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IIpu mMaremMaTHUeCKOM MOJIEIUPOBAHUN 3JIEKTPOTUIPOJIMHAMUIE-
CKUX SIBJIEHUII OCHOBHAsSI TPY/JHOCTH CBsI3aHA C BKJIIOUEHHUEM B MOJIEJb
buU3nIeCcKuX mapaMeTpoB, CBEJIEHUsI O KOTOPBIX BEChMa HEOIPEIesIeH-
ubl. Bo3HukaeT moTpebHOCTD B PAa3pabOTKe MATEMATHIECCKIX MOJEJIei
¢ MUHUMAJIbHBIM HAOOPOM «3(PhEKTUBHBIX» HCKOMBIX II€PEMEHHBIX U
3a/1aBAE€MBIX IIapaMeTpoB. B pabore omnmcaHbl Tpu MOJEIN BO3pacTa-
FOIEil CJIOYKHOCTH W IPUBEIEHBI PE3YyJIbTaThl, HOJYIEeHHbIE B PaMKaX
KaXKJI0l U3 HUX.

KurodeBble cjioBa: 3/IEKTPOTUIPOIMHAMUKA, IJTEKTPUIECKOE IO~
Jie, CJIabOIPOBOISINNE CPEJIbl, MATEeMaTHIEeCKUEe MOIE/N, O0bEeMHbIM
IEKTPUUECKU 3aps/l, JIEKTPOXUMUYECKNE PEAKIINH, JIEKTPU3AII.

MHOTrOKOMITOHEHTHBIE CJIA0OIIPOBOISAIINE CPEIbI, B3aUMOIEHCTBYIOIINE C
JIEKTPUUECKUMHU TIOJIIMU, IMMUPOKO UCIIOJIB3YIOTCI B PA3JIMYHBIX COBPEMEH-
HBIX TEeXHOJOrusaX. MOXKHO OTMETHUTBb, HAIPUMEDP, yCTPOHCTBA C MHUKPO-
U HAHO-PA3MEPHBIMU KaHAJIAMH, MPUMEHSIEMBIMH B OHOTEXHOJIOTMYECKUX
1 (apMaIneBTUIeCKUX HCCACTOBAHUSX /I TPAHCIIOPTUPOBKU HAHOOBHEMOB
KUJAKOCTH, aHan3a OHOJOIMYecKHX 00pa3IoB, U3MEHEHHMS COCTaBa CMECH
B MHKPOOObEMAaxX, MEIUIIMHCKON 9KCIIPEeCC-TUAarHOCTUKH 1 T. 1. OcobeHHOCTH
TaKUX CPEJI CBA3aHA C HAJIUIHEM OObEMHOIO 9JIEKTPUIECKOrO 3apsa/Ia, BpeMs
peTakcaInui KOTOPOTO TMOPSIKa XapaKTEPHOT'O THIPOJINHAMUYECKOTO BpeMe-
Hu. OOBbEMHBI 3apsl MMO3BOJISIET C IIOMOIIBIO BHEITHUX MMPUI0KEHHBIX JIeK-
TPUIECKUX T0Jeil yIPaBAsSITh IABUKEHNEM cpelibl. [Ipn MaTeMaTudIecKoM MO-
JIEJTIPOBAHUN B3aUMOEHCTBHUS CJAA0OMPOBOISIINX CPEl € IJICKTPUICCKUMHU
MOJISIMUA OCHOBHASI TPYJHOCTH CBI3aHA C HEOOXOIUMOCTBIO BKJIIOUEHUS B MO-
J1eJTb OOJIBIIIOrO YNCJIa (PU3NIECKUX [TapaMEeTPOB, CBEIEHUs O KOTOPBIX B JIU-
Teparype Jubo BeCcbMa CKYIHBI, MO0 OTCyTCTBYIOT. K HMM OTHOCATCSI MOH-
HBII COCTaB CPE/Ibl, CBOMCTBA ITEPEHOCA NOHHBIX KOMIIOHEHT, IIapaMeTPhl 00b-
€MHBIX U TTIOBEPXHOCTHBIX JIEKTPOXUMUIECKAX MTPOIECCOB C YIaCTHEM NOHOB,
VCJIOBUS Ha I'PAHUIAX pas3jesa JJjisi KOHIIEHTpaIlnil 3aps2KeHHbIX YaCTHII.
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MeTozbl TOCTPOEHHST MOIEIeH i MHOTOKOMIIOHEHTHBIX XUMUIYECKU Pearupy-
IOIINX CMecCeil P HAJIMYHU JI€KTPOMArHUTHBIX 110JIeil B MeXaHUKe CILIOII-
HBIX CPeJi U3BECTHBI [1]| 1 B JimTepaType OMICaHbl MO/, 0018 [al0IIIe «BCe-
OBIIHOCTBIOY, OJHAKO, UX HPAKTHIECKAs! [IEHHOCTD He BEJINKA U3-3a HEOIPeie-
JICHHOCTU B 3HAYEHUSAX MHOTOYUCICHHBIX IaPAMETPOB, BXOJSIINX B MOJIE/Ib.
ITosToMy BO3HHKaeT IMOTPEOHOCTH B CHCTEMHOM IOJXOJE K IPObIeMe, COCTO-
AIeM B paspaboTKe MaTeMaTHIeCKHX Mojeseil ¢ MHHEUMAJIbHBIM HabOpOM
«3(EKTUBHBIX» NCKOMBIX MEPEMEHHBIX U 33aBAeMbIX IIapaMeTPOB, KOTO-
pble O3BOJISIIOT OHUCHIBATD T€ UK HHbIE dIeKTporuapoaunamudeckue (DI1)
SIBJIEHNS C JOCTATOYHON aJeKBATHOCTBIO U HOJMHOTOH. Hike obcyzxmatorcs
TPU MOZEJIN BO3PACTAIONIEH CTeleHN CJI0KHOCTU (yHUIIOJIApHAsT, OMHADHAS 1
TPEX-HOHHAS).

Maremarudeckas pOpPMyIHPOBKa BCEX MOJIEJIEH, OIIUCHIBAIOIINX IEKTPO-
IUIPO/IMHAMUYECKHE T€UCHUS, CONAEPKUT YPABHEHUST J[BIYKEHUS CPEJIBI B IIe-
J0M U ypasrenust [lyaccona st mosist u morennuasa [1]:

du p
— =qBE — A —
pg =9E-Vp+niu, 9

edivE = 4mq, E=-VF. (2)

+divpu=0 (1)

3Jiech u, p, p, 1] — CKOPOCTh, JIABJIEHUE, IIJIOTHOCTD U JJUHAMIYECKAs BA3ZKOCTh
Hecytieit cpennl, ¢, E, F' — mIoTHOCTH 00bEMHOTO 3apsia, HAIPIKEHHOCTD
[TOJIsT U JIEKTPUIECKHUI MMOTEHINAJ, € — JNIJIEKTPUIECKas TPOHUIIAEMOCTb.
B (?7?) BXOAUT BJIUSIONIAsI HA JIBUYKEHHE CPEJIbl KYJOHOBCKAsI CUJIA, [IPOIIOP-
[IMOHAJIbHAST IJIOTHOCTH 00beMHOr0 3apsiaa q. C HaXOXKIeHNEM ¢ W CBSI3aHbI
OCHOBHBIE TPYJHOCTH B pereHun 3agad JII.

YpaBHeHUsI JJIsI OIPeesIeHns ¢ yI00HO 3alicaTh Cpasy JJisl TPeX-NOHHOM
MOJEJIU, OCKOJIbKY YHUIIOJSIpHAs 1 OMHApHAsl MOJIEJIH SIBJISIIOTCS €€ yIIpO-

HIEHASAMU:
% + div(n1U;p) = w — aning,
% +div(naUsy) = w — anyng — fnang,
% + div(ngUs) = —fnana, (3)
n;U; = n;u + sign(e;)nb;E — D;Vn,, 1=1,2,3,
e 0

= ein; Js=>» en;U;+ ——E.
q Z 1'% S Z 1'% 3 47[_ at
Snecw ng, b;, D;, e; — KOHIEHTpaINA, KOIMPPUIUEHTHI TOABUKHOCTH U TUd-
dbysun u 3apsiy MOHOB (LU TOM cUmMTaeTcsi, 4To e1,e3 > 0, ea < 0), w,
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a, 8 — cKopocTh OOBEMHOI MOHU3AIMU U KOIPDUIUEHTH PEKOMOMHAIINMN.
Benmumauaa w MOXKeT 3aBUCETb OT HAIIPSI>KEHHOCTH T0JisA. J[Jist TuapouHaMm-
YeCKUX TapaMeTPOB UCIOJIb3YIOTCsT OOBIUHBIE TPAHUIHBIE YCIOBUSI, JJIsI TIOJIsT
3a/1a€TCs JIEKTPUIECKUN TOTEHINAJ HA TPAHUIAX.

panuunbie ycjoBust i ypaBaenuit (77), mojydennbie u3 6agaHca mo-
TOKOB MOHOB Ha I'DAHUILY, MOYKHO [IPEJICTABUTH B 00IeM Buje [2|:

niUi'V:Af(E,nm,...) —KfnZ (4)

3Jiech v — BHEIHsISI HOPMAaJIb K TPaHUIlE pasjiesia, Af , sz — 3 dexkTuBHBIE
MapaMeTphbl TTOBEPXHOCTHBIX 9JIEKTPOXUMUIECKUX MPOIECCOB, XapaKTepu3y-
IOIUX, COOTBETCTBEHHO, OTOKU MOHOB 32 CYET MOHU3AIMU U PEKOMOUHAIMN
Ha rpanurax paszgena (k= 1,2).

Haubosee ucrosb3yemasi B IuTepaType MOJIETb — 9TO MOJIE/Ib YHULIOJISIP-
HO 3apsSI?KEHHOMN CPEJIbI, COMEepKAIeil TOJHKO OIUH COPT 3aPSIXKeHHBIX IACTHUIT
(B (?7?)) i = 1). Ousuyeckuil MeXaHU3M, IPUBOJAIINN K BOSHUKHOBEHUIO Ta-
KOii CpeJibl, CBsI3aH C 3JIEKTPOXUMUIECKUM MPOIECCOM HA 3aPSI?KEHHOM 3JIEK-
TpOJie, B pe3yabTarTe KOTOPOTO Ha €ro MOBEPXHOCTH 0OpPa3yIOTCs MOHBI TOTO
JKe 3HaKa, YTO U JIEKTPOJ, IIPU ITOM 32 CUYeT 3JEKTPOCTATUIECKOIO OTTAJI-
KUBAaHUsT TTPOUCXOJUT WHYKEKIUsI 3aps?KEeHHBIX JacTUI] B cpeay. B mojenn
BXOJIST J[BA 38/[aBAEMBIX IIapaMeTpa — HOJBUKHOCTb HOHOB U 3HAYEHHE KOH-
MEHTPAINN UOHOB HA MOBEPXHOCTHU IJEKTPOJIA (. BeMManHy TOIBUKHOCTH
HOHOB MOKHO MOJIYYUTb IKCIEPUMEHTaJbHO. KOHIEHTpaIlnss HOHOB Ha I10-
BEPXHOCTH 3JIEKTPOJIa M3 IKCIEPUMEHTOB HE OMPEesieTcss U (PaKTUIeCKN
SIBJISIETCSI HEM3BECTHBIM [1APAMETPOM MOJIEIN, HO MOXKET ObITh HaiiJleHa U3
perrreHnst 0OOPATHOM 3a/Ta49N TyTeM CPABHEHUST PACIETHBIX U SKCIIEPUMEHTATb-
HO HabsomaeMbix xapakrepuctuk DIJI reuenusi. Hanmpumep, us perenust
3aJa9r 00 YCTONIMBOCTH CJIOSI CJIADOIIPOBOISAIIEH KUJIKOCTH MEXKLY JIBYMSI
9JIEKTPOIAMU TP HAJWYUN TPUIOKEHHOTO MOJIsT MOYKHO TOJIyIUTDh MTOPOTO-
BO€ 3HAYECHUE (yyy, IPU KOTOPOM HEIIOJIBUZKHBIN CJION TepdAeT yCTONYMBOCTL U
BO3BHUKAIOT KOHBEKTUBHBIE STYEHKN B BUJE IIJIMHIPUIECKAX BAJIOB WU sTde-
ek Benapa. Ha ocHOBe yHUIIOJISIDHON MOJIE/IN MCCJIEJIOBAH IMUPOKUil KJIacc
9JIEKTPOTHIPOIMHAMUYECKIX TE€UEHNH: BO3HUKHOBEHNE KOHBEKTHUBHBIX sTUe-
€K MEXKJIy JEKTPOJAMU C YBEJNICHUEM PUIOKEHHOTO HAIPSI?KEHUsI; BUX-
peBble TeUeHHUs OT JMEKTPOJIAa B BUJE JIE3BUS WJIM WIJIBI B KAHAIAX PA3JIHI-
HOil KoHburypanuu u T. 7. OTMETHM, 9TO B paMKaX yHHIIOJSIPDHON MOJIEJIH,
MPUMEHEHHO TS CXKUMAEMBIX CpeJT, OOHAPYKEH HOBBIN THUIT PA3PBIBHBIX Pe-
IIIEHNH — yTapHbBIE BOJIHBI, Ha (PPOHTE KOTOPHIX 00PA3yeTCsT TIOBEPXHOCTHBIN
sJIeKTpudecKuii 3aps [3].
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Bunapnast Mogiesib 1aeT BO3MOXKHOCTD 60JIee aIeKBATHO OIUCATh (Pr3nde-
CKMIl MeXaHU3M B3aUMOJIEHCTBUS CPEJIbl C JIEKTPUIECKUM IOJIEM, [TOCKOIb-
Ky usydaembie B DT/ cpeapl pealbHO colepykaT B BUJE MAJbIX HMPUMECei
3apsiZKeHHbIE YACTUIBI PA3HBIX 3HAKOB. MOJIe/Ib CTPOUTCS CJIEAYIONUM 00pa-
30M [4]. Bee npumecHble nOHBI pa3bUBAIOTCS HA JIBA COPTA HOJIOXKUTEIHHO U
OTPUIIATETHHO 3aPSPKEHHBIX YACTHIL ¢ HEKOTOPHIMA 3D (DEKTUBHBIME KOHIIEH-
TparusivMu n; 1 nogsukuaoctamu b; (8 (7?7) 1 =1,2, 5 =0). B o6beme cpejipl
NPOTEKAIOT PEAKIUH JUCCOIUAIMN HEHTPATBHBIX MOJIEKYJT IIPUMECH Ha TI0JI0-
JKUTEJIbHBIE U OTPUIATEbHbBIE HOHBI ¢ HEKOTOPOi 3(hMEKTUBHON CKOPOCTHIO
w(E,T,...) n pekombuHarmu noHoB ¢ Kodddunuenrom a. CKOPOCTh AuCCO-
[UAIMA MOYKET 3aBUCETHh OT HAIPSI?KEHHOCTH 3JIEKTPUIECKOro moJjist. Ha 1mo-
BEPXHOCTH pa3Jiesa MIPOUCXOAAT PEKOMOMHAINA NOHOB ¢ 00pa30BaHUeM Heii-
TPaJbHBIX MOJIEKYJ U 00parTHbIi nporecc nonnsanuu (77). OdyeBuHO, UTO
JIUIST 3AIIUCH TTOTOKA, 00YCIOBIEHHOIO MOBEPXHOCTHBIM IIPOIECCOM, HEOOXO0 -
MO BBOJUTL MHUHMMYM JBa Iapamerpa IS KaykKJO0ro COpTa MOHOB Ha BCEX
IPaHATAX.

B pamkax 3Toil MOjie/In UCCIIeJ0BAHbI BayKHbIE IPAKTHYECKHE 33,1291 00
SJICKTPU3AIME YIJIEBOJOPOIHBIX KUJIKOCTEll IPH WX TEYCHHN B KaHAIAX B
OTCYTCTBHUE IIPUJIOXKEHHBIX 110J1€ii |5, 6].

DJIEKTPUBAINS 38 CUET ITOBEPXHOCTHBIX IIPOIECCOB MTO3BOJISIET IPUMEHSITh
MHUKPOKAHAJT C YKUJTKOCTHIO JIJTsT pabOTHI B PEsKUMe HACOCA, TTPHU 33 TAHHOM ITPO-
JIOJIBHOM 3JIEKTPUYECKOM T10J1e. TaKOro Tuia HaCOChI MUPOKO UCIOJIB3YIOTCS
B OMOJIOTUYIECKUX UCCIETOBAHUSX, B MEIUITMHCKAX JTUATHOCTUIECKUX TUIIAX,
B (bapMaIieBTHKeE.

Ha ocnoBe GunHapHOil MOIe/IM UCCIEIOBAH MEXaHU3M 3JIEKTPOKMHETHYe-
CKOW 3JIEKTPU3AIUU CPEJbl B CHJIbHBIX HEOIHOPOMHBIX IOJISIX, 00YyCJIOB/ICH-
HBIII 3aBUCHMOCTBIO OT IIOJIsI CKOPOCTH OOBbeMHON maucconmmannuu. B pamkax
9TOr0 MEXaHU3Ma MOXKHO O0bsICHUTHL HAOJIIOJAEMbIE B 9KCIIEPUMEHTE CTPYii-
Hble T€YeHUs OT U30JIMPOBAHHOI'O JJIEKTPOAA, HE UCIIOJb3Ys IIPEJICTABICHUA
00 MHKEKIINN NOHOB ¢ TMOBEPXHOCTH.

,HOCT&TOLIHOI'?I JJId MHTeplpeTalnun HUMEIOIIUXCA 3SKCIIEPpUMEHTAJIbHBIX
JAHHBIX ODOIIHOCTHIO 00JIa/IaeT MOJe b ¢ TpeMsa copramu nmoHoB. C eé mo-
MOIIIBI0 MOXKHO HHTEPIPETHPOBATL BO BCEM JIUAIA30HE MPUIOKEHHBIX Ha-
[PsI?KEHNI BOJIBT-AMIIEPHY IO XapaKTEPUCTUKY FJTEKTPOJTUTUIECKON STIEHKI —
YCTPORCTBA, IIPU ITOMOIIY KOTOPOI'O0 N3MEPSIOT IIPOBOANMOCTE Cpeibl. B pam-
Kax 9TOo »Ke Moje/n ObLIa JOKa3aHa BO3MOYKHOCTD CYIIECTBOBAHUS B YKHJI-
KOCTSIX CaMOIIO/IJIEP>KUBAIOIINXCsT TPUUIETIEBCKHUX IIYJIbCAIIA TOKa, IIPU ITOCTO-
SIHHOM IIPUJIOYKEHHOM T10J1e |7].
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Pabora Beimosinena npu dpunancoBoit nogmepkke PODU, rpant Ne 16—
00157.
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