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NTHVJLBYFVBRF BCGFHTYBZ {KJHBLF RFKBZ. CJDVTCNYFZ J<HF<JNRF

LFYYS{ GJ J<OTVE LFDKTYB> GFHF B GJ CRJHJCNB BCGFHTYBZ

T&<& Helysq^ L&D& <jyytkk^ L&D& {fcnb

D htpekmnfnt cjdvtcnyjq j,hf,jnrb ’rcgthbvtynfkmys[ lfyys[ gj

j,otve lfdktyb. gfhf b gj crjhjcnb bcgfhtybz [kjhblf rfkbz jghtltktys

o
nthvjlbyfvbxtcrbt cdjqcndf ufpjafpys[ vjktrek KCl b K Cl $ D H (KCl) =2 2 f 0

o-213.2+0.5 rL;/vjkm, D H (K Cl ) = -600.8+5.4 rL;/vjkm& Htpekmnfnsf 0 2 2

hfpys[ ’rcgthbvtynjd jnkbxf.ncz lheu jn lheuf cbkmytt^ xtv yf,k.lf-

.obqcz cnfnbcnbxtcrbq hfp,hjc^ b d hf,jnt ghbvtytyf cgtwbfkmyfz vjltkm

jib,jr^ exbnsdf.ofz ckexfqyst b cbcntvfnbxtcrbt gjuhtiyjcnb& Ytbpdt-

cnyst abpbrj-[bvbxtcrbt gfhfvtnhs b rjvgjytyns lbcgthcbb d vjltkb

jib,jr jghtltktys c bcgjkmpjdfytv vtnjlf vfrcbvfkmyjuj ghfdljgjlj,bz&

Gjrfpfyj^ xnj lkz fltrdfnyjuj jgbcfybz ceotcnde.ob[ ’rcgthbvtynfkmys[

lfyys[ ’ynhjgbz lbvthyjq vjktreks K Cl ^ ghbyznfz d cghfdjxys[ bplfyb-2 2
o

z[ (S = 350.3 L;/RWvjkm)^ ljk;yf ,snm edtkbxtyf lj 360.7 L;/RWvjkm&298
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Ddtltybt

Jlyjq bp df;ys[ [fhfrnthbcnbr dtotcndf c njxrb phtybz nt[ybxtcrj-

uj ghbkj;tybz zdkztncz lfdktybt yfcsotyyjuj gfhf^ pyfxtybt rjnjhjuj^

cdzpfyyjt cj crjhjcnm. bcgfhtybz^ lftn djpvj;yjcnm ds,hfnm ytj,[jlbvsq

ntvgthfnehysq ht;bv hf,jns c lfyysv dtotcndjv& Ghb ghtyt,ht;tybb

vjkmysv j,‘tvjv rjyltycbhjdfyyjq afps gj chfdytyb. c vjkmysv j,‘tvjv

_____________________________________________________________________

1
Yfwbjyfkmysq Bycnbnen Cnfylfhnjd b Nt[yjkjubb^ Ufqpthc,ehu^
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ufpf b ghb bcgjkmpjdfybb ehfdytybz cjcnjzybz bltfkmyjuj ufpf byntuhb-

hjdfybt ehfdytybz Rkfepbecf-Rkfgtqhjyf ghbdjlbn r cktle.otve dshf;tyb.

o o oR ln (p/p ) = -D H /T + D S ^ (1)trs trs

ult byltrc o erfpsdftn yf dtkbxbye^ cjjndtncnde.oe. cnfylfhnyjve

o
cjcnjzyb. (d yfcnjzotq hf,jnt ghbyznj^ xnj p = 101325 Gf)&

Tckb ghb bcgfhtybb j,hfpe.ncz ytcrjkmrj dbljd vjktrek^ j,sxyj

bcgjkmpetncz vjltkm bltfkmyjuj fccjwbbhjdfyyjuj ufpjdjuj hfcndjhf^ ult

gjdtltybt hfpys[ dtotcnd gj jnltkmyjcnb jgbcsdftncz ehfdytybtv cjcnj-

zybz bltfkmyjuj ufpf^ f lfdktybt yfcsotyyjuj gfhf (p ) ghtlcnfdkztntot

cj,jq cevve gfhwbfkmys[ lfdktybq& D ckexft j,hfpjdfybz vjyjvthys[ b

lbvthys[ vjktrek (dct gjcktle.obt ehfdytybz b j,ce;ltybt ,elen jnyj-

cbnmcz njkmrj r ’njve ckexf.) vj;yj pfgbcfnm

p = p + p (2)tot m d

D gfht ghjntrftn [bvbxtcrfz htfrwbz^ gj’njve jy zdkztncz jlyjrjvgj-

ytynyjq cbcntvjq^ ytcvjnhz yf nj^ xnj cjlth;bn ldf dtotcndf& Bp ’njuj

cktletn^ xnj dtcm gfh yt gjlxbyztncz ehfdytyb. cjcnjzybz bltfkmyjuj

ufpf b ehfdytybt (1) lkz j,otuj lfdktybz p ytkmpz bcgjkmpjdfnm&tot

Ytj,[jlbvj bcgjkmpjdfnm ehfdytybt (1) gj jnltkmyjcnb lkz vjyjvthys[ b

lbvthys[ vjktrek^ f pfntv ghbvtybnm ehfdytybt (2)& "nj ghbdjlbn r ldev

’rdbdfktynysv dshf;tybzv

o o o o
DS (T) DH (T) DS (T) DH (T)m m d dp = exp{[-----------------------------]} exp{-[-----------------------------]} + exp{[-----------------------------]} exp{-[-----------------------------]}^ (3)R RT R RT

o o o o
DH (T) DS (T) DS (T) DH (T)m m dm dmln p = -[-----------------------------]+[-----------------------------]+ ln{1 + exp[-----------------------------------]]exp[-[-----------------------------------]]}^ (4)RT R R RT

o o o o o o
ult DH ^ DH ^ DH b DS ^ DS ^ DS - ’ynfkmgbb b ’ynhjgbb htfrwbqm d dm m d dm

KCl(cd) = KCl^ (5)

2 KCl(cd) = K Cl ^ (6)2 2

KCl(cd) + KCl(g) = K Cl (g)^ (7)2 2

Wtkm yfcnjzotq hf,jns - fyfkbp djpybrf.ob[ ghj,ktv b gentq b[
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htitybz ghb bcgjkmpjdfybb ehfdytybq (3) b (4) lkz j,hf,jnrb ’rcgthb-

vtynfkmys[ lfyys[ c wtkm. jgbcfybz b ’rcnhfgjkzwbb lfdktybz yfcsoty-

yjuj gfhf yf ghbvtht [kjhblf rfkbz&

J,pjh ’rcgthbvtynfkmys[ lfyys[

Cnfylfhnyjt cjcnjzybt vjyjvthys[ vjktrek jnyjcbncz r ubgjntnbxtc-

rjve cjcnjzyb. ufpf^ yf[jlzotujcz ghb cnfylfhnyjv lfdktybb^ cjcnjzotuj

njkmrj bp vjyjvthys[ vjktrek b gjlxbyzotujcz ehfdytyb. bltfkmyjuj ufpf

(nj ;t cfvjt vj;yj crfpfnm ghj lbvthyst vjktreks)& D htfkmys[ nthvjlb-

yfvbxtcrb[ bccktljdfybz[ gjkexbnm gfh^ cjlth;fobq njkmrj vjyjvthyst

bkb njkmrj lbvthyst vjktreks^ ytdjpvj;yj& Ghfrnbxtcrb dct htpekmnfns

lf.n cevvfhyst [fhfrnthbcnbrb gfhf^ f dsdjl j ceotcndjdfybb lbvthys[

vjktrek ltkftncz yf jcyjdt cjgjcnfdktybz htpekmnfnjd^ gjkextyys[

hfpysvb vtnjlfvb&

Tlbycndtyyjt b df;yjt bcrk.xtybt - ’nj dscjrjntvgthfnehyfz vfcc-

cgtrnhjvtnhbz^ rjnjhfz lftn ghzvst ljrfpfntkmcndf yfkbxbz gjkbvthys[

vjktrek d gfht& D ’njv vtnjlt j,‘trnjv bccktljdfybz gj-ght;ytve zdkz-

tncz ufpjdsq hfcndjh vjyjvthys[ b lbvthys[ vjktrek^ jlyfrj ,kfujlfhz

bjybpfwbb vjktrekzhyjuj gexrf b bpvthtyb. njrjd jnltkmys[ bjyjd djp-

vj;yj jwtybnm bylbdblefkmyst rjywtynhfwbb vjktrek d gfht&

Dscjrjntvgthfnehyfz vfcc-cgtrnhjvtnhbz& D vfcc-cgtrnhfkmys[

’rcgthbvtynf[ bp bccktletvjuj gfhf jn,bhftncz vjktrekzhysq gexjr^

ytqnhfkmyst vjktreks rjnjhjuj ghtdhfof.n d bjys (ghb ’njv rfr ghfdbkj^

bcgjkmpe.n ’ktrnhjyye. ,jv,fhlbhjdre)& <jkmibycndj ytjlyjpyfxyjcntq d

htpekmnfnf[^ gjkextyys[ vfcc-cgtrnhfkmysvb vtnjlfvb^ djpybrftn yf ’njq

cnflbb bp-pf cdjtj,hfpyjuj pfvryenjuj rheuf& Xnj,s rjkbxtcndtyyj

jghtltkbnm cjcnfd gfhf^ yflj pyfnm^ rfr ghjntrf.n bjybpfwbjyyst ghj-

wtccs^ xnj,s bpexbnm bjybpfwbjyyst ghjwtccs^ yflj pyfnm cjcnfd gfhf&

- - - -
Gthdsq vfcc-cgtrnh gfhjd [kjhblf rfkbz (K , Cl , KCl , KCl ,2
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-K Cl [1]) pfhtubcnhbhjdfy d 1955 u&^ f d 1958 u& gjkexty vfcc-cgtrnh2
+ + + +

gjkj;bntkmys[ bjyjd (K , KCl , K Cl b K Cl [2-3])& Ctxtybz bjybpfwbb2 3 2

c j,hfpjdfybtv gjkj;bntkmysv[ bjyjd ujhfplj ,jkmit^ xtv c j,hfpjdfybtv

jnhbwfntkmys[ bjyjd^ gj’njve d lfkmytqitv lkz gjkextybz rjkbxtcndtyys[

htpekmnfnjd bcgjkmpjdfkbcm gjkj;bntkmyst bjys [4-13]&

D [3, 5, 7, 9, 10, 11-13] ghbdtltys rjkbxtcndtyyst vfcc-cgtrnhs

gjkj;bntkmys[ bjyjd^ f d [5, 7, 9, 12, 13] bpvthtys ntvgthfnehyst

pfdbcbvjcnb bjyys[ njrjd& D [6] b [8] bpvthtyj eukjdjt hfcghtltktybt

bjyys[ njrjd& D [14] gjkexty vfcc-cgtrnh gjkj;bntkmys[ bjyjd gfhjd

[kjhblf rfkbz ghb ajnjbjybpfwbb& Bccktljdfybt jnhbwfntkmys[ bjyjd ghb

bjybpfwbb ’ktrnhjyysv elfhjv vj;yj yfqnb d [15]&

Dj dct[ hf,jnf[ rhjvt [12] lkz utythfwbb vjktrekzhyjuj gexrf

bcgjkmpjdfkfcm ’aaepbjyyfz rfvthf Ryelctyf& Gjcrjkmre vfrcbvfkmyjt

lfdktybt gfhf ghb ’njv yt ljk;yj ghtdsifnm ytcrjkmrb[ gfcrfktq^ nj dct

bpvthtybz ghjdtltys ghb ntvgthfneht < 1000 R yfl ndthlsv KCl& D [12]

’njn ghtltk ghtjljkty ghb bcgjkmpjdfybb nt[ybrb cdth[pderjds[ gexrjd b

gjkextys vfcc-cgtrnhs ghb bcgfhtybb ;blrjuj [kjhblf rfkbz&

Jnvtnbv^ xnj gjkj;bntkmyst b jnhbwfntkmyst bjys ceotcnde.n ytgj-

chtlcndtyyj d yfcsotyyjv gfht [kjhblf rfkbz [16]^ jlyfrj b[ rjywtynhf-

wbb yf itcnm-djctvm gjhzlrjd vtymit^ xtv rjywtynhfwbz vjyjvthys[ b

lbvthys[ vjktrek b jyb ghfrnbxtcrjuj yt dkbz.n yf lfdktybt gfhf&

D cgtwbfkmys[ ’rcgthbvtynf[ gjrfpfyj^ xnj ghb ’ktrnhjyyjv elfht

yt ghjbc[jlbn bjyyj-vjktrekzhys[ htfrwbq d j,kfcnb bjybpfwbb [4]&

+ +
Nfrbv j,hfpjv^ yfkbxbt bjyjd K Cl b K Cl cdbltntkmcndetn j njv^ xnj2 3 2

d gfhf[ [kjhblf rfkbz ghbcencnde.n gjkbvthyst vjktreks& Ghbvth [kjhblf

rfkbz gjrfpsdftn^ xnj d vfcc-cgtrnht vjuen jncencndjdfnm hjlbntkmcrbt

+
bjys nbgf K Cl bp-pf b[ vfkjq cnf,bkmyjcnb (cvjnhb rdfynjdj-2 2

+
[bvbxtcrbt hfcxtns Na Cl [17, 18])& "nj nbgbxyj lkz dct[ ufkbljd b2 2

j,sxyj yt lftn gjdjlf lkz ljgjkybntkmys[ cjvytybq& Nhelyj djj,hfpbnm

lheubt vjktreks^ rhjvt K Cl b K Cl ^ rjnjhst vjuen ghbdtcnb r j,hfpj-2 2 3 3
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+ +
dfyb. bjyjd K Cl b K Cl & Ytqnhfkmyst vjktreks nbgf K Cl dsukzlzn2 3 2 2

cnhfyyj c [bvbxtcrjq njxrb phtybz (cvjnhb rdfynjdj-[bvbxtcrbt hfcxtns

Li F, LiF , Na F, Na Cl [19-22])^ ytj,[jlbvj nfr;t gjvybnm^ xnj [kjhbl2 2 2 2

rfkbz bcgfhztncz rjyuhe’ynyj b^ cktljdfntkmyj^ cjcnfd ufpjdjq afps

ljk;ty cjdgflfnm c cjcnfdjv rjyltycbhjdfyyjq afps&

<jktt cthmtpyjq ghj,ktvjq zdkztncz hfcibahjdrf vfcc-cgtrnhf&

+
Bjyysq njr K Cl vfk (cjnst ljkb ghjwtynf)^ gj’njve d jhbubyfkmys[3 2

hf,jnf[ cxbnfkjcm^ xnj rjywtynhfwbz nhbvthys[ vjktrek ghtyt,ht;bvj

+ + +
vfkf^ b hfccvfnhbdfkbcm njkmrj bjys K , KCl , K Cl ^ j,hfpe.obtcz bp2

ytqnhfkmys[ vjktrek KCl b K Cl & "rcgthbvtyns gj bpvthtyb. ntvgthfneh-2 2

yjq pfdbcbvjcnb [5, 7, 9, 12, 13] b eukjdjve hfcghtltktyb. [6^ 8^

+ + + +25-28] bjyys[ njrjd K ^ KCl b K Cl lf.n ghfdj crfpfnm^ xnj bjys K b2
+ +KCl ghjbc[jlzn d jcyjdyjv bp vjyjvthys[ vjktrek^ f bjys K Cl bp2

lbvthys[& "nj jpyfxftn^ xnj jnyjitybt gfhwbfkmys[ lfdktybq vj;yj

jghtltkbnm gj cjjnyjityb.

+ + +p /p = {I(K Cl )/[I(K ) + I(KCl ]}W(s /s )^ (8)d m 2 m d

ult s /s - jnyjitybt ctxtybq bjybpfwbb vjyjvthys[ b lbvthys[ vjktrek&m d

R cj;fktyb.^ bcgjkmpjdfyb. ehfdytybz (8) ghtgzncndetn ytpyfybt

jnyjitybz gjkys[ ctxtybq bjybpfwbb vjyjvthys[ b lbvthys[ vjktrek&

"rcgthbvtynfkmyj ytdjpvj;yj jghtltkbnm s /s ,tp fghbjhyjuj pyfybzm d

jnyjitybz gfhwbfkmys[ lfdktybq^ f njxyjcnm ntjhtnbxtcrb[ pyfxtybq

ctxtybq bjybpfwbb yt ghtdsiftn 50%& Tlbycndtyysv ds[jljv vjukj ,snm

ghbvtytybt ldjqyjq ’aaepbjyyjq rfvths [23, 24]^ yj nfrb[ ’rcgthbvtynjd

c [kjhbljv rfkbz yt ghjdjlbkjcm&

Bnfr^ htpekmnfns vfcc-cgtrnhfkmys[ bccktljdfybq jlyjpyfxyj gjrf-

psdf.n^ xnj ghb hfccvjnhtybb gfhjd [kjhblf rfkbz ytj,[jlbvj extcnm

j,hfpjdfybt vjyjvthys[ b lbvthys[ vjktrek^ f cjlth;fybtv jcnfkmys[

gjkbvthys[ vjktrek vj;yj ghtyt,htxm& Ntv yt vtytt^ gjkextybt rjkbxt-

cndtyys[ lfyys[ gj lfdktyb. gfhf c [jhjitq njxyjcnm. pfnhelytyj&
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Jghtltktybt j,otuj lfdktybz gfhf b crjhjcnb bcgfhtybz& Lfyyfz

uheggf vtnjljd j,‘tlbytyf bp-pf jlyjq j,otq xthns& Bpvthztncz ytrjnj-

hjt cdjqcndj^ rjnjhjt ghtlcnfdkztn cj,jq cevve cdjqcnd vjktrek^ ghb-

cencnde.ob[ d gfht& Bp ceotcnde.otq kbnthfnehs j, ’nb[ vtnjlf[ dsltkbv

ytlfdybq j,pjh [29].

Dj-gthds[^ vj;yj ytgjchtlcndtyyj bpvthbnm j,ott lfdktybt gfhf

p ^ rjnjhjt zdkztncz cevvjq gfhwbfkmys[ lfdktybq (cv& (2)) [30-43]&tot

Lkz ’njuj bcgjkmpe.ncz vfyjvtnhs hfpys[ nbgjd^ vtnjl njxtr rbgtybz^

vtnjl Hjlt,eif-Lbrcjyf^ njhpbjyyj-’aaepbjyysq vtnjl&

Cktle.obq vtnjl^ rjnjhsq ghbvtyz.n lkz jghtltktybz ybprb[

lfdktybq (vtytt 5 Gf)^ - ’nj bpvthtybt crjhjcnb bcgfhtybz {r = m/(At)}

bp ’aaepbjyyjq rfvths Ryelctyf [13, 35, 44-57]& Ehfdytybt Uthwf-

Ryelctyf ghb bcgfhtybb dtotcndf d dblt vjyjvthys[ b lbvthys[ vjktrek

pfgbcsdftncz cktle.obv j,hfpjv
5------6-1/2

r = r + r = (2pMRT) M (p + r 2 p )^m d m d

ult M - vjktrekzhyfz vfccf KCl& Ddtltv ’aatrnbdyjt lfdktybt

1/2 -1/2p = r (2pRT) M ^KE

rjnjhjt vj;yj hfccxbnfnm^ bcgjkmpez bpvthztve. crjhjcnm bcgfhtybz b

ghtlgjkfufz yfkbxbt njkmrj vjyjvthys[ vjktrek& Njulf
5------6

p = p + r 2 p (9)KE m d

Ghb lfdktybb gfhf ,jkmit 10 Gf ghbvtyztncz vtnjl bpvthtybz crj-

hjcnb bcgfhtybz d gjnjr bythnyjuj ufpf (vtnjl gjnjrf) [40, 58-64]&

Jnyjitybz vfccs bcgfhbditujcz dtotcndf r xbcke vjktq ghjgeotyyjuj ufpf

cjcnfdkztn

m/n = (m + m )/n = M (p + 2p )/p ^c m d c m d c

ult byltrc @c@ jnyjcbncz r ufpe-yjcbntk.& Gfhwbfkmyjt lfdktybt ufpf-

yjcbntkz p vj;yj dshfpbnm xthtp j,ott lfdktybt d cbcntvt p b xthtpc sys

gfhwbfkmyst lfdktybz vjyjvthys[ b lbvthys[ vjktrek

p = p - p - pc sys m d

Jgznm vj;yj ddtcnb ’aatrnbdyjt lfdktybt p ^ rjnjhjt hfccxbnsdf.nTR
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ghtlgjkj;bd yfkbxbt njkmrj vjyjvthys[ vjktrek^

M ncp = p /([------------------] +1)TR sys m

Vj;yj gjrfpfnm^ xnj

p = (p + 2p )/(1 + p /p )^ (10)TR m d d sys

Fdnjhs jhbubyfkmys[ hf,jn cxbnf.n^ xnj njxyjcnm ’rcgthbvtynfkmyj

jghtltkztvs[ dtkbxby p ^ p b p cjcnfdkztn 2-5%&tot KE TR

Jghtltktybt gfhwbfkmys[ lfdktybq vjyjvthys[ b lbvthys[ vjktrek

Vfcc-cgtrnhjvtnhbz jlyjpyfxyj gjrfpsdftn^ xnj KCl b K Cl - ’nj2 2

jcyjdyst rjvgjytyns gfhf KCl& Jlyfrj njxyjcnm jghtltktybz gfhwbfkmys[

lfdktybq p b p njkmrj bp vfcc-cgtrnhfkmys[ lfyys[ yt dscjrf& D nj ;tm d

dhtvz vj;yj jghtltkbnm p b p ghb chfdytybb vt;le cj,jq ’rcgthbvty-m d

nfkmyj jghtltkztvs[ dtkbxby p ^ p b p {ehfdytybz (2)^ (9) btot KE TR

(10)}^ rjnjhst bpdtcnys c njxyjcnm. 3-5%& Ntv yt vtytt cktletn gjlxth-

ryenm^ xnj bcgjkmpjdfybt p ^ p b p lkz jghtltktybz p b ptot KE TR m d

djpvj;yj njkmrj ghb fghbjhyj pflfyyjv cjcnfdt gfhf& Nfr^ tckb ljgjk-

ybntkmyj d ehfdytybz (2)^ (9) b (10) ljgjkybntkmyj drk.xbnm nhbvthyst

vjktreks^ nj [jhjib[ htpekmnfnjd j;blfnm ,eltn e;t ytkmpz&

Gjlj,ysq gjl[jl bcgjkmpjdfy d [65, 66] ghb bccktljdfybb bcgfhtybz

[hjvfnjd b cekmafnjd otkjxys[ vtnfkkjd& Vfcc-cgtrnjvtnhbz ghbvtytyf

lkz jghtltktybz rfxtcndtyyjuj cjcnfdf gfhf^ f rjkbxtcndtyyst lfyyst

gjkextys ghb bpvthtyybb j,otuj lfdktybz gfhf b crjhjcnb ’aaepbb&

Hfccvjnhbv hf,jns [37, 63], xnj,s gjrfpfnm nbgbxye. ghjwtlehe

jghtltktybz gfhwbfkmys[ lfdktybq bp j,otuj b crjhjcnb bcgfhtybz ghb

pflfyyjv rfxtcndtyyjv cjcnfdt gfhf& D 1956 u& bpvthtyj j,ott lfdktybt

gfhf KCl d bynthdfkt ntvgthfneh 1275-1539 R (11 njxtr) [37]^ f d 1959

u& - crjhjcnm bcgfhtybz [kjhblf rfkbz d gjnjr ufpf ghb ntvgthfnehf[

1250-1473 R (7 njxtr) [63]& Ghb bcgjkmpjdfybb gjkextyyjuj ehfdytybz d

gthdjv ’rcgthbvtynt fdnjhfvb hfccxbnfys pyfxtybz p lkz ntvgthfnehtot
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dnjhjuj ’rcgthbvtynf& Cjdvtcnyjt htitybt ehfdytybq (2) b (10) lkz

rf;ljq ntvgthfnehs dnjhjuj ’rcgthbvtynf lfkj gfhwbfkmyst lfdktybz

vjyjvthys[ b lbvthys[ vjktrek^ f ghb bcgjkmpjdfybb ehfdytybz nbgf (1)

gjkextys ’ynfkmgbb b ’ynhjgbb htfrwbq (5) b (6)&

Ghb ds,jht htrjvtyljdfyys[ nthvjlbyfvbxtcrb[ dtkbxby lkz [kjhblf

rfkbz d cghfdjxybrf[ [67] b [68] gj cenb bcgjkmpjdfy nfrjq ;t gjl[jl&

Dyfxfkt bp ’rcgthbvtynfkmys[ lfyys[ jhbubyfkmys[ hf,jn hfccxbnfys

o
rjycnfyns hfdyjdtcbz htfrwbb (7) (K = p /p )& Lkz ’njuj ytpfdbcbvjdm d m

j,hf,jnfys ’rcgthbvtyns gj vtnjle gjnjrf cgjcj,jv jgbcfyysv dsit& Lkz

rf;ljuj ’rcgthbvtynf jghtltktyf ’ynfkmgbz htfrwbb (7) gj dnjhjve b

o
nhtnmve pfrjyfv nthvjlbyfvbrb b ghjdtltyj echtlytybt DH gj dctvdm

’rcgthbvtynfv^ drk.xfz vfcc-cgtrnhfkmyst lfyyst&

Yf cktle.otv ’nfgt ghb bcgjkmpjdfybb htrjvtyljdfyyjuj pyfxtybz

o o
DH hfccxbnfys K ghb ntvgthfnehf[^ cjjndtcnde.ob[ ’rcgthbvtynfkmyjdm dm

bpvthtyysv j,obv lfdktybzv^ b j,ott lfdktybt crjhhtrnbhjdfyj lj gfhwb-

fkmyjuj lfdktybz vjyjvthys[ vjktrek& Ntgthm e;t j,hf,jnfys gjkextyyst

rjycnfyns hfdyjdtcbz htfrwbb (5) gj dnjhjve b nhtnmtve pfrjyfv nthvj-

o
lbyfvbrb^ f gjkextyyfz DH echtlytyf gj dctv ’rcgthbvtynfv&m

Ghtveotcndj jgbcfyyjq ghjwtlehs pfrk.xftncz d tt ghjcnjnt (yf

dct[ ’nfgf[ bcgjkmpetncz njkmrj j,sxyfz kbytqyfz htuhtccbz)^ f ytlj-

cnfnrb zdkz.ncz cktlcndbtv ghtbveotcndf&

Dthytvcz r j,hf,jnrt lfyys[ d hf,jnf[ [37, 63]& Chfpe ;t ,hjcf-

tncz d ukfpf ytrjnjhfz ytjlyjpyfxyjcnm& Gjxtve^ yfghbvth^ yt fgghjr-

cbvbhjdfnm ghzvjq kbybtq ’aatrnbdyst lfdktybz^ jghtltktyyst vtnjljv

gjnjrf p b yt gthtcxbnfnm b[ r ntvgthfnehfv^ ghb rjnjhs[ bpvthtyjTR

j,ott lfdktybt& Lheubvb ckjdfvb^ yt dblyj rhbnthbz ds,jhf ntvgthfneh

ghb rjnjhs[ cjdvtcnyj htif.ncz ehfdytybz (2) b (10)&

Genm^ bcgjkmpjdfyysq d cghfdjxybrf[^ tot ,jktt ytjlyjpyfxty& D

ljgjkytybt r ghtlsleotve ytzcty ghbywbg rjv,byfwbb ’rcgthbvtynjd gj

jghtltktyb. j,otuj lfdktybz b crjhjcnb bcgfhtybz& Echtlytybt lfyys[
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hfpys[ ’rcgthbvtynjd yf ehjdyt ’ynfkmgbq htfrwbq^ f yt yf ehjdyt

’rcgthbvtynfkmyj jghtltkztvs[ dtkbxby nfr;t ltkftn ytzcysv ds,jh

bcgjkmpjdfyys[ dtcjd ghb echtlytybb ’ynfkmgbq htfrwbq&

Gthtxbcktyyst j,cnjzntkmcndf ghbdjlzn r njve^ xnj^ dj-gthds[^ ytn

ybrfrb[ ufhfynbq^ xnj htrjvtyletvst pyfxtybz jgnbvfkmys# dj-dnjhs[^

rjhhtrnyfz jwtyrf gjuhtiyjcnb gjkexftvs[ nthvjlbyfvbxtcrb[ gfhfvtnhjd

rhfqyt pfnhelytyf&

Abpbrj-[bvbxtcrfz vjltkm

D yfcnjzotq hf,jnt lkz jghtltktybz gfhwbfkmys[ lfdktybq p b p ^m d

f nfr;t nthvjlbyfvbxtcrb[ [fhfrnthbcnbr htfrwbq (5) b (7) ghbvtyty

gjl[jl^ gjpdjkz.obq yf[jlbnm nfrbt pyfxtybz ’ynfkmgbq b ’ynhjgbq

htfrwbq (5) b (7)^ rjnjhst yfbkexibv j,hfpjv djcghjbpdjlzn dct bvt.ob-

tcz ’rcgthbvtynfkmyst lfyyst& "nj cjjndtncndetn htityb. gthtjghtltkty-

yjq cbcntvs ytkbytqys[ ehfdytybq nbgf (4) ghb jlyjdhtvtyyjv bcgjkmpj-

dfybb dct[ ’rcgthbvtynfkmyj jghtltktyys[ dtkbxby p ^ p b p ghbtot KE TR

hfpys[ ntvgthfnehf[& Jnkbxbt ghtlkfuftvjuj gjl[jlf jn j,hf,jnrb lfy-

ys[^ ghjdtltyyjq d cghfdjxybrf[ [67^ 68] pfrk.xftncz d jnrfpt jn

ghb,kb;tyyjuj cdtltybz pflfxb ghbywbgbfkmyj ytkbytqyjq gj gfhfvtnhfv

(cv& (3) b (4)) r ldev kbytqysv pflfxfv b d ds,jht ,jktt fltrdfnyjq

vjltkb jib,jr (cv& yb;t)&

Rf;ljt ehfdytybt gthtjghtltktyyjq cbcntvs bvttn dbl

calcln p = ln p + e ^ (11)ij ij ij

ult byltrc i yevthetn ’rcgthbvtyns hfpys[ fdnjhjd (i = 1, ..., M)^ f

byltrc j - ’rcgthbvtynfkmyst njxrb dyenhb jlyjuj ’rcgthbvtynf (j = 1,

..., N )^ p - ’rcgthbvtynfkmyst lfdktybz^ rjnjhst cjlth;fn jib,rbi ij

bpvthtybz e & Ehfdtybz pfgbcfys lkz kjufhbavjd lfdktybq gjcrjkmre ghbij

’njv gjkexftncz ,jktt ghjcnfz vjltkm jib,rb&

calc
Ntjhtnbxtcrjt pyfxtybt lfdktybz p cdzpfyj c gfhwbfkmysvbij

lfdktybzvb vjyjvthysv[ b lbvthys[ vjktrek cktle.obvb cjjnyjitybzvb& D
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ckexft j,otuj lfdktybz gfhf

calcln p = ln p = ln p + ln (1 + p /p )^ (12)ij tot,ij m d m

d ’aaepbjyys[ ’rcgthbvtynf[
56calcln p = ln p = ln p + ln (1 + r 2 p /p )^ (13)ij KE,ij m d m

b d vtnjlt gjnjrf

calcln p = ln p =ij TR,ij

= ln p + ln (1 + 2 p /p ) - ln {1 + p W(p /p )/p }& (14)m d m m d m sys

Gfhwbfkmyjt lfdktybt vjyjvthys[ vjktrek p b jnyjitybt p /p pfdbcznm d m

jn ytbpdtcnys[ ’ynfkmgbq b ’ynhjgbq htfrwbq (5) b (7)

o o
DH (T) DS (T)m mln p = - [-----------------------------] + [-----------------------------]^ (15)m RT R

o o
DH (T) DS (T)dm dmln (p /p ) = - [-----------------------------------] + [-----------------------------------]& (16)d m RT R

Pfdbcbvjcnm. ’ynfkmgbq b ’ynhjgbq jn ntvgthfnehs ghtyt,htxm

ytkmpz^ nfr rfr d yfitv ckexft ntvgthfnehysq bynthdfk bpvthtybq cjc-

o
nfdkztn jrjkj 1000 R& Gj’njve pf ytbpdtcnyst gfhfvtnhs ghbyzns DH ^m
o o o

DS ^ DH b DS ghb ntvgthfneht gkfdktybz [kjhblf rfkbz (1044 R)^m dm dm

jndtxf.obt ghjwtcce ce,kbvfwbb& Ghb ntvgthfnehf[ yb;t b dsit njxrb

gkfdktybz ’ynfkmgbb b ’ynhjgbb gthtcxbnsdfkbcm xthtp ntgkjtvrjcnb

exfcnybrjd htfrwbq (5) b (7) b ’ynfkmgb. gkfdktybz KCl& Pfdbcbvjcnb

ntgkjtvrjcnb jn ntvgthfnehs lkz htfrwbq (5) b (7) b ’ynfkmgbz gkfdkt-

ybz [kjhblf rfkbz cxbnfkbcm fghbjhyj pflfyysvb b hfccxbnsdfkbcm bp

lfyys[ cghfdjxybrf [68] (’nb dtkbxbys ghfrnbxtcrb yt jnkbxf.ncz jn

ghbdtltyys[ d cghfdjxybrt [67])&

Gjlcnfyjdrf ajhvek (12)-(16) d (11) lf.n bcrjve. cbcntve ehfdyt-

o o o o
ybq^ cjlth;foe. xtnsht ytbpdtcnys[ gfhfvtnhf (DH ^ DS ^ DH b DSm m dm dm

ghb 1044 R)& Jnvtnbv^ xnj bcgjkmpjdfybt rfrjuj-kb,j jnltkmyjuj yf,jhf

’rcgthbvtynfkmys[ lfyys[ (yfghbvth^ njkmrj pyfxtybq p ) yt lftntot

djpvj;yjcnb yflt;yjuj jghtltktybz dct[ xtnsht[ gfhfvtnhjd^ gjcrjkmre

gj jnltkmyjcnb ln p , ln p b ln p (ehfdytybz 12-14) rfr aeyrwbbtot KE TR
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j,hfnyjq ntvgthfnehs ghfrnbxtcrb yt jnkbxf.ncz jn ghzvs[ kbybq&

Hf,jns^ bp rjnjhs[ dpzns ’rcgthbvtynfkmyst lfyyst lkz htitybz

cbcntvs ehfdytybq (11)^ ghtlcnfdktys d nf,k& 1 - 3& Lfyyst [32, 34,

36, 52, 58, 59, 60] yt bcgjkmpjdfys^ gjcrjkmre jyb cbkmyj jnkbxfkbcm

jn lfyys[^ ghbdtltyys[ d jcnfkmys[ hf,jnf[& Ytrjnjhst bcnjxybrb [45,

46] jrfpfkbcm ytljcnegys& Hf,jns [51, 56]^ gjcdzotyyst bccktljdfyb.

bcgfhtybz [kjhblf rfkbz d ythfdyjdtcys[ eckjdb[^ b [53, 55]^ ult

crjhjcnb ’aaepbb bpvthtys lkz gtht[jlyjuj ht;bvf^ yt hfccvfnhbdfkbcm&

Bp crjhjcntq ’aaepbb^ ghbdtltyys[ d [13, 54]^ bcgjkmpjdfys njkmrj nt^

rjnjhst bpvthtys lj 950 R& Ghb ntvgthfnehf[ dsit 950 R ht;bv vjktre-

kzhyjuj bcntxtybz yfheiftncz b ehfdytybt Uthwf-Ryelctyf ytghbvtybvj&

Dctuj d cbcntve ehfdytybq (11) ,skj drk.xtyj 460 ’rcgthbvtynfkm-

ys[ njxtr bp 29 ’rcgthbvtynjd&

Vjltkm jib,jr

Yfkbxbt jib,jr bpvthtybz ltkftn cbcntve ehfdytybq (11) ytcjdvt-

cnbvjq b ds,jh @yfbkexituj htitybz@ pfdbcbn jn ds,jhf vjltkb jib,jr

e . Lkz ds,jhf vjltkb jib,jr ghjfyfkbpbhjdfys jcnfnrb ’rcgthbvtynfkm-ij

ys[ njxtr jnyjcbntkmyj fgghjrcbvfwbjyys[ ehfdytybq^ hfccxbnfyys[ yf

jcyjdfybb lfyys[ [67^ 68]^ rjnjhst bcgjkmpjdfys yfvb rfr gthdjt ghb-

,kb;tybt (cv& hbc& 1 - 4^ ult jcnfnrb yfytctys jnyjcbntkmyj htrjvtylj-

dfyyjuj htitybz ML(III-1)^ ds,jh rjnjhjuj ,eltn jgbcfy yb;t)&

Yf hbc& 1-3 ghbdtltys jnrkjytybz lkz kjufhbavjd j,otuj lfdktybz

p ^ ’aatrnbdyjuj lfdktybz vtnjlf Ryelctyf p b ’aatrnbdyjuj lfdkt-tot KE

ybz vtnjlf gjnjrf p jn cjjndtncnde.ob[ fgghjrcbvfwbjyys[ ehfdytybq&TR

Yf hbc& 4 fgghjrcbvfwbjyyst ehfdytybz lkz vtnjljd Ryelctyf b gjnjrf

yfytctys jnyjcbntkmyj fgghjrcbvfwbjyyjuj ehfdytybz lkz j,otuj lfdkt-

ybz^ b nfr;t ghtlcnfdktys ’rcgthbvtynfkmyst lfyyst^ yfb,jktt [jhjij

cjukfce.ob[cz vt;le cj,jq&

Ghb hfccvjnhtybb hbc& 1 - 4 cktletn bvtnm d dble^ xnj hfc[j;ltybt
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vt;le hfpysvb ’rcgthbvtynfvb yt nfr e; b dtkbrj (10-15% dtkbxbys

f,cjk.nyjuj lfdktybz^ d nj dhtvz rfr cfvb dtkbxbys lfdktybq vtyz.ncz

yf ltcznm gjhzlrjd)& Tckb ghtlcnfdktyyst lfyyst bpj,hfpbnm yt rfr

jcnfnrb^ f yf j,sxys[ uhfabrf[ ln p - 1/T^ nj hfp,hjc vt;le htpekm-ij

nfnfvb hfpys[ hf,jn ,eltn chfdybv c njkobyjq kbybb& Ntv yt vtytt dbl

gjkextyys[ jcnfnrjd gjrfpsdftn^ xnj htpekmnfns^ gjkextyyst d hfpys[

hf,jnf[^ jnkbxf.ncz lheu jn lheuf cbkmytt^ xtv cnfnbcnbxtcrbq hfp,hjc

lfyys[ dyenhb jnltkmyjq hf,jns (3-5%)& "nj ujdjhbn j njv^ xnj j,sxyfz

2
vjltkm jib,jr (lbcgthcbb jib,jr jlyjhjlys D(e ) = s ^ f jib,rb ytrjh-ij

htkbhjdfys vt;le cj,jq) d yfitv ckexft ytghbtvkbvf&

Dgjkyt hfpevysv ghtlcnfdkztncz cktle.ott j,‘zcytybt& Gjkyfz

jib,rf e ^ cjghjdj;lf.ofz jnltkmyjt ’rcgthbvtynfkmyjt ’aatrnbdyjtij

lfdktybt^ yfhzle cj ckexfqyjq cjlth;bn cbcntvfnbxtcre. gjuhtiyjcnm&

Gjdtltybt jcnfnrjd (hbc& 1 - 3) gjrfpsdftn^ xnj d jnltkmyjv i-v ’rcgt-

hbvtynt jncnfnrb hfp,hjcfys ckexfqysv j,hfpjv djrheu ytrjnjhjq ghzvjq^

rjnjhfz cldbyenf b gjdthyenf jnyjcbntkmyj fgghjrcbvfwbjyyjuj ehfdyt-

ybz& Nfrbv j,hfpjv^ gjdtltybt jcnfnrjd vj;yj j,zcybnm yf jcyjdt cktle-

.otuj ehfdytybz

e = e + e + e Wx ^ (17)ij r,ij a,i b,i ij

ult

3x = 10 W(1/T - 1/T )ij ij i

b T - chtlyzz ntvgthfnehf d i-v ’rcgthbvtynti
-11/T = N WS (1/T )i i j ij

D ehfdytybb (17) e @bcnbyyfz@ ckexfqyfz gjuhtiyjcnm j-q njxrb dr,ij

i-v ’rcgthbvtynt# e b e - cbcntvfnbxtcrbt gjuhtiyjcnb^ cdzpfyysta,i b,i

c i-v ’rcgthbvtynjv& e cdzpfyyf c gfhfkktkmysv cldbujv ln p (i =a,i ij

const) jnyjcbntkmyj fgghjrcbvfwbjyyjuj ehfdytybz (jib,rf cldbuf)^ eb,i

- c gjdjhjnjv ghzvjq ln p (i = const) d chtlytq ntvgthfneht i-ujij

’rcgthbvtynf (jib,rf gjdjhjnf)& Gjzdktybt cbcntvfnbxtcrb[ jib,jr

cdzpfyj c jib,rfvb rfkb,hjdrb b jib,rfvb bpvthtybz ntvgthfnehyjq
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pfdbcbvjcnb d jnltkmyjv ’rcgthbvtynt&

Lkz pflfyyjuj yf,jhf ’ynfkmgbq b ’ynhjgbq htfrwbq (5) b (7)

jcnfnrb e abrcbhjdfys^ f e b e vj;yj jwtybnm bp eckjdbz^ xnjij a,i b,i

cevvf rdflhfnjd @bcnbyys[@ ckexfqys[ gjuhtiyjcntq

2 2
S e = S (e - e - e x ) (18)j r,ij j ij a,i b,i ij

ljk;yf ,snm vbybvfkmyf& Vbybvbpfwbz (18) lftn

e = (S e )/N ^a,i j ij i

e = (S e x )/P ^b,i j ij ij i

ult

2P = S x &i j ij
2

Jwtyrb dtkbxby e ^ e b e = (S e ) /(N -2) ghbdtltysa,i b,i r,i j r,ij min i

d nf,k& 1 - 3 (jnyjcbntkmyj htrjvtyljdfyyjuj htitybz ML(III-1))& Hbc&

5 lftn uhfabxtcrjt ghtlcnfdktybt j cbcntvfnbxtcrb[ jib,rf[ e b ea,i b,i

d rf;ljv ’rcgthbvtynt& Gj jcb jhlbyfn jnkj;tyf yt cfvf dtkbxbyf e ^b,i
1/2

f e (P /N) & Lfyyjt ghjbpdtltybt ,tphfpvthyj b bvttn fyfkjubxysqb,i i
1/2

cvsck^ rfr b e & e b e (P /N) gjrfpsdf.n yf crjkmrj d chtl-a,i a,i b,i i

ytv d lfyyjv ’rcgthbvtynt e jnkbxftncz jn e bp-pf gfhfkktkmyjujij r,ij

cldbuf b gjdjhjnf cjjndtncndtyyj&

Vtnjl vfrcbvfkmyjuj ghfdljgjlj,bz

Lkz gjkextybz jwtyjr ’ynfkmgbq b ’ynhjgbq htfrwbq (5) b (7) d

hfvrf[ vjltkb jib,jr (17) ghbvtyty vtnjl vfrcbvfkmyjuj ghfdljgjlj,bz&

Cxbnfkjcm^ xnj vfntvfnbxtcrbt j;blfybz e ^ e b e hfdys yek.^r,ij a,i b,i
2

rjvgjytyns j,otq jib,rb ytrjhhtkbhjdfys vt;le cj,jq b D(e ) = s ^r,ij r,i
2 2 2 2 2D(e ) = s ^ D(e ) = s ^ ult s ^ s b s - ’nj rjvgjytynsa,i a,i b,i b,i r,i a,i b,i

lbcgthcbb^ rjnjhst ,eltv yfpsdfnm lbcgthcbz djcghjbpdjlbvjcnb^ lbcgth-

cbz cldbuf b lbcgthcbz gjdjhjnf cjjndtncndtyyj&

Cltkfyyst ljgeotybz ghbdjlzn r ,kjxyj-lbfujyfkmyjve dble lbcgth-

cbjyyjq vfnhbws lkz dct[ ’rcgthbvtynfkmys[ yf,k.ltybq ln pij
L L

D(y) = D(e) = diag{V }^i
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L
ult e - dtrnjh dct[ hfpyjcntq e (lkbyf S N )^ V - lbcgthcbjyyfzij i i i

vfnhbwf i-uj ’rcgthbvtynf

2 2 L L 2 L L
V = s I + s W1 1’ + s Wx x’i r,i i a,i i i b,i i i

L L1 - dtrnjh lkbys N ^ cjcnjzobq bp tlbybw# x = {x }.i i i ij
2 2 2

Tckb rjvgjytyns lbcgthcbb s ^ s ^ b s bpdtcnys fghbjhb^ njr,i a,i b,i

lkz htitybz gthtjghtltktyyjq cbcntvs ehfdytybq (11) ghb jwtyrt gfhf-

vtnhjd vj;yj bcgjkmpjdfnm j,j,otyysq vtnjl yfbvtymib[ rdflhfnjd -

vbybvbpfwb. j,j,otyyjq cevvs rdflhfnjd jnrkjytybq

L L -1 LSS = e’WD(e) We

L
Jlyfrj d yfitv ckexft lbcgthcbjyyfz vfnhbwf D(e) cjlth;bn ytbpdtcnyst

rjycnfyns - ytj,[jlbvj jlyjdhtvtyyj jwtybnm yt njkmrj ytbpdtcnyst

gfhfvtnhs^ ’ynfkmgbb b ’ynhjgbb htfrwbq (5) b (7)^ yj b rjvgjytyns

2 2 2
lbcgthcbb s ^ s ^ b s &r,i a,i b,i

Jghtltktyb. rjvgjytynjd lbcgthcbb eltkztncz ,jkmijt dybvfybt d

gjcktlybt ldflwfnm ktn [69, 70]& Bp hzlf vtnjljd^ ghbvtyz.ob[cz lkz

htitybz ’njq pflfxb^ yfvb ds,hfy vtnjl vfrcbvfkmyjuj ghfdljgjlj,bz& R

tuj ytljcnfnrfv jnyjczn cvtotyyjcnm jwtyjr rjvgjytynjd lbcgthcbb^ yj^

c lheujq cnjhjys^ dj vyjub[ cbnefwbz[ gjkexf.obtcz jwtyrb ,jktt ’aatr-

nbdys [71, 72]&

D vtnjlt vfrcbvfkmyjuj ghfdljgjlj,bz jwtyrb gfhfvtnhjd b rjvgj-

ytynjd lbcgthcbb yf[jlzn ghb vfrcbvbpfwbb aeyrwbb ghfdljgjlj,bz^

vfrcbvev rjnjhjq cjdgflftn c vfrcbvevjv dshf;tybz

L L L L -1 L LL = -det{D(e)} - (y -h)’D(e) (y - h)

D yfitv ckexft vj;yj gjrfpfnm^ xnj

2L = -S {N ln s + ln(1 + N g ) + ln(1 + P g )} - SS^ (19)i i r,i i a,i i b,i
2 2 2 2

ult g = s /s , g = s /s , f SS - ’nj j,j,otyyfz cevvfa,i a,i r,i b,i b,i r,i

rdflhfnjd jnrkjytybq
(-2 2 -1 2SS = S s {S e - g (1+N g ) W(S e ) -i r,i j ij a,i i a,i j ij
9

)-1 2
g (1+P g ) W(S e x ) } (20)b,i i b,i j ij ij

0
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Aeyrwbz L pfdbcbn jn rjvgjytyn lbcgthcbb b gfhfvtnhjd (’ynfkmgbq b

’ynhjgbq htfrwbq 5 b 7)& Ytbpdtcnyst gfhfvtnhs d[jlzn d jcnfnrb eij

(ehfdytybt 11-16)& Ghjwtlehf yf[j;ltybz vfrcbvevf (19-20) ,eltn jgbcf-

yf d jnltkmyjq ge,kbrfwbb&

Gthtl yf[j;ltybtv vfrcbvevf aeyrwbb ghfdljgjlj,bz ytj,[jlbvj

cltkfnm ghtlgjkj;tybz j cjjnyjitybb rjvgjytynjd lbcgthcrbq vt;le cj,jq

d hfpys[ ’rcgthbvtynf[& Vj;yj cxbnfnm dct lbcgthcbb d ’rcgthbvtynf[

L
hfpysvb (3*29 = 87 ytbpdtcnys[ d lbcgthcbjyyjq vfnhbwt D(e))^ jlyfrj

’nj ghbdjlbn r gjzdktyb. ytcrjkmrb[ ,kbprb[ gj dtkbxbyt vfrcbvevjd L&

Rf;lsq vfrcbvev jnyjcbncz r ckexf.^ rjulf jnltkmyjve ’rcgthbvtyne

ghbgbcsdf.ncz lbcgthcbb cbcntvfnbxtcrb[ jib,jr hfdyst yek.^ nfr rfr

dct cbcntvfnbxtcrbt gjuhtiyjcnb cgbcsdf.ncz pf cxtn lheub[ ’rcgthbvty-

njd& Lheujq rhfqybq ckexfq - cxbnfnm^ xnj cjjndtncnde.obt rjvgjytyns

lbcgthcbq jlbyfrjds dj dct[ ’rcgthbvtynf[ (jcnftncz 3 ytbpdtcnys[ d

L
D(e))& Yf gjdth[yjcnb L gjkexftncz njkmrj jlby vfrcbvev^ yj fyfkbp

jcnfnrjd (cv& hbc& 1-5 b nf,k& 1-3) gjrfpsdftn^ xnj ’nj ghtlgjkj;tybt

yt dsgjkyztncz& D nj ;t dhtvz vj;yj dsltkbnm uheggs ’rcgthbvtynjd^ lkz

rjnjhs[ ubgjntpf j hfdtycndt lbcgthcbq dgjkyt ghbtvktvf&

Cjukfcyj hbc& 5 dsltktyj nhb uheggs ’rcgthbvtynjd& Cgkjiyjq

kbybtq j,dtltyf wtynhfkmyfz uheggf (WA, FR, BB1, PB, NP, SC1, BV1,

BV2, BV3, BB2, SC2, MM)^ rjnjhst yfbkexibv j,hfpjv cjukfce.ncz vt;le

cj,jq& Dnjhfz uheggf - ’rcgthbvtyns^ kt;fobt d,kbpb jn jcb f,cwbcc dyt

wtynhfkmyjuj rjkmwf (D1, D2, MK, KK2, KK3)& Pltcm ntvgthfnehyfz pfdb-

cbvjcnm [jhjij cjukfcetncz c gthdjq uheggjq^ yj cfvb pyfxtybz ln pij

cldbyens d cnjhjye jn fgghjrcbvfwbjyyjuj ehfdytybz& D nhtnm. uhegge

gjgflf.n ’rcgthbvtyns^ kt;fobt d,kbpb jn jcb jhlbyfn (BD, MW, NS)&

Pltcm ’aatrnbdyst lfdktybz cjukfce.ncz c lfyysvb wtynhfkmyjq uheggs^ f

ntvgthfnehysq [jl ln p jnkbxftncz&ij

J,hfpetv nhb vyj;tcndf& Gthdjt vyj;tcndj Q drk.xftn d ct,z lfyyst

dct[ nht[ uhegg^ gthtxbcktyys[ d ghtlsleotv hfpltkt& <eltv cxbnfnm^

- 15 -



2 2
xnj lbcgthcbz djcghjbpdjlbvjcnb jlbyfrjdf s = s lkz dct[ hf,jn dr,i r

’njv vyj;tcndt& Dnjhjt vyj;tcndj Q drk.xftn d ct,z gthde. b nhtnm.a

uheggs ’rcgthbvtynjd& Lkz hf,jn ’njuj vyj;tcndf ghbyznj^ xnj lbcgthcbz

2 2
cldbuf jlbyfrjdf s = s & Nhtnmt vyj;tcndj Q ^ cjcnjzott bp ’rcgthb-a,i a b

vtynjd gthdjq b dnjhjq uhegg^ j,‘tlbyztn hf,jns c jlbyfrjdjq lbcgthcb-

2 2
tq gjdjhjnf s = s & Lkz hf,jn^ yt drk.xtyys[ d ’nb vyj;tcndf^ ,skjb,i b

ghbyznj^ xnj cjjndtncnde.obt rjvgjytyns lbcgthcbb jnkbxys lheu jn

2 2 2
lheuf b jn s ^ s b s &r a b

Vfrcbvev aeyrwbb ghfdljgjlj,bz yfqlty d nht[ ckexfz[& Dyfxfkt d

rfxtcndt ytbpdtcnys[ gfhfvtnhjd ,hfkb xtnsht dtkbxbys - ’ynfkmgbb b

’ynhjgbb htfrwbq (5) b (7)^ xnj cjjndtncndetn nfr yfpsdftvjq j,hf,jnrt

gj dnjhjve pfrjye (htitybt ML(II)). Lfktt lkz j,hf,jnrb gj nhtnmtve

pfrjye hfccxbnsdfkb ’ynhjgbb htfrwbq (5) b (7) bp f,cjk.nys[ ’ynhjgbq

cjtlbytybq cjukfcyj lfyysv cghfdjxybrf [68] (gjkextyyst pyfxtybz

’ynhjgbq htfrwbq ghb vfrcbvbpfwbb (19) abrcbhjdfkb)& Ghb ’njv cltkfyj

ldf hfpys[ hfcxtnf$ d gthdjv pfabrcbhjdfyf njkmrj ’ynhjgbz htfrwbb

(5)^ f dj dnjhjv - j,t ’ynhjgbb& Gthdsq ckexfq cjjndtncndetn j,hf,jnrt

htfrwbb (5) gj III pfrjye^ f htfrwbb (7) - gj II pfrjye& Dnjhjq ckexfq

cjjndtncndetn gjkyjq j,hf,jnrt gj III pfrjye - htitybz j,jpyfxtys

ML(III-1) b ML(III-2) cjjndtncndtyyj&

Yfqltyyst pyfxtybz gfhfvtnhjd dvtcnt c lfyysvb cghfdjxybrjd [67^

68] ghtlcnfdktys d nf,k& 4^ ult nfr;t ghbdtltys cjdvtcnyst ljdthbntkm-

yst bynthdfks c ehjdytv pyfxbvjcnb 0&05 (95%-z ljdthbntkmyfz dthjzn-

yjcnm)& Lkz chfdytybz yf,jhjd gfhfvtnhjd vt;le cj,jq ghbdtltys pyfxt-

ybz aeyrwbb L (ehfdytybt 19)^ cjjndtncnde.obt rf;ljve htityb.&

J,ce;ltybt htpekmnfnjd

Yf,jh gfhfvtnhjd^ gjkextyysq yfvb ghb gjkyjq j,hf,jnrt gj III

pfrjye ML(III-2) vj;yj chfdybnm c lfyysvb cghfdjxybrjd^ ult ghb ds,jht

htrjvtyljdfyys[ pyfxtybq ghtlgjxntybt jnlfyj ’ynfkmgbzv^ gjkextyysv gj
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III pfrjye& Ghbdtltyyst pyfxtybz L gjrfpsdf.n^ xnj^ rfr b cktljdfkj

j;blfnm^ ds,hfyyst yf,jhs gfhfvtnhjd lkz htfrwbq (5) b (7) d cghfdjx-

ybrf[ yt jgnbvfkmys&

"ynhjgbz htfrwbb (5)^ jghtltktyyfz d yfcnjzotq hf,jnt gj II

pfrjye ghfrnbxtcrb cjdgfkf c ’ynhjgbtq htfrwbb^ hfccxbnfyyjq bp f,cj-

k.nys[ ’ynhjgbq^ f ’ynhjgbz htfrwbb (7) jnkbxftncz yf ~ 10 L;/RWvjkm&

"nj jpyfxftn^ xnj ’ynhjgbz K Cl ^ hfccxbnfyyfz d cghfdjxybrf[ [67^ 68]2 2

bp vjktrekzhys[ gjcnjzyys[ yf ~ 10 L;/RWvjkm vtymit^ xtv ’ynhjgbz^

gjkextyyfz d htpekmnfnt ghjdtltyyjq j,hf,jnrb gj II pfrjye&

D cghfdjxybrt [68] gjuhtiyjcnm ’ynhjgbb K Cl ghb 1000 R jwtytyf2 2
o

d 6&3 L;/RWvjkm b cevvf gjuhtiyjcntq DS ^ hfccxbnfyys[ yfvb b gjdm

lfyysv [68] lftn dtkbxbye ,jkmit 10 L;/RWvjkm^ gj’njve ujdjhbnm j

hfc[j;ltybb vt;le cgtrnhfkmysvb b nthvjlbyfvbxtcrbvb lfyysvb yfdthyj

ytkmpz& Ntv yt vtytt ghb ds,jht htrjvtyljdfyys[ pyfxtybq gfhfvtnhjd

dtkbxbyf ’ynhjgbb K Cl ^ ds,hfyyfz d [67, 68]^ ljk;yf ,snm edtkbxtyf&2 2

Xnj,s gjrfpfnm ’nj ,jktt yfukzlyj^ yf hbc& 1-3 gjrfpfys fgghjrcbvf-

wbjyyst ehfdytybz^ cjjndtncnde.obt htityb. ML(III-2) gj chfdytyb. c

ML(III-1)& Htitybt ML(III-2) ghj[jlbn yb;t ’rcgthbvtynfkmys[ lfyys[ gj

j,otve lfdktyb. gfhf (hbc& 1) b vtnjlf gjnjrf (hbc& 3) b dsit wtyn-

hfkmyjq uheggs ’rcgthbvtynjd vtnjlf Ryelctyf (hbc& 2)&

Yfb,jktt cbkmyj jnkbxbt vt;le j,hf,jnrjq gj II b III pfrjyfv lkz

htfrwbb (7) ghjzdkztncz ghb chfdytybb jnyjitybz gfhwbfkmys[ lfdktybq

lbvthys[ b vjyjvthys[ vjktrek p /p ^ gjrfpfyyjv yf hbc& 6& Yf hbceyrtd m

nfr;t gjrfpfys ’rcgthbvtynfkmyst lfyyst gj jnyjityb. p /p ^ yt drk.-d m

xtyyst d yfie j,hf,jnre& D [49] p /p gjkextyj ghb bpvthtybb hfcght-d m

ltktybz gj crjhjcnzv vjktrekzhyjuj gexrf [kjhblf rfkbz& D [27, 28]

p /p hfccxbnfyj ghb bcgjkmpjdfybb ’rcgthbvtynfkmys[ lfyys[ [6^ 8] gjd m

eukjdjve hfcghtltktyb. vjktrek KCl b K Cl & D [74] p /p jghtltktyj2 2 d m

ghb bccktljdfybb lbahfrwbb ’ktrnhjyjd yf vjktrekzhyjv gexrt [kjhblf

rfkbz& Hfcxtn jnyjitybz p /p gj lfyysv ’nb[ nht[ vtnjljd ytkmpzd m
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yfpdfnm ghzvsv^ jy drk.xftn d ct,z ljcnfnjxyj ckj;ye. vfntvfnbxtcre.

j,hf,jnre gthdbxys[ ’rcgthbvtynfkmys[ lfyys[& D wtkjv ’nb ’rcgthbvtyns

kexit cjukfce.ncz c htitybtv ML(III-1)&

D [75] bpvthtyf gkjnyjcnm gthtuhtnjuj gfhf [kjhblf rfkbz b hfc-

cxbnfyf rjycnfynf hfdyjdtcbz htfrwbb

K Cl = 2 KCl2 2

Ghb j,‘tlbytybb rjycnfyn hfdyjdtcbz htfrwbb (5) c lfyysvb [75] hfc-

cxbnfys dtkbxbys p /p ^ ghbdtltyyst yf hbc& 6& Bcgjkmpjdfyysq vtnjld m

rf;tncz dgjkyt yflt;ysv^ ntv yt vtytt gj ytgjyznysv ghbxbyfv gjkexty-

yst pyfxtybz cbkmyj elfktys jn j,jb[ htitybq ML(III-1) b ML(III-2)&

Yf hbc& 6 nfr;t ghtlcnfdktyys htpekmnfns vfcc-cgtrnhfkmys[ ’rcgt-

hbvtynjd - jnyjitybz gjkys[ bjyys[ njrjd^ rjnjhst ljk;ys jnkbxfnmcz jn

jnyjityb. gfhwbfkmys[ lfdktybq p /p yf jnyjitybt ctxtybq bjybpfwbbd m

s /s (ehfdytybt 8)& Cjukfcyj htityb. ML(III-1) jnyjitybt ctxtybqm d

bjybpfwbb s /s yt pfdbcbn jn ntvgthfnehs b ghbvthyj hfdyj 1&4^ xnjd m

[jhjij cjukfcetncz c bpdtcnysvb pfrjyjvthyjcnzvb d dscjrjntvgthfnehyjq

vfcc-cgtrnhjvtnhbb& D ckexft htitybz ML(III-2) jnyjitybt gjkys[ ctxt-

ybq bjybpfwbq cbkmyj pfdbcbn jn ntvgthfnehs^ xnj ghjnbdjhtxbn bpdt-

cnyjve jgsne&

Dct crfpfyyjt cdbltntkmcndetn d gjkmpe edtkbxtybz htrjvtyljdfyyj-

uj pyfxtybz ’ynhjgbb K Cl gj chfdytyb. c ghbyznjq d cghfdjxybrf[ [67,2 2

68]& "rcgthbvtynfkmyj yt jghtltktys nhb xfcnjns yjhvfkmys[ rjkt,fybq

K Cl b d [68] bcgjkmpjdfyf b[ jwtyrf gj bjyyjq vjltkb^ jlyfrj nhelyj2 2

crfpfnm^ vj;yj kb edtkbxbnm ’ynhjgb. K Cl yf 10 L;/RWvjkm njkmrj pf2 2

cxtn ’nb[ xfcnjn& Lheujq dthjznysq bcnjxybr hfc[j;ltybz - yt;tcnrjcnm

vjktreks K Cl ^ nj tcnm ytghfdjvthyjcnm bcgjkmpjdfybz ghb,kb;tybz2 2

;tcnrbq hjnfnjh - ufhvjybxtcrbq jcwbkkznjh& Lkz jrjyxfntkmyj jndtnf yf

’njn djghjc ytj,[jlbvs ljgjkybntkmyst ’rcgthbvtynfkmyst b ntjhtnbxtc-

rbt bccktljdfybz vjktreks K Cl &2 2

Dsdjl j ytljcnfnjxyjcnb byajhvfwbb j vjktrekzhys[ gjcnjzyys[
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K Cl ytcrjkmrj dkbztn b yf htitybz ML(II) b ML(III-1)& Ghb yf[j;ltybb2 2

’nb[ htitybq lkz ntvgthfnehyjuj gthtcxtnf ’ynfkmgbq b ’ynhjgbq htfrwbb

(7) bcgjkmpjdfyf ntgkjtvrjcnm K Cl ^ dpznfz bp [68]& Vj;yj jlyfrj2 2

crfpfnm^ xnj dkbzybt ybprb[ ytbpdtcnys[ xfcnjn yf ’ynhjgb. b ntgkjtv-

rjcnm hfpkbxyj& D nj dhtvz rfr bpvtytybt ybprjq xfcnjns cbkmyj dkbztn

yf dtkbxbye ’ynhjgb.^ tt drkfl d ntgkjtvrjcnm ghfrnbxtcrb gjcnjzyty b

hfdty rkfccbxtcrjve ghtltke - ufpjdjq gjcnjzyyjq R&

D rfxtcndt htrjvtyljdfyys[ pyfxtybq ds,hfy yf,jh gfhfvtnhjd^

gjkextyysq ghb bcgjkmpjdfybb ’ynhjgbb htfrwbb (5)^ hfccxbnfyyjq bp

f,cjk.nys[ ’ynhjgbq dtotcnd ML(III-1)& Jy lftn ghfrnbxtcrb yt jnkbxf-

.ottcz jgbcfybt ’rcgthbvtynfkmys[ lfyys[ jn j,hf,jnrb gj II pfrjye

oML(II)& D nj ;t dhtvz gjuhtiyjcnm DS ^ hfccxbnfyyjq bp f,cjk.nys[dm

’ynhjgbq^ vtymit b hfpevytt bcgjkmpjdfnm tt& "nj ghbdjlbn r evtymityb.

gjuhtiyjcntq jcnfkmys[ gfhfvtnhjd^ gj chfdytyb. c j,hf,jnrjq gj II

pfrjye&

o
Gthtcxtn ’ynfkmgbq b ’ynhjgbq r 298 R lftn DH = 221.54+0.5m

o o o
rL;/vjkm^ DH = 47.25+5.4 rL;/vjkm b DS = 39.15+3.8 L;/RWvjkm& DSdm dm m

d cbke j,hf,jnrb gj III pfrjye lkz htfrwbb (5) cjdgflftn c pyfxtybtv

bp cghfdjxybrf [68] (156.41+0.2 L;/RWvjkm). Jnc.lf c bcgjkmpjdfybv

o
’ynfkmgbb j,hfpjdfybz D H (KCl, s, 298.15 K) = -436&49+0&13 rL;/vjkm^f

o o
’ynhjgbq S (KCl, s, 298.15 K) = 82.57+0.15 L;/RWvjkm b S (KCl, g,

o298.15 K) = 238.98+0.02 L;/RWvjkm [68] gjkexftv D H (KCl, g, 298.15 K)f
o= -214.95+0.5 rL;/vjkm^ D H (K Cl , g, 298.15 K) = -604.19+5.4f 2 2

o
rL;/vjkm b S (K Cl , g, 298.15 K) = 360.70+3.8 L;/RWvjkm& Gthtcxtn r 02 2

o o
R lftn D H (KCl, g) = -213.16+0.5 rL;/vjkm b D H (K Cl , g) =f f 2 2

-600.80+5.4 rL;/vjkm&

Xfcnbxyjt abyfycbhjdfybt lfyyjq hf,jns jceotcndktyj Hjccbqcrbv

Ajyljv aeylfvtynfkmys[ bccktljdfybq (ghjtrn 93-03-5650).
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Nf,kbwf 1

"rcgthbvtyns gj bpvthtyb. j,otuj lfdktybz

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

Ujl Fdnjh Ntvgthfnehf N e e e Rjlr,i a,i b,i
3K 10 K

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

1921 Ruff, Mugdan 1393-1688 7 0.04 0.08 1.5 RM

1921 Wartenberg, Albrecht 1389-1691 16 0.06 0.00 -0.2 WA

1926 Fiock, Rodebush 1179-1378 9 0.01 -0.01 -0.1 FR

1936 Deitz 847- 936 9 0.03 0.19 0.0 D1

1956 Barton, Bloom 1275-1539 11 - -0.01 0.1 BB1

1958 Pugh, Barrow 819- 945 137 - -0.02 0.2 PB

1961 Yjdbrjd, Gjkzxtyjr 1170-1466 9 0.02 -0.01 0.2 NP

1963 Schrier, Clark 1189-1418 31 - 0.04 0.2 SC1

1967 Reirby b lh& 1173-1323 - - -0.06 -1.0 K

1973 <fhxer, Le,jdjq 1170-1466 6 0.01 -0.01 0.5 BD

1975 <ehsktd, Vbhjyjd 1299-1557 - - -0.10 2.4 BM
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Nf,kbwf 2

"rcgthbvtyns gj bpvthtyb. crjhjcnb bcgfhtybz vtnjljv Ryelctyf

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

Ujl Fdnjh Ntvgthfnehf N e e e Rjlr,i a,i b,i
3K 10 K

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

1936 Deitz 913-932 4 0.04 0.25 -0.2 D2

1938 Mayer, Winter 899-935 5 0.03 0.02 1.5 MW

1944 Zimm, Mayer 624-945 21 0.09 -0.06 -0.3 ZM

1953 Bradley, Volans 1 713-835 14 0.03 0.02 0.0 BV1

1953 Bradley, Volans 2 771-863 7 0.01 0.00 0.0 BV2

1953 Bradley, Volans 3 785-870 16 0.01 -0.03 0.1 BV3

1956 Muller, Kusch 872-967 10 0.01 -0.40 -0.2 MK

1957 Ytcvtzyjd, Cfpjyjd 753-897 7 0.07 0.00 -0.5 NS

1974 Ewing, Stern 834-945 24 0.02 -0.11 0.5 ES

1984 Kawano, Kenpo 1 687-877 11 0.04 0.35 -0.7 KK1

1984 Kawano, Kenpo 2 692-874 11 0.04 0.32 -0.1 KK2

1984 Kawano, Kenpo 3 696-866 10 0.03 0.27 -0.1 KK3

1981 van der Kemp 842-952 17 0.16 0.05 2.1 vK
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Nf,kbwf 3

"rcgthbvtyns gj bpvthtyb. crjhjcnb bcgfhtybz vtnjljv gjnjrf

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

Ujl Fdnjh Ntvgthfnehf N e e e Rjlr,i a,i b,i
3K 10 K

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

1939 Yfhsirby 1023-1188 3 0.05 -0.16 -1.0 N

1953 Treadwell, Werner 859-1024 13 0.02 0.17 -0.7 TW

1959 Barton, Bloom 1250-1473 7 0.02 -0.03 -0.3 BB2

1963 Schrier, Clark 1153-1352 10 0.01 0.01 -0.1 SC2

1965 Murgulescu, Marta 1373-1473 23 0.04 0.02 -0.4 MM
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Nf,kbwf 4

"ynfkmgbb b ’ynhjgbb htfrwbq (5) b (7)

(dtkbxbys ghbdtltys ghb 1044 R lkz ghjwtccf ce,kbvfwbb)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

o o o o
DH DS DH DS p /p Lm m dm dm d m

rL;/vjkm L;/RWvjkm rL;/vjkm L;/RWvjkm

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

[65] 206.47+0.5 132.14 23.65+4.2 16.25 0.46 2450.96

[66] 207.15+3.0 133.03+0.5 26.26+7.6 14.48+6.3 0.28 2455.80

ML(II) 206.77+1.3 133.03+1.6 37.84+6.6 24.92+6.0 0.26 2505.58

aML(III-1) 206.77+0.5 37.83+5.4 24.91+3.8 0.26 2505.58

bML(III-2) 206.82+0.6 25.74+8.9 0.29 2464.44

[------------------------------------------------------------------------------------------------------------------

a o- DS ,skj pfabrcbhjdfyj (133.03+0.5)m
b o o- DS b DS ,skb pfabrcbhjdfys (133.03+0.5 b 14.48+6.3)m dm
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Gjlgbcb r hbc& Helyjuj

Hbc& 1& Jcnfnrb ’rcgthbvtynfkmyj bpvthtyys[ j,ob[ lfdktybq ( - RM

[30], - WA [31], - FR [33], - D1 [35], - BB1 [37],

- PB [38], - NP [39], - SC1 [40], - K [41],

- BD [43], - BM [43])^ htitybz ML(III-2) jnyjcbntkmyj

htrjvtyljdfyyjuj htitybz ML(III-1)

Hbc& 2& Jcnfnrb ’rcgthbvtynfkmyj bpvthtyys[ ’aatrnbdys[ lfdktybq gj

vtnjle Ryelctyf ( - D2 [35], - MW [44], - ZM [47], - BV1

[48], - BV2 [48], - BV3 [48], - MK [49], - NS [50], -

ES [54], - KK1 [57], - KK2 [57], - KK3 [57], - vK [13])^

htitybz ML(III-2) jnyjcbntkmyj htrjvtyljdfyyjuj htitybz

ML(III-1)

Hbc& 3& Jcnfnrb ’rcgthbvtynfkmyj bpvthtyys[ ’aatrnbdys[ lfdktybq gj

vtnjle gjnjrf ( - N [61], - TW [62], - BB2 [63], - SC2

[40], - MM [64])^ htitybz ML(III-2) jnyjcbntkmyj htrj-

vtyljdfyyjuj htitybz ML(III-1)

Hbc& 4& Jcnfnrb ’rcgthbvtynfkmys[ lfyys[ gj j,otve lfdktyb. ( - WA,

- FR, - BB1, - PB, - NP, - SC1, - BD)^

’aatrnbdys[ lfdktybq gj vtnjle Ryelctyf ( - MW, - BV1, - BV2,

- BV3, - NS)^ ’aatrnbdys[ lfdktybq gj vtnjle gjnjrf ( -

BB2, - SC2, - MM)^ fgghjrcbvfwbjyys[ ehfdytybq lkz vtnjlf Ryel-
calc calc

ctyf ln p ^ vtnjlf gjnjrf ln p jn fg-KE TR calc
ghjrcbvfwbjyyjuj ehfdytybz lkz j,otuj lfdktybz ln ptot

Hbc& 5& Cbcntvfnbxtcrbt jib,rb cldbuf b gjdjhjnf& Rheu d wtynht

jrhe;ftn ldtyflwfnm ’rcgthbvtynjd (WA, FR, BB1, PB, NP, SC1, BV1, BV2,

BV3, BB2, SC2, MM) yfb,jktt [jhjij cjukfce.ob[cz vt;le cj,jq

Hbc& 6& Kjufhbav jnyjitybz lbvthys[ b vjyjvthys[ vjktrek ln (p /p )d m
cjukfcyj htityb. ML(III-1) ^ ML(III-2) ^ ’rcgthb-

vtynfkmysv lfyysv ( - [75], - [49], - [27-28], -

[74])& Kjufhbav jnyjitybz gjkys[ bjyys[ njrjd ln (I /I ) cjukfcyjd m
lfyysv vfcc-cgtrnhjvtnhbb$ - [3], - [5], - [7], -

[9], - [10], - [11], - [13]
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