
ELR 629&7&018&3

HFCXTN HFDYJDTCYJUJ CJCNFDF DJPLEIYJQ GKFPVS C GHJLERNFVB

EYJCF NTAKJYF LKZ ECKJDBQ <FKKBCNBXTCRB{ "RCGTHBVTYNJD

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

Ghjlerns nthvjabpbxtcrjuj hfpkj;tybz vfnthbfkf gjdth[yjcnb

ntkf^ ktnzotuj c ubgthpderjdjq crjhjcnm.^ jrfpsdf.n yf ufpjdsq

gjnjr [bvbxtcrjt^ bjybpbhe.ott^ f nfr;t lbyfvbxtcrjt b ntgkjdjt

(xthtp ghjwtccs gthtyjcf b bpkextybz) djpltqcndbt& Jcyjdysv

gfhfvtnhjv^ jghtltkz.obv hfcghjcnhfytybt ’ktrnhjvfuybnys[ djky d

gkfpvtyyjv ckjt jrjkj ntkf^ zdkztncz rjywtynhfwbz cdj,jlys[

’ktrnhjyjd [1]& Gj’njve eyjc c gjdth[yjcnb ntkf dtotcnd^ jnkbxf-

.ob[cz jn rjvgjytynjd djple[f bjybpfwbjyysvb bkb ’ktrnhjjnhbwfntkm-

ysvb cdjqcndfvb^ vj;tn ceotcndtyyj bpvtybnm gjukjotybt b jnhf;tybt

’ktrnhjvfuybnys[ djky& Vyjubt jcj,tyyjcnb abpbxtcrb[ zdktybq^

ghjntrf.ob[ d cktlt pf ntkjv^ vjuen ,snm bpextys d ,fkkbcnbxtcrb[

ecnfyjdrf[ ghb bpdtcnys[ yfxfkmys[ eckjdbz[ d nhfcct [2]&

Jlybv bp gjkbvthys[ vfnthbfkjd^ ghbvtyztvs[ lkz ntgkjpfobnys[

gjrhsnbq d f’hjlbyfvbrt^ zdkztncz gjkbntnhfanjh’nbkty (C F )2 4 n

(anjhjgkfcn bkb ntakjy)& Ghjwtcce hfpheitybz anjhjgkfcnf gjl ltq-

cndbtv f’hjlbyfvbxtcrjuj yfuhtdf gjcdzotyj ,jkmijt rjkbxtcndj rfr

’rcgthbvtynfkmys[^ nfr b ntjhtnbxtcrb[ bccktljdfybq^ yfghbvth

[3-6]& D ’nb[ bccktljdfybz[ jcyjdyjt dybvfybt eltktyj cjgjcnfdktyb.

bpvthtyys[ b hfccxbnfyys[ gj hfpysv ntjhtnbxtcrbv vjltkzv ntgkjds[

gjnjrjd r kj,jdjq gjdth[yjcnb ntkf b crjhjcntq eyjcf vfccs c

gjdth[yjcnb&

D [5^ 6] ghtlkj;tys ajhveks lkz hfcxtnf kbytqyjq crjhjcnb

eyjcf vfccs d jrhtcnyjcnb gthtlytq rhbnbxtcrjq njxrb ntakjyjdjq

caths ghb hfpys[ ljgeotybz[ j ujvjutyys[ b utnthjutyys[ htfrwbz[ d
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gjuhfybxyjv ckjt& Rhjvt njuj^ d [5] hfccxbnfys hfcghtltktybt

ntvgthfnehs b crjhjcnm hfpheitybz dljkm j,hfpe.otq caths b

gjrfpfyj^ xnj jyb yjczn vjyjnjyysq [fhfrnth^ f ’aatrnbdyfz

’ynfkmgbz hfpheitybz vfnthbfkf cj[hfyztn gjcnjzyyjt pyfxtybt dljkm

ntkf& "nb lfyyst gjpdjkz.n ghjdjlbnm hfcxtns eyjcf b lkz lheub[

eckjdbq j,ntrfybz&

Jlyfrj^ ds,jh cbcntvs ythfdyjdtcys[ htfrwbq b rjycnfyn crjhj-

cntq c extnjv ghjlernjd hfpkj;tybz ntakjyf d ’nb[ hf,jnf[ ,sk

ljcnfnjxyj ghjbpdjkmysv& Ghjdthrf fltrdfnyjcnb ds,hfyyjq cbcntvs

htfrwbq vj;tn ,snm ghjdtltyf cjgjcnfdktybtv c bpvthtybzvb hfcghtlt-

ktybq ythfdyjdtcys[ gfhfvtnhjd d cktlt$ cgtrnhfkmyjq byntycbdyjcnb

bpkextybz^ ’ktrnhjyyjq b bjyyjq rjywtynhfwbb& Bpdtcnyf njkmrj jlyf

hf,jnf [7] c htpekmnfnfvb bpvthtybq CDX-bynthathjvtnhjv ’ktrnhjyyjq

rjywtynhfwbb N pf cathjq bp ntakjyf lbfvtnhjv D = 19 vv^ ktnzotq de

djple[t cj crjhjcnm. V = 5 rv/c b lfdktybtv d nhfcct p = 26 vv&
8 8

hn& cn& Bp htpekmnfnjd [7] cktletn^ xnj hfcghtltktybt N d cktlt pfe

ntakjyjdjq cathjq lkz hfccnjzybz x/D < 900 ceotcndtyyj jnkbxftncz

jn N d cktlt pf cnfkmyjq cathjq^ xnj zdkztncz cktlcndbtv ljgjkyb-e

ntkmys[ htfrwbq c ghjlernfvb eyjcf ntakjyf&

D gjcktlytt dhtvz d BV VUE yf ,fkkbcnbxtcrjq ecnfyjdrt ,skb

dsgjkytys bpvthtybz N d cktlt pf ntakjyjdsvb vjltkzvb D = 4^9 vv^e

ktnzobvb ghb V = 5^5 - 6 rv/c d djple[t ghb p = 40 vv& hn& cn&
8 8

Bpvthtybz ghjdjlbkbcm pjylfvb b CDX-htpjyfnjhfvb& Ghtldfhbntkmysq

fyfkbp ’nb[ bpvthtybq gjrfpfk^ xnj hfcghtltktybt N pf cathjq bpe

ntakjyf vfkj jnkbxftncz jn N d cktlt pf vtlyjq cathjq dgkjnm lje

hfccnjzybq x/D < 900^ f jnkbxbt cnfyjdbncz pfvtnysv ghb x/D > 1000&

Lkz ntjhtnbxtcrjuj j,‘zcytybz abpbrj-[bvbxtcrb[ ghjwtccjd d

cktlt ghb yfkbxbb eyjcf ntakjyf b j,‘zcytybz gjkextyys[

ghjnbdjhtxbds[ ’rcgthbvtynfkmys[ htpekmnfnjd dyfxfkt ytj,[jlbvj

- 2 -



pyfnm [bvbxtcrbq cjcnfd j,hfpe.otqcz vyjujrjvgjytynyjq gkfpvs&

D lfyyjq hf,jnf ghjdtltys cbcntvfnbxtcrbt dsxbcktybz hfdyj-

dtcyjuj cjcnfdf djpleiyjq gkfpvs c ghjlernfvb hfpheitybz ntakjyf

lkz eckjdbq ,fkkbcnbxtcrb[ ’rcgthbvtynjd d j,kfcnb pflytq rhbnbxtc-

rjq njxrb pf ntkjv& Htpekmnfns hfcxtnjd gjpdjkz.n jghtltkbnm ceot-

cndtyyst rjvgjytyns d cktlt b vjuen cke;bnm d rfxtcndt yfxfkmys[

lfyys[ lkz htitybz cbcntvs ufpjlbyfvbxtcrb[ ehfdytybq^ jgbcsdfob[

ythfdyjdtcyjt ntxtybt d lfkmytv cktlt [8]&

D [9] ytgjchtlcndtyysvb hfcxtnfvb [bvbxtcrb ythfdyjdtcys[

neh,ektynys[ ntxtybq c ,jkmibv rjkbxtcndjv rjvgjytynjd b htfrwbq d

lfkmytv cktlt gjrfpfyj^ xnj ytnjxyjcnm d ds,jht yfxfkmys[ eckjdbq

lkz ’ktrnhjyyjq rjywtynhfwbb d ghtltkf[ gjhzlrf dtkbxbys ghjzdkztn-

cz njkmrj d,kbpb yfxfkmyjuj ctxtybz (x - x )/D < 100 b yt crfpsdf-
y

tncz yf lfkmytqitv ghjabkt N (x) dljkm jcb cktlf ghb (x - x )/D >e y

200.

Jnvtxtyysq ghbywbg @[bvbxtcrjq cnf,bkbpfwbb@ [9] gj pyfxtybzv

yfxfkmys[ rjywtynhfwbq ghfrnbxtcrb jxtym df;ty^ gjcrjkmre gjpdjkztn

pflfdfnm yfxfkmyst pyfxtybz hzlf rjywtynhfwbq (rjnjhst j,sxyj gkj[j

bpdtcnys) yt jxtym njxyj b gjkexfnm d lfkmytv cktlt^ ult ghjdjlbncz

,jkmibycndj bpvthtybq N ^ ljcnjdthyst hfcghtltktybz rjywtynhfwbq&e

Rjytxyj^ nthvjlbyfvbxtcrb hfdyjdtcyfz vjltkm ntxtybz yjcbn

juhfybxtyysq [fhfrnth& Jyf jndtxftn yf djghjc^ rfrjdj rjytxyjt

cjcnjzybt vyjujrjvgjytynyjq cbcntvs b yt lftn jndtnf^ f rfrjt dhtvz

ljcnb;tybz ’njuj cjcnjzybz& Lkz jndtnf yf gjcktlybq djghjc ytj,[j-

lbvj bcgjkmpjdfnm rbytnbxtcrbt vjltkb lkz ythfdyjdtcys[ htfrwbq& D

yfcnjzott dhtvz ceotcndetn ljcnfnjxyj gjkyjt rjkbxtcndj lfyys[ lkz

bcgjkmpjdfybz nthvjlbyfvbxtcrb hfdyjdtcys[ vjltktq b^ d nj ;t

dhtvz^ jncencnde.n ’rcgthbvtynfkmyst rjycnfyns crjhjcntq yfb,jktt

df;ys[ htfrwbq c njxrb phtybz gjcnfdktyyjq pflfxb^ f bvtyyj htub-
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cnhfwbb gfhfvtnhjd gjnjrf& Rfr cktlcndbt ghb bynthghtnfwbb gjkexty-

ys[ htpekmnfnjd cktletn bvtnm d dble cktle.ott& Tckb hfcxtns hfdyj-

dtcyjuj cjcnfdf ghtlcrfpsdf.n gjyb;tybt rjywtynhfwbb ’ktrnhjyjd N ^e

nj d htfkmyjq cbcntvt^ d htpekmnfnt rbytnbxtcrb[ htfrwbq^ rjywty-

nhfwbz ’ktrnhjyjd vj;tn evtymibnmcz d vtymitt rjkbxtcndj hfp&

Jlyfrj^ tckb hfdyjdtcyst hfcxtns yt ghtlcrfpsdf.n gjyb;tybz rjywty-

nhfwbb ’ktrnhjyjd^ nj gjkyjcnm. bcrk.xftn lfyyst ghbvtcyst rjvgj-

ytyns bp hjkb jghtltkz.ob[ cjtlbytybq^ dkbz.ob[ yf cyb;tybt N &e

Ghbdtltyyst yb;t htpekmnfns ghtlcnfdkz.n nfr;t cfvjcnjzntkmysq

bynthtc lkz ghbkj;tybq d abpbrt ybprjntvgthfnehyjq gkfpvs c exfcnb-

tv ghjlernjd hfpkj;tybz ntakjyf&

Ds,jh lbfgfpjyf hfcxtnys[ gfhfvtnhjd

D htpekmnfnt ltcnherwbb anjhjgkfcnf yf gjdth[yjcnb ntkf j,hf-

petncz cvtcm anjhjeukthjljd^ cjcnfd rjnjhjq pfdbcbn jn lfdktybz

[6]& D cjjndtncndbb c htpekmnfnfvb [6] ghtlgjkfuftncz^ xnj j,hfpe-

tncz vjyjvth C F ^ n&t& ufp^ gjcnegf.obq d gjuhfybxysq ckjq^ cjcnj-2 4

bn bp jlyjq rjvgjytyns& Ghbdtltyyst yb;t htpekmnfns hfccxbnfys rfr

aeyrwbz ljkb vjktrek C F d djple[t (yfxfkmysq ’ktvtynysq cjcnfd2 4

0.8 N + 0.2 O + c )&
lj,

Lkz hfccvjnhtyys[ ’rcgthbvtynjd j,hfpjdfybt hfpkbxys[ cjtlbyt-

ybq bp rjvgjytynjd djple[f b ghjlernjd eyjcf ntakjyf ghjntrftn d

j,kfcnb pflytq rhbnbxtcrjq njxrb pf ntkjv b ghb ’njv ghtlgjkfuftncz

ecnfyjdktybt [bvbxtcrjuj hfdyjdtcbz ghb pflfyyjq ntvgthfneht T b

lfdktybb p& J,jcyjdfybtv ’njve cke;fn jwtyrb dhtvtyb yf[j;ltybz

xfcnbw ufpf d j,kfcnb djpdhfnyj-wbhrekzwbjyyjq pjys b [fhfrnthyjuj

dhtvtyb ghjntrfybz htfrwbq^ dsgjkytyyst d [10] lkz ,fkkbcnbxtcrb[

’rcgthbvtynjd& Cevvfhyfz ljkz C F (c ) d ’njq j,kfcnb pf ntkjv2 4 lj,

hfccxbnsdfkfcm yf jcyjdt ajhvek [5^ 6] lkz crjhjcnb eyjcf vfccs c
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tlbybws gkjoflb b byntuhbhjdfybz gj gjdth[yjcnb kj,jdjq xfcnb ntkf&

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

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

jyysv ajhvekfv [1]$

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&

D htpekmnfnt jghtltktys cktle.obt [fhfrnthyst lbfgfpjys

gfhfvtnhjd lkz ’rcgthbvtynjd [7]$ 2000 R < T < 5600 R^ 60 vv& hn&

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

lj,

Jnvtnbv^ xnj yfkbxbt d ,kb;ytv cktlt uhflbtynjd ntvgthfnehs b

rjywtynhfwbq vj;tn dspsdfnm lbaaepbjyyst gjnjrb ’ktvtynjd b

yfheifnm b[ yfxfkmyst ,fkfycjdst cjjnyjitybz& D [10] ghbdtltys

jwtyrb vfrcbvfkmys[ dtkbxby jnrkjytybz jn bc[jlyjuj cjjnyjitybz

rjywtynhfwbq ’ktvtynjd d yf,tuf.otv gjnjrt b cktlt pf cxtn

lbaaepbb^ rjnjhst yt ghtdsif.n 15%&

Vtnjl b htpekmnfns hfcxtnf

Hfcxtn hfdyjdtcyjuj cjcnfdf cvtcb djple[f c ghjlernfvb hfpkj-

;tybz ntakjyf ghjdtlty gj ghjuhfvvt VCS [13] c bcgjkmpjdfybtv

nthvjlbyfvbxtcrb[ lfyys[ bp ,fyrf BDNFY-NTHVJ (dthcbz 1986 u&) [11]

b cghfdjxybrf [12] d hfvrf[ vjltkb bltfkmyjuj fccjwbbhjdfyyjuj ufpf

(cv& ,jktt gjlhj,yj [10])& Lkz yf[j;ltybz hfdyjdtcyjuj cjcnfdf d

ghjuhfvvt VCS vbybvbpbhetncz j,ofz ’ythubz Ub,,cf cbcntvs

G = S n mi i i

ghb gjcnjzyys[ ntvgthfneht^ lfdktybb b ’ktvtynyjv cjcnfdt ghb
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eckjdbb ytjnhbwfntkmyjcnb hfdyjdtcys[ xbctk vjktq n & Cxbnfkjcm^i

xnj [bvbxtcrbt gjntywbfks m rjvgjytynjd gkfpvs jgbcsdftncz rfri
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& Fkujhbnv hfcxtnf jgbcfy d [13]&

D ,fyrt lfyys[ BDNFY-NTHVJ [11] b cghfdjxybrt [12] ghbdtltys

lfyyst^ bp rjnjhs[ ,skb hfccxbnfys vjkmyst ’ythubb Ub,,cf lkz 75

ufpjafpys[ cjtlbytybq^ rjnjhst vjuen j,hfpjdsdfnmcz bp ’ktvtynjd N,

F, O, C b ’ktrnhjyf& "nj ytqnhfkmyst vjktreks (O, O , O , F, F ,2 3 2

FO, F O, N, N , N , NO, NO , N O, N O , N O , N O , NF, NF , NF ,2 2 3 2 2 2 3 2 4 2 5 2 3

N F , N F , FNO, FNO , FNO , F NO, C, C , C , C , C , CO, CO , C O,2 2 2 4 2 3 3 2 3 4 5 2 2

C O , CF, CF , CF , CF , C F, C F , C F , C F , C F , C F , FCO,3 2 2 3 4 2 2 2 2 3 2 4 2 5 2 6

F CO, CN, NCN, CNN, CNC, CCN, C N , NCO, FCN)^ gjkj;bntkmyst bjys2 2 2
+ + + + + + + + + + + +

(O , O , N , N , NO , NO , N O , C , C , CO , CO , CN )^ ’ktrnhjy e2 2 2 2 2 2
- - - - - - - -

b jnhbwfntkmyst bjys (O , O , F , NO , NO , C , C , CN ).2 2 3 2

D htpekmnfnt hfcxtnf hfdyjdtcyjuj cjcnfdf gjkextys vjkmyst

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

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

Htpekmnfns hfcxtnjd hfdyjdtcyjuj cjcnfdf ghb gfhfvtnhf[^

nbgbxys[ lkz ’rcgthbvtynjd [7]^ ghbdtltys yf hbc& 1 - 6&

Yf hbc& 1 b 2 gjrfpfys pfdbcbvjcnb j,‘tvys[ rjywtynhfwbq

jcyjdys[ rjvgjytynjd gkfpvs jn ljkb lj,fdrf C F r djple[e ghb2 4

abrcbhjdfyyjv lfdktybb (300 vv& hn& cn) b ntvgthfneht (3000 R -

hbc& 1^ 4000 R - - hbc& 2)& D gjdtltybb rjywtynhfwbq rjvgjytynjd

gkfpvs jn rjkbxtcndf eytctyyjuj ntakjyf (cv& hbc& 1 b 2) vj;yj

dsltkbnm ldf exfcnrf^ hfpltktyys[ vt;le cj,jq @rhbnbxtcrjq@ njxrjq

c cjlth;fybtv ntakjyf c = 0&1& Lj @rhbnbxtcrjq@ njxrb hfdyjdtc-
lj,
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yjt cjcnjzybt cjjndtncndetn hfpkj;tyb. ntakjyf yf anjh b jrcbl

eukthjlf (ghb ybprb[ ntvgthfnehf[ nfr;t ghbcencndetn ytrjnjhjt

rjkbxtcndj F CO)& Rjywtynhfwbz anjhf b jrcbljd eukthjlf kbytqyj2

gjdsif.ncz c edtkbxtybtv eyjcf ntakjyf& Gjzdktybt rhbnbxtcrjq njxrb

cdzpfyj c ntv^ xnj ghb ,jkmib[ ljkz[ lj,fdrb jyf yfxbyftn dkbznm yf

cjcnfd djple[f - ghfrnbxtcrb dtcm cdj,jlysq rbckjhjl cdzpsdftncz d

CJ& Gjckt @rhbnbxtcrjq@ njxrb bp,snjr eukthjlf ceotcndetn d dblt

ghjlernjd hfpkj;tybz anjheukthjljd b wbfyf&

Bp hbceyrjd 1 b 2 dblyj^ xnj tckb ghb c < 0&01 rjywtynhfwbz
lj,

+ -NO pyfxbntkmyj dsit rjywtynhfwbb F ^ nj ghb c > 0&1
lj,

- +
rjywtynhfwbz F ghtj,kflftn yfl NO , rjywtynhfwbz ’ktrnhjyjd

+
gflftn^ b d ’njq j,kfcnb cnfyjdbncz pfvtnysv j,hfpjdfybt bjyf C &

Chtlb bpkexf.ob[ rjvgjytynjd d dblbvjq b byahfrhfcyjq j,kfcnb

cgtrnhf ghb ’nb[ eckjdbz[ j,hfpe.ncz pfvtnyst rjkbxtcndf CO, CO ,2

CN b C.

Yf hbc& 3 b 4 gjrfpfys pfdbcbvjcnb jcyjdys[ rjvgjytynjd jn

ntvgthfnehs ghb abrcbhjdfyyjq dtkbxbyt lj,fdrb (c = 0&05) b
lj,

lfdktybb (60 vv& hn& cn& - hbc& 3^ 600 vv& hn& cn& - hbc& 4)&

+
Dblyj^ xnj c hjcnjv lfdktybz rjywtynhfwbz C cnfyjdbncz yb;t

- -
rjywtynhfwbb F & Jcyjdysv jnhbwfntkmysv bjyjv zdkztncz F ^

- -
rjywtynhfwbz rjnjhjuj ghtdsiftn O b O . Rjywtynhfwbb O b CO2 2 2

+
cbkmyj e,sdf.n c hjcnjv ntvgthfnehs^ f rjywtynhfwbb CN, C, C

yfj,jhjn djphfcnf.n&

J,celbv dkbzybt eyjcf ntakjyf yf rjywtynhfwb. ’ktrnhjyjd&

Yf hbc& 5 ghbdtltyj jnyjitybt rjywtynhfwbb ’ktrnhjyjd d cvtcb

djple[f c lj,fdrfvb ghjlernjd hfpkj;tybz ntakjyf b d xbcnjv djple[t

d pfdbcbvjcnb jn ntvgthfnehs lkz lfdktybz p = 60 vv& hn& cn& (hbc&

5f) b p = 600 vv& hn& cn& (hbc& 5,)& Rhbdst 1-5 cjjndtncnde.n c
lj,

= 0^001# 0^01# 0^05# 0^08# 0^1&
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Lj,fdrf ghjlernjd hfpkj;tybt ntakjyf lftn ldf ’aatrnf^ rjnjhst

j,f ghbdjlzn r cyb;tyb. rjywtynhfwbb ’ktrnhjyjd (hbc& 1^ 2 b 5)& Lj

@rhbnbxtcrjq@ njxrb j,hfpjdfybt cdj,jlyjuj anjhf ghbdjlbn r gjzdkt-

-
yb. ecnjqxbds[ jnhbwfntkmys[ bjyjd F ^ xnj pyfxbntkmyj gjyb;ftn

rjywtynhfwb. ’ktrnhjyjd dgkjnm lj 3000 R& D lj,fdktybt r ’njve

gjckt @rhbnbxtcrjq@ njxrb htprj gjyb;ftncz rjywtynhfwbz NO (d

djple[t ytn cdj,jlyjuj rbckjhjlf)^ xnj ghbdjlbn r ljgjkybntkmyjve

cyb;tyb. rjywtynhfwbb ’ktrnhjyjd& Cyb;tybt N jcj,tyyj pyfxbntkmyje

d j,kfcnb T < 3000 R b cbkmyj djphfcnftn c edtkbxtybtv c b
lj,

hjcnjv lfdktybz& Jnvtxtyysq ’aatrn cyb;tybz N df;ty lkze

hflbjghjcdtnktybz gkfpvs b ghjzdkztncz e;t ghb chfdybntkmyj vfks[

-2 -3
pyfxtybz[ c ~ 10 - 10 &

lj,

Bpdtcnyj [2]^ xnj d cktlt pf ntkjv^ ktnzobv d djple[t^

htrjv,byfwbjyyjt bpkextybt d dblbvjq j,kfcnb j,eckjdktyj htfrwbtq

htrjv,byfwbb

NO + O L NO + hn2

D [14] ghjdtltys hfcxtns ntgkjdjuj b [tvjk.vbytcwtynyjuj bpkextybz

djple[f d cktlt pf ntkjv ghb xbckf[ Vf[f M = 10 - 16& Ecnfyjdktyj^
8

xnj d cktlt pf ntkjv byntycbdyjcnm [tvjk.vbytcwtynyjuj bpkextybz

ceotcndtyyj dsit (yf 4-5 gjhzlrjd) ntgkjdjuj bpkextybz& Gjrfpfyj

[jhjitt cjjndtncndbt hfcxtnjd byntycbdyjcnb cgtrnhfkmyjuj bpkextybz

d cktlt c bpvthtyysvb d ,fkkbcnbxtcrjv ’rcgthbvtynt& Gj’njve

ghtlcnfdkztn bynthtc d hfvrf[ ghbyzns[ d hf,jnt ghtlgjkj;tybq

jwtybnm dkbzybt ghbvtctq hfpkj;tybz ntakjyf yf rjywtynhfwb.

bpkexf.otuj rjvgjytynf NO ^ jghtltkz.otuj [tvjk.vbytcwtynyjuj2

bpkextybz d cktlt&

Yf hbc& 6 gjrfpfys hfcxbnfyyst jnyjitybz rjywtynhfwbb NO d2

cvtcb djple[f c lj,fdrfvb ghjlernjd hfpkj;tybz ntakjyf b d xbcnjv

djple[t h = N /N (djple[) d pfdbcbvjcnb jn ntvgthfnehs lkz lkzNO NO2 2

- 8 -



lfdktybz p = 60 vv& hn& cn& (hbc& 6f) b p = 600 vv& hn& cn& (hbc&

6,)& Rhbdst 1-5 cjjndtncnde.n c = 0^001# 0^01# 0^05# 0^08# 0^1&
lj,

Bp hbc& 6 cktletn^ xnj ghb c < 0^05 pfdbcbvjcnm jnyjitybz h
lj,

jn ntvgthfnehs jxtym ckf,fz^ f ghb c > 0&1 ’nf pfdbcbvjcnm
lj,

cnfyjdbncz ceotcndtyyjq& Edtkbxtybt lfdktybz dkbztn yf h nfr;t rfr

b hjcn ntvgthfnehs (d pfdbcbvjcnb jn lbfgfpjyf c)&

Cktletn jnvtnbnm htprjt evtymitybt h ghb c > 0&1^ xnj
lj,

cdzpfyj c ntv^ xnj pf @rhbnbxtcrjq@ njxrjq ghfrnbxtcrb dtcm

cdj,jlysq rbckjhjl cdzpsdftncz c eukthjljv b yt bltn j,hfpjdfybt

NO (hbc& 1^ 2). Nfrbv j,hfpjv^ lfyyst hfcxtns (hbc& 6)2

ghtlcrfpsdftn^ xnj ghb c > 0&1 cktletn j;blfnm pfvtnyjuj
lj,

cyb;tybz [tvjk.vbytcwtynyjuj bpkextybz NO d cktlt b gjzdktybz2

fyfkjubxyjuj bpkextybz bp-pf htfrwbb

CO + O L CO + hn2

dcktlcndbt j,hfpjdfybz CO b CO d cvtcb djple[f c ghjlernfvb2

hfpkj;tybz ntakjyf&

Ghtlcnfdktyyst hfcxtns zdkz.ncz jcyjdjq lkz ds,jhf eckjdbq

ghjdtltybz ’rcgthbvtynjd c ntakjyjv c wtkm. htubcnhfwbb gjyb;tybz

’ktrnhjyyjq rjywtynhfwbb b [tvbk.vbytcwtynyjuj bpkextybz djple[f d

cktlt pf ntkjv&

<kfujlfhyjcnb

Xfcnbxyjt abyfycbhjdfybt lfyyjq hf,jns jceotcndktyj gj Uhfyne

@Eybdthcbntns Hjccbb@&
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GJLGBCB R HBCEYRFV

Hbc& 1& Rjywtynhfwbb jcyjdys[ rjvgjytynjd djpleiyjq gkfpvs c

ghjlernfvb eyjcf ntakjyf (T = 3000 R^ p = 300 vv& hn& cn&^

yfxfkmysq ’ktvtynysq cjcnfd 0.8 N + 0.2 O + c )&
lj,

Hbc& 2& Rjywtynhfwbb jcyjdys[ rjvgjytynjd djpleiyjq gkfpvs c

ghjlernfvb eyjcf ntakjyf (T = 4000 R^ p = 300 vv& hn& cn&^

yfxfkmysq ’ktvtynysq cjcnfd 0.8 N + 0.2 O + c )&
lj,

Hbc& 3& Rjywtynhfwbb jcyjdys[ rjvgjytynjd djpleiyjq gkfpvs c

ghjlernfvb eyjcf ntakjyf (p = 60 vv& hn& cn&^ yfxfkmysq

’ktvtynysq cjcnfd 0.8 N + 0.2 O + 0.05 C F )& a - ytqnhfkm-2 4

yst rjvgjytyns^ b - pfhz;tyyst rjvgjytyns&

Hbc& 4& Rjywtynhfwbb jcyjdys[ rjvgjytynjd djpleiyjq gkfpvs c

ghjlernfvb eyjcf ntakjyf (p = 600 vv& hn& cn&^ yfxfkmysq

’ktvtynysq cjcnfd 0.8 N + 0.2 O + 0.05 C F )& a - ytqnhfkm-2 4

yst rjvgjytyns^ b - pfhz;tyyst rjvgjytyns&

Hbc& 5& Gjyb;tybt rjywtynhfwbb ’ktrnhjyjd ghb lj,fdrf[ ntakjyf

(yfxfkmysq ’ktvtynysq cjcnfd 0.8 N + 0.2 O + c ) gj
lj,

chfdytyb. c xbcnsv djple[jv (c = 0)& a - p = 60 vv& hn&
lj,

cn&^ b - p = 600 vv& hn& cn& 1 - c = 0&001^ 2 - c =
lj, lj,

0&01^ 3 - c = 0&05^ 4 - c = 0&08^ 5 - c = 0&1&
lj, lj, lj,

Hbc& 6& Gjyb;tybt rjywtynhfwbb NO ghb lj,fdrf[ ntakjyf (yfxfkmysq2

’ktvtynysq cjcnfd 0.8 N + 0.2 O + c ) gj chfdytyb. c
lj,

xbcnsv djple[jv (c = 0)& a - p = 60 vv& hn& cn&^ b - p =
lj,

600 vv& hn& cn& 1 - c = 0&001^ 2 - c = 0&01^ 3 - c
lj, lj, lj,

= 0&05^ 4 - c = 0&08^ 5 - c = 0&1&
lj, lj,
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