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1 • BBEAEHHE 

Pac4eT~ x~M~4eCKoro ~ ~oH~sa~~OHHoro paeHoeec~R RBnR~TCR 

OCHOBO~ AnR HaXO*AeH~R TepMOA~HaM~4eCK~X ~yHK~~~ ~ K03~~~~~eH
TOB nepeHOCa rasa ~ Tpe6y~T BeCbMa TPYAOeMKO~ pa6oT~/I-5/. np~ 
onpeAeneH~~ KOH~eHTpa~~~ 4aCT~~ pasn~4H~X COPTOB AnR Ka*AO~ na
p~ SHa4eH~~ TeMnepaTyp~ ~ nnOTHOCT~ np~XOA~TCR peWaTb Hen~He~
HY~ c~cTeMy anre6pa~4ecK~x ypaeHeH~~. 4~cneHHoe peweH~e yKasaH
HO~ C~CTeMbl CBRSaHO CO MHOr~M~ TPYAHOCTRM~, KOTOp~e, B nepey~ 
o4epeAb, onpeAenR~TCR ee B~AOM. Ko3~~~~~eHTbl c~cTeMbl ypaeHeH~~ 

npeACTaBnR~T 7090~ OTHOWeH~R CTaT~CT~4eCK~X CyMM COOTBeTCTBy~
~~X KOMnOHeHT I ~ RBnR~TCR 6biCTpO MeHR~~M~CR ~YHK4~RM~ TeMne
paTypbl. KpoMe Taro, np~ ~~Kc~poeaHH~x sHa4eH~Rx TeMnepaTypbl 
~ nnoTHOCT~ SHa4eH~R pasn~4HbiX K03~~~4~eHTOB C~CTeMbl pasn~4a

~TCR, KaK npae~no, Ha HeCKOnbKO nOPRAKOB. 3TO AenaeT SaTPYAH~
TenbHbiM ~CnOnbSOBaHHe, HanpHMep, rpaAHeHTHbiX MeTOAOB, TaK KaK 
MaTPI-14a npOHSBOAHbiX C~CTeMbl RBnReTCR nnoxo o6ycnoeneHHO~/ / 6/. 
BA06aBOK OCTaeTCR OTl<PbiTbiM BOnpoc 06 o6nacT~ CXOAHMOCTI-1 5•7/. 

HeCMOTPR Ha TO, 4TO B nHTepaType HMeeTCR 6onbWOe 41-1CnO pac-
4eTOB COCTaBa. TeDMOaHHaMJ.14eCKJ.1X. WYHKUI-1~ J.1.TQaHcnopTHbiX CBO~CTB 
paBHOBeCHO~ nnaSM~ /cM/ 2' 4'::>,1:1-lU/ 1-1 6~6n1-1orpa~1-1~ K H~M/, J.1X 
npaKTI-14eCKOe HCnOnbSOBaHHe, HanpHMep, B raSOAI-1HaMJ.14eCK~X npo
rpaMMaX RBnReTC.A.SaTPYAH~TenbH~M.3To CBRSaHO C TeM, 4TO HSBecT
HaR MeTOAHKa onpeAeneHHR MaKpOCKOnl-14eCKJ.1X napaMeTpOB cpeA~ B Cl-1-
ny ceoe~ rpoMOSAKOCTI-1 Tpe6yeT KanH4eCTBa MaWHHHoro epeMeHH IAnR 
pac4eTa Ha6opa napaMeTpoe np1-1 saAaHHbiX SHa4eHHRX TeMnepaTyp~ 
1-1 nnoTHOCTI-1/ cy~ecTBeHHO 6onbwero, 4eM pac4eT ypaeHeH~~ ra3oeo~ 
AHHaMHKI-1 B OAHO~ KOOPAHHaTHO~ T04Ke. npeABap~TenbHOe COCTaBneHHe 
nOAP06HbiX Ta6n~4 1-1 J.1X J.1HTepnonHpOBaHHe npHBOAHT K npH6nHSJ.1TenbHO 
OAHHaKOBbiM eeni-14J.1HaM XapaKTepHbiX epeMeH raSOAJ.1HaMJ.14eCKJ.1X 1-1 TepMo
AHHaMJ.14eCKJ.1X pac4eTOB, HO cy~eCTBeHHO yeeni-141-1BaeT pa604Y~ naMRTb 
nporpaMM. 

no3TOMY AnR npaKTI-14eCKJ.1X 4ene~ noneSHO HMeTb npOCTO~ npH6nH
>KeHHbl~ MeTOA, noSBOnR~I-1~ C MJ.1HJ.1ManbHbiMJ.1 SaT paT aM~ Bbi41-1CnRTb 
CTeneHI-1 J.10HJ.1Sa41-11-1 ~ AHCC041-1a4~1-1, a TaK*e TepMOAHHaMI-14eCKJ.1e ~YHK-
4~~ n~6oro rasa. CpeAH nonbiTOK saMeHHTb HCXOAHY~ rpoMOSAKY~ CHc
TeMy ypaeHeHH~ paeHo,ecHoro cocTaea nnaSMbl caMbiM ycnewHbiM aKa
saneR MeTOA Pa~sepa I,li/ AnR pac4eTa HOH~Sa4HOHHoro paeHoeecHR 
cpeAbl. 0CHOBH~M ero HeAOCTaTKOM RBnReTCR TO, 4TO OH He Y41-1T~BaeT 

A~CC041-1a41-1~ 1-1 ~OHJ.1Sa4~~ MOneKyn, a T04HOCTb ero HeAOCTaT04Ha 
AnR pac4eTa K03~1-141-1eHTOB nepeHOCa 1-1 onT~4eCKJ.1X CBO~CTB cpeAbl. 
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/I2/ . 
B pa6oTe npeAnO>KeHa MeTOAHKa nocTpoeH~R aHanHTH4eCKHX Mo-

Aene~ AnR pac4eTa COCTaBa XJ.1MJ.14eCKJ.1 pear1-1py~~e~, A1-1CCO~I-11-1py~e~ 
J.1 HOHHSY~~e~cR nnaSMbl. np1-1 3TOM npeAnonaraeTcR, 4To cocTae cpe
Abl o6pasyeTcR e pesynbTaTe nocneAY~~I-1X /1-1 HesaeHCHMbiX/ peaK41-1~ 
AHCC041-1a4~1-1 1-1 1-10H~Sa41-1~ aTOMOB 1-1 MoneKyn. TaKy~ MOAenb M~ 6yAeM 
Has~eaTb pac~enneHHo~ /PM/. 0Ha AOnycKaeT npocToe aHanHTH4ecKoe 
peweHHe. HcnonbsoeaH~e PM AnR ee~ecTB c noTeH41-1anaM1-1 AHCC04Ha-
4~1-1 MOneKyn, cy~eCTBeHHO MeHbWHMI-1, 4eM nOTeHuHanbl HOHHSauHI-1 
aTOMOB 1-1 MoneKyn /HanpHMep, AnR asoTHO~ nnasM~/Ia/ /, ecTecTeeHHo. 

B HaCTOR~e~ pa6oTe npoBOAHTCR MaTeMaT~4ecKoe HccneAOBaHHe 
Ka4ecTea PM. nony4eHbl npoCTble anpHopHble 04eHKJ.1 T04HOCTH PM e sa
B~CHMOCTI-1 OT SHa4eHJ.1~ eeni-14J.1H 

I A - DM ' I M - D M • 

rAe IA , IM - cooTeeTCTBeHHo noTeH41-1anb1 HOHHSa41-11-1 aToMa copTa A 
1-1 MoneKynbl copTa M ; DM - noTeH41-1an AHCC041-1a41-11-1 MoneKynbl copTa 
M. nocTpoeHa YT04HeHHaR pac~enneHHaR MOAenb /YPM/, cneAY~~aR J.1S 
nonHO~ CHCTeMbl paBHOBeCHOrO COCTaea. noKaSaHO, 4TO P~1 MO*eT 
6b1Tb HCnonbsoeaHa AnR pac4eTa XHMH4eCKoro 1-1 HOH~Sa4HOHHoro pae
HoeecHR 1-1 TepMOA~HaMH4eCKHX ~YHK41-1~, a YPM - AnR onpeAeneHHR 
3neKTpOHH~X KOMnOHeHT K03~~4~eHTOB nepeHoca 1-1 OnTH4eCKJ.1X CBO~CTB 
cpeA~. npoBeAeHo cpaeHeHHe pac4eTOB no PM 1-1 YPM c 41-1CneHHbiM pe
weHHeM J.1CXOAHO~ CHCTeM~. npeAnO*eH npOCTO~ 1-1 3~~eKTJ.1BHbl~ J.1Tepa-
41-10HHbl~ npouecc AnR pac4eTa XHMH4ecKoro 1-1 HOHHSa4~0HHoro paeHo-
RP.rlAa nnrTnf'\,:::t.lo-l.::tl PM nna n.::.ru~T::Ii t.A&-11"\r-1"'\ll'n::liTUni'A IAI"'\LIIA~::IIIIIAIA nn TI"'\IJ-

HOCTI-1 n04T~· He ycTyn~~~a~-MO~e~l-1 P~~;e~~/I,Il/. - B~;~~~~~C~~ 1-1~~ 
nonbsoeaHHR PM HccneAoeanacb Ha He6naronpHRTHOM cny4ae - Ha npH
Mepe MoneKyn BaF 1-1 CsBr, noTeH41-1anbl HOH~Sa41-11-1 aToMoB 1-1n1-1 Mone
Kyn KOTOPbiX MeHbWe, 4eM n0TeH41-1an~ A~CC041-1a41-11-1 MOneKyn. 

2. nOCTAHOBKA 3AAA4 ~ 4HCnEHH~E METO~ HX PEWEHHH 

1. HHsKoTeMnepaTypHaR nnasMa. PaccMoTpHM ras, HaXOAR~H~CR 
B nOKanbHOM TepMOAI-1HaMJ.14eCKOM paBHOBeC!-11-1. jlnR npOCTOTbl 6yAeM 
C41-1TaTb, 4TO OH COCTOHT HS He~TpanbHbiX MOneKyn MQ, o6pasoeaHH~X 

1-1s ABYX aToMoe copTa AO, HX OAHOKpaTHbiX HOHOB Ml, Al 1-1 3neKTpo
Hoe. CocTaB TaKO~ nnaSM~ OnHC~BaeTCR CHCTeMO~ HenHHe~HbiX anre6-
paH4eCKJ.1X ypaeHeHI-1~, HeJ.1SBeCTHbiMJ.1 KOTOp~X RBnR~TCR KOH4eHTpa41-1~ 
4aCTH4 Ka*Aoro copTa/I/: 

XAO + XAI+ 2xMO+ 2xMI = 1, /2.1 a/ 

XAl+XMI=XE, /2.16/ 

2 lt AO 
XMo= CMxAO• x_-\1 = CAI--lt-

E 

XMO 2 I • x M I = eM I-- • _ _ 1 . 1 e 
XEs~~~~-~~==-"-=··~~ 
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3AeCb XB - KOHf.teHTpaf.ti1R 4aCTI1f.t COpTa B; XE - KOHtteHTpaf.ti1R 
3neKTPOHOB, a aeni1411Hbl eM, cAl , CMl RBflRIOTCR <l>YHK411RMI1 TeMne
paTypbl 11 nnOTHOCTI1 raaa 11 nponOP4110HaflbHbl OTHOWeHI110 CTaTI1CTI14e
CK11X CYMM COOTBeTCTBYI0~11X 3neMeHTOB/l/, np11 3TOM nOA KOH4eHTpa
f.t11RMI1 4aCTI1f.t M~ 6yAeM noH11MaTb o6~ee 411cno 4aCTI1f.t AaHHoro cop
Ta, OTHeCeHHOe K o6~eMy 411Cny RAep CI1CTeMbl. He OCTaHaBni1BaRCb 
Ha npo6neMe Bb160pa CTaTI1CTI14eCK11X CyMM, 3aMeTI1M, 4TO B 411CfleH
HbiX paC4eTaX AflR BCeX 3neMeHTOB, BXOAR~I1X B CI1CTeMy /2.1/, OHI1 
o6pb1Bafli1Cb OA11HaK7BO. 

KaK noKa3aHO B 14/,paBHOBeCHbiH COCTaB XI1MI14eCKOH CMeCI1 onpe
AenReTCR OAH03Ha4HO. 0AHaKO CI1CTeMa /2.1/ He MOmeT 6b1Tb peweHa 
a paA11Kanax 11 Tpe6yeT 411cneHHoro peweHI1R. 0Ho MomeT 6b1Tb nony-
4eHo, Hanpi1Mep, caeAeHI1eM 11CXOAHOH CI1CTeMbl ypaa7eH11H /2. 1 I K OA
HOMY c nocneAyi0~11M npi1MeHeHI1eM MeToAa 11 BHnKI1 11 76 • TaKOH nOAXOA 
RBflReTCR HaAemHbiM, HO Man031t><t>eKT11BHbiM. KpoMe Toro, ero npi1Me
HeHI1e K pac4eTy paaHoaecHoro cocTaaa MHoroKoMnoHeHTHbiX cpeA RB

nReTCR 3aTPYAH11TenbHbiM. 

2. HTepa4110HHbiH MeTOA. YAaeTCR nocTpOI1Tb 6blcTpocxoAR~I1HCR 
11Tepa4110HHbiH npo~.tecc AnR 411cneHHoro peweHI1R CI1CTeMbl /2.1/. Onl1-
weM ero. 6yAeM CTPOI1Tb 11Tepa41111 no aeni1411He KOH4eHTpa411H 3neKT
poHoB a cpeAe xF.npeAnonomi1M, 4TO 113BeCTHO 04epeAHoe np116n11me
H11e X (E) > 0. TorAa, Y411Tb1BaR COOTHOWeHI1R /2. 1 B/, Mbl MOlKeM 113 
/2.1a/ nony411Tb KBaApaTHOe ypaBHeHI1e AflR KOH4eHTpaf.ti1H HeHTpanb
HbiX aTOMOB: 

(n) CAl (n) 2 CMI 
X (1 + --)) + 2(x ) (1 + ('")CM~ 1. /2.2a/ AO (n AO __ 1n1 

Xr, X E 

HaHAR ero nonolK11TenbHbiH KopeHb /BTopoH KopeHb OTPI14aTeneH 11 <t>l1-
3114ecKoro CMbiCna He 11MeeT/ 11 BOCnOflb30BaBWI1Cb COOTHOWeHI1RMI1 
/2.16/, /2.1a/, nony411M 04epeAHOe np116n11meH11e KOH4eHTpa411H 3fleKT
pOHOB: 

(n+ I) (n) (n) 2 0,5 (n) 
XE ~ (xAOCAl+ (XAO) CMCMI) = ¢ (xE)' /2. 26/ 

CnpaBeAn11aa 

TeopeMa 1. J-1Tepa4110HHbiH npo~.tecc /2.2a/, /2.26/ CXOA11TCR np11 
fli060M Ha4aflbHOM np116n11meH1111 X~):> 0 K peweH1110 CI1CTeMbl /2. 1/. 
B OKpeCTHOCTI1 peweHI1R CXOA11MOCTb fiyAeT fl11HeHHOH CO 3HaMeHaTeneM 
q < 0,5. 

-,LinR AOKa3aTenbCTBa TeopeMbl AOCTaT04HO Bbi411Cfli1Tb npOI13BOAHYIO 

d¢ 

dxE 

4 

(n) 
11 Ol.leH11Tb ee MOAYJ1b B T04KaX XE~XE paBHOMepHO no n,n~1,2, •••• 

3aMe4aHI1e. Ha11XYAWaR CKOPOCTb CXOA11MOCTI1 npot.~ecca /2.2a/, 
/2.26/ B OKpeCTHOCTI1 peweHI1R CI1CTeMbl /2.1/ fiyAeT Ha6J110AaTbCR 
B 06J1aCTI1 OAHOKpaTHOH 110HI13al.ll111 /TO eCTb np11 X E -:.. 1/. B 3TOM 
cny4ae 

I 
d (n) 
- ¢ (X E ) I = 0,5. 
dxE 

B o6naCTI1 cna6oH 110HI13al.l1111 

1 _d_¢(x~))! <2xE, 
dxE 

TO ecTb CXOA11MOCTb 6yAeT 04eHb 6biCTPOH. 
npl1 npaKT114eCKOM npi1MeHeHI111 npot.~ecca /2.2a/, /2.26/ AJ1R pac-

4eTa COCTaBa a30THOH n11a3Mbl OKa3aJ10Cb, 4TO <t>aKT114eCK11 11MeeT Mec
TO 6onee 6biCTpaR CXOA11MOCTb, 4eM YCTaHOBJleHHaR B TeopeMe 1. 

3. MHoroKpaTHaR 110H113al.II1R. MeTOA /2.2/ MOlKeT 6b1Tb 6ea TPYAa 
o6o6~eH AJ1R 6onee CJ10lKHOH CMeCI1 111111 pac4eTa nocneAY10~11X 110H113a
l.II1H, noKalKeM, KaK 3TO MOlKHO CAenaTb, Hanpi1Mep, AJ1R pac4eTa co
CTaaa MHOrOKpaTHO 110H113YIO~eHCR npOCTOH CMeCI1 /TO ec·Tb CMeCI1, 
COCTOR~eH 113 HeHTpaJlbHbiX aTOMOB OAHOro COpTa 11 11X 110HOB/.B 3TOM 

- - /1 I 
I..JOY'1<2C I.. I'll.. I <::My ,Yj.ldt:IMt::Mi'11'1 l..d.l<.d · · MUIKMU 3dni'1Gd f b 6 CJleAYIO~eM 811-
Ae: 

rAe 

XA<P + 
I' cr 
~ -) 

r=lxr 
11 X 

E 
E 

p 
I r 

r = I 

c r 
~-x 
X r AO' 

E 

p- MaKCI1MaJ1bHaR CTeneHb 110HI13al.ll111 aTOMa A1 a Befli1411Ha 

/2.3/ 

cr 
X -

AO X r 

pasHa KOHl.leHTpal.ll111 110HOB KpaTHOCTI1 f , f ~ 1, ... , p , KOHCTaHTbl Cr , 
E 

r = l,, .. ,p,RBflRIOTCR lt>YHKL111RMI1 TeMnepaTypbl 11 n110THOCTI1 11 onpeAe
JlRIOTCR OTHOWeH11RMI1 CTaTI1CTI14eCK11X CyMM COOTBeTCTBY~I1X 3fleMeHTOB. 

I-1Tepal.I110HHbiH npOl.leCC A11R CI1CTeMbl /2.3/ 3ani1WeM B BI1Ae 

X (n) = ( 1 + ~ C /(x(n))r )-1 I 
(0) 

/2.4a/ AO r = 1 r E 
XE >0, 

(n+l) i cr 0,5 /2.46/ 
x = ( r X AO ) I n = 1,2, ... 

E r= I (x(n) )r- 1 
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CnpaBeAilYIBa 

TeopeMa 2. lhepai..IYIOHHbl!i np~e7c /2.4a/, /2.46/ CXOAYITCR 
B npeAnOilOmeHYIRX MOAellYI Pal1aepa I B OKpeCTHOCTYI peweHYIR CYICTe
Mbl /2.3/ 1llo1Hei1HO CO 3HaMeHaTe1leM q :S 0,5. npYI 3TOM B 061laCTYI C1la-

6ol1 YIOHY13ai..IYIYI (X E « 1) q- X E/2, Yl CXOAYIMOCTb 6yAeT 04eHb 6biCTpol1. 
AoKaaaTellbCTBo TeopeMbl onyciHM. 

3. PACIUEnJlEHHAfl MOAEilb H EE T04HOCTb 

nepei1AeM Tenepb K OnYICaHYI~ MaTeMaTY14eCKYIX MOAe1lel1, AOnycKa~
~YIX aHa11YITYI4eCKOe peweHY!e. 

1. HHaKoTeMnepaTypHaR nnaaMa. npeAnonomHM, 4TO cocTaB cpeAbl 
o6paayeTCR B peaynbTaTe Tpex HeaaBYICYIMbiX, cneAY~Yix APYr aa 
APYrOM peaKI..IYII1: AYICCOI..IYiai..IYIYI MOileKYil M -:_ 2A,YIOHY13ai..IYIYI aTOMOB 1o1 MO
neKYil A~Al+e,Mt.M1+e.TaKoe npeAnonomeHHe RBilReTCR ecTecTseH
HbiM A11R se~ecTB, y KOTOpblx I M > DM , I A > DM.K HYIM, HanpHMep, oT
HOCRTCR a30THaR Y1 KYICilOPOAHaR n1la3Mbl/l3/. 

BBeAeM CileAY~Yie o6o3Ha4eHYIR: nyCTb y A Yl y M- KOHI..IeHTPai..IYIYI 
cooTBeTCTBeHHO aTOMOB copTa A 1o1 MOileKyn copTa M, npOAYKTOB peaK- + 

I..IYIYI AYICCOI..IYiai..IYIYI M <! 2A,npeAWeCTBY~~el1 peaKI..IYIRM YIOHY13ai..IYIYI aTOMOB 
Yl M01leKy11. AllR KOHe4HbiX 3Ha4eHYII1 KOHI..IeHTpai..IYII1 Hei1Tpa1lbHbiX aTOMOB 
Yl M01leKy11, YIX YIOHOB Y1 31leKTpOHOB B PM 6yAeM YICn01lb30BaTb COOT-

~ - - -- - - . r='- - .. - .. - .... - •• ·- -- -- - --
c.;; 1 t.... 1 gt;;;nnv vvvvna"""'-"n~•n J AO , J MO ' .1 Al ' J Ml •• J E' 

KamAaR Yl3 Tpex nepe4YIC1leHHbiX peaKI..IYII1 onHcblsaeTcR caMocTORTe1lb
Hol1 CYICTeMOI1 anre6palo14eCKYIX ypaBHeHYII1, AOnycKa~YIX aHa11YITYI4eCKOe 
peweHHe. AnR AYICCOI..IYiai..IYIYI M01leKy11 M Y!MeeM CYICTeMy /I 2/: 

YA+2YM=1, YM 
2 

CMy A' /3 .1a/ 

HoHH3ai..IYIR aToMOB A 1o1 M01leKy11 M onY!CbiBaeTCR cooTBeTCTBeHHo 
COOTHOWeHYIRMYI 

YAO+ YAI=YA, YAI=CAlAiYAI; 

YMO'+ YMI = YM' YMI= CMIYM/ YMI' 

/3.16/ 

/3.1 B/ 

PewaR ypasHeHYIR /3.1/, nony4YIM, 4TO cocTaB pasHosecHol1 nna3Mbl 
/a paMKax PM/ onHCbiBaeTCR Ha6opoM $OpMy11: 

0,5 2 
y A = ((1 +SCM) - 1)/ 4CM , YM = CM Y A 

y =0,5((1+4y /CAI)
0

'
5
-l)CA1' YA 0 =YA -YAI; 

AI A 

6 

0,5 
YMI = 0,5((1 + 4yM / CMI) -1)CMI , YMo = YM - YMI; 

YE = YAI + YMI' 

2. AnpHOpHble Ol..leHKYI T04HOCTYI. 01..1eHY1M T04HOCTb PM B aaBYICYIMo
CTYI OT 3Ha4eHYII1 se11YI4YIH I M -DM , I A - D M. AnR 3Toro BBeAeM 
B paCCMOTpeHY!e ABe 6eapa3MepHble $yHK1..1YIYI TeMnepaTypbl, onpeAe11Re
Mble paBeHCTBaMYI 

a(T)=CMCAI= 

{3(T) = C MC Ml= 

XMO X AI X E 

3 
X AO 

X Ml X E 
2 

X AO 

2 
YM y AI 
---2 

y AO YA.. 

I A-DM 
= 81 (T)expl- 1.;3 .2a/ 

kT 

2 IM -DM 
YM YMI = 8 (T)expl- I •/3. 26/ 

2 
2 

kT 
YMoY A 

rAe 81 (T) Yl 82 (T)- HeKOTOPble 6eapaaMepHble $YHK1..1YIYI TeMnepaTypb/l{ 
k - KOHCTaHTa 601lbi..IMaHa. AllR MHOrYIX peallbHbiX Be~eCTB $YHK1..1YIYI 
a(T) Yl {3(T) B WYIPOKOM AY1ana30He TeMnepaTyp npY!HYIMa~T 3Ha4eHYIR, 
cy~eCTBeHHO MeHbWYie 1. rpa$YIKYI $YHK1..1YII1 a(T) Yl 8(T),HanpYIMep A11R 
a30THOI1 CMeCYI, npY!BeAeHbl Ha PYIC.1. KaK 6yAeT noKa3aHO HYime, an
PYIOPHble oueHKYI T04HOCTYI PM aaBYICRT oT ae11YI4YIH a (T) "" fU TL 

cJ.(T}. npeAnOilOmYIM, 4TO B AOCTaT04HO 

ptr} 

!0-'{ 

-1o' 

101 

s 2.0 '10 1'-tO: 
PHc.l 

10 

WYIPOKOM AYiana30He TeMnepaTyp, co
oTBeTCTBy~~YIX AYICCOI..IYiai..IYIYI M01leKy11 
Yl nepBbiM AYICCOI..IYiai..IYIRM aTOMOB Y1 MO-
1leKy11, BblnOilHR~TCR YCilOBYIR 

a(T) « 1, {3(T) « 1. /3.3/ 

TorAa Yl3 COOTHOWeHYII1 /3.26/ cpa-

3Y CileAyeT, 4TO X Ml <<XAO, TO eCTb 
YIOHbl M01leKy11 He MoryT npe061laAaTb 
B cpeAe. no1lb3YRCb YICXOAHO!i CYICTe
MO!i /2.1/, MOmHo onpeAellYITb o6na
CTYI TeMnepaTyp Y1 n1lOTHOCTel1, OT
Be4a~~YIX npeo61laAaHYI~ CileAY~YIX 

KOMnOHeHT cpeAbl: X MO , X AO , X A l. 
04eBYIAHO, 4TO rpaHYII..Ibl 3TYIX o6na
CTel1 onpeAellR~TCR COOTHOWeHYIRMYI 

xMO = x AO, xAo= x Ar Ael1cTBYITe1lbHO, 
eCilYIXMo>XAO•TO Yl3/3.2/ Yl /3.3/ 
cpaay CileAyeT ,4TO XAo> XA1;aHa110rYI4-
HO,eC11YI XAI > XAO• TO XAo> XMO. 
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nycTb CHa4ana XMo=XA~ TorAa B CHCTeMe /2.1/ MOmHO HCKfl~4HTb 

HeH3BeCTHble eenH4HHbl X AO• X A1, X MO , X M1 , X E H HaHTH 3aBHCHMOCTb 
nnOTHOCTH OT TeMnepaTypbl, npH KOTOPOH KOHqeHTpaqHH HeHTpanbHbiX 
aTOMOB H MOfleKyn paBHbl. 0Ha HMeeT BHA 

-0,5 
p 1 (T) = p(T,xAo= xM0) = (3 +(a+ 2{j)(a + {3) )p /CM. 

npH 3TOM OTHOWeHHe p/CM3aBHCHT TOflbKO OT TeMnepaTypbl. 
AHanorH4HO MOmHO nony4HTb, 4TO nnoTHOCTb H TeMnepaTypa, npH 

KOTOPbiX XAo=XA 1 ,cB~3aHbl COOTHOWeHHeM 

2 0,5 
p2 (T) = p(T ,X AO= X A1) = [2a + ~(2{j + 1-(1 +4{3) )]p/CM. 

f3 

HaM noHaA06HTC~ TaKme 3aBHCHMOCTb nnoTHOCTH oT TeMnepaTypbl, 
npH KOTOPOH XA 1 =XM~0Ha HMeeT BHA 

3 2 p3 (T) = p(T, x A1 = XMO) = (2t {3/a + 3t + t) p/CM, /3.4/ 

rAe t eCTb eAHHCTBeHHbiH nonomHTenbHbiH KopeHb ypaeHeHH~ 

4 3 2 
f3t +at -a =0. 

nocKonbKY p2 (T)<2a+a2,To p 2 (T)<p 1(T). TaKHM o6paaoM, npH aa
AaHHbiX 3Ha4eHH~x T H p nerKo ,onpeAenHTb /He pewa~ HCXOAHOH cHc
TeMbl /2.1//. KaKaR KoMnoHeHTa noeo6nanaeT e cnene. ne~cTBHTenbHo, 
ecnH npH AaHHOM 3Ha4eHHH TeMnepaTypbl p >p 1,To e cpeAe npeo6naAa
~T Hei1TpanbHble MoneKynbl MO; ecnH p 1 > p > p2 , TO npeo6naAa~T Hei1T
panbHble aTOMbl AO; HaKoHeq, ecnH p

2 
> p ,To npeo6naAa~T HOHbl a To

MOB A1. 
0Ka3biBaeTc~, 4TO Ka4eCTBo oqeHoK T04HOCTH PM cy~ecTeeHHO aa

BHCHT oT Taro, KaKa~ KOMnoHeHTa npeo6naAaeT e cpeAe. BeeAeM cne-

AY~~He o6oaHa4eHH~: nycTb Bs=l Ys-~1-oTHoCHTenbHa~ norpewHoCTb 
xs 

KOHqeHTpaqHH 4aCTH4 copTa B,nony4aeMbiX e PM, a T3 - eenH4HHa 
TeMnepaTypbl, onpeAen~eMa~ H3 COOTHOWeHH~ /3.4/ npH 3aAaHHOM 3Ha-
4eHHH nnoTHOCTH. TorAa cnpaeeAnHea 

TeopeMa 3. nycTb <)lyHK4HH a(T) H {3(T),onpeAen~eMble COOTHO
WeHH~MH /3.2a/ H /3.26/, YAOBneTeop~~T HepaeeHcTeaM /3.3/. TorAa 
eepHbl cneAY~He acHMnTOTH4eCKHe oqeHKH T04HOCTH PM: 

1 I e o6nacTH p > p 
1 
/npeo6naAa~T Hei1TpanbHI:-le MoneKynbl MO I 

oAo 'S_ maxl0,4(2{3)
0

' 5 ; a 0'5 }, /3.5a/ 

0,5 
oMO <_;_ 0,8 (2max Ia, f3 I) ; /3.56/ 

8 

·} 
I 

) 

2/ e o6nacTH P1 > p > P2 /npeo6naAa~T Hei1TpanbHble aToMbl AO I 
a/ npH p1 > p > p 3 

3,5 . 1/3 
oAO~ (2 maxla;f3}) , /3.6a/ 

0 MoS 28Ao: /3.66/ 

6/ npH p3 > P > P2 
1/3 1/3 f3 11!. 

BA
1

5(2{3) +2(a(T3 )) maxl1; -;;-(a(T3 )) l /3.7a/ 

0 AO -:_ 2 0 A 1; /3.76/ 

3/ e o6nacTH P2 >p/npeo6naAa~T HOHbl aToMoB A1 I 

8 A 1 ;S; 2 (a + max I a; f3 I), 

B AO $ 28 Al' 

/3.8a/ 

/3.86/ 

AoKa3aTenbcTeo TeopeMbl He cnomHo, HO rpoM03AKO. Mbl ero onyc
THM. 

3aMe4aHHe 1. OqeHKa /3.7a/ COAepmHT OTHoweHHe {3/a,KOTopoe 
npH p3 >p>pz /TO eCTb npH XMo<XAl<xAO/ Afl~ MHOri-IX peanbHbiX '
ee~eCTB- nop~AKa 1 /eM., HanpHMep, pHc.1/. 

3 aM e 4 a H He 2 . MomeT OKa3aTbC~, 4TO npH HeKOTOPbiX 3Ha4eHH~X 
T H p OAHOBpeMeHHO BblnonH~~TC~ HepaBeHCTBa XMl>XAlH XMl>XMO' 

TorAa oqeHKH /3.7/ H /3.6/ eepHbl COOTBeTCTBeHHO B o6naCT~X 
p

1 
(T)>p>p

4
(T) H p 5 (T)>p>p

2
(T).nPH 3TOM B HepaeeHCTBe /3.7a/ 

Heo6XOAHMO aaMeHHTb eenH4HHY a(Ta) Ha eenH4HHY a (T5) ,rAe T5 -
3Ha4eHHe TeMnepaTypbl /npH 3aAaHHOH nnoTHOCTH/, npH KoTopoi1 xMI 
=X AI • <!>yHK4HH p4 (T) H p5('J') 3aAaiOT 3aBHCHMOCTb nnOTHOCTH ra3a 
OT TeMnepaTypbl, npH KOTOpOH BblnOnH~~TC~ paBeHCTBa X Ml = X M O 
H lt M l =X A 1 ,0HH onpeAen~IOTC~ COOTHOWeHH~MH 

f3 -2a f3 3 0,5 
p 4 ( T) = p ( T , x M 0 = x M 1 ) = I 4 f3 + ~ a (1 + 4 2 ) - 1 l p I C M' 

2{3 a 

Ps (T) = p(t, xMl = XA1) =· ~ 11 + 2~ +3 (1})0,5 }p/CM. 

B o6nacTH p 4 >p>p5 eepHa oqeHKa 
0,5 0,5 

8A0 ::;(2+2 ){3. 
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3aMe4aHVIe 3. 04eHKV1 /3.5/-/3.8/ no3BOJ1RIOT anpVIOpVI YCTa
HaBJlVIBaTb rpaHVI4bl npVIMeHVIMOCTVI PM. ,l\JlR 3Toro AOCTaT04Ho aaAaTb 
HymHyiO T04HOCTb VI BOCnOJ1b30BaTbCR onpeAeJleHVIeM ~YHK4VIH pi (T), 

= 1, .•. ,5 . 

3aMe4aHVIe 4. lknOJ1b3YR AaHHbiH noAXOA, MOmHo no11y4VITb PM 
AJlR PaC4eTOB nOCJleAY~VIX VIOHV13a4VIH VIJlVI AJlR onpeAeJleHVIR paBHOBec
HOrO COCTasa MHOrOKOMnOHeHTHbiX CMeceH. npVI 3TOM PM pa3yMHO 
CTpOVITb TaKVIM o6pa30M, 4T06bl nOCJleAOBaTeJlbHO OnVICbiBaJlVICb np04eC
Cbl C 803pac TaiOIIIVIMVI noTeH4VIaJ1aMVI peaK4VIH. .B 3TOM CJ1y4ae MOmHO 
omVIAaTb, 4TO T04HOCTb PM 6yAeT AOCTaT04HOH A11R onpeAeJleHVIR,Ha
npVIMep, TaKVIX TepMOAVIHaMVI4eCKVIX ~YHK4VIH, KaK BHYTPeHHRR 3HeprVIR 
VI AaBJleHVIe. 3TO CBR3aHO C TeM, 4TO YKa3aHHble BeJ1V14VIHbl CJlafio 3a
BVICRT OT KOH4eHTpa4VIH TeX VIJlVI VIHbiX KOMnOHeHT VI onpeAeJlRIOTCR ofi
IIIVIM 4VICJ10M 4aCTVI4 cpeAbl. 

4. PACII\EnllEHHMl MO.QEJlb .Qllfl PAC4ETA MHOrOKPATHO~ ~10HI-13Al.ll-11-1 

He orpaHV14VIBaR o6111HOCTVI, onV~weM PM A11R CJ1Y4aR TpexKpaTHO 
VIOHV13YIOIIIerocR npocToro raaa. npeAnOJlomVIM, 4TO cocTas n11a3Mbl o6-
paayeTcR B pe3yJ1bTaTe Tpex He3aBVICVIMbiX 0 CJleAY~VIX APYr 3a APY
roM peaK4VIH: A ... A1 + e, A1 -> A2 +e, A2 ... A3 + 3.3AeCb CVIMBOJlaMVI A , 
A1 , A2 , A3 0603Ha4eHbl COOTBeTCTBeHHO HeHTpaJlbHble, OAHO-, 

ABYX- VI TpexKpaTHO VIOHV130BaHHble aTOMbl COpTa A.KamAaR Vl3 yKa3aH
HbiX peaK4VIH onVICbiBaeTCR npOCTOH.CVICTeMOH anre6QaVI4eCKVIX ypasHe
HVIH, AOnycKaiOIIIVIX aHaJ1VITVI4eCKVIe peweHVIR. 

HanpVIMep, AJ1R peaK4VIVI o6pa30BaHVIR TpexKpaTHbiX VIOHOB VIMeeM 
CVICTeMy 

y A2 + y A3 = y A2 ' y A3 = e 3 y A2/y E3 ' y E3 = y A3 

OTHOCVITeJlbHO HeV13BeCTHbiX BeJ1V14VIH YA 2 , Y A 3 , yE3 .3AeCb Y As VI Y 
8 

-

KOH4eHTPa4VIVI COOTBeTCTBeHHO 8 -KpaTHbiX VIOHOB VI 3JleKTpOHOB, olpa-
30BaBWVIXCR B pe3yJ1bTaTe 8-H_peaK4VIVI, YAs- KOH4eHTpa4V1R 8-
KpaTHbiX VIOHos s PM, 8 = 1,2,3; y Ao= 1. 

BblnVIweM peweHVIe PM AJlR CJly4aR TpexKpaTHOH VIOHV13a4VIVI. 0Ho VIMe
eT BVIA 

10 

0,5 1 1 y A I = 0,5 e I (( 1 + 4 I e I ) - ); Y A o = - Y A I 

- 0,5 
Y A 2 = 0,5 e 2((1 + 4 Y A I I e 2 ) - 1); Y A I "" Y A I .;.. Y A2 ; 

Y A3 = 0,5 C 3 ((1 + 4yA2 I e3) 
0

'
5

- 1); Y A2 = Y A2 - y A3 • Y A3 = Y A3; 

YE = y AI+ 2Y A2 + 3Y A3' 

I ., 

06o6111eHV1e PM A11R nocJleAYIOIIIVIX VIOHV13a4VIH npoBOAVITCR 3JleMeH
TapHo. 

5. 41-1CJlEHH~E PE3YJlbTAT~ 1-1 YT04HEHHA~ PACmEnllEHHA~ MO,QEJlb 

1. nocTPOVIM CHa4a11a YT04HeHVIe PM AJlR 3aAa4VI /2. 1/. l-13 COOTHQ
weHVIH /3.3/, /3.5/-/3.8/ BVIAHO, 4To npVI aaAaHHbiX aHa4eHVIRX T 
VI p KOH4eHTpa4V1V1 KOMnoHeHT, npe06JlaAa~VIe B cpeAe, Bb14VICJ1RIOTCR 
T04HO. KpoMe Taro, AOCTaT04HO T04HO so seeM AVIanaaoHe TeMnepaTYP 
VI nJlOTHOCTeH Bbi4VICJ1RIOTCR 3Ha4eHVIR KOH4eHTpa4VIH HeHTpaJlbHbiX aTo
MOB. 3TO n03BOJ1ReT 3~$eKTVIBHO YT04HRTb KOH4eHTPa4VIVI VIC4e3aiOIIIVIX 
KOMnOHeHT (X AI ,xMO ,XMI) • .QJ1R 3TOrO K COOTHOWeHVIRM /3.1/ AOfia
BVIM BblpameHVIR 

Z = y AO + 2 eM y !o + ( eA I y AO + 2eM 1 eM y lo ) (e A 1 Y Ao+ eM eM 1 Y lo)-0 ·~ 

ZAo= YAo I z • ZMO = eM y ~0 / z ; /5.1 I 

z e z 
AO A 1 MO z =----,z =--

A1 z z- M1 z 
E E 

eM I 
z E = < Y Ao e A 1 + Y ~o eM eM 1) 

0
'
5 

I z, ---. 
z 

rAe ZB- HOBble npV16J1VImeHHble 3Ha4eHVIR KOH4eHTPa4VIH 4aCTVI4 COpTa B. 
T~M r~MWM nnnyu~~~ yTnU~PHH~R n~~wenneHHaR MOneJlb /YPM/. 3aMeTVIM. 
4TO HOPMVIPOBKa KOH4eHTpa4V1H Ha BeJ1VI4VIHY Z B /5.1/ npoBeAeHa AJlR 
Taro, 4T06bl s YPM T04Ho BblnOJlHRJlVICb 6aJ1aHcHble cooTHoweHVIR /2.1a/, 
/2.16/. 

YTo4HeHVIe PM AJlR MHoroKpaTHOH VIOHV13a4VIVI s AaHHOH pa6oTe He 
npOBOAVIJlOCb, 

2. OcTaHOBVIMCR Tenepb Ha 4VICJleHHbiX peayJlbTaTax. 3aAaBaR 3Ha-
4eHJ.1R napaMeTpOB T VI p V13 COOTHOWeHVIH /3.5/-/3.8/, MOmHo noJ1y-
4VITb anpVIopHble 04eHKV1 T04HOCTVI PM. Ha npaKTVIKe oKa3b1BaeTcR,4TO 
OHVI CYIIIeCTBeHHO 3aBbiWeHbl, 3TO BVIAHO cpa3y, eCJlVI cpaBHVITb anpVIop
Hble 04eHKV1 /3.5/-/3.8/ B rpaHV14HbiX T04KaX OfiJlaCTeH npeOfiJlaAaHVIR 
TeX VIJlVI VIHbiX KOMnOHeHT /TO eCTb npVI XMo=XAOoXAo=XA1•XMo=XA 1 /. 
3TO nOATBepmAaeTCR VI 4VICJleHHbiMVI pac4eTaMVI COCTaBa a30THOH nJ1a3Mbl 
npVI p = 1 , 29 1 0 -a r. eM -3, npVIBeAeHHbiMVI Ha PVIC. 2. Cn11owHOH JlVIHVIeH 
noKa3aHo peweHVIe ypasHeHVIH /2.1/, a WTPVIXOBOH- pac4eTbl no PM 
/TaM, rAe OHVI OTJ1VI4aiOTCR OT T04HOro peWeHVIR/. KpoMe Taro, Ha 
pVIC,2 sepTJ.1KaJ1bHbiMVI WTPVIXOBbiMVI JlVIHVIRMVI 0603Ha4eHbl rpaHV14bl OfiJlac
TeH npeo6JlaAaHVIR TeX VIJlVI VIHbiX KOMnOHeHT cpeAbl npVI 3aAaHHOM p. 

0Ka3aJ10Cb, 4TO MaKCVIMaJlbHaR OWVIfiKa npVI OnpeAeJleHVIVI KOMnOHeHTbl 
XAo no PM a o611acTV1 TeMnepaTyp 3·10 3K~T~ 3·104K npH nJlOTHOCTH 
p = 1,29·10-3 r· cM-3 He npesblwaJla 0,15% /anpVIOPHble 04eHKH AaiOT 

3,5%, To ecTb OHVI CVIJlbHO aasblweHbl/. To4HOCTb YPM oKaaaJlacb 3Ha-

ll 



X 

1 

-1o" 
6 iO 

PHc.2 

-I lO 'r.lll~t 

4HTenbHo e~we. TaK, KOH~eHTpa~HH 

HeHTpanbH~X KOMnOHeHT B yKa3aHHOM 
AHanasoHe TeMnepaTyp B~4Hcn~nHCb 
no YPM c owH6KoA, He npeBb1Wa10111eA 
0,05%. A MaKCHManbHa~ owH6Ka npH 
pac4eTe HC4e3al0l!IHX KoMnoHeHT He npe
Bblwana 0 , 1%. 

6~n0 npoBeAeHO cpaBHeHHe T04HOCTH 
B~4HcneHH~ e paMKax PM H YPM TaKHX 
MaKpOCKOnH4eCKHX napaMeTpOB, KaK 
AaeneHHe H BHyTpeHH~~ 3HeprH~ rasa. 
EcnH npH pac4eTe Aa8neHH~ H BHyTpeH
HeA 3HeprHH no PM OWH6KH COOT8eTcT-
8eHHO He npe8~wanH 0,3% H 0,6%, TO 
8 YPM OHH ynanH cooT8eTCT8eHHo AD 
0,02% H 0,04%. TeM caM~M noKa3aHo, 
4TO PM npHrDAHa An~ onpeAeneHH~ xH
MH4ecKoro H HOHH3a~HOHHoro pa8Ho8e
CH~ HH3KOTeMnepaTypHOH nna3M~,a TaK
~e An~ pac4eTa TaKHX MaKpocKonH4e
CKHX 8enH4HH, KaK AaBneHHe H 8HyT
peHH~~ 3HeprH~. YPM Mo~eT 6~Tb Hc
nonb3o8aHa An~ pac4eTa 3neKTpoHH~x 
KOMnOHeHT K03$$H~HeHT08 nepeHOCa 
H onpeAeneHH~ onTH4eCKHX C80HCT8 

nn .• ~t:<------
...,...,~ IUMU ..... I H"' 

CTaT04HOH T04HOCTb~. 

3. npo8eAeHH~e 4HCneHH~e pac4eT~ noKa3anH, 4TO PM AaeT YAOB
neT80PHTenbH~e pesynbTaT~ npH onpeAeneHHH HOHH3a~HOHHoro pa8Ho
eecH~ cpeAbl. 0Ka3anOCb, 4TO npH 8~4HCneHHH TaKHX 8enH4HH, KaK 
cTeneHb HOHHsa~HH, Aa8neHHe H BH'lTpeH/~~ 3HeprH~, PM no T04HOCTH 
no4TH He YCTynaeT MeTOAY PaAsepa I ,II • TaK, OTHOCHTenbHa~ OWH6· 
Ka npH paC4eTe KOH~eHTpayHH 8 paMKaX PH B WHPOKOM AHana3DHe TeM
nepaTyr H nnoTHOCTeA /10 4 K;ST ;S105 K, 1,29.10~ r·tM-3,:Sp . .:S 
~1 ,29- r.cM-3 I He npe8~Wana 19%. A oTHOCHTenbH~e norpewHOCTH 
npH onpeAeneHHH 8HyTpeHHeA 3HeprHH H AaBneHH~ He npe8~wanH co
OT8eTCT8eHHO 19% H 10%. HanOMHHM, 4TO npH 3TOM, 8 OTnH4He OT 
MeToAa PaAsepa, peweHHe no PM e~nHc~8aeTc~ e ~BHOM 8HAe. 

4. Ka4eCT80 PM HccneA08anocb H 8 He6naronpH~THOM cny4ae, KorAa 
noTeH~Han~ AHCCO~Ha~HH MOneKyn npe8~WanH noTeH~Han~ HOHH3a~HH 
aTOM08 H MoneKyn. K TaKHM coeAHHeHH~M oTHOC~Tc~ BaF H CsBr. Hx 
noTeH~Han~ pa3p~Ba C8~3eH TaKOB~, 4To/1 2/ 

1 BaF< 1sa<DBaF<IF' 1 cs< 0 csBr < 1 csBr < 1Br" 
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Ta6JIH~a 0Ka3anocb, 4TO Aa~e e 3TOM cny-
4ae PM YAOBneT80pHTenbHO npHMeHH-

10-2 10-4 Ma Afl~ pac4eTa TaKHX 8enH4HH,KaK 
AaBneHHe ~ 8HyTpeHH~~ 3HeprH~. 

XoT~ norpewHoCTb 8 onpeAeneHHH 
0,5 8 14 

KOH~eHTpa~HH, npeo6naAa10111HX 8 cpe-
I 5 10 Ae, AOCT~rana 30%, OWHfiKH 8 B~4HC-

YE 2 4 
neHH~ AaBneHH~ H 8HyTpeHHeH 3Hep-
rH~ He npe8~WanH COOT8eTCTBeHHO 

ZE I 3 7% ~ 13%. 

5. KaK noKasanH 4HcneHH~e pac4eT~, PM H YPM MoryT 6~Tb Hc
nonbsoeaH~ KaK xopowee np~6nH~eHHe npH yT04HeHHH KOH~eHTpa~HA 
BCeX KOMnOHeHT MeTOAaMH /2.2/ H /2.4/. npH 3TOM OKasanOCb, 4TO 
Ha npaKTHKe ~MeeT MeCTO 6onee 6~CTpa~ CXOAHMOCTb, 4eM ycTaHOB· 
neHHa~ B TeopeMe 1. 3aBHC~MOCTb MaKCHManbHOrO 4HCna HTepa~HH 
OT He06XOAHMO~ OTHOCHTenbHOH norpeWHOCTH 8 H B~6opa Ha4anbHOrO 
npw6nH~eHH~ X~) AaHa 8 Ta6nH~e, rAe YE H ZE - KOH~eHTpa~HH 
3neKTpoHoe, cooTeeTCTBYIO~e pac4eTaM no PM H YPM. 

B saKnl04eHHe xo4eTc~ e~pasHTb HCKpeHHIOIO 6naroAaPHOCTb 
H.H.KanHTKHHY H B.C.Poroey 3a 8HHMaHHe K pa6oTe H nonesH~e sa
Me4aHH~. 
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IIIHpKoa II ,,!J;. IlpH6JIHJKeHHble H •mcneHHble MeTOgbl 
pact~eTa COCTaBa paBHOBeCHOll nna3MN 

PS-82-899 

B o6naCTH gRCCOQHaQHll H nepBWX HOHH3aQHH aTOMOB H MOneKyn 
,[IJIH paCtJeTa KOHQeHTpaQHH tJaCTHQ nna3MN 0 HaXO,[IH~eHCR B nOKanbHOM 
TepMOAHHaMH'IeCKOM paBHOBeCHH, npe,[IJIOJKeHa IIpOCTaa MaTeMaTHtJe
CKaa MO,[Ienb, OCHOBaHHaa Ha IIpH6n~eHHOM pac~enneHHH npOQeCCOB 
gRCCOQHaQHH H HOHH3aQHH, HailAeHbJ TO'IHhle pemeHHa pac~enneHHOH 
MO,[IeJIH H nonyt~eHbJ arrpHOpHbJe OQeHKH ee TOtJHOCTH, IlOCTpOeHa 
YTOt~HeHHaa pac~enneHHaa Mo,~:~enh, cne,~:~yro~aa H3 nonHOH CHCTeMbJ 
ypaaHeHHH paaHoaecHoro cocTaaa. IIocTpoeHa pac~enneHHaa Mo,~:~enh 

,[IJIR pact~eTa MHOrOKpaTHOH HOHH3aQHH CpeAbJ, Ilpoae,~:~eHbl cpaaHeHHR 
C tJHCJieHHb!MH pact~eTaMH COCTaBa nna3Mbl, Ilpe,[IJIOJKeH stWJeKTHBHbiH 
HTepaQHOHHbiH npOQeCC ,[IJIR pactJeTa paBHOBeCHbiX KOHQeHTpaQHH 
}:!HCCOQHHPYJO~eH H HOHH3YJO~eHCR cpeA!>Io 

Pa6oTa BbmonHeHa a ITa6opaTopHH BhltJHCJIHTenhHOH TeXHHKH 
H aaToMaTH3aQHH OHHH. 

npenpHHT 06beAHHeHHOfO HHCTHTYTa RAePH~X HccneAOBaHH~. AY6Ha 1982 

Shirkov P.D. Some Approximate and Numerical Methods PS-82-899 
for the Equilibrium Plasma Composition Calculation 

In order to compute concentrations of plasma particles 
being in local thermodynamic equilibrium a simple mathematical 
model is proposed in the region of dissociation and first io
nization of atoms and molecules. It is based on the approximate 
splitting processes of dissociation and ionization. Exact solu
tions of split model are found and a priori estimates of its 
precision are obtained. The refinement of split model follow
ing from the full system of equilibrium composition is propo
sed. The split model for the medium multi-ionization calculati
on is constructed. Comparison with numerical calculations of 
plasma composition is made. An effective iterative method is 
proposed to estimate equilibrium concentrations of dissociating 
anf ionizating medium. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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