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YJEKTPUHYECKHN TOK B JKUJIKOCTSIX
(3JEKTPOJIUTAX)

BBenenue

[IpuHATO nEenuTh BCE MPOBOJAHUKUA HA JBE TPYIIIBI: NPOBOOHUKU NEPBO2O
pooa (kracca), B KOTOPBIX DJIEKTPUYECKUI TOK HE BBI3bIBAET XUMUYCCKUX JCH-
CTBUH (K HUM OTHOCSITCSI BCE METAJLIBI), & TAKXKE TOJYIPOBOTHUKH U NPOBOOHU-
Ku 6mopozco pooa (kiacca), B KOTOPBIX 3JIEKTPUYCCKUN TOK COIPOBOXKIACTCS
XAMHWYECKUMH SIBIICHUSIMU. [[pOBOJHHKHA BTOPOTO pojaa HA3bIBAKOTCA €IIE JICK-
Tpostamu. HocurensiMu CBOOOIHBIX 3apsJIOB B DJIEKTPOJIUTE SIBJISFOTCS UOHBI —
3apsKEHHBIE ATOMBI U TPYMITBI aTOMOB.

SIBiieHME BBIJEIEHUS HA JJIEKTPOJAaX COCTaBHBIX YACTEH PACTBOPEHHBIX
BEIIECTB WJIM MPOAYKTOB BTOPUYHBIX PEAKIMN HA3BIBACTCS JJIEKTPOJIU30M.
DNEeKTPOIUTAMHU SIBISIFOTCSL PACTBOPBI KUCIOT, IIEJI0UEH U COJIeil B BOJAE U JIPY-
TUX PACTBOPUTEIAX. DJIEKTPOIUTUUYECKYIO MPOBOJAUMOCTh MMEIOT TaKXe€ pac-
MJIaBJIeHHbIE MeTasuibl. OTHAKO PACIUIABICHHBIE METAIJIBI SBJISIIOTCS TPOBOAHU-
KaMHU TIEPBOro poJia, Tak Kak MPU MPOXOKICHUU TOKA OHU XUMUUYECKUA HE U3Me-
HAIOTCS. B TO e BpeMs HEKOTOpBIE COJIM B TBEPAOM COCTOSHUU MPOSBISIOT
AIEKTPOJUTUYECKYIO MPOBOIUMOCTb.

3apsabl B 2JIEKTPOJUTAX MEPEHOCATCS noHaMu. COTJIaCHO TEOPUM DJIICK-
TPOJIUTHYECKON AUCCOLMAIMN KaXas MOJIEKYJIA COJIEH, IIET0UYEN U KUCIOT CO-
CTOUT M3 JIByX HOHOB C MPOTUBOMOJIOKHBIMHU MO 3HAKY U PABHBIMHU MO BEJIUYUHE
3apsinamu. B pacTBope CBA3M MEXIy MOHAMH OCJIa0€BalOT U MOJIEKYJia pacnaja-
etrcs, ouccoyuupyem. CTaJIKUBasICh, MOHbl BHOBb MOTYT OOBEAUHUTHCS B HEM-
TpajdbHbIE MOJICKYJIBl. DTOT TMPOIECC Ha3bIBaeTCs pexkomounayueti. OOBIYHO
MPOIIECCHI JAUCCONUANMA U PEKOMOMHAIIMU TPOTEKAIOT OJHOBPEMEHHO, B pac-
TBOPE YCTAHABJIMBAECTCS IMOJIBUKHOE PAaBHOBECHUE, M YKMCJIO MOHOB B E€IUHUIIE
o0beMa 3IeKTpoIUTa OyIEeT COXPAHITHCS MOCTOSSHHBIM. VIOHBI METAJIJIOB U BO-
J0pOJ1a BCEr1a UMEIOT TOJIOKUTEIBHBIN 3apsijl, @ HOHbI HeMETaJIOB (KUCIIOTHBIE
ocratku 1 rpynmbl OH) — oTpHIaTeIbHbBIN.

DJIEKTPOJTUTHYECKAS TUCCONMAIUAS MOJIEKYJ B PacTBOPax
K nmpoBoaHHMKaM BTOPOro Kjacca OTHOCSTCS BCE MPOBOASIIME TOK pac-

TBOPLI COJ'IGFI, KHCJIOT U OCHOBaHHﬁ, a TAKKC HCKOTOPBIC BCHICCTBA, I'JIABHBIM
06p830M, COJIM B pacCIlJIaBJICHHOM COCTOSHHUMU.



Ha puc. 1 mokazana cxema ombITa IO
MCCJICIOBAHUIO TPOBOJAMMOCTH BOIHBIX pac-
TBOPOB PA3IMYHBIX BEIIeCTB. B TpyOKy ¢ mo-
nepeyHsiM cedyeHueM 10 MM omyImieHbl JBa
METaINTMYEeCKUX aekTpona. [lpu 3amonnenuun
TPYOKH IUCTHITUPOBAHHOM BOJOM mpu Ha-
npsokenun 110 B Mukpoammnepmerpom Mox-
A K HO 00HapyX uTh TOK nopsanka 0,1 MKA.

Ecnu xe pacTBOpUTH B BOJIE HEMHOTO

Puc. 1.Cxema ombiTa noBaperHoii comu NaCl, To Tok BeIpacTeT BO

110 MICCICAIOBATHIO TIPOBOMMMOCTH \1yoro pas, 4TO MOXKHO OOBSCHHTH MOSBIIC-
BOJIHBIX PaCTBOPOB
nuem B pactBope NaCl cBoOogHBIX HOCHTE-
Je DJIeKTPUYECTBa, CMOCOOHBIX MEepeMENIaThes O] BO3JCHCTBUEM DJICKTPH-
YECKOTO TOJIS.

B takom ormeiTe y aHOa 0OHapyxuBaetcs nosipnenue xiopa Cl, y karona —
enkoro Hatpa NaOH, 4To, HECOMHEHHO, SIBISETCS, CICICTBUEM BBIJICICHUS Y
AIIEKTPOJIOB aTOMOB XJIOpa U aToMOB HaTpusi. OTCI0/1a MOYKHO 3aKIIFOUUTh, YTO B
BOJHOM pPAaCTBOPE TMOBAPEHHOW COJM HOCUTEISIMHU TOJOKUTEIBHBIX 3apsioB
SIBJITFOTCSI HOHBI HATpUS (KaTHOHBI), & OTPUIATEIILHBIX — HOHBI XJIopa (AHHOHBI).

Pacmiag Mosexynm Ha HWOHBI Ha3bIBACTCS 21EKMPOIUMUUECKOU OUCCOYU-
ayueti, 1 OH TIPOUCXOUT TIPU PACTBOPEHHUH BEIIECTBA.

Axo6 Xenapuk Bant-I'opd ycraHOBMII, UTO BCE MPOBOJSIINE PACTBOPHI
00J1a1at0T HEHOPMAJIBHO OOJIBIIUM OCMOTHYECKUM AaBieHueM. Hampumep, B
cna0bIX pacTBOpax MOBAPEHHOM COJIM OCMOTHYECKOE JAaBIICHUE OKa3aloch B JBa
paza OOJBIIMM, YEM MOKHO OBUIO OBl OKHIATh MO KOJMYECTBY PaCTBOPEHHBIX
mosekyn NaCl. M3 atoro cieayer, 4To Kaxkaas MOJIEKyJia TOBAPCHHON COJH
pacnagaeTcss B PAacTBOpE Ha JBE YAaCTH. HA TOJOKUTEIbHBIM WOH HATpPUS U
OTPUIATEIILHBIA HOH XJIOpA.

Teopust  PNEKTPONUTUYECKOW  TUCCOLMAIMK  OblIa  TPEIIOKEeHA
P. Knaysuycom (1857) u paspaborana C. Appenuycom (1887). CornacHo
Teopun AppeHHyca MOJIEKYJIbl MHOTHX COJIH, KHCJIOT W OCHOBAaHHWM MpHU
pacTBOPEHWHM WX B BOJE NPETEPICBAIOT aucconualuio (pacmaa) Ha pasHo-
UMEHHBIE MOHBI. [Ipr 3TOM MONEKYJIBI KUCIIOT PacagatoTcs Ha MOJOKUTEIbHBIC
WOHBI BOJIOpOZa M OTPHUIATENbHBIE HMOHBI KHCJIOTHOTO OCTaTKa, MOJICKYJIbI
OCHOBaHUN — Ha TMOJIOKUTEJbHBIE MOHBI MeTallla M OTPUIIATEIbHBIE THUIPO-
KCWJIbHBIE HWOHBI, a COJM OOpa3yloT IOJOXKUTEIbHBIE HWOHBI METaula M
OTpHUIIATEeTTLHBIE MOHBI KUCIOTHOTO ocTaTka. OmHAaKo B Teopun AppeHmyca He
siCeH OBLIT caM MEXaHU3M 00pa30BaHMS UOHOB.
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OCHOBBI COBPEMEHHBIX TPEACTABICHUH O B3aUMOACHCTBUM MEKIY
YACTHUIIAMU B PACTBOPAX JIEKTPOIUTOB Oa3upyroTcst Ha pabotax M.A. Kabinykoga.

Besikast Mosiekyna  COAEpKUT B ceOe  OTPHUIATENIHO — 3apsDKCHHBIC
9JIEKTPOHBI U MOJOKUTEIBHO 3apsKeHHbIC sapa. ECIU HEHTP MOJ0KHTEIbHBIX
3apsIIOB COBIMAMACT C IIEHTPOM OTPHIIATEIILHBIX 3apA7A0B, TO MOJICKY/a B IIEJI0M
XapaKTEePU3yeTCs PABHOMEPHOCTBIO PACIPE/CICHUS] DJIEKTPUYECTBa, T.C.
SIBIISICTCSI  HEMOJIAPHON. EciaM LEHTphl OTPUIATENBHBIX M ITOJIOKHUTEIBHBIX
3apsIOB HE COBMAJAIOT, TO HMEEM IMOJSPHYIO MOJEKynly. B ciaydae odeHb
PE3KOr0 PAacXOXKICHHUS LEHTPOB 3apsiioB MOJIeKysia OyaeT MOCTPOEHHOH 0
HOHHOMY TUIy. OYeHb CXEMaTHYHO O0pa30BaHHE WOHHOW CBSI3U OOBACHSICTCS
MePEX0J0M YaCTH BaJEHTHBIX 3JCKTPOHOB C OJHHX aTOMOB MOJIEKYJbl Ha
apyrue. Ilpu o00pa3oBaHWUHM K€ TMOJSAPHBIX MOJIEKYJ YacTh BaJ€HTHBIX
3JICKTPOHOB aTOMOB TOJIbKO CMEIACTCS MPU 0OpPa30BaHHKM MOJICKIIbI, OPOUTHI
e ITHX JJIEKTPOHOB OYIyT CBsI3aHBbI HE C OJHUM SIPOM, a C CHCTEMOH siiep
(koBasieHTHAsI CBSI3b).

B Mosiekynax miM B KpUCTAUIaX COCIMHEHHH ¢ MOHHOW CBSI3BIO COMIEp-
»Karcs He HeHTpallbHbIe aTOMBI 3JIEMEHTOB, a UX HOHBI, ¥, HAPUMEpP, XJIOPH-

CThIif HaTpuii cocTout u3 nonos Na* u Cl™ He TONBKO B BOJAHBIX PACTBOPAX, HO
U B JJIOOOM cOCTOSTHUU. 3 3TUX MOHOB COCTOAT, B YACTHOCTH, U KPUCTAJLI IO-
BapeHHoi conu, u Mojekyiaa NaCl B mapax. Takum 0o0pa3oM, B OTHOILICHUU
MOHHBIX COCJIMHEHUH Mpolecc 00pa3oBaHUsi HOHOB OOBACHSETCA TEM, YTO MpPH
PaCTBOPEHUH TAKOTO 3JIEKTPOJIUTA
MPOUCXOJUT JUIIb Pa3beIUHEHUE

HMOHOB, a HE 00pa30BaHUE UX. % @ @ 0

Cam mponecc pacmaga Mo-

JIEKYJIbl Ha OTJEIbHBbIE MOHBI MO- > ®—® o
KET OBITh TPEACTaBICH CIEIyIO- @ %
M 00pazoM. OKOJIO KaXKJ0ro 13 @ @

MOHOB MOJICKYJIEI PACTBOPCHHOTO Puc. 2. Jlunonu 0koy10 HOHHOM MOJIEKYIIBI
BemiectBa, Hapumep NacCl, opu-

CHTUPYIOTCS MOJISIPHBIE MOJIEKYJIbI pacTBopuTens (puc. 2).

K monoxutensHOMY MOHY MOJIEKYJIbI PACTBOPEHHOTO BEIIECTBA TPUTS-
TMBAIOTCSl OTPUIIATENbHBIE TMOJIOCHI MOJIEKYJ PACTBOPUTEINS, NMPU STOM OHH
OyIyT OTTAJIKUBATh APYroil MOH 3Toi Monekysbl. [Ipouecc obnenieHus noxa
MOJIEKYJIaMU pacTBOPUTEIIS HA3bIBAETCS co.lbgamayuell, Wi, B ciliydae BOJBI,
euopamayuetl.



Bcnencteue TemnoBOro ABMKEHHUS COCTaB COJIbBATHOW OOOJIOUKH IOCTO-
SIHHO MEHSIETCSI. OJTHU MOJIEKYJIbl YXOIAT U3 chepbl MPUTSHKEHUS TaHHOTO MOHA,
Apyrue BKitoyaroTcs B Hee. IIoHATHO, 4TO cosibBaTalus AOJKHA OCIAOIAThH
CBsA3b MeXAy HOoHamH. IIpuOIMKEHHO MOYKHO IPENIOJIOKUTh, YTO CHJIa B3au-
MOJICMCTBUSL MEXAY MOHAMU yMEHBIIAEeTCs, coryacHo 3akoHy Kynona, B € pa3
(rme € — OWANEKTpUYECKas MPOHUIIAEMOCTh cpenbl). [loa Bo3melicTBHEM COJIb-
BaTal[MM CBS3U MEXKIY MOHAMH 0CIa0eBarOT HACTOJIBKO, YTO SHEPTUS TEIIOBOTO
JBUKEHUSI B PACTBOPE OKa3bIBAETCS JOCTATOYHOW JIsl TOrO, YTOOBI OTJEIUTh UX
apyr ot npyra. Ilocne pacnaga MoOJEKyiabl €€ HOHbl OCTAHYTCS B COJIbBATHBIX
000J104YKax, BCIEICTBUE YEro UX JBUKEHUE OyAET 3aMEIJICHO TaK, KaK €Ciu Obl
UX Macca U 00bEM BO3POCIIH.

Pacnag mMosexyn BeliecTB B pacTBOPE Ha MOHBI HA0JIIOIAETCsl HE TOJIBKO
JUIs. MOHHBIX MOJIEKYJ, HO M JUIsl MHOTUX APYTHX, ABJSIOIIUXCS B CBOOOJAHOM
COCTOSIHUM TIOJISIpHBIME. [IpuMepom MoxeT ciyxuth constHas kuciora (HCI).
[TpenBapurenbHON CTaaueil pacnajga B MOJOOHBIX CIIydasx SIBISETCS NEPEXOn
HOJISIPHOM CTPYKTYpBI B MOHHYIO (puc. 3), IPOUCXOASALIMN O] BO3ACHCTBHEM
HOJIIPHBIX MOJIEKYJI pAaCTBOPUTEIISL.

[TputsHyBIIMECS K KOHLIAM PAaCTBOPEHHOMU MOJISIPHOM MOJIEKYJIbI YaCTULIBI
pacTBOpUTEIISE O0YCIOBIMBAIOT PACXOXKICHUS MOIOCOB TUNONS (CM. puc. 3, a),
KOTOPOE€ MOXET 3aKOHYHUTHCS TEM, YTO MOJIEKYJa MPUOOPETET MOHHYIO CTPYK-

Typy (cM. puc. 3,0).
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Puc. 3.Cxema nepexopaa MojasipHONA CTPYKTYpPhl B HOHHYIO!
a —TOJspHas CTPYKTYpa; 6 —MOHHAs CTPYKTypa

Hapsiny ¢ nucconmanueit mpu coynapeHusx BO3MOXHBI OOpaTHbBIE MpoO-
LIECChl BOCCOECMHEHUS Pa3HOMMEHHBIX MOHOB B HEUTPAJIbHBIE MOJIEKYJIbI. JTOT
MPOIIECC HAa3bIBAETCSI PEKOMOMHAIIMEN WM MoJih3anuei. B TakoM cocrosHun
DJIEKTPOJIUTA UMEETCS TIOJIBIKHOE (TUHAMHYECKOE) paBHOBECHE, IPH KOTOPOM
YHCJIO MOHOB, 0OPA3YIOIIUXCSl BCIEACTBUE TUCCOIMAIIMY, PABHO YHCIY MOHOB,
PEKOMOMHUPYIOIIMX 32 TO k€ BpeMs. Hampumep, nuHamMmuueckoe paBHOBECHE B
pacTBOPE CEPHOM KUCIIOTHI 3aMUCHIBAETCA TAK:

H,SO, « H + HSQ, « 2H + S§ .



B 3TOM 37€KTpOIMTE UMEIOTCS TPH COPTa HOHOB, KOTOPBIE 00pa3yIOTCs B
pe3yabTaTe CTYMEeHYaTol aucconuanuu. Takoro poaa auccouuaus HaOsroma-
eTCsl Y MHOTOOCHOBHBIX KUCIIOT. [IpuBeieM mpuMepbl OJTHOCTYIICHYATOM JAUCCO-
[UAIMM KUCJIOT, INENIOYeld M CoJici, 00pa3yronmx OWHApHBIC SJCKTPOJIUTHI
(3neKTpoNHTHI ¢ IBYMS BUAaMH HOHOB) (Tadu. 1).

Tabmauma 1
OnHocTyneHyaTasi JUCCONMALMS KUCJIOT, HIeJI04eil U cosiei
BemectBo Juccomuanus
KucnoTsr:
consiHags HCI HCl o H+ +CI”

asotHass HNOg HNO o H* +NO5~

lenoun:
enkuii Hatp NaOH NaOH o Na + OH
HamateipHbii coupt NH,OH + _
NH4OH - NH, +OH
Conu:
noBapenHas coiab NacCl NaCl o Na' + CI

Hamatelps NH4Cl

NH,4Cl < NH " +CI™

CrocoOHOCTh AMCCOIMUPOBATh Y Pa3IMYHBIX KHIKOCTEH pasnuuna. Jliis
KOJIMYECTBEHHOW XapaKTEPUCTHKU CTETICHH THUCCOIMAINK BBOIUTCS K03 du-
HUEHT (WK CTeNeHb) AUCCOMUANMU ¢, KOTOPBIA OMPEICIACTCS OTHOIICHUEM
YHCJIa TUCCOMMUPOBAHHBIX MOJIEKYJI pACTBOPEHHOTO BEIIECTBA K MOJTHOMY YHC-
Jy €ro MOJEKyJ. DTOT KO3(p(UIMEHT MOKa3bIBaeT, Kakas JOJsI MOJEKYJ pac-
TBOPEHHOTO BEIleCTBa pacrajiach Ha HOHBI. KoaddunmeHT nucconmanuu 3aBu-
CUT OT TPUPOJBI KAK PACTBOPUTENSI, TAK U PACTBOPSEMOTO BEIIECTBA, OT KOH-
IICHTPAIIUU PACTBOPA U €r0 TEMIIePaTyPHI.

Yem OoJIbIIIe TUAICKTPUICCKAs IPOHUIIAEMOCTh PACTBOPHUTEIIS, TEM CHJIb-
HEe OCIIA0JIAIOTCS CBSI3M MOHOB B MOJICKYJIaX PACTBOPCHHOI'O BEIIECTBA, TEM
OoJbIle, Kak IPaBUIIO, JOJDKEH OBITh KOO(PPUITMSHT JUCCOIUAIIUH MPU TPOUNX
paBHBIX yCIOBUSX. Tak, HalpuMep, pa3IMyHbIC BEIIECTBA OYCHb XOPOIIO JHC-
COIIMUPYIOT B BOJIE, IOTOMY YTO OHA MMEET OOJIBIIYIO JHAJICKTPHUSCKYIO TIPO-
HuIaemMocth (&= 81).

JuccormupoBath ClIOCOOHBI HE TOJIBKO MOJICKYJIBI pPACTBOPEHHOTO BelIle-
cTBa. B TOW WM WHOW CTENEeHW MUCCOLMUPYIOT M MOJIEKYJBl PAaCTBOPHUTEIIS.
Jlaske B COBEPIIICHHO YHCTHIX KUAKOCTIX HEKOTOpas JOJsT MOJIEKYJ BCETa JMC-
conuupoBana. Tak, HarpuMep, XUMUICCKH YUCTas BOJA JIUCCOIIMUPYET HAa HOHBI
H" u OH:

H,O o H +OH.



OI[HaKO KOHICHTPAIHA MOHOB B HEH BechMa Mala. Inpu KOMHATHON TeM-
nepaTrypec B TOHHC BOALI AUCCOTUHUPOBAHO TOJIBKO OKOJIO 1,14MF.

3amMeTum TAKIKC, 9YTO MOHHBLIC KPHUCTAJUIBI, PACILNIABIIAACS, 06p33y1-0T BbI-
COKONMOHU3HUPOBAHHBIC JKUAKOCTH.

3akoH pa3Benenus OcrBajbaa

3
[Tycts B 1 cM™ pacTBOpa COAEPKUTCS Ny MOJIEKYJT paCTBOPEHHOTO Bellle-

3
CTBa, U MYCTh CTENEHb €0 JAUCCOIMAIUU €CTh (., T.€. B 1 cM~ pacTBOpa cojep-
KUTCS 0Ny IOJIOKUTEIBHBIX U CTOJIBKO YK€ OTPULATEIIBHBIX HOHOB. TeM caMbIM

MBI MPEATNOoaraeM, 4To MOJEKyJia JUCCOLMUPYET Ha JBa MOHA, T.€. OTpaHUYH-
BaeMCsl OMHAPHBIMH JJIEKTPOJIUTAMH. Torja 4uciao HEeIUCCOIMUPOBAHHBIX MO-
nexyn B 1 cm® onpesensiercss Kak pasHOCTh Ny — 0Ny = Ny(1— o). Yncro pacma-
naronmxcs 3a 1 ¢ MOJEKyJl IPOMOPIUOHAIBHO YHCIY MOJEKYJ, CIIOCOOHBIX
pacmanartbecs, T.€. HEIUCCONMMUPOBAHHBIX. [loaTOMY, 0003Hauas yepe3 4 kod(h-
(UIHMEHT MPONOPIHOHATLHOCTH (KO3(D(UIIMEHT HOHU3AIMH), MOKHO 3aIKCaTh
YHCJIO €XKECEeKYHIHO pacmajaronmxca Moiekyn kak A(l-a)n,. Cymma uncna
MOHOB, PEKOMOMHUPYIONNX B 1 ¢, mpomopuuoHanbHa KaK YUCITY MOJTOXKHUTEIb-
HBIX MOHOB, TaK U YHCJIY OTPHUIATEIbHBIX HOHOB. Cle0BaTeIbHO, €CIU Yepe3 B
0003HaYHTh KOI(PPHUIMEHT MpornopuuoHaAIbHOCTH (KoddduimeHT pexomOnHa-

II1H), TO YUCJIO SKECEKYHIHO 00pa3yroImuxcs MoJiekys oyaer B(a rb)z.

Torz[a YCIIOBHUC PABHOBCCHA HMCCT CIICAYIOIIYIO MATCMATUYCCKYHO 3a-
ITUChH.

AL-a)n, = Bla )%,

OTKYyJa CJIeyeT 3aKOH pa3BefeHuss OcTBaIbaa:

e (2)

A
OtHomeHue E HOCHUT Ha3BaHHC KOHCTAHTBLI PaBHOBECHUA WKW KOH-

CTaHThI Auccouuanmuu. Koncranrta qucconuanuu sBisIeTCsl BEIMYMHOM, Xapak-
TEPU3YIOUIEN IIEKTPOJIUT. [Ipy mOCTOSIHHOM TemmepaType B OJHOM M TOM XKeE
pacTBOpHUTENE OHA IOJDKHA OBITH BETMYUHON MOCTOSIHHON. DTO MPEANON0KEeHNE
JISKUT B OCHOBE BBIBO/IA ypaBHeHUs (1).

N3 3akona Pa3BCaACHUA OCTB&J’IBZ{& CJICOYCT, 4YTO BCINYHNHA O6paTHO

1-a
IPONOPIMOHANIbHA KOHLIEHTPALMK PacTBOPA Ny, MO3TOMY JI1 OYEHb Pa3BElIEH-



HBIX pacTBopoB (N, — 0) O crpemurcs k exuHune. B sToM ciydae Bce Moe-

KyJIbl TPAKTHYECKH JAUCCOUMUPOBAaHbl. B KOHUEHTPUPOBAHHBIX PACTBOPAX
(ny - ©) O CTPEMUTCS K HYNIIO, T.€. B TAKUX PAcTBOpax AMCCOIMAIMS JOKHA

OTCYTCTBOBATb.

DNEKTPOJIUTHI JEIATCA Ha clabvle, Y KOTOPBHIX O HEBEIMKO W 3aMETHO
pacTeT ¢ yMEHBIICHUEM KOHIICHTPAIIUH, U CUlbHble, Y KOTOPBIX o =1 maxke mpu
OOJIBILIMX KOHIIEHTPAIUAX PacTBOPOB. MIMEIOTCA 3JIEKTPOJUTHI, 3aHUMAIOIINE
MPOMEKYTOYHOE MOJIOKEHHE. [10ATOMY BCE BIEKTPOIUTHI MOKHO PACIIOJIOKUTH
0 MX CIIOCOOHOCTH K IMCCOIMAIIMY B HEMPEPHIBHBIN PS/I.

Jnst cnabbix 351eKTpoauTOB 3akoH OcTBanbaa BeinoiHseTca. K HUM oTHO-
CATCsl OOJIBIIIMHCTBO OPraHWYECKUX OCHOBAHUM W KHCIIOT, YTOJIbHAs KHUCJIOTa
(H,COg3). K cunbhbeiM amexTponuTtaM 3akoH OcTBanpia HempuMeHMM. K mx

YHCTY TPUHAIICKAT OOJIBIIMHCTBO HEOPTaHUYCCKUX BEILECTB C MOJIIPHBIMH MO-
JTeKynaMu (coi, KUCIoTsl 1 ocHoBaHwms), Harpumep, HCl, HNO;, NaOH u t.1.

IHoaBm:kHOCTH HOHOB. 3aKk0oH OMa 1JIM 3J1eKTPOJIUTOB

[Tpu OTCYTCTBHM BHEILIHETO 3JIEKTPUYECKOTO TOJISI HOHBI B AJIEKTPOIUTE
COBEpUIAIOT TEIUIOBOE JBMkKeHue. [Ipy Hamuuuu Mo MOJOKUTEIbHBIE MOHBI
npuoOpeTaroT J00aBOUYHYI0 CKOPOCTh B HaIlpaBs-

JICHUN JJICKTPUYCCKOI'O IIOJIA, a4 OTPULIATCIBbHBIC

WOHBl — J00aBOYHYIO CKOPOCTH B IMPOTHBOIO-
JIO)KHOM HarmpaBienud. Ha Oecropsgounoe Ter-
JIOBOE JBWKCHHE HAKIIAJIBIBACTCS IEPEHOCHOE
JIBH>)KCHUE MOHOB, U B PACTBOPE BO3HUKAET IEpe-
HOC 3apsAJI0B B ONPENEICHHOM HAalpaBJEHUH, T.€.
BO3HUKAET DJIEKTPUUYECKHUM TOK.

[Tonb3ysick TeM, YTO HEKOTOpHIE HOHBI CO-
OOIIA0T pPacTBOPY OMPEICIIEHHYI0 OKPacCKy,
MOXKHO CJeJIaTh BHJIUMBIM JIBFOKCHHUE HWOHOB |
U3MEPUTHh CKOPOCTh WX JBMKCHHS B JJICKTpHUE-

ckoM noJje. [Ipubop mist HaGmoneHNs JBUKCHUS

noHoB MnQO, , coo0b1marmux OKpacKy pacTBOpy

maprannoBokucioro kams (KMnO,), nzobpa- Puc. 4. [lemoncrpanns

ABHUIKCHUS OKPAIICHHBIX NOHOB
eH Ha puc. 4.



Bepxwusig yacte U-00pa3Hoii TpyOKHU 3amojiHEHa pacTBOPOM a30THOKHCIIO-
ro KaJlus, HWKHSAS — PAacTBOPOM MapraHLOBOKHUCIOIO Kajusi C IUIOTHOCTBIO,
IPUMEPHO PABHOM MJIOTHOCTH PACTBOPA a30THOKHCIIOTO KaJIHS.

Houet MNO,” uMe0T (HOIETOBYIO OKPACKy M ABUTAlOTCS MPOTHUB 3JIEK-

Tpu4eckoro Toka. [Ipu BKIFOUEHHH TOKA JBIKEHHE ITUX HOHOB OOHAPYKHUBACT-
Csl 1O MEePEMENICHHUI0 TPAHUIIBI OKPAIIeHHON 4JacTH aJekTponuta (y Karoma —
BHU3, Y aHOJa — BBEPX).

DTO mepeMenieHue MPOUCXOIUT CO CKOPOCTHIO 1, 5 IIpU HAIPSDKCH-

MUH
HOCTH TIOJISI B PACTBOpE MpUMepHO B 5 B/ewm.

HanpaBnenHoe ABM)KEHHE MOHOB, OKPY>KEHHBIX COJBBATHBIMH 000JI0OY-
KaM#, MOKHO YIOJOOHTh BM)KEHHIO IIapHKa B Bs3KOH cpeze. [Ipu mepemere-
HUM MOHA BO3HUKACT CWJIA TPEHUS, KOTOpas B M3BECTHBHIX NpeaesiaXx Mporop-
[IMOHAJIBHA CPEeHEH CKOPOCTH IBMKEHUS MoHA. CHITy TpeHHS, NEHCTBYIOIIYIO
Ha MOJIOXKHUTEIBHBIA HOH, MOYKHO CYMTATh PABHOM

F,.=K,u,,
rae K, — k03 dUIeHT TpeHus MoJI0KUTEIBHOTO NOHA, 3aBUCSIINN OT BSI3KHX

CBOMCTB Cpeabl U TCOMCTPHYCCKUX PA3MEPOB MOHA BMECTE C €0 OKPYKCHHEM,
U, — CKOPOCTh JBHXXCHHS ITOJIOKUTCIBHOI'O NOHA.

[Tox nevicTBUEM SIIEKTPUUECKOU CUJITBI
F.=q.E
HOH IIPUOOPETAET TaKyI CKOPOCTh, MPU KOTOPOH CUjia TPEHUS, TPENATCTBYIO-
as IBUKECHUIO, YPABHOBECUTCS JJIEKTPUUECKOU CUIIOMN.
Takum 00pa3om, MOKHO 3aITUCaTh:
K;u; =0q,E.
Otcrona cieayeT, 4To CKOPOCTh YCTAaHOBMBILIETOCS HAIMPABICHHOTO JIBU-
YKEHUSI MOHA MPONOPIMOHATIbHA HAMPSHKEHHOCTH 1oJist E:
v, = % E.
+
AHQJIOTUYHOE COOTHOIIICHUE IMOJIYy4YaeTcsl U JJisl CKOPOCTU OTPHULIATEINb-
HBIX HOHOB:

v_= i E .
K_
3 MpCAbIAYIINX q)OpMy.TI CJICeayeT, 4TO BCIINYHNHBI
_ O+ _ Q-
b, =—, b.=—"—, 2
e K (2)

OoNpCACIIAIOT CKOPOCTH MOHOB IIPHU HAIIPAKCHHOCTH I10JIA, paBHOﬁ CAUHUIIC.
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OTH BEIWYMHBI HA3BIBAIOTCS 1008UMNCHOCAMU UOoHO8. OHHA HU3MCPAIOTCA B
2

M “[B (B cucteme CU — M%[B)'

OdeBHIHO, TOABIKHOCTH MOHOB JIOJDKHA BO3pPAacTaTh C YMEHBIICHHEM
BSI3KOCTH Cpeibl, 4TO U HaOmrogaeTcs. C MOBBINICHHEM TeMIEPATyPhl MOABUXK-
HOCTh YBEITMYMBACTCS KaK OT MOHWKEHUS BS3KOCTH JKHUIKOCTH, TaK M OT pac-
CEWBaHMSI COJIBBATHBIX 000JIOYEK, KOTOPOE HAOIIOAACTCS C MOBBIMICHUEM TEIl-
JIOBOTO JABM)KCHUSI.

Oxazanoch, 4TO TOABUKHOCTH HOHOB C YBEJIWYECHHUEM KOHIIEHTPAIUU
YMEHBITIAETCS, XOTSI U HE OYEHb CWIbHO. B Tabn. 2 mpuBeaeHBI TOIBHKHOCTH
HEKOTOPHIX MOHOB, HaWJIEHHBIC JIJI1 BOJHBIX PACTBOPOB MaJOW KOHIICHTPAIUH
IpU KOMHATHOM TeMIIEpaType.

W3 Tabmuiel BUIHO, YTO, CKOPOCTH MOHOB HE3HAYUTEIbHBI, JaKe CaMbIH
OBICTPBIi HOH Bogopoaa mpu E =1 B/cm umeeT ckopocthb mpumepHo 12 cm/y.

Tabmauma 2
ToABHKHOCTH HEKOTOPHIX HOHOB
Hown [oBUKHOCTD, cm? [ c[B
H* 0,003263
K* 0,000669
Na* 0,000450
Li* 0,000346
OH" 0,001802
ClI 0,000677
NO,” 0,000639
Br 0,000694

3Has IOJIBUYKHOCTh HOHA U ero 3apsi, 1Mo ¢hopmyiie (2) MOXHO HalTH KO-
3¢ OUIHEHTHI TPEHHS HOHOB:

-9 . -
K,=—; K_=
+ b,

c e

Hanee, ynono0isis MOH HIApUKY, MOXKHO Ha OCHOBaHMM 3akoHa CTOkca
(F =6mr) 3ammcars:

K, =6mr,; K_=6mr_,
rae N — kodphuureHT BA3KOCTH cpeabl; I, U . —3hdEKTUBHBIC PAIUyChl HO-

HOB.
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Takum oOpa3om, o U3BECTHBHIM 3HaUeHUsIM K, , K_ u N Jerko Haitu I,
u I_. HaiiieHHble TakuM criocoOOM paguychbl HOHOB XapaKTepU3yIOT UX pa3Mme-

PBI BMCCTC C COJIbBATHBIMU 000JI0YKaMHU.
[InotHOCTH TOKa, Co3JiaBacMas JIBMKCHUCM OTPULIATCIIbHBIX NOHOB, paBHA

j-=n_qU._,

rae N — KOHIIGHTPALUs OTPHUIATEeIbHBIX MOHOB, ( — 3apsaa wmoHa, U_ — cko-
POCTh YMOPSIOYCHHOTO JBUXKCHUS MOHOB. AHAJOTMYHO JUIS IJIOTHOCTH TOKa
MOJIOXKHUTEIBHBIX HOHOB MOXHO 3aIMCaTh:
j+=n,qU,.
[TonHast MIIOTHOCTH TOKA paBHA
j=j-*j,=nqU_+n.qu,.
JIist GUHAPHBIX 3JEKTPOJUTOB CIPABEIIHBO
n_=n,=an,
rae 0 — Ko3(hUIMEHT IUCCONHUAINU; N — YUCIO MOJIEKYJ PACTBOPEHHOTO Be-
mectsa B 1 cm® anexrponnta. Jlanee, HCIONb3ysl TOACTAHOBKH
U,=b,E, U_=b_E,
HalgeM.
j=nqa(b. +h)E. (3)
Takum 00pa3oM, B 3JEKTPOJIUTAX IJIOTHOCTh TOKA MPOMOPIIMOHATIBLHA Ha-
NPSHKSHHOCTH TOJIA (ISl 3JICKTPOJIMTOB cripaBeyiuB 3akoH Owma). CpaBHHBas
dopmyiy (3) ¢ muddhepernmansHoi Gopmoii 3akona Oma | = VE , HaxoauM, 9TO
yIIebHAs DJIEKTPOIPOBOTHOCTD JICKTPOJINTA paBHA
y=naqa(h. + k). 4)
A OneIT MNOKa3bIBa€T, 4YTO BJIEKTPONPOBOA-
HOCTh JJICKTPOJIUTOB C TOBBIIICHUEM TEMIIEPATY-
pbl yBenmuuuBaercs. [Ipu HarpeBaHUU JICKTPOJINTA
YBEJIUYMBACTCS JTUCCOIMALIAS MOJICKYJI U yBEIH-
YMBACTCS TMOJBUKHOCTH MOHOB, YTO TPUBOJIUT K
YMEHBIIICHHUIO COMTPOTHBIICHUSI.
CxemaTHyecKkass  KpuBas  3aBUCHMOCTHU

- YIEIBHON NPOBOAMMOCTH 3JIEKTPOJIMTOB OT KOH-
LEHTpaluy [IpUBEJIEHa Ha PUC. O.

Jlis 0ObsACHEHUS! X0Aa 3TOW KPUBOM MOMXKHO
CUMTATh MOJBUKHOCTH MOHOB HE 3aBUCSLIUMHU OT
KOHIIEHTPALUU JIEKTPOJIMTOB.

Puc. 5.3aBucumocts yaenpHOM
MIPOBOJAMMOCTH 3JICKTPOJIUTA
oT KOHI_IGHTpaI_II/II/I
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C yMeHbIIICHHEM KOHIICHTPAIIMU BO3pacTaeT AuMccoruarus Moiuekymd. Ilo-
ITOMY MPOM3BEeHNE NO MPU YMEHBIICHUU KOHIICHTPAIIMU CHAaYaja BO3pacTaeT
(mpeobmamanue pocra O ), a 3aTeM yMeHbIaercs (Mpeodrajanue najgcHus KOH-
IICHTPAIMA MOJIEKYJI PacTBOPEHHOTO BEIIECTBA), TaK KaK IPH JIOCTATOYHO
OOJBITIOM pa3BEeICHUH MPAKTHYECKU BCE MOJICKYJIBI TUCCOITMUPOBAHBI 1 O =1.

[Tpu HanpsbkeHHOCTH MO B AnekTponute nopsaka 10000B/cm HaunHa-
IOTCSl 3aMETHBIE OTKJIOHEHUS OT 3akoHa OMa. DTO 0OYCIOBICHO TE€M, YTO MPHU
OOJBIINX CKOPOCTSAX MOHOB M3MEHSIOTCS YCJIOBHS B3aUMOJCHCTBUS MEXIY HO-
HAMU W YaCTHIIAMHU CPEIbl — B PE3YJIbTaTe TOJBIKHOCTH HOHOB CTAHOBSITCS
GYHKIUSIME CKOPOCTH WX TIEPEMEIICHUs W, CIeAoBaTelbHO, GyHKnusmu E, a
3aBUCUMOCTH | OT E nemaercs HeIMHEHHOM.

DJIeKTpou3. BropnuHble XMMIU4YeCKHe peakuuu

[Tpu mIpoITyCKaHUM TOKA Yepe3 ICKTPOJUTHYCCKYIO BaHHY 3JICKTPOHHBIC
IIOTOKHA B 3JICKTPOJaX 3aMBIKAIOTCS MOHHBIMH ITOTOKaMH 3JIeKTpojuTa. [Ipm
3TOM y aHoJa OyAeT MPOUCXOANTh MPEBPAIICHUE aHUOHOB B HEUTpaJIbHBIC aTO-
MBI (MJTM TPYIIIBI ATOMOB) C OTJauei 3JCKTPOHOB DJICKTPOAY; Y Karoaa — Impe-
BpAIlICHHE KATUOHOB B HEHTPAIbHBIC aTOMBI (MJIM TPYIIIBI AaTOMOB) C MOJTyYCHH-
€M 3JICKTPOHOB OT 3JICKTPO/IA.

[Tpu moTepe 3apsaa WMOHBI JIMOO MPEBPAIAIOTCS B HEUTPAIBbHBIC aTOMBI,
1100 B rpynmbl aTOMOB (paJMKalIbl), HE MOTYIIHE CYIIECTBOBATh 0€3 U30BITOY-
HOTO 3apsjia U MO3TOMY BCTYIAIOIINE B XUMHUECKYIO PEAKIIUI0 C PACTBOPUTE-
JIeM WJIA MaTepUalIOM JIEKTPOJOB. B 000MX ciydasiX y MOBEPXHOCTHU 3JIEKTPO-
JIOB TIPOMCXOJUT BBIJICIICHUE HOBBIX BEIIECTB, OTCYTCTBYIOIIMX B PAacTBOpE; B
9TOM 3aKJIF0YAETCS CYIIHOCTH JJICKTPOJIHM3a. XWMHUYECKUE PEaKIUU, KOTOPHIE
BBI3BIBAIOTCS] HEUTpAIHM3aNNel NOHOB, HA3bIBAIOTCS GMOPUYHBIMU XUMULECKUMU
peaxkyusimu. B pe3ynpTaTe 3THUX IMPOIECCOB AaHWOHBI W KAaTHOHBI CTAHOBSTCS
HEUTpaJIbHBIMU MOJICKyJlamu (aTomMamu). BceiencTBue HelTpanu3alud HOHOB
BOJIM3HU 3JICKTPOJIOB HE 00Pa3yrOTCsl OOJIBIINE 3apsi/ibl, KOTOPhIC MOTJIU OBl Ipe-
ISATCTBOBATH MPOTEKAHHIO TOKA.

OnekTponm3 BogHOro pactBopa HCI sBisercs mpumepom mpoctoro pas-
JIOXKEHUST paCTBOPEHHOTO BelIecTBa 0e3 BTOpUYHBIX peakmmidi. Mojekyibl HCI

mucconmnpyoT Ha nousl HY u CI™. Ilpy HeHTpanm3anmm y >7eKTPOJIOB ITH
noHbI ipeBpamarorcs B arombl H u Cl. C xaTtoma mogHuMaroTCs My3bIphKU BO-
JI0poJia, C aHO/Ia — ITY3bIPHKH XJIOpa.

IIpu snexrponuse pactBopa H,SO, B Boie Ha KaTOJe BBIACIAETCS BOJO-
pox. Eciu rpynna SO, He pearupyeT ¢ MaTepuanoM aHOAa, TO OHA BCTYINAEeT B

PEaKIHIO C BOAOM:
250, + 2H, 0= 2H, SQ+ Q.
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Pe3ynbraroM Takoro snekTposim3a OyIeT AIEKTPOIUTHUYCCKOE pPa3IoikKe-
HUE BOJBI HA BOJAOPOJI U KHCIIOPOI.

[Tpu snekTponuse pactBopa eakoro kanus (KOH) B Bojme BTOpUYHBIE pe-
aKIIMA UMEIOT MECTO Y 00OMX 3JICKTPOJIOB, U €CJIM MaTepHuasbl JICKTPOJIOB HE
IpeTepreBaT U3MEHeHul, 1o torga y karoga 2K +2H,0=2KOH+ H,, y

anona 40H+ 2H,0= 4H, O+ O,. B 3TOM cityuae pe3yabTaTOM 3IIEKTPOJIU3a

OyJeT TakKe pa3I0KeHUE BOIBI.
3axkonbl Papages

SBAeHMS AMEKTPONIM3a ¢ KOJIMYECTBEHHONW CTOPOHBI ObLTH M3y4ueHbl M. da-
paneeM B 1834r. UM ObuIM YCTaHOBJICHBI JIBA OCHOBHBIX 3aKOHA.

1. IepBbiii 3akoH Dapanest

Macca BeniecTBa, BBIACIMBIIErOCS HA 3JIEKTPOJE, NPONOPIIMOHAIBHA KO-
JIMYECTBY MPOIIEAIIETO Yepe3 JIEKTPOJIUT FIEKTPUIECTBA!

m=K,. (5)
[Ipu TOCTOSTHHOM BEJIMYMHE TOKA
m=K,It, (6),

rae K, —dJIeKTpOXUMUYECKUI DKBUBAJIEHT, 3aBUCAILIMN OT XMMHYECKON IIPUPO-

Il BEIIECTBA.

OH YHCIIEHHO paBeH MAacce BEIECTBA, BBIACISAIONICTOCS Ha 3JIEKTPOIC
IPY TPOXOXKJACHUU CIAMHMIIBI 3apsjia, U BhIPAKAETCS OOBIYHO B TpaMMax WIIH
MUJUITATpaMMax Ha KyJOH. 3HAYCHUS DJICKTPOXUMHUYCCKUX SKBUBAJICHTOB IS
HEKOTOPBIX BEIIECTB MPUBEICHHI B Ta0JI. 3.

Tabmauma 3
3HauyeHN s J1eKTPOXUMHUYECKHX IKBHBAJIEHTOB /115l HEKOTOPBIX BellleCcTB
. DNEKTPOXUMHUYECKHUI
BemectBo ATOMHEIN Bec, 4 BanentHocts, Z S KBUBATCHT Ka Mr/Kn
Cepebpo 107,9 1 1,1180
Menp 63,57 2 0,3294
Bonopon 1,008 1 0,01045
Kucnopon 16,000 2 0,08293
Xnop 35,46 1 0,3674

2. Bropoii 3akon ®Dapajes
DNeKTPOXMMUYECKHE SKBUBAICHTHI PA3IMYHBIX BEIIECTB OTIMYAIOTCS JIPYT
oT apyra. Bropoii 3akon ®apajest onpenenser, OT KaKuX CBOMCTB BEIIECTBA 3aBU-
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cut BenmuunHa K 5" BJICKTPOXI/IMI/I‘-IGCKI/IG 9KBUBAJICHTHI BCUICCTB ITPOIMOPIIMOHAIL-

HbI aTOMHBIM BecaM 4 1 00paTHO MPONOPLUOHATBHBI HX BAJIEHTHOCTSIM Z:
1A
ar-ra O

1 .
rIe E — K02 PUIIUEHT MPONOPIIMOHATLHOCTH, OJUHAKOBBIN JJIsI BCEX BEIIECTB,

%=1,037Eﬂ.08 kr-okB/Kn, a uncio F =9,6500107 Kn/kr-ks.

OTtHomeHne aTOMHOI'O Beca BEIICCTBA K €TI0 BAJICHTHOCTH (Ej Ha3bIBa-

IOT XUMHNYCCKHUM 3KBHUBAJICHTOM BCIICCTBA (X)

BTopoii 3axoH ®apajies MOKHO TaKKe BBIPA3UTh CIEAYIOLIUM 00pa3oM:
QICKTPOXUMHNYCCKHUC SKBUBAJICHTBI PA3JIMYHBIX BCHICCTB IMPOINOPIUOHAJIBHBI HX
XUMHUYECCKUM DKBUBAJICHTAM.

&:ﬁ W &:&:_“_K n
K92 XZ Xl X2 Xn

Beanuuna O IOKa3bIBACT, CKOJIBKO IrpaMM-95KBUBAJICHTOB BCHICCTBA BbI-
ACICTCA Ha JJICKTPOJAaX IMPH MPOXOKACHUUN YCPEC3 SJICKTPOJIUT OAHOTI'O KYJIOHA.
(rpaMM-BKBHBaHeHTOM IMPOCTOr0 BCIICCTBA HA3BIBAIOT KOJIMYCCTBO 3TOTO BC-
mecTBa B IpaMMax, pPaBHOC 110 BCIMYMHC €TI0 XUMHUYCCKOMY OSKBHUBAJICHTY.
V 0/IHOBAJIEHTHBIX BENIECTB XUMUYECKHN SKBHBAIEHT PABEH IPAMM-aTOMY).

O6a 3akona dapajiess MOXKHO OObEIMHUTH, eciu 3Hauenue K, u3 (7)

=0. (8)

1oJIcTaBuTh B (5):

9)

W13 (9) BunHO, uTo BenmunHa F paBHa 3apsimy, HEOOXOIUMOMY ISl BBIC-
aenust 1 rpaMM->KBHUBaNIEeHTa KaKOTO-THOO BEIIeCcTBA. DTa BEIMYMHA HA3bIBACT-
cs ynuciaom Papazes.

O0bsicHenune 3akoHOB Papanes. OnpenesieHne 3apsaaa 3JIEKTPOHA

PaccMmoTpenHas Bblllie KapTHHA 3JIEKTPOIMPOBOJHOCTH AJIEKTPOJUTOB IO-
3BOJISET BhIBECTH 3aKoHbl Papanesd. Eciau Macca 0qHOro MOHa My, TO NPHU HEW-

TpajIu3allii MOHOB Ha AJIEKTPOJE BBIJCIUTCS Macca BEIIECTBA, paBHAS
m=myn.
3apsn uoHa paBeH (= Z€, riae € —a3ieMeHTapHbli 3apsia. [Ipu Heitrpanu-

3a0M N MOHOB qepe3 JICKTPOIINT HpOfII[CT KOJIMYCCTBO JJICKTPHUICCTBA, paBHOC
Q=Zen.
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TakuMm 00pa3oM, MpHU 3IEKTPOIN3E KAKIAbIH MOH NPUHOCHUT 3apsil, sB-
JASOUKCA A0Jed €. DTOT MUHUMAJIbHBIN 3apsij Ha3BalIu 3J€MEHTapHBIM 3apsi-
JIOM WJIM aTOMOM DJIEKTPUYECTBA. bBIIIO YCTAHOBJIEHO, YTO HOCUTEISIMU DJIEMEH-
TapHBIX 3apAJ0B SABISAIOTCS dJIEKTPOHBI U IO3UTPOHBI.

Jlerxo BUAETH, UTO

DOra (opmyna BelpaxkaeT mepsbiii 3akoH Dapanes. M3 Hee ciemyer, 4TO
BHCKTPOXI/IMI/ILIeCKI/Iﬁ 9KBUBAJICHT OINPCACIIACTCA OTHOMICHUCM MACChl MOHA K
ero 3apsay.

K=" 10}
Ze
ATOMHBIH (MOJICKYJIIPHBIN) BEC BEIISCTBA, BBIICISIFOIICTOCS IPH 3JICK-
TPOJIN3€, PaBEH
A= Nam,
rae My —Mmacca oxHoro noHa; N, —4ncio ABoraapo.
COOTBCTCTBCHHO, XUMHUYECKUN DKBUBAJIEHT PaBCH

A_Namy J11
Z Z
W13 cpaguenus (10)u (11) naxommm:

1 A

7 NpeZzZ

[Mocnennsist popmyna BeipaxkaeT BTopoil 3akoH Papanes. 13 Hee cnenyer,

yro yncao dapages paBHo F = N €. Crano ObITh, 21€eMEHTapHBIN 3apsi]] paBeH
-F : (12)

Na

Takum oOpazom, Gmaromapss TOMy, YTO SJIEKTPOIMUTHYECKUMHU H3MEpe-
HUusMU onpeneneHo uncio Papanes F, Beskoe nuzmMepenue unciaa ABorajapo mno-
3BOJISIET ompeaenuTh mo (12) sneMeHTapHBIN 3aps ¥ HA00OPOT. DTHUM CBSI3bI-
BAIOTCA U B3aUMHO KOHTPOJIUPYIOTCS J[BA Psiia COBEPILIEHHO HE3aBUCUMBIX U
pasim4HbIX MeTog0B n3Mepenus N, u e. Hanbonee BepodaTHeiM 3HaueHHEM N 5

B HACTOSIIEE BPEMsI CUMTACTCS
N, = 6,023 G3moms .
[Toxcranss 3to 3HaueHue B (12), mosryunm:
_F _ 96500
N, 6,02316°

~1,6[10°K.
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3.]1€KTp0.]II/ITI/I‘IeCKaH MNPOBOAMMOCTDb TBEPABIX TeEJI

DNEKTPOJIMTUYECKOW MPOBOJAUMOCTBIO 00Jaal0T TakXke U HEKOTOpbIe
TBEpJbIC Tela. XapaKTePHbIM MPUMEPOM B 3TOM OTHOILIEHUU MOKET CIIYKHUTh
KaMEHHasi COJb.

Kpucrajumnueckass pemeTka IMOBAPEHHOW COJM SIBISIETCSI MOHHOW, B HEW
MOHBI HATPHUS U XJIOPA PACIIONIOKEHBI IO y3J1aM KyOoB. [Ipu HU3KMX Temnepary-
pax KaMeHHas COJIb SIBJISIETCS XOPOILIUM U30JsTOopoM. Ho Mpu BBICOKUX TemIie-
parypax, HauuHas ¢ 400°C, ona, ocraBasch cie TBepou (ee Temmeparypa

wiasnenuss 780°C), 3aMETHO TIPOBOJIUT TOK.

Pa6oramu I1.1. JIykupckoro, C.A. lllykapeBa u O.H. Tpane3nukoBoii ObI-
JI0 TOKa3aHo, 4TO MPHU MPOXOKJIEHUU TOKA Yepe3 MOBAPEHHYIO COJIb COOII0/a-
I0TCS 3aKOHBI AjekTposinza Dapazaes. imu Obuto 0OHApYKEHO, YTO MPHU TEMIIe-
parype 400°C Bech TOK co3jaercs IMpakTHUYecKd MoHamu HaTpus. [Ipu Oonee

BBICOKOW TEMIIEPATYpPE BOZHUKAET 3aMETHAs MTOABUKHOCTh HOHOB XJIOPA.
DNEeKTpoIIMTUYECKAs] IPOBOJAMMOCTD TBEPAOr0 KpHCTAJLJIa OOBIYHO BEAET K
€ro paspyuieHuro. Tak, Npu IEKTPOIM3€ HArpeTol KaMEHHOM COJM y KaTonaa
BhIJesieTcss NaB BUzie 3aMETHBIX Ha IJ1a3 (PMOJICTOBBII HUTEH (Tak Ha3bIBAGMBIX
JCHIIPUTOB), IPOHUKAIOIIUX B TOJIIY KPUCTAILIA.
Bb10 HaliieHO, YTO MOHHOW MPOBOJAUMOCTBIO 00JaIat0T KPUCTAILIBI MHO-
rux apyrux coequnenuii (KCl, BaCl,, AQNO; u 1.1.).

CIIOKHBI MEXaHW3M HOHHOW MPOBOJMMOCTH KPHUCTAJJIOB YMNPOIIECHHO
MOXHO TPEJCTaBUTh CieAyromuM oOpa3om. [Ipu BbICOKOW TeMmiieparype am-
IUIUTYJa KOJIEOAHWH MOHOB OKOJIO MX TOJIO)KEHHSI PAaBHOBECHS JENaeTcs Ha-
CTOJIKO 3HAQUUTEJIBHOM, YTO MOJ BIHUSHUEM TEIUIOBOIO JIBHXKEHUS OTAEJIbHBIC
MOHBI OYTyT MEHATHCS MECTAMHU CO CBOMMU COCE/ISIMH.

[Tox nericTBUEM MOJIS MPOUCXONUT HATPABICHHOE CMEIIEHNE HOHOB.

bonee m3yyeHa HIEKTPOJMTHYECKAsT MPOBOAUMOCTh cTekia. CTEKso He
UMEET KPUCTATMYECKON CTPYKTYPBI U CKOpEE MOXKET ObITh CPABHEHO C >KUIKO-
CThIO (MEPEOXJIKACHHOM), 00Jaaomneil 00Ol BI3KOCThI0. CTEKIO Tpe-

CTaBIAET COOOM TAKKe HIEKTPOIMT, B KOTOPOM HOHBI Na' TIpH BEICOKOH TeM-
nepatype oOJIajal0T 3HAYUTENIbHOW MNOABUAKHOCTHIO. [IpoBoaumocTh crekia
MOJKHO pacCMOTPETh Ha ciieyroriemM onbite (puc. 6).

CrexisiHHAs najo4yka TOJILHUHON ¢ KapaHAall BKIIFOYAETCS YEPE3 JTAMIIOUKY
HaKaJIUBaHMS B OCBETUTEIbHYIO 1IeMb. [I[py KOMHATHOW TeEMIlepaType COPOTHUB-
JICHWE CTEKJIIHHOM MaJOYKU BEJIMKO, a MO3TOMY TOK B IIEMM HUYTOXKHO Majl U
JaMII0YKa HE TOPUT.
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J208 Eciiv B miaMeHH TOpENIKH HarpeTh MajodKy
1o 300- 400° (, To ee COMPOTUBICHUE YIAIET U

L ® HUATH JIAMIIOYKM packanutcs. llocie 3Toro MoxHo
«3aKOPOTUTH» JIAMIIOUKY KJIFOYOM M yOpaTh ropen-
Ky, JaJbHEHIIEEe HArpeBaHUE CTEKJIA BBI3BIBACTCS
1T 5 [T | OJNEeKTpHYECKUM TOKOM. UYepe3 HEKOTOpOe BpeMs
] CTEKJIO pacKaJuTCA Ao0era M KaluIsIMH IOTEYET

Puc. 6.IIpoBonuMocTh cTekia  BHU3.
IIpuMeHeHuUe JIEKTPOJIU3a

SBneHKE ANEKTPOIN3a IUPOKO UCIOJIB3YETCA B TEXHUKE: JJI TOJIYyYEHUS
YUCTBIX METAVIOB W3 pacIUlaBOB M PaQUHUPOBAHUS; 2aANb8AHOCMESUU —
MOKPBITHS METATMUECKUX M3CIUIA CII0OEM JIPYroro Meraia (HarmpuMep, HUKe-
JIMPOBAHUS, XPOMUPOBAHUS); 2AlIbBAHONIACIIUKY — W3TOTOBJICHUS PElbeHBIX
METaJUIMYECKUX KON 91eKmMpOIUMUIecKol noauposKu TOBEPXHOCTH.

PaccmoTpum HEKOTOpBIE 00JACTH TPUMEHEHUS.

B anexkTpoMeramutypruu myTeM 3JEKTpOJiM3a PACIUIABICHHBIX BEIIECTB
N0OBIBAIOT MHOTHE METaJUIbl. Hanmpumep, HATpHil MoTy4yaroT MyTeM 3JIeKTPOJIu-
3a PaCIUIaBICHHOTO €IKOT0 HaTpa M MOBapeHHOoi comu: u3 pacmiasoB MgCl, u

CaCl, seipensror Mg u Ca.

AJTIOMUHHUI TOJYYarOT UCKIIOYUTENBHO 3JIEKTPOJIIM30M €ro paciliaBlieH-
HOM okucHu. CpIpbeM JJIs MPOU3BOJICTBA ATIOMUHUS CIIY)KUT OOKCHUT, U3 KOTOPO-
ro, ynaysis BoAy, noiy4aroT okuchk amoMuHus Al O ;(rmuHo3em). DiekTponn3zy

MoJIBEpraeTcs paciias riauHozema B kpuonure NagAlR;, koTopslii 1o0aBisercs

JUTSL TIOHVMDKCHMSI TEMITepaTyphbl TUIABJICHHMSI CUCTEMbI. B KadyecTBEe AJIEKTPOIOB
CIIyXaT yrojbHbIC TUIACTHHBI. CMECh TMOJIECPKUBACTCS B PACIUIABIICHHOM CO-
crostuuu nipu 900° C terioM, BBIJEISIOMMUMCS TIPU MPOXOXKICHUU Toka. Uepes

BAHHY TaKOTO POJa JOJKEH IMPOMTHU TOK B JIECATKHU THICAY amIlep, MOTOMY 3a-
BOJIbI, BBIMYCKAIOIIME ATIFOMUHMM, PacnoiaratoTcs BOJIM3U MOIIHBIX 3JIEKTPO-
CTaHIIUM.

B mnpOMBIIIIEHHOCTH MYyTEM 3JIEKTPOJIM3a MPOU3BOAUTCS OUYMCTKA WIIU
paduHUpOoBaHWE METAIIOB. J[JI1 ATOTO OUHMINAeMbId METAJIJI OTJIWBAIOT B BUJIC
IJJACTUH Y KCMOJIB3YIOT B KAYECTBE aHOJIA B JJIEKTPOJUTHYECKOW BAaHHE. DJICK-
TPOJUTOM CIIYKUT PACTBOP COJIM JAHHOI'O METAJLIA.

Hawunbonee mmpoko 3TOT crocod npuMeHsieTcs il OYUCTKH Meau. Menb,
BBIIUIABJIsIEMAss U3 Py, COJCPKUT CEPHUCTHIC COCAWHEHHUS, CHIDKAIOIIUE €€
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ANEKTPONPOBOAUMOCTh. M3 Takoil Menu W3roTaBIMBAIOT MACCHUBHBIE aHOJIbI.
DJIEKTPOJIUTOM CITYXKUT BOAHBIM pacTBOp, coaepkamuit 15 Y%omeaHoro Kymopo-
cau 10 %cepHoli KUCIOTHI. Meb, MOIBEpraroIiasics OYUCTKE, IPU IEKTPOJIHU-

3€ MEPEBOJUTCS B PacTBOP B BUIE MOHA Cu™™, ma karone IIpU 3TOM I0CJIE HEM-
Tpajii3alli UOHOB BBIACISETCS yucTas Medb. [IpuMecu meau ocaxaaroTcs Ha
JTHO BaHHBI. M3 3TUX mpuMecei Mociie JONOJIHUTEIbHOW OUUCTKHU BBIICIISIFOT Ta-
KHE IIEHHbIE METAJUJIbI, KaK 30JI0TO, IUIATUHY, cepeOpo U Jp.

Menpb, U3 KOTOPOW M3rOTaBJIMBAIOT MPOBOJA, OUMIIAIOT TAKUM MYTEM J10
crerienn ouncTku B 99,9 %.IIporecc ouncTku BeaeTcst MPU MaIBIX TJIOTHOCTSIX
TOKa B OOJIBITUX BaHHAX, B KOTOPBIX CoenuHSAIOTCS mapaiienbHo 20 u Gomnee
AIEKTPOJIOB.

N3 npyrux siEKTPOJUTHYECKUX MPOLECCOB MMEET MPAKTHYECKYIO BaX-
HOCTb MOJy4YEHHUE 1Iea0ouei Kanus U Hatpusi. OHU MOJTYy4YarOTCsl ITYTEM DJICKTPO-
JiM3a BOJHBIX PAacTBOPOB MOBAPEHHOM COJIM U XJIOPUCTOrO Kayus. B anekTposnu-
Tax XJIOPUJAOB UMEIOTCS MOHBI METajlia U XJjiopa. MloHsl MeTamia npu HeEUTpanu-
3allMU y KaToJa MPEeBPAlIAIOTCA B aTOMbI ME€Tajuia, KOTOpPbIE, IEMCTBYs HA BOJY,
JAl0T 1IEJI0Yb U BOJIOPO.

DJIEKTPOJIUTUUECKOE Pa3I0KEHNE BOABI HA BOJOPOA U KUCIOPO/ MpUMeE-
HSETCS B OOJIBIIMX MacIITabax Jjisl MOJTYyYEHUsI ITUX ra30B, YIIOTPEOIIEMBIX JIJIS
TEXHUYCCKHUX ICIICH.

[Ipu nuTenbHOM pa3noKeHUU OOJIBIINX MACC BOABI BBIICIACTCS TSXKEIas
Boga D,O, umeromas Oosblioe 3HaueHHE B aTOMHBIX ycTaHOBKax. biaronpaps

o + +
HCCKOJIbKO MCHBIICHU IMOABM>KHOCTH HMOHA D" no CPaBHCHHIO C H BBIACIIAIO-
MUECA IMPU IJICKTPOJIN3C I'a3bl UMCIOT ITOHMKCHHYIO KOHICHTPAIIUIO DZ’ B pac-

TBOPE K€, HA00OPOT, MOBBIIIAETCS KOHIICHTPAIUS TSKETIONW BOBI.

B 1836r. b.C. flko6u npeanoxui 3MeKTPOIUTHIECKUM CTIOCOO0M TOITy-
4aTh HM300pakeHHe TpeaMeToB (raipBaHoIUlacThka). s 3Toro ¢ mpeamera
CHUMAIOT HEraTUBHBIN CJIENOK U3 BOCKA WM TUIICA, IOKPHIBAIOT €0 MOPOILIKOM
rpadurta ans mpuAaHUS SNEKTPOMPOBOIHOCTH, MOCTE YETO SICKTPOTUTUYECKU
OCaXJAaIT Ha HEM MeTaul. DTUM CIOCOOOM H3rOTaBIMBAIOT TUHOrpadCcKue
KJIMIIE, @ TAK)KE MHOTHE APYTUe METAIIIMYECKUE U3JIEIHSI CII0KHON (POPMBL.

DNEKTPOIUTUYECKOE OCAKICHUE METAJIOB IIHMPOKO INPUMEHSIETCS is
HOKPBITHS OJJHUX METAJIOB CJIOEM JPYruX (rajJbBaHOCTETHS) C LENBI0 YKpalie-
HUS WIH TIPEAOXPAHEHUS OT KOPPO3UH (IIEKTPOIIUTUIECKOE CepeOpeHue, 30I10-
YCHUST U XPOMHUPOBAHHE, MOKPHITHE >Kejie3a IIMHKOM W T.1.). HempoBopsiue
IpeIMEThl TaKK€ MOTYT OBbITh METAJNIM3UPOBAHBI, €CJIU UX MOBEPXHOCTb IIPE-
BapUTEJIBHO MTOKPBITH JIAKOM, @ 3aTEM HATEPETh IPAPUTOBBIM TOPOLIKOM.
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DJIEKTPOJUTUYECKAS TOJIUPOBKA METAIIMYECKUX MOBEPXHOCTEH ObLia
pa3paboTaHa pyCCKUMHU MHX)eHepaMmu. M3/enne Ciay>KUT B JIEKTPOJIUTUUECKON
BAHHE aHOJOM, PACTBOPSIOIIMMCS IpH AniekTponuse. [Ipn Hanmuuuu mepoxosa-
TOCTEH y MOBEPXHOCTU AIEKTPOIUTHUECKOE PACTBOPEHHUE MTPOUCXOIUT OBICTpEE
Yy BBICTYIIOB U 3a0CTPEHHI, TAK KaK HANPSKEHHOCTH MOJIS, a, CJIIEI0BATEIbHO, U
IJIOTHOCTh TOKAa BO3Jie HUX Oojblie. B 3ToM M 3akioyaeTcs CyIIHOCTh JJICK-
TPOJIUTHYECKOMN MOJMPOBKHU.

3.]1€KTp0.]II/ITI/I‘IeCKI/Ie KOHACHCATOPbI

SIBiIeHUE HIIEKTPOIN3a UCTIONB3YETCS B DJICKTPOJINTHYECKAX KOHIEHCATO-
pax, IPUMEHSAEMBIX B paguoTeXHUKe. OHU HUMEIOT [1Ba AIFOMUHHMEBBIX IIEKTPO-
1a, HaXOMAIIUXCS B 3MEKTpoauTe u3 cmecu O0opHOi kucnotel (H3BO3) u pac-

tBopa ammuaka (NH,OH) c no6askoii rmm-

+ - nepuHa. CXeMaTU4eCKu YCTPOMCTBO KOHJIECH-
caTopa MoKa3aHo Ha puc. 7.

[Ipn mpomyckaHMM TOKa aHOJ IOKPBI-
BAETCS M30JUPYIOUIEH IJIEHKOW OKMCIA aJlo-
MHHUS M TOK IAJAECT MPAKTUYECKU IO HYJIA.
[ImeHka BbIIEp)KUBAET PA3HOCTh OTEHIIMAIOB

Pacimeon Gop kol sumomas 1o 40 B. B pesynbrare oOpasyeTcsi KOHIEHCA-

U HaLamsIpA TOp, COCTOSIIIHMIA W3 JIBYX NMPOBOJHUKOB (O1-

Puc. 7.Cxema ycrpoiicrpa HUM U3 KOTOPBIX OYyJIET IOJIO0XKUTEIbHBIN

SMEKTPONUTHICCKOTO KOHACHCATOPA 5 jeyrnos1, APYTHM — YJIEKTPOJIUT BMECTE C OT-

PHIIATENBHBIM AJIEKTPOJIOM), pa3elICHHBIX W30JIUPYIOIIMM CJIOEM OKHCIa ajo-

MUHMSA. BBHly BECbMa Majiol TOJIIMHBI U30JIMPYIOIIEH NJIEHKU €MKOCTh KOH-
JIEHCATOpa OKa3bIBAETCSI OYEHb OOJIBLION.

B TexHHUYECKHX DIEKTPOJUTUYECKUX KOHIECHCATOpax MEXAy TOHKUMU
JUCTaMU aOMUHUS TPOKJIAAbIBaeTCsl Oymara, MpONUTaHHAS SJIEKTPOJHUTOM.
[TostoXKUTENBHBINA ANEKTPO MPEABAPUTENBHO 00padaThIBACTCs IS MOJYyYEHHUS
ci0s1 OKHcya. Takue yCTpOMCTBA MO3BOJSAIOT NOJYYUTh KOHIEHCATOPBI OYEHb
HEOOJIBIIUX Pa3MepOB B COTHU MHUKpOdapaj npu HaANpsHKEHUH B HECKOJIBKO CO-
TEH BOJIBT.

Cnenyer UMeTh B BUAY, UYTO JIEKTPOIUTHYECKUE KOHIEHCATOPBI 00Jaa-
10T OIPEAEIIEHHON MOJSIPHOCTHIO. [Ipn 0OpaTHOM BKIIFOUEHHUH MX B LIENb U30JIU-
PYIOIIMI CIION Mcue3aeT U Yepe3 KOHJIEHCATOP MPOXOAUT OOJIBIION TOK, pa3py-
LIAFOIIUNA KOHJAEHCATOP.

OnHUM M3 HEIOCTATKOB TaKMX KOHJEHCATOPOB SIBJISIETCS HAJIMYKE B HUX
CPaBHUTEIBHO OOJIBIION YTEUKH.

Okucnu
Al

—
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BJIeKTpOXPIMI/I‘IeCKI/Ie NOTCHINAJIbI

OnbIT MTOKA3bIBACT, YTO MPH MOTPYKCHUH METajlIa B 3JICKTPOJIMT HAOIIIO-
JaeTCs MX B3aMMHAs dJIeKTpHU3alus (Ha MeTalle JCKTPOJIMTA MOSBISIOTCS 3a-
PSIBI IPOTUBOTIOJIOKHBIX 3HAKOB), IIPH 3TOM METAJIJI OTHOCHTEIBHO 3JICKTPOJIH-
Ta OyJIeT UMETh OTPESICHHBIA MOTEHIINAJ, KOTOPHIN HA3BIBACTCS 2J1eKMPOXU-
MUYECKUM NOMEHYUATIOM.

BO3HUKHOBEHHE AJICKTPOXUMHUYCCKOTO MOTCHI[MAIa KAYECTBEHHO MOYKHO
OOBSICHUTH CIEAYIONUM 00pa3oM. ATOMBI MeTasla HaXOASITCS B TETUIOBOM
JBIDKCHHH, a TIO3TOMY B OTACJIBHBIX CIydasiX OHU OyIyT BBIXOJIWTH 3a Mpese-
JIBI METaJTa ¥ 00pa30BHIBATH MAPHI JAHHOTO BemiecTBa. Ho mpu 0OBIYHBIX yCIIO-
BUSIX JIUI TBEPJABIX METAJ/UIOB Maphbl MPAKTHYCCKH OTCYTCTBYIOT M3-3a OOJIBIION
paboThl BeIxoza (13-3a OOJIBIIOrO MOTSHIMAILHOTO Oapbepa IpaHUIlbl METALT —
BaKyyM).

[Tpy xoHTaKTEe MeTa/uia ¢ AIEKTPOJIUTOM IIOJ] BO3JACHCTBUEM IOJSPHBIX
MOJICKYJI paCTBOPHTEIS TTOHMKACTCS MOTCHIIMAIBLHBIA Oaphep IPaHMIIBI METAJLT —
YKUIKOCTD JIUIS BBIXOJIa TTOJIOKHUTEIIBHBIX HOHOB METa/lIa U CO3/Ial0TCS YCIOBUS
JUTSL UX TIepeX0Jia B pacTBOP. DTO MPOUCXOIUT IMOTOMY, YTO IOJISPHBIC MOJICKY-
JII PACTBOPHUTEISI OKPYXKAIOT CBOMMH OTPHUIIATEIILHBIMU 3apsiIaMi MOHBI METAaJI-
Ja, OTTAJIKWBAIOT OT HUX BAJICHTHBIC JICKTPOHBI M OOJIErYar0T Mepexoj IMoJio-
JKUTEIIbHBIX HOHOB M3 METaJlIa B pacTBOP (3TOT MPOILIECC aHAJOTHYEH IPOIECCY
COJIbBATAIIUH).

PaccMoTpuM KOHTakT MeTamia co ciaabbiM pacTBOPOM €TO COJI, HANpH-
mep, ZN ¢ BogHbIM pactBopoM ZNSQO,. BenencTsue 1eHCTBYS MOISPHBIX MOJIE-

KyJI BOAbI Ha IMHKOBYIO IINIACTUHKY YCTAHOBUTCA IOHWIKCHHAsA pa60Ta BbIXOJa

1OHOB ZN' ", 4T0 CHOCOGCTBYET PacTBOPEHMIO MeTanna. M eciiu KOHIEHTpaIus
VMOHOB LIMHKA B PacTBOpPE MOCTATOYHO Majld, TO LIUHKOBAs IUIACTUHKA HAYHET
pPacTBOPATHCS U 3apsHKATHCS OTPULIATEIIBHBIM 3JIEKTPUYECTBOM — IOJIOKUTEIb-
HbIE MOHBI [IUHKA, YXOJs B PaCTBOP, OCTABJISIIOT HA IUIACTUHKE CBOM BAJICHTHBIC
JIEKTPOHBI. PacTBOp XK€ B LIEJIOM HAayHET 3apsKaTbCs MOJOKUTeNbHO. Ha rpa-
HUILIE METAJIJIa C PACTBOPOM BO3HUKHET JBOMHOMN JJIEKTPUUYECKUM CIIOM MOJIEKY-
JISIPHOM TOJIIIUHBI U3 HOHOB U JIEKTPOHOB (puc. 8).

TTOHATHO, YTO TIOBBINIEHHE KOHIIEHTpAauy ZN' ' BOIM3M IIIACTUHEI M TI0-
SBJICHUE PA3HOCTH IIOTECHIMAIOB MEXAY IUIACTUHOM M PAaCTBOPOM 3aMEIJIAIOT
pacTBOopeHHe 1uHKa. IIpormecc 3aKOHUMUTCS YCTAHOBJICHUEM JAUHAMUYECKOTO
PAaBHOBECHUS MEXKIy METANIOM U PaCTBOPOM, IPU KOTOPOM IIOTOK HOHOB, IIepe-
XOJAIMX U3 METaula B pacTBOP, KOMIEHCUPYETCS OOpAaTHBIM IOTOKOM HOHOB,
OCaXKIAIOIINXCS HA METaJLIE.
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Paznocth IMOTCHIOHUAJIOB MCKAY MCTAJJIOM

. a 1 pacTBOPOM IpU UX JUHAMHUYECKOM PaBHOBECHUU
* N N * 1 OyJeT 3JIEKTPOXUMUYECKUM MTOTEHIIUATIOM.
: - : B nepBoM npubinxeHur NOTEHLHA 3aBU-
Fraa ot CUT TOJIbKO OT CBOMCTB METajula M OT KOHIICH-

Tpalii HOHOB, MPU KOTOPOM BIIEKTPOXUMHYEC-

CKHil TIOTEHIMAA COOTBETCTBYIOMIETO METasia

paBeH HyJ0. B 3TOM ciydae COMPUKOCHOBEHHE

Puc. 8. Bsaumnas sekTpusaius — DJIEKTPOJIMTA U METajlla HE BEJAET K PAaCTBOPEHHUIO

Metana (a) u Craboro pacTBopa  [IOCIENHETO, TAK KAK KOHIEHTPALUSI HOHOB COOT-

ero cont (0) BETCTBYET HMX JMHAMHYCCKOMY PaBHOBECHIO C
METAJIJIOM.

DIEeKTPOXUMHYECKHUI TOTCHIIHA 00pa3yeTcst U MPH KOHTAKTE METajlia ¢
YHUCTHIM pacTBOpHUTENEM (BOJOM), MPH 3TOM METAJLI 3apsbKaeTcsi 6osiee OTpHIa-
TEJIbHO, HEXEITM B CIy4ae ero KOHTaKTa ¢ PACTBOPOM COJIH, COACPIKAIINM HOHBI
3TOT0 MeTaJla.

Eciu MeTast morpys3urh B pacTBOP €0 COJIM C TOCTATOYHO OOIBIION KOH-
IICHTPAIMEH, T.€. KaK ObI MIEPECHIIICHHBIA €r0 HOHAMH, TO HEKOTOpas 4acTh IO-
CIICJIHUX BBIICIUTCS HAa META/UIC ¥ METaJUT 3apSAUTCS TOJIOKUTEIBHO, @ JJIeK-
TPOJIUT — OTPHUIIATEIILHO.

Mo3kHO NpeAnoa0KUTh, YTO AJs JaHHOTO MeTajlula HaJu4yHhe B DIEKTPO-
JIUTE IPYTUX MOHOB, KPOME MOHOB 3TOT0 METaJlIa, He J0JKHO OKa3bIBaTh CylIe-
CTBEHHOI'O BJIMSIHUSL HA DJIEKTPOXMMHMYECKUH moTeHuuan. Hampumep, KoHTakT
uuHKa ¢ pactBopamu ZNSQO, u ZnCl, nomkeH nMopoxaaTh OAMH U TOT K€ MHO-

TEHIMAJ [UHKA, €CJIH TOIbKO KOHIEHTpAIUs HOHOB ZN' ' B 060MX pacTBOpax
OJIMHAKOBA. J[€HCTBUTENIBHO, ONBIT IOKA3bIBAET, YTO 3JIEKTPOXUMHUUYECKHN I10-
TEHLMAJI TAaHHOTO METajlla HE 3aBUCHUT OT IPUPOABI AHMOHOB JIEKTPOJIATA. B TO
K€ BpeMsI HAIMYKE B PACTBOPE MOHOB APYTUX METAJUIOB WIM BOJOPOJAA BIIMSET
Ha INOTEHIMAJI JaHHOTO 3JIEKTPOAA.

Ecnu OpaTh KOHLIEHTpaLMIO HOHOB METajla B 3JIEKTPOJIUTE OJHOM U TOU
KE, TO AIEKTPOXUMUYECKUI MOTEHIMAN OyJeT 3aBUCETh OT CBOMCTB MeTaslIa.
YcnoBwinch OpaTh pacTBOp C COJAEpKAHUEM B OJHOM JuTpe 1 rpamm-
DKBUBAJICHTa HOHOB MeTauia (PacTBOP HOPMAIBHOW KOHIICHTPALUH). DICKTPO-
XMMHUYECKUN MMOTEHIIMA B TAKOM PAacTBOPE HA3bIBAETCSl A0COIOTHBIM HOPMaJlb-
HBIM 3JIEKTPOXHUMHYECKUM IIOTEHIIHAIIOM.

[Ipn m3MepeHHH 3IIEKTPOXUMHUYECKOTO IMOTEHIMada HEeOOXOAMMO MOJ-
KJIFOUNTh MPOBOJAMHM M3MEPUTEIbHBIM NpUOOp K METauly U XKUIAKOCTH, HO B
MeCTe KOHTAaKTa IpoBOJa M pacTBopa oOpa3yeTcs HOBBIN AJIEKTPOXUMUYECKUI

22



noteHuan U', mosTomy npubopoM MOXKET ObITh U3MEPEHO JIUIIh OTHOCUTEh-
Hoe 3Hauenue U — U',

Jlns mpakTUYeCcKuX Iiejield BaKHO 3HATh HE CTOJIBKO aOCOJIFOTHBIE 3Ha4Ye-
HUS JICKTPOXUMHUUYECKUX MOTEHIIUAJIOB, CKOJIBKO UX OTHOCHUTEIIbHBIC 3HAYCHUS
JUIS Pa3HBIX METAUIOB. /[ M3MepeHus OTHOCHTENBHBIX 3JIEKTPOXUMHUECKUX
MOTEHIIUAJIOB YCIOBWINCH MIPUMEHSITh B KQUECTBE BTOPOTO AJIEKTPOAA HOPMAlb-
HbIU B00OPOOHDLIL 2NIeKMpPOoO, COCTOSIIIUNA U3 TUIATUHBI, HACHIIIICHHOW BOJAOPOJIOM,
HaxXOJIAIIMNACS B PAcTBOpPE C HOPMAJIbHOM KOHIIGHTpaIlueld HMOHOB BOJOPOA.
Takoii 3JIeKTpO/] TaK)Ke Ha3bIBAIOT CMAHOAPMHBIM.

DNIEKTPOXUMHUYECKUM MOTEHIMAN 3JIEKTPOJa B paCTBOPE €ro COJU C HOP-
MaJIbHOW KOHIIEHTpAIlUe HOHOB, M3MEPECHHBIM OTHOCHUTEIIBHO BOJOPOJIHOTO
9JIEKTPOJIa, HA3BIBACTCS HOPMAnbHbIM (CIMAHOAPMHBIM) DIEKMPOXUMUUECKUM
nomenyuanom Up.

Pa3paboTanbl METOIBI M3MEPEHUS HOPMaJIbHBIX (CTAHIAPTHBIX) IJIEKTPO-
XUMHUYECKUX MOTEHIIUAJIOB M CIIOCOOBI BBIYUCIICHUS MOTEHI[MAa BOJIOPOJIHOTO
9JIEKTPoia (OTHOCHTEIBHO 3JIEKTPOIUTA ¢ HOPMAIbHON KOHIIGHTpAIMEeH HOHOB
BOJIOpO/a), KOTOphIA okazajics paBueiM U’ = +0,274 B. 3Has HOpMajbHbBIN
ANEKTPOXUMHUYECKUI TMOTCHIIMA, MOXHO HaWTH aOCONIOTHBIA HOPMAaJIbHBIM
aeKTpoxumMudeckuit moteHuan meramia: U = Ug+ 0,274B.

[To aGcomoTHOMY HOPMAJTLHOMY TTOTEHITUATY KaKOro-TM0O MeTajljla MOX-
HO BBIUMCIIUTH €TI0 MOTCHIIMAI OTHOCUTEIILHO PpacTBOpa JIFOOOM KOHIIEHTPAIIUH.

B Ta6n. 4 npuBeneHbl 3HaYCHUST A0COFOTHBIX HOPMAIBHBIX 3JIEKTPOXUMH-
YECKUX MOTEHIIMAJIOB ISl HEKOTOPBIX BEIIECTB ITPU KOMHATHOM TeMreparype.

Tabmuma 4
3HaucHUs a0COTIOTHBIX HOPMAIBHBIX 3JIEKTPOXMMHYECKUX MOTEHIHAIOB
BerectBo Hownsl Uu,B
Bonopon H* +0,274
Kamnuit K* -2,65
Harpuit Na** -2,45
Hunx Zn*™t -0,50
Pryth Hg"™ +1,13
CauHen Pb™ +0,15
Menp Cu™ +0,61
Cepebpo Ag* +1,07

l'anbBaHn4ecKue 3J1eMeHThI

Bcesxuii ragpBaHUYECKUAM 3JIEMEHT UMEET JIBA DJIEKTPOA, HAXOISIIUXCS B
KOHTAKTe C 3JEKTposuTOM. DJIC TalbBaHMYECKOTO 3JEMEHTA ONPEAEIACTCS
PAa3HOCTBIO 3JIEKTPOXUMUYECKUX MMOTEHIIMAIIOB €0 3JIEKTPOIOB.
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— B kauecTBe mpumepa paccMOTpUM 3Jie-

A
~ meHT Januens (puc. 9).
~—= SO = B HeM IMHKOBBIN 3JIEKTPOJI IOTPYKEH B

< O pacTBOp LIMHKOBOI'O KYIIOpPOCa, a MEAHBIA — B
pacTBOp MEIHOIo Kyropoca. PacTtBopsl otne-
JIEHBI APYT OT Apyra MOPUCTON MEPETOPOAKON
@i@, ®(_u_ U3 HEOOOXKEHHOW TJIMHBI, KOTOpas HE Ipe-
IIATCTBYET JBH)KEHUIO MOHOB, HO NPEIOXPAHSI-
€T UX OT OBICTPOTO NEpEMEIINBAHMS.

Puc. 9. Cxema neficteus IlycTh KOHIIEHTpaIUs 000MX PacTBOPOB

anemenTa Jlanuens HOpMaJibHass. B 3TOM ciyyae aOCOJIFOTHBIN
3JIEKTPOXUMHUYECKUI noTeHman Mmeau paseH +0,61 B, a coorBercTBYIOIIMIL 1O-
tenmain uaka paser —0,50B. 3/1C takoro snemenTa
g=Ug,-U,,=0,61-(-0,50= 1,111

Ecnau coennHUTh MOJIIOCH 31eMeHTa JlaHnens MpoBOAHUKOM, TO pa3sHULA
B UX NOTEHIMAJIaX IPUBOJUT K IIEPEXOAY MIEKTPOHOB ¢ IMHKOBOW IUIACTUHBI HAa
Meanyto. L{luak OyAeT uMeTh OTpULATENbHBIN 3apsl, HO MEHBUINMN, HEKEIU 3TO
HEOO0XO0MMO JIsl pABHOBECHS, I0ATOMY MOHBI LINHKA HAYHYT 00JI€€ MHTEHCUBHO
IIEPEXOAUTH B PACTBOP U JABUIAThCS OT LIUHKA.

B TO e BpeMs MOTOK 3JEKTPOHOB BO BHEIIHEW LENHM K MEIHOMY JJIEK-
TPOAY MOHU3UT NOTEHIUAI MEAU U SABUTCA NPUYUHON O0Jiee MHTEHCUBHOTIO I1e-
pPEMEIEHNS] MOHOB MEIU K IOJOKUTEIBHOMY JJIEKTPOLY M OCaXACHUS MX Ha
ATOM JJIEKTpOAE. B pe3ynpraTre Takoro caMOINpPOM3BOJIBHOTO IIPOLIECCA PACTBOP
B JIEBOM YacCTH COCYJla HENPEPBHIBHO 00OTalaeTcsl MOJIOXKUTEIbHBIMU HOHAMU

ZnS0O, CuSO,

++ o
Zn"", a pacTBOp B IPaBOil 4aCTH cocyJa odoramaercs MIOHaMUA MeAH. JTO TpH-
BOJUT K TOMY, YTO OTPHULIATENILHO 3apsikeHHble HOHbl SO, nepemeniarorcs de-
pe3 MOPHUCTYIO MEPETOPOKY B JIEBYIO YacTh COCyZAa. 3€Ch OHH, BCTPEUasiCh C

++

TIOJIOKUTEIBHBIMU HOHaMH ZN', 00pa3ylT COJb, KOTOpasl BhIMAIaeT Ha JHO.
31ech MPOUCXOANUT TPEBpaIICHUE IIMHKA B CyJIb]ar [IUHKA, 2 MEJh OCaXIaeTCs
u3 pactBopa cynbdara meau: Zn+ CuSQ = Cu+ ZnSQ. Takum obOpa3oM, xu-

MHYECKHUE MPEBPAILICHUS CBOAATCA K PEAKLIUK 3aMELIECHUS IUHKOM MEIU B MEl-
HOM KYITIOpOCE.

3nauenue D/1C aneMeHTa JlaHHMENsT MOKHO OLICHUTh, OCHOBBIBASICh HA 3a-
KOHE COXpaHEHMs dHepruu. M3BecTHO, 4TO 3aMEIIEHHE NUHKOM MEIN B MEIHOM
KyIIOpOCE  COINPOBOXKAAETCA  BBIACICHUSAMM  DHEPIMU B KOJUYECTBE

AW =5110*

Kall

. 3a cuet 3TOM 3Hepruu coBepuaercs padora IJC ucrounu-
MOJIb

ka AA= g, e € —DJIC anemenTa; ( —IepeHECEHHBIN 3apsij.
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Torma AW = (E unu SZM.
q

BennunHy nepeHeceHHOro SJEKTPUYECKOro 3apsia Ipu pPacTBOPEHUU
MOJISl IIMHKA MOKHO MOJACUYHUTATh. 3aps]l MOJOKUTEIBHOTO MOHA [IMHKA YUCJICH-
HO paBEH YJABOCHHOMY 3apsly dJEKTpOHa +2€.

[ToaTOMy Npu pacTBOPEHUU OJHOTO MOJSI LIMHKA OT 3JIEKTPOJia MEPEeHO-
curcs anexkrpuueckuii 3apan g =2eN,, rne N, —uncino ABoraapo.

_ AW
Orcroga nosyyum: € = :
2eNy
[ToxcTaBisis yucneHHbIe 3HAYCHUS, HAIEM
510

=1,05B.

€=
201,6(10"° 0g116°
JpyruMm nmpuMepoM rajgbBaHUYECKOTO dJIEMEHTA SIBJISIETCA 3JIEMEHT Bouib-
Ta, B KOTOPOM LIMHKOBBIM M MEAHBIA 3JEKTPOABI ITIOIPYKEHBI B pAaCTBOP CEPHOMN

) 9 ++
KHCJIOTHI. BO,ZIHBII/I pacTBOp CCPHOU KHCJIOTBI HC COICPKUT HOHOB Cu 151

ZNn , HO BOJIM3W MEIHOTO W IIMHKOBOTO 3JICKTPOJOB IPH KOHTAKTE C PAacTBO-
POM BO3HHUKAIOT CJIOM MOJICKYJISIPHOM TOJIIIMHBI, CojAeprKaiue 3T uoHbl. DJ[C
anemeHnTa BonbTa, ompenensemMas pasHOCTBIO JICKTPOXMUMHUYECKHX MOTEHIHA-
JIOB €ro 3JIEKTPOJI0B, paBHa okojio 1,1B.

HOJIHpI’BaIII/IH raJjJbBaHH4YCCKHX 3JICMECHTOB. I[CHOJIHPI’B&HI’IH

ITpu 3amblkaHuM y1eMeHTa BonbTa Ha BHEIIHIOK LENb MOJOKUTEIbHBIC
VOHBI IIMHKa HAYHYT MEPEXO/UTh C IIMHKOBOTO JJIEKTpoaa (KaToaa) B pacTBOp,
BHYTPH 3JIEMEHTA 3TOT MPOILECC BBI3bIBAET NEPEMEIICHUE MOJOKUTEIbHBIX HO-
HOB BOJIOpOZA OT LIMHKA K Meau. MoHbI Bonopoza, pa3psxkasicsk, 00pa3yroT ras3o-
BYIO IUICHKY OKOJIO METHOTO AIeKkTpoa (aHona). Beiienenue ra3a Bieder 3a co-
OOl J1Ba MOCJEACTBUSA: BO-TIEPBBIX, IJIEHKA BOJOPO/a YBEIUUYUBAECT BHYTPEHHEE
CONPOTUBIICHUE DJIEMEHTA; BO-BTOPBIX, CaM BOJOPOJ AACT JONOJHUTEIbHBIN
NEKTPOXUMUYECKUN TOTEHIMAJ, HAaITpaBieHHbIN TpoTuB D/1C snemeHTa.

SIBneHue Takoro poja Ha3bIBaeTCA MOJSPU3ALMEH 3JIEMEHTA; JTONOJIHU-
TEJIbHBIM AIEKTPOXUMUYECKHA NOTEHIMAN, BOZHUKAIOLIMN IPU IOJISPU3ALIY,
HasbiBaercs I/]C nonsapuzayuu. 1lonspusanns BOZHUKAET BCIEACTBUE TOIO, YTO
npu paboTe 31EMEHTOB BBIJIEISIOTCS BEILECTBA, OTIIMYHBIE OT MaTepuasa dJeK-
TPOJIOB.

SIBneHue noJiApu3alMK yXyIIIaeT padoTy JIEMEHTa, IOTOMY TOK IOJIs-
PHU3YIOLIEroCsl HCTOYHUKA C TCYEHUEM BPEMEHU NIAAACT.
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[TpumensitoT ABa criocoba Jenosipu3auu eMeHToB. OAuH U3 HUX 3a-
KJIFOUAETCSl B MCIOJB30BAaHUU JBYX JKHJIAKOCTEH, MOJOOpPaHHBIX TakK, 4TOOBI HE
MPOUCXOJIUIIO BBIJCICHUSI HOBBIX BEIIECTB Ha 3JIEKTpojax. Takue MCTOYHUKU
TPEOYIOT ISl pa3/ieJICHuUs )KUIKOCTEH MEepPEropoioK, U MPUTOM TaKUX, KOTOPbHIE
NPEAOXPAHIIOT OT CMEIICHUSI AJIEKTPOJIUTHI, HO HE MPEMSITCTBYIOT OOMEHY X
VOHOB.

[Togo0HbI cIOCOO MOJISIpU3aLMY UMEET MECTO B dJieMeHTe Jlanuens.

Bropoii crioco6 3akirovaercs B MPUMEHEHHH CHIIBHBIX OKHCIUTENeH (ne-
HOJISIPU3aTOPOB), KOTOPBIC CBSI3BIBAIOT BOJOPOJ C KHUCIOPOAOM, B pe3yJbTare
Yero nosyyaercs Boja. Takoro poja Jenoispusais UCIO0JIb3yETCs B JIEMEHTE
Jleknanme.

B snemente JlekiaHiie oTpUIATEIbHBIM OJKOCOM SIBISIETCS IUHK, MOJIO-
KUTEJIbHBIM — YIOJIbHBIM CTEPKEHb, OKPYKEHHBIN nepekucbio Mapranua MnO, .

OnextposutoM siBisiercs 15qponientHslil pactBop Hamatsips NH,Cl. [lepexucs

Mapraua ciry>kut aenosspuzaropoM. IJC storo snementa —nopsiaka 1,5B.
Ha sTom npuHnmune moctpoeHa pabora rajbpBaHUYECKUX 3JeMEeHTOB (0a-
Tapeek), IIUPOKO UCIOJIb3YEMbIX B OBITOBOW TEXHUKE.

Ionsipu3anms NpH 3JIEKTPOJIN3E

SIBiieHUd TOJISIpU3allMd TPOUCXOASAT HE TOJIBKO B TajJbBaHUYECKHUX DJie-
MEHTaX, HO U MPHU BCSIKOM BJIEKTPOJIM3€, B KOTOPOM BBIJCISAIONIMECS BEIIECTBA
OTJIMYHBI OT MaTepuasia 3JIeKTPOJIOB.

[Tpumep Takoi mosisspu3alui HAOTIOJAETCA HPHU 3JIEKTPOJIU3E BOJHOIO
pacTBOpa CEpHOM KHUCJIOTHI. ECIIM MPOMyCTUTh TOK OT BHEIIHEr0 UCTOYHUKA Ye-
pe3 LieMb, COCTOAIIYI0O U3 COoCyaa C ABYMS OJIMHAKOBBIMHU IJIATUHOBBIMU 3JIEK-
TpPOJaMH, OIYIIEHHBIMU B pa30aBICHHYIO CEPHYIO KHUCJIOTY, TajlbBaHOMETpa U
nepekmovarenst (puc. 10), To BHavane
MOMIET JOBOJIBLHO OOIBIION TOK.

B pesynbTare pasznokeHus: BOIBI
aHOJI TIOCTETIEHHO MOKPOETCSl CJIOEM KH-
CJIOpOJIa, KaTroJa — CJIOEM BOJOpPOJA, B
-] YeM U COCTOMUT B JIAHHOM Cily4yae MOJs-
§f pu3anMs BJIEKTPOJOB, BEAyIIAas K BO3-
g HukHOBeHHUIO DJIC nonsgapuszamum.

H,50, OJIC nonsgpuszanuu €, BO3HUKAIO-
1as Mmpu JIEKTPOJIU3e, HalpaBlieHa Mpo-
Puc. 10.Tlonspusanus npu snektponuse  THB BHEIIHEro Hanpsbkenus U, mostomy

BOJIHOTO PacTBOpa 3aBUCUMOCTh TOKa 4€pe3 AJIEKTPOJUT OT

U
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MPUJIOKEHHOTO K 3JIEKTPOJIaM HAMPSKEHUSI UMEET BUJL
=Y -¢ (13)
R
rae R —conporuBieHue cronbda 3eKTpoIuTa.

OJIC nmosgpr3anny 3aBUCHT OT MaTepHasia 3JIEKTPOAOB, NPUPOABI IJEK-
TPOJUTA U BBIACIAOIUXCS BemecTB. B wactHoctu, D/IC nossipuzaium MOXKeT
OBITH paBHA HYJIIO.

Hanpumep, npu snekTposin3e pacTBopa MEAHOIO Kynopoca B AJIEKTPOJIU-
TUYECKOW BAaHHE C MEIHBIMU 3JICKTPOJAaMU MOJISIpU3aIUs OTCYTCTBYET, TaK KakK B
ATOM IPOLIECCe MaTEPHUall FIEKTPOIOB HE U3MEHSIETCS.

N3 popmynsr (13) ciemyer, 94TO MPU HAIWYUH TOJSPHU3AIUK BBIJICIICHHE
BEILIECTBA TIPH IJIECKTPOJIU3E MOXKET OBITh TOJBKO MPH HAMPSIKEHUSIX, OOJIBIITNX

HCKOTOPOT'O ITOPOTOBOT'0 3HAYUCHUS HAIIPAKCHUSA, PABHOTI'O UO =€ (HaHpH)KCHI/IC

pas3NioKeHHsT AJIEKTpoNuTa). s pasHBIX BEIIECTB HANPSHKCHUE Pa3JIOKEHHS
pa3IUYHOE, YTO MO3BOJISET OTAEIATh UX APYT OT Apyra.

Tak, HanpuMep, €ciau B 3JEKTPOJIUTE UMEKTCS MOHBI MEIU U LIMHKA, TO
3JIEKTPOJIM30M MOKHO OTHENSTh MEJb OT IIMHKA BCJEACTBHE Pa3HOro0 MX Ha-
NpsDKSHHS pa3noxkeHust (Y MEIr MEHbIIE, HEXKENH Y IMHKA). DTUM TOJIb3YIOTCS
IIPU OYUCTKE METAJIOB.

Ecnu B onbiTe, n1300pakeHHOM Ha puc. 10, 0TKIIOYUTH HCTOYHUK TOKA, TO
00a 3JeKTpo/Ja OKaXyTCs IMOKPBITBIMH Ta3aMu, 0o0pa3yercs rajibBaHUYECKH
3JIEMEHT, Y KOTOPOIro KaToJ0M Oy/aeM BOJOPOJIHBIHN 3JIEKTPOJI, AaHOJIOM — KUCJIO-
ponnbiil. JIC Takoro ra3oBoro 3nemeHTa paBHa npumepHo 1,15B. Eciu atot
3JIEMEHT IIPU MTOMOIIY MEPEKIIOYATENs 3aMKHYTh Ha FaJIbBAHOMETP TIOMHMO BHEIII-
Hero ucrounuka (cm. puc. 10),To B 1ienu NoiaeT ToK, HalpaBJIeHue KOTOPOTo Mpo-
TUBOIIOJIOKHO HAITPABJIEHUIO TOKA 3JIEKTPOoJIn3a. Bennurna 3Toro Toka

€

R
rie R —comnporuieHne 3aMKHYTOH LENH.
Korma pacxoayercs HakoruieHHbIA 3amac oboux raszos, J/IC cHoBa cra-
HET PAaBHOM HYJIIO U TOK B LENH PEKPATUTCSL.
Takue 31m€MEHTBbI, KOTOpble TPeOyIOT MPEABAPUTEIBHOIO 3JIEKTPOJIN3A,
Ha3bIBAIOT 6MOPUUHBIMU IJIeMEHMAMU U AKKYMYAAMOPaAMU.

AKKYMYJATOPbI

AKKyMyJIAITOPOM Ha3bIBaeTCsl yCTPOUCTBO, B KoTopoM DC B030Y)1aeT-
Csl DJIEKTPOJIM30M MPU MPOIYCKAaHUHU Y€pPe3 HEro TOKa OT MOCTOPOHHETO MUCTOY-
HUKa. J{71s1 TOro 4ro0bl aKKyMyJIsITOp OKa3ajics MPaKkTUUYECKH LIEHHBIM, HE00XO-
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MO, 4TOOBI OH JUIMTEIBHO HE pa3psiKajicsi caM Ha ce0s Impu Pa3OMKHYTOM
BHEIIIHEH LIeT U 4TOOBI B HEM HE MPOUCXOIUIIM U3MEHEHUS, JeIalollIne ero He-
IPUTOAHBIM JIJIS1 IITUTEIBHOM PaOOTHI.

PaccmoTpuM akkyMyJsiTOpBI, MOTyYUBIIME HAHOOJIbIIEEe pacpPOCTPaHEHHUE,
— KUCJIOTHBIC (MJIM CBUHIIOBBIC) W MIEIIOYHBIE.

B KUCIOTHBIX aKKymMyJsSTOpax 3JIEKTPOJIaMH SIBJISIIOTCS CBHUHIIOBBIE pe-
[IETKH, 3al0JIHEHHBIE OKHMCIAMU CBUHIA. SIYEMKM pEmIeTOK MOJO0KUTEIBLHOTO
3JIEKTPO/a 3aMOIHSIOTCS nacToi u3 cypuka Pb; O,, a oTpunarensHoro —rietom

PbO. Daexrpoasr omyckatores B 25 — 30HpOICHTHBINA pacTBOP CEPHOM KHCIIO-
Thl, B KOTOPOM OKHCIIBI CBHHIIA IPEBPAMIAIOTCS B MEIKOKPHUCTAJUIMYCCKUI
cynedar ceuHna PbSQ. Kopmyc Takux akkyMynsTOPOB H3rOTaBIMBAIOT W3

mIacTMacchl WM 300HuTa. Ilpu 3apsake akKkymynaTopa, T.€. IpU HPOITyCKaHUH
yepe3 Hero MOCTOSHHOTO TOKA, MPOMCXOIUT 31eKTpoin3. IIpu 3ToM Ha KaTone
U3 JJIEKTPOJIUTA BBIAEISAETCS BOJOPO, MO BO3AEHCTBUEM KOTOPOTO NPOTEKAIOT
BOCCTaHOBUTEJbHbIE MPOIIECCH ¢ 00pa30BaHUEM YHCTOTO CBMHIA, HA aHOJE JKe
BBIJIEIISIOIIUIACS KUCTIOPOJ BBI3BIBAET OKUCIHUTEIbHBIE IIPOLIECCHI C 00pa3oBaHU-
eM nepekucu ceunia PbG,.

[Ipu pa3psiae TOK BHYyTpH aKKyMYJISITOPOB HAMNPABJIEH OT KaTOAA K aHOAY,
IpU 3TOM XMUMHYECKHE PEAKIUHU Yy IEKTPOJOB OyIAyT MpOTEKaTh B OOpaTHOM
HaIlpaBJICHUMU.

KoHeuHblil pe3ynbTaT MPOUECCOB 3apSAKUA U Pa3PsIAKU CBUHLIOBBIX aKKYy-
MYJISITOPOB MOKHO BBIPA3UTh YPABHEHUEM CYMMAapHOM peaklnK TaK:

PbSQ + 2H Or PbSQ. Pbo 2H S@

OJIC Takoro akkymyJsaTopa Mpu 3apsake nmogHumaercs 10 2,2 B, 3atem
JIOJITO€ BPEMSI OCTAeTCsl HEM3MEHHON M B KOHIIE 3apsSAKU ObICTPO MOJHUMACTCS
no 2,7 B. Konen 3apsaaku xapaktepusyercsi OypHBIM BbIIeJIeHHEM Ta3oB. [Ipu
paspsiike nporueccsl UAYT B o0paTHOM nopsijike — cHavasna J/]C ObicTpo magaer
c 2,710 2,2B, a 3ateM nonro octaetrcs nocrosiHHon. K xonmy paspsaku 3/(C
CcHOBa HauuHaeT nagaTh. OObIYHO ee He noBoAAT Hke 1,85B, Tak kak mpu 0o-
jgee rayOOKoOM paspsiie MEJKO3EpPHUCTHIN Cyib(aT HeoOpaTUMO MEPEXOIUT B
KPYIMHOKPUCTALIHYSCKHN (Cynb(daralus MIacTHH), YTO IPUBOAUT K MOpYE aK-
KyMYJISITOpA.

Hawunbonpliee KoMMYECTBO AIEKTPUUYECTBA, KOTOPOEC MOXKHO MOJYYUTH OT
3apsHKEHHOTO aKKyMYJISITOpa, Ha3bIBA€TCSI eMKOCThIO aKKyMYJISITOpa. JTa BEJu-
YUHA U3MEPSETCS B aMIlep-yacax, T.e. MPOU3BEJICHUEM TOKAa B aMIlepax Ha Bpe-
Ms paspsga B 4acaX. EMKOCTh CBHHIIOBOTO aKKyMYJISITOpa MPOMOPIMOHATBHA
KOJIMYECTBY JBYOKHCH CBHHIIA, 00Pa30BaBIIETOCS TIPH 3apsiaKe.
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Jliis yBeTMUeHUsI EMKOCTH TOJOXKHUTEIbHBIC H OTPULIATETBHBIE JIEKTPO,IBI
JICJTal0TCS COCTAaBHBIMH W3 HECKOJIBKUX IMapajlieIbHO COCIMHEHHBIX IJIACTHH,
npu cOOpKE OJIHU W3 HHUX BCTABJISIOTCS B Ma3bl MEXAY Apyrumu. (B coOpanHOoM
OJI0Ke KpailHHe TUTACTHHBI TOJIKHBI OBITh OTPHUIIATEIIbHBIMH).

KoaddunmeHT nmoiae3Horo neicTBHsS CBHHIIOBBIX aKKyMYJSATOPOB JAOCTH-
raet 80 %.Takue akkyMyIsTOPHI HCIIONB3YIOTCS B @aBTOMOOMJISIX.

W3 menoYHpIx akKyMyJIsITOPOB HauOOJIbIIee PacpoCTPaHEHHUE MOTY TN
HUKEJIb-KaJIMHEBbIC. B HUX 3JIEKTpOaMu SIBIISIOTCS PEUISTKH U3 CTalU, TOKPHI-
ThIC HUKEJEeM. SIueliky MOJOKUTEIBHOTO 3JICKTPOa 3alOTHEHBI THAPATOM 3a-
kucu Hukens Ni(OH),, oTpumatenbHOro — rupaToM 3aKUCH KaJMHS U XKeles3a

Cd( OH)Z, Fe(OH),. OnekTpoas! MOMEIIEHHI B CTaIbHYIO0 KOPOOKY, K KOTOPOIi

IPUCOEANHEH TMOJIOKHUTEIbHBIA 3JEKTPOA. DIEKTPOIUTOM MIETOYHOTO aKKyMYy-
asitopa ciykuT 2041ponentnsiii pactsop KOH.

CxemaTHUeCKH PEaKIUIO MPH 3apsiiKe U pa3psAIKe B HUKEIb-KaIMHEBBIX
AKKyMYJIITOpaX MOXKHO IPEJICTABUTh TaK:

Fe(OH), + 2Ni(OH), » R +2Ni(OH)s;
Cd(OH), + 2Ni(OH), ~ Cd+ 2Ni(OH)

[lpu 3apsake aKKymyJsaTopa aKTHBHAs Macca TOJIOKHTEIbHBIX TUIACTHH
oKHuciseTcs, pu 3toM Tuapar 3akucu Hukenas Ni(OH), mepexomut B ruapar
okucu Hukens Ni(OH);, a akTuBHas Macca OTPHUIATCIBHBIX IUTACTHH
Fe(OH), u Cd(OH) BoccTanaBnmBaeTcs M MpEBpaIlacTcsi B ry0YaToe jKene3o

Feu ry6uarsnii kagmuii Cd. [Tpu paspsiake Bce Tporecchl IPOTEKaroT B 00part-
HOM HalpaBJICHHH.

B xonme 3apsaku 3/1C menoyHoro akkymymstopa gocturaer 1,8 B, mpu
paspsiake oHa OpicTpo magaet 1o 1,2 — 1,198.

Pazpsinka npexparmiaercs npu IJ1C, mpumepHo paBHoit 1 B.

Kene3o-HUKENEBBI AaKKyMYJISITOp MO YCTPOMCTBY MajO OTJIMYAETCS OT
HUKEIb-KaIMHUEBOTO U UMEET MOYTH OJUHAKOBBIE C HUM 3JIEKTPUUECKUE XapaK-
TEpUCTUKU. VIX OTIIMYME COCTOUT B TOM, UYTO AKTHBHAs Macca OTPULATEIbHBIX
IUTACTHH KEJIE30-HUKEJIEBBIX aKKyMYJSTOPOB HE COJEPKHUT KaaMUs, & COCTOUT
TOJIBKO M3 AJEKTPOXUMUYECKH AKTUBHOTO Xkene3a. OTpHUIaTelbHbIA 3IEKTPOL
TaKUX aKKyMYJISITOPOB COEUHEH C KOPITYCOM.

Xenezo-HukeneBble aKKyMYJSTOPHI MPU HU3KUX TEMIlepaTypax paboTaroT
3HAUYUTENFHO XYK€ HHUKEIb-KaAMUEBbIX. [Ipu BhICOKMX Temmeparypax OHU 00-
JaaroT OOJBIIUM caMopazpsiioM. [IpeuMyIecTBOM MIETOUHBIX aKKYMYJISITOPOB
nepea KUCJIOTHBIMH SIBJISIETCSl OOJIBIION CPOK CIY:KObI, MPOCTOTa yXoAa U TO,
YTO OHHU HE OOATCS MEXaHHMUECKUX COTPSCEHUIN U KOPOTKUX 3aMbIKaHUH B LICTIU.
braronapst 3TuM npenMyiiecTBaM, HeCMOTps Ha MeHbInyto DJ{C, MEHbLIYIO eM-
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KOoCTh (Ha eqUHMIlY Beca) M MeHbIIUi Kiij (mopsinka 60 %),3TH akKyMyJISATOPBI
HAIUTA [IUPOKOE MPUMEHEHUE B PSJE CTAIMOHAPHBIX U MEPEABUKHBIX YCTaHO-
BOK U B OBITOBOM TEXHHKE.

TomiMBHBIE 3JIEMEHTHI

Wnest mpeBpalieHuss XUMHYECKOW SHEPTHH TOIUIMBA B JJIEKTPHUYECKYIO
BBICKa3bIBaJIACh elle B cepeaune XIX Beka, HO TOJbKO B HACTOSIIEE BpeMsl OHa
0JIM3Ka K OCYIIIECTBICHUIO.

[IpeBpalienre XMMUYECKON SHEPIHMM TOIUIMBA B JJIEKTPUYECKYIO BO3-
MOXHO B 3JIEKTPOXMMHYECKUX YCTPONCTBAX, Ha3bIBAEMBIX TOILJIMBHBIMHU dJie-
MeHTaMH. TOIUIMBHBIN 3JIEMEHT MpPECTaBIsIeT cOOON Pa3HOBUAHOCTH TajbBa-
HUYECKOTO 3JIEMEHTa, B KOTOPOM AaKTHUBHBIM MAaTE€pUaJIOM OTPHUIATEIHHOTO
IEKTpoJia («ropIOYero») sBISIOTCS T'a3000pa3HbIC WM JKHUJKHE BemecTBa (Ha-
puUMep, BOJOPOJ, METaH, CIIUPTHI M Jp.). B KauecTBe akKTMBHOTO Marepuaia

4 5 MOJIOKHUTEIBHOTO 3JIEKTPOJa OOBIYHO

— —L UCIIONB3YIOT Kuciopon. Kak «ropro-

yee», TaKk U OKUCIIUTEIb IOABOIAT K

I _ WHEPTHBIM  METAJUIMYECKUM WM
L |3 YTOJIbHBIM 3JIEKTPOJAAM.

4 Ha puc. 11 nmpuBenena cxema

- - TOIIMBHOTO 3JIeMEHTa. JIBa 21exTpoa

o | s . IIOTPYKEHBI B PACTBOP JJIEKTPOJIUATA.

——————————— K moBepXHOCTM OJHOrO W3 HUX IOA-

BOJIUTCS BOCCTAHOBHUTENb (BEMIECTBO,

Puc. 11.CxeMa TOIUIMBHOTO 3JIEMEHTA: NPUHUMAIOIIEE AJICKTPOHBI).  DJICeK-

1u 2 —oTpuIaTeabHBIN U MOJI0KUTEIbHBIH TpOzX 1 an/Io6peTaeT ooJtee oTpHIIa-

3JIEKTPOJIbI; 3 —3JIEKTPOJINT; 4 —TIOABO o
TOIUIMBA, 5 —mmoaBoA okuciauTesns, 6 —oTBoxq TCJIBHBIM  TIOTCHIMA, HEXEIN  3JICK-
[POIYKTOB PeaKIH Tpon 2. Ilpu 3aMbIKaHUU SJEKTPOJIOB

Ha BHEIIHIOIO IIE€Tb BO3HUKAET JJICK-
Tpudeckuit Tok. [Ipu paboTre reneparopa HENPEPHIBHO MOABOISATCS TOIUIUBO U
OKHUCJIUTEb U BCE BPEMS YIAISIOTCS MPOTYKThI PEAKIUH.

[lpu HEmOCpeaCTBEHHOM B3aMMOJICHCTBUHM aKTHBHBIX MaTepHAaJlOB 3JIEK-
TPOJIOB BCSl SHEPIHs pacxojioBajach Obl Ha HAarpeBaHUE CHCTEMBbI. B TOIUIMBHBIX
3JIEMEHTaX MPEBPALCHHE XUMHUYECKOW SHEPTHH B JCKTPUUYECKYI0O OCHOBAHO Ha
POCTPAHCTBEHHOM pPa3/IeNICHUH MPOILIECCOB OKUCICHUS M BOCCTAHOBJICHUS . DJIEK-
TPOHBI, 00pa3yloIMecs B pe3yiabTaTe OKHCICHHS Ha Karoje, MEepexonasar depe3
BHEIIIHIOIO 3JICKTPUYECKYIO LIETb K MOJ0KHUTEIbHOMY 3JIEKTPOAY, TA€ YIaCTBYIOT
B Ipolecce BoccTaHoBleHUs. Koadduiment nojaesHoro AEHCTBHUS TaKuX Ipe-
Bpaienuit saeprun 6130k k 100 %.
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IIpuMeps! pelieHus 3axa4

3agaua 1. JIBe 2NEeKTPOIUTHUECKHE BAaHHBI C pACTBOPAMHU a30THOKHCIIOTO
cepedpa U METHOTO Kymopoca COeIMHEHBI TocneaoBarenbHo. Kakoe komuyect-
BO MEJIM BBIJICIUTCS 3a BpeMs, B TeUeHHE KOoToporo Beiaenuiock 0,36 T ce-
pebpa?

Pemienue. Tak kak BaHHBI COCOUHEHBI IOCJIEIOBATEIHLHO, 4YEpPEe3 HUX
POXOJUT OJMHAKOBOE KOJIMYECTBO JJIEKTpUuecTBa (. Macca BBIACIUBIIETOCS

1A 1A

cepebpa my =—? g, a Macca BbIAEIMBIICHCS Meau M, :EZ_ g. U3 nepBoro
1 2

9_-m4

YPaBHCHUSA HAXOJHUM E M IIOACTAaBUM BO BTOPOC YpaBHCHHUC.

m,=M4 % _ 0 106r.
ZZ

3apaua 2. Onpenenuth OTHOIICHHUE 3apsiga MOHA MEOU K €ro Macce B
BOJIHOM pacTBope MenHoro kynopoca CuSQ,.

Pemienne. Maccy menu IM,, KOTOpas BBIIEIUTCS HA KaTOJE, MOKHO OII-

A
penenuTh ¢ MOMOIBI0 3akoHa Papaznes: My = Z_IS IIycth M — macca Kaxaoro

MOHa, € — ero 3apsg U N — yucio BBIJENMBIIMXCS Ha KaToJe MOHOB. Toraa
My = Nmu g =eN. IlogcraBuB 5T 3Ha4YCHHA B IEPBOE YPABHEHUE, OIYYHM:

:ﬂ " E:£:3036Eﬂ.@ Kn/kr.
ZF m A

Nm

3agauya 3. CKOJBKO aTOMOB JABYXBAJICHTHOTO METa/lla BBIACIUTCS Ha
2 2
0,1 1M“ MOBEPXHOCTH AJIEKTpoaa 3a 5 MUHYT mpu TutoTHOCTH Toka 0,1 A/nqm™?

Pemenne. CornacHo 3akony @apages m=K,q uin m=K3j8t=%§ 1S,

Tak Kak (= JSt, rme | —IWIOTHOCTH TOKa. Pa3nenum momy4yeHHoe ypaBHEHHE Ha A:
m _ St m
— =——. 31eCh — — YHCJO KWJIOTPaMM-aTOMOB. ¥ MHOXXHB €r0 Ha 4uciao ABo-
A FZ
rajpo, MOJy4YuM YHCIIO AaTOMOB I, BEIICIMBIINXCSA HA IIOBEPXHOCTH

m |StN

n =N, =312 =9 41108,
A FZ
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3anaua 4. barapes ranpBaHmdeckux dnemMeHToB coctouT n3 C = 30 a7e-
MEHTOB, COCMHCHHBIX B TPW OJMHAKOBBIC MapajuieibHbIe rpynmnbl. Kakoe ko-
JMYECTBO MEIU BBIICIUTCS Ha KaToJe BaHHBI 3a I = 5 MuH paboThl OaTapei,
BKJIIOUEHHBIX Ha Harpy3ky ¢ compotuBieHueM R = 205 Om? DJIC snemenTta
€ = 0,9B, Buytpennee conporusienue I = 0,60m, atomubiii Bec Mean 4 = 63,6.

Pemienue. KonuuecTBO mMenu, BBIACIHUBIIEECS HA KaTOJE, MOXHO OMpe-
JICJIATH C TIOMOIIBIO 3aKoHa Dapaes:

ToK, KOTOPBIN MPOXOAUT Y€pe3 JIEKTPOJIUT, HAUJIEM CIIEIYIOIIMM 00pa-
30M. Ecny B KaJ10#1 rpymnne nociieqoBaTeNbHO COEAUHEHO P 31eMeHToB U Ta-

kux rpynn K, to | = Pe = KPe , Tak kKak KP=C: | =L u
R+ Pl KR+ Pr KR+ Pr
ACet

m= =4,3Mr.
(KR+PnZF

3agauya 5. Peakuus coequHeHUs BOAOPOJA C KUCIOPOJOM IPOTEKAET B
COOTBETCTBMU C ypaBHeHHeM 2H, +Q,=2H,0+ 575k/Ix. Ilpu xakom Han-

MEHBIIIEM HANPSHKCHUH Ha AJICKTPOJIaX BOJIBTMETPA MOXKET HAYaThCs DJICKTPO-
JIU3 BOJBI?

Pemenune. Ilpu smekrponuse A BBIACICHUS M KHJIOTPaMM JFOOOTO Be-
mecTBa pacxoayercs 3Heprus E =U(q, rae  — npormreaiiee yepe3 dIEKTPOIUT

KOJIMYECTBO 3JIeKTpUu4ecTBa, a U — npunoxennoe Hanpsikenue. M3 3akona da-
1A . _ mFZ

pages M=—— (Q HaiiieM (u NojACTaBUM B Beipaxkenue st E: E=U——. U3
FZ A

ATOTO BBIPAKEHUS MOKHO ONPEACITUTh MUHUMAJIBHOE HAIPSHKEHUE Ha DJIEKTPO-

EA .
nax BoipT™MeTpa: U =———. Jlng pasnoxkeHus: 2 KMOJeil BOAbI U BBIJICICHUS U3

mFZ
Hee 4 KT BoJopoaa He00X0IMMO pacxoaoBaTh 5,75 10% ik sHeprud. [loacraBus
yucieHHbIe 3HaueHus, momydum: U = 1,49B.

3amaya 6. [Ipu smekTposu3ze pacTBOpa CEpPHOM KHUCIOTHI Pacxoayercs
MOTIHOCTH Toka P = 37 BT. Haiitu conpoTtusienue anekrponuta R, ecou 3a Bpe-
ms t = 50MuH Ha 3ekTpoe BeiaemmiIock M = 0,3r Bogopoaa. Mossipaast macca

Bojopoga M = 0,002 xr/moinb, ero BajeHTHOCTh N paBHa 2. Uuncno Dapanes
F = 9,610" Ki/mounb.
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JlaHo:

P =37Br
t = 50Mmun
m=0,3r

M = 0,002kr/momnb
n=2
F = 9,610 Kn/mons

R-7?

Pemenune. I[lockonbKky HaM 3JIEKTpOXUMUYE-
CKHMI SKBUBAJIEHT BOJAOPOJA HE JaH, TO HAYHEM pe-
maTh 3a7a4y ¢ oObequHEeHHOTo 3akoHa Dapazaes as
ANEKTPOJIN3A:

1M
m=——
n

It,

OTKyJa
_mFn

BV @)

3neck cuna Toka |, mpomeamero 3a Bpems t uepes pacTBOp 3JIEKTPOJIUTA,
HEU3BECTHA, HO 3aTO HaM M3BECTHA MOILIHOCTh TOKa P u Tpedyercs onpenenursb
COTPOTUBIIEHUE 3JIeKTposuTa R, moatomy BbIpazum compotusieHue R u3 dop-

MYyJibl MOIITHOCTH TOKa: P = | 2R, OTKYyJIa

=|32. 2)

Teneps noacrasum (1) B (2). [Tomyunm

2
R=L nm R= P(ﬂj

mFn

(anjz
Mt

[TepeBenem Bce equnuiel B CU: 50mua = 3000c¢, 0,3r = 310 Akr.
[TogcTaBuM YKClIa ¥ TPOU3BEEM BHIYHCIICHHUS .

R=37

0,00213000
3M104m,61d0

OMm=0,40M.

3agava /. OmnpenenuTh MJIOTHOCTh TOKA, IPOLIEIUIETO B TEUEHUE BpeEMe-
HU t yepe3 pacTBOpP JJIEKTPOJIUTA, €CIW 34 3TO BPEMs HAa KaTOJAE BBIACIMIACH
MeJb TOJIIMHOM N, MOKpBIB paBHOMEPHO IMJIOCKOCTHh KaToda. [IIoTHOCTE Mean
P U €€ JJIEKTPOXMMHUYECKNN dKBUBAIEHT K, 3BeCTHBI. BBIX0O1 IO TOKY paBeH .

JlaHo:
t,h,p,K,n

j—7

Pemienne. BBIXOIOM IO TOKY DJIEKTPOXUMHKHU
HA3bIBAIOT BEJIMYHMHY I, PaBHYIO OTHOIIECHUIO (PaKTH-
YECKU BBIACIIMBLICHCS MACChl BELIECTBA HA DJIEKTPOJIE
My, K Macce My, KOTOpast JOJDKHA ObI BBIACTUTECS B

COOTBETCTBHUH C TEOPHUEH, T.€. IO IepBOMY 3akoHy Dapajies Il JIEKTPOIH3a.
OOBIYHO 3Ty BEJIMYHUHY BBIPAXKAIOT B MPOLIEHTAX !

n =% 1100%. (1)
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dakTHyeckas macca BCUICCTBA, BLIACINUBIICTOCA HA KaTOJAC, paBHA ITPOU3-
BCACHHUIO IJIOTHOCTH BBIACIUBIICIOCS BCIICCTBA P U oo6nveMa V atoro BCIIICCTBA.

m, =pV, rae V = hS, noatomy
m, =phS, 2)(

[Tnomank MOBEPXHOCTH KaToAa S HaM HEU3BECTHA, M ONPENEIUTh ¢ He-
OTKYJa, HO, MOXET OBITh, OHA B MIPOIIECCE PEIICHHS COKPATHTCH.

Macca BemecTBa My, KOTOpask TOJDKHA 33 3TO BPEMs BBIIEIUTHCS HA Ka-
ToJe, 1o 3aKoHy Papanes onpexnensgercs Gopmynon my = K It.

3neck | —cuna Toka, mpomieanero Yepe3 pacTBop dekTpoiauta. OHa HaM
HE JIaHa, HO 3aTO HaM W3BECTHA IUIOTHOCTh TOKA |, KOTOpas CBsA3aHa C CHJIOW TO-

o .
Ka | cooTHOIIEHHEM | =§’ otkyna | = |S

Torna
mr = K, jSt. )3
Teneps nmoacrasum (2) u (3) B (1). [Tpu 3TOM MOJIYyIUM ypaBHEHHUE, U3 KO-
TOPOTO CMOYKEM ONPEACITUTh UCKOMYIO TUIOTHOCTh TOKA |

n :&.S [100%, otcioma | - ph [100%.
K, ISt K nt

3agaua 8. Ckonbko 31exTposHeprurt W HaZ0 3aTpaTUTh AJS BBIACICHUS
B nporiecce aektposmsa V = 1 1 kucnopoaa nmpu temneparype t =27°C u nas-

nenun P = 100klla, ecnu snektponus Beaercs npu HanpsokeHuu U = 10 B u
Kk mporecca N = 75%7? DnekTpoXMMHYEeCKU 3KBUBAJICHT KHUciIopona K, =
= 0,083wmr/Ki1, ero moasipaas macca M = 0,032kr/moib, MonsipHast (yHHBEp-

canbHas) ra3opas noctosuHas R = 8,31 )x/monp K.

Mano: Pemenne. Haunem ¢ ¢opmynsr kng. Koad-
V=1n (GUIIMEHTOM TIOJIE3HOTO NIEHCTBUS I 31€Ch SIBISCTCS
t=27°C OTHOIIICHHE pabOThI TOKAa A, COBEPIICHHOMN MPH dJIEK-
P = 100kl TPOJHM3e KUCIOPOa, KO BCel 3aTpauyeHHON MPH STOM
U= 10B sHeprur W, MOCKOJIBKY 4acTh AIEKTPOIHEPTHH Tepsi-
n=75% €TCsl U3-3a HarpeBaHUsl SJCKTPOJIUTA:
K, = 0,083mr/Kn n _A [100%. (1)
M = 0,032kr/Moi1b W 5
R = 8,31/Ix/monsK PaboTy Toka ompenenum mo u3BecTHOU (hopmy-
W—? e

A=UIt. (2)
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m
W13 3akona ®@apaznes i snexkrponusa m= K It, It = P IIOATOMY

9

m
A=U—. (3)
K3
3necs M — Macca kucnopoja. 3 ypaBuenuss Menaeneea — Knanelipona

PV = % RT cnenyer:

RT
[Moxcrasum (4) B (3):
_UPVM
K,RT
UPVM

[MoxcraBum (5) B (1): N = KRTW [100%, oTkyna

2

UPVM
K,RTn
[TepeBenem Bce equamiel B CU: L = 107 3M3; 27°C =300K.

100xI1a =10° Ia : 0,083mr/Kn = 8,310 8kr/Ku.
HpOI/IBBC,IICM BBIYUCJIICHUA.

= 10&? (1.6 00,032 1001k = 2,10 k.
8,3010° 8,31130Q 75

(5)

W = [100%.

3amauya 9. [I10THOCTH BellleCTBa, BBIACISIEMOTO Ha 3JIEKTPOJIE TIPH dJICK-
TpoJIU3e, P, €ro ANEKTPOXUMHUYECKHil 3kBUBaJIEHT K,. I[NOTHOCTh TOKa B 3JieK-

TPOXUMHUYECKOH BaHHE |. HaliTi CKOpPOCTh pocTa TONIMHBI TOKpBITHS N/,

JlaHo: Pemenue. 3anumem 3akoH Dapanes mist dek-
P TpoOJu3a:
K, m= K It. (1)
j Maccy BpIAEIMBIIETOCS BEUIECTBA M BBIPa3UM
h/t? gyepes ero IOTHOCTh P M 00BeM 3TOro BelecTsa V, a
00beM, B CBOIO OUYEpEdb, —UYEPE3 TOIIIMHY TOKPBITHUS
h u ero momans S

OIHOBPEMEHHO BbIpasuM CHily Toka | depe3 mioTHOCTH |. [liormmans mo-
KPBITUSL S HAM He JaHa, HO OHA JOJDKHA MPH TOJCTAHOBKE 3THUX BBIPAKCHHN B
(1) coxparutbes.

[Iponenaem 3T NEUCTBUSL:

m=pV, rae V = hS, noaromy
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m=phS; (2)
| =jS. 3)
[MoxcraBum (2) u (3) B (1):
phS= K |St; ph=K, jt,

OTKyJa

h .
= K9 _J .
t p
3amaya 10. CpaBHUTH 3aTpaThl JEKTPOIHEPTUU HA IMOJy4YCHHE B MPO-
1[ecce 3JIEKTPOJM3a OJIMHAKOBBIX MacC aJlOMUHUS M MEIH, €CIIM HaIpsHKEHUE
U, npu snexrponuse amomunusd B 10 pa3 Oonbiue, yeM Hanpsbkenue U, npu
pabUHUPOBAHUU  MEAHW. OJNEKTPOXUMHYCCKUN  SKBUBAJICHT  AFOMUHUS
K.; =0,093mr/Ki, anexrpoxumuueckuii sxBuBanent Menu K, , =0,33mr/Ki.

Hano: OO6o3naunM kak W, 311eKTpo’HEpruro, HeoO0Xo-
U, -10 JTUMYIO JUIsI BBIJICJIEHUSI HEKOTOPOI Macchl M alfoMu-
U, HUs 3a ompenesieHHoe Bpewms t;, W, — snextposnep-
K,; =0,093mr/Kn TUI0, HEOOXOMNMYIO I paUHUPOBAHUS TAKOU KE

K., =0,33mr/Kn MaccChl MEJIM 3a Bpems 1o,
€] L

Pemenune. 3arpaueHHas snexktposHeprus W

ﬂ -7 MIPH AJICKTPOJIU3E ATFOMUHUS paBHA padoTe Toka A; B
W, 9TOM IIpoIecce.

W =A=Ult, (1)
3nech | — cuna Toka B 00enx BaHHaX, MOCKOJbKY OHHU COEJAMHEHBI MOCJIEA0Ba-

TeNbHO; t) —BpeMs anekrponu3a. [IpousBeneHue cuibl Toka | Ha Bpems t; ompe-
nenumM u3 3akona dapajest 17151 JISKTPOIIH3A:
m
m= K, It;, otkyzna It; =—. (2)
X
[MoxcraBum (2) B (1):

m
W =Up—. (3
K91
AHaHOFI/I‘-IHO HpI/IMeHI/ITeHBHO K ME€IU.
m
W, =U,—— 4
b= U )

Ham ocranochk pasaenuts (3) Ha (4), u 3a1ada B o0mieM Buae Oyaer pe-
IIeHa:
W _UmK,, _ K32U1_
W, KyUom o KU

2
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MoXHO HE MNEPpCBOAUTL CAMHUIY J3JICKTPOXUMHUYCCKUX I3KBUBAJICHTOB B
CH, BCIb UX OTHOIICHUC IIPU 3TOM HC U3MCHUTCA, TAK KaK UX CAWHUIIBI OJNHA-
KOBBEI.

W, _ 0,33010
W, 0,093
amroMuHUA TpebyeTrcs B 35,5pa3za 060bIIe SJIEKTPOIHEPTHH.

[IponsBenemM BBIYMCIICHUS: =35,5, T.e. WIa AMEKTpOIU3A

3agaua 11. Cxosbko atomoB Memu (N — ?)BbIIensieTcs Ha KaToJie 3a Bpe-
Msi t =5 C mpu NpoX0XKJIEHUHU Yepe3 pacTBOP AIEKTPoIuTa Toka cuioit | =5 A?
DnekTpoxumudeckuii skBuBasieHT Mean K, = 0,33mr/Ki, monspHas macca Meau

M = 0,064kr/momb, uncio ABoragpo N, =6, 021G 3mon 2.

daHo: Pemenne. 3anuiuem 3akoH Papanes s JIEK-
t=5c TpOJIU3a:

I=5A m= K} It. Q)
K, = 0,33mr/Kn Teneps BbIpa3zuM Maccy Meaud M, BbLACIUBIICH-
M = 0,064xr/momb Csl Ha KaToJie, Yepe3 Maccy aroMa Meau M, ¥ KOJIH-
N, =6, 0201G>momp ™+ gyecTBO aToMOB N, a 3aTeM Maccy OJHOTO aToMa — 4ye-
N-—? pe3 €ro MOJISIPHYIO MacCy M YHUCJIO ABOTaapo:

_ . _M
m=my N; myr "N II09TOMY
A

m=" N, )

Na
[MoxcraBuM (2) B (1) 1 U3 MOJYYEHHOT'O PABCHCTBA OIPEACTUM YHCIIO
atomoB N:

ﬂN =K,It, orkyna N :%_

I\IA
ITepeBenem eqununy K, B CU:
0,33mr/Kx = 3,310 kr/K.
HpOI/ISBeI[eM BBIYUCJIICHUA.
3,310 051516,021 18

=7.8010°.
0,064

N =

3agaua 12. HukenupoBaHWe MIACTHHBI TPOU3BOIUTCS MPH TUIOTHOCTH TO-
ka | =0,4 Alnm?. C xaxoii CKOPOCTBIO pacTeT TOJIIIHWHA CJI0sI HUKes? Mossip-
Hasg Macca Hukens M =58,71r/Mmons, ero BajJeHTHOCTh Z =2, IUIOTHOCTH

p=8,801C kr/m>.
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JlaHo:

j=0,4 A/I[Mz

M =58, 71r/moib
Z=2

p= 8,8@.@ kr/m°

v—="7

Pemenne. O603HAUUM ILIONIA/Ab IIACTUHBI OY-
KBOM S a ToymuHy nokpbeiTHs O0ykBoit h. Torma cko-

POCTb HapacCTaHWs CJOSl MOKPBITUS V:?. Ha ocno-

BaHMU IepBoro 3akoHa dapajes macca BblIeIUBIIE-
rocs Hukenst m= K It = K, jSt.

C apyroii croponsl, M= SIp.

[IpupaBHsieM IpaBble YaCTH 3TUX PABEHCTB!

==l (1)
1M

9J'ICKTpOXHMH‘ICCKHﬁ 3KBUBAJICHT HUKEJIS. K3 -

FZz'

rjae nmocrosiHHas Papanes F = 96,501.0 Ki/mous .

Cnenosarensno, K, =0,3[10 6 xr/Ko.

[ToacTaBiisis MoJydeHHbIE BETMYUHBI B BeipakeHue (1), HaiiieM CKOpoCTh
HapacTaHUs CJIOS MOKPBITUS:

Hwm
L=136—.
c
3apauya 13. DnexTtponu3 BoAsl Benercs mnpu Toke | = 2,6 A, npuuem B
TeueHre dYaca moiydeH obvem V = 0,5 nm kucmopoma mona IaBiIeHUEM

P =1,3010 Ia . Haiitu TeMIEepaTypy KUCIOPOa.

JlaHo:
| =2,6A
V=0,5n

P=1,301C Ia

r-7?

Pemenne. Tak kak MOJISIpHAs Macca KUCIOpO/Ia
M = 16r1/Moib ¥ BaIEHTHOCTb Z = 2, TO DJIEKTPOXHU-
MUYECKHUN SKBUBAJICHT KHUCIOPO/Ia

1M _g3nge X
FZ

? Kn

Macca BBIACJIMBHICTOCA KUCJIOPOOa

m= K, It=0,78r.

N3 ypaBHenusa Menaeneea — Kianelipona

HAXOJIUM TEMIIEpaTypy:

pv=TURT
M
7=PYM_330k.
R m
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3agaua 14. DnexTpoau3 BOIbI MPOU3BOAUTCS TaKHMM 00pa3oM, UTo cepeo-

pEeHHE MJIACTUHKY, UMEIONIeH iomans S =25 em?, IIPOU3BOJIUTCSI CO CKOPOCTHIO
L =0,05mm/c . Haiit 00beM V) BbAETHBIIErOCs B TEUEHHE Yaca BOAOPO/A, ECIIH

NPOLECC MPOUCXOANUT NpH JaBiieHun P =1,05010 I1a u temmneparype t =41°C,
DIEeKTPOXUMUYECKHAI SKBUBAIEHT cepebpa K, . =1,118Eﬂ.08 kr/Kn, Bogopoaa —
K,, =1,04010 8 kr/Ku . [LiotrOCTb cepebpa P, =1,05016 kr/m>, Bogopona (pu

HOPMaJIbHBIX ycIIoBusIX) — P, =0, 09kr/m>.

JlaHo: Pemrenne. Hamo HalTH TWIOTHOCTH BOAOpPOJA B YC-
S=25cm? JIOBHSIX JIAHHOTO mporecca. s 3Toro Bocnoib3yem-
v =0,05mm/c . PV _ R\
Csl ypaBHEHHEM OObEIMHEHHOI0 3aKOHA: —— = ——.
t;= lyac T Ty
P :1,05[11(? I1a PaznenuB 00e 4acTu 3TOrO paBEHCTBA HAa MAacCy BbI-
t=41°C JEJMBILIErOCs BOJOpoAa M, M CAelaB 3aMEeHy
— 8
K,o =1,118M0° kr/Kn Vﬂzpe - Vﬂzp%,
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3agauya 15. IIpocTpaHCTBO MEXAY IJIACTUHAMHU IIJIOCKOTO KOHIEHCATopa

uMeeT 00beM V =375CM° U 3amoIHeHO BOJIOPOJIOM, KOTOPBIN YaCTUYHO HOHHU-

3upoBaH. [Imomaae nmuactun koHaeHcaropa S =250 cM?. [Ipu kakoM HarpsiKe-
Hun U Mexay TutacTHHaMu KOHJIEHcaTopa cuia Toka |, mpoTekaromiero uepes
KOH/ICHCATOp, TOCTUTHET 3HAa4eHHs 2 MKA, eCJIi KOHIICHTpAIusi N HOHOB 000X

3HAKOB B Tra3e paBHA 5,3000 cm~3? [IpyHATP NOJIBHXHOCTH HOHOB
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6, =5,400% 2 4 =7,4010% 2.
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JlaHo:

V =375¢cm°

S=250¢cm?

| = 2MKA

n=5,3010 cm3

6, =5,410* M
B¢
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Pemienne. Hanpsokenne U Ha miactuHax
KOHJIEHCATOpa CBSI3aHO C HANPSXKEHHOCThIO E anek-
TPUYECKOTO MOJISI MEXAY IUIACTUHAMU U PACCTOSHU-
eM d MeXTy HUIMH COOTHOIIICHUEM

U =Ed. (1)
HarnpsikeHHOCTh 1MOsT MOXKET ObITh HaiileHa
13 BBIPAYKECHUS IUNIOTHOCTH TOKA
j=an(b. +h)E,
rae ( —3aps1 UoHa.
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Paccrostare d Mexny ImiIacTHHaMU HaleM U3 COOTHOIIICHUS
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SaHaqn JIA CAMOCTOATEC/IBHOI'O PCIICHUSA

3apauya 1. HukenupoBaHue IUIACTUHKKA MPOBOJUTCA MpPU IUIOTHOCTH TOKa

A . .
0,4— . 3a KaKoil IPOMEKYTOK BPEMCHH OyZeT HAHECCH CJIOM HUKEIIs TOJILIH-
™M

Hbl 0,05MM? DNIeKTpOXUMUYCCKUN SKBHBaICHT HuKens paBeH 0,310 6 kr/Kit,

MJIOTHOCTH HUKEJISI paBHA 8,851.@ kr/mS,

(=109 11muH)

3amauya 2. Haiitu sHepruto, 3arpaueHHyto Ha mpou3BojicTBo 100 kr padunupo-
BaHHOW MEJH, €CJIA JICKTPOJIN3 BEACTCS MPU HanpspkeHny 8 B, a ki ycTaHOB-
6 KT

ku paBeH 80 %.0nekTpoxumMudeckuii SkBuBajaeHT Meau pasen 0,33C10 o
b

(3 T'[x)

3anaua 3. a) anekTponus xjopHoro xenesa FeCl, mpoBoautcs B TeueHue 2 9

npu Toke 10 A. Haiftu BeIIeTUBITYIOCS B pe3yJIbTaTe MpoIiecca Maccy kelesa u

d , Xxsiopa — 35,46 d
MOJIb MOJIb

. Ba-

xJyiopa. MossipHasi Macca xenesa paBHa 55,85

JISHTHOCTb JKeJie3a paBHa 3, xjopa — 1,

(14r, 2671)
0) npu HukemmpoBanny 100mIacTHHOK, IMEIOIUX IUIOMAAhL 9, 7 cm? Kaxkaasi, B
100 napayienbHO COCIMHCHHBIX BaHHAX C COMpPOTUBICHUEM 3 OM KaK1asi, BbI-
nemmtock 430 T HUKENSA, TPUYEM TOJIIIMHA CJI0SI HUKEISI POCiia CO CKOPOCTHIO
0,007 mm/c. DnekTponu3 MpOBOAMICS TpH HampsbkeHun 6 B. Haiiti BanmeHT-
HOCTh HUKeJs. MoJisspHas Macca HuKess paBHa 58,71r/Moiib, €ro mioTHOCTh —

8,810° kr/v°.
(2)

3apaua 4. Dnextponus Boawl mpousBoautcs npu temmeparype 300K u nasne-
HUU 0,92[1(? [Ta , mpudem B Teuenue 15 4 Beimenuiock 2 1 kuciopoaa. Havtu

MOIIIHOCTh TOKA, €CJIH JJIEKTPOJIU3 BeJeTcs Npu HanpsokeHuu 12 B u ko ycra-

HOBKH paBeH 80 %.MomsipHas macca Kuciopoa paBHa 16 r/mMoinb, ero BaJeHT-
3

HOCTb — 2,IJIOTHOCTH (IIPH HOPMAaJIbHBIX YCI0BHsX) — 1,43kr/M”.

(7,5B1)
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3agaua 5. CepeOpeHne WIACTHHKH, UMeomeil miomans 20 cM’, TPOM3BOUTCS
TOKOM, C MTOMOILbIO KOTOPOTO MPH 3JEKTPOJIU3E BOJbI B €AUHUILY BPEMEHH BbI-
nemsiercst 10 em®/c Bogopoxa. IIpouece mpoucxoaut mpu gasnernun 0,9510° ITa
u temneparype 27°C. Hailtu mpomMexyTOK BpeMEHH, 32 KOTOPBIH TOJNIIMHA

cios cepedpa AOCTUTHET D MM. DIIEKTPOXHUMHUYECKUN SKBUBAJICHT cepedpa pa-

BEH 1,118Eﬂ.06 kr/Ki, Bogopona — 1,04C110 8 % [TnotHOCTH cepebOpa paBHA
1

KT KT
10,5016 F’ Bogopoa (Ipu HOPMAaJIBHBIX yCa0BHsX) — O, O9F.

(21 munH)
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