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Hkkjr esa mHkjrk foKku&çsfjr uokpkj ,oa m|ferk ikfjfLFkfrdh ra=

Emerging Science – Driven Innovation and
Entrepreneurship Ecosystem in India

https://doi.org/10.5281/zenodo.17954118

foKku vkSj ç©|¨fxdh vkt u dsoy vkfFkZd fodkl dk ek/;e gSa] cfYd ;s jk"Vªh; çxfr] oSf’od çfrLi/kkZ]
lkekftd ifjorZu vkSj vkRefuHkZjrk ds çeq[k LraHk cu pqds gSaA 21oha lnh dk fo’o Li"V :i ls “u‚yst&bd¨u‚eh”
dh vksj c<+ jgk gS] vkSj Hkkjr bl ifjorZu ds dsaæ esa ,d ,slh 'kfDr ds :i esa [kM+k gS t¨ foKku&vk/kkfjr uokpkj]
Mhi&Vsd m|ferk vkSj vuqla/kku&vk/kkfjr m|¨x¨a ds ek/;e ls u, v/;k; fy[k jgk gSA fiNys n’kd esa Hkkjr us
ftl rhozrk ls foKku vkSj uokpkj ds {ks= esa çxfr dh gS] og vk’p;Ztud gh ugha cfYd ,sfrgkfld gSA ge ns[k
jgs gSa fd fMftVy ifCyd bUÝkLVªDpj] varfj{k foKku] tSo&ç©|¨fxdh] DokaVe VsDu¨y‚th] uohdj.kh; ÅtkZ]
vkfVZfQ+f’k;y baVsfytsal] mUur fofuekZ.k vkSj LokLF; rduhd tSls {ks=¨a esa Hkkjr dh miyfC/k;k¡ ns’k d¨ rduhdh
egk’kfDr cuus dh fn’kk esa rsth ls vkxs c<+k jgh gSaA

njvly] foKku&vk/kkfjr uokpkj] nqfu;kHkj esa uÃ vFkZO;oLFkk dk batu gSA  uokpkj dk vFkZ dsoy u;k
mRikn cukuk ;k uÃ lsok O;oLFkk iSnk djuk gh ugha gS] cfYd oSKkfud fl)kar¨a ds vk/kkj ij leL;kvksa dk mPp
xq.koÙkk] de ykxr vkSj cM+s iSekus ij lek/kku çLrqr djuk gSA uokpkj vc lekt vkSj m|¨x n¨u¨a dh
vko’;drkvksa ls çsfjr gS] vkSj blds dkj.k rduhdh] O;olkf;d rFkk lkekftd rhu¨a vk;ke¨a esa ifjorZu fn[kkÃ
ns jgk gSA Hkkjr esa foKku&vk/kkfjr uokpkj dk nk;jk rhozrk ls c<+ jgk gS] tSls fd UPI tSlh fMftVy ç©|¨fxdh
us Hkqxrku O;oLFkk esa Økafr yk nh gSA mlh rjg] COVID&19 ds n©jku oSDlhu ds fodkl] thu¨e flDosaflax vkSj
ck;¨Vsd gLr{ksi us foKku&vk/kkfjr lek/kku¨a dh {kerk fl) dhA ;gh ugha] ISRO ds paæ;ku&3] xxu;ku vkSj
Aditya L1 fe’ku us Hkkjr dh oSf’od oSKkfud çfr"Bk d¨ uÃ Å¡pkÃ nh gS rFkk xzhu gkbMª¨tu fe’ku vkSj us’kuy
l¨yj fe’ku LoPN ÅtkZ uokpkj d¨ xfr ns jgs gSaA blh rjg ds vusd uokpkj ns’k ds fofHkUu {ks=¨a esa fodkl d¨
uÃ mpkÃ;¨a ij ys tk jgs gSa A

foKku&vk/kkfjr rduhdh m|e¨a ,oa uokpkj¨a ds QyLo:i] Hkkjr vkt LVkVZvi ifjn`’; esa fo’o esa rhljs
LFkku ij gSA vkadM+s crkrs gSa fd Hkkjr esa 1-59 yk[k ls vf/kd DPIIT&ekU;rk çkIr l~VkVZvi dk;Zjr gSa] tcfd
2016 esa budh la[;k ek= 502 FkhA bl fo’kky bd¨flLVe ds dkj.k 16&17 yk[k ls vf/kd u©dfj;k¡ iSnk dh
tk pqdh gSaA [kkl ckr ;g gS fd vc LVkVZvi cM+s&cM+s 'kgj¨a rd gh lhfer ugha gSa] vc yxHkx 51% LVkVZvi
fV;j&II ,oa fV;j&III 'kgj¨a ls vk jgs gSa] t¨ foKku vkSj m|ferk ds y¨dra=hdj.k dk Js"B mnkgj.k gSA ;g Hkh
tkuuk egRoiw.kZ gS fd vc efgyk,a Hkh uokpkj vkSj LVkVZvi ds {ks= esa c<+&p<+dj vkxs vk jgh gSaA yxHkx 14%
LVkVZvi efgykvksa }kjk lapkfyr fd;s tk jgs gSa] t¨ fd ns’k esa ,d lekos’kh fodkl dk l’kDr ladsr gSA

uokpkj {kerk dk lcls egRoiw.kZ oSf’od ladsrd Xy¨cy bu¨os’ku baMsDl ¼GII½ g¨rk gSA Hkkjr us fiNys ,d
n’kd esa blesa mYys[kuh; Nykax yxkÃ gSA tgk¡ 2015 esa Xy¨cy bu¨os’ku baMsDl esa gekjk  81ok¡ LFkku Fkk] ogha
yxkrkj çxfr djrs gq, 2024 esa ge 39osa LFkku ij iagqp x, gSaA ;g mUufr n’kkZrh gS fd Hkkjr dk oSKkfud
vuqla/kku] LVkVZvi bd¨flLVe vkSj uokpkj bUÝkLVªDpj oSf’od ekud¨a dh vksj vxzlj gSA dqy feykdj
foKku&vk/kkfjr uokpkj vkSj LVkVZvIl Hkkjr dh Mhi&Vsd vkdka{kkvksa d¨ vkxs c<+k jgs gSaA AI] j¨c¨fVDl] Mª¨u
rduhd] ck;¨Vsd] EV] lsehdaMDVj] Lisl&Vsd] lkbcj lqj{kk] esfMdy midj.k] Ñf"k&rduhd] 3D fçafVax tSls
vusd {ks=¨a esa Hkkjr dh uÃ ih<+h B¨l uokpkj çLrqr dj jgh gSA

ns’k esa foKku&vk/kkfjr uokpkj ra= d¨ l’kDr djus gsrq Hkkjr ljdkj us Hkh dÃ ifjorZudkjh dne mBk, gSaA
buesa çeq[k gSa] LVkVZvi bafM;k fe’ku&2016 t¨ fd oSKkfud m|ferk d¨ ç¨Rlkfgr djus okyh ns’k dh lcls cM+h
igy gSA nwljk çeq[k dne gS LVkVZvi bafM;k lhM QaM Ldhe ftlesa ̀ 945 dj¨M+ dh jkf’k çkjfEHkd foKku&vk/kkfjr
LVkVZvi lgk;rk gsrq nh xÃ gS vkSj blls yxHkx 213 buD;wcsVj rFkk 2]622 LVkVZvIl d¨ çR;{k ykHk çkIr gqvk
gSA blh rjg] vVy bu¨os’ku fe’ku dk Hkh fo’ks"k ;¨xnku jgk gS] t¨ fd uokpkj laLÑfr d¨ cpiu ls iz̈ Rlkfgr djus
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okyk fo’o dk lcls cM+k dk;ZØe cu x;k gSA blds varxZr ns’kHkj ds fo|ky;¨a esa 10]000 ls vf/kd vVy fVadfjax
ySCl ¼ATL½ LFkkfir dh tk pqdh gSa] 72 vVy buD;wcs’ku lsaVj¨a ds ek/;e ls yxHkx 3]556 LVkVZvIl d¨
buD;wcs’ku dh lqfo/kk nh tk jgh gSA 'kS{kf.kd ,oa vkS|¨fxd vuqla/kku ds {ks= esa cM+k fuos’k miyC/k djkus ds mÌs’;
ls us’kuy fjlpZ QkmaMs’ku dh LFkkiuk Hkh ,d cM+k dne gSA blds varxZr 5 o"kZ esa `50]000 dj¨M+ ls vf/kd dk
fuos’k çLrkfor gS] ftlls oSKkfud 'k¨/k d¨ uÃ xfr feysxhA blh ds lkFk lsehdaMDVj fpi QSfczds’ku] DokaVe
daI;wfVax vkSj AI&fodkl gsrq fo’kky fuos’k djus ds mÌs’; ls bafM;k lsehdaMDVj fe’ku ,oa bafM;k AI fe’ku dh
LFkkiuk dh xÃ gS] ftlls ns’k esa uokpkj] ,oa Mhi&Vsd LVkVZvi ds {ks= esa uÃ fn’kk feysxhA ;gh ugha] vkt ns’kHkj
esa yxHkx 15]000 'kS{kf.kd laLFkku¨a esa Institution Innovation Council ¼IIC½ LFkkfir dh tk pqdh gSa] t¨
foKku&vk/kkfjr LVkVZvIl d¨ çf’kf{kr ,oa esaVjf’ki leFkZu nsrs gSaA lkFk gh 'kS{kf.kd txr vkSj m|¨x ds chp c<+rk
lg;¨x Hkkjr esa foKku&lapkfyr m|ferk ds fy, etcwr vk/kkj çnku dj jgk gSA jk"Vªh; f’k{kk uhfr ¼NEP&2020½
us Hkh oSKkfud l¨p] ç;¨x] fMt+kbu fFkafdax] leL;k&lek/kku d©’ky vkSj m|ferk d¨ eq[;/kkjk f’k{kk esa lekfgr fd;k
gS] ftlls Hkfo"; dk lkbal&bu¨osVj odZQ¨lZ rS;kj g¨ jgk gSA

;g Li"V gS fd ,d rjQ r¨ foKku&vk/kkfjr uokpkj d¨ xfr fey jgh gS] ogha nwljh rjQ bld¨ j¨dus okyh
dÃ pqu©fr;ka Hkh iSnk g¨ jgh gSa] tSls fd LVkVZvIl dk cM+k fgLlk vHkh Hkh y¨&Vsd lsok{ks= esa gSA vHkh Hkh AI] ML]
j¨c¨fVDl] Lisl&Vsd] DokaVe vkSj lsehdaMDVj tSls {ks=¨a esa mPp Lrjh; ¼Deep&Tech½ uokpkj dh deh gSA bu
{ks=¨a esa vkSj vf/kd fuos’k o fo’ks"kKrk dh vko’;drk gSA blh rjg] Hkkjr vHkh Hkh R&D {ks= esa GDP dk 0-
6% gh fuos’k djrk gS] t¨ fd fodflr ns’k¨a dh rqyuk esa dkQh de gSA ns’k esa oSKkfud volajpuk dk vleku
forj.k Hkh ,d cM+h pqukSrh gSA xzkeh.k ,oa N¨Vs 'kgj¨a esa oSKkfud ç;¨x’kkyk,¡] fo’oluh; baVjusV] mPp xq.koÙkk
midj.k vkSj m|¨x lg;¨x dh deh gSA blh rjg] ?kjsyw iwath fuos’k dh deh Hkh cM+h pqukSrh gSA vHkh Mhi&Vsd
{ks=¨a esa osapj dSfiVy dk çokg lhfer gS] tcfd t¨f[ke vf/kd g¨us ds ckotwn bu {ks=¨a esa laHkkouk,¡ cgqr cM+h gSaA
bl {ks= esa vf/kd Q¨dl nsus dh vko’;drk gS A

vxj ge vkxs dh jkg dh ckr djsa r¨ Li"Vr;k Hkkjr d¨ oSf’od foKku&uokpkj dsaæ cukus dh j.kuhfr ij
dk;Z djus dh vko’;drk gSA blds fy, m|¨x&vdknfed lk>snkjh d¨ uÃ Å¡pkÃ nsuh g¨xhA ISRO&LVkVZvi
lg;¨x tSls e‚My d¨ vU; {ks=¨a esa Hkh ykxw djus dh vko’;drk gS] Lisl Vsd] j{kk] EV] DokaVe] tSo&ç©|¨fxdh
vkfn esa la;qDr ySc] VsLV&csM] fjlpZ vuqnku cuus pkfg,A blh rjg] Mhi&Vsd LVkVZvIl ij fo’ks"k /;ku nsus dh
vko’;drk gSA bafM;k AI fe’ku] DokaVe fe’ku rFkk lsehdaMDVj fe’ku ls tqM+s LVkVZvIl d¨  VSDl balsafVo] rst
isVsaV ç¨lsl] oSf’od cktkj esa igq¡p tSlh lqfo/kk,¡ çnku dh tkuh pkfg,A gfjr vkSj lrr ç©|¨fxdh d¨ oSf’od
usr`Ro nsus dh vko’;drk gSA Hkkjr] xzhu gkbMª¨tu] EV cSVjh] vif’k"V çca/ku] dkcZu dSIpj] LekVZ Ñf"k {ks=¨a esa
oSf’od usr`Ro gkfly dj ldrk gSA lcls egRoiw.kZ gS] ;qok oSKkfud¨a d¨ Hkfo"; gsrq rS;kj djukA cnyrs ifjn`’;
ds lkFk AI] MsVk foKku] j¨c¨fVDl] ck;¨Vsd] lkbcj lqj{kk tSls d©’ky f’k{kk&ç.kkyh dk vfHkUu fgLlk curs tk
jgs gSaA ATL] IIC vkSj fLdy bafM;k fe’ku feydj ,d ¶;wpj&jsMh lkbal odZQ¨lZ rS;kj dj ldrs gSaA

Li"Vr;k] Hkkjr dk foKku&vk/kkfjr uokpkj ,oa m|ferk ikfjfLFkfrdh ra= vkt ,d fu.kkZ;d e¨M+ ij gSA
foKku dh 'kfDr] rduhdh Økafr] LVkVZvi laLÑfr] ljdkjh leFkZu vkSj ;qokvksa dh uokpkjh ÅtkZ-bu lHkh us
feydj ,d ,slk okrkoj.k cuk;k gS t¨ Hkkjr d¨ vkxkeh n’kd esa oSf’od rduhdh usr`Ro çnku dj ldrk gSA
vkt Hkkjrh; LVkVZvi dsoy vkfFkZd o`f) ugha dj jgs] cfYd j¨x funku d¨ rst vkSj lLrk cuk jgs gSa] Ñf"k esa
oSKkfud lek/kku <wa< jgs gSa] f’k{kk d¨ fMftVy :i esa ifjofrZr dj jgs gSa] varfj{k o ÅtkZ {ks=¨a esa u, vk;ke [k¨y
jgs gSa] vkSj yk[k¨a ;qokvksa d¨ oSKkfud j¨txkj miyC/k djk jgs gSaA vkt Hkkjr dk ;qok u©djh <w¡<us okyk ugha] cfYd
u©djh nsus okyk cu jgk gSA ;fn ge foKku vkSj uokpkj d¨ leku xfr ls c<+krs jgs] r¨ 2047 rd fodflr Hkkjr
cuus dk y{; dsoy liuk ugha] cfYd oSKkfud vk/kkj okyk ;FkkFkZ g¨xkA

& M‚ vksme çdk’k 'kekZ
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lkjka’k

VkbVsfu;e&,Y;wehfu;e&ukbVªkbM (TiAlN) foysiu (coating) d¨ vfHkfØ;k’khy Mhlh eSXusVª‚u
LiVfjax rduhd }kjk LVsuysl LVhy voLrj (substrate) ij tek (deposit) fd;k x;kA voLrj ij
bldh vklatu’khyrk (adesiveness) dk ewY;kadu [kj äp ijh{k.k (LØSp VsLV) dk mi;¨x djds fd;k
x;kA ;g rduhd LVsuysl LVhy ds foysfir (d¨VsM) uewus ij c<+rs lkekU; Hkkj ds rgr ghjk LVkbyl
(ghjk yxh dye) ds }kjk [kj¨ap yxkus dh fØ;k ij vk/kkfjr gSA [kj äp ijh{k.k¨a ds n©jku ysiu dh Hkkj.k
nj (loading rate) esa ifjorZu fd;k x;k vkSj foysfir vklatd ij bl çHkko dk fo’ys"k.k fd;k x;kA
[kj¨ap ijh{k.k¨a ds n©jku foysfir vklatd (adhesive) ,oa llatu (cooesive) foQyrkvksa ds fy, Økafrd
Hkkj (critical weight) d¨ ekik x;kA fofHkUu Hkkj.k nj ä ij ?k"kZ.k xq.kkad () d¨ fu/kkZfjr fd;k x;kA de
Hkkj dh n’kk esa foysiu esa njkjsa fn[kuk] rFkk Åijh ijr ds gVus ds lkFk llatd foQyrk dh ?kVuk ns[kh
xÃA tcfd mPp Hkkj ij] vklatd foQyrk] Nhyu vFkok foysfir inkFkZ ds N¨Vs VqdM+s ;k Nhyu vyx
g¨uk (chipping)] leqR[kaMu (spalation) vFkkZr d¨fVax ds cM+s VqdM+̈ a dk VwV dj vyx g¨uk vkSj
foLrj.k@fola;¨tu (delamination) bR;kfn ns[kk x;kA

Abstract

Titanium-aluminium-nitride (TiAlN) coating was deposited on stainless steel substrate by
reactive DC magnetron sputtering technique. The adhesion was evaluated using scratch test. This
technique is based on scratching the coated stainless-steel sample with a diamond stylus under
increasing normal load. The loading rate was varied during the scratch tests and its effect on the
coated adhesive was analysed. The critical weight for adhesive and cohesive failures of the coated
adhesive was measured during the scratch tests. The coefficient of friction () was determined at
different loading rates. At low loads, the occurrence of cracks in the coating, and cohesive failure
with peeling of the top layer was observed. Whereas at high loads, adhesive failure, chipping or
breaking off of the coated material into smaller pieces, spallation i.e. breaking off of larger pieces
of the coating and delamination etc. were observed.

eq[; 'kCn % vklatu( vk[kqj.k@[kj äp ijh{k.k( TiAlN( eSXusVª‚u LiVfjax( Hkkj.k (loading) nj( ?k"kZ.k
xq.kkadA
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ifjp;

dÃ vuqç;¨x ä (applications) esa TiN d¨fVax
d¨ VkbVsfu;e&,Y;wehfu;e&ukbVªkbM (TiAlN) ds
ysi }kjk çfrLFkkfir fd;k tkrk gS [1]A TiAlN

d¨fVax mPp dB¨jrk] c<+k gqvk f?klko çfrj¨/k]
mPp vkWDlhdj.k çfrj¨/k vkSj dkVus dh csgrj
{kerk çnf’kZr djrh gSa [2]A TiAlN vFkok blh
rjg dh fdlh vU; d¨fVax d¨ vusd çdkj dh
Hk©frd ok"i fu{ksi.k rduhd¨a [3] (deposition

techniques) ds }kjk  tek fd;k tk ldrk gSA
TiN dh rqyuk es TiAlN foysfir /kkrq (TiAlN

coated metal) e’khuu (machining) vkSj fuekZ.k
vuqç;¨x ä dh ,d J̀a[kyk ds fy, csgrj  çn’kZu
n’kkZrh gSa] t¨ fd TiN ysi esa ,Y;wehfu;e ds tqM+us
ls vkSj ;a=ksa (instruments) dh lrg ij ,Y;wehfu;e
vkWDlkbM dh ijr ds fuekZ.k ds dkj.k gksrk gSA
;g foysiu (coating) ds izpkyu rkieku ijkl
(operating temperature range) dks tks TiN foysiu
vkLrj.k ds fy, 500º C g¨rk gS TiAlN foysiu
vkLrj.k ds fy, 800º C rd c<+k nsrk gSA TiAlN

vkLrj.k l[r Hkh g¨rk gS] ftlds ifj.kkeLo:i
Nhyu ds m[kM+us esa deh vkrh gSA TiAlN foysiu
ds xq.k bls U;wure Lusgd (lubricants) ds mi;¨x
ds lkFk mPp rkieku ij dkVus dh fØ;k ds
lapkyu ds fy, mi;qDr cukrs gSaA bldk mi;¨x
VkbVsfu;e] ,Y;wehfu;e] fudy feJ&/kkrq] LVsuysl
LVhy] feJ&/kkr q LVhy] d¨ckYV&Ø¨fe;e
&e¨fyCMsue (Co–Cr–Mo) vkSj dPps y¨gs ls cus
;a=¨a esa lQyrkiwoZd fd;k tk ldrk gSA bl rjg
ds ysi ds lcls egRoiw.kZ ewY;kadu ekinaM ä esa ls
,d vklatd 'kfDr (adhesive power) [4] gSA
foysiu vkSj voLrj (substrate) ds chp vklatu
dk ewY;kadu [kj äp ijh{k.k dk mi;¨x djds fd;k
tk ldrk gSA ;g ijh{k.k j‚dosy lh ghjk narqjd
(diamond inentor) d¨ ysfir uewus (lkekU;r: 20

ls 50 feeh vkdkj) ij ;a= }kjk pykrs gq, uewus dh
lrg ij jSf[kd :i ls y¨M (Hkkj) d¨ lrr c<+k dj
fd;k tkrk gSA narqjd (indentor) esa 200 m (ASTM

ekud) dh u¨d&f=T;k (tip radius) g¨rh gSA yxk,
x,  lkekU; Hkkj (y¨M) d¨ 1 N ls ysdj vf/kdre
100 N rd c<+k;k tk ldrk gSA Hkkj.k nj vkSj
[kj¨ap dh yackÃ iwoZ&fu/kkZfjr dh tkrh gSA [kj¨ap
ijh{k.k ds n©jku] og IysVQ+‚eZ] ftl ij uewus d¨
fLFkj (fix) fd;k tkrk gS] {kSfrt :i ls pyrk gSA
narqjd ij] /ofud mRltZu (Acoustic Emission–

AE)] ?k"kZ.k cy (Friction Force) vkSj xgjkÃ (depth)

ekiu lsalj yxk, tkrs gSa] t¨ [kj¨ap ijh{k.k ds
n©jku MsVk d¨ fujarj fjd‚MZ djrs gSaA foysiu dh
foQyrkvksa ds fy, n¨ çeq[k çdkj ds Økafrd Hkkj
(critical force) ifjHkkf"kr fd, x, gSaA ,d] llatd
Økafrd Hkkj (cohesive critical load)] og Hkkj gS
ftl ij llatd foQyrk g¨rh gS] ;kuh foysiu ds
Hkhrj foQyrk tSls fd foysiu ds Hkhrj lw{e njkjsa
vkSj nwljk vklatu foQyrk ;kuh fd Nhyu
(chipping) fudyuk] leqR[kaMu (spallation)]
foiVyu (dellmination) ;k ,slh fdlh Hkh ?kVuk
dk voy¨du ftlesa foysiu ds uhps voLrj
(substrate) mtkxj g¨ tkrk gSA [kj¨ap ijh{k.k ds
rqjar ckn çdk’kh; lw{enf’kZdh (optical microscopy)

esa [kj¨ap iFk (scratch track) d¨ ns[kdj vkSj [kj¨ap
iFk ij vyx&vyx Hkkj ij Q¨V¨ ysdj Økafrd
Hkkj çkIr fd, tk ldrs gSaA [kj¨ap ijh{k.k ds n©jku
çkIr /ofud mRltZu (AE) ladsr ;k ?k"kZ.k cy
(friction force) O;ogkj esa ifjorZu ds lkFk Økafrd
H k kj d¨ H k h
fu/kkZfjr ;k lglacaf/kr fd;k tk ldrk gSA orZeku
v/;;u Mhlh eSXusVª‚u LiVfjax }kjk l~Vsuysl LVhy
ij tek TiAlN foysiu (coatin) ds vklatu
(adhesivvness) ij Hkkj.k nj ds çHkko dk ewY;kadu
djrk gSA [kj¨ap ijh{k.k ds n©jku çkIr ?k"kZ.k cy
vkSj /ofud mRltZu ladsr¨a dk ewY;kadu vkSj rqyuk
dh xÃ gSA Hkkj.k nj¨a ds lanHkZ esa ?k"kZ.k xq.kkad dk
ewY;kadu Hkh fd;k x;k gSA
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foysiu

TiAlN fQ+Yesa taxj¨/kh bLikr voLrj (stainless

steel substrate) ij vfHkfØ;k’khy (reactive) dc

eSXusVª‚u LiVfjax }kjk fo’ks"k :i ls fufeZr bdkÃ
(custom built unit) esa rS;kj dh xÃaA lrg dh
lQkÃ {kkjh; ?k¨y esa dh xÃ] rFkk ?k¨y dk rkieku
60º C j[kk x;k FkkA {kkjh; ?k¨y esa lQkÃ ds ckn]
voLrj lcLVªsV~l d¨ 33% (v/v) gkbMª̈ tu Dy¨jkbM
(HCl) es a Mqc¨;k x;kA lHkh pj.k ijkJO;
(ultrasonic) çs{k.k ä ds :i esa fd, x,A çR;sd pj.k
d s c kn ] ue wu ¨ a  d¨ lkn s  ikuh l s
/k¨;k x;k vkSj fQj vklfor [kfut (distilled

mineral–DM) ikuh ls /k¨;k x;kA foysiu dk
teko ukbVª¨tu@vkxZu çokg ds 20% vuqikr ij
fd;k x;kA VkbVsfu;e vkSj ,Y;wehfu;e ds oSdfYid
pki [kaM¨a okys ,d x¨ykdkj e¨t+sd /kkrq y{; dk
mi;¨x fd;k x;k FkkA y{; dk O;kl 160 feeh
vkSj lrg {ks= vuqikr (C

Ti
/C

Al
) ,d FkkA ?kw.khZ

(rotary) iai }kjk lefFkZr folj.k (diffusion) iai
dh lgk;rk ls d{k esa <1×10–5 mbar (<0.0076

mTorr) dk fuokZr (vacuum) cuk;k x;kA mPp
'kq)rk okys vkxZu vkSj ukbVª¨tu xSl ä (’kq)rk
>99.99%) d¨ fQj ls d{k esa Hkj fn;k x;kA lHkh
ç;¨x¨a esa vkxZu xSl dk çokg 20 sccm ij fLFkj
j[kk x;k] rFkk dqy ncko yxHkx 4×10–3 mbar

(3.8 mTorr) ij fLFkj j[kk x;kA ukbVª̈ tu çokg
d¨ vu qd w fyr fd;k x;k vk S j 20% d s
ukbVª̈ tu@dqy xSl çokg vuqikr ds bl vuqdwfyr
eku ij ysi rS;kj fd;k x;kA ysi ds teko ds
n©jku] voLrj d¨ –100 V ij vfHkur (bias)

fd;k x;k ,oa y{; /kkjk d¨ 0.6 A j[kk x;k FkkA
ysi ds teko ds n©jku] d¨Ã ckgjh rkiu (heating)

ugha dh xÃ FkhA y{; ls voLrj ds chp dh nwjh
60 feeh j[kh xÃ FkhA y{; d¨ 0–1000 V (6 A
vf/kdre) dh fLFkj çR;{k /kkjk 'kfDr (direct

current–DC power) vkiwfrZ ds ek/;e ls fctyh
dh vkiwfrZ dh xÃ FkhA voLrj vfHkufr (substrate

biasing) d¨ ifjorZuh; o¨YVst (0–300 V) vkSj

/kkjk (current) (0–500 mA) dh fLFkj çR;{k /kkjk
'kfDr dh vkiwfrZ ds ek/;e ls ykxw fd;k x;kA
ukbVªkbM foysiu esa csgrj vklatu çkIr djus ds
fy,] lHkh ç;¨x¨a esa lcls igys y{; (Ti–Al)

inkFkZ dk ,d iryk /kkrq var%Lrj (interlayer)

(<0.2 m) d¨ d{k esa ukbVª̈ tu dh 'kq:vkr ls
igys tek fd;k x;k FkkA çkIr TiAlN ysi dh
e¨VkÃ 1.8 ls 2.2 mdh lhek esa FkhA

[kj äp vklatu ijh{k.k (scratch adhesive test)

foysiu ds fy, cqfu;knh vko’;drk ;g gS]
fd tek dh xÃ fQYe voLrj ls vPNh rjg ls
tqM+h gqÃ g¨A [kj¨ap vklatu ijh{k.k ,d okf.kfT;d
Lopkfyr [kj¨ap ijh{kd (CSEM] fLoVtjySaM
fufeZr) dk mi;¨x djds fd;k x;k Fkk] t¨ j‚dosy
lh Mk;eaM LVkbyl (’kadq 'kh"kZ d¨.k 120º] vxz
f=T;k 200 ekbØ¨u) vkSj çdk’kh; lw{enf’kZdh ls
lqlfTtr FkkA 1 ls 30 N rd jSf[kd :i ls c<+rs
Hkkj ds rgr [kj äp cuk, x, FksA 10] 30] 50] 70

vkSj 100 N/min dh Hkkj.k nj¨a ij vyx&vyx
[kj¨ap fd, x, Fks] ftlesa [kj¨ap dh yackÃ 3 feeh
ij fLFkj j[kh xÃ FkhA pwafd ysi 30 N Hkkj rd
iwjh rjg ls foQy ugha gqÃ Fkh] blfy, 30 N/min

dh Hkkj.k nj ij ykxw lkekU; cy d¨ 50 N rd
c<+kdj [kj¨ap ijh{k.k n¨gjk;k x;kA fofHkUu ysi
foQyrk ?kVukvksa esa lw{e njkjsa] Nhyu] leqR[kaMu
(spallation)] inkFkZ dk ik'oZ çokg (side flow)]
vkaf’kd ;k iw.kZ fola;¨tu (disjunction) 'kkfey
gSaA c<+rs Hkkj ds lkFk [kj¨ap çfr:i ftlesa fofHkUu
çdkj dh foysiu foQyrk,a g¨rh gSa] çdk’kh;
lw{enf’kZdh vkSj ?k"kZ.k cy eki }kjk tkuk tk
ldrk gSA ;g lq>ko fn;k x;k gS] fd vklatu
foQyrk lh/ks ?k"kZ.k cy vkSj AE eku esa vpkud
of̀) ds lkFk tqM+h gqÃ gSA /ofud lalwpd (acoustic

detector) t¨ ewy :i ls [kj¨ap ds n©jku mRlftZr
/ofu ÅtkZ d¨ ekirk gS] LVkbyl ds Åij yxk;k
tkrk gS] vkSj lw{e njkj¨a ds xBu vkSj çlkj ls
fudyus okys ç?kkrh rjax çLQ¨V (shock wave

burst) ds ek/;e ls ysi ds uqdlku dh 'kq#vkr



MkW- dqyoar flag] fofHkUu Hkkj.k njksa ij TiAIN foysiu dk vklatu'khy ewY;kadu

iwoZ esa ;wthlh ds;j lwph esa vuqeksfnr 'kks/k tuZy foKku izdk'k , ISSN : 1549-523-X, o"kZ% 23, vad 3, tqykbZ&flrEcj 2025 7

dk irk yxkrk gSA /ofud ladsr ä (acoustic signals) ds cM+s Lianu ä (vibrations) vkSj foysiu foQyrk ds
chp ,d laca/k gSA ?k"kZ.k cy lalwpd (friction force detector) [kj äp ijh{k.k ds n©jku ?k"kZ.k cy d¨ yxkrkj
fjd‚MZ djrk gSA foysi ds VwVus] vyx g¨us ;k vU;Fkk {kfrxzLr g¨us ij ?k"kZ.k cy cny tkrk gSA mPp Hkkj
ij O;ogkj dk fujh{k.k djus ds fy,] 50 N (30 N/feuV dh Hkkj.k nj ij) rd Hkkj c<+kdj [kj¨ap ijh{k.k
d¨ n¨gjk;k x;kA

ifj.kke vkSj ppkZ

[kj¨ap ijh{k.k ds n©jku lkekU; Hkkj] ?k"kZ.k xq.kkad (friction coefficient) vkSj /ofud mRltZu ds xzkQ
ntZ fd, x,A ;g ns[kk x;k gS] fd 30 N Hkkj rd] fNyuk] Åijh ijr gVkuk] foysi inkFkZ dk vkxs dh vksj
çokg] ik'oZ çokg vFkok dqN LFkku¨a ij fNyuk vkSj vkaf’kd fola;¨tu (disjunction) ns[kk x;k] tcfd iw.kZ
fola;¨tu ugha ik;k x;kA mPp Hkkj ij O;ogkj dk fujh{k.k djus ds fy,] 50 N rd Hkkj c<+kdj [kj¨ap
ijh{k.k fd;k x;kA

Hkkj.k (loading) nj dk çHkko

fp= 1: fofHkUu Hkkj ij lw{e Nfo;ka (micrograph) (Hkkj.k nj: 10 N/feuV)

fp= 1 esa] 10 N/feuV dh Hkkj.k nj ij fd, x, [kj¨ap ijh{k.k ds fy, vyx&vyx Hkkj ij [kj¨ap
iFk dh lw{e Nfo;ka fn[kkÃ xÃ gSaA 8 N Hkkj rd d¨Ã njkj ;k Nhyu ugha ns[kh xÃA tSls gh Hkkj 13 N
rd c<+k] ekewyh Nhyu ns[kh xÃA 17.5 N Hkkj ij Åijh ijr gV xÃ vkSj Nhyu ds lkFk&lkFk N¨Vh njkjsa
Hkh vkÃaA 23.8 N Hkkj ij] njkj vkSj Nhyu c<+ xÃ vkSj inkFkZ dk çokg (flow) 'kq: g¨ x;kA 25.5 N

Hkkj ij] ;s lHkh ?kVuk,¡ mPp lhek rd c<+h ns[kh xÃaA 28 N ij] dqN LFkku¨a ij leqR[kaMu vkSj vkaf’kd
fola;¨tu (partial disjunction) Hkh gqvkA

fp= 2 esa 30 N/feuV dh Hkkj.k nj ij fd, x, [kj¨ap ijh{k.k ls fofHkUu Hkkj¨a ij lw{e Nfo;ka
(micrograph) fn[kkÃ xÃ gSaA ;g ns[kk x;k fd 17.6 N Hkkj ij] Nhyu ls Åijh ijr gVus yxh] tcfd
20.5 N Hkkj ij njkjsa fn[kkÃ nsus yxhaA 23.5 N Hkkj ij njkjsa yach] xgjh vkSj p©M+h g¨ xÃa vkSj vkaf’kd
:i ls fola;¨tu (disjuntion) gqvkA 26 N Hkkj ij] inkFkZ dk çokg (flow of material) Hkh ns[kk x;kA
28 N Hkkj ij] fNyus vkSj njkj ä dh ek=k c<+ xÃ vkSj fdukj¨a ij inkFkZ dk çokg Hkh ns[kk x;kA
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fp= 2: fofHkUu Hkkj ij lw{e Nfo;ka ¼Hkkj.k nj% 30 N/feuV½

fp= 3: fofHkUu Hkkj ij lw{e Nfo;ka (Hkkj.k nj% 50 N/feuV)

50 N/feuV (fp= 3) dh Hkkj.k nj ij] ;g ns[kk x;k fd 16.4 N ij dsoy Åijh ijr gV xÃA 20

N ij ØSfdax vkSj fpfiax 'kq: gqÃ vkSj 23 N Hkkj ij leqR[kaMu gqvkA 25 N ij pVdus (cracking) vkSj
fNyus dh ek=k c<+ xÃ] vkSj fdukj¨a ij inkFkZ dk çokg Hkh 'kq: g¨ x;kA 28 N ij fNyuk] fpVduk vkSj
inkFkZ ds çokg dh ek=k c<+h ns[kh xÃA 30 N ds ijh{k.k Hkkj rd d¨Ã fola;¨tu ugha ns[kk x;kA

70 N/feuV Hkkj.k nj ij] fp= 4 ls ;g Li"V gS] fd 14 N rd] d¨Ã Hkh llatd foQyrk (cohesive

failure) ugha ns[kh xÃA 18 N Hkkj ij] njkjsa] fNyuk vkSj Åijh ijr dk gVuk 'kq: g¨ x;kA 26.9 N Hkkj
ij] njkjsa xgjh vkSj yach g¨ xÃa] inkFkZ dk çokg Hkh ns[kk x;kA 28 N ij] fNyus dh ek=k c<+ xÃ] fdukj¨a
ij inkFkZ dk çokg ns[kk x;k] ysfdu 30 N Hkkj rd d¨Ã vklatu foQyrk (adhesion failure) ugha gqÃA
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fp= 4: fofHkUu Hkkj ij lw{e Nfo;ka (Hkkj.k nj% 70 N/feuV)

fp= 5: fofHkUu Hkkj ij lw{e Nfo;ka (Hkkj.k nj% 100 N/feuV)

100 N/feuV Hkkj.k nj (fp= 5) ij] 18 N Hkkj ij Åijh ijr dk gVuk vkSj fNyuk ns[kk x;kA 21

N Hkkj ij] foysi esa njkjsa 'kq: g¨ xÃaA 24.3 N Hkkj ij] njkj¨a dk ?kuRo (density) c<+ x;k] vkSj fdukj¨a
ij inkFkZ dk çokg Hkh ns[kk x;kA 28 N Hkkj ij] fNyus vkSj vkaf’kd fola;¨tu ds lkFk inkFkZ dk Hkkjh
çokg gqvkA tc ge vyx&vyx Hkkj.k nj ä ij fd, x, leku Hkkj ij [kj¨ap çfr:i (scratch pattern)

dh rqyuk djrs gSa] r¨ ge ns[krs gSa] fd tSls&tSls Hkkj.k nj c<+rh gS] fpVduk] fNyuk] vkSj inkFkZ dk çokg
rFkk Åijh ijr dk gVuk] leqR[kaMu vkfn lHkh ?kVuk,a rsth ls g¨rh gSaA fp= 1–5 esa] tc 8–12 N Hkkj
ds chp [kj¨ap çfreku dh rqyuk dh tkrh gS] r¨ leku Hkkj ij Hkkj.k nj esa o`f) ds lkFk de n¨"k ns[ks
x,A fofHkUu Hkkj.k nj¨a ij 16–18 N Hkkj ds chp (fp= 1–5) [kj¨ap çfr:i (scratch pattern) dh rqyuk
djus ij] ;g ns[kk x;k fd tSls&tSls Hkkj.k nj c<+rh gS] leku ykxw Hkkj ij inkFkZ dk çokg vkSj njkjsa
de g¨rh tkrh gSaA blh rjg] tc fofHkUu Hkkj.k nj¨a ds fy, 21–24 N Hkkj ds chp [kj äp çfr:i dh rqyuk
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dh xÃ] r¨ ;g ns[kk x;k] fd de Hkkj.k nj ä ij inkFkZ dk çokg vkSj lrgh n¨"k vf/kd Li"V Fks] vkSj Hkkj.k
nj c<+us ds lkFk de g¨ x,A 28 N Hkkj ij] fofHkUu Hkkj.k nj¨a ds fy, [kj¨ap çfreku dh rqyuk djus
ij] ;g ns[kk x;k fd de Hkkj.k nj ij] vf/kd QSyko vkSj inkFkZ dk çokg gqvkA

50 N rd ds Hkkj ij [kj¨ap

[kj¨ap ijh{k.k 50 N rd ds lkekU; Hkkj ij n¨gjk;k x;k] D;¨afd 30 N rd ds Hkkj ij] foysi esa d¨Ã
cM+h vklatu foQyrk ugha ikÃ xÃA Hkkj.k nj 30 N/feuV Fkh vkSj [kj äp dh yackÃ 3 feeh j[kh xÃ FkhA
fofHkUu Hkkj¨a ij [kj äp iFk (track) ds lw{e Nfo;ka fp= 6 esa fn[kkÃ xÃa gSaA

fp= 6: fofHkUu Hkkj ij lw{e Nfo;ka (Hkkj.k nj% 30 N/feuV)

fp= 6 ls] ;g ns[kk x;k fd 19.2 N Hkkj ij] fNyuk vkSj njkjsa vkÃaA 26 N Hkkj ij] njkjsa vkSj fNyus
ds lkFk&lkFk inkFkZ dk çokg ns[kk x;kA 35 N Hkkj ij] fc[kjko gqvk vkSj fdukj¨a ij inkFkZ dk çokg c<+
x;k] lkFk gh vkaf’kd fola;¨tu Hkh gqvkA 45 N Hkkj ij] fc[kjko vkSj vkaf’kd fola;¨tu dh ek=k c<+ xÃ]
vkSj fdukj¨a ij inkFkZ dk Hkkjh çokg ns[kk x;kA 48 N Hkkj ij] fc[kjko] inkFkZ dk çokg vkSj vkaf’kd
fola;¨tu vkSj Hkh c<+ x;k] tSlk fd fp= esa fn[kk;k x;k gSA gkykafd] voLrj ls foysi dk iw.kZ
fola;¨tu@vyxko 50 N Hkkj rd ugha ns[kk x;kA

?k"kZ.k xq.kkad

fofHkUu Hkkj.k nj¨a ij fd, x, [k¡j¨p ijh{k.k ds n©jku fofHkUu Hkkj¨a ij çkIr ?k"kZ.k xq.kkad () rkfydk
1 esa fn[kk, x, gSaA [k¡j¨p ijh{k.k esa lkekU; Hkkj 1 ls 30 N rd c<+k, tkus ij]  /khjs&/khjs ykxw Hkkj ds
lkFk c<+dj 50 N@feuV rd dh Hkkj.k nj ä ds fy, 0.1 vkSj 70 vkSj 100 N@feuV dh Hkkj.k nj¨a ds fy,
0.11 rd c<+ x;kA Hkkj esa òf) ds lkFk ?k"kZ.k xq.kkad esa òf)] voLrj çHkko esa of̀) ds dkj.k g¨rh gSA [kj äp
ijh{k.k ds n©jku Hkkj.k nj c<+kus ls fofHkUu Hkkj ij  ij vyx&vyx çHkko iM+kA de Hkkj (6.7 vkSj 12.5

N) ij eku 10 ls 100 N@feuV rd Hkkj.k nj esa of̀) ds lkFk de g¨ x;k] 18.3 N Hkkj ij eku fLFkj jgk]
tcfd mPp Hkkj (24.2 vkSj 30 N) ij ;g 10 ls 100 N@feuV rd Hkkj.k nj esa òf) ds lkFk (,d lhfer
lhek rd) c<+ x;kA ifj.kke n’kkZrs gSa] fd Åijh Hkkj.k nj dh ,d lhek gS] ftlls vf/kd nj ij [kj¨ap ijh{k.k
d¨ gr¨Rlkfgr fd;k tkuk pkfg,A orZeku ekeys esa] ;g 50 N@feuV ik;k x;kA
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rkfydk 1: LØSp ijh{k.k ds n©jku fofHkUu Hkkj ij ?k"kZ.k xq.kkad ()

yksfMax nj 
(N/min) 

fofHkUu Hkkj ij ?k"kZ.k xq.kkad (µ) 

6.7 N 12.5 N 18.3 N 24.2 N 30 N 

10 0.05 0.07 0.08 0.09 0.10 

30 0.04 0.06 0.08 0.09 0.10 

50 0.05 0.06 0.08 0.09 0.10 

70 0.03 0.05 0.08 0.10 0.11 

100 0.04 0.05 0.08 0.10 0.11 

/ofud mRltZu

[kj¨ap ijh{k.k ds n©jku] /ofud mRltZu ladsr mRiUu gq,A ftUgsa xzkQ ds :i esa fjd‚MZ fd;k x;kA
;s ladsr njkjsa] fNyuk] fola;¨tu vkfn ds xBu d¨ bafxr djrs gSaA tc flXuy dh ÅapkÃ c<+ tkrh gS]
r¨ ;g [kj¨ap ijh{k.k ds n©jku njkj vkSj fNyus esa o`f) d¨ n’kkZrk gSA çdk’kh; lw{en’khZ (optical

microscope) esa [kj¨ap iFk ds voy¨du ls bldh iqf"V gqÃA [kj äp ijh{k.k (30 N@feuV dh Hkkj.k nj
ij) ds n©jku çkIr ,d fof’k"V AE xzkQ fp= 7 esa fn[kk;k x;k gSA

fp= 7: [kj¨ap ijh{k.k ds n©jku çkIr AE xzkQ (Hkkj.k nj% 30 N@feuV)

Økafrd Hkkj (critical load)

Økafrd Hkkj d¨ ml Hkkj ds :i esa ifjHkkf"kr fd;k tk ldrk gS] ftl ij foysi@voLrj ç.kkyh
(coating/substrate system) esa dqN vklatu@llatu (adhesive/cohesive) foQyrk 'kq: g¨rh gSA tSlk
fd mij¨Dr v/;;u¨a ls Li"V gS] fd 30 N Hkkj rd] vklatu foQyrk (leqR[kaMu] voLrj ls vkaf’kd
foysiu foLrj.k) ns[kk x;kA rkfydk 2 fofHkUu Hkkj.k nj¨a ij [kj¨ap ijh{k.k ds n©jku ns[ks x, fofHkUu
Økafrd Hkkj ds eku¨a d¨ n’kkZrh gSA
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rkfydk 2 : fofHkUu Hkkj.k nj¨a ij [kj¨ap ijh{k.k ds n©jku ns[kk x;k Økafrd Hkkj

yksfMax nj 
(N/min) 

LC1 

(N) 
LC2 

(N) 
LC 
(N) 

LC4 
(N) 

10 12.9 17.5 22.8 23.8 

30 13.5 17.8 23.5 23.5 

50 13.9 20.0 25.0 23.0 

70 14.0 20.5 26.9 26.9 

100 14.1 21.0 27.0 30.0 

tgk¡ LC
1
 = og Økafrd Hkkj ftl ij Åijh ijr dk gVuk vkSj fNyuk 'kq: gqvkA

LC
2
 = og Økafrd Hkkj ftl ij njkjsa mRiUu gqÃaA

LC
3
 = og Økafrd Hkkj ftl ij fdukj ä ij inkFkZ dk çokg ns[kk x;kA

LC
4
 = og Økafrd Hkkj ftl ij fNyuk@vkaf’kd fola;¨tu gqvkA

ge rkfydk 2 ls ns[krs gSa fd Åijh ijr d¨ gVus vkSj fNyus ds fy, vko’;d Økafrd Hkkj (LC
1
) Hkkj.k

nj esa o`f) ds lkFk /khjs&/khjs c<+rk x;kA blh rjg] njkjsa mRiUu djus ds fy, vko’;d Økafrd Hkkj (LC
2
)

vkSj inkFkZ dk çokg (LC
3
) Hkh Hkkj.k nj esa of̀) ds lkFk c<+rk x;kA

gkyk¡fd] fNyuk@vkaf’kd fola;¨tu (LC
4
) ij Hkkj.k nj dk çHkko vyx FkkA LC

4
 dk eku Hkkj.k nj

esa 50 N/min rd dh o`f) ds lkFk Fk¨M+k de gqvk vkSj fQj Hkkj.k nj esa 100 N/min rd dh o`f) ds lkFk
;g c<+ x;kA ;g n’kkZrk gS fd 70 vkSj 100 N@feuV dh Hkkj.k njsa LC

4
 ds okLrfod eku ä d¨ n’kkZus

ds fy, cgqr vf/kd gSaA

fu"d"kZ

Mhlh eSXusVª‚u LiVfjax }kjk LVsuysl LVhy lClVªsV ij tek fd, x, TiAlN foysi dk ewY;kadu 10,

30, 50, 70 vkSj 100 N@feuV dh Hkkj.k nj¨a ij 1–30 N Hkkj ls [kj¨ap vklatu ijh{k.k }kjk fd;k x;kA

lHkh ijh{k.k¨a esa [kj¨ap dh yackÃ 3 feeh ij fLFkj j[kh xÃ FkhA c<+rs ykxw Hkkj ds lkFk ?k"kZ.k cy vkSj
?k"kZ.k xq.kkad d¨ lrr ekik x;kA fuEufyf[kr fu"d"kZ çkIr gq, &

• inkFkZ ds çokg] lw{e njkjsa] QSyko] vkaf’kd fola;¨tu vkfn n¨"k ä ds voy¨du esa ;g ik;k x;k fd
Hkkj.k nj esa Øfed of̀) ds lkFk lHkh esa nsjh gqÃ ;kuh ,d fo’ks"k Hkkj ij] n¨"k de Hkkj.k nj¨a ij
vf/kd Li"V Fks vkSj Hkkj.k nj c<+us ds lkFk de g¨ x,A

• [kj¨ap ijh{k.k esa Hkkj d¨ 1 ls 30 N rd c<+kus ij]  /khjs&/khjs 50 N@feuV rd Hkkj.k nj¨a ds
fy, 0.1 rd vkSj 70 vkSj 100 N@feuV dh Hkkj.k nj¨a ds fy, 0.11 rd c<+ x;kA

• de Hkkj ij  Hkkj.k nj esa 10 ls 100 N@feuV dh o`f) ds lkFk de g¨ x;k] tcfd mPp Hkkj
ij ;g Hkkj.k nj esa 10 ls 100 N@feuV dh o`f) ds lkFk Fk¨M+k c<+ x;kA

• 'kh"kZ ijr gVus vkSj fNyus (LC
1
)] njkjsa fuekZ.k (LC

2
)] vkSj inkFkZ ds çokg (LC

3
) ds fy, Økafrd

Hkkj Hkkj.k nj ds lkFk c<+ x;kA gkykafd] leqR[kaMu@vkaf’kd fola;¨tu (LC
4
) ds fy, Økafrd

Hkkj Hkkj.k nj esa 50 N@feuV rd dh o`f) ds lkFk Fk¨M+k de g¨ x;k vkSj fQj Hkkj.k nj esa 100

N@feuV rd dh o`f) ds lkFk ;g c<+ x;kA
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• Hkkj.k nj¨a ds v/;;u ls irk pyrk gS fd [kj¨ap ijh{k.k¨a ds n©jku Hkkj.k nj dk ,d b"Vre Åijh
eku g¨rk gSA orZeku v/;;u esa ;g 50 N@feuV gSA

'k¨/k i= esa ç;qDr vaxzsth 'kCn¨a dh lekukFkZd fganh 'kCnkoyh

Alphabetically sorted terminology in 
English 

o.kZekyk vuqØfer fgUnh 'kCnkoyh 

Acoustic detector /ofud lalwpd 

Adhesiveness evaluation vklatu’khy ewY;kadu 

Coating foysiu 

Cohesive llatu 

Delamination foLrj.k@fola;kstu 

Diamond indentor ghjk narqjd 

Disjunction fola;kstu 

Loading rate Hkkj.k nj 

Optical microscopy izdkf’kd lw{enf’kZdh 

Scratch test vk[kqj.k@[kjksap ijh{k.k 

Shock wave burst iz?kkrh rjax izLQksV 

Spallation leqR[kaMu 

Substrate voLrj 

Ultrasonic ijkJO; 
 lanHkZ
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lkjka’k

eghu nkus okyh feêh ;k fo?kfVr pêkusa tks ueh dh ek=k esa fHkUurk ij egRoiw.kZ ek=k esa ifjorZu çnf’kZr
djrh gSa] mUgsa dkyh feêh (Black cotton soil) ds :i esa tkuk tkrk gSA dkyh dikl feêh ds Qwyus vkSj

fldqM+us dk O;ogkj tyok;q vkSj ekSleh ifjorZuksa ds rqjar çHkkfor gksus ds dkj.k gksrk gSA dkyh dikl feêh,
ikuh ds laidZ esa vkus ij yxHkx 2 ls 3 xquk ek=k esa ifjorZu çnf’kZr djrh gSA ;g dkQh laHko gS fd dkyh
feêh esa e‚UVeksfjyksukbV uked feêh ds [kfut 'kkfey gksaA bl vè;;u esa vkerkSj ij fo|qrhdj.k ds fy,
mi;ksx fd, tkus okys fctyh ds bZ&rkjksa (E-wires) dk mi;ksx fd;k x;k gSA pwafd i‚yh izkWfiyhu Qkbcj
xSj fo"kkä gS] la{kkj.k çfrjksèkh gS vkSj blesa mPp rU;rk rkdr gSA ;g feêh ds lq–<hdj.k ds fy, lcls vfèkd
bLrseky dh tkus okyh flaFksfVd lkefxz;ksa esa ls ,d gSA tSls&tSls 'kgjhdj.k vkSj vkèkqfudhdj.k c<+rk tk
jgk gS] bZ&rkj dk mi;ksx Hkh mlh rjg ls c<+ jgk gS vkSj ;g vklkuh ls fo?kfVr ugha gksrk gSA blfy,] bl
'kksèk esa çk—frd ueh lkexzh (Natural water content)] rjy lhek (Liquid Limit)] IykfLVd lhek (Plastic

Limit)] fof’k"V xq#Ro (Specific gravity)] vks,elh&,eMhMh (OMC-MDD) vkSj lhchvkj (California

Bearing ratio) tSls fofHkUu ijh{k.k çk—frd feêh ij ykxw fd, x, gSa vkSj fQj çk—frd dkyh dikl feêh
vkSj bZ&rkjksa ds la;kstu ij fofHkUu ijh{k.k fd, x, gSaA ftlesa dkyh dikl feêh ds otu ls 5%] 7% vkSj
9% bZ&rkj fy, x,A rqyukRed fo'ys"k.k ifj.kkeksa vkSj ppkZ esa fd;k x;k gSA

Abstract

Fine-grained soils or decomposed rocks that exhibit significant volume changes on variations in
moisture content are known as expansive soils. The behavior of swelling and shrinking of black
cotton soil occurs due to immediately impacted by climatic and seasonal changes. Black cotton soil
exhibits change in volume approximately 2 to 3 times on coming in the contact with water. It is
quite probable that the expansive soils include clay minerals known as montmorillonite. In this
study, the electric wires are typically utilized for electrification are used. Since polypropylene fiber
is non-toxic, resistant to corrosion and has a high tensile strength, it is one of the most often used
synthetic materials for soil reinforcement. As the urbanization and modernization is increasing day
by day, the use of E-wires are also increasing in similar manner and it does not decompose easily.
Hence, in this research the various tests like natural moisture content, liquid limit, plastic limit,
specific gravity, OMC-MDD and CBR are applied to natural soil and then various tests applied on
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the combination of natural black cotton soil and
E-wires like 5%, 7% and 9% of E-wires by
weight of black cotton soil. The comparison has

been carried out in the results and discussion.

Ekq[; 'kCn % dkyh feV~Vh] dkyh feV~Vh dk fLFkjhdj.k]
bZ&rkj] vks,elh] ,eMhMh] dSfyQkWfuZ;k ch;fjax
vuqikr] rjy lhek] IykfLVd lhek

Keywords : Black cotton soil, Stabilization of
expansive soil, E-wires, optimum moisture
content, maximum dry density, California
Bearing Ratio, liquid limit, plastic limit

Ikfjp;

flfoy bathfu;j dks fofHkUu çdkj dh feêh
tSls detksj feêh] etcwr] uje vkSj dBksj feêh esa
fuekZ.k dk;Z djuk iM+rk gSA [1] ,d flfoy bathfu;j
ds fy, uje] detksj feêh ;k <hyh feêh ij dksbZ
lajpuk cukuk cgqr eqf’dy gksrk gSA blfy, Hkkj
ogu {kerk c<+kus vkSj feêh dks etcwr djuk okaNuh;
gS] bls feêh fLFkjhdj.k (Soil Stabilization) uked
rduhd }kjk çkIr fd;k tk ldrk gSA ;g feêh
dh drjuh rkdr (Shear Strength) dks c<+krk gS
vkSj feêh dh fldqM+u (Shrinkage)] lwtu
(Swelling) ds xq.kksa dks fu;af=r djrk gS] ftlls
rkdr esa lqèkkj gksrk gSA [2]

Hkkjr esa vke rkSj ij foLr̀r feêh dks dkyh
dikl feêh dgk tkrk gS vkSj ;g Hkkjr ds dqy
Hkwfe {ks= dk yxHkx 20% ikbZ tkrh gSA [3] vkSlru
;g x.kuk dh tkrh gS fd Hkkjr us yxHkx ik¡posa
{ks= dks foLr`r feêh ls <d fn;kA [4] ,slh feêh
dks fLFkj djus ds fy, dbZ rjhds 'kkfey gSa tSls
fd jklk;fud] ;kaf=d] pwuk tksM+uk] jsr dq’ku]
,dtqV xSj lwtu] lh,u,l ijr] feêh çfrLFkkiu
vkSj FkeZy fLFkjhdj.k vkfn [5]A bu lHkh rjhdksa esa
ls ugj vLrj ds vkèkkj esa ,dtqV xSj lwtu okyh
feêh lcls vPNh rduhd gSA

Hkou fuekZ.k m|ksx esa i;kZoj.k ds vuqdwy]
de ykxr vkSj gYds otu okyh fuekZ.k lkexzh ds
mi;ksx dh yksdfç;rk esa of̀) us ;g tkap djus dh

vko’;drk iSnk dj nh gS fd i;kZoj.k dks ykHk
igqapkus ds lkFk&lkFk ekudksa esa iqf"V dh xbZ lkexzh
dh vko’;drk dks cuk, j[krs gq, e`nk fLFkjhdj.k
dSls çkIr fd;k tk ldrk gSA [6]

fp= 1 % vif'k"V bZ&rkj

bZ&rkj gj çdkj ds fuekZ.k esa fnu&çfrfnu
c<+rh gqbZ mi;ksxh vkSj yksdfç; lkexzh esa ls ,d
gSA t:jr ds le; bZ&rkj cgqr mi;ksxh lkfcr
gksrk gS ysfdu mi;ksx ds ckn bls ;wa gh Qsad fn;k
tkrk gS] ftlls reke rjg ds [krjs iSnk gksrs gSaA
blfy, Bksl dpjs esa bZ&ok;j dpjs dh ek=k rsth
ls c<+ jgh gSA ;g vuqeku yxk;k x;k gS fd
foLrkj dh nj gj 10 lky esa nksxquh gks tkrh gSA
bldk dkj.k tula[;k esa rsth ls o`f)] 'kgjhdj.k]
fodklkRed xfrfofèk;k¡ vkSj thou 'kSyh esa cnyko
gS ftlds dkj.k cM+s iSekus ij dwM+k&dpjk QSy
jgk gSA

lkfgR; leh{kk

dkyh dikl feêh dks vkSj vfèkd fLFkj cukus
ds ç;kl esa fuekZ.k mís’;ksa gsrq bls fLFkj djus ds
fy, dbZ lkefxz;ksa vkSj rduhdksa dk mi;ksx fd;k
x;k gSA feêh ds bathfu;fjax xq.kksa dks csgrj cukus
ds fy, ekbØksLVªDpjy baVjSD’ku] jlk;fud çfØ;k]
vkfFkZd fufgrkFkZ] uSuksVsDuksy‚th vuqç;ksx o vif’k"V
dk iqu% mi;ksx vkSj fLFkjrk ij dk;Z fd;k tkrk
gSA O;kid eǹk fLFkjhdj.k ds #>kuksa dks rhu
Jsf.k;ksa vFkkZr~ Hkw&i;kZoj.kh;] ekudhdj.k vkSj
vuqdwyu eqís ds lkFk çLrqr fd;k x;k gSA iwokZuqekfur
e‚Mfyax vkSj vUos"k.k fofèk;ksa tSlh rduhdsa tSls
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fd fo'oluh;rk vkèkkfjr fMt+kbu] vuqdwyu
çfrfØ;k] lrg i)fr] vk;keh fo’ys"k.k vkSj feêh
ds O;kid fLFkjhdj.k dks lqfuf’pr djus ds fy,
—f=e cqf)eÙkk rduhd dk Hkh çLrko j[kk x;kA
[7]

oghnqYykg ds vuqlkj dkyh feV~Vh dks fLFkj
djus ds fy, dbZ vif’k"V inkFkZ miyC/k gSaA fpduh
feêh dks etcwr djuk vkfFkZd :i ls ykHknk;d gSA
uSuks flfydk] lQsn lhesaV] ¶ykbZ ,s’k] d‚ij LySx]
yky feêh] CykLV QusZl LySx bR;kfn miyC/k gSa tks
i;kZoj.k ds vuqdwy gSaA fpduh feêh ds fLFkjhdj.k
dh rduhdksa ij Hkh ppkZ dh xbZ gSA [5]

orZeku dk;Z dk mís’; rU; ft;ksfxzM dk
mi;ksx djus dh O;ogk;Zrk dh [kkst djuk o
IykfLVd feêh dh lwtu dks fu;af=r djuk gSA
feV~Vh ij vksMksehVj ls lwtu ijh{k.k djds
vk’kktud ifj.kke lkeus vk,A vyx&vyx
IykfLVflVh dh feêh esa ,EcsMsM vyx&vyx dBksjrk
ewY;ksa ds ft;ksfxzM c<+us ds lkFk lwtu esa deh
vkbZA ogha ,d QqfVax e‚My ijh{k.k dh çHkko’khyrk
dh iqf"V dhA [8]

bl v/;;u esa mPp IykfLVflVh lfØ; feêh
dh lwtu {kerk dks de djus ds fy, feêh dh
tkap dh xbZ gS vkSj bldh rqyuk pwuk fLFkjhdj.k
fof/k ls dh xbZ gSA jsr o csaVksukbV feJ.k ij ,d
vksMksehVj midj.k dk mi;ksx djds lwtu vkSj
fldqM+u ds Hkkafr&Hkkafr laHkkfor ijh{k.k fd, x, Fks
ftUgsa feJ.k ds rqjar ckn d‚EiSDV fd;k x;k FkkA

ikuh ds lkFk 3 fnu dh eqä lwtu dh vuqefr
nsus ds ckn mlh lajpuk ds fofHkUu uewuksa ij
ijh{k.k nksgjk;k x;kA vfrfjä ijh{k.k xhys la?kuu
ds lkFk vkSj mlds fcuk pwus ds fLFkjh—r uewuksa ij
fd, x, ijh{k.k ls xhys la?kuu dh rqyuk laHko gks
ikbZA pwuk fLFkjhdj.k ijh{k.k ds urhtksa ls irk
pyk fd xhyk la?kuu jsr&csaVksukbV dh lwtu
{kerk dks de dj nsrk gSA bl izdkj ls ;g feJ.k
mPp IykfLVflVh okyh feêh dh lwtu {kerk dks

de djus ds fy, csgrj rduhd ds :i esa dke dj
ldrk gSA gkyk¡fd tSlk fd visf{kr Fkk] pwus dk
mipkj csgrj ik;k x;kA [9]

bl v/;;u dk mís’; foLr`r ifjfLFkfr;ksa esa
feêh dh lwtu dks de djus esa ikS/kksa ds js’kksa dh
çHkkodkfjrk dk vkdyu djuk gSA feêh ij ijh{k.k
vkSj ekyZ feêh esa vYQk twV vkSj flly Qkbcj dh
o`f)’khy ek=k 1%] 3%] 9%] vkSj 18% 'kkfey gSA

js’kksa ds fcuk feêh esa dkQh lwtu vk xbZ
ysfdu muds 'kkfey fd, tkus ls leL;k çHkkoh
:i ls de gks xbZA flly js’ks us 18% ij lcls
vf/kd çHkko’khyrk fn[kkbZ] mlds ckn twV Qkbcj
vkSj mlds ckn vYQk Qkbcj feykdj vkdyu
fd;k x;kA fofHkUu izdkj ds Qkbcj la;kstu us
lexz fLFkjrk esa lq/kkj fd;kA fpduh feêh us ekyZ
feêh ls csgrj çn’kZu fd;kA fu"d"kZ] ykxr vkSj
çHkko’khyrk ij çdk’k fn;k x;k vkSj feêh dh
lwtu ds f[kykQ lek/kku ds :i esa ikS/kksa ds js’kksa
dh i;kZoj.k fe=rk ij Hkh fopkj fd;k x;kA [10]

fp= 2 % feÍh fLFkjrk ds Qk;ns

foLr`r feêh m".kdfVca/kh; feêh ds mnkgj.kksa
esa ls ,d gSA ;s feêh flfoy vfHk;arkvksa ds fy,
leL;k,¡ [kM+h djrh gSaA lkekU; vkSj fo’ks"k :i ls
Hkw&rduhdh vfHk;arkvksa ds fy, os viuh {kerk ds
dkj.k muesa LFkkfir lajpukvksa dks uqdlku igqapkrs
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gSaA D;ksafd cM+s cnykoksa ls xqtjus dh mudh {kerk]
flfoy bathfu;fjax lajpuk,a tSls uhao] fjVsfuax
nhokjsa] QqVikFk] gokbZ vìs] lkbM o‚d] ugj ry
vkSj ykbfuax dks bldk çfrdkj djus ds fy,
fofHkUu uohu i)fr;k¡ rS;kj dh xbZ gSaA vk;ru
ifjorZu dh leL;k vkSj lajpukvksa dh lqj{kk ds
fy, 'kks/k i= leL;kvksa vkSj lek/kkuksa ij foLrkj
ls ppkZ djrk gSA [11]

viZ.k lsu vkSj _"kHk d’;i us vif’k"V Qkbcj
lkexzh dk mi;ksx djds feêh fLFkjhdj.k ij viuk
dke çLrqr fd;kA muds vè;;u dk eq[; mís’;
Hkw&rduhdh vuqç;ksxksa esa vif’k"V Qkbcj lkexzh
ds mi;ksx dh tkap djuk vkSj nks vyx&vyx
feêh ds uewuksa ij çR;{k drjuh ijh{k.k (Shear

strength test) vk Sj viq"V laihM+u ijh{k.k
(unconfined compression test) djds vlar`Ir
feêh (unsaturated soil) dh drjuh rkdr ij
vif’k"V i‚yhçksikbyhu Qkbcj ds çHkkoksa dk ewY;kadu
djuk gSA çkIr ifj.kkeksa dh rqyuk nks uewuksa ls dh
tkrh gS vkSj ykxr çHkkoh –f"Vdks.k ds :i esa
xgjh uhao ;k csM+k uhao ds çfrLFkkiu ds :i esa
Qkbcj lq–<hdj.k dh mi;ksfxrk vkSj çHkko’khyrk
ds ckjs esa fu"d"kZ fudkys tkrs gSaA [12]

1. vif'k"V inkFkZ

feêh dk lq–<+hdj.k fctyh ds rkjksa }kjk
fd;k x;k gS tks Hkou ;k fdlh vU; lajpuk ds
fo|qrhdj.k ds ckn mRiUu vif’k"V inkFkZ gSaA ftlds
dqN xq.k uhps crk, x, gSa &

rkfydk 1 % mi;ksx esa fy, x, bZ&rkjksa ds
xq.k

Xkq.k Ekk=k 
igyw vuqikr 
¼yackbZ@O;kl½ 

2 : 1 

vkSlru O;kl 1.6 mm 

vkSlru yackbZ 3.32 mm 

fof’k"V xq#Ro  2.51 
;wfuV otu 1200 kg/m3 

2. lkexzh dh rS;kjh o rjhdk

çk—frd feêh dks lkbV ls ,d= fd;k x;k
vkSj feêh ç;ksx’kkyk esa ykbZ xbZ vkSj gok esa lq[kkus
ds fy, QSyk;k tkrk gSA blds ckn dkcZfud
inkFkksZa] eksVs d.kksa] ?kkl dh Vgfu;ksa vkfn dks NkaVus
ds fy, feêh dh LØhfuax dh tkrh gSA blds ckn
feêh ds lwpdkad xq.kksa dk irk yxk;k tkrk gS vkSj
fQj bZ&ok;jksa dk feJ.k fd;k tkrk gSA bZ&rkjksa
dks feêh esa feykus ds fy, fuEufyf[kr pj.kksa dk
ikyu djuk gksxk& feêh ds uewuksa dks ekud ç‚DVj
la?kuu ijh{k.kksa ds vuq:i muds lacafèkr vfèkdre
vks,elh] ,eMhMh ij ladqfpr fd;k tkrk gSA

 orZeku vè;;u esa Qkbcj lq–<hdj.k ds
fy, dkyh feV~Vh ds otu dk 0%] 5%]
7%] vkSj 9% çfr’kr fy;k x;k gSA

 uewuksa dh rS;kjh esa ;fn Qkbcj dk mi;ksx
ugha fd;k tkrk gS rks gok esa lw[kus okyh
feêh dks ikuh dh ek=k ds lkFk feyk;k
tkrk gS tks feêh dh vks,elh ij fuHkZj
djrk gSA

 ;fn Qkbcj lq–<hdj.k dk mi;ksx fd;k
tkrk gS rks Qkbcj dh viukbZ xbZ lkexzh
dks igys gkFk ls NksVs&NksVs pj.kksa esa gok
esa lq[kkbZ xbZ feêh esa feyk;k x;k Fkk] ;g
lqfuf’pr djrs gq, fd lHkh Qkbcj vPNh
rjg ls fefJr gks x,] rkfd ,d O;kogkfjd
:i ls le:i feJ.k çkIr gks vkSj fQj
vko’;drkuqlkj ikuh Mkyk x;kA

rkfydk 2 % mi;ksx esa fy, x, bZ&rkjksa dk
la;kstu

uewuk Lka;kstu 
BCS + 0% E-wires dkyh feV~Vh o bZ&rkj 0% 

BCS + 5% E-wires dkyh feV~Vh o bZ&rkj 5% 

BCS + 7% E-wires dkyh feV~Vh o bZ&rkj 7% 

BCS + 9% E-wires dkyh feV~Vh o bZ&rkj 9% 
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3. dkyh feV~Vh ij fofHkUu ijh{k.k

rkfydk 3 % izkÑfrd dkyh feV~Vh esa fcuk
bZ&rkj ds feJ.k ds fd, x, ijh{k.kksa ds

ifj.kke

Ikjh{k.k Ikfj.kke 
IkzkÑfrd ueh  

(Natural water content) 
10% 

Rkjy lhek  
(Liquid Limit) 

42% 

IykfLVd lhek  
(Plastic Limit) 

29% 

IykfLVflVh lwpdkad  
(Plasticity Index) 

10% 

fof’k"V xq#Rokd"kZ.k  
(Specific Gravity) 

2.351 

4. dkyh feV~Vh ds lkFk bZ&rkj ij fofHkUu
ijh{k.k

d- vVjcxZ lhek

5%] 7% vkSj 9% bZ&rkj dks feêh esa feykus
ij rjy lhek Øe’k% 9-75%] 24-39% vkSj 39-02%

de gks tkrh gSA

rkfydk 4 % izkÑfrd dkyh feV~Vh esa vkSj
bZ&rkj ds feJ.k ds fd, x, ijh{k.kksa ds

ifj.kke

uewuk 
rjy lhek%  

¼25 okj ds vuq:i½ 
BCS + 0% E-wires 41 
BCS + 5% E-wires 37 
BCS + 7% E-wires 31 
BCS + 9% E-wires 25 

[k- la?kuu ijh{k.k

5%] 7% vkSj 9% tksM+us ij feêh dk ,eMhMh]
feêh ds otu ds vuqlkj bZ&ok;j Øe’k% 1.83

gm/cc] 1.87 gm/cc vkSj 1.89 gm/cc ik;k tkrk
gS vkSj lacafèkr vks,elh Øe’k% 11-7%] 10-90%

vkSj 10-20% ik;k tkrk gSA

rkfydk 5 % izkÑfrd dkyh feV~Vh esa vkSj
bZ&rkj ds feJ.k ds fd, x, ijh{k.kksa ds

ifj.kke

uewuk Ukeh ek=k % 
(OMC) 

MDD 
(gm/cc) 

BCS + 0% E-wires 13.75 1.80 
BCS + 5% E-wires 11.70 1.83 
BCS + 7% E-wires 10.90 1.87 
BCS + 9% E-wires 10.20 1.89 

x- California Bearing Ratio Test

¼lhchvkj½

5%] 7% vkSj 9% bZ&rkj dks feêh esa feykus
ij feêh dh Hkhxh lhchvkj (Soaked CBR) eku
Øe’k% 12-5%] 107-2% vkSj 151-1% c<+ tkrk gSA

rkfydk 6 % izkÑfrd dkyh feV~Vh esa vkSj
bZ&rkj ds feJ.k ds fd, x, ijh{k.kksa ds

ifj.kke

uewuk 
lhchvkj % 
¼2.5 mm ds 
vuq:i½ 

lhchvkj % 
¼5 mm ds 
vuq:i½ 

BCS+0 % E-wires 4.96 3.69 
BCS+5 % E-wires 5.58 4.92 
BCS+7 % E-wires 10.27 9.80 
BCS+9 % E-wires 12.49 10.39 

fu"d"kZ

orZeku çk;ksfxd vè;;u ls mYys[kuh; gS
fd bZ&ok;j vif'k"V dkyh feV~Vh ds fLFkjhdj.k esa
egRoiw.kZ ;ksnku ns jgh gSA 5%] 7% vkSj 9%

bZ&rkj dks dkyh feêh esa feykus ij vkSj Hkkafr&Hkkafr
iz;ksx fd, x,A iz;ksxksa ds ifj.kke ds vk/kkj ij
;g irk pyk fd tSls&tSls bZ&rkj dh ek=k c<+krs
x, oSls&oSls dkyh feV~Vh esa ldkjkRed o izHkkoh
cnyko fn[kus yxsA blls bZ&rkjksa ds vif'k"Vksa dks
Hkh bLrseky fd, tkus esa enn feysxh vkSj i;kZoj.k
Hkh nwf"kr gksus ls cp ldsxkA vr% izkÑfrd feêh ds
lkFk fefJr gksus ij bZ&rkjksa us çHkkoh ifj.kke
fn[kk, gSaA lkfgR; dh leh{kk essa Hkh irk pyrk gS
fd bZ&ok;j vif'k"V ls feV~Vh lqn<̀+ gksrh gSA
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mipkfjr vkSj vuqipkfjr feêh ds ifj.kkeksa dh rqyuk

;gka mipkfjr vkSj vuqipkfjr feV~Vh ds ifj.kkeksa dks vkys[k ds ek/;e ls le>k;k x;k gSA ftlesa rjy
lhek] vks,elh] ,eMhMh o lhchvkj ds ifj.kkeksa dks izkÑfrd feV~Vh ls rqyuk fd;k x;k gSA

orZeku vè;;u foLrkfjr feêh ds fLFkjhdj.k esa bZ&rkjksa dk mi;ksx djus ds fy, ,d çHkkoh fofèk ds
:i esa dke dj ldrk gSA fu"d"kZ bZ&rkjksa ds vyx&vyx çfr’kr ds lkFk çk—frd feêh ij fd, x,
ijh{k.kksa ij vkèkkfjr gSaA

 ;w,llh,l oxÊdj.k us çk—frd feêh dks eè;e IykfLVflVh (OI) dh dkcZfud feêh ds :i esa
oxÊ—r fd;k gSA

 ifj.kke ls irk pyrk gS fd bZ&rkjksa us foLrr̀ feêh dh rkdr fo’ks"krkvksa vkSj lwtu O;ogkj dks
csgrj cukus esa egRoiw.kZ Hkwfedk fuHkkbZ gSA

 bZ&rkjksa dks tksM+us ij çk—frd feêh dh rjy lhek de gks tkrh gSA

 tSls&tSls fctyh ds rkjksa dk çfr’kr c<+rk gS] çk—frd feêh dh vks,elh de gksus ds lkFk
,eMhMh c<+ tkrh gSA
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 bykt vkSj la?kuu ekinaMksa tSls dqN dkjdksa dk le; ds lkFk mipkfjr feêh ds lhchvkj ijh{k.k
}kjk ekih xbZ rkdr ij dkQh çHkko iM+rk gS vkSj uhao ds dke ds nkSjku bls è;ku esa j[kk tkuk
pkfg,A

 ;g ik;k x;k gS fd feêh ds lkFk bZ&rkjksa ds la;kstu ds fy, rkdr xq.kksa esa vfèkdre lqèkkj gqvk
gSA blls rVcaèkksa vkSj QqVikFk fuekZ.kksa nksuksa esa foLr`r feêh ds xq.kksa esa lqèkkj ds fy, vkS|ksfxd vkSj
?kjsyw dpjs dk vuqç;ksx [kkstus esa enn feyrh gSA bZ&rkjksa esa feêh ds Hkw&rduhdh vuqç;ksx esa
mi;ksx dh vPNh laHkkouk gS] ;g fuekZ.k ifj;kstukvksa ij le; vkSj iSlk cpkus dk ,d fl)
rjhdk gSA

 vr% e`nk fLFkjhdj.k gsrq Hkkafr&Hkkafr izdkj ds vif'k"V inkFkkZas dks iz;ksx esa yk;k tk ldrk gS ijarq
bysfDVªd rkj ,d ?kjsyw o vkS|ksfxd vif'k"V gksus ds lkFk gh eǹk fLFkjhdj.k esa vge Hkwfedk
fuHkkrk gSA

lkexzh vkSj [kqjkd ds p;u ds vykok bl i)fr dh izHkko'khyrk dks fu;af=r djus okys dbZ vU;
dkjd Hkh gSa tSls feJ.k vkSj izlkj] jksyj dk p;u] la?kuu ijr dh eksVkbZ] la?kuu iz;kl] okrkoj.k] ty
ok;q ifjfLFkfr;ka vkfn gSaA [13]

'kks/k i= esa iz;qDr vaxzsth 'kCnksa dh lekukFkZd fganh 'kCnkoyh

Alphabetically sorted 
terminology in English 

o.kZekyk vuqØfer fganh 
'kCnkoyh 

Fine grained soil Ckkjhd nkus okyh feV~Vh 
Soil stabilization Ek̀nk fLFkjhdj.k 

Liquid limit Rkjy lhek 
Expansive soil foLr`r feV~Vh 

Optimum Moisture Content b"Vre ueh ek=k 
Maximum Dry Density vf/kdre 'kq"d ?kuRo 
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lkjka’k

,vkÃ vk/kkfjr (AI based) fof/k;¨a }kjk i©/k¨a esa j¨x dh tkap djuk mi;¨xh g¨rk gS D; äfd blds
ifj.kke Lo#i lkekU;r% çkjafHkd voLFkk esa j¨x¨a dh tkap ,oa muds vuqeku dh çfØ;k esa yxus okys le;
esa deh vkrh gSA i©/k¨a esa j¨x mudh mRikndrk vkSj vkfFkZd uqdlku dk dkj.k curs gSaA vkMw dk i©/kk
vf/kd j¨x xzLr g¨rk gS ftlds ifj.kke Lo#i vkMw dh Qly dk mRiknu de g¨ tkrk gSA vkMw ds iÙk¨a
esa cSDVhfj;y Li‚V ¼thok.kq /kCcs½] yhQ dyZ ¼iÙkh ej¨M+½ vkSj yhQ jLV ¼iÙkh dk jrqvk½ tSls j¨x vker©j
ij ik, tkrs gSa ftUgsa vke vkneh }kjk igpkuk ugha tk ldrk gSA dÃ v/;;u¨a us cSDVhfj;y Li‚V j¨x
dh tkap dh gS tcfd yhQ dyZ vkSj yhQ jLV tSlh vU; chekfj;¨a ij visf{kr /;kukd"kZ.k ugha g¨ ik;k
gSA bl 'k¨/k i= esa vkMw ds i©/ks esa Mhi d‚Uo¨Y;w’kuy U;wjy usVodZ (Deep Convolutional Neural

Networks) dk mi;¨x djds j¨x¨a dk irk yxkus ds fy, ,d Lopkfyr ç.kkyh fodflr djus dh rduhdh
dk lq>ko fn;k x;k gSA bl e‚My ds varxZr i©/ks dh ifÙk;¨a dk mi;¨x djds vkM+w ds i©/ks esa j¨x¨a dh
igpku dh tk ldrh gSA yhQ dyZ vkSj yhQ jLV dk MkVklsV Hkkjr ds d’ehj {ks= ls eSU;qvy :i ls
,df=r fd;k x;k gS] tcfd cSDVhfj;y Li‚V ds fy, MkVklsV vkWuykbu IysVQ‚eZ ls Mkmuy¨M fd;k x;k
gSA la;qDr MkVklsV dk mi;¨x] Mhi yfuZax e‚My¨a] lh,u,u (CNN) rFkk bulsI’ku V3 (Inception V3)

d¨ çf’kf{kr djus ds fy, fd;k x;k gSA blds vykok] lh,u,u vkSj balsI’ku oh 3 ds chp rqyukRed
fo’ys"k.k fd;k x;k] tgka lh,u,u d¨ 84.78% dh ijh{k.k lVhdrk (TestingAccuracy) feyh vkSj
balsI’ku oh 3 us lh,u,u ls csgrj çn’kZu djrs gq, 96.00% dh ijh{k.k lVhdrk fn[kkÃ gSA

Abstract

Detection of diseases in plants by automatic methods is very useful as it reduces the time
consumed to monitor diseases and their prediction at early stages. The diseases in plants cause
significant productivity and economic losses. The peach plant is very prone to diseases which
results in the decline of peach crop production. Diseases like Bacterial Spot, Leaf Curl, and Leaf
Rust are commonly found in peach leaves which can’t be identified by laymen. Several studies
have investigated the Bacterial Spot disease, while other diseases like Leaf Curl and Leaf Rust
didn’t get much interest. In this paper, we have suggested a strategy to develop an automatic system
for disease detection in the peach plant using deep convolutional neural networks. This model can
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be used to identify diseases in the peach plant
using the leaves of the plant. The dataset used
has been collected manually from the Kashmir
region for Leaf Curl and Leaf Rust, while for
Bacterial Spot it has been downloaded from an
online platform. The combined dataset was
trained using CNN and Inception V3 models.
Further, the comparative analysis between CNN
and Inception V3 was done where CNN got a
testing accuracy of 84.78% and Inception V3
showed a testing accuracy of 96%
outperforming the CNN model.

eq[; 'kCn% cSDVhfj;y Li‚V] lh,u,u] fMftVy
best ç¨lsflax] balsI’ku V3, iÙkh j¨xA

Key words: Bacterial Spot, CNN, Digital
Image Processing, Inception V3, Plant Disease.

ifjp;

Hkkjr ,d Ñf"k ç/kku ns’k gS tgk¡ ns’k dh
vf/kdka’k tula[;k çR;{k ;k vçR;{k :i ls Ñf"k
ij fuHkZj gSA Qly¨a esa ik, tkus okys j¨x ,d
xaHkhj leL;k gSa] t¨ Ñf"k mRiknu d¨ çHkkfor
djrh gSA [1] ,Q,vks ds vuqlkj] Ñf"kthoh
tula[;k] Hkkjr dh dqy tula[;k dk 67 çfr’kr
gS] Ñf"k dk ldy ?kjsyw mRikn esa 39-4% fgLlk
gS] vkSj Ñf"k oLrqvksa dk fu;kZr 43% gSA xr dqN
o"kks± esa] Qly mRiknu ds fy, vf/kd Hkwfe lefiZr
dh xÃ gS] vkSj fdlku Hkh dÃ {ks=¨a esa moZjd¨a]
dhVuk’kd¨a vkSj tSfod [kkn tSls vknku ä ds mi;¨x
ds ek/;e ls iSnkokj c<+kus esa lQy gq, gSaA ;fn
ge fo’ks"k :i ls tEew vkSj d’ehj ds ckjs esa ckr
djrs gSa r¨ Ñf"k mRiknu jkT; ds jktLo dk
yxHkx 65% ;¨xnku nsrk gS t¨ Ñf"k mRiknu ij
gekjh fuHkZjrk d¨ n’kkZrk gSA fopkj.kh; eq[;
dkjd¨a esa ls çeq[k mfpr Hkwfe mi;¨x vkSj lgh
le; ij Qly¨a esa j¨x¨a dk irk yxkuk gSA pwafd
miyC/k Ñf"k ;¨X; Hkwfe lhfer gS] blfy, tula[;k
dh c<+rh t:jr¨a d¨ iwjk djus ds fy, [ksrh esa
budk mi;¨x ;¨tukc) rjhds ls fd;k tkuk
pkfg,A j¨x dk le; ij irk yxkuk ,d cM+h

vko’;drk gS  D;¨afd dÃ Qly¨a esa ,slh chekfj;ka
g¨rh gSa t¨ iwjh Qly d¨ u"V dj nsrh gSaA vkM+w
ds i©/ks dh ckr djsa r¨ nqfu;k Hkj esa iSnk g¨us okys
dqy vkM+w esa ls dsoy 16% dk gh O;kikj g¨rk gS]
ckdh 84% ;k r¨ dqN chekfj;¨a ds dkj.k ;k
mRikn ds laj{k.k lacaf/kr Kku ds vHkko esa u"V
g¨ tkrs gSaA lVhd Ñf"k (Precision a agriculture)

vis{kkÑr uohu vo/kkj.kk gS] vkSj vf/kdka’k fdlku
bl ckr ls vutku gSa fd ;g D;k g¨rh gSA
baVjusV vkWQ fFkaXl ¼IoT½] lsalj] i¨ft’kfuax flLVe]
j ¨c ¨V vk S j Ñf=e c q f)eÙ k k ¼Artificial

Intelligence½ tSlh rduhd¨a dk [ksr esa mi;¨x
LekVZ Ñf"k ds :i esa tkuk tkrk gSA bldk loksZÙke
y{; vko’;d ekuo dk;ZHkkj d¨ de djrs gq,
Qly¨a dh fofo/krk] vf/kdrk vkSj xq.koÙkk esa
lq/kkj djuk gSA i©/k¨a dh chekjh dk irk yxkus ds
{ks= esa cgqr lkjs 'k¨/k dk;Z fd, x, gSaA vf/kdka’k
ifjfLFkfr;¨a esa j¨x¨a dh tkudkjh ml le; g¨rh
gS tc Qy lfgr i©/ks ds vU; Hkkx çHkkfor g¨
tkrs gSaA bl 'k¨/k esa] ,d e‚My fodflr fd;k
x;k gS t¨ Mhi yfuZax rduhd¨a ij vk/kkfjr gS]
t¨ ifÙk;¨a dh Nfo;¨a ¼best½ dk mi;¨x djds
vkM+w ds i©/ks esa chekfj;¨a dk iwjh rjg ls irk
yxk,xk rkfd ge tYn ls tYn chekjh dk vuqeku
yxk ldsa vkSj le; jgrs lacaf/kr chekjh ds funku
,oa Qly ds laj{k.k ds fy, vko’;d dne c<+k
ldsa [2]A

lkfgR; leh{kk

Ñf=e cqf)eÙkk dk mi;¨x djds  LekVZ
Ñf"k ds fodkl dh fn’kk esa xr dqN o"kks± esa dkQh
'k¨/k dk;Z fd, x, gSaA Ñf=e cqf)eÙkk dk mi;¨x
Qly lacaf/kr iwokZuqeku¨a esa fd;k tkrk gS ftuesa
çeq[k gSa: e©le dk iwokZuqeku] gok dh xfr dk
iwokZuqeku [3]] egkekfj;¨a dk iwokZuqeku [4]] rFkk
i©/ks ds fodkl çfr/kkj.k dh Hkfo";ok.kh [5]A
fiNys dk;ks± ls irk pyrk gS fd i©/k¨a ds fy,
j¨x dk irk yxkus okyh ç.kkyh fodflr djus ds
fy, 'k¨/kdrkZvksa }kjk fofHkUu ç;kl fd, x, gSa
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vkSj fd, tk jgs gSaA 'k¨/kdrkZvksa }kjk i©/k¨a dh
chekfj;¨a dk irk yxkus vkSj bu chekfj;¨a d¨
oxhZÑr djus ds fy, fofHkUu rduhd¨a dk fodkl
vkSj mud¨ çLrkfor fd;k x;k gSA bl çdkj dh
'k¨/k] [6] us ,d Lopkfyr ç.kkyh ¼Automated

System½ dh 'kq#vkr dh] ftls chekfj;¨a ds dkj.k
i©/k¨a esa g¨us okys :ikRed ifjorZu¨a ds vk/kkj ij
pkoy ds i©/k¨a dh iÙkh esa j¨ou Li‚V vkSj yhQ
CykLV j¨x¨a ds oxhZdj.k ds fy, fodflr fd;k
x;k FkkA ,loh,e ¼SVM½  vkSj cs;l DykflQk;j
¼Bayes Classifier½ dk mi;¨x i©/k¨a d¨ n¨"kiw.kZ
vkSj LoLFk Js.kh esa oxhZÑr djus ds fy, fd;k
x;k gSA mUgsa t¨ oxhZdj.k lVhdrk feyh og
Øe’k% 79-5% vkSj 68-1% FkhA  iqtkjh ,oa vU;
[7] us best ç¨lsflax dk mi;¨x djrs gq, fofHkUu
i©/k¨a ij dod j¨x ds y{k.k¨a dh igpku vkSj
oxhZdj.k djus ds fy, bLrseky fd, x, ,d v/
;;u dh 'kq#vkr dhA ;g dk;Z i©/k¨a ds fofHkUu
Hkkx¨a tSls Qy] iÙkh vkSj ruk ij fd;k x;k FkkA
bld s fy, k&vk Slr x q PNu ¼K&mean

clustering½] fudVre iM+kSlh ¼Nearest neighbor½]
cSd ç¨isxs’ku ¼Back propagation½ vkSj dqN vU;
Nfo çlaLdj.k rduhd¨a dk mi;¨x fd;k x;k
FkkA

fofHkUu Qly¨a ds oxhZdj.k dh lVhdrk 76-
6% ls 94-085% rd ds ifjlj esa FkhA blds
vykok] iM¨y vkSj lkoar [8] us ,d ,slh fof/k
dk çLrko fn;k t¨ Nfo çlaLdj.k dk mi;¨x
djds vaxwj ds iÙk¨a esa j¨x¨a dh ek=k fu/kkZfjr
djus dh leL;k dk lek/kku dj ldrh gSA
li¨VZ osDVj e’khu vkSj ,,u,u d¨ csl DykflQk;j
ds :i esa bLrseky fd;k x;k Fkk vkSj fQj bl
csl DykflQk;j d¨ fQj ls cukus vkSj varr%
blds çn’kZu d¨ csgrj cukus ds fy, ¶;wtu
DykflfQds’ku ¼Fusion Classification½ rduhd
dk bLrseky fd;k x;k FkkA ;qokuk ,oa vU; [9]

us ,d ,slh fof/k dk çLrko j[kk] ftldk mÌs’;
dÃ çf’k{k.k fLFkfr;¨ a ds lkFk ,d Mhi

d‚Uo¨Y;w’kuy U;wjy usVodZ d¨ çf’kf{kr djds
i©/k¨a esa chekfj;¨a dk irk yxkuk gSA n¨ çdkj ds
çf’k{k.k lsV¨a ij fopkj fd;k x;k: ewy çf’k{k.k
lsV vkSj :ikarfjr çf’k{k.k lsVA bLrseky fd,
x, DykflQk;j: Mhlh,u,u] ,ysDl usV vkSj
xwxy usV FksA gfj ,oa vU; [10] us gYds ¼ykbVosV½
lh,u,u e‚My¨a dk dsys] ve#n vkSj vke dh
ifÙk;¨a ij ç;¨x fd;k gS tgka bu e‚My¨a us
vis{kkÑr de izkpyksa ds mi;¨x ds lkFk
99-14% lgh oxhZdj.k lVhdrk çkIr dh gSA
n¨ykrkckfn;u ,oa vU; [11] us fofHkUu Qly¨a
ij fodkl dh çHkko’khyrk d¨ js[kkafdr fd;k gS
rFkk O;kogkfjd Ñf"k iz;¨x gsrq mudh laHkkoukvksa
d¨ çLrqr fd;k  gSA ohthth&19 vkSj balsI’ku
oh&3 tSls d‚Uo¨Y;w’kuy U;wjy usVodZ ¼lh,u,u½
d¨ e’khu yfuZax DykflQk;j ds lkFk la;¨ftr
djus ij 99-1% rd lgh oxhZdj.k dh lVhdrk
çkIr gqÃ] t¨ fofHkUu Qly¨a esa bu rduhd¨a dh
cgqeq[kh mi;¨fxrk d¨ n’kkZrh gSA rFkkfi] vf/
kdka’k v/;;u dsoy fof’k"V Qly¨a ;k lhfer
MsVklsV rd gh lhfer jgs gSaA Ñ".ku ,oa vU;
[12] }kjk crk;k x;k gS fd orZeku ifjfLFkfr;¨a]
cgq&Qly vuqdwyu’khyrk rFkk cM+s iSekus ij
ifjfu;¨tu ij vis{kkÑr de dk;Z gqvk gSA

KkukUrjky

dÃ v/;;u ä us vkM+w ds i©/kks esa cSDVhfj;y
Li‚V j¨x dh tkap dh gS] tcfd yhQ dyZ vkSj
yhQ jLV tSlh vU; chekfj; ä ij vf/kd 'k¨/k ds
ladsr ugha feysA bl 'k¨/k i= esa] geus vkMw ds
i©/ks esa Mhi d‚Uo¨Y;w’kuy U;wjy usVoDlZ vkSj balsI’ku
oh&3 dk mi;¨x djds j¨x¨a dh tkap djus ds fy,
,d Lopkfyr ç.kkyh fodflr djus dh rduhd dk
lq>ko fn;k gSA bl ç.kkyh dk mi;¨x i©/ks dh
ifÙk; ä dk mi;¨x djds vkM+w ds i©/ks esa j¨x¨a dh
igpku djus ds fy, fd;k x;k gSA mi;¨x fd, x,
MsVklsV d¨ d’ehj {ks= ls yhQ dyZ vkSj yhQ jLV
ds fy, gekjs }kjk ,d= fd;k x;k gSA
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izLrkfor fof/k

i©/k¨a dh ifÙk;¨a dh Nfo ¼best½ ls j¨x¨a dh igpku] oxhZdj.k vkSj foHkktu esa vPNs ifj.kke çkIr djus
ds fy, vker©j ij Ñf"k esa Mhi yfuZax e‚My dk mi;¨x fd;k tkrk gSA çkjafHkd pj.k esa i©/ks dh ifÙk;¨a
dh Nfo çkIr djuk gS] ;g flLVe ds çn’kZu ds fy, ,d egRoiw.kZ dk;Z gSA ifÙk;¨a dh best d¨ bdV~Bk
djus ds fy, fMftVy midj.k dk mi;¨x fd;k x;k gSA çf’k{k.k mÌs’;¨a ds fy, vkWuykbu dÃ MsVklsV
miyC/k gSaA best çkfIr ds ckn] lcls igys fodkj (Noise) vkSj foÑfr; ä d¨ de djus ds fy, Nfo;¨a d¨
iwoZ&lalkf/kr ¼çh&ç¨lsflax½ fd;k tkrk gSA fQj buiqV best dk oxhZdj.k DykflQk;j }kjk fd;k tkrk
gS A fp= 1 ikni j¨x igpku ç.kkyh ds ewy e‚My d¨ n’kkZrk gSA

fp= 1: çLrkfor ç.kkyh dk Cy‚d vkjs[k

MsVklsV

geus IykaV foyst ¼Plant Village½ MsVklsV [13] ls vkMw ds i©/k ä dh ifÙk;¨a dk MsVklsV fy;k gS vkSj
cM+k MsVklsV cukus ds fy, geus dqN ykbo MsVk Hkh ,df=r fd;k gSA n¨u ä MsVklsV ds lfEefyr :i ls
cus la;qDr MsVk esa LoLFk vkSj j¨xxzLr i©/k ä dh ifÙk;¨a dh 3014 Nfo;ka gSaA MsVklsV d¨ j¨x¨a ds vuqlkj
cSDVhfj;k Li‚V] gsYnh] vkMw yhQ dyZ vkSj yhQ jLV ds :i esa oxhZÑr fd;k x;k gSA ge fofHkUu ewY;kadu
eSfVªDl ¼bosyq,’ku eSfVªDl½ dk mi;¨x djds MsVklsV ls Mhi yfuZax e‚My }kjk oxhZÑr best ds fy,
e‚My ds dqy pkj oxks± ds çn’kZu dh tkap djsaxsA MsVklsV ds fy, ,df=r vkM+w ds iÙk¨a dh Nfo;¨a dh
:ijs[kk uhps nh xÃ rkfydk esa nh xÃ gS%

fp= 2: fofHkUu jksxksa dh iÙkh Nfo;ka
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rkfydk 1: MsVklsV dh :ijs[kk
jksx dk uke ,df=r Nfo;ksa dh la[;k 

cSDVhfj;y LikWV 2324 

yhQ jLV 151 
yhQ dyZ 181 
LoLFk 358 
dqy 3014 

MsVk yscfyax

bl çfØ;k esa mi;¨x esa fy, tkus okys MkVk dh yscfyax dh tkrh gSA blesa MkVk ds lkFk mi;qDr ,oa
o.kZukRed yscy t¨M+s tkrs gSa bu yscy¨a ds ek/;e ls MkVk d¨ lanHkZ vkSj vFkZ çnku fd;k tkrk gS rkfd e‚My
blls lh[k lds vkSj loksZÙke fu"d"kZ laHko g¨ ldsaA ;g MsVk uewu¨a dk irk yxkus vkSj mUgsa VSx djus dh
,d lh/kh çfØ;k gSA

MsVk o`f)

bl çfØ;k esa çR;sd Nfo ds fy, fofHkUu lao)Zu rduhd¨a d¨ ykxw fd;k x;k gSA bl çfØ;k esa 25º,

40º, 65º, 120º, 185º, 240º vkSj 300º d¨.k ij ?kqekdj çR;sd Nfo dh vU; mi&Nfo;¨a d¨ cuk;k x;k gSA
bl çdkj] ,d cM+k MsVklsV rS;kj fd;k x;k gSA blesa fuEufyf[kr rduhd¨a dk mi;¨x fd;k x;k gSA

{kSfrt vkSj yacor f’k¶V o`f)

{kSfrt vkSj yacor f’k¶V of̀) ls gekjk eryc Nfo ds vk;ke vkSj lhekvksa d¨ cnys fcuk Nfo ds
fiDlsy d¨ {kSfrt ;k yacor :i ls LFkkukarfjr djuk gSA ,slk djrs le; Nfo ds dqN fiDlsy dkV fn,
tkrs gSa] blfy, Nfo ds leku vk;ke ä d¨ cuk, j[kus ds fy, u, fiDlsy ds fy, ,d u;k {ks= t¨M+k tkrk
gSA fp= 3 esa ns[kk tk ldrk gS fd igyh vkÑfr esa iÙkh dh Nfo d¨ {kSfrt fn’kk esa ;knf̀PNd :i ls
¼randomly½ iyVk x;k gS] tcfd nwljh vkÑfr esa bls Å/okZ/kj fn’kk ¼vertically½ esa iyVk x;k gSA

fp= 3: {kSfrt vkSj yacor f'k¶V o`f)

{kSfrt vkSj yacor f¶yi o`f)%

{kSfrt vkSj yacor f¶yi vkWXesaVs’ku dk eryc gS fd fiDlYl d¨ j¨&okbt ;k d‚ye&okbt fjolZy
djukA fp= 4 igyh vkÑfr esa {kSfrt :i ls vkSj nwljs esa yacor :i ls iÙkh ds f¶+yfiax d¨ n’kkZrk gSA
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fp= 4: {kSfrt vkSj yacor f¶yi vkWXesVs'ku

jSaMe j¨Vs’ku vkWXesaVs’ku%

blesa Nfo d¨ ;kǹfPNd :i ls ?kM+h dh fn’kk vFkok foijhr fn’kk esa ?kqek;k tkrk gS] ftlls Nfo esa
oLrq dh fLFkfr d¨ ,d fuf’pr d¨.k rd cnyk tk ldsA fp= 5 ,d iÙkh dh Nfo ds ;knf̀PNd ?kqeko¨a
d¨ fn[kkrk gS ftlesa ,d ?kw.khZ Js.kh fodYi 0 ls 180 fMxzh rd fHkUu g¨rk gSA

fp= 5: jSaMe f'k¶V vkWXesVs'ku

;kn`fPNd ped o`f)%

 bl çfØ;k esa Nfo;¨a d¨ vyx&vyx ped Lrj¨a ds lkFk mRiUu fd;k tkrk gS t¨ uhps fp= 6 esa
fn[kk;k x;k gS%
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fp= 6: ;kn`fPNd ped o`f)

izLrkfor dk;Zç.kkyh dk mi;¨x djds i©/k¨a esa j¨x¨a dk irk yxkuk vkSj j¨x¨a dk oxhZdj.k

ifÙk;¨a] Qy¨a vkSj rus dh Nfo;¨a dk mi;¨x djds i©/k¨a esa j¨x¨a dk irk yxkus vkSj oxhZdj.k djus
esa mPp ifj.kke nsus ds fy, Mhi yfuZax ,Yx¨fjne dk O;kid :i ls mi;¨x fd;k x;k gSA vkM+w ds
i©/ks dh ifÙk;¨a dh Nfo;¨a esa j¨x¨a dk irk yxkus ds fy, MsVk lsV d¨ ikjaifjd lh,u,u e‚My vkSj
balsI’ku V3 ds lkFk ikbFku dh lgk;rk ls çf’kf{kr fd;k x;k gSA blds fy, MkVk lsV d¨ rhu Hkkx¨a
esa oxhZÑr fd;k x;k gS çf’k{k.k ¼Vªsfuax½] lR;kiu ¼oSfyMs’ku½ vkSj ijh{k.k ¼VsfLVax½A

fp= 7: izLrkfor iz.kkyh dk fooj.kkRed CykWd vkjs[k
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lh,u,u

d‚Uo¨Y;w’kuy U;wjy usVodZ ¼lh,u,u½ ,d Mhi yfuZax ,Yx¨fjFe gS  ftldk mi;¨x Nfo;¨a dh igpku vkSj
oxhZdj.k tSls dk;ks± esa fd;k tkrk gSA ;g fo’ks"k :i ls fiDlsy MsVk ds çlaLdj.k ¼processing½ ds fy, fMt+kbu
fd;k x;k gSA d‚Uo¨Y;w’ku vkWijs’ku buiqV Nfo ij ,d fQ+YVj yxkus dh çfØ;k gS] ftlds ek/;e ls Nfo ls mPp
Lrjh; fo’ks"krk,¡ mHkkjh tkrh gSaA fp= 8 esa n’kkZ, x, lh,u,u <kaps ¼vkfdZVsDpj½ ds vuqlkj] buiqV ys;j esa iÙkh dh
Nfo nh tkrh gS] ftldk çkjafHkd vkdkj 148×148×3 g¨rk gSA blds ckn rhu dUo¨Y;w’kuy ys;j ¼Conv 1, Conv
2, Conv 3½ rFkk muds ckn lacaf/kr eSDl iwfyax ys;j ¼Pooling 1, Pooling 2, Pooling 3½ dk ç;¨x fd;k x;k gSA
bu dUo¨Y;w’kuy ys;lZ dk mÌs’; Nfo ls fofHkUu Lrj¨a dh fo’ks"krkvksa tSls fdukj¨a] iSVuZ vkSj cukoV d¨ Li"V djuk
gS] tcfd eSDl iwfyax ys;j dk mi;¨x Qhpj ¼fo’ks"krk½ eSIl dk vkdkj ?kVkus rFkk egRoiw.kZ fo’ks"krkvksa d¨ cuk, j[kus
ds fy, fd;k tkrk gSA blds i’pkr ,d ¶+ySVu ¼leryu½ ys;j Qhpj eSIl d¨ ,d&vk;keh ¼One-dimensional½
osDVj esa ifjofrZr djrh gS] ftls vkxs Msal ¼Qqyh dusDVsM½ ys;j esa Hkstk tkrk gSA Msal ys;j ¼512 U;wj‚Ul ds lkFk½
fudkyh xÃ fo’ks"krkvksa d¨ ,dhÑr dj oxhZdj.k dh çfØ;k d¨ lapkfyr djrh gSA vafre vkmViqV ys;j dk vkdkj
1×4 gS] t¨ buiqV Nfo d¨ pkj oxks± esa oxhZÑr djrh gSA bl vkfdZVsDpj esa lfØ;.k Q+aD’ku dk ç;¨x usVodZ esa
xSj&js[kh;rk t¨M+us ds fy, rFkk Mª‚ivkmV ys;j dk ç;¨x vksojfQfVax ls cpko gsrq fd;k x;k gSA bl çdkj ;g
lh,u,u vkfdZVsDpj iÙkh dh Nfo;¨a dk dq’kyrkiwoZd fo’ys"k.k vkSj oxhZdj.k djrk gSA

fp= 8: lh,u,u dh ewy lajpuk

balsI’ku V3

bulsI’ku oh&3 ¼Inception V3½ vk/kkfjr e‚My ,d mUur d‚Uo¨Y;w’kuy U;wjy usVodZ gS]
ftldk mi;¨x Nfo;¨a esa mPp&Lrjh; fo’ks"krkvksa d¨ mHkkjus vkSj mUgsa oxhZÑr djus esa fd;k tkrk
gSA fp= esa n’kkZ, x, vkfdZVsDpj ds vuqlkj] buiqV ds :i esa iÙkh dh Nfo e‚My d¨ çnku dh tkrh
gSA ;g Nfo lcls igys Inception V3 usVodZ ls g¨dj xqtjrh gS] tgk¡ Nfo ls fdukjs] vkÑfr] iSVuZ
vkSj cukoV tSlh tfVy fo’ks"krk,¡ Lopkfyr :i ls mHkkjh tkrh gSaA ;g e‚My rhu d‚Uo¨Y;w’kuy
ys;j ¼vkdkj 32, 64, 128½ ls cuk gS] çR;sd ds ckn ,d lfØ;.k Qyu ¼,fDVos’ku QaD’ku½ ReLU

vkdkj 3×3 vkSj vf/kdre&iwfyax ijr vkdkj 2×2 dk vk;¨x gqvk gSA js[kh; :i d¨ xSj&leku
çfrfuf/kRo esa cnyus ds fy, ,d lfØ;.k Qyu dk mi;¨x fd;k tkrk gSA blds ckn çkIr Qhpj
eSIl d¨ ¶+ySVu ys;j ds ek/;e ls ,d&vk;keh osDVj ¼1×18432½ esa ifjofrZr fd;k tkrk gSA ;g
çfØ;k cgq&vk;keh ¼Multi-dimension½ MsVk d¨ ,d ljy :i esa cnydj vkxs dh x.kukvksa ds fy,
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mi;qDr cukrh gSA blds i’pkr ;g osDVj Msal ¼?kuh½ ys;j esa Hkstk tkrk gS] ftlesa 1024 U;wj‚Ul g¨rs
gSaA ;g ys;j fudkyh xÃ fo’ks"krkvksa d¨ la;¨ftr dj iÙkh dh Nfo ls lacaf/kr egÙoiw.kZ iSVuZ d¨
le>us vkSj oxhZdj.k dh uhao rS;kj djus dk dk;Z djrh gSA

fp= 9: balsI'ku dh ewy lajpuk V3

vafre pj.k esa] vkmViqV ys;j ¼1×4 vkdkj okyh½ buiqV Nfo d¨ pkj laHkkfor oxks± esa oxhZÑr djrh
gSA ;g ys;j e‚My dk fu.kZ; çLrqr djrh gS fd iÙkh fdl Js.kh esa vkrh gSA bl çdkj] ;g Inception

V3&vk/kkfjr vkfdZVsDpj iÙkh dh Nfo; ä dk xgu fo’ys"k.k dj mUgsa lVhd :i ls oxhZÑr djus esa l{ke
gSA

vkM+w ds mRiknu d¨ çHkkfor djus okyh cM+h chekfj;¨a ds chp] geus rhu lcls vf/kd çHkkfor djus
okys j¨x¨a dh tkap dh gSA i©/k ä dh ifÙk;¨a ij muds çHkko ds vk/kkj ij j¨x¨a dk p;u fd;k x;k FkkA bu
j¨x¨a dk laf{kIr fooj.k uhps nh xÃ rkfydk esa fn;k x;k gS%

rkfydk 2: vkMw ds jksx muds dkj.k vkSj y{k.k

Øe la[;k jksx dk uke dkj.k ifÙk;ksa ij y{k.k 
1. cSDVhfj;y LikWV thok.kq xgjs] NksVs fu’kku vDlj iÙkh dh uksd 

ij tek gks tkrs gSaA fu’kkuksa ds pkjksa vksj 
iÙkh dk Ård ihyk gks tkrk gSA 

2. yhQ dyZ dod vkM+w ds ikS/ks dh ;qok ifÙk;ka foÑr gks 
tkrh gSa( yhQ dyZ ds dkj.k dyZ vkSj 
yky jax ds {ks= fodflr gksrs gSaA 

3. yhQ jLV dod iÙkh esa tax yxus ds dkj.k vkM+w ds ikS/ks 
dh ifÙk;k¡ Hkwjs jax dh gks tkrh gSa vkSj 
tYnh fxj tkrh gSaA 

 ifj.kke

n¨u¨a çLrkfor e‚My¨a t¨ fd ikjaifjd lh,u,u vkSj balsI’ku oh 3 gSa] ds fy, dU¶;wtu eSfVªDl uhps
fn, gSa%
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fp= 10(a): dU¶;wtu eSfVªDl ¼lh,u,u½     fp= 10(b): dU¶;wtu eSfVªDl ¼balsI'ku V3½

ikjaifjd lh,u,u vkSj balsI’ku V3 ds ekeys esa] e‚My lVhdrk d¨ uhps fn, x, fp= 11 esa xzkQ+ esa
n’kkZ;k x;k gS A ftlesa n’kkZ;k x;k gS fd 30 bi‚+d ¼iwjs çf’k{k.k MsVklsV dk ,d ckj U;wjy usVodZ ls
xqtjuk½ ds fy, lh,u,u esa 94.31% dh çf’k{k.k lVhdrk vkSj 93.18% dh lR;kiu lVhdrk gkfly dh
gSA vkSj balsI’ku V3 esa 20 bi‚+d ds fy, çf’k{k.k lVhdrk 98.10% vkSj lR;kiu lVhdrk 97.67% çkIr
dj yh xÃ gSA

fp= 11(a): izf'k{k.k vkSj lR;kiu lVhdrk    fp= 11(b): izf'k{k.k vkSj lR;kiu lVhdrk
                  ¼lh,u,u½                              ¼balsI'ku V3½

lh,u,u vkSj balsI’ku V3 ds ekeys esa] çf’k{k.k vkSj lR;kiu gkfu uhps fn, x, fp= 12 esa xzkQ+ esa
n’kkZ;k x;k gSA

fp= 12(a): izf'k{k.k vkSj lR;kiu gkfu        fp= 12(b): izf'k{k.k vkSj lR;kiu gkfu
                  ¼lh,u,u½                               ¼balsI'ku V3½
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rkfydk 3: izsfltu&fjdkWy vkSj F1 Ldksj ¼CNN½

oxZ izsfltu fjdkWy F1 Ldksj 

cSDVhfj;y LikWV 0.87 0.95 0.91 

yhQ dyZ 0.51 0.76 0.61 

yhQ jLV 0.65 0.93 0.77 

LoLFk 1.00 0.56 0.72 

 rkfydk 4: izsfltu&fjdkWy vkSj F1 Ldksj ¼balsI'ku V3½

oxZ izsfltu fjdkWy F1 Ldksj 

cSDVhfj;y LikWV 0.98 0.96 0.97 

yhQ dyZ 0.69 1.00 0.81 

yhQ jLV 1.00 1.00 1.00 

LoLFk 0.99 0.94 0.97 

 fofHkUu çLrkfor e‚My¨a ¼lh,u,u vkSj balsI’ku oh 3½ ds çf’k{k.k] ijh{k.k vkSj lR;kiu lVhdrk ds chp
rqyuk dk fp=e; çfrfuf/kRo uhps fn, x, vkadM+s esa fn[kk;k x;k gS A

fp= 13: ikjaifjd lh,u,u vkSj balsI'ku V3 ds chp rqyuk

ikjaifjd lh,u,u e‚My dk çf’k{k.k] lR;kiu vkSj ijh{k.k lVhdrk ¼,D;wjslh½ Øe’k% 94.31%,

93.18% vkSj 84.78% gSA blds vykok] balsI’ku V3 ds ekeys esa çf’k{k.k] lR;kiu vkSj ijh{k.k lVhdrk
Øe’k% 98.10%, 97.67% vkSj 96% gSA

fu"d"kZ

vkM+w ds i©/ks esa j¨x dk irk yxkus ds fy, Lopkfyr Mhi yfuZax vk/kkfjr e‚My fodflr fd;k x;k
gSA vkM+w ds i©/k¨a esa vker©j ij ns[kh tkus okyh rhu vyx&vyx çdkj dh chekfj;¨a dk irk yxk;k x;k]
t¨ fd Øe’k% cSDVhfj;y Li‚V] yhQ dyZ] vkSj yhQ jLV gSaA bl 'k¨/k ds fy,] geus n¨ vyx&vyx
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MsVklsV ls Nfo;¨a d¨ feykdj ,d cM+k MsVklsV cuk;k & ,d d’ehj ds xzkeh.k {ks= ds i©/ks ls Lo;a ,df=r
fd;k gS rFkk nwljk geus vkWuykbu  lz¨r ä ls ,d= fd;k gSA bl rjg LoLFk vkSj laØfer vkM+w ds iÙk¨a
dh dqy 3014 Nfo;ka ,d= dh xÃaA bl dk;Z dk eq[; y{; vkM+w ds i©/ks esa Mhi yfuZax e‚My¨a dk mi;¨x
djds chekjh dk irk yxkuk FkkA bl 'k¨/k dk;Z esa fofHkUu rjg dh chekfj;¨a dk irk yxkus vkSj oxhZdj.k
dh ,D;wjslh d¨ c<+kus ds fy, ikjaifjd lh,u,u vkSj balsI’ku oh 3 dk Hkh mi;¨x dj rqyukRed v/;;u
fd;k x;k gSA çLrkfor rduhd¨a ls çkIr ifj.kke vR;f/kd vk’kktud rFkk lVhdrk esa lh,u,u vkSj
balsI’ku oh3 dh ijh{k.k ,D;wjslh Øe’k% 84.78% vkSj 96% FkhA ,D;wjslh] fjd‚y vkSj F1 Ld¨j tSls vU;
ekinaM¨a dh Hkh x.kuk dh xÃA vr% fodflr e‚My Ñf"k ç/kku ns’k¨a esa mRikndrk c<+kus esa rFkk j¨x¨a dh
çkjfEHkd voLFkk esa irk yxkus esa cgqr gh dkjxj lkfcr g¨xkA Hkfo"; esa vU; i©/k ä esa Hkh bl rduhd dk
mi;¨x fd;k tk ldrk gS ,oa vU; Mhi yfuZax e‚My fodflr dj ifj.kke dh lVhdrk d¨ c<+k;k tk
ldrk gSA ;g rduhdh fo’oluh; j¨x fu;a=.k ds fy, mPp laHkkouk,a Hkh n’kkZrh gSA

'k¨/k i= esa ç;qDr vaxzsth 'kCn¨a dh lekukFkZd fganh 'kCnkoyh

Alphabetically sorted terminology in 
English 

o.kZekyk vuqØfer fgUnh 'kCnkoyh 

Artificial Intelligence Ñf=e cqf)eÙkk 

Automated System Lopkfyr iz.kkyh 
Data Augmentation  MsVk o`f) 

Deep Convolutional Neural Network xgjs n`<+ raf=dk usVodZ 
K-mean clustering k&vkSlr xqPNu 
Nearest neighbor fudVre iM+kSlh 
Neural Network raf=dk usVodZ 
Precision Agriculture vk/kqfud Ñf"k 
Preprocessed iwoZ&lalkf/kr 
Training Accuracy izf’k{k.k lVhdrk 
 lanHkZ
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lkjka’k

lqijvy‚; dk mi;¨x mPp rkieku vkSj ncko ds egRoiw.kZ vuqç;¨x¨a ds fy, fd;k tkrk gSA
Ni&vk/kkfjr lqijvy‚; ;kuh Inconel 600 vkSj 625 vius la{kkj.k çfrj¨/k ds fy, tkus tkrs gSaA orZeku
v/;;u vkmViqV çfrfØ;k ds :i esa lrg dh [kqjnjkiu ds lkFk bUgsay 60 vkSj 625 feJ /kkrqvksa dh
e’khfuax esa 'kq"d e¨M+ ds çHkko¨a dk ewY;kadu djrk gSA bud‚uy 600 ds fy, vf/kdre lrg [kqjnjkiu
rc çkIr g¨rk gS tc Q+hM nj ¼,Qvkj½ 0.20 feeh@jso vkSj dkVus dh xfr ¼lh,l½ 75-90 ehVj@feuV
dh lhek esa g¨rh gS] tcfd bud‚uy 625 ds ekeys esa vf/kdre lrg [kqjnjkiu rc çkIr g¨rk gS tc
bud‚uy 600 ds fy, Q+hM nj ¼,Qvkj½ 0.14-0.16 feeh@jso gS vkSj dkVus dh xfr ¼lh,l½ 115

ehVj@feuV ls vf/kd gSA ;g u¨V fd;k x;k gS fd lrg [kqjnjkiu ¼,lvkj½ Q+hM nj esa o`f) ds lkFk
c<+rk gS vkSj bl çdkj bls lcls çeq[k çkpy ds :i esa lq>k;k x;k gSA ,d lkaf[;dh; midj.k çlj.k
fo’ys"k.k ¼,u¨ok½ ds lkFk ;g irk pyk fd lglaca/k xq.kkad ¼R2 rFkk R2 ¼adj½½ ds eku ;g fu/kkZfjr
djus ds fy, i;kZIr Fks fd fodflr e‚My i;kZIr FkkA

Abstract

Superalloys are used for critical applications of higher temperature and pressure. Ni-based
superalloys i.e. Inconel 600 and 625 are known for their corrosion resistance. The present study
evaluates the effects of dry turning in machining of Inconel 600 and 625 alloys with surface roughness
as the output response. It was noted that surface roughness (SR) improves with the increase of feed
rate and thus defining it as most dominant parameter. It was revealed with a statistical tool Analysis-
of-Variance (ANOVA), the values of correlation coefficient (R2 and R2 (adj)) were adequate to
determine that model developed was adequate.

eq[; 'kCn% budkWuy 600; budkWuy 625; lrg dk [kqjnjkiu; ,uksok; rkxqph fof/kA

Key words: Inconel 600; Inconel 625; Surface Roughness; ANOVA; Taguchi Method.

ifjp;

bud‚uy ¼bad½ feJ /kkrq Ni&vk/kkfjr lqij feJ /kkrq gSa ftuds dÃ çdkj ds vuqç;¨x gSa tSls foeku
Vjckbu] LVhe Vjckbu fctyh la;a=] ,;j¨Lisl vkSj jklk;fud m|¨xA os la{kkj.k] vkWDlhdj.k] jsaxuk vkSj
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mPp rkieku 'kfDr ds çfr vius vlk/kkj.k çfrj¨/k ds fy, tkus tkrs gSa [1]A bud‚uy 600 vkSj 625 ,sls
feJ /kkrq gSa ftuesa mPp 'kfDr xq.k vkSj Åaps rkieku ds çfr çfrj¨/k g¨rk gS [2]A pwafd ;g dkVus esa dfBu
feJ /kkrq gS] blfy, lrg [kqjnjkiu ¼,lvkj½] ,evkjvkj] fpi xBu vkSj dkVus okys cy tSls fofHkUu xq.k¨a
dh Hkfo";ok.kh vkSj fo’ys"k.k ds fy, fofHkUu v/;;u fd, tkrs gSaA ,d v/;;u esa e’khfuax ij ;g ns[kk
x;k fd fpIl dkQh yacs vkSj çÑfr esa fujarj gSa [3]A v/;;u¨a us ladsr fn;k fd ,eD;w,y us fofHkUu xq.k¨a
ds fy, loksZÙke ewY; fn, [4] ifj.kke¨a dh xq.koÙkk esa lq/kkj ds fy, ç;¨x¨a esa deh ds lkFk&lkFk çfrxeu]
,u¨ok tSlh lkaf[;dh; rduhd¨a dk Hkh mi;¨x fd;k tk jgk gS [7]A e’khfuax ekinaM ä vkSj midj.k
lkexzh ds chp laca/k LFkkfir djus ds fy, fudsy feJ /kkrqvksa ij CBN midj.k¨a dk mi;¨x djds MªkÃ
VfuZax dh xÃ [8-12]A lkfgR; loZs{k.k ls irk pyrk gS fd MªkÃ VfuZax ds fy, cgqr de dke fji¨VZ fd,
x, gSa vkSj og Hkh bud‚uy 600 vkSj 625 feJ /kkrqvksa dk rqyukRed v/;;uA orZeku v/;;u lw[kh
e’khfuax fLFkfr;¨a ds fy, dfVax LihM ¼lh,l½] QhM jsV ¼,Qvkj½ vkSj dV dh xgjkÃ ¼Mhvkslh½ tSls
vyx&vyx ekinaM¨a }kjk lrg [kqjnjkiu ¼,lvkj½ ds v/;;u ij dsafær gSA

dk;Zç.kkyh

ç;¨x dk fMt+kbu

ç;¨x¨a dh la[;k fu/kkZfjr djus ds fy,] MINITAB 21 esa iw.kZ QSDV¨fj;y d¨ iSjkehVj vkSj muds fu/
kkZfjr Lrj¨a dk mi;¨x djds fMt+kbu fd;k x;k Fkk tSlk fd rkfydk 1 [8] esa fn[kk;k x;k gSA ç;¨x¨a d¨
fMt+kbu djus ds fy, n¨ iSjkehVj vyx&vyx Lrj ä ij lsV fd, x, Fks vkSj ,d çkpy fLFkj ij lsV
fd;k x;k FkkA

rkfydk 1. izk;ksfxd tkap esa izkpy

dkjd buiqV iSjkehVj Lrj 1 Lrj 2 Lrj 3 
I dkVus dh xfr (CS) (m/min) 750 1000 1250 

II QhM nj (FR) (mm/rev) 0.1 0.15 0.20 

III dVkSrh dh xbjkbZ (DOC) (mm) 0.50 0.50 0.50 
 dk;Zç.kkyh ,oa çk;¨fxd lsVvi

fp= 1 esa of.kZr i)fr dk mi;¨x djds ç;¨x fd, x,A mi;¨x fd, x, lh,ulh e’khfuax dsaæ ds
fofunZs’k rkfydk 2 esa of.kZr gSaA ç;¨x ds ckn] 2.5 feeh dV vkWQ yackÃ ds lkFk eSfVªDl lQZVsLV 10 uked
lrg [kqjnjkiu ekius okys midj.k dk mi;¨x lrg [kqjnjkiu d¨ ekius ds fy, fd;k x;k Fkk tSlk fd
fp= 1[12] esa fn[kk;k x;k gSA

rkfydk 2. lh,ulh e’khu dh rduhdh fof’k"Vrk,¡

Description Remark 
e'khu esd LX20T L5 (LMW) 

daVªksyu Vkbi QSuqd fu;a=d ¼Jà[kyk vksvkbZ&Vh,Q½ 
fLoax vksoj csM 510 mm 

pd O;kl 210 mm 

fLiaMy LihM 3000 rpm 

X v{k 185 mm 
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Z v{k 560 mm 

e’khu dk vkdkj 225*1650*1920 mm 

e’khfuax dh fLFkfr ’kq"d fLFkfr 
e’khu dk otu 3300 kg 

 

fp= 1. iz;ksx i)fr

lrg [kqjnjkiu ds fy, ifj.kke

9 ç;¨x¨a d¨ rkfydk 3 esa lwphc) MhvksÃ dk mi;¨x djds fd;k x;k FkkA ifj.kke¨a dk fo’ys"k.k
fefuVSc 21 l‚¶Vos;j dk mi;¨x djds fd;k x;k FkkA blds vykok] fefuVSc 21 esa fodflr 95% ds
fo’oluh;rk Lrj dh lsfVax ds lkFk fo’ys"k.k&foekuu d¨ vkmViqV çfrfØ;k ds lkFk lcls vf/kd çHkkfor
çkpy dk fu/kkZj.k djus ds fy, mi;¨x fd;k x;k FkkA ;g fp= 2 ls Li"V gS fd lrg dk [kqjnjkiu 600

ds lkFk&lkFk 625 ds lkFk&lkFk Q+hM nj ds Åaps ewY; ds lkFk c<+rk gS vkSj dfVax xfr esa o`f) ds lkFk
de g¨ tkrk gSA

rkfydk 3. 600 vkSj 625 feJ /kkrq dh lrg [kqjnjkiu ¼,lvkj½ ds fy, ifj.kke

Øekad 
dkVus dh xfr 
(CS) (m/min) 

dVkSrh dh 
xbjkbZ 

(DOC) (mm) 

QhM nj 
(FR) 

(mm/rev) 

budkWuy 600 

ds fy, 
,lvkj (μm) 

budkWuy 625 

ds fy, 
,lvkj (μm) 

1 71 0.5 0.10 0.743 0.971 
2 71 0.5 0.15 0.763 1.018 
3 71 0.5 0.20 1.406 1.340 
4 95 0.5 0.10 0.682 1.255 
5 95 0.5 0.15 0.813 0.690 
6 95 0.5 0.20 1.342 0.623 
7 118 0.5 0.10 0.634 0.840 
8 118 0.5 0.15 0.736 1.460 
9 118 0.5 0.20 1.160 0.815 
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fp= 2. bud‚uy 600 vkSj 625 ds fy, eq[; çHkko Iy‚V

vof’k"V vkjs[k t¨ fp= 3 esa n’kkZ, x, gSa] n’kkZrs gSa fd jhfMax lkekU; laHkkouk ds djhc gSa] t¨ n’kkZrk
gS fd =qfV;k¡ lkekU; :i ls forfjr dh xÃ gSaA rkfydk 4 ls ;g ns[kk x;k gS fd vf/kdre f&eku QhM
nj dk gS] t¨ bls ;wtjQsl [kqjnjkiu d¨ izHkkfor djus okys lcls çeq[k iSjkehVj ds :i esa lq>krk gSA
blds vykok] R2 vkSj R2 (adj) eku 80-100% ds chp gSa] t¨ çkIr ifj.kke¨a ds vPNs egRo dk lq>ko nsrs
gSaA fp= 4 esa fn[kk, x, daVwj Iy‚V n’kkZrs gSa fd bud‚uy 600 ds fy, vf/kdre lrg [kqjnjkiu rc çkIr
g¨rk gS tc QhM nj (FR) 0.20 feeh@jso g¨rk gS vkSj dkVus dh xfr (CS) 75-90 ehVj@feuV dh lhek
esa g¨rh gS] tcfd bud‚uy 625 ds ekeys esa bud‚uy 600 ds fy, vf/kdre lrg [kqjnjkiu rc çkIr
g¨rk gS tc QhM nj (FR) 0.14-0.16 feeh@jso g¨rh gSA

fp= 3. bud‚uy 600 vkSj 625 dh lrg [kqjnjkiu ds fy, vof’k"V Iy‚V
rkfydk 4. bud‚uy 60 vkSj 625 dh lrg [kqjnjkiu ¼,lvkj½ ds fy, çlj.k fo’ys"k.k

¼,u¨ok½
budkWuy 600 ds fy, ,uksok 

lzksr DF Seq SS Adj SS Adj MS F P 

dkVus dh xfr (CS) 

(m/min) 

0.02731 18 0.02731 0.01366 3.82 0.118 

QhM nj (FR) (mm/rev) 2 0.67000 0.67000 0.33500 93.78 0.000 

xyrh 4 0.01429 0.01429 0.00357   

dqy 8 0.71160     

S = 0.592893 R2 = 97.99% R2(adj) = 95.98%   
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budkWuy 625 ds fy, ,uksok 
lzksr DF Seq SS Adj SS Adj MS F P 

dkVus dh xfr (CS) 

(m/min) 

2 0.05434 0.05434 0.02717 7.68 0.043 

QhM nj (FR) (mm/rev) 2 0.62293 0.62293 0.31147 88.05 0.000 

xyrh 4 0.01415 0.01415 0.00354   

dqy 8 0.69143     

S = 0.0594769 R2 = 97.95% R2(adj) = 95.91%   
 

fp= 4. bud‚uy 600 vkSj 625 dh lrg [kqjnjkiu ds fy, le¨Pp js[kkfp=

fu"d"kZ

orZeku dk;Z esa] bud‚uy 600 vkSj 625 feJ /kkrqvksa dh 'kq"d e’khfuax esa lrg [kqjnjkiu ij
e’khusfcfyVh ekinaM¨a ds çHkko dk v/;;u djus dk ç;kl fd;k x;k FkkA ,u¨ok ls ;g fu"d"kZ fudkyk
x;k fd QhM nj ¼,Qvkj½ mi;¨xdrkZ [kqjnjkiu ¼,lvkj½ ij lcls vf/kd çHkko Mkyus okyk çkpy FkkA
bud¨usy 600 ds fy, R2 vkSj R2 (adj) ds eku Øe’k% 97.99% vkSj 95.98% Fks] bud‚uy 625 ds fy,
97.95% vkSj 95.91% Fks] t¨ e‚My vkSj ç;¨x dh i;kZIrrk d¨ n’kkZrs gSaA
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^le~^ iwoZd ̂ vlq {ksi.kŝ  ¼fnokfnx.k] ijLeSin½ /kkrq ls Hkko esa ?k ~́ ¼v½ çR;; dj ,oa ̂ vr mi/kk;k%^ ls
mi/kk of̀) djds ̂lekl^ 'kCn fu"iUu g¨rk gSA ljy 'kCn¨a esa] ̂ la{ksi^] ^laf{kIrhdj.k^ ;k ̂ feykuŝ  d¨ lekl
dgrs gSaA ;g ;¨x:< ikfjHkkf"kd 'kCn gSA vr% la{ksi d¨ lekl ugha dgrs] vfirq tc n¨ ;k n¨ ls vf/kd
in feydj ,d in g¨ tkrk gS] r¨ mls ^lekl^ dgrs gSaA lekl g¨ tkus ij mu leL;eku in¨a dh çk;%
foHkfDr vn`"V g¨rh gS] ijUrq mldk vFkZ ogh jgrk gSA iqu% u;s fljs ls lekl d¨ ,d 'kCn ;k çkfrifnd
ekudj uÃ foHkfDr vk tkrh gS] rc og iw.kZr% uohu 'kCn cu tkrk gSA tSls & lhrk;k% ifr% = lhrkifr%
¼lhrk ds ifr] vFkkZr~ Jhjke½A lekl lqcUr¨a dk g¨rk gS] fr³Ur¨a dk ughaA n¨ ;k n¨ ls vf/kd
lkFkZd@leFkZ lqcUr dk leFkZ lqcUr ds lkFk lekl g¨rk gSA }U} lekl d¨ N¨M+dj n¨ ;k n¨ ls vf/kd
in ä dk gh lekl g¨rk gSA }U} esa n¨ ;k rhu in¨a dk ,d lkFk lekl g¨ tkrk gSA tSls&

1. jktiq#"kkxeue~

jkK% iq#"k% = jktiq#"k%

jktiq#"kL; vkxeue~ = jktiq#"kkxeue~ ¼jktk ds iq#"k dk vkxeu½

2. gfjgjxqjo%

gfj’p] gj’p] xq#’o = gfjgjxqjo% ¼gfj] gj vkSj xq#½

ijLijkfUor;¨% lqcUr;¨% lekl% Hkofr] vFkkZr~ t¨ ftlds lkFk vUo; dh ;¨X;rk j[krk gS]
mlh in dk mlh ds lkFk lekl g¨rk gSA ;Fkk& jkt% iq=% = jktiq=%A ;gk¡ jktk iq= ds lkFk
vfUor gS &

n’kjFkL; iq=% jktk vfLrA

¼n’kjFk dk iq= jktk gS½

bl okD; esa n’kjFk dk iq= ds lkFk vUo; gS] vr% n¨u¨a dk lekl g¨xk n’kjFkL; iq=%& n’kjFkiq=%
vkSj iq=% jktk esa vUo; gSa & jktiq=%] fdUrq n’kjFk dk jktk ds lkFk vUo; ugha gS] blhfy, bu n¨u¨a in¨a
dk lekl ugha g¨xkA vr% lekl lkFkZd@leFkZ lqcUr¨a dk g¨rk gSA dgha lqcUr dk fr³Ur ds lkFk Hkh
lekl ns[kk tkrk gS & ifj vHkw"k;r~ g¨dj i;ZHkw"k;r~A blh çdkj] fo $ vpyr~ = O;pyr~A vFkZc¨/k ds fy,
lkekfld in¨a ds foxzg dh O;oLFkk O;kdj.k esa ns[kus d¨ feyrh gSA of̀Ùk;¨a ds vFkZ dk c¨/k djkus ds fy,
t¨ okD; ;k inkoyh ç;qDr dh tkrh gS] mls foxzg dgrs gSa &
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o`R;FkkZoc¨/kdokD;a foxzg%A

l p y©fdd¨·y©fdd’psfr f}/kkA

foxzg n¨ çdkj dk g¨rk gSA ,d y©fdd vkSj nwljk vy©fddA y¨d ¼y©fdd laLÑr Hkk"kk½ esa t¨ ç;¨x
vkfn g¨rk gS] mls y©fdd foxzg dgrs gSaA tSls & jkK iq#"k%

 bl y©fdd foxzg dk leLr in ^jktiq#"k%^ g¨xkA vy©fdd foxzg ç;¨x esa ugha vkrk] og O;kdj.k
dh çfØ;k n’kkZus ds fy, gh g¨rk gSA ^jktiq#"k%^ dk vy©fdd foxzg gS &

jktu~ ³l~ $ iq#"k lq

vy©fdd foxzg çR;sd lekl dk gqvk djrk gS] ijUrq y©fdd foxzg rHkh g¨rk gS tc lekl oSdfYid
g¨aA ;fn lekl fuR; gS r¨ y©fdd foxzg ;k r¨ fd;k gh ugha tkrk vFkok vLoinfoxzg fd;k tkrk gSA
vLoinfoxzg esa leL;eku in ä ls fHkUu in ä ds }kjk foxzg n’kkZ;k tkrk gSA ;Fkk & miÑ".ke~ = Ñ".kL;
lehie~] ;Fkk’kfDr & 'kfDre~ vufrØE;] ;s Øe’k% vLoin y©fdd foxzg gSaA

lekl ds Hksn &

lkekU;r;k lekl vFkZ dk fo"k; gS] vFkkZr~ lekl vFkZ ij vkfJr gSA ml leLr in esa fdldk vFkZ
ç/kku gSA blh vk/kkj ij lekl ds pkj Hksn g¨rs gSa & vO;;hHkko] rRiq#"k] }U} vkSj cgqozhfg] fdUrq
fl)kUrd©eqnhdkj us lekl ds ik¡p Hksn ekus gSa & ;Fkk lekl% i´~p/kkA r= lelua lekl%A

1. dsoy lekl

ftl lekl dh d¨Ã fo’ks"k laKk ugha dh tkrh] og dsoy lekl g¨rk gSA ;Fkk & HkwriwoZ% ¼t¨ iwoZ esa
gqvk gS½A

2. vO;;hHkko lekl

t¨ 'kCn lekl g¨us ds iwoZ r¨ vO;; u g¨] fdUrq lekl g¨us ij vO;; g¨ tk,] ogh vO;;hHkko lekl
gSA lkekU;r% ftl lekl esa iwoZin dk vFkZ çk;% ç/kku g¨rk gS] mls vO;;hHkko dgrs gSaA bl lekl
esa çk;% iwoZin vO;; g¨rk gS vkSj mÙkjin vuO;;] ijUrq lekl g¨us ij leLr in vO;; cu tkrk
gSA ;Fkk & vf/kgfj ¼gfj esa½A

3. rRiq#"k lekl

ftl lekl esa mÙkjin dk vFkZ çk;% ç/kku g¨rk gS] mls rRiq#"k lekl dgrs gSaA ;g lekukf/kdj.k
vkSj O;f/kdj.k Hksn ls n¨ çdkj dk gSA

rRiq#"k lekl dk gh ,d Hksn g¨rk gS & deZ/kkj;A
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rRiq#"kHksn% deZ/kkj;%A rRiq#"k% lekukf/kdj.k% deZ/kkj;%A

tc rRiq#"k lekl esa n¨u¨a in ,d gh vf/kdj.k ¼okP;½ d¨ dgrs gSa r¨ ogk¡ deZ/kkj; lekl g¨rk gSA
;Fkk & uhye~ $ mRiye~ = uhy¨Riye~A

deZ/kkj; dk ,d Hksn g¨rk gS & f}xqA deZ/kkj; lekl esa tc iwoZin la[;kokpd g¨rk gS r¨ mls f}xq
lekl dgrs gSaA f}xq lekl esa iwoZin la[;kokpd gh g¨rk gS] fdUrq la[;kokpd lHkh in f}xq gh ugha
g¨rs gSaA tSls & i ~́pkuka xaxkuke~ lekgkj% = ^i ~́pxaxe~̂  ;gk¡ vO;;hHkko lekl gSA

4. cgqozhfg lekl

;g fo’ks"k.k&fo’ks"; dk lekl gS] fdUrq blesa vU; inkFkZ ç/kku gSA ftl lekl esa leL;eku in¨a ds
vfrfjDr fdlh vU;in dk vFkZ çk;% ç/kku jgrk gS] mls cgqozhfg lekl dgrs gSaA lekl ?kVdL;
inL; vFkZ% ;fn fØ;;k vfUor¨ Hkofr rfgZ cgqozhfg% bR;FkZ%A ;Fkk & ihrkfu vEcjkf.k ;L; l% ihrkEcj%
¼ihr oL= gSa ftuds] vFkkZr~ Hkxoku~ fo".kq½

5. }U} lekl

ftl lekl esa n¨u¨a in¨a dk vFkZ çk;% ç/kku g¨rk gS] mls }U} lekl dgrs gSaA ;fn n¨u¨a inkFkZ fØ;k
ls vfUor g¨rs gSa r¨ og }U} dgykrk gSA tSls & jkeÑ".k©A

lekl d¨ le>us gsrq ,d cgqpfpZr ,oa j¨pd i| nf̀"Vxr gS] ftlds Hkkokuqokn ls lHkh lekl&Hksn¨a
dk vFkZ ljyrk ls xzg.k fd;k tk ldrk gS &

}U}¨·fLe f}xqjfi p x`gs p es lrreO;;hHkko%A

rRiq#"k deZ/kkj; ;sukga L;ka cgqozhfg%A

vFkkZr~ d¨Ã fu/kZu czkã.k jktk ds njckj esa tkdj viuh d#.kk xkFkk dk o.kZu bl çdkj djrk gSA
gS jktu~! eSa ^}U}^ gw¡] eSa vdsyk ugha] cfYd Hkk;kZ dk Hkh Hkj.k&i¨"k.k djuk iM+rk gSA eSa ^f}xq^ Hkh gw¡]
esjs ?kj ij n¨ cSy Hkh gSa] ftud¨ çfrfnu f[kykuk iM+rk gS] esjs ikl fujUrj ̂vO;;hHkko^] vFkkZr~ [kpZ
ds fy, QwVh d©M+h Hkh ugha gSA blfy, gs Js"B iq#"k! rr~ ^deZ/kkj;^] vFkkZr~ ,slk dke dj¨] ftlls
eSa ^cgqozhfg^ cgqr /ku okyk g¨ tkÅ¡A

lekl ds fy, fuEufyf[kr ckrsa /;krO; gSa &

 leFkZ vFkkZr~ ijLij laf’y"VkFkZ in¨a esa gh lekl g¨rk gS vlEc)kFkhZ esa ughaA

 loZçFke leklfo/kk;d lw= dh ço`fÙk g¨xhA

 lewps leqnk; dh çkfrifnd laKk ¼ÑÙkf)rleklk’p½ dj lqi¨/kkrqçkfrifnd;¨% ls lqi¨a@foHkfDr;¨a
dk y¨i g¨rk gSA

 iwoZin dk fu.kZ;A

 vUr esa çkfrifnd laKk dj foHkfDr ç;¨xA

1. dsoy lekl & ftl lekl dh d¨Ã fo’ks"k laKk ugha dh tkrh] og dsoy lekl g¨rk gSA leFkZ lqcUr
dk leFkZ lqcUr ds lkFk lekl g¨rk gSA ,d lqcUr nwljs lqcUr ds lkFk fodYi ls lekl d¨ çkIr g¨rk
gSA lekl dh çkfrifnd laKk g¨ tkus ds dkj.k lekl ds vo;o lqi¨a dk ^lqi¨ /kkrqçkfrifnd;¨%^ ls
yqd~ g¨ tkrk gSA ;Fkk & vHkwriwoZ% ¼iwoZe~ vHkwr%] t¨ igys dHkh ugha gqvk gS½
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blh çdkj lqcUr 'kCn dk ̂ bo^ ds lkFk lekl g¨rk gS] ijUrq leklko;o foHkfDr dk y¨i ugha g¨rkA

øम सं. सुबÆत शÊद  

+  

इव 

समास अथª  

1.  वागथŐ वागथाªिवव शÊद और अथª के सŀश 

2.  जीमतूÖय जीमतूÖयेव जीमतू के सŀश 

/;krO; gS fd ;¨xfoHkk"kk dh b"V flf) ds fy, dqN fr³Ur 'kCn ä ds mÙkjin jgus ij lekl fof/k
dh tkrh gSA ;g fof/k osn esa gSA

øम सं.  पूवªपद  

 

+ 

उ°रपद  समास अथª  

1.  पåर अभषूयत् पयªभषूयत ् सुशोिभत करता ह ै

2.  िव अचलत ् Óयचलत् चलता ह ै 

2. vO;;hHkko lekl

ftl lekl esa iwoZin dk vFkZ çk;% ç/kku g¨rk gS mls vO;;hHkko dgrs gSaA iwoZ esa vf/k] mi] vuq vkfn
vO;; g¨rs gSa rFkk leLrin vO;; g¨rk gSA foHkfDr] lehi] lef̀) ¼_f) dk vkf/kD;½] O;f̀) ¼_f)
dk vHkko½] vFkkZHkko ¼oLrq dk vHkko½] vR;; ¼u"V g¨uk@vrhr g¨xk½] vlEçfr ¼vc ;qDr u g¨uk½
'kCn çknqHkkZo ¼'kCn dh çdk’krk çflf)½] i’pkr~ ¼ihNs½ ;Fkk ¼;¨X;rk] ohIlk] inkFkkZufròfÙk vkSj
lkǹ’;½] vkuqiwO;Z ¼Øekuqlkj] Øe’k%½] ;¨xi| ¼,dlkFk g¨uk½] lkn’̀;] lEifÙk ¼vuq:i] vkRekHkko½]
lkdY; ¼lEiw.kZrk½ vkSj vUr ¼lekfIr½ bu l¨yg vFkks± esa ls fdlh Hkh vFkZ esa fo|eku t¨ vO;; lqcUr
gS] og leFkZ lqcUr ds lkFk fuR; lekl d¨ çkIr g¨rk gS vkSj og lekl vO;;hHkko laKd g¨rk gSA
;g fuR; lekl gS] vr% bldk ;k r¨ y©fdd foxzg g¨rk ugha ;k vLoin foxzg g¨xkA

vO;;hHkko lekl ds vko’;d fu;e fuEufyf[kr gSa &
1. vO;;hHkko lekl ds vfUre~ in ds vUr esa v] vk d¨ v b] Ã] ,] ,s d¨ b m] Å] vks] vkS d¨ m rFkk

_ d¨  g¨rk gSA
2. vO;;hHkko lekl ;fn vnUr gS r¨ lqi¨a dk ^vO;;knkIlqi%^ ls y¨i u g¨dj i´~peh d¨ N¨M+dj lqi ä

d¨ ve~ vkns’k g¨] ijUrq ;g ve~ vkns’k r`rh;k ,oa lIreh esa cgqyrk ls g¨rk gSA
3. vO;;hHkko ;fn vnUr u g¨ r¨ mlls ijs lqi¨ dk ^vO;;knkIlqi%^ ls y¨i g¨A
4. vO;;hHkko ds vUr esa ;fn nh?kZ g¨ mls gzLo vkns’k djuk pkfg,A
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4. अभाव अथª म¤ िनर ्अÓयय का 
समास 

मि±काणाम ्अभावः िनमªि±कम् मि³खयŌ का 
अभाव 

5. अÂयय अथª म¤ अित अÓयय 
का समास 

िहमÖय अÂययः अितिहमम ् शीत का Óयतीत हो 
जाना 

6. असंÿित अथª म¤ अित अÓयय 
का समास 

िनþा सÌÿित न 
यºुयते इित 

अितिनþम ् िनþा इस समय 
उिचत नहé 

7. शÊदÿकाश अथª म¤ इित 
अÓयय का समास 

हåरशÊदÖय ÿकाशः इितहåर हåर शÊद कì 
ÿिसिĦ 

8. पĲात ्अथª म¤ अन ुअÓयय का 
समास 

िवÕणोः पĲात ् अनिुवÕण ु िवÕण ुके पीछे 

9. योµयता अथª म¤ अन ुअÓयय 
का समास 

łपÖय योµयम ् अनłुपम् łप के योµय 

10. साŀÔय अथª म¤ स / सह 
अÓयय का समास 

हरेः साŀÔयम ् सहåर हåर के समान 

11. वीÈसा अथª म¤ ÿित अÓयय का 
समास 

अथªम ्अथªम ्ÿित ÿÂयथªम ् ÿÂयेक अथª के ÿित 

12. अनितøÌय अथª म¤ यथा 
अÓयय का समास 

शिĉम ्अनितøÌयः यथाशिĉः शिĉ के अनसुार 
 

13. आनपुÓूय¥ण अथª म¤ अन ु
अÓयय का समास 

ºयķेÖय आनुपÓूय¥ण अनºुयķेम ् ºयķे के øम म¤ 

14. यगुपत ्अथª म¤ स / सह अÓयय 
का समास 

चøेण यगुपत ् सचøम ् चø के साथ  

15. सŀश अथª म¤ स/सह अÓयय 
का समास 

स´या सŀशः ससिख सिख के समान 

16. सÌपि° अथª म¤ स/सह अÓयय 
का समास 

±ýाणां सÌपि°ः स±ýम ् ±िýयŌ का 
Öवानłुप ±िýयÂव 

17. सÌपणूª अथª म¤ स / सह अÓयय 
का समास 

तणृमिप 
अपåरÂयºयम ्

सतणृम ् ितनके को भी छोड़े 
िबना 

18. अÆत अथª म¤ स / सह अÓयय 
का समास 

अिµनúÆथपयªÆतम ्
(अधीत)े 

सािµन अिµन úÆथ कì 
समािĮ तक 

u¨V & ;Fkk ds pkj vFkZ g¨rs gSa& ¼1½ vufrØE; ¼2½ ohIlk ¼3½ lkn`’;] ,oa ¼4½ ;¨X;rkA

blh çdkj] e;kZnk vFkok vfHkfof/k vFkZ esa vO;; dk lqcUr ds lkFk fodYi ls vO;;hHkko lekl g¨
tkrk gSA tSls &
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øम स.ं लौिकक िवúह सामािसक शÊद अथª 

1.  आ िहमालयात् आिहमालयम् िहमालय तक 

2.  आ समþुात ् आसमþुम ् समþु तक 

3.  आ बालवĦृात ् आबालवĦृम ् बाल से वĦृ तक 

4.  आमĉेुः आमिुĉ मुिĉ तक 

5.  आबालेËयः आबालम ् बालक तक 

blh çdkj ,d vU; fu;e ds vuqlkj] ;fn lekgkj vFkZ b"V g¨ r¨ la[;kokpd lqcUr ä dk unhokpd
lqcUr ä ds lkFk vO;;hHkko lekl g¨rk gSA tSls & i´~pxaxe~] f};eque~] i´~pufn bR;kfnA

bl çdkj fofo/k vFkks± esa vO;;hHkko lekl ds ç;¨x ns[ks tk ldrs gSa] ftuesa ls dqN mnkgj.k
fuEufyf[kr gSa &

øम स.ं लौिकक िवúह सामािसक शÊद अथª 

1. शरदः समीपम ् उपशरदम ् शरद ्के समीप 

2. िवपाशम ्ÿित ÿितिवपाशम् Óयास नदी के सÌमखु 

3. जरायाः समीपम् उपजरसम् बुढ़ापे के समीप 

4. रा²ः समीपम ् उपराजम ् राजा के समीप 

5. आÂमिन इित अÅयाÂमम ् आÂम म¤ 

6. राि² इित अिधराजम ् राजा म¤ 

7. चमªणः समीपम ् उपचमªम ् चमª के समीप 

8. नīाः समीपम ् उपनदन ्/ उपनिद नदी के समीप 

9. पौणªमाÖयाः समीपम ् उपपौणªमासम ् पिूणªमा के समीप 

10. िदशः समीपम् उपिदशम ् िदशा के समीप 

11. िदिश इित अिधिदशम ् िदशा म¤ 

12. मनिस अिधमनसम ् मन म¤ 

13. सåरतः समीपम ् उपसåरतम ्/ उपसåरत सåरता के समीप 

14. गोः समीपे उपगो,  उपग ू गाय के समीप 

15. कृÕणÖय समीपम ् उपकृÕणम ् कृÕण के समीप 

16. गंगायाः समीपम ् उपगंगम ् गंगा के समीप 

यमनुायाः समीपम ् उपयमनुम ् यमनुा के समीप 
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43. मुनोः पĲात ् अनमुुिन मिुन के पĲात ्

44. वĦृÖय आनपुÓूय¥ण अनवुĦृम् वĦृ के øम म¤ 

45. ĆÖवÖय आनपुÓूय¥ण अनĆुÖवम ् ĆÖव के øम म¤ 

46. पÖुतकेन यगुपत् सपÖुतकम ् पÖुतक के साथ  

47. तिĦत ÿकरण पयªÆतम ् सतिĦतम ् तिĦत ÿकरण तक 

48. अàणोः योµयम ् सम±म् आँखŌ के सामने 

49. अàणोः पĲात ् अÆव±म् आँखŌ से परे 

50. अàणः परम ् परो±म ् िनपातन 

bl çdkj çLrqr ys[k esa lekl ds Lo:i] çdkj ,oa fo’ks"kr% dsoy vkSj vO;;hHkko lekl ds ç;¨x
ij fopkj fd;k x;k gSA blh çdkj vkxkeh ys[k esa 'ks"k lekl&çdkj ä ds Lo:i ,oa ç;¨x ij fopkj fd;k
tk,xkA

vuqokn

1. okxFkkZfoo txr% firj© ikoZrhijes’oj© oUnsA

¼’kCn vkSj vFkZ ds ln’̀k lalkj ds ekrk&firk ikoZrh vkSj ijes’oj f’ko dh oUnuk djrk gw¡A½

2. v= fueZf{kdefLrA

¼;g LFkku efD[k; ä ls jfgr gSA½

3. iatkc% i ~́punçns’k% vfLrA

¼iatkc ik¡p ufn; ä ls ;qDr çns’k gSA½

4. jktiq#"k% çklknr% v=So vkxPNfrA

¼jktiq#"k egy ls ;gh vk jgk gSA½

5. Jh vVyfcgkjhoktis;heg¨n;% HkkjrL; HkwriwoZ% ç/kkueU=h orZrsA

¼Jh vVy fcgkjh oktis;h eg¨n; Hkkjr ds HkwriwoZ ç/kkueU=h gSaA½

6. txr% vU/kdkjL; gj.kkr~ gjs% bfrgfj çfl)¨·fLrA

¼lalkj ds vU/kdkj dk gj.k djus ls gfj dk ^bfrgfj^ 'kCn çfl) gSA

7. Lok/;k;dkys vfrfuæka otZ;sr~A

¼Lok/;k; dky esa vfrfuæk dk R;kx djuk pkfg,A½

8- jkf/kdk çfrfnua okfVdk;ka Hkze.ka dj¨frA

¼jkf/kdk çfrfnu okfVdk esa Hkze.k djrh gSA½

9. Hkkjrh;laLÑfr% v/;kReç/kkukA

¼Hkkjrh; laLÑfr v/;kReç/kku gSA½

10. gs ikFkZ! ;Fkk’kfDr dk;± dj¨rqA

¼gs vtZqu! viuh 'kfDr ds vuqlkj dk;Z dj¨A½
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ys[kdksa ds fy, funsZ'k (Instructions for Authors)

¼d½ laiknu uhfr] leh{kk çfØ;k ,oa LohÑfr (Editorial Policy] Review Process and Acceppance)

foKku çdk’k ISSN: 1549&523&X fganh esa foKku ,oa ç©|¨fxdh dk fjlpZ tuZy gSA ftldk eq[; mÌs’; foKku
,oa ç©|¨fxdh] foKku f’k{kk rFkk foKku lapkj ds {ks= ä esa g¨ jgs 'k¨/k v/;;u ,oa vkys[k¨a d¨ fganh esa çdkf’kr djuk
gSA bl 'k¨/k tuZy esa çdkf’kr fd, tkus okys lHkh 'k¨/k i= ä d¨ de ls de rhu fo’ks"kK¨a ls fjO;w djk;k tkrk gS
rFkk bldk ewY;kadu eq[;r% ys[k dh e©fydrk] bldh lkexzh] ys[ku dh LVkby] lajpuk rFkk lqLi"Vrk ds vk/kkj
ij fd;k tkrk gSA ys[k esa rF; ä ,oa tkudkjh dh Li"V ,oa rdZlaxr çLrqfr vko’;d gSA ;fn vko’;d gqvk r¨ ys[kd
d¨ ys[k esa lq/kkj@la’k¨/ku ds fy, Hkstk tk ldrk gSA 'k¨/k i=@vkys[k esa fn, x, çR;sd dFku] rF; ,oa tkudkjh
dh lR;rk vkfn ds fy, ys[kd gh iwjh rjg ftEesnkj g¨xkA

¼[k½ 'k¨/k i=@ys[k dh lajpuk ,oa Q‚eZsV (Structure and Format of the Research Papers@Articles)

1. foKku ys[kd¨a] oSKkfud¨a rFkk 'k¨/k Nk=@Nk=kvksa ls oSKkfud fo"k;¨a ij 'k¨/kijd ys[k ,oa uokpkj laca/kh fganh
esa j¨pd ,oa Kkuo/kZd lkexzh vkeaf=r gSA

2. ys[k yxHkx 2000 ls 5000 'kCn¨a ds chp fganh esa g¨us pkfg,A ys[k ds lkFk yxHkx 100 'kCn¨a dk lkjka’k Hkh
vko’;d gSA ys[k ;wfud¨M Q‚UV esa ftles laiknu esa vklkuh g¨A ys[k esa fn, x, fp=] xzkQ] rkfydk vkfn Li"V
g¨a] rkfd çdk’ku esa ck/kk u gksA

3. ys[k dk 'kh"kZd] ys[kd dk uke&irk] eq[; 'kCn ¼dh&oMZ~l½ rFkk bldk lkjka’k fganh rFkk vaxzsth n¨u¨a esa g¨uk
vfuok;Z gSA blls baVjusV ij [k¨tus esa ;g ys[k Hkh fey ldsxkA

4. lHkh ys[k rduhdh ys[ku ds ekud¨a ds vk/kkj ij g¨us pkfg,] ftlesa çR;sd lanHkZ dk ys[k esa ;Fk¨fpr Ø‚l
jsQjsaflax fd;k x;k g¨A

5. lHkh lanHkksZ dh lwph ys[k ds var esa fuEufyf[kr Q‚eZsV esa nh tkuh pkfg,:

a- iqLrd¨a ds fy, ys[kd@d¨a dk uke] iqLrd dk uke] çdk’kd dk uke ,oa irk] çdk’ku o"kZ rFkk i`"B la[;k]
blh Øe esa g¨uh pkfg,A

b- 'k¨/k i=¨a ds fy, vaxzsth ys[k¨a dk lanHkZ vaxzsth esa rFkk fganh ys[k¨a dk lanHkZ fganh esa g¨uk pkfg,] tSlk fd uhps
mnkgj.k fn, x, gSaA
• Om Vikas, and S K Basandra] “Dada Algebra and its Application in Database Design”] Information

Processing Letters] Vol 23] 1986] pp 47&54-
• vkse fodkl] “oSfnd lax.kuk izfof/k&izfreku”] foKku çdk’k] 2012] o"kZ&12 vad&1&2

c. fganh if=dkvksa ds lanHkZ fganh esa rFkk vaxzsth if=dkvksa@tuZy ds lanHkZ vaxzsth esa gh nsaA mudk fyI;karj.k u
djsaA osclkbV ds jsQjsal esa ;wvkj,y ¼URL½ Hkh fn;k tk,A

6. ys[kd 'k¨/k fo"k; ds vk/kkj ij rhu ;k vf/kd fo’ks"kK fjO;wvj ¼leh{kd¨a½ ds uke] in uke] laLFkk] irk] Ã&esy
vkSj Q¨u uacj Hkh nsaA lHkh fjO;wvj vyx&vyx laLFkku¨a ds g¨aA

7. ys[k dh Qkby ds lkFk nwljh Qkby esa ys[kd¨a vkSj fo’ks"kK fjO;wvjksa ds uke] inuke] laLFkk dk uke o irk]
Ã&esy rFkk laidZ Q¨u uacj@e¨ckby uacj Hkh nsaA

8. ys[kd dk 'kSf{kd ,oa 'k¨/k #fp;¨a dk laf{kIr ifjp; ¼yxHkx 50 'kCn¨a esa½ miyC/k djk,a r¨ vPNk g¨xkA rduhdh
'kCnkoyh csttpublication-mhrd-gov-in/english/ ij miyC/k gSA

9. uo¨fnr rduhdh ys[kd viuh fo’ks"kKrk ds {ks= esa u, fo"k; {ks= d¨ vkjaHk djus okys e©fyd ys[k¨a ¼lsehuy
isijksa½ d¨ vk/kkj cukdj vuql̀tu ys[ku dj ldrs gSaA

10. bUuksos'ku vkSj fjlpZ d¨ ç¨Rlkfgr djus okys izksxzke rFkk çfr;¨fxrk vkfn dh laf{kIr fji¨Vks± dk Hkh Lokxr gSA
11. 'k¨/k i= dSls Hkstsa\ ^foKku çdk’k* esa çdk’ku gsrq 'k¨/kijd ys[k Ãesy }kjk editorvigyanprakash@gmail.com

ij Hkst ldrs gSaA nsf[k, Website: www-VigyanPrakash-in
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