OnokcnHonofobHble coeguHEHNA ABAAIOTCA OAHUMU U3 NMPUOPUTETHLIX TOKCMKAHTOB
OKpy>Xatwulen cpeabl, Tpedbyouwme NOCTOAHHOIO KOHTPOAA. BbixogHbIe
XapaKTEPUCTMKM BOJbLUMHCTBA CYLLECTBYIOLWMX ITIEKTPOXNMNYECKUX Npnbopos
MO3BOJIAIOT MPOBOAUTb N3MEpeHUsa L0 KOHUEeHTpauunm He Huxxe 10-6 M, ogHako
NPUPOLOOXPAHHbIE HOPMbI TPEBYIOT OCYLLEeCTBAATb KOHTPOJIb HEKOTOPbIX
KCEHOBMOTUKOB, B YMCJI0 KOTOPLIX BXOAAT ANOKCUHOMOO0OHbIE coegnHEHNs, B
KOoHUeHTpaumax 10-9 - 10-12 M [1]. YcoBepLueHCTBOBaHME npmubopa A0IKHO
obecneynTb CHMXXEHME anarna3oHa onpenensaemMbiXx KOHUEHTpaunin, MMHNaTIOpU3aLmnio
N CHMXXEHME CTOMMOCTIN. YCoBepLLIEHCTBYeMbIN nNpmnbop fosmKeH ObiTb OCHaLLLEH
aBTOMaTU4YeCKOW cuCcTeMon nodassieHns POHOBbLIX TOKOB 3/IEKTPOXUMUYECKOM
AYenKMN, KOTopasi B COBOKYMHOCTU C OPUTrMHANbHbIMU TEXHUYECKUMUN N MPOrPaMMHbLIMUN
peweHnaMn No3BOMIFET: - CHU3NTb TpeboBaHUA K paboynM anekTponaMm; - MOBbICUTb
CeNneKTUBHOCTb OBHapYy>XEeHNSA XUMNYECKNX IJIEMEHTOB; - YCTPAHUTb OCTaTO4YHOE
B/INSAHME MeLlaloWmnX akTopoB MaTpuLbl Npobbl NyTeM KOMNeHcaunn ee pOHOBOI0
TOKa 1 obpaboTKom ynbTpadmoneToBbiM 001y4eHNEM; - yNIPOCTUTb YrpaBieHne v
06paboTky nHopmauun [2]. Bce BbllleyKa3aHHbIe 3a4a4M peLlatTcsa Co34aHneM
BUPTYaJsIbHOro BOJibTaMNepoMeTPNYeCKOro aHaamsaTopa C MCNOJIb30BaHNEM B
KayecTBe OCHOBHOIMO peructpupyroLiero yCTponcTea niaaTbl 419 BBOAA/BbIBOAA
HaHHbIX Advantech-1710L n namepuTenbHON NaaThl 4Ns ycuieHusa cmrHana. lNMpmn asTom
B Ka4yecTBe perncrpatopa n npeobpasoBaTtens HpopMaumm npegnaraeTcs
MCNOJIb30BaTbh OPANHAPHbIA MepCcoOHasIbHbIA KOMMNbIOTEP U BUPTYasibHO-
OPNEHTUPOBAHHYIO cpeny rpaduveckoro nporpammupoBaHmns LabVIEW. Co3gaHHbIN
BUPTYasibHbIAN BOJIbTaMMNEPOMETPUYECKUIN aHaIN3aTOP NO3BOINA 3HAYNTESIbHO
MOHU3NTb NMpeaen onpenensaemMblX KOHUeHTpauun (8o 10-12 M), ynpoCTUTb METOAUKY
aHanu3a u caenaTb BO3MOXKHbIM MOBMABLHOCTL Npmnbopa ANnsa NpoBefeHUs NU3MEPEHUN
B NONEBbIX YC/I0BUAX [3]. DnekKTpoxmMmnyeckasa s4yenka B yCOBepLUEHCTBYEMOM
npubope noacoegmnHeHa K nameputenoHon nnate (LUM), npegHa3Ha4vYeHHasa ons
YCUJIEHNS U U3MepeHnsa CurHana, nayuwero Ha nnaty Advantech- 1710L, a oT Hee Ha
BUPTYaJibHbIN BOJSIbTaMMNepMeTp, CO34aHHbIN NPX NOMOLLK cpeabl rpaduyeckoro
nporpammmpoBaHnsa LabVIEW Ha MK nan gpyrom nogobHom yctponctee (HoyTbyke).
Nonb3oBaTesieM Yyepes nHTepdenc BUpTyasibHOro BoJibTaMnepMmeTpa 3a4aloTcA
rnapamMeTpbl aHasin3a (NoTeHunasn, XapakTepHbIN 4719 OKUCIeHUA/BOCCTAaHOBJIEHUA
onpenensemMoro BelwecTsa U CKOPOCTb pa3BepTKK), NoCTynarwuime yepes naaTty
Advantech- 1710L Ha MnkpokoHTpoanep WM, KoTopbln 3agaeT JIMHENHO
n3MeHsLeecs NoNspusyloLLee Harnps>xeHne ¢ onpenesieHHON CKOPOCTbIO pa3BepTKHU
MU nofaeT cUrHan B UMPPOBOM BNOE Ha UCTOYHUK MONSAPU3YIOLLErO HANPS)XXEHUS.
Hanee curHan nogaeTcs Ha 3/71IeKTPOAbl B 3/IEKTPOXUMUYECKON A4elnKe, roe nog
O0eNCTBMEM NPUJIOXKEHHOIr0 NOTeHUMasia Ha4YnHaeT NMPOUCXoaNTb dJIeKTpoXuMmnyeckas
peakuus, CoONnpoBOXaalLasacs nepeHoCoM 3/1IeKTPOHOB. PUCYHOK 2. I3MepuTesibHas
nnaaTta B cocTaB UCTo4YHUKa nonapusytowwero Hanps»xeHna UM exonaT:
uncppoaHanorosbi npeobpasosaTtenb, ANa Nnpeobpa3oBaHMa 3a4aHHOIMO CMrHasnAa B



uncposom BMAE B aHaN0rosbin, PUAbLTP HU3KMUX HYacToT (PHY) n noTeHUnocCTaT.
NcTo4HMK nonspusytollero Hanps>eHus BoipabaTbiBaeT, BO-MepBbIX, peryampyemoe
NMOCTOSAHHOE Hanps)XeHne, COOTBETCTBYIOLLEee 3HAaYeHUIO NoTeHLUnaNa 31eKTpoaa
CpaBHEHNs, BO-BTOPbIX, CKaHUpYoLWee Hanps>xeHne (Hanps>XeHne pa3BepTKu),
n3MeHsLeecs BO BpeEMEHU B OTPULLATESIbHYIO MO JINHENHOMY 3aKOHY C
perynupyemMon amnamtynon (Npu BoJsibTaMNepoMeTpU4eCKoOM pexumMme nsMmepeHms).
Ans poctaTtoyHo NnoapobHOro BOCNPOnU3BeAEeHUS BOJIHbI MU MUK
BOJIbTaMneporpamMmbl BeIM4YNHA OANHOYHOM CTYNEHW pa3BepTKU A0/HKHA BbITb
cywecTtBeHHO MeHbLle (nqg)-1 . PesynbTupylouee nonspusytoLlee Hanps>xeHue
opMuMpyeTCs Ha BbIXOAe NoTeHUuMocTaTa, Ha BXOL KOTOPOro nofgaeTcsa Hanps»xeHue,
ncnosiblyemMoe A9 U3SMEeHEeHUA aMNanTY bl UMMYJIbCOB MO JINHEVHOMY 3aKOHY.
NoTeHuMoCTaT NpefHa3HavyeH 419 aBTOMaTUYeCKOro KOHTPOJ1A NoTeHunana
3/1eKTpoAa CpaBHEHUA (NpU U3MepeHUN BOJIbTaMMEePHOW XapaKTEepPUCTUKK) T.e. ero
COOTBETCTBUA 3aaHHOMY MONAPU3YIOLLEMY HAaNPSAXXeHU0. TaKoW KOHTPOJIb
OCYyLLEeCTB/ISAETCA 3a CHEeT Toro, 4YTo NocTynarLwas Ha BXoL noTeHUnocTaTa u
MHOIMOKPATHO YyCUJIEHHAA Pa3HOCTb MOosA3upYytoLwero Hanps)xeHus -E(t) n Hanps>xeHus
obpaTHon cBA3KM Ecu(t), cCHUMaemMoro ¢ MHONKaATOPHOI O 3/ieKTpoaa (OTHOCUTESIbHO
3/1eKTPOoLa CPaBHEHNSA), aBTOMaTUYeCKN yrpaBsigeT Hanps>KeHNneM Ha 3/1eKTpoae
CpaBHEHUSA TakK, 4TO 3Ta Pa3HOCTb NMNOALEPKNBAETCH Ha YPOBHE NpeHebpexmmo
Maslion Benn4dmnHebl, T.e. Ecu(t)»-E(t). CnegoBaTesibHO NOoTEHUMAN NHOWKATOPHOI 0O
sanekTpona Enc(t)=-Ecu(t)»E(t). CurHan-oTkNnkK, nosy4yaemsoin B pesysnbraTe
MNOTEHUMOCTATMYECKOro BO3AENCTBUSA Ha S4ENKY, B BUAE TOKa MHONKATOPHOr O
anekTpoaa npeobpasyeTcsa B NponopLmoHasbHOE TOKY Harnps»xeHue, KoTopoe
nocTtynaeT Ha ycunutenb UM n ®HY, KOTopbIN BLINONHAET onpenesieHHble BUbl
cenekymm MHPOPMaTUBHOM COCTaBNsAOLWEN curHana. MNMpuyem, nsmepeHue Masbix
TOKOB B Ul BbINONHAETCA TakuM 0bpa3om, 4TO NpU YMeHbLUEHUN CUFHaNa-o0TKJINKa
rnocsiegoBaTesibHO MOAKNYaATCA ABA AOMNOJIHUTEJIbHbIX YCUNNTENS, YCTaHOBJIEHHbIX
nocne npeobpasoBaTens ToKa B Hanps>keHue. MNepsbin N3 HUX BKJIOYaeTCa Npu
CHV>XeHun cunbl Toka o 10-9 A, a sBTopoun - o 10-12 A. lanee oT(PUAbTPOBAHHbIN
CUrHan nocTymnaeT Ha aHa0roeo-undposon npeobpasosatens (ALUM). CurHan B
uUnpoBOM BUAe, COOTBETCTBYIOLLUNA onpenesieHHOMY MH(POPMaLNOHHOMY napamMeTpy
curHana (amnanTtyne, cpegHemMy 3Ha4YeHu0), NoCTynaeT Ha MUKPOKOHTpoI1ep. 3TO
YCTPONCTBO CUHXPOHU3MpYeT npeobpa3oBaHue curHana ¢ Noasapusyowmnmm
Bo3aencTBueM. lNocne yero Yyepes Bbixogbl NN curHan nocTynaeT Ha naaTy
Advantech- 1710L n otobpa)kaeTcsa B BUAEe BOJIbTaMreporpaMMbl Ha rpadu4eckom
MHOWKaTope nporpammsel LabVIEW, roe Tak »e nponcxoguT aBTOMaTUYECKNI pacyeT
KOHLEeHTpauuu onpenensaemMoro BewecTsa rno nUsaMepeHHoMy TOKYy. BupTyasbHbin
BOJIbTaMrepoMmeTpunyeckmm aHanmsaTtop (BBA) coCTOUT N3 NHTEPaKTUBHOIO
NHTepdenca Nnonb3oBaTeNd, guarpamMmmbl MPOXOXKAEHUS OAHHbIX, KOTOPasa CAYyXUT
NCXOLHbIM TEKCTOM, U MUKTOrpaMMbl COeINVHEHNS (BXOObl U BbIXOAbl), KOTOPbIE
no3sonsAoT BBA 6biTb Bbi3BaHHbIMU 13 VIS 6onee BbICOKOro ypoBHSA. bonee



onpeneneHHo, NpoeKkTnpyemMoin BBA CTpyKTypupoBaH criegytowmm obpasom.
NHTepaKTuBHbIN MHTepdenc nosnb3oBatesna BBA Ha3BaH «n1nueBon NaHes bo», NOTOMY
4YTO OH MoAenupyeT NaHesb peasibHOro npmubopa. Jimuesas NaHes b COAEPXKUT KHOMKMN,
rnepekayaTenn, UHOUKATOPbI, AnarpamMmsbl, rpaukun, N gpyrme cpeacrtsa
oTobpa>keHNs n yrnpasneHns. BBOOATCA OaHHble, NCMOJIb3YSA Mbllb N KNaBuaTypy
(MMNTUPYS OENCTBUA C peasibHON NnepefHen NaHesbio), U 3aTeM NPoCMaTpPUBaOTCA
pe3ynbTaTbl Ha dKpaHe KoMmnbloTepa. BBA nony4yaeT KOMaHAbl OT 6/10K-CXeMblI,
(cocTosawen ns Vis 6osee HU3KOro ypoBHSA U MPUMUTUBOB), KOTOpas co3daBajlacb Ha
A3blKE BMU3YaJZIbHOro NPOEKTUPOBaHNSA «G». BoK-CXxemMa - 3TO WIIIOCTPUPOBAHHbIN
anropunTm gencteunin BBA, oQHOBpPEMEHHO ABASOLWMNCA NCXOOHbIM TeKCcToM BBA (puc.
1). Puc. 1 - bnok - gnarpamma o6paboTkn curHasna BUpTyaJibHbIM BOJIbTaMMNePMETPOM,
CO3[laHHbIM B Cpefe rpadu4eckoro nporpammmposaHus LabVIEW MukTorpamMmmel
coeanHeHnn BBA n cBs3u mexay HUMm paboTtatoT nogobHO pazbéMaM v
coeauHsLEeN WKHe B peasibHbIX Npubopax, n HeobxoauMmbl Ans Toro, 4Tobbl Vis
MOrJin oOMeHNBaTbCA AaHHbLIMU APYr C APYroM. NMMKTOorpaMmbl COEAUHEHUNIN U CBA3N
MeXXAYy HUMN MO3BOJIAOT NCNOJIb30BaTb CBOU VIs Kak moaynu B apyrux Vis. MNpw
Hann4Ynum BCcex 3Tux cBoncTB LabVIEW o0gHO3HaA4YHO ABNSETCHA CPpeaCcTBOM BU3YaJlIbHOIO
MOAYJIbHOr O rnpoekTupoBaHusa. Co3nasasa BBA, pa3buBann cBOW NpukiagHom
anropuT™M Ha psag cybanropnTMoB, KOTOpble TakKXe MOXKHO pa3buTb eLwé pas, 4o Tex
nop, rMoKa CNOXXHbIW MPUKIaAHON alirOPUTM He NMPeBpaTUTCA B pPAL NPOCTbIX
noasanayd (pucyHok 2). ®opmuposanm BBA, 4Tobbl BbINOMHNTL KaXkayto nogsanady, a
3aTeM 06beanHNTL 37K VIs Ha Apyron 6/10K-cxemMe, 4TObbI BLIMONHUTL r106anbHYo
3afavy. B ntore, ycoseplieHCTByeMbI BOJIbTaMNepMeTp COOAEPXUT COBOKYMHOCTb
cybVls, KoTopble ABAAITCA COBOKYNHOCTAMU hyHKUUI LabVIEW. Puc. 2 - AnropmTtm
pacyeTa KOHUeHTpauun no onpegensemMmon cune Toka OTnagka aaropmtMa HaMHOro
obnervyaeTcsa TeM, 4TO MOXKHO BbIMOJIHATb KakabI CybVI oTaeIbHO OT OCTasIbHOW
4acTu NpuKNagHonm 3agaydun. Kpome toro, MHorme cybVvIls HM3KOro ypoBHS 4acTo
BbIMOJIHAIOT TUMNOBbIE OEeNCTBUSA, obwme Ana pa3andHbIX NPUKNaAHbIX 3a4a4, Tak, 4To
MO>XHO pa3paboTaTb crneumanmsmpoBaHHbIM Habop cybVIs xopowo noaxoaawmn gns
HY>XHbIX 3a4a4. Cuctema KoHTponupyeT npeobpa3oBaHMa OCHOBHbIX BENYUH. C
y4eTOM TOro, 4TO B CpeACTBaxX U3MEPEHU OCYLLEeCTBAATCS Nnpeobpa3oBaHUs
PU3NYECKNX BESINYNH, NPU CO30aHUN NX MOLeNen BO3SHUKaeT HeobXxoanMoCTb
N3MeHeHUsA pa3MepHoCcTn. [Ina aToro npumMeHsaTca onepaunn Convert Unit n Cast
Unit Bases. [anee npou3ssoannachk oTaanka npnbopa Ha peasbHbixX npobax c
ncnosib3oBaHeM pepMeHTaTMBHOIo BnoceHcopa B Ka4yecTBe MHAMKATOPHOI o0
anekTpoaa. B pesynbTaTe ObiIM MONYyYEHbl BOSIbTAaMMEPHbIE MUKW, XapaKTEPUCTUKN
KOTOPbIX CPaBHWUBAJIUCh C MNOJy4YEHHbLIMU pPaHee Ha CyLeCTBYOLWEM
BOJIbTaMmnepomMmeTpmyeckomMm komnnekce CTA-1. BonbTaMnepHasa Kpmeasa, npu
HaVMeHbLUEeM perncTpupyemMom Toke npeacTtaBiieHa Ha pucyHke 3. Kpueasa nmeert
Takon BMA NOTOMY 4YTO, NporpaMMa 3anucbiBaeT B NaMATN OPUTrNHASIbHbIV BUA
BOJIbTAMMepHOW 3aBUCMMOCTW, @ Ha SKpPaH BbIBOAUTCH aMNAnNTyda rnosie3HOro Toka



Ansa ynobcTtea BU3yanbHOM uKCaumn. NapamMmeTpbl 31EKTPUYECKNX CUTHAIOB MOXKHO
N3MEHATb B LUMPOKMX Npeaenax, obmBascb ONTUMaIbHbIX 3HAYEHNI 019 PA3/INYHOIO
COCTaBa uccsenyembiXx pacTBOpoB. NapameTpbl MOryT 3aZiaBaTbCs B UHTepdencHom
nporpamme npubopa nepen Ka)kabiM 3KCNepuMeHTOM. Puc. 3- MNuk okncieHmnsa gpeHona
NPV HaUMEHbLUEM PerncTpupyeMom Toke T.0. MPUMEHEHNE COBPEMEHHbIX TEXHOJ10T N
no3BoJisieT co3aaTb 6051ee COBpEMEHHYIO KOMMOHOBKY BOJIbTAMMNEPOMETPNYECKOT O
aHanum3aTopa € 60MbLIKM, YEM Yy CywecTBYOLWMX NpnbopoB Anana3oHOM
onpenensieMblX KOHUEHTpauun, n gaeT BO3MOXXHOCTb UCMOJIb30BaTb €ro He TOJIbKO B
nabopaTtopun CTauMOHAPHO, HO N A1 3KCNpecC - aHa/IM30B B COCTaBe nepesBuXHOM
nabopaTtopun.



