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HNoHu3anmoHHOe paBHOBECHE B CHJIBHO HEHIEAJIbHOM IBIMOBOM IJIa3Me

Paccmompeno uonuzayuonnoe pasnosecue 6 cemepo2eHHOU CUNbHO HEUOEANbHOU ObIMO-
801l niazme NpuU HATUYUU KOHOEHCUPOBAHHBIX YACMUY U JNe2KOUOHUSUPYeMOl 000a8KU amo-
MO8 WeNIoYHbIX Memauilos 8 2a3oeol ¢hase. /[ns onpedeneHus 3apsaoo8 4acmuy Ucnoib306a-
JI0ch Henunelinoe ypaeueHue [lyaccona-bonvymana, a 013 uoHU3ayUU AMoOM0o8 2a3o80u azvl
ypasuenue Caxa c yuemom s¢hghexma cmeweHuss UOHU3AYUOHHO20 paHosecus. Tlonyuens 3a-
BUCUMOCTU KOHYESHMPAYUU 2IeKMPOHO8 U 3apsA008 4acmuy, d makdice no8epXHOCHb pasoeia
obaacmeti NOIOHCUMENLHBIX U OMPUYAMETbHBIX 3aPSA008 YACMUY, OM KOHYEHMpayuu amo-
MO8 Ye3usl U KOHYeHmMpayuy Yacmuy OKCUOd antoMUHUsL.

Knrouesvie cnosa: cemepozennas 0biM08as niasma, HeUOeaubHbvle 83aUMO0elucmeaus, uo-
HU3ayUoOHHOe pasHosecue.

Beenenue. HuszkoremneparypHas miasma, KOTopas oOpa3yercs B HMPOIYKTax
CropaHusi METaJUIM3UPOBAHHBIX KOMIIO3ULUKA € JO0OaBKaMU aTOMOB IIEJIOYHBIX Me-
TaJIJIOB B ra30Boil (ha3e W Moayunsia Ha3BaHUE <«JIIMOBOM M1a3Mbl» [1], xapaktepusy-
€TCs JOCTATOYHO BBICOKMMH 3apsA/laMHi Ha OBEPXHOCTH YacTUll [2] U MO3TOMY B3au-
MOJIEWCTBUE UX MEX]y CO00M 1 CBOOOJIHBIMH 3JIEKTPOHAMH SIBIIIETCS CYTyOO Heunze-
albHBIM. DTO 3HAYMUT, YTO SHEPIUsl AJEKTPOCTATUYECKOTO B3aWMOJICUCTBUS 3HAYM-
TEJIbHO MPEBBIIIAECT SHEPTUI0 XaOTHUUYECKOTO TEIIOBOIO JABMKEHUA. B 3TOM ciydae
P UCINOJB30BaHUU pactnpeneneHus Ilyaccona-bonpuMana nHeapu3anus 3KCIO-
HEHIIMAJIbHBIX 3aBUCUMOCTEN MIPEACTABISAECTCS HEKOPPEKTHOM.

Jns pemieHus 3aJa4yd MOHW3ALMOHHOTO PAaBHOBECHsS B TAKOM IIIA3ME 4YacTo
MPUMEHSIOTCS pa3INYHble (PU3NYECKUE MOJEIH, OTPAaHUYHUBAIOUIUE BEIMUMHY 3apsaa
Ha MoBepxHOCTU yacTulbl [3, 4]. OgHako, Kak Moka3aHo B pabote [S], Heumeanb-
HOCTb B3aMMOJICHCTBUIM CONPOBOKIAETCS CMEIMICHUEM MOHU3ALMOHHOIO PAaBHOBECHS
B I'a30BOM (ha3e, YTO BBIPAKAETCA BO BBEACHUM MOHATUSA 3PPEKTUBHOTO MOTEHIMAIA
MOHU3ALIMHA aTOMOB, 3HAYEHHE KOTOPOTO OTJIMYAETCA Ha BETUYHHY paOdOTHI [0 CO3/1a-
HUIO MPOCTPAHCTBEHHOTO 3apsiia B razoBoi (¢aze. [Ipu paccMoTpeHnn MOHU3ALMOH-
HOTO paBHOBECHS OOBIYHO ATH d(PPEKTH HE YUUTHIBAIOTCSA, YTO HE MO3BOJISET KOP-
PEKTHO OINPEIETUTh MJIA3MEHHBIE XapaKTEPUCTUKHU.

B nactosmeit pabore mpeasiaraeTcsi UCIOJIb30BaTh IPHEKT CMEIICHUS NOHHU3a-
IIMOHHOTO paBHOBECHs B Ta30BOMl ¢aze u HenuHeWHoe ypaBHeHue IlyaccoHa-
Bonbumana st onpefeneHus XapaKTEpUCTUK MOHU3ALMOHHOTO PABHOBECHUSI B HeE-
UJICAUTbHOM F€TEPOreHHON IIa3Me.
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IHocranoBka 3amaumn. PaccMoTpuM HeWaeanbHYIO JBIMOBYIO IUIa3Me, KOTOpas
COJICPKUT YACTHULBI OKCHJIOB AJIFOMUHHUS W JIETKOMOHM3UPYEMYIO NPHUMECH aTOMOB
1e3us B rasoBoil ¢aze. KonneHTpaius cBOOOAHBIX 3JEKTPOHOB B TaKOM Iuia3me [2]
nocturaet 3HaueHus 10°x~° npu Temneparype nopsiaka 2500 K, a wactuipsl okcuna
AOMUHIS MOTYT HpHOOpeTaTh GONbIINE OTpUIATeNbHbIe 3apsasl (10 10* anemen-
TapHBIX 3apsA0B AJIEKTPOHA), MPU KOTOPHIX BO3ZHUKAET HEUACAIBHOE B3aUMOJECHCT-
BHE 3apsKEHHBIX YaCTHLI.

Mex(a3Hoe B3auMOoCICTBUE B TUIa3Me€ C KOHACHCUPOBAHHOM AHMCIEPCHOM (a-
30/ MPUBOJUT K TOMY, YTO MOJCUCTEMA KOHJACHCUPOBAHHBIX YACTHI] HE MOXET OBITh
omnKcaHa KaK HE3aBUCHUMas TepMOJIUHAMUYecKas cuctema. [103ToMy paBHOBECHYIO
MOHU3AIMIO B IJIa3Me€ C KOHJACHCUPOBAaHHOM (Da3oi cieayeT omucaTh €IMHOM, 3aBU-
CsIIIEH OT MapamMeTpPOB ra30BOM M KOHJAEHCUPOBAHHOU (ha3, KOHCTAaHTON PaBHOBECHS.

Bocnonbezyemcst BelpaxkeHUEM 11 MOHM3AIMM aTOMOB ra30Boi (ha3bl C y4eToM
CMEIIIEHNS MOHU3AIIMIOHHOTO PAaBHOBECHS BCIICJCTBUE IMOSBICHUS M30BITOUHOTO 3a-
psiZia B FeTEpOTEeHHOM M1a3Me, IpeuiokKeHHast B padbote [5]:
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pPaBHOBECHOCTH, g,, g, — CTAaTUCTUYECKUIN BeC MOHA U aroma, k,, i — MOCTOSTHHbIE
bonbumana u Ilnanka, m, —Macca 3JIeKTpoHa, ' — paBHOBECHAs TEMIIEPATYPA, A, 7;,
#, — KOHLIEHTPALK 3JIEKTPOHOB, NOHOB ¥ HEUTPaIbHBIX ATOMOB COOTBETBETCTBEHHO.
OTMeTHM, YTO TapaMeTp HEPABHOBECHOCTH XapaKTEPU3YeT M3MEHECHHE BEIWYUHBI
MOTEHIMAJIa MOHU3AIMK U30JMPOBAHHOIO aTOMa U, CJIEIOBATEIbHO, CMEIICHUE HO-
HU3AIMOHHOT'O PaBHOBECHS B Ta30BOM (paze B pe3ysbTaTe HaIu4usi 0ObEMHOTO 3apsi-
J1a ¥ BO3MYILICHUS TIJIa3Mbl 32 CUET BO3JICUCTBUSA 3apsiga YaCTHIIbI.

Omnpenesnienue 3apsijga yacTulbl. PacnpeneneHue caMoCOriiacOBaHHOTO TTOTEH-
1yana BOMW3M 3apsDKEHHOM dYacTHIBl ((7) ommchIBaeTcs ypaBHeHueM IlyaccoHa-
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B mpenpinymux pabdotax [6-11] pemenus ypaBHenus Ilyaccona-bosbiimana

0a3UpOBAIUCH HA MPEANOI0KECHUU e—<<1, CIIPaBEJIMBOTO JJISl MaJIbIX 3apsioB
B

YacTHI] B MJCAIbHOM IIa3Mme. Takoe pemeHue, B 4aCTHOCTH, JAET XOPOIIO M3BECT-

HbIi noteHuan [ebas-Xwokkens. B paccmaTpuBaemMoit J5IMOBOM IJ1a3Me KOHACHCH-

POBaHHBIE YACTUIIBI TPUOOPETAIOT OOJIbIIINE 3apsibl [2] U MOTOMY OTHOIICHHE T
B

CTaHOBUTHCSI MHOTO OOJIBIIIE CAWHUILBI 1 JIMHCAPU30BATH JKCIIOHCHIHWAJIBbHYIO Y4CThb
YpaBHCHUA HyaCCOHa-BOHBHMaHa B 3TOM CJ1ydac HC IIPCACTABIIICTCA BO3MOIKHBIM.
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N3 ypaBHeHUs (2), MOXKHO MOJTYYUTh BBIPAXKEHUE JJISl 3apsi/ia YaCTHUIbI B BUIE
TPAHCILIEHJICHTHOTO YPABHEHUSI OTHOCHUTEIILHO 3apsiI0BOTO Yncia Z :
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T7€ e — 3apsj OJEKTPOHA, ¥, — PAJUyC YacTUIIbL, 7, — Paauyc suerku Burhepa-
3eiiTia, 7, — KOHIIEHTPANUs YACTHIL,

Bocnonb3yemcss B epBOM NMPUOTUKEHUU KYJIOHOBCKUM pacHpeieICHHEM I10-
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YuciieHHOe peleHne CUCTeMbl ypaBHeHMi. [[1s1 SKCriepuMEHTaIbHBIX UCCIie-
JOBaHUM IIPENCTABIISIET HHTEPEC ONPEAEICHNE KOHLIEHTPAUU IEKTPOHOB IIPU pas-
JIMYHBIX 3HAYCHUAX KOHILIEHTPALlMK YaCTHULl, aTOMOB IIPUMECH U 3aps/1a Ha IOBEPXHO-
¢ty yactulpl. COCTaBUM CHUCTEMY YpPaBHEHUW M3 YPAaBHEHMsI COXPAaHEHHUs 3apsla U
MaccChl:

n,=n,—72n,, 4)
n,=n,—n,, (%)
ypaBHeHus Caxa (1) ¢ yueTom nmapameTrpa HEMACAIBHOCTU Y U ypaBHeHus (3), ompe-
JEJSIOIIErO 3apsy] YaCTULBl. 31eCh 7 ,- KOHILEHTpaUs UCXOJHBIX aTOMOB LIE3Hs B

razoBoi ¢aze. [Tocine maTeMaTHyecKuXx Mpeoopa3oBaHUi MOTYYUM YpaBHEHUE TPETh-
€U CTEIICHU OTHOCUTEIBHO Z :
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YuciieHHOE pelIeHUe JaHHOW CUCTEMBI YPaBHEHUU IMO3BOJIAET MOJYYUTh 3aBU-
CUMOCTH 3HAYEHUI KOHIICHTPALUH 3JIEKTPOHOB U 3apsII0B YaCTULl OT HCXOJHOW KOH-
LEHTpAalMy aTOMOB LIE€3USl U KOHLEHTPALMH YaCTULl B CUIBbHO HEHJICAJIBHOM IUIa3Me.
Huxe Ha puc. 1 npuBeaeHsl rpaduku 3aBUCUMOCTEN KOHIIEHTPALUU AJIEKTPOHOB U
3apsAI0B YACTUIL] OT IAPAMETPOB IIJIa3MBbl.

Kak cnengyer m3 puc. 1, 3aBUCUMOCTH KOHLUEHTPALMH JJEKTPOHOB B JBIMOBOM
IJ1a3Me IpH pa3IudHbIX MTapaMeTpax KOHJACHCUPOBAHHOM (a3bl MEPECeKaroT KPUBYIO
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Puc. 1. I'paduxu 3aBUCUMOCTEN KOHIICHTPALIUU JIEKTPOHOB U 3apsJI0B YaCTHUIL OT
HCXOJIHBIX TTAPaMETPOB IJIA3MBI

Caxa B pa3HbIX TOYKaxX, YTO COOTBETCTBYET PABEHCTBY KOHILIEHTPALIMM 3JIEKTPOHOB U
nOoHOB. EcTecTBEHHO, YTO B 3TOM Cily4ae 3apsiibl KOHJACHCUPOBAHHBIX YACTHI] COOT-
BETCTBYIOT PAaBEHCTBY HYJIIO. TO MOXXHO TaKX e BUJIETh, €CIIU COMOCTaBUTh PE3YJib-
TaThl BEPXHETO rpaduka c 3aBUCUMOCTSIMU 3apsAJIOB YaCTHUI[ OT KOHIEHTPALUU aTo-
MOB I1€31sI B ra30Boil (ha3e, MpecTaBlIeHHbIC HA HUXKHEM Tpaduke. BumHo, uto 3aps-
JIbl YaCTHUI UMEIOT MOJOKUTEIbHbIE 3HAYEHUS, KOTOPhIE COOTBETCTBYIOT TEMOAMHUC-
CUOHHOMY MEXaHU3MYy, a 3aT€M, EPECEKAIOT JIMHUIO HYJIEBOIO 3apsia U C yBeIuye-
HUEM KOHIIEHTpAIUU 11e3Us MPUOOPETAIOT OTPUIIATEIbHBIE 3aps/ibl Ha TOBEPXHOCTH.
IIpu 3TOM OTpHULIATENbHBIE 3aPA/bl YACTULl COOTBETCTBYIOT HEKOTOPOMY CHUKEHHUIO
KOHIIEHTPAIlMU CBOOOJIHBIX 3JIEKTPOHOB M KPHBAsl JBIMOBOM TIIa3MBbl JIOKHUTCS HUXKE
kpuBoiil Caxa.

Ha puc. 2 noka3ana nmoBepxHOCTh pasjienia 00JacTell MOJIOKHUTEIbHBIX U OTPH-
1aTeJIbHBIX 3HAYEHUU 3apsJI0B YaCTHUIl B KOOPJMHATAX KOHI[EHTPAIIUU YaCTHUI[ U KOH-
LIEHTPALIMU aTOMOB II€3HUS.

Kak BUJIHO U3 puc. 2, C IOHW)KEHUEM 3HAYEHHUs 7, 00JIaCTh OTPHULIATEIbHBIX 3a-

pAI0B HpI/I6JII/I)Ka€TCH K HYJICBOMY 3HA4YCHHIO. AHajnorunyHa 3aBHCHUMOCTD I'paHHUIbI
HYJICBBIX 3HAYCHUH 3apAa0B 94aCTUIl OT UX KOHIOCHTPAIIHH. Ecau SJICKTPOHEI o6pa3y-
OTCS B Ta30BOM (1)2136 MNMPCUMYIICCTBCHHO 3a CUCT HMOHU3AIlMHK aTOMOB, TO OTpHIA-
TCJBHBIC 3apAAbl YaCTHUI BO3HUKAIOT IIPH 0oJs1ee BBICOKMX 3HAUCHMSIX KOHLCHTpaInunu
aTOMOB I C3HU4.
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Puc 2. IloBepxHOCTh pazfena 0OJaCTH MOJOKUTENbHBIX U OTPULATENBHBIX 3aps/I0B
YaCTUI] B IPOCTPAHCTBE KOHIIEHTPALIMU 3JIEKTPOHOB, aTOMOB 1[€3Us1 U YACTHII

BoiBoabl. PaccMOTpEHBI HEKOTOPBIE PELICHUS HEJIMHEWHBIX YPaBHEHUH, OIU-
CBIBAIOIME HEUACAIBHOCTD IIPOLIECCOB, IPOTEKAIOIINX B AIMOBOMU InasMe. Ilokasa-
HO YTO, MEXaHU3Mbl MPUOOPETEHUs 3apsja MOBEPXHOCTHIO YACTHIIBI 3aBUCAT HE
TOJBKO OT MOBEPXHOCTHBIX CBOMCTB YACTHII, HO U OT TAKUX XapaKTEPUCTHK I'a30BOM
(da3bl, KaK ee 3apsAJ0BO€ COCTOSHHE, CTENEHb HOHU3AIMU U KOHLEHTPAUH JIETKOUO-
HU3UPYIOLIENCS IPUCANIKH.

Hapsny ¢ teM, ciieyeT OTMETUTb, YTO HACTOALLAs MOJEIb MPEAIoaracT mpe-
MMYILECTBEHHOE 00pa30oBaHUE CBOOOIHBIX AJIEKTPOHOB 3a CUET MOHU3ALMU aTOMOB
11e31s, TO3TOMY OOJIbLIIE BHUMAHHUS YJIEJIEHO 00JIaCTU OTPULIATEIbHBIX 3HAUCHUH 3a-
psaoB yactull. J{ns O6osee neTalbHOTO U3yYeHUsl 00J1acTH MOJIOKUTENbHBIX 3apsI0B
YacTULl cleayeT 0ojiee AETaJbHO ONUCATh TEPMOIIEKTPOHHYIO SMHUCCHUIO C MOBEPX-
HOCTH YacCTHII.
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/pazan I'. C., Konecnixoe K. B.
TonizaniiiHa piBHOBara B CMJILHO HeieaJbHid JTMMOBIN MJ1a3Mi

AHOTAILA

Jlocniooceno ionizayitiny pienogazy 8 2emepoceHHill CUIbHO Hel0eanbHiti OUMOGIU NAaA3Mi
npuU HAs8HOCMI KOHOEHCOBAHUX YACMUHOK | 1e2KOIOHIZYEMOI 000AB8KU amoMis Yesito 6 2a308ill
¢hasi. J{nsa eusnauenws 3apso0ie YaCMUHOK GUKOPUCIOBYEMbCSA HelliHiline piensanus [lyaccona-
bonvymana, a ona ionizayii amomis eazoeoi ¢hasu pisnanna Caxa 3 ypaxy8auHam eghexmy
3MiweHHs ioHi3ayitinoi pieHosazu. OMpUMAano 3a1eHCHOCMI KOHYEeHMpayii eleKkmponie i 3a-
PAOI8 HACMUHOK, a MAKONC NOBEPXHIO pO30iNy obnacmell NO3UMUBHUX | He2AMUBHUX 3aps0ie
YACMUHOK, 8I0 KOHYeHmpayii amomie ye3ito i KOHYeHmpayii YacmuHoK OKCUOY ANIOMIHIIO.

Knrouosi cnosa: I'emepocenna oumosa niasma, HeioeaivbHi 63aemMo0il, I0HI3ayiliHa pieHO-
saca.

Dragan G.S., Kolesnikov K.V.
Ionization equilibrium in a highly imperfect smoke plasma

SUMMARY

The ionization equilibrium in a heterogeneous strongly nonideal smoky plasmas containing
condensed particles and an easily ionized addition of cesium atoms in the gas phase is con-
sidered. To determine the charges of particles, the nonlinear Poisson-Boltzmann equation
was used, and for the ionization of atoms of the gas phase, the Saha equation taking into ac-
count the effect of the displacement of the ionization equilibrium. The dependences of the
concentration of electrons and particle charges, as well as the interface between the regions
of positive and negative charges of particles, on the concentration of cesium atoms and the
concentration of aluminum oxide particles are obtained.

Key words: Heterogeneous smoke plasma, nonideal interactions, ionization equilibrium.



