®EJIEPAJIBHOE I'OCYJIAPCTBEHHOE BIO/[)KETHOE OFPA30OBATEJIBHOE
VUPEXJIEHUE BBICHIET'O ITPO®ECCHUOHAJIBHOI'O OBPASOBAHNS
«IOHCKOM rOCYJIAPCTBEHHBI TEXHUUYECKU YHUBEPCUTET»
(IT'TY)

Kadeapa "Xumuueckue TeXxHoa0ruu HeTerazoBoro komiiekca"

KOHCIIEKT JEKIIUIA
(10MOTHEHHBIH ¥ PaCIIMPEHHBbII)
10 JUCHMILUINHE
"MeToabl 3JIEKTPOXUMHYECKHUX U3MepeHuil"

JJISl CTYIeHTOB MarucTpaTypsbl 3204HOi (popMbI 00yueHHs
no Hanpasjenuro 18.04.01

PocrtoB-Ha-/lony
2018



BBEAEHUE

IIpeamMeTOM JAHHOTO Kypca SIBISIFOTCS OCHOBHBIE METOJBI UCCIIEA0BA-
HUS DJIEKTPOXUMHUYECKHUX IMPOLIECCOB, MPUHIUIIBI pabOThl MPUOOPOB U yC-
TaHOBOK.

Llens mpenopaBaHusl JUCHUIUIMHBL — (OPMHUPOBAHHE HWH)KEHEPHO-
VCCJIEI0BATEIbCKUX 3HAHUN M NMPAKTHYECKUX HABBIKOB JUJISI CAMOCTOSTENb-
HOM HAay4YHO-TIPOU3BOACTBEHHOU JIEATEIBHOCTH.

OCHOBHBIE 331a41 JUCLUIIINHBI:

— YCBOECHHE TEOPETHUYECKMX OCHOB METOJIOB U IPUHIUIIOB U3MEPEHUS;

— U3YyYEHHE XapaKTEPUCTUK MPUOOPOB, YCTAHOBOK MAJI MPOBEICHMUS
AIEKTPOXUMUYECKUX UCCIIEI0BAHNIA;

— npuoOpeTeHue MPakTUYECKUX HHXKEHEPHO-HCCIIEN0BATEIbCKUX Ha-
BBIKOB;

— 00paboTKa, aHaIN3 MOJYyUYEHHBIX SKCIIEPUMEHTAIBHBIX PE3YJIbTATOB.

CoBepIICHCTBOBAaHUE CYIIECTBYIOIIMX JJIEKTPOXUMHUYECKUX IPOU3-
BOJICTB, CO3/IaHME HOBBIX TEXHOJIOI'MI, KOMIUIEKCHAasl aBTOMAaTU3aLMsl Mpo-
IIECCOB TPeOYIOT OT COBPEMEHHOT0 HMHXEHEpa-3JIEeKTPOXUMHUKA-TEXHOJIOTa
IPOYHBIX 3HAHUI M HABBIKOB B MCIOJB30BAHUM PA3JIMYHBIX METOAOB AJIEK-
TPOXUMHUYECKUX U3MEPEHUN U TPUOOPOB.

W3mepeHus B 3JEKTPOXUMHUU NMPAKTHUYECKU BCErJa CBA3aHBI C 3JIEK-
TPUYECKUMHU U3MEPEHUAMU. DIEKTPUUECKUE U3MEPEHUS B DIEKTPOXUMHUU
UMEIOT JIB€ OCOOEHHOCTH: BO-IIEPBBIX, CIEHU(PUKA O0BEKTa UBMEPEHUS —
ANEKTPOXUMHUYECKON LENMU — HAKJIAJAbIBAET OTPAHUYEHHUSI HA BHIOOP METO-
7la U3MEPEHHS] U COOTBETCTBYIONIEH anmapaTypbl. Bo-BTOpbIX, HOMEHKJIA-
Typa npuOOpoOB, pa3padOTaHHBIX U BBIMIYCKAEMbIX CEPUIHO CIELUAIbHO
JUIsL TIPOBEJCHHUS DIIEKTPOXMMHUYECKUX M3MEPEHMI, BECbMa OrpaHUYCHA.
CepuifHO BBIIIYCKAIOTCSI HEKOTOPBIE THUIIBI NOTEHIMOCTATOB, MOJISpOrpa-
(0B, HOHOMEPOB, MOCTBI IEPEMEHHOTO U IMOCTOSIHHOrO ToKa. B OonbInH-
CTBE CJIy4aeB UCIONb3YIOTCA U3MEpPUTEIbHbIE IPUOOPHI 00IIET0 Ha3Haue-
HUSL — aMIIEPMETPbI, BOJIBTMETPBI, T€HEPaTOPhl, OCHUILIOrpadsl, caMOmu-
Hrymue npudopsl, HICTOYHUKU NuTaHusA. M3 HUX coOMparoT Te WM UHbIE
U3MEpUTEIbHBIE YCTAHOBKHU JJIs peau3alii TPpeOyeMOoro 3JIeKTPOXHUMHU-
4ECKOr0 METOAA.

OOBEKTOM 3KCHEPUMEHTAILHOIO MCCIIEIOBAHUS B 3JEKTPOXUMHHM SIB-
JSETCS 3IEKTPOXUMUYECKAs] CUCTEMA, WIIHM JIEKTpOXUMHUYecKas 1ernb. Oc-
HOBHBIE 3JIEMEHTBI AJIEKTPOXUMUYECKON CUCTEMBI — MPOBOJHUKHU MEPBOTO
poJia, MPOBOJHUKH BTOPOTO pO/A U TpaHULIbl pa3zaeina ¢as.

[IpoBoIHUKM TEPBOTO poAa — METAUIMUECKUE WM MOTYTPOBOJIHHUKO-
BBIE JIEKTPOABI, IEKTPOIPOBOJIHOCTh KOTOPBIX ONPEAEISAETCS IBUKEHUEM
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CBOOOJHBIX AJEKTPOHOB WM JBIPOK. [[pOBOJHUMKM BTOPOTO pojaa — KOH-
JIEHCUPOBAHHBIE MOHHBIE CHUCTEMbI: PACTBOPHI AJIEKTPOJMTOB, PacCIIaBbl
AJIIEKTPOJIMTOB, TBEPJIbIC ANEKTPOIUTHI. ['paHulibl paziena ga3 MOTYT MOSB-
JSATHCSI MEXKTY DJEKTPOJOM U DJICKTPOJIUTOM, MEKAY ABYMS Pa3IuIHBIMU
MeTalIaMH WJIU TOJIYNPOBOJIHUKAMH, & TaKKe MEXKIY IBYMs Pa3IM4YHbIMU
AIIEKTPOIUTAMHU.

DIIEKTPOXUMHUUYECKUE CUCTEMBI HAXOJAT JBa BAXXHEHIIMUX MPUMEHE-
HUSI: B XMMHYECKUX MCTOYHUKAX TOKAa U B 3yeKTposn3epax. Mcciegona-
HUS 3JIEKTPOXUMHUYECKUX CHUCTEM CKOHIEHTPUPOBAHBI TPAJUIIMOHHO HA
JIBYX HalpaBJICHUAX: CBOMCTBAX KOHIAECHCUPOBAHHBIX MOHHBIX CUCTEM U
CBOiicTBax rpanuil pasnaena gasz. B mociegHem ciiyyae BaxKHEHIIUM Ha-
MpaBJICHUEM UCCIICIOBAHUMN SIBJISIETCS U3YUCHUE MEXaHU3MAa U KUHETHUYe-
CKMX 3aKOHOMEPHOCTEW Mepexoja 3apsDKEHHBIX YacTULl yepe3 Mexdas-
HbIE TPAHUIIBI.

NEKUUA 1. TEXHUKA NIEKTPOXUMUYECKOTIO SKCNEPUMEHTA
YncroTa BoAbl, peaKTUBOB, ra30B N 3/1IeKTPOA OB

OCOOCHHOCTBIO DIEKTPOXUMHUYECKUX HCCICTOBAHUN SBISIIOTCS 71O-
gvlulenHble mpebosanus K yucmome BOJbl U APYTUX HCIOJIb3YEMBIX pac-
TBOpUTEJICH, a TaKXKE K HMCIOJIb3YEMBbIM PAacCTBOPUTENSIM, Ta3aM U Marte-
puanaM 3JIEKTPOJOB U JIEKTPOXUMUUECKUX sueeK. Tak, MOHOCJION Belle-
CTBA Ha MOBEPXHOCTH JIEKTpoja coaepskut ~10" momexyn Ha 1 cm’, min
10 Momnb/cM’, B MOXET 06pa30BATHCS, €CIH KOHIEHTPALMS MPHMECH B
pactBope coctaBisier ~10* Monb/n. AncopOuus mpuMmeceii Ha Hambosee
akTUBHBIX ydacTkax moBepxHocTH (0,10-0,01 MoHOCIOs) MOXKET 3HauYU-
TEJIBbHO MCKA3UTh PE3YJbTAThl AIEKTPOXUMHUYECKOro 3kcrepuMenta. [lo-
ATOMY KeJaTeabHO, YTOOBI MPEAENIbHO AOMYCTUMAasi KOHIEHTPALUs MpHU-
Mecel, CITOCOOHBIX afcoOpPOMPOBATHCS HA MOBEPXHOCTH, COCTABIIIA 10°—
107 moumb/.

Booa. Yaime Bcero B KayecTBE PaCTBOPUTENS HUCIOIb3YETCS BOJA.
B BogonpoBOgHON BOZIE CONEPKUTCS 3HAYUTEIBHOE KOJIUYECTBO KHUCIIOT U
COJIEH, KOTOpPhIE YBEIUYUBAIOT €€ AJIEKTPONPOBOJAHOCTD. {11 KOHTpOJIS 3a
UX COJEpKaHUEM HU3MEPSIOT AJIEKTPONPOBOJAHOCTH BOJbI. B Boje Takxke
MOTYT COJEPXKAaThC OPTraHMYECKHUE IMOBEPXHOCTHO-AaKTUBHBIE BEIIECTBA,
KOTOPBIE MOTYT IIPOYHO aJICOPOUPOBATHCS HA TIOBEPXHOCTHU AJIEKTPOIOB.

Peaxmuewi. BpillyckaeMble MPOMBIIUIEHHOCTBIO PEaKTHUBBI KBalu(pu-
UPYIOTCS IO CTENIEHN YMCTOTHI Ha CJIEIYIONIUE KAaTETOPUH: «U» — YHUCTHIH;
«4ja» — YUCTBIN IS aHAIM3a; «XU» —XUMUYECKU YUCThIN. Brimyckatorcs



TaK)K€ BEIIECTBA BBICOKOW YMCTOTHI JJIs CIELMAJIbHBIX IIEJICH: XpOoMaTo-
rpapuuecKoro, CHeKTPaJIbHOIO aHalu3a M T. A. Takue BellecTBa MMEIOT
KBTH(PHUKALHUIO «OCU».

JIJ1s1 3JIEKTPOXUMUYECKUX UCCIEA0BAHUI HY>KHO MCIOJIb30BATh PEAKTH-
BbI KBaJTM(pUKALMU «ocy» U «x4». Ho st uccnenoBanust MexdasHbIX Ipa-
HUIl U DJIEKTPOXUMUYECKON KMHETHKU HaXX€ 3TU PEAKTHUBBI HEJOCTATOYHO
YHCThI, OHU COJIEP’KAT MPUMECH OPTaHUYECKUX BEIIECTB U TPEOYIOT JOIMOJI-
HUTEIbHOW ouncTkH. CoJId OYMINAIOT NMEepeKpucTamzanueii 2—4 pasza u3
ounuctmsaTa. s 6osee MOTHOTO yJaIeHHs OPTaHUYeCKUX BEIIECTB MPO-
M3BOIAT npokanuBanue conedl mpu 500°C B TeueHue 24 4, HO TO IENAKOT
TOJIBKO JIJISi TEPMUYECKU CTOMKHUX COJIEH (XJIOpUIOB, CYIb(aToB).

Haunbonee yacTto B 3JIEKTPOXUMHUYECKUX HCCIEIOBAHUAX JUIsI TIPUTO-
TOBJIEHUSI PabOYMX PACTBOPOB HCHOJIB3YIOT CEPHYIO U CONSHYIO KUCIIOTHI.
ConsiHy10 KHCIIOTY MapKd «X4» MpU HEOOXOAMMOCTH JIOTOJHUTEIHHOU
OUYUCTKH JBAX]IBI MEPETOHSAIOT, IPEIBAPUTEIHLHO pa30aBUB BOJION B COOT-
HomieHuu 2 : 1. OuuineHHass TakuM 0O0pa3oM COJIsiHAsk KUCJIOTa UMEET CO-
craB HCI - 3,5H,0.

CepHast KMCIOTa TAaKK€ OYMILNAETCS JBOWHOW NEPETOHKOM IPU MOHM-
JKeHHOM JaBieHuu 5—10 MM pT. cT. HO OHA TOXE CONEPKUT OPraHUYECKUE
npuMecu. s ux ynaneHusi pacTBOPbl CEPHOM KHUCJIOTHI OUMILAIOT MPEad-
JIEKTPOJIU30M B sTYCHKAX C OOJIBIINM TIATUHOBBIM AJIEKTPOJIOM.

Ta3zv1. PacTBOp, HAXOAAIIMMCA B PABHOBECUU C BO3IYXOM, COAECPIKUT
3HAYUTEIBbHOE KOJMYECTBO PACTBOPEHHOTO KUCIOPOa, KOTOPBIH SIBISETCS
AIEKTPOXUMHUYECKH AKTUBHBIM M MOXKET MCKaXXaTh PE3YJbTaThl AJIEKTPO-
XUMHUYECKUX HccheqoBaHuil. B Takux ciyuyasx HEOOXOJUMO BBIYyBaTh KH-
CJIOpOA HMHEPTHBIMHM razamu. Yamie BCEro HCMOJb3YIOT a30T WIM aproH.
Jlist mosiHorO ynaneHust kuciaopoaa u3z 100 mu pactBopa Tpedyercs mpo-
MyCKaTh MHEPTHBIN ra3 B TeueHue ~30 MUH CO CKOPOCThIO | My3bIpeK B ce-
KyH11y. [I[pOMBIIIEHHOCTBIO BBIITYCKAIOTCS I'a3bl PA3HOW CTENEHU OYUCTKH.
Ecnu coaepxxanue kucnopoga <0,005%, To JONOJIHUTEIBHONM OYUCTKU OT
kuciopona He TpeOyercs. I[IpoBOAST TOJNBKO OYHMCTKY OT OPraHUYECKHUX
npuMeceil mpoIyckaHueM 4depe3 TPYOKH, 3alOJHEHHbIE aKTUBUPOBBIHHBIM
yraeM. [Ipu HeoOXoaMMOCTH yAalleHHs KUCIOPOJa T'a3 MPOIyCKAKT Yepe3
TpyOKy, Harpetyio 10 450-500°C u 3aM0JIHEHHYIO MEITHBIMU CTPYKKAMH.

Bonopoa s viccrneqoBaHui MOMYy4YarOT 3JIEKTPOJIU30M € UCIOJIb30Ba-
HUEM JIMOO BBITYCKAE€MbIX NPOMBIIUIEHHOCTBIO T€HEPAaTOPOB BOAOPOJA,
1100 coOrupaeMbIx JTabOPaTOPHBIX YCTAHOBOK.

Onexmpoosi. Yailie Bcero MaTepraiaMu 3JIEKTPOAOB CIIyKaT METAILIIBI.
BONBIIMHCTBO 3JIEKTPOXUMHUYECKUX UCCIIEIOBAHUI BBIIIOJIHEHO HA KUJIKOM
PTYTHOM Kanaromiem 3JaekTpoje. OCoOeHHOCTH 3TOro 3JjiekTpojna: 1) Bo-
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300HOBIIsIEMasi TOBEPXHOCTh, PUMECH 3a BPEMsI JKU3HU KaIlIM HE yCIeBa-
I0T HAKaIlJuBaThCs HAa MOBEPXHOCTH; 2) MACANBbHO TJIaJKas MOBEPXHOCTD,
WCTUHHAs IJIOLIAb KOTOPOM coBHaaaeTr ¢ reomerpuueckoi. Kpome prytu
UCIOJIB3YIOT APYTHE Jcuoxue 3AeKTpoabl: xuakui rammui (T, = 29,8°C)
U PacTBOpPbl METAJUIOB B PTYTH — amajiblaMbl WIM B TFajUIMH — TajulaMBbl.
MHora ucnosib3yroT paciilaBbl METAIIOB.

Cnoco6 ouucmku pmymu. Jid ynajaeHuss MEXaHHUECKUX MpUMeceit
PTYTh 3aJMBAIOT B TOJCTOCTEHHBIA KPUCTAIIN3ATOP U HECKOJIBKO pa3 Mpo-
MBIBAIOT BOJONPOBOJHON Bojaou. Ilocie storo pryTh QUIBTPYIOT uepes
OyMaKHbII TMagKkuil GUIbTp ¢ OOJBIIMM YUCIOM OTBEPCTU HAa OOKOBOM
MOBEPXHOCTH (DUIIBbTPA, KOTOPhIE HAHOCSAT TOHKOW urjoi. [y ynaneHus
XUMHUYECKUX TipuMecert (mpumeceid metamioB) 150-200 Ma pTyTH Haju-
BAaIOT B JIBYTOPJIYIO TOJICTOCTEHHYIO CKISHKY W 3amuBaroT 200-300 mn
65%-noro pactBopa Hgy(NO;3),. DTy cosib pacTBOPSIIOT B BOJIE, MOAKHUC-
nenHoi HNO; u3 pacuera 2 M koHueHTpupoBanHoil HNO; Ha 1 11 BOJbIL.
C nmoMouip0 BOAOCTPYHHOIO HAacoca 4epe3 CTEKIISIHHBIM Kanwuisip, Omy-
HIEHHBIN 0 JHA CKIIIHKU, IPOCACHIBAIOT MPEABAPUTEIBHO OYUIIEHHBIA OT
NbUTH BO3AYyX B TedueHue 18-20 4. Ilocime mpoayBku pTyTh BMECTE C pac-
TBOPOM IE€PEHOCHT B JEIUTEIbHYI0 BOPOHKY U CIHMBAIOT B CYXYIO YHUCTYIO
CKJISIHKY. 3aTeM PTYTh B BHJIE KaIllejb MPOIYCKAIOT Yepe3 Pl KOJOHOK, 3a-
NOJIHEHHBIX  IOCJIEI0BAaTEIbHO OUIUCTUILIATOM, KOHUEHTPHUPOBAHHON
H,SO,4, BHOBb OuguctumiaroM, 5%-ueiM pactBopoM Hgr(NOj), (Tpu Ko-
JIOHKH) ¥ CHOBa OMIUCTHILIATOM.

B otnuune oT XuAKOM MOBEPXHOCTH, UCTUHHAS IUIONIA/lb MOBEPXHO-
CTH TBEPOTO AEKTpoJa Oosiblie reoMmeTpudeckoi. OTHOIIEHUE UCTUHHON
MOBEPXHOCTH K BUIMMON Ha3bIBalOT (hakTopoM IepoxoBaTocTu. Kpome
TOT0, HOBEPXHOCTh TBEPJIOTO JIEKTPO/Ia SIBJIAETCS SHEPreTUYECKH HEOIHO-
poaHoii. J{Jis moaydeHus: BOCIPOU3BOAUMBIX PE3YJIbTATOB IIPU U3MEPEHUSIX
Ha TBEPJBIX DJEKTPOJaX HEOOXOIMMO HCIOJIH30BATh Pa3HbIE CIIOCOOBI 00-
HOBJICHUSI TTOBEPXHOCTH HENOCPEICTBEHHO B HCCIELYEMOM 3JIEKTPOJIUTE,
YTO cAenaTh TPYAHO.

[ToBepXHOCTB Mm6eepObIx FNEKTPOOB NEPE] U3MEPEHUSIMHU HEOOXOANUMO
NoAroTOBUTH. [IpuyemM BakHO, YTOOBI B CEPUM SKCIEPUMEHTOB MOBEPX-
HOCTb AJIEKTPOJIOB MOJArOTaBIMBAIACH OJUHAKOBBIMU MeTolaMu. Mcnoiib-
3YIOT MEXaHWYECKHE M XMMUYECKHE CIOCOOBI MOATOTOBKUA MOBEPXHOCTH.
Mexanundeckue crnocoObl: NTMpOBaHKUE U TOJUPOBaHUE NLTU(OBATBLHBIMU
KpyraMM ¢ NMPUMEHEHHEM a0pa3uBHBIX MAaTE€pUATOB Pa3IUYHOU CTENEHU
3epHUCTOCTH. [IpU MONMPOBAaHUU UCIIONB3YIOT MOJIUPOBATIBHBIE MMACTHI WU
CTEKJISIHHBIN MOPOIIOK. XUMHUYECKHE CIIOCOOBI: 00€e3KUpUBAHUE, TPaBIIC-
HUE, XUMHYECKOE U 3JIEKTPOXHMMHUYECKOe noiupoBanue. [Ipu npoBeaeHun



WU3MEPCHUN Ha TBEPABIX DJIEKTPOAAX CIEAYyET TIOMHHTH, YTO JaXKe MPHU HC-
MOJIb30BAaHUU YJIBTPAYUCTBIX MATEPUATIOB PE3yJIbTaThl U3MEPEHHA MOTYT
3aBUCETh OT CTPYKTYPBI MOBEPXHOCTH (KpHCTAIOTpaduIeCKON OpHeHTa-
IIUH, TUTIA ¥ KOHIICHTPAIIMHA CTPYKTYPHBIX JE€(PEKTOB).

['eomeTpudeckast hopMa TBEPABIX SJEKTPOIOB MOXKET OBITH pa3iIud-
HO. YacTO MCTOIB3YIOT IUIOCKUE AJICKTPOABl B BUAE IUIACTUHOK MPSMO-
YTOJIBHOM MK KBaApaTHOUM opMbl miin B popme daaxka (puc. 1).

1-2
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Puc. 1. ®opma snexrposa B Buje iakka (pazMepbl B MUIMMETPAX )

Hcnonb3ytoT 3MeKTpobl B BUAEC MPOBOJIOKM WM B BHJE JUCKa (Bpa-
HIAIOIIMICA TUCKOBBIN 31ekTpoa). Hepabouyro 4acTh 351eKTpoia U30IUPYIOT
MOJIMCTUPOJIOM: TOKPBIBAIOT 2—3 pa3a pacCTBOPOM MOJMCTUPOJIA B TOIYOJIE.
Jnd vM305siuMM MOKHO HMCIIOJIB30BaTh SMOKCHAHBIN Kiel. Mccnemyemblid
3JIEKTPOJ] MIPUIIAUBAIOT WJIU NMPUBAPUBAIOT TOYEYHON CBAPKOM K TOKOOTBOAY
(MeHast UM HUKEJIeBas IPOBOJIOKa). ['eOMeTpHYECKyI0 TOBEPXHOCTD DJICK-
TPOJa TIIATEIIBHO U3MEPSIOT JUHEMKON UJIM KOMIIAPaTOPOM.

MukpoanekTpopgbl

[Ipn ymMeHbLIEHUU pa3MEpPOB JJIEKTPOAOB HX IOBEJECHUE HAUYMHAET
CYILIECTBEHHO M3MEHSTHCSA B CPABHEHUHU C AJEKTPOJAaMU OOJIBLIOrO pa3me-
pa. DTO pa3inyue CBSI3aHO ¢ U3MEHEHUEM YCIIOBUI MacCcOIlepeHoca MEXIY
00BEMOM PACcTBOpA U MOBEPXHOCTHIO ANEKTPO/IA.

PaccMoTpuM mpoTekaHHe MPOCTOM AIEKTPOXUMHUYECKON peakiuy Ha
MOBEPXHOCTH 3JIeKTpoaa. Korga moTeHnuman saekTpoaa MepekaoyaloT OT
3HAYEHUsI, IPU KOTOPOM PEAKIUs HE MPOUCXOIUT, K 3HAUEHHUIO, COOTBETCT-
BYIOIIEMY MPENEIbHOMY TOKY, TO KOHIIEHTPAIUSl 3JEKTPOAKTHUBHBIX 4ac-
THUL Ha [IOBEPXHOCTH 3JIEKTPOAA NAAAET J0 HYJS U Ha HEKOTOPOM PACCTOs-
HUHA OT MOBEPXHOCTH OJJIEKTPOAA MOSIBISETCA TPAJUEHT KOHIEHTpalUU



3TUX YaCTHIl, HAIIPABICHHBIN BrIIyOb pacTBOpa. JTO PACCTOSHUE yBEINYH-
BAETCA CO BPEMEHEM OJJIEKTpoin3a. ['pagueHT KOHIEHTpAlui BBI3BIBACT
11 dy3HMOHHBIN MOTOK, HAMTPABIEHHBIA K MOBEPXHOCTH 3ekTpoaa. Oobem
pacTBOpa, BHYTPH KOTOPOTO MPOUCXOIUT AU(P(GY3UOHHBIN MOTOK, HA3bIBA-
ercsa qudPy3uoHHBIM cioeM. ITOT JTU(GGy3MOHHBIM MOTOK MOXHO BBIpa-
3UTh HA OCHOBAaHUU NEPBOro 3akoHa Duka:

C
J=D—, 1
5 (1)

rae J — quddy3HOHHBIH OTOK BemecTBa, Monb/(cM-c); D — kodbdumment
1 by3HI AIEKTPOAKTHBHBIX YacTHIl, cM’/c; C — KOHIIGHTPALHS BEIECTBA
B 00BEME PACTBOPA, MOIB/CM; & — TOIIMHA AU((Y3HOHHOTO CIIOS, M.
Tonmuua nuddy3noHHOTO Clos 7S moxyOeckoHeuHo nuddy3un K
TJIOCKOMY OECKOHEYHO OOJIBIITIOMY 3JIEKTPOY OMPEICISIETCS BRIPAKECHUEM

5=+nDt, 2)

r7ie t — BpeMs OT Hayasa 3JIEeKTPOJIN3a, C.

Jlnst uaeanbHOro 6ECKOHEYHO OOJBIIOIO MIOCKOIo 3JeKTpoaa Auddy-
3UOHHBIN MOTOK OJHOPOJEH MO MOBEPXHOCTH AJIEKTPOJA U KOHLEHTpaLus
BEIIECTBA B PACTBOPE JOCTUTAET 0ObEMHOM Ha PACCTOSHUU B HECKOJIBKO
ToNMUH AUPGY3UoHHOTO ciiosi. OAHAKO JIJISl peajbHbIX AJIEKTPOJ0B MOTOK
CTAHOBUTCS HEPAaBHOMEPHBIM BOJM3M TpaHUIIBI dJEKTpoaa (KpaeBoil 3¢-
dekT). Eciiu xapakTepHbIii pazMep 31eKTpoaa 0003HAYUTh BEIIMUUHOMN 7, TO
MO’KHO BBIJICJIUTH JIBa CIIyvas:

1) 6 << r. B aTom ciydae u3meHenus Au(pPy3uOoHHOTO MOTOKA HA I'pa-
HULAX AJIEKTPOJA PaCIpOCTPAHSIIOTCS HA KOPOTKOE PACCTOSHHE B HECKOJIb-
KO O oT Kpas. Tosibko HeOoJIbIIas YacTh MOBEPXHOCTH 3JIEKTPO/Ia MOABEP-
raercsi JeMcTBHIO KpaeBoro 3¢ddekra. IloBepXHOCTh 3JEKTPOAa MOXKHO
paccMaTpuBaTh Kak OECKOHEYHO OOJIBIION MITOCKUNA 3IEKTPO/I;

2) & >> r. B atoM ciyuae kpaeBoil d3(PeKT Urpaer KIH4YEeBYIO POJb.
Jubdy3roHHBIN MOTOK CTAHOBUTCA HE3aBHUCHUMBIM OT BPEMEHH, HO HEOJ-
HOPOJHBIM TIO MOBEPXHOCTHU DJIEKTPOJA: OH YBEIMYUBAETCA C YMEHbIIICHU-
€M PaCCTOSIHUS OT TPAHUIIBI DJIEKTPOA.

[Tockonbky TonmuHa AUPEGY3UOHHOTO CIIOS 3aBUCUT OT BPEMEHHU, TO
BBIOOp MEX]ly IBYMs CIydasMM TakKe 3aBUCUT OT BpeMeHHu. [Ipu nocra-
TOYHO KOPOTKHX BpEeMEHaxX 3JIEKTPOJ JII0OOro pasmepa BeAeT ceds Kak
O0ecKOHEYHO OOJBINON TIIOCKUM AIEKTPOMd, T. €. Habmomaercs ciydai 1.
Co BpeMeHeM MOBEJCHUE JIEKTPOJa MOCTEIEHHO NEPEXOAUT B caydai 2.
dakTHuecku OAMH Oe3pa3MEpHBIM mapameTp O/7 MOJHOCTHIO OMHCHIBAET
NOBEJICHUE 3JIEKTPOJA.



[Tocne noCTaToYHO JUIMTEILHOIO BPEMEHU CTAalMOHAPHOE COCTOSHUE
YCTAHOBUTCS JIJIsl JIFOOOTO 3JIEKTPOJia KOHEUHOro pasmepa. Tak, st cde-
PUYECKOr0 3JIeKTpoia MU Py3UOHHBIN MOTOK BHIPAXKAETCS YPABHEHUEM

1 1
J=DC| ——+—|, (3)

NnDt r
rae r — paauyc chepudeckoro aekTpoaa, cM. Juddy3uoHHBII MOTOK
CKJIaJIBIBAETCS U3 JIBYX COCTABIIAIOLIMX: HECTALIMOHAPHOW U CTAIITMOHAPHOM.
Uem MeHbIIE pagnyc 3JIEKTPOJia, TeM OOJbIlle BKJIaJ CTAIIMOHAPHOM CO-
cTaBisitoniell B 1u(Gy3uOHHBIM MMOTOK M MEHbBIIE BPEMs yCTAaHOBIICHUS

CTallMOHAPHOTO MOTOKA.

Onpenenum A c(hepruueCcKOro 3JIEKTpoaa BpeMs OT Hayaya 3JIeKTpo-
Ju3a, 4epe3 KOTOpOEe OTHOIICHWE TOMMMHBI AU(PGY3UOHHOTO CIIOS K pas3-
Mepy AJIEKTpoaa O/r MPUMET 3aJaHHOE 3HAUCHUE, ONPEACTIIIONIee XapaKTep
MacCONepeHoca y MOBEPXHOCTH, U3 CIAEAYIOIIET0 COOTHOIICHHUS:

NTDt _§

r r

(4)

BenudnHa 3TOro BpeMEeHH 3aBHCHUT OT pa3Mepa dJekTpoza. Paccunra-
€M BpeMs IpH Tpex 3HadueHusX Oe3pazmepHoro napametpa o/r: 0,1; 1 u 10.
Kospdunuent nuddy3nn MOHOB B BOAHBIX PACTBOPAX HMEET BEIMUHMHY
mopsiaka 107 cm’/c. TlpumeM amst yao6CTBa pacdeToB 3HaueHHe K0dDdH-
nuenTa guddysun 10/ (3,18 - 107°) em*/c. PaccuntanHble 3HaYCHUS Bpe-
MEHU IpUBEAEHBI B Ta0M. 1.

Tabmuma 1
Bpemst oT Hayasa 31eKTPOIN3a, Yepe3 KOTOPOe OTHOLIEHHE TOJIIIHHbI
AuGPy3noHHOrO0 CJI0s K paauycy c)epu4ecKoro JieKTposa o/r
npuMet 3aganHoe 3uavenue (D = 10/ =3,18 - 10~ cm?/c)

Pannyc snexrpona, Bpewmst oT Hayaa 2IeKTpoIn3a, C
cM o6/r=0,1 o/lr=1 o/r=10
1 100 10* 10°
0,1 1 100 10*
0,01 0,01 1 100
0,001 10 0,01 1

OtHomienue O/r mins chepruuecKoro AJIEKTPoaa MPENCTaBIseT CcoOOou
OTHOIIICHHUE CTAIIMOHAPHOTO MOTOKA K HecTarmoHapHoMy. [Ipu Mamom 3Ha-
yeHuu 3toro napametpa (0,1) paccunTanHOe BpeMs €CTh BpeMs OT Hadaja
3JIEKTPOJSIN3a, B TECUYEHHE KOTOPOrO MAaCCONEPEHOC y MOBEPXHOCTH IJIEK-



TpPOJia OMMCHIBAETCS 3aKOHOMEPHOCTAMHU Ju(DPy3un K OECKOHEUHO O0IIb-
IOMY TUIOCKOMY JJIEKTpoay U Au((Yy3MOHHBIM MOTOK HECTAI[MOHAPHBIN.
K HacTymieHno 7aHHOTO MOMEHTa BPEMEHHU JI0JIsl CTAllMOHAPHOIO MOTOKA
coctaBisier MeHbie 10%. Ilpu 3naduenuu o/r = 1 A0AW CTAlMOHAPHOTO U
HECTAIMOHAPHOI'0 TTOTOKOB OJIMHAKOBBIL. [Ipu 3Hauenuu &/r = 10 nons cra-
IMOHAPHOTO MOTOKa cocTaBisieT Oosiee 90%. Ecinu MbI XOTHM HCTIONB30-
BaTh IPU HCCIIECIOBAHUU JJIEKTPOXUMHUYECKONW CHUCTEMbI CTAIIMOHAPHBINA
MOTOK, TO, KaK BUJIHO W3 Tabm. 1, 17st mpoBeACHUS U3MEPEHUI BPEMS DJICK-
tposnsa B 1-100 ¢ Hactynaer nipu pazMepax snekrponaa B 0,001-0,010 cm
(10-100 Mxm).

MUKpO3JIEKTPOJIOM MOKHO Ha3BaTh JJIEKTPOJI, KOTOPBIA MMEET Xapak-
TEPHBIN pa3Mep, MPUMEPHO PABHBINA WITH MEHBIIIE TOJIIIHHBI AU PY3HOHHOTO
CJIOSl B JITAaHHBIX YCIIOBUSIX MPOBEACHUS SKCIepuMeHTa. B 3TUX ycnoBusix
TP PY3MOHHBIN MOTOK SABJISETCS CTAlMOHAPHBIM. OOBIYHO MUKPOAJIEKTPOABI
UMEIOT Pa3MepP B HECKOJIBKUX JIECATKOB MUKPOMETPOB U MEHEE.

dopMa MHUKPODJIEKTPOJIOB MOXKET ObITh paznuuHoi. CoriacHO OTYETYy
KOMHCCHHM 110 3ekTpoaHaiutudeckor xumun MIOITAK 2000 r., MUKpodJiek-
TpoAbl KnaccubuupyoT 1o gopme Ha 10 BUIOB, MpeACTaBICHHBIX HA PUC. 2.
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Puc. 2. ®opmMbl MUKPOIJIEKTPOIOB U HAOOPHBIX MHUKPOIJIEKTPOJIOB:
1 — MUKPOAMCK; 2 — MUKPOKOJIBIIO; 3 — HA0Op U3 MUKPONCKOB;
4 — HabOp MUKPOIOJIOCOK, (POPMHUPYEMBII JIUTOrpaPUIECKH; 5 — MUKPOIIOJIOCKA;
6 — eMIUHUYHBIN MUKPOIWIIMHID; 7 — MUKpocdepa; 8§ — Mukpomnorychepa;
9 — HabOp MUKPOBOJIOKOH; /() — MEKIAIbIIEBBI HAOOP




[Ipenmy11ecTBO MUKPO3JIEKTPOAOB OOYCIOBIEHO TEM, YTO BKJIAJIbI TO-
KOB 3apsDKEHUs B CTAllMOHAPHBIX YCIOBUAX OTCYTCTBYIOT, a BBICOKHE 3HA-
YeHUs MpeAenbHOro AUPEGY3MOHHOTO TOKA MO3BOJISIIOT ONpPEAENATh KUHE-
TAYECKUE TMAPAMETPbl PA3TUYHBIX CTAJAUN 3JIEKTPOXUMUUYECKUX PEAKIIUM.
B HecTanMoOHAapHBIX YCIOBHUSX Majble OMHYECKHE NAaJCHUS MOTEHIMAna
MO3BOJISIOT pabdOTaTh MPU OYEHb BBICOKUX CKOPOCTSIX Pa3BEPTKU IMOTEH-
LAAJIA, YTO BAXXHO JJIs1 ONPEAEICHNUS] MHOTUX KHHETUYECKUX NTaPaMETPOB.

C uenbio yBeIMYEHUs OOILEro PerucTpUpyeMoro Toka ObUIM IMpesio-
AKEeHbl HAOOPHBIE MUKPO3JIEKTPO/Ibl, COCTOSIIIME U3 MHOKECTBA OTJIEIbHBIX
MHUKPO3JIEKTPOAOB, BMOHTUPOBAHHBIX B OOILYI0 M30JMPYIOIIYI0O OCHOBY U
PACIIOIO0KEHHBIX HA PACCTOSIHUAX B HECKOJIBKO MUKPOMETPOB JIPYT OT JAPY-
ra. C BHEIIHENW CTOPOHBI OCHOBBI, HE COIPUKACAIOIIEHCS C paCTBOPOM, BCE
MUKPOAJIEKTPObI COEIUHSAIOTCS C OAHUM OOLIUM TOKOOTBOJOM.

Hcnonp3yroTcsl TakKe yIbTPaMUKPOIJIEKTPOAbl C Pa3MEPOM MOPSAIAKA
HECKOJIBKMX HAHOMETPOB B METOJE€ CKAHUPYIOIIEH AIEKTPOXUMUYECKOU
MUKpockonuu (Hadano 1990-x rr.).

JIEKUMA 2. METO bl OMUCTKU BOADbI

Cy1iecTByIOIUE METOIbI OYUCTKH BOJIBI MOAPA3IEISIIOT Ha 2 TPYIIIBL: C
U3MEHEHHEM M 0€3 M3MEHEHMs arperatHoro COocTosHus Bonbl. K mepBoi
TpyIIIe METOJO0B OTHOCST TUCTUJUISAIIMIO, HATPEB BOBI 10 CBEPXKPUTUIECKOM
temmeparypsl (350°C), 3amopakuBaHue, ra3oruapaTHbii MeTo1. Bo BTopyto
TPYIITY BXOSAT HOHHBIA OOMEH, dJIEKTPOANAIIN3, OOPATHBIA OCMOC, YIbTPa-
bunbTpanus, 3xkcTpakuug U ap. Hambosee pacnpocTpaHeHbl Ha MPaKTUKE
JTUCTUIUIALINS, HOHOOOMEH, AJIEKTPOUATN3 U O0OpaTHBIN OCMOC.

Bri6op meTona oOycioBiMBaeTcsi KauecTBOM HCXOJHOW M TpeboBa-
HUSIMU K KQ4€CTBY OYMIIIEHHON BOJBI, a TAKIKE TEXHUKO-DKOHOMHYECKIUMU
coobpaxkenusmu. [Ipu copepkanuu cosieid B Bojie 10 2—3 T/ CleayeT pe-
KOMEHI0BaTb MOHOOOMEHHBII MeTon, Oonee 10 /1 — OUCTUIALUIO WA
oOpatHbIii ocMoc, 2,5—10 1/ — sneKkTpoauanu3 uin oOpaTHbII 0cMoC.

Oucrnnnauna

JIMCTUIISIIMOHHBIA METOJT OCHOBAaH Ha CIIOCOOHOCTH BOJIBI IIPU Harpe-
BaHUU UCTIAPATHCS U pacnagaThCs Ha MPECHBIN Map U COJEHBIN paccoil. DTo
OSHEPrOEMKUM METOJ: IS WCMapeHus 1 Kr BOABI €€ HYXKHO Harperhb 0
TEMIIepaTyphbl KUIIEHUS W 3aT€M COOOIIUTH JOMOJIHUTENbHOE TEIio (ha30-
BOTO IMepexojia BOJbI B Map, T. €. CKPBHITYIO TEIUIOTYy MapooOpa3oBaHus,
paBuyto ipu 100°C 539,55 kkan/kr. TeopeTudecku AUCTHILIISAIIMEH MOKHO
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MOJIHOCTBIO OTJEIUTH JIETy4He BellecTBa OT HeneTyuux. Ha mpakTuke B
JUCTUJUIAT TONaAaroT HeJIeTyune BelecTBa mo 2 npuunHam: 1) quddysus
BOJISTHOM TIJIEHKH 10 BHYTPEHHHUM TMOBEPXHOCTSIM AUCTUILISIITUOHHON ycTa-
HOBKHM; 2) YHOC BOJSHBIM THapoM Karejek Boibl. uddy3uio BoasHOM
IUIEHKH MOKHO NpeaoTBpatuth HarpeBaHueM Ao 120-150°C snemeHTOB
JUCTUJUISIIUOHHONW YCTAaHOBKHU. YHOC KameyleK BOJIbI MapoOM YMEHBIIAIOT
cieayrommMu cnocodamu: 1) paBHOMEPHBIM KUIIEHUEM BOJIbI, YTO JOCTH-
raeTcs Morpy>KeHUEM B BOJY TOHKUX CTEKJISTHHBIX KaMWJUIAPOB WIH IPOJTY-
BaHHEM OYMIIIEHHOIO Ta3a; 2) U3MEHEHUEM HaIpaBJeHUs JIBUKCHUS Mapa
Oylarosiapsi yCTaHOBKE KarlieyJioBUTeNIel win aediaerMatopoB; 3) yMeHb-
IIEHUEM CKOPOCTH IUCTWLISALMY; 4) MPUMEHEHUEM JJIEKTPOCTATUYECKOTO
0JIs1, IO/ IEUCTBUEM KOTOPOTO KAIUTH BOJIBI OCAXKIAIOTCS.

Cxema 1a00paTopHOM YCTAaHOBKH JJIsI IEPETOHKU BOIbI MIPE/ICTaBIICHA
Ha puc. 3. Takyto yCTaHOBKY OOBIYHO HCIIOJIB3YIOT IS MOJy4YeHUs Ouu-
CTUJUISITA WU TpuaucTUiUsTa. [Ipun 3ToM B KauecTBe UCXOAHON BOJbI HC-
MOJIb3YIOT BOJY, NMOJYYEHHYIO B AUCTUJUISIIUOHHBIX YCTAaHOBKAaX 3aBOJICKO-
IO U3rOTOBJICHHUS.

Puc. 3. Cxema nabopaTopHO# YCTaHOBKH JJIsi IEPETOHKHU BOJIBI:
1 — xoiba ¢ ucxoIHOU BOIOM; 2 — neduierMarop; 3 — XOJIOAMIbHHK;
4 — xon0a — NPUEeMHHK TUCTHILIATA
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Jns ynaneHus JIETY4UX OpPraHUYECKUX MPUMECEH B HCXOAHYIO BOJY
Ha 1 1 goOasisitor 1 M koHnenTpupoBannoit H,SO, mapku «xu» u 3 mi
3%-noro pactBopa KMnQ,. /IaHHBIM METOJIOM MO>HO MOJYYHTh JOCTa-
TOYHO YHUCTYIO, TPUTOAHYIO AJis OOJBIIMHCTBA UCCIIEIOBAHUN BOJIY C Ma-
JBIM COAEP)KAHUEM HEOPTraHMYECKUX U OPraHUYECKUX Mpumeceil. MoxHO
JIOCTUYb YICJIIbHOU 3JIEKTPOIPOBOIHOCTH ~107° Om-cm .

Jns 0co00 OTBETCTBEHHBIX UCCIEAOBAHUN KUHETUKHU JJIEKTPOIHBIX
IPOLIECCOB U CTPYKTYpbl Mex(Pa3zHOU TpaHUIbl OUTUCTUIIAT U TPUIHU-
CTUJUISIT HEOOXOAMMO JOTOJHUTEIBHO OYMIIATh OT OPraHUYECKUX MPHU-
Mecei. Jlist 3TOro B BOJY BBOJASIT CIEIMAIbHO OYMUIICHHBIA aKTHUBH-
pOBaHHBIN yroiyib U3 pacuera 2—10 r/n1 U BoJa HaXOAUTCS B KOHTAKTE C
yriaem oT 12 1o 34 4.

NoHHDbIN 06MeH

HNonooOMeHHBII METOJ] OCHOBAH Ha MOCJEA0BATEILHOM MPOITyCKaHUN
BOJIbI uepe3 kosioHku ¢ H-katnonutom u OH-anmonutrom. B H-kaTronuTo-
BOM (PUIIBTPE KATUOHBI METAJUIOB OOMEHUBAIOTCSI HA KATUOHBI BOJOPOAA:

H[K] + NaCl = Na[K] + HCI,

a B OH-anuoHutoBOM (UIBTPE aHUOHBI OOMEHHMBAIOTCS HA THAPOKCH]I-
WOHBI:

OH[A] + HCl = CI[A] + HO.

B xatnoHuTax aKTUBHOI IPYIIION Yalle BCEro ABISIETCS Cyabporpymn-
na —SOs;H wnu kap6okcunbHas rpynna —COOH. B anuonurtax — aMuHo-
i ankuiaMuHo-rpymnsl: —NH,, -NHR, —NR,.

OTUM METOJIOM MOXHO MOJIYYUTh BOJY C OYEHb HU3KUM 3HAYECHUEM
YAECIBHON 3JEKTPONPOBOIHOCTH. OOBIUHO B IEMOHU30BAHHOW BOJE CO-
JepKaTCs TOJIBKO COJIM KPEMHUEBOW KMCJIOTHI MJIM COCIMHEHUs Kele3a
B KOJUIOMJAHOM cOCTOsiHHH. OHAKO B HEW NPHUCYTCTBYET MHOTO Opra-
HUYECKUX NMpPUMECEH, KOTOPhI€ BHIMBIBAIOTCS U3 MOHOOOMEHHBIX CMOIJL.
[IoaTOMY Takyr BOIY HEJb3S MCIOJB30BaTh JJISI OTBETCTBEHHBIX HC-
CJIEIOBAaHUU.

Kpome Toro, KaTHOHUTBHI U AHUOHUTHI TPEOYIOT NEPUOJUUECKOM pere-
HEpalLWH C UCTOJb30BAHUEM KHUCIOT U IIenodel. BosHukaromue npu pere-
HEpaLUH PACCOJbl HAa KaXAbl I'PaMM COJIM, U3BJIICUEHHOW W3 JEHOHU30-
BAHHOW BOJBI, COAEPKAT HECKOJIBKO I'PAMMOB COJIM, BO3HHUKAIOIIEH U3 KH-
CJIOTHI M IIENOYHU, UCIOJIB30BAHHOW JUIsl pereHepauuu. B pesynbrarte npu
HMIMPOKOMACINTAOHOM NMPUMEHEHUH MOHHOTO OOMEHa MPOUCXOAMT 3acoJie-
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HUE MPUPOAHBIX BOJA. MOHOOOMEHHasi TEXHOJIOTHS B HACTOAIIEE BpeMs
MpU3HAHA YKOJIOTUYECKU BPETHOM.

3amMeHa MOHHOTO 0OMEHa Ha MeMOpaHHBIE METOJIbI OUYUCTKHU BOJBI SIB-
JSieTCSl MpOrpeccuBHOM TeHAeHIel. Cpean MeMOpaHHBIX METOJIOB Hau-
0oJiee MHUPOKO UCTIONB3YIOTCS JIEKTPOANAIINA3 U OOPAaTHBINA OCMOC.

KadecTBO 0YMCTKM 3aBHCHT OT CBOMCTB HCIOJIb3yEeMBIX MEMOpaH.
Baxxneiimue cBoicTBa MeMOpaH: CENEeKTHBHOCTh, MOPUCTOCTh, CPEIHUMN
pa3mep nop. CeaeKTUBHOCTh — CIIOCOOHOCTh MEMOpPaHbl UMETh PA3INYHYIO
MIPOHUIIAEMOCTh IO OTHOIIIEHUIO K KOMIIOHEHTaM pazzensemoit cMmecu. [lo-
PUCTOCTh — 0OBEMHAs JIOJIA MOP.

dneKrTpoananuns

DNEeKTPOANATIN30M HA3bIBAETCS MPOLECC YAAIEHUS U3 PACTBOPA HOHOB
PACTBOPEHHBIX BEILIECTB MyTEM HU30MPATEIHHOTO UX MEpPEeHOCa Yepe3 MeM-
OpaHbl, CEICKTUBHBIC K 3TUM MOHAM, B TI0JIE TTIOCTOSIHHOTO JIEKTPUUECKOTO
Toka. CxeMa aJIeKTpouainn3a mpeacTaBlieHa Ha puc. 4.
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[Ipy HaJIOKEHHHM ITOCTOSTHHOI'O JJIEKTPUYECKOrO IIOJS HAa PacTBOP
3JIEKTPOJIMTOB BO3HUKAET HAIPABICHHOE JBUKEHHWE MOHOB PAaCTBOPEHHBIX
coneit, a Taxoke nonos H' 1 OH ™. KaTHOHBI ABMKYTCS K KATOAYy, AaHUOHBI —
K aHony. PactBop paszpensercs Ha CEKIHMH C IMOMOIIbIO KaTHOHUTOBBIX U
aHMOHUTOBBIX MeMOpaH. KatnoHuTOBBIE MEeMOpaHbl MPOIMYCKAIOT KaTHO-
Hbl, AHUOHUTOBbIE — aHHUOHBI. TakuM 00pa3oM, PAacTBOP pa3AEiIUTCS Ha
00€eCCOJICHHYIO BOJIy U KOHLIEHTPUPOBAHHBIN PACCOJI, HAXOISAIINECS MEXKIY
memOpanamu. Oxoyio KaTona oOpa3zyeTcsl IIETOYHOM KaTOJIUT, a OKOJIO
aHoJa — KUCJILIM aHOJIHT.

st apdexTuBHOrO 0OECCOMMBAHMS MOHUTHBIE MEMOpPAHBI JOJKHBI
00Ja1aTh BBICOKOW CEIEKTHUBHOCTHIO, MAJIOW MPOHUIAEMOCTBIO ISl MOJIe-
KyJl BOZBI, XOPOUIEH JJIEKTPUYECKON ITPOBOAUMOCTBIO, BBICOKOW MEXAHM-
YECKOU NMPOYHOCTBIO U XUMUYECKON CTOMKOCTBIO.

OTHM METOAOM OPraHUYECKHE MPUMECH TAKXKE HE YIATSIOTCS.

O6paTHbIN 0CMOC
OOGpaTHBIII OCMOC OCHOBaH Ha siBIeHUM TU(PPy3un MOJEKYJ pacTBO-

pUTEINs Yepe3 MOJYNPOHUIIAEMYI0 MEMOpaHy IOj JICHCTBHEM BHEUTHETO
naBieHus (puc. 5).

2
,O 3_:4’3
T B
H,0 ="
L.
a

Puc. 5. Cxema ocMoca 1 00paTHOTO ocMoca:
@ — 0CMOC; 6 — PAaBHOBECHOE COCTOSIHHE; 8 — 0OpaTHBIN 0CMOC:!
[ —4ucras Bofa; 2 — MoIynpoHULIaeMast MeMOpaHa; 3 — 3arpsi3HeHHas BOJa

Ecnu mexay 4ynucToil BOJOH U 3arpsi3HEHHON pacIoNioKUTh MeMOpaHy,
IIPOHUIAEMYIO UIsI MOJIEKYJ PAacCTBOPUTENS U HEIPOHUIAEMYIO I pac-
TBOPEHHBIX MOHOB M MOJIEKYJ (IIOJYNPOHMUIIAEMYIO0 MeMOpaHy), TO MoJe-
KYyJIbI BOJIbI IIEPEXOMAT B PACTBOP UEpPE3 MOPHI TAKOW MeMOpaHbl 1oA Jeii-
CTBHEM TIpaJleHTa XUMHUYecKoro mnoreHuuana (puc. 5, a). Co3npaBaemoe
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TakUM 00pa3oM OCMOTHMYECKOE JaBJIEHHWE MNPONOPLUOHATBHO MOJISIPHON
KOHIIEHTpAI[M PacTBOPEHHOI'O BEIIECTBAa U MO (popMe COBMATAET C ypaB-
HEHUEM COCTOSIHMSI MJI€aJIbHOTO Ta3a:

H=CRT, (5)

rane H — ocMotuueckoe nasiienue, [1a; C — KoHUEHTpalus BeuiecTBa B 3a-
IPA3HEHHON BOIE, MONB/M’; R — YHHBepCaIbHAs Ta30Basi IOCTOSHHAs,
JIx/(monw-K); T — Temneparypa, K.

Ecmu co cTroponsl pactBopa ¢ Ooblleil KOHIICHTpAlUe COJei co3-
JaTh AaBJIeHHUE O0JbIIe OcMOTHYECKOTO (P > H), TO MPOUCXOAUT OOpaTHBIN
nporiecc (0OpaTHBIA OCMOC): MOJIEKYJIBI BOJIBI HAYMHAIOT TIPOHUKATh Yepe3
TIOpBI MEMOPAHBI U3 pacTBOPa ¢ OOJNBINCH KOHIICHTPAIIUEH COJIEH B pacTBOP
C MEHbIIIEH KOHIIEHTpalue (puc. 5, 8).

OOpaTHOOCMOTHYECKUI MPOIECC B CUCTEMaX OUYUCTKHU BOJIbI TAKKE OC-
HOBAH Ha MPOXOXKIACHUU MOJIEKYJI BOJIbI Yepe3 MOIYIPOHUIIAEMYIO CUHTETH-
yeckyro MeMmOpany. [Ipu 3ToM 3arpsi3HeHUs], HaXOAIIMECsS B KOHIIEHTPUPO-
BaHHOM pacTBOpE coJiell (KOHIIeHTpaTe), BO N30eKaHue 3aCOpeHUs] MeMOpa-
HbI cOpachiBalOT B JpeHax. KauecTBO OYMCTKU BOJBI 3aBUCHT OT CBOWCTB
MeMOpaHbl U B MIEPBYIO O4epeb OT pa3mMepoB nop. st obpaTHOro ocmoca
0OBIYHO MPUMEHSIOTCS MeMOpaHsbl ¢ pazMepoM nop 3—5 uMm. Haubonee mm-
POKO  HCIIOJNB3YIOTCSl  alleTaTlesUIIoNIo3Hble  MeMOpaHbl  COCTaBa
[C¢H;0,(OH); _ ,,(OCOCH),,],, Tne m = 2,5-2,9; n = 200-300. Ucnons3y-
IOTCS TAaK)Ke MEMOpaHbl Ha OCHOBE MOJTMOCH3UMUIA30J1a 1 TTOTUCYIb(hOHA.

Baxneiimue paboune XapakTEpUCTUKU MeMOpaH, UCTIOJIb3YEeMbIX IS
00paTHOro ocMoca: yjelbHas MPOU3BOJIUTENBHOCTh, KOI(PPUIIMEHT Mpo-
HUIIAEMOCTH, paboyee JaBlCHUE.

VYnenbHas NPOU3BBOAUTEIHHOCTh — OOBEMHBIN MOTOK, MPOXOJSIIHIMA
yepe3 eAMHUILY NMOBEPXHOCTU MeMOpaHbl B eAMHUIYy BpeMeHu. O0o3Haua-
ercst O, m3mepsiercst B M/(M>-¢);

KoaddummenT npoHUIiaeMocT — KOJIMYECTBO PacTBOpa, NMEPEHECEH-
HOTO 4Yepe3 €IUHMILYy MOBEPXHOCTH MEMOpaHbl B €IUHUILy BPEMEHU Ha
SAMHUITY IBIKYIIeH cuiibl. O003HauaeTcs K, m3MepsieTcs B KF/(MZ'C'Ha).

Pabouee naBneHue st 0OpaTHOTO OCMOCA OUYEHb BEJIUKO U COCTABIISIET
3—10 MIla (30-100 atm).

NEKUMA 3. UCTUHHAA NOBEPXHOCTb
N NOPUCTOCTb 3JIEKTPOLOB

MGTOI[BI OIIpCACIICHNA WCTUHHOM IMOBCPXHOCTHU PA3BUBAJIMCH JIA HUC-
CJICA0OBAHMA MMOPUCTOCTHU JUCIICPCHBIX MATCPHUAJTIOB, B TOM YHUCJIC U JJICK-
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TpoAHBIX. X MOXHO pa3fenuTh Ha aacopOLMOHHbIC, (GU3NUYECKUE U DIICK-
TPOXUMHUYECKHE METOJIbl. MeTO bl U3MEPEHUSI HICTUHHON MOBEPXHOCTU HC-
MOJIB3YIOTCS U JIJIs1 ONPEJICTICHUS TOPUCTOCTH AJIEKTPOAOB (M JPYTUX Mate-
pHUanoB). DIEKTPOXUMHUYECKHE U (PU3MUYECKHE METOJbl MPUMEHSIOT s
U3MEpPEHUsS OTHOCHUTEIBHO MAJIbIX MOBEPXHOCTEH METAIOB C (HaKTOpOM
mepoxoBaroctu He Oonee 1000. [l oueHb OONBIIMX MOBEPXHOCTEH JIy4-
II€ TOJXOJST aACOPOIIMOHHBIE METOIBI.

MeTtop B3T

N3 ancopOLMOHHBIX METOA0B HAMOOJbIIIEE PACTPOCTPAHEHUE TTOJTYUHII
MeTo ] pu3NUecKor ajcopOIuu ra3oB BOJW3M TeMIepaTypbl KUMCHUS aj-
copbara — metoa bBOT (bpynayspa — Ommera — Temiepa). OH oCHOBaH Ha
U3MEPEHUU KOJMYECTBa aJcOpOMPOBAHHOrO raza. JTO JOCTATOYHO JIU-
TEIbHBIA U TPYJOEMKUN METOM, OAHAKO OH SIBJIAETCA HauOoyiee TOUHBIM U
OpUHAT B KadyecTBe cTaHiapta. C HUM CpPaBHMBAIOT PE3yIbTaThl JIPYTUX
MeTo0B. i aacopOIuu UCHONB3YIOT UHEPTHBIE ra3bl: OOBIYHO a30T, ap-
I'OH WJIN KPUIITOH, KOTOPBIE HE MOABEPratoTCss XUMUYECKOM aIcCOpOIIH.

W3mepeHnst ocHOBaHbI Ha MOJIYYEHUHM M30TEpMbI aJcopOuuu rasza (3a-
BUCUMOCTU 00beMa aJcOpOUPOBAHHOIO ra3a OT JaBJICHUS NPU NOCTOSTHHOU
TeMIepaType) BOIU3HM €ro TeMIepaTypbl KAIIEHUsI U Ha 00paboTKe ee C uc-
noJib30BaHueM ypaBHeHust bOT:

V., cP

B -Pi+(c-DPIB] ©

rae V — o6beM agcopOHpoBaHHOro rasa (H. y.), cM°; P — JaBieHHe ancop-
06aTta, MM PT. CT.; Py — JaBJieHHE HACBIIIEHHBIX MMAPOB, MM PT. CT.; ¢ — KOH-
CTaHTa, CBS3aHHAs C TEIIOTOM ancopoiuu; V, — 00bem raza, HEOOXOU-
MBIl ISl 0Opa3oBaHHsA 00BbeMa MOHOCIOS MO BCEH MOBEPXHOCTH, CM .
B nporiecce amcopOimu u3MepsitoTest BeMUUuHbL P, Py, V' Ipu MOCTOSHHOM
temriepatype. Ecnu ypaBaenue bOT nepenucats B popme

P 1 c-1(P
-+ =), 0
V(R -P) Ve VB

TO 10 rpaduKy npsaMouHeHou 3aBucumoct P/V(Py — P) ot P/Py MOXHO
onpenenutb V, u c. bonpmHCTBO M30TepM (7) JTUHEHHBI TOJBKO B HHXK-
HEW 4acTu J0 OTHOCUTENbHBIX naBiienuit ~0,3. 3Has V,,, MOXKHO paccuu-
TaTh MOBEPXHOCTh 00pa3lia, €Cclii U3BECTHA ILIONIA/b, 3aHUMaeMasi OJTHOM
MOJIEKYJIOM ajicopbaTa. DTy IJIOIIA/lb PACCUUTHIBAIOT 110 (hopMyJie
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2
M 3

N 110", (8)
A

c=f

rJie G — [IOMab, 3aHMMAaeMasi OJHOIN MOJIEKyJIOH axcopbara, cM’; f — KO-
b UIMEHT YITaKOBKM MOJIEKYJ ajcopdara B KOHICHCUPOBAHHOM COCTOSI-
Huu; M — MonsapHas macca ajgcopodara, I/MOJb; p — IJIOTHOCTH ajicopOara B
SKHIIKOM COCTOSIHUH, T/cM; N — 9HCII0 ABOTampo, MOMb .

Hanpuwmep, nis azota, aacopOupytoierocs npu tremmneparype —196°C,
3HaueHue ¢ cocramBisier 16,2 A (1 A=10° cMm). Torma mocne BBEICHHS
MOJIIPHOTO 00BbeMa, yuciaa ABOraJpo U TEMIEPaTypPHBIX MOMPABOK UCTUH-
HYIO [IOBEPXHOCTB 00pasiia (S, M>) MOXKHO paccuuTarh mo Gopmyiie

S =4,353V,. (9)
dunsnyeckune MeTo4bl N3MepeHNA NOBepPXHOCTN N NOPUNCTOCTN

du3nyecKre METObI U3MEPEHUS MMOBEPXHOCTU U MOPUCTOCTA MOXKHO
pa3enuTh Ha TP TPYIIIBI: MUKPOCKOTTMYECKUE, TUPPAKITMOHHBIC U MeXa-
HUYECKHE.

Muxpockonuueckue METOJIbI OCHOBaHBI Ha 00paboTKe MUKpodoTOrpa-
(buit MOBEPXHOCTH C LEIbIO0 HAXOXKICHUS Pacpe/IesIeHUs] YacTull 10 pa3Me-
pam u 3ateM ¢ ydeToM (aktopa (HopMbl YaCTHUIl pacyeTa IIoOaan MOBEpX-
HOCTHU YacTull. MeTo bl MPUMEHUMBI TIPU pa3Mepe YacTUll He MeHee 1 MKM.

Jugpaxyus peHTTEHOBCKUX Jydyeld MOXXET OBbITh HCIOJIb30BaHA IS
ompeeseHUs] YASIbHOW TMOBEPXHOCTH OJHOPOIHBIX MOPOIIKOB. Paszmep
MaJI€HBKOTO KPUCTAJIA CBSI3aH C HMIUPHHON €ro MU(PaKIIMOHHOTO MaKCH-
myma. [lo ymmpenuto audpakiinOHHBIX MAaKCHMYMOB ONIPEETISIOT pa3Mep
YaCTHI] BeIIeCcTBa. 3aTeM, 3Hasl TIOTHOCTh BEIIECTBA, MOXXHO PAcCCUUTAThH
gymucino yactuil. [locie 3Toro, mepeMHOXKasi YUCIIO YaCTUIl HA TTOBEPXHOCTh
OJTHOHM YaCTHIIBI, TTOJYYArOT TOJHYIO TOBEPXHOCTH 00pasma.

K mexanuueckum Meromam omnpeeieHus] TOBEPXHOCTH M TIOPUCTOCTH
MO>XHO OTHECTH: BOJIBIOMOMETPHUYECKUN M BECOBOH METO[IbI, IIPOHMIIAC-
MOCTb BO3/[yXa WJIH KUJIKOCTH, PTYTHYIO TOPOMETPHIO.

B gonvromomempuueckom Merone o MOPUCTOCTU BIEKTPOJA CYAST 1O
€ro TUIOTHOCTH, HaliJIGHHOHN MO BBHITECHEHHOMY 00beMy raza. OOBIYHO IS
TaKHUX 1eJIeH MCTOIB3YIOT TeIHii, a MOJTYyYEeHHYIO BEJIUYHHY HA3bIBAIOT Te-
JIME€BOM IIJIOTHOCTBIO.

Becosoii MmeTon: oOpazell B3BEIINBAIOT HA BO3yXE, a 3aTEM B TsDKEIION
KUIKOCTH C HU3KHM IOBEPXHOCTHBIM HATSHKEHHWEM, B Ka4eCTBE KOTOPOM
UCIIONB3YIOT yalie Bcero ¢peoH. OOpazen MOMKEH I0MyCcKaTh BO3MOXK-
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HOCTh M3MEPEHUS €r0 TeoMeTprudeckoro oobema. Kaxymryrocs: mioTHOCTh
o0Opasia HaxoAsT 1o GopmyJie

pK — _"BO3N , (10)

3
TJIe Px — KOXKYIAsACs MIOTHOCTh 00pasia, T/CM™; Mgy, — Macca obpasia Ha
o 3
BO3/yX€, T; V. — reomeTpudeckuii o0beM o0pasia, cm' .
WctunHas maoTHOCTH oOpasia Oy1eT paBHa:

mBOS,I[

pu = p(ppeOH’ (11)

Myosn — Mipeon

TZie Py — UCTHHHAS ILIOTHOCT, T/CM’; Mgpeon — MAcca 00Opasna Bo ppeoHe, T;
Ppeon — INIOTHOCTH (PpeoHa, /e,
O6BbeM OTKPHITHIX T10p 06pasia (V,, cM’/T) GyaeT paBeH:

1 1

Vo=———, (12)
P Pu
a nopuctocts (II) Beipasutcs B Buae
IT=100Vp.,. (13)

Ecau nioTtHOCTh MaTepualia MOPUCTOrO Tejla U3BECTHA, TO 00bEM
3aKpBITHIX (HEZOCTYNHBIX s (ppeoHa) mop V, MOXKHO BBIYUCIUTH IO

dbopmyne

V=1L, (14)
P P
TJZie p — INIOTHOCTb MaTepuana, r/cM . 3akpbitas mopuctocts (I1,) paBHa:
IT, =100Vp, . (15)

Ilponuyaemocmo 6030yxa unu sxcuoxkocmu. OupeneneHue mnoBepx-
HOCTU OCHOBAHO Ha MU3MEPEHUHM NMPOTOKA BO31YyXa WIH KUIKOCTU 4Yepe3
IIOPUCTHIA CIOM B 3aBUCUMOCTH OT IPHIJIOKEHHOTO naBieHusd. M3mepe-
HUS TPOHUIAEMOCTHU YI0OHBI, MPOCTHI, HE TPEOYIOT MHOTO BPEMEHH U
MarepuanoB. HO OHM HEZOCTAaTOYHO TOYHBI M HAJEKHOCTh OLIEHKHU
YAEIbHOU IMMOBEPXHOCTHU 3aBUCUT OT HAAECKHOCTH NPUHSITHIX YpaBHEHUU
JJI. CKOPOCTH MPOTOKa rasza (GKUIKOCTH) uUepe3 MOPUCTHIA CIOW. DTH
YPABHEHUS JTOBOJBHO CIIOKHBI U PA3JIMYarOTCsA B 3aBUCUMOCTH OT JUC-
IIEPCHOCTH MCCIENYEeMOI0 MaTepuajla M HUCIOJb3YyEMOM IUId IPOTOKa
KUJIKOCTH WJIM rasa.
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Pmymnas nopomempus. [Ins onpeneneHust pacrnpeiesneHuss mop Mo
pazMepaM B MOPHUCTBIX 3JEKTPOAAX, KOTOPbIE HE CMAYMBAIOTCS PTYThIO,
UCIOJIb3yeTCsl BllaBiMBaHue pTyTu. OObeM BIABIECHHOW B oOpasel pTyTH
3aBUCUT OT MPUJIOKEHHOTO JaBiieHUs. CBs3b MEXKy JABJICHHUEM U pa3Me-
POM NOPBI BBIPAXKAETCA YPABHEHUEM

4ycosO
—_, 16
7 (16)

rae d — >b(EeKTUBHBIN aUMaMeTp TOp, M; Y — MOBEPXHOCTHOE HATSKEHUE
. 2
pryTtHu, H/™M; O — kpaeBoii yron cmaunBanusi; P — naBienue, H/m".

d=—

3J1EKTpOXI/IMI/I‘-IECKI/Ie MeToAabl N3MepeHnA NCTUHHON noBepxHOCTN

DAEKTPOXUMHUYECKHE METOIbl H3MEPEHUSI HICTHHHOW TIOBEPXHOCTH JI0-
BOJIbHO pa3zHooOpa3Hbl. Tpacartu u lleTpuil BBIACISIOT CIEAYIONINE METO-
IIbl OTIPE/ICTICHUS] UCTUHHOW MOBEPXHOCTH 3JIEKTPOJOB, KOTOPHIC HCIOIb-
30BIMCh B JJIEKTpOXUMHUHU: 1) 1o Becy (00beMy) Karuid; 2) OTHOIICHHE
eMkocteil; 3) 3aBucumocth Ilapconca — [loGens; 4) amcopOuus Bomopoia
U3 pacTBOpa; 5) ajcopOIust KUCIOpOoaa U3 pacTBopa; 6) ocakIeHHUEe MeTal-
JIOB B 00JACTH «HETOHAMNPSIKEHUs; 7) BOJIBTaMIIEPOMETpPHUs; 8) OTpHUIla-
TeapHas ajacopomus; 9) eMkocTh HOHHOrO oOMeHa; 10) amcopOums mpoo-
HBIX MOJIEKYJI U3 pacTBopa; 11) MaccomnepeHoc.

JIJ1g KUAKUX METaUTUYeCKUX AJIEKTPOJIOB UCTUHHAS TTOBEPXHOCTH COB-
Ma/1aeT C TEOMETPUUECKON M MOXKET OBITh OTIPENIEIICHA 1o 8ecy (00bemy) Kan-
qu. Jlns pacuera reoOMEeTpUYEcKOl MOBEpPXHOCTU TpeOyercs: 3HaHue (HOpMbI
Karu. B yacTHOM cityyae /Ui pTYTHOTO KalaroIIero 3JIEKTPoja, eCld Ipu-
HATH (hopMy Karutu chepudecKyto, MIoMmaab MOBEPXHOCTH PACTYIIECH Karlli B
BBIOPAHHBIN MOMEHT €€ KU3HU MOXKET OBITh paCCUMTAHA TI0 YPaBHCHHIO

2
S —an M) (17)
47mp
rie S — IUIONIaAb OBEPXHOCTH KAILIH, CM’; /1 — CKOPOCTh BBITEKAHHS PTY-
TH, T/C;  — MOMEHT BPEMEHH KM3HHU KAILIH, C; p — INIOTHOCTh PTYTH, I/CM .

OmHoweHnue emxocmeti WCTIONB3YETCS JUJII TBEPIBIX SJIEKTPOJIOB.
[TpumensieTcst UIsi CONMOCTABICHUS TUIOMIAICH Pa3TuYHBIX 00pa3loB OJIHO-
r'O ¥ TOTO K€ AJIEKTPOJHOTO MaTepuana. [1iomaas moBepXHOCTH paBHA:

S=—, (18)
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rae C — skcriepuMeHTabHas nuddepeHnnaibHas eMKOCTh UCCIIEyeMOro
anektpona, MK®; Cy — eMKOCTh €IUHUIBI Miomaau 1 Hg-snexkrpona,
Mk®D/cM’. C u Cy JODKHBI OBITh H3MEPEHBI IPH OIMHAKOBOM IIOTCHIHANC
[0 PAalMOHAJIBHOW IIKaye, T. €. MO OTHOIIEHUIO K MOTEHIMAaTy HYJIEBOIO
3apsana. 3HaueHne C, MpU HE CIHILIKOM OTpPULATENbHBIX 3apsanax, rae C
TPOXOJINT Yepe3 MHHUMYM, HAXOAUTCS B HHTepBane 15—17 Mxd/cm’.

3asucumocms Ilapconca — Ilobens. Meron OCHOBaH Ha CpaBHCHHH
DKCIEPUMEHTAIIBHBIX JAHHBIX C TE€OpUEN IBOUHOTO cios ['ym — Usnmena —
[lITepHa, ycoBeplIEHCTBOBAaHHOMW [p3MOM, COrjlaCHO KOTOPOW IIOBEpPX-
HOCTb pasfeia ONMCHIBACTCS NBYMs IApAJUICIIbHBIMUA KOHIEHCATOPAMM.
EmkocTs rpanuiiel pazzaena Oynet paBHa:

1 1 1 1

_:_._l__._’

c c §c’
rne C — eMKOCTh TpaHHIB pazjena, ®; C' — eMKOCTH BHYTPEHHETO
cinost, @; C? — emkocTs audyY3HOTO CIOS, 3aBUCHT OT KOHLECHTPAINH
JJIEKTPOJINTA U pacCUUThIBAeTCA 110 Teopuu I'yn — HanMmeHna Ha equHU-
0y MJIOLIAJAU MOBEPXHOCTH (CD/MZ). C' He 3aBHUCUT OT KOHIICHTPAIUU
3JIEKTPOJIUTA B OTCYTCTBHE crienuuueckoi aacopouuu. I'paduk 3aBu-
cumoct 1/C  (9kcrepuMenTanbpHOe 3HaueHne) ot 1/C? (paccunranHOe
JUIsS. pa3fIUYHBIX KOHIIEHTPAIUMU 3JIEKTpOJUTa) OyJeT MpsIMOM JIMHUEH,
06paboTKOil KOTOpo# MOKHO ToayunuTh 4 U C'. MeToa MpUMEHHM A
OJTHOPOJHBIX MOHOKPHUCTAJIJIMYECKUX MOBEPXHOCTEH, a TakkKe IS IO-
JUKPUCTALIMYECKUX METAUIOB C HU3KUMHU TeMIIepaTypaMu IIaBICHUS:
Pb, Sn, Cd, In, Bi.

Aocopbyus 8ooopoda u3 pacmeopa MOXKET MPOUCXOJIUTH B BHUIE
MOHOCJOSI Ha HEKOTOPBIX MeTajiax B 00JacTU MOTEHIMAJIIOB HEJOHAIl-
psKeHHs. DTOT MeTOoJ OBl pa3BUT B OCHOBHOM st Pt-3nmekTponos.
Kpome Toro, nannsiii meron mpumensics it Rh, Ir u Ni. Dkcnepu-
MEHTAJIBHBIM METOJOM B OCHOBHOM SIBISIETCS METOJ LHKINYECKON
BOJIbTAMIIEPOMETPHH.

Ha nukinnyeckoil BoabTaMIIEpOrpaMMe IMOJUKPHUCTAUINYECKOro Pt-
anekTpoja (puc. 6) amcopOuus BOAOPOAA MPOSBISIETCS] B BUJIE TUKOB TOKA
Ha KaTOJHOW BETBH, a JecopOIusi — HA aHOJAHOW BETBU B 00JIaCTU IMOTEH-
[MAJIOB «HEJOHAIPSKEHUS», T. €. MOTCHIIMAIOB, KOTOPbIE MOJIOXKUTEIbHEE
PaBHOBECHOI'O MTOTEHLIMANA BBIAEIEHUS BOJIOPOA.

Ha onnom atome Pt amcopOupyercs oguH atrom Bopopona. Ilporecc
aJIcopOIIMH BhIpAXkKaeTCsl ypaBHEHUEM

Pt+H +e =Pt—-H,

(19)
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a iecopOI1us — ypaBHEHUEM

Pt—-H=Pt+H" +e¢".

i MKA/cM?

803

40§

0,5 1,0 1,5
—40% E.B

—80f

-120

Puc. 6. [luknuyeckas BogpTamneporpamma Pt-anektpoa

[Tnomane moa BOMBTAMIEPOMETPUYECKUMHU MMHKAMU aJCOPOLUUA WU
JecopOIuy MpONOpIHUOHATbHA 3apsly, COOTBETCTBYIOIIEMY MOHOCIIOIHO-
MY 3aIIOJTHEHHIO IOBEPXHOCTU BOJIOPOAOM:

S =0xV, (20)

rae S — IIoWAaab MOJA BOJbTAMIEPOMETPUUECKUMH NMUKaMH, A-B; Oy —
3apsiji, COOTBETCTBYIOIIMK MOHOCIOMHOM ajcopOuum Bojopoaa, K, v —
CKOPOCTh pa3BepTKU MOTeHIMANA, B/c. ICTHHHYIO MOBEPXHOCTH AJEKTPOAA
(S) MoxxHO paccuuTath 1O hopMyIie

On
§=>1 21
O el

rae Qf — 3apsj Ha CJUHUILY IUIOLIAA TOBEPXHOCTH, PACCUUTBHIBACTCS HC-

X011 U3 KOHLEHTPALIMM aTOMOB Ha MOBEPXHOCTHU. [[0BEpXHOCTHASI KOHIIEH-
Tpalus aTOMOB HM3BECTHA JJISI TPAHEd MOHOKPHCTAJUIOB, a JUIsl TOJIMKPU-
CTaJUIMYECKUX MMOBEPXHOCTEN HAXOAUTCS KaK CPEHEE MEXITY OCHOBHBIMU
HU3KOUHJEKCHBIMH TpaHsAMU. Tak, Uil MOJUKpUCTAILNINYECKOU Pt moBepx-
HOCTHASI KOHIIEHTparus atoMoB mpuasita 1,31 - 10" cm %, uto cooTBerct-

Byet 3apsiny Oy =210 miKi/em®.
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JlaHHBI METOJ IIMPOKO HUCIOJB3YyeTCs JJIsl OMpPEACNICHUS UCTUHHOMN
MOBEPXHOCTH MEJIKOJAUCIEPCHBIX YacTull Pt Ha pa3IUMYHBIX HOCHUTEISIX.
Henocrarku: 1) TpyaHOCTh onpeiefieHusi KOHEUHOM TOYKHU aJcopOIu MO-
HOCJIOS; 2) CIOKHOCTD pasjesieHus (apajeeBCKOro 1 eMKOCTHOIO 3apsiioB
0 BOJIbTaMIeporpaMme; 3) BbICOTa U MOJIOKEHUE BOJIbTAMIEPOMETPH-
YECKUX MUKOB 3aBUCAT OT MPHUPOJBI JIEKTPOJIUTA BCICACTBUE aACOpPOIIUU
noHoB. Oxugaemasi omMOKa onpeeeHUs] HCTUHHON TUTOMIAAN MOXET CO-
ctaButh 110 10%.

Aocopoyus kucnopooa uz pacmeopa. IIpuHIAN JAHHOTO METOJIa CXO-
JIEH C IPEABIIYIIUM, HO MEHEE HAJIEKEH, TaK KaK TPYAHEE ONPEAEIUTH I10-
TEHIIMAaJ, MPU KOTOPOM TMPOUCXOIUT 3aBEPIICHUE aICOPOIUU MOHOCIIOS
KHUCJIOPO/Ia B KOHKPETHBIX YCIOBUAX MOJYyYEHUS [UKINYECKUX BOJIbTaMIIE-
porpamm. [liist Pt-anextpoaa (puc. 6) muk necopOnuu KUCIopoaa MposiBIIs-
€TCS YEeTKO Ha aHOJHOW BETBU BoJIbTammeporpambl. VICTUHHYIO TOBEpX-
HOCTb MOXHO paccuuTaTh o ¢popmyJie

5= (22)

s b

o)
rae Jo — 3apsji, COOTBETCTBYIOIINI MOHOCIOWHON aJcopOIMu KUCIOpoa,
Kit; Q) — 3apsiz, COOTBETCTBYIOIIMI MOHOCIOWHOW aacopOLy KUCIOPOaa

Ha eMHAUIE TTOBepXHOCTH, Ki/em®.
AnCopOIHI0 KUCIOpOa MOKHO TIPEJICTABUTh YPaBHEHHEM

Pt+H,0=Pt=0+2H" +2¢",
a 1ecopOLuIo — ypaBHEHUEM
Pt=0+2H" +2¢” =Pt+H,0.
Ha onun atom Pt mpuxoauTcs 2 31€KTpoHA. 3HAYHMT,
% =2. (23)
O
Jlns monukpucTamdaeckoit Pt O =420 MxKo/cm’.

OTOT MeToA 4Yalle MCHOJIb3YEeTCS I ONPEACIICHUS MOBEPXHOCTH
Au-3nektpoaa. JJis MOJUKPUCTAIUIMYECKOTO AU MOpeasioKeHa BEIMYMHA

2
05 =390£10 mxKn/cm”. HenocraTku JaHHOTO METO/A TakKue XKe, Kak U

JUTS TIPEIBIAYIIETO METO/1a, TOJIBKO 0oJiee BhIpaKEHHBIE.
Ocadicoenue memannos 6 obnacmu «HedoHanpsixcenusy. HexoTopbie
METAIBl MOTYT OCQXIaThCS Ha TMOBEPXHOCTH APYTUX METAJIOB TPH
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MOTEHIIMAJAX MOJIOXKUTEIIbHEE PABHOBECHOIO MOTEHIMANIA OCAKACHUS Me-
tamna. [Ipu 3ToM ocaxaeHne yacto npoucxoaut B otHomeHuu 1 : 1. Oca-
JKJEHHbIE aTOMbl Ha3bIBAIOT ajzaroMaMu. OOBIYHO HUCIOJIB3YIOT aJaTOMBI
Ag u Cu s onpenesieHus] TOBEPXHOCTH OJlaropojHbIX MeTauioB. [lmo-
aJb TOBEPXHOCTH PACCUUTHIBACTCS 1O (hopMyIie

_9,
S—Q“ (24)

M
rac QM — 3apian, COOTBCTCTBYIOIHPIFI OCaAXKIACHUIKO MOHOCIIOA aJaTOMOB
(paCCIII/ITBIBaCTCH IO IuIoIMAaaAr BOJIBTAMIICPOMCTPHYCCKOTO ITHMKA OCAXKIC-
HHUA WK paCTBOPCHUA adaTOMOB B O6J'IaCTI/I MOTCHIHUAJIOB «HCIOHAIIPSKC-

Hus»), Ki; _ 3apiad, COOTBETCTB I-OHII/If/'I OCAXIACHHUIO MOHOCJIOA adaTo-
5 s M 5

MOB Ha €IMHUIE MOBEPXHOCTU METaJuIa (PacCUUTHIBACTCS MCXOJS M3 MO-
BEPXHOCTHON KOHIIGHTPAIIMM aTOMOB METajula M0 KpUCTaIorpapuueckum
napamerpam), Kin/cm®. HemocTaTky 3TOro MeTosia Takue xe, Kak 'y JBYX
npeapaymux. Kpome toro, o61actb ocakJeHHs MPH «HETOHANPSHKEHUN
MOXET IepeceKaThCcsi ¢ 00JIACTSIMH aacOopOLUU BOJIOPOJIA MM KUCIOPO/a,
OCaXXJIeHHE aJaTOMOB MOXKET MPOMCXOJUTh C YACTUYHBIM MEPEHOCOM 3a-
psija, IpearnoaoKeHHe 0 COOTHOIIEHUH 1 : 1 MOXET He BBINOIHATHCS, TaK
KaK MEeTaJlJIbl MOTYT 00pa30BbIBaTh 00Jiee ITUIOTHBIE MOHOCIIOH, MYJIBTHUC-
JIOU WJIX KJIaCTEPHI.

Bonemamnepomempus. Metonpl aacopOLMy BOJOPOIA, KUCIOPOIa WU
allaTOMOB METAJVIOB HEMPUMEHUMBI IJIi HEMETAUTMYECKUX 3JIEKTPOJIOB.
JIis HUX MOXHO ONpEAeNUTh KaXYIIyIOCs MOJHYI0 €MKOCTh MOBEPXHOCTH
METOZOM BOJIBTAMIIEPOMETPUH. BosbTammepoMeTpuyeckiue KpUBBIE 3aIlu-
CBIBAIOT B y3KOM HMHTEpBAJIC MOTEHIMAIOB (HECKOJBKO JECATKOB MUILIH-
BOJIBT) TIPY PA3IUYHBIX CKOPOCTSAX Pa3BEPTKU. 3aTe€M TOK B CEPEAUHE 3TOTO
MHTEpBaAJIa IOTEHINAJIOB CTPOUTCA KaK (PYHKIIMSI CKOPOCTH pa3BepTku. Eciu
IpH MOJSIPU3AIMN JIEKTPOA 3apsHKEHUE JBOMHOTO CIIOS SBJISTIOCH €AMHCT-
BEHHBIM IPOIIECCOM, TO JIOJDKHA MOIYUYUThCS MpsAMas JIUHUS, HAKIOH KOTO-
PO 1aeT NOoNHY0 JU(QepeHInaTbHYI0 EMKOCTh TPAaHHILIBI pa3/iena:

o9 Iot I I
C=—=—= == (25)
0E OE OE v
ot

[TomyueHHasi eMKOCTb 3aTE€M CPaBHUBAETCS C HEKOTOPHIM 3HAUYCHUEM

C’ U141 OTpe/IeICHHH TUTOMAIH TOBEPXHOCTH:

S:Cw (26)
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DTa METOJIMKa HE SIBISETCS CIEIUaIbHON JJIsI €MKOCTHBIX U3MEPEHUM
U OOBIYHO MPUMEHSIETCS JJI AJIEKTPOAOB C OONBIIMMH ILUIOMIAASIMU TIO-
BEPXHOCTH, MTOPUCTBIX U OKCUIAHBIX JEKTPOJOB. JIJIs1 OKCUIIHBIX IJIEKTPO-
JIOB Yalll€ BCEro MCMOJIb3YIOT 3HAUYCHUE C" = 60 MxD/cMm. OnHako Beau-
yuna C MOXKeT MIPUMEHSITBCS JJISI OKCHJIOB TOJIBKO OJIHOW MPHUPOJBI MPHU
OTpEeICJICHHBIX 3HAYCHUAX TTOTEHIMaa AeKkTpoaa u pH pactBopa.

Ompuyamenvras aocopdyus. ITOT METOJ OBLI MPEUIOKEH ISl HC-
CJI€JIOBAHUS TBEPJIBIX AJIEKTPOJIOB C PA3BUTHIMHU MOBEPXHOCTSIMH, AUCIIEP-
THPOBAHHBIX B BUJE CYCICH3UM WM KOJUIOUJIOB B PACTBOPE AJIEKTPOJIUTA.
JlaHHBI METOJI TpejroaraeT BBINOJHEHHE MoAenu aAuddy3HOTO Cos.
OtpunarenbHblid TOBEPXHOCTHBIN U30BITOK HOHOB 3aBUCUT OT MOTEHIIMAJIA
(3apsiia) KOJUIOMIHBIX YACTHUI[ M ACUMITOTHYECKU CTPEMMTCS K IMOCTOSH-
HOM BenuuuHe (puc. 7).

FT;, MmxKi/em®
20} 2

—0,6 _0,2 0’2
Ey B
Puc. 7. 3aBUCHUMOCTb MOBEPXHOCTHOTO U30BITKA

KaTHOHOB / ¥ aHMOHOB 2 OT MOTEHLMAJIa 3JIEKTPOia
pu crienupuyeckoi aacopou aHHOHOB

Bcenencreue BbITAIKMBaHKWS B pPacTBOP KOHLEHTpALMs 3THUX UOHOB B
o0beMe yBeNIMYMUBAETCsS. YBEJIWYEHUE KOHIUEHTPAIMM HOHOB B PacTBOpE
AC omnpenensitoT aHAIUTHYECKUMH MeTojaamu. [liomanas moBepXHOCTH
IIPOIIOPLUMOHAJIBHA U3MEPEHHOMY YBEIIMUYECHUIO KOHIICHTPALIUU UOHOB:

1
szgv%ca (27)

rac B — nmocrosHHas AJ1 JaAaHHOTO THUIIA J3JICKTPOJIMTA WM 3HAKaA 3apsa
TBGpI[Oﬁ IMOBCPXHOCTU BCINYHHA, V — nonHBIH 00BEM KUIAKOCTHU, B KO-
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TOPOM CyCHneHAUPOBaH TBEpAbIA MaTtepuai;, C — KOHUEHTpalusd HOHOB B
obbeme pactBopa. OTpuriatenpHas aacopOIus u3MepseTcs Jaiie BCeTo
711 aHUOHOB. M3MeHeHNe KOHIIEHTPAIlMid HOHOB B OCHOBHOM HEBEJIUKO
U aHaJIMUTUYECKass METOJIMKA [Js1 H3MEpPEHHUs] KOHIIEHTpPAIlMd HOHOB
JNOKHA OBITh TOYHOM. YacTUlbl AUCIEPCHOTO MaTepualia JOJKHBI
OBITh MPUMEPHO OJMHAKOBOTO pa3Mepa, a m3MepsieMasl yIeiabHas IOo-
BEPXHOCTb — Gonbire 1 M/r. IIpu BHIMOTHEHHN BCEX YCIOBHIT TOYHOCTh
MOXeT ObITh 0Kk0J10 10%.

Emrxocmos uonnozo obmena. ITOT METOJ ObUI MPEAJIOKEH CIELHU-
aJbHO IJISI HEKOTOPBIX OKCHAOB, Takux kKak MnQO,, u mpoboBaincs s
Si0,. Ha moBepxHOCTH oKcHAa cHeUUPUUIECKH aTCOPOUPYIOTCA TMOJIO-
KUTEIbHBIE MOHBI IMIyTEM B3aUMOJIEHUCTBUSA C TMOBEPXHOCTHBIMHU THIPO-
KCOTpYyTTaMH:

AN OH AN 0
- +7Zn*t —— M~ Zn +2H"

Mn
/ \OH N\ O/

MeTton OCHOBaH Ha ONpPEACICHUH AHAIUTUYECKUMHU CPEICTBAMU
(Hampumep, paIMOXMMUYECKH) KOJHMYECTBA HOHOB, B3aMMOJCHUCTBY-
IOIMKUX C MOBEPXHOCTHIO OKcHia. [Ipm HaxOXASHHUM TUIOIMIAAU MOBEPX-
HOCTH HCIIOJIB3YETCS 3HAYCHHUE IMOIMEPEYHOTO CEYCHHS aJacopOMpoBaH-
HOTO MOHA. DTOT METOJ JIeTallbHO pa3padaThiBajicsa TOJbKO miisi MnO,
¥ HOHOB Zn”"

Aocopbyust npobHvIx Monekyn uz pacmeopa. IIpuMeHsieTcst s deK-
TPOJIOB € OOJIBIIMMU IJIOIIAJSIMUA MMOBEPXHOCTU U JTUCIIEPCHBIX TBEPIBIX
MaTepuasioB. B kadecTBe MPOOHBIX MOJIEKYJ HMCHOJB3YIOTCS MOJIEKYJIbI
KpacuTeseil, MOBEpXHOCTHO-aKTUBHBIX BEIIECTB, KUPHBIX KUCIOT, MHOTO-
aTOMHBIX CUPTOB. [lomaas MOBEPXHOCTU TMOJIYYAeTCs U3 TMPEIOIOKE-
HUSI MOHOCIIOMHOM asicopOnuu MpoOHBIX MOJIEKYIT:

S=T N,S", (28)

roe Iy — KOIIECTBO a,IICOP6I/IpOBaHHOFO BEIIECTBA, MOJIb, Ny — YHUCIIO
ABoraapo, Momb ; S — TIOMAE MPOEKLMH OJIHOHM aJcopOUpOBaHHOM
pOOHOH MoneKynLI, cm’. KonmdecTBO amcop6HpOBAHHOIO BEIIECTBA
MOKHO OIpPENEsaTh XUMUUYECKUMU U IJICKTPOXUMUYECKUMHU METOJaMHU.
[Tpn HUCTIOIB30BaHUM INEKTPOXUMUUYECKUX METOJIOB B KAYECTBE MPOOHBIX
moutekyn opanu CO u I,. Benuununa anpcopOumm omnpeaensercs u3 3apsna,
TpeOyeMOoro /I aHOJTHOTO OKUCICHHS ajncopbara. [Inomans moBepxHocTH
B 9TOM CITydae MOTy4aeTcs 10 YPaBHEHUIO
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_0-0,
ST %)

N

rae O — 3apsan okucieHus agcopoara, Ki; O, — 3apsia, pacxoayeMbiil B
TOW K€ 00JacTH MOTEHIIMAJIOB B OTCYTCTBUE ajcopOara (PpoHOBHIN 3a-
psn), Kin; n — 3apsanoBoe unciao peakiuu (4Uciio 3JIEKTPOHOB, OT/JaBae-
MO€ OJHOM uacTuilei agcopOara); F' — nocrosinHas Papanaes, Kii/Mob;
I," — paccyHTaHHOE 3arOTHCHHE HACHINCHHS TTOBEPXHOCTH aacopOa-
TOoM, Monb/cM’. Benmunna Iy mosydaercst SKCTPANOIALUCH MapiHalb-
HbIX u30TepM. [Ipennonoxenne o MOHOCIONHOM 3alOJHEHUU TMOBEPX-
HOCTH TPHU HACBIIIEHUU MOXET HE BBINOIHATHCS, OCOOCHHO IS 3JIEeK-
TPOJAOB pa3HOM mnpupoabl. MeToa MOXKeT ObITh MCHOJB30BaH s
OLIEHKM OTHOCHUTEJIbHOM IJIOIIAaAM MOBEPXHOCTU 3JIEKTPOAOB OAHON U
TOM K€ NPUPOJIBI.

Macconepenoc. Meton ObUT CliEUANBHO MPEIJIOKEH I Ompesene-
HUS TUIOLIAM TIOBEPXHOCTH CIIOKHBIX OOBEKTOB MPHU OCAXACHUU TajibBa-
HUYECKUX IOKPBITUH. B IpeanonokeHnu OAHOPOIAHOTO pacCIpeleIeHUs
TOKa U B YCIOBHSIX AU(PPY3MOHHOTO KOHTPOJSI CKOPOCTH PEAKIMH TOK Ka-
TOJIHOTO BOCCTAHOBIICHHUSI HOHOB METaJljIa TAeTCsl ypaBHEHHEM

_ nFSDC
o

2

rae D — xoapdunuent nudpdysuu, cm/c; C — KOHLUEHTpauus B o0ObeMe,
3

MoJib/cM”; O — TonuHa JudGy3uoHHOTO cnost, cM. TonmuHa nuddy3noH-

HOTO CJIOS 3aBUCHUT OT BPEMEHU OT Havajia peakluu:

§=(xDit)2. (31)

Torma miomaabs TOBEPXHOCTH MOKHO HAWTHU IO YPABHEHUIO

I , (30)

1
nFDC

W3mepenrie mpoBOAUTCS MOTEHIIMOCTATUYECKU IMTyTEM 3allCH TOKa Kak
byHKIMN BpeMeHH. YpaBHeHHE 1711 AU (y3HOHHOTO TOKAa CTPOTO BBIMOJHS-
eTcs TOJNBKO TPHU JUHEHHON Auddy3un K mIockoMy anekrpoay. s smek-
TPOJOB JpyTroii (OPMBI MOKHO MCIIOJIB30BaTh APYTHE YPABHEHHUSL.

Meton TpeOyeT OIHOPOAHOTO pacHpelesieHHss TOKa M MPOTEKaHUs
TOJILKO OJHOW peakunu. [loBepXHOCTHas MIEPOXOBATOCTH, OMpEaesIieMast
THM METOJIOM, HE MOXKET OBITh MEHBIIIE TONIIUHBI AUPPY3UOHHOTO CIIOS,
KOTOpasi U3BMEHAETCS BO BpeMeHHu U cocTtaBisieT 10-100 mxm. Meton npu-
MEHUM K OOJIBIIIUM 3JIEKTPOJIaM CI0KHON (HOPMBI.

(32)
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NEKLMA 4. AMENKW, SNNEKTPOAbI CPABHEHUSA,
KANMWINAPDBI IYTTUHA

3HEKTPOXI/IMI/I‘-IECKI/IE AYenKn

Obwue mpebosanus k aueixam. [10BBIIICHHBIE TPEOOBAHUS K YHUCTOTE
IIPU MPOBEJACHUU JJIEKTPOXUMHUYECKUX HCCIIEIOBAHNI HAKJIAJbIBAIOT Orpa-
HUYECHHUS Ha YHCIO MaTepHAJIOB, M3 KOTOPBIX MOXKET OBITh M3rOTOBJICHA
Aderika. Yaine BCEro MCHOJIB3YIOT CTEKIIIHHBbIE sSYeHKH. Pasnmnunble copra
CTeKJIa 00JIa/Ial0T HEOJMHAKOBON XMMHUYECKON yCTOMYMBOCTHIO. Hanmenee
YCTOMYMBO CTEKJIO B IIEJIOYHOM CpENE, MPU ITOM B pacTBOP MOIYT IMEPEXO-
JUTHh CUIUKAT-MOHBI. OOBIYHO C TIOBBIIIIEHUEM B CTEKJIE COJIEP>KAaHUS OKCH-
JIOB LICJIOYHBIX METAJUIOB €r0 XMMHUYECKasi CTOMKOCTh MOHMXKAETCS, a BBE-
JICHUE B CTEKJIO OKCHUJIOB Oapusi, KaJbIvs, CBUHIIA, MATHHSI, [IMHKA TIOBBIIIIA-
€T ero XHMMHYECKYI CTOMKOCTh. Jlpyrumu wmartepuaiaMd MOTYT OBITh
Te(dII0H, MOJUCTUPOJI, OJHAKO OHU HETIPO3PAUYHbI U JIETKO JeHOPMUPYIOTCS.

B siueiike HeoOxoaUMO 0OeCIeYnTh pa3ieieHrue KaTOJHOTO U aHOIHO-
IO MIPOCTPAHCTB C MTOMOIIBIO CTEKISTHHBIX WM IPYTUX MEMOpAH.

Jns coequHeHns pa3InyHbIX YacTeN SYEUKHU HEIb3s UCMOJb30BaTh pe-
3UHOBBIE TPYOKH. Jlydille MPUMEHATHh CTEKJISHHBIE WM TMOJUMEpPHbIE (U3
YCTOMYUBBIX MOIUMEPOB). Henb3s Mcronb30BaTh pa3iudHble CMA3Ku IS
nuii@oB 1 KpaHOB. MOXHO CMauuMBaTh TOJBKO PACTBOPUTETIEM, HCIIOJIb-
3yEeMbIM JIJIsi IPUTOTOBIICHUS pabo4unx pacTBOpoB (Bomoit). [Tocie usmepe-
HUWA UGBl U KpaHbl CIEAYET TIIATEIbHO OTMBITh OT PEAKTHBOB, MHAUYE
MOTOM HEBO3MOKHO OYJIET UX pa3beAUHUTH. Suelika N0MKHA ObITh TepMe-
TU3UPOBaAHA, YTOOBI HE JOMYCTUTh NOMAaJaHus B HEE BO3/IyXa.

Sdeiiku ObIBAIOT ABYX- U TPEXAIEKTPOHBIE. /[8yXxan1eKkmpoonble suei-
KM HUCIOJB3YIOT JUISi U3MEPEHHS JIEKTPONPOBOJIHOCTH pacTBOpoB U DJIC
raJIbBAaHUYECKUX LEINEW, 1 OYUCTKH PACTBOPOB MPEADIIEKTPOIN30M, HPH
KOHJIYKTOMETPHUYECKOM MJIM MOTEHIHOMETPUYECKOM TUTPOBAHUH.

Yamie Bcero mpu 3JIEKTPOXMMHUYECKHX HCCIEIOBAHUSAX HCIOIB3YIOT
mpexanekmpoonvie sueiiku. OHM cojaep aT TPU JJEKTpoja: padoumid,
BCIIOMOTaTEJIbHBIM U 3JIEKTPOJ CpaBHEHHMs. BcromoraTenbHbI 3JIEKTPOX
MPUMEHSIETCS JIJIsl MOJSIpU3alMu pabouero 3eKTpoAa OT UCTOUYHHMKA TOKa.
Tok mpoTekaeT Mexay pabouuM W BCIIOMOTATEIbHBIM AyeKTpomamu. [lo-
TEHIHAJI padoyero 3JIEKTPoJia U3MEPSIETCS OTHOCUTENBHO 3JIEKTPOJIa CPaB-
HEHUSI. DKBUBAJIICHTHYIO AJIEKTPUUYECKYIO CXEMY TPEXIJIEKTPOIHOUN sSTUEHKU
MOYKHO MPEICTAaBUTh TaK, KaK MOKa3aHO Ha puc. 3.

[Iporekanue Toka / Mex 1y paboYrM U BCIIOMOTATEIbHBIM JIEKTPOAaMuU

BBI3BIBACT MAJICHUE TTIOTEHIMAJIA B pacTBOpE /R ;. M3mepsemblil mOTEHIIMAT
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OTHOCHTEJIBHO DJIEKTPOAA CPABHEHMS COAEP>KUT COCTaBIAOUIYyIO [R; — m0-
IPEUIHOCTh, KOTOPasi TeEM OO0JIbIle, YeM OOJIbIIE cHjla TOKA U CONPOTHUBIIE-
HUe pacTtBopa. Il CHMKEHHUS ATOM COCTABIAIOLIEN CTAPAOTCA TOUKY NOJA-
KIIIOYEHMSI AJIEKTPO/Ia CPAaBHEHHUS PACIIOJIOKUTh KaK MOYKHO OJMke K Io-
BEPXHOCTH pabouero siaekrpoja. s 3Toro K MOBEPXHOCTH pabodero
AJIEKTpOJa MOABOJAUTCA TOHKas TpyOouka (kamwuisip Jlyrruna), koropas
HEIMOCPEJCTBEHHO COEAMHEHA C COCYJOM JJIEKTpoJa CpaBHEHUs. BHyTpu
Kanwuisipa JIlyrruHa oMM4ecKoro naieHust oTeHIrasna He POUCXOIuT.

3. C.
p.o |ZP-3_| l_Rl Ry Zys B. 9.
| |
N\ J
~
Rppa

Puc. 8. DxBuBaneHTHas ANEKTPUUECKAs CXEMa TPEXIEKTPOIHOM sUEHKHU:

p. 3. — pabouuii 3NEKTPO; B. 3. — BCHOMOTaTeNbHBIN 3JIEKTPOJ; 3. C. — DIEKTPOJ]
CpaBHEHUS; Z, , — UMIIEIaHC pabOYEro EKTPOAa; Z, , — UMIIEIaHC
BCIIOMOTaTENILHOTO JJIEKTPOAA; Ry pa — CONPOTHBIEHHE PACTBOPA DICKTPOJIUTA;
R\ — COIIPOTHBIICHUE CIIOSI PACTBOPA MEXKAY pabOUNM AIIEKTPOJIOM
Y TOYKOH MOAKIIIOYEHHUS HJIEKTPOAA CPaBHEHUs (IIOJIOKEHUE Kamuisipa
Jlyrruna B pactBope); R, — CONPOTUBIIEHUE CII0SI pacTBOpa
MEXJly BCIIOMOTaTeIbHBIM IEKTPOIOM
¥ TOYKOM MOAKIIFOYCHHUS BJICKTPOAa CPABHCHHA

JUIs CHUKEHHSI OMHUYECKOI0 MaAeHUs NOoTeHIuala /R; KOHUYMK KaIlui-
Jsipa HY>KHO ITOJIBECTH KaK MOXXHO OJIMXKe K IMOBEPXHOCTH paboyvero 3JieK-
Tpoaa. OHAKO HE CIAeAyeT MPHOIMKATh OJIMKe, YeM Ha BEIMYMHY BHEII-
HEro JMaMeTpa Kanujuispa, MOCKOJbKY 3TO MOKET MOBJIMSATh HA pacipeie-
JICHHE TOKA MO MOBEPXHOCTHU JIICKTPOAA.

KoHKpeTHbIe KOHCTPYKLIHMU TPEXAIECKTPOJHBIX SJIEKTPOXUMHUUYECKHUX
A4E€EK MOTYT OBITh Pa3IMYHBIMU B 3aBUCUMOCTH OT pEIIaeMON 3aJayu.
OOBIYHO MPOU3BOJAUTENN MPUOOPOB IS IIEKTPOXUMHUUYECKUX HCCIEH0-
BaHMU MpEIIararoT CBOM KOHCTPYKIUM siueek. Kak mpaBuno, 3To Kakas-
TO YHHUBepcajbHas siueiKa, a TakKe HEKOTOpbIEC CHElHaIbHbIC SYCUKH.
K mociemgHumM MOXXHO OTHECTH sIYEHKHU i1 paboThl ¢ BpallaroIdMCs
JTUCKOBBIM 3JICKTPOJOM, ISl CIEKTPOIICKTPOXUMUUECKUX H3MEPECHUH,
JJIsS. TIPOBEJCHUSI BAKYYMHBIX SJICKTPOXUMHUUYECKUX HCCIETOBAHUM, IS
M3yYEHUS DJICKTPOXUMHUYECKUX MPOIECCOB HA MOPOITKOOOpPa3HBIX MaTe-
puanax, 1 U3MEPEHUM C HUCIOJb30BAHUEM PAJMOAKTUBHBIX U30TOIOB,
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I TIPOBEICHUSI U3MEPEHUIN NIPU BBICOKMX M HU3KUX TEMIEpATypax, npu
BBICOKMX JaBJIEHUSAX U T. A. KpaTkuil 0030p KOHCTPYKIMI TakUX sSYEEK
npuseleH B [1, c. 10-14].

PaccMoTpuM KOHCTPYKIHIO STYEHMKH JI IPOBEJICHHS UCCIEA0BAHUN B
TOHKHMX CJIOSX DJEKTPOJUTOB (TOHKOCIOWHON S3JEKTPOXUMUYECKOM sSUeH-
KkH) [9]. OCHOBHBIM 3JIEMEHTOM TaKOW STUEUKHU SIBJISIFOTCS JIBa TUIOCKUX Ta-
paJUIEABHBIX JJIEKTPOJA C OYEHb MajblM PACCTOSHUEM MEXIY HUMH,
00b19HO 10—100 MxM. B KOHCTpyKIMH stueiiku (puc. 9) MOXKHO PEryIupo-
BaTh MEKDJIEKTPOJHOE PACCTOSHUE C ITOMOIIBIO MUKPOMETPUYECKOTO BHUH-

Ta. DJNEKTPOJIUT YAEPKUBAETCA B LIEIM MEkIy Pt-aiekTpomamu 3a cuer
KaNWJUISIPHBIX CHJL.
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Puc. 9. ToHkocCnOMHAs ANEKTPOXUMHUYECKas sTYeHKa:
1 — MUKpOMeTprYeCKas 11eib; 2 — Pt-3nexkTpomsl;
3 — U3OJISAIMOHHBIC MANWOBI; 4 — MUKPOMETP

JI1s1 KOHTPOJISI MOTEHLHUAJIA JJIEKTPOJA SJIEKTPOIUT MOXKET HAXOAUTHCS
B KOHTAKTE C OCHOBHBIM O0BEMOM PACTBOPA, Ky/1a TTOMEIIAIOTCS BCIIOMOTa-
TEJIBHBIN 3JIEKTPO U AeKTpoj cpaBHeHus. Ha puc. 10 npencrasieHa cxema
MOAKIIFOUEHUSI TOHKOCIIOMHOM 3JIEKTPOXUMHUYECKON STUEMKU. BO3MOXKHO He-
CKOJIbKO PEXKUMOB BKJIIOUEHHUS SYEHKHU: a) HE3aBUCHUMbBIM KOHTPOJb MOTEH-
UAJIOB pabOYMX 3JEKTPOJOB; 0) MpU 3aKOpavYMBaHUU 000UX pabOUYUX 3JIEK-
TPOJIOB OyZieM MMETh OJIMH paOOuMil AJIEKTPOJ C YIBOSHHOM IIIOMIAbI0 U
(O PEeKTUBHON TOJIIMHON CJIOS AJIEKTPOJUTA //2; B) €clu Ienb OJHOTO W3
AJIEKTPOJIOB PA30OMKHYTbh, OH OYyJI€T BHIMOIHSITH POJIb UHEPTHOM MJIACTHHBI.
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Puc. 10. Cxema noaxKiIro4eHUSI TOHKOCIIOMHON STUEHKH:
p. 2.1 ¥ P. 3., — pabovme IEKTPOBI; B. 3. — BCIOMOTaTEIbHBINA 3JIEKTPO/I;
3. C. — DJIEKTPOJ] CPABHEHUS

ToHKOCIIONMHBIE SYEUKH MOKHO HMCIIOJB30BaTh JJISI Kau€CTBECHHOIO M
KOJINYECTBEHHOTO aHajiu3a pacTBOPOB. UyBCTBUTEIBHOCTH METOAA IIPHU
/=10 MkM u obmem Toke 1 MKA cocrasisier okoio 10° M. ToHKOCIO-
HbIE SIYCUKH MOXXHO HCIOJB30BaTh MJIA HaXOXJICHUS KOI(D(PUIIMEHTOB
nuddy3un MEKTPOAKTUBHBIX BEIIECTB. B Takux sueikax peaan3yercs Bbl-
COKOE OTHOIIEHHUE TUIONIAIA TOBEPXHOCTH AJEKTPOJOB K O0BEMY DJIEKTPO-
JIUTa, YTO JOMYyCKaeT OOJbIIHEe BBICOKHE KOHIIEHTpAIlMU MpUMeced B pac-
TBOPE, MPU KOTOPBIX MOBEPXHOCTD JICKTPOIAOB HE 3arpsi3HACTCS.

Kanunnapbi Jlyrruna

Hcnonb3yemble KOHCTPYKIMU Kanwuigpa JIyrrrHa npeicTaBieHbl Ha
puc. 11. Haubonee gyacto ucnonb3lyemast KOHCTPYKIIHS AJISl TUIOCKOTO AJIEK-
TpOJa mpecTaBieHa Ha puc. 11, a.

MO0>KHO MPOBECTH OLIEHKY OMHYECKOT0 NaJeHUs MOTEHIMalla, KOTOPOe
HE YJlaeTcsl yCTpaHuTh KanwuisipoM Jlyrruna. ConpoTUBIEHUE CIIOS AJIEK-
TPOJMUTA HAXOIAT 10 popMyJie

R = pi = L )
S xS

rac R1 — COIIPOTHUBJICHHUC CJIOA JJICKTPOJIUTA, OM, P — YACIBbHOC COIIPOTUB-
JICHUC JJICKTPOJINTA, OMCM, [ — TOJIIHUHA CJIOA JJICKTPOJINTA, CM, S — mio-
[aJ(b TOTIEPEYHOI'0 CEUCHMS CJIOS AJIEKTPOJIUTA, oM’ K — yaeabHas dJIeK-
TPOMPOBOIHOCTh MEKTposnTa, OM -cM . OMHUYECKOe TIajieHHe HaIpshKe-
HHS B CJIO€ OJIEKTPOJMTa OyJIeT NPeACTaBiIsTh CO0OM MOrpenIHOCTh
HN3MEPCHUA IMOTCHIOHAJIA 3JICKTpOAA. Ero moxxsO paccynuTarb 110 3aKOHY
OmMma, mpuHSB BO BHUMAaHHE, YTO IUIOLIA]b IMOIMEPEYHOTO CEUCHHUS CIIOS
9JICKTPOJIUTA paBHA FCOMeTqueCKOﬁ Iiomanau 3JICKTpoda:

(33)
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AE=AU,, =IR, LAt (34)
KS

b

K

rae AE — MOrpemHoCcTb U3MEPEHHs TOTeHIMana padodero 3nekTpoaa, B;
AU,y — OMUYECKOE NAJICHUE HANIPSKEHUS B CIIO€ DJIEKTPOJINTA, IPUIIETAr0-
IEM K MOBEPXHOCTHU pabodero anekrponaa, B; I — cuna Toka, A; j — mioT-
HOCTB TOKa, A/cM’.

6 pes

Puc. 11. Paznuunble KOHCTpYKIMU Kanuwuisipa Jlyrruna

Jns kanwwisipa ¢ BHemHUM nuametpoM 0,1 cMm paccTosiHue OT 3JieK-
Tpoja MOoKHO ObiTh He MeHee 0,1 cMm. YiaenbHas 3IEKTPONPOBOTHOCTH
PAaCTBOPOB JIIEKTPOIHTOB nMMeeT Benmunny okorxo 0,1 Om 'cm . Torxaa
npy wioTHOcTH Toka 10 MA/cm® (0,01 A/cM®) MOrperrHOCTs H3MEpeHHUs
NOTEHIMalIa paboYyero MEeKTPOJa COCTABUT

AE:M:O,OlB=10MB. (35)

9

JleticTBUTEIbHOE 3HAUCHUE OMHYECKOTO MaJCHUS MOTCHIIMATa MOXET
OBITH OOJIBIIIC BBIYMCICHHOIO 3a CYET OOCTHCHHS MPHUAJICKTPOIHOIO IIPO-
CTPAaHCTBA MOHAMH, YIACTBYIOIIUMH B DJIEKTPOTHON PEAKIIUH.
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Ecnu TpeOytoTcs TOUHbIe 3HaYEHUs MOTEHIMAla 3IEKTPO/ia, IPOBOJIAT
U3MEPEHUS MPU MOCTENIEHHOM YMEHBIIIEHUU PACCTOSIHUS MEXITY KOHUYUKOM
KamWUIsipa ¥ TMOBEPXHOCTBIO 3JEKTPOJa BIUIOTH 10 YETHIPEX BHEIIHUX
QUaMETPOB Kalmwjuisipa. 3aTeM U3MEPEHHbIE NPHU JAHHOM 3HAYEHUU TOKa
NOTEHUMAJBI JIEKTPOJA 3KCTPANOIHMPYIOT K HYJIEBOMY paccTosiHuio. On-
HAKO MPHU 3TOM TpedyeTcs OYeHb OO0JIBIIOE YUCIIO U3MEPEHUI U, KpOME TO-
ro, HE YYHUTHIBAECTCS OTKJIIOHEHUE MPOBOJUMOCTH BHYTPH AU(PHY3UOHHOTO
CJIOSl OT €€ 3Ha4Y€HUsI B TITyOUHE pacTBOpA.

Kanunnsip ¢ u3ornyTeiM KoHUYMKOM (puc. 11, 6) MOXHO MOJBECTH K
MMOBEPXHOCTU HA PACCTOSHHE MEHbIIEE, YeM BHEWHUW auametp. Takas
¢dopMa KOHUMKA MEHbIIE MCKaXaeT MacCONEPEHOC U paclpeeseHlue TOKa
y HOBEPXHOCTH 3JIEKTPOAA.

[Ipennaranock Takke BBOAUTH KamWuisAp JIyrrruHa ¢ ThUIBHOW CTOPOHBI
anektpona (puc. 11, ¢). Takass KOHCTPYKUMS KalWLISPA CUATAETCS JTyUILEH,
yem npenpiaymas. OQHako M 31€Ch OMHUYECKOE IMaJCHUE NMOTEHLIHANA HE
YCTPAHSIETCS MTOJIHOCTBIO, U, KPOME TOTO, ITPOUCXOAUT UCKAKEHUE pacIpe-
NENIEHUS] TOKA W MAacCOIEpeHoca y MOBEPXHOCTH. JTU TPYAHOCTU MOYKHO
YaCTUYHO YCTPAHUTh MIPU UCIIOJIb30BAHUHM OYEHb TOHKOCTEHHOTO KAIUJUIsIpa
C BO3MOYXHO MEHBIIUM BHYTPEHHUM JuaMeTpoM. [Ipu 3TOM BakHO, YTOOBI
KOHYMK Kanmuuisipa ObUl YCTaHOBJIEH BIUIOTHYIO K IMOBEPXHOCTH 3JIEKTPOJa
TaK, YTOObI ObITH C HEel 3anmoanuio. OJHAKO U B IAaHHOM CIIy4ae OMUYECKUE
MOTEPU MOTYT JOCTUraTh HECKOJBKUX MUJUIMBOJIBT MPU IUIOTHOCTH TOKa
10 MA/cM® 1 yzenbHO# mpoBoxuMocTH dnektpouta 0,1 OM 'eM .

Haumenpiive 3Ha4€HUsT OMUYECKOrO IMaJ€HUsl NMOTEeHUuana HaOmroaa-
I0TCSI TIPU UCIOJIb30BAHUU KOHCTPYKIIMM Kamwuisipa, MpeICTaBIEHHON Ha
puc. 11, 2. OgHako 3/1ech NPOUCXOUT CUIILHOE UCKAKEHHE MacCOIEepPEHOCa.
JUIs M3roTOBJIEHUS] TAKOTO KamWLISipa HAJ0 BHASTh TOHKYIO IUIATUHOBYIO
IPOBOJIOYKY B KOHEIl CTEKJISTHHOW TpyOKu mon yriaoM 45° Kk ocu TpyOKw,
couutdoBarhk KOHEIN TPYOKHM Ha TIOCKOCTh, a TUIATUHOBYIO IMPOBOJIOYKY
PacTBOPUTH 3aTEM B APCKOM BOJIKE.

Buaytpu koHumnka kanuimspa JIyrruHa pacTBOp JOJDKEH OBITh TAKUM
ke, Kak BOMM3U pabodero siekTpoaa. Mexay KOHYMKOM Kamuwiuisipa u
KaMepoil C 3JIEKTPOJOM CPAaBHEHHS MOYKHO IOMECTUTH >XUIAKOCTHOE
COCIMHEHHE.

dneKTpoAbl CpaBHEHUA
Han60nee qaCTO IpHU IBJICKTPOXHUMHUYCCKUX HN3MCPCHUAX B BOIHBIX
pacTBopax MPUMEHSIIOT BOJOPOJHBIN, KaJOMENIbHBIE, TalloreHCePeOpsIHbIC

Y OKCHJTHO-PTYTHBIN 3JIEKTPOJIbI CDABHEHHS.
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Booopoonwiii anexkmpoo mpeacTaBisier coOOW KyCOYEK TIUIATHHOBOM
(GOoJIbIrY WIIM CEeTKH, OKPBITBIN CIIOEM 3JIEKTPOJIUTUYECKON TUIATUHBI U TO0-
IPY’KEHHBI YaCTUYHO B PACTBOP, YE€PE3 KOTOPBIM IPOXOAUT BOAOPO.
(puc. 12). Ha nanHOM 53JI€KTpOJE peanu3yercs CIeAyIoIlIee dJIEKTPOXUMHU-
YEeCKOE paBHOBECHE:

2H' +2¢” = H,.

B kauecTBe pacTBOpa Jydlle HCHOIB30BaTh paboOuuii pacTBOp, IO-
CKOJIBKY B 3TOM CJy4yae M3MEPSIEMbI MOTEHIHA pad0yero 3JeKTpoja He
OyleT cojaepkaTh MOTEHIMAN >KUJIKOCTHOTO CcoelauHeHus. BomoponaHbiit
AIIEKTPOJ MOKHO UCITOJIB30BaTh B IIMPOKOM auarna3one pH, oqHako B Heli-
TpPaJIbHBIX PACTBOPAX €ro NOTEHIIMAJ MOXET ObITh HECTAOMIIBHBIM, TaK KaK
MPOXOXKJICHUE JIa’Ke MAJoro TOKa BhI3bIBaeT Oosbinue uzmenenus: pH. Ilo-
ATOMY €r0 MO>XHO MCIOJIb30BaTh B HEUTPAIbHBIX PACTBOPAX, 00JIaJAIOIIUX
XOpOoIUMH Oy(pepHBIMU CBOMCTBAMH.

ml*'

LTI
)

—od ST IEELE MM MAR

Puc. 12. Bonopoanslii anektpoa:
[ — MyIacTUHKA U3 TUIATUHUPOBAHHOMW TIJIATUHBI; 2 — pacTBOP

CunpHOE BIMSHUE HA MOTEHLIHAT BOJAOPOIHOIO 3JIEKTPOJA OKa3bIBAET
azcopOLusl OpraHMYecKux mpuMecei U3 pactBopa. Ilepuognuecku miuaTu-
HY OYMILAIOT 3JIEKTPOJIU30M: IPOBOJIAT CHAYAJIA aHOJHYIO, a 3aTEM KaTOJI-
HYI0 TOJIIPU3ALMIO.

Kanomenvnuvle 21exkmpoosbl IPUTOTaBINBAIOT, UCIONb3Ysl PTYTh U pac-
TBOPBI KajoMenu B xjiopuae kanud (puc. 13). Ha kanoMensHOM 371€KTpoie
YCTaHABIIUBAETCS CIEAYIOLIEE PABHOBECUE:!
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Hg,Cl, +2¢~ = 2Hg +2CI".

B 3aBHCMMOCTH OT KOHIIEHTpallMM XJIOPHAA KAIUS Pa3IN4yarOT HACHI-
IICHHBIA, HOPMAJIbHBIM W JCHUHOPMAJIbHBIN KaJOMEIbHBIE SJIEKTPOJIBI.
3Ha4YCHUS MMOTEHIINAIOB 3THX JJIEKTPOIOB IIPUBEICHBI B Ta0I. 2.

-

-
2
-
-
=

e LI R D s T

Puc. 13. KanomenwHbIi 251€KTpOA;
I —metamnyeckui KOHTakT (Pt-mpoBosoka);
2 — cnont kanomenu (HgxCly);
3 — p1yTh; 4 — pactBop KCl, HachIIIeHHBIN KalTOMEINbIO

KamomenbHble 3JIEKTPOABI XOPOILIO BOCIPOU3BOAUMBI, YCTOHYUBBI U
npuUroAHsl st padoThl npu Temieparypax a0 80°C. Ilpu Gosee BBICOKHUX
TEMIEpaTypax HAUMHAETCs pas3yiokeHue Kamomenn. OOBIYHO KaIOMENbHBIN
AJEKTPOJI MOACOEANHSIOT YE€PE3 COJIEBOM MOCTUK, COCTOSALIUN M3 KOHIEH-
TPUPOBAHHOI'O PACTBOPA XJIOPUIA KAJIHS.

Tabmuma 2
IloTeHUMAJIBI DJIEKTPOI0B CPABHEHUSI OTHOCUTEIHHO
CTAHJIAPTHOI0 BOJOPOIHOIO JieKTpoaa npu 25°C
DIIEKTPOJ CpaBHEHUS [Torennuan, B
Hacwiennsiii kanomenbHbil (KClyao[HgoCly, Hg) 0,2415
Hopwmansasiii katomensabiii (1M KCI1|Hg,Cl,, Hg) 0,2812
Jeunnopmaneusiii kanomensHsii (0,1M KCI|Hg,Cl,, Hg) 0,3341
Xnopcepedpsabiii (1 M HCI|AgCl, Ag) 0,222
Oxcupno-prytHsiii (1 M KOH|HgO, Hg) 0,098
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L'anocencepebpsnvie nekmpoosbl CpaBHEHUs HauboJee pacrpocTpaHe-
HBI, TPUMEHUMBI KaK B BOAHBIX, TAK U BO MHOTHUX HEBOJHBIX cpemax. OHu
MPEACTaBISAIOT CO00M cepeOpsiHyI0 MPOBOJIOKY, MOKPBHITYIO TajJOT€HHUIOM
cepebpa, KOTOPHI MOXKET ObITh HAHECEH KaK IyTeM TEePMUYECKOTO OCaXK-
JICHHSI, TaK M DJIEKTPOXUMHUYECKH. DJIEKTPOJTHOE PaBHOBECHE ISl XJIOpCe-
peOPSTHOTO AIEKTPOAA:

AgCl+e =22 Ag+Cl.

[TpenmymiecTBO xJ10pcepeOpsSHOTO Mepes] KaTOMEIbHBIM B TOM, YTO OH
YCTOWYMB MpHU MOBBIMIEHHBIX TeMIEpaTrypax. XJIOpHa cepedpa pacTBOPUM
B KOHIICHTPUPOBAHHBIX PAaCTBOpPAx XJIOPHAA Kajus, MO3TOMY IMpPH MPHUTO-
TOBJICHUU XJIOPCEPEOPSHOTO D3JIEKTPOJa CpaBHEHUS HEOOXOAMMO HACHI-
IIaTh PacTBOP XJIOPHa Kaus XJIOPUAOM cepedpa.

[Iupokoe pacmpocTpaHEHHE XJIOPCEPEOPSHBIX AIEKTPOJIOB CPAaBHEHUS
OOBSICHSIETCSI UX KOMIIAKTHOCTBIO U JIETKOCTBIO U3TOTOBJICHHMSI.

MeTOuKN MPUTOTOBIICHUS TAIIOTCHCEPEOPSHBIX JICKTPOAOB OIMHCAHBI
B [6], [10]u [11].

Oxcuono-pmymusie 371eKmpoovl YAOOHBI TIpU paboTe B MICIOYHBIX
cpenax, Tak Kak MpU 3TOM pean3yloTCs HenH 0e3 KUIKOCTHOTO COeTUuHe-
HUS. YpaBHEHHUE 3JIEKTPOIHOTO PABHOBECHS:

Hg,O+2¢ = 2Hg+20H .

NEKUMA 5. NPUBOPbI ANA SNEKTPUYECKUX U3SMEPEHUN

DJNeKTpOu3MepUTeNbHbIE MPHOOPHI MPUMEHSIOTCS IS HU3MEpPEHUs
AIIEKTPUYECKUX BeIUYUH. [IprOOpbI 11sl M3BMEPEHUs CUIIBI TOKA Ha3bIBAOT-
Csl aMIIEPMETPBHI, HAIIPSKEHUSI — BOJIBTMETPBI, dJIEKTPOIHEPIUU — BATTMET-
pbl (CUETYMKH BJIEKTPUYECKON 3HEPIrHH), 4acTOThl MEPEMEHHOI0 TOKa —
4acToToMephl, caBura ¢a3 — ¢pazomerpsl. CONpOTUBICHUE, EMKOCTh U HH-
QYKTUBHOCTB JJIEKTPUYECKOW LEMH TAKKE OTHOCAT K DJIEKTPUUYECKUM Be-
anarHaM. [Ipubopsl A U3MEPEHHs] eMKOCTH AJIEKTPUUECKOW 1IeTH Ha3bl-
BaloTCs (hapaioMeTpHl.

N3MepuTh 3IEKTPUUECKYIO BEIMUNHY — 3HAYUT CPABHUTH €€ C OJHO-
POOHOW BEIWYMHOM, MPUHATOW 3a €IMHUILY. DJIEKTPOU3IMEPUTEIbHBIE
npubOpHl JAeIATCS Ha NMPUOOPHI HenocpeoCmeeHHOl OyeHKU U TPUOOPHI
CpasHeHUs.

K npubopam cpaBHEHUS OTHOCSIT MHOTOYMCIIEHHBIE KOMIIEHCATOPBI U
AIIEKTPOU3MEPUTENBHBIE MOCTBI. B HUX HM3Mepsemas BelIW4rHaA ONpPEACIIs-
€TCS 110 CPABHEHMIO C U3BECTHOM OJHOPOJHOMN BEITUYNHOM.
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[Tpubopsl HEMOCPECTBEHHOM OLIEHKH Hanboliee y1o0Hbl. B HUX mIKa-
Jla IpOrpagyrupoBaHa B €IMHULIAX U3MEPSEMON BEIMUMHBI. [ panynpoBaHue
BBITIOJTHSIIOT C HCMOJB30BAaHUEM OO0pa3loBBIX Mep. Mepa — yCTpOMCTBO,
BOCIIPOU3BO/ISIIEE €IUHULIBI u3MepeHus. O0pa3oBble MEPHI CBEPSIOTCS C
ATAJIOHAMU. DTaJOHbI — 3TO O0pPa3LOBbIE MEPhI, U3TOTOBJICHHBIE C Hau-
BBICIIIEH TOUYHOCTBIO, IOCTHKUMOMN TIPU JTAHHOM yYPOBHE Pa3BUTUSI HAYKH U
TeXHUKH [12].

Mepbl >IIEKTPUYECKUX BEJIMYHMH: MEpa MOKa YCTAHABIMBAETCA C T0-
MOIIbIO TOKOBBIX BECOB, OINPEICISAIONINX CUIY B3aHMMOJEUCTBUS ABYX IIO-
CJIE€I0BATENbHO BKIFOYEHHBIX KaTylIEK C TOKOM; Mepa Hanpsxcenus — IDJC
HOPMAJIBHOTO 35ieMeHTa BecTona, kotopas cocrasiusier npu 20°C 1,0185—
1,0187 B; Mmepa anexmpuueckoco conpomusieHus — 00pa3lioBble PEe3UCTO-
pBl U3 MAHTAaHUHOBOM MPOBOJIOKH, HAMOTAHHOM OM(UIISIPHO HA JATYHHBIN
i GaphopoBbIi MWIMHAP; MEpa UHOYKMUBHOCMU — O0PaA3IOBbIE KaTyIII-
KW, BBITTOJTHEHHBIE U3 MEJHOTO IPOBOJIA, HAMOTAHHOI'O Ha IJIACTMACCOBBIN
i papdopoBrIil Kapkac; Mmepa emkocmu — 00pa3OBble KOHJEHCATOPHI C
IJIOCKMMH WIW UAJIMHIPUYECKUMU TUIACTUHAMHU C BO3AYIIHOM WM CMOJISA-
HOU U30JISIIUEN MEXKITY HUMU.

Jlns u3MepeHus: NMEKTPUUECKUX BEIUYUH B PUOOpaX HEMOCPEeCT-
BEHHOMN OLIEHKHU MCHOJIb3YIOTCA PU3NUECKUE MPOLECCHl, CO3/Iat0IINE Bpa-
MIAIOMUA MOMEHT M TIepeMEIleHUEe TMOJBMXHON CHUCTEMBbI Tpudopa.
Bpamaromnuii MOMEHT MOXKET OBITh CO3/JaH B3aMMOJICHCTBHEM MAarHUT-
HOT'O TOJIs MOCTOSHHOIO MAarHUTa M TOKa B KaTyLIKE, MarHUTHOTO TOJs
KAaTYIIKA C TOKOM H (eppoMarHeTHKa, B3aWMMOJCHCTBHUEM MAarHUTHBIX
MOJIEN KAaTyIIEK C TOKaMHu, B3aMMOJICMCTBUEM 3apsKEHHBIX TEJI U T. .
B 3aBucuMocTtu OoT mpupojibl GU3NYECKOro B3aUMOACHUCTBHUS, MPOUCXO-
JSIIEro B mpulopax, 3JIeKTPOU3ZMEPUTEIbHbIE TPUOOPHI PA3AEIISIIOTCS Ha
MAarHATOINEKTPUYECKHUE, DIEKTPOMATHUTHBIE, HJICKTPOJIUHAMUYECKHUE,
WHIYKIHOHHBIE, 3JIEKTPOCTATUYECKHUE, TEPMOIIIEKTPUIECKUE, NETEKTOP-
Hbl€, BUOpALIMOHHBIE.

XapakTepucTUKku NpruOOPOB U U3MEPEHUI: a0CONMIOTHAS MMOTPELIHOCTD,
NPUBEJICHHAS TOTPEIIHOCTh, OTHOCHUTENbHASI MOTPEIIHOCTh, YyBCTBHUTEIb-
HOCTh TIpuodoOpa.

Abconromuas nocpeutHocms — pa3HOCTh MEXKY U3MEPEHHBIM U JIEHUCT-
BUTEILHBIM 3HAYECHUEM U3MEPIEMON BeTMUUHBI (AA).

IIpusedennas noepewnocms — OTHOLIEHUE A0COIIOTHON MOTPEITHOCTH
U3MEpSAEMON BEIIMYMHBI K BEPXHEMY IpeAeIy IIKaibl MPUOOpa, BhIPaXKEH-
HOE B MPOLIEHTAX.

Omuocumenvras nozpeutnocnms — OTHOLIEHHE aOCOJIIOTHOW MOTrperl-
HOCTHU K JIECTBUTEIHLHOMY 3HAYEHUIO MU3MEPSEMOU BEIIMYMHBI, BBIPAKEH-
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HOHM B mporneHTax. Ha mpakTuke mpu U3MEpEeHUU SJICKTPUUECKUX BEIUYUH
MOHO OMPENENATh OTHOCHUTEIIbHYIO MOTPEIIHOCTh OTHOIIEHHEM abco-
JIOTHOM K U3MEPEHHOMY 3HAUYCHUIO BEIWYMHBI. HanmeHbIass OTHOCUTEIb-
Hasl MOTPEIIHOCTh MOJYYaeTcsl MPU OTKIOHEHUHU CTPEJIKU MpUuOopa MOYTH
Ha BCIO LIKAJTy.

Yyecmeumenvnocmes npubopa — OTHOIIEHHE OTMEUYEHHOTO CTPENKOU
4yycia JEJICHUN Kbl K YUCICHHOMY 3HAYEHUIO U3MEPSEMOMN BEJIMYUHBI:

- 36
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Bennuuna, oOpaTHas YyBCTBUTEIHHOCTH, HA3bIBAETCS MOCTOSHHOU
npubopa, Uiu yeHou OeleHUsl.

MarHI/ITOBJ'IeKTpI/I\IeCKI/Ie I1p|/|60pbl

[IpyHun AeMCTBUS MarHUTOZJEKTPUUYECKUX MPUOOPOB OCHOBAH HA
B3aMMOJICUCTBUM MAarHUTHOTO TOJISl MOCTOSTHHOTO MarHuTa U OOMOTKH C
TokoM. CxeMa ycTpoicTBa Takoro nmpuOopa rnokasaHa Ha puc. 14. B Bos-
IOYIIHOM 3a30pe / MeXJy HENOJBMKHBIM CTaJbHBIM LMJIWHIPOM 2 U IIO-
JIFOCHBIMY HAKOHEYHHKaMU NS HENOJBUKHOTO IIOCTOSTHHOTO MAarHUTa pac-
II0JIO’KEHA AJIFOMUHMEBAsi paMKa ¢ 0OMOTKOM 3. Pamka jkecTKO coeTuHeHa ¢
JABYMsI IIOJIyOCSIMH, KOTOPBIE CBOMMM KOHLIAMU OIMPAOTCA O MOIUINITHUKH.
Ha nostyocu O 3akperuieHsl yka3aTesbHas CTpeka 4, IPOTUBOBECH 6 U BE
CHOUPAJIbHBIE MTPYKUHKHU 5 U 5, 4epe3 KOTOphI€ K KaTYyIIKE MOJABOJNUTCS U3-
MepsieMblii TOK /. IlomrocHble HaKOHEUYHMKH NS U CTalbHOM HUIUHID 2
o0ecreunBaroT B 3a30pe / paBHOMEPHOE paJUaIbHOE MAarHUTHOE IOJE C
MHIOyKIMen B. B pe3ynbpraTe B3aMMOIEUCTBUS MAarHUTHOTO I10JISL C TOKOM B
IIPOBOJHUKAX OOMOTKM 3 co3JaeTcsi Bpamjarolmuid MoMeHT. Pamka ¢ 00-
MOTKOW TIPU 3TOM MOBOPAYMBAETCA M CTpPEJIKA OTKIIOHSAETCS HAa yroi Ol.
DneKkTpoOMarHuTHas Cuia, AeMCTBYIOas Ha OOMOTKY, paBHa:

F=wBlII, (37)
rac F— QJICKTpOMAarunuTHasA CHUJia, H, W — 4YUCJIO BUTKOB O6MOTKI/I; B — mar-

HUTHasI MHAYKIUS, Ti; [ — nyimHa paMku, M; [ — cuia Toka, A.
Bpamarommit MOMEHT, CO31aBa€MbIil ’TOW CUJION, PABEH:

M, =Fr=wBlld =kl , (38)

rae My, — Bpalaroluii MOMEHT KaTylmKH ¢ TokoM, H-Mm; » — paguyc 00-
MOTKH, M; ki — KO3 PUITMEHT, 3aBUCAIINNA OT YHCIa BUTKOB, Pa3MEPOB 00-
MOTKH ¥ MAarHUTHON MHIYKIIUH.
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Puc. 14. YcTpoiicTBO U3MEPUTEIBHOTO MPUOOpPAa MarHUTORICKTPUUECKONW CHUCTEMBI:
1 — BO3AYIIHBIN 3330p; 2 — CTANBHOM HMIMHAP; 3 — aIIOMUHUEBAs paMKa ¢ 00OMOTKOM;

4 — yxaszarenbHas CTPeNKa; 5 U 5’ — CIupaibHbIe IPYKHUHBI, Y€PE3 KOTOPhIE
K 0OMOTKE MOJIBOAUTCS U3MEPSAEMBIN TOK; 6 — IPOTHBOBECHI

[Tpu BpameHUM KaTyIIKA CIIUPATbHBIC IPYKUHBI 5 U 5’ CO3/1aI0T MPO-
TUBOJEUCTBYIOIIMNA MOMEHT, MPONOPLIMOHAIBHBIN YTIIy 3aKPYYMBAHUA:

an :kzaa (39)

rine My, — IpOTUBOACHCTBYIOINI MOMeHT, H-M; k, — koo dunment, 3aBu-
CAUIMI OT yHPYrMX CBOMCTB MPYXKHUH;, O — YTOJ 3aKpyYUBaHUS TPYKUH
(Yyros moBopoTa CTPEJIKH).

Crpenka mpubopa OocTaHABIMBACTCS Ha KAaKOM-THOO JEICHUU IIKaJIbI
IPY PABEHCTBE 3TUX MOMEHTOB:

M, =M, =ko=kl. (40)

OTtcrofa yroa moBOpOTa CTPEIKUA OyAeT MPOMOPIMOHAICH BEIMYMHE
TOKa B KaTYIIKE:
k
o=—1=kK. (41)

2

YcnokouTeneM M3MEpPUTENIbHOTO MEXaHM3Ma MarHUTORJIEKTPUUYECKUX
npuOOpOB SBIIAETCS ATIOMHHUEBBIN Kapkac pamku. [lpu koneOanuum ka-
TYIIKA B MAarHUTHOM TI0JI€ B aJIOMUHUEBOM Kapkace OyIayT BO30yX AaTbcs
UHAYKIHOHHBIE TOKU. B3aumoaeicTBie 3THX TOKOB ¢ MarHUTHBIM IOJIEM
MOCTOSTHHOTO MAarHuTa CO3/1aeT TOPMO3AIINI MOMEHT, yCIOKaWBAIOIINUN
KOJI€0aHUsI KaTYyILIKH.
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JIOCTOMHCTBO MarHUTORJIEKTPUUYECKUX MPUOOPOB: PABHOMEPHOCTH
IIKaJIbl, BBICOKAsi YYBCTBUTEIBHOCTh, BHICOKHUN KJIACC TOYHOCTH W Masas
YyBCTBUTEJIHLHOCTh K BO3JICHCTBUIO BHEIITHUX MAarHUTHBIX MOJIEH.

Henocratku: 4yBCTBUTENBHOCTH K MEpErpy3kam (CupalibHbIE MPYKH-
HbI TIpU OOJIBIITUX TOKAX HArpeBalOTCS U TEPSIOT YNPYrue CBONCTBA WM
NEPEeroparoT); HEMPUTOJAHOCTh JJII HEMOCPEICTBEHHBIX U3MEPEHUN B 1IeNHU
NEPEMEHHOr0 TOKa (HEOOXOIMMO UCTIOIb30BATh BBHITTPSIMUTEIH ).

VYBenuueHue YyBCTBUTEIBHOCTH MATrHUTORJIEKTPUUECKHX MPHOOPOB
JOCTUTAETCSl YMEHBIICHHEM MPOTUBOAECHCTBYIOIIEr0 MomeHTa. C 3To# 11e-
JIBI0 TIOABMKHYIO CUCTEMY HE YCTAaHABIMBAIOT Ha MOJYOCSX, @ KPEHsAT Ha
pacTsbkkax (OpOH30BBIX MPOBOJIOYKAX). 3aKpyynBaHue OPOH30BOM MPOBO-
JIOYKH CO3Ja€T MPOTUBOAECHUCTBYOIIUNA MOMEHT.

Jlns u3Mepenust odeHp Manbix TokoB (10°—107'* A) mpumensiorcs
rajbBaHOMETPHI C MOJBEIICHHOW KaTymikod. KaTyiika mojasemmBaeTcs Ha
TOHKOW METAJUIMYECKON WM KBapLIEBOM ITPOBOJIOYKE.

dneKTpOMarHuTHble npn6opbl

[TpuHIMT ACHCTBHS 3JIEKTPOMArHUTHBIX MTPHOOPOB OCHOBAH Ha B3aM-
MOJCHCTBHM MAarHUTHOTO TOJISI KaTYIIKH C TOKOM M JKEJIE3HOTO CepJICUHHU-
ka. HemoaBmKHBIN 351eMeHT puOopa — oOMOTKa /, BBIIIOJHEHHAS U3 H30-
JUPOBAHHOM MPOBOJIOKH, BKIIFOYAETCS B AJIEKTPUUECKYIO 1ienb (puc. 15).

Puc. 15. YcTpoilcTBO 37€KTPOU3MEPUTETHHOTO
puOopa AMEKTPOMArHUTHON CUCTEMBI:
1 — 0OMOTKa ¢ TOKOM; 2 — CTAIbHOM CEPACUHHK; 3 — yKa3aTelIbHas CTPEIIKa;
4 — ciupanbHasi IPY>KUHKA; 5 — TOPIICHb; 6 — IUIHHIP
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[ToaBUXKHBIN 2JIEMEHT — CTAIBHON CepAeYHUK 2, UMeroImuil hopmy Je-
IIECTKA, DKCIEHTPUYHO YKperuieH Ha ocu 0. C 3TOH )K€ OChI0 )KECTKO CO-
eVHEHbl yKa3aTelbHas CTpesika 3, crupaybHas NpyXuHKa 4, oOecreyu-
BaroIlas MPOTUBOJACHCTBYIOIIUM MOMEHT, U MOPIIEHb J ycrOKOUTENA. TOK
I B BUTKax 0OMOTKH O0Opa3yeT MarHUTHBIN MOTOK, CEPJCYHUK 2 HAMarHu-
YUBAETCS U BTATHBaETCs B 0OMOTKY. IIpu sTom och O moBopauuBaercst u
CTpeJka mpudopa OTKIOHAETCS Ha YTOJl Ol.

MarauTtHasi UHAYKLUSA B CEPACUYHUKE MPOIOPLMOHAIbHA TOKY 00OMOT-
ku. Cuna F, ¢ KOTOpOi CEep/ICUHUK BTITHUBAETCS B OOMOTKY, 3aBUCHUT OT TO-
Ka 1 MarHUTHOM MHAYKUMU B B cepaeunuke (korpduument kz). [Ipubnu-
KEHHO MOXHO MPHUHSATH, YTO cuja F, a caeaoBaTesnbHo, U 00yCIOBIECHHBIN
€10 BPAILIAIOIIMH MOMEHT IPOMOPLIMOHAIBHBI KBA/IPAaTy TOKA B KaTyIIKE:

M,, =kl (42)

[IpOoTHBOAEUCTBYOIIUM MOMEHT, YPAaBHOBECIIMBAIOIIMKA BpPAIAOIIHAMN
MOMEHT, MPOMOpPIMOHalieH yriay o (cMm. hopmyiy 39). IIpu paBeHcTBE MO-
MEHTOB UMEEM:

M, =M, =ko=kl. (43)

OTcrona ciaeayer, 4YTo yroJl IOBOPOTa CTPEJIKU HAXOJIUTCA B KBaJAPATUYHOU
3aBUCHUMOCTH OT CHJIbI TOKA!

a=tp (44)
ky

[IIxana npubopa oka3bIBaeTCI HEPABHOMEPHOM.

JI1s ycriokoeHus MOABUKHOM YacTu MpuOopa MPUMEHSIOT BO3AYLIHBIH
nemndep. OH COCTOUT U3 WIMHAPA 6 U TOPIIHA J, IITOK KOTOPOTO YKpen-
aeH Ha ocu O. CoIpOTHBIICHHME BO3/yXa, OKa3bplBAEMOE IEPEMELICHUEM
HOPIIHS B LIUIUHAPE, 00€CTIEYNBAET ObICTPOE YCIIOKOEHUE CTPEIIKH.

JIOCTOMHCTBA: MPOCTOTA KOHCTPYKIUHU, IPUTOHOCTD U1l U3MEPEHUS B
LIEIIAX [IEPEMEHHOT0 TOKA, HAJIE)KHOCTh B DKCILIyaTallUu.

Henmocratku: HEpaBHOMEPHOCTDH IIKAJIbI, BIMSHUE ITOCTOPOHHUX Mar-
HUTHBIX NOJIE HA TOYHOCTh W3MEPEHHI, HEBBICOKUI KJIACC TOYHOCTH (HUC-
NOJIB3YIOTCS U TEXHUYECKUX U3MEPEHUN ).

dneKkTpoanHaMmunuyeckue npuéopbli

DnekpoarHaAMUYECKUE MPUOOPHI UMEIOT ABE Karymku. OgHa U3 HUX
HEMOJBWXHAasA /, a qpyras — noaswkHas 2 (puc. 16). [lonBuxkHas oOMOT-
Ka ykpermgercs Ha ocu OO’ U pPacnolio)keHa BHYTPH HETOABHXKHOU
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oO6MoTkHU. Ha 3Tol ke ocH yKperJieHbl yKaszaTelbHas CTpesika 3 U CIH-
pajbHBIE MPYXXUHKU 4, 4yepe3 KOTOpble MOJBOAUTCI TOK K OOMOTKE 2.
JlaHHbBIE MPYKUHKH CO3JIaI0T MPOTUBOACUCTBYIOIIMN MOMEHT, IPOIOp-
LUOHAJIBHBIM YTy 3aKpydyuBaHus o. [I[pyHOMD necTBHS OCHOBAH Ha
B3aMMOJEHCTBUU TOKa [, MOABM)KHOM OOMOTKH C MAarHUTHBIM IIOTOKOM
HEMOABUKHON OOMOTKH.

[Ipyr MOCTOSHHOM TOKE 3JIEKTPOMAarHuTHasA cuia F,;, TeUCTBYIOIIas Ha
MPOBOJAHUKHA MOJABUXKHONU OOMOTKH, MPOMOPIUOHATBFHA TOKY U MarHUTHO-
My nOoTOKy @;. [Tockonbky nmorok @ nponopuuoHaieH TOKY /| HEOABUXK-
HOM OOMOTKH, BpallarolINil MOMEHT, JEHCTBYIOIIMNA Ha MOABMXXHYIO 00-
MOTKY, TPOTIOPLIMOHAJICH MPOU3BEECHUIO TOKOB 0OMOTOK:

M, =C'®1,=C"LI,. (45)

JI1s1 yCOKOEHHsI TOIBM>KHOM CHCTEMbI MPUOOpa MPUMEHSIOT BO31YyII-
HbIE JIeMII(pepbl W 3JEKTPOMArHUTHBIE YCIIOKOUTEIH.

Puc. 16. YerpoiicTBo 1 mpuHIUI pabOThI 3JEKTPOU3MEPUTETHLHOTO
npudopa ANMEKTPOJMHAMUIECKON CUCTEMBI:
1 — HeMOJBIDKHAS KaTyIIKa; 2 — MOJBIIKHAS KaTYIIKa;
3 — cTpenka; 4 — ciupalibHbIE NPYKUHKH

I[OCTOI/IHCTBaI MMpUTrOoaAHbI IJIA HSMCPGHPII)'I B IOCIX IIOCTOSAHHOI'O M IIC-
PEMCHHOI'O TOKaA, O6J'IaI[aI-OT BBICOKOM TOYHOCTBIO.

41



Henocrarku: HU3Kas 9yBCTBUTEIBLHOCTD, BIHMSHUEC BHEIIHMX MarHUT-
HBIX TOJICH HAa TOYHOCTh M3MEPECHHH, YYBCTBUTEIBHOCTh K IEpEerpy3Kam
(TOK MOIBOAMTCS Yepe3 CIHUpaIbHBIC MPYKHUHKN), HEPABHOMEPHOCTD IITKa-
J6I (KpOME BaTTMETPA).

DneKTpPOHHbIe aHaNorosbie NPU6opbi

DJEeKTpOHHBIE aHAJIOrOBbIE MPUOOPHI MKUPOKO UCIONB3YIOTCA B J1a00-
paTopHoOil mpakTuke. YacTo npeacTaBiisitoT co00il KOMOUMHUPOBAHHBIE MHO-
ronpeeNbHbIe MPUOOPHI Il U3MEPEHHS PA3NHYHBIX SJIEKTPUUYECKUX BE-
anuuH. [TpuHuun pa®oTel Takux TprUOOPOB PACCMOTPUM Ha MPUMEPE BJIEK-
TPOHHOI'O aHAJIOrOBOTO BOJBTMETPA, CTPYKTypHasi CXeMa KOTOpPOTO
npeacTaBieHa Ha puc. 17.

Us Bxon y i
XOJHOC CHJINTCIIb N3mepurenbHBIN
—> M ; N p
yCTPOHUCTBO IIOCTOSAHHOI'O TOKa MECXaHHU3M

A

Puc. 17. CtpykTypHasi cxema 3JIeKTPOHHOT'O aHAJIOTOBOTO prudopa

N3mepsieMmoe HampsiKeHUE MOJIAeTCsl Ha BXOJHOE YCTPOMCTBO, Mpe-
CTaBJsitolee cOO0M MHOTOIPEIENbHBINA BEICOKOOMHBIN JENUTEIh HA PE3u-
cropax. C genurtens HanpsyKEHUE MOCTYIIAET HA YCHIHUTENb MTOCTOSHHOIO
TOKA M Jlajiee — Ha U3MEPUTEIbHbIA MEXaHU3M. JlenuTens U yCUINTENb T10-
CTOSIHHOTO TOKa OCJA0JISIOT WM yCWJIMBAIOT HANpsDKEHUE N0 3HAYCHUH,
HEOOXOJMMBIX JUIsI HOPMAJIbHOM pabOThl M3MEPUTEIHHOTO MEXaHU3Ma.
B kadecTBe U3MEPUTEIILHOIO MEXaHU3Ma OOBIYHO MCIIOIB3YETCS MAarHUTO-
anekTpudeckuii. OJHOBPEMEHHO YCHIIMTENb OOSCIEYMBAET COTIIACOBAHUE
BBICOKOTO CONIPOTHBIICHUS BXOJIHOM €T prOopa ¢ HU3KUM COTPOTHUBIIE-
HUEM KaTyIIKWA U3MEPUTEILHOIO MEXaHU3MA.

JlocTOMHCTBa AJIEKTPOHHBIX BOJBTMETPOB: OOJIBIIOE BXOJHOE
CONMpOTHUBJIEHHE (HECKOJBKO JECSITKOB MEraom) H, CIJeA0BaTEelbHO,
Majiasi motpedssieMass MOIIHOCTh OT U3MEPSEMOU LieNu; IUPOKUN Ha-
Ma30H U3MEPSAEMOro HampsiKeHUs (OT HECKOJbKUX MHUKPOBOJIBT 0 KH-
JIOBOJIBT).

HenocraTtku: HE0OXOAUMOCTh MCTOYHUKA MUTAHUS, HEBHICOKAsl TOY-
HOCTh (Kyaccel TouHocTH OT 0,1 g0 25, oObruHO 2,5; 4,0). Beimyckaembie
AJIEKTPOHHBIE BOJBTMETPHI UMEIOT CleAylolre 0003HaueHusl (MepBbIX 1Ba
cuMBoa): B2 — BonbTMETpBI MOCTOSIHHOTO TOKa; B3 — BonbT™MeETpHI mepe-
MEHHOTr0 TOKa; B4 — BOJIBTMETpHI UMMYJIBCHOTO TOKa; B7 — yHUBepcalib-
HbIE BOJIbTMETPBHI.
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NEKUMA 6. METOlbl U3BMEPEHUA
SJIEKTPUYECKUX BEJINYUH

N3mepeHne ToKa N HanpsXXeHnA

JUia usmepenusi moxa aMuepMeTp BKIIOYAeTCs B ILENb IIOCIEN0Ba-
TeIbHO. B yCTaHOBKaX MOCTOSIHHOTO TOKA JJIsl 3TOr0 IPUMEHSIOT B OCHOB-
HOM MAarHuTO3JIeKTpuueckue npudopsl. Heooxoamumo, 4To0bl cONpOTUBIIE-
HUE aMIiepMeTpa ObLUIO Ha JBa MOPSAKA MEHbIIE CONMPOTHBICHHS JTHOOO0ro
aJIeMeHTa u3MepseMoil nenu. s pacmmpeHus npezaena U3MEpPEHHs am-
nepMerpa (B n pas) CIyXaT wuiyHmsl — PE3UCTOPBI C CONPOTHUBICHUEM
MEHBIIUM, YeM compoTuBiieHne amnepmerpa. LLlyHTbI BkiItoyatroTes napai-
JenpHO ammepmerpy (puc. 18, a). B MHorompeneiabHbIX amMmIiepMeTpax
IIYHTBI PAacIoaraTcs BHyTpU npudopa.

i Loy 2
ey R :
o
L) e v
— e &
Im l U)l
[ ®
a o

Puc. 18. Cxembl mpUCOEIMHEHUS IIIYHTA K aMIIepMeETpy (a)
1 100aBOYHOTO PE3UCTOPa K BOJBLTMETPY (0)

Jlns pacimpeHus npeaeioB U3MEPEHUs B 7 pa3 CONPOTUBJICHUE IITYHTA
MOKET OBITh PACCUMUTAHO CIEIyIOIMM 00pa3oM. TOK, MpoTeKaronmii yepes
amnepmeTp I, JOKEH OBbITh B 72 pa3 MEHBIIE U3MEPSIEMOro TOKa B Liemu /:

I=nl,. (46)
Tok, mpoTekaromuii yepe3 myHT /Iy, Oy1eT paBeH:
[m:I—IA:nIA—]A:(n—l)[A. (47)
ConpoTuBiieHHE NIYHTA HaiW1eM U3 3akoHa Oma:
IR, =I,R,=(n-1)I,R,, (48)

rae Ry — conportuBiieHne amnepmerpa, OM; R, — CONPOTUBIICHHE UIYHTA,
Owm. 13 nocnenHero COOTHOIICHUS BBIPA3UM HEOOXOIMMOE COTIPOTUBIICHUE
HIyHTa!
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R =4 (49)

Takum 00pa3om, 4TOOBI pacIIUPUTH MPEACI U3MEPECHUS aMIIepMETpa B
n pa3, He0OXOAUMO BKJIFOUUTH MapaIeIbHO aMIIEPMETPY IIYHT COMPOTHUB-
neHueM B (n — 1) pa3 MeHblIIe, YeM CONPOTUBJICHUE aMIIEpMETPa.

s usmepenus HanpsidiceHuss Ha KAKOM-JIMOO AIIEMEHTE AJIEKTPUUECKOM
LENU K BHIBOAAM 3JIEMEHTa MPUCOSAUHAIOT MapauiebHO BoibTMETp. Heob-
XOJIUMO, YTOOBI CONMPOTUBJICHUE BOJIBTMETPA OBLJIO HA JBA MOPsAKA OOJIbIIE
COIIPOTHUBJICHUST JIIOOOTO 3JIeMEHTa u3MepsieMol 1enu. [[ns pacumpeHus
npesesia U3MEPEHHs BOJILTMETPa 0OBIYHO MPUMEHSIOT T00ABOUHBIE PE3UCTO-
PBI, BKIIFOUAEMbIE MTOCIICIOBATEIILHO ¢ 0OMOTKOM BOJIbLTMETpa (puc. 18, 0).

[IpoBenem pacuer 700aBOYHOTO COMPOTUBICHUS R, IJIS YBEIUYEHUS
npeaena msmepenus B n pas. Ilanenne Hampsbxkenue Ha BoiabT™METpe Uy
JIOJKHO OBITh B 71 pa3 MEHbIIIE U3MEPSIeMOTro HanpskeHus U:

U=nU,. (50)
[Tanenue HanpspKEHUS Ha 100aBOYHOM Pe3ucTope OyIeT paBHO
U,=U-U, =nU, -U, =(n-1)U,. (51)
[Tpumenum 3axkoH Oma Jj1sl y4acTKa LEeTu:

;U U, (n-1)U,

= , (52)
R, R, R,
rae Ry — CONnpOTUBIEHUE BOIBTMETPA, OM.
M3 nocnenHero COOTHOLICHUS HAMIEM, 4TO
R, =(n—-1)R,. (53)

CrnenoBatenbHO, CONPOTHBICHHE T00ABOYHOTO PE3UCTOpa JOJHKHO
ObITH B (7 — 1) pa3 OoJbIIe CONPOTUBICHUS! BOJIBTMETPA.

KomneHcaLnOHHbIN MeTop,

KoMmneHcaunOHHBIA METOJ U3MEPEHUST UCIONb3YETCA ISl U3MEPEHUS
Masibix 3HaueHuid DJIC, HanpsKEeHUI, TOKOB U CONPOTUBJIEHUN C BBICOKOM
TOYHOCTBIO. OH OCHOBAaH Ha CpaBHEHUH Heu3BecTHOM DJIC mnm Hanpsixke-
HUS ¢ U3BeCTHOM Mmepoi. [IpuHiunuanbHas cxema KoMIleHcaTtopa (TMOTeH-
MOMETpPA) MOCTOSIHHOTO TOKA MpeJICTaBieHa Ha puc. 19.

B morenumnomerpe mmMeercs 00pas3ioBblii R, 1 KOMIICHCAITMOHHBIN R
pe3ucTtopbl. OHU BKIIFOUEHBI MOCAeA0BaTEIbHO. OT BCIOMOTaTeIbHOTO UC-
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toynnka DJ[C GB 4epe3 HUX NPOIYCKAlOT paboduil TOK /,. 3HaYEHHUE pa-
0OYEro TOKa yCTaHABIMBAIOT IIPH IOMOIIM PETyJIMPOBOYHOIO peocraTa R,
yTeM CPaBHEHHUs MaJ€HUSI HAPsDKEHHS B 00pa3lOBOM PE3UCTOPE CO 3Ha-
yeHuem JJIC HOpMaIBLHOTO JIEMEHTA.

Jliis aTOrO mepekiouareiab SA yCTaHaBIMBAIOT B MOJOXKeHUE 1 U u3-
MEHSIOT Pabo4Mii TOK /[, 1O TeX IOp, MOKa TOK B TajbBAaHOMETPE HE
YMEHBUIUTCS 10 HyJS. DTO 03HAYAET, YTO MOTEHIMA TOUYKH A CTaJl paBeH
noTeHuuany Touku C, a HOTEeHIMal TOYKU B paBeH MNOTEHIMaTy TOYKH D.
[Tanenue HampspkeHus B 00pa3ioBoM pesuctope craino paBHo IJC Hop-
MaJbHOI'O 3JIEMEHTA:

IR, =E,. (54)

. o 4
OObIyHO pabouuii TOk HeOonbIoN U coctaBisieT okoio 10 A. Tlo-
TEHIIMOMETP TOTOB JIJIsl paOOTHI.

R

GB
T .

R, 4 Ry
Bj [

K
PA

VK PD

C
SA4

__EN+ Ey

Puc. 19. IlpunnunuaneHas cxema MOTEHIIMOMETPa OCTOSTHHOTO TOKa

Hns mamepenust HeusBectHor DJ[C Ey nmepexitouarenb SA CTaBsT
B noJjioxkenue 2. Kak mpaBuio, B 3TOT MOMEHT 4epe3 rajibBAHOMETP 1O
uenu Ey—r—PA—Ex n1poXoAuT TOK. DTO 3HAYUT, YTO MaJCHUE HAIPsIKe-
HUs, BBI3BAHHOE pabOYUM TOKOM B KOMIIEHCAllHOHHOM PE3UCTOpE, OKa-
3a0ch OOJIbllIE UM MEHBLIE U3MEpseMOoro HamnpsbkeHusd. [Ipu momomu
JNBUKKAa HAUYMHAIOT U3MEHSITh 3HAYEHHE COMPOTHUBIICHUS KOMIICHCAIU-
OHHOI'O PE3HCTOpa ¥y U TEM CAMBIM HU3MEHSATh CPAaBHUBAEMOE IMAaJCHHE
HanpsokeHus [pry ¢ uamepsaemon D/1C Ey. JIBUKOK IMEpEMEIAOT 10 TeX
op, IOKa TOK, NPOXOASIIUNA Yepe3 ralbBAHOMETP, HE CTAHET PaBEH HY-
a10. B MOMEHT moJIHOM KOMIEHCcalMu, KOTAa TOK rajJbBaHOMETpa paBeH
HYJII0, UMEEM:

Ir.=E,. (55)

P K
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N3 mocnenHux ABYX COOTHOIIEHUN MOKHO BBIPA3UTh H3MEPSIEMYIO
OJ1C uepe3 D/IC HOpMAIBHOTO 3JIEMEHTA:

IR E
o By po=lp (56)
Ir. Ey R

ToyHOCTH H3M€p€HHﬁ 3aBHUCHUT OT TOYHOCTHU 3HAYCHMH 3I[C HOpMaJib-
HOTo 9JICMCHTA, TOYHOCTH 3HAYCHUH KOMIICHCAIITMOHHOT'O M 06p33HOBOFO
PE3UCTOPOB U UYBCTBUTCIbHOCTH I'aJIbBAHOMCTPaA.

N3mepeHune conpoTusBneHunin

CymiecTByeT 4eTblpe METOAa W3MEPEHMs] CONpPOTUBIIECHUU: 1) meTon
aMIiepMeTpa U BOJIbTMETPA; 2) MOCTOBOM METOH; 3) MOTEHIIMOMETpHUYE-
CKHi1 MeTOJ1; 4) PE30HAHCHBIN METO/1. Pe30HAHCHBIN METO UCTIONB3YETCS B
PAIMOTEXHUKE IPU H3MEPEHHUHM COINPOTUBICHHM HAa 3aJaHHOW 4YacTOTE.
HauGonbiiee pacnpocTpaHeHe NOTYYnIIu IEPBbIE 1Ba METOAA.

Meron amnepmempa u gorbmmempa NpOCT, HO €ro TOYHOCTh HEBEIH-
ka (1-5%). Ha sTom meTonie ocHoBaHa paboTta ommeTpoB. [Ipunuumn neicrt-
BUSI: UCIIOJb3Ys aMIIEpMETP ISl U3MEPEHUS TOKA U BOJIBTMETP JJIA U3Me-
PEHHUSI HAIIPSKEHUS HA 3JIEMEHTE LIEH COPOTUBJIEHUE MOKHO pPacCUUTATh
1o 3akoHy OMa. BO3MOHBI JB€ CXEMBbI MOJKIIOUEHUSI BOJbTMETPA U aM-
nepmetpa (puc. 20).

Ry I

Q/ Ry |:|R RVQD R

a o

Puc. 20. Cxembl NOAKIIOYEHHS aMIIEPMETPA U BOJIbTMETPA:
a — U U3MEpeHus OOJIBIINX COMPOTUBIICHUA;
O — 711 U3MEPEHUS MaJIbIX CONIPOTUBIICHUIM

Ecnn BonpTMETp moAKIOYUTH 10 ammnepmerpa (puc. 20, a), To
amriepMeTp OyneT M3MEepsATh MCTHUHHBINA TOK /, a BOJIBTMETpP MOKAXET
CyMMY MaJ€HUS HampsHDKEHUS Ha U3MEPSEMOM CONPOTUBICHUU R W Ha
amnepmerpe: U,y = Ur + Uy, U3MepeHHOE 3HAaUEHHUE CONPOTUBJICHUS
OyaeT paBHO:
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— UI/I3M _ UR + UA
R]/I3M I 1

rae R, — comportuBieHue ammepmerpa. CienoBaTelbHO, OTHOCUTEIbHAS
OIIKOKA U3MEPEHUSI COCTABUT

=R+R,, (57)

[= Ry (58)
R
u Oy/IeT TeM MEeHbIIIe, YeM OO0JIbIlle U3MepseMoe corpoTuBieHune. Ecnu u3-
MEpSIEMOE COMPOTHUBIIEHUE COMOCTABUMO C CONPOTHUBICHUEM aMIEPMETpa,
ommbka MoxeT coctaBiaTh 100% u Gonee. Takum obpazom, cxema 20, a
npUMEHUMA JIJIsT U3MEPEHUS OOJIBIIIUX COMPOTUBIICHUM (B CPAaBHEHHUHU C CO-
POTUBJIEHUEM AMIIEPMETPA).

Ecnu BOABTMETpP MOJKIIOUYUTH MOCIE aMIIEPMETPa, TO BOJBTMETP MO-
Ka)XET UCTUHHOE HANPS)KEHHE HAa U3MEPSIEMOM COINPOTUBJIEHUH, a aMIIep-
METp MOKAXKET CyMMY TOKOB, MPOXOJSIIUX YEPE3 U3MEPSIEMOE CONPOTUB-
JIEHUE U 4Ye€pe3 BOJIBTMETP: [y, = Ip + [y, I3MepeHHOE CONpPOTHUBIICHUE
OyJZleT paBHO:

u_ U 1 1 RR,

Ly Ip+l, Ix I, 1 1 RtR’
U U R R

Ry = (59)

rac RV — COIIPOTHUBJICHUC BOJIBTMCTPA. Torz[a OTHOCHTEJIbHAs OIINOKa M3-
MCPCHHA COCTAaBUT

Z:AR:R_RI/ISMZI_RM3M_1_ RV _ R

= (60)
R R R R,+R R, +R

U OyJeT TeM MEHbIIe, YeM MEHbIIE HU3MEepsieMOoe CONpPOTUBJIEHHE (110 OT-
HOILIEHUIO K CONPOTUBJICHUIO BOJIbTMETpa). Takum oOpa3om, [ u3Mepe-
HUS MaJIbIX COMPOTUBIIEHUI HAJ0 BKIOYATh BOJIBTMETP IIOCIIE aMIIEpMETpa
(puc. 20, 6).

Wrak, nMest O4€Hb TOYHBIE aMIIEPMETP U BOJBTMETP, MOKHO HOJIY4YHTh
OOJBIIYIO MOTPEIIHOCTh U3MEPEHHs] CONMPOTHUBIICHUS, €CIH HEMpPaBUIBHO
BbIOpaTh CXeMy BKJIIOYEHHs MPHUOOPOB. DTa MOTPEUIHOCTh HA3bIBACTCS IO-
IPEIIHOCTh METOAA U3MEPEHUM.

HaunGosnpiuee pacnpocTpaHeHUe A1 U3MEPEHHS] COMPOTUBIEHUHN TO-
Ay4dun mocmogoui memoo. OH peanusyercs B UMPpoBbIx mpudopax. Onu-
HapHbId MOCT (puc. 21) nMeer yeTsipe mieda (conpoTuBieHus Ri—R; u Ry),
UCTOYHUK NUTAHUS W Hylb-UHIUKaTOp. llnedo R; Ha3pIBaeTcs IUIEUOM
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CpaBHEHUs, & OTHOIIEHUE CONPOTUBIEHUN R, U R; ompenenser auana3oH
VM3MEHEHUS U3MEPSAEMOTO CONPOTUBIICHUS.

Puc. 21. CxeMa oiuHapHOrO MOCTa MOCTOSTHHOTO TOKA

PaBHOBECHME MOCTa MOCTUTAeTCs U3MEHEHHUEM COMPOTUBJICHUN R;—R;
JI0 T€X IOp, NOKA TOK, MPOTEKAIIUNA Yepe3 HYJIb-UHAUKATOP, HE CTaHET
paBeH HyJ0. B cocTOsIHMM paBHOBECUS MOTEHUHUANBI TOUEK B U D paBHBI,
Y3 Y€T0 MOKHO BBIPA3UTh YCIOBHUE PABHOBECHUS MOCTA:

Op =0p,

IRy =0, ~03=0,-0,=0LR 01
By =0 =P =0, =Pp 2773 :R_X:&:szﬁRl. ( )
LR =0,-0c=0p-0c=LR | ~ R R &,

Haubonpiiee pacrpocTpaHeHUE MOJIYYUIN MOCTHI, Y KOTOPBIX TJIaB-
HO U3MEHSIETCS CONPOTUBIEHUE R; M ckaukaMu, KpaTHeIMU 10, oTHOIIE-
HUC R3/ Rz.

OnuHapHbBIE MOCT MOCTOSIHHOTO TOKa HMCIOJB3YETCS ISl U3MEPEHUS
conportuBieHui B auamnazone ot 1 Om no 100 MOwM. Huwxuuil npenen us3-
MEpSIEMbIX COMPOTUBIICHUI ONpPEEseTCs] COMPOTUBIECHUEM COCIUHUTEIb-
HBIX MPOBOJOB. B MoOCTe€ HCHONB3YIOTCS PE3UCTOPHI, U3TOTOBJICHHBIE W3
ManranuHa (N1 — 4%, Cu — 84%, Mn — 12%).

OO6mas cxema MOCTa MEPEMEHHOr0 TOKa Takasi ke, KaKk W JIsi MOCTa
MOCTOSTHHOTO TOKa (pucC. 22), TOIBKO MCIOJIb3YyETCS UCTOUHUK MUTAHUS T1e-
PEMEHHOT0 TOKa.
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Puc. 22. OGmias cxema MocTa MEPEMEHHOTO TOKa

ConpoTuBneHus], COCTABISAIONINE [JIEYM MOCTA, MOTYT UMETh KaK aK-
TUBHYIO, TaK U PEAKTUBHYIO COCTAaBISIONMINE (MHAYKTUBHOCTH U €MKOCTH).
B nocnennemM ciydae paBHOBECUE MOCTA BBIPAXKAETCsl IBYMS YCIOBUSMMU:
YCJIOBUEM JJIS1 UMIIEJIAHCOB:

ZyZ,=7,7,, (62)
U yCJIOBUEM il (ha30BBIX YIJIOB:
Oy +¢0, =0 + Q3. (63)

MocT nepeMeHHOr0 TOKa HYXKJIA€TCA B PETYJIHUPOBKE JBYX HE3aBUCH-
MBIX IMapaMeTpoB, YTOObI 00ECHEUYUTh paBHOBECHE MOJIYyJe u (Pa3oBbIX
yria0B. MOCT EPEMEHHOT0 TOKA UCTIOIB3YETCS 11 U3MEPEHUS UMIIEIaHCca
AJIEKTPOXUMHUYECKOU LETH.

JIEKUMA 7. AHAJIOTOBbIE MPEOBPA3OBATEJNA

Lugpposvie usmepumenvhvie npubOpsvl B MOCIETHEE BPEMs MOTYUH-
au HauOombliee pacrnpoctpaHeHue. OHU coAep)KaT BCTPOEHHBIE 3JIEK-
TPOHHBIE CXEMBbI, 0OBIYHO MUKPOIPOIECCOPHI, KOTOPHIE YIPABISAIOT MPO-
[IECCOM M3MEPEHUsI U 00ECNEeYUBAIOT MPEACTaBICHUE MMOKa3aHU B BHUJIE
JTUCKPETHBIX YHCEI.

CrpykrypHas cxema qudpoBOro U3MEPUTENBLHOTO Iprbdopa (puc. 23)
BKJIIOYAaeT B ce0s aHanoroBblii mpeoOpaszoBartens (All), ananoro-
uudposoit npeodbpazoBatens (ALIl) u nuudpoBoe 0TCUETHOE YCTPOUCT-
Bo (LIOYVY).
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_X 0 Anl y=fx), AL N, 10y

Puc. 23. CtpykTypHas cxema nu(poBOro U3MepUTeIbLHOIo Npudopa

AIl u3zmenseT macmtad BXOJIHOW BEIUYMHBI X WK TIpeoOpa3yer ee B
IpYrylo BeIUUYUHY Y = f(x), Oonee ynoOHYyI0 i naibHenmen o0paboT-
k. AL siBsieTcst BaXHEHIIUM 3JIEMEHTOM IudpoBOoro mpudopa, ocy-
HIECTBISET MpeoOpa3oBaHHE HENMPEPHIBHON aHANOTOBOW BEIWYUHBI B
nudposoit koa. [IOY npeobOpasyer mudpoBoii ko1 B M(POBLIE CUMBO-
Tl CCATUYHON CHCTEMBI CUUCICHUS (TMpelncTaBisieT co0oil mudpoBoe
Ta0JI0 WJIK KOMIIBIOTED).

Oﬂean,I/IOHHbIe ycamnuntenm

Cxembl Al 00BIYHO CTPOSITCS HA OCHOBE CHEIUATBHBIX WHTETPATbHBIX
MHUKpPOCXEM — olepauuoHHbIX ycunuteneit (OY). PaccmorpuMm ctpoenue u
NPUMEHEHUE ONEepaIlMOHHBIX yeunutenei [1, ¢. 38; 15, c. 13].

Onepayuonnvie ycunumenu — aHAJIOTOBbIE MHTEIPAIBHBIE MUKPOCXE-
MBI, MO3BOJIAIONINE MPOU3BOJUTH MPEOOpPa30BaHUS HEMPEPHIBHBIX aHaJO-
TOBBIX DJICKTPUYECKUX BEJIMYMH B JIPyTHE aHAJIOTOBbIe BeaM4YMHBLI. Ha oc-
HOBE OV MOCTPOEHBI TAKKE NOTEHIIMOCTATHI.

OY npenctaBisitoT €000l HAaOOpPBI AIEKTPUUECKUX DIEMEHTOB
(TpaH3UCTOPOB, KOHJEHCATOPOB, PE3UCTOPOB, AUOJOB U T. 1.), ChopMu-
POBaHHBIX Ha KpucTaie KpeMHus. BHyTpenHe yctporictBo OY BecbMa
CI0HO. JIJIsl MPaKTUYECKOT0 UCIOIb30BAHUS HYKHO 3HaTh paboOTy MUK-
pPOCXEMBI B II€JIOM. YTPOIIEHHO JKBUBAJICHTHYIO cxemy OV MoOxHO
NpPEeICTaBUTh B BUJIE puc. 24.

v e-

V, &

Puc. 24. DxBuBanentHas cxema OY
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OV npencrasisier coboit nuddepeHnanbHblii YCWINTENIh C OY€Hb
0oabImKMM K03 duLeHToM ycunenus A. Ha BX0bl MUKPOCXEMBI TOIAETCA
¢ depeHIranbHblil CUTHAN ¢ HAIPsDKEHUsIMU V> U V; OTHOCUTENBHO HE-
KOTOPOTro O0IEro npoBoja (3€MJIM), Ha BBIXOJE MOJIy4aeTCsl HaIpsDKEHUE
BEIIMYMHOU V, OTHOCHUTENBHO 3eMiIM. OCHOBHOE CBOMCTBO OIEPALIMOHHOTO
YCUJIUTEIIS BBIPAXKAETCsl POopMyJIOit

V,=A(V,-1). (64)

Jlas Tumuasix OY kosdduiuent ycunenus cocrasmser 10°—10°,
Bxozanoe conporusieHne — 10°—107 Om. OV Ha cxeme 0603HAYACTCS B
BHUJIE TPEYroJbHHKA (MM HAKOHEYHUKA CTPEJbI), YTO CUMBOJIU3UPYET
YCUJICHUE U HalpaBJIEeHHE OT BXOJa K BbIXoAy. BaxkHeillime KOHTaKThI
Mukpocxembl OY: Bxoasl V) u V, Ha cxeMe MoMEeYarTCsl 3HAKOM MUHYC
(MHBEPCUOHHBIN BXOJ) M TUIIOC (HEMHBEPCHUOHHBIM BX0M); BhIXOJ V, Ha
CXEM€ BBIXOJUT U3 BEPILIMHBI TPEYTOJbHUKA, PACIOIOXKEHHOU CIIpaBa;
KOHTAKThl MUTAHUSI MUKPOCXEMBI OT MCTOYHUKA MOCTOSHHOTO Hamps-
xenus (+15 u —15 B) Ha cxeme 00bIYHO HE TTOKA3hIBAIOTCS.

JIJisi MOHUMaHMsI TPUHIIMIIOB Pa0OThl OMEPAIMOHHBIX YCUJIUTENEH, a
TaK)K€ CXEM aHAJIOTOBBIX IIPE00pa30BaTENEH MPEAIONAraeTcs, 4YTo UCIOJIb-
3yeMblii OV sBisieTcs WaeanbHbIM, T. €. 00JaJaeT CAEAYIOIUMH XapaKTe-
puctukamu: 1) ko3 duinueHTt ycunaeHus: 4 paBeH 6€CKOHEUHOCTH; 2) BXO/I-
HO€ COIPOTHUBIICHHE PAaBHO OECKOHEYHOCTH; 3) BBIXOJHOE COIPOTHUBIICHHUE
paBHO 0; 4) mMpUHA MOJIOCHI MPONMYCKaHUs paBHA OECKOHEYHOCTH; 5) OT-
CYTCTBYET HaIpsHKEHUE CMEIIECHUS YT, T. €. V, =0, eciiu V' = V5.

JI1si moHuMaHus TPUHIMIOB paboThl cxeM Ha ocHoBe OV Oynem pac-
cCMaTpHUBaTh UX KaK UJealbHbIE U UCIIOJIb30BATh 08a NPABUIA:

1. Ha nByx Bxogax OY nelcTBYIOT OIMHAKOBBIE HAMPSKEHUS,

2. Bxogusie Toku OY 17151 000MX BXOJ0B paBHbBI HYJIIO.

ba3oBble cxemHble 610Ky Ha OY

[Ipu moctpoenuu cxem ¢ ucnoib3oBanuem OY Bcerga NpUMEHSIOTCS
1enu ¢ 0OpaTHOU CBSI3bIO, B KOTOPBIX BBIXOAHOU curHan OV coeaunsiercs
C OJHUM M3 €T0 BXOJIOB.

Hneepmupyrowuii ycunumens (puc. 25) UCNONb3yeTCs 711 MacITaOu-
pOBaHMSA BXOJHOI'O CUTHaja. BXOIHOM CUTHAJ MOJAETCS HA UHBEPCUOHHBIN
BXO/l YCUJIATEIIS.

Paccuntaem ko3(PUIMEHT yCHUJIEHUS WHBEPTUPYIOIIETO YCHUJIMTEIIS.
[TockonbKy HEMHBEPCUOHHBINA BXOJ 3a3€MJIEH, ero noreHuuan paseH 0. Co-
IJIaCHO TpaBUiTy 1, MOTEHIMA MHBEPCUOHHOIO BXOJa Takxke paseH 0 (Bup-
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TyanpHas 3emiig). B cooTBeTcTBUM C mpaBmiioM 2 BXxojaHON Tok OV paBeH
nyo. [Tpumensist nepBoe npasuino Kupxroda k Touke S, MOKHO 3alHicaTh:

ll = _if . (64)
Rf
—
L
-«
R, £
v, o— ] :
T) S —O Vo
i +
Puc. 25. ba3zoBas cxeMa HHBEPTUPYIOLIETO yCUIIUTENS
[Ipumenss 3akoH OMa 71 y4acTKa e , 3alHIIEM:
V. 4 R,
L =——2 " ymm V0=——fV,~. (66)
R R, R,

Takum oOpa3zoM, maHHAsE cxeMa MHBEPTUPYET BXOJHOM CHTHAJI U Mac-
wradbupyer ¢ kodhduureHToM ycuneHus R,/R;. IlonbopoM compoTusie-
HUM pE3UCTOPOB MOYKHO 33/aTh MaclITad M3MEHEHUs BXOJHOIO CUTHAJA.
BxoaHoe conpoTUBIEHNE NHBEPTUPYIOLIETO YCUIUTENSI OOBIYHO HEBEIUKO
Y PaBHO R;.

Ecmu Ry = R;, T0 KO3pPuUIUEHT ycuuneHus OyleT paBeH —1 M Takyro
CXEMY Ha3bIBAIOT UHBEPHOPOM.

YacTHBIM CilyyaeM HHBEPTHUPYIOLIErO YCWIHTENs OyIeT npeoopaso-
samenvb mok — HanpaxceHue. OH HEOOXOIUM JJII U3MEPEHUs TOKa C MOMO-
b0 BBICOKOOMHOTO BOJIbTMETPA, HAIlpUMEP B 1IeNH pabouuii — BCriomMora-

TeJbHBIN AEKTpo (puc. 26).

By
]
| I |
‘_—
1
O -
i, S —O V,
+

Puc. 26. Cxema npeoOpazoBaTess TOK — HapsHKeHUe
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[lo mpaBwiy 1, HampsbkeHHe Ha HEMHBEPCMOHHOM Bxoae OV paBHO
HYJIIO, & COTJIACHO IPaBHMJy 2, BECh TOK i IPOTEKAET YEPE3 PE3UCTOp R
CJIEI0BATENbHO, HAaNpsKeHue Ha Beixoge OY Oyner paBHO:

V,=—iR,. (67)

o

Heunsepmupyrowuu ycunumens. BXOJHOW CUTHAN NMOAACTCS HA HEHUH-
BEPCUOHHBIN BX0J ycunutens (puc. 27).

v, o—~

H

io|[ &,

3

R,
Puc. 27. ba3zoBas cxeMa HEMHBEPTUPYIOIIETO YCUITUTENS

Paccunraem kodphULIMEHT yCUICHUS HEUHBEPTUPYIOLIETO YCUIIUTEIIS.
CornacHo mpaBwiy 1, Ha uHBepTUpyromeM Bxoae OV Takxke IEHUCTBYET
BXOAHOE Hamnpsukenue V. 1o npaBuiy 2, TOK ir TOJDKEH TEUb YEPE3 PE3H-
CTOp R,- Ha 3€MIJII0, HC OTBCTBJIASACH B oVv:

V. V R rt R.

ij=—t=—=2— wm V,=—r—-V,= 1+& V.. (68)
R, R, +R R, R,
KoadduuueHt ycuieHuss HEUHBEPTUPYIOUIETO YCHUJIUTENS MOJIO-
KUTEJICH U BCceraa 0oble Win paBeH 1. BXxomaHO#W cUTHANM MOKHO TOJb-
KO yBEIIMYHMBATh. BXOJQHOE COMPOTHBICHHUE YCHJIMTEIS OYCHB OOJBIIOEC
(10°-10" Om).
llosmopumensv nanpsscenus. SIBAsieTCS 4aCTHBIM Clly4aeM HEUHBEp-
TUPYIOIIEro ycunurens (puc. 28).

V,0——:
Puc. 28. IloBrOopuTeNns HapsHKEHUS
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CornacHo npaBwity |, Ha MHBEPTUPYIOIIEM BXOJE AEHCTBYET HAIps-
XKeHue Vi, KoTopoe HEMOCPEICTBEHHO MEPENAETCS HA BBIXOJ CXEMBI:

Vo=V, (69)

o 1

DTO )€ COOTHOIIEHUE IOIYYUTCS, €CIIM BOCIOJIB30BATHCS MPEIBIIY-
el GopMyIIoil 111 HEMHBEPTUPYIOLIETO YCUIIMTEN U NPpUHATE R, = 0, a
R; = co. [loBTOpUTEND HANPSXKEHUS HCIOIB3YeTCS B KauecTBe OydepHOro
YCWINTENS WM NpeoOpa3oBaTesisi CONPOTHBICHUM NpU MOAKIOYEHUU
BBICOKOOMHOI'0O HMCTOYHMKA CHIHaja K HU3KOOMHOM Harpyske. JlanHas
cXeMa MOKET OBIThb MCIOJIb30BaHa Ha BXOJI€ BOJBTMETPA C BBICOKHUM
BXOJIHBIM CONPOTUBJICHUEM.

Jugppepenyuanvroviti ycunumens NPECTaBISET COOOM KOMOWHAIIMIO
WHBEPTHUPYIOIIETO U HEMHBEPTUPYIOUIETO ycuiutenel (puc. 29).

I/'l RZ

R Ry

8

Puc. 29. Cxema nuddepeHunanbHOro ycumuTens

CornacHo npaBuily 2, BXOJIHbIE TOKH JiJisi 000ux BX0oJ0B OV paBHbI 0.
IToaTOMy TOK, OIpenessieMblid HalpsKEeHUEM V), NMPOTEKaeT 4epe3 pe3u-
cropsl R U R, Ha 3emmio. Ha HennBeptupyromem Bxoge OY Oyner jeii-

CTBOBATh HAIIPAKCHUC!
!
RZ

=—2 V) . 70
L (70)

CornacHo npaBwiy 1, HanpskKeHUE HA UHBEPTUPYIOLIEM BXOAE JTOJK-
HO OBITH paBHO Takxke V3. Tok, onmpenensieMblil HanpsKEHUEM V', BRIpa3um
1o 3akoHy Oma JJisl y4acTKa IeMu:

n-n_r-Vv
Rl RZ .

(71)
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IToncrasnss B mocneaHee ypaBHEHUE BhIpaKEHUE Ui V3, HalieM 3Ha-
YEHHE HaIPsLKEHUs Ha BBIXOJE yCuiurens V.
!
_R)(R+R,) R

- A 72
° R(R+R) > R ' (72)

Ecnu B3STh CONMPOTHBIICHUS TakKe, 4To R =R, U R, = R,, TO BBIXOHOE

HanpspkeHue OyIeT MPONMOPIIMOHAIBHO PA3HOCTH BXOIAHBIX HAMPSHKEHUH, TO0-
CTYHArOLIMX HAa MHBEPCUOHHBIA Y HEMHBEPCUOHHBIN BXO/IbI YCHUJIUTEIS:

Ry,
V=2 =h). (73)

1

VYHUKaTBHOCTD MU GEpEeHITMATBHOTO YCUIIUTENS 3aKIF0YaeTCs B €ro CIo-
COOHOCTH TIOAABJISITh CUTHAJIBI TIOMEX, OJTMHAKOBBIC JIJIs1 000X €ro BXOJIOB.

Uncmpymenmanvuolil  (usmepumensvuuiil) ycunumens. JuddepeHim-
albHBIN ycunuTenb Ha ogHOM OY uMeeT HU3KOE€ BXOJIHOE CONMPOTUBIICHHUE,
YTO JOMYCTUMO IMPU €r0 UCIOIb30BAHUU C HU3KOOMHBIMU HCTOUYHHKAMHU
CUTHAJIOB (JJI1 WM3MEPEHMs] HAIpPSHKEHUs COMPOTUBJICHUE BOJBTMETPA
JIOJDKHO OBITh Ha JIBa MOPSJKa BBIIIE COMPOTUBICHUS JTIO00Or0 3JIEMEHTa
nenu). OH OyJeT HeNmpUroAeH Jyisi padoThl ¢ BBICOKOOMHBIMU MCTOYHUKA-
MU CUTHAJIOB. B 3TOM ciyyae UCTONB3YIOT HHCTPYMEHTAIbHBINA, TN U3Me-
puTenbHbIN, yeunuTenb Ha Tpex OV (puc. 30).

| e
—
L
R,
—0 I
: L +
R! R;
a 9]

Puc. 30. UncTpyMEHTaNBHBIN YCUITUTEIb:
a — BXOJIHOM KacKaJl, COCTOSIIIUMI U3 IBYX HEMHBEPTUPYIOIIUX YCUIIUTENCH;
6 — BBIXO/IHOM Kacka] (audQepeHnnanbHbIi yCHIUTEb)
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OH cocToWT W3 ABYX HEUMHBEpPTUpYOIIUX ycuiuteneu (puc. 30, a),
NOJKIIOYEHHBIX K BxojaM auddepenunansHoro ycunurens (puc. 30, 0).
ConpoTuBieHus R; HEMHBEPTUPYIOIIUX YCHIUTENEH COEAUHEHBI IPYT C
JIPYTOM JIJISl UCKITIOUEHUS CBSI3U C TOUKOW 3a3€MJICHUSI CXEMBI.

Onpenenum ko3¢ duneHT ycuneHus auddepeHInaipHOT0 CUTHAA,
nocrymnaroiiero Ha Bxonbl V3 u V. CornacHo npasBuity 1, Ha pe3uctope R;
najieHue HanpsokeHus: Oynet pasHo (V4 — V3). CnenoBatenbHO, TOK, IPOTe-
Kalollui yepe3 3TOT pe3ucTop, OyJeT paBeH:

V-V,
Ry
CornacHo mpaBuily 2, TaKOM *e TOK OyJIeT MpOTeKaTh Yepe3 pe3rucTo-

pbl R4. Ilpumensis 3akoH OMa K y4acTKy ILIEIH, COJIEpIKAIEMY PE3UCTOPHI
R; u Ry Mexxy Toukamu V' u V,, MOXKHO 3amucarh:
Vz — Vl

[=—" . (75)
R, +R;+R,

(74)

W3 mocnemuux ABYX BBIpaXKEHUW HaijneM KOI(PGUIMEHT YCHUIICHUS
muddepeHnranTsHOTO CUTHAJIA BO BXOJHOM KacKajJieé MHCTPYMEHTAIbHOTO
YCUJIATEIS:

V,—V, 2R, +R,
ViV, R,

(76)

Koapdunment ycunenus nuddepeHnnaibHOT0 YCUIUTES Onpees-
ercst mo ¢opmysie (73). Torma oOmuit K03pHUIMEHT yCUIEHUS HHCTPY-
MEHTAJILHOTO YCHIIHTENS Oy/IeT paBeH:

Vo _RoVa=Vi Ry 2R 4R

o

= (77)
Vi=Vs R Vy=V3 R R

WMHCTpyMEHTANBHBINA YCUIINTENh UMEET BBICOKOE BXOIHOE COMPOTHB-
JeHue (OmpeAessseTcsi BXOJHBIM COTPOTHBICHUEM OTEPAIMOHHOTO YCHUJIIH-
tensi). Cxema 3(ppeKTUBHO TONABISAET MOMEXHU, OJMHAKOBBIE IS 000MX
BXOJIOB yCWJIUTENS (HAapUMep, OT OBITOBOW CETH).

Ba3soBble cxembl aHaNoOroBbixX onepauumn

AHajioroBasi 00paboTKka CUTHAJIOB C HCIoOJb30BaHueM OY B HacTos-
mee Bpems caMa 1o cebe 3HaYeHUS] He UMEET, MMOCKOJIbKY OYeHb OOJIBIIOE
pa3BHUTHE TOTYYMIH MUPPOBBIE METOABI 00pabOTKU CUTHAIOB. OHAKO IS
MOATOTOBKU CUTHajJa K aHAJIOrOBO-IIUGPOBOMY IpeoOpa3oBaHu0 0€3 u3-
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MEHEHHUs MaciTaba WM WHBEPTHPOBAHUS CUTHAJIA HE OOOWTHCH. Jlms
MacIITaOUpPOBaHUS BBIXOJHOTO CHUTHala IU(pO-aHATIOrOBOro Mpeodpaso-
BaTeJsl WCIOJIb3YETCs] MHBEPTHPYIONMH ycwiuTeab. Kpome Toro, korga
TpeOyeTcsi OpIcTpoe MpeoOpa3oBaHUE CUTHAJA, TAKXKE MCIIOJIb3YIOT aHaI0-
TOBBIC OTICPAIIMH C CUTHAJIOM.

PaccMoTpeHHBIE BBINIE YCHIIMTENH PEATH3YIOT ONEPAIUI0 aHAJIOTOBO-
r0 YMHOXKEHHSI CUTHaJIa HA HEKOTOPOE YUCTIO.

Ananocoeoe cnoxcenue cuenanos (cymmamop). VIHBepTUpYyIOIUN yCU-
JUTENIb MOKET CYMMHPOBATh HECKOJIBKO BXOJHBIX HampspbkeHuid. basoBas
cXeMa cyMMaropa npeicTaBiieHa Ha puc. 31.

V,0 R,

—_> '_O I‘f

1,0 -

Puc. 31. ba3zoBas cxeMa CyMMHpPYIOIIETO yCHUIIUTEIS
Tak xak TOk, Brekaroumii B OY, paBeH HYyJI0, TO
[p=0+h++i, (78)

[TockonbKy HampspKeHHE Ha MHBEPTUPYIOIIEM BXOJE PaBHO HYIIO, TO
TOKH MO>KHO BBIPa3UTh TaK:

LT /L S
1 2 n f

Ecau st BBIPpAKCHUA OJIA TOKOB IIOACTABHUTH B IIPCABIAYIICC BBIPAKC-
HHC, TO IIOJIYYUM

V
V,=-R, E+—+---+ Lo (80)

Pesucrop R, onpenenser oduee ycunenue cxemsl. ConpotusieHus R,
3a/1at0T 3HAYEHUST BECOBBIX KOA(PHUIIMEHTOB U BXOAHBIX COMPOTUBICHUMN
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COOTBETCTBYIOIMX KaHaOB. EciiM 3HAa4YEHHS BCEX CONPOTHUBICHUM BbI-
OpaTh OJIMHAKOBBIMU, TO BBIXOJHOE HamNpshDKEHUE OyAEeT pPaBHO CymMMe
BXO/IHBIX HaNPSIKECHUI.

Hnmeepamop BbIpabaThIBACT BBIXOJAHOW CUTHAJI, MPOIMOPIIMOHATBHBIN
uHTerpany (Mo BpeMEHHM) OT BXOJHOTO CUTHaia. B 1ienb oOpaTtHOM CcBsI3u
OV Britouaercs koHaeHcarop (puc. 32).

C
I
<«
R, 't
v, 0—1 ] -
? > ( ) VO
i +

Puc. 32. ba3zoBas cxema nnerparopa

Tok, mpoTekaroumii 4uepe3 pe3ucTop R, MPUBOIUT K 3apsyKEHUIO KOHJICH-
caropa C, 4TO BEET K YBEJIWYCHUIO BBIXOJHOTO HAMPSHKEHHUS C OOpaTHBIM
3HaKOM. JIJi1 KOJMYECTBEHHOIO BBIPAKEHHSI 3aBUCUMOCTH BBIXOAHOIO Ha-
NPSLKEHUS OT BXOIHOT'O 3aIlTMIIEM BbIPAXKEHHE I EMKOCTH KOHJIEHCATOpa!

1
:gzgﬂ (81)

BrixogHoe HampspkeHue OyAeT 3aBUCETh OT BPEMEHHM IPOXOXKICHUS
IIOCTOSIHHOT'O TOKA:

y =l (82)
o C *
Benuunna Toka 6yIleT OIIPCACTIATHCA BXOAHBIM HAIIPAKCHUCM !
V.
i=—L. 83
= (83)

[TockonbKy BXOHOM TOK paBEH TOKY B LIENH 0OpaTHOW CBSI3U ¢ 00part-
HBIM 3HaKOM, TO BBIXOJHOE HalpsKEeHUE OyJEeT 3aBUCETh OT BXOAHOIO Clie-
JYIOIUM 00pa3oM:

Vi

A 84
Y (34)
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DTOT pe3ysbTaT 03HAYACT, UTO MPH JECHCTBUHM HA BXOE MOCTOSHHOTO
HANPsHKCHUHS V; BBIXOJHOE HaIpshKeHUEe OyJeT MOHOTOHHO WM JIMHEHHO CO
BpEMEHEM U3MEHSThCS (puc. 33).

v, 4

v

v

Puc. 33. 3aBucuMocTb BXOTHOTO V;
U BBIXOJHOTO V, HaNps>KeHUH OT BPEMEHHU

Takoro poga cxeMbl MOXXHO HPUMEHSATH I MOCTPOCHUS I'€HEpa-
TOpa JUHEWHOM Pa3BEPTKU NOTEHLMAJA, IIUPOKO MCHOIB3YEMON B Me-
TOJAE UUKINYECKOW BOJIbTAMIEPOMETPUU (OAHOM M3 CaMbIX pacHpo-
CTPAHEHHBIX METOJ0B HCCIEAOBAHUS JJIEKTPOXUMUUECKUX CHCTEM).
CKOpOCTh pa3BEepTKH 3aBUCUT OT BEJIMYUHBI BXOJHOTO CUTHAJIA, CONPO-
THUBJICHUS U EMKOCTH.

Ecnu BXOgHOE HaIpsKEHHE WMHTErpaTopa MEHSETCS BO BPEMEHH, TO
BBIXOJTHOE HANPSDKEHHUE YXKE€ HEJb3sl MPEJCTaBUTh MPOCThIM aliredpanye-
CKHM BBbIpaK€HUEM. BBIXOJHOE HANpsDKEHUE B TaKOM CIIydae BBIPA3HUTHCS
MHTETrPajIOM OT BXOJHOT'O HAIIPSKEHUS 110 BPEMEHH:

t

V:—LdeHV
RC

o 1 ic? (85)
0

rae Vi — HanpsbKeHHe Ha KOHAEHCATOpE (BBIXOJHOE HAIpSKEHHWE) B Ha-

YaJIbHBIA MOMEHT BPEMEHU.

N neanu3npoBaHHbI UHTETPATOP UMEET CEPbE3HBIN HETOCTATOK: €CIH
HalpspKEHUE V; Ha BXOJE IEUCTBYET HEOIPENEIIEHHO J0JII0€ BpeMs, TO
BBIXOJITHOE HaIpsKeHUEe OyJEeT YMEHbIIAThCA A0 TEX MOp, MOKA HE JTOCTHI-
HEeT BeJIUYMHBI HanpsbkeHus: HacbinleHuss OVY. IlpakTtuyeckas cxema MHTE-
rparopa (puc. 34, a) COOEpKUT KIIIOUM, TO3BOJISIIOLIME 3a7aBaTh Pa3ivy-
HbIE PEXUMBI pabOTHl MHTErpaTopa W MPeAoTBpaTUTh HackimeHue OVY.
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B pexume yCTaHOBKM B Ha4aJlbHOE COCTOSIHME KJIOY S| 3aMKHYT, a K04
S, pa3oMkHyT. Cxema paboTaeT Kak MHBEPTOp, KOTOPBIM 3apsKaeT KOH-
JIEHCATOp J10 HAIPSKEHUS, PABHOTO B3ATOMY C OOpAaTHBIM 3HAKOM OIOPHO-
My HampskeHuro (—V,):

Ve =V,. (86)
th Ric
—V,O—|:|—T—|:|—
A
S, Vo 5 2
T o, =2
Vr A= & E <
: N ¢ |E
R z 8| e
V.0 [ 1 T P =
S —O 1, s : 5
SN~
a o

Puc. 34. XapakTepucTuka MpakTUYECKOr0 HHTErpaTopa:
a — cxeMa; 6 — 1uarpaMMa pasIMYHbIX PeXUMOB pabOThl HHTErpaTopa

B pexxume uHTErpUpoBaHMs KIItOY S; Pa30MKHYT, a KIIt04 S, 3aMKHYT.
[IponcxoauT MHTErpUPOBAHUE BXOJHOTO HaIpsDKEHUA. B pexume xpane-
HUS 00a KJII0Ya pa3oOMKHYTHI, U BBIXOJHOE HAIPsDKEHUE TMOJAJIEPKUBACTCA
Ha MOCTOSIHHOM YPOBHE JJIsi CUUTBIBAHUS WU TMOCIENYIOIed 00paboTKH.
Kiroun MoryT ObITh KOHTaKTaMHU pelieé WM TBEPAOTEIbHBIMHU KIIOYaMH,
paboTOl KOTOPHIX MOYKHO YIIPaBJISITh C MOMOIIbIO BHEUIHUX YCTPOMCTB.
[TocnenoBareabHOCTh PEKUMOB pabOTHI HHTErpaTOpa WIUTIOCTPUPYETCS Ha
puc. 34, 6.

Ecnu B cxeme mHTErpaTtopa BXogHoe conporusieHue R = 0, To moiy-
YUM MHTErpaTop BXOAHOrO TOKa (puc. 35).

CBsi3b MEXIy BBIXOJIHBIM HANpPSYKEHUEM U TOKOM 3aIllMUIETCs B Clie-
IYIOILEM BUJE:

lt
V =——|\idt. 87
g Cgl (87)

[Ipennonaraercs, 4To ONMOPHOE HANPSHKEHUWE paBHO HYyJIO. JlaHHas cxema
UCIIOJIb3YETCs PU pa3paboTKe KyJIOHOMETPOB.
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Puc. 35. ba3oBas cxema uHTErparopa BXOJHOTO TOKa (KyJIOHOMETPA)

Hugpepenyuamop BblpabaThIBaeT BXOAHON CHUTHaJ, MPONOPLUOHIIb-
HBI CKOPOCTH U3MEHEHHSI BO BpEMEHH BXOJAHOr0 curHana (puc. 36).

R
]
| —
-
C r
V, 0 | i
i — OV,
i +

Puc. 36. ba3zoBas cxema npocToro mudhepeHnmaropa

Toxk yepe3 KOHIEHCATOp MPOTEKAET TaKXKe IO IS 00paTHOM CBS3H:

p—ci_ Vo (88)
dt R
OTCI’OI[a BCJIMYMHA BBIXOAHOI'O CUI'HAJIa BBIPA3HUTCA YPAaBHCHUCM
v ——rc?e. (89)
dt

Cmabunuzamop HanpsoiceHus MPEACTABISIET COO0M MHBEPTUPYIONTUI
YCWINTENb, B 1IETIh OOPATHOW CBSI3U KOTOPOTO BKIIFOUEH MCTOYHHK IMOCTO-

SIHHOTO Hanpsbkenus (puc. 37).
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Puc. 37. Cxema crabunmuzaTopa HanpsKeHUs

IlockosmbKy BEpXHMM KOHEL MCTOYHMKA MMEET HamnpspkeHue +E 1o
CPaBHEHMIO C HW)KHUM, & NMHBEPCUOHHBIM BXOJ 3a3€MJIEH, TO HAIPSIKEHUE
V4 AOMKHO OBITH paBHO —E:

V,=-E. (90)

Hanpsixkenne B Touke A onpenensiercss TOIbKO HANpsKEHUEM HCTOY-
HUKA NIMTAHUS U HE 3aBUCUT OT PE3UCTOPOB R U R,. JlaHHAas cxema no3Bo-
JSI€T NOAAEP/KUBAThH MMOCTOSHHOE HAMPSHKEHUE B TOUKE A.

Paccuntaem BBIXOJHOE HaIpsbKeHHE cTabuiu3aTtopa. Uepes pe3uctop
R, Tedet TOK:

Vil E o)

Takol ke TOK MPOXOAUT U Yepe3 PEe3UcCTop R;, MOCKOJBKY BXOJHOW TOK
OY paBeH HyI0:
v

j——©0 92
: R +R, ©2)

[IpupaBHMBas ABa MOCIEIHUX BBIPAXKEHUS, ONPEIETUM, UTO BBIXOJHOE Ha-
npsbkeHue OyAeT paBHO:

=R R gl B (93)
2 R2

Cxembl n npnHUMn paGOTbI nOoTeHLNoCTaTa

Homem;uocmam. Cxema MmoTeHIIMocTaTa OCHOBaHa Ha CXEME CcTaOMIIH-
3aTOpa HAIIPAKCHUA. CBoiicTBO CTa6I/IJII/I?>aTOpa MoAACPKUBATH ITOCTOSAH-
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HOE HaNpsUKEHHE B TOUKE A MPEebIAyIIel cXeMbl UCIONb3yeTCs I MOI-
JepKaHusl TMOCTOSHHOTO (3aJaHHOI0) MOTEHIMAa pabodero »JIeKTpoaa
OTHOCUTEJIBHOTO 3JIEKTPOJAa CPABHEHHS.

BcnoMHUM 3KBUBAJICHTHYIO 3JIEKTPUUYECKYIO CXEMY TPEXDIIEKTPOAHOU
sueriku (puc. 8, c. 29). DneKTpo] cpaBHEHUS MOJKIIOYEH K TOYKE, KOTopas
pa30uBaeT COMPOTUBIIEHUE PACTBOpA HA JBE YAaCTH, 3aBHUCSIIME OT IOJO-
KEHUS KOHUMKA Kanwiuisipa JlyrruHa B pacTBope. DJIEKTpOJl CpaBHEHUS
JOJDKEH OBITh MOJKIIIOUEH K TOYKE MOCTOSHHOTO HamlpsKeHUs, a pabouuii
ANeKTpo] 3a3emiieH. Torma 0Ga3zoBas cxema MOTEHIMOCTaTa OyneT MMETh
BUJI puc. 38.

DNEeKTPOJ CpaBHEHMUS HAXOJIUTCS MPHU MOTEHUHAIE —E OTHOCUTEINb-
HO 3eMJid. Tak Kak pabouuil 3IEKTPOJl 3a3€MJIEH, €ro NOTeHIHal OTHO-
CUTEJIBHO 3JIEKTPOJIa CPABHEHUS PaBEH +E W HE 3aBUCHUT OT MMIIEJaH-
coB pabouero (Z,), BCIOMOTaTeIbHOTO (Z;) 2JEKTPOJOB U OT YacTH CO-
IIPOTUBJIEHUS pacTBopa R,. YacTe pacrBopa MEXAYy KOHYUKOM
kanuiisgpa Jlyrruna u pabGodyuM 3JEKTpoAOoM OyAeT co3JaBaTh MpH
NpPOTEKAaHUU TOKA uepe3 AUeiKy OMHYEeCKoe MaJeHue MOTeHIuana iR,
KOTOPOE€ HENb3sl AIMMHUHUPOBATh MOJTHOCTHIO. OnepanuoHHBIN yCHIH-
Telb OyJeT MOJJIEPKUBATh TAaKOW TOK MeXAy pabouyuM M BCIIOMOTa-
TEJIbHBIM 3JEKTPOJIOM, YTOOBI MOTEHIIUAN pPabOUEro 3JIEKTPoAa OTHOCH-
TEJIbHO 3JIEKTPO/ia CpaBHEHUs ObLT paBeH E.

—_— +
- J: 1 E B. 0.
3. C.

C,
.

a 0

Puc. 38. Cxema npocTeiiiiero noTeHIuocTaTa:
@ — € DKBUBAJICHTHOW CXEMOM TPEXIIEKTPOIHOMN STUECHKH;
6 — C YIPOIIEHHON CXEMOU TPEXINEKTPOAHON TUSHKHU

OcHoBHOM HCOOCTAaTOK TAaKOI'O IIOTCHIHNOCTAaTa COCTOUT B TOM, YTO HU
OJIMH M3 BBIBOAOB HCTOYHHKA HAIIPSAKCHUS HE ABJIACTCA WCTUHHOM 3eMJICH.
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['erepaTop (3aAaTyvK) HANPSDKCHHS TSI TAKOTO MOTEHIIMOCTaTa JOJIKEH
obnanath mudPepeHInaTbHBIM TUIABAOIINM BBIXOJIOM. BOIBIIMHCTBO 3a-
JATYMKOB ATOMY YCIIOBHUIO HE YJIOBJICTBOPSIOT M BhIPaOATHIBAIOT BHIXOIHOM
CUTHAJI OTHOCUTENHHO 3eMiIH. [[03TOMY Ha MpaKTHKE UCIOJIB3YETCS CXeMa,
MO3BOJISIONIAs TOTEHIIMOCTATy padOTaTh OT 33JaTYWKa, UMEIOIIETO 3a3eM-
JeHHbIN BbIXo (puc. 39).

EO * =

B. .
p)s.

Puc. 39. Cxema noreHmocraTa ¢ 3aJaTYMKOM, HMEIOIINM 3a3€MJICHHBIA BBIXO/I

BxongHoe HanpsiKeHUEe OTHOCUTENBHO 3EMJIM MOJIA€TCsl HA MHBEPCUOH-
Hblii Bxoa OY. B Touke S, KoTOpas SIBJISIETCS BUPTYIbHON 3€MIIEH, CyM-
MapHbBIN TOK JIOJKEH ObITh paBeH HyJt0. CienoBarenabHo, uepe3 Ry JoKeH
T€4Yb TOK, PaBHBIA TOKY, MPOTEKAIOIIeMy yepe3 R;, U oOpaTHBIN emy I0
3HaKy. UToObI M30€kaTh MPOTEKAaHUs TOKAa B IIETH JJIEKTPOJa CPaBHEHUS,
MOCJICIHUM TOJKIIOYAECTCS K IOBTOPUTENIO0 HANPSDKEHUs, U IMOTCHIUAI
AJEKTPOAAa CPABHEHUS COBIIAJAET C MOTEHIHAJIOM TOYKH S;. YCIOBHE pa-

BE€HCTBA TOKOB Ha BXOA€ U B IICIIN O6paTHOﬁ CBs3H:
. E E
l:—:——a'c . (94)
Rl RO

Torna noreHuman padodero 3JEKTpoJa OTHOCUTEIBHO IEKTPOJa CpaBHE-
HUs OyJeT paBeH:

E =-E .=E—. (95)
Ecnu BbIOpaTh CONPOTUBIEHUS TaKUe, YTO Ry = R;, TO moTeHuuan padoye-

IO IEKTPOJia OYJET paBE€H BXOAHOMY HAIPSKCHUIO:
E,,=E. (96)

64



J{ns mpakTUYEeCKOro WCIOJIb30BaHUSI B JaHHOW cxeMe HEeoOXOAUMO
NpeAyCMOTPETh BO3MOXHOCTh M3MEPEHUS MOTEHIIMAIa pabodero 3JIeKTPo-
Jla ¥ TOKa, MPOTEKAIOIIEro uepes siueiky (puc. 40).

R,
EO

RO
= I
Es. o _bp, 3
—O
. -iR,

Puc. 40. Cxema MNOTCHIUOCTAaTa € BBIBOAAMH JJISI KOHTPOJIA TOKA U IIOTCHIIMAJIa

[ToTeHIMam 37EKTPOIa MOKHO H3MEPATH, MOJKITIOYHB BOJBTMETDP K
BBIXOJTy TIOBTOpHUTENS HanpshkeHus. [loTeHman B 3Toi Touke OyAeT paBeH
MOTEHIMAITY 3JIEKTPOJIa CPAaBHEHUS OTHOCHUTEIHHO 3€MJIM WJIU TIOTCHIIHATTY
pabodero 31eKTpoJa OTHOCHTEIHHO JJIEKTPOJa CpaBHEHHUS C OOpaTHBIM
3HaKOM. Eciii «MUHYC» BOJIBTMETpPA MOJKIIOUUTH K BBIXOIY MOBTOPUTEISA
HaIPSDKEHMS, a «IUTFOC» — K 0011eMy mpoBoy (3emiie), TO BOJIbTMETP OYy-
JIeT TMOKa3bIBaTh MOTEHIIMAT pad0Yero 3JIEKTPOoIa OTHOCUTEIBLHO JEKTPOIa
CpaBHEHUSI.

Tox vepe3 pabouwii 3JIEKTPOJ MOCTYMAET HAa BXOJ MpeodpazoBarens
TOK — HaIlpsHKEHUE, KOTOPBIN MO3BOJISIET U3MEPSTh HANPSHKEHHE, TMPOIOp-
IIMOHAJIBHOE TOKY, 4epe3 S4YeiiKy ¢ OOpaTHbIM 3HaKOM. Ecim «MHuHYCH
BOJIBTMETPA JUIsl U3MEPEHUS TOKA MOAKIIOYUTH K BBIXOTy TIPe0Opa3oBaTeIsI
TOK — HaNpsDKEHUE, a «IUTI0C» — K 3eMJIe, TO BOJIBTMETP OYJIET MOKa3bIBaTh
HaTpsHKCHUE, MPOTIOPITMOHAIBHOE TOKY:

E, =iR). (97)

Crnenyer OTMETUTb, UYTO MPH TAaKOM M3MEPEHHUU TOKAa pabouuid 3JieK-
TPOJ HAXOAMTCS NPU MOTEHIMAJIE 3€MJIM, XOTS HAIpsIMYyH C 3eMJIEd He
CBA3aH (BUPTYaJIbHBIM HYJb). DTO SBISIETCS CYLIECTBEHHBIM YCIOBUEM pa-
OOTBI CXEMBI IOTEHIIMOCTATA.

Paboune xapakTepuCTUKH TAKOTO MOTEHIMOCTaTa OyAyT OrpaHUYEHBI

napamerpamu OVY. D10 BbixoHOE Hamnpsbkenue £(12—13 B) u BeixoaHoM
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TOK OkoJI0 10 MA. OgHaKko M TakuMX mapaMeTpoB JUII MHOTHX M3MEpPEHHU
ObIBaeT nocTaro4yHo. Hampumep, eciim MCHOIB30BaTh 3JIEKTPOJbI Majou
IUIOLIAAN WM MUKPORJIEKTPOAbl, TO TAKOIO TOKAa XBaTUT. boyee MollHbIe
HNOTEHLMOCTAThl TPeOYIOT BKJIIOUEHUS B BBIXOJHYIO LIETIb Mepe] BCIIOMOra-
TEIbHBIM BJIEKTPOJIOM CHEIUANbHBIX YCUJIUTENCH: HEHMHBEPTUPYIOUIUE
YCWINTENW Ha TMOJIEBBIX TPAH3UCTOpaX € HEOOJbIIMM KO3(PPUIHUEHTOM
YCHUJIEHUS CLIOCOOHBI 1aBaTh OOJIbIINE TOKU U HAIIPSKEHUS.

JIEKUUA 8. AHAJIOTO-IM®OPOBDIE MPEOBGPA3OBATEIN

AmHanoro-1iugpoBoii mpeoOpa3zoBareiab — HanboJiee BaKHasl YacTh JIIO-
6oro uppoBoro M3MepUTeNbLHOrO nNprudopa. OH npeodpa3yeT aHaTOTOBBIM
curHan (OObIYHO HamNpsLKEHHE) B LHU(POBOM KOA, KOTOPBIA MOXET Janee
OBITH COXpaHeH U 00paboTaH ¢ ucnoyibz3oBanueM JBM.

LUundpoBblie Koabl

OOpryHO TG POBOM KO, Toydaemblii Ha Bhixoae AIlIll, sBnsercs
JBOMYHBIM KOJIOM, T. €. MPEJACTaBIsET COOOM YUCIIO B JIBOMYHON CUCTEME
curcieHus. J[BOMYHBIE KOJbI MCHOJB3YIOTCSA MpPU 00pabOTKe W XpaHEHUU
yucen B OBM.

Yame Bcero st NpeACTaBICHUS YACEN IPUMEHSETCS AECATUYHAs CUC-
TE€MAa CUUCIICHHUSI, B KOTOPOH YMCIIO NIPEACTABISAETCS B BUJE CyMMBI CTENE-
Hel 10 u ucnonw3yrorcsd KodpPUIUeHThl 3TOro pasnoxenus. Hanpumep,
yucno 123 paznaraercs Tak:

123=1-10>4+2-10"+3-10°

Koadpdunuenramu paznoxenus moryT 0b1Th 10 1tudp (0-9).

B nBouuHOW cHcTeME CUMCICHHS YHCIO MPEACTaBIsACTCS B BUJIE
cymmbl crenedHeit 2. Koadduimentamu pasiioxeHus MOTYT OBITh JBE
mudper — 0 u 1. Hanpumep, 1o xe yucno 123 B gBou4HOM cucteme OyaeT
pasnaraThCs TaK:

123=1-2+1-22+1-2*+1-2240-2°+1-2'+1-2°=1111011.

[Ipu paccmorpenun pabotbl ALIl BaxkHOE 3HaUEHHE HMEET pas3-
PANHOCTh — MAKCUMAJIbHOE YMCJIO ABOWYHBIX Pa3psAI0B B BBIJABAEMOM
uudpoBoM kojae. Tak eciau paspsIHOCTh paBHA 8, TO MOCIEIHEE YHUCIIO
MoxHO 3anucath 01111011. Takoit ABOMYHBIN KOJ Ha3bIBaeTCs OObIY-
HBIM WJIA HaTypajabHbIM. Mcnonp3yercsa A mpeacTaBiIeHUs HaTypasb-
HBIX YHCEIL.
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Jlnia mpenctaBiaeHus] U3MEpsieMON BEIMUMHBI Ha HU(POBBIX AUCILIESIX
(undpoBbIe BOJBTMETPBI) IIUPOKO HCIOJB3YETCS JABOUYHO-AECCATUYHBIN
KoZ. B aTom kozme kaxnas AecsaTHUHAs uu@pa Kogupyercs 4-pa3psIHbIM
JBOUYHBIM KOJIOM:

0-0000; 1-0001; 2-0010; 3-0011; 4-0100;
5-0101; 6-0110; 7-0111; &8-1000; 9-1001.

JIBOMYHO-IECATUYHBIM  KOA HCIoab3yercss B HEKoTopbix AL
(KP572I1B2), xoTophie crenuaibHO MpeaHa3HAYCHBI T OTOOPaKCHUS
uH(popMaIu Ha HUPPOBBIX TAOIIO.

W3mepsiemble CUTHAJIBI Yalle BCEro OMMOJISIPHBIE, T. €. MOT'YT OBITh IO-
JIO)KATEIBHBIMU Y OTPHULIATENBHBIMU. JIJIsI TAKUX CUTHAJIIOB MOYKHO MCIIOJIb-
30BaTh OWIOJSIPHBIC JTBOMYHBIE KOJIbI, B KOTOPBIX COXpaHsieTcsi nHpopma-
1ust 0 3Hake umcna. Jljis coxpanenus MHGOpPMAIMKU O 3HAKE HEOOXOIUM
OJIMH 3HAKOBBIM pa3psji, OOBIYHO ATO CaMbIi cTapmiuii (JICBBIM) pa3psi.
CyliecTBYIOT U UCHIONB3YIOTCS CIEAYIOIINE BUIbI OUMOJSPHBIX KOJIOB: J10-
NOJIHUTEIIbHBIN, 0OpAaTHBIN, IPSIMOA U CMELIEHHBIM.

[Ipumepsl MCHOAB30BAHMS ITUX KOAOB JUISI KOAUPOBAHHS IOJIOXKH-
TEJBHBIX U OTPULATEIBHBIX YUCE C MOMOIIBIO 4-pa3psaHOro Koja Mpen-
CTaBJIEHBI B Ta01. 3.

Tabnuma 3
Bbunonsipusie koabl (4-paspsiiHbie), HCMOAb3yeMble
AJIS1 TIPeACTABJICHHS MOJ0KUTEJIbHBIX U OTPUIATEIbHBIX YHCeJ

JlecstuuHoe I[OHOJIVHI/ITGJIB- o | r——— CwmereHHbIN

YUCIIO HBIN KOJI KOJI
+7 0111 0111 0111 1111
+6 0110 0110 0110 1110
+5 0101 0101 0101 1101
+4 0100 0100 0100 1100
+3 0011 0011 0011 1011
+2 0010 0010 0010 1010
+1 0001 0001 0001 1001
0+ 0000 0000
0— 0000 1111 1000 1000
-1 1111 1110 1001 0111
-2 1110 1101 1010 0110
-3 1101 1100 1011 0101
—4 1100 1011 1100 0100
-5 1011 1010 1101 0011
—6 1010 1001 1110 0010
=7 1001 1000 1111 0001
—8 1000 — — 0000
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JonoanumenvHultli K0O: TOJOKUTEILHOE YUCIO MPEJCTABISAETCSA C HY-
JIEBBIM 3HAUYE€HUEM 3HaKoBoro paszpsaa. Koa orpuuarensHoro yucna ¢op-
MHPYETCSl IYyTEM JIOMOJHEHUSI KAXKJIOr0 paspsija COOTBETCTBYIOIIETO MO-
JIOKUATEIBLHOTO YHCIIa €IMHULIEH ¢ MOCIHeAYIOMUM IpudapieHueM 1 K mo-
JY4YeHHOW JBOMYHON komMOuHanuu. [lpeumymiecTBo 3TOro  Koja:
BO3MOYKHOCTH BBITIOJIHEHHUS OMEPAIIMU BEIYMTAHUS MIYTEM MPOCTOTO CIIOKE-
HUSI KOJIOB TIOJIOKUTEIBHBIX U OTPULIATEIIBHBIX YUCEN; €IUHCTBEHHOCTH
npencrasienus 0. Hemocrarok: pe3koe M3MEHEHUE KOJOBOM KOMOWHAIUU
npu niepexoje yepes 0. [lupoxo ucnonb3yercst B mporeccopax ¢pupmsl Intel.

ObpamHulti K0O: OTPUIATEIBHOE YHUCIIO TMOIYYaeTCsl MyTeM IMPOCTOMN
3aMEHBbI BCEX «HYJIEN» HA «EAUHHUILIBIY), a «EAUHUL» HA «HYJIU» B COOTBET-
CTBYIOILIEM MoJIOkUTeIbHOM yucie. [Ilupoko ucnonszyercss B ALIL. He-
JIOCTATKHU: JJIsi CJIIOXEHUS YHMCeNl B OOpaTHOM KOJI€ MOXKET MOHAI00UThCS
JIBa 3Tara; HaJu4yue ABYX HyJieH (C HyJEeBbIMU U €AMHUYHBIMU 3HAYCHUSIMU
BCEX pa3psioB). JlIOCTOMHCTBO: YIPOILIEHHE JJOTMYECKUX ONEpPaLIUi.

LIpsmoti k0O: AJi OJUHAKOBBIX MO a0COTIOTHON BETMYHUHE MOJIOKUTEb-
HBIX U OTPULIATEIILHBIX YUCEN 3HAYECHUS BCEX Pa3psA0B COBNAAAIOT, 3a MC-
KJIFOYEHUEM 3HAKOBOIO paspsaa. HemocraTok: Hanuume nByx HyJseu. Jlocro-
MHCTBO: NpH nepexo/ie uepe3 0 KogoBasi KOMOMHAIUSI MEHSIETCS IJIaBHO. DTOT
KOJI TTOJIE3€H ISl KOJMPOBAHUS CUTHAJIOB, U3MEHSIFOIIINXCS BOJIM3U HYJISL.

Cmewgennblii K0O: TOXO0XK Ha JIONOJHUTEIbHBIN. OTIHYaeTCs TOJIBKO
3HAQYEHUSIMH CTapUIEro 3Hadaimero paspsaa. JloctomHcTBa: 3-pa3psiaHblid
CMEIIECHHBIA KOJA (haKTUYECKU MPEACTABISET CcO00i 4-pa3psiaHbIN HaTy-
paJbHBIM KOJ, HYJIb KOTOPOI'O CMEIIEH HAa OTPULATEIIbHBIN KOHEL] ITOJIHOIO
JYana3oHa MpeACTaBISIEMbBIX YUCEIL.

MpuvHuMn pa6oTbl AL

[Tpuniun padotel ALIIT MOXHO npecTaBUTh U3 CXeMbI Ha puc. 41.

l BrixogHol curaain
x=V;/V,

y—> AL > Lludposoii BEIXO

Puc. 41. Cxema, nmmoctpupytomias npuauun padorsr AL
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[Tpu padore ALl cpaBHUBaeT u3MepsieMoe HaNpsKEHUE V; ¢ HEKOTo-
pPBIM OIOPHBIM HAIpPsDKEHHEM V. U Ha BBIXOJE BBIJACT JBOMYHBIN IU(PO-
BOI KOJI, IPEACTABIIAIOIUN APOOH X:

Vi
.

r

X = (98)

BennunHa OMOpPHOIrO CUTHANIA 33aJa€T JUaIa3oH U3MEHEHHUsI BXOJHOTO
curnaina AIIL

Baxunenmen xapakrepuctukoid ALl saBnsiercs ero pa3psaHOCTh —
MaKCUMAJIbHOE YHCJIO IBOMYHBIX pa3psAnoB B BeixogHoM konae ALIIIL. Pas-
PAIHOCTH ONpeneNsieT pa3peieHue npeoodpasopanus. Hanpumep, B cinydae
3-paspsignoro ALIII Bech nuamna3oH BXOJHOTO CUTHANIA MOXKET ObITh Pa3oUT
Ha 2’ = 8 yposHeil. HauMeHbIIasi BeTHYMHA aHATOTOBOIO CHIHANA, KOTO-
PYI0O MOXHO MPEICTaBUTh MPU ITOM, OyJET COCTaBJSITH 1/8 OT MOJHOTO
uana3zoHa. JTa BeIMYMHA HA3bIBACTCS Maaowull 3uavawui paspsao (M3P).
3aBrucuMOCTh BbIXOAHOTO Koza ALIIT oT BenMMYMHBI BXOJHOTO aHAJIOTOBOIO
CUTHaJa MOKHO MPEICTABUTD U3 pUC. 42.

Kogk. ... """
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= A |
a@ WP
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o Lili3 i se3s 7V

848284 8
AHAaJIOTOBBII BXOJTHOM CUTHAI —»

Puc. 42. 3aBucumMocTb BBIXOAHOTO Koja 3-pa3psiaHoro ALITT
OT BCJIMYMUHBI BXOJHOT'O CUT'HAJIa

Ecnu monHbI nuana3oH BXOJHOTO curHaja cocrasiisier 10 B, To Benun-
YUHA MUHUMATbHO npedcmasumozo Hanpsixcenus (MITH) 6yner 1/8 - 10 =
= 1,25 B. Jlns noBbIIEHUsS] TOYHOCTH MPeoOpa3oBaHUsl HEOOXOIUMO YBe-
JUYUBaTh paspsaHocTh. Hawmbornee MMPOKO MCIONB3yeMBbIE Pa3psiIHOCTH
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ALTI, a Takxxe cooTBercTBYomKe UM BennunHbl M3P u MITH nns nnamna-
30Ha 20 B npencrapiieHs! B Ta0I1. 4.

Tabnuua 4
Pazpsanocu AL u Besmuunnasl M3P u MITH pist imanasona 20 B
PaspsinHOCTB M3P MITH, MB (To4HOCTB)

6 1/2° 312,5

7 172 156,25

8 12 78,125

10 12" 19,53125

12 12" ~4,38

14 12" ~1,22

16 12" 0,305

Takum oOpazoM, rpu BxogHOM nuanazone 20 B mis momyueHus: paspe-
1ieHus HanpsbkeHust okojio 1 MB HeoOxoaum 14- umm 16-pazpsansiii AT

Kpowme pazpsannoctu ALIT apyras BakHeWIash XapaKTEpUCTHKA — BPEMsI
npeobpazoBanus. Bpemst mpeoOpazoBanus ajs pazueix TunoB AL Bapbupy-
€TCsl OT HECKOJbKUX MWJUIMCEKYHJ J0 HaHOCEKYH]Z. M3MeHeHHe BXOIHOIO
HANPSDKEHUS BO BpeMsi IPeoOpa3oBaHusl MOKET CHJIBHO UCKA3UTh BBIXOTHOM
uudpoBoit koa. Ytoosl u3bdexars toro, Ha Bxonae ALl ucnons3yroT cxemy
XpaHEHHUs aHAJIOTOBOTO CHTHAJIA — YCTPOMCTBO BbIOOpKHU XxpaHeHus (YBX).
Ota cxema, Kak NpaBUjio, peain30BaHa B MHTErPATIbHOM HUCIIOJIHEHUU U B CO-
BpemeHHbIX ALIIT pacnonoskena Ha TOM ke Kpuctaiie, yto u cam ALILL

YpoBeHnb BxojaHoro curHaia aius OonbimHcTBa ALl coctaBiser 0—
10 B unmu 0-5 B. Ecinu gakrrdeckuii BXOAHOW quara3oH HE YKJIadbIBaeTCs
B OTH TPEJIETIbI, UCTIOIB3YIOT MacIITaOMPOBAHUE BXOIHOTO CUTHAJA C MPHU-
MeHeHrueM OV (MHBEPTUPYIOUIMNA WM HEUHBEPTUPYIOUIUNA YCUIUTEND).
Ecnu Bxomno# cur"an ounossipasiid (—10...+10 B), a y ALII — ogHomo-
nsipHblil (05 B), To Ha Bxoge ALII M0XHO HCHOJIB30BaTh CIIEAYIONIYIO
cxemy corjacoBanus (puc. 43) Ha OCHOBE CymMMaTopa.

Vi Vi
+10- - 5 R
+54 42,54 — e L
0 0 0 v o—{ ¢
4R
; —O
54 25 - %@2,5 10Bo—{ - K AL
~10- -

Puc. 43. Cxema cornacoBaHusi OUIOISIPHOTO CUTHana ¢ yHUnossspHsiM AT
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Cy1uiecTBYIOT U OMTIOJISIpHBIC TTPEe0Opa3oBaTeiv, KOTOphie pabOTaIoT C
OUMOJISIPHBIM BXOJHBIM CUTHAJIOM (0OBIYHO —5...+5 B) u BbeIpabarbiBatoT
BBIXOJIHOU ITU(POBON KO B JIOMOJHUTEIHLHOM, CMEIICHHOM, MIPSIMOM HIIH
oOpaTHOM BHJIE.

Jlist pab6oter ALIIT Hy>keH UCTOUYHUK CTaOWJILHOTO OMOPHOTO HAIpsKe-
Hus. Mcnonb3yroTcs JBa TUMA MCTOYHUKOB B BUJIE€ MHTETPAIBHBIX CXEM.
B nepBom Tumne ncronp3yercss 00paTHBIN MPo00H KOMIIEHCUPOBAHHOTO 3e-
HEPOBCKOT0 JTnojia (cTabunuTpoHa). BeimaeT mocTossHHOE HAIPSHKEHHUE MPU-
MepHO 6,9 B. B npyroMm tHme mpUMEHSIOTCS «IOANOBEPXHOCTHBIEY», WIH
«CKPBITBIEY», 36HEPOBCKUE TUOJBI, KOTOPhIE UMEIOT JTYUIlINE XapaKTEPUCTH-
Kd. TUNIMYHOE HANPSKEHUE TaKuX UCTOYHUKOB 1,2 B. McTouHukn onopHoro
HaIIPSDKEHUS TAK)KEe MOTYT pacnoliaratbesi Ha ofHoM kpucrasuie ¢ AL

Metoabl anajioro-uugposoro npeodopasosanus. Buast AL

Bce meToasl aHanoro-uudpoBoro mpeodpa3oBaHUs MOKHO Pa3/IeiuTh
Ha J1Ba Buja: ¢ ucnoib3oBanueMm LIAIl (uudpo-ananorossiii mpeodpazona-
Tenb) u 0e3 ucnoib3oBanus [TAIL.

Ucnonszoanue LAII no3ossier Hanbosiee npocto moctpoutsh ALIIL.
Ha puc. 44 npeacraBneHa cTpykrypHas cxema npocreitmero AL Takoro
TUMA (¢ TMHAMUYECKONW KOMIICHCAIINEH ).

AHaJIOrOBBIH AHaIOroBBIH
—p «—

BXOJOHOHU curHai V; r—‘ OTIOPHBINA CUTHAN Vg

LIAII

[udposoii BeIxoq

TakToBBIN R Cxema

> Cuerynk
TeHepaTop yIpaBJICHUS

A\ 4

Puc. 44. Ctpykrypnas cxema ALIIl ¢ nuHaMuyeckoil KOMIIEHCauen

B stom ALII npuMeHsieTCS CUETYMK UMITYJILCOB, KOTOPBIM B MpoIiecce
cdyera o0ecreynBaeT MOCTENEHHOE HAapacTaHWE BBIXOJHOTO CHUTHAja CBS-
3aHHOrO ¢ HUM LIAII, moka 3TOT CUrHa’m HE MPEBBICUT YPOBEHb BXOJHOIO
curHasia. CyeTdank cOpachIBaeTCs Mepea Ha4aioM Ka)aoro mpeodpa3oBa-
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HUS U 3aTEM YBEJIMYMBAET CBOE COAEPKUMOE HAa €AUHUILY MPHU IPOXOKIE-
HUAM KaXJIOr0 TAKTOBOTO uMItyjbca. Beixonnoit curnan LAIL npu kaxaom
€IUHUYHOM COCTOSIHUM CUETYMKa Bo3pactaeT Ha BenuuuHy M3P. Kommna-
paTop OCTaHABJIMBAET CUETUYMK, Korjaa BbIxogHoe HamnpspkeHue LAIT mgoc-
TUTAET YPOBHS BXOJHOTO CHUTHaja. BBIXOAHOW CHUTHAJ CYETUYMKA B DTOT
MOMEHT KakK pa3 | sIBJISETCS BHIXOHBIM 1P poBbiM KogoM ALIII.

JIEKUMA 9. NTOBEPXHOCTHOE HATAMEHUE
N EMKOCTb BOMHOIO C/oA

nOBerHOCTHaﬂ JHEeprna n anekKTpokKannnnAaApHbie ABJIeHNA

. I'pam (1947 r.): «IlouTtn Bce, 4TO XO0U€TCS 3HATh U B MPUHIIUAIIE MOXK-
HO y3HaTh 00 3JIEKTPUYECKOM JBOMHOM CJIO€, MOYKHO BBISICHUTH Ha MOBEPX-
HOCTH PTYTH».

[ToBepXHOCTHOE HATSKEHUE PTYTH B PACTBOPE AJIEKTPOJIUTA 3aBUCUT OT
MIPWIOKEHHOTO MOTEHIINAIa U OT COCTaBa AJIEKTPOJIUTA.

PaccMmoTpum rpanuiy paszgena mertamn — pactBop. Hac uHTepecyroT
JIBa OCHOBHBIX SIBJICHUS, TPOUCXOJIAIINX HA 3TOW rpaHuie: 1) agcopOuus,
T. €. I3MEHEHHUE KOHIICHTPAIIMX KOMIIOHEHTOB pacTBOpa BOJIM3U MOBEPXHO-
CTH AJICKTPOJa; 2) MPOCTPAHCTBEHHOE pa3zelieHue 3apsiaoB, GOpMHUPYIO-
1Iee JTBOMHOM SJICKTPUYECKHUN CJIOM M CO3JIAIOIIEE B HEM JJIEKTPUUECKYIO
Pa3HOCTh MOTEHIMAJIOB. B COCTOSHUM paBHOBECHS 3TH SIBIICHUS ONKChIBA-
I0TCSI TEPMOJIMHAMUYECKUMU COOTHOILICHHSIMU.

NeanbHO MOJIAPU3YEMBIN JIEKTPOJ — 3TO AJIEKTPOJA, HA KOTOPOM He-
BO3MOXKHBI (papajieeBCKUE MPOIIECCHI, BECh MOIBOAUMBIN K JJIEKTPOIY TOK
3aTpaynBaeTCA Ha U3MEHEHUE 3aps]ia MOBEPXHOCTH U 3aPSXKEHHBIE YaCTHUIIbI
HE MepeceKaroT TpaHully pasaena $as. MaeanbHO MOISpU3yeMbIil 3JIEKTPO/T
B DJIEKTPUYECKOM OTHOIICHUH aHAJIOTHYCH KOHACHCATOPY 0€3 YTEUKH.

OcHOBHO€ ypaBHEHUS JJIsl UACATbHO MOJISPU3YEMON TPaHUIIBI pa3jena
da3 — 310 ypaBHeHue aacopOuuu ['nb6ca (0OCHOBHOE ypaBHEHHE DJIEKTPO-
KaNWUISIPHOCTH):

do=—-qdE->Tdy,, (99)

r7ie ¢ — MOBEpPXHOCTHOE HaTskeHue, H/M (pabora HeoOXommmas Jisi cO3-
JIAHWs eIMHHIBI [UIOMANH HOBOH moBepxHocTH, JIK/M’); ¢ — IUIOTHOCT
TIOBEPXHOCTHOTO 3apsi/ia Ha MoBepXHOCTH, Ki/M°; I'; — IOBEPXHOCTHBII H3-
GBITOK i-r'0 KOMIIOHEHTa PacTBOPA, MOJB/M’; |I; — XUMUUYECKHIl IOTECHIHA
i-TO KOMIIOHEHTa, J[>k/MOJIb.
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IToBEpXHOCTHOE HATSAKEHUE MOXKHO OIPEHCIUTh KaK CUY, AEUCT-
BYIOIIYIO CO CTOPOHBI IIOBEPXHOCTHOTO CJIOS HA €AUHULY AJIUHBI KOH-
Typa, OrpaHUYMBAIOLIETO 3TOT cioil. [loBEpXHOCTHBIN M30BITOK Mpen-
CTaBJIIeT cOOON M30BITOK KOHIEHTPALMM JaHHBIX 4acTULl BOJIU3HU rpa-
HUIBI pa3zgena ¢a3 Mo CpaBHEHUIO C MX KOHLEHTpauueid B oObeMe
pacTtBopa (puc. 45).

0 X

Puc. 45. 3aBuUCUMOCTb KOHIEHTPALIUH i-T'0O KOMIIOHEHTa
pacTBOpa OT PAaCCTOSHUS 0 TPAHULIBI pa3zena ¢as:
I — monoKUTENbHAS afcopOuus;
2 — oTpuILaTeabHas afcopOnus

[ToBepXHOCTHBIN U30BITOK MOXKET OBITH MOJIOKUTEIHHOW WM OTpHIIA-
TEJIbHOU BEJIMYUHON B COOTBETCTBHUHM C TEM, YBEJIMYNBAETCS WIM YMEHbIIIA-
eTcsl KOHLUEHTpalKs JaHHOTO KOMIIOHEHTa BOJIM3H MTOBEPXHOCTH.

Ecnu coctaB pactBopa mocrosiHeH (W; = const, a dy; = 0), To OCHOBHOE
ypaBHEHHUE MPeoOpa3yeTcs K BULY

__[do
g= (dEL, (100)

U3BECTHOMY KaK ypagHeHue Jlunnmana.

B mepBoM mpubnmkernu B pa30aBISHHBIX PACTBOPAX MOBEPXHOCT-
HBI M30BITOK MOYXHO MPHUPABHATH K 3aIITPUXOBAHHBIM ILIOMAISIM Ha
puc. 45.

['paduk 3aBUCHMOCTH MTOBEPXHOCTHOTO HATSHKCHHUS G OT MOTCHIIMAJIA
ANEKTpoJia £ Ha3bIBACTCS 21eKkmpokanuiisapHou Kpusou. Kak cienyer u3
ypaBHeHUs JlunnmaHa, HaKJIOH AJIEKTPOKAMWLISIPHON KPUBOUM paBeH 3aps-
Jy TIOBEPXHOCTU JJIEKTpOJa C OOpaTHBIM 3HaKoM. B Touke makcumyma
AIIEKTPOKAMMILIIIPHON KPUBOM 3apsisi AJIEKTpOJa PaBEH HYJIO; 3HAYCHUE
MOTEHIIMAaa Ha3bIBAETCS MOTEHIIMAIOM HYJIEBOro 3apsjaa (M. H. 3.). DJeK-
TPOKAMWUIAPHAS KpHUBas B TIEPBOM MPUONMKEHUH HMeeT (opMmy
nepeBepHyTOl napabdosl (puc. 46).
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350

g9>0:g<0

] 1 5
0 Ey 10 58,

Puc. 46. DnekTpokanwiuispHas KpuBas
prytHOro 31ekTpozaa B 0,5 M pactBope Na,SO4

KauecTBEHHO Takyr0 KPUBYIO MOKHO OOBSICHUTH TE€M, YTO OTTaJIKHUBA-
HUE OJHOMMEHHBIX 3apsi/IOB Ha MOBEPXHOCTU METAJlJIa YMEHbIIAET pabory,
HEOOXOIMMYIO JUIsl YBEJIMYEHUS! TTOBEPXHOCTH 3JEKTpoJa, T. €. 6. Peasb-
HBIC SJIEKTPOKANTMJUISIPHBIE KPUBBIE OTIMYAIOTCS OT mapabosbsl. Hanpumep,
AIEKTPOKANMIUIPHBIE KPUBBIE PTYTHOrO 3J1ekTpoaa B 0,9 M pactBope ra-
JIOTEHHUJIOB HATPHsl, IPUBEJACHHBIE HA puc. 47.

o, MH/Mm

425
400

0 -0,5 -1,0 -1.5
E.B(H k. 3.)

Puc. 47. DnexkrpokanwuIsipHbIe KpUBbIE
pTyTHOrO 31eKkTponaa B 0,9 M
pacTBOpe rajJoreHu10B HaTpus

C KaToOIHOW CTOPOHBI AIEKTPOKANWUISIPHOTO MakCUMyMa MOBEPXHO-
CTHO€ HATSDKEHME TMOHMXKAETCSl BCIEACTBUE afcopOiuu katuoHoB. Haobo-
pPOT, C aHOJAHOM CTOPOHBI 3apsi MOBEPXHOCTH IOJIOKUTEIBbHBIN, K HEU MPU-
TATUBAIOTCS] aHUOHBI U TIOBEPXHOCTHOE HATSKEHUE OMATh yObiBaeT. dopma
KaTOJHBIX BETBEU 3JIEKTPOKAMUIUISIPHBIX KPUBBIX MPAKTUYECKU HE 3aBUCUT
OT MPHUPOJIBI KATHOHA, & HA AHOAHYIO BETBb CHJIBHO BIIMSIET IPUPOJA aHUO-
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Ha. DTO CBSA3aHO C TE€M, YTO OOJILIIMHCTBO HEOPraHUYECKUX KAaTHOHOB
B3aUMOJICHCTBYIOT C 3JIEKTPOJOM TOJBKO 3a CUET KYJOHOBCKUX CHJI, TOT/Ia
KaK aHUOHBI KpOME KYJIOHOBCKOT'O MPUTSKEHUS K MOBEPXHOCTHU DJICKTPOIa
WCTIBITHIBAIOT 3HAYUTEIBHOE «XUMHUYECKOE» B3aUMOJICHCTBUE C MTOBEPXHO-
CTBI0. AJICOPOIIMS TAKUX aHMOHOB Ha3bIBAETCS CIieMpUUECKOr aacopOiu-
eii. Cnenuduueckast aacopOLMs MPOCTUPACTCS BIIOTH 10 00JIaCTH dJIeK-
TpoKanwuigspHoro wmakcumyMa. Crenuduueckas aacopOuus aHUOHOB
ymenbiiaercs B psagy I > Br > Cl > F .

@opma SIEKTPOKANWJUISIPHBIX KPUBBIX 3aBUCUT OT KOHUEHTpALUU
anekTpoauTa (puc. 48). C pocTOM KOHIIEHTPAIIMK HAKJIOH BOCXOJSIIETO U
UCXOJIAIIETO YYACTKOB KPUBBIX CTAHOBUTCS Oosiee KpyThiM. Mcxoms u3 oc-
HOBHOT'O YpPaBHEHHMS SJEKTPOKANUUISIPHOCTH, MOXHO OXHWJATh CJBHUra
BeTBe Ha 59 MB npu u3smenenue konueHtparuu B 10 pas:

do=—qdE - T.dp, =—qdE—RTS Tdlna,. (101)

[Tockonbky crienuduyeckas aacopouus GTOpUaA-HOHOB Majia, TO B MaK-
CUMYME€ 3TH KpUBbIE MPAKTUYECKU COBNAAAIOT: MOTEHIMAN HYJIEBOTO 3apsia
coctapysieT —0,193 B (oTHOCUTENBHO CTaHIAPTHOTO BOJIOPOHOTO DIIEKTPO-
na). OTO 3HaYeHHe MOTEHIMalla MOXKET CIY>KUTh TOYKOM OTCYeTa B IpUBE-
JICHHOM 1IKaje MOTEHIMaOB. B ciyyae Apyrux aHMOHOB CIIEACTBHEM CIie-
nupUYecKor ancopOIMK SIBISIETCS CIBUT MOTEHLMANa HYJIEBOrO 3apsja C
POCTOM KOHILIEHTpAIMM B CTOPOHY OTPHULATEIBHBIX NOTEHUUANoB. Crenu-
¢uueckas aacopOIMsl KATHOHOB HE TaK pacHpOCTpaHEHa M OKa3bIBaeT aHa-
JIOTUYHOE BJIMSHAE HA KaTOJHYIO BETBb 3JIEKTPOKAIWIIIPHON KPUBOM.

. H/m

425rF

400

0 -05 -L0 -15
E.B(k 3)

Puc. 48. DnexTpokanuuisipHble KPUBBIE PTYTHOTO 3JIEKTPOAA
B BOJIHBIX pacTBOpax (ropuia HaTpuUs pa3HOM KOHIEHTpALUU
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Best undopmanys o rpanuiie paszzaena, KOTOPYK MOXHO TOJYYUTh Tep-
MOJIMHAMUYCCKUMH METOJaMHU, COACPKHUTCS B DJIECKTPOKAMIIIPHON KpH-
BOM. DNEKTPOKAMMIUIAPHBIA METOJ TTO3BOJIICT ONPEISTHUTD 3apsil dJICKTPO-
Ja, MOTEHIMAN HYJEBOTO 3apsijia, MOBEPXHOCTHbIE M30BITKA KOMIIOHEHTOB
pactBopa, muddepeHIMATEHYI0 EMKOCTh IBOMHOTO JIEKTPUYCCKOTO CIIOSL.

Jlns onpesiesieHust 3apso0a 31ekmpood UCTIOIb3YIOT TpaduyecKoe WIH
yuciieHHoe AuddepeHInpoBaHUE AIICKTPOKAMMIIISPHOM KPUBOM B COOT-
BETCTBUM C ypaBHeHueM Jlunmnmana. ['paduyeckoe auddepennmpoBanue
OCYUIECTBIISIETCS C MCIOJIb30BAHMEM TaHTEHTHUMETpa — YCTPOWCTBA, CO-
CTOSIILIETO U3 JBYX COCJUHEHHBIX MOJ[ MPSMBIM YIJIOM METAJLTMYECKUX
MPSIMOYTOJILHUKOB C 3€pPKaJbHOM MOBEPXHOCTHIO.

llomenyuan Hyneeoeo 3apsida HAXOMIT KaK TOTEHIMAT MaKCUMyMa
AJIEKTPOKAMMIUISIPHON KpUBOH. [{J1g 3TOr0 ncnonb3yroT Metoa OcTBanbaa —
[Tamena: >MeKTPOKAMMIUISIPHYIO KPUBYIO TEPECEKAIOT PSIOM X0, Tapall-
JIENBHBIX OCH a0CIHMCC, 3aTeM HAXOMSIT MX CEPEIUHBI M IKCTPAMOIHPYIOT
JUHUIO, COSTUHSIONIYIO 3TH TOYKH, JI0 MEPECECUCHUS C DIECKTPOKAMUIIISIP-
HOU KPUBOU.

OrnpeneneHue nogepxHoCcmHbiX U30blMKo08 KOMIIOHEHTOB pacTBOpa OC-
HOBAHO HAa COOTHOIIEHUH

F.:—ﬁ _ 1 do

du, TEg, () RT\ dIna,

(102)

T.E.a;(j#i)

st otbickanus ['; cHUMaeTCsl cepusi IEKTPOKAMMIUISIPHBIX KPUBBIX
JUIS. Pa3HbIX KOHUEHTPALMMU I-r0 KOMIIOHEHTA. /[ KaX10M KPUBOU IOY-
YaroT 3HAYCHHUE G MPU HEKOTOPOM IMOTEHITHANE, a 3aTeM I10 HAKJIIOHY 3aBH-
CUMOCTH G OT Ing; paccUUTHIBAIOT MOBEPXHOCTHBIM HM30BITOK i-I'0 KOMIIO-
HeHTa. Tak HaXosAT aACOPOINI0 OPraHUYECKUX BEIIECTB.

OmnpeneneHue aacopOIUu UM MTOBEPXHOCTHBIX M30BITKOB OTICIBHBIX
MOHOB HCIIOJIB3YETCS I CAMMETPHUYHBIX 3JIEKTPOJIUTOB. Torma mpuMeHs-
€TCSl OCHOBHOE TEPMOIMHAMUYECKOE COOTHOIICHHE

LT - 1 do

4l =—ro —
RT\dna, ) .

(103)

B COYETAHWU C YCJIOBHEM D3JIEKTPOHEUTPATBLHOCTH: 3apsii MOBEPXHOCTH
AJIEKTPOJia PaBeH alreOpanyeckod CymMme 3apsioB, KOTOpbIE HECYT IO-
BEPXHOCTHBIE N30BITKH KATUOHOB U aHUOHOB:

r.-r =4 (104)
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JuddepeHunanbHy0 eMKOCTb ABOMHOTO 3JIEKTPUYECKOTO CIIOS MOXK-
HO MOJYYUTh MyTEM ABYKPATHOro IU(PPEpEeHIMPOBAHUS DIECKTPOKAIUII-
JSIPHON KPUBOU:

2
c:(j—gj = % . (105)

Ucxons w3 ypaBHeHus Jlummmana, eMKOCTh HE JTOJDKHA 3aBUCETH OT
noTeHIana. BMecre ¢ TeM, 3aBUCUMOCTb €MKOCTH OT IIOTCHITMAIa Ha0JIt0-
JaeTCs MPH CIeu(UICSCKO aacopOIny aHMOHOB.

3ﬂeKTpOKaHI/IJIJIHpHLIe H3MEPECHUA

Ilpunyun kanunnaprozo noouamus xcuokocmu. I10CKOIBKY MOBEPX-
HOCTHBIN cJioi 00namaeT n30BITOUHOM PHEPruei, a abdas cucteMa B Co-
CTOSSHUU PABHOBECHSI MUMEET MHUHUMAJbHYI0 HJHEPTrHUI0, TO B CHUCTEME,
UMEIOIIEeH MOBEPXHOCTh pa3jiesia IByX (a3, paBHOBECHOE COCTOSIHHUE OY-
JeT JOCTUTaThCs MPU MHUHUMAJIbHOW IUIOMIAJAM TMOBEPXHOCTH pasjesia
da3. [ToaTomy, Hanmpumep, ar00ast KUJIKOCTh MPU OTCYTCTBUU BHEITHUX
cull cTtpemutcs mnpuobpectu ¢opmy 1mapa. CTpeMiieHHE CHCTEMBI
YMEHBIIUTH CBOIO IUIOINIAAb MOBEPXHOCTH MPUBOJIUT K TMOSBICHHUIO TaH-
FeHIMAJIIBHON CUJIbI, IEMCTBYIOIIEH HA TOBEPXHOCTHBIN CJIOW BEIIECTBA —
MOBEPXHOCTHOTO HATSIKEHUS.

[Ipu cmMayuBaHUU XKUAKOCTHIO BHYTPEHHHMX CTEHOK Kamujuisipa BO3-
HUKA€T UCKPHUBJIEHHE MOBEPXHOCTH KUIAKOCTH. [IOBEPXHOCTH KHUIKOCTH
npuobperaetr ¢popmMy MeHHUCKA. B kanusuisipax ¢ KpyrjibiM CEYEHUEM Me-
HUCK MpPEJCTaBIgeT cOO00M CErMeHT MOBEpPXHOCTHU Iapa. [losBneHue me-
HUCKa MPUBOJUT K TOMY, YTO B COCTOSIHUHM PaBHOBECHs JaBJIEHUE C pa3-
HBIX CTOPOH MeHHUcCKa pas3Hoe. [Ipuyem naBieHue C BOTHYTOW CTOpPOHBI
MOBEPXHOCTH BCEr/ia OOJIbIIIE, YEM C BBIMTYKION, YTO MOKHO MPOUILIIOCT-
pupoBarth puc. 49.

Pa3HocTh naBneHui Ha3bIBACTCS KANMWJUIAPHBIM JIAaBJICHHEM, KOTOPOE
BbIpaxaetcs ypasneHuem Jlannaca — FOnea:

26

AP =—

R

rae R — paaumyc KpUBHU3HBI TTOBEPXHOCTH MEHHCKa B Kamwuisgpe. Kamui-
JSIPHOE JIaBJICHUE TeM OOJIbIIE, YeM OOJIbIIIe TTOBEPXHOCTHOE HATSHKCHUE U

YEM MEHBIIIE PAJINYC KPUBU3HBI MEHUCKA.

, (106)
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Puc. 49. Cuiibl NOBEpXHOCTHOTO HATSKEHUS,
JCWCTBYIOIINE HAa HCKPUBICHHYIO MOBEPXHOCTB!
@ — BBIMYKJIas IOBEPXHOCTb KHUIKOCTH; O — BOTHYTasl IOBEPXHOCTD KHUIKOCTH

Ecnu xuakocTh cMauyumBaeT CTEHKM Kamuwuisipa (Hampumep, Boja B
CTEKJISIHHOM KalWUIAPE), TO MOBEPXHOCTh >KUIAKOCTU CTAHOBHUTCSI BOTHY-
TOH CO CTOPOHBI XUIAKOCTA U BO3HUKAET BBITAJKHUBAIONIAs CUJa, MOJHU-
MaroIias KUAKOCTh B KallWJIISIpE 0 TEX IMOp, IMOKa 3Ta CUjla HE ypaBHOBE-
CUTCSI BECOM MOJHATON KUAKOCTH (puc. 50, a).

Puc. 50. PacnosioxeHre B Kanvuisipe MEHUCKA HA TPAHUIIE KUJIKOCTh —
BO3/[yX OTHOCHTEILHO YPOBHS CBOOOHOMN TTOBEPXHOCTH JKUIKOCTH:
a — KXUJAKOCTh CMaYyMBAeT CTEHKH KaNUJUISIpa;
6 — XUAKOCTb HC CMAaUnUBACT CTCHKHU KaHI/IJIJI}Ipa

Ecnn KUIAKOCTb HC CMAYMBACT CTCHKH KaIlWJIJISApa (T. C. BBaHMOHGﬁCT-
BHC MOJICKYJI KUIKOCTH MCKIAY c000li 3HAYMTEIILHO 60JILH_I€, YCM C MaTc-
pHUaJIoOM CTCHOK KaHI/IJIJI}Ipa), TO CTPCMIICHHUC KUIAKOCTU YMCHBIIUTL CBOIXO
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MOBEPXHOCTh TPHUBEIET K TAKOMY HCKPHUBIIECHHIO MOBEPXHOCTH, YTO OHA
CTaHET BBIMYKJIOW CO CTOPOHBI XHAKOCTH. Hampumep, pTyTh B CTEKISTHHOM
KalmWUIspe WK BOJA B KaWJUIAPE, BHYTPEHHUE CTEHKH KOTOPOTO TMOKPHI-
Thl napaguHoM. B 3TOoM ciydyae BO3HMKAeT cujla, HalpaBjieHHas BHU3 U
BBITAJIKUBAIOIIAS KUJIKOCTh W3 Kanuwwiipa (puc. 50, 6). Kuakocts Oyner
OIyCKaThCsl 10 TE€X IMOp, MOKa BBHITAJIKMBAIOIIAS CHUJIa HE YPABHOBECHUTHCS
BECOM CJIOSI )KUAKOCTU B OOJIBIIIOM COCY/IE.

Panuyc kpuBHu3HBI MeHHCKaA (R) CBSA3aH ¢ paguycoM Kanujuisipa (7) co-
OTHOIICHUEM

r

R_

- , 107
cos0 (107)

rae 0 — kpaeBoit yron (0o6pa3yemMblii MEHUCKOM CO CTEHKAMH KaIlujuIsapa,
OTCUMTBIBAETCSI CO CTOPOHBI KUJKOCTH). ITO COOTHOUIEHUE MOTYy4aeTCs B
COOTBETCTBHM C I€OMETPHUYECKUM MOCTPOEHHEM Ha puc. 51 mida cimyvas
KUJIKOCTH, CMAYMBAIOIIECH CTEHKHU KaIllHJUISpa.

Puc. 51. PaBHOBECHOE COCTOSIHUE
KaHI/IJIJIHpHOFO IIOAHATHUS XKUAKOCTHU

BpicOTy NOIHATHSA KUJIKOCTH B KANWJUISIPE MOXKHO ONPEACIUTDH U3 yC-
JIOBUSI PABEHCTBA KAMWJUISIPHOTO JABJICHUS TUAPOCTATUYECKOMY TABJICHHIO
MMOTHSITOU KUJIKOCTH:

2—Gzz—ccosengh, (108)
R r

3

I7ie p — IJIOTHOCTh XHUJIKOCTH, KI/M; g — YCKOPEHHE CBOOOAHOrO MaJeHMUs,
2

M/C”; h — BBICOTA IOJHSTHUS KUAKOCTU. M3 OCeHEro ypaBHEH S BBIPa3uM /:

_ 2cco0s0
rpg

h (109)
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T. e. BBICOTA MOTHATHUS KUAKOCTH B KalWJUIIPE MPSAMO MPOMOPIHOHATBHA
MOBEPXHOCTHOMY HATSHKCHHUIO >KHIKOCTH W OOpaTHO MpOMOpIHOHATbHA
paanycy Kanwuisgpa U TUIOTHOCTH XUAKOCTH. B ciydyae moiaHOro cMaunBa-
Hus (0 = 0) popmyna ynpoiaercs:
_ 20
rpg

CornacHo naHHOUM (popmyiie, 1711 BOJbI B KAMWIISIpE paanycoM 1 MKM
BBICOTA MTOJHATHUS COCTABUT 15 M.

B cinyyae necmauuBanus 0 > 90 u, cnenoBarensHo, A < 0.

B kanwiuisspHOM 3JI€KTPOMETPE KamWLISp CO PTYTHIO MOTPYKEH B HC-

clexyeMblii pacTBop. ['paHuIa MeXIy IEKTPOJAOM U pacTBOPOM HAXOIUT-
csl BHYTpH Kanujuisipa (puc. 52).

h (110)

Puc. 52. PacnionoxeHnue B Kanuuisipe MEHUCKA
Ha IPAHULE PTYTh — BOJHBIN pacTBOP

B cocTosiHum paBHOBECHs TMIPOCTATUYECKOE JABJIECHHE CTON0A PTYTH
BBICOTOM /1, ypaBHOBECUTCSI TUAPOCTATUYECKUM JaBICHUEM CIIOSl pacTBOpa
BBICOTOM /1| M KallMJUIIPHBIM JAaBJIIEHUEM IIOBEPXHOCTH pasjiena:

h2p2g=h1p1g+2—60056, (111)
r

T7i€ Py, P2 — IVIOTHOCTH PacTBOpPa U PTYTU COOTBECTBEHHO. OTCIO/1a MOKHO
BBIPA3UTh OBEPXHOCTHOE HATSKEHUE O

8gr
c=(hp, —hp, )| ———. 112
( HP- 1P1) 2030 (112)

Ecnu B mocienneM ypaBHEHUH IJIOTHOCTh PTYTH BBIHECTH 32 CKOOKH,
MOJIyYUM

o=|h—hPL| 5P _pp, (113)
p, )2cos0
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rae hy=h, —h P MIPUBEJICHHAS BBICOTA PTYTH B Kawuisipe; k = &Pz
Py 2cos0
KaIWUISIPHAS IOCTOSTHHAS AJIEKTPOMETPA.

Takum oOpa3oMm, BelMYMHA IMOBEPXHOCTHOTO HATSDKEHUS MPSIMO
IPONOPLUHUOHAIBHA IPUBEIECHHON BBICOTE PTYTH B Kamuiuisape. Kamumi-
JspHas MOCTOSHHAs HAXOJIMTCSA B IMPEIBAPUTEIBHOM SKCIEPUMEHTE C
UCIIOJIb30BAHUEM PACTBOPA, JJIs1 KOTOPOTO MOBEPXHOCTHOE HATSHKEHHE
HalJIeHO HE3aBUCHMBIM CIIOCOOOM (HampuMep, METOJA0OM CTallHOHAPHBIX
Kareyb).

B kanuuisipHOM 3JEKTPOMETPE HCIMONb3YIOT KOHMYECKUN KarmuuIsap.
Cxema KanmUIIpHOTO AJEKTPOMETPA MPEACTABICHA HA pUC. 53.

K norenro-
2 merpy

Puc. 53. Ynpomennas cxema KamuUISIPHOTO 3JIEKTPOMETpa:
1 — TOPU30HTANBHBIN MUKPOCKOTT; 2 — KaJIOMENbHBIH 3JeKTPOS;
3 — KOHUYECKUN KanmuJuisip

N3MmeHeHue moTeHIMana 3JIeKTpoJa UiId cocTaBa pacTBoOpa MPHUBO-
JUT K U3MEHEHUIO G M K MEPEeMEIICHUI0 TpaHUIbl pa3jieia BHYTpPU Ka-
nuwuisipa. Ho eciau nmpu moMomu CHCTEMBI COOOIIAIOIIUXCS COCYA0B U
MOJTbeMHUKA TaK U3MEHUTH BBICOTY PTYTH B TpPyOKe, 4TOObI MEHHUCK B
Kalwuisipe 3aHsJ CBOE MEpPBOHAYATIbHOE MOJOXKEHUE, TO, U3MEPSIS BbI-
COTY cTOoJI0A PTYTH B KalMJUIsIpe /,, a TakyKe BBICOTY pacTBOpa HaJl Me-
HHUCKOM, MOXHO PacCUMUTaTh MPUBEICHHYIO BBICOTY M 3aTE€M MOBEPXHO-
CTHOE€ HaTsDKeHUE. 3HAUCHUS Ay U /iy UBMEPSIOT C TOYHOCTHIO 10 0,1 MM
C MOMOIIBIO KaTeToOMETpa.

TouHOCTh M3MEpPEHHUs MOBEPXHOCTHOIO HATSXKEHHUS C MOMOIIBIO Ka-
NUUIAPHOTO 3IeKTpoMeTpa 00biuHO He npesbimaet 0,01%.
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N3mepeHne eMKOCTU ABONHOIO CNOSA

EMKOCTE TBOMHOTO CJIOSI MOKET OBITh pacCUMTaHa M3 DJISKTPOKAIUJI-
JSIPHBIX KPUBBIX. OIHAKO JJI 3TOTO TpeOyeTcs MpoBecTH JBoitHoe Audde-
PEHLMPOBAHUE 3TOW KPHUBOM, UTO MPUBOAUT K JOMOJHUTEIbHBIM PacyeT-
HbIM norpemHocTsM. [Ipsimoe u3MepeHre eMKOCTH IBOMHOTO CJIOSI MOYKET
OBITh MpEANOYTUTENbHBIM. KpoMe TOro, ero MOXHO MPUMEHSTh KaK K
TBEPJIbIM, TaK U K KUIKUM DJICKTPOJIaM.

PaccMoTpyUM SKBUBAJIEHTHYIO JIEKTPUUECKYIO CXEMY AJIEKTPOXHUMUYE-
CKOM sSYEeMKHM ¢ HuJeallbHO IMOJsIpU3yeMbIMH dJieKkTpoaaMu (puc. 54, a).
B cxeme yuuThIBaeTCS, YTO JIBOMHOM DJIEKTPUYECKUM CIIONW 00Opa3yeTcs He
TOJILKO Ha UCCJIEAYEMOM, HO U Ha BCIIOMOTaTEIbHOM JJIEKTPOJIE, U MEXKITY
JIBYMsI 3TUMHM SJIEKTPOJaMU 00pa3yeTcsi MaKpOKOHAEHCATOpP KaToll — aHO/I.
N3mepsieMast eMKOCTh J1J1s1 TaKOM 1IEMU BBIPA3UTCSL:

CXCB 3

=_——xms 4 C 114
= e G (114)

rae C, — eMKOCTh JIBOMHOIO CIOSl Ha uccieayemMoM aiektpoae, @; C; , —
€MKOCTh JBOMHOTO CJIOSI Ha BCIIOMOTarTelbHOM 3ekTpoje, @; Ci , — eM-
KOCTb CUCTEMBI KaTtoJ — aHoxd, D.

C?x R.?C CB. 3.
-

a 7]

Puc. 54. DxBUBaNEHTHBIC SJIEKTPUUECKHE CXEMBI
JIEKTPOXUMHUYECKON SYEHUKU IIPU OTCYTCTBUH JIEKTPOAHBIX IIPOLIECCOB

[TockombKy paccTosTHUE MEXAY pabO4YrM M BCIIOMOTATEIbHBIM JJICK-
TpoJaMu (HECKOJbKO MHJLITUMETPOB) HAMHOTO OOJIbIE, YeM TOJIIIMHA
JIBOMHOTO CJI0s, COCTaBJIsAOIIas He Oojiee HaHOMeTpa, To C, , OyJeT Ha He-
CKOJIBKO mopsiakoB MeHblie, 4eM C, u C, , (Tak kak C = ggy/d). Jlnsa Toro
yTOOBI M3MEpseMasi EeMKOCTh PaBHSJIACh €MKOCTH MCCIIEAYEMOTro 3JIEKTPO-
na, Heooxoaumo, 4To0bl C, , >> C,. Jlns aToro TpedyeTcs, YToObI IIJI0IIa1b
MOBEPXHOCTH BCIIOMOTATEIIBHOTO 3JIeKTpojia Obla Oojiee dyeM Ha jJBa II0-
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psnika OoJibIlle TIJIOMIAU UCCIEAYEMOro 3JeKTpoja. TakuM oOpazom, mpu
ycnoBusix Cy , >> C, u C, >> C , locieHee ypaBHEHHUE OyJET UMETh BU]]

Cou *C., (115)

a DKBUBAJICGHTHas cxeMa — BUJ puc. 54, 6. HampsokeHnue Ha KOHIIaX
TAKOM LENU IPU NMPOXOKIECHUU TOKA BEJIUYUHOM [ BBIPA3UTHCA ypaB-
HEHHUEM

It
U =IR +-1 116
t X C ( )

X
rie R, — CONPOTHUBIIEHHE pacTBOpa dJeKTposiuta, OM; f — Bpems, C.
Hanpsixenue OyaeT 3aBUceTh OT BpeMeHHU JieicTBUs Toka. Eciu Tok co
BpEMEHEM M3MEHSETCA, TO HANPSHKEHUE B JaHHBIM MOMEHT BPEMEHU BbIpa-
3UTHCS CIIETYIOUIUM YpPaBHEHUEM:

t
Utsz1,+ij1dt. (117)

x 0
Ota (hopMyIia JIeKUT B OCHOBE KCIEPUMEHTAIbHBIX METOJIOB OIpee-
JIEHUS EMKOCTU ABOMHOro ciios. IIpvHIMI TaHHBIX METOJOB CBOAMTCS K
TOMY, YTO 3a/1a€TCs MEPEMEHHOE HANPsDKEHHE HAa KOHIAX LENU U U3Meps-
eTCsl 3aBUCHMOCTh TOKa OT BPEMEHHU UM Ha000pOT, 3a7aeTcs MepeMEHHBIN
TOK ¥ U3MEPSIETCS] 3aBUCMMOCTh HANPSKEHUS OT BPEMEHU. 3aTEM HAa OCHO-
BE 3TOr0 ypaBHEHMS pacCUUTHIBAIOT HeusBecTHble R u C. Obuiee compo-
TUBJICHUE JIEKTPUYECKOM 1IN MEPEMEHHOMY TOKY Ha3bIBa€TCSl UMIIE€/IaH-

coM. BeipaxxeHne umrienanca s TAKOM €U UMEET BUJ

J
/=R ———, 118
Y Co (118)

rae j =+/—1; ® — yrimoBas yacToTa IepeMEeHHOT0 TOKa, pajy/C.

Hanbosee TOYHBIM METOJIOM 3KCIIEPUMEHTAIBLHOTO U3MEPECHHUS €MKO-
CTH BJIEKTPOJa SIBISIETCS MOCTOBOM METOJ] Ha MEPEMEHHOM TOKE (MMIie-
naHcHbI MeTon). [IpuHIIMNIUAnbHAsE cXeMa MOCTa MEPEMEHHOTO TOKA IS
M3MEPEHUS EMKOCTH MPEACTAaBICHA Ha pUC. 53.

CunycousianbHoe HampsikeHue 3aaaercs reneparopom I'. [Morennman
paboyero 31eKTpoAa OTHOCUTEIBHO JIEKTPOJa CPaBHEHUS 3aJ1aeTcsl C TO-
MOIIBIO MOTEHIMOMETPA U BOJIbTMETpA. J[aHHas cxeMa MO3BOJISIET HM3MeE-
PATh UMIIEAAHC TIPU PA3IMYHBIX MOTEHUHMANIAX 3iekTpoaa. [Ipu stom mo-
TEHIIMAJT SJIEKTPOJIa COBEPIIAET MEPUOANIECCKUE KOJICOAHMS:

E=E,+AUsinot. (119)
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R
R .

A A

KB

Puc. 55. CxemMa MocTa nepeMEHHOT0 TOKA JUIsl U3MEPEHUS
€MKOCTH JBOMHOTIO CJIOS:
I — reneparop cuHyCOMIAIBHOTO HAMPSKEHHUS;
Ry u R, — »Tanonnklie conpotusieHus; O — ocumiuiorpad;
Ry n C, — Mara3uHbl CONPOTUBIICHUS U EMKOCTH;
S — snexkTpoxumuyeckas sueiika; KB — Bonbrmetp; 1 — mpoccens;
P — nenutens HanpspkeHust; [ — pabouMii HIIEKTPO;
2 — BCIIOMOTaTEIbHBIN 3JEKTPO; 3 — SJIEKTPO]l CPABHEHUS

Ammuntyna nepeMeHHoro HanpspkeHust AU cocraBusier -5 mB. Ta-
KUM 00pa3zoM, u3Mepsiemas eMKOCTh MPECTaBIIAET cOO0M cpelHee 3Haye-
HME JUI1 MHTEpBaJla IOTEHIHANoB E o, + AU.

Jlpoccenps MpensTCTBYET MPOTEKAaHUIO MEPEMEHHOI0 TOKa 4epe3 Io-
TEHLUUOMETD.

bananca mocra n100HMBarOTCS MOAOOPOM COMPOTHUBIICHHUS U €MKOCTH.
OH HacTymaer npu yciaoBuu

2,Z,=2,7,. (120)

[Tpu 5TOM B M3MEpPUTENLHONW AMAroHaJM OTCYTCTBYET MEPEMEHHOE Harpsi-
KEHHE, YTO OIPEIEIISAIOT C MOMOIIBIO UyBCTBUTEIBHOTO HYIb-UHCTPYMEHTA.
OO6b14HO 310 Oociuiorpad. CuHycona Ha SKpaHe ocuusuiorpada B MOMEHT
HACTYTUJICHUS] PABHOBECHS CTATHBACTCS B MPSAMYIO JTUHHIO.

Ecnu sTanonHbie COMPOTUBICHUS OMHAKOBBIL:

Z,=2,, (121)
TO UMIEJAHC IEKTPOXUMHUYECKON SYEHKU PAaBEH MMIICJAHCY IUie4a CpaB-

HCHHA MOCTaA.
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Z,=R —CL=Z4=R -1 (122)

HewnsBecTHbIC COMPOTHBICHUE DJICKTPOIUTA M EMKOCTh TBOWHOTO CJIOS
OTIPEIEIISIIOT HEMOCPEICTBEHHO 10 TIOKa3aHUSM Mara3uHOB COMPOTHBIICHUS
¥ EMKOCTH.

H3mMepeHnsi eMKOCTH MOYHO MPOBOJUTH JTMOO C MOMOIIIBIO CIICITHATb-
HBIX MPUOOPOB (HArpuMep, UMIEIAHCHBIH MOCT P-568), mubo ucnoas3ys
CXeMyY, CMOHTHPOBAHHYIO U3 OT/AENbHBIX MpuOopoB. [Ipu noxdope yacToThl
NEPEMEHHOr0 TOKa CleAyeT H30erarb BeIW4MH, KpaTHBIX 50, C 1enbio
YMEHBIIIECHUS TIOMEX OT CHJIOBOM ceTtu. C 3TOM K€ 1eNbI0 HEOOXOIUMO HC-
M0JIb30BaTh SKPAHUPOBAHHBIE MTPOBOJIA C 3a3€MJICHHBIM DKPAHOM, 3a3eMJIe-
HUE MOCTOBOM CXEMBbI JIOJDKHO OBITh TTOJHOCTHIO HE3aBUCUMBIM OT JPYTHUX
YCTaHOBOK, JJIMHA MPOBOJIOB — MUHUMAJIbHOW. OYeHh Ba)KHOE 3HAUYCHUE
UMEET YUCTOTa PEaKTHBOB, BOJABI W Tocynabl [1]. Tompko B aTOM cityuae
yIaeTCcsl U3MEPUTh EMKOCTh JBOMHOTO CIIOs, KOTOpasi COBMAAAET C paccuu-
TAHHOM M3 DJICKTPOKAMIISPHBIX KPUBBIX.

CoBpeMeHHBIC YCTAaHOBKH JJIi U3MEPEHUS WMIICIaHCa aBTOMATHYE-
CKM PETHCTPHPYIOT MMIICJJAHC C Pa3BEPTKOM IO YacToTe (MMITeIaHCHAs
CIEKTPOCKOMHUS), T. €. 3aBUCUMOCTb UMIIEJJaHCA OT YaCTOThI MIEPEMEHHOTO
HarnpspKeHust. [{s onpeneneHusi COCTaBISIIONMX UMIIEJaHCa B ATUX YCTa-
HOBKax wucmnoiszyercs Dypbe-npeoOpa3oBaHrue BO3HHUKAIONIETO B IIEMU
CHHYCOUJAIBHOTO TOKAa MPH HAJIOKEHMHM Ha SYEUKY CHUHYCOWJIAIBHOTO
HamnpspbkeHusi. Best omeparust @ypbe-ipeoOpa3oBaHus OCYIIECTBIAECTCS
Ipu TOMOINM OBICTPOAECUCTBYIONMIETO KOMIIboTepa. Jlyuiue mpubopbl
ATOTO THUIIA TO3BOJSIOT PETHUCTPUPOBATH CHEKTPHI AJIECKTPOXUMUYECKOTO
MMIIeJlaHca B MHTepBane yacToT oT 107 Il 10 HECKONBKMX Merarepil.
W3mepsieMast JTaHHBIM METOJIOM €MKOCTh TIpeACTaBisieT coboi nuddepeH-
ITUATEHYI0 €MKOCTb.

KpuBble 3aBUCHMOCTH €MKOCTH OT TMOTCHI[MAIa B pacTBOpax Heopra-
HUYCECKUX COJICH aCHMMETPUYHBI.

B xonunentpupoBannbsix pactBopax (=0,1 M), kak npaBuiio, B KaToi-
HOM 00JaCTH 3HAYEHUS €MKOCTH 3HAUYUTEILHO MEHbIIE, YeM B aHOJIHOUN
obmactu (puc. 56). 1o 00ycmoBiIeHO crienupUIEeCKOr aacopOIue aHNuo-
HOB, KOTOpPBIE CUIIbHEE B3aUMOJIEHCTBYIOT C TIOBEPXHOCTHIO, YeM KATHOHBI.
B pesynbTaTe aHMOHBI ONFKE MOAXOIAT K MOBEPXHOCTH AJIEKTPOJA, YTO
MPUBOJNT K YMEHBIIICHUIO TOJIIMHBI JBOWHOTO CJIOS U, CJIEIOBATEILHO, K
YBEJIMYCHUIO €MKOCTH. B 00J1acTH OTpUIIATENBHBIX MMOTEHIIMATIOB aHUOHBI
JeCOpOUPYIOTCS C TMMOBEPXHOCTH AJIEKTPOJa U HAOIIOIAeTCs CIUSHUE KPU-
BBIX ]ISl PACTBOPOB COJICH OJTHOTO W TOTO JK€ KaTHOHA.
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C, MkD/ om?

0F KBr
401 Kl
30 KCI
20F
KF
0 -04 -0,8 -12
E, B (H.B.3.)

Puc. 56. KpuBbie eMKOCTH ABOWHOIO CJIOS BACMYTOBOI'O
anektpoaa B 0,1 M pacTBopax rajioreHu10B Kauaus

B pas6asiennbix pactopax (10°—~10° M) B o61acTH moTeHIMATa HY-
JIEBOTO 3apsiaa HAOMIOJAeTCs] MUHUMYM, KOTOPBIA TeM OOJbIlIe, YeM MEHb-
1€ KOHIICHTpAIus deKTponuTta (puc. 57). Hanuune MuHIMYyMa CBSI3aHO C
TEM, YTO BOJM3M MOTEHIMANIA HYJIEBOTO 3apsiia HOHHAsI OOKIaIKa JBOWHO-
ro CcJjos HauOoJee CHILHO Pa3MBIBACTCS TEIUIOBBIM JBHXKEHHEM, d(hdek-
TUBHOE PACCTOSTHUE MEXIy OOKIaJKaMU KOHJIEHCAaTOpa YBEIMYUBACTCA U
eMKOCTh Tagaer. [lodToMy NaHHBI MUHUMYM Ha3bIBalOT TUPGY3HBIM.
[Tpu oTcyTcTBUM criennPUUIECKON ancopOnuu aHMOHA BOJIM3H MTOTCHIIMATIA
HYJIEBOTO 3apsifia (AaHUOHBI F ) 3TOT MUHMMYM TOYHO OTBEYAET MOTECHIIHAITY
HYJIEBOI'O 3apsiia (1. H. 3.) 3IEKTpo/a.

C. Mx®/cm?

b
=
T

[a—
v
1

-0,2 -0,6 ~1,0
E,B(H.B.2.)

Puc. 57. KpuBble eMKOCTH IBOMHOTO CIIOSI
BUCMYTOBOI'O 3JIEKTPO/Ia B BOAHBIX
pactBopax KF pa3znnyHOl KOHIIEHTpaUUH
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3Has NOTEHLUAN HYJIEBOTO 3apsA]1a, MO)KHO pAaCCUUTATh 3apsl MOBEPX-
HOCTH 3JIEKTPOJIa IIPH JIF0OOM noTeHuuane E:

q= f CdE . (123)

Eq:0

[TpakTraecku 3apsj onpeAeIseTcs Kak IUIomaap oA KpuBor auddepen-
MAJIbHOM €MKOCTU B UHTEPBaJIe IIOTEHIUAIIOB OT £, - 10 E.

Jlnst cienudrdeckn amcopOUPYIOMIETOCsT 3JIEKTPOJINTa MUHUMYM Ha
KpUBBIX Tu(depeHITHATHPHON €MKOCTH XOTS U CYIIECTBYET, HO HE OTBEYAET
MOTEHIMANy HYJEBOro 3apsiaa. B aTom ciydae mjisi onmpeneneHus: MOTEH-
1yajga HyJEBOTO 3apsja MCHOJIb3YIOT METOJ] OOpaTHOTO WHTETPUPOBAHUS
(puc. 58).

C, d/m
0,801
0,60
0,40
0,20 N\

QR 2

AU IS

2RI ode!

&;:::;:;:E:E:i:i:i:i:i:izi:iz?z

E(NF)E(NaI)_l 0 E, E.B

q9=0 q=0

Puc. 58. KpuBbie nuddepeHnnanbHoil eMKOCTH
prytHoro 3nekrpoaa B 0,1 M pactBopax NaF (/) u Nal (2).
WnmrocTpanus MeTozia 00paTHOTO HHTETPUPOBAHUS

B ocHoBe gaHHOTO METO/1a JIEKUT MPEANOI0KEHHUE, YTO B TOW 00J1acTh
IIOTEHIIUAJIOB, II€ COBIAAAIOT KPUBbIC, OTHOCALIUECSA K PA3HBIM 3JIEKTPO-
JUTaM OJHOM U TOM K€ KOHLEHTPALMU C OJHUM U TEM XK€ KaTUOHOM, OJ-
HOBPEMEHHO COBNAJArOT U 3apsasl. Hanpumep, nis kpusbix 0,1 M pactso-
poB NaF u Nal kpussie coBnanaroT npu noreHuuane £j. Ilockonbky mo-
TEHLIMAJI HYyJIeBOro 3apsaa i NaF u3BecTeH, TO MOTEHIMAI HYJIEBOIO
3apsaa 1 Nal MOKHO onpenenuTh U3 yCIOBHs

E E
q(E)= | CaagdE= | CydE. (124)

NaF Nal
ENS ENS
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IIpakTnyecku NMpoOU3BOAUTCS MOCIIEIOBATENIBHOE BBIYMTAHUE TITOLIAIN
o kpuBou i Nal, koTopass OTCUUTBHIBAETCS OT MOTEHIMANA E; U3 U3-
BECTHOTO 3apsja g(E;) 1o Tex nop, noka 3Ta pa3HOCTb HE CTaHeT paBHOM ().

B npucyrcTBUM oprannyeckux BemiecTB hopma KpuBbIX auddepeHIu-
aJIbHON €MKOCTH CYIIIECTBEHHO M3MeHseTcs (puc. 59).

C. mx®d/cm?

- 0,1 M NaF + 0,1 M u-C4HyOH

80
60
40

20

0705 0 -05 -1,0,.B

Puc. 59. 3aBucumMocTbh EMKOCTH IBOMHOTO 3JEKTPUUECKOTO
CIJIOSI PTYTHOTO 3JIEKTPO/A OT MPHUBEJCHHOTO TIOTEHIHANA.
Brnusiaue agcopOmmm opraHunveckoro BEemecTBa

XapakTepHble MAKCUMYMBI Ha 3TUX KPHUBBIX OTPAXKAIOT MPOIIECCHI al-
copouuu — 1ecopOIUM MOJIEKYJI OpraHMYecKoro BeiectBa. B obmactu no-
TEHIIMAJIOB MAaKCHUMyMOB Ha KPHWBBIX TOBEPXHOCTHAs KOHIICHTPAIHS H,
CIIEZIOBATENIBHO, 3apsA] AJIEKTPOJa PE3KO HU3MEHSIIOTCS C MOTEHLHUAIOM, a
9TO BBI3BIBACT 3HAYMTEIHHOE BO3pacTaHue eMkoctu (Tak kak C = dq/dE).
B oGnactu moTteHnuanoB BOJU3U M. H. 3. HAOJIOJAETCS PE3KOE MaJCHUE
eMKOCTH 710 BeanduH okono 0,04-0,06 d/m”. I1oT 3ddekt oObicHIeTCS
BXOJKJICHUEM B JIBOMHOM CJIIOM MOJIEKYJI OPraHUYECKOrO BEILIECTBA, YTO
OPUBOJUT K YMEHBUICHUIO TUAJIEKTPUUECKOW MOCTOSIHHOW, YBEJIMYEHUIO
pacCTOSIHUSL MEXIy OOKIaJKaMHU KOHAEHcaropa U, CJeI0BaTelbHO, K
YMEHBIIIEHUIO €MKOCTH B COOTBETCTBUU ¢ dopmynoit C = ggy/d. Tlpu 60b-
MIUX 3apsigax 3JIEKTpoja HaOMI0JaeTCsl CIUSHUE KPUBBIX €MKOCTH B IPH-
CYTCTBHH OPraHMYECKOTO BEHIECTBA C KPUBOW B pacTBope (oHA, YTO yKa-
3bIBAET Ha JECOPOLIMIO OPraHMYECKUX MOJIEKYJ C MOBEPXHOCTHU 3JIEKTPOa.
CoBrajienne KpUBbIX MO3BOJISET PACCUUTATh 3apsijl AIEKTPO/Ia MpU JTHO0M
MOTEHIINAJIE METOJ0M OOPaTHOTO WHTETPUPOBAHMS €MKOCTH W TOJYYUTh
3aBUCHUMOCTD 3apsijia OT MOoTeHIurana 3ekTpoaa (g, E-kpuBsie). 3aTeM Io-
CIIEIYIOIIIee UHTETPUPOBAHUE ¢, E-KpUBBIX HA OCHOBE ypaBHeHHs Jlummma-
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Ha IMO3BOJIACT IHOJYYUTh 3aBUCHMMOCTD ITOBEPXHOCTHOI'O HATSKCHUA OT I10-
TCHIOMAaJIa 9JICKTPOaa:

E
c=c,— | qdE, (125)

Eq:()

I7I€ Gy — IOBEPXHOCTHOE HATSHKEHUE IPU MOTEHLHAJE HYJEBOIO 3apsa.
B citydae TBepABIX 3JIEKTPOAOB IPSIMOE ONPEAEIICHHE Gy HEBO3MOXHO. [1o-
TOMY M0 MU3MEPEHHUSIM €MKOCTH MOXHO PACCUMTATh JIMIIb 3aBUCUMOCTb
Ac = 6y — 6 or noteHumana. OQHAKO JAJI1 HAXO0XKACHHS aCOPOIMU BEIECT-
Ba Ha MOBEPXHOCTH 3JIEKTPOJa COINIACHO (hopmyJie

Ty~ ( do jz— L Ao (126)
RT\dInc RT Alnc

JIOCTaTOYHO 3HATHh M3MEHEHUE MOBEPXHOCTHOTO HATSKEHUS C U3MEHEHUEM
KOHIICHTpAITUH.

WTak, MeTOa M3MEPEHUs €MKOCTH JABOWHOTO CIIOSI TIO3BOJISIET OIpeie-
JIMTh TOTEHITMANI HYJIEBOTO 3apsja, 3aBUCHMOCTh 3apsja JIEKTpoaa OT TO-
TEHIIMAaJa, 3aBUCUMOCTbh ITOBEPXHOCTHOTO HATSHKEHUS OT IMOTCHIIMANA C TOY-
HOCTBIO JIO KOHCTaHThl MHTETPUPOBAHUS U OIMPENICTUTh MMOBEPXHOCTHBIE U3-
OBITKY CHEIM(PUIECKH aICOPOUPOBAHHBIX HOHOB U OPTAaHUYECKUX MOJICKYJI.

CrnemyeT OTMETHTh, YTO PAaBHOBECHBIC 3HaUCHUS MU depeHInanIbHON
€MKOCTH, OCOOCHHO B clly4yae creuupuueckond aacopoIuu KOMIOHEHTOB
pacTBOpa, MOTYYAOTCS TOJBKO MPU HU3KUX YaCTOTaX MEPEMEHHOTO TOKA.
[Ipn BBICOKMX YacTOTax MPOMCXOIUT YMEHbBIICHHE (AUCTIEPCHS) H3Me-
pSAEMOM €eMKOCTH M3-3a TOTO, UTO CHHYCOHUIaJbHbBIE KOJICOAHHS MTOTEHIIHA-
Ja 3JIEKTPO/Ia BBI3BIBAIOT COOTBETCTBYIOIINE U3MEHEHHS aJICOPOITUN KOM-
MOHEHTOB pacTBopa. [Ipy HU3KOW KOHIEHTPAIMH TOCICIHUX U MPHU JIOC-
TATOYHO BBICOKOW YacTOT€ W3MEHEHHWs aJcopOIMu HE YCIEeBAIOT
CJIeIOBaTh 32 U3MCHCHHSIMH MOTEHIIMAla, YTO MPOSBISICTCS B yMEHBIIIE-
HUU €MKOCTH. BMecTe ¢ TeM, 3TOT (akT OTKpHIBA€T BO3MOKHOCTh HU3yde-
HUS KUHETUKHU aJcopOIMd KOMIIOHEHTOB pPAacTBOpa, 3aJaBascCh OIpeJe-
JICHHBIMU MOJIEIISIMU.

NEKLMA 10. AACOPBLIMOHHDIN METOA U3YYEHUA
ABOWMHOIO C/I0A HA METAJUIAX MNIATUHOBOW IPYNIbI

Xots I/IMHG,ZIaHCHHﬁ MCTOO U3YUCHUA I[BOﬁHOFO QJICKTPUYICCKOT'O CJI0A
ABJACTCA OUYCHB TOYHBIM MCTOAOM, JIA TBCPABIX JJICKTPOIAOB U B 0CO0OeH-

HOCTH IJI1 MCTAJIJI0B IUIATUHOBOM I'pYIIIBI OH OKa3bIBACTCs HCYIOBJICTBO-
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PUTEIBHBIM 1O JIByM IpU4rHaM. Bo-nepBhIX, MOBEPXHOCTh TBEPAOTO DJICK-
TPOJa MMEET MUKPOCKOIMMYECKUE IIEPOXOBATOCTU. BO-BTOpBIX, HA TBEp-
JBIX DJIEKTPOJIaX PEAKO TOCTUTAETCS YCIOBHE UAECATBHOM MOJIAPU3YEMOCTH
U3-3a MPOTEKAaHUs Ha UX MOBEPXHOCTU (OCOOEHHO B ciyyae 0JIaropoaHbIX
METAJIJIOB) AJIEKTPOXUMUUYECKUX peakiuii. BeiencTeue ykazaHHBIX MPUYUH
€MKOCTbh 3aBUCUT OT 4acTOThl. [lo3TOMY 1151 IONydYeHUs aJICKBATHBIX 3HA-
YeHUN eMKOCTH TpeOyeTrcs MO0 yCTpaHeHHE JaHHBIX IMPUYHH, JTU0O0 BBE-
JIEHUE JIOMOJHUTEIBHBIX MOJENBHBIX IMPEICTABICHUN O CTPOCHHH MEX-
¢dazHoN TpaHUlbl (YCIOKHEHHE HKBUBAJICHTHOW JJIEKTPUUYECKOU CXEMBI
ssueiikn). Bee 3To MpUBOIUT K CHIKEHUIO JOCTOBEPHOCTH MOJTYyYaeMbIX pe-
3yJIbTATOB.

Bonbramnepomerpuieckue METOMIbI, XOTS U MEHEE TOYHBI IO CpaBHE-
HUIO C UMIIEIAaHCHBIM, MOTYT JaTh OOJiee JOCTOBEPHBIC PEe3ybTaThl IS
TBEPABIX JIEKTPOJIOB.

CornacHo b. b. JlamackuHy, K BOJbTaMIEPOMETPUUYECKUM METOJIaM
U3YUYEHHUS CTPOCHUSI MEXK(Pa3HOUM IpaHUIIBI B PABHOBECHBIX YCIOBUSIX OTHO-
CAT METOJIbl, OCHOBaHHBIE Ha 3aJJaHUU OIPEJCICHHBIM 00pa30M U3MEHSIO-
HIErocsi BO BPEMEHU HAMNPSDKEHUS WM TOKA HAa YUKy U U3MEPEHUU OT-
KJIMKA SYEWKH B 3aBUCUMOCTH OT BpPEMEHHU (COOTBECTBEHHO TOKa WJIM Ha-
npsikeHus). B COOTBETCTBUM C YpaBHEHUSIMH, CBSI3bIBAIOIIUMU TOK H
HaTPsHKEHUE, IS YIPOIICHHON SKBUBAJCHTHOW CXEeMbl siueiku B nudde-
peHImanpHou Gopme

au _ ﬂRx + L (127)
dt dt C.
U B UHTETpajbHON hopMme
1
U=IR +—|Iot 128
vl (128)

MOYKHO PacCUMTATh BEJIIMUYMHBI COMPOTUBJICHUS PACTBOPA U EMKOCTH JBOM-
HOTO CJIOSI.

[Ipu 5TOM UMMIETAHCHBIA METOM (3aJAOIINI CUTHAT UMEET CUHYCOU-
JTanbHyI0 (OopMy) Takxke CleAyeT OTHECTH K BOJbTaMIIEPOMETPUUYECKUM
METOJ[aM, XOTsI €r0 0OBIYHO PACCMATPUBAIOT OTACIBHO.

Haubonwiiee pacnpocTtpaHeHrue U3 BOJIHTAMIIEPOMETPUUYECKUX METO-
JIOB TIOJIYYWJIM METOJI KPUBBIX 3apsKCHUS U MOTCHIUOJUHAMUYECKUN Me-
TOJI, U3BECTHBIA TAKXKE KaK METOJ JUHEHHOM WJIM IUKINYECKOM BOJIbTaM-
nepomeTpuu. IMu Nosb3yr0TCs MIPU U3yUYEHUU CTPOEHUS TPAHULIbI pa3ielia
Ha MeTaJjljlaX MIATUHOBOM TPYIIIIHI.
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MeToa KpuBbIX 3apAXKeHnA

Meton KpUBBIX 3apsKEHUS MOYKHO OTHECTH K TPYIIIE TaJIbBAHOCTATHU-
YECKUX METOJOB. Uepe3 suelKy MpOIyCKaeTCs ITOCTOSHHBIA BO BPEMEHHU
TOK M MU3MEPSAETCS 3aBUCUMOCTh HANPSKEHUs OT BpeMeHU. Yaie Bcero uc-
MOJIB3YIOT TPEXAIEKTPOAHBIE STUYEMKH M B 3TOM CIIy4ae U3MEPSIOT 3aBUCH-
MOCTb MOTEHIMANa MEKTPoAa OT BpeMeHH. [10CKOIbKY TOK CO BpEMEHEM HE
MEHSIETCS, TO KOJMWYECTBO SJICKTPUYECTBA, MPOLIEAIIETO YEPE3 SIIEKTPOJL
(3apsn 3eKTpoAa NpH YCIOBUH UACATBHON MOJISPU3YyEMOCTH ), IMHEHHO U3-
MEHsIeTCsL cO BpemeHeM. [[oToMy 3aBUCHMMOCTH IMOTEHLIHMATIA OT BPEMEHU
(dbakTHUeCKu SKBUBAJICHTHA 3aBUCUMOCTH TOTEHIMaIa OT 3apsna. Kpusoii
3apsHKEHUS HA3bIBAIOT 3aBUCUMOCTh MOTEHIIMAJIA AJIEKTPOJa OT KOJUYECTBA
ANIEKTPUYECTBA, COOOIIEHHOTO 3JIEKTPOy. EMKOCTh MOXET OBITh IMOJIy4YeHa
U3 KPUBOM 3apsKEHMS HA OCHOBE CJIEAYIOIIETO COOTHOILICHHUS

dg 1 1
C=""AL=-—=—- 129
JEdE " p (129)
dq

rae b — HakJIoOH KpUBOM 3apshkeHus. HakiioH KpuBO# 3apsKeHHs 0OpaTHO
IIPOIIOPLIMOHAIEH EMKOCTH JJIEKTPOJA.

Kpusvie 3apsasicenus na memannax cpynnel niamumsl. IIEKTPOABL U3
METAJIJIOB TPYIIIBI TUIATUHBI HE SIBISIOTCS MACATIBHO MOJISIPU3YyEMBIMU, TaK
KAaK Ha TPAHULE UX C BOJHBIMU PACTBOPAMH BJIEKTPOJIUTOB MOTYT IMPOTE-
KaTbh AJIEKTPOXUMUYECKUE PEAKIUU aIcCOPOLIMHA aTOMAPHOTO BOJIOPOJA MPHU
KaTOJHOW NOJISPU3ALIUN:

H,0 "+e¢ 2 H,, +H,0 (xucnas cpena);
H,0 -+ = Zuldpou@ipena).

[Ipy aHOAHOW TOJSIPU3AMUU TPOUCXOIUT AICOPOIUS aTOMApPHOIO KHU-
ciopoja:

3H,0 - 2¢ ctxgas 2HE0);

20H™ -2¢” 20, + H,0 (menounas cpena).

OpHako B OIPENENIEHHBIX YCIOBHUSX COCTOSHHE ITOBEPXHOCTH 3JIEK-
TPOJIOB MOJHOCTBHIO OMpPENEISIETCS COOOMIEHHBIM 3JIEKTPOAY KOJIMYECTBOM
anekTpuuecTBa. [103TOMY MIATHHOBBIE 3JEKTPOJIbI HA3BIBAIOT «COBEPILIEH-
HO TMOJIAPU3YEMBIMI». Y CIOBHS JUISl CHATHS KPUBBIX 3apsDKEHMSI Ha METall-
Jax TUIATUHOBOM TpyMIibl (UTOOBI 3JIEKTPOAbl OBUIM COBEPILIEHHO MOJISIPU-
3yeMbIMH): 1) paBHOBeCHE peakiuii aacopOLMu BOJOPOJa U KUCIOPOJa,
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a TaK)K€ MOHOB U3 PACTBOpPA JOJKHO MOJHOCTHIO YCTAaHABIUBATHCS; 2) KO-
JIMYECTBO PACTBOPEHHBIX MOJIEKYJISIPHBIX BOJAOPOJA U KUCIOPOJa, B3aUMO-
JEUCTBYIOIIUX C MOBEPXHOCTBHIO JIEKTPOJIA, JOJKHO OBITH MIPEHEOPEKUMO
Majio M0 CPaBHEHHIO C KOJIMYECTBOM aJIcCOPOMpOBaHHOTO Bojaopoja. [lo-
CJIEIHEE O3HAYaeT, YTO HEOOXOJMMO CO3/IaTh TaKHE YCJIOBHS, YTOOBI MpHU
MOJIYYEHUH KPUBBIX 3apsKEHUs] MOXKHO ObUIO MpeHeOpeub MpoTeKaHueM
peaKiui:

H, = 2H,, n 0,220, .

IlepBoe yciioBHE HAKIJIAIBIBAET OTPAHUYEHHS HA UCITOJIB30BAHUE LIOT-
HOCTH TOKa: OHA JOJIKHA ObITh HAMHOT'O MEHbIIE TJIIOTHOCTH TOKa 0OMeHa
ANEKTPOXUMHUYECKUX MPOLECCOB aJCcOpPOIMU BOJAOPOJa U Kuciaopoaa. Bro-
pO€ YCIOBHE MOXKHO PEau30BaTh PA3HBIMU CITIOCOOAMHU.

[lepBsIil criocob — yMeHbIlIeHHE 00beMa pacTBOpa, MPUXOISIIETOCs Ha
€UHUIY UCTUHHOW MOBEPXHOCTU. OPYMKHH NPUMEHSIT IEKTPOABI C pa3-
BUTOM MOBEPXHOCTHIO (MJIATUHUPOBAHHOW IJIATUHBI WU TUIATUHOBOMW 4Yep-
HH) — 10—15 cM® BHAMMOI TOBEPXHOCTH COOTBETCTBYET | M’ MCTHHHOIM
noBepxHocTu. [Ipu 3TOM AaBieHne BOAOpOJa JOKHO COCTAaBIATH HE 00-
aee 0,1 atMm, 9TOOBI yMEHBITUTH KOJWYECTBO PACTBOPEHHOT'O BOIOPOJA.
B cootBercTBuM ¢ ypaBHeHHeM HepHcTa Takoe JaBiIeHHE OTBEYAET NOTEH-
nuany anektpoga 30 MB oTHOCHUTENBHO OOPAaTUMOIO BOJOPOJHOIO 3JIEK-
Tpoja. [1o3ToMy KpuBbIE 3apsyKEHUS MOKHO CHUMATh B 3TOM Ciyyae Mpu
noTeHuanax oonpmux 30 MB.

Opuuiep AJis yMEHbIIEHUsT 00beMa pacTBOpa MCMOJIb30Ball TOHKOC-
JOMHYIO SYEWKY: IUIATUHOBYIO MPOBOJIOKY, TOMEUIEHHYIO B CTEKJISHHYIO
TPYOKY, AMAMETP KOTOPOU OJIM30K K JUAMETPY MPOBOJIOKH.

Bropoii crioco6 17151 CHIKEHUS KOJIMYECTBAa MOJIEKYJIIPHOT'O BOJOPOJIa
U KUCJIOpOJa, B3aMMOJEHCTBYIOIINX C MOBEPXHOCTHIO, 3aKIHOYAIICA B UC-
MOJIb30BAHUU HMITYJIbCHOTO METOAA C PETHCTPALMEN KPUBBIX 3apsiKEHUS
Ha 9KpaHe ocimuiorpada. B nanHoMm ciydyae KpuBas 3apsDKCHUS CHUMAeT-
Cs 32 OYEHb KOPOTKHE IMPOMEKYTKH BPEMEHU M MOJEKYJSIPHBIA BOJIOPOJ
He ycrneBaeT AuPPyHIUpOBaTh K MOBEPXHOCTH 3JeKTpoza. [mst atoro He-
00X0JIMMO HCIOJIb30BaTh TOKH OOJIBIIION MJIOTHOCTH.

XapakTepHbI BUJ KPUBOM 3apsKEHMS IUIATUHOBOTO JIEKTPOJA MpeEN-
cTaBJicH Ha puc. 60.

Ha xpuBbIXx MOXHO pa3znuuuth Tpu obnactu. O6macts ot 0 A0 mpH-
mepHo 0,4 B xapakTepu3yeTcsi BBICOKOW €MKOCTBIO (MaJsIblii HAKJIOH KpH-
BOI). 311€Ch MOABOAUMBIN K DJIEKTPOAY 3apsi/i 3aTPauMBaETCs] B OCHOBHOM
Ha JecopOuuio agaToMoB Bojaopona. Ilostomy manHass obiacTh Ha3zBaHa
BosopoaHO#. B ob6iactu ot 0,4 1o 0,9 B emkocTh ropasno Huke (00JIbIION
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HAKJIOH KpUBOH). 37€Ch MOJABOIMMOE K AJIEKTPOIY KOJUYECTBO DJICKTpUUE-
CTBa 3aTpadyMBaeTCs Ha 3apspKkeHue JBorHoro cios. [loatomy obnacts 11
Ha3bIBAIOT IBOMHOCIOWHAA o0jiacTh. B o0jlacTH HOTEHIIMAIOB OOJIBIINX
0,9 B HakJIOH KpUBOH 3apsHKEHUS OISITh YMEHBIIAETCS, YTO O3HAYAeT yBe-
Ju4YeHue eMKocTH. B maHHOM 00jacTu HayMHAET MPOTEKaTh peakius a-
copOLMM KUCTIOPOJia, TOITOMY OHA Ha3bIBACTCSl KUCIOpOIHON. M3MeHeHne
HaITpaBJICHUS TOKAa B KUCJIOPOJAHOM 00JIACTH MPHUBOAUT K BO3ZHHUKHOBEHHIO
TUCTEpE3nca, KOTOPBIM yYKa3bIBaeT Ha HEOOpPATUMBIM XapaKTep aicopOIUu
KHCJIOPO/IA.

E.B

1,2 111

0.8F

0.4k I j

y /4 i

0 2 4 6 8
AQ, Kn/m?

Puc. 60. Kpuas 3apspxenus minatuHoBoro siekrpoaa B 0,5 M H,SOy:
I — Bogopoanas o61actsk; Il — 061acTh IBOMHOTO CIIOS;
I — xucnoponHas 061acTh

3apsii, COOOIIEHHBIN 2JIEKTPOy B BOJOPOJHON 00JacTH, 3aTpayuBa-
eTcs Ha M3MEHEHHWE KOHIICHTpAIMU aTOMapHOTO BOJOPOJAa WM 3apsuKEHHE
IBOMHOTO ciosi. OTHAKO TIOCTIETHSSI COCTABIIAIOIIAs OOBIYHO HEBEIIUKA:

AQ = —AA4,SF + AgS ~ —AA4,SF (130)

rie AAy — W3MEHEHHE KOJMYECTBA aJCOPOMPOBAHHOIO BOJOPOJA,
MOJIb/CM’; S — HCTHHHAS IUIOMIAb TIOBEPXHOCTH MIEKTPOAA, ¢M°; Ag — H3-
MeHeHHe CBOOOIHOTO 3apsia moBepxHocTH, Ki/em’.

Xoa KpUBOH 3apsKEHHs] B BOJIOPOJHOM 00JaCTH B IEPBOM MPHUOIIHKe-
HUHM MOXHO CUHTATh JTHHEHHBIM:

AQ =KkE, . (131)

CornacHo ypaBHeHHto HepHcTa, moTeHIMAN 31€KTPOia OTHOCUTEIBHO 00-
pPaTUMOTO BOJOPOJIHOTO 3JIEKTPOAa B TOM K€ PACTBOPE 3aBUCHUT OT JaBiie-
HUS BOJIOPOAA:
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E, =-0,0291g py, . (132)

[TockonbKy 3apsig B BOJOPOAHOW 00JIaCTH MPONOPUUOHAIEH KOJIUYECTBY
aJIcopOMpPOBAHHOTO BOIOPO/IA, TO

—~A4ySFE, ~~k0,0291g py, . (133)

W3 nocneaHero COOTHOIEHUS CIEYET, YTO KOJIMUYECTBO aIcCOPOMPOBAHHOIO
BOJIOPO/Ia MPSMO MPOTIOPIIHOHATBHO JIOTapru(My OT JTaBJICHUS BOIOPOA:

Ay ~a+blgpy . (134)

DTO 03Ha4aeT, 4To ajcopOIMs BOJAOPOJIa HA IIATHHE MPUOIMKEH-
HO OMHChIBaeTcs norapudmudeckoir nzorepmoit. Takas uzorepma Oblna
BhIBeZiIcHA TeopeTnuecku M. M. TeMKkuHBIM Ha OCHOBE MPECTABICHHUS
00 PHEpPreTUYecKOod HEOJAHOPOTHOCTH MOBEPXHOCTH, & UMEHHO O JIU-
HEHOM yOBIBaHHUM TEIUIOTHI aCOPOLUH CO CTENEHBIO 3alOJHEHUS IO-
BEPXHOCTH:

5

0 =const +

3
Ig Py, (135)

rae f — pakTop 3HEpreTUYecKol HEOAHOPOJHOCTH OBEPXHOCTH (HE MyTaTh
¢ (paKTOpOM LIEPOXOBATOCTH).

PacueTsl f 1151 TUITATUHOBOTO 3JIEKTPOJA MO KPUBOM 3apsKEHHUs JAIOT
BEJINYMHY IIpuMepHO 12-14.

MeTop nuHeliHON BoNibTamnepomMeTpumn

B nocnegHee BpeMs METOJ KpPUBBIX 3apsDKEHHs IIOTEPSJI CBOE 3HAYe-
Hue. Bmecto Hero ucnonb3yroT 0ojiee 4yBCTBUTENBHBIN U YAOOHBIA 1Jis
MHTEPIPETAlUNA TOTCHIMOJUHAMUYECKHA METOX, WJIM METOJ JIMHEHHON
BosibTamMnepoMeTpuu. OH COCTOUT B HAJOKEHHHM Ha JJIEKTPOJ JIMHEWHO
M3MEHSIOLIErOCs BO BPEMEHHU MOTEHIMAIA U U3MEPEHUH BO3HHUKAIOILIETO B
nenu Toka. Hanbosnee yacTo UCHOIB3YIOT TPEYTOJIbHYIO Pa3BEPTKY MMOTEH-
uana, Korja Iocie JOCTHKEHHs 3aJaHHOIO 3HAYEHUs NOTEHIMalla Ha-
IIpaBJICHUE PA3BEPTKU MEHSIETCS Ha MPOTHBONOJOXKHOE. B 3TOM ciyuyae
METOJ] Ha3bIBACTCS LUKINYECKON BOJIBTAMIIEPOMETPHUEM.

[Ipu cxopoctax pas3BepTku mnoreHimana g0 50 mB/c ansa 3amucu
[, E-KpUBBIX MOKHO HCIIOJb30BaTh MNOTECHIUOMETPUYECKUN CAMOIMCEL.
ITpu ckopoctsax passeptku 6onee 100 mMB/c HeoOXoAMMO HMCHOIB30BaTh
anb0 ocumiorpad, aub60 aBTOMAaTU3UPOBAHHBIE CUCTEMbI cOOpa AaHHBIX
Ha OCHOBE KOMIIbIOTEPA.
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HpI/I MMOTCHIOUOJUHAMHWYCCKNX HM3MECPCHUAX IMOTCHIOMAJ 3JICKTPOJa 3a-
BHUCHUT OT BpCMCHMU:

E=E, +vt, (136)

rae Ey — HadajnbHBIA MOTEHOHUal, B; U — CKOPOCTH pa3BEpPTKU NMOTEH-
nuana, B/c.

N3MepsieMblid TOK B MOTEHIMOJUHAMUYECKOM METOAA MPSIMO MPOIOpP-
LMOHAJIEH EMKOCTH 3JIEKTPOJIa U CKOPOCTH Pa3BEPTKH MOTEHIIMANA!

I=Cd—E=CU. (137)
dt

[ToTeHIMOMHAMUYECKUE KpPUBBIE HKBUBAJICHTHBI AuddepeHimary
KPUBBIX 3apspkeHus. Jlrobo auddepeHimaibHbiii METOI U3MEPEHUS SBIISI-
eTcst Oosiee 4yBCTBUTEIbHBIM. [IOBBINIAs CKOPOCTh Pa3BEPTKH, MOXKHO TIO-
BBICUThH YyBCTBUTEJILHOCTD OIPEICIICHUS €EMKOCTH.

PaccMOTpUM MOTEHIMOJUHAMUYECKYIO KPHUBYIO TMJIATMHOBOIO 3JIEK-
TpOJa B PacTBOPE CEPHOU KHUCIOTHI (puc. 61). YcioBus CHATHS MOTEH-
UOJMHAMHUYECKON KPUBOM TAaKHE K€, KaK U KpUBBIX 3apsiokeHus. Ho mo-
CKOJIBKY HU3MEpPEHUS NPOBOJATCA B MOTEHUHOCTATUYECKUX YCIIOBUSX,
HEOOXOIMMO YUYUTHIBATh BO3MOXXHOCTh MCKKCHUS KPUBOU BCIICIACTBHE
OMMYECKOTO MaJCHUS MOTEHIIMAIa MEXAYy KOHUYUKOM Kanwuisapa Jlyrru-
Ha U pabouyum snekTpoaoM. KoHuuk kamuisipa JOJKEH ObITh MaKCHU-
MaJIbHO TPUOJMIKEH K MOBEPXHOCTH DJIEKTPOJA M KeJIaTelbHO HUCIOJb-
30BaTh MaJjble TOKH.

i, MKA/cM?
0%
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Puc. 61. Agognasg u xatoaHas MOTEHIIMOIUHAMUYECKHE
KPUBBIE MOJIMKPUCTAILITUYECKOTO IJIATHHOBOTO JIEKTPOa
B 0,5 M pactBope H,SO4 npu 50 MB/c
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CornocTaBiisisi TaHHYIO KPUBYIO C KPUBOMW 3apsKEHHs, OTMEUAEM 3Ha-
YUTENIbHO 0oJiee YeTKO Te ke TpH ywacTka: | — BojopoaHas 00JacTh;
Il — nBoitHOCHOMHAs obnacth; Il — kucimopomanas oGiacte. Ha aHomHOM
KpUBOM BUJIHBI JIBA MMKA OKUCIECHUS aJIcCOPOMPOBAHHOTO BOJIOpoa (10 1mo-
tennuanio 0,4 B). B aBoitnocnoitnoit obnactu (0,4-0,8 B) Tok man u nou-
TU HE 3aBUCUT OT MOTECHIHAJIAa HA aHOAHOW KpUBOU. Bo3pacTtanue Toka Ha
aHOJIHOM KpUBOW npu noteHuuanax oonpmux 0,8 B cBa3aHo ¢ aacopOuueit
kuciopoaa. JlanpHeliee Bo3pacTaHUE TOKA MPHU MOTEHUIHANAX OOJBIINX
1,45 B oTBewaeT nporueccy BhIACIEHUS MOJEKYJISIPHOTO Kucinopoaa. Ha ka-
TOJHON KPHUBOUW HAOIIOJAETCA YETKU MAaKCUMYM BOCCTAHOBJICHHS aJICOP-
OMPOBAHHOTO KHCIIOPOJa, c1a00 BBIpaKEHHAs JBOMHOCIIOWHAs 00J1acTh U
MaKCHUMYMBbI aJICOpOIIUU BOJAOPOIA.

31ech YETKO BUHO, YTO BOJOPOJHBIN YYaCTOK UMEET CIOKHOE CTpOe-
HUE: COCTOUT U3 ABYX MaKCUMyMOB. IIpuduem Ba)KHO OTMETUTh, UTO KaTOA-
Hbl€ U AaHOJHBIE YYAaCTKH KPHUBBIX B BOJOPOJIHON 00JIaCTH MPAKTUYECKU
CUMMETPHUYHBI — 3TO yKa3bIBa€T Ha OOpAaTUMBIN XapakTep aicopOIMu BO-
nopojia. MakcuMyMbl MpU MEHEe aHOJAHOM MOTEHIIMala Ha3bIBaIOT MaKCH-
MyMaMH ca00 CBSI3aHHOT'O BOJIOpOJia, a 00jiee aHOJIHbIE MaKCUMYMbI CO-
OTBETCTBYIOT 00Jiee MPOYHO CBSI3AHHOMY BOJIOPOJY.

MakcuMyMbl acOpOIIMKM U JECOPOITMU KUCIOPOaa CUIBLHO OTIMYAI0T-
Csl KaK T0 TTOJIOKEHUIO HA OCH TIOTCHIIMAJIOB, TaK U 10 (opMe, UTO yKa3bl-
BaeT Ha HEOOPATHMBIA XapaKTep aJICOPOIMU KHUCIOpOoa.

[ToTeHUMOMHAMUYECKU METO ITUPOKO UCIIONb3YETCS IS U3YUEHUS
oOpa3oBaHUs aJaTOMOB Ha MOBEPXHOCTHU DJIEKTPOJOB (B OCHOBHOM JJIEK-
TPOJOB M3 METAJJIOB IUIATUHOBOM TPYMIbI), a TAKXKe IJIs U3y4YeHUs aj-
cOpOIMU OPraHMYECKUX COEIMHEHMH W HEKOTOPBIX HEOpraHu4eckux (Ha-
npumep, CO). JlaHHBIA METOJl HallleNl MIHUPOKOE MPUMEHEHUE NP U3yue-
HUU DJIEKTPOKATAIIMTUYECKUX CBOMCTB pa3pabaThiBa€MbIX 3JIEKTPOJAHBIX
MarepuanoB. PazpaboTka HOBBIX AJIEKTPOAHBIX MATEPUANIOB JJisi TOILIUB-
HBIX 3JIEMEHTOB, MEPBUYHBIX UCTOUHUKOB TOKA, AJIEKTPOXUMHUYECKOTO aHa-
JM3a U JIEKTPOXMMHUUYECKOTO CUHTE3a SIBJISIETCS OJHOM M3 BaXKHEUINIMX 3a-
74 NPUKIIATHOMN SJIEKTPOXUMHUM.

NEKUMA 11. OBLLIAA XAPAKTEPUCTUKA KWHETUYECKUX
OCOBEHHOCTEW JIEKTPOXUMUYECKUX MPOLECCOB

BHGKTpOI[HBIMI/I ImponccCaMu HA3BIBAIOTCA IMPOTCKAIOIIHUC HA I'PAHUIIC
pasacia JJICKTPOA — IJJICKTPOJIIHUT IIPOLCCChI IMPCBPAIICHUA OKHCJICHHOU
(bOpMBI B BOCCTAHOBJICHHYIO HJIH BOCCTAHOBJICHHOU q)OpMI)I B OKHUCJICH-
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HYI0. DJEKTPOJHBIE MPOUECCH], KAaK U XMMHUYECKUE PEAKIHUH, BKIHOYAIOT
HECKOJIBKO cTanui. [Ipupona, mocnenoBaTeslbHOCTh U YCIIOBUS IPOTEKAHUSA
3TUX CTAAUMN ONPENEISAIOT KUHETUKY 3JIEKTPOJHOrO Ipolecca, T. €. Xapak-
TE€p 3aBUCUMOCTH CKOPOCTH 3JIEKTPOJHOIO IpOLecca OT TAKUX Mapamer-
POB, KaK COCTaB pacTBOpa, MOTCHIUAJI U MaTepUaAJl HIEKTPOIA, TEMIIEpATy-
pa U TUAPOAMHAMUYECKHUE YCIIOBHUS.

XapakTepHOil 0COOCHHOCTHIO 3JIEKTPOJIHBIX MPOIECCOB SIBISIETCS Ha-
JIMYUE DIEKTPOXUMUYECKUX CTaJWU, IPU MPOTEKAHUU KOTOPBIX MPOUCXO-
JUAT TIEPEHOC JJIEKTPOHOB OT JJIEKTPOJAa K BOCCTAHABIMBAEMOM YACTHULIE
VI OT OKUCIISIEMOU YaCTHULBI K JIEKTPOY.

Hapsny ¢ anekTpOXMMHUYECKUMH CTaAUsSIMU JJIEKTPOIAHBIE ITPOLECCHI
Ha KaToJI€ ¥ aHOJE BCErJa BKIIOYAKOT CTAJUI0 MOABOAA K IOBEPXHOCTHU
AJIEKTPOJIa YaCTHUL], BCTYNAIOIIMX B BJIECKTPOAHYIO PEAKLMUIO, U OTBOJ OT
MOBEPXHOCTH AJEKTPOAa MPOJAYKTOB AJNEKTPOAHON peakluu (eciii OHH pac-
TBOPUMBI B OJHOM M3 KOHTakTHpytomux ¢a3z). [logBox peareHToB K mO-
BEPXHOCTH JJIEKTPOJA U OTBOJ OT HEE MPOAYKTOB PEAKIIMM HA3BIBAIOT CTa-
IUSIMU MaccOIlepeHoca.

DNEKTPOIHBIE MPOIIECChl MOTYT BKJIFOUATh XUMUYECKHUE CTaJNH, B pe-
3yJAbTaT€ KOTOPBIX M3 MCXOJHBIX YacTHUIl OOpa3ylOTCs MPOMEKYTOUYHBIC
MPOAYKTHI, U3 MPOMEKYTOUHBIX MPOAYKTOB — KOHEUYHBIE MPOAYKTHI pPEak-
MU WM MPOUCXOJUT 00pa3oBaHMUE IPYTUX MPOMEKYTOUHBIX MPOIYKTOB.
Ecmu xumuueckas peakius NPENUIECTBYET JJIEKTPOXUMHUYECKOM CTAIuU,
TO €€ Ha3bIBAIOT MPEALIECTBYIOIEH XUMUYECKOU craauen. Ecim xumuue-
CKasl peaKkUus CIEAYET 3a AIEKTPOXUMUYECKOW CTAIMEN, €€ HA3bIBAIOT IIO-
CHEAYIONIEN XUMUYECKON CTAIUEH.

[TpumepamMu NpeAIIECTBYIOMINX XUMUYECKUX CTAUMN SBJISIOTCS IMPO-
1ECChl OTHICTUICHUSI YaCTH JIMTAHJ0B (B TOM YHUCJIE U MOJIEKYJ BOJIbI) MpU
KaTOJIHOM BOCCTAQHOBJICHHH (DJIEKTPOOCAXKIACHUN) METAUIOB, HAaMpUMeEp
Jutst TUpoochaTHOTO KOMILIIEKCAa MEJTH:

6— 2- 4—
[Cu(P,0,),] = [CuP,0,] +P,0;;
2— _ 4—
[CuP,0,] +2¢” & Cu+P,0;,
HJIN ITPOUCCChI a]:[COp6I_II/II/I CBO6OI[HBIX JIMTaHI0B Ha MCTallIaX, KOTOPLIC
NpeACCTBYIOT NOHHU3AllMK aTOMOB MCTAJIJIOB. HpOI_[eCCBI QJICKTPOBOCCTA-
HOBJICHUSA W JJICKTPOOKHCJICHUA OPraHUYCCKHUX COGI[I/IHeHI/Iﬁ qaCTO BKJIHO-
YarT XUMHUUYCCKUC PCAKIMKU, B KOTOPBIX YYAaCTBYIOT MOHBI BOJOpPOAA WIIHU

MPOUCXOAAT AUMEPHU3ALIMSA U APYTUE MPEBPALIEHUS ITIEPBUYHBIX ITPOTYKTOB
AJIEKTPOXUMHUYECKOU CTAIUU.
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[Ipumep 3aMeIEHHON MOCIEAYIOMIEH MOBEPXHOCTHOM XMMHUYECKOU
peakIuu — peKOMOWHAIIMS aTOMOB BOJIOpoJia B MoJiekyny H,, mpudem aro-
MBI 00Pa30BAKCH 3a CUET KATOIHOTO pa3psija HOHOB BOJOPO/A:

H +e 2H_;

anc?

2H,,. —H,.

B Oonee cloXHBIX CIydasX MOTYT UMETh MECTO MapaluIeIbHO M IO-
CJIEJIOBATEIbHO MPOTEKAIOLINE MOBEPXHOCTHBIE U OOBbEMHBIE XMMHUYECKUE
CTaJIUN.

[Tomumo mMacconepeHoca, IEKTPOXUMUYECKUX M XMMHUYECKHUX CTaJHi
MOTYT UMETh MECTO M JPYI'M€ CTaJUU IEKTPOJHOrO Ipouecca. B yactHo-
CTH, NPHU DIEKTPOOCAXKICHUU TBEPABIX METAJUIOB B HEKOTOPBIX CIIydasx
HauOosee MEIJICHHON cTaaueil MOKeT ObITh TUPPy3us pa3psIMBIINXCS UO-
HOB METaJlla MO MOBEPXHOCTU 3IEKTPOAA K y4aCTKaM pPOCTa KpUCTAJLINYE-
CKOM pelieTKu, Ha3blBaeMasi MOBEPXHOCTHOM nuddy3ueit ancopOrpoBaHHBIX
aTOMOB.

BoisicHeHne yucia, TpupoAbl U MOCIEI0BATENbHOCTH CTaIui, U3 KO-
TOPBIX CJIAraeTcs 3JIEKTPOAHBINA MPOLECC, U KOJIMYECTBEHHOE OIMCAaHUE 3a-
BUCHMOCTU CKOPOCTH 3JIEKTPOXHMHUYECKOW pPEaKklMH OT KOHUEHTpaluu U
IIPUPOABI BELIECTB, TEMIIEPATYPHI, IOTEHIIMAA 3JIEKTPO1a — OCHOBHBIE 3a-
a4l KHHETUYECKUX MCCIIEIOBAHUN.

CKopocTh IEKTPOXUMHYECKOH peakiuu

Kak u 11 rereporeHHpIX XMMHUYECKUX PEAKIUU, CKOPOCTh AJIEKTPO-
XMMHUYECKON PEaKIUM vV — 3TO U3MEHEHUE MACChl 71 WM KOJWYECTBA BEIllE-
CTBa B €IMHUILy BPEMEHM T Ha IMOBEPXHOCTU EAMHUYHOM IUIOmMAnu S.
C nmpyroii CTOpOHBI, U3MEHEHHE MacChl BelecTBa Am MpsSMO MPOMOPIUO-
HaJIbHO KOJIMYECTBY ITPOTEKIIEr0 3JEKTPUYECTBA [T, B COOTBETCTBUH C
nepBbIM 3akoHOM Dapanesi.

V_d(Am)_d(qlr)_ﬂ_ ;
S&t sat S 1

[ToaTomy ckopocmb 21eKmpoxumMuyeckou peakyuu — 3mo NioMmHOCMb
moxa i JJI 3TOM peaklyy (mapuuagbHas INIOTHOCTh TOKA) Ha 3JIEKTPOJE.

M3BECTHO, 4TO CKOPOCTh PEAKIUH, COCTOALIEH U3 psAla MOociIenoBa-
TEJIbHBIX CTAJAN, ONPENEIAETCS KMHETUKOM CaMOM MEJICHHOW CTaauu, a
U3 HECKOJIbKMX MNapajuleNbHBIX IyTed Haubosiee BEpOATEH NyTh C Hau-
MEHBIIMMHU JSHEPreTUYECKUMU 3aTpyIHEeHUsAMU. CrleaoBaTelnbHO, IUIOT-
HOCTh TOKa Ha 3JIEKTPOJIE€ B CTAlMOHAPHBIX YCIOBUAX (DaKTHUECKU Mpe-

(138)
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CTaBJsieT cO00 CKOPOCTh caMOil MEJJICHHOM CTajuu Hanbosee ObICTpOi
Y3 MPOTEKAOIINX PEAKLIUH.

Craausi, KoTopast OIpeaessseT COO0M CKOPOCTh IEKTPOXUMHYCCKON pe-
aKINH, HA3bIBACTCS IuMUumupyrowell (3aMeIJICHHOM ) CTauei.

Ecnu B ycnoBusSX paBHOBECHSI BO3MOYKHASI CKOPOCTh PacCMaTPUBAECMOM
CTaauu XOTS OBbI Ha JIBA MOPSAKA MPEBOCXOIUT TUIOTHOCTH MOJISIPU3YIOMIETO
TOKa, TO TIPH 3JICKTPOJIU3E €€ paBHOBECHE MPAKTUICCKU HapyIIaThCcs He Oy-
net. [lono6Hble cTaiuy Ha3bIBalOT OOPATUMBIMU WIIH ObICIPBIMU.

Tax kak 4eTKOM TpaHUIbl MEXTy TTOHSITUSIMH «OBICTPO» U «MEJJICHHOY
HET, JJI OLIEHOYHOTO CPAaBHEHUSI CKOPOCTEW aHAM3UPYIOT YUCIICHHBIC 3HA-
yeHusl (MOPSIIKK) KOHCTAHT CKOPOCTel mporeccoB. Hampumep, ecnu kodd-
burment nuddysun paspspkaromerocs noHa D HAMHOTO MEHBIIIE KOHCTAH-
ThI CKOPOCTH DJICKTPOXMUMHYECKON PEaKIMu €ro paspsaa k, (BBIpaKEHHOU B
COOTBETCTBYIOIIUX €IUHUIIAX, CM/C), MOKHO TPEANONIOKUTh, YTO JTUMHTH-
pyromieit cragueit Oyaer crtaaus nuddysuu, a ctaaus paspsaa UOHU3AIUU
Oyzaet ooparumoil. Eciiu KOHCTaHTBI OJM3KU MO 3HAYEHUsIM, 00€ cTaguu Oy-
YT HaXOAWTHCSI B HEPAaBHOBECHBIX YCIIOBHUSX.

OCcOOCHHOCTHI0O KHHETUKH AJICKTPOXUMUYECKHUX TIPOIIECCOB, B CpaBHE-
HUU C XUMHUYECKUMU MPOIECCAMH, SIBISIETCS 3A6UCUMOCHb UX CKOPOCMU
om GeIUUUHBI INEKMPOOHO20 NOMEHYUANA (NOAAPUAYUYU DTIEKMPOOQ).

OTO0 CBSI3aHO C T€M, YTO HapylUIEHUE PAaBHOBECUS OJHOW WM HECKOJIb-
KUX CTaIui MPUBOAUT K OTKJIOHEHHIO MOTEHIMAa AJIEKTPOJa OT CTalHO-
HApHOTO 3HAYEHUs, T. €. OT 3HAYEHUsI, KOTOPOE HAOIIOIAeTCs PU OTCYTCT-
BUU TIOJIIPU3YIONIETO TOKA. DTOT CIBUT MOTEHIMAIa HA3bIBAIOT MOJSPU3a-
uuen snektpoaa (AE). Xapakrep 3aBUCUMOCTH MOJSIPU3ALMNH 3IEKTPOAa OT
AIEKTPOJHOW IJIOTHOCTH TOKA OMNPENEISIETCd NPUPOAON MEIJICHHOM CTa-
nuu (CTaauii), a TAK)Ke YCIOBUSAMHU 3JIEKTPOJIHN3A.

Takum 00pa3om, MOTYyYNUTh WHMDOPMAITUIO O MEXAaHU3ME W KUHETHKE
CIIOXHBIX 3JIEKTPOXMUMHYCCKUX PEAKITUH CTAaHOBUTCS BO3MOXKHBIM, €CITH
YCTaHOBJICHA B3aMMOCBSI3b MEXIy CKOPOCTBIO SJIEKTPOIAHOIO Mpolecca
(mapuuagbHOM TUIOTHOCTBIO TOKa MpoIlecca) W MOTCHITMAIOM JJICKTPOJa
IPY Pa3IMYHBIX KOHIEHTPAIUSAX PEarupyrolIux BEIISCTB W TeMIEpaType
peanu3aluu mnpoiiecca.

Tak kak 4KMCcI0 BO3MOXKHBIX JIUIMUTHPYIOUIUX CTAJIMA OYEHb BEIIUKO U
uX MPUPOJA pa3linyHa, TO B JAIbHEHIIIEM Mbl OTPAaHUYMMCS PACCMOTPEHU-
€M TOJIBKO JBYX BaXXHEHIIMX CTAJU: CTAJANH NEpeHoca dIIEKTpoHa (pa3psi-
a — WoHW3aNuKM) U craguu audy3un (MOJEKYIIPHONU, KOHBEKTHBHOM)
paspspkatomerics gactuibl. [logpoOoHyro nHpopmaIuioo o0 MOBeICHUH JPY-
TUX CUCTEM MOKHO HaTH B y4eOHOI1 iuTeparype no aucuumiuHe « Teope-
TUYECKas AEKTpoxumus» [2, 17].
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3a KOHOMEPHOCTMN CTaagnn macconepeHoca

Cy1iecTByeT Tpu ciocoda MaccornepeHoca B pacTBOpax MEKTPOIUTOB:
MoJIeKyJsipHas AMPPy3usi, KOHBEKIUS U MUTPALIUSL.

[ToTox MonexkymsipHoi nuddy3un HaAIpaBIeH OT obyiacTel ¢ OobIen
KOHIICHTpAIMeH BellecTBa K 00JacTsAM C MEHBIICH KOHIIEHTpaIlMeH TOro
)K€ BEIIECTBA M IMPUBOAUT K BBIPABHMBAHUIO XMMHUYECKOTO NOTEHIIHMAJA
mupdyanupyomux yactui. Ctaaus MOJIeKyIsspHOH AudQy3uu MpUCYyTCT-
ByeT B JIFOOOM 3JIEKTPOXUMUYECKOM IIpolecce, obecreynBasi TPaHCIOPT
YYACTHUKOB JJIEKTPOJHOM pEaKIUu MEXAY IOBEPXHOCTHBIM (MPHUIJIEK-
TPOJHBIM) CJIOEM U 00BEMOM AJIEKTPOJIUTA (aMaabramMbl) B CiIydae ObICTPOit
nocjeayoniel (MpeamecTBYyoei) CTaauu.

KoHBek1us 3aKI04aeTcsl B NepeMenieHu MaKpOKOINYECTB KU IKOCTH
JpYTr OTHOCUTENBHO Apyra. KOHBEKTUBHOE JBUKEHUE KUAKOCTH BO3HUKA-
€T IIpU €€ INEepPEeMEIIMBAaHUM, HAIpUMEp MEIIAJIKOM, WIW NPHU BpallCHHUU
anekTpoa. [Ipu OTCYyTCTBUM MCKYCCTBEHHOTO NIEPEMEIIUBAHUSA UMEET Me-
CTO €CTECTBEHHAasl KOHBEKIUS, OOYCIIOBJIEHHAsl PA3JIMYHOU IUIOTHOCTBIO
pacTBOpa B IPUIJIEKTPOIHOM CJIO€ U B €ro 00beMe Ha HEKOTOPOM yjaje-
HUU OT MOBEPXHOCTH 3JIEKTpojaa. OHa MOXKET BbI3BIBATHCS TAKKE BBbIJIE-
JSIOMIMMUCS Ha AJIEKTPOIax ra3aMu, BUOpalUsIMU STYEHKH, MECTHBIM pa3o-
rpeBoM aiekTponuTa. KoHBekius, Kak U MOJeKyJsipHas Auddysus, cro-
COOCTBYET BBIPDABHUBAHUIO KOHIIEHTPALlMd YYaCTHUKOB pEAKLIUU B
IPURJIEKTPOIHOM CJI0€ U B 00beMe pacTBopa. B To jxe Bpemst SBIECHUS KOH-
BEKI[MU HE MOTYT MOJHOCTBIO YCTPAaHUTh HEOOXOAUMOCTh ATU(P(HY3UOHHOTO
IIEPEHOCA BEIECTBA K MTOBEPXHOCTH JJIEKTPOJAA. DTO CBSI3aHO C TEM, YTO
KaK Obl HU OBUIM HampaBJI€Hbl MOTOKU KUAKOCTH, UX CKOPOCTh Yy MOBEPX-
HOCTH 3JIEKTPOJIa paBHA HYJIIO, YTO MOAPA3yMEBAET CYILECTBOBAHUE CIOS
JAMUHAPHOTO TEUEHHUS KUJKOCTHU C HaIllpaBJIeHUEM MOTOKA, MapajuiebHbIM
MOBEPXHOCTH.

Murpanueii (37eKTpoMuUrpanueii) Ha3bplBalOT NEpeMelieHue HOHOB B
pacTBOpe MOJ IEHCTBUEM 3IIEKTpUYECKOro mnosist. Ecim mporryckaTe depes
pacTBOp 3JIEKTPOJIUTA AIEKTPUYECKUI TOK, TO KATHOHBI IIOJ JEHCTBHEM
AIIEKTPUUYECKOTO T0JIs OyyT JBUTaThCS K KaTOy, @ aHUOHBI — K aHoxy. [lo-
CKOJIBKY Ha JJaHHOM 3JIEKTPOJE B JIEKTPOIHON pEaKIIMA MOT'YT y4acTBOBATh
KaK KaTHOHBI, TaK U aHUOHBI, TO MUTPALIMs MOXKET JIMOO YMEHbIIATh pa3iiu-
Yyre MEXIy KOHIIEHTPALUUSMU MOHOB B MPHUAJIEKTPOJHOM CIIO€ U B 00BEME
pacTBopa, JIM0O yBEIMUMBAThH €ro. Bkiaa mpouecca MUrpaiiui MOHOB B Mac-
COIMEPEHOC 3JEKTPOXUMHYECKH AaKTUBHBIX YACTHI[ MOXET OBITh pPE3KO
YMEHBILIEH, €CJIH K PacTBOPY C HEOOJIBIION KOHIEHTPAUEH pearupyronmx
Ha DJIEKTPOJE HOHOB J00aBUTH OOJBIION H30BITOK HHAUPGHEPEHTHOTO
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«(oHOBOTO» 3NEKTPOIUTA. B 3TOM Ccilyyae mepeHocC 3JleKTpUuyecTBa B pac-
TBOpPE OCYLIECTBIIIETCS B OCHOBHOM HOHAaMU (DOHOBOT'O 3JIEKTPOJIUTA.

PaccmoTpuM 3aKOHOMEPHOCTH MACCOIEPEHOCA B CIIy4Yae MPOCTEMIIEH
peakuuu:

Ox +ze — Red,

Ha MPUMEpe MPOCTOTO OJHOCTAJAMIHOTO pa3psia KaTHOHA MeTayia ¢ 00-
pazoBaHueM TBepaod (a3bl (AKTHBHOCTH BOCCTAaHOBJICHHOU (OpPMBI HE
MEHSETCS):

Me*" +ze” — Me".

[TycTh B pacTBOpe MPUCYTCTBYET U30BITOK (DOHOBOTO 3JIEKTPOJIMTA,
KOTOPBIA YCTpPaHsSET MUIPAlMOHHBIA IEPEHOC HOHOB — YYACTHHKOB
ANEKTPOJHON peakuuu U OO0ecnevyrBaeT IJIOTHOE CTPOECHHE JIBOMHOTO
AJIEKTPUUYECKOr0 CJO0S, U OTCYTCTBYET KOHBEKTHBHBIM mepeHoc. Oue-
BUJHO, YTO B TAKOW CUCTEME KOHUEHTpaLHs MOHOB MeTajlla B MOBEPX-
HOCTHOM cJjoe 3yekTpoauTa C; B CpaBHEHUU ¢ 00BEMHOM KOHLEHTpa-
nueit C, BCaeacTBUE UX pas3psiaa Oylaer cHUKaTbes. Bo3HUKHET rpaau-
€HT KOHUEHTpalUHUH, CIEACTBUE KOTOPOTro — AU(P(PYy3MOHHBIN MEpEeHOC
BenecTBa (puc. 62).

C
nepeHoc noHa Me™"
!
|
. |
I I
C=C, |— ;
%) I
G !
13 |
|
G [ |
I3 |
|
C=0 é e

.
Puc. 62. 3aBUCHMOCTb KOHIICHTpAI[MK HOHAa Me™ OT pacCTOSHHS 710 TIOBEPXHOCTH
3JIEKTPO/Ia NP PA3HBIX IIOTHOCTAX ToKa: i1 = 0; i < i3<iy =iy

CrnenyeTr OTMETUTh, YTO MOBEPXHOCTHASI KOHLIEHTPALIUS — 3TO KOHIICH-
Tpaluusi MOHOB Ha BHEIIHEW I'PaHULE JBOMHOTO 3JIEKTPUUYECKOro cios. Ec-
JIM 5K€ KOHUEHTpaLus 31eKTponuTa 6ompie 1ubo pasHa 0,1 MOIb-3KB/1, TO
TonmuHa Au(Py3HON YacTu ITBOMHOTO ClIOsl OyJEeT 3HAUMTEIHLHO MEHbIIE
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muddys3rnonHoro cinod. Torga MOXHO MPUHATH, YTO MOBEPXHOCTHASI KOH-
LEHTpalHXs — 3TO KOHLEHTpanus noHOoB Iipu x = 0. Takxke npu nanpHenem
PAaCCMOTPEHNUH IPUMEM, YTO C MOMEHTA BKJIKOUEHHUS MOJISIPU3YIOLIETO TOKA
IPOILIO I0CTATOYHO BPEMEHM, YTOOBI YCTAHOBMJICS CTAL[MOHAPHBIN PEXUM

nnpysin (%—f ~0).

[Ipeanonoxum, 4To MosieKyJsgpHas AUG y3us MPOTEKAET TOJbKO B
HaIpaBJIeHUH, NEPHEHAUKYJISIPHOM IOBEPXHOCTU IUIOCKOTO 3JIEKTpoAa
(koopauHaTa x Ha puc. 62). B 3TuX ycCJlIOBUSX KOJWYECTBO BelllecTBa, qud-
GyHaupytouiee 4yepe3 €AMHUYHYIO IUIOMIAJKY B €QUHUILy BPEMEHH, T. €.
notok auddysun J,, B COOTBETCTBUU C MEPBBIM 3aKOHOM DuKa onpenens-
eTcst popMyIoit

J, = —Da—c, (139)
ox
rie D — kosddurment nuddysun noHos Metamia Me™, em’/c.

Ecnu Bce moHBI, co3paroniye nmotok AUPpQy3un, no JOCTHKEHUU TO-
BEPXHOCTH 3JIEKTPOJIa Cpa3y ke BOCCTAHABIMBAIOTCA (JIEKTPOXUMHUECKAs
cTajaus — ObICTpast), TO IJIOTHOCTh TOKA I COCTaBUT

i=-zF(J,),.o=—zFD (a—cj : (140)
Ox x=0

Jlnst HaxoXAeHWs TpaJdeHTa KOHIIGHTpAllMd HEOO0XOJUMO 3HATh
bynkuuo C(x). OOBIYHO TOJATarOT, YTO HW3MEHEHHE KOHIIGHTPAIUU OT
00BEMHOM 710 MOBEPXHOCTHON HOCHT JIMHEWHBIN XapakTep, a HepaBHOBEC-
HYI0 00JIaCTh AEKTPOJUTA HA3BIBAIOT OUDDYZUOHHBIM ClloeM C TONIIUHON
d (cM. puc. 62). Torna

i:—zFD%. (141)

ITo teopum Hepncra (6e3 ydeTa KOHBEKTHBHOW COCTaBIISIONICH
MacCONEepPeHOca) MPH MOCTOSTHHOM PEXUME NMEePEeMENIUBAHUS KUIKOCTH
0 — BeJIMYMHA MOCTOSIHHAS, HE 3aBUCSIIAs OT MIOTHOCTU Toka. Cornac-
HO ypaBHeHuio (139), Bo3pacTaHue IJIOTHOCTH KaTOJAHOTO TOKa MpHU
0 = const BO3MOXHO TOJIBKO JO T€X MOp, Moka BenuunHa C; HE CTaHET
MHoro Menblne C,. Eciu xe C; = 0, nocTuraercs niaoTHOCTb npeoeib-
H020 OUup@dy3uonHo20 KamooHo020 MOKaA iy, BEIUYUHA KOTOPOU ompee-
JSETCS YpPaBHCHUEM

B zFDC,

i - (142)
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Tonmunua nuddy3uoHHOrO Ciost 8, pacCUUTaHHASI C MOMOIIBIO YpaB-
HeHHs (2) Mo ompeAeNeHHbIM SKCIEPUMEHTAIbHO 3HAUYEHUSM IUIOTHOCTHU
npeienbHbIX AH(QGY3HOHHBIX TOKOB, MMeeT mopsmok 10°—107* M (mpu
OOBIYHO HMCIIOJIb3YEMbIX THIPOIMHAMUYECKUX YCIOBUSX).

Paznenus npaByto u neByto yactu ypaBHeHus (141) Ha nmpaByro u se-
BYIO YacTh ypaBHeHus (142), monyuaem

S . (143)
nimn

i
C, =C, l_i_ : (144)

P
3HaHWE MOBEPXHOCTHOW KOHIIEHTPALUU TO3BOJISIET PACCUUTATh IU(-
(Gby3UOHHOE MEepPEHANPSKEHUE 1), TAK KaK OHO SIBJISIETCS CJIEICTBHEM KOH-
LEHTPALMOHHBIX U3MEHEHUH 3JEKTPOJIIUTAa U MOKET OBbITh PACCUMTAHO HA
ocHoBaHMM ypaBHeHMs HepHcra. [[ns paccmarpuBaeMoro citydast (3Jiek-

Tpoa 1-ro poaa) paBHOBECHBIN MOTEHIIUAI:

E° +—1nC (145)

EP .
we Eve e
a I[IOTCHIIHAaJI BHeKTpOI[a 1101 TOKOM
RT
E*., =E° ., +=—InC.. 146
MeKAe MeK/Ie -F s ( )

Torna nuddy3noHHOE NepeHaIpsKEHUE
RT C

n ET — :—(1nC —lnC)— (147)
! / M K/Ie v
C yuyetom ypaBHeHus (142) MOXKHO 3amucaTh:
RT i
=—In| 1——|. 148
M zF i (148)

a

B cootBeTcTBUM C 3TON (yHKIMEN, HA MOJIAPU3ALNOHHON KPUBOU Ka-
TOJIHOTO TIpoIiecca, KOHTpodupyemoro nuddysueil BemiecTBa, B 00J1acTu
IUIOTHOCTEN TOKA, OJMM3KUX K MpeaeabHol Aup@(y3MOHHON IIIOTHOCTH TO-
Ka, OyieT (MKCUPOBAThCS TaK Ha3bIBaeMasl IUIOIIAJIKa IPEAETbHOTO TOKA —
YYaCTOK, IJI€ MPOUCXOAUT PE3KUI CABUT MOTEHIIMAJA 3JIEKTPOIa B OTPHUILIA-
TEIbHYI0 CTOpOHY (puc. 63, kpuBas /). OgHaKO HE MPaKTHKE TEOopeTUYe-
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CKHMI1 BapuaHT (CABUT MOTEHIMANA JO OECKOHEUHO OOJIBIION OTPUIIATEINb-
HOU BEJIMYUHBI) HE HAOII0IAeTCs, TaK KaK HA KaToJie¢ HAYMHAET MPOTEKATh
Jpyrasi peakius, ¢ 0ojee OTpULATeIbHON BETUYUHON 00paTUMOro MOTEH-
1yaja, 4eM y nepBoHavYaIbHOM peakiuu (kpuBas 2, puc. 63).

Puc. 63. O0mwmii BUI NOASpU3aUOHHBIX KPUBBIX OCAKICHUS —
PacTBOpEHUs METaJIa B CITydae 3aMe/IJICHHON cTaanu Tuddy3un

BriBeileHHOE aHaJIOrMYHBIM O0pa3oM ypaBHEHUE MOJSIPU3ALUOHHON
KPHUBOM JIJI1 aHOJJHOT'O IPOLIECCA PACTBOPEHUS MeTasuIa

m, _ R 1+ (149)

zF [

MOKAa3bIBAET, YTO MEPEHANPSKEHNE MOHOTOHHO BO3PACTAET C MOBHIIIICHUEM
IUIOTHOCTU TOKa U MO3TOMY, B OTJIMYME OT KaTOAHOIO Mpollecca, 371eCh He
JOJKHA OOHApYy>KMBAaThCSl TpelneNbHas IUJIOTHOCTh TOKa (KpuBas 3,
puc. 63). OgHako B OOJBIIMHCTBE CIIy4aeB MpeeIbHbIE TOKA Ha aHOHBIX
KPHUBBIX MPUCYTCTBYIOT. OCHOBHBIC MPUYUHBI X TTOSIBICHUSI:

— JOCTH)KEHHE TIpeieia paCTBOPUMOCTH 00Pa3yIOIIErocss Ha aHOIe CO-
€IMHEHMs (HalpuMep, COJIM MeTajula) ¢ MOCIEAYIOIIed MaccuBaluen mo-
BEPXHOCTH U PE3KUM CABUTOM MOTEHIMANIA B aHOIHYIO CTOPOHY;

— TIPAKTHYECKU TOJIHOE CBSI3BIBAHUE MOJIEKYJ BOJIBI (WJIM IPYTHX JIH-
TaHJIOB) B KOMITJIEKCHBIE HOHBI PACTBOPSIIOIIETOCS METalIa.

Takum o6pazom, mudPy3noHHOE TIEpEHANPSIKEHUE 1), 3aBUCUT OT KO-
sbdunmenta nuddysun pazpsKaroUUxcs 4acTHll, UX 3apsaaa, 00bEMHOMN
KOHIICHTpAIMU 1 TONUIMHBI Auddy3uoHHoro cinosi. Hanmenee omnpenenen-
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HOM BEJIMYMHOMN SBJISIETCS 3/1€Ch TOJIIUHA TUPEGY3UOHHOTO CIO0SI, KOTOpas
HE MOXET OBbITh paccuMTaHa B paMKax paccMaTpUBAEMOUW TEOPUU HEMOJ-
BIDKHOTO 3JIeKTposnTa. Kak ymoMuHanoch Bblllle, SKCIIEPUMEHTAIBHBIC Be-
JIMYHHBI cocTaBiioT 10 —107" M u ONPEACISAIOTCS, B OCHOBHOM, PEKUMOM
JBWKEHUSI DJIEKTPOJIUTA B siueiike. Takue BEIUYMHBI & HECOBMECTUMBI C
MPE/ICTaBIIEHUEM O TIOJHON HEMOJBUXKHOCTH pacTBopa B AU(PHY3HMOHHOM
cioe, ClieIoBaTeIbHO, HEOOXOAMMBI TTOTIPABKM HA KOHBEKTHBHBIN MEPEHOC
BEILIECTBA B CUCTEME.

CornacHo rugpoauHaMuyeckor teopuu [IpaHATis, CKOpPOCTh IBHXe-
HUS )KUJIKOCTH VL Y MOBEPXHOCTH TBEPJOro Tela (B TaK Ha3bIBAEMOM Ipa-
HUYHOM cioe IIpanaris d,,) BO3pacTaeT IMOCTENEHHO OT HyJIS y IMOBEPXHO-
ctu Tena (x = 0) 10 MOCTOSHHOTO 3HAYCHHMS B TOJIIIIE KUIKOCTH L, (puc. 64).
Takum obpazom, nuddysusi pearupyronmx 4acTHIl MPOUCXOJUT HE B He-
NOJIBIKHOM T ()Y3MOHHOM CJI0€, a B IBUXKYIIEMCS CIIOE JKUTKOCTH.

C,U A

Ly

ol

Cs/

) Srp

v

Puc. 64 Cxema n3MeHeHMs] KOHIIEHTpALUK BeriecTsa (/)
Y CKOPOCTH JIBHKEHHUS KUJKOCTH (2) y TOBEPXHOCTH AJIEKTPOIa

Ilepenada nBUXKEHUS OT OJTHOTO CJOSI K APYTOMY OMPEAEISAETCS KUHE-
MaTHYECKON BS3KOCTBIO KUIAKOCTH V (OTHOIICHHWE JUHAMUYECKON BA3KO-
CTHU KMJIKOCTH K €€ TUIOTHOCTH).

bputo MOKa3aHO, YTO CYIIECTBYET CIEAYIOLIEE COOTHOIIECHUE MEXKIY
TonuHoM cnost [Ipanaris u TonumwmHoM nuddy3noHHOTO CIIOS:

1
N (QT. (150)
o, \V

Kunematnueckasi BI3KOCTh KUJIKOCTH U kKoddurment muddy3un nme-
2 2
IOT OIMHAKOBYIO pPa3MEpHOCTh, OJTHAKO B BOAHBIX pacTBopax v =~ 10~ cMm/c,
5 2
a st 6onpmMHCTBA MOHOB D = 10 cM”/c. Toraa ronmuna quddy3uoHHo-
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ro CJI0o B BOJHBIX pacTBOpax coctaBiseT okoyio 10% oT TonmuHbel Tpa-
HMYHOTO €JI04, T. €. 6/, = 0,1.

Tonmuua rpaHUYHOTO CIIOs, a CIeI0BaTENbHO, U TONIMHA TudPy3u-
OHHOT'O CJIOSl 3aBUCSIT OT CKOPOCTH JABM)KEHUS KUJAKOCTH U HAIIPABIICHHUS €€
JIBWKEHUS OTHOCUTEIIBHO JJIEKTPOJA.

JUig cimydas €CTeCTBEHHOW KOHBEKUMH, OOYCIIOBJIEHHON HaJIMYUEM
IpaJlueHTa INIOTHOCTH pacTBOpa (AOHHBIN HAarpeB) WIM I'PAJUEHTa KOHLIECH-
Tpauuy, Uil BEPTUKAJIBHO PACHOJIOKEHHOIO IIACTHHYATOIO AJIEKTpOAA
OBLIO BBIBEJIEHO YPAaBHEHUE

N

: (151)

IJIe Y — PAacCTOSHHUE, OTCUMTHIBAEMOE IO BEPTHKAIM OT HIDKHETO Kpas
snekTposa, M (puc. 65, a); p — IIOTHOCTB PacTBOpa, Kr/M’; AC — pa3sHOCTb
KOHIIGHTPALMI BHYTPH CIIOS 8, MOIB/M; g — YCKOPEHHE CBOOOIHOTO Maie-
HEs, M/c. BUAHO, 4TO MO Mepe ymaneHHs OT HMKHEro Kpas dJIeKTpOoia
ToymuHa AUGGY3MOHHOTO CIIOS YBEITUIUBACTCS.

y X
/ 8 §
/
UO |
>
 —

a o

Puc. 65. Hekotopsle cinyuyan KOHBEKTUBHON Auddy3uu:
@ — BEPTUKAJIBHBIN IUIACTUHYATHIN JJIEKTPOL
B YCJIOBUSIX €CTECTBEHHON KOHBEKIIMU; O — TOPU30HTAJIbHBIN
TUTACTHHYATHIHN 3JEKTPOJI, 00TEKaeMbIil SJIEKTPOIUTOM

Takoil 31eKTpol HEPaBHOJAOCTYIIEH B NU(DPPY3NOHHOM OTHOUIEHUU, U
JUISL TIPOLIECCOB, CKOPOCTh KOTOPBIX JUMUTUpYETCA craguedl nuddysuu,
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IUIOTHOCTH TOKOB B BEpXHEH 4acTH 3JIEKTpoia OyAyT MEHbBIIIE CpeIHeH Be-
JIMYUHBI, 2 B HUKHEN — O0JIbllle, B COOTBETCTBUU C ypaBHEeHHEM (141).

JIJIss ApyToro Ba)KHOTO Ciydas, Korja JaMUHAPHBIA MOTOK JKUIKOCTH
HaberaeT ¢ OJHOM CTOPOHBI HA IUIACTHHYATBIA 3JIeKTpoa (puc. 65, 6), 1mo-
Jy4€HO COOTHOILIEHUE

0

5., =3/~ . (152)
|9)

C yueroMm ypaBHenus (147)
1 11

§=3y2(v") 2v6D3, (153)

3]1€Ch Y — PACCTOSIHUE, OTCYUTHIBAEMOE MO TOPU30HTAIU OT pedpa JIEKTPO-
J1a, Ha KOTOpOo€ HaberaeT SIEKTPOJIUT, M.

[ToncranoBka TakMX YTOUHEHHBIX GOPMYJ B ypaBHEHHUE JJIsl pacyeTa
npeaeabHol n1up(y3MOHHON MIOTHOCTH TOKA MO3BOJISIET PACCUMTATh €€
BEJIIMUUHY B JIO00H TOYKE MOBEPXHOCTH PACCMOTPEHHBIX 3JIEKTPOJIOB.
B 10 xe BpeMs oueBuHAa HEBO3ZMOXKHOCThH ydeTa BceX (akTOpOB, Hapy-
HIAIOIUX B YCJIOBUSIX PEATBHOTO HKCIEPUMEHTA MPEI0KEHHbIE MO-
JeTbHbIC CUTYAIUH.

Haunbonee TOYHO Teopusl cTalmOHAPHOW KOHBEKTHUBHOU muddy3un
pazpaboTaHa Jjisi pTYTHOTO KamejabHOTo 3JeKTpoaa (cM. jeknuto 13) u
BPAIAIOIIETOCsl JTUCKOBOTO 3JIEKTPOJIa B €r0 PAa3IMYHBIX MOJIUDUKAIUIX
(cm. nekruto 16 u [4]).

3aKOHOMEpPHOCTU CTaaN pa3pAaa — MOHU3aL UK

Crenr(pUYESCKUMHU CTaTUsIMH DJIEKTPOIHBIX IPOIECCOB SBISIOTCS
CTaJMH, CBSI3aHHBIC C MECPECHOCOM 3apsDKEHHBIX YaCTHUI[ Yepe3 TPaHHUIly
pasmena ¢as. Jlug omucaHus KHHETHYECKHX 3aKOHOMEPHOCTEH TaKux
CTaauli TPUMEHHMbI OCHOBHBIC COOTHOIICHHMS TEOPHUH 3aMEIICHHOTO
pa3psga, KOTOpbIe MOTYT OBITh IOJYyYCHBI Ha TCOPETUYECCKOM YpPOBHE
CIEIYIOITUM 00pa3oM.

PaccMOTpuM MPOCTYIO IEKTPOIHYIO PEAKITUIO

_ ke
Ox + ze T<_> Red,

npejmnoiaras, YTo B JEKTPOXUMUUECKON CTaJAuU KAaTOJHOTO U aHOJHOTO
IPOLIECCOB OJJHOBPEMEHHO NMEPEHOCUTCA Z JIEKTPOHOB (3TO BBINOIHIETCS
npu z = 1, a uHOT 1A, MO-BUIUMOMY, U TIpH z = 2).
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s paccmaTrpuBaeMON peakLMU B 3JIEKTPOXMMHUYECKOM CTaIuMU Ka-
TOJHOTO TMPOIIECCa YYACTBYIOT YACTULbI MPUCYTCTBYIOUIEH B pacTBOpeE
oKkuciaeHHOU GopMbl OX, a B 3JIEKTPOXMMUYECKON CTaJuU aHOAHOTO MpO-
1[ecca — YacTUIIbl PUCYTCTBYIOLIEH B pacTBOPE BOCCTAHOBIEHHON (POPMBI
Red. [Ipu BBeneHun B pacTBOp 00JIBIIOTO M30BITKA (POHOBOTO 3IEKTPOIUTA
NOJJICP>)KUBAIOTCSA TTOCTOSIHHBIMU KO3 (UIIMEHTHI aKTUBHOCTH YacTuil. Ha-
auunre W30bITKa (DOHOBOTO DIIEKTpONIMTA ObOecreurnBaeT 0oJiee IIOTHOE
CTpPOEHHE ABOMHOrO 3yiekTpruueckoro cios (J3C), uro npu OTCyTCTBHM B
pacTBope crneuu(uueckd agcopOUpYIOMIMXCS YacTULl MO3BOJIIET HE yuu-
ThIBaTh BiMsiHUE cTpoeHus JIDC Ha KUHETHUKY SJEKTPOJIHBIX PEaKIUu.
Kpome Toro, B 3THUX YCIOBUAX KOHIIEHTpAlUs YAaCTHI y MOBEPXHOCTH
ANEKTPOJA MPHU NPOXOKIAECHUU MOJSIPU3YIOMIEr0 TOKA MPAKTUYECKH HE W3-
MEHSIETCA, YTO JAeT BO3MOYKHOCTh OINEPUPOBATH IPHU BBIBOJE OCHOBHBIX
KOJMYECTBEHHBIX COOTHOUIEHUH OOBEMHBIMU KOHIIEHTPALUSAMH pearu-
PYIOIIMX YaCTHII.

CKOpOCTH KAaTOJHOTO M AHOJHOTO IMPOLIECCOB B paccMaTpuBaeMOM
clly4ae MOKHO BBIPa3UTh YPAaBHEHUSIMHU:

i =—zFk Cp.; (154)
i, =zFk,Cpy. (155)

rne F—aucno @apanes; k, 1 k, — KOHCTAHTBI CKOPOCTH AIEKTPOXUMHUUYECKUX
CTaAWil KaTOAHOTO M AHOJHOIO IPOIIECCOB NPH HEKOTOPOM MOTEHIMANE
anekTpona E; Cox 1 Creq — KOHIICHTPALIUA OKUCIEHHOW M BOCCTAHOBJIEHHOM
dopMm B 0O6veme pactBopa. [Ipu 3anucu ypasaenwii (154) u (155) xatonusie
TOKA NPUHUMAIOTCA OTPUUATENbHBIMH, a AHOJHBIE — IOJOKUTEIbHBIMHU.
[TonoOHast cuctrema 00O3HAUYEHUH, COIMVIACHO KOTOPOM MOJOKHUTEIbHBIMU
CUMTAIOTCA aHOJHBIE TOKH, 4 OTPULATEIIbHBIMU — KaTOJIHbIE, PEKOMEHI0Ba-
Ha MexTyHapOAHBIM COKO30M MO YHWCTOW U MPUKIATHON XUMUHU.

TII0THOCTH MPOXOJAIIEr0 Yepe3 IEKTPOJ ToKa i, A/cM’, PH HEKOTO-
POM MOCTOSIHHOM NOTEHILMAJIE 3JIEKTpoAa £ paBHa anreOpandyeckor cymme
CKOPOCTEN aHOAHOTO M KATOJHOIO IPOLECCOB:

i=i +i =zFk Cpy—2Fk.Co,. (156)

Ecnu ckopocTh KaTOMHOTO Tpoiiecca OoJbllie CKOPOCTH aHOJIHOTO
npoiiecca, T. €. iy > i, 1 I < 0, Ha 3JIEeKTpOJIe MPOTEKAET OTPUIIATEIbHBIN Ka-
ToAHBIN TOK. Ecu i, > iy, To i > 0 ¥ Ha ANEKTPOAE MPOTEKAET MOJT0KHUTENb-
HBIJ aHOJIHBIN TOK.

[Ipn mMenneHHOM NPOTEKAHUU SJICKTPOXUMHUYECKOW CTaqUuU C YBEJU-
YEHUEM IJIOTHOCTH KaTOJIHOTO TOKA TOTEHIIUAN dJeKTpoaa £ OyaeT ctaHo-
BUTHCSI BCE 00JIe€ AIEKTPOOTPUIIATENBHBIM, a MPU YBEIUYEHUU TIIIOTHOCTH
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aHOJTHOTO TOKa — 0oJiee AIEKTPOMONOKUTENbHBIM. C U3MEHEHHUEM TOTEH-
muana OyneT M3MEHSThCs paboTa, KOTOpas 3aTpauynMBaeTCs Ha TEPEHOC
AJIEKTPOHOB Yepe3 IpaHully pasnena (a3 snektpon — pactBop. [loatomy ¢
U3MEHEHUEM TIOTEHIMAJIa AJIEKTpoaa OyayT WM3MEHATHCA 3HAUCHUS KOH-
CTaHT CKOPOCTH JJIEKTPOTHOW peakiuH k, u k,, 9TO U OMPEAEIIET B3auMO-
CBSI3b MEX]y TUIOTHOCTBHIO MOJISIPU3YIONIETO TOKA i W TOTEHIIMAIIOM DJICeK-
Tpona E.

Cornacuo npasmity bpencrena, n3amenenue TerioBoro 3gdexra B ps-
1y OJHOTHITHBIX PEaKIU{ MPUBOANUT K U3MEHCHHUIO X SHEPTrUU aKTHBAIUH
Ha BEJIMYMHY, PABHYI0 HEKOTOPOH /10J€ OT HAOJI01aeMOro U3MEHEHUs Te-
mwioBoro 3¢ dekra peaknuu (B Oosiee oOIEeM ciiydae BMECTO TEIJIOBOTO
apdexrta HEOOXOAMMO HCIIOJIB30BaTh CBOOOAHYIO 3Hepruio). [Ipumenu-
MOCTh TpaBuia bpeHcTena K 3IEKTPOIHBIM pEaKIUsM Oblja IMMOKa3aHa
A. H. ®pyMKUHBIM Ha NPUMEPE PEAKIHUHN KATOAHOTO BOCCTAHOBICHUS HO-
HOB THUJPOKCOHHS. YUUTHIBAasi CKa3aHHOE, KOHCTAHTY CKOPOCTH JJIEKTPO-
XUMHUYECKON CTaJNH KaTOIHOTO IMPOIecca MOXKHO BBIPA3UTh CIEIYIOIINM
obpazom:

Aoy + 0 ZFE

k. =kexp| - :kfexp( (157)

RT

~ aKzFEj
RT )

rae Aow) — SHEPIHa aKTUBALMKM KaTOMHOTIO Ipouecca nmpu £ = 0, 1. e. 1pu
NOTEHIMAJIe 3JEKTPOJia CPAaBHEHUS, OTHOCUTEIBHO KOTOPOIO HU3MEPSETCS
NMOTEeHIHAN £ paccMaTpuBaeMoro 3JIeKTpoa; o, — Kodh UIIMEHT TIepeHoca
KaTOJIHOTO TpoIlecca, BEIMYMHA KOTOPOTO MOXET M3MeHAThcs oT O go 1;
kY — KOHCTaHTa CKOPOCTH SNMEKTPOXMMUYECKOH CTajuM KaTOIHOTO IpO-

K
uecca npu E = 0.

CornacHo ypaBHenuto (157), usmMeHeHue 3amaca 3HEpruu B Mpeaenax
JD2C na Benuuuny zFE 1ipu nepeHoce zF KyJI0HOB 4epe3 rpaHully paszziena
da3 37aeKTpoJ — PacTBOP COMPOBOXKIACTCS U3MEHEHUEM DHEPIHHU aKTHBa-
MU KaTOJHOTO Tpoliecca Ha BennuuHy ozFE. Takum oOGpazom, ko3¢ du-
UEHT MEPEHOca KaTOJHOTO Mpolecca XapaKTepu3yeT BIHUSHUE MOTEHIIUA-
J1a 3JIEKTPOJIa HA SHEPTUI0 AKTUBAIIUU JIEKTPOXUMHUYECKON CTaJUU KaTOI-
Horo mporuecca. [Ipu 3ToM mpenmnonaraercs, YTO CKAYOK MOTEHIIMAIa Ha
TpaHUIIE 3JIEKTPOJ — PAaCTBOP JIOKAJIM30BAH MEXKY MOBEPXHOCTBHIO 3JIEK-
TPOJIa U BHEIIHEHN ITIOCKOCTHIO ['€JIbMrosibiia, Ha KOTOPOM HAaXOIATCS 1LICH-
TPBI YYACTBYIOIIUX B JJIEKTPOXUMHUYECKON CTAIUM YACTHII.

N3 ypaBuenus (157) takxke cienyer, 4TO IPU CMEIICHUHU MOTEHIMala
AJIEKTPOJIa B KATOJHOM TIPOIIECCE B CTOPOHY 0OoJiee AIEKTPOOTPUIIATEIb-
HBIX 3HaueHuM, HanpuMmep oT £ =0 1o E; <0, KoHCTaHTa CKOPOCTH OyaeT
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BO3pACTaTh. DTO CBA3aHO C JONOJHUTEIBHBIM BBIUTPBILIEM dHEPIUH zFE,
HaO0JII0JaeMbIM TIPH KaTOJHOM BOCCTAHOBJIEHUU OJHOTO MOJS BEIEeCTBa
Ox B Red u comnpoBoxgaromuM ero neperoce zF KyJIoHOB 4yepe3 JBONHOM
IEKTPUYECKUN CiIoU. Ilpu cMeleHnn noTeHuana B MOJI0KUTEIIBHOM Ha-
IPaBJICHUU k, YMEHBIIACTCS.

AHaJOrMYHBIM 00pa3oM MOJIY4YaeM 3aBUCUMOCTb MEXJy KOHCTAHTOM
CKOPOCTH JJIEKTPOXUMHUYECKOW CTAJUM aHOAHOIO IIpoliecca M IOTEHILHA-
JIOM 3JIEKTPOJa:

k, =kexp| - =k, exp (158)

Ayay — 0, 2FE 0 (ocaZFEj
RT ’

rae Aoy — PHEPrus akTUBALMM aHOJHOrO Inpouecca npu £ = 0; o, — Koad-
(GUIMEHT nepeHoca aHOIHOTO Mpoliecca, KOTOPBIM XapaKTepu3yeT BIUSHHUE
ITOTEHIIMAJa JIEKTPOJa HA BEJIMUYUHY YHEPIUU aKTUBALIMU JICKTPOXUMHUYE-
CKOM CTaIMM aHOJHOTO IPOLECCA U MOXKET UMETh 3HAYEHUE B IIpEJeIax OT

0 o 1; k! — KOHCTaHTa CKOPOCTH JIEKTPOXMMHYECKOH CTaJMK aHOIHOTO
nporuecca ripu E = 0. U3 ypaBHenus (158) cienyer, 4to npu cMmenieHuu E B
00J1ee PIMEKTPOTIOIOKUTEIILHOM HAIMIPaBICHUH k, YBEIIMUNBACTCS.

Ha ocnoBanum ypaBuenuii (155)—(158) momydaercs BbIpaKeHHUE IS
MJIOTHOCTH BHEIIHETO MOJISIPU3YIOIIETO TOKA!

i=i +i =2zF| Cpk. exp(%) —Cy k! exp(— . (159)

ocKzFE]
N3 ypaBuenus (159) BUIHO, YTO 3HAK W BEJIMYMHA [ ONPEACISIIOTCS CO-
OTHOUIEHUEM CKOPOCTEH KaTOJHOI'O M aHOJHOTO IMPOIECCOB, KOTOPOE 3a-
BUCUT OT BEJIMYMHBI MOTEHLHMANA 3JeKTponaa. Ilpu paBHOBECHOM MOTEH-
yane 51eKTpoAa E, pe3ylbTHpYIOHas CKOPOCTh JJIEKTPOJHON PEAaKIUU
paBHA HYJIIO, TaK KaK B COCTOSHUM PAaBHOBECHUSI CKOPOCTH aHOJIHOTO U Ka-
TOJHOTO MPOIIECCOB OJMHAKOBHI IO a0COIIOTHOMY 3HAUYEHUIO:
o, zFE o zFE,

TP =Cy zFk) exp| ———2L |=i .  (160)

Creq2Fk. ex
Red a p RT o

CKOpOCTh 3IEKTPOXUMUYECKOW pEaKIMu NpH PABHOBECHOM IOTEH-
uuane i,, onpenensiemas ypaBuenuem (160), HazpIBaeTCs MIOTHOCTHIO TOKA
obmena. Pemenne ypaBHenus (160) orHocuTenpHO £, IPUBOAUT K BBIPA-
KEHUIO

0
E :Llnk—‘g+ RY In Cou . (161)
P (o t+a)zF k) (o, +0,)zF  Cyy
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VYpaBuenue (161) coBnagaer ¢ ypaBHeHueM HepHcTa, eciau BBITIOJIHS-
eTCs yCIOBUE

o +o, =1. (162)

COBOKYIIHOCTh HMMEIOIIUXCSA JKCIIEPUMEHTAJIbHBIX JAHHBIX CBHUIE-
TEJIBCTBYET O TOM, 4YTO JUIS PsAla DJIEKTPOJHBIX pPEAKUUU pPaBEHCTBO
(162) Beimonnsierca. OHO MOXKET HapylIaThCsA MPHU Pa3IUYHBIX MeXa-
HH3MaX KaTOAHOI'O W aHOJHOIO IMPOILECCOB, a TAKXKE B CllydyasX, Korjaa
Ox U 0, OMPEAEIAIOT NPU CYLIECTBEHHO OTJIMYAIOLIMXCS 3HAYECHUAX I0-
TEHIMaJIa, P U3MEHEHUAX KOTOPOro KO3 (PUIHUEHTHI IepeHoca MOTyT
U3MEHSTHCS.

N3 ypaBuenus (161) cienyer, 4To CTaHIAPTHBIM MOTEHIMAT OKUCIH-
TEJIbHO-BOCCTAHOBUTEIBHON CUCTEMBI E° ONPEAENSIETCS OTHOLIEHHUEM KOH-
CTaHT CKOPOCTEW KaTOAHOTO U aHOJAHOTO IIPOLIECCOB:

0
E°=%ln%. (163)

3

[Ipu aox = dreq = 1 MOIB/IM” Ha DIEKTPOJIC YCTAHABIMBAIOTCSA CTaH-
JTapTHBIA MoTeHnuan £° u oTBevaronas eMy CTaHJapTHAs MIIOTHOCTh TOKA
obmena i, . U3 ypasuenust (163) cnenyer, uto

o, zFE°

i$ = zFCp k. exp =zFCy k! eXp(—%j . (164)

VYuutsiBast (164), ypaBaenue (159) MokHO 3amucatrh CIEAYIOMUM 00-

pazom:
i=i|exp o, 2F(E = E) —exp _ o ZF(E Z E7) . (165)
RT RT
VYpaBaenue (165) onuceiBaeT BOJIbTaMIIEPHYIO KpUBYIO i — E mpu 3a-

MEJJICHHOM TIPOTEKaHWW CTaauu TiepeHoca 3apsja. CTaHmIapTHYIO IUIOT-
HOCTh TOKa OOMeHa i, ¥ KO3((HIMEHT IepeHoca o Ha3bIBAlOT MapameTpa-

MU 3JIEKTPOXUMHUYECKON KuHeTHKu. Eciu B mpaBoit yactu ypaBHenus (165)
BBIHECTH 32 CKOOKHM TUIOTHOCTh TOKa OOMEHA B M3y4aeMOM PacTBOpPE I,, OM-
peaenseMyo P PAaBHOBECHOM IIOTEHIMAIIE £, TIOIy4nM

. o,z o,z
i=i |exp| =2—|—-exp| ——1|, 166
0 p( RT ) p( RT j (166)

Tac
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nN=E-E,. (167)

Bennuuny cmelieHus noTeHIMana 3jieKkTpoaa 1, B, oT ero pagnosgec-
HO20 3HAYCHUS, ompenensieMyro ypaBHeHuem (167), Ha3bIBalOT IMepeHa-
npsbkenuem. 13 ypasaenus (166) ciaenyer, 4ro

. . o, zFm .. o, zFm
I =—i exp| —= |, i =i exp| —2], 168
"°p(RT)a°p(RJ (169

T. €. CKOPOCTH KaTOJHOTO ¥ aHOAHOT'O MPOLECCOB SKCIOHEHIAIBHO 3aBU-
CAT OT MepeHanpsHkeHus 1 (puc. 66, a)

I Nk

lg|i|

Puc. 66. ®opmMa noasspu3aMOHHBIX KPUBBIX
JUTSL 3aMEJICHHOM CTaIuy pa3psiia — NOHNU3AIHH:
@ — B OOBIUHBIX KOOpAHMHATAX; O — B moiynorapupmudeckux koopaunatax (Taderns)

OTHOIIIEHUE CKOPOCTEH aHOJHOTO M KAaTOJIHOTO MPOIECCOB OMPEaesi-
€TCS BEJIMYNHOU

. Fﬂ zkn

1 z

2=exp| — |=107T. 169
I p(RTj (165)

K

Ecnmu n, > 2 - 2,3RT/zF, 10 i,/|ix| > 100 1 ckOpoCTh aHOJHOTO Tpoliecca
HAMHOTO BBIIIIE CKOPOCTH KatojaHoro mpomecca. lpu ny > 2 - 2,3RT/zF
io/|ix] < 0,01 u B 3TUX YCIOBHUSX CKOPOCTh KaTOAHOTO IpOIlecca HAMHOTO
BBIILIE CKOPOCTH aHOAHOTI'O IIpolecca.

Hnsa ciygast, koraa [ne > 2 - 2,3RT/zF' , B npaBoil 4yacTu ypaBHEHUs
(166) MOxHO ITpeHEOpEYb NEPBBIM CJIAra€MbIM, YTO J1a€T

_2,3RT1 ; _2,3RT
o zF 8o o zF

K

Ny lgli |=a, +b.1gl|i |, (170)
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rae
_ 2,3RT
ozl

: 2,3RT

Igi,, b, ooF (171)

JluneiiHas 3aBHCUMOCTh MEXIYy IEpEHANpsIKEHUEM U Jorapudmom
MJIOTHOCTH TOKA, onuchiBaeMasi ypaBHeHueM (170), Ha3pIBaeTCsl ypaBHEHHU-
em Tadensa. Tadens (1905 r.) BnepBble yCTAaHOBWII YKa3aHHYIO 3aBUCH-
MOCTb, M3y4as MPOoIecC KaTOHOIO MpoIlecca BhIICICHUS BOJIOPOIa HA Me-
TaJjuiax MOArPYIIbI INIATHHBI.

VYpaBaenue Tadens crnpaBeyIMBO U JJIs1 aHOAHBIX MporieccoB. JleicT-
BUTEJIBLHO, TIPU N, > 2 - 2,3RT/zF u3 ypaBHenus (166) cienyer, 4To

2.3RT 2.3RT
=2 " lgi =="—lgi =a_+b lgi, 172
a o, zF &lo o, zF &h 2 2 Bla ( )
rae
a, =—2’3RT1gio, - 2,3RT. (173)
o, zF o, zF

N3 onpeneneHHbIX dKCIEPUMEHTANILHO 3HAYeHUN b, U b, MOXHO pac-
CUMTaTh BEIMYHMHY KOd(pHUIIMEHTa TepeHoca, a U3 KOHCTAHT @, U d, —
IJIOTHOCTh TOKa OOMEHa.

[Ipu HEOONBIINX 3HAYCHUSX 1), COCTABISIOMINX HECKOIBKO MHUJLIH-
BOJIBT, YpaBHeHUE (166) cymecTBeHHO ympoliaercs. Eciau pa3ioxuTs B
pSAIl DKCIIOHEHIIMANBbHBIE (DYHKIIMM B STOM ypaBHEHUU M TMPEHEOpPEUb
YJE€HAMU BTOPOT0 MOPsJIKa MAJOCTH, TO Il HEOOJIBIIUX MEPEHANpPsIKe-
HHU MOJIy4aeM

_RT 1
zF i

0

(174)

Taxum oOpa3zom, BOJIM3M PaBHOBECHOTO MOTEHIMANA BEJIMYUHA TIEpe-
HANpPsOKEHUST MPOMOPLHMOHANBHA IUIOTHOCTH Toisipu3ytomiero Toka. Co-
NPOTUBJICHUE 3JIEKTPOJa NMpPHU PABHOBECHOM IOTEHIIMANE, PaBHOE IMPOU3-
BOJHOM |ON/0i |—0, B CIIydae MEJUIEHHON 3JIEKTPOXMMHUYECKON CTaIHMU 00-
paTHO MPOMOPIIMOHATHFHO MJIOTHOCTH TOKa OOMEHa:

_RT 1 (175)
zF i

o

o
oi

CootHomenue (175) ucnonb3yrT sl ONpPEaeTeHUs MIIOTHOCTH TOKa
oOMeHa.
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[InoTHOCTH TOKa OOMEHA 3aBUCUT OT KOHLEHTpAalUi OKHCIECHHOH U
BOCCTaHOBJICHHOW ()OpPM B pacTBOpe. DTy 3aBUCUMOCTb MOYKHO HAWTH, ec-
M OJCTaBUTh B ypaBHeHue (160) serpaxenue nns £, us (161). Torga s
CKOpPOCTH KaTOJHOIO Ipolecca Mojy4aem

-

i, =zFk'C,, :& =i°Cor Cox, (176)
a —Red
rac
0o = zF (k)% (k2)™ . (177)

W3 ypaBuenus (177) cnemyer, 4To cTaHAapTHas IUIOTHOCTH TOKa 00-
MeHa i, SIBIAeTCS (YHKIHMEeH KOHCTAaHT CKOPOCTH kdu kn xooddurmenta
nepeHoca o. s xapakTepUCTHKHA CKOPOCTH JJIEKTPOXHMHUYECKOM CTaIUU
IIPY CTaHJAPTHOM IOTEHIMAJIE HAPSALY CO CTAHAAPTHOM IUIOTHOCTBIO TOKA
o0OMeHa 4acTO MCMOJIb3YIT FETEPOreHHY0 KOHCTAHTY CKOPOCTH k. B ciy-
qae 3JIEKTPOXUMHUYECKON PEeakUUH IEPBOr0 INOPsAIKA ITH JBE BEIWYUHBI
CBSA3aHbl COOTHOILIEHUEM
.0
i, =zFk, . (178)

o

VYpaBaenus (165), (166) u ux yacTHbIE Cly4au, ONMMCHIBAIOIINE 3aBU-
CUMOCTh M@y TUIOTHOCTBIO MOJISPU3YIONIEr0 TOKA U MOTEHIIUAIOM JJIEK-
Tpoja (MepeHanpsHKEHUEM) B CIIy4ae MEIJICHHOM AJIEKTPOXUMHUYECKON
CTaJIN¥, Ha3bIBAIOTCS YPABHEHUSIMU TEOPUH 3aMEJICHHOTO pa3psia.

OcCHOBHbIe KUHeTNYecKne YpaBHeHUA
B YOIOBNAX CMELWWaHHOIro KOHTponAa

Ecnu npu nmpoXoKAeHUU MOJISAPU3YIONIETO TOKa HapyIIaeTcs HE TONb-
KO pPaBHOBECHE JIEKTPOXHUMHUYECKON CTaJnu, HO U 0ajaHC MPOIIECCOB Mac-
coneperoca yactuil Ox u Red mexay o0beMOoM pacTBOpa U MPUAICKTPO-
HBIM CJIOEM, TO KOHLIEHTpaluu OKHCIEHHOM Copy) U BOCCTAHOBJIEHHOMN
(GopM Cred(s) Y TOBEPXHOCTH JIEKTPOAA OYAyT OTIIMYATHCSA OT X 3HAUCHUI
B 00beMe pacTBOpa Cox) H Cred(y)- B 9TOM Cilydae 3aBUCUMOCTD MEKIY TO-
KOM i W TIOTCHIIMAJIOM JJIeKTpoaa FE, HaOmomaemas mpu NPOTEKAaHWH Ha

anektpone peakiun Ox +ze- &2 Red, OyneT onuceiBaTbes ypaBHEHUEM

] Creas) o, zF(E - Ep) Cox(s) o zF(E - Ep)
=1 | ——=€eXp exp| —

; . (179)
CRed(v) RT C’Ox(v) RT
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KOTOPO€ MOKHO TMOJIYYWTb, €ClM 3aMeHUTh B ypaBHeHuU (166) Cox Ha
Cox(s). Cred Ha Creq(s) 1 HCIIOIB30BaTh cooTHOUIEHUs (164) u (167). B ypas-
Henuu (179) E, — paBHOBECHBIM NOTEHIUAI 1E€KTpoAa npu i = 0; £ — 1mo-
TEHLHAJ JIEKTPO/Ia, BEIUYMHA KOTOPOTO OINpPEAEIsAeTCS MEIIEHHBIM IpPO-
TEKaHUEM D3JICKTPOXUMHUECKOl ctamuu u nuddys3uu. B ypaBaenuu (179),
KOTOPOE€ CIIPaBEMJIUBO MPU MEIIEHHOM IPOTEKAHUH 3IEKTPOXUMUYECKOU
ctaauu U auddy3un, BeIUYUHA 1] ONPEAeNIeT mapaMeTpaMu KakK 3JIeKTpo-
XUMHUYECKOU, Tak U MU Py3nOHHON KUHETUKU. B 3TOM citydae BelnHUuHy 1)
1eJ1eCO00Pa3HO Ha3BaTh INEpPEHANpPSHKEHUEM 3JIEKTPOJHOrO Ipolecca, IMo-
CKOJIBKY JJIEKTPOJHBIA IMPOLECC HApSAy C DIEKTPOXUMHUUYECKOW CTAAUEN
BKJIFOYAeT W cTaauu Au(QGy3un OKUCICHHOW W BOCCTAHOBIICHHOW (opm.
TepMuH «mepeHanpsHKEHUE SJIEKTPOIHOM peakuun» Ieecoo0pa3Ho uc-
IIOJIB30BATh TOJIBKO B TOM CiIydae, KOTJla UMEET MECTO MEIJIEHHOE IIPOTe-
KAHUE DJIEKTPOJHOM peaKkUuu, KOTOPasi MOXKET BKIIOYATh KaK AJIEKTPOXH-
MUYECKHUE, TAK U XUMHUYECKUE CTAJIUH.

[ToncraBus BeipaxkeHUs 111 Coxs) U Cred(s) B3 COOTHOLIEHHS AT IIPE-
neiapHoro Toka (144) B ypaBaenue (179), momydum

.. i o,z i o zFn
i=i||1-—— |exp| 22— || 1—— |exp| —— ||, 180
. p( RT j p( RT ] (180)

(0]

TN€ Iga, igx — IUIOTHOCTHh IPENEIBHOTO TOKA COOTBETCTBEHHO aHOJHOIO U
KaTOJHOTO TporieccoB, A/m”. TlepeHanpsikeHue 1), BXOJSIIEE B YPABHEHHS
(166) u (180), paBHO cMENIEHUIO MTOTEHIIHAJIA AJIEKTPOAA OT PABHOBECHOIO
3HaueHus £, npu i = 0. OgHako (Gu3N4ecKuil CMBICI BEJIMYHHBL 1| B ypaB-
HeHusax (166) u (180) paznuuen. B ypaBHenuu (166), cnpaBennuBoM npu
MEJUICHHOM MPOTEKAaHUU OJHOMW AJIEKTPOXUMUYECKON CTaJNH, BEJIMYMHA 1)
ONpENENAETCS MapaMeTpaMu IEKTPOXUMUYECKON KMHETUKH I, O, d U MO-
KeT ObITh HAa3BaHa MEePEHAIPSIKEHUEM AIEKTPOXUMUYECKON peaKIuu.

VYpasuenue (180) onuchIiBaeT BOJbTAMIIEPHYIO KPUBYIO B Cllydae MeJ-
JIEHHOTO MPOTEKaHUs MEKTPOXUMHUUYECKON cTaguu U AudPy3un OKHUCIICH-
HOM M BOCCTaHOBIEHHOU GopM. Bxomsmiyto B ypaBuenus (166), (180) Be-
JUYMHY 1) MOKHO HAalTH C MOMOIIBIO ypaBHeHUs (167), eciin n3MepseMbli
OTHOCUTEIBHO HEMOJIIPU3YEMOI'O 3JIEKTPOJA CPABHEHUS IOTEHLMAN HC-
CJIElyEMOr0 3JIEKTPOJia HE BKIIIOYAET OMHYECKOE MaJCHHE HANpPSHKEHHUS B
pactBope /AR. B Goiiee o0iieM ciydae

N =E,—E,—IAR, (181)

rie E; — moTeHnman 3JIeKTpoa, MOJIsAPU3yeMOro TOKOM; £, — paBHOBECHBIN
noteHuan snexkrpoaa npu I = 0; AR — conpoTUBIEHUE CJIOS pacTBOpa
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ANEKTPOIUTA MEXY HCCIEAYEMBIM AJIEKTPOJOM M KAMWILISPOM 3JIEKTPO-
JUTUYECKOTO MOCTHKA 3JIEKTPOJIa CPABHEHUS.

Ecau minoTHOCTH TOKA i OYEHb MaJlbl 10 CPABHEHUIO C MPEeTIbHBIMU
TOKaMH Iy W iz,, HO COU3MEPUMBI C IUIOTHOCTBIO TOKa OOMEHa WM 00JIb-
e ee, TO MPEeAIKCIOHECHIIMAIIbHBIMA MHOXUTEIsIMU B ypaBHeHUU (180)
MOXHO TIpeHeOpeyUb U OHO TIpeBpaliaeTcs B ypaBHeHue (166).

B ciyuae OKMCIMTENbHO-BOCCTAHOBHUTEIBHBIX CHUCTEM C OOJBIION
IJIOTHOCTBIO TOKa 0OMEHA, y KOTOPBIX COOTHOIIECHUE |i| << |i,| coxpaHseTcs
OpU 3HAYEHUSIX |i|, COUBMEPUMBIX C Ijx U Ij,, OyAyT UMETh MECTO JIMILb
mudy3ruoHHBIE OTpaHUYEHUs JIEKTPOIHOTO Tpoiiecca. Paznenns B 3TomM
clly4ae MpaByro U JieByro yactu ypaBHeHus (180) Ha i, u npeneOperas He-
OOJIBIION BETUIUHOMN i/1,, TTOTydaeM

i o, zfn i o zFn
l—— |exp| 22— |=| 1—— |exp| ——— |, 182
, Pl —p7 p( ) (182)

OTKyJa

=) (i) (183)
2F o 1-(iliy,)
VpaBuenue (183) omuchiBaeT CIABUI PAaBHOBECHOTO MOTEHIMAJIA

ANEKTPOJHON peakiuu, OOYCIIOBJIEHHBIH H3MEHEHHEM KOHIICHTpaLHi

OKHCJIEHHOM M BOCCTaHOBJIEHHON (pOpM y MOBEPXHOCTHU 3nekTpoaa. OHO

HE BKJIIOYAET MapaMeTphbl AIEKTPOXUMHYECKOW KWHETHKH, TaK KakK MpH

paccMaTpuBaeMbIX 4YHCTO AUG(PY3UOHHBIX OTPAHUYEHUSX PaBHOBECHUE

NEKTPOXMMHYECKOW CTaauu He Hapylaerca. Eciaum nepeHampsikeHue

ANEKTPOJHOIO IpOLEcca ONPEAENseTCs] MEIJIEHHBIM NPOTEKAaHUEM Kak

DIEKTPOXUMHUYECKOW CTaauu, Tak U Tuddy3uu OKUCIECHHOW M BOCCTa-

HOBJICHHOUW (opMm, TO AJjisi pacyeTa MIOTHOCTU Toka oOMeHa u ko3(ddu-

MeHTa nepeHoca no ypaBHeHuto (180) HeoOXoAMMO 3HATH IIOTHOCTH

npeaeabHbIx TP Qy3MOHHBIX TOKOB. VX onpenenstor 3KcnepuMeHTalb-

HBIM MyTEM, JOCTUTasl TaKWX 3HAYCHUM MOTEHI[HANIa, IPU KOTOPHIX yBe-

JUYEeHUE || HE CKa3bIBACTCAd HA BEIMYUHE IJIOTHOCTU MOJSPU3YIOLIETO

Toka. OJHaKO HEMOCPEJCTBEHHOE OMNpejeieHue mpeaeabHbiXx nuddys3u-

OHHBIX TOKOB HE BCErja BO3MOXHO B CBSI3U C TE€M, YTO MPHU OOJBIIUX |1

HapSy C UCCIENYEMOU BIIEKTPOJHON pEaKIUEN YaCTO HAYUMHAKOT MPOTE-

KaTh TOOOYHBIC AJEKTPOIHbIE peakiuu. Kpome Toro, mpeaenbHble TOKH,

BEJIMYMHA KOTOPBIX HE 3aBHCUT OT MOTEHIIHANIA DJIEKTPOIa, MOTYT OIIpe-

NENSATHCS MEIJICHHBIM MPOTEKAHWEM HE TONbKO Auddy3un, HO U XUMH-

yeckux ctaauil. [1o3TOMy KOJHMYECTBEHHbIE HUCCIEAOBAHUS KHUHETHKH
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AJIEKTPOJHBIX MPOIIECCOB, OTpaHUUCHHBIX MU dy3ueH, cieayeT MpoBo-
JIUTHh B TaKUX YCIOBUSX, MPU KOTOPBIX MIIOTHOCTh MpeaeabHoro nuddy-
3MOHHOTO TOKAa U €€ 3aBUCUMOCTb OT yCJOBHUM 3JIEKTPOJIM3a MOXKHO pac-
cuuTath. Takue ycinoBHUs 00ECIEUMBAIOT PTYTHBIN KalaroUui 3JIeKTPOA
U BpAIIAIOUIUNACS JUCKOBBIN 3JEKTPO/I.

B cnyyae OonbIIMX OTpULIATENbHBIX 3HAYEHHH 1, KOTJa MOXHO
npeHedpedb CKOPOCTHIO aHOJTHOTO mpoiiecca, ypaBHeHue (180) mpunu-
MaeT BU/JL

i=—i || 1-—— exp(—w) : (184)

OTKyJ1a

2,3RT . . 2,3RT i|
n=——Igi - |

8l ey (185)
o,z o,z —(z zd,K)

VYpaBuenune (185) ornnuaercst oT kiaccuueckoro ypaBHeHus Tadens
(170) muoxuteneM (1 — (i/izx)), yuutbiBaromuM A y3MoHHBIE OTrpa-
HUYCHHUS.

Touno Tak xe 17151 OOJBIINX MOJIOKUTEIBHBIX 3HAUCHUH 1), KOTJ]a CKO-
pPOCTh AHOJHOTO TMPOIlECCa HAMHOTO IPEBOCXOJUT CKOPOCTh KaTOJHOTO
npoiiecca, u3 ypasuenus (180) nomyyaem

2,3RT 2,3RT i

lgi + 1 . 186
azF O ogzF C1-(i/i,,) (186)

’]’]:

VYpasuenus (185) u (186) ynoOHBI a1 MPOBEPKU COOTBETCTBUS DKC-
NEPUMEHTAIBHBIX BOJBTAMIIEPHBIX KPUBBIX, MOJYUYECHHBIX MIPU OOJBIIUX 1),
ypaBHEHUSIM TEOPUHU 3aMENIJICHHOTO pa3psijia, yuYuThIBatomuM auddy3roH-
HbIE OTPAaHUYEHUS.

[Tpn HEOONMBIIUX 3HAYEHUSX 1), COCTABISAIONIUX HECKOIHKO MUJLIH-
BOJIBT, MOCJIE PA3JIOKEHUS B Psii IKCIIOHEHT ypaBHeHus (180) MoxHO or-
PAHUYHUTHCS YUETOM YJICHOB MIEPBOTO MOPSIKA:

i=i|[1-—— (ij_ . (I_Mj _
Iy RT . RT

i i +an_ [ ocaan+ I o,z
*lij« i, RT i, RT i,  RT

(187)

117



[Ipu ManbIX 3HaYEHUSAX 1| UMEEM |i| << iy, |I|<< iz, M << RT/zF, B
CBSA3M C YEM JIBYMs MMOCJIEAHUMH CllaraéMbIMH B MPABOM YacTU ypaBHEHUS
(187) moxxHO TIpeHeOpeys U Toraa

_RT)1 11 (188)

zF | 1, lga  lgx

N

B paccmaTpuBaemMoM ciiyuae BelIWYMHA NEPEHANPSHKEHUS TPOMOPIIUO-
HaJIbHA IUIOTHOCTH TOJISPU3YIOMIETO TOKa M OOpaTHO MPOMOPIHOHAIbHA
CyMMe OOpaTHBIX 3HAUYEHUH IUIOTHOCTEH TOKa OOMEHa W TPEeIeNIbHBIX
1 y3uoHHBIX TOKOB. TakuMm 00pa3oM, MPU CTAlHOHAPHOM PEKHUME CO-
NPOTUBIICHUE DJIEKTPOAA BONM3M PABHOBECHOIO IOTEHIMANa |0n/Oiln_o
CKJIQJIbIBACTCSI U3 AJIEKTPOXUMHUUYECKOro cornpoTuienus (R7/zFi,) n nud-
dysuonnoro conporusnenust (RT/ZF) (lig | + iqa '). Ecom iy >> |i], T0

RT| 1 1
= +

zF | i,, ‘zd,K

n (189)

Takum oOpazoM, npu yucTo AU(PPY3MOHHBIX OrpPaHUYEHUSIX MEepeHa-
npsbKeHre BOJIM3M PaBHOBECHOIO MOTEHIMANA MPONOPLUUOHAIBHO MIOTHO-
CTH MOJISIpU3yIolero Toka. HakiioH yka3aHHON 3aBUCUMOCTH MOXET OBbITh
UCIOJIb30BaH JJIsl pacyeTa IJIOTHOCTH MPEAEIbHBIX AU(PY3MOHHBIX TOKOB.

JNIEKUUA 12. KNTACCUOUKALUA METOOB
NIEKTPOXUMUYECKOIN KWHETUKU

CyTp BC€X METOAOB HCCIEAOBAHUS SJIEKTPOXHUMHYECKOW KUHETHKU
CBOAMUTCS K TOMY, YTO Ha DJEKTPOXHMMHYECKYI0 CHCTEMY OKa3bIBAIOT
BHEIIIHEE BO3JICUCTBHE MYTEM M3MEHEHHUS TOKA WM MOTEHIMana 3JIEKTPo-
na. Tok uin noTeHuuan 3aaarTces Kak GyHKuus BpeMeHu. OTHOBPEMEHHO
PETUCTPUPYETCSI OTKIMK CUCTEMBI (COOTBETCTBEHHO MOTEHIMA 3JIEKTPOIa
WIHM TOK, TPOTEKAIOUIUHI yepe3 suelKy) B 3aBUCUMOCTH OT BpeMEeHH. 3aTeM
Ha OCHOBE KMHETHMYECKHX YpaBHEHUH pacCUMTHIBAIOT KMHETUUYECKHE Iapa-
MeTpbl peakinu. KnHernueckue ypaBHEHHs BEIOMPAIOT HA OCHOBE IPEIo-
JIO’KEHUSI 0 MEXaHU3ME IIPOLIECCa U TUMUTHPYIOIIEH CTAIUH.

B 3aBucumoctu oT THUNa U GOpMBI 3aJAIOIIETO CUTHANA BBIACIAIOT
pa3IMYHBIE METOABI MCCIEJOBAHUS DJJIEKTPOXUMHUUYECKOM KHHETUKHU
(taba. 5). X MOXHO pa3ienuTh Ha CTallMOHApHbIE U HECTAllMOHAPHBIE.
B cmayuonapueix meTonax Kak 3aJarollMil CUTHAN, TAK U OTKJIUK CHCTE-
MBI HE 3aBUCAT OT BpeMeHU. B mecmayuonapnvix metoaax 3aJarollni
CUTHAJl U OTKJIMK CHUCTEMbI U3MEHSIOTCS CO BPEMEHEM. 3aJar0lUid CHUT-
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HaJl MOXET MEHSTHhCS CO BPEMEHEM IUIaBHO WJIM CKaukooOpa3zHo. B mo-
CJICITHEM CITy4ae METOJIbl UCCIIEAOBAHUS HA3BIBAIOT UMNYIbCHBIMU.

K craumonapHeiM MeTOAAM MOKHO OTHECTH MNPSIMOWM MOTEHLIMOCTATH-
YECKHUM, TPSIMOW TalbBAaHOCTATUYECKUHA M HENPSAMOM TallbBAHOCTATHYE-
ckuii. B mocinenHeM mertoze il yueTa OMHUYECKOTO MaJCHUs MOTEeHIMala
UCIIOIB3YIOT TpPEphIBAaHWE TOKA C OBICTPOM perucTpanuel 3aBUCUMOCTH
MoTeHUHaNa oT BpeMeHU. CTallMOHAPHBIMA METOJJaMH MOYKHO M3y4aThb OT-
HOCHUTEJIbHO MEJJICHHBIE PEAKLIMU C U3MEPUMOM KOHCTAHTOW CKOPOCTH, HE
npesbimaromeit 0,01 cm/c.

Hecranmonapasie METOABI MO3BOJISIOT U3ydaTh OoJiee OBICTpPhIE peak-
uuu. MakcumanpHas U3MEPUMAsi KOHCTAHTA CKOPOCTH, KOTOPYIO MOKHO
OTIPENICINTh JIAaHHBIM METOJIOM TpE/CTaBlieHa B TaOJ. 5 IS KaXJa0ro U3
MeTooB u He mpesbimaeT 10 cm/c. K HecTanmmoHapHBIM METO/IaM MOYKHO
OTHECTH: UMITYJIbCHBIN TaIbBAaHOCTATHYECKHI, UMITYJIbCHBIN MTOTEHIIMOCTA-
TAYECKHM, IBOMHOM UMITYJIbC TOKA, ABOMHAS CTYyIEHbKA MOTEHIUAJIA, TIPS-
MOYTOJIbHAsA 3aBUCUMOCTh MOTEHIMATa OT BPEMEHH, [IUKIMYECKAS BOJIBT-
aMIIepOMETpUs C JIMHEWHON pa3BepTKON MOTEHLIMala, UMIIEJaHC pu oOpa-
TUMOM TOTEHUIHUAIIE W MNpU JMHEHMHOM pa3BepTke mnoTeHiuana. Kparkas
o0111asi XapakTepucTUKa, 0COOCHHOCTH, JOCTOMHCTBA M HEAOCTATKU ITHX
METOJIOB, a Tak)Ke He0OX0oauMoe o0Opy/IOBaHHUE IMPECTaBJICHBI B TaOJ. 5
B rpade «OcoOeHHOCTIY.
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MeToabl HccaeT0BAHUS 3HeKTpOXI/IMI/I‘IeCKOﬁ KHMHECTHKH

Tabmma 5

Meton

3amaBaeMast BeIuYnHA

OTKJIMK CUCTEMBI

Makc. £, cm/c

Ocobennoctu

CranuoHapHsle

1. ITpsimot moTEH-
[UOCTATUYECKUU

E

0,01

[IpocTota anmapaTypsl; As TBEp-
JBIX 3JIEKTPOJIOB HE BCEraa IMpu-
MEHUM (HM3MEHSIETCSI COCTOSTHUE
MOBEPXHOCTH), MOXKET IpHUMe-
HATBHCS TIPU MEAJICHHOM pa3BepTKe
MOTEHIAIA

2. [Tpsimoii ranbBa-
HOCTaTHYECKUM

0,01

[TpocroTa ammaparyphbl, 4acTo He-
NPpUMCHUM JIS1 TBCPABIX 3JICKTPO-
JI0B (M3MEHEHHS TTIOBEPXHOCTH ); HE
peKOMeHayeTCd Il  CUCTEM C
npeJebHBIM TOKOM HJIM MAaKCH-
MyMaMHU Ha BOJIBTAMIIEPHBIX KpU-
BBIX

3. Henpsimoii ranb-
BaHOCTATHYECKHIA

0,01

To ke, 4TO W IpeAbITYLIIUIA; MO-
JKET IPUMEHATHCA U NOJyYEHUs
KpUBBIX E(f) mpu NMpepbIBaHUU TO-
Ka; MOYKHO Y4YeCTb IIOIPAaBKy Ha
OMHYECKHE TTOTepH 0e3 Kammuisipa
Jlyrruna

120




[Tponomxkenne Tadd. 5

Meton 3agaBaeMas BEIMUNHA OTKIIMK CUCTEMEI Makc. k;““ , cM/c OcobeHHoCTH
HecranuonapHueie

4. OnunHouHas cry-| E 1 Omuueckue noTepu J0JIKHBI OBITh

IIEHbKA MTOTCHIIUN- MaJibl; TpeOyeTcs MonpaBKa Ha 3a-

aima K psokerne JI9C; HEoOXOaUMBI OBI-

t ' 4 CTPOACHCTBYIONIME MMOTEHIIMOCTAT

U ocruiorpad

5. JlBoutHasa cty-| E 1 Jlerko pazgenstorces apangeeBckas

IIEHbKa NTOTCHIUH- ’\‘ u HehapageeBcKask KOMIIOHEHTHI

ana L] — €MKOCTH; IO3BOJISIET M3y4aThb KO-

! ! POTKOKMBYIIIHE ITPOMEKYTOUHbIE

COCIMHEHUS, YYacCTBYIOIUE B pe-
aKLUu

6. IlpsmoyronbHas| E | 1 [To3Bonser wu3y4aTe MapaIeib-

3aBUCUMOCTh  IIO- [\I I\I HBIE DJIEKTPOAHBIC PEAKLIUHU U pe-

TEHLMana OT Bpe- L }/J I/J l/ aKLIUM C HEYCTOMYMBBIMHM IIpOMeE-

MEHH ! ! JKyTOUYHBIMU COECIHHECHHUSIMU

7. Uukinuyeckas| E 1 _/\ 0,1 Ilo3BomseT u3ydarb KUHETUKY al-

BOJIbTAMIIEPOMET- I= ! cOpOLIMM M WCTUHHYIO MOBEpX-

pus ¢ JIMHEHHOU \\/_ HOCTh; OMHYECKHE IOTEPH HEOO-

pa3BepTKOU ! E XOIMMO MHUHHUMH3UPOBATh; IS

OBICTPOIl pa3BepTKH TpeOyroTCA
OBICTPOJCHCTBYIOIINE MOTEHIHO-
cTat M ociuiorpad
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OxoHuanue TadI. 5

Meton 3agaBaeMas BeIMYMHA OTKJIMK CUCTEMEI Makec. kSmM , cM/c OcobenHoOCTH
8. OnuHouHbIl | [ E 1 [IpocToe obopynoBanue (UMITYIIbC-
UMITYJIEC TOKA / HBIA TOTEHIIMOCTaT U  OCIHJLIO-
. N rpad); JIErKO y4eCTh OMUYECKHE T10-
! ' ! Tepu; TpeOyeTcs MoIpaBka Ha 3apsi-
>KEHHUE IBOMHOIO CJIOS
9. IBoiiHOi uM-| [ E /E 10 BricoTa M mmpuHa nepBoro HUM-
MyJIbC TOKA . — MyJibca MoA0OUPAIOTCS TaK, YTOOBI
| B Hayaje BTOPOTO HMITyJbCa
t . t dE/dt = 0; He HaJ0 YYHUTBHIBATH
BKiaga /I9C; npocro ydyects OMHU-
YeCcKUe NOTepH
10. Umnenanc pu | E | /\ /\ / | /\ 10 Tpebyer u3mepeHuil npu pasznud-
00paTUMOM TMOTEH- ’ /\ HBIX 4acTOTax; HU3Kasl aMIUTUTyJa
uaie ‘ ‘ \/ \ MIEPEMEHHOTO HAMPSDKEHUS; CIIOXK-
! ! HOCTh 00OpynoBaHus (TreHEpaTop
U MOCT NEPEMEHHOTO TOKAa U OC-
nusiorpad)
11. Umnenanc npu | £ 1 10 Mosxet nate wHDOpMAIUO 00 aa-

JIMHEWHOM pasBep-
TKE MOTEHIIMAJIA

COpPOLIMOHHBIX  M3MEHEHUSX B
JBOMHOM CJIO€; CJIOKHOCTH MPUOO0-
poB (OBICTPOAEHCTBYIONINI TOTEH-
IIUOCTAT C TEHEPaTOPOM CHHYCOH-
TATbHBIX BOJH, U3MEPHUTENb (asbl,
JETEKTOp U ocumiiorpad)
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NIEKUNA 13. NONIAPOIrPA®UA

Kunetnueckue 3akOHOMEPHOCTH KaK ISl OTAENbHBIX CTaAUM JIEKTPO-
XUMUYECKOT0 MPOLECcca, TaK U ISl CIIOKHBIX MHOTOCTAIMMHBIX MPOLIECCOB
UMEIOT HauOoJiee MPOCTONM BHJ B CIy4ae HCIOIb30BAHUS CTAIIMOHAPHBIX
MEeTOH0B ucciegoBanus. Kpome 3Toro, craijmoHapHble METOJIbI JOCTYITHEE
no anmapatrypHoMy odopmieHusi. OqHaKO UX MOXHO HCIOJIb30BaTh, €CIU
peakus NPOTEKaeT B CTAIMOHAPHBIX YCIOBUSAX. DTO 03HAYAET MOCTOSHCT-
BO BO BPEMEHM HE TOJIKO IJIOTHOCTH TOKA W MOTEHIMala 3JIEKTPOJa, HO U
CTPYKTYPbI IOBEPXHOCTHU JIEKTPOJIa U HEMOCPEICTBEHHO MPUMBIKAIOIIUX K
Hel oOnacteit. [ToCTOSHCTBO CTPYKTYphl MOBEPXHOCTU AJEKTPOJIAa B YCIIO-
BUSIX MIPOTEKAHUS DJIEKTPOXUMHUYECKON PEaKIUU JIJIsl TBEPABIX JIEKTPOIOB
PAKTUYECKA HEBO3MOXHO obOecneunth. [loaToMy s wuccinegoBaHus
ANEKTPOXUMUYECKON KHUHETUKU IIHPOKOE PpaCIpPOCTPAHEHUE MOJIYUHII
PTYTHBIN KamlelbHBIA 3JEKTPOJI, IOBEPXHOCTh KOTOPOTO UACAIBHO OOHOB-
asiercsi. KpoMe Toro, ero moBepXHOCTh SIBJISIETCSI OAHOPOJIHON dHEpreTHye-
CKH M TEOMETPUYECKHU.

3aBUCHUMOCTh TOKa OT MOTEHIIMAJIa HA PTYTHOM KamarollleM 3JIEKTPOIE
Oblla Ha3BaHA TMOJSPOTPAMMOM, a METOJl TMOJYUYCHHUS MOJSIPU3AITUOHHBIX
KPUBBIX — TOJsporpadudecKuM. ITOT METOJI BIEPBBIC OBLI MPEITIOKEH B
1922 1. 4. I'eiipoBCcKUM 1 TIOTYYHIT IIAPOKOE PACTIPOCTPAHEHUE, OCOOECHHO
B QHAJUTUYECKOM XUMHUHU JIsl KAYECTBEHHOTO M KOJIMYECTBEHHOTO aHaIu3a
pacTBOpOB. bblI0O MpeokeHo 04eHbh MHOTO MOJU(UKAIINI 3TOr0 METO/a,
MO3BOJISIIOIIUX TMOBBICUTh €r0 YYBCTBUTEIBHOCTh M Pa3pEIIAIONIYI0 CIIO-
coOHocTh. B 1959 1. 3a OTKpbITHE U pa3BUTHE MOJSIPOrPAPUUECKOTO METO-
na . I'efipoBckuit 6611 yaoctoeHn HoOeneBckoi mpeMun mo XuMHH.

PTyTHBIN KanenbHBIN 2IEKTPOa (pUc. 67) COCTOUT W3 IJIUHHOTO Y3KOTO
Kanmuuisipa, Ha KOHIIE KOTOPOTO MEPUOIUNYECKUA 00pa3yOTCsl U OTPHIBAIOTCS
HEOOJNbIINE PTYTHBIE Karui (auameTpoMm okoso 1-2 mm). [lonspuzarus
KaIJId OCYIIECTBISIETCS OTHOCUTENIBHO OOJIBIIOTO PTYTHOTO AJIEKTPOJa Ha
JHE SYEWKH, a TOTEHIMAJ U3MEPSIETCS M0 OTHOLICHUIO K 3JIEKTPOJy CpaB-
HeHUs (OOBIYHO MCTONB3YETCS HOPMAJIbHBIN WM HACBHIIICHHBINH KaJIOMEeIb-
HBIN 3JIEKTPO).

Tokx B menu KameabHOTO DJICKTPOJA OKa3bIiBaeTCsS (DYHKIIMEH Bpe-
MeHu (puc. 68). [loaToMy npu U3MEpPEeHUSIX TOK YCPEIHSIIOT MO MEPUOIY
KalaHbs.

PaccMOTpUM OCHOBHBIE COOTHOILIEHHUS MOJIAPOTrpaduueckoro Meroja.
MeTton ucCnonb3yeTcsi B OCHOBHOM JJIsi aHalIM3a PACTBOPOB IO BEJIMYUHE
npenenbHoro Auddy3noHHoro Toka. [loaromy 3aech NpUMEHUMBI 3aKOHO-
MepHOCTH AU Py3nOHHON KMHETUKH.
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Puc. 67. Cxema nomnsiporpadudeckoil yCTaHOBKU:
A —ucrouHuk Toka; P — nenutens Hanpspkenus; [1 — moreHnmomerTp;
I' — ranpBaHOMETp; [ — PTYTHAs KaIuis; 2 — Kanuuisip;
3 — pe3epByap CO PTYTbIO; 4 — 3IEKTPOJI CPAaBHEHMS;
5 — pacTBOp ANIEKTPOJINTA; 6 — BCIIOMOTaTENbHbIN PTYTHBIN 3JEKTPO]

HYCTB Ha IMOBCPXHOCTHU PTYTHOI'O KallarOIICTO JJICKTPOda IMPOTCKACT
cicayromasda 3JCKTPOXUMHYCCKas pCaKIHA:

Ox +ze” =2 Red.

Puc. 68. 3aBucuMOCTh, MTHOBEHHOI'O
U CPEHETO TOKa OT BPEMEHHU

PaccMoTpum OO0NBIION MIIOCKUNA ANEKTPOJ MPU HAIMYUU U30BITKA (o-
HOBOTrO 3JiekTpoauTa. [Ipu n3owiTke (PoHA MUTpaled pearupyronmx Jac-
THUIl K IOBEPXHOCTHU DJIEKTPOIa MOKHO MpeHeOpeub. ITo MOeNb moiaydec-
KOHEYHOU omHoMepHOW muddy3un. Hayano xoopauHaT pacrosioxKeHO Yy
MOBEPXHOCTH 3ekTpoaa. KoopaunaTta x mpencraBiser co0oil paccTosiHue
OT IIOBEPXHOCTH 3JIEKTpoJa BriayOb pactBopa. InoTHOCTE TOKA ompenens-
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eTcsi moTokoM yactuil OX K MOBEPXHOCTU 3JekTpoja. [Iporexkanuem 00-
paTHOM peakiuu okucieHus yactuil Red mpenebpexxem, npesamnonaras, 4To
WX KOHIIEHTpalMs B HAaYaJIbHBII MOMEHT paBHA HYJIIO (OObIYHASI CUTYyaIlUs
B YCJOBUSIX MpOBeAeHUs mnoiisgporpaduueckoro ananusa). [loTok wacTuiy
OX K MOBEPXHOCTH 3JIEKTPOAA ONPEIEIAETCS NEPBBIM 3aKOHOM DuKa:

dCo,
dx ). '

i=—zFJ,, =zFD,, (190)

['panueHT KOHIEHTPAIMKA y MOBEPXHOCTH JIEKTPOJa MOKHO HANTH
u3 peuieHus AUGPEpPEeHIIMAIBHOTO YpaBHEHUS HECTAallMOHApHOU mud-

by3uu:

X —

oC, 0°C,,
ox — =5 - (191)
ot ox

PemennemM maHHOTO ypaBHEHHS MOXHO MOJYUYHUTh (PYyHKITUIO 3aBH-
CUMOCTH KOHILEHTpPAIUM OT KOOPAUHATHI X U OT BpeMeHu ¢ (Cox(,X)).
210 auddepeHImaibHOoe ypaBHEHHUE B YACTHBIX MPOU3BOJIHBIX BTOPOTO
nopsiaka. J[Jis ero 0JJHO3HAYHOTO PELICHUs] HEOOXO0UMO 3a/1aTh TPU yC-
JIOBUS: OJJHO YCJIOBHE IO MEPEMEHHOH f, Tak Kak B IuddepeHnmnaibHoe
ypaBHEHHE BXOJUT IepBas MPOU3BOJHAS MO ATOW MEpEeMEHHOM, U JBa
YCJIOBHS 1O NMEPEMEHHOM X, TaKk KaK B YpaBHEHHUE BXOJUT BTOpas Mpo-
u3BoaHas. OAHO yCJIOBHE MO MEPEMEHHOU ¢ (BPEMEHM) MOJIyYHJIO Ha-
3BaHHUE HAYaJIbHOE YCIOBHE, a JBA JPYTUX YCIOBHUS MO NEPEMEHHOU X
(mpocTpaHCTBEHHON KOOpAMHATE) Ha3Bajlud IPAHUYHBIMU (MIIH KPaeBbI-
MH) YCIOBUSIMU. DTU YCJIOBUS ONPEACIAIOTCSA YCIOBUSIMH MPOBEACHHUS
AIEKTPOXUMHUYECKOr0 MPOIECCa WIIM KCIOJb3yEMBIMU METOJAMHU UC-
ciaenoBaHus (MOTEHIIUOCTATUYECKHUE, TalIbBAHOCTATUYECKUE, TOTCHIINU-
oJMHaAMHYECKUE U T. 1.). HauanbHO€ yciaoBHE JJi BCEX METOJO0B UJICH-
TUYHO — B HaYaJibHbBII MOMEHT BPEMEHU KOHIEHTpAIUMs B PacTBOpE

Be3Je (BO BCeX TOYKAX X) OJJMHAKOBA:

Cox (0,x)=C5, - (192)

['pannuHble yCIOBHS 3aJar0T 3HAYEHUS KOHUEHTpPALMU Ha T'paHU-
nax paccmarpuBaemoil obOnactu. I'panunamu obnactu saBisoTcs x = 0
(TOBEPXHOCTh AJCKTPOaa) U X = 00 (0ECKOHEUHO OOJIBIIIOE PACCTOSHUE
OT 2JIeKTpoja). ' paHuYHOE yCIIOBUE MPU X = o0 JJIsi BCEX METOJIOB TakK-
K€ UJCHTUYHO — HAa OECKOHEYHO OOJIBIIOM PACCTOSTHUM OT MOBEPXHO-
CTHU DJIEKTPOJA KOHIIEHTpAIMsl paBHAa HAYalbHOW KOHIIEHTpPAIIMU TPU
J1000M BPEMECHH:
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Cox (1,0)=CY,. (193)

DTO yCIOBUE BBIMOJHSIETCS JJIs1 OOJBIIMHCTBA UCIOIB3YEMbBIX DJIEK-
TPOXUMHUYECKUX SAUEEK, B KOTOPHIX 00BEM pacTBOpa BEIUK MO CPABHEHUIO C
IJIOMIAJbI0 TTOBEPXHOCTH AJIEKTPOJIA, U HEMPUMEHUMO JIJI1 TOHKOCIOMHBIX
AJIEKTPOXUMHUYECKUX siueeK. B mgaHHOM ciyuyae HEOOXOIMMO YUYUTHIBATH
peanbHbIE pa3Mephl SYEEK M UCKaTh perieHue auddepeHnanibHOro ypas-
HEHUsI B OTPAHUYCHHOM 00J1aCTH MIPOCTPAHCTBA.

['pannynoe ycnoBue npu x =0 (Ha MOBEPXHOCTH 3JEKTPOJ]A) MOJIHO-
CTBIO ONPEAENACTCS YCIOBUSIMU MPOBEACHUS IEKTPOXUMHUUECKOTO DKCIIE-
PHUMEHTA U UCITOJIB3yEMBIM METOIAOM.

PaccMoTpum ycnoBusi poTekaHus IMpoiiecca Ha npeaeabHoM nudady-
3MOHHOM TOK€. B 3TOM Cilydae KOHUEHTpanus y MOBEPXHOCTH PABHA HYJIIO
cpa3sy e IOCJIe HadaJla 3JIEKTPOIn3a:

Cox (1,0)=0, ¢>0. (194)

Takue yclioBusl peanu3yrTcsl B MOTEHUIUOCTATUYECKOM METOJE, €CIIU
3a7aTh JOCTAaTOYHO OTPHUILIATEIbHBIM MOTEHIHAN 3eKTpoaa. Cpa3y ke mo-
CJIe HavaJia 3JIEKTPOJIN3a KOHIIEHTpauus BemecTBa OX y MOBEPXHOCTH CTa-
HET PaBHOU HYJIIO.

Pemienne auddepeHimaibHOro ypaBHEHUs MPU JAHHBIX YCIOBHSX
MMEET CIEAYIOIMN BU:

X
2/ Doyt

[ edz. (195)
0

Cox (2,x

2
-0 —
) OX\/%

Juddepenuupys moayueHHOE BBIpaKEHUE TIO X, TTOJTYIUM

0 _x
Cox Lo, 4pou, (196)
Ox Dy ¢
IIpu x = 0 mosryyum
(acox j = —ng . (197)
ox x=0 TCDOxt

OddextuBHas ToamuHA TUPEGY3UOHHOTO CJIOS B MOTEHIIMOCTATUYECKUX
YCIIOBHUSX:

8,, = TDot - (198)

X

3(1):
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C TedyeHneM BpeMeHHU TOIMHMHA UGG Y3HOHHOTO CIIOS YBETUINBACTCS
(puc. 69). [InotHOCTH TIpeaenbHOTO NU(P(HY3UOHHOTO TOKA OYyIET 3a7aBaTh-
Csl BEIPOKCHHEM

CO
i, = zFD, — . (199)
¢ © NEI
C
CO .......

X

[o7] S

2

Puc. 69. 3meHenune pacnpeaeneHus KOHIEHTPaU
Y NOBCPXHOCTHU BJICKTPOAa U TOJIIUHBL
1 Py3HOHHOTO CII0ST CO BpEMEHEM

Bnepseie 310 ypaBHeHue BbiBen Kotrpens. Ilpm Bpemenu, crpems-
niemMcsi K 0ECKOHEYHOCTH, IFIOTHOCTh TOKA CTPEMHUTCS K HYJIO (puc. 70).

!

> f

Puc. 70. 3aBUCHMOCTE IIIOTHOCTH TOKA OT BPEMCHUA
AJI TUIOCKOT'O 3JICKTPOJda B MOTCHIHUOCTATUUCCKUX YCIIOBHUAX

Ha ocHoBe nmaHHOro ypaBHEHHs ObLIO BBIBEICHO YpaBHEHUE, OMHUCHI-
BaloIllee MpeAesibHbIA TOK, HAOJII0JaeMbIii B YCIOBUSIX MOJsporpaduu.
MrHoOBeHHBI TOK B MOJSPOrpaguu pacTeT CO BPEMEHEM, a COTJIACHO
ypaBHeHHIO0 KoTTpesnsi, OH JOJKEeH NajaTh. JTO CBSI3aHO C POCTOM IMOBEPX-
HOCTHU PTYTHOM Karuii. Maccy Karuiv B ONpPEAENIEHHbI MOMEHT BPEMEHU
OT HAa4aJIla €e pocTa MOXKHO BBIPA3UTh YE€pPE3 paaAuyC Kalllv, Ipeanoiaras
ee mapooOpa3sHOCTh, U YEpPe3 MACCOBYIO CKOPOCTh BBITEKAHHS PTYTH U3
KanuJusipa:

pgnr3 =mt, (200)
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3
rJ€ p — INIOTHOCTh PTYTH, KI/M”; ¥ — pauyC Karlii, M; M — CKOPOCTh BbITeE-
KaHUsl PTYTH, KI/C; ¢ — BpeMs KU3HU Karuiu, ¢. OTcrofa MOXKHO BBIPA3UTh

paanycC pacTyller Kariu:
1

;
p= (ﬂj . 201)
4mp
3Hast paanyc, MOKHO HAMTH IJIOIIAIb IOBEPXHOCTH PACTYIIEH KaIliu:
2
3
S=4m? = 47{%J . (202)
4mp

Torga npenenbHbI TOK, TEKYLUIUH HAa CPEpUUECKUI ANIEKTpOJ, OyaeT
paBeH:

2
0 3
I,=i,5=zFD, —0x -47:[3””} -
D, t 4mp

1 21

3 121
_am| 2| zEDamsC (203)
4mp

Ota popmyna nmpuOIMKEHHAsA, TaK KaK HE YUYUTHIBACT JBUKCHHS pac-
Tylel Kariau HaBcTpeuy PpoHTy auddy3uu. YUer AJaHHOTO SBIEHUS TpHU-

BOJIUT K BO3PACTaHUIO TOKa Ha Kod(duiment /7/3 ~1,525. Iocne moxcra-

HOBKH JaHHOTO kKod(duimenta i miotHoctH pryt mpu 25°C (13,534 kr/m’)
HOJTyYUTCS CIEIyIOIIee BhIPAKEHUE IS MTHOBEHHOTO TOKa TEKYILEro Ha
PTYTHBIN KaIllaroUIui IEKTPOA

1 21

I, =7,34-10"zFD2 m3t5CJ, (204)

rJe pa3MepHoCTH npuBelieHbl B equHuniax CU. 31o — u3BecTHOE ypaBHe-
Hue MnpkoBuya.

Cpennuii npenenbHBII TOK 3a MEPUOJ KalaHWs MOXHO HAWTH IO
bopmyie

1 1

. L2
la =1j1dz :7,34-10—3ZFD3Xm3CgXljtﬁdt =
To

To
7

o2 6 121
=7,34-107zFD3, m3C}, 67L =6,29-107zFD2, m3CJ 1°.  (205)
T

Kak BugHO M3 mocneaHeil popMyiibl, BEIMYUHA CPEIHETO MPEIETbHO-
IO TOKa Ha PTYTHOM KaIlaroIEM 3JIEKTPOJE 3aBUCUT OT KOHLEHTpaluu
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BemecTBa OX, 4TO HCIONB3YETCS AJI MPOBEACHUS KOJUYECTBEHHOIO aHa-
au3a pactBopoB. llomsiporpaduio, kak KIacCMYECKYIO, TaK M pPa3IHYHbIE
BAPUAHTHI, IIUPOKO MCIIOIB3YIOT ISl OIPENEIICHNS COACP/KAHUS NOHOB Me-
TaJuI0B (LIMHKA, KaAMUs, PTyTH, CBUHIIA U JIp.) B PaCTBOPE.

B Tom ciydae, korna KoHUeHTpanus BemectBa OX y NOBEPXHOCTH HE
paBHa HyIIO (ITOTEHIMAJ 3JIEKTPOAA HEAOCTATOYHO OTPHLATENIEH), CPEl-
HUM TOK, TEKYIIMI Ha PTYTHBIN KaleJIbHbIN 3JIEKTPO, OyAeT paBeH

121

1=6,29-10" zFDgm*t°(C3, — G, ). (206)

rac C(S)x — KOHIOCHTpPaOuA BCIICCTBA Ox Y HOBCPXHOCTH JJICKTPOIA.

AHanoruyHasi 3aBUCUMOCTb MOJy4yuTCs Juisl BeuiectBa Red mocne pe-
meHus auddepeHnanIbHOr0 ypaBHEeHUS JTUHEHHON nuddy3uu:

0Cqeq 0°Cioq
—Rd _p, —Red 207
82‘ Red axz ( )
C FpaHI/ILIHBIM YCJ'IOBI/IeM Ha 6eCKOHe‘IHOM y,Z[aJ'IeHI/II/I oT aneKTpoz[a
Crea (1,0) =0, (208)

4TO COOTBETCTBYET OTCYTCTBHIO BOCCTAHOBJICHHON (DOPMBI Mepe HauaaoM
AJIEKTPOJIN3a B PACTBOPE WIIU B Karyie pTyTu. [Ipym BOCCTaHOBIECHUN NOHOB
MeTalIa 00pa3yeTcsl pacTBOp aTOMOB JAHHOT'O METalljla B PTYTH.
Cpennmuii Tok OyaeT paBeH
12

1=6,29-10"zFD2, ym31°C3 (209)

rae Cr.q — KOHILEHTpanus BemecTBa Red y HOBEpXHOCTH AIIEKTpOIA.

BoIpaskeHuns U151 CpEHETO TOKA, CBSI3aHHOTO C BOCCTaHOBIIEHNEM OX U ¢
oOpa3oBanreM Red, MOXXHO MpUpaBHATH B CHITy HEMPEPHIBHOCTH OCHOBHOIO
QJICKTPOXUMHUYICCKOI'O IMporecca (CKOHBKO BCTYIIMJIO B PCAKIUIO HACTHI OX,
CTOJIBKO k€ yacTull Red 1omkHO 00pa30BaThes B €AMHUILY BPEMEHH):

o2 121
6,29-1072FD},;m*16Cy,y = 6,29-107° zFDd m1¢ (C3, - €3, ). (210)

(¢

N3 mocneaHero ypaBHEHUs, a TakK)Ke HCIOJIB3Ysl ypaBHEHUE ISl TIpe-
JeTBLHOTO TOKa, HaljieM oTHomeHrne koHeHTpanuii Ox u Red y nmoBepxHo-
CTH DJICKTpO/a:

1 2 1
I=1,-6,29-10"2zFD3 m3t5C}_ (211)
niun
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1 21

6,29-10°nFD2.m31°Cs, =1, 1. (212)

P&SI[CJ'H/IM 00e yactu YPAaBHCHMA HA BBIPAXKCHHUC AJIA CPCAHEIO TOKA!

1 21 1

6,29-10°zFDZ m3t6CS 1,-1 D.CS.

[ e A B (213)
6,29-107zFDZ. ;m316Cy D2.,Cs s
OTKyZ1a MOKHO BBIPa3UTh OTHOILLIEHHE KOHIIEHTPALIHI:
1
Cox :[DRedjz L1, (214)
lied D Ox 1

OTHoONIEHNE KOHLEHTPALMI OMNpeaeiseT NOTEHUMAal 3JIEKTpoJa Co-
rJ1acHO ypaBHeHUI0 HepHcra:

1

s T 7

E:E°+Elnh :E°+RT1n Dyeq |* 14 =1 =
zF Cred

5 ZF

_E, +RT1H(’d:’J. (215)

B IMOCJICAHCM YPABHCHHUU BCJIIMYMHA E1/2 Ha3bIBA€TCA ITOTCHIIMAJIOM

IMOJYBOJIHBI U BBIPAXKACTCA CICAYIOIINM 06pa30M:
RT . D

E, = E®+——In—Rd

5 2zF  Dg,

(216)

BblpaBI/IB N3 ITOCICAHCTO COOTHOMICHUS TOK, IIOJIYYHUM YPABHCHHUC

, (217)

KOTOPOE Ha3bIBAECTCSI YPABHEHUEM 00paAmMuMOot KamooHou noasapocpaguye-
ckou eonnvl I'eliposckozo — Hnvkosuua. VineanbHas noasporpaMma MMeeT
BU/JI BOJIHEI (puc. 71).

Kak cnenyer u3 ypaBuenus (217), npu E = Ey;, TOK paBeH MOJOBUHE
npeaenbHoro AU @y3suoHHOro Toka. TakuM 00pa3oM, MO HOJSpOrpaMMe
OnpeneNnsieTcs MPeAeNbHbIA TOK U NOTEHIMAN N0JayBOJIHbL. [loTeHnnan mno-
JIyBOJIHBI HE 3aBHCHUT OT KOHIICHTPALUX BEILIECTB, a ONPEAEIISICTCS XUMUYIE-
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CKOM TPHUPOJION BEIIECTB, 00pa3yIolIUX JaHHYIO peaokc-napy. [loatomy
MOTEHIAAIT ITOJIYBOJIHBI MCIIOJIB3YETCS 111 KAYECTBEHHOTO aHAJIU3A.

7

Iy

I,

Eyp, -E

Puc. 71. UneansHas hopma mosssporpaMMbl

OrpaHvyeHue aHAIMTUYECKUX BO3MOXKHOCTEH MOJISPOrpapuyecKkoro
METOJa CBSA3aHO C TOKOM 3apsKEHUS IBOMHOTO JJIEKTPUUYECKOTO CIIOS, BBI-
3BaHHOT'0 YBEJIIMYEHUEM MTOBEPXHOCTHU KA/ BO BPEMEHHU.

[Tonsiporpaduueckuii MeToa MOKET ObITh UCIIOB30BaH JIJ1s1 BHISICHEHUS
NPUPOABI JIMMUTHPYIOLIEH cTaguu. Macca OTpBIBAIOIICICS Kalllld paBHA
mtT = const AJi1 TaHHOTO Kalmwjuisipa B cocTaBa pactBopa. Clie1oBaTenbHO,
Hepuo/i KanaHbsi 00PaTHO MPOMOPIUOHANIEH CKOPOCTH BBITEKAHUS PTYTH:

Ta—. (218)

Cpennuil npeneiabHblil TOK, COTJIACHO yYpaBHEHUIO MnbkoBuYa, npsmo
IIPONOPLUHOHAJIEH MPOU3BEAEHUIO 71 U T B COOTBETCTBYIOIIUX CTENEHSX:
2 1

I, ~m31°, (219)

", CJICAOBATCIBHO, IIPOMOPHHUOHAJICH CKOPOCTH BBITCKAHUA PTYTU B CTC-

resu 1/2:
. 21 1

1, ~ m3m 6 ~m?. (220)

CKOpOCTh BBITEKAHUS PTYTH W3 KaWULAPA NPSIMO IPOMOPLUUOHAIbHA
BBICOTE CTOJI0A PTYTH B KaWJLUIAPE, O3TOMY IPENETbHbIN TOK IPsIMO MpO-
NOPLUMOHAIEH KOPHIO KBaJIpaTHOMY U3 BBICOTHI CTOJIOA PTYTH:

1

hxm=1,~h?. (221)

Takum oOpa3om, eciau B DKCIMEPUMEHTE TMOIY4YaeTCsl MpsMasi IPOIIop-
MOHAJLHOCTh MEXJY BEJIMYMHOW MPEIEIbHOTO TOKAa M KOPHEM KBaJpaT-
HBIM U3 BBICOTHI CTOJIOA PTYTH, TO CKOPOCTh MPOIIECCa OMPENEIIAeTCs CTa-
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JIIUEN MACCOIEPEHOCA, B NPOTUBHOM CJly4yae JIMMUTUPYIOIIEH CTaIuEN HE
SIBIIAETCSA CTAAUSA MAacCOIlepeHoca.

VYpaBHenne MnpkoBrua noiy4eHo it JMHEHHON AU dy3un K TIOCKO-
My 3JIEKTPOJY, & PTYTHBINA 3JeKTpoa uMmeer popmy, 6au3kyro K mapy. Ilo-
TOMY JaHHOE ypaBHEHHUE sBisieTcs npuOmmkeHHbIM. [locne ['eiipoBckoro
MHOI'ME HCCIIEIOBATENIM YTOYHSJIA YpPaBHEHHE JUIl TOKA Ha KalelbHOM
PTYTHOM 3yiekTpoae. IlepBoe M OCHOBHOE YTOUHEHHE CBSI3aHO C YYETOM
chepuunoctu muddysun. KpaTtko paccMOTpuM MOCTaHOBKY 3aJa4d M OC-
HOBHbIE pe3ysbTaThl. ECM MOBEPXHOCTH 3JIEKTpOJa IMPEJCTaBIseT OO0
cdepy, TO Hayasl0 KOOPAWHAT MOKHO TOMECTUTh B LIEHTP cdeprl. B nexap-
TOBOM CHCTEME KOOpAMHAT HEOOXOIMMO pellaTh ypaBHEHHE HeCTallMoHap-
HOU 1 Py3un ¢ yueToMm Bcex TpeX MPOCTPAHCTBEHHBIX EPEMEHHBIX:

oC o’C 0°C  o°C
— =Dt 5t
ot ox~ oy- 0Oz

, (222)

4TO TPYAHO craenarb. OJHAKO MOXHO y4eCTb CQEpPUUYECKYH) CUMMETPUIO
npouecca qupdys3un. s naeanpHoro mapa B ciiydyae paBHOMEPHOIO pac-
IpeleaeHUs] KOHIIEHTPAlUH PEearupyollero BeueCcTBa B paCTBOPE BOKPYT
1apo00pa3HOro 3JIEKTPOJa MOCIEe BKIIOUEHHs TOKA KOHLIEHTpALUs y IO-
BEPXHOCTH PAaBHOMEPHO YMEHBIIMTCSA, YTO BBI3OBET MOTOK AudpPy3uu K
MOBEPXHOCTU. DTOT MOTOK TOXE JOJHKEH OBITh PAaBHOMEPHBIM M, CJIE€I0OBA-
TEJIBHO, PACIpEe]eIICHUe KOHLEHTPALMM Pearupyromero BEIecTBa Ha Of-
HOM U TOM K€ PacCTOSHUU OT LIEHTpa B JIIOOOM HaIpaBICHUH OyIEeT Onu-
HakoBbIM. ['oBopAT, uTto nudPy3us obnanaer chepruueckol CUMMETPHUEH.
[ToaTromy B ypaBHEeHUH AU(PPY3UH MOKHO HCIOIB30BaTh OJHY MPOCTpaH-
CTBEHHYIO KOOPJAMHATY ¥ — pacCTOSIHME OT LeHTpa mapa. AuddepeHunans-
HO€ ypaBHEHUE HecTallMOHapHOH nuddy3un OyaeT UMeTh BUJ
oC(r1) _ a2c(r,t)+zac(r,t)

ot or? r or

(223)

PemenueM naHHOrO ypaBHEHMS HEOOXOAMMO HAWTH paclpeiesieHue
KOHLIEHTPALUU TIpU 7 > 1y, TAE ¥y — paguyc mapa. PaccMoTpum npoTekanue
Ipolrecca B yCIOBUAX MPENEIbHOro Toka. HadyanbHble U TpaHUYHBIE YCIIO-
BU 3aIUIIYTCS] aHAJIOTUYHO JIMHEHHOW (P y3un, TOIBKO C YYETOM TOTO,
YTO PELICHUE YPABHEHUS UILIETCA B IMANA30HE 7)< 7" < 00:

C (r,O) =(C, Ha4aJbHOEC yCIOBHE,

C(ry,t)=0 (224)
C(oo’t) _ CO I'paHUYHBIC YCIIOBHUA.
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Perienrie nanHOTO ypaBHEHUs OyJI€T UMETh CJICTYIOIINI BU/I;

C(r,t)=C, 1— D erfe| =10

r 2\/5

3aBUCUMOCTh KOHIOCHTPpAIUU OT pAaCCTOAHUSA IIPpU pa3H0171 IMPOOOJIZKH -
TCIBbHOCTH 3JICKTPOJIN3a IIPCACTABJICHA HA PHUC. 72.

(225)

b

ik

[ -

0,10 0,11 0,12 7.ceM

Puc. 72. 3aBUCUMOCTb KOHIIEHTPALIUU B PacTBOpE
OT PacCTOSHUS OT AJIEKTPO/Ia B TOTEHLIMOCTATUYECKUX YCIOBUSAX
Ha NpesiebHOM Toke (paauyc snektpona 0,1 cwm;
kodddumment muddysun 107> cm’/c)
IpY Pa3HOM MPOJOKUTETBHOCTH JIEKTPOIIN3a:
I1-1c¢;2-10¢;3-100c;
4—1000 c; 5 — B TeueHHe OECKOHEYHOTO BPEMEHU

3aBUCHUMOCTh IUIOTHOCTH MPENEIbHOTO TOKa OT BpPEMEHH Oyner
UMETh BU]L

L1 (226)

NnDt 1

ComnocTaBsisi TaHHOC ypaBHEHHE C AHAJIOTMYHBIM YpPaBHCHHEM IS
nuHerHoU auddy3uun K mwiockomMy siektpoay (199), MoxxHO BUAETH, YTO B
cinydae chepuueckoil nuddy3uu MMIOTHOCTh TOKa OOJbIIE HA BEIUYHHY
zFDCy/ry. CyiiecTBeHHBIM OoTiaudueM Iudgdy3un K chepuyeckoMy IJIeK-
Tpoay OT AU(PQY3Ud K IIOCKOMY 3JIEKTPOIY SIBISETCS TO, YTO B CiIyyae
IUTOCKOTO 3JIEKTPOJIa TOK CO BPEMEHEM CTPEMHUTHCS K HYJIO, a B CiIydae
chepuvecKoro EeKTPoa — K MOCTOSTHHOM BenmuuHe (puc. 73).

Cdepuueckas nuddysuss OyneT coBmagath ¢ JUHEHHOW MpPHU ycC-
JTOBUH

i, =zFDC,

1 > l (227)

Dt 1
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LA

? ZFDC,

o

Eandl |

Puc. 73. Cxema 3aBUCHUMOCTH TJIOTHOCTH MPEAEIBHOTO TOKA
OT BpeMEHU Ha c(hepruIecKoM IIEKTPOJIe
B MTOTEHITUOCTATHYECKUX YCITOBUAX

JlaHHOE yClI0BHME MOXHO peaJM30BaTh MPHU HMCIOJb30BAaHUU chepu-
YECKHUX 3JIEKTPOJOB OOJIBIIOr0 pazMepa WK MPU MPOBEIECHUH IJIEKTPO-
Ju3a B TEYEHHE OYEHb KOPOTKOrO BpEMEHU (MMITyJIbCHbIE MeTO/bl). Ha-
IpUMEpP, €CIU paauyc dekrponaa paseH 0,1 ¢cM, TO Ipu TUOUYHOM 3HaA-
weHnu kodpdurmenta auddysun 10°cm’/c um TpeGoBaHHH, YTOOEI
chepuunocTs audQy3un BHOCUIA MOrpemHocTb B 1%, gomycTtumoe
BpEMS AJIEKTPOJIN3a COCTABUT

1100

J14.107%: 0.1

TouHOe ypaBHEHHE ISl CPEAHETO MPEAETLHOI0 TOKa Ha PTYTHOM Ka-
MaroIIeM 3JIEKTPoJie, yuuThiBatoiee chepuunocts nuddy3un, BHIBEIU HE-
3aBUCUMO JIpyT OT jpyra Mainyna u Koyrenkmii:

t~0,03c. (228)

112

11
2.6 2.6
34Dlr +100 DT

m3 m3

12
3

1,=607zD2C"m

1
] 1+ (229)

DTO ypaBHEHHUE HE MCUEPIIBIBAET BCEX BO3MOKHBIX MOMPABOK K YpaB-
HeHuto MnbkoBuua. MHOrue ucciaeqoBaTeIn BbIBEIU YPaBHEHUS, YUUTHI-
BAIOIIUE JOMOJHUTEIbHbBIE MOMPAaBKU. DTH MONPABKU OCHOBAaHbI Ha Clie-
IOYIOIIMX OTKJIOHEHHSIX KaMeIbHOTO AJICKTPoa OT uaeanbHocTh: 1) addext
00eHEHUsI pacTBOpaA PEarupyrolM BEIIECTBOM B PE3YJbTATE IEKTPOIIH-
3a Ha IMPEAIIECTBYIONIEH Karie; 2) SKpaHUPOBaHUE Kallellb PTYTH CTEKJIOM
Kanuiisapa; 3) HEHEHTPUYECKUH POCT Karuiu; 4) HepaBHOMEpPHOE paclpe-
JIeJIEHHE TUIOTHOCTH TOKa W MOTEHIMala MO MOBEPXHOCTH PacTyIIe Karl-
au; 5) ornmuue GOopMbI pacTylIei Kariu oT chepruyecKoi u T. 1.
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JNIEKUMA 14. XPOHOAMIEPOMETPUA,
XPOHONOTEHUMAOMETPUA

NMnynbCHBIA MOTEHIMOCTATHYECKUNA METOJT (XpOHOAMIIEpOMETPHS), a
TaK)K€ HMMITYJIbCHBI TajdbBaHOCTATUYECKUN METOJ (XpPOHONOTEHIIMOMET-
pHusl) OTHOCATCS K HECTAIMOHAPHBIM METOAAM HCCJEIO0BAHMS, CIIEI0Ba-
TEIbHO, OHU MOTYT IPUMEHSTHCS ISl UCCIIEIOBAHUS TAPAMETPOB OBICTPBIX
IIEKTPOXUMHUYECKUX CTaaul, onpeneneHuss eMxkoctd JI9C, omuueckux mna-
JEHUW HAIPSOKEHUN B TEJIE DJIEKTPOAA U B CIOE DJIEKTPOJIMTA, HAXOISIIEM-
Cs MEXAY AJIEKTPOJOM M Kanwuiapom Jlyrruna, pacuera kosdduimeHTa
1 y3un 3eKTPOaKTUBHOTO BEILIECTBA.

XpoHoamnepomeTpua

dakTop BO30YXKIEHUS — MOTEHIMAN AJIEKTPOJa; BPEeMEHHas (PYHKIUS
bakTopa Bo30YKICHHUS — MPSMOYTOJIBHBIA UMITYJTEC TPOIOJKUTEITHHOCTHIO T.
dukcupyemast (pyHKIUS OTKIIMKA — 3aBUCUMOCTh TUIOTHOCTH TOKa i OT Bpe-
MEHU B Mpolecce Nosipu3anuu (XxpoHoammneporpama). OOmuid Bua 3aBUCH-
MOCTEM MOTEHIIMAJa U IJIOTHOCTH TOKA OT BPEMEHU M300paXkeH Ha puc. 74.

EA l-A

A
\ 4

v
v

a o

Puc. 74. OGmwmii BUI 3aBHCUMOCTEH MOTEHIHANA (@) U MJIOTHOCTH TOKA (6) OT BPEeMEHU
B METO/I€ XpOHOAMIIEPOMETPUHU

BennurHa TOka B XpOHOAMIIEPOMETPUHU OINPEAEIAETCS CKOPOCTHIO
TJIaBHBIM 00pazoM audQy3HOHHOTO TMEepEeHOCa BEIIECTB, YYACTBYIOIINX B
3JIEKTPOJTHOM TIpolecce, W (MiIM) KHHETHUKON AIEKTPOXUMUYECKON peak-
Ui, Eciaum amekTpoxumMudeckasl peakius mpoTeKaeT HACTOIBKO OBICT-
PO, YTO Ha BJEKTPOAAX TOCTUTAETCS DIIEKTPOXUMHUYECKOE PAaBHOBECHE, TO
MPOIIECCHl 00PAaTUMBI U JTUMUTHUPYIOIIEH cTanuei sBisieTcss auddysus. To-
r7a JJIsl BRIYMCIICHUS DJIEKTPOJHOTO TOTEHIMAa IPUMEHUMO YpaBHEHHE
HepHucra. Ecnu 351€KTpOaKTHBHOE BEIIECTBO CO CTAHIAPTHBIM JJIEKTPOJI-
HBIM NOTEHLMAIOM E° BOCCTaHaBIMBAETCA, TO MPU MEHEE OTPUIATEILHOM
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MOTEHIMANE, YeM E°, IEKTPOXUMUYECKAs PEAKLUs HE MPOUCXOIUT U TOK
npakTudecku paBeH 0. CaBur moTteHmnuana kK 0oyiee oTpUIaTeIbHBIM 3HAYe-
HUSIM TPUBOJMUT K YBEJIMYECHHIO PAaBHOBECHOW KOHIIEHTPAllMM BOCCTaHOB-
JICHHOW (DOPMBI, TOK BO3pACTaET U JOCTUTAET MPEACIIbHON BEIMUNHBI, OIIPE-
nenseMoit muddy3uen 3IeKTPOAKTUBHOTO BEIIECTBA. 3aBUCUMOCTD TUIOTHO-
CTH TIPEACILHOTO TOKa OT OOBEMHOW KOHIIEHTPAIMA OKUCICHHOW (HOpMBI
ANIEKTPOAKTUBHOTO BEIECTBA ONMUChIBaeTcs ypaBHeHreM Kotrpens (199).
Cxkopocth auddy3un 3aBUCHT TIaBHBIM 00pa3oM OT T€OMETPHUU TIO-
BEPXHOCTH pazjielia JIeKTpo — pacTBOp. Eciu pabouunii »nexTpoa uMeer
dbopMy MIACTUHKYU WU [MWIMHAPA, TO B MPOIECCE IEKTPOJIU3a MPU AOCTA-
TOYHO OTPHUIATEIHLHOM IMOTEHIHANIC IJIOTHOCTh TOKAa B TEUCHHE BPEMEHU
nagaet 10 0 (mpuyem B ciydae HMWIMHAPUYECKOTO 3JIEKTPOJia TOK IajaeT
3HAYUTEILHO MEJICHHEE, YeM B ciiydae miockoro). Ilpu ucnosb3oBaHUM
anekTpoaa cepudeckor (opMbI 3HAUECHHE TOKA YMEHBIIIAETCS 10 HEKOTO-
poit mocTostHHOM, oTianyHOM oT 0 BenmuuuHbl (226). Ilpu ucnosb30BaHUM
IJIOCKUX TMEPEMEIIAIOIINXCS B PACTBOPE JJIEKTPOJOB BEIMYMHA IPEACIIb-
HOTO TOKa BO3pacTaeT B 7/3 pasa; mpu 3TOM C MOMOIIbI0 ypaBHeHUsT KoT-
TPeJisi MOXXHO BBIYUCIUTH 3HAYEHUSI MTHOBEHHOTO TU(PHY3UOHHOTO TOKA.
Ecnu snekTpoaHbie Mpoiecchl HEOOPATUMbI U TUMUTUPYIOIICH cTaauei
SIBJISIETCSI DJIEKTPOXUMUYECKAsA PEaKIUs, 3aBUCUMOCTb IUIOTHOCTH TOKa OT
KOHIIEHTPAIH 3JIEKTPOAKTUBHOrO BenlecTBa C OMUCHIBAETCS YPABHEHUEM:

i = zFCkf (1), (230)

rae kK — KOHCTaHTa CKOPOCTH MPSMOU SJIEKTPOXUMUYECKOW pPEakIuu; f —
GbyHKIMS, 3aBUCAINAs OT A ¥ u3MeHstomasics oT 1 1o 0;

h=k\t/D . (231)

Torna nipu ¢ = 0 TOK UMeeT KOHEUHYIO BeNM4YnHy. B ciydae cdepudeckoro
AJIEKTPOJIa ¢ OOJBIITUM paguycoM Ipu ¢ — 0 3aBHCUMOCTh TOKa OT BpeMe-
HU TaKasl K€, KaK B CJIy4ae MIOCKOT0 JIEKTPOJA.

Ecnu snekTpoaHbIM mporeccam NpeAecTBYeT XUMUAYECKas peakius
NEepPBOro MOpsJKa, B pe3yibTaTe KOTOPOM oOpasyercs 3JIEKTPOAKTUBHOE
BEIIIECTBO, 3aBUCUMOCTh [ OT { U C HallOMMHAET TAKYIO K€ 3aBUCHUMOCTH
JUIS HEOOPATUMBIX 3JEKTPOAHBIX MPOIECCOB:

i=zFC\[DKk 1 (p), (232)

rie K — KOHCTaHTa PaBHOBECHS XMMHUYECKOW pPEaKIuu; k; — KOHCTaHTa
CKOPOCTHU TIPSIMOM XUMHUUYECKOU peakuuu; f — QyHKIUs, 3aBUCSIIAs OT P U
n3Mensronasicsa ot 1 1o 0;
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p=1JKkt . (233)

XPpOHOAMIIEPOMETPHSI UCIIONB3YETCS TJIaBHBIM 00pa3oM ISl H3yYEHHUS
KMHETUKH DJIEKTPOJHBIX PEAKLUU, a TAKXKE I ONPEAEIEHUs KOJINYECTBA
AJIEKTPUYECTBA IIPU DJIEKTPOJIN3E.

XpoHonoTeHuomMmeTpus

®dakTop BO30YXKJEHUS — IUIOTHOCTh TOKa I; BpeMEHHas (DyHKIHS
dakTopa BO3OYXKIEHUS — MPSIMOYTOJbHBIM UMITYJIbC MPOJOIKUTEIBHO-
cthio T. Dukcupyemast GyHKIUS OTKINKA — 3aBUCUMOCTh MOTEHITHANIA OT
BPEMEHHM B Mpollecce MoJgpu3aluu (XpoHomoTeHImorpamMmma). OO0mmui
BHJI 3aBUCUMOCTEH TJIOTHOCTH TOKA W MOTEHI[MalIa OT BpeMeHU n300pa-
JKEH Ha puc. 75.

i A EA

A
\ 4

AE oy

v
v

a o

Puc. 75. O0muii BU 3aBUCUMOCTEH TUIOTHOCTH TOKa ()
Y TIOTEHIIMAJIA JIEKTPoia (6) OT BpEMEHHU B METOE XPOHOIOTEHIIMOMETPUHI

[Tpr BKIIOYEHUH TMOJSPHUIYIOMIETO TOKAa B BEIMYUHY H3MEPSIEMOTO
AJIEKTPOJHOTO TOTEHIIMAAa MOMEHTAIBHO BKIIOUYAIOTCS oMuuecKue naoe-
Hus Hanpaxcenusi IR. CONPOTUBIIEHUE MOXHO PaccunTaTh, ONPEEINUB Be-
mmanHy AE,,, B MOMEHT Hadvajla UMIyJbca MO rpaduKy 3aBHCHMOCTHU TIO-
TEHIIMAaJa JIEKTPoJia OT BpeMeHu (puc. 75, 0).

[ToBbIlIEHHE TTOTEHITHANA 3JICKTPO/IA, CBA3aHHOE C 3apsHKEHUEM BOM-
HOTO DJIGKTPUYECKOTO CJIOSl M YCTaHOBJICHHEM CTallMOHApHOTO (apajees-
CKOTO TIpoIlecca, He MPOUCXOJUT MTHOBEHHO. MaTeMaTnuuecKoe OMrcaHue
(GYHKIIMOHATHHON 3aBUCUMOCTU E = f{(f) 3aBUCHT OT MEeXaHU3Ma dJICKTPO/I-
HOTO IPOIIeCCa U COCTOSTHHS IIOBEPXHOCTH AJICKTPO/IA.

[IycTh Ha ucciemyeMoM SJEKTPOJI€ MPOTEKAeT peakius, B KOTOPOM
y4acTBYIOT Haxojsmiuecs B anekrponute Bemectsa Ox u Red, B mpucyrter-
BUU M30BITKA (POHOBOTO AJIEKTPOIIUTA:

Ox +ze — Red.
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[TpucyTcTBHE (POHOBOTO DIEKTPOIUTA OOECIIEYMBAET TMOCTOSTHCTBO
MOHHON CHUJIBI M BBICOKYIO 3JIEKTPOMPOBOAHOCTH PACTBOpPa M IO3BOJISIET
npeHeOpeyb HW3MEHEHUWEM MOTeHUuana Ha AUQQy3HOH YacTH JBOMHOTO
AIIEKTPUUECKOTO CIIOSI.

JI1s1 mporieccoB, KoHmpoaupyemvix ouggysueti, B yCIOBUIX 00paTH-
MOTO MPOTEKaHUSl AJIEKTPOXMMUYECKOM CTaJuy HM3MEHEHUE IOTEHIMaIa
AJIEKTPOJIa TIPOUCXOJIUT B COOTBETCTBUU C ypaBHeHHeM HepHcra Bcrencr-
BU€ OOCTHEHUS MPUDJIEKTPOIHOTO CJIOS DJIEKTPOJIUTA DIIEKTPOAKTHBHBIMU
yactunamu Ox 1 oOorameHus yactunamu Red.

Pemenne nuddepennmanbHoro ypaBHeHus BToporo 3akona duka, onu-
CBIBAIOIIETO HECTAIIMOHAPHYIO AU(Yy3UI0 B HAMPABICHUHN OCH X JIJISl DJICK-
TpOJa, JIMHEWHBIE Pa3MepPbl KOTOPOTO 3HAYUTEIBHO OOJIBIIE TOJIIIHMHBI (-
dysuonnoro ciost (>>10" cm), npemnoxumu Cong u Kapaorianos, onpese-
JIMB 3aBUCUMOCTH KOHIIEHTPAIIUU JIEKTPOAKTHBHOTO BEIIECTBA OT BPEMEHHU
1I0CJIe BKJIFOUEHHS TOJSIPU3YIOIIETO TOKa € § = const Ha pa3HOM PacCTOSIHUU
OT TIOBEPXHOCTU AJIEKTpoja. JJis TpaHMYHOTO YCIIOBHSI, KOTJa TUIOTHOCTD
TOKa paBHA WM OOJIbIIIE MpeaeabHON qu((Hy3nOHHON TUIOTHOCTH TOKA:

i= zFD(a—C] = const, (234)
ax x=0
MOJTYYEHO PEIICHUE
c=c-2L L (235)
nF \ D

rae C' — KOHIIEHTpAIUs paspsokaromuxcs yactuil OX y MOBEPXHOCTH JJI€K-
TpPOJla, MOJIB/JI; ¢ — BpeMsl, MPOIIEIIee C MOMEHTa BKIIIOUEHMS TOKa, C;
D — xooddurment quddysun gactu Ox, m>c . [IpH 5TOM BO3pacTaer Ka-
TOJ/IHAsI KOHIIEHTpallMOHHas nossipuszanus (oo6xacts I, puc. 76).

Yepe3 HEKOTOpPOE BpeMsl T MOBEPXHOCTHast KOHIeHTpamus C° cTaHeT
PaBHOM HYJIIO, ITPX 3TOM MOTEHIMAN AJIEKTPOAA, B COOTBETCTBUHU C ypaBHE-
HueM HepHcTa, HAaUHET pe3KO CMENIaThCsl B CTOPOHY Oojiee dIEeKTPOOTPH-
LATeJIbHbIX 3HAYEHUN, 4TO WILIOCTpupyerca puc. 76. Ilo moctumxeHun
PAaBHOBECHOT'O MOTEHIIMAIA HEKOEU JIPYrod 3JEKTpOoaHON peakuuu E, (Ha-
pUMEpP, Pa3OKEHUSI PACTBOPUTENSA) CKOPOCTh YMEHBIIECHUS MOTEHIIMAIIA
BHOBb CHUkaeTcd (oomnacts I, puc. 76).

Bpewms T, 10 TOCTH)XEHUU KOTOPOTO HAOIIOIAETCs MEPEX01 OT OJAHOTO
3JIEKTPOJHOTO Tpollecca K Apyromy (Wid, IpyTUMHU CIOBaMHU, KOHIIEHTpa-
Us pa3psHKAIONIUXCA YaCTULl Y TIOBEPXHOCTU CHMXKAETCS 70 HYJISA), Ha3bl-
BAETCS NepexoOHbIM 8PEMEHEM.
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Puc. 76. Cxema NOTEHIIUOMETPUUECKON KPUBOIA:

T — IIepexoJHOe BpeMs; o0macTh | — Bo3pacTanue KaToIHOM
KOHIEHTPAMOHHOM MOJspU3aliu, 00yCIOBICHHOE
YMEHBIIIEHUEM MTOBEPXHOCTHOM KOHIEeHTpauu yactui] Ox 1o 0;
obmacts Il — o6macTe Hayaia MPOTEKAHUS IPYTOH SIEKTPOTHON PEAKINH
(Hanmpumep, pa3nokKeHUE paCTBOPUTEIIS)

TToCKOJIBKY B MOMEHT JOCTHXKEHUS repexoanoro Bpemeru C' = 0, To
13 ypaBHeHus (235) moyyum

.5 zFC~NmD

it? =
2

N3 ypaBuenus (236) ciaemyert, 9To npu oup@y3uonHvix 0epanuyeHusx
MPOU3BEICHUE TUIOTHOCTU TOKA MMITYJIbCa HA KOPEHb KBaJ[paTHBIN U3 Iie-
PEXOTHOTO BPEMEHU — HOCMOSIHHAS 8EIUHUHA.

Jns anoHOTO Tpoliecca OKUcieHus BemecTBa Red, anamoruuno pac-
CMOTPEHHOMY BBIIIIE€, MOKHO 3aITUCATh BBIPAKECHHE

(236)

- . (237)

VYpaBuenus (236) u (237) npu u3BeCTHBIX KOHIEHTparusax Cox WIH
CReq UCTIONB3YIOTCS JJ1s1 pacyeToB KoddpuiineHToB audy3un BEmecTs.

TIpOIOPLHOHATPHOCTh MEXIY HPOH3BEICHHEM iT ~ M KOHIEHTPALIHS-
MU DJICKTPOAKTHUBHBIX BEIIECTB JIGKUT B OCHOBE AJICKTPOAHATUTHUYECKHUX
OTIPE/ICIICHUI HEM3BECTHBIX 3HAUYCHHM KOHIIEHTpAIlMU IO BEJIIMYHUHE Tepe-
XOJIHOTO BpeMeHHU. /{751 onpenenenusi Hen3BecTHOW KoHueHTpauuu C, crie-
JyEeT MPUTOTOBUTH Pl PACTBOPOB aHAJIOTMYHOTO COCTaBa, HO C U3BECTHBIM
COJIEp’)KaHUEM ompenensseMoro Bemectsa. OnpenenuB 3KCIEPUMEHTaIbHO
IS K&KIOTO PacTBOPA iT'° M MOCTPOUB KaIMOPOBOYHBIH rpaduK B KOOP-
JUHATax it — C, moxHO onpenenuts C,.
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OnpenenuM oOIUI BUA KaTOIHBIX XPOHOIOTEHIIMOTPAMM IS pa3-
JUYHBIX AJICKTPOXUMUYECKUX TPOIECCOB (B YCIOBHUSAX JTUHEHHON HecTa-
nuoHapHOU AU dy3un).

na npoyeccos, ckopocms KOMOPbIX TuMUumupyemcs cmaouetl oug-
@y3uu 8 ycrosusx obpamumo2o npomeKauus Oblcmpou 21eKmpoxumuye-
ckoti cmaouu (Doy << k), I3MEHEHHE MOTEHIIMAJIA AJIEKTPOaa MPOUCKOIUT
B coomeemcmeuu ¢ ypaeweHuem Hepncma Bcnenctue oOeAHEHUS TMPH-
AJIEKTPOJHOTO CJIOSA DJEKTPOJIUTA DBJICKTPOAKTUBHBIMU dYacTuramu Ox u
oborarmenus yactunamMu Red. OOmuii BU 3aBUCUMOCTH XPOHOIIOTCHITHO-
rpamMMBbl TAKOTO Mpoliecca MpUBEAEH Ha puc. 77, kpubas 1.

_El

AP e —————
Y
.

Puc. 77. CxeMbl XpOHONIOTEHIIMOMETPUUECKUX KPUBBIX:
[ — oOpaTumeIii iporiecc; 2 — KBa3noOpaTUMBIN TIPOIIECC;
3 — HeoOpaTuMBbIii Ipolecc.

IloncraBuB B ypaBHeHue HepHcra

E=E° +Eln—cOX
zF

(238)

S
Red

(GyHKIIMOHATBHBIC 3aBUCUMOCTH MMOBEPXHOCTHBIX KOHIICHTpAIIUH BEIICCTB
oT BpeMeHH (235) W BBIpa3WB HCXOJHYIO KOHIICHTPAIIUIO OKHCICHHOMN
dbopMBI Yepe3 MepexoHOE BpeMs 10 ypaBHEHUIO (236) (McXoHass KOHIICH-
Tpamus BOCCTAHOBUTENSI paBHA HYJIO), MOJYyYUM OOIIMA BHJl KaTOIHOU
XPOHOITOTEHIIMOTPAMMBI JIJISI TIPOIIECCOB, KOHTPOJIUPYEMBIX CTaaued Aud-
¢by3un (0OpaTuMOil CcTaauKu MEpeHoca dIEKTPOHa), 0e3 yueTa sSBICHUN 3a-
PSKEHUS ABOMHOTO SJIEKTPUUYECKOTO CIIOS:
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Fopos Ry Do  RT ) \/3—1 —g, + 2 \/g—l . (239)

zF Dy, zF

Tac

E, = o+ X1 Pres (240)

2 zF DOx

SIBJSICTCSI  TIOTEHIIMAJIOM TOJISPOrpaPUIECKON TMOTYBOJIHBI ISl JTaHHOU
OKHCIIUTEIIbHO-BOCCTAHOBUTEILHON CUCTEMBI.

Bripaxenue (237) MOXHO MOpeaCTaBUTh B BHUJE OOpaTHON 3aBU-
CUMOCTH

12

zF ?

RT E—EIJ

l+e 2

KoTopas OyneT UMeTh (POopMy, aHAIOTUYHYIO TOJIApOrpaduyecKoi BOIHE.
Ecnu akKTMBHOCTH BOCCTAHOBJIEHHON (OpMBI NMPUHUMAETCS pPaBHOU
CAUHULE, KaK B Cilydae, HalpUMep, OCAXKACHUA METajlla, aHAJIOrn4Has

IIOJICTAHOBKA ACT BBIPAXKCHUE
RT t

E=E°+—|InCy, +In| 1-,/— | |. (242)
zF T

~
N | —

(241)

[IpumepamMu TOAOOHBIX TPOIECCOB SBISIOTCS TMPOIECCHl JIEKTPO-
OCaXJICHUSI CBUHIIA, cepedpa, KaJMusl U3 PacCTBOPOB MX MPOCTHIX COJIEH.
Brinenenus Bomopona Ha Pb u Cd He MPOUCXOIUT BCIEICTBUE BHICOKOTO
NepeHaIpPsDKCHNsI, 1 U3MEHEHNE MOTCHINANa PH U3MEHEHUHU TIOTHOCTH
TOKa OIpeaesseTca NpolieccaMu HecTalMoHapHoW auddy3un pasps-
YKAIOIIHUXCS HOHOB K TMTOBEPXHOCTH AJICKTPOJIA.

Jna nHeobpamumvix npoyeccos, CKOpOCMb KOMOPbIX ONpeoesemcs
anexkmpoxumuyeckot cmaouei (Dox >> ky), B3aUMOCBSI3b JJICKTPOJIHOTO
MOTEHIIMAJIA ¥ TFIOTHOCTH TOJISIPU3YIONIETO TOKA BRIPAKAETCS yPaBHCHUEM
barnepa — ®onsmepa. st kaTomHOTO TIpoIiecca B cirydae OOJBIINUX Tepe-
Hanpspbkennit ((Ey — E°) >> RT/zF) aHOIHOW COCTaBJISIONICH ypaBHEHUS
MOXHO MpeHeOpeub, Toraa

_azFAE;

i, =zFkCSe R . (243)

BrIpa3uB moBepXHOCTHYIO KOHIEHTpamuio BemectBa OX U3 ypaBHe-
Hus (234) uepes T, NOIyIuM
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E=Eo+ 2 1| 2k | |+1n 1—\/Z . (244)
ozF nD T

W3 3T0r0 BBIpaXXKEHUS BHJIHO, YTO [0 CPAaBHEHHUIO C OOpPaTUMOM 3JIEK-
TPOXMMHUYECKON peakuued 3HayeHus: NoTeHIuana oosnee Bbicokue. IloTeH-
Uaj AJIEKTPOJa MPU BKIIOUYEHUHU MOJSPU3YIOLIEr0 TOKA U3MEHSETCS CKay-
KoM (0e3 ydyeTra OMMYECKOT0 CONMPOTUBIIEHUSI CUCTEMBI U 3apspkeHus [[2C)
OT PaBHOBECHOI'O 3JIEKTPOJAHOIO MOTEHIIMAJA IO BEJIUYUHBI, PABHOW CyMMe
NEPBBIX JIBYX ciaraeMbix B (opmyie (244). Ecnu nepexoaHoe BpemMs He-
0o0paTuMOro mpouecca OYeHb BEIUKO (HU3ZKHE Iyyy, BBICOKAsE KOHLEHTpaLUs
BEIIECTBA), BEJINYMHA TPETHErO CIaraéMoro OYE€Hb Majo MEHSETCS CO Bpe-
MEHEM, T. €. Ha XPOHONOTEHLUHOIPAMMAaX PErUCTPHUPYETCS TOPU30HTAJIb-
HBII ydacTok (puc. 77, kpusas 3).

[ToxcraBuB BO BTOpOE ciiaraeMoe BhipaxxeHue (236) amst mepexoaHoro
BPEMEHU, MOJIyYUM

E:E°+£1n(l—°j+£1n - L. (245)
ozl I ozF T

Cornacao 9TOMY YPAaBHCHHUIO, IIOJIHBIC KATOIHBIC XPOHOIIOTCHIIHNO-
rpaMMBbl, IIOJYYCHHBIC IIpH HCO6paTI/IMOM IMPOTCKAaHUU JBJICKTPOXUMUYC-

CKO#l peakuuu, B koopauHatax AE — In| 1— ! TOJDKHBI TPEACTABIIATH
T
co0O0# MpsIMbIE JIMHUH, YTOJI HAKIOHA KOTOPBIX MO3BOJUT PACCUUTATh KO-
3¢ puIMeHT nepeHoca 3IEKTPOXUMUYECKON CTaJuM paspsia, a dKCTparo-
JISIUUSI HA OCh OPJIMHAT — TOK 0OMeHa (Tak Kak i = const).
XPpOHOMOTEHIIMOMETPUYECKAsT KpUBasi i1 KBa3HOOPaTUMOTO MpoIiec-
ca (Dox = k;) 3aHMMaeT MPOMEKYTOUHOE TOJIOKEHUE MEXy KPUBBIMH IJIs1
oOpatumoil u HeoOpaTumoil peakuuu (puc. 77, kpupas 3), a MaTeMaTH4e-
CKO€ OIMCaHUuE MPEANoIaracT CoOBMECTHOE peleHre ypaBHeHuil batiepa —
®onpMmepa u CaHJa ¢ y4€TOM M KaTOJIHOTO, U aHOJIHOTO ITPOLIECCOB.
Jlocmouncmeamu memooa SBASIOTCA MPOCTOTa ammapaTypHOro oodec-
nedyeHus (cradwin3alusi ToKa peau3yeTcsl Mpolle, YeM CTaOWIu3alus
ANEKTPOJAHOTO MOTEHIMANA) U HECIOXKHOCTh TEOPETHYECKUX COOTHOIICHH.
3HaHUE TEOPUM HUMITYJIbCHOTO TajJbBaHOCTATUYECKOTO METOJa MO3BOJIUT
Jqy4llle MOHUMATh MPUPOIY HECTAMOHAPHOCTU TOTEHIMAIOB, BO3HUKAIO-
HIei MpU CHATUM TajJbBaHOCTATUYECKUX TMOJISIPU3ALMOHHBIX KPUBBIX, KOTJa
B [IPOLIECCE UCCIIENO0BAHUM IIIOTHOCTh TOKA HA 3JIEKTPOJE MOBBIILIAETCS CTY-
NEHYaTO, a MOTEHIMAJ 3JIEKTPO/1a IPU 3TOM MEHSETCS IJIaBHO M HEJTMHEHHO.
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K uedocmamkam memooa MOXHO OTHECTH CJIOXKHOCTh y4eTa WIH
KOMITeHcaluu npoiiecca 3apsbkeHus J{9C B pa30aBIeHHbBIX 3JIEKTPOIUTAX U
TPYAHOCTh MHTEPIpPETALMU XPOHOMOTCHIIMOTPAMM JIsi MHOTOCTaAUNHBIX
MIPOIIECCOB.

JIist ucciienoBaHusl KWHETUKH 3JIEKTPOIHOTO Ipoliecca Hy>KHO M0100-
paTh YCIOBHUS TaJIbBAHOCTATUYECKOW TMOJISPU3AIMHU TaK, YTOOBI JJIUTEb-
HOCTh UMITyJIbCa ObLJIa OOJIBIIE MEPEXOJHOTO BPEMEHN MCCIIETYyEeMOro Mpo-
necca. Cneqyer Takke IPUHUMATh BO BHUMAHUE METOJIMYECKUE OTpaHUYe-
HUS MO JJUTEIbHOCTH HENPEPBIBHOIO JJIEKTPOJIM3A: HIDKHUI Tpeaen
orpannueH BpemeHeM 3apspkeHus J[IC (~1 mc) (ecnu uccnmeayeTcs cTpoe-
Hue /IOC unm quarHocTUpyeTcsl COCTOSHHUE AIIEKTPOJHON MOBEPXHOCTH), a
BEPXHUM MPEACIIOM CIY>KUT BpeMsl, IPU KOTOPOM HAUYMHAET CKa3bIBATHCA
KOHBEKTHUBHOE TepemeninBanue pactsopa (~100 c).

JIEKUMA 15. XPOHOBOJIbTAMINEPOMETPUA

[ToTeHIMoIMHAMUYECKUIT METOJ] (XPOHOBOJILTAMIIEPOMETPHS) OTHO-
CUTCS K HECTAllMOHAPHBIM METOJAaM HCCIIEIOBAaHUS U MOKET IMPUMEHSATHCS
JUIS YCTAaHOBJICHUS JIMMUTHPYIOIIEH CTaJuU Mpoliecca, OOHapyKEHHs U KO-
JUYECTBEHHOT'O OINpEAENCHUS] MPOMEXYTOUYHBIX U KOPOTKOXXHMBYILIUX MPO-
IYKTOB 3JIEKTPOXUMUYECKUX pPEaKLUi, UCCIEIOBAHUS MapaMeTpOB OBICT-
PBIX DJIEKTPOXMMHUYECKUX cTaauii, omnpexaeneHus emxoctu JIC, pacuera
kodhdunmerTa nuddy3un AMEKTPOAKTHBHOTO BEIIECTRA.

®dakTop BO30OYXKIEHUS — DSJICKTPOAHBIA MOTEHIMAN FE, BpeMeHHas
byHkuusa paxropa Bo30yKACHUS — TMHEHHAS:

E=E, -vt, (246)

rae £; — HayanbHBIM NOTEHIMAN 3JIEKTpoaa, B; v — CKOpoCTh pa3BepTKHU
roreHmnmana, B/c.

dukcupyemas (QyHKIMS OTKJIMKA — JMHAMHYECKAs 3aBUCUMOCTH
IUIOTHOCTH TOKAa Ha JJIEKTPOJAE OT MOTeHUHaNa (XPOHOBOJIBTAMIIEPO-
rpamma). IIpu 3TOM OCh ITOTEHIMAIOB OJHOBPEMEHHO SIBJISIETCS U OCBIO
BPEMEHH, ITOCKOJIbKY CKOPOCTb Pa3BEPTKHU NOCTOsHHA. YacTto BoOIbTaM-
IIEpOrpaMMbl PETUCTPUPYIOTCS B YCIOBUAX, KOT1a pa3BepTKa MOTCHIAAIA
UJET CHayaua B OJJHOM, a 3aTeM B 0OOpaTHOM HaIlpaBJIE€HUU C OJIMHAKOBOM
[0 BEJIMYMHE CKOPOCTHIO (HampuMep, aHOJHO-KaToJHas pa3Beprka). Ta-
KYI0 Pa3HOBHUJIHOCTb METOJA HA3BbIBAIOT LUKJIMYECKON BOJIBTAMIIEPOMET-
pueii. DopMbI pa3BEPTKU U COOTBETCTBYIOLIME UM yCIOBHBIE BOJIbTAMIIE-
porpaMmsl JiJii OOpaTUMBIX AJIEKTPOXUMUYECKUX PEeaKIUil M300pa’keHbl
Ha puc. 78.
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t . Ermax
1
E
Erax f————-
Emin
Ermax
Enin f————————————
t

Emin

E max
t

Puc. 78. ®opmMsbl pa3BepTKH MOTEHIIAATIA U COOTBETCTBYIOIINE
UM BOJIBTaMIIEPOTPAMMBI TSI 00PATUMBIX SIEKTPOXUMHUYECKIX PEeaKIUi

PaccMoTpuM OCHOBHBIE MaT€MaTHYECKHE 3aBUCHMOCTHU, OIHMCHIBAIO-
M€ BOJbTAMIIEPOTrPAMMBbl HEKOTOPBIX 3JIEKTPOXUMUUYECKHUX IIPOIECCOB,
BOCIIOJIb30BABIINCH MPUBEJCHHBIM PaHEE OMHMCAHUEM OTIEIbHBIX KUHETH-
YECKUX CTaIIUN.

s npoyeccos, ckopocmv KOMOPLIX JAuMUmMupyemcs cmaoueu
oughyzuu k 6eckoHeuHo O00IbULIOMY NAOCKOM) INEKMPOOy 8 YCIA0B8UIX
obpamumoco npomexaumus ObICMPOU INEKMPOXUMUUECKOU CMAOUU
(Dox << k;), B oTCcyTCcTBUE MUTpau (M30BITOK (POHOBOTO AIEKTPOTUTA)
U KOHBEKTHBHOTO TEPEHOCAa MOBEPXHOCTHHIC KOHIICHTPAIIMU BEIICCTB
Ox u Red we OynyTt paBHbI Hy 0. /{715 3a7aHUST TPAHUYIHOTO YCIOBUS Y
MOBEPXHOCTH DJICKTPOJIa HEOOXOJWMO 3HATh MOBEPXHOCTHBIE KOHIICH-
Tpamnuu. B yCcIoBUsAX TUMHUTHPYIONIEH CTaANU MacCONEPEeHOCca 3TH KOH-
ICHTpaIluN ONpeaensoTcs ypaBHeHneM Hepucra. [Tockonsky B ypaB-
HeHue HepHCTa BXOMST KOHIIEHTPAIIUM KaK OKHMCJIECHHOW, TaK M BOCCTa-
HOBJICHHOW ()OpPMBI, TO B 3aJa4y HY>XHO BKJIIOYUTHh U YPaBHCHHUE, OITH-
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ceiBatoliee npouecc AUpPy3un BocCcTaHOBIEHHOU (opmbl. Takum 00-
pa3oM, HYXHO PEHIUTh CHUCTEMY M3 JIBYX IU((depeHIINaTbHbIX ypaBHE-
Hui. JlJ1st KaXa0r0 ypaBHEeHHSI HEOOXOIUMO 3a/1aTh 10 OJTHOMY Hayajb-
HOMY M TIO JIBa TPAaHWUYHBIX yciaoBus. HadanbHbIe yCIOBHUSA ONpeaemns-
I0TCSl MMPOCTO HAyaJbHOW KOHIICHTpAIllMEeW pearupyromux BemecTB 0
3JIEKTPOJIN3A.

[IpumemM, 4TO mepen Ha4aJIOM 3JIEKTPOJIU3a B PACTBOPE MPUCYTCTBY-

€T TOJBKO OKHCIIeHHasi popma ¢ KOHIUEHTpaIuen ng, a BOCCTAHOBJICH-
Hasg Qopma OTCYTCTBYET, T. €. CRed(x,O):O. I'pannyHOE ycioBue Ha

OCCKOHEYHO OOJIBIIIOM PACCTOSHUM OT JJIEKTpoAa (GOPMYJIHPYETCs JOC-
TaTOYHO MPOCTO: MOCKOJIbKY B MPOLIECCe AIEKTPOJM3a KOHIIEHTPALUH
BEIIECTB HAYMHAIOT U3MEHATHCS TOJBKO BOJM3U JJIEKTpOJa, TO Ha Oec-
KOHEYHO OOJIbIIIOM PACCTOSHUU KOHLEHTpPAIMU BellecTB OyIyT paBHBI
HavyanbHBIM. C TpaHUYHBIMH yCJIOBHUSIMHU Y MMOBEPXHOCTH 3JIEKTPOAA ACIO
00CTOUT HEMHOTro cioxkHee. Kak y»e roBOpUiIOCH BBIIIE, ATU YCIOBUS
OTIPEACINISIOTCSl YCIOBUSIMH MPOBEACHUS AJIEKTpoiin3a. B Merone BOJIbT-
aMIEPOMETPHUH 3aJaeTCi TOTEHIHA JJEKTPOAa, IMOITOMY 3aJaroTCs
KOHIICHTPAIlUM BEIIECTB y MOBEPXHOCTH DJIEKTPOJAa B COOTBETCTBUU C
ypaBHeHueM HepHcera:

RT, Co,(0,1)

E=E°+ In .
zF CRed(O,t)

(247)

[Tpu 3TOM MoOTEeHIMAN 3JIEKTpoAa JIMHEHMHO MEHsSeTcs BO BpeMeHH (244).
[Ipeanonaraercs, 4To NOTEHIMAJI YMEHbBIIAETCS, T. €. CMEIIAeTCsl B KaTO/I-
HOM HAaIlpaBJI€HUH, YTO COOTBETCTBYET MPOTEKAHUIO KATOJHOIO Mpolecca
BOCCTaHOBJICHHSI.

Ho ypaBHenne HepHcra gaeT Ham OJJHO TPaHUYHOE YCJIOBHE, a HEOO-
XOJUMO J1Ba (OJTHO JIJIsl OKHCIIEHHOM (POPMBI, APYroe jisi BOCCTAaHOBICHHON
dbopmnbl). Bropoe ycioBue 6epercs U3 ypaBHEHUS dJIEKTPOJTHOTO MPOIlEcca,
B COOTBETCTBUU C KOTOPHIM JIOJKEH BBIMOJIHATHCS 3aKOH COXPAHEHHS Mac-
CBI: CKOJIbKO MOJb BemecTBa OX BCTYNWIO B PEaklUiO B €AUHUILY BpeMe-
HU, CTOJIbKO € MOoJib BelmecTBa Red oOpazoBasiock. DTO yclioBUEe MaTema-
TUYECKU BBIPAXKAETCSI PAaBEHCTBOM MOTOKOB OKHMCJIEHHON M BOCCTaHOBJICH-
HOU (pOpM y MOBEPXHOCTH 3JIEKTPOJIA.

Takum o00pa3om, 3amada TEOPETHUECKOTO OINKCAHUS BOJBTAMIIEPO-
rpaMM C JIMHEWHOW Pa3BEPTKON MOTEHIIMANIa MOXKET OBITh 3allicaHa B Clie-
ITYIOLIEM BUE:
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N

0Co, 0°C,,

ot o o2’

0Cqeq 0*Creg
C :D C ,

ot Red  ox?

Ha4YaJIbHBIC YCJIOBUA:
_ _¢0 _0N-
1=0, x>0, Co =C%, Cyy=0;

TPAHUYHBIE YCIIOBUSA:

x>0, 120, Cy =C), Cpy=0;
zZF(E-E°) zF(E;—vt—E°)
x=0, 120, Crea(0:)
oC oC
D Ox _ -D Red ,
Ox O Red O
rae
zZF(E;-E°) F
O=e R | q= 2
RT

—at
=0e ™,

(248)

(249)

(250)

(251)

(252)

Pemenue HaHHOﬁ 3aJa4umn HaﬁﬂeHO B BHUJAC 3aBUCHUMOCTH TOKa OT IIO-

TCHOHAJIa 1 UMCCT CJ'ICI[YIOHII/Iﬁ BU:

i=zFC, nDg.ay (at),

(253)

rae QyHKIus X(at) HE UMEET TOYHOTO AHAIIMTHUYECKOTO BbIpakeHus. OHa

ABJIACTCA PCUICHUCEM cnenonmero HHTCTPAJIBHOTO YPABHCHUAA!

1

I\/at z 1+y€)e_“’

rac
D Ox

Y=
DRed

(254)

(255)

Paznuunbie ABTOPHI ITOJIYYUIN HpH6HH)KeHHI)I€ AHAJIMTHUYCCKHC PCIIC-

HUS UHTETPaJIbHOTO YPABHEHUS:
— PeitamyT, 1961:

;+1 /_. —ﬁE E1/2

at =—
1(at) n,1

(256)
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— Manyna u Asbe, 1955; I'oxmrreitn, 1959:

1 1 ¢ dz
t)= +— ; 257
X(a ) Tc«/al‘(1+79) 475'([ /Clt—ZChz(lnye_Zj ( )
2

— e Bpuc u Ban [lanen, 1963:

1

at?-at
0

x(at>=—z<—1>"e"[

n=l1

]\/;erfm . (258)

VYpaBuenue (254) ObUIO TaKke YHCICHHO pemieHo HHUKOIbCOHOM H
[eiinoMm (1964) u pe3ynbTaThl TAOYIUPOBAHBI B BUJE 3aBUCUMOCTH BEJU-

YUHBI \/Ex(at) oT (E —El/z)z. ['pacdux 3TOM 3aBUCUMOCTU MOBTOPSIET 3a-

BUCUMOCTh TOKa OT TOTEHIHaNa (TOTCHIIMOJUHAMUYECKYIO KPHUBYIO)
(puc. 79). Bennuuna E,/, onpenensiercs Gopmyioi

E,=E°———Iny. 259
1/2 F Y (259)

I D (SR S VRN Y AN AN (N D N I | -
100 60 200-20 -60 ~100-140
28,50 (E""‘EI/Q)Z, MB

Puc. 79. ®opma 3aBUCUMOCTH TOKA OT MMOTEHLIAATIA
IUTSE 0OPATUMOTO AJIEKTPOJHOTO TPOIECCa B YCIOBUAX
TuHEeHON T Qy3Un U BOIBTaAMIIEPOMETPHUECKOTO METOIA

XapaKTepI/ICTI/I‘IGCKI/IMI/I BCIIMYMHAMH B BOJIBTAMIICPOMCTPHUUCCKOM

METOJIE SBJISIIOTCS MMOTEHIMANI M TOK TTUKA. Y paBHEHHE ISl TOKA MTUKa UMe-
€T BUI

2 pv. (260)
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Oto0 ypaBHeHue Panjuica — [lleuunka. [loreHnman MakcuMyMa Toka paBeH
LIRT
zF

u cMmeniedH Ha 28,5 MB B karogHyro 00JacTh OTHOCHUTENBHO MOTEHIIMAJA
noyyBoJIHBL. [loTeHIMan MakcuMyMa HE 3aBUCUT OT CKOPOCTH Pa3BEPTKH.
DT0 MOXET CITYy>KHTh IPOBEPKON 00paTUMOCTH Tipoiiecca. Ecnu nmoTeHman
MaKCMMyMa HE€ 3aBHCHUT OT CKOPOCTH Pa3BEPTKHU, 3HAUUT JIMMUTHUPYIOIIAS
CTaJusl — MacCOIMEPEHOC.

Ecnu noteHnman MakcuMyma CMEIaeTcsi B KaTOJHOM HalpaBJICHUU
C YBEJIMYEHUEM CKOPOCTU Pa3BEPTKH, TO ITO yKa3blBaeT Ha HeoOpaTu-
MOCTb mpoiiecca. CKOpoCTh Mpoliecca JUMUTUPYETCS CTaJauei MmepeHo-
ca pJeKTpoHa. B 3ToM ciiydae 3aBUCMMOCTH MOTEHI[MANa MUKa OT CKO-
pOCTHU pa3BEpPTKU MOTEHI[MATa MOXKHO HCIOJb30BaTh JJISI HAXOXKJICHUS
KUHETUYECKUX TMapaMeTpoB — Kod(hPUIIMEHTA MEepeHOca U KOHCTAHTHI

CKOpPOCTHU:
E, =Eo- R 1 (90 Do 1y 40,78, (262)
p ozF RT

KpOMe TOIro, i H€O6paTI/IMOI‘O Imponecca TOK IUKa CBA3dH C IIOTCH-
MHUaJIOM IIMKa CJIICAYIOIHUM COOTHOIICHUCM!

E, =E,- (261)

(sz(Ep_Eo)

i,=0,227zFC koe R (263)

[To 3aBUCHMOCTH TMOTCHIMAJIA MUKa OT JIorapudMa IUIOTHOCTH TOKa
ITMKa MOXHO TaKXe ONPECIINTh KUHETHUSCKHe mapameTpbl. [Ipudem Ha-
KJIOH ATOM 3aBUCHMOCTH JaeT K03 UIIMEHT TIepeHoca, a TOUKa mepecede-
HUS C OCBIO — KOHCTAHTY CKOPOCTH.

JNIEKUMA 16. OCOBEHHOCTU BPALLAIOLLETOCA
ANCKOBOI'O 3JIEKTPOZA

Bpamatomuiics nuckoblid anektpon (B/ID) mumpoko ucnombsizyercs
JUISl A3yYEHUS 3aKOHOMEPHOCTEN JJIEKTPOXUMHUUECKUX PEAKIUN, €CII MEN-
JICHHOM CTaJIUEM SIBIISICTCS CTAJUsl MAaCCOMEPEHOCA UIIH JKE TIPOLIECC ITPOUC-
XOJIUT B YCIIOBUSIX CMEIIIAHHON KMHETUKH.

OCHOBHBIE TOCTOMHCTBA:

— BBICOKasi CKOPOCTb YCTAaHOBJICHUS CTAllMOHAPHOI'O0 NOTOKA KOHBEK-
TUBHOU NU(Py3un U, Kak CIIECTBUE, BBICOKAs] BOCIPOU3BOJAUMOCTb pe-
3yJIbTaTOB U3MEPEHUN;
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— PaBHOJOCTYIHOCTb MOBEPXHOCTU (ITOCTOSIHCTBO TOMIIMHBI AUPDY-
3MOHHOTO CJI0SI HA TOBEPXHOCTH 3JEKTPOJIa U PABEHCTBO BEJIMUMH CpEHEN
MJIOTHOCTH TOKA U IEUCTBUTEILHON IJIOTHOCTH TOKA JJIs JIDOOM TOUKH T1O-
BEPXHOCTHU IJEKTPOJIA);

— BO3MOKHOCTh 3HAQUUTEIBHOTO MOBBIIIEHUSI CKOPOCTH MacCOIMEPEHO-
ca U, Kak CJIEACTBUE, BO3MOXKHOCTh ONPENECICHUS KUHETUYECKUX MTapaMeT-
POB CTaJuu paspsija — MOHU3AKUK 0e3 KoppeKiuu Ha AU y3MOHHBIE TOP-
MOKEHHSI (BO3MOKHOCTB OIPEACNATh MapaMeTpbl 0ojiee OBICTPHIX dJIEK-
TPOXUMHUYECKUX PEAKITUI).

O6wuno BJID mpexacrasisieT co0oit AUCK M3 MCCIETYyEeMOro mMaTepua-
714, YKPEIUICHHbIH Ha BEPTUKAJIbHON OCH, KOTOpask OAHOBPEMEHHO CIY>KHUT
TOKOOTBO1I0M. Hepabodast moBepXHOCTH (0Ch, OOKOBasi U THUIbHASI CTOPOHBI
JIMCKa) U30JIMPYETCs, Kak noka3zaHo Ha puc. 80.

Puc. 80. Pa3znuuHble TUITBI BpaIAIOMINXCs 3JIEKTPOAOB B pa3pese:
a — BJID ¢ nnnmaapuyeckoit pybamkoi: / — nzonupytomias pyoamka (Tediaon);
2 — TOKOOTBOJ U OCh BpalieHus; 3 — MaTepual J1eKTPo/a;
4 — snextpomut; 6 — BJ1D mo Pupmudopay

B kadecTBe mMarepuaa IS U30JSIIAH JIEKTPOIa Haubosiee MPUTroTHBI
dropormiact-4 (teda0H) U TOMUITHICH BCICACTBUE HX XHUMHUYECKOM
WHEPTHOCTU. VCMONB3YIOT TakXe W JIpyrue IUlacTHYecKhe macchl (MOJu-
CTUPOJI, MOJUMETHUIIAKPHUIIAT, STTOKCUIHBIE CMOJIbI). MUKpPOAUCKOBBIN TI1a-
TUHOBBIN 3JIEKTPOJ MOXKHO H3TOTOBUTH, BMAsB IJIATUHOBYIO MPOBOJIOKY
TUaMeTpoM ~1 MM B CTEKJIO U OTHUIM()OBAB HIKHUI KOHEI[ IEPICHINKY-
JSIPHO OCH BpallleHUsl.
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Baxnyro posnb urpaer dopma uzonupyromiei pyoOaimiku. Boausu kpaes
JIMCKa YK€ MPU HEOOJBIINX CKOPOCTSIX BpAIIEHHs MOXET MPOUCXOIHUTH TYp-
Oynu3ausl KUAKOCTH M3-32 CMEIICHHs OOKOBBIX M TIOBEPXHOCTHBIX MOTOKOB
AIIEKTPOJIUTA, YTO MPUBOJUT K JIOKAILHOMY CHHKEHUIO TOJIIIMHBI 1 dy3H-
OHHOTO CJIOSl M OIIMOKAaM B pacueTax, OCHOBAHHBIX HA MPUHIUIIE PAaBHOIOC-
TYIHOCTH MOBEPXHOCTH B T (HY3MOHHOM OTHOIIEHUH. C LEBI0 UCKITIOUEHUS
CBSI3aHHBIX C ATHM 3(dekToM OImmMOOK MPUMEHSIOT JIBa THIA AJIEKTPOIOB: C
UIMHIpUYEecKoi (opmoii m3onupytorien pyoamku (puc. 80, @) (auamerp pa-
Ooueit ToBEpXHOCTH JUcKa 3—5 MM, muameTp muiuaapa 15-30 MM) U ¢ KOHU-
qyeckoi pybamkoit (v 6osiee ciaokHOM GopMBbl, Kak, Harpumep, y BJID mo
Punnudopay, cm. puc. 80, 6). B ciyuae MUIMHAPUYECKOTO 3JIEKTPOAA C
JOCTaTOYHO TOJICTONM PyOAamkoil 30HBI BO3MOXKHOM TypOylu3aluu MOTOKa
IPOCTPAHCTBEHHO OT/AENEHBI OT padouell MOBEPXHOCTH JHCKA, & BO BTOPOM
cilyyae TepeKpeniuBaHue (CIusHUEe) MOTOKOB MPOUCXOAUT OoJjiee IIaBHO,
00BEMBI KUJIKOCTH, JIeKAIIKEe BHIINIE W HUKE TJIOCKOCTH BpAICHUS JUCKa,
OKa3bIBAIOTCS KaK Obl B3aMMHO M30JIMPOBAHHBIMHU.

BaxxHo Taxke, 4TOOBI COBMAJaM OCH BpAILEHUS M OCh DJIEKTPOJA,
IUIOCKOCTh JUCKA JOJKHA ObITh CTPOTO MEPIEHIUKYJISIPHA OCHU BpaIeHUS.
Hapymienue rujpoquHaMUYecKOro pekuMa MOYKET BBI3BATh TAKKE CIIMIII-
KOM OJIM3KO M HE MO LEHTPY MOABEACHHBIN KOHUMK Kanuiuisgpa Jlyrruna.

Jpyroe BaxHOe 0OCTOSITENILCTBO — HEOOXOAMMOCTh COXpaHEHHUs Ja-
MUHAPHOTO TEUEHUS >KUIKOCTH MPaBUIBHBIM MOJ00POM CKOPOCTH Bpallie-
HUS dJIeKTpoJa: yncao PeltHonpaca He noipkHO npessimath 10 000.

[TosicauM ocHOBHBIE JOocTOMHCTBA BJ[0.

[Ipu BpaleHnu 1MCKOBOTO 3JIEKTPOAA KUJKOCTh, COIMPUKACAIOIIASCS C
LHEHTPAJIbHBIMU YacTSIMU JUCKA, OTOpAChIBAETCS LIEHTPOOEKHON CUIION K
ero kpasiM. BcneacTBue 3TOro B LEHTPE JUCKA CO3/1AETCA pa3pexeHue U
CTpPY$ JKUJIKOCTH HampaBiiseTcsl U3 00beMa pacTBopa K LIEHTPY JUCKA, T. €.
LEHTpP OKa3bIBaeTCsl TOUKOM Haberanus ctpyu (cm. nekiuto 11). [Tonoxe-
HUE 000 TOYKHM MOBEPXHOCTH 3JIEKTPO/a MOKHO ONPENENIUTh PaccTos-
HHUEM OT HEe JI0 LIEHTpa AMCKa 7, a JMHEWHYIO CKOPOCTh €€ JBUKEHHS Uy —
4yepe3 YIVIOBYIO CKOPOCTh : Vg = 7'®.

ITosToMy, kak BUIHO U3 cooTHouieHus (150):

[vy [vr v
Srp N e N e Y Elt (264)
|0) Qr Q)

TOJIIIMHA TPAHUYHOTO CJIOS HE 3aBUCUT OT MECTOIOJIOKEHHUSI TOUKH Ha I10-
BEPXHOCTH DJIEKTPOJA, a OMPENENAeTCS TOJbKO CKOPOCTBHIO BpalleHUS
AJIEKTPOJIa M BSI3KOCTHIO 3JIEKTposiuTa. Torma tommuHa auddy3noHHOTO
CJI0sl, B COOTBETCTBUU C ypaBHeHueM (153):

150



1 1 1 1 1 1 1

§=1,61y2 (V") 2v6D3 =1,61ve D3w 2, (265)

H IIJIOTHOCTB TOKaA
1 2 1

i, =0,62zFv D32 (266)

BO BCEX TOYKAaX MOBEPXHOCTH JUCKA OJMHAKOBA, YTO MOATBEPKIACTCS, B
YaCTHOCTH, OJMHAKOBOW TOJIIIMHON CJIOSI METajlla, OCaXICHHOIO0 Ha Ka-
TOAHO noJisipuzyemom BJ1D.

Koadpdummentsr 1,61 u 0,62 cOOTBETCTBYIOT Pa3MEPHOCTSIM TUIOTHOCTH
ToKa — A/M’, Kooddrmmenta nuddy3Hr 1 KUHEMATHIECKO# BSBKOCTH — M7/C,
KOHIICHTPAIMH BEIIECTBA — MOJIB/M’, YITIOBOM CKOPOCTH BAICHHS — Pai/c.

an/IMeHEHI/Ie Bpalljaowjeroca ANCKOBOro sneKrTpoga

Bpamaronuics ITUCKOBBIM 3JIEKTPOJX IPUMEHSETCS WIS aHalumuye-
cKkux Ueneil: mo yrinoBoMy Kod(G@GHUUUEHTy HpsMOU i, —+/® (CM. ypaBHe-

Hue 266) nerko onpenenutsb Cy.

AHaNOTUYHBIM 00pa30M MOXHO HAWTH Kosguyuenm ouggysuu D
JIEKTPOAKTHBHOTO BEIIECTBA TP U3BECTHOM €T0 KOHIICHTPAITUH.

BJ1D ucnons3yercs v 17151 ONPEeACTIEHUsI npupoobl 3aMedsleHHOU CMAaoul.

Ecnu npouece uncrto aud@y3HoHHbIH, TO 3aBUCUMOCTb i, —~/( JIMHEIHA U

AKCTPAMONMUPYETCS B Ha4ajao KoopauHat (3aBucuMocTh / Ha puc. 81). Ilpu
3aMEJIJICHHOM pa3psijie TUIOTHOCTh TOKa HE 3aBUCUT OT CKOPOCTH BpalllCHUS
(3aBucumocthb 2). Ecim ckopoctu auddys3nm u paspsga com3MepuMbl (cMe-
IIaHHAsI KUHETHUKA), HAOJTI0JaeTCsl HEMTMHENMHBIN yyacTok 3 Ha puc. 81.

A
la 1\

2

/

3

»
>

Jo

Puc. 81. 3aBUCHMOCTD TIJIOTHOCTH TIPEAEITHHOTO
TP PY3MOHHOTO TOKA JIJIS BPAIIAIOLIETOCS

JHUCKOBOT'O 3JIEKTPOJa OT v ®

I[JISI OIIpCACIICHUA TIPUPOIBI BaMeI[HeHHOﬁ craJun B BBI6paHHOM
AHUAIIa30HC ITIOTCHINAJIOB CHUMAIOT CCPUIO TIOTCHIHHUOCTATHYICCKUX I10JIA-
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PHU3aLUOHHBIX KPUBBIX MNPU PA3HBIX CKOPOCTSAX BpalICHUS IHCKOBOTO
DIEKTPOAA.

B cnydae cmemaHHON KUHETHKU MOXHO OINPEIETUTh HOPsAOOK peax-
yuu (puc. 82) — nmokazareiab CTENEHH MPU KOHIEHTPAIMU B KHHETUYECKOM
YpaBHEHHH.

[TycTh mpenenbHbIi KUHETUYECKHM TOK (HE CBS3aHHBIA C JOCTaBKOM
BEILIECTBA) JI PEAaKIMU MOPSAJKA p BBIPAKAETCA YPABHEHUEM

i, =kC?, (267)

rae k — KOHCTaHTa CKOPOCTH peakiuu. B Tex e yCIoBHSIX M3MEpEHHBIN
TOK OyJIeT paBeH:

i=kC?. (268)

[Tpu cranmonapHoi nuddy3un KOHIIEHTPALUIO BEIIECTBA Y MOBEPXHOCTH
MO>KHO BBIPAa3UTh Yepe3 npeaeiabHbiid TudPy3noOHHBINA TOK:

C.=C, (1 —Lj . (269)

Iy

tga=p

o] |
lg(l—i/a\/a)

Puc. 82. Onpenenenuie nopsiaka peakuuu
IIPY CMENIaHHOW KUHETUKE

[ToncTaBum BeipakeHue (269) B ypaBHeHue (268) 1 mMoaydum

Y
i:kC(f(l—.—] :ik[l—
L

2 1

a=0,62zFD3v 6C,. (271)

l- P
- @j , (270)

Tac

Jlorapupmupys ypaBaenue (270), monyuum
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i

lgi=Ilgi, + plg| 1— . 272
gi=lgi + plg o (272)

Jlanee, mocTpouWB 3aBUCUMOCTh Igi OT lg(l—i/ a\/a) (puc. 82), Haxo-

JUM TIOPSIIOK PEAKIUU p KaK YIJI0BOM KO3(P(PUIMEHT 3TOM NpsSIMOK, a OTpe-
30K, OTCEKaeMbIi Ha OCU OpJMHAT, 1aeT 1giy.

JIEKUMA 17. OBPABOTKA PE3YJIbTATOB
SNIEKTPOXUMUYECKUX USMEPEHUI

B GonbmIMHCTBE ClydaeB OCHOBHBIMHU pPe3yJIbTaTaMH JJICKTPOXHUMH-
YECKHUX H3MEPEHHUH SIBISIOTCS MOJIApU3AIlMOHHBbIC KpHBbIe. [IprueM mo-
Jy4alT JaHHbIC KPHUBBIC B MOTCHIMOJAMHAMHYECKUX ycioBHsX. J[o He-
JTABHETO BPEMECHH OCHOBHBIM CIIOCOOOM PETHUCTPAIMH MOTCHIIMOIMHAMH-
YECKUX MOJISPU3AIMOHHBIX KPUBBIX OB CAMOITUCEI] U MOJIIPU3AIIMOHHBIC
KPUBBIC PErUCTPUPOBAIM Ha MUJUIMMETPOBOW Oymare. MHorma mpu u3y-
YEHUU OBICTPBIX AICKTPOXUMUUYECKHUX IMPOIECCOB JJIsI PETHCTPALAU I10-
JSPU3AMUOHHBIX KPHUBBIX HMCIOJIB30BAIH OCIMILIOTPadbl € (QUKCAHCH
MOJIAPU3AIIMOHHBIX KPUBBIX Ha (poToruieHke. B o0oux ciydasx moirydae-
MBbIC pe3yJIbTAaThl OBIJIO HEYJOOHO WCIOJIB30BATh IS JAJIbHCHIIICH MaTe-
MaTHYEeCKON 00pabOTKH.

MpumeHeHune unppoBbix npnbéopos n 3BM

B nacrosmee Bpemss Marematuueckas oOpaboTKa pe3yiabTaToB HU3-
MEpEeHUU MPOBOJUTCS ¢ UcmoJyib3oBaHueM DBM. Jlns o6paboTku moJs-
PHU3ALMOHHBIX KPUBBIX TPEOYETCsA MEPEeBOAUTH UX B HUPPOBYIO hopMmy.
JI71s1 TOTO MCTIOAB30BAUCH Pa3Hble METOAbI. CaMblil IPOCTOM, HO U CaMblil
TPYJIOEMKHI METOJT — PYYHOU BBOJ Ha KJIABUAType TaOIUIIbI TOKOB U COOT-
BETCTBYIOLIMX IMTOTEHIIMAJIOB JUIS MOJSPU3ALMOHHOM KpUBOU. [[pyroi cno-
co0 — UCMOJIB30BaHUE CIIEHUATBHOTO MpUOopa JIJIsl pyYyHOTo BBOJA rpadu-
KOB — Aururansepa. TpeTtuil cnocod — CKaHUPOBaHHE U300paKEHUS MOJIA-
PU3aLMOHHBIX KPUBBIX C MOCIEAYIOIIEH 00pabOTKONW OTCKaHMPOBAHHBIX
U300paKEHUI ¢ OMOUIBIO CHEeNUaIbHBIX porpaMm. [Ipudyem B O0sbIINH-
CTBE CJIyyaeB Takas oO0pa0OTKa CBOJIUTCS K PyYHOMY BBOJY rpaduka ¢ mo-
MOIIBI0O MAHUITYJISATOpa «MbIIb». Bce 3Tu crocoObl orudpoBku u300pa-
XKEHUM rpauKOB JOBOJIBHO TPYAOEMKH.

Jlnst mpeoOpa3oBaHus U3MEPSEMON aHAJIOTOBOM BEJMYMHBI B LU(PO-

BYI0 (hopMy 1 BBOJIAa OIU(POBAHHBIX JAHHBIX HEMOCPEICTBEHHO B MAMSTh
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OBM MOXHO HCNOJIb30BaTh IUIAThl COMPSHKEHUSI ¢ KOMIIBIOTEPOM, COJEP-
xKalue aHanoro-udpoBoi npeodbpazonarenb. B HacTosee BpeMst BhITyC-
KaroTcs cpaBHUTENBHO Hegoporue miatel ALIL. OnHako A ux UCmoiab30-
BaHUS 4acTO HEOOXOJMMO COTJIACOBAaHME JIMAlla30Ha U3MEPSIEMOro Harps-
EHUsSI CO BXOAHBIM auana3zoHoMm Miatel AL, koTtopelil B Hemopormx
miaTax MOXHO PETryJUpPOBaTh TOJBKO orpaHuyueHHoO (Hanmpumep =1 B; £2 B
u =5 B). Beibop uznuirHe 60Jb110r0 BXOIHOTO IUANa30Ha MPUBEAET K I0-
Tepe TOYHOCTH MPEeoOPa30BaHHOTO B IIU(POBOM KO/ aHAIOTOBOT'O CUTHANA,
KOTOPYIO MOXHO JOCTHYb C HMCIOJIb30BAHHEM YCTAaHOBJIEHHOI'O HAa IIATe
AIIT nanHoi pazpsagHocTu. Kpome Toro, Takue miatrbl NO3BOJSIOT U3ME-
PATH TOJIKO HampsbkeHue. [ u3MepeHust Toka HeoOXo UM mpeoOpa3oBa-
TEJb TOK — HAIPSKEHUE.

B mocnennee BpeMsi Bce BHOBB BBIITYCKaeMbI€ MPUOOPHI, B TOM YHCIIC
U MOTEHIIMOCTATHI, SIBISIOTCS HUPPOBBIMU U3MEPUTEIBHBIMU MPUOOpPaMU U
00€eCcreynBaOT HEMOCPEACTBEHHOE MPEACTaBICHUE M3MEPSEMbIX BEITUYUH
B nudpoBoit popme. st 3TOro oHU 00OPYAYIOTCS CPEACTBAMU COMPSHKE-
HUA ¢ nepcoHanbHbiMu DBM. Takue cpeacTBa CONpPSIKEHHUs 4allle BCETO B
HocJieTHEE BPEMs peau3yroTcsl ISl MOJKII0UEHUs MPUOOPOB K CTaHAAPT-
HBbIM IOpPTaM, MPUCYTCTBYIOUIUM B INEepCOHaIbHbIX DBM: mocienoBareinb-
Homy mopty (COM wmiu RS-232) nubo nmopTy yHUBEpCaIbHOMN MOCIEI0Ba-
tenpHOM WuHbBI (USB). CrienyeT 0OTMETUTD, UTO TaKUE CTaH/IAPTHBIE MOPTHI
HEe Bcerja o0ecrneuynBaroT He0OXO0IUMYI0 THOKOCTh YIIpaBlICeHHs MPpUOOopa-
MU co ctopoHbl DOBM u ckopocth oOMeHa JaHHBIMH. [1oaTOMYy mpuOOpHI
MOT'YT KOMIUIEKTOBAThCS CIEIUAIbHBIMU IJIATAMU COIPSIKEHUSI C MEpCo-
HanpHBIME DBM. OnHa u3 Hambosee pacpoCTpaHEHHBIX TUIAT COTPSIKE-
HUS pealn3yeT CTaHAApTU3UPOBAHHYIO CXeMy OOMEHa TaHHBIMH MEXIy
uM(pPOBBIMU MIPUOOPAMU U KOMITBIOTEPOM, KOTOpPAasi MO3BOJSET IMOIKIIIO-
YaTh OJIHOBPEMEHHO B OJIHY M3MEPUTEIBHYIO cucteMy A0 14 mpuOopos.
JlaHHas cxema WM CTaHAApT ONHCHIBAET HEOOXOAMMBIE AIEKTPUUYECKUE
pa3beMbl B MPpUOOpaxX U IUIATE COMPSKEHUS M HA3HAUCHHUE KaXKJOr0 KOH-
TakTa B pazbeMe. DTOT CTaHAApT B 3apyOeKHOM JUTepaType Ha3bIBaeTCs
GPIB (General Purpose Interface Bus — npubopHas mmnHa oOiero HazHa-
yenus) win IEEE-488, a B oTedecTBEeHHOM M OBIBIICH COBETCKOM JUTEpa-
Type — KOII (kanan o01i1ero noib»30BaHus).

OCHOBbI CTaTUCTUYECKOI 06paboTKIM AaHHbIX
OTKIIOHEHHE pe3ysIbTaTa M3MEPEHHsI OT €r0 MCTHHHOIO 3HAYCHHUS Ha-

3bIBAETCA MOTPEMIHOCThIO M3MepeHus. [lorpemHocTs M3MepeHusi ObIBaeT
a0COJIIOTHAsA M OTHOCUTEINbHAS. AOCOJIIOTHAS MOTPEIIHOCTh U3MEPEHUS Be-
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anduHBl X 0003HAYaeTcs ¢ HMCIIOJIL30BAaHMEM 3HAuka A HaXOoagUuTCA KakK
MOAYJb Pa3HOCTH MCKAY U3MCPCHHBIM U UCTUHHBIM 3HAUCHUAMMU

AX =|X, - X,_|. (273)

3M ucr

OTtHOCUTENbLHAS IMOTrpCIIHOCTh — OTHOIICHHUC a0COJIFOTHOM IIOIrpCIIHO-
CTHU K MOAYJIIO HCTUHHOI'O 3HAYCHUS, BBIPAKACTCA B IIPOLICHTAX!

5= 100%. (274)

[X oo

ITocKOMBKY HCTUHHOE 3HAUYCHUE M3MEPSIEMON BEJIMYMHBI OCTACTCS HE-
M3BECTHBIM, TO NOTPEIIHOCTh U3MEPEHUS MOKHO ONPENEIIUTh TOJIBKO MpPH-
OJIMKEHHO.

[TorpemHOCTH U3MEPEHUM MO MPOUCXOKACHUIO AEIATCS Ha CHCTEMa-
TUYECKUe, rpyobie U ciaydaiinblie. CHCTEeMaTHYECKUEe MOTPEIIHOCTH MOBTO-
PAIOTCSI MHOTOKPATHO TIPU U3MEPEHUSX U BbI3BaHbI JIe(heKTaMu WU HEJ0C-
TaTOYHON YYBCTBUTEJIBHOCTHIO M3MEPUTEIBbHON amnmapaTrypbl, a TakKxKe
NPUOIMKEHHBIM XapaKTePOM HCIOJIB3YEMbIX MOJIEJIECH MpU OmNpeeIeHuN
TEX WM UHBIX XapaKTePUCTHUK MPOIEcca.

['pyOble MOTpEeNTHOCTH PEKO MPOSIBISTIOTCS B BHJIE CUIIBHOTO OTKJIOHESHHUSI
OT O’KHJIAEMOTI'0 3HAUYEHUS U BbI3BAHBI, KaK MMPABUIIO, OIIMOKAMU B MIPOBEICHUU
skcriepuMenTa. Ctatuctudeckas oOpadOTKa BBISIBIISIET IPyOble MOTPEUTHOCTH
JUIS1 OTOpAChIBaHUS PE3YJIbTATOB, BBI3BIBAIOIIUX ATH MOTPEITHOCTH.

CnyualiHple MOTPENTHOCTU MPU MOBTOPHBIX M3MEPEHUSIX MPOSBIISIOTCS
MI0-Pa3HOMY U BBI3BAHBI PA3JIMYHBIMUA MIPUYUHAMU, YUECTh KOTOPBIE 3apaHee
HEBO3MOXXHO. CiydaliHble TOTPEIIHOCTH MOXXHO YMEHBIIUTh CTaTHUCTHYe-
CKOI 00pabOTKOM U MPOBEACHUEM JJOCTATOUYHO OOJIBIIIOTO YKCIIa U3MEPEHUH.

OueHka cinydaiHbIX MOTPEHIHOCTEN OCHOBAaHA Ha MOHATUU CAYYAUHOU
6elU4UHblL, BBOJMMOW B pa3/ielie MaTEMAaTUKU — TEOPUHU BeposiTHOCTEN. Ecin
BBIPAXKATHCSI HE CTPOTMM MaTEMaTUYECKHUM SI3bIKOM, TO MOKHO CKa3aThb, YTO
CilyyaiiHasi BE€JIMYHMHA — 3TO HEKOTOPOE YHUCIIO, MPUHUMAIOUIEE CIIy4ailHbIe
3HaueHus. CnydaiiHas Benu4yuHa & MOXKET ObITh KOHEUYHOM (JIMCKPETHOM)
WM HernpepbiBHOM. KOHeuHas ciydyailHas BEJIMYMHA MOXKET NPUHUMATh KO-
HEYHOE YWCJIO 3HAYCHHWH W OMpPEAEISeTCS TaONHIeH, B KOTOPOU KaXIOMy
3HAYECHUIO CIIyYallHOM BEJIMYUHBI COOTBETCTBYET €€ BEPOSITHOCTD:

X X ... X,
&= » ptpytectp, =l (275)
Py Py - Py
[Tono6Hy0 TabauUIly Ha3BIBAIOT TaKKe 3aKOHOM paCIpeeIeHHs] KOHEUHON
CIIy4YallHOM BEJIMYHHBI.
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[Ipu ommcaHuu Ciay4alHBIX BEIMYUH OOJIBIIYIO POJIb UTPACT BO3MOXK-
HOCTh HaXOXJICHHSI BEPOSITHOCTH TOTO, YTO CITydJaifHasl BETMIMHA ITPUMET 3Ha-
YeHUE MEHbIIIEE HEKOTOPOTO 33JaHHOTO Yrciia X. [Ipy pa3niHbIX 3HAYCHUSIX X
ATa BEPOSITHOCTH OYyJIeT MPUHUMAThH Pa3IMYHbIC 3HAYECHUS, T. €. JaHHASI BEpO-
ATHOCTb SIBJISIETCSI HEKOTOPOW (DYHKLMEH OT AEUCTBUTENILHOTO 4Yuclia X. JTa
(byHKIWMSI HA3bIBaCTCS (hyHKYUell pacnpedeneHus: CTydYaHON BeJTMIUHBI &

F(x)=P(E<x). (276)

OyHKIUs pacnpeneseHuss CIy4yalHON BEIMYMHBI & MO3BOJSET JIETKO BbI-
YUCIIATh BEPOSITHOCTH TOTO, YTO JaHHAas CIy4dailHas BeJIMYMHA [PUMET 3HA-
YEHUS! B HEKOTOPOM MHTEpBaJe ACUCTBUTENIBbHBIX YUCEN @ U b:

P(a<g<b)=F(b)-F(a). (277)

HenpepriBHas ciiydaiinas Beln4yuHa & onpeaesnseTcss HaluuneM (pyHK-
LMY, HA3bIBAEMOU NIOMHOCMbIO 8€POAMHOCMU WA NJIOMHOCMbIO pAchpe-
Oenenus p(x), KOTOpas MO3BOJISIET HAUTU BEPOATHOCTH MOIMAJAHUs CIIyYai-
HOU BEJIMYUHBI B NOTYUHTEPBAT [a, b) mo popmyne

b
P(a<g<b)=|p(x)dx. (278)

[110THOCTBH BEPOSITHOCTH 00JIaJAET CIETYIOUMMHU CBOMCTBAMH:
p(x) >0; (279)
p(x)=F'(x); (280)
[ p(x)dx=1. (281)

@yHKIMA paclpeaeIeHUs HEIPEPBIBHOW CIIy4YaHON BEIUYUHBI MOXKET
OBITh BBIPAJKEHA YEPE3 TUIOTHOCTh BEPOSITHOCTH:

F(x)= [ p(t)dt. (282)
—o
OCHOBHBIMH YUCJIOBBIMU XapaKTEPUCTUKAMU CIIyYalHBIX BEJIIUYUH SIB-
JIAFOTCS MaTeMaTUYECKOE 0KUIaHUE U JUCIIEPCUS.
Mamemamuueckoe odcudanue Ha3bIBACTCS TAKXKE CPEIHUM 3HAYEHU-
€M WIM LUEHTPOM pacrnpencneHus. st TMCKpEeTHON CIIy4YalHOW BEJIMYUHBI
MaTEMaTUYECKOE OKUJIAHNE HAXOJIUTCA 10 hopMyIie

ME=Y px,. (283)
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JIns HenpephIBHOW Ciy4alHOW BEJIWYMHBI, BCE 3HAYEHUs KOTOPOM HaXo-
JITCS B MHTEpBase [a, b], MaTeMaTHYeCKOe OKUJAHUE MOKHO HANTH IO

dbopmyiie

M&zjzxp(x)dx. (284)
MatemaTuyeckoe oxkujanue o0aagaeT caeayoIMMI CBOMCTBaMU:
M(cﬁ):cMﬁ; (285)
M(§+c)=M§+c, (286)
Ir7ie ¢ — KOHCTAHTA,
M(E+m)=ME+Mn. (287)

I[JISI HC3aBUCUMBIX CﬂyqaﬁHBIX BCJINYUHNH
M (En)=MEMN. (288)

Jlucnepcus nipenacraBisger coO0l MaTeMaTHYSCKOW OXKHJIAHWE KBaJpa-
Ta OTKJIOHEHHUS CIYYallHOW BEJIMYMHBI OT CBOETO CPEIHETO 3HAUCHMUS:

2
D@zM(&—M&) . (289)
JIns AUCKPETHOM CIIy4YallHOM BEJIWYWHBI JUCIIEPCUI0 MOYKHO BbIYHC-

JUTH 1O (popmyiie

n

DE=Y (x,—ME) p,. (290)

i=l

JI1s1 HenpephIBHOW CITy4allHOW BEJIMYMHBI, BCE 3HAYEHHsI KOTOPOW HAaXO-
JISITCSL B UHTEpBAJIE [a, b], pacueT qucnepcuu MOKHO MPOBECTH 10 Gopmyrie

b
Dg=[(x-M8)" p(x)dx. (291)
Hucniepcus oOyaaer CJIEIYIOLIUMHU CBOWCTBAMU:
D(ct)=c’DE; (292)
M (&+c)=DE, (293)

1€ ¢ — KOHCTaHTa.
JI71 He3aBUCUMBIX CITyYalHBIX BEJIMYWH

D(&+n)=DE+Dn. (294)
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Jlia pacdera IUCIEPCHM MOYXKHO BOCIIOJIB30BaThCs (POPMYJION «cpen-
HUN KBaJpaT MUHYC KBaJapaT CPEIHETON:

DE=ME> —(M¢)’. (295)

KBanpaTHbIil KOpEHb U3 TUCIEPCUN HA3BIBAIOT CPEOHEKBAOPAMUYHBIM

omxnonenuem (CKO):
c=+D§. (296)

CnyudaiiHas BeIMYMHA MMEET HOpMaJbHOE (rayCcCOBO) pacipeneseHue
(unu pacmpesiesieHa MO0 HOPMalbHOMY 3aKOHY), €CIU €€ IJIOTHOCTh pac-
npeaeneHust UMEeT BUI:

2
e o, (297)
21
IJI€ G — CPEIHEKBA/IPATUYHOE OTKIIOHEHUE; @ — MATEMAaTUYECKOE OKUTaHHE
ciyvaiiHoW BennuuHbl. HopmanibHOe pactipenenenue ¢ napamerpamu a =0
U 6 = | Ha3bIBaETCS CTAHAAPTHBIM U 33JAETCS INIOTHOCTHIO:

e 2. (298)

@yHKIMA paclpeleseHUsl CTaHAapTHOM HOPMAaJIbHOW CIIy4YallHOM Be-
auduHbl 0003Havaetcs O(x):
2
t

®(x)= ];q)( )dt =—— m je_fdt (299)

U 3a7aeTcs ¢ momolibio Tabnuil. Muoraa BMecto dynkiuu O(x) Tadynupy-
ercst pyHkiuu Dy(x):

2

D, (x) e 2dt. (300)

]

Ota QyHKIMS HEYETHa, T. €.
CDO(—x):—CDO(x), (301)

N03TOMY TaOyJIHMPYIOTCA €€ 3HAaY€HUsI TOJIbKO IpH x > 0.
JIrobast HOpManbHas CllydaiiHas BEJIMYMHA MOXKET OBITh MpHUBEIACHA K
CTaHJAapPTHOMY BH]ly 3aMEHON NIEPEMEHHOM X Ha ¢ 0 (hopmyie

X—da
= .

(302)
(e)
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Jlnst mo0o ciyyaliHOM BEIMYMHBI, paclpeeIeHHON 0 HOPMaIbHOMY
3aKOHY, BEPOSITHOCTh €€ MOMNaJaHusi B UHTEPBAI [X|, Xo] MOXKET OBbITh pac-
cuuTaHa 1o popmye

2

—a)

e 20 dx =—

t

e 2dt=d(t,)-D(1,), (303)

)
J J
P(x, <&<x,)= . \/_ \/ﬁ
r7e t; u t, Haiiensl 1o popmyiie (300).

IIpakTyeckn Bce 3HAYEHUsT HOPMAJIBHOM CIy4allHOW BEJIMYMHBI Ha-
XOJISITCSL B IPOMEXKYTKE [a — 36, a + 30] — MPaBUIIO «TPEX CUTM.

BaxxHast posib HOpMaJBHOTO pacrpeesieHus] OObsICHAETCS LEHTPaIb-
HOW TPEIEIIbHOM TEOPEMOW BEPOSITHOCTEW, YTBEPKIAIOIIEH, UTO pacIpe-
JIEJICHHE CITyYalHbIX MOTPEIIHOCTEN Oy IeT OJIM3KO K HOPMAJIbHOMY BCAKHUI
pa3, Korja pe3yibTaTbl HaOmoJeHudl (OpMHUPYIOTCS MO JIEHCTBUEM
OOJBILIOTO YKCiIa HE3aBUCUMO JIEHCTBYIOIMX (aKTOPOB, KaX bl U3 KOTO-
PBIX OKa3bIBACT JIMIIb HE3HAYUTEIBHOE IEHUCTBUE II0 CPABHEHHUIO C CyM-
MapHBIM JEHCTBUEM BCEX OCTAJIbHBIX.

Cpennee apumeTryeckoe HECKOJIbKUX HE3aBUCUMBIX H3MEPEHUI

x==3x ~ ME (304)
.

SIBJISIETCSL MPUOJIMIKEHHBIM 3HaueHUEeM u3mepsieMoil BenuuuHbsl. C poc-
TOM # 3TO MPUOIMKEHHE CTAHOBUTCS Bce Ooisiee HaaexHBIM. JlaHHOE
3HAUYCHHWE HA3bIBAIOT BHIOOPOYHOM OIEHKON MaTeMaTHYeCKOTO OXKHJa-
HUS CIydyailHOM BEJIMYUHBI. AHAJOTUYHO BBIOOPOYHOM OIIEHKOW auc-
nepcuu Oyaer

i(xi ~¥) ~De. (305)

OI[HaKO JTa OLICHKA SIBJISICTCS CMEIIeHHOM. Yarne HCIIOJB3YIOT HCCMCIICH-
HYIO OLICHKY OUCIICPCUU:

1 @ 2

S? = z(x,.—}) ~ DE . (306)

I’l—lizl

Bri0opouHOl HECMEIEHHOW OIICHKOW CPEIHEKBAJAPATHUYHOTO OTKJIIO-
HeHust Oyer

S | >(x-x) ~o. (307)

I’l—lizl
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[Tpubnnxennoe paBeHcTBO (304) MOXHO omMcaTh JOBEPHUTEIIbHBIM
MHTEPBAJIOM, KOTOPBIN C JOBEPUTEIBHON BEPOSTHOCTBIO py HAKPHIBAET UC-
TUHHOE 3HAYEHUE M3MEPEHHON BeaMYuHbl. OOBIYHO 3a/Jar0TCS BEPOSITHO-
ctbio 0,95. IIpu pacuere TOBEPUTENIBHBIX MHTEPBAIIOB BO3MOXKHO 1B CIIy-
4asi B 3aBUCUMOCTH OT TOI'0, U3BECTHA WJIM HET JUCIEPCHS UCXOMHOM CIIy-
YaWHOW BEJINYHHBI.

Ecnu gucnepcusi U3BeCTHA M paBHA G, TO JOBEPHUTEIbHBI HHTEPBAI
Oynet paBeH

— c
xXtt—, (308)
\n
/i€ { HAXOAUTCS MO TabIUYHON (PYHKIIUU pacTpeneseHus 110 3aJaHHOM J0-
BEPUTEIILHOU BEPOSITHOCTH U3 YCIOBUS

Py =Dy (1). (309)

Ecnu aucnepcust Hem3BecTHA, TO UCTIOIB3YIOT HECMEIIEHHYIO OLIEHKY
nuctiepcun (306). OnHaKO B 3TOM Ciydae JIOBEPUTEIbHBI UHTEPBaAI J0J-
KeH OBITh PACIIMPEH, IPUYEM B TeM OOJIBIICH CTCIICHH, YeM MCHBIIIE YHC-
70 m3mMepeHnuit n. st atoro ucnonb3yroT kputepuid CteioneHta. Koaddu-
eHThl CThIOJICHTA MIPUBOIATCS B TAONMIIAX JJISl PA3HBIX JOBEPUTEIBHBIX
BEPOSATHOCTEH W PA3HOTO YHCIa U3MepeHHi. J[oBepuTenbHBIN WHTEpBAT B
ATOM CITy4dae 3aluChIBaeTCs TaK:

xit(po,n—l)%, (310)

n

rae H(po, n — 1) — koapduuuent Crorogenta. [Ipu n—oo kodhPuHEeHTHI
CTbIOJIEHTa CTPEMSITCSI K COOTBETCTBYIOIIUM 3HaueHUsM £ (309).
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