[Mpon3BOACTBO M NOCTaBKa I'IpVI60pOB ans
ANEKTPOXNMNYHECKUNX nccnenoBaHni

ELECTRO
CHEMICAL
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YTO Takoe NOTEHUMOCTAT U KaK UM MpPaBUSIbHO
NOJ/1Ib30BATbCA.
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“Electrochemical Instruments”
Nnpon3BOACTBO U NOCTaBKa I'IpVI60pOB ONA 3NeKTPOXnMnNYeCKnx I/ICCJ'Ie,EI,OBaHI/IIZ

Mo MHOroyMcneHHbIM npocbbaM Hawwux MoNb30BaTeNer, a TaKxe MpoaHaIn3MpoBaB
Hanbonee 4acTo 3ajaBaeMble BOMPOChbl, Mbl PEWWIM HanucaTb HaCTOAWMMA AOKYMeHT. OH
npefHa3HadeH An8 O3HaKOM/IEHUS C MPUHUMMIOM paboTbl MOTEHUMOCTaTa M OCHOBHbIMW €ro
0COBEHHOCTAMU U MOXKET ObITb MHTEpPECEH KaK OMblTHbIM CreunanncTaM 3M1eKTpoXMMmMKaM, Tak u
HauMHaIOWMM 3KCrepuMeHTaTopaM. Takke Mbl Hageemcs, YTO 3TOT AOKYMEHT Mo3BonAuT Bam
HaWTK OTBETbl Ha BO3HMKaloWwMe y Bac BONpochl kak npu BbibOpe nMoTeHWuocTaTa, Tak M yXe BO
BpPEMS ero UCrosb30BaHuS.

B 3TOM [OKyMeHTe MpeanpuHsATa MOoMbiTka WMEHHO Ha nanbuax obbsACHWUTL
nccneaoBaTensaM, TONMbKO  3HAKOMAWMMCS C  MOTEHUMOCTAaTOM, OCHOBHblE MAeuM TOro, Kak
NpaBUIbHO UCMO/b30BaTh €ro B 3MIETKPOXMMUYECKOM SKCNEPUMEHTE.

HacTtosilumMm [JOKYMEHT HanmcaH CO CCbINKOM Ha noTeHumoctatbl “Electrochemical
Instruments”, ogHako AOCTaTOYHO MHOrve obwme MpUHUMMbLI CrpaBeanuBbl ANs BCeEX npubopos
3TOro TUMNA U Ha3Ha4eHus.

Ecnn 3TOT AOKYMEHT Bbi3Ban y Bac MHTepec, TO TakXe pekOMeHAyeM WU3YyuYnTb AOKYMEHT
AN-9. OH 60nee nNoapobHO ONMUCHLIBAET 3NETKPOXMMUYECKME METOAbl U sYelku. Takxke B NtoboM
cnyyYyae HeobxoAMMO M3YuYUTb WMHCTPYKUMIO K npubopy M nporpaMmMHOMy obecrnieveHuto nepes
Hayanom paboTbl ¢ NMpubOpPOM.

B kOHUe AoKyMeHTa npuBeaeHO 60sbLIOe KOMYECTBO MPUMEPOB PasfiMYHbIX Auvarpamm C
KOMMEHTapusiIMKM. JTO HarnsgHole npuMepbl, AEMOHCTpUpYOWMe TUnMYHble npobnemsl,

9KCnepunMeHTalibHble OLIMBKM 1 MeTOoAbI KX npeoaoneHna nnn peLlleHns.

Pa3spabotumkmn “Electrochemical Instruments”.
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“Electrochemical Instruments”
Nnpon3BOACTBO U NOCTaBKa I'IpVI60pOB ONA 3NeKTPOXnMnNYeCKnx I/ICCJ'Ie,EI,OBaHI/IIZ

1. NMNone3Hble TEPMUHDI

AUN - AHanoro - Unudposoi MNpeobpasosatens (npeobpasyeT, Hanpumep, ¢uanyeckoe
Hanps>keHMe C LynoB MynbTUMETpPa B UM@POBON KOA, KOTOPbIN BbIBOAWTCS Ha 3KpaH B BuAe
undp).

LIAN - Ycrpoincteo obpaTHoe no aenctento ALIM.

LIBA — unknn4yeckas BoNbTaMMNepoMeTpus.

OY - OnepaumoHHbIA YCUAUTENb — MUHUMAJTbHBIN CTPOUTENbHBIN KUPMUYMK, U3 KOTOPbIX
CTPOUTCS BCA aHanorosasi U3MeputesibHas TeXHUKa. BbinyckaloTcs B BUAE OTAENbHbIX MUKPOCXEM
c 5-14 BbiBoOgamMu. B 3aBMCMMOCTM OT CXEMbl BKJIOYEHUS MOFYT BbINOSHATb MHOXECTBO
MaTeMaTUYeCKMX Onepauui Haj aHanoroBbiMU CUrHanamu (CroXKeHwe, BblUMTaHWE, YMHOXEHWE,
MacwTabupoBHue, uUterpuposaHve u Tn). MoryT paboTaTb Kak Ha MOCTOSHHOM TOKe, TaK U Ha
nepemMeHHOM.

Bo36yxpaeHne (caMoBO36yxaeHME) ycunutens — cutyauus, Korga ycunuTenb elle
ncnpaseH M paboTaeT, HO MepecTaeT BbIMNOSHATL TO, YTO OT Hero Tpebyetcsa. [Mpu 3TOM OH
HauMHaeT BeCTu cebsl Kak reHepaTop - Ha BbIXOAE MOSIBASETCS NepeMeHHOe HanpshKeHWe BbICOKOM
YacToTbl, HeornpeaeneHHon amnauTyabl. OAHO U3 CaMblX HEMPUSTHLIX SBMIEHWM B 3KCMlyaTauuu
noTeHumMocTaTa, He cuuTas neperpysku. [ns skcnepuMeHTaTopa BO30Oy)KAeHMe noTeHumocTaTa
BbIMMAAMT Tak, 6yaTo npubop cowen € ymMa — He AepXWT noTeHuuan, noteHuuan Hectabunen,
nnaBaeT, CUrHan Toka v (unu) noTeHumana kKak 6yaTto 3awymneH. pu 3TOM 3KpaHUpoOBaHWe
MOXET MeHsTb (He 0bsi3aTenbHO ynydwaTtb) CUTyaumio, a MOXET U He BNuATbL BOBCe. B cnydae
LIBA pa3BepTka MNOTEHLMANA KaXETCS HETMHENMHON — C LIYMOM, 3aMETHbIMU U3rnbamu, apebesrom
n Tn. MNoTeHunanbHO BO36YyXXaeHWEe MOXET 6biTb OMacHO ANA YCUAWUTENs UM KparHe OMacHo ANs
nccnegyemoro obpasua. B oblweM cnydae MOXET MpMBECTU K NPOTEKAHMIO Yepe3 ycunuTenb
MOLUHOCTM noTeHunaocTaTta 60MbLOro CKBO3HOrO TOKA, UYTO MOXET BbIBECTU ero u3 ctpos (B

noteHumoctaTax “Electrochemical Instruments” Takas cMTyaums HEBO3MOXHaA).

TOKOBbIA 3N1E€KTpPOA — BbLIBOA WM MpoBOA, MO KOTOpPOMy npubop nepepaer B
nccneayembii  06bekT pabounii Tok (B NOBOM  pexuMe — MOTEHLMOCTAaTUYECKOM WK
rafibBaHOCTaTUYECKOM).

MoTeHUManbHbIX 3N1E€KTPOA — BbLIBOA WMAM MPOBOA, C MOMOLLbIO KOTOpPOro npubop
n3mepsieT HanpskeHne. CUMTAETCA, UTO MO 3TOMY NPOBOAY TEUET NPEHEOPEXMMO Masiblil TOK.

Pabounit anekTpoa — TOT 3/1EKTPOA, 3SNEKTPOXMMUYECKME MNPOLIECCHl WM SIBNEHUS Ha
KOTOPOM (MNK Ha FpaHuULIE 3TOMO 31EKTPOAA C 3MEKTPOIMTOM) UCCNEAYHOTCS.

BcnomoraTenbHbl 3/1€eKTpoA — BTOpolt ToKoBbIM  3nekTtpoa (Counter, OH e

NONSIPU3YIOLLNIA) B SNIEKTPOXMMUYECKON siUeiike, HY)XeH ANs NonsipU3aumn paboyero anekTpoaa,
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Nnpon3BOACTBO U NOCTaBKa I'IpVI60pOB ONA 3NeKTPOXnMnNYeCKnx I/ICCJ'Ie,EI,OBaHI/IIZ

npolle roBops, HY)XHO Kak MWMHMMYM fABa MpoBOAa, 4YTO6bl NPOMYCTUTb Yepe3 UcciedyeMbiii
06BEKT 3MEKTPUYECKUNIA TOK.

ANeKTpoA CpaBHEHMUSl, OH e pedepeHCHbI 3MEKTPOA — HY)XEH Kak Touyka OTcyeTa
abCoOMIOTHOMO 3HAYEeHWsI MOTEHLMANa B TPEXINIEKTPOAHON CXEME, U KaK TOYKa BBOAA B YCUIUTENb
NOTEHLMOCTATa CUrHana obpaTHOMN CBA3M OT SNEKTPOXMMUYECKON AYUENKM.

YCTONUYMBOCTb — CMOCOBHOCTb YCUNUTENSA NPOTUBOCTOATL BO36YXKAeHUIO (He nonaaaTth B

HEro nnun 6bICTp0 n3 HEro BbIXOﬂ,MTb).
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Nnpon3BOACTBO U NOCTaBKa I'IpVI60pOB ONA 3NeKTPOXnMnNYeCKnx I/ICCJ'Ie,EI,OBaHI/IIZ

2. YCTPOMCTBO NOTEHUMoCTaTa

2.1. OcHOBHbIE Y3/ibl MOTEHUMNOCTAaTa
Ha pucyHke HWKe npuBedeHa TUNoBas YrpoLlleHHas 6nok-cxeMa noTeHUMoCTaTa

“Electrochemical Instruments”:

YM

COUNTER [———o—— \ LLAH

REF [o— %
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3o ALl LIy USB
WORK . S1
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Moka Hac 6onblie Bcero 6yayT MHTEpecoBaTb Te ero y3/bl, KOTOpble HernocpeacTBEHHO
KOHTaKTUPYIOT C 3NEKTPOXMMUYECKOW SUYEMKON, a TaKXKe CaMblii FNaBHbI ero y3es, cobCcTBEHHO
CaM MOTeHUMOCTaT - CyMMUPYHOLWMI ycunuTenb. Mo cyTi, MOLLHbIA NOTEHUMOCTaT npeacTaBnser
coboit rMbko HacTpamMBaeMbIi MPELM3NOHHBIN LIMPOKOMOMOCHBIA BbICOKOYCTOMUMBLIN YCUNUTENb
MOLLIHOCTM MOCTOSIHHOMO TOKa.

Y3en perucrpaumm Toka MOXeT BblTb MOCTPOEH He TOSIbKO MO CXeEME U3MEepeHMusl NaAeHus
HanpPs>KeHWs1 Ha 3TaflOHHOM PE3UCTOPE, HO M B APYrnX BapuaHTax. TakKe M3MepeHne Toka MOXET
BECTMCb He B Lieny paboyero 31eKTpoaa, a B Lierny BCNOMOraTesibHOro anekTpoaa.

B kayectBe KOMMyTaTOpa BK/tOYeHMs suelikn B uenn Counter anekTpoga MoOXeT
MCMO/Ib30BaTbCsl 3/IEKTPOMArHUTHOE pefie UM KoY Ha MOoNeBbIX TpaH3ucTopax. [JOCTOMHCTBOM
pene SBASIETCS TO, YTO B PA30OMKHYTOM COCTOSIHUM Y XOPOLUEro pesie MpakTUYeckM HET Toka
yTeUKM, TOrAa, Kak B MOLLHbIX MONEBbLIX TPAH3WCTOpPax OH MPWUCYTCTBYET M3-3a BHYTPEHHEro
0bpaTHO BKJIOYEHHOrO AMofa. [JOCTOMHCTBOM TOSIEBOrO TPaH3WUCTOpPa SBNSIETCS TO, YTO OH
MO3BOJISIET pa3opBaThb LieMb UM HA0BOPOT 3aMKHYTb €€ 3a OYeHb Masiblii MPOMEXYTOK BPEMEHM —
MUKPOCEKYHAbI UM JONW MUKPOCEKYHA. Pene ans 3Toro TpebyeTcs HEeCKOSIbKO MWUAWCEKYHA, W
npu 3ToM 6yaeT uMeTb MecTo apebesr KOHTakToB. [M03TOMy B  NpodheccroHanbHbIX
rnoTeHUMocTaTax MNpUMeHsItoTca oba Tuna KOMMYTaToOpoB, 4TOObl MCMOMb30BaTb AOCTOMHCTBA

KaXaoro mn3 Hux.
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B kauecTBe 3MeKTPOMETPOB TOKa W MoTeHumana OObl4HO MPUMEHSAIOTCS OnepaumoHHble
YCUNUTENWN Ha MOMEBbIX TPAH3UCTOPax C BXOAHbIMW TOKaMu B €AMHMLbI NMMKOAMNep U MeHee. ITu
MUKPOCXEMbl O4YeHb YyBCTBUTE/NbHbl K 3MEKTPOCTaTUYECKUM pa3psfdaM, KOTOpble MOryT serko
BbIBECTM UX U3 CTPOsi. B noTeHUMoOCTaTax NpUMEHSIOTCA pasfiuyHble Lenu 3aluT, OAHaKo He CTOUT
NAWHWA pa3 UCMbITbIBaTb MX Ha MPOYHOCTb M 6€3 MpUUMH MpuKacaTbCs K MOTEHUMANbHbIM
BbIBOAaM npubopa.

YcunuTenb MOLHOCTM MNOTeHUMocTaTa MOXET 6blTb Kak AMCKPETHbIM (CobpaHHbIM Ha
TpaH3uCTopax), Tak M MHTerpanbHbiM (Ha ogHon Mukpocxeme). “Electrochemical Instruments”
NMPUMEHSIET ANCKPETHbIE YCUAUTENN MOLLHOCTU Ha BUMNONAPHBLIX TPaH3UCTOpax, YTO B OT/IM4YME OT
WHTErpanbHOro pelleHns Mo3BONSeT MofyyaTb MOLWHOCTM  yCunuTens B COTHM  Batr.
CyLuecTByloLLlee MHEHWE O TOM, YTO YCUIUTENWN Ha MOSIEBbIX TPAH3UCTOpaxX Nyylle Mbl He byaem Hu
noaaepXuBatb, HUW oOnpoBepraTb. YCUAUTENb MOLUHOCTM MOTeHUuMocTaTta 06sa3aTeNlbHO UMeeT
3alUMTY OT MPEBbILEHUS MAKCMMANbHO AOMYCTUMOrO BbIXOAHOMO TOKAa. B MOLWHOM noTeHuMocTaTte
TaKXKe NPUCYTCTBYET M TepMo3almTa ycunutens OT neperpesa. VMIMEHHO ycunutenem MOLLHOCTU
onpeaensoTcs CUNOBbIE MOKasaTenn npubopa — MakKCMManbHbIA BbIXOAHOM TOK M HaMpsbKeHMe.
YcunuTenb MOLLHOCTU He AO/MKEH BbIXOAUTb M3 CTPOS Npu BO36YXXAEeHWM noTeHuMocTaTa.

[MaBHbIM y3710M MOTEHUMOCTaTa SIBASIETCS CyMMUPYOWMA  ycunuTenb. OB6blYHO 3TO
[AOCTaTOYHO BbICOKOTOYHbIA M ObICTPOAENCTBYIOWMI ONEPaLMOHHBLIN yCUnuTenb, paboTaiowmin B
MHBEPTUPYIOLLEM BK/THOYEHMU. Ha ero MHBepTUpYoWmiA BXOA NOAAETCA curHan obpaTHOM CBA3U U
curHan 3agatuvka (Hanpumep, ¢ 6ydepusoBaHHOro Bbixoga LAM-a, curHan C reHepatopa
CMHYCOMZANbHOrO CWUrHana Ans M3MepeHuss uMnegaHca W gpyrme no  HeobxoaumocTw).
BONbLWNHCTBO KaYeCTBEHHbLIX NapaMeTpoB NOTEHUMOCTaTa ONpeaenstoTCd UMEHHO 3TUM y3noM. OT
HEro 3aBUCUT TOYHOCTb MOAAEPXaHWSI MOTEHUMana WM ToKa, YCTOMYMBOCTb M ObiCTpoAencTBMe

npubopa, apend 60nbLMHCTBA NAPaMETPOB BO BPEMEHM.

www.potentiostat.ru 7



“Electrochemical Instruments”
Nnpon3BOACTBO U NOCTaBKa I'IpVI60pOB ONA 3NeKTPOXnMnNYeCKnx I/ICCJ'Ie,EI,OBaHI/IIZ

2.2. Pe>kuMbl paboTbl NnoTeHUMoOCTaTa

Pe>xkuM paboTbl NOTEHUMOCTAaTUUYECKMA WM rasibBaHOCTAaTUUYECKUWA O03HayaeT
TONbKO OAHO — YTO CTabunusupyeT (perynupyet) npubop — noteHuman (pasHuly NoTeHUManoB
NN HanpsbkeHne) unn Tok. C TOUKM 3peHust Npubopa Npu 3TOM MEHSIETCS TONIbKO TWUM 06paTHOM
CBSI3U — MO HAMPSXEHUIO UM MO TOKY COOTBETCTBEHHO. B 06LLEM Criyyae, B NOTEHLUMOCTAaTUYECKOM
peXuMe Lenbio 06paTHOM CBA3M ANA YCUAUTENS NOTEHUMOCTaTa SIBASIETCA 3MEKTPOXMMMYEcKas
sYelka, a B C/lyyae ranbBaHOCTAaTUUYECKOIO PEXMMA — €ro XKe COBCTBEHHbIV TOKOU3MEPUTENbHBIN
pesuctop. BBuay TOro, UTo 3NMEKTPOXMMMYECKas sYeiKa, Kak MpaBufo, CyLIeCTBEHHO 6onee
CNOXHa M Henpeackasyema, YeM TOKOM3MEPUTENbHBIN pe3NCTop Nprbopa, a Takke No HEKOTOPbIM
APYrvM MpUYMHAM, 3a4acTyto, rafibBaHOCTAaTUYECKUIA pexknM 6onee yCToMumMB 1 NpPoCT B paboTe.

B pexuMe BOJIbTMETPA MOTEHLUMOCTAT HE MCMOJSb3YeT CBOM YCUMNIUTENb MOLLHOCTU U
CYMMUPYIOLLMIA yeunuTenb (MOXHO CKa3aTb, YTO MNPV 3TOM OH MOTEHUMOCTATOM He SIBNSETCS).
KoMMyTaTop Siueiikiu npu 3TOM pa3oMKHYT, ToK B Lenu Counter anekTpoaa He npoTekaeT. MosTomy
TaKOW PeXMM paboTbl Ha3bIBAOT PEXMMOM PErncTpaLum NoTeHUMana pasoMKHYTOM LENW.

B npouecce paboTbl NOTeHUMOCTAT 3adaeT MOTEHUMan WM TOK, a Takke 0b6s3aTeslbHo
PErNCTPUPYET WU MNOTEHUMAN M TOK Ha MOAKMOYEHHOM obpa3ue (ynpaBnsiowas nporpamMMma
BbIBOAMT MX 3HAYEHUS HA 3KPaH KOMMbOTEPA).

HesaBnucumo oT pexuma pabotel — 2, 3 wam 4 3nekTpoaa MCMoNb3ylTca B
3/1EKTPOXMMMYECKON SIUYEMKe, MOTEHUMOCTAT Bceraa paboTaeT Mo YeTbipexnpoBOAHON cxeme. B
3aBMCMMOCTM OT TOrO, KaK 3KCMEPUMEHTATOpP OObEAVMHWUT WAM MOAKMYUT U3MEPUTESNbHbIE
npoBoAa Ha uccneayeMoM o6bekTe, MOAYYMTCS TOT WM MHOM BapuaHT cxembl — 2, 3, win 4

3neKTpoaa.
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3. iByX31eKTpoaHasa cxeMa

Counter + " " Rin
- Uin
Ref
———— |+
Comp i . < Uout
Work
+
< lout
RX .

ToKOBble 3NeKTpoabl NOMapHO 06beanHEHbl C COOTBETCTBYIOWIMM MM MOTEHUMANbHBIMU.
MonyyaeTtcs, 4To NpUbOp M3MEPSIET HaNpPsHKEHWE, COOTBETCTBYIOLLEE Pa3HMLE HaMNPsHKEHUA Mexay
TOKOBbIMM 371EKTPOAAMU. TO €CTb, PEMMCTPUPYETCS BCE HAMPSKEHME HA BCEW INIEKTPOXMMUNYECKON
auyelrike. PernctpupyemMoe HanpskeHMe M TOK XapaKTEpU3YIOT BCHO S4YelKy, TO eCTb CBOWCTBA U
npouecchl Kak Ha 06onx anekTpoaax, Tak U B ANEKTPONUTe.

OTa cxeMa Haubonee 4acto ucnonb3yetcs npu pabote ¢ XUT, a Takke B 60ONbLUMHCTBE
cnyyaeB paboTbl C TBepabiMM 3nekTponuTamu. lNpu paboTte C eavHu4yHbIMKM suyelkamu XUT
HanpsbkeHus 0bblYHO He 6biBaloT 6onee 5B (paxe u 3Ta umdpa, noxanyn, MOXET BO3HUKHYTb
TONBbKO NPV 3apsiie HEKOTOPbIX IK3EMMNSPOB JIMTUEBbLIX aKKYMYNSTOPOB).

Mpy unccnegoBaHUMKM TBEPAbIX NEKTPONUTOB 3Ta UMdpa MOXET AOCTUraTb MpPakTUYecKu
NMO6bIX PasyMHbIX 3HAYEHUW. ITO MOryT ObiTb AECATKM MWINMBOMLT MNPU  UCCIeA0BaHUM
BbICOKOMPOBOASLUMX 3N1EKTPONNTOB, M AeCATKM (M paxe COTHW) BOMbT NpU  UCCNefOoBaHWUM
HM3KOMNPOBOASLLMX MaTepUanoB. Paboune TOkM 3aBUCAT OT UCCIEAYEMOMN CUCTEMBI.

Mo cyT™ B 3TOM peXuMe MOTEHUMOCTAT NPeACTaBAseT cobol MpeumsnOHHbIN UCTOYHUK
perynmpyeMoro HamnpskeHWst UM ToKa C BO3MOXHOCTbIO TOYHOMO MX M3MepeHus. MoTeHunanbHble
npoBoAa MNpW 3TOM BbINOMAHAT (YHKUMM TOMBbKO KOMMEHCALMM KOHTAKTOB W TOKOMOABOAOB
TOKOBbIX 371eKTpoAoB. [py 60nbWMX TOKax pPeKOMeHAyeTCcs MNOAKNIYaTb MNOTEHUMaNbHble

3N1IEKTPOAbl HE Ha BbiBOAblI TOKOBbIX, a HEMOCPEACTBEHHO Ha 3NEKTPOAbI obbekTa (He B TE Xe
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TOYKM, YTO TOKOBbIE, Ny4lle BCero, Korga ANns HWX MpeaycMOTpeHbl CrneumanbHble TOYKK
NOAKIIOYEHNS).

dTa cxeMa HeceT uHdopMaumo 060 BCeN UCCneayemMon NEKTPOXMMUYECKOW Yelike, U He
[aeT oTAenbHOM MHGOPMaLUUM O KakoM NnMbo u3 ee 3NeKkTpPoaoB unu anekTponute. OQHaKo, ecTb
HeKOTOpble MEeToAbl, MO3BONSAWME WX OTAeNUTb. Haubonee spkuii npuMmep, 3TO MPUMEHEHWE
MeToAa MMMeaaHcoMeTpun. Takxke, MeHsia reomeTpuio obpasua (yBenuMyeHne reoMeTpu4ecKkoro
pa3Mepa Kakoro Nmbo anekTpoaa, ero KayeCTBeHHasl 3aMeHa, U3MeHeHWe TOSLWMHBI 3NeKTPonTa
WAM ero CoCTaBa) MOXHO YCWIUTb BAWSIHME Kakoro-nMbo OTAENbHOr0 KOMMOHEHTa Ha

BOJIbTAMNEPHYIO KPUBYIO UMK UMNeaaHCHbIV CNEKTP.

TunoBbiMM NpobnemMaMu B ABYX3NEKTPOAHOM CXeMe OObIYHO SIBASIIOTCS CaMble 06blYHble
BELUM: NepernyTaHHble MO Ha3Ha4YeHMI0 MpPoBOAA, MPOBOAA NepenyTaHHble B ByKBasbHOM CMbICie
(nepenneTeHne M3MepUTENbHbIX NMPOBOAOB 6€3 3KPaHOB C 3eM/ei MOXET NPMBECTM K HAaBOAKaM U
paxe Bo306yxaeHuo npubopa. Cioga >Xe OTHOCUTCS HeMnpaBWSIbHOE 3KpaHWMPOBaHWE), MI0XOM
KOHTaKT 3N1eKTPoAOB W Tn. Bce 3TV e owMbKM BCTpeyaloTcs M B 60NMee CNOXHbIX CXeMax

noAK/IIO4YEHUS.
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4. TpexanekTpoaHaa cxeMma

Counter + M' Rin
- Uin
Rfb
Ref
+
Comp ] . O Uout
Work
+
O lout
RX -

B TpexanekTpoaHoON cxeme OTpuuaTeNbHbIN MOTeHUManbHbIM nNpoBoa Comp COeauHeH C
TOkOBbIM 3n1ekTpoaoM Work. MonoxuTenbHbIi e NoTeHuManbHbI BbiBog Ref ncnonbsyetca ans
MOAK/IOYEHNS 3NEKTPOAA CPABHEHUSI TPEXINEKTPOAHON SIYEMKW. DNEKTPOA CPABHEHWUSI HYMXKEH,
yTObbl UCKMIOUUTL W3  PErnMcCTpMpyeMoro noTeHuuana najeHne HanpskeHnss Ha obbeme
3NEeKTPoNUTa U Ha BCNOMOraTeslbHOM 3neKkTpode (3TU He HyXXHble MaAeHWs HaMpsKeHWUs MOryT
6blTb OYEeHb 3HaUUTENbHbIMA — BCMOMHUTE KakMM BbIXOAHBIMW HanpspkeHusiMu  obnagatoT
noteHuuaocrtatel — Ao 30-50 B u 6onee, B TO BpeMsi, KaKk MCCNeAOBaTbCA MOryT MOTeHuuanbl
pabouero snekTpoaa B npegenax 04HOro BOsbTa).

B aToM cxeme npubop uaMepsieT pasHuLy NOTEHUMANoB Mexay paboumM 31eKTpoaoM M
3/IeKTPOAOM CpaBHeHusi. B umaeane npu 3TOM uccneayloTcss TOSMIbKO CBOWCTBA M MPOLECCHI,
nMetoLmne MecTo Ha pabodeM anekTpoae. INeKTpoa CpaBHeHus (Hanpumep, kanunnap JlyrrmHa B
XMOKOCTHOM svelike) Ao/mkeH 6biTb noaBeAeH K paboyeMy anekTpoay Kak MOXHO 6nwke. 3To
HeobxoauMo Ans Toro, 4Tobbl YMEHbLUTb Tak Ha3blBaeMble OMU4Yeckue notepu (NpPo HUX peyb
noapo6bHO NOMAET B OTAENBLHOM pasaene).

Yawle BCero sta cxema MCrosb3yeTcsl B KIACCUYECKON XXMAKOCTHOM 3MEKTPOXMMUK, TAe B
OCHOBHOM uccneayoTcs (MM NpoBOAATCA) npoueccbl Ha paboyeMm 3nekTpofe. PasHuua
HanNpsHDKEHWUIN MexXay TOKOBbIMM 3MEKTPOAaMM B 3TOW CXEME He MHTepecyeT HMKOro, Kpome
npubopa. [ng Hero 3Ta cxeMa B CaMOM NPOCTOM ciy4ae (ecnv npeHebpeyb NepeMeHHOTOKOBOM
COCTaBNAOLWEN U YNPOCTUTb CUTYaLMIO TONbKO A0 MOCTOSIHHOrO TOKa) nmpeacTaBnsieT cobov ABa

COMpOTMBAEHUS. YCNOBHO, MOXHO cuyuTaTb, YTO ToKonoasoAd BcrnoMmoratenoHoro (Counter)
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anekTpoaa, 06beMHoe (Mo NMPOCTOMY — 60/blIAA €ro YacTb) COMPOTUBIEHWE 3NEKTPONNTA BXOAUT
B 0AHO conpoTuBneHne (Rc), a BCce MpoLecchl M SIBNEHWUsl, TO €CTb COBCTBEHHO TO, YTO XOTAT

YBUAETb M UCCeA0BaTh, UCMOMb3ys TPEX3NEKTPOAHYIO CXeMy, BO BTOpoM pesuctope (R?):

Work Ref Counter
A : AANAT
R? Rc

Mpowe roBops B 3ToM cxeMe anekTpoa Work noacoeanHsieTcsa k 3emne (Ans HEKOTOPbIX
MOTEHLMOCTATOB AaXe NPUMEHSIOT TepMUH BupTyanbHast 3emns), anektpoa Ref aBnsietcs Bxoaom
yeunutensi, a 3nektpog Counter — ero BbixogoM. [loTeHuocTaT 6yaeT nbiTaTbCa 3aAaTtb
HanpsixeHne Ha Counter anekTpoae Tak, YTobbl Ha Ref okazanocb MMEHHO TO, YTO OT HEro MPOCUT
aKCrnepuMeHTaTop. Ecnn cumtaTb NOTEHUMOCTAT OMNEPALMOHHBIM YCUNIUTENEM, TO SiUelKa ABNSETCS
ANS HEro pe3nCTUBHLIM [AENUTENEM HanpsKeHusl, TO eCTb, TOW caMou obpaTHOM CBa3blO. Ha
NpaKTUKe, €CNN BCMOMHUTL MPO TO, YTO 3/IEKTPOXMMUYECKME CUCTEMbI OYEHb HEMOCTOSIHHBI, YTO
OHM MMEIT o4YeHb 6O0MblLUYI0 EMKOCTHYIO COCTaB/IsIOLWLYO, Aa M MpUbop COCTOMT He TOMbKO U3
OZIHOrO YCUNUTENSI, @ U3 MHOXECTBA APYrvX Y3/10B, CUTYaLMs KOHEYHO YCIOXHSETCS.

B obweM (3neKTPOXMMUYECKOM) Cllydae W3MEpPSiEMbI MM 3adaBaeMbli MOTEHUMan He
MOXET ObITb 6051ee eanHUL, BONbT. TOKM ONpeaensioTcs 3a4aqen.

TunoBbiMM NpobreMamMn, BO3HUKAOWMMKM Mpu paboTe MO TPEX3NeKTPOAHON CXemMe MoryT
6bITb:

1) Pa3pbiB Lenu anekTpoaa cpaBHeHUsl. CaMoe XyAlee, YTO MOXET NpousonTu. B

3ToM cnyyae Ha Counter 3MeKTPOAE OKAXETCS MaKCMManbHOe BbIXOAHOE
HanpshkeHne noTeHuMocTaTa. ITO  MOXET MpUBECTM K  COBEPLUEHHO
HeobpaTUMbIM MOCNEACTBUSIM Ha paboyeM anekTpoae. Yalle BCero paspbiB LEnm
NpoucxoanT K3-3a 06pa30oBaHUSi BO3AYLUHOTO My3blpsi B CO/IEBOM MOCTUKE,
BbICbIXaHMSI KpaHa COMeBOr0 MOCTMKA B npouecce paboTbl, HeKayeCTBEHHOro
(HencnpaBHOro) 3anekTpoAa CpaBHEHWs, 0bOpbiBa TOKOMOABOAA 3NEKTPOAA
CpaBHeHUs. [na npeaoTBpalleHus Takux SBNEHWA HeobXOAMMO  aKKypaTHO
NpoBeEpSITb SAYENKYy nepen 3amnyckoMm paboyero pexuma. [Ans AONONHWUTENbHOM
MPOBEPKM MOXHO 3anyCTUTb PErncTpaumio noTeHuMana pa3oMKHYTOM Lenu
(PeXMM MOHWUTOPUHIa UK BOILTMETPA), Tak Kak 0bbl4HO 3HAaYeHWe noTeHunana

Pa30OMKHYTOI LIenn 3apaHee npeackasyemo.
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2) Cnuwkom 60nbluoe COMpPOTMBIEHME B LENW 31eKTpoda CpaBHeHUs. SIBnsieTcs
NMPOMEXYTOYHOW CUTyaumen Mexay paspbiBOM W HOPMasbHbIM - PEXMMOM
paboTbl. O4eHb YacTo NpMBOAUT K BO36YXAeHWo noTeHuunocTaTta. OCnoXHAeT
ncnonb3oBaHne 6onblMHCTBA MeToaoB IR-komneHcaumn. lpoucxoauT uM3-3a
BbICbIXGHNSI KPAHOB MOCTMKa 3/1EKTPOAA CpPaBHEHMs. Takxke MPUYMHOM MOXKET
O6bITb  MAOXOM  (MCMOPYEHHBbIA)  3NEKTPOA  CpaBHeHWsi.  PekomeHayeTcs
MCMosb30BaTb COMEBblE MOCTUKM C XOPOLLIO MPUTEPTHIMUA 3a/IMBHLIMU KPaHaMu.
Takke peKkoMeHAyeTCcs NoAAepXXMBATb INEeKTPOA4 CpaBHeHMss B paboudem
coctosiHun. Crnocob nopaepxaHUs 3aBUCUT OT TWMa 3NEKTpPoAa CpaBHEHUS,
HanpuMep, XIOpCepebpsiHHbLIM  AO/MKEH XPaHUTbCS B COOTBETCTBYHOLLEM
pacTBope, a CeTka BOAOPOAHOMO 3M1EeKTpoAa AO/MKHA perynsipHo noABepraTbcs
YACTKE W MpU  HeobXxoaAMMOCTM  nepennaTMHUPOBaHMIO. Takxke MOXHO
NMOpeKOMeHAO0BaTb Mepuoanyeckn MNpoBepsiTb 3MEKTPoA CpPaBHEHUS NyTeM
N3MepeHus ero noTeHuMana OTHOCUTENbHO 3TasloOHHOro, 3aBeAOMO MUCMPaBHOro
3NeKkTpoda CpaBHeHus. JTO yaobHO penaTb B pexuMme BOMAbTMETpa WU
MOHWUTOPUHra Mo [ABYX3NeKTpoaHou cxeme. Counter  anekTpog nNpu 3TOM
NOAKNIOYATb HE HYXXHO.

3) HepoctatouHoe HanpsbkeHne Ha Counter anektpoge. [loTeHuMocTaTy He
XBaTaeT BbIXOAHOIO HanpshKeHusl, YTobbl NPeoaoneTb BbICOKOE CONPOTUB/IEHME
B uenn Counter — »3nekTpofa. Yauwe Bcero mu3-3a COOTBETCTBYIOLLEro
pa3aenuTenibHOro KpaHa, Mo CMILKOM HM3KOW NMPOBOAMMOCTU 3M1EKTPONUTA.
BbirnsaauT, kak 6yato npubop He AepXUT onpeaeneHHble noTeHumanbl. OveHb
HarnsaeH B pexume LIBA — B 06nacTv Manbix TOKOB pa3BepTKa JIMHENHa, a B
obnactn 6onblIMX TOKOB pa3BepTKa HacblWaeTcs, OCTaHaBnmMBaeTcs. [ns
npeaoTBpaLlEeHnss 3TOro sBeHMsI MOXHO BblbpaTb npubop ¢ 6onee BbICOKMM
BbIXOAHbIM HanpspkeHneM (OAHaKO 3TO MOXET MpPUBECTU K HEMNPUSTHbIM
MOCNeACTBUSIM B Cllydae BO3HUKHOBEHMSI 0COBEHHO MEepBOKM Mnu Ntoboi Apyron
OWNBKN. ITO 06CTOATENLCTBO 0653aTeNbHO HYXXHO AepXaTb B rofioBe npu
Bblbope npubopa — MaKCcuManbHOE BbIXOAHOE HanpshkeHue npubopa
AOJHDKHO COOTBETCTBOBaTb 3aAaue! Ero nepensbbiTOKk MOXKET NpUBECTHU
K O4YeHb MJIoXuM nocneacresmsaMm! byabte 0C0O6€HHO BHMMAaTesibHbl U
aKKypaTHbl npu pabore C BbICOKOBOJIbTHbIMM MOTEHLUOCTaTaMM).
MOXHO MonpoboBaTb M3MEHUTb KOHCTPYKUMIO SYEMKM — YBENMUUTHL MO
TUMNoOpa3Mepy pa3aenuTenbHblil  KpaH, CneauTb 3a MNPOC/IONKOM B HEM

3NeKTPonnTa (HY>KHO 4YTOBbI KpaHbl MOXHO 6bII0 NEerko Bpawartb, HO NMpu 3TOM
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Nnpon3BOACTBO U NOCTaBKa I'IpVI60pOB ONA 3NeKTPOXnMnNYeCKnx nccrnegoBaHum

4)

OHM JOMKHbl OblTb  3aPMKCMPOBaHbl, OHW He [AO0/MKHblI 6bITb  CyXnMu),
nonpoboBaTb CMEHUTb TUMN pasaenutens (HanpuMmep, NOPUCTOe CTEKI0 WK ap.
BMECTO KpaHa), CHM3UTb paboume TOKM (YMEHbLMTb NAOWAAb 3/eKTpoaa),
MOHM3UTb CONPOTUBIEHNE 3N1EKTponMTa (6onee KOHLEHTPUPOBaHHbBIW pacTBop).
Bo3byxaeHne npubopa. Bo3HMKaeT No Macce nNpuyMH. B OCHOBHOM u3-3a
BbICOKOrO COMPOTMB/IEHMS B LENW 3MeKTPoAa CpaBHeHMsl. Takxke MOXeT
BO3HMKaTb Ha HEKOTOpbIX “nposoumpyowmx” obpasuax € SpKO BblpaXXeHHbIM
€MKOCTHbIM ~ XapaKTepoM Mpu  MOYTM TMOSIHOM  OTCYTCTBMM  OMUYECKON
cocTaBnsiiolwen (HanpuMmep, 3anyCTUTb MNOTEHUMOCTAaTUYECKMn pexuM  6e3
nepexoAHbIX MPOLIEeCCOB Ha XOPOLIEM BbICOKOYACTOTHOM KOHAeHcaTope 6biBaeT
C/MIOXHO, MO 3TOM e npuyMHe 60MbWMHCTBO MeToaoB IR KoMmeHcaumn He
pabotatoT Ha 100%). O6ycnoBneHO YacTOTHbIMM WAM APYrMMW CBOMCTBAMM
uccnegyemoro obnekta. MiHoraa nomoraet pabota Ha 6onee rpybom ananasoHe
Toka U (unu) noteHumana. Ecnm y npmubopa ecTtb HAaCTPOMKKM BbICTpoAENCTBMS,
TO MOXHO nornpoboBaTb MOMEHSTb UX (He 0653aTeNlbHO Ha CaMble MeAJIEHHbIE,
3TO MOXET TOJIbKO YXYALWWUTb CUTyauuto, ObICTpOAENCTBME MNOTEHUMOCTaTa
AO/HKHO OblTb OMTMMAsIbHLIM ANt KOHKPETHOW 31EKTPOXMMUYECKON SYENKM, B
obuwieM e cfnyvyae, YeM OHO Bbille — TeM nydwe). MoxHO nonpoboBaTb
BKMOUATL B pa3pbiB  Counter 3nekTpoga MNOCTOSIHHbIA — Pe3UCTop, C
COMpOTMB/IEHMEM, COMOCTaBUMbIM (MOXHO MeEHbLWMM, MOXHO 60nbluMM) C
CyYMMapHbIM COMPOTUB/IEHNEM 3MeKTponuTa. ECn ecTb BO3MOXHOCTb, MOXHO
nonpoboBatb paboTaTb B ranbBaHOCTAaTUYECKOM pexuMme. Takxke eCcTb psg
cneumanbHbIX MeTodoB no 6opbbe ¢ BO3OY>XAeHMEM, HO MpPaKTUYeCKU Bceraa
€My eCTb onpeaeneHHble HeraTUBHbIE MPUYMHBI, YCTPAHEHWE KOTOPbLIX B I060M

Cryyae yny4lumT cuTyaumio u npueeaeT kK 6onee ctabunbHon pabote npubopa.
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5. YeTbipexasiekTpoaHas cxeMa

Counter + " " Rin
- Uin
Ref
—— +
Comp ) s  Uout
| Work
+
O lout
RX P

3TO He caMasl CNOXHas M IK30TUYECKAs CXEMa MOAKIOYEHUS, KaK MOXET MOKa3aTbCs Ha
nepBblt B3rnsa. BMecto ogHOro snekTpoaa cpaBHeHMst ucronb3ytoTcsa aBa. OHM oba BBOASTCS
obs3aTenpbHO Mexay TOKOBbIMW 3neKTpodamMu. [pu 3TOM MOTEHUMOCTAT PErncTtpupyeT TOJbKO
nageHne noteHuMana Ha 0H6bLEMHOM COMPOTMBAEHMM 3nekTponuta. COOTBETCTBEHHO M3Yy4aloTCs
Mpu 3TOM TONbKO 06bEMHbIE CBOMCTBA 3/1EKTPONUTA.

Yawe Bcero 3Ta Cxema MNPUMEHSETCS NpU WUCCNeaoBaHWM TBEPAbIX 3NEKTPONUTOB U
pacnnaeBoB (HanpuMmep, WX NPOBOAMMOCTW, 4TOObI WCKAOYMTbL MaAeHMe noTeHuMana Ha
3NEKTPoAaX WM TOKOMOABOAAX, MPUYEM KaK MPWU OYEHb BBLICOKMUX, TaK M HAOBOPOT MpU O4YEHb
HU3KUX COMpOTMBAEHUSX). TakxKe MCNoNb3yeTca M B ApYrnx ciydasix. Yacto BO3HMKawoLme
oMbk B 0OLIEM Te Xe, YTO U AN TPEX3NEKTPOAHbIX Aveek, HO co crieundukon paboyero
3NEKTPONNTA U KOHCTPYKLMEN KOHKPETHOWN Aueliku. Yalle Bcero HabnoaaoTcs paspbiBbl B LENsX
noTeHunanbHbiX (M3MepUTENbHbLIX) 3MEKTPOAOB, KakK CNeacTBME MNONsSpusaums  31eKTpoaos,
HenpaBW/IbHOE MOAK/IIOYEHNE WU UCMONb30BaHWE Npubopa, HEAOCTAaTOYHO BbLICOKUIM BXOAHOM
MMMNeaaHc 3NeKTPOMETPoB npubopa (BXOAOB MOTEHUMANbHBIX 3NEKTPOAOB), HEAOCTATOYHbIN

KOHTAKT 3N1EKTPOAOB CPpaBHEHUA C 3JIEKTPOJIUTOM.
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6. OCHOBHbIE XapaKTEepUCTUKM NOTeHUuMocTaTa

1) MakcuMmanbHoe BbIxoaHOe HanpsbkeHne. C OfHOM CTOPOHbI 3TO B HEKOTOPOM CMbiC/e
nokasaTenb Kracca M YHUMBEpPCanbHOCTU npubopa, a Takke M npodeccroHanvsma ero
paspabotuvka (4TO KOHEYHO OrpaHUYEeHO 3SKOHOMUYECKMMM OCOBEHHOCTAMU UK
cneuvanusaumnen npovssoautenss npubopa). C Apyrod CTOPOHbI, MOTEHUMOCTAT, Kak M
nobon apyron npmMbop, 3TO0 BO MHOMMX Cly4vasix KOMNPOMMUCC CTOMMOCTU U XapaKTEPUCTUK.
MoatoMmy “Electrochemical Instruments” BbinyckaeT  noTeHUMOCTaTbl C PasfiMYHbIM
BbIXOAHbIM  HaMpshKeHWEM, W HaCTOATENbHO peKoMeHAyeT BbliGUpaTb BbIXOAHOE
HanpsbkeHune coobpa3HO nocTraBJieHHOW 3apjaue. Hanpumep, npu paspsge XWUT,
K/TACCMYECKMM MOTEHUMOCTATOM 60MbLLOM M3BLITOK HAaMpPsXKEHUs CMePTENbHO CTpaLleH, TK
npuBOAMT K neperpeBy npubopa. He HyxHO ucnonb3oBaTb MpubOp C BbIXOAHBLIM
HanpsxeHneM 50B ans paboTbl ¢ eaMHnyHOM siverikon XUT (1-4B). BeposiTHee Bcero Bce
3TO BbIXOAHOE HanpsbkeHwe 6yaeT nagaTb Ha BbIXOAHOM ycunutene npubopa u 6yaet
npuBOoAMTL K ero neperpesy. lopasgo nydwe B 3TOM cniyyae BblbpaTb npubop ¢
HanpsbkeHnem 15B, K TOMy >e, nMpu TOW >Xe MOLHOCTM npubopa npu 3Tom 6yaer
CywecTBeHHO 60MblWMI 3amac no TOKY, YTO BCerga KpaviHe nonoxuTensHo. C apyrou
CTOPOHbI, MpUbOp C BbIXOAHBLIM HanpsbkeHnem 50B npekpacHO cripaBWTCs, Hampumep, C
npenapaTuUBHLIM SNEKTPON30M, rAe OT HEr0 MOXET NMOHAA0bUTCS BbIXOAHOE HanpshKeHne
30-40B (B namMsaTn aBTOpa €CTb 3KCMEPUMEHT, KOraa MOTEHUMOCTAT C MaKCUMManbHbIM
HanpsbkeHnem 80 B u TOoKkOM 2 amnepa peanv3oBan BCE CBOM BO3MOXHOCTM, Mpu
NpOBEAEHUN OTHIOAb HE CaMOro MacliTabHOro snekTponusa). Takxe, cneayeT MoOHUMaTb,
4yTo 60nee BbICOKOE BbIXOAHOE HarnpshkeHne noTeHuuanbHo 6onee oOnacHO Kak Anst
nccnegyemoro obpasua, Tak v Ansa 3KCrnepuMeHTaTopa B Cllyvyae BO3HUKHOBEHUS OLUMOOK U
HeWTaTHbIX CuMTyauuin (no aTo npuumHe “Electrochemical Instruments” He BbinyckaeT
npubopbl 6onee yem Ha 50B, XOTA nepBble 3K3eMNAsSpbl MNOTEHUMOCTaTOB obnaganu
BbIXOAHbIM HanpsbkeHnem B 100 B). B cnyyae 6bICTpoli cMeHbl pabouyero pexuma 6onee
BbICOKOBOSITHOMY Npubopy noHagobutcs 6onblue BpeMeHu, YTobbl M3MEHUTb BbIXOAHOE
HanpsbkeHne [0 TpebyeMoro 3HayeHuss BBMAY KOHEYHOM CKOPOCTM  HapacTaHusi
HanpsbkeHus  ycunutenss  npubopa  (CKOPOCTb  >Xe  HapacTaHus  onpegensieTcs
bbicTpoaeiicTBeM npubopa, KOTOpoe onpeaensieTcs YCTOMYMBOCTbIO npubopa. B obuiem
cnyyae, TpeboBaHWS BbICOKOTO ObICTPOAEWCTBUS UM YCTOMUYMBOCTU MPOTUBOMOSIOXKHDI).
Mo3ToMy, M3 ABYX OAHOTUMHBLIX MPUOOPOB MEHbLLNIA NEPEXOAHbIN (MOTEHLUMANBHO BPEAHbIN

ANS Uccnegyemon cucTembl) nepuog 6yaet y 6onee HWU3KOBONLTHOrO npubopa. B To xe
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2)

3)

4)

5)

BPEMS, €CTb LIeNbI Psifl KTAaCCUYECKMX 3NEKTPOXMMUYECKUX XXUAKOCTHBIX M TBEPAOTENbHbIX
3afa4y, B KOTOPbIX BbICOKOBOSIbTHbIE NPUOOPbLI HE3aMEHUMBI.

MaKcuMManbHbIA BbIXOAHON TOK. OnpeaensieTcss yCunuMTeneM MOLLHOCTU MoTeHuMocTaTa. Y
KNaCCMYECKOro YCUMNUTENS MOLWHOCTK,  paboTalowero B pexume AB MakCMManbHbIN
Harpy304YHbIl TOK AO/MKEH ObiTb BABOE MEHbLUE MOMSIPU3YIOWLErO ToKa. Y ycuniutens
MOLLHOCTK, paboTatowero B knacce G vnm H, nmnmM ecnn 3TO 3NEKTPOHHAs Harpyska,
3apsiAHbIA M paspsiiHbIl - TOK  OAMHAKOBbI. PeKOMeHAyeM BHMMATE/IbHO CMOTPETb
XapaKTepUCTUKN Npubopa B AOKYMEHTALMM K HEMY.

MWHUManbHBLIN  pabounii TOK. YeM OH Hmxe, TeM O00OblYHO JNyuylle, YHMBepcasbHee
NoTeHUMOoCTaT. 3aBUCUT OT KOMMYECTBa AMana3oHOB Toka. B obliem cnyyae onpeaensietcs
KayeCTBOM TOKOM3MEPUTENbHbLIX Y3/10B MNOTEHUMOCTaTa, a Takxe pa3spelweHnem AL
npubopa (nocnegHee cnpaBeanvMBO, €CM pPacCMaTpUBAETCs CaMbil TOHKWMW AManasoH
Toka). [loHSTME [OCTAaTOYHO YC/IOBHOE, 3aBUCMT OT TOro, C KakKOM TOYHOCTbIO
3KCNepuMeHTaTopy HeobxoaAMMO 3ajaBaTb W PErnMCTpUMpoBaTb TOK, OAHAKO OHO B
3HAUUTENbHOM CTENEHWN ONpeaensieT KPyr 3a4ay, KOTopble cnocobeH pewmnTb npubop.
KonnmyectBo AMana3oHOB TOKa M noTeHumana. B obwem cnydae, 4yeMm umx 6onblue, TeM
nydlwle, yHuBepcanbHee, HO K aopoxe npubop. MNpu pabote pekomeHayeTcs BblbMpaTb
AMana3oHbl B COOTBETCTBMM  C pabouMMm  anekTpuyeckummu napametpamu (TOK W
noteHuman). He cneayet pabotatb, 6e3 sBHbIX Ha TO NpuyuH, B MHTepBane 0-0,5B Ha
AnanasoHe 15B, ecnn, HanpuMep, eCcTb AManasoH 2,5B. AHANOMMYHO U CTOKOM. Bo neps.biX,
Ha 6onee rpybom amnanasoHe npubop byaet 3agaBaTb nNoTteHuman (TOK) MEHee TOYHO, Kak
M3-3a KOHe4YyHoro paspelueHns LIAM, Tak M M3-32 KOHEYHOM TOYHOCTM QHANOroBbIX
MUKpPOCXeM (HanpuMmep, M3-3a CABWUra Hynsl, B TOM 4uC/le U TernnaoBoro OnepaumoHHbIX
ycunutenen, unuM us-3a uUx Wwyma). Bo BTOpblX, nNpubop MeHee TO4HO 6ydeT w
perncTpuMpoBaTh AaHHbIE TOKA M NoTeHumana (No TeM e NpuynHaM, TONbKO Tenepb M3-3a
ALLM).

BbicTpopelicTBue noteHuuocTata (ctoga oTHocsTcs: Rise time, Slew rate, ckopocTb
HapacTaHUsl BbIXOAHOIO HaMNpPsKeHWUs, ANTENbHOCTb MNepexOoAHbIX MNPOLEeCccoB, 4acToTa
€ANHUYHOro ycuneHus). OYyeHb BaXkKHbIM NapamMeTp, HO B GOMbLIMHCTBE C/lyYaeB MOSE3EH
TONbKO ans pa3paboTumka npubopa nnm xopowlero 3NEeKTPOXUMMIKA,
cneumanm3npyrowerocs Ha 6bICTpbIX, UMMYNbCHbIX M3MepeHusX. He To e camoe, 4To
bbicTpopenctBue ALM. K coxaneHuto, BbICOKMI MOKa3aTenb MOXET TauTb B cebe
HECKOJIbKO MOABOAHBIX KaMHel. Ecnn Bbl Mano3HakoMbl ¢ npubopamMm — NOTEHLUMOCTATaMy,
My Bac HeT cneumanbHbix TpeboBaHMI K aHanoroBoMy ObICTPOAENCTBUIO, TO Jydlle He

obpallaTb Ha 3TOT MapaMeTp BHUMaHMSA. Bbicokoe 6bICTpOAENCTBME MOXET ObITb
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6)

7)

8)

AOCTUMHYTO LIEHOW YXyALUEHWs APYrMxX NapameTpoB, Npexae BCero ctabunbHocTv. Jlydwe
BCEro, Koraa npvbop MMeeT HaCTPOMKM aHanoroBoro ObICTPOAEWCTBUS, XOPOLLO, eCcnu
HECKONbKO CTyneHen. MoTeHuManbHO 3TO Mo3BonsieT 6onee TOHKO HacTpouTb Mpubop,
npeaoTBpaTUTL BO3OYXAEHUE, UM HAaobopoT, MONyYMTb MaKCMManbHOe 6biCTpoAenCTBUE
B, HanpuMmep, UMMNYNbCHbIX N3MEPEHUSX.

BoicTpogericteune ALM. Kak npasuno, Bce AL paboTaloT B ABYX pexuMmax — NMoTOKOBOM,
KOrfa AaHHble PerncTpyupyroTcs HenpepbiBHO M Bbl B peXxuMe peasnbHOro BpeMeHu Buanute
M3MEHEHUS TOKa W MOTeHUMana Ha 3KpaHe MOHUTOpa. B 3TOM pexuMme Kak npaswio
HbICTPOAENCTBME HE MpPEBbILAET HECKOMbKMX Kunorepy (Mnv CcoTeH repu). Bropon pexum
— MaKeTHbIM, OH Xe ocumnnorpaduyecknin. B Hem npubop cHavana perucTpypyeT Maccvs
AaHHbIX (B KOTOPOM, HanpuMep, MOXET HAXOAUTCS OAUH LMK pa3BepTKM NOoTeHuuana unm
MakeT UMNYyNbCOB), @ 3aTeM MNepechlSiaeT ero B KOMMbIOTEP M NporpaMma oTobpaxaeT ero
Ha 3KpaHe. B 3TOM pexumMe 6bICTPOAENCTBME Yalle YKa3blBAETCS KakK Nepuoa perncrpaumm
[AAHHbIX N MOXET A0CTUraTb eAMHUL, MUKPOCEKYHA U MEHee.

MakcvManbHasi CKOpOCTb pa3BepTKW MoTeHuMana (Mam Toka). DTUM NapaMeTpoM MPUHATO
XapakTepu3oBaTb 0buee 6bicTpoaencTeme npubopa. BoibrpaeTtcs LenecoobpasHo 3aaade.
BOnbWMHCTBO COBpPEMEHHbIX MOTEHUMOCTAaTOB MO3BONSAIOT MPOU3BOAUTL pPas3BepTKU [0
COTEH MUSIMBOJLT B CEKYHAY B MOTOKOBOM peXUMe, U A0 COBCEM 3a06/1a4HbIX ThICSY BOMbT
B CEKyHAy B ocumnnorpamyeckmx pexumax. fopasgo nHTepecHee napameTp MUHUManbHO
BO3MOXXHON CKOPOCTW pa3BepTKWU MoTeHuMana. HekoTopble NpoM3BOAMTENN YKa3biBAKOT €ro
PaBHbIM HYMO, 4YTO OYeHb HernpasBubHO. Bce HblHYE [OCTynHble Cnocobbl CUMHTE3a
JIMHENHO M3MEHSIOLLEroCst HaNpPsHKEHUS OrpaHMyYeHbl CHU3Y. Ecnm 3To aHanorosbIn MeToa —
npy NoMoLM uHTerpaTopa (OH Xe 3apsi4 KOHAEeHcaTopa), TO OrpaHUYeHUe CHU3Y CBSA3aHO
npeXxae BCero C yTeykamMmn 3Toro KOHAEHcaTopa M MacCcoi ApYyrx CNOXHbIX 0COBeHHOCTeN
(paBHO KaK M JIMHEMHOCTb TaKoW pa3BepTKM). XOpOWMWe aHasoroBble CUHTE3aTopbI
obecneymBaloT camyto NPELN3NOHHYI0 Pa3BepTKy (YBaXKeHWe, HanpuMep, Bbi3bIBAET TakKoM
y3en y komnauumn Autolab). HO OHM JOCTaTOYHO AOpPOrK, U HEKOTOpble MX TuMbl TpebytoT
yacTo nepekannbpoBku. Ecnm ucnonblyetcss uMdPOBOA CUHTE3 pasBepTKM, TO €CTb
npsiMasi CO3A4aeTca U3 ManeHbKMX CTyneHek (B npeaene paBHbIM ogHOMY oTcyeTy LIAM), To
B HEKOTOPbIX, KpaWHe peaKkuMx Cyyasix 3SMeKTPOXMMMYECKas CUCTEMA MOXET Ha HUX
OTKJ/IMKHYTbCS, TaK KakK MUHMMasibHas CKOPOCTb pa3BePTKU OMNpeaensiercs AUTENbHOCTbLIO
OAHON CTyneHbkW. MNpu 3apsae HekoTopbiX XUT, a Takke U BO MHOTMX APYrUX U3MEPEHUSX
MOrYT MCNOJIb30BaTbCS CKOPOCTU Pa3BepPTOK BMNJIOTb 0 AECATKOB MUKPOBOJIbT B CEKYHAY.
PaspeweHnune ALIM n UAM. OT 3TOro napaMeTrpa 3aBUCUT TO, Ha CKOMbKO, HanpuMep,

LUMPOKMUI MHTEPBAN TOKOB MOXHO M3MEpUTb Ha OAHOM (DUKCMPOBAHHOM AManasoHe TOoKa.

www.potentiostat.ru 18



“Electrochemical Instruments”
Nnpon3BOACTBO U NOCTaBKa I'IpVI60pOB ONA 3NeKTPOXnMnNYeCKnx I/ICCJ'Ie,EI,OBaHI/IIZ

MpaKkTUYecKn BCE COBPEMEHHbIE  MPOWM3BOAMTENM MOTEHLMOCTATOB WCMONb3ylOT 16-
TUpaspsiaHble npeobpasoBateny (NpuMepHo 30 ThICSY 3HAYEHMI B KaXKAOW MONSPHOCTH),
YTO BMOJSIHE AOCTAaTOYHO. Hampumep, 3TO O3HAYaeT, YTO Ha AuanasoHe Toka 30 MA, c

TouHOCTbIO0 0,004% MOXeT 6bITb n3MepeH Tok 20-30 MA, 1 € TOYHOCTbIO 1% Tok 100 MKA.
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7. YacTo 3apaBaeMblie paboure BONpocChbl U BO3HMKatowme npobnemsl

7.1. NMoueMy Npn60Op perncTpupyeT HECKOJ1bKO NapassiesibHbiX NPSAMbIX JIMHUIA?
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3T0 nposiBneHne amckpetHocTh ALIM. BxogHOM curHan nocTosiHEH, Y AnarpamMmMbl BKJIKOYEHO
asToMacwTabupoBaHue, ecnu yBenuMuuUTb Npeaensl AvarpaMmMbl O MakCMMyMa WCMosib3yeMoro
AvanasoHa noTeHuuana, TO MONy4uMTCs poBHas npsMas NuHWMS. 3HadeHus ALM konebniotcs,
MO3TOMY NOJyYarTCa Takue 3aBucMocTu. CoBepLUEHHO HOpMasbHOe siBrieHne. Ecnm 6bl 310 6biu
3aBMCUMMOCTM TOKa OT BPEMEHM, U MO3BONsNa CuTyauus, TO MOXHO 6bii0 6bl BbibpaTh 6onee
TOHKWW AMana3oH TOKa.

JTioboe AL yCTpoeHO Tak, YTO BXOAHOMY aHasioroBOMy CUrHasy oHO noabupaeT Hanbonee
noaxoasiiee uncppoBoe 3HauveHne. Y AL MOXHO ckasaTb eCTb TabynupoBaHHbIN Habop Takmx
uMdpoBbIX 3Ha4YeHUn. Hanpumep, ans 16-tupaspsaHoro AL npu avana3oHe noTteHumana 3,2B B
MONOXMNTENbHON NONSIPHOCTU BO3MOXHble LMpPOBbIe BbIXOAHbIE 3HaveHus 6yayT: OMB, 1 mMB, 2mB,
3mMB 1 T4 oo 32000 MB. Takoe ALM, oTkannbpoBaHHOE Ha TakoW AMana3oH, HE MOXET MoKa3aTb
3HauyeHwve, Hanpumep, 1,5MB, nosTtoMy, Npu BXOAHOM HanpsbkeHun 1,5MB oHo 6yaet konebatbcs
oT 1 go 2 MB, yto Bbl 1 yBMAMTE Ha anarpamMme. Takxke, cnegyeT MOHUMMATb, YTO NPUBEAEHHbIV
npumep 1-2 MB HeCKONbKO MAeanM3vpoBaHHbLIM, M Ha MPAKTUKE BO3MOXEH TOMbKO MpU OYeHb
YMCTOM BXOAHOM CUIHase 1 Npu OTHOCUTENbHO HU3KOWM CKOPOCTU PErMCTPaLMmn — HECKOSIbKO TOYeK
B CekyHAy. Ha npakTtuke, npu 6onee Bbicokmx ckopocTax ALI 6yaet konebaTtbcs He B npeaenax
OAHOro paspsaa, a CUIbHEe — Kak B NPUBEAEHHbIX AvarpaMMax B npeaenax 4-5 paspagos, unu

6onee. 3T0 HOpMarnbHOE SIBNEHNE.
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7.2. Kak no/mkHa BbirnaaeTb pa3BepTKa noteHuMana?

S00F sonk
400} 400
300F 300k
200F 200k
100F 100

of ok

MoTeHuman, wmB
MaTeHuMan, me

o0} -100F
=200 _oaoo b
=300 _z00F

400} -400 -

500 ; \ f L -500h i i | .
= — [n] ~ =+ (=] -— (] o =
Bpenma, ¢ Bpema, .

Ha npaBov anarpamme MOXHO BUAETb HeOOMbLUME MUKPOLLEPOXOBATOCTH, 3TO HOPMaNbHOe
sBneHne n obycnoBneHo TeM, YTO MpaBas pa3BepTka MosyvyeHa Ha AuanasoHe noTeHumana 35B
(sBHO M36bITOYHO rpyboM), nesas - 6B. IMEHHO Tak (C TOYHOCTbIO A0 TOro, Kakue Bbl Bbibepute
npefensl pa3BepTKW, CKOPOCTb, Hamnpas/ieHWe, CTapTOBOE 3HayeHwe U TM) U AO/MKHA BbIMNSaaeTb
3aBMCMMOCTb MOTEHUMana OT BPeMEHM, Koraa HeT BO36yXAeHWs, NMOMeX M TN UCKAXKEHUA W

npobnem.

7.3. Kak 60opoTbCcs ¢ noMmexamMun?

CamMoe MpocToe U AENCTBEHHOE, 3TO UCMOSIb30BaTb METa//IMYecknii akpaH. Ero Heobxoammo
COEAMHUTb C 3a3eMMSIIOWMM pa3beMoM nNpubopa, MpU 3TOM BaXXHO 06ecneynTb HaAeXHbIV
KOHTaKT. B kpalHeM cny4yae, ecnu y Bac TpexanekTpogHas siueiika 3akpensieHa B LTaTuBe, TO
coeanHuTe C 3a3eMsieHnem npubopa Anst Havana ero.

OcTanbHble MeToAbl 3aBUCAT OT KOHKPETHOM CUTyauuMu M MOMyT Kak YAydluTb ee, Tak U
YXYALNUTD:

1) 3a3eMsieHne npubopa u (Mnu) akpaHa. Ecnv Bbl TOYHO 3HaeTe, YTO 3TO AENCTBUTENBHO
Xopoulee 3a3eM/ieHMe, YTO K HeMy TOYHO He MOAK/OYEHA HMKaKas 4yas MolyHas
YCTaHOBKa, TO 3a3eMJIeHMe YNydlwnT cuTyaumio. He Bceraa 3asemneHve Ha HaTapeto
WM BOAOMPOBOA AeNnaeT ee Nyduwe, TK Bbl He 3HaeTe — KTO elle TakuM e obpa3oM u
yTO 3a3eMnun. M3 NpakTUKN eCTb OYEeHb HENpUSTHbIE MPUMEpPbI, KOraa OT 3a3eM/IeHus
Ha 6aTapeto nNpubop MNOCTOSIHHO TEpsin CBSA3b C KOMMbIOTEPOM, HE roBops yxe 06
QHAJIOrOBbIX MCKAXXEHMSX NoTeHUMana u Toka.

2) Ecnv Baw npvbop MMeeT ranbBaHWUYECKYIO Pa3Bs3Ky MHTepdeica oT KoMMbloTepa, TO
MHOTAQ CUTyauust MOXeT CTaTb Jfydlle, eCcnM ero 3a3eMiuTb WU COeauMHUTb C
KOPMyCOM 3TOr0 KOMMbIOTEPA HanpsiMyio, MM Jlydwe 4epe3 BbICOKOOMHbIA (10KoM-
10MOM) NOCTOSIHHbIA pe3ncTop (Y4TOObl HE HMBENMPOBATb HaNMuYMe pa3BsA3KM, TK OHa

ToXe 6blBaeT nonesHa).
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7.4. NoyeMy HU3KOOMHbIE fAiYenKm HY)>XHO UccnienoBaTtb B raJ/ibBaHOCTaTU4E€CKOM, a HE B

NOTEeHLUMOCTaTUYECKOM pexxume?

MNpUYNH HECKOMbKO:

1)

2)

MoTeHumocTaT 3TO ycunutenb, nobon ycunutenb 6onblue BCEro He NbUT KOopoTkoe
3aMblKaHue ero Bbixofa. Ho ToNbkO B peXxume noTeHumocTaTa. B pexume ranbBaHoCTaTa
npubopy Bce paBHO. OH 6GyaeT paboTaTb A0 Tex NOp, NOKa eMy XBaTaeT BbIXOAHOro
HanpskeHusl (@ ero HexBaTka ANsl HEro COBEPLUEHHO HEKPUTMYHA). Ecnn paccMoTpeTh 3Ty
NpuunHy 6onee cepbe3Ho. [lonycTMM y Hac €CTb KOHAEeHCATop GOMbLUOM €MKOCTU, U ero
HY)XHO 3apsauTb A0 HanpsbkeHums 1 B, a 3aTeM pa3psauTb. B noTeHumocTaTMyeckom
pexume npubop GyaeT BOCNPUMHUMATbL 3TOT KOHAEHCATOP KaK KOPOTKOE 3aMblkaHue, U
€C/iM Mbl Cpa3y nogaauMM Ha Hero 1 B ¢ noTeHumoctaTta, To B npubope akTuBMpyeTcs
3awmTa no Toky, n npubop byaetr pabotaTb B kak 6bl ranbBaHOCTAaTUYECKOM peXUME, B
KOTOPOM TOK cAepXuBaTb 6yaeT Tonbko 3awmta npubopa (umnm npubop 6yaer BoBce
OTK/TIOYEH 3TOM 3awmTon). O TOYHOCTU M Pa3yMHOCTM MOCTAHOBKM TaKOro 3KCMEpPUMEHTa
roBOpUTb B OOLWEM-TO Henb3sl. B cnyyae e WMCNonb30BaHUS ranbBaHOCTAaTUYECKOrO
peXuMa, KOHAEeHcaTop OyaeT 3apsaTbCH TOYHO WM3BECTHbIM (DMKCUMPOBAHHLIM TOKOM,
HanpshkeHne Ha HeM ByaeT pacTu IMHEMHO CO BPEMEHEM, NMOKa He AoNAEeT A0 3afaHHoro 1
B. Kazanocb 6bl, B 3TOM Clly4ae MOXHO MPUMEHUTb JIMHEMHYIO Pa3BEPTKY HaMpshKeHWUs OT
Hynsi BONbT A0 3afaHHOro? [eMCTBMTENbHO MOXHO, HO TONbKO B TOM CJlyyae, eciu
KOHAEHCATOP MMeeT A0CTAaTOYHO BbICOKOE OMMYECKOe CONpOoTUBeHME. B 3TOM cnydyae Bce
6yaet HopManbHO (bonee TOro, UMEHHO TaK YCTpoeH MeToa LIBA, B KOTOpOM mccneayroTcs
B TOM YMC/le pa3fiMyHble NPOLECChl 3apshKeHusl 3NeKTPoAoB, TO eCTb, rpybo rosops, Te xe
€MKOCTM, HO B KJIaCCMYECKOM 3MEKTPOXMMUN BCeraa €CTb [AO0CTaTOYHOE OMMYECKOEe
COMpOTUBNIEHNE 3neKTponuTa). Ecnm e Mbl MMEeM KOHAEHCATOp C OYEeHb HU3KMM
BHYTPEHHUM COMPOTUB/IEHMEM, TO B MOMEHT BK/IIOYEHUSI MOTEHUMOCTAaTUYECKOrO pPexmMa
MOXXET MMETb MECTO OYeHb HOSbLLIOM MEPEXOAHbIN NPOLIECC B NOTEHUMAOCTATE. TO MOXET
co3aaTtb psa npobnem, B TOM 4yucne, U Bo3byxaeHne npmbopa, U HEBO3MOXHOCTb BXOAA
€ro B HOpMarbHbIi pabounit pexum, Tak Kak OH OydeT nepexoauTb U3 pexuma C
PA30MKHYTOW 0OpaTHOM CBSI3bl0, B PEXWM C 3aMKHYTOM. B ranbBaHOCTAaTUYECKOM Xe
peXxunMe Takux sIBNeHUN He ByaeT. Takxke, B C/lydae pa3BEpPTKM NOTEHUMANa KpPUTUYHON
CTaHeT cneaytowas npuymHa: (oHa cnpaseanuea Ans nboro noteHumnocTata, 6yayT nuwb
HECKOJIbKO OT/IMYaTbCS KOHKPETHbIE LUMdpbl, 06Las e KapTrHa OCTaHeTCS Ta Xe)

B cnyyae noteHumoctatoB “Electrochemical Instruments” MakcuManbHOM 3arpyske
[AManasoHa TOKa COOTBETCTBYET NageHne HanpsKeHUs Ha TOKOM3MEPUTESIbHOM pe3ncTope

2,4 B (Hanpumep 10 A agrana3oH noteHuumoctaTta cepum P-150). Ecnun, Hanpumep, npy 3TOM
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3)

TOKe K npubopy noaknioveH obpasey ¢ conpotuerieHveM 1 MOM (HOpMasnbHoOe SiBleHue,
LANS HanpuMep CynepkoHAEeHcaTopa Ha HEeCKONbKO COTeH dapaa), TO Ha HeM byaeT naaatb
HanpsbkeHve Bcero B 10 MB. CaMbli TOHKMI AMana3oH noTeHUMana Yy 3TOM cepum
npubopos 2,4 B. Ecnn ncnonb3oBaTb NOTEHUMOCTATUYECKUA PEXMM, TO CUrHany obpaTHou
CBA3M B CYMMUpYIOLLEM ycunuTene noTeHumocTtata byaer coctasnatb Bcero 10 MB, Toraa,
KaK B raflbBaHOCTAaTUYECKOM pexuMe, B 3TOM ciyyae byaeT cooTBeTCcTBOBaTh 2,4 B (TOYHO
Takne e curHanbel npuaetcs 3agatb u  LIAMy). TOHATHO, 4YTO NOrpewHoCTb Kak
permcTpaumm Takoro CMrHana, Tak 1 ero 3aflaHns B ra/ibBaHOCTaTUYECKOM pexume byaeT B
COTHM pa3 BbllWe: MOrpelwHoCcTb 3a4aHnsg B MOTEHUMOCTAaTUYECKOM pexmnMe COCTaBuT
npuMepHo 1%, Toraa, Kak B ranbBaHocTaTnyeckoM mMeHee 0,005% (paccmaTpuBas TONbKO
ALMM). CurHan B 10 MB B COTHM pa3 HMXe 1 BO CTOJIbKO Xe pa3 cuibHee byaeT noaBepxeH
BNINSIHAIO BCEBO3MOXHBIX MOMEX M AperdOB NapaMeTpoB Y3/10B MOTeHUMaocTaTa. MoxeT
noKas3aTbCsl, 4YTO TeopeTtunyecku umcto LIAM-oBbiM 1% - 3TO BMOMHE AOCTATOYHas
TOYHOCTb, HO Ha MpaKTUKE BCe CTaHeT ropasfo (B pasbl) XyXe M3-3a BAUSHUS ApYrux
Y3/10B U SIBJIEHUI, KOTOPbIE Mbl HE YU/IM AN NPOCTOTbI pacyeTa.

Maneiwass HETOYHOCTb MOAK/IOYEHUS MOTEHUMANbHBIX 3/1EKTPOAOB WM U3MEHEHUE
COMPOTMBMIEHNSI IKCTPEManbHO HWU3KOOMHOrO ob6pasua (ConpoTMBNEHWE KOHTAKTOB U
TOYHOCTb MX MO3ULMOHMPOBAHUS MOXET CO3A4aTb MOrpeLHoCTM B AECATKM MUNOM) B
NOTELIHNOCTaTUUYECKOM peXuMe MOXET MPUBECTU K U3MEHEHUIO BbIXOAHOIO TOKA B AECATKMU
pa3 - OT ogHOro amnepa A0 10-Tn, N B KOHYEHOM CHETE MOXET NPUBECTU K CcpabaTbiBaHUIO
3awmTbl npubopa M paxe asBapun. B ranbBaHOCTAaTUYECKOM e pexume Tok 6yaer

MOCTOAHEH N TOYHO OonpeaeneH.
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7.5. MpaBunbHOe noaksoueHne nNpubopa B pexxMMe BOJIbTMETPA, WK 3a4UeM HY)XKEH B
3TOM cslyuae npoBop work?

MpaBubHas cxema NoAK/IYEHUS NOTEHUMOCTaTa B KaYecTBe BONbTMETPA, Hanpumep, npu
CpaBHEHWM MOTEHLMANOB ABYX 3/IEKTPOAOB CPABHEHMS MOKa3aHa HUXeE:

Ref

Comp - oouT

Work

RX

3pecb BbIBoAbl Ref 1 Comp MCNonb3yloTcs B KayecTBe OTpULIATENBHOIO U MONOXUTENBHOMO
LLYNoB BOSIbTMETPA COOTBETCTBEHHO. [oAKOUeHWe e BbiBoga Work 06s3aTenbHO HYXXHO AN
TOro, 4rtobbl co3daTb ANA npubopa TOYKY OTCYETA, K KOTOPOM OH CMOXET npuBsA3aTb
3N1EKTPOMETPUYECKNE n3MepuTenbHble Bxoabl Ref n Comp. Ecnun npoBog work He noaknouYnTb, TO
BBMAY OYeHb 60MbLIOrO BXOAHOrO COMPOTUBNEHMS 3TWM BXOoAbl 6ydyT NOABEPXKEHbl OYEHb
60NbLIOMY B/IMSIHMIO NOBbLIX BHELIHMX NMOMEX M AOCTAaTOHMHO B6bICTPO OTK/IOHSTCS K KakoMy nvMbo u3
NOJOCOB MUTAHUS 3N1EKTPOMETPa (06bIYHO 6IM3KOr0 K MAKCMMANIbHOMY BbIXOAHOMY HAMPSHKEHUIO
noTeHUMOCTaTa), NepenayT B HaCbILEHWE, U NO KpaliHel Mepe OAMH M3 HUX NepecTaHeT paboTaTb
B JIMHEMHOM pexwuMme. OTO NpUBEAET K CUNIbHOMY WCKAXXEHUIO PErMcTpUpYyeMoi pasHOCTU
noTeHuuanos. lMoakntoueHne xe BbiBoga Work (KOTOpbIM Yepe3 TOKOM3MEPUTESNbHbIN PeE3NCTOP
BHYTPU Npubopa COeANHEH C HyMEBbLIM MPOBOAOM) MPUBSHKET OAMH M3 BXOAOB K 3eMJie, NoTeHLUMan

0bonx BXxo4oB byAeT onpeaeneH, U HacCbILEHNA N UCKAXKEHUN HE BO3HUKHET.

7.6. MoueMy Ans TPEX3/IEKTPOAHON SAYENKM HA LMKJIMYECKOW BOJibTaMneporpaMmme
YacTo CMrHan noTeHuMasa YMCTblii, a TOKa C noMexammn?

Jliobov nmoTeHuMoCTaT aBnseTca ycunuteneMm. Ecim OH noaBepXXeH BAUSIHUIO BHELUHWX
noMex, TO BOLWEALUNA B HEro CMrHan noTeHuuana no 3neKTpoay cpaBHeHust BO Bxoa Ref GyaeT um
yCWneH 1 BblAaH B BuAe HanpsbkeHus Ha anektpoa Counter. BBuay OTHOCMTENBHO MOCTOSIHHOMO
COMPOTMBIEHNS NEKTPONUTA, TOK, PErMCTPUPYEMbIN MOTEHLMOCTATOM, OKa3blBAeTCA MO 3aKOHY
OMa nponopuMoHaneH MMEHHO BbIXOAHOMY HanpsbkeHuto Ha Counter 3neKTpoae, Ha KOTOPOM

MOXXET NPUCYTCTBOBATb YCMHEHHbIVI CUrHas1 NOMEXN.
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Hanbonee 4yBCTBUTENbHLIM Y3/10M 060N KNACCUYECKOW XXUAKOCTHOM 3M1EKTPOXUMUYECKO
SIBNSIETCS 3NeKTpo4 CpaBHeHWs. Hambonee 4yBCTBUTENbHBLIM K MOMEXaM Y3/0M MOTEHUMOCTaTa
SIBNSIETC  3NEKTPOMETP 23nekTpoaa cpaBHeHust (Bxoa Ref). TMo3TOMy 3nekTpoa CpaBHEHMS
06s13aTeNlbHO A0/MKEH 6biTb MOMeLUeH B 3KpaH. Hanbonee 3deKTMBHBLIM pelleHneM SIBASETCS
NpUMeHeHne KNeTku (sueiikn) dapaaes, kKoTopas Mo BHeLHeMy Buay 6onee BCEro HarmoMuHaeT
MeTannMuyeckuii ceiid, C BBOAAMU AN U3MEpUTESbHbLIX MPOBOAOB, @ MO CyTW SIBSIETCS XOPOLUMM
MeTa/IIMYECKMX 3KPAHOM, 3aLLMLLAIOLLMM SNEKTPOXMMUYECKYIO SUENKY Y HESKPAHWPOBaHHbIE YacTu

M3MepUTESIbHBIX MPOBOAOB OT BHELLHMX MoMex (B 0cHOBHOM 50 Iy ceTu nepemMeHHoro Toka 220B).
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8. IR-KoMmneHcauusa

PaccMOTPUM MpOCTYI0 TPEX3NIEKTPOAHYIO AYeiiky NpU HanMuumM B HEW 3aMETHOro

OMUYECKOIro ConpoTmnBneHns:

Work X Ref Counter
EF—/V\/\ {:‘} ?

R? Rohm Re¢

OMunyeckoe CONpoTUBIIEHNE BO3HMKAET U3-3a TOrO, YTO 3M1EKTPOA CPAaBHEHUS HEBO3MOXHO
noasectn 6nm3ko K paboyeMy 3n1eKTpoay Ha CTONbKO, YTOBbI MeXay HUM W 31eKTPoAOM He
OCTasioCb MPOC/IONKKN 3N1EKTPoNIMTa. ITa npocnorika byaet obnagaTb KOHEYHbIM COMPOTUBIIEHNEM,
M B HEKOTOPbIX Clyyasix MM Henb3s npeHebperaTb. Ha 3ToM cxeme 3TO COMpOTUBEHWUE
obo3HayeHo kak Rohm. Bbino 66l xopowo, ecnu 6bl anekTpoa cpaBHeHus Ref MOXHO 6bino
NOAKNIOYNTL B TOUKY X, HO Ha MPaKTUKe 3TO HEBO3MOXHO.

MOHATHO, YTO B TaKOM CXeMe, MpU MNpPOTeKaHMM TOka OT BcrioMmoratenbHoro Couner
anekTpoga kK pabouyemy Work 6yaer uMeTb MeCTO NaJeHue HarnpshkeHus Ha OMWUYECKOM
conpoTmBieHnn. MNMpuyem 3To NageHne B HEKOTOPbIX CllydasiX MOXET OblTb OYeHb 3HAUUTENbHBLIM U
CUbHO MCKa3WTb 3KCMepuUMeHTasbHble AaHHble. ECTb HEeCKonbKo crnocobos 60pbbbl C BAUSIHNMEM
OMMYECKOro COMPOTUB/IEHMS], @ TaKXe ero CHmxeHus. B HacTosiem JoKyMeHTe Mbl He 6yaem
noAapobHO MX paccMaTpuBaTb, YKaXKeEM /iNLLb OCHOBHbIE UAEWN.

Mpolwe Bcero, HO He BCeraa npaBWbHEE BCErO U3MEPUTb OMUYECKOE COMpOTUBAEHUE, U
CKOMMEHCMPOBaTb Ha HEro Yyxe MoflyYeHHble 3KCNepuMMeHTanbHble AaHHble. [N mn3MepeHus
OMMYECKOro COMPOTUBEHMSI MOXHO MPUMEHUTb MMMYNbCHbIE METOAbI, METOA pa3pbiBa LEenu Wau
MMNeaaHcHbIM MeTod. [ns noteHuuoctaToB “Electrochemical Instruments” Bo3MOXHble MeTOAbI
N3MepeHns 1 NPUHLMNbI, 3aN0XXEHHbIE B HUX, NOAPOBHO OnMCaHbl B MHCTPYKUMK K NPOrpaMMHOMY
obecnedeHnto Ps_Pack.

Bonee TOYHbLIM CNOCO6 3aKMOYAETCA B TOM, YTOObl M3MEPMB OMMYECKOE COMPOTUBIIEHME
KOMMEHCMPOBaTb ero npsiMo BO BpeMsi 3KCrepuMeHTa. s 3TOro npuMEHsIoT, HanpuMep, MeToa
pa3pbiBa uUenu (B KIAacCMYeCKOM BapuaHTe OH Ha CaMOM Jefie KOMMEHCUPYeT He OMuyeckoe
COMpOoTMBAEHNE, a NaAeHne noTeHuMana Ha Hem). OMMYecKkoe ConpoTUBIIEHNE U3MEPSIETCS NMPSIMO
Mo XOAy BbIMOSIHEHUSI 3KCMEPUMEHTA MHOIMOKPAaTHO C HEKOTOPOM MNEpPUOAMYHOCTBIO U Cpasy Xe
BBOAMTCS MOMpaBKka B 3HayeHWe noTeHuuana. JTOT MeToh yaobeH TeM, 4TO BbINOAHAETCS
aBTOMATMYeCKM, N eClIn OMUYECKOe COMPOTUBIIEHNE MEHSIETCA MO XOA4y dKCnepuMeHTa, To npubop

6y,u,eT 3TO OTCNEXMBATb U KOMMEHCMPOBATb HY)XXHOE nafeHwe noteHuuana. OgHako, 3TOT MeToA
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CNOXEH B peanu3auun, B OMpeaeneHHOM CMbICNe CKpbIT OT NOonb3oBaTens, W MOXeT Co34aTb
6onblwmne npobnembl B TOM Clyvae, ecnv aBTOMaTuKa oWwMbeTCS M NOMbITaeTcsd CKOMMNEHCMpoBaTb
cnvwwkoM 6onbluoe conpoTueneHne (NepekoMneHCUpyeT ero). DKCNepuMeHT B 3TOM Ciydae byaet
MCNopYeH TK NoTeHumMocTaT Bo36byauTcs. Takke 3TOT MeTos paboTocnocobeH TONMbKO B MeANEHHbIX
3KCMepuUMeHTax, MO CyTUM B CTauMOHapHbIX, WAM pa3BepTKax CO CKOPOCTAMU A0 [AeCSTKOB
MUNMBOSBT B CEKYHAY.

Bonee coBpeMeHHbI CNocob 3aknoyaeTcs B KOMMEHCaUuM He najeHus noTeHumana, a B
KOMMEeHcaumMm CaMoro OMWYECKOro COMPOTMBIIEHWS, HamnpuMep, METOAOM  MOSIOKUTENbHOM
obpaTtHoi cBsizu (MOC). B 3TOM cnyyae, 40 3KCNEpPUMEHTa NPOU3BOAUTCS U3MEPEHNE OMUYECKOro
CONPOTUBAEHNS MOObIM AOCTYMHBIM UMK XXeNaeMblM METOAOM. [ofly4YeHHOe 3HaYeHne OMUYECKOoro
CONpOTUBIIEHNS 3adaeTcs Npubopy, 1 OH caM aBTOMaTU4YeCKu ero KOMMeHcUMpyeT. Y 3Toro MeToaa
(KaK 1 y MeToAa pa3pbiBa Lenu) ecTb onpeaeneHHble orpaHnyeHus. Hu oguH npnbop He cnocobeH
KOMMeHcMpoBaTb oMuyeckoe conpoTtueneHne Ha 100%. OH nuwb MOXET MakcuManbHO 61n3ko
npnbnmantecs kK 100%. B 6onbluMHCTBE Cny4vaeB xopowlen KomneHcaumen cumtaetcs 80-90%.
Mpu 100% KOMMeHcauMnM wWAn Mpu  nepekoMneHcauun npubop Bo3bYxKaAaeTcs u  TepseT
paboToCNOCO6HOCTb. [03TOMY OYeHb BaXXHO MPaBWILHO OMpeaennTb MaKCUManbHO A0MyCTUMOe
3HayeHVe KOMMNEHCMPYEMOro OMUYECKOro CconpoTuBneHus. MNpasunbHee Bcero, ecnv npubop byaet
ero u3MepsaTb MyCTb aBTOMAaTUYeCKW, HO MOA KOHTPOSeM BAYMUMBOIO 3KCMEpUMeHTaTopa.
AoctonHcTBoM MeToaa MOC sBNSIETCA TO, YTO OH MPaKTUYECKU HE OrpaHMYMBaET bbiCTpoaencTane
npubopa Tak Kak sIBNISIETCS aHa/I0roBbIM MeTOA0M 6e3 yyacTus undpoBoit 06paboTku curHana unm
MpOLIECCOB MEepeKsIIYEHUs CUrHana.

Xopowwum pornonHeHneMm Metoga MOC sBnsieTcs yCTaHOBKa B Npubop Yy3na, KOTOPbIM
No3BONSET U3MEpsATb OMUYECKOE CONPOTUBIIEHWE MO XOAY BbIMOSMIHEHUS 3KCrepuMeHTa (Ha TOT
CNyyal, ecniv OHO MeHsieTcs) Anst Toro, 4Tobbl y3en MOC nepuoanyeckn O6HOBASN 3HAYeHWe
KOMMEHCMPYEMOro OMUYECKOro COMpPOTUBAEHUS. B KayecTBe Takoro U3MepuTeNnbHOro y3na MOXeT
BbICTYNaTb HanpuMmep, TOT e y3en paspbiBa Lenu, Un elle Nyywe UMMNeAaHCHbIN MeTod, Mu
UMMYNbCHLIN ~ MeTog  (MPUKNaAbiBaeTc  HEOONbLIOW  BbICOKOYACTOTHBIA — UMMYAbLC MK
CMHycoMAanbHas BOMHA, MW Mayka MMMYAbLCOB U TA) M3 KOTOPOrO pacCYMTLIBAETCS OMUYECKOe

COMPOTUBIIEHNE.
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9. Yto genaTtb, €CIM HUYEro He NOoJIy4aeTCs WM C Yero HavyaThb.

PaccMOTpMM  [OOCTAaTOMHO MpOCTOM WM O6bIYHBIM  Criyyah. Bam  HeobxoaMMo  CHATb
LUMK/IMYECKYI0 BOJIbTaMNeporpaMMy B XXMAKOCTHOM siuelKe Mo TPexX3/ieKTPOAHON CXeMe.
Ho npwu 3TOM Yy Bac BMECTO KpacnBoOM KpUBOW MOJSTy4AETCH YTO-TO COBCEM HE TO...

O6wmit npuHUMN paboTbl U 0CBOEHUS NPMBopa — OT NPOCTOro K CNIOXHOMY.

Mpexae Bcero, Bam HeobxoaMMo pa3obpaTbCsl B TEOPETUYECKOW OCHOBE MCKOMOM Bamu
BOJIbTaMNeporpammbl. BaM HeobxoAMMO TOYHO 3HaTb, KaK MMEHHO AOJDKHA BbIMNsAeTb
BOoJibTaMneporpamma B Bawwux ycnoeusx pabotbl, Ha Bawem pabouyem snektpoge (xoTs 6bl
OCHOBHbIE MOMEHTbI).

He cTtouT cpa3y 6paTbCs 3a CNOXHYI 3N1EKTPOXMMUYECKYID CuUCTeMY. NS Hadana nydile
BCEro, HanpuMep, CHATb (hOHOBYHO KPUBYHO, TO €CTb TOJIbKO OCHOBHOW 3/1EKTPOSIMT (HanpuMmep,
cepHasi kucnota 0,1-2M) 6e3 pacTBOpeHHbIX B HEM peareHToB. Tak Bam 6yaeT nerye HavWtu B
nutepatype TUMUYHYIO ANns Balwmx ycnoBuM 3TanoHHYK BOMbTaMNeporpamMMy, MpUroTOBUTb
pabounin pacTBop Toxe byaeT nerye, a cuctemMa CTaHeT bonee npeackasyeMomn U MOHATHOW.

Takxe CTOWUT BO3AEPXaTbCA OT MEXaHUYECKMX YCOoXHeHuMn. Hanpumep, ecnu Bawa
OCHOBHasi paboTa nnaHuWpyeTcs Ha BpawjalroWEeMcss AUCKOBOM 3JIEKTPoAe, TO Ha MepBoM
3Tane He CTOWUT BKIOYaTb BpalleHue. [ns (oHOBOWM KpMBOM, Kak npaBwno (BBMAY OObIYHO
OTCYTCTBUSI SBHbIX (PapageeBCKMX MPOLIECCOB M HalnyMsi B OCHOBHOM MPOLIECCOB 3apsXKEHUS U
noaobHbIX), OTCYTCTBYET B/IMSIHME BpalleHusl. Takxe BpalleHMe He [AeNnaeT 3NeKTPUYECcKUi
KOHTaKT WTudTa BpaLLaOLWErocs AMCKOBOro 3/1eKTPOAA C TOKOCbEMOM nyuywe. MNpy HenpaBUIbHOM
MOAK/IIOYEHNM 3TO MOXET BbI3BaTb CyLLECTBEHHbIE MOMEXW. [Opa3ao ydlle BKIKYWTL BpalleHne
no3xe, Koraa Bawa cuctema He 6yaeT Bbi3biBaTh Y Bac npobnem n Bonpocos, 06CyxaaeMbix B
HaCTOSILLEM JOKYMEHTE.

Mpexae, 4eM noakIoyYaTb NPUGOP K Ballel 3MEKTPOXUMUYECKON SUYENKe, CTOUT ero
npoBeputb. OnncaHme NpoBepku NpMbopa ecTb B KOHLIE HALLEro NpuMepa MCnosb30BaHNs HOMep
8. [lns 3TOro MCnonb3yeTcs ABYXINEKTPOAHAs CxeMa NoakoudeHus 6e3 mccnegyemoro obbekTa
(MOXHO B35ITb MOCTOSIHHbIA PE3NCTOP M3BECTHOFO HOMMHaNa W MPOBEPUTb HA HEM BbIMOSIHEHNE
3akoHa Oma. [Mpu 3TOM BaXkHO NPaBU/IbHO BbIOMPATb AMana3oHbl TOKa M NoTeHumana!).

Mpu cbopke 3NEKTPOXMMUYECKOWN SUENMKM 0CO60e BHUMAHME HYXXHO YAENWUTb 3NEKTPOAY
CpaBHeHUs. BakHO NMpaBW/IbHO €ro COeAuHWUTb C eMKOCTbIO paboyero anekTtpoga. Kak npasuno,
NCMOJb3yeTCS COJIEBOM MOCTMK MM KJIKHOY. Ecnin Bbl ucnonb3yete pasgenutenbHbie KpaHbl, TO
OHM HEe AOMKHbl 6bITb nepecyleHbl. KpaHbl A0/MKHbI 6biTb 3anMBHBIMU. DNIEKTPOSIUT AO/HKEH
BbICTYNaTb Kak Obl B ponM CMaskM M KpaH [O/MkeH CBO6OAHO OT pyku BpawaTtbcs (HO He

camonpou3BosbHo!). [pocnoiika 3NeKTPOIMTa AO/MKHA XOPOLIO MPOCMATpuBaThCa Ha wnude
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KpaHa 6e3 ny3blper 1 NoAobHbIX pa3pbiBOB. WMIMEHHO Yepe3 3Ty MPOCNOWKY 3MEeKTPOA CPaBHEHUS
OKa3blBAETCA 3MeKTPUYecKn CBA3aH C paboumM anekTpoaoM. CaM e KpaH HyXXeH TOMbKO Ans
MEXaHWYeCKOro pasfeneHusl Kak npaBu/0 pasHblX 3MeKTponuta paboyero anekTpoga, U
3NEeKTPONNTa, B KOTOPOM paboTaeT 31eKkTpoa cpaBHeHus. [pyu 3anosiHEHUMWM CONMEBOr0 MOCTMKA
HY>XHO CNeauTb 3@ OTCYTCTBMEM B HEM My3bipen U APYruxX pa3pbiBOB M MEXaHUYECKUX MPUMECEN.

AneKTpoa CpaBHEHMS J0/KeH ObiTb ucrpaBeH. OH AOMKEH XPaHWUTLCS B HaAeXallmx
YCNOBUSX, B HEM [JO/HKEH MPUCYTCTBOBATb 3a/IOXKEHHBIA B HEr0 KOHCTPYKTUBHO, 3MEKTPUYECKU
KOHTaKT C OKpY)alolWWM pacTBOpPOM. Hanpumep, HOCMK LUMPOKO  pPacnpOCTPaHEHHOro
XNopcepebpsaHHOro 31eKTpoaa He A0/MKEH ObiTb BbICYLUEH, 3TOT 3/IEKTPOA A0/HKEH ObITb 3aNosHEH
HaaneXallMM pacTBOPOM W BblAepXKaH B HEM HECKOMbKO YacoB AN YPaBHOBELUMBAHUS U NpUXoaa
B paboyee cocTosiHMeE.

Takke HeobxoaMMO NPOBEPUTL KOHTAKTbl M APYrUX 3N1eKTpodoB — pabodero wm
BCrioMoraTesisHoro. Ha nepBoM 3Tane, BO3MOXHO, HE CTOMT OTAENSTb BCMNOMOraTesibHbIW
3/1IEKTPOA B OTAENbHbIA COCYA. ITO YC/IOKHUAO Obl CUCTEMY M MOXET Bbl3BaTb MOKA HE HYXXHbIE
HauMHaIOLWEMY 3KCMEPUMEHTATOPY Mpo6/sieMbl M BOMPOCbI — HacCbIWEHWE MOTeHUMOCTaTa Mo
HanpsbkeHuio (TK 4YacTb €ro MoMAeT Ha NpeodosieHNe COMPOTUB/IEHNS 3TOr0  KpaHa)
MOTEHUMANbHYIO MOTEPIO KOHTAKTA, CIOXKHOCTb 3aMO/IHEHUSI IYENKM pacTBOPaMM 1 Tr.

Pabouuit anekTpoa AO/MKEH OblTb YMCTbIM, UMETb HAZAEXHbIA 3NEKTPUYECKUA KOHTAKT, a
TakXe, 0COBEHHO B NepBbLIX 3KCrMEpUMEHTaX (Aanee, HaKOMMEHHbIN OMbIT MOMOXET BaM MOHATH,
YTO 3NEKTPOA HEe TOT) Bbl 4OMKHBI 6bITb TOYHO YBEPEHbI B TOM, YTO MaTepuan 31ekTpoaa MMEHHO
TOT, YTO BaM HyxeH (TakXe, XOpowo Obl MPeACTaBNsTb KAKOM OH LUEPOXOBATOCTM — rMaAKuM,
LUEPOXOBATbIN MMM MOPUCTLIN — 3TO NO3BOSIUT BbIGPaTb BEPXHUI NpPeAen CKOPOCTU PasBeEPTKM, Npu
KOTOPOM Ha BOJSIbTAMMNeporpamMme euwe 6yayT pasnnynmMbl MCKOMble Bamm ocobeHHOCTM — nukuy,
HaKMOHbI U TN).

MoAKNOUMB MOTEHLMOCTAT K 3MIEKTPOXMMUYECKOW SYEMKe, He CTOMT cpasy 3anyckaTb
pa3BepTKy. [na Havana o6s3aTenbHO u3MepbTe MOTEHUMaN Pa3sOMKHYTOM uenu. [ns
noteHumoctatoB “Electrochemical Instruments” MOXHO nNpOCTO 3anyCTUTb  MOHWUTOPWHT.
Pernctpupyembiii noTeHUMan B waeane [AO/MKEH ObiTb MOCTOsSIHEH. [lonyckaeTcs HebonbLIon
(pasyMHbIl, OBGBACHMMbIN, 3aBUCUT OT CBOMCTB CUCTEMbl, €€ NPeauCTOPUMM N aKKYpPaTHOCTM
aKcnepuMeHTaTopa) Apevd. Ecnm perncTpupyetcs HepasyMHOE MO BE/IMYMHE 3HayeHue -
HECKOJIbKO BOJIbT, HACbILLEHNE AMana3oHa noTeHuMana npnbopa, 60bLWON WyM, HECTAabUBHOCTD,
TO npopomkatb paboTy aanee Henb3s! HeobxoaMMO TLLATENbHO MPOBEPUTH KOHTAKTbI, 3NEKTPOA
CPaBHEHWS, MpPaBWIbHOCTb MOAKMIOYEHMS W Tn. [nsi, Hanpumep, nNAaTMHOBOro paboyero

3NeKTpoAa B CEpPHOM KUCNOTe 3TOT MOTeHUMan AOKEH Nnexatb B uMHTepBane 600-1000 mMB B
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3aBMCUMMOCTM OT KOJSIMYECTBA pacTBOPEHHOrO (He yAaneHHoro) B paboyeM pacTBope KWUCIopoaa
WK Apyrux npuMecen.

B cnyyae e, ecnv noTeHUmMan pasoMKHYTOW Lienu okasancs XoTs 6bl MpUMEpPHO TeM, YTo
oXunaancs, MOXHO 3anyCcTuTb pa3sBepTKy. CKOpPOCTb perucrpaumm npubopa npu passBepTke
cnegyeT BblbupaTb M3 NpPOCTOro npasuna — 4 MB CKOPOCTW pa3BepTKU Ha OAHY PErucTpupyemyro
Touky. TO eCcTb, HampuMep, Mpu ckopocTu passepTku 500 MB/c MOXHO BblbpaTb CKOPOCTb
peructpauun 100-200 Touyek B cekyHay. lNpu 6onee HU3KMX CKOPOCTAX perucTpaumm Moryt He
NponMcaTbCs HEKOTOPbIE NMUKK, a Npu Bonee BbICOKUX CKOPOCTSAX perncTpauum, MOXeT He XBaTUTb
obbeMa AaHHbIX Npubopa Wnn CAULWKOM CUbHO ByayT BANATL MOMEXU U BHELIHME LWYMbl (TOYHeEe,
6yayT HepocTtaTouHO nogasneHbl. B noTeHumoctatax “Electrochemical Instruments” Huskue
CKOpPOCTW peructpauum nonydvaTcs u3 6onee BbICOKMX MyTEM YyCpeAHEHUsl, 4YTO BeaeT K
0CNabneHuto BAMSHUS MOMeEX).

B kauyecTtBe CTaApTOBOro mnoTeHUMana pas3BepTku cneayeT BblbuMpaTb MoTEeHUMan
MaKCUManbHO H6/IM3KMI K NOTEHLMany pa3oMKHYTOM Lienu.

[anee cneayet BbibpaTb CKOpocTb pa3BepTku. 300-500 mMB/c - poctaTtoyHO yaobHas
CKOpOCTb pa3BepTKM Ha NepBbiX nopax npu paboTte ¢ rnagkummn snekTpogamu. Ha 6onee BbICOKMX
CKOPOCTSIX pa3BepTKW Ha BONbTaMreporpaMmMe MoryT nponucaTbCs He Bce nuku. Ha 6onee HU3Kmx
CKOPOCTSIX perucrpauum MOryT CuibHee NposiBUTbCA MODOOYHbIE SIBIEHUS, @ TakXkKe, Ha TaKou
CKOpPOCTW KpuUBasi perncTpupyeTcs AOCTaTOdHO ObICTpO M Bbl cMoOXeTe ObICTPO yBMAETHL BCHO
KPVBYIO MNIM HEKOTOPYIO ee XapaKTepHYIO YacCTb, U OLEHUTb ee KayecTBo.

Mpu NepBOM 3anycke 3KCMepuMeHTa crieayeT BblbpaTb MakCcuManbHO rpy6bii Anana3oH
ToKa. 310 ybepexxeT npmbop OT meperpy3ok M AOMNOSHUTENbHbIX NPUYMH Ans Bo36yxaeHus. Kak
npaeBuno, 4yem 6onee rpybble aAMana3oHbl NOTeHUMana U Toka BblibpaHbl, TeM 6onee ycTonumB
npubop. Ho TeM HMXE N TOYHOCTb.

Ha pavarpamme B nepByl0 oyepedb HYXHO 06paTuTb BHMMaHWe Ha 3aBUCUMOCTb
noTeHUuana ot BpeMeHM. JTa 3aBUCUMOCTb JO/MKHA 6biTb Mpexzae BCero NMHelHa. He omKHO

6bITb NOMeX, LyMoB, NpU3HAKOB camMoB0o36yxkaeHus n Tn. ECnM nMeroTcs 3HauuTeNbHbIe MOMEXM,

BbIOPOChI, HENMHEMHOCTb, TO paboTaTb Aanblue Henb3a! HeobxoaAMMO HeMeaneHHO OCTaHOBWUTb
9KCNEPUMEHT, TaK Kak OeCKOHTpOSibHOE 3HayeHue noTeHunana (TUNMYHOE $BNEHWE Npu
CaMoBO36YyXXAeHNN) MOXeT bblTb 04YeHb BpPeAHO A MOBEPXHOCTU paboyero anekTpoaa.

Ecnn passepTka noTeHuMana xopowas, To Aanee cregyeT MoCMOTpeTb Ha 3HavyeHus
TokKa. Ecnn Het neperpy3ok (nNpubop He OTKMOYMI SKCMEPUMEHT CaM), TO 3aBMCMMOCTb TOKa OT
BpeMeHM A0MKHA 6bITb MOHOTOHHA, 6e3 6eCnpUUYMHHBIX pe3KMX BbIBpOCOB LWYMOB M TM. Ha rpy6bbix
AvanasoHax Toka Bbl 6yaete Buaetb Konebawus paspsgoB AL, M BO3MOXHO OYeHb

HE3Ha4UTENbHblE NBMEHEHNA TOKA, CBA3aHHbIE C Y>Ke CBOWCTBAMM Ballen X CUCTEMbI.
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Ecnu Bce B nopsiake, To panee cneayeT BbibpaTh 60nee TOHKMIA AnanasoH Toka. Mpwu
3TOM NMHENHas 3aBWCMMOCTb MOTEeHUMana OT BpeMeHW 06s13aTeslbHO AO/MKHA COXPaHSATbCS, a Ha
3aBMCMMOCTM  TOKa OT BpeMEHW [O/MkHbl 6onee OTYETAMBO  MpOSIBUTLCS  CBOMCTBA
3/1EKTPOXMMMYECKOM cucTeMbl, a pa3psabl ALM fomkHbl 6biTb MEHee 3aMeTHbI.

Takum obpasom, nocnegosaTenbHO noabepute Hanbonee noaxoasawWwMA AWanNasoH
TOKa. ECnn BO3HUKIN neperpysku, TO BEPHUTECh Ha NpeablayLmMin aMana3oH Toka. OaHako nydie
3apaHee OUeHUTb cuTyaumio M 6e3 HeobxoauMocTu (TOYHee MO CNy4alHOCTW) He AOonyckaTb
paboTy C neperpy3kamu.

Ecnv y Bac Bce nonyuunocb, To Bbl MoxeTe nonpoboBaTb MOMEHSAAITb CKOPOCTb
pa3BepTkun (Mpy 3TOM CKOpee BCEro M3MEHSTbCA TOKM, TOKM 3apsKEHUst HanpuMmep,
MpPONOpLUMOHasbHbI CKOPOCTW PasBEpPTKM), a TakxKe Apyrue yCnoBuS SKCNepUMeHTa — npegensi
pa3BepTKN U Tr. MOXHO BKIHOYMTb BpaLLEHWE U MOCMOTPETb — BO3HMKHYT JIN HOBbIE C/TOXHOCTM
(noMexu, NIOXON KOHTAKT v Tn).

Takke cnegyetr obpaTuTb BHMMaHuWe Ha 3awWMTy OT mMoMex. B npouecce perucrpauum
BO/IbTaMneporpamMMbl  MOXXHO MOMPO60BaTb M3MEHWTb YCNIOBUS M KOHTAKT 3KPaHMPOBaHUS,
3a3emnenHus u Tn. MNpu 3TOM Ha AnarpaMme HarnsaaHo 6yayT BUAHBI M3MEHEHWUS U YTyULIEHMSI.

BaxxHO uMeTb BBMAY, UYTO BO MHOMMX C/yyasx LMKIMYECKMe BOSbTamneporpamMmMbl Ha
MEepBOM LMKIE pa3BepTKM He MOMy4yaloTCs TaKMMUM KPacuMBbIMK, KakK B y4yebHMKax M XOpOLUMX
cTaTbsix. Hanpvmep nnaTWHOBLIN 31€KTPOA OObIYHO MPUXOAUTCS LMKIMPOBATb MHOIOKPATHO,
npexzae, YeM BoSibTaMreporpaMma npuobpeTeT NpaBUbHbLIN BUA. B HEKOTOPbIX Clyyasix Tak Xe

MOXeET I'IOTpe6OBaTbC$| SJIEKTPOXNMNYECKasA OYNCTKa UJIU NOAroTOBKa 3/1EKTPOAA.
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9. NMpumMepbl XOpowWKX U NPO6SIEMHDbIX BO/IbTAaMNEPOrpaMM.

MpyMepbl LMKANYECKUX BOSIbTaMNeporpamMM C 04eHb SIPKO BblpaXeHHbIMKU npobnemMamu:
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SBOMOLMS LMKJIMYECKONM BOSIbTaMMNeporpaMmbl niatuHbl B 1N cepHoii kucnoTte B npouecce
LUMKNMPOBaHUS. Dn. CpaBHEHUS HACbILLEHHbIN X/T0p-CepebpsHHbIN, pacTBOp He NpoayBany,

cKopocTb pa3sepTkn 500 MB/c, ckopocTb pernctpaumm 100 Teyek B cekyHay. Avarpammbl

OEMOHCTPUPYIOT, YTO KpaCuBbIE NMpaBUJibHbIE BO/IbTAMMNEPOrpaMMbl MHOIAa NMoJslydaloTCAa HE Cpas3y,

a TpebyloT NoAroTOBKM 3NEKTPoAa:
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DBOMIOUMS LIMKITUYECKON BOJIbTaMrneporpamMmmsbl naatuHel B 1N cepHoﬁ KNUCNOTE B npouecce

LUMKNMPOBaHUS. Dn. CpaBHEHUS HACbILLEHHbIN X/T0p-CepebpsHHbIN, pacTBOp He NpoayBany,

cKopocTb passepTku 500 MB/c, ckopocTb pernctpaunm 100 Teyek B cekyHay. CniowHas Kpueas —

A0 Ha4ala UMKIUPOBaHUA, NYHKTUPHaA — Nocne. O6paTMTe BHMMaHue Ha bonee sIBHOE BblaeneHme

BCEX 3JIEKTPOXNUMUYECKUX 0CobeHHOCTEN B npouecce UMKInpoBaHus.
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Linknnyeckne BonbTamMneporpamMmbl nnatHbl B 1N cepHOM KMCNOTe Npy pa3HOM BO3AENCTBUM
BHeLUHMX nomex. . CpaBHEHUSI HACbILLEHHbIN X10p-CepebpsiHHbIN, pacTBOP He NpoayBasu,
cKopocTb pa3sepTkn 500 MB/c, ckopocTb peructpaumm 100 Teyek B CeKyHay:
1 — syenKa B 3KpaHe, COEAMHEHHOM C 3a3eMJISIOLLMM pa3beMOM npubopa n bonee HU C yeM,

2 — ayelika 6e3 akpaHa,

3 — 6e3 akpaHa n aobaBieH HeIKPaHVMPOBAHHLIA NMPOBOA ANMHHON 1 M B pa3pbiB MNOAK/IOYEHMS
anekTpoaa cpaBHeHus (Ans “NoBnn” BHEWHMX HABOAOK N NOMEX),

4 — 6e3 3kpaHa U [o6aBneH HESKPaHMPOBAHHBIN NPOBOA AJIMHHON 2 M B pa3pbiB NMOAKIIOYEHMS

3JIEKTPOAA CpaBHEHUA.
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B 3TUX NpuMepax HESKPAHUPOBAHHbIN NPOBO/A BLINOMHAET POJib @HTEHHBI, KOTOPasi IOBUT
Bpe/[Hble BHELLUHWE MOMEXM U NepefaeT ux B npubop. Hanbonee cunbHO cTpadaer
BOAOPOAHas 061acTb, TK B HeM NpMBop UCNONb3yeT HanbosblLUEe YCUIEHUE CUrHANa

noteHumana v Hambonee noaBepXeH BNUAHNIO BHELLHUX MOMEX.
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Linknnyeckme BonbTamMneporpaMmbl nnatvHbl B 1IN cepHOM KMCNOTE NpY pasfiMyHbIX Avana3oHax
TOKa. In. CpaBHEHUS HACbILLEHHbIN X/T0p-CepebpsiHHbIN, pacTBOP HE NpoAyBanau, CKOPOCTb
pa3sepTkn 500 MB/c, ckopocTb permctpaumm 100 Tedek B cekyHay. Ha pucyHkax nognucaHbl
HOMWHa/Ibl MUCMOMb3YEMbIX AMANa30oHOB TOKa. Ha oTaenbHOM anarpaMmMe BHWU3Y 3aBUCMMOCTb

noTeHuUMnana ot BpEMEHU ANA nocnegHemn KpVIBOl‘/JI C neperpyskamm 1 BO36Y)K,U,€HVI€M:
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Kak B1AHO neperpy3ka TobkO B BOAOPOAHON 0bnacTi npuBena k Bo3byxzaeHuto npnbopa, B

OCTasbHbIX Xe obnactax neperpy3kn HUKakK He OTpasnJiInCb Ha NMPUSIOXKEHHOM NMoTeEHUUANIE:
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Linknnyeckme BonbTamMneporpamMmbl nnatHbl B 1N cepHOM KMCNOTe Npy aBTOMaTUYECKOM
AnanasoHe Toka. In. CpaBHEHMSI HaCbILWEHHbIN XI0p-CepebpsiHHbIN, PacTBOP He NpoAyBany,
cKopocTb passepTku 500 MB/c, ckopocTb pernctpaumm 100 Teyek B cekyHAy. BblaeneHbl nycTole
NPOMEXYTKN, KOTopble 06pa3oBannCb B MOMEHTbI NEPEK/TIOYEHUS AMaNa30HOB TOKa, 3TO
HOPMaJibHOE SIBIEHME AN TaKOW CKOPOCTM pa3BEpPTKM U CKOpocTu pernctpauum (npu 6onee

HU3KUX CKOPOCTAX pa3BEPTKN N peErncTpaunn oHn 6bi1n 661 MeHee 3aM6THbI):
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Linknnyeckne BonbTamMneporpamMmbl cteknoyrnepoga B 1N cepHon KucnoTe ¢ pacTBOPOM
rekcaumaHodeppaTta Kanvs npy aBToMaTM4YeCKoM AnanasoHe Toka. In. CpaBHEHMS HACbILEHHbIN
XNop-cepebpsiHHbIN, PacTBOp He NpPoAyBanu, CKOpocTh pa3BepTku 500-5 MB/c, ckopocTb
pervcTpaunmn aBToMaTUYecKu.

B pacTBope, Ang HarnsaaHOCTU, Tak Xe NPUCYTCTBYET NOCTOPOHHAS NpUMeCh B HEGOSbLLOM
KonuyectBe (pacTBOp He pa3MellaH nocne 4o6aBKM 3TOM NPUMECU N OHa NOCTENEHHO
AN DYHAMPYET K NOBEPXHOCTU paboyero snekTpoaa, Ytobbl HarnsaaHO NokasaTtb, Kak
3KCMEPUMEHT MOXET BbITb MCMOPYEH HEAKKYPATHOCTBIO MbITbsl A4ENKN U NPUrOTOBIEHMUS
pacTtBopa). [locTeneHHo, CO BpeMeHeM, ee B/IMSHUE NPOoSBASETCs BCce H6onblle, Tak Kak Ha
NOBTOPHO CHSITOM CEPUM KPUBbIX YK€ OTYETINBO HabnoaaloTcs ABa obpaTuMbIX nNpouecca, a He
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LIknunyeckune BoSbTaMMeporpaMMbl CTekoyrinepoaa B 1N cepHol KUcnoTe Npu pasnnyHbIX

AManasoHax Toka. 3. CpaBHEHMSI HACbILLEHHbIN X0p-cepebpsiHHbINA, PacTBOP He NpoayBasu,

cKopocTb pa3sepTku 500 MB/c, ckopocTb peructpaumm 100 Tedek B cekyHAYy. Ha pucyHkax

noanncaHbl HOMUHANbl UCNOJIb3YEMbLIX ANAMNA30HOB TOKa. Ha ewwe 60onee TOHKOM AnanasoHe ToKa
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(0,005 MA) skcrepnMeHT bbla OCTaHOBMIEH NPUOGOPOM BBMAY CUSIbHOM U HE NPeoaosIMMOW
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Linknnyeckasi BonbTaMneporpaMmMa nnaTuHbl B pacTBOpe CepHOM KMcoThl 1IN ¢ pacTBOpeHHbIM B
HeM cynbdaToM Mean. In. CpaBHEHWUS HACBILLEHHBIV XN10p-CepebpsiHHbIA, pacTBOP He NpoayBanu,
ckopocTb pa3sepTkn 100 MB/c, ckopocTb peructpaumm 100 Tedek B cekyHay. OTyeTnmeBo
HabntoaaeTcs pe3kuin MUK pacTBOPEHMS Meaun, OCEBLLEW Ha INIEKTPOAE paHee B OTpULIATENIbHON
obnactu noteHumnanos. CTpefnikaMmm nokasaH xoA BonbTaMneporpaMmmbl. CKOPOCTb perncrpaumm

OTHOCUTENbHO BbICOKAas Ansi TaKou CKOPOCTWU pa3BEPTKU — 3TO Heobxoaumo ans TOro, yTObbI YETKO

nponncatb AOCTAaTOYHO pe3KMl‘/JI MUK paCTBOpEHNA MEAN.
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LIknunyeckne BoNbTaMMeporpamMMbl NMpy o4eHb 60/IbLIMX HAaBOAKAX AN Pas/iMYHbIX CKOPOCTEN
pEermcTpaumm AaHHbIX. Ha HU3KUX CKOPOCTSIX PerMcTpaumm HaBoAKM MacKMUPYHOTCS YCpeaHEHNEM
AaHHbIX (HU3KME CKOPOCTM PErMcTpaummn AaHHbIX NOMyyaoTcs u3 60ee BbICOKUX NyTeM
ycpeaHeHus). PaboTaTb B Takux YCI0OBUSX HeNb3s! Huke npuBeaeHsl NpUMepbl C Mapkepamu

Anarpammbl - TOYKK, a 3aTeM - Npsmble. Ha PUCYyHKaX noarnncaHa CKOpOCTb perncrTpaumm aAaHHbIX:
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“Electrochemical Instruments”
Nnpon3BOACTBO U NOCTaBKa I'IpVI60pOB ONA 3NeKTPOXnMnNYeCKnx I/ICCJ'Ie,EI,OBaHI/IVI

Pernctpaums noteHumana pa3soMKHYTON Lenu (peXxxuM BonbTMETpa) C 3KpaHOM U 6e3 Hero ¢
pa3NNYHbLIMKU MapKepaMmn avarpaMMbl. SKpaH 6bla noakoyeH K pasbeMy GND npubopa npumepHo
Ha 8- cekyHAe nocne 3anycka u3mepeHus. o cBoen BenmumMHe HaBOAKM AOCTaTOYHO Hebonbluve

faxe 6e3 akpaHa. ObbluHO, ecnun pa3psaabl AL xopoLo, Kak 34eCb, pa3NnynMMbl Ha YPOBHE

HaBOAKK, TO OHa B UESIOM AonyCctnuma.

Mapkepbl - TOUKK
Bes akpaHa

Mapkepbl - NpsAMble
Bes akpaHa
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Limknuyeckne BOJIbTaMneporpaMmmbl npu pasimyHbIX HaUpOﬁKaX aHaiorosoro 6bICTpO£|,eI‘/JICTBVI$I

npubopa. HaMepeHHO MCMOb3YETCA OYEHb M/IOXOMN SNEKTPOA CPaBHEHMS, YTOObI MPOBOLMPOBATh
BO36Y)XAEHME, KOTOPOE NPOSIBMIIO CeHA Kak 3aMETHYIO OCLMNNIALMIO HA HU3KOM BbICTPOAENCTBUM
npubopa. Mpu NCNONb30BaHMN XOPOLLEro 31EKTPOAA CPABHEHMSI 0ObIYHO Pa3HMLbl NPAKTUYECKUN He

3aMeTHO. [10CTaTOYHO BbICOKasi CKOPOCTb pa3BepTku - 13 B/c:

BblcoKoe BbicTpoencTene
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LiMknnyeckmne BonbTaMneporpamMmmbl Npy pasnnyHbIX HaCTDOl‘;IKaX aHanoroBoro 6bICTpOD,el7ICTBMF|

npubopa. HaMepeHHO UCNO/b3YeTCs O4YeHb M10XOW 3N1EKTPO/ CPaBHEHUS, YTOObI npoBoOLMpPOBATb

BO36Yy>xaeHue npnbopa. Ha HM3koM BbiCTpoAENCTBUM NPUBOP Tak M HE CMOr BOMTK B paboumit
PEXUM, XOTS 3aBUCMMOCTb MOTEHUMANa OT BPEMEHW MMEET OTHOCUTENBHO JIMHENHBIM BUA (HO C

3aMETHbIMM UCKaXXeHUsIMK). CKOPOCTb pa3BePTKM OTHOCUTENbHO HeBbicokasi - 100 MB/c:
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LMknnyeckmne BonbTaMneporpamMMbl Npu pasfiMyHbIX CKOPOCTSX perncrpauun. HamMmepeHHo

MCNOJIb3YETCA OYeHb NIOXOWN INEKTPOA CPaBHEHUS ANS CO3AaHWs HeHONbLLOro BO36Yy>XaAeHUs

npubopa. BUAHO, YTO HA HU3KUX CKOPOCTSX perncrpaunmn rnuku nNaoxo NponucbiBatoTcs, Ha

cpeaHnx BOB6Y)K£I,€HVI€ MaCKMpPYETCA, HO NMUKK NponncCaHbl XOPOLLO. Ha 136bITOYHO BbICOKOM

CKOPOCTW perncTpauumn CTano 3aMeTHO Hannune HebonbLIoro (A0NYCTUMOro) BO36YXXAEHUS, Takxe

Npv 3TOM Ha 3anucb MOSIHOIO LMK pa3BepTKM He XBaTuno obbemMa AaHHbIX. CKOPOCTb pa3BepTKM
100 mB/c:
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LiMknnyeckne BonbTaMneporpamMmmbl Ha NOJTHOCTbIO aBTOMaTMYECKOM AMana3oHe TOKa, U Ha nosy-
ABTOMaTMYeCKOM AMana3oHe (aBTO-AMana3oH C 3anpeToM MOHMXKaTb AMana3oH ToKa —

cpabaTbiBaTb TO/IbKO Ha Meperpysky AnanasoHa). HaMepeHHO MCNosb3yeTcs OYeHb NIOXOM

2J1EKTPOA CPAaBHEHUA AN NMpOBOLUMPOBaHUA HebonbLLIOoro BO36Y)K£I,€HVIF|, KOTOpOE npmuBoanT K

NOXHbIM cpabaTbiBaHMSIM aBTOAMANa3oHa (ero Apebesry - 3aUMKIeHHbIM NEPEKIOYEHNSAM,
BblAENEHO KpacHbIM). B BoAOpOAHOM M ABOMHOC/IOMHOM 06/1aCTsIX KpMBasi CUSIbHO NPOCaXXeHa B
oTpuuaTenbHyto 06/1acTb TOKOB M3-3a HAIMUKUS pacTBOPEHHOMO Kncnopoda. CKoOpoCTb pa3BepTKu
10 mB/c:

nony-aBTo-gnanasoH MNOJTHOCTbHO aBTO-AMNana3oH
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11. CpaBHeHMe Heckonbkux noteHuyuocrtatoB “Electrochemical Instruments” npwu

BapbMPOBaHUUN KaYdeCTBa 3JieKTpoAaa CpaBHEHMUA.

[anee cnegyeT HECKONbKO CpPaBHEHMM pa3nnyHbIX MoTeHumocTaTtoB “Electrochemical
Instruments” B pa3nuuHbIX ycnosusx. ns HarnagHOCTU BapbUPOBANCs N1EKTPOA CpaBHEHUS, TaK
KaK 4alle BCero MMeHHO OH Hambonee CMIbHO BAMSIET Ha KayecTBO BCel paboTbl NOTeHuUMoCcTaTa
N KaK CNeacTBME Ha KayeCTBO perncTpupyemMon BosibTaMneporpaMMmsl.

Ans AeMOHCTpauMn CTaHAapTHbIX NpobneM UCronb3oBanu ABa 3K3eMMnsipa 31eKTPOAoB
CpaBHEHUS — OAMH XOPOLIEro KayecTsa, BTOPOM O4YeHb Moxoro (Takxke B KoHUe fobasunu euwe
OMH MPOMEXYTOYHOro Kayectsa). CpaBHMBAIOTCA MOTEHUMOCTATbl NATOrO MokoneHus — [u-
50PR0O3, P-30], P-8Nano kak Mexay cobon, Tak U C oaHMM M3 NpubopoB npeablayliero 4ro
MOKONEHNS.

ONeKTpoa CpaBHeHWs (XNOp-cepebpsiHHbIN) MCNONb30Bancs Bcerga C MOCTUKOM C [ABYMS
KpaHamu. Suelka 3kpaHupoBaHa. 3anucbiBanu LIBA B ogHOM M TOM e pactBope 1N cepHou
KMCNOTbl Ha OOHOM M TOM >e paboyeM nnaTtmMHOBOM 3nekTpofe. CkopocTb pa3sepTkn 500 MB/c,
pabounii pacTBop NpeaBapuTeNbHO HE NpoAyBasu.

AHanoroBble HACTPOWKM ObICTPOAENCTBUS €CTb TONbKO Yy MoTeHumocTatoB cepun PRO.
MoaToMy ANst HUX TakXKe MPOBEAEHO CPABHEHMUS BMSHUS 3TOM HACTPOWKM C LeNblo MOKasaTb, YTO
Hambonee NpaBWIbHO WCMONb30BaHWE MaKCMMasibHOro ObICTPOAEMCTBUSI, OAHAKO B HEKOTOPbIX
cnyyasx (Kak BUAHO M M3 NPUBEAEHHbIX Bbille NpUMepoB) 6onee HU3KME HAaCTPOMKWU aHasoroBOro
ObICTPOAENCTBMS MOTYT CUSIbHO MOMOYb MCMPaBUTbL CTOXKHYIO CUTYALMIO C 3N1EKTPOAOM CPABHEHMS.

Takke ana noteHumoctatoB cepun PRO (kak y Haubonee cnoxHblX u TpeboBaTesnbHbIX K
KayecTBy MOCTaHOBKM 3KCMEepUMEHTa) NpUBEAEHO CPaBHEHME KaK Ha MOSIHOCTbIO aBTOMaTUYECKOM
AvanasoHe ToKa, TaK M Ha (MKCMpoBaHHOM. PaboTa Ha (pMKCMPOBAHHOM AMana3oHe TOKa MeHee

YAO6Ha, OOHAKO NO3BONSET 3anucaTb bonee KayeCTBEHHble BOJZIbTaMMporpaMmmsil.
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Lnknunyeckne BOnbTamMneporpaMmbl € PasfiyHbIMW - 3N1EKTPOAaMU  CPaBHEHUS  MpU
Pa3fIMYHbIX  @HANOroBbIX  HACTpoWkax ObicTpoaencTBus npubopa. Mpubop MA-50PRO3,
(MKCMpoBaHHbLIN Anana3oH Toka-200 MKA. Ha BonbTamneporpaMmax noanucaHo bbicTpoaencrame
npubopa.

NpoeanbHas BonbTaMMnporpaMMma MoslyyaTcs Mpu MaKCMManbHO BbICOKOM 6bICTpPOAENCTBUM
npubopa MNpy MCNONb30BaHUM XOPOLLEro 3MeKTpoaa cpaBHeHus. OAHaKo, HACTpoWka HWU3KOro
ObICTPOAENCTBMSA MO3BONSIET HECKOIbKO CHU3UTb BEPOSITHOCTb BO30OYyxaeHust npubopa npw
MCNONb30BaHWM MJIOXOr0 3MEeKTpoAa CpaBHEHMS (Ha HM3KOM CKOPOCTU pa3BepTKU MepexXOAHbIN
MpoLECC Ha HWXKHWX Anarpammax 6yaeT Bu3yanbHO YMEHbLUATbCS MPOMOPUMOHANIBHO CHUKEHUIO
CKOpPOCTW pa3BepTKu):
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LiMknnyeckne BonbTamneporpaMmbl

C pPa3nnyHbiIMKU 3INEKTPOAAMU CpaBHEHUA MpU

Pa3NIMYHbIX aHANOroBbIX HAcTpovikax bbicTpoaencTeus npubopa. Mpubop MN-50PRO3, nonHOCTLIO

aBTOMaTU4YeCKM AManasoH Toka. Ha BOJZibTaMneporpamMMmax noanmncaHo 6bICT|DOLlel\/1CTBMe npubopa.

NaoeanbHas BOJibTaMnNeporpaMma nony4aeTca Ha MakCMMasibHO BbICOKOM 6blCTpO,U,€l‘/JICTBVIVI

npw6opa npu MUCNOJIb30BaHNUN XOPOLIEro 3NEKTpOAa CpPaBHEHWUA. Mnoxon 3NIEKTPOA CpaBHEHUA

BbI3blBAaET He6OsbLLOE BO36Y)K£I,€HM€ an6opa, N Kak cneacrsme, Ha HWUM3KOM 6bICTPOAENCTBUM

MHOrAa BO3HUKAKOT NNOXHbIE Cpa6aTbIBaHVIF| aBTO-AMana3oHa TOKa.

3eneHbiM LIBETOM BblAENEHbI

(HopManbHoe sBneHue):

3dMETHblIE Ha T[Jla3 NEPEKNOYEHNA ANana3OHOB TOKa
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Linknnyeckne BonbTamMneporpamMmMbl C PasfnYHbIMK 3M1EKTPOAaMU cpaBHeHus. Mpubop P-
8Nano (npakTnyeckn Takoe >xe noBeaeHne HabnoaaeTcs n y P-30]), NONHOCTbIO aBTOMATUYECKMNIA
AManasoH Toka. MpaeanbHas BOMbTaMmeporpaMmMa MoslyyaeTcs npu MCMosb30BaHUKM XOPOLLEro U
CpeaHero rno KayecTBy 31eKTpoAa CpaBHEHUS.

Mnoxon 3neKkTpoA CpaBHEHMSI BbI3blIBAaeT COBCEM Hebonblioe (abCcontoTHO AOMYCTUMOE)
BO36yxaeHne npubopa 6e3 noxHblx cpabaTbiBaHUM aBTO-AManasoHa Toka. BuaHo, uto Gonee
npocTtole noteHumocTtatol (No cpaBHeHnto ¢ TN-50PRO, cM. pavarpamMbl C  BbICOKMM
bbicTpOAENCTBMEM) 4yTb MeHee TpeboBaTesNbHbl K KauyecTBy 3M1eKTpoaa CpaBHeHusi. OHM
OpPVEHTUPOBaHbl Ha MeHee OMbITHOMO Mofb3oBaTens, ux 6onee npocTas KOHCTPYKUMS WU
CXEMOTEXHUKA He CTOMb KPUTUYHA K aKKypaTHOCTM MOCTaHOBKW 3KCnepuMeHTa. OgHaKo npu 3TOM
NX BO3MOXHOCTU WM XapaKTEPUCTUKM CYLLECTBEHHO YXe (Mpu HeobXOAMMOCTM CM. MHCTPYKUMIO K
npubopam). MNMpubop BeaeT cebs abcontoTHO aAeKBATHO B NSAHE NEpPeKIoYEeHUs Anana3oHoB ToKa
CO BCEMM 31eKTPOAaMn CpaBHEHUS.

[Avarpammbl npuvBeAeHbl MO Mepe yXyALWeHUs KadecTBa 3/1eKTPoAa CpaBHEHWUSI CBEPXY BHU3
(no cpaBHeHno ¢ Tectamu [N-50PRO3 pobaBneH ewe OAMH MPOMEXYTOYHBIM MO KayecTBy

3NeKTPOA CpaBHEHUS):

ToK, MEd,

ToK, MEA

ToK, MEA,
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Linknnyeckne BonbTamMneporpaMmbl C pasinNyHbIMK 3NeKTpodaMn cpaBHeHus. Mpubop 4-ro
MOKONEHWs, MONHOCTbIO aBTOMATMYECKMW [AuanasoH Toka. MpeanbHas BonbTamneporpamma
Mosly4aeTcs Npu UCNOMNb30BaHNM XOPOLLErO MO KavyecTBY 3M1eKTPOAa CPaBHEHUS.

CpeoHuii NMo KayeCTBy 3/1EKTPOA CpaBHEHWS Bbi3biBaeT Hebosnbluoe (ewe npuemnemoe)
Bo3byxaeHne npubopa 6e3 NoxHbIX cpabaTbiBaHWM aBTO-AMANasoHa Toka. BwuaHo, uto 4-e
rokoneHve npubopoB HECKONbKO 6onee KpUTUYHO K KauyecTBY 3MeKTpoAa CpaBHEHWS Mo
CpaBHeHMO ¢ 5-M nokoneHveM. HabniogaeTcs pocT BO3bY>KAeHUS MO Mepe yXyALeHUs KayecTsBa
anekTpoaa cpaBHeHus. [pubop BeaeT cebs abcoNOTHO adekBaTHO B MNJIAaHE MNepektoYeHns
[Mana3oHOB TOKa CO BCEMW NEKTPOAAMWN CPABHEHWS.

[Avarpammbl NpuBeaeHbl N0 Mepe yXyALWeHNs KayecTBa 3N1eKTpoaa CPaBHEHUS CBEPXY BHU3
(no cpaBHeHuno c Tectamu [N-50PRO3 pobaBneH ewe OAMH MPOMEXYTOYHBIM MO KayecTBy
3NeKTPOA CpaBHEHUS):
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12. Ewe pa3 npo 3awjuty OT noMex.
BBuay KpavHem BaXXHOCTM 3TOr0 BOMPOCa, @ Takke TOro, 4YTO JaXe OMbITHbIE

2NEKTPOXMMUKN He Bceraa 0bpallatoT Ha Hero BHMMaHue, NpMBOAMM [Be KpUBble, CHATbIE B OAHUX

M TeX e YCNOBUSX, HO B MOMEHT PerncTpauuMm BTOPOM KPMBOW MPOCTO 6bln  OTK/HOYEH,
MCNONb30BaBLUMINCS [0 3TOMO0 META/IMUYECKUI 3KpaH. DNEKTPOA CPaBHEHWUS UCMOb30BasICS
OTHOCUTENBHO HEBBLICOKOFO KayecTBa. Bce oCTanbHble YCNOBUS aHanorMyHbl  MpeablayLimm
3KCMepUMeHTaM. DKpaH NpeacTaBnseT coboi Kopnyc oT kKoMnbtoTepa. OH 3NEKTPUYECKM COEANHEH
C pa3beMOM 3a3eMsieHns npubopa u 6onee HU C YeM. Pe3ynbTaT abCcoNOTHO MAEHTUYEH Ha BCEX

YETbIPpEX I'Ipl/l60an, paccMaTpuBaBLLUUXCA B MpeablayLeEM pa3aene. (rpum. asropa. 60/1ee KaHOHUYHYIO

BOJIbTa@MIeporpammy [/iatuHel, aBTopy AOBEJIOCH BUAETHb JIMLUb O4HAX/Abl, BO BpeMeHa MO/I04oCTh Ha Kaqf)e,ape B

YHuBepcuTeTE — TAM, KOHEYHO, PACTBOP Obl/T IPEABAPUTEIILHO NPOAYT).
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