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ITCFDFKB 

   
sfyfvtlhjdt jhufyekb mbvbbc ths-ths ‘bhb-

sfl vbpfyc^ hjujhw wyj,bkbf^ ofhvjflutyc obyfcofh 
lfcf[ekb sdbct,t,bc vmjyt yfthst,bc cbystpb& 

cbystpbc lfutuvdf vjbwfdc .dtkf cfat[ehbc 
stjhbek lf ghfmnbrek uffpht,fc& 

bv yfthsbc fqyfuj,f^ hjvtkbw eylf bmyfc 
vbqt,ekb^ cfiefkt,fc udf’ktdc xfdfnfhjs vbcb 
htnhjcbystpb^ #erecdkbs@^ cfat[eht,hbdfl sfylf-
sfy ufdfvfhnbdjs fv ybdsbtht,bc vbqt,bc cmtvf^ t&b& 
stjhbekfl lfdifkjs bv vfhnbd cfo.bc ybdsbtht,fsf 
vjktrekt,fl^ hjvkbcufyfw itcf’kt,tkbf vbcb 
vbqt,f& itvltu rb fvjdbhxbjs vfs ijhbc .dtkfpt 
[tkcf.htkb vfhnbdb ybdsbtht,f^ vbqt,bc upf lf 
vbvfhsekt,f& fctsb stjhbekb uffpht,bc itvltu 
bo.t,f .dtkf cfat[ehbc tmcgthbvtynekb ufy[jh-
wbtkt,f& 

eylf udf[cjdltc^ hjv cbystpbht,ekb ybd-
sbtht,f bo.t,c chekafcjdfy lf lfvjerblt,tk 
#w[jdht,fc@ ofhvjt,fib^ kf,jhfnjhbfib^ wyj,fhib^ 
cfvtwybthj kbnthfnehfib lf c[d& v[jkjl vbcb 
sdbct,t,bc vfmcbvfkehfl chekb fqothbc itvltu& 

 cbystpehb yfthsbc sdbct,t,bc itcofdkfib 
afhsjl ufvjb.tyt,f jhufyekb mbvbbc vhfdfk rkf-
cbreh vtsjlt,sfy thsfl sfyfvtlhjdt abpbrehb lf 
abpbreh-mbvbehb vtsjlt,b& vfuhfv vhfdfkv[hbdb 
sdbct,t,bc itcofdkf bo.t,f v[jkjl lf v[jkjl cby-
stpbht,ekb yfthsbc ufvj.jabc lf ufovtylbc itvltu& 

sfyfvtlhjdt mbvbrjcc^ jhufyekb mbvbbc rkfcb-
reh vtsjlt,sfy ~ufvj[lf^ uflfrhbcnfkt,f^ tmcnhfm-
wbf lf c[d&` thsfl^ fuhtsdt czbhlt,f mhj-
vfnjuhfabekb lf cgtmnhjajnjvtnhekb vhfdfkb 
vtsjlbc wjlyf&  

kf,jhfnjhbekb cfveifjt,bc ghjuhfvf jhuf-
yek cbystpib vjbwfdc cneltynbc vbth 5-10 lfvj-
erblt,tkb c[dflfc[df jhufyekb yfthsbc cbystpbc 
itchekt,fc^ vbqt,ekb yfthst,bc ceasf cf[bs 
ufvj.jafc lf vfsb abpbrehb lf mbvbehb sdbct,t,bc 

4 

chek fqothfc& veifj,bc ghjwtcib cneltynb 
stjhbekfl lf ghfmnbrekfl twyj,f ‘bhbsfl tmcgt-
hbvtynek vtsjlt,c^ hjvkt,bw cfzbhjf fvf se bv 
jhufyekb yfthsbc cbystpbcfsdbc& 

fvudfhfl^ vjvfdfkb mbvbrjc-ntmyjkjubc 
vtwybthek xfvj.fkb,t,fib elbltcb vybidytkj,f fmdc 
jhufyekb cbystpbc kf,jhfnjhbfib veifj,bc vtsj-
lt,bc chekafcjdfy lf itvjmvtlt,bs fsdbct,fc& 
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1& PJUFLB YFOBKB    

 

1&1& CFVEIFJ HDTEKBC UFAJHVT<F    
 
cfveifj hdtekib xfyfotht,b rtslt,f 

eiefkjl wlbc vcdktkj,bc lhjc& 
xfyfothib fcf[ekb eylf b.jc cneltynbc 

gbhflb lfrdbhdt,bc itltut,b& 
kf,jhfnjhbek hdtekib fqybiyekb eylf 

bmytc xfnfht,ekb cfveifjc itvltub vjyfwtvt,b% 
1. cfveifjc lfo.t,bc sfhbqb^ stvbcf lf cbystpbc 

lfcf[tkt,f* 
2. htfmwbbc ufynjkt,f lf vtmfybpvb* 
3. .dtkf sfyfehb ghjwtcbc htfmwbt,b* 
4. ufvj.tyt,ekb jhufyekb yfthst,bc ufcea-

sfdt,bc lf bltynbabrfwbbc vtsjlt,bc vjrkt 
fqothf* 

5. cfo.bcb lf cbystpbht,ekb yfthst,bc sdbct-
,t,bc kbnthfnehekb vjyfwtvt,bc fqothf 
w[hbkbc vb[tldbs ~w[hbkb 1`& 

6. cfveifjc vcdktkj,bc chekb fqothf^ 
ybdsbtht,bc xfndbhsdf uhfvt,ib lf vjkt,ib^ 
xfnfht,ekb jgthfwbt,bc sfyvbvltdhj,f^ 
.dtkf jgthfwbbc [fyuh’kbdj,f^ lfrdbhdt,bc 
itltut,b% athbc wdkbkt,f^ yfktmbc lf fbhflb 
ghjlemnt,bc ofhvjmvyf^ cbs,ehb tatmnb lf 
c[d&  

7. vbqt,ekb yfthsbc ufceasfdt,bc itvltu yfx-
dtyt,b eylf b.jc% 
f& fv yfthsbc abpbreh-mbvbehb rjycnfynt,b 

~leqbkbcf lf kqj,bc ntvgthfnehf^ 
ufhlfnt[bc vfxdtyt,tkb lf c[d&`*  

,& stjhbekb lf ghfmnbrekb ufvjcfdkbc 
uffyufhbit,f&  
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w[hbkb 1& cfo.bcb lf cbystpbht,ekb yfthst,bc abpbreh-

mbvbehb sdbct,t,b 

[cyflj,f 
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 f lf , vjyfwtvt,b itb’kt,f vj.dfybk bmytc 

w[hbkbc cf[bs& 
itybidyt,b% vfcofdkt,tkb [tkbc vjothbs 

flfcneht,c%  
1. cfveifjc lfo.t,bc oby cneltynbc vpfl.jayfc 

cbystpbc xfcfnfht,kfl ~cbystpbc vcdktkj,bc 
vtsjlbrbc wjlyf^ cfzbhj htfmnbdt,bcf lf 
lfyflufhbc vjvpflt,f`*  

2. cfveifjc lfvsfdht,bc itvltu stjhbekb 
rjkjmdbevbc xfsdkfc&  

cbystpbht,ekb yfthsb ,fhlt,f vfcofdkt,tkc& 
 
 

1&2& ZEHZKBC UFCEASFDT<F    
 
 zehzkbc ufceasfdt,bc vhfdfkb cfiefkt,f 

fhct,j,c% ]fuhbcbc vtidtj,bs zehzkbc htw[df w[tkb 
lf wbdb o.kbs^ cfgybs^ cfhtw[b a[dybkt,bs^ 
jhufyekb ufv[cytkt,bs - cgbhnb^ fwtnjyb^ mkjhj-
ajhvb lf c[d& ~ufvj.tyt,ek ufv[cytkt,c b,fht,c 
kf,jhfynb`^ fuhtsdt o.kbc jhsmkbs lfveifdt,f lf 
c[d&  



7 

itlfht,bs tatmnehb ufvovtylb cfiefkt,t,bf 
mhjvbc yfhtdb lf KMnO4-bc nent [cyfhb& 

mhjvbc yfhtdbc vjmvtlt,bc itltufl b;fyut,f 
zehzkbc rtltkpt vbrhekb zez.b lf ufhlfbmvyt,f 
[cyfl ybdsbtht,fl^ [jkj rfkbevbc gthvfyufyfnbc 
nent [cyfhb ufvjb.tyt,f pjubthsb ceybfyb yfthsbc 
vjcfwbkt,kfl& 

 mhjvbc yfhtdbc vjvpflt,f& afbaehbc fy 
wtw[kufv’kt zbmfib 10 u rfkbevbc ,bmhjvfnc lf 15-
20 vk o.fkc vtmfybrehb vjhtdbc gbhj,t,ib evfnt,ty 
60 vk rjyw& ujubhlv;fdfc ~cfzbhjf cbahs[bkt^ 
vbvlbyfhtj,c yfhtdbc ufw[tkt,f`& ofhvjbmvyt,f vemb 
yfhby]bcathb [cyfhb& se ,bmhjvfnb chekfl fh 
ufb[cyt,f^ yfhtdc evfnt,ty ujubhlv;fdfc lf fw[tkt,ty 
mehfpt& 

 ufzez.bfyt,ekb zehztkb ev]j,tcbf ufbhtw-
[jc [vfht,bcsfyfdt&  

cfcehdtkbf zehztkc obyfcofh ufvjdfdkjs 
o.fkb^ hfsf vtmfybrehfl vjdfijhjs bc yfthst,b^ 
hjvkt,bw cohfafl b;fyut,bfy ,bmhjvfnbs lf mhjvbc 
yfhtdb edfhubcb [lt,f [tkvtjhtl ufvj.tyt,bcfsdbc& 

 vjphlbk rjk,t,c lf zbmt,c ibuyblfy eylf 
ufvjdfdkjs mhjvbc yfhtdb^ [jkj vwbht vjwekj,bc 
zehztkc vskbfyfl dfsfdct,s vfcib& itvltu dbqt,s 
lfvzthbc cfiefkt,bs lf dfdkt,s o.fkib& eahj 
tatmnehbf zehzkbc ufhtw[df itvs,fhb mhjvbc 
yfhtdbs& 

mhjvbc yfhtdb byf[t,f [eabfy afbaehbc 
zehztkib& hjltcfw vbcb vemb yfhby]bcathb uflfdf 
vjvodfyj athib^ tc bvfc ybiyfdc^ hjv vfy lfrfhuf 
lfv;fyufdb vjmvtlt,f lf cfzbhjf f[fkb [cyfhbc 
lfvpflt,f& 

 lfeidt,tkbf ufvj.tyt,ekb mhjvbc yfhtdbc 
yb;fhfib xfc[vf& bub eylf xfdfc[fs cgtwbfkehfl 
ufvj.jabk zehztkib& 

KMnO4-bc nent [cyfhbc vjvpflt,f& 10 u 
rfkbevbc gthvfyufyfnc evfnt,ty 10 u yfnhbevbc 
nentc l 150 vk o.fkc& fv [cyfhib ufcfceasfdt,tk 
zehztkc njdt,ty hfvltybvt lqbc ufyvfdkj,fib 
~ceybfyb yfthsb b;fyut,f lf rfhufdc ceyc`& 
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KMnO4-bc vjmvtlt,bc itltufl zehztkb .fdbc-
ahlt,f^ hfw fldbkfl ijhlt,f rjywtynhbht,ekb 
vfhbkv;fdfsb& 

zehzkbc ufihj,f& ufhtw[bk zehztkc 
ufvjfdkt,ty ufvj[lbk o.fkc lf /fthpt ufcfihj,fl 
fsfdct,ty sfhjpt^ ev]j,tcbf se sfhj yb;fhfcsfy 
lfvfuht,ekb bmyt,f lf[hbkfl& eahj cohfafl 
ufihj,bcfsdbc rb ufvjb.tyt,f cfihj,b rfhflt,b^ cflfw 

100-200 °C-pt zehztkb hfvjltybvt oesib iht,f& 
ufceasfdt,ekb lf ufvihfkb zehztkb eylf 

itdbyf[js zehzkbc rfhflfib^ hfsf lfdbwdfs ufzez-
.bfyt,bcfufy& 

 

1&3& UF{EHT<F     
     
jhufyek cbystpib uf[eht,f ufvjb.tyt,f 

mbvbehb htfmwbbc ofhvfhsdbcfsdbc cfcehdtkb 
vbvfhsekt,bs lf fuhtsdt bctsb jgthfwbt,bc 
xfcfnfht,kfl^ hjujhbwff% rhbcnfkbpfwbf^ ufvj[lf^ 
pjubthsb abpbrehb rjycnfynbc lflutyf lf c[d& 
uf[eht,f [lt,f c[dflfc[df cf[bc tythubbc 
ufvj.tyt,bs% cbs,ehb tktmnhjtythubf^ ufvjc[bdt,bc 
tythubf lf c[d& gbhlfgbhb uf[eht,f ofhvjt,c 

tktmnhjmehbs^ rjk,bc ufvf[eht,kbs (ceh& 1`^ ufpbc 
fy cgbhnmehbc fkpt fp,tcnbc ,flbc ufvj.tyt,bs& 
fhfgbhlfgbhb rb c[dflfc[dfudfhb f,fpfyt,bc 
ufvj.tyt,bs^ rth’jl% o.kbcf lf jhsmkbc f,fpfyt,bs 

100 °C-vlt^ cbkbc f,fpfybs 100-500 °C-vlt^ ptsbc 

f,fpfybs 100-250 °C-vlt& 
bv itvs[dtdfib^ hjltcfw cfzbhjf velvbdb 

ntvgthfnehekb ht;bvbc vrfwhfl lfwdf itlfht,bs 
[fyuh’kbdb lhjbc ufyvfdkj,fib^ ufvjb.tyt,f c[dflf-
c[df vfhrbc tktmnhjsthvjcnfnt,b& 
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ceh& 1& rjk,bc ufvf[eht,kt,b 
ybdsbtht,bc ufvjcfihj,fl 250 °C-vlt b[vfht,f 

tktmnhjcfihj,b rfhflt,b^ [jkj ybdsbtht,bc dfre-
evib ufvjcfihj,fl rb dfreev-cfihj,b tktmnhjrfhf-
lt,b lf dfreev-tmcbrfnjht,b ~yf[& 1`& 

 
 
 
 

yf[& 1& dfreev tmcbrfnjhb 
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1&4& UFWBDT<F     
     
 ufvj[lbcfc jhsmkfl mwtekb ybdsbtht,bc 

rjyltycfwbbcfsdbc fewbkt,tkbf ufwbdt,f^ hbcsdbcfw 
ufvjb.tyt,f c[dflfc[df cf[bc vfwbdht,b% o.kbc^ /fthbc 
lf c[d& 

o.kbc vfwbdfhb itlut,f vbkbcfufy ~cojhb^ 
,ehsekt,bfyb^ cgbhfkehb`^ cflfw xftlbyt,f jhsmkb 
lf o.kbc gthfyubcfufy^ hjvtkbw ufhc frhfdc vbkc& 
o.kbc gthfyuib velvbdfl eylf wbhrekbht,ltc 
o.fkb^ hjvtkbw yt,bcvbth itvs[dtdfib vbtojlt,f 
mdtdblfy lf ufvjtlbyt,f ptvjlfy&  

o.kbc vfwbdht,b fhbc jhb cf[bc% lfqvfdfkb 
~gbhlfgbhb` lf erevfwbdfhb ~yf[& 2`& 

 

1 2 3 4 5 6

yf[& 2& vfwbdht,b% 1-kb,b[bc ~gbhlfgbhb`^ 2- dtcnbc 
~gbhlfgbhb lf ere` ^ 3-fkbybc ~,ehsekt,bfyb` 
erevfwbdfhb^ 4-yhf/fvcbc erevfwbdfhb^ 5^6-lbvhjnbc 
~ibufufwbdt,bc erevfwbdfhb`& 
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lfqvfdfk vfwbdfhib jhsmkfl mwtekb ybdsb-
tht,f ufcfwbdt,kfl xftlbyt,f ptvjlfy^ rjyltycbhlt,f 
lf uflflbc vbvqt,ib& 

erevfwbdfhib rb jhsmkb vbtojlt,f mdtvjlfy 
lf rjyltycfnb ,heylt,f bvfdt rjk,fib^ cflfw [lt,f 
leqbkb& 

gbhlfgbhb vfwbdht,b ufvjb.tyt,f bctsb yfth-
st,bc ufvjcf[ltkfl^ hjvtksf leqbkbc ntvgt-

hfnehf 30-35 °C-pt ptdbs fhbc& fvfcsfyfdt^ lblb 
vybidytkj,f fmdc vfwbdhbc cbuh’tc lf bub eylf b.jc 
fhfyfrkt, 7-8 cv-bcf& 

cgbhfkehb vfwbdht,b eahj tatmnehbf 
fldbkfl fmhjkflb ybdsbtht,t,bc jhsmkbc rjylty-

cfwbbcfsdbc ~150 °C-vlt`& vfqfkb ntvgthfnehbc vmjyt 
jhsmkbc rjyltycfwbbcfsdbc ufvjb.tyt,f /fthbc vfwb-
dfhb ~ufhrdtekb cbuh’bc vbkb`& 

pjubthsb cbs[t itudb’kbf sfdbcb zehzkbs 
ufdfwbdjs o.kbc zfdkbc mdti fy vjdfsfdcjs o.kbc 
f,fpfyfib& o.fk[cyfht,bc ufwbdt,bcfc pjubths itv-
s[dtdfib itcf’kt,tkbf eiefkjl ufcfwbdt,tk vfcfib 
xfdfvfnjs ceasf .byekb fy dbcfhut,kjs .byekbc 
f,fpfybs&  

eahj lf,fkb ntvgthfnehbc vbcfqt,fl ufvj-
b.tyt,f ufvfwbdt,tkb yfhtdt,b ~w[hbkb 2`& 

 
 

w[hbkb 2& vfhbkbc f,fpfybc itvwdtkj,f 
gbhj,bsb 

hfjltyj,f^ 
u 

vfhbkb 

vfhbkb .byekb 

T, °C 

NaCl 30 100 -21.3 
NH4Cl 25 100 -15.8 
NaNO3 59 100 -18.5 
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1&5& VTMFYBREHB FHTDF     
 
 mbvbehb htfmwbbc vcdktkj,fpt^ ufycfresht-

,bs^ hjvkt,bw vbvlbyfhtj,ty /tnthjutyek afpt,c 
ijhbc^ lbl ufdktyfc f[ltyc vjhtfubht yfthst,bc 
vtmfybrehb fhtdf& fhtdf [jhwbtklt,f c[dflfc[df cfh-
tdt,bc ufvj.tyt,bs^ hjvkt,bw lfvfuht,ekyb fhbfy 
gfnfhf tktmnhj’hfdt,sfy ~ceh& 2`& pjubths itv-
s[dtdfib fhtdf [jhwbtklt,f vfuybnehb cfhtdbc cfie-
fkt,bs ~ceh& 3`& 
 

 
ceh& 2& vtmfybrehb vjhtdbc vjo.j,bkj,f 
 

jhufyek cbystpib bctsb cbcntvt,bc vjht-
dbcfsdbc^ hjvkt,blfyfw ufvjhbw[ekbf vjhtfubht 
ybdsbtht,bc fmhjkdbc itcf’kt,kj,f^ ufvjb.tyt,f 
cgtwbfkehb cfrtnb ~pfhb`& fqybiyekb cfrtnt,b /th-
vtnekj,fc byfhxeyt,ty ,kfynb^ vfqfkvleqfht cbs-
[tt,bc ~dthw[kbco.fkb^ ukbwthbyb^ ptsb`  cfief-
kt,bs& 

cfhtdbc cbxmfht htuekbhlt,f fdnjnhfycajh-
vfnjht,bc cfiefkt,bs ~yf[& 3`& 
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dthw[kbco.fkb

 
 
 
 

 
 

yf[& 3& 
vtmfybrehb 
cfhtdtkbc 
cfrtnb ~pfhb` 

ceh& 3& vfuybnehb cfhtdtkt,b 

14 

 

1&6& UFVJ{LF 
  
s[tdflb jhufyekb yfthst,bc ufvj.jabcf lf 

ufceasfdt,bc ths-ths ‘bhbsfl vtsjlc ofhvjflutyc 
ufvj[lf& ufvj[lbc ghjwtcb t.hlyj,f c[dflfc[df 
ybdsbtht,bc leqbkbc ufyc[dfdt,ek ntvgthfnehfc& 
s[tdflb ybdsbtht,t,bc yfhtdblfy ufw[tkt,bs^ gbhdtk 
hbuib^ jhsmkfl ufhlfbmvyt,f .dtkfpt lf,fk-
vleqfht rjvgjytynb^ hjvtkbw ufvjb.jaf sfdbce-
afkb cf[bs lf ufwbdt,bcfc rjyltycbhlt,f& 

evfhnbdtc its[dtdfib^ hjltcfw udfmdc ybdsbt-
ht,f^ hjvtkbw itbwfdc eahj vfqfkvleqfht vbyfht-
dt,c vwbht hfjltyj,bs^ ufvj[lbc lhjc dqt,ekj,s fv 
ybdsbtht,fc ceasf cf[bs& fv itvs[dtdfib qt,ekj,ty 
ths ahfmwbfc& 

 [ibhfl udfmdc A, B, C, D cbs[tsf yfhtdb^ 
hjvkbc ufvj[lbcfc qt,ekj,ty hfvjltybvt ahfmwbfc& 

ufvj[lf fhct,j,c c[dflfc[df cf[bc^ hjvtksf 
ijhbc fqcfybiyfdbf vfhnbdb ~fnvjcathekb oytdbc 

C
B

A

A

A

B C

vbpyj,hbdb ybdsbtht,f

vbyfhtdt,b^ hjvtksf leqbkbc 
ntvgthfneht,b eahj vfqfkbf^ 
dblht vbpyj,hbdb ybdsbtht,bc
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mdti`^ ahfmwbekb^ o.kbc jhsmkbs lf dfreev-
ufvj[lf& 

ufvj[lf fnvjcathekb oytdbc mdti& ufvj[lfc 
fofhvjt,ty lfyflufhib ~yf[& 4 lf yf[& 5`^ hjvtkbw 
itlut,f udthlbsb uflfv.dfyb .tkbc vmjyt rjk,bcfufy 
~vfufkbsfl^ itcf’kt,tkbf dbehwbc rjk,bc ufvj-
.tyt,f`^ sthvjvtnhbc^ lfqvfdfkb vfwbdhbc^ fkjy;bcf 
lf vbvqt,bcfufy&  

 
 

 
 
 

1

2

3

4

5

6

 
yf[& 4& vfhnbdb 
ufvj[lbc [tkcfo.j%
1- vhudfk’bhf 
rjk,f^ 
2-uflfv.dfyb vbkb^ 
3-sthvjvtnhb^ 
4-gbhlfgbhb 
vfwbdfhb^ 
5-fkjy;b^ 
6-vbvqt,b 

yf[& 5&vfhnbdb ufvj[lbc 
[tkcfo.j /fthvfwbdhbs% 
1- vhudfk’bhf rjk,f^ 
2-uflfv.dfyb vbkb^ 
3-sthvjvtnhb^ 
4-/fthvfwbdfhb^ 
5-fkjy;b^ 
6-vbvqt,b 
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rjvgjytynt,bc thsvfytsbcfufy erts lfwbkt,b-
cfsdbc [vfhj,ty ltaktuvfnjhc^ hjvtkbw vjhut,ekb 
fmdc ufvjcf[ltk rjk,fc ~yf[& 6`& ltaktuvfnjhib 
vbvlbyfhtj,c jhsmkbc yfobkj,hbdb rjyltycbht,f lf 
ufvjcf[ltk rjk,fib ,heylt,f ‘ytkfl fmhjkflb ybd-
sbtht,f^ itcf,fvbcfl jhsmkb vlblhlt,f fldbkfl 
fmhjkflb ybdsbtht,bs& rjk,bc fy ltaktuvfnjhbc 
ptlf .tkib cfwj,bc cfiefkt,bs fvfuht,ty sthvj-
vtnhc^ bct^ hjv vbcb dthw[kbco.kbfyb ,ehsekf 
rjk,bc uflfv.dfyb vbkbc jlyfd mdtdbs vlt,fhtj,ltc& 
ufvjcf[ltkb cbs[bc vjwekj,f fh eylf fqtvfnt,jltc 
rjk,bc jh vtcfvtlc& bvbcfsdbc^ hjv leqbkb sfyf,fhb 
b.jc lf fh vj[ltc [cyfhbc uflf[eht,f^ ufvj[lbc oby 
rjk,fib fsfdct,ty hfvjltybvt vbybc rfgbkfhc fy 
ajht,bfyb sb[bc gfnfhf yfnt[c& se ybdsbtht,f leqc 

fhfevtntc 80 °C ntvgthfnehfpt^ rjk,fc fw[tkt,ty 

o.kbc f,fpfyfpt^ [jkj se ntvgthfnehf 80 °C-pt 
vtnbf^ vfiby - tktmnhjmehfpt^ cbkbc fy ptsbc f,fpf-
ybc^ fy delbc ityflyj,bc ufvj.tyt,bs&  

 

 
yf[& 6& 
ufvjcf[ltkb 
vjo.j,bkj,f 
ltaktuvfnjhbs% 
1-vhudfk’bhf 
rjk,f^ 
2-ltaktuvfnjhb^
3-gbhlfgbhb 
vfwbdfhb^ 
4-fkjy;b^ 
5-vbvqt,b 

 
 

1

2

3

4

5

6
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ufvj[lbc ghjwtcib frdbhlt,bfy sthvjvtnhbc 
vfxdtyt,tkc lf vbvqt,ib lbcnbkfnbc vbqt,fc& 
fqybiyfdty bv ntvgthfnehfc^ hjvkbc lhjcfw vbv-
qt,ib uflfdf lbcnbkfnbc gbhdtkb odtsb&  

ufvj[lbc cbxmfht eylf b.jc lff[kjt,bs 1-2 
odtsb ov-ib^ sthvjvtnhbc ,ehsekfpt rb ufvj[lbc 
ghjwtcib .jdtksdbc eylf itbvxytjltc cbs[bc odt-
st,b& 

ahfmwbekb ufvj[lf&  ahfmwbekb ufvj[lbc 
cfiefkt,bs itcf’kt,tkbf cbs[tsf yfhtdt,blfy 
sbsjtekb ybdsbtht,f ufvj.jabk bmyfc ceasf cf[bs& 
fv lhjc gbhdtkfl ufvjb.jaf lf,fkvleqfht 
ybdsbtht,f^ itvltu bwdkt,f vbvqt,b lf bo.t,f 
vjvltdyj ahfmwbbc ituhjdt,f lf f&i& ufycfresht,ekb 
.ehflqt,f eylf vbtmwtc bvfc^ hjv ahfmwbf 
ufvjb[fljc dbohj ntvgthfnehek bynthdfkib& 

 yfhtdblfy ceasf cf[bc ybdsbtht,bc ufvj.jabc 
yfstk vfufkbsc ofhvjflutyc fhjvfnekb 
yf[ibho.fk,flt,bc ufvj.jaf vfsb yfhtdblfy& 

 vfufkbsfl vjwtvekbf itvltub yfhtdb% 

 1& ,typjkb^ leq& ntvg& 80 °C^  2 obkb 

 2& njkejkb^ leq& ntvg& 110 °C^ 1 obkb 
 3& mcbkjkt,b% 

  jhsj- mcbkjkb^ leq&ntvg& 144 °C  1 obkb 

  vtnf- mcbkjkb^ leq&ntvg& 139 °C   1 obkb 

  gfhf- mcbkjkb^ leq&ntvg& 138 °C  1 obkb& 
  fv yfhtdbc ufvj[lf [lt,f xdtekt,hbd ufvj-
cf[ltk fgfhfnib& vbbqt,f cfvb ahfmwbf% + ahfmwbf  - 

,typjkb ~77-80 °C`*  ++ ahfmwbf - njkejkb ~106-

111 °C`* +++ ahfmwbf - mcbkjkt,bc yfhtdb ~132-

132 °C`& ufvj[lbc ghjwtcb itb’kt,f ufvjdcf[js vhe-
lbc cfiefkt,bs ~yf[& 7`& 
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yf[& 7& yfhtdbc itlutybkj,fpt leqbkbc ntvgthfnehbc 
lfvjrblt,ekt,bc vhelb 

 
,typjkbcf lf njkejkbc ceasf cf[bs vbcf-

qt,fl vfs itcf,fvbc wfkrtek ahfmwbt,c [tkvtjhtl 
ufvj[lbfy& hfw itt[t,f bpjvthekb mcbkjkt,bc 
ceasf cf[bs vbqt,fc^ vtjhtl ufvj[lfc fofhvjt,ty 
ltaktuvfnjhbc cfiefkt,bs ~yf[& 6`& 

 
 

1&7& O>KBC JHSMKBS UFVJ{LF    
 
 o.kbc jhsmkbs ufvj[lf ufvjb.tyt,f bctsb 

cbs[tt,bcfsdbc^ hjvkt,bw o.fkib ‘ytkfl b[cyt,bfy 
lf fh ehsbthsmvtlt,ty vfcsfy& vtsjlb ufycfresht,bs 
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tatmnehbf^ hjwf htfmwbbc ghjlemnb itbwfdc ‘ytkfl 
fmhjkfl abcjdfy vbyfhtdt,c& fv lhjc sbsjtekb 
cbs[bc ~o.kbc^ jhufyekb ybdsbtht,bc` fjhsmkt,f 
vbvlbyfhtj,c thsvfytsbcfufy lfvjerblt,kfl& fvbnjv 
jhb ybdsbtht,bc cfthsj oytdf P elhbc sbsjtekb 
rjvgjytynbc yf]thb jhsmkbc oytdt,bc ]fvc%     

P=PA+ PB 
hjvtkbw fh fhbc lfvjrblt,ekb A lf B rjvgjyty-
nt,bc sfyfafhlj,fpt& 

hjltcfw cfthsj oytdf fnvjcathek oytdfc 
enjklt,f^ yfhtdb bo.t,c leqbkc& hflufy P vtnbf^ 
dblht PA fy PB^ fctsb yfhtdbc leqbkbc ntvgthfnehf 
.jdtksdbc lf,fkbf^ dblht vbcb wfkrt fqt,ekb 
itvflutytkb yfobkt,bcf& 

o.kbc jhsmkbs ufvj[lbcfsdbc ufvjb.tyt,f 
vjo.j,bkj,f ~yf[& 8`^ hjvtkbw itlut,f% 1-jhsmkbc 
mdf,bc ~o.kbc jhsmkbc utythfnjhb`^ 2- ufvjcf[ltkb 
rjk,bc* 3- vfwbdhbc* 4- fkjy;bc* 5- vbvqt,bc* 6- vbybc 
vbkbc^ 7- vbybc cfvrfgbcfufy^ hjvtkcfw vjhut,ekb 
fmdc jyrfyb^ 8-uflfv.dfyb vbkbcf lf 9-,fhjvtnhekb 
vbkbcfufy& 

vfqfk.tkbfy lblb pjvbc vhudfk’bhf rjk,fib 
~rjk,f fdct,ekb eylf b.jc vbcb vjwekj,bc 
fhfevtntc 1$3 yfobkbcf` vwbhtjlty o.fksfy thsfl 
itfmds ufvjcf[ltkb ybdsbtht,f lf rjk,fc ethst,ty 
vfwbdfhc^ hjvtkibw fnfht,ty o.kbc ‘kbth yfrflc& 
vfwbdfhsfy vbthst,ekbf fkjy;b vbvqt,bs& 
rjk,fib vjsfdct,ek cbs[tib fnfht,ty o.kbc 
jhsmkbc ‘kbth yfrflc& vbkb^ hjvkbc cfiefkt,bsfw 
it/.fds o.kbc jhsmkb^ sbsmvbc rjk,bc ‘bhfvlt eylf 
xfbljc& jhsmkb vbtojlt,f cgtwbfkehb jhsmkbc 
utythfnjhblfy ~vfleqfhblfy`^ hjvtkibw fc[fdty 
vbcb vjwekj,bc 2$3 o.fkc lf tythubekfl fleqt,ty& 
vfcib sbsmvbc ,jkjvltf xfidt,ekb lfvwdtkb 
~,fhjvtnhekb` vbkb& vfleqfhfcf lf ufvjcf[ltk 
rjk,fc ijhbc cfcehdtkbf vjsfdcltc vbybc cfvrfgb^ 
hjvkbc udthlbs vbkc fhut,ty htpbybc vjrkt vbkc 
vjvzthbs^ tc vbkb veifj,bc lfo.t,bc oby uf[cybkb 
eylf b.jc& hjltcfw vfleqfhib o.fkb fleqlt,f^ 
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htpbybc vbkc lfrtnfdty vjvzthbs lf bo.t,ty 
ufvj[lfc& 

 

1

2

3

4

5

6

7

89

 
yf[& 8& [tkcfo.j o.kbc jhsmkbs ufvj[lbcfsdbc% 
1-jhsmkbc mdf,b ~o.kbc jhsmkbc utythfnjhb`^ 
2-ufvjcf[ltkb rjk,f^ 3-vfwbdfhb^ 4-fkjy;b^ 5-vbvqt,b^ 
6-vbybc vbkb^ 7-vbybc cfvrfgb^ 8-uflfv.dfyb vbkb^ 
9-,fhjvtnhekb vbkb 
 

 
 
 
 

1&8& DFREEV UFVJ{LF     
 
 vfqfkb leqbkbc ntvgthfnehbc vmjyt jhuf-

yekb yfthsb ufvj[lbc lhjc [ibhfl bikt,f sfdbc 
leqbkbc ntvgthfnehfpt^ pjubths itvs[dtdfib rb 
eahj lf,fk ntvgthfnehfptw& fctsb ybdsbtht,t,bc 
ufvj[lbcfsdbc b.tyt,ty dfreev ufvj[lfc& oytdbc 
itvwbht,f bodtdc leqbkbc ntvgthfnehbc lfotdfc& 

ybdsbtht,f^ hjvtkbw leqc 350 °C-pt dthw[kbco.kbc 
cdtnbc 760 vv ~1 fnv`^ lf,fkb oytdbc lhjc itb’kt,f 

ufvjb[fljc lff[kjt,bs 160-210 °C^ 100-130 °C lf 

40-50 °C-pt^ itcf,fvbcfl 10 vv^ 0^01 vv lf 0^0001 vv 
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dthw[kbco.kbc cdtnbc oytdbc lhjc& pjubthsb 
ybdsbtht,bc leqbkbc ntvgthfnehbc lfvjrblt,ekt,f 
oytdfpt vjwtvekbf yf[&9-pt& 

 

 
 
yf[& 9& yfhxty  oytdfpt leqbkbc ntvgthfnehbc 

ufycfpqdhbc yjvjuhfvf 
 
vhfdfkb jhufyekb cbystpbcfsdbc cfrvfhbcbf 

dthw[kbco.kbc cdtnbc 1-2 vv^ hjvtkbw itb’kt,f 
itbmvyfc c[dflfc[df nbgbc ptsbc nev,jc cfiefkt,bs& 
ptsbc nev,j eylf lfdbwdfs^ hjv vfcib fh vj[dltc 
ufv[cytkt,bc^ o.kbcf lf v;fdt,bc jhsmkb& fv vbpybs 
nev,jc oby mctkib hsfdty visfyvsmvtk cdtnc 
NaOH-bsf lf uffmnbdt,ekb yf[ibhbs ~fy lfvzthbs^ 
hjvtkbw wbdlt,f s[tdflb fpjnbs`&  
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yf[& 10& rjk,t,b% 1- vpjvb^ 2-rjyecehb ~thktyvtbthbc`^ 
3-,hn.tk’bhf^ 4-vhudfk’bhf^ 5-jh.tkf vhudfk’bhf^ 
6-cfv.tkf vhudfk’bhf^ 7-dbehwbc ^  8-rtylfkbc^ 
9-rkfbptybc^ 10-vc[kbct,ehb rkfbptybc 
 

dfreev ufvj[lbcfsdbc [ibhfl b[vfht,f rkfb-
ptybc vhudfk’bhf rjk,f ~yf[& 10`^ [jkj vwbht 
hfjltyj,bc ybdsbtht,t,bcfsdbc - vc[kbct,ehb ajh-
vbc rjk,t,b& hjujhw ufvjcf[ltkb^ fctdt vbvqt,b 
rjk,t,b eylf b.jc v[jkjl vhudfk’bhf^ hflufy 
,hn.tk’bhf rjk,f dth e’kt,c oytdbc lfojkfc& 
ufvjcf[ltkb rjk,bc gbhlfgbh .tkib fsfdct,ty odhb-
kfl ofuh’tkt,ek rfgbkfhc^ [jkj udthlbs vbkib 
sthvjvtnhc^ hjvkbc dthw[bco.kbc htpthdefhb 
vjsfdct,ekbf uflfv.dfyb vbkbc jlyfd eahj lf,kf& 
ufvjcf[ltkb cbs[bc sfyf,fhb leqbkbc itcfyfh-
xeyt,kfl rjk,fib xfidt,ekbf rfgbkfhb^ hjvkbc 
,jkj sbsmvbc rjk,bc ‘bhfvlt xflbc& ufvj[lbc lhjc 



23 

rfgbkfhblfy cfzbhjf eo.dtnfl itlbjltc /fthb fy 
hjvtkbvt bythnekb fbhb odhbkb gthbjlekb ,ei-
nt,bc cf[bs& 

dfreev-ufvj[lbc lhjc wfkrtekb ahfmwbbc 
itcfuhjdt,kfl ufvjb.tyt,f c[dflfc[df cf[bc vbvqt,b^ 

t&o& #j,j,f@ ~yf[& 11`& 
ufvj[lbc lfo.t,bc oby 

fvjovt,ty lfyflufhbc /thvtne-
kj,fc ~yf[& 12`&  
dfreev-nev,jc xfhsdbcfc vfyj-
vtnhbcfrty vbvfhsekb jyrfyb 
14 lfrtnbkbf^ [jkj cfvcdkb-
fyb jyrfyb 13 uflfhsekbf 
fnvjcathjcrty ~rjk,f ufvjsb-
iekbf nev,jcfufy`& itvltu vfc 
ahs[bkfl uflfhsfdty cbcnt-
vbcfrty& ufvjcf[ltkb rjk,f 
w[tklt,f o.kbc^ ptsbc^ fy 

delbc ityflyj,bfy f,fpfyt,pt&  
dfreev ufvj[lfc bvfdt cbxmfhbs fofhvjt,ty^ 

hjujhw fnvjcathekb oytdbc lhjc& ufvj[lbc lfv-
sfdht,bc itvltu cfzbhjf lfyflufhb ufwbdltc^ jyrfyb 
14 lfbrtnjc lf 13 ufbqjc ~itethsltc fnvjcathjc`^ 
itvltu ufvjbhsdt,f dfreev nev,j& jyrfyb 14 eylf 
ufbqjc sfylfsfyj,bs^ hfsf fnvjcathekb /fthbc 
ths,fifl lfojkfv fh ufnt[jc dthw[kbco.kbc 
vfyjvtnhb& 

dfreev-ufvj[lbcfc fewbkt,tkbf lfvwdtkb 
cfsdfkbs veifj,f& cfcnbrfl frh’fkekbf dfreevbc 
xfhsdbc itvltu hfbvt itcojht,bc ufrtst,f ufvjcf[-
ltk lfyflufhib& 

 
 

yf[& 11& #j,j,f@ 
dfreev ufvj[lbcfsdbc 
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3

1
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6
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3
4 5 6 7

8
9

1 1
0

2
3
4 5 6 7

8
911

NaOH yf[ibhb

nev,j
7 8

9

10

11 12

13

14

4

 
yf[& 12&  lfyflufhb dfreev ufvj[lbcfsdbc% 1^3-sthvjvt-
nht,b^ 2-rfgbkfhb^ 4-rkfbptybc rjk,f^ 5-f,fpfyf^ 
6-vfwbdfhb^ 7-#j,j,f@^ 8-#j,j,bc@ ne,ecb^ 9-vbvqt,b^ 
10-vfyjvtnhb^ 11^12-visfysmvtkb cdtnt,b^ 13-cfvcdkbfyb 
jyrfyb^ 14-jyrfyb& 
 

 
 

1&9&  O>KBFYB LF EO>KJ 
UFV{CYTKT<BC RJYWTYNHBHT<F   
 
 o.kbfyb lf eo.kj ufv[cytkt,bc lf,fk 

ntvgthfnehfpt fcfjhsmkt,kfl afhsjl ufvjb.tyt,f 
hjnfwbekb nbgbc fvfjhsmkt,kt,b ~yf[& 13`&  

fhct,j,c c[dflfc[df cf[bc fctsb fvfjh-
smkt,tkb ~ceh& 4`^ hjvtksf veifj,f thsb lf bubdt 
ghbywbgc tv.fht,f& fcfjhsmkt,tk [cyfhc fsfdct,ty 
rjk,fib^ hjvtkbw lf[hbk vlujvfhtj,fib ,heyfdc 
sfdbcb qth’bc ufhitvj& rjk,f vbthst,ekbf ere-
vfwbdfhsfy^ hjvtkibw wbhrekbht,c wbdb o.fkb& 
erevfwbdfhb sfdbc v[hbd itthst,ekbf dfreevbc 
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o.fhjcsfy ~o.fkzfdkbfyb nev,j`& rjk,bc ohbekb 
vj’hfj,bcfc ibuf ptlfgbhpt ofhvjbmvyt,f [cyfhbc 
s[tkb atyf& rjk,f sfyf,hfl w[tklt,f f,fpfyfib& 
fvfcsfy thsfl ufvjhbw[ekbf [cyfhbc uflf[eht,f lf 
fvjhn.jwyf& lblb fcfjhsmkt,tkb afhsbc ufvj^ 
fjhsmkt,bc ghjwtcb cohfafl vbvlbyfhtj,c&  
hjnfwbek fvfjhsmkt,tkib^ rfhub /thvtnekj,bc 
itltufl^ lfv.fht,ekb dfreevb itflutyc 0^1 vv 
dthw[&o.&cdtnc& [cyfht,bc fjhsmkt,bc cbxmfht 1 k 
ntdflj,bc rjk,blfy itflutyc lff[kjt,bs 500 
vk$cs-ib& 
ceh& 4& hjnfwbekb fvfjhsmkt,kt,b 

 

1

2
3

4

5

6

dfreevb

 

yf[& 13& 
hjnfwbekb 
fvfjhsmkt,tkb& 
1– rjk,f fcfjh-
skt,tkb [cyf-
hbs^ 2-hjnjhb^ 

3-uflfv.dfyb 
.tkb^ 
4-erevfwbdfhb^ 

5-ufvfyfobkt,t–
kb^  6- vbvqt,b 
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1&10& UFLFRHBCNFKT<F 
 
 v.fhb jhufyekb yfthst,bc ufceasfdt,bc 

vybidytkjdfy vtsjlc ofhvjflutyc rhbcnfkbpfwbf 
~uflfrhbcnfkt,f`& 

 uflfrhbcnfkt,bc cfiefkt,bs [lt,f mbvbehb 
vbyfhtdt,bc vjwbkt,f lf cfrdktdb ybdsbtht,bc ceasf 
cf[bs vbqt,f& 

 uflfrhbcnfkt,bc vtsjlb t.hlyj,f cfrktdb 
ybdsbtht,bc lf vbyfhtdt,bc ufyc[dfdt,ek [cyflj,fc 
thscf lf bvfdt ufv[cytkib ~vfufkbsfl o.fkib` 
c[dflfc[df ntvgthfnehfpt& 

uflfrhbcnfkt,bc ghjwtcbc fhcb itvltuib 
vlujvfhtj,c% dsmdfs cfrdktd ybdsbtht,fib itlbc A 
ybdsbtht,f - 95)^ B-3)^ C-1)^ D-vtmfybrehb vbyfht-
dt,b- 1) ~ A- ufcfceasfdt,tkb ybdsbtht,ff^ hjvkbc 
[cyflj,f vrdtshfl bphlt,f ntvgthfnehbc phlfcsfy 
thsfl& B lf C-vbyfhtdt,b^ b[cyt,bfy ufv[cytkib 
jsf[bc ntvgthfnehfpt^ D - fh b[cyt,f ufv[cytkib`& 

A

A
B

C

D

B C
A

3

4

5

6

7

A B
CD 1

2

f& ,& u&
 

yf[& 14&uflfrhbcnfkt,bcfsdbc cfzbhj [tkcfo.jt,b% 
 1- vhudfk’bhf rjk,f* 2- erevfwbdfhb* 3- 
thktyvtbthbc rjk,f*   4- ‘f,hbc ufvf[eht,tkb*    
5- vbybc ‘f,hb* 6-,eyptybc rjk,f* 7-,be[ythbc ‘f,hb 

 
cfrdktd ybdsbtht,fc ufv[cytkib ~vfufkbsfl^ 

o.fkb` bctsb hfjltyj,bs [cybfy^ hjv 100 °C-pt 
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ufw[tkt,bs bub b’ktdf A ybdsbtht,bc vbvfhs yf]th^ 
[jkj B lf C ybdsbtht,t,bc vbvfhs e]th [cyfhc& 
ufwbdt,bs qt,ekj,ty A ybdsbtht,bc vbvfhs ptyf]th 
[cyfhc fvbc ufvj tc ybdsbtht,f ufvjrhbcnfklt,f^ B lf 
C -rb vwbht ghjwtynekb itvwdtkj,bc ufvj hxt,bfy 
[cyfhib ~vfs vbvfhs [cyfhb e]thb hxt,f`& 

 ghfmnbrekfl uflfrhbcnfkt,f eylf xfnfhltc 
itvltub cmtvbs% 

 

    
 

 

ufv[cytkbc ithxtdbc itvltu ybdsbtht,fc 
evfnt,ty ufv[cytkbc evwbhtc hfjltyj,fc 

erevfwbdhbs fqzehdbk vhudfk’bhf rjk,fib   yfhtdc 
fw[tkt,ty lf qt,ekj,ty thsudfhjdfy   [cyfhc ~se ybdsbtht,f 

ufw[tkt,bs fh ufb[cyt,f^ vfwbdhbc ptlf .tkblfy ufv[cytkc 
evfnt,ty vwbht ekeat,bs chek uf[cyfvlt ~yf[& 14` 

 

w[kfl abknhfdty ~abknhpt hxt,f  vtmfybrehb 
vbyfhtdt,b D^ abknhfnib uflbc A^ B^ C` ~yf[& 14^ ,` 

abknhfnc fwbdt,ty& 
~[cyfhib ofhvjbmvyt, rhbcnfkt,b&` 

ufwbdt,ek [cyfhc [tkvtjhtl abknhfdty 
~abknhpt hxt,f A^ abknhfnib uflbc - B^ C lf vwbht 

hfjltyj,bs A^ hjvkbc hfjltyj,fw lfvjrblt,ekbf ufv[cytkbc 
cojhfl ithxtdfpt ~yf[& 14^ u` 

A rhbcnfkt,c fihj,ty lf cfpqdhfdty kqj,bc 
ntvgthfnehfc& 
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se itcfathbcb ufv[cytkb dth itbhxf^ vfiby 
bqt,ty ufv[cytkt,bc yfhtdc^ hjvtksfufy thsb rfhufl^ 
[jkj vtjht welfl [cybc ufcfceasfdt,tk ybdsbt-
ht,fc& fv lhjc [ibhfl ufvjb.tyt,f ufypfdt,ekb cgbh-
nbc^ ,typjkbc^ yf]thb yf[ibho.fk,flt,bcf lf mkj-
hjajhvbc yfhtdb& 

ptvjfqybiyek ghjwtcc bvtjht,ty hfvjltybvt-
]th^ cfyfv cfrdktdb ybdsbtht,f ceasf cf[bs ~99^9)` 
fh vbbqt,f& cbceasfdbc [fhbc[c fvjovt,ty fv ybd-
sbtht,bc abpbrehb rjycnfynt,bc lflutybs ~kqj,bc 
ntvgthfnehf^ mhjvfnjuhfabf lf c[d&`& 

 
 

1&11& TMCNHFMWBF    
 
[cyfhblfy fy v.fhb ybdsbtht,bc yfhtdblfy 

ybdsbtht,bc ufvj.jafc c[dflfc[df ufv[cytkt,bc cf-
iefkt,bs tmcnhfmwbf ~fye ufvjodkbkdf` tojlt,f& 
vfc cfae’dkfl eltdc c[dflfc[df ybdsbtht,bc ufyc[df-
dt,ekb [cyflj,f thscflfbvfdt ufv[cytkib  fy jh 
itehtdfl ufv[cytkib thsblfbubdt ntvgthfnehfpt& 

o.fk[cyfhblfy jhufyekb yfthst,bc ufvjcf.j-
afl fofhvjt,ty ufvjodkbkdfc bctsb ufv[cytkt,bs^ 
hjvkt,bw o.fkib e[cyflyb fhbfy^ [jkj vjwtvekb 
ybdsbtht,t,b vfsib rfhufl b[cyt,bfy&  

tmcnhfmwbbc lhjc ufv[cytkfl [ibhfl b.tyt,ty 
fldbkfl fmhjkfl ybdsbtht,t,c - lbtsbkbc tsthc^ 
,typjkc^ mkjhjajhvc lf c[d& 

uf[cybkb ybdsbtht,bc ufyfobkt,f jh s[tdfl 
afpfc ijhbc ~o.fkb lf jhufyekb ufv[cytkb` ufyb-
cfpqdht,f ythcnbc ufyfobkt,bc rfyjybc vb[tldbs%  

A

B

S K
S

=  

cflfw K- ufyfobkt,bc rjtabwbtynbf^ SA lf SB -  
ufyfobkt,ekb ybdsbtht,t,bc [cyflj,f jhbdt ufv-
[cytkib ~ SA -jhufyek ufv[cytkt,ib^ SB- o.fkib`& 
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K ufyfobkt,bc rjtabwbtynb vjwtvek ntvgthf-
nehfpt velvbd cblbltc ofhvjflutyc& 

ybdsbtht,bc o.kblfy tmcnhf/bht,bcfsdbc 
b.tyt,ty bcts jhufyek ufv[cytkc^ hjvtkibw 
vjwtvekb ybdsbtht,f b[cyt,f ,tdhfl eahj fldbkfl^ 
dblht o.fkib^ t&b& SA >SB& bv itvs[dtdfib^ hjltcfw 

K ≥20^ ybdsbtht,bc o.kblfy ufvjcfodkbkdfl 
cfrvfhbcbf ths]thflb tmcnhf/bht,f& 

se K< 20^ tmcnhf/bht,fc hfvjltybvt]th 
fofhvjt,ty ufv[cytkbc f[fkb ekeat,bc lfvfnt,bs& 
o.fk[cyfht,blfy jhufyekb ybdsbtht,bc tmcnhf-
/bht,fc lf thsvfytsib itehtdflb cbs[tt,bc ufvj.j-
afc fofhvjt,ty wbkbylhbct,hb fy vc[kbct,hb ufv.j-
ab ‘f,ht,bc cfiefkt,bs ~yf[& 15`& tmcnhfmwbbc 
lfo.t,fvlt cfzbhjf itvjovltc ufv.jab ‘f,hbc jyrfybc 
ufvfhsekj,f& fvbcfsdbc vfcib fc[fdty o.fkc^ se 
jyrfyb odtsfdc^ vfc ufgj[fdty dfptkbybs& ‘f,hc 
fvfuht,ty infnbdpt^ xdtekt,hbdb ‘f,hbc cfiefkt,bs 
fc[fdty cfrdktd cbs[tc^ evfnt,ty vwbhtjlty 
ufv[cytkc lf vzblhjl f[ehfdty cfwj,c& itvltu 
ufv.ja ‘f,hc uflvjf,heyt,ty^ sfy    [tkc ezthty cf-
wj,c^ jyrfyc lf ahs[bkfl itfy]qhtdty^ fv lhjc 
ufv[cytkbc fjhsmkt,bc itltufl ofhvjmvybkb zfh,b 
oytdbc vjcfcgjgfl cfzbhjf jyrfyb ufbqjc vwbht [ybs^ 
itvltu hfvjltybvt oesbc ufyvfdkj,fib tythubekfl 
fy]qhtdty ‘f,hc    lf lhjlflhj fqt,ty jyrfyc&  

1

2

3

 

yf[& 15& tmcnhfmwbbc 
vjo.j,kj,f 
1- ufv.jab ‘f,hb 
2- thktyvtbthbc rjk,f 
3-infnbdb 
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ity]qhtdbc lfvsfdht,bc itvltu ufv.ja    ‘f,hc 
fvfuht,ty infnbdpt^ mdti itelufvty rjk,fc fy mbvbeh 
zbmfc& atyt,bc vrfabjl ufvj.jabc itvltu ‘f,hblfy 
cfwj,c bqt,ty^ fqt,ty jyrfyc lf xfvjfc[fvty mdtlf 
atyfc^ [jkj ptlf atyfc ‘f,hbc ptlf [dhtkblfy 
uflvjfc[fvty& 

tmcnhfmwbbc lfvsfdht,bc itcfvjovt,kfl 
tmcnhfmnbc ,jkj odtsc fsfdct,ty cffsbc vbyfpt lf 
ufv[cytkc ffhsmkt,ty& se cby]b fjhsmklf yfhxtybc 
ufhtit^ vfiby tmcnhfmwbf lfvsfdht,ekfl bsdkt,f& 

tsthsfy lf c[df fldbkfl ffkt,fl ufv[cyt-
kt,sfy veifj,f fh itb’kt,f xfnfhltc wtw[ksfy 
f[kjc& 

 
 
 

1&12&    CE<KBVFWBF ~PTHSDBKDF` 
 
 pjubths ybdsbtht,fc ~bjlb^ mbyjyb^ ,typj-

v;fdf^ yfasfkbyb lf c[d&` v.fh vlujvfhtj,fib bvltyfl 
vfqfkb jhsmkbc oytdf fmdc^ hjv vfsb ufvj[lf itcf’-
kt,tkbf ufkqj,bc ufhtit – pthsdbkdbs ~ce,kb-
vfwbbs`& fv ybdsbtht,bc jhsmkb ufwbdt,bcfc^ s[tdflb 
afpbc ufedktkfl^ v.fh vlujvfhtj,fib uflflbc& 
pthsdbkdfc v.fhb ybdsbtht,bc ufceasfdt,bc vbpybs 
v[jkjl bv itvs[dtdfib b.tyt,ty^ hjltcfw vjwtvekb 
ybdsbtht,bc vtnbcvtnfl lblb fy vwbht [cyflj,bc ufvj 
xdtekt,hbd ufv[cytkt,ib vbcb uflfrhbcnfkt,f 
uf’ytkt,ekbf fy chekbfl fh [th[lt,f& 

 ybdsbtht,bc pthsdbkdfc itvltuyfbhfl fofh-
vjt,ty& ybdsbtht,fc fsfdct,ty afbaehbc ]fvpt ~yf[& 
16`^ ptdblfy f[ehfdty hfvltybvt flubkfc uf[dhtnbk 
abknhbc mfqfklc& abknhbc mfqfklc ptdblfy eahj 
yfrkt,b lbfvtnhbc vmjyt vbybc ‘f,hc f[ehfdty^ 
hjvkbc dbohj ,jkjib vjsfdct,ekbf ,fv,f& ‘f,hc 
ufhtlfy f[dtdty cdtk mcjdbkc& ]fvib vjsfdct,ek 
ybdsbtht,fc ahs[bkfl fw[tkt,ty fp,tcnbc ,fltpt& 
wbdb ‘f,hbc iblf ptlfgbhpt ufvjb.jaf rhbcnfkt,b^ 
abknhb [tkc eikbc rhbcnfkt,bc erfy xfwdtyfc& 
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ybdsbtht,bc lblb hfjltyj,bc ce,kbvfwbf 

vjcf[th[t,tkbf  xfnfhltc zbmfib^ hjvkbc acrthpt 
fcfmhjkt,tk ybdsbtht,fc  fsfdct,ty ~yf[& 17`& zbmfc 
/fthbc fy ptsbc f,fpfyfpt fw[tkt,ty& zbmfib 1 
xfidt,ekbf rjk,f 2^ hjvtkbw ibuyblfy ufvlbyfht 
o.kbs wbdlt,f&  

rjk,bc ufhtsf ptlfgbhpt ufvjb.jaf ce,kbvb-
ht,ekb rhbcnfkt,b& eylf fqbybiyjc^ hjv ce,kbvfwbf 
xdtekt,hbdfl cfiefkt,fc b’ktdf vbdbqjs ptceasf 
ybdsbtht,f&       

 
 
 
 
 

yf[& 16& ce,kbvfwbbc 
vjo.j,bkj,f%  
1- tktmnhjmehf^ 
2-afbaehbc ]fvb^ 
3-abknhbc mfqfklb^ 
4-vbybc ‘f,hb 
 

yf[& 17& ce,kbvfwbbc vjo-
.j,bkj,f% 1-mbvbehb zbmf^ 
2-vhudfk’bhf rjk,f 
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1&13& KQJ<BC NTVGTHFNEHBC 
UFYCFPQDHF    

 
ntvgthfnehfc^ hjvkbc ptvjs v.fhb jhufyekb 

ybdsbtht,f uflflbc c[df abpbreh vlujvfhtj,fib lf 
ufhlfbmvyt,f cbs[tl^ kqj,bc ntvgthfnehf tojlt,f& 
fv ntvgthfnehfpt thslhjekfl fhct,j,ty lf 
ojyfcojhj,fib bv.jat,bfy hjujhw s[tdflb^ bct 
v.fhb afpt,b& 

kqj,bc ntvgthfnehf ofhvjflutyc jhufyekb 
yfthsbc vybidytkjdfy abpbreh rjycnfynfc& 

vbyfhtdt,b v.fhb ybdsbtht,bc kqj,bc ntvgt-
hfnehfc lf,kf cotdc^ fvbnjv zez.bfyb ybdsbtht,bc 
kqj,bc ntvgthfnehf .jdtksdbc eahj lf,fkbf^ 
dblht itcf,fvbcb ceasf ybdsbtht,bcf& 

kqj,bc ntvgthfnehbc ufycfpqdhfc fofhvjt,ty 
c[dflfc[df [tkcfo.jib& ths-thsb [tkcfo.j 
vjwtvekbf  –pt& 

sthvjvtnhb cby]fhbc acrthblfy eylf b.jc 
lfijht,ekb 5-10 vv-bs lf fh eylf t[t,jltc rtlkt,c& 

ybdsbtht,fc odhbkfl fa[dbtht,ty lf fsfdct,ty 
rfgbkfhib ~cbuh’t 30-40 vv^ lbfvtnhb fhfyfrkt, 1-1&5 
vv-bcf`^ hjvtkcfw thsb ,jkj vbhxbkekb fmdc& vbc 
qbf sfdc xfeidt,ty a[dybkib& fv lhjc a[dybkb 
sfdclt,f rfgbkfhbc ptlf yfobkib& rfgbkfhc 
uflff,heyt,ty bct^ hjv qbf sfdb ptdbs /mjyltc lf 
xffult,ty 50-70 cv cbuh’bc vihfkb vbybc vbkib^ 
hjvtkbw dthnbrfkehfl lufc vfublfpt ~cfcehdtkbf 
vbybc ptlfgbhpt`& fv ghjwtlehfc bvtjht,ty& vhf-
dfk]thflb dfhlybc itltufl ybdsbtht,f rfgbkfhib 
bnrtgyt,f lf ofhvjbmvyt,f vbcb vrdhbdb cdtnb 
~ybdsbtht,fv eylf itfdcjc 2-3 vv`& 

itvltu rfgbkfhc htpbybc dbohj hujkbs 
fvfuht,ty sthvjvtnhpt bct^ hjv ybdsbtht,bc cdtnb 
cbylb.bfyb ,ehsekbc iefib b.jc vjsfdct,ekb& 
sthvjvtnhb xfidt,ekbf cgtwbfkeh vhudfk’bhf 
rjk,fib vjsfdct,ek cby]fhfib ~rjk,fib xfc[vekbf 
vfqfkvleqfht ybdsbtht,f vfufkbsfl rjyw& uj-
ubhlv;fdf fy ukbwthbyb`& rjk,fc uff[eht,ty ecf-
sejl fp,tcnbc ,fltpt& lfcfo.bcib f[eht,ty cohfafl 
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kqj,bc ntvgthfnehbc vbqotdfvlt 15-20 °C-bs mdt-
vjs& kqj,bc othnbksfy uf[eht,f ‘fkbfy ytkf eylf 

[lt,jltc^ [jkj 2-3 °C-bs vbf[kjt,bcfc^ cfthsjl 
o.dtnty uf[eht,fc& 

 
 

 
yf[& 18& [tkcfo.j kqj,bc ntvgthfnehbc   
ufycfpqdhbcfsdbc% 1- vhudfk’bhf rjk,f^ 2-cby]fhf^ 
3-sthvjvtnhb^ 4-rfgbkfhb cfrdktdb ybdsbtht,bs 

 
bv itvs[dtdfib^ hjltcfw cfpqdhfdty ewyj,b 

ybdsbtht,bc kqj,bc ntvgthfnehfc^ uf[eht,fc fofh-
vjt,ty ytkf^ vstkb wlbc vcdktkj,bc ufyvfdkj,fib&  
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ufkqj,f vbvlbyfhtj,c ntvgthfnehbc ufh-
rdtek pqdht,ib& kqj,bc ntvgthfnehbc fsdkfc bo-
.t,ty s[tdflb afpbc ofhvjmvybc gbhdtkb ybiyt,blfy 
lf fvsfdht,ty ybdsbtht,bc ufvzdbhdfkt cbs[tl 
ufhlfmvybcfc& 

hfw eahj yfrkt,bf ntvgthfnehbc bynthdfkb 
kqj,bc lfo.t,fcf lf lfvsfdht,fc ijhbc^ vbs eahj 
ceasff ybdsbtht,f& kqj,bc ntvgthfnehbc ufycfp-
qdhbcfc cfzbhjf cbahs[bkt& veifj,f eylf xfnfhltc 
lfvwdtkb cfsdfkbs& 

 
 
 
 

1&14& UFHLFNT{BC ~HTAHFMWBBC` 
VFXDTYT<TKB   

 
s[tdflb ybdsbtht,t,bc bltynbabrfwbbcf lf 

cbceasfdbc itcfvjovt,kfl fuhtsdt ufvjb.tyt,f 
ufhlfnt[bc vfxdtyt,lbc ufycfpqdhf&   

ufhlfnt[bc vfxdtyt,tkb bpjvt,f htahfmnj-
vtnhbc cfiefkt,bs& vbcb vjmvtlt,f lfv.fht,ekbf 
itvltu ghbywbgpt% vjyjmhjvfnekb c[bdbc jhb 
c[dflfc[df uthtvjc ufv.jab cfpqdhbc ufdkbcfc 
ufhlf.lt,f ufhrdtekb res[bs& ufhlfnt[bc res[bc 
cblblbc vybidytkj,f tae’dyt,f ytkbecbc rfyjyc% 

1

2

sin
sin

c n
c

α
β
= =  

cflfw c1 lf c2 cbyfskbc cbxmfhtt,bf gbhdtk lf vtjht 
ufhtvjib& ufhlfnt[bc vfxdtyt,kbc cblblt 
lfvjrblt,ekbf ntvgthfnehfpt lf [cyfht,bc 
rjywtynhfwbfpt& jhufyekb [cyfht,bcfsdbc .jdtkb 
thsb uhflecbs ntvgthfnehbc uflblt,f bodtdc 

ufhlfnt[bc vfxdtyt,lbc 4⋅10-4 - 5⋅10-4 thstekbs itv-
wbht,fc& 
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α

β

c1

c2

1

2

sin
sin

c n
c

α
β
= =

 
ნახ& 1& cbyfskbc ufhlfnt[f& jhb ufhtvjc uf.jabc 

cfpqdfhpt 
 
fmtlfy ufvjvlbyfht htahfmnjvtnhbbc ufvj-

.tyt,bs itcf’kt,tkbf [cyfht,bc rjywynhfwbbc 
ufycfpqdhf lf  ybdsbtht,t,bc cbceasfdbc lflutyf& 

ufhlfnt[bc vfxdtyt,tkb xfbotht,f 

itvltuyfbhfl% 20
Dn ^ cflfw ufpjvdbc ntvgthfnehf fhbc 

20 °C* D-yfnhbevbc fnjvbc ufvjc[bdt,bc [fpb& 
ufhlfnt[bc vfxdtyt,tkb^ hjujhw leqbkbc lf 
kqj,bc ntvgthfneht,b^ udtdkbyt,f ybdsbtht,bc 
cgtwbabreh vf[fcbfst,kfl&  

vjktrekehb htahfmwbf ufybcfpqdht,f 
kjhtynw-kjhtywbc ajhvekbs 

[ ]
20

20

1
2

D
i

D

n MR
n d

−
= ×

+
 

cflfw n - ufhlfnt[bc vfxdtyt,tkbf* d-cbvrdhbdt 
bvfdt ntvgthfnehfpt* M- vjktrekehb vfcf& 

ufhlf fvbcf^ vjktrekehb htahfmwbf itb’kt,f 
ufvjfyufhbit,ekb b.jc yfthsbc cnhemnehekb 
ajhvekblfy% vfsib itvfdfkb fnjvehb lf 
cnhemnehekb rjycnfynt,bc lf htahfmwbbc 
rfdibht,bc ]fvbs& 

 rfhub itsfy[vt,f vjktrekehb htahfmwbbc 
tmcgthbvtynekb lf stjhbekb vybidytkj,bcf 

36 

udtdkbyt,f lflutybkb yfthsbc ajhvekbc cbcojhbc 
cfbvtlj vnrbwt,fl& 

2& MHJVFNJUHFABF      

 cjh,wbekb vtsjlt,bs ybdsbtht,fsf yfhtdt,bc 
lf.jafc lbyfvbreh gbhj,t,ib mhjvfnjuhfabf 
tojlt,f& 

 fv vtsjlc lblb ufvj.tyt,f fmdc vtwybtht,bc lf 
ntmybrbc c[dflfc[df lfhuib ~mbvbf^ vtlbwbyf^ ,bjkj-
ubf lf c[d`& ufycfresht,ekb hjkb tybzt,f mhjvfnj-
uhfabek vtsjlc sfyfvtlhjdt jhufyekb mbvbbc 
ufydbsfht,fib^ hflufy fv vtsjlbc ufvj.tyt,bs it-
cf’kt,tkbf vtnfl vybidytkjdfyb cfrbs[t,bc uflfzhf^ 
ufy[jhwbtkt,f& 

 ybdsbtht,fsf hsekb yfhtdt,bc lf.jaf wfk-
rtek rjvgjytynt,fl& 

 ybdsbtht,fsf sdbct,bsb lf hfjltyj,bsb itlut-
ybkj,bc ufycfpqdhf& 

 ybdsbtht,fsf bylbdblefkj,bc lflutyf lf ceasf 
cf[bs ufvj.jaf& 

fhct,j,c mhjvfnjuhfabekb vtsjlbc c[dflf-
c[df cf[tj,f^ hjvkt,bw rkfcbabwbhlt,bfy itvltu-
yfbhfl%  

1. mhjvfnjuhfabht,bc ufhtvjc fuhtufnekb 
vlujvfhtj,bc vb[tldbs* 

2. ghjwtcbc vbvlbyfhtj,bc vtmfybpvbc vb[tldbs& 
3. fgfhfnekb ufajhvt,bc vb[tldbs*  

mhjvfnjuhfabekb vtsjlt,bc pjuflb rkfcb-
abrfwbf vj.dfybkbf w[hbkb 3-ib& 

mhjvfnjuhfabekb vtsjlbc cf[tc[dfj,t,b 
afhsjlff ufy[bkekb cgtwbfkeh kbnthfnehfib& 

flcjh,wbek mhjvfnjuhfabfib uf[cybk ybd-
sbtht,fsf yfhtdt,bc rjvgjytynt,fl lf.jaf t.hlyj,f 
e’hfd lf vj’hfd afpt,c ijhbc ojyfcojhekb ufyf-
obkt,bc c[dfj,fc& 

flcjh,wbekb mhjvfnjuhfabbc ghbywbgb 
vlujvfhtj,c bvfib^ hjv cfrdktd ybdsbtht,fsf yfht-
dt,bc ~s[tdfl fy fbhfl afpfib` ufnfht,bs flcjh-
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,tynpt ybdsbtht,t,b flcjh,bhlt,bfy vfssdbc lfvf-
[fcbfst,tkb flcjh,wbbc c[dflfc[df eyfhbc ufvj& 

 
w[hbkb 3& mhjvfmjuhfabbc vtsjlt,b 

fuhtufnekb 
vlujvfhtj,f 

ghjwtcbc 
vbvlbyfhtj,bc 

vtmfybpvb 

fgfhfnehekb 
ufajhvt,f 

s[tdflb  cb,hn.bc* 
mfqfklbc* 
s[tkatyjdfyb* 
vfqfktatmnehb 
s[tkatyjdfyb 
cdtnb* 
vfqfktatmnehb 
cdtnbc* 
cbs[bc 
vfqfkoytdbfyb 

s[tdfl-s[tdflb ufvfyfobkt,tkb 
it,heyt,ek 
afpt,pt* 
utk-itqotdflb* 
bjyufwdkbsb 

 

s[tdfl-v.fhb flcjh,wbekb* 
fabyehb* 
bjyufwdkbsb* 
/blhjaj,ehb 

 

fbhflb  cdtnbc* 
fbhflb*  
ntvgthfnehbc* 
ghjuhfvbht,bs* 
oytdbc 
ghjuhfvbht,bs 

fbh-s[tdflb ufvfyfobkt,tkb  
fbh-v.fhb flcjh,wbekb  

ltcjh,wbbc ghjwtcb lf yfhtdbc rjvgjytynt,fl 
lf.jaf vbvlbyfhtj,c c[dflfc[df ufv[cytkt,bc cfief-
kt,bs ~fbh-s[tdfleh mhjvfnjuhfabfib ufv[cytkfl 
b[vfht,f bythnekb fbhb`& 

lblb vybidytkj,f tybzt,f flcjh,tynbc lf 
ufv[cytkbc ithxtdfc&  
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 flcjh,tynbc ithxtdbcfc .ehflqt,f eylf 
vbtmwtc itvltu vjs[jdyt,c% 

 flcjh,tynb eylf b.jc mbvbehfl bythnekb 
cfrdktdb yfhtdbcf lf ufv[cytkt,bc vbvfhs& 

 flcjh,tynb eylf [fcbfslt,jltc itvfdfkb 
yfhtdbc itvflutytkb rjvgjytynt,bc vbvfhs 
c[dflfc[df flcjh,wbbc eyfhbs& 

 lblb vybidytkj,f fmdc flcjh,tynbc lbcgth-
cekj,fc& flcjh,tynbc yfobkfrt,bc pjvt,bc 
itvwbht,fcsfy bphlt,f isfysmvbc eyfhb 
~jgnbvfkeh pjvt,c bhxtdty tmcgthbvtyne-
kfl`& 
 ufv[cytkbc ithxtdbcfc .ehflqt,f tmwtdf 

itvltu vjs[jdyt,c& 
 f` bythnekj,fc cffyfkbpj yfhtdbcf lf 

flcjh,tynbc vbvfhs* 
 ,` vfmcbvfkehfl efh.jabsb flcjh,bht,bc 

eyfhc vjwtvekb flcjh,tynbc vbvfhs& tc sdbct,t,b 
t.hlyj,f ufv[cytkt,bc gjkfhj,fc& 

 mdtvjs xfvjsdkbkbf ufv[cytkt,b^ hjvkt,bw 
afhsjl ufvjb.tyt,f mhjvfnjuhfabfib% 

 
gtnhjktbybc tsthb gbhblbyb 
wbrkj/tmcfyb  fwtnjyb 
js[mkjbfyb yf[ibh,flb   y&ghjgfyjkb 
,typjkb     tsfyjkb 
mkjhvtsfyb     vtsfyjkb 
mkjhjajhvb     o.fkb 
lbtsbktsthb     ‘vfhv;fdf 
tsbkfwtnfnb  
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s[tkatyjdfyb^ cdtnehb lf fbhs[tdflb mhj-

vfnjuhfabbc sfdbct,eht,t,b ufy[bkekbf mdtvjs& 
 
  

2&1& S{TKATYJDFYB MHJVFNJUHFABF     
 s[tkatyjdfyb mhjvfnjuhfabbc cfiefkt,bs 

itbcofdkt,f ybdsbtht,t,bc yfhtdsf sdbct,bsb lf 
hfjltyj,bsb itlutybkj,f& eahj bidbfsfl^ 
s[tkatyjdfyb mhjvfnjuhfabf ufvjb.tyt,f ceasf 
ybdsbtht,t,bc ufvjcf.jafl& 

 s[tkatyjdfyb mhjvfnjuhfabf t.hlyj,f cfrd-
ktd [cyfhib itvfdfkb n rjvgjytynt,bc flcjh,wbbc 
c[dflfc[df eyfhc& itvlujvb sfyvbvltdhekb ltcjh,-
wbf lf ufvj.jaf itvflutytk rjvgjytynt,fl vbvlbyf-
htj,c c[dflfc[df ufv[cytkbc cfiefkt,bs& tmcgthb-
vtynbc itltufl qt,ekj,ty s[tkatyjdfy mhjvfnj-
uhfvt,c& n -rjvgjytynbfyb cbcntvbcfsdbc ~n=3` vbbqt-
,f itvltub cf[bc mhjvfnjuhfvf ~yf[& 19`& 

 
 

 
  
s[tkatyjdfyb mhjvfnjuhfabbcfsdbc ufvjb.ty-

t,f s[tkatyjdfyb mhjvfnjuhfabekb abhabnf^  

yf[& 19& s[tkatyjdfyb 
mhjvfnjuhfvf% 
1-ahjynbc [fpb*  
2- cnfhnbc [fpb 
3-rjvgjytynt,bc 
kfmt,b*  
 

2 

3 

1 
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rhbcnfkbpfnjhb^ s[tkatyjdfyb mhjvfnjuhfvbc uf-
vjcfv;qfdyt,tkb rfvthf& 

 
 
 mhjvfnjuhfabekb abhabnf fhct,j,c vbybc^ 

gkfcnvfcbc fy kbsjybc^ hjvtkptw lfatybkbf 
flcjh,tynbc s[tkb atyf& flcjh,tynfl itb‘kt,f 
ufvj.tyt,ek bmyfc c[dflfc[df visfyvsmvtkb& vfs 
ijhbc .dtkfpt lblb ufvj.tyt,f fmdc fkevbybc jmcblc 
~Al2O3`^ cbkbrfutkc ~SiO2·H2O`& cjh,tynbc atyf 
itb’kt,f b.jc lfvfuht,ekb fy lfevfuht,tkb& 

rhbcnfkbpfnjhb ofhvjflutyc vbybc zehztkc 
cf[ehfdbs^ hjvtkibw fhbc ufv[cytkbc vwbht 
hfjltyj,f 3-4 vv cbvfqktpt& fewbkt,kfl eylf 
itbhxtc flcjh,tyn - ufv[cytkbc bctsb cbcntvf^ hjvt-
kbw vjudwtvc rjvgjytynt,bc vrdtsh ufyfobkt,fc vj-
wtvek cbcntvfib&  

ufvjcfv;qfdyt,tkb rfvthf ofhvjflutyc vbybc 
zehztkc^ hjvtkibw fsfdct,ty bjlbc rhbcnfkt,c^ 
hjvkt,bw fldbkfl jhsmklt,bfy lf ofhvjmvybfy 
bjlbc yf]th jhsmkc& bjlbc jhsmkbc cfiefkt,bs 
[lt,f mhjvfnjuhfvbc ufvjv;qfdyt,f&  

mhjvfnjuhfvbc ufvjv;qfdyt,f itb’kt,f fuht-
sdt mhjvfnjuhfvbc lfc[bdt,bs eknhfbbcathb c[bdt-
,bs* ujubhlv;fdbs^ hjvtkcfw fc[eht,ty gekdt-
hbpfnjhbs lf c[df& 

 
tmcgthbvtynbc vcdktkj,f& veifj,bc lfcfo.bcib 

fvpflt,ty ufvjcfrdktdb ybdsbtht,t,bc yfhtdbc 
1-10)-bfy [cyfhc obyfcofh ithxtek ufv[cytkib& 
odhbkb rfgbkfhbc ,jkjsb t[t,bfy [cyfhbc ptlfgbhc& 
fv lhjc [cyfhb flbc rfgbkfhib rfgbkfhekb ‘fkt,bc 
ufdktybs& 

mhjvfnjuhfabekb abhabnbc ths-ths ,jkj-
pt fodtst,ty ~rfgbkfhbc cfiefkt,bs` cfrdktdb 
[cyfhbc ‘fkbfy vwbht hfjltyj,fc ~cnfhnbc [fpb`^ 
abhabnfc fsfdct,ty ufv[cytkbc s[tk atyfib bvfdt 
,jkjsb^ hjvtkptw lfodtst,ekb b.j cby]b^ bct^ hjv 
cfrdktdb ybdsbtht,f b.jc f[kjc ufv[cytksfy& 
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ufv[cytkb eylf fdbltc abhabnbc xfidt,ekb 
,jkjlfy vtjht ,jkjvlt^ 1 cv-bc lfijht,bs ~ahjy-
nbc [fpb`&  

ufv[cytkb rfgbkfhekb ‘fkt,bc ufdktybs vj’-
hfj,c mdtvjlfy ptvjs ~fqvfdfkb upf` lf sfy 
ofhbnfwt,c cfrdktd ybdsbtht,fc& cfrdktdb 
ybdsbtht,bc vj’hfj,f mdtvjlfy ptvjs abhabnfpt 
t.hlyj,f vbc flcjh,wbek sdbct,t,cf lf [cyflj,fc& 
fvbnjvff^ hjv c[dflfc[df rjvgjytynb abhabnfpt 
ufykfult,f c[dflfc[df cbvfqktpt& 

 abhabnfc bqt,ty ufv[cytkblfy lf fqybiyfdty 
ufv[cytkbc ahjync&  

abhabnfc fihj,ty 5-30 os-bc ufyvfdkj,fib 
jsf[bc ntvgthfnehfpt& 

ufv[cytkb mhjvfnjuhfabek abhabnfpt 
.dtkfpt cohfafl flbc cjh,tynbc flcjh,wbekb 
eyfhbc ufvj lf upfpt njdt,c ufvjcfrdktdb ybdsbt-
ht,bc rjvgjytynt,c& 

abhabnbc ufihj,bc itvltu [lt,f mhjvf-
njuhfvbc ufvjv;qfdyt,f ufvjcfv;qfdyt,tk rfvthfib& 

se ufvjcfrdktdb ybdsbtht,f fhbc ceasf^ vfiby 
ufvjv;qfdyt,bc itltufl kfmt,b ufvjb.jaf ths 
pjyfib& [jkj se ybdsbtht,f fh fhbc ceasf^ vfiby  
.jdtkb ybdsbtht,f bylbdblefkehb kfmbc cf[bs 
ufvjb.jaf c[dflfc[df pjyfib& 

thsb lf bvfdt cby]bc c[dflfc[df cjh,tynpt lf 
c[dflfc[df ufv[cytkib mhjvfnjuhfvbc ufvjv;qfd-
yt,bcfc vbbqt,f thsb kfmf& tc lfvflfcneht,tkbf 
bvbcf^ hjv fqt,ekb cby]b ceasff& 

 ufhlf fvbcf^ cfrdktdb yfthsbc bylbdblefkj,f 
itb’kt,f lflubyltc cnfylfhnekb yfthst,bc 
ufvj.tyt,bs& cfrdktdb ybdsbtht,t,bcfsdbc bhxtdty 
wyj,bk cnfylfhnek yfthsc^ hjvkbc itlutybkj,f 
lf fqyfuj,f ittcf,fvt,f cfrdktdb ybdsbtht,bc 
cfdfhfelj fqyfuj,fc&  

s[tkatyjdfyb mhjvfnjuhfvbc fyfkbpbc .dtkf-
pt [tkcf.htkb vtsjlbf Rf cblblbc ufycfpqdhf& Rf 
uf[cybkb ybdsbtht,bc itudbfyt,bc afmnjhbf& 

tc cblblt ofhvjflutyc itafhlt,fc Rf=a/b cf-
lfw a fhbc vfy’bkb cnfhnbc [fpblfy kfmbc 
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wtynhfvlt^ [jkj  b-vfy‘bkb cnfhnbc [fpblfy 
ufv[cytkbc ahjynfvlt& 

 
flcjh,tynbcf lf ufv-

[cytkbc ithxtdbcfsdbc 
s[tkatyjdfyb mhjvfnj-
uhfabbs vbqt,ekb by-
ajhvfwbf cfcfhut,kjf 
hjujhw cdtnehb^ bct 
fbhs[tdfleh mhjvfnj-
uhfabfib& 

 
 
 
 
 

 
 
 

fvjwfyf& s[tkatyjdfyb mhjvfnjuhfabbc 
cfiefkt,bs ufydcfpqdhjs cntfhbyfvblbc cbystpbc 
lhjc vbqt,ekb ghjlemnbc cbceasfdt& 

fvjwfybc vcdktkj,f% bqt,ty 0^5 u cntfhbyfvblc 
lf fvfnt,ty 5 vk fwtnjyc& rfgbkfhbc cfiefkt,bs 
cby]b uflffmds mhjvfnjuhfabek abhabnfpt^ 
abhabnfc eidt,ty rbedtnfib^ hjvtkibw 
mkjhjajhvbf^ f.jdyt,ty 30 os-bc ufyvfdkj,fib& 
fvjbqt,ty mhjvfnjuhfabek abhabnfc lf fihj,ty 
jsf[bc ntvgthfnehfpt^ itvltu fv;qfdyt,ty 
ufvjcfv;qfdyt,tk rfvthfib bjlbc jhsmkbs& 
c[dflfc[df pjyfib cnfhnbc [fpblfy fqbybit,f 3 kfmf^ 
hfw vtn.dtkt,c bvfpt^ hjv vbqt,ek ghjlemnib fhbc 
cntfhbyv;fdf^ cntfhbyfvblb lf cntfhbyv;fdfc 
mkjhfy/blhblb& 

 cfcehdtkbf smdtyc vbth vbqt,ekb ghjlem-
nt,bc cbceasfdt ufybcfpqdhjc s[tkatyjdfyb mhjvf-
njuhfabbs& 

 

yf[& 20& mhjvfnjuhfvf 

ahjynbc [fpb

a b

cnfhnbc [fpb
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2&2& CDTNEHB MHJVFNJUHFABF 

  

cdtnehb mhjvfnjuhfabbc vtsjlb ufvjb.tyt,f 
ybdsbtht,fsf yfhtdt,bc lfcf.jafl wfkrtek rjvgj-
ytynt,fl lf fuhtsdt ybdsbtht,t,bc ufcfceasfdt,kfl& 

cdtnib flcjh,wbbc lhjc vbvlbyfhtj,c itvltub 
ghjwtct,b% yfhtdblfy flcjh,tynbc vbth yfhtdbc rjv-
gjytynt,bc c[dflfc[df cbxmfhbs isfysmvf ~flcjh-
,wbf`^ cdtnib c[dflfc[df cbvfqktpt rhjvgjytynt,bc 
ufyfobkt,f lf ufvjhtw[df ~thslhjekfl vbvlbyf-
htj,c ltcjh,wbf` bvfdt fy c[df ufv[cytkbc cfief-
kt,bs& 

cfrdktdb [cyfhb uflfflubklt,f cdtnib ptdb-
lfy mdtdbs ~lfqvfdfkb mhjvfnjuhfabf` sdbslbyt,bs& 
fvbc itvltu qt,ekj,ty c[dflfc[df ahfmwbt,c-tke-
tynt,c ~bylbdblefkehb rjvgjytynt,bc [cyfht,b`& 
fuhtsdt itudb’kbf pjkt,bc vb[tldbs visfvysmvtkbc 
vtmfybrehb lf.jaf lf v.fhb ahfmwbt,bc bylbdblef-
kehfl lfveifdt,f& 

tc ghjwtcb [jhwbtklt,f vbybc vbkt,ib 
~cdtnt,ib`& hjvkt,bw itdct,ekbf flcjh,tynbs& n 
rjvgjytynbfyb cbcntvbcfsdbc ~n=3` vbbqt,f cehfsb^ 
hjvtkbw vjwtvekbf yf[&21-pt& lf.jabc itvs[dtdfib 
eahj vjcf[th[t,tkbf^ hjv tc pjkt,b b.jc 
itathbkb^ fvbnjv fv vtsjlc eahj [ibhfl b.tyt,ty 
itathbkb ybdsbtht,t,bc yfhtdt,bc lfcf.jafl&  

cdtnbc utjvtnhbek gfhfvtnht,c fhxtdty 
tmcgthbvtynekb vjyfwtvt,bc cfae’dtkpt& ufvjb.tyt,f 
c[dflfc[df cbuh’bcf lf lbfvtnhbc cdtnt,b cdtnbc 
lbfvtnhbc lf cbvfqkbc afhlj,f ittcf,fvt,f 1%10^ 
1%15^ cjh,tynbc hfjltyj,f 50-100-]th vtnbf 
lfcf.jab yfhtdbc hfjltyj,fpt& 
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cdtnehb mhjvfnjuhfabbc ghjwtcb itb’kt,f 

fct ofhvjdblubyjs%  
mhjvfnjuhfabekb cdtnbc itdct,fc 

flcjh,tynbs itvltuyfbhfl f[ltyty% cdtnbc mdtlf 
yfobkib fsfdct,ty vbybc ,fv,bc nfvgjyc^ itvltu cdtnc 
fdct,ty vihfkb flcjh,tynbs ~cdtnbc vihfkb itdct,bc 
[th[b`^ cdtnbc ptlf yfobkibw ertst,ty ,fv,bc 
nfvgjyc lf cdtnc fvfuht,ty infnbdpt bct^ hjv 
itb’kt,jltc cdtnbc mdti vbvqt,bc ~rjyecehb rjk,f` 
vjsfdct,f ~yf[& 21` fy itb’kt,f flcjh,tynb obyfcofh 
lfcdtkltc ~ufb;qbysjc` ufv[cytkbs ~cdtnbc itdct,bc 
cdtkb [th[b` lf itvltu itnfybk bmyfc cdtnib& vbybc 
orbhpt ofvjwvekb cfwj,bc lf[vfht,bs [tkc eo.j,ty 
flcjh,tynbc sfyf,fh lfktmdfc& cdtnbc itdct,bcfc 
flcjh,tync xfhtw[fdty ufv[cytkbs lf^ hjltcfw 
ufv[cytkbc ljyt lfbotdc ptlf nfvgjyfvlt^ cdtnib 

 
 
 
yf[& 21& cdtnehb 
mhjvfnjuhfabbc 
vjo.j,bkj,f%  
1-infnbdb 
2-tketynbc vbvqt,b 
3-cdtnb 
4- vbybct,ehb ,fv,f 
5-cfodtsb ‘f,hb 
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fc[fvty obyfcofh vjvpflt,ek cfrdktd ybdsbtht,fsf 
yfhtdt,bc [cyfhc ufv[cytkib^cdtnbc ptlf ,jkjpt 
vjsfdct,ekb vbybc ‘f,hbc cfiefkt,bs& ofhvjbmvyt,f 
hfvjltybvt pjyf ~athflb hujkt,b` cdtnbc c[dflfc[df 
cbvfqktpt& hjltcfw [cyfhbc ljyt lfbotdc ,fv,bc 
mdtlf nfvgjybc ljytvlt^ cdtnib eidt,ty fvfdt 
ufv[cytkc vwbht ekeat,bs& bvbc itvltu^ hjltcfw 
mdtlf itathbkb [cyfhb ufv[cytksfy thsfl uflfdf 
vbvqt,ib lf cdtnblfy lfbo.t,c ufvjcdkfc eathj 
cbs[t^ eylf itbwdfkjc vbvqt,b^ cdtnib lftvfnjc c[df 
ufv[cytkb vwbht ekeat,bs lf lfyfhxtyb tketynt,b 
ituhjdltc wfk-wfkrt vbvqt,ib& vbqt,ekb tketynbc 
ufv[cytkt,c ffjhsmkt,ty fy dfreevib^ fy gtnhbc 
]fvib ufvojdbc mdti& ufvj.jabk rjvgjytynt,c 
ufycfpqdhfdty rkfcbrehb vtsjlt,bs& vtmfybrehb 
lf.jabcfsdbc cfhut,kj,ty t&o& lfcfiktkb cdtnbs& 

 
tmcgthbvtynekb yfobkb 

fvjwfyf 1& j-ybnhjfybkbybc lf fpj,typjkbc 
lf.jaf cdtnib ~mhjvfnjuhfabekb cdtnbc cdtkb 
itdct,bc [th[b`% 

1. vjvpflltc 0^1-0^2 u fpj,typjkbcf lf j-ybn-
hjfybkbybc ~1%1`  yfhtdbc [cyfhb 10-15 vk 
js[mkjhbfy yf[ibh,flib& 

2. itbdcjc cdtnb flcjh,tynbs itvltuyfbhfl% 

• fbojyjc 15 u fkevbybc ;fyub* 
• vjvpflltc 15 u fkevbybc ;fyubc cecgtypbf 

35-45 vk js[mkjhbfy yf[ibh,flib* 
• vbqt,kb fkevbybc ;fyubc cecgtypbf xfbc-

[fc vwbht ekeat,bs - vbybc orbhpt of-
vjwvekb rfexerbc cfwj,bc itextht,tkb 
rfreybs* 

• cdtnbc itdct,bc itvltu xfbhtw[jc lfnf-
ybkb flcjh,tynb bvfdt ufv[cytkbs 
(CCl4)* 

• zfh, ufv[cytkc eidt,ty cdtnblfy ,fv,bc 
ptlf nfvgjybc ljytvlt ~ufv[cytkb eylf 
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odtsfdltc cdtnblfy cbxmfhbs 15-20 odtsb 
oesib`&  

3. hjltcfw js[mkjhbfyb yf[ibh,flbc ljyt 
lfbotdc ptlf nfvgjybc  ljytvlt^ cdtnib 
vfibydt fc[fvty obyfcofh vjvpflt,ek 
fpj,typjkbcf lf j-ybnhjfybkbybc 
[cyfhc& vfkt cdtnib ofhvjbmvyt,f jhb it-
athbkb pjyf% ptdbs - vjrkt^ vemb .dbstkb 
~j-ybnhjfybkbyb`^ mdtdbs qbf .dbstkb 
~fpj,typjkb`& 

4. hjltcfw [cyfhbc ljyt lfbotdc mdtlf 
nfvgjyfvlt^ cdtnib ekeat,fl eylf 
lftvfnjc js[mkjhbfyb yf[ibh,flb - 5 vk 
hfjltyj,bs& 

5. hjltcfw fpj,typjkbc qbf .dbstkb athbc 
[cyfhb js[mkjhbfy  yf[ibh,flsfy thsfl 
uflfdf vbvqt,ib lf cdtnblfy lfbo.t,c 
ufvjcdkfc eathj cbs[t ~fvfc lfczbhlt,f 
lff[kjt,bs 25-30 vk js[mkjhbfyb 
yf[ibh,flb`^ eylf itbwdfkjc vbvqt,b lf 
[cyfhbc ljytv lfbobjc ptlf nfvgjyfvlt& 

6. cdtnib lftvfnjc lbtsbktsthb ekeat,bs- 
5 vk& itathbkb vtjht  tketynb ituhjd-
ltc wfkrt vbvqt,ib ~cdtnblfy ybnhjfyb-
kbybc xfcfhtw[fl lfczbhlt,f lff[kjt,bs 
40 vk tsthb`& 

7. jhbdt tketynbc ufv[cytkt,b eylf fjhs-
mkltc dfreevib 2-3 vk-vlt  vwbht pjvbc 
dbehwbc fy gtnhbc ]fvib ~ufvojdbc mdti`& 

8. ufvjbsdfkjc ufvj.jabkb ybdsbtht,t,bc 
ojyf ~fpj,typjkbc ufvjcfdfkb itflutyc 
lff[kjt,bs 60)^ ybnhjfybkbybc -
90)-c`&  

9. ufycfpqdhfdty j-ybnhjfybkbybcf lf 
fpj,typjkbc kqj,bc ntvgthfneht,c lf 
itflfht,ty wyj,fhbc vjyfwtvt,c& 
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 fvjwfyf 2& j-^ v- lf g-ybnhjfybkbybc lf.jaf 
~cdtnbc itdct,bc vihfkb [th[b`& 

1. fbojyjc 50 u rfkwbevbc jmcblb lf itnf-
ybk bmyfc cdtnib vihfkb cf[bs vwbht 
ekeat,bs& cdtnbc itdct,fc fofhvjt,ty 
bct^ hjv cdtnbc 1$3 lfhxtc itedct,tkb& 

2. ufb;qbysjc flcjh,tynb gtnhjktbybc 
tsthbs& 

3. fbojyjc 0^45 u j-^ v- lf g-ybnhjfyb-
kbybc yfhtdb ~1%1%1` lf ufb[cyfc 
gtnhjktbybc tsthib ~50-60 vk`& 

4. xfbc[fc vbqt,ekb [cyfhb cdtnib vbybc 
‘f,hbc cfiefkt,bs& 

5. ufvjv;qfdyltc mhjvfnjuhfvf& 200 vk 
gtnhjktbybc tsthbc lfvfnt,bs ofh-
vjbmvyt,f 3 pjkb% ptlf qbf-.dbstkb ~g-
ybnhjfybkbyb`^ cfiefkj .dbstkb ~v-
ybnhjfybkbyb`^ mdtlf .dbstkb-.fdbcathb 
~j- ybnhjfybkbyb`& 

6. pjkt,bc tkebht,fc fofhvjt,ty 4 vk 
vtsbkbc cgbhnbc lf 200 vk ,typjkbc 
yfhtdbc lfvfnt,bs& tketynbc ahfmwbt,c 
itfuhjdt,ty wfk-wfkrt vbvqt,ib 
pjkt,bc xfvjhtw[dbs& 

7. sbsjtekb ahfmwbblfy uflfltybfy ufv-
[cytkc dbehwbc rjk,bs& 

8. ufycfpqdhfdty v.fhb ghjlemnbc ufvj-
cfdfkc sbsjtek itvs[dtdfib& 

9. ufycfpqdhfdty ufvj.jabkb ybdsbtht,t,bc 
kqj,bc ntvgthfneht,c lf itflfht,ty 
wyj,fhbc vjyfwtvt,c& 

 
fvjwfyf 3& bpjjmnfybc ufovtylf vbyfhtdt,b-

cfufy& eknhfbbcath cgtmnhjajnjvtnhpt bqt,ty 
ntmybrehb bpjjmnfybc isfysmvbc vhelc 200-300 yv 
nfkqbc e,fyib& itvltu fnfht,ty ntmybreh bpjjmnfyc 
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cdtnib^ hjvtkbw itdct,ekbf ufhrdtekb vfhrbc 
cbkbrfutkbs ~cbuh’t 50 cv* lbfvtnhb-10 vv`&  

ufvj.jaty cfv ahfmwbfc% 1 -2 oesbc^ 2 -14 
oesbc lf 3 -30 oesbc itvltu& ahfmwbt,bc isfysmvbc 
vhelc bqt,ty nfkqbc bvfdt e,fyib lf flfht,ty 
thsvfytsc& ceasf bpjjmnfyc fh f[fcbfst,c isfysmvf 
200-300 yv e,fyib& 

 cfcehdtkbf fv vtsjlbc ufvj.tyt,f smdtyc vbth 
vbqt,ekb yfthst,bc lfcf.jafl fy ufcfceasfdt,kfl& 

 

2&3&  FBH-S{TDFLEHB MHJVFNJUHFABF     
 
 fbh-s[tdflehb mhjvfnjuhfabf lfybiyekt,bc 

vb[tldbs itb’kt,f b.jc - fyfkbpehb lf ghtgfhfne-
kb& fyfkbpeh fbh-s[tdfleh mhjvfnjuhfabfib 
cby]bc uf.jaf [lt,f v.fh vfnfht,tkpt lfatybk 
s[tdfl afpfpt ~cjh,tynb`^ hjvkbc vbvfhsfw 
cffyfkbpj cby]b uflfflubklt,f bythnekb 
vfnfht,tkb fbhbc ~He, N2, H2 lf c[d&` cfiefkt,bs& 

fbhs[tdfleh mhjvfnjuhfat,ib vbvlbyfhtj,c 
itvltub abpbrehb vjdktyt,b% 

 n-rjvgjytynbfyb cby]bc fjhsmkt,f 
 n-rjvgjytynt,bc flcjh,wbf s[tdfl afpfpt& 
n-rjvgjytynt,bc sfyvbvltdhekb ltcjh,wbf 

vfsb itvlujvb   htubcnhfwbbs& 
n-rjvgjytynbfyb cbcntvbc ~n=7` fyfkbpbc 

itltufl vbqt,ekb mhjvfnjuhfvf vjwtvekbf yf[& 22-
pt&  

mhjvfnjuhfac fmdc itvltub ‘bhbsflb rdfy’t,b% 
fvfjhsmkt,tkb - cby]bc fcfjhsmkt,kfl^ cdtnb - 
cby]bc rjvgjytynt,fl lf.jabcfsdbc lf ltntmnjhb - 
lf.jabkb rjvgjytynt,bc htubcnhfwbbcfsdbc^ hjvkbc 
veifj,bc ghbywbgb t.hlyj,f s,juflfwtvbc fy 
bjybpfwbbc [fhbc[bc wdkbkt,t,c&  
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 τ ufvjcdkbc lhj^ yv
 

yf[& 22& idblrjvgjytynbfyb cbcntvbc mhjvfmjuhfvf 
 

1

2 3
4

5

6

7
8

9

10

11

1213

 
yf[& 23& fbh-s[tdflehb mhjvfnjuhfabbc ghbywbgekb   
cmtvf% 1-,fkjyb fbhvfnfht,kbc fbhbs* 2-htlemnjhb 
oytdbc cfhtuekbht,kfl* 3-ufceasfdt,bc cbcntvf* 
4-fvfjhsmkt,tkb*  5-cby]bc itcfidt,b rdfy’b* 6-cdtnb* 7-
ltntmnjhb*   8-fbhvfnfht,kbc fnvjcathjcsfy rfdibhb* 
9^10- ufvf’kbtht,tkb* 11-gjntywbjvtnhb* 12-
sthvjcnfnbc ntvgthfnehbc htuekbht,bc ,kjrb* 13-
sthvjcnfnb 

mhjvfnjuhfabekb ghjwtcbc vcdktkj,f itb’-
kt,f itvltuyfbhfl ofhvjdblubyjs ~yf[& 23`% fbhvf-
nfht,tkb fbhb ,fkjyblfy 1 htlemnjhbc 2 lf ufvo-
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vtylb cbcntvbc 3 ufdkbs uflflbc fvfjhsmkt,tkib 4^ 
hjvtkcfw cby]bc itcfidt,b rdfy’blfy 5 vbrhjighbwbc 
cfiefkt,bs itb.dfyt,f cfrdktdb cby]b&  

fvfjhsmkt,tkib cby]b uflflbc fbhfl 
vlujvfhtj,fib lf vfnfht,tk fbhsfy thsfl itlbc 
cdtnib 6& cdtnib cby]b cjh,bhlt,f s[tdfl e’hfd 
afpfpt lf wfkrtekb rjvgjytynbc cf[bs uflflbc 
ltntmnjhib 7^ hjvtkbw f[ltyc vfs htubcnhfwbfc lf 
9^10 tktmnhjvtnhekb ufvf’kbtht,kt,bc ufdkbs 
fupfdybc gjntywbjvtnhpt itcf,fvbcb cbuyfkt,bc 
cthbfc& 

 
 

2&3&1&  “BHBSFLB RDFY”T<BC LF{FCBFST<F 

 
 fvfjhsmkt,tkb& fvfjhsmkt,tkib cby]b jhs-

mklt,f fbhvfnfht,kbc vbth^ vbcb cdtnib uflfflub-
kt,bcfsdbc& fvfjhsmkt,kb rjycnhemwbekfl ufthsb-

fyt,ekbf cby]bc itcfidt, rdfy’sfy& cby]bc hfjlt-
yj,t,b ‘fkbfy vwbhtf ~1-10 vrk` lf vfsb ljpbht,bc 
cbpecnt vybidytkjdfy afmnjhc ofhvjflutyc^ fvbnjv 
fhct,j,c cgtwbfkehb rjycnhemwbbc vbrhjighbwt,b&  

lblb vybidytkj,f fmdc fbhvfnfht,kbc cbcntvbc 
/thvtnekj,fc^ hbcsdbcfw cby]bc itcfidt,b rdfy’b 
fqzehdbkbf cgtwbfkehb vjo.j,bkj,bs& 

 
cdtnb& cdtnib vbvlbyfhtj,c cfrdktdb cby]bc 

lf.jaf wfkrtek rjvgjytynt,fl& cdtnt,b fhct,j,ty -
o.j,ehf ~hjvkt,bw lfntybkbf v.fh vfnfht,tkpt 
lfatybkb s[tdflb afpbs`^ flcjh,tynbfyb lf 
rfgbkfhekb ~hjvkt,ibw s[tdflb afpf lfatybkbf 
eiefkjl cdtnbc rtlkt,pt`& cdtnt,c fvpflt,ty 
kbsjybcfufy ~e;fyufdb ajkflb^ cgbkty’b, fkevbyb` 
vbybcfufy lf gkfcnvfcbcfufy ~ntakjyb`& cdtnbc 
utjvtnhbek gfhfvtnht,c ~cbuh’t lf ibuf lbfvtnhb` 
lblb vybidytkj,f fmdc& cbuh’bc       uflblt,bs 
bphlt,f cdtnbc tatmnehj,f^ vfuhfv fvfdt lhjc 
bphlt,f oytdfsf c[dfj,fw& fvbnjv cfzbhjf cdtnbc 
jgnbvfkehb gfhfvtnht,bc ithxtdf& eahj [ibhfl 



51 

b[vfht,f 1-3 vtnhbc cbuh’bcf lf 3-6 vv ibuf lbfvtn-
hbc vmjyt cdtnt,b& rfgbkfhek cdtnt,ib vfnfht,tk 
fbhc fh [dlt,f obyffqvltuj,f v.fhb vfnfht,kbc lf 
s[tdflb afpbc cf[bs& fvbnjv vfsb cbuh’bc phlf ~100 - 
120 vtnhb` fh bodtdc oytdfsf c[dfj,bc wdkbkt,fc& 
rjvgfmnehj,bc vbpybs cdtnt,c f’ktdty cgbhfkbc 
ajhvfc& 

 
 ltntmnjht,b& ltntmnjhpt vbvlbyfhtj,c 

cdtnib ltcjh,bht,ekb wfkrtekb rjvgjytynt,bc 
htubcnhfwbf& ltntmnjhbc vsfdfhb lfybiyekt,ff 
rjywtynhfwbbc fy c[df gfhfvtnhbc lfvjrblt,ekt,bc 
wdkbkt,bc htubcnhfwbf lhjbc vbvfhs& fvhbufl^ 
ltntmnjhb ofhvjflutyc .dtkf mhjvfnjuhfabbc 
ths-ths cfrdfy’j yfobkc^ hflufyfw ‘bhbsflfl 
ufycfpqdhfdc wlbc vstk itltuc& fvfcsfy lfrfdibht,bs 
lblb vybidytkj,f tybzt,f ltntmnjhbc cojh 
ithxtdfc& 

 fhct,j,c lbathtywbfkehb lf byntuhfkehb 
ltntmnjht,b& lbathtywbfkeh ltntmnjht,ib 
vbvlbyfhtj,c ths-thsb gfhfvtnhbc ~rjywtynhfwbf^ 
yfrflb` v.bcbthb htubcnhfwbf^ [jkj byntuhfkehb 
ltntmnjht,b f[ltyty ybdsbtht,bc hfjltyj,bc 
htubcnhfwbfc lhjbc ufycfpqdhek vjyfrdtsib& 

.dtkfpt vtnfl ufvjb.tyt,f lbathtywbfkehb 
rjywtynhfwbekb ltntmnjhb - rfnfhjvtnhb lf lb-
athtywbfkehb yfrflehb fkbs bjybpbht,ekb 
ltntmnjhb& 

rfnfhjvtnhbc veifj,bc ghbywbgb lfv.fht-
,ekbf bv vjdktyfpt^ hjv vuh’yj,bfht tktvtynbc 
tktmnhjufvnfhj,f bwdkt,f ufhtvjvwdtkb fbhflb 
rjvgjytynbc s,jufvnfhj,bc ghjgjhwbekfl& fkbs 
lfbjyt,ekb ltntmnjhbc veifj,bc ghbywbgb rb 
lfv.fht,ekbf bv vjdktyfpt^ hjv o.fk,flbc fkib 
vj[dtlhbcfc wfkrtekb rjvgjytynb ufybwlbc bjyb-
pfwbfc^ hjvkbc [fhbc[bc itcf,fvbcfl ofhvjbmvyt,f 
bjyehb ltyb&  

fv ltntmnjht,bc vbth ofhvjmvybkb .jdtkb 
rjvgjytynbc itcf,fvbcb tktmnhekb cbuyfkb bvltyfl 
vwbhtf^ hjv fewbkt,tkbf vfsb uf’kbtht,f tktmnhj-
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vtnhekb ufvf’kbtht,kbc cfiefkt,bs& cbuyfkbc cb-
lblbc wdkbkt,f lfvjrblt,ekbf rjvgjytynt,bc bylb-
dblefkehj,fcf lf rjywtynhfwbfpt^ hfw gjntywbj-
vtnhbc ktynfpt b’ktdf sfyvbvltdhekfl ufykfut-
,ek gbrt,c&  

jhrjvgjytynbfyb cfrdktdb [cyfhbc nbgbehb 
mhjvfnjuhfvf vj.dfybkbf yf[& 24-pt& 

 
 

h/
2

a

h

h/
2

τ

l

 
 yf[& 24& mhjvfnjuhfabekb gbrt,bc gfhfvtnht,b 
~A- y-ltrfyb* B- bpjjmnfyb`* h-gbrbc cbvfqkt* a-cbufyt 
cbvfqkbc yf[tdfhpt* h/2- gbrbc cbvfqkbc yf[tdfhb 
 

 
 
 



53 

2&4&   SDBCT<BSB LF HFJLTYJ<BSB 
FYFKBPB 

 
mhjvfnjuhfabc veifj,bc ufhrdtek ht;bvib 

.dtkf bylbdblefkeh yfthsc fmdc vf[fcbfst,tkb 

gfhfvtnht,b% ufvjcdkbc lhj ~τ`^ gbrbc cbvfqkt ~h` vv* 
gbrbc afhsj,b ~S` vv2^ hjvkt,bw mhjvfnjuhfabekb 
fyfkbpbcfc ufycfpqdhfdty yfthsbc bylbdblefkj,fc& 

 sdbct,bsb fyfkbpb& sdbct,bs fyfkbpc fnfht-
,ty ybdsbtht,f - yfzltdbc ~cnfylfhnbc` vtsjlbs& 
fvbcfsdbc bqt,ty cfrdktdb cby]bcf lf ybdsbtht,f-yfz-
ltdbc mhjvfnjuhfvt,c thsyfbh gbhj,t,ib& mhjvf-
njuhfvbc gfhfvtnht,bc lfvs[dtdf vbudbsbst,c bvfpt^ 
hjv cfrdktdb cby]b ybdsbtht,f - yfzltdbc bltynehbf& 

ybdsbtht,f-yfzltdbc emjykj,bc itvs[dtdfib 
vfc^ qt,ekj,ty #itv[dtlhb cbystpbs@ fy cfhut,kj,ty 
kbnthfnehekb vjyfwtvt,bs&  

mhjvfnjuhfabekb gbrbc gfhfvtnht,b (h,a,S) 
vybidytkjdyflff lfvjrblt,ekb bcts wdkfl 
cblbltt,pt^ hjujht,bwff cby]bc ljpf^ vfnfht,tkb 
fbhbc cbxmfht^ flcjh,tynbcf lf v.fhb vfnfht,kbc 
,eyt,f^ rjywtynhfwbf^ fvbnjv kbnthfnehekb 
vjyfwtvt,bs bltynbabrfwbbcfc ufycfresht,ekb 
vybidytkj,f fmdc vjwtvekb ht;bvbc lblb cbpecnbs 
vfhsdfcf lf ityfhxeyt,fc& 

 
hfjltyj,bsb fyfkbpb& cffyfkbpj yfhtdbc 

hfjltyj,bsb lf[fcbfst,bcfsdbc c[dflfc[df vtsjlb 
fhct,j,c& yjhvbht,bc^ ibyfufyb cnfylfhnbc^ 
f,cjkenehb rfkb,hfwbbc^ cnfylfhnekb yfvfnbc lf 
c[d& .dtkfpt [ibhfl^ cbvfhnbdbcf lf cbpecnbc ufvj 
b[vfht,f ibyfufyb cnfylfhnbc vtsjlb^ hjvtkbw 
t.hlyj,f gbrbc afhsj,bcf* lf rjvgjytynbc hfjlt-
yj,bc ghjgjhwbekj,fc& fyfkbpbc xfcfnfht,kfl 
fvpflt,ty cfrdktdb yfhtdbcf lf cnfylfhnbc c[df-

                                                 
* gbrbc afhsj,b S=h⋅a^ cflfw h fhbc gbrbc cbvfqkt^  

a rb - yf[tdfhcbvfqkt 
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R2

R
1

2 4 6

2

4

lfc[df rjywtynhfwbbc vmjyt yfhtdt,c^ bqt,ty mhjvf-
njuhfvt,c^ fut,ty cfrfkb,hfwbj vhelc itvltu 
rjjhlbyfnt,ib ~yf[& 25`& 
 

 

1 2;i iS mR R
S m

= =
cn cn

 

 
cflfw Si fhbc -cfrdktdb gbrbc afhsj,b* Scn -cnfylfhnbc 
gbrbc afhsj,b* mi -cfrdktdb yfthsbc hfjltyj,f* mcn -
cnfylfhnbc hfjltyj,f ~afhsj,b –vv2^ hfjltyj,f –vrk`& 

 
yf[& 25& hfjltyj,bsb fyfkbpb ibyfufyb cnfylfhnbc 
vtsjlbs ~bpjjmnfybcf lf y-ltrfybc tmcgthbvtynekb 
cfrfkb,hfwbj vhelb`& 
 
 

cfrfkb,hfwbj vhelbc cfiefkt,bs v.fhlt,f 
rfdibhb cby]bcf lf cnfylfhnbc hfjltyj,t,cf lf afh-
sj,t,c ijhbc*& hjltcfw cfzbhjf ewyj,b hfjlt-
yj,hbdb itlutybkj,bc yfhtdbc fyfkbpb^ cfrdktd cby]c 
evfnt,ty ibyfufyb cnfylfhnbc wyj,bk hfjltyj,fc^ 

                                                 
* ibyfufyb cnfylfhnbc obyfit lfcvekbf itvltub 

vjs[jdyt,b% cnfylfhnb mhjvfnjuhfvfpt eylf ufvjlbjltc 
cfrdktdb cby]bc f[kjc chekbfl ufywfkrtdt,ekb lf eylf b.jc 
mbvbehfl bythnekb cby]bc vbvfhs& 
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bqt,ty mhjvfnjuhfvfc^ bsdkbfy afhlj,fc i
i

SR
S

=
cn

 lf 

cfrfkb,hfwbj vhelbc cfiefkt,bs but,ty Ri itcf,fvbc 
R2-bc vybidytkj,fc& R2- bc afhlj,fib ewyj,bf 

v[jkjl mi^ hjvtkbw njkbf mi=mcn⋅R2& 

vfufkbsfl yf[fppt ufvjcf[ekb A lf B gbrt,bc 
R1-bc itcf,fvbcb R2=1&5^ [jkj cnfylfhnbc 
hfjltyj,f wyj,bkbf lf elhbc mcn=0^5 vrk& 

vfifcflfvt^ afhlj,blfy 2
imR

m
=

cn

^  mi=mcn⋅R2=0&75 t&b 

cfrdktdb rjvgjytynbc hfjltyj,ff 0&75 vrk& 
fvjwfyf& lffvpflts AlCl3-bs bpjvthbpt,ekb 

bpjjmnfybcf lf ibyfufyb cnfylfhnbc y-ltrfybc 
yfhtdt,b itvltub afhlj,t,bs% 

 
 

bpjjmnfyb y-ltrfyb 
1 1 
3 1 
4 1 

 
               
 ffuts cfrfkb,hfwbj vhelb lf xffnfhts 

vjwtvekb ewyj,b hfjltyj,hbdb yfhtdbc fyfkbpb 
ibyfufyb cnfylfhnbc vtsjlbs& 

cfcehdtkbf se fv vtsjlc ufvjb.tyt,s smdtyc 
vbth cbystpbht,ekb hjvtkbvt yfthsbc hfjltyj,hbdb 
lf[fcbfst,bcfsdbc& 
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3& JHUFYEKB YFTHST<BC 

TKTVTYNEHB FYFKBPB    

cbystpbht,ekb yfthsbc itlutybkj,bc lf 
fqyfuj,bc lfcflutyfl abpbreh vtsjlt,sfy thsfl 
afhsjl ufvjb.tyt,f jhufyekb mbvbbcfsdbc lfvf-
[fcbfst,tkb cgtwbabrehb vtsjlt,b&  

 

3&1& JHUFYEKB YFTHST<BC 
LFVJRBLT<EKT<F UF[EHT<BC 

VBVFHS       
 
 yfthsbc jhufyekb ,eyt,f lfcnehlt,f vbcb 

fldbkb odbs& lfybc fy orbhbc odthpt fsfdct,ty 
cfrdktd ybdsbtht,fc lf itfmds cgbhnmehbc fkib& 
hjujhw otcb^ jhufyekb ybdsbtht,t,b ufw[tkt,bcfc 
fmhjklt,f fy yf[ibhlt,f^ [jkj itvlujvb 
ufdfhdfht,bcfc bodbc vskbfyfl^ fhfjhufyekb 
yfthst,bc odbc itltufl rb hxt,f yfwfhb& 

 cby]bc odbc lhjc cecnfl ufyfst,ekb 
vjwbcahj fkb vbudbsbst,c ;fyu,flitvwdtk 
ybdsbtht,fpt ~cgbhnt,b^ tstht,b^ fuhtsdt yf]thb 
yf[ibho.fk,flt,b lf c[d&`^ [jkj .dbstkb^ [ibhfl 
zdfhnkbfyb fkb f[fcbfst,s yf[ibh,flbs vlblfh 
e]th yf[ibho.fk,flt,c ~fkrbyt,b^ fhjvfnekb 
yf[ibho.fk,flt,b lf c[d`&  

 bv itvs[dtdfib^ hjltcfw jhufyekb ybdsb-
tht,t,bc itvflutykj,fib itlbc kbsjyb ~rfh,jy-^ 
cekaj-^ cekabyv;fdt,bc vfhbkt,b^ fkrj/jkfnt,b^ 
atyjkfnt,b^ vthrfgnblt,b^ rjvgktmcehb vfhbkt,b 
lf c[d`^ odbc itltufl hxt,f yfwfhb -fhfjhufyekb 
yfthst,bc yfhtdb^ hjvkt,cfw ffyfkbpt,ty vfssdbc 
lfvf[fcbfst,tkb rkfcbrehb htfmwbt,bs& se yfhxtyb 
ofhvjflutyc vtnfkbc jmcblc fy rfh,jyfnc^ tc bvfc 
ybiyfdc^ hjv cffyfkbpj ybdsbtht,f fhbc v;fdfc vfhbkb 
~rfh,jyv;fdf^ atyjkb lf c[d`^ cekablbc vbqt,f rb 
vbudbsbt,c^ hjv fqt,ekb ybdsbtht,f b.j rtnjybc fy 
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fklt/blbc ,bcekabnehb yfofhvb^ cekaby - fy cek-
ajv;fdt,bc vfhbkb^ fy vthrfgnblb& 

 
 

3&2& JHUFYEKB YFTHST<BC SDBCT<BSB 
FYFKBPB    

 

3&2&1& YF{IBH<FLBC LF O>FK<FLBC FQVJXTYF   

 
vtsjlb t.hlyj,f jhufyekb ybdsbtht,bcf lf 

lfv;fyufdbc ~CuO` itkqj,bc lhjc jhufyekb ybdsb-
tht,bc yf[ibh,flbc chek lf;fyudfc yf[ibh,flbc ~+|` 
jmcblfvlt ~CO2`^ o.fk,flbcf rb -o.kfvlt& 

 wlbc xfnfht,bcfsdbc cfhut,kj,ty vihfkb 
cby]fhbs^ hjvtkcfw vjhut,ekb fmdc fbhufv.dfyb 
vbkb& 

wlbc vcdktkj,f&  cby]fhfib ~1` ~yf[& 26` 
fsfdct,ty cgbkty’bc jmcblbc ifdb athbc a[dybkc ~5 vv 
cbvfqkbs`& fvfnt,ty wjnfjlty cfrdktd ybdsbtht,fc 
lf tythubekfl ehtdty cby]fhbc ity]qhtdbs& 

 

1

4

2

3
5

 
 
 
 
cby]fhbc ptlf yfobkib fsfdct,ty vwbhtjlty 

,fv,fc^ hjvtkptlfw lf.hbkbf eo.kj if,bfvybc 
~cgbkty’bc cekafnb` stshb a[dybkb& cby]fhfc 

yf[& 26& yf[ibh,flbc lf 
o.fk,flbc fqvjxtyb-
cfsdbc cfzbhj [tkcfo.j% 
1- cby]fhf cfrdktdb 
ybdsbtht,bs* 2-cby]fhf 
Ca(OH)2-bc fy Ba(OH)2-
bc [cyfhbs* 3-fbhufv.dfyb 
vbkb* 4-cfrdktdb 
ybdsbtht,bcf lf 
lfv;fyufdbc yfhtdb* 
5-eo.kj if,bfvybfyb 
,fv,f& 
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f[ehfdty fbhufv.dfyvbkbfy cfwj,c^ fvfcsfy fbhufv.dfyb 
vbkbc vtjht ,jkjc xfeidt,ty  cby]fhfib ~2`^ 
hjvtkibw xfc[vekbf 5-6 odtsb ,fhbevbc fy 
rfkwbevbc /blhjmcblbc [cyfhb& gbhdtk cby]fhfc 
fw[tkt,ty cgbhnmehbc fkpt& hjvjltybvt ofvbc 
itvltu fbhufv.dfyb vbkblfy lfbo.t,c ufvjcdkfc fbhbc 
,einekt,b^ Ca(OH)2-bc fy Ba(OH)2-bc [cyfhb 
fbvqdhtdf lf ,jkjc ufvjb.jaf  CaCO3- bc fy BaCO3- 
bc stshb athbc yfktmb% 

CO2 + Ba(OH)2 → BaCO3 ↓ + H2O 
fijht,ty cby]fhfc ~2`& cby]fhbc ~1` ufw[tkt,fc 

fuh’tkt,ty^ cfyfv o.kbc jhsmkb fh vbfqotdc ,fv,bc 
atyfc lf fh ufvjbodtdc vfcpt vjsfdct,ekb stshb 
a[dybkbc ~eo.kj if,bfvybc` athbc itwdkfc 
rhbcnfk/blhfnbc ofhvjmvybc ufvj% 

CuSO4 + 5H2O → CuSO4·5H2O 
 

3&2&2&  FPJNBC^ UJUBHLBC LF /FKJUTYT<BC 
FQVJXTYF    

 jhufyek yfthst,ib fpjnbc^ ujubhlbc lf 
/fkjutyt,bc ufycfpqdhbcfsdbc tc tktvtynt,b 
uflf/.fds bjybpbht,ek ajhvfib^ hjvtksfsdbcfw 
wyj,bkbf fyfkbpbc vhfdfkb rkfcbrehb vtsjlb& fv 
uflf.dfyfc fofhvjt,ty jhufyekb yfthst,bc itkqj,bs 
kbsjyeh yfnhbevsfy ~kfctybc cby]b`^ hbc itltufl 
ofhvjbmvyt,f NaCN, Na2S lf  NaHal& jhufyekb 
yfthsb^ hjvtkbw itbwfdc   

C,H,O,N,S,Hal +   Na 
t⎯⎯→ NaCN + Na2S + NaHal + NaOH  

fqcfybiyfdbf^ hjv itkqj,bcfsdbc eylf b.jc 
fqt,ekb yfnhbevbc zfh,b hfjltyj,f& fvfcsfy 
.ehflqt,f eylf vbtmwtc yfnhbevbc itkqj,bc ghjwtcc 
jhufyek ybdsbtht,fcsfy thsfl& se yfnhbevb 
ufkqdt,f cfrdktdb ybdsbtht,bcfufy ufywfkrtdt,bs^ 
vfiby bv itvs[dtdfibw rb^ hjltcfw ybdsbtht,fib fhbc 
fpjnb^ NaCN fh ofhvjbmvyt,f lf wlf eitltuj bmyt,f& 
fmdt eylf fqbybiyjc^ hjv yfnhbevbc yfrkt,j,bc lhjc 
fpjnb lf ujubhlb ofhvjmvybfy yfnhbevbc hjlfyblc 
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NaCNS^ hjvtkbw fpjnbc ufycfpqdhbc itvs[dtdfib 
ufhlfbmvyt,f Fe(CNS)3^ hfw b’ktdf cfrdktdb [cyfhbc 
obstk itathdfc& 

 yfnhbevbc zfh,b hfjltyj,bc lhjc yfnhbevbc 
hjlfyblb NaCNS bikt,f itvltub htfmwbbc vb[tldbs% 

NaCNS + 2 Na → NaCN + Na2S 
wlbc vcdktkj,f& cfrdktdb ybdsbtht,bc itk-

qj,f yfnhbevsfy lf cfveifj [cyfhbc vbqt,f&  vihfk 
cby]fhfib fsfdct,ty 5-10 vu cfrdktd fpjnitvwdtk 
ybdsbtht,fc lf itfmds kbsjyehb yfnhbevbc gfnfhf 
yfzthb ~lfybc cfiefkt,bs yfnhbevc fijht,ty jmcblbc 
facrc`& yfhtdc fw[tkt,ty cgbhnmehbc fkpt cfrdktdb 
ybdsbtht,bc kbsjyeh yfnhbevsfy itkqj,fvlt& 
itkqj,bc vbvlbyfhtj,bc lhjc vjcfkjlytkbf vwbht 
fatsmt,t,b& 

 cby]fhfc ufwbdt,bc itvltu evfnt,ty hfvltybvt 
odts tsbkbc cgbhnc htfmwbfib itecdktkb yfnhbevbc 
vskbfyfl vjijht,bc vbpybs^ itvltu evfnt,ty 3-4 vk 
ufvj[lbk o.fkc lf cby]fhfc fw[tkt,ty NaCN-bc 
vskbfyfl uf[cyfvlt& fpjnbc^ ujubhlbc lf 
/fkjutyt,bc fqvjxtybcfsdbc vbqt,ekb cfveifj 
[cyfhbc lfveifdt,f [lt,f c[dflfc[df upbs& 

 
fpjnbc fqvjxtyf& 
ofhvjmvybkb [cyfhbcfsdbc lfvf[fcbfst,tk 

nent fhtc∗ fvjovt,ty atyjkanfktbybs& [cyfhb 
uflffmds vwbht cby]fhfib^ cflfw vjsfdct,ekbf 
FeSO4-bc rhbcnfkt,b lf fvfnt,ty H2SO4-bc 
ufypfdt,ek [cyfhc v;fdt fhtvlt*& 

                                                 
∗ [cyfhbc nent fht fb[cyt,f vfcib NaOH-bc ofhvjmvybs 

itvltub htfmwbt,bs% 

C2H5OH + Na  → C2H5ONa + ½H2 

C2H5ONa + H2O → C2H5OH + NaOH 
* [cyfhib fhct,ekb nent ,jzfdc jhdfktynbfyb lf 

cfvdfktynbfyb hrbybc bjyt,c lf ofhvjbmvyfc Fe(OH)2 lf Fe(OH)3 
vfssdbc lfvf[fcbfst,tkb zez.bfyb vj.dbsfkj- vodfyt athbc 
yfktmbs^ hfw [tkc eikbc fyfkbpbc itvlujv vbvlbyfhtj,fc%  

Fe(OH)2 + H2SO4 → FeSO4 + 2 H2O 
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vbvlbyfhtj,c /tmcfwbfyathfnbc ofhvjmvyf% 
FeSO4 + 6 NaCN → Na4[Fe(CN6)] + Na2SO4 
fv lhjc vbpfyitojybkbf hfvltybvt odtsb 5)-

bfyb NaF-bc fy KF-bc [cyfhbc lfvfnt,f^ hbc itltuflfw 
ofhvjbmvyt,f Na- bc fy K-bc athbanjhblb Na3[FeF6]^ 
hjvtkbw lflt,bs ufdktyfc f[ltyc cf,jkjj 
ghjlemnbc ~,thkbybc kf;dfhlbc` ofhvjmvyfpt& 

[cyfhbc leqbkbc itvltu Fe+2 bjyt,bc yfobkb 
/fthbc ;fyu,flbs b;fyut,bfy Fe+3 bjyt,fvlt& [ibhfl 
keh]b athb fh ofhvjbmvyt,f lf;fyudbs ofhvjmvybkb 
Fe+3 bjyt,bc vwbht hfjltyj,bc ufvj& 

fpjnbc fqvjxtybc vbpybs vbqt,ekb [cyfhbc 
lfveifdt,f itcf’kt,tkbf jhb upbs% 

1. [cyfhc evfnt,ty Fe2(SO4)3 vfhbkbc 
rhbcnfkt,c& ufw[tkt,bc gbhj,t,ib 
ofhvjbmvyt,f ,thkbybc kf;dfhlb% 

3 Na4[Fe(CN)6] + 2 Fe2(SO4)3 → Fe4[Fe(CN)6]3 + 
+ 6 Na2SO4 

2. cfrdktd [cyfhc fodtst,ty abknhbc 
mfqfklpt* ofhvjbmvyt,f eathj kfmf^ 
hjvtkptlfw evfnt,ty Fe2(SO4)3 
vfhbkbc rjywtynhbht,ekb [cyfhbc 
hfvltybvt odtsc& lf.jdyt,bc itvltu 
qt,ekj,ty ,thkbybc kf;dfhlbcfsdbc 
lfvf[fcbfst,tk keh] itathdfc& 

3. ~,tbrthbc vtsjlb`& gfnfhf cby]fhfib 
fsfdct,ty 1 vk g-ybnhj,typfklt/blbc^ 
1 vk j-lbybnhj,typjkbc lf 2 odts 
yfnhbevbc /blhjmcblbc [cyfht,c*& 

                                                                                                
2 Fe(OH)3 + 3 H2SO4 → Fe2(SO4)3 + 6 H2O 

itv;fdt,bcfsdbc vfhbkv;fdfc lfvfnt,f fh fhbc vbpfy-
itojybkb^ hjvtkbw ofhvjmvybc FeCl3-c vbcsdbc lfvf[fcbfst,tkb 
.dbstkb athbs^ hfw bodtdc keh]b itathbkj,bc vodfyt athib 
uflfcdkfc& 

* ufvjb.tyt,f 1^5)-bfyb g-ybnhj,typfklt/blbc [cyfhb 2-
vtsjmcbtsfyjkib^ j-lbybnhj,typjkbc 1^7)- bfyb [cyfhb bvfdt 
ufv[cytkib lf yfnhbevbc /blhjmcblbc 2)-bfyb [cyfhb 
lbcnbkbht,ek o.fkib 
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4. vbqt,ek yfhtdc evfnt,ty cfveifj 
[cyfhbc 2 odtsc& wbfyblbjyt,bc 
sfyfj,bcfc ofhvjbmvyt,f vjkeh]j vemb 
obstkb athbc yfthsb& se ofhvjbmvyt,f 
.fdbcathb fy .dbstkb athb^ tc bvfc 
ybiyfdc^ hjv cfrdktdb [cyfhb fpjnc fh 
itbwfdc& 

tc vtsjlb ,tdhfl eahj vuh’yj,bfhtf gbhdtk 
vtsjlsfy itlfht,bs^ vfc [tkc fh eikbc ujubhlbcf 
lf mkjhbc fhct,j,f& 

keh]b athb lfvf[fcbfst,tkbf [cyfht,bcfsdbc^ 
hjvtksf pH 7-pt vtnbf& [cyfhbc itv;fdt,bcfc ~pH<7` 
keh]b athb uflflbc .dbstkib& 

 
 
 
ujubhlbc fqvjxtyf& 
wlbc vcdktkj,f& jhb thsvfytsbc njkb abk-

nhbc mfqfklbc res[tt,ib ~ptlf abknhbc mfqfklb 
fchekt,c abknhbc hjkc` gbgtnbc cfiefkt,bs 
fodtst,ty cfveifj [cyfhbc jh-jh odtsc& mdtlf abk-
nhbc mfqfklpt xylt,f jhb eathj kfmf& ths-ths 
kfmfpt fodtst,ty ‘vfhv;fdf n.dbbc odtsc* vfibydt 
ofhvjbmvyt,f .fdbcathb itathdf n.dbbc cekablbc PbS 
ofhvjmvybc ufvj% 

Na2S + (CH3COO)2Pb → PbS↓ + 2 CH3COONa 
vtjht kfmfpt fodtst,ty f[kfl lfvpflt,ekb 

yfnhbevbc ybnhjghecblbc Na2[Fe(CN)5(NO)] [cyfhbc 
odtsc lf^ ofhvjbmvyt,f obstk-bbcathb itathdf^ 
hjvtkbw sfylfsfy bwdkbc athc& tc athflb htfmwbf 
jhdfktynbfyb ujubhlbc bjypt ufygbhj,t,ekbf itv-
ltub itlutybkj,bc rjvgktmcehb vfhbkbc ofh-
vjmvybs% 

Na2S + Na2[Fe(CN)5(NO)] → Na4[Fe(CN)5(NO)S] 
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/fkjutyt,bc fqvjxtyf& 
 
mkjhbc fqvjxtyf& 
wlbc vcdktkj,f& cfveifj [cyfhbc 5 vk-c 

evfnt,ty dthw[kbc ybnhfnbc AgNO3-bc ufypfdt,ek 
[cyfhc& se cfrdktdb ybdsbtht,f fh itbwfdc fpjnc lf 
ujubhlc bjyeh ajhvfib^ vfiby ofhvjbmvyt,f stshb 
athbc dthw[kbc mkjhblbc yfktmb& 

,tkintbybc cby]b*& cgbkty’bc abhabnfc 
f[eht,ty cgbhnmehbc fkib vfyfvlt^ cfyfv fkbc vodfyt 
itathbkj,f fh ufmht,f* itvltu abhabnfc fwbdt,ty^ 
vbc ,hn.tk ,jkjpt fsfdct,ty cfrdktd ybdsbtht,fc lf 
rdkfd itfmds cgbhnmehbc fkib& fkbc vjwbcahj-
vodfyt itathbkj,f cfrdktd ybdsbtht,fib mkjhbc 
fhct,j,bc lfvflfcneht,tkbf& 

 
,hjvbc lf bjlbc fqvjxtyf 
 cby]fhfib fsfdct,ty cfveifj [cyfhbc 3 vk-c^ 

fv;fdt,ty 10)-bfyb ujubhlv;fdbs lf fleqt,ty 
hfvltybvt oesbc ufyvfdkj,fib& [cyfhbc ufwbdt,bc 
itvltu vfc evfnt,ty js[mkjhbfyb yf[ibh,flbc 1 vk-c 
lf yfnhbevbc /bgjmkjhbnbc ~NaOCl` [cyfhbc 1 odtsc& 
CCl4-bc atybc vemb obstkb itathdf udbxdtyt,c 
cfrdktd [cyfhib bjlbc fhct,j,fc% 

2 NaI + Cl2 (H2O) → 2 NaCl + I2(CCl4) 
fuh’tkt,ty yfnhbevbc /bgjmkjhbnbc ~NaOCl` 

cyfhbc lfvfnt,fc odts-odtsj,bs& .jdtkb lfvfnt,bc 
itvltu [cyfhc tythubekfl fy]qhtdty& vemb obstkb 
itathdf sfylfsfy mht,f lf ofhvjbmvyt,f vjobsfkj-
vj.fdbcahj itathdf^ hfw ,hjvbc fhct,j,bc 
lfvflfcneht,tkbf% 

I2(CCl4) + Cl2 (H2O) → 2 ICl 
2 NaBr + Cl2(H2O) → 2 NaCl + Br2(CCl4) 

cgtwbfkeh kbnthfnehfib vjwtvekbf 
tktvtynt,bc sdbct,bsb ufycfpqdhbc c[df vtsjlt,b& 
sdbct,bsb fyfkbpbc xfnfht,bc itvltu itcf’kt,tkbf 

                                                 
* tc htfmwbf ‘fkbfy vuh’yj,bfhtf .dtkf /fkjutybc 

vbvfhs lf vbc itltuc uflffvjovt,ty gbhdtkb vtsjlbs 
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cfrdktdb ybdsbtht,bc #sdbct,bsb@ ajhvekbc itlutyf% 
CxHyNz lf f&i& 

 ,henj ajhvekbc lflutybcfsdbc fnfht,ty 
hfjltyj,bs fyfkbpc& 

 

3&3& JHUFYEK YFTHSSF 
HFJLTYJ<BSB FYFKBPB    

 
 jhufyekb yfthsbc ,henj ajhvekbc lflutybc 

vbpybs fewbkt,tkbf ufbhrdtc vjktrekfib itvfdfkb 
tktvtynt,bc hfjltyj,bsb afhlj,f& jhufyek 
yfthssf hfjltyj,bsb tktvtynehb fyfkbpb t.hlyj,f 
fhfjhufyek yfthssf pecnb hfjltyj,bc lflutyfc^ 
yfthst,bcf^ hjvkt,bw ofhvjbmvyt,bfy jhufyekb 
yfthst,bc odbc itltufl& fct^ vfufkbsfl^ se wyj,bkbf 
cfrdktdb ybdsbtht,bc vfcf lf ;fyu,flbc fhtib odbc 
itltufl ofhvjmvybkb yf[ibh,flbcf lf o.kbc 
hfjltyj,f^ fldbkfl ufvjbsdkt,f yf[ibhjh;fyubcf 
lf o.fk,flbc hfjltyj,f^ hjvtkbw vjlbc ths 
uhfvvjktrekfpt& 

vfufkbsfl%   
ybdsbtht,bc ojyfrb –a 
CO2-bc yfvfnb- b 
H2O-bc yfvfnb –c 

2

2

% 100

% 100

CO

H O

bC K
a
cH K
a

= × ×

= × ×
 

cflfw^ 
2COK  lf 

2H OK  -rjtabwbtynt,bf^ 

hjvkt,bw itvltuyfbhfl vbbqt,bfy%       

2

2

2

2

2

12.01 0.2729
44.01

2.016 0.1119
18.016

C
CO

CO

H
H O

H O

MK
M

M
K

M

= = =

= = =
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M -vjktrekehb vfcf& 
/fkjutyt,bc fqvjcfxtyfl [ibhfl b.tyt,ty 

#,tkintbybc cby]c@& s[tdflb ybdsbtht,bs lfcdt-
kt,ekb cgbkty’bc vfdsekb ~v.fhb ybdsbtht,bc itv-
s[dtdfib vfc fsfdct,ty vfdsekpt` itfmds cgbhnmehbc 
fkib* fkb batht,f lfvf[fcbfst,tk vodfyt athfl& 

fvhbufl^ bqt,ty yfthsbc tktvtyneh ajh-
vekfc% CmHnOpSe  cflfw m,n,p,e  lf f&i& ewyj,b 
hbw[dt,bf& 

fpjnc tktvtyneh vlujvfhtj,fib ~N2` 
cfpqdhfdty lbevfc lf rtklfkbc ufpjvtnhekb 
vtsjlbs& ;fyu,flc [ibhfl cfpqdhfdty fhfgbhlfgbhb 
[th[bs-cfthsj vjktrekeh vfcfc lf c[df tkt-
vtynt,bc tmcgthbvtynt,bs yfgjdy hfjltyj,t,c ijhbc 
c[dfj,bs& 

fvhbufl^ tktvtynehb hfjltyj,bsb fyfkbpb 
cfiefkt,fc udf’ktdc lfdflubyjs jhufyekb yfthsbc 
pecnb itlutybkj,f lf vbdeothjs rjtabwbtynt,b 
ajhvekfib^ hjvtkcfw vbdbqt,s sdbct,bsb fyfkbpbc 
itvltu& 

CmHnOpSe  lf f&i&^ cflfw m,n,p,e  -vstkb 
hbw[dt,bf& 

eylf fqbybiyjc^ hjv sdbct,bsb fyfkbpbc 
xfnfht,fc ufycfresht,ekb lfyflufhb fh czbhlt,f& 
bub itb’kt,f ufy[jhwbtkltc yt,bcvbth kf,jhf-
njhbfib& hfjltyj,bsb fyfkbpbc xfnfht,f rb vjbs-
[jdc cgtwbfkeh lfyflufht,c lf nfhlt,f cgtwbfkeh 
kf,jhfnjhbt,ib& fv;fvfl itmvybkbf fgfhfnehf^ hj-
vtkbw hfjltyj,bsb fyfkbpbc fdnjvfnehfl xfnf-
ht,bc cfiefkt,fc b’ktdf& 
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3&4& KF<JHFNJHBEKB CFVEIFJC 
FYUFHBIB 

 
mbvbeh kbnthfnehfib vjhtfubht ybdsbtht,t-

,bc hfjltyj,t,b vjwtvekbf vjkt,ib& fvfcsfy lf-
rfdibht,bs kf,jhfnjhbekb veifj,bc vtsjlbrfibw 
ufvj.tyt,ekbf vjkb ~M`& tmcgthbvtynbc xfnfht,bcfc 
cfzbhjf vjkt,bc uflf.dfyf uhfvt,ib^ vbkbkbnht,ib 
fy gbhbmbs& 

vjkeh vfcfc ufvjcf[fdty uhfvt,bs vjkpt 
~u$vjkb`& 

vjkt,bc uhfvt,ib uflf.dfyf ufydb[bkjs ybn-
hj,typjkbc cbystpbc vfufkbspt% 

+ HNO3

N
+O

-
O

+ OH2

78 63 123 18M: 
 

vtsjlbrfib vjhtfubht ybdsbtht,t,b fqt,ekbf 
itvltub hfjltyj,bs%  

,typjkb -0^11 vjkb*  
H2SO4 - 0^24 vjkb*  
HNO3 - 0^22 vjkb& 
 
,typjkbc uhfvt,ib uffyufhbit,f% 

  1 vjkb  ,typjkb fhbc 78u 
  0^11 vjkb ,typjkb bmyt,f x u  

 

x=78 ⋅ 0.11=8.58 u ,typjkb 
,typjkb^ hjujhw .dtkf c[df s[tdflb ybd-

sbtht,f^ kf,jhfnjhbfib vjcf[th[t,tkbf fqt,ek 
bmytc vbkbkbnht,ib& uhfvt,bc uflf.dfyf vbkbkbn-
ht,ib [lt,f itvltub ajhvekbs% 

mV
d

=  
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cflfw m fhbc ybdsbtht,bc vfcf^ d - cbvrdhbdt ~u$vk` 
~fbqt,f wyj,fhblfy`^ V- vjwekj,f^ vk& 

,typjkbc cbvrdhbdt fhbc 0&879 u$cv3& t&b& 8&58 u 
,typjkb bmyt,f  

8.58 9.76
0.879

mV
d

= = = vk& 

 
 
H2SO4 uffyufhbit,f& uffyufhbit,bcfsdbc eylf 

dbwjlts vjwtvekb v;fdfc rjywtynhfwbf& ewyj,b 
rjywtynhfwbbc  itvs[dtdfib vfc pjvfdty fhtjvtnhbc 
cfiefkt,bs& wyj,fhib vjwtvekb w[hbkbc 
lf[vfht,bs rb dbut,s ghjwtynek rjywtynhfwbfc^ 
vfufkbsfl% 

dsmdfs^ fqt,ekb ujubhlv;fdfc cbrdhbdt fhbc 
1.84 u$vk^ hfw ittcf,fvt,f 96)-c& 100 )-bfyb 
ujubhlv;fdbc hfjltyj,fc dfyufhbij,s itvltub 
ghjgjhwbbs%  

 
1 vjkb H2SO4-bc vfcf fhbc  98u 
0^24 vjkb H2SO4-bc vfcf bmyt,f-  x u 
 
 

x=98×0.24= 23.54 u ~100)-bfyb H2SO4` 
23&54 u 100)-bfyb H2SO4 ittcf,fvt,f 96)-bfyb 

ujubhlv;fdfc itvltu hfjltyj,fc% 
  96 u H2SO4 se fhbc 100 u [cyfib 
23&52 u H2SO4 bmyt,f – x u-ib 
  

23.52 100 24.4
96

x ×
= =  u 96)-bfyb H2SO4 

 
HNO3-bc uffyufhbit,f& dsmdfs^ fqt,ekb 

fpjnv;fdfc cbvrdhbdt fhbc 1.4 u$vk^ hfw ittcf,fvt,f 
67 )-c& 100)-bfyb HNO3-bc hfjltyj,f bfyufhbit,f 
ghjgjhwbbs% 
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  1 vjkb  HNO3 fhbc 63 u 
0&22 vjkb bmyt,f – x u& 
  

x=63⋅0.22=13.86 u 100)-bfyb fpjnv;fdf 
 
63 u HNO3 fhbc 100 u [cyfhib 
13.86  u HNO3 bmyt,f x u-ib 
 

13.86 100 20.6
67

x ⋅
= =  67)-bfyb fpjnv;fdf 

 
stjhbekb ufvjcfdkbfyj,bc uffyufhbit,f& 
vtsjlb 1& htfmwbblfy xfyc^ hjv 1 vjkb 

,typjkblfy ofhvjbmvyt,f 1  vjkb ybnhj,typjkb& 
cfhtfmwbj fhtib fqt,ekbf 0&11 vjkb ,typjkb^ hfw 
ittcf,fvt,f ybnhj,typjkbc 0&11 vjk stjhbek 
ufvjcfdkbfyj,fc& 

vtsjlb 2& htfmwbblfy xfyc^ hjv 78 u 
,typjkblfy vbbqt,f 123 u ybnhj,typjkb% 

 
se 78 u ,typjkblfy vbbqt,f 123 u ybnhj,typjkb 
vfiby 8&58 u ,tpjkblfy vbbqt,f – x u ybnhj,typjkb 
 

8.58 123 13.53
78

x ×
= = u ybnhj,typjkb 

 
ghfmnbrekb ufvjcfdkbfyj,bc uffyufhbit,f&  
dsmfs^ vbqt,ekb ufceasfdt,ekb ybnhj,typj-

kbc hfjltyj,ff 9^9 u^ hfw itflutyc 
9.9 0.08
123

=  vjkc& 

 
ghfmnbrek ufvjcfdfkc dfyufhbij,s itvltub 

ghjgjhwbbs% 
 
  se 0^11 vjkb  ittcf,fvt,f 100)-c 
  vfiby 0^08 vjkb bmyt,f x ) 
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0.08 100 72.7%
0.11

x ⋅
= =  

 
t& b& ybnhj,typjkbc ghfmnbrekb ufvjcfdkbf-

yj,f fhbc 72&7)& 
uffyufhbit,f itb’kt,f dfofhvjjs uhfvt,ibw& 

cneltynbc vbth cbystpbht,ekb .dtkf yfthsb 
vfcofdkt,tkc ,fhlt,f zehztkib^ hjvtkcfw fmdc 
itvltub cf[bc ofhotht,b ~yf[& 27`%  

 
 
 
 
 
 
 
 
 
 

yf[& 27& vbqt,ekb ybdsbtht,bc tnbrtnb  

]ueabc 
yjvthb 

ybdsbtht,bc 
lfcf[tkt,f 

ybnhbht,f 

YBNHJ<TYPJKB

Tleq=184°C 

k& sfmsfmbidbkb ]u& 4075

10.05.2003 
sfhbqb

udfhb^ 
cf[tkb&

ybdsbtht,bc abpbreh-mbvbehb rjycnfynf 
(v.fhb ybdsbtht,bcfsdbc kqj,bc ntvgthfnehf^  
s[tdflb ybdsbtht,bcfsdbc – leqbkbc ntvgthfnehf` 

stvbc  lfcf[tkt,f 
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4&   ECFAHS{JT<BC NTMYBRF 
JHUFYEKB CBYSTPBC    

KF<JHFNJHBFIB LF GBHDTKB 
LF{VFHT<F E<TLEHB 

ITVS{DTDBC LHJC       
 
.dtkf cneltynb dfklt,ekbf^ dblht 

itelut,jltc veifj,fc^ uftwyjc jhufyekb cbystpbc 
kf,jhfnjhbfib fhct,ek ecfahs[jt,bc ntmybrbc 
bycnhemwbfc^ [fy'fhcfobyffqvltuj otct,c* eylf 
itt'kjc e,tleht,bc itvs[dtdfib fqvjexbyjc 
lfpfhfkt,ekc gbhdtkb lf[vfht,f& 

1. ghfmnbrekb veifj,bc lhjc .jdtksdbc eylf 
udf[cjdltc^ hjv jhufyekb ybdsbtht,t,b vtn-
yfrkt,fl vjvofvdktkb lf wtw[kcfibibf^ 
fvbnjv fewbkt,tkbf cbceasfdbc lfwdf^ 
otchbub^ .ehflqt,f* fh eylf lfdeidfs 
ybdsbtht,t,bc rfysfy it[t,f^ [tkt,bs fh eylf 
itdt[js cf[tcf lf sdfkt,c* veifj,bc lhjc fh 
eylf vbdbqjl rdt,bc ghjlemnt,b& 

2.  rfntujhbekfl frh'fkekbf vjmvtlb 
lfyflufhbc e.ehflqt,jl vbnjdt,f lf 
kf,jhfnjhbfib vfhnj thsb gbhbc veifj,f& 

3. .dtkf zehztkpt^ hfibw htfmnbdb byf[t,f^ 
eylf b.jc pecnb lfcf[tkt,f& htfmnbdt,bc 
ufvj.tyt,bcfc eofhothj zehzkbs cfhut,kj,f 
frh'fkekbf& 

4. fhfdbsfh itvs[dtdfib fh itb'kt,f wlbc 
xfnfht,f zez.bfy zehztkib* wlbc 
lfvsfdht,bcsfyfdt zehztkb eylf ufbhtw[jc& 

5. zehztksfy^ hjvtkibw hfbvt [cyfhb leqc fy 
hjvtkibw hfbvt [cyfhbc lfvfnt,f [lt,f 
~ufycfresht,bs nentt,bc`^ fh itb'kt,f cf[bc 
f[kjc vbnfyf&  cby]fhbc gbhb^ hjvtkibw [lt,f 
[cyfhbc fy cbs[bc ufw[tkt,f^ fh eylf b.jc 
vbvfhsekb dbyvtc vbvfhs& 
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6. rfntujhbekfl frh'fkekbf mbvbehb 
ybdsbtht,t,bc utvjc ufcby]df& vfsb .yjcdf 
itb'kt,f bv itvs[dtdfib^ se lfhoveyt,ekb 
[fhs^ hjv yfthsb fh fhbc i[fvbfy-
vjvofdktkb& fvfcsfy fh itb'kt,f gbhlfgbh 
itceysmdf^ fhfvtl cfzbhjf [tkbc vj'hfj,bs 
vbdbnfyjs jhsmkb cfceysm jhufyjt,sfy& 

7. pjubthsb cbystpbc xfnfht,bcfc lfvodhj,bc 
sfdblfy fwbkt,bc vbpybs vfcofdkt,kbc 
vbsbst,bs cfhut,kj,ty lfvwdtkb cfsdfkbs fy 
jhufyekb vbybcfufy lfvpflt,ekb cgtwbfkehb 
cfafhbs&  

8. vbybc lf mbvbehb zehzkbc [vfht,bcfc eylf 
lfdbwdfs itvltub otct,b% f` s[tkrtlkbfyb 
mbvbehb zehztkb fh eylf w[tklt,jltc qbf 
wtw[kpt^ fhfvtl -fp,tcnbc ,fltpt& fv lhjc 
.ehflqt,f eylf vbtmwtc cbs[bc sfyf,fh 
ufw[tkt,fc^ dbyfblfy fhfsfyf,fhb ufw[tkt,bc 
lhjc itcf'kt,tkbf cbs[bc ufi[tat,f lf 
fuhtsdt zehzkbc uf,pfhdf* ,` lbl mbvbeh 
zbmt,c cfzbhjf jhbdt [tkb vjdrbljs^ fvfcsfy 
ths-thsb [tkb zbmbc 'bhc* u` vbybc vbkt,bc 
,fchb yfobkt,b eylf bmytc itvqdfkb 
cgbhnmehbc fkpt* vbybc ltnfkt,pt htpbybc 
vbkt,bc xfvjwvbc lhjc fy rjk,fpt cfwj,bc 
lfvfuht,bcfc vbybc ufnt[dbc sfdblfy fwbkt,bc 
vbpybs fewbkt,tkbf vfsb obyfcofh o.kbs 
lfcdtkt,f^ ukbwthbybc fy dfptkbybc ofcvf lf 
itvfthst,tk yfobkt,pt jhbdt [tkbc sbst,bc 
vfmcbvfkehfl f[kjc ufykfut,f  

9.  cfveifjc lfo.t,bc oby fewbkt,tkbf itvj-
ovltc lfyflufhb ~se hfvltyfl cojhfl fhbc 
fo.j,bkb`^ [jkj cfhtdbc [vfht,bc oby cfzbhjf 
itvjovltc^ veifj,c se fhf bc& 

10. vbhxbkekb vbkt,bs^ fdnjrkfdt,bs^ itrev-
iekb lf ufs[tdflt,ekb ufpbfyb ,fkjyt,bs 
veifj,f itcf'kt,tkbf v[jkjl ecfahs[jt,bc 
ntmybrbc cgtwbfkehb bycnhemwbbc ufdkbc 
itvltu& 
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11. dfreev-tmcbrfnjhblfy /fthbc fvjnev,df 
itb'kt,f v[jkjl o.fkzfdkbfyb nev,jc 
cfiefkt,bs& fv lhjc cfzbhjf dfreev-tmcbrf-
njhc itvj[dtekb /mjyltc hfbvt yfzthb& 

12. cfzbhjf ecfahs[jt,bc ntmybrbc cgtwbfkehb 
bycnhemnf;bc ufdkf^ dblht dfreevpt ufvj[lfc 
itelut,jlts& 

13. fvojdb rfhflbc afy]ht,b veifj,bcfc fh eylf 
b.jc rfhflbc veif afhsj,bc 1$3-pt vtnfl 
uf[cybkb& fvojd rfhflfib fatsmt,bcfc vfibydt 
eylf ufvjbhsjc dtynbkfwbf lf lfb[ehjc 
lhjctk-cfhmdtkb^ hflufy fh vj[ltc 
cfdtynbkfwbj [fppt [fy'hbc ufdhwtkt,f& 

14. & v;fdt,bc fy nentsf [cyfht,bc xfvjc[vf eylf 
[lt,jltc ufvojd rfhflfib& fv lhjc vjveifdtc 
eylf trtsjc lfvwdtkb cfsdfkt fy cfafhb^ 
[jkj fvojdb rfhflbc afy]fhf eylf b.jc 
lfotekb bct^ hjv afhfdltc vjveifdbc cf[tc& 

15. ,hjvsfy .jdtkudfhb cfveifj nfhlt,f ufvojd 
rfhflfib& fv lhjc fewbkt,tkbf htpbybc 
[tksfsvfyt,b lf lfvwdtkb cfsdfkt& 

16. lblb ,jwt,b^ hjvkt,ibw rjywtynhbht,ekb 
v;fdt,b^ nentt,b fy fvbfrbf^ cfzbhjf blutc 
rfkfst,ib fy [bc xfhxjt,ib& fv ybdsbtht,t,bc 
uflvjc[vbcfc cfzbhjf lfvwdtkb cfsdfkt^ 
htpbybc [tksfsvfyt,b^ obycfafhb lf htpbybc 
xtmvt,b& 

17. se jhb cbs[bc ithtdff cfzbhj^ vfiby cbs[tc^ 
hjvtkcfw vtnb [dtlhbsb ojyf fmdc^ vjhtdbc 
gbhj,t,ib fc[fdty cbs[tc^ hjvkbc [dtlhbsb 
ojyf yfrkt,bf^ vfufkbsfl^ rjywtynhbht,ekb 
ujubhlv;fdfc ufypfdt,bcfc^ rjywtynhbht,ekb 
ujubhlv;fdfc lf fpjnv;fdfc ithtdbcfc fy 
cfthsjl bctsb ybdsbtht,t,bc ithtdbcfc^ 
hjvkbc lhjcfw [lt,f cbs,jc ufvj.jaf^ cfzb-
hjf v[jkjl sthvjvluhflb mbvbehb zehzkbc 
fy afbaehbc zehzkbc [vfht,f& 
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18. yfhxtyb cbs[tt,bc xfc[vf yb;fhfib rfntujhbe-
kfl frh'fkekbf& bcbyb eylf ufytbnhfkltc fy 
xfbc[fc cgtwbfkeh zehztkib& 

19. mkjhsfy^ ,hjvsfy^ ujubhlbc fy fpjnbc 
jmcblt,sfy^ ujubhlo.fk,flsfy^ ajcutysfy lf 
c[df vjvofdkfd ybdsbtht,t,sfy veifj,f 
fewbkt,kfl eylf ofhvjt,ltc fvojd rfhflfib& 
fvfcsfy fvojdb rfhflbc afy]ht,b bct eylf b.jc 
lf[ehekb^ hjv mdtdbs lfhxtc vwbht [dhtkb& 

20. tsthbc ufw[tkt,f^ uflfltyf^ fjhsmkt,f vbvlb-

yfhtj,c o.kbc f,fpfybc cfiefkt,bs^ 
vfmcbvfkehfl uh'tkb vfwbdht,bc ufvj.tyt,bs 
qbf wtw[kbcfufy vjijht,bs& lbl[fyc 
ufvj.tyt,ekb tsthsfy veifj,bc oby& fatsmt,bc 
sfdblby fwbkt,bc vbpybs^ cfzbhjf vfc 
vjijhltc gthjmcblt,b^ vfufkbsfl^ hrbybc 
cekafnsfy ity]qhtdbs& fh itb'kt,f ufvj-
cf[ltkb rjk,blfy tsthbc uflfltyf cbvihf-
ktvlt ~,jkjvlt` lf ufvj[lbkb tsthbc lblb 
hfjltyj,bs ituhjdt,f ths vbvqt,ib~fhf 
evtntc 300-400 vk`& tsthbc ityf[df 
~ufycfresht,bs f,cjkbnehb tsthbc` itb'kt,f 
v[jkjl cmtkrtlkbfy^ ev]j,tcbf vemb athbc 
zehztkib^ hjvtkbw lfwj,bkbf [bc cfwj,bs^ 
hjvtkcfw vjhut,ekb fmdc mkjhrfkwbevbfyb 
vbkb& 

21. vtnfkeh yfnhbevsfy veifj,bcfc fewbkt,tkbf 
f,cjkenehfl vihfkb zehzkbc [vfht,f& fh 
itb'kt,f yfnhbevsfy veifj,f o.kbc 
cbf[kjdtc ~itb'kt,f vj[ltc fatsmt,f`& 
cfveifjc lfvsfdht,bc itvltu fewbkt,tkbf 
ituhjdltc htfmwbfib itecdktkb yfnhbevbc 
yfhxtyt,b yfdsbfy zehztkib& yfnhbevbc 
yfhxtyt,c [cybfy cgbhnbs& 

22. .dtkf kf,jhfnjhbfib eylf b.jc .est,b 
cbkbs^ wtw[kvfmhj,t,b lf [fy'fhcfobyf-
fqvltuj fp,tcnbc cf,yt,b& [fy'hbc ufxtybc 
itvs[dtdfib gbhdtk hbuib cfzbhjf .dtkf 
ufvf[eht,kbc ufvjhsdf^ vjijht,ek eylf 
bmyfc f[kjc vlt,fht ffkt,flb ybdsbtht,t,b^ 
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[jkj itvltu vj[ltc wtw[kbc xfmhj,f yf[ibh-
v;fdbfyb wtw[kcfmhj,bs^ cbkbs fy [fy'fhcf-
obyffqvltuj cf,ybs& wtw[kpt o.kbc lfc[vf fh 
fhbc vbpfyitojybkb^ hflufy evtntc itvs-
[dtdt,ib tc bodtdc [fy'hbc rthbc ufafhsjt,fc& 

 ecfahs[jt,bc ntmybrbc otct,bc lfewdt-
kj,fc vbd.fdfhs e,tleh itvs[dtdt,fvlt& 
sthvekb + [fhbc[bc cblfvodhbc ~cbobskt^ ev-
ybidytkj itobskt,f` lhjc cfzbhjf lfvodfhb 
flubkbc cgbhnbs ufovtylf& ++ lf +++ [fhbc[bc 
lfvodhj,bcfc- e[dtdty cnthbkehb cf[dtdbs fy 
ceasf nbkjsb&  

rbleht,bc lfvodhj,bcfc cfzbhjf vfsb 
ufysfdbceakt,f vzblhj nfycfwvkbcfufy^ 
hflufy itcf'kt,tkbf ufcbdt,f& 

 nenbs fy v;fdbs rfybc lfvodhj,bc 
lhjc cfzbhjf o.kbc yfrflbs lff[kjt,bs 20-
30 oesbc ufyvfdkj,fib xfhtw[df^ [jkj 
'kbthb lfvodhj,bc itvs[dtdfib xfhtw[df 
[lt,f 1^5-2 cffsbc ufyvfdkj,fib ~o.fkb fh 
eylf b.jc wbdb`& xfnfht,ekb ghjwtlehbc 
itvltu lfpfhfkt,ekc bctdt tmwtdbfy^ hjujhw 
sthvekb lfvodhj,bc itvs[dtdfib& 

 ,hjvbs lfvodhj,bcfc flt,ty cgbhnbc 
cfatyc [fyuh'kbdb lhjbs&  

nenbc fy v;fdbc odtst,bc sdfkib 
vj[dtlhbcfc^ sdfkc lblb [ybc ufyvfdkj,fib 
b,fyty o.kbc lblb hfjltyj,bs& o.fkb eylf 
b.jc jsf[bc ntvgthfnehbc& 

atyjkbs lfvodhj,bc itvs[dtdfib lfpb-
fyt,ekb flubkb cfzbhjf lfveifdltc cfvtlb-
wbyj tsbkbc  cgbhnbs& 

yfzhbkj,td flubkt,c bjlbc cgbhnbc 
5)-bfyb [cyfhbs fveifdt,ty lf flt,ty cnthb-
keh cfatyc& 
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LFYFHSB A 

MBVBEH KF<JHFNJHBFIB UFVJ>TYT<EKB  

ZEHZTKB LF FGFHFNT<B 

vtypeht,b 
 

  
 

mbvbehb zbmt,b 
 

  

   
 
 
 

mbvbehb ybdsbtht,bc itcfyf[b zehztkb 
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cby]fht,b 

     
 

vbybc ‘f,ht,b 
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,be[ythbc ‘f,hb 

 

 
 

igfntkb lf vfif 
 

        
 

gtnhbc ]fvt,b 
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nbutkb 
 

 
 
 
 

afbaehb ]fvb 

 
 

vpjvb rjk,t,b 
 

 
 

thktyvtbthbc rjk,t,b 

   

78 

 
vhudfk’bhf rjk,f 

  
,eyptybc  rjk,f 

 

 
 

cfodtsb ‘f,hb 

 
 

lhtmctkb 
 

 
 



79 

 
,behtnb 

 
hjlbyb 

 

 
 
 

cfcojht,b 
 

 
 
 

80 

wtynhbaeut,b 

 
vbrhjfyfkbpehb qevtkb 

 

 
 
 
 

qevtkb 
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rjk,bc ufvf[eht,tkb 

 
vfuybnehb cfhtdtkf 

 

     
 

cfy]qhtdb fgfhfnb 

 
hjnfwbekb fvfjhsmkt,tkb 
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cgtmnhjvtnht,b 

 

vtmfybrehb cfhtdtkt,b 

      

sthvjvtnht,b 
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vbrhjnfkqehb cfhtw[b vjo.j,bkj,f 

 
 

dfreev-nev,jt,b 

 

   



 8
4 

 

VJRKT WYJ<FHB* 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 
1 
 

flbgbyv;fdf HOOC-(CH2)4COOH 146 1.366 153 265100 - 1.515 [c% cg^ ts 

2 b-fvbkbc cgbhnb (CH3)2CH(CH2)2OH 88 0.812 -117.2 132 1.4058 2.6 [c% cg^ ts^ 
,typ& 

3 y-fvbkbc cgbhnb CH3(CH2)3CH2OH 88 0.8144 -79 137.8 1.4101 2.722 [c% cg^ ts 

4 v-fvbyjatyjkb 

NH2

OH

 

109 - 123 - - 2.6 [c% cg^ ts 

5 j-fvbyjatyjkb 

OH
NH2

 

109 - 170-74 ce,k&  1.70 [c% cg^ ts 

                                                 
* ce,k- ce,kbvbhlt,f^ bi& -bikt,f^ [c&- [cyflb^ r&- rfhufl [cyflb^ v[&- vwbhtl [cyflb^ e[c- e[cyflb^ 

ts- lbtsbktsthb^ cg&- tsfyjkb^ ,typ_ ,typjkb^ mk- mkjhjajhvb^ vts&- vtsfyjkb^ fw- fwtnjyb^ w[- w[tkb^ 
‘v-‘vfhv;fdf^ njk-njkejkb^ Ph-atybkb 

85 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

6 g-fvbyjatyjkb OH NH2
 

109 - 186 
bik& - - 1.10 [c% cg^ ts 

7 
fvbyj’vfh;fdf 
~ukbwbyb^ 
ukbrjrjkb` 

H2NCH2COOH 75 1.61 233 bi - - 25.325 - 

8 fybpjkb C6H5OCH3 108 0.9954 -37.3 155, 
42.210 1.5170 6 [c% ts 

9 fybkbyb C6H5NH2 93 1.022 -6 184.4 1.5893 3.4 [c% ts^ ,typ 

10 fyshfybkbc v;fdf H2NC6H4COOH 137 - 145 ce,k - 0.4 [c% ts 

11 fyshfmbyjyb 

O

O  

208 1.438 285, 
ce,k 

379-
381 - e[c 

v[% cg^ ts^ 
,typ& 

12 fyshjyb 
O

 
194 - 154-

155 
- - e[c [c% ,typ 

13 fcgbhbyb 

COOH
OCOCH3

 

180 - 135 140^ 
bik - 0.25 [c% cg^ ts^ 

mk 
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6 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

14 fwtnfybkblb 

NHCOCH3

 

135 1.214 114 305 - 0.5625 [c% cg^ vts^ 
ts 

15 fwtnbkmkjhblb CH3COCl 78.5 1.051 -112 51-52 1.3898 bik 
[c% mk^ ts^ 
,typ 

16 fwtnjyb CH3C(O)CO3 58 0.792 -95 56 1.3589 ∞ [c% cg^ ts 

17 4-N-fwtnjnjkeb-
lbyb 

NHCOCH3

CH3  

149 1.212 155 307 - v[ cg~10)`25 

18 fwtnjatyjyb C6H5COCH3 120 1.026 19.7 202.3 1.5342 v[ 
[c%  ts^ mk^ 
,typ 

19 ,typfkfybkbyb C6H5-N=CH-C6H5 181 1.038 310 54 1.600 e[ [c% ts^ cg 

20 ,typfklt/blb C6H5CHO 106 1.0504 -26 179.5 1.5463 0.33 [c%  ts^ 

21 ,typfvblb C6H5CONH2 121 1.341 125-26 290 - 0.5812 

1.3525 
[c%  ts^ 
,typ 
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[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

22 ,typfyshjyb 

O  

230 - 170 - - 
[c% 

H2SO4 
 

23 ,typblbyb NH2NH2
 

184 1.25 128 401.7 - 0.0412 [c%  ts^ 
,typ 

24 ,typbkfvbyb C6H5CH2NH2 107 0.9826 - 1859 1.8441 ∞ 
[c%  ts^ 
,typ 

25 ,typbkbc cgbhnb C6H5CH2OH 108 1.045 -15.5 205 1.5396 4 [c%  ts^ 
,typ^ fw 

26 N-,typbkasfkbvblb 

O

N

OH

CH2

 

237 - 115 - - - - 

27 ,typbkmkjhblb C6H5CH2Cl 126 1.026 -39 179 1.541515 bi& w[& 
[c%  ts^ 
,typ 

28 ,typjbkmkjhblb C6H5COCl 140 1.219 0.6 198 1.5537 bi 
[c%  ts^ 
,typ^ CS2 

29 ,typjkb C6H6 78 0.879 5.5 80.2 1.5017 0.008 
[c%  ts^ fw^ 
CS2 
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[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 
30 ,typjkcekajv;fdf C6H5SO3H 158 - 65-6 bi bi [c [c% cg 

31 ,typjcekajmkj-
hblb C6H5SO2Cl 176 1.384 14.5 251.5  bi& w[& [c%  ts^ cg 

32 ,typjv;fdf C6H5COOH 122 1.266 122.5 250 1.539715 0.3 [c%  ts^ fw^ 
,typ 

33 ,typjv;fdf 
tsbkbctsthb C6H5COOC2H5 150 1.0509 -34.6 212.6 1.5068 0.08 [c%  mk^ ts^  

34 j-,hjvfybpjkb 

OCH3
Br

 
187 1.5018 - 221-3 1.57245 v[ - 

35 g-,hjvfybpjkb OCH3Br
 

187 1.456 11-12 215100 1.56051 7.1 v[% cg^ ts 

36 v-,hjvfybkbyb 

NH2

Br 

172 1.5793 16.7 251 1.62604 v[ [c% cg^ ts 

37 j-,hjvfybkbyb 

NH2
Br

 

172 - 28.7 229 - v[ [c% cg^ ts 
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[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

38 g-,hjvfybkbyb NH2Br
 

172 1.799 66.4 bi - v[ v[% cg^ ts 

39 v-,hjvfwtnfybkblb 

Br

NH

O

CH3

 

214 - 87.5 - - e[ [c% cg^ ts 

40 j-,hjvfwtnfybkblb 
NH

O

CH3
Br

 

214 87.5 - - - - [c% cg^ ts 

41 g-,hjvfwtnfybkblb 
NH

O

CH3

Br  

214 - 168 - - v[& w[& 
v[% cg^ ts^ 
mk 

42 j-,hjvfwtnjatyjyb CH3

OBr

 

187 1.5018 - 221-23 - - 
v[% cg^ ts^ 
mk 
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0 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

43 g-,hjvfwtnjatyjyb 
CH3

O
Br

 
187 1.456 11-12 215100 - v[ [c% ts 

44 v-,hjv,typjv;fdf 

COOH

Br 

201 1.845 155 280 - 0.0425 [c% ts 

45 j-,hjv,typjv;fdf 

HOOC
Br

 

201 1.929 147-50 ce,k - 0.1825 [c% cg^ mk 

46 g-,hjv,typjv;fdf COOHBr
 

201 1.894 215-53 - - 0.005625 [c% cg^ mk 

47 ,hjv,typjkb C6H5Br 157 1.499 -30.6 155-56 1.5598 0.045 [c% cg^ ts^ 
,typ 

48 1-,hjvyfasfkbyb 1-Br-C10H7 207 1.4875 6.2 281 1.6588 [c& w[& 
[c% cg^ ts^ 
,typ 

49 v-,hjvnjkejkb 

CH3

Br 
171 1.4099 -39.8 183.7 1.551 e[ [c% cg^ ts 

91 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

50 j-,hjvnjkejkb 

CH3
Br

 

171 1.4309 -29 181.7 1.5608 e[ 
v[% cg^ ts^ 
,typ 

51 g-,hjvnjkejkb CH3Br
 

171 1.3898 22.5 184.5 1.5490 e[ 
[c% cg^ ts^ 
,typ 

52 y-,enbk,typjkb C6H5-CH(CH3)C2H5 134 0.8601 -87.97 183.27 1.48979 e[ [c% cg^ ts 

53 vtjh-,enbk,typjkb C6H5-C4H9 134 0.8621 -77.47 173.3 1.4902 e[ [c% cg^ ts 

54 vtcfv-,enbk,typjkb C6H5-C(CH3)3 134 0.8605 -57.85 169.12 1.49266 e[ v[% cg^ ts 

55 bpj,enbktyb 
CH2 CH3

CH3

 
56 0.595 -140.8 -6.9 1.3814 e[ [c% cg^ ts 

56 1-,entyb CH2=CH-CH2CH3 56 0.668 -185.3 -6.3 1.3777 e[ [c% cg^ ts 

57 1-,enfyjkb CH3CH2CH2CH2OH 74 0.8098 -80 117.7 1.3999 915 [c% cg^ ts 

58 2-,enfyjkb 
CH3

CH3

OH

 
74 0.808 -114.7 100 1.394 12.5 [c% cg^ ts 

59 vtcfv-,enbkbc cg& (CH3)3COH 74 0.789 25.5 82.8 1.3878 r [c% cg^ ts 

60 lb-y-,enbkbc tsthb C4H9-O-C4H9 130 78.41 -98 140.9 1.3992 v[ [c% cg^ ts 



 9
2 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

61 ,enbhjatyjyb CH3

O

 
148 0.988 11 232.2 1.532 e[ [c% cg^ ts 

62 b-,enbkmkjhblb 
CH3

Cl
CH3

 
92.5 0.8829 131.2 68.8 1.4010 e[ [c% cg^ ts 

63 y-,enbkmkjhblb C4H9Cl 92.5 0.8920 -123.1 78.5 1.4022 v[ [c% cg^ ts 

64 vtjh-,enbkmkjhblb 
CH3

CH3

Cl

 
92.5 0.8707 -131.3 68 1.3953 v[ [c% cg^ ts 

65 vtcfv-,enbkmkjhblb (CH3)3C-Cl 92.5 0.847 -28 51-2 1.69 v[ [c% cg^ ts 

66 ukbwthbyb CH2OH-CHOH-CH2OH 92 1.2613 18.6 290 bi 47.29 ∞ [c% cg 

67 α-ukerjpf 
O

OH
H

H
H

OH
OH

H OH

H

OH

 

180 1.544 146 - - 83 [c&% cg~w[` 

68 β-gtynffwtnbkuke-
rjpf 

O

OAc
H

H
H

OAc
OAc

H OAc

H

OAc

 

390 - 112-3 ce,k - 0.1518 v[% cg^ ts 
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[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

69 lbfpjfvbyj,typjkb N N NH

 
197 - 98-9 bi - e[ 

[c%ts^ ,typ^ 
cg~w[` 

70 lbtsbkbc tsthb C2H5OC2H5 74 0.7135 -116.3 34.5 1.3542 7.5 [c% cg^ ts^ 
mk^ ,typ 

71 N,N-lbtsbkfybkbyb C6H5-N(C2H5)2 149 0.9351 -38.8 215 1.5411 1.44 [c% cg^ ts^ 
mk 

72 N,N-lbvtsbkfybkbyb C6H5-N(CH3)2 121 0.9551 2.5 192.5 1.5582 v[ 
[c% cg^ ts^ 
,typ 

73 lbvtsbkcekafnb (CH3)2SO4 126 1.3322 -31.4 188 1.3814 v[ 
[c% cg^ ts^ 
,typ 

74 v-lbybnhj,typjkb 

NO2

NO2 

168 1.575 90.4 291 - 0.0469 [c% cg^ mk^ 
,typ 

75 j-lbybnhj,typjkb 

NO2
NO2

 

168 1.565 117.4 319 - 0.01 [c% cg^ mk^ 
,typ 

76 g-lbybnhj,typjkb O2N NO2
 

168 1.625 114.2 299 - 0.018100 [c% cg^ mk^ 
,typ^ ‘v 
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4 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

77 lbjmcfyb 
O

O  
88 1.0337 11.7 108.8 1.03375 ∞ ∞ 

78 lbatybkcekajyb C12H10O2S 216 - 230 - - v[ 
[c% ts^ 
,typ^ CS2 

79 lbatybkb C6H5-C6H5 154 1.180 70.5 255 - e[ [c% cg^ vts& 

80 lbatybkvtsfyb (C6H5)2CH2 168 1.0088 25-7 261-2 1.5788 e[ 
[c% cg^ ts^ 
mk 

81 1^2-lbmkjhtsfyb ClCH2CH2Cl 99 1.2576 -35 8 1.4443 0.87 [c% cg^ ts^  

82 tsbk,hjvblb C2H5Br 109 1.4555 -125.5 38.4 1.4239 0.9 [c% cg^ ts 

83 tsbkbjlblb C2H5I 156 1.933 -108.5 72.3 1.5168 0.4 [c% cg^ ts^ 
mk^ ,typ 

84 tsbkbc cgbhnb C2H5OH 46 0.7893 -117 78.3 1.3611 ∞ [c% vts^ mk 

85 tsbktyukbrjkb HOCH2H2OH 62 1.1088 -12.3 197.2 1.4318 ∞ 
[c% cg^ vts^ 
fw^ ‘v 

86 b-dfkthbfyfklt/blb (CH3)2CHCH2CHO 86 0.785 -51 92.5 1.3902 v[ [c% ts^ cg 

87 dfkthbfyv;fdf CH3(CH2)3COOH 102 0.9435 -35 186.4 1.4866 3.716 r% cg^ ts 

88 bjl,typjkb C6H5I 204 1.8382 -31 188.5 1.6213 e[ 
[c% cg^ ts^ 
mk 

89 revjkb C6H5-CH(CH3)2 120 0.866 -96.9 152.5 1.4947 e[ 
[c% cg^ ts^ 
mk 

95 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

90 vfktbyfy/blhblb O

O

O

 

98 0.934 54 202 - 7825 
[c% 
cg~69&9`^ 
ts^ fw 

91 vfktbyv;fdf HOOC-CH=CH-COOH 116 1.590 130.5 135bi - 392.637.5 
[c% 
cg~69&9`^ 
ts^ fw 

92 vfktbyv;fdf 
lbvtsbktsthb MeO2CCH=CHCO2Me 144 1.160 -19 205102 1.4415 e[ [c% ts 

93 j-vtsbkfwtnjatyjyb 

CH3 O

CH3

 
134 1.0201 - 21430 - - - 

94 g-vtsbkfwtnjatyjyb CH3

CH3

O  
134 1.1013 - 92.3 - e[ [c% cg^ ts 

95 vtsbktsbkrtnjyb 
~2-,enfyjyb` CH3COC2H5 72 0.8255 -86.4 79.6 1.3814 29.2 cg% ∞ 

96 vtsbkbc cgbhnb CH3OH 32 0.791 -97.8 64.7 1.3312 ∞ cg% ∞ 

97 2-vtsbkaehfyb 
~cbkdfyb` O

CH3
 

82 0.9159 - 62.5 1.4344 e[ [c% cg^ts 



 9
6 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

98 3-vtsbkaehfyb 
O

CH3

 
82 0.9406 - 78 1.457 e[ [c% cg^ts 

99 v-vtsjmcbfwtnjat-
yjyb 

H3CO

O

CH3  

150 1.0849 - 245 1.5379 - - 

100 j-vtsjmcbfwtnjat-
yjyb 

H3CO

O

CH3

 

150 1.0993 - 239-40 1.5367 - - 

101 g-vtsjmcbfwtnjat-
yjyb H3CO

O

CH3

 
150 1.0818 38-9 258 - v[ [c% cg^ ts 

102 yfnhbevbc fwtnfnb CH3COONa 82 1.53 324 - - 170100 [c% cg 

103 yfasfkbyb C10H8 128 1.145 80.1 218 1.582399 0.003 [c% mk^ ts^ 
njk 

104 1-yfasfkbycekaj-
v;fdf 

SO3H

 
208 - 90 - - v[ 

[c% ts* 
v[% cg 

97 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

105 2-yfasfkbycekaj-
v;fdf 

SO3H

 
208 - 102 bi - 76.930 [c% cg^ ts 

106 1-yfasbkfvbyb 

NH2

 

143 1.12 50 301 1.630351 0.17 [c% cg^ ts 

107 yfasbjyv;fdf 

NH2

HO3S  

223 - bi - - v[ - 

108 1-yfasjkb 

OH

 

144 1.224 96 280 1.6206 - 
[c% cg^ ts^ 
mk^ ,typ 

109 2-yfasjkb 
OH

 
144 1.217 122 286 - 0.074 [c% cg^ ts^ 

mk^ ,typ 

110 
2-yfasjk-3^6-
lbcekajv;fdf 
~R-v;fdf` 

OH

SO3HHO3S  
304 - bi - - - - 



 9
8 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

111 v-ybnhjfybkbyb 

NH2

NO2 

138 1.430 114 285 bi - 0.1 [c% cg^ vts^ 
ts 

112 j-ybnhjfybkbyb 

NH2
NO2

 

138 1.442 71.5 260 bi - [c% w[ [c% mk^ ts 

113 g-ybnhjfybkbyb NH2O2N
 

138 1.437 148 260 bi - 0.08 [c% vts^ ts^ 
cg 

114 v-ybnhjfwtnfybkblb 

NHCOCH3

NO2  

180 - 150.5 - - [c% w[ [c% cg^ ts 

115 j-ybnhjfwtnfybkblb 

NHCOCH3
NO2

 

180 1.419 90 - - w[ 
[c% cg* 
v[% ts 

116 g-ybnhjfwtnfybkblb NHCOCH3O2N
 

180 - 215 - - v[ [c% cg^ ts 

117 ybnhj,typjkb C6H5-NO2 123 1.2034 5.7 210 1.5530 0.19 [c% cg^ ts 

99 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

118 v-ybnhj,typjv;fdf 

COOH

NO2 

167 1.494 140-41 - - 1.31 [c%cg^ ts^ 
,typ^ mk 

119 j-ybnhj,typjv;fdf 

COOH
NO2

 

167 1.575 144 - - 0.67 [c% ,typ^ 
mk 

120 g-ybnhj,typjv;fdf COOHO2N
 

167 1.610 147 - - 0.024 [c% ,typ^ 
mk^ fw 

121 1-ybnhjyfasfkbyb 

NO2

 

173 1.391 61.5 304 - e[ 
[c^ ts^ mk^ 
cg 

122 ybnhjvtsfyb CH3NO2 61 1.1437 -17 101.5 1.3813 9.5 [c% cg^ ts 

123 g-ybnhjpj-N,N-
lbvtsbkfybkbyb 

NON
CH3

CH3  
150 - 92.5 - - e[ [c% cg^ ts 

124 g-ybnhjpjatyjkb OHON
 

123 - 126 - - e[ [c% cg^ ts 



 1
00 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

125 v-ybnhjnjkejkb 

CH3

NO2 

137 1.157 15.5 231 - 0.05 [c% ,typ* 
v[% cg^ ts 

126 j-ybnhjnjkejkb 

CH3
NO2

 

137 1.163 -9.55 219 - 0.06530 [c% cg^ 
,typ^ mk 

127 g-ybnhjnjkejkb CH3O2N
 

137 1.139 51.4 238 - 0.4430 v[% cg^ ts^ 
,typ^ mk 

128 v-ybnhjatyjkb 

OH

NO2 

139 1.479 97 194 - 1.3525 [c% cg^ 
,typ^ ts 

129 j-ybnhjatyjkb 

OH
NO2

 

139 1.657 45 216 - 0.21 
[c% cg^ 
,typ^ CS2 

130 g-ybnhjatyjkb OHO2N
 

139 1.479 114 279 bi - 1.625 [c% cg^ ts^ 
mk 

101 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

131 js[mkjhbfyb 
yf[ibh,flb CCl4 153 1.595 -23 76.7 1.463 0.08 [c% cg^ ts^ 

mk^ ,typ 

132 gbhblbyb 
N  

79 0.982 -42 115.4 1.5092 ∞ 
[c% cg^ 
,typ^ ts 

133 b-ghjgbk,typjkb 
~revjkb` 

CH3 CH3

 

120 0.864 -96.9 152-3 1.4930 e[ 
[c% cg^ ts^ 
,typ 

134 y- ghjgbk,typjkb C6H5-C3H7 120 0.8617 99.3 159 1.425 0.00615 - 

135 b-ghjgbk,hjvblb (CH3)2CHBr 123 1.310 -89 59.4 1.4285 0.32 [c% cg^ ts 

136 y-ghjgbk,hjvblb C3H7Br 123 1.353 -110 70.8 1.4341 0.025 [c% cg^ ts 

137 ghjgbktyb C3H6 42 1.915 -185.2 -47.7 - 45 [c% cg^ ts^ 
‘v 

138 b-ghjgbkbc cgbhnb (CH3)2CHOH 60 0.8035 -126 97.2 1.3850 - [c% cg^ ts 

139 y-ghjgbkbc cgbhnb C3H7OH 60 0.7855 -89.5 82.2 1.3776 - [c% cg^ ts^ 
,typ 

140 b-ghjgbkmkjhblb (CH3)2CHCl 78.5 0.859 -117 34.8 1.3811 0.31 [c% cg^ ts 

141 y-ghjgbkmjhblb C3H7Cl 78.5 0.8910 -122.8 46.6 1.3884 0.2 [c% cg^ ts 



 1
02 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

142 ghjgbjatyjyb CH3

O

 
134 1.02 21 218 - e[ [c% cg^ ts 

143 htpjhwbyb 

OH

OH 

110 1.285 110 276 - 22930 
[c% cg^ ts^ 
,typ 

144 cfkbwbkfklt/blb 

O H

OH

 

122 1.1674 -7 197 1.5735 v[ 
[c% cg^ ts^ 
,typ 

145 cfkbwbkv;fdf 

COOH
OH

 

138 1.443 159 bi - 0.18 [c% cg% fw^ 
mk 

146 cfkbwbkv;fdf 
bpjfvbkbc tsthb 

COOC5H11(i)
OH

 

208 1.042 - 273 1.506 0.00423 [c% cg^ ts^ 
mk 

147 cfkbwbkv;fdf 
vtsbkbc tsthb 

COOCH3
OH

 

152 1.1840 -8.6 223.3 1.5377 0.07430 [c% cg^ ts^ 
‘v 

103 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

148 cekafybkv;fdf SO3HNH2
 

173 - 288 bi - - 1.08 - 

149 v-njkeblbyb 

CH3

NH2 

107 0.989 -31.5 203.3 1.5686 v[ [c% cg^ ts 

150 j-njkeblbyb 

CH3
NH2

 

107 1.004 -16 199.8 1.5688 1.525 [c% cg^ ts 

151 g-njkeblbyb CH3NH2
 

107 1.046 43 200.3 1.5532 0.74 [c% cg^ ts^ 
vts^ fw 

152 njkejkb C6H5CH3 92 0.867 -95 110.6 1.4969 0.047 r% cg^ ts^ 
vts^ fw 

153 g-njkejkcek-
ajv;fdf CH3HO3S

 
172 - 92 140 - [c [c% cg^ ts 

154 g-njkejkcekaj-
mkjhblb CH3 SO2Cl

 
190.5 - 71 145 - e[ 

[c% cg^ ts^ 
,typ 



 1
04 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

155 2^4^6-nhb,hjvfyb-
kbyb 

NH2
Br

Br

Br

 

330 2.35 119 300 - e[ 
[c% cg^ ts^ 
mk 

156 nhbmkjhtsbktyb ClCH=CCl2 131.5 1.4397 -86.4 88-90 1.477 0.01 [c% cg^ ts 

157 nhbmkjh’vfhv;fdf Cl3C-COOH 163.5 1.6237 58 196.5 - [c [c% cg^ ts 

158 1^3^5-nhbtsbk,ty-
pjkb C6H3(C2H5)3 162 - - 218.9 1.4951 - - 

159 atytnjkb 
~tsjmcb,typjkb` 

OC2H5

 
122 0.966 -33 172 1.5084 e[ [c% cg^ ts 

160 atybk/blhjmcbk-
fvbyb 

NHOH

 
109 - 81.82 - - 2 

[c% cg^ ts^ 
mk 

161 atyjkb C6H5OH 94 1.071 41 181.2 1.5403 7.966 [c% cg^ ts^ 
mk 

162 atyjmcb’vfhv;fdf C6H5-O-CH2COOH 152 - 99 285 bi - 1.210 [c% cg^ ts 

163 ajhvfklt/blb HCHO 30 0.815 -92 -21 - [c [c% cg^ ts 

164 aevfhv;fdf 
lbvtsbktsthb 

H3COOC

COOCH3 
144 - 102 192 - e[ [c% cg^ ts 

105 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

165 aehaehjkb O
O

H

 
96 1.1594 -36.5 162 1.5261 9.113 [c% cg^ ts 

166 asfkfy/blhblb 

O

O

O  

148 1.527 131.6 285 
ce,k - v[ [c% cg 

167 asfkbvblb 

O

NH

O  

147 - 233-5 ce,k - 0.0625 [c% ‘v ~w[` 

168 asfkv;fdf 
COOH

COOH 
166 1.593 191 bi - - 0.5414 [c% cg 

169 mfhdfv;fdf HOOC-(CH2)2-COOH 118 1.564 185 235 bi - 6.9 [c% cg^ ts^ 
fw 

170 mfhdfv;fdf lbtsbkbc 
tsthb C2H5OOC-(CH2)2-COOC2H5 174 1.0402 -21 217.7 1.4207 e[ [c% cg^ ts 

171 mkjhfwtnfvblb ClCH2CONH2 93.5 - 181 224 - 1024 v[% cg^ ts 



 1
06 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

172 j-mkjhfwtnjatyjyb 

Cl

O

CH3

 
154 1.1884 - 227-8 - v[ [c% ts^ cg 

173 g-mkjhfwtnjatyjyb 
O

CH3
Cl

 
154 1.188 14-5 232 - e[ [c% ts^ cg 

174 mkjh,typjkb C6H5Cl 112.5 1.0066 -45 132 1.5248 0.0530 [c% ts^ cg^ 
,typ^ mk 

175 v-mkjh,typjv;fdf 

COOH

Cl  

156.5 1.496 154-5 ce,k - 0.04 [c% ts^ cg 

176 j-mkjh,typjv;fdf 
Cl

COOH

 
156.5 1.644 140-2 ce,k - 0.2125 v[% ts^ cg 

177 g-mkjh,typjv;fdf COOHCl
 

156.5 1.541 235 ce,k - 0.0077 v[% ts^ cg 

178 mkjhjajhvb CHCl3 119.5 1.488 -63.5 61.2 1.4464 e[ [c% ts^ cg 

179 v-mkjhnjkejkb 

CH3

Cl  

126.5 1.0722 -47.8 162 1.5225 e[ 
[c% ts^ cg^ 
,typ^ mk 

107 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

180 j-mkjhnjkejkb CH3

Cl

 

126.5 1.0817 -34 159 1.5238 e[ 
[c% ts^ cg^ 
,typ^ mk 

181 g-mkjhnjkejkb CH3Cl
 

126.5 1.0697 7.5 162 
4410 1.5193 e[ 

[c% ts^ cg^ 
,typ^ mk 

182 mkjh’vfhv;fdf ClCH2COOH 94.5 1.58 -50 189 1.4297 v[ 
[c% ts^ cg^ 
,typ 

183 mkjh’vfhv;fdf 
tsbkbc tsthb ClCH2COOC2H5 122.5 1.169 -26 144.2 1.4227 e[ r% cg^ ts 

184 g-mbyjyb O O
 

108 1.318 115.7 ce,k - [c ~w[` r% ts 

185 nhbmkjh’vfhv;fdf 
tsbkbc tsthb Cl3CCOOEt 191.5 1.383 - 168 1.45068 e[ r% cg^ ts 

186 v-mcbkjkb 

CH3

CH3  

106 0.8641 -47.4 139 1.4972 e[ [c% cg^ ts 

187 j-mcbkjkb 
CH3

CH3 
106 0.8813 -25 144 1.5071 e[ [c% cg^ ts 



 1
08 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

188 g-mcbkjkb CH3CH3
 

106 0.8611 13.2 138 1.5004 e[ [c% cg^ ts 

189 wbrkj/tmcfyjkb C6H11OH 100 0.9945 25.4 161.5 1.461 5.67 [c% cg^ ts^ 
,typ 

190 wbrkj/tmcfyjyb 

O

 
98 0.9478 -45 115-6 1.4507 2.4 [c% cg^ ts 

191 ‘vfhv;fdf fy/blhblb (CH3CO)2O 102 1.0820 -71.3 140 1.3901 bi [c% ,typ^ ts 

192 ‘vfhv;fdf CH3COOH 60 1.0492 16.6 118.1 1.3698 ∞ [c% cg^ ts 

193 ‘vfhv;fdf ,enbkbc 
tsthb CH3COOC4H9 116 0.882 -76.8 126 1.3951 e[ [c% cg^ ts 

194 ‘vfhv;fdf tsbkbc 
tsthb CH3COOC2H5 88 0.901 -83.6 77.15 1.37005 v[ [c% cg^ ts 

195 ‘vfhv;fdf b-fvbkbc 
tsthb CH3COOC5H11(b) 130 0.8699 -78.5 140-2 1.4014 0.1625 [c% cg^ ts 

196 ‘vfhv;fdf ghjgbkbc 
tsthb CH3COOC3H7 102 0.887 -92.5 101.6 1.3844 1.89 [c% cg^ ts 

197 zbfyzdtkv;fdf HCOOH 46 1.22 8.4 100.7 1.3714 ∞ [c% cg^ ts 

198 zbfyzdtkv;fdf 
tsbkbc tsthb HCOOC2H5 74 0.9168 -80.5 54.3 1.3598 11.825 [c% cg^ ts 

109 

[cyflj,f 
= lfcf[tkt,f ajhvekf M 

d^ 
u$cv3 

Tkq^ 

°C 

Tleq^ 

°C 
20
Dn  

H2O jhu&ufv[c& 

199 /blhfpby/blhfnb H2NNH2⋅H2O 50 1.03 -40< 118.5 - ∞ 
[c% cg^ ts^ 
mk 

200 /blhj,typjbyb PhCH(OH)CH(OH)Ph 214 0.927 138 300 - v[ v[% cg 

201 /blhjmbyjyb OHOH
 

110 1.358 170.5 286.2 - 5.815 [c% cg^ ts 
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uflftwf ofhvjt,fc 28&05&2005& [tkvjothbkbf lfcf,tzlfl  

07&06&2005& mfqfklbc pjvf 60×84 1$16& gbhj,bsb yf,tzlb sf,f[b 
6&75& cffqhbw[dj-cfufvjvwtvkj sf,f[b 5& nbhf;b 100 tup& 
itrdtsf = 
 
 

 
 
 
 
 
 

B<TZLT<F FDNJHSF VBTH 
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ufvjvwtvkj,f #ntmybrehb eybdthcbntnb@^ s,bkbcb^ 
rjcnfdf 77 


