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dDapaseeBcKue U HepapaAeeBCKUE IPOIECCHI

PaccMOTpeHHbIe paHee 31IeKTPOXMMMNYecKme npoLecehl Ha
rpaHuue anekTpos | anekTponuT Oblfin B OCHOBHOM
dapageeBCKUMMU, T.€. COOTBETCTBYHLLMMMN 3aKOHaAM
anekTponmsa Papages: KONNMYeCcTBO ANieKTpruyecTBa (3apsaa),
nepecekLero rpaHuLy, NpPonopLMoOHansHO Yncny Mosien
npopearvpoBasLLero BeLlecTsa.

OpgHako npoTekaHune 3apada K rpaHuue pasgerna anekrpos |
ANEKTPOSNINT HEe 005A3aTENbHO BbI3bIBAET OKUCIIEHNE UNU
BOCCTaHOBIIeHNe. BO3MOXHO NpoCTO nepepacnpeneneHue
3apsiaoB B6NM3KM rpaHmubl 63 XMMMYeckmnx npeobpasoBaHUi.
Takue npouecchbl Ha3biBalT HedpapaaeeBCKUMM.

Bcrnencteme akBUNOTEHLMANbHOCTM MeTannoB N30bITOYHbIN
3apsa MOXET pacnonaratbCs TONMbKO HAa NOBEPXHOCTH.
OneKkTpoHEeNTPanbHOCTb CUCTEMBI MPU 3TOM NOAAEPKMBAETCS
dopmMmpoBaHneEM B NpunerarLeM Croe pacTeopa
NPOTMBOMOIIOXHOrO Mo 3HaKy 3apsifa. Tak obpasyeTcs
OBOUNHOU SNNTEKTPUHECKUU CITIOU (O3C).



ABOMHOUW DAEKTPUUECKWM CAOM 1
AACOPBIIVA HA MEJK®A3HBIX TPAHUMIIAX

3apsgbl Ha MexdrasHom rpaHuLe nepepacnpenenatoTcs
CaMOonpomn3BOISibHO, BCIIEACTBME QHEPTreTUYECKN HEPABHOLLEHHOIO
COCTOSIHMA YacTuL, Ha NOBEPXHOCTM U B 06beMe pacTtBopa. Mx
paBHOBECHAas KOHLEHTpaLUKUA U3MEHSIETCS MO Mepe NPUBNMKEHNS K

rpaHuue pasgena gas. 91o asneHue HasbiBaeTcsa ACOPBLINA.

Ecnun KoHUueHTpauua Yyactuy A
yBENM4YMBaETCA Mo Mepe ' _ -
NPUONMXKEHUSA K NMOBEPXHOCTI N 35”
TO aacopouns Ha3biBaeTcs '
nonoxxumesibHod, 7 <

o .

B MPOTNBHOM Crly4ae x
- Puc. 7.1. 3aEcHMOCTE KOHUEHTRAIIHHE
OmpuuameﬂbHOU. i~ro KOMUOHEHTa OF PRECTOHSHHEHE Jo

rpaRHiihkl pasziena a3 TPpH HOAOKH-
Teassol {1} ¥ orpruarenkHoHn (2) an-
copGinH



[TonoxuntenbHas agcopbumsa MoxXeT ObITb 00YCroBMeEHa
HECKONbKUMW NPUYNHAMM:

1) BbITanknBaHMem 4acTtuu 3 obbema Ha NOBEpPXHOCTb; Tak
BeayT cebs rmapodobHblie opraHM4eckme BellecTBa B
BOJHbIX pacTBopax, KOTopble HapyLlaT BOAOPOAHbIE CBA3N
MeXxay Morekynamm Boabl B o6beme pacTsopa.

2) B3aMMHbIM 3J1IEKTPOCTAaTUYECKUM NPUTSKEHNEM MEXOY
NOBEPXHOCTbIO 3fiekTpoaa 1 yactmuamm (0CobeHHO NoHaMN)
pacTBopa.

3) XMMUYECKMM B3aMOAENCTBUEM MNOBEPXHOCTMN METansa c
agcopbupoBaHHbIMKU YacTuuamm (cneyugudeckas
adcopbuyus).

OTpuuyaTtenbHasi agcopoumnsa MoxeT ObITb Bbl3BaHa
BTArMBaAHMEM CUMNbHO CONbBATUPOBAHHBLIX YacTuULL C
NOBEPXHOCTM B 06 bEM pacTBOpa Unu oTTarkuBaHMEM NOHOB
OT OJHOMMEHHO 3apsKEHHOM NMOBEPXHOCTU 3NEKTPoaa.



MaTtemaTtmdaeckoe omrcaHue aACOPOITIH

Crepyer pasiHuaTh DOEATHA ajcopbnni I; (HoBepXHOCTHOrO M3~
SLITKA) ¥ NOSEPXHOCITMHOL KOHUermMpayuu A, T. €. KOJMYECTBa KOM-
HOHeHTa I, HENOCPeACTBEHHC CBASAHHOrO ¢ eMEHNe# TOBEPXHOCTH
anerxrpona. O6e peamunHs: {I'; # A;) MMeIOT OAHMHAKOBYIO DABMEDHOCTS
(Mﬂﬂbfﬁz), CAHAKO MOBEPXHOCTHANH KOHIPHTPAIHA — BelMYWHA BCE-
rHA [OJOMHUTEILHAS, TOrAa Kak NOBePXHOCTHRIN HA3IDBITOK MOMeT
GBITh KAK NOJOMKHTEALHEBLIM, TAK ¥ OTPHUIATEAbHbIM. T00GK B3 OORIT-
HOrO SHAYCHNS HOBEePXHOCTHOIO u3DLITKA paccuyMTaTh HOBEpPXHOCT-
HYK KOHOeHTPAMN0, HeodXoAKMO BRGPaTh MOAedh, ONIHCRIBAXIIVIO
pacrpefeieHNe KOHIeETPALMY 3TOrO KOMOOCHEHTa B 32aBHCHUMOCTH OT
PACCTORHHAS A0 aAerTpoxs. OGLIYHO NPeAIONaTaI0T, YTO pacipeneie-
HHE HOHOB HDogunruaseTci dopmyne BoapnmMmara:

P( zéFq)x)
RT

=,

rie ¢y — KOHUSHTPAI A {-T0 HOHa 8 obbeme pacTBopa; 2; — 38psj i-1'c HOHA C
OM HaK&; ¢, — [IOTERIHAJ HA PDACCTOSHUN X OT NOBEPXHOCTH BACKTRO-
oa, OTCYNTaHHRIN OT TOUKH B rAyOMHe pacrsopa.

KoHueHTpauusa — 3To KpuBble Ha rpadomke.
Apcopbuumsa (n36bITOK) — 9TO Nnowanb
Mo, KpBLIMN Ha TpadgouKe.




J171s1 OOJIBIIIMHCTBA OPraHUYECKUX

BEIIIECTB C XOPOIIUM IPUOIMKEHUEM e
OOBIYHO TPUHUMAETCS CTYIIEHYATOE

M3MEHEHHUE KOHIIEHTPALMX BOJIM3U

IMOBEPXHOCTH BJIEKTPOJIA, IPU KOTOPOM _
BECh MOBEPXHOCTHBIN U30BITOK c §pr

JTIOKAJIM30BaH B Ipeaeiax Od X
MOHOMOJIEKYJIIPHOTO CJI0SI TOJIIUHON d. Pue. 7.2, 3aBBcHMOCTL KoRmeHTpa-
[Ipu TakoMm pactpeneneHnu aacopOorus I AHE OPraguteckore BeieeTsa Cyp, OF

V] BCCTOHHUN X
MNPAKTUYECKH PABHA IOBEPXHOCTHOM : AC Tpatius paages
thaa npa MoRocoRuoR agcopbnun
KOHIICHTpauuu A.

STeRTPOAHLIE ToTeHUHAT, IPH KOTODOM Ha OBEPXHOCTH 3JeK-
TPOAa HeT cBODOAHEIX 3apanos (g= 0), HasbiBaeTes nomexyuUarOM Hy-
Aes0zo sapada E . [lonarde o novednmante Hy1eBoro sapsaga Kax o

BAXKHOM BASKTROXMMHYECKOH XapaKTepHCTHKe ANEKTPOAA BLLNO BRe-
Aero A, H. PpymrnarniM (1927 r.).



ABOMHOU DAEKTPUUECKHNU CAOU

NTak, Ha nobon rpaHuLe anekTpoa | pactBop
B pe3ynbTaTe aacopbumm NOHOB BO3HMKAET
cBOeobpa3sHbIi MUKPOKOHOEHCATOP -
NBONHOWN ANEKTPUYECKUU CIION,
MMEIOLLIMN HEKOTOPYHO TOMLLMHY U co34atoLnm
pa3HOCTb NoTeHuuanos A@. [1na onncaHus
ceoncTB [1OC ObIn npeanoxeH psa
TeopeTU4ecknx Mmogeneun, cpean KoTopblx
OObIYHO BblIAENAKT Moaenu fenbmMronbua,
['yn-HanmeHa n LtepHa.



EMKOCTE ABOMHOTIO 3AEKTPHUIECKOTQ CAOA

Tak kak 13C saBnaeTca anekTpnyecknm KoHgeHcaTopoMm, OH
obnapgaet emkocTbio C (M3mepseTcsa B MKP/cM?; TUNNYHO C =
20 MK®/cM?). EMKOCTb BOMHOIO COsi MOXET ObIThb NErko
N3MepeHa, ecnu NogBoaANMOE K 3NEKTPOAY ANTIEKTPUYECTBO
3aTpaymBaeTCcs TONbKO Ha HedbapageeBCKOoe U3MEHEHNE
3apsiaa NoBEPXHOCTU (@, T.€. HA 3neKkTpoae npu 3agaHHOM
noteHunarne E He npoTeKaeT HUKAKOWN 3NTIEKTPOXMMNYECKOM
peakumn. Takon anekTpo Ha3blBaeTcs udeasibHO
nosisipusyemMbiM. B NpOTUBHOM Cny4ae 4ncTo
doapageeBCKOro npoLecca anekTpo Ha3blBaeTCs
obpamumbiM, eMKoCcTb ero [19C He MoxeT BbITb NPSMO
N3MepeHa.

oeanbHO nonapuayemble 3anekTpoabl U3 BbICOKOMOPUCTOrO
aKTUBMPOBAHHOIO Yrns B NOBEPXHOCTHO-HEAKTUBHOM
anektponute (Hanpumep, KOH) ncnonbaytotca B nsgenumsx,
Ha3blBAEMbIX 3NEKTPOXUMUYECKUMMN (MNU OBONHOCIONHBIMN)
KOHOEeHcaTopaMu, MHaye cynepkoHaeHcaTtopamu. INpnHumn nx
gencrteng — 3apsikeHue OOC.



Moaens 'eabMroanna

JdTa MoJelb Obl1a npegioxera B 1879 r. Peus uieT 06 ouers IpocToR MO JeIH,
B KOTOPOM HM30BITOYHBIN 3apAj CO CTOPOHBI IEKTPOJUTA PABHOMEPHO pac-
IIpeJeJeH HAIIPOTHUB 3apAJa METANTA HAa PDACCTOSHUM Ly OT I'PAHUILL Pa3aena,

Torpa rpanuna pasgena BefeT cebsid KaK ILIOCKHN KOHJIEHCATOP,
CMKOCTb KOTOpOro paBHa Cge = €/y, The € — AMdIeKTPUIecKad IMOCTOAH-
Had pacTBopa. [loTeHuam BHyTpH KOHAEHCATOPA H3MEHACTC JUHETHO oT Py
npu z = 0 go ®p upu x = zy.

Pacnpenenenue sapsa-
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o 4 JAOB M 3aBUCUMOCTBH IOTEHINAIA

Dy OT PacCTOAHUA B IBOMHOM CIOE
© mo Moaean ['eapMroasna
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IIppEIUNMATLEAA OTPAHUYEHHOCTDH STOM MOJEIN B TOM, ITO OHa HE IO-
BBOJIIET YYECTh BAMAHUE KOHLICHTPALMU JNeKTPOJUTA HA €MKOCTb JBOMHOIO
IEKTPUIECKOTO CJI0H, ITO HAXOJUTCA B IIPOTABOPEYNH C DKCIIEPUMEHTAIbHBI-
MH pe3yJabTaTaMM.



MoaeAb I'eABMIoOABITIA

CornacHo Teopuu 'enbmronbsLa, K Cnoto
3apsOoB Ha MeTarnse XeCcTKO NPUTSHYTbI
NOHbI NPOTUBOMOSIOXHOIO 3HakKa, Tak YTo
OBOMHOW cnown npeacraBnaeT coboun
CcBOeobpa3sHbIv NIOCKUN KOHAEHCATOpP C
OYeHb MarbIM PacCTOSIHUEM MeEXAY ero
obOkrnagkamu (nopsigka guameTtpa
MOJIEKYIbl BOAbI).

OTa Teopust npeackasbiBarna rnpaBuiibHbIe
No NopsiaKy BENMMYNHbI EMKOCTU
aBounHoro cnoga C, HO He morna
ODOBACHUTb 3aBUCUMOCTU EMKOCTU OT
KOHLUEHTpaLUun aneKTponmTa u
TemnepaTypbl.

[1o coBpeMeHHbLIM fpeacTaBeHNaM,
moaenb [ enbMrosnbua HeNMNoOxo
NPUMEHNMA K KOHLEHTPUPOBAHHbLIM
pacTBoOpam.

Co EEYS
d
C, Mx®/cm?
20
15
10F .
-0,2 -0,6 -1,0
E, B (n.8.3.)

Kpusrie emxoctu ABoiiHOrO

CJIO0A BHCMYTOBOIO 3JIEKTPOJa B BOJ-

HEIX pacTBopax KF pasnuunoil koHIeH-
TpanuH



ANDPDPY3IHBIN ABOMMHOU DAEKTPUYECKUIM CAOU

B 1910 r. X.['yn n He3aBucmmo ot Hero B 1913 T.
[.YanveH npegnoxunn teoputo audpdysHoro 3C. B
Teopuu ['yn-HYanmeHa MoOHbI paccMaTpuBanmchb Kak
MaTeMaTUYeCKME TOYKU, KOTOPbIE HAaxXoOATCcAa noa
OEeVUCTBMEM TENMMOBOIo ABMXEHUA N OOHOBPEMEHHO
NPUTArMBAKOTCSH UMN OTTaNKNBAKTCA 3apsXKeHHOMU
NOBEPXHOCTbLIO anekTpoga. MatemaTnyeckn ata Teopus
NOCTPOEHAa TOYHO TaK XXe, KaK BO3HUMKLLAs No3Xe Teopus
LOebas-Xokkena (OX). OgHako B Teopun ['yn-HanmeHa
paccMaTpumBarnoch BIIMAHUE 3MEKTPMUYECKOro nosgd
TONbKO BOOJIb OOHOW KOOpAWHAaTLI X, NepneHanKynapHou
NOBEPXHOCTU 3NIeKTpoaa. OTO CBOAUSO 3afdavy K bornee
nerkomy ans pelweHns sapunaHTty ypaBHeHus [lyaccoHa-
bonbumaHa:

d% z, Fo,_
de €€, Z i 0% EXP[ RT




OCHOBHLIMM YpPaBHEHUSAMHE, MO3BOIAIOUINMA MOIYYIUTH U3MEHCHUE TOTEH-
nuana ¢ kak GYHKOUIO PACCTOAHNUA T OT PDAHHULEI Pa3Aecaa, ABIATCA CAey-
IOLIKC:

- ypasaenue [lyaccona , koTopoe cBaspiBaer norenuual ¢ ¢ obwemuon
IIOTHOCTRIO 3apAJ0B p U B Ge3pasMepHOn GpopMe mMeeT BUA:
o 0
=5 (3.1)
dx? €
— BeIpaXEHHWE IJIA 3aBUCHMOCTH OOBEMHOM INIOTHOCTH 3apALOB CO CTO-
POHBI DACKTPOIUTA OT HOTEHIHMANA; MPEANoIarad, 9TO pacIpefeieHue
3apAA0B OTBEYAET CTATHCTUKE BDOJABIMAHA | MIA Z ! Z DIEKTPOIUTA
¢ koHueHTpamumen C* moxy<uMm

o) = oo {exp (—zF(CI)(z:) - ¢5)> Oexp (zF((I)(:c) - @S))} B3

RT RT
rae pg = 2FC* — obbeMHas MWAOTHOCTD 3apaja B ajekTpoaure; g =
= ®(z — oo) — moTennman BHyTpH pacreopa; Py = ®(x = 0) — no-

TEHIINAJ MCTaJLIA.

YcaosueM saeK TPOHEUTPATBHOCTY PACTBOPa ABIACTCA:

od
(éz)m B

PemenuneM ypapaesni (3.1) u (3.2) ¢ y4eTOM NpUBEJEHHOT'O BHIIIE IPAHUTHOTO

ycaoBusa Oyaer:
& [ZFQ)]
4RT
2F(Pm — ‘I’S)]
s [ ART

d(r) = = exp(—Kpx), (3.3)




CTPOEHUE ADCIIO I'YUU-UAIIMEHY

[Ipn gocrarouno mannix 3Hattenuax (P — Pg) ypasuenue (3.3) ynpoumaercs:

O(z) ~ [dy — Ds] exp (—%) .

P X

tp

Pacnpeaesenue 3apagoB U 3aBUCUMOCTD MOTEHIUAIA OT PACCTOAHUA B JBOU-
HOM caoe no Mogeau I'yu— YJanmena



AaarpHenniee pazsutue reopuu ADC

ITpu Bceit cBoelt hu3nMdeckoi U MaTeMaTUYECKON pa3yMHOCTH TCOPUS
nuddy3HOro ciI0s JaBajga COBEPIICHHO HEpeaIbHbIE BEJIWYNHBI €MKOCTH
JOC u okazanack B 3TOM OTHOIICHUH TOPA30 XYKE MPOCTOU MOJIETN
['enbMrosbia. 3aTo OHa cMOrja OObSICHUTD MOSBJICHUE MUHUMYyMa
€MKOCTHU BOJIM3H MOTEHIIMAIa HYJIEBOTO 3apsia U YMEHBIIICHUE €MKOCTH
npu pa30aBICHUH pacTBOPA.

B 1924 r. O. IlITepH y4en cOOCTBEHHBIE pa3MEPbl HOHOB, CO3JIaB TEOPHIO, JI0
HEKOTOPOU CTENEHU aHAJIOTUYHYIO 2-My HpuOIMxkeHuto Teopuun JIX.

OnnoBpeMeHHO B Teopuu IlITepHa ObUIO YUTEHO sIBJICHUE CIICIU(PUIECKON
a7copOLIMU HOHOB.

[Ipennonaranocsk, yto JI9C cocTouT U3 2 yacTeil: IioTHOro u aud@y3Horo,
YCJIOBHO Pa3/ICJICHHBIX 6HYMPEHHell U 6HeUulHell N10CKOCMAMU
I'envmeonvya (BHIID 1 Bmlll'). TonamuHa naoTHOTO €104,
HpI/IMBIKaIOH_IeFO K 2JIEKTPOY, PaBHA PaJNyCy T'HJIpaTUPOBAHHBIX HOHOB (3
-4 A), a ero qudnexTprYecKas MPOHUIIAEMOCTh 3HAYUTEIILHO HIKE €
pacTBOpa M3-3a OPUEHTAIIMU IUIIOJIEH PAaCTBOPUTEIIS O] TCUCTBUEM
BJIEKTPUYECKOTO TI0JISI U B3aUMOJICMCTBUS C METAJUIOM. ToJmuHa
i dy3HOTO CI0S TEOpETUUECKH OECKOHEYHA, HO MPAKTHYSCKHU BBOAUIIACH
HeKoTOpas 3 PeKTUBHAS TOJIIMHA, AHAJIOTUYHAS PaInyCy HOHHOM
atMocdepsl B Teopun J[X.

CoBpemenHas teopus JIDC aBaseTCs TaIbHEUIITUM Pa3BUTUEM MOJICIN
[ItepHa.



CTPOEHI/IE ADC IIO IIITEPHY

@ dHWOH

@ KatTUoH

BuMlr Bwilr

« P »
MNoTHLIN Anddyanbiia
CNown cnoi
O
Oy A

@ pacTBopuTEns

Pacnpenegenne zapagos u 3a-
BHCUMOCTE IOTEHIIHANA OT pPaCCTOAHUA
B IBOMHOM 3JIEKTPUIECKOM CIOE [0 MOJe-
an [ITepHa, BKAKOYAIOMIEN IIOTHBIA CIOK
C DKBUBAJEHTHOM €MKOCTBLIO | eIbMTOIbIIE,
Cn 1 gud¢y3HBIN CIOH ¢ SKBUBAJICHTHOM
eMKOCThIO ['yu— Yanmena Coc





