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Ha ocHOBe crCTEMHOIO IOIX0/Ia OIUCAHBI MATEMATHYECKIE METOIbI
HCCJIeIOBAHUS PA3INYHBIX 3JIEKTPOTrAIPOJAMHAMUYIECKUX siBjieHuit. O0-
CYXKJAIOTCsI TPU MOJIEJIN C MAHAMAJbHBIM HA0OPOM «3(DEeKTUBHBIX>
[IEPEMEHHBIX U 33/]aBaEMBbIX TaPAMETPOB U HEKOTOPBIE PE3YJIBTATHI, IT0-
JIydeHHBbIE B PAMKaX KayKJOi U3 HUX.

KurouyeBbie ci1oBa: 3/1€KTPOTHAPOIMHAMUAKA, JJIEKTPHIECKOE 10~
Jte, cy1abOIPOBOAIINE CPEIbl, MATEMATUIeCKue MOIEIH, O0bEeMHbBIN
JIEKTPUUIECKUI 3apsiy], JIEKTPOXUMUYIECKNEe PEeAKINH, JIeKTPU3AIINSI.

BBenenue

B ssnekrporugpoaunavuke (D) usyuarorcst TedeHnst MHONOKOMIIOHEHTHBIX
CJ1a00IPOBOJMAIIMX CPEJl, COJAEPKAIINX 3apsS?KEHHBLIE YACTUIIBI, B KOTOPLIE
BHEIITHUE TTPUJIOXKEHHBIE DJIEKTPUIECKNE IO/l MOTYT IMPOHUKATH Ha XapaK-
TepHBIE THAPOANHAMIYECKIE PACCTOsIHUA. [IpuMepoM TaKuxX cpejl MOy T CJIy-
2KUTHb TeXHUYIECKHE 2KHJIKUE IUIJICKTPUKU, KHUJIKOCTU C MaJIoi IIpuMeChbio
3apsSPKEHHBIX JaCTUI] TUIA PA3JINIHBIX OMOJOIMIECKUX PACTBOPOB, CJIaDOMO-
HU30BaHHbIE BBICOKOTEMIIEPATYPHBIE T'a30BbIe CMECH, TaKHe, KaK MPOLyKThI
ropennsi, MHOTo(a3HbIe CPENIbI, COAEPIKAIINE 3apsizKeHHbIe JacTUIlbl. VHTe-
pec K uzydennto DI Tederuit o0yc/IOBJIEH UX IMIHPOKUM HCIIOJIb30BAHIEM
B Pa3/INIHOrO POJla COBPEMEHHBIX TEXHOJIOIUSIX U ycTpoiicTBax. MOXKHO OT-
METUTH, HAIIpUMeEpP, YCTPOHCTBA C MUKPO- M HAHO-Pa3MEPHBIMU KaHaJIaMHU,
MIPUMEHSIEMBIMU B OHOTEXHOJOTUYECKUX U (PapMalleBTUIECKUX HCCIIET0Ba~
HUAX JIJIsT TPAHCIIOPTUPOBKU HAHO-0O0BEMOB YKUJIKOCTH, aHAJIM3a OMOJIOTTYe-
CKUX 00pa3IoB, N3MEHEHNs COCTaBa CMECH B MUKpoobObemax u T. 1. Hammane
00BEMHOTO 3apsija JTaeT BO3MOYKHOCTD C IOMOIIBIO BHEITHUX TPUIOXKEHHBIX
9JIEKTPUIECKUX I0JIeil yIIPaB/sITh ABUXKEHUEM CPeIbl B TAKUX KaHaJaX.
[Tpn mMaremMaTHIeCKOM MOJEINPOBAHNN B3aHMMOJIECHCTBUS CIa00IPOBOIA-
IIUX CPeJl C 9JIEKTPUIECKIMHE IOJISIMHU OCHOBHAs TPYIHOCTD CBA3aHA C HEOOXO-



O MaTeMaTHIeCKOM MOJIEIMPOBAHUN 3JIEKTPOrHIPOJMHAMUYIECKUX ABeHnit 127

JMMOCTBIO BKJIIOUYEHHSI B MOJE/Ib OOJIBIIOro Yucjia PU3MIECKUX [1apaMeTpPOB,
CBeJICHUS O KOTOPBIX B JUTEpAType JUOO BeCbMa CKY/IHbBI, JUOO OTCYTCTBY-
oT. K HUM OTHOCATCS MOHHBINA COCTaB Cpebl, CBOMCTBA MMEPEHOCA MOHHBIX
KOMITIOHEHT, IapaMeTpbl 0ObEMHBIX U IIOBEPXHOCTHBIX 3JIEKTPOXHUMUIECKIX
IIPOIIECCOB C yYacTHUeM HOHOB, YCJIOBUsSI Ha I'DaHUIAX pa3jiesa /Jisi KOHIEH-
Tpanuii 3apsi?KEHHBIX TaCTHUII.

Mertobl mocTpoeHust MOfiesIeii MHOTOKOMIIOHEHTHBIX XUMUYIECKU PEArupy-
IOIIUX CMeceil IIpU HaJIMYUU 3JIeKTPOMArHUTHBIX IIoJleli B MeXaHUKE CILJIOMI-
HBIX CPeJl U3BECTHBI |?]| 1 B JinTepaType OMIcaHbl MOJIEH, OOIaIai0IIHe «BCe-
OOIITHOCTBIO», OJTHAKO, UX ITPAKTUYIECKAs IIEHHOCTH HE BEJINKA U3-3a HEOIIpeIe-
JIEHHOCTH B 3HAYEHUIX MHOTOYUCJIEHHBIX MTapaMeTPOB, BXOJIANIAX B MOJIE/Ib.
[TosToMy BO3HUKaET MOTPEOHOCTD B CHCTEMHOM IIO/IXO/IE K IIPpObJIeMe, COCTOsI-
meM B pa3paboTKe MaTeMaTUIeCKUX MOJIeNeil ¢ MUHUMAILHBIM HaDOPOM TaK
Ha3bIBaEMbIX «3(M(PEKTUBHBIX» MCKOMBIX IMEPEMEHHBIX U 33/IaBaeMbIX I1apa-
METPOB, KOTOPBIE ITO3BOJIAIOT OMUCHIBATD Te uin nabie D JI-sBeHus ¢ gqocra-
TOYHOI aJIeKBATHOCTHIO U noJiHoTol. [lonarue «3ddexkTuBHbIly MapameTp
(mepemenHas) obcyzKaercs jajgee il TPeX KOHKPETHBIX Mojeseil, mpej-
CTaBJIEHHBIX B IIOPsJIKE BO3PACTAIONIEH CTEIeHN CJIO?KHOCTH.

OTHOCUTENIBHO TPOCTOI U OOJIBIIIE BCETO UCIIOJIb3YEMOI SIBJISIETCST MOJIETh
YHUTIOJISIPHO 3apPS?KEHHOM CPeJIbI, COCTOSIIIEH N3 HECYTITNX YKUJIKOCTU NJIU T'a3a
1 3apPsi?KEHHBIX YACTHUIL TOJBKO OJHOIO 3HAKa, OIMCHIBAEMBIX HEKOTOPOIi 3¢-
dexkTuBHOM TI0THOCTHIO. PU3NIECKE MOXKHO UHTEPIPETUPOBATD IIJIOTHOCTD
9TUX YACTHUIl KaK ILJIOTHOCTh HECKOMIIEHCHPOBAHHOIO OOBEMHOTO 3apsijia B
cpesie, peaJabHO cojiepzKalieii MHOTO COPTOB HMOHOB. Moje/ib CONEPKUT JBa
3a71aBaeMbIX 3(MDPEKTUBHBIX «IJIEKTPUICCKUX» IMMapaMeTpa — IMOIBIKHOCTD
WOHOB U BEJIMUNHY WX IIOTHOCTU HA I'DAHUIlE pa3fesa.

Boitee ciioxkuasi MoJieib BKJIIOUAET JIBE 3apsi?KEHHbIE KOMIIOHEHTBI Pa3-
HBIX 3HaKOB, O6’be,ZLI/IHHIOH_H/Ie IIOJIOZKUTEJIbHBbIE W OTpHUIlaTe/IbHbIEC HMOHbLI C
COOTBETCTBYIOIIUMA 3(PPEKTUBHBIMA IIJIOTHOCTSIMU, KOTOPbIe 00pa3yioTCs B
cpejie 3a CUYeT Pa3IuIHOrO THUIIA 00BEMHBIX XUMUYECKUX MporeccoB. Hampu-
Mep, B KMJIKOCTAX BCJEJACTBUE AUCCOIUAINUA JIEKTPOJUTHBIX IIPUMECEN Ha
HOJIO’KUTEIbHBIE W OTPUIATE/bHBIE HOHBI («IIPUPOJHbIE» HOHBI), B BBICOKO-
TEeMIIEpATYPHBIX T'A30BBIX CMECSX — B PE3yJIbTaTe PEaKInii acCONUaTUBHON
HoHM3aIuu. B 3Toif MOe/ M YHC/IO 33aBAEMBIX IIApaMETPOB CYIIEeCTBEHHO
BOo3pacraeT. Kpome errie o/IHOM MOBUKHOCTHA HEOOXOIMMO TAKKe YINTHIBATH
KO3 DUIUEHTBI 0OBEMHBIX JICKTPOXUMUIECKUX PEAKINI NOHU3AIUU U Pe-
koMOuHanuu. [Ipn onmmcanmu B3anMOIENCTBUSI 3apAKEHHBIX YACTHUI[ C Ipa-
HUTIAMHA pa3/esia B MOJEN BO3HUKAET eIre Psifi, MapaMeTPOB, CBI3aHHBIX C
[MOBEPXHOCTHBIMU JIEKTPOXUMUICCKUMU IIPOIECCAMHU.
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JlabHeliliee yCOBEPIIEHCTBOBAHNE MOJIEIU CBI3AHO C BBEICHUEM TPEThEl
3apsKEHHON KOMIIOHEHTBI, KOTOPas IONAJAeT B CPEIy IIyTEeM HUHKEKIHHU C
IPAHUIBI pa3/iesa (HapuMep, ¢ MOBEPXHOCTH 3apsizKeHHOI creHKn). Tperhbs
KOMIIOHEHTa TaKyKe MMeeT CBOI0 3(PMEKTUBHYIO IJIOTHOCTH, MOJIBUKHOCTD,
K03 PUIUEHT PEeKOMOMHAIINN ¢ MOHAME ITPOTUBOIIOJIOXKHOTO 3HAKA U CBOU
apaMeTpbl TOBEPXHOCTHBIX PEAKIINN.

B pamkax mepedmncaeHHBIX TpeX MoJejiell MOYKHO YJIOBJIETBOPUTEIHLHO
OIHUCATb MPAKTUYECKU BCE UMEIOIIMECS B JUTEPATYPE dKCIIEPUMEHTAIbHBIC
JIAHHBIE.

1. Mojesnb YyHUTNIOJISPHO 3apsi?KEHHO cpe/Ibl

Kax y»xke ormedasioch, 370 Hanbojee UCIOJb3yeMas B JUTEPATYPE MOICb.
Cpena comepKuT TOJIBKO OIUH COPT 3apsizKeHHbIX JacTull. Pu3naecKknii Mexa-
HU3M, TPUBOJIANINN K BOSHUKHOBEHUIO TAKON CPEJIbI, CBA3aH C JIEKTPOXUMU-
YeCKUM IIPOIeCCOM Ha 3apsIzKEHHOM JIEKTPOJIe, B pe3y/IbTaTe KOTOPOI'O Ha €r0
[TOBEPXHOCTH 0OPA3yIOTCSA MOHBI TOTO K€ 3HaKa, 9TO W DJIEKTPOJI, IPU ITOM
3a CUET 3JIEKTPOCTATHYIECKOTO OTTAJKUBAHUS TPOUCXOIUT WHIKEKITUS 3apsi-
JKEHHBIX YaCTHI] B cpely. B Mozjenb BXOIAT JBa 3a1aBAaeMbIX IIapaMeTpa —
TOABUZKHOCTDH NOHOB M 3HAYEHNE 00bEMHON KOHIIEHTPAITMN NOHOB Ha, ITOBEPX-
HoCTH 3jieKTpoda. CBelleHns O BeJUYUHE IOJIBMKHOCTH HMOHOB MOKHO ITO-
JIYYUTb, HAIIPUMED, U3 HENOCPEJCTBEHHOI'O U3MEPEHUS CKOPOCTHU JIBUYKEHUS
3apsPKEHHOTO CJIOST Yepe3 MeKIJIEKTPOIHBIN MPOMEXKYTOK ITPU UMITYTbCHOM
BKJIOUeHnY Hamnpsizkenus |?7]. KoHmeHTpanus MOHOB Ha HMOBEPXHOCTH 3JIEK-
TPOJIa IKCIIEPUMEHTAJIbHO HE OIIPE/IeIsIeTCsl.
Cucrema ypaBHEHMIT, COOTBETCTBYIOIIAS ITOW MOJEIN, UMEET BU/I:

du @

P = qE — Vp + nAu, 5 +divpu=0 (1)
%+divj:0, q=en (2)
j=q(u+bE) - DVq (3)

edivE = 4nq, E=-VF. (4)

3mech u, p, p, N — CKOPOCTh, JABJIEHUE, TIOTHOCTh U JUHAMUICCKAS B3~
KOCTBb HECYITel Cpejibl, N, €, b, ) — KOHIIeHTpaInsi, 3apsi/i, TOABUKHOCTL 1
koaddurment nuddy3un HoHOB, ¢, j, E, F' — maorHOCTH 00BEMHOTO 3apsiia
U 9JIEKTPUIECKOTO TOKA, HAIIPSI>KEHHOCTH TIOJIsT U 9JIEKTPUIECKUI TTOTEHITHAT,
€ — JIM3JIEKTPHUYECKas MPOHUIAEeMOCTb. CUnTaeTcs, 4TO0 UMEET MECTO COOT-
Homenue DiiHimreiina D = kTb/e. Hyxuo ormerurs, uro nuddys3nonHoe
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ciaraemoe B (?7) CTAHOBUTCs CYIIECTBEHHBIM TOJIBKO B OY€Hb Y3KHUX IIPH-
9JIEKTPOJHBIX caosix |7, 7, ?|, mosromy oberano jpuddysueil B 3azadax o
JIBUZKEHUY YHUTIOJISIPHO 3apPSZKEHHBIX CPEJT TIPEHebperaeTcs.

Ypasuenusi (?7)—(??) sanncansl B nupubskenun D11 [?], korma st
9JIEKTPOMArHUTHOTO TI0JIsI BBINOJIHEHO ycsoBue B >> uB/c (E, B, u — Mo-
JIyJI XapaKTePHbIX 3HAYCHUH HAIPSZKEHHOCTH 3JI€KTPHYECKOrO MOJIs, Mar-
HUTHOJl MHJYKIIUM M CKOPOCTH, ¢ — CKOPOCTh CBETa) U IIpH BO3zeiicTBUM
IOJIST Ha CPEJLy PeobIIaIaloNIME ABJISIOTCS KYJIOHOBCKHE CHJIBL.

IIpu pereHnyn KOHKPETHBIX 3aJa4 HCIIOJb3YIOTCSI OOBIYHBIE I'PAHUYHBIE
YCJIOBUS JJI THJIPOAMHAMAYCCKAX IIapaMeTpoB, KPOME TOrO, 3a/laeTcA 3Ha-
YeHUe IJIOTHOCTH OOBEMHOIO 3apsiia ¢y, Ha MHXKEKTUPYIOIIEM 3JIEKTPOJIE U
9JIEKTPUYECKUil moTeHnuasa Fy, Ha rpanumax objiacTu TedeHusl. B CHIbLHBIX
[PUJIOYKEHHBIX TI0JISIX, KOIJIa MH/IYIIMPOBAHHBIM B ULy ypaBHenwuii (77) siek-
TPUIECKUM II0JIEM MOXKHO IIpeHeOpedYh 10 CPABHEHHUIO C BHEIIHUM IIOJIEM,
BMECTO IOTEHIUAA 38IaeTCsI BeJININHA HAIIPAXKEHHOCTH I10JIsI Ha, MH>KEKTH-
PYIOIIEM 3JIEKTPojie. SHAUEHUSI TOTEHINAJIA WJIH TI0JIsl Ha T'PAHUIAX MOYXKHO
[OJIYIUTH U3 SKCIEPUMEHTA, & CBEIEHUs 00 N3MEPEHUN TPAHNIHON BEJIMINHbI
3apsaaa ¢y B JIATEPATYPE OTCYTCTBYIOT. DTa BEJIUYNHA (PAKTHICCKU SIBJISET-
Csl HEM3BECTHBIM ITapaMeTpPpOM MOJEJIN U MO2KET 6bITb HaﬁﬂeHa B pesyﬂbTaTe
pellieHns 0OpaTHON 3aJadi U3 CPaBHEHUs PACUYETHBIX W SKCIIEPUMEHTAJIb-
HO HabogaeMbix xapakrepucTuk DIl Tedenmsi. Hampumep, u3 pemrenus
3a7a49i 00 yCTONYMBOCTH CJIOsI CJIADOIPOBOISIIEH >KUIKOCTH MEXKJLY IBYMSI
9JIEKTPOJAMU [IPU HAJMIUE TPUIOKEHHOI'O MOJISI MOXKHO ITOJIyIUTh ITOPOro-
BO€ 3HAYEHHE (,, IIPU KOTOPOM HEIOJBHMXKHBIN CJION TepsieT yCTONIMBOCTD
U BO3HUKAIT KOHBEKTUBHBLIE AYEUKHN B BU/ie MUJINHIAPUYICCKUX BaJiIOB WMJIN
siueek Benapa [?, ?7|. Ha ocHOBe yHUIIOJISIDHO# MOJI€/IM MCCIIe[0BaH IIMPOKUii
KJIACC 9JIEKTPOrUIPOINHAMUIECKAX TeUCHU: BOSHUKHOBEHNE KOHBEKTUBHBIX
A9eeK MeEK/1y IJIOCKHMU MJIM COOCHBIMU HNUJINHIPUYICCKHUMMU IJICKTPOJIaMU C
yBeJIMYeHHeM IIPUJIOYKEHHOro Hanpsizkenust |7, 7, ?|; BUXpeBble TeueHUs: OT
9JIEKTPO/Ia B BHJIE JIE3BUS M WIJIbI B KaHAJIaX Pa3InIHoil KoHdwuryparmm |?];
TedeHHsdA B OKPECTHOCTHU JABYX ITPOBOJIOYHBIX JIEKTPO/IOB U T. JI.

OTMmeTnM, 9TO B paMKax YHUIIOJISPHON MO/, TPUMEHEHHON JIJIs MC-
CJIeJIOBAHUSI TEUEHUI CXKUMAEMBIX CP€Jl, OOHAPY?KEH HOBBII THUII paHee HEW3-
BECTHBIX Pa3pPbIBHBIX PEIICHUN B I'a30BON IMHAMUKE — yJapHBbIC BOJHBI, Ha
dbponTe KOTOPHIX 06pa3yercs: MOBEPXHOCTHDIN sjekTpudeckuii 3apsiz |7, 7.
U3 nccienoBanusi CTPYKTYPBI 3JIEKTPOTa30UHAMUIECKUX YIAPHBIX BOJIH I0-
JIYI€HO ypaBHEHHUe JIJIsI OIIpejeJIeHNsT BEJIMIUHBI 9TOTO 3apsijia, KOTOpast 3aBH-
CHUT OT CKOPOCTH yJIAPHOM BOJIHBI, HAIPS>KEHHOCTH SJIEKTPIUIECKOTO TIOJIS 38
ee ppoHTOM U K03 huUIneHTa NOIBUAKHOCTA NOHOB. COOTHOIIIEHNE, 3aMBIKA-
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OIlee CUCTEMY YPaBHEHUIT Ha (DPOHTE JIEKTPOra30InHAMIIECKOTO PAa3pPhIBa,
nMeeT BU/L

Up2 + by = 0,

rjie MHIEKCOM 2 0003Ha4YeHbl 3HaYeHU 38 (DPOHTOM Pa3pbIBa HOPMAJIbHBIX K
GbPOHTY COCTABJISIONINX CKOPOCTH Uy U HAIPSXKEHHOCTH 110JIs Foy, .

2. Monaesnb cpelbl ¢ AByMSI COPTaMH Pa3HOMMEHHO
3apAKE€HHBIX NOHOB

JIByXuOHHAST MOJIEJIb JIACT BO3MOXKHOCTD D0Jiee aJIeKBATHO OMUCATH (busmte-
CKUII MEXaHU3M B3aUMOICHCTBUS CPEIbl C JIEKTPUUECKUM II0JIEM I10 CPaB-
HEHWIO C MOJIE/IBIO YHUIIOJISIPHOM CPeIbl, TOCKOIbKY u3y4daembie B D/] Be-
IIECTBA PEAJIbHO COJIEPXKAT B BUJIE MAJIbIX IIPUMeECEl 3apsi>KEHHbIE JaCTUIBI
pas3HbIX 3HAKOB. Mojiesb crpourcst cieyromum obpasom [?]. Bee npumectbie
MOHBI PA30MBAIOTCA Ha J[BA COPTA MOJIOKUTEJIHHO U OTPUIATEILHO 3apPsiyKeH-
HBIX YACTHUIL C HEKOTOPBIMU 3P HEKTUBHBIMYU KOHIICHTPAIIUSMHE 701, C 3aPSI0M
qacTunbl e; > 0 U MOABUKHOCTBIO by, U No, € 3apsaoM es < 0 U IMOJBUKHO-
cthio by. Koadbdurmentor muddysun D1, Dy, TakKe BXOIANINE B MOIEb,
CBSI3aHBI C MMOJIBUYKHOCTSAMY UOHOB COOTHOIIEHUSIMUA DUHIITENHA.

Cunraercst, ITO 3apsI?KEHHBIE YACTHUIIBI B CPeJIe MOT'YT MOSIBJIATHCS KaK 38
cIeT 00bEMHBIX, TAK U MOBEPXHOCTHBIX JJIEKTPOXUMHUIECKUX ITPOIECCOB.

B obbeme cpeiibl TPOTEKAIOT PEAKIIUU JTUCCOIUAIINNA HEATPATBHBIX MOJIe-
KYJI TIPUMECH JIEKTPOJTUTHON TPUPOABI HA MOJOKUTEIbHBIE U OTPUIATE b
Hble HOHBI ¢ HEKOTOpoil addekTusHoil ckopoctsio w(E,T,...) u pekoMbu-
HAIIMM WOHOB B JIByXYaCTUYIHOM CTOJIKHOBeHUU ¢ Koddduimenrom a. [pn
9TOM CKOPOCTH JICCOIAAINUA MOXKET 3aBHUCETh KaK OT TE€PMOIUHAMUYECKUIX
[1apaMeTpOB, TAK U OT HAIPSIKEHHOCTU JIEKTPUIECKOro 1oJist. st orenkn
BeJIMIUHBI KO3(DDUITNEHTA PEKOMOUMHAIINY UCHIOJIB3yeTCst hopmysta Jlamkese-
Ha. B BBICOKOTEMITEPATYPHBIX MA30BBIX CMECSX UCTOUYHUKOM 3aPSI?KEHHBIX Ua-
crur (B paMKax ONUCHIBAEMOI MOJIEJHN TI0JIOKUTETbHBIX HOHOB OJIHOI'O COPTa
U 9JIEKTPOHOB) CJIy?KAT XUMHUYECKUE PEAKIMU TUIA PEAKIH acCOIUATUBHOI
MOHW3AIUH, 8 TAKXKe MOHU3AIIUSI TI0J] BJUSHUEM JIEKTPUIECKOTO TI0JIsl, €CJIN
CMeCh COJIEPXKHUT 3JIEKTPOHHO BO30YIK/ICHHBIE MOJIEKYJIbl (KaK, HALIPUMED, B
npojyKrax ropenus [?]).

Ha moBepxHOCTH paziesa MpOUCXoIsIT PEKOMOUHAIINS NOHOB ¢ 00pa3oBa-
HUEM HeHTPaJIbHBIX MOJIEKYJI U O0paTHBIN Iporecc nonusaruu. s onuca-
HUsl TIOBEPXHOCTHBIX ABJIEHUI B MOJIEJIM UCIOJIB3YIOTCS COOTHOIIEHUS, ITOJIY-
YeHHbIe U3 OaJlaHCa TTOTOKOB MOHOB HA I'PAHUILY, IIPU 9TOM OOBEMHBIN TTOTOK
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cocraBisiior quddysus u gpeiid noHOB B a1ekTpudeckoM moste. st 3ammcn
[IOTOKA, OOYCJIOBJIEHHOIO IIOBEPXHOCTHBIM IPOIECCOM, HEOOXOMMO BBOJHUTH
B MOJIe/Ib MUHAMYM J[Ba TIapaMeTpa Jis KaxKJI0r0 COPTa HOHOB Ha BCEX Ipa-
aunax 7.

Maremaruyeckasi (pOpMYyIUPOBKA MOJECTU COMNEPKUT YPABHEHUS JIBUKE-
uust (?77) cpenpl B riesioM, ypasaenust [Tyaccona st mosst u norenruada (77)
U JiBa ypaBHEHUs HEPA3PBIBHOCTH JJIsi HOHOB

on; .
82 +divn,U; = w(E) —anyng, i=1,2 (5)
n;U; = n;u + sign(e;)n;b;E — D;Vn,; (6)
e OE
= ini,  Js= iU + ———— 7
q Ze n Ze n + 1r ot (7)

31ech YAIUTHIBAETCST OO BEMHBIN 9JIEKTPOXUMHUIECKHUI ITPOIECC U IIePeHoC
MOHOB 3a c4deT Auddy3un, KOTOPHId, KaK y»Ke 0TMEeYaJI0Ch, OOBIYHO ObIBaET
CyIIEeCTBEHHBIM BOJIM3U TPAHUIL pasjesa, Tjie MOIYT BOSHUKATDH CJIOU ¢ 0OJIb-
[MIAMHA TPAJUEHTAMN KOHIEHTPAITMl MOHOB. B BbIparkeHUU It ILJIOTHOCTH
[TOJIHOT'O 9JIEKTPUIECKOrO TOKa Jg HEOOXOIUMO yUHUTBHIBATH TOK CMEIIECHUSI,
KOTOPBIA MOXKET BHOCUTDL CYIIIECTBEHHBIN BKJIa/)] B U3MepdAEeMbIil TOK B HeCTa-
nuoHapHbIX nporeccax |7, 7, ?7|. B MHOrOKOMIIOHEHTHBIX JKHJIKUX CMECSIX, OT-
HOCAIINXCS K CHIBHBIM 3JIEKTPOJINTaM, MOJIEKYJIbI IPUMECH TP PACTBOPEHUN
JIICCOIMUPYIOT IIPAKTHYECKHU [IOJTHOCTHIO U B ypaBHeHusix (77) obbeMHblil nc-
TOYHHK HE YIUTLIBaeTCs. B c1aboM 31eKTpoinTe 00 beMHbI HCTOYHUK HOHOB
KOHEYeH.

['pannunble ycinoBust jiist ypasHenuit (77), mosydyensuble u3 6ajganca mo-
TOKOB MOHOB Ha IPAHMUILY, 3alMCHIBAIOTCS B BHE |?]

niU;-v = A¥E, ny,...) — KFn;. (8)

31ech IV — BHEIHssl HOPMaJIb K TPAHUIE pas3Jeia, Af, K Zk — 3ddekTun-
HBbIE [TapaMeTPhl OBEPXHOCTHBIX 3JIEKTPOXUMUIECKIX ITPOIECCOB, XapaKTe-
PHU3YIOIIIX, COOTBETCTBEHHO, IIOTOKY MOHOB 38 CUET MOHU3AIIMYN U PEKOMOWHA-
[UU Ha PPAHUIE pasjesa. JTH BeJTUINHBI 3aBUCAT OT CBOWCTB MOBEPXHOCTH,
cocTaBa JKHJIKOCTH W TIP., B YacTHOCTH, mapamerp A¥ moxer saBucern ot
0TS

[TroTHOCTH O6BEMHOTO 3apsijia ¢, OMPEIESIONas KYJIOHOBCKYIO MaCCO-
BYIO cuily B ypasHeHuu (77), B 9T0il MOjiesin y>Ke He XapaKTepu3yeTcsl Ipa-
HUIHBIM 3HATCHUEM Ha JEKTPOJIE W HAXOUTCS U3 PACIIPEIeTIeHN HOHOB, HA
KOTOPBIE TENephb BJIUIET 3HAYUTEIHLHO OOIbINee YUCIO TAPAMETPOB.
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B pamkax 3Toit Mojesn uccieoBaHbl BaXKHbIE MPAKTHIECKUE 3a1a49u 06
9JIEKTPOXUMUIECKOH dsteKTpusanun (06pasoBaHun 00HLEMHOIO HECKOMIIEHCH-
POBAHHOTO 3apsijia) YTIEBOIOPOIHBIX KUIKOCTEH IPU UX TEUCHUN B TLTOCKUX
U IWJINHJIPUYECKUX KaHaJlaX B OTCYTCTBHE MIPUJIOKEHHBIX moseit 7, 7, 7, 7).
B Takux cpesax 3apsii BOSBHUKAET B OKPECTHOCTU CTEHOK KAHAJA BCJIEJICTBUE
pPa3ININs B CKOPOCTSIX TMOBEPXHOCTHBIX SJEKTPOXUMUIECKUX PEaKITHi JJTst
HMOHOB PA3HBIX 3HAKOB M CHOCHUTCS TIOTOKOM BHU3 ITI0 TE€YEHUIO. B pesysib-
TaTe U3 KaHAJIA BBITEKACT 3apsKeHHAs YKUJIKOCTb, KOTOPAas MPU OOIBIHNX
00beMax MePEeKAIKN MOXKET CO3/IaBATh B COOMPAIOIINX EMKOCTSIX JJIEKTPUIE-
CKH€ TIOJIsI ¢ HAPSI)KEHHOCTBIO, JIOCTATOYHOM J7IsT BOSHUKHOBEHUST MICKPBI BO
B3PBIBOOTIACHOI aTMocdepe MapoB yrieBogoponos. HeckommencnpoBaHHbIiT
3apsij] HAYNHAET HAKAIIUBATHCS B TEKYIEH JKUIKOCTH Cpady IMOCe BXOJA
B KaHAJI. 3aTeéM Ha HEKOTOPOM PaCCTOSHUM L OT BXOJa BEIMYMHA 3apsijia
BBIXOJINT Ha HACBIIEHWE W Jajee BHU3 IO NOTOKY He MeHsercs. [Ipum stom
B IMOMTEPETHBIX CEUEHUIX KAHAJA YCTAHABIUBAIOTCS PACIPEIEIeHUsT KOHIEH-
Tpanuii 3apsyKEeHHBIX YACTHIL U TTOJIs, JJIsT KOTOPBIX HOpMaJIbHbIE K CTEHKaM
obbeMHBIe TIOTOKN HOHOB (?7) ypaBHOBEIINBAIOTCS UX [TOTOKAMH OT [IOBEPX-
HOCTHBIX MCTOYHMKOB. Jlyimua perakcanum L m3MepsieTcst B 9KCIEPUMEHTE.
[Monyuennsie gannabie Mo L MOXKHO mMCOb30Barh |?| mis perrenusi obpar-
HOI 33181 00 OreHKe 3MMEKTUBHBIX MAPAMETPOB IIOBEPXHOCTHBIX PEAKIINI,
HCTIOTBE3YEMBIX B TEOPETUIECKON MOJICIIH.

B skcniepuMeHTATBHBIX paboTax, BHITOJHEHHBIX B IIOCJIEHUE TOJIBI B CBI-
30 ¢ TPOOIEMAMI MIKPOTHIPOIMHAMUAKI, OOHAPYKEHO TIOBLITIIEHHOE TI0 CPaB-
HEHWIO ¢ PACYETHBIM THIPABIMIECKOE COMPOTUBJICHUE TPU MPOKAYKE YKUJI-
KOCTEl ¢ 9IeKTPOJUTHBIME IIPUMECSMH Yepe3 IJIOCKHEe MUKPOKAHAIBI MHUK-
POHHOI ToJIuHBI (31eKTpoBsi3kuil 3ddekr) |?]. [Ipuunny sToro cs3bBaroT
C HAJIMIUEM 3JIEKTPUIECKU 3apsi?KEeHHBIX MPUCTEHHBIX CJI0EB, BOSHUKAIOIINX
BOJIM3U TPAHUIIBI PA3JIesIa IPU TEIeHUH CJIabOIPOBOAAINX KukocTedt. [Ipn
TEOPETUIECKOM OOBIICHEHNN OOHAPYKEHHOTO SIBJICHUSI 38 OCHOBY IIPUHUMA-
ercs caenyromas Kapruia |?|. Vmerores: 3aianublii BHEIIHUI mepernaj 1aB-
JIEHUSI, CO3JIAIONNN PACXOJL KHUJIKOr0 OMHAPHOIO JIEKTPOJINTA Yepe3 y3Kui
IJIOCKUNT MUKPOKAHAJ, W WHJIYIIMPOBAHHOE TEYEHUEM IPOJIOJIbHOE (HAIpaB-
JICHHOE BJIOJIb KaHAaJa) 9JIEKTPUIECKOE TI0JIe, 00YCIABINBAIOIIEe TPOIOJIbHBII
TOK IPOBOJIMMOCTH B KaHaje. DTO MPOJIOJILHOE T0JIE OIPEIEISTeTCs TPUHI-
MAeMbBIM YCJIOBHEM, UTO B KAXKJOM CEUCHHN KaHAJa PABEH HYJIIO ITOJIHBIN
MPOIOIBHBIN IMEKTPUIECKUI TOK, KOTOPBIH CKIABIBAETCS M3 KOHBEKTUBHO-
ro TOKa IEPEHOCa BJOJIb KaHaja O0bEMHOIO 3JEKTPUYIECKOIO 3apsijia MPH-
CTEHHOTO CJIOSI M TPOTUBOIOJIOKHOTO €My TOKA ITPOBOINMOCTH, PacCIpesie-
JIEHHOTO TIO BCeMy cedeHmio. [IpomosbHoe mosie u 06 beMHBIN 3apsil CO3TAI0T
B IIPUCTEHHOM CJIOE€ KYJIOHOBCKHUE CHUJIBI, KOTOPBbIE MOTYT TOPMO3UTH MOTOK.
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[Tposenennbie B |?| pacueTsl OKA3BIBAIOT, YTO HPU HEKOTOPBIX YCIOBHUAX B
TOHKOM CJI0€ BOJIN3U MTOBEPXHOCTH CTEHKHU 00Pa3yeTcsi BO3BPATHOE TEUEHUE,
MPUBOJISAINEE K YBEJMIEHUIO THAPABIMIECKOTO COITPOTUBIIEHUS KAHAJIA.

DJIEKTPUBAINS 38 CUET MOBEPXHOCTHBIX ITPOIECCOB MO3BOJISIET MCIIOIb30-
BaTh MUKPOKAHAJ C YKUJKOCTBIO JJIsi PADOTHI B PEXKUME HACOCA IIPHU 33 aH-
HOM BHEIITHEM IIPOJIOJIBHOM 3JIEKTPUUIECKOM 1oJjie. OCOOEHHOCTb TAKOrO THIIA
OI'Jl-Hacoca COCTOUT B TOM, UYTO OOBEMHBI IJEKTPUIECKI 3apsii, 00ycias-
JINBAIOIINNA BEJIMYNHY YCKOPAIOIIEH Cpely KyJIOHOBCKOI CHJIbI, HE 3aBUCUT OT
[PUJIOZKEHHOT'O TTPOJIOJIBHOTIO TI0JIst U 00pa3yeTCst B KAHAJIE BCJIEICTBUAE PA3HO-
CTH IJICKTPOXUMHNYICCKUX IIOTCHIINAJIOB CPEJbl 1 MaTepHruaJia CTECHOK KaHaJla.
Takoro Tumna HacOChI MIUPOKO UCIOIL3YIOTCH B OHMOJIOIMYECKUX HCCJIE/I0BA-
HUSIX, B MEIUIIMHCKUX JUATHOCTUIECCKUX MHUKPOYCTPOMCTBax, B (hapmares-
tuke |7, 7, 7, 7.

Mogienb cpefibl ¢ JByMsI COPTaAMU HOHOB IO3BOJISIET OIHMCATH €IEe OJUH
THUI JIEKTPUBAIUHU, 8 UMEHHO 3JIEKTPOIU(MDDY3NOHHYIO FJIEKTPUBAIUU CPEIbI
B OTCYTCTBHUM BHeINHUX T1oJieil. Mexanusm 3Tofl ajiekTpusanuu 00ycIOBJIeH
OOJIBIUM PA3JIUINEM B MTOJIBUKHOCTAX PA3HOUMEHHO 3aPS?KEHHBIX JaCTHIL.
Takast cuTyarust XxapaKTepHa JJisi YaCTUIHO NOHU30BAHHBIX Ta30BBIX CMeceid,
B KOTOPBIX IIOJ[BUKHOCTD JIEKTPOHOB Ha TPU HOPSIKA ITPEBOCXOIUT O IBUAK-
HOCTH HOHOB |7, 7.

Pusnveckass KapTUHA JIEKTPOTUPDYIUOHHON ITEKTPUIAIMNH  CJIETYIO-
masi. [Ipu qBUKEHNN NOHU30BAHHOI'O ra3a B KAHAJIE C IPOBOMAIINMU CTEHKA-
Mu 6oJiee TTOBUXKHBIE 3JIEKTPOHBI OBICTPEE JIOCTUTAIOT MTOTJIOMIAIOIIEH CTeH-
KA W WX KOHIIEHTPAIlMsl CTAHOBUTCS MeHbIle moHHOi. B cpeme obpasyercs
[IOJIOYKUTEJIbHBIN 00beMHbIH 3apsijl. [locieanit nHIyIUpYyeT 3JIEKTPUIECKOe
1oJie, HaIpaBJIeHHoe K cTeHKe. [loJie ere GoJtbIle yBeJIMIUBAET PA3HUILY KOH-
HeHTpaL[I/Iﬁ HNOHOB 1 3JIEKTPOHOB, OTTaJIKUBaAd JIEKTPOHbLI U YBE/JIMIUBaAd I10-
TOK MOHOB K CTeHKe. B ycioBusx, Korjga 00 beMHbIl HICTOYHUK B MPABBIX Y-
crax (??7) orcyTcTBYeT, KOHIIEHTPAIIMU MOHOB U 3JIEKTPOHOB BOJIM3M CTEHKU
MEHAITCA MOHOTOHHO. Ha.HI/IIH/Ie O6’bel\IHOI‘O HNCTOYHUKA MOHHU3AINN IIPUBO-
JINT K yBEJUYEHUIO OOBEMHOIO 3apsija, [IPU TOM HMEeT MeCTO HEMOHOTOH-
HBIIl XapaKkTep U3MeHeHUs KOHIIEHTPAIUU HOHOB C 3aMETHBIM IIPEBBIITEHUEM
PABHOBECHOI'O YPOBHSI B IPUCTEHOYHON 00/1aCTU. Y BeJIMIEHUE 3aPsiia MOKHO
O0bSICHUTD CUJIbHOM HEPABHOBECHOCTHIO PEAKITUH MOHU3AINNA B OKPECTHOCTU
creHkd. BKi1aj1 B pOCT KOHIIEHTPAIMU HOHOB B IPUCTEHOYHON 00JIaCTH BHOCUT
TaK»Ke WHIyIINPOBAHHOE I10JIe, YBEJIUINBAOIIee MMOTOK MOHOB IO HaIlpaBJie-
HUIO K CTEHKE.

B pesynbraTe pasmesenust 3apsiaoB 3a cUeT 00bEMHBIX 3JIEKTPOanddy-
3MOHHBIX IIPOIECCOB MEXK/y MPOCTPAHCTBOM, 3aIOJHEHHBIM HOHU30BAHHBIM
ra3oM, W CTEHKON BO3HUKAET PA3HOCTb MOTEHNUATIOB Figj, BeIUUIMHA KOTO-
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pOIi IO OTHOIIEHHUIO K CTEHKAM COCTaBJISET HECKOJBKO TEILIOBBIX ITOTEHIIH-
asoB. Ilo aHAJIOrUM C 3JIEKTPOKUHETHYECKUM JI3€Ta-IIOTEHIINAJIOM B YKIJIKO-
CTIX BeJUunHy F,y MOXKHO Ha3BaTbhb 3JIEKTPOAUG(DY3MOHHBIM [TOTEHIIHAIOM
IPaHUIBl pa3esia IIPOBOIAINIEH CTEHKH C YaCTHUYIHO MOHU30BAHHBIM I'a30M.
Pemenne 3a1a49u oKa3bIBAET, YTO OCHOBHBIM [IAPAMETPOM, BJIUSIONIUM Ha, Be-
JITYUHY 9JeKTPoaAndPy3UOHHOTO HOTeHIaaa Fpy, sIBJISETCS IPOBOIUMOCTD
raza. Pacuersl |?| nokaspiBaror, 4T0 HaUMHASI C HEKOTOPOIO 3HAYEHMUSI TIPOBO-
JIUMOCTHU, BeJUYInHA Fpg MpaKTUIeCKU TepecTaeT MEHSIThCS C YBEJMIEeHUeM
[IPOBOJMMOCTH W BBIXOJIUT Ha MpeelbHOE 3HAUYEHNE.

B pamkax Momesn cpeapl ¢ AByMsl COPTaMH MOHOB MOKHO MCCJIEIOBATH
TPETUI BIJI 9JIEKTPU3ALMH, HE CBI3aHHBIA € IIOBEPXHOCTHBIMU U TUQdy3U0H-
HBIMU IIPOIIECCAMHE, 8 IMEHHO 3JIeKTPOKMHETHIECKY IO SJIEKTPUBAIIIO CPEIbI B
CHJIbHBIX HEOJIIHOPOJIHBIX dJIeKTpryuecKux nousix |7, 7, 7, ?|. Mexanusm rakoii
SJIEKTPUBAIMY O0YCJIOBJIEH 3aBUCHMOCTBIO OT TI0JIsi CKOPOCTU OO'BEMHOMN JTUC-
COIMAIIN HEHTPAJbHBIX MOJIEKYJI H& HOHBI, KOTOPYIO MOXKHO IIPEJICTaBUThH B
BHJIE:

w(E) = wo(T, ...)exp(2yE*?), v = e /("5kT). (9)

Baeck wo(T,...) — CKOPOCTD JUCCONUAIMN B OTCYTCTBHE LOJIsI, € — 3Jie-
MeHTapHbIH 3aps. HeckoMeHCHPOBAHHBIN 3apsi] HATUHACT HECTAIIMOHAPHO
HAKAIINBATbCA B OOJIACTH CUIBHOI HEOJHOPOIHOCTH IIOJIA IIOCJIE BKJIIOUE-
HUSI HAIIPSIZKEHUS Ha 3JIeKTpojiax. HeolHOpOIHOCTD 10JIsl IIPUBOIUT COIJIAC-
HO (?77?) K HEOHOPOJHOCTH OOBEMHOIO HCTOYHNKA HOHOB. BosHukaer nucba-
JIAHC TIOTOKOB HMOHOB, BXOIAIIMX B 3JIeMEHT 00beMa U BBIXOAAMINX U3 HETO.
CranuonapHoe COCTOsIHUE yCTaHABJIMBAECTCs IIOC/IE TOTO, KaK 00pa3yoImuiics
3apsiJ U3MEHUT Iosie B coorBercTBuH ¢ (?77) m aucbasiaHC HOTOKOB HCYE3-
uer [?]. Pacnpenenenne obbemuoro sapsima ¢ yaerom (?77) B OKpeCTHOCTH
cdepnaeckoro karojia uncsieHHo udydeHo B |?]. Chepudecknii kaTos 3a cyer
reOMeTpUH CO3/aeT CHJIbHO HEOJHOPO/HOE I0je BOJIM3H HOBEPXHOCTH Ce-
per. Henmocpeacreenno y moBepxHOCTH nMeeTCs y3KUil CJIO MOJIOKUTEIBHOTO
3apsga. DTO OOBIYHBIA J1e0aeBCKHUIl CJION, KOTOPLIA 00pasyercs B Cpejle y
I'paHuIbI pa3aesia IIpu HaJIUIN BHEITHET'O I10JIA, IIPUTATUBAIONIErO K I'paHu-
Ile MOJIOYKUTEIbHBIe HOHBL. Jlajiee pacrosaraeTcs JOCTATOTHO MPOTAXKEHHAA
30Ha OTPUIATEIBLHOIO 3apsjia, 00pa30BaBINasiCsd B pe3yJIbTare JedcTBUs yKa-
3aHHOTI'O BBIIIIEC MEXaHU3Ma. BOHa BCerJla uMeeT 3HaK 3apsda, OILI/IH&KOBBH’I
CO 3HAKOM 3JIEKTPOJa. 3/eCh JIefiCTByeT KyJIOHOBCKas CUIa, OTTAJKIBAIOIAA
OTPUIATEIPHO 3aPsI?KEHHBII CJION OT 371eKTpofa. B paMKax paccMOTPEHHOro
MeXaHN3Ma MOXKHO, TaKUM 00Pa3oM, OObSICHUTH HaOJI0IaeMble B 3KCIEPH-
MeHTe CTPYHHBbIe Te9eHHsS OT WIVIBI WM OT JIE3BHd, He UCIIOJIb3ysd IPH 3TOM
IPEJICTaBJICHNs 00 MHXKEKIINU NOHOB C MOBEPXHOCTH.



O MaTeMaTHIeCKOM MOJIEIMPOBAHUN 3JIEKTPOIHIPOMHAMUYIECKUX ABIeHuH 135

DIEKTPOKMHETHIECKHUI U 3JIEKTPOaudDy3UOHHBIN MeXaHU3MbI 00pa30Ba-
HUsI 06'bEMHOIO 3apsijia M03BOJIMIN 00bsicHUTD |7, 7, 7| npuunny pacxox/ie-
HU TEOPETUIECKUX 1 IKCIEPUMEHTAIBHBIX JAHHBIX 00 3JIEKTPUIECKOM TOKE,
PEruCTPUPYEMOM B JUATHOCTHYECKUX YCTPOMCTBAX (THUIIA JEKTPHUUECKOIO
30H/Ia WJIM HOHU3AIMOHHOIO JIeTeKTOPa IIJIAMEHH ), IIPUMEHSIEMbIX JIJIsl UCCIIe-
JIOBAHUS IPOLECCOB MOHU3AINN B IJIOTHBIX BBICOKOTEMIIEPATYPHBIX CMECSX
MOJIEKYJIIPHBIX T'a30B, 00pa3yIoIIUXCsl, HAIIPUMED, IIPU T'OPEHUH YTJIEBOJIO-
pomoB. OKazayioch, 9TO XOPOIee COIJIache C SKCIIEPUMEHTOM II0JIyIaeTCsl,
€CJIM JIOIYCTUTD, UTO CHJIBHOE 3JIEKTPUYECKOEe II0JIE, CO3aBaeMOe IJIEKTPO-
JaMH JAAIrHOCTUIECKUX YCTPOMCTB, BBI3BIBAET JOIOJHUTEIHHYIO HOHU3AIIAIO
9JIEKTPOHHO-BO30Y 2K IEHHBIX MOJIEKYJI, KOTOPbIE BCETIa IIPUCY TCTBYIOT B IIPO-
JyKTaX TropeHusl. TakuMm 00pa3oM, IOJYIEHO IKCIEPUMEHTAIbLHOE J0Ka3a-
TEJIbCTBO HEIOCPEJICTBEHHOIO BJIMSHUSI CHUJIBHBIX 3JIEKTPHIECKUX IIOJIeH Ha
MPOTIECC MOHU3AIUU B IJIOTHBIX BBICOKOTEMIIEPATYPHBIX MOJIEKYJ/ISIPHBIX Ta-
30BBIX CMeCsaX. PaHee MOHU3AIUs Ma30BBIX MOJIEKYJ SJIEKTPUIECKUM IIOJEM
HabJIIOIAIaCh TOJIBKO B OECCTOJIKHOBUTEIbHBIX IIyYKOBBIX 9KCIIEPUMEHTAX B
BaKyyMHBIX Kamepax [?].

3. Mogenb cpeapl ¢ TpeMsi COPTaMU MOHOB

B sroit Mosenn BBOJMTCS €llle OJMH COPT WOHOB C MOJIOYKUTETbHBIM HJIU OT-
pHUIIATEJIbHBIM 3apsi/IoM, KOTOPble MHXKEKTUPYIOTCSI CTEHKOII U yJacTBYIOT B
00bEMHOM PEKOMOMHAIIMOHHOM IIPOIECcCe ¢ HOHAMU, N3HAYIAIHHO ITPUCY TCTBY-
IOIIMMHI B XKUJAKOCTH. YCJIOXKHEHIE MOJE/IHN, CBI3aHHOE C BBEJIEHHEM Habopa
IapaMeTpOB JJIsI IOBEPXHOCTHOI'O IPOIecca € y4yacTheM TpeTheli MIOHHOI KOM-
[TOHEHTBI, JOTOJHUTE/IHHBIX TOABUXKHOCTH U KO DUIMEHTa PEKOMONHAIINN,
BBI3BAHO MOTPEOHOCTHIO B ONMMCAHUN HEKOTOPBIX SKCIEPUMEHTAJILHBIX sIBJIE-
HUI, KOTOPBIE HE MOJIyIUIU O0bSICHEHUsI B PAMKaX IEePBbIX JIBYX Mojeseit. B
9TOM MO/l BMecTo ypaBHeHuii (?77) sanucbiBaercst cucTeMa ¢ N3MEHEeHHBIME
00'bEMHBIMU UCTOYHUKAMU MOHOB:

% +div(n1U;) = w — anjne,
% + div(n2Usz) = w — anyng — Bnans, (10)
877,3

E + diV(TLgUg) = —[fngng.

3J1echb 115 ONPEJIeTIEHHOCTH IPUHATO, 9TO e3 > 0, § — KoahduimenT pekom-
OUHAIIMY WHXKEKTUPOBAHHBIX NOHOB C MOHAME JKUIKOCTH.
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Ha ocnoBe s70it Mojesn B |?| Gblia HHTEPHPETUPOBAHA BO BCEM JIHAIIA-
30HE IPUJIOXKEHHBIX HAIPsKEHUl Tak HasbiBaeMas Kpubas Hukypamze, To
€CTh BOJIbT-aMIlepHas XapaKTEPUCTUKA JEKTPOJIMTUIECKON ST9elKU ¢ MJI0C-
KUMMU JIEKTPOJAMHU — JOCTATOYHO IIPOCTOI'0 YCTPOMCTBA, IIPU IIOMOIIU KOTO-
pPOro UBMEPSIIOT IIPOBOIUMOCTD Cpeibl. TeopeTudecKn pacCInTaHHAasT 3aBUCH-
MOCTbD ILJIOTHOCTH TOK& OT MPUJIOKEHHOT'O HAIIPSAXKEHNS UMEET TPHU XapaKTep-
HBIX y4YacTKa: ! — JIMHEHHbI OMUYeCKUii yIacTOK (3/eCh TOK OIPeJIesIsieTCst
NOHaMM 2KHUJIKOCTH, U3HaAYaAJIBHO CyIL[eCTBOBaBHII/IMH B Cpeie B pesyanaTe
00 BEMHON TUCCOTTUAITNN HpI/IMeceﬁ), 2 — y4YacTOK HACBIIEHUA (061>eMHbH71
UCTOYHUK HE YCIIeBaeT IIOCTABJIATb UOHBI, KOTOPbBIE YXOAAT Ha 3JEKTPOIbl B
CUJIbHOM Hone) U yYaCTOK &, TJle TOK IPHU YBEJIUYECHUN HAIPSYKEHUS HEH-
HEHO pacTeT (OCHOBHOI BKJIAJ] B TOK BHOCAT WHXKEKTHPOBAHHBIC I/IOHI;)I). ITo
YTJIy HAKJIOHA JIMHEMHOrO yvJacTKa I OoNpeesaioT MPOBOINMOCTb KU TKOCTH.

B pamMkax Tperbeit Momen yaaI0ch 00bICHUTD OOHAPYKEHHYIO B 9KCIIE-
PUMEHTE CJIOXKHYIO ODUIIOJISPHYIO CTPYKTYPY MPUIJIEKTPOIHOIO CJIOST HA TLJIOC-
KOM 3jekTpojie. IlyTeM 30HIOBBIX M3MEpPEHUI pacIpee/leHus TOTeHIINAJIA
B OKPECTHOCTH 3JIEKTPOJIa OBLIO YCTAHOBJIEHO, UTO CYIIECTBYET JIOKATbHBIN
SKCTPEMYM HAIIPSKEHHOCTHU TIOJIs, PACIIOJIOYKEHHBI BHE OOBIYTHOTO j1e0aeB-
ckoro cJost. B coorBercrBuu ¢ ypauenueMm llyaccona mo obe CTOPOHBI 9TOrO
9KCTPEMYyMA JOJIKEH MEHSITHCS 3HAK HECKOMIICHCHPOBAHHOTO 00 BHEMHOTO 3a-
psizia Kujkoctu. Vecienosanusi, npoBeieHHbIE B [?], 1aau BO3MOKHOCTD 110~
CTPOUTH CJEAYIONIYIO KAPTUHY PACIPE/IeICHUN IIOTHOCTA OO BEMHOTO 3apsIa
BOJIM3M 3JIEKTPO/IA B 3aBUCUMOCTH OT BEJIMINHBI OTHOIIEHUST KOI(PDPUITHEHTOB
PEKOMOMHAIINT WHXKEKTUPOBAHHBIX MOHOB ¥ MOHOB YKUJIKOCTH.

Bo6smm3u smekTposa (B JaHHOM CJIy4ae 3TO aHOJZL) pacnoJiaraercsd CJIoil 1o-
JIOXKUTEJTLHOTO 3apsifia, 00pa30BaHHBIN B OCHOBHOM MH>KEKTHPOBAHHBIMI AHO-
JIOM TIOJIOYKUTEJIbHBIMI HOHAMU. DTU MOHbI 10JI AEHCTBUEM IIOJIS OTTAJIKABA~
IOTCS OT JIEKTPOJA U PEKOMOMHUPYIOT C OTPUIATEIbHBIMU HOHAME KU KO-
CTH, KOTOPBIX 3/1eCh M3-3a HMPUTAXKEHUA K aHOMY HU30BITOK II0 CPABHEHHIO C
MHKEKTUPOBAHHBIME TTOJIOKUTEJILHBIMUA MOHaMU. B pesyibraTe obpasyercs
CTPYKTYypa, KOrja 00JIACTb IMOJIOXKUTE/ILHOTO 3apsi/ia, CMEHSIETCS CJI0eM, 3a-
PsPKEHHBIM OTpUIATEIbHO. Baan oT 3/1eKTpoia XKUJTKOCTh CTAHOBUTCS KBa-
3uHedTpaabHOl. B pacderax MoJiydeHO JOCTATOYHO XOPOIee KOJIMIECTBEH-
HOE COBITaIeHIE PAa3MEePOB 3aPSI?KEHHBIX 30H C 9KCIIEPUMeHTOM. 1IpoBemeHHbIH
aHAJIM3 TOKA3BIBAET, 9TO MOSBJICHUE OUIIOISIPHON CTPYKTYPBI OIPEIE/IAETCS
KOHKYyPEeHIIell HECKOJIbKUX IIPOIECCOB: NTHTEHCUBHOCTBIO MHZKEKIINU, MUTPa-
el MH>KeKTHUPOBAHHBIX MOHOB IO/ AeHCTBUEM IIOJIST M UX PeKOMOMHAIIeH ¢
IPUPOIHBIMU HOHAM ITPOTUBOTIOIOXKHOTO 3HaKa. 1Ipu 93TOM Takasi CTpyKTypa
MOKET CYIIECTBOBATh TOJIBKO B JIOCTATOYHO Y3KOM JAUAIIa30HE COOTHOIICHUN
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MEKy MOABUKHOCTIMU MOHOB M MEKIY KO3 dUIMEeHTaMI UX PEKOMOUHA-
1N,

B pamkax sroil ke Momean Obljaa JOKa3aHa BO3MOXKHOCTH CYIIECTBOBA-
HUAA B >KHIKOCTSIX CAMOIIOIEPKUBAIOIINXCS IYJIHLCAIIMI TOKA IPU ITOCTOSH-
HOM I[IPHJIOXKEHHOM I10JIe (aHAJIOl TPUYeJeBCKUX KosiebaHuil TOKa B KOPOH-
HBIX Ta30BbIX paspsanax) (7, ?|. YcranosieHo, 4To npu HaJUYUH [OPOTa 110
HaIPSI?KEHHOCTU IIOJIsI JJIsl WHYKEKIIMM HMOHOB B KUJIKOCTU IIPH OIPEIesIeH-
HbIX yCJIOBI/IHX MOI‘yT BO3HUKATh KO.HG68,HI/IH TOKa U IIO Me}KS.HeKTpO,ZLHOMy
[IPOCTPAHCTBY PACIPOCTPAHSIIOTCS BOJHBI KOHEUHONW aMILIATYIbI IJIOTHOCTH
3apsaa U HAIIPAXKEHHOCTH IIOJIS.

B KavdeCTBe I'PaHUIHOI'O YCJIOBUA JIJIf I/IH)KeKTI/IpyeMbIX NOHOB U IIOTEH-
nuaJia Ha 3JIEKTPOoJax Opasiich COOTHOIIEHMS

n3Us = AsE — Ksns, F = F, =const >0, y=0;
A3=0, E<E., As=const, FE > F; (11)
’I’LgUg :Kgng, FZO, y:h

Baeck E. — moporooe 3HavdeHue MO Ha 3JEKTpojie (B JJAHHOM CIydae — Ha
anogie). CYuTanoch, 9To0 MOTOK MHYKEKTHUPYEMbBIX CO CTEHKU MOHOB JINHEHHO
3aBUCUT OT HAIIPSIZKEHHOCTH 10JsA. YeaoBusi (?77) BIIMCAHBL JIUIS OJJHOMED-
HOI HEeCTAIIMOHAPHOM 3aJ1a91 O MPOTEKAHUH TOKa B HEIIOIBUKHOMN YKUJTKOCTU
MeXJIy JIByMsI ILJIOCKUMH 3JIEKTPOJAMU C PACCTOsIHMEM h OIUH OT JIPYTroro
IpHU IMOCTOAHHON 33 JaHHON Pa3HOCTHU HNOTEHINAJIOB.

HecranmuonapHbIil MyJIBCUPYIONIAN ITPOIECC MPOTEKAHUS TOKA MEXKIY
9JIEKTPOJIAMH BO3HUKAET B CJAyUae, KOrJIa HAIIPSIKEHHOCTD ITPUJIOKEHHOTO 110~
g Ha anone F,, > FE., HO pazin4dne MeXK/y dTUMH BEJIMIUHAMU HEBEJIUKO.
ITocne BrIIOUEHNS HANPSXKEHUA HA SJIEKTPOJAX B KUJIKOCTU UJAET HECTAIU-
OHAPHBII MIPOIECC UBMEHEHUS IJIOTHOCTH ITOJIHOTO TOKa 3a CUeT Iepepacipe-
JeJeHnsT KOHIIEHTPAIWil MPUPOIHBIX MOHOB U PACIHPOCTPAHEHUST MHIKEKTH-
POBaHHBIX MOHOB HA BECh MEXKIJIEKTPOIHDLIN IIPOMEXKYTOK. 3aTeM BO3SHIKAET
IIyJIbCUPYIONIUI IEPUOTUIECKUIT PEXKUM U3MEHEHUS TOJTHOTO TOKA U CyMMap-
HOT'O 0OBLEMHOT'O 3aPs/ia.

MexaHu3M TOSBJIEHUST CAMOIIOJJIEPXKUBAIOIIUXCS TYyIbCAIUMN TPU HAJIH-
YUK HOPOrOBOM MHIKEKIINK Cjiedytonuil. MH>KeKns HOHOB IPUBOAUT K 0Opa-
30BaHUIO B Y3KOM CJIOe BOJIU3U aHOMA IMOJIOXKHUTEIHLHOTO 00BEMHOIO 3apsia,
KOTOPBIM YMEHBIAET T0JIe Ha IIOBEPXHOCTH JIEKTPO/IA JIO 3HAUECHU S, MEHbIITe-
r'o MOPoroBoro. BejeicTBre 3TOr0 MHKEKIHS ITPEKPAIAeTCs, a CJI0i 3apsiia
oJ1, IefiCTBUEM KYJIOHOBCKUX CHJI HAUUHAET JBUIAThCH C JIpeiipoBoil cCKOpo-
creio b3 E 1o mampasienuio K karomay. Ilpu ymarennu ciiost 3apsiga oT aHoma
Ha ITOBEPXHOCTH ITOCJIETHETO HAYUHAET PACTH HAIPAKEHHOCTH ToJist. Korma
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[10JIe Ha aHO/Ie JOCTUTAET IIOPOTOBOTO 3HAUECHUST, BKIIOUACTCS HHXKEKITUS. 3a-
TeM BOJIN3U aHOJ1a 00pa3yeTcst HOBBIN CJION IIOJIOKUTEIBHOTO 3apsijia U OIIH-
caHHas KapTHHA I[MOBTOPsSeTCd BHOBb. Hasmdme IBUXKYIIUXCSH CJIOEB IIOJIO-
KUATEJTHHOTO 0O'bEMHOT0 3apsia BbI3BIBAET IMOSIBJIEHUE BOJIH HAIIPSI)KEHHOCTU
II0JII, IIPUYEM STH BOJIHBI PACIPOCTPAHSAIOTCS OT aHOJIa K KATOMy MO CHJIBHO
Heo iHOpoAHOMY 110110, Hapsiny ¢ BojiHaMU KOHIIEHTPAIUU [MOJIOXKUTETbHBIX
MH>KEKTUPOBAHHBIX MOHOB BO3ZHUKAIOT B IIPOTUBO(MA3E BOJHBI KOHIIEHTPAIIUN
[IOJIOZKUTEILHBIX TPUMECHBIX MOHOB KUJIKOCTU. BO3MYyIIeHNST KOHIICHTPAIIUN
OTPHUIATETHHBIX NOHOB OBICTPO 3aTYXAIOT DU YJIAJEHUNA OT aHOJA.

Mogmenb ¢ Tpemsi copTaMu 3apsiKeHHBIX YacTUll IpuMeHsaach B [?]| s
HCCJICIOBAHNSA AKTHBHOI'O METOJA yMEHBIICHUS SJICKTPU3AINN KHUJIKOCTE
IpU UX TEYEeHUU B KAHAJAX 1P IOMOIIU 3JIEKTPOIOB, MHXKEKTHDPYIOIIUX B
cpejly 3apsiJi IPOTUBOIIOJIOXKHOIO 3HakKa. B [?| mokasano, 4ro B 3aBHCHMO-
CTH OT IPOBOJMMOCTH >KUIKOCTH HMHIYIHPOBAHHOE IIOJIE MOXKET JIOCTHIATh
Ha CTEHKAX KaHaJja BEJUYMH, JOCTATOYHBLIX I BOZHUKHOBCHHMS HMHIKEKIIUI
3apdaa. BOSIVIO)KH& TaK2Ke aBTO3JICKTPOHHasA dMUCCHULA C ITOBEPXHOCTU dJIEK-
TpoJa. DJIEKTPOHBI, HONAJAA B KUAKOCTH, IPUIMIIAIOT K 3JEKTPOOTPHIA-
TeJBLHBIM MOJIEKYJIaM, o0pa3ys OTpHUIATeIbHbIC HOHBLI, yMEHBIIAIOIIAE Ha-
KOITUBIIHICS TTOJIOXKUTEIbHBIN 3apsiyi. O IPUCYTCTBUN B CPeJie OTPUIATE b=
HBIX MOHOB CBUJIETEIHCTBYIOT SKCIIEPUMEHTHI |?] 10 HCCie0BaHUIO TedeHunii
C1a00IPOBOILIINX YIVIEBOLOPOIHBIX »KIJIKOCTE B Y3KUX KAaHAJIAX CJIOXKHOI
GdopMbI, rie HADJIIONAIOCH IPU ONPEICICHHBIX YCAOBUAX CBEUEHUE YKUJIIKO-
CTHU U PETUCTPUPOBAJIOCH PEHTIEHOBCKOE U3y YeHre. MexaHu3M CBe9eHns MO-
2KeT ObITh CBSA3aH C JI€3aKTUBAIMeEll BBICOKOBO30YXKICHHBIX OTPHUIATEILHBIX
MOHOB, 0OPA30BABIIIUXCS B PEAKIIUAX IPUIUIAHUS SMUTUPOBAHHBIX JJIEKTPO-
HOB K MOJICKYJIAM YKIJIKOCTH C GOJIBIION SHEeprueil 3J1eKTPOHHOrO CPOICTBA.

Kparkuit ananuz o0CyKIaeMbIX BBIIIE MATEMATUIECKUX MOJEseH B3au-
MOJIECTBUS CJIAOOIPOBOISAIINX CPEJL C JIEKTPUIECKUMU TIOJISIMHA TTPUBEJIEH
B [?].

Pabora Beimonnena npu vactuaHoit dbuHancoBoit nomiep:xkke PODU,
rpanT Ne 16-01-00157.
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