
]¥ÎNÍ
>ã.iHÏ cdVclÎÁD hc lÁHfU lÈL fÈVÍ.fVnhvÏ nv lÁHxR oú: ,

kÎÂI.oú: lD.fHaÁN# gBh fI .lÁ§<v p™Z ;Î™ÎJ >ã.iHÏ cdVclÎÁD
hx±ß hc ̀Vh;ÁA l¥HkD , clHkD >Ë.iH pHmC hiÂÎJ lD.fHaN# iŃ hc
hdK |̀,iA hvcdHfD nrJ v,ù.iHÏ nv,Ë.dHfD l¥HkD [ÈJ
`ÎA.fÎÁD ̀Vh;ÁA l¥HkD fVoD ,d|=D.iHÏ ;Î™D >ã cdVclÎÁD k§ÎV
;G hl±ó lñ„<‰)SDT(& y„§J d<Ë sNdL)+aN(& a<vÏ)CE(&
köäJ [Bã sNdL)RAS(& y„§J d<Ë ;„V )-lC(, y„¢J d<Ë
s<g™Hè)2-

4OS(lD.fHaN# fNdK lÁ§<v hc hx±uHè lVf<£ fI 56
kÂ<kI ]HÍ aHiN naJ vtöÁíHË hsé™HnÍ aN , v,ù.iHÏ jHfU
l¶¥<õ tHw„I ,cË.nhv& ;VdíÎÁ+ , ;<.;VdíÎÁ+ l<vn fVvsD rVhv
=VtJ# ̀S hc kVlH‰.sHcÏ nhnÍ.iH hrNhÊ fI jVsÎL ,hvd<=VhÊ =VndN&
fÂÁ§<v hkéòHã lN‰ lÁHsF fVhÏ fVhcù fV v,Ï ,hvd<=VhÊ jíVfD
hc lÆNhv SSR;ÂéV , hséñ¥HÊ sHoéHv t†HdD r<Ï.jV hsé™HnÍ aN#
såS fH hsé™HnÍ hc tK hvcdHfD léÆHfG , hsé™HnÍ hc ESMR& lÁHsäéVdK
v,ù lÎHË.dHfD hkéòHã aN# kéHd{ kúHË nhn ;I fVhÏ È̀ÁI.fÁNÏ

,d|=D.iHÏ ;Î™D >ã& v,ù.iHÏ ;VdíÎÁ+ , ;<;VdíÎÁ+ fV v,ù
WDIhv[ñÎJ nhvkN# nv kÈHdJ fH hsé™HnÍ hc v,ù ;<;VdíÎÁ+- fI
uÁ<hË fÈéVdK v,ù lÎHË.dHfD- kÆúI.iHÏ È̀ÁI.fÁNÏ ,d|=D iHÏ >ã
cdVclÎÁD nv lñÎX SIGjÈÎI =VndN#

,h\Í.iHÏ ;„ÎNÏ^ uHlG.iHÏ ;Î™D >ã cdVclÎÁD& ̀Vh;ÁA l¥HkD&
nv,Ë.dHfD l¥HkD& hvcdHfD léÆHfG ,  ̀ÈÁIfÁNÏ 

lÆNlI
aÁHoJ ;Î™ÎJ , ;ÂÎJ >ã.iHÏ cdVclÎÁD& fI uÁ<hË d¥D hc

lÈÂéVdK , >sÎF ̀BdVjVdK lÁHfU jHlÎK >ã nv niI.iHÏ hoÎV& d: hlV
;HlÚ± fNdÈD hsJ “31”# >ã.iHÏ cdVclÎÁD& fI uÁ<hË fòA lÈÂD
hc >ã.iHÏ jíNdNB̀dV [ÈHË fI pöHã lD.>dÁN# lñHsäI lÁHfU >ã
[ÈHkD kúHË lD.niN ;I lÁHfU cdVclÎÁD ]ÎCÏ nv pN,n 6/# nvwN
hc ;G lÁHfU >ã , 06 nvwN hc lÁHfU >ã jíNdN ̀BdV rHfG nséVõ
vh fI o<n hoéûHü lD.niN “61”# >ã.iHÏ cdVclÎÁD nv rÎHõ fH
>ã.iHÏ s¢ñD nhvhÏ lCdJ.iHÏ lòé„™D lHkÁN ;Î™ÎJ fḦjV&
>g<n=D ;ÂéV iöéÁN# nv lÁHxR oú: , kÎÂI.oú: nv hy„F l<hvn
;I >ã.iHÏ s¢ñD fI lÎChË oÎ„D ;L ndNÍ lD.a<kN& >ã.iHÏ
cdVclÎÁD rHfG nséVõ lD.fHaÁN “31” hlH léÇs™HkI lÎChË
fÈVÍ.fVnhvÏ fD.v,dI hc lÁHfU >ã cdVclÎÁD hc d: s< , >g<nÍ ;VnË
s™VÍ.iHÏ cdVclÎÁD hc xV́ ndæV& nv clVÍ löHm„D hsJ ;I nv
niI.iHÏ [HvÏ fH >Ë fI ;Vhè v,fV, iöéÎL# gBh iŃ hc hdK

|̀,iA& hvcdHfD nrJ v,ù.iHÏ nv,Ë.dHfD l¥HkD aHlG
v,ù.iHÏ ;VdíÎÁ+ , ;<;VdíÎÁ+ , jHfU l¶¥<õ tHw„I ,cË.nhv
)1WDI(fI lÁ§<v lN‰.sHcÏ j®ÎÎVhè l¥HkD ;Î™ÎJ >ã cdV.clÎÁD
lD.fHaN#

hlV,cÍ fI x<v ,sÎ¶D hc v,ù.iHÏ lòé„T clÎK.>lHvÏ fVhÏ
`ÎA.fÎÁD j®ÎÎVhè l¥HkD ;Î™ÎJ >ã.cdVclÎÁD hsé™HnÍ lD.a<n#
w™VÏ “1”& aä¥I `HdA >ã cdVclÎÁD vh fH hsé™HnÍ hc v,ù.iHÏ
clÎK.>lHvÏ nv naJ ]ÂîÂH‰ nv yVã hdVhË j¶ÎÎK kÂ<n# ,Ï hc
v,ù ;VdíÎÁ+ fVhÏ fV>,vn j®ÎÎVhè l¥HkD s¢P >ã cdVclÎÁD nv
s¢P naJ hsé™HnÍ kÂ<n# kéHd{ kúHË nhn ;I v,ù lÁHsF
clÎK.>lHvÏ nv fV>,vn d: lé®ÎV& fI k<ß lé®ÎV , u<hlG lÁ¢ÆI.hÏ
jHeÎV=Bhv fV >Ë föéæD nhvn , kÂD.j<hË v,ù lÁéòF nv d: lÁ¢ÆI vh
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fI sHdV lÁHxR j¶ÂÎL nhn# k§VÏ , iÂ¥HvhË “5”& hc v,ù clÎK.>lHv
nv fVvsD j®ÎÎVhè l¥HkD ;Î™ÎJ >ã cdVclÎÁD nv naJ fḦv,n
hsé™HnÍ ;Vn# kéHd{ hdK ̀|,iúæVhË kúHË nhn lN‰ ;V,Ï fÈéVdK lN‰
[ÈJ fVhcù fV v,Ï ,hvd<=VhÊ jíVfD lé®ÎViHÏ a<vÏ& ;„V ,
s<g™Hè lD.fHaN# hdöéHμ , ;<V̀ “21”& v,ù ;VdíÎÁ+ vh nv
fV>,vn uÁHwV sÁæÎK l<vn hsé™HnÍ rVhv nhnkN# >Ë.iH fI hdK kéÎíI
vsÎNkN ;I v,ù dHn aNÍ fÈéVdK fV>,vn.;ÁÁNÍ o¢D kHhvdF sVã
lD.fHaN# ndæ<séÎÁ< , iÂ¥HvhË “8”& fI fVvsD j®ÎÎVhè clHkD ,
l¥HkD kÎéVhè fI ;Â: v,ù.iHÏ ;VdíÎÁ+ , ;<;VdíÎ+ nv
>ã.iHÏ cdVclÎÁD V̀nhoééÁN# kéHd{ >Ë.iH kúHË nhn ;I v,ù
;<;VdíÎÁ+ fHuE htChdA nrJ nv fV>,vn y„§J kÎéVhè aNÍ hsJ#
vdC, , l<cv “31”& clÎK >lHv vh fVhÏ jíCdI , jñ„ÎG ;Î™ÎJ >ã.iHÏ
cdVclÎÁD l<vn hsé™HnÍ rVhv nhnkN# nv hdK vhf¢I >Ë.iH kÂHdI.iHÏ
;Î™ÎJ aHlG ;„V& s<g™Hè& sNdL& ;„öÎL , a<vÏ vh l<vn fVvsD
rVhv nhnkN# >Ë.iH [Â¶ÎJ lÎ¥V,fD vh fI uÁ<hË lé®ÎV ;Â¥D nv v,ù
;<;VdíÎÁ+ l<vn hsé™HnÍ rVhv nhnkN& kéHd{ hdK |̀,iúæVhË kúHË
nhn ;I v,ù ;<;VdíÎÁ+ nhvhÏ nrJ lÁHsäD nv fV>,vn ;Î™ÎJ
>ã.iHÏ cdVclÎÁD lD.fHaN# hpÂN“6”& v,ù ;VdíÎÁ+ vh fVhÏ
fV>,vn SDTnv >ã.iHÏ cdVclÎÁD l<vn hsé™HnÍ rVhv nhn , nrJ hdK
v,ù vh nv fV>,vn lÆHndV y„§J hl±‰ lñ„<‰ lÁHsF júòÎW nhn#
=H,õ , iÂ¥HvhË “11”& >g<n=D >ã.iHÏ cdVclÎÁD fÁæ±nù vh hc
k§V uÁHwV sÁæÎK l<vn fVvsD rVhv nhnkN# >Ë.iH fVhÏ fV>,vn y„§J
>vsÁÎ: , jÈÎI kÆúI vdö: o¢V hc v,ù ;VdíÎÁ+ =ööéI hsé™HnÍ
;VnkN# tÎÁ: , iÂ¥HvhË “01”& hc ;VdíÎÁ+ sHnÍ fVhÏ fV>,vn
j®ÎÎVhè s¢P >ã nv ;ú<v i„ÁN hsé™HnÍ kÂ<nÍ , >Ë vh v,aD
lÁHsF fVhÏ `HdA , jÈÎI kÆúI s¢P >ã cdVclÎÁD l¶VtD ;VnkN#
fHv;H , `HsHv̈ “7”& fVhÏ jÈÎI kÆúI o¢V kÎéVhè nv n, pN >séHkI
01 ,05 lÎ„D =VÊ nv gÎéV& nv naJ l<nkHÏ hdéHgÎH hc n, v,ù
;VdíÎÁ+ =ööéI , aäÎI.sHcÏ hsé™HnÍ kÂ<nkN# kéHd{ hdK nhkúÂÁNhË
kúHË nhn ;I v,ù ;VdíÎÁ+ =ööéI v,aD lÁHsF [ÈJ fVvsD
lÎChË jòVdF >ã cdVclÎÁD lD.fHaN#

l<hn , v,ù.iH
l¶VtD lÁ¢ÆI
lñN,nÍ l<vn l¢Hg¶I )naJ vtöÁíHË( ,s¶éD fVhfV

87952mKvh nhvh f<nÍ , hc aÂH‰ yVã jH [Á<ã aVØ ;úÎNÍ aNÍ
hsJ# hvj™Hß lé<sX lñN,nÍ l¢Hg¶HjD 0441 léV hc s¢P nvdH
lD.fHaN# fÎúéVdK hvj™HuHè nv aÂH‰ aVØ , [Á<ã naJ rVhv
nhvn“3”# a¥G )1( l<r¶ÎJ lÁ¢ÆI l<vn l¢Hg¶I& lN‰ vr<lD hvj™Hß
, ̀Vh;ÁA ]HÍ.iHÏ kÂ<kI.fVnhvÏ vh kúHË lD.niN#

v,ù ̀|,iA
nv hdK |̀,iA [ÈJ `ÎA.fÎÁD V̀h;ÁA l¥HkD ;Î™ÎJ >ã

cdVclÎÁD hc hx±uHè lVf<£ fI 56 kÂ<kI ]HÍ aHiN naJ

vtöÁíHË)jÈÎI aNÍ hc sHclHË >ã lÁ¢ÆI.hÏ hséHË ;VlHË( hsé™HnÍ
=VndN# S̀ hc kVlH‰.sHcÏ nhnÍ.iH& [ÈJ È̀ÁI.fÁNÏ ,d|=D.iHÏ
;Î™D >ã hc v,WDI< n, v,ù clÎK.>lHvÏ );VdíÎÁ+ ,
;<.;VdíÎÁ+( hsé™HnÍ =VndN# fI lÁ§<v hvcdHfD v,ù.iHÏ
nv,Ë.dHfD hc >cl<Ë hvcdHfD léÆHfG hsé™HnÍ aN , nv kÈHdJ fVhsHõ
fÈéVdK v,ù lÎHkÎHfD , fI ;Hv =ÎVÏ sHlHkI hx±uHè [®VhtÎHdD
)SIG(hrNhÊ fI jÈÎI kÆúI.iHÏ l<vn k§V =VndN# 

fVvsD tVqÎI hdöéHdD
fVhÏ fVvsD hdK tVqÎI ]ÁNdK v,ù ,[<n nhvn^ 
1# hféNh d: ]ÁN [Â„I.hÏ nv[I n,Ê fI nhnÍ.iH fI x<v [Nh=HkI

fVhcù , fVv,Ï fHrÎÂHkNÍ& j<cdU kVlH‰ fVhcù nhnÍ lD.a<n# nv
w<vè uNÊ kVlH‰ f<nË fHdöéD uÂ„ÎHè pB́ v,kN vh hkíHÊ nhn#

2# fH fVhcù j<cdU fV,Ï iV d: hc nhnÍ.iH& nv w<vèua¥G
f<nË jHfU kÎHcÏ fI uÂ„ÎHè pB́ v,kN ,[<n kNhvn#

3#   hsé™HnÍ hc `ÁíVÍ.iHÏ aÁH,v^ nv hdK v,ù nv iV d: hc
`ÁíVÍ.iH lÆNhv >lHvÍ lÎHkæÎK , hkñVh́ hc l¶ÎHv hkNhcÍ.=ÎVÏ aNÍ ;I
nv w<vè uNÊ j™H,è l¶ÁD.nhv kÎHcÏ fI uÂ„ÎHè pB́ v,kN ,[<n
kNhvn#

v,ù.iHÏ lÎHË.dHfD
v,ù ;VdíÎÁ+
;VdíÎÁ+ uäHvè hc d: v,ù fV>,vn clÎK.>lHvÏ hsJ ;I fV ̀HdI

lÎHkæÎK léñVμ ,cË.nhv hsé<hv lD.fHaN# fI x<vÏ ;I lD.j<hË =™J
hdK v,ù fÈéVdK fV>,vn;ÁÁNÍ o¢D kHhvdF1lD.fHaN# hdK
fV>,vn;ÁÁNÍ fI w<vè cdV j¶VdT lD.a<n^

)3(                                                                     )ix( zil
n
å
1=i

= )x( @Z

;I nv >Ë )ix(*ZuÎHv fV>,vnÏ&il,cË dH hiÂÎJ ;ÂÎJ ,hföéI fI
kÂ<kI ihÊ , )ix(zlÆNhv lé®ÎV hkNhcÍ.=ÎVÏ aNÍ lD.fHaN# hdK k<ß
;VdíÎÁ+ vh ;VdíÎÁ+ o¢D lD.kHlÁN cdVh jV;ÎF o¢D hc nnhnÍ hsJ
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a¥G 1 -  l<r¶ÎJ lÁ¢ÆI l<vn l¢Hg¶I& lN‰ vr<lD hvj™Hß ,
V̀h;ÁA ]HÍ..iHÏ kÂ<kI..fVnhvÏ 



;I aV£ hsé™HnÍ hc hdK fV>,vn;ÁÁNÍ hdK hsJ ;I& lé®ÎV ZnhvhÏ j<cdU
kVlH‰ fHaN# nv yÎV hdK w<vè dH fHdN hc ;VdíÎÁ+ yÎV o¢D hsé™HnÍ
;Vn , dH hdÁ¥I fI kñ<Ï j<cdU lé®ÎViH vh fI kVlH‰ jäNdG kÂ<n“2,4”#

lÈÂéVdK röÂJ ;VdíÎÁ+ j¶ÎÎK ,cË.iHÏ >lHvÏ illD.fHaN ;I
[ÈJ kHhvdF f<nË fV>,vniH& hdK h,chË fHdöéD fI kñ<Ï j¶ÎÎK
=VnkN ;I líÂ<ß >kÈH fVhfV 1 fHaN“4”#

)4(                                                                                           1=il
n
å
1=i

v,ù ;<;VdíÎÁ+
iÂHk¢<v ;I nv >lHv ;±sÎ: kÎC v,ù.iHÏ ]ÁN lé®ÎVÍ ,[<n

nhvn& nv clÎÁI >lHv kÎC lD.j<hË hc v,ù ;<;VdíÎÁ+ , fV hsHõ
iÂäöéæD fÎK lé®ÎV.iHÏ lòé„T& fVhÏ fV>,vn hsé™HnÍ ;Vn# l¶HngI
;<;VdíÎÁ+ fI aVó cdV lD.fHaN“2”#

)5(                                 )kx( y.kl=il
n
å
1=k

ix.i¢el
n
å
1=¢e

= )ix( @Z

;I nv >Ë^ )ix(*Z=lÆNhv fV>,vn aNÍ fVhÏ kÆ¢IixlÎäHaN&.il=

,cË lVf<£ fI lé®ÎV Z& kl=,cË lVf<£ fI lé®ÎV ;Â¥D y&= )ix(z

lÆNhv lúHiNÍ aNÍ lé®ÎV hw„D ,)kx(y=lÆNhv lúHiNÍ aNÍ lé®ÎV
;Â¥D hsJ“2”#

fVhÏ fV>,vn fH hdK v,ù , fVhÏ lñHsäI h,chË lVf<xI& kÎHc fI
lñHsäI ,hvd<=VhÊ léÆHfG fI w<vè cdV lD.fHaN^

)6(          ]))kx(y- kx(y[ * ])ix(z- )h+ix( z[ n 12 = h)yz(g
;I nv >Ë ̂h)yz(g =,hvd<=VhÊ léÆHfG fÎK lé®ÎVy,z&)ix(z=

lé®ÎV lúHiNÍ aNÍ , )kx(y=lé®ÎV ;Â¥D lD.fHaN#

v,ùWDI

nv v,ù WDIfVhÏ iV d: hc kÆH£ hkNhcÍ.=ÎVÏ ,ckD fV hsHõ
tHw„I fÎK >Ë kÆ¢I jH l<r¶ÎJ kÆ¢I líÈ<‰ nv k§V lD =ÎVn# såS hdK
h,chË j<sX j<hË ,cË.niD ;ÁéV‰ lD.a<n& fI x<vÏ ;I j<hË.iHÏ
fCv=éV heV kÆH£ n,vjV hc kÆ¢I l<vn fV>,vn vh ;HiA nhnÍ , j<hË.iHÏ
;<]¥éV ,cË.iH vh fI x<v d¥Á<hoJ.jVÏ fÎK kÆH£ iÂí<hv j<cdU
lD.;ÁÁN# hgäéI fHdN j<[I nhaJ ;I hdK v,ù fN,Ë j<[I fI l<r¶ÎJ ,
>vhdA kÆH£& tÆX tHw„I >kÈH vh nv k§V lD.=ÎVn& d¶ÁD kÆHxD ;I nhvhÏ
tHw„I d¥öHkD hc kÆ¢I fV>,vn iöéÁN nhvhÏ ,cË d¥öHkD lD.fHaÁN“4”#
lÆNhv uHlG ,ckD fH hsé™HnÍ hc tVl<‰ cdV lñHsäI lD.=Vnn^

a- iD )7(                                                                      __________ = il

a- iD 
n
å
1=i

;I nv >Ë ̂ il=,cË hdöéæHÍ ihÊ&=iDtHw„I hdöéæHÍ ihÊ jH kÆ¢I
líÈ<‰&a=j<hË ,cË niD

j¶ÎÎK lÁHsäéVdK v,ù lÎHË.dHfD
S̀ hc vsL ,hvd<=VhÊ , fVhcù lN‰ lÁHsF& uÂ„ÎHè lÎHË.dHfD

f<sÎ„I v,ù ;VdíÎÁ+& ;<;VdíÎÁ+ , jHfU l¶¥<õ tHw„I fH
j<hË.iHÏ lòé„T fVvsD =VndN# fVhÏ hdK lÁ§<v lD.j<hË hc
aÎ<Í.iHÏ lòé„™D hsé™HnÍ kÂ<n ;I d¥D hc lÁHsäéVdK >kÈH hsé™HnÍ hc
kéHd{ hvcdHfD léÆHfG lD.fHaN“9”# fNdK jVjÎF ;I hféNh d¥D hc kÆH£
hkNhcÍ.=ÎVÏ vh pB́ kÂ<nÍ , såS fH hsé™HnÍ hc sHdV kÆH£ , huÂH‰
v,ù lÎHË.dHfD l<vn k§V fVhÏ kÆ¢I pB́ aNÍ& fV>,vn >lHvÏ
w<vè lD.=ÎVn& nv lVp„I f¶N hdK kÆ¢I fI lñG o<n fV=VnhkNÍ
aNÍ , kÆ¢I f¶NÏ pB́ lD.=Vnn , fI iÂÎK jVjÎF fVhÏ jÂHÊ kÆH£
lúHiNÍ.hÏ d: fV>,vn kÎC w<vè lD.=ÎVn , kéHd{ nv rHgF n, sé<Ë
lÆHndV lúHiNÍ.hÏ , fV>,vnÏ hvhmI lD.=Vnn# nv hdK ̀|,iA fI lÁ§<v
>cl<Ë k¥<dD fVhcù v,ù.iHÏ lÎHË.dHfD& hc v,ù vdúI n,Ê
lÎHkæÎK lVf¶Hè fHrÎÂHkNÍ )ESMR(hsé™HnÍ aN ;I tVl<‰ lñHsäI
>Ë fI aVó cdV lD.fHaN^

___________________________
2))ix(*Z- )ix( Z

N
å
1=k

 1
N 

Ö= E.S.M.R

;I nv >Ë^)ix(*Z:lÆNhv fV>,vn aNÍ lé®ÎV l<vn k§V& )ix(Z:

lÆNhv hkNhcÍ.=ÎVÏ aNÍ lé®ÎV l<vn k§V )lÆNhv lúHiNÍ.hÏ( , N:

j¶Nhn lúHiNhè lD.fHaN# 

kéHd{
o±wI >lHvÏ nhnÍ.iHÏ lVf<£ fI 6 uHlG ;Î™ÎJ >ã nv [N,‰

)1( >,vnÍ aNÍ hsJ# nhnÍ.iHdD ;I ]<gæD fḦdD nhaéÁN& yÎVkVlH‰
júòÎW nhnÍ aNÍ , fVhÏ kVlH‰.sHcÏ >Ë.iH hc v,ù gæHvdéL.=ÎVÏ
, vdúI n,Ê hsé™HnÍ aN# S̀ hc kVlH‰.sHcÏ nhnÍ.iH hrNhÊ fI jVsÎL
,hvd<=VhÊ jíVfD =VndN# kéHd{ tVqÎI hdöéHdD iL kúHË nhn ;I kÎHcÏ
fI uÂ„ÎHè pB́ v,kN ,[<n kNhvn# fH hsé™HnÍ hc ̀ÁíVÍ.iHÏ aÁH,v&
nv iV d: hc `ÁíVÍ.iH lÆNhv >lHvÍ lÎHkæÎK , hkñVh́ hc l¶ÎHv
hkNhcÍ.=ÎVÏ aNÍ ;I kéHd{ uNÊ j™H,è l¶ÁD.nhv vh kúHË nhnÍ , nv
kéÎíI kÎHcÏ fI uÂ„ÎHè pB́ v,kN ,[<n kNhvn )[N,‰ 2(#

[ÈJ fVhcù fÈéVdK lN‰ fV v,Ï ,hvd<=VhÊ jíVfD hc lÎChË
SSR;ÂéV , hséñ¥HÊ sHoéHv t†HdD r<Ï.jV hsé™HnÍ aN“41”#
,hvd<=VhÊ.iHÏ lVf<£ fI v,ù ;VdíÎÁ+ nv a¥G )2( kúHË nhnÍ
aNÍ hsJ# iÂîÁÎK [N,‰ )3( lN‰ lÁHsF fVhcù nhnÍ aNÍ fV
v,Ï ,hvd<=VhÊ , uHlG.iHÏ lVf<xI vh kúHË lD.niN# köäJ
heV.r¢¶I.hÏ fI >séHkI vh lD.j<hË fVhÏ hvcdHfD sHoéHv l¥HkD nhnÍ.iH
l<vn fVvsD rVhv nhn# ,réD hdK köäJ ;ÂéV hc 52/0 fHaN lé®ÎV
l<vn k§V nhvhÏ sHoéHv l¥HkD r<Ï lD.fHaN& fÎK 52/0-57/0
sHoéHv l¥HkD lé<sX f<nÍ , iÁæHlD ;I fCv=éV hc 57/0 fHaN
sHoéHv t†HdD q¶ÎT lD.fHaN“51”# fH j<[I fI hdÁ¥I köäJ heV
r¢¶I.hÏ fV >séHkI )C+OC/OC(fVhÏ n, uHlG ;Î™ÎJ >ã RAS(,
)aN;ÂéV hc 52/0 lD.fHaN& hdK uHlG.iH nhvhÏ hséñ¥HÊ t†HdD
r<Ï lD.fHaÁN# hlH nv uHlG.iHÏ CE& SDT, lChdK lÆNhv fÎK
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52/0 jH 57/0 f<nÍ , nhvhÏ ̀Î<séæD l¥HkD lé<s¢D lD.fHaN# hlH
nv l<vn uHlG y„§J s<g™Hè nhvhÏ `Î<séæD l¥HkD q¶ÎT
lD.fHaN#

nv v,ù ;<;VdíÎÁ+& S̀ hc jú¥ÎG lHjVdS iÂäöéæD& fVhÏ
`ÎA.fÎÁD ,d|=D.iHÏ ;Î™ÎJ >ã hc uHl„D fI uÁ<hË lé®ÎV ;Â¥D
hsé™HnÍ aN ;I nhvhÏ fÎúéVdK qVdF iÂäöéæD fH lé®ÎV l<vn k§V
lD.fHaN )[N,‰4(# gBh fVhÏ fV>,vn y„§J sNdL hc y„§J ;„V
)@@559/0=r(& fVhÏ fV>,vn köäJ [Bã sNdL hc y„§J sNdL
)@@418/0=r(& fVhÏ fV>,vn y„§J s<g™Hè hc ;„öÎL
)@@107/0=r(& y„§J ;„V hc a<vÏ )@@299/0=r(, fVhÏ
y„§J hl±ó lñ„<‰ hc a<vÏ )@@999/0=r(, fVhÏ a<vÏ hc

y„§J hl±ó lñ„<‰ )@@999/0=r(hsé™HnÍ =VndN#
,hvd<=VhÊ.iHÏ léÆHfG lVf<xI nv a¥G )3( hvhmI aNÍ hsJ#

fVhÏ j¶ÎÎK lÁHsäéVdK v,ù lÎHË.dHfD& hc lÎHË sI v,ù WDI&
;VdíÎÁ+ , ;<;VdíÎÁ+ hc líB,v lÎHkæÎK lVf¶Hè o¢H )ESMR(

hsé™HnÍ aN# kéHd{ kúHË nhn ;I v,ù.iHÏ clÎK.>lHvÏ nhvhÏ nrJ
rHfG l±p§I.hÏ köäJ fI v,ù WDIlD..fHaÁN# iÂîÁÎK v,ù
;<;VdíÎÁ+ fVhÏ jÂHlD ,d|=D iHÏ l<vn fVvsD nhvhÏ ESMR

;ÂéVÏ f<nÍ , nrJ `ÎA.fÎÁD vh jH pN föÎHv cdHnÏ fḦ fVnÍ hsJ
)[N,‰5(# nv kÈHdJ fH hsé™Hn hc v,ù ;<;VdíÎÁ+ köäJ fI

È̀ÁI.fÁNÏ ,d|=D.iHÏ ;Î™D >fÈHÏ cdVclÎÁD naJ vtöÁíHË nv
lñÎX SIGhrNhÊ =VndN )a¥G4(# 
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uHlG ;Î™D >ã cdVclÎÁD pNhrG pNh;êV lÎHkæÎK hkñVh́ l¶ÎHv ;úÎN=D ]<gæD

)L/qem(aN 1 051 38/14 86/92 13/2 74/1

*)L/qem(aN 1 2/21 90/6 2/2 14/0 34/0

RAS 0 33 68/11 64/5 79/3 84/1

*RAS 0 47/5 43/3 28/0 52/4 44/0-

)mc/sμ(CE 894 04981 3206 27/6514 42/1 72/1

*)mc/sμ(CE 22 831 3/37 7/52 0 64/0

)L/qem(4OS 2 64 3/31 5/9 46/2 16/1

**)L/qem(4OS 96/0 38/3 63/2 86/0 71/0- 1/0-

)L/qem(lC 1 091 23/15 44 18/1 94/1

*)L/qem(lC 1 8/31 65/6 19/2 40/0 35/0

)L/gm(SDT 423 11321 4/8193 61/1072 42/1 72/1

*)L/gm(SDT 81 111 1/95 7/02 0 64/0

[N,‰ 1- kéHd{ jíCdI >lHvÏ ;Î™ÎJ >ã cdVclÎÁD

@  hsé™HnÍ hc vdúI n,Ê [ÈJ kVlH‰.sHcÏ nhnÍ.iH     @@hsé™HnÍ hc gæHvdéL [ÈJ kVlH‰.sHcÏ nhnÍ.iH 

1 2 3 4

uHlG ;Î™D >ã cdVclÎÁD lÎHkæÎK hkñVh́ l¶ÎHv lÎHkæÎK hkñVh́ l¶ÎHv lÎHkæÎK hkñVh́ l¶ÎHv lÎHkæÎK hkñVh́ l¶ÎHv

)L/qem(aN 37/04 45/82 56/04 78/82 39/93 60/92 30/14 45/03

RAS 67/01 64/5 70/11 78/5 10/11 43/5 87/01 89/4

)mc/sμ(CE 6506 55/4514 3216 55/3414 5406 87/5414 7806 89/3214

)L/qem(4OS 4/21 9/8 9/21 5/8 34/31 4/9 78/31 9/9

)L/qem(lC 52/05 34 32/05 64 91/05 24 11/25 54

)L/gm(SDT 8/9193 31/1172 3/6193 54/4072 8/0293 87/4072 1/7193 88/2072

[N,‰ 2- kéHd{ >lHvÏ ̀ÁíVÍ iHÏ aÁH,v fVv,Ï uHlG.iHÏ ;Î™ÎJ >ã cdVclÎÁD



fñE , kéÎíI=ÎVÏ
kéHd{ kúHË nhn ;I h;êV ,d|=D.iHÏ l<vn l¢Hg¶I nhvhÏ ]<gæD

fḦdD f<nkN ;I ngÎG >Ë lD.j<hkN ;L f<nË j¶Nhn kÂ<kI.iH lD.fHaN#
hgäéI hsé™HnÍ hc gæHvdéL , vdúI n,Ê& nhnÍ.iH vh jH pN cdHnÏ kVlH‰
sHoJ# ̀S hc jVsÎL ,hvd<=VhÊ , fVhcù lN‰ lÁHsF fV v,Ï >Ë&
uHlG.iHÏ lVf<xI hséòVhì aN# hséñ¥HÊ sHoéHv t†HdD nv jÂHlD
,d|=D.iHÏ ;Î™D >ã l<vn l¢Hg¶I föÎHv r<Ï f<nÍ )lÆNhv uHlG
C+oC/oC;ÂéV hc 52/0 [N,‰2( ;I kúHË niÁNÍ ̀Î<séæD l¥HkD
, nrJ fḦÏ lN‰.iHÏ fVhcù nhnÍ aNÍ lD.fHaN& ;I o<n kÆA fI

sChdD nv fḦ fVnË nrJ fV>,vn nhvn# 
fI lÁ§<v fV>,vn ;Î™ÎJ >ã cdVclÎÁD& v,ù.iHÏ clÎK.>lHvÏ

);VdíÎÁ+ , ;<;VdíÎÁ+( fV v,ù WDIhv[ñÎJ nhaéÁN ;I fH kéHd{
w™VÏ“1”& k§VÏ , iÂ¥HvhË“5”& hpÂN “6” , fHv;H , `HsHv̈ “7”
l¢HfÆJ nhvn# kéHd{ pHwG hc hvcdHfD v,ù.iHÏ lòé„T kúHË nhn ;I
v,ù ;<;VdíÎÁ+ fVhÏ fV>,vn ̀Vh;ÁA l¥HkD ;Î™ÎJ >ã cdVclÎÁD hc
nrJ fÈéVÏ köäJ fI sHdV v,ù.iH fVo<vnhv lD.fHaN# kéHd{ fNsJ
>lNÍ fH kéHd{ vdC, , l<cv “31” l¢HfÆJ nhvn# >Ë.iH kÎC fVhÏ ̀ÈÁI.fÁNÏ
kÂHdI.iHÏ ;Î™ÎJ aHlG sNdL& ;„V& s<g™Hè& ;„öÎL , a<vÏ v,ù
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5 6 7 8

uHlG ;Î™D >ã cdVclÎÁD lÎHkæÎK hkñVh́ l¶ÎHv lÎHkæÎK hkñVh́ l¶ÎHv lÎHkæÎK hkñVh́ l¶ÎHv lÎHkæÎK hkñVh́ l¶ÎHv

)L/qem(aN 45/24 78/92 55/14 69/82 53/24 90/03 87/93 33/92

RAS 56/01 20/6 89/01 77/5 78/11 49/4 76/11 11/5

)mc/sμ(CE 1106 65/2114 9906 45/9214 5406 21/2114 9206 72/5614

)L/qem(4OS 11/31 1/9 12/41 9/9 79/31 6/9 66/21 68/8

)L/qem(lC 78/25 64 89/15 44 67/15 44 33/05 34

)L/gm(SDT 5/4193 92/8962 2/1293 19/6072 3/0293 22/7072 3/5193 41/5072

[N,‰ 3- fÈéVdK lN‰ fVhcù nhnÍ aNÍ fI ,hvd<=VhÊ , uHlG.iHÏ lVf<£ fI >Ë

uHlG ;Î™D >ã cdVclÎÁD lN‰ heV r¢¶I hÏ)oC( >séHkI)C+oC( a¶Hß jHeÎV)mK( )C+oC/oC( SSR 2r

CE ;V,Ï 871 305 7/75 53/0 3103 499/0

SDT ;V,Ï 7/311 703 5/25 73/0 1261 299/0

lC ;V,Ï 54/2 58/6 5/06 53/0 82/0 699/0

4OS kÂHdD 22/0 32/0 7/04 59/0 210/0 368/0

aN ;V,Ï 20/1 47/4 7/95 12/0 22/0 689/0

RAS kÂHdD 700/0 7/0 59/93 10/0 41/0 655/0

[N,‰ 4- qVhdF iÂäöéæD fÎK ,d|=D.iHÏ ;Î™D >ã cdVclÎÁD

CE lC 4OS aN RAS SDT

CE 1

lC @@299/0 1

4OS @@665/0 @@15/0 1

aN @@259/0 @@559/0 @@25/0 1

RAS @@636/0 @@846/0 102/0 @@418/0 1

SDT @@999/0 @@99/0 @@65/0 @@849/0 @@236/0 1



;<;VdíÎÁ+ vh fI uÁ<hË v,ù lÁHsF l¶VtD ;VnkN#
fH j<[I fI a¥G )4( l±p§I lD.=Vnn ;I v,kN j®ÎÎVhè uHlG.iHÏ

;Î™D >ã cdVclÎÁD jÆVdäH lúHfI d¥NdæV lD.fHaN# fÎúéVdK jíÂU
y„§J lVf<£ fI röÂJ.iHÏ aÂH‰.aVrD , ;L hvj™Hß lÁ¢ÆI
lD.fHaN# fH j<[I fI nv k§V =VtéK kÆúI vr<lD hvj™Hß hdK ̀NdNÍ rHfG
j<[ÎI lD.fHaN hlH fHdN nv k§V nhaJ ;I fVnhaJ fD v,dI hc >ã.iHÏ
cdVclÎÁD nv sH‰.iHÏ hoÎV fHuE júNdN jòVdF lÁHfU >fD naJ

aNÍ hsJ# p™V ]HÍ.iHÏ uÂÎR , kÎÂI uÂÎR fI u„J oú¥öHgD.iHÏ
]ÁN sH‰ hoÎV , jHsÎS ]HÍ.iHÏ [NdN , htChdA s¢P cdV ;úJ
lñû<‰ ö̀éI l<[F ;HiA jNvdíD lÁHfU >ã& a<v , gL dCvß
aNË lChvß , oú: aNË föÎHvÏ hc ]HÍ.iH aNÍ hsJ# fVnhaJ
fÎA hc j<hË s™VÍ >ã cdVclÎÁD fHuE htJ s¢P s™VÍ fI lÎChË 82
léV nv sH‰.iHÏ hoÎV aNÍ hsJ “3” ;I nv w<vè hkéÆH‰ >ã fI naJ
vtöÁíHË lD.j<hË hc ;HiA htJ >ã cdVclÎÁD , a<v aNË fÎúéV hdK
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uHlG ;Î™D >ã cdVclÎÁD ;<;VdíÎÁ+ ;VdíÎÁ+
lÎHkæÎK léñVμ ,cË nhv)WDI(

j<hË1 j<hË2 j<hË3 j<hË4 j<hË5

CE 7902 1282 6003 3792 0703 6413 9913

SDT 3631 4381 2391 4591 5991 5402 9702

lC 64/22 22/13 89/13 55/13 33/23 58/23 41/33

4OS 630/9 42/9 72/9 19/9 26/01 2/11 46/11

+aN 76/11 41/91 40/12 14/91 74/91 57/91 79/91

RAS 63/2 66/3 99/3 85/3 65/3 16/3 66/3

[N,‰ 5- kéHd{ o¢HÏ lÎHkÎHfD fVhÏ fV>,vn ;Î™ÎJ >ã cdVclÎÁD

a¥G 2- ,hvd<=VhÊ.iHÏ lVf<£ fI ;Î™ÎJ >ã cdVclÎÁD
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a¥G 3- ,hvd<=VhÊ.iHÏ léÆHfG ,d|=D.iHÏ ;Î™D >ã cdVclÎÁD

a¥G4- kÆúI ̀ÈÁI.fÁNÏ ;Î™ÎJ >ã cdVclÎÁD )hgT& ã& ì& n& b & v( fI.jVjÎF ,d|=D.iHÏ CE& SDT& RAS& SDT& aN, lC& 
jÈÎI aNÍ fI v,ù , ;VdíÎÁ+ 
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Abstract

Investigation of Interpolation Methods to Determine Spatial Distribution of
Groundwater Quality in Rafsanjan

R. Taghizadeh-Mehrjardi1, M. Zareian-Jahromi2, Sh. Mahmoodi3 , A. Heidari4 and F. Sarmadian5

Groundwater is one of the major sources of exploitation in arid and semi-arid regions. Thus for protect-
ing groundwater quality, spatial and temporal distribution of data are important. The objective of this
research was to evaluate interpolation methods for predicting spatial distribution of some groundwater
quality such as TDS, Na+, EC, SAR, Cl- and SO4

-2. Data related to 65 wells in Rafsanjan plain were used
and IDW, kriging and cokriging were studied. After normalization of data, variograme was drawn. For
selecting suitable model for fitness on experimental variograme, less RSS value was used. By using cross-
validation and RMSE, the best method for interpolation was then selected. Results showed that for inter-
polation of groundwater quality, kriging and cokriging methods are superior to IDW method. At last, the
maps of groundwater quality were prepared, using the best interpolation method in GIS environment. 

Keywords: Interpolation, Spatial distribution, Geostatistics, Groundwater quality and Cross-valida-

tion, 
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