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B cTatbe PaccMaTpPmnBalOTCA SNEKTPOXNMIMYECKME MPOLECChl, MPONCXOAALLME Ha INEKTPOAAX Npu perncTpaunn 6uocMrHanos, fanTca onpeaenexna n
onncbiBaeTca ¢VI3I/NECKVII7I CMbICJT OCHOBHbIX XapaKTepuUCTNK 3N1eKTPOLOB. 3¢(|)eKTbI, BO3HMKalOLWNe Ha aneKTpodax, HoCAT yHI/IBepC&J'IbeII;I XapakTep
M NPeACTaBNAT MHTEPEC BO BCEX obnactax BHQKTpOd)VISI/IOJ'IOI'I/M. Jatotca pekomeHdaumm no Bbl60py 3N1IEKTPOAOB N yMEHbLIEHNIO He6ﬂa|’0l'|pVIﬂTHOI'O

BINAHNA NapPa3nUTHbIX NOTEHLMANO0B, BO3HMKAOLWWNX Ha 3/IEKTPOAAX, Ha Ka4eCTBO PETNCTPUPYEMbIX CUTHATIOB.
KnioueBble cnoBa: N1EKTPOAbI ANA perncTpaunmn 6VIOI'IOTEHL|,VIaJ'IOB, BJ'IEKTPOd)VBVIOJ'lOFVIﬂ.

Effect of electrodes on the quality of registration of biopotential

Drozdov D.V.

The article describes electrochemical processes observed on the electrodes during biosignals recordings. There are some definitions and explanations of
chemical and electrical processes. Those efects are the same in all areas of biosignal registration practice and important in wide range of medical exami-
nations. The article provides some recommendations for optimal electrode choice and minimisation of electrode noises.
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ITpu perncrpaiyuy 61OCUTHAIOB /IEKTPOIbI ABJLA-
I0TCsI IIePBBIM 9TANOM IpeobpasoBanus curnana. Ot-
BefleHVe OMOIOTeHIINAIOB IIPeIonaraeT Ipeobpaso-
BaHIMe TOKOB, 00YCTIOB/IEHHBIX pasHMIIell KOHIIEHTpa-
LVIT U1 IBVMYKEHVEM MIOHOB B OMOTIOTMYECKUX Cpefiax,
B TOK, 00YC/IOB/ICHHBIII IBV>KEHJEM 3JIEKTPOHOB B
MeTaJjIe 7IeKTPOJa U COeUHIUTETbHBIX IPOBOIHNI-
KaX PEerucTpaTopa. Y>Ke 3TO OYeBUHOE MOJIOKEeHNe
OIpefieNiAeT CJIOKHOCTD I MHOT0OOpasye IPOMCXOfis-
I[UX B MeCTe KOHTAKTa OMO/IOTMYeCcKOii CTPYKTYPbI 1
37IEKTPOJia IIPOLIECCOB.

B craTbe paccMaTpuBaeTcs BAMSAHME /IEKTPOLIOB
Ha Ka4eCcTBO perucrpauny 6mocurnanos. Heo6xo-
[MMO OTMETUTD, YTO 00CYyXK/jaeMble HIDKE BOIPOCHI
B PaBHOII CTEIIeHM KacaIOTCA BCEX METOJ[OB MICCTIeO-
BaHMII, IIPU KOTOPBIX NPOUCXOJUT CHEM OMOIOTEH-
IIVJIOB KaK C IOBEPXHOCTM TeJIa, TaK U C 9JIEKTPOJIOB,
HOTPY>KEHHBIX B 61107IOTMYeCKIie CTPYKTYPBL.

YTBepx/ieH1e, 4YTO CBOJICTBA, HaJJIeXallee CO-
CTOSIHME U IpPaBMIbHAA SKCIUTyaTalUA 3/IeKTPOJOB
ABJIAIOTCA OCHOBOJI JUIA aJleKBaTHOJ perucTpanum
OMocurHanoB He ABJIAeTCA rurep6bonoit. Jaxe npu
BBICOKOM Ka4ecCTBe IPYTUX 97€MEHTOB CUCTEMBI pe-
TUCTPALIMY I/IEKTPOJBI SIBISAIOTCS IEPBBIM 3TAIIOM
npeobpa3oBaHusA OMOCUTHATIOB 11 BO3MOXKHbBIE MCKa-
JKEeHMS, BHECEHHbIE MMM, KaK IPaBIJIO, y>Ke He MOTYT
ObITH 6€3 IOTephb KayecTBAa KOMIIEHCHPOBAHBI B [Ipy-
TUX 97IeMEHTaX PErUCTPUPYIOLEil CCTEMBI.

Mopenb 37eKTPOXUMIYECKIX IPOIecCOoB
Ha 37IeKTPOofax

Brauvasne paccMoTpuM mMopens (puc. 1), B KoTo-
POII MeTa/INYIeCKMIl S7eKTPOJ, HAXOAUTCA B pacTBO-
pe conu (anmextponure). [Ipy NpOXOXKAEHNN /TEK-
TPUYECKOTO TOKA, IIYCTh ¥ MUHUMA/IbHOI BeINYM-
HbI, XapaKTepHOI1 /i1 61006 BEKTOB, Yepe3 TPaHNILy
9/IeKTPONUT—MeTAJUI IPOUCXOIAT XUMUIECKUE pe-
aKIMM OKVUC/IEHMA Y BOCCTAHOBJIEHMA MeTaslla J/IeK-
Tpoaa. DTV peaKLuy IPOTEKAIOT Y IIPY OTCYTCTBUM
BHEIIIHETO 97IEKTPUYECKOTO TOKa.
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Puc. 1. Mogenb 37eKTpoXuMmMIecKIX IPOLIECCOB Ha ANIEKTPOAX
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Ta6muma 1. CraHAapTHbIE 9/MEKTPOJHBIE TOTEHIMAIbI HEKO-
TOpPBIX MeTannos 1pu 25 °C

MeTtann Peaxkinsa IHorennuan E°, B

Ik 7Zn > Zn* + 2e” -0,763
Hukenp Ni > Ni** + 2e” -0,230
Pb > Pb* + 2e" -0,126

Causen H,>2H" + 2¢ 0,0 mo onpepenenuIo
Cepebpo | Ag+Cl > AgCl + e +0,223
Menp Cu > Cu* + 2e” +0,340
Cu->Cut+e +0,552
Au > Au’t + 3e” +1,420
Sonoro Au-> Au’ + e +1,680

IIpy nporekaHuy peakuuii OKMCIeHUA U BOCCTa-
HOBJICHN S KOHIIEHTpAI[Us MIOHOB B HETIOCPEACTBEHHO
O6MM30CTH OT 3MEKTPONA U3MEHSIETCS OTHOCUTENTBHO
CpefiHell KOHIIeHTPallMM VIOHOB B pacTBOPE B 1I€IOM.
ITO NPUBOANUT K BO3HVKHOBEHNIO PAa3HOCTY IIOTEHIIN-
aJI0B MEXJy paCTBOPOM 37IEKTPO/INTA B LI€JIOM, 9aCTH
pacTBOpa, HEMOCPECTBEHHO MpUJIerarleil K 3/1ex-
TPOQY, U B KOHEYHOM CUeTe, 3/1eKTpofoM. JlaHHOe AB-
JIeHVe Ha3bIBAETCS 3/IeKTPOJHBIM IIOTEHIINAIOM.

O4eBMIHO, YTO 37IEKTPOHBII IIOTEHIINAT 3aBUCUT
KaK OT MaTepuasa 37IeKTPOAa, TaK U OT COCTaBa J/IeK-
tporura. Ob6a atux dakropa, a TakKe TeMIEPaTypa,
KOHIIEHTPaIVsI IOHOB B PacTBOPE, CBOICTBA PacTBO-
putens u apyrue GpaKkTopsl, ONpeensioT XapaKTepu-
CTUKM TIPOTEKAIOIINX XMMUYECKUX peakLnil B Helo-
CpefCTBEHHON OMM30CTI OT 97IEKTPOJA, KOTOPbIE U
CO3[IaI0T 3/IEKTPOJHDII OTEHIINAT.

B xauecTBe 5TasI0Ha [I/Is1 M3MEPEHMsI SNeKTPOIHBIX
HOTEHIIMAIOB BBIOPAH MOTEHIMA/T XMMIYECKOI peak-
v H, «» 2H «» 2H" + 2e” (Tak Ha3bIBaeMblit BOLOPOJ-
HbII1 971ekTpop). [Io oTHOLIEHMIO K TOTEHIATy BOIO-
POHOTO 37IEKTPOfa BCE SIEKTPOBI MOTYT OBITD pasfie-
JIeHBI Ha TIOJLIpU3yeMble U Hello/isipusyeMble (B TaoI. 1
NIpUBeJeHbl Be/IMYMHDBI CTAHJAPTHBIX 37IeKTPOIHBIX
HOTEHIIMAJIOB s psifia MeTa/ioB). EcTecTBeHHO, Mie-
a/IbHBIX NOIAPU3YEMBIX VIV HEMONAPU3YEMBIX JJI€K-
TPOZIOB He CYIIECTBYET, OFHAKO C OIPeieTIeHHON IoMeN
IpUOIVDKEHNA Te VIV MIHbIe KOHCTPYKIIMN 37IeKTPOJI0B
MOYKHO OTHECTM K OJHOMY 13 3TUX K/TaCCOB.

SHCKTPOXI/IMI/I‘IGCKI/IC nponeccol
B p€anbHbIX ICKTPOTHBIX CUCTEMAX

B peasibHBIX 9/1eKTPOJHBIX CUCTEMAX PACCMOTPEH-
HbI€ BbIIIE [IPOL[eCCHI IIPOTEKAIOT C yYaCTHeM 3HAYM-
TE/IbHOTO YNC/IA JOIIOJTHUTENbHBIX BHELITHUX BO3JIel-
ctBuit. Hike gaercs kpaTkuit 0630p Hamnbortee cylie-
CTBEHHBIX 113 9THX (paKTOPOB.

ITpe>x/ie Bcero HEOOXOMMIMO YIUTBIBATD, YTO IIPH pe-
TYCTPALV OMOIIOTEHIIMA/IOB 7IEKTPOJ, PacIIONIaraeTcs
He B 6eCKOHEYHOM 00'beMe OTHOPOJJHOTO 3/IeKTPOJINTA,

a Ha TIOBEPXHOCTM V/IU B TOJILIE OMO/IOTITYeCKON TKaHIA,
KOTOpasi caMa II0 cebe He MOXKET OBITb 3TIeKTPUYECKN
OJfHOPOJHOI! (Ha pycC. 2 TIpeACTaB/IeHa CXeMa 3/IeKTPO-
Ta, HAXOMALIErocsl Ha IIOBEPXHOCTY HEIIOBPEX IeHHOI
KOXXIT), 4TO CO3/jaeT 3HAYNTE/IbHbIE CTIOKHOCTH /IS MO-
TeNMMpOBaHMA IPOUCXOAAINX Ipolecco. Hanpumep,
3MUJEPMIIC, UMEIOIUIT OTHOCUTE/ILHO AE€PMBbI BBICOKOE
3/IEKTPUYECKOE COIIPOTUB/IEHNE, MOXKET BBICTYIIATh B
POV ONTYIIPOHMIIAEMOI MeMOpaHBI, II0 pa3Hble CTO-
PPOHBI KOTOPOIT HAOTIONAETCS pas/indyie KOHL[EHT Py
MOHOB, YTO IIPMBOAUT K BO3SHMKHOBEHNIO TOTEHIINAJIOB,
CXOJIHBIX C TIOTeHLIMa/IaMy MOAPU3ALINANL.

Perncrpanusa 6monoTeHIanoB BCerxa BegeTcsa
MEK/y HECKO/IbKVIMM 97IeKTpOiaMyl (MUHUMYM JBYM:),
II03TOMY CBOJICTBA BCEX 9TIEKTPOJOB, YIaCTBYIOIIVX B
(hopMIpOBaHNY I3MEPUTETBHON J/IEKTPIYECKON IIeTI,
TOJDKHBI pacCMaTpUBaTbcA B COBOKYNHOCTH. IIpu pas-
JINYHBIX CBOVICTBAX 3/IEKTPOJOB OJHONM M3MEPUTE/Ib-
HOI1 LI BCIENCTBYIE PAa3HOV MTOJIAPU3ALI BO3MOXK-
HO BO3HMKHOBEHME PAa3HOCTU MEX3TIEKTPOSHBIX I10-
tennuanos (PM3II). Ycunurenu 6monoreHnanos
IPOEKTHUPYIOTCS TAKUM 00pa3oM, YTOOBI ObIIIO MOXKHO
0e3 CyIeCTBeHHBIX VICKa)KeHNIT CUTHaIa KOMIIEHCHPO-
BaTb PMOII. Opnako, npu npesbiienny PMOII gomy-
CTVMMOTO JI7I1 JAHHOTO YCHJINTEIA 3HAYEeHNA BO3MOYKHO
MCKa)KeHMe PETUCTPUPYeMOTO CUTHAIA UM JJaKe TIepe-
XOJ, YCWIUTEIIA B COCTOSIHVIE «HACBIIEHNA», KOIa pe-
TYICTPALVA CUTHA/IA CUTHA/IOB Oe3 MCKaXKeHMIT BooOIe
CTQHOBUTCSI HEBO3MOXKHOI1 (puc. 3).

Bemranra PMOII MoxeT OBITb OTHOCUTEIBHO CTa-
OVJIBHOIT; HO IIPY OTIPefie/IeHHbIX YCIOBMSIX OHA MOYXKET
U3MEHATCS C TeUeHMeM BpeMeHN. Takoe sB/IeHe HOCUT
HasBaHMe apeiidpa PMIII. C mpakTindeckoi TOYKM 3pe-

1 2

Puc. 2. Cxema cTpoeHUs KOXM U HaJTOXEHHOTO Ha Hee
TIJIOCKOTO 37IEKTPOJa:

1 — 97eKTpof; 2 — KOHTAKTHAs IPOBOJAIIAs CPefia; 3 — SMUIEPMUC;
4 — nepMma; 5 — TOAKOXKHBIE TKAHM; 6 — MOTOBAsI (CajbHas) XKenesa;
7 — KamIApHAs MeTsA; 8 — BOMIOC U ero TyKOBHIIA
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Puc. 3. Uckaxenne popmst KT B orBenennu V6. [Ipessire-
Hye POMII BbI3Bao «HaChILIEHNe» YCUIUTeEN, TOAKTIOUeH-
HOTO K 911eKTpopy C6, B pe3y/braTe 4ero B JAHHOM OTBeJleHIN
BBIBOJIITCA HOTEHIVAN, OMM3KUiL 10 popMe K MOTeHIMATy
Touky Bunbcona. OTMeTHM, 4TO OFHOBPEMEHHO B OTBEfICHN-
ax V4 u V5 Habmogaetcs fpeiid) M30MMHNN, KOTOPBII, BO3-
MOKHO, 06ycoByeH aperipom POMII

Hys aperid POMIT fo/keH paccMaTpuBaThCsl OTAETBHO
IJIA CIy4aeB KPaTKOBPEMEHHOI U IPOJO/LKUTENbHOMN
peructpauuy 6uocurHanos. [Ipu npy sHaYNTETLHOM
usmeHeHnyt PMOII Bo Bpems perucrpanum 6ymeT Ha-
Omopatbcs iperid n3oanekTpudeckoit mHum (puc. 4).
[Tpyn nMTeNnbHOM PErucTpaly U3-3a YBeIMIeHNs Be-
mayHbl PMOIT BO3MOXKHO HachlllleHMe YCUINTerei
HeV30e)KHBIMI UCKKEHMAMM CUTHAIA.

Ecmn oBepXHOCTD 37EKTPOfa 3IeKTPUIECKN He-
OITHOPOZHA, TO HAOMIONAI0TCA 00/IACTY C TTOKAIbHbI-
M M3MEHEHVAMM KOHIIeHTpanuit noHoB. ITockonbky
9NIEKTPOXMMUIYECKasA CUCTEMA /IeKTPOJja IOCTOSHHO
HAXOJUTCA B IMHAMIYECKOM paBHOBecun (T.e. XM-
MI4YeCKIe PeaKIUy B Hell IPOTeKaIoT IOCTOSIHHO, HO
YPaBHOBEIINBAIOT APYT [IPyTa), TO TaKue JTOKaIbHbIe
U3MeHEHNs KOHI[eHTPAIy IOHOB IIPUBEYT K BO3-
HIKHOBEHMIO JIOKAJIbHBIX TOKOB, YaCTh KOTOPBIX MO-
JKeT OKa3aTbCs B II0/I0CE YACTOT IOJIE3HOIO CUTHAJIA.
OTa 4acTh TOKOB OyfeT 00yC/IaBIMBaTh T.H. 91EKTPO-
THBIJ IIyM. D/IeKTpudecKas HEOFHOPOSHOCTD IIO-
BEPXHOCTH 37IEKTPOJja MOKET BOSHUKHYTD 13-3a 6a-
HaJIbHOTO 3arpsI3HEHM s IOBEPXHOCTY 37IEKTPOTA.

[Tpn cMemeHNM 9/1€KTPOfia MOXKET IPOMCXOAUTD
Tepepacipefie/ieHe 3apsI0B BOII3M ero OBEPXHOCTIL.
PesynbraToM siB/IsIeTCS KpATKOBPEMEHHOE M3MEHEHVe
37IEKTPOJHOTO MOTEHI[Va/Ia, KOTOPOe MPOIO/KAETCs JIO
Tex II0p, [I0KA paBHOBECKE B 37IEKTPOXMMIYECKON CH-
CTeMe NIeKTPOJia He YCTaHOBUTCS BHOBb. JTOT a¢ppexT
HOCUT Ha3BaHIeE 3JIEKTPOMEXaHINYEeCKOTrO MIyMa IBU-
JKeHus. VIsydeHne curHanoB apTeakToB JIBUKEHVSA
I0Ka3ajIo, YTO MX CIIEeKTP B OCHOBHOM JISXKUT B TOI JKe
00/1acT, YTO ¥ OCHOBHBIE OMOIOTMYeCKIe CUTHATIBL.
9TOT (aKT [leaeT UCIOIb30BaHNe QUIbTPALINU He-
3¢ PEeKTUBHBIM METOIOM YMEHbIIEHVIS BIVITHIA ITyMa
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IBVDKEHMS Ha KayecTBO curHana. bonee apdexTnsHbI
1A 60pbOBI € 37eKTPOMEeXaHIIECKIM IITyMOM JIBYDKe-
HMA HETO/IApU3yeMble SIeKTPOJIbI, CHVDKEHME COIPO-
TUBJICHNA SIMUEPMICA, IPeJOTBpalleHIe IPIMOro
KOHTAKTa 9/IeKTPOfia C KOXKel (IIaBarOIIMI 7IEKTPON),
CTabMIM3anys MOMTOXKEHMS 9/IEKTPOfia OTHOCUTETBHO
61006beKTa 1 paccabiieHye MbIIIL] B ITPOLiecce Peru-
crpauyuu. Hanbomnpuiyio mpo6nemy sneKTpoMexaHye-
CKMII IIyM IPeACTaB/IAET IPY ITNTEIBHOM MOHUTOPY-
pOBaHNUM OMOCUTHAJIOB.

HeMmanoBa>kHOIT XapaKTepUCTUKOI 97IeKTPOLIOB,
00YyC/IOB/IEHHOI! TlepepacIpefie/ieHyieM VIOHOB BOMu3u
37IEKTPOJA, ABAETCA YCTONYNBOCTD K J/IUTETBHOMY
MaJIOMY IIOCTOSTHHOMY TOKY. BO BXOJHBIX IIeILsIX ycu-
JuTenel OMOCUTHANIOB MOTYT BO3HUKATh OYeHb He-
OosbINe IO BeMYMHE TIOCTOSIHHbIE TOKM (CTaHAap-
Thl HOPMUPYIOT Ipefie/ibHbIe BE/IMYMHbI 9TUX TOKOB Ha
YPOBHSX efuHNL HaHoaMmIlep). JIF000i1 OCTOSHHBII
TOK OyJIeT IPUBOAUTD K IlepepacIpe/ie/IeHNIO IOHOB B
PacTBOpe MEKTPOJINTA, YTO B CBOIO OUepe/b IIPVBEIET
K M3MEHEHMIO 9TIeKTPOHOro noTeHnyuana. Hanbomnn-
IIyI0 Ipo6/IeMy NpeficTaB/AeT JaHHbIN 3 deKT mpn
IINTENIbHON perucTpanyy 6uocurHaa. Heronspusye-
MbIe 9/IEKTPOJIbI, KaK IIPAaBIJIO, UMEIOT 60J1ee BBICOKYIO
YCTOIYMBOCTD K 9TOMY HeTraTUBHOMY 3 eKTy.

[7151 anmexTpoKapamorpaduIecKort IpaKTUKI TaKKe
B)KHO BOCCTAHOBJICHIIE CBOVICTB 97IEKTPOJIOB U BCeil
PeryCTpUpYIOLeil CHCTeMBI IIOCTIe paspsia gepuopn-
naropa. IIpu nporekaHuM yepes 91eKTPOLHbBIE LeIN
3HAUNTE/IbHBIX 110 BE/IMYMHE TOKOB BO3HMKAET CyIIle-
CTBEHHOE IepepacIipe/ie/ieHie KOHLIEHTPALUIT IOHOB
BO/MM3M anekTponoB. He paccmarpuBast etanbHO IIpo-
VICXOJIAIIIIVIE TIPU STOM HPOLeCCHI, OTMETUM IIPY COove-
TaHUY HeO/MaronpusATHHIX GAKTOPOB BO3MOXXHO 3a-
MeTHOe yBenmdeHne PMOII ¢ mocnenyroreit crabumm-
3a1yell TOTeHIMAIOB. DTO MOXKeT IIPUBECTU K HEBO3-
MokHOCTH peructpanyy IKI' B TedeH1e HEKOTOPOTro
BpeMeHH. CylleCTBEHHO, YTO BO30OHOBIIEHNE 0TOOpa-
eHnsa IKI' B TeyeHMe YCTaHOBIEHHOTO CTaH/JapTOM
nepuoga (5 ¢) BO3SMOXKHO TONBKO C UCIIO/Ib30BaHUEM
HENO/IAPU3YEMBIX VJIY MaJIOIIOJIIPU3YeMbIX 3/IEKTPO-
JIOB TP BBIIOTTHEHNY CIIEI{Ma/IbHbIX TPeOOBaHMIT K
KOHCTPYKIVM Kabe/s MalyieHTa U BXOZHBIM IIeIAM
97IeKTPOKapAMorpaduieckoro 060pysoBaHus.

OcHOBHbBIE TUIIBI
HeNosIpU3yeMbIX ITeKTPOJ0B

Hanboree pacripocTpaHEHHBIMY HETIOMSIPU3YeMbI-
M 97IEKTPOfIaMIi B HAaCTOsIIIee BPeMsI SIBJLAIOTCS XJI0P-
cepebpsuble (Ag/AgCl). PacipocTpaHeHs! 1Be OCHOB-
HBIX KOHCTPYKLIMM TaKMX 9/IEKTPOAOB. B mepBoit KoH-
CTPYKLVY CepeOpsiHYIo (M/IN, /I CHVDKEHUS LIeHHl,
nocepeOPEHHYI0) IIACTUHY OKPBIBAIOT 7IEKTPONIN-
TUYECKUM CIIOCOO60M coeM xymopuzia cepebpa. B npy-
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IOl PaCIPOCTPaHEHHO} KOHCTPYKLVIM Ha IIPOBOJALIYIO
HOJJIOKKY HAHOCUTCSI CMeCh IIOPOLIKOB cepedpa 1 Xy10-
puzia cepe6pa, KOTOpast CEKaeTCs C HOIIOMKKOIL.

BHe 3aBMCMMOCTHM OT KOHCTPYKIUU B XJI0pcepe-
OpsIHOM 9JIEKTPOJie IIPOTEKAIOT BE PeaKI[MIL:

Ag—Agt+e
Ag' + Cl"— AgCl

ITepBas peaxiys IPUBORUT K OKMCIIEHIIO cepebpa ¢
BBIJIe/IeHIIeM 9/IeKTPOHa. Bropast peakuys HauMHaeTCs
HETIOCPeCTBEHHO NOC/Ie 00pa3oBaHys VIOHA cepebpa 11
HPUBOJNT K HOYYeHNIO ero ximopuaa. VloH xmopa mist
3TONl peaKILUM HO/DKEH MOCTYIUTDb U3 OKPY)KAIOIIEero
37IEKTPOJIATA, TI09TOMY HOCTaTOYHAs KOHIL[EHTpPALVA
VIOHOB XJIOpa B OKPY’KAIOIIeM 37IeKTPOJINTE ABJIAETCA
HEeOOXOIVMBIM YCTIOBJeM PabOThbI TAKOTO /IEKTPOJa.
17151 60/IBIIMHCTBA 6MOTOTYECKIIX SKUIKOCTeI U TIPK-
MeHsAeMBbIX IIPOBOJAIINX CPeJl 3TO YCTIOBYE BBIIOTHA-
ercs. [Ipy M3MeHeHNMM HaIpaB/IeHUA TOKA peaKIuy
TaKKe IIPOTEKAIOT B 0OpaTHOM HaIlpaB/IeHNN.

Xnopup cepebpa HepaCTBOPUM B BOJIe, II09TOMY
IIOBEPXHOCTD 3JIEKTPOJIa MaJIO pa3pylLIaeTCcs B MIPO-
necce skciryatanym. OpHaKo, Xopuj cepebpa o6ma-
JlaeT BBICOKVM 9JIEKTPUYECKIM COIIPOTUB/ICHUEM, 1O~
3TOMY €TO CJION He JO/DKEH OBITh C/IMIIKOM TOJICTBIM.
C [pyroit CTOpOHBI, IIOBPEeXX/ieHe TOBEPXHOCTHOTO
CTI0sI 97IeKTPOfia MOXKET IIPUBECTY K HapyILIEHNIO pa-
60TBI XTIOpCepeOPSAHOTO 3/IeKTPOJIA.

IToguepkHeM, YTO yC/I0BYEM HOPMA/TbHOTO (PYHK-
LIVIOHMPOBAHNUA XTIOPCepeOpsIHOTO /IEKTPOfa SABIIA-
eTCsI OCTaTOYHasl KOHIIEHTPALVsI IOHOB X/IOpa B KOH-
TAKTHOI mpoBopsiieit cpene. OfHAKO B MMOCTIETHIE
TOJIbI HOSABW/IVCH Pa3paboOTKM HAKOXKHBIX 3/IeKTPOJIOB,
He TpeOyIomMX 0053aTe/IbHOTO VMCIIO/Ib30BAHMS J7IeK-
TPOJHOTO TeJiA VN PYTOM YKUIKOI IIPOBOAALLEN Cpe-
niplL. [ToBEpXHOCTD TaKMX 97EKTPOLOB MMeeT CIIelab-
HO BBIIIO/THEHHbIE MUKPOHEPOBHOCTH C PETY/ISPHOI
VIV HEPETY/IAPHOI CTPYKTYPOI1, KOTOPbIE TI03BOJIAIOT
IOOUTHCS XOPOIINX CBOJICTB 97IEKTPOJOB 6€e3 IIPOBO-
AIero resisi. Mex iy TeM, Ipy MCIIO/Ib30BaHUY TaKMX
37IEKTPOJIOB B HEKOTOPBIX C/Ty4asiX MOXKeT ObITh He00-
XOJIIMO HaHeCeHyie Ha KOXKY MaJIOBsI3KOI1 ITPOBOJAILIEl
cpenpl (Boaa, pM3MOIOrMYeCcKIii pacTBop).

KpoMme HU3KOro moTeHuMana NonApu3aluy OTHO-
CUTE/IBHO OMOIOTMYECKUX SKUAKOCTEI, TOTOXKUTE Ib-
HBIMJ Ka4eCTBaMI XIOpCepeOpsIHbIX S7eKTPOOB 5IB-
JITIOTCST HU3KMIT YPOBEHb COOCTBEHHBIX ITYMOB I CTa-
OMIBHOCTD MMIeflaHca (IIOJTHOTO COPOTUBIICHNUA) B
3aBUCUMOCTY OT YaCTOTBI. DTI CBOVICTBA Ba)KHBI IS
perucrpauny 6MOCUIHAIOB MajIbIX aMIUIUTYH B LIN-
POKOM IMara3oHe 4acToT (aneKTposHiedanorpads,
nospaue notennyansl Ha OKI u 1.11.).

XnopcepeOpsHbIe 37IeKTPOJIbI XOPOIIEro KayecTBa
TaKXKe JJOCTaTOYHO OBICTPO BOCCTAHAB/IMBAIOT CBO IIO-
TEHLVIAJI II0C/I€ BHELTHYX /IEKTPUYECKIIX BO3IEIICTBUI,
YTO MOXKET IIPOM30ITI, BO BpeMs HeduOpu/UIsimiL.

B xadecTBe HEMONMAPU3YEMBIX [J/Is1 HENPOMOKU-
Te/IbHbIX VICC/IEOBAHNIT MCIIONb3YIOT 1 HuKeneBble (Ni)
SNEKTPOAbL. [I/11 CHUKEHUA LIeHbl YacTO C/IO HUKe-
JI1 HAHOCUTCA Ha OoJiee JleleBblil MeTaul (Harpumep,
Merp). [Ipy pmTenpHOM perncTpanuy HaKOIUIeHNe B
97IEKTPOJIHOV IIPOBOJALLEN Cpefie COeNl HUKEIA MO-
KeT IPUBOJIUTD K M3MEHEHNIO 3/IEKTPUIECKIX CBOJICTB
371eKTpofia. Taxoke He [J0 KOHIIA MICCIe0BaHbl BO3MOXK-
Hble TOKCH4YecKyie 3¢ GeKThI COeHEHNIT HUKETIS.

Kpome a/meKTpudecKnx CBOMCTB 3/IEKTPOJOB CY-
IIeCTBEHHBIMU [ 9KCIUTyaTallM XapaKTepUCTUKa-
MU SIBJISIOTCS pa3Mepsl, GopMa, CIocod KpereHs
Ha IIOBEPXHOCTM 06M000DbEKTa 1 JPyTiie MeXaHude-
CKMe VM 9prOHOMMYecKye KadecTsa. [Ipy BeIGOpe o71ek-
TPOJOB Hafj0 0OpallaTh BHIMaHMe Ha COOTBETCTBHE
9TUX XapaKTePUCTUK 00/1acTU IPYMEHEHVS NIeKTPO-
TOB B KOHKPETHBIX YC/TOBUAX.

IIpakTiyeckue peKOMEeHZAMM IO BBIOOPY
U MCIIOTIb30BAaHUIO 3TIEKTPOJOB

Ha anexTpuyeckye cBOVCTBA 37IEKTPOJIOB IIPK pe-
TUCTpaLuy OMOIIOTEHLINAIOB OKAa3bIBAIOT HEIIOCPes-
CTBEHHOE BJIMsHUE:

e COOTBETCTBVE KOHCTPYKIIMY 9I€KTPOJIOB U CUCTe-
MBI UX KpeIUIeHNsI METOY MCCIeOBAHIST;

e MaTepuas U IIOKPBITHE STIEKTPOJA;

e COCTOSIHME VI 9/IeKTpUYecKas OFHOPOSHOCTD I10-
BEPXHOCTH 97IEKTPOJIa;

e CBOJICTBA 3NEKTPOHON IIPOBOJALLEN CPEJbL, IIPU
VICIIO/Ib30BAHMM IPOK/IaJJOK — TOJILIHA U CBOJI-
CTBa IIPOK/IA/IKN;

o  9JIEKTPUYECKIe CBOJICTBA TKaHel 6MI000BEKTa, C KO-
TOPBIX OCYILIECTB/IACTCS ChEM OUOIIOTEHIVIA/IOB;

o BO3JENCTBIUE Ha O1I00OBEKT SMEKTPUUECKIX TOKOB
¥ TIOJIeil, BK/TI0Yast 37IEKTPOCTUMY/IALNIO, Aedu-
OpWIIALMIO, MICCIeloBaHNMe VIMIIeJaHCA TKaHel 1
IIp, @ TAK>Ke HaBOJOK OT IPYTOTO 3/IeKTPUIECKOTO
060pyfoBaHNA.

[Ipy OZHOBpEMEHHOM NCIIONIb30BAHMUY HECKOTIb-
KVX 97IEKTPOJIOB [I/IsI CUHXPOHHON PerucTpannm He-
CKOJIBKMX OMOCHUTHAJIOB, YTO fAB/AETCSA CaMBIM Ya-
CTBIM CIy4aeM B COBPEMEHHON AMAarHOCTUYEeCKOI
IPaKTVKe, HeOOXOMIMO YIUTHIBATD C/IEAYIOLIVE Tpe-
6oBaHus:

o BCe 97IEKTPOJbI KOMIUIEKTa JO/DKHBI OBITH OXHO
37IEKTPOXMMIYECKON CHCTEMBbI;

e BCE 9JIEKTPOJIbI KOMIUIEKTA IO/DKHBI MUMETh IIPMH-
O/IM3UTENbHO OIMHAKOBYIO CTeIIeHb M3HOCca (Crief-
CTBMEM 3TUX TpeOOBaHMIT SAB/IsIETCS HeOOXomu-
MOCTb OJJHOBPEMEHHOJ 3aMeHBI BCEX ANIEKTPOJIOB
KOMILJIEKTA);

e JUIA BCEX 3/IEKTPOJIOB HEOOXOAMMO MCIOTb30-
BaTh Ka4eCTBEHHYIO U OJ[MIHAKOBYIO IIPOBOJ-

I YIO CPERY.



MEONUMHCKAS TEXHUKA 1 OBOPYJOBAHUE

Hecobnronenne atux Tpe6OoBaHMII MOXeT HpH-
BeCTH K BO3HMKHOBEHUIO Pa3/INYHBIX IIOTEHIINATIOB
(mpMpopa KOTOPBIX PaCCMOTpEHa BbIIIIe) MEX[Y S7IeK-
TPOZAMM, YTO HeM30eXXHO CHUSUT KAadeCTBO Periu-
CTpaLuy CUTHAJIOB.

B tabn. 2 cyMMupoBaHBI faHHBIE O BAUSHUU
OCHOBHBIX BUIOB IIOTEHI[A/I0B, BOSHUKAIIINX Ha
97IEKTPOJAAX, Ha Ka4eCTBO PEerucTpanuy 6Mocurta-
710B. [ToHMMaHe IIPYPO/bI ITUX IOTEHIMAIOB BXKHO
U1 BBIOOpA Mep yMeHbIICHNS X HeOIaronpusaTHOro
B/IMSIHVSL Ha Ka4eCTBO PeTyCTparyu curuanos. Heo6-
XOAMMO OTMETHTb, YTO IIOMEX) MOTYT HaO/MIOHAThCs
KaK M30/IMPOBAHHO, TAK I B COBOKYIIHOCTH, 4TO 3a-
TPYAHsIET PAacIO3HABAHME MX [IPUPOHBL.

B mpomecce akcmTyaTaunu ciefyeT CBOeBpeMeH-
HO IPOM3BOANUTD OYMCTKY 9/eKTPofoB. OuncTKa He-
06xoMMa He TOTBKO [Tt COOMIOeHUsT TpeOOBaHMIT
CaHIMMAPEXNMA, HO IJIsI COXpPaHEeHNsI IIPUeMIEMOTO
KayecTBa perncrpanuy curianos. O4ncTKa JOmK-
Ha IPOU3BOAUTHCS 0 MHCTPYKLMM IIPOU3BOANUTETIA.
BricbixaHMe Ha TIOBEPXHOCTY T€KTPOOB TEKTPO-
JTHOTO TeJisl VIV VHBIX 3arPsISHEHWIT YaCTO IPUBOLUT
K KOPPO3UM 9/1eKTPOLOB. AGCOMIOTHO HEJONIYCTH-
MO JICIIO/Ib30BATD /151 YMCTKY 9/I€KTPOJIOB TBEP/bIe
U OCTpBbIe NpeAMeThl, abpas3uBBI, )KECTKIE MOYATIKI,
arpeccuBHBIE KUAKOCTY U T.I. MeXaHW4YecKue Uin
XMMWYECKIie BO3/IE/ICTBIS Ha TOBEPXHOCTD 3/IEKTPO-
JIOB IIPUBOJAT K TTOpYe ¥ HeOOPATVMOMY YXYAIICHNIO
9TIEKTPOXMMIYECKIX CBOJICTB 9/EKTPOJA.

B saBepuienun o63opa mpobnem perucTpannuu
OMOCHUTHAJIOB, CBSI3aHHBIX C 9EKTPOAAMM, OTMETUM,
4TO I00ble MHOTOPA30BBbIe I/IEKTPOMbI MEIOT Orpa-
HIYEHHDIT ZeCTPYKIIMEN MX TOBEPXHOCTHOTO C/IOS
CpoOK cmy>x6bl. IIposiB/IeHneM AeCTPYKIMM TOKPbI-
TV MOXeT ObITb M3MeHeHNe 1IBeTa, IOsABJIeHNe Ha
HIOBEPXHOCTY 37€KTPOJIOB HeXapaKTePHBIX OTIOXKe-
HUIT, 0OOHA)KeHNe TIO[JIOKKIA U APYTYe OBPEXIEeHIS,
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KOTOpbIe MOTYT OBITh JIETKO VI CBOEBPEMEHHO BbIAB-
neHbpl ocMoTpoM. Hanbonee BeposATHBIE MecTa Je-
CTPYKLIMM ITOKPBITUA — YIJIBI M KPOMKY 97IEKTPOJIOB,
I7ie TOKPBITYE IIOJBEP)KEHO Haubo/iee MIHTEHCUBHOMY
nsHocy. IIpy BBIABNIEHNN TOBPEXIEHNI laXKe OHO-
IO 37IEKTPOfa, HEOOXOMMO 3aMEHATD BECh KOMIIIEKT
YUY TIO{OMpaTh Ha 3aMeHY 3/IeKTPOJ, C TeMM XKe Xa-
PaKTepPUCTUKAMIY, YTO U 3aMEHsAEMBII.

3aknouyeHne

Takum 06pa3oM, s7eKTPOAbI OKA3bIBAIOT CYIIle-
CTBEHHOE B/IMsAHME Ha Ka4eCTBO perucrpaunn 6mo-
curaanoB. HecooTBeTCTBME XapaKTEPUCTHK 3IEKTPO-
OB TPeOOBAHNAM PETUCTPALY KOHKPETHOTO CUTHAIA
MO>KeT IIPUBOANTD K apTedaKTaM B 3aIINCAX NN UMU-
TUPOBATH HEMICIIPAaBHOCTHU CaMOJl perucTpupylouieit
anmnapaTypsl [1j11 cBoeBpeMEHHOr0 BbIABJIEHM U IIpe-
JOTBpAILeHNs TAKMX CTy4aeB HeOOXOAMMO OHVIMAHIe
IPOMCXOAALINX 3TEeKTPOXMMIYECKIIX IIPOLIECCOB B Me-
CTaX KOHTAKTa 9/IEKTPOJOB ¥ OVOJIOTMYeCKIX TKaHeIl.
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Ta6muua 2. Buapl momex mpy perncTpanyy 6MOMOTEHIINATIOB, BOSHUKAMIINX BCIEACTBIE PA3INYHBIX TOTEHI[MATOB

Ha 9JIEKTpOaX

IToTenman

Bo3mo)kHO€e HeraTBHOE BIVISTHIIE

PasHocTh MEXI/IEKTPOAHBIX IIOTEHMIAJIOB

Jpeiid pasHOCTI MeXITIEKTPOIHBIX OTEHIINATOB
ONEeKTPOIHBIN HIyM

SHerOMexaHI/I‘IeCKI/H‘/'I mIyM OABVDKEHUA

ITornstpu3ariyst a7eKTPOfA WM TKaHel 61006beKTa
(nampumep, sanngepmuca) BCIEACTBIE IIPOTEKAHIS
MaJIOrO IIOCTOSTHHOTO TOKa

[Monstpusaliyst BCIeACTBUE IPOTEKAHNSI 3SHAYUTETbHbIX
TOKOB (Hampumep, npu geubpusnmun)

HeperpysKa YCMHMTEHeﬁ[, OIpaHNYE€HNA U IPYTUE VICKAKEHNA
CUTHAJIOB

I peitd n30MHNN B OFHOM WM HECKOMBKUX OTBEIEHISIX

ITosiBleHMe Ha 3aIMCH IIYMOB B PAa3/INYHBIX JUALIa30HAX
4yacToT (Yalre BCero, B BHICOKOYACTOTHOM 06/1acTin)

Opeitd nsonuun

OrtpenbHbIE UMITY/IbCHbIE TOMEXM

BBICOKOYAaCTOTHBIIT TOCTOSIHHBII ¥ TIEPHOANIECKIIT IITYM
ITeperpyska ycunuTesesi, OrpaHNYeHNsI 1 FPYTVe NCKaKEeHVISI
CUTHaIa

Ipeiid nzomuum

Ileperpyska ycunureseit, OTpaHUYEHNA U APYTHE MCKaKEHUA
CUTHa/Ia

Hpeiid nsonuun




