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Wiia fm< úoHd úIh i|yd bx.S%is NdIdfjka iïmdÈ;" wka;¾cd;sl jYfhka ms<s.;a .%ka: 
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1.1  l¾udka; ridhkh  

1.1.1  ridhksl l¾udka;  

kQ;k YsIagdpdrfha m<uq ld¾ñl úma,jh ^1750-1850& yd fojk ld¾ñl úma,jh (1870-1914 
fyda 1850-1940) f,ig y`ÿkd .kq ,nk ld, mßÉfþoj, § ksIamdok udÈ,s (mode of 
production) yd ksIAmdok n,fõ. (Force of production) wdY%s;j ±jeka; fjkialï isÿ úh' 
ñksiqkaf.a uQ,sl wjYH;d mokï lr .ksñka úúOdx.SlrKh jQ fjf<`ofmd< ixl,am iu`. 
ksIamdok yd fiajd ,dN Wmhñka f,dal mßudK ksIamdok isÿ lsÍu fõ.j;a úh' ta i`oyd úúO 
wdldrfha ;dCIKsl fuj,ï yd ksIamdok l%ufõo ks¾udKh úh' fuu ld¾ñllrKh iuÕ 
noaO jQ mßfNdackjd§ ixialD;sh ksid u jQ mdßißl yd iudÔh m%Yak ms<sn|j f,dal  
mßudKfha wjOdkhla u;= ù we;' tfyhska mdßißl .eg¨ yd wdmod we;s ùfï wjodku wvq 
lsÍu" ld¾hlaIu;dj m%Yia; lsÍu yd M,odhs;dj by< kexùu ms<sn| wjOdkh jeä lsÍug  
isÿ úh' fï ksid u ld¾ñl ksIamdok l%shdj,sfhys iqúfYaISsh ia:dkhla ridhksl l¾udka; 
úiska w;a lr .ekSu iu`. u ridhksl bxðfkare úoHdj f,i wOHhk fCIa;%hla ia:dms; úh' 
wo jk úg th m%lg wOHhk fCIa;%hla njg m;a ù we;' 

f,dalfha we;s m%Odk ridhksl ksIamdok lSmhla f,i hlv" wefudakshd" i,a*shqßla wï,h" 
khsá%la wï,h yd fldaiaála fidavd ksIamdokh yd fmfg%da,shï l¾udka;h oelaúh yels h' 
úfYaIfhka u fmfg%da,shï l¾udka;fhka ,nd .kakd ldnksl ixfhda. u; mokï jQ  
ridhksl l¾udka; i`oyd T!IO" taldjhúl" nyqwjhjl" ,sysis f;,a yd ldnksl j¾Kl 
ksIamdokh ksoiqka fõ' tÈfkod Ôú;fha § mßyrKh lrk ma,diaála yd rn¾ NdKav" 
iqj`oldrl" inka" fiaÿïldrl" we,jqïldrl" lvodis" ùÿre" ¨Kq" iSks wdÈ ish¨ ksIamdok 
ridhksl l¾udka; i`oyd fjk;a ksoiqka fõ' uqyqÿ c,h Wmfhda.s lrf.k ¨Kq ksIamdokh 
lsÍu wm rg wdY%s; jQ tla ridhksl l¾udka;hls'  

f,dalfha ksIamdokh lrk m%Odk ridhksl øjH Wmfhda.s lr .ksñka inka ksIamdokh" 
iajdNdúl rn¾ CISrh u`.ska úúO øjH yd NdKav ksIamdokh" isfuka;s ksIamdokh" ;Ska; yd 
ùÿre ksIamdokh wm rfgys ±kg isÿ flfrk ridhksl l¾udka;j,ska lsysmhls' 

f,dal mßudKfhka jHdma; ù ia:dms;j ;sfnk ridhksl l¾udka; úúOdldr fõ' ldnksl 
ridhksl øjH ksIamdokh lrk ridhksl l¾udka; yd wldnksl ridhksl øjH ksIamdokh 
lrk ridhksl l¾udka; f,i o Bg wu;r j lDIs ridhksl" T!IO" ,sysis øjH" j¾Kl"  
f,day yd wfkl=;a øjH ksIamdokh lrk l¾udka; f,i o tajd j¾.SlrKh l< yels h'  

kq;k oekqu yd ;dlaIKh mokï jQ l¾udka; lsysmhla muKla ksoiqka f,ig fuys §   
idlÉPd lr we;' fï jk úg jQ f,dal mßudKfha mdßißl" fi!LH yd iudÔh m%Yak ms<sn| 
wjOdkh fhduq lrñka furgg .e,fmk l¾udka; i|yd fuu oekqu l<ukdlrKh lsÍfï 
m%fõYhla f,i l¾udka; ridhkh ms<sn|j fuys § i,ld n,d we;' 

1.1.2  ridhksl l¾udka; ia:dms; lsÍfï § i,ld ne,sh hq;= wjYH;d 

ridhksl l¾udka; ia:dms; lsÍfï § i,ld ne,sh hq;= wjYH;d .Kkdjls' thska lsysmhla 
my; oelafõ' 

m%d.aOkh 

wuqøjH iemhqu 

Y%uh 
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;dCIKh 

ksIamdok l%shdj,sfha iqrCIs;;dj  

wLKavj mj;ajdf.k hEu i|yd jQ iqrCIs;;dj 

wmøjH yd wmøjH l<ukdlrK l%ufõo 

l¾udka; wdY%s;j ckkh jk mdßißl ¥Il mßirhg tla ùu j<lajd .ekSug .; 
yels Wmdhud¾.  

l¾udka; ia:dmkh lrk m%foaYh 

n,Yla;ss iajNdjh ^fmdis, bkaOk" iQ¾h Yla;sh" kHIaál Yla;sh" ffcj ialkaO& yd 
úhou 

m%jdyk myiqlï yd fjf<|fmd< 

we;s úh yels wk;=rej, iajNdjh yd wk;=re j<lajd .ekSu i|yd fhdod .; yels 
Wmdhud¾.  

rdcH kS;s fr.=,dis  yd m%;sm;a;s 

ksIamdok l%shdj,sfha iqrlaIs;;dj yd wk;=re ùu j<lajd .ekSu ridhksl l¾udka; 
iïnkaOfhka b;du jeo.;a fõ'  ta i`oyd ridhksl l¾udka; wdY%s;j isÿ jQ fÄojdpl ksis 

f,i úuid ne,sh hq;= h' c¾uksfha ´mamdjq (Oppau) ys msmsÍu ^1921 iema;eïn¾ 21& ksid 
ñksiaiq 500 - 600 m%udKhla urKhg m;a jQy' fmdfydr i`oyd Ndú; lrk wefudakshï  
khsfÜ%Ü yd wefudakshï i,af*aÜ ñY%Khl fgdka 4500 m%udKhla msmsÍu Bg fya;= úh' tfia u 
hqlaf¾kfhys p¾fkdì,a kHIaál n,d.drh msmsÍu ^1986 wfm%a,a 26& ksid ñksiaiq 4000       

muK tljr Ôú;laIhg m;a úh' bkaÈhdfõ fndamd,a fÄojdplh (1984 foieïn¾ 27) ksid 
i;shla ;=< § ñksiaiq 8000 muK Ôú;laIhg m;a jQy' W.% úI ixfhda.hla jQ 
fu;s,awhsfidihkhsâ ldkaÿ ùu thg uQ,sl fya;=j úh' fï ksid ridhksl l¾udka;hl   
ienE wjYH;dj yd ta wdY%s;j isÿ jk foaYmd,k" iudc" wd¾Ól yd mdßißl úm¾hdi ksis          
f,i jgyd .ekSu w;sYh jeo.;a h' tfia u ksIamdok ls%hdj,sh wdrËs; f,i mj;ajdf.k 
hEu ie,iqï lsÍu yd ksIamdok ls%hdj,sh ld¾hËuj yd M,odhsj mj;ajd .ekSu ms<sn`o 
wjfndaOh b;d jeo.;a h' 

1.1.3  ridhksl l¾udka; wdYs%; wuqøjH Ndú;h 

ridhksl l¾udka; i`oyd ndysßka imhk yd ksIamdok l%shdj,shg iyNd.s jk øjH" wuqøjH 
fõ' we;eï l¾udka;j, § wuqøjH ridhksl úm¾hdij,g Ndckh fõ' fï i|yd ksoiqka 

f,ig NaHCO3, H2SO4 jeks ixfhda. ksIamdokh oelaúh yels h' we;eï ridhksl 
l¾udka;j, § wuqøjHj, wvx.= ridhksl ixrpl ksIamdÈ;h ;=< tf,i u mj;S' tkï 
ridhksl úm¾hdi isÿ fkdfõ' tfy;a fN!;sl úm¾hdih isÿ fõ' ;Ska; ksIamdokh fï    
i|yd ksoiqkls'  

ridhksl l¾udka; i`oyd úúO wuqøjH Ndú; fõ' fï i`oyd úúO m%Nj Ndú; lrhs'     
ksoiqkla f,i wefudakshd ksIamdokhg wjYH tla wuqøjHhla f,i khsg%cka jdhqj Ndú;  

lrhs. fï khsg%cka ,nd .kakd m%Njh jdhqf.da,Sh jd;hhs. jdhqf.da,Sh jd;h øj lsÍfuka 

miqj Nd.sl wdijkh u`.ska N2 jdhqj fjka lr f.k wefudakshd ksIamdokhg fhdod .kS' 

tfy;a khsá%la wï,h ksIamdokfha § wefudakshd TlaislrKh lr NO2 jdhqj ,nd .ekSug 
Tlaiscka iemhSu i`oyd msßisÿ Tlaiscka jdhqj fjkqjg jdhqf.da,Sh jd;h Rcqj u fhdod   

.kshs' wefudakshd ksIamdokh ̂ fyan¾ l%shdj,sh& i`oyd wjYH wuqøjHhla jQ N2 jdhqj ,nd .kakd 
m%Njh jdhqf.da,Sh jd;h jqj;a khsá%la wï, ksIAmdokfha § jdhqf.da,Sh jd;h >Dcqj u 
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wuqøjHhla f,i Ndú; fõ' fï wkqj wuqøjHh l=uk iajrEmfhka Ndú; lrhs o hkak    
;SrKh lsÍug iuia; ksIamdok l%shdj,sh ie,iqï lrk wdldrh" úhou" ixY=oaO;dj fldmuK 
ÿrlg mej;sh hq;= o wdÈ ldrKd m%fhdackj;a fõ'  

wuqøjHhla f,i hï iajdNdúl iïm;la fhdod .ekSfï § my; lreKq ms<sn| i,ld ne,Su 
m%fhdackj;a h'  

wuqøjH §¾>ld,Skj m%fhdackhg .; yels úYd, ixÑ; f,i mej;Su  

m%fõY myiqj 

ixY=oaO;dj  

úfYaIfhka u fndfyda uQ,sl ldnksl ixfhda. ksIamdok i|yd m%Njh jkqfha fndrf;,a h'  
tfia u yhsfv%dldnka ì|Su u`.ska ,nd .kakd yhsv%cka jdhqj wefudakshd ksIamdokhg wjYH 
wuqøjHhla f,i Ndú; lrhs' hlv ksIamdokhg fhdod .kq ,nk fldala mqk¾ckkSh     

fkdjk wuqøjHhls.  

ksIamdok lsysmhla i`oyd fhdod .kq ,nk wuqøjH ms<sn`o flá úia;rhla my; olajd we;' 

jd;h 

a) hlv ksiaidrKh" khsá%la wï,h yd i,a*shqßla wï,h ksIamdokh i`oyd l%shdldß 

ixrplhla f,i O2 wjYH fõ' jdhqf.da,Sh jd;h wuqøjHhla f,i fï ksIamdok    
i`oyd Ndú; fõ' 

b) N2 ,nd .; yels iajdNdúl m%Njhla f,i jdhqf.da,Sh jd;h Ndú; lrhs' jdhqf.da,Sh 

jd;h øj lsÍfuka miqj Nd.sl wdijkh u`.ska ,nd .kakd N2 jdhqj wefudakshd 

ksIamdokhg wjYH wuqøjHhla f,i fhdod .kq ,efí' jdhqf.da,Sh jd;fhka N2 jdhqj 
fjka lr .kakd l%shdj,sfha § jdhqf.da,Sh jd;h" ta l%shdj,sh i|yd wuqøjHhla f,i 
Ndú; lrhs' 

ridhksl l¾udka; i`oyd jdhqf.da,Sh jd;h Ndú; lrk úg §" N2 jdhqj imhk 

m%Njhla f,i fyda O2 jdhqj imhk m%Njhlaa f,i fyda y÷kd .; yels h' 

 

 

 

 

 

                  

c,h  

fidaähï yhsfv%dlaihsâ" khsá%la wï,h" i,a*shqßla wï,h yd le,aishï yhsfv%dlaihsâ 
ksIamdokhg c,h fhdod .kq ,efí' fï l¾udka; i`oyd c, m%Njhla f,i uqyqÿ c,h Ndú; 
fkdlrhs' thg fya;=j tys wvx.= úúO ,jK ksid ksIamdok l%shdj,shg ndOd meñKSu yd 
,efnk ksIamdÈ;fha wmøjH f,i ta ,jK wka;¾.; ùu hs' ta ksid wuqøjH i`oyd ;sìh hq;= 
m%ñ;s ms<sn| wjOdkh fhduq lsÍu b;d jeo.;a ldrKhls' 

           jd;h  øj jd;h N2  jjdhqj

NH3

NO2 jdhqj HNO3

Nd.sl wdijkh 

H2  jdhqj

c,h
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NaCl

uqyqÿ c,h wuqøjHhla f,i fhdod .ekSfuka fyda frdla fida,aÜ f,i jQ ksê u`.ska NaCl ,nd 

.kS' NaCl wuqøjHhla f,i fhdod .ksñka fldiaála fidavd ksIamdokh lrkq ,nhs' tfia u 

Na f,dayh ksiaidrKh lsÍug wuqøjHhla f,i NaCl fhdod .kq ,efí' NaCl ksIamdokh 
i`oyd m%Njhla f,i uqyqÿ c,h kï l< yels jqj;a uqyqÿ c,h fldaiaála fidavd ksIamdokh 
i`oyd wuqøjHhla f,i Ndú; l< fkdyels h' 

Lksc 

Lksc mqk¾ckkSh fkdjk iïm;ls' hlv" ;U" ksl,a" we¨ñkshï" ghsfÜkshï jeks f,day 
ksiaidrKh i`oyd ta f,day wka;¾.; Lksc j¾. wuqøjH f,i fhdod .kq ,nhs' tfia u 
fmdiaf*aÜ fmdfydr ksIamdokh i`oyd o fmdiafmaÜ wvx.= Lksc fhdod .kq ,efí' Lksc 
mqk¾ckkSh fkdjk iïm;la ksid Lksc u`.ska ksmojk ksIamdÈ; Ndú;fhka miqj 
m%;spl%SlrKh lsÍfï l%shdj,shla mej;sh hq;= h' tfia u §¾>ld,Skj m%fhdackj;a øjH iE§u 
msKsi ta ksIamdÈ; Ndú; lsÍu jeo.;a h' 

.,a w`.=re 

.,a w`.=re mqk¾ckkh fkdjk iïm;ls' bkaOkhla f,i m%Odk jYfhka Ndú; lrhs' hlv 
ksiaidrKfha § bkaOkhla f,i;a" Rcq Tlaisydrlhla f,i fuka u m%Odk Tlaisydrlhla jQ 

CO ckkhg wjYH wuqøjHhla f,i;a fhdod .kq ,nhs'  

fndrf;,a  

fndrf;,a mqk¾ckkh fkdjk iïm;ls' fmg%,a yd ãi,a jeks bkaOk i`oyd m%Odk m%Njh 
f,i fndrf;,a Ndú; lrhs' nyqwjhjl i`oyd wjYH taldjhúl" T!IO yd uQ,sl ldnksl 
ixfhda. ksIamdokh i`oyd wuqøjH ,nd .kakd m%Njh fndr f;,a fõ' fuh mqk¾ckkSh 
fkdjk wuqøjHhla ksid th laIh ùu iu`. Bg wod< ksIamdok mj;ajd .ekSu w¾nqohlg   

m;a fõ' fndrf;,a u`.ska ,nd .kakd bkaOk oykh ksid ckkh jk CO2 f.da,Sh WKqiqu 
jeä ùu flfrys odhl ùu ;j;a w¾nqohls' 

Ydl 

úúO f;,a j¾." CISrh ^rn¾ lsß&" friSk j¾. yd T!IO ksIamdokhg Ydl b;d jeo.;a 

iïm;ls¡ Ydl øjH ‘ffcj ialkaO (Bio Mass)’ f,i y÷kajk w;r l¾udka; i|yd bkaOk 
f,i fuka u úúO ldnksl ixfhda. ksmojd .ekSu i|yd wuqøjH f,i o fhdod .kq ,efí' 
Ydl mqk¾ckkSh iïm;la ùu ksid mßirfha jQ iajdNdúl pl% flfrys ydkshla fkdjk    
mßÈ l<ukdlrKh l< yels m%Njhls' n,Yla;sh ksmoùu i`oyd fmfg%da,shï f;,a j¾.  
Ndú; l< l¾udka;" úl,am n,Yla;s m%Njhla f,i Ôj ialkaO Ndú; lsÍu wdrïN lr     
we;' wm rfÜ l¾udka; o ta i`oyd fhduq fjñka mj;s' 

1.2  Mg ksiaidrKh - võ (Dow) l%uh 

võ (Dow) l%uh uÕska Mg ksiaidrKhg wjYH wuqøjH 

ue.akSishï wvx.= Lksc mDÓú lfndf,a iq,N h. kuq;a uqyqÿ c,h u`.ska Mg ksiaidrKh 

lsÍu jvd;a ,dNodhl h. 
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uqyqÿ c,fha Na+ yereKq úg jvd;a u iq,N f,day legdhkh Mg2+fõ. uqyqÿ c,fha nr wkqj 
0.13%la muK ue.akSishï wvx.= fõ. uqyqÿ c,fhka ¨Kq ksIamdokh lsÍfï wjidk woshf¾ § 

bj; ,k ødjKh ìg¾ka f,i ye`oskafõ. ìg¾ka ødjKfha ie,lsh hq;= ;rñka ue.akSishï 

whk we;s fyhska ue.akSishï ksiaidrKhg ìg¾ka fhdod .ekSu jvd;a fhda.H fõ. uqyqÿ     

c,h fyda uqyqÿ c,h m%;swdi%e;sfhka ^reverse osmosis& miq ,efnk bj; ,k n%hska o fï  
i|yd fhda.H fõ' fï l%shdj,sfha uQ,sl mshjr ieflúka my; mßÈ oelaúh yels h'  

1 mshjr 

fï mshjf¾ uQ,sl wruqK CaO ksmoùu h' yqkq.,a ;dm úfhdackh lr CaO ,nd .kq ,efí. 
fï i`oyd fvd,uhsÜ o Ndú; l< yels h. 

CaCO3(s)                    CaO(s)  +  CO2(g) 

CaCO3·MgCO3(s)      CaO(s)  +  MgO(s) +  2CO2(g) 

fï m%;sl%shdj m%;sj¾;H neúka CO2 ld¾hlaIu f,i bj;a lsÍug yels whqßka ;dm úfhdack 
l%shdj,sh ie,iqï lsÍu uÕska ;dm úfhdack l%shdj,sfha M,odhs;ajh jeä l< yels h'     

,efnk CaO wdY%s;j wmøjH f,i CaCO3 ;sîu wjdishls¡ 

2 mshjr 

fï mshjf¾ uQ,sl wruqK Mg2+ wvx.= ødjKfhka Mg(OH)2 ksmojd .ekSuhs' m<uq mshjr   

u`.ska ksmojd .;a Tlaihsv ^CaO fyda CaO yd MgO& ìg¾ka ødjKh iu`. m%;sl%shd lrjkq 

,efí. tys oS c,h iu`. CaO m%;sl%shd lsÍfuka Ca(OH)2 iEfoa. fï Ca(OH)2 c,fha oS u| 

jYfhka ødjKh ù Ca2+ yd OH- ,nd fohs. Mg(OH)2 ys ødjH;d .=Ks;h Ca(OH)2 ys ødjH;d 

.=Ks;hg jvd l=vd ksid Ca(OH)2 u`.ska ,efnk fï OH- u`.ska ødjKfha jQ Mg2+ whk 

Mg(OH)2 f,i wjlafIam ùu isÿ fõ. ta iu`. u ;j ;j;a Ca(OH)2 ødjH fjñka OH- whk 

ksoyia lrhs' Ca(OH)2 wjlafIam jYfhka b;sß ùula isÿ fkdjk mßÈ ødjH fõ¡ ødjKfha jQ 

Mg2+ m%udKh wjlafIam lsÍug wjYH CaO m%udKhla tla lrhs¡ Mg(OH)2 iuÕ Ca(OH)2 
wjlafIam ;sîu wjdishls¡ 

CaO(s)  +  H2O(l)                      Ca(OH)2(s)                  -------  (1) 

Ca(OH)2(s)          Ca2+(aq)   +   2OH-(aq)     -------  (2) 

Mg2+(aq)   +  2OH-(aq)           Mg(OH)2(s)      -------  (3) 

3 mshjr 

iEfok Mg(OH)2  fmrd bj;a lr th idkaø HCl iu`. m%;sl%shd lrjd MgCl2 idod.kS. 

Mg(OH)2(s)   +  2HCl(aq)                      MgCl2(aq)  +  2H2O(l) 

ms,siaiQ fvd,uhsÜ (MgO.CaO) fhÿfõ kï tys jQ CaO by; mßÈ c,Sh ødjKfha jQ Mg2+  

whk iu`. m%;sl%shd lrhs' tfy;a MgO  c,fha wødjH ksid iEfok Mg(OH)2  wjlafIamh    

iu`. MgO o ñY% ù mj;Ss' 
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4 mshjr 

fï ødjKh ;oska r;a lr c,h jdIam lrkq ,efí. iaMálSlrK c, m%udKh o ie,lsh hq;= 

;rï wvq jk mßÈ úh<kq ,efí¡ úh<s ,jKfha 16% (w/w) muK c, m%udKhla we;¡  

MgCl2·6H2O(s)    MgCl2·4H2O(s)  +  2H2O(l) 

MgCl2·4H2O(s)   MgCl2·2H2O(s)  +  2H2O(l) 

,efnk >kh úoHq;a úÉfþokhg ,la lrk jdfka l=àrh ;=< oS m<uqj ú,Sk lr wk;=rej 

úoHq;a úÉfþokh flf¾. ,jKh ú,Sk lsÍu i|yd r;a lrk úg tys jQ c,h iyuq,ska u  

jdIam ù bj;a fõ¡ fldaIh ;=< WIaK;ajh 700-800 ŸC ys mrdihl mj;ajd .kS. MgCl2 ys 

øjdxlh  714 ŸC yd ue.akSishï f,dayfha øjdxlh 650 ŸC muK ksid ta øjdxlhkag jvd by< 
WIaK;ajhl ú,Sk ,jKh mj;ajd .; hq;=h' ta ú,Sk ,jKh úoHq;a úÉfþokh lrk úg 

m%;sM, jk Mg f,dayh øj wjia:dfõ mej;Su ksid fldaIfhka bj;g .ekSu myiq h' Mg ys 

øjdxlfha oS øj Mg ys >k;ajh 1¡584 g cm-3 o ú,Sk MgCl2 ys (øjdxlfha §) >k;ajh           

1¡68 g cm-3 muK o ksid iEfok ú,Sk Mg f,dayh ú,Sk MgCl2 u; mdfõ¡ 

wefkdavh (ñksrka) wi, m%;sl%shdj: 

2Cl-(l)             Cl2(g) + 2e 

iEfok Cl2 jdhqj HCl ksIAmdokh i|yd fhdod .kq ,efí. tu HCl kej; Mg(OH)2  iu`. 

m%;sl%shd lrjd MgCl2 ksIamdokhg fhdod .kq ,efí¡  

lef;davh (jdfka) wi, m%;sl%shdj: 

Mg2+(l) + 2e                  Mg(l)  

iEfok øj Mg fldaIfhka bj;a lr .kS. fuys oS 99.8% muK Mg M,odjla ,nd .; yels h. 
ue.akSishïys øjdxlh 650 °C muK ksid 700 °C jeks WIaK;ajfha § th øj f,i mj;S' 

 

1.1 rEmh ue.akSishï ksmojkq ,nk úoHq;a ridhksl fldaIfhys yrialv jHQyh 

.a/*hsÜ wefkdavh

odylh i|yd bkaOk iys; jdhq iemhqu lrk k,

jdfka Ndckh 
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.=jkahdkd yd jdyk i|yd Yla;su;a ieye,a¨ f,day wjYH fõ' fujeks .=K ,nd .ekSug 

wjYH ñY% f,day ksIamdokhg Mg f,dayh b;d jeo.;a fõ' 

fï ksIamdokfha oS jdhqf.da,hg wu;r CO2 tla ùu  wjdishls¡¡ yqkq.,a fyda fvd,uhsÜ   

ms,siaiSu ksid;a, úoHq;a úÉfþok fldaIh wdY%s;j by< WIaK;ajhla ,nd .ekSug fmfg%da,shï 

bkaOk oykh lsÍu ksid;a jdhqf.da,hg CO2 tla fõ¡ 

1.3  ffldaiaála fidavd ^NaOH& ksIamdokh 

msßisÿ idkaø NaCl ødjKhla n%hska f,i ye|skafõ' n%hska ødjKhla úoHq;a úÉfþokh lsÍu 

u`.ska NaOH ksIamdokh lrkq ,nhs' w;=re M, f,i lef;davh wi,ska H2 jdhqj yd    

wefkdavh wi,ska Cl2 jdhqj msg fõ'  

NaCl^s&  +  c,h                NaCl(aq) 

2NaCl^aq& + 2H2O^l&                      2NaOH^aq& +  Cl2^g&  + H2^g& 

ialkaOh wkqj 50] fldiaála fidavd wvx.= ødjKhlska fuá%lafgdka 2'25 ksIamdokh lrk   
úg § ta iuÕ laf,daÍka jdhqj wdikak jYfhka fuá%la fgdka 1la muK yd yhsv%cka jdhq      

30 kg muK ksmofõ' ialkaO f,i fufia lemS fmfkk fjkila we;;a ujq, m%udK ie,l+ 

úg Cl2 ujq, m%udKh yd H2 ujq, m%udKh wdikakj iudk fõ' ffioaOdka;sl jYfhka    

iEfok Cl2 yd H2 ujq, m%udK iudk jqj;a jdhq f,i tl;= lr .; yels Cl2 yd H2 ujq,  

m%udK iudk fkd fõ' c,Sh m%;sl%shd udOH ;=< Cl2 jdhqj iq¿ jYfhka osh úh yels ksid 

jdhquh jYfhka /ia lr .; yels Cl2 ujq, m%udKh" H2 ujq, m%udKhg jvd iq¿ jYfhka wvq 
úh yels h'  

úoHq;a úÉfþokh uÕska fldiaála fidavd ksIamdokh lsÍug Ndú; lrk fldaI laf,dafrd-
we,al,s fldaI f,i ye|skafõ' tajd ;=ka j¾.hls'

a) riÈh fldaI  
b) m%dÖr fldaI  
c) mg, fldaI  

riÈh fldaI l%uh mokï lr f.k uq,a hq.fha § NaOH ksIamdokh lrk ,È¡ tfy;a    

mßirhg riÈh ksoyia ùug yelshdjla ;sîu yd ksmojk NaOH wdY%s;j b;d iaj,am     
jYfhka riÈh wka;¾.;j ;sîu tys m%Odk wjdis fõ' mg, fldaIh yd m%dÖr fldaIhka ys 

moku fndfyda ÿrg tl iudk fõ' m%Odk; u fjki jkafka m%dÖrhla fjkqjg, mg,  

fldaIfha oS wefkdavh yd lef;davh fjka lsÍug Na+ whk i|yd mdr.uH mg,hla fhdod 
;sîu fõ' mg, fldaIh yd ieiª úg oS m%dÖr fldaIfha wefkdav l=àrfha øj uÜgu lef;dav 
l=àrfha øj uÜgug jvd jeäh' ta ksid weianeiafgdaia m%dÖrh yryd øjia;ssÓl mSvkhla 
wefkdav l=àr ødjKfha isg lef;dav l=àr ødjKhg l%shd;aul fõ' wefkdav l=àrfha isg 

lef;dav l=àrhg Na+ whk ixl%uKh lrùu flfrys ta øjiaÓ;sl mSvkfha n,mEula we;' 

lef;dav ødjKfha isg wefkdav l=àr ødjKh olajd OH¯ whk ixl%uKh ùu je<elaùug ta 
øjiaÓ;sl mSvk n,mEu fya;= fõ' tfy;a mg, fldaIfha § Ok whk ixl%uKh i|yd     
muKla bvla we;s mg,hlska lef;davh yd wefkdavh fjka lr we;' mg, fldaI Ndú;fha 

úoHq;a úÉfþokh
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jdis f,i ksmojk NaOHys ixY=oaO;dj by< ùu" wvq úoHq;a m%udKhla jeh ùu yd mdßißl 
n,mEï wju ùu oelaúh yels h'  

fï úoHq;a úÉfþok l%shdj,sfha § úoHq;a úÉfþokhg fhdod .kakd úoHq;a úNjh yd 
bf,lafg%dav mDIaGfha talSh j¾.M,hlska talSh ld,hl § msg lrk wdfrdamKh jeo.;a 
idOlhla fõ¡ my; j.=fõ tu f;dr;=re imhd we;' 

1.1 jj.=j fldiaála fidavd ksIamdokh lsÍug Ndú; lrk fldaIj, wka;¾.; idOl 

riÈh fldaI m%dÖr fldaI mg, fldaI 

fhosh hq;= fldaI  úNjh/ V 4'4 3'45 2'95 

Odrd >k;ajh/ A cm-2 1 0'2 0'4 

NaOH ixhq;sh (w/w]) 50 12 35 

 

mg, fldaI l%uh 

mg, fldaI l%ufha oS Ndú; jk n%hska ødjKh b;d msßisÿ úh hq;=h' n%hska ødjKh wdY%s;j 

Mg2+, Ca2+ yd  SO42-  whk ;sîu ksIamdok l%shdj,shg ndOd muqKjhs' ødjKh Ndiañl j;a u 

fï legdhk wjfCIm ùu ksid fldaIfha l%shdldß;ajhg ndOd we;s fõ' fï whk NaOH 
ødjKhg tl;= ùu ksid fldaiaála fidavdys ixY=oaO;dj wvq ùu o wjdishls' tneúka 
ksIamdokhg fhdod .kq ,nk n%hska ødjKfha fï wmøjH whk idkaøKh b;d my< uÜgul 

mej;sh hq;= h' uqyqÿ c,h u`.ska ksiaidrKh lrk ¨Kq (NaCl) wdY%s;j Mg2+, Ca2+ yd  SO42-  
whk we;¡ ta wkqj fï ¨Kq u`.ska idok n%hskays jQ wmøjH whk bj;a lsÍug ridhksl msßhï 

lsÍu b;d jeo.;a mshjrls¡ m%udKj;a mßÈ BaCl2 tla lsÍfuka SO42- whk BaSO4 f,i 

wjlafIam lr bj;a l< yels h' m%udKj;a f,i NaOH yd Na2CO3 tla l< úg § Mg2+ yd 

Ca2+ whk Mg(OH)2 yd CaCO3 f,i wjlafIam lrjd bj;a l< yels h'  

Mg2+(aq)  +  2OH–(aq)                  Mg(OH)2(s)   

Ca2+(aq)  +  CO32–(aq)         CaCO3(s)  

Ba2+(aq)  +  SO42–(aq)         BaSO4(s)   

 

 

 

 

 

1.2 rEmh mg, fldaIh 

 

yhsv%cka 

idkaø ¨Kq ødjKh (n%hska 

ødjKh) we;=̀M lsÍu 
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wefkdav l=àrh ;=< ødjKh wdY%s;j wdrïNfha § m%Odk jYfhka Na+ yd Cl– whk we;s w;r 

b;d iaj,am jYfhka c,h ú>gkfhka ,efnk H+ yd OH– whk we;¡ wefkdavh wi,ska    

OH– whk TlaislrKh ù O2 ksoyia lsÍug ,nd Èh hq;= iïu; úoHq;a úNjh 0'4 V yd Cl- 

whk TlaislrKh lr Cl2 ksoyia lsÍug ,nd Èh hq;= iïu; úoHq;a úNjh 1'36 V fõ' fï 

ksid Cl2 ksoyia ùug wu;rj O2 ksoyia ùfï yelshdjla we;¡ O2 ksoyia ùu wvq lsÍug úúO 
Wml%u fhdod we;¡  

4OH–^aq&                O2^g&  +  2H2O(l)  +  4e 

2Cl–^aq&               Cl2^g&  +  2e 

fldaiaála fidavd ksIamdokhg .kq ,nk n%hska ødjKfha NaCl idkaøKh idfmalaIj by< h' 

idfmaËj b;d wvq OH– idkaøKhla yd b;d by< Cl– whk idkaøKhla we;s wjia:dfõ §  

OH– whk y;rla bf,lafg%davh u; tla ù O2 wKqjla yd c, wKq folla iE§u i`oyd we;s 

iïNdú;dj idfmaËj wvq h¡ wefkdav l=àr ødjKh ;=< idfmalaIj by< Cl– whk   

idkaøKhla we;s neúka Cl– whk TlaislrKh ù Cl2  jdhqj iE§u i`oyd idfmalaIj jeä 
iïNdú;djla we;' 

úoHq;a úÉfþokh iu`. Cl– whk idkaøKh jvd;a wvq jk úg § OH– whk TlaislrKh ù  

O2 ksoyia ùfï iïNdú;djla we;' ta ksid wefkdav l=àrhg wLKavj idkaø ¨Kq ødjKhla 

fmdïm lrk w;r wLKavj wefkdav l=àr ødjKh bj;a lsÍula o isÿ lrhs¡ moaO;sh ;=< Cl– 

whk idkaøKh wvq jqj;a Na+ whk idkaøKh wvq fkd fõ' moaO;sh ;=< ^iuia; fldaIh u 

ie,l+ úg §& úoHq;a WodiSk;dj mej;Su uQ,sl ,CIKhls' tneúka Cl– whk Cl2 f,ig  
wefkdav l=àr ødjKfhka bj;a jk úg § fjk;a RK whkhla wefkdav l=àr ødjKhg 

meñKSu fyda Na+ whk lef;dav l=àr ødjKhg ixl%uKh úh hq;= h' TlaisyrKh isÿ    

jkafka lef;dav l=àrh ;=< §h' c,Sh Na+ whkhg jvd myiqfjka H+ whkh TlaisyrKh 

fõ' wdrïNfha § lef;dav l=àrh ;=< jQ udOHfha NaCl ke;s ksid tys jQ m%Odk ixrplh   

c,h fõ' c, wKq ú>gkfhys m%;sM,hla jQ H+ whk È.ska È.g TlaisyrKh jk ksid c,  
wKq m%;sj¾;Hh f,i ú>gkh ù mj;ajd .;a iu;=,s;dj ì`o jefÜ' c, wKq ú>gkfhka 

,enqKq H+ whk H2 f,i bj;a ùu;a iu`. c, wKq È.ska È.g ú>gkh jk ksid lef;dav 

l=àrh ;=< OH- whk idkaøKh jeä fõ' wLKavj úoHq;a úÉfþokh isÿ lrk úg" ld,h;a 

iu`. lef;dav l=àrh ;=< OH– whk idkaøKh by< hhs' 

c, wKq ú>gkfha iu;=,s; wjia:dj (1) iólrKh uÕska oelaúh yels h' 

H2O(l)                  H+(aq) + OH- (aq)  --------- (1) 

H+ whk H2 f,ig TlaisyrKh ksid iu;=,s;;dj ì|jeà we;s wjia:dj ^2& iólrKh uÕska 
oelaúh yels h' 

H2O(l)                H+ (aq) + OH- (aq)   --------- (2) 

wefkdav l=àrh ;=< Cl¯ whk TlaislrK ù Cl2 iEfok YS>%;djg iudk YS>%;djlska     

lef;dav l=àrfha H+ whk H2 f,ig TlaisyrKh fõ' fï ksid u iuia;hlaa f,i ie,l+  

úg § wefkdav l=àr ødjKh ;=< Cl¯ whk wvq jk Ys>%;djg .e<fmk mßÈ lef;dav l=àrfha 
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jQ c,h È.ska È.g ú>gkh ù OH– ckkh ùula isÿ fõ' fï ksid iuia; moaO;sh úoHq;a 
jYfhka WodiSk fõ' 

mg, fldaIh wdY%s;j jQ úoHq;a úÉfþokh iuÕ wefkdav l=àrh ;=< Cl- whk idkaøKh wvq 

jqj;a Na+ whk idkaøKh wvq fkdfõ' tfia u lef;dav l=àrh ;=< c, wKq ú>gkfhka 

,efnk H+ whk TlaisyrKh jk ksid u OH– whk idkaøKh jeä ùu isÿfõ' fï ksid 

mg,h yryd úoHq;a úNj wka;rhla f.dvkef`.a' lef;dav l=àrfha jQ OH– whk wefkdav 

l=àrhg ixl%uKh jqj fyd;a tys jQ Cl2 iu`. OH– whk m%;sl%shd lrhs' tfy;a mg,     

fldaIfha mg,h yryd OH– whk ixl%uKhg yelshdjla ke;s fyhska mg, fldaIfha    
lef;dav l=àr ødjKh wdY%s;j fï m%;sl%shdj isÿ fkd fõ' 

mg, fldaIfha wefkdav l=àrh yd lef;dav l=àrh Ok whk ^Na+& i|yd mdr.uH mg,hlska 
fjka lr we;' fï mg,fha b;d l=vd isÿre we;s w;r ta isÿrej, udhsu wdY%s;j RK whk 
ne`§ we;' tfyhska u ta isÿr wjg wjldYfha RK úoHq;a fCIa;%h uÕska isÿr foig Ok     
whk wdl¾IKh fõ' RK whk úl¾IKh fõ' lef;dav l=àrhg tla k,hlska wLKavj  

c,h tla lrk úg ;j;a k,hlska NaOH iys; ødjKh bj;a lrhs' 

wefkdavh ghsfÜkshïj,ska o lef;davh ksl,aj,ska o ;kd we;' mg, fldaIh uÕska NaOH 
ksIamdokh wLKav l%shdj,shla f,i isÿ l< yels ùu úfYaI;ajhls' wLKavj 26] idkaøKh 
we;s n%hska ødjKhla wefkdav l=àrhg fmdïm lrk w;r .e,Sï igyfka olajd we;s mßÈ 
wefkdavh l=àrfhka bj;a lrk ødjKfha n%hska idkaøKh 24] muK f;la wvq ù we;' fuys 

§ wefkdav l=àrfha Cl- whk TlaislrK ù Cl2 f,i bj;ajk úg u lef;dav l=àrfhka H+ 

whk TlaisyrKfhka H2 f,i bj;a fõ' fï ksid lef;dav l=àrh ;=< OH- whk idkaøKh 

jeä ùfï Ys>%;djh iuÕ ieifok mßÈ, wefkdav l=àrfha jQ Na+ whk lef;dav l=àrhg 

ixl%uKh fõ' fï ksid lef;dav l=àrh ;=< NaOH idkaøKhla f.dvkef`.hs' Na+ whk 
ixl%uKh iu`. tla tla l=àrh ;=< úoHq;a WodiSk;dj we;s fõ' úoHq;a úÉfþokh iuÕ fï
l%shdj,sh È.ska È.g u isÿ fõ' 

wefkdav l=àrh ;=< we;s Cl- whk mg,h yryd lef;dav l=àrh fj; .uka fkdlrk ksid 

iEfok NaOH iuÕ wmøjHhla f,i NaCl ñY% fkdfõ' 

wefkdav m%;sl%shdj (Ok w.%h): 

2Cl-(aq)                    Cl2(g)  +  2e 

lef;dav m%;sl%shdj (RK w.%h): 

2H2O(l)  +  2e                    2OH-(aq)  +  H2(g) 

iuia; m%;sl%shdj: 

2NaCl(aq)  +  2H2O(l)                    2NaOH(aq)  + Cl2(g)  +  H2(g) 
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mg, fldaI l%uh u`.ska NaOH ksmoùu oelafjk ..e,Sï igyk 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   NaCl ,jKh 

n%hska ødjKh

n%hska ødjKh msßmyÿ lsÍu   

^Ca 2+, Mg2+  yd  SO4
2-  

whk bj;a lsÍu) 

wefkdav l=àrh    

(26% (w/w) n%hska 

ødjKh) 

úoHq;a úÉfþokh 

wefkdav l=àrh 

(24% (w/w) n%hska 

ødjKh) 

Cl2 jdhqj ^wefkdavh l=àrfhka& 

úh<Su 
^c,jdIam bj;a lsÍu& 

iïmSvkh lsÍu 

isis,a lsÍu 

øj Cl2 

inka ksIamdokhg" 
frÈms<s ksmoùug 

c,h

              H2 jdhqj       +   OH–(aq) whk

^lef;dav l=àrfhka&    (lef;dav ødjKh)

24% (w/w) 
n%hska ødjKh 
bj;a lsÍu 

mg,h yryd Na+ 
whk  ixl%uKh

úoHq;a úÉfÊokh 

lef;dav l=àrh 

n%hska ødjKh 
m%;spl%SlrKh 

99% (w/w) jQ NaOH 

msßisÿ n%hska ødjKh

Na+(aq) whk 

(lef;dav ødjKh)

c,h

c,Sh NaOH 
32% (w/w)

jdIamSlrKh 
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NaOH iy w;=re M,j, m%fhdack 

NaOHj, m%fhdack  

1) inka ksIamdokh 

2) lvodis" lD;%su fiao yd idhï l¾udka;h 

3) m%n, Niauhla f,i Ndú; lsÍu 

4) wmc,h msßhï lsÍfï oS ner f,day tajdfha yhsfv%dlaihsv f,i wjlafIam lsÍu 

laf,daÍkaj, m%fhdack 

1) frosms<s, oej yd lvodis m,am úrxckh lsÍu 
2) c, iïmdok l%shdj,sfha § c,fha úIîcyrKh i|yd fhdod .kS 
3) HCl ksIamdokh 
4) laf,daßkSlD; rn¾, lDñkdYl, idhï yd T!IO ksmoùu 
5) PVC jeks nyqwjhjl øjH ksmoùug wjYH jhkhs,a laf,darhsâ ksmoùu 
6) úrxck l=vq ksmoùu 

yhsv%ckaj, m%fhdack 

1) HCl ksIamdokh  

2) NH3 ksIamdokh  

3) t<j`M f;,a yhsv%ckSlrKfhka ud.Íka ksIamdokh  

4) bkaOkhla f,i Ndú; lsÍu  

1.4 inka ksIamdokh 

inka ksIamdokfha § ridhkslj isÿ jkafka fldaiaála fidavd iu`. g%hs.a,sirhsâ    
c,úÉfþok m%;sl%shdjla ^ief*dkSlrKh& isÿ ù .a,sifrda,a yd oS¾> odu ldfndlais,sla  
wï,j, fidaähï ,jK iE§uhs' fï ,jK inka f,i y`ÿkajhs' inka wKqjl ldnka yd 
yhsv%cka mrudKq wka;¾.; c,NS;sl j,s.hla yd c,ldó ysila iys; m%foaYhla we;'     

c,ldó ysi wdY%s;j Na+ whkh fyda K+ whkh yd  -COO- whk ldKavh we;' 

i;a;aj f;,a fyda Ydl f;,a inka ksIamdokfha oS tla wuqøjHhla f,i Ndú; fõ. NaOH 
fyda KOH wfkla wuqøjHh fõ. 

 

1.3 rEmh inka wKqjl c,NS;sl j,s.h yd c,ldó ysi 

inka ksIamdokh l< yels l%shdj,s folls' WKqiqï l%shdj,sh (Hot Process) yd YS; l%shdj,sh 

(Cold Process) hkq tu wdldr folhs' YS; l%shdj,sfha § inka yd .a,sifrda,a fjka lsÍu isÿ 
fkdlrhs' inka ;=< .a,sifrda,a ;eïm;a fõ' inka ksIAmdokh lrk WKqiqï l%shdj,sh yd ta   
wdY%s;j m%Odk mshjr y;r ms<sn|j muKla fuys § i,ld n,kq ,efí'  
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1) ief*dkSlrKh 

2) w;=re M,h jQ .a,siÍka bj;a lsÍu 

3) inka msßmyÿ lsÍu 

4) ksñ inka njg m;a lsÍu 

inka wKqjl we;s ldnka mrudKq .Kk 12" 14" 16 yd 18 f,ig fjkia fõ' fmd,af;,ays 
g%hs.a,sirhsâ wdY%s;j tiagr nkaOkj,ska ne£ we;af;a f,daßla wï,h" ñßiaála wï,h"   
iaáhßla wï,h yd Tf,hsla wï,hhs' tfia g%hs.a,sirhsâ iajrEmfhka we;s È.= odu 

ldfndlais,sla wï, ^fïo wï,) m%udKh m%;sY;hla f,i olajhs' óg wu;rj fïo wï, 

iq`M m%udKhla tiagr nkaOk idokafka ke;sj ksoyia fïo wï, (free fatty acid) f,io mj;S' 
fmd,af;,aj, 44-52] muK we;af;a f,daßla wï,h hs' tys ldnka mrudKq 12ls' thska     
mrudKq 11lau c,NS;sl j,s.h wdY%s;j we;' ldnka mrudKq 14la wvx.= ñßiaála wï,h 14] 
m%udKhla we;' fmd,af;,a ys wvx.= mdñála wï, m%udKh 8] ls' mdñála wï,fha ldnka 
mrudKq 16la we;' ldnka mrudKq 18la we;s iaáhßla wï, m%udKh 3] ls' ldnka mrudKq 18la 
yd oaú;aj nkaOkhla Tf,hsla wï,fha we;' th 5 - 8] m%udKhlska fmd,af;,ays we;' 
fmd,af;,a Ndú; lr ksIamdokh l< inka hkq fï wï,j, fidaähï ,jK ñY%Khls' 

f;,aj, j¾Kl yd wmøjH bj;a lsÍug il%sh *q,¾ ^w&¾;a (Activated fuller earth) f,i 

y`ÿkajk úfYaI ueá øjHhla u;ska hjkq ,efí' tys WIAK;ajh 90 °C muK mj;ajd .kq ,efí' 
bka miq f;,aj, ;sìh yels ueá wxY= bj;a lsÍfuka miqj inka ksIamdokhg fhdod              

.kq ,efí' inka ksIamdokh wLKav l%shdj,shla (Continuous Process) fyda ldKav   

l%shdj,shla (Batch Process) f,i fyda isÿ l< yels h' 

ldKav l%shdj,sh idïm%odhsl l%uhhs' ldKAv l%shdj,sfha § ish¨ wuqøjH m%udK tl jr   
m%;sl%shd l=àrhg tla lr m%;sl%shd ùug bv i,ihs' bkamiq M, fjka lrhs' wLKav     
l%shdj,sfha § m%;sl%shd l=àrhg wLKavj m%;sl%shl imhk w;r wLKavj M, bj;a flf¾' 

1' ief*dkSlrKh 

fuys § msßmyÿ l< Ydl f;,a c,Sh NaOH ødjKhla iu`. ñY% lr r;a flf¾' m%;sl%shd  

l=àrhg msßmyÿ l< Ydl f;,a ^Wod: fmd,a f;,a& yd c,Sh NaOH (fldaiaála fidavd) fyda 

KOH ødjKh fmdïm lrkq ,efí' fldaiaála fidavd c,fha Èh ùu ;dmodhl h' ta ksid 
fldaiaála fidavd c,fha Èh lsÍu fjk u l%shdj,shla f,i isÿ lrhs' 

f;,a yd c,Sh NaOH tlsfklg ñY% fkdjk l,dm folls' tfy;a fï ia;r foflys w;=re 

uqyqK; wdY%s;j isÿ jk ief*dkSlrK m%;sl%shdfjka .a,ißka yd inka iEfoa' fuys § NaOH  
WodiSklrKhg ,lajk ksid ;dmh ksmofõ. m%;sl%shd ñY%Kfha WIaK;ajh 70 °Cys  
mj;ajdf.k ñY%Kh fyd`Èka ñY% lrhs' f;,a l=vd ì`È;s njg m;a ù mDIaÀl j¾.M,h jeä  
fõ' fï ksid iuia; m%;sl%shd ñY%K mßudj ;=< u m%;sl%shdj taldlrj isÿ fõ' 
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ief*dkSlrK m%;sl%shdj my; mßÈ oelaúh yels h' 

 

R = C17H35 / C15H31/ C11H23 / C13H27 

2' .a,sißka bj;a lsÍu 

ief*dkSlrKfhka miq ,efnk c,Sh l,dmfha Ndiañl;dj wvq ù we;' c,Sh l,dmh ;=<         
.a,siÍka osh ù we;' hï m%udKhla inka o Èh ù we;' c, l,dmh ;=< Èh jQ inka wKq 
whKslrKh ù we;s w;r" my; mßÈ iu;=,s;;djla mj;ajd .kq ,efí' c,Sh l,dmfha    

inkays ødjH;dj wvq lsÍug NaCl  ^n%hska& tla lrhs' Na+ whk idkaøKh by< neúka my; 
iu;=,s;;dj jï mig keUqre ù inka wKq c, l,dmfhka fjka fõ' ,jK ødjKh ;=< 

.a,siÍka Èh fõ' NaCl tla lsÍu ksid c, l,dmfha >k;ajh jeä fõ' wY=oaO inka (crude) 
c, l,dmfhka fjka jQ miq j .a,siÍka iys; c, l,dmh fmdïm lr bj;a lrhs'  

 

 

 

wY=oaO inka wdY%s;j ie,lsh hq;= ;rï f;;ukhla ^c,h& ;sîu yd WIaK;ajh 70 °C ys   
mej;Su ksid tu inka fmdïm lr bj;a lsÍu myiq fõ' m%;sl%shd l=àrfhka bj;a lrk c,Sh 
,jK ødjKh wdY%s;j .a,siÍka ;sfí' ta ksid w;=re M,hla jk .a,siÍka fjka lsÍug tu 
,jK ødjKh fyd`o m%Njhls' ta ødjKfhka .a,siÍka bj;a l< miq ,efnk ødjKhg wjYH 

;rï kej; NaCl tla lr m%;spl%SlrKhg ,la flf¾' wY=oaO inka ;=< we;s .a,siÍka bj;a 
lsÍug fï ,jK ødjKh Ndú; lrhs¡ fï ,jK ødjKh ;=< .a,siÍka Èh jqj;a inka Èh 
fkdfõ' fuys § ,jK ødjKh iu`. inka fyd`Èka ñY% lsÍu b;d jeo.;a h' fï ksid wY=oaO 
inka ;=< /`§ ;sfnk .a,siÍka bj;a lr hï m%udKhlg msßmyÿ l< yels h' .a,siÍka iys; 
,jK ødjKh yd ;rula ÿrg msßmyÿ jQ inka fjka lrkq ,nhs¡  

3' inka msßmyÿ lsÍu 

.a,siÍka bj;a lr hï m%udKhlg msßmyÿ l< inka ;=< c,h yd NaCl ,jK we;' ,jK 
iys; f;;a inka flakaødmirKh lrhs' túg c,Sh ,jK ødjKh inkaj,ska fjka fõ'   

inkays jQ NaCl jQ ixhq;sh 0'5] (w/w) f;la wvq fõ'  

inka ;=< NaOH ;sîu mdßfNda.slhdg ydksodhl h' fldaiaála fidavd m%udKh by< inka  
ksid iug yd wefiys jQ ishqï mglj,g n,j;a ydks we;s úh yels h' ta ksid b;d iq¿   

jYfhka fyda we;s NaOH WodiSk lsÍug isÜßla wï,h" fmdiamßla wï,h fyda fmd,af;,a 
wdY%s;j jQ ksoyia fïo wï, tla lrhs' 

c,h + RCOO – Na+(s)                                       RCOO–(aq)  + Na+(aq) 

Na+ whk idkaøKh jeä lrk úg 
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4' ksñ inka njg m;a lsÍu 

,jK bj;a l< miq ta inka ;=< we;s c,h bj;a lsÍu wjYH fõ' c, m%udKh 12] (w/w)  
f;la wvq lsÍug 120 °C muK WKqiqï l< inka wvq mSvk l,dmhlg ishqï ì`È;s mßÈ úisÍ 

hEug biskq ,nhs (Spray)' fuys § c,h jdIamSlrKhg ;dmh ,nd .kakd ksid inka      
ì`È;sj, WIaK;ajh wvq fõ' wvq mSvk Ndckh ;=< inka ;eïm;a fõ' c,jdIAm bj;a lrhs' 
úh<s inka fjka lr .kq ,efí' úh<s inkaj,g msrjqïldrl" j¾Kl yd iqj`oldrl ñY% lr 
wjYH mßÈ yev .kajd ksñ inka ksIAmdokh lrkq ,nhs' 

inkaj, TFM w.h  

inkaj, we;s uq¿ fïouh øjH m%udKh (Total Fatty Matter) ñka woyia fõ' tkï inka  

legfha we;s RCOONa ^inka& m%;sY;hhs' frÈ fidaok inka leghl TFM w.h 54-56%  
muK jk w;r b;sßh msrjqï øjH fYdaOkh j¾Okh flfrk øjH" j¾Kl wdÈh fõ' 

lÀk c,fha inka Èh fkdùu yd fmK fkdkeÕSu inkaj, we;s wjdishls' thg fya;=j  
inka wKq lÀk;ajhg fya;= jQ legdhk iu`. m%;sl%shd lr wjlafIam ùuhs' 

2RCOO Na+    +   M2+                         (RCOO)2M   +  2Na+                

M = Ca2+, Mg2+, Fe2+ jeks whk 

laId,l (Detergents) lÀk c,fha § wjlafIam fkd fõ' lD;s%u laId,lj, we;s m%Odk 
ixrplh fidaähï we,alhs,afnkaiskai,af*dfkaÜ h' 

 

inkaj, fYdaOk l%shdj 

l=Kq hkq f;,a mg,hla jgd tl;= jQ ¥ú,s wxY+ yd ldnksl ixfhda. ñY%Khla fõ' c,fha 
mDIaÀl wd;;sh jeä ksid c,h muKla fh¥ úg l=Kq bj;a fkd fõ' inka u`.ska c,fha 
mDIaÀl wd;;sh wvq lrk w;r u fYdaOk l%shdj o j¾Okh lrhs' 

 

 

     
  

 
 
 
 
 

1.4 rEmh inkaj, fYdaOk l%shdj 
 
inka wKq f;,a ì`È;s iu`. by; wdldrhg ñfi,a,d idok neúka l=Kq bj;a fõ' 
 

+    R-COO-Na+ 

ff;,uh l=Kq 
me,a,u 

Wmia;rh    ñfi,a,d wKqj 

Wmia;rfhka fjka ù c, 
l,dmhg meñKs ff;,uh 

l=Kq iys; ñfi,a,dj 
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1.5  Na2CO3 ksIamdokh (fid,afõ l%uh/ wefudakshd fidavd l%uh) 

fidaähï ldnfkaÜ ridhksl l¾udka; .Kkdjlg wjYH jk wuqøjHhls' tneúka Na2CO3 
ksIamdokh f,dalfha m%uqL ridhksl l¾udka;hls' oekg f,dalfha jd¾Islj fuá%la fgdka 

ñ,shk 20la muK Na2CO3 ksIamdokh fõ'  

Na2CO3 ksIamdokh wdY%s;j we;s m%Odk ridhksl m%;sl%shd my; oelafõ'  

NH3(g)  +  H2O(l)     NH4OH(aq)  

NH4OH(aq)  +  CO2(g)           NH4HCO3(aq) 

NaCl(aq)  +  NH4HCO3(aq)                   NaHCO3(s)  +  NH4Cl(aq) 

2NaHCO3(s)           Na2CO3(s)  +  CO2(g)  +  H2O(l) 

Na2CO3 ksIamdokhg wjYH NH3 ,nd .kafka fyan¾ l%ufhks' yqkq.,a ;dm úfhdackfhka   

CO2 ksmojd .kq ,efí' wfkla m%Odk wuqøjHh jkafka Ca2+, Mg2+ yd SO42- bj;a lrk ,o 

msßisÿ l< idkaø NaCl ødjKhhs' fuh n%hska f,i y÷kajkq ,efí'  

CaCO3(s)                   CaO(s)  +  CO2(g) 

Na2CO3 ksmoùu i|yd úfYaIfhka ilia l< wg¨j ;=< isÿjk l%shdj,sfha uQ,sl mshjr 
ieflúka my; mßÈ oelaúh yels h' 

1 mshjr - wefudakSlrKh 

m<uqj n%hska ødjKh wg¨fõ by<ska we;=`M lrk w;r NH3 jdhqj  wg¨fõ  my<ska we;=`M 
lrkq ,efí' fufia m%;súreoaO osYdj,g m%;sls%hl tùu u`.ska tajd ld¾hlaIu f,i ñY% ùug 
ie,iSu m%;sm%jdy l%uh f,i y÷kajhs' n%hska wefudakSlrKh ;dmodhl l%shdjls' fï ksid  

n%hska ødjKfha WIAK;ajh jeä jqj fyd;a NH3 Èh ùfï ld¾hCIu;dj wvq fõ' ;dm yqjudre 
l%shdj,sh u`.ska wg¨fõ jQ ;dmh bj;a lsÍfuka my< WIaK;ajhla mj;ajd .ekSu jeo.;a fõ'   

 

1.5 rEmh wefudakSlrK wg¨j 
 

NH3(g) 
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2 mshjr - ldfndkSlrKh 

wefudakshdj,ska ix;Dma; jQ n%hska ødjKh fojk wg¨fõ by<ska we;=`M lrk w;r" my<ska 

CO2 jdhqj we;=`M lrkq ,efí' fuys oS m%;sl%shl m%;sm%jdy l%uh hgf;a ld¾hlaIu f,i ñY% 

fõ' wefudakSlrKh l< n%hska ødjKh Ndiañl udOHhls' CO2 wdï,sl jdhqjls' th c,fha Èh 

ùu ;dmodhlh' tfia u NH4OH iu`. c,Sh CO2 m%;sl%shd lr NH4HCO3 ,nd §u;a ;dmodhl 
l%shdjls' fï ksid fojk wg¨j o isis,aj mj;ajd .ekSu b;d jeo.;a fõ' 

 

1.6 rEmh ldfndkSlrK wg¨j 

NH3 jdhqj wêl f,i c, ødjH jk kuq;a CO2 jdhqfõ c, ødjH;dj idfmalaIj wvq h' CO2 

c,fha osh ùfuka iEfok HCO3- whk idkaøKh o b;d wvqh' ldfndkSlrKhg m<uqj 

wefudakSlrKh lsÍu ksid Ndiañl NH3(aq) ødjKh ;=<g CO2 jdhqj fyd|ska wjfYdaIKh  

jk w;r by< HCO3- whk idkaøKhla we;s fõ'  

3 mshjr - NaHCO3 fjka lr .ekSu 

wefudakslD; n%hska ødjKh ldfndkSlrKh ùu;a iu`. u ta ødjKh ;=< NH4HCO3       

idkaøKh jeä fõ' fï n%hska ødjKh ;=< idfmaCIj by< Na+ whk idkaøKhla we;s     

fyhska" Na+ whk yd HCO3  whk idkaøK NaHCO3 ix;Dma; idkaøK iSudj blaujk úg § 

NaHCO3 iaMálSlrKh ù ødjKfhka bj;a fõ' ta iuia; m%;sl%shdj my; mßÈ ±laúh yels h' 

Na+(aq)   +   HCO3 (aq)                 NaHCO3(s) 

iEfok NaHCO3 >kh" ødjKfhka bj;a lr .kq ,efí' 

fï wkqj NaHCO3 ie§fï Y=oaO m%;sl%shdj my; ±lafjk mßÈ isÿ fõ' fï wkqj fid,afõ 

l%ufha § NaHCO3 ksIamdokh i|yd ffioaOdka;slj wjYH wuqøjH f,ig NH3, CO2, NaCl 
iy H2O ±laúh yels h' 

NH3(g)  +  CO2(g)  +  NaCl(aq)  +  H2O(l)                   NaHCO3(s)  +  NH4Cl(aq) 
 
 

CO2(g)
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4 mshjr - NaHCO3 r;a lr Na2CO3 ,nd .ekSu 

fjka lr .kakd NaHCO3 wêl f,i r;a lsÍfuka ks¾c, Na2CO3 ,nd .kS' iEfok CO2 jdhqj 
kej; ldfndkSlrK wg¨j fj; hefõ' 

2NaHCO3(s)                  Na2CO3(s)  +  CO2(g)  +  H2O(l) 

fï ksIamdokfha § w;=re M,hla f,i ,efnk NH4Cl my; wdldrhg NH3 mqk¾ckkh lsÍu 

i|yd fhdod .kq ,efí' fï i|yd		NH4Cl ødjKh yqkq.,a úfhdackh ùfuka ,efnk CaO 
iu`. m%;sl%shd lrjkq ,efí' 

 CaO(s)  +  2NH4Cl(aq)                  2NH3(g)  +  CaCl2(aq)  +  H2O(l)   

iEfok NH3" wefudakSlrK wg¨j fj; hjkq ,efí' fï wkqj iïmQ¾K l%shdj,sh i|yd 

ffioaOdka;sl iuia; m%;sl%shdj my; mßÈ ,shd oelaúh yels h' flfia fj;;a >k CaCO3   

yd c,Sh NaCl ñY% lsÍfuka Na2CO3 ksmojd .ekSug fkdyels h' 

  CaCO3(s)  +  2NaCl(aq)                  CaCl2(aq)  +  Na2CO3(s) 

fï l%shdj,sfha § iEfok wjidk w;=re M,h CaCl2 fõ' th o fjk;a l¾udka; i|yd fhdod 
.; yels h'  

my; lreKq ksid fid,afõ l%uh wd¾Ól jYfhka jdisodhl fõ' 

1) NaCl yd CaCO3 wvq úhoulska myiqfjka ,nd .; yels ùu 

2) NH3 jeh fkdjk w;r pl%slrKh u`.ska kej; kej;;a Ndú; l< yels ùu 

3) CO2 j,ska fldgila o kej; Ndú; l< yels ùu 

KHCO3 ys c, ødjH;dj" NaHCO3ys c, ødjH;djg jvd jeä neúka wg¨ ;=< § wjlafIam  

fkd fõ' ta ksid KHCO3 idod .ekSug by; l%uh Ndú; l< fkdyels h' 

Na2CO3 j, m%fhdack 

1) c,fha lÀk;ajh bj;a lsÍu 

2) inka yd laId,l ksmoùfï § fYdaOk l%shdj j¾Okh lsÍug tl;= lsÍu 

3) frÈfidavd ^fojqï fidavd& f,i Ndú; lsÍu 

4) lvodis l¾udka;fha § ±j m,amhg ñY% lsÍu 

5) ùÿre ksmoùu 
 

1.6  wefudakshd  ksIamdokh (fyan¾ fndIa l%uh) 

j¾;udkfha wefudakshd ksIamdokh b;d jeo.;a jkqfha lD;%su fmdfydr ksIamdokhg h' fï 
jk úg f,dal ck.ykh ì,shk 7'3 muK jk w;r 2050 jir jk úg ì,shk 9 olajd  
j¾Okh fõ hehs ksudkh lr we;' jeä jk ck.ykh iu`. wdydr ksIamdokh w;HjYH   
fõ' fmdfydr ksIamdokh fï i|yd jeo.;a ridhksl ksIamdok fCIa;%hla f,i i,lhs' 

iuia; wefudakshd ksIamdokfhka 83]l m%udKhla fmdfydr ksIAmdokhg fhdod .kq ,nhs' 
úfYaIfhka u iuia; wefudakshd ksIamdokfhka 80] la fhdod .kafka hQßhd ksIamdokhg h' 



w¡fmd¡i¡ ^Wiia fm<& ridhk úoHdj - 14 tallh l¾udka; ridhkh iy mßir ¥IKh 

20

wefudakshd ksIamdokh wdY%s; ridhksl m%;sl%shdj my; ±lafõ.  

N2^g& + 3H2^g&                2NH3(g)  +  ;dmh  

1       :      3                 2 

wefudakshd ksIamdokhg wjYH wuqøjH

fuys uQ,sl wuqøjH jkqfha N2 yd H2 jdhqka h' jdhqf.da,Sh jd;h øj lsÍfuka miqj Nd.sl 

wdijkh u`.ska N2 jdhqj fjka lr .kq ,nhs' fï ksid N2 jdhqjg ksIamdok msßjehla we;' 

yhsv%cka jdhqj ,nd .kafka yhsfv%dldnka ^kema;d& ì`§u u`.ska fyda iajdNdúl jdhqfjys  
(Natural gas) m%Odk ixrplh jQ óf;aka Ndú;fhka h'  

wu;r oekqu 

fmdis, bkaOkhla f,i n,Yla;s ckkhg iajdNdúl jdhqj fhdod .kS' úYd, m%udKfhka  

fï iajdNdúl jdhqj fmdf<dj ;=< ksê.;j we;' iajdNdúl jdhqj u`.ska H2 ksmoùu  SMR 

^Steam – Methane – Reforming& f,ig y`ÿkajhs' iajdNdúl jdhqfõ iq¿ m%udKfhka H2S     
;sîu ksid ksl,a W;afm%arl l%shdjg ndOd muqKqjhs' fï ksid iajdNdúl jdhqfõ jQ H2S bj;a 

lsÍfuka miqj W;afm%arl m%;sl%shdjla u`.ska H2 ckkh lrjhs' 

H2S bj;a lsÍu wdY%s; m%;sl%shdj 

H2S^g& +  ZnO(s)                ZnS^s& +  H2O(g) 

SMR l%shdj,sfha m<uq mshjr jkqfha óf;aka yd c,jdIam WIaK;ajh 700-800 °C oS m%;sl%shd 

lrùfuka CO yd H2 iE§uhs' fuh ;dmwjfYdaIl m%;sl%shdjls' 

CH4^g& + H2O^g&               CO(g)  +  3H2(g)       +206 kJ mol-1      ---------  (1) 

fojk mshjf¾ § fï jdhq ñY%Kh ;jÿrg;a c,jdIam iu`. m%;sl%shd lsÍug i,iajhs. tys oS   

CO jdhqj CO2 njg m;a fõ' fuh ;dmodhl m%;sl%shdjls' 

CO^g& + H2O^g&               CO2(g)  +  H2(g)         - 41 kJ mol-1        ----------  (2) 

óg wu;rj my; m%;sl%shdj isÿ ùug o hï bvla we;' 

CH4^g& + 2H2O^g&              4H2^g& +  CO2(g)  ----------  (3) 

jeämqr c,jdIam mj;ajd .ekSfuka iuia; m%;sl%shdj ol=Kq me;a;g fhduq lrñka H2 M,odj 
jeä lsÍug yels h'  

SMRys ;dm.;sl iajNdjh ms<sn`o .=Kd;aulj hï jegySula ,nd .ekSu i`oyd                

G = H - T S iïnkaOh fhdod .; yels h. 

by; ;dm.;sl iïnkaOh wkqj ;dmodhl fojk m%;sl%shdj idfmaCIj my< WIaK;ajj, §  
mjd iajhxisoaO fõ' jdhq l,dmfha wKq .Kfka fjkila fkdjk ksid mSvkfha n,mEula 

ke;' tfia u G flfrys T S ys n,mEula ke;s ;rï h' 
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;dm wjfYdaIl m<uq yd f;jk m%;sl%shd isÿ jkafka idfmaCIj by< WIaK;ajj, § h' bÈß 
ÈYdjg jdhq l,dmfha wKq .Kk jeä jk ksid tkafg%dmsh jeä fõ¡ fï ksid WIaK;ajh 

jeäj;a u T S ys .=‚;fha Ok w.h jeä fõ¡ tneúka, G = H - T S wkqj fuu 1 yd 3 

m%;sl%shd i`oyd by< WIaK;ajfha § G ys RK iajNdjh jeä ùu isÿ fõ¡ by< WIaK;ajfha § 

(1800-1000 °C) m<uq m%;sl%shdj isÿ ùug bv i,iajhs' tys oS 3 jk m%;sl%shdj isÿ ùug bv   

we;' m%;sM, jQ jdhq ñY%Kfha we;s CO jdhq idkaøKh wvq lrñka H2 M,odj jeä lsÍug    

fojk m%;sl%shdj idfmaCIj my< WIaK;ajj, § ^200-400 °C& isÿ ùug bv i,iajhs' CO yd  

H2 iys; WKqiqï jdhq ñY%Khg c, jdIam tla lsÍu iu`. ta ñY%Kfha WIaK;ajh               

^200–400 °C olajd& wvq l< yels h. fojk m%;sl%shdj ;dmodhl ksid kej; m<uq m%;sl%shdj 
i`oyd iqÿiq by< WIaK;ajh ,nd .ekSug fojk m%;sl%shdfjka ckkh jk ;dmh Ndú; lrhs'  

tlai;a ckmofha iuia; iajdNdúl jdhq ksIamdokfhka 60]l muK m%udKhla fhdod .kq 

,nkafka wefudakshd ksIAmdokh i`oyd h' kema;d (C6H14) ì|Su u`.ska o H2 jdhqj ,nd     

.ekSug yels h' tys § o jdhqf.da,hg CO2 ksoyia ùu isÿ fõ' tys oS isÿ jk m%;sl%shd my; 

mßÈ h: 

C6H14(g)   +  6H2O(g)                    6CO(g)   +  13H2(g) 

CO(g)   +  H2O(g)                   CO2(g)  +  H2(g) 

khsg%cka yd yhsv%cka jdhq m%;sl%shd lr NH3 ksmoùu ;dmodhl m%;sl%shdjla jk w;r     
m%;sj¾;H fõ' tfy;a idudkH WIaK;ajh yd mSvkh hgf;a fï m%;sl%shdj isÿ fkdjk ;rï h' 
thg fya;=j il%shk Yla;sh idfmaCIj by< ùuhs' 

H2 yd N2 u`.ska NH3 iE§u 

ld¾ñlj wefudakshd ksmojk l%uh fyan¾ fndaIa l%uh f,i y`ÿkajhs' fuys § ld¾ñl m%Yia; 

;;a;aj f,i WIaK;ajh 450 - 500 °C jeks WIaK;aj mrdihla yd mSvkh 250 - 300  atm     

jeks mSvk mrdihla hgf;a § W;afm%arl f,ig hlv o W;afma%rl j¾Ol f,ig K2O yd  

Al2O3 o fhdod f.k we;' 

N2^g& + 3H2^g&                      2NH3(g)  +  ;dmh  

 

iïmSä; m%;sl%shl jdhq ñY%Kh W;afm%arl mDIaGh yryd .uka lrñka NH3 njg m;a fõ' fï 

m%;sl%shdj m%;sj¾;H ksid W;afm%arl mDIaGh miq lrk jdhq ñY%Kfha NH3 jdhqjg wu;rj 

m%;sl%shd fkdl< N2 yd H2 jdhq we;' tuksid fï ñY%Kfhka NH3 jdhqj fjka lsÍug isÿ fõ' 

WIaK;ajh -33.34 °C olajd isis,a lsÍu;a iu`. NH3 jdhqj øj fõ' khsg%cka jdhqfõ ;dmdxlh 

-195.8 °C yd yhsv%cka jdhqfõ  ;dmdxlh -252.9 °C ksid fï ñY%Kh isis,a lsÍu u`.ska b;d 

myiqfjka NH3 muKla øj lr H2 yd N2 jdhq ñY%Kh" m%;sl%shd ñY%Kfhka fjka lr .ekSug 

yels h' by< mSvkhla hgf;a jQ NH3, H2 yd N2 iys; jdhq ñY%Kh fjk;a l=àrhla ;=< § 

mSvkh tljr wvq lsÍu u.ska isis,a l< yels h' túg NH3 jdhqj øj ;;a;ajhg m;a fõ' jdhq 

f,i b;sß ù we;s N2 yd H2 jdhq kej; m%;sl%shd l=àrhg fmdïm lrkq ,nhs' NH3 iE§u    

msKsi jeh jQ N2 yd H2 jdhq m%udKhg .e<fmk N2 yd H2 m%udKh muKla w¨;ska tla      
lrhs' 

450 - 500 °C 

250 - 300 atm 
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my; oelafjk 1'7 rEmh u`.ska fï l%shdj,sh ir,j ksrEmKh l< yels h' 

 

1.7 rEmh wefudakshd ksIAmdok l%shdj,sh 

øj wefudakshd bj;a l< miqj m%;sl%shd fkdl< N2 yd H2 (-33.34 °C muK WIaK;ajhl   

mj;sk& yd w¨;ska tla lrk N2 yd H2 jdhq ñY%Kh WIaK;ajh 450- 500 °C f;la r;a lrkq 
,efí' fï ksid ksIamdok l%shdj,shg wjYH ;dm Yla;sh bkaOk oykh u`.ska o ,nd osh    

yel' ta ksid jdhqf.da,hg CO2 tla fõ' wefudakshd ksIamdokfha oS H2 ,nd .ekSfï mshjf¾ 

oS;a" fyan¾ l%ufha oS by< WIaK;ajh ,nd oSu msKsi bkaOk oykh ksid;a CO2 ckkh fõ' 

fï iuia; l%shdj,sh ksid jdhqf.da,hg yß;d.dr jdhqjla jQ CO2 ksoyia fõ' f.da,Shj     
iuia; ksIamdokh wkqj wefudakshd fgdka 1la ksIAmdokh lrk úg § jdhqf.da,hg tla jk 

CO2 m%udKh fgdka 2'9la muK fõ' jdhqf.da,hg CO2 tla lrk wfkla l%shd yd ii|k úg 

§ wefudakshd ksIAmdokh ksid jdhqf.da,hg tlajk CO2 m%udKh 1'4%la muK fõ'   

wefudakshd ksIamdokfha § N2 yd H2 ñY% lrkqfha tajd w;r iafgdhslsfhdañ;sl wkqmd;h ^1(3& 
wkqj h' khsg%cka jdhqj yd yhsv%cka jdhqj ksmoùug hï msßjehla ±Íug isÿ jk ksid     
wuqøjH kdia;sh je<elaùu msKsi iafgdhslsfhdañ;sl wkqmd;h blaujd ñY% lsÍu isÿ    
fkdlrhs' tfia u tla jdhqjla jeämqr fhdod .; fyd;a ta jdhqj W;afm%arl mDIaGhg 
wêfYdaIKh ù tu W;afm%arl mDIaGh uq¿ukska u jeiS hdug bvlv we;' W;afm%arl mDIaGh 
tla jdhqjlska muKla jeiS .sh úg § m%;sl%shdj isÿ ùfï bvlv wvq fõ' W;afm%arl mDIaGhg 
jdhq fol u wêfYdaIKh úh hq;= h' W;afm%arl Ndú;h ksid iu;=,s;;djg t<öug .; jk 

ld,h wvq fõ' fï ish¨ idOl wkqj m%Yia; ;;a;aj f,ig N2 yd H2 ñY% lrkqfha 1:3  
wkqmd;h mj;sk mßÈ h' 

fï m%;sl%shdj ;dmodhl ksid H i`oyd RK w.hla we;' m%;sl%shdj isÿ jk úg wKq .Kk 

wvq jk ksid tkafg%dmsh wvq fõ' ta ksid S i`oyd RK w.hla we;' tneúka T S RK jk 

ksid -T S w.h Ok w.hla .kq ,efí' tneúka WIaK;ajh jeä lrk úg G ys RK   
iajNdjh Ok iajNdjh lrd fjkia fõ' tfia u by< WIaK;aj bosß l%shdjg wys;lr nj f,a 
peg,sh¾ uQ,O¾uh wdY%fhka o meyeos,s l< yels h'  

WIaK;ajh jeä lrk úg m%;sl%shdfõ iajhxisoaO iajNdjh wvq fõ' ;dm.;slj iajhxisoaO 
iajNdjh wvq jk ksid M,odj wvq fõ' M,odj jeä lsÍug WIaK;ajh wvq l< hq;= h'   
WIaK;ajh wvq lrk úg § m%;sl%shdfõ YS>%;dj wvq ù iuia; l%shdj,sfha ld¾hlaIu;dj wvq 

fõ' m%Yia; ld¾hlaIu;djla mj;ajd .; hq;= ksid 450-500 °C jeks WIaK;ajhla mj;ajd .kq 

,efí' fï ;;a;aj hgf;a § ,efnk NH3 M,odj idfmalaIj wvq h' tfy;a m%;sl%shd fkdl<  

iïmSä; jdhq ñY%Kh (200 atm)  
weiqreï gexls lrd 

øj NH3 uqod yeÍu 

m%;sl%shd l=àrhg jdhq 
we;=,a lrk fmdïmh 

;dm yqjudre tallh 

;dmk oÕrh 

m%;sl%shd  fkdl< 
khsg%cka yd 
yhsv%cka h<s 
m%;sl%shd l=àrhg 
heùu   

N2, H2

we;=,a lsÍu

pl%slrKh i|yd 
jd;h we;=,a lrk 
fmdïmh 

YS;lrK 
tallh 
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N2 yd H2 kej; kej; W;afm%Arl pl%j,g iyNd.s lrùug ksIamdok l%shdj ie,iqï lr      

we;' ;ks mshjrla f,ig ,efnk NH3 M,odj wvq jQj;a iuia; l%shdj,sh f,ig by<   
M,odjla ,nd .ekSug yelshdjla ,eî we;af;a jeä W;afm%Arl pl% .Kkla hgf;a m%;sl%shdj 
isÿ lrùug ie,iqï lr ;sfnk ksid h' f,a peg,sh¾ uQ,O¾uhg wkqj by< mSvk bosß   
l%shdjg ys;lr fõ' tfy;a wêl mSvkj,g Tfrd;a;= fok WmlrKj, kv;a;= msßjeh wêl 

h' ta ksid j¾;udkfha Ndú; jkafka 250-300 atm mSvkhls' m%;sl%shl idkaøKh by<   

uÜgul ;sîu yd iEfok M, bj;a lrñka M, idkaøK wvq uÜgul mj;ajd .ekSu jeä NH3 
M,odjla ,eîug fya;= fõ' th f,a peg,sh¾ uQ,O¾uh uÕska meyeÈ,s l< yels h' m%;sls%hd 

l=àrhg jßka jr N2 yd H2 heùu isÿ jk w;r iEfok NH3 iys; jdhq ñY%Kh jßka jr isis,a 

lr øùlrKh lsÍfuka NH3 bj;a lrk ksid  fï wjYH;dj iïmQ¾K fõ'  

wefudakshdj, m%fhdack 

1) khsá%la wï,h" fmdfydr yd khsf,daka ksIamdokh i`oyd Ndú;d fõ' 

2) fmÜfg%da,shï l¾udka;dfha § fndr f;,ays wdï,sl ixrpl WÈiSk lsÍug fhdohs' 

3) c,h yd wmc,h msßhï lsÍfï § pH md,lhla f,i" ødjK ;;a;ajfha oS ÿn, wekdhk 
yqjudre frisk mqk¾ckkhg fhdod .efka' 

4) YS;ldrlhlA f,i Ndú; fõ' 

5) rn¾ l¾udka;fha § iajNdúl yd lD;s%u rn¾ lsßj, wld, leá .eiSu j<ld th 
ia:dhslrKh lsÍu i`oyd fhdod .efka'      

1.7  khsá%la wï, ksIamdokh ^Tiaj,aâ l%uh&

fï i`oyd NH3 jdhqj" jdhqf.da,Sh jd;h yd c,h wuqøjH f,i Ndú; lrhs' wefudakshd yd 

Tlaiscka jdhq w;r m%;sl%shdfjka ,nd .kakd NO2 jdhqj c,h iu`. m%;sl%shd lrjd HNO3 

ksmojhs' ta m%;sl%shdj my; olajd we;' 

4NH3(g)   +  5O2(g)                     4NO(g)   +   6H2O(l)        -907 kJ mol-1    

2NO(g)  +  O2(g)     2NO2(g)          -114 kJ mol-1   

3NO2(g)  +  H2O(l)         2HNO3(aq)   +  NO(g) 

 2NO(g)  +  O2(g)     2NO2(g) 

4NO2(g)  +  2H2O(g)  +  O2(g)                   4HNO3(aq)   

1'8 rEmh uÕska fï l%shdj,sh ir,j olajd we;'  
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1.8 rEmh HNO3 ksIamdok l%shdj 

m<uq l=árfha § W;afma%rl yuq fõ' NH3 TlaislrKh lrhs' fojk l=árfha § NO jdhqj 

TlaislrKh lrjhs' f;jk l=àrfha § NO2 jdhqj c,h iuÕ m%;sl%shd lrjhs'    

¥ú,s yd c, jdIam bj;a l< jdhqf.da,Sh jd;h fhdodf.k NH3 TlaislrKh lrhs' idudkH 

jd;fha mßudj wkqj N2 jdhqj 78] yd O2 jdhqj 21] we;' wjYH Tlaiscka jdhq m%udKh 
wka;¾.; jdhqf.da,Sh jd; mßudjla m%;sl%shd l=àrhg fmdïm lrkq ,efí' wefudakshd mßud 
tallhla i`oyd jdhqf.da,Sh jd; mßud tall 9-12 mrdihl mj;ajd .kq ,efí¡ by< WIaK;aj 

mrdihl (800-850 °C) mj;ajd .kq ,efí' fï ;;a;aj hgf;a NO jdhqj 97]la muK ,nd .; 
yels h' wefudakshd idkaøKh jeä jqj fyd;a msmsÍï isÿ úh yels h' ta ksid wefudakshd yd 

jdhqf.da,Sh jd;h mßud wkqmd;h ksis f,i mj;ajd .ekSu jeo.;a h' fï jdhq ñY%Kh Pt/Rh 
W;afm%arlh yryd mSvkhla hgf;a .uka l< úg NO njg m;a fõ' fï NO jdhqj 150 °C  

f;la isis,a lrkq ,efí' WIaK;ajh 150 °C m;a jQ úg NO jdhqj ;j ÿrg;a NO2 njg 

TlaislrKh ùu TlaislrK l=àrh ;=< § isÿ fõ' wjfYdaIK l=àrh ;=< § c,h iu`. NO2 

jdhqj m%;sl%shd lsÍug bv i,iajd we;' fuys § o m%;sm%jdy uQ,O¾uhg wkqj c,h yd NO2    

jdhq m%;sl%shd lsÍug bv i,id we;' Tlaiscka jdhqj iys; NO2 jdhq ñY%Kh 5 -10 atm      
mSvkhla mj;sk mßÈ wjfYdaIK l=àrhg fmdïm lrhs' wjfYdaIK l=¨k o ridhksl wl%sh 

øjHj,ska wiqrd we;s ksid c,h iu`. NO2 m%;sl%shd lsÍug we;s bvlv jeä lr we;'  

wjidkfha oS 96% l muK M,odjla ,efí' 

khsá%la wï,fha m%fhdack 

1) fmdfydr iy mqmqrk øjH iE§u      

2) l¾udka; i|yd wjYH jk khsfÜ%g iE§u     

KNO3 - fjä fnfy;a ksIamdokh   

AgNO3 - PdhdrEm l¾udka;h     

3) rdc wï,h ksmoùu   

4) f,day mEiaiSfï § mDIaGh msßisÿ  lsÍu 
 
 
 



w¡fmd¡i¡ ^Wiia fm<& ridhk úoHdj - 14 tallh l¾udka; ridhkh iy mßir ¥IKh 

 

25 
 

1.8  i,a*shqßla wï, ksIamdokh (iam¾Y l%uh) 
H2SO4 ksmoùug wjYH wuqøjH 

i,a*¾ fyda i,a*¾ wvx.= f,damia yd c,h fï ksIaamdokhg wuqøjH f,i Ndú; fõ. PbS,     
CuS yd ZnS wvx.= f,damia u`.ska ms<sfj,ska Pb, Cu yd Zn f,day ksiaidrKfha oS w;=re     

M,hla f,i ,efnk SO2 jdhqj o H2SO4 ksmoùu i`oyd Ndú; l< yels h' fmfg%da,shï   
msßmyÿ lsÍfï oS w;=re M,hla f,i ,efnk i,a*¾ fyda fmdf<dfjka ,nd.kakd f.kao.ï 

fï i`oyd Ndú; l< yels h. 

i,a*shqßla wï, ksIamdokfha § i,a*¾ fyda f,day i,a*hsv oykh lr SO2 ms<sfh, lr .kq 

,nhs' jdhqf.da, O2 iu`. SO2 m%;sl%shd lr SO3 ms<sfh, lsÍu fojk mshjrhs' idkaø H2SO4 

iu`. SO3 m%;sl%shd lsÍug i,iajd ,nd .kakd mhsfrdi,a*shqßla wï,h ^T,shï, H2S2O7) c, 

úÉfþokfhka H2SO4 ,nd .kS' 

S(s)  +  O2(g)                       SO2(g) 

        
2SO2(g)  +  O2(g)                   2SO3(g)  +   ;dmh 

SO3(g)  +  H2SO4(l)                  H2S2O7(l) 

H2S2O7(l)  +  H2O(l)                   2H2SO4(l) 

i,a*¾ uQ,øjHh oykh lr SO2 ksmoùu fjk u l%shdj,shls' mdi,a mÍCIKd.drfha § b;d 

myiqfjka i,a*¾ lene,a,la nkaika odylh u.ska oykh lr SO2 ,nd .; yels h' tfy;a 

ld¾ñl j SO2  ksmoùu t;rï myiq fkdfõ' m<uqj i,a*¾ r;a lr 140 °C §  øj ;;a;ajhg 
m;a lrhs' øj i,am¾ wdY%s;j úúO >k wmøjH we;a kï tajd bj;a lsÍug fmrkq ,nhs'  

 

1.9 rEmh H2SO4 ksIamdok l%shdj,sh 
 
 
 
 
 
 
 

1 atm, 450 C 

V2 O5(g)  W;afm%arl

c, jdIam

i,a*¾ odylh W;afma%rl mDIaG iys; 
m%;sl%shd l=àrh 
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odylh ;=<g øj i,a*¾ yd jdhqf.da,Sh jd;h fmdïm l< hq;= h' øj i,a*¾ b;d l=vd ì`È;s 
f,i odylhg fmdïm lrhs' tu ì`È;s b;d myiqfjka oykh fõ' i,a*¾ oykh ;dmodhlh' 

oykfhka ,efnk jdhq ñY%Kfha  SO2 m%udKh 8 -9] ixhq;shlska mj;ajd .kq ,efí' 

odylh wjg WIaK;ajh 830 °C muK fõ' fï oyk l=áh ;=< ;sfnk SO2" O2 yd N2 iys;   
jdhq ñY%Kfha úúO >k wxY= ^w¿& ;sìh yels h' tajd bj;a lsÍu b;d jeo.;a h' ¥ú,s fyda w¿ 

f,ig úúO wxY= mej;=k fyd;a  V2O5 W;afma%rl mDIaGh u; ;ekam;a ù W;afm%arl l%shdjg 

ndOd muqKqjk ksid m<uqj SO2 iys; jdhq ñY%Kh msßisÿ lrkq ,efí' i,a*¾ g%fhdlaihsâ 
ksmojk m%;sl%shdj m%;sj¾;H ;dmodhl m%;sl%shdjls' Tlaiscka yd i,a*¾ vfhdlaihsâ w;r  
mßud wkqmd;h 1 ( 1 ^ujq, wkqmd;h 1 ( 1& mßÈ mj;ajd .kq ,nhs'  

2SO2(g)  +  O2(g)                     2SO3(g)   +   ;dmh 

ld¾hlaIu;djlska m%;sl%shd isÿ lsÍug m%Yia; ;;a;ajhla f,ig 400-500 °C WIaK;ajhla  

mj;ajd .kq ,efí' m%;sl%shdfjka o ;dmh ckkh lrk ksid tla jr u iuia; SO2 m%udKh 

O2 iu`. m%;sl%shd lsÍug ksIamdok l%shdj ie,iqï l< fyd;a jeä ;dm m%udKhla ckkh ù 

kej; miq m%;sl%shdj Èßu;a lrñka M,odj wvq ùug fya;= fõ' ta ksid iuia; SO2 m%udKh 

mshjr y;rla Tiafia SO3 njg mßj¾;kh isÿ lrhs' iEu mshjrl § u W;afm%arl mDIaG     
yryd jdhq ñY%Kh .uka lsÍug i,iajhs' 

fï m%;sj¾;Hh m%;sl%shdj jvd;a ol=Kq me;a;g keUqre lrñka SO3 M,odj jeä lsÍu i`oyd 
jdhqf.da,Sh jd;h iemhSu u`.ska Tlaiscka idkaøKh jeä l< yels h' jdhqf.da,Sh jd;h    
jvd;a u ,dNodhl wuqøjHhla ksid jdhqf.da,Sh jd;h iemhSfuka Tlaiscka idkaøKh jeä 
lsÍu ksIamdok úhou jeä lsÍug fya;=jla njg m;a fkdfõ' iafgdhslssfhdañ;sh wkqj          

SO2 ( O2 wkqmd;h 2(1ls' fï wkqj SO2 ujq,hla i`oyd wjYH O2  m%udKh ujq, 0'5 ls' tfy;a 

ksIamdokfha § ujq, wkqmd;h 1:1 ksid SO2 ujq,hla i|yd O2 ujq, 0'5laa jeämqr we;' 
jdhqf.da,Sh jd;h ,dN jqj;a wjYH Tlaiscka idkaøKh blaujñka by< Tlaiscka idkaøKhla 
mj;ajd .ekSu ksIamdok l%shdfõ ld¾hlaIu;dj wvq lsÍug fya;= fõ' fuhg fya;=j m%Yia; 

m%udKh blaujñka Tlaiscka idkaøKh jeä lrk úg § W;afm%arl mDIaGhg jeämqr O2 wKq 

wêfYdaIKh ùu ksid" SO2 jdhqj W;afm%arl mDIaGhg wêfYdaIKh ùug we;s bvlv wvq ù 
m%;sl%shdj isÿ ùug we;s iïNdú;dj wvq jk neúkss' 

fï m%;sl%shdj ;dmodhl ksid isis,a lrk úg § M,odj jeä ùula f,a peg,sh¾ uQ,O¾uhg 
wkqj mqfrdal:kh l< yels h' tfy;a WIaK;ajh wvq lrk úg § m%;sl%shdfõ Ys>%;dj wvq ùu 

ksIamdok l%shdfõ ld¾hCIu;dj wvq lsÍug fya;= fõ' fï ksid m%Yia; WIaK;ajh 400-450 °C 
f,i ;SrKh lr we;' 

>k i,a*¾ 
r;a lsÍu 

øj i,a*¾ (140 0C) >k wmøjH iys; øj i,a*¾ 

SO2(g) 
odylhg fmdïm lsÍu 

fmÍu 

øj i,a*¾ 

CaO u`.ska 
WodiSk lsÍu 
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mSvkh jeä lrk úg § m%;sj¾;H m%;sl%shdj jdhq l,dmfha wKq .Kk wvq jk ÈYdjg isÿ  
ùug we;s keUqre;dj jeä ùu f,a peg,sh¾ uQ,O¾ufhka mqfrdal:kh lrhs' fï m%;sl%shdj 

i`oyd mSvkh jeä lrk úg § bÈß m%;sl%shdj Èßu;a ù SO3 M,odj jeä fõ' tfy;a fï   
m%;sl%shdj i`oyd jdhqf.da, 1l mSvkfha § mjd M,odj 99]la ;rï by< fõ' ta ksid jvd;a                
by< mSvk fhoSu wkjYH fõ' 

fuu m%;sl%shdj wêl jYfhka ;dmodhl neúka mshjr y;rl § ;dm yqjudrej      
l<ukdlrKh lrñka ksIamdok l%shdj,sh isÿ lrk wdldrh my; .e<sï igyklska oelafõ 
^1'10 rEmh&' 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.10 rEmh H2SO4 ksIamdokh wdY%s; m%Odk ;dm yqjudre mshjr 

m<uq l=àrhg we;=¿ jk jdhqj, WIaK;ajh 690 K (417 °C) muK fõ' W;afm%arl yryd .uka 

lrk úg § WIaK;ajh 890 K (617 °C) f;la by< f.dia we;s w;r SO2 j,ska 70]la muK 

TlaislrKh ù we;' ;dm yqjudre tall uÕska kej; 700 K (427 °C) muK WIaK;ajhlg 
isis,a jQ jdhq fojk l=àrfha § W;afm%arl yryd .uka lrjhs' fï wjia:dj jk úg ;sfnk  

417 °C, SO2 "O2 
N2 jdhq 

jdhq 
WKqiqï ùu

jdhq 
isis,kh

jdhq 
isis,kh

jdhq 
isis,kh

w;rueÈ 

H2SO4(l) 

wjidk H2SO4(l) 

b;sß jQ SO2 yd SO3

TlaislrKh  617 °C, 70] SO2

TlaislrKh 497 °C, 95] SO2

TlaislrKh 447 °C, 98] SO2

1 jk W;afm%arl l=àrh      

SO2 +1/2 O2  SO3 + ;dmh

2 jk W;afm%arl l=àrh      

SO2 +1/2 O2  SO3 + ;dmh

3 jk W;afm%arl l=àrh      

SO2 +1/2O2  SO3 + ;dmh

H2S2O7(l) 

c,h 

4 jk W;afm%arl l=àrh      

SO2 +1/2 O2  SO3 + ;dmh
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SO2 m%udKh idfmaCIj wvq ksid m<uq mshjrg jvd wvq SO3 m%udKhla iEfoa' ta ksid m%;sM, 

jk ;dmh o idfmaCIj wvq h' WIaK;ajh 770 K (497 °C) f;la by< .sh jdhq ñY%Kh fojk 

;dm yqjudre tallh u`.ska 720 K (447 °C)  olajd isis,kh lr we;' ta jk úg  wdrïNl  

SO2 j,ska ie,lsh hq;= m%udKhla m%;sl%shd lr we;' f;jk l=àrfhka W;afm%arl yryd .uka 

lsÍu ksid wdrïNl SO2  j,ska 98] SO3 njg m;a fõ'  

f;jk mshjßka ,efnk SO3 uÕska H2SO4 ksmojkq ,nk w;r" tys § o SO3 m%udK 100] u 

H2SO4 njg m;a fkd fõ' b;sß jk SO3 yd m%;sj¾;H;dj ksid b;d iq¿ jYfhka b;sß jQ    

SO2 iys; jdhq ñY%Kh kej; WKqiqï lr isõjk l=àrh ;=< jQ W;afm%arl yryd .uka      

lrñka SO3 njg m;a lrhs' ta m%udKh o kej;;a H2SO4 njg mßj¾;kh lrkq ,efí' 

c,h iu`. SO3 m%;sl%shdj fõ.j;a yd wêl ;dmodhl h' ta ksid c,h jdIamSlrKh fõ.    
tfiau i,a*shqßla wï, ÿudrh we;s fõ' fuu ndOl u`.yeÍu msKsi by; úia;r l<   

l%shdud¾. Tiafia SO3 jdhqj H2SO4 njg m;a lrhs' WIaK;ajh 70 °C idkaø ^98]& i,a*shqßla 

wï,h u`.ska SO3 wjfYdaIKh Wmßu fõ' ta ksid tu ;;a;aj hgf;a § idkaø H2SO4 j,g  

SO3  wjfYdaIKh lrjd c,h tla lsÍu u`.ska H2SO4 ksmojd .kq ,efí' 

i,a*¾ g%fhdlaihsâ yd idkaø H2SO4 m%;sl%shd lrjkqfha m%;sm%jdy uQ,O¾uhg wkqj h' th isÿ 

jkafka wêfYdaIK l=¨k ;=< § h¡ fï l=¨kq firñla weiqreï øjHj,ska (ceramic packing 
material) mqrjd we;' ta ksid idkaø H2SO4 fifuka l=àrfha by< isg my<g tk w;r    

weiqreï øjH ksid øj H2SO4 ys mDIaG j¾.M,h jeä ù we;' i,a*¾ g%fhdlaihsâ by<g .uka 

lrhs' øj H2SO4 ys mDIaG j¾.M,h jeä ùu yd fifuka .,d hEu ksid;a, SO3 jdhqj by<g 

.uka lrk ksid;a idkaø H2SO4 ;=<g SO3 wjfYdaIKh ld¾hlaIu ù we;' fuys oS SO3 yd 

H2SO4 m%;sl%shd lr ´,shï (H2S2O7) iEfoa' ´,shïj,g mßiaiñka c,h tl;= lsÍfuka idkaø 

H2SO4 ksmojd .kq ,efí'  

i,a*shqßla wï,fha m%fhdack 

1) fmdiafmaÜ fmdfydr ksmoùu   

2) wefudakshï i,af*aÜ fmdfydr ksmoùu   

3) f¾fhdaka we;¿ lD;%su fl¢ yd ma,diaála ksIamdokh   

4) we,alhs,a yd weß,a i,af*dfkag wvx.= laId,l ksmoùu   

5) idhï" mqmqrk øjH yd T!IO ksIamdokh  

6) negß weisâ ksmoùu   

7) jdhq úh<Su (Cl2) 
 

1.9  rEghs,aj,ska ghsfÜkshï vfhdlaihsâ ksmoùu 
 
ghsfÜkshï wka;¾.; m%Odk Lksc j¾. f,i b,aukhsÜ yd rEghs,a oelaúh yels h'  

ghsfÜkshï f,dayh TiO2  iajrEmfhka nyq,j mj;sk Lksch rEghs,a h' b,aukhsÜ hkq TiO2 

yd FeO Tlaihsâ foflys ñY%Khls' b,aukhsÜ Ndú; lrñka TiO2 ksIAmdokh lrk   

wjia:dj, § m<uqj tys jQ FeO bj;a lsÍu isÿ lrhs' tu`.ska TiO2 m%;sY;h jeä lsÍu isÿ fõ' 

b,aukhsÜj,ska FeO bj;a lsÍu i,af*aÜ l%shdj,sh (sulphate process) f,i y÷kajhs' 
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b,aukhsÜ ys FeO bj;a lrñka TiO2 m%;sY;h 70] jvd jeä wjia:djg m;a l< miq tu`.ska 

ixY=oaO;dj b;d by< TiO2 ksIamdokh lrkq ,nhs' b,aukhsÜj,ska wdrïN lr TiO2     
m%;sY;h 70] blaujQ wjia:djla olajd msßmyÿ lsÍfuka miqj fyda rEghs,a Ndú; lsÍu u`.ska 

ixY=oaO;dj b;d by< TiO2 ksIamdokh l< yels h' ta ksIamdok l%shdj,sh laf,darhsâ    
l%shdj,sh f,i y÷kajkq ,efí' 

rEghs,a u`.ska TiO2 ksIamdokh wdY%s; ridhksl l%shdj,sh ^laf,darhsâ l%shdj,sh& 

rEghs,ays jQ úúO wldnksl wmøjH bj;a lr ixY=oaO;dj by< TiO2 ksmoùu fuys wruqK fõ' 
tys jQ mshjr folls' 

1) laf,daßkSlrKh 

2) TlaislrKh 

laf,daßkSlrKh 

rEghs,a yd fldalays jQ f;;ukh bj;a lsÍu msKsi úh<Su b;d wjYH fõ' fï ksid 200 –  
300 °C jeks WIAK;ajhlg r;a lr fyd¢ka úh<Su lrkq ,nhs' 

laf,daßkSlrK ls%hdj,sh i|yd rEghs,a yd fldala iys; ñY%Kh 950 °C  muK jQ WIAK;ajhg 

r;a lrkq ,nhs' ta u;ska  Cl2 jdhq Odrdjla hjkq ,efí' tys § fldala yuqfõ TiO2 iu`. Cl2 
m%;sl%shdfjka TiCl4 jdhqj m%%;sM, f,i ,efí' fuys § fldala TlaislrKh fjñka TiO2 ys wvx.= 

Tlaiscka CO2 iy CO f,i bj;a lrkq ,efí' fuys § ldnka TlaislrKh jk w;r laf,daÍka 
TlaisyrKh fõ' ghsfÜkshïys TlaislrK wxlh fkdfjkiaj mj;S' fuu ksiaidrK 

l%shdj,sfha § ksl=;a jk wmjdhqfjys CO j,g jvd CO2  wka;¾.; h' 

 CO2 iEfokjd hehs ie,l+úg my; mßÈ iuia; m%;sl%shdj ±laúh yels h' 

TiO2(s) + C(s)  + 2Cl2(g)                   TiCl4(g)  +  CO2(g) 

TiCl4ys ;dmdxlh  134 °C  fõ' ta ksid m%;sl%shd l=àrfhka bj;g tk jdhq ñY%Kfha m%Odk 

jYfhka TiCl4 yd CO2 we;' óg wu;rj we;eï w;=re m%;sl%shdys m%;sM,hla f,i HCl yd CO 
jdhq fuka u ÿú,s wxY= mej;sh yels h' tneúka TiO2 wdY%s;j ;snqKq wldnksl wmøjH fjka 

ùu fuys § isÿ fõ' ¥ú,s wxY=ka bj;a lsÍfuka miq ta jdhq ñY%Kh isis,a lsÍfuka øj TiCl4 
fjka lr .kq ,efí' tfia fjka lr .;a øj TiCl4 ;jÿrg;a ixY=oaO lsÍfuka miq     
TlaislrKh lrkq ,nhs' 

TlaislrKh 

m<uq mshjf¾ m%;sM,h jQ TiCl4 iu`. O2 m%;sl%shd lsÍug i,iajd kej; TiO2 ckkh lsÍu 

fuys § isÿ fõ' fï ksid rEghs,ays jQ wldnksl wmøjHj,ska f;dr ixY=oaO TiO2 ksmoùug fï 

l%shdj,sh jeo.;a fõ' tys § m%;sM, jk Cl2 jdhqj kej; laf,daßkSlrKhg Ndú; lrhs' tuksid 

fuys § Cl2 jdhqj m%;spl%SlrKh fõ'  
 
 
 
 

950 °C  
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TiCl4(g)  + O2(g)                   TiO2(s) + 2Cl2(g) 

TiO2(s) + C(s)  + 2Cl2(g)                   TiCl4(g)  +  CO2(g) 

 

 

                                                         2Cl2(g) + TiO2(s) 

fï l%shdj,sh u`.ska fldala TlaislrKh ù jdhqf.da,hg CO2 tla lsÍu isÿ fõ' tuksid 
laf,darhsâ l%shdj,sh uÕska f.da,Sh WKqiqu jeä lsÍug hï odhl;ajhla iemfha' 2006 jif¾ 

§ fï l¾udka; uÕska jdhqf.da,hg uqodyßk ,o iuia; CO2 m%udKh fuá%la fgdka ñ,shk 
3'6ls' fï m%udKfhka wvla WIaK;ajh ckkh i|yd jQ bkaOk oykh ksid o b;sß m%udKh 
ksIamdok l%shdj,sh ksid o ckkh ù we;' 

TiO2ys m%fhdack 

1) TiO2 iqÿ meye;sh' ta ksid ;Ska;, ma,diaála NdKAv, lvodis wdÈfhys §ma;su;a             

iqÿ j¾Kh ,nd .ekSu i|yd j¾Klhla f,i TiO2 fhdod .efka'  

2) ridhkslj wl%sh ksid T!IO yd oka;df,amj, iqÿ j¾Kh ,nd fok msKsi j¾Kl 

f,i TiO2 Ndú; lrhs'  

3) iQ¾h lsrKj, wvx.= jQ mdrcïnq, lsrK ksid ifï ms,siaiSï we;s ùu je<elaùug 

wdf,am lrk øjH ksIamdokh lsÍu i|yd o TiO2 Ndú; lrhs' TiO2 u.ska UV lsrK 
iu lrd ,Õd ùu j,lkq ,nhs'  

4) we;eï iQ¾hfldaI ksIAmdokhg TiO2 fhdod .kq ,nhs' 

1.10  hlv ksiaidrKh 

hlv ksIamdokh ms<sn`o bmerKs b;sydihla wmg we;' furg uq;=ka ñ;a;ka oekg jir oyia 
.Kklg fmr hlv ksiaidrKh ms<sn`o oek isá neõ mqrdúoHd;aul wOHhk u`.ska fy<sorõ 

ù we;' Tjqka iajdNdúl iq<x n,h (wind power) yd oej mq¨iaid ,nd .;a w`.=re Ndú; lr 
hlv ksiaidrKh lr we;' tx.,ka;fha tlaig¾ úYajúoHd,fha mqrdúoHd{hl= jQ .s,a cqf,a*a 

(Gill Juleff) kue;s úfYaI{jßh n<kaf.dv jQ yq<x lfmd,a, wdY%s;j bmerKs hlv    
ksiaidrK Wÿkla m%;sks¾udKh lr hlv ksiaidrKh lsÍfuka furg ;dlaIKh ikd: lr 

we;' ta ikd: lsÍu —An ancient wind-powered iron smelting technology˜ kue;s YS¾Ih   

hgf;a zfkap¾Z (Nature) i`.rdfõ m< lr ;sfí'  

hlv ksIAmdokhg wjYH wuqøjH 

hmia 
yqkq.,a 
fldala ^.,a w`.=re& 
jd;h 

 

 

1000 °C  

O2(g) (1000 °C)  
m%;spl%SlrKh 
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fï øjH Ndú; lr hlv ksiaidrKh i`oyd fhdod .kakd Wÿk zOdrd W!IaulhZ f,i    
y`ÿkajhs' by< WIaK;ajhg Tfrd;a;= fok .fvd`M úfYaIhlska Odrd W!Iaulfha we;=<; 
wdia;rKh lr we;' Odrd W!Iaulfha by<ska jQ fodrgqj yryd hmia" yqkq.,a yd fldala    
ñY%Kh tla lrhs' Odrd W!Iaulfha my<ska jd;h imhkq ,nhs' Odrd W!Iaulfha my<ska u    
øj hlv bj;a fõ¦ by<ska wmjdhqj ksoyia fõ' øj hlv bj;a jk uÜgug ;rula by<ska 
f,da fndr bj;a fõ' Odrd W!Iaulh ;=< .=re;ajdl¾IKh hgf;a by< isg my<g ialkaO 
m%jdykhla isÿ fõ' ta iu`. u iïmSä; jd;h my< isg by<g .uka lrhs' m%;súreoaO ÈYdj 
Tiafia øjH mßjykh ^my< isg by<g yd by< isg my<g& jk ksid >k l,dmh yd jdhq 
l,dmh w;r m%;sl%shd isÿ ùug we;s yelshdj jeä ù ;sfí' fuh WIaK;aj wkql%uKhla    
mj;ajd .ekSug o fya;= ù we;'  

hlv ksIamdok l%shdj,sfha oS ie,ls,su;a úh hq;= lreKq lSmhla fufia oelaúh yels h' 

1) f,damia" fldala yd yqkq.,a ñY%Kfha jQ tla tla ix>gl w;r wkqmd;h 

2) ta wxY=j, úYd,;ajh 

3) ta ñY%Kh Odrd W!Iaulfha by<ska tla lrk YS>%;dj 

4) jdhq Odrdj .,d hk YS>%;dj yd mSvkh 

fuys § fldalaj, ld¾hNdrh my; oelafõ'   

1) bkaOkhla f,ig l%shd lrhs' 

C(s)  +  O2(g)                 CO2(g)  +  ;dmh 

  
2) by< WIAK;ajfha oS Rcq Tlaisydrlhla f,i l%shd lrhs' 

FeO(s)  +  C(s)    Fe(l)  +  CO(g) 
 

3) m%Odk Tlaisydrlh jQ CO ckkh lrhs' 

CO2(g)  +  C(s)                2CO(g) 

f,damia wdY%s;j jQ is,sflaÜ yd we,qñfkaÜ øjH wmøjH f,i hlv ;=< ;ekam;a ùu      

je<elaúh hq;= h' ta i`oyd CaCO3 ;dm úfhdackfhka ,efnk CaO m%fhdackj;a fõ' 

CaCO3(s)                 CaO(s)  +  CO2(g)  

CaO(s)  +  SiO2(s)                 CaSiO3(l)  

CaO(s)  +  Al2O3(s)                 Ca(AlO2)2(l)  

 

 

 

 

 

898 C 

H = -393.5 kJ mol-1 

H = 172.5 kJ mol-1 
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1.11 rEmh Odrd W!Iaulh 

fuf,i iEfok CaSiO3 yd Ca(AlO2)2 f,da fndr f,i y`ÿkajhs' øj hlvj, >k;ajhg jvd 
f,da fndrj, >k;ajh wvq h' ta ksid øj hlv u; øj f,da fndr ia;rh mdfjhs' f,da fndr 

u`.ska øj hlv mDIaGh wdjrKh jk ksid øj hlv O2 iu`. m%;sl%shd lsÍug we;s bvlv    
wvq fõ' 

Odrd W!Iaulfha my< m%foaYfhka WKqiqï iïmSä; jd;h Odrd W!Iaulh ;=<g úoskq ,nhs' 
túg fldala oykh jk w;r" ta oyk m%;sl%shdj jvd;a fõ.j;aj isÿ fõ' WKqiqï jd;fha 
WIaK;ajh" mSvkh yd fldala wxY+j, úYd,;ajh u; oyk m%;sl%shdfõ fõ.h ;SrKh fõ' 

oyk m%;sl%shdj fõ.j;a ksid yd fldala oykh wêl f,i ;dmodhl ksid flá ld,hla ;=< 
úYd, ;dmhla uqod yßhs' ta ksid fldala  oykh isÿjk mdoia: m%foaYfha WIaK;ajh tlajr 

1700 0C muK jQ WIaK;ajhla lrd by< hhs' fuu mdoia: m%foaYfha WIaK;ajh ia:djrj 
mj;ajd .ekSu flfrys oyk m%;sl%shdfõ YS>%;dj yd oykh jk fldala m%udKh b;d jeo.;a 
idOl fõ'  ta i|yd jd;h my< isg by<g .,d hk YS>%;dj yd fldala iys; ñY%Kh my<g 
.,d tafï YS>%;d m%Yia;j mj;ajd .ekSu jeo.;a fõ'        

oykfha § iEfok WKqiqï CO2 jdhqj f,damia ;=<ska by<g .uka lrhs' by< WIaK;ajfha oS 

fldala (C) iu`. CO2 m%;sj¾;sj m%;sl%shd lrñka CO idohs' 

CO2(g)  +  C(s)                       2CO(g) 

 

 

fï m%;sl%shdj i`oyd ∆S Ok w.hls (176.5 J)' WIaK;ajh jeä jk úg T∆S ys ixLHd;aul 

w.fha úYd,;ajh jeä fõ' tneúka fldala ሺCሻ	yuqfõ by< WIAK;ajfha oS CO2 jdhqj CO    
njg TlaisyrKh ùfï m%jK;djla we;' by< WIaK;aj ;;a;aj hgf;a CO jdhqj ;dm.;slj 

ia:dhs hehs lsj yels h' WIaK;ajh 1000 ˚C	muK jk úg oS CO2	m%udKh 100%	muK CO 
njg mßj¾;kh fõ' by; 1'12 rEmh uÕska fï úp,kh fmkakqï lrhs'  

jdhquh wKq .Kk  jeä fõ' 

 tkafg%dmsh jeä fõ' 

.sksje,sj,ska  iEÿ 
.fvd¿ iys; ì;a;sh 

200 °C

900 °C

1200 °C

1700 °C
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1.12 rEmh WIaK;ajh bosßfha CO(g)ys m%;sY;fha úp,kh

            O2(g)  +  C(s)                 CO2(g)  +  ;dmh      ---------- (1) 

jdhq wKq .Kk fjkia fkd fõ¡

ie,lsh hq;= tkafg%dms fjkila ke;¡ ;dmodhl h'
 

 

O2(g)  +  2C(s)                 2CO(g)  +  ;dmh     ---------- (2) 

jdhq wKq .Kk jeä fõ¡

tkafg%dmsh jeä fõ ;dmodhl h'
 

 

m%;sl%shd fol u ;dmodhl ksid H ys w.h RK fõ' WIaK;ajh jeä jk úg oS T S w.fha 

lemS fmfkk jeä ùula we;af;a 2 jk m%;sl%shdj i`oyd h' WIaK;ajh iu`. G ys RK 
iajNdjh lemS fmfkk jeä ùula 2 m%;sl%shdj i`oyd wfmalaIs; h' WIaK;ajh wvq jk úg oS 

CO ys ;dm.;sl ia:dhs;dj wvq fõ" CO2 ys ;dm.;sl ia:dhs;dj jeä fõ' 

Odrd W!Iaulfha mdoia: m%foaYfha WIaK;ajh 1700 C ;rï by< neúka iEfok CO2 jdhqj 

fldala" f,damia ñY%Kfha jQ rla; ;ma; jQ (Red hot) fldala wxY= iu`. .efgk úg oS ;dm  
ckkh lrñka CO iEfoa'  

Odrd W!Iaulfha by< WIaK;ajhla we;s my< m%foaYfha oS we;s jQ CO jdhqj f,damia iys; 

ñY%Kh yryd by<g hk úg WIaK;ajh wvq jk ksid CO ys ia:dhs;dj wvq fõ' ta ksid CO 

jdhqj CO2 ùfï keUqre;dj jeä fõ' Odrd W!Iaulh ;=< fldala oykh jk m%foaYfhka by< 

m%foaYfha O2 jdhqj ke;s fyhska Fe2O3 TlaisyrKh lrñka CO jdhqj CO2 f;la    

TlaislrKh fõ' tys m%;sM,h f,ig Fe2O3 l%udkql+,j TlaisyrKh fõ' 

WIaK;ajh/ C

jdhq wKq .Kk fjkia fkdfõ' 
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fï fyhska, l=¨k Tiafia by<g h;a u yd WIaK;ajh wvq j;a u CO u`.ska f,damiays jQ      

Fe2O3 TlaisyrKh isÿ fõ' ta ksid 1000 Cg wvq WIaK;ajfha § mshjr jYfhka Fe2O3 
TlaislrKh ùu my; mßÈ ±laúh yels h( 

 3Fe2O3(s)  +  CO(g)                 2Fe3O4(s)  +  CO2(g) 

Fe3O4 hkq FeO yd Fe2O3 ys ñY%Khla ^f*ßfidaf*ßlaTlaihsâ& h' Fe2O3 ys +3 TlaislrK 

wjia:dfõ jQ hlv m%udKfhka 33]la muK +2 f;la TlaisyrKh ù we;'     

 2Fe3O4(s)  +  2CO(g)                 6FeO(s)  +  2CO2(g) 

 fyda [Fe3O4(s)  +  CO(g)                 3FeO(s)  +  CO2(g)]                                                           

 FeO(s)  +  CO(g)                  Fe(l)  +  CO2(g) 

Fe2O3 Nd.slj TlaisyrKh fjñka Fe3O4 njg m;a jk w;r ;j ÿrg;a Odrd W!Iaulfha jQ  

fï ñY%Kh my<g meñfKhs' túg ;j ÿrg;a CO jdhqj iuÕ m%;sl%shd lr tys +3 wjia:dfõ 

jQ hlv mrudKq +2 wjia:dj f;la TlaisyrKh fõ' tys m%;sM,h jq FeO ;jÿrg;a CO jdhqj 

iuÕ m%;sl%shd lr ksoyia hlv ^Fe& f;la TlaisyrKh fõ' 

óg wu;rj CaCO3 úfhdackh 1000 C g jvd wvq WIaK;ajfha oS (898 C) isÿ fõ' tuÕska 

ckkh jk CO2 jdhqjg mjd  fldala iuÕ m%;sl%shd lr CO ckkh lsÍfï yelshdjla we;' 

tu iEfok CO mjd l=¨k Tiafia by<g h;au f,damiays Fe2O3 iuÕ m%;sl%shdfjka CO2             
njg m;a ùfï bv lvla we;'  

1000 C blaujQ úg oS" tkï Odrd W!Iaulfha ;rula my< m%foaYfha oS my; m%;sl%shd isÿ fõ' 

tys§ fldala >Dcqju FeO TlaisyKh lrhs' 

 2FeO(s)  +  C(s)                  2Fe(l)  +  CO2(g) 

 CO2(g)  +  C(s)                 2CO(g) 

 2CO(g)  +  O2(g)                  2CO2(g)        

Odrd W!Iaulh ;=< oS" uq`t fldala m%udKfhka fldgila oyk m%;sl%shdj i`oyd iyNd.s fõ'    

;j fldgila CO2 iu`. m%;sl%shd lr CO ckkhg iyNd.s fõ' ;j;a m%udKhla FeO 
TlaisyrKhg iyNd.s fõ' jd;fha jQ Tlaaiscka Tlaisldrlhla f,i l%shdlr oyk m%;sl%shdj 

u`.ska ;dmh ckkhg yd CO2 ckkhg iyNd.s fõ' jeämqr jd;h iemhSu isÿ jqj fyd;a Odrd 

W!Iaulh ;=< § CO jdhqj Fe2O3 iu`. m%;sl%shd lsÍug wu;rj O2 iu`. m%;sl%shd lr CO2njg 
m;a ùu i|yd ;dm.;sl jYfhka bvlvla we;' th wjdishlss' fï ksid hlv ksiaidrKfha § 

jd;fha mßudñ;sl .,d hEfï Ys>%;dj (volumetric flow rate) yd by<ska f,dami iys; >k 
ñY%Kh .,d hEfï Ys>%;dj m%Yia; uÜgul mj;ajd .ekSug b;d jeo.;a fõ' Odrd W!Iaulfha 

my< m%foaYfha § oykh ksid O2 m%udKh tlajr wvq jk w;r" ta m%udKhg .e<fmk CO2 

m%udKhla ckkh lrk fyhska u tlajr CO2 idkaøKh jeä fõ' tfia u wêl ;dmhla 

ckkh fõ' by< WIaK;ajhla we;s m%foaYfha jQ fï CO2 jdhqj my<g meñfKk >k ñY%Kh 

;=<ska by<g .uka lsÍug keUqre fõ¡ ta ksid u >k ñY%Kfha jQ fldala iu`. CO2 m%;sls%hd 

lsÍu by< WIaK;ajhla mj;sk Odrd W!Iaulfha my< m%foaYfha oS isÿ fõ¡ fï ksid CO2 

    H = -566 kJ mol-1 
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idkaøKh l%ufhka wvq jk úg CO idkaøKh jeä fõ' my< m%foaYfha oS ckkh jQ CO     
jdhqj mjd my<g meñfKk >k ñY%Kh ;=<ska by<g .uka lrhs¡ fï jk úg by<g h;a u 

WIaK;ajh wvq ùu ksid CO jdhqfõ ;dm.;sl ia:dhs;dj wvq fõ. CO2 njg mßj¾;kh ùfï 

m%jK;dj jeä fõ¡ O2 jdhqj ke;s ksid Fe2O3 ys Tlaiscka ,nd .ksñka CO jdhqj CO2 njg 

TlaislrKh fõ¡ tneúka Odrd W!Iaulfha by<g h;au fï CO idkaøKh wvq fjñka kej; 

CO2 idkaøKh jeä fõ'   

fldala Ndú; lsÍu ksid Odrd W!Iaulfhka ksoyia jk CO2 jdhqj f.da,Sh WKqiqu jeä     
lsÍug fya;= fõ' fï ksid fldala fjkqjg mqk¾ckkSh úl,am fiùu mdßißl jYfhka jeo.;a 
fõ' tfia u wkjYH f,i hlv Ndú; lsÍfuka je<lSu o jeo.;a fõ' 

1.11  nyqwjhjl 

taldjhúl f,i y÷kajk" idfmalaIj l=vd ridhksl wKq b;d úYd, m%udKhla tlsfkl iu`. 
ridhkslj ne|Su ksid nyqwjhjl ks¾udKh fõ' 

WodyrK: 

 

taldjhúl wKq úYd, m%udKhla fufia iïnkaO ùu ksid taldjhúlfha ldnka iels,a, 
nyqwjhjl wKqj wdY%s;j mqkrdj¾;Sj msysgd we;' taldjhúl ldnka iels,a, iys; fldgi 

mqkrdj¾;S tallh (Repeating unit) f,i y÷kajhs' 

 

Cl 

t;s,Ska fmd,st;s,Ska 

iaghÍka fmd,siaghÍka 

fgg%d*af,dafrd t;s,Ska fmd,sfgg%d*af,dafrd t;s,Ska 
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                               n                                

 

fmd,st;s,Skays mqkrdj¾;S tallh –CH2–CH2– fõ. mqkrdj¾;S tall úYd, ixLHdjla (n)  
nyqwjhjl wKqfõ ;sfnk ksid “n” fh§fuka ta wKqj ixfla;j;a lrhs' WodyrK lSmhla 
my; 1'2 j.=fõ olajd we;' 

1.2 jj.=j taldjhúl lsysmhla uÕska idok nyqwjhjlj, mqkrdj¾;S tall 

taldjhúlh mqkrdj¾;S tallh weiqfrka nyqwjhjlh 

  

 

 

 

 

 

 

 

  

 

 

taldjhúl u`.ska nyqwjhjl ksIAmdokh lsÍu nyqwjhùlrKh f,i y÷kajhs' fuys § isÿ   
jk m%;sl%shdj wkqj wdl,k nyqwjhjl yd ix.Kk nyqwjhjl hkqfjka j¾. follg    
fjka l< yels h' 

wdl,k m%;sl%shdjla u`.ska taldjhúl tlsfkl nkaOkh ù nyqwjhjl ks¾udKh fõ kï ta 
nyqwjhjlh wdl,k nyqwjhjlhla f,i y÷kajhs' fï i|yd taldjhúlfha jQ wix;Dma; 
nkaOk jeo.;a fõ' taldjhúlfha ujq,sl ialkaOh yd m%;sM, jk nyqwjhjlfha jQ   
mqkrdj¾;S tallfha ujq,sl ialkaOhg iudk h' taldjhúlfha yd mqkrdj¾;S tallfha ;%sudk 
jHqyh yd ldnka mrudKqfõ uqyqïlrK wjia:dj fjkia fõ' 

 

ix.Kk nyqwjhjl ksIamdokfha § ix.Kk m%;sl%shdjla isÿ jk ksid nyqwjhjlhg    

wu;rj ialkaOh wvq l=vd wKq ksmofõ' ksoiqka f,i -COOH ldKavh iu`. –OH ldKavh 

t;s,Ska fmd,st;s,Ska
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w;r m%;sl%shdjla u`.ska tiag¾ nkaOkhla iEfok úg H2O wKqjla ks¾udKh fõ' tneúka 
fmd,stiag¾ ksmoùfï § ix.Kk m%;sl%shdjla isÿ fõ' ieÿKq tiagr nkaOk ixLHdjg iudk 
c, wKq ixLHdjla ksoyia fõ' fï msgjk c, mßudj ksjerÈj uek .ekSug yels kï c,fha 
>k;ajh yd ujq,sl ialkaOh weiqfrka iE§ we;s tiagr nkaOk ixLHdj .Kkh l< yels h' 

 

 

 

 

 

 

fmd,st;s,Ska fgß;ef,aÜys (PET) jHQyh mqkdrdj¾;S tallh weiqfrka by; mßÈ ±laúh yels 
h'   

vhsldfndlais,sla wï,hla yd vhsweókhla w;r nyqwjhùlrK m%;sl%shdfjka fmd,stauhsâ 
,efí' khsf,daka hkq tjka fmd,stauhsvhla fõ' khsf,daka ksmoùu o ix.Kk m%;sl%shdjls'   

 

 

 

 

 

 

 

 

 

fgß;e,sla wï,h 

vhsweókfha jQ ldnka  
mrudKq .Kk

vhsldfndlais,sla wï,fha 
jQ ldnka mrudKq .Kk  

+

mqkdrdj¾;S tallh
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khsf,daka 6" 6 ys jHQyh mqkrdj¾;S tallh weiqfrka my; mßÈ ±laúh yels h' fuys m<uq 

wxlh vhsweókfha jQ ldnka mrudKq .Kk o fojk wxlh vhsldfndlais,sla wï,fha jQ   

ldnka mrudKq .Kk  o ksfhdackh lrhs' 

 

fuf;la jQ úia;r lsÍu i|yd WodyrK f,i fhdod.;a nyqwjhjl wKqj, jHQyh ;ks    

oduhla f,i ks¾udKh ù we;s whqre meyeÈ,s h. ta ksid u tjeks nyqwjhjl zf¾Çh 

nyqwjhjlZ f,i o y÷kajkq ,efí' 

we;eï wjia:djkays § ;%sudK cd,hla jk mßÈ nyqwjhjl ks¾udKh fõ' thg fya;=j 

taldjhúl wdY%s;j m%;sl%shdYS,s ia:dk follg jvd jeäfhka mej;Suhs' ksoiqka f,i *Sfkda,a 

ie,el= úg tys fnkaiSka kHIaáh wdY%s; wdfoaY m%;sls%hdj isÿ úh yels ia:dk ;=kls' *Sfkda,a 

yd f*daue,aaäyhsâ w;r m%;sl%shdj u`.ska ;%sudK cd,hla jQ nyqwjhjl ks¾udKh fõ' th 

fíla,hsÜ f,i y÷kajhs' th o ix.Kk m%;sl%shdjls' 

 

 

 

 

 

 

 

 

 

 

 

   

 

idkaø H2SO4
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1.13 rEmh *Sfkda,a yd f*daue,aaäyhsâ w;r m%;sl%shdj u`.ska fíla,hsÜ iE§u 

fujeks wjia:djl § ksYaÑ; mqkrdj¾;S tallhla bÈßm;a l< fkdyels h' 

nyqwjhjl wKqfõ jHQy iajNdjh wkqj f¾Çh" w;= fnÿKq fyda cd,dldr f,i j¾.SlrKh 

l< yels h' PS, PVC, PTFE, PET ys nyqwjhjl wKqj,g f¾Çh jHQyhla we;' 

  

 

 

 

 

 

1.14 rEmh nyqwjhjl wKqj, jHqy iajNdjh 

OH 

w;= fnÿKq nyqwjhjl f¾Çh nyqwjhjl cd,dldr nyqwjhjl 
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f¾Çh yd w;= fnÿKq nyqwjhjl wKq tlsfklska fjka jQ wKq f,i úúO wdldrhg weiSÍ  
we;' we;eï úg wKq tlsfklg jvd;a <x ù l%ñl weisÍula we;s m%foaY we;' tjka m%foaY 
iaMálrEmS m%foaY kñka y÷kajhs' we;eï ;ekays § wKq tlsfkl meg,S weUÍ ;sìh yels h' 

tjka m%foaY wiaMálrEmS (amorphous) m%foaY kï fõ' we;eï nyqwjhjl øjH  mQ¾K jYfhka 
wiaMál h' tfia u we;eï nyqwjhjl wdY%s;j hï m%udKhlska iaMálrEmS m%foaY we;' ta     

øjH w¾O wiaMálrEmS (semicrystalline) nyqwjhjl øjH f,i kï lrhs' w¾O iaMálrEms 
nyqwjhjl  i|yd ksoiqkla f,i fmd,st;s,ska oelaúh yels h' w¾OiaMálrEmS nyqwjhjl 
mg, yryd fyd¢ka wdf,dalh .uka fkdlrhs' iaMálrEmS m%foaY u`.ska wdf,dal lsrK  

m%lsrKh (scattering) lrhs' tfyhska mdroDYH;dj ;rula wvq ù we;' wiaMálrEms mg, u`.ska 
tjeks ndOdjla wdf,dal lsrK flfrys we;s fkdlrhs' tu ksid tjeks mg, mdroDYH fõ' 

 

1.15 rEmh f¾Çh yd w;= fnÿKq nyqwjhjl wKq weisÍ we;s wdldr 

fmd,st;s,Ska ixYaf,aIKh lrk wdldrh wkqj w;= fnÿKq jHQyhla ,efnk whqßka o     
ksmoúh yels h' f¾Çh fmd,sM;s,ska wKq b;d fyd¢ka tlsfklg <x ù weisÍu ksid      

>k;ajh jeä m%foaY jeä fõ' tjeks fmd,st;s,Ska, by< >k;aj fmd,st;s,Ska (High Density 
Polyethylen- HDPE) f,i kï lrhs' w;= fnÿKq úg § tjka wKq t;rï <x ù weisfrkafka 
ke;' taksid >k;ajh wvq fõ' wiaMálrEmS m%foaYh jeä jYfhka we;' tjka fmd,st;s,Ska wvq 

>k;aj fmd,st;s,Ska (Low Density Polyethylen-LDPE) f,i kï lrhs'  

1.11.1  rn¾ yd ma,diaála 

m%;Hdj¾;s f,i b;d by< m%;Hia; .=K olajk nyqwjhjl øjH rn¾ f,i i,lkq ,efí' 
rn¾ i;= m%;Hia; .=K md,kh l< yels h' taldjhúlj,ska wdrïN lrñka rn¾ f,ig 
y÷kajk nyqwjhjl ksIamdokh l< yels h' tajd lD;%Su rn¾ f,i y÷kajhs ^Wod'( khsg%hs,a 
rn¾&' rn¾ .fya laISrh uÕska o by< m%;Hia; .=K we;s nyqwjhjlhla ^rn¾& ,nd .kq     

,efí' tajd iajNdúl rn¾ (Natural rabber/ NR) f,i y÷kajhs' 
 

iSñ; m%;Hia: .=K we;s nyqwjhjl øjH ma,diaála f,i ie,lsh yels h' ksoiqka f,i PVC, 
PET, PP, PE wdÈ nyqwjhjl øjH ma,diaála f,i i,lkq ,efí' fïjd iSñ; m%;Hia: .=K 
iSudj blaujk mßÈ we§ug ,la l< úg wm%;sj¾;Ssj yevh fjkia fõ' ma,diaála øjH     

;jÿrg;a ;dmia:dmk (thermosetting) yd ;dmiqúld¾h (thermoplastics) f,i o j¾. l<    
yels h' ;dmiqúld¾h ma,diaála ys we;af;a f¾Åh nyqwjhjl wKq fyda w;= fnÿKq     
nyqwjhjl wKq h' ;dmia:dmk nyqwjhjlj, we;af;a cd,dldr f,i ieliqKq wKql  
jHqyhls' ;dmiqúld¾h ma,diaála øjH r;a lr uDÿ l<  yels  h' ta ksid r;a lr uDÿ lr   
wjYH yevh ,nd .ekSu myiq h' bkamiq isis,a lsÍu ksid tu yevh iaÓr l< yels  h' fï 

i|yd ksoiqka f,ig PVC, PE, PS wdÈh oelaúh yels h' ;dmia:dmk nyqwjhjl øjH tfia 
uDÿ l< fkdyels h' fï i|yd ksoiqka f,ig *Sfkda,a-f*daue,aäyhsâ ^fíla,hsÜ& oelaúh    
yels h'  
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1.11.2  iajdNdúl rn¾ 

rn¾ .fia (Hevea braziliensis) laISrh leá.eiSu ksid ,efnk wêl m%;Hia; .=K we;s     

øjHh iajdNdúl rn¾ (Natural Rubber/ NR) f,i y÷kajkq ,efí' rn¾ .fia fmd;a; 
l%udkql+,j bj;a lsÍu u`.ska rn¾ laISrh tl;= lr .kq ,efí' rn¾ laISrfha 60] - 65]      
muK c,h we;s w;r 30] - 35] m%udKhlska rn¾ we;' rn¾ laISrh wdYs%;j b;d l=vd wxY= 
f,i rn¾ wxY= úisÍ l,S, ødjKhla f,i mj;S' fï l,S,uh ødjKh wdY%s;j ir, iskS yd 
,jK j¾. o Èh ù we;' 
 

 
 
 

1.16 rEmh rn¾ wxY=j 

rn¾ wxY=jla jgd ,smsv yd fm%daàka wka;¾.; ia;rhla mj;S' Bg we;=<;ska rn¾ wKq msysghs' 

rn¾ wxY=jl msg; ia;rh wdY%s;j -COO¯ ldKav we;s ksid" ndysr mDIaGhg RK    
wdfrdamKhla we;' fï RK wdfrdams; wxY= w;r iaÓ;s úoHq;a úl¾IK n, l%shd;aul jk 
fyhska ta wxY= ødjKh mqrd úisÍ mj;S' 
 

 
 
 

1.17 rEmh rn¾ wxY=jl msg; ia;rfhys RK wdfrdamK mj;sk wdldrh 

RK wdfrdamK iys; mDIaG w;r jQ úl¾IK n, ksid tajd tlsfkl iïnkaO fkd fõ' wï, 

tla lrk úg § H+ whk uÕska fï -COO¯ ldKav WodiSk lrk neúka ta wxY=j, mDIAG"   
úoHq;a WodiSk ;;a;ajhg m;a fõ' túg tu wxY= tlsfkl iu`. iïnkaO ù ialkaOhla f,i 
;ekam;a fõ' fuh lsß leá.eiSu f,i y÷kajkq ,efí' 
 

 
 
 
 
 
 
 
 
 
 
 
 

1.18 rEmh lsß leá.efik wdldrh 

rn¾ laISrh wdY%s;j ,jK" iSks, weuhsfkda wï, wdÈh we;s ksid laIqøÔú l%shdldß;ajhg iqÿiq 
udOHhla fõ' laIqøÔú l%shdldß;ajh ksid uqodyßk wï, ksid laISrh leá.eiSu isÿ fõ' fï 

laISrh leá.eiSu 

(coagulation) 

leá.eiqKq rn¾ 

(coagulum) 

fm%daàka/ ,smsv ia;rh
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ksid rn¾ laISrh tla /ia l< miq ksIamdok l%shdj,shg Ndckh lrk f;la laIqøÔù 
l%shdldß;ajh kj;d ;eîu u`.ska lsß leá.eiSu j<lajd .; yels h' wefudakshd ødjKhla   
tla lr laISr ødjKh NdiAñl lsÍu u`.ska lsß leá.eiSu j<lajd .ekSug yels h' wefudakshd 
uÕska udOHh wdï,sl ùu j<lajd rn¾  wxY=  jgd we;s RK wdfrdamK ia:djr lrjhs' fï 
Ndiañl ;;a;ajh hgf;a laIqøÔù l%shdldß;ajh o wvd< fõ' 
 

rn¾ .i 
 
 

rn¾ laISrh 
 

 
     rn¾ laISr ødjKh mokï jQ ksIamdok    rn¾ lsß leá.eiSu 
 
 
                       rn¾ .a,jqia    rn¾ YSÜ 
  
 
          >k wjia:dfõ jQ úúO rn¾ j¾. 
                                                         ^Wod( ÿï .eiQ rn¾ YSÜ& 
 
 
             >k rn¾ mokï jQ ksIamdok 
 
 

       gh¾" fifrmamq, rn¾ ldmÜ 
 

iajdNdúl rn¾ wKqfõ mqkrdj¾;S tallh wdYs%;j jQ oaú;aj nkaOk ldnka wdYs%;j –CH2  

ldKAv folla yd tla –CH3 ldKavhla we;' tu wKqfõ CH2 ldKavfhys msysàu wkqj tajd  

isia-1, 4-fmd,swhsfidm%ska hkqfjka y÷kajhs' .egdm¾pd ys we;af;a g%dkaia jHQyhls' g%dkaia-1"4-
fmd,swhsfidm%ska f,i ye¢kafjk iajNdúl nyqwjhjlh m%;Hia; .=K fkdolajhs' tys jQ   

hdno CH2 ldKAv fol w;r mr;rh Wmßu h' 

  
 
 
 

 

 

whsfidm%s%ka kue;s taldjhúlh nyqwjhùlrKhg ,la lr lD;%suj fmd,swhsfidm%s%ka 

ixYaf,aIKh l< yels h' ta rn¾ lD;s%u rn¾ hg;g wh;a fõ' fï lD;s%u rn¾ IR (Isoprene 
Rubber) f,i kï lrkq ,efí¡  

 

isia-1, 4-fmd,swhsfidm%ska 

n 
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lD;%su fmd,swhsfidm%s%kays taldjhúlh whsfidm%ska jqj;a iajdNdúl rn¾ys taldjhúlh th 
hehs i|yka l< fkdyels h' rn¾ Ydlh ;=< § rn¾ wKq ksmojkafka b;d ixlS¾K ffcj 
ridhksl m%;sl%shd uÕska ùu fuhg fya;=jhs' 

1.11.3  iajdNdúl rn¾ j,alkhsia lsÍu

iajdNdúl rn¾j, we§fï .=Khg fya;=j cis-fmd,swhsfidm%ska odu ;sîuhs' tfy;a rn¾j, 

m%;Hia; .=Kh ld¾ñlj wjYH mßÈ fjkia lsÍug yd Yla;su;a lsÍu ms‚i nr wkqj 1]-3]la 
w;r i,a*¾ m%udKhla fhdod r;a lrkq ,efí' th rn¾ zj,alkhsia lsÍuZ f,i y÷kajhs' 
j,alkhsia lsÍfï § fmd,swhsfidm%ska odu w;r i,a*¾ u`.ska yria nkaOk idok ksid 
j,alkhsia lrk ,o rn¾" we§fuka miq uq,a msysgqug hEfï yelshdj tkï m%;Hdia:;dj o 
jeä fõ' nr wkqj 25] - 35] w;r S fhdod rn¾ r;a l< úg tnkhsÜ ,efí' tnkhsÜ 
m%;Hia: .=K fkdolajhs' thg fya;=j  rn¾ wKqj, jQ oaú;aj nkaOk wdY%s; l%shdYS,s;ajh ksid 
i,a*¾ iuÕ yria nkaOk úYd, m%udKhla iE§uhs' m%Yia; m%udKhlska i,a*¾ tla lr 
j,alkhsia l< rn¾ fkdwef,k iq¨ jk w;r" m%Yia; m%;Hia:;djla yd Wiia hdka;%sl 
.=Kj,ska hqla; fõ' my; 1'19 rEmfha rn¾ wKq i,a*¾ yria nkaOkj,ska ne£ we;s whqre  
olajhs' 

1.19 rEmh  i,a*¾ yria nkaOkj,ska rn¾ wKq ne`§ we;s whqre

1.11.4  nyqwjhjl wdY%s; ksIamdok i|yd fhdok wdl,k øjH

nyqwjhjl øjH ksIamdokfha oS wdl,k øjH (Additives) f,i y÷kajkafka ksñ NdKavfhys
.=Kdx. jeä lsÍug yd ksIamdok úhou wvq lsÍug fhdod .kakd øjHhka h' úfYaIfhka u 

msrjqï (Fillers) fhdod .ekSu uÕska ksñ NdKavhg wjYH úYd,;ajh ^mßudj& ,nd .ekSu isÿ
lrhs' rn¾ wdY%s;j jQ gh¾ ksIamdokfha oS msrjqï f,ig ldnka í,ela fhdod .kq ,nhs' 
ldnka í,ela fhoSu ksid fN!;sl yd hdka;%sl .=Kdx. jeä ùula o isÿ fõ' ksoiqka f,i 
f.ùu wvq ùu" Yla;su;a nj jeä ùu oelaúh yels h' tfy;a gh¾ f.ùu iuÕ fï ldnka
í,ela wxY= mßirhg tla ùu mdßißl .eg¨ i`oyd fya;= fõ' j,alkhsia lsÍu ld¾hlaIu

lsÍug úúO ldnksl W;afm%arl yd ZnO jeks W;afm%arl j¾Ol fhdod .kq ,efí' fï ldnksl
W;afm%arl nyq;rhla úIodhl h' ma,diaála øjH wdYs%;j o úúO msrjqï øjH fhdod .kq ,efí' 
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le,aishï ldnfkaÜ bka tla j¾.hls' ma,diaála øjH ksmoùfï oS kuHYS,S;dj jeä

lsÍug zma,diaáihsi¾Z f,i y÷kajkq ,nk÷ixfhda. tla lrhs' ksoiqka f,i PVC fhdod

f.k ksmojk c, k, oeä w;r kuHYS,S;dj wvq h' tfy;a PVC fhdod f.k kssIamdokh
lrk .Dy úoHq;a /yekaj, ndysr wdjrKh kuHYS,S ù we;' thg fya;=j ta úÿ,s /yekaj,

ndysr wdjrKh PVC u`.ska ksmoùfï oS PVC iuÕ ma,diaáihsi¾ ñY% lsÍuhs' tksid
kuHYS,s nj ,efí' óg wu;rj .sks .ekSug we;s yelshdj wvq lsÍug wdl,k øjH tla lrhs' 
tfia u mdrcïnq, lsrK u`.ska we;s jk ydksh j<lajd .ekSug úúO wdl,k øjH tla 

lrhs' wdl,k øjH tla lrkafka iq¿ m%udKj,sks. ma,diaála wdY%s;j jQ fujeks fndfyda
wdl,k ixfhda. øjH ;ef,aÜ ixfhda. fõ' ma,diaála NdKav ksIamdokfha § fhdod .kakd 
fndfyda wdl,k øjH wka;rdi¾. moaO;sfha l%shdldß;ajhg ndOd muqKqjk øjH f,i y`ÿkd 
f.k we;' tuksid wdydr øjH .nvd lsÍug fhdod .kakd weiqreï øjH f,i ma,diaála
NdKav fhdod .ekSfï oS jvd;a ie,ls,su;a úh hq;= h' wdl,k øjH nyq,j fhdod .kakd

ma,diaála ksIamdok l%shdj,shla f,i PVC uÕska ma,diaála NdKav ksIamdokh y`ÿkajd Èh

yels h' thg fya;=j PVC wKq wdYs%;j Cl mrudKq oaú;Shsl ldnka mrudKqjlg ne`oS ;sîuhs'

ta C-Cl nkaOkh myiqfjka ì`ojeàu j<lajd .ekSug úúO wdl,k øjH Ndú; lrhs'
ksIamdok l%shdj,sfha § jQ WIaK;ajh fyda ta NdKav mdrcïnq, lsrK i|yd ksrdjrKh jQ úg

§ PVC wKqj,ska HCl bj;a ùu isÿ fõ'

1.12  YYdl m%Nj wdYs%; ridhksl ksIamdok

1.12.1  úkdlsß ksIamdokh

úkdlsß wdYs%; jQ l%shdYS,s ridhksl ixrplh weisála wï,hhs' rd ksIamdokfhka ,efnk 
øjHh ;j ÿrg;a laIqøðù l%shdldß;ajhg ,la l< úg oS weisála wï,h f;la TlaislrKh 

fõ' tys§ weisála wï, m%udKh 48% muK jk f;la jeä fõ' fufia ilia l< úkdlsß
iajdNdúl úkdlsß f,i y`ÿkajhs' fmfg%da,shï l¾udka;fhka ,nd .kakd wuqøjH u`.ska 
ksmojk t;fkda,a TlaislrKh lr ,nd .kakd weisála wï,h iqÿiq mßos ;kql lsÍfuka 
lD;s%u úkdlsß ksmojkq ,nhs' iajdNdúl úkdlsß wdY%s;j iq¿ m%udKj,ska ,jK" ir, iskS" 
tiagr yd we,afldfyd,a we;'   

1.12.2  t;fkda,a ksIamdokh

iqj| ú,jqka yd iqj|ldrl i|yd ødjl f,i t;fkda,a Ndú; fõ' ridhksl m%;sl%shd i|yd 
udOHhla f,i o th Ndú; fõ' mßir ys;ldñ mqk¾ckkh l< yels bkaOkhla jYfhka o 
t;fkda,ays Ndú;h jeä fjñka mj;s' ffcj ialkaO Ndú; lrñka laIqø Ôù l%shdldß;ajh 

uÕska ksmojk t;fkda,a ffcj t;fkda,a (Bio ethanol) f,i y÷kajhs'

t;s,Ska ic,kh lsÍfuka fyda hSiaÜ yuqfõ iSks fyda msIagh meiùfuka ld¾ñlj t;fkda,a 
ksmojkq ,nhs' we,afldfyd,Sh mdkj, wka;¾.; we,afldfyd,a úúO Ydl m%Nj u`.ska 
ckkh flf¾' 

    ksoiqka  - ñÈ ^jhska& 
nd¾,s ^ìh¾&

ld¾ñlj we,afldfyd,a ksmoùu i|yd úúO OdkH j¾." m<;=re hqI" iSks ksIamdokfha w;=re 

M,hla jk meKs uKaäh ^molasses& wdÈh fhdod .efka' hSiaÜj,g idkaø t;fkda,a ødjKhl
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Ôjh mj;ajd .; fkdyels ksid meiSfuka ,efnk ødjKfha t;fkda,a m%;sY;h 12] muK 
mj;ajd .kS' 

meiùfuka ,;a c,Sh ødjK wdijkfhka by< we,afldfyd,a uÜgï iys; ksIamdok ,efí' 
     ksoiqka  - n%ekaä ^40] muK& - jhska wdijkfhks' 
   wrlal= ^40] muK& - fmd,a rd wdijkfhks' 

c,Sh t;fkda,a Nd.sl wdijkfhka ,eìh yels Wmßu t;fkda,a idkaøKh 96'5]ls' fuh 

m%;sfYdaê; uoHidrh ^Rectified spirit& kï fjhs' 

wo f,dalfha u;a øjH Ndú;h foi n,k úg zwrlal=Z o Nhdkl u u;a øjHj,ska tlla f,i 
ffjoH úfYaI{hka úiska y`ÿkajk nj i`oyka l< yels h' fjf<`ofmdf<ys we;s wrlal= hkq  
fudkjd ±hs wms ±ka i,ld n,uq' tys wvx.= jk m%Odk;u ix>glh jkafka t;fkda,a h' wo 
f,dalfha t;fkda,a ksIamdokh lrk l%u rdYshla we;' thska l%u lSmhla u`.ska YS% ,xldfõ o 
t;fkda,a ksmofõ' kS;suh wjir we;sj t;fkda,a ksmojk l%u jkafka meiqKq fmd,a rdj,ska  
iy Wla.iaj,ska iSks ksIamdokfha w;=re M,hla f,i ,efnk meKs uKaähla h' 

fmd,a rd ksmojkafka fmd,a .fiys <má mqIam uxcÍh ^fmd,a u,& ue§fuka  ,efnk hqI  
fyj;a ó rd meiSug bv yeÍfuks' meiSfï ls%hdj,sfha § isÿ jkafka jd;fha mdfjk hSiaÜ   
jeks È,Srj, îcdKq ó rd u; ;ekam;a ù" tys we;s iSks Wmia;rhla f,i fhdod j¾Okh    
ùu;a" hSiaÜ ffi,j,ska ksmojk tkaihsuj,ska iSks l%ufhka uoHidr yd ldnkavfhdlaihsâ 
njg m;a ùu;a h' 

C12H22O11  +  H2O                    C6H12O6   +  C6H12O6 
 

                                                           fudfkdielrhsv  iSks 

C6H12O6                      2C2H5OH   +  2CO2 

 

ó rd fuf,i Èk folla muK ld,hl § meiqKq rd njg m;a jk w;r" túg iSks idkaøKh 
l%ufhka wvq fõ' 

meiqKq rd ;jÿrg;a ;sfnkakg yeßfhd;a nelaàßhd u`.ska rdj, we;s uOHidrh TlaislrKh 
lsÍug mgka .kakd neúka l%ufhka weisála wï,h njg m;a ùug mgka .kS' tkï"      
uOHidr m%;sY; wvq ù wï, m%;sY;h l%ufhka jeä fõ' 

 

 

 

iqlaf¾ia 

iqlafrdaia ^.a¨fldaia& ^*arlafgdaia&   

t;fkda,a

hSiaÜ 
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1.20 rEmh  ó rd meiSsfï § ld,h;a iuÕ isÿ jk ridhksl øjHj, úp,kh 

Nd.sl wdijkh 

;dmdxlh tlsfklg fjkia, tlsfkl iu`. fyd`oska ñY% jk ix>glj,ska ieÿK ødjKhlska 
ta ix>gl fjka lr .ekSu i`oyd Ndú; lrkq ,nk wdijk l%uh Nd.sl wdijkh kñka 
ye`Èkafõ'  

1.3 j.=j ixfhda. lsysmhl ;dmdxl 

ixfhda.h ;dmdxlh/ °C 

fu;fkda,a 64'6 

t;fkda,a 78.5 

fm%dmka -1-´,a 97.1 

fm%dmka -2-´,a 82.4 

ìhqgke,a 74.7 

ìhqgfkdka 79.5 

t;s,a t;fkdtaÜ 77.2 

 

fmd,a rdj,ska yer fjk;a ldfndayhsfâ%g wvx.= Ydl fldgia weiqfrka o t;fkda,a ksmoùu 
isÿ flf¾' ksoiqka f,i îÜ" w¾;dm,a" m,;=re" yd,a hkdÈh i`oyka l< yels h' fun`ÿ Ydl 
fldgia meiSfï § uOHidrj,g wur;j tiagr" we,aäyhsv" lSfgdak jeks ixfhda. o ksmofõ' 
tajd o c,Sh ñY%Khg tl;= fõ' fïjdfha ;dmdxlh o t;fkda,aj, mrdifha fõ kï tajd o 
t;fkda,a iu`. jdIam ù t;fkda,a wvx.= wdiq;hg .uka  lrhs'  

fï ls%hdj,sfha m<uq jk wdiq; fldgfiys m%Odk jYfhka wvx.= jkafka fu;fkda,a h' fuh 
úI iys; jk w;r" jhska iamS%;=j,g fhdohs' wdijkfha fojk Nd.fha m%Odk jYfhka    
we;af;a t;fkda,a h' jvd by< WIaK;ajhl § ,efnk ;=kajk Nd.fhys WÉp uoHidrh     

wvx.= jk w;r" th “mshqi,a f;,a” kñka ye`Èkafõ' 
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1.12.3 i.kaO f;,a 

Ydl øjHj,ska ksiaidrKh lrkq ,nk c,fha wødjH jdIamYS,s øj i.kaO f;,a jYfhka 
y÷kajkq ,efí' úúO i.kaO f;,aj, tajdg u ,dlaIKsl jQ .kaOhla we;¡ i.kaO f;,a     
uÕska wdydr j¾. iqj`oj;a lsÍfuka wdydr reÑh jeä fõ' tfia u iqj| ú,jqka ksmoùu      
i|yd o i.kaO f;,a fhdod .efka' wo f,dalfha jdKsc lafIa;%h ;=< iqj`o ú,jqka iy    
rildrl i`oyd wêl b,a¨ula mj;S' w;S; hq.fha rcjreka mjd iqj`o j¾. .e,ajQ nj  
b;sydifha i`oyka fõ' 

l=re`ÿ" lrdnq" me`.sß" lrouqx.=" úkag.s%ka jeks Ydl fldgiaj,ska i.kaO f;,a ,nd .kS' Ydlj, 
i.kaO f;,a wvx.= jk úfYaI foay fldgia we;' 

1.4 jj.=j i.kaO f;,a wvx.= fldgia yd WodyrK  

i.kaO f;,a wvx.= fldgi WodyrK 
uq, l=re`ÿ" iejekaord 
l`o i`ÿka 
fmd;a; l=re`ÿ 
m;%h me`.sß" fiar, hqle,smagia" l=re`ÿ 
wxl=rh lrdnq 
mqIamh iuka msÉp" frdai 
M, fodvï" f,uka 
îch lrouqx.=" idÈlald 

 

i.kaO f;,a ksiaidrKh lr .kakd l%u  

1) yqud,h wdijkh  

2) ødjl ksiaidrKh  

3) f;rmSu  

yqud, wdijkh 

i.kaOh f;,a fndfyda j¾. ;dmh ksid úfhdackh ùug fyda nyqwjhùlrKh ùug bv    
;sfí' tkï by< WIaK;ajj,g r;a lsÍu iqÿiq fkdfõ¡ tneúka yqud, wdijkhg ,la lr  
my< WIaK;ajj, § ksiaidrKh lrkq ,efí' tu ixisoaêh wdxYsl mSvk kshuh weiqßka 
meyeÈ,s l< yels h' i.kaO f;,a wka;¾.; Ydl fldgia yd c,h iys; moaO;sh r;a lrk 
úg  § tu mgl ydks ù jdIamYS,s ixfhda. ksoyia fõ' tu moaO;sfha jdhq l,dmfha c, jdIam 
yd jdIamYS,s ixfhda. we;' moaO;sh kgk WIaK;ajfha § c,jdIam yd i.kaO f;,a     
jdIamfhka we;s lrk mSvkj, tl;=j ndysr jdhqf.da,Sh msvkhg iudk fõ' tuksid tu 

WIaK;ajfha §,       

c, jdIamj, wdxYsl mSvkh ^ix;Dma; jdIam mSvkh& =  

i.kaO f;,a jdIamfha wdxYsl mSvkh ^ix;Dma; jdIam mSvkh& =  

fvda,agkaf.a wdxYsl mSvk kshuh wkqj uq`M mSvkh (P) 
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P ^uq`M mSvkh& jdhqf.da,Sh mSvkhg iudk jk úg ñY%Kh kghs. ta ñY%Kfha ;dmdxlh"    

msßisÿ c,fha yd i.kaO f;,aj, ;dmdxlhg jvd wvq fõ' ta ksid 100 °C;a i.kaO f;,aj, 
;dmdxlh;a hk folg u jvd wvq WIaK;ajhl § i.kaO f;,a wdijkh lr .; yels h' 

 

1.21 rEmh úoHd.drfha § yqud, wdijkh u`.ska i.kaO f;,a ksiaidrKh 

i.kaO f;,a wvx.= Ydl fldgia we;s Ndckhg fjk u fyda yqud, cklhla uÕska ksmojk 
yqud,h tjkq ,efí' fufia fjku fyda yqud, cklhlska yqud,h tjk ksid yqud,fha 
mßudñ;sl .e,Su md,kh lsÍug yels ùu jdishls' fufia yqud,h" Ydl fldgia we;s    
Ndckhg meñŒu fya;=fjka" yqud,fhka ,efnk ;dmh ksid Ydl ffi, úkdY fjñka 
jdIamYS,s ixfhda. ksoyia fõ' jdIamh >kSNjkh fjñka hï m%udKhlg øj c,h tys tl;= 
fõ' È.ska È.g c, jdIam meñfKk úg øj c,hg by<ska c, jdIam yd i.kaO f;,a jdIamh 
we;' túg Ydl fldgiaj, we;s i.kaO f;,a o c,h iu`. jdIam l,dmhg tla fjhs' flfia 
fj;;a wLKavj c, jdIam Odrdjla .e,Su ksid Ndckfhka bj;g hk jdIam Odrdfõ c, 
jdIam;a i.kaO f;,a jdIam;a wka;.; fõ' fï jdIam fldkafvkairhla ;=<ska hjd isis,kh 
l< úg wdiq;h c,h yd i.kaO f;,a hk ia;r folla jYfhka ,efí' th myiqfjka fjka 
lr .; yels fõ' 

WodyrKh: l=re`ÿ Ydlfha úúO fldgia fhdod .ksñka yqud, wdijkh u`.ska ,nd .;a l=re`ÿ 
f;,aj, wvx.= m%Odk ix>gl my; mßÈ fõ' 

 m;% - bhqðfkda,a 
 fmd;= - iskue,aäyhsâ 
 uqf,ys - leïm¾ 
 me`.sß f;,aj, wvx.= m%Odk ix>glh - fcrksfhda,a 

ødjl u`.ska ksiaidrKh 

fuys uQ,O¾uh kï i.kaO f;,a jvd wêlj ødjH jk ødjlhl Èh lr .ekSuhs' i.kaO 
f;,ays c,fhys ødjH;dj b;d wvq kuq;a ldnksl ødjlj, ^Wod( fmfg%da,shï B;¾" 

laf,darf*daï, fgd¨hSka, t;fkda,a& jvd myiqfjka wêlj ødjHh fõ' 

 

c,h we;=`M 
ùu 

c,h

wdijkh jQ ødjKh 

yqud, cklh 
c,h  msg 

ùu 

wdijkh 
lrkq ,nk 
ødjKh 

>kSNjkh jQ 
c, jdIam

wdrlaIl ngh 



w¡fmd¡i¡ ^Wiia fm<& ridhk úoHdj - 14 tallh l¾udka; ridhkh iy mßir ¥IKh 

49

Ydl fldgia fujeks ødjlhla iu`. fi,jQ úg i.kaO f;,aj,ska jeä fldgila ødjlh   
;=<g .uka lrhs' fï ødjlh jdIam lsÍfuka fyda fjk hï l%uhlska bj;a lsÍfuka i.kaO 
f;,a ,nd .; yels h' 

f;rmSu 

iqÿiq mSvkhla Ydl fldgia u; fh§fuka tajdfha wvx.= jdIamYS,s f;,a ,nd .; yels h'   
fuys § fjk;a wêfYdaIl øjHhla iys;j f;rmSu isÿ lsÍfuka i.kaO f;,a ta øjH u;g 
wêfYdaIKh fõ' Wod( bá wdf,ams; ùÿre ;yvq folla w;r Ydl fldgia ;nd f;rmSfuka 
tajdfha i.kaO f;,a báj,g wêfYdaIKh fõ' miqj fjk;a ødjlhla ^B;¾& fhdod f.k 
wêfYdaIlfhka i.kaO f;,a ksiaidrKh lr .kS' f;rmqï l%uh ld,d;=rlska muKla Ndú; 
flf¾' Bg fya;= jkafka" 

1) ,efnk M, m%udKh wvq ùu 

2) f;,a fjk;a ldnksl øjH iu`. ñY% ùu;a ksid h' 

lrouqx.= îc u`.ska f;,a ksiaidrKfha § f;rmqï l%uh o fhdod .efka' 

l=re`ÿ f;,a m%Odk jYfhka ksiaidrKh lrkafka wïn,kaf.dv" yslalvqj iy noafoa.u jeks 
m%foaYj, h' fuys § m<uqj l=re`ÿ m;% fijK we;s ia:dkhl Èk fol - ;=kla muK mjfka 
fõ,Kq ,efí' mjfka fõ`ME l=re`ÿ m;% fhdod .kafka w¨;a m;%j,g jvd tajdhska f;,a 
ksiaidrKh myiq ksid h' túg m;%j, WÉp¾u leã hEfuka wdijkfha § myiqfjka i.kaO 
f;,a bj;a lr .; yels h' jvd;a iqÿiq jkafka <má fyda b;d fïrE m;% fkdj" ueÈ jhfia 
m;% nj fidhd f.k we;' 

l,lg fmr wdijkh i`oyd ;U fndhsf,are Ndú; l<;a f;,aj, wvx.= bhqðfkda,a ;U iuÕ 
m%;sls%hd ùfuka f;,aj,g w`ÿre j¾Khla ,efí' ta ksid j¾;udkfha ;U fjkqjg u< 
fkdnef`ok jdfka fyda we¨ñkshï Ndú;hg .efka' 

me`.sß idudkHfhka olakg ,efnkafka yïnkaf;dg Èia;%slalfha h' m%Odk me`.sß j¾. 3ls' 

1' ySka me`.sß (Cymbopogon nadus)    
2' uy me`.sß (Cymbopogon winterianus)  
3' f,ak ngq    
   

fuhska m<uq foj¾.h YS% ,xldjg wdfõKsl jk w;r, uy me`.sß ms,smSkfhka y`ÿkajd fok 
,oaols' fcrksfhda,a kñka ye`Èkafjk ixfhda.fhys meje;au wkqj me`.sß f;,aj, w.h r`od 
mj;s' fcrksfhda,a hkq wika;Dma; we,s*eál uOHidrhls' uy me`.sßj, wêlj fcrksfhda,a 
wvx.= jk neúka thg jeä b,a¨ula ;sfí' 

1.12.4  ffcj ãi,a 

fmfg%da,shï bkaOk ld¾hlaIu bkaOkhla f,i fhdod .; yels tkaðka ksmoùu;a iu`. u 
m%jdyk lafIa;%fha fõ.j;a j¾Okhla we;s úh' kQ;k YsIagdpdrfha m%Odk;u n,Yla;s m%Njh 
fmfg%da,shï bkaOkhs' mßyrKh myiq ùu;a" fndfyda wdrlaIdldß f,i mßyrKh lsÍug yels 
ùu;a tajdfha úfYaI ,laIK fõ' ta ksid u fmfg%da,shï ksiaidrKh fõ.j;aj mq¿,a úh' 

fmfg%da,shï bkaOk mqk¾ckkSh fkdjk n,Yla;s m%Njhls' ta ksid kqÿre wkd.;fha § 
fmfg%da,shï bkaOk f,dfjka ;=rkaj hkq we;' ;j o fmfg%da,shï bkaOk oykfha § fmdis, 
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f,i mej;=Kq ldnka" ldnkavfhdlaihsâ njg mßj¾;kh fõ' thska jdhqf.da,fha CO2 
m%udKh by< hk w;r" f.da,Sh WKqiqu jeks m%n, mdßißl .eg¨ mek k.shs' fï ksid 
mqk¾ckkSh iïm;a fhdod f.k Yla;sh ksmoùu .ek wjOdkh fhduq fjñka mj;S' ffcj 
ãi,a fujeks mqk¾ckkSh bkaOkhls' 

ffcj ãi,a ksmojkafka jdIamYS,s fkdjk Ydl f;,a u`.sks' Ydl f;,a mqk¾ckkSh iïm;ls' 

ta ksid th oykh ùu u`.ska jdhqf.da,fha CO2 m%udKh jeä lsÍug fya;= fkd fõ' 

 

 

1.22 rEmh ffcj ãi,a ksmoùu 

ffcj ãi,a ksmoùu i|yd fu;fkda,a wjYH fõ' fu;fkda,a ,nd .kafka fmfg%da,shï 
l¾udka;fhka ,nd .kakd ixfhda. u`.sks' tneúka tu fu;fkda,a Ndú; lr iEfok ffcj 
ãi,a 100]la u mqk¾ckkSh iïm;a Ndú;fhka ksmojk ffcj ãi,a fkd fõ' fï ksid laIqø 
Ôùka fhdod f.k ldfndayhsfâ%g fyda fjk;a ffcj ialkaO u`.ska fu;fkda,a ksmoùu  
flfrys wjOdkh fhduq ù we;' fï wdldrhg ksmojk fu;fkda,a ffcj fu;fkda,a kï   
fõ' ffcj fu;fkda,a fhdod f.k ksmojk ffcj ãi,a 100]la u mqk¾ckkh jk wuqøjH 
mokï jQ ffcj ãi,a h' 

ffcj ãi,a ksmojkafka Ydl f;,aj, we;s g%hs.a,sirhsv u.ska h. fï g%hs.a,sirhsâj, wvx.= 

fïo wï, fldgi fu;s,a tiag¾ (FAME = fatty acid methylester) njg mßj¾;kh lsÍfï 
m%;sl%shdj g%dkaiatiagÍlrK m%;sl%shdjla f,i ye¢kafõ' tla tiagrhla" fjk;a tiagrhla    

njg m;a ùu fuys § isÿ fõ' W;afm%arlh f,i NaOH ødjKhla fhdod .kS' iEfok ffcj 
ãi,a yd .a,sifrda,a tlsfkl ñY% fkdjk fyhska l,dm folla f,i fjka fõ' fï 
ksIamdokfha m%Odk w;=re M,h .a,sifrda,a h' fï wkqj ffcj ãi,a hkq fïo wï,j, fu;s,a 
tiagr lsysmhl ñY%Khls' >k;ajh wvq ffcj ãi,a" .a,sifrda,a ia:rh u;=msg md fõ' 
 

Ydl f;,aj, RCOOH wdldrfha ksoyia fïo wï, ;sfí kï NaOH iu`. m%;sl%shd lr inka    

(RCOONa) iE§ug bv we;' inka we;s jqj fyd;a fmK we;s jk w;r" W;afm%arl l%shdjg o 

ndOd we;s fõ' ta ksid fï i|yd fhdod .kakd Ydl f;,aj, ksoyia fïo wï, m%udKh 2%g 
(w/w) jvd wvq úh hq;= h' ^Ydl f;,aj, wï, w.h (acid value) 0.1 mg (KOH) g-1  úh hq;= 
h&' 
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ffcj ãi,a ksIamdokh wdY%s; uQ,sl mshjr lSmhls' 

mshjr 1 - wuqøjH f,i .kq ,nk Ydl f;,a msßhï lsÍu  

msshjr 2 - W;afm%arl ñY%Kh ms<sfh, lsÍu  

mshjr 3 - g%hs.a,sirhsâ yd fu;fkda,a w;r m%;sls%hd isÿ lsÍu  

mshjr 4 - M, fjka lsÍu  

mshjr 5 - frdka ffcj ãi,a ;j ÿrg;a mú;% lsÍu 

msshjr 1 

Ydl f;,a wdYs%;j jQ ksoyia fïo wï, yd ief*dkSlrKhg Ndckh fkdjk ixfhda. bj;a 
lsÍu isÿ lrhs' fuu`.ska g%dkaiatiagßlrK m%;sls%hdj u`.ska by< M,odjla ,nd .ekSug yd 
,efnk ffcj ãi,ays by< ixY=oaO;djla mj;ajd .ekSug yels h' 

mshjr 2 

fu;fkda,a ;=< NaOH W;afm%arl Èh lsÍu fuys § isÿ fõ' bka miqj ta ødjKh g%hs.a,sirhsâ 
^Ydl f;,a& iu`. ñY% lrhs' fï uOHidrfha c,h fkd;sîu b;d jeo.;a fõ' fhdokq ,nk 
fu;fkda,a m%udKh b;d jeo.;a h' fu;fkda,a g%hs.a,sirhsâ wkqmd;h 1(3 jqj;a fuys § 
fu;fkda,a iaj,am f,i jeämqr tla lrhs' thg fya;=j m%;sls%hdj m%;sj¾;Ssh ksid M,odhsnj  
jeä lsÍu flfrys th n,mdk ksid h' tfy;a jeämqr fu;fkda,a tla lsÍu isÿ fkd lrhs' 
jvd;a jeämqr fu;fkda,a tla l< úg § ffcj ãi,a iys; m%;sl%shd ñY%Kfha jQ fu;fkda,a 

fjka lsÍu ;rula ÿIalr fõ. NaOHg wu;rj KOH, fidaähï fuf;dlaihsâ (NaOCH3)      
jeks  ixfhda. iucd;Sh W;afma%rl f,i fhdod .kq ,efí' tfia u MgO, ZnO jeks ixfhda. 
úIucd;Sh W;afma%rl f,i Ndú; l< yels h' 

mshjr 3 

uOHidrh yd Ydl f;,a tlsfkl ñY% fkdjk fyhska wLKavj l,;ñka ñY% lrk w;r 

WIaK;ajh 50-60 °C ys mj;ajd .kq ,nhs' túg g%dkaiatiagßlrK m%;sls%hdfjka ffcj ãi,a 
yd .a,sifrda,a m%;sM, fõ' 

mshjr 4 

m%Odk M, tlsfkl ñY% fkdjk ksid l,dm folla f,i mj;S' by< ia;rh ffcj ãi,a yd 
m%;sls%hd fkdl< g%hs.a,sirhsâ" vhs.a,sirhsâ yd iq`M m%udKfhka .a,sifrda,a yd fu;fkda,a 
mj;s' my< ia;rfha .a,sifrda,a iu`. jeämqr jQ fu;fkda,a yd W;afma%rlh we;' l,dm fjka 
jQ miq fï ia;r fjka lrhs' 

mshjr 5 

ffcj ãi,a l,dmh c,fhka fidaok úg § ta l,dmh ;=< ødjH ù we;s .a,sifrda,a" fu;fkda,a" 
W;afm%arl bj;a l< yels h' wjidkfha tys jQ c,h bj;a lrkq ,efí' 

iEfok ffcj ãi,a yd .a,sifrda,a hk ia;r fol ;=< u wmøjH f,i b;sß CH3OH ;sìh 
yels h' fï ia;r fjka lrk f.k r;a lsÍfuka tys wvx.= fu;fkda,a bj;a l< yels h' fï 
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fu;fkda,a kej; Ndú; l< yels h' ffcj ãi,aj, wmøjH f,i we;s NaOH yd .a,sifrda,a
bj;a lsÍug th ;=<ska c,h nqnq<kh lr msßisÿ lrkq ,efí' bka miq ffcj ãi,a ;=< /`ÿKq 
c,h ^f;;ukh& bj;a lrkq ,efí' 

ffcj ãi,a ksheÈhla ms<sfh, lsÍug 0'75 g m%udKhl NaOH, fu;fkda,a 26 g m%udKhla

Èh lrjd iE¥ ødjKh yd fidahd f;,a 250 g m%udKhla Ndú; l< yels h'

fmfg%da,shï bkaOk mqk¾ckkh fkdjk (Nonrenewable) Yla;s m%Njhls' iSñ; iajdNdúl
iïm;la jk fmfg%da,shï N+f.da,Sh jYfhka f,dalh mqrd taldldrj jHdma; ù ke;' fï ksid 
u wka;¾cd;sl iïnkaO;d yd wka;¾cd;sl foaYmd,kfha § w;sm%n, ;SrKd;aul idOlhla
njg fndrf;,a m;a ù we;' fndrf;,a uQ,sl lr .ksñka fmfg%da,shï bkaOk ksmoùug;a"
w;=re M, u`.ska ,nd .kakd ldnksl ixfhda. T!IO ksIamdokh" ma,diaála yd lD;%su rn¾
ksmoùug wjYH taldjhúl ksmoùug fhdod .kq ,nk ksid fmfg%da,shï l¾udka;h kQ;k
udkj YsIagdpdrfha .dul n,h ù we;' N+.;j we;s fndr f;,a u`.ska ,nd .kakd
fmfg%da,shï bkaOk oykh iu`. jdhqf.da,Sh ldnka vfhdlaihsâ m%udKh by< hEu ksid
f.da,Sh WKqiqu jeä ùu o kQ;k udkj YsIagdpdrh wìhi jQ tla m%Odk wNsfhda.hls'

 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 

 

wu;r oekqu 

mqk¾ckkh fkdjk iïm;la jQ fï fmfg%da,shï iïm; ñksia mßfNdack rgdj wkqj laIh 
ùfï iajrEmh ms<sn| úia;r l< N+ fN!;sl úoHd{fhls" wdpd¾h tï'fla' y¾nÜ' Tyq úiska 

bÈßm;a lrk ,o jdohg wkqj (Hurbbert Peak Theory) hï i,lkq ,nk N+f.da,Sh
m%foaYhl fmfg%da,shï f;,a ksIamdok YsS>%;dj ld,h;a iuÕ úp,kh jkqfha iSkq yeve;s 
rgdjla wkqj h' ck.ykh jeä ùu yd bkaOk mßfNdackh jeä ùu;a iuÕ fmfg%da,shï 
bkaOk flfrys b,a¨u jeä ùu ksid fndrf;,a ksIamdok ^jirlg ksIamdokh lrk 
fndrf;,a ner,a .Kk& jeä lsÍug isÿ fõ' ksIamdok YsSs>%;dj jeä lsÍu;a iuÕ f;,a <sx 
wdY%s; fndrf;,a m%udKh iSud ùu ksid ksIamdok YsS>%;dj ;jÿrg;a jeä lsÍug fkdyels 
uÜgulg m;a fõ' ta ksid jirlg ksmojk fndrf;,a ner,a m%udKh Wmßuhlg <Õd fõ' 
b,a¨u mej;sh o fndrf;,a iïm; jvjvd;a iSud ùu ksid ksIamdok YS>%;dj ksh; WÉp 
uÜgul mj;ajd.ekSug fkdyels fõ' tneúka jirlg ksmoúh yels ner,a m%udKh 
l%ufhka wvq ù ksIamdok YS>%;dfõ neiaula we;s fõ' weußld tlai;a ckmoh ksmojk 
fndrf;,a ner,a m%udKh jir 1965 - 1970 jk úg § Wmßuhlg <Õd jk nj y¾nÜ úiska 
jir 1965 § fmkajd fok ,§' jir 1970 miq lsÍfï § fï wkdjelsfha id¾:l;ajh ;yjqre 
úh' Tyqf.a fï jdoh wkqj f.da,Shj fndrf;,a ksmoùu Wmßuhlg <Õd jkqfha jir 2000 
jk úg § h' bka miq jirlg ksmojk fndrf;,a ner,a m%udKh wvq ù hkq we;' flfia 
fj;;a jir 1995 miqj fndrf;,a ksmoùfï YS>%;dj fï wdlD;sh mokï lr f.k m%ldY 
l< wdldrhg jvd ;rula fjkia jqj o" uQ,sl jYfhka laIh ùfï l,dmh wo wms miq 
lrñka isáuq' úfYaIfhka f.da,Sh foaYmd,k idOl" úl,am n,Yla;s yd bkaOk 
ld¾hlaIu;dj jeä txðka ksmoùu wdÈ lreKq" fï laIh ùfï YS>%;dj ;rula fjkia ùug 

fya;= ù we;' my; 1'23 (a) rEmh u`.ska fndrf;,a ksIamdokh i|yd bÈßm;a l< y¾nÜ
WÉP f;,a pl%h olajd we;'  

C

C

C
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1.23 rEmh úl,am n,Yla;s yd bkaOk ld¾hlaIu;dj  
 

by; rEmh 1'23 (b) u`.ska olajkafka jd¾Isl n,Yla;s ksIamdok jHdma;sh ms<sn| ´,avqjhs 

jdoh ^Olduvai theory& u; bÈßm;a l< m%ia;drhls' fndfyda úg 1930 § ksIamdokh;a jir 
100lg miq tkï 2030 § isÿ flfr;shs wfmalaIs; n,Yla;s ksIamdokh;a fndfyda ÿrg iudk 
ùug bv we;ehs i,lkq ,efí' fï ksid u mqk¾ckkh l< yels wuqøjH Ndú;fhka 
n,Yla;shg úi÷ï fiùug;a mqk¾ckkh l< yels wuqøjH mokï lr .ksñka úúO 
ldnksl ixfhda. ksIamdokh lsÍfï l%ufõo ms<sn| f,dal mßudKfha wjOdkh fï jk úg 
fhduq ù we;' 
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1.13 l¾udka; ksl=;= úiska isÿ flfrk jd; ¥IKfha ridhkh

1.13.1 wï, jeis

j¾Idj c, pl%fha tla ixrplfhls' mDÓú mDIaGfha we;s úúO c, m%Nj u`.ska jdIamslrKh 

fya;=fjka c,h jdhqf.da,hg meñfKhs' fï jdhquh c,h jdhqf.da,h ;=< § úúO idOl 

fya;=fjka >kSNjkh ù kej; mDÓú mDIaGhg meñKSu j¾IKh (precipitation) kï fjhs' 

j¾IKfha wdldr lsysmhls' øj c,h f,i mDÓúhg meñKSu j¾Idj o, >k wdldrhg mDÓúhg 

<Õd ùu ysu (Snow) iy whsia j¾Id (Hail) o kï fjhs' fuhg wu;r óÿu" ;=ysk f,i l=vd 

ì|s;s (aerosol) wdldrhg >kSNjkh ùfuka o mDÓú mDIaGhg c,h <`.d fjhs' l==uk wdldrhg 

mDÓúhg <Õd jqj o jdhqf.da,fhka mDÓúhg ,efnk c,h c, pl%fha msßisÿ u fldgihs' 

jdhqf.da,fha we;s >k wxY= iy Èh jQ jdhq lsysmhlg (O2, N2, CO2, NOx, SOx, H2S wdÈh) 
wu;rj fjk;a lsisÿ øjHhla jdhqf.da,Sh c,fha ke;' fï Èh ù we;s jdhq w;=ßka ldnka 

vfhdlaihsâ jvd;a wjOdkhg ,la ù we;' ta jdhqf.da,Sh ldnka vfhdlaihsâ c,fha Èh jQ úg 

th c,h iu`. iïnkaO ù ÿ¾j, wï,hla jk lfndksla wï,h idok neúks' 

CO2^g& + H2O^l&               H2CO3^aq&

lfndksla wï,h ÿn, f,i ú>gkh ù c,hg H+ whk tla lrhs'

H2CO3^aq&                 H+^aq&  + HCO3-^aq&

fï fya;=fjka j¾Id c,fha pH w.h WodiSk c,fha pH w.hg jvd u`ola wvq h'

±kg jd;fha mj;sk ldnka vfhdlaihsâ ixhq;sh jk 400 mg dm-3  (400ppm /0.04]) ie,l+ 
l, j¾Id c,fha wju pH w.h jkafka 5'6 jeks w.hls' tkï fjk;a lsisÿ n,mEula ke;s 
jqjo j¾Id c,h u`ola wdï,sl fjhs' fï u`o wdï,sl;dj c,c Ôúkag" ñksidg fyda fjk;a 
lsisÿ c,h iïnkaO l%shdj,shlg ydkslr fkdfjhs' th idudkH ;;a;ajhls'  

tfy;a úúO iajdNdúl yd ñksia l%shdldrlï fya;=fjka jvd;a wdï,sl jdhq" jdhqf.da,hg tl;= 

fjhs' fïjd kï" khsg%ckays wdï,sl Tlaihsvhla jk NO2 jdhqj iy i,a*¾ys wdï,sl Tlaihsâ 

(SOx) jdhqka h' khsg%ckays WodiSk Tlaihsvhla jk NO jdhqf.da,h ;=< § ;jÿrg;a 

TlaislrKh ù khsg%ckays wdï,sl Tlaihsâ jdhqjla jk NO2 njg m;a fõ' i,a*¾ys wdï,sl 

jdhquh Tlaaihsâ jkafka i,a*¾ vfhdlaihsâ (SO2) yd i,am¾ g%fhdlaihsâ (SO3) hk jdhq 

j¾.hss' 

khsg%ckays jdhquh wdï,sl Tlaihsv jdhqf.da,hg tla jk wdldr 

iajdNdúl l%shdj,s 

wl=Kq .eiSï ls%hdj,sfha § jd;fha we;s khsg%cka by< WIaK;aj ;;a;aj hgf;a jdhqf.da,Sh 

Tlaiscka iu`. m%;sl%shd lr  NO yd NO2 jdhq ksmojhs'

N2^g&  + O2^g& 2NO^g& 

 2NO^g&   + O2^g&  2NO2^g& 
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tfia u huy,a úodrKh iy mßirfha Ôj;a jk khsá%ydß nelaàßhd u`.ska o NO yd NO2

ksmofjhs' tfia u ks¾jdhq ;;a;aj hgf;a § khsg%cka wvx.= ixfhda. laIqøÔù úfhdackhg 

,la ùfuka ksmofjk wefudakshd jdhqj (NH3) jdhqf.da,fha § TlaislrKhg ,la ùfuka o
khsg%ckays wdï,sl jdhquh ixfhda. ksmofjhs' fuu ish¨ iajNdúl l%shdj,s ;=<ska 
jdhqf.da,hg ,efnk wdï,sl jdhquh ixfhda.j, m%udKh b;d l=vd h' fï fya;=fjka 
jdhqf.da,fha iajdNdúlj ksmojQ khsg%ckays wdï,sl jdhq ixhq;sh b;d l=vd w.hla jk w;r 
j¾Id c,h wdï,sl ùug ie,lsh hq;= n,mEula ke;' 

ñksia  l%shdldrlï 

khsg%cka wvx.= jdhquh wdï,sl ixfhda. jdhqf.da,hg uqodyßk m%Odk ñksia l%shdldrlu kï 
jdyk Odjkfha oS isÿ lrk bkaOk oykhhs' wNHka;r oyk txðu ^jdyk txðu& ;=< b;d 
wêl mSvkhla ;=< jd;h iy øj bkaOk wêl WIaK;ajhla hgf;a § oykhg ,la lr 

Yla;sh ,nd .kS' idudkH ;;a;aj hgf;a § ksIAl%Sh jk jdhqf.da,Sh N2 jdhqj fï wêl
WIaK;aj iy mSvk ;;a;aj hgf;a § Tlaiscka iu`. m%;sl%shd lr m%Odk jYfhka khsá%la 
Tlaihsâ ksmojhs' fï khsá%la Tlaihsv ;jÿrg;a jdhqf.da,fha § TlaislrKh ù khsg%cka 
vfhdlaihsâ ksmojhs' 

N2^g&  + O2^g&       2NO^g& 

 2NO^g& + O2^g&          2NO2^g& 

ñksia l%shdldrlï ksid we;s jk wdï,sl NOx jeis c,h wdï,sl ùug fya;= fõ'

i,a*¾ys Tlaihsâ jdhqf.da,hg tla jk wdldr 

iajdNdúl wdldr 

huy,a úodrKfha § w`M iy i,a*¾ vfhdlaihsâ nyq,j mj;sk jdhq ksoyia jk w;r fï jdhq 
fl<skau jdhqf.da,hg tl;= fjhs' tfia u ks¾jdhq ;;a;aj hgf;a § id.rfha iy 
c,dYj, m;=f,a frdkauv wdYs%;j isÿ jk CIqø Ôù l%shdldß;ajh fya;=fjka yhsv%cka 
i,a*hsâ jdhqj ksmofjhs' fï jdhqj jdhqf.da,fha § TlaislrKhg ,la ùfuka i,a*¾ 

vfhdlaihsâ jdhqj ksmofjhs' flfia fj;;a huy,a úodrKh yereKq fldg H2S
jdhqf.da,fha § TlaislrKh ùu fya;=fjka ksmojk SO2 jdhqf.da,fha úYd, m%foaYhlg

me;sÍu ksid jdhqf.da,fha hï ksYaÑ; wjia:djl mj;akd SO2 idkaøKh b;d wvq w.hls'
tneúka iajdNdúlj jdhqf.da,hg tla jk i,a*¾ vfhdlaihsâ fya;=fjka o jeis c,h 

wdï,sl ùug odhl;ajhla ke;s ;rï h' (huy,a úodrKh jQ miq ta wdY%s; m%foaYj,g iSud jQ

wï, jeis jd¾;d ù we;.)

ñksia l%shdldrlï 

fndrf;,a msßmyÿfjka ,efnk wvq jdIamYS,;djlska hq;a bkaOk j¾. jk ãi,a iy oeú 
f;,aa wdÈfhys wmøjH f,i i,a*¾ wvx.= ixfhda. mj;ss' fï i,a*¾ wvx.= ixfhda. oykfha § 
i,a*¾ vfhdlaihsâ njg m;a ù jdhqf.da,hg tl;= fjhs' 

tfia u .,a w`.=re iu`. wmøjH f,i mj;akd uQ,øjHuh i,a*¾ iy i,a*¾ ixfhda. (FeS)
.,a w`.=re oykfha § TlaislrKh ù SO2 f,i jdhqf.da,hg tla fjhs' fufia ñksia

l%shdldrlï fya;=fjka ksmojk SO2 hï ksYaÑ; ia:dkhl § b;d wêl f,i jdhqf.da,hg
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tla fjhs' fï fya;=fjka wod< ia:dkh ^WodyrK( .,a w`.=re n,d.drh& wjg jdhqf.da,fha   

b;d wêl ixhq;shlska SO2 meje;sh yels h' fufia ñksia l%shdldrlï ksid we;s jk wdï,sl 

SOx, jeis c,h wdï,sl ùug fya;= fõ' 

wdï,sl jdhq jeis c,fha pH w.h wvq lrk wdldrh  

txðu ;=< isÿ jk oykfha § NO iEfoa'  

N2(g)  + O2(g)         2NO(g)   

jdyk ÿu u`.ska msg jk NO jdhqf.da,fha § ;jÿrg;a TlaislrKh ù NO2 ksmojhs' 

2NO(g)  + O2(g)               2NO2(g)        

jd;dY%h we;s úg fï NO2 jdhqj c,h iu`. m%;sl%shd lr m%n, wï,hla jk HNO3 ksmojhs' 

4NO2(g)  + 2H2O(l)  + O2(g)             4HNO3(aq)      

tfia u jd;hg tla jk SO2 jdhqj ;jÿrg;a TlaislrKh ù SO3 jdhqj ksmojhs' 

2SO2(g) + O2(g)                     2SO3(g)     

iEfok SO3 c, jdIam iu`. m%;sl%shd lr H2SO4  ksmojhs' ;j o jd;dY%h we;s úg SO2 jdhqj 

o c, jdIam iuÕ m%;sl%shd lr H2SO4 njg m;a fõ' 

SO3(g)  + H2O(l)                 H2SO4(aq)    

2SO2(g) + O2(g) + 2H2O(l)                2H2SO4(aq)     

by; oS ,enqKq HNO3 yd H2SO4 hk ixfhda. m%n, wï, fjhs' ta ixfhda. c,fha § mQ¾K f,i 

whkSlrKh ù c,hg wêl f,i H3O+whk tla lrhs' 

HNO3(aq) + H2O(l)              H3O+(aq) + NO3-(aq)     

H2SO4(aq) + 2H2O(l)              2H3O+(aq) + SO42-(aq) 

fufia m%n, wï, uÕska c,hg tla jk H3O+ whk fya;=fjka c,fha pH w.h" CO2 Èh ùu 

ksid ksmojk ldnksl wï,h uÕska wvq jQ pH w.hg jvd my< w.hla olajd .uka lrhs' 

fufia j¾Id c,hg m%n, wï, tl;= ùu ksid pH w.h 5'6 jvd my< w.hla lrd .uka      
lsÍu jd;h wdï,SlrKh ùu ke;fyd;a wï, jeis we;s ùu f,i y`ÿkajkq ,efí' fufia    
c,h wêl f,i wdï,sl ùu ksid .eg¨ rdYshla mek k.S' 
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c,h wdï,SlrKfha n,mEu  

c,c Ôùka c,fha pH w.fha úp,khg b;d 

ixfõÈ fjhs'  ta ksid c,fha pH w.h iq`Mfjka 
fyda wvq ùu fï Ôùkag wys;lr fjhs' fï 
fya;=fjka uiqka iy wfkl=;a c,c Ôùkaf.a 
yeisÍï rgd fjkia ùu" bkaøsh j¾Okh wvd< 
ùu" ì;a;r iy fkdfïrE i;=ka úkdY ùu   
wdÈh isÿ fjhs' tkï ffcj úúO;ajhg ydks   
isÿ fõ'  

tfia u fldr,a mr ks¾udKhg odhl jk 
fldr,a nqyqndjka jeks i;=ka ñh hEu   
fya;=fjka fldr,a mr iE§u keje;Su iy 
úrxckh ^iqÿ ùu& isÿ fjhs' 

tfia u jkdka;r m%foaYj,g È.ska  È.g u   
wï, jeis m;s; ùu fya;=fjka Ydl m;%j, 
laf,dfrd*s,a úkdY ùfuka ta Ydl l%ñlj 
ñhhEu isÿ fjhs' jkd;a;rj, Ydl by< isg 
my<g l%ñlj ñh hEu wï, jeis ksid Ydl 
úkdY ùfï tla ,CIKhls' 

tfia u wï, jeis ksid mi wdï,sl ùfuka   
mfia fkdÈhfjk mdxY= jHQyh iu`. ;Èka ne`§ 

mj;sk úI iys; f,day whk (Al3+, Cd2+, Cr2+, 
Hg2+) iy fjk;a úI iys; whk j¾. 
wdï,sl;dj ksid Èh ù c,hg tla fjhs' fï 
fya;=fjka c,fha tu whk idkaøK by< hEfuka ta c,h c,c Ôùkag iy ñksia   
mßfNdackhg wys;lr fjhs' 

WodyrK -  Al3+" Fe3+ iy nerf,dayj, c,Sh idkaøKh by< hEu c,c Ôùkag b;d wys;lr 
fõ'  

tfia u mfia mj;sk CIqø fmdaIl uq,øjH jk Fe3+, Zn2+" Cu2+ jeks f,day whk 
j¾Id c,fha by< wdï,sl;dj yuqfõ fõ.fhka Èh ù mfika bj;a ù hEu 
fya;=fjka mi ksire fõ' 

tfia u wêl wdï,sl;dj fya;=fjka mfia mj;akd le,aishï, ue.akSishï yd 
we¨ñkshï wvx.= mdIdK iy Lksc Èh ù c,hg jeämqr tl;= ùu ksid c,fha 
lÀk;ajh by< hhs' 

tfia u wdï,sl;dj fya;=fjka f,day wdY%s; bÈlsÍïj, úLdokh fõ.j;a ù 
tajdfha hdka;%sl Yla;sh ÿ¾j, lrk w;r wdhq ld,h o wvq lrhs' 

tfia u lsß.re`v jeks le,aishï ldnfkaÜ mdIdK fhdod f.k isÿ lr we;s   
m%;sud iy fjk;a bÈlsÍï fõ.fhka úLdokhg ,la ù" tajdfha ishqï leghï  
bj;a ù ft;sydisl jákdlu ySk fjhs' 

1.24 rEmh c,c Ôùka úkdY ùu 

1.25 rEmh jkd;a;r úkdY ùu 
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yqkq.,a wdY%s; nodu iy isfuka;s fhdod bÈ lrk ,o ksjdi iy ks¾ñ;j, 
hdka;%sl Yla;sh ySk lrhs' fuys § nodu iy isfuka;sj, wvx.= ødjH;dj wvq 
ldnfkaÜ ixfhda. wï, jeis iy wdï,sl jdhq fya;=fjka jvd;a ødjH i,af*ag 
iy khsfÜ%g ixfhda. njg m;a fjhs' 

2CaCO3 + 2SO2 + O2 + 2H2O                    2CaSO4.2H2O + 2CO2 

wï, jeis wju lsÍug isÿ l< yels l%shdldrlï 

1) .,a w`.=re fyda ãi,a n,d.dr ;=< wvq i,a*¾ m%;sY;hla iys; .,a w`.=re iy ãi,a 
fhdod .ekSu' 

2) n,d.dr uÕska msg jk SO2 jeks wdï,sl jdhq bj;a lsÍug l%ufõo fhdod .ekSu' 

I. SO2   iuÕ m%;sl%shd l< yels øjH tla lr .,a w`.=re oykh lsÍu (CaCO3) 
(Fluidized bed combustion). 

CaCO3(s)                    CaO(s) + CO2(g) 

CaO(s) + SO2(g)                     CaSO3(s) 
 

II. n,d.dr wmjdhqj, we;s SO2 >k øjH njg m;a lsÍu (Ca(OH)2 iuÕ m%;sls%hd 

lr ùu (Lime slurry process)). 

Ca(OH)2(aq) + SO2(g)                     CaSO3(s) + H2O(l) 
 

3) .,a w`.=re iy ãi,a fjkqjg mßir ys;ldñ bkaOk fyda úl,am n,Yla;s m%Nj jk 

iQ¾h Yla;sh, iq<x Yla;sh" uqyqÿ r< Yla;sh" N+;dm Yla;sh iy kHIaál Yla;sh fhdod 
.ekSu' 
 

1.13.2  f.da,Sh WKqiqu by< hEu 

wm mDÓúh ;=< isÿjk ish¨ iajdNdúl l%shdj,s iy ñksid úiska isÿ flfrk ish¨ .;sl 
l%shdj,s i`oyd Yla;sh imhkqfha iQ¾hd u`.sks' iQ¾hd iy mDÓúh we;=`M ish¨ .%yf,dal w;r 
mj;skqfha ysia wjldYhls' fï fya;=fjka iQ¾h Yla;sh wm mDÓúh lrd <`.d jkqfha úlsrK 
wdldrfhks' fï úlsrK Yla;sh m%Odk jYfhka oDYH úlsrK" wfOdarla; úlsrK iy  
mdrcïnq, úlsrK f,i mDÓúhg meñfKhs' fufia ,efnk iQ¾h úlsrK Yla;sh mDÓúh ;=< 
úúO mßj¾;kj,g Ndckh ù kej; mDÓúfhka msg ù hhs' tkï mDÓúh ;=< Yla;s 
iu;=,s;hla mj;S' 

mDÓúhg ,efnk úlsrK Yla;sh mDÓúfha § úúO mßj¾;kj,g ,la ùu fya;=fjka mDÓúh 

;=< ;dmhla Wm§. fï ;dmh fya;=fjka mDÓúh r;a ùulg ,la ù hï WIaK;ajhlg <Õd    
fjhs' iQ¾hd u`.ska ,efnk Yla;sh fufia mßj¾;kj,g ,la ù kej; msg ù iu;=,s;hlg 
<`.d ùu fya;=fjka mDÓúh r;a jk m%udKh o ksh;j mj;S' fï fya;=fjka iuia;hla f,i 
.;a l, mDÓúfha idudkH WIaK;ajh ksh; w.hla .kS' fï w.h fi,aishia wxYl 15l     
muK w.hls' flfia fj;;a mDÓúh ;u wCIhg olajk wxYl 23'5l wdk;sh iy wlaIdxY.; 
msysàu ksid mDÓúfha úúO m%foaYj,g ,efnk iQ¾h Yla;sfha ;Sj%;dj fjkia ùu                
iy R;= fNaoh wdÈ fya;= ksid mDÓúfha úúO m%foaYj," úúO ld, mrdi ;=< WIaK;ajh   
fjkia w.hka .kS' 
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Wod( iuldikak m%foaYj, by< WIaK;ajhla mj;akd w;r" th jir mqrd taldldß fjhs' 
iulfha isg O%ej m%foaY lrd hk úg R;= fNaoh jvd;a ;SSj% jk w;r" j¾Ih ;=< WIaK;ajh 
wêl f,i WÉPdjpkh fjhs' .%Siau R;=fõ § wêl WIaK;ajhla o" isisr R;=fõ § wêl  
iS;,la o mj;S' tfia u O%ejdikak m%foaYj, j¾Ih mqrd wêl YS;,la mj;S' 

mDÓúfha idudkH WIaK;ajh jk fi,aishia wxYl 15 hkq Ôjfha meje;aug ys;lr    
;;a;ajhls' mDÓúfha fï ys;lr WIaK;ajh meje;Sug m%Odk fya;=j mDÓúfha mj;sk   
yß;d.dr wdprKhhs' mDÓúfha yß;d.dr wdprKfha m%n,;dj ta ;=< Ôjhg ys;lr m%Yia; 
WIaK;ajhla mj;ajd f.k hEug Wmldß fjhs' 

yß;d.dr wdprKh 

yß;d.dr wdprKh yeoEÍug fmr yß;d.drhla hkq l=ula ±hs f;areï .ksuq' wm ish¨ fokd 
okakd mßÈ lDIs fNda. j.d lsÍu i`oyd  hï m%Yia; WIaK;ajhla wod< fNda.fha Ôj ld,h 
mqrd w;HjYH fõ' wm mDÓúfha iulfha isg uOH wCIdxY m%foaY lrd hk úg jirla ;=< fï 
m%Yia; WIaK;ajh mj;akd ld,h l%ufhka wvq ù hhs' O%ejdikak m%foaY lrd <`.d jk           
úg Ydl j¾Okhg wjYH m%Yia; WIaK;ajh iys; ld,h b;d flá neúka ta m%foaYj, Ydl 
fkdjefvhs' jevqK;a tajd b;d flá wdhqld,hla iys; Ydl fjhs' ^WodyrK( ;=kaød m%foaYj, 
jefjk Ydlj, wdhq ld,h i;s 2-3la muK fjhs'& tfia u l`ÿlr m%foaYj, jir mqrd mdfya 
wvq WIaK;ajhla mj;S ^WodyrK( kqjrt<sh" nKavdrfj, wdÈ m%foaY&' 

fï wkqj hï m%foaYhl hï fNda.hla i`oyd wjYH m%Yia; WIaK;ajh mj;akd ld, mrdih ta 
fNda.fha wdhq ld,hg jvd wvq kï wod< fNda.h ta m%foaYfha j.d lsÍu wmyiq h'    
yß;d.drhla u`.sska isÿ lrkafka wod< m%foaYfha wdrCIs; .Dyhla ;=< fï m%Yia; WIaK;ajh 
mj;akd ld, mrdih ndysr ;dm iemhqulska f;drj È.= lr .ekSuhs' yß;d.drhla ;=< 
WIaK;ajh ta yß;d.drhg msg;ska we;s WIaK;ajhg jvd wxYl 2-6 w;r m%udKhlska by< 
fjhs' fï fya;=j ksid ndysr WIaK;ajh m%Yia; WIaK;ajhg wvq jqj o yß;d.drh ;=< wod< 
m%Yia; WIaK;ajh mj;ajd .; yels h' fï fya;=fjka yß;d.dr ;=< § wod< m%Yia;     
WIaK;ajh we;s ld, mrdih idudkH mßirhg jvd i;s 2-3la muK §¾> lr.; yels h'   
fuh isÿ jkafka flfia ±hs ±ka úuid n,uq' 

yß;d.dr l%shdldß;ajh 

yß;d.drhla hkq iïmQ¾Kfhka u  
mdfya wdrËs; .Dyhla jk w;r" tys 
jy, iy ì;a;s iQ¾h lsrK úksúo hk 
mßÈ mdroDYH øjH u`.sska wdjrKh lr 
we;' fï mdroDYH øjH ;=<ska iQ¾hdf.a 
isg meñfKk oDYH iy mdrcïnq,  
lsrK yß;d.drh ;=<g .uka lrhss' 
yß;d.drh ;=< § fï úlsrK ta ;=<   
we;s mi iy fjk;a øjH u`.ska Wrd.kq 

,efí' fufia Wrd.kakd úlsrK,  
Yla;sh wvq mdrcïnq, fyda oDYH úlsrK 
f,i kej; m%;súlsrK lrhs' fufia 
m%;súlsrKh lsÍfï § Wrd .;a úlsrK 
Yla;sfhka fldgila wfOdarla; úlsrK wdldrhg o m%;súlrKh lrhs' yß;d.drfha jy,    
iy ì;a;s i|yd fhdod f.k we;s wdjrK mg, f;dard f.k we;af;a oDYH iy mdrcïnq, 

1.26 rEmh yß;d.drhl rEm igyk 
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úlsrKj,g mdroDYH jk wdldrhg;a wfOdarla; lsrK mrdj¾;kh jk wdldrhg;a h.    
fufia wfOdarla; úlsrK jeä ld,hla yß;d.drh ;=< mrdj¾;kh ùfï § yß;d.dr ;=<    

we;s CO2 iy c, jdIam u`.ska ta lsrK Wrd f.k ;dmh njg m;a lr yß;d.drh we;=<; 
WIaK;ajh by< kxjhs' fuh yß;d.drhla ;=< isÿ jk l%shdj,shhs' wm mDÓúfha we;s 
jdhqf.da,h o yß;d.drhl l%shdldß;ajhg ;rula iudk l%shdj,shla fmkakqï lrhs' fuh 
mDÓúfha yß;d.dr wdprKh kï fjhs' 

mDÓúfha yß;d.dr wdprKh 

mDÓúhg ysref.ka ,efnk iQ¾h úlsrKh m%Odk jYfhka mdrcïnq, iy oDYH l,dmhg     
wh;a fõ' fuhska mdrcïnq, l,dmhg wh;a jk úlsrK jeä m%udKhla by< jdhqf.da,fha § 
Wrd .ekSug ,la ùu ksid mDÓú mDIaGh lrd meñfKkqfha b;d l=vd m%udKhls' tfia 
meñfKkafka o Yla;sh b;d wvq mdrcïnq, lsrK muKs' fufia mDÓú mDIaGh lrd meñfKk 
oDYH lsrK iy wvq Yla;s we;s mdrcïnq, lsrK yß;d.drfha fuka mDÓú mDIaGh ^mi& u.ska 
Wrd f.k wvq Yla;sh we;s oDYH lsrK iy wfOdarla; lsrK f,i úfudapkh lrhs' fufia 
msg jk oDYH lsrK ie,lsh hq;= fjkilg Ndckh fkdù mDÓúfhka wNHjldYhg msg ù  
hhs' tfy;a msg jQ wfOdarla; úlsrK jd;fha we;s iuyr jdhq uÕska Wrd .; yels h' 

jdikdjlg mDÓúfha we;s m%Odk jdhq jk N2 ^78]&" O2 ^21]&" Ar ^1]& jdhqj,g fï wfOdarla; 
lsrK Wrd .; fkdyels h' tfia mDÓú jdhqf.da,fha 99]g;a jvd m%;sY;hlska hq;== fï m%Odk 

jdhq, wfOdarla; lsrK Wrd .;af;a kï wm mDÓúfha WIaK;ajh b;d by< w.hla .ekSug    
bv ;sìKs' 

yß;d.dr jdhq  

jdhqf.da,fha we;s wfOdarla; lsrK Wrd .; yels fuka u È.= ld,hla jdhqf.da,fha ia:dhsj 
mj;sk jdhq yß;d.dr jdhq f,i ye`Èkafjhs' 

follg jeä mrudKq ixLHdjla iys; ´kE u jdhqjlg wfOdarla; lsrK Wrd .; yels h' 

tfia u úIu oaúmrudKql jdhqjlg o ^CO& wfOdarla; lsrK Wrd .; yels h' iu    

oaúmrudKql ^N2, O2& iy tal mrudKql jdhqj,g ^Ar& wfOdarla; lsrK Wrd.; fkdyels h' 
fï wkqj tal mrudKql iy iu oaúmrudKql fkdjk ´kE u jdhqjlg wfOdarla; lsrK Wrd 
.; yels h' tfy;a mDÓú jdhqf.da,fha yß;d.dr jdhqjla f,i l%shd lsÍug kï tu jdhqjg 
my; ,laIK ;sìh hq;= h'  

1) wfOdarla; lsrK Wrd .; yels ùu' 

2) jdhqf.da,fha os.= ld,hla ia:dhsj mej;sh yels ùu' 
 

jdhqf.da,fha mj;sk wfOdarla; lsrK Wrd .; yels jqj o wia:dhs fyda flá ld,hla mj;sk 
jdhq yß;d.dr jdhq f,i i,lkq fkd,efí' by; lreKq wkqj mDÓú jdhqf.da,fha mj;akd 
m%Odk yß;d.dr jdhq my; oelafõ' 

1) c, jdIam ^H2O& 

2) ldnka vfhdlaihsâ ^CO2& 

3) óf;aka  ^CH4& 

4) khsg%ia Tlaihsâ ^N2O& 

5) jdIamYS,s ye,ckSlD; yhsfv%dldnka ^CFC, HFC, HCFC& 

jdhqf.da,fha hï m%udKhlska meje;sh o SO2, NO2, NO, CO jeks jdhq jdhqf.da,fha mj;akd 

ld,h (wdhq ld,h) b;d flá neúka wfOdarla; lsrK Wrd .; yels jqj o yß;d.dr jdhq   
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f,i fkdi,lhs' by; ish¨ yß;d.dr jdhqj,ska ye,ckSlD; yhsfv%dldnka yereKq úg b;sß 
ish¨ jdhq iajNdjfha mj;sk jdhq fjhs' 

by; olajk ,o yß;d.dr jdhq mDÓúfhka m%;súlrKh jk wfOdarla; lsrK Wrd f.k   
mDÓúh ;=< jeä ld,hla r`ojd ;nd.ekSu fya;=fjka mDÓúh r;a ùug ,la fjhs' fï r;a     
ùfï m%;sM,h kï mDÓúfha idudkH WIaK;ajh fi,aishia wxYl 15 muK mj;ajdf.k    
hEuhs' tkï mDÓúfha mj;sk yß;d.dr wdprKh Ôjfha mej;aug wjYH ys;lr idOlhls' 

 

 

 

 

 

 

 

wm mDÓúfha we;s yß;d.dr jdhq m%;sY; my; 1'5 j.=fõ ±lafjhs' 

1.5 j.=j mDÓúfha we;s yß;d.dr jdhq m%udK 

yß;d.dr jdhqj m%udKh 

c, jdIam (%) 0.001 – 0.5 
ldnka vfhdlaihsâ (ppm) 415 
óf;aka (ppb)  1745  
khsg%ia Tlaihsâ (ppb) 315  
jdIamYS,s ye,ckSlD; yhsfv%dldnka 
^CFC, HFC, HCFC& (ppt) 

53.3 

 

mDÓúfha yß;d.dr jdhq m%;sY;h m%Yia; uÜgug jvd by< .sh fyd;a l==ula isÿ fõ o?  
yß;d.dr jdhq m%;sY;h by< .sh úg isÿ jkqfha jeä jk yß;d.dr jdhq m%udKh u`.sska    
jeämqr wfOdarla; lsrK Wrd .ekSu fya;=fjka mDÒúh ;=< jeämqr ;dmh ksmoù jeä ld, 
mrdihla ta ;dmh mDÓúh ;=< ixirKh ùuhs' fuys wjika m%;sM,h jkafka jeämqr ld,hla 
ixirKh jk ;dmh fya;=fjka mDÓú WIAK;ajh by< hEuhs' ñksid úiska ld¾ñl ÈhqKqj;a 
iu`. isÿ lrk úúO ld¾ñl l%shdldrlï iu`. yß;d.dr jdhq ixhq;sh l%ufhka by< hñka 
mj;S' fuh ld¾ñl úma,jh iu`. werô fojk f,dal hqoaOfhka miq we;s jq ld¾ñl m%fndaOh 
iu`. YS>%fhka by< .sfha h' 

wu;r oekqu 

wm fi!r.%y uKav,fha WKqiqï u .%yhd iQ¾hdg wdikakj u msysá nqo .%yhd fkdj" 
fojekshg msysá isl=re .%yhd fjhs' isl=reg ,efnkqfha nqo .%yhdg ,efnk iQ¾h 
Yla;sfhka 25]la muK w.hls' tfy;a fufia ùug fya;=j kï isl=re .%yhd ;=< mj;akd 
m%n, yß;d.dr wdprKhhs' isl=re .%yhdf.a jdhqf.da,fhka 95]la muK iukaú; jkqfha 

CO2 jdhqfjks' fï fya;=fjka isl=re .%yhdf.a jdhqf.da,h b;d wêl f,i wfOdarla; 
lsrK Wrd .ekSu ksid m%n, yß;d.dr wdprKhla mj;S' fï fya;=fjka isl=re .%yhd 
iQ¾hdf.a isg fojekshg msysáh o fi!r.%y uKav,fha WKqiqï u .%yhd hk jd¾;dj 
Wiq,hs' 



w¡fmd¡i¡ ^Wiia fm<& ridhk úoHdj - 14 tallh l¾udka; ridhkh iy mßir ¥IKh 

62

1.6 j.=j ld¾ñl úma,jhg fmr iy j¾;udkfha yß;d.dr jdhq ixhq;sj, fjkialï 

jdhqj j¾I 1750 oS w.h 
(mßuud m%;sY;h)

j¾;udk w.h 
(mßuud m%;sY;h) 

CO2 0.028  0.041 

CH4 0.00007 0.00018  

N2O 0.000027 0.0000314 
 

ye,ckSlD; yhsfv%dldnka 0 0.00000000533 
 

 

by; 1'6 j.=jg wkqj fmkS hkafka m%Odk 
yß;d.dr jdhq b;d wêl f,i by< f.dia    
we;s njhs' mDÓúfha jdhqf.da,fha we;s c,  
jdIam m%udKh fláld,Skj iy N+f.da,Sh 
idOl u; yd fjk;a ld,.=K idOl u; 
fjkia jqj o È.=ld,Skj ie,l+ l, mDÓúfha 
iuia; c, jdIam m%udKh fkdfjkiaj mj;S' 
fï ksid c, jdIam yß;d.dr jdhqjla jqj o 
f.da,Sh WKqiqu by< hEug odhl;ajhla 
fkdolajhs' mDÓúfha yß;d.dr jdhq by< hEu 
fya;=fjka mDÓú WIaK;ajh j¾I 1750 isg  
wxYl 0'95 muK by< f.dia we;' fï jeä ùu 
j¾I 1950 miq wxYl 0'65l w.hls' fï wkqj 
fmkS hkafka f.da,Sh WKqiqu by< hEu 
wdikak oYl lsysmh ;=< iS>%fhka by< f.dia we;s nj h'

yß;d.dr jdhq idkaøKh by< hEug fya;= jQ ñksia l%shdldrlï 

ldnkavfhdlaihsâ (CO2)   

.,a w`.=re iy fmfg%da,shï bkaOk Yla;s wjYH;d imqrd,Su i`oyd wêl f,i oykh lsÍu 
fya;=fjka jir ñ,shk .Kkla ;siafia mDÓú wNHka;rfha wl%shj meje;s fï ldnka ixÑ; 

b;d flá ld,hla ;=< jdhqf.da,hg CO2 f,i tla lrk ,È' jdhqf.da,hg CO2 tla lrk 

fõ.hg jvd jdhqf.da,fhka CO2 bj;a flfrk hka;%Kj, fõ.h wvq ùu fya;=fjka 

jdhqf.da,fha CO2 tla/ia fjhs'  

tfia u wêl f,i isÿ lrk jk úkdYh fya;=fjka lmd ouk ,o Ydl ;=< jir ish      
.Kkla ;ekam;a ù we;s ldnka ixÑ; laIqø Ôú l%shdldß;ajh fya;=fjka úfhdackh ù jir 

lsysmhla ;=< CO2 f,i jd;hg tla ùu o jdhqf.da,fha CO2 by< hEug fya;= fjhs' 

óf;aka  

Èrd hk ldnksl wmøjH mßirfha wl%uj;a f,i tla/ia ù tu fya;=fjka ta ldnksl øjH 
ks¾jdhq nelaàßhd u`.ska úfhdackhg ,la ùfuka óf;aka ksmofjhs' kd.ßl wmøjH l=Kq l`ÿ 
f,i neyer lsÍu o óf;aka jeämqr we;s ùug fya;= fjhs' tfia u j.=re fyda c,h wdY%s;j 

1.27 rEmh mDÓú WIaK;ajh by< hEfï 
n,mEu 
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lrk lDIsl¾udka;h ^ù j.dj& ksid o ldnksl øjH ks¾jdhq úfhdackhg ,la ù óf;aka 
ksmojhs' 

tfia u yrl=ka, t¿jka, neg¨jka jeks judrd lk i;=kaf.a nvje,a ;=< Ydl øjH ks¾jdhq 
;;a;aj hgf;a § nelaàßhd úfhdackhg ,la ùfï § óf;aka ksmojhs' fï wkqj wêl f,i 
fujeks i;=ka mßfNdackh i`oyd we;s lsÍu o wêl f,i óf;aka jdhqj jdhqf.da,hg tl;= 
ùug fya;= fjhs' tfia u fndrf;,a leKSfï § fndrf;,a ksê wdY%s;j iajdNdúl jdhqj f,i 
mj;sk óf;aka jdhqf.da,hg tla ùfuka o jdhqf.da,fha óf;aka jdhq m%udKh by< hhs' 

khsg%ia Tlaihsâ  

khsg%ia Tlaihsâ m%Odk jYfhka jdhqf.da,hg tla jkqfha khsg%cka wvx.= ixfhda. u; 
nelaàßhd l%shdldß;ajh fya;=fjks' lDIsl¾udka;fha § fmdfydr jYfhka mig tl;= lrk 

khsg%cka ixfhda. u; khsá%ydß nelaàßhd l%shdldß;ajfhka N2O jdhqj ksmofjhs'   

jdhquh ye,ckSlD; yhsfv%dldnka  

ye,ckSlD; yhsfv%dldnka b;d m%n, yß;d.dr jdhq fjhs' fïjdfha m%n,;dj ldnka 
vfhdlaihsâ fuka oi oyia .=Khls' fï fya;=j ksid ye,ckSlD; yhsfv%dldnka jdhqf.da,fha 
b;d l=vd m%udKj,ska mej;sh o tajdfha wêl m%n,;dj fya;=fjka f.da,Sh WKqiqu by< hEug 
ie,lsh hq;= odhl;ajhla olajhs' 

iajNdjfha ye,ckSlD; yhsfv%dldnka ixfhda. b;d wvqfjka mj;S' f.da,Sh WKqiqu by< hEug 
fya;= jk ye,ckSlD; ixfhda.h lsysmhla my; oelafõ'  

1) laf,dafrd*a¨fjdfrdldnka (CFC) 
2) yhsfv%dlaf,dafrd*a¨fjdfrdldnka (HCFC) 
3) yhsfv%d*a¨fjdfrdldnka (HFC) 

 

 

 

 

1.28 rEmh  ye,ckSlD; yhsfv%dldnk wKq lsysmhla 

fï ixfhda. ;=ka j¾.h u ñksid úiska ixYaf,aIKh lrk ,o ixfhda. jk w;r" jdhqiuk 
hka;% iy YS;lrKj, isis,k jdhq f,i fïjd Ndú; lrhs' fï jdhq iújr ma,diaálA  
ksmoùfï § msmqïldrl jdhqjla f,i o úissreïldrl" iqj| ú,jqka iy m,sfndaOkdYl n÷ka 
;=< úissreïldrl jdhq f,i o Ndú; lrhs' by; WmlrK w¨;ajeähd lsÍfï § iy    
Ndú;fhka bj; ±ófï § fï ixfhda. jdhqf.da,hg tla fjhs' fïjdfha jdhqf.da,Sh wdhq    
ld,h jir ish .Kkls' 
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f.da,Sh WKqiqu by< hEfuka isÿ jk wys;lr n,mEï  

f.da,Sh WKqiqu by< hEu ksid O%ejdY%s; m%foaYj, we;s whsia ;Ügq iy Wia l`ÿlr 
m%foaYj, iy O%ejdY%s; m%foaYj, we;s .a,eishr Èh ùu iy by< hk WIaK;ajh ksid 
id.r c,h m%idrKh ùu fya;=fjka fjr<dY%s; my;a ìï ^nx.,dfoaYfha .x.dkï    
.Õ" n%yaumq;% .Õ wdY%s; fv,agdj iy úhÜkdufha ófldka fv,agdj& uqyqog hg ùu 

isÿ úh yels h' fï wkqj ckdjdi wysñ ùu, fjr<dY%s; mßir moaO;s úkdY ùu"     

lrÈh f.dvìug meñKsu fya;=fjka mi ksire ùu, j.d md`M ùï wdÈh isÿ fjhs'    
tfia u ud,Èjhsk iy Ydka;slr id.rfha we;s l=vd ¥m;a rdcH iïmQ¾Kfhka u    
mdfya f,dal is;shfuka uelS hd yels h' 

f.da,Sh WKqiqu by< hEu ksid jix.; frda. nyq,j iy YS>%fhka me;sr hEu ^fvx.=" 
tfnda,d jeks& isÿ fjhs' 

jirla ;=< wêl WIaK;ajh iys; osk .Kk by< hEu, YS; Èk .Kk wvq ùu iy 
m%n, ;dm ;rx. ^fláld,hla ;=< hï m%foaYhl WIaK;ajh YS>%fhka by< hEu& jeä 
jYfhka iy §¾>j we;s ùu' 

iq<s iq<x" fgdkdfvda jeks ;;a;aj ks;r ks;r we;s ùu iy tajd b;d m%n,j we;s ùu' 

f.da,Sh WKqiqu by< hEu fya;=fjka wdl%uKldÍ Ydl iy i;=ka fmr fkdisá m%foaY 
lrd ixl%uKh ùu ^i¾mhka iy 
Wr.hka jeks p,;dmS i;=ka jvd;a 

YS; m%foaYj,g ixl%uKh ùu) 
f,dalfha iuyr m%foaY wêl f,i 
úh<S hEu ^ol=Kq wdishdj" uOHu 
wm%sldj& iy iuyr m%foaYj,g wêl 
j¾Idm;khla ,eîu ^hqfrdamh&' 

È.=ld,Sk kshx ;;a;aj iy flá 
ld,hla ;=< wêl j¾Id we;s ùfuka 
we;s jk CIKsl .xj;=r ;;a;aj ks;r 
ks;r we;s ùu' 

 

f,dal foaY.=Ksl rgd fjkia ùu 

f,dalfha fndfyda ñksia l%shdldrlï wod< m%foaYfha foaY.=Kh iu`. iïnkaO ù mj;S' 

WodyrK f,i lDIsl¾udka;h" i;a;aj md,kh, ixpdrl l¾udka;h" ueá l¾udka;h 
foaY.=Ksl rgd iu`. ;Èka u noaO ù mj;s' fï foaY.=Ksl rgd we;s jkqfha f,dalfha úúO 
m%foaYj,g ,efnk iQ¾h Yla;sfha fjkia ùï fya;=fjks' f.da,Sh WKqiqu by< hEu fya;=fjka 
fï Yla;s ixirKh ú;eka ùu ksid we;s jk m%Odk mdßißl m%Yakh jkafka foaY.=K rgd 
fjkia ùuhs' fuh fláfhka foaY.=K fjkiaùï f,i y÷kajkq ,efí' f.da,Sh WKqiqu by< 
hdu ksid we;s jk wfkl=;a fndfyda mdßißl m%Yak foaY.=K rgd fjkia ùfï oaú;Shsl m%;sM, 
fõ' 

l,g jeis fkd,eîu, wl,ays jeis ,eîu, kshx ld, we;s úu" iq<s iq<x" fgdkdfvda ñka fmr 
fkd;snqKq m%foaYj, we;s ùu wdÈh isÿ úh yels h' È.= ld,hla kshx ;;a;ajhla mej;Su 
fya;=fjka iuyr m%foaY ldka;drlrKhg ,la ùu fya;=fjka ckhdg ta m%foaYj,ska bj;a ùug 

1.29 rEmh  O%ejdY%s; m%foaYj, we;s whsia  
;Ügq Èhùu 
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isÿ fjhs' tfia u foaY.=K rgd fjkia ùu ksid rgj,a w;r foaYmd,ksl w¾nqo fuka u hqoaO 
jl%ldrfhka we;s úh yels h' 

WodyrK f,i hï rgl ckhd ú;eka ùu fya;=fjka Tjqka hdno rgj,g ixl%uKh ùu isÿ 

fõ. Tjqkag foaYmd,k /ljrK iemhSug isÿ ùu yd rgj,a lsysmhlg fmdÿ .x.dj, (khs,a" 

n%yaumq;%" ófldx) c, m%udKh wvq ùfuka ta c,h fnod .ekSu i`oyd foaYmd,ksl w¾nqo     
fuka u hqoaO o we;s úh yels h' 

f.da,Sh WKqiqu by< hEu iy ta wdYs%; foaY.=K fjkia ùu f,dalhgu fmdÿ m%Yakhls' fï 
u`.ska m%Odk n,mEug ,la jkqfha f.da,Sh WKqiqu by< hEug wvq odhl;ajhla olajk 
ixj¾Okh fjñka mj;akd yd W!k ixj¾ê; rgj,a h' fuksid f.da,Sh WKqiqu by< hEu 
md,kh lsÍu i`oyd f,dj ish¨ rgj,a tla ù Bg fya;=jk yß;d.dr jdhq úfudapkh wju 
lrk l%shdud¾.j,g t<ôh hq;= h' 

fï i`oyd úi`ÿï f,i my; fhdackd bÈßm;a l< yels h' 

fmdis, bkaOk oykh iSud lr úl,am bkaOk i`oyd fhduq ùu iqÿiq h. fyd`o u 

úl,amh kï iQ¾h Yla;sh fhdod .ekSuhs' Bg wu;rj kHIaál Yla;sh, iq<x n,h  
wdÈh o fhdod .; yels h' tfia u ±kg mj;akd hka;% iQ;% hdj;ald,Sk lr tajdfha 
bkaOk ld¾CIu;dj by< ±óu o isÿ l< yels h' 

bkaOk i`oyd fmdis, bkaOk fjkqjg mqk¾ckkSh n,Yla;s m%Njhla jk t;fkda,a 
iy ffcj ãi,a fhdod .ekSu iqÿiq h' fï ffcj bkaOk oykh fya;=fjka  
jdhqf.da,hg tla jk Y=oaO ldnka m%udKh Y+kH fõ' 

ir, Èú fmfj;lg yqre ùu u`.ska iqfLdamfNda.s Ôú;hlg wjYH lrk wêl   
n,Yla;s b,a¨u wju lr .; yels h' 

jk úkdYh wju lsÍu" Ydl frdamKh" ,S nvq" or" lvodis jeks øjH iE§ug jkdka;r 

úkdY fkdlr ta i`oyd fõ.fhka jefvk, j.d lrk ,o Ydl fhdod .; yels h' 

wl%uj;a li< neyer lsÍu fjkqjg ukd l<ukdlrKhlska hqla;j li< neyer 
lsÍfuka jd;hg óf;aka msg ùu wju fõ' 

udxi wkqNjfhka yels ;rï wE;a ù" ks¾udxi wdydrj,g yqre ùfuka uia i`oyd yrl=ka" 
t`Mjka" iy neg`Mjka jeks i;=ka we;s lsÍu wju l< yels h' 

ridhksl fmdfydr fjkqjg fldïfmdaiaÜ fmdfydr fhdod .ksñka j.d lghq;= lsÍfuka 

jdhqf.da,hg N2O ksl=;a ùu wju lr .; yels h' 

Ys;lrK iy jdhq iuk hka;% b;d wvqfjka Ndú; lsÍu iy ta hka;%j, Ndú; lrk 

m%n, yß;d.dr jdhq jk CFC, HCFC jeks jdhq fjkqjg m%n,;dfjka wvq HFO 
(Hydrofluoroolefins), whsfidìhqfÜka (R600a)" wefudakshd jeks isis,kldrl jdhq 
Ndú; lsÍu iqÿiq h' 

1.13.3 ´fidaka úhk ydhkh 

wm mDÓúfha isÿ jk ish¨ l%shdj,s i`oyd Yla;sh imhkqfha iQ¾hd u`.sks' Yla;sh hï ;ekl 
isg ;j;a ;eklg iïfm%aIKh jk l%u ;=kls'  tajd kï ikakhkh" ixjykh iy    
úlsrKhhs' fï w;=ßka ikakhkh iy ixjykh u`.ska Yla;s iïfm%aIKhg udOHhla wjYH 
fjhs' úlsrKh u`.ska Yla;s iïfm%aIKhg udOHhla wjYH fkd fjhs' wm fi!r.%y     

uKav,fha iQ¾hd iy .%yf,dal w;r mj;skqfha ysia wjldYhls ^ßlaa;lhls&. fï fya;=j ksid 
iQ¾hdf.a isg mDÓúhg Yla;s iïfm%aIKh ikakhkh yd  ixjykh hk l%u fol u`.ska isÿ 
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ùug lsisÿ bvla ke;' fï ksid iQ¾h Yla;sh wm mDÓúhg meñfKkqfha iïfm%aIKhg  
udOHhla wjYH fkdjk úlsrKh u`.sks' iQ¾hdf.a isg wm mDÓúh lrd Yla;sh /f.k tk 
úlsrK y`ÿkajkqfha úoHq;a pqïnl úlsrK f,i h'  

úoHq;a pqïnl úlsrK tajd i;= Yla;sh wkqj j¾. lr we;' ta X lsrK" mdrcïnq, lsrK"    
oDYH lsrK" wfOdarla; lsrK" CIqø ;rx. lsrK iy .=jka úÿ,s ;rx. lsrK f,ihs' my;  
j.=j u`.ska úúO úoHq;a pqïnl ;rx.j, .=K oelafõ' 

1.7 j.=j úoHq;a pqïnl ;rx.j, .=K 

úoHq;a pqïnl ;rx. uOHkH  ;rx. 
wdhduh

uOHkH ixLd;h/ s-1 uOHkH Yla;sh/ 
kJ mol-1

.=jka úÿ,s ;rx. 1 cm 3 × 1010 1.2 × 10-2 
CIqø ;rx. 1 mm 3 × 1011 1.2 × 10-1 
wfOdarla; ;rx. 10 m 3 × 1013 12 
oDYH ;rx. 500 nm 6 × 1014 240 
mdrcïnq, ;rx. 250 nm 1.2 × 1015 479 
X lsrK 1 nm 6 × 1017 1.2 × 105 

fï ;rx. w;=ßka X lsrK iy mdrcïnq, lsrKj, Yla;sh b;d wêl neúka ta lsrKj,g 
ksrdjrKh ùfï § wm YÍrfha we;s ffcj wKqj, ridhksl fjkialï isÿ fjhs' fï ksid  

wm YÍrfha we;s l%shdldß ffcj wKq jk DNA, RNA iy fm%daàk ^tkaihsu& wKqj,  
jHQyd;aul fjkialï isÿ ùu u`.ska tajdfha l%shdldß;ajhg ndOd meñfKhs' fï fya;=fjka   
wm YÍrfha úúO ixl=,;d yg .kshs' fï ixl+,;d iïnkaOfhka wms bÈßfha § §¾>j l:d 
lruq' 

iQ¾hdf.a isg mDÓúhg m%Odk jYfhka Yla;sh iïfm%aIKh jkqfha mdrcïnq, lsrK" oDYH  
lsrK iy wfOdarla; lsrK jYfhks' fï lsrK w;=ßka oDYH lsrK iy wfOdarla; lsrKj, 
Yla;sh wvq neúka ta lsrKj,g ksrdjrKh ùfuka wmg ydks isÿ fkd fjhs' úoHq;a pqïnl 
j¾Kdj,sfha wm weig ixfõ§ tl u lsrK j¾.h oDYH lsrK jk w;r tajd wmg fmkSu  
,nd §ug Wmldß fjhs' wfOdarla; lsrKj,g wm ixfõ§ jkqfha WKqiqu ±kSu f,ihs'  

my; 1'30 rEmfhka ±lafjkqfha mDÓúhg <`.d jk iQ¾h lsrKj, iajNdjh iy tajdfha   
;Sj%;djhs' ta rEmhg wkqj oelsh yelafla mDÓú jdhqf.da,fha by< iSudjg ,efnk iQ¾h 
Yla;sfhka ie,lsh hq;= m%udKhla mDÓú mDIaGhg meóKSug fmr bj;a ù f.dia we;s njhs' 

;jÿrg;a fï rEmh ksÍCIKh l< úg Tng fmfkkqfha mDÓú jdhqf.da,hg ,efnk UV 
lsrKj,ska jeä m%udKhla mDÓú mDIaGhg meñKSug fmr bj;a ù we;s njhs' fufia jkafka 
wehs@ fufia jkqfha iQ¾h lsrK mDÓú jdhqf.da,h yryd mDÓú mDIaGh lrd <`.d ùfï § 
jdhqf.da,fha by< ia;rj, § ta ia;rj, we;s jdhq wKq u`.ska ta lsrK Wrd .ekSu fya;=fjks' 
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1.30 rEmh  jdhqf.da,fha ia;ÍlrKh iy iq¾h lsrK ia;r yryd .uka lsÍu 

jdhqf.da,fha ia;ÍlrKh 

wm jdhqf.da,h wOHhkfha myiqj ;ld ia;r lsysmhlg fjka lrkq ,efí' fï ia;r fjka 
lsÍu wod< m%foaYh ;=< WIAK;aj úp,kh jk jdhQkaf.a >k;ajh u; isÿ flf¾' 

mßj¾;S f.da,h - mDÓú mDIaGfha isg by<g 15 kmla muK olajd úys§ mj;S' mDÓú 
jdhqf.da,fha jdhQkaf.ka jeä m%;sY;hla ^99]la muK& fï m%foaYfha 
mj;sk w;r" mDÓú mDIaGfha isg by<g hk úg WIaK;ajh wvq fjhs' 

ia:r f.da,h - mDÓú mDIaGfha isg 15 km isg 50 km olajd m%foaYh ia;r f.da,h fjhs' 
fuys we;s jdhq m%;sY;h b;d my< w;r by<g hk úg WIaK;ajh jeä 
fjhs' 

ófida f.da,h -    ófida f.da,h mDÓú mDIaGfha isg 50 kmg by< m%foaYh fjhs' jdhq m%udKh 
b;d wvq w;r b;d by< WIaK;ajhla mj;S' 

´fidaka úhk -     ia;r f.da,h ;=< mj;akd Wm l,dmhla ´fidaka úhk f,i ye`Èkafjhs' 

fï l,dmh ke; fyd;a ´fidaka úhk mDÓú mDIaGfha isg 20 km isg      

35 km muK m%foaYhla mqrd mj;S' fï m%foaYh ´fidaka úhk hkqfjka 
y`ÿkajkqfha mDÓúfha iajdNdúlj mj;akd ´fidaka jdhqfjka jeä u 
m%udKhla ^95] muK& fï m%foaYfha mej;Su fya;=fjks' th                
´fidakaj,ska muKla iukaú; m%foaYhla fkdjk nj is;ays ;nd.kak' 

 

 

 

ófida f.da,h 
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1.31 rEmh  ´fidaka úhk iy jdhqf.da,fha ia;ÍlrKh 
 

ia;r f.da,fha ´fidak úhk l,dmfha, ´fidaka jdhqj mj;ajdf.k hEu i`oyd iQ¾hdf.ka 
,efnk mdrcïnq, lsrKj,ska jeä m%udKhla jeh fjhs' fï fya;=j ksid iq¾hdf.ka ,efnk 
ydkslr mdrcïnq, lsrK jeä m%udKhla mDÓú mDIaGh lrd <`.d fkd fjhs' fjk;a whqrlska 
lsj fyd;a ´fidaka úhk fï wêYla;s mdrcïnq, lsrK i`oyd fmrKhla f,i l%shd lr ta 
lsrKj,g ksrdjrKh ùfuka wmj wdrCId lrhs' fï ixisoaêh mDÓúh ;=< Ôjfha meje;aug 
w;HjYHh c,h mej;Su iy m%Yia; WIaK;ajhla mej;Su hk lreKq ;rï u Ôjfha meje;aug 
Wmldß fõ' 

´fidaka úhfka l%shdldß;ajh 

iQ¾hdf.ka ,efnk wê Yla;s mdrcïnq, lsrK ia;r f.da,h lrd <Õd ùfï § th Tlaiscka 
jdhqj úfhdackh lr mrudKql Tlaiscka ksmojhs' 

O2(g)                    O(g)   +   O(g)     ΔH > 0 ------------ (1) 

fï mrudKql Tlaiscka b;d m%;sl%shdYS,s neúka th ;j;a Tlaiscka wKqjla iu`. m%;sl%shd lr 
´fidaka ksmojhs' 

O2(g)   +  O(g)                   O3(g)    ΔH < 0 ------------ (2) 

´fidaka jdhqj wia:dhs jdhqjla neúka th UV lsrK yuqfõ úfhdackh ù O2 njg m;a fjhs'  

O3(g)       O2(g)  +  O(g)    ΔH > 0 ------------ (3) 

O3(g)   +  O(g)                  2O2(g)    ΔH < 0 ------------ (4) 

(1) + (2)«2,  3O2(g)        2O3(g) ; O3 iE§u 

(3) + (4), 2O3(g)        3O2(g) ; O3 ì| jeàu 

h 

h 

´fidaka ia;rh
ia;rf.da,Sh  

´fidaka

jdhq ¥IKh 
ksid we;s jk 

´fidaka

mßj¾;S f.da,Sh  
´fidaka

´fidaka idkaøKh

W
k

ak
;
dx
Y
h

/ k
m
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´fidaka úhk ;=< § fufia iajNdúlj ´fidaka ì`ojefgk iy iEfok fõ. iudk jQ úg  

.;sl iu;=,s;;djhg m;a ù ksh; O3 m%udKhla fï m%foaYh ;=< mj;ajd .kSs' tkï ´fidaka 
úhk ;=< § my; i`oyka iu;=,s; l%shdj isÿ fjhs' 

2O3(g)                               3O2(g)       

fï iu;=,s;h mj;ajdf.k hEu i`oyd iQ¾hdf.ka meñfKk ydkslr UV lsrK wjfYdaIKh 
ùu fya;=fjka tajd mDÓú mDIaGh lrd <`.d ùu je<flhs' 

´fidaka úhk ydhkh 

´fidaka úhfka mj;akd ´fidaka uÜgu j¾I 1950 isg muK ld,.=K ne¨k wdOdrfhka 
ix;;slj uekSu isÿ lrk ,È' fufia uekSu isÿ lrk w;r;=r ye;a;Ej oYlfha ueo Nd.fha 
isg ´fidaka úhfka ´fidaka uÜgu jd¾Islj my< hEula ksÍCIKh lrk ,È' 

idudkHfhka ´fidaka úhfka ´fidaka uÜgu iEu Èkl u ksh;j fkdmj;S' th mßir 

WIaK;ajh, R;= fjkia ùu iy N+f.da,Sh idOl u; hï muKlg fjkia fjhs' tfy;a th 
jd¾Islj l%ufhka my; hdula 1970 isg ksÍlaIKh lrk ,È' fufia ´fidaka úhfka ´fidaka 

uÜgu ix;;slj my< hEu ´fidaka úhfka ydhkh (ozone layer depletion) f,i ye`Èkafõ' 
fuf,i ´fidaka úhk ydhkhg ,la ùu b;d nrm;< mdßißl m%Yakhls' 

´fidaka úhfka meje;au ksid ydkslr mdrcïnq, lsrK mDÓú mDIaGhg meñKSu j<ld,hs' 

tkï by; m%foaYfha ´fidaka m%udKh wvq ùu fya;=fjka ydkslr UV lsrK jeämqr mDÓú 

mDIaGh lrd <Õd ùu isÿ fjhs' fï ksid mDÓú jdiSka fï ydkslr UV lsrKj,g jeämqr 
ksrdjrKh ùfuka úúO jQ ixl=,;d we;s fõ'  

´fidaka úhfka ydhkhg fya;= jk lreKq 

´fidaka úhfka ydhkhg iajdNdúl idOl fuka u ñksia l%shdldrlï o fya;= fjhs' fï   
w;=ßka iajdNdúl fya;= ;djld,sl jk w;r" isÿ jQ ydksh flá l,lska kej; h:d     
;;a;ajhg m;a fjhs' m%n, .sksl`ÿ msmsÍï u`.ska by< jdhqf.da,hg tla jk i,a*¾ wvx.= 
ixfhda. ´fidaka úhkg ydks lsÍu tla iajdNdúl l%shdj,shls'  

´fidaka úhkg b;d nrm;< fuka u m%;sj¾;s fkdjk ydksh isÿ flfrkqfha ñksid úisks' 
ñksid úiska jdhqf.da,hg tla lrk jdIamYS,s ixfhda. fuhg fya;= fjhs' fï i|yd ksoiqka 
my; oelafõ' 

1) laf,dfrd*a¨fjdfrdldnka (chlorofluorocarbon) 
óg wu;rj fn%daóka wvx.= jdIamYS,s ldnksl ixfhda. o (bromofluorocarbon) 
jl%dldrfhka ´fidaka úhk ydhkhg odhl fjhs'  

2) by< jdhqf.da,hg wdikakj .uka lrk .=jka hdkd u`.ska msg lrkq ,nk khsá%la 

Tlaihsâ (NO) jdhqj o ´fidaka úhk ydhkhg ,la lrhs' 

´fidaka úhk ydhkhg odhl jk m%Odk u ixfhda. ldKavh jkqfha laf,dafrd*a¨fjdfrd 

ldnka h. laf,dafrd*a¨fjdfrd ldnka hkq ldnka mrudKq 1la fyda 2la iys; yhsfv%dldnkaj, 

jHq;amkak fjhs' fï yhsfv%dldnkaj, we;s ish¨ H mrudKq laf,daßka yd *a¨fjdßka 
mrudKqj,ska wdfoaY ù we;' 
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      Freon 12                    Freon 11                        Freon 113                              Freon 115                   

1.32 rEmh  CFC wKq lsysmhla iy tajdfha ld¾ñl kdu 

fï  CFC iïmQ¾Kfhka u ixYaf,aIs; ixfhda. jk w;r" iajNdjfha § yuq fkd fjhs'          

CFCj,g m%Odk jYfhka my; ld¾ñl Ndú; mj;S' 

1) jdhq iuk hka;% iy YS;lrK ;=< isis,k jdhqj f,i Ndú; flf¾' 

2) iqj`o ú,jqka l¾udka;fha § wê mSvkhlg ,la lr úiqrejd yßk wdldrfha (spray) 
iqj`o ú,jqka fnda;,a ;=< úiqrejd yßkhla (úirK m%jdylhla) f,i Ndú; flf¾' 

3) ma,diaála l¾udka;fha § wod< ksIamdokj,g iújr .;shla ,nd .ekSu i`oyd msïnqï 

ldrlhla (blowing agent) f,i Ndú; lrhs ^Wod( ßðf*daï" l=Ika fuÜg" ;dm    
mßjdrl iújr ì;a;s&' 

4) tfia u fn%dañka wvx.= ixfhda. (bromofluorocarbon) OQulrKfha § iy .sks ksùfï 
WmlrKj, Ndú; flf¾' 

CFC iy wfkl=;a ixfhda. ´fidaka úúhkg ydks lrk wdldrh 

by; l=uk ixfhda.h jqj o wm u;l ;nd .; hq;af;a fï ixfhda. ´fidaka iuÕ fl<ska u 

m%;sls%hd fkdlrk njhs' by; i`oyka lrk ,o CFC ixfhda. b;d ia:dhs ixfhda. fõ' tajd 

;dm úfhdackhg ,la fkdjk w;r (;dm ia:dhs) ffcj ydhkhg o m%;sfrdaê fjhs' ta  
fya;=fjka fï ixfhda. jdhqf.da,fha È.= ld,hla meje;sh yels h' flfia fj;;a fï     
ixfhda. b;d jdIamYS,s neúka fõ.fhka jdIam ù by< jdhqf.da,hg tkï ´fidaka úhk  
mj;sk ia;r f.da,hg <`.d úh yels h' tf,i fï ixfhda. ´fidaka úhk m%foaYhg <Õd jQ 
úg my< jdhqf.da,fha § yuq fkdjk kuq;a by< jdhqf.da,fha mj;akd Yla;sh wêl   
mdrcïnq, lsrKj,g ksrdjrKh fjhs' fï wêYla;s mdrcïnq, lsrKj,g ksrdjrKh ùu 

fya;=fjka ta ixfhda.j,  C - Cl nkaOkh úLKavkh ù Cl• uqla; LKav idohs' ´fidaka      

iu`. fï Cl• uqla; LKav m%;sl%shd lrkq ,nhs' fï Cl• uqla; LKav ´fidaka ì`ojeàfï   
m%;sl%shdj W;afm%arKh lr ´fidaka ì`ojeàu fõ.j;a lrhs' fuúg ´fidaka ì`ojeàfï  
iajdNdúl l%shdj,shg wu;rj ;j;a ì`ojeàfï l%shdj,shla tla ùu fya;=fjka ´fidaka    
iEfok l%shdj,shg jvd ì`ojefgk l%shdj,sh fõ.j;a ù" ´fidaka ydhkhg ,la fjhs' fuh 
my; wdldrhg ir, iólrK lsysmhlska fmkajd Èh yels h' 

Cl uqla; LKav O3 iu`. m%;sl%shd lsÍu'  

•Cl(g)  +  O3(g)                 O2(g)   +  •OCl(g)  ------------ (1)   

fufia iEÿK  •OCl  uqla; LKav ´fidaka iajdNdúlj ì|jeàfuka yg .kakd Tlaiscka 
mrudKqjla iu`. iïnkaO ù kej; uqla; LKavh yg .ks' 

O3(g)                 O2(g)   +   •O(g)  ------------ (2)   
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•OCl(g)  +   •O(g)                 O2(g)  +  •Cl(g)  ------------ (3)   

(1)  + (2) + (3), 
2O3(g)                 3O2(g)    

fï wkqj Tng fmkS hkafka Cl• uqla; LKavhla u`.ska O3 wKqjla úfhdackh l< miq Cl• 
uqla; LKavh úkdY ù fkdf.dia kej; th iEfok njls' tkï fï Cl• uqla; LKavhlg 

fjk;a m%;sl%shdjlska úkdY ù hk ;=re O3 wKq úYd, m%udKhla ì`ofy<sh yels h' tkï Cl•

uqla; LKav O3 ì`o fy<Su i`oyd W;afm%arlhla f,i l%shdlr we;' 

´fidaka úhk ydhkfhka isÿ jk wys;lr n,mEï 

´fidaka úhk ydhkfhka isÿ jk wys;lr n,mEu kï iQ¾hdf.ka meñfKk, Yla;sh wêl, 
wys;lr mdrcïnq, lsrK jeä ;Ssj%;djlska mDÓú mDIaGhg <`.d ùuhs' ´fidaka úhk     

ydhkhg fmr mDÓúhg <`.d jQ UV lsrKj,g jvd jeä Yla;sh wêl UV lsrK m%udKhla 

´fidaka úhk ydhkh jq miq mDÓúhg <`.d fjhs' fuúg mDÓú Ôùka wys;lr, Yla;sh wêl 

UV lsrKj,g jeämqr ksrdjrKh ùu fya;=fjka ta UV lsrK u`.ska we;s lrk wys;lr 
n,mEïj,g jeämqr f.dÿre fjhs'  

ta wys;lr n,mEï my; ±lafõ. 

1) ifï ms<sld we;s ùu' 

UV lsrKj, we;s by< Yla;sh fya;=fjka thg ksrdjrKh jq úg iu wdY%s;    

ffi,j, we;s DNA jeks wKqj, jHQyd;aul fjkialï isÿ fõ' UV lsrK yuqfõ § 
fï úYd, wKqj, we;s yhsv%cka nkaOk ì`§ f.dia kej; fjkia wdldrhg ieliSu 
ksid fuh isÿ fjhs' fuu wKqj, we;s jk úlD;s;d ksid ms<sld ffi, yg f.k iu 
u; fõ.fhka me;SÍfuka ifï ms<sld we;s fjhs' 

2) wefia iqo u;= ùu' 

DNA fuka u fm%daàk o yhsv%cka nkaOk u`.ska ;u jHQyh mj;ajd .kS' UV lsrK 
fya;=fjka fï nkaOk ì`§ kej; ilia ùfuka tu fm%daàkaj, jHQyh fjkia fjhs' 
wefia fmkSug WmldÍ jk wefia ldph iukaú; jkqfha mdroDYH øjuh   

fm%daàkhlsks' UV lsrK fya;=fjka fï ldpfha mj;akd fm%daàkj, jHQyh fjkia ù 
tys mdroDYHNdjh l%ufhka wvq ùu wefia iqo u;= ùu f,i y`ÿkajhs ^WodyrK(    
wj¾K ì;a;r iqÿ uoh r;a lsÍfï § iqÿ meye ùu isÿ jkqfha o ì;a;r iqÿ uofha we;s 
we,aìhqñka fm%daàkfha jHQyh fjkia ùfuks&' fï wefia iqo u;= ùu ñksidf.a muKla 
fkd j" t<suyfka jeämqr .ejfik .jhka" t¿jka jeks i;=kaf.a o isÿ fõ' 

3) tfia u jeämqr UV lsrKj,g Ydl ksrdjrKh ùu fya;=fjka úúO cdk úlD;s iys; 
Ydl ìys úh yels h ^l=reYdl" m;% úlD;s;d iys; Ydl wdÈh&' 

4) j¾Kl úrxckh ùfuka frÈj, .=Kd;aul nj wvq ùu' 

5) ´fidaka rn¾ wKq iuÕ m%;sl%shd lr tys we;s oaú;aj nkaOk ì| oud rn¾ odu flá 
lrhs' fï ksid rn¾ wdY%s; ksIamdokj, hdka;%sl Yla;sh wvq ùu fuka u tajdfha wdhq 
ld,h flá ùu o isÿ fjhs' 
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´fidaka úhk wdrCId lsÍug .; hq;= l%shd ud¾. 

j¾;udkfha § isÿ jk fõ.fhka u ´fidaka úhk os.g u ydhkhg ,la jqj fyd;a ;j oYl 

lsysmhla hk úg wm mDÓúh Ôjfha meje;aug kqiqÿiq ia:dkhla njg m;a fjhs. ke;fyd;a 
b;d wêl f,i wefia iqo u;= ùu iy ifï ms<sld iys; frda.Ska wêl f,i jd¾;d fjhs'  

fï ksid ´fidaka úhk ydhkh jk fõ.h wvq lsÍu i`oyd blauka l%shdud¾. .; hq;= h'    

CFC ´fidaka úhkg ydkslr m%Odku ldrlh neúka th ksmoùu iy Ndú;h keje;aúh hq;= 

h' fï i`oyd ±kgu;a l%shdud¾. f.k we;s w;r fudkaá%h,a iïuq;sh u`.ska CFC ksIamdokh 

1996 § muK kj;d ouk ,È' fuúg CFC fhdod.;a ld¾ñl Ndú; i`oyd úl,am jdhq fhdod 
.ekSug isÿ fjhs' 

CFC i`oyd m%:ufhka fhdod .;a úl,am jdhqj jkqfha HCFC (Hydrochloroflurocarbon) 
yhsfv%dlaf,dafrda*a¨fjdfrdldnka h. fï wKqj CFCj,g fndfyda fihska iudk w;r fjki 
kï laf,daßka iy *a¨fjdßka mrudKqj,g wu;rj yhsv%cka mrudKqjla o mej;Suhs'  

 

 

 

 

1.33 rEmh (a) yd (b) HCFC wKq lsysmhla iy (c) yd (d) HFC wKq lsysmhla 

fuu wKqj, mj;sk C - H nkaOkh" my< jdhqf.da,fha mj;sk" idfmaCIj wvq Yla;shla we;s 
iQ¾h lsrK yuqfõ § úfhdackhg ,la fjhs' fï fya;=fjka ixfhda. wKq ie,lsh hq;= m%udKhla 
´fidaka úhk m%foaYhg <`.d ùug fmr úfhdackhg ,la fjhs' tfy;a wêl jdIamYS,s;dj 
fya;=fjka fï jdhqj o ia;r f.da,hg .uka l< yels w;r" tfia ´fidaka úhk m%foaYhg    

<`.d jqj fyd;a C – Cl nkaOkh wê Yla;s UV lsrK yuqfõ oS úLKavkh ù •Cl uqla; LKav 
ksmoùu u`.ska ´fidaka úhkg ydks lsÍfï hï úNjhla mj;S' ´fidaka úhk wdrlaId lsÍu 
i`oyd fhdod .;a fojk úl,amh jkqfha YS;ldrl jdhqj f,i yhsfv%d*a¨fjdfrdldnka    

(HFC) fhdod .ekSuhs' HFC ys Cl mrudKq ke;s w;r we;af;a F yd H mrudKq muKs' H    

mrudKq mej;Su fya;=fjka tys ia:dhs;dj wvq jk w;r" ^HCFC fuka& Cl mrudKq ke;s ksid 

by< jdhqf.da,fha § •Cl uqla; LKav ksmoùula isÿ fkdjk fyhska HFC u`.ska ´fidaka    
úhkg lsisÿ ydkshla isÿ fkdlrhs' fï fya;=fjka wo jk úg f,dalfha Ndú; lrk jdhq  

iuk hka;% iy YSs;lrK ;=< Ndú; lrkq ,nk isis,k jdhqj jkqfha HFC (HFC 134a) h' 

igyk- fï HFC jdhqj ´fidaka úhkg lsisÿ ydkshla isÿ fkdl<;a HFC, CFC, HCFC hk 

ish,a, b;d m%n, yß;d.dr jdhq fjhs' fï jdhQkaf.a yß;d.dr jdhq m%n,;dj (Global warming 
potential - GWP) ldnka vfhdlaihsâ fuka oyia .=Khls' 
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1.8 j.=j yß;d.dr jdhq iy tajdfha GWP w.h  
jdhqj  GWP w.h  
CO2 1 
CH4  22 
N2O 310 

HFC 23 11700 

HFC 134a 1300 

CFC 12 10600 

HCFC 22 1700 
 

fï fya;=fjka by; i|yka jdhq" jdhqf.da,fha b;d l=vd idkaøKhlska (ppt) meje;sh o b;d 

by< GWP w.hka ksid tajdg f.da,Sh WKqiqu by< ±óug ie,lsh hq;= odhl;ajhla ±laúh 

yels h' fï ksid  HFC ´fidaka úhk ydhkh je<elaùu i`oyd fyd`o úl,amhla jqj o th 
;j;a f,dal mdßißl m%Yakhla jk f.da,Sh WKqiqu by< hEug odhl ùu fya;=fjka tys 
Ndú;h m%Yakd¾:hla ù we;' fï fya;=fjka ´fidaka úhkg ydks fkdlrk iy f.da,Sh   
WKqiqu by< hEug b;d wvq odhl;ajhla olajk isis,k jdhq fhdod .ekSug f,dal m%cdj 
fm,fUñka isá;S' 

fï i`oyd úl,am f,i jdIamYS,s yhsfv%dldnka (R600a) iy jdhqf.da,fha § ia:dhs;dj b;d   

wvq wix;Dma; yhsfv%d*a¨fjdfrdldnka ixfhda.h (Hydrofluoroolefin) HFO-1234a fhdod 
.ekSu werö we;' jdIamYS,s yhsfv%dldnka i`oyd whsfidìhqfÜka fhdod .efka' fï 

whsfidìhqfÜka, R600a jdhqj f,i ld¾ñlj y`ÿkajhs' tfia u wika;Dma; 

yhsfv%d*a¨fjdfrdldnka f,i yhsfv%d*a¨fjdfrdT,smSk (HFO) Ndú;h ks¾foaY lr we;'  

HFO jHQyuh jYfhka HFCg iudk w;r tys oaú;aj nkaOkhla mj;S' oaú;aj nkaOk iys; 

ixfhda. jvd;a m%;sl%shdYS,S jk fyhska fï HFO ixfhda. my< jdhqf.da,fha § blaukska 
úfhdackh ù jdhqf.da,fhka bj;a fjhs' fï ksid f.da,Sh WKqiqu by< hEug olajk  
odhl;ajh b;d wvq h' 

 

 

 

 

(a) (b) 

1.34 rEmh (a) whsfidìhqfÜka (R600a) (b) yhsfv%d*a¨fjdfrdT,smSk (HFO-1234a) 

1.13.4 m%ldY ridhksl OQñldj 

Tn jdyk ;onoh wêl k.rhl Ôj;a jk flfkla o@ tfia kï fujeks k.rhl wmr 
Nd.fha § ;rula by< f.dvke.s,a,l isg k.rh foi neÆ úg wod< f.dvke.s,sj,g    
by<ska mdroDYH;dj wvq ÿUqre meye;s ;sñr mg,hla ±l.ekSug yels jkq we;' uykqjr   

k.rh" fld<U msgfldgqj" fnd/,a," lvqfj, wdY%s; m%foaYj, iuyr iq<x rys;, wyi   
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meyeos,s Èkj, fuh ±l .; yels h' ,xldfõ ;rula úr, jqj o kjÈ,a,sh" uqïndhs" l,algd" 
Yexyhs" îðx iy lajd,d,dïmQ¾ jeks k.r wdY%s; j fï ;;a;aaajh oreKqjg ±l .; yels h' 

fufia wmr Nd.fha ÿUqre meye;s wvq mdroDYH;djlska hq;a mg,hla we;s ùug fya;=j l=ula o@ 
fï mg,h we;s ùug fya;= jk ixlS¾K m%ldY ridhksl l%shdj,sh m%ldY ridhksl        
OQñldj jYfhka ye`Èkafjhs' iQ¾h lsrK yuqfõ mßir ¥Il ldrl lsysmhla tlsfkl     

m%;sl%shd lr we;s jk ridhk øjH, ishqï wxY= yd c, ì|s;s u`.ska iQ¾h lsrK m%lsrKh 

(scattering) ùfuka isÿ jk jdhqf.da,fha mdroDYHNdjh wvq ùu m%ldY ridhksl OQñldj     
f,i y`ÿkajhs' 

m%ldY ridhksl OQñldj we;s ùug fya;= jk ridhksl ¥Il iy tajdfha m%Nj 

m%ldY ridhksl OQñldj we;sùug ridhksl ¥Il j¾. folla odhl fjhs' tajd kï khsá%la 

Tlaihsâ jdhqj (NO) iy jdIamYSs,s yhsfv%dldnk (fkdoejqKq bkaOk) fjhs' óg wu;rj 

iQ¾hdf,dalh iy 15 °Cg jeä WIaK;ajhla ;sîuo wjYH fõ' 

m%ldY ridhksl OQñldjg fya;= jk ridhk øjH jkafka, NO, CH3 (CH2)nCH3 (n = 1 – 4) 

fï ridhk øjH fol u iïmQ¾Kfhka u mdfya jd;hg tla jkqfha r:jdyk .ukd.ukh 
fya;=fjks' yhsfv%dldnka hkq øj fmfg%da,shï bkaOkj, m%Odk ix>gl fjhs' jdyk 
.ukd.ukh iïmQ¾Kfhka u mdfya /|S we;af;a øj fmfg%da,shï bkaOk u;hs' jdykj,g 
fhdok bkaOk úúO wdldrfhka fkdoejqKq bkaOk f,i mßirhg tl;= fjhs' úfYaIfhka 
.efid,ska bkaOkj, wêl jdIamYSs,S;dj fya;=fjka jdykfha bkaOk gexlsfhka    
jdIamSlrKh ùu ksid jdIamYS,S yhsfv%dldnk mßirhg tl;= fjhs' tfia u ldìhqf,agrh 
;=<ska o ie,lsh hq;= yhsfv%dldnk m%udKhla jdIam ù hhs' tfy;a jeä u m%udKhla jd;hg 

tla jkqfha jdykfha wmjyk (exhaust) moaO;sh yryd h' jdykfha txðu ;=< § bkaOk     
wêl mSvkhla iy wêl WIaK;ajhla yuqfõ oykhg ,la jqj o txðfï msiagk ;=<g we;=`M 
jk ish¨ bkaOk wKq oykh jkafka ke;' úfYaIfhka msiagkfha msg; ì;a;shg wdikakj 
mj;sk yhsfv%dldnk wKq oykh jkafka ke;' fï fkd±jqKq bkaOk wKq wmjyk moaO;sh 
yryd jd;hg ksoyia fjhs' 

jdykfha txðu ;=< bkaOk oykh flfrkqfha bkaOk iy jd;h m%Yia; wkqmd;hlg ñY%  
lr wêl mSvkhla hgf;a Êj,khg m;a lsÍfuks' fuys § oykfhka msg jk ;dmh    
fya;=fjka txðu ;=< wêl WIaK;aj iy mSvk ;;a;aajhla ks¾udKh fjhs' idudkH ;;a;aj 
hgf;a § wl%sh jdhqjla f,i ie,flk khsg%cka fï by< WIaK;aj iy mSvk ;;a;aj hgf;a 
§ Tlaiscka iu`. m%;sl%shd lr khsá%la Tlaihsâ ksmojhs' fufia ksmojk khsá%la Tlaihsâ  
jdhqj jdykfha wmjyk moaO;sh yryd jd;hg tl;= fjhs' fï wkqj m%ldY ridhksl   
OQñldjg fya;= jk ¥Il ldrl fol u jd;hg tl;= jkqfha jdyk Odjkh fya;=fjks' fï 
wkqj wêl jdyk ;onoh we;s kd.ßl m%foaYj, m%ldY ridhksl OQñldj m%n,j we;s fjhs' 

m%ldY ridhksl OQñldfõ ridhkh 

m%ldY ridhksl OQñldj we;s ùu my< jdhqf.da,fha iQ¾hdf,dalh yuqfõ isÿ jk b;d   
ixlS¾K ridhksl m%;sl%shd cd,hls' tfy;a wOHhkfha myiqj ;ld m%ldY ridhksl    
OQñldfõ § isÿ jk ridhksl m%;sl%shd my; wdldrhg b;d ir, j ±laúh yels h' 

wNHka;r oyk tkaðfuka msg jk NO jdhqj jdhqf.da,fha § ;jÿrg;a TlaislrKh ù NO2 

iEfohs' fï NO2  iQ¾h lsrK yuqfõ § úfhdackhg ,la ù mrudKql Tlaiscka ksmofjhs' 



w¡fmd¡i¡ ^Wiia fm<& ridhk úoHdj - 14 tallh l¾udka; ridhkh iy mßir ¥IKh 

 

75 
 

2NO(g)  +  O2(g)                  2NO2(g)   

NO2(g)                  NO(g)  +  O(g) 

iEfok mrudKql Tlaiscka wKql Tlaiscka (O2) iuÕ m%;sl%shd lr m%ldY ridhksl OQñldfõ 

tla m%Odk ¥Ilhla jk ´fidaka (O3) ksmojhs'                       

O(g)  +  O2(g)                  O3(g) 

•OH uqla; LKav we;sùu:  O(g)  +  H2O(g)                   •OH(g) 

óg wu;rj by; iEÿKq •OH uqla; LKav iy mrudKql Tlaiscka uÕska idok ´fidaka 
jdIamYS,s yhsfv%dldnk iuÕ m%;sl%shd lr we,alhs,a iy fmfrdlais we,alhs,a uqla; LKav 

idohs' fï we,alhs,a (R•) yd fmfrdlais we,alhs,a (ROO•) uqla; LKav NO2 yd O2 iuÕ 

m%;sl%shd lr jdIamYS,S fláodu we,aäyhsv, fmdfrdlais weisghs,a khsfÜ%g (PAN), fmdfrdlais 

fnkaihs,a khsfÜ%g (PBN) wdÈ wys;lr M, yg.kS' tfia u ksmojQ we,aäyhsv" 
nyqwjhùlrKhg ,la ùfuka jd;fha wj,ïnkh jk l=vd wxY= yg .kS' fï wxY+ u; ¥ú,s" 
c,jdIam wdÈh ;ekam;a ùu fya;=fjka jvd úYd, wxY= yg .kakd w;r" fï wxY= u`.ska iQ¾h 

wdf,dalh m%lsrKh (scattering) ùu ksid my< jdhqf.da,fha mdroDYH;dj wvq ù ;sñr    
mg,hla fia Èia fjhs' m%ldY ridhksl OQñldj hkq wm mshú weig fmfkk tlu jdhq ¥IK 
wjia:djhs' 

m%ldY ridhksl OQñldfõ wys;lr n,mEï 

  m%ldY ridhksl OQñldfõ m%Odk M,hla f,i ´fidaka ksmofjhs' ´fidaka úI jdhqjls'  
´fidaka wd>%dKh ùu fya;=fjka Yajik wdndO" Yajik ud¾.fha Yaf,aIau, mg,    
úkdY ùu" leiai wdÈh we;s fjhs' 

  tfia u ´fidaka wia:dhs wêl m%;sl%shdYS,s jdhqjla ùu fya;=fjka ´fidakaj,g 
ksrdjrKh jQ úg úfYaIfhka <má Ydl m;%j, yß;m%o úkdY ùfuka Ydl m;% u; 
ly meye;s me,a,ï we;s fjhs' fï fya;=fjka Ydlj, wdydr ksIamdokh wvd< ùfuka 
j¾Ok ÿ¾j,;d yg.kakd w;r lDIs fNda.j, wiajekak wvq fjhs' 

  tfia u ´fidaka rn¾ wKqj, we;s oaú;aj nkaOk úÉfþokh lrhs (´fidaka  

úÉfþokh)' fuúg rn¾ wKqj, odu flá ùu ksid rn¾ wdY%s; ksIamdokj, hdka;%sl 
Yla;sh wvq fjhs' fï ksid rn¾j, m%;Hdia:;dj wvq ùu" gh¾j, me`Mï we;s ùu      
wdÈh isÿ fõ' 

  m%ldY ridhksl OQñldfjka we;s jk jdIamYS,s we,aäyhsv rdYshla fjhs' fïjd 
wd>%dKfhka Yajik wdndO we;s ùu iy weÿu" y;sh" fn%dkalhsáia jeks wdndO iys; 
mqoa.,hkaf.a wdndO ;;a;aj W;aikak ùu isÿ fjhs' tfia u ta ixfhda. wd>%dKh ùu 
fya;=fjka wid;añl ,CIK o we;s fjhs' 

  m%ldY ridhksl OQñldfjka we;s jk fmfrdlais weisghs,a ixfhda. (PAN yd PBN) 
ms<sldldrl jk w;r cdk úlD;s;d we;s lrhs' tfia u fï ixfhda. YÍrfha l%shdldß 
fm%daàk iy tkaihsuj, ridhksl fjkialï we;s lsÍu fya;=fjka ta tkaihsuj, 
l%shdldß;ajhg ndOd we;s lrhs' 

  ´fidaka uÕska j¾Kl úrxckh fõ' ta ksid frosms<sj, .=Kd;aul nj wvq fõ' 

 

h 
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1.14 l¾udka; ksl=;= úiska isÿ flfrk c, ¥IKfha ridhkh  

c,h hkq mDÓúfha Ôjfha meje;aug w;HjYH tla idOlhls' ta c,h ffcj ridhksl    
m%;sls%hd i`oyd odhl ùu iy tu m%;sls%hd i`oyd ødjlh f,i ls%hd lsÍu fya;=fjks' tfia u 
c,h iajdNdúl mdßißl m%;sls%hd i`oyd ødjlh f,i o ls%hd lrhs' c,h fufia ffcj - 
mdßißl m%;sls%hd i`oyd ødjlh f,i ls%hd lrkqfha c, wKqfõ wmQ¾j ,laIK fya;=fjks' c, 

wKqfõ cHdñ;sl yevh ie,l+ úg th fldaKsl yevhla .kS (rEmh 1.35)'  
 

 

 

1.35 rEmh c, wKqfõ cHdñ;sl yevh 

tys HOH fldaKfha w.h 104.5° fjhs' c, wKqj iE§ug fya;= jQ H yd O mrudKqj, 

úoHq;a-RK;d fjki fya;=fjka c, wKqfõ O-H  nkaOk O%eùh fjhs' fï O%eùh O-H    
nkaOk hq.,h wjldYfha flda‚lj msysgk neúka c, wKqqjg iïm%hqla; O%eùh;djla mj;S' 

fï O%eùh;dj fvndhs tall 1.85 (1.85 D) muK fjhs' fï fya;=fjka c, wKqqj m%n, O%eùh 
wKqqjla f,i ie,lsh yel' c, wKqfõ fï m%n, O%eùh;dj fya;=fjka wKqqq w;r m%n,   

yhsv%cka nkaOk yg .ekSu ksid kslr c,h ^Bulk Water& ldur WIaK;ajfha § øjhla f,i 
mj;S' tkï c,h hkq m%n, O%eùh øjhls' c,fha fï m%n, O%eùh;dj fya;=fjka fndfyda     
O%eùh ixfhda. c,fha ødjKh fjhs' tkï c,h O%eùh ixfhda. i`oyd fyd`o ødjlhls' wm 
mßirfha we;s fndfyda iajdNdúl ixfhda. O%eùh fjhs' tfia u ffcj ridhksl ls%hdj,sh 
i`oyd odhl jk fndfyda ixfhda. O%eùh fjhs' fï fya;=fjka c,h ffcj ridhksl iy 
mdßißl ls%hdj,s i`oyd ødjlhla f,i ls%hd lrhs' fï fya;=fjka mßir ridhksl úoHdfõ § 

c,h mdßißl O%eùh ødjlh (environmental polar solvent) f,i o kï lrhs'  

c,h fufia O%eùh ixfhda. i`oyd fyd`o ødjlhla f,i ls%hd lsÍfï wys;lr ,laIK o mj;S. 
tkï úúO wys;lr O%eùh iy whksl ixfhda. c,fha fyd`Èka Èh ù c,h YS>%fhka ¥IKhg 
,la ùuhs' fufia úúO ixfhda. c,fha ødjKh ù c,h wod< ld¾hh i|yd iqÿiq fkdùu c,h 

¥IKh kï fjhs' c, ¥IKh c,h fhdod f.k lrk ld¾hh wkqj fjkia fjhs. WodyrKhla 
f,i îug iqÿiq fkdjk wdldrhg ¥IKh jQ c,h lDIsl¾udka;h i`oyd ¥IKh fkdjQ c,h 
f,i ie,lsh yels wjia:d we;' tfia u ld¾ñlj wdydr ieliqï i`oyd iqÿiq fkdjk wdldrhg 
laIqø Ôùka  uÕska ¥Is; jQ c,h yqud,h ,nd .ekSu i`oyd iqÿiq fõ'  

c,h m%n, O%eùh ødjlhla jqj;a ks¾O%eùh  ixfhda. o c,fha iq¿ jYfhka Èh fjhs' fujeks  
iuyr ks¾O%eùh ixfhda. b;d úI iys; jk w;r wxY= ud;% m%udKj,ska ødjKh jqj o ta 
m%udKh wys;lr wju uÜgug jvd by< úh yels h' WodyrKhla f,i b;d m%n, 

ms<sldldrlhla jk fnkaiSkaj, c, ødjH;dj ñ,shkhlg fldgia 1780 (1780 ppm) muK 
fjhs' tfy;a îug .kakd c, mrdñ;s w.h wkqj fndk c,fha fnkaiSka ;sìh yels Wmßu 

w.h ì,shkhl fldgia 5ls (5 ppb). tkï fnkaiSkaj, c, ødjH;dj wod< wju w.hg jvd 

350,000 jdrhla by< w.hls' fï wkqj wmg ks.ukh l< yelafla O%eùh fuka u ks¾O%eùh 
ixfhda. o c,fha ødjKh ùfuka c,h ¥IKhg ,la jk njhs' tfia u iïmQ¾Kfhka u 

ks¾O%eùh wKqqjla jk Tlaiscka wKqqj o iq`M jYfhka c,fha ødjKh fjhs ^8 ppm&' fï b;d  
iq`M jYfhka c,fha Èh jQ Tlaiscka ish¨ c,c Ôù ls%hdj,s  i|yd w;HjYH idOlhls' ish¨ 

c,c ffcj ls%hdj,s isÿ jkqfha fufia b;d iq`Mfjka c,fha ødjKh jQ  O2 ksid h'  
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1.14.1 c, pl%h iy c, ¥IKh  

rEmh 1.36 u`.ska ±lafjkqfha mdßißl c, pl%hhs' fuys § c,h mßirfha úúO fldgia w;r 

yqjdudrej ±lafjhs. c, pl%fha ish¨ wjia:dj, § c,h ¥IKhg ,la fõ' c, pl%fha wvq u 

¥Is; c,h jkqfha jdhqf.da,Sh c,hhs' ^j,dl=`M, c, jdIam" óÿu" ;=ysk iy j¾Id c,h& 
jdhqf.da,hg c,h tla jkqfha fN!ñl c,h jdIamslrKhg ,la ùfuks' c,fha ødjKh ù   
we;s fndfyda O%eùh ixfhda.j, ^,jK wdÈh& ;dmdxlh by< w.hla .kakd neúka tu   
ixfhda. c,fha jdIamslrKh;a iu`. jdhqf.da,hg .uka fkdlrhs' fï fya;=fjka   
jdIamSlrKh u`.ska jdhqf.da,hg tla jk c,h mßirfha we;s msßisÿ u iy wju ¥IKhg     

,la jQ c,h fõ' flfia fj;;a jdIamYS,s O%eùh ixfhda. jdhqf.da,fha § c,fha Èh fõ ^H2S, 
NH3, NO2&. tfia u m%ldY ridhksl ls%hdj,s fya;=fjka jdhqf.da,fha ksmofjk úúO   

ridhksl ixfhda. o jdhqf.da,Sh c,fha ødjKh fõ ^NO2, SO2, H2SO4, HNO3, NH4NO3 wdÈh&' 

tfia u jdhqf.da,fha mj;akd b;d l=vd wj,ïì; wxY= o ^ÿú,s, mrd., nelaàßhd wdÈh& 
jdhqf.da,Sh c,h iu`. 
tla ù jdhqf.da,Sh c,h 
¥IKhg ,la lrhs'  

fï jdhqf.da,Sh c,h 

j¾IKh ^precipitation& 
(j¾Idj, ysu, ;=ysk, 
óÿu, whsia leg j¾Id 

^Hale&) f,i mDÓú 
mDIaGhg <`.d fjhs'  
fuf,i mDÓú mDIaGhg 
<.d jk c,fhka 
fldgila mDÓú mDIaGh 
yryd .,d hEu 
fya;=fjka  ;jÿrg;a 
¥IKhg ,la fjhs' Lksc 
øjH Èrdm;a ùfuka 
iEfok ,jK ^nerf,day 

,jK&, mfia we;s úúO 

,jK j¾., ñksid úiska ksmojd mßirhg tla lrk ,o úúO ridhk øjH ^fmdfydr" ld¾ñl 
ridhk øjH" lDIs ridhk øjH& wdÈh c,fha Èh ùfuka c,h ;jÿrg;a ¥IKhg ,la          
fjhs' j¾IKh u`.ska mDÓú mDIaGhg <.d jQ c,fhka fldgila mDÓúfha mdIdK ia;r yryd 

mDÓú wNHka;rhg .uka lrhs ^Ground Water&' fuf,i c,h mfia Lksc ia;r yd mdIdK 
ia;r yryd .uka lsÍfï § fï ia;r úLdokhg ,la ùfuka úúO Lksc ,jK j¾. c,hg    
tla ù mDÓú wNHka;r c,h o ¥IKhg ,la fjhs' 

1.14.2 c, ;;a;aj mrdñ;s ^̂Water quality parameters& 

wm óg fmr i`oyka l< mßÈ O%eùh fuka u ks¾O%eùh fndfyda oE wvq jeä jYfhka c,fha 

ødjKh fjhs' iuyr oE b;d úYd, jYfhka øjKh jQj o wys;lr ke; ^Wod( NaCl&' iuyr 
oE b;d l=vd m%udKhla øjKh jQj o b;d úI iys; h ^Wod( nerf,day whk&' fï fya;=j ksid 
c,h wod< m%fhdackhg .kakd ld¾hh i`oyd fhda.H;dj uek ne,Su i`oyd c,fha øjKh ù 
iy øjKh fkdù mj;akd øjH i`oyd Wmßu wju uÜgï fyda mrdi ;SrKh lr we;' fïjd 

1.36 rEmh c, pl%h

>kSNjkh

j¾IKh

W;aiafõokh 

mdxY= c,h 

.,d hdu 

.,d hdu

jdIamSlrKh

we;=¿ mDIagfhka msg;g .,d hdu 

ldkaÿ ùu 
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c, ;;a;aj mrdñ;s  fõ' mdkSh c,fha ridhksl mrdñ;s iy wmc,h neyer lsÍu i`oyd jk 
mrdñ;s f,i úúO rgj,a iy wka;¾cd;sl wdh;k úiska m%ldYhg m;a lr we;' fï mrdñ;s 
wod< iSudj,ska bj;g .sh úg c,h wod< ld¾hh i`oyd iqÿiq fkdfõ hehs i,lkq ,efí' 

my; j.=fõ ±lafjkqfha YS% ,xld m%ñ;s wdh;kh úiska m%ldYhg m;a lrk ,o YS% ,xldfõ 
f.or fodr mßyrKhg iqÿiq c,fha ;sìh hq;= mrdñ;sj, Wmßu w.h fyda mrdi fjhs' 

1.9 j.=j  YS% ,xld m%ñ;s wdh;kh úiska m%ldYhg m;a lrk ,o f.or fodr mßyrKhg     
iqÿiq c,fha ;sìh hq;= mrdñ;sj, Wmßu w.h fyda mrdi 

mrdñ;sh tallh Wmßu w.h fyda mrdih 

j¾Kh   fyaika tall (Hazen 
Units)  

15 

wdú,;dj fkf*f,dafuÜßla 
wú,;d tallh 
(NTU) 

2 

pH w.h   6.5  - 8.5 

ridhksl Tlaiscka b,a¨u (COD)  mg L-1  10 

mQ¾K ødú; >k øjH  mg L-1 500 

c,fha lÀk;ajh  (CaCO3 f,i)  mg L-1 250 

uq¿ fmdiaf*aÜ (PO43- f,i)  mg L-1 2.0 

wdiksla (As3+ f,i)  mg L-1 0.01 

leâñhï (Cd2+ f,i)  mg L-1 0.003 

f,â (Pb2+ f,i)  mg L-1 0.01 

uzlß (Hg0 iy Hg2+ f,i)  mg L-1 0.001 

 

1.14.3 wmc, ;;a;aj mrdñ;s 

wmc, ;;a;aj mrdñ;s lsysmhla b;d fláfhka i,ld n,uq' 

pH w.h 

pH hk wl=re foflka lshfjkqfha yhsv%cka úNjh ^Potential of Hydrogen& hkakhs' pH 

mßudKh ^pH scale& hkq ødjKfha wï,sl;dj fyda Ndiañl;dj m%ldY lrk mßudKhls' pH 

w.h f,i ±lafjkqfha ødjKhl yhsv%cka whk idkaøKh (mol dm-3) RK ,>q w.hla f,i 
m%ldY l< úghs' 
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ødjKhl pH w.h kS¾Kh lsÍug l%u lsysmhla we;'  

1. wkqudmkhla fyda fjk;a l%uhla u`.ska: ødjKfha H+ idkaøKh ks¾Kh lr tys     

RK ,>q w.h .ekSfuka b;d ksrjoH f,i pH w.h ;SrKh l< yels h' 
2. pH o¾Yl Ndú;fhka (tkï ødjKfha H+ whk idkaøKhg wkqj j¾K fjkia jk 

m;% wkqidrfhka): fuys § wod< pH m;%h ødjKfha fmdÕjd ,efnk j¾Kh iïu; 

pH j¾K mßudKh yd .e<mSfuka o< pH w.hla ,nd .; yels h' 
3. pH ógrhla Ndú;fhka: fuys § c,fha H+ whk idkaøKh iuÕ úNjh fjkia jk 

úfYaI bf,lafg%davhl úNjh ^ùÿre bf,lafg%davh) iïu; bf,lafg%davhl ^Ag/ AgCl 
bf,lafg%davhl& úNjhg idfmalaIj uek tu`.ska o úúO c,Sh ødjKj, pH           
w.h iDcqju fiúh yels h'  

my; 1'37 rEmh u`.ska  wmg tÈfkod Ôú;fha § yuq jk c,Sh ødjK lsysmhl pH w.h olajhs' 

YS% ,xldfõ mdkSh c,fha ;sìh hq;= m%Yia; pH mrdih 6'5 -8'5 f,i ;SrKh lr we;' 

 

1.37 rEmh tÈfkod Ôú;fha § yuqjk c,Sh ødjK lsysmhl pH w.h 

ikakdhl;dj ^Conductivity& 

c,Sh ødjKhl ikakdhl;dj hkq ta c,Sh udOH u`.ska úoHq;h ikakhkh lsÍfï yelshdj 
ms<sn| ñkquls' fï i`oyd c,fha ksoyia whk ;sìh hq;= h' msßisÿ c,fha ikakdhl;dj b;d 

wvq h' msßisÿ c,fha we;af;a c,h iajhxwhkSlrKh fya;=fjka we;s jk OH- yd H+ b;d  

l=vd m%udKhls ^1«10-7 mol dm-3 ne.ska&' c,fha ikakdhl;djg m%Odk jYfhka fya;=jkqfha 
c,fha Èh ù we;s ,jK m%udKhhs' ,jK c,fha Èh jQ úg ta ,jK wod< leghdk iy   
wekdhk njg fjka ù ic,kh jQ whk f,i mj;S' fï whkj,g c,fha Tn-fudn .uka l< 
yels neúka úNj wka;rhla fh¥ l, bf,lafg%dav fj; .uka lsÍu uÕska ikakdhl;dj     
we;s lrhs' ikakdhl;dj i`oyd c,fha ødjKh jk wldnksl  ,jK" c,fha § whk njg 
ú>gkh úh yels ldnksl ixfhda. ^ldnksl wï," Niau wdÈh& odhl fjhs' c,fha fyd`Èka 

Èhjk tfy;a whk njg ú>gkh fkdjk .a¨fldaia, iqlafrdaia jeks ldnksl ixfhda. u`.ska 

wdudYhsl hqI 

wem,a hqI 

fldams lsß  

reêrh 

fílska fidavd úrxcl 

negß wï, 

me‚ îu 

wï, 
jeis ;lald,s ixY=oaO 

jeis

ixY=oaO 
c,h 

inka 

   fiaÿïldrl 

wmk<  
msßisÿldrl 
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c,fha ikakdhl;djg olajk odhl;ajh b;d w,amh' ikakdhl;dj uekSu i`oyd  

ikakdhl;d udkh ^Conductivity meter& Ndú; lrhs' fikaáógrhg iSukaia (S cm-1) 
ikakdhl;dj uksk tallh fõ' tfy;a wmg yuq jk fndfyda c,Sh ødjKj, fï w.h l=vd 

w.hla neúka fikaáógrhg uhsfl%daiSukaia ( S cm-1& f,i ikakdhl;dj fndfyda úg    
jd¾;d lrhss'  

my; 1'10 j.=fõ ±lafjkqfha wmg tÈfkod yuq jk c,Sh ødjK lsysmhl ikakdhl;d w.h 
lsysmhls' 

1.10 j.=j tÈfkod yuq jk c,Sh ødjK lsysmhl ikakdhl;d w.h 

ødjKh ikakdhl;dj/ S cm-1

whk bj;a l< c,h 0.1- 5 
wdi%e; c,h 1-10 
mdkSh c,h 50-1000 
lsß 1000 
0.01 M KCl  ødjKh 
^ikakdhl;d iïu; ødjKh&

1410 

N+ c,h 100-8000 
uqyqÿ c,h 2000-60000 
wem,a hqI 10000 
idkaø wï, 60000-900000 

 

wdú,;dj ^Turbidity& 

msßisÿ c,h mQ¾K mdroDYH njlska hqla; fjhs' tkï c,h ;=<ska lsisÿ ndOdjlska f;drj 
wf,dalh .uka lrhs' tfy;a c,hg hï hï øjH tl;= ùu fya;=fjka c,fha mdroDYH;dj   
wvq ù c,h wmeyeos,s f,i Èia fjhs' fufia c,fha mdroDYH;dj wvq ù osia ùu c,fha   
wdú,;dj f,i ye|skafõ' wdú,;dj we;s jkqfha c,fha ødjKh fkdjQ wj,ïì; wxY= tkï 
.=re;ajh u`.ska ;ekam;a fkdjk ishqï wxY= mej;Su fya;=fjks' fï l=vd wxY= mej;Su   

fya;=fjka c,h ;=<ska .uka lrk wf,dalh m%lsrKhg ^scattering& ,la fjhs' fuúg c, 
idïm,h j,dl=<la fia fyda ;sñr mg,hla fia fyda Èia fjhs' fufia wj,ïì; wxY= mej;Su 
c, ¥IKfha tla oDYHudk wjia:djls' 

tfia u c,fha b;d ishqï l,s, wxY= mej;Su o wdú,;djg fya;= fjhs' c,fha wdú,;djg    
fya;= jk wj,ïì; wxY+ jkqfha ishqï ueá wxY=" b;d l=vd ldnksl fyda wldnksl wxY=" 
talffi,sl Ôùkaf.a fld,ks iy b;d ishqï nyqwjhjl wxY= wdÈh hss' 

c,fha wdú,;dj uekSu i`oyd wdf,dal loïnhla c,h ;=<ska fldmuK m%lsrKh jkjd o 

hkak ^scatter& fyda iïfma%IKh jkjd o ^transmittance& hkak uekSu u`.ska isÿ lrhs' fuys § 

ødjKfha wdf,dalh m%lsrKh jk m%udKh, okakd wdú,;djla we;s ødjKhl tu        
wdf,dalh m%lsrKh jk m%udKh iu`. ixikaokh lr wdú,;dj ukskq ,nhs' wdú,;dj    

uksk tallh nephelometric turbidity unit ^NTU& fjhs' iïu; wdú,;dj we;s ødjK    

lsysmhl NTU w.h my; rEmfhka ±lafõ' 
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1.38 rEmh iïu; wdú,;dj we;s ødjK fY%aKshl NTU w.h 

c,fha lÀk;ajh 

Tn ,xldfõ úh<s l,dmfha Ôj;a jkakl= o@ ke;fyd;a ta m%foaYhg .sh úg <s`olska fyda c, 
uQ,dY%hlska c,h mdkh lr ;sfí o@ Tn mdkh l< c,fha rih isyshg k.kak' ta c,h hï 
lsjq,a rihlska hqla; nj Tng u;l we;' tfia u tu c,h iakdkh l< úg Tnf.a ysiflia 

wef,k iajNdjhlg iy r`M .;shlg yerfjk wdldrh ksÍlaIKh lrkakg we;. fufia 
jkafka wehs@ tfia lsjq,a rihla ,efnkqfha iy ysifla r`M njla we;s jkqfha c,fha lÀk;ajh 
wêl ùu fya;=fjks' 

c,fha lÀk;ajh w¾: olajkqfha c,fha inka wjlafIam lsÍfï Odß;dj f,ihs' c,fha 
lÀk;ajhg fya;= jk ridhksl úfYaI jkqfha c,fha Èh ù mj;sk nyq-ixhqc f,day 

legdhkhs' tkï Ca2+,  Mg2+,  Fe2+,  Mn2+,   Al3+ fyda fjk;a ´kE u nyq-ixhqc f,day  
legdhkj, iuia; idkaøKhhs' iajdNdúlj c,fha jeämqr u mj;sk nyq-ixhqc f,day  

legdhk jkqfha Ca2+ iy Mg2+ h' fï ksid iajdNdúl c,fha lÀk;ajhg iïmQ¾Kfhka u 

mdfya odhl jkqfha fï Ca2+ iy Mg2+ legdhkhs' tfy;a b;d l,d;=rlska Mn2+,  Fe2+, Al3+ 

jeks whk o lÀk;ajhg odhl jk wjia:d we;' inka hkq fïo wï,j, fidaähï fyda 
fmdgEishï ,jK fjhs' fï ,jKj, ldfndlaisf,aÜ ldKavh wod< nyq-ixhqc f,day    

legdhk iu`. iïnkaO jQ úg iEfok fïo wï,fha nyq-ixhqc f,day legdhk ,jKh,    
c,fha ødjH;dj wvq neúka wjlafIamkhg ,la fjhs' fï wjlafIamfha >k;ajh c,fha 

>k;ajhg jvd wvq neúka" inka Wvq ukaä (soap scum) f,i c,fha mdfõ' fuúg inkaj, 
fYdaOk l%sshdj fï ish¨ nyq-ixhqc f,day legdhk bj;a jk f;la isÿ fkd fjhs' tfia u    
fï nyq-ixhqc f,day legdhk ysiflia mDIaGfha iajNdjfhka u we;s RK wdfrdamK iu`. 
iïnkaOj ta wdfrdamK WodiSk lrhs' túg ñka fmr mDIaÀh wdfrdamK fya;=fjka úl¾IKh 
jQ ysiflia wdfrdamK ke;s ùu ksid kej; tlsfkl tl;= ù wef,k iq¨ iajNdjhla we;s 
lrhs' 

fuys § c,fha mj;sk fjk;a wekdhk ^Cl-, SO42-& iaÓr lÀk;ajhg lsisÿ iïnkaOhla ke;' 

c,fha lÀk;ajh m%ldY lrk tallh jkqfha le,aishï ldnfkaÜ ñ,shkhlg fldgia ^ppm 
CaCO3&  f,ihs' c,fha lÀk;aj uÜgï my; 1'11 j.=fõ wdldrhg j¾.lr we; ^o< 
j¾.SlrKhls&' 
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1.11 j.=j c,fha lÀk;aj uÜgï 

le,aishï ldnfkaÜ/ mg L-1 c,fha ;;a;ajh

0 -50  uDÿ c,h 

50 -100 uOHia: uDÿ c,h 

100 - 200 u|la lÀk c,h 

200 - 300 uOHia: lÀk c,h

300 - 450 lÀk c,h

450 + wêl lÀk c,h

;djld,sl lÀk;ajh ^temporary hardness&  

c,fha by; nyq-ixhqc f,day legdhk iu`. ta uq`M idkaøKhg jvd jeämqr idkaøKhlska 
nhsldnfkaÜ whk iy ldnfkaÜ whk mej;Su ;djld,sl lÀk;ajhhs' fuh ;djld,sl 
lÀk;ajh f,i i`oyka lrkqfha th c,h kegùu u`.ska bj;a lsÍug yels neúks' fuys § 
c,h kegùfï § wod< f,day legdhk tajdfha ldnfkaÜ f,i wjlafIam fjhs' 

 Ca2+  + 2HCO3-                     CaCO3 + CO2 + H2O  

            Mg2+ + 2HCO3-                      MgCO3 + CO2 + H2O  

iaÓr lÀk;ajh ^permanent hardness& 

iaÓr lÀk;ajh f,i ye`Èkafjkqfha wod< nyq-ixhqc f,day legdhkj, uq`M idkaøKhg jvd 
b;d wvqfjka ldnfkaÜ fyda nhsldnfkaÜ whk mej;Suhs'  

fuys § ldnfkaÜ yd nhsldnfkaÜ whkj, iu;=,H idkaøKhg ^equivalent concentration&  
jvd jeämqr mj;sk f,day whk r;a lsÍu uÕska wjlafIam l< fkdyels ksid th iaÓr 
lÀk;ajh f,i kï lrhs' fï lÀk;ajh bj;a lsÍu neyeßka c, ødú; ldnfkaÜ ixfhda. 

^Na2CO3& tla lsÍfuka isÿ l< yels h' 

Ca2+ + 2Cl- + Na2CO3          CaCO3 + 2Na++ 2Cl- 

c,fha ridhksl Tlaiscka b,a¨u ^chemical oxygen demand&   

c,fha ridhksl Tlaiscka b,a¨u hkq c,fha ødú; TlaislrKh l< yels øjH  TlaislrKh  
lsÍu i`oyd wjYH jk Tlaiscka m%udKhhs' c,fha nyq,j u mj;sk TlaislrKh l< yels 
ixfhda. jkqfha úúO ldnksl ixfhda.hs' fïjd úúO TlaislrK wjia:dj, mj;sk w;r  
wjidkfha ldnka vfhdlaihsâ ^fyda ldnfkaÜ& njg TlaislrKh l< yels h' fïo wï," 

weuhsfkda wï," .a¨fldaia yd mDlafgdaia jeks iSks j¾., msIaGh" fm%daák fï .Khg wh;a   
fjhs'  

tfia u wldnksl ixfhda. jk Fe2+, Mn2+ jeks whk o c,fha ridhksl Tlaiscka b,a¨ug 
odhl fjhs' c,fha ridhksl Tlaiscka b,a¨u ks¾Kh lsÍu wkqudmkhla u`.ska  isÿ lrhs' 
m%n, Tlaisldrlhla jk wdï,sl fmdgEishï  vhsfl%dfïÜ ødjKh okakd m%udKhla iu`. 
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wdijkh lr b;sßjk vhsfl%dfïÜ whk m%udKh iïu; Fe2+ whk ødjKhla u`.ska 

wkqudmkh isÿ lr c,fha COD w.h ks¾Kh lrhs'  

c,fha COD uÜgu fndfyda úg ukskqfha l¾udka; u`.ska msg lrk wmc,fha h' ta COD  
wêlj we;s wmc,h c,dYj,g tla jQ úg tu c,dY ¥IKhg ,la jk neúks' 

Y%S ,xld uOHu mßir wêldßh olajd we;s mßos úúO ia:dkj,g neyer lrk wmc,fha ;sìh 

hq;= Wmßu COD uÜgï my; j.=fõ ±lafõ' 

1.12 j.=j Y%S ,xld uOHu mßir wêldßh u`.ska m%ldYs; wmc,fha ;sìh hq;= Wmßu COD 
uÜgu  

wmjdyh Wmßu COD ww.h / mg L-1

u;=msg c,hg neyer lrk ld¾ñl wmc,h 250 

jdßud¾. c,hg neyer lrk ld¾ñl wmc,h 400 

id.r c,hg neyer lrk ld¾ñl wmc,h 250 

rn¾ l¾udka;Yd,dj,ska bj; ,k wmc,h 400 

frÈ l¾udka;Yd,dj,ska bj; ,k wmc,h 250 

 

c,fha ødú; Tlaiscka uÜgu ^dissolved oxygen level& 

c,fha ødú; Tlaiscka uÜgu c,fha tall mßudjl Èh ù we;s wKql Tlaiscka (O2) m%udKh 
f,i w¾: ±lafõ' jdhqf.da,fha ishhg 21 muK we;s Tlaiscka jdhqj fl<ska u c,fha Èh 
ùfuka iy c,fha ;sfnk m%NdixYaf,aIKh isÿ l< yels c,c Ydl iy Ôùka ^we,a.S" 

ihfkdnelaàßhd& úiska iQ¾hdf,dalh yuqfõ § ksmojk O2 j,ska c,fha ødú; Tlaiscka we;s 
fjhs' c, wKq O%eùh ksid;a" Tlaiscka wKqj ks¾O%eùh ksid;a Tlaisckays c, ødjH;dj b;d 
l=vd w.hls' WodyrKhla f,i uqyqÿ uÜgfï § jdhqf.da,fha Tlaiscka jdhqfõ wdxYsl msvkh 

ie,l+ l< WIaK;ajh 21°C ys§  yd 1 atm jdhqf.da,Sh mSvkfha § c,fha ødú; Tlaiscka   

uÜgu  9 mg L-1 ^9 ppm&  muK fjhs' c,fha ødú; Tlaiscka uÜgu c,fha isÿ jk úúO 

ridhksl iy ffcj ls%hdj,s fya;=fjka wvq fjhs' c,fha ødú; Tlaiscka uÜgu 5 ppmg jvd 

wvq jQ úg c,c Ôùka wd;;shg ^stress& ,la fjhs' c,fha Ôj;a jk uiqka c, mDIaGhg meñK 
uqLh jdhqf.da,hg újD;j ;nd .ekSu jeks wd;;s ,laIK fujeks wjia:djl ksÍlaIKh     

l< yel'  fï w.h  1 -2 ppm w.hg m;a jQ úg c,fha Ôj;a jk uiqka ñh hEug mgka .kS'  
iuyr ld,j, § rfÜ úúO m%foaYj, c,dYj, tljr uiqka oyia .Kkla ñh .sh wjia:d 
ms<sn| mqj;a olakg ,efnhs' fufia ùug m%Odk fya;=j jkafka c,fha ødú; Tlaiscka uÜgu 
b;d my< w.hlg m;a ùuhs' 

c,fha ødú; Tlaiscka uÜgu b;d wvq ùu u`.ska ^0 ppm g wdikak jQ úg& c,fha ks¾jdhq 
;;a;aj we;s fjhs' .eUqre c,dYj, m;=f,a fujeks ks¾jdhq ;;a;aj mj;S' c,fha ødú;   
Tlaiscka uÜug ks¾Kh lsÍug l%u lsysmhla we;' 

1. ødú; Tlaisckaj,g ixfõ§ ødú; Tlaiscka ógrhla u`.ska fl<ska u uek .ekSu'  
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2. wkqudmkhla u`.ska ^úkala,¾ l%uh - Winkler method& fuys § m%;Hdkqudmkhla 

(Back titration) u`.ska ødú; Tlaiscka uÜgu ks¾Kh flf¾' 

fuys § m%:ufhka ødú; O2 NdIañl udOHfha § Mn2+ whk iu`. m%;sls%hd lrjd 

MnO2 idohs. 

 

2 Mn^OH&2 + O2               2MnO2 + 2H2O  ------------- (1) 

 

    fufia idok uex.kSsia Tlaihsâ wdï,sl udOHhl § whvhsâ whk iu`. m%;sl%shd 
lrjhs' 

MnO2 + 4H+ + 2I-                Mn2+ + I2 + 3H2O ------------- (2) 

 

fuys § msg jk I2 m%dud‚l ;fhdai,af*aÜ ødjKhla iu`. wkqudmkh lrkq    
,efí' 

I2   +   2S2O32-                     2I-  +  S4O62-   ------------- (3) 

 

fuys § tla Tlaiscka ujq,hla i`oyd ;fhdai,af*aÜ ujq, 4la jeh fjhs'    
úoHd.drfha § úúO c, idïm,j, ødú; Tlaiscka uÜgu fï l%uh u`.ska ks¾Kh 
l< yels h' 

(1), (2), (3) wkqj 

 O2        MnO2       I2      S2O32- 

 

c,fha iqfmdaIKh ^Eutrophication& 

fmdaIl øjH c,hg tla ùu fya;=fjka c,fha wêl f,i we,a.S j¾Okh c,fha iqfmdaIKh 
f,i w¾: oelafjhs' 

wêl f,i we,a.S j¾Okh jQ úg tu we,a.S .yKh c, mDIaGfha >k fld,ks ia;rhla  f,i 
mj;S' fï fya;=j ksid iQ¾h lsrK c, ;gdlfha my< ia;rj,g .uka fkdlsÍfuka my< 
ia;rj, m%NdixYaf,aIKh isÿ fkdùfuka iy Tlaiscka ødjKh fkdùfuka my< ia;rj,   
ødú; Tlaiscka uÜgu my< hEfuka c,c Ydl iy i;=ka ñh hhs' fufia ñh hk Ydl iy 
i;=ka iajdhq nelaáÍhd uÕska úfhdackhg ,la lsÍfï § ødú; Tlaiscka uÜgu ;j ÿrg;a    
my< f.dia ks¾jdhq ;;a;aj we;s lrhs' fï ks¾jdhq ;;a;aj hgf;a § H2S jeks jdhq ksmoùu 
fya;=fjka c,dYh wêl ÿ¾.kaOhla we;s m%foaYhla njg m;a ùu isÿ fjhs' we,a.S j¾Okhg 
úúO fmdaIl øjH wjYH jqj o fndfyda wjia:dj, § iSudldß fmdaIlh jkqfha fmdiafmaÜ  

^PO4
3-& whk fjhs' tfia u khsfÜ%Ü whk ^NO3

-& o iuyr wjia:dj, § iSudldß fjhs' fï 

1 mol 1 mol 

2 mol 

c,fha

1 mol 2 mol

1 mol 

1 mol     : 2 mol       : 2 mol   : 4 mol
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fmdaIl  whk foj¾.h iSudldß ùu fya;=fjka c,dYj, we,a.S j¾Okh iajdNdúlj u   

md,kh fjhs' tfy;a úúO ñksia ls%hdldrlï fya;=fjka ^lDIsl¾udka;h&, ld¾ñl wmc,h 

uÕska  yd ksjfia Ndú; lrkq ,nk msßisÿldrl  ^cleaning agents&  u`.ska m%Odk jYfhka  

c,dYj,g PO4
3- whk tlafjhs' fuúg wod< fmdaIlfha iSudldß ;;a;ajh bj;a ùu     

fya;=fjka wêl fõ.fhka we,a.S j¾Okh fjhs' fuh iqfmdaIKhhs' WodyrKhla f,i we,a.S 

j¾Okh keje;aùug kï wod< c,dYfha PO4
3- uÜgu 0'05 ppm uÜgug mj;ajdf.k .; hq;= 

hs' tfy;a fndfyda kd.ßl wmøjHj, fï fmdiafmaÜ uÜgu 25 ppm jeks by< w.hl mj;S' 

 

1.39 rEmh iqfmdaIKh fya;=fjka uiqka ñh hEu 

c,fha ner f,day whk mej;Su 

ner f,day whkhla ;SrKh lsÍug b;d ksjerÈ ks¾jpkhla ke;;a my; ks¾jpk Ndú; lrhs' 

1. f,day úoHdfõ § ner f,dayhla f,i ye`Èkafjkqfha wod< f,dayfha >k;ajh 5 g cm-3  
fyda idfmalaI >k;ajh 5g by< f,dayhs' 

2. fN!;sl úoHdfõ § fuh mrudKql l%udxlh 20g by< f,day f,i ks¾jpkh lrhs'  

3. ridhk úoHdfõ § i,a*hsâ ^S2-& yd yhsfv%dlaihsv ^OH-& whk iu`. wødjH wjlafIam 
idok legdhk ksmojk f,day f,i ks¾jpkh lrhs' 

fï ner f,day whk iuyr wjia:dj, § wmg w;HjYH laIqø fmdaIl fõ ^Wod'( Zn2+, Fe2+&. 
fndfyda wjia:dj, fïjd wys;lr yd úIodhs fjhs ^Hg2+, Cd2+,  Pb2+&' tfia u iuyr    

wjia:dj, § wvq idkaøKfhka hqla; ùu w;HjYH uQ,øjHhla f,i;a, by< idkaøKj,ska  

hqla; ùu wys;lr uQ,øjHhla f,i;a l%shd lrhs ^Cu2+&' tfia u iuyr nerf,day whk lsisÿ 

ffcj ls%hdj,shlg odhl fkdfjhs' ner f,day mfia, c,fha fuka u c,dYj, m;=f,a o 

wjidê; ^sediment& f,i mj;S' 

mDÓú lfndf,a mdIdK iy Lksc f,i mj;sk fyda mdIdK iy Lkscj, wmøjH f,i mj;sk 
ner f,day mdIdK Ô¾Khg ,la ùfuka c,hg iy mig tl;= fjhs' ner f,day           
iajdNdúl c,fha ic,kh jq  whk f,i iy ixlS¾K ixfhda. f,i mj;S' my; 1'13 j.=fjka 
c,fha mj;sk úI ner f,day lsysmhl m%Njh iy tajdfha n,mEu olajd we;' 
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1.13 j.=j c,fha mj;sk úI ner f,day lsysmhl m%Njh iy tajdfha n,mEu 
 

 

 

 

 

 

  wdisksfldaishdj       ñkudgd frda.h  

1.40 rrEmh úI nerf,dayj, n,mEu  

ødú; ldnksl ixfhda. ^Dissolved organic compounds& 

ødú; ldnksl ixfhda. hkq úIodhs fkdjk tfy;a ffcj ridhksl Tlaiscka b,a¨ug  ^BOD& 

fyda ridhksl Tlaiscka b,a¨ug (COD) odhl jk ldnksl ixfhda. fjhs' fï ldKavhg iSks 
j¾. ldfndayhsfâ%g" ,smsv" fïo wï," weuhsfkda wï," fm%daàk" ødú;  yhsfv%dldnk" Ydlj, 
m%d:ñl iy oaúhs;Sl mßjD;a; ixfhda. iy mßjD;a;Sh wmøjH wh;a fjhs' fï ixfhda. c,fha  
we;s úg nelaàßhd u`.ska ta ixfhda. úfhdackh ùfï § c,fha Tlaiscka b,a¨u by< f.dia 

ødú; Tlaiscka uÜgu (DO) my< ouhs' fï ksid c,fha ffcj ls%hdj,s flfrys ndOd we;s 
fjhs' 

úI fyda wka;rdhldÍ  ^Toxic or hazardous& ldnksl ixfhda. 

fï ldnksl ixfhda. b;d l=vd m%udKhla c,fha mej;Su fya;=fjka c,h Ndú;hg kqiqÿiq 

fjhs' fï ldnksl ixfhda. .Khg fndfyda úg È.= l,a mj;akd ldnksl ixfhda. (persistent 

ner f,dayh c,hg tl;= jk m%Njh n,mEu

As       
(As2O3 f,i) 

ld¾ñl wmc,h, fmdiafmaÜ 
fmdfydrj, wmøjH f,i, N+.; 
c,h, os,Sr kdYl, bf,lafg%dksl 
Wmdx. 

ms<sldldrl,  wdisksfldaishdj 

Cd (Cd2+) ld¾ñl úi¾ckh, wdlr wmøjH, 
f,day msßmyÿj, kej; 
wdfrdamKh l< yels negß 

tkaihsu wl%sh ùu, wêl reêr 
mSvkh, jl=.vq wdndO  

Pb (Pb2+) ld¾ñl úi¾ckh,  wdlr  
wmøjH, f,â tl;= l< 
.efid,ska,  f,â tl;= l< 
;Ska;, f,day mEiaiqï øjH 

jl=.vq yd m%ckk 
wl¾ukH;dj, <uhskaf.a uki 
fifuka jeãu, kSrla;sh, 
ysfud.af,dìka ksfIaolh  

Hg             
(Hg, Hg2+) 

ld¾ñl úi¾ckh, úúO Lksc ;=< 
wxY= ud;% f,i mej;Su, .,a wÕ=re 
oykh, riosh wvx.= WmlrK 
(CFL n,an, WIaK;ajudk, ßla; 
WmlrK) 

fud<hg ydks ùu, kskao 
fkdhEu,  jl=.vq wdndO,  
ñkudgd frda.h 
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organic compounds) wh;a fjhs' iuyr m,sfndaO kdYl" ld¾ñl ridhk øjH" ye,ckSlD; 

ldnksl ixfhda." vfhdlaiSk" mshq?ka" fmd,slaf,daßkslD; nhs*skhs,a (polychlorinated 
biphenyls - PCB), fmd,swefrdaueála yhsfv%dldnka (polyaromatic hydrocarbon - PAH)  c, 

ÔjdKqyrK w;=re M, (disinfection by products) È.= l,a mj;akd ldnksl ixfhda. l=,hg 
wh;a fõ' 

my; oelafjkqfha c,fha wxY= ud;% f,i mej;sh;a wêl úI fyda wka;rdhldÍ  jk ldnksl 
ixfhda. lsysmhls' 

 

 

 

 

   

  

 

 

 

 

 

 

 

c, ÔjdKqyrK w;=re M, hkqfjka ye`Èkafjkqfha c,h ÔjdKqyrKh i`oyd fhdok    

laf,daÍka ^Cl2&  fyda yhsfmdlaf,darhsÜ ,jK ^NaOCl, Ca(OCl&2 u`.ska c,fha we;s jk OCl-, 
c,fha § ødjKh jQ iuyr ldnksl ixfhda. iu`. m%;sls%hd lr idok laf,daÍka wvx.= 
ixfhda.hs' fï ixfhda. úI iys; fõ' my; ±lafjkqfha c, ÔjdKqyrK w;=re M, ixfhda. 
lsysmhls' 

Benzo(a)pyrene (PAH) 

Cl

Cl

Cl

Cl

Cl

2, 2', 4, 5, 5' – pentachlorobiphenyl 
(PCB) 

H
C

C Cl

Cl

Cl

ClCl

DDT Furan  

ClCl

Cl

Cl

Cl

Cl

Aldrin 

C4H9

Sn
C4H9

C4H9

C4H9

Tetra-n-butylin 

Carbofuran 

C N

H

C H3

O

O

C H3

O

H3C

H3C
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ma,diaála wdl,k øjH ^Plastic additives&   

j¾;udkh jk úg ma,diaála iïnkaO fkdjk lsisÿ mdßfNda.sl NdKavhla ke;s ;rï h' 
wdydrhla jqj o thg iïnkaO ma,diaála øjH fndfyda h' fï ish¨ ma,diaála wdYs%;    
mdßfNda.sl NdKav ksmoùug fhdod .kqfha nyqwjhjl lsysmhls' tfy;a fï nyqwjhjl                

u`.ska ma,diaála NdKav ;ekSfï § ;j;a fndfyda wdl,k øjH  ^additives) tl;= lrk nj   

Tn okakjdo? ksIamdokfha myiqj" msßjeh wju lsÍu" úúO hdka;%sl iy Ndú; .=K ,nd 
.ekSu" mdßfNda.slhka wdl¾IKh lr .ekSu i`oyd wdl,k øjH Ndú; lrkq ,efí'  fï 
wdl,k øjH idudkH ridhksl øjH jk w;r" jerÈ Ndú;fha § iy Ndú;fhka miq c,hg 
fyda mig tla l< úg wdl,k øjH fifuka ma,diaála NdKavfhka bj;g ldkaÿ ùfï 
yelshdjla mj;S' wdl,k øjHj,ska iuyrla wka;rdhldÍ fjhs' ms<sldldrl f,i l%shd     
lrk" fydafudak moaO;shg n,mEï isÿ lrk iy YÍrfha úúO .%kaÓj,g ^jl=.vq wdÈh& ydks 
lrk wdl,k øjH mj;S' nyqwjhjl ixYaf,aIKfha § fhdod .kakd wka;rdhldÍ W;afm%arl 
øjH" taldjhúl wmøjH wdÈh wxY=ud;% jYfhka wjidk ma,diaála NdKavfha ma,diaála w;r 
;sî ldkaÿ ùfï yelshdjla o mj;S' tfia u ma,diaála NdKav ksmoùfï § hdka;S%lrKh iy 

Ndú;fha myiqj i`oyd o úúO wdl,k øjH Ndú; lrhs. fï øjH o wm YÍr.; fjhs'   
ma,diaála NdKav wjNdú;h fya;=fjka o wka;rdhldÍ wdl,k øjH YÍr.; fjhs' îug .kakd 
c,h wvx.= lr we;s fnda;,a Ndú;fhka miqj fmd,af;,a jeks øj ;nd .ekSug Ndú;         
lsÍu ksoiqkls' iuyr wdl,k øjH c,fha Èh fkdjqj o ks¾O%eùh fmd,a f;,a jeks øj ;=<g 
ma,diaála Ndckfhka ldkaÿ ù fmd,a f;,aj,g  meñK YÍr.; úh yels h' 

my; j.=fjka ±lafjkqfha ma,diaála wdl,k øjH f,i nyq,j Ndú; lrkq ,nk ridhksl 
øjH lsysmhl Ndú; iy tajdfha wka;rdhldÍ njhs' 
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1.14 j.=j ma,diaála wdl,k f,i nyq,j Ndú; lrkq ,nk ridhksl øjH lsysmhl Ndú; 
iy tajdfha wka;rdhldÍ nj 

wdl,k øjH .+Kdx.h n,mEu 
;ef,aÜ (Pthalates)  

vhsTlaghs,a ;ef,aÜ  
(Dioctyl phthalate)    
vhsó;hs, ;ef,aÜ  
(Dimethyl phthalate) 
vhs ^2-t;s,a fylaihs,a& ;ef,aÜ  
(Di(2-ethylhexyl) phthalate) 

iqúld¾h ma,diaála 
^kefuk iq¿ ma,diaála& 
j¾. ksmoùug  

wka;rdi¾. moaO;sfha 
fydafudak i%djh wvq 
lrhs.  
ms<sldldrlh. 

f,â j¾Kl 

PbCrO4(ly) 
Pb3O4 ^r;=$;eô,s& 
PbCO3(iqÿ) 
 

§ma;su;a j¾K iys; 
ma,diaála ,nd.ekSu i|yd 
Ndú; lrhs. 

uOH iakdhq moaO;sh 
ydksùu, orejkaf.a 
udkisl j¾Okh wvqùu, 
jl=.vq ydksùu, 
ms<sldldrlh, j¾Okh 
m%udoùu yd  
wka;rdi¾. moaO;sfha 
fydafudak i%djh wvq 
lrhs  

fn%dañka wvx.= .sks ksjdrl 
ixfhda.  

fvldfn%dafudavhs*Skhs,a B;¾ 
(Decabromodiphenyl ether) 
fgÜrdfn%dafudaìia*Sfkda,a A 
(Tetrabromobisphenol A) 

ma,diaála ljr, úoHq;a jhr 
nquq;=reKq iy ma,diaála 
mg,j, .sksksjdrl .=Kh 
,nd .ekSug 
 

,smsvldó yd ffcj 
mg, ;=< tla/iaù 
iakdhq moaO;shg n,mEï 
lsÍu 
wka;rdi¾. moaO;sfha 
fydafudak i%djh wvq 
lsÍu.  

ìia*sfkd,a  A (Bisphenol A) 
 

fmd,sldnfkaÜ ma,diaála 
NdKav ^mdi,a <uqkaf.a c, 
fnda;, yd <orejkaf.a 
fnda;,aj,& ksmoùfï oS 
taldjhúl f,i Ndú; 
lrhs. 
PVC ksmoùfï oS 
m%;s%Tlaisldrlhla f,i 
Ndú; lrhs. 
ìia*sfkd,a  Ays nyqwjhjl 
f,dayuh áka Ndckj, 
we;=¿ me;af;a úLdokh 
j<lajk wdrlaIdldÍ 
wdjrKhla f,i fhdod .kS. 

wka;rdi¾. moaO;sfha 
fydafudak uÜgu wvq 
lrhs. 
Biag%cka fydafudakhg 
wkqlrKhla f,i 
ls%hdlr Biag%ckaj, 
ls%hdldß;ajhg ndOd 
lrhs. 
l=vd <uqkaf.a wjhj 
j¾Okhg ndOd lrhs. 
 
 

ma,diaála ksIamdokj, wmøjH 
f,i b;sßù we;s taldjhúl yd 
W;afm%arl ixfhda.  

taldjhúl f,i iaghsÍka 
jhskhs,a laf,darhsâ ìia*sfkda, A. 

W;afm%arl wxY= ud;% f,i  
Cr, Pb, Cd iys; ixfhda.  

nyqwjhjl ksmoùug 
Ndú;d lrhs. 
nyqwjhjl frisk ksmoùu 
W;afma%rKh lrhs. 

b;d úIodhs ms<sldldrl 
iy cdk úlD;sh we;s 
lrhs ^taldjhúl&. 
W;afm%arl wmøjH 
ms<sldldrl iy iakdhq 
úkdY lrhs. 
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wdl,k øjH .+Kdx.h n,mEu 
ldnksl áka ixfhda.
vhs ìhqghs,a áka yd g%hs ìhqghs,a 
áka ixfhda. 
 

PVCj, ia:dhsldrl f,i 
yd fmd,shqrf;aka 
^Polyurethane) ksmoùug 
W;afma%rlhla f,i  

Ôùkaf.a wka;rdi¾. 
fydafudak 
ls%hdldß;ajhg ndOd 
we;s lrhs, ms<sldldrl 
iy cdk úlD;sh we;s 
lrhs. 

fmd,s wefrdueál yhsfv%dldnk 
*shqßka (pyrene), fnkafid*shqßka 
(benzopyrene)  

ma,diaálaj, j, msrjqï 
ldrlhla f,i,    
ma,diaála ksmoùfï ls%hdj 
myiq lsÍfï ,sysis øjHhla 
f,i fhdod .kS 

iuyr ixfhda. m%n, 
ms<sldldrl fõ. 
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