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YBaxxaembivi konnera! Hacroswmi JOKYMEHT HAmMcaH 4718 Toro, 41obbl noMoys Bam
pazobparscs B OCHOBHBIX TWUIMAax, YCTPOUCTBE M MPUHUMINGX pPabOoTbl XKHUGKOCTHBIX
S/IEKTPOXUMNYECKUX THEEK. 3AECH MPUBEJEHO MHOXECTBO IPAKTUHYECKUX PEKOMEHAALMUA U

[10SICHEHMY O KOHC TPVKLUU U [TPUMEHEHUN SJIEKTDOXUMUYECKUX AHEEK.

K coxarnermro, He y BCex Hac U BCErAAa €CTb BO3MOXHOCTb KYITUTb abCO/IIOTHO BCE
060py.A0BaHNE A1/15 S1abopaTopun. He Ha BCe ecTp CDEACTBAE, HE BCErAA €CTh BO3MOXHOCTb
JOXAATBCA IPUX043 MMITOPTHOrO 060PYAOBAaHMS, HE BCE 0O0PYAOBaHNE U MATEPHA/IbI B
TIDUHLINIIE MOXHO KYITUTb., MHOroe rnpuxoauTcs A€1ate CaMuM U [0pabatsiBats. [1o3Tomy
[TIOMUMO  OIUCAHMS SJIEKTDOXUMNYECKUX SAYEEK ITOT JOKYMEHT COLEDKUT HEKOTOPYHO
MPaKTUYECKYIO MH@OPMALMIO O TOM, KakK U U3 KaKUX MATEPUA/IOB MOXHO MU3rOTOBUTH

SJIEKTDOXUMUYECKNE SAYEVIKU U 371EK TPOAbl.

HOonosniHnTEe/IbHO PEKOMEHAYEM U3YYNUTL MPUMEPSI MCosIb30BaHnsg AN 9, 13, 19, 23.

Bce oHu ecTb Ha ANCKe C rprbopoM U Ha HaLIEM CanuTe WWW.EIINs.su B pa3fesie 3arpy30K.
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1. dnexTpoabl cpaBHEHUSA

DNeKTpoa CpaBHEHMS 4vallle BCEro MCNONb3yeTCsd B TPEX3NEKTPOAHbIX XUAKOCTHbIX
SJTIEKTPOXNMUYECKUX siyerkax. Ero HasHaueHue COCTOUT, BO-MEPBbIX, B TOM, 4yTO6bl MMETH
BO3MOXXHOCTb, C NOMOLUbIO MOTEHUMNOCTATa 3aaBdTb U U3MEPATb 3HAYEHME MOTEHLMAsa

pabouero anekTpoaa.

Bo-BTOpbIX, OH ABNSIETCS TOYKOW (MHCTPYMEHTOM) BbIGOpa TOro noOTeHUMana,
KOTOpbI HeobxoaAMMO M3MepuUTb B WccieayeMon cucteme. To eCTb, Hanmpumep, B
KNIAaCCUYECKON TPEX3NEKTPOAHON sYeike, 3NIEKTPOS CPAaBHEHNS MOXHO MOABECTU Bamxke K
OOHOMY M3 [BYyX OAMHAKOBbIX TOKOBbIX 3/1eKTPOAOB W CAenaTtb, TakMM obpasoM, ero
pabounM 1 1M3MepsTb NOTEHUMAN 3Toro paboyero 3neKTpoaa OTHOCUTENBHO MMEKLLEroCs
3NeKTpoda CpaBHEHUs! (CMIbHO YMPOCTMB, MOKA YTO CUTyaumto, B oblieM, Tak U eCTb.
Takke HeobxoAMMO MpaBUIbHO MOAKMOYMTL MNpoBoAa npubopa, CM. MpuUMepsl

ncnonb3osaHus AN 9 n AN 13).

Puc. 1. Xnop-cepebpsiHHbIA 31eKTpoa cpaBHeHUsl. OTeyecTBeHHbIM TMna dcp-10101-4,2.

Uepe3 3neKTpoA CpaBHEHUSI MNPOTEKAeT O4YeHb Manbii Tok. OH cuuTaeTcs
npeHebpeXxxMMo ManbiM, O4HAKO OH HE paBeH HyN, MHaye 6bl C HUM He cMor paboTaTtb
NOTEeHUMAoCTaT. DNEKTPOMETP MNOTEHUMOCTaTa, HEeCMOTPsS Ha BbICOKOE BXOAHOE
COMpOTMBIEHNE, BCE Xe NOTPebNsEeT C 3NeKTpoaa CpaBHEHUS HEKOTOPLIN TOK, 0ObIYHO Ha
YPOBHE [0Nel — [ecATKOB MukoaMmnep. 3aBUCUT OT TWMA, KayecTBa, CTOMMOCTM MU
COCTOSIHMA npubopa (@ Takxke CUNbHO OT TeMnepaTypbl, YeM XONoAHee, TEM TOK MeHbLUe,

3aBMCUMOCTb SKCMOHEHUMNANbHA).

O6bI4YHO 3N1eKTpoabl CpaBHEHMSI YKOMMJIEKTOBAHbI HE3KPAHWPOBAHHLIM Kabenem ¢
knemMmon. Ecnu Bbl nonb3yeTecb 3kpaHOM suenkn (3To HeobxoamMo!), TO MOXHO OCTaBUTb
3TOT Kabenb-nNpoBOA KakK ecTb. HO snyywe Bcero yKopoTUTb ero A0 AJMHHBI 4-6 CM U

3a4UUCTUTb Ha 1 CM AN NOAKIYEHNS 3aXXKMMa KPOKOAM NPoBOAa NOTeHLMOocTaTa.
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Takxke aneKTpoAbl CpaBHEHUS BbIBAIOT C 3KPAHMPOBAHHbLIM NPOBOAOM W BHYTPEHHEW
TpyOKOM — 3KpaHOM CaMOro 3M1eKTpoAa. Takue 3M1eKTPOoAbl MMEKT Ha CBOEM KOHUe
cTaHAapTHbI BNC-pa3beM, KOTOPbIA MOXHO MOAK/OYaTb Cpasy K MOTEHUMOCTATy SMMHC.
EanHCTBEHHOE OrpaHuyeHne — ecin B BaweM noTeHuMocTaTe ecTb MoAy/lb M3MEpPEeHUs
3/1EKTPOXMMMYECKOrO MMMEeAaHca, TO HY)XHO NPOBEPUTb Ha MMMNEAAHCHOM 3KBUBASIEHTE —
[0 KaKMX 4acToT CBEpXy 3TOT Kabenb He MUCKaXaeT CreKTp umneaaHca. [leno B TOM, 4YTO
EMKOCTb Ka)xaoro kabensi BXoauT B KanubpoBKy npubopa no MMneaaHcy, U ecnin WTaTHbIN

kabenb INMHC 3aMeHNUTb Ha “4YyXoi” kabenb, TO BO3MOXXHO CU/bHasi packanmMbpoBka.

3auyacTyto, C NEKTPOAAMMU CPABHEHMSI UCMOMb3YIOT CreumasibHble MOCTUKK, KOUM
WNN Apyrue 3MeMEeHTbl U y3/bl 3NEKTPOXMMUMYECKOW suelikun. [pakTuyecku Bcerga ux
HA3HAYEHME COCTOMT B TOM, YTOObl OTAENUTbL MEXAHUYECKM ApYyr OT Apyra pacTBop
paboyero 3neKTpoaa OT TOro, KOTOPbIM 3amosiHEH pabounii 06beM 3neKTpoaa CPaBHEHMUSI.
OyeHb 4acTO 3TU pPaCTBOPbl CWUMbHO PaA3NMYalOTCA MO COCTaBy, M WX B3aMMHOE
NPOHMKHOBEHWE HEOMNYCTUMO, TaK KaK MOXET MCMOPTUTb 3KCMEPUMEHT W/WNK 3NEKTPOA,
CpaBHEHUSi. MOCTUKM 3NMEeKTPOAOB CPaBHEHWUS OBbIYHO MCMONb3YIOT HECKOSIbKO TUMOB
pasaenuTene — CTeKNsIHHbIE KpaHbl, NMOPUCTOE CTEKI0 WAN MPECCOBAHHYIO CTEKNSIHHYIO

KPOLLIKY.

Puc. 2. IByXKpaHOBbIN MOCTUK 3/1EKTPOAA CPaBHEHMSI.
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OpHa BaHas 0COBEeHHOCTb, BcCerga npUCYTCTBYIOWAS WMEHHO Y MOCTUKOB,
NpeaHa3HaYeHHbIX ANS 3N1EeKTPOAO0B CPaBHEHWS, 3TO Hanuume kanwunnspa JlyrrmHa. 370
TOHKas BbITAHyTass Tpybka Ha ero KOoHue, OTOrHyTas WM BbITAHyTass B CTOpPOHy. OHa
npegHasHayeHa ANs Toro, 4Tobbl MOABECTM €€ KaK MOXHO 6nmke K MonspusyeMon
NOBEPXHOCTN paboyero 3nekTpoga, npu 3TOM MWUHMMANBHO €e 3KpaHuMpoBaB. 3TO
HeobxoaMMO AN CHWMXKEHUS OMMYECKOro COMpPOTMBMEHWUS pacTBOpa 3MEKTPONUTA,
3aK/IIOYEHHOrO MeXAy NOBEPXHOCTbLIO 3N1EKTPoAa U KanunnspoM JlyrrmHa (Toukon BBOAa B
paboumnin pacTBOp 3neKkTpoaa cpaBHeHUs). MNMoapobHee 06 OMUYECKOM COMPOTUMBAEHUN U
ero KkoMmneHcauum (IR-koMneHcaumm) cMOTpuTE MpuMep ucnonb3osBaHus AN 23. K
COXalNeHWIo, 3TOT Kanuaisap O4eHb XPYMnoK, M YeM fydlle OH BbIMOMHSAET CBOM (YHKUMM,
TEM OH TOHbLle WU TEM ferye ero C/oOMaTb BO BPEMSI MblTbS MOCTMKA WM MpuU ero

YCTQHOBKE B SIUENKY.

Camoe rnaBHoe, 4TO HeobXoAMMO 3HATb MPU UCMOMb30BAaHNMN MOCTMKOB C KpaHaMm
3TO TO, UTO KpaH HeobxoanM ANs MeXaHM4ecKoro pasgeneHus AByX cpef. XKU3HEHHO Xe
HeobxoanMbli, anst paboTbl NpUbopa, 3NEKTPUUECKUIA KOHTAKT pacTBOPOB, HAXOASLLMXCS
MO pasHble CTOPOHbl 3TOMO0 KpaHa, OCYLUECTBASETCA uYepe3 TOHKYI MPOCIONKY
anekTponuTa no wandy KpaHa (4epe3 TOHKYHO MPOCMOMKY 3MEKTPONUTa, 3aXaTylo Mexay
NpUWAMMOBAHHLIMM  NMOBEPXHOCTSAIMM  CTAUMOHAPHOM M MOBOPAYMBAIOLLENCS YacTeu
KpaHa). DTOT 3NeKTPOonuT (Yalle BCEro BOAHbIN, HO 3TO HE NMPUHUMMMANIbHO) HAaXoAUTCA B
MUKponopax wianda (UM MOXHO CKa3aTb CNYXXWUT KpaHy BMeCTO CMasku). B cnydae
BbICbIXaHMS KpaHa, 3TOT KOHTAKT TEpPSIETCs, U NpMbop yXXe He CMOXET AepXXaTb NoTeHuman
N, CKOpee BCEro, 3KCnepuMeHT 6yaeT ucnopyeH, Tak Kak npubop BbIHYXAeH 6yaer
NOTEPSATb KOHTPOSIb Hag MOTEHUMANOM W MNPUAOXKWUT K BCNOMOraTeNbHOMY 31eKTPoAy
MaKCMMarnbHOe HanpshkeHne (Mo Mepe Toro, Kak OyaeT BbiCbixaTb 3Ta NpocC/oKnka, byaet
pacTn ee COnpoTUB/IEHWE M Npubop ByAEeT TepsaTb YCTOMUMBOCTb, M B KAKOM-TO MOMEHT

NOTEPSIET KOHTPO/Ib HaZ MNOTEHUMANIOM).

B no6oM cnyyae, YeM MeHbLLE COMPOTMBIIEHME 3TON MPOCIOWKN 3MIEKTPONUTA, TO
eCTb YeM OHa Tonwe (M YEeM OHa MeHee MpepBaHa pas/IMYHbIMKM My3blpbKaMu U
nyctotamu), TeM YCTOMUMBEE W KauyecTBeHHee 6yaeT paboTaTb MOTEHUMOCTaT.
®aKTMYecKu, pOoCT CONpPOTUBNEHUS (MMMNeAaHCca) 3TOM NPOC/ONKN YBETMYMBAET UMNEAAHC
3/1EeKTPOAAa CPaBHEHMSI U TEM CaMbiM CHWXXAET 3amnac yCTOMYMBOCTM MoOTeHumocTaTa. Ha

BOJIbTaMNEPHbIX KPUBbLIX 3TO MNMPOABNIAETCA B BUAE POCTAa WyMa AaHHbIX TOKa, 1 B COBCEM
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MNIOXMX ClydasiX Yy)Ke KakK pOoCT WyMma noTeHuuana. lostomy, HeobxoaMMO TLaTeNnbHO

cnegnTb 3a TeEM, 4yTObbI KpaHbl MOCTUKa 3JIEKTPOAA CpaBHEHUA 6binn XOpOoLOo CMOY€EHbI.

ObnacTb
3MeKTpUYECKOro
KOHTaKTa ABYX
pasHbIxX
pacTBOPOB M UX
MeXaHWJECKOro
pasaeneHus

Puc. 3. CTEKNSIHHbIN pa3aenuTesbHbIN KpaH Ha wande.

MopucToe CTeKNo, KaK M CTEKTOTKaHb MM acbecT (OHM TaKXe NPUMEHSIITCA ANs
bopMupoBaHNs  pa3genutenend B 3MEKTPONUTMYECKMX  MOCTMKAx WU KJo4ax),
obecneunBaeT Hauxyallee MeXaHW4Yeckoe pasfefieHMe pacTBOpPOB, M MO3TOMY He
PEKOMEHYETCA K NMPUMEHEHNIO B LIENSIX 3NEKTPOIOB CPaBHEHMS. Ero MOXHO NpUMEHSTL B

Lenn BCNoMoraTeibHOro afieKTpoaa, ondTb Xe, eCs/in 3T0 HE KPUTUYHO.

Moxanyn, HaunyyliMM MaTepuUanoM ANs pa3aeneHust Lienen 3neKTpoaa CpaBHEHUS
SAIBNSIETCH MpPeCccoBaHHAs CTEKNsIHHAs Kpowka — @puT o4YeHb Manoro pasmepa. B
NabopaToOpHbIX YCNOBMS MPOLLE BCEr0 MPUrOTOBUTb OYEHb MENKUA (DPUT MOXHO BbiayB
CTEKNSIHHBIA WapuK C TOHKMMM CTEHKaMW, W 3aTeM pa3buB ero (akkypaTHo!). [danee
NoNy4YeHHOE CTEK/I0 akkypaTHO (!) nepeTonoyb 1 3anpeccoBaTh B CTEKSIHHYO TPYOKY mnu
Kanunnap. Pa3genutenM Ha OCHOBE MOPUCTOrO CTekna o6nagaloT  XOpoLMMM
pas3fenuTenbHbIMM  CBOMCTBaMK, ObICTpO MNOAroTaBnMBaloTcs K  paboTe, WMeloT
NPUEMNEMbIN MMMNEAAHC, AOCTAaTOYHO HEMPUXOTAMBLI. EAMHCTBEHHBIM MX HEAOCTaToOK -
OTHOCUTENbHAasl HEeAONrOBEYHOCTb W CNOXHOCTb OTMBbIBKM, @ TaKXe HEBO3MOXHOCTb
NPUMEHEHUSI B HEKOTOPbIX pacTBopax. B anekTpogax cpaBHeHUSI Hambonee BbICOKOrO

Ka4yecCTtBa NpUMEHA0T noAobHble MaTepuarbl.
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DneKTpoAabl CpaBHEHMSI ObIBAOT pa3nMyHbIX TUMNOB. Hanbonee pacnpocTpaHeHbl Tak
Ha3blBaeMble X/10p-cepebpsiHHble 31eKTpoabl. pOMbIWNIEHHOCTb, Kak Poccu, Tak M 3a
pybexoM BbIMYCKAET CaMble pasNYHble MOAENM W MapKW 3NEKTPOAOB CpPaBHEHWS.
MpakTnyeckun Bceraa MMMNOPTHbIE 31EKTPOAbLI 06/1a4aloT XOPOLWMMM XapaKTEPUCTUKAMK, TO
€CTb MMEIT AOCTAaTOYHO HEBLICOKMA COOCTBEHHbLIA MMMEAAHC Anst YCTOMYMBOW paboTbl
NOTEHUMAoCTaTa, a TakxKe Npu 3TOM MX paboumint 06beM Kak MpaBMIO XOPOLIO M30/IMPOBaH

OT BHELLUHeN cpespbl.

Takxke CTOMT OTMETUTL POCCMICKME 3nekTpoabl CpaBHeHWs npomsBogcTBa 00O
“U3ameputenbHas TexHuka” r. Mockea. 1o onblTy 3Kcnjayatauum M No pesysbTataM
MHOrOYUCNEHHBbIX CpaBHeHUA, OO0 “DnMHC” peKoOMeHAYET WMEHHO 3TWU 3NEKTPOABbI,
Hanpumep cepumn SCP-10101 (Ha 2015 roa ueHa y npoussoautens nopsaka 1000 py6. npu
TOM, YTO 3TW 3MEKTPOAbl UMEKT BCe Te Xe AOCTOMHCTBA, YTO W Jlydlne UMMOPTHLIE,
BbIMNOMIHEHbI HEMHOIO npoule, HO (YHKULOHANbHO MPaKTUYECKM HUYEM MM He YCTYnatoT)
ana pabotbl € nobbiMM MoaensaMmn noTteHumoctatoB (puc.l). Mpu 3TOM 3TU 3anekTpoasbl
KpaHe AOCTYynHbl No ueHe (B AecSTKM u bonee pa3 AelleBne UMMOPTHbIX) M He 6bl1o
cny4yas, 4tobbl MX He 6bl1I0 B HanAMuMM Yy KOMMaHWW npoussoauTens. EAMHCTBEHHas
pekoMeHAaums, KOTOpPY MOXHO 6bln0 6bl AaTb — HE HY)XHO pa3MaTbiBaTb AOCTAaTOYHO
ANMHHBIN HE3KPAHMPOBAHHbLIA Kabenb, Maywmui OT 31eKTpoAa, YEM OH FeoMEeTPUYECKU
KOpouye, TEM MeHblle OH CMOXET cobpaTb Ha cebsi BHeWwHMX noMex (ero MoXxHoO obpesaTb
A0 ANMVMHHBL 4-5 CM M 3auucTUTb Ha 1CM ANs KOHTakTa C KPOKOAMMIOM MnpoBoAa
noTteHuuocTaTta). B noboM cnyyae, OH AO/MKEH HAXOAWUTLCA BHYTPU 3KpaHa Sueiku Ans

3anTbl OT BHEWWHUX NMOMEX N HaBOAOK.

OO0 32nvHC He pekOoMeHAYyeT WCMOoNb30BaTb CTOMb PacnpoCTpaHeHHble B Poccun

anekTpoabl FoMenbckoro 3aBoaa. [oTeHumMocTaThl paboTaldT C HUMM, HO HE Ha CTOMbKO
YCTONYMBO, Kak C 6onee KayecTBEHHbIMU. ITO 3aMeYaHne OTHOCUTCS Kak PoccuickmmM, Tak
M K UMMNOPTHBLIM MOTEHUMOCTaTaM. Takxe, 3TW 3MeKTpoAbl HE B [OCTAaTOYHOW CTEMNeHu
M30/IMPOBaHbl OT BHELUHEW Cpefbl, M3 HUX MOCTEMNEHHO M BCEraa Mo-HEMHOMY COYUTCS

31EKTPONNT.

OcobeHHO, BEPOSITHO, CTOUT BbIAE/IUTL BOAOPOAHbIN 3/IEKTPOY. [O/MKEH 3aMETUTB, YTO 10
MOJI0AOCTU — Ha ANIIIOME U B aCITUPAHTYPE, aBTOP 3TOro AOKYMEHTA PaboTasl TOJIbKO C HUMM, 10

PS4y PUYMH, B OCHOBHOM HEY4YHO-3CTETUHECKUX (TAKXE B TE€ BPEMEHA X/IOPCEPEBCPSHHBIE I10-
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BCrOgy 6bl TOsIbKO [OME/IBCKME, a OHU HE Jlydluas aabTepHatnBa). OAHAKO, OHW MOCTOSHHO
TPEe6oBaM BOAOPOAa, TO ECTb MPUXOANIOCH AE/1aTb CAMOAETbHBIE S/IEKTPO/TUZEPLI (Pa3yMeETCs,
MPAKTUYECKM  BCErga BCE  IMPOMBILLIIEHHBIE — S/IEKTPOSINIEPLI  Obl/IM  3aHATbI  TOM/INBHBIMU
3/IEMEHTaMKU, B TOM YUC/IE M CaMUM XK€ aBTopoM). CaMOAE/bHBIM S/IEKTPOSIUIED JIEMKO
U3rOTaB/IMBAETCS M3 BbICOKOrO CTakaHa Ha 2 JMTPa, 3aKPEI/IEHHOW B HEM [1EPEBEPHYTOU
AE/NTEIbHON BOPOHKY, [POCTOrO PErY/IMPYEMoro 6710ka rmTaHns Ha 1-3 amnepa 10-18 B,
PacTeopa LYeIoYm, napbl CTEKIOYITIEPOAHBIX MIACTUH (34€Ch - /II0OOro KavyecTsa — IpoLYe BCEro
Hapeszate B [10/10CbI KPbILUKU AnameTpom 10-13 cm oT Turned). lepnognyecku B HEM HY)XHO
MEHSTb PacTBop. MOXHO TaKXe WCIIO/Ib30BaTe HUKE/IEBYIO MPOBOJIOKY M 60sbLuov U-06pazHbiv
cocys. Takxe nepuognyecku HEobXoauMo YUCTUTL U TEPENIATUHNPOBATL [/IaTUHOBYIO CETKY

CaMoro 3/1eKTpo4a CPaBHEHHA.

Bce e CTouT 3aMeTUTb, YTO UCIIO/Ib30BATh COBPEMEHHBIE X/IOPCEPEOPSHHBLIE 3/1EKTDOALI
npowe u gewessne. Begs A1 BOJOPOJHOro 3/1EKTPOLA BCE PaBHO, Kak M C X/10PCEPECPSHHBIM
J/IEKTPOLOM, HEOOXOANM  S/IEKTPOSIUTUHECKUM  K/IIoY  (ewje u  C  1pogyBKOW  BOAOpPO4a).
[lnatnHupoBaHne CETku BEAETCS U3 PacTBOPa reKcax/iopiiaTuHOBOU KUC/IOTbI, TO €CTb OfsiTb XKe

UCII0/Ib3YETCH X/10D-CEPEOPSHHbIN 3/IEKTDOL.

U3 [1071€3HBIX PEKOMEHAALMN - MOXHO UCIIO/Ib30BATE B BOAOPOAHbLIX 3/1EKTPOAAX
TIPOMBILLIIEHHbBIE OTEYECTBEHHbIE WM benopycckme (IoMeIbCkue) M/IaTMHOBBIE 3/1EKTPOAbLI (Ha
OCHOBE ry64yaTou [r/1atuHbl, C OO/IbLION TEMHO-CEPOU LUIEPLIABON [MOBEPXHOCTHIO Pa3MEPOM
TIPAKTUYECKH C BECH 3/IEKTPOL) — MX CTOUMOCTb COCTaB/ISET 3-4 ToICY pybJIEH U OHU HE ABJISIOTCS
ACDUUNTOM B KOMIIGHMSIX, [1OCTaB/ISIOIYNX J/1a00pPaTOpHOE 0060pyAoBaHne. UIX HE HYXKHO

T/1aTHUpOBarTh.

U3 CyLECTBEHHBIX HELOCTATKOB BOAOPOLHOMO 3/IEKTDOAA CTOUT OTMETUTL C/IOXHOCTL BCEH
KOHCTPYKLIMM, a TaKXKE €ro 3/IEKTPUYECKYIO LLIYMHOCTL M3-3a TOCTOSHHO MPOTEKAOLMX [1Y3bIDbKOB
rasa (gaxe ecim /19 Bbllycka BOAOPOAa UCTIONIb3YETCH MOPUCTOE CTEKIIO U IY3bIPbKU MAYT MEJIKO

U OYEHb YACTO). TAKXKE Ero CIIOKHEE IKPAHNPOBATDL, AO/bLUE 33ITYCKATh, TPYAHEE OOCIYKUBAT.
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2. BcnoMoraresibHble 3/1eKTPoAbl

OcHoBHasi, 1 B 06LUEM eAMHCTBEHHas 3afla4a BCrOMOraTe/lbHOro anekTpoaa (OH e
NONSIPU3YIOLWLNIA 3NeKTpoa, OH e Counter 3n1eKTPoa) B TPEXINEKTPOAHON siUeiike CoCToMT
B TOM, 4YTO6bl MPOMYCTUTb TOK UYEpPe3 3MEKTPOXMMUUYECKYID sueliky. Beab npv Hanuumm
TONbKO OAAHOMO TOKOBOIO — paboyero 371eKTPoAa, U 3NeKTPoAa CPaBHEHUS (YEPE3 KOTOPbIi

He TeyeT paboumi TOK) HEBO3MOXHO NPOMNYCTUTb 3NIEKTPUYECKUIA TOK YEPE3 SSUYENKY.

CuntaeTtcs, 4UTO fyyWwMM MaTepuanoM ANs 3MeKTpoAa CpaBHEHUS ABSIETCS
nnatvHa. [a, XMMMYecKn 3TO TaK, HO Ha MpPaKTUKe, ropasao Npolle NPUMEHUTb KaKyro
nmbo ¢opMy yrnepoda, 4alle Bcero creknoyrnepod. pu paboTte noTeHuMocTata €O
CTEKJI0YrIepoAOM, MO CPAaBHEHUIO C NIATUHOW, TEPSIETCS MONSPU3YIOLLEE HAMPSXKEHME He
6onee 1-2 BoNbT (M3 06LLEr0 BIXOAHOMO NONSPUIYIOLLErO HanpshXeHust noteHumoctata 15
nnu 6onee BonbT). N 370 B 06WEM TOMbKO Mpy COMOCTaBMMbIX naowaasx. B Tom xe
cny4dae, ecnm nnowaae creknoyrnepoaa 6onblie naaTWHbLL, TO 3Ta pa3HMUA He COCTaBwUT
6onee BonbTa. CaMoe [NaBHOE, 4YTO 3TO, HMKAK HE OTPaXKaeTcs Ha [AeUCTBUSIX
3KCMepuMMeHTaTopa, a LeMKOM siBnsieTcs 3aboTon npubopa M HMKOMM obpa3oM eMy He
MewaeT. HeCoOMHEHHbIM e [OCTOMHCTBOM CTeK/oyrnepoda SBASETCS TO, YTO OH
[eweBne, a Ans ero ouumanbHOM MOKYMKM, OpraHu3aumm He TpebyeTcs CocTosiTb Ha
yyeTe B [MpobupHO/ nanaTe, Kak 3TO HeobxoAMMO B Cly4yae MOKYMKW AparMeTtanna. B
nepecyeTe Ha njowaab paboyen (maxe BUAMMOM) MOBEPXHOCTU CTEKOYrnepoa

nony4vyaeTcd ropa3ao AELleBne.

Yto e noapasymeBaeTcs noa ¢oOpMOM yrnepoaa B [AaHHOM KOHTekcTe? Yalle
BCEro 3TO YMNOMSHYTbIA Bbllle cTeknoyrnepoa. OH Haubonee crtoek U yaobeH
MeXaHM4yecKn, XoTs OblBaeT COBEPLUEHHO Pa3HOro KavecTBa M MOXET OCbIiNaTbCs Mog
JENCTBMEM 3MEKTPOXMMUYECKON nonspusaunn. padput — Hambonee nerko M AelIeBO
AoctaBaeM (B caMOM, npeaenbHO NPOCTOM, HO, K COXAaneHwuto, He Bceraa NpurogHoM wm
PEKOMEHYEMOM Cllydae — W3 MNPOCTbIX KapaHAallerh uMnu rpaduToBbIX CTPEXHEN ANns
PUCOBAHMNS), HO OH MOCTEMNEHHO OcbiNaeTcs. B Tex cny4dasx, Korga 3TO He KPUTUYHO,
MOXHO TMPUMEHSITb ero Ans MpPOCTbIX 3KCMEPUMEHTOB. TakXXe MOXHO WCMNOo/b30BaTb

rpacdnekc (B Buae onbru), OH Xe TepMopacClIMpeHHbIM rpaduT (OH HabyxaeT npu
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MHTEHCMBHOWN DX nondapunsauunn, HoO B Ka4eCTBE€ OAHOPA30BOro 3JIEKTPOAa BMOJIHE MOAUTCA

U3-3a KpaWiHe HWU3KOW yaenbHONM CTOMMOCTH). B Poccum ero nponsBoamT YHUXMMTEK.

C coxaneHuweM, BbIHYXAEHbl 3aMeTUTb, YTO B PoccuM B HACTOSILLUMIN MOMEHT He
obHapy>XeHO OTe4yeCTBEHHOrO0 MPOU3BOAMTENS CTEKNOYrfepoja Xopolwero KavecTsa,
NPUrogHOro Ans CTabwunbHoM paboTbl B 3MEKTPOXMMUYECKUX suelikax, nostomy OO0
DNIMHC He BbINyCKaeT BCrNoMoraTesibHble 3M1eKTpoAbl. MMNopTHble >e MaTepuansl

Xopouwlero Ka4vecrtsa, no CBOEN LiEHE MOXHO CKa3aTb He YCTYynaroT AparMeTaniaM.

EMKOCTb BCMoMoraTenbHOro 3/eKTpoda MOXeT O6biTb, Kak W Yy 3neKkTpoaa
CPaBHEHWsl, OTAENEeHA OT €eMKOCTM paboyero 3nekTpoaa WM  He  OTAeneHa.
HeobxoanMOCTb B pa3fAeneHnmn OnsiTb XKe MOXET BO3HWKHYTb M3-3a@ PasfiMyHbIX COCTaBOB
pacTBOpOB Mpu paboyeM U  BCMOMOraTe/IbHOM 3MEeKTpoAax WM M3-3a  WMHOM
3KCnepuMeHTaIbHON HeobxoanMOCTK (Hanpumep, Ha paboyeM 3MeKTPOAE CUHTE3UPYETCS
BELLECTBO, KOTOPOE Ha BCMOMOraTeslbHOM MOXET 6biTb 06pPaTHO NEPEBEEHO B UCXOAHYHO

NN UHYIO popMmy).

Puc. 4. Pazgenutens 419 BCOMoOraTesibHOro 3N1eKTpo4a Ha OCHOBE NMOPUCTOro CTekna

(syenka dnuHc 3-1C).

PasgenuTeny BCMOMOraTesbHbIX 3MEKTPOAOB MOryT 6blTb BbINOMHEHbI HA OCHOBE
CTEKNSAHHBIX KpPaHOB, MOPWUCTOrO CTEKNa, W MHbIMM crnocobamum W MaTepuanamu. B
3aBMCMMOCTM OT TOrO, C KaKMMM TOKaMu NnaHupyeTcs paboTaTb, BbIGUPAOT TOT UM MHOM
™n pasgenutens. OO0 3nMHC BbIMYCKAET SYENMKM C ABYMS TUMAMWU  pasdenuteneit
BCMOMOraTe/IbHbIX 3/1EKTPOMIOB: Ha OCHOBE KpaHa — A/ XOPOLWIEro pasaeneHns 1 paboTsi
C ManbiIMM TOKaMM, a TakKe Ha OCHOBE MOPUCTOro CTeksla ans 6onee rpyboro pasaeneHns

n pabotbl c 6onbWMMKM TOkaMu. [nsi TOro, ytobbl pacTBOp He MepeTeKkan U3 OAHOM
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EMKOCTHU, OTAENEHHOM OT D.DYI'OM NOPUCTbIM CTEKJ/IOM, HeobXx0AMMO HaMoNHATb 3TU

€MKOCTU A0 OAMNHAaKOBOIo YpoOBHA.

MoCTUKM BCNOMOraTesnbHbIX 3/1EKTPOAOB KaK MpaBui0 KpynHee, TOMLWE U B LENom

BbIFNISIAST rpyb6ee MOCTUKOB 3/1EKTPOAOB CPaBHEHUS. Y HUX HET kanunnspa JlyrruHa.

MNpuMeHeHVe pa3genuTenss B LEnu BCNOMOraTeNbHOro 3MeKTpoAa HakiaablBaeT
HekoTopble TpeboBaHUS Ha MaKCMManbHOE MONSPU3YIOLLEE HaMpsKeHWe MoTeHuuocTaTa.
Jeno B TOM, u4Tto pasgemTens (KpaH WM MOPUCTOE CTEKNO), 3aroJSIHEHHLIN
3N1EKTPO/IMTOM, WMeeT HekoTopoe (AoCTaTovyHO 6osblioe) conpoTmeneHve. [pu
NPOXOXAEHUN Yepe3 HEro 31eKTPUYECKoro ToKa Yepes 3/1eKTPOIUT CO BCNOMOraTeslbHOro
anekTpoda K pabouyeMy anekTpoay, Ha pasgenuTene NPOUCXoauT MageHue HanpshKeHus.
Mo 3akoHy OMa ero MOXHO paccumnTaTtb KakK Upasp=I*Rpass. M3 3TOro hakta MoXHO caenatb
BblBOA, YTO YyABOEHME MAKCMMAsIbHOrO MONSAPU3YIOWEr0 HanpsXeHUs noTeHunocTaTa,
HanpuMep, ¢ 15 Ao 30 B No3BOAUT NULLb YBENUYUTL paboynit TOK B ABa pa3a (NoyTu Bce
HanpsbkeHne npubopa B 3TUX CAy4vasx YXoAUT Ha NPeoaosieHNe COMpPOTUBIIEHUS
pasgenuTens). Ha npakTuke e BCe Xe npowe W AelweBne WU3MEHUTb KOHCTPYKUMIO
AYerMKM TaK, 4YTOObl CHM3WUTb COMPOTUBMIEHWE pasaenuTens, 4eMm npuobpeTtatb 6onee
BbICOKOBOJIbTHbIN Npubop Ha 50-100 B (kak NpaBuIo OHM AOPOXE N MEHEE YHUBEPCA/IbHbI

N MeHee AOCTYMHbl, YeM HM3KOBOMbTHbIE Ha 12-15 B).

Cnepyer 3aMeTuTb, 4YTO MaAEHWEe HanpsHkeHns B LEenu BCrOMOraTesibHOro
3/1eKTPOAA HUKAK He B/IMSIET Ha MCKaXKEHWS MOTeHUMana B LEnu 3/1eKTpoaa CPaBHEHUS
(3TOT noTeHuMan M3MepsieTcss Ha BbIbpaHHOM MOMb30BaTENEM AMana3oHe NnoTeHuuana, oH
MOXET 6bITb 2 B unn 5 B, Toraa Kak MakCMManbHOE MONsipusytollee HanpsiXkKeHne MoXeT
6biTb 15 B, 50 B unn 6onee). Ho 3To cnpaeBeanvBo A0 TeX Mop, MOKa MOTEHUMOCTAT He
ncuepnaeT Bce CBOe nonspusylowee HanpshkeHue. Korga ke noTeHuMocTaT MCnosb3yer
BCE CBOE Monsipuaylowlee HanpsbkeHne (Korga OHO MpakTuyecku Bce byaeT nagaTtb Ha
COMPOTUBNEHUN pa3fenuTens), OH nepecTaHeT KOPPEKTHO AepxaTb W oTpabaTbiBaTb
noTeHuman (Mnu pa3BepTKy). BonbTamMmneporpamma B 3TOM C/lydae UCKasuTcs. [JocTtaTouHO
NOAPOOHO 3TO SIBNEHME M BCE YTO C HUM CBSI3aHO, OMNUCAHO B NpuMepe 1cnonb3osaHus AN
13 n cneumanoHo B AN 23. Kak npasuno, nonb3oBaTteslb He MMeeT MHGOopMauum O TOM,

KaKoe HanpsXeHune B D,aHHbIVI MOMEHT Ha BCMOMOraTes/ibHOM 3J1IEKTPOAE.
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Puc. 5. Pa3geneHune AByx pacTBOPOB C MOMOLLbIO KpaHa B LIenu BCNOMOraTesibHoro

anekTpoaa (suerika InmHc 3-2C).

Haunbonee npocTble cnocobbl CHMXEHUSI CONPOTUBEHUS pa3aenvTens:
YBenuuntb nnowaab pasgenutens (pa3mep, Kanmbp KpaHa).

B cnyyae kpaHa npouwe Bcero (M BepHee Bcero) ocnabutb ero, co3gas bonee
TONICTYIO MPOC/IONKY 3neKkTponuta B ero wnaude (370 caMbli AEACTBEHHBIA U
nyywmn cnocob. HeT Hu4yero xyxe COMPOTUBEHUSI COXHYLLEro KpaHa, Ha Hero
MOXXHO MOTPaTUTb HE OAMH AECATOK BOSbT, MPUYEM COBEPLUEHHO BMYCTYK — OYEHb

YyacTas npobnema).

MOXHO BBECTVM B SIYEMKY MapanienbHO €lle OAWMH TaKoW e pasaenutens (Mnu
6onee oAHOro, MpOMOPUMOHANIbHO CHU3WB COMPOTUB/IEHNE, TO €CTb YBENNYMB

MaKCMManbHbI TOK).

MOXXHO neperTn Ha 6one rpybbi AMana3oH Toka npubopa (orpaHMunTb BbIGOP
aBTOMATUYECKOro Amana3oHa Toka 6onee rpybbiM, 4eM ucnonb3yet npubop, He
[aBas npubopy nepexoanTb Ha 6oniee TOHKUIM AMana3oH, eC KOHEYHO NP 3TOM
KQuecTBO BOSIbTAMMEPOrpaMMbl OCTAETCS HA BbICOKOM YPOBHE,  TaK MOXHO

COKOHOMUTb 1-2 BOSIbTa NONSPUIYIOLLErO HANpPsHKEHNUS).

MOXXHO nepecMOoTpeTb TUM pa3genurens (KaCKaD,HO, TO €CTb nocnieaoBaTesibHO
COeEAMHEHHbIE ABa MOPUCTbIX pa3agenntend MOoryt co3adTb MEHbLIEE MnageHne
Hanps>keHnda, 4eM OauH KpaH). Ecnn ectb BO3MOXHOCTb, MOXHO MCMO/b30BaTb

3NEeKTPONUT C 6oNbLLEN NPOBOANMOCTLIO (Hanpumep, 60nee KOHLEHTPUPOBAHHLIN).
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Puc. 6. NpocTas sKBMBaNEHTHas CXeMa TPEX3/IEKTPOAHOM 3NEKTPOXMMUYECKON SYENKHU C

3NIEKTPO/IOM CpaBHEHMS (3NeMeHTbI AUDdY3MOHHOMO MMMNEeAAHCa U UHbIE — HE MoKasaHbl).

Ha puc. 6 npuBeaeHa YnpoLEHHAs 3KBUBASIEHTHasi CXeMa TPEX3NEKTPOAHON
3NEKTPOXMMMYECKON Auvelikn. B Helt Ug — nonesHoe MaAeHWe HanpskeHus,
M3pacxooBaHHOe NPMBOPOM Ha WMCCNedyeMbll 3NEKTPOXMMUKOM MPOLECC, MMEHHO 3TO
HanpshKeHWe U3MepSIeTCs NOTEHLMOCTATOM KaK noTeHuman paboyero anekTpoaa. Ucounter —
3T0 (BpeaHoe) MafleHMe  HaMpshKeHUst  M3PAcXOAOBaHHOE  MOTEHLUMOCTATOM  Ha
NPEOAOsIEHNE COMPOTMBIIEHUSI 3MEKTPONWTa, B KOTOPOE BXOAWUT COMPOTUB/IEHUE

pasaenuTens. YepHon CTpenkon nokasaHa TouKa BBOAA 3/1EKTPOAA CPABHEHMSI.

Takke CyllecTBYeT NageHue HanpshkeHusa u (unn) noteHuMana Ha Tak Ha3blBaeMOM
OMWYECKOM COMpOoTUBEHUU. [Jeno B TOM, YTO Ha MpaKTUKe, BBECTU 3NEKTPOS CPaBHEHUS
Kak MoKa3aHo Ha puC. 6 — HEBO3MOXHO, 06513aTeNlbHO YacTb CONPOTMBEHUSI 3NEKTPONUTa
byner 3axBayeHa B NeByl0 (MOKa3aHHY 3€/1eHON CTPEeNkoM) — MOME3HYK 4acTb
3NEKTPOXMMMYECKON CUCTEMbI. ITO NageHMe NoTeHUMana CUbHO UCKAXAEeT 3alaBaeMbI U
M3MepsieMbln  NoTeHUMan (Tak Kak Ha 3TOM OMMYECKOM COMPOTUBNEHMM NadaeT
[AOMONHUTENBHOE HanpshKeHNe, KOTOpoe CYMMUPYETCS C NOJe3HbIM NajeHneM noteHumana
N BCe BMecTe u3MepsieTcss npubopom). MNMoapobHee 3TO sABMEHWE ONUCAHO B npuMepe
ncrnonb3oBaHns AN 13, a Takke B 3TOM [OKYMeHTe B crieayollen rnaee. [JoCTaTouyHO
NoAPOOHO 3NEKTPOXUMUYECKME SYEWKM U MAAEHWUS HAMPSHXKEHUIN U MOTEHUMANOB B HUX, a
TaKXKe pasfinyHble CXeMbl NOAKIOYEHNS, ONUCaHbl TakKXe B npuMmepe ucrnonb3osaHus AN
9.
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3. OCHOBHbIE TUMbI JIEKTPOXUMHUUYECKUX fAYeeK

CaMoi npoCTOM 3MEKTPOXMMUYECKON SIYENKOW SIBNSIETCS YCTPOWCTBO, KOTOPOE B
oblweM MOXHO HaseaTb “flueika TMna CrakaH”. B npocreiwem cnyyae 370
LAEVCTBUTENbHO MOXET OblTb O6bIYHbLIM XUMUYECKUA (MM MHOW) CTakaH WM Cocyd, B
KOTOPbIA MOrpy>XeHbl 3N1eKTPoAbl. TaKylo Si4enKy HEBO3MOXHO MPOAYTb MHEPTHLIM ra3oM
WM HAobOPOT HACbITUTb KakMM-NMbo — BOAOPOAOM, KUCIIOPOAOM WM MHbIM. B Hel HeT
pasgeneHusl BCroMoraTeNlbHoro M paboyero 3nekTpodoB, TO e€CTb, B 06WEM, OHa He
NpuUroaHa Ansi NPOBEAEHNS CEPbE3HBIX 3IEKTPOCMHTE30B. B Takon siueike MOXXHO CHUMaTb
BO/IbTaMNeporpamMMbl  MpOCTbIX  (papageeBCKMX  MpoueccoB. MOXHO  MpPOBOAUTbL
anekTpooca)xaeHne (Npu COOTBETCTBYIOLLEN FEOMETPUM 3MIEKTPOAOB), MONSAPU3ALMOHHYIO
OYMCTKY 3N1EKTPOAOB. MOXHO NMPOBOAUTL MPOCTbIE SNTEKTPOCUMHTESbI. B HEKOTOPBIX Crlyyasix
NPOBOAUTbL MPOCTbIE  3NEKTPOAHANUTUYECKUE SKCMEPUMEHTHI, u3MepaTb pH. [Mpu
HEOOXOAMMOCTM TaKylo S4YEWKY MOXHO OCHAaCTUTb pa3aenuTeNbHbIMA  MOCTUKAMU U
KNtoYamMu. UIMEHHO MpUMEHEHME 3TUX Cneundryecknx y3noB AenaeT SYenKy YHUKaNbHOM,

n yxe OT/IMYatoLLENCS OT 0BbIYHOrO CTakaHa.

Cnegytowlem N0 C/OXHOCTU  ABNSIETCS  3aKpbiTas  HepaspaeneHHas
3/IeKTPOXMMMUYEcKana fiuenka. B obliem, caMoM NpoOCTOM cryyae, B KayecTBe TakoM
SYENKM MOXHO WCMOMb30BaTb OObIYHbIE XMMMYECKME KONbbl noaxoaswero obbema c
HECKOMIbKMMU ropfiaMK, MpuMeHsitolmecs: 0bbl4HO ANs OpraHMYeckoro CuHTesa. B camom
Aene — ecnu B3siTb YeTbipexropnyto konby ¢ 14mu wnudamm, TO MOXHO B TPU U3 HUX
BCTaBUTb 3M1EKTpOAbl, @ B YEeTBEpPTOe ropno — npoaysky. lNpu 3ToM, anekTpoabl 6e3
WAM@oB MOXHO BCTaBUTb B MOSMYpPETAHOBble MPOBKM M MOAyuYUTb TakMM 06pa3oM
FEPMETUYHYKD KOHCTPYKUMIO (COBEpLUEHHO HOPMANbHOE, MPUMEHSIEMOE Ha MNPaKTUKe,
6t0mKeTHOE, NPOCTOE U yaAobHOe pelueHne). Takyto SYENKY MOXHO C MOMOLLbIO MPOAYBKM
— BaKyyMupoBaTb (C MOMOLUbIO BaKyyMHOrO Hacoca — ObICTpO AeaspupoBaTb pabounii
pacTBOp — YyAanuUTb W3 HEro PacTBOPEHHble rasbl, HanpuMep, KWUCIopoA), HacCbiTUTb

MHEPTHBLIM UK paboynM rasom, NpoayTh.

www.elins.su 14



000 3nuHc

npOI/I3BOLI,CTBO M NOCTaBKa I'Ipl/l60p0B Aana 3NekKTpoxXxmnMn4ecknx nccnenoBaHuii

Puc. 7. Konba ¢ HeCKONbKMMK ropriamu.

—_——
——

. il

-

Puc. 8. CamopenbHble paboune 1 BCroMoraTesibHble 371eKTpoabl. Mcnonb3ytoTcs

noJsinypeTaHoBbIE na6opaToprle I'Ip06KM (MO)KHO MNCroJjib30BaTb “ I'IOJ'IMBTW'IeHOBbIe).

Puc. 9. CamoaenbHast aNeKTpoXMMmnyeckas siuelika B pabore.
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EOMHCTBEHHOE YHMKANbHOE u3genue B 3TOM C/lydae 3TO npoayBka. Ee MOXHO
3aKasaTb Ha M3rotoefieHne creknoayBsy, Kynutb B OOO DnAMHC, WM WU3roTOBUTb
CaMOCTOSITENTbHO U3 TOW XXE MONNYPETAHOBOWM NPOOKM M ABYX KPaHOB C Tpybkamu (KpaHbl C
Tpybkamn, konbbl M NpobKM NPoAAOTCS B  KPYMHBLIX KOMMAHUSIX, MOCTaBMASIOLLMX
nabopaTopHoe o6opyaoBaHue). 3aKpbiTble HEPa3AeeHHbIE SYENKN MOXHO MCMOb30BaTh
yXe [Ans npoBeAeHuss OONbLIOr0 4YWCNa WCCNeAoBaHUMM C  CaMbIMM  PasfiMyHbIMU
anekTponutamu. Mpn HeobXxoAMMOCTU TaKyl0 SMEMKY MOXHO AOOCHACTUTb PasfIMyHbIMU
MOCTMKaMu Ans uener paboyero unam BCroMoraTenbHOro 31eKTPOAOB U NonyunTb bonee
COBEPLUEHHYID W YHMBEPCAJIbHYIO 3/IEKTPOXMMUYECKYID siuerKky. Mpu HeobxoammocTh, ee
MOXHO MOrpy3uTb B >XWAKOCTHOW TEPMOCTAT M HarpeTb [0 HY)XHOM TemnepaTypsbl.
TepMmocTaT npu 3TOM Jo/mKeH ObiTb 3a3eMfieH TaK Xe, Kak M MOTEeHUMOoCTaT, Toraa OH

6yneT BbICTYMNaTb B POJIN HEKOTOPOIo 3KpaHa AYENKN.

Puc. 10. U3penne npoayska. Mcnonb3ayeTcs ans BaKyyMUpPOBaHWUS, OTKAUKM SSYENKM, a
TaKXXe A5 HacbIweHns ee n paboyero pacTBopa MHEPTHbLIM UKW UHBIM ra3oM (BXOAUT B

KOMMeKTauumto sueek InuHc moaenen 3 - 1, 2, 3 C).

Mpn HeobxoAMMOCTM TaKyl SUYEMKY TaKXe MOXHO [A0OCHAaCTUTb MOCTUKaMu U
KTloYaMKn, a Takxke npobonoaroToBUTENbHBIMU EMKOCTSIMU. SYelKy C MIOCKMM AHOM

MOXXHO MCMO/Mb30BaTb COBMECTHO C 3/IEKTPUYECKON MarHUTHOW MeLlankou.
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AneKTpoxuMmuyeckas fiYeMKa C OKHOM

Puc. 11. SnekTpoxuMmyeckas suemnka ¢ okHoM (npousoactso OO0 InuHC,

3KCnepuMeHTasbHas).

B caMoM npocToM cny4yae Takasi suerika 3T0 TO XeE, YTO U siYelika Tuna CTakaH, Ho C
OTBEPCTMEM B AHE. DTO OTBEpPCTUE HYXXHO AN TOro, YTobbl 3aKpbiTb €ro M0CKOCTbIO
TecTupyemoro Matepuana (paboyero snektpoga). O6blMHO 3TO OTBEpCTUE Kpyrioe, C
TOYHO W3BECTHOW NJOWAAbI0, TAKXKE UMeeTcs Habop MPOKNaAoOK ANs ero YnJOTHEHWS.
Llenb BBegeHuMs OTBepCcTMS COCTOMT B TOM, 4TOObl 4epe3 Hero C pacTBOPOM
KOHTaKTMpOBana BCerga OAHa M Ta Xe BuauMMas nnowagb (reometpuyeckasi, BuanMasi
naowaab NoBepPXHOCTM) TECTUPYEMOro MaTepuana. Takxe rnpu 3TOM UCKIKYEH KOHTAKT C
pabounMM pacTBOPOM Kakux /MO0 MeXaHW4YeCKUX WIn 3NEeKTPUYECKUX  3aXKMMOB,
aepxatenen (OHM TMNPOCTO HE HYXHbl) WM MNPOBOAOB W 3aXMMOB-KOHTAKTOB
noTeHUnocTata (M MHbIX MaTepuanoB, HE WMEKWUX OTHOWEHUS K WUCCNeayeMbIM
npoueccam UM  MaTepuanam). Takum obpa3oMm, Bbl He TONbKO YCTpaHsieTe
3/IEKTPOXMMUYECKMIA  OTKIMK  OT  MOCTOPOHHMX O6bEKTOB, HO W obecneymBaeTe
MaKCUManbHY0 MNOBTOPSIEMOCTb BCEX 3KCMEPUMEHTOB, a Takxke yaobctso paboTbl. B
cflyvyae ucnonb3oBaHus obpasuoB He obnagarowmx MAOCKOCTbIO, Hanpumep, Tpybbl, KX
KpenaT K siuenke npy oMoy repMetvka. Ho Bce e npeanoyTuTenbHee nnactuHyaTble
obpa3subl. VX NpocTo 3akmmatoT Mexay ABYMS MOCKMMM YacTaMu siverkun. Kak npasuno,
B SlYEMKE C OKHOM TeCTUPYIOT KOPPO3MOHHYIO CTOMKOCTb MaTepuanoB. Ho Takxe MOXHO
N3MEpATb  IMEKTPOKaTaIMTUYECKY0  aKTMBHOCTb, MNPOBOAUTb  3M1EKTPOOCAXKAEHUE,

nccneaoBaTb  €MKOCTHblE  CBOWCTBA — MaTepuanoB. TakMe  syerku  6biBaloT
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TepMOCTaTUpyeMbiMU. B 3TOM cnydyae BoOKpyr pabouyeit eMKOCTM uMMeeTcs pyballka Ans

TENJIOHOCUTENA.

AneKTpoxuMuueckas nosysayenka

5 / /1 ? 6
v S
!f 5 4 ‘

Puc. 12. A — nonysiyerika, b- aueika c okHOM, B pa3pe3e. [Mpon3BoACTBO DIUHC,

3KCnepnMeHTalibHble

STOT TUN SYEMKM MOXOX Ha SYEMKY C OKHOM, HO BMECTO MPWXXMMHOW MNaCTUHbI
obpasua (puc. 12 b) ncnonb3yeTcs TOKOOTBOA C FA30BbIMU UMW XUAKOCTHBIMU KaHaNaMu.
STOT y3en — TOKOOTBOA C KaHanamu, akTU4Yeckn SBNSIETCS MOSOBUHKOW KOHCTPYKLIMK
TBEPAONOIMMEPHOrO TOM/IMBHOIO 351ieMeHTa. COBCTBEHHO 3TUM M ONpeAensieTCS OCHOBHOE
M3 Ha3HauYeHWM TaKOM SYEMKM — WCCIeAOBaHME 3SNEKTPOXMMUYECKUX MPOLIECCOB,
HanpvMep, KaTtoAa TOMJIMBHOIO 3/1eMeHTa 6e3 caMoro TOMMBHOIO 3/M1EMEHTA, TO €CTb B
YCNOBUSAX OTCYTCTBMSI MPOLIECCOB Ha BTOPOM 3/1eKkTpoae (TO eCTb MO TPeX3neKTPOoAHON
CXeMe, a He MO ABYX3N1EKTPOAHOM). B TakoM suyenke MOXHO, Hanpumep, WU3y4uTb
OTAENbHO MPOLECChl M NoBeAeHMe 3NEKTPOAHbIX MAaTePMAsioB HA KaToOAe MM Ha aHoAae A0
TOro, Kak OHM 6yayT MCMoNb30BaHbl B COCTaBe TOMIMBHOIO 3nemMeHTa. bonee noapobHo
MHGOPMaUMIO Ha 3Ty TeMy Bbl MOXeTe no4yeprHyTb B MpUMepe WCMoSb30BaHWUS DMIMHC
Homep 7 (AN7-GDS cell Z++.pdf). Takve siuenkun 6bIBAOT TaKXXeE TEPMOCTATUPYEMBIMU, HO
KpaHe peako O6blBalOT repMeTUYHbIMU. M3rotaBnmBaTb MX MPOLLE BCEro M3 OprcTeka,
KNnemtb — C MNOMOWbI AMXIopaTaHa (AMXIopMeTaHa, MOXHO xnopodopMmom!) ¢
PacTBOPEHHbIMM B HEM OMNWIKaMKM Oprcrekna. asonoaBoAsiumMe KaHanbl npole BCero

N3rotoButb "3 rpacbneKca npeccoBaHneMm wnnM BbIp€3aHWMEM OCTPbIM HOXXOM MU
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Mpon3BoACTBO M NOCTaBKa NPUOOPOB ANsi ANEKTPOXUMUYECKUX UCCeA0oBaHNI

CKnaAblBaHMeM Wu3 CTONKW. TOT Xe rpacbneKc B BMAE MNMaCTUHbI BAOMb BCEN
I'IpOTMBOFIOJ'IO)KHOl\/'I CTEHKU HOHYFI‘JGVIKM MO>XXHO B HEKOTOPbLIX C/iy4dasdaX WUCMNOJIb30BaTb KakK

BCMOMOraTe/bHbIN 31EKTPOA B NONysyenKe.

Knaccuueckune XXMaKOCTHbIE 3/IeKTPOXUMUUYECKNE AYEKN

Takue sa4eliku, Kak NpaBUIo, OCHOBaHbl Ha FTEPMETU3NPYEMON CTEKNSIHHOW EMKOCTH,
B KOTOPOM MMEETCA HECKO/BbKO LWAMGOB ANs YCTAaHOBKM 3NEKTPOAO0B, MOCTMKOB, NPOAYBOK,
€MKOCTEW MOArOTOBKM peareHToB. TakXXe OHM MOryT UMeTb pyballkyu TepMOCTAaTUPOBaHMS.
K TakMM siyermkaM OTHOCATCS XXMAKOCTHblE auenkn InmHc 3-1C, 3-2C, 3-3C. Takyto sYenky

MOXET MU3rOTOBUTb TOMbKO OMbITHBbIN cTeKknoays.

Puc. 13. XuakocTtHast sueika dnmnHc 3-3C ¢ pyballkon TeEpMOCTAaTUPOBaHNS U

MOCTUKaMW 3NEKTPOAa CpaBHEHUA U BCMOMOIraTe/ibHOroO 3/1€KTPOAaA.
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4. PekoMeHAaauUum no pabore C XKMAKOCTHbIMU iYEeNKaMKN

1. Ob6s13aTENbHO 3KpPaHUPYWUTE TPEX3NeKTpoaHyl sdelky. [MoapobHee 06
3ToM B AokymeHTe AN19-how to use potentiostat to measure good
voltamperograms. 3TO O4YeHb CUMbHO BAMSIET Ha KayecTBO paboThl

noTeHUMocTaTa. He cCTOMT [AymaTb, 4UTO €CAM  OKpyXalolMue He

MCNONB3YKT 3KpaH, TO 3TO npasBunbHO. 310 HE npasunbHo! [pu
OTCYTCTBMM 3KpaHa WM Kakoro nvMbo ero 3aMeHuTensl, CoeauHuTe

3a3eM/ISIOWNIA pa3beM MOTEHUMOCTaTa XOTS Obl CO LITAaTUBOM SIUYENKM

(noapobHee 06 3KpaHMPOBaHUKM CM. MpUMEpP UCMONb30BaHNS 19).

Puc. 14. Ak @apages B Ka4eCTBE 3KPaHa SHEVKU — MPEKPAcHO OpraHn3yeT paboyee
MECTO U 3KpaHupyeT s4evKy. J1arka 3aKpernieHa Ha Wwinibke M12 BBUHYEHHOU MEXAY
MIPOTUBOIOIOXHBIMU CTEHKaMM SLUNKA. MICII0/Ib30BaH CTa/lbHOM LWKa@ Pocamickoro
MIPOM3BOACTBA A/15 MOHTaXa CEPBEPHOIrO 0O6OPY.AOBaHNS, KYn/aeH B KOMI. MarasuHe Hukc
(MockBsa) rio yeHe riopsigka 4000 py6 B 2015 rogy (xopoluwmi POCCUViCKmi LITaTuB CTOUT OT
2000 py6). Hoxku ripukieeHsl Ha TOJICTbIN ABYCTOPOHHMY CKOTY U KYIT/IEHBI B XO3.
MarasyHe BMECTE CO LUIMN/IbKOU. bosiee npocTou n elye 60/1ee BIKETHbIY BapUaHT 3TO
S/IEKTPOMOHTAXXHBIV T0AX0AFLYErO PasMEPa SLUNK-LYNTOK C ABEPLEN (B MaranHe

CTPOVIMATEPHAIIOB).

2. Mcnonb3ynte KayecTBEHHblE 3MEKTPOAbl CPaBHEHUS W CneauTe 3a UX
COCTOsIHMEM. BblCOKOe conpoTuBneHWe B Lenu 3MeKTpoaa CPaBHEHUS U
MCNOpYEHHass ero paboyass MOBEPXHOCTb CUIbHO MNOPTAT  paboTty

noTeHumoctata. B 90% cnyyasix MpUYMHOM HEKAYeCTBEHHOW paboThbl
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noTeHumoctata, c6oeB W Apyrux MpobneM SBNSIETCA  3MeKTpoa

CpaBHEHUA.

CneauTte 3a 4YMCTOTOM Baluen 3neKTpoxuMumyeckon suenku. B obuiem
C/lydae pekOMeHAyeTCs CHayana ornosackuBaHue BOAONPOBOAHOM BOAOW,
3aTEM MbITbe KOHLEHTPMPOBAHHON CEPHOM KMCNOTOW (MK “XpoMnunkKom”),
3aTEM COAOW, 3aTeM BOAOMPOBOAHOM BOAOW, 3aTEM MHOroKpaTHOe
OMnoSlackMBaHMe TOW BOAOWM WM pacTBOPUTENEM, Ha KOTOPOM
NpUroToBNEHbI  pabouve  pacTBopbl  (AUCTUANAT,  TPUAUCTUANIST,
MWIIMNOPOBCKAsl UM MHas BoAa, pabounii anpoTOHHLIN, 6e3BOAHbIN UK

MHOW pacTBOPUTEND).

XpaHuTe A4Yeky UYMCTOM B OTAENbHOM CTEKNSHHOW WM NIACTUKOBOM
3aKpbiBAEMON E€MKOCTM, HanpvMMep B 3KCMKATOpe NOoAXoAsLero pasmepa
WM B YMCTOM NNACTUKOBOM Tape ANs NULLEBbLIX MPOAYKTOB. 3TO HE
TONbKO y6epexeT ee 0T MeXaHUYECKMX MOBPEXAEHUA, HO U COXPAHUT ee

YMCTOWN N KOMIMJIEKTHOMN.

XpaHUTe  3NeKTpoAbl  YWACTBIMK.  DNEKTpoAbl  CPaBHEHMSI B
COOTBETCTBYIOLWMX pacTBopax. CneanTe 3a TeM, YTOBbl HE Nepeckbixanu nx
MOPUCTbIE Pa3Ae/IMTENN, UHAYEe UX COMPOTMBIIEHWE BLIPACTET U OHU HE

6yayT pabotaTtb unmn 6yayt pabotaTb nnoxo.

CneauTe 3a TeM, 4TOObl pa3denuTesibHble KpaHbl He mnepechixanu BO
BpeMsi paboTbl. OHM AO/MKHBI NIEFKO NMPOBOPAYMBATLCS YCUSIMEM PYKM, HO
He AO/MKHbI CBOGOAHO BpallaTbCsl. lMepecoxwmint KpaH MOXET yTpaTuTb

NPOBOAUMOCTb M NMPUBECTU K UCMIOPUYEHHOMY 3KCMEPUMEHTY.

He ponyckanTe KOHTakTa 3axuMmoB Kpokoaun npoBoAoB npubopa C
paboyMM pacTBOPOM 3/IEKTOXMMUYECKOM SUYEMKU. ITO He TOMbKO
NUCMOPTUT WX, HO W BHECET B pPacCTBOP HEHYXHble OKCMAbl U COonu

METaIJZIOB MaTepuana 3TuX 3a>XMMOB.

He ponyckanTe KOHTaKTa MOTEHUMOCTaTa C arpeccMBHBLIMU XUAKUMU W
rasoBbIMM cpeflaMi. He CTOUT XpaHUTb €ro psiioM C KUCIOTAMU U UHbIMM
NapAWNMN arpeccMBHbIMU XNAKOCTAMU. OT 3TOro NpPMBOpP CO BPEMEHEM

MOXET He TOMbKO BbLIATU W3 CTpod, HO MOryT OKUC/IUTbCA KOHTAKTbI

www.elins.su 21



000 3nuHc

10.

11.

12.

|_|pOI/I3BO,EI,CTBO M NOCTaBKa I'IpI/I60pOB Ana 3NeKTPOXNMNYECKUNX nccnenoBaHuii

SN1EKTPOHHbBIX KOMIMNOHEHTOB, CHMU3UTLCA BXOAHOM nMneaaHc

3JIEKTPOMETPOB NnoTeHuunana.

CneaMte 3a OMWYECKMM COMPOTMB/IEHMEM, OHO, KaK MNpaBuno,
NOMIOXUTENBHO BAUSET Ha paboTy npubopa (A0 HEKOTOPOWN CTEMEHM 3TO
AENCTBUTENIbHO Tak), HO MOXET CWU/IbHO MCKa)aTb peasibHblA MOoTeHUMan
paboyero 3nektpoga. [llpu  HeobxoaMMocT  nonb3ymTtech  IR-

KOMMneHcaumen npubopa, v B NporpaMMe Ha CTaamm 06paboTku.

Mepen TeM, Kak MOAK/IKYMTL K S4yelike npoBoAa MOTEHUMOCTaT,
npoBepbTe BU3YyaslbHO — HET /I 06PLIBOB M My3bIpel B HOCMKE 3N1eKTpoaa
CpaBHeHMs1 (B €ro MOCTMKE OYeHb YacTo 06pasyloTCs U CKanIMBakoTCS

My3blpy, KOTOPbIE Pa3pbliBalOT KOHTAKT).

Mepea TeM, Kak 3anyCTuTb paboTy noTeHUMOCTaTa CO BKJIHOYEHHON
sluerkon (pa3BepTKy, 3NeKTPONM3 W Tr), 3anycTuTe MOHWUTOPUHIr. OH
NOKa)XKeT BaM MOTEHUMan pa3oMKHYTOM Uenu. o ero 3HayeHnto 06bIYHO
MOXHO CKa3aTb — BCE N1 B NOPSIAKE C AYENKON UK HET. ECin OH CunbHO
konebnetcsa (bonee HeCKONbKUX MWSIMBOMLT), TO CKOpee BCEro MMeeTcs
06pbIB KOHTakTa B Uenu paboyero sneKkTpoga WM 3neKTpoaa
CcpaBHeHMs. Takas npoBepka ybepexxeT Baw akcnepuMeHT OT 3arycka C

OCTaHOBKOW B aBapuMHOM peXMME, eC/IM BAPYT C SYENKON YTO-TO HE TaKk.

Bonee noapobHyid W YaCTHYO WHGOPMAUMIO MO >XMAKOCTHbIM U
TBEPAOTENbHLIM  3/IEKTPOXMMMYECKMM  SYelikaM, a Takke MeToAaM
UCCNeaoBaHui, Bbl MoXeTe HailTuM B ApyrvMx npuMepax WUCnosb30BaHUS
AnuHc. OHM MMEIDTCS Ha Ancke C NpUbopoM, a TakXkKe B pa3aene 3arpy3okK

Ha canTe B MHTepHeTe www.elins.su.
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