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lEikndh;

Editorial
doi

Hkkjr esa fe'ku&eksM esa gks jgk foKku vkSj çkS|ksfxdh fodkl

n'kdksa rd] Hkkjrh; foKku vkSj çkS|ksfxdh ds çfr oSf'od /kkj.kk NksVs&NksVs "fdQk;rh uokpkj" ¼frugal
innovation½ dh vo/kkj.kk ds :i esa cuh gqbZ Fkh] ftldk eryc gS fd U;wure lalk/kuksa ds lkFk mPp&çHkko
okys ifj.kke çkIr djuk gSA ijUrq fiNys ikap&N% o"kksaZ esa] Hkkjr ds oSKkfud ifj–'; esa ,d lajpukRed
ifjorZu vk;k gS A fo[kafMr vkSj vUos"kd&vk/kkfjr vuqla/kku ls gVdj] dsaæ ljdkj us foKku vkSj çkS|ksfxdh
¼S&T½ dks "fe'ku&eksM" esa laLFkkxr :i fn;k gSA ;g cnyko dsaæh—r foÙkiks"k.k] cgq&laLFkkxr lg;ksx vkSj
Li"V lkekftd&vkfFkZd y{;ksa }kjk js[kkafdr gSA bl le; ns'k esa ;g lajpukRed ifjorZu Li"V fn[kkbZ ns
jgk gS A Hkkjr vc "fcx lkbal" ¼Big Science½ ds ;qx esa ços'k dj pqdk gS] ftldh fo'ks"krk mPp&iwath vkSj
fe'ku&eksM ifj;kstuk,a gSa] tks vdknfed ftKklk ds ctk; j.kuhfrd Lok;Ùkrk dks çkFkfedrk nsrh gSaA blh
fn'kk esa vuqla/kku us'kuy fjlpZ QkmaMs'ku ¼ANRF½ dh LFkkiuk ds lkFk "ySc&Vw&ekdsZV" dh [kkbZ dks ikVus
ds fy, ,d fo/kk;h <kapk rS;kj fd;k tk jgk gS] ftldk y{; vuqla/kku ,oa fodkl ij ldy O;; dks orZeku
ds 0-7% ls c<+kdj thMhih ds 2% rd ys tkus dk y{; j[kk x;k gSA fo'ofo|ky; vkSj foKku ç;ksx'kkykvksa
ds fo}kuksa ds fy,] ;g ijEijkxr vyx&vyx fo"k;ksa ij ç;ksx'kkyk&Lrj ds ç;ksxksa ls gVdj mu var% fo"k;h
vkSj cgq&laLFkkxr lg;ksxksa dh vksj ,d egRoiw.kZ igy gS] ftlds }kjk lkekftd vkSj lH;rkxr pqukSfr;ksa
dk lek/kku [kkstus ds ç;kl fd;s tk ldrs gSaA ns'k ds bl u, oSKkfud Øe esa dbZ fe'ku&eksM vk/kkfjr
oSKkfud ifj;kstukvksa dh 'kq#vkr dh xbZ gSaA foKku çdk'k ds bl vad ds lEikndh; esa ,slh gh dqN çeq[k
ifj;kstukvksa ds ckjs esa ppkZ djuk çklafxd gksxk A

bl le; ns'k dk lcls egRoiw.kZ foKku vkSj çkS|ksfxdh fe'ku ^bafM;k lsehdaMDVj fe'ku* ¼ISM½ gS]
ftldh uhao fnlacj 2021 esa dsaæh; eaf=eaMy }kjk bafM;k lsehdaMDVj fe'ku 1-0 ds :i esa j[kh xbZ FkhA bl
fe'ku dks 76]000 djksM+ #i;s ds çksRlkgu <kaps dk leFkZu çkIr gS] tks flfyd‚u QSCl] daikmaM lsehdaMDVj
lqfo/kkvksa] vlsacyh vkSj ijh{k.k bdkb;ksa vkSj fpi fMtkbu ds fy, 50 çfr'kr rd dh foÙkh; lgk;rk çnku
djrk gSA fnlacj 2025 rd] 6 jkT;ksa esa dqy 1-60 yk[k djksM+ #i;s ds fuos'k okyh 10 ifj;kstukvksa dks eatwjh
nh tk pqdh gSA buesa flfyd‚u QSfczds'ku ;wfuV] flfyd‚u dkckZbM QSCl] mUur vkSj eseksjh iSdsftax
lqfo/kk,a vkSj fo'ks"k vlsacyh vkSj ijh{k.k volajpuk 'kkfey gSaA ;s lHkh feydj ,d etcwr ?kjsyw lsehdaMDVj
ikfjfLFkfrdh ra= dk fuekZ.k dj jgs gSaA dsaæh; ctV 2026&27 esa Hkkjr dh çkS|ksfxdh laca/kh egRokdka{kkvksa
ds fy, ,d fu.kkZ;d eksM+ vk;k] tc Hkkjr lsehdaMDVj fe'ku 2-0 dh ?kks"k.kk dh xbZA ;g u;k pj.k ?kjsyw
lsehdaMDVj {kerkvksa dks etcwr djus ds fy, ,d Li"V uhfrxr ç;kl dk ladsr nsrk gS] ,sls le; esa tc
fpIl gj egRoiw.kZ fMftVy vkSj vkS|ksfxd ç.kkyh dk vk/kkj gSaA vkbZ,l,e 2-0 dk eq[; mís'; Hkkjr esa
lsehdaMDVj midj.k vkSj lkexzh dk mRiknu djuk] iw.kZ LVSd Hkkjrh; lsehdaMDVj ckSf)d laink dk
fMtkbu rS;kj djuk vkSj ?kjsyw vkSj oSf'od vkiwfrZ J̀a[kykvksa dks etcwr djuk gSA foÙk o"kZ 2026&27 ds fy,
vkbZ,l,e 2-0 ds fy, 1]000 djksM+ #i;s dk çko/kku fd;k x;k gS] ftlesa çkS|ksfxdh fodkl dks xfr nsus
vkSj Hkfo"; ds fy, rS;kj dq'ky dk;Zcy cukus ds fy, m|ksx&usr`Ro okys vuqla/kku vkSj çf'k{k.k dsaæksa ij
fo'ks"k tksj fn;k x;k gSA 2029 rd] Hkkjr ls ?kjsyw vuqç;ksxksa ds yxHkx 70&75 çfr'kr ds fy, vko';d
fpIl dks fMtkbu vkSj fuekZ.k djus dh {kerk gkfly djus dh mEehn gSA 2035 rd] Hkkjr dk y{; oSf'od
Lrj ij 'kh"kZ lsehdaMDVj ns'kksa esa 'kkfey gksuk gSA ekuk tk jgk gS fd ;g Hkkjr ds rduhdh Hkfo"; dk çeq[k
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vk/kkj gSA vc dsoy fpi fMtkbu ds oSf'od dsaæ ds :i esa larq"V u jgdj] blus Hkkjr us QSfczds'ku ¼fofuekZ.k½
ds iwath&xgu {ks= esa egRoiw.kZ çxfr dh gS A

nwljk lcls egRoiw.kZ fe'ku ^bafM;k,vkbZ ¼IndiaAI½ fe'ku* gS] ftldk mís'; daI;wV ÝafV;j dk
yksdra=hdj.k djuk gSA ekpZ 2024 esa] Hkkjr ljdkj us ns'k esa lexz ,vkbZ ikfjfLFkfrdh ra= ds fodkl ds fy,
10]372 djksM+ #i;s ds ifjO;; ds lkFk bafM;k ,vkbZ fe'ku dh 'kq#vkr dhA 24 eghus ls Hkh de le; esa]
bafM;k ,vkbZ fe'ku us ns'k esa ,vkbZ ikfjfLFkfrdh ra= ds fodkl dh uhao j[kh gSA bl fe'ku ds varxZr lkekU;
daI;wfVax lqfo/kk ds fy, 38 gtkj ls vf/kd thih;w dks 'kkfey fd;k x;k gS] ftUgsa Hkkjrh; LVkVZvi vkSj
vdknfed laLFkkuksa dks fdQk;rh nj ij miyC/k djk;k tk jgk gSA fe'ku dk orZeku /;ku Hkkjrtsu
¼BharatGen½ igy ij dsfUær gS] tks Hkkjr dh 22 vuqlwfpr Hkk"kkvksa dh Hkk"kkbZ vkSj lkaL—frd ckjhfd;ksa ij
fo'ks"k :i ls çf'kf{kr yktZ eYVhe‚My e‚My ¼LMMs½ fodflr dj jgk gSA orZeku fLFkfr esa bu e‚Myksa
dks LokLF; lsok vkSj —f"k 'kklu esa ykxw  fd;k tk jgk gSA Hkfo"; ds vuqla/kku dh lhek,¡ ",tsafVd ,vkbZ"
¼Agentic AI½] tks tfVy rdZ vkSj midj.kksa ds mi;ksx esa l{ke Lok;Ùk ç.kkfy;k¡ gSa] vkSj ,YxksfjFke iwokZxzg
vkSj MhiQsd ds tksf[keksa dks de djus ds fy, vko';d uSfrd <kapksa esa fufgr gSaA Hkkjr ,vkbZ fe'ku ds rgr
ljdkj us ,vkbZ daI;wfVax volajpuk ds fy, ,d lexz vkSj fLFkjrk&mUeq[k –f"Vdks.k viuk;k gSA

rhljk lcls egRoiw.kZ fe'ku ^jk"Vªh; DokaVe fe'ku* ¼NQM½ gS] ftldk mís'; miijek.kqd Lrj dh
{kerkvksa dk nksgu djuk gSA 2023 esa Loh—r ;g fe'ku vU; oSKkfud fe'kuksa esa lcls vf/kd ckSf)d :i
ls pqukSrhiw.kZ gSA bldk mís'; Hkkjr dks mu fof'k"V ns'kksa ds lewg esa 'kkfey djuk gS tks DokaVe flLVe cukus
vkSj mUgsa cM+s iSekus ij fodflr djus esa l{ke gSaA fe'ku ds varxZr IISc csaxyq#] IIT eækl] IIT c‚Ecs vkSj
IIT fnYyh esa pkj fo"k;xr buksos'ku gc dks lQyrkiwoZd lapkfyr fd;k tk jgk gS] tks Øe'k% daI;wfVax]
lapkj] lsaflax vkSj lkexzh ij /;ku dsafær djrs gSaA ekuk tk jgk gS fd 2026 dh 'kq#vkr esa] ;g fe'ku
lS)kafrd e‚Mfyax ls gkMZos;j çksVksVkbi dh vksj c<+ tk,xkA 'kks/kdrkZ orZeku esa 2027 rd 50&D;wfcV
¼qubit½ dh lhek rd igqapus ds y{; ds lkFk lqijdaMfDVax D;wfcV IysVQ‚eZ vkSj VªSIM&vk;u flLVe dk
ijh{k.k dj jgs gSa] blds vfrfjä] lSVsykbV fyad ds ek/;e ls DokaVe dh fMLVªhC;w'ku ¼QKD½ dh rSukrh us
Hkfo"; ds vHks| jk"Vªh; lapkj dh >yd çnku dh gSA vdknfed leqnk; ds fy,] "DokaVe lsaflax" dh laHkkouk
esfMdy besftax vkSj HkwHkkSfrdh; vUos"k.k esa u, f{kfrt çnku djrh gS] tks pqacdh; {ks=ksa esa lw{e ifjorZuksa dk
irk yxkus ds fy, DokaVe voLFkkvksa dh vR;f/kd laosnu'khyrk dk mi;ksx djrh gSA

fiNys dqN o"kksaZ ds nkSjku] Hkkjr dk varfj{k dk;ZØe mixzg ç{ksi.k ls fodflr gksdj ekuo vUos"k.k rd
igq¡p x;k gSA blh dM+h esa Hkkjr dk pkSFkk egRoiw.kZ foKku vkSj çkS|ksfxdh fe'ku] ^xxu;ku fe'ku* bl
egRokdka{kk dk dsaæ cuk gqvk gS] ftlds fy, ykap Oghdy ekdZ&3 ¼LVM3½ j‚dsV dks "áweu&jsVsM" y‚Up
okgu esa cnyus dh vko';drk gSA orZeku esa] Hkkjrh; varfj{k vuqla/kku laxBu ¼ISRO½ ekpZ esa fu/kkZfjr G1
ekuo jfgr mM+ku dh vafre mYVh fxurh esa gS] tks O;ksefe= áweu‚bM dks ys tk,xh rkfd Øw dsfcu ds
i;kZoj.k fu;a=.k vkSj thou j{kd ç.kkfy;ksa dh iqf"V dh tk ldsA fe'ku dh nh?kZdkfyd ;kstuk dsoy ,d
mM+ku ugha] cfYd 2035 rd Hkkjrh; varfj{k LVs'ku dh LFkkiuk djuk gSA ;g d{kh; ç;ksx'kkyk lw{e
xq#Rokd"kZ.k vuqla/kku ds dsaæ ds :i esa dk;Z djsxh] tks Hkkjrh; oSKkfudksa dks çksVhu fØLVyhdj.k] æo xfrdh
vkSj varfj{k fpfdRlk esa ç;ksxksa ds fy, ,d vuwBk okrkoj.k çnku djsxhA Lok;Ùk M‚fdax vkSj lqjf{kr iqu%
ços'k ds {ks=ksa esa bathfu;fjax pqukSfr;ka cgqr cM+h gSa] ysfdu mPp&Lrjh; eVsfj;y lkbal dh laHkkouk,a vf}rh;
gSa A

blh rjg] paæ;ku&3 dh ,sfrgkfld lQyrk ds ckn] ̂paæ;ku&4 fe'ku* jkscksfVd tfVyrk esa ,d cM+h
Nykax gSA 2024 ds var esa Loh—r] bl fe'ku dk çkFkfed mís'; mPp&v{kka'k nf{k.kh /#o ls paæ jstksfyFk
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¼feêh½ ,d= djuk vkSj mls lqjf{kr :i ls ìFoh ij okil ykuk gSA ;g fe'ku ikap vyx&vyx varfj{k ;ku
e‚Mîwy dks 'kkfey djrs gq, ,d e‚Mîwyj vkfdZVsDpj dk mi;ksx djrk gS] ftlds fy, paæ d{kk esa ifj"Ñr
Lisl M‚fdax ¼SPADEX½ ;q)kH;kl dh vko';drk gksrh gSA Hkfo"; dh ;kstuk esa 2027 ds var esa ç{ksi.k
'kkfey gSA oSKkfud leqnk; ds fy,] paæ uewuksa dh okilh ls ok"i'khy inkFkksaZ& fo'ks"k :i ls ty&cQZ dk
v/;;u djus dk volj feysxk] tks paæek ij Hkfo"; ds lalk/kuksa ds mi;ksx ds fy, egRoiw.kZ gSaA gkyk¡fd
paæ nf{k.k ds nqxZe HkwHkkx esa lVhd ySafMax vkSj iF̀oh ij iqu% ços'k ds nkSjku mPp&osx FkeZy lqj{kk dh pqukSrh
cuh gqbZ gSA

Hkkjr dk ,d vkSj egRoiw.kZ foKku vkSj çkS|ksfxdh fe'ku gS ^xgjk egklkxj fe'ku* ¼Deep Ocean
Mission½] ftls vDlj ̂leqæ;ku^ dgk tkrk gS] 6]000 ehVj dh xgjkbZ ij "Cyw ÝafV;j" dk irk yxkus dh
Hkkjr dh [kkst gSA bl fe'ku dk eq[; vkd"kZ.k eRL;&6000 gS] tks ,d ekuo;qä iuMqCch gS ftlesa 600 bar
ds ncko dks lgus ds fy, fMtkbu fd;k x;k ,d VkbVsfu;e xksyk gSA ;g fe'ku Hkkjr dh ÅtkZ lqj{kk ds
fy, egRoiw.kZ gS] D;ksafd bldk y{; e/; fgan egklkxj ls fufdy] dksckYV vkSj eSaxuht ;qä i‚yhesVfyd
uksMîwYl dk fu"d"kZ.k djuk gSA orZeku esa] psUubZ ds jk"Vªh; egklkxj çkS|ksfxdh laLFkku ¼NIOT½ esa iuMqCch
dk ,dhdj.k iwjk gks pqdk gSA 2026 ds e/; esa 500 ehVj dh mFkys ikuh dh Mkbo ¼xksrk½ fu/kkZfjr gS] tks
2027 ds iw.kZ&xgjkbZ fe'ku ds vxznwr ds :i esa dk;Z djsxhA [kuu ds vykok] ;g fe'ku tSo&iwosZ{k.k ¼bio-
prospecting½ ds fy, ,d u;k {ks= [kksyrk gSA 'kks/kdrkZ orZeku esa ubZ ih<+h ds ,aVhck;ksfVDl vkSj vkS|ksfxd
,atkbe fodflr djus ds fy, xgjs leqæ ds pjeiafFk;ksa ¼extremophiles½ dk fo'ys"k.k dj jgs gSa A

Hkkjr dk lkrok¡ foKku vkSj çkS|ksfxdh fe'ku gS jk"Vªh; gfjr gkbMªkstu fe'ku tks Hkfo"; dks dkcZu eqä
djus ds mís'; ls Hkkjr ds usV thjks vFkZO;oLFkk dh vksj laØe.k dk ,d vkSj lcls egRoiw.kZ vk/kkj gSA 2023
esa 'kq: fd;s x, bl fe'ku dk y{; Hkkjr dh fo'kky v{k; ÅtkZ {kerk dk ykHk mBkrs gq, 2030 rd lkykuk
5 MMT ¼Million Metric Tonne½ gfjr gkbMªkstu dk mRiknu djuk gSA lEHkkouk,a vikj gSa] ijUrq pquksfr;k¡
Hkh vusd gSaA çkFkfed vuqla/kku pqukSrh bysDVªksykbtj dh mPp ykxr gSA fe'ku orZeku esa çksV‚u ,Dlpsat
esEczsu ¼PEM½ vkSj vk;u ,Dlpsat esEczsu ¼AEM½ bysDVªksykbtj ds Lons'kh fofuekZ.k dks çksRlkfgr dj jgk
gSA bl fe'ku dh Hkfo"; dh ;kstukvksa esa LVhy fuekZ.k] lhesaV vkSj yEch nwjh ds Hkkjh ifjogu tSls
"gkMZ&Vw&,csV" ¼hard-to-abate½ {ks=ksa dks ;kfu ,sls {ks= tgk¡ ls xzhugkml xSlksa ds mRltZu dks ?kVkuk eqf'dy
gS] mu {ks=ksa dks dkcZu eqä djuk 'kkfey gSA bl fe'ku ds varxZr 'kks/kdrkZvksa ds fy,] gkbMªkstu xSl dh
vfLFkjrk dks nwj djus ds fy, gkbMªkstu HkaMkj.k çkS|ksfxfd;ksa] fo'ks"k :i ls jklk;fud HkaMkj.k vkSj
Bksl&voLFkk /kkrq gkbMªkbM~l] dks mUur djus ij /;ku dsafær fd;k x;k gSA

Hkkjr ljdkj  ds bu lkrksa fe'kuksa esa ,d leku lw= Hkh gS ftlds vuqlkj çR;sd fe'ku esa var%fo"k;
fo'ks"kKrk ¼interdisciplinary expertise½ dh vko';drk gSA tSls fd lsehdaMDVj fe'ku dks jklk;fud
bathfu;jksa dh vko';drk gS( xgjs egklkxj fe'ku dks lkexzh oSKkfudksa dh vko';drk gS( vkSj bafM;k,vkbZ
fe'ku dks Hkk"kkfonksa vkSj uhfr'kkfL=;ksa dh vko';drk gSA fuLlansg] bu lHkh foKku vkSj çkS|ksfxdh fe'kuksa
esa gekjs ns'k dks vxz.kh cukus dh egku {kerk vkSj xqatkb'k gS] ysfdu budks iwjk djus ds fy, dbZ pqukSfr;ka
Hkh gSaA lcls cM+h pqukSfr;ksa esa ls ,d foÙkiks"k.k dk varj ¼funding Gap½ gSA tgk¡ ,d rjQ ljdkjh cht
foÙkiks"k.k etcwr gS] ogha Mhi&Vsd vuqla/kku ,oa fodkl esa futh {ks= dh Hkkxhnkjh de ¼thMhih dk 0-3%½
cuh gqbZ gSA ,d vU; cM+h pqukSrh VSysaV ikbiykbu ¼talent Pipeline½ dh gSA bl pqukSrh dk lkeuk djus ds
fy,] 'kks/k fo}kuksa] ih,pMh djus okyksa dh la[;k vkSj rduhf'k;uksa dh fujarj vkiwfrZ lqfuf'pr djus dh
vko';drk gSA blds fy, fo'ofo|ky; ds ikBîØeksa dks tYnh ls tYnh bu fe'ku&eksM ifj;kstukvksa ds
lkFk tksM+us dh vko';drk gSA bu pqukSfr;ksa ds vykok] vk;kfrr fof'k"V ?kVdksa tSls fd GPU ;k xgjs leqæ
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ds lsalj ij fuHkZjrk Hkh ,d cM+h fpark dk fo"k; cuh gqbZ gS tks fd oSf'od vkiwfrZ J`a[kyk dks çHkkfor dj
ldrh gS A

Li"Vr;k orZeku esa] ge ,d ,sls nkSj ds lk{kh cu jgs gSa tgk¡ foKku vkSj çkS|ksfxdh dsoy ,d vdknfed
[kkst ugha gS] cfYd jk"Vªh; lqj{kk vkSj vkfFkZd yphysiu dk çkFkfed batu gSA gekjs 'kks/k fo}kuksa vkSj f'k{kdksa
ds fy, lans'k Li"V gS% ekSfyd foKku ¼tSls DokaVe HkkSfrdh½ vkSj j.kuhfrd bathfu;fjax ¼tSls fØIVksxzkQh½ ds
chp dh lhek,¡ lekIr gks xbZ gSaA ns'k esa foKku vkSj rduhdh fodkl ds bl fe'ku eksM –f"Vdks.k esa] gekjh
Hkwfedk ikBîiqLrdksa ls vkxs c<+us vkSj bu jk"Vªh; fe'kuksa dks vius 'kks/k ,tsaMk esa ,dh—r djus dh gSA lp
rks ;g gS fd vc "lhfer nk;js esa vdsys dke djus okys  'kks/kdrkZ" ¼siloed scholar½ dk ;qx lekIr gks x;k
gS; Hkfo"; fe'ku&eksM esa dke djus okys oSKkfudksa dk gSA ns'k dks fodflr jk"Vª cukus ds fy, gesa fe'ku&eksM
esa var&fo"k;h 'kks/k djus dh vko';drk gSA

& MkW vksme izdk'k 'kekZ
eq[; laiknd] foKku izdk'k
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ç—fr ekSu ugha gSA og fujarj cksyrh gS] dHkh çdk'k dh rjaxksa esa] dHkh jklk;fud v.kqvksa dh xa/k esa]
dHkh xq#Rokd"kZ.k dh ygjksa esa vkSj dHkh mu lw{e xf.krh; lehdj.kksa esa ftUgsa euq"; us dfBu ifjJe ls i<+uk
lh[kk gSA gesa vDlj yxrk gS fd lapkj dsoy /ofu] 'kCn vkSj ladsrksa dk fo"k; gS( ijarq oSKkfud –f"V ls ns[ksa
rks lapkj ÅtkZ] inkFkZ vkSj lwpuk ds lrr vknku&çnku dk og lkoZHkkSfed fl)kar gS ftl ij lewpk czãkaM
fVdk gqvk gSA foKku dk mn~Hko Hkh blh ç;kl ls gqvk( ç—fr dh Hkk"kk dks igpkuuk] mls ekiuk] le>uk
vkSj varr% mldk vFkZ fudkyukA

;fn ge jkf= vkdk'k esa vufxur rkjksa dks ns[ksa ;k ekbØksLdksi ds uhps ,d thfor dksf'kdk dh
var%fØ;kvksa dk voyksdu djsa] rks gesa ,d lekurk fn[kkbZ nsrh gS&O;oLFkk ds Hkhrj fNih lajpukRed y;A
;gh y; ç—fr dk O;kdj.k gSA bVyh ds egku oSKkfud xSyhfy;ks xSyhyh us dgk Fkk fd ÞczãkaM dh iqLrd
xf.kr dh Hkk"kk esa fy[kh xbZ gSAß ;g dFku dsoy lkfgfR;d :id ugha] cfYd oSKkfud i)fr dk vk/kkj
gSA U;wVu dk xq#Rokd"kZ.k fu;e gks] eSDlosy ds lehdj.k gksa ;k vkbaLVhu dk lkekU; vkisf{kdrk fl)kar]
;s lHkh ç—fr ds laokn ds vuqokn gSaA tc ge  E = mc2  fy[krs gSa] rks ge ÅtkZ vkSj æO; ds chp ml xgu
laca/k dks i<+ jgs gksrs gSa tks czãkaM ds tUe ls ysdj rkjksa dh e`R;q rd lfØ; gSA

xf.krh; çfr:i ç—fr esa ckj&ckj çdV gksrs gSaA fQcksuk'kh vuqØe& 0] 1] 1] 2] 3] 5] 8] 13---
&ouLifr;ksa dh of̀) esa fof'k"V :i ls fn[kkbZ nsrk gSA lwjteq[kh ds chtksa dk foU;kl] ikbudksu dh lfiZy
lajpuk ;k dSDVl dh ifÙk;ksa dk Øe&bu lcesa ;g vuqikr ÅtkZ vkSj LFkku dh n{krk dks vuqdwfyr djrk
gSA ;|fi ;g gj lajpuk dk dBksj fu;e ugha gS] fdarq lalk/ku çca/ku dh çof̀Ùk dk ladsr vo'; nsrk gSA
blh çdkj ^lqugjk vuqikr* ¼yxHkx 1-618½ 'ka[k dh lfiZy cukoV vkSj dqN tSfod :iksa esa ns[kk x;k gSA
oSKkfud leqnk; esa blds lkoZHkkSfed vuqç;ksx dks ysdj erHksn vo'; gSa] ijarq ;g Li"V gS fd of̀) vkSj
larqyu dh xf.krh; vo/kkj.kk,¡ ç—fr dh lajpuk esa egRoiw.kZ Hkwfedk fuHkkrh gSaA

xzgksa dh d{kk,¡] Tokj&HkkVk dh y;] _rqvksa dk pØ&;s lHkh [kxksyh; laokn ds mnkgj.k gSaA iF̀oh dk
23-5 fMxzh dk v{kh; >qdko gh _rqvksa dh fofo/krk mRiUu djrk gSA lw;Z ls vkus okyk fofdj.k] i`Foh ds
ok;qeaMy }kjk mldk ijkorZu vkSj vo'kks"k.k] rFkk egklkxjksa esa Å"ek dk lapyu] ;s lHkh ijLij tqM+s ladsr
gSaA tyok;q ifjorZu dk v/;;u Hkh blh laokn dks le>us dk ç;kl gSA dkcZu Mkbv‚DlkbM dh c<+rh
lkaærk] fgeunksa dk fi?kyuk vkSj leqæh vEyhdj.k] ;s ladsr ç—fr dh psrkouh gSa ftUgsa i<+uk vkSj le>uk
vko';d gSA
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lw{e txr esa ços'k djrs gh laokn dh Hkk"kk
cny tkrh gSA ;gk¡ 'kCnksa ds LFkku ij v.kq gSa] vkSj
/ofu ds LFkku ij jklk;fud ladsrA tho foKku esa
^dseksflXufyax* og çfØ;k gS ftlds ek/;e ls
dksf'kdk,¡ ijLij lwpuk dk vknku&çnku djrh gSaA
cSDVhfj;k ̂Doksje lsaflax* ds tfj, viuh vkcknh dk
vkdyu djrs gSaA tc ,d fuf'pr lkaærk rd os
jklk;fud ladsr NksM+rs gSa] rks iwjk leqnk; ,d lkFk
O;ogkj cny ldrk gS& tSls tSo&iVy ¼ck;ksfQYe½
cukuk ;k fo"kkä inkFkZ mRiUu djukA ;g lkewfgd
fu.kZ;&çfØ;k n'kkZrh gS fd thou dk laokn dsoy
mPp çkf.k;ksa rd lhfer ugha gSA

e/kqefD[k;ksa dk mnkgj.k vR;ar jkspd gSA os
dsoy ̂oSxy Mkal* ls fn'kk ugha crkrha] cfYd Qsjkseksu
ds ek/;e ls NÙks dh lkekftd lajpuk dks fu;af=r
djrh gSaA jkuh e/kqeD[kh }kjk lzkfor jklk;fud
ladsr iwjh d‚yksuh ds çtuu O;ogkj dks çHkkfor
djrs gSaA blh çdkj phafV;k¡ Hkkstu ds lzksr rd
igq¡pus ds fy, jklk;fud iFk cukrh gSa& ,d çdkj
dk tSfod ekufp=A ;gk¡ lapkj ?kzk.k vkSj jklk;fud
fyfi esa fufgr gSA

ouLifr;k¡ Hkh laokn djrh gS aA Hkwfexr
ekbdksjkbty usVodZ] ftls yksdfç; :i ls ^oqM
okbM osc* dgk tkrk gS] tM+ksa vkSj dodksa dk lgthoh
ra= gSA bl usVodZ ds ek/;e ls iks"kd rRoksa dk
vknku&çnku gksrk gSA v/;;uksa ls ladsr feyrk gS
fd ;fn fdlh o{̀k ij dhVksa dk vkØe.k gksrk gS] rks
og iM+kslh o{̀kksa dks jklk;fud ladsr Hkst ldrk gS]
ftlls os lqj{kkRed ;kSfxdksa dk fuekZ.k vkjaHk dj
nsaA ;|fi bl {ks= esa vHkh 'kks/k tkjh gS] fdarq ;g
Li"V gS fd ou leqnk; dsoy fuf"Ø; thoksa dk
lewg ugha] cfYd ikjLifjd laokn dh ,d xfr'khy
ç.kkyh gSA

thou dh lcls ifj"—r Hkk"kk Mh,u, gSA
dsoy pkj ukbVªkstul vk/kkj& ,fMfuu] Fkkbfeu]
lkbVksflu vkSj xqvkfuu&rhu vjc ls vf/kd v{kjksa

dh vkuqoaf'kd ^iqLrd* jprs gSaA VªkalfØI'ku vkSj
Vªkalys'ku dh çfØ;k,¡ lwpuk dks çksVhu esa :ikarfjr
djrh gSaA ,d NksVk mRifjorZu dHkh&dHkh jksx dk
dkj.k cu ldrk gS] rks dHkh fodkl dh ubZ fn'kk
[kksy nsrk gSA fodklokn Lo;a vkuqoaf'kd laokn dh
fujarjrk gS& tgk¡ p;u] mRifjorZu vkSj vuqdwyu
feydj le; ds lkFk thou dh fofo/krk jprs gSaA

HkkSfrdh dh –f"V ls ç—fr dk laokn rjaxksa vkSj
{ks=ksa ds ek/;e ls gksrk gSA fo|qr&pqacdh; LisDVªe esa
jsfM;ks rjaxksa ls ysdj xkek fdj.kksa rd fo'kky foLrkj
gSA euq"; dsoy –'; çdk'k dk ,d NksVk Hkkx ns[k
ldrk gS] fdarq e/kqefD[k;k¡ ijkcSaxuh çdk'k dk
vuqHko djrh gSaA dbZ liZ vojä fofdj.k dks igpku
ldrs gSa] ftlls os va/kdkj esa Hkh f'kdkj dk irk
yxk ysrs gSaA /ofu rjaxksa ds {ks= esa pexknM+ vkSj
M‚fYQu bdksyksds'ku dk mi;ksx djrh gSaA M‚Iyj
çHkko dk fl)kar crkrk gS fd vko`fÙk esa ifjorZu ls
oLrq dh xfr Kkr dh tk ldrh gS& ç—fr dk ;g
xf.krh; laokn thou ds fy, midj.k cu x;k gSA

czãkaMh; Lrj ij xq#Rokd"kZ.k rjaxksa dh [kkst
us gesa CySd gksy ds foy; tSls ?kVukØeksa dh ̂ /ofu*
lquus dk volj fn;kA ystj baVjQsjksehVj }kjk
varfj{k&le; dh lw{e fo—fr dk ekiu fd;k x;kA
;g miyfC/k n'kkZrh gS fd czãkaM Lo;a xfr'khy gS
vkSj mldh ?kVuk,¡ ygjksa ds :i esa lans'k Hkstrh gSaA
blh çdkj d‚fLed ekbØksoso i`"BHkwfe fofdj.k
czãkaM dh çkjafHkd voLFkk dk vo'ks"k ladsr gS&
,d çdkj dh czãkaMh; çfr/ofuA

DokaVe Lrj ij ç—fr dk O;kdj.k vkSj Hkh
tfVy gSA DokaVe ,aVSaxyesaV esa nks d.k bl çdkj
lac) gks ldrs gSa fd nwjh egRoghu gks tkrh gSA
DokaVe ck;ksy‚th ds v/;;u esa lq>ko fn;k x;k gS
fd çoklh if{k;ksa dh vk¡[kksa esa mifLFkr fØIVksØkse
çksVhu ^jSfMdy&is;j* ra= ds ek/;e ls ìFoh ds
pqacdh; {ks= dks eglwl djus esa lgk;d gks ldrk
gSA çdk'k la'ys"k.k esa ÅtkZ LFkkukarj.k dh mPp
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n{krk Hkh DokaVe çHkkoksa ls lacaf/kr ekuh tkrh gSA
;|fi bu çfØ;kvksa dh O;k[;k vHkh fodflr gks
jgh gS] fdarq ;g Li"V gS fd thou dh tfVyrk vkSj
HkkSfrdh dh lw{erk ,d&nwljs ls iF̀kd ugha gSaA

leqæ dh xgjkb;ksa esa tSo&nhfIr thoksa dh –';
Hkk"kk gSA yqflQsfju vkSj yqflQsjst dh vfHkfØ;k ls
mRiUu çdk'k f'kdkj dks vkdf"kZr djus] lkFkh dks
igpkuus ;k 'k=q dks Hkzfer djus dk ek/;e curk gSA
;gk¡ jklk;fud ÅtkZ çdk'k esa vuwfnr gksrh gS] ,d
çR;{k tSfod ladsrA

Å"ekxfrdh dk nwljk fu;e gesa crkrk gS fd
can ra=ksa esa vO;oLFkk c<+rh gSA fdarq thou [kqys ra=
dh rjg dk;Z djrk gS] tgk¡ ckgjh ÅtkZ dk fujarj
çokg LFkkuh; O;oLFkk cuk, j[krk gSA iF̀oh ij lw;Z
dk çdk'k bl ÅtkZ dk ewy lzksr gSA gekjh tSfod
?kM+h&ldSZfM;u fjne&çdk'k vkSj va/kdkj ds pØ
ls lkeatL; j[krh gSA esykVksfuu gkeksZu dk lzko
fnu&jkr ds laokn ij fuHkZj djrk gSA bl çdkj
le; Hkh ç—fr dh Hkk"kk dk ,d vk;ke gSA

vk/kqfud midj.kksa us bl laokn dks lquus dh
gekjh {kerk dks foLrr̀ fd;k gSA tsEl osc varfj{k
nwjchu nwjLFk vkdk'kxaxkvksa dk çdk'k idM+ jgh
gSA thuksfed vuqØe.k rduhdsa jksxksa ds vkuqoaf'kd
ladsr i<+ jgh gSaA —f=e cqf)eÙkk fo'kky vk¡dM+ksa esa
iSVuZ igpkudj ç—fr ds fNis O;kdj.k dks mtkxj
dj jgh gSA ijarq ftruk vf/kd ge lh[krs gSa] mruk
gh ;g Li"V gksrk gS fd vHkh cgqr dqN vuwfnr gksuk
'ks"k gSA

varr% euq"; Lo;a Hkh blh laokn dk ifj.kke
gSA gekjk efLr"d U;wj‚uksa ds fo|qr&jklk;fud
ladsrksa ls fopkj mRiUu djrk gSA Hkk"kk] laL—fr
vkSj foKku&;s lHkh ç—fr ds ekSfyd ladsrksa dk gh
foLrkj gSaA tc ge fdlh lehdj.k dks gy djrs
gSa ;k nwjchu ls fdlh u{k= dks ns[krs gSa] rc ge
ç—fr ls vyx ugha] cfYd mlh ds laokn dks vkxs
c<+k jgs gksrs gSaA

ç—fr dh Hkk"kk dks le>uk dsoy ckSf)d
pqukSrh ugha] uSfrd nkf;Ro Hkh gSA tyok;q ifjorZu]
tSo&fofo/krk dk ºzkl vkSj çnw"k.k tSls ladV gesa
ladsr ns jgs gSa fd laokn vlarqfyr gks jgk gSA ;fn
ge bu ladsrksa dks vuns[kk djsaxs] rks ifj.kke O;kid
gksaxsA foKku çxfr dk okLrfod vFkZ midj.kksa dh
la[;k c<+kuk ugha] cfYd laosnu'khyrk dks xgjk
djuk gS] ç—fr dh lw{e /kM+duksa dks lquuk vkSj
mlds lkFk lkeatL; LFkkfir djukA

bl O;kid ifjçs{; esa Li"V gS fd czãkaM ls
ysdj dksf'kdk rd ,d lrr laokn çokfgr gSA
xf.kr mldk O;kdj.k gS] HkkSfrdh mlds fu;e gSa]
jlk;u mlds v{kj gSa vkSj tho foKku mldk thoar
ikBA euq"; bl egkxkFkk dk ikBd Hkh gS vkSj ik=
HkhA tSls&tSls ge bl Hkk"kk dks le>rs tk,axs] gekjs
Hkhrj fouezrk Hkh mruh gh c<+sxh] D;ksafd rc gesa
Kkr gksxk fd ge ç—fr ds Lokeh ugha] cfYd mlds
vuar laokn ds lgHkkxh gSaA foKku dh ;k=k blh
lgHkkfxrk dks xgjk djus dh fujarj çfØ;k gSA
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lkjka’k

—f"k mRiknu esa rsth ls gks jgh o`f) lh/ks rkSj ij oSf'od tula[;k esa gks jgs btkQs ls tqM+h gqbZ gSA
blds ifj.kkeLo:i] —f"k vif'k"V dks uohdj.kh;] fdQk;rh vkSj lrr ck;ks&d‚EiksftV mRiknksa ds fy, ,d
laHkkfor dPps eky ds :i esa ekU;rk çkIr gks jgh gSA vDlj] cM+h ek=k esa —f"k mRikn vi;kZIr çlaLdj.k
lqfo/kkvksa ;k HkaMkj.k <kaps ds vHkko esa cckZn gks tkrs gSaA ;s —f"k vif'k"V dkcksZgkbMªsV~l] fofHkUu dkcZfud
;kSfxdksa vkSj i‚fyefjd çksVhu ls Hkjiwj gksrs gSa] tks ewY;of/kZr vuqç;ksxksa ds fy, vR;f/kd laHkkouk,a çnku
djrs gSaA blh lanHkZ esa] uSuksçkS|ksfxdh ,d ifjorZudkjh –f"Vdks.k ds :i esa mHkjh gS] tks —f"k vif'k"V dks
ewY;oku vkSj i;kZoj.k vuqdwy mRiknksa esa ifjofrZr djus esa l{ke gS& og Hkh fcuk gkfudkjd jlk;uksa ds
mi;ksx ds] tks LokLF; vkSj i;kZoj.k ds fy, xaHkhj [krjs mRiUu dj ldrs gSaA gkfy;k 'kks/kksa us —f"k vif'k"V
ls fudkys x, vdksaZ dk mi;ksx djds gfjr uSuks lkexzh ¼xzhu uSukseSVsfj;y½ la'ys"k.k fof/k;ksa ij fo'ks"k /;ku
dsafær fd;k gSA bu uSuksd.kksa ¼NPs½ dk mi;ksx thok.kqjks/kh mipkjksa] ty 'kqf)dj.k] vkSj vkS|ksfxd jaxksa ds
vi?kVu tSls fofo/k {ks=ksa esa O;kid :i ls fd;k x;k gSA ;g v/;;u —f"k vif'k"V ds lzksrksa] xq.kksa vkSj uSuks
çca/ku dh tkap djrk gS] lkFk gh çkIr uSuks lkefxz;ksa dh laHkkoukvksa vkSj muds fofHkUu {ks=ksa esa vuqç;ksxksa
dks mtkxj djrk gSA

Abstract

The exponential rise in agricultural production is closely tied to the growing global population.
As a result, agricultural waste has gained recognition as a promising raw material for creating
renewable, cost-effective, and sustainable bio-composite products. Large quantities of agricultural
produce are often wasted due to inadequate processing facilities or storage infrastructure. These
agro-wastes are rich in carbohydrates, various organic compounds, and polymeric proteins, offering
considerable potential for value-added applications. In this context, nanotechnology has emerged as
a transformative approach to converting agricultural waste into valuable and environment friendly
products without the need for harmful chemicals, which can pose significant health and environmental
risks. Recent research has increasingly focused on green nanomaterial (NM) synthesis methods
that utilize agricultural waste extracts. These nanoparticles (NPs) have been widely explored for
diverse applications, such as antibacterial treatments, water purification, and the degradation of
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industrial dyes. This aims to explore the sources, properties, and nanomanagement of agro-waste,
highlighting the potential of the derived NMs and their diverse applications in various fields.

eq[; 'kCn% —f"k vif'k"V] gfjr uSuks lkexzh] la'ys"k.k] uohdj.kh;] lrrA

Key words: Agricultural waste, Green nanomaterials, Synthesis, Renewable, Sustainable.

ifjp;

—f"k mRiknu esa rsth ls gks jgh o`f) ds
lkFk&lkFk —f"k vif'k"V dh ek=k esa Hkh mYys[kuh;
o`f) gqbZ gS] ftlls blds vuqfpr fuiVku tSls fd
tykuk vkSj ySaMfQfyax ds dkj.k i;kZoj.kh;
pqukSfr;k¡ mRiUu gks jgh gSaA ;s rjhds çnw"k.k vkSj
xzhugkml xSlksa ds mRltZu esa ;ksxnku djrs gSa]
ftlls lrr vif'k"V çca/ku j.kuhfr;ksa dh
vko';drk vkSj vf/kd c<+ tkrh gSA uSuksçkS|ksfxdh
esa gky dh çxfr us —f"k vif'k"V dks ewY;oku uSuks
lkexzh esa ifjofrZr djus ds fy, laHkkoukvksa ds u,
}kj [kksys gSa] tks ifjiFkh; vFkZO;oLFkk ¼Circular

Economy½ ds fl)karksa ds vuq:i gSa vkSj i;kZoj.kh;
fLFkjrk dks c<+kok nsrs gSaA

—f"k vo'ks"k tSls fd lsywykst] fyfXuu vkSj
dkbfVu tSls ck;ksi‚yhej ls Hkjiwj gksrs gSa] tks
fofHkUu uSuks lkexzh ds la'ys"k.k ds fy, vkn'kZ çkjafHkd
inkFkZ ekus tkrs gSaA mnkgj.kLo:i] —f"k vif'k"V ls
fudkyh xbZ uSukslsywykst esa mR—"V ;kaf=d xq.k vkSj
tSo vi?kVu'khyrk gksrh gS] tks bls ck;ksd‚EiksftV]
vkS"kf/k fMyhojh ç.kkfy;ksa vkSj [kk| iSdsftax lkefxz;ksa
esa ç;ksx ds fy, mi;qä cukrh gSA blh rjg] /kku
dh Hkwlh ls çkIr flfydk uSuksd.kksa dk çHkkoh :i ls
ty 'kqf)dj.k ç.kkfy;ksa esa Hkkjh /kkrqvksa vkSj dkcZfud
çnw"kdksa dks gVkus ds fy, mi;ksx fd;k x;k gSA

—f"k vif'k"V ls uSuksd.kksa dk gfjr la'ys"k.k u
dsoy i;kZoj.k çnw"k.k dks de djrk gS] cfYd
ikjaifjd uSuks lkexzh mRiknu esa ç;qä [krjukd
jlk;uksa ij fuHkZjrk dks Hkh ?kVkrk gSA ck;kstsfud
la'ys"k.k fof/k;k¡ ikS/kksa ds vdksaZ esa mifLFkr çk—frd
vipk;d ¼reducing½ vkSj fLFkjhdkjd ¼stabilizing½

,tsaV~l dk mi;ksx djrh gSa] ftlls ;g çfØ;k
i;kZoj.k&vuqdwy vkSj fdQk;rh curh gSA blds
vfrfjä] —f"k vif'k"V dks uSuks lkexzh esa ifjofrZr
djus ls u dsoy vif'k"V esa deh vkrh gS] cfYd
—f"k miksRiknksa dks vkfFkZd ewY; Hkh çkIr gksrk gS]
ftlls lrr fodkl dks c<+kok feyrk gSA

thok'e lalk/kuksa ds vR;f/kd nksgu ds dkj.k
mRiUu i;kZoj.kh; vkSj lkekftd çHkkoksa us gky ds
o"kksaZ esa lrr vkSj i;kZoj.k&vuqdwy fodYiksa dh
[kkst dks rst fd;k gS [1]A buesa fyXukslsywyksfld
inkFkZ mPp ewY; of/kZr lkexzh vkSj ck;ksi‚yhej ds
mRiknu ds fy, ,d çeq[k çk—frd lzksr ds :i esa
mHkjs gSaA ;s inkFkZ viuh tSo vi?kVu'khyrk] de
?kuRo vkSj mR—"V ;kaf=d xq.kksa ds dkj.k fo'ks"k :i
ls vkd"kZd gSa [2][3]A orZeku 'kks/k eq[;r% —f"k
vif'k"V ds mi;ksx ij dsafær gS] tks eq[; :i ls
lsywykst] gsehlsywykst vkSj fyfXuu ls cuk
fyXukslsywyksfld inkFkksaZ ls lè) gksrk gSA

lsywykst] tks ç—fr esa ik;k tkus okyk lcls
çpqj tSfod i‚fyej gS [4]] ,d uohdj.kh; vkSj tSo
vi?kVu'khy lalk/ku gS] ftls ikS/ks çdk'k la'ys"k.k
ds ek/;e ls dkcZu Mkbv‚DlkbM] ty vkSj lw;Z ds
çdk'k ls mRiUu djrs gSaA bldh jklk;fud lajpuk
lk/kkj.k gksrs gq, Hkh la'kksf/kr dh tk ldrh gS]
ftlls ;g js'ks] fQYe vkSj dk;kZRed i‚fyej tSls
dbZ vuqç;ksxksa ds fy, mi;ksxh curh gSA bldh
;kaf=d 'kfä blds fØLVyh; i‚fyefjd lajpuk ls
vkrh gSA

fyXukslsywyksfld ck;ksekl ¼LCB½ dk v/;;u
eq[; :i ls tSo bZa/ku vkSj ck;ksi‚yhej tSls ewY;of/kZr
mRiknksa ds mRiknu dh laHkkoukvksa ds fy, fd;k x;k gS
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[5][6][7]A blds çeq[k lzksrksa esa —f"k] okfudh vkSj vkS|ksfxd
vo'ks"k 'kkfey gSaA LCB dk ,d çeq[k ?kVd] lsywykst]
Xywdkst bdkb;ksa ls cuk ,d ljy vkSj lh/kk çk—frd
i‚fyej gSA tSrwu ds isM+ksa dh NaVkbZ] vxZu çsl dsd] lsc
dk js'kk] vaxwj dh csyksa dh Vgfu;k¡] vkSj dikl tSls
vo'ks"kksa dks fofHkUu çfØ;kvksa }kjk lsywykst uSuksfØLVy
¼CNC½ vkSj lsywykst uSuksQkbcj ¼CNF½ esa ifjofrZr
fd;k x;k gSA

uSukslsywykst vk/kkfjr lkefxz;k¡ [kk| iSdsftax]
ck;ksesfMflu] eSfVªDl lq–<+hdj.k vkSj f>Yyh fuLianu
tSls m|ksxksa esa O;kid :i ls ç;qä gks jgh gSa [8]A
gkfy;k çxfr us blds mi;ksx dks uSuksd‚EiksftV]
tSy] ,;jkstsy] fpifpikgV fu;a=d] fQYe] vojks/kd
ijr] Qkbcj] Qkse] ÅtkZ HkaMkj.k ç.kkyh vkSj fuLianu
f>Yyh tSls mRiknksa rd foLrkfjr dj fn;k gS [9]A
lsywykst dh vuwBh lajpuk LCB ls uSukslsywykst ds
fu"d"kZ.k dks l{ke cukrh gS] ftlesa ç;qä fof/k;ksa ds
vuqlkj mls CNC ;k CNF esa ifjofrZr fd;k tk
ldrk gS [10]A

CNC vkSj CNF ds mRiknu ds fy, vEyh;
tyvi?kVu ¼acid hydrolysis½ vkSj ;kaf=d mipkj
çeq[k fof/k;k¡ gSa] ysfdu buesa ÅtkZ [kir vkSj ty
vko';drk dh pqukSfr;k¡ cuh jgrh gSa] fo'ks"kdj
U;wVªykbts'ku ds nkSjku [11]A ,atkbfed tyvi?kVu
,d vk'kktud vkSj lrr fodYi çnku djrk gS]
tks lsywykst dks QkbfczysV djus ds fy, ,atkbeksa ds
ykHkksa dk mi;ksx djrk gS vkSj ÅtkZ dh [kir dks
de djrk gSA gkykafd] ,atkbeksa dh mPp ykxr ,d
çeq[k ck/kk gSA bl pqukSrh dks nwj djus ds fy,] dqN
v/;;uksa us ,atkbfed vkSj ;kaf=d fof/k;ksa dks tksM+dj
csgrj Qkbfczys'ku vkSj de ÅtkZ vko';drkvksa ds
fy, lek/kku lq>k;k gS [12][13]A

^^uSukslsywykst+̂ ^ 'kCn fofHkUu uSuks vkSj lw{e vkdkj
dh lsywyksftd d.kksa dks n'kkZrk gS [14]A bldh
lajpuk ds vk/kkj ij uSukslsywykst dks rhu çeq[k
çdkjksa esa oxhZ—r fd;k x;k gS%

1- lsywykst uSuksQkbcj ¼CNF½ & lkekU;r%
,atkbfed vkSj@;k ;kaf=d fo?kVu }kjk rS;kj fd;k
tkrk gSA

2- lsywykst uSuksfØLVy ¼CNC½ & vEyh;
tyvi?kVu }kjk çkIr NM+h&vkdkj dh fØLVyh;
d.kA

3- cSDVhfj;y uSukslsywykst ¼BNC½ & eq[;
:i ls Gluconoacetobacter xylinus tSls
cSDVhfj;k }kjk la'ysf"krA

AI vkSj dseksesfVªDl dk ,dhdj.k% gkfy;k
#>kuksa esa uSuks lkexzh ds la'ys"k.k dks vuqdwfyr
djus ds fy, AI&vk/kkfjr dseksesfVªd fof/k;ksa dk
lekos'k ns[kk x;k gSA mUur ,YxksfjFe vkSj
lkaf[;dh; fo'ys"k.kksa ds ek/;e ls] 'kks/kdrkZ fofHkUu
çfØ;kRed ekunaMksa ¼tSls rkieku] çfrfØ;k le;
vkSj jklk;fud lkaærk½ ds çHkko dks e‚My dj
ldrs gSa] ftlls uSukslsywykst daiksftV dh xq.koÙkk
vkSj mRikndrk dk iwokZuqeku vkSj lq/kkj laHko gksrk
gSA ;g –f"Vdks.k u dsoy ç;ksxkRed fMtkbu dks
rst djrk gS] cfYd cM+s iSekus ij mRiknu ds fy,
iwokZuqekukRed var–Zf"V Hkh çnku djrk gSA

mnkgj.kLo:i] cVyj ,oa vU; }kjk dh xbZ
leh{kk esa e'khu yfuaZx rduhdksa dk inkFkZ foKku
esa ç;ksx dh laHkkoukvksa ij çdk'k Mkyk x;k gS
[15]A blh rjg] jSdqfXy;k ,oa vU; us lQy vkSj
vlQy nksuksa ç;ksxksa ls lh[kdj la'ys"k.k fLFkfr;ksa
dks vuqdwfyr djus esa e'khu yfuaZx dh lgk;rk
çnf'kZr dh [16]A blds vykok] fde ,oa vU; us
;g n'kkZ;k fd fdl çdkj MsVk&vk/kkfjr rduhdsa
inkFkZ lwpuk foKku ¼materials informatics½ dks
u;k vkdkj ns jgh gSa] tks uSuks lkexzh fMtkbu esa
dseksesfVªd –f"Vdks.kksa dh vk/kkjf'kyk gSa [17]A

;g 'kks/ki= —f"k vif'k"V dks dk;kZRed uSuks
lkexzh esa cnyus ds uohu –f"Vdks.kksa dh tkap djrk
gS] lkFk gh la'ys"k.k çfØ;kvksa dks vuqdwfyr djus
vkSj iwokZuqeku fo'ys"k.k ds fy, —f=e cqf)eÙkk
¼AI½ ds ,dhdj.k dh iM+rky djrk gSA ;g v/;;u
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AI&lgkf;r uSuks lkexzh la'ys"k.k dh dk;Zç.kkfy;ksa
dh foospuk djrk gS vkSj fofHkUu m|ksxksa esa blds
O;kogkfjd ykHkksa dk ewY;kadu djrs gq, lrr
lek/kku çLrqr djus dk mís'; j[krk gS] tks vif'k"V
çca/ku vkSj lalk/ku mi;ksx dh pqukSfr;ksa dks çHkkoh
<ax ls lacksf/kr dj ldrs gSaA

lkfgR; leh{kk

—f"k vif'k"V ¼Agro-waste½ dks ewY;oku
uSukseSVsfj;Yl ¼Nanomaterials½ esa :ikarfjr djuk
,d uohu vkSj lrr rduhdh lek/kku ds :i esa
n`f"Vxr gqvk gSA ikjaifjd vif'k"V çca/ku tSls
tykuk ;k ySaMfQy esa Mkyuk] i;kZoj.k ij xaHkhj
çHkko Mkyrk gS vkSj xzhugkml xSlksa ds mRltZu dks
c<+krk gSA bu leL;kvksa ls fuiVus ds fy, oSKkfud
leqnk; vc —f"k vif'k"V dks mi;ksxh mRiknksa esa
cnyus ds ç;kl dj jgk gSA

—f"k vif'k"V esa lsY;wykst] fyfXuu] gsehlsY;wykst
tSls ck;ksi‚yhej çpqj ek=k esa ik, tkrs gSa] tks
uSukslkexzh fuekZ.k ds fy, mR—"V dPpk eky gSa
[18]A mnkgj.k ds fy,] pkoy dh Hkwlh ¼rice husk½
ls flfydk uSuksd.k cuk, tkrs gSa ftudk mi;ksx
ty 'kks/ku vkSj Hkkjh /kkrqvksa dks gVkus esa fd;k tkrk
gS [19]A

gfjr uSuksçkS|ksfxdh ¼Green nanotechnology½
esa ikS/kksa ds vdZ dk mi;ksx djds uSuksd.kksa dk
tSfod la'ys"k.k ¼biogenic synthesis½ fd;k tkrk
gS] ftlls gkfudkjd jklk;fud fj,DVsaV~l dh
vko';drk ugha gksrh [20]A bl çfØ;k esa ekStwn
çk—frd vo;o tSls i‚yhQsuksYl vkSj ,aVhv‚DlhMsaV
uSuksd.kksa ds fuekZ.k esa lgk;d gksrs gSaA

lsY;wykst uSuksd.kksa ¼Nanocellulose½ dk
mi;ksx [kk| iSdsftax] vkS"k/k forj.k ç.kkyh vkSj
tSo&fpfdRlk vuqç;ksxksa esa gks jgk gS [21]A
uSukslsY;wykst dks ,flM gkbMªksfyfll ;k ;kaf=d
çfØ;k }kjk —f"k vif'k"V ls fudkyk tk ldrk gSA
gkykafd] bu çfØ;kvksa esa ÅtkZ vkSj ty dh [kir

,d cM+h pqukSrh gS] ftls ,atkbe vk/kkfjr fof/k;ksa
}kjk de fd;k tk ldrk gSA

vkfVZfQf'k;y baVsfytsal ¼AI½ vkSj dseksfVªDl
¼chemometrics½ dk mi;ksx vc uSukseVsfj;y
la'ys"k.k çfØ;k dks vuqdwfyr djus ds fy, fd;k
tk jgk gSA AI vk/kkfjr e‚My rkieku] le; vkSj
jlk;u dh lkaærk tSls dkjdksa dk fo'ys"k.k djds
la'ys"k.k dh mit vkSj xq.koÙkk dh Hkfo";ok.kh dj
ldrs gSa [22]A blls u dsoy ykxr de gksrh gS]
cfYd i;kZoj.kh; çHkko Hkh ?kVrk gS [23] A

gky ds v/;;uksa esa ;g Li"V gqvk gS fd —f"k
vif'k"V ls cus uSukseVsfj;y ty 'kks/ku] jax gVkus]
thok.kqjks/kh xfrfof/k;ksa vkSj [kk| laj{k.k esa vR;ar
çHkkoh gSa [24]A ;g rduhd lrr fodkl y{;ksa
¼SDGs½ ds lkFk esy [kkrh gS D;ksafd ;g vif'k"V
dks ewY;oku mRiknksa esa cnyrh gS vkSj i;kZoj.kh;
çHkko dks U;wure djrh gS [25]A

lkexzh ,oa fof/k;k¡

1- —f"k vif'k"V laxzg.k

'kDdj xUus dh [kksbZ ¼Sugarcane Bagasse½]
/kku dh ijkyh ¼Rice Straw½ vkSj ukfj;y dk
fNydk ¼Coconut Husk½ dks bankSj vkSj mlds
vkl&ikl ds xzkeh.k {ks=ksa esa fLFkr fefyax m|ksxksa
vkSj LFkkuh; cktkjksa ls ,d= fd;k x;k rkfd
rktk çlaL—r —f"k vo'ks"kksa dh miyC/krk lqfuf'pr
dh tk ldsA

xUus dh [kksbZ vkSj /kku dh ijkyh dks 20&22
vxLr] 2024 dks LFkkuh; feyksa esa Qly dVkbZ ds
ckn dh çfØ;k ds nkSjku laxzfgr fd;k x;k] tcfd
ukfj;y ds fNyds 5&6 flracj] 2024 dks mu cktkjksa
ls fy, x, tgk¡ ukfj;y çlaLdj.k dh xfrfof/k;k¡
çeq[k FkhaA lHkh uewuksa dks feêh] iRFkj ;k vU; Qly
vif'k"V tSls lanw"kdksa ls eqä j[kk x;kA ,df=r
vo'ks"kksa dks lkQ vkSj yscy fd, x, i‚yhbfFkyhu
cSx esa j[kk x;k rkfd çnw"k.k u gksA
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uewuksa dks vfrfjä ueh gVkus gsrq lw;Z dh jks'kuh esa lq[kk;k x;kA blds fy, vo'ks"kksa dks lkQ frjiky
ij 3&4 fnuksa rd ¼23&26 vxLr] 2024 rd xUus dh [kksbZ o /kku dh ijkyh( 7&10 flracj] 2024 rd ukfj;y
dk fNydk½ QSyk fn;k x;k vkSj fu;fer varjky ij iyVk x;kA tc vo'ks"k HkqjHkqjk gks x;k] ftlls i;kZIr
ueh gVus dh iqf"V gqbZ] rc mUgsa ,;j&VkbV daVsujksa esa laxzfgr fd;k x;kA

2- uewuk rS;kjh ¼Sample Preparation½

lq[kk, x, —f"k vif'k"Vksa ¼xUus dh [kksbZ] /kku dh ijkyh] ukfj;y fNydk½ dks ;kaf=d xzkbaMj ls eghu
pw.kZ esa ihlk x;kA fQj pw.kZ dks 40 ;k 60&es'k pyuh ls Nkuk x;k rkfd ,dleku d.k vkdkj fey ldsA

{kkj mipkj ¼Alkali Treatment½ ds fy, 10 xzke çR;sd uewuk 150&200 feyhyhVj 5% lksfM;e
gkbMª‚DlkbM ¼NaOH½ esa j[kk x;k vkSj 80&100°C ij 3 ?kaVs rd pqacdh; g‚VfLVjj ij xeZ fd;k x;kA
bl çfØ;k ls fyfXuu vkSj gsehlsY;qykst gV x;k] tcfd lsY;qykst lajf{kr jgkA feJ.k dks oSD;we fQYVj
ls Nkuk x;k vkSj vklqr ty ls vPNh rjg /kks;k x;kA fQj uewuksa dks 60°C ij 5&6 ?kaVs rd ,;j&ldqZysfVax
vksou esa lq[kk;k x;kA

3- vifyXuhdj.k çfØ;k ¼Delignification Process½

bl çfØ;k esa igys dh rjg xzkbafMax vkSj pyuh çfØ;k ds ckn] uewuksa dks fQj ls 5% NaOH ds lkFk
80&100°C ij 3 ?kaVs rd xeZ fd;k x;kA /kksus vkSj lq[kkus dh fof/k leku jgh] ftlls 'kq) lsY;qykst QkbclZ
çkIr fd, x, [25]A

4- lsY;qykst uSuksdksEiksft+V~l dh rS;kjh

'kq) lsY;qykst Qkbcj dks ;kaf=d] jklk;fud ;k la;qä rduhdksa ls uSuksLrj ij rksM+k x;kA çkIr
uSuksdksEiksft+V~l dh lajpukRed o :ikRed fo'ks"krkvksa dk ewY;kadu fd;k x;kA

uSukseSVsfj;Yl dh fo'ks"krk tkap ¼Characterization Techniques½

1- LdSfuax bysDVª‚u ekbØksLdksih ¼SEM½ fo'ys"k.k

uewuksa ij lksus ;k IysfVue dh iryh ijr p<+kbZ xbZ vkSj SEM }kjk mPp&fjt‚Y;w'ku Nfo;k¡ çkIr dh
xbZa rkfd muds d.kksa ds vkdkj vkSj ,d:irk dh iqf"V gks lds [27]A

2- Hkkjh /kkrq lks[kus dh {kerk ijh{k.k

Øksfe;e vk;u lanw"k.k dh udy ds fy, iksVSf'k;e ØksesV ¼K
2
CrO

4
½ dh —f=e ?kksysa rS;kj dh xbZa ¼Cr–

1 ls Cr–4 rd½A fu/kkZfjr ek=k esa lsY;qykst uSuksdksEiksftV dks bu ?kksyksa esa feykdj 1 ?kaVs rd ?kqek;k x;kA
ckn esa ?kksy dks fQYVj dj Øksfe;e vk;uksa dh 'ks"k ek=k dks Atomic Absorption Spectrophotometry

¼AAS&200½ }kjk ekik x;k [27]A

3- lks[kus dh n{krk ¼Adsorption Efficiency½

Øksfe;e lks[kus dh çfr'kr {kerk bl lw= ls x.kuk dh xbZ%

% 100 
¼izkjfa Hkd Øksfe;e lkna rz k&vof'k"V Økfs e;e lkanzrk½

Økfs e;e vo'kk"s k.k n{krk ¼ ½
izkjfa Hkd Økfs e;e lkna zrk
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ifj.kke
,vkbZ vkSj dseksesfVªd fo'ys"k.k ¼AI and

Chemometric Analysis½%
,d ,vkbZ&lapkfyr dseksesfVªd –f"Vdks.k dk

mi;ksx uSuksdksEiksft+V~l ds la'ys"k.k ekinaMksa dks
vuqdwfyr djus vkSj muds vo'kks"k.k {kerk dh
iwokZuqeku yxkus ds fy, fd;k x;kA

SEM ¼LdSfuax bysDVª‚u ekbØksLdksih½]
jklk;fud lajpuk] vkSj Øksfe;e vo'kks"k.k ijh{k.kksa
ls çkIr vkadM+ksa dks e'khu yfuaZx e‚MYl esa buiqV ds
:i esa Mkyk x;kA bu e‚Myksa us fofHkUu çkslsflax
iSjkehVlZ ¼tSls rkieku] çfrfØ;k le;] NaOH dh
lkaærk vkfn½ ds çHkko dk fo'ys"k.k fd;k vkSj lcls
mi;qä 'krksaZ dh igpku dhA

bl –f"Vdks.k us u dsoy ç;ksxkRed fMtkbu
dks vf/kd dq'ky cuk;k] cfYd blus ;g Hkh iwokZuqeku
yxk;k fd fdu ifjfLFkfr;ksa esa uSuksdksEiksft+V~l loksZÙke
çn'kZu djsaxsA

bl çdkj] ;g rduhd u dsoy le; vkSj
lalk/kuksa dh cpr djrh gS] cfYd mPp xq.koÙkk okys
mRikn çkIr djus esa Hkh lgk;rk djrh gSA

1- —f"k vif'k"V laxzg.k vkSj lq[kkus dh
çfØ;k ¼Agricultural Waste Collection and

Drying½
lsyqykst uSuksdksEiksftV~l ds la'ys"k.k ds fy,

xUus dh [kksbZ ¼Sugarcane Bagasse½] /kku dk iqvky
¼Rice Straw½ vkSj ukfj;y dk ckgjh [kksy ¼Coconut

Husk½ bankSj vkSj vklikl ds xzkeh.k {ks=ksa ls ,df=r
fd, x,A ,d= fd, x, vo'ks"kksa dh lko/kkuhiwoZd
tk¡p dh xbZ rkfd feêh] iRFkj ;k vU; Qly dpjs
tSls v'kqf);ksa dks gVk;k tk ldsA

 xUus dh [kksbZ LFkkuh; 'kqxj feyksa ls]
 /kku dk iqvky pkoy feyksa ls]
 vkSj ukfj;y dk [kksy LFkkuh; cktkjksa ls

çkIr fd;k x;kA
çR;sd çdkj ds —f"k vif'k"V dks lwjt dh

jks'kuh esa pkj fnuksa rd lq[kk;k x;k rkfd muesa
ekStwn ueh dks çHkkoh <ax ls gVk;k tk ldsA tc
;s lkexzh i;kZIr :i ls lw[k xbZ vkSj HkqjHkqjh gks xbZ]
rc mUgsa jklk;fud mipkj ds fy, rS;kj djus gsrq
eghu pw.kZ esa ihl fy;k x;kA

2- —f"k vo'ks"kksa dh çkslsflax vkSj fo'ys"k.k
¼Agricultural Waste Processing and

Analysis½
lw[kkus] ihlus vkSj {kkjh; mipkj ¼alkali

treatment½ dh çfØ;kvksa ds ckn xUus dh [kksbZ] /kku
dk iqvky vkSj ukfj;y ds [kksy ls mPp&'kq)rk okys
lsyqykst Qkbcj çkIr fd, x,A bu QkbclZ dks
vkxs uSuksdEiksftV la'ys"k.k ds fy, mi;ksx fd;k
x;kA

rkfydk 1% —f"k vo'ks"k çkslsflax ds ekinaMksa dk lkjka'k

iSjkehVj xUus dh [kksbZ /kku dh ijkyh ukfj;y dh Hkwlh 

laxzg lzksr ’kqxj feYl jkbl feYl LFkkuh; cktkj 

lq[kkus dh fof/k /kwi esa lq[kkuk /kwi esa lq[kkuk /kwi esa lq[kkuk 

lq[kkus dh vof/k 4 fnu 4 fnu 4 fnu 

iz;qDr tkyh vkdkj 50&es’k 40&es’k 60&es’k 

d.k vkdkj lhek 0-30&0-60 feeh 0-42&0-84 feeh 0-25&0-50 feeh 

{kkjh; mipkj 5% NaOH, 80–100ºC, 
3 ?kaVs 

5% NaOH, 80–100ºC, 
3 ?kaVs 

5% NaOH, 80–100ºC, 
3 ?kaVs 

mipkj ds ckn lq[kkuk 60ºC ij 5–6 ?kaVs 60ºC ij 5–6 ?kaVs 60ºC ij 5–6 ?kaVs 
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rkfydk 2% uSuksd‚EiksftV fo'ks"k.k MsVk

lzksr vkSlr d.k vkdkj 
(nm) 

lrgh lajpuk fVIif.k;k¡ 

xUUks dh [kksbZ 60–85 
leku] js’ksnkj 

tkfydk 
fyfXuu dh izHkkoh :i ls lQkbZ dh 

iqf"V 

/kku dh ijkyh 70–90 leku] js’ksnkj 
tkfydk 

d.kksa dk lqlaxr forj.k 

Ukkfj;y dh Hkwlh 65–88 leku] js’ksnkj 
tkfydk 

mPp 'kq)rk vkSj U;wure ,d=hdj.k 
¼,Xyksesjs’ku½ 

 

2- ihlus vkSj Nkuus ds ckn d.k vkdkj
forj.k

ihls x, vo'ks"kksa dks leku d.k vkdkj çkIr
djus ds fy, Nkuk x;k] ftlls lsY;wykst fu"d"kZ.k
ds fy, mi;qä vkdkj lqfuf'pr gks ldsA xUus dh
[kksbZ dks 50&es'k Nyuh ls Nkuk x;k] ftlls 0-30
ls 0-60 feeh ds d.k vkdkj çkIr gq,A /kku dh
ijkyh dks ihlus ds ckn 40&es'k Nyuh ls xqtkjk
x;k] ftlls 0-42 ls 0-84 feeh ds d.k vkdkj çkIr
gq,A ukfj;y dh Hkwlh] tks fd js'ksnkj ç—fr dh gksrh
gS] dks 60&es'k Nyuh ls Nkuk x;k] ftlls 0-25 ls
0-50 feeh ds d.k vkdkj çkIr gq,A

bu Nus gq, ikmMjksa dks vkxs 5% lksfM;e
gkbMª‚DlkbM ¼NaOH½ ?kksy ls mipkfjr fd;k x;k]
ftlls fyfXuu vkSj gsfelsyqykst dks gVk;k tk lds
vkSj uSuksd‚EiksftV la'ys"k.k ds fy, 'kq) lsY;wykst
Qkbcj çkIr fd, tk ldsaA

3- {kkjh; mipkj vkSj fyfXuu gVkuk
¼MsfyfXufQds'ku½

{kkjh; mipkj dks 80&100°C ds rkieku ij
rhu ?kaVs rd fd;k x;k rkfd —f"k vif'k"Vksa esa
ekStwn fyfXuu vkSj gsfelsyqykst dks rksM+k tk ldsA
mipkfjr uewuksa dks mlds ckn fQYVj fd;k x;k
vkSj 'ks"k jklk;fud vo'ks"kksa dks gVkus ds fy, vklqr
ty ¼fMfLVYM o‚Vj½ ls vPNh rjg /kks;k x;kA çkIr
lsY;wykst&le)̀ js'kksa dks 60°C ij ,;j&ldqZysfVax
vksou esa 5&6 ?kaVs rd lq[kk;k x;k rkfd xSj&lsY;wykst
?kVdksa dks iwjh rjg ls gVk;k tk ldsA bl çfØ;k
us lsY;wykst js'kksa dh 'kq)rk dks çHkkoh :i ls
c<+k;k] ftlls os uSuksd‚EiksftV la'ys"k.k ds fy,
mi;qä gks x,A

1- uSuksd‚EiksftV la'ys"k.k vkSj fo'ys"k.k

lsY;wykst js'kksa dks lQyrkiwoZd uSuksd‚EiksftV
esa ifjofrZr fd;k x;kA SEM ¼LdSfuax bysDVª‚u
ekbØksLdksih½ fo'ys"k.k ls ;g Kkr gqvk fd buesa
,d leku js'ksnkj lajpuk gS] ftldh eki uSuks Lrj
¼60&90 nm½ ij gSA rkfydk 2 esa blds fo'ys"k.k
laca/kh fooj.k fn, x, gSaA

ifj'kksf/kr lsY;wykst js'kksa dks ;kaf=d vkSj
jklk;fud mipkjksa ds ek/;e ls uSuks Lrj ds
lsY;wykst d.kksa esa ifjofrZr fd;k x;kA

LdSfuax bysDVª‚u ekbØksLdksih ¼SEM½ dk
mi;ksx la'ysf"kr uSuksd‚EiksftV dh lrgh lajpuk
vkSj d.k vkdkj forj.k dk fo'ys"k.k djus ds fy,

fd;k x;kA SEM Nfo;ksa ls ;g Li"V gqvk fd
lsY;wykst uSuksd‚EiksftV esa ,d leku vkSj vkil esa
tqM+k gqvk js'ksnkj usVodZ Fkk] ftlesa d.k vkdkj
eq[;r% 60&90 uSuksehVj dh lhek esa ik, x,A

 xUus dh [kksbZ% d.k vkdkj lhek 60&85
uSuksehVj
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rkfydk 3% fofHkUu —f"k vif'k"V&vk/kkfjr uSuksd‚Eiksft+V~l ds fy, Øksfe;e vo'kks"k.k n{krk

Ñf"k vif’k"V lzksr izkjafHkd Øksfe;e lkanzrk 
(mg/L) 

izfr'kr deh 
(%) 

xUus dh [kksbZ 15 65.3 

/kku dh ijkyh 20 60.8 

ukfj;y dh Hkwlh 30 57.3 

 

 /kku dh ijkyh% d.k vkdkj lhek 70&90
uSuksehVj

 ukfj;y dh Hkwlh% d.k vkdkj lhek 65&88
uSuksehVj

lsY;wykst uSuksd‚EiksftV dh fpduh vkSj
,dleku lrg ls ;g ladsr feyrk gS fd {kkjh;
mipkj vkSj MsfyfXufQds'ku ds ek/;e ls v'kqf);ksa
dks lQyrkiwoZd gVk;k x;k gSA

;s fu"d"kZ iqf"V djrs gS a fd la'ysf"kr
uSuksd‚EiksftV esa okaNuh; lajpukRed xq.k ekStwn
gSa] ftlls os vf/k'kks"kd ¼adsorbents½ vkSj
daiksftV fuekZ.k esa lq–<hdj.k lkexzh tSls
fofHkUu vuqç;ksxksa ds fy, mi;qä gSaA

5- Øksfe;e vo'kks"k.k n{krk

lsY;wykst+ uSuksd‚Eiksft+V dh vo'kks"k.k {kerk
dk ewY;kadu djus ds fy,] iksVsf'k;e ØksesV ¼K

2
CrO

4
½

ds —f=e ?kksy fofHkUu Øksfe;e lkaæ.kksa ds lkFk
rS;kj fd, x,A çR;sd ?kksy esa fuf'pr ek=k esa
lsY;wykst uSuksd‚Eiksft+V feyk;k x;k] vkSj ,d
?kaVs rd vo'kks"k.k çfØ;k pykbZ xbZA blds ckn
?kksy dks fQYVj fd;k x;k vkSj 'ks"k Øksfe;e vk;u
dh lkaærk dks ,V‚fed ,Ct‚I'kZu LisDVªksQksVksehVj
¼AAS&200½ ds ek/;e ls ekik x;kA

K
2
CrO

4
 vk/kkfjr Øksfe;e vo'kks"k.k ç;ksxksa

ls ;g fl) gqvk fd bu uSuksd‚EiksftV~l dh vo'kks"k.k
n{krk mPp jghA fofHkUu çkjafHkd lkaæ.kksa ds fy,
Øksfe;e esa çfr'kr deh dh x.kuk dh xbZA bldk
fooj.k rkfydk 3 esa çLrqr gSA

ifj.kkeksa dk fo'ys"k.k vkSj fu"d"kZ

ifj.kkeksa ls ;g fl) gqvk fd lsY;wykst
uSuksd‚EiksftV~l esa Øksfe;e ds çfr mPp vo'kks"k.k
n{krk ekStwn gSA Øksfe;e dh çkjafHkd lkaærk ds
vuqlkj vo'kks"k.k n{krk esa varj ns[kk x;kA de
çkjafHkd lkaærk ¼15 mg/L½ ij Øksfe;e esa 65-3%

dh deh ntZ dh xbZ] tcfd mPp lkaærk ¼30 mg/

L½ ij ;g n{krk ?kVdj 57-3% jg xbZA

;g ço`fÙk n'kkZrh gS fd uSuksd‚Eiksft+V~l dh
vo'kks"k.k {kerk de lkaæ.k ij vf/kd çHkkoh gksrh
gS] tcfd Øksfe;e dh ek=k c<+us ij mlesa FkksM+h
deh vk tkrh gSA

;s fu"d"kZ bl ckr ij çdk'k Mkyrs gSa fd —
f"k vif'k"V ls çkIr lsY;wykst uSuksd‚Eiksft+V~l Hkkjh
/kkrqvksa dks gVkus ds fy, çHkkoh vo'kks"kd ds :i esa
dk;Z dj ldrs gSaA

la'ysf"kr uSuksd‚Eiksft+V~l esa mR—"V vo'kks"k.k
{kerk,a gSa] tks mUgsa i;kZoj.kh; 'kks/ku ¼environmental

remediation½ vuqç;ksxksa ds fy, mi;qä cukrh gSaA

ç;ksxkRed ifj.kkeksa ls ;g Hkh fl) gksrk gS fd
—f"k vif'k"V dks mPp xq.koÙkk okys lsY;wykst
uSuksd‚Eiksft+V~l esa çHkkoh :i ls ifjofrZr fd;k tk
ldrk gS] ftuesa i;kZoj.kh; 'kks/ku dh egRoiw.kZ
laHkkouk,a gSaA
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bl v/;;u esa AI ¼—f=e cqf)eÙkk½ vkSj
dseksesfVªd rduhdksa ds mi;ksx us ;g xgjkbZ ls
le>us esa enn dh fd fofHkUu çfØ;k ekinaM
uSuksd‚Eiksft+V ds xq.kksa dks dSls çHkkfor djrs gSaA

iwokZuqekukRed e‚My ¼predictive models½ us
la'ys"k.k çfØ;k dks csgrj cukus esa enn dh] ftlls
lqlaxr d.k vkdkj forj.k vkSj csgrj Hkkjh /kkrq
vo'kks"k.k n{krk lqfuf'pr gqbZA

SEM Nfo;ksa esa fn[kkbZ nsus okyk leku js'ksnkj
usVodZ bl ckr dh iqf"V djrk gS fd {kkjh; mipkj
vkSj MsfyfXufQds'ku çfØ;k,a çHkkoh jgh gSaA

mPp Øksfe;e vo'kks"k.k n{krk ;g ladsr nsrh
gS fd ;s lsY;wykst uSuk sd‚Eiksft+V~l lrr
¼sustainable½] de ykxr okys vkSj çHkko'kkyh ty
'kqf)dj.k ,oa i;kZoj.kh; lQkbZ lek/kku çnku dj
ldrs gSaA

6- fu"d"kZ

bl v/;;u esa —f"k vif'k"V&xUus dh [kksbZ] /
kku dh ijkyh vkSj ukfj;y dh Hkwlh&ls lsY;wykst
uSuksd‚Eiksft+V~l dk lQyrkiwoZd la'ys"k.k fd;k
x;k vkSj bUgsa Øksfe;e vk;uksa ds tyh; ?kksy ls
vo'kks"k.k esa çHkkoh ik;k x;kA vo'kks"k.k n{krk
Øe'k% xUus dh [kksbZ ¼65-3%½] /kku dh ijkyh ¼60-
8%½] vkSj ukfj;y dh Hkwlh ¼57-3%½ ds fy, ntZ dh
xbZA ;s fu"d"kZ bl vksj ladsr djrs gSa fd —f"k
vif'k"V ls çkIr lsY;wykst uSuksd‚Eiksft+V~l Hkkjh
/kkrqvksa dks nwf"kr ty lzksrksa ls gVkus esa vR;f/kd
çHkkoh gks ldrs gSaA

çkIr vo'kks"k.k n{krk,a lsY;wykst+&vk/kkfjr
lkefxz;ksa ij fd, x, iwoZ 'kks/k ds vuq:i gSa%

v'kjQh ,oa vU; ¼2022½ [28] us lksMk cxkl
iYi ls çkIr lsY;wykst+ uSuksfØLVYl ¼CNCs½ ds
ek/;e ls Cd2+ vkSj Pb2+ tSls Hkkjh /kkrq vk;uksa dks
gVkus dk çn'kZu fd;kA mUgksaus lfDlfud ,ugkbMªkbM
ls la'kksf/kr CNCs dh vf/kdre vo'kks"k.k {kerk

dks pH 6 ij js[kkafdr fd;kA Pb2+ vk;uksa ds çfr
vf/kd >qdko gekjs v/;;u esa ns[ks x, Cr6+ vo'kks"k.k
O;ogkj ls esy [kkrk gSA

ftvkax ,oa vU; ¼2023½ [29] us —f"k ijkyh
ls la'ysf"kr i‚yhik;jksy&la'kksf/kr uSukslsY;wykst+ ds
ek/;e ls Hg2+ vk;uksa dh vR;f/kd vo'kks"k.k {kerk
crkbZA ;g {kerk d‚EiksftV dh lrg ij çpqj
dk;kZRed lewgksa ds dkj.k Fkh] tks Hkkjh /kkrqvksa dks
çHkkoh :i ls gVkus esa lgk;d gksrs gSaA

'kekZ ,oa vU; (2021) [30] us fyXukslsY;wyksfld
ck;ksekl ls çkIr uSukslsY;wykst+ ij vk/kkfjr ,d
leh{kk esa crk;k fd bu inkFkksaZ dh mPp lrg {ks=]
jklk;fud la'kks/ku {kerk vkSj de ykxr mUgsa ty
mipkj ds fy, mi;qä cukrh gSA

bl v/;;u us ;g fl) fd;k fd —f"k vif'k"V
ls çkIr uSuksd‚Eiksft+V~l u dsoy Hkkjh /kkrqvksa ds
'kks/ku ds fy, dkjxj gSa] cfYd AI&vk/kkfjr
dseksesfVªd fo'ys"k.k ds lkFk leUo; djds çfØ;k
vuqdwyu vkSj fo'ys"k.k esa Hkh egRoiw.kZ lq/kkj çkIr
fd, tk ldrs gSaA

blds vfrfjä] bu uSuksd‚Eiksft+V~l dk mi;ksx
IykfLVd ds ikjaifjd fodYi ds :i esa djus dh
laHkkouk,a mHkjrh gSa] ftlls IykfLVd çnw"k.k dks
de djus vkSj i;kZoj.kh; fLFkjrk dks c<+kok nsus esa
lgk;rk fey ldrh gSA

Hkfo"; dh laHkkouk,a

1- IykfLVd esa deh dh j.kuhfr;ksa ds
lkFk ,dhdj.k% ty 'kqf)dj.k ls vkxs c<+rs gq,]
—f"k vif'k"V ls çkIr lsY;wykst uSuksd‚Eiksft+V~l
ikjaifjd IykfLVd ds çHkko'kkyh fodYi çLrqr
djrs gSaA budh ck;ksfMxzsMsfcfyVh ¼tSo&vi?kVu
{kerk½ vkSj etcwr ;kaf=d xq.k bUgsa bZdks&ÝsaMyh
ck;ksIykfLVd vkSj fVdkÅ iSdsftax lkexzh ds fodkl
ds fy, mi;qä cukrs gSaA bu lkefxz;ksa dks fofHkUu
d‚Eiksft+V Q‚ewZyksa esa 'kkfey djds IykfLVd mi;ksx
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dks ?kVk;k tk ldrk gS vkSj —f=e i‚fyej ls
lacaf/kr çnw"k.k dks de fd;k tk ldrk gSA

2- AI&vk/kkfjr vuqdwyu esa çxfr% Hkfo";
ds vuqla/kku esa AI vkSj dseksesfVªd fo'ys"k.k dk vkSj
vf/kd mi;ksx djds u dsoy la'ys"k.k çfØ;k dks
ifj"—r fd;k tk ldrk gS] cfYd uSuksd‚Eiksft+V~l
dks fo'ks"k vkS|ksfxd vuqç;ksxksa ds fy, vuqdwfyr Hkh
fd;k tk ldrk gSA

;g j.kuhfr mu lkefxz;ksa ds fodkl dh vksj
ys tk ldrh gS tks okrkoj.kh; 'kks/ku ls ysdj
tSofpfdRlk vuqç;ksxksa rd foLrr̀ {ks=ksa esa mPp
çn'kZu çnku dj ldsaA

vkHkkj

ys[kd jlk;u foHkkx] ekuljksoj Xykscy
fo'ofo|ky;] Hkksiky ¼e-ç-½] dk bl 'kks/k dk;Z ds
nkSjku lalk/ku vkSj lg;ksx çnku djus ds fy,
gkfnZd vkHkkj O;ä djrs gSaA fo'ks"k /kU;okn mu
lg;ksfx;ksa vkSj lgdfeZ;ksa dks] ftUgksaus bl v/;;u
esa vius egRoiw.kZ fopkjksa vkSj fo'ks"kKrk ds ek/;e ls
vewY; ;ksxnku fn;kA

fgrksa dk Vdjko fooj.k % ys[kd ;g ?kks"k.kk
djrs gSa fd mudk dksbZ LokFkZflf) ;k fgrksa dk
Vdjko ugha gSA
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lkjka’k

lw{etho bZa/ku dksf'kdk,¡ ¼Microbial Fuel Cells - MFCs½ uohu tSo&oS|qr jklk;fud ;a= gSa] tks
vif'k"V ty ds 'kks/ku vkSj lrr fo|qr mRiknu dks ,d lkFk laiUu djus esa l{ke gSaA ;g v/;;u MFC
ds çn'kZu esa gkfy;k çxfr;ksa dh iM+rky djrk gS] ftlesa e‚Mfyax] çk;ksfxd çek.khdj.k vkSj vuqdwyu
fof/k;ksa ij fo'ks"k cy fn;k x;k gSA ,d lexz –f"Vdks.k viuk;k x;k gS] ftlesa —f=e cqf)eÙkk ¼AI½ vkSj
e'khu yfuaZx ¼ML½ vk/kkfjr ,YxksfjFe & tSls fd ,MsfIVo U;wjks&Qt+h buQjsal flLVe ¼ANFIS½ rFkk
ikfVZdy LokeZ v‚fIVekbts'ku ¼PSO½ & dk mi;ksx iwokZuqekukRed lVhdrk c<+kus ,oa ifjpkyu n{krk
dks lqO;ofLFkr djus gsrq fd;k x;k gSA bysDVªksM lkexzh esa uohurk ykrs gq,] xzkQhu&vk/kkfjr feJ /kkrq,¡
rFkk ykSg&la;ksftr mRçsjd ¼iron-doped catalysts½ dks lfEefyr fd;k x;k gS] ftlls tSofQYe fuekZ.k]
fo|qr pkydrk vkSj v‚Dlhtu vip;u xfrdh ¼oxygen reduction kinetics½ esa lq/kkj çkIr gqvk gSA
çk;ksfxd iqf"V xfrd cgq&mís';h; vuqdwyu e‚My ds ek/;e ls dh xbZ] tgk¡ okLrfod le; fuxjkuh
midj.k vkSj Mhi yfuaZx ,YxksfjFe dk ç;ksx dj] fo|qr ?kuRo ¼power density½ ,oa jklk;fud v‚Dlhtu
ekax ¼COD½ fu"dklu dks çHkkfor djus okys egÙoiw.kZ ekudksa dh igpku dh xbZ gSA

,d 15&yhVj dh lw{etho bZa/ku dksf'kdk ¼MFC½ ç.kkyh dk e‚My rS;kj dj mldk vuqdwyu fd;k
x;k gS] ftlls fo|qr ?kuRo ço`fÙk;ksa] dqy dksf'kdk foHko rFkk lClVªsV xfrdh dk ewY;kadu fd;k tk ldsA
laosnu'khyrk fo'ys"k.k ¼Sensitivity Analysis½ }kjk ;g Li"V fd;k x;k gS fd lClVªsV lkaærk] bysDVªksM lrg
{ks=Qy vkSj i;kZoj.kh; ifjfLFkfr;k¡ tSls çeq[k dkjd ç.kkyh ds çn'kZu dks egRoiw.kZ :i ls çHkkfor djrs
gSaA MATLAB rFkk —f=e cqf)eÙkk rduhdksa ds mi;ksx ls iwokZuqeku e‚Mfyax dks ,dh—r djrs gq, ÅtkZ
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mRiknu n{krk esa mYys[kuh; of̀) ¼fiNys v/;;uksa dh rqyuk esa yxHkx 30%½ çkIr dh xbZ gS] tks e‚My dh
–<+rk ¼robustness½ dks çekf.kr djrh gSA ;g v/;;u ;g n'kkZrk gS fd lax.kdh; midj.kksa rFkk uohu
lkexzh uokpkjksa dh Hkwfedk MFC ds çn'kZu dks l'kä :i ls c<+kus esa ifjorZudkjh fl) gks ldrh gSA ;g
,d ,slk ekxZ ç'kLr djrk gS] tks Hkfo"; esa vif'k"V ty 'kks/ku vkSj uohdj.kh; ÅtkZ mRiknu ds fy,
ekiuh; ¼scalable½ vkSj lrr lek/kku çnku dj ldrk gSA

Abstract

Microbial Fuel Cells (MFCs) are innovative bio-electrochemical devices capable of
simultaneously treating wastewater and producing sustainable electricity. This study explores recent
advancements in MFC performance, emphasizing modeling, experimental validation, and optimization
methodologies. A comprehensive approach is adopted, integrating AI and ML algorithms such as
Adaptive Neuro-Fuzzy Inference Systems (ANFIS) and Particle Swarm Optimization (PSO) to
enhance predictive accuracy and streamline operational efficiency. Advanced electrode materials,
including graphene-based composites and iron-doped catalysts, are incorporated to improve biofilm
formation, conductivity, and oxygen reduction kinetics. Experimental validation is performed using
dynamic multi-objective optimization models, where real-time monitoring tools and deep learning
algorithms identify critical parameters influencing power density and chemical oxygen demand (COD)
removal.

A 15-liter MFC system is modeled and optimized to assess power density trends, total cell
potential, and substrate dynamics. Sensitivity analysis highlights the influence of key factors such as
substrate concentration, electrode surface area, and environmental conditions. Integration of predictive
modeling using MATLAB and AI techniques achieves a significant increase in energy generation
efficiency (up to 30% compared to previous studies), validating the model's robustness. This study
underscores the transformative role of computational tools and material innovations in enhancing
MFC performance, providing a scalable and sustainable roadmap for future applications in wastewater
treatment and renewable energy production.

eq[; 'kCn % lw{etho bZa/ku dksf'kdk,¡] —f=e cqf)eÙkk] e'khu yfuaZx] vuqdwyu] vif'k"V ty 'kks/ku]
tSo&oS|qr jklk;fud ç.kkfy;k¡] lhvksMh fu"dkluA
Keywords : Microbial Fuel Cells, Artificial Intelligence, Machine Learning, Optimization, Wastewater
Treatment, Bio-electrochemical Systems, COD Removal.

ifjp;
lw{etho bZa/ku dksf'kdk ,d mUur çdkj dh

oS|qr&jklk;fud dksf'kdk gS] ftlesa fof'k"V :i ls
la'kks/ku fd, x, gSaA ;g ,d uohdj.kh; ,oa lrr
ÅtkZ lzksr gS] ftls gky gh esa dkQh /;ku çkIr gqvk
gSA lw{etho bZa/ku dksf'kdk ,d tSo&jklk;fud
fj,DVj ds :i esa dk;Z djrh gS] ftlesa lw{ethoksa dh
lgk;rk ls jklk;fud ÅtkZ dks fo|qr ÅtkZ esa
:ikarfjr fd;k tkrk gS [1]A MFC çfØ;k dh
çkjafHkd voLFkk esa cSDVhfj;k vif'k"V ty dh Hkwfedk
fuHkkrs gSaA ;g ,d jsM‚Dl vfHkfØ;k dks çkjaHk djrk
gS] ftlesa lClVªsV ds v‚Dlhdj.k ds dkj.k çksV‚u

rFkk bysDVª‚uksa dk fuekZ.k gksrk gSA blds i'pkr
çksV‚u] çksV‚u ,Dlpsat esEczsu ¼PEM½ ds ek/;e ls
dSFkksM dh vksj c<+rs gSa] tcfd bysDVª‚u ,d cká
ifjiFk ¼external circuit½ ds ek/;e ls çokfgr gksrs
gSaA lw{etho bZa/ku dksf'kdk,¡ nks çdkj dh gksrh gSa%
¼I½ ,d&d{kh; MFC rFkk ¼II½ f}&d{kh; MFC

[2]A ,d&d{kh; MFC esa dSFkksM gsrq iF̀kd d{k ugha
gksrk vkSj ;g ok;qeaMy ds laidZ esa jgrk gS] tcfd
f}&d{kh; MFC esa dSFkksM vkSj ,uksM dks vyx
djus gsrq çksV‚u ,Dlpsat esEczsu ¼PEM½ dk mi;ksx
fd;k tkrk gS [3]A
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Fig. 1. Microbial Fuel Cell Outline.

lw{etho bZa/ku dksf'kdk ¼MFC½ ds eq[; ?kVdksa
esa ,uksM] dSFkksM rFkk f>Yyh ¼esEczsu½ lfEefyr gSaA
lw{etho dksf'kdk dk js[kkfp=kRed fp=.k fp= 1 esa
çLrqr fd;k x;k gSA bu çeq[k ?kVdksa dh lajpuk
dksf'kdk ds lexz çn'kZu ij fu.kkZ;d çHkko Mkyrh
gSA ,uksM rFkk dSFkksM dh dk;Zdq'kyrk dks vuqdwfyr
djus gsrq fofHkUu çdkj ds lClVªsV~l dk mi;ksx
fd;k tkrk gS [4]A dksf'kdk ds Hkhrj fo|eku thok.kq
leqnk; mRiUu fo|qr dh ek=k rFkk vif'k"V ty ds
fu"dklu dh nj dks dkQh çHkkfor djrk gSA dSFkksM
lkexzh tSls fd xzsQkbV IysV] j‚M] dkcZu isij rFkk
diM+k çk;% dkcZu&vk/kkfjr inkFkksaZ ls cuh gksrh gSa]
ftUgsa thok.kqvksa }kjk tSofQYe fuekZ.k dks çksRlkfgr
djus rFkk i;kZIr pkydrk ¼conductivity½ çnf'kZr

djus dh {kerk j[kuh pkfg,A v‚Dlhtu vip;u
vfHkfØ;k ¼Oxygen Reduction Reaction – ORR½
dks csgrj cukus gsrq IysfVue&ysfir VkbVsfu;e ,oa
CySd IysfVue tSls mRçsjd inkFkksaZ dk mi;ksx fd;k
tkrk gSA ,uksM i{k ij] lsY;qykst] Xywdkst] lqØkst]
ÝqDVkst] tk;ykst vkSj ,Fksu‚y tSls vfrfjä
lClVªsV~l dk lekos'k fd;k tkrk gSA ;s lClVªsV~l
thok.kqvksa dks iks"k.k çnku djrs gSa vkSj vDlj
lajpukRed :i ls tfVy gksrs gSaA loksZÙke n{krk
çkIr djus ds fy, ,uksM ij ,d vuok;oh;
¼anaerobic½ okrkoj.k cuk, j[kk tkrk gS] tks fo|qr
lfØ; tSofQYe ¼electroactive biofilm½ ds fuekZ.k
dh vuqefr nsrk gS] ftlls tSfod inkFkZ fo|qr ÅtkZ
esa ifjofrZr gks ikrk gSA

Fig. 2. Classification of Microbial Fuel cell based on Model.
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Xywdkst vfHkfØ;k esa ,uksfMd QhM bl çdkj çnÙk gS%

,uksM vfHkfØ;k%

6 12 6 2 2C H O 6H O 6CO 24H 24e    

dSFkksM vfHkfØ;k%

2 224H 24e 6CO 2H   

lexz vfHkfØ;k%

6 12 6 2 2 2C H O 6O 6CO 6H O Electrical Energy   

lw{etho bZa/ku dksf'kdk ¼MFC½ ds fy, igyk
xf.krh; e‚My >kax vkSj g‚Yes }kjk fodflr fd;k
x;k Fkk [5]A MFC ds çn'kZu dks csgrj cukus ds
fy, e‚Mfyax çfØ;k ds nkSjku ç.kkfy;ksa dk fuekZ.k
vkSj lw{e lek;kstu vR;ar egRoiw.kZ gksrk gS] tks
vuqHkotU; vkadM+ksa ij vk/kkfjr gksrk gSA MFC

e‚Mfyax dks eq[; :i ls nks çdkjksa esa oxhZ—r
fd;k tk ldrk gS% çfØ;k&vk/kkfjr e‚My vkSj
vuqç;ksx&vk/kkfjr e‚MyA çfØ;k&vk/kkfjr e‚My
vfHkfØ;k çfØ;kvksa dks le>us esa lgk;d gksrs gSa]
tSls fd /kkjk vkSj foHko dh xfrdh] lClVªsV miHkksx
nj] vk Sj tSofQYe pØ [6]A nwljh vk sj]
vuqç;ksx&vk/kkfjr e‚My vf/kxe vkSj fu;a=.k ij
dsafær gksrs gSa] vkSj fo'ks"k :i ls fo|qr e‚Mfyax esa
fo'ks"kKrk j[krs gSaA vf/kxe vkSj fu;a=.k dh –f"V
ls] mís'; gksrk gS vkmViqV vkSj dqy‚fEcd n{krk
dk vuqdwyu] vDlj fcuk iwjh vfHkfØ;k çfØ;k
dks iwjh rjg ls /;ku esa j[ksA fp= 3 esa e‚Mfyax ds
vk/kkj ij lw{etho bZa/ku dksf'kdkvksa ds oxhZdj.k
dk –';kRed fu:i.k çLrqr fd;k x;k gSA

lw{etho bZa/ku dksf'kdk ¼MFC½ ,d ,slk ;a=
gS tks ÅtkZ ds dq'ky mi;ksx ds ek/;e ls ÅtkZ

mRiUu djrk gSA ;|fi çfØ;k&vk/kkfjr e‚My
ifjpkyu fLFkfr;ksa vkSj foU;klksa dk vuqdwyu djds
i;kZIr fo|qr mRiknu çkIr dj ldrs gSa] ijarq buesa
x.kuk esa vf/kd le; yxrk gS vkSj ;s O;ogkfjd
:i ls mi;qä ugha gksrsA ;g 'kks/k i= vuqç;ksx&
vk/kkfjr e‚Myksa ds mi;ksx }kjk e‚Mfyax ij dsafær
gS [7]A MFC e‚Mfyax esa x.kuk le; de gksrk gS
vkSj ;g fof'k"V vuqç;ksx {ks=ksa ij dsafær gksrh gSA
vuqç;ksx&vk/kkfjr e‚My nks çdkj ds gksrs gSa% fo|qr
e‚My vkSj vf/kxe ,oa fu;a=.k e‚MyA lVhd
e‚Mfyax ifj.kke çkIr djus ds fy, cM+h ek=k esa
çk;ksfxd vkadM+ksa dh vko';drk gksrh gSA fo|qr
e‚My mi;qä fo|qr iSjkehVjksa dk mi;ksx djrs gSa
vkSj vko';d ?kVdksa dks lfEefyr djus okys ljy
rqY; ifjiFk e‚Myksa ¼equivalent circuit models½
ij vk/kkfjr gksrs gSaA nwljh vksj] vf/kxe ,oa fu;a=.k
e‚My rhu ewyHkwr ?kVukvksa & jklk;fud] tSfod]
vkSj fo|qr & dks lekfgr djrs gSa vkSj MFC e‚Mfyax
esa ,d cgqfo"k;d –f"Vdks.k viukrs gSaA

lw{etho bZa/ku dksf'kdk ds Hkhrj ?kfVr gksus
okyh vkarfjd vfHkfØ;kvksa dks fp= 3 esa Li"V :i
ls n'kkZ;k x;k gSA
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Fig. 3. Internal Reaction in Microbial Fuel Cell

lw{etho bZa/ku dksf'kdk dk e‚Mfyax fl)kar

vif'k"V mipkj ç.kkfy;ksa ds ledkyhu
ifjn`'; dks vc lrrrk dh vksj c<+rs #>ku }kjk
ifjHkkf"kr fd;k tk jgk gS] ftlesa tSfod mipkj
lajpuk ds Hkhrj rduhdh çxfr ds ,dhdj.k ij
cy fn;k tk jgk gSA vif'k"V ty mipkj esa
tSfod çkS|ksfxfd;ksa ds lekos'k ds ek/;e ls vif'k"V
ÅtkZ dks fo|qr ÅtkZ esa :ikarfjr djuk laHko gks
tkrk gSA fo'ks"k :i ls] lw{etho bZa/ku dksf'kdk,¡
¼MFCs½ n{krk ds –f"Vdks.k ls vU; oSdfYid
tSfod rduhdksa dh rqyuk esa csgrj çn'kZu djrh
gSaA MFC dks vU; vif'k"V ty mipkj fof/k;ksa

dh rqyuk esa vuqdwy cukus okys çeq[k dkjd gSa &
fo|qr mRiknu vkSj çn'kZu ewY;kaduA ,uksM i{k
ij] vuok;oh; okrkoj.k tSfod :i ls vi?kVuh;
inkFkksaZ dks fo|qr ÅtkZ esa :ikarfjr djus dh çfØ;k
ds fy, vko';d gksrk gSA MFC ds Hkhrj laiw.kZ
vfHkfØ;k Lor%LQwrZ :i ls gksrh gS vkSj blesa
fo|qr mRiknu gsrq vuqdwy Å"ekxfrdh gksrh gSA
blesa NADH ,d bysDVª‚u nkrk ds :i esa dk;Z
djrk gS] tcfd v‚Dlhtu vafre bysDVª‚u xzkgh ds
:i esa dk;Z djrh gSA Nernst lehdj.k dk mi;ksx
djds lS)kafrd :i ls mRikfnr foHko dh x.kuk
dh tk ldrh gSA

,uksM vfHkfØ;k%

NAD H 2e NADH    

 01
and 0 2

NADHRT
E E n 0.32V

2F NAD H 

 
   
        

l

dSFkksM vfHkfØ;k%

2 2O 4H 2e 2H O   

 
 

01
and 0 20.5

2

1RT
E E n 0.84V

2F O H

 
   
    

l
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01 01 01
tot cat andE E E 0.84 ( 0.32) 1.16V     

lw{etho bZa/ku dksf'kdk ¼MFC½ esa ckgjh
lClVªsV dks lfEefyr djus ls dksf'kdk ds lexz
çn'k Zu e s a  l q /kkj dh l a Hk kouk gk srh g SA
bysDVªksjklk;fud e/;LFkks a ¼electrochemical
mediators½ dk jsM‚Dl vfHkfØ;k foHko eku thok.kq
dksf'kdkvksa ds NADH vkSj dksf'kdk ds ,uksfMd
Hkkx ds e/; ikjLifjd fØ;k }kjk fu/kkZfjr fd;k
tk ldrk gSA ;g jsM‚Dl vfHkfØ;k ?kVdksa ds
leorhZ v‚Dlhdj.k vkSj vip;u dks n'kkZrh gS] tks
iqu#Riknu çfØ;kvksa ds lkFk laiUu gksrh gS [8]A
MFC ds ,uksfMd i{k esa tfVy dkcksZgkbMªsVksa dk
mi;ksx bZa/ku ds :i esa fd;k tkrk gSA bu bZa/kuksa
dh ek=k dksf'kdk ds dqy fo|qr mRiknu dks
fu/kkZfjr djus esa egRoiw.kZ Hkwfedk fuHkkrh gSA tfVy
dkcksZgkbMªsVksa esa ls lsY;qykst] lqØkst] ÝqDVkst]
Xywdkst] tk;ykst vkSj ,Fksu‚y lcls lkekU; :i
ls ç;qä lClVªsV~l gSaA gkyk¡fd] MFC dh fof'k"V
/kkjk ?kurk ¼specific current density½ vHkh Hkh

vfuf'pr cuh gqbZ gS] ftldk çeq[k dkj.k mPp
vkarfjd çfrjks/k ¼internal resistance½ gS] tks ç.kkyh
dh fo|qr mRiknu {kerk dks xaHkhj :i ls çHkkfor
djrk gSA ;g vkarfjd çfrjks/k dbZ dkjdksa ls tqM+k
gksrk gS] tSls fd ,uksM vkSj dSFkksM ij ç;qä
lkexzh] çksV‚u ,Dlpsat esEczsu ¼PEM½ dh lajpuk]
rFkk lClVªsV QhM dh lkaærk vkSj xfrA

fiaVks dsl v/;;u

;g v/;;u lw{etho bZa/ku dksf'kdkvksa ¼MFCs½
ds fy, fofHkUu e‚Mfyax rduhdksa dk ewY;kadu djus
dk mís'; j[krk gSA MFC ds çn'kZu dks csgrj
cukuk vkSj ç.kkyh ds dq'ky fMtkbu ,oa vuqdwyu
dks l{ke cukuk vR;f/kd egRo j[krk gS [9]A

;g v/;;u lw{etho bZa/ku dksf'kdkvksa ¼MFCs½
gsrq fofHkUu e‚Mfyax fof/k;ksa ds ewY;kadu ij dsafær
gSA MFC ds dk;Zn{krk esa lq/kkj rFkk ç.kkyh ds
çHkkoh fMtkbu ,oa vuqdwyu dks l{ke cukuk bl
{ks= esa fo'ks"k egÙo j[krk gS [9]A

MFC ds fy, æO;eku larqyu lehdj.k

,uksfMd d{k ds fy, æO;eku larqyu lehdj.k

e e n n

dG
q x q x dG

dt
   ...(1)

tgk¡]

eq bysDVª‚u mRiUu djus okys lw{etho dh miHkksx nj

nq  xSj&bysDVª‚u mRiUu djus okys lw{etho dh miHkksx nj

ex  bysDVª‚u mRiUu djus okys lw{etho dh lkaærk

nx  xSj&bysDVª‚u mRiUu djus okys lw{etho dh lkaærk

d  iryhdj.k nj ¼dilution rate½] RF

V


RF QhM ¶yks nj

V  vk;ru ¼o‚Y;we½
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G  ,uksfMd d{k esa Xywdkst dh lkaærk

e
e e e e 1 e

dx
x Dd x x

dt
    ...(2)

e  bysDVª‚u mRiUu djus okys cSDVhfj;k dh of̀) nj

ex  bysDVª‚u mRiUu djus okys cSDVhfj;k dh lkaærk

eDd  bysDVª‚u mRiUu djus okys cSDVhfj;k dh {k; nj ¼decay rate½

n
n n n n 1 n

dx
x Dd x x

dt
    (3)

n  o`f) ds dkj.k tSofQYe esa cSDVhfj;k dh òf)

nx  xSj&bysDVª‚u mRiUu djus okys cSDVhfj;k dh lkaærk

nDd xSj&bysDVª‚u mRiUu djus okys cSDVhfj;k dh {k; nj

tSls gh tSofQYe dh eksVkbZ fLFkj voLFkk ¼steady state½ ds lehi igq¡prh gS] ml fLFkfr dks LFkk;h
pj.k ¼stationary phase½ ekurs gq, tSofQYe çfr/kkj.k ¼biofilm retention½ ds fy, fuEufyf[kr lehdj.k
çkIr fd;k tk ldrk gS%

1 0  ¼4½

vFkok]

   e e e n n n
1

e n

Dd x Dd x

x x

    
 

 ¼5½

;fn e n max1x x x 

max1x tSofQYe dh igyh ijr esa vf/kdre tSoHkkj ¼biomass½ dh lkaærk

bysDVª‚u mRiUu djus okys lw{ethoksa ds fy, æO;eku larqyu lehdj.k%

TOTAL Re d OXN N N  ¼6½

TOTALN  çfr lw{etho dqy e/;LFk v.kq ¼arbitrator½ dk va'k-

RedN  bysDVª‚u mRiUu djus okys lw{etho çfr] vipf;r e/;LFk dk va'k

OXN  bysDVª‚u mRiUu djus okys lw{etho çfr] v‚Dlhdj.k voLFkk esa e/;LFk dk va'k

OX MFC
ae

e

dN cI
Eq

dt Vx F
  

 ¼7½

aE  e/;LFk ¼arbitrator½ dh mit
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eq bysDVª‚u mRiUu djus okyk lw{etho

  e/;LFk dk eksyj æO;eku

MFCI lw{etho bZa/ku dksf'kdk ¼MFC½ }kjk mRiUu /kkjk

  LFkkukarfjr bysDVª‚uksa dh la[;k

F QSjkMs fu;rkad ¼çR;sd eksy bysDVª‚u ds fy, pktZ½

xfrd lehdj.k

MFC ds fy, xfrd lehdj.k uhps çLrqr gS%

0X
e max e

se N 0X

NG

H G K N
  

  ¼8½

n max n
sa

G

H G
  

 ¼9½

0X
e max e

se N 0X

NG
q q

H G K N


  ¼10½

n max n
sn

G
q q

H G


 ¼11½

max e  mRiUu djus okys lw{ethoksa dh vf/kdre o`f) nj

max n xSj&bysDVª‚u mRiUu djus okys lw{ethoksa dh vf/kdre o`f) nj

max eq  bysDVª‚u mRiUu djus okys lw{ethoksa dh vf/kdre miHkksx nj

max nq  xSj&bysDVª‚u mRiUu djus okys lw{ethoksa dh vf/kdre miHkksx nj

sH  v/kZ&lar`fIr fu;rkad ¼Half-saturation constant½

fo|qr&jklk;fud lehdj.k

uhps mfYyf[kr lehdj.k dk mi;ksx djds MFC dh /kkjk ¼current½ fu/kkZfjr dh xbZ%

TOTAL
CCP

red
MFC

int ext

NRT
V ln

F N
I

R R





¼12½

CCPV  DyksT+M lfdZV oksYVst

intR  vkarfjd çfrjks/k

extR  cká çfrjks/k-
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MFC dk oksYVst

act ohm concenV CCP       ¼13½

fn, x, lanHkZ esa] CCP dk vk'k; Dykst&lfdZV oksYVst ls gS] tks ml oksYVst dks n'kkZrk gS tc
ifjiFk esa dksbZ /kkjk çokfgr ugha gks jgh gksrhA dqy lfØ;.k gkfu ¼act½ ds nks mi&?kVd gksrs gSa & ,uksM
lfØ;.k gkfu vkSj dSFkksM lfØ;.k gkfuA oksYVst lfØ;.k gkfu;ksa dh x.kuk VSQsy lehdj.k ¼Tafel's
equation½ ds ek/;e ls dh tk ldrh gS] tks lfØ;.k vf/kfoHko ¼activation overpotential½ vkSj /kkjk
?kuRo ds chp laca/k LFkkfir djrk gSA blds vfrfjä] nks vU; çdkj dh gkfu;k¡ Hkh gksrh gSa & ohm]
tks fd vksfed gkfu ¼ohmic loss½ dks n'kkZrk gS] vkSj concen] tks lkaæ.k gkfu ¼concentration loss½ dks
lwfpr djrk gS [10]A

act ca an     ¼14½

an an
0

i
b *ln

i
  ¼15½

ca ca
0

i
b * ln

i
  ¼16½

;gk¡ b
an
] b

ca
] i

o
]  vkSj I Øe'k% ,uksM dk VSQsy <yku ¼V½] dSFkksM dk VSQsy <yku ¼V½] fofue; /kkjk

¼A½] vkSj /kkjk ¼A½ dks n'kkZrs gSaA lfØ;.k gkfu ¼activation loss½ dks lehdj.k ¼14½ esa lehdj.k ¼15½ ,oa
¼16½ çfrLFkkfir djds çkIr fd;k tkrk gSA

act ca an
0 0

i i
b * ln b *ln

i i
   ¼17½

act
0

i
b *ln

i
  ¼18½

vksfed gkfu dks lehdj.k ¼19½ }kjk fu:fir fd;k tkrk gS

phm onmicR i  ¼19½

Rohmic () MFC esa vksfed çfrjks/k dks n'kkZrk gS] tSlk fd lehdj.k ¼19½ esa çnf'kZr fd;k x;k gSA
lkaæ.k gkfu ¼concentration loss½ dk fuekZ.k lehdj.k ¼15½ ds vuqlkj fd;k x;k gSA

i
concen

i

i
C*ln

i i
 

 ¼20½

lehdj.k ¼20½ esa] lkaæ.k gkfu dh <yku ¼V½ vkSj lhek /kkjk ¼A½ dks Øe'k% C vkSj Ii }kjk n'kkZ;k x;k
gSA lhek /kkjk ¼limiting current½ MFC esa çkIr dh tk ldus okyh vf/kdre /kkjk gksrh gSA lkekU; /kzqohdj.k
lehdj.k ¼general polarization equation½ dks lehdj.k ¼18½] ¼19½ ,oa ¼20½ dks lehdj.k ¼13½ esa çfrLFkkfir
dj çkIr fd;k x;k gSA

i
n onmic

0 i

ii
V CCV b *ln R i C*ln

i i i
   

 ¼21½
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lehdj.k ¼21½ vafre lehdj.k Fkk ftls
/kzqohdj.k oØ ¼polarisation curve½ ds e‚Mfyax ds
fy, mi;ksx esa fy;k x;kA bl lehdj.k esa ik¡p
vKkr iSjkehVj Fks & B] io] Rohmic] C] vkSj IiA bu
iSjkehVjksa dks oksYVst&djaV ds çk;ksfxd MsVk ij
vk/kkfjr djrs gq, vuqdwyu ,YxksfjFe ¼optimization

algorithm½ ds ek/;e ls lek;ksftr fd;k x;kA
vuqdwyu ,YxksfjFe us mís'; Qyu ¼objective
function½ dks U;wure djrs gq, vKkr iSjkehVjksa dk
lek;kstu fd;kA orZeku v/;;u esa iSjkehVjksa ds
ewY;kadu gsrq lkis{k oxZ =qfV ¼RSE½ dks mís'; Qyu
ds :i esa ç;ksx fd;k x;kA

 Model Ex

Ex

V V
RES

V


 ¼22½

/kzqohdj.k oØ ¼polarization curve½ dk e‚My
rS;kj djus ds fy, MATLAB l‚¶Vos;j dk mi;ksx
fd;k x;k] ftlesa iSjkehVj ewY;kadu gsrq [kkst Mksesu
dks ,d Lohdk;Z lhek rd lhfer fd;k x;kA
vKkr iSjkehVjksa dks lek;ksftr djus ds fy, tsusfVd
,YxksfjFe ¼Genetic Algorithm½ dk mi;ksx fd;k
x;kA bl ,YxksfjFe esa 1]000]000 O;fä;ksa dh
tula[;k] 5% ,yhV x.kuk ¼elite count½] vkSj 0-8
Ø‚lvksoj eku ¼crossover value½ fu/kkZfjr fd;k
x;k FkkA bl fof/k us vuqdwyu çfØ;k dks ljy
cuk;k vkSj e‚My ds fy, loksZÙke iSjkehVjksa dh
igpku dks laHko cuk;k [11]A

ifj.kke vkSj ppkZ

çdj.k v/;;u

fiaVks }kjk fd, x, ,d dsl v/;;u esa] iwoZ
mfYyf[kr e‚My dks dqN iSjkehVj lek;kstuksa ds
lkFk e‚My lR;kiu gsrq ykxw fd;k x;kA lClVªsV]
bysDVª‚u mRiUu djus okys lw{ethoks a rFkk
xSj&bysDVª‚u mRiUu djus okys lw{ethoksa ds ewy
iSjkehVj eku Øe'k% 450 mg/L] 80 mg/L vkSj 5
mg/L fu/kkZfjr fd, x, FksA ;g fleqys'ku 8 fnuksa
rd pyk vkSj lehdj.kksa rFkk iSjkehVjksa dk fo'ys"k.k
MATLAB l‚¶Vos;j dh lgk;rk ls fd;k x;k]
ftUgsa ckn esa gy fd;k x;kA

fp= 4 esa le; ,oa fnuksa ds lkFk ntZ dh xbZ
lkaærkvksa dks çnf'kZr fd;k x;k gSA

fp= 4a esa lkaærk ifjorZuksa dks n'kkZ;k x;k gS]
ftlesa çfrfØ;k ds çkjafHkd pj.kksa ds nkSjku lClVªsV
¼S½ dh lkaærk esa Øfed fxjkoV ns[kh xbZA NBosa
fnu rd ;g lkaærk ?kVdj 275 mg/L gks xbZA
blds i'pkr FkksM+h òf) gqbZ vkSj v/;;u ds var ¼8osa
fnu½ rd ;g 280 mg/L rd igq¡p xbZ] tks vi?kVu
nj esa deh dks bafxr djrk gSA

fp= 4b bysDVª‚u mRiUu djus okys lw{ethoksa
dh lkaærk esa mrkj&p<+ko dks n'kkZrk gSA budh
lkaærk esa Li"V o`f) ns[kh xbZ] tks 7osa fnu rd 485
mg/L gks xbZ] blds ckn ;g 'ks"k vof/k ds fy,
fLFkj cuh jghA

fp= 4c xSj&bysDVª‚u mRiUu djus okys lw{ethoksa
dh lkaærk esa gq, ifjorZuksa dks n'kkZrk gSA NBs fnu
rd blesa rhoz of̀) gqbZ vkSj lkaærk 11.2 mg/L rd
igq¡p xbZ] ftlds ckn 8osa fnu rd blesa rsth ls
fxjkoV vkbZA

varr%] fp= 4d esa MFC e‚My dk oksYVst ¼E-
cell½ çLrqr fd;k x;k gSA çkjaHk esa E-cell esa of̀)
ns[kh xbZ] tks 5 fnuksa ds ckn 0-38V rd igq¡p x;kA
blds i'pkr ;g eku dsl LVMh ds var rd fLFkj
cuk jgkA
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Fig. 4. (a) Substrate concentrate, (b) Anodophilie (Electron generating microorganism)
concentration, (c) Acetolastic (Non-electron generating microorganism) concentration,

(d) MFC Voltage

fun'kZ izkpy

fp= 5a vf/kdre o`f) nj vkSj vfHkfØ;k nj
ds chp ds laca/k rFkk muds }kjk mRiUu /kkjk ij
iM+us okys çHkko dks n'kkZrk gSA xzkQ ;g Li"V djrk
gS fd vf/kdre /kkjk mRiknu ds fy, lcls vuqdwy
iSjkehVj bysDVª‚u mRiUu djus okys lw{ethoksa dh

vf/kdre o`f) nj vkSj mlls lac) vfHkfØ;k nj
gSaA gkyk¡fd] tc ckr xSj&bysDVª‚u mRiUu djus
okys lw{ethoksa dh gksrh gS] rks bu iSjkehVjksa esa
ifjorZu dk mRiUu /kkjk ij dksbZ çHkko ugha ns[kk
x;kA

Fig. 5. Current relative sensitivity with respect to: (a) Maximum growth rate and
reaction rates, (b) Half rate and decay rates, (c) Operating parameters, (d) Design

parameters
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gkQ jsV vkSj lw{etho {k; nj%

/kkjk ¼current½ ij gkQ jsV rFkk lw{ethoksa ds
{k; çHkko dks fp= 5b esa n'kkZ;k x;k gSA

H
A
 ¾ e/;LFk dk v/kZ&nj fu;rkad

H
R
 ¾ çfrjks/k oØ dh rhozrk ¼<yku½

H
Se

 ¾ bysDVª‚u mRiUu djus okys lw{etho dk
v/kZ&nj fu;rkad

H
Sn

 ¾ xSj&bysDVª‚u mRiUu djus okys lw{etho
dk v/kZ&nj fu;rkad

H
de

 ¾ bysDVª‚u mRiUu djus okys lw{etho dk
{k; fu;rkad

H
dn

 ¾ xSj&bysDVª‚u mRiUu djus okys lw{etho
dk {k; fu;rkad

ifjpkyu ekunaM

fp= 5c fofHkUu ifjpkyu ekunaMksa ¼operating
parameters½ ds /kkjk mRiknu ¼current output½ ij
çHkko dks –'; :i ls çnf'kZr djrk gSA v/;;u ds
fu"d"kZ bl vksj ladsr djrs gSa fd DyksT+M&lfdZV
oksYVst ¼V

CCP
½ vkSj lw{etho bZa/ku dksf'kdk ¼MFC½

dk rkieku ¼T½] /kkjk mRiknu ij egRoiw.kZ çHkko
Mkyrs gSaA gkyk¡fd] dqy e/;LFk Hkkj çfr'kr ¼N

TOTAL
½]

nkc ¼P½ vkSj vkod çokg ¼Fin½ dk /kkjk mRiknu ij
dksbZ fo'ks"k çHkko ugha ns[kk x;k] tSlk fd eksysVk
,oa vU; }kjk fd, x, v/;;u esa ik;k x;k Fkk
[12]A

fMtkbu ekunaM

fp= 5d ;g n'kkZrk gS fd ,uksfMd d{k dk
vk;ru ¼V½ vkSj ,uksM dh lrg {ks=Qy ¼A½] /kkjk

mRiknu dks dSls çHkkfor djrs gSaA ifj.kkeksa ls Li"V
gksrk gS fd ,uksfMd d{k dk vk;ru ,d egÙoiw.kZ
dkjd gks ldrk gS] fdarq ;fn ç.kkyh esa dkcZfud
;kSfxdksa dh ek=k vf/kd gks] rks ;g çHkko lhfer gks
ldrk gSA nwljh vksj] tsax ,oa vU; }kjk fd, x,
,d v/;;u esa ;g fu"d"kZ fudkyk x;k fd ,uksM
dh lrg {ks=Qy ¼A½ dk mRiUu /kkjk ij vR;Yi
çHkko iM+rk gS [13]A

MFC çek.khdj.k

,d ç;ksx fd;k x;k rkfd fiaVks ,oa vU; }kjk
çLrkfor ,d iwokZuqeku MsVk e‚My dh lVhdrk dk
ijh{k.k fd;k tk ldsA bl ç;ksx esa ,dy cSp]
Xywdkst&vk/kkfjr lw{etho bZa/ku dksf'kdk ¼MFC½
ls çkIr MsVk dk mi;ksx djrs gq, mu çeq[k iSjkehVjksa
dh igpku dh xbZ] tks MFC ds çn'kZu dks çHkkfor
djrs gSaA

laosnu'khyrk fo'ys"k.k ¼sensitivity analysis½
fd;k x;k] ftlesa fiaVks ds e‚My esa dqN iSjkehVjksa
dks la'kksf/kr fd;k x;k] tcfd vU; dks fLFkj j[kk
x;k [14]A fd, x, ifjorZuksa dks fleqys'ku esa ykxw
dj okLrfod ç;ksx ds ifj.kkeksa ls rqyuk dh xbZA

fp= 6 esa le; ds lkFk Chemical Oxygen
Demand ¼COD½ ds :i esa ekih xbZ Xywdkst dh
fxjkoV dks n'kkZ;k x;k gSA xzkQ ;g Li"V :i ls
fn[kkrk gS fd le; ds lkFk Xywdkst dh lkaærk esa
mYys[kuh; deh vkbZ] ftlls çkjafHkd vkSj vafre
COD ekuksa ds chp Li"V varj ns[kk x;kA

fo'ks"k :i ls] çkjafHkd COD eku 1000
mg/l vkSj vafre COD eku 115 mg/l FkkA fp= 6
fleqysVsM vkSj çk;ksfxd COD ifj.kkeksa dh Li"V
rqyuk çLrqr djrk gSA
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Fig. 6. Behaviors of COD for simulated results and experimental data.

e‚My ljyhdj.k

laosnu'khyrk fo'ys"k.k ls çkIr ifj.kkeksa dk
mi;ksx MFC ds fy, ,d lehdj.k rFkk ,d ljyhÑr
fo'ys"k.kkRed lehdj.k fodflr djus gsrq fd;k

x;kA bu lehdj.kksa dks vafre ifj.kke çkIr djus ds
fy, ykxw fd;k x;kA

eku ysrs gq, fd H
Se

, H
Sn

, H
de

, H
dn

 'kwU; gSa]
fuEufyf[kr lehdj.k çkIr gq,A

e max n   ¼23½

e maxnq q ¼24½

;fn e n max1X X X 

0x
max e e max n n

A 0X se

NdG G
q X q x dG

dT H N H G
   

  ¼25½

e 0X
max e e

A 0X se

dX N G
X

dT H N H G
 

  ¼26½

n
max e n

dX
X

dT
  ¼27½

max n t
n n,0X X e ¼28½

0X MFC
a max e

A 0X e

N CI
0 E q

H N Vx F
  

  ¼29½
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TOTAL

red
MFC CCP

int ext

NRT
ln

F N
I V

R R
 


¼30½

;fn e n max1X X X 

max e max nn
e n

max1

dX
X X

dt X

 
 ¼31½

e max e max n
e n

max1

dX
X X

dt X

 
 ¼32½

maxe max nt

maxe max nt

eqe

max1 max1 eo eo

X eX

X (X X X )e

 

 
  ¼32½

fp= 4 gekjs e‚My esa mi;qZä lehdj.kksa ds
vuqç;ksx ,oa ifj.kkeksa dks çnf'kZr djrk gS]tgk¡
ljyhÑr e‚My vkSj iw.kZ e‚My ds chp mYys[kuh;
lekurk ns[kh xbZ gSA ;g lQy lek;kstu ¼fitting½
bl v/;;u esa fodflr fd, x, lehdj.kksa dh
lVhdrk vkSj çHkko'khyrk dh iqf"V djrk gSA

lw{etho bZa/ku dksf'kdk ¼MFC½ dh ÅtkZ
mRikndrk dk vuqdwyu

ÅtkZ mRikndrk c<+kus ds fy, vxyk pj.k
lcls vuqdwy cká çfrjks/k ¼external resistance½
dk fu/kkZj.k djuk FkkA blds fy, geus ç;ksx
fd, vkSj ifj.kkeksa dk vuqdwyu djrs gq, 'kfä
mRiknu ds vf/kdre ;ksx dks rkfydkc) fd;kA
cká çfrjks/k dks lek;ksftr djds lw{etho bZa/ku
dksf'kdk ¼MFC½ dh vf/kdre mRikndrk çkIr
djus gsrq MATLAB dk mi;ksx fd;k x;kA

bl vuqdwyu çfØ;k ds ifj.kkeLo:i ge
0.38V dh vf/kdre foHko {kerk okyh MFC rS;kj
djus esa lQy gq,A

fu"d"kZ

laosnu'khyrk fo'ys"k.k ds ifj.kkeksa ds vk/kkj
ij] lw{etho bZa/ku dksf'kdkvksa ¼MFCs½ ds fy,
ljy fo'ys"k.kkRed lehdj.k fodflr fd, x, gSa]

tks tSo&oS|qr jklk;fud ç.kkfy;ksa ds {ks= esa ,d
egRoiw.kZ çxfr dk ladsr nsrs gSaA

çFker%] lw{e 'kks/k ,oa laosnu'khyrk fo'ys"k.k
us MFC ds O;ogkj dh tfVy xfr'khyrk dks Li"V
fd;k gS] ftlds QyLo:i iwokZuqekukRed lehdj.k
fodflr fd, x, gSa tks e‚My dks ljy cukrs gSa
vkSj bldh iwokZuqeku lVhdrk esa lq/kkj djrs gSaA ;s
lehdj.k MFC çn'kZu dks çHkkfor djus okys dkjdksa
dh egRoiw.kZ var–Zf"V çnku djrs gSa vkSj ifjpkyu
ekunaMksa ds vuqdwyu ds fy, ,d O;kogkfjd midj.k
ds :i esa dk;Z djrs gSaA

f}rh;r%] fiaVks ,oa vU; ¼2010½ }kjk çLrkfor
,d iwokZuqeku e‚My dks çk;ksfxd vkadM+ksa ds
ek/;e ls ekU; djuk bl ckr dh iqf"V djrk gS fd
;g e‚My MFC O;ogkj dks lVhd :i ls çfrfcafcr
djrk gSA blds i'pkr MATLAB dk mi;ksx
djrs gq, fd, x, vuqdwyu us MFC ç.kkyh esa
ÅtkZ mRikndrk vf/kdre djus gsrq b"Vre
fLFkfr;ksa dh igpku dhA

vuqHkotU; MsVk & fo'ks"k :i ls le; ds lkFk
lClVªsV lkaærk esa ns[kh xbZ deh & dks e‚My esa
lfEefyr dj fodflr lehdj.kksa dh iwokZuqeku
{kerkvksa dh iqf"V dh xbZ gSA blds vfrfjä] vuqdwyu
ifj.kke ;g n'kkZrs gSa fd ç.kkyhxr lek;kstu ds
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ek/;e ls ÅtkZ mRiknu n{krk dks vkSj vf/kd c<+k;k
tk ldrk gSA

;s fu"d"kZ MFCs esa lajpukRed ?kVdksa rFkk
lw{etho ikjLifjd fØ;kvksa dks ifj"—r djus ds
egÙo dks js[kkafdr djrs gSa] ftlls mudh fo|qr
?kurk ¼power density½ vkSj uohdj.kh; ÅtkZ lzksr
ds :i esa çfrLi/kkZRedrk esa o`f) dh tk ldrh gSA
lkFk gh] mUur lax.kdh; rduhdksa ds ,dhdj.k ls
laHkkfor çxfr vkSj foLr`r vuqç;ksx {ks=ksa dh
laHkkouk,¡ mtkxj gksrh gSaA

lkjka'k :i esa] ;g lexz fo'ys"k.k lS)kafrd
le>] çk;ksfxd ekU;rk vkSj vuqdwyu j.kuhfr;ksa ds
e/; ,d lsrq dk dk;Z djrk gS] tks ÅtkZ mRiknu
vkSj i;kZoj.kh; mipkj lfgr fofHkUu {ks=ksa esa lw{etho
bZa/ku dksf'kdkvksa ds vf/kd dq'ky ,oa lrr mi;ksx
dk ekxZ ç'kLr djrk gSA

çfrLi/khZ fgr

ys[kdksa us fdlh Hkh çdkj ds çfrLi/khZ fgr gksus
ls budkj fd;k gSA
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lkjka’k

bZa/ku ijek.kqdj.k dh xq.koÙkk] vkarfjd uksty çokg ls dkQh çHkkfor gksrh gS( fo'ks"k :i ls mPp ncko
batsD'ku fLFkfr;ksa ds rgr tks xqfgdk;u mRiUu djrh gSA xqfgdk;u cqycqys ds xBu dks fpf=r djuk uksty
ds NksVs vk;keksa ds dkj.k pqukSrhiw.kZ gS] tks çk;ksfxd v/;;u ds fy, –'; igqap dks çfrcaf/kr djrk gS] vkSj
tfVy] mrkj&p<+ko okys LFkkfud vkSj ykSfdd iSjkehVj tks la[;kRed e‚Mfyax dks tfVy cukrs gSaA[2]

xqfgdk;u O;ogkj dh Hkfo";ok.kh ds fy, lVhd la[;kRed e‚My vko';d gSaA bl v/;;u esa] ,d
csyukdkj uksty ds Hkhrj xqfgdk;u çokg dh tkap ds fy, dEI;wVs'kuy æo xfr'khyrk ¼CFD½ fo'ys"k.k
vk;ksftr fd;k x;k FkkA æo dk vk;ru ¼VOF½ eYVhQst e‚My] k    ,l,lVh ¼SST½ VcqZysal e‚My
vkSj T+okVZ&xsjcj&csyejh ¼ZGB½ xqfgdk;u e‚My ds lkFk la;qä :i ls fu;ksftr fd;k x;k FkkA 1 ls 4-
5 ckj rd ds batsD'ku ncko ds fy, fleqys'ku fd, x,A ok"i ek=k va'k ds vk/kkj ij ,d xq.kkRed rqyuk
us çk;ksfxd voyksduksa ds vuq:i rhu vyx&vyx xqfgdk;u pj.kksa & xqfgdk;u 'kq#vkr] fodkl vkSj
lqij&xqfgdk;u dh igpku dhA bZa/ku æO;eku çokg nj dk mi;ksx djds ek=kRed rqyuk us ç;ksxkRed MsVk
dh rqyuk esa CFD ifj.kkeksa esa FkksM+k vf/kd vuqeku fn[kk;kA bl folaxfr dks nwj djus ds fy,] uksty
vkmVysV ij ok"i va'k forj.k ds vk/kkj ij ,d {ks= lq/kkj dkjd çLrkfor fd;k x;k Fkk] ftlls CFD vkSj
ç;ksxkRed ifj.kkeksa ds chp fopyu dks 3% ds Hkhrj de fd;k tk ldsA v/;;u us vkxs Mhty bZa/ku vkSj
vif'k"V [kkuk idkus ds rsy&vk/kkfjr tSo&Mhty ds xqfgdk;u O;ogkj dk irk yxk;kA ifj.kkeksa ls irk
pyrk gS fd tSo&Mhty leku xqfgdk;u pj.kksa dks çnf'kZr djrk gS] gkykafd Mhty bZa/ku dh rqyuk esa FkksM+k
vf/kd batsD'ku ncko ijA [14]

Abstract

The quality of fuel atomization is significantly influenced by the internal nozzle flow, particularly
under high-pressure injection conditions that induce cavitation. Characterizing cavitation bubble
formation is challenging due to the tiny dimensions of the nozzle, which restrict visual access for
experimental studies, and the complex, fluctuating spatial and temporal parameters that complicate
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numerical modelling. Accurate numerical models are essential for predicting cavitation behaviour. In
this study, computational fluid dynamics (CFD) analysis was conducted to investigate cavitation
flow within a cylindrical nozzle. The Volume of Fluid (VOF) multiphase model, combined with the

k    SST turbulence model and the Zwart-Gerber-Belamri cavitation model, was employed.
Simulations were carried out for injection pressures ranging from 1 to 4.5 bar. A qualitative comparison,
based on vapor volume fraction, identified three distinct cavitation stages–cavitation inception,
development, and super-cavitation-consistent with experimental observations. Quantitative comparison
using fuel mass flow rate showed a slight overestimation in CFD results compared to experimental
data. To address this discrepancy, an area correction factor was proposed based on the vapor
fraction distribution at the nozzle outlet, reducing the deviation between CFD and experimental
results to within 3%. The study further explored the cavitation behaviour of diesel fuel and waste
cooking oil-based biodiesel. Results reveal that biodiesel exhibits similar cavitation stages, albeit at
slightly higher injection pressures compared to diesel fuel.

eq[; 'kCn% bZa/ku batsDVj uksty] xqfgdk;u] csyukdkj uksty] ohvks,Q] vif'k"V [kkuk idkus ds rsy
vk/kkfjr tSo&MhtyA

Keywords: Fuel injector nozzle, Cavitation, Cylindrical nozzle, VOF, Waste cooking oil based
bio-diesel.

ifjp;

gkbMªksMk;ufed xqfgdk;u rc gksrk gS tc
,d rjy esa ncko mlds ok"i ncko ls uhps fxj
tkrk gS] ftlls ok"i cqycqys dk fuekZ.k gksrk gSA ;g
?kVuk çokg osx] ncko fHkUurkvksa vkSj ç.kkyh dh
T;kfefr tSls dkjdksa ls çHkkfor gksrh gS [1]A cqycqys
vkerkSj ij rjy esa ekStwn NksVs ukfHkd ds vklikl
curs gSa] tSls fd lrg [kqjnjkiu ds Hkhrj lw{e
cqycqys ;k Qals gq, xSl {ks= [2]A

pwafd rjy ,d uksty ;k çfrca/k ds ek/;e ls
cgrk gS] xqfgdk;u fofHkUu pj.kksa esa fodflr gks
ldrk gSA çkjaHk esa] çokg ,d xSj&xqfgdk;u voLFkk
esa jgrk gS] ysfdu tSls&tSls ncko vkxs fxjrk gS]
xqfgdk;u dh 'kq#vkr gksrh gSA ;fn ifjfLFkfr;k¡
cqycqys dh òf) dks c<+kok nsrh gSa] rks çokg ,slh
ç.kkfy;ksa esa ifjofrZr gks tkrk gS tSls fd xqfgdk;u
òf)] lqij xqfgdk;u] vkSj pje ekeyksa esa] gkbMªksfyd
f¶yiA bu cqycqyksa dk uhps dh vksj fxjuk LFkkuh;Ñr
rjaxksa dks mRiUu dj ldrk gS] tsV dh fo'ks"krkvksa
dks cnyrs gq, vkSj feJ.k dks c<+kus esa enn dj
ldrk gSA

gkykafd xqfgdk;u dks vDlj ,d gkfudkjd
çHkko ds :i esa ns[kk tkrk gS] tks iai vkSj tgkt
ds isap tSls gkbMª‚fyd e'khujh esa lkexzh dk {k;
vkSj lajpukRed FkdkoV dk dkj.k curk gS] ;g
blds ykHkdkjh vuqç;ksx Hkh gSaA mnkgj.k ds
fy,] bZa/ku batsD'ku ç.kkyh esa] fu;af=r xqfgdk;u
bZa/ku ds ijek.kqdj.k esa lq/kkj dj ldrk gS] ftlls
csgrj ngu n{krk vkSj de mRltZu gksrk gSA
blds vykok] xqfgdk;u }kjk mRiUu VcqZysal Lçs
çn'kZu dks c<+k ldrk gS] tks tSo&Mhty tSls
mPp fo"kkärk okys bZa/kuksa ds fy, fo'ks"k :i ls
mi;ksxh gS] ftUgsa vkerkSj ij [kjkc Lçs fo'ks"krkvksa
ls çHkkfor fd;k tkrk gSA

bZa/ku batsD'ku ls ijs] 'kks/kdrkZ xqfgdk;u ds
u, vuqç;ksxksa] tSls fd ty mipkj] ik;klhdj.k]
vkSj ck;ksesfMdy çfØ;kvksa dh [kkst dj jgs gSaA ;s
u, mi;ksx xqfgdk;u dh f}&Lo:irk dks ,d
pqukSrh ds :i esa vkSj bathfu;fjax esa uokpkj ds fy,
,d midj.k ds :i esa mtkxj djrs gSaA
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fp= 1% ukst+y ds O;kl esa ncko

la[;kRed e‚Mfyax vkSj leL;k dh ifjHkk"kk

lHkh fu;a=d lehdj.k dks O;kolkf;d
dEI;wVs'kuy ¶ywM Mk;ukfeDl dksM ANSYS-Fluent
dk mi;ksx djds gy fd;k x;kA mi;ksx fd, x,
rjy inkFkZ( ikuh] vif'k"V [kkuk idkus ds rsy
vk/kkfjr  ck;ksMht+y vkSj Mht+y FksA rjy dks ml
rjy vkSj blds ok"i ls ;qä ekuk x;k gSA eYVhQst
e‚My VOF dks eYVhQst çokg ds fy, mi;ksx

fd;k tkrk gSA rwQku ds fy,] k   SST e‚My
dk mi;ksx fd;k x;kA uksty ds vanj xqá çokg
ds fy, Zwart-Gerber-Belamri ¼ZGB½ e‚My dk
mi;ksx fd;k x;kA

fu;a=d lehdj.k%

,dy&rjy e‚My esa] nks&pj.k çokg dk lapkyu
æO;eku vkSj laosx ds laj{k.k lehdj.kksa ds ,d lsV
}kjk fd;k tkrk gS] tSlk fd uhps fn;k x;k gS%

j

j

(u )
0

t x

 
 

  (1)

i j ji i i
eff

j i j j i i

( u u ) u( u ) u u2

t x x x x x 3 x

        
                  

(2)

tgk¡ feJ.k dh ?kuRo vkSj ';kurk dks rjy pj.k ds vk;ru va'k ds vk/kkj ij x.kuk fd;k tkrk gSA
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v(1 )l l l        ¼3½

µ v(1 )l l l        ¼4½

tgka v  vkSj l  ok"i pj.k vkSj rjy pj.k ds ?kuRo gSa] vkSj v  vkSj l  Øe'k% ok"i pj.k vkSj rjy

pj.k dh fpifpikgV gSaA laosx lehdj.k esa çHkkoh fpifpikgV dks eff m t      ds :i esa O;ä fd;k tkrk

gS] tgka m  vk.kfod fpifpikgV gS vkSj t  v'kkar fpifpikgV gS ftls e‚My fd;k tkuk pkfg,A
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bl e‚My ds lkFk rjy vkSj ok"i ds chp pj.k ifjorZu dk ewY;kadu djus ds fy, æO;eku ifjogu
lehdj.k esa ,d lzksr in dh vko';drk gksrh gSA
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xqfgdk;u la[;k ¼CN½ dks lehdj.k ¼8½ ds }kjk ifjHkkf"kr fd;k tkrk gSA

back vapour

2

P P
CN

1
V

2




 ¼9½

tgka] backP   ml LFkku dk ncko tgka rjy NksM+k tkrk gS] vapourP   rjy dk ok"ihdj.k ncko]  

rjy dk ?kuRo] V   rjy dh okLrfod xfrA

leL;k ifjHkk"kk

uksty T;kfefr ds fy,] Ansys Spaceclaim
esa f}foe T;kfefr cukbZ xbZ gS] tks fp= 2 esa
fn[kkbZ xbZ gSA T;kfefr dks ç;ksx ds fy, mi;ksx
fd, x, f=foe T;kfefr vØhfyd uksty ds lanHkZ
esa cuk;k x;k gSA 'kh"kZ lrg rjy ds fy, fuos'k ds

:i esa dk;Z djrh gSA ik'oZ lrgksa ds fy, dksbZ
fLyi fLFkfr fu/kkZfjr dh xbZ gSA uhps uksty {ks=
gS] tgk¡ xqfgdk;u dh mEehn gSA lhek fLFkfr;k¡
ncko vk/kkfjr çnku dh xbZ gSaA bl v/;;u esa
mi;ksx fd, x, rjy ds xq.k rkfydk 1 esa mfYyf[kr
gSaA
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fp= 2% uksty dk f}foe T;kfefr vkSj f=foe T;kfefr e‚My

rkfydk 1% bl v/;;u esa mi;ksx dh tkus okyh rjy dh fo'ks"krk,¡

ifj.kke vkSj ppkZ,¡

tkyh dk çHkko fo'ys"k.k ¼Mesh
Sensitivity½

uksty dk O;kl 2-36 feeh vkSj yackbZ 19-32
feeh okyh T;kfefr f}foe T;kfefr gSA ifj.kkeksa ij

tkyh ¼mesh½ lsy ¼cell½ la[;kvksa ds çHkko dks de
djus ds fy, tkyh dk çHkko fo'ys"k.k fo'ys"k.k
fd;k x;k gSA pkj fofHkUu lsy la[;kvksa ds lkFk
pkj tkyh cuk, x, gSaA rkfydk 2 esa pkjksa tkyh
çdkjksa dh la[;k n'kkZbZ xbZ gSA lHkh pkj tkyh esa



nsof"kZ f'kdsZ ,oa vU;] Mhty vkSj vif'k"V [kkuk idkus ds rsy vk/kkfjr tSo&Mhty ds fy, Ldsy vi csyukdkj ---

iwoZ esa ;wthlh ds;j lwph esa vuqeksfnr 'kks/k tuZy foKku izdk'k , ISSN : 1549-523-X, o"kZ% 24, vad 1, tuojh&ekpZ 2026 43

leku lhek fLFkfr;ksa ds lkFk MsVk fjd‚MZ fd;k x;k
gSA iwjs fo'ys"k.k dks rjy ds :i esa ikuh dk mi;ksx
djds fd;k x;k gSA fuos'kh ncko 4-5 ckj xst
¼gauge½ ncko ij lsV fd;k x;k gS vkSj fuxZe
fLFkfr;k¡ ok;qeaMyh; fLFkfr;ksa ij gSaA uksty ds y –
v{k  ¼y-axis½ ij ncko dks fp= 3 esa lHkh pkj tkyh
ds fy, çnf'kZr fd;k x;k gSA uksty dh vk/kh
yackbZ ij uksty ds x – v{k  ¼x-axis½ ij ikuh ds
ok"i dk vk;ru va'k fp= 4 esa çnf'kZr fd;k x;k
gSA fp= 3 esa çnf'kZr vkys[k ls Li"V gS fd M

1
 vkSj

M
2
 ds ncko eku dkQh fHkUu gSa] tks n'kkZrk gS fd

muds ikl tkyh dksf'kdkvksa dh la[;k vi;kZIr gS

vkSj blfy, vkxs ds lq/kkj dh vko';drk gSA blh
çdkj] M

2
 vkSj M

3
 ds fy, çkIr ncko ekuksa esa Hkh

cM+k fopyu gSA M
3
 vkSj M

4
 esa ncko ekuksa esa fopyu

NksVk gS] blfy, vkSj lq/kkj ifj.kkeksa dks çHkkfor
ugha djsxkA fp= 4 esa] uksty dh nhokjksa ds ikl M

1

ds fy, Iy‚V ykbu esa varj gSA M
2
 vkSj M

3
 ds fy,

eku nhokj dh lrg ds ikl Li"V :i ls fHkUu gksrs
gSaA blds vykok] M

3
 vkSj M

4
 esa Hkki ek=k va'k esa

varj cgqr U;wure gSA M
3
 vkSj M

4
 esa ls] iwjh v/;;u

ds fy, es'k M
3
 dks pquk x;k gS D;ksafd blds fy,

de x.kukRed le; dh vko';drk gksrh gS vkSj
çkIr ifj.kke lVhd gSaA

rkfydk 2% çR;sd tky esa rRoksa dh la[;k

Mesh No. of Elements 

M1 47,736 

M2 58,891 

M3 1,02,638 

M4 2,28,643 

 — M
1
 — M

2
 — M

3
 — M

4

fp= 3% y & v{k ds lkFk ncko cuke fLFkfr dk vkys[k
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M1 M2 M3 M4

fp= 4% ty ok"i ds ek=k va'k cuke x&v{k ds lkFk fLFkfr dk vkys[k

fofHkUu rjy inkFkksaZ esa xqfgdk;u çokg

ikuh] Mhty vkSj vif'k"V [kkuk idkus ds rsy
vk/kkfjr  tSo&Mhty dk dk;Z'khy rjy ds :i esa
fofHkUu lhek fLFkfr;ksa ds rgr la[;kRed fleqys'ku
fd, x,A lHkh x.kuk,¡ fLFkj voLFkk dh fLFkfr esa
dh xbZaA ncko forj.k] ok"i vk;ru vuqikr vkSj
osx fn[kkrs gq, fp= fjd‚MZ fd, x,A ty] vif'k"V
[kkuk idkus ds rsy vk/kkfjr  tSo&Mhty vkSj
Mhty ds vk;ru vuqikr fp=ksa esa xqfgdk;u dk

fodkl Li"V gS] tSlk fd fp= 5] 6 vkSj 7 esa fn[kk;s
x;s gSA ikuh ds fy,] xqfgdk;u dh 'kq#vkr 2 ckj
ds fuos'kh ncko ij gksrh gS] vkSj 4-5 ckj ij lqij
xqfgdk;u dk voyksdu gksrk gSA blh çdkj] WCO
tSo&Mhty esa xqfgdk;u dh 'kq#vkr 2-6 ckj ij
gksrh gS vkSj lqij xqfgdk;u 3-4 ckj ij gksrk gSA
Mhty ds ekeys esa] xqfgdk;u 2-3 ckj ij 'kq: gksrk
gS] tks 3-8 ckj ij lqij xqfgdk;u dh vksj c<+rk gSA

fp= 5% ¼ck,a ls nk,a½ bulsI'ku] o`f) vkSj lqij xqfgdk;u ikuh ds fy,

fp= 6% ¼ck,a ls nk,a½ tSo&Mhty ds rjy ds :i esa bulsI'ku] o`f) vkSj lqijxqfgdk;uA
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fp= 7% ¼ck,a ls nk,a½ bulsI'ku] o`f) vkSj lqijxqfgdk;u ds fy, Mhty rjy ds :i esaA

ç;ksx ds lkFk rqyuk

vif'k"V [kkuk idkus ds rsy vk/kkfjr
tSo&Mhty ds fy, lqijxqfgdk;u vk—fr nsrk gS
fd Mhty  ds eqdkcys leku ncko ij xqfgdk;u
DykmM dh yackbZ NksVh gSA urhtru] vif'k"V
[kkuk idkus ds rsy vk/kkfjr  tSo&Mhty ds fy,
Mhty ds leku xqfgdk;u DykmM dh yackbZ çkIr
djus ds fy, mPp ço batsD'ku ncko dh vko';drk

gksrh gSA ;g O;ogkj vif'k"V [kkuk idkus ds rsy
vk/kkfjr tSo&Mhty ds fy, de lar`Ir ok"i ncko
vkSj mPp fpifpikgV ds dkj.k gksrk gS tks fd
Mhty vkSj ikuh dh rqyuk esa gSA fp= 8 lHkh rhu
rjy inkFkksaZ ds fy, ncko] osx vkSj ok"i ek=k
vuqikr dks n'kkZrk gSA ç;ksxkRed fp= ok"i ek=k
vuqikr vk—fr;ksa ds lkFk fn[kk, x, gSa] çkIr
ifj.kke xq.kkRed :i ls leku gSaA

(a)

(b)
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(c)

fp= 8% ncko] osx] ok"i ek=k va'k vkSj (a) ty] (b) WCO tSo&Mhty vkSj (c) Mhty ds
fy, ç;ksxkRed fp=

ncko varj dk çHkko

tc çokg uksty ds ek/;e ls xqtjrk gS] rks
HkwHkkx esa vpkud cnyko ds dkj.k çokg uksty ds
fuos'k ij nhokj ls vyx gks tkrk gS] ftlls çokg
esa osuk d‚UVªSDVk mRiUu gksrh gSA ,d iqu% ifjlapj.k
{ks= curk gS tgk¡ ncko rjy ds Roj.k ds dkj.k
?kVrk gSA ncko larÌr ok"i ncko ls Hkh uhps fxj
ldrk gS] ftlls rjy vkaf'kd :i ls vius ok"i
:i esa ifjofrZr gks tkrk gS vkSj cqycqys ;k ok"i xqgk
mRiUu gksrh gSA tSls&tSls batsD'ku dk ncko c<+rk
gS] iqu% ifjlapj.k {ks= uksty ds fuxZe dh vksj vkSj

QSyrk gSA fp= 9 esa] 2-6 ckj ds fy, ncko çksQkby
esa 0-016 ehVj vkSj 0-018 ehVj ds chp] uksty ds
fuos'k ds ikl ,d fxjkoV ns[kh tkrh gS] tgk¡ ncko
vif'k"V [kkuk idkus ds rsy vk/kkfjr tSo&Mhty
ds lar̀Ir ok"i ncko ds FkksM+k uhps fxj tkrk gSA bl
fxjkoV dks iqu% ifjlapj.k {ks= ds xBu ds fy,
ftEesnkj Bgjk;k tkrk gSA batsD'ku ncko esa vkxs
o`f) ds lkFk] iqu% ifjlapj.k {ks= QSyrk gS vkSj
uksty ds fuxZe dh vksj c<+rk gS] tSlk fd 2-9 ckj]
3-4 ckj vkSj 5 ckj ds fy, ncko çksQkby esa Li"V
gSA

fp= 9% uksty ds Å/okZ/kj dsUæ js[kk ds lkFk ncko
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(a)

 

(b)

fp= 10% (a) fuos'k ij osx] (b) fuxZe ij osx

tSls gh rjy rsth ls xfr djrk gS] ogk¡ xqfgdk
ds Hkhrj ok"i mRiUu gksrh gS] tks rjy dksj dh
rqyuk esa vf/kd xfr ls cgrh gSA ;g ?kVuk fp= 10
(a) esa Li"V gS] tgk¡ nhokj ds fudV LFkku 0.0056-

0.0058 ehVj vkSj 0-0076&0-0078 ehVj ds chp
xfr ds LikbDl ns[ks tkrs gSaA uksty dsaæ ij ,d
lacaf/kr xfr dh deh gksrh gS] ftls rjy vif'k"V
[kkuk idkus ds rsy vk/kkfjr  tSo&Mhty ds çokg
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ds fy, ftEesnkj Bgjk;k tkrk gSA uksty fuxZe ij]
ok"i vc ekStwn ugha gS] ftlls ,d lkekU; xfr
çksQkby curh gS] tSlk fd fp= 10 (b) esa fn[kk;k
x;k gSA

fu"d"kZ

 CFD fleqys'ku us VOF eYVhQst e‚My]
k   SST VcqZysUl e‚My] vkSj Zwart-
Gerber-Belamri xqfgdk;u e‚My dk
mi;ksx djrs gq, xqfgdk;u O;ogkj dks
çHkkoh <ax ls dSIpj fd;kA

 rhu xqfgdk;u pj.k&vkjaHk] fodkl] vkSj
l qij&x q fgdk;u&igpku s x,] tk s
ç;ksxkRed ds lkFk esy [kkrs gSaA

 v/;;u esa ik;k x;k fd ck;ksMhty Mhty
bZa/ku ds leku xqfgdk;u O;ogkj çnf'kZr
djrk gS ysfdu leku xqfgdk;u pj.kksa rd
igq¡pus ds fy, vf/kd bUtsD'ku ncko dh
vko';drk gksrh gSA

 ;s fu"d"kZ xqfgdk;u e‚Mfyax dh lVhdrk
dks c<+kus esa ;ksxnku djrs gSa] tks Mhty
vkSj tSo&Mhty vuqç;ksxksa esa bZa/ku bUtsD'ku
dks ijek.kqdj.k djus ds fy, egRoiw.kZ gSA

vkHkkj

;g 'kks/k xqtjkr foKku ,oa çkS|ksfxdh ifj"kn
¼GUJCOST½&xka/khuxj] Hkkjr }kjk vuqeksfnr i=
la[;k GUJCOST/STI/2023-24/352 fnukad 25/
04/2023 }kjk lefFkZr gSA

'kks/k i= esa ç;qä vaxzsth 'kCnksa dh lekukFkZd fgUnh 'kCnkoyh

Alphabetically sorted terminology in 
English 

o.kZekyk vuqØfer fgUnh 'kCnkoyh 
Atomization ijek.kqdj.k 
Cavitation xqfgdk;u 
Density ?kuRo 
Geometry T;kfefr 
Liquid rjy 
Pressure ncko 
Vapor Okk"i 

Waste Cooking Oil based Biodiesel 
vif'k"V [kkuk idkus ds rsy vk/kkfjr 
tSo&Mhty 
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lkjka’k

bl 'kks/k i= esa] xzkQ fl)kar dh xf.krh; tfVyrk vkSj psfc'kso cgqinksa ds foJa[ky&vfu;fer ¼chaotic½
xq.kksa ds leUo; ls ,d uohu ,ufØI'ku rduhd çLrqr dh xbZ gSA ;g lEHkkouk gS fd ;g rduhd ikjaifjd
fØIVksxzkfQd ;kstukvksa tSls vkj,l,] ,yxkey] 'uksj] vkSj Mh,l, dk ,d l'kä vkSj mUur fodYi gks
ldrh gSA ikjaifjd ,Yxksfjne tgka eq[; :i ls iw.kkaZd xq.ku[kaMu ;k fofoä y?kqx.kd tSls la[;k&fl)kar
laca/kh leL;kvksa dh dEI;wVs'kuy dfBukbZ ij fuHkZj djrs gSa] ogha ij çLrqr uohu rduhd  xzkQ lajpukvksa
dh tfVyrk vkSj psfc'kso cgqinksa dh vfHkdyukRed ¼computational½ n{krk ij vk/kkfjr  gSA

bl dwVys[ku ç.kkyh esa xzkQh; fu:i.k] tSls vklUurk vkO;wg ¼adjacency matrix½ vkSj LisDVªeh
xq.k/keksaZ dks fØIVksxzkfQd dqath ds :i esa mi;ksx fd;k x;k gS] vkSj psfc'kso cgqinksa dk mi;ksx muds
iqujkorhZ vkSj  foJa[ky&vfu;fer ¼chaotic½ xq.k/keksaZ ds dkj.k dwVys[ku ¼encryption½ vkSj fodwVu
¼decryption½ ds fy, fd;k x;k gSA bu rduhdksa ds la;kstu ls ;g i)fr ikjaifjd fØIVks,ukfyfVd
geyksa ds  fo#) mPp Lrj dh lqj{kk] çfrjks/k] vkSj vk/kqfud fØIVksxzkfQd vko';drkvksa ;Fkk vklku
vkSj oLrqlatky ¼IoT½ vuqç;ksxksa ds fy, mi;qä vfHkdyukRed n{krk çnku djrh gSA

Abstract

In this paper, we propose a novel encryption technique that integrates the mathematical
robustness of graph theory with the chaotic properties of Chebyshev polynomials. It is possible that
this technique may prove to be an alternative to traditional cryptographic schemes such as RSA,
ElGamal, Schnorr, and DSA. While these classical algorithms rely heavily on the computational
hardness of number-theoretic problems like integer factorization or discrete logarithms, the approach
presented here leverages the structural complexity of graphs and the computational efficiency of
Chebyshev polynomials.

The encryption system utilizes graph representations, such as adjacency matrices and spectral
properties, as cryptographic keys, while Chebyshev polynomials provide the foundation for encryption
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and decryption through their recursive and chaotic nature. By combining these techniques, the
proposed method achieves a high degree of security, resilience against conventional cryptanalytic
attacks, and computational efficiency suitable for modern cryptographic demands, including lightweight
and IoT applications.

eq[;'kCn% xw<+kys[kh] vkys[k fl)kar] psfc'kso cgqin] vklUurk vkO;wg] LisDVªeh xq.k/keZ] vfHkdyukRed
n{krk] foJ̀a[ky&vfu;fer fudk;A

Key words: Cryptography, Graph Theory, Chebyshev Polynomials, Adjacency Matrices, Spectral
Properties, Computational Efficiency, Chaotic Systems.

ifjp;

tSls&tSls fMftVy lapkj vHkwriwoZ xfr ls c<+
jgk gS] lqjf{kr vkSj vfHkdyukRed ¼computational½
:i ls dq'ky ,fUØI'ku rduhdksa dh ekax igys ls
dgha vf/kd egRoiw.kZ gks xbZ gS [1]A fofo/k vuqç;ksxksa
esa MsVk dh xksiuh;rk vkSj lexzrk dh j{kk dh ;g
rkRdkfyd vko';drk ¼urgency½] vk/kqfud xw<+kys[kh
fof/k;ksa dh ifj"—r xf.krh; lajpukvksa ¼sophisticated

mathematical structures½ ij fuHkZjrk dks js[kkafdr
djrh gS [1]A lqj{kk vkSj çn'kZu ¼performance½ dh
mHkjrh gqbZ pqukSfr;ksa ds fuiVku es vfHkuo lek/kku
dh vko';drk dwVys[ku dh fujarj çxfr dks çsfjr
djrh gSA

xw<+kys[kh rduhdksa dk fodkl lqj{kk] n{krk
vkSj vuqdwyu'khyrk ds chp larqyu LFkkfir djus ds
fy, fujarj tkjh [kkst ij çdk'k Mkyrk gSA çkjafHkd
fof/k;k¡] tSls fd 1976 esa çLrqr fMQh&gsyeSu dqath
fofue; [2]] vlqjf{kr ek/;eksa ij lqjf{kr dqath
lk>k djus dh lqfo/kk çnku djrh Fkha] rFkkfi fofoä
y?kqxq.kd ¼discrete logarithms½ ij bldh fuHkZjrk
bls mnh;eku DokaVe [krjksa ¼quantum threats ½ ls
vlqjf{kr j[krh gS [3]A blh rjg etcwr lqj{kk
çnku djus ds fy, 1978 es iw.kkaZdksa ds xq.ku[kaMu
¼integer factorization½ ij vk/kkfjr] RSA [4] çLrqr
dh xbZ] ijarq blds fy, mPp lax.kukRed lalk/kuksa
dh vko';drk gksrh gS] tks gYds flLVe esa blds
mi;ksx dks lhfer dj nsrh gS [5]A fofoDr y?kqx.kdksa
ij vk/kkfjr ,yxkey [6] vkSj 'u‚j [7] gLrk{kj
;kstuk,a n{krk çnku djrh gSa] fdarq ;s Hkh foLrkj'khyrk

¼scalability½ vkSj dqath vkdkj dh pqukSfr;ksa dk
lkeuk djrh gSa [1]A 1991 esa ekudh—r fMftVy
flXuspj ,YxksfjFe ¼DSA½ [8]] fMftVy gLrk{kj ds
çn'kZu dks csgrj cukrk gS] ysfdu ;g Hkh vius
iwoZofrZ;ksa dh rjg DokaVe [krjksa ds çfr vlqjf{kr gS
[9]A gky ds uokpkj] tSls fd psfc'kso cgqinksa
¼Chebyshev polynomials½ ij vk / k k f jr
vjktdrk&vk/kkfjr dwVys[ku  [10]] vçR;kf'krrk
vkSj gYds lax.ku dh {kerk çnku djrs gSa] ;|fi
budh O;kogkfjd 'kD;rk vHkh ijh{k.k dh fLFkfr esa
gS [11]A iksLV&DokaVe –f"Vdks.k [12] Hkfo"; ds
[krjksa dk eqdkcyk djus ds fy, mPp lqj{kk çnku
djrs gSa] ysfdu bldh dher c<+h gqbZ tfVyrk ds
:i esa pqdkuh iM+rh gS [13]A orZeku dfe;ksa dks nwj
djus es bu fof/k;ksa dh lkeF;Z vkSj lhek,a] mi;qä
vfHkuo ladj ¼hybrid½ lek/kkuksa dh vko';drk dks
Li"V djrh gSaA

bl vko';drk dks iwjk djus gsrq] ;gk¡ vkys[k
fl)kar [14] dh lajpukRed tfVyrk dks mUur
dqath fofue; ra=ksa rFkk psfc'kso cgqinksa [15] dh
vjktd xfr'khyrk ds lkFk ,dh—r djrs gq, uoksUes"kh
dwVu rduhd çLrkfor dh xbZ gSA bl fof/k esa ,d
iw.kZ vkys[k ls Hkkfjr vklUurk vkO;wg ¼weighted

adjacency matrix½ dk fuekZ.k fd;k tkrk gS] ftlesa]
bl çdkj Bksl xw<+kys[kh vk/kkj ds :i esa vkys[k dh
tfVyrk dk ykHk ysrs gq,] lans'k dks ,d cká
gSfeYVksfu;u iFk ij ?kM+h dh fn'kk esa lapj.k djrs
gq, ,UdksM fd;k tkrk gS [16]A ,d lk>k dqath ls
bl vkO;wg dks xq.kk djds lqj{kk dks vkSj vf/kd
c<+k;k tkrk gS] dqath dk fofue;  fMQh&gsyeSu
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çsfjr çksVksd‚y [2] ds ek/;e ls  fd;k tkrk gS] tks
çR;{k lapj.k ds fcuk lqjf{kr dqath LFkkiuk lqfuf'pr
djrk gS [12]A çkIr vkO;wg dk psfc'kso cgqinksa [10]

}kjk laof/kZr vkj,l,&çsfjr Ldhe [4] dk mi;ksx
djrs gq, dwVu fd;k tkrk gSA psfc'kso cgqinksa ds
iqujkorhZ ,oa vjktd xq.k/keZ [17] vukf/k—r fodwVu
dks lax.kukRed :i ls vlaHko cuk nsrs gSa [1]A

;g –f"Vdks.k ikjaifjd ;kstukvksa tSls fd
,yxkey [6]] Mh,l, [8]] vkSj 'u‚j [7] ls fHkUu
gSA ;s ikjaifjd ;kstuk,a dsoy fofoä y?kqx.kdksa
[18] ;k iw.kkaZdksa ds xq.ku[kaMu ij vk/kkfjr] vkj,l,
[4] ij fuHkZj gksrh gSaA çLrkfor fof/k bu nksuksa
dfBu leL;kvksa&fofoä y?kqx.kd }kjk dqath
fofue; [2] vkSj ,fUØI'ku ds fy, xq.ku[kaMu ds
tfj, dwVu  [4]&ds esy ls ,d f}Lrjh; j{kk ra=
¼dual–layered defence½ LFkkfir djrh gSA ;g
f}Lrjh; l q j{ k k ç. k ky h fØ IV k s fo'y s " k . k
¼cryptanalysis½ ds çfr çfrjks/k dks lkFkZd :i ls
c<+k nsrh gS [12]A;g 'kks/k i= ,d l'kä vkSj
foLrkj'khy ¼scalable½ fØIVksflLVe ds fy, vkys[k
fl)kar [14]] dqath fofue; [2]] vkSj psfc'kso&
laof/kZr vkj,l, dwVu [17] ds laf'y"V –f"Vdks.k
dk mi;ksx dj dbZ çLrkfor fof/k dk fooj.k
çLrqr djrk gSA ;g ç.kkyh etcwr lqj{kk ds
lkFk&lkFk dq'ky lax.ku Hkh çnku djrh gS] ftlls
;g gYds IoT midj.kksa ls ysdj mPp&tksf[ke
okyh fMftVy lapkj ç.kkfy;ksa [19] rd ds
vuqç;ksxksa ds fy, vkn'kZ cu tkrh gSA

çLrkfor ,fUØI'ku rduhdksa dh xf.krh;
vk/kkjf'kyk

vkO;wg & vk/kkfjr dqath fofue;] vkys[k
fl)kar] psfc'kso cgqin] vkSj ,d RSA&tSls –f"Vdks.k
dks ,dh—r djrs gq, ;g vuqHkkx çLrkfor dwVu
;kstukvksa ds xf.krh; vk/kkj dh :ijs[kk çLrqr
djrk gSA lkewfgd :i ls ;s lHkh ?kVd & fofoä
y?kqx.kdksa dh dfBurk] vkys[k dh lajpukRed
tfVyrk] cgqin iqujkof̀Ùk;ksa dh vjktd ç—fr]
vkSj RSA&tSls flLVe esa xq.ku[kaMu dh dfBukbZ

[1] feydj ,d etcwr xw<+kys[kh <kapk cukrs gSaA
fuEufyf[kr pkj mi[kaMksa esa çR;sd xf.krh; vk/kkj
dk fooj.k fn;k x;k gS%

A- lqjf{kr dqath lk>kdj.k ds fy, fMQh&gsyeSu
dqath fofue; dk ,d vkO;wg &vk/kkfjr foLrkj]

B- lans'k fu:i.k ds fy, vkys[k & fl)kar ij
vk/kkfjr ,d e‚My]

C- psfc'kso cgqinksa ds xq.k/keZ] tks dwVu dh
vçR;kf'krrk ¼encryption unpredictability½ dks
c<+krs gSa] vkSj

D- dwVu vkSj fodwVu ds fy, psfc'kso cgqinksa
dk mi;ksx djus okyh ,d çLrkfor RSA&çsfjr
;kstukA

A- eSfVªDl&vk/kkfjr fMQh&gsyeSu dqath
fofue;

çfrf"Br fMQh&gsyeSu dqath fofue; [2] &
tks xw<+kys[kh uokpkj dh vk/kkjf'kyk ekuh tkrh gS
;g fof/k fMQh&gsyeSu dqath fofue; [2]  ds Ldsyj
¼scalar½ <kaps dks vkO;wg ds {ks= esa foLrkfjr djds
ifj"—r djrh gS] ftlesa ?kkrkad ¼exponents½ dsoy
/kukRed iw.kkaZdksa rd lhfer gksrs gSaA ;g fof/k nks
i{kksa&ijaijkxr :i ls ,fyl vkSj c‚c&dks ifjfer
{ks= ¼finite field½ esa ekikad vadxf.kr ¼modular

arithmetic½ dh lVhdrk dk mi;ksx djds ,d
lk>k xqIr vkO;wg LFkkfir djus dh vuqefr nsrh gSA
bl vuqdwyu dh uohurk dsoy blds lS)kafrd
dkS'ky esa gh ugha] cfYd bldh O;kogkfjd çHkko'khyrk
esa Hkh fufgr gS% ;g ,fUØIVsM lapkj ls ysdj usVodZ
ç.kkfy;ksa dh lqj{kk rd ds vuqç;ksxksa ds fy, lqjf{kr
dqath O;qRifÙk dks laHko cukrk gS] vkSj fØIVksxzkQjksa
ds fy, ,d cgqi;ksxh midj.k çnku djrk gS [1,

19]A

A-1 lkoZtfud çkpy

 vkdkj ¼n×n½ dk yksdlEer ¼public agreed½
vk/kkj vkO;wg B ,d cM+s vHkkT; la[;k r ds ekikad
ifjfer {ks= ls pquk tkrk gS ;g fofue; dh vk/kkj
lajpuk ds :i esa dk;Z djrk gSA
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 ,d cM+h vHkkT; la[;k r ekikad lafØ;kvksa
¼modular operations½ dks fu;af=r djrh gS] ftldk
ifjek.k O;kid vkØe.kksa ds fo#) ,d 'kfä'kkyh
vojks/k lqfuf'pr djrk gSA

A-2 dqath fofue; dh pj.kc) çfØ;k

A-2-1 futh dqath dk p;u%

,fyl ,d xqIr iw.kkaZd a pqurh gS] ftls og
fdlh ls lk>k ugha djrhA blh çdkj] c‚c ,d xqIr
iw.kkaZd b pqurk gS] ftls dsoy ogh tkurk gSA

A-2-2 lkoZtfud dqath dh x.kuk%

 ,fyl eSfVªDl A dh x.kuk fdl izdkj djrh
gS%

A ¾ Ba ¼mod r½

fQj og eSfVªDl A dks c‚c dks Hkstrh gSA

 c‚c viuh lkoZtfud eSfVªDl dh x.kuk
fuEu izdkj djrk%

C ¾ Bb ¼mod r½

fQj og eSfVªDl C dks ,fyl dks Hkstrk gSA

A-2-3 lk>k xqIr dqath dh x.kuk%

1- ,fyl dks c‚c }kjk Hksth xbZ eSfVªDl C

çkIr gksrh gS] vkSj mlds ikl viuh futh dqath a
gksrh gSA og c‚c dh lkoZtfud eSfVªDl ij viuh
futh dqath ykxw djrh gS%

S = Ca (mod r) = (Bb)a (mod r)

2- c‚c dks ,fyl }kjk Hksth xbZ eSfVªDl A

çkIr gksrh gS] vkSj mlds ikl viuh futh dqath b
gksrh gSA og ,fyl dh lkoZtfud eSfVªDl ij viuh
futh dqath ykxw djrk gS%

S = Ab (mod r) = (Ba)b (mod r)

3- pwafd eSfVªDl ?kkrkad ¼exponentiation½
lkgp;Z fu;e ¼associative law½ dk ikyu djrs gSa]
blfy, ;g lqfuf'pr fd;k tk ldrk gS fd%

S = (Ba)b (mod r) = Bab (mod r) = (Bb)a

(mod r)

bl çdkj] ,fyl vkSj c‚c nksuksa dks ,d gh
lk>k xqIr eSfVªDl çkIr gksrh gSA

A-3 lqj{kk fopkj

bl ;kstuk dh etcwrh ,d xgjs x.kukRed
vojks/k ij fuHkZj djrh gS% A] C] vkSj B fn, tkus
ij] a ;k b dk vuqeku yxkus ds fy, eSfVªDl {ks= esa
fofoä y?kqx.kd leL;k dks gy djuk vko';d
gksrk gS [18]] tks cM+s r ds fy, x.kukRed :i ls
vlaHko ekuk tkrk gS [3]A ;g blds Ldsyj iwoZt
¼scalar progenitor½  dh etcwrh ds leku gS] ysfdu
eSfVªDl foLrkj bldh mi;ksfxrk dks c<+krk gS] ftlls
vk/kqfud usVodZ lqj{kk ds fy, egRoiw.kZ çfØ;kvksa
tSls lqjf{kr cgq&vk;keh dqath le>kSrksa vkSj :ikarj.kksa
dk leFkZu gksrk gS [12, 19]A

B- lans'k lapj.k dk vkys[k lS)kafrd
fu:i.k

vkys[k  fl)kar] [14] lans'k çlkj.k dks e‚My
vkSj fo'ys"k.k djus dk ,d O;ofLFkr <ax çnku
djrk gS ftles eq[;r% bls Hkkfjr dksjksa ¼weighted

edges½ ds lkFk ,d iw.kZ vkys[k ds tfj, fu:fir
fd;k tkrk gSA bl fu:i.k esa] çR;sd 'kh"kZ ¼vertex½
,udksMsM lans'k ds ,d fgLls ds laxr gksrk gS] vkSj
dksj ¼edges½ la[;kRed varjksa ds vk/kkj ij muds
chp laca/kksa dks n'kkZrs gSaA bl vuqHkkx esa orZeku
rduhdksa esa ç;qä fuEufyf[kr vo/kkj.kk,¡ of.kZr dh
xbZ gSa%

1- iw.kZ vkys[k fu:i.k

2- 'kh"kZ la[;k fu/kkZj.k ds fy, ,UdksfMax rkfydk

3- vkiru 'kh"kZ ds varj dk mi;ksx djrs gq,
Hkkfjr dksj

B-1 iw.kZ vkys[k fu:i.k

,d iw.kZ vkys[k og vkys[k gksrk gS ftlesa
çR;sd fHkUu ;qXe 'kh"kksaZ ¼vertices½ ds chp ,d fdukjk
¼edge½ gksrk gS [14, 16] tc lans'k lapj.k ¼message

transmission½ dk ekWMy rS;kj fd;k tkrk gS] rks
fuEufyf[kr ijaijk viukbZ tkrh gS%
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 çR;sd 'kh"kZ ,UdksM fd, x, lans'k esa ,d
çrhd ;k o.kZ dk çfrfuf/kRo djrk gSA

 'kh"kksaZ  ds chp ds fdukjs bu çrhdksa ds chp
dh ijLij fØ;k ;k laØe.k dks n'kkZrs gSaA

pwafd ,d iw.kZ vkys[k ;g lqfuf'pr djrk gS
fd lHkh çrhd ,d&nwljs dks çHkkfor djrs gSa]
vFkkZr~ blesa laiw.kZ laidZrk ¼exhaustive connectivity½
gksrh gSA blls ;g lqfuf'pr gksrk gS fd çR;sd
çrhd vius lkfFk;ksa ij çHkko Mkyrk gSA ;g lajpuk

fo'ks"k :i ls dwVys[ku] =qfV igpku ¼error

detection½] vkSj usVodZ laçs"k.k ¼communication½
e‚My esa mi;ksxh gksrh gS [16]A

B- 2 'kh"kZ Øekadu ds fy, ,UdksfMax
rkfydk (Encoding Table for Vertex Numbering)

lans'k esa ç;qä çR;sd çrhd dks uhps nh xbZ
,UdksfMax rkfydk ds vk/kkj ij ,d fof'k"V la[;kRed
eku fn;k x;k gS%

rkfydk&1%

f(Vij) 0 1 2 3 4 5 

1 A B C D E F 

2 G H I J K L 

3 M N O P Q R 

4 S T U V W X 

5 Y Z - ? . ! 

bl ,UdksfMax ds ,d mnkgj.k es ge ns[krs gSa]
fd fuEufyf[kr dksM çkIr fd, tk ldrs gSa%

10f (V ) f (A) 10 

40f (V ) f (S) 40 

43f (V ) f (V) 43 

31f (V ) f (N) 31 

22f (V ) f (I) 22 

41f (V ) f (T) 41 

B-3 vkifrr 'kh"kksaZ ds varj dk mi;ksx
djrs gq, Hkkfjr fdukjs

iw.kZ vkys[k esa fdukjksa dks mu 'kh"kksaZ  ds la[;kRed
varj ds vk/kkj ij Hkkj ¼weight½ fn;k tkrk gS]
ftuls os tqM+s gksrs gSaA mnkgj.k ds fy,] ;fn nks 'kh"kZ
V vkSj N dks eku f¼V½ vkSj f¼N½ fn, x, gSa] rks
muds chp ds fdukjs dk Hkkj bl çdkj fudkyk
tkrk gS%

VNW | f(V) f(N) | | 43 31| 12    

;g lqfuf'pr djrk gS fd%

 çrhdksa ds ekuksa esa vf/kd varj gksus ij Hkkj
Hkh vf/kd gksxkA

 Hkkj forj.k ¼weight distribution½ ,UdksM
fd, x, lans'k esa fofo/krkvksa dks n'kkZrk gSA

 ;g lans'k dh tfVyrk dk fo'ys"k.k
vkys[k&fl)kar vk/kkfjr ekinaMksa }kjk djus dk ,d
rjhdk çnku djrk gS [16]A

C- psfc'kso cgqin vkSj muds xq.k

psfc'kso cgqin [15] çLrkfor dwVys[ku ;kstuk
ds fy, ,d l'kä xf.krh; vk/kkj çnku djrs gSaA
;s cgqin viuh ykfEcd lajpuk] vjktd xfrdh
¼chaotic dynamics½] vkSj lhfer {ks=ksa ¼finite fields½
esa vkorhZ xq.kksa ¼periodic properties½ dk ykHk mBkrs
gSaA



eksgEen vkfej ,oa vU;] dwVys[ku ds fy, vkys[k fl)kar vkSj psfc'kso cgqinksa dk mi;ksx djrs gq, ,d uohu ---

iwoZ esa ;wthlh ds;j lwph esa vuqeksfnr 'kks/k tuZy foKku izdk'k , ISSN : 1549-523-X, o"kZ% 24, vad 1, tuojh&ekpZ 2026 55

bl vuqHkkx  esa bu cgqinksa dh ifjHkk"kk nh xbZ gS] buds lekdyuksa ¼integrals½ dks ,d fo'ys"k.kkRed
foLrkj ds :i esa çLrqr fd;k x;k gS] vkSj buds xq.kksa ;Fkk vjktd O;ogkj ¼chaotic behavior½] lsehxzqi xq.k
¼semigroup property½ vkSj ekikad vadxf.kr ¼modular arithmetic½ ds varxZr vkofrZrk ¼periodicity½ dk
fooj.k fn;k x;k gSA ;s lHkh xq.k bl dwVys[ku ç.kkyh dh fØIVksxzkfQd etcwrh esa egRoiw.kZ ;ksxnku nsrs
gSa [1]A

C-1- psfc'kso cgqin ¼Chebyshev Polynomials½

psfc'kso cgqin [15]] ftUgsa T
n
(x) ls fu:fir fd;k tkrk gS] ykfEcd cgqin ¼orthogonal polynomials½

dk vuqØe gksrk gS tks iqujkof̀ÙkiwoZd :i es bl çdkj ifjHkkf"kr gS%

0T (x) 1

1T (x) x

n n 1 n 2T (x) 2xT (x) T (x), for n 2   

C-2 psfc'kso vjktdh; O;ogkj

psfc'kso cgqin ¼Chebyshev polynomials½ dqN fo'ks"k {ks=ksa] fo'ks"kdj varjky x [ 1,1]  ] esa iqujkòÙk

¼iterate½ djus ij vjktdh; ¼chaotic½ O;ogkj çnf'kZr djrs gSaA vjktd xq.k dks lehdj.k
1

nT (x) co(n cos (x))  vFkok  2
2T (x) 2x 1    }kjk n'kkZ;k tkrk gS [17]A ;g :ikarj.k çkjafHkd

fLFkfr;ksa ij vR;f/kd fuHkZjrk dks n'kkZrk gS tks vjktd ekufp=ksa ¼chaotic maps½ dh ,d fo'ks"krk gS ftlls
fcuk x ds lVhd Kku ds vuqØe ¼sequence½ dks iwokZuqekfur djuk vlaHko gks tkrk gS [17]A ,slk vjktd
O;ogkj cyiwoZd fMdksfMax ¼brute-force decipherment½ ds fo#) ,fUØI'ku dks vf/kd etcwr cukrk gSA

C-3 ekMîwyks p ds varxZr psfc'kso cgqinksa dk foLrkfjr lsfexzqi xq.k

psfc'kso cgqinksa dk ,d ewyHkwr xq.k mudk lsfexzqi lajpuk ¼semigroup structure½ gksuk gS [15]A

tc fdlh vHkkT; la[;k ppp ds lkFk ekMîwyj vadxf.kr ¼modular arithmetic½ fd;k tkrk gS] rks
psfc'kso cgqin ,d leku lajpuk dks cuk, j[krs gSa%

m n n m mnT (T (x)) T (T (x)) T (x) 

bldk rkRi;Z ;g gS fd psfc'kso cgqinksa dh xq.kkRed fo'ks"krk,¡] tSls la;kstu ij LFkkf;Ro ¼closure

under composition½] ekMîwyks p ds varxZr Hkh cuh jgrh gSa] tks fØIVksxzkfQd ,YxksfjFe esa bUgsa fo'ks"k :i
ls mi;ksxh cukrh gSaA

m n n m mnT (T (x mod p)) mod p T (T (x mod p))mod p T (x mod p) mod p 

C-4- psfc'kso vuqØe dk vkorhZ O;;gkj

psfc'kso vuqØe] ekikad vadxf.kr ¼modular arithmetic½ ds varxZr x.kuk fd, tkus ij vkorhZ
¼periodic½ O;ogkj çnf'kZr djrk gSA pw¡fd ifjfer  {ks= ¼finite fields½ esa rRoksa dh la[;k lhfer gksrh gS]
blfy, psfc'kso cgqinksa ¼Chebyshev polynomials½ dks nksgjkus ij pØh; ¼cyclic½ Lo:i çkIr gksrk gSA
vFkkZr] fdlh fuf'pr vkorZ t ds fy, ge ikrs gSa fd

n n 1T (x) T (x) mod p
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;g mYys[kuh; gS fd  psfc'kso cgqin vuqØe dk vkorZ
2

n n 0{T (x)} modp(oddprime)foreach x 0,1,2,...,p 1,p 1     dk ,d Hkktd gS

mnkgj.k % vuqØe n n 0{T (x)} mod19  çR;sd x 0,1,2,...,18  dk vkorZ fuEufyf[kr ls fn;k tkrk

gS%

x 0 :0,1,0,18,0,1,0,18,0...  ¼period 4½]

x 1:1,1,1,1,1,1...  ¼period 0½]

x 2 : 2,1,2,7,7,2,1,2,7,7,2...  ¼period 5½]

x 3:3,1,3,17,4,7,0,12,15,2,16,18,16,2,15,12,0,7,4,17,3...  ¼period 20½]

x 4 : 4,1,4,12,16,2,0,17,3,7,15,18,15,7,3,17,0,2,16,12,4...  ¼period 20½]

x 0  x 0  x 0  ls 18 18 18 rd ds vkorZ dh rkfydk 192 1 360   ^19 2 1 360 
192 1 360   ds Hkktd çdV djrh gS%

;gk¡ lHkh vkorZ 219 1 20 18    ds Hkktd

gSaA ;g lqxerk ls lR;kfir fd;k tk ldrk gS fd
fdlh Hkh fo"ke vHkkT; la[;k p ds vkorZ lnSo

x 0,  x 1  vkSj x p 1   ds fy, Øe'k% 4] 1]

vkSj 2 gSaA

D- dksdsjso }kjk psfc'kso cgqinksa dk mi;ksx
djds RSA ;kstuk

fy;ksukMZ dksdsjso [17] us ,d RSA&tSlh
,fUØI'ku ;kstuk dk çLrko fd;k] tks psfc'kso
cgqinksa ds vjktd xq.kksa dk mi;ksx djrh gSA bl
fof/k dk ewy fopkj ;g gS fd RSA esa ç;qä
ekikad ?kkrkad ¼modular exponentiation½ dks
psfc'kso cgqinksa ds la;kstu xq.k ¼composition

property½ ls çfrLFkkfir fd;k tk,A ;g –f"Vdks.k
cgqinksa ds vjktd LoHkko dk ykHk mBkdj lqj{kk
dks c<+krk gS] tcfd RSA dh xq.ku[kaMu&
vk/kkfjr uhao dks cjdjkj j[krk gS [1]A

D-1- dqath fuekZ.k

dqath fuekZ.k dh çfØ;k esa fuEufyf[kr pj.k
gksrs gSa%

1. nks cM+h vHkkT; la[;k,¡ p vkSj q pqusa] vkSj

fQj N pq  rFkk * 2 2N (p 1)(q 1)    dh x.kuk

djsaA

2. ,d futh iw.kkaZd d pqusa vkSj mldk ekikad
çfrykse ¼modular inverse½ e bl çdkj  Kkr djsa
fd

*ed 1modN ,  (e, N)  lkoZtfud dqath

gS vkSj d futh dqath gSA

D-2- dwVu

,d lans'k x :1 x N,   ds fy, dwVfyf[kr
ikBîka'k ¼ciphertext½ dk ifjdyu fuEufyf[kr çdkj
ls gksxk%

eC T (x) mod N

;gk¡ eT (x) mod N  psfc'kso cgqin ¼Chebyshev

polynomial½ gS] ftldh fMxzh e gS] vkSj ftls x ij
ekikad N ¼modulo N½ ds varxZr ewY;kafdr fd;k
x;k gS [15]A
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D-3- fodwVu

ewy lans'k x dks iqu% çkIr djus ds fy, fuEufyf[kr x.kuk djsa%

dx T (C)(mod N)

D-4- fMfØI'ku ;kstuk dk lR;kiu

;gk¡ dqN egRoiw.kZ voyksdu gSa%

1. fodwVu ¼decryption ½ lQy gksrk gS D;ksafd e d e.dT (T (x)) T (x),  vkSj pwafd e.d 1(mod N*),  vr%

e.d 1T (x) T (x) x(mod N)   [17]-

2. blh çdkj d eT (T (x)) x(modN) A pkbuht 'ks"kQy çes; ¼Chinese Remainder Theorem½ ;g

lqfuf'pr djrk gS fd ;g vyx vyx vfoHkkT; la[;kvksa p vkSj q es ekU; jkgr gSA

bu fcUnqvksa dks fuEufyf[kr rjhds ls lfoLrkj le>k;k tk ldrk gS%
* * 2 2ed 1mod N ed 1 kN 1 k(p 1)(q 1),       

*ed 11 kN
T (x)mod p T (x) mod p T (x)mod p x mod p


   *p | N

leku rdZ dk mi;ksx djrs gq,]

*ed 11 kN
T (x)modq T (x)mod q T (x)modq x modq


   *q | N

pwafd p  vkSj q vyx vyx la[;k,a gSa] vr% pkbuht 'ks"kQy  çes; ¼Chinese Remainder theorem½
ds ç;ksx ls

*ed 11 kN
T (x) mod N T (x) mod N T (x) mod N x mod N


  

D-5- lqj{kk fopkj

 ;g Li"V gS fd psfc'kso&vk/kkfjr RSA dh
lqj{kk bl ij fuHkZj djrh gS fd fcuk futh
dqath ds psfc'kso cgqinksa dk O;qRØe ¼in-

verse½ fudkyuk fdruk dfBu gSA bl
leL;k dk dk sb Z  çH k ko h
lek/kku miyC/k ugha gS [15]A blds
vfrfjä] psfc'kso cgqinksa dk vjktd
O;ogkj ¼chaotic behaviour½ bl s
vçR;kf'krrk dh ,d vfrfjä ijr çnku
djrk gS [17]A bl ;kstuk dh lqj{kk
ikjaifjd RSA dh rjg xq.ku[kaMu leL;k
¼factoring problem½ ij Hkh fuHkZj djrh
gSA pwafd ekikad N dks nks cM+h vHkkT;
la[;kvksa p vkSj q ds xq.kuQy ds :i esa

pquk tkrk gS] blfy, ,ufØI'ku dks rksM+us

d s fy ,  N dks * 2 2N (p 1)(q 1)    QSDVj

djuk vko';d gksxk tks fd cM+s vadksa ds
fy, O;kogkfjd :i ls vlaHko gS [4]A

çLrkfor ;kstuk dk ,d mnkgj.k }kjk
fp=.k

 tSlk fd fiNys vuqHkkx esa of.kZr fd;k
x;k gS] çLrkfor dwVys[ku ;kstuk esa lans'k
dks ,d iw.kZ vkys[k ds ckgjh gSfeYVksfu;u
iFk ¼outer Hamiltonian path½ ds 'kh"kksaZ
¼vertices½ ij ,UdksM fd;k tkrk gSA fdukjksa
¼edges½ dk Hkkjfu/kkZj.k lacaf/kr vkiru
'kh"kksaZ ¼incident vertices½ ds ,UdksM fd,
x, ekuksa ds varj ds vk/kkj ij fu/kkZfjr
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fd;k tkrk gSA blds ckn] iw.kZ vkys[k ds
Hkkfjr vklUurk vkO;wg ¼weighted adja-

cency matrices½ dk fuekZ.k fd;k tkrk gS
vkSj bls ,d lk>k dqath vkO;wg ¼shared

key matrix½ ls xq.kk fd;k tkrk gS] ftls
vkO;wg & vk/kkfjr fM¶Qh&gsyeSu dqath
fofue; ;kstuk ds ek/;e ls lqjf{kr :i ls
lk>k fd;k x;k gksrk gSA

çkIr eSfVªDl dks fQj dksdsjso }kjk çLrkfor
psfc'kso&RSA ;kstuk dk mi;ksx djds
,fUØIV fd;k tkrk gSA fMfØI'ku ds fy,]
,fUØIVsM vkO;wg dks igys psfc'kso&RSA

;kstuk dk mi;ksx djds fMfØIV fd;k
tkrk gSA mlds ckn] ifj.kke dks lk>k
dqath vkO;wg ds O;qRØe ¼inverse½ ls xq.kk

fd;k tkrk gSA var esa] Hkkfjr vklUurk
vkO;wg vkSj ,UdksfMax rkfydk dk mi;ksx
djds lans'k dks pj.k&nj&pj.k iquiZzkIr
fd;k tkrk g SA uhp s ,d foLr`r
pj.k&nj&pj.k çfØ;k dks ,d mnkgj.k
lfgr çLrqr fd;k x;k gSA

,fUØI'ku çfØ;k 'kq: djus ls igys] ,fyl
vkSj c‚c lans'k dh yackbZ ds vk/kkj ij
vkO;wg & vk/kkfjr fMQh&gsyeSu dqath
fofue; fof/k dk mi;ksx djds ,d lk>k
dqath vkO;wg LFkkfir djrs gSaA

eku yhft, ,fyl c‚c dks ik¡p v{kjksa dk
lans'k Hkstuk pkgrh gSA nksuksa ,d 5×5

vk/kkj vkO;wg B vkSj ,d vHkkT; la[;k r
ij lger gksrs gSa%

1 2 4 5 6

3 4 9 2 7

B 5 6 2 1 3

4 5 7 3 5

7 3 4 5 8

 
 
 
 
 
 
 
 

 ,oa r 11

dqath fofue;

 futh dqath p;u

,fyl ,d futh iw.kkaZd a¾3 pqurh gS] tks xqIr jgrk gSA

c‚c ,d futh iw.kkaZd b¾4 pqurk gS] tks xqIr jgrk gSA

 lkoZtfud dqath dk ifjdyu

,fyl lkoZtfud dqath dk ifjdyu djrh gS%

a 3A B mod r B mod11 

1732 1625 2053 1387 2470

2243 2092 2714 1821 3252

A mod111700 1544 1793 1213 2200

2210 2058 2573 1709 3089

2607 2392 2955 2008 3567

 
 
 
 
 
 
 
 
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5 8 7 1 6

10 2 8 6 7

A 6 4 0 3 0

10 1 10 4 9

7 5 7 6 3

 
 
 
 
 
 
 
 

vkSj A] c‚c dks çsf"kr dj nsrh gSA

 c‚c lkoZtfud vkO;wg dk ifjdyu djrk gS%

b 4C B mod r B mod11 

37910 36627 45248 30474 54621

52137 47999 58983 39836 71365

C mod1135549 32999 41573 28020 50052

49708 45902 56827 38311 68642

57559 53253 66190 44633 79827

 
 
 
 
 
 
 
 

0 8 5 4 6

8 6 1 5 8

C 8 10 4 3 2

10 10 1 9 2

7 2 3 6 0

 
 
 
 
 
 
 
 

vkSj C ,fyl dks çsf"kr dj nsrk gSA

lk>k dqath dk ifjdyu

,fyl ifjdfyr djrh gS%

a baS C B mod r 

3444 4322 1653 3279 2670

4376 4938 1784 3835 2854

S 4508 4800 1837 3888 2936

5564 5970 2186 4859 3634

3246 3460 1207 2720 2176

 
 
 
 
 
 
 
 

 mod 111
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1 10 3 1 8

9 10 2 7 5

S 9 4 0 5 10

9 8 8 8 4

1 6 8 3 9

 
 
 
 
 
 
 
 

v

c‚c ifjdyu djrk gS%

b abS A B mod r 

95635 70080 96143 60853 74511

115960 84567 116074 72915 90414

S mod1157154 39450 56034 35711 43933

111978 83432 113055 70540 87850

76242 55567 75732 48920 58672

 
 
 
 
 
 
 
 

1 10 3 1 8

9 10 2 7 5

S 9 4 0 5 10

9 8 8 8 4

1 6 8 3 9

 
 
 
 
 
 
 
 

pwafd vkO;wg ?kkrkad] xq.ku lkgp;Z fu;e dk ikyu djrk gS%

a b b a ab(B ) (B ) B mod r 

,fUØI'ku ;kstuk%

 ,fyl ,fUØI'ku çfØ;k dh 'kq#vkr ewy lans'k "SVNIT" ls djrh gSA pwafd ;g lans'k ik¡p v{kjksa
dk gS] og ,d iw.kZ vkys[k K5 cukrh gS vkSj çR;sd v{kj dks vkys[k ds 'kh"kksaZ ¼vertices½ ij ,d
fof'k"V lkadsfrd la[;kRed eku ¼encoded numerical value½ lkSairh gSA blds ckn] og fdukjksa
¼edges½ ds Hkkjksa ¼weights½ dh x.kuk mu lacaf/kr 'kh"kksaZ ds lkadsfrd ekuksa ds ijLij vuqikr
¼absolute difference½ ds :i esa djrh gSA

SVW | f(V) f(S) || 43 40 | 3   

VNW | f(N) f(V) || 31 43 | 12   

NIW | f(I) f(N) || 22 31| 9   

ITW | f(T) f(I) || 41 22 | 19   

TSW | f(S) f(T) || 40 41| 1     vkSj blh çdkj
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 ,fyl iw.kZ vkys[k K5 ls çkIr fd, x, fdukjksa ds Hkkjksa ¼edge weights½ ds vk/kkj ij Hkkfjr
vklUurk vkO;wg ¼weighted adjacency matrix½ dk fuekZ.k djrh gSA

S V N I T

S 0 3 9 18 1

V 3 0 12 21 9

M N 9 12 0 9 10

I 18 21 9 0 19

T 1 2 10 19 0

 
 
 
 
 
 
 
 

 ,sfyl çkjafHkd v{kj ds dwVc) eku ¼encoded value½ dks fod.kZ dh lcls Åijh&ck,¡ fLFkfr esa
fy[krh gSA

1

S V N I T

S 9 18 1

V 3 0 21 9

M N 9 12 0 10

I 18 21 9 0

T 1 2 10 19 0

40 3

12

9

19

 
 
 
 
 
 
 
 

 bls lk>k vkO;wg S ls xq.kk djds ,fyl ifjdfyr djrh gS

1

311 616 278 253 506

302 258 193 237 246

E M .S 208 342 203 195 258

307 540 248 267 510

280 222 159 217 194

 
 
 
  
 
 
 
 
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 blds ckn] bl vkO;wg dks psfc'kso&RSA¼Chebyshev-RSA scheme½ ;kstuk dk mi;ksx djds
,fUØIV fd;k tkrk gSA

c‚c nks vHkkT; la[;k,¡ p=23 rFkk q=29 pqurk gS] vkSj fuEufyf[kr x.kuk,¡ djrk gS%

N pq 23 29 667   

fQj og ifjdyu djrk gS%
* 2 2N (p 1)(q 1) 443520   

c‚c e 13  dk p;u djrk gS vkSj d dk ifjdyu bl çdkj ls djrk gS%

*ed 1mod N

d ds fy, gy djus ij] og çkIr djrk gS%

d 34117

fQj c‚c e vkSj N dks lkoZtfud dj nsrk gSA

 vc ,fyl ifjdyu djrh gS%

13F T (E) mod 667

472 503 490 414 506

293 394 497 488 478

F 24 6 464 356 394

606 540 480 400 548

410 613 246 565 542

 
 
 
 
 
 
 
 

,fyl vafre ,fUØIVsM eSfVªDl ds :i esa F dks c‚c dks Hkstrh gSA

fodwVu ;kstuk%

 c‚c viuh futh dqath dk mi;ksx djds çkIr djrk gS & 34117E T (F)mod 667

311 616 278 253 506

302 258 193 237 246

E 208 342 203 195 258

307 540 248 267 510

280 222 159 217 194

 
 
 
 
 
 
 
 

fodwVu çfØ;k dk lR;kiu fuEufyf[kr çdkj ls fd;k x;k gS%

d e deT (T (E) mod pq)mod pq T (E)mod pq

*de 1(1 1.N )
T (E) mod pq T (E) mod pq T (E) E


  

 vc] c‚c lk>k dqath vkO;wg 1S  ds O;qRØe ¼inverse½ ls E dks xq.kk djds M
1
 dks iqu% çkIr djrk gSA
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
1

311 616 278 253 506 2880 4320 1728 3744 3744

302 258 193 237 246 1110 315 522 156 651
1

M1 E.S .208 342 203 195 258 1212 2610 252 2328 942
9504

307 540 248 267 510 5392 7032 1968 5056 5320

280 222 159 217 194 340 246 588



  
    
    
 

   
     904 970

 
 
 
 
 
 
 
 

 1

S V N I T

S 9 18 1

V 3 0 21 9

M N 9 12 0 10

I 18 21 9 0

T 1 2 10 19 0

40 3

12

9

19

 
 
 
 
 
 
 
 

c‚c Hkkfjr vklUurk vkO;wg ¼weighted adja-

cency matrix½ ds fod.kZ ¼diagonal½ dh çFke çfof"V
¼entry½ ds lkFk lqij&fod.kZ ¼super-diagonal½
çfof"V;ksa dk mi;ksx djrk gSA ,d ljy x.kuk
çfØ;k ds ek/;e ls] og iw.kZ vkys[k ¼complete

graph½ dk iqufuZekZ.k djrk gSA bl iqufuZfeZr vkys[k
vkSj ,UdksMsM rkfydk ¼encoded table½ dk mi;ksx
djds] c‚c ewy lans'k  SVNIT dks lQyrkiwoZd
fMdksM djrk gSA

fu"d"kZ

çLrkfor ,fUØI'ku rduhd vkys[k fl)kar]
dqath fofue; ra=] vkSj psfc'kso cgqinksa ds lkFk
RSA ,fUØI'ku dk lQyrkiwoZd ,dhdj.k djrh
gS] bl çdkj  ,d cgq&Lrjh; lqj{kk –f"Vdks.k çnku
djrh gSA iw.kZ vkys[k dh Hkkfjr vklUurk vkO;wg dk
mi;ksx djds] ;g fof/k lans'k dks dq'kyrkiwoZd
,UdksM djrs gq, etcwr xw<+kys[kh lqj{kk Hkh lqfuf'pr
djrh gS [14]A fM¶Qh&gsyeSu vkO;wg & vk/kkfjr
dqath fofue; lk>k xqIr O;qRifÙk ¼shared secret

derivation½ ds ek/;e ls xksiuh;rk dks c<+krk gS]

tcfd psfc'kso cgqinksa dk vjktd O;ogkj ,fUØI'ku
dks geyksa ds çfr vf/kd çfrjks/kh cukrk gSA

ikjaifjd xw<+kys[kh rduhdksa dh rqyuk esa] ;g
–f"Vdks.k fMLØhV y‚xfjn~e leL;k vkSj iw.kkaZd
xq.ku[kaMu leL;k nksuksa dk ykHk ,d lkFk mBkrk gS]
ftlls laHkkfor geykojksa ds fy, tfVyrk dkQh
c<+ tkrh gSA çLrkfor ;kstuk u dsoy etcwr lqj{kk
vkSj x.kukRed n{krk lqfuf'pr djrh gS] cfYd ;g
lqjf{kr lapkj vkSj MsVk lqj{kk esa okLrfod vuqç;ksxksa
ds fy, Hkh mi;qä gSA

Hkfo"; ds vuqla/kku dk nk;jk

bl ç.kkyh dh x.kukRed n{krk dks vuqdwfyr
djus] DokaVe geyksa ds çfr çfrjks/k dk vUos"k.k
djus] vkSj bls Cy‚dpsu rFkk lqjf{kr DykmM daI;wfVax
tSls {ks=ksa esa foLrkfjr djus ij dsafær gks ldrk gSA
;g v/;;u vkys[k & fl)kar vk/kkfjr dwVys[ku
dks la[;k&lS)kafrd ¼number-theoretic½ lqj{kk
fl)karksa ds lkFk la;ksftr djus dh laHkkoukvksa dks
n'kkZrs gq, vk/kqfud fØIVksxzkfQd ç.kkfy;ksa dh çxfr
esa ,d egRoiw.kZ ;ksxnku nsrk gSA
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lkjka’k

;g 'kks/ki= ikjaifjd Hkkjrh; iapkax ç.kkyh vkSj vk/kqfud xzsxksfj;u dky x.kuk ç.kkyh ds chp ,d
cgqvk;keh rqyukRed v/;;u çLrqr djrk gS] ftlesa nksuksa ç.kkfy;ksa dh mRifÙk] lajpuk] [kxksyh; fl)kar]
lkaL—frd egRo vkSj oSKkfud oS/krk dk fo'ys"k.k fd;k x;k gSA Hkkjrh; iapkax] tks frfFk] u{k=] ;ksx] dj.k
vkSj okj tSls ik¡p vaxksa ij vk/kkfjr gS] u dsoy /kkfeZd vkSj lkaL—frd thou dk vfHkUu vax gS] cfYd
[kxksyh; x.kukvksa dh –f"V ls Hkh vR;ar le)̀ gSA blds foijhr] vk/kqfud dky x.kuk ç.kkyh tSls xzsxksfj;u
dSysaMj] lkSj o"kZ ij vk/kkfjr ,d oSf'od ekud gS] tks ç'kklfud vkSj oSKkfud vko';drkvksa dh iwfrZ djrk
gSA 'kks/k esa iapkax dh ,sfrgkfld i`"BHkwfe dks osnkax T;ksfr"k] lw;Z fl)kar] vk;ZHkVh;] cg̀Rlafgrk vkSj fl)kar
f'kjksef.k tSls xzaFkksa ds ek/;e ls çLrqr fd;k x;k gS] ftlls ;g Li"V gksrk gS fd Hkkjrh; [kxksy'kkfL=;ksa
us le; ekiu dh vR;ar lVhd vkSj oSKkfud fof/k;k¡ fodflr dh FkhaA iapkax dh nks çeq[k fof/k;k¡&–d iapkax
vkSj okD; iapkax&dh rqyuk dh xbZ gS] tgk¡ –d iapkax vk/kqfud [kxksy MsVk ij vk/kkfjr gksrk gS vkSj okD;
iapkax ikjaifjd lw=ksa ijA

v/;;u esa o"kZ 2020 ls 2025 ds chp okjk.klh iapkax vkSj jk"Vªh; iapkax ¼CSIR-NPL½ esa mfYyf[kr
çeq[k [kxksyh; ?kVukvksa tSls lw;Z xzg.k] paæ xzg.k] laØkafr] v;u ifjorZu vkfn dk NASA, ISRO vkSj
Stellarium tSls vk/kqfud lzksrksa ls rqyukRed fo'ys"k.k fd;k x;k gSA ifj.kkeLo:i] 90% ls vf/kd ?kVukvksa
esa iw.kZ lkE; ik;k x;k] ftlls iapkax dh oSKkfud lVhdrk fl) gksrh gSA blds vfrfjä] 'kks/k esa ;g Hkh
n'kkZ;k x;k gS fd vk/kqfud fMftVy ;qx esa iapkax dh çklafxdrk cuh gqbZ gSA eksckby ,sIl] osclkbVsa vkSj
ljdkjh dSysaMj vc ÞMqvy MsV Q‚esZVß dks viukrs gSa] ftlesa ikjaifjd frfFk;k¡ vkSj xzsxksfj;u frfFk;k¡ ,d
lkFk nh tkrh gSaA ;g leUo; n'kkZrk gS fd ijaijk vkSj vk/kqfudrk ,d&nwljs ds iwjd cu ldrs gSaA

varr%] ;g 'kks/k bl ckr dh vksj ladsr djrk gS fd Hkfo"; esa ,d lefUor ̂gkbfczM dkyx.kuk ç.kkyh*
fodflr dh tk ldrh gS] tks Hkkjrh; lkaL—frd ewY;ksa vkSj vk/kqfud oSKkfud lVhdrk dks ,d lkFk lekfgr
dj ldsA ;g ç.kkyh u dsoy /kkfeZd vkSj lkekftd thou dks fn'kk nsxh] cfYd oSKkfud vuqla/kku vkSj
ç'kklfud dk;ksaZ esa Hkh mi;ksxh fl) gksxhA bl çdkj] ;g v/;;u iapkax foKku] [kxksy'kkL=] lkaL—frd
v/;;u vkSj fMftVy rduhdh ds leUo; ls le; ekiu ds ,d uohu vkSj loZekU; ekud dh uhao j[krk
gSA
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Abstract

This research paper presents a multidimensional comparative study between the traditional
Indian Panchang system and the modern Gregorian time-reckoning system, analyzing the origin,
structure, astronomical principles, cultural significance, and scientific validity of both systems. The
Indian Panchang, which is based on five components-Tithi (lunar day), Nakshatra (lunar constellation),
Yoga, Karana, and Vara (weekday)-is not only an integral part of religious and cultural life but is also
highly sophisticated from the perspective of astronomical calculations. In contrast, the modern time-
reckoning system, such as the Gregorian calendar, is a global standard based on the solar year and
fulfills administrative and scientific requirements.

The study presents the historical background of the Panchang through classical texts such as
Vedanga Jyotisha, Surya Siddhanta, Aryabhatiya, Brihat Samhita, and Siddhanta Shiromani, which
demonstrate that Indian astronomers had developed highly accurate and scientific methods of time
measurement. The two major methods of Panchang calculation-Drik Panchang and Vakya Panchang-
have been compared, where the Drik Panchang is based on modern astronomical data, while the
Vakya Panchang is based on traditional formulae.

The study also includes a comparative analysis of major astronomical events mentioned in the
Varanasi Panchang and the National Panchang (CSIR-NPL) between the years 2020 and 2025,
such as solar eclipses, lunar eclipses, Sankranti (solar transitions), and solstitial changes, with modern
sources like NASA, ISRO, and Stellarium. As a result, more than 90% of the events showed
complete agreement, thereby establishing the scientific accuracy of the Panchang. Additionally, the
research highlights that the Panchang remains relevant in the modern digital era. Mobile applications,
websites, and government calendars have now adopted a "dual date format," in which traditional
dates and Gregorian dates are presented together. This coordination demonstrates that tradition and
modernity can complement each other.

Finally, the research indicates the possibility of developing an integrated 'hybrid time-reckoning
system' in the future, which can incorporate Indian cultural values along with modern scientific
accuracy. Such a system would not only guide religious and social life but would also prove useful in
scientific research and administrative functions. Thus, this study lays the foundation for a new and
universally acceptable standard of time measurement through the integration of Panchang science,
astronomy, cultural studies, and digital technology.

eq[;'kCn% Hkkjrh; iapkax] xzsxksfj;u dSysaMj] lw;Z fl)kar] n`d iapkax] fMftVy iapkaxA

Key words: Indian Panchang, Gregorian Calendar, Surya Siddhanta, Drik Panchang, Digital
Panchang.

1- ifjp; (Introduction)

dky x.kuk ¼Time Reckoning½ u dsoy ekuo
lH;rk ds oSKkfud vkSj [kxksy'kkL=h; fodkl ls
tqM+h gS] cfYd ;g lkaL—frd] /kkfeZd vkSj ç'kklfud
lajpukvksa dk Hkh ewy vk/kkj jgh gSA çkjafHkd ekuo
lektksa us vkdk'kh; fiaMksa dh xfr ds vk/kkj ij
le; dks le>us dk ç;kl fd;k] ftlls iapkax
tSls tfVy le; fu/kkZj.k ra= fodflr gq,A Hkkjrh;

iapkax ç.kkyh u{k=ksa] xzgksa vkSj paæ&lkSj xfr;ksa ds
voyksdu ij vk/kkfjr gS] ftlesa le; dks ̂ frfFk^]
^okj^] ^u{k=^] ^dj.k^ vkSj ^;ksx^ tSls ik¡p vaxksa esa
foHkkftr fd;k x;k gS [1&3]A ;g ç.kkyh dsoy
le; ekiu dk midj.k ugha gS] cfYd Hkkjrh;
n'kZu] T;ksfr"k vkSj lkekftd thou dk vfHkUu
vax Hkh gSA Hkkjrh; iapkax ç.kkyh [kxksyh; fujh{k.kksa
vkSj oSfnd n'kZu ij vk/kkfjr ,d Lons'kh fof/k ds
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:i esa fodflr gqbZ [4]A blds foijhr] vk/kqfud
dky x.kuk ç.kkyh tSls xzsxksfj;u dSysaMj] T;wfy;u
dSysaMj vkfn oSKkfud Økafr vkSj vkSifuosf'kd dky
esa oSf'od ekudhdj.k dh vko';drk ds rgr
fodflr gq, [5]A buesa i`Foh dh lw;Z ds pkjksa vksj
xfr dks vk/kkj ekudj fnu] lIrkg] eghuksa vkSj
o"kksaZ dk fu/kkZj.k fd;k x;k [6]A vk/kqfud ç.kkyh
esa varjkZ"Vªh; leUo; vkSj rduhdh ,d:irk dks
çkFkfedrk nh xbZ] tcfd lkaL—frd fofo/krk dks
vis{kk—r de egRo feykA

vkt dh oSf'od nqfu;k esa ;g vR;ar vko';d
gks x;k gS fd ge Hkkjrh; iapkax ç.kkyh vkSj
vk/kqfud dky x.kuk ç.kkyh ds chp varj dks dsoy
,d rqyukRed –f"Vdks.k ls u ns[ksa] cfYd ;g Hkh
le>sa fd fdl çdkj ;s nksuksa ç.kkfy;k¡ ,d&nwljs
dh iwjd cu ldrh gSaA oSf'odj.k vkSj rduhdh
,dhdj.k ds bl ;qx esa tgk¡ ,d vksj varjkZ"Vªh;
ekudhdj.k dh vko';drk gS] ogha nwljh vksj LFkkuh;
lkaL—frd ewY;ksa] ijaijkvksa vkSj igpku dks cuk,
j[kuk Hkh mruk gh egRoiw.kZ gSA bl }S/k vko';drk
dks /;ku esa j[krs gq,] Hkkjr ljdkj vkSj fofHkUu
'kkldh; ,oa 'kSf{kd laLFkkuksa }kjk çdkf'kr iapkaxksa
esa ikjaifjd Hkkjrh; frfFk ds lkFk&lkFk xzsxksfj;u
dSysaMj dh frfFk;k¡ Hkh Li"V :i ls vafdr dh tkrh
gSa [7]A ;g leUo; n'kkZrk gS fd vk/kqfud foKku
dh lVhdrk vkSj ikjaifjd Kku dh lkaL—frd xgjkbZ
dks ,d lkFk ykuk laHko gSA mnkgj.k ds fy,] o"kZ
2021 esa jk"Vªh; HkkSfrd ç;ksx'kkyk ¼NPL½ }kjk
çdkf'kr jk"Vªh; iapkax esa Hkkjrh; lkSj dSysaMj dh
frfFk;k¡ vkSj xzsxksfj;u frfFk;k¡ ,d gh rkfydk esa
lekfgr dh xbZ FkhaA blds lkFk&lkFk fnu ds
lw;ksZn;&lw;kZLr] paæ xzg.k] frfFk] u{k=] dj.k vkfn
Hkh oSKkfud fof/k;ksa ls ifjdfyr fd, x, Fks] ftlls
;g iapkax /kkfeZd vuq"Bkuksa ds lkFk&lkFk oSKkfud
vuqla/kkuksa ds fy, Hkh mi;ksxh fl) gqvk [7]A ;g
dsoy ç'kklfud lgwfy;r gh ugha] cfYd lkaLÑfrd
lejlrk vkSj oSKkfud vfHklj.k dk çrhd Hkh gSA

;g lefUor –f"Vdks.k u dsoy vke tuekul
dks le; ds lanHkZ esa vf/kd Li"Vrk vkSj lqfo/kk
çnku djrk gS] cfYd ;g ns'k dh fofo/k /kkfeZd]
Hkk"kkbZ vkSj lkaL—frd vko';drkvksa dks Hkh lekfgr
djrk gSA fMftVy bafM;k dk;ZØe ds varxZr dbZ
eksckby ,sIl vkSj osclkbVsa Hkh vc ÞMqvy MsV Q‚esZVß
dks viukrh gSa] ftlls ikjaifjd /kkfeZd ioksaZ dh
frfFk;ksa dks xzsxksfj;u fnukad ds lkFk le>uk vkSj
lk>k djuk vklku gks x;k gSA ;g ço`fÙk n'kkZrh gS
fd iapkax dh ijaijk dsoy thfor gh ugha gS] cfYd
og rduhd ds lkFk rkyesy fcBkdj vkxs c<+ jgh
gSA bl çdkj] nksuksa ç.kkfy;ksa dk lgvfLrRo u
dsoy O;kogkfjd –f"V ls mi;ksxh gS] cfYd ;g ,d
xgjh lH;rkxr le> dk mnkgj.k Hkh çLrqr djrk
gS] tgk¡ ijaijk vkSj vk/kqfudrk ,d&nwljs dk
fojks/k ugha] cfYd ijLij iwjd cu ldrs gSaA

bl 'kks/ki= esa ge iapkax vkSj vk/kqfud le;
x.kuk dh nk'kZfud uhao] mudh lajpuk vkSj
O;kogkfjd ç;ksxksa dh rqyukRed leh{kk çLrqr
djsaxsA ;g v/;;u u dsoy ,sfrgkfld lanHkZ esa
egRoiw.kZ gS] cfYd ;g Hkfo"; esa le; fu/kkZj.k dh
,d lefUor ç.kkyh ds fodkl dh fn'kk Hkh lq>k
ldrk gSA ;g 'kks/k Hkkjrh; iapkax vkSj vk/kqfud
le; ç.kkyh dh nk'kZfud i`"BHkwfe] lajpukRed
?kVdksa vkSj O;kogkfjd vuqç;ksxksa dh iM+rky rks
djrk gh gS] lkFk es bldk mís'; nksuksa ç.kkfy;ksa
dh fo'ks"krkvksa] lekurkvksa vkSj muds laHkkfor
leUo; dh laHkkoukvksa dks mtkxj djuk Hkh gSA

2- vuqla/kku mís'; (Research Objectives)

bl v/;;u dk eq[; mís'; Hkkjrh; iapkax
ç.kkyh vkSj vk/kqfud dky x.kuk i)fr ds chp
rqyukRed fo'ys"k.k djrs gq, mu varfuZfgr rRoksa
dks mtkxj djuk gS tks lkaL—frd] oSKkfud rFkk
lkekftd –f"Vdks.k ls nksuksa ç.kkfy;ksa dks tksM+rs gSaA
;g 'kks/k fuEufyf[kr fof'k"V mís';ksa dh iwfrZ gsrq
fd;k x;k gS%
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1- Hkkjrh; iapkax ç.kkyh ds ewyHkwr fl)karksa
dk fo'ys"k.k djuk] tSls fd frfFk] okj] u{k=] ;ksx
vkSj dj.k] rFkk muds [kxksyh; vk/kkjksa dks le>ukA

2- vk/kqfud xzsxksfj;u dkyx.kuk ç.kkyh dh
lajpuk vkSj oSKkfud vk/kkjksa dk ijh{k.k djuk]
fo'ks"kdj [kxksyh; lek;kstu ¼tSls yhi o"kZ½ ,oa
le; fu/kkZj.k dh i)fr;ksa dksA

3- Hkkjrh; iapkax vkSj xzsxksfj;u dSysaMj ds
chp rqyukRed v/;;u çLrqr djuk & tSls ekfld
foHkktu] uoo"kZ dh vo/kkj.kk] /kkfeZd o lkekftd
ioksaZ dh frfFk fu/kkZj.k ç.kkyh bR;kfnA

4- ;g ewY;kadu djuk fd orZeku Hkkjrh;
ç'kklfud] lkekftd vkSj /kkfeZd thou esa nksuksa
ç.kkfy;k¡ fdl çdkj lg&vfLrRo esa gSa] fo'ks"kdj
ljdkjh iapkax] fo|ky;hu 'kS{kf.kd dSysaMj]
ioZ&R;ksgkjksa dh frfFk fu/kkZj.k vkfn {ks=ksa esaA

5- ;g v/;;u djuk fd orZeku fMftVy ;qx
esa iapkax dh çklafxdrk dks fdl çdkj cuk, j[kk
x;k gS rFkk eksckby ,sIl] v‚uykbu IysVQ‚eZ~l o
fMftVy iapkaxksa ds ek/;e ls nksuksa ç.kkfy;ksa dk
leUo; dSls gks jgk gSA

6- ;g lq>ko nsuk fd nksuksa ç.kkfy;ksa ds e/;
vkSj vf/kd oSKkfud rFkk lkaL—frd leUo; dSls
LFkkfir fd;k tk ldrk gS] ftlls Hkfo"; dh
dkyx.kuk vf/kd lqlaxr vkSj loZekU; cu ldsA

2-1 ,sfrgkfld i`"BHkwfe

Hkkjrh; iapkax dh tM+sa çkphu oSfnd lkfgR; esa
xgjkbZ ls fufgr gSaA iapkax u dsoy ,d [kxksyh;
dSysaMj gS] cfYd ;g Hkkjr dh n'kZuh; vkSj
vk/;kfRed laL—fr dk Hkh ,d egRoiw.kZ niZ.k gSA
bldk çkjafHkd Lo:i gesa osnkax T;ksfr"k esa ns[kus
dks feyrk gS] ftldh jpuk yxHkx 1400 bZlk iwoZ
esa ekuh tkrh gSA ;g xzaFk eq[;r% ;tqosZn vkSj _Xosn
ds lkFk layXu gS] vkSj blesa mu [kxksyh; x.kukvksa
dk fooj.k gS tks oSfnd ;Kksa vkSj vuq"Bkuksa dh frfFk
vkSj eqgwrZ r; djus ds fy, vko';d Fks [8]A osnkax

T;ksfr"k esa o"kZ dh yEckbZ] paæ&lkSj lek;kstu] _rqvksa
dh x.kuk] u{k=ksa dk fooj.k vkfn fo"k;ksa dks xf.krh;
:i ls O;ä fd;k x;k gSA blesa 27 u{k=ksa dh
vo/kkj.kk] frfFk;ksa dh x.kuk] rFkk lkSj rFkk paæ
ekl dk larqyu Li"V :i ls of.kZr gSA blds vuqlkj
,d u{k= o"kZ dh yackbZ yxHkx 366-25 fnu ekuh
xbZ Fkh] tks vkt ds [kxksyh; vuqekuksa ls vR;ar
fudV gSA ;g ml dky ds Hkkjrh;ksa dh [kxksyh;
lw{e–f"V dks n'kkZrk gS [9]A

dkykarj esa iapkax x.kuk dh ijaijk dks vkSj
vf/kd oSKkfud :i çnku djus dk dk;Z egku
[kxksy'kkfL=;ksa us fd;k] ftuds çeq[k ;ksxnkuks
dk fooj.k uhps fn;k x;k gS &

vk;ZHkV ¼476 bZ-½

vk;ZHkV us viuh çfl) —fr ^vk;ZHkVh;* esa
igyh ckj i`Foh dh ?kw.kZu xfr] xzg.kksa dh oSKkfud
O;k[;k vkSj f=dks.kferh; x.kukvksa ds ek/;e ls
iapkax dh x.kukvksa dks etcwr vk/kkj çnku fd;kA
mUgksaus frfFk] u{k=] v;uka'k vkSj paæ&lkSj lek;kstu
dh x.kuk dks f=dks.kfefr vkSj chtxf.kr ds ç;ksx
ls O;ofLFkr fd;k [10]11]A

ojkgfefgj ¼505&587 bZ-½

ojkgfefgj dh jpuk ^cg̀Rlafgrk* esa [kxksy]
T;ksfr"k vkSj dky x.kuk ls lacaf/kr cgqewY; tkudkjh
nh xbZ gSA mUgksaus iapkax dks çk;ksfxd :i ls mi;ksxh
cukus ds fy, ekSle] xzg.k] o"kkZ] u{k= çHkko vkfn
dks Hkh tksM+kA muds ;ksxnku us iapkax dks [kxksy'kkL=
ls tksM+dj ,d cgqvk;keh midj.k ds :i esa LFkkfir
fd;k [12]A

HkkLdjkpk;Z  ¼1114&1185 bZ-½

HkkLdjkpk;Z dh jpuk ̂ fl)kar f'kjksef.k* iapkax
x.kuk dk ,d vR;ar ifj"—r mnkgj.k gSA blesa
mUgksaus xzgksa dh xfr] ;a=ksa dk mi;ksx] dyu fof/k;k¡
vkSj f=dks.kferh; lkj.kh çnku dha tks iapkax fuekZ.k
esa mi;ksx gksrh FkhaA mUgksaus xzsxksfj;u dSysaMj dh
iwoZorhZ xfrdh; x.kukvksa dks cgqr igys gh çLrqr
dj fn;k Fkk [9]A
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Hkkjrh; [kxksy'kkL=h; ijaijk ds bl fodklØe
dks dsoy xf.krh; lw=ksa rd lhfer ugha ekuk tk
ldrk] cfYd ;g ,d fujarj fodflr gksrh oSKkfud
psruk dk ifj.kke gSA M‚- eksguyky xqIr ds vuqlkj]
Hkkjrh; T;ksfr"k dk bfrgkl osnksa ds deZdkaMh;
T;ksfr"k ls ysdj fl)karksa ds xf.krh; ifj"dkj rd
dh ,d xkSjo'kkyh ;k=k gSA çkphu fo}kuksa }kjk
LFkkfir ;g vk/kkj vkt Hkh gekjh dkyx.kuk
ç.kkfy;ksa dks ,d lq–<+ ,sfrgkfld vkSj nk'kZfud
i`"BHkwfe çnku djrk gS] tks le; dks dsoy x.kuk
ugha cfYd ,d czãkaMh; çokg ds :i esa LFkkfir
djrk gS [13]A bu fo}kuksa ds ;ksxnku us Hkkjrh;
iapkax dks dsoy /kkfeZd vkSj lkaL—frd midj.k u
jgdj oSKkfud [kxksy x.kuk ç.kkyh ds :i esa Hkh
çfrf"Br fd;kA blds ifj.kkeLo:i] iapkax ç.kkyh
Hkkjr esa ,d thfor ijaijk cu xbZ] tks vkt Hkh
/kkfeZd dk;ksaZ ls ysdj [kxksyfoKku rd fofo/k {ks=ksa
esa mi;ksx gksrh gSA orZeku esa Hkh Hkkjrh; iapkax
ç.kkyh dk egRo de ugha gqvk gSA CSIR–National

Physical Laboratory ¼2021½ dh fjiksVZ ds vuqlkj]
Hkkjr ljdkj }kjk çdkf'kr jk"Vªh; iapkax esa ikjaifjd
frfFk;ksa ds lkFk&lkFk UTC vk/kkfjr xzsxksfj;u rkjh[ksa
Hkh nh tkrh gSa] rkfd ;g nksuksa çdkj dh le;
ç.kkfy;ksa ds chp leUo; LFkkfir dj lds [7]A ;g
bl ckr dk çek.k gS fd çkphu Hkkjrh; ç.kkyh
vkt Hkh ledkyhu oSKkfud –f"Vdks.k ls esy [kk
ldrh gSA

3- dk;Zç.kkyh (Methodology)

;g 'kks/k ,d xq.kkRed ¼Qualitative½ ,oa
o.kZukRed ¼Descriptive½ i)fr ij vk/kkfjr gS]
ftldk mís'; Hkkjrh; iapkax ç.kkyh vkSj vk/kqfud
xzsxksfj;u dSysaMj ç.kkyh ds e/; rqyukRed fo'ys"k.k
çLrqr djuk gSA vuqla/kku dh dk;Zç.kkyh dks
fuEufyf[kr fcanqvksa esa foHkkftr fd;k x;k gS%

3-1 lkfgR; losZ{k.k (Literature Review)

çkjafHkd pj.k esa çkphu xzaFkksa ¼tSls osnkax T;ksfr"k]
lw;Z fl)kar] iapfl)kfUrdk½] Hkkjrh; T;ksfr"kh; xzaFkksa]

,oa vk/kqfud 'kks/ki=ksa] fjiksVksaZ] rFkk iapkaxksa dk xgu
v/;;u fd;k x;kA blesa fo'ks"k :i ls fuEu lzksrksa
dks vk/kkj cuk;k x;k%

 vk;ZHkV] ojkgfefgj] HkkLdjkpk;Z ds
xf.kr&T;ksfr"k xzaFk

 CSIR-NPL }kjk çdkf'kr oSKkfud iapkax
,oa dkyx.kuk ifji= ¼2021½

 vk/kqfud if=dkvksa ,oa 'kks/k vkys[kksa tSls
Indian Journal of History of Science ,oa
Journal of Indian Science & Culture esa
çdkf'kr vkys[k

3-2 rqyukRed fo'ys"k.k (Comparative

Analysis)

Hkkjrh; iapkax ,oa xzsxksfj;u dSysaMj ds fofHkUu
vk;keksa ¼tSls frfFk x.kuk] ekl fu/kkZj.k] uoo"kZ
vkjaHk] ioZ&R;ksgkj dh frfFk] dky [k.M vkfn½ dk
rqyukRed fo'ys"k.k rkfydkRed vkSj o.kZukRed
:i ls fd;k x;kA

3-3 okLrfod iapkaxksa dk fo'ys"k.k ¼Pri-

mary Source Analysis½

o"kZ 2020&2025 ds fofHkUu çeq[k iapkaxksa dk
p;u dj muds MsVk dk ijh{k.k fd;k x;k] tSls%

 okjk.klh iapkax

 jk"Vªh; iapkax ¼CSIR-NPL½] bu iapkaxksa esa
mfYyf[kr frfFk;ksa] xzg.kksa] lw;Z&paæ dh fLFkfr vkfn
dh rqyuk oSKkfud l‚¶Vos;j vkSj os/k'kkykvksa ds
MsVk ls dh xbZA

3-4 fo'ks"kKksa ls laokn (Interviews/Con-

sultation)

ikjaifjd T;ksfr"kkpk;ksaZ] [kxksyfonksa vkSj le;
ekiu ds oSKkfudksa ls laokn ,oa fopkj&foe'kZ dj
O;kogkfjd ,oa lkaL—frd igyqvksa dks le>k x;kA
blls iapkax dh lkekftd çklafxdrk ij xgu
var–Zf"V çkIr gqbZA
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3-5 fMftVy ek/;eksa dk mi;ksx

Google Calendar, Drik Panchang App,
ISRO dk Web-based Ephemeris] vkSj NPL ds
Time Synchronization Tools dk mi;ksx dj iapkax
dh x.kukvksa vkSj xzsxksfj;u dSysaMj ds leUo; dk
ewY;kadu fd;k x;kA

4- ifj.kke ,oa fo'ys"k.k (Results and Dis-

cussion)

bl v/;;u ls çkIr fu"d"kZ n'kkZrs gSa fd Hkkjrh;
iapkax ç.kkyh vkSj vk/kqfud xzsxksfj;u dkyx.kuk
ç.kkyh vius&vius mís';] lkaL—frd lUnHkZ vkSj
oSKkfud vk/kkj ds vuq:i fodflr gqbZ gSaA foLrr̀
fo'ys"k.k ls fuEufyf[kr çeq[k fcanq mHkj dj lkeus
vk, gSa%

4-1- Hkkjrh; iapkax % n'kZu vkSj <k¡pk

"iapkax" ¼laL—r% iap+++vax½ dk vFkZ gS ik¡p vaxksa
okyk] tks fgUnw dky x.kuk dh ik¡p çeq[k bdkb;k¡
gSa] ftudk fooj.k uhps fn;k x;k gS &

1- frfFk ¼paæ fnol½

frfFk dk vFkZ gksrk gS paæek vkSj lw;Z ds chp
ds dks.kh; varj ij vk/kkfjr ,d [kxksyh; fnolA
tc paæek lw;Z ls 12 va'k vkxs c<+rk gS] rks ,d frfFk
iwjh gksrh gSA bl çdkj ,d paæ ekl esa dqy 30
frfFk;k¡ gksrh gSa & 15 'kqDy i{k ¼vekoL;k ls iwf.kZek
rd½ vkSj 15 —".k i{k ¼iwf.kZek ls vekoL;k rd½A
çR;sd frfFk dk ,d fo'ks"k uke gksrk gS] tSls çfrink]
f}rh;k] r`rh;k--- prqnZ'kh] iwf.kZek@vekoL;kA

fo'ks"krk% frfFk /kkfeZd ioksaZ vkSj ozrksa ds
fu/kkZj.k dk lcls egRoiw.kZ vax gSA mnkgj.k% nhikoyh
vekoL;k dks] vkSj gksyh iwf.kZek dks eukbZ tkrh gSA

2- u{k= ¼paæ u{k=½

u{k= os 27 ¼;k dqN iapkaxksa esa 28½ [kxksyh;
{ks= gSa] ftuesa paæek viuh ifjØek ds nkSjku Øe'k%
ços'k djrk gSA gj u{k= dk foLrkj yxHkx 13 va'k
20 dyk gksrk gSA 27 eq[; u{k=ksa esa ls dqN çeq[k gSa%

vf'ouh] jksfg.kh] e`xf'kjk] iquoZlq] iq";] Jo.k vkfnA
çR;sd u{k= dk ,d Lokeh xzg vkSj ,d fo'ks"k çHkko
ekuk x;k gSA

u{k=ksa ds çHkko vkSj muds vk/kkj ij ekuoh;
thou rFkk le; ds lw{e fo'ys"k.k dks le>us ds
fy, 'Hkx̀qlafgrk' ,d vk/kkjHkwr xzaFk gSA lw;Zdkar >k
}kjk vuwfnr bl lafgrk ds vuqlkj] çR;sd u{k= dk
u dsoy viuk [kxksyh; egRo gS] cfYd og fof'k"V
eqgwrZ vkSj ekuoh; fu;fr ds fu/kkZj.k esa Hkh fu.kkZ;d
Hkwfedk fuHkkrk gSA iapkax esa ç;qä u{k= x.kuk vkSj
Qfyr T;ksfr"k ds chp ds bl xgjs laca/k dks Hk̀xqlafgrk
ds ek/;e ls oSKkfud vkSj nk'kZfud vk/kkj çkIr
gksrk gS [14]A

ç;ksx% u{k=ksa dk mi;ksx eqgwrZ fu/kkZj.k]
tUeif=dk fuekZ.k vkSj fookg tSls ekaxfyd dk;ksaZ
esa gksrk gSA

3- ;ksx ¼xzgksa dk la;kstu½

;ksx dh x.kuk lw;Z vkSj paæek dh yafcr fLFkfr
¼longitude½ dks tksM+dj dh tkrh gSA tc ;g ;ksxQy
13 va'k 20 dyk ls c<+rk gS] rks ,d u;k ;ksx curk
gSA dqy 27 ;ksx ekus tkrs gSa tSls& fo"dqaHk] çhfr]
vk;q"eku] lkSHkkX;] 'kksHku vkfnA çR;sd ;ksx dk 'kqHk
;k v'kqHk çHkko ekuk x;k gS] vkSj budk mi;ksx 'kqHk
dk;ksaZ ds p;u esa fd;k tkrk gSA tSls ;fn "'kksHku
;ksx" gks] rks fookg] ;k=k tSls dk;Z 'kqHk ekus tkrs
gSa] tcfd "O;rhikr" ;ksx esa dk;Z Vkyuk pkfg,A

4- dj.k ¼vk/kk frfFk½

dj.k og [kxksyh; dky gS tks ,d frfFk ds
vk/ks Hkkx dks n'kkZrk gSA gj frfFk ds nks dj.k gksrs
gSa&,d iwokZ/kZ dk vkSj ,d mÙkjk/kZ dkA dqy 11
dj.k gksrs gSa] ftuesa ls 4 LFkk;h ¼fixed½ vkSj 7 pkyw
¼repeating½ gksrs gSaA LFkk;h dj.k% 'kdqfu] prq"in]
ukx] fdaLrq?u ,oa pkyw dj.k% co] ckyo] dkSyo]
rSfry] xj] of.kt] fof"VA dj.kksa ds vk/kkj ij Hkh
eqgwrZ fu/kkZfjr fd, tkrs gSaA mnkgj.kr% "fof"V dj.k"
dks Hkæk dgk tkrk gS] tks v'kqHk ekuk tkrk gSA
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5- okj ¼lIrkg dk fnu½

okj lkr fnuksa dk pØ gS% jfookj ls 'kfuokj
rdA çR;sd fnu dk uke ,d xzg ds vk/kkj ij j[kk
x;k gSA jfookj ¼lw;Z½] lkseokj ¼paæ½] eaxyokj ¼eaxy½]
cq/kokj ¼cq/k½] xq#okj ¼cg̀Lifr½] 'kqØokj ¼'kqØ½ vkSj
'kfuokj ¼'kfu½A

okj dk egRo% okj u dsoy fnu fu/kkZfjr djrk
gS] cfYd /kkfeZd ekU;rkvksa vkSj mioklksa ls Hkh tqM+k
gksrk gSA mnkgj.k% lkseokj dks f'ko iwtk] eaxyokj
dks guqeku miklukA

;g iapkax dk ,d LFkk;h vkSj vklkuh ls
igpku esa vkus okyk Hkkx gSA

;g ç.kkyh lw;Z] paæek ,oa vU; xzgksa dh lkis{k
fLFkfr ij vk/kkfjr gSA ;g ,d ywuh&lkSj ç.kkyh gS]
ftlesa eghuksa dh x.kuk paæ pj.kksa ij vk/kkfjr gksrh
gS ysfdu lkSj o"kZ ds vuqlkj lek;ksftr dh tkrh
gSA

fp= 1 % Hkkjrh; iapkax ds ikap vax

4-2 iapkax ds çdkj

Hkkjrh; iapkax ç.kkyh esa le;&fu/kkZj.k dh nks
çeq[k fof/k;k¡ çpfyr gSa%

1- –d iapkax ¼Drik Panchang½

2- okD; iapkax ¼Vakya Panchang½

bu nksuksa ds chp çeq[k varj mudh x.kuk dh
fof/k vkSj [kxksyh; –f"Vdks.k ij vk/kkfjr gksrk gSA

1- –d iapkax ¼Drik Panchang½ % Þ–dß
dk vFkZ gksrk gS "tks ns[kk x;k gks"A bl iapkax
ç.kkyh esa frfFk] u{k=] ;ksx vkfn dh x.kuk vk/kqfud
[kxksy foKku ds fl)karksa vkSj okLrfod le; esa
xzgksa dh fLFkfr ds vuqlkj dh tkrh gSA

çeq[k fo'ks"krk,¡%

 ;g iapkax LFkkuh; LFkku&fuHkZj gksrk gS &
vFkkZr~ fdlh Hkh fo'ks"k 'kgj ;k LFkku ds
fy, lw;ksZn;] paæksn;] xzg.k vkfn dh fLFkfr
fHkUu gks ldrh gSA

 bldh x.kuk,a NASA/JPL bQsesfjl MsVk
tSls vR;k/kqfud [kxksyh; lzksrksa ls esy
[kkrh gSaA

 vk/kqfud x.kuk l‚¶Vos;j tSls Jagannatha

Hora, Panchangam Calculators, vkSj
Mobile Apps vkfn blh fof/k dk ç;ksx
djrs gSaA

 ;g ç.kkyh Hkkjr esa mÙkj Hkkjr] egkjk"Vª]
xqtjkr] dukZVd vkfn {ks=ksa esa vf/kd
yksdfç; gSA

mnkgj.k%

vxj fdlh LFkku ij lw;ksZn; 06%05 AM gS
vkSj fdlh vU; LFkku ij 06%30 AM] rks ogk¡ dh
frfFk] eqgwrZ vkSj xzg fLFkfr fHkUu gks ldrh gSA –d
iapkax esa ;g fHkUurk lVhd :i ls ifjyf{kr gksrh
gSA

2- okD; iapkax ¼Vakya Panchang½% "okD;"

dk vFkZ gS Þlw= ;k dFkußA

okD; iapkax x.kuk,¡ çkphu lw=c) rkfydkvksa
¼vYxksfjnfed VscYl½ ij vk/kkfjr gksrh gSa] ftUgsa
HkkLdjkpk;Z] lkse;kth] uhydaB lkse;kth tSls fo}kuksa
us lSdM+ksa o"kZ igys rS;kj fd;k FkkA
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çeq[k fo'ks"krk,¡%

 ;g iapkax iwoZfu/kkZfjr okf"kZd [kxksyh;
rkfydkvksa ¼Vakya Khandas½ ij vk/kkfjr
gksrk gSA

 blesa xzgksa dh xfr vkSj fLFkfr dks fLFkj
ekurs gq, fu;ferrk ls vuqeku yxk;k tkrk
gS & ;kuh okLrfod le; dh xzg fLFkfr
dks v|ru ugha fd;k tkrkA

 ;g fo'ks"k :i ls rfeyukMq] dsjy vkSj dqN
nf{k.k Hkkjrh; leqnk;ksa esa vR;f/kd ekU;
vkSj yksdfç; gSA

 ;g ijaijkxr eBksa vkSj eafnjksa esa /kkfeZd
vuq"Bkuksa ds fy, ç;ksx fd;k tkrk gS]
D;ksafd bls 'kkL=h; ijaijk ds vuq:i ekuk
tkrk gSA

mnkgj.k% ;fn okD; iapkax ds vuqlkj vekoL;k
dk fnu lkseokj dks r; gS] rks og Hkys gh okLrfod
[kxksyh; –f"Vdks.k ls ,d fnu vkxs@ihNs gks tk,]
fQj Hkh mlesa dksbZ la'kks/ku ugha fd;k tk,xkA

bl çdkj ;g dgk tk ldrk gS fd nksuks
ç.kkfy;k¡ viuh&viuh –f"V ls egRoiw.kZ gSaA

 –d iapkax oSKkfud –f"Vdks.k vkSj vk/
kqfud rduhd ls ;qä gS] tks lVhd [kxksyh;
le; çnku djrk gSA

 ogha okD; iapkax ijaijk] fLFkjrk vkSj
/kkfeZd fof/k;ksa esa 'kq)rk ds fy, mi;ksxh
ekuk tkrk gSA

vkt ds le; esa dbZ iapkax fuekZrk bu nksuksa
dks feykdj ladj iapkax ¼Hybrid Panchang½ rS;kj

djrs gSa] ftlls ijaijk vkSj vk/kqfudrk dk larqyu
cuk jgsA

4-3 paæ ekl vkSj vf/kekl ¼Intercalary

Month½

Hkkjrh; iapkax ç.kkyh esa eklksa dh x.kuk paæ
pØ ij vk/kkfjr gksrh gS] ftlesa ,d paæ ekl
¼Lunar Month½ ml vof/k dks dgrs gSa tks paæek
dks i`Foh dh ifjØek djrs gq, vekoL;k ls vxyh
vekoL;k ;k iwf.kZek ls vxyh iwf.kZek rd yxrh gSA
;g vof/k yxHkx 29-53 fnu dh gksrh gS [15]A bl
çdkj] ,d paæ o"kZ esa dqy 12 paæ ekl gksrs gSa]
ftudh dqy vof/k yxHkx 354 fnu gksrh gSA

leL;k % panz vkSj lkSj o"kZ dk varj

gkyk¡fd ;g fof/k [kxksyh; –f"V ls lVhd gS]
fdarq ;g lkSj o"kZ ¼365-24 fnu½ dh rqyuk esa yxHkx
11 fnu NksVk gksrk gSA ;fn bl varj dks lek;ksftr
u fd;k tk,] rks /khjs&/khjs _rq pØ vkSj ioZ&R;ksgkj
,d&nwljs ls vlaxr gks tkrs gSaA mnkgj.k ds fy,]
gksyh tSls olar _rq ds ioZ /khjs&/khjs 'kjn _rq esa
LFkkukarfjr gks ldrs gSaA

lek/kku % vf/kekl ¼Intercalary Month½

bl leL;k ds lek/kku gsrq Hkkjrh; iapkax esa
gj 2-5 ls 3 o"kksaZ esa ,d vf/kekl tksM+k tkrk gS] ftls
^ey ekl^ ;k ̂iq#"kksÙke ekl^ Hkh dgk tkrk gSA ;g
ekl rHkh tksM+k tkrk gS tc ,d lkSj ekl ds Hkhrj
nks vekoL;k,¡ vk tkrh gSa] vkSj ml vof/k esa dksbZ
laØkafr ¼lw;Z ds jkf'k ifjorZu½ ugha gksrh [8]16]A
vf/kekl ,d varjkyh; ekg gksrk gS tks R;ksgkjksa dh
_rqvksa ds lkFk laxfr cuk, j[kus esa lgk;d gksrk
gSA
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fp= 2 % lw;Zo"kZ ,oa paæo"kZ ds e/; dky&varj rFkk vf/kekl dh Hkwfedk dks n'kkZus okyk
;kstukRed ¶ykspkVZ] ftlds ek/;e ls paæ iapkax dk lw;Zo"kZ ,oa _rq&pØ ds lkFk leUo;

çnf'kZr fd;k x;k gS
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Hkkjrh; iapkax dh lcls fof'k"V oSKkfud
fo'ks"krk bldh ywuh&lkSj ¼Luni-Solar½ leUo;
ç.kkyh gS] tks lkSj o"kZ vkSj paæ o"kZ ds chp ds varj
dks lVhd :i ls larqfyr djrh gSA [kxksyh; x.kuk
ds vuqlkj] ,d paæ o"kZ ¼yxHkx 354 fnu½ lkSj o"kZ
¼yxHkx 365-24 fnu½ ls yxHkx 11 fnu NksVk gksrk
gSA ;fn bl varj dks lek;ksftr u fd;k tk,] rks
çR;sd rhu o"kZ esa _rq pØ vkSj iapkax frfFk;ksa esa
yxHkx ,d eghus dk varj vk tk,xk] ftlls olar
ds R;ksgkj 'kjn _rq esa LFkkukarfjr gks ldrs gSaA bl
folaxfr dks nwj djus ds fy,] Hkkjrh; [kxksy'kkfL=;ksa
us ̂vf/kekl^ ¼ey ekl½ dh vo/kkj.kk fodflr dhA
xf.krh; :i ls] tc 32 ekg] 16 fnu vkSj 4 ?kM+h
dk le; chr tkrk gS] rc ;g 11&11 fnuksa dk
lafpr varj ,d iw.kZ paæ ekl ds cjkcj gks tkrk gSA
rduhdh :i ls] vf/kekl og paæ ekl gS ftlesa lw;Z
dh dksbZ ̂ laØkafr^ ¼,d jkf'k ls nwljh jkf'k esa ços'k½
ugha gksrhA ;g ç.kkyh u dsoy [kxksyh; –f"V ls
lVhd gS] cfYd ;g çkphu jkseu ;k twfy;u dSysaMj
dh rqyuk es a dgha vf/kd mUur varjkyh;
¼Intercalation½ fof/k çLrqr djrh gS] tks gtkjksa o"kksaZ
ls Hkkjrh; ioksaZ dks mudh ewy _rqvksa ds lkFk
cka/ks gq, gS

/kkfeZd o lkaL—frd egRo

gkyk¡fd vf/kekl esa dksbZ eq[; /kkfeZd ioZ ugha
euk;k tkrk] ijarq ;g fo'ks"k :i ls /;ku] riL;k]
ozr vkSj iwtk&ikB ds fy, mi;qä ekuk x;k gSA
iqjk.kksa esa iq#"kksÙke ekl dks Hkxoku fo".kq dks lefiZr
crk;k x;k gS vkSj bls fo'ks"k iq.; vtZu dk volj
ekuk x;k gS [17]A vf/kekl ds ek/;e ls Hkkjrh;
iapkax [kxksyh; x.kuk vkSj /kkfeZd ijaijk ds chp
larqyu cuk, j[krk gSA

oSKkfud –f"Vdks.k

vk/kqfud [kxksy'kkL= ds vuqlkj ;g vR;ar
çHkkoh vkSj çkphu baVjdys'ku ç.kkyh gS] tks xzhd
;k jkseu iapkaxksa dh rqyuk esa vf/kd lqlaxr gS [7]A
;g n'kkZrk gS fd Hkkjrh; [kxksy'kkL=h u dsoy
vkdk'kh; fiaMksa dh xfr dks le>rs Fks] cfYd
lkekftd&/kkfeZd thou ds vuq:i le; fu/kkZj.k
dh Hkh oSKkfud ;kstuk cuk ldrs FksA

4-4- vk/kqfud dky x.kuk ç.kkyh% fodkl
vkSj lajpuk

vk/kqfud dky x.kuk ç.kkyh dk ewy gS xzsxksfj;u
dSysaMj] ftls 1582 esa iksi xzsxksjh XIII us twfy;u
dSysaMj dh =qfV;ksa dks lq/kkjus ds fy, ykxw fd;kA
;g iwjh rjg ls lkSj o"kZ ij vk/kkfjr gS vkSj orZeku
esa varjjk"Vªh; ekud gSA

xzsxksfj;u dSysaMj dh lajpuk

 o"kZ% 365 fnu] çR;sd 4osa o"kZ esa yhi o"kZ
¼366 fnu½A

 eghus% 12 eghus] ftudh vof/k 28 ls 31
fnu rd gksrh gSA

 lIrkg% 7 fnuA

ijek.kq ?kfM+;ksa dh Hkwfedk

vk/kqfud foKku le; dh x.kuk ds fy,
ijek.kfod ekinaMksa dk mi;ksx djrk gS] fo'ks"kdj
lhft;e&133 ijek.kq dh daiu la[;k ds vk/kkj ij
ifjHkkf"kr ,lvkbZ lsdaMA ;g fof/k vR;f/kd lw{erk
ds lkFk le; ekius esa l{ke gS [18]A

Vkbe tksu vkSj ;wVhlh

lefUor oSf'od le; ¼UTC½ dks varjjk"Vªh;
ekud ds :i esa viuk;k x;k gS] ftlesa iF̀oh dh
?kw.kZu xfr esa ifjorZu dks lek;ksftr djus gsrq yhi
lsdaM tksM+s tkrs gSa [19]A
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5- rqyukRed fo'ys"k.k

rRo Hkkjrh; iapkax vk/kqfud dky x.kuk 
vk/kkj ywuh&lkSj lkSj ¼xzsxksfj;u½ 
le; bdkb;k¡ frfFk] u{k=] ;ksx vkfn fnu] eghuk] o"kZ 
lek;kstu iz.kkyh vf/kekl] {k;ekl yhi o"kZ] yhi lsdaM 
lkaLÑfrd Hkwfedk vR;f/kd lhfer 
[kxksyh; lVhdrk ikjaifjd x.kukvksa esa mPp ijekf.od lVhdrk 
LFkkuh; mi;ksx {ks=&fof’k"V iapkax oSf’od ekudhdj.k 
Hkfo";ok.kh {kerk xzg.k] xzg xkspj vkfn mixzg] GPS] [kxksyh; ?kVuk,¡ 

 

mijksä rkfydk dk fofL=r fooj.k fuEukuqlkj gS&

5-1- vk/kkj % Hkkjrh; iapkax ç.kkyh ywuh&lkSj
fl)kar ij vk/kkfjr gS] ftlesa paæ vkSj lkSj nksuksa
xfr;ksa dks lekfgr fd;k tkrk gSA blesa frfFk;k¡
paæek dh dykvksa ij vk/kkfjr gksrh gSa] tcfd eghuksa
dk fu/kkZj.k lw;Z dh fLFkfr ds vuqlkj fd;k tkrk gS
[8]17]A blds foijhr] vk/kqfud dky x.kuk ç.kkyh
tSls xzsxksfj;u dSysaMj iw.kZr% lkSj x.kuk ij vk/kkfjr
gS] tks i`Foh ds lw;Z ds pkjksa vksj ,d ifjØek dky
¼yxHkx 365-242 fnu½ ij dsafær gksrh gS [7]A

5-2- le; bdkb;k¡ % Hkkjrh; iapkax esa frfFk]
u{k=] ;ksx] dj.k vkSj okj tSlh lw{e [kxksyh;
bdkb;k¡ ç;qä gksrh gSa] tks T;ksfr"kh; vkSj /kkfeZd
dk;ksaZ ds fy, vR;ar egRoiw.kZ gSa [15]A ogha]
vk/kqfud dky x.kuk ç.kkyh fnu] eghuk vkSj o"kZ
tSls ljy le; ekidksa ij vk/kkfjr gksrh gS] tks
ç'kklfud vkSj oSKkfud ǹf""Vdks.k ls vf/kd lqlaxr
gSa [7]A

5-3- lek;kstu ç.kkyh % pw¡fd paæ o"kZ ¼yxHkx
354 fnu½ vkSj lkSj o"kZ ds chp ~11 fnuksa dk varj
gksrk gS] Hkkjrh; iapkax esa bls larqfyr djus ds fy,
vf/kekl tksM+k tkrk gS vkSj dHkh&dHkh {k;ekl
fudkyk tkrk gS [8]A nwljh vksj] vk/kqfud xzsxksfj;u
dSysaMj esa gj pkj o"kksaZ esa ,d fnu ¼yhi o"kZ½ tksM+k
tkrk gS] vkSj lVhdrk gsrq ijekf.od ?kfM+;ksa ds
vk/kkj ij dHkh&dHkh yhi lsdaM Hkh tksM+s tkrs gSa
[7]A

5-4- lkaL—frd Hkwfedk % Hkkjrh; iapkax
Hkkjrh; lekt dh /kkfeZd vkSj lkaL—frd
xfrfof/k;ksa dk ewy gSA blesa ozr] ioZ] fookg] laLdkj
vkfn dh frfFk;k¡ fu/kkZfjr dh tkrh gSa [15]16]A
blds foijhr] vk/kqfud dky x.kuk ç.kkyh eq[;r%
ukxfjd] ç'kklfud vkSj oSf'od dk;ksaZ ds fy, ç;qä
gksrh gS vkSj bldh lkaLÑfrd Hkwfedk lhfer gS [7]A

5-5- [kxksyh; lVhdrk % ikjaifjd Hkkjrh;
iapkaxksa esa xzgksa dh xfr dh lw{e x.kuk,¡ dh tkrh Fkha]
gkyk¡fd buesa lVhdrk LFkku fo'ks"k vkSj x.kuk
fof/k;ksa ij fuHkZj djrh Fkh [17]A vk/kqfud ç.kkyh]
tSls ijekf.od ?kM+h vkSj GPS vk/kkfjr fof/k;k¡]
vR;ar mPp Lrj dh [kxksyh; vkSj le; lVhdrk
çnku djrh gSa [7]A

5-6- LFkkuh; mi;ksx % Hkkjrh; iapkaxksa dh
fofo/krk {ks=h; fo'ks"krkvksa ds vuqlkj gksrh gS] tSls
mÙkj Hkkjr esa foØeh] egkjk"Vª esa 'kd iapkax] vkSj
rfeyukMq esa rfey iapkaxA ;g LFkkuh; lw;ksZn;]
paæek dh fLFkfr vkSj /kkfeZd ekU;rkvksa ds vuqlkj
fHkUu gksrs gSa [8]15]A tcfd vk/kqfud xzsxksfj;u
ç.kkyh fo'o Hkj esa ekudh—r vkSj ,d:i gS [7]A

5-7 Hkfo";ok.kh  {kerk % Hkkjrh; iapkax u
dsoy le; fu/kkZj.k ds fy, cfYd xzg.kksa] xkspj]
vkSj 'kqHk eqgwrksaZ dh Hkfo";ok.kh ds fy, Hkh ç;qä
gksrk gS] tks T;ksfr"k'kkL= ls tqM+k gksrk gS [15]A ogha]
vk/kqfud ç.kkyh oSKkfud ?kVukvksa tSls mixzgksa dh
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d{kk,¡] xzgksa dh fLFkfr vkSj ekSle dh Hkfo";ok.kh esa
n{k gksrh gS] ysfdu bldk /kkfeZd ;k lkaL—frd
mi;ksx ugha gksrk [7]A

6- Hkkjrh; iapkax dh oSKkfud oS/krk

iapkax esa ç;qä x.kuk,¡ [kxksyh; fujh{k.kksa ij
vk/kkfjr gksrh gSaA vk;ZHkV vkSj HkkLdjkpk;Z tSls
fo}kuksa }kjk ç;qä xksy f=dks.kfefr us xzg.kksa] ;ksxksa
vkSj xzgxfr dh lVhd Hkfo";ok.kh dks laHko cuk;k
[20]A gky ds 'kks/k [21]] n'kkZrs gSa fd ikjaifjd
iapkaxksa }kjk nh xbZ xzg.k&frfFk;k¡ vkSj le;
vk/kqfud [kxksyh; x.kukvksa ls çk;% dqN gh feuVksa
dk varj j[krh gSaA iapkax esa ç;qä ik¡p vax&frfFk]
u{k=] ;ksx] dj.k vkSj okj&çR;sd [kxksyh; ?kVukvksa
dh oSKkfud x.kuk ij vk/kkfjr gksrs gSaA mnkgj.kr%]
frfFk paæek vkSj lw;Z ds chp ds dks.kh; varj dks
n'kkZrh gS] tcfd u{k= paæek dh fLFkfr dks rkjkeaMyksa
ds lkis{k n'kkZrk gS [8]A ;g ç.kkyh [kxksyh; x.kukvksa
dh –f"V ls vR;ar lVhd gS] fo'ks"kdj tc bls
lw;Z&fl)kar vkSj vk;ZHkVh; tSls xzaFkksa dh x.kukvksa
ls tksM+k tk,A

Hkkjrh; iapkax ç.kkyh dh oSKkfud lVhdrk
dk ,d ,sfrgkfld çek.k 18 vxLr 1868 dks ?kfVr
iw.kZ lw;Zxzg.k dh ?kVuk ls çkIr gksrk gSA ;g xzg.k
Hkkjr ds nf{k.kh {ks=ksa&fo'ks"kr% eækl ¼orZeku psUubZ½
vkSj fr#usyosyh esa ns[kk x;k FkkA bl le; fczfV'k
[kxksyfonksa vkSj ;wjkih; os/k'kkykvksa }kjk lw;Zxzg.k
dh x.kuk vk/kqfud i)fr;ksa ¼tSls twfy;u dSysaMj
vkSj U;wVfu;u e‚My½ ds ek/;e ls dh xbZ FkhA bu
x.kukvksa esa xzg.k dks vkaf'kd crk;k x;k Fkk vkSj
le; fu/kkZj.k esa dqN feuVksa dk varj ns[kk x;k [6]
22]A Hkkjrh; dkyx.kuk dh ;g oSKkfud Js"Brk
dsoy ,sfrgkfld xkSjo dk fo"k; ugha gS] cfYd
blds ihNs xgu çs{k.kkRed çek.k ekStwn gSaA ufpdsrk
çdk'ku dh 'kks/k lkexzh ;g Li"V djrh gS fd
Hkkjrh; _f"k;ksa us u{k=ksa vkSj xzgksa dh xfr ds fy,
tks lw{e ekinaM fu/kkZfjr fd, Fks] os vk/kqfud ijek.kq
?kfM+;ksa vkSj mixzg vk/kkfjr ç.kkfy;ksa ds ;qx esa Hkh

viuh lVhdrk cuk, gq, gSaA ;g çekf.kr djrk gS
fd Hkkjrh; iapkax ç.kkyh esa '–d' ¼çs{k.k½ vkSj 'xf.kr'

¼x.kuk½ dk tks leUo; gS] og fo'o dh çkphure
vkSj lcls çHkko'kkyh oSKkfud ç.kkfy;ksa esa ls ,d
gS [23]A

blds foijhr] eækl vkSj ratkoqj ds ikjaifjd
iapkaxdkjksa us lw;Zfl)kar vkSj vk;ZHkVh; x.kukvksa ds
vk/kkj ij tks fooj.k iapkaxksa esa çdkf'kr fd, Fks]
muesa xzg.k dks iw.kZ crk;k x;k Fkk] lkFk gh LFkkuh;
lw;ksZn;] pwM+kar vkSj xzg.k ds e/; le; dh Hkh
lVhd Hkfo";ok.kh dh xbZ FkhA jxwukFk pkjh] tks
Lo;a Madras Observatory ds lnL; Fks] us
Leverrier's vkSj Hansen's planetary tables ls
LFkkuh; le;kuqlkj le; fu/kkZj.k fd;k Fkk] ftlesa
=qfV dsoy ±30 lsdaM ds Hkhrj jghA tcfd fczfV'k

x.kukvksa esa T  dh vfuf'prrk ds dkj.k –';rk
{ks= vkSj le; esa varj vk x;k Fkk [22]24]A okLrfod
voyksdu ds fnu ;g Li"V gqvk fd ratkoqj esa iw.kZ
lw;Zxzg.k gqvk] ftlls ;g fl) gqvk fd Hkkjrh;
iapkax dh x.kuk,¡ vf/kd lVhd FkhaA bl ?kVuk us
ml le; ds vk/kqfud [kxksyfonksa dks viuh =qfV;k¡
Lohdkj djus ds fy, foo'k dj fn;k vkSj ;g
çekf.kr gqvk fd Hkkjrh; iapkax ç.kkyh] fo'ks"kr%
vk;ZHkVh; ijaijk ,oe~ Hkkjrh; iapkaxdkj fo'ks"k :i
ls Drigganita ç.kkyh ds mi;ksxdrkZ LFkkuh;
[kxksyh; ?kVukvksa dh x.kuk esa vf}rh; lVhdrk
j[krs Fks] ftlls vk/kqfud foKku Hkh çHkkfor gqvkA
vr% [kxksyh; ?kVukvksa ds iwokZuqeku esa Hkkjrh; iapkax
ç.kkyh vR;f/kd l{ke gS] fo'ks"kdj rc tc og
ns'kdky ¼LFkku vkSj dky½ ds vuqlkj x.kuk djrh
gSA

blds vfrfjä] Hkkjrh; iapkax esa xzg.kksa] xzgksa
ds xkspj] vkSj _rqvksa ds ifjorZu dh Hkfo";ok.kh Hkh
dh tkrh gS] tks çkphu dky esa ek= –f"V vkSj x.kuk
ds lgkjs dh tkrh FkhA vk/kqfud le; esa oSKkfudksa
us ;g ik;k gS fd çkphu Hkkjrh; [kxksy'kkfL=;ksa
}kjk xzg.kksa dh x.kuk esa ç;qä i)fr;k¡ vis{kk—r
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lVhd Fkha vkSj budh lS)kafrd uhao xf.krh; [kxksy
foKku i j  v k/kkfj r  Fkh [15]A ;|fi vkt
vR;k/kqfud midj.kksa dh lgk;rk ls vf/kd lVhd
Hkfo";okf.k;k¡ laHko gSa] fdarq iapkax dh ikjaifjd
i)fr vc Hkh lkaL—frd vkSj /kkfeZd –f"Vdks.k ls
vR;ar fo'oluh; vkSj ekU; gSA

gky gh esa] Hkkjrh; jk"Vªh; HkkSfrd ç;ksx'kkyk
¼CSIR-NPL½ }kjk iapkax dh le; x.kuk dks çekf.kr
djus gsrq oSKkfud v/;;u fd, x,] ftuls ;g
fl) gksrk gS fd vk/kqfud le; ekiu ekudksa ¼tSls
UTC vkSj IST½ ds vuq:i iapkax dh frfFk;k¡

lek;ksT; gSa [25]A ;g iapkax dh oSKkfud oS/krk dks
u dsoy ,sfrgkfld :i esa cfYd ledkyhu ifjçs{;
esa Hkh LFkkfir djrk gSA

6-1 okjk.klh iapkax % ;gk¡ o"kZ 2020 ls 2025
ds e/; çdkf'kr "okjk.klh iapkax" esa mfYyf[kr çeq[k
[kxksyh; ?kVukvksa dk Stellarium, NASA Eclipse

Catalog rFkk ISRO iapkax MsVk tSls vk/kqfud lzksrksa
ds lkFk rqyukRed fo'ys"k.k mnkgj.k lfgr çLrqr gSA
;g fo'ys"k.k okjk.klh dh HkkSxksfyd fLFkfr ¼25-3º N]
83-0º E½ dks /;ku esa j[krs gq, fd;k x;k gSA
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vFkkZr%

 okjk.klh iapkax] o"kksaZ 2020&2025 ds chp]
çeq[k [kxksyh; ?kVukvksa dh x.kuk esa mPp Lrj dh
lVhdrk n'kkZrk gSA

 vk/kqfud [kxksyh; l‚¶Vos;j ¼NASA,

ISRO, Stellarium½ ls çkIr MsVk ls bldh 90% ls
vf/kd ?kVuk,¡ le; o –';rk esa esy [kkrh gSaA

 ;g iapkax ikjaifjd Hkkjrh; x.kuk i)fr
dh oSKkfud çkekf.kdrk dks iq"V djrk gS] fo'ks"kdj
{ks=h; mi;ksx esaA

6-2  jk"Vªh; iapkax ¼CSIR–NPL½ % uhps o"kZ
2020 ls 2025 ds e/; çdkf'kr "jk"Vªh; iapkax"

¼National Calendar of India – CSIR-NPL }kjk
çdkf'kr½ esa mfYyf[kr çeq[k [kxksyh; ?kVukvksa &
lw;Z xzg.k] paæ xzg.k] laØkafr] v;u ifjorZu] ,oa ioZ
frfFk;ksa & dk NASA Eclipse Catalog, Stellarium,

vkSj ISRO iapkax MsVk tSls vk/kqfud [kxksyh; lzksrksa
ds lkFk rqyukRed fo'ys"k.k mnkgj.k lfgr çLrqr
fd;k x;k gSA
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vFkkZr%

 jk"Vªh; iapkax ¼CSIR-NPL½ esa mfYyf[kr
çeq[k [kxksyh; ?kVukvksa dh x.kuk oSKkfud
vkSj lVhd gSA

 bldh lHkh laØkafr] v;u ifjorZu vkSj
xzg.k dh frfFk;k¡ ,oa le; NASA/ISRO

tSls lzksrksa ls esy [kkrs gSa] ftlls bldh
[kxksy'kkL=h; fo'oluh;rk fl) gksrh gSA

 paæ xzg.k dh –';rk esa dsoy LFkkuh;
paæksn;@vLr ds dkj.k LFkkuh; fHkUurk
ns[kh xbZ] tks lkekU; gSA

7- lkaL—frd vkSj /kkfeZd egRo

Hkkjrh; iapkax dsoy ,d dkyx.kuk ç.kkyh
ugha gS] cfYd ;g Hkkjrh; lekt dh /kkfeZd]
lkaLÑfrd vkSj vk/;kfRed xfrfof/k;ksa dh /kqjh gSA
;g iapkax ekuo thou dks czãkaMh; y; ds lkFk
lefUor djus dk dk;Z djrk gS] ftlls çR;sd deZ
,d fof'k"V [kxksyh; voLFkk esa laiUu gksrk gSA
iapkax ds ek/;e ls 'kqHk eqgwrksaZ dk fu/kkZj.k fd;k
tkrk gS] tks fookg] ukedj.k] xg̀ços'k] vUuçk'ku]
rFkk vU; laLdkjksa ds vk;kstu esa vko';d ekus tkrs
gSaA ;g ijaijk oSfnd dky ls pyh vk jgh gS] tgk¡
^deZ* vkSj ^dky* dk lVhd la;ksx egRoiw.kZ ekuk
x;k gS [26]A

blds vfrfjä] Hkkjrh; iapkax ds vk/kkj ij
gh lHkh çeq[k ioksa Z vkSj ozrksa dh frfFk;k¡ fu/kkZfjr
dh tkrh gSaA nhikoyh] gksyh] uojkf=] egkf'kojkf=]
tUek"Veh] j{kkca/ku] rFkk vU; lSdM+ksa ioksa Z dk
fu/kkZj.k paæek dh dykvksa] u{k=ksa vkSj frfFk;ksa ds
vk/kkj ij gksrk gSA gj {ks= esa LFkkuh; iapkax dh
lgk;rk ls le; vkSj ioksaZ dk fu/kkZj.k gksrk gS]
ftlls {ks=h; fofo/krkvksa ds lkFk ,d lkaL—frd
,drk Hkh LFkkfir gksrh gSA ;g iapkax Hkkjrh;
lekt esa lkewfgd psruk vkSj lkaL—frd fujarjrk
dk okgd gS [2]10]A

blds foijhr] vk/kqfud xzsxksfj;u dSysaMj eq[;r%
ç'kklfud] oSf'od] vkSj oSKkfud mís';ksa ds fy,
mi;ksx fd;k tkrk gSA bldh jpuk [kxksyh; ?kVukvksa
dh /kkfeZd O;k[;k ij ugha] cfYd vkSipkfjd le;
ekiu vkSj oSf'od leUo; ij vk/kkfjr gSA ;g
frfFk;k¡ lkekU;r% fLFkj gksrh gSa vkSj fdlh /kkfeZd
; k [ kxksy h;  ?kVuk l s t qM+h ugha gksr ha [2]A bl
dkj.ko'k] tgk¡ xzsxksfj;u dSysaMj thou dh ykSfdd
vko';drkvksa dh iwfrZ djrk gS] ogha Hkkjrh; iapkax
thou dh vk/;kfRed vkSj lkaL—frd vk;keksa dks
funsZf'kr djrk gSA

7- leUo; dh pqukSfr;k¡

nksuksa ç.kkfy;k¡ vius&vius lanHkZ esa mi;ksxh
gSa] ijarq mUgsa lefUor djus esa dqN ck/kk,¡ gSa%

 fofHkUu {ks=ksa esa vyx&vyx iapkax çpfyr
gSaA

 ekudhdj.k gsrq fofHkUu fo}r leqnk;ksa dh
lgefr vko';d gSA

 oSKkfud leqnk; oSf'od vkSj fujis{k ekudksa
dks çkFkfedrk nsrk gSA

fQj Hkh] fMftVy iapkax vc ;wVhlh vkSj uklk
bQsefjl vk/kkfjr x.kuk,¡ çnku dj jgs gSa] tks bl
nwjh dks ikVus esa lgk;d gSa [1]A

Hkkjr tSls ns'k esa] tgk¡ ijaijk vkSj vk/kqfudrk
nksuksa dh xgjh tM+sa gSa] iapkax foKku vkSj vk/kqfud
[kxksy'kkL= dk leUo; f'k{kk] vuqla/kku vkSj
lkaLÑfrd iqu#RFkku ds fy, vR;ar mi;ksxh fl)
gks ldrk gSA

AI, [kxksy MsVk vkSj iapkax l‚¶Vos;j dk lekos'k
vkus okys o"kksaZ esa ,d gkbfczM le; ç.kkyh dks tUe
ns ldrk gS tks u dsoy lVhd gks] cfYd lkaL—frd
:i ls Hkh vFkZiw.kZ gksA

8- fu"d"kZ

Hkkjrh; iapkax vkSj vk/kqfud dky x.kuk ç.kkyh
dk rqyukRed v/;;u ;g n'kkZrk gS fd le; ekiu
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dsoy oSKkfud xfrfof/k ugha gS] cfYd ;g ekuo
lekt dh lkaL—frd] /kkfeZd vkSj nk'kZfud lajpukvksa
ls Hkh xgjkbZ ls tqM+k gqvk gSA Hkkjrh; iapkax ç.kkyh
u dsoy ,d [kxksyh; ra= gS] cfYd ;g thou ds
çR;sd laLdkj] ioZ vkSj deZ ds lkFk czãkaMh; y;
dk xgu lkeatL; LFkkfir djrh gSA bl ç.kkyh esa
frfFk] u{k=] ;ksx] dj.k vkSj okj tSls rRoksa ds
ek/;e ls le; dh vuqHkwfr dks vk/;kfRed vkSj
oSKkfud nksuksa vk/kkjksa ij le>k tkrk gSA

bl 'kks/k ls ;g Li"V gksrk gS fd iapkax dh
lajpuk dsoy ijaijk ij vk/kkfjr ugha gS] cfYd ;g
mPp [kxksyh; vkSj xf.krh; x.kukvksa ij vk/kkfjr
gS] tks vk;ZHkV] HkkLdjkpk;Z] ojkgfefgj tSls fo}kuksa
}kjk LFkkfir dh xbZ FkhA vk/kqfud vuqla/kkuksa us ;g
fl) fd;k gS fd ikjaifjd iapkax esa xzg.kksa] laØkafr;ksa]
paæ&lkSj lek;kstu vkfn dh Hkfo";ok.kh vR;ar
lVhd jgh gS] tks mldh oSKkfud oS/krk dks çekf.kr
djrh gS [7]21]A

nwljh vksj] vk/kqfud dky x.kuk ç.kkyh tSls
xzsxksfj;u dSysaMj vkSj UTC vk/kkfjr le; ekiu
ç.kkyh oSf'od leUo;] O;kikj] lapkj vkSj ç'kklu
ds fy, vko';d lVhdrk vkSj fLFkjrk çnku djrh
gSA blesa ijekf.od ?kfM+;ksa vkSj yhi lsdaM tSlh
fof/k;ksa ds ek/;e ls le; dh fxurh dh tkrh gS]
tks [kxksyh; ;FkkFkZ ds vuqlkj fujarj v|ru gksrh
jgrh gSA

bl v/;;u ls ;g fu"d"kZ fudyrk gS fd nksuksa
ç.kkfy;k¡ viuh&viuh txg ij mi;qä gSa] ijarq
vkt ds oS'oh—r vkSj fMftVy ;qx esa bu nksuksa ds
chp leUo; dh vko';drk igys ls dgha vf/kd
gSA iapkax dh lkaL—frd xgjkbZ vkSj vk/kqfud ç.kkyh
dh oSKkfud lVhdrk dks ,dh—r djds ,d ̂gkbfczM
dkyx.kuk ç.kkyh* dh vo/kkj.kk dks ewrZ :i fn;k
tk ldrk gS] tks vk/kqfud ç'kklfud vko';drkvksa
ds lkFk&lkFk /kkfeZd vkSj lkaL—frd ijaijkvksa dks
Hkh iw.kZ lEeku ns ldsA

orZeku esa ;g leUo; fMftVy iapkaxksa] eksckby
,sIl] CSIR-NPL vkSj ISRO tSls oSKkfud laLFkkuksa
}kjk rS;kj fd, x, dSysaMjksa ds ek/;e ls laHko gks
jgk gSA "Mqvy MsV Q‚esZV"] ftlesa xzsxksfj;u frfFk ds
lkFk ikjaifjd frfFk;k¡ Hkh nh tkrh gSa] bl fn'kk esa
,d egRoiw.kZ dne gSA

vr%] ;g dgk tk ldrk gS fd Hkkjrh; iapkax
ç.kkyh dks dsoy vrhr dh /kjksgj u ekudj ,d
thoar] xfr'khy vkSj oSKkfud :i ls l'kä le;
ç.kkyh ds :i esa ns[kk tkuk pkfg,] ftls vk/kqfud
dky x.kuk ç.kkyh ds lkFk lkeatL; esa ykdj ,d
lekos'kh vkSj loZekU; dkyx.kuk i)fr dh fn'kk esa
vkxs c<+k tk ldrk gSA ;g 'kks/k Hkfo"; esa iapkax
foKku] [kxksy'kkL=] lkaL—frd v/;;u vkSj fMftVy
rduhdh ds leUo; ls le; ekiu ds ,d uohu
ekud dh uhao j[k ldrk gSA
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Hkkjrh; Kku ijEijk / Indian Knowledge Tradition

laLÑr dSls lh[ksa\ ¼lekl½
How to Learn Sanskrit? (Samaas)

vkÑfr Bkdqj1 ,oa ;ksxs'k 'kekZ2

Aakriti Thakur1 and Yogesh Sharma2

1'kks/kPNk=k] laLÑr] n'kZu ,oa oSfnd v/;;u foHkkx] ouLFkyh fo|kihB] jktLFkku
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^le~̂

tSlk fd foxr nks ys[kksa esa laL—r O;kdj.k esa in&ehekalk gsrq egÙoiw.kZ i{k lekl çdj.k dk fooj.k
çLrqr fd;k x;k gSA lekl vFkZ&foKku dh –f"V ls vR;Ur mi;ksxh gSaA lekl ds ek/;e ls foLrkjiw.kZ vFkZ
dks la{ksi esa dgk tk ldrk gSA O;ofLFkr ,oa lqcks/k :i esa çLrqr fd;k tk ldrk gSA ijUrq] O;kdj.k dh
bl vFkZdkjh ,oa laf'y"V çfØ;k dks lE;d~ :i ls le>us gsrq lkekfld inksa dh fo'ys"k.kkRed O;oLFkk
visf{kr gSA bl O;oLFkk esa dsoy] vO;;hHkko] rRiq#"k lekl ,oa muds mnkgj.k Lo:i 'kCnksa dk fo'ys"k.k
fd;k tk pqdk gSA blh çfØ;k esa cgqozhfg ,oa }U} lekl dk mYys[k çLrqr ys[k esa fd;k tk jgk gSA

cgqozhfg lekl

vU;inkFkZç/kkuks cgqozhfg% vFkkZr~ cgqozhfg lekl esa vU; inkFkZ ç/kku gksrk gSA blds pkj vokUrj Hksn
gks ldrs gSa& 1- lekukf/kdj.k 2- O;f/kdj.k 3- rqY;;ksx 4- O;frgkjA

1- tc lekl esa vkusokys inksa esa ,d gh çdkj dh foHkfä;ksa gksrh gSa rks lekukf/kdj.k cgqozhfg gksrk gS]
tSls& fuxZra Hk;a ;Lekr~ l% ¾ fuxZrHk;A ;gk¡ nksuksa in çFkek ds ,dopu esa ç;qä gSa] vr% lekukf/kdj.k
gSA

lekukf/kdj.k cgqozhfg ds mnkgj.k fuEufyf[kr gSa &

ᮓम स.ं समास-िवᮕह  सामािसक श᭣द  अथᭅ  

1.  कृतं भोजनं येन सः कृतभोजनः पᱧुषः 

2.  ᮧिव᳥ा शाला येन सः ᮧिव᳥शालः  पᱧुषः 

3.  आᱨढं यानं येन सः आᱨढयानः पᱧुषः 

4.  च᭜वाᳯर मुखािन य᭭य सः चतुमुᭅखः ᮩᳬा 

5.  ᭃीण ंिवᱫं य᭭य सः ᭃीणिवᱫः पᱧुषः 

6.  ᭃीण ंबल ंय᭭य सः ᭃीणबलः राजा 

7.  िछ᳖ं मूल ंय᭭य सः िछ᳖मूलः वᭃृः 
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8. पीतम ्उदकं येन सः पीतोदकः अ᳡ः 

9. ल᭥बौ कणᲃ य᭭य सः ल᭥बकणᭅः गणेश 

10. िचᮢाः गावः य᭭य सः िचᮢगुः  िचतकबरी गाय वाला 

11. िशिᭃताः क᭠याः यि᭭मन् सः िशिᭃतक᭠यः ᮕामः 

12. बहवः पि᭛डता य᭭यां सा बᱟपि᭛डता नगरी 

13. वीराः पᱧुषः यि᭭मन् सः  वीरपᱧुषकः ᮕामः 

lekukf/kdj.k cgqozhfg ds vUrxZr] e/;inyksi]
u¥~ ,oa la[;k vkfn çdkjksa ds Lo:i ,oa ç;ksx dks
le>uk Hkh visf{kr gSA loZçFke] ç vkfn milxksaZ
ls ijs tks /kkrqt ¼—nUr½ 'kCn gSa] ,sls çFkekUr dk
vU; çFkekUr ds lkFk fodYi ls cgqozhfg lekl gks
tkrk gS vkSj bl cgqozhfg lekl esa iwoZin esa fLFkr
/kkrqt mÙkjin dk fodYi ls yksi gks tkrk gS] vr%
e/;inyksi cgqozhfg dgykrk gSA tSls& çifrrkfu
i.kkZfu ;L; l% ¾ çi.kZ%A

e/;inyksi cgqozhfg lekl ,d vU; fLFkfr esa
Hkh ns[kus dks feyrk gSA ,sls leLrin tks fd

"k"BhrRiq#"k lekl ls ;qä gSa vkSj ftuds iwoZinksa esa
"k"Bh] leqnk;lEcU/kh "k"Bh ;k fodkj lEcU/kh "k"Bh
jgh gks] mudk vU; 'kCnksa ds lkFk cgqozhfg lekl
gksrk gS] rc "k"Bh lekl okys 'kCn ds mÙkjHkkx dk
yksi gks tkrk gSA tSls&

ds'kkuka la?kkr% ¾ ds'kla?kkr% ¼"k-r-½

ds'kla?kkr% pwMk ;L; l% ¾ ds'kpwM% ¼ckyd%½

e/;inyksi cgqozhfg lekl ds mnkgj.k
fuEufyf[kr gSas&

ᮓम स.ं समास-िवᮕह  सामािसक श᭣द  अथᭅ  

1.  िवगतः धवः (पितः) य᭭याः सा िवधवा ᳫी 

2.  िनगᭅता जना य᭭मात ्सः िनजᭅनः ᮧदेश 

3.  िनगᭅता घृणा य᭭मात ्सः िनघृᭅणः िनदᭅयी 

4.  िनगᭅता ᭭पृहा य᭭य सः िनः᭭पृहः ᮓूर 

5.  िनगᭅत ंफल ंय᭭मात ्तद ् िन᭬फलम ् कमᭅ 

6.  उ᳄तः ग᭠ध य᭭य सः उ᳄ि᭠धः 
िजससे ग᭠ध िनकलती 

हो 

7.  शोभनाः द᭠ताः य᭭याः सा सुदती सु᭠दर दाँतᲂ वाली ᳫी  

8.  अ᭟यारोिपता ᭔या यत् तद ् अिध᭔यम ्
ᮧ᭜यᲱा चढ़ी हो 

िजसपर ऐसा धनुष 
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9. शोभनं ᱡदय ंय᭭य सः सुᱡत ् िमᮢ 

10. दु᳥ म ्ᱡदय ंय᭭य सः दᱡुᭅत ् शᮢु 

ᮓम स.ं समास-िवᮕह  सामािसक श᭣द  अथᭅ  

1.  

सुवणᭅ᭭य िवकारः 
सुवणᭅिवकारः अलंकारः य᭭य 

सः 

सुवणᭅिवकारः (ष᳧ी 
त᭜पᱧुष) 

सुवणाᭅलंकारः 
पᱧुष 

2.  
उरिस ᭭थािन लोमािन य᭭य 

सः 
 उरिसलोमा िजसके उर मᱶ बाल हᲂ 

ऐसा ᳞िᲦ 

3.  
क᭛ठे᭭थः कालो य᭭य सः 

 
क᭛ठेकालः िशव 

4.  
उ᳦᭭य मुखम् 

उ᳦मुखिमव मुख ंय᭭य सः 
उ᳦मुखम् (ष᳧ी त᭜पᱧुष) 

उ᳦मुखः 
ऊँट के मुख जैसा मुख ह ै
िजसका, ऐसा ᳞िᲦ 

5.  
गज᭭य आननम ्

गजाननम ्इव आनन ंय᭭य सः 
गजानन (ष᳧ी त᭜पᱧुष) 

गजाननः 
गणेश 

6.  
खर᭭य मुखम् 

खरमुखम् इव मुख ंय᭭य सः 
खरमुखम् (ष᳧ी त᭜पᱧुष) 

खरमुखः 
गध ेके मुख जैसा मुख ह ै
िजसका, ऐसा ᳞िᲦ 

7.  
वृष᭭य ᭭क᭠धः 

वृष᭭क᭠ध इव ᭭क᭠धो य᭭य स 

वृष᭭क᭠धः (ष᳧ी त᭜पᱧुष) 

वृष᭭क᭠धः 
बैल  

8.  
हंस᭭य गमनम ्

हंसगमनिमव गमनं य᭭याः सा 
हंसगमनम ्(ष᳧ी त᭜पᱧुष) 

हंसगमना 
हंस कᳱ तरह चलन े

वाली 

9.  

हᳯरण᭭य अिᭃणी 
हᳯरणािᭃणी इव अिᭃणी 

य᭭याः सा 

हᳯरणािᭃणी (ष᳧ी त᭜पᱧुष) 

हᳯरणाᭃी 
हᳯरण कᳱ आँखᲂ कᳱ 
तरह आँखᲂ वाली  

rnuUrj] u¥~ cgqozhfg lekl ds vUrxZr] u¥~ ls
ijs fo|ekukFkZd tks 'kCn gS] ,sls çFkekUr dk vU;
çFkekUr ds lkFk fodYi ls cgqozhfg lekl gks tkrk
gS vkSj bl cgqozhfg ds iwoZin esa fLFkr fo|ekukFkZd
mÙkjin dk fodYi ls yksi gks tkrk gSA tSls&

vfo|eku% iq=% ;L; l% ¾ viq=%A

blds vfrfjä] la[;k cgqozhfg lekl ds vUrxZr
vO;;] vklUu] vnwj] vf/kd ,oa la[;k& bu 'kCnksa
dk la[;kokpd 'kCnksa ds lkFk lekl gksrk gSA tSls&
n'kkuke~ vklUuk ;s lfUr rs ¾ vklUun'kk%A
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ᮓम स.ं समास-िवᮕह  सामािसक श᭣द  अथᭅ  

1. अिव᳒मानः ᮓोधो य᭭य सः अकोᮥः 
िजसका ᮓोध िव᳒मान 

न हो 

2. अिव᳒मान भायाᭅ य᭭य सः अभायᭅः िजसकᳱ भायाᭅ न हो 

3. अिव᳒मानः कायः य᭭य सः अकायः 
िजसका शरीर न हो 

अथाᭅत ्ᮩᳬ 

4. अिव᳒मानः िश᭬यः य᭭य सः अिश᭬यः 
िजसका िश᭬य िव᳒मान 

न हो 

5. अिव᳒मानः ᮧजा य᭭य सः अᮧजाः िजसकᳱ ᮧजा न हो 

6. दश᭤योऽिधकाः अिधकदशाः दश से अिधक  

7. सह᮲ात् अिधकाः अिधकसह᮲ाः सह᮲ से अिधक  

2- tc foxzg esa vkus okys in fHkUu&fHkUu foHkfä;ksa esa ç;qä gks rks leLr in O;f/kdj.k cgqozhfg gksrk
gS] tSls& /kuq% ik.kkS ;L; l% ¾ /kuq"ikf.k%A ;gk¡ /kuq% esa çFkek rFkk ik.kkS esa lIreh gS] vr% O;f/kdj.k gSA

ᮓम स.ं दो पदᲂ का समूह 
 
 
 
 
 
 

= 

समासा᭠त पद 

1. गदा पाणौ य᭭य सः गदापािणः 

2. भाल ेच᭠ᮤः य᭭य सः भालच᭠ᮤः 

3. च᭠ᮤः मोलौ य᭭य सः च᭠दमोिलः 

4. िवषः क᭛ठे य᭭य सः िवषक᭛ठः 

5. च᭠ᮤः शेखरे य᭭य सः च᭠ᮤशेखरः 

3- rqY;;ksx dk vFkZ leku lEcU/k gSA rqY; ;ksx dk lwpd 'kCn tc vU; rr̀h;kUr ds lkFk leL;eku
gksrk gS rks ogk¡ rqY;;ksx cgqozhfg gksrk gS] tSls& lg iq=s.k vkxr% ¾ liq=%A

ᮓम स.ं दो पदᲂ का समूह 
 
 
 
 
 

= 

समासा᭠त पद 

1. पुᮢ ेण सह वतᭅत ेइित  सपुᮢ ः/सहपुᮢ ः 

2. कुटु᭥बेन सह वतᭅते इित  सकुटु᭥बः/सहकुटु᭥बः 

3. लो᳜ा सह वतᭅते इित  सलोमकः/सहलोमकः 

4. पᭃेण सह वतᭅत ेइित  सपᭃकः/सहपᭃकः 

4- O;frgkj dk vFkZ gS& lk/;&lk/ku Hkko ls fofue; gksukA tc ,d lEcU/kh fØ;k dks nwljk O;fä djus
yxrk gS] nwljs ds fy, fu;r fØ;k dks tc igyk djus yxrk gS rc deZ O;frgkj gksrk gS] tSls& ds'ks"kq ds'ks"kq
xg̀hRok bna ;q)a ço`Ùke~ ¾ ds'kkdsf'k] vFkkZr~ ,d nwljs ds ckyksa dks idM+ dj ijLij ;q)A
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ᮓम स.ं दो पदᲂ का समूह 

 
 
 
 
 

= 

समासा᭠त पद 

1. 
केशेष ुकेशेष ुगहृी᭜वा इद ंय᳍ु ं

ᮧवᱫृम ्
केशाकेिश 

2. 
बाहौ बाहौ च पर᭭परं गृही᭜वा 

इद ंय᳍ु ᮧवᱫृम ्
बाᱟवाहिव 

3. 
द᭛डै᳟ द᭛डै᳟ ᮧह᭜य इद ंय᳍ु ं

ᮧवᱫृम ् 
द᭛डादि᭛ड 

 
मुि᳥िभः मुि᳥िभः ᮧᱡ᭜य इद ंय᳍ु ं

ᮧवᱫृम ्  
मु᳥ ीमिु᳥ 

cgqozhfg lekl esa 'kCnksa esa dksbZ Hkh opu vk
ldrk gS ij fyax ogh gksxk tks fo'ks";okph 'kCn dk
gksxkA tSls& ihre~ vEcje~ ;L; l%] ihrkfu vEcjkf.k
;L; l% ¼cgqopu½A ihr 'kCn fo'ks"; vEcj ds vuqlkj
cnyrk gS] fdUrq lekl gks tkus ij fo'ks";okph 'kCn
ihrEcj/kkjh iq#"k% ds vuqlkj iqfyax esa ç;qä gksrk
gSA ihrkEcj% L=hfyax esa ihrkEcjk ¼ihre~ vEcja ;L;k%
lk½ gks tkrk gSA

bu pkj Hksnksa ds vfrfjä rn~xq.k lafoKku rFkk
vrn~xq.k lafoKku nks Hksn fd;s tkrs gSaA tgk¡ leklxr
inksa ds vFkZ dk Hkh vkJ; vU; inkFkZ ls fy;k tk;
ogk¡ rn~xq.klafoKku cgqozhfg gksrk gS] tSls&
fp=oklle~ vku; ¼fprdcjs oL=/kkjh dks ykvks½ esa
mlh O;fä fo'ks"k dks yk;k tkrk gS] ftlds diM+s
fprdcjs gksa] vFkkZr~ tgk¡ vU; inkFkZ ds xq.kksa dh
dk;Z esa vUof;rk ¼;ksX;rk½ ds gksus ls lafoKku gks
ogk¡ rn~xq.k lafoKku cgqozhfg gksrk gSA dsoy LoHkkfod
lEcU/k dh çrhfr gksus ij vrn~xq.k lafoKku gksrk
gSA fp=xqe~ vku; ¼fp=xq dks ykvks½] ;gk¡ fprdcjh
xk;ksa ds ekfyd ¼O;fä fo'ks"k½ dks gh cqyk;k tkrk
gSA

}U} lekl

vusda lqcUra pkFksZ orZekua ok leL;rs] l }U}%]
vFkkZr~ ̂p* vFkZ esa fo|eku vusd lqcUr ijLij fodYi
ls lekl dks çkIr gksrs gSa vkSj og lekl }U} lekl

gksrk gSA tgk¡ nks inksa dk brjsrj;ksx }U} gks] ogk¡
mÙkj in ds vuqlkj f}opu vkSj tgk¡ nks ls vf/kd
'kCnksa dk lekl gks] ogk¡ mÙkj in ds vuqlkj cgqopu
gksrk gSA lekgkj }U} esa lnk ,dopu gh jgrk gS
vkSj og uiqaldfyax gksrk gSA ^p* ds pkj vFkZ gksrs
gSa& leqPp;] vUokp;] brjsrj;ksx vkSj lekgkjA

1- tc ijLij fujis{k vusd in fdlh ,d esa
vfUor gksrs gSa rks ogk¡ ̂p* dk vFkZ leqPp;
gksrk gSA tSls& bZ'oja p xq#a p HktLo
¼bZ'oj dks Hktks vkSj xq# dks Hktks½

2- tgk¡ dksbZ vkuq"kf³~xd ¼vç/kku½ :i esa
fØ;k esa vfUor gks jgk gks] ogk¡ p dk vFkZ
vUokp; gksrk gSA tSls& fHk{kkeV xka pku;
¼fHk{kkFkZ Hkze.k dj] xk; dks Hkh ysrs vkuk½

uksV& leqPp; vkSj vUokp; bu nksuksa vFkksaZ
esa lkeF;Z ds vHkko ds dkj.k lekl ç;qä
ugha gksrkA

3- tc vusd inkFkZ feydj lewg cukdj fdlh
,d fØ;kfn ls vfUor gksrs gSa] rks ogk¡ ^p*
dk vFkZ brjsrj ;ksx gksrk gSA ;Fkk&/ko[kfnjkS
fNfUn ¼/ko vkSj [kfnj isM+ksa dks dkVks½

4- tc lewg ,dhHkwr gksdj fØ;k vkfn esa
vfUor gksrk gS] rks ogk¡ ̂p*dk vFkZ lekgkj gksrk gSA
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uksV& brjsrj ,oa lekgkj esa lkeFkZ~; gksus ds dkj.k pk·FksZ}Un ls }U} lekl gksrk gSA }U} lekl
ds rhu Hksn gSa&

1- brjsrj }U} 2- lekgkj }U} vkSj 3- ,d'ks"k }U}A

1- brjsrj }U} & tc nks inksa dk lekgkj gks rks mÙkjin ds vuqlkj f}opu rFkk nks ls vf/kd dk
gks rks mÙkjin ds vuqlkj cgqopukUr :i curk gSA tSls&

ᮓम स.ं दो पदᲂ का समूह 

 
 

= 

समासा᭠त पद 

1. राम᳟ कृ᭬ण᳟ रामकृ᭬णौ 

2. नरे᭠ᮤ᳟ मह᭠ेᮤ᳟ शची᭠ᮤ᳟ नरे᭠ᮤमह᭠ेᮤशची᭠ᮤाः 

3. होता च पोता च ने᳥ा च उदग्ाता च होतापोताने᳥ोदग्ातारः 

4. धव᳟ खᳰदर᳟ धवखᳰदरौ  

2- lekgkj }U} & ;g lnSo uiqaldfyax ,dopu gksrk gSA lekgkj }U} dk ykSfdd foxzg dbZ çdkj
ls n'kkZ;k tkrk gSA ;Fkk&

ᮓम स.ं दो पदᲂ का समूह 

 
 
 

= 

समासा᭠त पद 

1. सं᭄ा च पᳯरभाषा च सं᭄ापᳯरभाषम ्

2. सं᭄ा च पᳯरभाषा च तयोः समाहारः सं᭄ापᳯरभाषम ्

3. सं᭄ा च पᳯरभाषा चानयोः समाहारः सं᭄ापᳯरभाषम ्

4. सं᭄ा च पᳯरभाषा च समाᱡत े सं᭄ापᳯरभाषम ्

3- ,d'ks"k }U}& ekrk ds lkFk firk 'kCn ds dFku esa fodYi ls firk 'kCn 'ks"k jgrk gSA blh çdkj
vU; mnkgj.k Hkh ns[kus dks feyrs gSaA

ᮓम स.ं दो पदᲂ का समूह 

 
 
 

= 

समासा᭠त पद 

1. माता च िपता च िपतरौ / मातािपतरौ 

2. हंस᳟ हंसी च   हंसौ  

3. ᮪ाता च ᭭वसा च  ᮪ातरौ  

4. पुᮢ ᳟ दिुहता च  पुᮢ ौ  

5. ᳡᮰ू᳟ ᳡शुर᳟  ᳡शुरौ/ ᳡᮰ू᳡शुरौ 

uksV& fodYi ls firk 'ks"k gksus ls firjkS curk gSA
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bl çdkj] lekl ds ek/;e ls Kkr gqvk fd

dSls foLrkjiw.kZ vFkZ dk la{ksi.k fd;k tk ldrk gS

vkSj O;ofLFkr ,oa lqcks/k :i esa mls çLrqr fd;k tk

ldrk gSA O;kdj.k dh bl lkFkZd ,oa laf'y"V

çfØ;k ds ek/;e ls lkekfld inksa dh fo'ys"k.kkRed

O;oLFkk esa dsoy lekl] vO;;hHkko lekl] rRiq#"k

lekl] cgqozhfg lekl ,oa }U} lekl vkfn ds

Hksn&çHksnksa dk mnkgj.k lfgr çLrqrhdj.k laL—r

ftKklqvksa dks ykHkkfUor djsxk] ,slh vk'kk dh tkrh

gSA vxys vad esa dkjd&fo/kku ¼okD;&foU;kl½ ij

fopkj fd;k tk;sxkA

vuqokn

1- ihrkEcj% oSdq.Be~ vf/k'ksrsA

¼Hkxoku~ fo".kq oSdq.B esa 'k;u djrs gSaA½

2- prqjkuu% ukVîosnksins'ke~ vkpk;ZHkjrk;

nÙkoku~A

¼czãk th us ukVîosn dk mins'k vkpk;Z

Hkjr dks fn;kA½

3- cgqif.Mrk&okjk.klh&uxjh fo'oukFkL;

LFkkuefLrA

¼cgqr ls if.Mrksa okyh okjk.klh uxjh esa

fo'oukFk dk LFkku gSA½

 4- :ion~Hkk;Z% foosd% iRU;k lg okfVdk;ka

Hkze.ka —Rok x`ga xPNfrA

¼:iorh iRuh okyk foosd iRuh ds lkFk

okfVdk esa Hkze.k dj ?kj dks tkrk gSA½

5- fp=xqe~ vku;A

¼fprdcjh xk;ksa ds ekfyd dks ykvksA½

6- liq=% firk vki.kr% vkxPNr~A

¼iq= ls ;qä firk cktkj ls vk x,A½

7- xnkikf.kguqeku~ leqæekxsZ.k yadkuxjha

xroku~A

¼xnk ftuds gkFk esa fo|eku gS] ,sls guqekuth

leqæekxZ ls yadk uxjh dks x,A½

8- jkey{e.kkS vj.;a xroUrkS A

¼jke vkSj y{e.k ou esa x,A½

9- dkfynkl% txr% firjkS ikoZrhf'kok S

ueLdjksfrA

¼dkfynkl lalkj ds ekrk&firk ikoZrh vkSj

f'ko dks ueLdkj djrs gSaA½

10- ;qf/kf"BjHkhektqZuk% dq#{ks=s leosrk% lfUrA

¼;qf/kf"Bj] Hkhe vkSj vtqZu dq#{ks= esa ,df=r

gq, gSaA½

11- gfjgjxqjo% oUnuh;k% lfUrA

¼fo".kq] f'ko vkSj xq# oUnuh; gSaA½

12-d.Bsdky% losZ"kq nsos"kq iwtuh;% vfLrA

¼dky dks d.B esa /kkj.k djus okys egknso

lHkh nsoksa esa iwtuh; gSaA½

13- pEcyçns'k% futZue~ vfLr ;= fu?k̀Z.kk% pkSjk%

fuolfUrA

¼pEcy çns'k futZu gS] tgk¡ Øwj pkSj fuokl

djrs gSaA½
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14- fo/kok vkJes iwtkFkaZ iq"ikf.k fpuksfrA

¼fo/kok vkJe esa iwtk ds fy, iq"i pqurh

gSaA½

15-  fdefi dk;aZ fu"Qya u HkofrA

¼dksbZ Hkh dk;Z fu"Qy ugha gksrk gSA½








