
tbrbsUwfmpt!ufrojlvsj!vojwfstjufuj!

!

!

!

qspdftfcjtb!eb!bqbsbufcjt!eb!{phbej!!

rjnjvsj!ufropmphjjt!lbUfesb!!

ebnuljdfcvmjb!lbUfesjt!tyepnb{f!!

prnj!$24!29/15/3118!

!

!

!

!

!

!

nfUpevsj!njUjUfcfcj!

mbcpsbupsjvmj!tbnvTbpfcjtbUwjt!

!

tbhboTj;!!qvsjt-!nblbspojtb!eb!tblpoejusp!

xbsnpfcjt!ufropmphjb!!

tqfdjbmpcb;!qvsjt-!nblbspojt!eb!tblpoejusp!!

xbsnpfcjt!ufropmphjb!

!

!

!

!

!

Tfntsvmfcfmj;!s/!yvdjTwjmj!

!!!!!!!!!!!!!!!!!!!!!n/!Tfohfmjb!

!

!

!
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!

Ucjmjtj!!3117/!

!

t!b!s!D!f!w!j!

!

Ufnb!J!/!lbsbnfmjt!xbsnpfcb!

!

!

[jsjUbej!vcofcj!!lbsbnfmjt!xbsnpfcjt!ufropmphjvsj!!

yb{jtb-!tbebd!yefcb!lpouspmj!!...................................!:!

nTsbmj!ojwUjfsfcfcjt!Tfndwfmpcjt!hbotb{Swsb!

tblpoejusp!obxbsnTj!.............................................!22!

tjoftujt!hbotb{Swsb!tblpoejusp!obxbsnTj!.......................!23!

lbsbnfmjt!nbtjt!tjoftujt!hbotb{Swsb!j/t/!mvsjft!!

frtqsft.nfUpejU!..................................................!27!

tjoftujt!hbotb{Swsb!DjKpwjt!yfmtbxzpUj!........................!29!

sfevdjsfcvmj!)jowfsuvmj*!ojwUjfsfcfcjt!Tfndwfmpcjt!!

hbotb{Swsb!........................................................!31!

lbsbnfmjt!nbtjt!hboUyfwjt!lpfgjdjfoujt!hbotb{Swsb!.............!34!

nKbwjbopcjt!hbotb{Swsb!ujusvmj!nfUpejU!......................!35!

lbsbnfmjt!nbtjtb!eb!hvmtbsUjt!Ubobgbsepcjt!hbotb{Swsb!!

hvm.tbsUjbo!lbsbnfmTj!...........................................!36!

Tbrbs.cbebhjt!tjspgjtb!eb!lbsbnfmjt!npn{befcb!!................!37!

!!!!!!!!!!Tbrbs.jowfsuvmj!tjspgjtb!eb!lbsbnfmjt!npn{befcb!!............!38!

!

!

!

Ufnb!JJ/!scjmj!lbngfujtb!eb!jsjtjt!xbsnpfcb!

!

[jsjUbej!vcofcj!!scjmj!lbngfujt!eb!jsjtjt!xbsnpfcjt!

ufropmphjvsj!cb{jt-!tbebd!yefcb!lpouspmj!..................!3:!

Tplpmbejt!Xjrvsjt!tjcmboujt!hbotb{Swsb!.....................!43!

Xjrvsjtb!eb!lbngfujt!sbpefopcsjwj!Ubobgbsepcb!!

TplpmbejU!npXjrvm!lbngfuTj!.................................!44!
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qpnbejt!nbtjt!eb!lbngfujt!qpnbejt!lpsqvtjt!npn{befcb!.......!44!

!

!

!

!!!!!!!!Ufnb!JJJ/!yjm.lfolspwboj!tblpoejusp!obxbsnjt!xbsnpfcb!

!

!

[jsjUbej!vcofcj!nbsnfmbejt-!qbtujmjtb!eb!{fgjsjt!

xbsnpfcjtb-!tbebd!yefcb!lpouspmj!.............................!46!

wbTmjtb!eb!bunjt!qjvsft!nbKfmjsfcfmj!!

Uwjtfcfcjt!hbotb{Swsb!...........................................!48!

nbsnfmbejt!ybsjtyjt!nbDwfofcmfcjt!hbotb{Ssb!..................!49!

nbsnfmbejt!gj{jlp.rjnjvsj!nbDwfofcmfcjt!hbotb{Swsb!.........!4:!

wbTmjt!gpsnjboj!nbsnfmbejt!npn{befcb!!

)cvofcsjwj!nbsnfmbej*!..........................................!51!

Kfmft!)yfmpwovsj*!nbsnfmbejt!npn{befcb!.....................!52!

qbtujmjtb!eb!{fgjsjt!tjnlwsjwjt!hbotb{Swsb!..................!54!

!

!

Ufnb!JW/!Tplpmbejtb!eb!lblbpt!gywojmjt!xbsnpfcb!

!

!

[jsjUbej!vcofcj!Tplpmbejtb!eb!lblbpt!!gywojmjt!xbsnpfcjtb-!!

tbebd!yefcb!lpouspmj!..........................................!56!

Tplpmbejt!ebxjmbefcjt!!ybsjtyjt!ebehfob!....................!57!

hbnbUyfwbefcmfcjt!hboUyfwbefcjt!vobsjt!hbotb{Swsb!...........!57!

Tplpmbejt!dyjnjt!eopcjt!ufnqfsbuvsjt!hbotb{Swsb!...........!59!

Tplpmbejt!dyjnjt!hbnzbsfcjt!ufnqfsbuvsjt!hbotb{Swsb!.......!59!

lblbpt!gywojmjt!nKbwjbopcjt!hbotb{Swsb!........................!5:!

Tbrsfcjt!hbotb{Swsb!s[jbo!TplpmbeTj!.........................!61!

Tbrsfcjt!hbotb{Swsb!jowfstjjt!Tfnefh!..........................!62!

Tbrsfcjt!hbotb{Swsb!jowfstjbnef!................................!63!

!

!
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!

!

!

Ubwj!W/!grwjmpwboj!tblpoejusp!obxbsnj!

!

[jsjUbej!vcofcj!grwjmpwboj!tblpoejusp!obxbsnjt!xbsnpfcjtb-!

tbebd!yefcb!lpouspmj!..........................................!64!

xfcphwbsbt!hbotb{Swsb!ypscmjt!grwjmTj!.......................!66!

nbsjmjt!sbpefopcjt!hbotb{Swsb!nbsjmjbo!lbsbrTj!.............!67!

nbsjmjt!sbpefopcjt!hbotb{Swsb!obndywbsTj!....................!68!

hbmfujt!hbkjskwfcjt!lpfgjdjfoujt!hbotb{Swsb.................!68!

obndywsjt-!hbmfujt!tjnlwsjwjt!hbotb{Swsb!......................!69!

tjoftujtb!eb!nTsbmj!ojwUjfsfcfcjt!Tfndwfmpcjt!hbotb{Swsb!...!71!

nKbwjbopcjt!hbotb{Swsb!grwjmpwbo!tblpoejusp!obxbsnTj!.......!72!

ufojbopcjt!hbotb{Swsb!grwjmpwbo!tblpoejusp!obxbsnTj!........!73!

!

!

Ufnb!WJ!nblbspojt!xbsnpfcb!

!

nblbspojt!xbsnpfcjt![jsjUbej!vcofcj-!tbebd!yefcb!!

lpouspmj!.......................................................!73!

nblbspojt!obxbsnjt!pshbopmfqujlvsj!Tfgbtfcb!!................!74!

tjokjt!npn{befcb!gj{jlp.rjnjvsj!bobmj{jtbUwjt!...............!74!

tjokjt!hbotb{Swsb!...............................................!74!

nblbspojt!nKbwjbopcjt!hbotb{Swsb!...............................!75!

nblbspojt!Uwjtfcfcjt!Tfgbtfcb!ybsTwjtbt!........................!75!

nblbspojt!tjnuljdjt!hbotb{Swsb!................................!!77!

obufyfcjt-!obgywfofcjtb!eb!efgpsnjsfcvmj!obxbsnjt!

sbpefopcjt!hbotb{Swsb!..........................................!79!

!

!

Ufnb!WJJ/!qvsjt!xbsnpfcb!

!



 5

[jsjUbej!vcofcj!qvsjt!xbsnpfcjtb-!tbebd!!yefcb!lpouspmj!...!7:!

grwjmjt!bjsxbsnprnojt!vobsjt!hbotb{Swsb!.....................!81!

xfcphwbsbt!sbpefopcjt!hbotb{Swsb!.............................!83!

xfcphwbsbt!ybsjtyjt!!pshbopmfqujlvsj!Tfgbtfcb!

tuboebsuvmj!nfUpejU!.........................................!84!

xfcphwbsbt!Uwjtfcfcjt!Tfgbtfcb!njtj!hboUyfwbefcjt!njyfewjU!...!85!

grwjmjt!--[bmjt”!hbotb{Swsb!dpnjt!hboUyfwbefcjt!!!lpouvsjt!

!!!!!!!!!!njyfewjU!........................................................!86!

ypscmjt!grwjmjt!qvsdypcjt!vobsjbopcjt!hbotb{Swsb!tbdefmj!!

dypcjU!)tuboebsuvmj!nfUpejU*!!..............................!87!

grwjmjt!npdvmpcjUj!hbnptbwbmj!)211!hsbnj!grwjmjtbhbo*......!89!

[jsjt!qvsjtbUwjt!gpsnbnfefhpcjt!hbotb{Swsb!.................!8:!

qvsjt!ybsjtyjt!pshbopmfqujlvsj!Tfgbtfcb!....................!91!

!!!!!!!!!!dpnjt!bnxfwj![bmjU!tbgvbsjt!bnxfwj![bmjt!ebehfob!

!!!!!!!!!!)tuboebsuvmj!nfUpejU*!!......................................!91!!

tbgvbsjt!bnxfwj![bmjt!hbotb{Swsb!dpnjt!cvsUvmjt!xzmjt!!

{febqjs{f!bnpujwujwfcjt!tjDrbsjt!njyfewjU!....................!91!

tbgvbsjt!tjoftujt!hbotb{Swsb!...................................!92!

tbgvbsjt!nKbwjbopcjt!hbotb{Swsb!................................!92!

tbgvbsjt!nbmup{vsj!brujwpcjt!hbotb{Swsb!....................!93!

!!!!!!!!!!ebxofyjmj!tbgvbsjt!ptnpnhs[opcfmpcjt!ebehfob!.............!!97!

Xwbwjt!grwjmjt!bwupmjuvsj!brujpcjt!hbotb{Swsb!frtqsft.!

dypcjU!..........................................................!94!

Xwbwjt!hbdsjmj!eb!rbupjboj!grwjmjtbUwjt!qvsdypcjt!vobsjbopcjt!

hbotb{Swsb!tbdefmj!mbcpsbupsjvmj!dypcjU!.................!96!

qvsjt!ybsjtyjt!hbotb{Swsb!gj{jlp.rjnjvsj!nbDwfofcmfcjU!.....!99!

obyfwbsgbcsjlbufcjt!Tfgbtfcb!...................................!9:!

!

!

frtqfsjnfouj!2/!dpnjt!evSjmjtbt!ufnqfsbuvsjt!

hbwmfob!dpnjtb!eb!qvsjt!ybsjty{f!.............................!:1!

!

!!!!!!!!frtqfsjnfouj!3/!dpnjt!ufnqfsbuvsjt!hbwmfob!!

bjsxbsnprnojt!vobs{f!..........................................:1!
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!

!!!!!!!!frtqfsjnfouj!4/!ebxofyjmj!tbgvbsjt!sbpefopcjt!hbwmfob!!

dpn{f!eb!n{b!qspevrdjb{f!....................................!:2!

!

!

frtqfsjnfouj!5/!ebxofyjmj!tbgvbsjt!sbpefopcjt!hbwmfob!

bjsxbsnprnojt!vobs{f!..........................................!:2!

!

!

!!!!!!!!frtqfsjnfouj!6/!nbsjmjt!sbpefopcjt!hbwmfob!dpnjtb!eb!

n{b!obxbsnjt!ybsjty{f!.........................................!:2!

!

!

!!!!!!!!frtqfsjnfouj!7/!nbsjmjt!sbpefopcjt!hbwmfob!dpnjt!

bjsxbsnprnojt!vobs{f!..........................................!:3!

!

!

frtqfsjnfouj!8/!dpnjt!evSjmjt!ybohs[mjpcjt!hbwmfob!dpn{f!

eb!n{b!obxbsn{f!.................................................!:3!

!

!

frtqfsjnfouj!9/!dpnjt!evSjmjt!ybohs[mjpcjt!hbwmfob!dpnjt!!

bjsxbsnprnojt!vobs{f!...........................................!:3!

!

mjufsbuvsb!...................................................!!8!!

!
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tblpoejusp!xbsnpfcjt![jsjUbe!tbbnrspTj!npywfesbnef![jsjUbej!

eb!ebnynbsf!ofemfvmj!xbsnpfcjt!dfousbmvs!mbcpsbupsjbTj!hbejbo!

zpwfmnysjw! pshbopmfqujlvs-! ybsjtypcsjw! eb! sbpefopcsjw!

Tfnpxnfcbt/! jhjwf! mbcpsbupsjb! qfsjpevmbe! byefot! n{b! obxbsnjt!

ybsjtyjt! dpouspmt/! nvenjwj! ufrop.rjnjvsj! lpouspmj!

ufropmphjvsj! qspdftjt! njnejobsfpcjt! obyfwbsgbcsjlbufc{f! eb! n{b!

obxbsn{f!Tfejt!tbbnrspt!mbcpsbupsjjt!gvordjfcTj/!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
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!

!

!

Ufnb!J/!lbsbnfmjt!xbsnpfcb!

!

[jsjUbej!vcofcj!lbsbnfmjt!xbsnpfcjt!ufropmphjvsj!yb{jtb-!tbebd!yefcb!!

lpouspmj;!

!

lpouspmjt!

pcjfrufcj 

!

lpouspmjt!tjyTjsf!

!

lpouspmjt!tbyffcj!

2! 3! 4!

!

ofemfvmj!eb!

ebnynbsf!nbtbmfcj-!

spnfmjd!Tfnpejt!

[jsjUbe!tbrpofmTj!

!

!

 
lbsbnfmjt!tjspgjt!

ybsTwb;!

Tbrbs.cbebhjt!tjspgj!

!

!

!

jowfsuvmj!tjspgj!

!

lbsbnfmjt!tjspgj!

jowfsu{f!cbebhjt!!

Tfndwfmpcjt!TfndjsfcjU/!

!

lbsbnfmjt!nbtjt!ybsTwb;!

lbsbnfmjt!nbtb!cbebh{f!

lbsbnfmjt!nbtb!jowfsu{f!

!

npxnefcb!zpwfmj!

Tfnptvmj!qbsujb!

!

!

!

!

!

!

 
4.5!kfs!dwmbTj!

!

!

!

zpwfmj!npn{befcvmj!

qbsujb!

9.21kfs!dwmbTj!

!

!

!

!

4.5!kfs!dwmbTj!

4.5!kfs!dwmbTj!

!

b* hfnpwofcjUj!Uwjtfcfcj!
c*!hbsf-!nfrbojlvsj!

njobsfwfcjt!Tfndwfmpcb!

TbrbsTj-!yjm.lfolspwbo!

qjvsfTj/!

h*!nTsbmj!ojwUjfsfcfcjt!

Tfndwfmpcb/!

 
!

b*!!nTsbmj!!ojwU/!!

Tfndwfmpcb!

c*!!sfevd/!ojwU/.jt!!

Tfndwfmpcb!

b*!nTsbmj!ojwU/Tfndw/!

c*!sfevd/!ojwU/Tfndw/!

b* nTsbmj!ojwU/Tfndw/!

c*!sfevd/!ojwU/Tfndw/!

!

!

!

b* nTsbmj!ojwU/Tfndw/!

c* !sfevd/!ojwU/Tfndw/!
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Tfndjsfcvmj!cbebhjt!

sbpefopcjU!

!

!

2!

!

hvmtbsUfcj;!

yjm.lfolspwboj!

!

!

mjrjpsjboj!

!

!

qpnbejt!Tbrsjboj!

!

!

!

!

qpnbejt!s[jboj-!

nbsdjqbojt!

!

TfojTwob;!

!

!

!

n{b!lbsbnfmj!

!

!

!

!

!

!

!

!

!

!

3!

!

!

zpwfmj!npn{befcvmj!

qbsujb!

!

zpwfmj!npn{befcvmj!

qbsujb!

!

vxzwfuj!xbsnpfcjt!

dwmbTj!3!kfs!

qfsjpevmj!xbsnpfcjt!

zpwfmj!qbsujb!

!

zpwfmj!npn{befcvmj!

qbsujb!

!

!

!

!

!

zwfmb!tbyfpcb{f!4.!kfs!

dwmbTj!

!

!

!

!
!
!
!
!
!

b* nTsbmj!ojwU/Tfndw/!

c*!sfevd/!ojwU/Tfndw/!

!

!

4!

!

b* !nTsbmj!ojwU/Tfndw/!

c* !hfnp-!tvoj-!
lpotjtufodjb/!

!

b*!nTsbmj!ojwU/Tfndw/!

c*!sfevd/!ojwU/Tfndw/!

!

nTsbmj!ojwUjfsfcfcjt!

Tfndwfmpcb!

!

!

!

nTsbmj!ojwUjfsfcfcjt!

Tfndwfmpcb!

!

zwfmb!hvmtbsUj!!

frwfnefcbsfcb!!

pshbopmfqujlvs!

lpouspmt/!

nbstjtb!eb!hvmtbsUjt!

Ubobgbsepcb-!

nKbwjbopcb-!

2!lh.Tj!lbsbnfmjt!

sbpefopcb<!!

nfrbojlvsj!njobsfwfcjt!

Tfndwfmpcb<!!

hfnpwofcjUj!Uwjtfcfcj!

!!!!!!!
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!!!!!!!!!!!!!hbseb! bSojTvmj! Tfnpxnfcjtb-! tbbnrspt! mbcpsbupsjjt! gvordjfcTj!

Tfejt! nKbwjtb! eb! tpejt! ep{jsfcjt! lpouspmj! jowfsuvmj! tjspgjt!

npn{befcjtbt/! bn! tjspgjt! ep{jsfcjt! lpouspmj! cbebhjt! sbpefopcjt!

Tfndjsfcjtbt!!sfdfquvsjU!eb!tywb/!

!

!

nTsbmj!ojwUjfsfcfcjt!Tfndwfmpcjt!

hbotb{Swsb!tblpoejusp!obxbsnTj!

!

nTsbmj! ojwUjfsfcfcjt! hbotb{Swsb! tblpoejusp! xbsnpfcjt! n{b!

qspevrdjbTj! eb! obyfwbsgbcsjlbufcTj! [jsjUbebe! yefcb! sfgsbrupnfusjt!

hbnpzofcjU! )Tbrsjt! sfgsbrupnfusj*/! jhj! gbsUpe! hbnpjzfofcb! jtfUj!

qspevrufcjt! lpouspmjtbUwjt-! sphpsjdbb! Tbrbs.cbebhjt! tjspgj-! qpnbeb-!

Tbrsjboj!lbsbnfmjt!nbtb-!yjm.lfolspwboj!qjvsffcj-!wbTmjt!nbsnfmbej!tywb/!

ufrojlvs! tbtxps{f! wxpojU! ubsbt-! wbUbwtfcU! nbtTj! xpoblt!

)hbnptblwmfwt*-! wvnbufcU! jnefo! xzbmt-! sbnefojd! bsjt! xpoblj-! )sbUb! njwjSpU!

61&.jboj! ytobsj*-! wytojU! nbtTj! xpoblt-! wbdyfmfcU! xzmjt! bcb{bob{f! )81ºC! .!

bsbvnfuft*-!wbdjfcU-!wxpojU-!bSwbehfoU!nbt!hbnpyejmj!xzmjU!tbxzjt!xpobnef!eb!

jnxvUTjwf! sfgsbrupnfusjU! wtb{SwsbwU! nTsbmj! ojwUjfsfcfcjt! sbpefopcbt!

)Tftxpsfcfcjt!hbsfTf*/!

                                                                           !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
g
nbx = !! 

 

tbebd     n .!bsjt!sfgsbrupnfusjt!Dwfofcb!31ºC {f/ 

 b – bsjt ytobsjt!nbtb, hs/!

g  - xpobljt!nbtb-!!hs/!
!

Tftxpsfcfct!wjUwbmtxjofcU!Tfnefhj!dysjmjt!njyfewjU;!)lbsbnfmjtbUwjt!

jowfsu{f!cbebhjt!tywbebtywb!TfndwfmpcjU*!)Tftxpsfcjt!tbcpmpp!lpfgjdjfoujb!

$25!hsbgbTj*!Tftxpsfcfcj!nTsbm!ojwUjfsfcfc{f!lbsbnfmjtbUwjt!jowfsu{f/!

!

!!!!!!!!!nTs/!ojwUjfsfcfcjt!Tfndwfmpcb!!!!!!!sfevd/!ojwU/Tfndwfmpcb!!
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cbebhTj!!!2!!89&!!!!!!!!!!!!!!!!!!!!!!!cbebhjt!nTs/!ojwUjfsfcfcTj!.51&!

jowfsuTj!2!96&!!!!!!!!!!!!!!!!!!!!!!!!jowfsujt!nTs/!ojwUjfsfcfcTj!.81&!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!sfevd/!ojwUjfsfcfcjt!hb{seb.6&!

!

!
211lh!

TbrbsTj!

!
nTsbmj!!

ojwUjfsfcfcjt!
Tfndwfmpcb!!
sfdfqu/!

!

!
sfevd/!ojwU/!Tfndw/!

&!
lbsbnfmjt!nTs!

!ojwU/!

!
Tftxpsfcb!

!
cb
e
bh
j!

jo
wf
s
u
j!

T
br
bs

j!

cb
e
bh
j!

jo
wf
s
u
j!

!
tv

m
!

cb
e
bh
j!

jo
wf
s
u
j!

h
b{

s
e
b/
s
bp

e
/!
oj
wU

/!

!!
tv

m
!

nT
s
bm

j!
oj
wU

/T
fn
d
wf
m
p
cj
t!

cb
e
bh
jt
b!
e
b!
lb
s
bn
fm

jt
!

nT
s
bm

!o
jw
U
/T
j&

!
!

!
cb
e
bh
jt
!n
T
s
/o
jw
U
/.
jt
!

yb
s
k
{
f!

!
s
fe

v
d
/!
oj
wU

/!
yb
s
k
{
f!

!

! T
ft
x
p
s
fc
jt
!l
p
fg

jd
jf
ou

j!

2! 3! 4! 5! 26! 7! 8! 9! :! 21! 22! 23! 24! 25!
51!

41!

31!

21!

1!

23/8!

27/2!

2:/6!

33/:!

37/:!

211!

211!

211!

211!

211!

42/3!

34/5!

26/7!

8/9!

1/11!

21/91!

24/79!

26/79!

2:/58!

33/47!

253/1!

248/1:!

242/39!

238/38!

233/47!

9/8:!

7/94!

5/86!

3/56!

1/11!

7/43!

9/34!

21/5!

23/73!

26/15!

6/1!

6/1!

6/1!

6/1!

6/1!

31/13!

31/17!

31/16!

31/18!

31/15!

32/:8!

28/19!

22/99!

7/23!

1/11!

.1/84!

.1/67!

.1/51!

.1/31!

.!

1/3:!

1/49!

1/51!

1/56!

64!

1/55!

1/34!

1/11!

+136!

+1/64!

!

!

!

!

tjoftujt!hbotb{Swsb!!tblpoejusp!obxbsnTj!

!

!

ebDrbsfcvmj!nfUpejU!hbnpTspcb!yefcb!241.246ºC.{f!61!xU.jt!hbonbwmpcbTj/!

tbTspc! lbsbebTj! 246ºC.{f! bUbwtfcfo! ! cjvrtfct! xpobljU! 3.4! hsbnj! )jsjtj-!

qsbmjof-! lblbpt!gywojmj!eb!s[jboj! lbogfuj-!TfeSwfcjmj!obxbsnj!eb!tywb*! 1/112!

hs/!tj{vtujU-!grwjmpwboj!tblpoejusp!obxbsnj!bjSfcb!6!hs/!tj{vtujU!1-12/!

Uv! Tspcbt! wbxbsnpfcU! hbyvsfcvm! tjmb{f-! nbTjo! 7.9! kfs! oblmfcj!

sbpefopcjt! xpoblt! wjSfcU/! hbnpTspcjt! Tfnefh! cjvrtfct! wjSfcU-! 31.41! xvUjU!

wbUbwtfcU!frtjlbupsTj-!spnfmTjd!bsjt!CaCO3.jt!hsbovmfcj-!lpod/!H2SO5!!bo!!P2O6/!!



 13

!

!

!

!

bnjt!Tfnefh!yefcb!bxpowb!eb!hbnpUwmb;!

!

!

!

!

!

!

tbebd! ! a  bsjt! xpowjt! xpobUb! tywbpcb! )hbnpvnTsbm! eb! hbnpnTsbm!

xpoblfct!Tpsjt*/!b!bsjt!!bSfcvmj!xpobljt!nbtb-!hsbnfcTj/!!

!

!

!

lbsbnfmjt!nbtjt!tjoftujt!hbotb{Swsjt!frtqsft.nfUpej!

j/!t/!mvsjft!nfUpejU!

!

!

ft! nfUpej! fnzbsfcb! lbsbnfmjt! nbtjt! tjoftuftb! eb! tjnlwsjwft! Tpsjt!

ebnpljefcvmfcbt/! nfUpeTj! hbnpzfofcvmjb! nojTwofmpwboj! tywbpcb! nzbsj!

tyfvmjtb! eb! tjUyjt! hbgbsUpfcjt! ufnqfsbuvsvm! lpfgjdjfoufct! Tpsjt/! nzbs!

tyfvmbe!hbnpzfofcvmjb!lbsbnfmjt!nbtb!eb!tjUyfe!lj!.!pUyrmpsjboj!obyTjscbej/!

lbsbnfmjt! nbtjt! tjnlwsjwf! hbdyfmfcjtbt! UjUrnjt! bs! jdwmfcb-! ypmp!

pUyrmpsjboj!!obyTjscbejt!nojTwofmpwobe!ndjsefcb-!Dwfvmfcsjw!ufnqfsbuvsbtb! 

)29.36ºC*! CCl5.jt!tjnlwsjwf!nfujb!lbsbnfmjt!nbtjt!tjnlwsjwf{f!eb!lbsbnfmjt!nbtjt!

obufyfcj-! DbuwjsUvmj! CCl5.Tj! dvsbwfo! njt! {febqjs{f/! hbdyfmfcjt! CCl5.jt!

tjnlwsjwf! yxsbgbe! ndjsefcb! eb! vupmefcb! ! lbsbnfmjt! nbtjt! tjnlwsjwft-!

Tfnehpnj!hbdyfmfcjU!lj!nbt{f!oblmfcj!yefcb-!sjt!hbnpd!lbsbnfmjt!nbtb!jxzfct!

Db[jswbt/! tywbebtywb! tbyjt! lbsbnfmjt! nbtjt! Db[jswjt! ufnqfsbuvsb! ! CCl5.Tj!

tywbebtywb! tjejejtbb! eb! ebnpljefcvmjb! tjoftuf{f/! nbh-! lbsbnfmjt! nbtb-!

npn{befcvmj!sfdfquvsjU!!`!61&!cbebhj!Tbrsjt!nbtbtUbo!TfebsfcjU-!tjoftujU!

2/6&-! jxzfct! Db[jswbt! CCl5.Tj! 63ºC.{f-! ypmp! tjoftujU! 3-6&-! j[jsfcb! 69ºC.{f-! 4/1&.

.%100.
b

aW =
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tjoftujU!lj!72ºC.{f/!bnjupn!ufnqfsbuvsjt!hb{pnwjU!lbsbnfmjt!Db[jswjtbt!!CCl5.

Tj-!ejej!tj{vtujU!Tfj[mfcb!hbnpjUwbmpt!lbsbnfmjt!nbtjt!tjoftuf/!!hbowjyjmpU!

Db[jswjt!!!ufnqfsbuvsbtb!eb!lbsbnfmjt!nbtjt!tjoftuft!Tpsjt!ebnpljefcvmfcb;!

)mju;! Б.В. Кафка, Т.С. Лурье, Технологическии контроль конд. 

Произв).  

 

 
lbsbnfmjt! nbtjt! Db[jswjt! ufnqfsbuvsbtb! eb! lbsbnfmjt! nbtjt! tjoftuft!

Tpsjt!ebnpljefcvmfcjt!hsbgjlj/! 
hb{pnwb!yefcb!vnbsujwftj!yfmtbxzpUj;!

 

 

 

 

 

 

 
mbcpsbupsjvmj!

ebobehbsj!lbsbnfmjt!

nbtjt!tjoftujt!
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hbotb{SwsjtbUwjt!mvsjjt!nfUpejU!

!

!

jhj!Tfhefcb!psj!Xjrjtbhbo-!hbsfUb!Xjrb.2!npdvmpcjU!411!nm!eb!Tjhb!Xjrb.

3-!npdvmpcjU!261nm/!Tjhb!Xjrb!Dblfujmjb!hbsf!XjrbTj!tbnbhsjU!.4/!hbsfUb!Xjrb!

ehbt! fm/! rvsb{f! .5-! spnfm{fd! b{cftujt! cbefb! .6! npUbwtfcvmj/! Tjhb! XjrbTj!

DbTwfcvmjb! Ufsnpnfusj! .7-! ebnbhsfcvmj! Tubujw{f! ! 8/! Tjhb! Xjrb! ebyvsvmjb!

UbwtbyvsjU.9/!!

Tjhb!XjrbTj!btybnfo!CCl5.t-!jtf!spn!{feb!tb{Swsjebo!ebTpsfcvmj!jzpt!4.6!

tn.jU! eb! gbsbweft! Ufsnpnfusjt! cvsUvmbt! 3tn.jU/! hbsf! Xjrbt! bwtfcfo! xzmjU-!

sUbwfo! rvsbt! eb! 51.56ºC-{f! jxzfcfo! njt! ebsfhvmjsfcbt! jtf-! spn! xU.Tj!

ufnqfsbuvsbn! bjxjpt! 3.3-6 ºC-jU-! ! 61 ºC – {f! yfmtbxzp! n{bebb! ! bobmj{jt!

tbxbsnpfcmbe/!!

tblwmfw! ojwUjfsfcbt! brvdnbdfcfo! ntywjmbe! eb! qjodfujU! vTwfcfo! CCl-jt!

{febqjs{f/! lbsbnfmjt! nbtb! dvsbwt! njt! {febqjs{f-! DbjojTobwfo! ufnqfsbuvsbt-!

spdb! fsUj! obufyj! nbjod! Dbj[jsfcb! Tftbcbnjtj! dysjmfcjU! qpvmpcfo! lbsbnfmjt!

nbtjt!tjoftuft/!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
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!

!

tjoftujt!hbotb{Swsb!lbsbnfmjt!nbtjtbUwjt!ufnqfsbuvsb{f!ebnpljefcvmfcjU!

njtj!DbuwjsUwjtbt!psUrmjbo!obyTjscbeTj/!

!

!

tjoftuf&-!!!211!x/o/x/!!Tbrbs{f!!!!!cbebhj!!!!!!!!tywbebtywb!x/o/!!!

Tfndwfmpcjt!

!

Db[jswjt!

ufnqfsbuvsb!

!

61!

!

51!

!

41!

!

31!

!

21!

!

1!

!

2!

!

3!

!

4!

!

5!

!

6!

!

7!

!

8!

!

61/1!

61/6!

62/1!

62/6!

63/1!

63/6!

64/1!

64/6!

65/1!

65/6!

66/1!

66/6!

67/1!

67/6!

68/1!

68/6!

69/1!

69/6!

6:/1!

6:/6!

71/1!

71/6!

!

2/31!

2/3:!

2/48!

2/56!

2/64!

2/73!

2/81!

2/81!

2/97!

2/:5!

3/13!

3/22!

3/2:!

4/39!

3/47!

3/55!

3/63!

3/71!

3/79!

3/87!

3/95!

3/:4!

!

1/:5!

2/13!

2/21!

2/29!

2/38!

2/46!

2/54!

2/63!

2/71!

2/79!

2/87!

2/96!

2/:4!

3/12!

3/1:!

3/29!

3/37!

3/45!

3/53!

3/62!

3/71!

3/7:!

!

1/79!

1/86!

1/95!

1/:3!

2/11!

2/1:!

2/28!

2/37!

2/46!

2/53!

2/5:!

2/69!

2/77!

2/85!

2/93!

2/:2!

2/::!

3/18!

3/26!

3/35!

3/43!

3/51!

!

.!

.!

.!

1/7:!

1/88!

1/96!

1/:4!

2/13!

2/21!

2/2:!

2/38!

2/46!

2/54!

2/63!

2/71!

2/79!

2/87!

2/96!

2/:4!

3/12!

3/1:!

3/29!

!

.!

.!

.!

.!

.!

.!

1/78!

1/86!

1/94!

1/:3!

2/11!

2/1:!

2/28!

2/36!

2/49!

2/53!

2/61!

2/6:!

2/79!

2/86!

2/94!

2/:3!

!

.!

.!

.!

.!

.!

.!

.!

.!

1/74!

1/82!

1/8:!

1/98!

1/:6!

2/15!

2/23!

2/31!

2/39!

2/48!

2/56!

2/64!

2/72!

2/81!
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72/1!

!

!

72/6!

73/1!

73/6!

74/1!

74/6!

75/1!

75/6!

76/1!

76/6!

77/1!

77/6!

78/1!

78/6!

79/1!

79/6!

7:/1!

7:/8!

81/1!

4/12!

!

!

4/1:!

4/28!

4/37!

4/45!

4/53!

4/61!

4/6:!

4/78!

4/86!

4/94!

4/:5!

5/16!

5/25!

5/33!

51/41!

5/49!

5/58!

5/67!

3/88!

!

!

3/96!

3/:4!

4/13!

4/21!

4/29!

4/37!

4/47!

4/56!

4/63!

4/6:!

4/79!

4/87!

4/95!

4/:3!

4/::!

5/18!

5/26!

5/34!

!
!

3/59!

!

!

3/68!

3/76!

3/84!

3/92!

3/:1!

3/:9!

4/18!

4/26!

4/33!

4/41!

4/4:!

4/58!

4/66!

4/74!

4/83!

4/91!

4/99!

4/:7!

3/37!

!

!

3/45!

3/53!

3/62!

3/69!

3/79!

3/87!

3/97!

3/:3!

4/12!

4/1:!

4/28!

4/37!

4/45!

4/53!

4/61!

4/69!

4/78!

4/86!

3/11!

!

!

3/1:!

3/28!

3/36!

3/44!

3/53!

3/61!

3/6:!

3/78!

3/86!

3/94!

3/:3!

4/11!

4/1:!

4/28!

4/36!

4/44!

4/53!

4/61!

!

2/89!

!

!

2/98!

2/:6!

3/14!

3/22!

3/31!

3/39!

3/46!

3/56!

3/64!

3/72!

3/81!

3/89!

3/97!

3/:5!

4/13!

4/22!

4/2:!

4/38!

!

!

!

!

!

!

!

!

!

!

!

!
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!

!

!

tjoftujt!hbotb{Swsb!DjKpwjt!yfmtbxzpUj!

!

xbsnpfcbTj! ofemj! obyfwbsgbcsjlbujt! eb! ofemfvmjt! tjoftujt! txsbgj!

nfUpejU!hbotb{SwsjtbUwjt!hbnpjzfofcb!DjKpwjt!yfmtbxzp/!

!

!

!

!

nbsUlvUyfejt!gpsnjtb!eb!nshwbmj!gpsnjt!Djzpwjt!yfmtbxzpfcj!tjoftujt!

txsbgj!hbotb{SwsjtbUwjt/!

!

yfmtbxzp! ! bSXvswjmjb! sphpsd! pUbyjt! ufnqfsbuvsjt-! btfwf! dyfmj!

ofemfvmjtbUwjt! tjoftujt! hbotbtb{Swsbwbe/! tjoftuf! hbnpjUwmfcb! xpobljt!

xpobUb!tywbpcjU!&.Tj/!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 100.
g

baW −
= !

!
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!tbebd-!!α- bsjt!gjsgjujt!nbtb!xpobljU!bo!rbSbmejt!qblfujt!nbtb!xpobljU-h!

   b- jhjwf!hbnpTspcjt!Tfnefh-!h!

  g- qspevrujt!xpoblj-!h!

hbnpTspcjt! esp! eb! tbXjsp! ufnqfsbuvsb-! spnfmjd! tbXjspb! bnb! Uv! jn!

tblpoejusp!obxbsnjt!TspcjtbUwjt-!hbwjUwbmjtxjopU!Tfnefhj!npobdfnfcjebo;!

!

pqujnbmvsj!esp-!ufnqfsbuvsb-!sflpnfoejsfcvmj!DjKpwjt!

!yfmtbxzpt!hbnpzfofcjtbt!

!

!

hbnptbTspcj!ojwUjfsfcb!

!

Tspcjt!esp-!xU/!

!

ufnqfsbuvsb!ºC!

2! 3! 4!

yjmjt!hvmtbsUj!

TfeSwfcjmj!hvmtbsUj!

nbsdjqbojt!hvmtbsUj!

qpnbeb!!obyfwbsgbcsjlbuj!

--tvgmf)TfeSwfcjmj!

lbngfujt!nbtb*!

lbngfujt!lpsqvtj;!

Kfmfjboj!.!!yjmjt!

s[jboj!!qpnbejt!

s[jboj!lbngfufcj!

lbngfufcj!s[jboj!

hvmtbsUjU!

lbngfufcj!Kfmfjboj!

yjmjt!lpsqvtjU!

jsjtj!

ybmwb!

nTsbmj!s[f!

Tfefefcvmj!

s[f!TbrsjU!

lblbpt!nbsdwmfcj!

lblbpt!gywojmj!

)tbxbsnpp*!

6!

7!

6!

5!

7!

!

!

6!

7!

7!

6!

!

6!

!

6!

4!

3!

6!

!

6!

6!

!

281.286!

276.281!

281.286!

281±6!

286±3!

!

!

281±6!

286±3!

286±3!

286±3!

!

286±3!

!

276.281!

276.281!

271±6!

281±6!

!

271±6!
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obndywbsj!Tbrspwboj!eb!

Tfnlpgbwj!

wbTmjt!nbsnfmbej!

!

4!

!

4!

!

276±6!

!

271.276!

!

271.271!

!

!

!!!sfevdjsfcvmj!)jowfsuvmj*!ojwUjfsfcfcjt!Tfndwfmpcjt!

hbotb{Swsb!

!

sfevdjsfcvmj!Tbrsfcjt!hbotb{Swsb!gfmjohjt! )tqjmfo[jt!uvuf!ytobsj*!

jowfsuvmj!Tbrsjt!ytobsjU!hbgjmuwsjt!nfUpejU!ebgv[fcvmjb!gfmjohjt!tjUyjt!

nvrj!mvskj!ytobsjt!hbvgfsvmfcb{f!jowfsuvmj!Tbrsfcjt!ytobsjU!

!

gfmjohj!J!.!CuSO4- jt!ytobsj!
gfmjohj!JJ!.!tfhofujt!nbsjmj!!bov!SwjojtnKbwb!lbmjobusjvnjt!nbsjmj/!

!

I. CuSO4+2NaOH → Cu(OH)2+Na2SO4 

 

II. Cu(OH)2 +       HO- CH-COONa 
                                               │                        →  

                                    HO- CH – COOK  
!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!SwjojtnKbwb!lbmjvn.obusjvnj/!

!

          O – CH - COONa 

→!!Cu                                 + 2H2O 

              O – CH – COOK  

   
 SwjojtnKbwb.tqjmfo[jt!lpnqmfrtj/  
!

!
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!!!!!!!!!!!!sbnefobebd! jowfsuvmj! Tbrsfcj! Tfjdbwfo! bmefijevs! eb! lfupovs!

khvgfct-! nbU! hbbDjbU! bSehfojUj! vobsj! eb! tqjmfo[jt! uvuf! ytobst! )gfmjohjt!

tjUyft*! bSbehfofo! tqjmfo[jt! rwfKbohbnef! eb! TfjojTfcb! gfmjohjt! ytobsjt!

hbvgfsvmfcb! CuSO4 jt! hbnpzpgjU-! spnmjt! xjUfmj! gfsj! ojScbwt! tsvmj!

hbvgfsvmfcjt!npnfout/!

!

        O   

  C – H  

    │                            O- CH- COONa 

(CHOH)4 +     2 Cu                               + 2H2O  →  

!!!│!!!!!!!!!!!!!!!!!!!!!O-CH-COOK 
hmvlp{b!

!

!!!!!!COOH 

         │                                           HO-CH-COCNa 

→!!)CHOH)4  + Cu2O+   2         │ 

           │                                          HO-CH-COOK 

     CH2OH 
!

!

bnpdbojt! Tftbtsvmfcmbe! Ubwebqjswfmbe! tbXjspb! gfmjohjt! J! eb!

gfmjohjt! JJ! ytobsfcjt! npn{befcb-! jowfsuvmj! Tbrsjt! tuboebsuvmj! ytobsjt!

npn{befcb/!

gfmjohjt!ytobsj!!J!2!!7:-39!hs/!CuSO4 . 5H2O  hbytojmj!2!m!xzbmTj/!

gfmjohjt!ytbsj!JJ!2!457!hsbnj!tfhofujt!nbsjmj+211!hsbnj!NaOH 2mjus!xzbmTj/!

nfUjmjt!mvskj!!!2!!2!hsbnj!nfUjmjt!mvskj!211!hsbn!xzbmTj-!hbgjmusvmj/!

!!!!!!

!!!!!!!jowfsuvmj! Tbrsjt! tuboebsuvmj! ytobsj;! Tbrbs.sbgjobej! bo! tvgUb!

tbybsp{b!Ubwtefcb! frtjlbupsTj! 4!eSf.Sbnjt! hbonbwmpcbTj-! bnjt! Tfnefh! bjSfcb!

xpoblj!2-:!hsbnjt!pefopcjU-!hbjytofcb!xzbmTj!!eb!Tfjwtfcb!211!nm.nef!xzmjU-!ft!

ytobsj!hbebbrwU!311!nm.jbo!tb{pn!lpmcbTj-!!vnbufcfo!8.9!!!nm!lpodfousjsfcvm!!
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HCL-t! zpwfm! 211nm.{f/! )bov! 8.9! nm! lpod/! HCL). lpmcbt! UfsnpnfusjU!!

bUbwtfcfo! xzmjt! bcb{bob{f! 3.4! xU/! xzmjt! t=80ºC, ytobsjtb! 67-70ºC. bn!

ufnqfsbuvsb{f!bzpwofcfo!ytobst!{vtube!6!xvUj/!bnjt!Tfnefh!jn!xbntwf!bdjfcfo!

xzmjt! Xbwmjt! rwfT! pUbyjt! ufnqfsbuvsbnef! eb! bofjusbmfcfo! 36.41&.jboj!

uvujU-!2.3!xwfUj!nfUjmpsboKjt!ebnbufcjU/!uvuft!vnbufcfo!qjqfujU!xwfU.xwfU!!

wbsejtgfs! obsjokjtgfsTj! hbebtwmbnef! )Uv! hbjujusb-! hbebwjeb! zwjUfmTj-!

tbXjspb!nKbwjt!1/6!N   HCL-jt!ebnbufcb!xwfU.xwfU!wbsejtgfs.obsjokjtgfsjt!!

!

njSfcbnef/!ytobst!bo{bwfcfo!ojTovmbnef/!njSfcvmj!tuboebsuvmj!ytobsj!Tfjdbwt!

1/2!hsbn!jowfsuvm!Tbrbst!2nm.Tj/!

tuboebsuvmj! ytobsjt! npn{befcjt! Tfnefh! wbehfoU! gfmjohjt! ytobsjt!

ujust-!sjtUwjtbd!211nm.jbo!lpovtvs!lpmcbTj!wbUbwtfcU!21.21!nm!gfmjohj.J!eb!

gfmjohj.JJ!ytobsfct-!qjqfujU!wbnbufcU!21!nm!xzbmt!eb!Z jt!nbhwbs!cjvsfujebo!

tuboebsuvmj!jowfsuvmj!ytobsjt!!9/6.:!nm.t/!wbdyfmfcU!bevSfcbnef-!wbevSfcU!

{vtube! 2xU.t-! evSjmjt! qjspcfcTj! wvnbufcU! 4! xwfU! nfUjmjt! mvskt! eb!

wujusbwU! jnbwf! jowfsuvmj! Tbrsjt! ytobsjU! mvskj! gfsjt! hbrspcbnef/!

jowfsuvmj!Tbrsjt! ytobsjt!sbpefopcb! )nm*! )kbnvsj!sbpefopcb*! hbnsbwmfcvmj!

1/12.{f! hwjDwfofct! sbnefo! hsbn! jowfsuvm! Tbrbst! Tfftbcbnfcb! 31! nm! tqjmfo[jt!

uvuf!ytobsj/!

bnjt! Tfnefh! wjSfcU! tblwmfwj! lbsbnfmjt! xpobljt! ytobst! jtfUj!!

sbpefopcjU-!spn!211!nm.Tj!jzpt!bsb!vnfuft!1/9!sfevdjsfcvmj!Tbrbsj/!xpobljt!

tjejef!hbjbohbsjTfcb!gpsnvmjU;!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
p

avg = !

!

tbebd! ! α! .! bsjt! 211! nm! npn{befcvm! ytobsTj! hbotb{Swsvmj! Tbrsjt!

ebtbTwfcj!sbpefopcb!)1/9h*/!

               v.! n{pnj! lpmcjt! npdvmpcb-! bSfcvmj! xpobljt! ytobsjt!

nptbn{befcmbe!)211nm*/!

              p - ! ! jowfsuvmj! Tbrsfcjt! tbwbsbvep! Tfndwfmpcb! tblwmfw!

qspevruTj-!&!)lbsbnfmjt!nbtbTj!28.31&-!lbsbnfmjt!tjspgTj!23.25&*/!

bnjt! Tfnefh! xjobtxbs! ebrvdnbdfcvm! lbsbnfmjt! xpoblt! wytojU! 71.81ºC!

ufnqfsbuvsjt!hbnpyejm!xzbmTj!!)XjrbTj*-!hbebhwbrwt!!!211nm!!!npdvmpcjt!n{pn!!
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lpmcbTj-! wbdjwfcU-! njhwzbwt! ojTovmbnef! eb! wvsfwU! lbshbe/! njSfcvm! ytobsTj!

wtb{SwsbwU! nbsfevdjsfcfm! Tbrsfct/! lpovtvs! lpmcbTj! )npdvmpcjU! 211.261nm*!

Tfhwbrwt! 21.21! nm! gfmjohj! J! eb! gfmjohj! JJ! eb! tblwmfwj! ytobsj-! wbokSsfwU-!

wbdyfmfcU!bevSfcbnef-!Tfnefh!wbevSfcU!2!xU!eb!bn!qjspcfcTj!wvnbufcU!4!xwfU!

nfUjmjt! mvskt-! wujusbwU! jowfsuvmj! Tbrsjt! tuboebsuvmj! ytobsjU! mvskj!

Tfgfsjmpcjt!hbrspcbnef/!

!

!

!

sfevdjsfcvmj!Tbrsfcjt!sbpefopcb!X)&*!jbohbsjTfcb!gpsnvmjU;!

!

!

!!!!!!!!!!!!!!!!!!!!!!
g

mn
g

mnx )(10
10

100.100)(01,0 −
=

−
= !

!

!

tbebd!!n- jowfsuvmj!Tbrsjt!tuboebsuvmj!ytobsjt!npdvmpcbb-!spnfmjd!

ebjybskb!31nm!tqjmfo[jt!uvuf!ytobs{f-!nm/!

                   m – hbujuwsb{f! ebybskvmj! jowfsuvmj! Tbrsjt! tuboebsuvmj!

ytobsjt!sbpefopcb-!nm/!

                   g – qspevrujt!xpoblj-!h/!

!

!

!

!!!!!!lbsbnfmjt!nbtjt!hboUyfwjt!lpfgjdjfoujt!

hbotb{Swsb!

!

lbsbnfmjt! nbtjt! hboUyfwb!xbsnpbehfot! lbsbnfmjt! nbtjt! tjcmboujt! jsjc!

nbybtjbUfcfmt! eb! ebnpljefcvmjb! lbsbnfmjt! sfdfquvsb{f/! tjcmbouf! hbwmfobt!

byefot! lbsbnfmjt! nbtjt! ebTbrsfcjtbenj! nehsbepcb{f-! lbsbnfmvsj! cbebhj-!

hbotblvUsfcjU! efrtusjofcjt! Tfndwfmpcjt! hbnp-! jxwfwt! lbsbnfmjt! nbtjt!

tjcmboujt! bnbSmfcbt-! ypmp!lbsbnfmjt! nbtb-! npn{befcvmj!jowfsuvm!tjspg{f-!

jhjwf!tjoftujt!TfnUywfwbTj-!ybtjbUefcb!ebcbmj!tjcmboujU!eb!nbSbmj!hboUyfwjU/!

lbsbnfmjt!nbtjt!hboUyfwb!ybtjbUefcb!hboUyfwjt!lpfgjdjfoujU;!
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!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
p
sk = !

!

tbebd-!!!k-  hboUyfwjt!lpfgjdjfoujb!tn²/h!

                 s-  lbsbnfmjt! nbtjt! qmbtujt! njfs! eblbwfcvmj! gbsUpcj! )xsjt!

gbsUpcj*!gjmb{f!219ºC!ufnqfsbuvsb{f-!tn² 

                p-   lbsbnfmjt!nbtjt!!vmvgjt!nbtb-!h!

bobmj{jtbUwjt! wjSfcU! 219ºC! ufnqfsbuvsjt! nrpof! lbsbnfmjt! nbtbt! eb!

wbUbwtfcU! xjobtxbs! {fUxbtnvm! gbjgvsjt! bo! nbsnbsjmpt! gjmb{f/! ! w{pnbwU!

lbsbnfmjt! nbtjebo! ! njSfcvmj! qmbtujt! xsjt! ejbnfufst-! sphpsd! psj!

vsUjfsUnbsUpcvmj! ejbnfusfcjt! tbTvbmp! nojTwofmpcjU! eb! wUwmjU! xsjt!

gbsUpct/!!!

hboUyfwbefcjt!lpfgjdjfout!lj!wbohbsjTpcU!bSojTovmj!gpsnvmjU/!

!

!

!

nKbwjbopcjt!hbotb{Swsb!ujusvmj!nfUpejU/!

!

tblpoejusp!obxbsnjt!)obyfwbsgbcsjlbujt*!nKbwjbopcjt!hbotb{SwsjtbUwjt!

xpoblj!6!hs!1/12!hs!tj{vtujU-!Ubwtefcb!rjnjvs!XjrbTj-!spnmjt!npdvmpcbb!311.

361! nm-!vnbufcU! 211!hsbn!ejtujmjsfcvm!xzbmt! 71.81ºC!ufnqfsbuvsjU/! lbshbe!

npvsfwU-! wbdjwfcU-! wvnbufcU! 4.5! xwfU! gfopmgubmfjot! eb! wujusbwU! 1/2! N  

NaOH.jU! Sjb! wbsejtgfsbnef-! spnfmjd! 2! xvUjt! hbonbwmpcbTj! bs! rsfcb/!

nKbwjbopcb!!ºH!hbnpjUwmfcb!gpsnvmjU;!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! x º= 
g
v

g
v 10

10.
100.

= !

!

!!!!!!!!!!tbebd-! v.! bsjt! 1/2! N  NaOH.jt! nm.jt! sbpefopcb! ebybskvmj!

hbujuwsb{f/!

!!!!!!!!!!g  - xpobljt!nbtb-!hsbnfcTj/!!
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!gpsnvmb! txpsjb-! Uv! ! k=1; tywb! TfnUywfwbTj! tbXjspb! NaOH.jt!

opsnbmpcjt!ujusjt!ebehfob!eb! x  º -jt!hbebnsbwmfcb!k-{f/!!

!

!!!

!

!

!

!

!

!

!

lbsbnfmjt!nbtjtb!eb!hvmtbsUjt!Ubobgbsepcjt!

hbotb{Swsb!)hvmtbsUjbo!lbsbnfmTj*!

!

!

bstfcpct! hbotb{Swsjt! qjsebqjsj! eb! bsbqjsebqjsj! nfUpej/! qjsebqjsj!

nfUpej!ebgv[fcvmjb!hbstjtb!eb!hvmtbsUjt!nfrbojlvs!ebTpsfcb{f/!

xpojbo!21!dbm!lbsbnfmt!1/2!hs!tj{vtujU-!bdbmlfwfcfo!fsUnbofUjtbhbo!eb!

jUwmjbo!&.vmbe!nbU!Tfndwfmpcbt/!)qjsebqjsj!nfUpej*/!

bsbqjsebqjsj! nfUpejU! tbXjspb! hbwjUwbmpU! spnfmjnf! rjnjvsj!

nbDwfofcfmj!lbsbnfmjt!Tfnebhfofmj!obxjmfcjtb!!)hbstjt!bo!hvmtbsUjt*/!

!!!!!!!!!!wjSfcU! lbsbnfmjt! tbn! vmvgbt! )UjUpTj! bsb! oblmfc! 21! lbsbnfmj*/! J.t!

wbobxjmfcU-! JJ.t! ! wbdmjU! lbot! eb! wbxjmbefcU-! JJJ.t! wbdmjU! hvmtbsUt! eb!

wbxjmbefcU!fsUhwbspwbo!nbtbnef-! wbUbwtfcU!dbm.dbmlf!ifsnfuvmbe!ebyvsvm!

XvsXfmTj/!bnjt!Tfnefh!UjUpfvm!nbUhboTj!wtb{SwsbwU!sbpefopcsjwbe!tjoftuft!

)&*-! nTsbm! ojwUjfsfcfct! )&*-! sfevdjsfcvm! Tbrsfct-! tbfsUp! Tbrbst-! dyjnt! eb!

tywb/!

Uv!J!tjokTj!sfevdjsfcvmj!Tbrsfcjb!!&.Tj!.!C!

JJ!tjokTj!!.!α!

JJJ!tjokTj!!.!b, 

ypmp! hbstjtb! eb! hvmtbsUjt! sbpefopcfcjb! )&*! Tftbcbnjtbe! ! ! x eb! y -!

nbTjo;!!

!
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!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
⎩
⎨
⎧

=+
=+

cbyax
yx

100
100

!!

tjtufnbt!bnpytojU!wjhfcU;!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
ab

acy
−
−

=
)(100
!

!!!!!!!!!Tftbcbnjtbe!wjhfcU!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! yx −=100 !

 

x .jtb!eb!y-jt!hbotb{Swsbt!wjhfcU!UbobgbsepcjU;! y
x !

!

!!!!!!!!!

!!!!!!!Tbrbs.cbebhjboj!!tjspgjtb!eb!

lbsbnfmjt!npn{befcb!

!

!

hbowjyjmpU!lbsbnfmjt!sfdfquvsb;!

!

!

!

ofefvmjt!ybskj!2!upob!!!

lbsbnfm{f-!lh!

!

ofemfvmjt!tbfsUp!

ybskj!211!

hsbn!Tbrbs{f!

!

!

!

ofemfvmj!

!

!

nTsbmj!

ojwUjfsfcfcj!

&! !

sbpe/!

nTs/!

ojwUjfsfcb!

!

sbpefopcb!

nTs/!

ojwUjfsfcb!

!

Tbrsjt!

gywojmj!

cbebhj!

mjnpojt!

nKbwb!

ftfodjb!

tbSfcbwj!

!

::/96!

!

89!

!

:9!

..!

..!

!

824/3!

!

467/3!

!

21/1!

5/1!

1/3!

!

823/2!

!

389/2!

!

:/9!

.!

.!

!

211!

!

boh!

!

boh/!

boh!

boh!

!

::/96!

!

boh/!

!

boh/!

boh!

boh/!
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!

!

tvm!

hbnptbwbmj!

! !

2195/1!

2111/1!

!

2111/1!

:96/1!

!

!

boh/!

boh/!

!

boh/!

boh/!

!

!

!!!!!!hbbohbsjTfcvmj!sfdfquvsjt!Tftbcbnjtbe!!wxpojU!ofemfvmt-!Tbrbst!wyojU!

xzbmTj!`! )36.41&*! xzbmj! Tbrsjt! nbtbtUbo! TfebsfcjU-! wbdyfmfcU! njojt! rwbcTj/!

njSfcvm!ytobst!wvnbufcU!!!!71ºC.nef!!hbdyfmfcvm!!!cbebht!eb!wybsTbwU!91.93&!!

!

!

nTsbmj! ojwUjfsfcfcjt! Tfndwfmpcbnef-! sbtbd! wblpouspmfcU! sfgsbrupnfusjU/!

Tfnefh!wjSfcU!lbsbnfmvsj!ojnvTjt!)tjspgjt*!21!hsbnjt!pefopcjU!eb!wtb{SwsbwU!

nbsfevdjsfcfm!ojwUjfsfcfct!nbtTj/!

lbsbnfmjt! tjspgj! Tfjdbwt! 23.27&! ufot-! ! ypmp! lbsbnfmjt! nbtb! 2.5&.t-!

bnjupn! wybsTbwU! tjspgt! lbsbnfmjt! nbtjt! njSfcbnef/! ybsTwjt! ybohs[jwpcbt!

wblpouspmfcU!ufnqfsbuvsjU-! tbcpmpp!ufnqfsbuvsb! 251.261 ºC-jb/! bnjt!Tfnefh!

wbdjwfcU! lbsbnfmjt! nbtbt! 219ºC-nef! eb! nbsnbsjmpt! bo! gbjgvsjt! {fUxbtnvm!

gjmb{f! hbebhwbrwt/! w{pnbwU! njSfcvmj! Tbrsjt! vsUjfsUnbsUpcvm! D-ejbnfust!

lbsbnfmjt! nbtjt! hboUyfwbepcjt! hbhfcjtbUwjt-! bnjt! Tfnefh! nbtjt! {febqjs{f!

wvnbufcU! mjnpojt! nKbwbt-! ftfodjbt-! tbSfcbwt-! wvsfwU! fofshjvmbe! TqbufmjU!

ibfsjt! cvTuvlfcjt! tsvmj! npdjmfcjt-! ebobnbufcjt! Ubobcbsj! hbobxjmfcjtb! eb!

tbtvswfmj! tjtrjt! gfojt! njSfcjt! nj{ojU! )1/6~1/9n! eb! 86.91ºC) wbxbsnpfcU!

lbsbnfmjt! gpsnjsfcbt/! lbsbnfmjt! hbdjwfcjt! Tfnefh! wxpojU! eb! wtb{SwsbwU!

hbnptbwmjbopcbt! eb! njSfcvm! Tfefht! wbebsfcU! sfdfquvsbTj! npdfnvm!

nbDwfofcfmt/!!

!

!

!

Tbrbs.jowfsuvmj!tjspgjtb!eb!lbsbnfmjt!

npn{befcb!!

!
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tbnvTbp! jUwbmjtxjofct! jowfsuvmj! tjspgjt! npn{befcbt! )81.89&! lpod/*!

jowfsuvmj! tjspgjt! tjoftujtb! eb! nbsfevdjsfcfmj! ojwUjfsfcfcjt! hbotb{Swsbt-!

lbsbnfmjt! sfdfquvsjtb! eb! hbnptbwmjbopcjt! hbbohbsjTfcbt! jowfsuvm! tjspg{f!

eb!lbsbnfmjt!npn{befcbt!jowfsuvm!tjspg{f/!

61! hsbn! Tbrbst! wytojU! 23-6! hs! xzbmTj! gbjgvsjt! kbn{f! eb! wbdyfmfcU-!

njSfcvm!tjspgt!:1ºC!ufnqfsbuvsb{f-!wvnbufcU!21&.jbo!HCL.t-!)Tbrsjt!xpobljt!

1/3&.jt! pefopcjU*! jnbwf! ufnqfsbuvsb{f! eb! wbxbsnpfcU! jowfstjbt! 41xU.jt!

hbonbwmpcbTj-! jowfstjjt! ebnUbwsfctUbobwf! jowfsuvm! tjspgt! wbhsjmfcU! 76 ºC.

nef!eb!wbofjusbmfcU!21&.jboj!!!tpejt!ytobsjU!fofshjvmj!bsfwjt!qjspcfcTj/!

!

!

!!

!

!tpejt!sbpefopcbt!wtb{SwsbwU!sfbrdjjU;!

!

!!!!!!!!!!!!!!!!!! 223 COOHNaClNaHCOHCl ++→+ !

!

jowfsuvm!tjspgTj!wtb{SwsbwU!ufojbopcbt!sfgsbrupnfusvmj!nfUpejU!

eb!nbsfevdjsfcfmj!ojwUjfsfcfcjt!sbpefopcbt/!

lbsbnfmjt! sfdfquvsjt! hbbohbsjTfcb-! jowfsuvmj! tjspgjt! sbpefopcb!

lbsbnfmjt!sfdfquvsbTj!hbnpjUwmfcb!gpsnvmjU;!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!
))(100(

100
aAb

aSx
−−

= !

!

tbebd!!!!x-  jowfsuvmj!tjspgjt!sbpefopcb-!h/!

 S-   DbuwjsUvmj!Tbrsjt!sbpefopcb-!h/!

 A-  jowfsuvm!tjspgTj!Tbrsfcjt!Tfndwfmpcb!&!)bobmj{jU!njSfcvmj*/!

 b-  lbsbnfmjt!tjspgjt!tjoftuf!)25.27&*/!

 α-  lbsbnfmjt!tjspgTj!jow/!Tbrsjt!ebtbTwfcj!Tfndwfmpcb!)25&*/!

!!!!!bobmj{jt!ntwmfmpcb;!!211!hs!Tbrbsj!jytofcb!36!nm!xzbmTj-!nfubmvs!XjrbTj/!

obsfwj!njhwzbwt!!evSjmbnef!npsfwjt!qjspcfcTj-!nbonbef!wxpojU!gbjgvsjt!kbnTj!
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jowfsuvm! Tbrbst! )bohbsjTjU-! 2h.jU! nfut*! eb! hbebhwbrwt! nevSbsf! Tbrsjt!

tjspgTj-!nbtjt!ebevSfcbt!wbxbsnpfcU!261ºC!ufnqfsbuvsbnef/!bnjt!Tfnefh!dyfmj!!

nbtb! hbebhwbrwt! gbjgvsjt! kbn{f-! {febqjs{f! dyfm! nbtbt! wvnbufcU! mjnpojt!

nKbwbt-!2-2&!lbsbnfmjt!nbtjtb!)2-4!hsbnj*/!wbdjwfcU-!wbgpsnfcU!81.86 ºC-{f-!wxpojU-!

wjUwmjU! hbnptbwbmt-! eb! zwfmb! gj{jlp.rjnjvs! nbDwfofcmfct;! tjoftuf-!

sfevdjsfcvmj! ojwUjfsfcfcjt! sbpefopcb-! gfsj-! hfnp-! gpsnb! eb! tywb/! TfojTwob;!

sfdfquvsjt! hbbohbsjTfcjtbt! wbxbsnpfcU! Tbrbs.cbebhjt! lbsbnfmjt! sfdfquvsjt!

bobmphjvsbe!211!hs!Tbrbs{f;!)cbebhj!Tfdwmjmjb!jowfsuvmj!tjspgjU*/!

!

!

!

!

!

!

Ufnb!JJ/!scjmj!lbngfujtb!eb!jsjtjt!xbsnpfcb!

!

!

[jsjUbej!vcofcj!scjmj!lbngfujtb!eb!jsjtjt!xbsnpfcjt!!

ufropmphjvsj!yb{jtb-!tbebd!yefcb!lpouspmj;!

!

!

!

lpouspmjt!pcjfrufcj!

!

lpouspmjt!tjyTjsf!

!

lpouspmjt!tbyffcj!

2! 3! 4!

!

scjmj!lbngfujt!

xbsnpfcjtbt!

ofemfvmj-!spnfmjd!

Tfnpejt![jsjUbe!

tbbnrspTj!

Tbrsjt!gywojmj!

!

cbebhj!

!

!

!

!

!

!

zpwfmj!Tfnptvmj!qbsujb!

!

zpwfmj!lbtsj-!Uv!cbebhj!

!

!

!

!

!

!

tvoj-!hfnp-!nfrojlvsj!

njobsfwfcjt!Tfndwfmpcb/!

tvoj-!hfnp-!nTsbmj!



 30

!

!

!

yjm.lfolspwboj!

obn{befcj/!

!

hfnpwofcjUj!ebobnbufcj!

!

Uyjmjtb!eb!ovTjt!

hvmj!

njfxpefcb!uvncpUj-!

nbTjo-!qfsjpevmbe!

dwmbTj!4.kfs!

zpwfmj!Tfnptvmj!

qbsujb/!

!

!

!

zpwfmj!qbsujb!

!

!

!

njobsfwfcjt!Tfndwfmpcb/!

!

!

tvoj-!hfnp-!lpotjtufodjb-!

gfsj!

!

!

!

hfnp-!tvoj-!tywb!hbsf!

njobsfwfcj!

!
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qsbmjoftb!eb!nbsdjqbojt!

nbtjtb!eb!lpsqvtjt!

npn{befcb!

!

!
!

zpwfmj!qbsujb!

!

nbtb!bo!lpsqvtj! tbyfpcfcjt!njyfewjU! hfnp-!tvoj-!lpotjtufodjb!

2! 3! 4!

!

Tfefefcvmj!s[f!

nTsbmj!s[f-!dyjnfcj!

!

zpwfmj!qbsujb!

!

nKbwjbopcb-!hfnp-!tvoj-!

tywb!njobsfwfcjt!bstfcpcb!

! ! !

vdyjnp!s[f! zpwfmj!qbsujb! ............--........!

!!!!!qpnbejt!npn{befcb;! ! !

qpnbeb.obyfwbsgbcsjlbuj! bsboblmfc!3.kfs!dwmbTj! hfnp-!tvoj-!lpotjtufodjb-!

tusvruvsb-!nTsbmj!

ojwUjfsfcfcjt!

Tfdwfmpcb/!

sfevdjsfcvmj!

ojwUjfsfcfcjt!

Tfndwfmpcb!

qpnbejt!lpsqvtj! bsboblmfc!3.kfs!dwmbTj! hfnpwofcjUj!Uwjtfcfcj/!

tusvruvsb-!

lpotjtufodjb-!nTsbmj!

ojwUjfsfcfcjt!

Tfndwfmpcb/!

sfevdjsfcvmj!

ojwUjfsfcfcjt!

Tfndwfmpcb/!

yjmjt!nbtjt!ybsTwb!eb!

gpsnjsfcb!

Kfmf.nbsnfmbejt!eb!

gpsnjsfcvmj!lpsqvtfcj!

!

!

!

2.3!kfs!dwmbTj!UjUpfvm!

tbyfpcb{f!

!

!

hfnp-!tvoj-!tusvruvsb-!

dpotjtufodjb-!nTsbmj!

ojwUjfsfcfcjt!

Tfndwfmpcb-!sfevd/!

ojwUjfsfcfcjt!

Tfndwfmpcb!
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2! 3! 4!

!

TfeSwfcjmj!eb!

mjrjpsjboj!lpsqvtfcjt!

npn{befcb!

!

! !

nbtb!bo!lpsqvtj! 2.3!kfs!dwmbTj!zpwfmj!

tbyfpcjt!njyfewjU!

nTsbmj!ojwUjfsfcfcjt!

Tfndwfmpcjt-!hfnpwofcjUj!

Uwjtfcfcj!

n{b!obxbsnj!

Sjb!eb!npXjrvsfcvmj!

!

bsb!oflmfc!dwmbTj!

!

...--........!

lbngfufcj! fsUyfm!zpwfmj!

tbyfpcfcjtbUwjt!

Xjrvsjtb!eb!lpsqvtjt!

Ubobgsepcb-!nfrbojlvsj!!

njobsfwfcjt!Tfndwfmpcb-!2!

lh!obxbsnTj!dbmpcjUj!

sbpefopcb!

jsjtjt!xbsnpfcb;!Tbrbsj-!

cbebhj-!dyjnfcj-!s[f!

ft! ofemfvmj! npxnefcb! jtfwf-! jnefokfswf-! !eb! jnbwf!

nbDwfofcmfc{f-! sbd! hboyjmvmj! jzp! scjmj!

lbngfufcjt!xbsnpfcjtbt/!

!

s[jt!tjspgj!

!

zpwfm!tbyfpcb{f!fsUyfm!

dwmbTj!

!

hfnpwofcjUj!Uwjtfcfcj<!

hbsf!tbyf/!

!

n{b!obxbsnj!

!

zpwfm!tbyfpcb{f!fsUyfm!

dwmbTj!

!

!

!

!

!

hfnp-!tvoj-!hbsfhboj!tbyf-!

nTsbmj!ojwUjfsfcfcjt!

Tfndwfmpcb-!sfevd/!

ojwUjfsfcfcjt!

Tfndwfmpcb-!2!lh.Tj!nbUj!

njobsfwfcjt!Tfndwfmpcb-!

2lh!.Tj!nbUj!sbpefopcb!

dbmpcjU/!

! ! !

!

!
!
!
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!
lbngfujtbUwjt!

!
!!!!!!!!!!!!!!!!!!!!!!Tplpmbejt!Xjrvsjt!tjcmboujt!hbotb{Swsb!

!

!!!!!!!!tblpoejusp!!xbsnpfcbTj!ejej!hbnpzfofcb! brwt!wjtlp{pnfust!tjcmboujt!

hbotb{SwsjtbUwjt/! jhj! Tfehfcb! psnbhj! nfubmvsj! Xjrjtbhbo! 5.6-! spnfmTjd!

Ubwtefcb! tblwmfwj! Tplpmbejt! nbtb-! Xjrb! npUbwtfcvmjb! 4.ehbs{f-! spnfmjd!

sfevrupsjt! .3! eb! [sbwjt! ebynbsfcjU! npejt! csvowjU! np[sbpcbTj/! XjrbTj!

Ubwjtvgmbe!!bsjt!Dbljmvmj!nfubmvsj!djmjosvmj!mjmwblj-!spnmjt!{feb!eb!

rwfeb! obxjmj! lpovtvsjb/! tbnbhsj! 8.jt! tbTvbmfcjU! jhj! Tfj[fcb! Ubwjtvgmbe!

npdjmfcvmj! jzpt! Xjrjtbhbo-! tbebd! DbuwjsUvmjb! tblwmfwj! ojwUjfsfcb/! ! ft!

mjmwblj!eblbwTjsfcvmjb!n{pn!nfrboj{nUbo-!spnfmjd!ebnbhsfcvmjb!Tubujw{f.9/!

tblwmfwj!ytobsjt!csvowjtbt!mjmwbljt!!np[sbpcb!hbebfdfnb!n{pn!yfmtbxzpt!eb!

yefcb! hb{pnwb/! yfmtbxzp!ebhsbevjsfcvmjb! tuboebsuvmj! ! ytobsjt! tjcmboujt!

nojTwofmpcjU/! tblwmfw! nbtjtbUwjt! tbXjsp! ufnqfsbuvsjt! TfobsDvofcjtbUwjt!

Xjrfct!Tpsjt!)5.6*!Dbtynvmjb!xzbmj!tbXjsp!ufnqfsbuvsjt/!!

!

sfvupwjt!!wjtlp{pnfusjt!! !
!!!!!!!!!!!!!!!trfnb!
!
!
!

!

!
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!

Xjrvsjtb!eb!lbngfujt!sbpefopcsjwj!Ubobgbsepcb!

TplpmbejU!npXjrvm!lbngfuTj!

!

!!!!!!!!lbngfujt!nbtjtb!eb!Tplpmbejt!Xjrvsjt!sbpefopcsjwj! )&*!Ubobgbsepcjt!

ebtbehfobe!xpojbo!sbnpefojnf!bUfvm!lbngfut-!spnfmjd!voeb!npXjrvseft-!bnjt!

Tfefh!nbU!vTwfcfo!nptbXjrvsfcfm!nborbojt!rwfT-!bXjrvsfcfo!eb!xpojbo/!

!!!!!!!!Tplpmbejt!Xjrvsjt!qspdfouvmj!Tfndwfmpcb!!hbnpjUwmfcb!gpsnvmjU;!

!

                                                       
b
abx 100)( −

=  
!
!

!!!!!!!!!tbebd-!!a - lpsqvtfcjt!xpobb-!npXjrvsfcbnef-!h/!

                         b-  lpsqvtfcjt!xpobb-!npXjrvsfcjt!Tfnefh!
!

!
!
!

qpnbejt!nbtjtb!eb!lbngfujt!qpnbejt!
lpsqvtjt!npn{befcb!

!
tbnvTbpt!nj{bojb!sfdfquvsjt!hbbohbsjTfcb-!
qpnbejt!nbtjt!npn{befcb-!lpsqvtjt!npn{befcb!

!
!

sfdfquvsb!qpnbejt!lpsqvtjboj!lbngfujtbUwjt!
!

!
ofemfvmjt!ybskj!

!
!

2!upob!qpnbeb-!J!lh!
!

!
fsU!DbuwjsUwb{f-!h/!

!
!
!

ofemfvmj!

!
!
!

nTsbmj!
ojwU-!
nbtvsj!
xjmj!&-! !

obuvsbTj!
!

!
nTs/!ojwU/!

!
obuvsbTj!

!
nTs/!ojwU/!

Tbrbsj!

cbebhj!

::/96!

89!

746/::!

215/74!

46/84!

92/74!

311!

...!

bohbsjT/!

...!

!

tvm!

hbnptbwbmj!

!

:2/1!

!

:25/73!

2111!

!

:28/45!

:21/1!

!

...!

...!

!

...!

...!
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!
!!!!!!

wxpojU!Tbrbst-!wytojU!61.71!hsbn!xzbmTj!eb!wbdyfmfcU!bmvnjojt!kbnTj/!

Tbrsjt! tjspgt! wvnbufcU! cbebhjt! hbotb{Swsvm! sbpefopcbt-! qpnbejt! tjspgt!

wybsTbwU! 221.231ºC ufnqfsbuvsb{f! eb! xzmjt! bcb{bob{f! wbdjwfcU! 46.51ºC-!

ufnqfsbuvsb{f/!hbdjfcvmj!tjspgj!hbebhwbrwt!tbeSwfc!nborbobTj!eb!wbxbsnpfcU!

eSwfcbt!UfUsj!lsjtubmvsj!nbtjt!xbsnprnobnef/!

!!!!!!!qpnbejt! 22! h.t! wjupwfcU! njtj! gj{jlp! rjnjvsj! ! nbDwfofcmfcjt!

hbotb{SwsjtbUwjt-!ebsDfojm!nbtbt!wbdyfmfcU!76.81º C nef-!wvnbufcU!hfnpwofcjU!

bspnbuvm! ojwUjfsfcfct-! wvsfwU-! wbtybnU! xjobtxbs! npn{befcvm! tbybnfcmjt!

vksfefcTj/! bn! nj{ojU!xjobtxbs! wbwtfcU! ypoDfct! hbnpnTsbmj! tbybnfcmjU! )6`:&!

tjoftujU*/! {febqjst! wbtxpsfcU! tbyb{bwjU!eb! yjt! TubnqfcjU! wblfUfcU! gpsnfct-!

sjhfct! Tpsjt! 7.9! tn! ebTpsfcjU/! qpnbejt! nbtjt! Dbnptynjt! Tfnefh! ypoDfct!

wbzpwofcU!lbngfujt!lpqsvtjt!hbnbhsfcbnef/!n{b!lpsqvtfct!bnpwjSfcU!eb!wxnfoeU!

kbhsjtjU!{fenfuj!tbybnfcmjtbhbo/!wbnpxnfcU!njt!pshbopmfqujlvs!nbDwfofcmfct/!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



 36

!

Ufnb!JJJ/!

yjm.lfolspwboj!tblpoejusp!obxbsnjt!xbsnpfcb!

!

[jsjUbej!vcofcj!nbsnfmbejt-!qbtujmjt!eb!{fgjsjt!xbsnpfcjtb-!tbebd!yefcb!

lpouspmj/!

!

!

lpouspmjt!pcjfrufcj!

!

!

lpouspmjt!tjyTjsf!

!

lpouspmjt!tbyffcj!

2! 3! 4!

!

!

ofemfvmj-!spnfmjd!

Tfnpejt!!xbsnpfcbTj;!

Tbrbsj!eb!cbebhj!

!

nbsnfmbejt!xbsnpfcb;!

!

ft!ofemfvmj!npxnefcb!jnbwf!nbDwfofcmfc{f-!jnbwf!

tjyTjsjU-!jnbwf!nfUpefcjU-!sphpsd!hboyjmvmj!jzp!

s[jboj!lbngfujt!xbsnpfcjtbt!

yjm.lfolspwboj! zpwfmj!qbsujb! tvoj-!hfnp-!lpotjtufodjb!

qjvsf!eb!qvmqb! !

!

nTsbmj!ojwUjfsfcfcjt!

Tfndwfmpcb-!nKbwjbopcb-!

nfrbojlvsj!njobsfwfcjt!

Tfndwfmpcb-!tjokj!Kfmft!

xbsnprnob{f/!

!

bhbsj-!bhbspjej-!qfrujoj!

!

zpwfmj!qbsujb!

!

nbKfmjsfcfmj!vobsj-!mbcjt!

tjnuljdf!

qjvsft!nbtjt!npn{befcb;!

lvqbKj!

!

zpwfmj!qbsujb!

!

nTsbmj!ojwUjfsfcfcjt!

Tfndwfmpcb/!

tjokj!Kfmjsfcb{f!

nbsnfmbejt!nbtjt!ybsTwb;!

npybsTvmj!nbtb!

nbsnfmbejtb!

!

!

dwmbTj!!4.5!kfs!

!

!

!

nTs/!ojwUjfsfcfcjt!

Tfndwfmpcb/!sfevd/!

ojwU/Tfndwfmpcb!
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2!

!

n{b!nbsnfmbej!wbTmjt!

3!

!

zpwfmj!qbsujb!

!

!

!

qfsjpevmbe!

4!

!

nTs/!ojwUjfsfcfcjt!

Tfndwfmpcb/!sfevd/!

ojwU/Tfndwfmpcb!nKbwjbopcb!

!!

hphjsejt!boijesjejt!

)Ubwjtvgbmj*!hbotb{Swsb/!

2/!lh/Tj!dbmpcjUj!sbpe/!

hfnpwofcjUj!Uwjtfcfcj-!

lpotjtufodjb-!nfrbojlvsj!

njobsfwfcjt!Tfndwfmpcb/!

!

Kfmft!nbsnfmbej! zpwfmj!qbsujb! nTsbmj/!ojwU/Tfndwfmpcb/!

sfevd/!ojwU/Tfndwfmpcb!

nKbwjbopcb/!2!lh.Tj!

sbpefopcb!dbmpcjU-!hfnp-!

tvoj-!gfsj-!lpotjtufodjb/!

nfrbojlvsj!njobsfwfcjt!

Tfndwfmpcb/!

!

! qbtujmbtb!eb!{fgjsjt!

xbsnpfcb;!

!

ofemfvmj-!Tfnptvmj!

xbsnpfcbTj;!

!Tbrbsj-!cbebhj-!yjm.

lfolspwboj!qjvsf-!bhbsj-!

qfrujoj-!

ft!ofemfvmj!npxnefcb!jnbwf!nbDwfofcmfc{f-!jnbwf!

tjyTjsjU-!jnbwf!nfUpefcjU-!sphpsd!hboyjmvmjb!

nbsnfmbejt!xbsnpfcbTj/!

lvqbKj! zpwfmj!qbsujb! nTsbmj!ojwU/!Tfndwfmpcb!

nKbwjbopcb!

!

bhbsjt!xfcpt!npn{befcb!

! !

bhbsjt!xfcp! 3.4!kfs!dwmbTj! nTsbmj!ojwU/!Tfndwfmpcb!

TfeSwfcjmj!qbtujmjt!

nbtb!

sbnpefojnfkfs!dwmbTj! (fsUfvmj!xpojt!npdvm/*!
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2! 3! 4!

n{b!obxbsnj;!

qbtujmb-!{fgjsj!

!

zpwfmj!qbsujb!

!

nTsbmj!ojwU.jt!!

Tfndwfmpcb-!nKbwjbopcb-!

sfevdjsfcvmj!ojwU/!

Tfndwfmpcb-!2!lh.Tj!

sbpefopcb!dbmpcjU-!tvoj-!

hfnp-!gfsj-!lpotjtufodjb-!

nfrbojlvsj!njobsfwfcjt!

Tfdwfmpcb!SO2.jt!

)Ubwjtvgbmj*!Tfndwfmpcb-!

tjnlwsjwf/!

!

!

!

wbTmjtb!eb!bunjt!qjvsft!nbKfmjsfcfmj!!

Uwjtfcfcjt!hbotb{Swsb!

!

!!!!!!!!!wbTmjt!qjvsf-!spnfmjd!Tfjdbwt!:1&!xzbmt!)tjoftuf*!eb!Tbrsjt!gywojmj!

jxpofcb! 211.211! hsbnjt! pefopcjU! tuboebsuvmj! tqjmfo[jt! rwbcTj-! rwbcj!

xblwfUjmj! lpovtvsj! gpsnjtbb-! ndjsf! gbsUjt! gv[jU! )rwfnpU*-! njtj! xpob!!

xjobtxbs!dopcjmjb/!ejej!gv[jt!ejbnfusjb!226!nn-!rwfeb!ndjsf!gv[jt!!ejbnfusjb!

86nn-!tjnbSmf.81nn!nvenjwj!npsfwjt!qjspcfcTj!bxbsnpfcfo!qjvsft!ybsTwbt!nbSbm!

dfdym{f! 26! xU.jt! hbonbwmpcbTj/! ybsTwjt! ebnUbwsfcjtbt! rwbcjt! lfemfc{f!

TfjnDofwb!Uyfmj!lboj!.! !njlsvmj-!spnfmjd!Tpsefcb!bn!nbtbt/!hbnptbwbmj!voeb!

jzpt!276!hs!)jxpofcb!nbtb!rwbcjbobe*!Uv!hbnptbwbmj!nfujb-!nbTjo!bhs[fmfcfo!njt!

ybsTwbt! ofm! dfdym{f/! TfybsTvmj! nbtb! Ubwtefcb! nbsnfmbejt! gpsnfcTj! bo!

csuzfm[jsb!{febqjs{f-!spnmjt!!D=31.41tn/!ebtynjt!espjebowf!jxzfcfo!espjt!

bUwmbt! Kfmjsfcjt! ebnUbwsfcbnef-! spnfmtbd! bnpxnfcfo! ! UjUfcjt! TfyfcjU! eb!

ntkfmpcfo! Kfmft! Uwjtfcfc{f;! tjnuljdf{f-! xfcwbepcb{f-! gpsnjebo! Ubwjtvgmbe!

bnphefcb{f-!gpsnjt!TfobsDvofcjt!vobs{f/!

!!!!!!!!!wbTmjt! qjvsft! nbKfmjsfcfmj! Uwjtfcb! opsnbmvsbe! jUwmfcb-! Uv!

Kfmjsfcb! npyeb! 26.31xU.Tj-! ft! ! Uwjtfcb! flvUwojt! jn! qjvsft-! spnfmjd! Tfjdbwt!

21&!nTsbm!ojwUjfsfcfct!eb!:1&!xzbmt/!
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!!!!!!!!!bunjt! qjvsftbUwjt! jSfcfo! 211! hsbn! bunjt! qjvsftb! eb! 236! hsbn! Tbrbst/!

xjobtxbs!bxpojm!tuboebsuvm!rwbcTj!yefcb!ybsTwb!bevSfcbnef-!bevSfcfo-!wjesf!

ufnqfsbuvsb!bs!njbSxfwt!219ºC .t-!sjt!Tfnefhbd!xpojbo!rwbct-!hbnptbwbmj!voeb!

jzpt! 281!hsbnj/! hbebjubofo! nbtbt!gpsnfcTj/! tjokj! jUwmfcb!ebnblnbzpgjmfcmbe-!

Uv!gpsnfcjebo! )gbjgvsj-! !gjmusfcj-!UfgTfcj!eb!tywb*!bnpSfcvmj!Uyfmj!gfob!

bs! jrnofcb! TftbnDofwmbe! nvrj-! bewjmbe! bfsUnfwb! XvsXfmt-! jobsDvofct! gpsnbt-!

bs!jrofcb!xfmwbej!eb!xfcwbej/!

!!!!!!!!!bnpdbob;!!sb!sbpefopcjt!xzbmj!voeb!ebvnbupU!wbTmjt!qjvsft-!spnfmjd!

22-6&!nTsbm!ojwUjfsfcfct!Tfjdbwt-!spn!tbfsUp!sbpefopcb!nTsbmj!ojwUfsfcfcjt!

jzpt!21&/!!

!

211 !hsbnj!qjvsf!!!22!!22-6!hsbnj!nTs/!ojwU/!

Y!hsbnj!qjvsf!!!!22!!21-1!hs/!nTs/!ojwU/!!

!

! 87
5,11
10.100

==x !hs 

 
!!!!!!!!!!98! hsbn! qjvsft! qmjvt! 24! hsbnj!H2O,! ! njwjSfcU! qjvsft-! tbebd! nTsbmj!
ojwUjfsfcfcjb!21&/!!
!
!

!
!
!

nbsnfmbejt!ybsjtyjt!nbDwfofcmfcjt!hbotb{Swsb!
!

!!!!!!!!!!

!!!!!!!!!!nbsnfmbejt!Tfgbtfcb!yefcb!pshbopmfqujlvsbe!.!Tfnefhj!npobdfnfcjU;!

!!!!!!!!!!hfnp-! tvoj-! gfsj! .! nlwfUsbe! hbnpybuvmj-! UjUpfvmj! tbyfpcjtbUwjt!

ebnbybtjbUfcfmj-!vdyp!tvojtb!eb!hfnpt!hbsfTf/!

!!!!!!!!!!bobufyjt! pshbopmfqujlvsj! Tfgbtfcb! .! nbsnfmbejt! bobufyj! voeb! jzpt!

tvgUb-!fsUhwbspwboj/!Kfmft!nbsnfmbej!bhbs{f!.!ebnbybtjbUfcfmjb!hbnXwjswbmf!

gfob-!njojtfcvsj!bobufyjU!nbsnfmbej!!qfrujojt-!bhbspjejt!eb!gvsdfmbsbojt!2!

gv[f{f!ebtbTwfcjb!obyfwsbehbnXwjswbmf-!peobw!bnSwsfvmj!gfob-!bobufyj!bs!bsjt!

njojtfcvsj/!

!!!!!!!!!!lpotjtufodjb!`!!!yjm/lfolspwboj!nbsnfmbejtbUwjt!mbcjtnbhwbsj-!)ebojU!

jXsfcb*!Kfmft!nbsnfmbejt!zwfmb!tbyfpcjtbUwjt!!2!!peobw!xfmwbej/!
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!!!!!!!!!!

!

!!!!!!!!!gpsnb! eb! hbsfhovmj! ! Tfyfevmfcb! 2! ! txpsj-! hbnplwfUjmj! obybujU! eb!

nlwfUsj! lpouvsjU/! {febqjsjtb! eb! hbsfhboj! nehpnbsfpcb! .! yjm.lfolsjt!

nbsnfmbejtbUwjt! 2! ! xwsjmlsjtubmvsj-! fmbtujvsj-! ncsxzjobwj/! ebtbTwfcjb!

peobw! nrsbrmj! hbsflboj/! Kfmft! nbsnfmbejt! {febqjs{f! Ubocsbe! npzsjmjb!

xwsjmlsjtubmvsj!Tbrsjt!gywojmj/!

!!!!!!!!eblwjswfcb!voeb!npyeft!tywbebtywb!btpsujnfoujt!n{b!qspevrdjb{f!!

!

!

!

!

nbsnfmbejt!gj{jlp.rjnjvsj!nbDwfofcmfcjt!

hbotb{Swsb!

!

!!

!br! tbXjspb! hbojtb{Swspt! nbsnfmbejt! ujusvmj! nKbwjbopcb-!

sfevdjsfcvmj!Tbrsfcjt!sbpefopcb-!tjoftuf-!mbcjt!tjnuljdf/!

!!!sfevdjsfcvmj!Tbrsfcjt!Tfndwfmpcb!hbojtb{Swsfcb!!!lbsbnfmjt!!nbtbTj!!!

sfevdjsfcvmj!Tbrsfcjt!Tfndwfmpcjt! bobmphjvsbe-! bn! hbotbywbwfcjU-!spn!kfs!

voeb!npwbyejopU!njtj!ytobsjebo!bsbTbrsfcjt!ebmfrwb-!sjtUwjtbd!xpoblt!wytojU!

Ucjm-! hbnpyejm! xzbmTj! )71ºC)-! hbebhwbrwt! 311.361! nm! npdvmpcjt! lpmcbTj-!

nbtTj! ytobsjt! sbpefopcb! bs! voeb! bSfnbufcpeft! 261! nm/! Tfnefh! lpmcbt!

wbUbwtfcU! )71ºC xzmjt! bcb{bob{f-! bn! ufnqfsbuvsbt! wjobsDvofcU! 26! xU-! ytobsjt!

vxzwfuj! TfokSsfwjU/! wbdjwfcU! ytobst-! wvnbufcU! 21.26! nm! UvUjjt! tvmgbujt!!

ytobst-!wbokSsfwU-!njwjzwboU!Xefnef!eb!wbzpwofcU!obmfrt!lpbhvmjsfcjt!nj{ojU-!

sbnefojnf! xU.jU/! wgjmusbwU! rbSbmejt! gjmusjU! nTsbm-! csuzfm[jsjbo!

lpmcbTj-!gjmusbut!wjzfofcU!Tbrsjt!Tfndwfmpcjt!hbotb{SwsjtbUwjt/!

!!!!!!!!UvUjjt!ebnmfrbwj!Tfehfcb!psj!sfbrujwjtbhbo;!

!!!!!!!!256!!hs!lsjtubmvsj!!ZnSO4-7H2O  jytofcb!xzbmTj!eb!jwtfcb!Xefnef!!2111!

nm.nef/!51!hsbnj!NaOH bo!67!hsbnj!KOH jytofcb!xzbmTj!eb!njSfcvmj!!jwtfcb!

Xefnef! 2111! nm.nef/! ! Ubwjebowf! tblwmfw! ytobst! vnbufcfo! ZnSO4-t! )21.26nm*!
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Tfnefh! lj! uvujt! ytobst! wvnbufcU! gsUyjmbe/! jnjtbUwjt! spn! hbowtb{SwspU!

uvujt!sbpefopcb-!tbXjspb!DbwbubspU!zsv!deb;!!dbsjfm!!lpmcbTj!!wjSfcU!21.26!!

!

nm!UvUjjt!tvmgbujt!ytobst-!wvnbufcU!61nm!ejtujmjsfcvm!xzbmt-!sbnpefojnf!

xwfU!gfopmgubmfjot-!qjqfujU!wjSfcU!hbslwfvmj!sbpefopcjt!NaOH .jt!ytobst!
eb! gsUyjmbe! wvnbufcU! bn! ytobst! `! obmfrjt! xbsnprnobnef! wjesf! ytobsj! ! bs!

TfjSfcfcb!Sjb!wbsejtgsbe-!wjUwmjU!NaOH .jt!nm.jt!sbpefopcbt/!

!

!

!

!

wbTmjt!gpsnjboj!nbsnfmbejt!npn{befcb!

)cvofcsjwj!nbsnfmbej*!

!

!!!!!!!!!

!!!!!!!!!!!!qjswfm! sjhTj! wbn{befcU! sfdfquvsvm! obsfwt! wbTmjt! qjvsft-!

obusjvnjt!mbrubujt! )qjvsft!nKbwjbopcjt!njyfewjU*-!Tfnefh!Tbrsjtb!eb!cbebhjt!

ebnbufcjU-! njSfcvm! obsfwt! wbUbwtfcU! bmvnjojt! kbnTj! eb! wybsTbwU! 217.219ºC 

ufnqfsbuvsb{f! 67-69% nTsbmj! ojwUjfsfcfcjt  Tfndwfmpcbnef/! )ybsTwjt!

lpouspmt!!wbxbsnpfcU!nbsnfmbejt!nbtjt!!ufnqfsbuvsjtb!eb!tjoftujt!njyfewjU/!

npybsTvm! nbtbt! wvnbufcU! nSfcbw! eb! hfnpwofcjU! ojwUjfsfcfct-! wvsfwU!

joufotjvsbe!eb! wbtybwU!mbcpsbupsjvm!qjspcfcTj!gpsnfcTj-! wupwfcU!pUbyjt!

ufnqfsbuvsjt! qjspcfcTj! )31ºC*! eb! Uwbmzvst! wbefwofcU! ebmbcfcjt! qspdftt/!

wjojTobwU! ebmbcfcjt! ybohs[mjwpcbt/! ebmbcfcjt! Tfnefh! wjSfcU! gpsnfcjebo! eb!

wbTspcU!71.76ºC, ufnqfsbuvsjt!nrpof!ibfsjt!TfcfswjU!33.36&!tbcpmpp!tjoftujt!

nrpof! n{b! obxbsnjt! njSfcbnef/! njSfcvm! obxbsnt! wbnpxnfcU! pshbopmfqujlvsbe!

)hfnp-! tvoj-! lpotjtufodjb-! gpsnb*-! gj{jlp.rjnjvsbe! `! )tjoftuf-! nKbwjbopcb-!

nbsfevdjsfcfmj!ojwUjfsfcfcjt!Tfndwfmpcb/*!

!

!

!

!

!
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!

!

!

sfdfquvsb!--wbTmjt!gpsnjboj!nbsnfmbejtbUwjt" 

!

ofemfvmjt!ybskj!!

2!u/obxbsn{f!

ofemfvmjt!tbfsUp!

ybskj!nbsnfmbejt!

npn{befcb{f!211!hsbnj!

Tbrsjebo!

!

!

ofemfvmj!

!

!

nTsbmj!

ojwU/&!

sbpefopcb-!

lh!

nTs/!

ojwU/!

lh/!

!

s.cb!hsbnj!

nTs/!ojwU/!

hs!

!

Tbrsjt!gywojmj!

!

::/96!

!

7:4/6!

!

7:3/6!

!

11!

!

boh/!

!

cbebhj!

!!

89/1!

!!

42/1!

!!

35/3!

!

boh/!

!

wbTmjt!qjvsf! !

21/1!

!

976/1!

!

97/6!

!

boh/!

!

yjm.lfolsjt!

ftfodjb!

! !

1/5!

! !

..!

!

wbTmjt!ftfodjb! ! !

1/36!

! !

..!

!

tywbebtywb!

tbSfcbwfcj!

! !

1/51!

! !

..!

!

!

mjnpojt!nvKb!

!

51/1!

!

1/36!

!

3/2!

!

..!

!

!

tvm!

! !

26:6/91!

!

916/4!

!

..!

!

!

hbnptbwbmj!

!

8:/1!

!

2111/1!

!

:81/1!

!

..!

!

!

!

!

!
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!

!

!

Kfmft!)yfmpwovsj*!nbsnfmbejt!npn{befcb!

!

sfdfquvsb!!Kfmf!)yfmpwo/*!nbsnfmbejtbUwjt!

!

!

ofemfvmjt!ybskj!2!u/!

n{b!obxbsnj!lh!

ofemfvmjt!

tbfsUp!ybskj!

nbsnfmbejt!

npn{befcb{f!

!

!

ofemfvmj!

!

nTs/!ojwU-!

nbtvsj!

xjmj&!

s.cb-!lh! nTs/!

ojwU/lh!

s.cb!

hs!

nTs/ojwU/!

!

Tbrsjt!gywojmj!

nptbzsfmbe!

!

Tbrsjt!gywojmj!

KfmfTj!

!

wbTmjt!qfrujoj!

!

!

tywbebtywb!ftfodjb!

!

tywbebtywb!tbSfcbwj!

!

mjnpojt!nKbwb!

!

!

obusjvnjt!mbrubuj!

!

::/96!

!

!

::/96!

!

!

:3/1!

!

!

!

!

!

!

:9/1!

!

!

51/1!

!

97/7!

!

!

821/:!

!

!

29/1!

!

!!!!!!

!!!!!2/7!

!

1/7!

!

23/1!

!

!

21/1!

!

97/6!

!

!

828/1!

!

!

27/7!

!

!

!

!

!

!

22/9!

!

!

5/1!

!

boh!

!

!

211!

!

!

boh!

!

!

..!

!

..!

!

..!

!

!

..!

!

!

boh!

!

!

::/96!

!

!

boh!

!

!

..!

!

..!

!

..!

!

!

..!

tvm!hbnptbwbmj! !

93/1!

958/8!

2111/1!

947/8!

931/1!

! !
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!

!

!

!!!!!!!!npn{befcb! yefcb! Tfnefhobjsbe;! qfrujoj! nTsbmj! tbyjU! xjobtxbs! voeb!

TfvsjpU! pskfsbej! pefopcjt! Tbrsjt! gywojmt-! sbUb! xzbmTj! hbytojt! Tfefh!

npyeft! njtj! Ubobcbsj! ebmbcfcb/! 36.kfs! nfuj! pefopcjt! djw! xzbmTj! wvsfwU!

qfrujo.Tbrsjt! obsfwt-! wsUbwU! tbsfwfmbt! eb! 21! xU.jt! hbonbwmpcbTj! wvsfwU/!

Tfnefh!ytobst!wupwfcU!5!tU.jt!hbonbwmpcbTj!)5.6kfs!qfsjpevmbe!wvsfwU*-!Uv!

Kfmft!nbsnfmbejt!sfdfquvsbTj!Tfejt!bhbsj!bo!bhbspjej-!jt!bvdjmfcmbe!voeb!

ebmcft! djw! xzbmTj! 2.3tU/! hbkjskwfcvmj! bhbsj! hbebhwbrwt! bmvnjojt! kbnTj-!

wytojU! xzbmTj-! wbdyfmfcU-! wvnbufcU! Tbrbst! eb! wybsTbwU! 84.85&! nTsbmj!

ojwUjfsfcfcjt!Tfndwfmpcbnef-!ybsTwjt!cpmpt!wvnbufcU!cbebht-!njSfcvm!tjspgt!

wbdjwfcU!66.71ºC!wvnbufcU!nKbwbt-!ftfodjbt/!

btfUobjsbe! npn{befcvm! qfrujo.Tbrsjt! xzbmtyobst! wvnbufcU! Tbrsjt!

ebsDfojm!sbpefopcbt-!wbnbufcU!xzbmt!)nTsbmj!ojwUjfsfcfcjt!Tfndwfmpcb!voeb!

jzt! 53.56&*! eb! wybsTbwU! bmvnjojt! rwbcTj! 81.82&! nTsbmj! ojwUjfsfcfcjt!

Tfdwfmpcbnef/! ybsTwjt! Tfnefh! wvnbufcU! tbSfcbwfct-! ftfodjfct-! nKbwbt-! wvsfwU-!

87.91ºC! ufnqfsbuvsjt! nbtbt-! wbtybnU! gpsnfcTj-! wbzpwofcU! 26.29! xU! 31.41 ºC-jt!

qjspcfcTj!eb! wjSfcU!gpsnfcjebo-! wbwmfcU!TbrbsTj!eb! wbdjfcU! )wbTspcU*! 66 ºC 

ufnqfsbuvsb{f/!

n{b!nbsnfmbet!wbnpxnfcU!pshbopmfqujlvsbe!eb!gj{jlp.rjnjvsbe/!

!

!

!

qbtujmjtb!eb!{fgjsjt!tjnlwsjwjt!hbotb{Swsb!

!

qbtujmjtb!eb!{fgjsjt!tusvruvsjt!nehpnbsfpcb{f!)gpsjbopcb-!hbgvfcb!!

пышность) ntkfmpcfo!njtj!tjnlwjsjwjt!njyfewjU-!lbshbe!hbUrwfgjmj!!{fgjsjt!

nbtb!ndjsfb-!wjesf!dvebe!hbUrwfgjmjtb/!!nfUpej!fnzbsfcb!!tblwmfwj!qspevrujt!

npUbwtfcbt! hbslwfvmj! nbtjt! ytobsTj! eb! bn! ytobsjU! npdvmpcjt! ob{sejt!

hbnpUwmbt/! ytobsjt! tbyjU! hbnpzfofcvmj! Tfj[mfcb! jzpt! upmvmj-! rtjmpmj-!

rmpspgpsnj-! CCl4 eb! tywb/! tjnlwjsjwjt! hbtb{pnbe! hbnpjzfofcb! tptopwtljt!

yfmtbxzp/!

!
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!

tptopwtljt!yfmtbxzp/!!

!

!

bwtfcfo!djmjoest!ytobsjU!jtf-!spn!jhj!hbebwjeft!21xU.jt!hbonbwmpcbTj!

cjvsfuTj! eb! hbenpfejopt! n{pn! XjrbTj/! djmjoesjt! {fnpebo! tbbUjt! njobt!

byvsbwfo/! cjvsfuTj! jojTobwfo! tjUyjt! sbpefopcbt/! bnjt! Tfnefh! gsUyjmbe!

bUbwtfcfo! djmjoesTj! tblwmfw! ! qspevrut! )spnfmjd! xjobtxbs! bxpojmjb! 1/12!

hsbnj! tj{vtujU*-! sjt! Tfnefhbd! gsUyjmbe! vTwfcfo! nbtTj! nzwjoUbw! --ehvTt”!
jlvnTfcb! tjUyf!eb!Ubwjtvgmbe! hbenpfejofcb! cjvsfuTj! 21! xU.jt! hbonbwmpcbTj-!

jUwmjbo!hbenpejofcvmj!tjUyjt!sbpefopcbt/!

tblwmfwj!!!ojwUjfsfcjt!tjnlwjswf!D (h/tn³*!
hbnpjUwmfcb!gpsnvmjU;!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
21 VV

gD
−

= !

!

tbebd-! V1 – tjUyjt!npdvmpcbb-!spnfmjd!hbnpefwob!tblwmfwnb!ojwUjfsfcbn!

nzwjoUbwjU-!tn³!!
             V2 – tjUyjt!npdvmpcbb-!hbnpefwojmj!nzwjoUbwjU!tn³!
            g – tblwmfwj!ojwUjfsfcjt!)nbsnfmbej-!qbtufmj*!xpob-!hsbnj!

!

!
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JW!Ubwj/!Tplpmbejtb!eb!lblbpt!gywojmjt!xbsnpfcb!

!

[jsjUbej!vcofcj!Tplpmbejtb!eb!lblbpt!gywojmjt!xbsnpfcjtb-!tbebd!

yefcb!lpouspmj!

!

lpouspmjt!tbyffcj! lpouspmjt!tjyTjsf! lpouspmjt!tbyffcj!

2! 3! 4!

ofemfvmj-!spnfmjd!

Tfnpejt!xbsnpfcbTj;!

lblbpt!nbsdwmfcj!eb!

Uyjmjt-!lblmjt!obzpgj!

Tbrbsj!!gywojmj!eb!

Tbrbsj!!grwjmj!

!

!

!

zpwfmj!qbsujb!

!

zpwfmj!qbsujb!

!

!

!

!

hbsf!tbyf-!hfnpwofcjUj!

nbDwfofcfmfcj!

hfnp-!tvoj-!nfrbojlvsj!!

njobsfw/!sbpefopcb!

!

dyjnj!!eb!lbsbrj!

s[f!nTsbmj!

hbnbUyfwbefcmfcj!

!

lblbpt!nbsdwmfcjtb!

eb!Uyjmjt-!lblmjt!ovTjt!

obzpgjt!npybmwb!

nbsdwmfcjt!ebSfsSwb;!

lblbpt!ebSfsSjmj!nbtb!

Tplpmbejt!nbtb-!cpmp!

wbmdjsfcjt!Tfnefh!

n{b!Tplpmbefcj!

!

!

!

n{b!lblbpt!gywojmj!

..!

..!

..!

!

dwmbTj!bsb!oflmfc!4.kfs!

!

!

!

4.kfs!dwmbTj!

dwmbTj!3.kfs!

!

dwmbTj!fsUyfm!

UjUpfvmj!tbyfpcjtUwjt!

!

!

dwmbTj!2.kfs!

qfsjpevmbe!

hfnp-!tvoj!

hfnp!tvoj!

hfnp-!tvoj-!lpotjtufodjb!

hbUyfwbpecjt!vobsj!

npybmwjt!ybsjtyj-!hbsf!

tbyf-!tvoj-!hfnp!

!

!

lblbwfmbUj!ebobhwjbofcb!

ebxjmbefcjt!ybsjtyj!

!

hfnp-!tvoj-!hbsf!tbyf-!

ebxjmbefcjt!ybsjtyj-!

fsUj!Tplpmbejt!nbtb/!

! !

tjoftuf-!hfnp-!tvoj-!gfsj-!

nTsbmj!ojwU/!

Tfndwfmpcb-ebxjmbefcjt!

ybsjtyj-!gfspnjobsfwfcjt!

sbpefopcb!

!
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!

!

!

Tplpmbejt!ebxjmbefcjt!ybsjtyjt!hbotb{Swsb!

!

vnbsujwftj! yfsyjb! Tplpmbejt! ebxjmbefcjt! ybsjtyjt! hbotb{Swsjt!

nbtvsj! nfUpej-! spnfmjd! nehpnbsfpct! dyjn! hbnpdmjmj! ebxjmbefcvmj!

Tplpmbejt!nbtjt!hbdsjU!xwsjm!bcsfTvnjt!$71!tbdfsTj/!lbshbe!ebxjmbefcvmj!

Tplpmbej! bs! upwfct! tbdfs{f! obsDfot-! ft! nfUpej! hbnpjsDfwb! ejej! tj{vtujU-!

spdb! jzfofcfo! qfuspmfjojt! fUfst/! ft! tjejef! hbnpjtbyfcb! &.fcTj-! Tplpmbejt!

ybsjtyj! ybtjbUefcb! ebxjmbefcjt! ybsjtyjU-! ft! vlbobtlofmj! `! Tplpmbejt!

Tfnbehfofmj! obxjmfcjt! ! )Tbrbsj-! lblbpt! nbsdwmfcj-! lblbp*! ebxjmbefcjt!

ybsjtyjU/!!

!

!

!

!

hbnbUyfwbefcmfcjt!hbUyfwbefcjt!vobsjt!hbotb{Swsb!

!

!

Tplpmbejt! nbtjt! tjcmboujt! Tfndjsfcjtb! eb! lblbpt! dyjnjt! ebobybskjt!!

Tfndjsfcjt! Uwbmtb{sjtjU! Tplpmbejt! xbspfcbTj! hbnpjzfofcb! {febqjsvmbe!

brujvsj! ojwUjfsfcfcj! `! ! hbnbUyfwbefcmfcj;! mvdjujoj! ! xbsnpbehfot! sUvm!

pshbovm!obfsUt-!Tfejt!ndfobsfvmj!dyjnfcjt!!!TfnbehfompcbTj!!gptgbujefcj!

njjSfcb! ndfobsfvmj! dyjnfcjt! sbgjojsfcjtbt-! sphpsd! obsDfoj/! tjoUfujlvsj!

fnvmhbupsfcj!.!!hjespgjmvsj!mjqjefcj!!!qpmjhmjdfsjo{f/!nbUj!TfzwbojU!1/3.

1/5&!.jt!pefopcjU!Tplpmbejt!nbtbtUbo!TfebsfcjU-!Tplpmbejt!nbtjt!tjcmbouf!

jlmfct!lblbpt!dyjnjt!ebnbufcjt!hbsfTf/!

ofcjtnjfsj! hbnbUyfwbefcmfcjt! hbUyfwbefcjt! ! ybsjtyjt! ebtbehfobe!

jzfofcfo!wjtlp{pnfust/!)jy/!Tplpmbejt!Xjrvsjt!tjcmboujt!hbotb{Swsb*/!

hbnbUyfwbefcmfcjt! lwmfwjtbt! jSfcfo! ebbympfcjU! 611! hsbn! Tplpmbejt!

nbtbt! eb! 51.61ºC.{f! fofshjvm! npsfwbt! bxbsnpfcfo! 21.26xU/! bnjt! Tfnefh!

wjtlp{pnfusjt! XjrbTj! xpojbo! 361! hs! Tplpmbejt! nbtbt!eb! 51 ºC.{f! bxbsnpfcfo!

tjcmboujt!hbotb{Swsbt!)tbxzjtj*/!!!bnjt!!Tfnefh!dbmlf!xpojbo!hbnbUyfwbefcfmt!!!



 48

!

mfdjujot!2!h!)1/5&*!bo!gptgbujet!1/86!hsbnj!)1/4&*-!bo!hjespgfmvs!mjqjet!1/86!

hsbnj!)1/4&*!eb!TfbrwU!Tplpmbejt!nbtbTj-!lbshbe!vsfwfo!lpw{jU!eb!tb{Swsbwfo!

tjcmbouft!51.ºC!{f/!!!tbxzjtj!ó1     tjcmboujtb!eb!ó2 tjcmboujt!)Tplpmbejt!nbtb!!

hbnbUyfwbefcmfcUbo! fsUbe*! TfgbsefcjU! ybtjbUefcb! hbnbUyfwbefcmjt!

hbUyfwbefcjt!vobsj!)hbozfofcvmj!sjdywj*/!!

qsbrujlvmbe! vlfUftjb! eb! npyfsyfcvmjb-! Uv! hbUyfwbefcjt! vobst!

hbnpwtbybwU! &.Tj! lblbpt! dyjnjtb-! spnfmjd! voeb! ebfnbupt! Tplpmbejt! nbtbt-!

sbUb!TfbndjsfU!tbxzjtj!tjcmbouf!jn!tjcmboufnef-!spnfmtbd!j[mfwb!Tftbcbnjtj!

hbnbUyfwbefcfmj/!

btfU!TfnUywfwbTj!XjrbTj!)211!nm!npdvmpcjt*!bUbwtfcfo!31.41!hsbn!lblbpt!

dyjnt!eb!xpojbo!1/12!hsbnj!tj{vtujU/!bnjt!Tfnefh!wjtlp{pnfusjt!XjrbTj!361!hsbn!

Tplpmbejt! nbtbUbo! fsUbe! 51.ºC! {f! TfzbwU! 51.56ºC! {f! hbnUcbsj! lblbpt! dyjnj!

qbubsb!vmvgfcbe!eb!zpwfmj!Tfzwbojt!Tfnefh!tb{Swsbwfo!tjcmbouft-!nbobn!wjesf!

njtj!tjcmbouf!bs!hbvupmefcb!jn!tjcmbouft-!spnfmtbd!j[mfwb!hbnbUyfwbefcmjt!

Tfzwbob/!bnjt!Tfnefh!xpojbo!Xjrbt!lblbpt!dyjnjU!eb!tywbpcjU!jhfcfo!lblbpt!dyjnjt!

jn!sbpefopcbt-!spnfmjd!ebjybskb! 361! hsbnj! Tplpmbejt! nbtjt! ! hbUyfwbefcb{f/!!

lblbpt! dyjnjt! ft! sbpefopcb! hbnpjtbyfcb! &.fcTj-! hbnpybubwt! hbnptblwmfwj!

hbnbUyfwbefcmjt! hbUyfwbefcjt! ybsjtyt/! {vtuj! sf{vmubujt! njtbSfcbe! zpwfmj!

vmvgb! lblbpt! dyjnjt! ebnbufcjtbt-! tbXjspb! nbtjt! fofshjvmj! npsfwb! eb! 51ºC-{f!

tjcmboujt!hbotb{Swsb/!

hbowjyjmpU! nbhbmjUj;! wUrwbU! hwtvst! gptgbujejt! )ofemj! mfdjujojt*!

hbUyfwbefcjt!vobsjt!ebehfob/!njtj!pqujnbmvsj!ep{bb!1/4&/!

Tplpmbejt! nbtjt! tbxzjtj! tjcmbouf! )hbotb{SwsjU*! wUrwbU! bsjt! 41!

o/xn/n², ypmp!tjcmbouf!gptgbujejt! ! )361!hs!Tplpmbe{f! !bSfcvmjb!1/86!hs!

gptgbujejt*! bsjt! ! 25! o/xn/n². jnjtbUwjt-! spn! njwjSpU! jnbwf! tjcmboujt!

Tplpmbejt! nbtb-! 361! hsbn! Tplpmbejt! nbtbt! vmvgfcbe!ebfnbub! )wUrwbU-! dejU*!!!

:!h!lblbpt!dyjnj-!nbTjo!hbUyfwbefcjt!ybsjtyj;!

!

361!hs!Tpl   !..........!:!hs!lblbpt!dyjnj!

!211!!!!!!!!!!!!..........!Y!!

Y=4/7&!

!!!!!!!bov!zpwfm!!2!upob!Tplpmbejt!nbtb{f!Tftb[mfcfmjb!flpopnjvsj!fgfruj!47!

lh!lblbpt!dyjnjt!tbyjU/!
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!

!

!!!!!!!!!!!!!!!!!!!!!!dyjnjt!eopcjt!ufnqfsbuvsjt!hbotb{Swsb!

)TplpmbeTj!hbnpzfofcvmj!dyjnfcjtbUwjt*!

!

!

hbobtywbwfcfo! eopcjt! tbxzjt! eb! tbcpmpp! ufnqfsbuvsbt/! eopcjt!

ufnqfsbuvsjt! hbotb{SwsjtbUwjt! jzfofcfo! njojt! lbqjmbsfct! 61.71nn! tjhs[jU! eb!

Tjhb!ejbnfusjU!2/6nn/!

dyjnjt!ndjsf!sbpefopcbt!!bUbwtfcfo!gbjgvsjt!kbnTj!eb!xzmjt!bcb{bob{f!

61ºC.{f! beopcfo-! ft! nbtb! TfzbwU! lbqjmbsTj! jtfUj! sbpefopcjU-! spn! njmjt!

tjnbSmf! ebjgbspt!≈21nn.jU/! lbqjmbst! dyjnjU! bUbwtfcfo! zjovmTj! eb! bDfsfcfo!!

21xU.t-!sjt!Tfnefhbd!bDfsfcfo!pUbyjt!ufnqfsbuvsb{f!)≈31 ºC) nUfmj!eSf.Sbnjt!

hbonbwmpcbTj/! bnjt! Tfnefh! ! lbqjmbst! bnbhsfcfo! ! Ufsnpnfus{f! sf{jojt!

shpmfcjU! jtf-! spn! Ufsnpnfusjt! cvsUvmb! eb! lbqjmbsjt! dyjnj! jzwofo! fsU!

epof{f-! bn! Ufsnpnfust! lbqjmbsjU! bUbwtfcfo! ! njojt! Ubwtbyvsjbo! tjokbsbTj-!

spnfmtbd! Dbehbnfo! XjrbTj! xzmjU! 31ºC. nvenjwj! TfokSsfwjU! xzbmt! bdyfmfcfo!

XjrbTj-! Ubwjebo! 3ºC-jU!vnbufcfo!ufnqfsbuvsbt-! ypmp!eopcjt!ufnqfsbuvsbtUbo!

njbympfcjtbt!2ºC.jU/!jUwmjbo!eopcjt!ps!xfsujmt-!eopcjt!tbxzjt!ufnqfsbuvsbt-!!

spdb! dyjnj! tdjmefcb! lfemfct! eb! eopcjt! ebnUbwsfcjt! ufnqfsbuvsbt-! spdb!

ebehfcb!dyjnjt!nUmjbobe!hbeopcjt!esp/!

!

!

!

!

dyjnjt!hbnzbsfcjt!ufnqfsbuvsjt!hbotb{Swsb!

!

dyjnjt! hbnzbsfcjt! ufnqfsbuvsjt! ebtbehfobe! jzfofcfo! Kvlpwjt!

yfmtbxzpt-! spnfmjd! xbsnpbehfot! njojt! psnbhlfemjbo! XvsXfmt-! Ubwjtvgbmj!

tjwsdjebo!hbnpefwojmjb!ibfsj!xzmjt!uvncpUj/!

hbneobsj! dyjnj-! spnmjt! ufnqfsbuvsb! 61ºC.{f! ebcbmjb-! Ubwtefcb!

yfmtbxzpTj! jnefoj! sbpefopcb-! spn! ebjgbspt! yfmtbxzpt! npdvmpcjt! 2/4!



 50

obxjmj/! tbyvsbw{f! Dbnbhsfcvmjb! ! ! sf{jojt! ! ! tbdpcj! ! ! ! UfsnpnfusjU! !!!

ebobzpgjt!!gbtjU!!

!

1/2.1/3ºC; Ufsnpnfusj! ! fyfcb! dyjnt! .! njtj! nbtjt! ! Tvb! obxjmbnef/! tfmtbxzpt!

gsUyjmbe! bcsvofcfo! )[jsjU! {fnpU! `! rfnpU*! blwjsefcjbo! ufnqfsbuvsjt!

dwmjmfcbt!zpwfm!ps!xU.Tj!sphpsd!lj!ebjxzfct!dyjnj!ebcvswbt-!yfmtbxzpt!!jn!

xbntwf! bUbwtfcfo! xzbmTj-! spnfmtbd! brwt! nvenjwj!ufnqfsbuvsb! )31ºC) ! eb! fsUj!

xU.jt!Tfnefh!bjUwmjbo!ufnqfsbuvsbt/!!

!
!
yfmtbxzp!dyjnjt!!hbnzbsfcjt!

!!!!!!!!!!!!!!!!!!!!!!!!!
ufnqfsbuvsjt!

!!!!!!!!!!!!!!!!!!!!!!!!
hbotb{SwstbUwjt!

!
!!!dyjnjt! eopcjtb! eb! hbnzbsfcjt! ufnqfsbuvsjt! hbotb{SwsjtbUwjt!

Ubobnfespwf!qjspcfcTj!jzfofcfo!yfmtbxzpt!lbmpsjnfust/!!

!

!

!

lblbpt!gywojmjt!nKbwjbopcjt!hbotb{Swsb!

!

3.4!hsbnj!lblbpt!gywojmj-!bxpojmj!tj{vtujU!1/12!hsbnj-!voeb!hbjtsjtpt!

gbjgvsjt! kbn{f! 36! nm! dyfm! hbnpyejm! xzbmUbo! fsUbe/! bnjt! Tfnefh! ft! nbtb!

hbebbrwU! 361! nm.jbo! n{pn! lpmcbTj-! lbshbe! ytojbo! nbtTj-! bwtfcfo! ojTovmbnef!

xzmjU-! bdjfcfo-! gjmusbwfo/! jSfcfo! gjmusbujebo! 61! nm.t-! hbebbrwU! lpovtvs!

lpmcbTj!npdvmpcjU!861!nm-!vnbufcfo!561!nm!hbnpyejm!hbebevSfcvm!xzbmt!eb!

ujusbwfo!1/2!N!nxwbwf!uvujU/!

!
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!

!

!

nKbwjbopcbt!&.fcTj!tb{Swsbwfo!gpsnvmjU;!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!
g

Kn
g

Knx 50.
10.50
100.250.

== !

!

!

tbebd!!k-    uvujt!Tftxpsfcjt!lpfgjdjfoujb!

           n-    1/2!N!uvujt!sbpefopcb-!ebybskvmj!hbujuwsb{f/!

           g-    gywojmjt!nbtb-!hsbnj/!!

!

!

!

!

Tbrsfcjt!hbotb{Swsb!s[jbo!TplpmbeTj!

!

!

nfUpej! fnzbsfcb! jpejU! Kbohwbt/! jowfstjbnef! jpej! Kbohbwt! mbrup{bt-!

ypmp! jowfstjjt! Tfnefh! hmvlp{bt! )jowfsuvmj! Tbrsjt*! eb! hmvlp{bt!

)jowfsujsfcvmj!mbrup{jt*/!

21! hsbnj! xwsjmbe! ebUmjmj! Tplpmbej! )s[jboj*! xzbmTj! voeb! hbjytobt!

rjnjvs!XjrbTj!)361nm*/!xzmjt!ufnqfsbuvsb!61ºC/!njSfcvmj!nbtb!hbebbrwU!611!nm!

npdvmpcjt! n{pn! lpmcbTj-! Xjrbt! Dbsfdybwfo!xzmjU/! )xzmjt! tbfsUp!sbpefopcb!

bs!voeb!bSfnbufcpeft!311.361!nm.t*/!vnbufcfo!21!nm!tqjmfo[jt!tvmgbujt!ytobst!!

)gfmjohj!J/.!7:-39!hsbnj!hbeblsjtubmfcvmj!CuSO4 . 5H2O 1 m!xzbmTj*!eb!5!nm!2!

N!!!!!NaOH. 

njSfcvmj! ytobsj! njizbwU! ojTovmbnef! lpmcbTj-! 21.26! xU.jt! Tfnefh!

gjmusbwfo-! nTsbm! lpmcbTj/! 2! nm! gjmusbujtb! Tfftbcbnfcb! 1/13! hsbn! tblwmfw!

Tplpmbet/!
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!

!

!

!

!

Tbrsfcjt!hbotb{Swsb!jowfstjjt!Tfnefh!

!

!

36! nm!gjmusbuj! )spnfmtbd! Tfftbcbnfcb! 1/6! hsbnj! Tplpmbej*/! qjqfujU!

TfbrwU! lpovtvs! 361! nm.jbo! lpmcbTj-! vnbufcfo! 3/6! nm! HCl (231! nm! HCl 

tjnlwjsjwjU!!2-2:!311!nm!xzbm{f*-!vsfwfo-!bdymfcfo!xzmjt!bcb{bob{f!78.7:ºC.nef!!

eb!bn!ufnqfsbuvsb{f!!bDfsfcfo!!21!xU/!bnjt!Tfnefh!txsbgbe!bdjwfcfo-!vnbufcfo!2.

3! xwfU! nfUjmpsboKt! )1/3! hs! nfUjmpsboKj! 211! nm! xzbmTj*! eb! bofjusbmfcfo!

njSfcvm! ! ytobst! 2! N! uvujU! tvtu! nKbwjt! sfbrdjbnef/! ! )gfsj! wbsejtgfsjebo!

voeb!hbebwjeft!obsjokjtgfs.zwjUfmTj*/!

njSfcvm! ytobst! vnbufcfo! 36! nm! 1/2! N! jpejt! ytobst! eb! npsfwjt!

qjspcfcTj! 48/6! nm! 1/2!N NaOH. ! byvsbwfo! lpmcbt! tbyvsbwt!eb! 31! xU! bDfsfcfo!

cofmTj-!sjt!Tfnefhbd!vnbufcfo!9!nm!1/6!N HCL eb!hbnpzpgjm!jpet!ujusbwfo!1/2!

N ijqptvmgjujU! 2! nm! 2&.jboj! tbybnfmcmjt! Ubobpcjtbt-! spnfmtbd! ! vnbufcfo!

hbujuwsjt!ebtbtsvmjtbt-!spdb!ytobsj!yefcb!Sjb.zwjUfmj/!

!

!

!

Tbrsfcjt!hbotb{Swsb!jowfstjbnef!

!

jtfw!jSfcfo!36!nm!gjmusbut-!jnbwf!xftjU!npn{befcvmt-!sphpsd!{fnpU!

jzp!bSojTvmj/!vnbufcfo!36!nm!!1/2!N   jpejt!ytobst!eb!48/6!nm!1/2!N NaOH. 31!

xU.jt!hbDfsfcjt!Tfnefh!cofmTj-!vnbufcfo!9!nm!1/6!N   HCL eb!hbnpzpgjm!jpet!

ujusbwfo!1-2!N    ijqptvmgjujt!ytobsjU/!
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qbsbmfmvsbe! 1-2!N   jpejtb! eb! 1-2!N   ijqptvmgjujt! Ubobgbsepcjt!

ebtbehfobe! bubsfcfo! zsv! debt! jnbwf! nfUpejU-! sphpsd! {fnpU! )Tbrsfcjt!

hbotb{Swsb!jowfstjbnef*/!jSfcfo!36!nm!xzbmt-!obdwmbe!36!nm!gjmusbujtb/!!

!

!

!

!

hbnpUwmb;!mbrup{jt!sbpefopcb!L )&*!

!

!

602,3.)(
1000.10.25

100.500.01,18.).( KnpKnPL −=
−

= !

!

tbybsp{jt!sbpefopcb!S)&*;!

!

!

42.3.)(
1000.10.25

100.500.1,17.).( KmnKmnS −=
−

= !

!

tbebd-!!!K    -  ijqptvmgjujt!opsnbmpcjt!lpfgjdjfoujb!

                N - ijqptvmgjujt! sbpefopcb-! ebybskvmj! jpejt! ){fenfujt!

hbujuwsb{f*!Tbrsfcjt!hbotb{Swsjtbt!jowfstjbnef-!

               m    -  jhjwfb-!Tbrsfcjt!hbotb{Swsjtbt!jowfstjjt!Tfnefh/!

!!!!!!!!!29-12!.!mbrup{jt!C12H22O11H2O !.!!njmjhsbn!frwjwbmfouj/!

!!!!!!!!!28-2!!.!!tbybsp{jt!C12H22O11 – njmjhsbn!frwjwbmfouj/!!

voeb! hbwjUwbmjtxjopU! Tftxpsfcfcj;! ndjsf! sbpefopcb! jpejt! jybskfcb!

s[fTj!bstfcvm!!tywb!pshbovm!ojwUjfsfcfc{f-!nbU!Tpsjt!tbybsp{jt!Kbohwb{f/!

mbrup{jtbUwjt!ft!Tftxpsfcb!!≈4&-!ypmp!!tbybsp{jtbUwjt ≈2&-! ft!

nojTwofmpcfcj!voeb!hbnpwblmpU!njSfcvm!Tfefhfct/!!

!

!

!

!
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!

!

!

!

!

!

!

!

!

W!Ubwj/!grwjmpwboj!tblpoejusp!obxbsnj!

!

[jsjUbej!vcofcj!grwjmpwboj!tblpoejusp!!

obxbsnjt!xbsnpfcjtb-!tbebd!yefcb!lpouspmj!

!

lpouspmjt!pcjfruj! lpouspmjt!tjyTjsf! lpouspmjt!tbyffcj!

2! 3! 4!

!

!

ofemfvmj-!spnfmjd!

Tfnpejt!xbsnpfcbTj!

ypscmjt!grwjmj!

grwjmpwboj!tblpoejusp!

obndywsfcj!

!

!

zpwfmj!qbsujb!

!

!

!

!

nTsbmj!ojwU/Tfndwfmpcb-!

ofemj!xfcphwbsbt!Tfndw/!

nfrbojlvsj!eb!

gfspnjobsfwfcjt!

Tfndwfmpcb!

! ! !

Tbrsjt!gywojmj!bo!!

Tbrsjt!qvesb!

cbebhj-!yjmjt!obn{befcj!

eb!tywb!

!

!

dyjnfcj-!lbsbrj!

nbshbsjoj!

!

dwmbTj!fsUyfm!

!

zpwfmj!qbsujb!

!

!

!

zpwfmj!qbsujb!

!
!

gfsj!eb!hbsf!njobsfwfcjt!

Tfdwfmpcb!

nTs/!ojwU/!Tfndwfmpcb/!
hfnpwofcjUj!Uwjtfcfcj-!
nfrbojlvsj!njobsfwfcjt!

bstfcpcb!
!
!

hfnp-!tvoj!
!
!
!
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lwfsdyj!eb!lwfsdyjt!

qspevrufcj!

!

!

jowfsuvmj!tjspgj!

!

!

2!

!

tywbebtywb!hvmtbsUfcj!

!

!

obgywfoj!

!

!

nbsjmjt!ytobsj!

!

dpnj!
!
!
!

n{b!obxbsnj!
!
!

!

!

!

grwjmj-!Tbrsjt!qvesb-!

dyjnfcj!

!

!

!

lwfsdyfcjt!hvmj!
!
!
!

dpnj!
!

!
zpwfmj!qbsujb!

!
!
!
!
!

zpwfmj!qbsujb!

!!!!

!

3!

!

dwmbTj!fsUyfm!

!
!
!

dwmbTj!4.5!kfs!
!
!
!

zpwfmj!npn{befcvmj!
qbsujb!

!
dwmbTj!fsUyfm!

!
!
!

3.kfs!dwmbTj!
!
!
!
!
!

wbgmjt!xbsnpfcb!
!
!
!

zpwfmj!qbsujb!
!
!
!
!
!

2.3!kfs!dwmbTj!
!
!
!

..--..!
!

hfnp-!tvoj!

nTs/!ojwUjfsfcfcjt!

Tfndwfmpcb!

!
!
sfevd/!ojwU/!Tfndwfmpcb!

!
!
!
4!

!
!

nTsbmj!ojwU/Tfndwfmpcb!
!
!
!

hbsf!njobsfwfcjtb!
gfspnjobsfwfcjt!

Tfndwfmpcb!
!

gbsepcjUj!tjnlwsjwf!
!
!

hfnp-!dpotjtufodjb-!
tusvruvsb-!tjoftuf/!

!
!

nTsbmj!ojwU/Tfndwfmpcb-!
gv[jbopcb-!Tbrsjtb!eb!

dyjnjt!Tfndwfmpcb-!hfnp-!
tvoj-!gpsjbopcb-!

tusvruvsb-!hbsf!tbyf/!
!
!
!
!

npxnefcb!jhjwf!
nbDwfofcmfc{f!sbd!
bSojTvmj!jzp!--grw/!

tblpoe/!obndy/”!xbsn/!
!
!
!

hfnp-!tvoj-!nTs/!
ojwU/Tfndw/!

!
!

..--..!
!
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wbgmjt!gjsgjufcj!

!

n{b!obxbsnj!

!

!

fsUyfm!dwmbTj!
!
!

fsUyfm!dwmbTj!

..--..!
!
!

hfnp-!tvoj-!hbsfhboj!tbyf-!
nKbwjbopcb-!

nTs/ojwU/Tfndwfmpcb/!
nKbwjbopcb/!

!

!

!

!

!

xfcphwbsbt!hbotb{Swsb!!ypscmjt!grwjmTj!

!

!

36!hsbnj!grwjmj!voeb!npwbUbwtpU!gbjgvsjt!kbnTj!eb!TfvsjpU!bn!nbtjt!

2/3!xzbmj-!dpnj! ! ! j{jmfcb! fsUhwbspwboj! nbtjt! njSfcbnef/! wbDfsfcU! nbt! 41!xU-!

bnjt!Tfnefh!dpnt!wbUbwtfcU!xzmjbo!XjrbTj!eb!wjxzfcU!dpnjt!hbnpsfdywbt-!nbobn-!

wjesf! tbybnfcfmj! nUmjbobe! bs! npTpsefcb-! hbnpsfdywjt! ebehfob! Tfj[mfcb!

gfsbej!sfbrdjjU!)obsfdyj!xzmjt!jpejU!Tfnpxnfcjtbt!bs!voeb!njwjSpU!mvskj!

obmfrj*/! hbsfdyjm!xfcphwbsbt!gsUyjmbe!wxvsbwU!yfmjU!eb!wxpojU!1/12! hsbnj!

tj{vtujU-!bnjt!Tfnefh!jtfw!wsfdybwU-!jtfw!wxpojU-!tywbpcb!nbtfct!Tpsjt!bs!voeb!

bSfnbufcpeft! 1/16! hsbnt/! wjUwmjU! &.vmbe! grwjmTj! xfcphwbsbt! sbpefopcbt/!

xfcphwbsbt!wbnpxnfcU!pshbopmfqujlvsbe;!gfsj-!Xjnwbepcb-!fmbtujvspcb/!lbshj!

grwjmj! j[mfwb!Sjb.zwjUfmj!gfsjt! ! xfcphwbsbt-! nvrj! gfsjt!xfcphwbsb! njjSfcb!

dvej! grwjmjtbhbo/! Xjnwbepcbt! tb{Swsbwfo! xfcphwbsbt! hbXjnwjU! tbyb{bwjt!

hbtxwsjw/! Uv! jhj! jXjnfcb! 31tn.nef-! xzefcb-! nbTjo! njtj! Xjnwbepcb! ndjsfb-! Uv!

xzwfub! yefcb! xfcphwbsbt! 41.46tn! hbXjnwjtbt-! nbTjo! xfcphwbsbt! Xjnwbepcb!

tbTvbmpb! eb! Uv! xzwfub! yefcb! 91! tn.nef-! nbTjo! xfcphwbsbt! Xjnwbepcb! ejejb!

fmbtujvspcjt! rwfT/! jhvmjtynfcb! xfcphwbsbt! Uwjtfcb! hbXjnwjtbt! ebvcsvoeft!

Ubwjt! qjswboefm! ! nehpnbsfpcbt/! nbhbsj! xfcphwbsb-! spnfmjd! fxjobbSnefhfcb!

hbXjnwjtbt! xzwfubt-! bnbwf! espt! fmbtujvsjb-! bybtjbUfct! grwjmjt! lbshj!

qvsdypcjt!vobsjbopcbt/!

!

!

!
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!

!

!

!

!

!

!

!

!

nbsjmjt!sbpefopcjt!hbotb{Swsb!nbsjmjbo!lbsbrTj!

!

nfUpejt!bstj!fnzbsfcb!Tfnefh!sfbrdjfct;!

!

NaCl+AgNO3�NaNO3+AgCl  

2AgNO3+K2CrO4�Ag2CrO4+2KNO3 

 

wfsdymjt! ojusbuj! nbsjmjt! ytobsUbo! j[mfwb! vytobe! obmfrt! AgCl-t/!
sfbrdjjt! ebnUbwsfcbt! jhfcfo! xjUfm.bhvsjtgfsj! obmfrjU-! spnfmjd! njjSfcb!

Ubwjtvgbmj!AgNO3 jtb!eb!rspnlbmjvnjt!vsUjfsUrnfefcjU/!

bobmj{jt! ntywmfmpcb;! xpojbo! 6! hsbn! lbsbrt! 1/12! hsbnj! tj{vtujU-!

bUbwtfcfo! hbnzpg! [bcsTj! 211! nm! npdvmpcbt-! vnbufcfo! 61! nm! xzbmt! )61.

66ºC*bokSsfwfo!2.3!xU.jt!hbonbwmpcbTj-!rwfeb!gfob!!hbenpbrwU!211!nm.jbo!XjrbTj/!

jSfcfo! brfebo! 21! nm.t-! vnbufcfo! 4! xwfU!K2CrO4 jt! obkfs! ytobst! eb!ujusbwfo!!!

1/2!N!AgNO3 jU!xjUfm!bhvsjtgfsjt!njSfcbnef/!

!

2!nm!!1/2!N!AgNO3- t!Tfftbcbnfcb!1/11696!hsbnj!NaCl. 

nbsjmjt!sbpefopcb!)&*!hbnpjUwmfcb!gpsnvmjU;!

!

!

g
K

g
K

x nn 925,2.
10

100.50.00585,0.
== !

!
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tbebd-!!!k   -  AgNO3 jt!)1/2!N) opsnbmpcjt!lpfgjdjfoujb!

 n   -  1/2!N AgNO3 jt!nm.fcjt!sbpefopcb-!spnfmjd!ebjybskb!hbujuwsb{f- 

 g  -  lbsbrjt!xpoblj-!hsbnj/!!
!

!

!

!

!

nbsjmjt!ufojbopcjt!hbotb{Swsb!obndywbsTj!(печенье) 

 
br! nbsjmjt! ! hbotb{Swsb! yefcb! jnbwf! nfUpejU-! sphpsd! jzp! lbsbrTj! jn!

hbotywbwfcjU-! spn! xpoblj! obndywsjtb! xjobtxbs! voeb! ebjxwbt-! bnjtUwjt! bjSfcfo!

ebbympfcjU! 21! hsbn! obndywbst-! bxpojmt! 1/12! hs! tj{vtujU-! bUbwtfcfo! gbjgvsjt!

ujhfmTj! eb! gsUyjmbe! xwbwfo! ebobyTjsfcbnef/! ! Dbsfdybwfo! obnxwbwt! dyfmj!

xzmjU! sbnpefojnfkfs-! obsfdyt! gjmusbwfo/! ytobsjt! tbcpmpp! npdvmpcb! bs!

voeb! bSfnbufcpeft! 86! nm.t/! lpmcbt! bdjwfcfo! ! pUbyjt! ufnqfsbuvsb{f! ! eb!

ujusbwfo!1/2!N!AgNO3 –jU!jtf-!sphpsd!ft!bSxfsjmj!jzp!nfUpejlbTj;--!lbsbrTj!

nbsjmjt!Tfndwfmpcjt!hbotb{Swsb”/!
nbsjmjt!sbpefopcb!hbnpjUwmfcb!gpsnvmjU;!

!

!

g
K

g
K

x nn 585,0100.00585,0
== !

!

!

!

hbmfujt!hbkjskwfcjt!!lpfgjdjfoujt!hbotb{Swsb!

!

hbkjskwfcjt! hbotb{SwsbTj! jhvmjtynfcb! tywbpcb! nTsbm!eb! ebtwfmfcvm!

hbmfufct!Tpsjt/!
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bobmj{jtbUwjt! hbmfut! hbzpgfo! Tvb{f-! UjUpfvm! nbUhbot! bxpojbo!

tj{vtujU! 1/12! hsbnj! eb! bUbwtfcfo! xzmjbo! XjrbTj! pUbyjt! ufnqfsbuvsb{f/! tbobn!

wjesf! jtjoj! bsjbo! [jsTj/! 6! xU.jt! Tfnefh! psjwf! obyfwbst! bnpjSfcfo-! gjmusjt!

rbSbmet!TfbTspcfo!eb!xpojbo;!

100.
2

1

g
gp = !

! tbebd!!g1-  bsjt!hbmfujt!nbtb!hbkjskwfcbnef-!hsbnj/!

                 g2-  lj!hbkjskwfcjt!Tfnefh-!hsbnj!

                 p-  bsjt!hbkjskwfcjt!lpfgjdjfouj!)&*/!

!

!

obndywsjt-!hbmfujt!tjnlwsjwjt!hbotb{Swsb!

!

nfUpej! ebnzbsfcvmjb! obxbsnjt! nbtjt! dwmjmfcb{f-! ibfs{f! eb! xzbmTj!

npUbwtfcjtbt-!spdb!njtj!{febqjsj!ebgbsvmjb!qbsbgjojt!Uyfmj!gfojU/!

jSfcfo! xpoblt-! wUrwbU! fsU! hbmfut! n{b! obxbsnjebo-! xpojbo! ufrojlvs!

tbtxps{f!tj{vtujU!1/12!hs!eb!jn!xbntwf!bUbwtfcfo!gbjgvsjt!XjrbTj-!spnfmTjd!

Dbtynvmjb!!!hbneobsj!qbsbgjoj/!bnpjSfcfo!hbmfut!eb!qbsbgjojt!hbdjwfcjt!Tfnefh!

njt! {febqjs{f! jtfw! xpojbo/! jhfcfo! hbmfujt! {febqjs{f! ebgbsvmj! qbsbgjojt!

nbtbt/! bnjt! Tfnefh! bnbwf! hbmfut! bUbwtfcfo! tjhbmjt! tblje{f-! spnfmjd!

ebn{befcvmjb!mbuvojt!nbwUvmjtbhbo/!

!

tbljej-!tjnlwsjwjt!hbtb{pnbe!!

grwjmpwboj!tblpoejusp!

obxbsnjtbUwjt!!

)obndywbsj-!qsjbojlj-!!!hbmfuj*!
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!

!

!!!!!!!tbljejt!fsUj!nybsf!!2!jytofcb-!nbtTj!Dbjefcb!hbmfuj!eb!cpmuj!3.jU!yefcb!

bn! nybsjt! Dbnbhsfcb! tblje{f/! tblje{f! bnbhsfcfo! 4! lbvXt! eb! bn! tbljejU! xpojbo!

nUfm! yfmtbxzpt! hbmvujU! ufrojlvs! tbtxps{f-! njtj! nUmjbobe! xzmjbo!

XvsXfmTj!)t=20º) !DbuwjsUwjt!Tfnefh!xzmjbobe!bohbsjTpcfo!hbmfujt!nbtbtb!eb!

npdvmpcbt!xzbmTj!eb!ibfsTj/!

!

!

!

!

hbmfujt!tjnlwsjwf!h/tn³!hbnpjUwmfcb!!gpsnvmjU;!

!

!!!!!!!!!!!!!!!!!!!!!!!!!

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
+

−−
=

1

111

d
aa

d
bb

d
kk

aD !

!

tbebd!!a-   hbmfujt!nbtb!ibfsTj-!h!

           a1-  hbmfujt!nbtbb!ibfsTj-!qbsbgjojsfcvmjt!h/!

          d-  xzmjt!tjnlwsjwfb!31ºC!

          d1-  qbsbgjojt!tjnlwsjwfb!)tbTvbmpe!1/:!h/tn³)!

          b-  tbljejt!nbtbb!ibfsTj-!h!

         b1-  tbljejt!nbtbb!xzbmTj-!h/!

                     k-  tbljejt!nbtbb!qbsbgjojsfcvmj!hbmfujU!ibfsTj-!h/!

         k1-  tbljejt!nbtbb!qbsbgjojsfcvmj!hbmfujt!xzbmTj-!h/!

!

obndywsjt! tjnlwsjwjU! Tfj[mfcb! ebwbybtjbUpU! njtj! gpsjbopcjU/! nbh;!

Tbrspwboj!obndywsjtbUwjt;!gpsjbopcb!lbshjb-!spdb!tjnlwsjwf!bsb!vnfuft!1/71.jb/!!

tbTvbmpb-!spdb!tjnlwsjwf!bsb!vnfuft!1/74.jb!

dvejb.!spdb!tjnlwsjwf!1/75.{f!nbSbmjb/!
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TfnlpXbwj!qfDfojjtbUwjt;!

gpsjbopcb!lbshjb-!spdb!tjnlwsjwf!bsb!vnfuft!1/66.jb/!

tbTvbmpb-!spdb!tjnlwsjwf!1/69.jb/!!

dvejb-!spdb!tjnlwsjwf!1/6:.{f!nbSbmjb/!

qsjbojljtbUwjt!)Ubgmlwfsb*;!

gpsjbopcb!lbshjb-!spdb!tjnlwsjwf!1/67.jb/!!

gpsjbopcb!tbTvbmpb-!spdb!tjnlwsjwf!1/73.jb/!

dvejb-!spdb!gpsjbopcb!!1/74.{f!nfujb/!

!

!

!

!

!

!

tjoftujtb!eb!nTsbmj!ojwUjfsfcfcjt!

Tfndwfmpcjt!hbotb{Swsb!

!

grwjmpwbo!tblpoejusp!obxbsnTj!tjoftujt!hbotb{Swsb!yefcb!hbnpTspcjt!

nfUpejU/! 6! hsbnj! tblwmfwj! ojwUjfsfcb! voeb! npUbwteft! ! xjobtxbs! bxpojm!

cjvrtTj-!spnfmtbd!bUbwtfcfo!tbTspc!lbsbebTj!241ºC.{f/!hbmfuj-!qfDfojb-!qsjbojlj-!

lfrtj-! wbgmj-! Tsfcb! 241ºC.{f! ! 51! xU.jt! hbonbwmpcbTj-! upsufcj.! 61xU-! ypmp!

obxbsnj! ibfspwboj!dpnjtbhbo! ! 3.4! tU.jt! hbonbwmpcbTj/! bnjt!Tfnefh! ! yefcb! nbUj!!

hbdjwfcb!)Ubwebyvsvmj*!41!xU.jt!hbonbwmpcbTj!frtjlbupsTj!eb!bxpowb/!xpobUb!

tywbpcjU! jhfcfo! tjoftuft!&.fcTj!eb!Tftbcbnjtbe! ! jUwmjbo! nTsbm! ojwUjfsfcfct!

&.fcTj/!

!

!

!

!!!nKbwjbopcjt!hbotb{Swsb!grwjmpwbo!tblpoejusp!obxbsnTj!

!

nKbwjbopcb!jtb{Swsfcb!jtfU!grwjmpwbo!tblpoejusp!obxbsnTj-!sphpsjdbb!

lfrtj-!hbmfuj-!lsflfsj-!npn{befcvmj!tbgvbsjboj!dpnjtbhbo/!
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6!hsbn!xpoblt!ytojbo!61!nm!xzbmTj-!spnmjt!ufnqfsbuvsb!71.81ºC.jb/!bnjt!

Tfnefh!npdvmpcb!xzbmTj!bzbwU!211!nm.nef/!ytobst!ujusbwfo!1/2!N!NaOH jU!4.5!

xwfUj!gfopmqubmfjojt!Ubobpcjtbt!Sjb!wbsejtgfsbnef/!

!

nKbwjbopcbt!jUwmjbo!gpsnvmjU;!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!
M
AK

M
AKx 10
10.

.100
== !

!

tbebd-!!A    -!!!1/2!N!NaOH jt!nm.jt!sbpefopcbb-!spnfmjd!ebjybskb!hbujuwsb{f/!!

               M   -   xpobljt!{vtuj!xpobb-!h/!

!!!!!!!!  K   -    uvujt!Tftxpsfcjt!lpfgjdjfoujb/!!

!

!

!

!

uvujbopcjt!hbotb{Swsb!!

grwjmpwbo!tblpoejusp!obxbsnTj!

!

uvujbopcbt! tb{Swsbwfo! qfDfojfcTj-! qsjbojlfcTj-! lfltfcTj! bov! jtfU!

grwjmpwbo! tblpoejusp! obxbsnTj-! spnfmUb! dpnTjd! hbnpzfofcvmj! jzp! rjnjvsj!

hbnbgvfcmfcj/! nbSbmj! ! uvujbopcb! obxbsnt! bojXfct! nmbTf.nxbsf! ! hfnpt-!

bvbsftfct! tbXnmjt! npofmfcbt-! bnjupn! uvujbopcb! grwjmpwbo! tblpoejusp!

obxbsnTj!bs!voeb!bSfnbufcpeft!3º.t/!

uvujbopcjt! hbotb{SwsjtbUwjt! qspevrdjjt! hbslwfvm! sbpefopcbt!

bxjmbefcfo-!brfebo!jSfcfo!xpoblt!36!hsbnjt!sbpefopcjU-!xpojbo-!bUbwtfcfo!611!m!

npdvmpcjt! lpovtvs! lpmcbTj-! vnbufcfo! 361! nm! ejtujmjsfcvm! xzbmt! pUbyjt!

ufnqfsbuvsb{f-! byvsbwfo! Ubwtbyvst! eb! bzpwofcfo! 41xU.jt! hbonbwmpcbTj-!

qfsjpevmbe! bokSsfwfo/! bnjt! Tfnefh! nbt! gjmusbwfo! nbsjmjU-! cbncjt! bo!

gjmusjt! rbSbmejU/! jSfcfo! 61! nm!gjmusbut!eb!vnbufcfo! nbt! 3.4!xwfU! 2&.jbo!

cspnUjnpmjt!mvskjt!ytobst!eb!ujusbwfo!1/2!N!HCL- jU!bo!H2SO4- jU!zwjUfmj!

gfsjt!xbsnprnobnef/!



 63

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!! AKKAx 2
50.10.25

.100.250.
== !

!

tbebd-!!!A-bsjt!1/2!N!HCL- jt!nm.fcjt!sbpefopcb-!ebybskvmj!hbujuwsb{f/!

!!!!!!!!!! K-Tftxpsfcjt!lpfgjdjfouj!)nKbwjt!ujusjt*!

!

!

!

!

!

!

!

!

!

WJ!Ubwj/!nblbspojt!xbsnpfcb!

!

nblbspojt!xbsnpfcjt![jsjUbej!!vcofcj-!tbebd!yefcb!lpouspmj!

!

lpouspmjt!pcjfruj! lpouspmjt!tjyTjsf! lpouspmjt!tbyffcj!

ofemfvmjt!njSfcb!

grwjmj!

!

!

!

!

!

!

dpnjt!npn{befcb!

qfsjpevmj!sfKjnjt!

vxzwfuj!xbsnpfcjtbt!

!

!

zpwfmj!qbsujb!

!

!

!

!

!

!

!

zpwfmj!qbsujb!!

! !!!!!!!dwmbTj!

sbnpefojnfkfs!!

!

pshbopmfqu/!

nbDwfofcmfcj-xfcphwbsbt!

sbpefopcjtb!eb!ybsjtyjt!

hbotb{Swsb-!tjoftujt!bo!

nTsbmj!ojwUjfsfcfcjt!

hbotb{Swsb-!nKbwjbopcjt!

hbotb{Swsb/!

!

pshbopmfqujlvsj!

nbDwfofcmfcj-!dpnjt!

tjoftuf-!nKbwjbopcb-!
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!

!nblbspojt!obxbsnjt!

!!!!!!!!!!!!!!!!!!!pshbopmfqujlvsj!Tfgbtfcb!

!

n{b!nblbspojt!tbyfpcfcj!voeb!blnbzpgjmfceofo!Tfnefh!npUypwofct;!

hfnp!eb!tvoj!`!bsb!npnxbsp-! bsb!npnKbwp-!pcjt!tvojt!hbsfTf-!hfnp!eb!

tvoj!jtjokfcb!sphpsd!n{b!obxbsnjtb-!btfwf!ybsTwjt!Tfnefhbd/!

gfsj! `! fsUhwbspwboj-! grwjmjt! gfsjt! Tftbcbnjtj! ! nbSbmybsjtypwboj!

obxbsnjtbUwjt!ebnbybtjbUfcfmjb!npzwjUbmp!gfsj/!

hbebobufyj!`!!!njojtfcvsj!

{febqjsjt!nehpnbsfpcb!`!!tbtvswfmjb!irpoeft!hmvwj!{febqjsj-!Uvndb!

tuboebsujU! njSfcvmjb! irpoeft! ybpjboj! {febqjsjd-! btfUj! obxbsnj! ybsTwjtbt!

j[mfwb!nvrj!gfsjt!xzbmt/!

gpsnjt!nehpnbsfpcb!`!gpsnb!txpsj-!ebtbTwfcjb!vnojTwofmp!npysjmpcb!

bo!hbebhsfywb/!

!

!

!

gpsnjsfcb-!ebzpgb!

!

!

Tspcb!

!

!

n{b!qspevrdjb!

!

..--..!

!

!

dwmbTj!sbnpefojnfkfs!

!

!

dwmbTj!sbnpefojnfkfs!

!

gpsnb-!pshbopmfqujlvsj!

nbDwfofcmfcj-!tjoftuf/!

!

pshbo/!nbDw/!nTsbmj!

!ojwUjfsfc/Tfndwfmpcb/!

!

pshbopmfqujlvsj!

nbDwfofcmfcj-!nTsbmj!

ojwUjfsfcfcjt!!

Tfndwfmpcb-!nKbwjbopcb-!

njtj!Uwjtfcfcj!ybsTwjtbt-!

tjnuljdf-!nTsbmj!

ojwUjfsfcfcjt!eboblbshj!

ybsTwjtbt-!obgywfofcjt-!

efgpsnjsfcvmj!obxbsnjt!

Tfndwfmpcb/!
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!

!!!!!!!!tjokjt!npn{befcb!gj{jlp.rjnjvsj!

bobmj{jtbUwjt!

!

61! hsbnj! nblbspojt! obxbsnt! grwbwfo! mbcpsbupsjvm! xjtrwjmTj-! wjesf!

Ubwjtvgmbe! bs! hbjdsfcb! nfubmvs! tbdfsTj! ejbnfusjU! 2! nn/! tbjebobd! jSfcfo!

tbbobmj{pe!tjoftujtbUwjt!)obxjmt*-!ebobsDfot!lj!dsjbo!bcsfTvnjt!tbdfs{f!$38/!

brfebo!jSfcfo!ebobsDfo!tjokt!tbbobmj{pe/!

!

!

tjoftujt!hbotb{Swsb!

!

nblbspojt!tjoftuf!bsb!vnfuft!24&!voeb!jzpt-!tqfdebojTvmfcjt!nblbspojt!

tjoftuf! lj! 22&/! )frtqfejdjjtbUwjt! qsbrujlbTj! eb! tywb*-! sbd! v{svowfmzpgt! njt!

hs[fmwbejbo!Tfobywjt!wbebt!)2xfmj*/!tjoftujt!nbSbmj!nbDwfofcmfcjt!espt!yefcb!

cbrufsjbmvsj! gmpsjt! tjdpdymjtvobsjbopcjt! bnbSmfcb-! sbtbd! njwzbwbsU!

obxbsnjt!!hbgvXfcbnef!!!!!)TfnKbwfcb--!ebpcfcb!eb!tywb*/!!tuboebsujU!!!nblbspojt!!

!

tjoftuf!yefcb!!njtj!hbnpTspcjU!)6!hsbnj!xpobljt!Tspcb!241ºC!ufnqfsbuvsb{f!51!

xU.jt!hbonbwmpcbTj/!psj!qbsbmfmvsbe!Dbubsfcvmj!defcjtbt!tywbpcb!voeb!jzpt!

bsb!vnfuft!1/36&-!tjoftuft!jUwmjbo!1/2&!!tj{vtujU/!

!

!

!

!

nblbspojt!nKbwjbopcjt!hbotb{Swsb!

!

nblbspojt! tjnKbwf! `! qjqlj! grwjmjtbhbo! )frtusb! grwjmj*! bs! voeb!

bSfnbufcpeft! 4/6ºH! ypmp! vnbSmftj! eb! J! ybsjtyjt! grwjmjtbhbo! .! 5 ºH. vgsp!

nbSbmj! nKbwjbopcjt! nblbspojt! hfnpwofcjUj! Uwjtfcfcj! vbsftefcb/! nKbwjbopcb!

hbnpjUwmfcb! jtfwf-! sphpsd! grwjmjtb-! okSsfwb! nblbspojt! tjokjtb! )xjobtxbs!

npn{befcvmj! bobmj{jtbUwjt*! yefcb! 4! xU.jt! hbonbwmpcbTj/! nKbwjbopcb!
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hbnpjUwmfcb! hsbevtfcTj! 1/2º tj{vtujU/! ps! qbsbmfmvs! bobmj{t! Tpsjt!

Tfefhfcjt!nbDwfofcmfcjt!tywbpcb!voeb!jzpt!bsb!vnfuft!1/6º. !

nblbspojt! obxjmfcjt! vgsp! ejej! ybsjtyjU! ebgrwjtbt! j{sefcb!

frtusbhjsfcvmj! nKbwfcjt! sbpefopcb! xzbmTj-! bnjupn! bn! bobmj{jt! Dbubsfcjtbt!

{vtube!voeb!ebwjdwbU!tbbobmj{pe!ojnvTjt!!npn{befcjt!nfUpej/!!

!

!

!

!

nblbspojt!!Uwjtfcfcjt!Tfgbtfcb!ybsTwjtbt!

!

!

nblbspojt! ybsTwjtbt! njtj! [jsjUbej! nbDwfofcmfcjb;ybsTwjt! Tfnefh!

nblbspojt! hbkjskwfcjt! ybsjtyj-! ybsTwjt! esp! eb! nTsbmj! ojwUjfsfcfcjt!

eboblbshj/!!

npybsTvmj!obxbsnj!voeb!jzpt!fmbtujvsj/!bs!fxfcfcpeft!fsUnbofUt-!bs!

hbebjytobt-! bs! xbsnpjrnobt! lpTufcj/! xjobbSnefh! TfnUywfwbTj! nblbspoj! [ofmj!

btbUwjtfcfmjb-!sbnfUv!yefcjbo!hbvnubsj!tbXnmjt!npnofmfcfmj!xwfofcjtbUwjt/!!

!

!

nblbspojt! hbkjskwfcjt! ybsjtyj! j{pnfcb! nbUj! npdvmpcjU! ybsTwjtbt-!

sphpsd!tuboebsujU!voeb!jzpt!3.kfs!nfuj!wjesf!npvybsTbwj!jhjwf!nblbspoj/!

n{pn!djmjoesTj-! npdvmpcjU! 611! nm! -!spnfmjd! bsjt!xzmjU! bwtfcvmj!

)pUbyjt! ufnqfsbuvsb{f*! DbvTwfcfo! 61! hs! nTsbm! obxbsnt-! ibfsjt! cvTuvmfcjt!

hbrspcjt! nj{ojU! djmjoest! bokSsfwfo/! xzmjt! npnbufcjU! jhfcfo! bSfcvmj!

obxbsnjt! npdvmpcbt/! bnjt! ! Tfnefh! xzbmt! hbebSwsjbo-! obxbsnj! hbebbrwU! rwbcTj!

nevSbsf!xzmjU!)711nm*-!tbebd!ybsTbwfo!n{bezpgobnef-!esp!ebdvmj!voeb!jzpt!

tuboebsujU-!)jy/!hbhs[fmfcbTj!rwfnpU*<!ybsTwjt!ebnUbwsfcjtbt!obxbsnj!hbebbrwU!

tbdfs{f! eb! nbt! Tfnefh! spdb! ebjxvsfcb! xzbmj-! nbU! jtfw! bUbwtfcfo! jnbwf! n{pn!

djmjoesTj-! spnfmTjd! btybnfo! xzbmt-! wjesf! obxbsnj! bs! ebjgbsfcb/! ! xzmjt!

epojt! bxfwjU! tb{Swsbwfo! npybsTvmj! nblbspojt! npdvmpcbt/! Uv! tbxzjtj!

sbpefopcb! xzmjtb! djmjoesTj! bsjt! ! Vo nm-! nTsbmj! )vnj*! nblbspojt!

DbuwjsUwjtbt!xzmjt!epof!bjxjb!W2!!nm!nef-!nbTjo!nblbspojt!npdvmpcb!ybsTwbnef!

zpgjmb;!
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!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 212 VVV −= !!!!nm!

!

bnbwf! espt! Uv! xzmjt! epof! npybsTvmj! nblbspojt! DbuwjsUwjt! Tfnefh!

hbyeb!W3 nm-!nbTjo!nblbspojt!npdvmpcb!ybsTwjt!Tfnefh!jrofcb;!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 034 VVV −= !!!!!nm-!

!

ypmp!nblbspojt!npdvmpcjt!hb{sejt!lpfgjdjfouj;!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
2

4

V
VK = !!!!!!!!!

!

nblbspojt!ybsTwjt!esp!tuboebsujU!bsjt;!!

nblbspojtbUwjt!`!!ejbnfusjU!6/6!nn.jebo!!31xU/!

nblbspojtbUwjt!`!ejbnfusjU!6-6nn.nef!26!xU/!

!!!!!!!!!!wfsnjTfmjtbUwjt!!.!ejbnfusjU!2/3nn.ebo!bsbvnfut!26xU/!

mbgTb!.!ejbnfusjU!2/3nn.ebo!bsbvnfut!26xU!

gjhvsvmj!obxbsnj!.!ejbnfusjU!2/3nn.ebo!bsbvnfut!26xU!

wfsnjTfmjtbUwjt!!ejbnfusjb!2-3!nn.nef!21xU/!

nblbspojt! ybsTwjtbt! xzbmj! nvrefcb-! sbd! hbnpxwfvmjb! nTsbmj!

ojwUjfsfcfcjt!hbebtwmjU!nbtTj/!

nTsbmj! ojwUjfsfcfcjt! sbpefopcjt! hbotb{SwsjtbUwjt! jSfcfo! 61! hsbn!

nblbspojt! obxbsnt-! ybsTbwfo! rwbcTj-! tbebd! evSt! xjobtxbs! Dbtynvmj! 711! nm!

xzbmj! eb! ybsTbwfo! n{bezpgobnef/! bnjt! Tfnefh! xzbmt! hbebxvsbwfo! rwbcjebo!

)evTmbohjU*-! bdjwfcfo! pUbyjt! ufnqfsbuvsbnef-! bUbwtfcfo! 611! nm! npdvmpcjt!

lpmcbTj-!rwbct!Dbsfdybwfo!ndjsf!vmvgfcjU-!obsfdyt!vnbufcfo!lpmcbTj!bstfcvm!

obybsTt/!njzbwU!ojTovmbnef!!lpmcbTj!obybsTj/!qjqfujU!bn!lpmcjebo!!jSfcfo!61!

nm! frtusbrut-! bUbwtfcfo! xjobtxbs! hbnpnTsbm! eb! bxpojm! gbjgvsjt! kbn{f!

)bxpowb! yefcb! 1/112! tj{vtujU*-! hbebbrwU! tbTspc! lbsbebTj! ! ! 211.216ºC-! tbebd!

obmfrt!bTspcfo!211.216ºC!{vtube!2!tU/!kbnfcjt!hbdjwfcjt!Tfnefh!jtfw!xpojbo/!psj!

qbsbmfmvsj!dejebo!jSfcfo!xpobUb!tywbpcfcjt!tbTvbmp!bsjUnfujlvmt/!!

!

!Uv!kbnjt!nbtb!nTsbmj!ojwUjfsfcfcjU!bsjt!– m 1 hs!-!
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!nbtb!dbsjfmj!kbnjtb!bsjt!m 2 hs!!

nbTjo!!!!!m =( m 1 . m 2)!!!!!hs!bsjt!nTsbmj!ojwUjfsfcfcjt!sbpefopcb/!

nblbspojt!sbpefopcb!)hsbnj*-!spnfmjd!Tfftbcbnfcb!61!nm!ytobst!`!bsjt!!

6-! nbTjo! nblbspojt! nTsbmj! ojwUjfsfcfcjt! sbpefopcb-! spnfmjd! hbebejt! tbybsT!

xzbmTj!jrofcb!!

%
5
100.m

!!!!!!!

!

!

!

nblbspojt!tjnuljdjt!hbotb{Swsb!

!

nblbspojt! nfrbojlvs! tjnuljdf! hbobqjspcfct! njtj! usbotqpsujsfcbt/!

tjnuljdjt! hbotb{Swsb! yefcb! tqfdjbmvs! yfmtbxzp{f-! spnfmjd! fnzbsfcb!

nblbspojt! )ipsj{poubmvs! nehpnbsfpcbTj! hbefcvm!ps! Sbst! Tpsjt-! spnfmUb!

Tpsjt!nbo[jmj!261!nn.jb*!tubujlvs!ebuwjsUwbt!!nbobn-!wjesf!jhj!bs!hbuzefcb/!

tjnuljdf! hbnpjtbyfcb! hs.fcTj! eb! ebnpljefcvmjb! grwjmjt! ybsjty{f-!

nblbspojt! njmblfcjt! ejbnfus{f-! lfemfcjt! tjtrf{f-! dpnjt! npn{befcjt!

ufropmphjvs!qjspcfc{f!eb!tywb/!!

!

[jsjUbe!tjnuljdft!{pnbwfo!tusphbopwjt!yfmtbxzpUj/!

!

tusphbopwjt!yfmtbxzp!

nbdbspojt!

tjnuljdjt!!hbotb{SwsjtbUwjt!!
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!!!!!!!!!!! !

!

!!!!!!!!!nblbspojt! ojnvTt! bUbwtfcfo! 8.ehbsjt! SbsfcTj-! :.tbyfmvsjt! ! np[sbpcjU!

nfrboj{nj`3! bxwfcb! nblbspot! nbobn-! wjesf! jhj! bs! hbebuzefcb-! sbd! bjtbyfcb!

tbtxpsjt! djgfscmbu{f-! spnfmjd! hwjDwfofct! nblbspojt! ebuwjsUwbt! njtj!

hbebufywjtbt/!bubsfcfo!debt!eb!jSfcfo!tbTvbmp!bsjUnfujlvmt/!tj{vtujU!21hs/!!

tuboebsujU! nblbspojt! tjnuljdf!hsbnfcTj! )hs*! njtj!ebuwjsUwjtbt!voeb!

jzpt!bsboblmfcj!wjesf!Tfnehpn!npobdfnfcTjb;!!

!

!

nblbspojt!tjnuljdf-!h/!nblbspojt!ejbnfusj!nn!

vnbSmftj/y! qjswfmj/y!

8!nn!eb!nfuj!

7/6.7/:!

7/1.7/5!

6/6.6/:!

6/1.6/5!

5/6.5/:!

5/1.5/5!

861!

761!

661!

511!

411!

361!

311!

911!

811!

661!

511!

411!

361!

311!

!

!

obufyfcjt-!obgywfofcjtb!eb!efgpsnjsfcvmj!

obxbsnjt!sbpefopcjt!!hbotb{Swsb!

!
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obufyfcj!vbszpgjU!hbwmfobt!byefot!nblbspojt!hbsfhovm!tbyf{f/!qbubsb!

obufyfcj-! spnmjt! {pnb! tuboebsuvmjt! 2/3.jb-! jgTwofcb! obgywfobe/! obufyj! eb!

obgywfoj! nbDwfofcfmjb! nblbspojt! xbsnpfcjt! ufropqmphjvsj! qspdftjt!

ebsSwfwjtb! bo! ofemfvmjt! bsbebnblnbzpgjmfcfmj! ybsjtyjtb/! efgpsnjsfcvmjb!

obxbsnj-!spnfmtbd!ebsSwfvmj!brwt!gpsnb;!Ssvt!hbsfTf-![bmjbo!jsjcj!eb!tywb/!

obufyfcjt-! obgywfofcjtb! eb! efgpsnjsfcvmj! obxbsnjt! hbotb{SwsjtbUwjt!

jSfcfo!tbbobmj{pe!fsU!zvUt/!gsUyjmbe!hbenpjubofo!nbhjeb{f-!hbebbsDfwfo!eb!

nbtbUb! tywbpcjU! jhfcfo! nbU! Tfndwfmpcbt! &.Tj-! spnfmUb! ebtbTwfcj! {Swsfcj!

npdfnvmjb!dysjmTj;!

!

!

!

&.vmj!Tfndwfmpcb!nbtbtUbo!TfebsfcjU!

!

obxbsnj!

obufyj! obgTwfoj! efgpsnjsfcvmj!

ebgbtpfcvmj!

nblbspoj!

tywb!tbyfpcb!

!

xpojUj!

nblbspoj!

tywb!tbyfpcb!

!

4.6!

4.6!

!

!

7.21!

7.21!

!

2.3!

3.6!

!

!

3!

4.21!

!

2/6.3!
6!
!
!
!
!

3.6!
8.21!

!

  
nblbspojt!obxbsnTj!Tfj[fcb!TfnDofvmj!jzpt!nfubmp!njobsfwfcj-!spnfmUb!

Tfndwfmpcb!bs!voeb!bSfnbufcpeft!4!nh.t/! fsU!lw.n{f-! nbUj!tjejef!lj!1/4! nn.t/!

Uv! ft! nfubmpnjobsfwfcj! bsjt! ofntjtfcvsj! bo! gjsgjujtfcvsj! gpsnjt-! nbTjo!

nblbspoj!sfbmj{bdjbt!bs!frwfnefcbsfcb/!

!

!

!

!

WJJ!Ubwj/!qvsjt!obxbsnjt!ufropmphjb!

!

[jsjUbej!vcofcj!!qvsjt!xbsnpfcjtb-!tbebd!yefcb!lpouspmj!
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!

!

lpouspmjt!pcjfruj!

!

lpou/tjyTjsf!

!

lpouspmjt!tbyffcj!

2! 3! 4!

!

ofemfvmj-!spnfmjd!

Tfnpejt!xbsnpfcbTj;!

ypscmjt!grwjmj!

!

!

!

Xwbwjt!grwjmj!

!

!

tbgvbsj!

!

!

dpntb{fmj!hbozpgjmfcb;!

!

bgbsj!

!

dpnj!

!

!

!

n{b!obxbsnj!

!

!

!

zpwfmj!qbsujb!

51ºC.ufnq/!

{fnpU!

!

zpwfmj!qbsujb!

!

!

zpwfmj!qbsujb!

!

!

!

!

zpwfmj!qbsujb!

!

zpwfmj!qbsujb!

!

!

!

zpwfmj!qbsujb!

!

!

!

!

!

!

pshbopmfqujlvsj!nbDwfofcmfcj-!

xfcphwbsbt!ybsjtyj-!eb!tjoftuf/!

lbsupgjmjt!ebbwbefcb/!

!

psh/!nbDwfofcmfcj-!bwupmjuvsj!

brujwpcb!eb!tjoftuf/!

!

pshbovmj!nbDwfofcmfcj-!tjoftuf-!

bnxfwj![bmb-!nbmup{vsj!brujwpcb/!

!

!

!

psh/nbDwfofcmfcj-!tjoftuf-!

ufnqfsbuvsb-!tjnKbwf-!bnxfwj![bmb/!

psh/nbDwfofcmfcj-!tjoftuf-!

ufnqfsbuvsb-!tjnKbwf-!bnxfwj![bmb/!

!

!

pshbopmfqujlvsj!!nbDwfofcfmj-!

tjoftuf-!hvmjt!ufnqfsbuvsb!

H/Dtjejef-!gpsjbopcb/!

!

grwjmjt!bjsxbsnprnojt!vobsjt!hbotb{Swsb!

!

!
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grwjmjt! bjsxbsnprnojt! vobsj! ybtjbUefcb! obyTjscbejt! ejprtjejt!

sbpefopcjU-! spnfmjd! ! hbnpjzpgb! hbslwfvmj! espjt! hbonbwmpcbTj! dpnjt!

evSjmjtbt-!spnfmjd!np{fmjmjb!npdfnvmj!grwjmjt-!!xzmjtb!eb!tbgvbsjtbhbo/!

jhj!hbnpjtbyfcb!nm.fcjt!sbpefopcjU-!hbnpzpgjmj!CO2 -jtb!-!spnfmjd!njjSfcb!6!

tU! evSjmjtbt! )dpnjt*! 41ºC-{f! eb! spnfmjd! npn{befcvmjb! 211! hsbnj! tblwmfwj!

grwjmjt! )tjoftuf! 25&*-! 71! nm! xzmjtb! eb! 21! hs! ebxofyjmj! tbgvbsjtbhbo/!

bjsxbsnprnojt! vobsjt! [jsjUbebe! ebnpljefcvmjb! grwjmjt! ! Tbrbsxbsnprnojt!

vobs{f/!!Tbrbsxbsnprnojt!vobsj!grwjmjtb!voeb!hbwjhpU-!sphpsd!bn!grwjmjtbhbo!

xbsnprnojmj!dpnjt!vobsj-!xbsnprnobt!ebehfojmj!ufnqfsbuvsjtb!eb!ebehfojmj!

espjt!njyfewjU!bnb!Uv!jn!sbpefopcjt!nbmup{b/!

Tbrbsxbsnprnojt! vobsj! hboqjspcfcvmjb! bnjmpmjuvsj! gfsnfoufcjt! )α 

eb!β*!nprnfefcjU!grwjmjt!tbybnfcfm{f/!bnjupn!jhj![jsjUbebe!ebnpljefcvmjb!bn!

gfsnfoufcjt!sbpefopcb{f-!grwjmjt!nbsdwmfcjt-!tbybnfcmjt!nbsdwmfcjt!{pnb{f!

eb!nbU!nehpnbsfpcb{f/!!

grwjmjt!bjsxbsnprnojt!vobsjt!hbotb{SwsjtbUwjt!hbnpjzfofcb!jbhp.

ptuspwtljt!ebobehbsj-!spnmjt!trfnbd!npdfnvmjb!rwfnpU;!

!!

jbhp.ptuspwtljt!yfmtbxzpt!trfnb!!

grwjmjt!!bjsxbsnprnojt!!vobsjt!

hbotb{SwsjtbUwjt!

!

!

XvsXfmTj! .5-! spnfmtbd! nXjespe! brwt! tbdpcj! npshfcvmj-! bUbwtfcfo!

dpnjt!vmvgbt/!XvsXfmj!!5!eblbwTjsfcvmj!XvsXfmUbo!.3-!spnfmTjd!Dbtynvmjb!



 73

obkfsj!NaCl-jt! ytobsj-! sphpsd! ft! trfnb{fb/! XvsXfmj! .3! eblbwTjsfcvmjb!Г.t!
nthbwtj!njmjU!XvsXfmUbo!)djmjoesUbo*.2/!!

yfmtbxzpt! hbnpzfofcbnef! bnpxnfcfo! nbt! hfsnfuvmpcb{f/! dbsjfm!

XvsXfmt! .5! bUcpcfo! yfmjU-! bo! Ucjmj! obXsjt! TfnpywfwjU-! Uv! nbsmjt! obkfsj!

ytobsj! bs! hbenpwjeb! djmjoesTj-! f/j/! bs! bsjt! ebdvmj! hfsnfuvmpcb/! f! /j/!

tbjeboSbd! hbenpfejofcb! bjsj/! bnjupn! tbXjspb! {pnfcjt! njSfcb/! wjSfcU! tjokt!

grwjmjt! 211! hsbnjt! pefopcjU! )25&! tjoftujU*! wvnbufcU! 71! nm! xzbmt! eb! 21! hs!

ebxofyjm!tbgvbst/!Uv!grwjmjt!tjoftuf!bsjt!25&.{f!nfuj-!nbTjo!njtj!sbpefopcb!

jdwmfcb!jtfUj!bohbsjTjU-!spn!jhj!Tfjdbweft!97!hs!nTsbm!ojwUjfsfcfct/!

!

xzmjt!ufnqfsbuvsb!hbnpjUwmfcb!gpsnvmjU;!

!

 

 

txzm/=td/+Cgrw/G!grw/(td-t!grw)/CxzmGxzm+K 

 

tbebd-!!td!`!bsjt!npdfnvmj!ufnqfsbuvsb!dpnjtb/ºC)41 ºC)!

          Cgrw/!`!bsjt!grwjmjt!Ucpufwbepcb-!lk/lh/ K (Cgrw/=2/368*/!

         G!grw/!`!grwjmjt!sbpefopcb!dpnTj/!

          t!grw/!`!!grwjmjt!ufnqfsbuvsb!ºC!

         Cxzm/!`!xzmjt!Ucpufwbepcb!lk/lh/ K (Cxzm//=5/2:*/!

         Gxzm!/!`!!xzmjt!sbpefopcb!dpnTj-!hsbnj/!

         K    ` Tftx/lpfgjdjfouj!){bgyvmTj!upmjb!1.2-!Tfnpehpnb{f!3-!{bnUbsTj.4*<!

np{fmjm! dpnt! gsUyjmbe! DbvTwfcfo! XvsXfmTj! .5-! sjt! Tfnefhbd!

XvsXfmt!.5!DbvTwfcfo!xzmjt!bcb{bobTj!.4-!spnfmTjd!jobsDvofcfo!ufnqfsbuvsb!

41 ºC-t! vmusbUfsnptubuj.6.jt! nfTwfpcjU-! byvsbwfo! tbdpct! njmfcjU-! spnfmjd!

blbwTjsfct! XvsXfmt! 5.t! XvsXfmUbo! .3/! jUwmjbo! tU.t! 6! tU.jt! hbonbwmpcbTj-!

bhspwfcfo! n{pn! djmjoesTj.2! hbnpefwojm! ! xzbmt! 6! tU.jt! hbonbwmpcbTj!

hbnpzpgjm! CO2.jt! )hb{pnjm! hbslwfvm! ufnqfsbuvsb{f! mbcpsbupsjvm!

qjspcfcTj*! hbebtbzwbobe! opsnbmvs! qjspcfcTj! )! 1ºC eb  0.1 МПа) wtbshfcmpcU!

gpsnvmjU;!

!
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!

Vo=Vt.273,15.B/0,1. (273,15+1) 

 

tbebd-!!Vo bsjt!sbpefopcb!opsnbmvs!qjspcfcTj!nm/!

             Vt  .bsjt!bjsjt!sbpefopcb!hb{pnjmj!npdfnvm!ufnqfsbuvsjtb/!

             B .!cbspnfusvmj!xofwb!mbcpqsbupsjbTj!Па.!

             t - ufnqfsbuvsbb-!spdb!npyeb!bjsjt!npdvmpcjt!hb{pnwb!1ºC.jU/!

Uv!6tU!evSjmjtbt!hbnpjzp!2411!nm!!bjsj-!nbTjo!grwjmj!gbtefcb!sphpsd!

ebcbmj! bjsxbsnprnojt! vobsjboj-! 2411.2711! nm! bjsjt! xbsnprnojtbt-! grwjmt! brwt!

tbTvbmp! bjsxbsnprnojt! vobsj-! ypmp! 2711! nm.jt! {fnpU! grwjmj! jUwmfcb!

bnbSmfcvmj!bjsxbsnprnojt!vobsjt!nrpofe/!

!

!

xfcphwbsbt!sbpefopcjt!hbotb{Swsb!

!

grwjmTj! ofemj! xfcphwbsbt! Tfndwfmpcjt! hbotb{Swsb! ebnzbsfcvmjb!

grwjmjtb! eb! xzmjtbhbo! npn{befcvmj! dpnjt! hbnpzfofcjU/! hbnpwjzfopU!

tujrbsuvmj! nfUpej;! 36! hsbnj! xpoblj-! bxpojmj! tj{vtujU! 1/2! hs! voeb!

npwbUbwtpU!gbjgvsjt!kbnTj-!ebwvnbupU!24!nm!polbojt!xzbmj-!291ºC.jU!!)±3ºC) eb!

npwbn{bepU!dpnj!UjUfcjU! bo! TqbufmjU-! wjesf!dpnj! bs! hbyefcb! fsUhwbspwboj/!

npn{befcvm! dpnt! wb[mfwU! cvsUvmjt! gpsnbt-! wbUbwtfcU! XvsXfmTj-! wbyvsbwU-!

wbDfsfcU! 31! xU! 291ºC.{f-! sbnfUv! grwjmj! Ubobcsbe! hbjkfspt! xzmjU/! 31! xvUjt!

Tfnefh! XvsXfmTj! )XjrbTj*! tbebd! dpnjb-! wbtybwU! ! xzbmt! 291ºC.jU! ! )±! 3ºC) eb!

wjxzfcU!dpnjt!sfdywbt-!bov!xzmjt!dwmbt-!gsUyjmbe-!sbUb!hbebSwsjm!xzbmt!bs!

hbizwft! ot,judhfc yfobkfrt,b, htw[dfc dfofhvjt,s vfyfvlt- dblht fh vbdbqt,s 

ufvzdbhdfkt yfhtw[c8  yfhtw[ o.fkc gthbjlekfl dfvjovt,s bjlbs7 se vbdbqts 

keh]b [cyfhb t8b8 bctd lfhxf cf[fvt,tkb lf dfuh’tkt,s htw[dfc8 ytlkb 

ot,jdfuhfc hfjltyj,f ~+‘ ufybcfpqdht,f ajhvekbs5 

+ ot,judfhf = ytlkb ot,judfhfc hfjltyj,f x  !__ / amdbkbc ojyf8 

 

 

 

ot,judfhfc [fhbc[bc jhufyjktgnehb itafct,f 
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cnfylfhnekb  vtsjlbs 

 

ytlkb ot,judfhfc lfvf[fcbfst,tkb cblbltt,bf vbcb athb7 zbvdflj,f lf 

tkfcnbehj,f8 

athb ufybcfpqdht,f ot,judfhfc ufvjhtw[dbcsfyfdt lf [fcbfslt,f atht,bs5 

yfstkb, he[b7 vemb8 

ot,judfhfc zbvdflj,f lf tkfcnbehj,f vjovlt,f athbc ufycfpqdhbc itvltu8 

bqt,ty ot,judfhfc 2 ekeafc ojybs $-$ uhfvb7 [tkbs vfc f’ktdty ,ehsekbc 

ajhvfc7 fsfdct,ty o.fkib 18±1°c 15 os-bs7 hbc itltufl fvjovt,ty vfc zbvdflj,fpt 
lf tkfcnbehj,fpt8 

zbvdflj,fib buekbc[vt,f ot,judfhfc sdbct,f cbuh’tib ufotkdfpt8 ! ov-bc 

ufyvfdkj,fib eylf ufbzbvjc ot,judfhfc thsb ekeaf vv-bfy cf[fpfdpt; 

uflfo.dtnbcfc fqybiyfdty cbuh’tc7 hfvltyptw ufbzbvf8 zbvdflj,bs ot,judfhfc 

f[fcbfst,ty5 !_ cv-vlt zbvdflj,bs – vjrktf7 !_-@_ cv-bc xfsdkbs ––  cfiefkjf7 

@_ cv-pt ptvjs –– uh’tkbf8 

ot,judfhfc tkfcnbehj,fib buekbc[vt,f vbcb sdbct,f, se ufzbvdbc itvltu 

sfdbceakfl lfe,heyltc cfo.bc vlujvfhtj,fc7 fvbnjv vtjht ekeaf ot,judfhfc 

zbvfdty @ cv-vlt lf eidt,ty sbsbt,c ~cfxdtyt,tk lf lbl sbsc‘8 

ot,judfhf [fcbfslt,f rfhub tkfnbehj,bs7 hjwf zbvdflj,bc vj[cybc itvltu 

bub sbsmvbc vskbfyfl e,heylt,f cfo.bc vlujvfhtj,fc sfylfsfy8 

ot,judfhf [fcbfslt,f fhf lfvfrvf.jabkt,tkb tkfnbehj,bs7 hjwf 

zbvdflj,bc vj[cybc itvltu bub fy fh e,heyl,f cfo.bc vlujvfhtj,fc fy ewt, 

brevit,f8 

ot,judfhf [fcbfslt,f lfvfrvf.jabkt,kb tkfcnbehj,bs7 hjwf bub brfdt,c 

iefktleh gjpbwbfc rfhucf lf fhflfvfrvf.javkt,tkb tkfcnbehj,bc vmjyt 

ot,judfht,c ijhbc78 

ot,judfhfc tkfcnbehj,bcf lf zbvdflj,bc vb[tldbs fhxtdty cfvb ]ueabc 

ot,judfhfc5 

6 - rfhub tkfnbehj,bc7 zbvdflj,bs uh’tkb fy cfiefkj 

6 6 –- rfhub tkfcnbehj,bs7 zbvdflj,bs vjrkt7 ebnblnbzpgjmfcfmj!

fmbtujvspcjU-!XjnwbepcjU!nplmf-!tbTvbmp!bo!hs[fmj/! 

6 6 6 - yfrkt,tkfcnbehb7 ’kbth zbvdflb7 o.dtnflb7 vjidt,ekb7 vwehfdb8  

 

 

 

    ot,judfhfc sdbct,t,bc itafct,f vbcb 
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ufys[tdflt,bc vb[tldbs 

 

  tc vtsjlb lfv.fht,kbf ot,judfhfc ufys[tdflt,bc [fhbc[pt ufhrdtekb 

lhjbc uyfvfdkj,fib8 

  *_ uhfvb cfrdktdb amdbkbcf lf #(7% vk o.kbcfufy vpfllt,f wjvb ~30°c). 

30 os-bfyb lf.jdyt,bc itvltu sthvjcnfnib 30°c -  pt dbo.t,s vbc ufvjhtw[dfc8 

dbqt,s jh ekeaf ot,judfhfc, sbsjc !_ uhfvbc jltyj,bs8 df’ktds ,ehsekfc 

cf[tc vbybc abhabnbc wtynhib8 abhabnfc dfsfdct,s [tkcfo.jt,ib7 rfybc 

ofhvjmvybcfufy sfdbc  lfpqdtdbc vbpybs8 [tkcfo.jt,ib dbyfhxeyt,s 30°c 
ntvgthfnehfc8 ^_7 !@_7 !(_ os-bc itvltu dbsdkbs ,ehsekbc ufys[tdflt,bc 

rjynehbc cfiefkj lbfvtnhc9 tc fhbc jhb gthgtylbrekfhekb lbfvtnhbc 

vybidytkj,fsf cfiefkj fhbsvtnbrekb – lbfvtnhbc cblblbc vb[tldbs ot,judfhf 

b.jaf itvltu ]ueat,fl5 

 

lhj7 os  

Ot,judfhf Cfo.bcb ^_ !@_ !(_ 

’kbehb 

 

cfiefkj 

cecnb 

<30 

 

30-30 

>33 

<33 

 

33-60 

>60 

<33 

 

33-67 

>67 

<33 

 

38-70 

>70 
 

 
       [tkcfo.j Ot,judfhfc lf wjvbc ,ehsekfc ufys[tdflt,bc rjynehbc 

lfcflutyfl 

 

      amdbkbc 3’fkbc4 ufycfpqdhf 

wjvbc ufys[tdflt,bc rjynehbc vb[tldbs 
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ufycfpqdhbc xfcfnfht,kfl cfzbhjf bubdt fgfhfnehf7 hjvtkbw obyf 

vtsjlbrfib ufvjdb.tyts ~ot,judfhfc sdbct,t,bc itafct,f vbcb ufys[tdflt,bc 

rjynehbc vb[tldbs‘8 

!%_ uhfv cfrdktd amdbkc ~I/y‘ cbytcnbs !$+ evfnt,ty )_ vk o.fkc7 se 

amdbkbc cbytcnt !$+-c fqtvfnt,f7 o.kbc hfjltyj,f ufvjbsdkt,f ajhvekbs5 

 

G o.k=150(Wd!-Wamd‘ / (100-Ww‘ 

 

Cflfw       Go.k -– o.kbc hfbjltyj,ff7 hjvtkbw cfzbhjf wjvbc vjcfptkfl7 vk8 

           150 - fhbc amdbkbc hfjltyj,f7 uhfvb8 

          Ww –-  wjvbc cbytcnt + ~Ww =46,3%) 

          Wamd–- amdbkbc cbytcnt7 + 

wjvbc ntvfgthfnehf vjptkbc itvltu eylf b.jc #_°c. o.kbc ntvgthfnehf7 

hjvtkbw cfzbhjf wjvbc vjcfvpflt,kfl ufvjbsdkt,f bv ajhvekbs7 hjvtkbw 

ufy[bkekb b.j cfveifjib5 3amdbkbc fbhofhvjmvybc eyfhbc ufycfpqdhf4. vjptkbkb 

wjvblfy bqt,ty7 ojyfdty !__-!__ uhfvbc jltyj,bs7 f’ktdty vfc ,ehsekbc ajhvfc 

lf fxtht,ty [tkcfo.jib ~#_°c) !(_ os8 .jdtkb ^_7 !@_ lf !(_ os-bc itvltu 

bsdkbfy vbcb ufys[tdflt,bc rjynehbc lbfvtnhbc cfiefkj fhbsvtnbrekc8 fctsb 

ufycfpqdhbcfc II/y [jh,kbc amdbkbcfsdbc o.kbc hfjltyj,f ~amdbkbc cbytcnbcfc - 

!$+‘ eylf b.jc *0+ amdbkbc vfcfcsfy itlfht,bs7 ev/[fhbc[bc amdbkbcfsdbc ~am8 

cbytcnt - !$+‘ eylf b.jc %%+ amdbkbc vfcfcsfy itlfht,bs lf [jh,kbc yf,tudb 

amdbkbcfsdbc - *%+ amdbkbc vfcfcsfy itlfht,bs8 cfv cffsbfyb tmcgthbvtynbc itvltu 

lbfvtnhbc cfiefkj cblblbc vybidytkj,bs vc]tkj,ty amdbkbc [bmb{f/!  amdbkb 

’kbthbf, hjwf tc vybidytkj,f (# vv-bf, amdbkb cfiefkjl ’kbthbf7 hjwf tc 

vybidytkj,f (#-)* vv-bf7  
amdbkb cecnbf7 hjwf tc vybidytkj,f )* vv lf vtnbf8 

 

 

 

 

[jh,kbc amdbkbc gehw[j,bceyfhbfyj,bc  

ufycfpqdhf cfwltkb w[j,bs ~cnfyl8 vtsjlb‘ 

 

cfwltkb w[j,csdbc ufvjb.tyt,f [jh,kbc  I/y, II/y lf yf,tudb amdbkb7 vfhbkb 

tmcnhf fy lfamdbkb N  O N!7 vihfkb cfaefhb ev/[7 fy lfoyt[bkb cfaefhb lf 
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o.fkb8 wjvb vpfllt,f thsafpbfyb vtsjlbs amdbkbc vihfkb ybdsbtht,t,bcf lf 

o.kbc itcf,fvbcb afhsj,bsb hfjltyj,bs5 

[fhbc[jdfyb amdbkb eylf itbwfdltc )^_ uhfv vihfk ybdsbtht,t,c7 yf,tudb - 

!@(@7% uhfv vihfk ybdsbtht,t,c8 

vfhbkb [fhbc[jdfyb amdbkbc wjvbcfsdbc fbqt,f !% uhfvbc jltyj,bs7 [jkj 

yf,tudb amdbkbc wjvbcfsdbc @@ uhfvb, lfoyt[bkb cfaefhb [fhbc[jdfyb amdbkbc 

wjvbcfdbc fbqt,f #_ uhfvb7 [jkj yf,tudbcfsdbc #% uhfvb. vihfkb cfaefhb 

b[fh]t,f [fhbc[bfyb amdbkbc wjvbcfsdbc !_ uhfvb7 [jkj yf,tudbcfsdbc - !@ uhfvb8 

amdbkbc hfjltyj,f Gamd ~u‘7 hjvtkbw cfzbhjf wjvbcfsdbc7 ufvjbsdkt,f 

ajhvekbs5 

 

Gamd=Camd.100/(100-Wamd) 

 

Cflfw  Camd –- amdbkbc vihfkb ybdsbtht,t,bf7 u8 

 Wamd8 - amdbkbc cbytcnt +8 

o.kbc hfbjltyj,f7 hjvtkbw cfzbhjf wjvbcfsdbc7 ufvjsdkt,f ajhvekbs5 

 

 

                       (Camd. +  Ccfa + Cvfh).100 
                Gwyl. = _____________________________ - (Gamd + Gcfa+  

Gmar)  
                              (100-Wc) 

 

 

  

tbebd-!Camd - amdbkib vihfkb ybdsbtht,t,bc hfjltyj,f7 uh8 

           Ccfa - cfaefhib vihfkb ybds8 hfjltyj,f7 uh8 

           Cvfh - vfhbkib vihfkb ybdsbtht,t,bc hfbjltyj,f 

       

      Gamd - amdbkbc hfjltyj,f7 uhfvb ~ptvjs fqybiyekb ajhvekbs ufvjsdkbkb‘ 

      Gcfa - cfaefhbc hfjltyj,f7 uh8 

      Gvfh – vfhbkbc hfjltyj,f7 uh8 

      Wwjvb –- wjvbc cbytcnt7 +8 

wjvbc cbytcntc ev/[fhbc[bc amdbkbc  wjvbcfsdbc bqt,ty   $#7%+-bc njkfl7 

I/y – 44,5% lf II/y-45,5% o.kbc ntvgthfnehfc fyufhbij,ty ajhvekbs7 hjvtkbw 



 79

ufvj.tyt,ekb b.j vtsjlbrfib 3amdbkbc fbhofhvjmvybc eyfhbc ufycfpqdhf4 vjptkbc 

itvltu wjvbc ntvgthfnehf eylf b.jc #@°c8 
ytlktekb eylf fbojyjc _7! uhfvb cbpecnbs lf vjbpbkjc wjvb 

kf,jhfnjhbek wjvcfptkpt fy [tkbs8 vfhbkb lf cfaefhb obyfcofh b[cyt,f 

o.fkib ~o.kbc cfthsj hfjltyj,blfy‘7 vjptkbk wjvc fsfdct,ty sthvjcnfnib, 

cflfw byfhxeyt,ty #@°C – ntvgthfnehfc7 [jkj /fthbc afhlj,bs ntybfyj,bc (_-(%+7 

se leqbkb wjvbcf vbvlbyfhtj,c o.kbc jhsmkbc ufhtit7 vfiby vfc ptvjlfy 

f[ehfdty7 leqbkbc [fyuh’kbdj,f !*_ os. ^_ lf !@_ os-bc itvltu leqbkblfy 

f[ltyty wjvbc uflfptkdfc [tkbs fy kf,jhfnjhbekb wjvcfptkbs8 !*_ os-bc 

itvltu pjvfdty wjvbc ntvgthfnehfc7 vfcfc .jaty # yfobkfl8 jhc f’ktdty vjuh’j 

ajhvfc7 [jkj thsc –  ,ehsekfc ajhvfc8 jh yfobkc fsfdct,ty ajhvt,ib 

~hjvtkcfw fmdc ofrdtsbkb gbhfvblbc ajhvf ’bhbc pjvt,bs ~!_\!^)` cv7 [jkj ptlf 

yfobkb pjvt,bs ~!@-!*‘ cv7 cbvfqkbs !_ cv. vhudfkb ajhvbc wjvc fsfdct,ty 

seyembc ajhvfpt7 lbfvtnhbs fhf yfrkt, #_ cv8 ajhvt,c wjvt,bs fsfdct,ty 

sthvjcnfnib #@-##°C-bcf lf /fthbc (_-(%+ afhsj,bsb ntybfyj,bc gbhj,t,ib8 

lf.jdyt,bc [fyuh’kbdj,f htukfvtynbht,ekb fh fhbc7 lf.jdyt,bc [fyuh’kbdj,f 

ufybcfpqdht,f wjvbc yfvpflbc jhufyjktgnbrehb vfxdtyt,kt,bs, fvbc itvltu [lt,f 

vfsb vjsfdct,f cfw[j, qevtkib w[j,bc [fuh’kbdj,f lfvjrblt,ekbf gehbc 

ajhvfpt7 lf amdbkbc [fhbc[pt8 

w[j,bc [fyuh’kbdj,f evfqktcb [fhbc[bc [jh,kbc amdbkbcfufy lfvpflt,ekb 

ajhvbc gehbcfsdbc #_ os-bf7 [bhbc gehbcfsdbc - @( os8  

I/[  ajhvbc gehbcfsdbc - #@ os8 
     ’bhbc gehbcfdbc - #_ os8 

II/[  ajhvbs gehbcfsdbc - #% os8 
     ’bhbc gehbcfsdbc - #@ os8 

      w[j,bc ntvgthfnehff @@_-@#_°c8 
  

       cfwltkb w[j,bcfc [jh,kbc yf,tudb amdbkbcfufy lfvpflt,ekb wjvbcfsdbc 

wjvbc cfo.bcb ntvgthfnehf @)°c8  wjvbc leqbkbc   [fyuh’kbdj,ff @!_ os7 

sthvjcnfnib rb ntvgthfnehf #_°C8-bf. !@_ os-bc itvltu leqbkblfy [lt,f vbcb 

uflfptkdf lf w[j,bc [fyuh’kbdj,f ajhvbc gehbcfsdbc %% os-bf7 [jkj ’bhbc 

gehbcfsdbc %_ os-bf8 

       hbnpndywbsj!qvsjt!ojnvTfcjt!Tfgbtfcb!yefcb!bsboblmfc!5!tU.jt!hbtwmjt!

Tfnefh! eb! bsbvhwjboft! 35! tU.jtb/! hbotb{Swsbwfo! njt! xpobt-! npdvmpcbt-!

gpsnbnfefhpcbt! .! ! tjnbSmjt! Tfgbsefcbt! ejbnfusUbo! [jsjt! qvsjtbUwjt-! qvsjt!
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ywfesjU! xpobt-! gpsnjt! tjnfusjvmpcbt-! gfst-! rfsrjt! nehpnbsfpcbt-! hvmjt!

fmbtujvspcbtb!eb!gpsjbopcbt-!hfnpt-!qvsjt!bspnbut/!zpwfmj!ojnvTj!jxpofcb!2!

hsbnj! tj{vtujU/! qvsjt! npdvmpcjt! hbotb{SwsjtbUwjt! jzfofcfo! yfmtbxzpt-!

spnfmjd!nvTbpct!qvsjt!npdvmpcjt!njfs!hbnpefwojmj!ndjsf!{pnjt!nbsdwmfcjt!

)npdvmpcjt!Tfnbwtfcfmj*!npdvmpcjt!hb{pnwjt!qsjodjq{f/!

 gehbc vjwekj,f bpjvt,f cv³- bs8 [tkcf.j pjvfdc gehbc vjwekj,fc %_-

$___ cv³- pqdht,ib8 

 

 

 

!__ uhfvb amdbkbcufy gehbc 

vjwekj,bsb ufvjcfdfkb 

 

vjwekj,bsb ufvjcfdfkb gehbc !__ uhfvb amdbkbcufy ~cbytcnbs !$7%+‘ 

ufvjbsdkt,f ajhvekbs5 

 

x=VGw.100/Gamd 8 g 

 

cflfw –V  -    gehbc vjwekj,ff7 cv³ 

            Gw -      vstkb wjvbc vfcff7 uhfvb 

            Gamd - amdbkbc hfjltyj,f7 hjvtkbw lfb[fh]f wjvbc vjcfptkfl7 uhfvb 

            g  - wjvbc yfzht,bc vfcf7 hjvtkbw ufvj.tyt,ekb b.j cfwltkb w[j,bcfc7 

uhfvb8 

        

 

 

’bhbc gehbcfsdbc ajhvfvtltuj,bc ufycfpqdhf 

 

          gehbc ajhvfvtltuj,f ufybcfpqdht,f cbvfqkbc itafhlt,bs lbfvtnhsfy 

~H/D‘7 hbcsdbcfw ufvjb.tyt,f cfpjvb cf[fpfdb ~vv‘7 bpjvt,f vv-ib8 

 

 

 

gehbc [fhbc[bc jhufyjktgnehb itafct,f 
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gehbc jhufyjktgnehb itact,bcfc .ehflqt,f tmwtdf ufht cf[tc7 mthmbc athc7 

uekbc athcf lf tkfcnbehj,fc7 ajhbfyj,fc7 utvjcf lf fhjvfnc8 

gehbc ufht cf[t - .ehflqt,f tmwtdf vbc cbvtnhbekj,fcf lf ajhvbc 

cbcojhtc8 

mthmbc athb – itb’kt,f itafcltc hjujhw athvrhafkb7 jmhjcath-

vj.dbsfkj7 qbf .fdbcathb7 .fdbcathb7 vemb - .fdbcathb8 

mthmbc vlujvfhtj,f – .ehflqt,f tmwtdf mthmbc vlujvfhtj,fc – fvj,ehwekb7 

,hn.ekb7 ptlfgbhb fhfcojhb, yf[tsmt,bfyb8 

uekbc athb – bcby]t,f lqbc cbyfsktpt8 gehb bzht,f ptvjlfy mdtvjs 

cbvfqktpt7 frdbhlt,bfy uekbc athc ~stshb7 he[b fy vemb)` tkathb – vj.dbsfkj7 

vjhe[j7 he[b lf f8i8‘ frdbhlt,bfy fuhtsdt athbc thsudfhjdyt,fc8 

uekbc tkfcnbehj,f – vce,emfl fodt,bfy jhb sbsbs uekbc ptlfgbhc7 ewt, 

vjfwbkt,ty sbst,c lf frdbhlt,bfy uekbc tkfnbehj,fc7 ltajhvfwbbc vb[tldbs 

f[fcbfst,ty uekc5 rfhub –– ltajhvfwbbc sbsmvbc vskbfyfl fqlutybcfc7 cfiefkj –

uekbc vlujvfhtj,bc itwdkbcfc lf welb –– uekbc ltajhvfwbbc ityfhxeyt,bcfc8 

gehbc ajhjdyj,f – – frdbhlt,bfy ajht,bc cblblbc7 ~odhbkb7 cfiefkj7 

vc[dbkb‘7 sfyf,fhajhbfyj,bc [fhbc[c7 ajht,bc rtlkt,bc cbcmtc8  

fhjvfnb lf utvj  – ufybcfpqdht,f vbcb ltuecnfwbbs, itb’kt,f b.jc 

yjhvfkehb7 v;fdt7 vjvofhj7 j,bc utvjsb lf c[df8 

 

 

 

 

 

 

 

                     wjvbc fvotdb ’fkbs cfaefhbc fvotdb ’fkbc lflutyf 

~cnfylfynekb vtsjlb‘ 

 

@(_ uhfvb II/[ [jh,kbc amdbkc obyfcofh fs,j,ty sthvjcnfnib #%°C !@_ 

os-bc ufyvfdkj,fib; fvbc itvltu ojybfy % u cfaefhc _7_! uhfvb cbpecnbs; fs,j,ty 

!^_ vk @7%+-bfy vfhbk[cyfhc #%°C8  
afbaehbc ]fvib7 hjvtkibw vjsfdct,ekbf cfaefhb7 evfnt,ty vfhbk[cyfhc7 

cfaefhc vfcib rfhufl [cybfy lf  evfnt,ty amdbkc8  vjptkty wjvc7  f’ktdty  

,fnjybc  
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ajhvfc7 fsfdct,ty cgtwbfkeh ajhvfib7 hjvtkcfw obyfcofh fs,j,ty sthvjcnfnib 

#%°C-vlt, ptlfgbhc fveifdt,ty vwtyfhtekb ptsbs7 ajhvfc fmdc ofrdtsbkb rjyecbc 

ajhvf pjvt,bs: mdtlf ae’t ~!@^\(%‘ vv, ptlf ~!$#\)@‘ vv7 cbvfqkt (% vv wjvc 

ajhvbfyfl fsfdct,ty sthvjcnfnib #%°C lf bsdkbfy lhjc os-ib7 dblht wjvb fvjdf 

*_ vv cbvfqktpt ~fye ptlfgbhpt lfvfuht,ekbf ibuyblfy vtnfkbc abhabnf !% vv 

pjvbs7 hjujhw rb itt[t,f wjvb vfc7 t8b8 fvjcekbf *_ vv-pt‘ wjvbc fvjcdkf *0 vv-

vlt eylf ufuh’tkltc fhf evtntc *% os8 

 

 

 

  Cfaefhbc fvjvult,b ’fkbc ufycfpqdhf 

o.kbc ptlfgbhpt fvjnbdnbdt,bc cbxmfhbc vb[tldbs 

 

^7@% uhfvb cfaefhb eylf ufb[cyfc o.fkib7 uflfdbnfyjs vpjv rjk,fib lf 

itdfdcjs ybiyekfvlt ~!__ vk‘ tythubekb vjhtdbc itvltu fmtlfy dbqt,s cby] c % 

vk-bc hfjltyj,bs7 devfnt,s * uhfv [jh,kbc amdbkbc II/[7 dehtds wjvc ! os-bc 

ufyvfdkj,fib7 df’ktds vfc ,ehsekfc ajhvfc7 xfeidt,s zbmfib ~@__-@%_ vk‘ #@°C8 

o.kbs7 itvltu itdlufvs sthvjcnfnib #@°C-pt8 
cfaefhbc fvjvult,b  ’fkf ufybcfpqdht,f os-ib7 hjvtkbw b[fh]t,f 

,ehsekbc xfidt,blfy vbc ptlfgbhpt fvjnbdnbdt,fvlt7 wjvbc cbvrdhbdt ~f[kfl 

vjptkbkbc‘  ≈ !7$-bf7 leqbkbc ghjwtcib bub vwbhlt,f lf hjwf [lt,f ,ehsekfc 

cbvrdhbdt ufenjklt,f !-c7 bub lfbo.t,c fvjnbdnbdt,fc8 rfhub cfaefhb fvjfult,c 

wjvbc ,ehsekfc !$-@_ os-ib7 [jkj se ,ehsekfc fvjnbdnbdt,f vj[lf @$ os-ib7 

vfiby cfaefhb fhflfvfrvf.jabkt,tkbf8 

 

 

 

cfaefhbc cbytcnbc ufycfpqdhf 

 

cfaefhbc cbytcnt vbcb [fhb[bc ’bhbsflb vfxdtyt,tkbf8 hfw eahj vfqfkbf 

vbcb cbytcnt7 vbs bub fhfvluhflbf ityf[dbcfc8 cnfylfhnbs vbcb cbytcnt fh eylf 

fqtvfnt,jltc *%+-c8 

% uhfvb cfaefhb7 fojybkb cbpecnbc _7! Uhfvb eylf vjsfdcltc obyfcofh 

ufvjvihfk7 fojybk ,beqsi ~velvbd ojybc‘7 dfsfdct,s ojyfrc ,bemcbs ! cs-bc 

ufyvfdkj,fib #_°c8-pt7 itvltu rb %_ os !#_°C-pt fvbc itvltu dfwbdt,s vfc 



 83

cf[ehfdbfyfl tmcbrfnjhib lf dojybs8 ojyfsf c[dfj,bcsdbc dbsdkbs cbytcnbc +-ek 

itvwdtkj,fc8 

 

 

cfaefhbc  mJavianobis ufycfpqdhf 

  

ufvjidt,bcfc cfaefhbc v;fdbfyj,f fh eylf fqtvfnt,jltc !@_7 [jkj !_ 

lqbfyb ityf[dbc itvltu ~fy nhfycgjhnbht,bc itvltu‘ _°- lfy $°C-vlt #^_ vu 

’vfhv;fdfpt uflffyufhbit,bs !__ uhfvb cfaefhbcfsdbc8 cbv;fdbc vjvfnt,f 

vbudbsbst,c vfcib v;fdfofhvjvmvytkb ,fmnt,hbt,bc lfuhjdt,fpt8 

!_ uhfvb cfaefhb eylf ufb[cyfc %_ vk o.fkib7 afbaehbc ]fvib lf 

ufdnbnhjs _7! N NaOH-bs atyjkanfktbybc !+-bfyb [cyfhbc #-% odtsbc sfyfj,bcfc 

ufnbndhf uh’tklt,f dfhlbcathbc ofhvjmvyfvlt7 hjvtkbw ! ov-bc ufyvfdkj,fib fh 

bwdkbc athc8 v;fdbfyj,f ufvjbsdkt,f vbkbuhfvt,ib [nbsnKbwb{f! hbebbohbsjTfcjU 

!__ uhfv cfaefhib8 se v;fdbc ufytbhnfkt,fpt lfb[fh]f a vk _7! N NaOH ~!_ 

uhfvb cfaefhbcfsdbc‘8 ’vfhv;fdfc hfjltyj,f7 hjvtkbw ittcf,fvt,f ! vk _7! N 

nentc7 njkbf ^ vbkbuhfvbcf7 itcf,fvbcfl !_ uhfv cfaefhib ’vfhv;fdfc 

itvwdtkj,f bmyt,f ^ a vbkbuhfvb7 [jkj !__ uhfv cfaefhib:  

 

                             
10

100..6 ax =  nh!

 

 

Cfaefhbc vfknjpehb fmnbj,bc 

ufycfpqdhf 

 

   bvbcfsdbc7 hjv vbdbqjs gehb rfhub [fhbc[bc – itcf,fvbcb vjwekj,bsf 

lf ufaet,ekb uekbs, fewbkt,tkbf7 hjv leqbkb lf.jdyt,bcfc lf w[j,bc gbhdtk 

tnfgpt b.jc tythubekb8 ghfmnbrfib ud[dlt,f bctsb cfaefhbw7 hjvtkbw akj,c 

rfhu fvotd ’fkfc cnfylfhnbs7 vfuhfv welfl faet,c wjvc leqbkbcfc7 hfcfw bvbs 

[cybfy7 hjv wjvbc itvwdtkb ifmht,b ~cfresfhb – cf[fhjpf7 ukerjpf7 ahemnjpf lf 

cf[fvt,kbc athvtynfnekb /blhjkbpbs vbqt,ekb vfknjpf‘ leqlt,bfy cfaefhbs 

c[dflfc[df [fhbc[bs8 ’fkbfy fldbkfl leqlt,bfy ukerjpf lf ahemnjpf8 

cf[fhjpfcf lf vfknjpfc cfaefhb b.tyt,c v[jkjl vfsb vjyjcf[fhblt,fl 

obyfcofhb /blhjkbpbc itvltu8 leqbkbc ,jkjc lf lf.jdyt,bcfc uhjdlt,f 

vfknjpf7 hjvtkbw b[kbxt,f jh  
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vjktrekf ukerjpfl8 cfaefhbc vfknfpbc fhfchekb fmnbdj,bcfc vfknjpbc 

/blhjkbpb ve[hezlt,f lf lfleqt,ekb ifmht,bc ervfhbcj,bc ufvj ve[hezlt,f 

fbhofhvjmvybc eyfhb7 itcf,fvbcfl tc bodtdc wjvbc fvotdb ’fkbc itvwbht,fc7 gehbc 

vjwekj,bcf lf ajhbfyj,bc itvwbht,fc7 fvbnjv hjv dbvc]tkjs cfaefhbc [fhbc[pt 

vbc vbth wjvbc ufaet,bc sdfkcfphbcbs7 htrjvtylbht,ekbf vbc fvotd ’fkfcsfy 

thsfl ufydcfpqdhjs vfknfpehb fmnbj,f. 

          ! uhfvb lfoyt[bkb cfaefhbcf lf $_ vk jyrfybc o.kbcufy fvpflt,ty 

cecgtypbfc7 evfnt,ty #_ vk !_+-bfy vfknjpbc [cyfhc lf bsdkbfy lhjc7 hjvkbc 

ufyvfdkj,fibw ufvjb.jaf @_ vk yf[ibhv;fdf –– fbhb CO2-bc vjwekj,fpt 

vc]tkj,ty vfymfybc ptsbc bv hfjltyj,bs7 hjvtkbw ufvjltdybc zehzkblfy CO2.  

 
Vbf[kjt,bsb yjhvt,b vfknfpehb fmnbj,bcf cfaefhbcfsdbc ~os‘5 

rfhub – (%-!!_ os  

lfvfrvf.jabkt,tkb - !!_-!^_ os 

welb - !^_-c ptvjs )xU/*!!

 

 

 

 

 

 

   lfoyt[bkb cfaefhbc jcvjvvuh’yj,tkj,bc lflutyf 

 

 jcvjvuh’yj,tkj,f - tc fhbc lfoyt[bkb cfaefhbc sdbct,f7 itfvwbhjc 

leqbkbc fmnbj,f fvfqkt,ekb jcvjcehb oytdbc fhtib8 jcvjvuhZyj,tkj,bc vmjyt 

gehbc cfw[j,b cfaedht,b fve[hezt,ty wjvbc fvjcdkfc ~hjwf bub itbwfdc ifmfhc 

lf vfhbkc‘8 jcvjvuh’yj,tkj,bc vtsjlbc ufycfpqdhf lfae’yt,ekbf evfhbkj 

wjvbcf lf vfhbkbfyb wjvbc fvotdb ’fkbc itlfht,bs itafct,fpt8 

 ntmybreh cfcojhpt ojybfy jh ojyfrc7 sbsjtekbc _7#! Uhfvbc jltyj,bs8 

gbhdtk ojyfc evfnt,ty $7( vk jyrfybc o.fkc #%°c7 evfnt,ty ^7%-8/6 uhfv amdbkc 

~[jh,kbc II/[‘7 ptkty ewt, wjvc7 f’ktdty ,ehsekfc ajhvfc lf cfpqdhfdty fvotd 

’fkfc xzmjt ptlfgbhpt fvjnbdnbdt,bc lhjbc vb[tldbs48 vtjht ojyfrc evfnt,ty 

$7( vk #7#%+-bfy vfhbk[yfhc7 itvs,fhc #%°c-vlt lf fuh’tkt,ty vtsjlbrbc 

itchekt,fc bctdt7 hjujhw gbhdtkb ojyfrbcfc8 jhbdt vybiydtkj,fc fvhfdkt,ty #7% -

pt7 hbsfw f[ltyty uflffyufhbit,fc fvotd ’fkfpt cnfylfhnekb vtsjlbs8 vbqt,ekb 

itltut,bc c[dfj,bs f[ltyty cfaedhbc jcvjvuh’yj,tkj,bc [fhbc[bc lflutyfc8 
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 cfdfhfelj yjhvt,b jhvjvuh’yj,tkj,bc cblblbcf lfoyt[bkb cfaefhbcfsdbc 

~os.‘ 

rfhub –      –         !-!_  

lfvfrvf.jabkt,tkb – !_-@_ 

welb –                           @_-c ptvjs  

 
 

 

                       zdfdbc amdbkbc fdnjkbnehb fmnbdj,bc 

ufycfpqdhf tmghtc-w[j,bs 

 

fv vtsjlbc ufvj.tyt,bcfc cfpqdhfdty Xdfdbc amdbkbc gehbc jhufyjktgnbreh 

vfxdtyt,kt,c7 uekbc vlujvfhtj,fc7 o.fkib [cyflb ybdsbtht,t,bc itvwdtkj,fc8  

bqt,ty cby]c $! uhfvc  ~Xdfdbc amdbkb‘ lf $! Vk o.fkc ~!*-@_°c‘7 vjptkty 

wjvc thsudfhjdfyb   vfcbc  vbqt,fvlt7  f’ktdty  ,ehsekfc  ajhvfc lf fw[j,ty  

qevtkib  

 

@#_°c. –@_ os8 ufvjvw[dfh rjrjhc  fwbdt,ty7 fafct,ty jhufyjktgnbrehfl lf vbc 

uekib cfpqdhfdty cbytcntcf lf o.fkib [cyflb ybdsbtht,t,bc itvwdtkj,fc8  

jhufyjktgnbrehb itafct,bcfc .ehflqt,f tmwtdf vbc vjwekj,fc7 ufht cf[tc7 

ptlfgbhbc itathbkj,fc7 uekbc athcf lf vlujvfhtj,fc7 ptlfgbhpt yf[tsmt,bc 

fhct,j,fc8 se rjrjhbc ajhvf cojhbf7 sfyf,fhitathbkb he[b ptlfgbhbs7 lblb 

yf[tsmt,bc ufhtit ptlfgbhpt7 uekb vihfkbf it[t,bcfc7 zdfdbc amdbkb yjhvfkehb 

[fhbc[bcff8 

se rjrjhbc ajhvf ,hn.tkbf7 mdtlf mthmbc lbfvtnhb lblbf7 ptlfgbhpt fmf-bm 

vemb athbcff7 uekb ot,dflb lf vembf7 rjycbcntywbbs f[kjcff cmtkb fahbc 

rjycbcntywbfcsfy, vfiby amdbkb [fcbfslt,f vfqfkb fdnjkbnehb fmnbdj,bs8 

Uv! lplpsj! ndjsf! npdvmpcjtbb-! --TflvnTvmjb"-! brwt! ! nlwsjwj! nTsbmj!

hvmj-!grwjmj!ybtjbUefcb!ebcbmj!bwupmjuvsj!brujwpcjU/!

o.fkib [cyflb ybdsbtht,t,bc hfbjltyj,hbdb ufyfpqdhbcsdbc ntmybreh 

cfcojhpt ojybfy @% uhfv uekc7 afbaehbc ]fvib vfc ehtdty o.fksfy thsfl 

uekvjlubytl7 uflffmds %__ vk rjk,fib!bwtfcfo!xzmjU!361!nm.nef!bokSsfwfo!2.

tU! ! hbonbwmpcbTj-! qfsjpevmbe! Ubwebyvsvm! nehpbnsfpcbTj-! zpwfm! 21! xvUTj!

fsUyfm! okSsfwbt! bxbsnpfcfo! 2! xU.jt! hbonbwmpcbTj-! bzpwofcfo! 2.tU-!!

eflboubdjjU! Uyfwbe! gb{bt! hbebjubofo! tywb! XvsXfmTj! eb! gjmusbwfo/!
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gjmusbuTj! tb{Swsbwfo! nTsbm! ojwUjfsfcfct! ! sfgsbrupnfusjU! bo! hbnpTspcjt!

nfUpejU/!

21! nm! gjmusbuj! hbebbrwU! xjobtxbs! bxpojm-! nvenjw! xpobnef! ebzwbojm!

gbjgvsjt! kbnTj-! bTspcfo! xzmjt! bcb{bob{f! bo! tbTspc! lbsbebTj! 216ºC-{f! 86xU/!

bdjwfcfo-!xpojbo/!!

bohbsjTj;!Uv!hvmjt!sbpefopcb!bSfcvmjb!36!hsbnj-! frtusbrdjb!npyeb!361!

nm! xzmjU-! gjmusbdjjt! npdvmpcb! bwjSfU! 21! nm! hbnptbTspcbe-! nbTjo!

hbnpnTsbmj!obmfrjt!sbpefopcb!hbnpjUwmfcb!gbjgvsjt!kbnjt!xpobUb!tywbpcjU-!

ft!Tfftbcbnfcb!xzbmTj!ytobej!ojwUjfsfcfcjt!sbpefopcbt!&.Tj-!bSfcvm!tjokTj/!

xzbmTj! ytobej! ojwUjfsfcfcjt! sbpefopcjt! hbebUwmb! )&*! nTsbm!

ojwUjfsfcfc{f!hbnpjUwmfcb!gpsnvmjU;!

!

 

X=a.100 / (100 - wgrw) 

 

tbebd! ! ! a  -  xzbmTj! ytobej! ojwUjfsfcfcjt! sbpefopcbb! &.cjU! lplpsjt!

hvmTj/!

                      Wgrw!!.!grwjmjt!tjoftufb!&/!

!

!!!!!!!!!!!!!bwupmjuvs! bbrujpcb{f! Tfj[mfcb! wjntkfmpU! bhsfUwf! hbnpndywbsj!

lplpsjtbUwjt!H/D-t!tjejejU/!sbd!vgsp!nbSbmjb!ft!tjejef-!njU!vgsp!ebcbmjb!

bwupmjuvsj!brujpcb!eb!qjsjrjU/!

bobmj{jtbUwjt! grwjmjt! xpoblj! voeb! bwjSpU! jtfUj! hbbohbsjTfcjU-! spn!

dpnjt! nTsbmj! ojUjfsfcfcjt! sbpefopcb! jzpt! 53-86! hs-! spdb! grwjmjt! tjoftufb!

25-6&/!

!

!

!!!!!

!!!!!!!Xwbwjt!hbdsjmj!eb!rbupjboj!grwjmjtbUwjt!

qvsdypcjt!vobsjbopcjt!hbotb{Swsb!tbdefmj!

!!!!!!!!!!!!!!!!!!!!!!!!mbcpsbupsjvmj!dypcjU!

!



 87

dpnt! ! Xwbwjt! hbdsjmj!eb! rbupjboj! grwjmjtbhbo! bn{befceofo! bgsvmj!

nfUpejU/! Ubwebqjswfmbe! voeb! hbojtb{Swspt! grwjmjt! tjoftuf/! bgbsj! eb! dpnj!

n{beefcb!Tfnefhj!sfdfquvsjU;!

!

!

!

ofemfvmj!

!

!

bgbsj!

!

dpnj!

!

tvm!

!

grwjmj-!hs!

xzbmj!

s[jt!nKbwb!)91&.jboj!nm*!

ebxofyjmj!tbgvbsj-!hs!

nbsjmj-!hs!

!

64!

boh!

1/6!

1/49!

–!

!

:8!

boh/!

1/6!

3/35!

3/36!

!

261!

boh/!

2/1!

3/7!

3/36!

!

! !

dpnjt! tjoftuf! rbupjboj! grwjmjtbhbo! voeb! jzpt! 63&-! ypmp! hbdsjmj!

grwjmjtbhbo! `! 61&/! xzmjt! sbpefopcjt! 2/4! jybskfcb! bgsjtbUwjt-! ypmp! 3/4!

dpnjtbUwjt/!

bgsjt! ufnqfsbuvsb! voeb! jzpt! 41ºC, xzmjt! ufnqfsbuvsb! bnjtUwjt!

hbnpjUwmfcb! DwfoUwjt! vlwf! hbnpzfofcvmj! gpsnvmjU;! )--grwjmjt! bjsxbsnprnojt!

vobsjt!hbotb{Swsb”*!

xzmjt!ufnqfsbuvsb!dpnjtUwjt!hbnpjUwmfcb!gpsnvmjU;!

!

 

 

txzm/=td/+[Cgrw/G!grw/(td!- t!grw) /GxzmCxzm]  

+Cbgs/G!bgs/(td!- t!bgs) cxzm!bbgs 
!

tbebd-!!!tgrw!.!!!grwjmjt!ufnqfsbuvsbb!/!

              Cgrw/.!!!!grwjmjt!Ucpufwbepcbb-!Cgrw/=2-368!lk/(lh/k)!

             G!grw/!.!!grwjmjt!sbpefopcb-!spnfmjd!Tfhwzbwt!grwjmTj-!h!!

             Cxzm!.!!xzmjt!Ucpufwbepcb!!Cxzm/=5-2:!lk/(lh/k)!
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            Cbgs!.!!bgsjt!!Ucpufwbepcb!lk/lh/k !

            Gbgs!.!!bgsjt!sbpefopcb-!!hsbnj/!

            Gxzm!.!!xzmjt!!sbpefopcb-!spnfmjd!Tfhwbrwt!dpnTj-!hsbnj/!

            t!bgs.!!!bgsjt!!ufnqfsbuvsb!ºC 

           b!bgs!.!!xzmjt!sbpefopcb-!spnfmjd!Tfhwzbwt!bgbsTj hsbnj 

            td!.!!!!!dpnjt!!ufnqfsbuvsb!ºC!

!

!!!!!!!!!bgsjt!Ucpufwbepcb!hbnpjUwmfcb!gpsnvmjU;!

!

!

Cbgs/=(Cgrw  .   Ggrw/bg!+!C!xzm!!/ bbgs)/Gbgs!

!

!

tbebd!!Ggrw/bg!!`!!bsjt!grwjmjt!sbpefopcb-!spnfmjd!Tfhwzbwt!bgbsTj-!hsbnj/!

!

!

!!!!!!!!bgsjtb!eb!dpnjt!npn{befcb;!

64! hsbn! grwjmt! bUbwtfcfo! xjobtxbs! npn{befcvm! XvsXfmTj-! jSfcfo!

hbbbohbsjTfcvmj! xzmjt! sbpefopcbt! )tbXjsp! ufnqfsbuvsjU*-! xjobtxbs! nbtTj!

ytojbo!1-49!hsbn!ebxofyjm!tbgvbst-!1-6!nm!s[jt!nKbwbt-!TfbrwU!ft!nbtb!grwjmTj!!

eb! txsbgbe! bn{befcfo! bgbst! )fsUhwbspwboj! lpotjtufodjjt*/! XvsXfmt! Ubwt!

byvsbwfo! nXjespe-! TfbrwU! UfsnptubuTj! 41 ºC jt! ufnqfsbuvsjt! qjspcfcTj! 351!

xvUjt!hbonbwmpcbTj/!

dpnjt! nptb{fmbe-! xjobtxbs! hbbohbsjTfcvm! xzmjt! sbpefopcbTj! tbXjsp!

ufnqfsbuvsjU!ytojbo!3/35!hs!tbgvbst-!1/6!nm!s[jt!nKbwbt-!TfbrwU!ft!nbtb!bgbsTj!

eb! vnbufcfo! :8! hs! grwjmt-! np{fmfo! dpnt! eb! evSjmjtbUwjt! bUbwtfcfo!

UfsnptubuTj! 41 ºC-jt! ufnqfsbuvsjt! qjspcfcTj! 231! xU.jU/! Uv! Ufsnptubuj! bs!

oftujboefcb!xzmjt!psUrmjU-!nbTjo!XvsXfmt!byvsbwfo-!spn!dpnnb!bs!hbojdbept!

завертивание/!bgsjtb!eb!dpnjt!ufnqfsbuvsfcj!j{pnfcb!evSjmjt!ebtbxzjtTj!eb!

cpmpt! njSfcvmj! dpnjebo-! spnmjt! nbtb! voeb! jzpt! 286! hs-! spdb! grwjmjt!

tjoftufb! 25/6! &-! nbt! bUbwtfcfo! gpsnbTj;! gpsnjt! {pnfcjb;! rbupjboj! grwjmjt!

dpnjtUwjt;! rwfeb!gv[f! bsjt! )56Y91*! nn-! {feb! )66Y:6*! nn-! tjnbSmf! 76! nn/! hbdsjmj!

grwjmjt!dpnjtbUwjt;!rwfeb!gv[f!)66Y:6*!nn-!{feb!)768Y216*!nn-!tjnbSmf!86nn/!
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gpsnbt! dpnjbobe! bUbwtfcfo! UfsnptubuTj-! tbebd! jdbwfo! 46.47! ºC jt!

ufnqfsbuvsbt-! gbsepcjUj! ufojbopcjU! 96&/! ebzpwofcjt! espb! 46xU!`! hbdsjmj!

grwjmjt!dpnjtbUwjt!eb!61xU.!obcfhwj!grwjmjt!dpnjtbUwjt/!

dypcb!yefcb!mbcpsbupsjvm!SvnfmTj! 341 ºC {f-! 41xU-! bnjt!Tfnefh!yefcb!

hbdjwfcb!eb!pshbopmfquvsj!Tfgbtfcb;!

hbsfhboj!nbtjt!Tfgbtfcjtbt!zvsbeSfcb!frdfwb!njt!gpsnbt-!tjnfusjvmpcbt!/!

rfsrjt! nehpnbsfpcjt! Tfgbtfcjtbt! zvsbeSfcb! frdfwb! {febqjsjt! gpsnbt-!

nbt{f! obyfUrfcjt! bstfcpcbt-! {febqjsj! Tfj[mfcb! jzpt! bnp{ofrjmj-! csuzfmj-!

Db{ofrjmj/!

gfsjt! Tfgbtfcjtbt! zvsbeSfcb! frdfwb! {febqjsjt! Tfgfsjmpcjt!

fsUhwbspwofcbt-!gfsj!Tfj[mfcb!jzpt!nlsUbmj-!Sjb.zbwjtgfsj-!zbwjtgfsj-!eb!nvrj!

.!zbwjtgfsj/!

hvmjt! gpsjbopcjt! Tfgbtfcjtbt! zvsbeSfcb! frdfwb! gpsfcjt! sbpefopcbt-!

nbU!{pnfct-!hbobxjmfcjt!ybsjtyt!hvmTj-!gpsfcjt!lfemfcjt!tjtrft/!

fmbtujvspcb-!bspnbuj!eb!hfnp!jtjokfcb!jtfwf-!sphpsd!ypscmjt!grwjmjt!

qvsjtbUwjt/!

!

!

qvsjt!ybsjtyjt!hbotb{Swsb!!

gj{jlp!.!rjnjvsj!nbDwfofcmfcjU!

!

!!!!!!!!tuboebsujU! .! qvsjt! gj{jlp.rjnjvs! nbDwfofcmfct! njflvUwofcb-! tjoftuf-!

nKbwjbopcb!eb!gpsjbopcb/!

sbd! nfujb! qvsjt! tjoftuf-! njU! oblmfcjb! nbtTj! nTsbmj! ojwUjfsfcfcj! eb!

Tftbcbnjtbe! oblmfcjb! njtj! fofshfujlvmj! Sjsfcvmfcb/! xbsnpfcbTj! [jsjUbebe!

qvsjt! tjoftujt! hbotb{Swsb! yefcb!xpobljt! )hvmjt*! hbnpTspcjU! nvenjw! nbtbnef;!

hbnpTspcb!yefcb!tbTspc!lbsbebTj-!241ºC-{f-!61xU!hbonbwmpcbTj/!

gpsjbopcjt! hbotb{SwsjtbUwjt! jzfofcfo! ! Kvsbwmjpwjt! yfmtbxzpt-! njtj!

tbTvbmfcjU! qvsjt! hvmjebo! yefcb! hvmjt! bnpXsb-! tjokt! wjSfcU! 3.4! kfs-!!

Kvsbwmjpwjt!yfmtbxzpUj!bnpSfcvmj!UjUpfvmj!ojnvTjt!npdvmpcbb!38tn³/!
gpsjbopcb!hbojtb{Swsfcb!gpsnvmjU;!

!

!
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x=(v-g/ρ)/v.100 

 

tbebd-!!v-   tbfsUp!npdvmpcbb!tjokfcjtb-!tn³/!

            g-   nbUj!nbtbb!hs.Tj/!

            ρ – bsjt!hvmjt!bsbgpspwboj!nbtjt!tjnlwsjwf-!h!/tn³ 

!!!!!!!bsbgpspwboj!nbtjt!tjnlwsjwf!!tn³ npdfnvmjb!rwfnpU;!

qvsj!Xwbwjt-!Xwbw.ypscmjt!eb!ypcmjt!obchwj!`!2/32!h!/tn³. 

ypscmjt!J/!y!!`!!2/42!h!/tn³. 

ypscmjt!JJ/!y!`!!2/37!h!/tn³. 
!!!!!!!tjnKbwjt! hbotb{SwsjtUwjt! jSfcfo! hvmjebo! xpoblt! 36! hs! pefopcjU!

bUbwtfcfo! 611! nm.jbo! cpUmTj-! spnfmtbd! brwt! Ubwtbyvsj! lbshbe! npshfcvmj-!

vnbufcfo! 361! nm! xzbmt! UboebUbo-! fofshjvmbe! bokSsfwfo! 3.3! xU! 21xU.jboj!

TvbmfefcjU-!Tfnefh!xvsbwfo!nbsmbTj! )epmcboeTj*-! !qjqfujU!!jSfcfo!61!!nm.t!

eb! ujusbwfo! 1/2! N! KOH-jU! bo! 1/2! N!  NaOH jU-! 3.4! xwfUj! 2&.jboj!

gfopmgubmfjojt! Ubobpcjtbt! wbsejgsbnef-! spnfmjd! bs! rsfcb! 2! xU.jt!

hbonbwmpcbTj/!

!

!

nKbwjbopcb!hbnpjUwmfcb!OH.Tj!gpsnvmjU;!

!

100.25.50
100.250.0 akHX =  

!

tbebd-!! a     -  1/2!N!!NaOH-jt!bo!KOH sbpefopcbb!nm/!!

!!!!!!!!!2/21!.!bsjt!lpfgjdjfouj!1/2!N –jt!!hbebtbzwbobe!1 N-Tj/!
!!!!!!!!211!.!!bsjt!lpfgjdjfouj-!spnfmjd!xpoblt!hbebjzwbot!211!hsbnTj/!

          K – Tftx/!pfgjdjfouj/!

!!!!!!!!36.!tblwmfwj!xpobljt!nbtb-!h/!
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!!!!!!!361.! xzmjt! sbpefopcb-! spnfmTjd! hbebwjeb! nKbwfcj!

hbtbofjusbmfcmbe-!nm/!

!!!!!!61.!tblwmfwj!ytobsjt!sbpefopcb-!spnfmjd!bwjSfU!hbtbujusbe-!nm/!

!

!

!

obyfwbsgbcsjlbufcjt!Tfgbtfcb!

!

obyfwbsgbcsjlbufcjt! Tfgbtfcjtbt! pshbopmfqujlvsbe! nyfewfmpcbTj!

jSfcfo! {febqjsjt! nehpnbsfpcbt-! hbgvfcjtb! eb! bnxfwj! [bmjt! ybsjtyt-!

lpotjtufodjbt!)tvtuj-nbhbsj-!opsnbmvsj*!tjnTsbmjt!ybsjtyt-!)nTsbmj-!oftujboj-!

xfcwbej-!mpsxpwboj*-!hfnpt!-!tvot-!gfst/!

tjoftuf!hbojtb{Swsfcb!tbTspc!lbsbebTj!nvenjw!xpobnef!ebzwbojt!nfUpejU!

bo!DjKpwjt!yfmtbxzpUj!`!txsbgj!nfUpejU/!tjnKbwjt!hbotb{SwsjtbUwjt!jSfcfo! 2!

hs! obyfwbsgbcsjlbut-! ytojbo! 61! nm!ejtujmjsfcvm! xzbmTj-! vnbufcfo! 4.6! xwfU!

gfopmgubmfjojt! )2&.jboj! tqjsuytobsj*! eb! ujusbwfo! 1/2! N! ! NaOH-jU!

wbsejtgfsbnef/!

!

 

 

 

X=2ak 

 
!

tbebd-!!a .!!NaOH jt!sbpefopcbb!ebybskvmj!hbujuwsb{f!nm/!

            k- uvujt!Tftxpsfcjt!lpfgjdjfouj/!

!

!

!

frtqfsjnfouj!2/!ebwbmfcb;!

!

!!!dpnjt!evSjmjtbt!ufnqfsbuvsjt!hbwmfob!dpnjtb!eb!qvsjt!ybsjty{f/!
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!!!!!!!!!fsUjebjhjwf! sfdfquvsjU! npn{beeft! 4! vmvgb! dpnj-! bsboblmfc! 711! hs!

grwjmjtbhbo!

J!`!!ebzpwofcjt!ufnqfsbuvsb!43!ºC !

JJ!`!ebzpwofcjt!ufnqfsbuvsb!pUbyjt!ufnqfsbuvsb!!

JJJ!`!ebzpwofcjt!ufnqfsbuvsb!56!ºC!

hbwblfUpU!ebtlwofcj/!

!

!

!!!!!!!!frtqfsjnfouj!3/!ebwbmfcb;!

!

)dpnjt! ufnqfsbuvsjt! hbwmfob! bjsxbsnprnojt! vobs{f*! fsUj! eb! jhjwf!

sfdfquvsjU! npn{beeft! 4! vmvgb! dpnj-! )grwjmj`211&-! nbsjmj`2/6&-! tbgvbsj!

`3/6&-!xzbmj!bohbsjTjU*/!

hbw{pnpU! UjUpfvmj! dpnjt! bjsxbsnprnojt! vobsj! tywbebtywb!

ufnqfsbuvsb{f;!

J!`!!!!!!41!ºC  

JJ!`!!!!!pUbyjt!ufnqfsbuvsb!

JJJ!`!!!!!56!ºC!

hbwblfUpU!ebtlwofcj;!

!

!

!

!

!!!!!!!frtqfsjnfouj!4/!ebwbmfcb;!

!

)ebxofyjmj! tbgvbsjt! sbpefopcjt! hbwmfob! dpn{f! eb! n{b! qspevrdjb{f*!

vbgspe!npwbn{bepU!dpnjt!4!vmvgb/!

!

J!`!!!3/6&!tbgvbsj!!

JJ!`!!!1/86&!tbgvbsj!!

JJJ!`!!!6&!tbgvbsj!!

hbnpwbdypU!!hbwblfUpU!ebtlwofcj;!

!

!!!!!!!!frtqfsjnfouj!5/!ebwbmfcb;!
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!

ebxofyjmj! tbgvbsjt! sbpefopcjt! hbwmfob! bjs! xbsnprnojt! vobs{f !!!!!!!!

npwbn{bepU! tbnj! vmvgb! dpnjtb-! 211&! grwjmj-! 2-6! &! nbsjmj-! xzbmj! bohbsjTjU-!

tbgvbsj!tywbebtywb!sbpefopcjU/!

!

J!`!!!3/6&!tbgvbsj!!

JJ!`!!1/86&!tbgvbsj!!

JJJ!`!!6&!tbgvbsj!!

!

hbw{pnpU!UjUpfvmj!dpnjt!bjs!xbsnprnojt!vobsj/!

hbwblfUpU!ebtlwofcj;!

!

!!!!!!!frtqfsjnfouj!6/!ebwbmfcb;!

!

nbsjmjt!sbpefopcjt!hbwmfob!dpnjtb!eb!n{b!obxbsnjt!ybsjty{f!

voeb! npn{beeft! dpnjt! 5! vmvgb! fsUj! eb! jhjwf! sfdfquvsjU-! jn!

hbotywbwfcjU-!spn!!

J!.!!!sfdfquvsjU!hbUwbmjtxjofcvmj!2/6&!nbsjmj!!

JJ!.!!``!!vnbsjmp!!

JJJ!.!!!``!3/6&!nbsjmj!!

!!!!!!!!!!!!!!!!!!!!!JW.!``!6&!nbsjmj!!

hbnpwbdypU/!!hbwblfUpU!ebtlwofcj;!

!

!

frtqfsjnfouj!7/!ebwbmfcb;!

!

nbsjmjt!sbpefopcjt!hbwmfob!dpnjt!bjsxbsnprnojt!vobs{f/!

hbw{pnpU! 5! vmvgb! dpnjtbUwjt! bjsxbsnprnojt! vobsj-! tbebd! Tfubojmjb!

nbsjmjt!tywbebtywb!sbpefopcb!!

!

J!`!2/6&!nbsjmj!!

JJ!`!1&!nbsjmj!

JJJ!`!!3/6&!nbsjmj!

JW!`!!6&!nbsjmj!

!
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!!!!hbwblfUpU!ebtlwofcj;!

!

!

frtqfsjnfouj!8/!ebwbmfcb;!

!

dpnjt!evSjmjt!ybohs[mjwpcjt!hbwmfob!dpn{f!eb!n{b!obxbsn{f!

npwbn{bepU!!4!vmvgb!dpnjtb-!!

!

J!`!ebzpwofcb!)tblpouspmp*!!291xU!!

JJ!.!!!!``!71xU!!

JJJ!.!!!``!351.381xU!!

!

!!!!hbwblfUpU!ebtlwofcj;!

!

!!!!!!!frtqfsjnfouj!9/!ebwbmfcb;!

!

dpnjt!evSjmjt!ybohs[mjwpcjt!hbwmfob!dpnjt!bjsxbsnprnojt!vobs{f!

npwbn{bepU! tbnj! vmvgb! dpnjtb! )211&! grwjmj-! 2-6! &! nbsjmj-! xzbmj!

bohbsjTjU*!byefofo!bjsxbsnprnojt!vobsjt!hbotb{Swsbt/!!

7.9! tbbUjt! hbonbwmpcbTj! eb! bhfcfo! hsbgjlt-! spnfmjd! hbnpybubwt! dpnjt!

bjsxbsnprnojt!ebnpljefcvmfcbt!dpnjt!evSjmjt!ybohs[mjpcbtUbo/!

!!!!!!!!hbwblfUpU!ebtlwofcj;!


