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mPp n{krk isjksoLdkbV&flfydkWu vuqc) lkSj lsy

ueu 'kqDyk] /kje yky ,oa lat; frokjh
Ldwy vkWQ LVMht bu bysDVªkWfuDl ,aM QksVksfuDl

ia- jfo'kadj 'kqDy fo'ofo|ky;] jk;iqj 492 010 ¼NÙkhlx<+½

lkjka'k

lk/kkj.k lafojpu rduhd ds lkFk&lkFk lkSj ÅtkZ dks fo|qr ÅtkZ esa ifjofrZr djus dh mPp n{krk ls lqlfTtr isjksoLdkbV&flfydkWu vuqc) lkSj izkS|ksfxdh
dks lkSj ÅtkZ ds {ks=k esa ,d vkd"kZd vkSj laHkkoukiw.kZ fodYi ds :i esa ns[kk tk jgk gSA ,d ls vf/kd laf/k ¼junction½ okys isjksoLdkbV&flfydkWu vuqc)
lkSj lsy ¼perovskite-Si tandem solar cell½ lajpuk esa dk;Zn{krk ,dy laf/k lkSj lsy dh izk;ksfxd n{krk lhek ls vf/kd izkIr djrs gSaA dkcZfud&vdkcZfud
ysM gSykbM isjksoLdkbV QksVksoksYVh; izkS|ksfxdh ls mPp dk;Z {kerk dh fjiksVZ dh x;h gSA de ykxr] lk/kkj.k ,oa ljy fuekZ.k rduhd ls cuk gqvk isjksoLdkbV
lkSj ;qfä cgqr gYdh] yphyh o v/kZ&ikjn'khZ fo'ks"krkvksa ls fufgr gSA ;g lkSj lsy u;s lClVªsV ij fuekZ.k dh vuqdwyrkvksa ,oa lkefxz;ksa ds pkSM+s iVy eqnz.k
ls ifjiw.kZ gksus ds dkj.k vkS|ksfxdhdj.k gsrq mi;qZä gSA gkykafd isjksoLdkbV esa rkih; vfLFkjrk vkSj ueh laosnu'khyrk vHkh Hkh flfydkWu dh rqyuk esa vR;f/kd
gSA vuqc) lajpuk esa isjksoLdkbV lØh; vo'kks"kd ijr Åij rFkk flfydkWu rRo uhps jgrk gS] ftldk cSaM varjky Øe'k% 1-54 eV] 1-12 eV gSA nks n'kd
ds le;ksijkar Hkh izpfyr flfydkWu lkSj lsy izkS|ksfxdh dh n{krk vf/kdre yxHkx 26» ij vVdh gqbZ gSA blh leL;k ds lek/kku ds fy, isjksoLdkbV&flfydkWu
vuqc) lkSj lsy ,d fodYi ds :i esa laHkkfor gSA isjksoLdkbV&flfydkWu vuqc) lkSj lsy dk izdk'kh; ,oa fo|qrh; v/;;u LdSIl&1Mh ¼SCAPS-1D½ vuqdkjh
rduhd ls fd;k x;k gSA vuqc) lkSj lsy lajpuk TCO/TiO2/CH3NH3PbI3/PEDOT:PSS/c-Si¼n½@c-Si¼p½@c-Si BSF¼p+½@Ag esa [kqyk ifjiFk oksYVst
1-56 V] y?kq ifjiFk djaV ?kuRo 23-7 mA/cm2] fQy QSDVj 84-76» ,oa lkSj LisDVªe ds fQ+YVjhdj.k ds i'Pkkr~ 30-7» n{krk izkIr dh x;h gSA vuqc) lkSj
lsy esa flfydkWu ,oa isjksoLdkbV ijr dh eksVkbZ ls dk;Z izn'kZu ij iM+us okys izHkko dk Hkh v/;;u fd;k x;k gSA
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Abstract
Equipped with simple fabrication and efficient technique of converting solar energy into electricity, perovskite-silicon tandem solar technology

is being seen as an attractive and promising option in the field of solar energy. Perovskite-Si tandem solar cell structures with multiple junctions
achieve efficiency higher than the experimental efficiency limits of a single p-n junction solar cell. Even after two decades, the efficiency of the
prevailing silicon solar cell technology is stuck at a maximum of about 26%. Perovskite-silicon tandem solar cells are a possible alternative to this
problem. High efficiency is recently reported by using organic-inorganic lead halide perovskite. Perovskite solar device made from low cost and
simple manufacturing process, possess inherent characteristics like light in weight, flexible, semi-transparent etc. The thermal instability and
moisture sensitivity in perovskite materials are still under-performed when compared to silicon materials. The numerical simulation of perovskite-
Si tandem solar cells has been performed. The perovskite active absorber layer is placed at the top and the silicon at the bottom, with band gaps
of 1.54 eV, 1.12 eV respectively.  The optical and electrical studies of perovskite-silicon tandem solar cells have been done using SCAPS-1D
simulation technique. Tandem solar cell structure TCO/TiO
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/PEDOT:PSS/c-Si(n)/c-Si(p)/c-SiBSF(p+)/Ag has open circuit voltage

1.56 V, short circuit current density 23.7mA/cm2, Fill factor is 84.76% and efficiency is 30.7% (after filtration of solar spectrum). The effect of
thickness of silicon and perovskite layer on performance in tandem solar cell has also been studied.
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izLrkouk

jk"Vªh; vFkZO;oLFkk esa dkcZu QqVfiazV~l dks de djus o
fofHkUUk {ks=kksa esa ÅtkZ vko';drkvksa dh fuckZ/k vkiwfrZ gsrq
v{k; ÅtkZ izkS|ksfxdh ,d lqugjk fodYi cu pqdk gSA blh
Øe esa] Hkkjr ljdkj us o"kZ 2022 ds var rd 175 xhxkokV
v{k; ÅtkZ {kerk fodflr djus dk egRokdka{kh y{; Hkh
cuk;k gSA blesa lkSj ÅtkZ }kjk 100  xhxkokV ¼GW½ rd ds
mRiknu {kerk dks LFkkfir djuk izLrkfor gSA ns'k ds yxHkx
lHkh jkT;ksa esa lkSj fofdj.k dh izpqj ek=kk esa miyC/krk ds
dkj.k lkSj ÅtkZ ,d eq[; ?kVd gSA izÑfr esa izpqj ek=kk esa
miyC/krk] mRÑ"V fLFkjrk o fo"kSykjfgr xq.kksa ls fufgr flfydkWu
vk/kfjr lkSj lsy vHkh izk;% lHkh txg mi;ksx esa yk;k tk
jgk gSA bldk eq[; dkj.k izdk'k ÅtkZ dks fo|qr~ ÅtkZ esa
ifjofrZr djus dh mPp n{krk vkSj rduhdh ifjiDork ds
lkFk&lkFk vPNh xq.koÙkk dk gksuk gSA ,dy laf/k flfydkWu
lkSj lsy ls yxHkx 26» dh n{krk izkIr dh x;h gS1A 'kkWdys
fdt+j lhek ¼Shockley-Queisser limit½ ds vuqlkj ,d vkn'kZ
,dy p-n laf/k flfydkWu lkSj lsy ls vf/kdre yxHkx 30»
dk;Z n{krk izkIr dh tk ldrh gS 2A xr ,d n'kd ls ,dy
p-n laf/k lkSj lsy esa n{krk dh izfr'krrk vf/kdre vkadfyr
dh xbZ gS tksfd izk;ksfxd n{krk ds fudV igq¡p tkus ds dkj.k
lar`Ir gks x;k gSA ,d ls vf/kd laf/k okys vuqc) lkSj lsy
¼tandem solar cell½ lajpuk esa dk;Zn{krk bl lhek ls eqä gSA
vr,o vuqc) lkSj lsy esa n{krk 30» ls vf/kd izkIr dj
ldrs gSaA orZeku esa] isjksoLdkbV lkSj lsy ls mPp dk;Z {kerk
dh fjiksVZ dh x;h gS1A mPp n{krk] lk/kkj.k ,oa de ykxr
fuekZ.k ¼fabrication½ rduhd ls lqlfTtr isjksoLdkbV lkSj
lsy dh fo'ks"krk,a tSls mPp vo'kks"k.k xq.kkad ¼High

Absorption Coefficient) (yxHkx 105cm-1½3]4 vf/kd yackbZ
dk folj.k ¼large diffusion Length½5 bysDVªkWu o gksy dh
vf/kd ifjogu nwjh ¼long transport distance of electrons

and holes) vkSj cSaM varjky ifjorZu'khyrk6 gSA fofHkUUk
isjksoLdkbV lkefxz;ksa esa] dkcZfud&vdkcZfud gSykbM esa lkekU;
v.kq QkewZyk ¼molecular formula)AB3 gS] tgka A ,d
dkcZfud /kuk;u ¼organic cation) tSls CH

3
NH

3
 B ,d

/kkrq /kuk;u ¼metal cation) ¼tSls Sn2+or Pb2+ bR;kfn ½ vkSj
X ,d gSykstu _.kk;u ¼tSls F-, Cl-, Br- or I- bR;kfn½ gS7A
vuqc) lkSj lsy ds fy, flfydkWu o isjksoLdkbV lkSj lsy
,d nqljs ds vuqdwy ,oa vkn'kZ lkSj lsy ekudksa ds xq.kksa ij
[kjk mrjrs gSA vuqc) lajpuk esa isjksoLdkbV lØh; vo'kks"kd

ijr Åij rFkk flfydkWu uhps jgrk gSA isjksoLdkbV dk cSaM
varjky Øe'k% 1-54 eV gS tks lkSj LisDVªe ds vf/kd ÅtkZ
okys QksVkWu Hkkx ij dk;Z djsxk ,oa uhps fLFkr 1-12 eV cSaM
varjky ds lkFk flfydkWu de ÅtkZ okys QksVkWu Hkkx ij
lØh; jgsxkA bl lajpuk esa Åij fLFkr de rkieku ij foys;
lalkf/kr isjksoLdkbV lkSj lsy ikjn'khZ Hkh gSA blhfy, bls
flfydkWu ds lkFk vuqc) ljapuk esa iz;ksx djds vf/kdre
n{krk ds Lrj dks vklkuh ls izkIr dj ldrs gSaA gkykafd mPp
rkieku] vYVªkok;ysV fofdj.k vkSj ueh;qä okrkoj.k esa
isjksoLdkbV lkSj lsy ij izfrdwy izHkko iM+rk gS vkSj lsy dh
dk;Z n{krk o fLFkjrk esa deh vkrh gS8A bldh n{krk ds
lkFk&lkFk fLFkjrk esa o`f) gsrq fo'oHkj esa oSKkfudksa] 'kks/kkfFkZ;ksa
}kjk dk;Z fd;k tk jgk gSA fun'kZu ,oa vuqdkj }kjk lkSj lsy
ds b"Vre dk;kZUo;u dks lqfuf'Pkr fd;k tkrk gSA izdk'kh;
,oa fo|qrh; fun'kZu ls gh ijr dh eksVkbZ] nks"k ?kuRo ¼defect

density½] vifeJ.k ?kuRo ¼doping density½ dk b"Vre ifjek.k
dk fu/kkZj.k gksrk gSA rFkk lkFk gh rRoksa ds p;u gsrq Hkh ;g
rduhd lgk;d gSA bl 'kks/k i=k esa] LdSIl&1Mh ¼SCAPS-

1D½ vFkkZr~ lkSj lsy /kkfjrk vuqdkj ¼Solar Cell Capacitance

Simulator) lkW¶Vos;j }kjk isjksoLdkbV&flfydkWu vuqc) lkSj
lsy dk v/;;u o fo'ys"k.k fd;k x;k gSA ewy v/kZpkyd
lehdj.kksa] Ioklksa ,oa lkarR; lehdj.kksa ,oa vU; ifjogu
?kVdksa dh lhekvksa dks lfEefyr djds gy fudkyus ij LdSIl&1
Mh }kjk ifj.kke izkIr gksrk gS9]10A bl vuqc) lkSj lsy esa] nks
lkSj lsy dks ,d ds Åij ,d vFkkZr~ LVSd QkWeZ esa j[kk x;k
gSA mPp ÅtkZ cSaM vUrjky (High Energy Band gap) ds lkSj
lsy dks Åij rFkk de cSaM vUrjky ÅtkZ okys lkSj lsy dks
mlds uhps O;ofLFkr j[krs gSaA loZizFke tc izdk'k vxz lkSj
lsy ¼front solar cell½ vFkkZr~ Åij fLFkr lkSj lsy ls gksdj
tkrk gS rks vf/kd ÅtkZ okys QksVkWu vo'kksf"kr gksrs gSa rFkk
'ks"k de ÅtkZ okys QksVkWu fuEu ry fLFkr lkSj lsy ¼back

solar cell½  esa vo'kksf"kr gksrs gaSA vU; 'kCnksa esa] tSlk fp=k&2
esa n'kkZ;k x;k gS fd izdk'k loZizFke isjksoLdkbV lkSj lsy ds
ikjn'khZ bysDVªkWM ls gksdj isjksoLdkbV lfØ; ijr ij tkrh gS
rks vo'kksf"kr gksdj bysDVªkWu&gksy ¼electron and hole charge)

tksM+s cukrh gSA bl izfØ;k esa] y?kq  rjaxnS?;Z ¼short wavelength)

Hkkx ysrs gSaA de ca/ku ÅtkZ (low binding energy) ds dkj.k
bysDVªkWu o gksy vyx&vyx lacaf/kr vkos'k ifjogu ijr
¼charge transport layer) ds ek/;e ls bySDVªkWM rd igq¡prs
gSaA rRi'Pkkr~ izdk'k bl ikjn'khZ lkSj lsy ds ckn uhps dh
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rjQ nwljs lkSj lsy esa vo'kksf"kr gksrh gSA bl lsy esa o`gr
rjaxnS?;Z ¼longer wavelength½ dk vo'kks"k.k gksrk gSA bysDVªkWu
o gksy Øe'k% Åij fLFkr o fuEury fLFkr bysDVªkWM esa
vyx&vyx ,d=k gks tkrs gaSA vxz lkSj lsy esa isjksoLdkbV
ijr ikjn'khZ gksus ds dkj.k izdk'k vklkuh ls flfydkWu lkSj
lsy rd Hkh tkrk gSA vkSj bl izdkj vuqc) lkSj lsy ls lkSj
LisDVªe ds vyx&vyx Hkkx ds ÅtkZ dk vo'kks"k.k gksrk gSA

vuqc) lkSj lsy% ifjHkk"kk] izdkj ,oa lajpuk

,dy laf/k lkSj lsy esa vPNs vo'kks"kd o ladjs cSaM ÅtkZ
vUrjky ds lØh; ijr ls mPp [kqyk ifjiFk oksYVst ¼Voc½
ugha mRiUUk fd;k tk ldrk gSA ,dy laf/k lkSj lsy esa Eg/

q }kjk Voc lhfer gks tk;sxk ¼Eg vo'kks"kd dk cSaM vUrjky
,oa q vkos'k gS½2A ;gh dkj.k gS fd ladjs cSaM ÅtkZ ls mPp
Voc ughsa izkIr dj ldrs gSaA ;|fi vo'kks"kd ds pkSM+s cSaM
ÅtkZ vUrjky ls mPp Voc mRiUUk dj ldrs gSa] ysfdu y?kq
ifjiFk djaV flfer gks tk;sxkA y?kq ifjiFk djaV ds ,d lhek
rd gh c<+us dk dkj.k ;g gS fd vf/kdka'k QksVkWu blesa
viuh Hkkxhnkjh ugh ns ik,axs] ftudh ÅtkZ vo'kks"kd ds
ÅtkZ cSaM vUrjky ls de gksxhA vuqc) lajpuk ls mPp Voc

ds lkFk&lkFk vf/kd y?kq ifjiFk djaV izkIr dj ldrs gSA ladjs
cSaM ÅtkZ vUrjky rFkk pkSM+s cSaM ÅtkZ vUrjky vo'kks"kd ls
cus lkSj lsyksa dks ,d ds Åij ,d j[krs gSaA ;gh dkj.k gS fd
bl iw.kZ lkSj lsy dks vuqc) lkSj lsy ds :i esa tkuk tkrk gS]
ftlesa Åij fLFkr lkSj lsy vkSj uhps fLFkr lkSj lsy lfEefyr
gSA vuqc) lkSj lsy eq[;r% nks VfeZuy vkSj pkj VfeZuy
lajpuk ¼configuration) esa j[kk tkrk gSA pkj VfeZuy okys
vuqc) lkSj lsy esa nksuksa mi&lkSj lsy ds e/; ;kaf=kdh; tksM+
gksrk gSA tcfd nks VfeZuy vuqc) lkSj lsy ds mnkgj.k ds
fy, tSlk dh fp=k 2 ¼v½ esa fn[kk;k x;k gS] isjksoLdkbV lkSj
lsy dk fuekZ.k flfydkWu vk/kkfjr lkSj lsy ds Åij fd;k
tkrk gSA vFkkZr~ mi&lkSj lsyksa esa vkarfjd tqM+ko gksrk gSA
vuqc) lkSj lsy esa flfydkWu ds lkFk isjksoLdkbV mi;ksx
djus ij lS/kkfUrdh; n{krk dk izfr'kr yxHkx 40» ls
vf/kd vuqekfur gSA ijUrq vHkh O;kogkfjd iz;ksxkRed vH;kl
esa ykus ij dbZ lkjs vokaNuh; dkjdksa ds dkj.k lhfer n{krk
yxHkx 29» fjiksVZ dh x;h gS1A n{krk de gksus ds izeq[k
dkj.k Js.kh o lkekukarj izfrjks/kdrk {k;] vkarfjd ijrksa esa
vo'kks"k.k ,oa vU; izkÑfrd ?kVdksa dh izHkkoh mifLFkfr gSA
tSlk fp=k&2 esa n'kkZ;k x;k gS fd izdk'k ,d isjksoLdkbV lkSj

lsy ¼vxz lkSj lsy½ ds ikjn'khZ bysDVªkWM ls isjksoLdkbV lØh;
ijr ij vo'kksf"kr gksdj bysDVªkWu&gksy ;qXe curs gSaA bysDVªkWu
,oa gksy vkos'k de ca/ku ÅtkZ ¼low binding energy) ds
dkj.k vyx gksdj Øe'k% bysDVªkWu o /kukRed vkos'k ifjogu
ijr ¼electron and hole charge transport layer) ds ek/;e
ls lcaf/kr bysDVªkWM esa ,df=kr gks tkrs gaSA Ñf=ke AM 1-5 ds
100  mW/ cm2 dh izdk'k rhozrk ds ekud esa izkIr J-V

vfHky{k.ku ifj.kke dks fp=k 4 esa iznf'kZr fd;k x;k gSA
CH3NH3PbI3 vk/kkfjr isjksoLdkbV lkSj lsy esa bysDVªkWu
vkos'k ifjogu dks lqxe cukus gsrq TiO2 o /kukRed vkos'k
ifjogu ds fy, PEDOT : PSS ds iryh ijr dk iz;ksx
fd;k x;k gS11A ;qfä esa isjksoLdkbV lØh; ijr dh eksVkbZ
500 uSuksehVj] TiO2,oa PEDOT:PSS dh eksVkbZ Øe'k% 70
uSuksehVj ,oa 35 uSuksehVj gSA flfydkWu lkSj lsy esa p izdkj
ds Mksiu fØLVy flfydkWu osQj dh eksVkbZ 244 ekbØksehVj gS
rFkk c-Si(n), c-Si BSF (p+) dh eksVkbZ Øe'k% 0-05 o 0-03
ekbØksehVj gSA

ifj.kke ,oa foospuk

lkSj lsy nzO;ksa ds vPNs izdk'k ÅtkZ vo'kks"k.k {kerk ls
mRÑ"V n{krk dk fu/kkZj.k gksrk gSA bl 'kks/k i=k es a]
isjksoLdkbV&flfydkWu vuqc) lkSj lsy dk fun'kZu ,oa
vfHky{k.ku dk v/;;u fd;k x;k gSA fp=k&1 vo'kks"k.k
LisDVªk] flfydkWu o isjksoLdkbV lkexzh }kjk lkSj LisDVªe jsat

fp=k 1 & isjksoLdkbV ,oa flfydkWu dk vo'kks"k.k LisDVªk
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lkSj LisDVªe ds fQ+YVjhdj.k ds i'Pkkr~ 30-7» n{krk izkIr dh
x;h gSA fp=k 5 esa DokaVe n{krk dks iznf'kZr fd;k x;k gSA
DokaVe n{krk mu QksVkWu dh izfr'krrk dks n'kkZrk ftuds }kjk
lsy y?kq ifjiFk fLFkfr esa fo|qr djaV mRiUUk djrk gSA ;g
vuqdkjh ifj.kke iz;ksxkRed :i esa lkSj lsy fuekZ.k gsrq egRoiw.kZ
rF; iznku djrs gSaA

fp=k 2 & ¼v½ lkSj ;qfä] ¼c½ lkSj ;qfä lajpuk

lkj.kh 1 &  isjksoLdkbV] flfydkWu vkSj isjksoLdkbV&flfydkWu vuqc) lkSj lsy ls izkIr ifj.kke

lkSj lsy Voc (V) Jsc (mA/cm2) fQy QSDVj ¼»½ n{krk ¼»½

isjksoLdkbV 1-26 23-7 84-77 25-4

flfydkWu 0-72 35-4 84-87 21-8

isjksoLdkbV&flfydkWu 1-56 23-7 84-77 30-7

esa mPp izdk'k ÅtkZ vo'kks"k.k dh iqf"V djrk gSA blesa
flfydkWu }kjk c`gr rjaxnS?;Z ¼longer wavelength½ dh izHkkoh
vo'kks"k.k {kerk Hkh iznf'kZr gks jgh gSA fp=k 2 ¼v½ vkSj ¼c½
esa lkSj lsy ;qfä vkSj lkSj lsy lajpuk dks Li"V fn[kk;k x;k
gSA vuqdkjh rduhd }kjk isjksoLdkbV] flfydkWu vkSj
isjksoLdkbV& flfydkWu vuqc) lkSj lsy ls izkIr ifj.kke
lkj.kh 1 esa mYysf[kr gSA ;qfä ds b"Vre dk;kZUo;u gsrq
isjksoLdkbV ,oa flfydkWu dh vyx&vyx eksVkbZ ij n{krk dk
voyksdu fd;k x;k gSA  bldh vyx&vyx eksVkbZ ij n{krk
dks Øe'k% fp=k 3 ¼v½ vkSj ¼c½ esa fn[kk;k x;k gSA

;qfä ds J-V vfHky{k.ku ls izdk'kh; ÅtkZ ds fo|qrh;
ÅtkZ esa :ikarj.k dk v/;;u fd;k tkrk gS] fp=k& 4 esa
fn[kk;k x;k gSA  isjksoLdkbV lkSj lsy ;qfä dh lajpuk n-i-

p izdkj dh gSA vuqc) lkSj lsy lajpuk TCO/TiO2/

CH3NH3PbI3/PEDOT:PSS/c-Si(n)/c-Si(p)/ c-Si BSF(p+)/

Ag esa [kqyk ifjiFk oksYVst (Voc) 1-56 V] y?kq ifjiFk djaV
?kuRo (Isc) 23.7 mA/cm2] fQy QSDVj (FF) 84-76» ,oa

fp=k 3 & ¼v½ isjksoLdkbV ijr ds vyx&vyx eksVkbZ ij n{krk] ¼c½ flfydkWu
ds eksVkbZ ifjorZu ls n{krk ij izHkko
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fu"d"kZ

isjksoLdkbV&flfydkWu vuqc) lkSj lsy dk izdk'kh; ,oa
fo|qrh; vfHky{k.ku dk v/;;u o fo'ys"k.k LdSIl&1 Mh
vuqdkjh rduhd ls fd;k x;k gSA flfydkWu izkS|ksfxdh ds
lkFk isjksoLdkbV lkSj lsy dk iz;ksx djus ij vo'kks"k.k {kerk
esa o`f) ,d cgqr vPNh rduhd ds :i esa mHkjh gSA lkSj lsy
cukus esa lkekU; ls cM+s {ks=kQy esa isjksoLdkbV ds fØLVy
lajpuk dks cuk;s j[kus] ;qfä dh xq.koÙkk dks flfydkWu
izkS|ksfxdh ds led{k ykus vkSj de ykxr esa lgt miyC/krk

fp=k 4 &  isjksoLdkbV] flfydkWu ,oa isjksoLdkbV&flfydkWu dk J-V vfHky{k.ku

fp=k 5 & isjksoLdkbV ,oa flfydkWu dk DokaVe n{krk xzkQ

bR;kfn dk;Z pqukSrhiw.kZ gSA isjksoLdkbV& flfydkWu izkS|ksfxdh
ds dk;Z{kerk dks vf/kd o"kks± rd dk;e j[kuk Hkh vko';d
gSA ysM dk iz;ksx blds vkS|ksfxdhdj.k esa ck/kd cu ldrk
gS] blfy, blds fodYi ij Hkh fujarj 'kks/k dk;Z gks jgs gaSA
pkj VfeZuy isjksoLdkbV&flfydkWu vuqc) lkSj lsy ds nksuksa
isjksoLdkbV vkSj flfydkWu lkSj lsy dks vyx&vyx djds Hkh
iz;ksx laHko gSA ?kj esa vUnj yxs gq, izdk'k lzksrksa ls izkIr de
rhoz ,oa folfjr ¼diffuse½ izdk'k esa Hkh isjksoLdkbV lkSj lsy
dk;Z djrk gSA vr,o bldk vuqiz;ksx vU; lHkh LFkkuksa tSls
?kj ds vUnj  f[kM+fd;ksa] nhokyksa ij Hkh laHko gSA baVjusV vkWQ
fFkaXl ls lacaf/kr ;U=k esa vko';d ÅtkZ dh vkiwfrZ Hkh blls
laHko gSA isjksoLdkbV lkSj lsy irys] yphys vkSj de ewY; ds
dkj.k vf/kdrj txgksa esa lkSj ÅtkZ dk mi;ksx djus dk
vf/kd volj iSnk djrk gSA ;g lHkh vuqiz;ksx isjksoLdkbV
lkSj lsy ds vkS|ksfxfdj.k ls gksus okys vusd laHkkfor ykHkksa
dks bafxr djrs gaSA lkSj lsy esa lery lajpuk okys ijr ds
dkj.k izdk'k vo'kks"k.k de gksrk gSA vr% dbZ ifj"Ñr
fMtkbuksa ds iz;ksx ls bls c<+k;k Hkh tk ldrk gSA ljy vkSj
O;kogkfjd lajpukvksa okys fMtkbu dks izdk'k vo'kksf"kr djus
ds lHkh izklafxd igyqvksa dks /;ku esa j[kdj cuk;k tkuk
pkfg,A Hkfo"; esa] lkSj iSuy dh n{krk dks c<+kus ds fy, igys
ls yxs flLVe ¼flfydkWu vk/kkfjr lkSj iSuy½ esa isjksoLdkbV
ekWM;wy dks tksM+dj izdk'k ÅtkZ vo'kks"k.k vf/kd fd;k tk
ldrk gSA ;|fi isjksoLdkbV ekWM;wy dks flfydkWu vk/kkfjr
lkSj iSuy ls tksM+us ds fo"k; esa vU; rduhd tSls uE;
fMt+kbu] bysfDVªdy ,oa ;kaf=kdh; dk;Z  bR;knh Hkh vko';d
vkSj pqukSrhiw.kZ gSA
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