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PowerGraph

— yactb 1- NOAroToBKa K U3MEPEHUAM

Hsmaiinos J.1I0., Mockosckuii Tocydapcmeennwlil
Yuueepcumem um. M.B. Jlomonocosa, Poccus

3T0V CTaTher OTKPLIBAETCS LUMKIT MyOmMKaLmi o pabote ¢ nporpaMmMHbIM naketom PowerGraph, cTpemutensHO HabuparoLLym
rnonynapHocTe B YkpanHe (cm. [MUKAL Ne3, 2007). OtngumteibHbiMu YepTamuy PowerGraph ssasiotca noafaepxka LmMpoKoro CrekTpa
obopyaoBaHus, MpocToTa W HarfsAHOCTb 10/1b30BATENbCKOrO UMHTEPQEica, coveTarlymecs ¢ 3HHeKTUBHbIM AUMHAMUYECKUM
npeacraBneHeM rpaguyecknx AaHHbIx. Pabota ¢ PowerGraph He Tpebyet ymMeHus MporpaMmMmpoBaThb, HO MO3BOJISET AaXe HaYMHAIOLLMM
1071530BaTENAM MPUMEHSTH MOLLHbIE QYHKLMY LinppoBovi 06paboTKu 1 aHanm3a CUrHaaoB. B uvkie ctaten byayT pacCMOTPEHb! He TOMIbKO
OCHOBbI paboTsi ¢ PowerGraph, Ho 1 obLyme BOnpockl M3MEPEHWV C MOMOLLbIO KOMIIbIOTEPOB, OCHALLEHHbIX raatamMu v Mogynsmmi AL,
lNepBas cTaTbs UMKIA MOCBALLEHA KITOYEBbIM acrekTam MoAroToBKU K MPOBEAEHUIO M3MEPEHNN.

porpaMMHbI nakeT PowerGraph

npeAHasHavyeH Ans permcrpaumu,

BMU3yanusauuu, obpabotku U
aHanmM3a CMrHanoB 1 No3BoNAeT UCMONb-
30BaTb MNepPCOHaNbHbIM KOMMbIOTEP B
KayecTBe CTaHOAPTHbIX N3MEepUTENbHbIX
N pernctpupyllmx npubopos -
BOMIbTMETPOB, CaMOMUCLLEB, OCLMA-
norpados, CNeKTPOaHann3aTopos.
OCHOBHbIM WCTOYHUKOM CWUrHaNoB Ans
PowerGraph sBnstoTcs ycTpornctaa coo-
pa [HOaHHbIX, OCyllecTBAsiolme npeob-
pa3oBaHWe aHanoroBbIX CUIHaNoOB B
LUMDPOBYID OPMY W nepefady uX B
KomnbloTep. Yxe cerogHs PowerGraph
nosgongetr pabotatb C CepuHOM
npoayKuMen BefyLLmx POCCUMCKIX 1 3a-
pybexHbix npownssogmTenen:”L-Card",
"Llentp ALM", "Curvan” (Bce - Poccua),
"XOJMT Osnta Cuctemc” (YkpauHa),
"National Instruments” (CLUA). W
CNUCOK NOAAEPKMBAEMOrO UM3Mepu-
TeNbHOro 00OpPYyAOBaHMA MOCTOSHHO
nononHsaetca. OAHaKO, BO3MOXHOCTU
NoMy4eHns AaHHbIX HE OrpaHN4YBalOTCA
TONbKO paboTon C  yCTpoWCcTBaMM
aHanoro-unpoBoro nNpeobpasoBaHus.
Kak yHnBepcanbHbIN MHCTPYMEHT, Pow-
erGraph MoxeT uvcnonb3oBaTb Nobble
JOCTYMHble UCTOYHUKN LMDPOBON UH-
opMaumL - BUPTyasbHble reHepaTopsl
CUMHaNoB, KOMMbIOTEPHblE YCTPOMCTBA
BBOLA M 3BYKO3anmcu, CUCTEMHble
napamMeTpbl ONePaLMOHHON CUCTEMBI, a
Tak>Xe Cneumanm3ampoBaHHble AaTHNKN U
nprbopbl, NofdKoYaemble K KOMMbloTe-
py. Pa3HoobOpasve KCMoOnb3yembix
NCTOYHMKOB CUrHanoB BeCbMa BEMWKO,
HO BCe OHW 06o3HavaeTcs B PowerGraph
eaHbIM TepMUHOM - ALLM.

OCHOBHOW  Uenblo  nNpuMeHeHua 3anycke  PowerGraph — nosBnaercs
KoMMnbloTepa B 00MacTM M3MepeHUn [uanoroBoe okHo Bbibop ALI, copep-
ABNAETCA perncTpauna AaHHbIX B Kallee CNUCOK BCeX NOoAAepP>XKMBAEMbIX

umchpoBoM Buae. Ho npoleccy permct-
pauuv BCEraa NpeawecTByeT KIo4eBon
3Tan  MOATOTOBKM M HACTPOMKM

yCTPOMCTB. [Ans npofosixeHus paboTsl
HeoOXOAMMO yKa3aTb B CMUCKe yCTPOM-
CTBO W HaxaTb KHOMKY C WUMeHeM

n3MepuTenbHom cuctemsl. PowerGraph
He ABMSETCS WUCKIIoYeHWeM U nepep
HayanoM W3MepeHWn npegnonaraet
BbINOJIHEHVE pafa NpenBapUTenbHbIX

NencTBun:

m BbIOOp yCTporicTBa cOopa
JaHHbIX;

B annapaTtHas HacTpomka
YCTPOWNCTBA;

B HacTpoWKa perucrpupye-
MbIX KaHafoB;

B KanMbpOBKa BXOAHbLIX CUT-
Hanos.

MporpamMMHbI naket
PowerGraph BkJlO4aeT OCHOBHYIO
nporpammy (cobctBeHHo Power-
Graph) 1 Habop crneumanusnpo-
BaHHbIX yTWMAMT. [anee peyb
novaer o pabote C OCHOBHOW
NporpaMMoln, Ho BOMbLIMHCTBO
OMMCbIBAEMBIX Onepauun sBns-
loTCs obWMMK AN BCex npor-
pamm. Hanpvmep, BO BCex npor-
pammax naketa PowerGraph ko-
MaHZbl, CBAI3aHHble C HaCcTpoWKa-
MW 1 NOAFOTOBKOW K M3MepeHn-

M, pacrnonaratotcs B MeHio CepBuc.

Bbl6op ycTpoiicTBa

BbIOpaHHOro yCTPOWCTBA B TMpaBoWn
BepXHen 4acTu okHa. [lepekntodaTenb
ABTOMAaTM4eCcKM NO3BONSAET aBTOMATU-
3MpoBaTb BbIOOP MNpW  ClefyloLmx
3anyckax mporpamMmbl - g perucrpa-
UMW CcUrHanoB OydeT MPUMEHSTbCS 3TO
e yCTpomcTBO. BO3MOXHOCTL aBTOMa-
TU4ecKoro Bbibopa mnonesHa, ecnn Bbl
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MOCTOSIHHO UCMOJb3yeTe TOMbKO O[HO
YyCTPOWNCTBO.

KHonka  AHasmm3 no3Bonser
0TKa3aTbCsl OT BblOOpa YCTPOMCTBA, HO
NPOAOMKNTL 3arpy3ky nNporpamMmel ons

Pabota ¢ PowerGraph Ha4nHaeTcs
€ BbIOOpa YCTPOMCTBA, NCMONb3YEMOrO B
Ka4yecTBe WCTOYHMKA CuUrHanos. [lpwu

paboTbl C 3aMuCcaHHbIMU AaHHbIMU. B
3TOM pexmmMe OTKIIIoYeHa BO3MOXHOCTb
PerncTpaumm, Ho LOCTYMHbI BCe yHK-
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UMM pefakTUpoBaHusa, obpaboTtkn u
aHanM3a CUrHanoB, a Takxe BCe ornepa-
LMK € hannamu.

Mocne BbIOOpa yCTPOWCTBa Mpor-
pamMmMa nbITaeTcs OOHapyXUTb €ro u
YCTaHOBUTb C HMM CBA3b. B criydae ycne-
Xa OKHO BblOOpa 3aKpoeTcs 1 NosBUTCS
OCHOBHOE OKHO MporpamMmsbl. OBHapy-
KeHKe yCTpoWnCTBa He TpebytoT OT Nofb-
30BaTenst HUKakUX LOMOMHUTENbHbIX
OevcTBUN UM HacTpoek. [lporpamMma
CaMOCTOSATENBHO OCYLLECTBASAET MOUCK,
onpalvBas Bce OOCTyMHble MOpTbl MK
KaHanbl CBA3M KommbloTepa. Mcknode-
HWe COCTaBNSAIOT yCTPONCTBA, AOMYCKalo-
Wre yganeHHoe B3aVMMOLEWCTBME MO
cetn (Hanpumep, KpenToBas cuUcTema
LTR komnaHum L-Card), B 3TOM cnyyae
nporpamMma AOMNONHUTENbHO NpPenno-
KWUT yKa3aTb uma unn IP-agpec yoaneH-
HOro KOMMbloTepa, K KOTOPOMY MOAKO-
YEeHO YCTPOWCTBO. ECiM yCTPOMCTBO He
0bOHapy>eHo MW HedoCTynHO (Hampu-
Mep,  MOHOMOMIbHO  MCMOMb3yeTcs
Lpyro nporpamMmmomn), TO MOsSBUTCS
COOTBETCTBYIOWEE WMHDOPMALMOHHOE
coobLeHwe.

Bbibop yCTpoOMCTBa BO3MOXEH
_;?I’CID He TONbKO MNpw 3anycke Power-
= Graph. B npouecce pabotbl ¢
NPOrpaMmMor MOXHO MCMOSb30BaTb KO-
MaHay Bbi6op ALIM.. 8 meHio CepBuc
AN M3MEHEHWUS TeKyLlero yCTpoWCTBa
NN BKIIOYEHWA /BbIKNIOYEHNS aBTOMa-
TNYeckoro Bblbopa.

Cnncok nopmdepXmMBaemMoro B
PowerGraph obopynoBaHus Kkpome
peanbHbIx AU Takxe cooepxut
BeCbMa MnosiesHble YCTPOoCTBa (a TouHee
nporpaMmHble ApanBepsl), NpeaHasHa-
YeHHble ANA pelleHus crneumanvsnpo-

BUPTY-

BaHHbIX 334aY:
m F-Generator -
anbHbI  reHepatop  yHK- -
LUMN.DTOT ApariBep MaTeMaTu4ecku re-
HEPUPYET rapMOHNYecKmne curHansl (cn-
HycoMZanbHbIM, MPAMOYrOfbHbIN, M-
noobpasHbIi, TPeYrofibHbIA U apyrue),
NO3BONAS M3MEHATb X aMNAUTY Y, 4ac-
TOTy, (ha3y v gaxe pa3psagHoCTb. Bbl Mo-
XeTe umcnonb3oBatb F-Generator gns
n3yveHns QYHKUMOHANbHbBIX BO3MOX-
HocTen PowerGraph, npoBepku pasnmy-
HbIX anropuTMOB 0OPaboTKM 1 aHann3a
Ha 3TaNOHHbIX CUTFHaNax wan npu
OTCYTCTBUM YCTPOMCTBA cOOpa AaHHbIX.
m Cursor-XY - perucrpa- l‘;‘%
LS ONTOXEHMS Kypcopa MbiLLm ;
Ha 3KpaHe Mo BepTMKanu 1 ropm3oHTa-
nun. o3BongeT pucoBaTtb CMrHan "ot py-

Kn'".
m Joystick - peructpaums .
MONOXEHWSA Pbl4aroB WrPOBbIX &
MaHunynaTopoB. [MpuHUMA  paboTbl
CTaHAAPTHOrO MIPOBOTO NMOPTa KOMMbIO-

Tepa OCHOBaH Ha N3MepeHNN COMPOTMB-
NleHnd nepeMeHHbIX Pe3nCcTopoB aHaNo-
rOBbIX AXONCTUKOB. K TaKOMY MHOTOKa-
HanbHOMY n3mMepuTento COI'IpOTl/IBJ'IEHI/IVI
MO>XHO NOoAKIO4YaTb He TOJIbKO UIrpOBble
MaHMNYNATOPbI, HO U Oonee nonesHble
pPe3nNCTMBHbIE OaTHUKN - chTope3|/|(:To—

pbl, TepMOMapbl U T.1.

®m Sound - peructpauus %
CUrHaNoB C obon 3BYKOBOW
KapTbl. [To3Bonger ncnons3osatb Pow-
erGraph B KayecTBe 3ByKOBOro peaKTo-
pa (cdyHKUMN paboTbl CO 3BYKOBLIMM
WAV- dannamu Toxe noaaep>XxmBaioT-
cs1), a 3BYKOBYIO KapTy - He TONbKO AJis
3anmncm 3ByKa.

m Usage - peructpauus %
3arpyskm LEeHTpanbHOro npo- =
Lieccopa v UCNosib30BaHMA NaMAaT B %.
Bbl, BepoaTHO, BMOenn 3Ty MHMOpPMa-
umio B Amcnetyepe 3agad Windows, Ho B
PowerGraph oHa He nc4esaet beccrep-
HO, a pernucTpupyetcs B KaXAabln
MOMEHT BpemMeHn. DPPeKTMBHOCTb
paboTbl KoMnbloTepa U aKTMBHOCTb
nofib3oBaTens Toxe MoryT ObITb npef-
MEeTOM WCCIIef0BaHMS.

m GPS-NMEA - nonyyeHue
OAHHbIX OT  HaBWIaLMOHHbIX 6
GPS-npremMHnKoOB, MNOAKIIIOYEHHbIX K
COM-nopty komnbioTepa (NMEA -
CTaHOAPTHbIA  TeKCTOBbLIM  MPOTOKOJ
GPS). MNo3BonseT perncTprpoBathb nepe-
MeLLleHMe B HamnpaBlieHWsAX lor-cesep u
3anaf-BOCTOK, PacCTosHME OT TOYKM
CTapTa, a TaKKe CKOpOCTb WM HarpasieHvie
OBVDKEHVA.

Kak Bbl BuauTe, obnactu npume-
HeHus PowerGraph o4eHb pazHoobpas-
Hbl. [oXanywn, eAVHCTBEHHOe, YTO MoKa
OCTanochb "3a Kagpom”, 3TO MoJy4eHue
OaHHbIX B peanbHOM BpeMeHWn Yepes
WNHTEpHET, HanpuMep, Ons oTobpaxe-

HUSA N3MEHEHWNI KYPCOB aKLMWM, BaNOT U
Apyrovi hrHaHCOBOW MHMopMaLnn.

AnnapaTHble HaCTPOWHKK

yCcTpoicTBa
Y kaxporo yctponcrtBa cbopa
@| JaHHbIX eCTb UHAMBUAYANbHbIE
annapaTtHble HacTPOWKMK, CBA-
3aHHble C 0COBEHHOCTAMM ero paboTbl.
KomaHpa Hactpowvikn "[Tun yctpori-
cTBa]".. B MeHio CepBUC BbI3bIBAET ANa-
NIOroBOe OKHO annapaTtHbIX HacTpoek
MCNONb3yemMoro yCTpomcTBa. 3TO OKHO
MoXeT cofepxaTb
HEeCKONbKO BKNAAOK, COOTBETCTBYIOLLMX
LOMONHUTENbHBIM ~ KOMMOHEHTaM U
yHKLMAM YCTPOMCTBA:
m Ob6wume (General) - oTobpaxaet
nHdopmMaumio o6 yctponctese (Tmn u
CePUMHBIN  HOMeEp, TUM W YacToTa

MWKPOKOHTpOIIEpa MM NpoLeccopa),
a TakXke MOXEeT COAepXaTb HaCTPOMKM
annapaTHoOM CUHXPOHM3aumMK (Mcnonb-
30BaHMe BHeLLHMX TaKTOBbIX MMMYbCOB
1 CUFHamNoB 3anycka) Uy AONoNHUTeNb-
Hble oMM YCTPOWCTBA;

m AL (ADC) - HacTpoViKM KaHanos
ALM;

m LAIT (DAC) - HaCTpOWKM KaHanoB
LATT;

m LBB (DIO) - ynpaBneHue undpo-
BbIMV BXOA3aMW U BbIXOAAMW.

B coctaB naketa PowerGraph
BXOLAT CMpaBO4YHble MaTepuansl C
OMnMcaHMeM annapaTHbIX HAaCTPOeK BCex
NOALEePXMBAEMbIX YCTPOMUCTB. Bbi3oB
CNpaBkM OKHa anmnapaTHbIX HacTpoek
OTKpbIBaeT OMNMCaHWe AN TeKyllero
yCTPOWCTBA.

Hanbonee BaxHbIMW Cpeamn anna-
PaTHbIX HaCTpoeK ABMAIOTCA HACTPOUKM
kaHanos AUM. Y  OGonblUMHCTBA
YCTPOWCTB OOLLEro HazHa4YeHNs CyLLecT-
BYeT BO3MOXHOCTb Bblbopa Tuna
NOOKIIOYEHMA aHANOroBbIX CUMHANOoB -
AngpepeHunanbHoe vnv ogHoOMNpPo-
BogHoe (c obwen 3emnen). [Ona
NPaBUbHOW  perncTpaumm  OaHHbIX
Kpome M3MYeCKoro MoakIoyYeHNs
CUrHaNoB HeobXOAMMO TakXe HacTpo-
NTb CaMO YCTPOWCTBO Ha M3MepeHns B
ondpepeHLnanbHOM WUAKM O4HOMPO-
BOLHOM pexuMme, a 3TO yXe 3afada
nporpaMMHoro obecnedveHuns. Takas
HacTpomka OCyLLeCcTBAsSeTCA 3a cyeT
pasgeneHua KaHanos ALI Ha "¢pusu-
Yeckue" n "norndeckre”:

B Pusnyeckne kaHasnbl - HU3N-
Yyeckme BXOAbl Ha BHELUHEM pa3beme
YCTPOWCTBA, K KOTOPbIM MOAKIIOHAOTCA
NCTOYHMKM aHaNOroBbIX CUTHANOB;

m Jlornyeckme KaHa’sbl - NpOrpam-
MHble KaHasbl, B KOTOpble OCyLLecTBNsA-
eTCs 3aNnCb AAHHbIX.

PaccmoTpunm NCnonb3oBaHmne
PU3MYECKMX N NOTMYECKMX KaHANOoB Ha
npumepe ycrponcts L-Card (BHelwHue
mvopynu E14-140, E14-440 v scTpaviBa-
emble B PC nnatbl L-761, L-780, L-783 n
L-791), KoTOpble VMelT Ha BHELUHEM
pasbeme 32 BXoda OJ1A MOLK/OHEeHUA
CUTHanNoB.

Bce Bxoabl penatcs Ha e
rpynnbl, KOTopble 0603HavaTCs Kak X 1
Y c Hymepauwpen ot 1 go 16. Mpwn ogHon-
POBOLHOM MOAKMIOYEHNN NCTOYHMKOB
CUIHANoB W3MEepeHUa BbIMOHAKTCS
Mexay obuien 3emnerl U OoHUM U3
Bxogos X mnn Y. MNpu gudpdepeHLmans-
HOM >€ MOAKIIOYEHUM - MeXY BXOL0M
X (HeuHBepTUpylOWMK) 1 BXOOOM Y
(MHBepTUPYIOWNIA) C OAMHAKOBLIMY
HomepaMu. Takum obpa3om, B OfHOM-
POBOOHOM  pexXume [OCTYMHbl 32
pusmyeckmx kaHana X1..X16 n Y1..Y16, a
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B AnddepeHLMansHoM - 16 dusndec-
kKmx KaHanoB XY1.XY16. Jlornyeckume
KaHanbl obo3Havatotca Al (Analog
Input) ¢ nocnenosaTeNbHOM HymepaLm-
e ot 1 go 32. B HacTpomkax KaHanos
AL ana Ka)aoro norn4eckoro KaHana
Al BblOMpaeTcs TMN nomknoyeHus (oa-
HOMpOBOAHbLIM X, OAHOMPOBOAHBLIN Y
nnu gpuddepeHumansHbin XY) 1 Homep
pur3nyeckoro KaHana. Mo ymonyaHuio B

E14-140 Setup

General ADC | pac| DO |
Channels:

HAaCTPOWKM PErnCTPUPYEMbIX KaHanoBs B
PowerGraph ncnonb3yetcs cneumans-
HOe OKHO BxogHou Ycunutenb, KOTO-
poe BbI3bIBAETCH COOTBETCTBYIOLLEN KO-
MaHAoW B MeHio CepBucC.

LleHTpanbHOe nonoXxeHne 3TOro
OKHa 3aHMMaeT rpaduyeckm Aucnnen,
npefHasHa4yeHHbIN AN BU3YyaNbHOMoO
KOHTPONSi BXOLHOro CUrHana B npouec-
ce HaCTpOVKW MapaMeTpoB KaHana.
HabniogeHne curHana npu
HaCTponKe WUrpaeT HeoUeHU-
MYIO POfib, TaK Kak no3sonser
Cpa3y obHapyXuTb psig 4acTo

X|

All:
" Ditferential XY

© SingleY (Inverted)
 Calibration 0

& Single X (Not Inverted)

AD Input: |X1 'I

BCTpevamLmxcs npobnem -
HeMpaBUIbHOE MOAKIIOHYEHNS!
curHanos k sxogam AL, 06-
pbIB UMW LUYHTUPOBaHWe coe-
OVHNTENbHbIX MPOBOLOB U

TeJlb BbINOJIHAETCA LUMKNn4ec-

16 Differential (<)

Koe Kn3MepeHme TeKyLllero
l 3Ha4YeHna BXOOHOro curHalna

32 Single (16X + 16Y)

l N oTODpaxaloTcs Ha auncrnnee
noflydeHHble OaHHble B BUAe

Reset

[ rpaduka. JocTynHbl pexurmbl

HeMNpepbIBHOro nN3MepeHna n

nay3bl, PeXuMbl CamMonmcLia u
l ocumnnorpada, a Takxke 3a-

PowerGraph ucnones3ytotca 16 andde-
PeHLManbHbIX MU3NYECKUX KaHAaNOoB.
Ecnn Bbl ncnonb3yete ogHONPoOBOAHOE
NOAKIOYEHME VCTOYHNKOB CUrHaNoB, TO
HeOOXOAMMO UM3MEHUTb  HACTPOWKM
kaHanos AU Bawwero yctponcrea.

Hactpoukn kaHanos ALLM moagyna
ADA-1406 (XONWUT [Hanta Cucremc)
OCyLLeCTBAAOTCA AHANOIMYHbIM
0bpa3zom, Ho oblLiee KOIM4ecTBO hu3n-
Yyeckux BxofoB cocTtaBnser 16. Kpome
TOro, uMeloTca 4  [OMONHUTENbHbIX
anddepeHumanbHbIX BXoda C MHAMBN-
AyanbHbIMU KO3 DULMEHTaMU yCune-
HUs (0Do3HavalTCsH Kak GXY), KoTopble
MOXHO COMOCTaBUTb C ntobbiM 13 20
NOrN4eckmx KaHanos.

Ecnn kakoe-nubo yCcTpoOMCTBO
NCNONb3yeT TONIbKO OAHOMPOBOAHOE
WA TONMbKO  AuddepeHumansHoe
NOAKIIOYEHME CUIHAMOB, TO HACTPOMKM
kaHanos AL He noTpebyeTcs, a Homep
nporpamMmHoro kaHana Gyget cootset-
CTBOBaTb HOMEPY (PU3NHECKOTrO BXOAA.

MHAWBUAYaNbHbIE HACTPOHKK
KaHanoB

[lns ycTponctBa v nporpammsl
m| BCe KaHaNbl PaBHOLEHHbI, HO

ONs NoNb30BaTeNs Kaxapln Ka-
Han HeceT MHhOPMaLMIO OT onpeaeneH-
HOrO UCTOYHMKA U, CJlefoBaTeNbHO, Tpe-
OyeT MHOMBNOYaNbHOW HAacTponKK. [ns

NMBKa rpachVKoB 10 HYNEeBOroO
3HaYeHNs aMMIUTY bl Y aBTOMOUCK CUT-
Hana.

HacTpoiika napameTpoB ocyluec-
TBNAETCH MHAMBUAYANbHO ANS KaXaoro
KaHana, no3ToMy paboTa C OKHOM

T.n. B okHe BxogHowu Ycunn-

33aBWCUT Ka4eCTBO PerncTpmpyembix
curHanoB. Ecnm BbIOpaHHbIN AManasoH
MeHblUe aMNAUTYAbl pPeanbHOro BXOA-
HOro CurHana, TO PerucTpupyembli
curHan byaet "obpesaTbCs” MO BepxHen
N HWXHeW rpaHuuamM AumanasoHa. Ecam
BbIOpaHHbIN AManasoH CyLeCcTBEHHO
GornbLUe aMNAWTYAbl BXOLHOIO CUrHana,
TO perucTpupyembii curHan oOypet
NMEeTb HW3KOoe pa3speweHne. Kpome
rpadvika cMrHana, Ha gucnnee nyHKTMp-
HbIMW NIMHUAMUM OTODPAKAIOTCA BEPXHAS
N HVDKHAS TPaHMLLbI AMana3oHa nimepe-
HWIA, 4TO CylecTBEHHO obneryaet
npaBuIbHbIN BbIOOP. [Mog cCrnvckom
[lana3oHoB OTODpaaloTcs Tekylyee
(Al), MakcumansbHoe (Max) U MUHU-
ManbHoe (Min) 4mncneHHble 3HaYeHus
BXOOHOMO CuUrHana. Tekyliee 3Ha4deHue
Takke 0ToOpaxkaeTcs Ha Aucree B BUae
YepHOM MYHKTUPHOW JIMHWK - Mapkep
TeKyLLero 3Ha4yeHus.

NoeHTndrKauns CUrHanos no
HOMepaM KaHanoB BecbMa HeyaolbHa,
0cobeHHO npy BONbLUMM MX KONNYeCT-
Be. B none Umsa Hap rpaduHeckmm
ancnneemM Bbl MOXeTe NPUCBONTL KaHa-
Ny VHOMBMAOYaNbHOe TEKCTOBOE Ha3Ba-
Hve (Hanpumep, "Temnepatypa”, "[as-
neHne”, "CKopocTb” 1 T.M.), KoTopoe
BCerga HanmoMHWT Bam Kakuve AaHHble
OblnW 3aMMcaHbl B 3TOM KaHare.

B none EamHuua Bbl MoXxeTe ykasaTtb
Ha3BaHVe eAVHNL, U3MEPEHNS BXOLHOMO
CUrHana, KoTopoe oTobpakaeTcs psaoM

C  YWUCIEHHBIMU

i | BrogHoi YeunuTens: E-140 x| 3HaveHusamMu. [lo
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BxoaHou Ycunutenb HadMHaeTcd C
BbibOpa HacTpaMBaeMoro KkaHana B
pacKpbIBalOLWLEMCA Cnncke ceBa Haf
rpapuyeckum gucnneemM. B cnucke
AwnanasoH cnpaBa OT rpaduyeckoro
Oucnnes BbiOMpPaeTcs AManasoH M3me-
PEHUS 3HAYEHUI BXOOHOrO CUrHana.
CnmcoK [OCTYMHbIX AMAana3oHOB COOT-
BETCTBYET annapaTtHbIM KO3 ULMEH-
TaMm yauneHna AU v nHovemayaneH
Ons Kaxporo yctponctea. K Bbibopy
OManasoHa U3MepeHui crnegyeT noaxo-
ONTb BeCbMa Cepbe3Ho, Tak KaK OT 3TOro

poOTVBAEHNS n
[p.), TO Ha3BaHVe efVHUL, N3MepeHus
aBTOMATM4ECKN CYUTBIBAET K3 CaMOro
YCTPOWMCTBa WA ero Aparieepa.

Mpy oTobOpaxkeHWM YUCIEHHbIX
3Ha4YeHWM Ha 23KpaHe PowerGraph
MOXeT OCyLLeCTBNATb MacwTabmpoBa-
HME OCHOBHbIX 3MEKTPUYHECKUX EANHWLL
n3mepeHmns (BonbTbl - V, AMmnepsl - A,
OMbl - Ohm). Hanpumep, 3HayeHue
0.001 V (BonbT) OymeT oTobpaxaTbcs
kKak 1 mV (MUAIMBOMBT), a 3HaYeHue
10000 Ohm (Om) kak 10 kOhm (kOm).
Brnpoyem, MaclitabupoBaHue eduHWL,
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MN3MEPEHNST MOXKHO OTKIIIO4UTb B HaCT-
porkax nporpammel. Cnegyet NOMHUTb,
YTO B JAHHOM CJly4ae eAMHVLbI 3Mepe-
HUS - 3TO NULWb NHMDOPMATUBHbBIV TEKCT,
KOTOpbIi  OoTOOpaxaetcs psaoM ¢
YMCNEeHHbIM 3Ha4YeHneM. Ecnm Bbl xoTute
[EeNCTBUTENBHO Npeobpa3oBaTh 3Haye-
HUS CUrHana W3 OAHWX eauHWL, B
apyrve, TO HeLoCTaTO4HO TOJIbKO
N3MEHUTb Ha3BaHWS eauHUL, 13Mepe-
HWS, HeobXoOMMO Takxe MpPOoBeCTU
KanmOpoBKy CUIHaNoB.

Kanu6poBKa BX0AHbIX
CHrHanoBs

AU n3mepser nocrynatowe ot
Pa3NMYHbIX  OATYMKOB  CUrHaNbl B
BOSIbTax, HO BCerfa Xo4ercd BUOETb U
PEerncTpupoBaTb CUrHaN B peasibHbIX
eqVHMLAax n3MepseMon PU3N4eckon
BeNUYMHbL  (rpadychl, KUIOrpamMMbl,
MeTpbl 1 T.4.). [Ang 3Toro B PowerGraph
CyLLecTByeT BO3MOXHOCTb Mnpeobpaso-
BaHWa curHanos ALLM B noOble eguHU-
Ubl n3mepeHus - KanunbpoBka curHa-
J10B.

B GonbWKMHCTBE CyYaeB CUrHanbl
C AATYMKOB MPOMOPLMOHaSbHbI N3Meps-
eMbIM BENMNYMHAM, NMO3TOMY Kanmbpos-
Ka MOXeT OCyLLeCTBASETCA MO IMHENHO-
MYy YpaBHEHWIO:

UUsmepsiemas BennynHa =

=A * CurHan ALl + B,
raoe A - NVHeWHbIN  KO3hDULUMEHT
ycunenus, a B - nuHenHbIn Ko dunum-
€HT CMeLLeHus.

PaccmoTpum  npocTton npumep.
[Mpr O C ot mat4mka Temnepartypbl peru-
CcTpupyeTcsa curHan 2 sosbTa, a npw 100
C - 6 BOMbT. JINHeNHble KO3 DULMEHTbI
A 1 B MOXHO BblMMCIUTL MO Clefyto-
wym opmynam (T - Temnepatypa B C,
V - curHan B BoMbTax):

A=(T2-T1)/(V2-V1)=

=(100-0)/(6-2)=25

B=T2-A*V2=100-6 *25=-50

Taknm obpasoMm, ana nepecyeta
BonbT B rpafdycbl 3HaveHVe BXOAHOMO
CUrHana HY>XHO YMHOXWTb Ha 25 wu
Bbl4ecTb 50.

OkHO  BxogHou Ycunuteno
COLEPXWUT CrpaBa OT rpadmyeckoro
avcnnes ABa TeKCTOBbIX Nons - YMHo-
Xutb 1 [lpubaButb, B KOTOpble
BBOLATCA 3Ha4YeHWA COOTBETCTBYIOLLMX
KanmbpoBoYHbIX KO3 huLmeHTOB A 1 B.
KHonka KannbpoBka  Bbi3blBaeT
OOMOSIHUTENIbHOE OKHO, B KOTOPOM
KanmbpoBoyHble KoddduLmeHTsl A 1 B
BbIYUCNAIOTCA aBTOMATUYECKM MO OBYM
33[aHHbIM 3Ha4eHVAM BXOLHOrO CUrHa-
na AU » coOTBETCTBYIOLMM 3HaYeHN-
AM  U3MepAeMon BenuyuHbl. [locne

BBOAA KanMbpoBOYHbIX KO3(PDULIMEH-
TOB BXOZHOWM CWrHan ByaeT yMHOXaTbCs
Ha 3Ha4deHVe ko3dpdpuumeHta A U K

P kanubposka: Kanan 1 i _)s]
Y=aeX+B |
V' YmHomure: ¥ Dpubasmrs:
A=| 25 B=| 50
Mo Touram
X Y
II-| 2 > Yl-i 0
X=| & > We=| 100 [ a
- v  s>m[ T
| 1] I Orriena | Cnpaeka |

pe3ynbTaTy yMHOXeHuns OyaeT npnbas-
JIATLCA 3Ha4YeHme KoappuLeHTa B.
KannbpoBoyHble Ko3DhULIMEHTDI
MOXHO WCMONb30BaTb He TOMbKO A4
npeoOpasoBaHNa eanHUL, M3MepeHus,
HO W [ONd  PasNn4YHbiX BapvaHTOB
KOPPEKTUPOBKN BXOAHbIX CUTHAMOB.
Ecnn amnauTyga BXOOHOrO CUrHana
NpeBbILIaeT MaKCMManbHbIM AMana3oH
N3MEepeHNns, TO CaMblii MPOCTOM Cnocob
peweHns npobnembl - MNOAKMIOYUTb
curHanel K AL Yepes genutens, KoTo-

PbI yMeHbLUaeT BXOAHOW CUrHan B
N pas. B 3ToM ciydae s BOCCTaHOBIIe-
HWA WCXOLHOW aMnaAUTyAbl CUrHana
noctatodHo B PowerGraph yMHOXWUTb
CUMHaN Ha COOTBETCTBYIOLLIEE 3HAYeHne
N. Ecnv gatimk nav ycunutens BHOCAT B
CUTHall Kakoe-TO CMeLlleHne OTHOCK-
TENbHO HyNA U3MepseMot BENNYMHBI, TO
LN PErNCTPaLMM UCTUHHBIX 3HaYeHVI B
PowerGraph pgoctatodHo BblHecTb ©3
CUrHaNa 3Ha4eHne CMeLLeHns.

Kpome HenocpeacTBEHHOMO BBOAA
3HaYeHNI KanMBPOBOYHbBIX KOIDDULN-
eHTOB, OKHO BxogHow Ycunurenb
MO3BOJIAET OCYLLECTBIATL BU3YyasbHYIO
KanubpoBKy C MOMOLLbIO MaHWNyNsTO-
pa. CyTb ee 3akno4aeTcd B TOM, 4TO B
rpapu4eckom QuUcniee MoXHO CMeLLaTh
M MacwTtabupoatb (pactarveatb Unu
CKMMaTb) CUFHaNn OTHOCUTENBHO LUKasbl
aMMAnUTYLbl, M3MEHAS TeM CaMblM €ero
a0CONIOTHbIE 3HaYeHNS.

B pexume cmelleHns (1) rpacmk
C1rHana COBUraeTcs MaHUMynaTopoM B
0061acTb MONOXUTENbHBLIX WX OTpULa-
TeNbHbIX 3Ha4YEHWNA, MPW 3TOM aBTOMa-
TUYECKW BbIMNCIIACTCA 1 YCTaHaBIIMBAET-

€Sl NIMHENHbIA KO3DPULIMEHT CMELLIEHUS.
Kpome npou3BONbHOIO  CMeLleHMs
MOXHO TakXe MCMosb30BaTh pacHeTHoe
CTAaTUCTUHECKOE 3HAYeHWe curHana -
CcpegHee apudmeTnyeckoe (3),
LeHTpanbHoe (4), mMakcumanbHoe (5)
UM MMHUManbHoe (6). BbibpaHHoe
CTaTUCTUHECKOE  3HaYeHWe CurHana
nocse KanMbpoBKM CTAHOBUTCS PaBHbIM
Hymio. OBHyNeHWe cpeHero apumeT-
4eCKOro 3HaYeHWst UCMOoMb3yeTcs Ans
KannbpoBKW Hyns BXOAHOrO CUrHasna.
OOHyneHne LeHTPanbHOro 3HayeHus
LenaeT curHan CMMMeTpUYHO bunonsp-
HbIM, @ OOHYIeHe MaKCMMasbHOMO UK
MUHUMAIbHOTO AenaeT CUrHaM YHWUMo-
NAPHbIM B 001aCTV OTPULLATENBHbBIX U
NONOXMWTENbHBIX 3HaYeHUn. B pexume
MacltabuposaHus  (2) BbiOpaHHOe
CTAaTUCTUYECKOE  3HAYeHWe  CcurHasna
CMeLL@eTCs  OTHOCUTENIbHO  LUKasbl
aMnAWUTYAbl, @ HyfeBoe 3HadeHue
0CTaeTcs Hem3MeHHbIM. B 3ToM pexuime
BbIYMCNETCA W yCTaHABNMBAETCH
NIMHENHBbIN  KO3MDDULMEHT yCUNEHUS.
PexxnmM maclutabuposarms yoobeH ans
KanmbpoBKM TecToBbIX (HEeHyneBbIX)
3HAYEHNN OT 3STASIOHHbIX WUCTOYHWKOB
cuUrHanos. B niobom pexume BM3yasb-
HOM KannMbpoBKM [N BblYUCIEHMS
CTaTUCTUHECKMX  3HAYeHWA  MOryT
MCNONb30BaTbC Kak BCE AaHHble rpa-
rdeckoro amcnnes, Tak v NPov3BoSb-
HbI y4acCTOK CWrHana, BblAensembii
MbILLbIO NMPW HaxaTow knasuwe SHIFT.

Ha 3ToMm noArotoBMTeNbHbIN 3Tan
npakTnyecku 3aBeplieH. CreayeT oTMe-
TWTb, 4To PowerGraph asTomatudeckm
COXpaHsieT BCe HACTPOMKM, MOSTOMY
NOArOTOBKA K M3MepeHusaM ocylilec-
TBNSETCS TOMbKO OAMH pa3 Npu nepsuy-
HOW Hanazke M3MepUTENbHOM CUCTEMbI.
Mpu cnepytollem 3anycke PowerGraph
Bbl MOXeTe Cpa3y nNpucTynatb K perncr-
paLMM c1rHanos, a noapobHee 06 3ToM
OyaeT n3NoxeHo B MaTepuasne cnemyio-
LLen cTaTby.

a
Ten: 8-107-495-961-47-30
e-mail: soft@powergraph.ru

LleMoHCTpaLumoHHas Bepcus, nos3-
BOJIAIOLLAA MPOTeCTUPOBAaTL BO3IMOX-
HOCTb rnpumeHeHus PowerGraph ans
Pa3nnYHbIX 3a[a4 perncrpaumm, obpa-
6OTKU 1 aHanm3a CUrHaaoB [OCTyrHa B
VIHTepHeTe no aapecy Www.power-
graph.ru.
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