBOJOB (puc. 2.13). ‘
-

12-paspagHbpin ALIM LTC1292

Puc. 2.13. Pacnonoxenue suisogos AL LTC 1292

Miuxpocxeme LTC 1292 cTonT noCBATUTH HECKOIBKO AOMOTHUTEI b+
HLIX CTPOK, TaK Kak olla ucnojb3yercs B oTAenbHbiX ALIIT mpoabiii-
JIGHHOTO M3TOTOBJIEHIIS, ISl KOTOPBIX YIOOHO MUCaTh CllenHasblible
IPOTPAMMBIL, .

[Iporoxon cesian LTC 1292 npuBezen na puc. 2.14. OH oueHb NOX0K
Ha npotoxon LTC 1286, Ho Tonbko ¢ Buxy... B ornnune or LTC 1286,
y LTC 1292 orpannyena MuuiiMagbHasg TaKTOBasd 4acTOTa BbIBOZA 1H-
dopmaunn Ha yposse 100 k1. ITo He BHI3BIBACT TpyAHOCTEll TIPH pa-
6oTe ¢ mporpayMaMu Ha fA3bikax Assembler min C, 110 YCJIOXKHSIET Npi-
MeHeHI1e TiporpaMM Ha s3bike BASIC nn naxke na aspike PASCAL,
paboTaioliiX Ha Mej/TeHHOM 1ipolieccope. Koteuno, y Hixiero npejiena

. TakToBOIi YacTOTHl CCTh onpeleellible IOMYCKH Ha NPAKTIIYecKoe Iic-

losb30BaNie, HO Bee ke Tpebyercsi OCTOPOKHOCTD 1IpIl OLelKe TOY-
HOCTH nojtyyaembiX pe3yJiLbTaToB.
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HALO JIN BbIXOAWUTL 3A NPEAEJbLI 12 PA3PA40B?

[TonbiTaeMcst OTBETITD Ita BONPOC O TOM, HACKOJILKO OIpaBAaHo TplMe-
lene anajoro-ut)poBbIx 1peobpasoBaTeseil ¢ pas3paiHoOcTbio 6ob-
well 12 nna penreHns oTHOCHTENLHO NPOCTBIX 3a4ay MpH {10CTPOEHIIIT
BUPTYaNbHOTO H3MePITEJbHOr0 KOMILIEKCA.

B npoybinuieninocTi it Hayke 111poko npimensitorest 16-, 24-paspsit-
1bie ycrpoiicTBa i1 lake ycTpoiicTBa ¢ 6omblueil paspsaHoctbio. Onri-
Manbiias axciyatanns raknx AT ¢ Buicoxiy paspemeniiem 0,015%
116 ppm = 6 X 10°6(B 1ocTpantoii iuTepaType YacTo BCTpedaeTcs efll-
Hitna ppm — uvacreii na Munnon ~ uau 10°) npeanonaraer ocobyio
aKKypaTHoCTh B BOIpocax, Kacaiollixcs Bbicovalilieil TOUHOCTH U Ka-
abpoBKH Beell 113MeplTENbHON el — OT JaTYlKOB 0 yCTPOHCTB
HHAKawin 11 nevari. B moGom ciyyae ato npeanonaraet 6onbliie 3a-
TpaTbl, YTO HEMAJIOBAXXHO.

Jlns Toro 4ToOLI OLEHIITh CHTYALMIO, CJIe/ly€eT NPT BO BUHMaKHe,

_YTO Mo miipuHe jicta popmata A4 sake npH paspeurenin 600 dpi na-
3epHbIil NPUHTEP CMOXET Pa3MecTHTb Toabko 7000 OTAeNbHBIX TOYeK,
a xopouitii rpaciueckHil akpan ¢ TpyzoM Baleinaer 800 Touek no Bep-
Tuxasi. CiefoBaTesnbiio, ¢ NOMOIUIBIO THX YCTPOIiCTB HERO3MOKHO Ipa-
(hiruecknt To4HO BOCIPOM3BOAMTh Pe3yNLTaThl U3MeEpeHTILl, cielalHbIX
IecTHAALATHPA3PSIHBIMIL TPUOOPAMH, B 1ECITKH H COTHM pa3 BoJee
TouHbIMIL MckIoueHlle coCTaBASIOT ciydal BbIBOJA OCOOBIX y4acTKOB
c GoabuinM yBenuuenseM. IToaTomy B aHHoi1 kHIre He paccMaTpliBa-
10Tca npaxtiveckiie koHeTpykui AL ¢ paspsinoctbio Gonbieii 12,
KOTOpbIe K TOMY e kpalilie peIKO BLITYCKAIOTCS B KOPTYCAX ¢ BOCEMbBIO
BbIBOJAMII 11 cHAOKeH bl [OC/ICIOBATENbLHBIM HHTepheHCOM.

OciosHoe BHIInaHIe B Aadibleiiiuenm Oynet obpalieHo Ha To, Kak
10061TbCA YHAUHbIX PE3YAbTATOBR (324acCTYIO CaMbIMII POCTDIMI CTIO-
cobamil), ncnosb3ysa 8- wnn 10-paspaannie AL 118 caMbiX B3bl-
CKaTCJIbHbIX YiiTaTesell NPHBOAATCS I cBelleHls o 12-pa3psAaHbiX aiia-
Jloro-111pPOBBIX NpeobpazoBaTessx.

UCTOYHUKU ONMOPHOIO HAMPAXXEHUSA

TpaniitoHHbIM 3J1eMEHTOM CTabIINBATOPOB HANPSIKEHUS SABJSCTCS
cTaGIUIITPOM, 110 eMy NPUCYHLI MHOTIE HeA0CTaTKI, He N03BOJIAIOLIIIC
1ICTI0JI30BaTh €0 B KayecTBe TOYHOI0 1ICTOYMIIKA ONOPHOTO Hanps-
KCHIA Jlaxke 1St 8-paspsiiHoro aHaioro-iihposoro npeobpazosateis.
Ilna Tex nanpasseniii CXeMOTOXUIIKH, TZe TpebyeTcst BblcoKass TOYHOCTD
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pe3yJIbratoB, Gl pa3paGoTaHbl ropaszio 6oiee YIAOGHDIC KOMITOHCIIThH —
HHTerpajbHble HCTOYHIIKI onoproro Hanpsbketiist (MOH).

Ha puc. 2.15 npnsenena knacciueckas BOJILT-aMIICPHAST XapaKTe-
pHcTHKa crabunnrpona (miona 3enepa). Hamonmmii, yto MPIL TIPSIMOM
CMelleHIT cTabuanTpou BeeT cebst Kak 06bIuliblil ATIo, a pi 60Jib-
IOM 0BPaTHOM CAelieH ! iposiBastercs addext 3etepa.

Iddexr 3enepa, niaun 3eneposckitit npoboii

| Mpaman
([)aBlIOBIlﬂ}IOC'fb JIaBII'HI{OI‘O), — 3TO dABJielltic, 8eTab
. V.
B pesyp(lfTaTe KOTOpOro /110Ji CTAaHOBHTCH npo- * v

BOII$HH]]/M Np1 cMelleHIl p-n-nepexojyia B 006- Vs

paTHoM HampasJjielinn. IToporosoe 3Haueltiie Obpamian
HATPsKeHIst CMelleHnst V., IPH KOTOPoM Hpo- BeTab
ABJseTCS panuulii adpexrt, HazbiBacTCs ma-
npspkeitneM 3eHepa WJII HaNpsKeHIeM CTa-
OuaN3aI;H,

AHaJIl3 BOJIBT-aMIepHoi XapaKkTepHCTIKI
CTabUINTPONA TIOKA3LIBAET, UTO, C OAI10f CTOpOIIDl, Ce 113710M B TouKe V,
He ouelb pe3KHIl, a ¢ JIpyroii cTopoubl, JieBasl HUCUAMAlONAsg BCTBD
XapaKkTepHCTHKH He AB/sercs BepTHKaNbloi. Eciin k aToMy noGasiitn,
HTO HanpskKeHlie V, CylecTBEHHO 3aBHCUT OT TEMTIEPATypbl H [IMeer
SaMETHYIO IIYMOBYIO COCTABJSIONYIO, CTAHET OUCBMINO, YTO CTaGl-
JINTPOH 11€/1b351 OTHECTH K NPeLH3HOHHDLIM KOMIIOIIeHTAM.

Takun 06pason, cTaGUMITPOH NpeKpaclio MOAXOAHT AN JIO6IX
3allay, CBA3aHHBIX cO crabuausanueii 1 perviaipoBaiien rnanps-
KEHHs MHTAllA, HO ero lesib3st 11ICN0Jb30BaTh KaK 3TajloN B 13Mepi-
Tesbliblx npubopax 1u 8 AT Ecrecrrernno, CYMeCTBYIOT pa3/iiuHble
CHOCOBb! yiyyllleHns XapaKTepHCTIK crabunnrpona. Hanpumep, npu
yBeJyeHi obpatuoro (paGouero) Toka paGouas Touka ynansietcst ot
H3JI0Ma XapaKTepHCTIKIL; 3TO MOBDIIIAET TOYHOCTD HAIPSXKCHIIS V,, 1o
He3HAUHTeJIbIIO.

J114 6obiIicTRAa MAONMOTIIIDIX IC'[‘&IGI[]II[TP()I[OB paboultii Tok co-
CTaBJISIET B CPCAHEM OT ICCKOJILKIX CAITHII J10 ICCKOABLKIIN ACCATKOB
MIJLIHAMIIEP, 4TO CYINeCTBCHUO NpeBblnact Tok notpebaenns AILT.

Ha npaxriike mnipoxo npistensiercs: cxena crabunirpona ¢ Tep-
MOKOMucHcallell, B KOTopoil HocACLoBaTeAbIO CO CTabIITPOLOM
BIJHOYCIT KPCMUNEBBIIT 101 B ipAMOM natipasactti, Mx Temneparyp-
tibte koahpuIenTh 6J3KIE 10 BEANYINE, 1O MPOTHBOMOMONKIIbI
1O 3HAKY; B PE3YJILTATC (DIHOKTYALITN TOKA 0GOLIX JIIOAOB, BBI3BALIDIC

Puc. 2.15. Bonot-amnepras
XQpaKTepHCTHKG
crabumrpora
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H3MEHEHIAMIT TeMIIEPATYPbl, KOMICHCHPYIOTCS, OIHAKO H 3TOrO Mo-
MPCXKHEMY 1ICZIOCTATOUHO.

HekoTtopbie ABYXBBIBOAHLIE IHTErpajbible CXCMbI MOLYT JIETKO
3aMeltuTh CTAOIUIITPONDL, TIPIL 9TOM Ol 0OecIey BaoT CyIeCTBeHHO
JIyduniie XapakrepucerhKit. Ol.lllﬂ H3 CaMBbIX CTHP])IX Moaeneﬁ — I9TO HH-
Terpaabhblit crabuinrpor TAA 550, kotopbtil Bhilyckaicst B kopityce
tina TO18 ¢ AByMS BLIBOZAMIT 11 IITPOKO- HCIIOJIb30BAJICS [UIsl CTabu-
JI3allHi HAMPsKEHTst CIHCTCM YIIpaB/ie st BApHKaNaMi B TejleBH30pax
(ot 31 710 35 B 1ipn toxe no 5 MA). /lis nosydeHHs cTOJIb BBLICOKOIO
HaINpsLKeIsT CTabNaN3aLinl B Hed ObLIo MpHMeHeHO HeCKOIbKO OfH-
HAKOBDBIX 110CJICA0BATCALHO BKIIOUEHHDBIX KAaCKaJl0B.

Koazmounent LM [13 umeer npaxtiiyeckil HAeHTHYHYIO KOHCTPYK-
111110, HO ero HOMUHAJIbHOE HallpsiKeHHe cocTaBJisieT Touabko 1,22 B
¢ Toynocthio 1%, 2% 1an 5% B 3aBUCHMOCTH OT MCIIOJIHEHHS, Ope-
Jedistesoro 6ykBoif, crosiieil 1ocsie 11a3BaHIisg. JTa BedlUNHa Hanps-
JKeNilst ocioBana Ha ¢u3lyecklx cBolicTBax kpeMmuus (3HaMeHHTas
«IIHPUHA 3allpelieddoll 30Hbl») U JIerko MOBTOpseTCS B CepHilHOM
npotizBoactse. PexomenayeMplil paboyliii TOK fuid aTOro 1iTerpaabito-
ro cradiunirpona coctasisiet ot 0,5 MA 110 20 MA.

KoaitoHenTsl 000100 TINA BLUTYCKAT MHOTIE 3TOTOBUTENI —
B yacTHOCTH, MOskHO HazBath Mozncesi [CL 8069 ¢upant Intersil, AD 589
dipant Analog Devices 11 np. Muterpanphbie 11CTOUHIIKIT ONOPHOTO
nanpsikenist (MOH) cepriit LM 185, LM 285 1 LM 385 octiosarnn
Ha TOM >Ke (PHU3NUECKOM NPIHIIITIEe, CYHICCTBYIOT TakKe BepCHil ¢ Hanps-
kewnnen 2,5 B ¢ Tounioctnio 1% 1 2%. Hekotopble HCTOUHIIKH BbITION-
HAIOTCST B KOPIYCaX € TPEMst BLIBOAAMIIL, 11PI 3TOM AONOJIIHTENblbIiT
Tperiiil BbIBOA 1103BOJSACT TMPH 11COOXOMIIMOCTIL peryaipoBsaTh Napa-
MCTPBI CTabITH3ATOPOB € OMOLILIO BHEIUHEero e/ HTeNlsl Ha pe3ucTopax.

YkazanHbie MCTOUHIIKI OMOPHOTO HAUPSDKEHIST 06J1a/aloT caely-
I0HIIIMI OCHOBHBIMIT XapaKTepUCTHKAMH:

Pabounii Tok
Jliasirgcckoe conpoTIHBICHIE

(na uwacrotre 20 I, npu TOKe 100 MIA coirereereeeneeseeerereessecesess e 1 Oar
S/1C myma
(npu tore 100 nikA, B osioce 10 Ty — 10 KT e, 120 mxB

Hoarospeseniias HecTabHABHOCTD

(upn roxe 100 mxA 1 remuepatype 25+0,1°C)
TemnepatypHblil koaddurent

(nipu Toxe 100 MKA)

20 ppm 3a 1000 4

150 ppm/°C
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Yyts Gosiee oporue, Ho U 6Gojee cTabUAbHbIC yCTpolicTBa Tillia
LT 1009 xomnanuu Linear Technology u REF 25 Z xomnaunu GEC
Plessey Tose GopMHPYIOT ONOPHOe HalpsikeHiie 2,5 B, HO ¢ TOUHOCTHIO
cooTseTcTBeH1I0 0,2% 11 1%.

OTMeTHM Tak)Ke HEKOTOpble KoMItoHenTsl, pojcreeitinie MOH, Ho
1IMeIOlIHe BIoJIle OTIpe/iesIcHHbIiT TeMTiepaTypHbIi Koa(duimert. ITo,
narpusmep, LM 135, LM 235 u LM 335, BoixolHoe HanpsxeHue Ko-
TOpbIX MetiseTcsl TouHo Ha 10 MB npi1 113MeHeHHIl TeMnepaTypbl Okpy-
)Kalolllei cpezibl Ha ONWH rpalyc. B naHHOH KHMre 3TH KOMIIOHEHTDI
OyayT YIIOMUHATHCS TIPH OIIICAHUH BUPTYaJIbHBIX pHOOPOB /1714 H3Me-
peHHs TemrepaTypbl (cM: [1aBy 6).

OTHOCHUTEJIbHbLIE U3MEPEHWSA

Urak, oueBnjiHO, uTO aHamoro-undposoil npeobpasoBartenns HYKIAaCTCs
B OYeHb TOYHOM H CTaOHJIbHOM MHCTOUIIIKE OMOPHOIO HAMpsKeHIs,
OTHOCHTEJILHO KOTOPOTO CXeMa TpeoHpa3oBaHis OlleHHBaeT YpoBeHb
BXOJLHOTO HamnpsiKeHus. B Tex ciyvasix, korna onopuoe Hanpsi>keriie
BDLICTYIIA€T B KayeCcTBe 3TAJOHA, MPHHATO FOBOPUTb 00 abCOMOTHOM
NpeoOpa3oBaHHM.

OnHaxo OBIBAIOT Clyyall, KOTHa Kaxkas-jaibo 13Mepsenas BeaHylia
MOXKeT OLITh onpejie/ieHa He B BHIE O/IHOTO HAIpsXellls, a B BHIC CO-
OTHOLIeHHS ABYX HamnpsikeHHH. CaMbIM OUeBIZIILIM TPIIMEPOM SBJIS-
eTCsl TIOTEIIOMETPHYECKHI JaTYHK, 110 MOXHO NPEACTaBHTD TalkKe
CTpYHHbIC JAaTYIIKH, MAaTHHTOPE3HCTOPDI, JAaTUUKI TEMMCPATYPbl HJH
MaByeHs, Wi, B 6oJce IMPOKOM TIaHe, Jodble CocoObl H3MepeHiii,
Hcnob3yiolne H3mMeHeHHe CONPOTHBIICHHS,

Hanpssxenne na AIIII B Takom cayyae T10j1aeTcst ¢ pe3iCTOPHOro Jie-
JIUTeJIs, [INTAeMOro OT HCTOYHIIKa OMOpHOro Hanpsikenus. [Ipi aton no-
CTaTOYHO 1ICI10JIb30BAaTh OAUH HCTOUHIIK OMOPHOTO HAMPSIKEHHS U JUJIsT
peauctoproro penutens AL, 11 s naryuka, 4ToObl aBTOMATHYECKIT
CHATb BAMsAHHe [OTPEUIHOCTI 1L Apeiicha onopiioro Hanpsikenist, Ta-
KHM 06Pa3oM MOXHO OYeHb TOYHO H3MepSATh OTHOIlIeHIe HaTIpske il
B y3/1aX Pe3HCTHBHOIO MOCTA, /laXke ecJill OTTOpHOoe HapsIKeliie He CIIIL-
KOM cTabuiibHO. B aToM ciydae npiHATO roBopuTh 06 OTHOCHTEALHOM
peo6pasopatiiil.

Ha puc. 2.16 nmokasan npocToii NpiMep OTHOCHTEABIBIX H3MEPCHIIii,
4 lINCHHO onpejie/ieliiie MIOJOXKeIHsT OCIl TOTEHIIIOMeTPa, OTpaxalo-
liero, cxasken, roJsioxkeHue uiorepa, fnepa pyJss 1IH CTBOPKI L1034,
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- Vee
R4 ﬂ R1

} Analog Vee _
R3 +IN ] CS
Mocnenosarensri | YO CLOCK | 1luwa
AEF+ AN DATA OUT ynpaBnexus
Analog | REF- |GND
R2 -IN

GND

Puc. 2.16. [Mpumep cxembl OTHOCHTENLHOTO NPE0BPAZ0BAHUS

Onopuoe tanpsokeniie GOPMUPYCTCs HENOCPEACTBCHIIO H3 Hanps-
axemits nurannst VCC, o6niunio crabinisiiposagrioro 1 pasioro 5 B.
Tpencrasin, uro B cxene R4 = R1, a R3 = R2 111 yTo ornoulenngd
R1/R2 1 R4/R3 onutakosnl. Korna 1oaBHOKION KOHTAKT HOTeH-
IHOMCTpPa HAXOMITCH B BePXHEM MOJI0KCHIIH, HA BXO/AX ANALOG+IN
11t REF+ 6ynet onmuakosoe Hanpspkelie, i1 npeobpasosateib chop-
MIIPYeT JIBOIUNBII KO, COOTBETCTBYIONULT €ro nonHoil wkane (3KBu-
BAJICHT uiicaa 255 nis 8-paspajnoro npecobpasosarens). B uokHet to-
JIOSKEHTII MO/IBIDKIION0 KoHTaKTa lIOTCHINIONETPA Ha HeM Oy/IeT 1yJieBoe
nanpsokene, 11 AIIL ecrecrsentio, copmitpyer Koji, COOTBETCTBY-
o1t HyJeBoil BXOIOIl BejluliHe. PeayabraT 13Meperis Mexuy
yKa3aIHbiMH KPaitHIIMIL TOUKAMI OYJIeT OYCHDb TOUIIO OTPAKATL YI/IOBOE
1H0J10Kel e [1OJIBIDKIION0 KONTaKkTa NPIT YCAOBITH, YTO 9TOT TOTCHILHO-
MCTP HPCUIBHOUHGIT 1T LIMeeT AnHeliinylo XapakTepricTiky.

Ecjin HaupskeHiie nuTanits yNenbInTes 10 4,5 B wnt ysenunres
10 5,5 B (410 COOTBETCTBYET JIeCATIITPONCHTION ITOTPCIHIOCTI), 9TO
HBMeien e NORMIACT [1a HOTCHILIAIBL 1T Ha HIMCPIITEJ IO, 1T [1a O110p-
HOM BXOJIaX MpcoBpasoBaTeist, a 1IX PaslocTh OCTAHETCs NpesKHeil.

Jlatti1ast cXema Mo3BOJLCT BBECTI MOMpaBoytibie KoA(MUIIICHTDI Ty TeM
HBMeHeHTsT BEJIIHDLL CONpOTIBICHIS peaicTopa R4, 10 11€0HX011M0,
B YACTHOCTI, MOTOMY, YTO MeXalltcecknil Xo/l HOJARIDKIOI0 KOIITAKTa
(yron nopopoTa oci) 06bI4110ro noteliozerpa Metbine 360°.

NMPEOGPA30OBAHUE
OTPULATE/NIbHbIX BXOAHbIX HAMPAXXEHU n

Boantinerso npocThix ananero-1iihpoBbixX npeobpdasosateieil pel-
HARHAUCHIO Ul PABOTHE ¢ BXOUILIMI HanpsoKenisia B utanasone or 0 B
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10 BCTIMIIBL Metblueil 1011 PaBHOiT 0HOPHOMY HanpsDKeNIo, KOTopoe
B CBOIO Ouepellb MeHblIe 11111 PABHO HATIPAXKCIHHIO HIITAHIIs.

Beskoe Bxojuloe nanpspkeHite, MCHbILEC HalpsDKeHIst Ha BXojle
REF-, npeofpa3syercsl 11a BbIXOZ€ B KOJ, COOTBETCTBYIOMUIHIT HYJIO,
a Hanpsaxeinie, Gonbllee nanpspkents tia sxoge REF+, onpenensercs
KaK paBhoe HanpspkeHo nosuoil mxannt AL

Anasoro-inpposble npeobpasdsareil, crocoblinie o6pabaThiBath
OTplIlaTeJbHOE BXOj{HOe HanpsiKete, (GopMUPYIOT Ha BhIXOIE pe3yilb-
TaT NpeobpasoBailiisg «CO 3HAKOM», TO €CTh 0ObIUHBIC IBOMYIIbIC CJIOBA,
cTapilliii paspsiji KOTOPLIX YKa3bIBaeT 10JISIPHOCTD.

8-paspsaaHblii NpeobpasoBaTelib «CO 3HAKOM» OyIeT B TAKOM ciydae
1IMeTh TOJILKO 7 pa3psAoB IS Mpe/icTaBICHNsS abCcoOMOTHON BesIYHHDI
1I3MepAeMOro 3HaueHIis, a 3TOr0 MOXeT 0Ka3aThes HeJl0CTaToyHo (BCero
128 BO3MOXKHBIX YPOBHCIl KBaHTOBaNIA).

Ecii n3aMepsieMoe BXOZHOe HanpsiKeile Bcerza sIBAAETCs OTPHUA-
TeAbHOI BeJIMUIIHOMN, caMoe IIPoCcToe peliieHile MpoOJieMbl 3aKT04aeTCs
B TiepeMeHe MecT BXOJHOro 1 obutero BbiBogos ALLLL, kax aTo nenaercs
¢o uymamu Jioboro crpesnouroro Tectepa. Ho taxiy o6pason Heab3s
136esxaTh MpobJieMbl TPH H3MepeluH [epeMeHHoro BX0/HOro Halps-
JKEUIIs ¢ HyJEBBIM CPCHIIMM 3HaueHHeM, KOTopoe inTepectio obpaba-
TBIBATD B TAKMX IIPUJIOKENNISX, KaK BHPTYaIbHLII ociianorpad, anaji-
3aToOp CTeKTpa, HJIl XKe C [Eeblo H3MepeHHs HCTHHHBIX 3 peKrTHBHbIX
3uauennii (cpearieksajpaTHyHoe 11 RMS).

[pocreiininii BbIX0Z COCTONT B A06aBJelH K onqnowy Harpsi-
KEHHIO MOCTOSHHOTO HAaNpshKellld CMeUICHIL; 11Havye roBops, Halo
CMeCTHTDb <«HOJb» 1la BeJHYHHY, He MelbIylo NMKOBOTO 3HayeHUd
H3MepsAeMOro clrnaja. B HeKkoTopbIX cilydyasX 3TO MOXHO CleJIaTh,
nocJie/[oBaTebHO TOJKTIOYNB GaTapeiiky, Ho Oojlee pa3yMHO TpHMe-
HUTb CyMMIIPYIOILYIO cXeMy Ha 6a3e onepaLlionHoro yCHJiTess.

Ecau aMmnnTyIa 1i3Mepsaenoro clirtiajza Majia 10 CpaBHCIUIo ¢ 10Jt-
noft mkasoii ALIIT, Mosk1io BBeCTH'B cXeMy JIOTOJIHNTENbHbIT BXOAOI
YCUJIHMTeNb. DTOT clyyaiil Oynert paceMoTper B rase 6.

YCTPOUCTBA HOPMUPOBAHUA CUTHAJIOB

O6n1yi0 ycTpoiicTBOM HOPMHPOBAHIISI CHIIHAJNOB 1a3bIBAIOT J106yI0
cxemy, BrjoyeHnyio ta pxoge AL o npeanasnavyednyio st corna-
CoBailA ero XapaKTCpIICTIIK € XapaKTEPUCTIKaMIl 11 IlapaMerpasi
licTounKa H3MepAeMbiX ciriaios. MyHKuIe Takux ycTpoiicTs MOIyT
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ObITh rOpasNo cjiokKiice, YeM MPOCTOil CABHI YPOBHSI: [T NOMOMHII-
TeJIbHOC yClUiciiile, KOTopble TPeGYIOTCsl B 1ipIiMepaX, NpefAcTaBaeHbIX
na piic. 2.17 (i3MeHen1e Hanpsokenuss V B 3aBHCHMOCTH OT 3HAYCHTIS
¢usiryeckoil senituunn G).

Hepenko yctpoiicTBo HOpMITPOBaHILs OJKIO BHINOAHATL Npeobpa-
30BaHIe «TOK-HAlPsKEHIIE», O/IHO- ILIT ABYXITOJNYTEPIIONHOE BLINPSIM-
Jaciiie, GUALTPALIO 1V aKe npeobpasoBalite H3aMeHeHIHi eMKOCTH
W HHAYKTHBHOCTH B HI3MCHEHHe [OCTOSIHHOrO HampskeHHs. Tak,
TepMonapsl Tpedyi0T KoMMeHcalit 3 deKTa «xXonoiHOro chnas», a npu
paboTe ¢ MOCTOBBIMH JZAaTHUHKaMK HeobXomuMo Hanmyue Anddeper-
iHanbiioro Bxona. Hekotopeie JaTuiKkIl ¢ HeanHeHbIMII XapaKTepric-
THKaMI (HampuMep, TCPMOPE3UCTOPbL), [Ba MpHAMEpPa KOTOPLIX MpH-
Bezelint a puc. 2.18, TpeGyioT AHHeapH3al i1 Mo OCTATOYHO CJIOMKHBIM
MaTeMaTHYEeCKHM 3aKoHaM. o

B Takom ciyyae o6bIYHO 1CIIOB3YIOT KaK aHANOTOBYIO KOPpPEKLHIO,
BBITOJTHSEMYIO CXEMaMIT B yCTPOIiCTBE HOPMIPOBaHHS, TAK I H(POBYIO
KOPPEKIHIO, BLINOJNSACMYIO IIPOTPAMAMHO B Mpolecce 06paboTKH Bbl-
XonHbixX ganHbIx AILIT.

v (B) \ ®

A
(A)

G G

Puc. 2.17. Isa npumepa
JMHEHbIX 3QBUCUMOCTEN

Puc. 2.18. [lsa npumepa
HEJMHEHHBIX 30BUCHMOCTEH

CTPAHWUA

KoHuenuus nocTpoeHus BUPTYanbLHOT O
1 U3MepPUTENbHOIro KoMmnnekca 1
Axanoro-undposoe
2 npeoBpasoeaHne CUrHanos 7
WUutepdeicHblie nnatsol
BHYTPEHHEro ucnonHeHus 34
BHewHue uitepgdencHblie ycTpoincTaa 34
AHanoro-undpossie
npeo6pa3osatenu ADC 10 n ADC 12 35
Apyrue KOMMOHEHTbl 3TON cepun 39
4 CbHopka n3mepuTenbHOro nHTepdenca 43
MporpammHoe oéecneqenmg
5 BUPTYaNbHOrO KOMMEKca 57
6 JaTuvkm v NPpUHALIEXHOCTH 103
7 Mpunoxexus 131
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Bromie Boamosxiio npespatirts IBM-coBMmectiinbiii TTK B BIIPTYablbiii
H3MEpHTEALHBIT 1IPHOOP, He c/ieias il OMHOI NeYaTHo i HIaThi H He Ha-
[1ICaB HIl OHOIT cTpoyKil nporpamymbl. CyLUICCTBYIOT FOTOBLIC peIieH! s
«TOM KJLIOY», CTOALIIIE OT HECKOJLKIX ACCSITKOR 0 HECKOMBLKHX ThICSY
J0JITapOB B 3aBIICHMOCTH OT IIPEAJiaraeMbiX BO3MOXKIIOCTE]T,

Canble fyyuIie 13 HIX AaJ1eKO MPEBOCXOMST BOZMOKHOCTI OBBIYHBIX
1I3BMepUTEILHBIX NPHOOPOB, @ cCaMble 9KOHOMIIYIIBIE peuleliis YacTo
YAUBAAIOT LIHPOTOI 1X MOTEHLHANBHBIX NPILIOKElIT,

WHTEP®ENACHBIE MNATbI BHYTPEHHEIFO UCNOTHEHUS

YerpolicTsa, BRIMOJHeEHIIE HA MUIATaX, KOTOPbIE YCTaHABJILBAIOTCS
B C0TbI MaTeplinckoil nnatet 1K, nosossior nocrius B peansom
MacuiTabe BpeMelit YacTOTbl ANCKPETH3AIIH B HCCKOMBKO JCCATKOB
Merarepit H paspsigoctit 16 w24, npiueM yacto 1718 HeCKOMbKIIX
BXOJUIBIX KallallOB OJIHOBPEMCHIIO.

ITH yCTPOHCTBA XKECTKO NMOAKMIOYCHB! K LITTHE HCHTPAIBHOrO Mpo-
1[eccopa 1 MOryT paboTaTh B peKiiMe MPSIMOro A0CTYNa K MaMsTH
(ITATT - DMA), a cnenoBaTebHO, HOTHOCTBIO HCHOMb30BATh BO3MOMK-
HOCTI caMmblX OBLICTPRIX Iponeccopos. Jlyuuine Moxean maxe MOTYT
61T cliaGikenbl OyepHoit MaMsATEIO 0GHEMOM A0 HECKOMDKIX Mera-
6aiiToB, NO3BOASIIOIElT PErIICTPIPOBATD Canble HoICTpbIe npolecesl B pe-
QJILHOM Maciurabe BpeMeHH.

Koamanust National Instruments Beerzia 6bita NIOHEPOM B AallHOl

o

cbepe 11 ceffyac t1o-npeskiieMy 3aHiaet JHINPYIOIHHE [IO3HLHII B 3TOMH
obnactil puliika, cTaBnieii B HacTosllee BpeMs HoJieM Xecrtoyaitiucit
KOHKYpPCHILIHII

TpapuuuonueiyMn noTpebirtensi YyKasaHHoi kaTeropuu usgennit
B pasmﬁmx CTpanax sABJISIOTCS MPOMBIILICHHbIC OTPACII 1l Hay4YHbie
OpraiM3amIil, HHauye ToBOPs, HOTPEOIITCIH, KOTOPbIe He 9KOHOMSIT Ha
‘CpencTBax, Mo3BOJSIONIIX TIOJIyYHTh METPOJIOTHYeCKH He3ynpeutble
PE3YbTATHI.

BHELWHUNE UHTEPOENCHBIE YCTPOMUCTBA

B cayuasx, xorna GuicTposeiicTsie He 1MeeT nepBocTenenoro 3ia-
HCIIIA, 3IerauTiioe i 3KOHOMHYHOe pellieHlie TIPeNCcTaBAsIOT BHEIIHITe
unrepgeiicivie ycrpoiicrsa, nonkaiouaemvie k 1K uepes nocnenosa-
TeJILHLI 1IN Bapanneasunil noptor. K atosy Timy iHTepdeiicon Mox-
110 oTiecTt Kak MmnartiopHpt AL, pacronoxkennniii B kopnyce
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pasnesa DB25, ak 11 iacciucckiii My anTHMeTp, criabken bl pazbe-
son RS232, a raioke HacToJbHbIH 1pHOOp, HMetouil Ha xopnyce He-
CKOJIbKO PA3bEMOB 11 OPTaloOB YHPaBJCHIISL

@upya National Tiistruments npeanaract opuriniajibHoe pelieliie, Ha-
XOsieecs] ocepelitHe MeKAY ABYMsI yKa3allHbIMII BapliaHTaMi 1 npe-
kpacnio noaxopsiiiee A7st noprarusHpix [TK. Bupryanpibtil syistuyerp,
paapaboTannblit 3Toil (upMoIi, BHINOTHEH B BHAE KapThbi PCMCIA,
YCTaHOBIITb KOTOPYIO TaK e MpocTo, Kak BCTABHTD JUICKCTY B JUICKOBOJ,
XOTSL ee IapaMeTphl 1Ie YCTYHRIOT MIOMIM O/\HOKAHAJIBHbIM 1UJIATaM,
NpeAlA3IAUCHHBIM JUlsE BHYTpeliero MonTaka. [iianoroBoe OKHO MyJb-
THMETpA HoKkazano fa puc. 3.1.

2 Two Channel Uscllcscope. Vi

TRIGGER

Source Slope Level
oo =] ros -
£X1 NEG ;0;
CHANNEL POSITION
A= Time Base YoltsfOw
: ‘ 13 sy AT
' N 9
ALB-m -

Lmsioy O easdaiy

Puc. 3.1. luanorosoe okHo BupTyanbHoro myastumerpa ¢upms National Instruments

AHANOro-UnoePOBbLIE NPEOBPA3OBATEJIN
ADC 10 U ADC 12

Cpeuit Mojieseit, npejuiaracMoiX B BIHJIC BlIeHITHX nunrepdeiicos, Mii-
watiopiisic anaioro-midposvic peobpasoparesn ADC 10 1 ADC 12
koamatit PICO Technology ionbsyiotest 6oanioil HoiynspiocThbio.
[Ipuuirnoit ToMy CIHyKHUT HCIIHOUITCAbHAsE IPOCTOTA X IPUMCIICHis
1t pocryiast tiena. ADC 10 1 ADC 12 1pejicTaBi-Ior 3aMeUare bpHy1o
BO3MOKITOCTL OBABHCIIIST OJIHOTO HIHT HCCKOJAbKIX alIAJIOTOBLIX BXOAOB
Kk JuoGonmy [TK.
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[Iporpanamioe oGecrieuenie, nocTapseMoe B KOMIJIEKTE ¢ AaHHBIMI
AL, cpasy npespaiuaer komnbioTep B undpoBoii MYJBTHMETp, 3alo-
MiTHaloUHi ocuiIorpad, anam3aTop cnekTpa 1 flaxe B JEHTOYHbII
perucTpaTop (caMonucen), npiiyes BCe 9TH BHPTyaabHble MPHGOPDI
paboTaloT ¢ CHrHaJIaMH B MOJIOCE YaCTOT OT HyJs1 (TOCTOSIHHBIH TOK) 10
HECKOMLKIX KILIOrepIL.

[Tonobroe 0bopyoBane NpH HAANYIH COOTBETCTBY IOIUNX AATYHKOB
H ycTpOficTB HOPMIPOBAIHS OTJHYHO MOAXOAUT AV U3Mepelius H pe-
FHCTpaNIlI CaMbIX Pa3HBIX GH3HYecKuX napameTpos. KoHkpeTHble Tex-

- HMYCCKHE pellleHilst MoJpodHo paccMaTpiiBalOTCs B I1aBe 6.

Puc. 3.2. Buewnwsi sug ALUM ADC 10 u ADC 12

Konnenuus, paspaboranuast 6puranckoit kommanueit PICO Techno-
logy, Becbma opirinansna: AIIT ADC 10 u ADC 12 BubinoaHens!
B BHle npoctoro pagbema DB25 (puc. 3.2). [ToaxmoyeHe aHaIOToBoro
CHriiana OCyHICCTBIISIETCS C TOMOMIBIO Kabessi yepes pasbeM THna BNC
(CP50-73).

JlocTaTouHo BCTaBUTL OMMIT H3 HTHX MPUOOPOB B pas3ben mapai-
aeaptoro nopra (LPT1 i LPT2), uto6sr npespatuts nocienHuii
B aHaJIOroBblil BXOZI ¢ [i1ana3oHoM HanpsikeHuit ot 0 go 5 B. He HY>KHO
Hu Gatapeif, Hi APyroro BHeuIlero MCTOYHMKA MHTAHMS, TaK KaK caM
AIIII 11 ero HCTOUHNK OMOPHOIO HANPSIKEHUs MOTPEOISIOT CTONb MaJio
SHEPrHM, YTO MITAIOTCS OT TeX Leneii nepefayll ZAHHBIX, KOTOpLIC He
3aneiicroBaHbl s cesislt ¢ IIK. Hapo namwb sanyctuts nporpamay
PICOSCOPE, nocrabasiemyio Bumecte ¢ AITI, uto6bi cpasy ke nony-
4ITh 1(POBOTT BOJALTMCTP, 3anoMilnaiounii ocuuanorpad v aHami-
3aTOp CHEKTpa,

Hpennaraempiii otgeasno naker PICOLOG nosBossiet, B cBoIo oue-
pe/ib, HPOBOAHTD PerHCTPalliie AHAMIIKH MEAJCHHBIX TponeccoB. OH
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obnanaeT Takxe MHOTHMI APYTHMIT BO3MOKHOCTAMII, KOTOphie OynyT
noApoOHO paccMOTPEHDI B IlaBe 3.

KoHeuHo, He cicayeT paccUlTLIBATL Ha TO, YTO 3a HECKOJMLKO 1c-
CATKOB JI0JJIaPOB MOSKHO MOJyYIITh 3KBIBUICHT NpHOOpa, CTOSIErO
B TBICSYIl Pa3 JOpoXKe.

Oc1ioBHble OrpaHITYeHIIst Ha MPHMeHCTie PacCMaTpHBaeMbIX YCTPOiicTB
HAKJIAALIBAIOT MaKCIMaTbHASA YyacToTa nickpetisa (210 25 k1) nean-
CTBEHHBIIT AHana2ol BXOAHLIX Hanmpsikenull (0-5 B). [Ipasna, creupyer
OTMETHTD, UTO BXOJ 3alllMlileH oT neperpysok o 30 B.

D4
L1 | >
c2 o1 D2 R3 BAT42
10 puF 0,1 uF 1N4148 S
g ¥ 15kQ BAT42
D3N
REF25Z x — C8 ) 4.8 @ D2..D7
R2 0,1 uF REF+  Vccp— 2
! ’ IN CLK —1—1@ Do
: REF- DOUT --—-—@3 BUSY
Ji D1 GND cSH—Om
BNG Rt A 1N4148 2 5 GND
IC1 [—
K pasvemy
R DB25

Bxon E (0... +5B) (LPT1: unu LPT2:)

Puc. 3.3. Ynpouwennas cxema ALUMADC 10w ADC 12

Taknm o6pasoas, it GOABINIHCTBA MTPAKTIYCCKUN MPILIOKEHIT
aTOro Mpibopa MOHALOOUTCS H00aBlUTh YCTPOICTBO HOPMIpPOBaliis
ClIFHaJa, B KAUeCTBC KOTOPOro MOKET BRICTYTUITL NPOCTasl rajbBaHII-
yeckast Garapeiika, pe3lICTOPHBIIR JeNUTCADb HalIpsKeHls, KOlICcH ca-
TOP HJIM ONePALMOIIILIT YCIUIHTENb ¢ HECKOAbKHMII PC3HCTOPAMIL

Hipke npuisesetipt ApaiiBepsl, KOTOPDLIC MO3BOMST JCIKO [HICATH MPO-
TpaMMBI ISt petierust io0oil koHkperHoii 3agaun 1t na aspike BASIC,
1 'Ha asbike PASCAL, 11 Ha s3bike C. 3111 Bopocht noapobHo ocse-
AIoTCs! B T/aBe S,

Ha puc. 3.3 npusesiena ynpoilcHHasi npimpinianbiasg cxema AL
ADC 10 11 ADC 12, a na piic. 3.4 nokasata KORCTPYKIMS 9THY H3eail.
IIp1 oueBin0il pocToTe TEXHIIYECKOTO PCIICHIIS BO3MOKHOCTI 1I3Me-
PHUTCALHOIT CHICTEMDI B 3HAYTITEALHOIT MEpe ONPE/eIIOTCH CC TIPOrPaMA-
HBIM 00eciieuCHIIeM,

STa cXeMa sBASCTCA XOPOIIIM TIPIUMEPOM HIPHMelelst MIHIATIOp-
HBIX aHanoro-1IGPOBLIX Npeobpasosarescii ¢ BLIBOAOM 1I(OpMailitl
B HOCJIC/IOBATCLIIOM KOJIC, PACCMOTPCIIBIX B riase 2. OpHrHiiaibHocTh
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Puc. 3.4. Kouctpyxuss AUM ADCI10 w ADCI2

cxeMpl B TOM, YTO OMOPHOC Haupsikeliue B Heill cocrapasieT 2,5 B,
a BXOJ0€ HalpsbKelide AeJITcs Ha 2 ULl MoJIyYeH s MOJHOI] UiKaibt
yctpoiictsa B 0-5 B. [Tojo6iras XHUTPOCTL MO3BOJISET, KPOME TOTO,
BeebMa a(b(PEKTHBHO 1 ¢ MajblMH 3aTpaTaMi 3amuTHTb BXoi ALLII
OT Neperpysoxk, a Takke 060l TICH A/ IHTalls YCTPoiiCTBa Hanpsike-
HileM okoJsto 5 B, nostyuaessim or urneil 11H(MOPMANHOHHBIX RaHHBIX
napajaneasHoro nopta. Jsst aToro Ha COOTBETCTBYIORINX BBIXOAaX
MTOpTa 1POTPAMMIIO YCTAHABAHBAIOTCS! HAMPsIKEHS BLICOKOIO JIOTH-
YCCKOTO YPOBHSI. :

Autasioro-mdposuie npeodpasoparein ADC 10 w ADC 12 paznu-
yaroTest Meskay coboil paspagHoctbio (cooTBeTcrBeiio 8 H 12 pa3psjoB)
11 BXOAnbM coniporisiediieM (coorserersedto 200 kOx n 66 kOm).
KpoMe 91010, Mojiesin MOKIO pasjiidlTh 110 11BeTy Kopryca. Ha npakmx’e
CHICYET YUUTHIBATL YKa3aiiible BCJHYITHDl BXOHHBIX CONPOTHBJIEHHI,
CCIIT IJTATIPYETCst 11CTIONB30BATh CTAIIAPTIHbIE HIYIDbL C eJAHTEISMU.

Boantikaer cobnasn cpasy npeutiodects ADC 12, a ne ADC 10, 1 no-

_JtysinTe paspentetitie 8 4096 Touck 1o ipuieaieaoii were. Ho e Bee tak
npocto!

Hpeskne seéro, najio orseriers, 4to nepepaya 12 61t B mocaeno-
BaTCIBLIOM KOAC 3ailiiyMacT kax MiiMys ta 50% 6oanlue Bpeme-
mt, ueM nepeada 8 6ur. OT aroro cliibHO 3aBICHT BepXiILi Ipeac
HACTOTD JANCKPCTHSALI, @ Of JIOJDKCH OBITL KaKk MOXKHO OOABLIIIM...
Kpoaste Toro, cnenyer yucern, UTo ToUIIOCTD JIPYTHX KOMIIOHEHTOB (Xo-
T OLI BXOJUIOLO JrennTesis) cocrapiisict 1%. 910 COOTBETCTBYCT pas-
peiieinno 3 256 rovex (8 paapsitoB), 110 HEROCTATOMHO JJIsl TOUIIOCTI
0,025%, cootrercrnyiouteii paspeutertinio 8 4096 touek (12 paspsiioBn).
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BoJibIIIHCTRO ocuianorpados ¢ wHhpoBoil TaMAThIo HMCIOT TO'-
HOCTL NI OT 2% 10 4% 11 paspellieHIic la ypoBHe 8 paspajloB, 3aTO
o1li paBOTAIOT [PIT YACTOTAX BXOIBIX CHIHATOB 110 NECATKOB Merarepit.

Tnaguslit aprymeHT B noab3y ADC 12 cocTonT B TOM, HTO €10 TOY-
HocTh 1% obecnieunBaeTcs Aake 1JIs BXOJUIOTO HATpSIKellsi, CyLiecT-
BEHIIO MEHDBIIETo MSITH BoALT. JeHcTBUTENBHO, MIaT KBalTOBAHHA 5TOT0
AIIII cocrasasier 1,2 MB, B TO BpeMs Kak'y ADC 10 on pasen 20 MB
(TeopeTirdeckoe 0OOCHOBaHUE AHHOrO paxTa mprseneHo B raase 2).
CrnefioBaTeJbHO, B HanasoHe BXOAHLIX panpsxeniii 0 B —300 MB
anasnoro-ungposoil npeodpasosaresib ADC 12 6yzer TakuM Ke TO4Y-
ubin, kax ADC 10 B fuana3solie ot 0 B 110 5 B. 3ameTiiM, 4TO MOXKHO J10C-
THYb TOTO JKe pe3VJbTara I ¢ NOMOIIbIO ADC 10, cnabiiB ero peryJii-
pyeMBIM yCHIHTeAeM. STOT croco6 GyneT pacemotpet B raase 6.

OPYI'ME KOMNOHEHTDI 3TON CEPUU

Kosmatnst PICO Technology, pacmosnoxennas s o6nacTi, KOTOpyIo
o6LIKIOBEHHO HasbiBaloT anrauiickoil KpenmieBofi Jonmmoit (B oKx-
pectrocTAX KeMGpiika), ysKe MHOTO JIET CIELNansIpyeTes Ha npibo-
pOCTpOEHHIT 1 cHeTeMax cbopa 1 06paboTKI RaHHBIX. '

Wanems ADC 10 1 ADC 12 — numb 2(Ba o6pa3iia 113 BCEro MIIOro-
o6pasis MPORYKTOB, paspaboTaHHBIX KOMIIaHIICil, XOTS OpHIIHAb-
HOCTB 11a3BailIbIX MpHOOPOB CaeTaa X OecTceepait.

Kpoate 3THX 1ByX OMIOKAHANDIIBIX yCTPOICTB HaZlo OTMETIITE ADC 11
(11-xananpHbiif, 10-paspsiainiii), ADC 16 (8-xananbubiit, 8- nmi 16-
paspanubiit), ADC 100 (2-xananpliblii, 12-paspsiuublii), ADC 200
(2-xananbHblil, 8-paspanHsii, ¢ qactoToil mitckpernzamin 10 100 MIw).

3a ncionoveniiem ADC 11, kotopblil cTOIT CTOJIBKO K€, CKOJIBKO
ADC 12, u nneer 4acTOTy AICKPCTIIZalUIT 0 15 xT'u, obmacts Npu-
MeHeH sl MepedlCACHHbIX IPHOOPOB COBCEM HHAA. JeficTBuTeENbIIO,
yacToTa AMCKPETH3aLHH CILIBHO 3aBHCHT OT YHC/AA BXOAHDIX KaHalloB
11 paspsAmHOCTII npeobpasoBaTesis. Hanpiinvep, 1nest 4acToTy AHCKpe-
tizann 2 Ti nipu 16-paspsiaion 1 300 T mpu 8-paspsi/IHOM PEKHMeE,
ADC 16 »oxer obpabaTpiBaTh JIIUIL OMCHb MCJCIIIBIC TTPOLECCHL.
Ho npn BxoaroM compoTisietnr 1 MO\, aranasoHe BXOAHOTO CHT-
nana ot —2,5 B no +2,5 B 11 BO3MOKHOCTH OpraHH3allH nuddepenttr-
AbHBIX BXOOB IO MOYKHO MPHMCHSTD /ISl CAMBIX «TOHKIX> HpILI0-
JKelnil, TakHX Kak xpoMaTorpadiust 111 HI3MepeHue 61LoNOTeHILITaNOB.

Anasoro-1igposoil npeodpasosaresb ADC 100 sacnyxitBaer 60-
Jlee TOAPOBHOIO OMICaHIlsd, B UACTHOCTH TMOTOMY, UTO Ol 3aMETHO
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nipesocxoaut no napamerpam ADC 10 (Ho cToOMT npu 3TOM B MSITh pas

nopoxe) uaaxke ADC 12. OueBHAHO, YTO €ro MOKHO NMpPUMEHSTD

B GoJsiee cepbe3tbx-06macTsX. BoImosHeHHDBIH B MIaCTHKOBOM KOpIyce
(puc. 3.5), koTopblil yiobHee Mo CpaBHEHHIO € KOpIycoM pasbema DB25,
AIIIT ADC 100 umeer ropasno 6osiee CIOKHYIO CXEMY, 4eM ero Hpen-
1IECTBEHHHKH, TAaK KaK €ro KOHCTPYKIHsI He OTpaHuYeHa TpeboBaHUSIMH
MHHHATIOPH3ALHY,

Ha npusenenHoii ¢ororpaduu BHAHO, YTO PSIIOM C ABYMSI pasb-
emaMmu BNC pacnosioxkeHst iBa KHOMOYHBLIX NepeKjioyaTessi, KOMMY-
THPYIOIIUX OTKPBITOE M 3aKpuiToe cocrosinue Bxona (AC/DC). Kak
1 060t ocuusorpad, npubop MoKeT paboTaTh H ¢ OTKPBITHIM BXOJIOM,
U Yepe3 KOHJEHCATOP, MpensTCTBYIOUIMI MPOX0XK/AeHHIO MOCTOSTHHOH
cOCTaBJsiioNEed BXOQHOIO CHUTHaja. JTa BO3MOXKHOCTD, MpeACTaBJsi-
jomasi B AuanasoHe 0—5 B jiuilb OTHOCHUTENIbHBIH MHTEpeC, B JAHHOM
cjyyae TIOJIHOCThIO ompapiaHa, nockoiibky ADC 100 paboraer xak
C MOJOXKHUTENIbHBIMHU, TAK U C OTPHIIATENbHBIMU BXOAHBIMU HAMPSKEHH-
saMu. BoJiee Toro, oH nMeeT ceMpb mpenesioB U3MepeHHsi, BbIOMPaeMbIX
nporpammHo: +200 MB, £500 MB, +1 B, #2 B, #5 B, #10 B u +20 B.
Baaronapsi BXonHOMY CONpOTHBIIEHIIO, cOcTaBAsAoIIeMy posHO 1 MOM
Ha BCeX Mpefiesax, IOCTaTOMHO J1060T0 CTAHAAPTHOTO IYTIa C AeTHTETeM
1:10 anst mosTyueHus 10MoNHUTENbHOTO npezena +200 B.

Taxum obpazom, AIIIT ADC 100, umerournit 4096 ypoBHeil KBaHTO-
atust (2048 1715t MOMOKUTENbHBIX M 2048 U151 OTPHLATENBHBIX HAMPS-
*xenit), obanaeT npu u3MepeHNH Hanpserenus 25 MB Ha Bxogle Toil ke
ToYHOCTbIO, YTo U ADC 10 npu uameperuu HanpsixeHus: 5 B. Jluuib
B PEIKHX Cly4asiX MOXeT MOHaxoOHThest nobaBieHHe 1Ha €ro BXOfe
KaKoro-1ubo BHEITHETO YCUITHTEIS.

B cranpaptHyio mocraBky .ADC 100 BXoasiT makeTsl mporpamm
PICOSCOPE u PICOLOG, kortopble noanepKMBaIoT €ro NOMOJIHII-
TenpHble Bo3MmoxkHocTH, Hanpumep, ocumsnorpag PICOSCOPE sie-
JIsleTCsl IByXKaHaJIbHBIM H MOXeT paboTaTh faxe B pexume «X—Y»
st Gopmuposalus Guryp Jliuccaxy. Ero Taioke Mo>XKHO HCNOJ1b30BaTh
B KayecTBe Xapakrepuorpada IJIsl CHSITHsI BOJBT-aMIePHBIX XapaKTe-
puctik (BAX) nonynpoBonHUKoBBIX TPpUOOPOB HIIH KaK «aHaJIH3aTOP
CHTHATYp» TeX YCTPOICTB, Il KOTOPBIX OTCYTCTBYIOT MPHHUHITHAD-
HbBIE CXEMBI.

[lp1 06paboTKe CHIHATIOB OMHOBpEMEHHO B 000UX KaHalaX peajibHasl
yacToTa AucKkperusaim gocturaet 53 ki (npu ncnoabsopaunu 11K
¢ ipoteccopoM 386SX25). ITo o3nHauaer, yTo curHai ¢ yacroroii 10 kI,
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" Puc. 3.5. Buewnwii sua nnats AL ADC 100

MPSIMOYTOJILHBIA WM Jlake TPeyroJNbHBIH, 6yner cHIbHO MCKaxkeH (HO
TeM He MeHee NPUTOJIeH ISl OLIEHKH, B OTJMYHE OT CUTYalMH C HCNOJIb:
sopanuem AIIIT ADC 10 u ADC 12). '

B onHOKaHAJIPHOM PeKIIME MPH TeX JKe YCJIOBHAX NOCTHXNMA 4ac-
toTa auckperusamuu 106 kT (no 120 xTu mpy HCNONb3OBAHUM TPO-
uecc/opa 486/66 MTu), nockonbKy HET pasfieleHust pecypcoB Mexiy
xanasamu. [IpsiMoyrobHbLii cirian ¢ yactoroi 10 T B TakoM crydae
6yaeT 0ToGpakeH MPaBUIbHO, BO3BMOXKHO, € 4y Th MEHee KpYThIMHU ¢dbpoH-
TaMl, YeM Ha caMOoM JeJe.

Yo KacaeTcsl BepXHETo npefeia 4acTOTHOTO AHana3oHa ADC 100, To
OH 06BeKTHBHO NeKHT B 06s1acT oT 8 10 12 kI, Toraa Kak, npuMeHss
ADC 10, eziBa 11t yziacTes epelariyThb pybex 2-3 xli.

VHaye 06CTONT AiesI0 TIpu paboTe ¢ BUPTyaJibHbIM aHATTH3aTOPOM CIIEK-
Tpa, TaK KaK B 3TOM Cilyyae He TpeOyeTcsi TOYHO BOCCTaHAB/IMBATh topmy
CHTHa/Ia, a cieldyeT BBITIOAHUTb aJTOPUTM OBICTPOro npeobpa3oBaHUs
®ypoe (BII® - FFT). Ha npakTiie MOXHO N0JTy4aTh CNIEKTPLI CHIHATOB
B moJioce uputoit 1o 30—40 kI, a 9T0 3HAYUT, YTO MO0CA 3BYKOBbIX
yactor 20 Ty — 20 kTt nepexpbiBaeTcsi noHoCTbIO. Ketatn, MOXHO oyetib
TOYHO BBIAGANTH COCTABISIONLYIO MioT-curiana 19 kI B cnextpe pa-
AHOBELIATELHOTO KOMIIIEKCHOIO CTEPEOCHIHAIa CHCTEMbL CCIR.

udporoii BHPTYaNbHbI MYJBTHMETD TaKKe UMEET NOMONHHTENb
Hble BO3MOKHOCTIL. JLJIsl ToJiyYeH s CpeliHeKBaApaTiiyHoro BoJIbTMETpa
Terepb He Ly’KHO YCTPOICTBO HOPMHPOBAHMS, a PEKHM YaCTOTOMEpPA
1103BOJISET MPOBOANTDL TOYHEHIIIE H3MePeHHs OCHOBHOM rapMOHHKH
¢ yactoToit 10 30 kI, ITo OyAeT OTANUHBIM JONONTHEHHEM augmlsaropa

4
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CIICKTDa, I(OTO})bllul NMOKa3bIBAET BbICUIME TAPMOHHKH B CIleKTpe BXOJL(-

HOTO CHTHAA.

[Ipy 2ToM B pasiaiyHBIX peXXHMaX Ha 3KPaH MOXKHO ORHOBPEMEHHO
BDIBECTH /IO LIECTH HHAHKATOPOB, TO €CTD MO TPH HHAHKATOPA Ha KaHaJ:;
BOJILTMETp MOCTOSIHHOTO TOKa, CPpeiHeKBAAPAaTUMHBIH BOJBTMETp U Yac-
ToToMep. B ocobeHHbIX cydasix 1MeeTest BO3SMOXKHOCTD Npeodpa3oBaTh
OZIHO 113 HAIIPsKEHUIT UM YacTOTY B JIpyriie, boJiee yRoOHbie BeJITUHHbI
IJISL TIPAMOTO OTCYeTa U3MEepsieMOro mapaMeTpa.

Kax 6110 yrasano, ALIT ADC 100 uneeT ceMb npeziesioB U3MepeHH s,
KOTOpbie BLIOHPAIOTCS MPOTPAMMHBIM CIIOCOGOM BPYYHYIO MJIH aBTOMa-
TueckH: BosisTMeTp PICOSCOPE moxer caM mckaTh npenei uaMepe-
Husl, obecriedHBaioOUNii HabGOIbLIYIO TOYHOCTD, a B Clyyae HCMOMb30-
BaHUsl BUPTyaldbHOTO oculuorpada ynpaeJeHiie BhiGOPOM IIpe/lesioB
ocyuiecTrisercs BpyyHyio. Ecan ¢ atoit nporpammoii ucnossayiorcst

AT THnos ADC 10 u ADC 12, to ona npocto nopdupaer Maclutab

LIKaJIbl 1711 BBIBOAUMOW KPUBOIL.

[Ipu pabote ¢ nporpammoii PICOLOG nosib3oBaTenn noskeH 10 Ha-
yajia H3MepeHH I CaMOCTOATEILHO ONPeNe/IUTh TOT Mpeziest, KOTOPbil OH
couTeT Harbosee MOAXOASAIIMM A KasKOro KaHaja. -

AIIITI ADC 100 nogknioyaercst kabeseM, BXOASIINM B KOMIIJIEKT
[oCcTaBKl1l, K pazbeMy napasienstoro nopra [1K (He Hy:kHO HH 1CTOY-
HMKa NUTaHKA, HH fadke ranbBaHuveckoii 6atapeiixu). IIpi aToM on
crocoGen 06ecneYHTs BOZMOKHOCTH H XapakTepUCTHKH, CpaBHHMble
C HEKOTOPBIMH MJ1aTaMil c60pa NaHHbIX, peIHa3HaYeHHBIMH s ycTa-
HOBKII B CJIOTB MaTepHHCKO}I IL1aThl.

ADC 100 - ato TexHHYeckoe pellieHne, KOTOPOE 1e71eco00pasHto Jic-
N0JIb30BaTh, €CJH JIOCTATOUYHO YacTOTHl AucKpeTH3anu B 50-100 kI'y.
I 6omee Boicoknx ckopocreit crout Boibpath AIIIT ADC 200.

rNABA CTPAHMLA
KoHuenuus NOCTPOEHNs BUPTYasIbHOTO
1 M3MEPUTENBHOMO KOMIAEKca 1
Axanoro-ungposoe
2 npeobpa3oBaHne CUrHanos 7
3 MNpoMBbILLNEHHbIE nanenus 33
YHuBEpCanbHbIi aHanorosblii
nuTepdenc ANA NOCNeAoBaTe/IbHOro
nopra 44
Bepcus ukitepdeiica
Komnasuuu MAXIM 48
Bepcusa nurepdeica
C ONTPOHHOI Pa3BA3KON 50
Mporpammioe obecneyexne
5 BMPTYanbLHOro KOMMNeKca 57
6 JaTtymkn v NPUHAONIEXHOCTU 103
7 Mpunoxexus 131
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CanlocTosiTenbhast cOopka aHajioroBoro HHrepdeiica NpUBJeKaeT Mpex-
Jle BCCTO 3HaY1ITC/AbI0I 3KoHOMIlell cpeficTB, 0COOEHHO ecI MPH 3TOM He
noHaLoBITCsl cepbesiioe MaTeMaTivyeckoe obecriedeHHe, 06bYHO M0-
CTaBJIsieMOe B KOMILICKTe ¢ NPOMBILITEHHBIMIL H3ZleausiMu. [Ipn Takom

K pasvemy

DB9
RS232

HOAXOJIC MOKHO TaKKe BLIOpaTh Apyrie crnocodwl cesizn untepgeiic = I1K,
nanpuzep oukmodarncst k I1K yepes nocsenoarensiibiii, a ne yepes
apajieNblibtii MOPT, IUIM e HCHOMb30BaTh [albBAaHMYECKYIO Pa3BA3KY,
KOTOpast B OIPCICACHHDIX CYYasx OyaeT HeOOXOMIMA. ®

D8
1N4148
@ (TxD)

IN

YHUBEPCAJ1bHbIN AHAJTIOrOBbliA UHTEP®ENC
A9 NOCNENOBATEIbHOIO NOPTA

UTo moskeT ObITh GoJiee eCTeCTBEHHBIM, YeM MOAKIIOYellie oc/He]0Ba-
teapioro AT k nocieoBaTeIbHOMY MOPTY, ke eCJIH POMbILIJIEH-
Tble H3/CH11s Yailie HCnoab3yIoT HopT HapanieabHbiit? Ha camom jiene
TJIaBHOC IIPCHMYINECTBO TaKOTro pelleHnst cocTouT B ToM, yTo [1K ¢ aBy- ' &
Msl (I ke ¢ UCTBIPLMS) TMOCC/IOBaTeNbHBIMII TOPTAMH BCTpeyaloTcs g
ropasjio yauue, yem [1K ¢ aByma napasienbHbiMyu nopramit.

C Tex nop kaK NosiBUIICH CHELHAAbHBIE MOPTDLI AL MLILIH, Y KOM-
IbIOTCPa AOBOILHO YacTo OCTAeTCst CBOOOIHBIM O MeHblieil Mepe onHH

Ic2
78L05
GND-L
R1
82ka

out
15kQ

Z.SVE

D4
REF
252

’® (ATS)
‘o om
82 (s

GND

8,2kQ

Z 3x47V

D7

4

6

L
T

TMOCHCAOBATCABHBIIL TTIOPT; MCKIY TeM Napajie/ibHbIE TOPT MpaKTHYECKE
BCEr/la 3aligT MPITHTEpPOM, OYeHb TOJIe3HbIM B BUPTYaJAbHOM H3MEpPH-
TEJABHOM KOMIJICKCE JUIsL BBIBOAA rPadHKOB M YHCAOBBIX Pe3yabTaToB.
Eine ozuiiny npermyiniectsoM nociefoparenniioro nopra RS 232 sapast-
eTcs GoJiec BLICOKast arpy30uHast cnocobHOCTh 10 CpaBHEHHIO € 6OJb-
IHIHCTBOM MapaiicAbHBIX MopToB. O11a NO3BOJISIET 0TYACTH PaspellnTh .
npoGJeMy HIITalis He Bcerla 9KOHOMHYHBIX cXeM [THTepbeiicos.
[Ipnnuunuanblas cxeMa, NpHBeJicHast Ha pHC. 4.1, mocTpoeHa Ha
ocnoBe cxenbt poMbiiaeHHsIX AT ADC 10 u ADC 12 (puc. 3.3).

c4
0,1 uF

c3
0,1 uF
1
REFs+

-
T

DATA

CLOCK
REF-

IC1 ADC
TLC 548 IP (8-paspagHuil) Gg |5
TLC 1549 IP (10-pa3pagHbin)
IN LTC 1286 (12-paspagHbit)

B YACTHOCTH, NPHMEHEH AHAJOTIYHBIT BXOAHOHH KacKal Cc femireaemM

L &
u

T

D2

2

D3

Hanpsikeins. Hpi ncronb3oBaliy TeX ke HOMHHaJI0B pe3aHcTopoB R4
1 RS (100 xOw nust 8-paspsinroro ADC 10 1 33 kOm st 12-paspsia-
Horo ADC 12) MoxHO o6ecrneyuTh aBTOMATIYECKYIO COBMECTHMOCTD
3TOTO ycTpoiicTBa €O BCEMI MPUCTABKAMH, KOTOpPble OYAYT OMICAHBI

A 1N4148

GND .
1N4148 1 3 J'

R4
100 kQ
1%

Puc. 4.1. lNpununnuansHas cxema nHTepdedica ana nocneqoBarensHoro nopra

C1
100 uF

L
I 16V
D1

B rase 6, — yCTpoficTBaMI HOPMUPOBAHHS CHIIIAJIOB, JATUYIIKAMIT 1f T.IL.
M 1naoopot, copepIieHO 0UEBHAHO, YTO € IAHHBIM YCTPOIICTBOM Helb3st
HCNOJIL30BATL POTPANADI, NpentiaszHavernnie anst ADC 10 1 ADC 12,
MOXKIIO HPHMEHATD TOJBKO Te IPOrPAMMBI, KOTOpBIE HAITHCAHDI HIMEHHO
MU Hero I npuBeneHsl na cepepe www.dmk.ru. Takxke ponyckaercs
HCIOAL3oBalHe COOCTBEHHBIX Pa3paboTOK, OCHOBAHHBIX Ha JipaiiBepax,
0 KOTOPBIX HOfIICT peyb B raase 5.

BHewwHee
nuTaHue
+-@) (HeobazaTenbHo)

Km:ms

i

%

RS

100 kQ
1%

0-5B T

Bxog
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HoMpanst pesicropon BXOMIOro AC/ITITelis B JHOOOM ciiydace Hy:Kia-
I0TCA B NOACHEHISIX, a X Noadop TpebyeT akKypaTIOCTH.

Hazo yuurhiBaTh, 4TO BXOIOC compoTuienie mitkpocxeMbr AL
noceoBaTebHOTO NpubMpKenis (BBIBOJ 2) HMCET, o Kpailueii Mepe
BO BpeMsl BBIMOJHEHUs] MpeoOpa3oBaHus, MOUTH TOJbLKO eMKOCTHbIIl
xapaxrep. Ipit nanpsokerriur mutamist 5 B Tox yTeuxin B npezesax 1 MxA
COOTBETCTBYET aKTHBHOIT cocTaBasiionlell conporneietiist 5 MOw, uto
3HMAUHTENIBbHO GOJIbIIE BXOIHOTO CONPOTIBAEHHS 0OBIYHOr0 OCHILIIIO-

rpacpa. EMKoctast ske cocrassisiiotasi MoxeT jloctirats 30 nd y muk-
pocxentsl TLC 1549 1 100 n® y LTC

R AUn 1292. 310 He CUNBHO OTAlIYAeTCs OT TOTO,
""""" YTO CBOIICTBEHNO BXOJY KJacclyecKkoro
ociiutorpada, 1o caydail, kotoputii nac

MUTepecyeT, COBEPIICHHO 0COOLIIT.

Bxoanast eMrxocTh oOpa3oBalia aje-
MeHTaMil ycTpoiicTBa BblGopKil-Xpate-
I Hus, 11 oHa noctosiiiio usMetisiercst. Co-
——————————— 71acHo piic. 4.2, HHTEIPHPYIOLITH (PrsTp,
obpazyemsiii aToil eMrocTbio C 1 BCAKIN
COMpOTHBJIEHIICM R, BIJIIOYEHHBIM NIocIe-
JIOBATEJILHO C BXOZOM, OlIpeiesisieT BpeMst
llapacTaHHsl ClTHaJla, ponopuiotaiblioe nponasencHio RC.

Ecmil yactora ALCKpPEeTH3AUIN CAHIIKOM BeJliKa OTHOCHTEJbIO
YacTOTHl cpe3a HITerplpylouiero (puiasTpa, To npeodpasopaliie nay-
HETCS B TOT MOMEHT, KOT/la 9KBIIBAENITHHIT KonaencaTop ¢ eMkocTbio C
- OyneT sapspKer ellle fle 10JHI0CThIO, 11, CJe/0BATENbIIO, PEe3YJbTar
13MepeHItst 6y/IeT HeBEePHDIM.

Bemnuuibsl pesiicropos, Buibpaittibie st Bxoaubix neneii ADC 10
it ADC 12 (puc. 4.1), 6B paccuntans! Tak, YToObl TapaHTHPOBaTDL
JKeslaeMylo TOYHOCTb Ha BHICOKHX YaCTOTaX JIICKPETH3allil, Ha KOTOPbIX
MoryT paborarts aTH npioopor (okoso 20 xlu). Oniaxo HoMUHaNB
PE3HCTOPOB MOKHO YBEJIHYIBATD, €CJI NTOTPeOUTEI YCTPAHBAIOT 11e
CTOJIb BBICOKIE ckopocTll uaMmepenitil. Ipn nenosns3osannn usgenmi
B KOMIUIEKTC C [TPOIpanMManil, lanucanHpiMi Ha gapike BASIC ¢ iirep-
HPETaTopOM I BBIMOJAHSIEMbIMII 1A HC OYeHb OBICTPOM NPOIECCOpe,
HOMIHAJIBI MOKIIO YBeauunTh jio 500 kOM, uToOBI TOJYYHTD CTAHAAPT-
tioe BxofaHoe conpotiienne 1 MOM. B o6p1utbIx cayuasx npexpacto
nofoiinet nomunan 100 kOwm (¢ pottycionm 1% 1t Menblue).

[lonxmoueune annnii yrpasienns it anmin fannsix AL k nopry
RS 232 6osiee cnoxkioe, UeM K napajicjniiosy nopry. JeficTBirreintio,
paboulie ypoBiill HanpsbKeH Tl Ha BLBOAAX 110CIICHOBATEILIOIO 1HOpTa

Puc. 4.2. K noscrenmio s¢pexta
MHTETPUPYIOLLEro GusTpa
Ha sxoge AL
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06bIYHO cocTaBigloT okoso 12 B, Torma kak AILIT ¢opaupyer Hanps-
xeunst ot 0 0 5 B.

Jlnst peutennst 3Toii npo6JAEMBl B CXeMe yCTaHOBJICHBI TPI cTab1lil-
tpotia D5 — D7 na nanpsikentie 4,7 B u aBa pesiicropa R1 11 R2. Kpome
TOrO, repell HHTerpaabibiM cTabunusaTopost 78L05, dopaiipyiolun
nanpsokenve 5 B n3 curhana aninun TXD, gosken 6biTh BRIAIOYEH
nnMmnyabcHbli anon D8, .

IIpenycMoTpeH Taike BXOA U BHEUIHCTO 1ICTGYHMKa MHTaNIIA,
pacnosoXenHbll PSAOM ¢ aHAIIOTOBDLIM BXOJOM, Ha TOT ciyuail, Korja
IIK He cMoxeT obecreyuTh AOCTATOUHBIH YPOBeHb HaMpsiKeHUs. JTo
6bIBaeT, XOTS 1i KpaitHe pejko, NpH HCNONb30BaH I HEKOTOPBIX Moziesieil
HoyTOYKoB. B Takoii curyanuit npocras 9-BoJbToBas TajibBaHHYecKas
6arapeiixa 1afiosro obecnedyut paboty yCTpoilcTBa.

Bce ycTpoiicTBo ¢MOHTHPOBAHO Ha nevaTHoil nuate (pic. 4.3), pas-
Mepbl KOTOPOIT HeBEJHKH, 110 KOTOPast Bce e 1e TIpeTeHAyeT Ha pasmve-
wetide B xophyce pazbema DBY, noxxmouaemoro k ITK.

n {° )|
: =
06—

g

Puc. 4.3. Tononornyeckas cxema neYarHo# Natsl yCTposcTea

[Monkmouetite yepes kadenab DBY (Biska/poseTka) ¢ ofHOIMEHHOI
pacnalikoil (yAJIHHITENb, a He HyJib-MozieM) 6ojiee NPeRnoyTHTEAbLIO,
yeM npsizoe noarsoyeniie k pasbemy [TK. B takom cinyyae AL 6yner
pacronoket B HeMocpeACTBEHHOIl OMN30CTH OT HCTOYHMKA ClIFHana,
a He or ITK, 4To maeT GoJibliie HpeHMYLIECTB, YeM HELOCTaTKOB, Ha TexX
yacToTax, Ha KOTOPBIX TpeanosiaraeTcs paboTars.

MoHnTasknas cxeya n ororpadiisi, nplBeneHHble 1a puc. 4.4 n 4.5,
COOTBETCTBYIOT BCeM TPEM BapIlaHTaM YCTDPOIHCTBA, KOTOPLIC MOXHO
cobpaTbh caMOCTOSATEBLHO:

» 8-paspsiibiit ALLIT ¢ TLC 549;

¢ 10-paspstnpiit AIIT ¢ TLC 1548;

o 12-paspsiziiniit AIIT ¢ LTC 1286 mt ADS 1286.



48

BUPTYAJIbHBIV M3MEPUTE/IbHbBIV KOMITTEKC HA BA3E IBM PC

EE—
: REFzszm o
Gnd = .| 2o 20 ke =
Han, : 3 z @’ ‘ i
paxeHue i 4 Z . §
n:naHmsa—};__a@ T(:A°' Mlag
(+ALIM) ﬁ_‘@ 100kQ /1% O g RS232
E(0-5V) —> § 100'(9“,
e H(Z) } h
#

Puc. 4.5. BHewnusi 8ug nedatHo# naaTs ycTposicTsa

CoenuHuTebHAST KOJOAKA C YETBIPbMsI KOHTAKTaMH (MJIU ABYMs,
ecJII He HPefnoaraeTes HCMoab30BaTh BHEIIHUHM HCTOYHUK NHATAHMS)
npefHazHaueHa ISl TOAKIIOUEHHS] BXOJHOTO CHTHAMA,

H011_0611mi’1 cnocod MeskOI0UHbIX coeHHeHHH ﬁpeZICTaBﬂﬂeTCS{ bonee
yRoOHbIM, Hexean koakcuibHbie pazbeMbl BNC wan RCA («Tionb-
MaH»), AJs1 MpelrojaraeMbix obaacreil npUMeHeHus!, B YaCTHOCTH T1pH
HCMOJIL30BaH I TIPICTABOK, ONMCAaHHBIX B rJ1aBe 6.

BEPCUS UHTEP®ENCA KOMIMAHUM MAXIM

B npaxTiyeckoM mpuMeHeHMI MoJjie3Ha BepcHs . ycTpoiicTBa, paspa-
6oTtaHHas Ha ocHoBe MukpocxeM AT MAX 1241 1 MAX 1243, umeto-
U[HX OTJHMYHDIE XapakTePUCTIHKH I pacCMOTPEHHbIX B I/1aBe 2.

OcHhoBHOE OTJHIMIE OT MPeAbILYIero BapHaHTa 3aKII0YaeTCs TOJBKO
B KOMIOHOBKe nevyaTHoit muathl (pHc. 4.6), Tak Kak pacrnojoxeHue
BLIBOZOB 3TIX KOMIOHEHTOB COBEPLICHHO HHOE.

Jnst sukpocxem MAX 1241 (12-paspsipanstit AIIT) u MAX 1243
(10-paspsinubrii AITIT) onycTiMO HICNOB30BATh OJIHIT H Te JKe dJieMeH-
TH 11 OAIIHAKOBOE UX pasMeliielive Ha niate (puc. 4.4 1 4.7).

Yunroigasi Majyio BXOAUYIO eMKOCTb 3THX MiKpocxeM (16 n®),
MOKHO 1oNpodoBaTh KaKk MITHHMYM YJBOUTDH BeJIMUUHbBl PE3HCTOPOB
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o]

°
Puc. 4.6. Tononoruyeckas cxema neyaTHo# NNaTs! yCTpoicTsa
ana sepcuy komnanuu MAXIM

BXOMHOTO JIeJIUTeNs Ul TOH SKe 4acTOTHI JUckperi3anuu. M3 coobpa-
KeHUH yHH(DUKaLHT U COBMECTHMOCTH B cXeMe 1ieJiecoobpasHo nplime-
HUTb MCTOYHUK OIOPHOTO HAMPSDKEHHS NPOU3BOACTBA KOMNAHHH
MAXIM, napaMeTpbl KOTOPOro ajanTHPOBaHbl K MapaMeTpaM OIMCHI-
Baembix AIIIT. Xotst B aTom ceMeiicTBe AILIL cyliecTByioT MOJiesH €O
BCTPOEHHBIM HCTOYHHKOM OMOPHOIO HaNpsKEHUs, 3a4acTyio Jay4uive
pe3yaLTaThl MOAYYAIOTCS MPH HCMNOJAb30BaHHU CIEHaAN3HPOBAHHOTO
H ONTHMHM3HPOBAHHOTO OTAEILHOIO KOMIOHEHTA.

Hcrounuk onoproro Hanpsbkeraust (MOH) tuna MAX 6125, pacno-
JI0’KeHHe BbIBOZOB KOTOPOIO MPHBe/IeHO Ha pHC. 4.8, BbIyCKaeTcsi B KOp-
nyce SO asst noepXHOCTHOTO MoHTaXa (SMD). 9710 e «yayyureHubIi
CTaOUIITPOH»>, a 3KBUBAJICHT BbICOKOTOUHOTO (1) TPeXBHIBOAHOTO HH-
TerpaabHoro crabuauzaropa. OH BKIOYaeT B cebsl H ABYXBBIBOAHBIIT HC-
TOUYHHK OMOPHOTO HaNpsiKEHUs!, 1 HeOOXOANMBII MOC/eNHeMy Pe3HcTop,
BCJIEZICTBUE Yero moTpedienie ToKa yCTPoilCTBOM CYIIEeCTBEHHO CHUXa-
ercsa (75 MxA na IOH 1 meree 2,5 MA na AIIII).

st montaska MOH B paccMaTpuBaeMoe yCTPOHCTBO HEOOXOAHMO
J06aBUTh HeOOJIbLIYIO TMeYaTHYIo MaTy (ee TonoJjiornyeckas cxema
npusejieHa Ha puc. 4.9). Ona MOHTHpYyeTCs Ha OCHOBHYIO MJaTy NpH

Puc. 4.7. Brewnuii Bu ne4atHoi nnarel ycTposicrsa ans sepcum komnarmn MAXIM
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TIOMOLQT TPEX METaNJIYeCKHX WThIPLKOB, H3T0-
TOBJIEHHBIX U3 BbiBOAOB pe3iictopos. HITbipbKu
BCTaBJISLIOTCS B OTBEPCTHS, NpeHastiayeHHbIe 1151
peaiictopa R3 1 nosoxkireabHoro Bbisoja VD4
REF 25 Z (puc. 4.1).
Mounrax HOH MAX 6125 Henocpencrsetiio
Puc. 4.8. Pacnonoxerne  ya konTakTHDIE IIOWALKH 3TOI HeOObIOI MJ1a-
seigonos MOHMAX 6125 1y (puie. 4.10 11 4.11) e npencrassier mpobae,
ec/Ti HCMOJIb30BaTh MasIbHIK ¢ TOHKIIM KaJoM, He HabupaTh MHOTO
NpUIIos U cHavajia NpUMasiTh /1Ba AHaMeTPaabHO NMPOTHBOMNOIOKHDBIX
BbiBOMA (Hanpumep, 4 11 8). 3aMeTHM, YTO NPHNANBATH HEHCTIOIb3YeMble
Bo1BoAbL N.C. Heobs3aTe/bHO.
- Boibop BapnanTa OyaeT 3aBHCETb OT AOCTYMHOCTH KOMIOHEHTOB H OT
BO3MOKHOCTEH M0/1b30BaTe s, HO ObLI0 Obl HHTEPECHO cOOpaTh 1Ba Pa3HbIX
YCTPOHCTBa H CPaBHHTH HOJTyYaeMble B PA3HbIX MPIIIOKEHHSX PE3yIbTaThl.

Puc. 4.9. Tononoruyeckas cxema neyarHod naats!
[0S MCTOYHMKA OnopHOTO Hanpaxenus sepc MAXIM

Puc. 4.10. MowtaxHas cxema MOH ang sepcum komnarm MAXIM .

BEPCUSl UHTEP®ENCA C ONTPOHHOM PA3BA3KOMN

OnrcplBaeMble B KkHIIre ycTpoficTBa, Kak npaBIljio, HCMOJb3YIOTCS U151
113MepeHIis TapaMeTPOB CIITHAJIOB OTHOCHTETBHO OOIIETo I CETEBOro
nposoza. Ho B psine ciityailitii MOryT BO3HIIKHYTD NPO6JIeMbI M3-3a TOTO,
4TO 061U NPOBOR ycTpoiicTsa coeaiiel ¢ kopnycom K.

3a ickaloUueHIeM TeX ciyyaeB, KOria ycTpoiicTBo paboTaeT ¢ nepe-
HoctblM [TK ¢ aBTOHOMIBIM TIIITaHHeM, eT0 HeJlb3s TOAKI0YaTh Heno-
CPEACTBEHHO K LETSIM, He 1130JIHPOBAHHbIM OT CETH MJIT HaXOAAUUIMCA
MO BLICOKIM TOTEHIIAOM.

JloGaseniie HeCKOMLKIIX ONTPOHOB K paccMaTpiBaeMoii cxeme 1oMo-
JKCT PCUINTD 3TY NPo6eMy, XOTS 11 IPIBOMIIT K HE3HAYHTEIbHOMY YXy-
uieliio XapaktTepHcTiik rrepdeliica.
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Puc. 4.11. Brewnwi sug nevarwoii nnatel MOH, ycrarosnenHos Ha nnaty ycTposicsa,
ans sepcin komnanum MAXIM

Kaxii 61 napamMeTpaMu Hil 06s1a1ajl OIITPOH, B HEM BCErAa UCIOb-
3yeTcsi ONTHYCCKHH NPUHINT Nepeaayu CHIHANAOB 0e3 BCAKOH rajibpa-
nuyeckoit cBsA3H. IIpH aTOM H HUCTOYHHK, 11 NPUEMHHK OITHYECKOro
M3JIyYCHUsI pa3MellleHbl B eAHoM Kopnyce. Jlnsi nepenayu HamyyeHus
OT UCTOYHHKA K NpHEMIKY HCHOJB3YIOTCS Pa3jiuHble TeXHOJOIUH,
onucaHle KOTOPBIX BLIXOANT 3a paMKH gaHHOi ryaaBbl. OcobeHHOCTH
ATHX TeXHOJIOTHII ONpeAessioT OCHOBHbIE XapaKTePICTHKH OUTPOHa,
obecnediBasi, B YaCTHOCTH, HEOOXOANMBIH KOMIIPOMHCC MEXKAY CTe-
MCHbIO H301LH1I, KO3 dUIHEHTOM Mepejadu H OblCTpoaeiicTBIIEM,

[~
eESPNE
] ]

Puc. 4.12. Cxema u pacnonoxenue BbIBOJOB TUNOBOTO ONTPOHA

B GosbuniicTse cayvaes HCTOYHIKOM H3TYYCHIIS CTYKIIT CBETORIO]
113 apeenia rajinst, paboraoiitiii B 6ipkHeil g pakpactioit obnacri
criexrpa. IIpit aToM crexTp ero 1ayuentst NPaKTIYecKil COBMafaeT ¢ 06-
JIACTDIO MAKCHMABHOIT CHICKTPAILIOIT YyBCTBHUTENBIOCTIE KPEMITIIEBbIX
(doTonpiieMiniKon, nanbosce ACWEBLIX 1 ILIIPOKO PacHpOCTPaHCHHBIX.

B citennanpibix ontponax MoryT HCIIONb30BATLCS 1 APYTiie H37y-
HATCJI, TAKIIC KAk MIIHATIOPHLIE JAaMILl HakaJuBallusg WH raso-
paspsa/iHbie CBeToH3yYalole npudopsl, HarpuMep Heonossie, B ka-
uecTBe (POTOHPICMHIKOB MOXKIO YACTO BCTPETHTL (hOTOPE3HUCTOPI,
KaK, lalpliMep, B ONToMapax — JlaMna Hakajisaliis-(hoTopestcrop,
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LIHPOKO MPUMEHSIBUIMXCS JIeT ABaAHaTh Ha3al. DTH OlTONapbl HCIOJD-
30BaJIMCh B 3BYKOBBIX TPAKTaX B KAueCTBe MOTEHIHOMETPOB C 3JIEKTPOH-
HBIM YN PaBJEHHEM.

OnrpoHbl HEOHOBAS JiaMMa-(HOTOPE3UCTOP NPHMEHSIIOTCS B OCHOBHOM
B Ka4yeCTBe JeTEeKTOPOB MOCHIJIOK BHI30BA B HEKOTOPBIX CHElMATH3HPOBaH-
HBIX TeJieOHHBIX YCTPOHCTBaX.

Canble pacnpoCTpaHeHHbIe ONTPOHBI BblycKaloTest B kopnyce DIP6
H CTPOSATCS 110 cXemMe, pUBe/leHHoi Ha puc. 4.12: uHdpaxpacHblii cBe-
TOAMO/ OITHYECKIT CBsI3aH ¢ GOTOTPAH3UCTOPOM, TPH BbIBOJA KOTOPOTO
SIBJISLIOTCST BHIXOZIAMHU OTITPOHA.

[To puc. 4.12 BUAHO, YTO NPHHSITOE PACTIOJIOKEHHE BBIBOLOB obecTe-
YyMBaeT MaKCHMaJbHOE PacCTOSHHE MeXIy BX0JOM H BbixofoM. Oue-
BUHO, YTO MpPH TAKOH KOHCTPYKLHI HeT HeoOXOAMMOCTH JesaTh
ONTPOH ¢ HM3ojsuMel, BuAepxkHBalomell Hanpsokenne 3000 B, ecim
HampspkeHHe MPoGost MeXIY KOHTAKTHBIMI IJIONAfIKaMK WM neyat-
HBIMH TIPOBOJHUKAMHU cocTaBJisieT Bcero oxono 500 B.

BoiBoz 6a3bl 0OBIYHO He MCMOJIb3YETCs], TaK KaK TPAH3HCTOp Iepe-
XOIUT B MPOBOJsiIee COCTOSIHUE B pe3yJsibrate ()OTO3NeKTPpHUECKOro
addexrta. Tem He MeHee MHOTZA BCTPEYAIOTCS CXEMBI, T¢ MeXAy 6a30if
11 9MHUTTEPOM BKJloueH pesiictop. ObecneunBasi ObICTpoe paccacblBanye
HaKOIJIEHHOTo B Ga3e 3apsiaa, TAKoe CXeMHOe pellleHHe 3aMeTHO yayu-
maeT BpeMst cpabaTblBaHis ONTPOHA, HO, Kk COXKaJIEIIHIO, 3a CYeT CHHKe-
HI1s ero koadybUIMeHTa YCHIeHUS M0 TOKY IUTH KoadduunenTa nepe-
nauir. Hazo 3aMeTHTD, YTO 3TOT PE3UCTOP YMeHbLIAeT TakKe H 0OpaTHbIA
TOK KOJUJIEKTOpA.

B HEKOTOpBIX CIyYasix BbIBoI 6a3bl MOJKHO HCHOJNDL30BATh VISl YIIPaB-
JIEHHsI TPAaH3UCTOPOM HE3aBHCHMO OT COCTOAIINS CBETONHOAA, HO PH 3TOM
Haflo CJIeNIUTD, YTOOBI HE HapyUIIICh H30JSIIMOHHbIe CBOIICTBa ONTpola.

Taxoit pacrnipoctpaHenHbiil onTpoH, kax TIL 111 (anamorn MCT 2,
H11 A2 u 1.n.) umeet HanpsikeHne usonsiuun 1500 B, nosocy npomyc-
xanus 300 kI u koahduuIIeHT nepenaun Toka oKoJo 8%. ITO 3HAYMT,
YTO MpH cle ToKa cBeToauofa 10 MA cuia Toka (HOTOTpaH3HCTOpa
Gynet coctabisiTh He 6osee 800 MKA.

Onrpon 4N28 npu HanpspkeHny msonaunu 500 B nmeer xoadipn-
uveHT nepenaun toka 10%, Torma kak 4N25 mmeeT Takoil ke Koad-
duHedT npu HanpspkeHnn n3onsann 2500 B.

Y smogeneii tima SL 5500 (cnenuanpblil Tejied)OHHBIH ONTPOH)
ko3 PIIMEHT nepeJaul ToKa MOKET COCTaBMsATh 1o 40%, a Halpshke-
Hie nzosauiu pasHo 3500 B npu nocrostnoM Toxe min 2500 B (ad-
dextieHoe) npi nepemenHoM. OntpoH SL 5501, nena xotoporo uyTh
HHXKe, HnMeeT KoagUIHEeHT nepenaun Toka He 6osee 15%.
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Urto kacaercs onrpoHa CNY 17-2, minpoxo npiMeHsieMoro s tejie-
¢dhoHny, To ero koadhduueHT nepepaull goctiraet 80%, HarpsiKeHIC
n3onsiun coctapnasier 4400 B, a impitHa Mosocel MponycKamiis —
6onee 1 MIL

HekoTtopble onTpoHsl, Beinyckaensble B Koprnycax DIP8, ncuiosnnsy-
10T HOTOAHOA, COEMHEHHBIT ¢ TPAH3HCTOPOM, HC YYBCTBHTCLHBIM
K H3Jy4eHHIo, a CAYXKAUIMM JHIIb IJis1 yCHaeHUus Toka otoanona. Tak
KaK nJis npaBmleofi paboTpl Ha oToanon NOLKHO 6biTh MOAAHO
obpaTHOe HanpsiKeHHe CMellleHUs1, co3Aaloliee COOTBETCTRYIONI 06-
PaTHBIM TOK, OMITPOHB! TAKOTO THUMA WMEIOT JIOTIOJTHUTENbHBIA BBHIBOJ
IUISL ero nogkaouennsi, obosHauaeMmslil VCC.

Taxum 06pa3oM MOXKHO TONYUHTH OITPOHBI C AOCTATOUHO BbICO-
KUM K02 HUNEHTOM nepenavyn 1 ¢ HCKAOYHTENbHbIM ObICTPOeiCTBH-
eM— 11 MIq gnsa anementa CNW 136 xomnanun Hewlett Packard.
Ontpon HPCL 4562 Toro e U3rotoBuresisi, ClellliaJbHO 1pejiHa3Ha-
YeHHBI 751 Nepeflayil aHAJIOFOBBIX CHUTHAJIOB, UMCET I0JIocy Aponyc-
kanus 17 MIu npu xoaddunmente nepenaun Toka 200%.

Ho canbIM nomysisspHBIM pellieHHeM JJIst paqikajlbHOTO YBeJYeH s
koadPpuLHeHTa nmepegaun TOKA SIBJSETCS IIPHMelieHHe COCTABHOTO
oToTpaH3NCTOPA, MOCTPOEHHOTO Mo cXere Japianurtona. JTo peiietite
HCHOJIL3YETCs MPHU 1I3TOTOBIEHIIK IIHPOKO PaclpocTpalieliHoro ofnTpoHa
4N33, umeioiiero BbicoxHil koadduument nepepaunt toxa — 500%,
HO noJsiocy nponyckatus tonpko 30 klir.

Bonee 6bictponeiictsyiomuit ontpor CNW 139 (nponssoanress —
Hewlett Packard) imeert pexopaubiii koaddiurienr nepepadu 3000% —
HIIbIMIL cJioBany, yciuiete B 30 pas. )

B cxenme nunrepdeiica, mpexcrabiacHHoiH Ha prc. 4.13, Herionb3oBatsl TPII
caMbIX JetlleBbIX onTpoHa 4N33, HO A/ yayylleHHs IIapaMeTpoB 2T0r0
ATIITI MOxHO MpUMeHsITh 60Jiee kKauecTBEHHbIE H JIOpOrHe KOMHOHEHTHL.

[TpunieHeHHe ONTPOHOB ¢ GONBIIUM K02 UIIHEHTOM MepejayH 1o-
3BoJIsIeT 06eCcneuTh NPOCTOTY CXeMOTeXHHYECKHX peiieHitii, 1ocTike-
HHe KOTOpOI sBisieTcs: OAHOI U3 1eJseil HaHHOH KIIMIIL.

B 6omee cepbesHbIx 1poekTaX Mexay onrponani it ALIIT aeprisika
OYIyT BIUTIOUATLCS JIoTIYecKIe cxeMbl ¢ Tpitrrepantin HInmiirra, cayskarn-
MII B KauecTBe dropMiipoBatesieil 1Jis 6bICTPOH3MCHSIIOUIXCH CHTIAJ0B.

Manorabaputhble ocienosatesbhbie AT cnocobubl obecneyntn
GonblINe BHIXOAIILIE TOKH, YTO MO3BOJSIET MOAKJIOYATL CBETOMOJ
ONTpPOHA HE[IOCPENCTBEHHO K HX BLIXOJAM yepe3 Pe3lcTOp CONPOTIB-
senneM Beero 2,7 kKOmM. ITOro JoCTaToOUHO, YTOGHI (POTOTPAHIIICTOD
ONTPOHA HOPMaJibHO paboTali ¢ BXOAHBIMII JHHIAMI nopTa RS 232
KOMIIbIOTepa, Hojlyyas HanpsbkeHHe nutanus ot aunun RXD Toro xe
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nopra yepes takoil ke pestictop. Ciiejtyer yYUTBIBAaThb, UTO HATIPSDKEHUC
fia o1oit M 6osee BricoKoe — HHoraa olure 12 B.

[lnst 3a1Thl OT OTPIATENLHOTO HAaNPSIZKEHHs!, NOSIBJSIIOILErocs Ha
BbIBoAax nopra RS 232 u Takke BO3#EHCTBYIOUETO Ha CBETOLMODI
uepes pesuctop conporuieHueM 2,7 kOM, B cxeMy n06aBJieHbl JHObE
D11 D2 1N4148. .

DotoTpansucropst onrporos OP1 1 OP2 dopMupyior ynpasisionue
CHTHAJBI, KOTOpbie BoaaeiicTytoT Ha Bxofibt AITTI, coennHettbie ¢ 06HIM
TPOBOOM pe3ucTopamit conpotusienreM 82 Oar. Takoii HoMuHaT, He-
0OBIYHO MBIl 1 BBISBIBAIOLIMI MoTpebieHHe GOMBILONH MOIHOCTH, He-
OBXOJMM /151 [TOBBIIIEHHS! KPYTH3HDI (PPOHTOB YIPABASIONMX CHTHATOB.

Takum obpasoM, rajpBaHHYCCKas pasBs3ka leNnKkoM obecrieueHa
co cTopoHsl I{HpoBoil yacTH, a cxeMa aHaJIOTOBOTO BXo/la ocTajach
abCcoNIoTHO HAEHTHYHOH cXeMe, MoKasaHHOH Ha puc. 4.1

B ocTanbnoil yacTu ycrpoiicTBa Toke ecTh HECKOJNLKO 0ocobeHHoC-
teil. Tax, A7t mofaun HanpsiKeliusi [IMTAHUS HU B KOEM cJlydae HeJlb3sl
HCIoJIb30BaTh HopT RS 232, unaue 6yget HapyllleHa co3qanHast rajib-
BaHuyeckast usonsiins. [loaToMy HeoOXOQHMM BHEIIHUH HCTOYHUK MH-
TaHus (HanpuMep, rajibBaHnyeckas 9-BosbroBas 6atapes). B kauecTse
crabunusaropa Bbidpan komnoHedtT LM 2931, umeomuii oueHs masoe
najcHUuE HaOpsieHUsl Ha perynupylomeM ajieMeHTe, YTO TO3BOJsIeT
npu HeobxoaUMocTH 060UTHCH McToynuKkoM NuTaHus 5 B. Eciit xe
CCTDh YBEPEHHOCTDb, YTO BHCIIHCE HanpshKeHHe MUTaliust OyaeT Beerla
6onbiie 5 B, To MOKHO MpHMEHHTH 06bIuHbBI cTabnansatop 78L05,
YyMEeHBIIHB eMKOCTb KOHAEHCATOpa Ha BhIXOAe cTabuiusaTopa a0

10 M ®. HPH HCIHOJIb30BallllH BHelIHero HCTOYHIKa MUTaHHA Tpe- -

6OBaHUSL K UEPronoTpedbIeIno CTauoBsATCsS MeHee KeCTKHMH, Mo-
3TOMY HCTOMHMK OropHoro HanpsskeHus REF 25 Z moxet 6biTh 3a-
MEHell Ha Meilee 3KOHOMMUHBI, Ho 6osee memeBbIfl M MpH 3TOM
mMemolnHil Tounocts 0,2%, a ne 1% (Hanpumep, LT 1009 CZ npoussoxn-
cTBa kommaHun Linear Technology). '

[Ipu nsrortoBseHUIl 3TOro MOAYJIS IICMOJAb30BaHA OXHOCTOPOHHSIS
1eyaTHas IJiata, 4yTh 6oJiee JUIITHHAS, YeM Tpeblayliile, HO HMelolas
Ty ke umpuRy. Ee Tomonorndeckas cxenma rnoxasana Ha puc. 4.14.

Mosk110 3aMETITD, 4TO oAta KonTakTHas momanxa MOH LT1009 CZ,
npennasiadeH ast Uisk MOHTaKa 3JICMEHTOB LelH TOYHOIT MOACTPOHKII,
HIKY/Ta 11e 11ojikJIouelia. BeposiTHo, Takoe e n3MeHeHIIe MoHaao01Tes
BIIECTIl B PHCYHOK MeuyaTHoI ILaThl, IpIBCAEHIbIil Ha plic. 4.3, ecii
BO3HIIKIIET HEeOOXOMIIMOCTD IIPUMEHIITh AAHHBIIT KOMIIOHCHT BMCCTO
REF 25 Z. 1o npeacrasaset onpeaesenplii unrepec s 10- i 12-pas-
pstanbix Bepcuit ALLTIL
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Puc. 4.14. Tononoruyeckas cxema nnatsl nocnegasarensHoro AL
C ONTPOHHOMN PA3BAIKOH

PacnojioxkeHne afeMeHTOB CXeMbl Ha MMEYaTHOW MJiaTe MOKA3aHO
Ha puc. 4.15 u 4.16. TToxkniodenne ycrpoiicta K 1K npoussoautces
NP NOMOIIM Takoro xe kabesst ¢ pazbemamn DBY, kakoit Hcnosib3o-
BaJicsl B NPEABIAYLINK CAYyYasx.
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Boibop Toro min mHoro xommepueckoro IporpaMMHoOro obecrneyeHus
(I1O) ans BUpTYaTBHOrO HI3MEPHTEILHOTO KOMILJIEKCa onpeensieTcs Kak
KONKPETHBIM THIEOM aHAJIOroBOTo HHTepdefica, HMeIoLIerocs: B HATHYITH,
TaKk 1 0COGEHHOCTSIMII H3MepeHIIii, KOTopbie HEOBXOMIMO MPOBOJUTD.

B uenom mporpanmmbl, rocTaBisieMble ¢ MPOMBIILIEHHBIMIT HHTep-
eficamu, ABASIOTCS JYYUINMI, €CIH TOBOPUTH O BO3MOXKHON yacToTe
AMCKPeTH3ALIIH, U YacTO MOTYT PaboTaTh B TAKHX CHOKHDIX PexIIMaX,
KaK CIIeKTpaJibHblil aHaMM3 CUTHAMOB Il T.01. VX agmanTtauus mis 1eko-
TOPBIX 3ajla4 HHOIA TpebyeT 3HAYHTENBIBIX YCUAHI, TAK YTO B MOL0O-
HBIX CJ/Iy4asX MpeAnoyTUTeibHee HAMHCATh HeCKOIBKO CTPOK MPOTrpaMMBl
a g3bike BASIC, yto6n1 noctryb sxenaeMoil e,

B nauuoii rnase 6ynyT nocienoBaTesbHO paccMOTpPeHbl 9TH Ba pas-
HbIX, HO B3aHMOJOTONHSIONHK cocoba NpakTHYECKOTO BOMIOIIEHHs
KOHIL[EMUMH MOCTPOEHNSI BUPTYaNbHOTO H3MEPUTENbHOTO KOMILIEK A,

KOMMEPHECKOE NMPOrPAMMHOE OBECINEYEHUE

PaccmoTpiin BHdYase nporpaMMHOe ofeciieueHne, nocTaBIseMoe B KOM-
nnexte ¢ AIIII ADC 10 u ADC 12.

Iaker PICOSCOPE

PICOSCOPE - 510 yHuBepcanbHOe MpUIOKeHHUe, B KOTOPOM TIpH Mo-
MO MEHIO MOXHO B J1I060i1 MOMEHT BBIGpaTh THM MPUGOpa, HYXKHOTO
MOJIB30BATENIO:

* WidpoBoii BOALTMETp MOCTOSHHOIO HAH ePeMEHHOro Toka (cpes-

HeKBaZlpaTHYHBIIT );

* nugpoBoit yacTotomep;

* 3anoMHHalounit ocuumiorpad (ot 1 Mc/nen no 5 ¢/nen);

* HH3KOYACTOTHHIH aHATU3aTOp CHEKTpa.

Bepcns naxera nis DOS nosBossieT ucnosib3oBaTh 0QHOBPEMEHHO
TOJMIbKO OAMH BHPTYaJbHBI NpHOODP MIH HECKOABbKO MyJIbTHMETpPOB,
Torzia kaK Bepchst a1 Windows nomyckaet MHOrookoHHOCTS (puc. 5.1),
XOTSI 9TOT PEXKHMM 3aMETHO 3aMezisteT paboTy Beelt clcTeMbl.

OueHb BaXHO OTMETHTb, 4TO NMPH paboTe ¢ CHTHANAMH TTePEMEHHOTr0
TOKa HeOOXOMMMO 06eceuHBaTh JOCTATOUHYIO BEIMYHHY MOCTOSHHOTO
CMelleHNsT BXOAHOro curHana. B nmpotuBHOM ciyyae Besikast oTpiia-
TeJlbHas CocTaBJistiolast 6yneT HTHOPHPOBAaThbes (AMANa3oH H3MePCHHIT
cocranser ot 0 1o 5 B, 11 Tonbko HoBhie Mozenn ADC 40 u ADC 42
HMEIOT BXOIHOI1 A11anasoH £5 B).
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Puc. 5.1. Mnmioctpaums MHOTOOKOHHOIO PeXymMa MpOrpammsl PICOSCOPE

IMonaya nepeMeHHOTO Hanpm}(exf’lm pAMO Ha BXOL ADC 10 1nu
ADC 12 He npuBOIAT K HX BBIXOAY U3 cTpost (110 kpaiiiel Mepe, 10 30B
nuKoBoro aHauenns win 1o 20 B adpdexrusroro). Ho npi atom noka-
3aHHH CpeqHeKBaApaTHYHOrO BOJIBTMCTPa 65111yT abconoTHO lieBep-
HDIMH, OCIWIJIOTPaMMa OKaxeTcs ypesaﬂuon'(om—ronm[yneplr(u'moc
BBUIPSMJICHIIE), @ CHeKTpP OyneT MCKaKEH Mapa3HTHBIMIT CIEKTPasIb-
HBIMM JIHHUAMH (TOSIBATCA YeTHbIE IaDMOHUKH).

ECTI, MHOTO BCMOMOraTe bHBIX CIoco6oB (HanpiMep, HCTOJIb3OBAHHE
rasibBaHiyeckoil Gatapeiiki, BIUTIOUEHHOH [OCTeI0BATENLHO € BXOAOM),
KOTOPBIC O3BOJSIOT 06PAbaThIBATL CHIHATIDI MEPEMEHHOr0 TOKA € 1LyJIC
BOIt 1UIH Majioil HOCTOSIHHOI! cocTapnsiionici, Ho Gosiee NMpCAMOYTI-
TeJbHO HCMOJb30BATL XOTS Obl MPOCTOE YCTPOICTBO HOPMHPOBAHIS
curnanos (cM. rasy 6). ,

Xots AIIIT ADC 10 1 ADC 12 MO0 NOAKTIOUHTD K moboyy IBM-
conmectinomy ITK (kenatenen akpan VGA, Ho 10CTaTowIO 1t CGA),
He PEKOMEHAYeTCs HCMOJIb30BaTh MPOrpaMMy PICOSCOPE c fnpo-
neccopamit Hipke 386, B kpaitiem ciyvac, 286. Bnosne npuroiibl
sozesn K tuna 386SX25, 1o, ccTeCTBEHHO, 6osee COBPCMEITHDIC N0~
OOHJYT Jiydiue,

B ciyuae c6opa JaHHBIX O TAPAMCTPAX ME/ITEHIDIX nponccco? (cus-
THC KPHBBIX 3apsi/ia I Pa3paaa akkyMyJIATOPOB, i3Mcpetiie m\me'—
PaTyp It T.IL) MOXKIO OLITh YBEPCIIBIM, UTO JIKE CTAPOTO HPOTICCCOpA
8088 ¢ raikToBOi1 uactoroit 4,77 MI'u Oysacr pocTatouiio. Ho nna pabo-
Toi C ITiM HAJIO HEHOJIb30BATh APYTryIo mporpany, tanpinep PICOLOG
nan T1O, xotopoe npiBoaUTCA Ha caiire www.dmk.ru.
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B 1esnion xenatesibiio Hauath paboTy B pexine ocumsorpada, ¢ Bol-
BoztoM rpaduixa (piic. 5.2 11 5.3). Taki cioco6oM MOXHO BbISBHTD Bee
BO3MOXHble OTpaHHYECHHUsI CHUFIIaNa WJIM JpYrHe sIBJAeHHS, ClocobHble
NOBPE/NTD TOYHOCTH 1I3MePeHI KakIX-an6o crelpiieckirx Beauym.

8 i 12 14 16 i8 26
25n0vigys 1184

Puc. 5.2. 2xpan supryanstoro ocumnnorpapa s pexume Windows

Kaic i mp1t 1icnosb3osatiitu jioGoro apyroro ocuiiiorpada, crenyer
TIOMHITD, YTO BOCIPOU3BECTH TOUHYIO (POPMY CHTHANA MOKHO TOJBKO
TOrZa, KOrja BepXisisi YacToTa ero CrekTpa ropaszo Mellblle NOJOCH
NPOIYCKaHUSA H3MEPUTE/ILHOI HEMN. ITO 3HAUMT, YTO B JAaHHOM Clyyae
KeJIaTeJIbHO OFPAHHYHTBCA CUTHATAMU ¢ YacToToil He 6osee 2 k11

Ecnit ke npeBbICHTDL pasynMuble mpesiesivl, MOKHO MOXYUHTDh OYEHD
KpaciBbie KpIBble, HO ¢ OIIOKAMII B HECKOJIBKO MopsinkoB. [Ipuuinoi
TOMY — KJIacCIIYecKoe siB/ieHIIe, Ha3blBaeMoe HaJIoKeHHEM CIEKTPOB.
Ouo mpossasieTcst B N06oIT cHcTeMe, B KOTOPOiT YacToTa AHCKpPETU-
3aUlH MeHDbLIe YacToThl 0O6pabaThlBaeNMOro ClIrHa,

Hepes cucTeMy HEPapXHYECKHX MEHIO MOKHO BLIGHPATh CaMbie pas-
HbIE PeKIIMBI PabOTbl, B OCHIOBHOM COOTBETCTBYIONIIIE KIACCITIECKHM
peskiMam paboTbi ocuusiorpada: BoI6Op pexiMa CIIHXPOHH3ALHIL,
BbIOOD YACTOTHI Pa3BEepTKIl, YCIJIEHHS H CMeleHIsE (B HOCTexHeM
clyyae JKeJlaTeJIbHO HPIIMEHSATh BHellHHe 2/IeKTPOHIIble YCTpolicTBa).
IIpit 510M ecThb BO3MOXKHOCTH COXpAHUTb PE3y/bLTAaTDhl H3MEPEHIs Ha
Aticke 6o pacnevararh OCLILUIOrPaNMbl 1M CIIEKTpb 1a Gynare. Pe-
3YJISTATBL MOTYT ObITD TaKIKe 3aMHCaHbi B Tabu4i0il hopae, IpHronHoii
Ui 06paboOTKI B HPOrpaMMax 3/1eKTPOHHBIX TabJIHI, B TEKCTOBBIX pe-
JaKTOpax MM B rpad)HYecKIIX naKerax.

[IPOTPAMMHOE OBECTIEYEHVE BUPTYATIBHOTO V3MEPUTENBHOTO KOMIIEKCA 61

Puc. 5.3. Sxpar supTyansHoro ocuunnorpaga

XoTst aHaNH3aTop CHCKTpa‘ ¢ mosocoit 2 kIt MoXeT BbI3BaTh yIbIOKY
y CKelTHKOB, aHaJIII3aTOP, KOTOPbIl BXOANT B COCTAaB NaKeTa uPlCO—
SCOPE, — coBceM He MIpyIka, HECMOTPS Ha ero yNpOLICHHbIH aJiro-
pIrT™ (fist moBbienust GbicTpoxeiicTsus). Ero TouHOCTL Jierko oue-
HUTD, IPOAHAJIM3HPOBaB JIBYXYaCTOTHDIE MOCBLIIKH DTME, cocrosiuue,
KaK 113BeCTHO, M3 Map YacToT 3BYKOBOro Alala3oHa II NplMeHseMble
B Tenied)OHNH IS Mlepenadn widp 1ab1paeMoro HoMepa.

[MoHsATHO, YTO aHATM3 cHrHanos ¢ yactoroil 50 Ii He npexacrasnser
npo6ieM, a 9TO OTKpPbIBAET UIMPOKIIE BOIMOKIIOCTH B H3YUCHIIIT pas It~
HBIX YCTpOHCTB, paboTalolnx OT CeTH.

BonsTMeTp BHINOJHEH B Buie nHdpoBoro Tabio, BUIHMOTO ¢ 6op-
LIOrO PAcCTOSHHS (HAIIpHMep, ¢ MocjeaHeil mapTel B Kiacce). B Bep-
cun DOS ol clabxen Taloke JHHeiHOH wKaaoll. 3To B HEKOTOPOM
CMBICJIE aHAIOT ocHHIorpada ¢ BBIKJIIOYCHHOIT pa3BepTKOIl; MOCTOSAH-
Hoe HampspkeHHe oToOpakaeTcs MPOCTO YepTOUKOl Ha dKpane, a nepe-
MEHHas COCTaBJsIIonasd BLIVISANT Kak [10Jioca, WHpIa KOTOPOH paBiia
ABOITHOIT aMIIITYAe CHIHaMa. JTOrO JOCTATOUHO IJIs aiianxiaa orpa-
Huennit curnaia 6e3 ociulorpaduyeckitx HabaoneHU.

Taxunm o6pasom, B nonoxetinit DC (nocTostHHbIl TOK) 6):[[8’1‘ 13-
MepeHo cpefHee 3nadetile, a B nosnoxennt AC (nepeMenHbill TOK) —
cpenuexBagpathulioe (addekTiBiioe) Hauele HaNPKEHHA, KaKkoBa
6b1 1x Gbiia opma BxoaHoro ciriana. [lonoGHbIX Bo3MOKHOCTENl He
MOTYT TPEIOCTABHTb MHOTHC OObIUHDIC MYILTIMETPBI.
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Haker PICOLOG

PemCTpaTop na 6ymMaxcuoli jiente (camonucen) 10 cHx MOp WIHPOKO
NPIMEHACTCS AN BI3YaNH3alfll MeJIEHHDIX MPOUECCOB ¢ AJIHTEb-
IHOCTBIO OT HECKOJNBLKHX CEKYHI 0 HeCKOJbKHX YacoB, JiHell Wl [Jae
mecsteB. OCHOBHOMN 1Hen0CTaTOk TaknX NpUGOPOB COCTOMT B MX HO-
poroBu3siie (1leHa JOCTHIaCT HECKONbKUX ThICAY DOJIJIapoB).

ITaker PICOLOG 1 ot 113 aHanoro-ungposbix npeobpasoBaTeneit
xonmmanun PICO Technology Beero 3a Heckonbko mecstros NI0J17IapOB
NO3BOJIIOT NpeBpatiTh Moboil TTK ¢ npiaTepoM B BUpTYanbHbIii peruc-
TPaTOp, CIOCOOHBII BBIIOMIATD He TONBKO byHKUHN 06bIYHOTO caMo-
ltHcHa, 1o It HeKkoTopble Apyrue. HecomHenno, 1o yaaynoe pemmenue,
KOTOpOe JI0JDKHO 3aMHTepecoBaTh YHTATEJIS.

- Hro kacaeTcs MeIeHHBIX npoueccos, To nakeT PICOSCOPE mo3-
BOJISIET 00ecneuynTh MakCUMaAbHYIO JUIHTENbHOCTD passepTku 50 ¢
(5 ¢/nen). Mporpamma PICOLOG ouens xopolo pomnosuser PICO-
'SCOPE, umest yacToTbI Pa3BepPTOK OT OLHOTO H3MepeHHs B MUJIIHU-
CEKYHILY 10 OfHOTO u3MepeHHsi 3a N nHeil. '

[Maxer PICOLOG, sbmonusiiomuii (YHKIHU JIEHTOYHOTO peruc-
TpaTopa, — 3To Ipexzae BCero nporpamMma c6opa JaHHBIX: OHA HakKall-
JIIBACT B OMpe/Ie/IeHHOM (paiisie IPHBA3aHHbIE K TeKyIeMy BpeMEeHH HH-
¢opmaniontble AanHble, MOMdyyaenMble ¢ 3afaHHON YaCTOTOl omnpoca.
ITO MOTYT OBITh Pe3yJIbTaThl 06PabOTKH HECKOMBKHX TOCHEL0BATE D
HbIx n3Mepentit (9¢dexTsl npineHeHns: GUALTPALME HIH ycpenHe-
1), Visenno n3 atnx ganubix PICOLOG 3aTeM BbiBOAAT OfuH WM
HECKOJILKO OTYETOB, IPEACTAB/ICHHDIX B BHIE rPadHKOB HIH U(POBBIX
TabnuIr

EcrecrBenno, oTyersl MoryT 65ITh tMG0 pacnevaTansl Ia Hymare, Jiu-
60 SKCHOPTIIPOBAHDI 1A ICKETY B CAMbIX pa3npIX hopmaTax, iH6O mpoc-
TO BBIBCAEHDI Ha 9KpaH (pHc. 5.4) Kak ¢ 3apepxkKoii, Tak 1 B peabHOM
MactiTabe BpeMeHl1, ecil HHTepBaJ Mex/y oTcueTaMH Gofpiie 50 M,

[Tockosnbky nepen Hauason H3Mepeuil coBepuieHHo 1ie0bs3aTelNb-
10 3a1aBaTh BIIA OTYETA, €r0 MOXKHO BBIBECTH B J11060i hopme 11 ¢ Jito-
6bIM HAGOPOM AAHHBIX H3 TeX, KOTOpbIe yke 3anncannt na jicke. Ipn
ATOM MOXK1i0 060fiTHCH 11 6e3 IIcnoNb3oBalTIs nputrepa. Masmepennsa
MOTYT 6LITh caenanbl Ha noprarushom K 1t ya crapom XT ¢ npo-
ueccopom 8088, a satenm obpaboralibl Ha 6oJiee MOLIHOM, HO MeHee
MOGIUILHOM KOMITBIOTEpe — [POCTO NOTpeGyeTcs CKOIHPOBATD I Mepe-
caath daiin!
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Run C:\adc10\og\temp: collected 12:11 on 17Jun

Puc. 5.4. Pesynstar 8618080 MHGOPMAUMM HO IKDAH
npw ucnonsaosarmit nakera PICOLOG
VINMeHHO Ha 3TOM 3Tarie — aTarne paculidpoBKH pe3yJibTaToB — JIOrHd-
HO BOCMOJBb30BATHCS LIMPOKIMIT BOSMOXKHOCTAMMU MaKETa PICOLOG
Juist 06paboTKH MOJyYeHHBIX NAHHDIX: NPHBSI3KOH K UIKaxe ¢ HCIOJb-
3oBanllen MaclTabHoro koadduuiienta, NOJIMHOMHALbHDLIN HII name'
TaGIMUHBIM peobpasoBalieM, COBMeEIIEeHI1eM Pe3yIbTaToB HC({KO(;I;I(()HGX
nauepmeﬂbﬁmx KaHajioB i ap. B obuiey, aTo o3Hayaer, uto PIC
cniocobel NHeapH30BaTh JaHHble J000ro AaTyuKa, XapaKTepHCTHKH -
HO H3BECTHBL .
KO?CPT(;E(;BT;;O, MO>KHO BbIICJIMTB 11 PacrieyaTaThb HJIM BBIBECTH Ha SKpaH
110 OTACABHOCTH BCC NHTepecylolle yYacTKH 3aricH JTodoro 1'1111/1Tem,-
loro Mpolecca, TaK ke, Kak eciiii Gbl JieHTa OOLIMHOrO perHcTpaTopa
pa3pesajiach Ha KyCKH [Jist TIOIPOOHOTO H3Y4eH . ) _
Jnst xpaneiinis 1THGOPMALIIOHHBIX JaHHDBIX H3MEpeHHIT 1T thopnt ot
yeToB He HYxHbI pasHble dailnbi. Kaxnomy Habopy AaHHBIX ;{OOT-
percTByeT oiH (ailn B cnetytanbHom dopmare PLR (Pico Log Run).
O1i colepXKIT yske codpaHHble Jaliible, & XapaKTepHCTIKN BbIBOlII;lI\IbIX
oTueToB Hobassiotest B aToT (aiiy mo Mepe 1x QopairpoBanud. Hano
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TAIGKE 3AMCTIITD, 4TO OJIIIAKOBO JIErKO BBIBECTII CACHAHIbIT OTYCT HOo-
BTOPIIO, OHpelesIITh BIIJl HOBOTO OTYeTa JUIsl TOro e Habopa NaHHbIX
IUII JKe HBMEHNTD B CAeJIaHHOIO OTYyeTa. DTO ouelb yno6uo’ HO uc‘—
MHOTO OHACHO, TAK Kak B IOLOOHOM Cliyyae ecTh pIiCK nore{)mb He:
CTOJIDKO CaMIl JlaHHbIe, CKOJILKO (JOPMBI H HACTPOITKI, KOMHS KOTOPBIX
MO3KeT Il He coXpanlitbest. [ToatoMy cienyer mocTosio 1o/n30BaThCH
MHOTOYHCIEHHBIMIT ClIOCOGAMIT KOMIIPOBAHILS H COXpalieHlis], KOTopbie
nporpasMma fpeaaraeT B CBOEM MeHIo «ymnpasliieHite dafinaud, 11 no
BOSMOKHOCTII BCCrAa paboTtaTh ¢ Komuell, ITo 06I3ATENBHO n(;nm{o
BOIHTH B NMPUBBIYKY, €CJH ellle He BOIIJIO.

Ipasunvuoe npivenenne nmakera PICOLOG nonpasysesaet nocne-
JloBaTeJIbHOE BBINOJIHENHE (0JLUIOr0 KOJHYeCTBA 3TAMOB, IpHYEM
B OMpe/ie/IeHHOM NMopsaKe, HayliHasi ¢ BbI30Ba MHOXECTBa MGI;IO. Hexko-
TOpas CIOXKHOCTD IIPOXOKAEH!IIS ITIX 3TANOB — IJIaTa 3a OTPOMHbIE BO3-
MOKHOCTH nporpanbl. Ouenb BaxHo pa3obpaTbest B npHHLIITAX pabo-
16l PICOLOG, nHaue MOXHO MomacTb B «3aMKIyTbIT Kpyr» 6
He 106UTLCS JKeJIaeNoro. P T ROODHE

Hpesxne Bcero, Hago BBIMOJNIITL HHCTAMNSIIIIO NPOrPaMMBI C AIIC-
KETBI, CJIelys IpHBEIeHHBIM YKa3aHHsIM, KOTOPble MOTYT pasJilyaTbCst
B 3aBHCHMOCTH OT BEpCIHI.

A {Iommo naketos PICOSCOPE, PICOLOG u koH®urypanionnnix
¢hailzios, coamaBaembIx B npoliecce HHCTALISIIIN, ecTb enfe daiifibl npaii-
BEPOB, HEOOXOMMMbIX /ISf BHIBOAA HGOPMAIMI HA TPHUTED 1UIH A/
9KCMOPTa B pa3/iHuHbie odiiciiple mporpammsl. Daiinsl u3 cTangapTHOi
HOCTaBKH PABOTAIOT ¢ GOJLUIITICTBOM COBPEMEHHBIX IPIHTEPOB, A eCJIH
KEJIATENLHO BUIBOMUITD nngopniaiuiio B hopmatax BMP PC’X (ans
Wu}dows), PostScript, TIFF 1t 1.11., To Hazo «II3rOTOBUTH» CIELHATb-
1Bl ApaiiBep NpIr NOMOLIIT YTILIITBI, PoAaBaeMoil oTaebHO.

Huano OTMETHTb, YTO ApaiiBepbl ObLIN HaNIICAHbl He caMoil KoMMa-
Hiteft PICO Technology, a kommanueii, cneunannsnpyioumelics B gan-
noif obmacti, — Fleming Software. Vmenno nostomy mnporpanna
BblIaeT rpadiyeckiie 1306paxenins ouelb BbCOKOro kadectsa. OnHa-
KO He peKOMEeHYeTCst IOCTOSTHHO 11CH0JIL30BaTh ONIHIO «BI)ICOI;OC pas-
pellleHIle» MPH MeyaTil Ha MaTpUYlbIX mprHTepax. Ha crapuix IIK
B 9TOM cJly4ae HIOr/Aa MOXET NOTpeboBaThCsl 10 MoJiyyaca BpeMeHi
ULl pacievaTky O4HOIT CTPAliibl; KPONe TOTO, YJAYUIleHIe 11306pa-

KEHIS JOCTIIraeTcs B yniepb TOYHOCTII TOCTpoeHHst KpHBoit (addekT
<CLJIKITBAIIS» ).
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TToMIMO HaCTpOIiKit TapaMeTPOB 11e4aTil CO BCEMH OMIIAMIL IO dop-.
MaTaM, OpHEHTAIHH 1 pa3pelienHio, fpoleaypa HiicTauIAI 1103-
BOJISIeT ONPEIENITDb TII MPHMeHseMOro AIIT u mopT, K KOTOPOMY OH
6ynet nozkmoyell. [JOHATHO, 4TO €C/i AIIIT nopiiovYer K napajiesib-
HOMY HOpTY, TO MOCAenHUil yxKe HeJb3st HCIo/Ib30BATD IS TIOAKIIO-
yeHits npiiHTepa. Ecrb 1Ba BapHaHTa pelleHis aToH mpobJieMbl: 3ape-
sepuposath 3a AILII BTopoit npurrephpiii nopt (LPT2) 1 BbIBOAHTD
JlaHHbie IS nedaTn B daili, coaiaBacMblii Ha ircke. Paciieyatarhb 10Ky-
MeHT, oopMIIeHHBIIT TAKMM 00pasoM, MOXKHO B stoboe apyroe BpeMs
11 Ha JI06OM ZIpYroM KommbloTepe. [Ipi aTOM Haflo y4HTBIBATD, 4TO daitn
6yzmeT oyeHb BEIHK, — Topasio GoJblie, YeM Pe3yJbTaThl H3MepeHil.

[lepen TeM Kak TepefiTH K IIPAKTHYECKOMY UCHOJIb30BAHUIO BHUPTY-
aJIbHOTO perHcTparopa, Oyner moJesno ¢ [IOMOILBIO OIIITH BbIBOARA
YHCJOBBIX BeJIuUI (<«rokasath nanpsikenine AILID»>) nposepuTh IMpa-
BusbHOCTB uamepelrnst nanpsokens AT B ananasone ot 0 1o 5 B,
[lojaBaeMoro Ha ero Bxoit. Eciii BO3HUKAIOT KaicHe-n1ubo omobKII, ce-
AyeT y6eTbCs B IPABILILHOCTH BCCX coeIICHIIT, a TAKoKe IIPOBEPHTD,
{IeT JIM alnaparHbpiX KOH(IIMKTOB MEXy IIK 1 ALLII (ccour oHiL eCTb,
TO TaKie e KOHQIIIKTD MOSIBSITCA 11 IIPH HCITONIL30BAMITH TPOrPAMMEL

PICOSCOPE). _

Kaxk npaBiio, 1ofo6Hbie Tpobienbi BOSHHKAIOT TOJILKO IpH UCNOJID-
sosatin mopratiiBybix [TK, B KOTOpDIX 11T CHIZKEITHA siepronotped-
JieHust pHMeHeNbl HeCTAIapTHBIC pelleliis B CXeme nopra.

[Ipeskae yeM nadarh ceatc u3Mepeluil it MpHCTYNHTb K obpaboTie
pesyJILTaToB N CO3/1aHIH OTYETA, HeoOXOMIMO BLITIOMHHTD MHOXECTBO
onepaipiii. K cuacrbio, HeoOs3aTebIIo kKDL pa3 MpOAEbIBATL BCeE
3TI OINCpANIll € HYJs, TaK KaK HPeiycMOTpeHa NpocTast npoienypa
IS TiepesarTycka Jioboro 1MpoBeJIeHHOro panee Ceatca. Hanmo npocto
IPHCBOUTD APYroe N daiiny, uTobbI lle MOBPEAHTD cTapbiii (ailn
Tpil BBOJi€ HOBbIX JAIIIBIX.

[Tosb3oBaTelio peKkoMeHAyeTCs 3apatiee NOATOTOBHTD HECKOJIBKO TaK
HA3bIBAEMbIX KaJAIIGPOBOUIIBIX TAGHLL, COOTBETCTBYIOLIIX TEKY LA 3a-
nadan. BrocieacTint TabaIIbl MOXHO 6y/eT 1Cnoab30BaTh MO MEpe

1afoOHOCTIL

B Ta6.1. 5.1 npuBe/ieHbl HHEKOTOPbIe MPHAMEpDI. Omnit NOKa3bIBaIOT, KaK
samichBaTh Ha GymMare BO BPCMEITHOM MacliTabe 31ayeHie HanpsbKe-
ins, 1sMmensomerocs ot 0 1o 5 B niint ske npHBEAEHHOTO K STOMY
JIANa3oHy BHCHIIIHM YCTPOICTBOM HOPMHPOBAIIA BXOAHOTO curnana.
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B mepsom npivepe 3navenns perncrpipyiorcs KaK/1y 10 MILITHCCKYH-
ny (9710 caMas BbICOKAS CKOPOCTb PEFIICTPALHIL) CTO pas noapsin. Kasxk-
nast wippa MpeacTaBAseT Pe3yIbTaT BHIYHCCHIIS CPEIHEro 3iaueHIs
IO TPEM COCENHINM BbLIGOPKaN, 113 PacyeTa <OfHO H3MePCHIIC 33 Kax-
nbte 100 axe». Takint 06pa3on, BouliceHe 3HaYCHIS 115 perucrpa-
LUMH MpakTHYecKH BolmojdseTcs 3a 300 akc.

Hazo ormetnTs, uto Takoii peskin cootsercrayer npe/iesibHbIM BO3-
Moxnoctam AT ADC 10. [Tpsinioyroapubrit crrnan ¢ yactotoii 100 Iy,
obpabotanmblii ¢ momoursio mponeccopa 386SX25, OyneT BoiBeneH
€ 3aMETHO 3aBaNeHHbIMII (ppoHTamMu. A co crapsiv [IK Ha npomeccope
8086/8 MTIu 1 8088/4,77 MIu nexenatenviio NPEBLIATD Jaxe
yactory 10 1. Ho xaxoit 6or IIK nu ricnons3osascs, rapalTHpOBADI
OTJIHYHBIE PE3YJbTaThl /1 JIOOOTO BXOJHOTO CHrHala ¢ 4acToToil
menbuteil 1 pasroii 1 [, Takim o6pason, ofecneyeno coracoBamue
¢ BosMoxkHocTAMIH niporpamybl PICOSCOPE.

-Bo Bropom.npivepe Taxke perictpupyetest onHo 3navene 3a 1 Mc,
HO TBICAYY pa3 NOAPsilL, TO eCThb B TeYEHHe OHOIT CeKYHIbL.

Tpetit npuMep mmocTpUpyer usMepeilie, NPOBOMINMOE B TeueHle
OIHOM MUHYTBI, CO CKOPOCTBHIO O/1HO 3HAUYEHHE 32 JeCHTh MHJUTHCEKYHL.
Takast ckopocTb BBIGOPKH HOCTaTOUHO BBICOKA JUISL TOTO, YTOGH] MOKHO
OLLTO BRIBOMITH OTUET Ha 9KPaH HENOCPEACTBEIHO BO BpeMs pericrpa-
‘i B aTOM cayuae nosp3oBatesib YBHINT COOBILEHITE O TOM, YTO, [ZET
NpolLlece perucTpaiiil. '

B qe’fBeprO.u npusmepe periicrpupyercs 14400 3nauvenuii B yac
€O CKOPOCTBIO ONHO 3uayente 3a 250 Mc (To ecTb 4 3HaYeHHUs B CeKyHLy),
HO Kbl pa3 BblYMc/sAeTCs cpeatee apHdMeTHYecKoe N0 AeCsTH
M3MEPEHUAM BMECTO TpeX. JTO MO3BOJISET Jyylle OThHIALTPOBATH
BO3MOXHbIe MOMEXIH, CIOoCOOHbie HCKa3HTh Bl KkphiBoil, Takas cko-
pocTb cOopa NaHHBIX MO3BOJSIET BHIBOLUTL OTYET Ha DKpaH B TeueHue
Beero mneploaa 13MepeHNil 1 gaxe M3MeHsTh NapameTphl Ipoiecca
TIPSINO BO Bpenst paGoThI.

Bepxuss yacts tabmuunt («Ilapanerpo cbopa mpanubix» u «Ilapa-
METpbI KaHajia» ) COOTBETCTBYET TeM HacTpoiikam, KOTOpbIC HEOGXOMIMO
NMPOBECTIH /0 Hayasta pabothl. Bee ocranbhbie atann oTHocsTes Kk o6pa-
60TKe PeaysIbTaToB, a 3HAYHT, X YCTAlOBKA MOXeT GbiTh fpoBeneHa
O OKOHYAHMII TIpoliecca H3MepeHiit. Mo)KHo 3a1aTh BIIZI OTYETOB I B ca-
MOM Hauaile, ecll 3apaHee 113BECTHO, KaKoli pe3yJILTaT Hallo MOIYYIITh.

Ectectpento, 3To He06X0AIMO clemaTh 11 NP BBIBOAE OTYETA 1enocpern-
CTBEHHO B Ipollecce H3mepeHii.
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Ta6mua 5. 1. Mpmmep xanuBposouHoi Tabmus

100 Mc 1c [ 1 mMuR 1y
Napametpbl cGopa AaHHbIX
Wurepean suibopi 1 A 10 250
Envnuua MC MC MC MC
Yucno epiBOpoK 100 1000 6000 14400
§ MapameTpbl KaHana
g Kaxan 0 0 0 0
§ Wmn ADC10 ADC10 ADC10 ADC10
(&
0
Mukumym 0 0 0
Maxcvmym 255 255 255 255
1
Yucno orcueTos 3 3 3 0
Meroa o6paboTku Ycpearexne Ycpenxerne Ycpenrerve Ycpenrenve
Buibop napameTpos
Wmst Hanpsxexue Hanpsixerue Hanpsixerue Hanpsxenue
EpviHnua namepexus Bonbt Bonet Bonbt Bonbt
[anason 5 5 5 5
S Kon-80 3H. nocne 3ansToi 1 i 1 1~
2 likana Nvnentas Nuneitnas NuxeiHas Jlnnennas
§ HacTpoika NWHERHOR WKanbl
g pagyvposka Lukany Bonst Bonbt Bonet Bonbt
=
= | OBuwit napamerp ADC10 ADC10 ADC10 ADC10
= Cppur Ryns 008 008 008 008
g Koagduument 0,01961 B/M3P | 0,01961 B/M3P | 0,01961 B/M3P | 0,01961 B/M3P
% HacTtpoiika otyeta
L»:E— Y=F(t) - 100 mc 1¢ 1 MuR 1y
S 0 0 0
g X MuH. 0
E X maxc. 1000 1000 60000 3600000
@ ®dopmar Nurednbit Jinkeiubin Jneitsin JiHeRbiA
é BepTukanbHas 0Cb KOOpAUHAT
§ BuisofuTh Ja Ja la Ja
(] MeTxa win en. namepeHns Bonet Bonet Bonbt Bonbt
Y MuH, 0,000 0,000 0,000 0,000
Y maxc. 5,000 5,000 5,000 5,000
Mapamerp Hanpsixetue Hanpsixerue Hanpsixerue Hanpsixexne
Qcb Y Cnesa Cnera Cnepa Cresa
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Hano yerko npejcrapisits, uto na srane cbopa nudopmaru B daiis
3AITHCLIBAIOTCS «CBIPBIC> AHIIbIE, He UMeIOTIIe Pa3MepHoCTIL. TO npoc-
TO ABOMYlIbIE UliC/Ia, HAaNplIMep B HTepBaje oT 0 no 255 NpI HCHOJb-
3osantit 8-paspsanuoro AL ADC 10. Takoit moTok zanHbix Ha3bIBaeTCs
«KQHATIOM>», 11 My IOJKHO ObITh NPHCBOEHO 1M, B NPIIBeJCHIIBIX TpIi-
Mepax Bbiopato 1mst «<ADC10». Pasymeercst, Heckonbio kananon MOTYT

'CYLIECTBOBATH OAHOBPCMCHHO, B YaCTHOCTII 1p1 paboTe ¢ MHOTOKaHAb-
oIz ALLTL Takns kak ADC 11,

Cpenu Bcex BHIOB 0TY4eTOB, KoTopsie nporpansa PICOLOG mosxker
IISBJICKATD 113 «CBIPLIX» NAHHDIX, 3AMNCAHHBIX B (aiiie, caMbiM ynotpe-
G1TebHbIM By eT, Ge3 COMHEHUS, KpIIBast H3MeHEeHHsl MapaMeTpa B 3a-
BUCHMOCTH OT BpeMeHH (HHBIMII CJOBaMII, TO, YTO BBIZACT OObIUHDIT
JIEUTOYHBIT periicTpatop). MMennto Takoit otyer npuBesieH B Tabn. 5.1.

XOTs BePTIIKANbHYIO OCh MIKANbI MOXKHO TPaslyHpoBaTh B IBOMYHBIX
xonax AL, ropasgo 6onee nutepecto MpoBeCTH UX npeobpasoBaHue
B €[INHIIIbI, COOTBETCTBYIOUIIIE peabHBIM BeJIHYHAM (nanpumep, Ha-
npspkediie ot 0 go +5 B). 3uaunr, nago Onpelle/IUTh HMs TapaMeTpa
(3nech: «Hanpsoxennes) u yrasarn IporpaMMe MareMaTHYeCKYIo 3aBH-
CHMOCTD, CBA3BIBAIOLIYIO HH(MOPMAIHONHbIE JaHHble B «KAHATE» I CaM
napameTp. B taHHOM cayuae 3T0 0UeHb pOCTO: 3aBHCHMOCTD JiHHeliHas,
CMEIICIHIIE OTCYTCTBYeT (HysieBoii kon Ha Buixoge AILIT COOTBETCTBYET
0 B na Bxonme), a xoapprmient npeobpasoBalis coctaBiasier 5 B
tia 255 M3P, 111 0,01961 B/M3P. ITocie atoro Hago OMpeNenTh Mpej-
craBjieniie kpiBoit «Y=F(t)» (pic. 5.5), Ho MoXHO TasKe 3a1pOCHTD
it Taba114iI0e NIpejicTaBJiere, obpasel KOTOPOTo MpItBesen Ha puc. 5.6.

Cuiavana MOXIHO NpICBOITD IrpaHKy HMS, KOTopoe GyAeT oTpaskeHo
Ha Gymare B BUJIe 3aroJioBKa; BIIPOYEM, 3TO I1eobs13aTesIbHo. 3aTeM Hajgo
TPanyHpoBaTh OCH, COOMIONAA Pa3MEPHOCTH I eIHHHILb, BbIOpaHHble Ha
npeaptyix stanax. o ocu X, nanpumep, cienyer obecriednrts Makcu-
Manbhoe siadenie 60000, ecnit TpebyeTcst IponssecTy 3amcs B TeueHHe
OLHOM MIIHYTDI, C BpeMeHHOIT IKAOH, IporpaayrpoBaHHOil B MILLIICe-
KYHIaX (HEBKHO, ¢ KaKIIM HHTEPBATIOM MIPOBOMIUIICE U3MepeHIsT — Kax-
AbIE IECATD 1111 €To Mitincekyun). Tlo ocn Y rpaxynposanue HPOBECTI
npoute: 10CTaTouiio ofbIBITH MaKCHMabHOe 3liayeliie napamMerpa, co-
OTBETCTBYIoLlee Hosoii ukane AL,

HosBosnrensHo Takske BBIBOANTD B OTYere HH(DOPMALITIO JIMIIb O Yyac-
TIT 1I3MEPSAEMOTO HIFTepIiLI, YKasan napaMerpsl «X MHH.» U «X MaKc.»,
orpannuHBamouLie mrepecyouniit yyactox. TeopeTigecki Bo3MokHO
CACIATDL TO JKe CAMOC I /YISt BEJIMIIL, OTKIAABIBAGMBIX 110 ocHt Y, 110 Torza
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Puc. 5.5. Mpumep rpagpuyeckoro otyera

112 11200 185 3,6
113 11300 185 3,6
114 11400 185 3,6
115 11500 4 0,1
116 11600 4 0,1
117 11700 4 0,1
118 11800 4 0,1
119 11900 4 0,1
120 12000 185 3,6
121 12100 185 3,6
122 12200 185 3,6
123 12300 185 3,6
124 12400 185 3,6
125 12500 4 0,1
126 12600 4 0,1
. 127 12700 4 0,1
128 12800 4 0,1
129 12900 4 0,1
130 13000 185 3,6
131 13100 185 3,6
132 13200 185 3,6
133 13300 185 3,6
134 13400 185 3,6
135 13500 124 2,4%

Puc. 5.6. Mpumep oryeta 8 uge Tabamub

yxymmaercsi paspeutetiiie. [Tostomy syyiue Hpel{BaleTe.IIblI:) Smgcmnv
y : it +9 B.
6upoBaTh CIITHAJ, €CJN1 Cro YPOBelih He JIOCTHIACT BT



70

BUPTYAJIbHbIV USMEPUTENbHBIVI KOMIIEKC HA BA3E IBM PC

HanpsixeHrue (B)

Hanpskenue (B)
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Puc. 5.7. Pacneyarxa ¢ Hnskum paspeweniem

5 10 15
Bpems (mc)
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Puc. 5.8. Pacneyarka c sicokum paspetuermem

5 10 15
Bpems (mc)

20

[ocsie BbIBOAA Ha 3KpaH H, BO3MOXKHO, MOCJie KOPPeKUHH TOro HJIH
MHOTO NapaMeTpa BbIBOZA MOXKHO NPOM3BECTH pacleyaTky noJyyeHHbIX
otyeToB. Heckonbko MpUMepoB, MpUBENEHHDIX 3/1eCh, NAIOT NPeACTaB-
JieHHe O TOYHOCTH 1 4eTKOCTH, KOTOpble JOCTHIAI0TCs lavke Ha POCTOM
NpUHTEpe ¢ AeBATbIo Hrojkamu 1 ¢ 8-paspsaanbiv ALLL

Puc. 5.7 — aTo npuMep pacneyaTky B pexXHMe HH3KOTO paspelieHnst
1 aTb6OMHOIT OpHeHTalnH, a puc. 5.8 — NpUMep pacreyaTk B pexnMe
BBICOKOTO pa3pellieH st i KHHXKHON opueHTalH.

[IpuBenennas Ha rpadMkax 9KCHOHEHTa OTOOpaXkkaeT NMPOLECC pas-
psina koHmeHcatopa emkocTbio 10 Mx®, 3apsKEHHOIO 10 HaNpsKeHHs
5 B, uepes peaucTop conpotuBieHreM 1 MOMm.

Jlpyroit uHTepecHbI ciiydail — 06paboTka dailna, conepxaniero 4nc-

~ JIoBbl€ 3HaYeH!H, cneUaii3lipoBaHHBIMH NporpaMMaMi IJisg royye-

HHUSI BBICOKOKAYeCTBeHHOI rpaduKku. DTO MOTYT OBITH KaK pacHpocTpa-
HeHHble NaKeThl EOBON rpadUKH, TaK W MaKeThbl, MpeJHa3HaYCHHbIE
JUIst HayuHBIX HccsenoBannii. Tak, rpaduk, n306pakeHHbIN Ha pUC. 3.9,
6bLT TOCTpOEH Tpu oMoy nporpammet SigmaPlot, pa3paboTaHHOH
xomnanueii SPSS Science, ¢ ncnonb30BaHHEM KOPOTKOM 3aMHCH CHI-
HaJla, MOJNYYeHHOTo OT (PYHKIHOHAIBHOIO reHeparopa.

NMPOrPAMMHOE OBECINEYEHUE YACTHOIO NMPUMEHEHUSA

SToT pasziel MOXKHO Ha3BaTh [JIaBHBIM BO BCeil KHUTe: HMEHHO B HEM
pacckasbiBaeTcsl, Kak peljaTh NPaKTHYeCKH JI0Oble 3a/la4H, CBA3aHHbIe
co c6OpOM JAHHBIX TIPH HU3KHUX YacTOTaX AuckpeTusanii. Monymbnas

3500

3000 -

2500

2000 4

DanHbie Y

1500

1000

500

T T T T 1
0 2000 4000 6000 8000 10000 12000
Dannpe X

Puc. 5.9. Pesynstar 06pa6OTKH AOHHBIX CNEUMATHIUPOBOHHON NPOTDAMMON
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Puc. 5.10. O6uias cTpykTypa MpuknagHsix npOrpamm, PaccMaToHBAemEX B KHure

CTPYKTYpa HIDKeNpPUBeJeHHbIX mporpaMy 1ia g3bike BASIC nmit aspike
TurboPASCAL nossosister ananTnposaTh HX K HOBbIM 3a/:a4aM, H3Me-
HAS JIHLb HECKOIBKO CTPOK.

Ha puc. 5.10 npencrasiena crpykTypa, 110 KOTOpoit 6yayT CTpONTLCS
roTOBble K paboTe NpHIoKeHs.

B Hauase nporpanbl HaxoAuTcs ApaiiBep, COOTBETCTBYIONULT BbI-
6patroMy ALLIT — 6o rotoBoMy, M16o cOBPaHHOMY CAMOCTOSITENLHO
10 OMHCAHIIO, KOTOPOEe NpPIBENENo B 9TOH KIIIreE.

Kaxamiit apaiisep 6bi Hamicad B cOOTBETCTBIN co chemngIiKaii-
AMIL, MPEACTABIECHHBIMI I3TOTOBHTENSMII HCNO/b3YEMbIX KOMIIOHel-
TOB, 1IpiIYeM 0coboe BlIIMaKIE YACHSIOCH BPEMEIIbIM JIIarpaMMan
npoTokosoB cBs3il. [{paiisepui MosxHO paceMatpnBarh kak [10, nocras-
JisieMoe <110/l KJI10Y», 1O JOIYCTIIMO Takke Mol npoBarth 11X B ca-
MbIX Pa3HbIX LIEJISX. . ’
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Iepsbiii 650K Kaxaoro ApaiiBepa (crpokn 10-90) npoBoxuT MHU-
[IAJIN3ALHIO TTOCAe/(0BATEIbHOTO MJIH NMapalesbHOro MopTa, UCIOoJb-
3yemMoro JJISL CBSA3IIL, 11 obecrednBaeT Moaayy HAMPsXeHHs [HTaHHs
Ha moakilouenibiii k Hemy AILIl. bisox 3akanumBaeTcs KOMaHJIOH
GOTO 200, nepenatomeii ynpasieHie cobcTBeHHO NMPUKIATHOI Tpo-
rpamme (crpokn 200-290). ITa nporpaMma yHHBepCaJlbHA, OHA 3aBUCUT
TOJILKO OT BbIiTOJMHAEMOH 3ajauu, HO HH B Koell Mepe — OT IpHUMeHsI-
emoro ALLIT. ITostomy 3ameHuTsb apaiiBep npu cMene ALLIL (Hanpumep,
npit fepexose ot 8-paspsafHoro k 12-pa3psaaHoMy) oueHb I1pocTo.

[TpuknagHas MPOrpaMMa MOXKeT caMa 06palllaThes Ko BTopomy 6Jio-
ky npaiiBepa (crpokn 100-190) HacTosbko 4acTo, MaCKOJIbKO Tpeby-
eTcs. JTa YacTb J(paiBepa OTBEYACT 3a BbIIIOJTHEHHE OIHOTO — U TOJILKO
OJ[HOTO — anaJoro-1H(POBOro npeodbpasoBaHUsd U 3a pasMelleHue pe-
3ynsTaTa (BeJMUlilibl HApsKeHHs B Ananasone ot 0 no 5 B) B mepe-
mennoii D. TosbKo NpHKIazHas IIPorpaMMa ofpeiesisaeT, C Kakol cKo-
POCTBIO 6YYT HPOBOAUTHCS MPe0OPa30BalHs, HA0 JTH KOMOMHUPOBATH
1oJlyyeHHble 3HAYeHHs Mepel BbIBOAOM pe3yJibrata M Kakos Oyzer
c11oco6 o6paboTku pesyasrata (LnHdpooe Tabo, NOCTPOEHHE KPHBOIL,
3aMuch Ha JJICcK, BKJIOYeHHe CUTHaMa U T.IL).

Ecanu e xBaTHT Mecta Mexay cTpokamiu 200 u 290 nporpamnbi,
Moxno nomectutb oneparop GOTO B crpoke 290, uro 1103BOJHUT
npojpo/KaTh paboty, Hanpumep, co crpoky 2000. Eue oxta 3apesep-
BlipoBaHHas 0byacTh, HaunHasa co cTpokn 300, npeinasHauyeHa A
onepatopos Bbiofa rpaduku. Brox mexny crpokamu 300 n 490
oTBesell U OIepaTopoB MHHIHMAIN3aUUH 9kpana (Bbibop rpadu-
yeckoro pexiiMa, 110CTpoeHlie KOOPAHHATHON CETKH, Olipeaesenie
uBeToB # T.11.). [IpolieAypa BHIBO/A PE3yIbTATOB Ha 9KPaH HAUMHAETCS
co crpokut 500. Mmenno npukiannas nporpamma (crpoku 200-290)
6yaeT B HYXHbIiI MOMEHT BbI3bIBaTh IpapHYecKyio MOANPOIpaMMy
kxomaHznoit GOSUB 500.

QueBHIHO, YTO IOHAJOOMTCSA MCII0Jb30BATH TpadHyeckue Mpole-
Jlypbl, MpefHasHadelble MUl KOXI0ro u3 akpantbix pexumos (CGA,
VGA 11 1.11.), xotst peskiim CGA, nanpunep, 6e3 npobiiem (u naxe c He-
KOTOPBIMII IIPENMYILIECTBAMII) MOJUICPKHBAETCS BCEMH COBPEMCHHDIMU
rpagiuecKiMH [1aTaMIL.

Hpaiisepst ais 8-paspsaaubix AILII
Ha cepsepe www.dmk.ru conepxatcs apaitBepbl st yeThipex 8-paspsia-
nbix AILIL:
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« ALIT ADC 10 xomnanuit PICO Technology;

* Bepcus AILIT na 6ase TLC 549 (puc. 4.1, 4.3);

* epcus ALIT Ha 6ase MAX 1243 (puc. 4.6);

» Bepcust ALII na 6aze TLC 549 (puc. 4.13, 4.14).

3amerum, uto, XoTs1 ALLIT ADC 10 u cobpan na 6aze TLC 549, ou
Tpebdyet ocoboro apaliBepa, Tak Kak NOAKIIOYAETCA K NapaselbHOMy
nopty. Bnonse noruato, uto sepcus npaiiepa ans ADC 10 Ha si3bike
BASIC nasbiBaercs ADC10.BAS.

10 REM ---- ADC10 ----

20 KEY OFF:CLS

30 B=&H378:REM LPT1:

40 N=8:REM umcno paspsinos

50 OUT B, 2

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 nonyyeHue. HaHHHX
110 FOR F=0 TO N-1 ’
120 OUT B, 253

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, 2:RETURN

190 REM (c) 1997 Patrick GUEULLE

Ulectnanuarepnysas Beanyina 378 B crpoke 30 npenmnosaraer, 4ro
ADC 10 monknoyen k mapanienbHoMy mnopty LPT1. Urobw mnox-
xmounts ADC 10 x nopry LPT2 (ecsu TakoBoii uMeercs), Haflo 3a-
MEHUTDb 3Ty BeJMYHHY Ha 278 uam Ha Mobyio APYTryIO BelMYMHY,
COOTBETCTBYIOILYIO ycTaHOBKaM BIOS wucmosnayeMoro xomnbiorepa.
Pagpa6orana taxske Bepcust Ha sabike TurboPASCAL, xoTopas npuro-
RHTCS, €C/IM HYKHa 60J1ee BLICOKAst YACTOTa AMCKPETH3ALNH.

Wcxonnpiit rexecr ADC10.PAS npezncrasasier coboit He npocto apaii-
Bep. B kayecTBe npiuMepa oH COAEPKUT HEBOMBLIYIO IPUKIATHYIO TPO-
rpamMMy BbIBOZA Ha 9KpaH Pe3yJIbTaTOB [BAALATH N0CJEN0BATENbHBIX
U3MepeHuii, MPOBOAMMBIX C MHTEpBaJoM 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;
port[b]:=2;
delay (100);
port [b] :=254;
delay (500);
end;
procedure acquisition;
begin
port [b]:=252; d:=0;
for £:=0 ton-1 do
begin
delay(2);port[b]:=253;
e:=port[b+l] 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} :=2;
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 *)

YerpoiicrBo Ha 6aze MAX 1243 Taiske Tpebyer ocoboro npaiisepa,
Bepcs koroporo Ha siabike BASIC nasviBaetcs MAXIMS8.BAS. On
onpenesser 8-pa3paauptii pexkiiM paboThl AAlHOro KOM{IoNeHTa, Ha
caMoM Jiesie nipefictapJstionicro coboli 10-paspsijiioe ycTpoiicTBo.
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.10 REM ---- MAXIM8 ----

20 KEY OFF:CLS

30 B=&H3F8:REM COM1:

40 N=8:REM uucio 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

ectnanuatreprnunas seauynna 3F8 8 crpoxe 30 mpennonaraer,
UTO ycTpoiicTBO MOAKIIOYEHO K IociefoBarenbHomy nopry COMI1.
Y1060 1IMETH BO3MOXKHOCTDL HCIob3oBath COM2 BMmecto COMI,
Halo 3aMeHNuTL 9Ty Benuuynny Ha 2F8, a npu ucnosbzoBaHuK 1opTa
COM3 1 COM4 pexomenayercss npeaBapHTeNbHO MPOBEPHTH
ycranioskit BIOS no axpany nacrpoiixit SETUP, BbiBosnMOMy Ha
nncniteit npu sratouernin JTK.

Bepcus ua si3bike TurboPASCAL nasbisaercs MAXIMS8.PAS u Tax-
Ke BKJII0YaeT 1ic60JIbLIyIo TIPUKIAIHYIO YACTb, BbIBOJILYIO Ha 9KpaH
pe3yabTathl ABafllaTH U3Mepenitil.

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 *)

Hpaiisep aas ycrpoitcts Ha 6ase TLC 549 (piic. 4.1 i 4.13), uann-
caniblii na s3vike BASIC, naspiBaercs 8BITS.BAS. On Ttaioke npeana-
aHaueH Juist paboThl ¢ MocnenosarenbbiM noproM COM1 (3F8h).

10 REM ---- 8BITS ----

20 KEY OFF:CLS

30 B=&H3F8:REM COM1:

40' N=8: REM uncio pazpsinos

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

v

Ero Bepcus na sispike TurboPASCAL nasbiBaercss 8BITS.PAS u co-
JIepKUT yKe YIOMSHYTYIO MPOTpaMMy BLIBOJIA HAa 9KpaH pe3yJibTaToB
IBaJILLaTH H3MepeHHil.

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 f:=0 to n-1 do

begin

port (b+4]:=2;

e:=port [bt6] 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
clrscr;
init;
for g:=1 to 20 do
begin
affiche;’
end;
end.
(* COPYRIGHT 1997 Patrick GUEULLE *)

I[paﬁnepbl‘mm 10-paspazubix AIIIT

Tak kax 10-paspsananoii Bepcun ADC 10 He cyluecTByer, NpHBOAHMbIC

371eCh JIpaiiBepbl OTHOCATCS TOJBKO K TPCM YCTPOiicTBaM ISl CAMOCTO-
ATenbloii cbopki:

« Bepciis AL na 6ase TLC 1549 (puc. 4.1, 4.3);

» Bepcust ALIIT Ha 6aze MAX 1243 (piic. 4.6);

"« Bepcus ALIT wa 6ase TLC 1549 (puc. 4.13, 4.14).

Bepcusa na ssvike BASIC st o6omx yerpoiicts na 6ase TLC 1549
naspbiBaetcs 10BITS.BAS. Ona naniicana st paboThl ¢ lIoce10BaTe N b-
HbiM mopTom COM1 (3F8h).

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

20 KEY OFF:CLS

30 B=&H3F8:REM COM1:

40 N=10:REM uucno paspsmos

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

Bepciis toro xe apaiisepa Ha sabike TurboPASCAL c BriBozioM 152 9K -
paH pe3yJisTaToB ABalLATH H3MepeHUil 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));
enh;
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 *)

YerpoiictBo Ha 6aze MAX 1243 Tpebyer ocoboro apaiiepa
MAXIM10.BAS 11 Taxke mnpesHasnadeHo aas paboTui ¢ mocie-
noarteasnviM noprom COM1 (3F8h).

POTPAMMMHOE OBECTIEYEHME BUPTYATTHOTO MBMEPUTENBHOTO Ki OMITIEKCA

8i

10 REM ---- MAXIM10 ----

20 KEY OFF:CLS

30 B=&H3F8:REM COM1:

40 N=10:REM YUCIIO pa3psifoB

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 sepciis na aspike TurboPASCAL nasbiBaetcss 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;



82 BUPTYASIbHBIVI MBMEPUTETBHbBIVI KOMITJIEKC HA BA3E IBM PC

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 *)

Hpaiiseps! asa 12-paspamubix AT
Ha cepsepe www.dmk.ru conepxarcs apaiiBepbl /Uisl 1eTbIpex 12-pas-
panubix AL

« AL ADC 12 xomnanuu PICO Technology;

« Bepcust ALLIT wa 6ase LTC 1286 1t ADS 1286 (puc. 4.1, 4.3);

» pepcnst AL na 6ase MAX 1241 (puc. 4.6);

« sepcnst ALLIT na 6ase LTC 1286 nunu ADS 1286 (pitc. 4.13,4.14).

Tak kax AT ADC 12 cobpan na 6ase LTC 1292, on rpebyer TaKro-
Boii wacToTsl He Menee 100 kI, B cuiy atoro obcrosTenneTBa ApaiiBepsl
ADC12.BAS u nasxe ADC12.PAS cienyet ¢ 60JbL10H OCTOPOXKHOCTbIO
HCTIOJIb30BaTh Ha cTaphixX 1 MeuteHHbIX ITK, mockosbky B TaKoM ciiyyac
He Bcerzia yjaercs 106HTbCA Pe3yJILTaTOB, KOTOPble MOXKET 00eCewIITh
AIT ADC 10 npu Tex xe ycnopuax. Camas HexeJaTebHas CHTyalnA
BO3HMKaeT NPIH HCIOJHEHHI IPOrpaMMbl B OKHE Windows, urto eile

6oJiblile 3aMensser paboTy MO cpaBileHHIo ¢ BLIMOJHEHHEM Hefocpel-

creerto B DOS. .
Wnaue rosopsi, ALIIT ADC 12 Gynet pabotaTb ¢ 10JHOIl oTnaueil
ToJIbKO co cBoliM mporparniHbiM obecnederiiien PICOSCOPE i PICO-

LOG, npuuem nox DOS nyuiue, yem 1ok Windows.

10 REM ---- ADC12 ----
20 KEY OFF:CLS
30 B=&H378:REM LPT1:

TPOIPAMMHOE OBECTTEYEHME BUPTYAJIBHOT O U3MEPUTENLHOIO KOMITTIEKCA
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40 N=12:REM yucio paspsiios

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 *)

Omucaniibie B KHIIe ycTpoiicTsa, paboTaloliie Yepes Nnocuenosa-
TesibHbl OpT (pHc. 4.3 1 4.6), He IMEIOT TaKOro OrpaHHIeHNs H MOTYT
HAHMJTYYIIHM 06Pa30M HCIOJIb30BaTh TOYHOCTD BHICOKOKAYECTBEHIIIX
AILI. Toxbko Bepcusi ¢ onTonsossuueit (puc. 4.13, 4.14) norpebyer
olipeie/IelHOi aKKYPaTHOCTH, TaK Kak IpHMEHElHe ONTPOHOB cJerka
yXyJlliaeT XapaKTepHCTHKH yCTPOHCTBa B 12-paspsiHOM PEXKIIMe.

U3 cka3aHHOro MOXHO caenath BuiBoa, yro ¢ ALLIT LTC 1286 niu
ADS 1286 6ynyr paborars, nporpamybl 12BITS.BAS 11 12BITS.PAS
1pn ycsosuu, uto s cesasu ¢ [IK ucmosbayeres rocJjie[oBaTeIbHbIH

noptr COM1 (anpec 3F8h B crpoke 30).

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

20 KEY OFF:CLS

30 B=&H3F8:REM COM1:

40 N=12:REM umncJio 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 QUT 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:CUT 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 (¢)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+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-£)*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; T
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begin
clrscr;
init;
for g:=1 to 20 do
begin
affiche;
end;
end.
(* COPYRIGHT 1997 Patrick GUEULLE *)

C ALl MAX 1241 (puc. 4.6) Gyayr paboTaTh HPOrpaMMb
MAXIM12.BAS na ssbike BASIC 1 MAXIM12.PAS na s3bike

TurboPASCAL.

10 REM ---- MAXIM12 ----

20 KEY OFF:CLS

30 B=&H3F8:REM COM1:

40 N=12:REM yucno pa3psiioBn

50 OUT B+4,1 .

60 FOR T=0 TO 100:NEXT

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

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);

[IPOTPAMMHOE OBECTIEHEHUE BUPTYASIBHOIO U3MEPUTENBHOIO KOMIIFKCA 87

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-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*a)/(exp((n)*1in(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 *)

IIpuknanusie nporpamMmel

B aronm paszene noxasano, kax noGasieHue HECKOJIbKMX CTPOK Mpo-
[PaMMbI K BBILIEOTIICAHHBIM JipaiiBepar MPHHOCHT 10Je3Hbie TIPaKTH-
yecKue pesynsrarbl. YiraTenu 10/mkHb GyAYT CaMOCTOSTCIbHO BHOCHTD
Tpebyemble 1I3MeHeHIs (YacTO MMHUMATbHBIE), KOTOpbIE ONpeaeIsIoTCs
KOHKPETHBIMH 3a/layani.

B n1060m cityyae obbennnenie cooTBeTCTBYIOLIEr0 Apaiisepa 1t 1pii-
KJIafHOIl MporpaMMbl BbiMosiHsgeTcs mo koManze MERGE (B s3bike

BASIC).
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Jlns ucnospsopanus nporpammst VOLTS.BAS cosmecTHo © ATl
ADC 10, naupumep, Ha s3vike GWBASIC 11111 skBHBaTCHTHOM HaJO
HAmMHCcaTh CJEAYolL{He CTPOKIL: '

LOAD "ADC10" (3arpy3aka jipaliBepa);

3aTeM

MERGE "VOLTS" (fobaBJieniie MPHKIaAHOMN IPOrpaMMbl).

Tlo xoManne RUN sanyckaertcs nosydyeHHasi HporpaMma, KOTOPYIO
MO>HO COXPaHHTD LEJIHKOM 110 KOMaH/Ie:

SAVE "UMSi",A (eciHl XKenaTelbHo 3anucars haiin B TekcToBoM dop-
Mare) :

WJIH TIPOCTO:

SAVE "MMst" (eCIH XeJaTelbHO COXPAHITD ero B Hanbosiee KOMIaKT-
HOM BH[IE). . :

Byzer uesecoob6pasio 1pol3BecTH MOJTHYI0 KOMITHIIAIMIO COCTaBIeH-
HOIi mporpaMMbl, PaBHO KaK M IIPOrpaMMbl 1Ha A3blke TurboPASCAL,
B (aitn UMSA.EXE, ncrosnsgembtii HeNoCPeACTBEHHO MO/ DOS nan
Windows. [lz1s1 3T0r0 HaJ0 IMETh B PaclopsKelint KkaKofi-HHbyab KoM~
nuasitop, nanpumep Turbo BASIC unu Quick BASIC.

ITudpoBoii BOALTMETP

Ouenb kopoTkas nporpamma VOLTS.BAS npekpacho MOAXOAUT A7
NepBbIX MIATOB B M3yUeHHIT TOJIBKO YTO coOpaHHOro MJIH KYILJIEHHOTro
AILIT, Ho Takyke IpUroaHa i aJist 6oJiee OOLIMX 3a/aY.

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

ITporpaniMa BLIBOAMT B BePXHEM JIEBOM yIJly 9Kpana BEJHiiy Ha-
npsixeltiist (B BoJIbTax), NOIAHHOTO Ha BXOJl MOJYJIsl npeobpasosarens.
Sta BeJHYHHA MoxBepraerca npocreiitueil o6paboTie, 109TOMY daiiias
NporpamMMa — ofiHa 13 caMbIX ObICTPOIEHCTBYIOWIX B «611671110TEKE Y,
aadke mpIl UCToNb30BaHIIIL ovelib-Meennbix [TK.

IMpumenente xomariasl LOCATE, kamabiil pas BoaBpaluaiolleil kyp-
cop B BepXHHil JIeBblil yros 3kpana, IIPHBOIIIT K 3aMENICHHIO CTaporo
3uAYCHNsS HOBBIM. [IpH 3TOM HHAIKAUUS MOCTOSNHO OOHOBIAETCS
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CO CKOPOCTBIO, PaBHOI YacToTe B3ATHA BhIOOPOK, TO €CTh COBEPUICHHO
TaK ke, Kak B KJaccilueckoM L1(hpOBOM BOJIbTMETPE.

Hazio 06paTiiTh BHHMaHIie Ha crocob, NOCPENICTBOM KOTOPOTO 1i3Ae-
peHHasi BeHuiHa OKPYIJIAeTcsl 10 ABYX 3HAKOB MocJie 3ansroii (cTpoka
220), a IOTOM BLIBOJUITCS B xecTkoM (opmarte, 1aibosiee cooTBet-
cTByioleM BhiOpaHHoIl Tounoctu (cTpoka 240). ITonobuoe penreniie
OyzleT 4acTo HCH0Jb30BaThCsl U B najibHeHeM.

Dra nporpamMma paccdiitana Ha paGoty copmectiio ¢ 8- 1t 10-pas-
papabiM AILIT (tounoctb 1%), Ho ee MOKHO ONTHMH3IIPOBATDL H /IS
pabothi ¢ 12-paspsanubim ALIL mcnpasus crpoxn 220 u 240 cieny-
oM 06pa3oM H obecreduB NpH 3TOM TPH MHAHLHPYEMbIX 3HaKa
nocie 3ansAToii (To ects Tounocts 0,1%):

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

He cTouT Takxe ymyckaTb W3 BHUAY, YTO JpaiiBep lie BbIIOIHSET
HUKAKHX OKPYIJIEHHH, MOJHOCTbIO COBJI0Nas TOYHOCTD NpeobpasoBa-
tesist. Tosbko MPHKIAAHAS IPOIPAMMa B COOTBETCTBHM ¢ MOCTABJEIHOi
3ajadeil JOJDKHA Tak MM WHAaYe MCMOJb30BaTh MOJYYaeMylo TOYHOCTD,
11 He 6GoJiee Toro. BbIBOJ Tpex 3HaKOB 1ocJie 3anATofi A/s 8-paspsiiioro
AIII 6yner u3/JiIIHKAM, TaK Kak TPeTHil 3HaK NPH 3TOM lie¢ Hecer
HHKaKOTO CMbIcIa. ’

200 REM ---- BARRE ----

210 LOCATE 6,1

220 FOR H=1 TO 5

230 PRINT" [ ....01....";

240 NEXT H

250 PRINT"| "

260 LOCATE 7,1

270 PRINT"0 1 2 "
280 PRINT"3 4 5
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 ouepeiihb, 110Ka3bIBACT, KaK JIerko
MO>KHO OpPTraHM30BaTh BLIBOA allajloroBoil HITPUXOBOIT HIKAJIDI.
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Ita dopya HPe/ICTABICHIIS PE3ybTaTa, Meliec TOuHas, YeM Id-
poBast HHAIIKalllisl, Topas3fo bojiee v0bHA, Korja TpeodycTes Alllib olle-
HIITL HafIpaBJieHIle I CKOPOCTb N3MeHeH T I OTKIOHeH I usmép;x-
eMoIT BEJIIUIHL], HAPHMEP, HPIH PYYHOIl peryJiiipoBke Hill HacTpoiike.
B npiseieHHOM IpIiMepe LIkana rocTpoeta Ha 6aze ASCII-clMBoIios,
HO Takast JKe WK1 MOKeT ObiTh BLHIOJNIIE!A 11 B rpadiuecKoM pexKiiMe
aKpalia,

© Vepeausiomuii GUABTP

Hanbonec pacnpoctpanenubiil crnocob nogapicHis ObicTpuiX (IIOKTY-
aunil (4acTo'MapasuTIILIX) B MCICIIIO HBMCISIOILCMCS CHIHAJIC COCTOIT
B BLEYHCACHIN CPCAHCro 3HAYelIsl HCCKOIbKHX BHIOOPOK, OTHOCSLIHXCSI
KK OfHOMY HIHTepBany Jitckperi3atuii. Koneuno, Takoil cnoco6 mosxer
3aMCIUTHTD paboTY CHCTEMDI, 1103TOMY OIL HPHMELell B JIBYX MPOrpaMMax,
BBIBOJSIIIIX pe3yibTar ozt pa3 B cexyliay (SECONDE.BAS) 1 oatin
pas B miyry (MINUTE.BAS).

200 REM ---- SECONDE ----

210 Q=0:5=0:GOSUB 100

220 LOCATE 5,1

230 PRINT"¥pmeT u3MepeHue. . ."

240 HS=TIMES

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

270 S=S5+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 3z3a ";Q;" u2MepeHUM)"
330 GOTO 210

340 REM (c)1997 Patrick GUEULLE

IToMIiMO BLIVIIC/ICHIIA pe3yJbrara ]IS.\IG})CI[II[UI, KaXxclas 113 aTIX 1IPpO-
‘TpaMM BbiBOAHT H KOJIYECTBO ]llll\l(}])e’{llf'[, KoTopoe BBLIJIO HICNOJb-
30Ballo HPpIL pacicTe. ITO HO3BOJISIET TOUIIO OlleHHTh pcajgbHoe 61)ICTPO‘
JleiicTBIIC CHCTEMDE B 3aBIICHMOCTIH OT HPHMCHACMOTO IK. Tal(, MOXIO
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MoNyunTh 3—4 M3MEpeHHs B CEKYHIy Ha «QHTIIKBADHOM»> ITK 8088/
4,77 MT, 60-70 uamepeliii B CCKYHAY Ha 386SX25 u 700-1000
nanMepennil B cekyHay na 486DX/133 MI1, uTo Bce xe A0CTaToOuHO
JIAJICKO OT COBPEMEeNHDIX CKOpoCTeil, HO BechMa HOUETHO I BASIC-
nuTeprperaTopa. .

Crout 06paTHTb BHHMaHHe Ha To, kak MCIOJIb30BAlA 3apE3epBil-
poBailtasl HKJIOBast epeMeHHast TIMES. Ona noasoaser npu Juoboii
yacToTe Hpoleccopa MOJydHTh A0CTaTOYHO TOUIYIO MKATy CEKyHI,
MHHYT H Jlake 4acoB. A ecJIH MOHa0OHTCA OCYIECTBATD, HAPHMED,
O/IHO H3MepeHHe 32 HeCKOJIbKO JHeH, TO MOXHO HCIOJIb30BaTh MEpPe-
mennyio DATES.

200 REM ---- MINUTE ----

210 Q=0:5=0:GOSUB 100

220 LOCATE 5,1

230 PRINT"UOeT usMepeHue..."

240 HS=LEFTS (TIMES,5)

250 IF H$<>LEFT$(TIME$;5) 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" (cpenmHee 3a ";Q;" uaMepenui)"
330 GOTO 210

340 REM (c)1997 Patrick GUEULLE

[IuKkoBbIil pErMCTPATOP MUHUMYMOB H MAKCHMYMOB

JlocTaTouHo 106aBUTh HECKOJIbKO CTPOK H1a A3bike BASIC, uro6ui nosy-
YIHTb PEKIM 3aNOMIIHAHHS MHHHMYMOB I MAKCHMYMOB H3MEPAEMOT0
HATIPsDKEHHsI, C BO3MOXKHOCTHIO obHYyJIeH sl Pe3y/IbTaToB MyTeM Haxa-
THs Ha KiasHily npobena Ha kiasnarype ITK.

200 REM ---- MINMAX ----

210 PRINT"HaxaTb KJasuuy npobesa s nepesamnycka”
220 1=5:A=0:0Q=0:G0SUB 100

230 FOR G=1 TO 100

240 GOSUB 100:0=0Q+D

250 NEXT G

260 Q=0/100

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 USTNG" 4. ##"; INT(100*Q) /100;
310 PRINT® "+TIMES

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

330 PRINT USING" ##. ##"; INT(100*3)/100;
340 PRINT" "+T$ '
350 LOCATE 7,5:PRINT "Mum: *;

7

360 PRINT USING"##.##";INT(100*I)/100;
370 PRINT" "+85%

380 IF INKEY$=CHRS (32) THEN 220

390 Q=0:GOTO 230

400 REM (c)1997 Patrick GUEULLE

910 robasienme 6b110 caediano B nporpasye MINMAX.BAS; takske
B Hee ObUIN BKJIOYHDl OTepaTophl BLIBOAA TPeX 3liavyeHHii BpeMennu
(B yacax, MIHYTaX H CeKyHaax):

* BpeMs TEKYILEro I3MepeHHs;

* BPCMs PErHCTPaIlHll MaKCHMYMa;

* BPEMs PeriCTPALII MITHIMYMA.

Hajo otMertiiTs, uTo MyJikTHMETp peako gaeT nojo6Hble BO3MOXKHO-
CTH, CTOJIb JIETKO peajiizoBallibic B BHPTYaIbHOM mplibope.

Perucrpartop suiiresbHbIX npoueccos

B atom pasnenc Gyner pacckasaHo o TOM, KAk 32 HECKONBKO JECSTKOB
JIOJIIAPOB ZIOCTIYD PE3YJIKTaTOB, OOGLINHO BO3MOXKIBIX TOJIBKO TMpPH HC-
[I01b30BAHIH JICHTOUHBIX 11/1II MArHUTHBIX PErlCTPaTopoB — npibopos,
CTOSATWIX B COTHII pa3 jloposke! Baecto Toro yrobut yeptuth Ha 6ynare
KPHBYIO B PeanblioM Macuitabe BpeMeHil, YTO TeXIIUecKH TPyLlOBbI-
MOJIHIIMO, TOPA3/0 Ipolle lIAKAMINBaTh fAanible B dailne na aicke,
a y>ke MoToM 0b6pabarbiBaTh 11X,

[Iporpasma c6opa manubix (FICHIER.BAS), KOTOPYI0, KOHEYHO
KC, 1110 JIOHOJIHIITD Jipaiisepos ticionbayesoro AL npir noaomn
kemannbl MERGE, nckmoutnrennhio npocra.

200 REM ----- FICHIER ----

210 GOSUB 100

220 OPEN "dat.dat" FOR OUTPUT AS 41
230 PRINT"URYT U3MEpPEHUs. .. "

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 opuriHanbiiofl Bepeii ata nporpamya cosgaer ¢aiin DAT.DAT,
cozepskauinii 640 BLIGOPOK, KOTOPbIC HPOIBBOASLTCH € YACTOTOIT AHCKPC-
TH3aWlH, onpeliensiemMoli B crpoke 270 (mpocrast 3ajiepxka). Pasyne-
eTcst, yicio 2000 ncnoJib3yeTest JIHID MPI MePBBIX MONBITKAX, a II0TOM
1a/10 GyHeT MOAOBPATD 3TY BEAIMIITY B COOTRETCTBIL co ckopocThio [TK
1 KOHKpeTHOI 3ajaueii. ‘

B caMbIX clokHDIX cilydasX MoxHo, mo npinmepy SECONDE.BAS
11 MINUTE.BAS, ncnionbzosats nepeneittyio TIMES jst yayuuienus
TOUYHOCTIH Il 3HAYIITEJbHOrO CHIBKEIs YaCTOTD! JHCKPCTH3aIlI.

Usicso 640, B ¢BOIO 0YEpPE]Lh, COOTBETCTBYET YHCJY TOUYEK 110 IOpU-
30HTaH OOLIMHOrO rpaditueckoro aKpaa, 4To [103BoJisIeT BhIBECTI IPa-
bk kpriBoil HeHocpecTBeIo Ha 9KPaH, Mepejl TeM Kak CKOMIPOoBaTh
ero 1a GyMary, ¢/l 3To HeoOXOI(HMO.

Ipadonocrpouresn

Boisozt nndpopmainiin 1a sxpair ocyutectsisier aporpamya CGAVISU.
BAS wmr VGAVISU.BAS. Btopast 113 111X npuatensiercst, ¢cli seja-
TeJIbLIO BOCTIOJL30BaTLCst BOABLIIM pPaspelielieM, COOTBCTCTBY IOHIIIM
sxpanay VGA.

500 REM ---- CGAVISU ----
516 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 ----

510 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

OLIEBIIZIHO, KaXXAYIO (I3 1IporpaMM Hazgo 06'])OZIIIIII[TI> C IKPAHHDIM

npaiiBepoM CGA.BAS 11 VGA.BAS, cooTBeTCTBYIOUIHM HCIIONb3YC-

MOMY O60pleOB21HHIO.

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

370 FOR X=0 TO 639 STEP 32

380 LINE(X,0)-(X,199),,,&Hccce
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(O0,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(O,349)-(639,349),,,&HCCCC
420 REM (c)1997 Patrick GUEULLE

1o obbeMHCHIIE MOXKHO CLEJIATh CIeYIOUIHM 06pa3oM:

LOAD "CGA" (3arpyska apafiBepa);

3aTteM

MERGE "CGAVISU" (106aBieHiie MporpaMMbi BbIBOa Ha aKpalt).

[onyyennast nporpamMa Tenepb MOXeT GBITh COXpAHEHA MO/ KAKITM-
71160 1MelieM pH oMo o6buHoi KoMaibl SAVE.

Ha puc. 5.11 moxasan peaynsrat BbhiBoga Ha OyMary ¢ HCIOMb30OBa-
niem 6ydrepa obyena Windows kpiBoil paspsiia KOHAEHCATOPa CMKO-
cteio 4,7 Mx® yepes Bxozxnoe conporusienne AITL. dta kpusas 6bi-
na nostydeta Ha akpaHe CGA (640X200 Touek).
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e ———

Puc. 5.11. Pesynstar, nonyyennsii 6 pexume CGA

S~
[t

Puc. 5.12. Peaynstar, nonyvenHsii 8 pexnme VGA

Piic. 5.12 BOCAPOII3BOJUHT TY 3KE 3allTICh, IEPCCUNITAIIHYIO IS BLBOAA
Ha akpatt VGA. '

O0ecneyenne TOYHOH BpeMeHHOII pa3BepTKH

Jna npriokeniil, Tpe6Y 01X ToY1ol periicTPaLIIIT napaMerpa «Bpe-
MsI», MOKHO Iicnojib3osath niporpasiy TIME.BAS, samicpisaouryio
8 aii1 DAT.DAT snauenite niepescitoii TIMES Bayecre ¢ monyyeniiofi
BCJITYHHOIT AN PsKCHIIS.

200 REM ---- TIME ----

210 GOSUB 100

220 OPEN "dat.dat" FOR OUTPUT AS #1
230 PRINT"UOyT usMepesus..."

240 FOR G=0 TO 639

250 GOSUB 100
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260 PRINT#1,D,, TIMES

270 FOR T=0 TO 2000:NEXT T

280 NEXT G

290 CLOSE#1

300 REM (c)1997 Patrick GUEULLE

[ousitio, yro miist nosmHoft o6paGoTkH Takoro daitna norpebyloTCs
criellanblble nporpaMMbl, MoKHO HCHOJIB30BaTh Kak GOJbIINE KOM-
MepuecKIiIe NakeThl, CTaTICTHUeCKHe il rpadHyecKiie, Tak H NpoOCThie
nporpasmmbl TCGA.BAS n TVGA.BAS.

500 REM ---- TCGA ----

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

540 FOR X=1 TO 639

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

570 NEXT X:CLOSE #1

580 LOCATE 1,1:PRINT S$

590 LOCATE 1,73:PRINT S$

600 REM (c)1997 Patrick GUEULLE

500 REM ---- TVGA —---

510 OPEN "dat.dat” FOR INPUT AS 41
520 INPUT¥1,Y:Y=349-INT(Y*349/5)
530 INPUTH1,S$:PSET(0,Y)

540 FOR X=1 TO 639 '

550 INPUT#1,Y:Y=349-INT(Y*349/5)
560 INPUT#1,T$:LINE - (X,Y)

570 NEXT X:CLOSE #1

580 LOCATE. 1,1:PRINT S$

590 LOCATE 1,73:PRINT S$

600 REM (c)1997 Patrick GUEULLE

Ocmunorpad

Bo mmornix curyarnisx 6piaeT HyxHo Habuoznath HopMipoBaHue KpH-
BOIT B peasbiioM Macuitabe BpemMeHH 11psiMo Ha axpane ITIK. TIpu atom
flonxkiia OLITL MPelyCMOTpela BO3MOXKHOCTb PacreyaTiu u3obpaskeHis
Ha NpHHTepe Hoc/ie BLBOLA HA 3KPaH MJI /Iake B Mpollecce BhiBOAA, Npl
BKJTIOUCHIT OIILII <lleyaTh axpatar. Takoii peayssTaT oyeHb MpocTo
HOJIYUIITh, COBMECTHB TPH MPOTPaMMbI: ’

« npaiiBep AILIL;

* npatiBep aKpaia;

* MPHKJIAJAHYIO TPOTPaMMY.

TlepBble ABa MOAYJISI YKe H3BECTIbl, @ B KayeCTBC TPETbero MOXET
6uiTh ticnonb3oBana anbo nporpasva CDIRECT.BAS (c axpanom
CGA), mi6o 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

IotpebyioTes caenyioniie KOMaHb: _

LOAD "MAXIM10" (3arpyska apaiisepa s MAX 1243);

MERGE "VGA" (mobapieitie apaiiepa s axpana VGA);
MERGE "VDIRECT" (mobasJieninie MopyJsi ociminorpaga VGA).
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Ha piic. 5.13 npuBenena noyiyuyetHast Takim 06pa3oM OCIHILIOTPaM-
Ma CHHYCOTIaNIbHOTO clirHaja ¢ ammautynoit 1 B 1 vactotoii 4 T Ha
. BbiXojte (hyHKIIIOHANBIIOrO IellepaTopa, BLIMOJIHEHHOIO Ha Hase HIMPOKO
pacnpoctpartieninoii mikpocxeMsl MAX 038. B nannosm cnyyvae 10-pas-
psnntit AL paboran ¢ I1IK mozenn 486/133 MTw ¢ sxparom VGA.

/ANENNANEN \

\/ N A \

Puc. 5.13. Ocumnnorpamma, nonyvenHas s pexmme YGA

YtoGb! MPpHCIOCo6IITH ociuIorpad K TOi MM HHOM MpakTHYeCKOoit
3azaye, B TPOrpaMay AOCTaTOYHO BHECTH MUHHMAJIbHbIE H3MeIleHH S,
[nsg nomydeHsa HelpepulBHOIT Pa3BepTKI He3 OUHCTKI dKpaHa (PeXxXUM
IJIHTEeALHOTO TIOCJIeCBeYelits) ce/yeT HCTPaBuTh cTpoky 270:

270 X=0 : GOTO 220

~Jln4 nomydciiis TOro ke pe3yJpTaTa, HO ¢ OYHCTKOI 3KpaHa Ha Kaxk-
JIOM <«OOPATHOM XOfie» Pa3BepTKH (PeXHM KOPOTKOrO MOCICCBEUCHHS),
HajI0 3aIHCaTh:

270 CLS : GOTO 85

Hna nonyyenns pexxuma <«kayilefi CHHXpOHH3aL My ciefiyeT 1006a-
BHTD TOJbKO OAILY CTPOKY:

215 IF D=0 THEN 210

ITa KOMAH/IA TTIO3BOJISIET JI0KIATHCA TTOJOKUTETBHOTO HaNIpsisKeHiisl Ha
pxozie ALLIT auta 3anycica pasBeprii. Koneuro, MoxkHo BLIOpath 1t J1i06yio
JIPYTYIO OTJIMYHYIO OT tyJist BeJITUHHY B AnanaszoHe ot 0 go +5 B, a tawke
HPIMCISITH YCTOBHDIC OMCPATOPDI «OOJIbIIE, YEM» HIIIE «<MEIBIIIE, UCA >,
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MosxHo TakKe NPeaycMOTpeTh H BXOJ BHellHe# Pa3BepTKH, HCIOJIb-
3ya 6o sropoit AT, b0 oxnn n3 uudposeix Bxon0B (Auniu /ACK
1 BUSY napasnenbioro nopra, HTPoOBOi NOPT | T.M.).

B03M0KHOCTH MHOTOKaHAJIBHBIX H3MEPEeHUH

HMomxiouenne Heckonbknx AILIl k mapasnsesbHbIM H MOCIEI0BATElb-
HBIM TIOpPTaM No3BoJisieT ocHAacTUTDh [1K HeCKOJBKHMYM aHAJOTOBBIMU
BXoZaMH, He npuberas k nomouu goporux AIII ¢ MyabTHIUIEKCHBIMU
BxogaMH. BoaMoxHBI oOble coyeTaHusT KaK anmapaTHLIX, TaK | 1po-
TPaMMHbIX CPEJICTB.

Canprii pacrnpocTpaHeHHBI Ciyyail — 9TO CO3/lalue ABYXJIy4eBOro
BHPTyaJIbHOTO ocruJuiorpada, HO MOKHO MPUHSThL B pacueT H 3azayH,
Tpebyionie pexuma pabotel «X—Y», a Takke MpOCTO 3amuch B ¢aitn
0oJiee WIH Metee B3aUMOCBSI3aHHBIX MOCJICAI0BATENLHOCTEH NAHHBIX.

JlomyckaeTcs OTpOMHOE MHOXKECTBO Pa3jMyHBIX kOMOMHANHIT — Bce
11X jaske He nepevucantb. CkaxeM, npuobperst onuH roroseiit AITI,
BTOPOIT MOKHO cOOPATDh CAMOCTOSITENILHO, YTOOB HE MJIATHTD JIBAXK/IbI 32
OJIHO H TO ke TIPorpaMMHoe obecrieyeHne. B HEKOTOPBIX ciryyasix MOKeT
MOHago6IITHCA HCITONb30BaHHeE BYX a6COMOTHO HaeHTHYHBIX ALLTL.

5 REM ---- BICOURBE ----
10 REM ---- MAXIM12 ----
20 KEY OFF:CLS

30 B=&H3F8:REM COM1:

40 N=12:REM uucCJIO pa3psnoB
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
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(0,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 uncio pa3psiioB
1040 OUT C+4,1

1050 FOR T=0 TO 100:NEXT T
1060 OUT C+3,64

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

Iporpamsa BICOURBE.BAS ne posmkHa paccsmarpriBatbhes TOAbKO
KaK 1UUJIIOCTPalisl TOTO, YTO MOXHO MOJYUHTH MpH KOMOHHHPOBAHHM
MPOrPaMMIIBIX MOZYyJieil, IPUBEACHHBIX B JAHHOII KiHTe, ITo obpasell
II0IX0/1a, Ha3bIBA€MOT0 AHIIOTOBOPSLIHMI MPOTpaMMHCTaMH quick and
dirty («6BICTPO W IPSA3HO»): 37leCh OTCYTCTBYET BCSKOE CTpeMJeHHe
K CTpyKTypHpoBatiio 1 yetkocti. [Iporpamma paboraeT, u aTo riaBHoe!
B uactuocri, reopnokpatHo npumensiiach ¢hynxnuus RENUM ssbika
BASIC nas nepeonpepesiennsi B pa3HbIX MecTax Toil win Apyroii
MOZANPOTPAMMUDI.

B Tom BHze, B xakoM OHa NpHBe/IeHa, MPOrpaMMa YIpaBasgeT cpasy
AByMs 12-paspagubivu AT — opums Ha 6aze MAX 1241 u gpyrum
Ha 6aze LTC 1286. [uisi ka/10ro 13 HUX ONpe/e/ieH OfMH 13 KaHaloB
ABYXJIyHqeBoro ociyutorpaga (puc. 5.14), B KOTOpPOM pasHbie [BETa
nydeii mospossiioT 6e3 Tpyza otayarh ogun AL ot apyroro.

/ N /
il A

Puc. 5.14.. Ipumep paboTsi BUpTyansHoro asyxnyyesoro ocumnnorpagpa
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rnaga CTPAHMUA

JleficTuTtesinbHo, 936k BASIC serxo nosposisict 3anaBaTb aTpubyThHI,
onpejiedisioLie IBET TOro 1M HHOTO rpadiruecKoro ajlemMenrTa, Jiib Ol
ero nozuiepKuBad rpadiueckuii axpan. Hiiske npHBeACHbI KOJLbI 1IBCTOB:

0 uepupiii 1 KoHuenuusi NoCTpoeHUst BUPTYansHOro
1 crmmit U3MEPUTENLHOIO KOMNJiekca 1
9 serenblil Ananoro-undposoe
3 roay6oii 2 npeoBpasosaHne CUrHanos 7
4 xpacubiii ] 3 MpombilneHHbie n3genns 33
. =
2 Ezggiﬁg;;iﬁ 4 C6opka nameputensHOro HTepdenica 43
7 6enniii (uBeT MO yMOJYAHIIIO) 5 Dvpl)orpaMMHoe obecneuerive
8 cepbiii ) PTyanbHOro kKomnnekca 57
9 cBeTNO-CUHUIL
10 cBeTsIO-3cseHbli 6 n'ATLI UKU
11 csermo-romy6oii
12 cBeTJIo-KpacHbI M
13 cpeTsO-NypHYPHDIT
14 xenroiil PP nPM HAﬂﬂ E)KHOCTM
15 spro-Gexiit BxonHoi ycunurens 104
[atynk Temneparypbl -109
Aatymnk pasneHns 114
PoToMeTpUiEecKU aaTHnK 120
AaTymk ToKa 126

Mpunoxenna

131
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Ananoro-unposbie 11peobpasoBaTesiil, KOTOPble PaCCMaTPIBAOTCA Ha
CTpaniLax aToil KHHTH, cocobnbl obpaboTaTh Joboe HaMpsXKeHHe B Jiia-
nazotre oT 0 10 +5 B, HO OHII paccuriTatipl 1 1a Hosice LIIPOKOe FCHOJIb-
30Balille, TAK KaK MOFYT paboTaTh ¢ NaTUIIKaMII (TN YCTPOfCTBaMiL
HOPMIPOBAIIHA CHITIAJIOB, 3a4aCTYIO caMbiMil npocTbimu. IIpi aTon ¢ ux
TTOMOIL[BIO MOKHO H3MEePATh GOJBINIIICTBO OCHOBIbIX (PH3HYECKHX BeJIH-
YIiH, aXe TaKue HalpsiKeH s 11 TOKH, KOTOPBIE HKaKk He COOTBETCTBYIOT
pabouemy aiamasony ALITL

BXOAHOWN YCUNUTESb

ITpit momonu 1e6oJIbIIIOro YCTPOHCTBA, KOTOpoe GyeT OmHcallo [HXe,
JIETKO CHIMAIOTCS JIBA OCHOBHDIX OrpaHHUYeHHs], PUCYLMX MPOCTer-
i ATIIT: Bxozanoii nianason ot 0 o +5 B u HecnocobHocTb paboTaTh
C TIepeMeNHBIMIT HanpsiKeH SN 6e3 TTOCTOSHHO COCTaBJIAIONCH.

Hanpumep, ycTPOHCTBO CMelEHUS HYJsT 0 YCHTIUTENb C NMEpeIto-
yaenbiMi koapuiuentani yerwtenns 1, 10 n naxe 100 cnnbho pac-
wupsT obmacty npunenetist ALIT ADC 10 n Toro MOL{HOTO nporpam-
MHOro ofecrieyennsi, Kotopoe K tieay npuiaraercs. 9tot AT MoxHO
6y/eT HCToIb30BaTh Aaske [l oLu(ppoBKH 3ByKal

[Tozaya nepeMeHHOro HAMpPSKEHIIA C 1YJIeBbIM CPe/IIHM 3HadeHHeM
(MHLIMH ¢JIOBaMII, 6€3 MOCTOAHHOI cocTaBJIsiIonieil) Ha BXOJ aHajloro-
LHpoBoro npeobpasoratelist ¢ BXOIHbIM Alanazomom 0—9 B npisoaut
K adppeKTy O/IHONONYIEPIOANOrO BhIIPsMIeHNs. Pe3ynbraThl H3Mepe-
Huil, BHITOJIIENHBIX 6€3 yueTa aTOro 06CTOsITENLCTBA, KOHEYHO, OKaKYT-
cs1 HeBeplibinMy. JlaiiHast CHTYaIIs aHaNOruHa TOMH, Korja JIy4 0GBIYHOTO
oci/Iorpada paciioyioskeH Y HIKHEro Kpasd Kpaua, a He B CepefHHe,
IUIN KOF/a NIEPO PeriicTpaTopa yCTAHOBJIELO Ha O/IMH 13 Kpaes GyMari.

B 06011X cayuasx peryJipoBKa MOJOKEeHHs Jyya HIH YCTaHOBKH
HyJI5i IO3BOJIACT PellIiTh pobeMy myTeM obaBIeH st pery/HpyemMoro
MOCTOAHHOTO HaNPSKEHMS CMelleHIIs K BXO/HOMY ClrHauty.

Xots Bxoptofi anamazon 0—-5 B 1 noaxoant st penieniis MUIOTHX
3azay, Npil H3MepeHIsiX ¢ moaouibio 8-pazpaaioro AL xenaresbHo
[ICTOIb30BATH MAKCHMAJBHO BO3MOXKIOC KOJITUEeCTBO 13 256 ypostieil,
TO ecTb HYXKIIO YJIOXKIThCA B MOCIHEIHIO TPeTh wkasnl. K mpime-
Py, BXOZIHOE HATpsikeliic, azensionmeccs B ipenesnax ot 0 1o 500 mB,
npi npeobpasosaiitil 3aiiMeT Bcero 25 yposiieif, YT0 COOTBETCTBY-
et TounocTH 4%, Torna kax AITI HZIBCPHHKH IIMECT TOUIOCTDb He HIl-
xe 1%.

12-paspamisie AT pewaior aTy 1pobJicAty, HO OHIT TOXKe 1ie pa6o-
TAIOT C CHIHAMAMII [IEPCMCHIIOTO TOKA.
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Bxonioe conportusienite 6osbiuiincTBa Mikpocxem AIITT 3naun-
Tenbiio Menbite 1 MOM, 11 113-3a 3Toro o6buHbIit AeauTenn 1/10 6yneT
CJIIIIKOAM CHJIbIIO MOAABJSATD CHIHAJBL, AMIJINTY/IA KOTOPBIX JIIib He-
MHorum 6oJibine ypoBHs 5 B.

[Ipensaputenbhpiii yciuutens ¢ koahduuiientoM ycunetns 10 mo-
3BOJINT U3MepsTh HanpspkeHliss 1o 500 MB ¢ takoit ske TouHOCThBIO,
c xotopoil cam ALLII omiidposbiBaet HanpsikeHns 10 5 B. TIpu BxogHoM
conpotusaennt 1 MOM npepyciIiiTesb ¢ eHHYHBIM YCHIICHHEM 1O~
3BOJIHT paboTaTh 1a npenese nasmepenus «50 B» ¢ ucrmonbzoBannenm
obuiutioro genutens 1/10.

C yueroM npoctoThl cxeM omuchiBaembix AIIIT 6bu1 paspaGoran
caMblil pocToit ycuantenb. JeficTBUTENbHO, He HYXIIBI HM LIHPOKast
nojioca (JOCTaTOYHO HECKOJIbKMX KWJIOrepll), HH BbICOKas TOYHOCTH
(moctarouHo 1%), HH cMelleHHe HyJS Ha YPOBHE MHKPOBOJILT, MO-

ckosbky 8-paspsaanbiii ALLIL ¢ TpynoMm onpenensieT pasuuuy Mexzny
sesuyuHamu O B u 20 mMB.

. Cl2
MepemenHoe YcranoBka Hyna"
Hanpfxxekve - TLE 2425
(AG) MHorooBopoTHbIiA (m78L05) o+
Cext c2 o1 9 BA MA
R 1 o
MNocrofHHoe R2
Hanpaxerue (O { } S Beixog
(bC) 500 kQ +20) KALN
Rt - ADC 10
3,3MQ —
A
RS
G=1 :A+C 1M B

G=10 :B+C ]ﬂepeMHL«KM

(G=100:0C) MtorooboporHbid "Ycunenue”

Puc. 6.1. MpuHumnuanstas cxema BXORHOTO yeunutens

He nano paccaatpnsath cxenmy, npielieHuyio ia puc. 6.1, kak o6pa-
3el| BBICOKOTOYHOTO Mpubopa — 370 HeboJIbIloe, HO MOJIe3HOe YCTpOii-
CTBO, Npe/lOCTaBJIsiIolIee HeMaible BO3MOKHOCTIL.

I'naBHDIT KOMIOHEHT CXeMbl — C/IBO€IHbIIT OTIepaIHOHHBIN YCITHTED
LM358, paspaboTaHiiblii oueHb AaBHO I I1IPOKO pacipocTpaterHbiil, O
MOKeT paboTaTh ¢ HATIPsKEIMSNI, ouelib OIH3KIMI K [1yJH0, naxe 6e3
AByxrossipuoro nurtanins. [poctoii neBaTiiBosIbTOBO{T rabBaHItyeckoii
Gatapeiikii Bnojie XBaTHT AJsS MITaHUS OMICHLIBAEMOrO YCTPOIiCTBa,
Kkotopoe norpedasier Tok 11e 6osee 1 MA (500 yacos LienpepbiBHOLT paboThl
C HoBoIT LiesiouHoii Garapeeit).
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M3 nanpspkenus nnradist +9 B muxpocxesoit TLE2425 npousson-
crBa koMnaHini Texas Instruments dopmiipyetcs cTabiibHoe Hanpsixe-
nite 2,5 B. O6bruo ata Miikpocxema 11CHOJb3yeTCy B yCTpoiicTBax AJis
HONYYEHI1S! «BIPTYATbIOI 3eMIH».

Xora Hanpsikerns 2,5 B naxke npli eAMHHYHOM YCIUTeHHU BIIOJIHE
NIOCTATOUHO JUIsi CABIFA HYJS B cepejtitity pabovero auanazona 0-5 B,
npir otcyTeTBIH Mitkpoexembl TLE2425 nomycTiiMo mpiiselicHie Hil-
Terpanbioro crabiutizaropa 78L035. [Ipir atos napasmerpn 6YAYyT Metiee
cTabIIblibl, a MOTpebJeHiie TOKa yBeaudnTes. PacionoxeHre BHBOIOR
06erxX MUKPOCXeM OIHHAKOBO.

MHoroobopoTHelii notenunometp R9 ¢ conporusnernen 10 kOm
CHYXHUT AJsT TOAAaYH YacTH BLIXOAHOTO HAMpPSKeHHS MHKDPOCXEeMBbI
TLE2425 na peancropublii cymmarop. Ha atoT ke cymmaTop noctymnaer
H BXOJIHOC Hamnpsi>keHle, KOTOpoe MOJKeT NOZIaBaThes HanpsmMylo (pasb-
eM DC — oTkpbITHIIl BXON) WM Yepe3 pasaesuTeNbHbLIIT koHaeHcaTop
C.,. (pazbem AC — 3aKpbiThlil BXOZ), KaK 11 Y OObIYHBIX OCIHILIOrPachoB.

Wcnonbzopaniie Bxopa AC no3posisier yoparh 13 BXOJHOTO CHrHaja

* [IOCTOSIHHY IO COCTABJISAIONLYI0 (O6BIYHO TPHCYTCTBYIOILYIO), A 3aTeM IpH
moMolH noTeHuuomeTpa R9 monobpath Takyio ee BeMUHHY, KOTOpast
MAaKCIHMaJIbIIO YNPOCTHT MpoBenieHHe H3MepedHii. EMKOCTD 11eaJiekTpo-
JuTiyeckoro konzencaropa C_ (skenatesbto, ytobbt O 6bLT paccyHTal
na Hanpsbkenue 400 B) byzner 3aBuceTs oT ycsoBuil nasMepeHuil: Besau-
unia. 1 MxD Mo3BOIsSeT paboTaTh Ha OYeHb HH3KHX YACTOTAX, a BeJIMYH-
1ol 0,1 Mxd gocTaTtovHo 718 paboTh B 3BYKOBOM JlHaMa3oHe.

Homunasns peanctopos (¢ Touioctbio 1%) ObLii paccunTalibl TAKIM
ob6pasom, uTobbI NepBhiil KacKkaz HMeN eJHHHYHOE YCUJIeHle, 3 BXOAHOE
comportiiietye coctaBisiio 1 MOM. Pesncrop ¢ conporusienuem
500 xOM MOXHO TIOSTYUHTh, COENHHB MapajijieIbHO ABa PC31iCTOpa o
1 MOwM kaxablil.

Bropoii kackazn 1iseer nepekiioyaenmbiit koadduineHTt yeuuens 1,
10, 100, a mHoroo6opotHsiil noreHuuomerp R10 22 kOm nossossiet

mibo ToyHO OTKaAHGpoBaTh ycHJieHHe TpH HacTpoiike, Jyibo pery-
JINPOBATD €ro MJIABHO — TaK JKe, KAK 3TO MOKHO MPOJEJIaTh TPH HOMOUIH
ob6bryHOro ocumiiorpacda, Bpaias pyuyky «Yciienne njiaBHos.

Koteutio, HHYTO He MellaeT HCMOIb30BATL HHBIC HOMIHAMNDI pe3iic-
TOPOB, YTOOBI MOMYYIITh ApYTile Ko3bdIIHenTh YCHIeHNs: 2, 5 U T.1.

Hns peamuzanin koaddiwienta yenenns 100 B uenu obpatHoii
CBA3I ONEPALIIOHHOrO YCIJIHTENs HCIOJNb3YeTCsl Pe3lcTOp ¢ HOMU-
HaysoM 1 MO, ans xoadpiniienTa yeienist 10 — napasiesnblioe co-
enndenite peanctopoB 100 kOn u 1 MOwM. [Ins peamiizaniu eqnHuy-
HOTO yCHJIeHIIsl (CXeMa MOBTOPHTEJS ) MpHMeHeHa 00bIYHAS TTepeMbIuKa,
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Urofni 06eCreuiiTh BHICOKYIO TOYHOCTH YCTPOIICTBA, KalIOpoBKy
Ha[o TMPOBOAMTDL MPH KO PuLenTe yCHICHTIA 10, TaKk Kak pesKIM
«X100» 1CITONL3YETCs PCAKO 11, KPOME TOFO, B HTOM PCKIME onepaltli-
onnplit yeuautenr LM 358 noxasepiell BAMSAHINO a(phexTa camelerns
Hys (KOTOpOe efiBa Jiit Oy/ieT CKOMIICHCIIPOBAHO TOJIHOCTDIO).

CregyeT o6patIiTh BHIMAILIE [1a TO, YTO, €CJII 11€ NCMOJIb3YCTEA BEp-
CIis ¢ ONTpONHOIl Pa3Bsi3Koii, 00T TPOBOA YCHIIITENS (B 1acCTHOCTIL,
BXOZHDIX Pa3beMOB) COeJlIHEH C o6 nposonom AL 1, crenosa-
resipHo, ¢ kopmycom T1K. Ouesrnzio, 4To fefpelifarepenHas nonaya
CMILKOM OOJBIIOTO HANPSKEITs Ha BXOJ yCHIIHTEN 111 CAMOro ALl
MOJKET MPUBECTII I K ero MOHAAHIIO 112 MATCPICKYIO TLIatTy MK

OmicbiBaeMoe ycTpoiicTBO Helsib3d
paccMaTpHBaTh Kak 3all{lITHOe: OHO He
TIpeaiHa3HayCHo Juis 3TOIl e/, Hom,:
30BaTesb TPH IPOBEJeIIHN II3MePeNn
caM JI0JDKer TTPENPHHSTD Bee 11e0bX0-
JHMble MEpDI PeI0CTOPOXKHOCTIT 1 IOM-
uuth, uto I1K Gosiee yA3BHM, HeXel
ocpiorpad #IH MYJLTHMCTD.

PaccMOTPHM KOHCTPYKIMIO YCHJIH-
tend. Ha puc. 6.2 npiBeneHa TomoJso-
rilgecKas cXeMa [euyaTHoil njaaTol, 11a
KOTOPOIl pa3MelllcHbl BCe dJIeMeNThbl
ycrpoiicTsa. MonTaxnas cxema mpil-
gezieHa na puc. 6.3; Ha Hell MoKa3aHbi
TaKke cOoelHITEAbHBIC KOJONKI] U1
TTO/IKJTIOYCHHSA TIPOBOJIOB BXOUIbIX 11 Bbi-
XOJHBIX CHTHAJOB. IIpH HCOGXOMIMOCTIT MOXKHO MOJIKIIOYITD BICHT
WL HCTOUH LK MITTAllish BMCCTO rajibBatuyeckoii 6araperr 9 B. 9to mo-
JKeT MOHaZoBHTLCA, HAMpIIMep, MPH MPOBECIIE O4eNDh IHTE/ILLOro
{BMepHTENBLHOTO nporecca. Bremitiil Bi I1aTbi ¢ yCTANOBJICHHBIMU
3JIcMCHTaMIT TfoKazal Ha piic. 6.4.

Biie miaThl GYZET CMOHTHPOBaH TOJILKO BXOAMOI KOIJICICATOP C.
pasMepbl KOTOPOTo MOTYT GhiTh BEChMa GOJILIUTIMIL, €CJII BBIOPAIL TTOMII-
nan 1 Mmx® X 400 B.

M110r0060pOTHDIE TIOACTPOEUHDBIC IOTCHIIHOMETPDI R9 1 R10 upen-
{1a311aualoTCsl KaK /18 NEYaTHOro MOHTAXKA, TaK 1 Ui MOUTANA Ha T1a-
Heb. Bropoii MOAXOM tpejutouTirreiell, 0Cobelto VISl perysisTopa yera-
HOBKI HyJIs, I0Jb30BATHCA KOTOPLIM HPIACTCH JIOBOJILHO HACTO.

Bui6op koadpritierrta yCHieHiis MOKCT OCYHICCTRIA ThHEA 1pIT TOMO-~
1yt 6710Ka epeAbiuck (1Pt PCKOM HCHOJIb3OBAIHIE) JIIOO HPIT I1OMOTIU

L L1

Puc. 6.2. Tononormyeckas cxema
neyaTHOM NNaTsl BXOQHOTO YCHITENS
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]

Tymbiepa 1111 nepektouares (npi pe-
ryJisiponM 1icnosib3oBaniin). Ho B 6oJib-
WIHICTBE CJIyYyaeB AOCTATOUHO TYMO-
Jiepa ¢ nosioKeHusiMiE «X1s 1 «X10».
PasMepbi 1mJ1aThl no3BOJISIIOT pasMec-
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E TITh €€ BMecTe ¢ rajibBaniueckoil 6aTa-
= peeil B MeTaJHueckoM KOpHyce TiHIA

EM 06/03 ESM. Heckosbko orsepcTitii
B KOpHyce [O3BOJISIT YCTAHOBIUTb BCC
OpraHbl yrpagJieHiis, a TAKXKe, eIl Mo-
Hazo6UTCs, ABe NPUOOPHbIE PO3ETKH
BNC (CP50-73).

CxeMy OUeHb JIEFKO HACTPOHTh, AAXKC
He TI0/[aBasl Ha Hee BHELIHHII BXOMHOMN
cursan. Ilpn ycranoske mepekJiouare-
Jisl epeMblueK B TOJIOKCHIIC «el[ITHUY-
HOe yCIJIeHHEe» H B PeXKHME «OTKPBITHIE
Bxoz» (DC) HeoOXOMHUMO «3aKOPOTHTh>
Bxox ycrmintess. Ilpocroe Bpauieirie
PYUKH PEryJsiTopa «YCTaHOBKA HYJsI»
JIOJ>KHO TIPUBECTH K 13MEHeHIIsIM MoKa-
3aHMil BHPTYaJILHOTO BOJILTMeTpa B Mpe-
nenax ot 0 go 2,5 B (noxasarus gosk-
Hbl YBEJHYUBATLCSA B JIECSATh pa3 NpH
nepexoze Ha pexxiiM «X10»). B Takom ciyyae, ecrectpettnio, ALIT He
MoeT ob6paboTarh BXojtoe Hanpspkeliiie Boiiie 5 B 1 6yzxer opmn-
POBaTh KOZI0BYI0 KOMOHHAIHIO, COOTBETCTBYIOILYIO MAKCHMYMY ILIKaJIbl.

10 mss

EX
§ %
Lol o
3.3MQ

NcTouHUK ©
nuTaHua <

Puc. 6.3. Moutaxuas cxema
BXOAHOTO ycuuTens

Puc. 6.4. Buewnwsi sug nnarsl BXogHoro yeunutens
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OATYUK TEMNEPATYPbI

Cpean Bcero MHOroo6pa3isl AATYHKOB, KOTOPDIE MOXIIO MOJK/IOYATh
k AL ans o6paborkil ¢ MOMOUIBLIO BHPTYaJbHOTO H3MEPHTENLHOro:
KOMILJICKCA, OZ(HMM M3 CaMbiX MOJe31bIX OyeT AaTYHK TeMilepaTyphbl.
Biarozapst wnpokoMy pabouenmy Ailalia3oHy OH MOXKET NMPHMeNAThCA
i1 1711 PEruCTPaLii METeoPOJIOrHYECKHX MPOHECCOB, M JUIA aHami3a
TeMMepaTypHOro PekHMa aKKyMYyJ/ISITOpa MpH GhICTPOM 3apsijle, U axe
ZUISL [IPOBEPKH paBoThl ABTOMATHKH XOJIOAMJIBHBIX KaMep.

IInpoxie Bo3aMoxxHOCTH MaciITaGupoBaiiis, 3akianpipaempie B [1O
JUISE BUPTYaJiblIOI0 M3MEPHTEIbHOIO KOMILIEKCa, MO3BOJSIOT CyLIecT-
BEHHO YIIPOCTHTb Npe/iBapHTeIbHYI0 06paboTKy CHIHAJIA HIIH flaxke MOoJI-
HOCThIO OT Hee OTKa3aThCA. '

C yueToM MCKJIIOUHTEIBHOI MPOCTOTH CXeMOTEXHHKH MpejilaraeMbIxX
AL soruyHo Mcnonb30BaTh Takoil ¢ 11POCTO AaTYUK TeMICpaTyphl.
He MoxKeT 6BITD It peyH O MJIATHHOBOIT NPOBOJIOKE, [IOCKOJIbKY ce HU3KasI
4yBCTBHTENbHOCTb M HEJIHHEHHOCTh apaMeTpos noTpebyioT npHMe-
HCHHSI HECKOJIBKIX ONEPALHOHIBIX, YCHIHTeel; He MO0y T 1 TepMo-
maphl, TaKk Kak HX KOMIEHCATOP «XOJIOAHOIO CTiasi» CJIOXeH MO KOH-
CTPYKLMH H TpebyeT oueHb Cepbe3HOoi HaCTPOKH.

TepMOPE3HCTOPDI € TOJNOKHUTEILHBIM M OTPHLATEbHDIM TeMilepa-
TypubiM Koadduentom conpotiipenns (TKC) ouens 4yBcTBHTEILHDE
K U3MeHeHusIM Temnepatypbl. OHH IIPOCTO HOAKJIIOUAIOTCS, 10 UX Xapak-
TCPICTHKI HERHEHIbI, TAK YTO HX YPE3BBIYAITHO CJIOKHO KanbpoBaTh.

B TemneparyptoM auanasone ot —50 °C no +150 °C Gosbiiie npe-
IIMYIICCTBA MMEIOT KpeMHliesbie faTdiH. JlocTaTouHO YyBCTBHTEMb-
Hble 11 yacTo obJ1afaloniiie Xopoueii IMHe0CTbIO XapaKTepHCTIIK, OHll,
KO BCeMy MpoueMy, ZeleBsl 1 gocTynibl. Hazno jim nckaTh HM 3aMehy,
eCJIM H3BECTHO, YTO MO ToyHoCTH onu cpaBHumMbt ¢ ALLII, koTopbie omu-
CBIBAIOTCS B 9TOI KHITE?

CJiiazipiBaercs Breyatsene, 4to Mikpocxema LM 335 (nnn ee Ba-
pitanTor LM 135 1 LM 235) cosnana cnenmasibio uis petiieHis Aantoii
npo6Jieabl. DTa MIKPOCXEMA BLIITYCKAeTCss MHOITIMH TIPOH3BOIIITCIIAMMY,
B ToM uncie koMmanusimi National Semiconductor it SGS-Thomson. Ona
HMCCT KOPIYC TPAH3HICTOPHOTO THIA 11 MOXET PAacCMaTPHBaTLCA Kak
craGIuIITPOH ¢ TeMmepaTypHbiv koapirentom Hanpskenns (TKH)
pasimin 10 MB/°K. Pa6ouit manasoi Temnepatyp Mikpocxemst LM 335
siekur B rpaniax ot —40 °C go +100 °C (ana sapuanrta LM 135 on co-
crasaser or —50 °C no +150 °C). TIpit aTOM HyJICBOC BLIXO/IHOE HAlIPsiKe-
Hiie COOTBETCTBYCT Temricpatype abeomoTroro myns 0 °K (273,15 °C).
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Puc. 6.7. Tononornieckas cxema ne4arHoi naars 4aTyMKa remneparypsl
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Puc. 8.5. TemnepatypHas xapakrepuctuka mukpocxems LM 335
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Puc. 6.6. [puHumnuansHas cxema AaTamka TemnepaTypbl

[To xapakrepucTiiie, TpiiBesieHHOI Ha puc. 6.5, BIAHO, YTO BhiXOAHOE
Hanpsixeniie Mensetcst ot 2,23 B npu =50 °C (223 °K) no 4,23 B npu
+150 °C (423 °K). 371t mapaMeTpbl YAAauHO COOTHOCATCS ¢ pabounm
naramnasonom omnebiBaeMbix AILIT — o1 0 no 5 B.

Ecxnir He BBeCTH B ¢XeMy 2J1eMEHTB! KaJlOPOBKII, TO HECOOTBETCTRLIE
MEsKAY TeMIepaTypoii 1 BLIXOAHDBIM HAaMpsDKEHITeM B HAUXYILeM ciayyae
Moxet pocturaTtbh 9 “K. CnenoBaTessHO, 11U BBITIONIEHHS 3324, pac-
CMATpHBaeMbIX B KHHUTe, TpeOYETCs MOACTPOEYHDIIT PE3ICTOp A KaJill-
6poskit. C yu4eTOM 5TOro MoJyyaeTcs, KaK 1f MPeAnoNaranoch, HCKIIo-
YHTCILHO TIPOCTast cXeMa, IpliBeAeHHas Ha puc. 6.6.

Hano 3ameTntb, uTto A71s1 obecnevennsi HOpMaIbHOIl paboThl HTOro
JIaTuIIKa JIOCTAaTOYHO OAHOrO pe3HcTopa i HebOobIION raibBaHYecKkoil
Harapen 9 B, Torna xax ast GOJMLIIMHCTBA 13EMIHT APYTUX TPOM3BO-
aureneii norpebosasicst 6bi HCTOUHIK CTaBMILHOTO TOKA.

Iocne kannbposkil (06bIYHO NN Temmeparype +25 °C) TOYHOCTD
MoJ1y4aeMbiX Pe3yJLTaTOB B 3aBHCIIMOCTH OT FPYNIIbI IaTYHKA OKa3bi-
Baercs ayuuie, ueM £(1-2) °C. Haunyuuieii sensiercs rpynmna «A». To

Puc. 6.8. MonTaxHas cxema 4aryuka Temneparyps

XOpOILIO COOTHOCHTCS C TOYHOCTLIO 1% 1 paspeilennen 20 MB (T0 ecTb
2 °C) 8-paspsiztoro AILIL

pu pabote ¢ 10- 1 12-paspAaHbIMIL AIITI neo6Xoa1MO HCITOJIB30-
BaThb MUKPOCXeMy AATyifKa TPYNIBI «A» I yACHHTD ocoboe BHIIMAHLC
KaJInOpOoBKe.

[leyaTHad TiaTa JATUHKa HNMCET APHMEPHO TakHe Xe pasMepol, Kak
JleBSTHBOJILTOBAS ribBaHKueckas Garapest. ToroJoriyeckas cXema fie-
yaTHOI1 TUIATHI TIpHBezela Ha pHc. 6.7.

TIpi cbopKe cXeAbl AaT4HKa Cle/lyeT pyKOBOACTBOBATLCA MOHTaX-
Hoit cxeMoii (piic. 6.8). CTouT 06paTHTh BHHMAHIIE Ha TO, YTO Ha naTe
yCTaHOBJIEHBI MPAKTIIYECKIT BCE KOMIOHCHTBI, a TAKkKE pazben raabpa-

- Huyeckoil 6aTapen 1 COEANHITeNbHas KOJIOAKR, NONKIOUEHIIC K KOTo™
PBIM MOJKET OCYHIECTBIATRCA CAMBIMIT PA3HDIMI crocobanit. Buenrinii
B/ TUIATHI IATYIKA C YCTAHOBJIEHHDIMH BJICMEHTAMH TIokasall Ha puc. 6.9.

Uepes COEAMHNTENLHYIO KOJIOLKY C MOMOUILIO OLHOI Maphl MpOBOOB

JIATUHK TeMITepatypbl NOAKIIOUAeTCs K AILII, a ¢ nOMOILBIO APYTON Maphi

Puc. 6.9. BHewwmuii Bug nnarst 4ar4uka Temneparyphl
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Ha NJ1aTy MOKHO NOAATDh HaNpsikeHlie nitanus ot 9 1o 12 B, 3ayeHns
TajIbBaHH4YCCKyI0 OaTapeio Ha BHEWNMI HCTOYHIIK. DTa e coenili-
TeJIbITast KOJIO/IKA TIO3BOJINT, [IPH HEOOXOMNMOCTH, C HOMOU[BIO Tpex
IIPOBOZIOB AJIIHOIT 10 OIHOTO MeTpa BLIHECTH AATUMK Ha MIKDOCXeMe
LM 335 ua GesonacHoe paccrosiHue, 4TO6BI He MOABEPraTh OCTAIbHDIE
YCTPOIicTBA 3MEPHTENILHOTO KOMILIEKCa BPeIHOMY BO3/CHCTBHIO.

[l paboT, CBA3AHHBIX € MOTPYKEHIIEM B XKILAKIE CPCAbI, byner He-
06XOMIIIMO M30JMPOBATh JATYUK, MOMECTHB €ro B YeXOJ I3 TepMopeax-
THBHOI'O MaTtepllana, [pHyeM JTOCTATOYHO TOHKOTO, YTO6DLl TerjoBas
HHEPLUHOHHOCTh NaTYHKa yBeIUYHAach He CHIbHO. VneansHbiil Bapu-
aHT — 3TO YeX0J1, 3alloHeHHbIiT TepMoluteeM. TIoHSTHO, YTo MecTa nas-
HBIX COeAMHeHNH MTPOBONIOB M BBIBOLOB JATYHKA Mepejl PasMelleHHeM
B H30/MMpPYIOIEM YexJie /IS MPeNOTBPAIeHHs 3aMbIKAHHIT J{OKHbI
ObITh H30/IMPOBAHBI OTPe3KaMH THOKOH MIACTHKORBO TpyOKH.

Tax kax naTunx onpesessieT TOYHOCTH BCETO H3MEPUTENBIIOTO TpaKTa,
KaJIMOPOBATD €ro HY’KHO Mpe/le/IbHO aKKypaTHO. B npuriwime KasHOPOBKY
cyienyeT NpOBOANTS Mpu 25 °C, HO HUYTO He MelllaeT POBECTH ee MPH Py -
roit Temneparype B npesiesiax ot 20° 1o 30 °C. IIpu 3TOM Hafo IOMHUTD,

YTO TEMIIepATypa B PA3HbIX YACTAX MMOMeLIeHHS MOXKeT ObITD HeonHaKo-

BOil. C/leN10BaTeIbHO, STATOHHBIH TEPMOMET], KaK MOXKHO GoJlee TOUIbIH,
JLOJDKEH pacroNiaraThest B HENMOCPENCTBEHHOM OIM30CTH OT KauBpyenoro
AaT4yHKa Ha MukpocxeMe LM 335, u, kpome TOro, Heo6XomMo BblxK1aTh
HEKOTOPOE BPEeMsl, YTOODI IOCTUYD TENAOBOrO PaBHOBECHS.

Hanpsokenine kannGpoBkn 3aBucHT oT TeMmepatypbl okpyskaloLieii
cpenbl: Hanpumep, npu temneparype 20 °C (nnau 293 °K) BbixonHoe
lanpsuKenye 1aTyHKa HY>)KHO yCTaHOBUTDL Ha BeJlu4nHy 2,93 B.

Moxiio pexonmennioBats it Gojiee IPocToii coco6 KamMIGPOBKH npH
0°C, e Tpebylontiii 06pasioBoro Tepaoserpa. 151 3TOro 10CTATOUHO
nponeaTh B KYCKe JibJa OTBEPCTIe (HANpIIMEp, OCTHIBAIOWMM MAS/ib-
HIIKOM) ¥ NoMecTHTh Kopnyc LM 335 (wo 1ie BuiBoast!) B Tanyio BOLLY,
KOTOpast HAUHeT HBICTPO 3aNONHSTh YrayOeHHe, — 9TO «TalowHil ey,
TeMrepartypa KOToporo 1o onpejesentito papna 0 °C. 3ateM nano 6yner
MpH MOMOIIH MHOTOOGOPOTHOTO NOJCTPOEYHOLO PE3UCTOPA OTPEryil-
POBaTb IATYHK 10 [OJyYeHIIs 1Ha Tablo BHPTYaIbHOO BOJBTMETPA 110-
kazaiug 2,73 B.

Baxcno Boimonnsats kaanbposky Aatudiika inesnto ¢ tes AL, ¢ xo-

TOPLIM 3TOT NAaTHIIK 6yaeT pa60TaTb BIIOCAE€ACTBHH, YTOObI KaK MOKHO

JIyHille CKOMITEHCHPOBATD €ro MOrPeLHOCTD.

EcrectBeno, nonyckaercst kombunnpoBanie 06011xX BbileyKkasaH-
11BIX METOJIOB /I7Ist MOJ1yYeHM ST MAKCHMAILHOI TOYHOCTI, XOTS NPH 3TOM
He CTONT paccUITHIBATL Ha MoayyeHite obuleii roynoctu Buiuie +1 °C,
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BoJIbIIHICTBO 3a/1au Ipe/noaaraeT npoBeieHHe JIHaMU4Y€eCKOH pert-
CTpaLHH H3MCHEHUIl TeMNepaTypbl 3a TOT HJH HHOH MEPHOJ BPeMEHH.
OnHOKpaTHbIe H3Mepeli s TeMMepaTypbl ropasio ynobHee IPOBOMITH
npH MOMOIHH 0OBIYHOTO TepMOMETPA.

[Taker PICOLOG, paGorarouii co Beem 1afiennsmu komnasin PICO
Technology, nosBosster BLIMOAHATL H3MepPEHIIs ¢ BPEMEHHDIMH HHTEp-
BaJIaMIl OT HECKOJILKHX MIHYT 710 MIIOTHX MecsilleB U jiaxe JieT. ITomino
3TOr0, OH J1aeT BO3MOXKHOCTH NIPOBECTH MacluTabHpoBaHHe pe3y/bTaToB
u3MepeHNii, a MpH MCMOAb30BAHUII JATYNKA TEMIIEPATYPbI BbIMOIHUTD
npeoGpazopatiie «BoJbTHI-rpasycht Lleabcus». (Brayase Halo CKOppeKTH-
pOBaTh HAKJIOH XapaKTePHCTHKH NpeoGpa3oBaHus MJIs NOJyYeHHs pe-
3y/bTaTOB B rpafycax KenbBiHA, a 3aTeM MPOM3BECTH KOPPEKIIMIO CMelle-
HIISL JUISE Tepexo/ia K BeTHUMHaM, H3MePEHHbIM B rpafycax Lleabcus.)

Kaxoft 651 AIUT 1t iicnonssoBaica (ADC 10 i ADC 12), HCO.,6X0:
JIMMAast BeIMYMHA KOPPEKLMH cMelieHNs B MeHIo «Hacrpoiika niHeliHON
WIKaabl» U Mapamerpa «Temneparypa» paBHa —273. Koabduuneur
xoppexknun Hakiona npu padore ¢ ADC 10 (8-paspslibiM) paBeH
1,9608, a npu pa6ore ¢ ADC 12 (12-paspsuubiv) pasen 0,1221.

Yaure Bcero 6yeT MCMOIb30BATLCA WIKAMA, [PajlyHpOBAHHAT OT
-50° C no +100 °C usaum +150 °C u Br/ovaonas Bech pabounit iana-

aTyHKa. _
30};(%mqna1<eT PICOSCOPE B menbuteii crenett, yent PICOLOG, npu
rojiell UIsl H3MepEHHS 1 06paboTKi 3aMepoB Tenmnepatyp (ocuuorpad,
YacTOTOMEp H aHAJIH3ATOP CIIEKTPA 3]leCh HE MOMOTYT), ero B/OJII)TMeTp
MIOCTOSIHHOTO TOKa MOXHO HACTPONTD HEMOCPeCTBEHHO Ha OTOOpaKeN e
usmepenHoil Temneparypot (puc. 6.10).

Jl1a orobpaskenus TeMrepatypbl B rpajpycaXx KesbBHHA 10CTaTOYHO
BbIOpaTh peskuM «IlepeMenHas Likanay», 3aTemM YCTAHOBUTb MUHHMATb-
HOe 3HayelHe paBHBIM HYJI0, a MakciMasbHoe — 500, 6e3 3HaKoB MoC-
e 3ansToil (lecAtoie aoan rpajyca npy tounoctu £1 °C He inMeror
snavenus). IIpn orobpaxennn pesybraros B rpagycax embcust -
HAMAaJbHOE 1 MaKCIIMaJbHOe 3HayeHHs paBHbLI COOTBETCTBeHHO —273
1 +227, taroke 6e3 3HakOB MOCe 3an5Toil.

Paboras ¢ ALIL, xotopbie 113roToBJNEHDI 110 MPHBEJIEHHBIM B KHHIE
cxeman, Ha npinepe nporpamyb DEGRES.BAS moxHo ybennrnes,
HACKOJBKO MPOCTO .NIPEBPATHTD BHPTYaIbLHBIT BOJBTMETDP B BUPTYalb-
HDIA TEPMOMETD.

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

220 D=INT(100*D)

230 LOCATE 1,1
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Puc. 6.10. Bug sxpara s pexume nameperus Temneparypbf

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

245 PRINT"*'C "

250 GOTO 210

260 REM (c)1997 Patrick GUEULLE

Merton npuBeenus mKasbl, nCMOAb30BaHHbIT B 9TOM YNPOLIEHHOM
BapuanTe nporpammsl VOLTS.BAS, mMoskiio npuMeHs TS BO Beex ApyTrHX
NpOrpaMMax, PaCCMOTPEHHBIX B IyaBe 5.

AATHUK OABJIEHUA

Msnepentie 11 perictpaniis gapieHus mWHPOKO pacipocTpalieHbl KaK
B [IPOMBIUIICHHOCTH, TaK H B MOBCEJHEBHOM KIIBHI: MeTCOPOJOrHYyec-
KHe 6apoMeTPbI OKa3bIBAIOT aTMocepHOe AaBleHHe, a MeAUIMHCKHe
ITonomeTpm - nasn(euue B napysaemoii Marbkete. He croHT 3a6b1Bath
1 0 BbicoTOMepax (aJbTHMeTpax), KOTopble, M0 ¢
coboii Te ke Gaposerpyl, HO c(I)) CI'[)(;lll/laJIinIOﬁ, mxcaJI}(I)Tﬁl.{, HpeTReT
Puhmcconncaunmﬁ NPOCTO It NlelleBbIi JATYIIK [aBJeHUs, Crocos-
Hbiii paborarb ¢ ALTI, koTopbie paccMoTpenbl B IaHHOIT KHHUTE, MOXKeT -
TMIPHMEHSITBCS B CAMBIX Pa3HbBIX LEJISIX. S
B 3aBHCHMOCTI OT HCHIOAB3YeMOiT TEXHOMOTHI AATYHK AaBIeHs 663
9JIEKTPOHHOIT YacTH MOXKeT ObiTb U OYeHb JAOPOTHM, U OTHOCHTENBHO

\
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Puc. 6.11. BHewHuif Bug KpEMHUEBOrO AQTYMKA AABIEHNUA

JlelIeBbIM. DKOHOMUYHbIE IATYMKH, IIOCTPOEHHbIE Ha OCHOBE KpHCTa/LIa
KPeMHHUS, ObUTH HACTOJIBKO yYCOBEPIUICHCTBOBAHDI, YTO TeMepb MapaMeT-
pbi podhecCHOHATHHOTO YPOBHS MOXKHO NOJIYYHTh, KYTIHB M3/1e/1i1e MpH-
MepHo 3a 25 no1apoB. Takoil JaT4HI COCTOMT 113 BYX OCHOBHBIX Hac-
Teil: TepMETHUHOTO KOPITyCa, 00bIYII0 CHabXeHHOTo IIITyLledeII M03BO-
JISIOLUIMH TIOICOEIMHSATD THbKIe TPY6KH, I Ouelb HeoObIYHOro Noy-
npoBoiHKKOBOro kpicraaia. Ha onioji 1 Tofi ke KpeMiliieBoil 1J1acTHHe
BBIIOJIHEHD! I KJAacCHYecKie dJICKTPOIIHbIE KOMIOIEHTDI, I CTPYHHbIE
JaTYNKH HaTskennst (puc. 6.11).

PepoJnouionias Uaes COCTOMT B TOM, YTO HMEHHO caMa IJIACTHHA,
ornpefieJieHHasi YacTb KOTOPOil clleJlaHa OueHb TOHKOM HPIT TOMOIITE MIt-
KpoOGPaBOTKH, HIPAeT POJib MeMOpaHbLI, ﬂe(bOpMprlOuleHCH nojl BO3-
felicTBIEeM JlaBJieHHsl.

[lepBble AATYHKH, H3TOTOBJEHHbIC IO TaKoii TEXHONOTHH, AaBaNH
He CJMIIKOM Xopolliie fokasatest. Y fnx HPICYTCTROBAJ OLTIYTHMBII
TeMmepaTypHbiii fpefich, a Tawoke 3aMeTHBIT CABILT HyJIsl (HaJIIIu1Ie BbINO/-
HOTO HANPSDKEHUS TIPH HYJIEBOM JABJICHILI), KOTOPBIfl CHIBIO MEHSJICA
oT obpasia Kk 06pa3iy. DNEKTPOHHbIC KOPPEKTIPYIOLLIC ycrpoiicTaa,
K CYACTBIO, MOTJIH CYLIECTBEIHO CIJIafHTD 3TI HCJOCTATKIL, a4 Ha Cerol-
HAWHUIT AeHb M0JI0KeH e 3HAUNTEbHO Yy4IIoCh.

BoinosiHeHite Ha ofHOI MJIacTHHE, MOMIMO CTPYHHbIX IaTUHKOB Ha-
TAKEHUS, TEPMOPE3MCTOPOB H PE3UCTOPOB C J1a3epHOll NIOATOHKOIT 1O~
3BOJIAET MPOH3BONMTENSAM CO3/1aBaTh 11 BLINYCKATh yoKe KaJIMOpoBaHHbIE
1 TepMOKOMIICHCHPOBaHHbIE aTunKH. Mcmonp3oBath HX OUenb 1IpoCcTo:
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+5B

MPX R1
3/ 20100 , 100kQ

0-15 PSI

R2
4 1 100kQ

+5B

R8
1,0kQ

*Ycraxoska
Hyna"
(HeobasaTensHo) "Yeunetue*

Puc. 6.12. Cxema yctposictsa cornacosanus ans garuuxa gasnerms

JLOCTATOYHO MOJIAaTb TOCTOSIHHOE HaNPsiXKeH e Ha OJIHY AMaroHasb MOCTa,
COCTOSIIIEr0 M3 CTPYHHBIX IaTYMKOB HATOKEIUs], i CHUMATb C JPYTOIf
AUATOHaJI 3TOTO MOCTA HAIPSKEHHUE, MPONOPIHOHAIbHOE NMPHJIOXKEH-
nomy fapienuio. Tak, gatunkn xomnasnu Motorola ua cepun MPX
2000 o6b14i10 HOPMUPYIOT HyJIeBOE HATIPSKEHHE B AHATOHAIH 1IpH HY-
JieBoM napnenmit it 40 MB (peanvo — B nipenenax ot 37,42 110 42,58 MB)
MpH 1aBJIEHHH, COOTBCTCTBYIONIEM HX MOJIHOMN HIKaJIe.

Jl71st yCTPOIACTR, paccMaTPHBAEMbIX B 9TOf1 KHHTE, C LeJIbIO OXBATa Hal-
6Gonee wpokoii ceprl npruMeneHns Gbin ByGpan matunk MPX 2200,
paGoTaiontuii B IManasoHe H3MeHeHNs1 faBckus 10 2 6ap (j10 200 klIa).
Hatuuk Bpimyckaercst B ABYX Bapnanrtax: MPX 2200 AP, nasbiBaenbiii
abcomoribi, 1 MPX 2200 DP, nasbiBaembiii mihdbeperipanbHbIM, Ouenb
BAOKHO NOHATb NPHHUMMHANBHYIO Pa3HHILY MeXY HHMH M BBIOPATD
HMEHHO TOT BApHAHT, KOTOPBII COOTBETCTBYET YCIOBHSM II3MEPEeHHS.

Hedopatpyemast meMGpaHa aTuiika MOXET «4yBCTBOBATb» TOJIb-
KO PasHMIy JaBIEHHs MCKAY ABYMSI CBOMMH [OBEPXHOCTSAMH, IIPHTOM
N10-pa3sHOMY B pasHbIX HallpaBieHusix. BeselicTBiie ocobenHocTell ©oi-
CTPYKIHH Y 1l€€ €CTb CTOPOHA «BBICOKOFO JIaBJICHUSI» U CTOPOHA «HH3-
Koro faByieHHsi». [10aToMy KOpIyC aTunKa COCTOMT U3 ABYX rojiocTeii,
MEXKAY KOTOPBIMH I paciosioxeHa MeMOpaHa.

Ecmit kaxnas us nonocreii cHaGKeHa mrynepom JUIst pHCoeaHeH s

TPYOOK, NATYHK OMpeleNsieT PA3HHLY MeXKIY ABYMs MPHIOKEHHDIM
AaBNeHHsIMH, TO ecTh sBAsiercs alddepennnansupiv. OfHO U3 9THX
JaBieciunii MoxeT ObITh arMocdepHbIM — A7 3TOrO O/HA 13 HoAocTell
OCTaeTCs OTKPLITOI (K WTYLepy HHYEro He MpucoeanHsieTcs ).

B naruniax, naspizacMbIx aGeomoTHbIMIT (17111, 60Jiee MPaBUABHO, a6-
COJNOTHOTO JIABJICST), OJUIA 13 NOJIOCTelT TTOJIIOCTLIO TepMETH3IPOBaHa
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1 «laKayaia» [0 ONPeACHCHHOTO JaBienus (XOTs BHYTPH Hee MOXeT
ObITL 11 rayboxitit Bakyya). Tanm oOpa3oM, NaBieHie, MPHKAaLbiBa-
€MOC K C/IIIHCTBCHHOMY BXOJlY JaTYHKA, OYJIeT H3MEPEHO OTHOCHTE/bHO
HTOro ONMOPHOTO AaBienus. JlaTuiky nojobHOTO TIMa HCMOMbL3YIOTCH,
B YaCTHOCTII, B OapoMeTpax 11 BBICOTOMepaX, KOTOpble CpaBHHBAKOT
BHelHee aTMochepHOC AaBJciie ¢ onopHbiM. EcTecTBento, Takony
MATUHKY AJS HOpMaJibhoil paboThl e Hy)KHa CIOKHas 3J1eKTPOHHKa.

Cxena ycrpolicTBa corJiacOBaHMsi, IIpHBefieHHast Ha pHc. 6.12, B3sATa
HenocpeJCcTBeHHO H3 PYKOBOJICTBA 110 [IPUMEHEHIIO, pa3paboTaHHOTO
xonmanueii Motorola, u siBnstetcs He caMoit yytliell U3 CYIIECTBYIOIHUX,
110 eC TQUHOCTH B 130bITKe XBaTtaeT /s paborhi ¢ 8-paspsinnpivm ALL

K aTo0ii cxeme 6bl [106aBieH MHTErpaibHbiil crabuauzatop 7805,
opMUpYIOIHIT HanpsKeHMe MHTaHUS 5 B s naTynka n s MUKpPO-
cXeMbl ciiBoennoro onepatuontoro ycuaurens LM 358. Kackanbt
MHKPOCXEMbI pelialoT JIBe 3ajlaui: Bo-MepBbiX, Bocnpuiumalor audde-
peHLHaNbHDI CHIHAJ C BHIXO/1a IATYHKa, BO-BTOPDIX, YCHIHBAIOT €r0.

\n——aég—f °|"
Frikidh

Puc. 6.13. Tononoruyeckas cxema neyaTHoOR Nartsl aT4Mka AABNEHUS

ITpu nanpskenui HCTOYHHUKA MHTaHUA 5 B Hanpsokenue Ha Bbixoze
BTOPOTO ONEPAIMOHHOTO YCHANTEA HEe MOJKET COCTaBJIsATH Goabie 4 B.
VMenHo 3Ta BeIUHHA M ABISIETCST HAPsKeHHEM MOTHOI LIKAb] yCTpoii-
crBa (4 B npu naBnennu 2 Gapa).

MHuorooboporHbiii rioteomerp R6 ¢ HoMuHamonm 20 kOM ey kT 1is
TOUHOI1 YCTAHOBKII 3TOIT BEJIMYIHBI IUIH KaKoii-/iMbo Ipyroil TouKH IKa-
Jibl, JUIST KOTOPOIT [IMCETCS BO3MOXKIOCTD [IPOBEPHTD JIABJEIIIE C MIOMOLILIO
STAJIOHHOTO MatioMerpa. IIpicyTCTBYIOUNiT B OPHTHHAILHOI CXeMe, HO He
o0s3aTeAbIIbT NOACTPOEUHDIH Pe3HCTOp /IS KOPPEKLMH CMeLICHHS HYJIfA
He BbIT HHCMOMB30BaH BBUY MaJloi BeJH4IIIbl 5TOTO CMeleH s 11 OrpaHii-
yenuit TounocTH npeobpazopaniisi 8-paspsaxbix AL :

Toronornyeckas cxena neyaTHoil IaThl pa3paboraioro ycrpoii-
crsa npieaena ma prc. 6.13, monraxkias cxema — ta piic. 6.14.
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Puc. 6.15. Brewnuit Bug nnats gatumka gasnenus

Jatunx mopenit MPX 2200 (1o ne MPX 2010, kotopsiii, corfiacto
pyxoBojcTBy Komiatiin Matorola, paccurrran Ha nasiaetite g0 100 y6ap)
KPCINITCS K IUIaTe JIBYMS BUHTAMII-CAMOPE3AMH CO CPeHIN YCIIHeM
3aTSHKICH 11 (hrkcaniceil BIHHTOR JaKOM HJIHM Kpackoil.

[Tocne 3axpeiuiennst AaTUIKA €T0 JICHTOUHBIE BLIBOBI [IPHITaHBAIOTCS
K 1IPEJLyCMOTPEHHDIM JUIst 111X KOHTAKTHLIM rnomazkaM. [lepen atum
BBIBOJBI IATYH KA JIO/DKIBI ObITh aKKYPATHO 0T(HOPMOBAIBE NPII MTOMOLILH
HIHIeTa 1 naccativkell ¢ kpyrabivi rybxamir. Brewnsil sug cmoi-
THPOBaHOIl 1euatHoii nuarsl mokasax 1a pic. 6.13.

Jlo TEX 110p MOKA 1A JTHIIK [C NOJIAHO BHCIIHCE JaBMeHHE, Moo=
yennolil K yCTPoHCTBY BUPTYaJbbiil BOJILTMETP N0JIKeH MOKa3biBaTDb
HyJeBoe HallpssKeHile, ecilil 1cnoJib3yeTcs nartuitk pHdepeniiain-
11OTO TIHITA, WJHI HAMPsKeHlle, COOTBETCTRYIOlee aTMoc(epHOMY faBe-
11110, CCJII1 CITOAb30BANl ATy IIK abCcoMOTHOIO T,

IInpouyaiiinie BO3MOKIIOCTH KaJHIOPOBKH 11 IIPHBEACHHS MIKAJ TAKHX
nporpamm, Kak PICOSCOPE 1un PICOLOG, 1no3BonsgioT BLIBOAHTD
nipopMaInio HeHOCPEACTBEHNO B TEX BeHYIIHAX, KOTOPblE HHITEPECYIOT
110JIb30BATEJIsT; B YACTHOCTIL, IaBJICH11C BBIBOMITCS B JHOOLIX COOTBETCTBY-
IOHIHX CAUIHOUAX (HanpusMep, eauiniEax BbicOTbl), PaBlio Kkak i 0001
APYToil HapamMeTp, KOTopuiil yist yo0CTBA HI3MEPEHs MOXKeET ObiTh COOT-
HCCEH C JIaBAEHHEML.

TIATHMKIA U TIPUHAIIEXHOCTM ' 179

IIpuneHsist BUPTYabHblii BOJILTMETP POIrPaMMbL PICOSCOPE cor-
CYTCTBYIOUIHAI (4TO BaXKHO) 3HAKaMIl nocie 3alATOH, I0CTATOYHO, Ha-
1IpHMEp, YKa3aTh HYJeBYIO BEJIMHIY I MHHIMATBLHOTO 1 2500 rlla
(it M6ap) AJA MAKCHMaJILHOTO 3HAYeH1MH, YTOODI NPH MOMOLII JaT-
yitca MPX 2200 AP moayuirth OPAMYIO HHUIKALIIO aTMOChepHOro
JaBaeliis B CTallapTHBIX efiniiax. Kpome ToTo, 10CTaTOYHO ycTa-
HOBHTb MAKCHMAJILHYIO Besmuiy paHoii 1875, 4To6bl MOIY4HTD HH-
JUIKALHIO aTMOC(EPHOro NaBAeHs B MUJTHMETPaX PTYTHOTO cToN10a
(mmHg — MM pT. CT.), e/UIHIIIaX BHECHCTEMHBIX, HO UIHPOKO paclpo-
CTpaHeHHDIX 11 NOHATHBIX.

XoTs cTaHapTHOl efiHHLell AaBJIEHHS ABIAETCA MACKalb (I1a), mox-
HO KOHCTATHPOBATH, YTO KpOMe Hero HCnosb3yeTcss o4eHb MHOTO APYrHX
e/IHHUIL — OT aHTJIHICKHX (YHTOB Ha kBaapatHbiii atofim (PSI) o Gap nan
Kr/cM?%, B KOTOPBIX TapHPOBaHbl, HarlpuMep, aBTOMOOUIbHbIE MAHOMETPBIL.

TouHble COOTHOIICHUS Pa3IHYHBIX eMHHI aBACHIA NPHUBEJCHDI
B Tabs. 6.1. Ity nHdopMaLno MOXKHO HCIIONb30BATD MPH KaanbpoBKe
Tofl MM MHOI 1POTPaMMbI € IleIbl0 HHAHKALMI PC3YJIBTaTOB M3Mepe-
HUi B KaKHX-/11160 eHHUIAX U3 psAlla [epeuHCIeHHbIX.

B Tabmuie UCNoib30BaHbl CIeyIOIHe 0003HAYEHUS:

PSI (bynr/KB. AOiM

JUOTTM BOIL. CT.  JIOIM BOJASIHOTO CTOJI0A
JUOWM PT. CT. JUOITM PTYTHOrO CTOJIOA

kIla KIJIoftackajb

MOap MuAanGap ‘
CM BO[L. CT. CalTHMeTp BOASIHOTO CTOI6a
MM PT. CT. MIULIHMETp PTYTHOTO CTONI0a

Tabmuua 6.1. COOTHOLIEHUE OCHOBHBIX EAUHHL UIMEPEHUS AABIEHHS

-

PSI RIOAM RIOAM a m6ap CM MM

80j4. CT. pT. CT. Bof. CT. | Ppr.cCr
PSI 1,000 27,680 2,036 68947 | 68,947 | 70308 | 51,715
RO 36127 % 102| 1,000 |7,3554 X 102] 02491 | 2491 | 25400 | 1,8683
B8OA. CT.
':f“c':_ 0,4912 13,596 1,000 33864 | 33,864 | 34532 | 25400
KNa 0,14504 | 4,0147 0,2953 1,000 | 10000 | 10,1973 | 7,5006
M6ap 001450 | 040147 | 002953 | 0,00 | 1000 | 1,01973 | 0,75006
omBom. or.| 14223 | 03937 | 28958 x 102| 009806 | 0,9806 | 1000 | 07355
wm pr. cr. | 1,0337 X 102| 053525 |3,0370 X 102| 0,13332 | 13332 | 1,3507 | 1,000
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®OTOMETPUYECKUIN AATHUK

Eue npoute, yeM AaTY4HKYM TEMMEPaTyphbl I AaBleHHS, H3LOTOBISETCS
oToMETPIYECKHIT ATUHK, YACTO HA3BIBAEMbIT JTIOKCMETPOM, HO HA CAMOM
Zlesie BLIMOJHAONIHIT ropa3io 6ostee minpokie GpyHKIMA.

Wsmepenne napaMeTpoB CBETOBOrO N3/JAyYeHHs SBJSETCS OueHb
CJIOXKHOIT 3anaveii, 0cOOEHHO €CJIN OTCYTCTBYET YeTKoe MpejCcTaBaeHie
0 TOM, YTO It KaKHM 0OPa3oM Halo H3MePsATD. Jlake B caMbiX cepbe3HbIX
71abopaToOpHSAX HIOTA MOTYT GbITh MONYyYeHbl 06eCKypaXkHBaIOIIHe Pe-
3YJIBTATLI 113-3a TOTO, YTO MPH H3MeEPeHUAX NpeHebperiy ohopMIeHIIEM
4eTKOro MPOTOKOMA.

Hapno sHath, 4yTo ocHOBHOIH BeJIMuHHOIT B poTOMETPHH ABASETCH CUMa
CBeTa HCTOYHHKA H3yYeHUs, U3MepaeMas B kanzesnax (in). Jlioke (Jik),
boJiee H3BeCTHAs eMIMHUI[, HA CAMOM JleJie SIBJISETCS eIUHMIIeTT u3Mepe-
HHS OCBEIEHHOCTH, a 3TO MPUHIIUITHANBHO Pa3Hble BeJMYHHDL.

I nonyyenus ocBeeHHOCTH B OLMH JIIOKC 9KpaH MIOAAbIO OJIMH
KBaJIPaTHBIH METP N0JKeH ObITh PACroNioXKeH Ha PacCTOSHMU OJHOTO
MeTpa OT TOYeYHOr0 MCTOYHMKA M3JIyyeHHs, OflHOPOIHO U3/yyalol[ero
CBET BO BCeX HanpapJieHHAX (CHJIa CBeTa COCTABJISET OJHY KAHENY).
Ctporo rosops, aKpat j0/KeH HMeTh GopMy chepHYecKoro cerMeHTa
NJIOWA/bIO OJIMH KBaJpaTHbI{l MeTp, a He MAOCKOro KBafpata CO CTO-
POHaMH B oftiH MeTp. B TakoMm ciyuae kaskaas Touka axpana Gyzet pac-
MONIO)KEHA HA OJIHHAKOBOM paccTOAHUM (1 M) OT HCTOMHMKA, DTO BaskKHO,
TaK KaK OCBeLIeHHOCTD M3MEHseTCs 00paTHO NPONOPHHOHANbHO KBa-
ApPaTy PAacCTOSHMS OT HCTOYHHKa. B ykxasamHbix ycnosuax obmacts
NPOCTPAHCTBA, OFPaHUYEHHAS! MPSIMBIMHU, KOTOPble COeIUHAIOT HCTOY-
HUK ¢ JHHKefi, obpasyloleli nepsiMerp aKpaHa, NpejcTaBiseT coboii
«TeJIeCHbIi yroJ» B OIUH CTepafiiaH M 3aKJI0YaeT CBETOBOIl MOTOK
B ot JitoMell. ClefioBaTesbHO, OCBELEHHOCTb B OJIMH JIIOKC COOT-
BETCTBYET CBETOBOMY MOTOKY B OJUHII JIIOMEH, NajialollleMy Ha OJH
KBaZipaTHBIT MeTp MJIOLIA/H.

Ocaeniennnlii MOROGHBIM 06Pa30M 3KpaH GYNET OTPAXKATD, MO MEHb-
ureii Mepe, 4acTb NAafAIOMETo 11a fiero cBeta. TakiM 06pa3oM, oIl 06IaaeT
HEKOTOPOIT APKOCTHIO, BhIpakaeMOfi B KaH/elaX Ha KBaAPaTHBIH MeTp —
eAMIHLAX, Ha3bIBaeMbiX HIIT (HT). MINeHHO 3Ty SIpKOCTb H3MEPSIOT 9KCIIO-
Hometpamu B doTorpadiy, Toraa Kak JIOKCMeTpaMi H3MepPSIoT KOJH-
YECTBO CBETA, MAJIAlolIero Ha MOBePXNOCTh (HaMpHMep, 11a paboyuii cron).

CBA3b MEKIY STIMI ABYMS BEJITYMHAMI BECHMA CJIOKHA, MOCKOJIbKY
OCHOBaHA Ha OTpayKalolX CBOIICTBAX dKpatia H 3aBICHT OT ero ajanbeso
(Gennanbt) — BEAMUMILI, XapaKTePH3YIOMLeii CIOCOGHOCTb Te/la OTpakaTh
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Tabnuua 6.2, PenepHsie To4ku GOTOMETDHH

YcnoBus CpenHan 0CBEILEHHOCTb

(nx)

Conuue B NONAEHL 140000

ConxeyHbiid fieHb 100000- 125000
ficxoe Hebo (3enmT) 6250
ficHoe Hebo (ropv3oHT) 3125
(24 &gpgﬁgﬂ M2) 1000-1500

Pabouuit cTon 500
i B TeHu, CONHEHbIM JHEM 435
Monpens 1875
Cymepkm 70
Hayano Houw 15

MajaoIMil Ha HEro CBETOBOIT MOTOK, — a TaKXe OT YIJa HabmoAeHHs
akpana. K npumepy, B otorpaduii 00bIYHO [IPEATNIONAraloT, YTO «Cpel-
HUil» 06beKT oTpaxaeT He GoJee 18% Majalomero Ha Hero cBeTa.

JI74 TOTO YTOObI YHTATE/IH PABUJIBHO MOHSIIH [poLiecc KaJuOPOBKI
HUKeonucanHoro npubopa, B Tabs. 6.2 npHUBe/ieHbl HEKOTOPLIE BeIH-
YHHBI OCBENEHHOCTH, [I0Ty4aeMble ONpeie/IeHHOl TOBEPXHOCTHIO B pas-
JIMYHBIX TPHPOAHBIX YCAOBUSIX. MOXKHO yOeRUTbCS, YTO IHHAMUECKHt
/MaIla3oH OCBelIeHHOCTeH IOCTaTOYHO BEJTHK.

B Tta6i. 6.3 npHBOAATCS COOTHOWEHUS] MEX/Y OCHOBHBIMHU €/[MHIH-
[faM1 APKOCTH, MPUMEHSEMbIMU Ha NIPaKTHKE. '

Tabnuua 6.3. CooTHoweHHE MEXRY OCHOBHbIMM EAMHMLAMU SDKOCTH

EAuHKuA Hut = ka2
sb (ctunsb) 104 -
KA/kB. Gyt 10,76
KA/KB. [OAM 1550
asb (anocTunb6) 0,318
L (nam6epr) \ 3183
fiL (dyr nambepr) 343
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Kax ¢ niskenepioii Toukn spenus, Tak 1 ¢ TOUKI 3peHIist MPaKTH-
yecKoft amexTpoIKi Bee (hoTOMETPIYECKHE H3MEPEHIIS POI3BOATCS
C IOMOIIBIO hoTodNEKTPIYecKoli Aueiikil. ONHAKO KOT/a 113 Pe3yNLTATOB
STIIX 1I3MepeHIli, MOMyYeIbiX B BOMLTAX, HY)KHO MOMYYHTh BeTHYHITbI
CHJIDI CBETQ, OCBEUIEHHOCTH, CBETOBOTO MOTOKA HJIH APKOCTI, HAJO0 MO-
XOMHTD K 9TOMY € TOYKII 3pehns (i3uxKa.

Onun u3 caMbIX MPOCTLIX (POTOMETPIYECKUX NATYHKOB — 3T0 POTO-
auofl. Ecair ero BiaounTs kak (otoBosisranyeckyio sueiicy, To ero Tox
KOPOTKOTrQ 3aMbIKaHHS OyJICT MOYTH TIPSMO IPONOPIIIOHATEH OCBeLIeH-
HOCTIL. 3HAYUT, OH B TIOIHOM CMbICTIE siBJIsieTcs JokcMeTpor. Ho Bee He
TaK [POCTO, MOCKONBKY CIEAVET YUMTLIBATH CHeKTPalbHYI0 YyBCTBH-
TeJIbHOCTDb (POTONMOMA. ,

PIN-dotonmon us sonokpicraninyeckoro kpeM1s, HanpuMep -
poxKo pacnpocTpariennbiii anemeHT BPW 34, imeeT MakciManptiylo uys-
CTBHTEJIbHOCTb B KpacHoii 1 nndpakpacHoii obnactsx crextpa. 1o
3HAYUT, YTO JI/Is1 IPUMEHEHNS TAKOTO THNa A4eikH B npeuusnoHioii ¢po-
TOMETPHH HaJl0 MPelyCMOTPeTh CrelManbHbIil CHHe-3¢/eHbIH (pUABTP.
@oToaseMeHTHI T1a OCIIOBe aMOP(HHOTO KPEMHUS, HANPOTHB, HMEIOT
CIIEKTPalbHYIO YYBCTBHTCIBHOCTD, O4eHb OJIH3KYIO K UyBCTBHUTENBHOC-
TH YeJIOBEYECKOro I1asa (KaK OOLICNPUHATOro aTaoHa). B Takux ciy-
4asX rOBOPAT, UTO JATYHK U YeJOBeYeCKHil a3 «POTOTHIIYbI». V3
MOJIOOHDIX DJIEMENITOB CTPOSATCS AYeHKH COMHEUHDIX Gatapeii, KOTopbie
OODLIYTHO TIPEANA3HANCHBI U UCIIOJIL30BAHUS B CHCTEMAX 3EKTPOINITA-
HHS MaJIOi MOUIHOCTH, HO 9TH (POTOSNEMEHTHI TAKXKE MOTYT GbITh OTJII-
HBIMH (DOTOMETPHUYECKIIMIL ATYHKAMIL

Hecmotps 1ma omytiayio pazuuny B pasmepax, dhoromnon BPW 34
1 caMas Majienbkast u3 siyeek SOLEMS meror comnocraBuayio uyB-
cTBHTe/bHOCTD. Tax, npu ocsementocrn 1000 ik BPW 34 dopmupyer
TOK KOPOTKOI'O 3aMblKatiis 0koso 65 MKA, a stueiika SOLEMS 05/048/
016 — oxomo 95 MKA. -

Pasnuyite 3akiioyaetcss B TOM, 4TO Gatapess SOLEMS cocront
M3 NATH OGBIMHBLIX JAION0B, BKAIOYCHHDBIX MOCIEN0BATENBHO, YTO T10-
3BOJiIieT YBEJMNUHTD reHeplipyeMoe elo Hanpsbkerile. IIpn kopoTkom
3aMbIKaHHI HAllpsHKENHA HeT BOBCe, TOr/a KaK OTAaBaeMblil ToK omnpe-
AcNAeTCs deMElTOM Gatapell ¢ HaHMeHbUel Momanbio (B cpehen
okoso 1,2 cm?).

Ormetun, onniako, uro ¢horoanon BPW 34 nmeer ropasno Gombuiyio
9 eKrTHBHOCTD 1IPeobPa3OBanM, TAK KAk YKa3aHHbIE XapaKTepHCTIIKN
AOCTUTAIOTCS MPH TUIOLIA/IM YYBCTBUTEIBHOTO CI0S BCCIO B 7 MM2,
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Taxint oGpazonr, npiMensst HeCTaHAAPTHYIO CXeMy HOACTPOIKIL, B HII-
XKeOonHCcaHHOM YCTPoIicTBe MOXHO I1CMob30Bath 1t hotoanos BPW 34
(npounsBoncTBa koMnanui Siemens i Centronic), 11 conteunyio 6a-
tapeto SOLEMS. Ilocnennnii BapiadT Gosice npeinoytiTeseln npi i3-
MepeHMsIX OCBELIEHHOCTH, Pe3yJILTAaT KOTOPbIX, BIpaskeHHbIH B T0KCaX,
NOJKEH ObITh TounbiM, a BPW 34 — B cayuasx, xorna HY>KeH JaTuHK
OYeHb MaeHbKHX Pa3MepOB (B YACTHOCTH, NPl H3MEPEHHSX ONTHYEC-
Koii IIOTHOCTH).

[Tpu ycoBun paboTpl ¢ MOHOXPOMATHYECKIM H3TYUeHHEM (KpacHbII
CBETONMO/, MOJIyNIPOBOAHHKOBLIH MM HHOU Jiazep) JIOKCMETp M03BO-
JISeT OMpeJleNisiTh CBeTONepenady Joboro mojaynpo3payHoro obbexra
(punvTp, nnacTMaccoBas nieHka, onpejeiieHHas 06aacTb Ha (pOTOHe-
ratiBe U T.1.). [locTaTOUHO OTPeryanpoBaTh U3MEPHUTEIbHYIO LENb Tak,
yTOOBI OOeCneynTh HHANKALIO CBeTollepenaun pasiyio 1,00 npu nps-
MOI BUMMOCTH, H TOF/la MOCsie pasMerelins oobekTa MesKLy HCTOYHM-
KOM CBeTa U (pOTOAHOAOM C HHAHKATOPA MOXKHO CUHTBIBATH HENOCPEC/-
CTBEHHO TMOKa3aHHs YPOBHS CBETOMCpenayH.

Hcronb3ys nosyyeHHbIil pe3ysbTaT, Jerko paccyuTaTh ONTHYECKYIO
TJIOTHOCTb CBETOBOTO MOTOKA: OHa C TOYHOCTBIO /IO 3HaKa paBHa Jiecs-
THYHOMY JIOTapH(My BeJHYUHbBI CBETONEpeNayil.

[Ipuninnuanbhas cxema JIOKCMeTpa, npHBeneltas na puc. 6.16,
MOBTOPAET KIAacCHYECKOe CXeMHOe pellieHye, OMIICaHHOe B Pa3JIHUIIbIX
PYKOBOJICTBaX IO NPHMEHEHHIO ONCPAIIMOHHBIX YCIUIITENE .

Pasnoctb HanpskeHnit Ha BXoax nudpepeHiuaabHoro yCHUAHTes
Bcerja O1M3Ka K HyJIIO, ciiefioBaTebo, (OToAHON paboTaeT B peskiMe
KopoTioro anmbikalius. IIpi atoM BXonHoft TOK yclulnTess TakxKe IMeeT
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OYEeHD MAJIYIO BeJIMYUHY, YTO ONpefeaseTcss BBICOKHM BXOIHBIM COMpO-
TIIBJIEHHEM, & TOK Yepe3 Pe3aHCTOp oOpatHoil CBA3M paBeH 0 BCJIIYIHE
TOKY (poToaHOa, HO NPOTHBONOJIOXKEH 110 HANIPABAEHITIO.

Bbixoanoe nanpsokenite kackana U B TakoM ciiydae Gyfer onpefe-

aaTbest kak U = RXI, rae R - conpornBieniie peaucropa B nemnst o6par- -

HOIT cBa3Il, a I — doToTok, dhopmupyemblit potononoM.

C yueToM roadduumenTa yciienis BTOPOro kackaga, peryifpy-
eMoro B npezieiaX ot 1 10 11, yeTbipe nepeKoYaeMbIX pesicTopa B Ie-
" 1iu o6paTHoii cBs3M NepBOro Kackaja no3BoJiAT YCHelUHo nepekphiTh

npenenst 50, 500, 5000 1 50000 sk npu BrIXoAHOM Hampsxkenint 5 B.
EctecTBeHHO, 3T BeJIMYMHBI MOTYT OBITH Mepeolpe/iesieHbl M10Jb30-
_ BaTeJleM — MyTeM U3MeHEeHHsl TM60 HOMJHAIOB PE3UCTOPOB, TG0 K03h-

uiHenTa yeuleHns BTOPOro Kackaja.

3aMeTIIM TaloKe, YTO NPH yPOoBHE ocBenieHHocTH Beiute 10000 ax mu-
HeHHoCTDb XapakTepucTHiH doTonnona BPW 34 npousBonnTteneM He ra-
pauTupyercs, a napamerpnl ayeixi SOLEMS He cneunduuupytorcs
npir ocBelenHocTH Boie 100000 jix. BeposiTHo, 3T0 ypoBeHb, cooTBeT-
cTByloutinit Hayasy Hacwlmenust. IloatoMy npu ypoBHAX ocBeueHiocTH
oiute 50000 nk pexoMeHyeTCs NPUMEHATH cepbiii GHALTP U3BECTHOI
TMJIOTHOCTH U COOTBETCTBYIOIMM 06Pa3oM MPOrpaMMHO KOPPCKTHPOBATh
pe3ynbsraT U3MepeHu.

PaccmartpuBaeMoe ycTpoiicTBo nuTaeTcs OT MpocToil rajbBaHnyYec-
koii 6arapen 9 B, Tak xak Mikpocxema LM 358 crieranbao paccylitada
Ha paboTy OT OIHOTIONISIPHOTO HCTOYHHKA.

- + on

on
on
on

R 3

Puc. 6.17. Tononorieckas cxema neuartosi nnars doromerpudeckoro garmka

Ha puc. 6.17 noxasaua tomosoriyeckasi cxeMa rneyatHoif matst ¢o-
ToMeTpHyecKoro fatynka. [To pasmepaM nilara cpaBHUMA € yKa3aHHOM
ranbBaiyeckoil GaTapeeii.

Mornrraskiast cxema ycTpoiicTBa npescrabiena Ha piic. 6.18, a ero BHerw-
HHIT BIL C yCTalIOBACHHBIMH 3JIeMeHTaMIl — Ha piic. 6.19.
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Puc. 6.18. MontaxHas cxema otomerpuueckoro gatunka

Puc. 6.19. Brewnmit sug poTometpueckoro garumka

Ha nunare npenycmorpero Mecto st yeranosiu otommona BPW 34.
ITpu ycranoBKke Heo6X0MMMO COBIIONATD YKA3AHHYIO NOJSIPHOCTD, KO-
TOpasl Ha MNePBbIi B3[VIAL MOXKET MOKA3aThCsl HEMPaBHIBLHOMN, HO 3TO
omnbounoe MHenue. IIpn TakuX pasmepax MAThi I MPENOKEHHOM
cnocobe MonTaxa Garapest SOLEMS na nuate pasmecTHThCs He MO-
ket. Ecin pewreno ncnonb3oBath B kauectBe hoTOMYBCTBUTENBIIOTO
aJleMeHTa a1y GaTapeio, To MOAK/IOYATb €e HaJo MPH NMOMOUIH ABYX
TIPOBOJIOB AHHOMH 0K0s0 10 CM, NPHKJIECHHDBIX ClIEUHANBHBIM TIPOBO-
ASMMM KJeeM K ABYM MeTaJJI3HPOBaHHBIM KOHTAKTAM Ha 3ajHeil
CTOpPOHE sTueiiki.

HecmoTpst Ha pekoMeHiauni npou3BoMTe sl KOMIIONEHTOB, KaTero-
PHYECKII 1iC COBETYEM MCI0JIb30BaTDb Naiiky 070BOM!
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Jlnst nomrmoyerist farurca « AL u k BHBORAM raibBaHIYecKofi
Garaper IpelycMOTpeHa COC/IIHHTEIbHAA KOJIO/IKa, HO HPOBOJIa MOXKHO
I pHnasiTh. BA0K nepebiyex, yao6HbIT MpH HEYacToit CMeNe NpejieNos,
NI 1e06XOMUMOCTIL 3aMeHAeTCA Ha raleTHbI nepekaioyareib.

TTepen BBIITOIHEHIEN Cepbe3HBIX II3MepeHItil yCTpolcTBO 10JKHO
GITH OTKATHOPOBAHO METOLOM CpaBHEHHS C MOKa3aHIAMI JIOKCMETPA
Buicokoro knacca toyHocti. Ho ecTb MHOXKeCTBO HHTEPECHBIX 3a/lad,
KOTpbIe He TPeOYIOT CTPOroit KaiuOPOBKH, OJIHAKO MPEAIOIAraloT HalH-
'Yile y JATYHKA BICOKOIT IMHEHHOCTH NPeodpasoBaHIs, KoTopoil KaK pa3
obanaet paccMorpexHoe yeTpoiictso. Clofia OTHOCATCA, HaIPpUMED, 13-
MepeHUS ONTHUECKOIT M7IOTHOCTH WJII KOHTPACTA, & TAKIKE periCTpallii
H3MeHen il 0CBelelIHOCTH 3a ollpe/leneliible MPOMeXyTKi BpEMEHIL.

OATHUK TOKA

Cpeait pa3inyHbIX MPHCTABOK, KOTOPBIMI JKe/aTe/bHO OCHACTHTD BHP-
TYaJIbHbII I3BMePHTELHbIIT KOMIIIEKC, YCTPOHCTBO A H3MEepeHHs TOKa
6~y11eT OJIHIIM M3 caMBIX moJieaHbix. [opasno Gonce yIOOHBLI U rn61<m:1
B HCIIOJIL3OBAHUII, YeN OOBIYHDBIIT PE3HCTIBHBII MYHT, NpeaiaraeMblil
JATYMK B HarMenblieil CTeren l noBJiseT Ha paboTy CXeMbl, B KOTOPYIO
Oyzer BKJIOUYEH; MPII 9TOM OH [PEKPACclo MOAXOAHT AJIA paboThI C H3-
MepHTeNLHBIMH NPIGOPaMIL, HMEIOIMMI1 CAMbIC Pa3Hble BXOAHDIC Napa-
METPBI M NPeJCbL.

UssecTiio, 4o cambie npoctile ALLTI MoryT ocyuiecTBaATD npeo6-
pasoBanye TONLKO MOJIOKHTENLHDIX BXOAHBIX HanpsDKeHITH B ‘zmima—
3one ot 0 10 5 B. YTo6n! 0Cy1ecTBUTD NPH MOMOLIM TaKHX YCTPOHCTB
H3Mepeniie CHJbl TOKA C MOJIHOM IKaIoH, NPEATONOKIM, 5 A, Hano
MOAKMIOUUTb MapaJiCJbio UX BXOIY Pe3lcTOp C HOMHHATOM 1 OM.
Dra BeJNuIIa HAMHOTo 60Jiblie COMPOTIBAEHNA 0,064 OMm, xoropoe
BHOCIITCS B NPOBEPACMYIO CXeMY XODOUIIM CTPENOUHbIM npHoéopoM
Ha ToM JKe mpexele «5 A». [loaxnouenne 1MOL00HOTO ycrpoiicTBa
MOJKET Cepbe3HO IOBJIISATL Ha MPOBEpPsieMylo cXeMy, He TOBOpA yiKe
0 TOM, UTO NPII cHJle TOKa 5 A paccellBaeMasi Ha Pe3UCTOpe MOLIITOCTD
pocturher 25 Br!

Jlyuuine pesynbraThl MOTYT [I0JYYHTbCSI, €CTH HICIIONB30BATL pestc:
top ¢ conporusiettiem 0,1 Om. Ho npir ciie Toka 5 A nazienue Hanps-
JKCHMA Ha 11eM cocTaBito 6bt 500 MB, a 3TOr0 HEOCTATOUHO A7IA paboTLI
ALLIT (ocobenio 8-paspsiatioro) co uixasoii 5 B, xoraa TpebyeTcs BbICO-
Kast TOUHOCTL }3Mepeluil.
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OnTtHManbHOe pellleHIle COCTOMT B MCIOIb30BaHMM Pe3HCTHBHOTO
UIyHTa MEHHMa/lbHOM BeMYHHDBL I B IOCJe/YIONIeM YCUAEHUH Oy~
YEHHOIo Ha HeM HaIpSDKeHHS 00 BeJIHYHHbI, HEOOXOMHMOMN 171 HOP-
ManbHoft pabothi ALLIT.

Miuxpocxema MAX471 xomnanint MAXIM, co3nannasi A1 KOHTpo-
Jist U3MeHEeHH T CHJIbI TOKA B AaBTOHOMHbBIX MCTOUHUKAX MHTAHIIA MOOIJIb-
HOTO 000PYOBAHMS, COMIEPXKHT B OTHOM KOPIYyCe Pe3ICTOP C CONPOTHB-
seHuen oxono 0,035 OM M HeckonbKO ONEPaLMOHHBIX YCHANTENEN
¢ Manoil morpe6ssieMoil MOUIHOCTBIO, BKJIIOYEHHBIX M0 OPMIHMHANBHOMN
cXeme. ITa MUKpOCXeMa HMeeT pabounii HanasoH HapsKeHHii HTa-
Hust ot 3 B o 36 B (npu notpeGasiemom toke meHbume 100 MkA)
1 GopMupyeT Ha BbIXOAE H3MepPHTENbHbII TOK, coctaBastonyii 1/2000
OT TOKa, MpoTeKaroLiero yepea BHyTpeHHHit wyHT. Ha conporusnenun
2 xOM naMmepuTesIbHBI TOK co3aaer Hanpsokenne 1 B npu cuie Toka
B u3MepsemMoli rernn 1 A. DTH napaMeTpbl KaK HeJlb3st Jiydlile NOAXOAAT
JUISL U3MepeHUs JTI0ObIM BUPTYaNbHBIM NPHOOPOM.

KoneuHo, naHubiii koadduimenT npeodpa3oBatis MOKHO H3IMEHUTD,
HCNO0JIb30BaB JIPYTOii Pe3UCTOP COOTBETCTBYIOLIEro HOMHHANa. Mukpo-
cxema MAXA471 uMeeT BepxHHil npeses U3MepseMoil CHIIBI TOKa 3 A
(10 A nuxoBoro 3nayeHus B TedeHne He 6osee 10 yMc). Kpome Toro,
MOXXHO OTperyaMpoBaTh CXeMy A5 MONy4eHUsI Ha BLIXOJI€ HATPSKEHIIst
5 B npu custe toka 3 A. Ilpi aToM B nporparsmy 1e00XouMO 106aBHTD
KOPPEeKTUPYIOIMiT MHOKHTEND.

B nro6oM ciyyae pekoMeHayeTcss OTKaIHOPOBATh YCTPOICTBO akKy-
paTHoO, TaK KaK TOYHOCTb BHYTPCHHETO HM3MEPHTENbHOTO pe3rcTopa 3a-
METHO HIDKe, ueM y xopollero mynta. Ho 6iarogapst oueHb BbICOKOIH
TeMMNepaTypHoil CTaOHAbHOCTH TOJHas MOrpeliHOCThb koagpuinenTa
npeo6pa3oBaHUs COCTaBseT MeHee 2%, YTO COOTBETCTBYET BO3MOX-
HocTsiM 8-paspsanoro AIITL.

IIpununnuaniplias cXeMa JlaT4Hka TOKa, NpHBeJeHHas Ha puc. 6.20,
collepHuT noactpoeyHbiii pesuicrop 10 kOM, mo3BoasoOUMH peryipo-
BaTb ee KO3 QHIIMEHT Mepellayy B WIHPOKMX NpefiesiaX OTHOCHTeHHO
BenuuuHbt 1 B/A. .

3aMeTHM, YTO HarpaBJieHHe 1I3MePsIeMOTO 3JIeKTPHYECKOro Toka (ero
3HAK) MoXeT ObITb MPoM3BOIbHBIM. Mukpocxema MAX471 B HekoTO-
POM CMbICJIE <«BBINPAMJSET> HaNpsDKeHMe, Najlaolee Ha MIYHTe, C TeM
YTOOb! BBIXOJIHOE HAMPSKCHHE BCEr/la OCTaBaoCh MONOMKHTENbIDIM.
ITO OYeHb BaKHO MPHU.paboTe € MOOBIM BUPTYATbHBIM H3MEPHTCALHBIM
npu6opoM, HeUyBCTBUTENLHBIM K OTPUIIATEIbHOMY HaNpSIKEHHIO.



AY
128 BUPTYASIbHBIV MSMEPUTESbHBIM KOMIJIEKC HA BA3E IBM PC .

Namepsemuiit
1+ TOK | -

(makcumym 3A)

ot 0,035 000,070 Q

'Y
6,7
' RS+ RS- ¢
cl1 -
N MAX 471
Uctounux  R1 8
nuTaHus 560 Q out
or30036B
Barapen 9 B ? SIGN R2 O+ Buixog
- SHON GND [ 10kQ (1B/A npu
I j_ i L ~ R=2kQ)
Kanubposka

Puc. 6.20. MNpuHumnuansHas cxema garauka Toka

tWynt

Barapen :J_ J_ NeTouHuK
9B _-l- ]’ TOKa
- i-

Harpyska

= -

e

Buixoa k AL|M ADC 10/12

Puc. 6.21. Cxema nutanus ycTposicTBa OT ransBaHuyeckos 6arapeu
k .

Caetoanon D1 cayxur aag HHAMKaLMM 3HaKka M3MepsieMOoro TOKa,
YTO MOYKET OKA3ATBCS [10JIE3HBIM B HEKOTOPBIX CiydasXx (Hampumep, B pe-
JKUMe 3apsia WIH pa3psaia aKKyMYJsiTopa).

Boob1ie rosops, ycrpoiicTBO OMKHO NUTATbCA OT rajibBaHHYCCKOMH
Garapen 9 B (puc. 6.21), Ho B psane cutyauuii (HampuMep, npH [HI-
TEJbHDLIX H3MEPEHIIAX) HanpsDKeHHe MUTAHMS MOXHO MoJyyaTh Hero-
CPeICTBENHO OT MCTOUHHKa, (OopMUpYyoLIero uamepsemsiii Tox. Jus
3TOTO JI0CTATOYHO 1ICHO/Ib30BaTh CXeMy, MpUBelleHIylo Ha piic. 6.22, 1o
kpaiiHeil Mepe, npu HanpsbkeHsix ot 3 o 36 B.

Kax 11 Bce ycTpoiicTBa, OnicanHbie B 91011 [JaBe, IaTYHK TOKa COOpaH
na nevatnoil naare, 6JuI3KoiT 110 pazMepaM K rajibBaHiyeckoil 6aTapee
9 B, or kotopoii ocyutectBiasietcs ero mirrane. [locie usrotonneiing
TJIaThl B COOTBCTCTBIN ¢ puc. 6.23 Ha Hee Hallo YCTaHOBUTD JieMEHTbI
TaK, KaK 0Ka3ato tia MoHTaxnoil cxeMe (piic. 6.24).

LATHUKU W NPUHALNIEXHOCTH

WyHt

i+
L
or3p0368B
..

s ¢ Harpyaka

_C

Beixoa k ALIN ADC 10/12

Puc. 6.22. Cxema nutanus ycipoiicrsa or uamepsemosi uenu
1

Puc. 6.23. Tononoruyeckas cxema nevarHoi nnats: Aaruuka Toxka

K uamepnemon
uenu

Buixon

NcTouHuk  m
nutraHus | |

i+

K uamepsemoit
uenu

Puc. 6.24. MonTaxtas cxema gatumka toka

Biewnitit Bun yerpoiicrsa npeacrasnen na pirc. 6.25. ,

JlBe coennunTenbHble KOJMOMAKH, YCTAHOBEHIIbIE HA njaTe, MO3BO-
JIAIOT MOAKJIOYITD H3MEPHTENbHYIO Uellb M 1ICTOMHITK MUTAIIS ¢ OHON
CTOPOHLI, a C IPYTroii CTOPOHBI CHATD BLIXOJIHOE HanpsikeHite. K nocien-
HIIM KJIeMMaM JIBYMS IPOBOAAMH C COOMIOIEHIIEM N0 PHOCTH HOKIIO-
uaeTcsl aHajoro-upoBoil npeodbpa3opaTten.

Kanu6poska ycrpoiicTBa ocyutecTsasiercs TTOJICTPOEUHBIM pe3ic-
TopoM R2 ¢ Hcnonb3oBaHieM, HaPUMEp, HCTOUHHKA CTAGILILHOIO

129
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L

(] eo}

Puc. 6.25. Bretunui Bug garyuka Toka

o6paaioBoro Toka Benuunuoii 3 A. MoxHo ycraHOBHTD 1 IpyTHe Ja-
a30HBI H3MepsAeMoil CHJIbI TOKa IIPH Jana3oHe BHIXOJAHOro Halpsi-
;kenus ot 0 1o 5 B. JJ1s1 3TOTO HEOOXOAUMO M3MEHUTD ko3 uuHeHT
1peo6pa3oBadisl, TO eCTb CIEJIATh €0 OTJIHYHBIM OT E/UIHHMILLbE (1 B/A).
HoBoe ycranoBjeHHOe 3HaUeHHE CaAelyeT 3aNOMHUTL 1 BBECTH B Ka-
yecTBe napaMeTpa B IPOrpaMMHYIO 4acTh BUPTYalbHOTO H3MepHUTEIb-

Horo npubopa.

NABA

CTPAHNUA

KoHuenums NoCTpoeHns BUPTyanbHOro
WU3MEepUTENBHOIO KoMmiekca

Axanoro-undposoe

npeobpa3oBaHne CUrHanos 7
MpombilwneHHble n3aenua 33
Cbopka n3meputensHoro nHrepdeiica 43
MporpammHoe obecnederHmne

BMPTYanbHOro KoMmnekca 57
Jatyvkn u npruHaaNexXHoOCTH 103

2
3
4
5
6

NMPUJIOXEHUA
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Hipke npnpozsites cseieis o dafinax, KoTopbie sSBJISIOTCS TONOoJHe-
HiteM K aToii kinre. HaiiTi 11x Bbl MoxkeTe Mo anpecy http://wwwdmk.ru.
Jlatip! Taioke KOOPAIHATHI PUPM-TIOCTAaBUIHKOB H TOPIOBBIX MPEANPUSTHIL,
K KOTOPDIM YHTaTeJ MOTYT 0OPaTUTLCSA MO IIHTEPECYIOLHM BOIIPOCAM.

dANNbI, HAXOAALWMECH HA CEPBEPE

K nporpamMmMHoMy obecriedeHIfio, TOMOMHAIOUIEMY KHHTY, OTHOCATCA
cnemyloure (aitsnl 11 AHPEKTOPHIL:

DEMO4_00.PIN 329 720 15/08/96 12:47
INSTALL.EXE . 93 534 22/05/96 1:15
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> 25/11/97 13:42
PCB <DIR> 25/11/97 13:43
EXE <DIR> 25/11/97 13:53

@aitspl, HaxonsiKMecs B KOPHEBOIl AMPEKTOPHH, IO3BOJISIOT yCTa-
HOBHTD AeMOHCTPAIIMOHHLIE BEPCHH TTPOrPaMM, OOBIYHO TOCTABJISEMBIX
¢ ALUT ADC 10 u ADC 12 komnanuu PICO Technology.

171 ycranoskn seper DOS nazo 3artycrurs nporpamsy INSTALLEXE,
a s Beperi WINDOWS — niporpasay WINSTALLEXE 13 metio «Boi-
TIOTHHTD...>. ITpolie/lypa yCTaHOBKH NO3BOJISET BBIOPATh A3BIK, Ha KOTOPOM
JIOJKHDBI paboTaTh MPOTPAMMBI.

JleMoHCTpallIOHHBIE BEPCHIT AI0T BO3MOXKHOCTb CMOJEHPOBATH
GOJILUIMIICTBO IIpelJlaraeMbIX PeXKHMOB, HO TOJILKO JUIsi CHTHAJTIOB,
IIMHTIPYEMBIX CAMHMI ITpOrpamMMaMit. AHanoro-migposoii npeoGpaso-
BateJb, noaxmoyennbiil k ITK, 6yxer B aToM cily4ae NPOITHOPHPOBAHL.

Jlupextopus BASIC Briouaer Bce MporpaMMbl  ApaifBepl, Jic-
THMHI'H KOTOPBIX ITPHBEIeHb] B KHITE, 32 HCKITIOUEHHEM TeX, KOTopble Ha-
ncarnbl Ha a3bice TurboPASCAL. Ilocnennue Haxonsrcsi B IIpeKTOPHH
PASCAL (ricxomnule texctsi) # EXE (ucrnonssiembie MOAY/IH).

Haxoueu, B nupekropuit PCB conepxatcs Tornosioruyeckie cXembl
BCeX MeyaTHbIX [UIAT, PACCMOTPEHHbIX B 3TolT KHHUTe, B BHe (ailjlos ¢ pac-
wpeneM .peb, crenepupopanubix maxeton BOARDMAKER.

NONE3HbLIE AOPECA

311er NnpuBeAeHbl KOOpAHHATDI (I)HPM'HOCTZIBUIHKOB i TOPTOBBIX Ipea-
le‘lﬂTHIui, YHOoMI1HaeMbIX B KHIT'E, K KOTOPLIM YlrTaTesan MoryTt OG])&THTI)CS
OT IIMellll u3aarena AJs anoGpereHuﬂ KOMITJIEKTYIOWIHNX, I1PpOrpaM»M,
KOMITIOHEHTOB, a Tal>XXe NOJNYYHTDL BCIO l{CO6X01IHMle JOTOJTHHUTEJIBIIYIO
uH(bopmaumo 10 HHTepeCYOHINM BOITPOCaM.

/.
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* Autex (095) 3347741, (095) 3348729, info@autex.ru
« Yunu Iun  (095) 2819917, (095) 2813368, chipdip@aha.ru

UMMNOPTHbLIE SNTIEMEHTbI
N UX OTEHECTBEHHGLIE AHANTIOTU

3nemeHT I Ananor I Mpumeyanune
Pasvemsl
BNC  |cPs0-73 |
’ Crabunuaarops
KP142EH5A;
78L05 NioBbie uHTerpansHbie Crabuansartopul

8 kopnyce KT-26 (T0-92)
Nio6oit unTerpansHuii Crabunu3atop Tuna MpsMOro aHanora He UMeeT; 0COBeHHOCTb
LM2931 LDO (Low Drop Out- manoe nagenue COCTOWT B NPUMEHEHWM pEryaupyioLLero pnp-
HANPAXEHUS HA PErYAUPYEMOM SeMeHTe) TpaHaucTopa

OnepaunoHHbIE YCHNUTENRK

JNlysiwe WCnonb30BaTh UMNOPTHBIE YCUNMTENW,

LM358 KP1040Y41
0CoBEHHO B CxeMe NioKCMeTpa

Avopsl

1N4148 KA 510, KA 522
W IPYrue UMNYALCHLIE AVOAbI

dotoanoas U $oToINEMEHTH

MpAMOro aHanora He UMeEET; HauayyLKi
pe3ynbTar B CXeMe JIOKCMETPA MOXHO
nony4uts, npumenve Of-3A

MPAMOrO aHanora Het; MOXHO UCMONL308aTh

SOLEMS NioGle conteyHbie Gatapen nioBule conHeynbie Batapew unu, ewe
npoue, 4acts Gonbluoi Gatapen

Niobo# $oTOAMOA ANS NPUEMHUKOB CUCTEM

BPW34 MKy

OnTpons

AOT127;

nioGo# ONTPOH C COCTABHLIM
$OTOTPaH3MCTOPOM (OTOAAP-NMHITOH)
8 kopnyce DIP6

4N33

Ipumevanue. Moocio npumensimo nobbie no0xodsuwue no pasmepam
peaucmoput. Ocoboe euumanue credyem obpamumy na 6xodivie 6A0KU
u kackadvt onucannvly ycmpoticms. B nux neobxodumo ucnonvsosamo
MoALKO Memanronaenouvie peaucmopol, nanpumep munog MJIT, OMJIT,
a maxxce u3 epynnot C2 (nanpunep, C2-21 uau C2-23). B OCIanbHbLIY
cyuasy JonycmuMo npumensmy 1obvie no0xodsuue Kondencamopol.



