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HFCXTN HFDYJDTCYJUJ CJCNFDF DJPLEIYJQ GKFPVS C GHJLERNFVB

EYJCF FK>VBYBZ LKZ ECKJDBQ <FKKBCNBXTCRB{ "RCGTHBVTYNJD

Y&Y& Gbk.uby^ T&<&Helysq

D hf,jnt ghjdtltys hfcxtns hfdyjdtcyjuj cjcnfdf djpleiyjq

gkfpvs c ghjlernfvb eyjcf fk.vbybz (c extnjv j,hfpjdfybz

rjyltycbhjdfyyjuj Al O ) lkz eckjdbq ,fkkbcnbxtcrb[ ’rcgthb-2 3

vtynjd d j,kfcnb pflytq rhbnbxtcrjq njxrb pf ntkjv (2000 R < T

-4< 4600 R^ 60 vv& hn& cn& < p < 600 vv& hn& cn&^ 10 < c <Al

0&12^ ult T - ntvgthfnehf^ p - lfdktybt^ c - cevvfhyfz ljkzAl

fk.vbybz)& Gjkextyyst htpekmnfns zdkz.ncz bc[jlysvb lkz lfkm-

ytqituj bccktljdfybz ckj;ys[ ythfdyjdtcys[ ghjwtccjd^ ghjntrf-

.ob[ d lfkmytv cktlt^ f nfr;t ghtlcnfdkz.n cfvjcnjzntkmysq

bynthtc lkz ghbkj;tybq d abpbrt ybprjntvgthfnehyjq gkfpvs c

exfcnbtv ghbcfljr fk.vbybz&



ELR 629&7&018&3

HFCXTN HFDYJDTCYJUJ CJCNFDF DJPLEIYJQ GKFPVS C GHJLERNFVB

EYJCF FK>VBYBZ LKZ ECKJDBQ <FKKBCNBXTCRB{ "RCGTHBVTYNJD

Y&Y& Gbk.uby^ T&<&Helysq

Ghb ,jkmib[ ubgthpderjds[ crjhjcnz[ gjktnf d fnvjcatht cnfyj-

dbncz pfvtnysv eyjc vfccs ntkf [1]& Ghjlerns bcgfhtybz c gjdth[yjc-

nb vjuen dkbznm yf hfcghtltktybz ytqnhfkmys[ b pfhz;tyys[ xfcnbw b

cgtrnhfkmye. byntycbdyjcnm bpkextybz^ rjnjhst^ d rjytxyjv bnjut^

jghtltkz.n yf,k.lftvst gfhfvtnhs gjnjrf jrjkj ktnzotuj ntkf [2]&

Nfrbv j,hfpjv^ ’rcgthbvtynfkmyjt bpextybt cktljd pf f,kbhe.obvb

ntkfvb ghtlcnfdkztn pyfxbntkmysq bynthtc& Vyjubt jcj,tyyjcnb abpb-

xtcrb[ ghjwtccjd^ ghjntrf.ob[ d cktlf[^ vjuen ,snm bpextys d ,fkkb-

cnbxtcrb[ ecnfyjdrf[ ghb bpdtcnys[ yfxfkmys[ eckjdbz[ d nhfcct [3]&

R dtotcndfv^ chfdybntkmyj kturj gjgflf.obv dcktlcndbt f,kzwbb

d cktl^ jnyjcbncz fk.vbybq b tuj jrbcks& D kf,jhfnjhys[ ,fkkbcnb-

xtcrb[ ’rcgthbvtynf[ ghb bpextybb [fhfrnthbcnbr cktljd pf ntkfvb

xfcnj ghbvtyz.ncz vjltkb kb,j bp xbcnjuj l.hfk.vbybz [4-8]& kb,j

gjrhsnst njyrbv ckjtv vtlb lkz ghtljndhfotybz eyjcf fk.vbybz c

gjdth[yjcnb& D hzlt ckexftd d vjvtyn dscnhtkf ghjbc[jlbn hfpheitybt

pfobnyjq gktyrb vtlb& D hzlt hf,jn ’rcgthbvtynfkmyj bpexfkjcm

dkbzybt eyjcf fk.vbybz yf bpkextybt [4^ 5] b hfcghtltktybt ’ktrn-

hjyyjq rjywtynhfwbb d cktlt [6-8]&

J,pjh lfyys[ gj bpvthtybzv cgtrnhfkmyjuj bpkextybz d cktlf[ pf

fk.vbybtdsvb vjltkzvb^ ktnzobvb d ,fkkbcnbxtcrjq nhfcct cj crjhj-

cnzvb V = 4 - 5 rv/c ghb lfdktybz[ p = 40 vv& hn& cn& : 1&5 fnv^
8 8

dszdbk cktle.obt jcj,tyyjcnb& J,kfcnm cdtxtybz gfhjd fk.vbybz bvttn

ghjnz;tyyjcnm lj ~ 200 lbfvtnhjd ntkf b ibhbye 2 - 3 lbfvtnhf b
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ceotcndtyyj pfdbcbn jn lfdktybz yf,tuf.otuj gjnjrf& D cgtrnht cktlf

jnvtxtyj ghbcencndbt AlO, AlO , Al O b Al^ f nfr;t xfcnbw rjylty-2 2 2

cbhjdfyyjuj jrcblf Al O ^ djpybrf.ob[ ghb cujhfybb fk.vbybz&2 3

Fyfkbp htpekmnfnjd CDX bpvthtybq d cktlf[ pf fk.vbybtdsvb

cathfvb [6-8] gjrfpsdftn^ xnj bpvtytybt kbytqyjq rjywtynhfwbb

’ktrnhjyjd d cktlt cdzpfyj c ghjwtccfvb^ d rjnjhs[ exfcnde.n bjys

+ - -Al , AlO , AlO b^ djpvj;yj^ pfhz;tyyst vbrhjxfcnbws rjyltycbhjdfy-2

yjuj jrcblf fk.vbybz&

Lkz ntjhtnbxtcrjuj j,‘zcytybz ghjwtccjd d cktlt ghb yfkbxbb

eyjcf fk.vbybz ytj,[jlbvj pyfnm [bvbxtcrbq cjcnfd j,hfpe.otqcz

vyjujrjvgjytynyjq gkfpvs& D lfyyjq hf,jnt ghbdtltys cbcntvfnbxtcrbt

dsxbcktybz hfdyjdtcyjuj cjcnfdf ghjlernjd jrbcktybz fk.vbybz&

Hfcxtns hfdyjdtcyjuj cjcnfdf djpleiyjq gkfpvs c gfhfvb fk.vbybz (c

extnjv j,hfpjdfybz rjyltycbhjdfyyjuj Al O ) ghjdtltys lkz eckjdbq2 3

,fkkbcnbxtcrb[ ’rcgthbvtynjd [6-8] d j,kfcnb pflytq rhbnbxtcrjq

njxrb pf ntkjv& Gjkextyyst htpekmnfns zdkz.ncz bc[jlysvb lkz lfkm-

ytqituj bccktljdfybz ckj;ys[ ythfdyjdtcys[ ghjwtccjd^ ghjntrf.ob[ d

lfkmytv cktlt [2^ 3^ 8] b nfr;t ghtlcnfdkz.n cfvjcnjzntkmysq bynt-

htc lkz ghbkj;tybq d abpbrt ybprjntvgthfnehyjq gkfpvs c exfcnbtv

ghbcfljr fk.vbybz [9]&

Ds,jh lbfgfpjyf hfcxtnys[ gfhfvtnhjd

Ghb ds,jht lbfgfpjyf hfcxtnys[ gfhfvtnhjd ghtlgjkfufkjcm^ xnj

lkz ’rcgthbvtynjd [6-8] j,hfpjdfybt cjtlbytybq fk.vbybz ghjntrftn d

j,kfcnb pflytq rhbnbxtcrjq njxrb b ghb ’njv ecnfyfdkbdftncz [bvb-

xtcrjt hfdyjdtcbt ghb pflfyyjq ntvgthfneht T b lfdktybb p& J,jcyj-

dfybtv ’njve cke;fn jwtyrb dhtvtyb yf[j;ltybz xfcnbw ufpf d j,kfcnb

djpdhfnyj-wbhrekzwbjyyjq pjys b [fhfrnthyjuj dhtvtyb ghjntrfybz

htfrwbq&
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J,kfcnm djpdhfnyj-wbhrekzwbjyyjq pjys hfcgjkfuftncz jn ntkf yf

hfccnjzybz[ l ~ 2D [2], [fhfrnthyfz crjhjcnm d ’njq j,kfcnb$ V ~

-40.05 V . Njulf ghb V ~ 4 rv/c^ D = 1 cv^ t ~ l/V ~ 10 c, f
8 8 ufp

[fhfrnthyjt dhtvz htkfrcfwbb [bvbxtcrb[ htfrwbb d lfyyjq j,kfcnb tx
-5 -6

~ 10 - 10 c [2^ 3]. Nfrbv j,hfpjv^ xbckj Lfvrtkthf hfdyj Dam ~

2t /t = 10 - 10 >> 1 b eckjdbz d jrhtcnyjcnb pflytq rhbnbxtcrjq
ufp [

njxrb ,kbprb r hfdyjdtcysv& (dcnfdrf F)

Ntvgthfnehf T^ lfdktybt p b gjkj;tybt pflytq rhbnbxtcrjq njxrb

x /D jghtltkzkbcm yf jcyjdt ntjhbb Xtgvtyf-Rjhcnf gj fgghjrcbvfwb-T

jyysv ajhvekfv [2]$

x /D = 0.1625 + 0.05625 MT 8
2p/p = 1 + 0.03648 M /(x /D)

8 8 T
2T = 10.02 M + F(p)
8

3F(p) = 10 W{1529(p/p ) + 3.851}/{1000(p/p ) + 3.085}o o

ult p - lfdktybt ghb yjhvfkmys[ eckjdbz[^ M - xbckj Vf[f yf,tuf-o 8

.otuj gjnjrf^ D - lbfvtnh ntkf& Cevvfhyfz ljkz fk.vbybz d ’njq

j,kfcnb ntkf c hfccxbnsdfkfcm yf jcyjdt gfhwbfkmys[ lfdktybqAl

rjvgjytynjd gfhf jrcblf Al O ^ jghtltkztvs[ bp hf,jn [10-13]&2 3

D htpekmnfnt jghtltktys cktle.obt [fhfrnthyst lbfgfpjys

gfhfvtnhjd lkz ’rcgthbvtynjd [6-8]$ 2000 R < T < 4600 R^ 60 vv& hn&

-4
cn& < p < 600 vv& hn& cn&^ 10 < c < 0&12&Al

Hfcxtns dsgjkytys d ghb,kb;tybb kjrfkmyjuj nthvjlbyfvbxtcrjuj

hfdyjdtcbz& Jlyfrj^ yfkbxbt d ,kb;ytv cktlt uhflbtynjd ntvgthfnehs

b rjywtynhfwbq vj;tn dspsdfnm lbaaepbjyyst gjnjrb ’ktvtynjd b

yfheifnm b[ yfxfkmyst ,fkfycjdst cjjnyjitybz& Jwtybnm vfrcbvfkmye.

dtkbxbye jnrkjytybz jn bc[jlyjuj cjjnyjitybz rjywtynhfwbq ’ktvtynjd

d yf,tuf.otv gjnjrt b cktlt pf cxtn lbaaepbb vj;yj cktle.obv

j,hfpjv&

D cktlt pf ntkjv ghb crjhjcnz[ V = 6 rv/c uhflbtyns
8
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ntvgthfnehs b rjywtynhfwbq vtymit^ xtv d gjuhfybxyjv ckjt jrjkj

kj,jdjq gjdth[yjcnb pfnegktyyjuj ntkf^ dj-gthds[^ pf cxtn vtymituj

bpvtytybz cfvb[ dtkbxby (d cktlt bpvtytybz ntvgthfnehs cjcnfdkz.n

DT ~ 3000 : 4000 R^ d gjuhfybxyjv ckjt DT ~ 6000 : 7000 R)^

dj-dnjhs[^ pf cxtn hfpys[ [fhfrnthys[ njkoby bpvtytybq (d cktlt

[fhfrnthyst lkbys gjhzlrf d^ d gjuhfybxyjv ckjt [fhfrnthyfz njkobyf
5------------6

cjcnfdkztn d/r Re ; 0.01 d^ ult d - lbfvtnh ntkf^ Re - xbckj

Htqyjkmlcf)& D [14] gjrfpfyj^ xnj ghb cdth[pderjdjv ythfdyjdtcyjv

j,ntrfybb ntkf djple[jv dtkbxbyf lbaaepbjyyjuj hfpltktybz ’ktvtynf

rbckjhjlf pfdbcbn jn rjywtynhfwbb fnjvjd yf dytiytq uhfybwt

gjuhfybxyjuj ckjz b [fhfrnthf ghjntrfybz ujvjutyys[ b utnthjutyys[

rfnfkbnbxtcrb[ htfrwbq& Vfrcbvfkmyfz rjywtynhfwbz ’ktvtynf rbkjhjlf

lkz bltfkmyjq rfnfkbnbxtcrjq gjdth[yjcnb ljcnbuftncz ghb eckjdbz[^

rjulf yf dytiytq uhfybwt gjuhfybxyjuj ckjz vjktreks rbckjhjlf O2

gjxnb gjkyjcnm. ghjlbccjwbbhjdfys^ f fpjn tot yt yfxfk lbccjwbbhj-

dfnm^ gjcrjkmre fnjvs rbckjhjlf lbaaeylbhe.n r ntke ,scnhtt vjktrek

fpjnf (bp-pf hfpkbxbz d vfccf[)&

Hfcxtns^ ghjdtltyyst d [14] gjrfpsdf.n^ xnj vfrcbvfkmyjt

pyfxtybt vfccjdjq rjywtynhfwbb [bvbxtcrjuj ’ktvtynf rbckjhjlf d

gjuhfybxyjv ckjt hfdyj 0&27 b ljcnbuftncz ghb pyfxtybb C = 0.231^Oe

rjnjhjt cjjndtncndetn pfdthityb. lbccjwbfwbb rbckjhjlf yf dytiytq

uhfybwt gjuhfybxyjuj ckjz& D [14] gjrfpfyj^ xnj ’nb hfcxtns yf[j-

lzncz d [jhjitv cjukfcbb d lfyysvb^ gjkextyysvb lheubvb fdnjhfvb&

Nfrbv j,hfpjv^ lbaaepbjyyjt hfpltktybt ’ktvtynjd d gjuhfybxyjv

ckjt yf ntkt ghbdjlbn r edtkbxtyb. rjywtynhfwbb ’ktvtynf rbckjhjlf

yt ,jktt^ xtv yf 15%& Tckb bcgjkmpjdfnm ’nj vfrcbvfkmyjt pyfxtybt^

nj ,fkfycjdjt cjjnyjitybt ’ktvtynjd djple[f d cktlt lkz vjkmys[

rjywtynhfwbq N : O bpvtybncz jn 0&8 $ 0&2 lj 0&77 $ 0&23&
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Vtnjl hfcxtnf

Hfcxtn hfdyjdtcyjuj cjcnfdf ghjdtlty gj ghjuhfvvt VCS [15] c

bcgjkmpjdfybtv nthvjlbyfvbxtcrb[ lfyys[ bp ,fyrf BDNFY-NTHVJ (dth-

cbz 1986 u&) [12] b cghfdjxybrf [13]& Bcgjkmpjdfyf vjltkm bltfkmyj-

uj fccjwbbhjdfyyjuj ufpf& D hfvrf[ ’njq vjltkb^ [bvbxtcrbq gjntywb-

fk rjvgjytynjd gkfpvs jgbcsdftncz rfr

o o
m = m + RT ln (p /p )i i i

o
ult m cnfylfhnysq [bvbxtcrbq gjntywbfk (vjkmyfz cnfylfhnyfzi

’ythubz Ub,,cf bltfkbpbhjdfyyjuj cjcnjzybz lfyyjuj ufpf ghb

o
cnfylfhnyjv lfdktybb)^ p = 101325 Gf - cnfylfhnyjt lfdktybt^ p -i

gfhwbfkmyjt lfdktybt ufpf& Lkz rjyltycbhjdfyyjuj jrcblf fk.vbybz

o
cxbnfkjcm^ xnj m = m &i i

D ,fyrt lfyys[ BDNFY-NTHVJ [12] b cghfdjxybrt [13] ghbdtltys

lfyyst^ bp rjnjhs[ ,skb hfccxbnfys vjkmyst ’ythubb Ub,,cf lkz 35

ufpjafpys[ b jlyjuj rjyltycbhjdfyyjuj cjtlbytybz^ rjnjhst vjuen

j,hfpjdsdfnmcz bp ’ktvtynjd N, O, Al b ’ktrnhjyf& "nj ytqnhfkmyst

vjktreks (O, O , O , N, N , N , NO, NO , N O, N O , N O , N O , Al,2 3 2 2 2 2 2 3 2 4 2 5
+Al , AlO, AlO , Al O, Al O , Al O , AlN)^ gjkj;bntkmyst bjys^ (O ,2 2 2 2 3 2 2

+ + + + + + +O , N , N , NO , NO , N O , Al )^ ’ktrnhjy e^ jnhbwfntkmyst bjys2 2 2 2
- - - - - -

(O , O , NO , NO , AlO , AlO ) b rjyltycbhjdfyysq jrcbl fk.vbybz2 2 3 2

Al O .2 3

Lkz yf[j;ltybz hfdyjdtcyjuj cjcnfdf ceotcndetn wtksq hzl

xbcktyys[ vtnjljd [15]^ jcyjdfyys[ yf vbybvbpfwbb j,otq ’ythubb

Ub,,cf cbcntvs

G = S n mi i i

ghb gjcnjzyys[ ntvgthfneht^ lfdktybb b ’ktvtynyjv cjcnfdt ghb

eckjdbb ytjnhbwfntkmyjcnb hfdyjdtcys[ xbctk vjktq n & D yfcnjzotqi

hf,jnt dct hfcxtns ghjdtltys c bcgjkmpjdfybtv gjlghjuhfvvs VCS^ ult

htfkbpjdfy nfr yfpsdftvsq cnt[bjvtnhbxtcrbq fkujhbnv, ghtlkj;tyysq
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Villars^ Cruise b Smith [15]& Yfi jgsn hf,jns gjrfpfk^ xnj lfyyfz

gjlghjuhfvvf zdkztncz jlyjq bp cfvs[ ’aatrnbdys[ ghb hfcxtnt hfdyj-

dtcyjuj cjcnfdf djpleiys[ gkfpv&

D hfvrf[ cnt[bjvtnhbxtcrjuj fkujhbnvf ds,bhftncz vfrcbvfkmyjt

rjkbxtcndj kbytqyj ytpfdbcbvs[ htfrwbq b vbybvbpfwbz ’ythubb Ub,,cf

ghjdjlbncz jnyjcbntkmyj nfr yfpsdftvs[ [bvbxtcrb[ gthtvtyys[^

cdzpfyys[ c [bvbxtcrbvb htfrwbzvb& Ytj,[jlbvst [bvbxtcrbt htfrwbb

utythbhe.ncz fdnjvfnbxtcrb b nfrbv j,hfpjv^ xnj,s j,tcgtxbnm ,scn-

he. c[jlbvjcnm ghb vbybvbpfwbb& Yfxfkmyjt ghb,kb;tybt lkz hfdyjdtc-

ys[ xbctk vjktq d gjlghjuhfvvt VCS ds,bhftncz fdnjvfnbxtcrb&

Rhbnthbtv c[jlbvjcnb d gjlghjuhfvvt VCS cke;bn ljcnb;tybt

hfdyjdtcbz d rf;ljq [bvbxtcrjq htfrwbb

-6
1 S n m 1 < 5W10i ij i

ult n - cnt[bjvtnhbxtcrbq rj’aabwbtyn (i - yjvth dtotcndf^ j -ij

yjvth htfrwbb)& Nfr;t ufhfynbhetncz cj,k.ltybt vfnthbfkmyjuj

-8
,fkfycf lkz rf;ljuj ’ktvtynf c jnyjcbntkmyjq njxyjcnm. 5W10 b

+ - -9
eckjdbz ’ktrnhjytqnhfkmyjcnb 1S n - S n 1 < 5W10 .i i i i

Lkz ljcnb;tybz c[jlbvjcnb d yfib[ hfcxtnf[ nht,jdfkjcm gznyf-

lwfnm - nhblwfnm bnthfwbq& Dhtvz hfcxtnf jlyjuj dfhbfynf hfdyjdtc-

yjuj cjcnfdf cjcnfdkzkj vtytt jlyjq vbyens yf G"DV rkfccf FN ,tp

cjghjwtccjhf&

Bp gjkextyys[ hfdyjdtcys[ xbctk vjktq hfccxbnsdfkbcm vjkmyst

ljkb x = n /S n ^ hfdyjdtcyst gfhwbfkmyst lfdktybz p = x p^ ult pi i i i i i

- j,ott lfdktybt^ b hfdyjdtcyst rjywtynhfwbb N = p /RT& Lkz rjy-i i

ltycbhjdfyyjuj jrcblf fk.vbybz bp hfdyjdtcyjuj xbckf vjktq hfccxb-

nsdfkfcm rjywtynhfwbz vbrhjxfcnbw d tlbybwt j,‘tvf^ d ghtlgjkj;t-

ybb^ xnj hflbec r jlyjq vbrhjxfcnbws pflfy
nWM p

N = [----------------------------------------------------------]W[----------------------------------------]Al O (s)2 3 34/3Wpr r S n WRTi i
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ult M - vjktrekzhyfz vfccf& D hfcxtnf[^ cjukfcyj bpvthtybzv [2]

ghbyznj^ xnj r = 0&035 vrv&

Htpekmnfns hfcxtnjd b b[ j,ce;ltybt

Ytrjnjhst htpekmnfns hfcxtnjd hfdyjdtcyjuj cjcnfdf ghb gfhf-

vtnhf[^ nbgbxys[ lkz ’rcgthbvtynjd [6-8]^ ghbdtltys yf hbc& 1 - 6&

Yf hbc& 1 - 4 gjrfpfys pfdbcbvjcnb j,‘tvys[ rjywtynhfwbq jcyjdys[

rjvgjytynjd gkfpvs jn ntvgthfnehs ghb abrcbhjdfyyjv lfdktybb (60

vv& hn& cn& - hbc& 1^ 2# 300 vv& hn& cn& - hbc& 3^ 4) b yfxfkmyjv

’ktvtynyjv cjcnfdt d vjkmys[ ljkz[ (0.8 N + 0.2 O + 0.1 Al - hbc&

1^ 3# 0.8 N + 0.2 O + 0.001 Al - hbc& 2^ 4)& Hbc& 5 b 6 gjrfpsdf.n

pfdbcbvjcnb fk.vjcjlth;fob[ rjvgjytynjd jn cjlth;fybz fk.vbybz d

djple[t ghb gjcnjzyyjq ntvgthfneht (2500 R - hbc& 5^ 3000 R - hbc&

6) b gjcnjzyyjv lfdktybb 300 vv& hn& cn&

Bp hbceyrjd 1 - 4 cktletn^ xnj rjywtynhfwbz jnhbwfntkmys[

bjyjd d pfdbcbvjcnb jn ntvgthfnehs bvttn vfrcbvev d jrhtcnyjcnb

ntvgthfnehs 3500 R& Rjywtynhfwbz vbrhjxfcnbw rjyltycbhjdfyyjuj

jrcblf fk.vbybz ghb ntvgthfnehf[ 2000 - 3000 R cbkmyj pfdbcbn jn

j,otuj rjkbxtcndf eytctyyjuj fk.vbybz. Jnvtnbv^ xnj hfcxtnyst

pyfxtybz ghb p = 300 vv& hn& cn b c = 0&1 cjcnfdkztn N ~Al Al O (s)2 3
11 -310 cv ^ xnj [jhjij cjukfcetncz c lfyysvb^ gjkextyysvb bp ,fkkb-

cnbxtcrb[ ’rcgthbvtynjd [8]& Chfdytybt hbc& 1 b 3^ f nfr;t 2 b 4

gjrfpsdftn^ xnj bpvtytybt lfdktybz d erfpfyys[ lbfgfpjyf[ chfdyb-

ntkmyj ckf,j dkbztn yf bpvtytybt cjcnfdf gkfpvs&

D gjdtltybb rjywtynhfwbq rjvgjytynjd gkfpvs jn rjkbxtcndf

eytctyyjuj fk.vbybz (cv& hbc& 5 b 6) vj;yj dsltkbnm nhb exfcnrf&

Ghb vfkjv j,otv rjkbxtcndt fk.vbybz rjyltycbhjdfyysq jrcbl fk.vbybz

yt j,hfpetncz b rjywtynhfwbb fk.vjcjlth;fob[ rjvgjytynjd kbytqyj

pfdbczn jn rjkbxtcndf eytctyyjuj fk.vbybz& Lfktt yfxbyftncz j,kfcnm
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j,hfpjdfybz rjyltycbhjdfyyjuj jrcblf b rjywtynhfwbb ufpjafpys[

rjvgjytynjd ds[jlzn yf gkfnj& Ghb lfkmytqitv edtkbxtybb j,otuj

cjlth;fybz fk.vbybz ghjbc[jlbn htprjt bpvtytybt dct[ rjywtynhfwbq&

Rhbnbxtcrfz njxrf cjjndtncndetn cnt[bjvtnhbxtcrjve cjjnyjityb. Al :

O = 3 : 2& Yb;t ytt ceotcndetn rjyltycbhjdfyysq jrcbl d bp,snrt

rbckjhjlf (ghfrnbxtcrb dtcm fk.vbybq d dblt rjyltycbhjdfyyjuj

jrcblf)^ f dsit - rjyltycbhjdfyysq jrcbl c bp,snrjv ufpjafpyjuj

fk.vbybz (ghfrnbxtcrb dtcm rbckjhjl gthtitk d rjyltycbhjdfyysq

jrcbl)& Tckb lkz extnf ’aatrnf lbaaepbjyyjuj hfpltktybz

’ktvtynjd jnyjitybt yfxfkmys[ vjkmys[ ljktq fpjnf b rbckjhjlf

bpvtybnm c 0&8 $ 0&2 lj 0&77 $ 0&23^ nj ’nj ghbdjltn kbim r yt,jkm-

ijve cvtotyb. rhbnbxtcrjq cnt[bjvtnhbxtcrjq njxrb dghfdj bp-pf

gjdsitybz ljkb ’ktvtynf rbckjhjlf d cbcntvt&

J,celbv dkbzybt eyjcf fk.vbybz yf rjywtynhfwb. ’ktrnhjyjd&

Lj,fdrf fk.vbybz d gjnjr djple[f lftn ldf ghjnbdjgjkj;ys[ ’aatrnf&

Dj-gthds[^ ghjbc[jlbn j,hfpjdfybt jrcbljd AlO b AlO ^ rjnjhst2

pf[dfnsdf.n ’ktrnhjy

-AlO + e = AlO

-AlO + e = AlO2 2
- -

c j,hfpjdfybtv cnf,bkmys[ jnhbwfntkmys[ bjyjd AlO b AlO & J,hfnbv2

dybvfybt^ xnj rjywtynhfwbz ’nb[ jnhbwfntkmys[ bjyjd d hfdyjdtcys[

- - -
eckjdbz[ ,jkmit^ xtv rjywtynhfwbz bjyjd O , O , NO . Dj-dnjhs[^2 3

ghjbc[jlbn j,hfpjdfybt fnjvfhyjuj fk.vbybz^ rjnjhsq bvttn chfdyb-

ntkmyj ybprbq gjntywbfk bjybpfwbb b ghbdjlbn d htpekmnfnt htfrwbb

+Al = Al + e

r edtkbxtyb. rjywtynhfwbb ’ktrnhjyjd d gjnjrt&

Dsgjkytyyst hfcxtns gjrfpsdf.n^ xnj d eckjdbz[ nthvjlbyfvbxtc-

rjuj hfdyjdtcbz ghjwtcc^ cdzpfyysq c bjybpfwbtq fk.vbybz^ ghtj,kf-

lftn& Jrcbls fk.vbybz j,kflf.n ytljcnfnjxyjq nthvjlbyfvbxtcrjq
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cnf,bkmyjcnm. b gjxnb gjkyjcnm. lbccjwbbhe.n ghb ntvgthfnehf[ dsit

3500 R& D nj ;t dhtvz ghb ,jktt ybprb[ ntvgthfnehf[ (2000 - 3000 R)

yt elftncz cjplfnm ,jkmie. rjywtynhfwb. ufpjafpys[ jrcbljd fk.vb-

ybz^ ljcnfnjxye. lkz gjyb;tybz rjywtynhfwbb ’ktrnhjyjd^ bp-pf

j,hfpjdfybz rjyltycbhjdfyyjuj jrcblf Al O (ghfrnbxtcrb dtcm lj,fd-
2 3

ktyysq fk.vbybq gtht[jlbn d ’njn jrcbl)& Jnvtnbv^ xnj d hf,jnt [16]

ghb bpextybb bjyyjuj cjcnfdf vtnfyjdj-rbckjhjlys[ gkfvty rjywtynhf-

-
wbz jnhbwfntkmys[ bjyjd AlO jrfpfkfcm yb;t ghtltkf xedcndbntkmyj-2

cnb bpvthtybq&

Nfrbv j,hfpjv^ jrcbls fk.vbybz d ufpjdjq afpt vjuen cgjcj,-

cndjdfnm gjyb;tyb. rjywtynhfwbb ’ktrnhjyjd^ tckb ,kfujlfhz ythfdyj-

dtcysv eckjdbzv ,eltn pfvtlktys hfcgfl ufpjafpys[ jrcbljd fk.vbybz

lj fnjvjd fk.vbybz b b[ rjyltycfwbz c j,hfpjdfybtv Al O &
2 3

D pfrk.xtybt jnvtnbv^ xnj ljcnjdthyjcnm gjkextyys[ hfcxtnjd

jcyjdfyf yf ljcnjdthyjcnb bcgjkmpjdfyys[ vjkmys[ ’ythubq Ub,,cf&

Fyfkbp bvt.ob[cz kbnthfnehfys[ lfyys[ [11-13^ 17^ 18] gjrfpfk^ xnj

nthvjlbyfvbxtcrbt cdjqcndf dct[ cjtlbytybq fk.vbybz^ pf bcrk.xtybtv

vjktreks AlO ^ ljcnfnjxyj yflt;ys& Nfr^ cjukfcyj lfyysv lde[ aeylf-2

vtynfkmys[ cghfdjxybrjd [17] (1978 ujl) b [13] (1980 ujl) ’ythubb

Ub,,cf j,hfpjdfybz [jhjij cjukfce.ncz vt;le cj,jq - ghb 2000 R jyb

cjcnfdkz.n$ Al (81&9 b 85&4 rL;/vjkm)^ AlO (-73&7 b -75&2

-
rL;/vjkm)^ AlO (313&1 b 314&9 rL/vjkm)^ Al O (-269&8 b 282&22

rL;/vjkm)^ Al O (-410&3 b -386&0 rL;/vjkm)& Yfb,jkmifz hfpybwf2 2

pltcm yf,k.lftncz lkz vjktreks Al O ^ jyf ghbdjlbn r hfpybwt d2 2

rjycnfynt hfdyjdtcbz c tt exfcnbtv d 2&3 hfpf ghb 3500 R& Jlyfrj^

rfr vj;yj pfvtnbnm bp hbc& 1-4^ vjktrekf Al O yt zdkztncz jcyjdysv2 2

rjvgjytynjv bccktletvjq cbcntvs b nfrfz hfpybwf yt ghbdjlbn r

bpvtytybzv d rjywtynhfwbz[ jcnfkmys[ cjtlbytybq&
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o
Ujhfplj ,jkmifz hfpybwf yf,k.lftncz lkz vjktreks AlO (D G2 f 2000

= -190&6 [17 ] b -99&2 rL;/vjkm [13]) - hfpybwf d rjycnfynt hfdyj-

dtcbz ghb 3500 R cjcnfdkztn 23 hfpf& Lfyyst cghfdjxybrf [17] jcyj-

dfys yf hf,jnt [19]^ d nj dhtvz rfr d cghfdjxybrt [13] htpekmnfns

lfyyjq hf,jns cjxntys jib,jxysvb& Rhbnbxtcrjt j,ce;ltybt ’rcgthb-

vtynfkmys[ lfyys[ j, ’ythubb Ub,,cf AlO nfr;t vj;yj yfqnb d2

[11-13^ 17^ 18^ 20 - 22]& Rfr cktlcndbt hfpyjuj ds,jhf ’ythubb

Ub,,cf lkz vjktreks AlO , nthvj[bvbxtcrbt cghfdjxybrb [13, 17] lf.n2
- o

jnkbxf.obtcz pyfxtybz ’ythubb Ub,,cf j,hfpjdfybz bjyf AlO (D G2 f 2000

= -472&6 [17] b -376&0 rL;/vjkm [13])^ [jnz lfyyst gj chjlcnde r

’ktrnhjye AlO d j,jb[ cghfdjxybrf[ jxtym ,kbprb vt;le cj,jq&2

D yfib[ hfcxtnf[ bcgjkmpjdfyj pyfxtybt ’ynfkmgbb j,hfpjdfybz

AlO bp cghfdjxybrf [13]& "nj jpyfxftn^ xnj d hfcxtnf[ vjktrekf2

AlO cxbnfkfcm ,jktt ytecnjqxbdjq gj chfdytyb. c lfyysvb hf,jns2

[19]& Lkz ghjdthrb njuj^ rfr ’nj vj;tn crfpfnmcz yf gjkextyys[

htpekmnfnf[^ dsgjkytyj ytcrjkmrj hfcxtnjd c ’ythubtq Ub,,cf vjkt-

-
reks AlO b bjyf AlO bp cghfdjxybrf [17]& Jcyjdyjt jnkbxbt gj2 2

-
chfdytyb. c hbc& 1-4 gjkextyj lkz rjywtynhfwbq AlO b AlO - jyb2 2

djphfckb (ghbvthyj d 23 hfpf ghb 3500 R)& Jlyfrj^ ’nj vfkj jnhfpb-

kjcm yf rjywtynhfwbb jcnfkmys[ rjvgjytynjd& Nfr^ hfdyjdtcyfz rjy-

wtynhfwb. ’ktrnhjyjd bpvtybkfcm yt ,jktt xtv yf 15%&

<kfujlfhyjcnb

Xfcnbxyjt abyfycbhjdfybt lfyyjq hf,jns jceotcndktyj Hjccbqcrbv

Ajyljv aeylfvtynfkmys[ bccktljdfybq (ghjtrn 93-03-5650) b

Vt;leyfhjlysv yfexysv ajyljv (ISF - short-term grant).

- 10 -



CGBCJR KBNTHFNEHS

1& Fgintqy "&P&^ Gbk.uby Y&Y&^ Nbhcrbq U&F& // :& Rjcvbx& Bccktl&^

1979^ n& 17^ dsg& 2^ c& 246-255&

2& <tpvtyjd F&T&^ Fktrcfityrj D&F& Hflbabpbxtcrbt b ufpjlbyfvbxtc-

rbt ghj,ktvs ghj[j;ltybz fnvjcaths& V&^ Vfibyjcnhjtybt^ 1982^

191 c&

3& Fylhttd T&G&^ Gbk.uby Y&Y&^ Nfufyjd J&R& Nb[jvbhjd C&U&

Bccktljdfybt bpkextybz ufpjd d f’hj,fkkbcnbxtcrjv ’rcgthbvtynt&

V&^ bpl& Vjcrjd& ey-nf^ 1988^ 135 c&

4& Vbiby U&B&^ Cthjd >&K&^ Zdjh B&G& // D c,& @Abpbrj-

ufpjlbyfvbxtcrbt ,fkkbcnbxtcrbt bccktljdfybz@^ K&^ Yferf^ 1980^

c& 139-149&

5& Mach H. // Raumfahrtforschung, 1974, b. 18, N 1, p. 1-9.

6. Rfhytub D&V& // HNR^ 1965^ n& 3^ } 10^ c& 37-42&

7& Langan W.T. Cresswell I.D., Browne W.G. // AIAA J., 1965, v. 3,

N 12, p. 2211-2218.

8& Gbk.uby Y&Y& // NDN^ 1994 (d gtxfnb)&

9& Uhbiby >&V&^ Nkfnjd F&U& // I Dctcj.pysq cbvgjpbev gj

hflbfwbjyyjq gkfpvjlbyfvbrt& Ntpbcs ljrkfljd^ x& I^ V&^

"ythuj’njvbplfn^ 1989^ c& 107-112&

10& <hjyin’y D&F& Abpbrf vtntjhys[ zdktybq& V&^ Yferf^ 1981^ 415 c&

11& Lamoreaux R.H., Hildenbrand D.L. // J. Phys. Chem. Ref. Data,

1987, v. 16, N 3, p. 419-443.

12& Uehdbx K&D& // Dtcny& FY CCCH^ 1983& } 3& c& 54-65&

13& Nthvjlbyfvbxtcrbt cdjqcndf bylbdblefkmys[ dtotcnd& Cghfdjxybr d

4-[ njvf[& Jnd& htl& D&G&Ukeirj^ V&^ Yferf^ 1978-1983 uu&

14& Rjdfktd D&K&^ Ceckjd J&Y& // Bpd& FY CCCH^ V:U^ 1988^ } 4^ c&

115-121&

- 11 -



15& Smith W.R., Missen R.W. Chemical reaction. Equilibrium

analysis. Theory and algorithms. 1982, John Wiley & Sons, NY,

364 pp.

16& Crovisier P.N., Horton J.H., Hassanali C.S., Goodings J.M. //

Can. J. Chem., 1992, v. 70, N 3, p. 839-848.

17. JANAF Thermochemical Tables, 1978 Supplement. // J. Phys. Chem.

Ref. Data, 1978, v. 7, N 3, p. 793-940.

18& Srivastava R.D., Farber M. // Chem. Rev. 1978, v. 78, p. 627-

638.

19& Farber M., Srivastava R.D., Uy O.M. J. Chem. Phys. 1971, v. 55,

p. 4142.

20. Kashireninov O.E., Chervonnyi A.D., Piven V.A. // High Temp.

Sci., 1982, v. 15, N 2/3, p. 79-91.

21. Dhima A., Stata B., Allibert M. //High Temp. Sci., 1986, v. 21,

N 3, p. 143-159.

22. Nemukhin A.V., Almlof J. // J. Mol. Struct., 1992, v. 253, p.

101-107.

- 12 -



GJLGBCB R HBCEYRFV

Hbc& 1& Rjywtynhfwbb jcyjdys[ rjvgjytynjd djpleiyjq gkfpvs c

ghjlernfvb eyjcf fk.vbybz (p = 60 vv& hn& cn&^ yfxfkmysq

’ktvtynysq cjcnfd 0.8 N + 0.2 O + 0.1 Al)& a - ytqnhfkmyst

rjvgjytyns^ b - pfhz;tyyst rjvgjytyns&

Hbc& 2& Rjywtynhfwbb jcyjdys[ rjvgjytynjd djpleiyjq gkfpvs c

ghjlernfvb eyjcf fk.vbybz (p = 60 vv& hn& cn&^ yfxfkmysq

’ktvtynysq cjcnfd 0.8 N + 0.2 O + 0.001 Al)& a -

ytqnhfkmyst rjvgjytyns^ b - pfhz;tyyst rjvgjytyns&

Hbc& 3& Rjywtynhfwbb jcyjdys[ rjvgjytynjd djpleiyjq gkfpvs c

ghjlernfvb eyjcf fk.vbybz (p = 300 vv& hn& cn&^ yfxfkmysq

’ktvtynysq cjcnfd 0.8 N + 0.2 O + 0.1 Al)& a - ytqnhfkmyst

rjvgjytyns^ b - pfhz;tyyst rjvgjytyns&

Hbc& 4& Rjywtynhfwbb jcyjdys[ rjvgjytynjd djpleiyjq gkfpvs c

ghjlernfvb eyjcf fk.vbybz (p = 300 vv& hn& cn&^ yfxfkmysq

’ktvtynysq cjcnfd 0.8 N + 0.2 O + 0.001 Al)& a -

ytqnhfkmyst rjvgjytyns^ b - pfhz;tyyst rjvgjytyns&

Hbc& 5& Rjywtynhfwbb jcyjdys[ fk.vjcjlth;fob[ rjvgjytynjd djpleiyjq

gkfpvs c ghjlernfvb eyjcf fk.vbybz (T = 2500 R^ p = 300 vv&

hn& cn&^ yfxfkmysq ’ktvtynysq cjcnfd 0.8 N + 0.2 O + c Al)&

Hbc& 6& Rjywtynhfwbb jcyjdys[ fk.vjcjlth;fob[ rjvgjytynjd djpleiyjq

gkfpvs c ghjlernfvb eyjcf fk.vbybz (T = 3000 R^ p = 300 vv&

hn& cn&^ yfxfkmysq ’ktvtynysq cjcnfd 0.8 N + 0.2 O + c Al)&
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