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27

ukfHkdh; fo[kaMu ,oa lay;u

ge lHkh ;g tkurs gSa fd lw;Z] lrr ÅtkZ iznku dj i`Foh ij thou laHko dj jgk gSA
lw;Z ,slk fiNys dbZ djksM+ o"kks± ls djrk vk jgk gS vkSj vkus okys dbZ djksM+ o"kks± rd
,slk djrk jgsxkA lw;Z }kjk fo'kky ek=kk esa mRlftZr bl ÅtkZ dk Ïksr D;k gS\ ;g iz'u
lnSo ekuo efLr"d osQ fy, vkd"kZ.k dk osQUnz cuk jgk gSA ij vc gesa fo'oLrrk ls
Kkr gS fd lw;Z osQ ØksM esa ÅtkZ] gkbMªkstu ukfHkd osQ ghfy;e ukfHkd esaas] vR;kfèkd rkieku
ij lay;u osQ dkj.k mRiUu gksrh gSA ;g rF; vU; rkjksa osQ fy, Hkh ykxw gksrk gSA fdlh
lay;u fj;sDVj esa blh rjg dh ifjfLFkfr;ksa osQ vuqdj.k dks] vkus okys o"kks± esa gekjh
ÅtkZ laca/h lHkh vko';drkvksa osQ fy, ÅtkZ osQ ije Ïksr osQ :i esa ns[kk tk jgk gSA

blh rjg vkius] ÅtkZ esa lqj{kk ,oa rkjkiqj] dksVk] oSQxk] ujksjk] dYikde ,oa dkdjijk
esasa fLFkr gekjs ukfHkdh; fj;sDVjksa eas fo|qr mRiknu esas ukfHkdh; ÅtkZ dh Hkwfedk osQ fo"k;
esas vo'; i<+k gksxkA blh izdkj vkius lekpkj i=k esas i<+k gksxk fd 6 vxLr 1945 dks
tkiku osQ ,d cM+s 'kgj fgjksf'kek esas ijek.kq ce fxjk;k x;k Fkk ftlls yxHkx iwjk 'kgj
oqQN gh {k.ksa esasa u"V gks x;k ,oa yk[kksa yksx ej x,A bl ce ls mRlftZr ÅtkZ 20]000
Vu Vh-,u-Vh- (VªkbZ ukbZVªks VkWywbZu) osQ /ekosQ esa mRlftZr ÅtkZ osQ cjkcj Fkh ,oa ;g ce]
ekuo bfrgkl esas ,dne u;k FkkA rc ls vkSj vfèkd 'kfDr'kkyh (ijek.kq] gkbMªkstu] U;wVªkWu)
ce fufeZr gks pqosQ gSa ftudh foèoald 'kfDr dbZ esxk Vu Vh-,u-Vh osQ cjkcj gSA ,slk
dgk tkrk gS fd fo'o dh egk'kfDr;ksa us bl rjg ls ceksa dk cM+h la[;k esas lap;u dj
j[kk gSA muosQ bl lap; dh foèoal 'kfDr bruh vfèkd gS fd ;g laiw.kZ i`Foh dks dbZ
ckj u"V dj ldrh gSA ÅtkZ dh bl fo'kky ek=kk osQ fy, tks HkkSfrd izfØ;k mÙkjnk;h
gS og gS ukfHkdh; fo[kaMuA vc vki bu izfØ;kvksa osQ fo"k; esas tkusaxsA

mís';

bl ikB dks i<+us osQ i'pkr~ vki%

ukfHkdh; vfHkfØ;kvksa esa fofHkUu jkf'k;ksa osQ laj{k.k fu;eksa dks crk losaQxs_
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ukfHkdh;  Ükà[kyk&vfHkfØ;k] fu;af=kr ,oa vfu;af=kr fo[kaMu  Ükà[kyk&vfHkfØ;k tSls
'kCnksa dks le>k losaQxs_

ukfHkdh; fj,DVj dh dk;Z&fofèk dk o.kZu dj losaQxs_ ,oa

rkjksa esaa ÅtkZ mRiknu dh fØ;kfofèk dks le>k losaQxsA

27.1 jklk;fud ,oa ukfHkdh; vfHkfØ;k,¡

27.1.1 jklk;fud vfHkfØ;k

ge tkurs gSa fd lHkh inkFkZ ijek.kqqvksa ls cus gksrs gSaA ikB 26 esasa vkius i<+k fd fdlh
Hkh rRo osQ jklk;fud xq.kksa dk fu;a=k.k] lcls cká d{kk esa mifLFkr bysDVªkWu djrs gSaA
vFkkZr~] ijek.kq vU; ijek.kq ;k v.kq (ijek.kq osQ lewg) ls la;ksx djrs gSa ,oa vius la;kstd
bysDVªkWu dks iqu% O;ofLFkr djrs gSSa] ftlosQ lkFk&lkFk mudh LFkSfrd ÅtkZ dk ßkl gksrk
gSA

var%fØ;k djus okys ijek.kq ,oa v.kq esasa] la;kstd bysDVªkWuksaa dh iqu% O;oLFkk osQ dkj.k]
ÅtkZ ;k vo'kks"k.k osQ lkFk u, ;kSfxd v.kq osQ fuekZ.k dks jklk;fud vfHkfØ;k dgrs gSaA
bl izfØ;k esa ukfHkd (U;wfDy;l) iw.kZr% vizHkkfor jgrk gSA bruk gh ugha] vkarfjd d{kkvksa
osQ bysDVªku Hkh vizHkkfor jgrs gSaA

dkcZu v.kq dh vkWDlhtu ijek.kq ls var%fØ;k osQ }kjk dkcZu Mkb&vkWDlkbM dk cuuk
jklk;fud vfHkfØ;k dk mnkgj.k gS%

C + O
2

→ CO
2
 + 4.08 eV (27.1)

bl jklk;fud vfHkfØ;k esas Hkkx ysus okys izR;sd dkcZu ijek.kq osQ fy, 4.08 eV ÅtkZ
eqDr gksrh gSA bls dkcZu MkbZvkWDlkbM dh ca/u ÅtkZ dgrs gSaA os vfHkfØ;k,a ftuesa ÅtkZ
dk mRltZu gksrk gS   mUgsa Åz"ek{ksih vfHkfØ;k,¡ dgrs gSaA os jklk;fud vfHkfØ;k,a ftUgsa
izkjaHk gksus osQ fy, ÅtkZ dh vko';drk gksrh gS mUgsa Å"ek'kks"kh; vfHkfØ;k,¡ dgrs gSaA
mnkgj.k osQ fy, 4. 03eV ÅtkZ] ;fn dkcZu MkbZvkWDlkbM ijek.kq dks mi;qDr ifjfLFkfr
esa nh tk, rks og vius vO;oh rRoksa esas VwV tk,xk%

CO
2
 + 4.08eV → C + O

2
(27.2)

tSls fd lehdj.k 27-1 ls Li"V gs fd] 4.08 eV dh ÅtkZ fudk; ls fudy dj CO
2

xSl dk fuekZ.k djrh gSA vr% CO
2
 v.kq dk nzO;eku] C o O

2
 osQ oqQy nzO;eku ls 4.08eV

nzO;eku rqY;kad de gksxkA nzO;eku osQ bl ßkl  Δm dh x.kuk lehdj.k E = mc2 dk
mi;ksx dj dh tk ldrh gSA

Δm = 
–194.08×1.602×10

169×10
 = 7.26 × 10–36 kg (27.3)
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nzO;eku esas brus de@rqPN ifjorZu dk irk ugha yxk;k tk ldrk gSA vr% bls ux.; eku
dj ge dgrs gSa fd jklk;fud vfHkfØ;k esasa nzO;eku lajf{kr jgrk gS] gkykafd nzO;eku esas rqPN
ifjorZu vo'; jgrk gSA

jklk;fud vfHkfØ;k esas è;ku j[kus ;ksX; egRoiw.kZ fcanw gSa%

10 eV dh dksfV dh ÅtkZ lfEefyr gSA

nzO;eku esa ßkl 10–35  kg osQ Øe dk gksrk gS tks vR;Ur de gSA vr% ge dgrs
gSa fd nzO;eku lajf{kr jgrk gSA

jklk;fud lehdj.k osQ nkfguh vksj mifLFkr izR;sd izdkj osQ ijek.kqvksa dh oqQy la[;k]
lehdj.k osQ ck¡bZa vksj mifLFkr izR;sd izdkj osQ ijek.kqvksa dh oqQy la[;k osQ lnSo cjkcj
gksrh gSA

27.1.2 ukfHkdh; vfHkfØ;k,¡

ukfHkdh; vfHkfØ;kvksa esas] vfHkdkjdksa osQ ukfHkd] u fd bysDVªkWu ,d nwljs ls var%fØ;k
djrs gSaA ifj.kke osQ :i esas os u, rRo dk fuekZ.k djrs gSaA

;g vfHkfØ;k ukfHkdksa dk rRokUrj.k (VªkUlE;wVs'ku) Hkh dgykrh gSA fiNys ikB ls vki
Lej.k dhft, ftlesa dgk x;k Fkk fd ukfHkdh; vfHkfØ;k esa M eV osQ rqY; ÅtkZ dk
lekxe gksrk gSA ge tkurs gSa fd ijek.kq dk lEiw.kZ vkos'k ukfHkd esas gh laosQfUnzr gksrk
gS ftldk vkdkj (lkbt) yxHkx 10–15 m gksrk gSA U;wfDy;l pkjks vksj ls fdlh [kkl
vuqer d{kkvksa esas ?kwers gq, bysDVªkWu }kjk f?kjk jgrk gSA buls izcy fLFkj oS|qr foHko jksfèkdk
(ftls owQykWe jskfèkdk Hkh dgrs gSa) l`ftr gksrh gSA tSlk fd fp=k 27-1 esa n'kkZ;k x;k gSA

owQykWe csfj;j dk eku dkcZu ukfHkd osQ fy, 3MeV rFkk ysM ukfHkd osQ fy, 20 M

eV gSA bldk rkRi;Z ;g gqvk fd ukfHkd dh vksj yf{kr fdlh vkosf'kr iz{ksid dks y{;
ukfHkd osQ owQykWe jksfèkdk }kjk mRiUu izcy fod"kZ.k dk lkeuk djuk gksxkA ;fn iz{ksid
dh xfrt ÅtkZ jksfèkdk dks Hksnus osQ fy, i;kZIr ugha gS rks og okil gks tk,xk vkSj bl
izdkj fdlh Hkh izdkj dh ukfHkdh; vfHkfØ;k ugha gksxhA dkcZu U;wfDy;l esa izksVkWu dks

fp=k 27-1 % ukfHkd osQ lehi izksVksu vkSj U;wVªkWu dh fLFkfrt ÅtkZ,aA
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izos'k djosQ rRokarj.k djus osQ fy, 3MeV ÅtkZ ls vfèkd ÅtkZ dh vko';drk gksrh
gSA pwafd ukfHkdh; vfHkfØ;kvksa esa cgqqr vfèkd ÅtkZ dh vko';drk gksrh gS] blhfy,
ge vius nSfud thou esa lkekU; rki vkSj ncko ij bu ukfHkdh; vfHkfØ;kvksa dk voyksdu
ugha dj ldrsA

ukfHkdh; rRokUrj.k ;k ukfHkdh; vfHkfØ;k dh ifj?kVuk dh [kkst ykMZ jnjiQksMZ us lu~
1919 esa dh FkhA mUgksaaus ukbVªkstu xSl ij iksyksfu;e lzksr ls izkIr 7.7 MeV ÅtkZ osQ α−
d.kksa dh ceckjh djkbZA jnjiQksMZ us voyksfdr fd;k fd ukbVªkstu dk rRokUrj.k vkWDlhtu
esas gks x;kA bl vfHkfØ;k esa mPp ÅtkZ okys izksVku dh mRifÙk gksrh gS%

4 14 17 1He + N O + H2 17 8 1→ (27.5)

vkDlhtu osQ ukfHkd vkSj izksVksu esa 6.5 M eV dh ÅtkZ lekfgr jgrh gSA blls Li"V gS
fd bl vfHkfØ;k osQ fy, fdlh ckgjh Ïksr ls 1.2 M eV ÅtkZ dh vkiwfrZ gksuh pkfg,A
tc ckgj ls ÅtkZ xzg.k dh tk jgh gks rks ,slh vfHkfØ;k Å"ek 'kks"kh vfHkfØ;k dgyk,xhA
tc ,Y;qfefu;e ij 7.7 M eV ÅtkZ okyh vYiQk d.kksa dh ceckjh dh tkrh gS (bu d.kksa
dks iksyksfu;e Ïksr ls izkIr fd;k tkrk gS) rks tks ukfHkdh; vfHkfØ;k ?kfVr gksrh gS] mlls
10.7 M eV dh ÅtkZ mRiUu gksrh gS%

27 4 30 1Al+ He Si + H13 2 14 1→ (27.6)

;gk¡ ij ge ns[krs gSaa fd fuosf'kr ls vfèkd ÅtkZ mRiUu vkSj eqDr gks jgh gSA blls bl
ukfHkdh; vfHkfØ;k dks Å"ek{ksih (,DlksFkfeZd) dgrs gSaA è;ku nhft, fd fuosf'kr ÅtkZ
7.7M eV Fkh vkSj vfHkfØ;k ls 10.7M eV ÅtkZ eqDr gksdj fudy jgh gS vFkkZr~ izR;sd
vfHkfØ;k ls 3 M eV ÅtkZ dh izkfIr gks jgh gSA ;g dkcZu ijek.kq osQ ngu ls eqDr gksus
okyh ÅtkZ ls 700, 000 xqqquk osQ cjkcj gSA ij bl vfHkfØ;k dk iz;ksx ÅtkZ mRiknu
esa ugha fd;k tk ldrk D;ksafd 1]25]000 vkifrr vYiQk d.kksa esa  osQoy ,d d.k
gh ml vfHkfØ;k dks fØ;kfUor djus esa liQy gks ikrk gSA vr% bl vfHkfØ;k }kjk
izkIr oqqQy ÅtkZ vfHkfØ;k dks lEiUu djkus esa fuosf'kr ÅtkZ ls cgqr gh de gks tkrh
gSA bl vfHkfØ;k esas fuosf'kr ÅtkZ dk viO;; cgqr gks tkrk gSA

ukfHkdh; vfHkfØ;k izksVkWuksa]  M~;wVªkWuksa] U;wVªkWuksa osQ vykok vU; gYosQ (ukfHkdksa) }kjk Hkh
'kq: gks ldrh gSA bu lc esa U;wVªkWu loksZÙke iz{ksid ik;k x;k gSA bldk dkj.k gS
U;wVªkWuksa dk mnklhu gksuk ftlosQ dkj.k mUgsa owQykWeh fod"kZ.k dk lkeuk ugha djuk
iM+rkA bl izdkj ls lerkih; U;wVªkWu (vFkkZr~ ftudh ÅtkZ 0.0253 eV gks) y{; ukfHkd
dks Hksndj ukfHkdh; vfHkfØ;k dks lEiUu dj ldrk gSA

izksVkWuksa] M~;wVkWuksa rFkk U;wVªkWuksa }kjk mRiUu dh tkus okyh ukfHkdh; vfHkfØ;kvksa osQ oqQN izk:fid
mnkgj.k gSaμ

6 1 3 4
3 1 2 2Li + H He + He→ (27.7)

10 2 4
5 1 2B+ H 3 He→ (27.8)
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10 7 4
5 3 2B+n Li + He→ (27.9)

jklk;fud vfHkfØ;kvksa dh rjg ukfHkdh; vfHkfØ;k,¡ Hkh laj{k.k osQ fu;eksa dk ikyu djrh
gSaA bu fu;eksa dk mYys[k uhps fd;k tk jgk gSA

27.1.3  ukfHkdh; vfHkfØ;kvksaa osQ fy, laj{k.k fu;e

vfHkdkjdksa dh nzO;eku&la[;kvksa dk ;ksx lnSo mRiknksa (izksM~DVl) dh nzO;eku
la[;kvksa osQ ;ksx osQ cjkcj gksrk gSA lehdj.k (27.7) esa nzO;eku la[;k 7 = 3 + 4 =

6 + 1 lajf{kr jgrh gSA

vfHkdkjdksa osQ ijek.kq Øekadksa dk ;ksx lnSo mRiknksa osQ ijek.kq Øekadksa osQ ;ksx osQ
cjkcj gksrk gSA lehdj.k (27-7) esa ijek.kq Øekad 4 = 3 $ 1 ¾ 2 $ 2 lajf{kr
jgrk gSA

ukfHkdh; vfHkfØ;k ÅtkZ laj{k.k fu;e dk ikyu djrh gSA ge tkurs gSa fd nzO;eku
Hkh laosQfUnzr ÅtkZ gh gksrk gSA vr% fuos'k xfrt ÅtkZ rFkk vfHkdkjdksa osQ nzO;eku
dk ;ksx fuxZr xfrt ÅtkZ rFkk mRiknksa osQ nzO;eku osQ ;ksx osQ cjkcj gksrk gSA

ukfHkdh; vfHkfØ;k,a laosx laj{k.k fu;e dk Hkh ikyu djrh gSaA ifj.kkeLo:i] xfrt
ÅtkZ dk forj.k leku :i ls lHkh mRikn ukfHkdksa esa gksrk gSA

ikBxr iz'u 27.1

1. lHkh lehdj.kksa dks iwjk dhft,

(a) 19 1 16
9 1 8 ?F + H O +→

(b) 27 1 4Al + n ? + He13 0 2→

(c) 234 234Th Pa + ?90 91→

(d) 63 2 64Cu + D Zn + ?29 1 30→

2. fuEufyf[kr ukfHkdh; vfHkfØ;kvksa esa eqDr gqbZ ÅtkZ dk ifjdyu djsa

10 2
5 1

4B He + Q2D 3+ →

fn;k gqvk gSμ m(10B) = 10.01294 u; ( )2D1m  = 2.014103 u, vkSj 4( He)2m  =

4.002604  vkSj u.
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3. 14 N7  ukfHkd ij α d.kksa dh ceckjh djus ls  17O8 mRiUu gksrk gSA bl ukfHkdh;

vfHkfØ;k  dk lehdj.k fyf[k, rFkk eqDr gqbZ ÅtkZ dk ifjdyu dhft,

fn;k gS % ( )14 N7m  = 14.003014 u; ( )17O8m  = 16.999138 u; ( )4 H e2m  = 4.002604

u; ( )1H1m = 1.007825 u vkSj α−d.k dh ÅtkZ = 7.7MeV.

27.2 ukfHkdh; fo[kaMu
fo[kaMu osQ [kkst dh dgkuh cM+h jkspd gSA lu~ 1938 esas ,ufjdks iQehZ] vkWVks gSu ,oa
vU; oSKkfudksa us ijk;wjsfu;e rRoksa (ftuosQ ijek.kq Øekad 92 ls vfèkd gksrs gSa)] tks izo`Qfr
esa ugh ik, tkrs] dks mRiUu djus osQ fy, ;wjsfu;e osQ ukfHkd ij de xfr okys U;wVªkWuksa
dh ceckjh djkbZA tc vkifrr U;wVªkWuksa dks ;wjsfu;e ukfHkd us izxzg.k dj fy;k rc mlosQ ukfHkd
esas U;wVªksu&izksVªksu dk vuqikr Hkh c<+ x;kA bl vuqikr dks de djus ossQ iz;kl esas ;gk¡ vis{kk dh
tk jgh Fkh fd laHkor% ;wjsfu;e β–lfØ; gks tk,xkA vFkkZr~ ,d U;wVªkWu fuf'pr :i ls ,slk O;ogkj
djsxk ekuks fd og izksVkWu esa ifjofrZr gks x;k gksA ifj.kkeLo:i β-d.k osQ lkFk fuEu lehdj.k
osQ vuqlkj oqQN ÅtkZ Hkh eqDr gksuh pkfg,%

238U92  + 1 n0 →    239 Np93   + 0 e–1  + Q (27.10)

bl vfHkfØ;k esaaa 93 ijek.kq Øekad okys ,d u, ijk;wjsfu;e rRo osQ fuekZ.k dh vis{kk
dh tk jgh FkhA okLro esa] iQehZ vkSj mlosQ lg;ksxh 'kks/drkZvksa us β−fØ;k'khyrk voysfdr
dhA ftldh vèkZ&vk;q dk eku ;wjsfu;e osQ vklikl osQ Hkkjh rRoksa osQ vèkZ&vk;q osQ Kkr
ekuksa ls ,dne vyx FkkA bu izs{k.kksa ls iQehZ vkSj mlosQ lkfFk;ksa us fu"d"kZ fudkyk fd
ijk;wjsfu;e rRo dk mRiknu gqvk Fkk vkSj bl rRo dh igpku osQ fy, mUgksaus oqQN jklk;fud
fo'ys"k.k fd;k fdUrq vliQy jgsA

mlh o"kZ esa vkWVks gSu ,oa fÚt LVªkWleSu us vusd iz;ksx fd, vkSj bl rF; dks LFkkfir
fd;k fd csfj;e ,d eè;orhZ nzOeeku la[;k okyk rRo gh bl vfHkfØ;k esa curk gS
u fd ijk;qjsfud rRo vkSj bl vfHkfØ;k esa yxHkx 200 MeV ÅtkZ Hkh eqDr gksrh gSA ;g
vizR;kf'kr ifj.kke fd èkheh xfr ls ;wjsfu;e ukfHkd ij U;wVªkWu dh ceckjh ls csfj;e uked
rRo mRiUu gksrk gS] ml le; dh ukfHkdh; HkkSfrdh foKku dh tkudkjh dks vpEHks esa Mky
fn;k D;ksafd ml le; dh ;g cgqr cM+h fojksèkkRed [kkst FkhA bl iwjs [kkst dh fjiksVZ lqizfrf"Br
if=kdk ^uspj* esas fnlEcj 1938 esa izdkf'kr gqbZ FkhA

fy”k feVuj] ,oa vksVksfÚ'k uke osQ oSKkfudksa us bl ifj.kkeksa dks ijek.kq ukfHkd osQ nzo
cwan ekWMy }kjk (fyfDoM Mªki ekWMy vkWiQ U;wfDy;l) le>k;kA O;k[;k djrs gq, bu
oSKkfudksa us bl vfHkfØ;k dks ^^ukfHkdh; fo[kaMu** ls uketn fd;kA mUgksaaus bl uke dh
;qfDr tho&foKku esas iz;qDr vfHkfØ;kRed 'kCn ^^dksf'kdk fo[kaMu* ls iz;qDr fd;k FkkA
dkykUrj esas cksgj vkSj Oghyj us ukfHkdh; fo[kaMu esa eqDr gksus okyh ÅtkZ dk ifjdyu
fd;k vkSj lkFk gh lkFk bl ^^nzo cwaan ekWMy** osQ HkkSfrdh; vk/kj dks LFkkfir fd;kA
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,ufjdks iQehZ
(1901 – 1954)

,ufjdks iQehZ bVyh ns'k esas iSnk gq, HkkSfrdhfon~ FksA ukfHkdh; ÅtkZ
dk ekuo dY;k.k osQ fy, 'kkfUriw.kZ vuqiz;ksxkasa osQ fy, vki gh
mÙkjnk;h FksA mUgksaus ;g iznf'kZr fd;k fd fdlh Hkh rRo dks ;fn
U;wVªkWu dh /kjk ls ceckjh djk,axs rks mlesa :ikUrj.k (VªkUliQkjes'ku)
gks ldrk gSA Lo;a&iksf"kr ,oa izpkfyr ukfHkdh; fo[kaMu Jà[kyk

vfHkfØ;k dks 1942 esa mUgksaus lkdkj #i fn;kA

iQehZ tc osQoy 25 o"kZ dh mez osQ Fks rc mUgksaus iQehZ&fMjkd lkaf[;dh dks lw=kc¼
fd;k FkkA ;g lkaf[;dh v¼Z iw.kkZadh; fLiu eku j[kus okys d.kksa (ftUgsa iQfeZ;kWu
dgrs gSa) osQ fy, ykxw gksrh gSA budh de mez esa gh e`R;q gks xbZA e`R;q ls oqQN
o"kZ iwoZ rd os czák.Mh; fofdj.k lacaèkh lS¼kfUrd vè;;u esas O;Lr FksA

27.2.1 ukfHkdh; fo[kaMu dh izfØ;k

lu~ 1939 esa cksgj ,oa Oghyj us ukfHkdh; fo[kaMu osQ fl¼kar dk fodkl ukfHkdh; cyksa
dh mu cyksa osQ lkFk vuq#irk osQ iz;ksx }kjk fd;k tks v.kqvksa dks fdlh nzo esa ijLij

ckaèkrs gSaA mUgksaus iwokZuqeku yxk;k fd 238
92 U  dh rqyuk esa 235

92 U  vfèkd fo[k.Muh; gksrk

gSA fp=k 27-2 dk voyksdu djsaA ;g rkih; U;wVªkuksa }kjk 235
92 U  osQ fuEu lehdj.k }kjk

O;Dr ukfHkdh; fo[kaMu dks n'kkZrk gS%

235 1 141 92 1
92 0 36 36 0n Ba Kr 3 n QU + → + + + (27.11)

fp=k 27-2% nzo&cwan ekWMy osQ vuqlkj fdlh ukfHkd dk fo[kaMu

mRlftZr U;wVªkWu dh ÅtkZ oqQN MeV dksfV dh gksrh gS rFkk Q 200MeV

è;ku nhft, fd tSls gh U;wVªkWu dk ukfHkd esas vo'kks"k.k (osQIpj) gqvk mlosQ 10–17 lsoaQM
esa fo[kaMu dh ?kVuk gks tkrh gS rFkk fo[kafMr U;wVªkWuksa dk mRltZu ?kVuk osQ 10–14 lsoaQM
i'pkr~ izkjaHk gks tkrk gSA blosQ vykok fo[kafMr VqdM+s Hkh vleku nzO;eku osQ gksrs gSa_
,d VqdM++k nwljs dh rqyuk esa 1-5 ls 2  xquk rd Hkkjh gksrk gSA lehdj.k (27-11) pkyhl

laHkkfor izdkj osQ fo[kaMuksa ftuosQ }kjk  235
92 U  ;wjsfu;e U;wfDy;l dk fo[kaMu gks ldrk

gS] esa ls osQoy ,d dks gh n'kkZrk gSA bldk vk'k; ;g gqvk fd 235
92 U  osQ fo[kaMu ls

eè;orhZ nzO;ekuksa okys yxHkx 80 fHkUu ukfHkd mRiUu gksrs gSaA Hkkjh fo[kafMr VqdM+s
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125&150 osQ chp osQ nzO;eku ijkl esa gksrs gSa ftudk mfPp"B 140 osQ vklikl gksrk
gS tcfd gYosQ fo[kkafMr  VqdM+s 80&100 osQ chp osQ nzO;eku ijkl esas gksrs gSaa ftudk
mfPp"B 95 osQ vklikl gksrk gSA mRlftZr U;wVªkWuksa dh la[;k 2 ;k 3 gksrh gS fdUrq vkSlru
U;wVªksu tks   235U osQ fo[k.Mu esas mRlftZr gksrs gSa os 2-54 gSA

fp=k 27.3 : ukfHkdh; fo[kaMu

cksgj ,o Oghyj dh ekU;rk Fkh fd ijek.kq ukfHkd ,d nzo dh cwan dh rjg le:i xksykbZ
vkÑfr fy, (viuh lcls de ÅtkZ dh fLFkfr esa) lUrqyu esas cuk jgrk gSA muosQ vuqlkj
tc ,d rkih; U;wVªkWu dk U;fDy;l }kjk vo'kks"k.k gks tkrk gS rks bl U;wVªkWu dh cUèku
ÅtkZ] tks 235 U osQ fy, 6.8 Mev izfr ijek.kq nzO;eku bdkbZ eqDr gksrh gSA ;g eqDr gqbZ
ÅtkZ U;wfDy;l dks mÙksftr dj nsrh gS ftlls mldh vkÑfr ('ksi) foÑr gks tkrk gSA
tgk¡ i`"B&ruko cy iqjkuh vkÑfr dks dk;e j[kus esas iz;kljr jgrk gS ogha owQykWe cy
mls foÑr djus esa yxk jgrk gSA bl [khapk&rkuh esass ukfHkd xksy vkÑfr rFkk Me&csy
vkÑfr;kas osQ chp nksyk;eku jgrk gSA bls fp=k 27-2 esasa fn[kk;k x;k gSA tc nksyuksa osQ
chp dk vk;ke (,EiyhpwM) c<+ tkrk gS rc de ijkl (jssat) okyk ukfHkdh; vkd"kZ.k
cy Mecsy osQ fljksa osQ chp ?kV tkrk gSA bu nksuksa fljksa osQ chp izfrd"kZ.k cy ?kVs gq,
ukfHkdh; vkd"kZ.k cy ls vfèkd gksrs gh ukfHkd osQ nksuksa fljs vyx&vyx fo[kafMr gks
tkrs gSaA

,slk inkFkZ tSls 235
92 U  ;wjsfu;e ftldk fo[kaMu rkih; U;wVªkWu }kjk gksrk gS] fo[kaMuh;

inkFkZ dgykrk gSA vU; fo[kaMuh; inkFkZ osQ mnkgj.k gSa  233
90 Th z(Fkksfj;e)] 233

92 U  vkSj
239
93 Pu bR;kfnA vki ik,axs fd bu lHkh inkFkks± osQ ukfHkd fo"ke nzO;eku la[;k okys gksrs

gSaa vkSj buosQ ijek.kq Øekad le la[;k okys gksrs gSaA
235
92 U osQ fo[kaMu esas eqDr gqbZ ÅtkZ dk ifjdyu mlosQ ukfHkd osQ fo[kaMu esas nzO;eku {kfr

(ekl fMisQDV) dks Kkr djosQ fd;k tk ldrk gSA bls lkfj.kh 27-1 esas fn;k x;k gS%
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lkfj.kh 27-1% ukfHkdh; vfHkfØ;k esas mRiUu gqbZ ÅtkZ

vfHkdkjd nzO;eku mRikn nzzO;eku

235 U 235.0439 u 141
56 Ba 140.9139 u

1n                                     1.008665 u 92
36 Kr  91.8973 u

3 × Vn  3.025995 u

oqQy nzO;eku 236.052565 u oqQy nzO;eku 235.837195 u

nzO;eku {kfr                      0.21537u

eqDr gqbZ ÅtkZ 0.21537 × 931 ~ 200 MeV

27.2.2 ukfHkdh; Ükà[kyk vfHkfØ;k

vc vki tku pqosQ gSa fd tc ,d U;wVªkWu

dk 235
92 U ukfHkd }kjk izxzg.k gksrk gS rks mldk

fo[kaMu nks Hkkxksa esa gks tkrk gS vkSj 2 ;k
3 U;wVªkWu mRiUu gksrs gSaA buesasa fo[kaMu dh
izfØ;kdks vkxs c<+kus dh {kerk gksrh gSA blus
fo[kaMu Jà[kyk vfHkfØ;k dks iksf"kr djus
dh ,d jksekapd laHkkouk izLrqr dh ftlesa
izR;sd fo[k.Mu izfØ;k esas ,d U;wVªkWu iz;qDr
gksrk gS vkSj buosQ LFkku ij nks ls vfèkd
U;wVªkWu vk tkrs gSaA tc U;wVªkWuksa dh nj mudh
{kfr dh nj osQ cjkcj gks tkrh gS rks izfØ;k Lor% iksf"kr ,oa Lor% LiwQrZ gks tkrh gSA ,slh
;qfDr ftldk fuekZ.k Lor% LiwQrZ ,oa fu;fU=kr Jà[kyk vfHkfØ;k dks iksf"kr djus osQ fy,
fd;k tkrk gS] ukfHkd fj;sDVj dgykrk gSA

ukfHkd fj,DVj mís';ksa osQ vuqlkj oxhZÑr gksrs gSaA ukfHkd 'kfDr fj,DVj dk mi;ksx fo|qr
mRiknu osQ fy, gksrk gSA ,d 'kksèk fj,DVj dk iz;ksx fpfdRlh; mís';ksa] vfèk'kksèku osQ
fy, fd, tkus okys iz;ksxksa ;k vuqiz;qDr 'kksèk osQ fy, jsfM;ks leLFkkfudksa osQ mRiknu osQ
fy, fd;k tkrk gSA Hkkjr esa Hkh budk oxhZdj.k nqzrxkeh (iQkLV) vkSj rkih; fj,DVj osQ
:i esa djrs gSa tks  bl ckr ij vkèkkfjr gS fd fo[k.Mu vfHkfØ;k osQ fy, iz;qDr U;wVªkWu
dh ÅtkZ fdruh gSA Hkkjr esa rkih; 'kfDr fj,DVj rkjkiqj] ujksjk] dksVk] oSQxk vkfn esas fLFkr
gSaA rfeyukMq osQ leqnz rVh; dykiDde LFkku ij Hkkjr ,d nzqr iztud 'kksèk fj,DVj
dks fodflr dj jgk gSA

vkxs osQ [k.M esas vkidks ukfHkdh; fj,DVj ij fo'ks"k fdUrq laf{kIr tkudkjh nh tk,xhA

27.3 ukfHkdh; fj,DVj

f'kdkxks fo'ofo|ky; (la;qDr jk"Vª vesfjdk) esa iQehZ ,oa mlosQ lg;ksfx;ksa }kjk tc loZizFke
ukfHkdh; fj,DVj dk fuekZ.k fd;k x;k rc ls vkt rd iwjs fo'o esa ÅtkZ&vkiwfrZ osQ iz;kl

fp=k 27.4 : ukfHkdh; Ük`a[kyk vfHkfØ;k

U-

235

U-

235

U-

235
U-

235
U-

235

U-

235

U-

235

U;wVªkWu

nks&rhu U;wVªkWu nks&rhu U;wVªkWu
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esa cgqr  cM+h la[;k esasa ukfHkdh; fj,DVjksa dk fuekZ.k gks pqdk gSA oqQN ns'kksa esa rks yxHkx
70» fctyh dk mRiknu U;wfDy;j fj,DVjksa }kjk gksrk gS] Hkkjr esa ukfHkdh; 'kfDr dk iz;ksx
ek=k 3» gh gS ijarq iz;kl fd, tk jgs gSa fd bldk ;ksxnku vkSj c<+k;k tk losQA Bhd&Bhd
vkadM+ksa esas O;Dr fd;k tk;s rks ge Hkkjr esa 20]000 MW fo|qr&'kfDr ukfHkdh; fj,DVjksa
}kjk mRiUu djrs gSaA

ukfHkdh; fj,DVjksa dh fo'kky tfVy lajpuk gksrh gS rFkk blosQ fM”kkbu esas dkiQh lkoèkkuh
vkSj lroZQrk dh t:jr gksrh gSA lS¼kfUrd :i ls U;wfDy;j fj,DVj vkSj fo|qr (ikoj)
la;a=k esas le:irk gksrh gSA ukfHkd fo[k.Mu ls mRiUu rkih; ÅtkZ dks fdlh 'kkhryd
tSls fd ty dks bZaèku ls izokfgr djosQ vfèkd nkc vkSj rki ij ok"i esa cnyk tkrk
gSA (rkih; fo|qr la;a=k esa Hkh dks;ys dks b±èku osQ :i esas tykdj ok"i mRiUu dh tkrh
gS ftlls fo|qr iSnk djus okys Vjckbu lapkfyr gksrs gSaA pwafd ,d ckj dh fo[k.Mu dh
vfHkfØ;k esa tks ÅtkZ mRiUu gksrh gS og dks;ys dks tykus ls mRiUu ÅtkZ ls 7 ×105

xquk vfèkd gksrh gSA ukfHkdh; ÅtkZ osQ iz;ksx }kjk xzhu gkml xSlksa osQ mRltZu esa vHkwriwoZ
deh ykbZ tk ldrh gSA ;|fi ukfHkd ÅtkZ 'kfDr osQ la;a=k osQ lapkyu ,oa fuekZ.k esa jktuSfrd
,oa lkekftd ifjizs{; esas oqQN tfVy leL;kvksa dks] ftudk oSf'od Lrj ij Hkh izHkko
iM+rk gS] lqy>kuk ;k lkeatL; LFkkfir djuk vfuok;Z gksrk gS] bUgha lc leL;kvksa osQ ifjizs{;
esas gekjh jk"Vªh; uhfr ÅtkZ fodYiksa esas ukfHkdh; ÅtkZ dk D;k LFkku gksxk] bl ij vfUre
fu.kZ; djsxhA

fo|qr 'kfDr mRiknu esa U;wfDy;j fj,DVj ls izkIr ÅtkZ dks ok"i cukus esas iz;qDr djrs
gSaA bl Hkki dks tujsVj dk Vjckbu pykus esas iz;ksx djrs gSaA ijUrq 'kksèkdk;Z osQ fy, iz;qDr
U;wfDy;j fj,DVj esa cuh Å"ek dks lehiLFk unh vFkok leqnz osQ ty esas NksM+k tkrk gSA
eqEcbZ fLFkr HkkHkk ,VkWfed fjlpZ lsUVj rFkk dyiDde fLFkr bfUnjk xk¡/h fjlpZ lsUVj]
nksuksa LFkkuksa esa Øe'k% vjc lkxj ,oa caxky dh [kkM+h esas Å"ek dks NksM+ fn;k tkrk gSA

fp=k 27-5 % ukfHkdh; fj,DVj dk O;oLFkkRed vkjs[k
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fdlh fj,DVj osQ lkekU; y{k.kksa dks fp=k 27-5 esa n'kkZ;k x;k gSA lHkh ukfHkdh; fj,DVjksa esa
fuEufyf[kr ?kVd gksrs gSa%

fj,DVj % ;g og vkUrfjd Hkkx gS tgk¡ ukfHkdh; fo[k.Mu dh vfHkfØ;k lEiUu
gksrh jgrh gSA blls ÅtkZ eqDr gksrh gSA blosQ vUnj b±/u NMsa+ xzsiQkbV  osQ cus eUnd
esasa tM+h jgrk gSa rFkk fu;a=kd  NM+sa gksrh gSaA bu fu;a=kd NM+ksa }kjk Jà[kyk vfHkfØ;k
dks ,d fuèkkZfjr Lrj ij dk;e j[kk tkrk gSA fu;a=kd NM+ksa esas osQMfe;e ;k cksjkWu dk iz;ksx
fd;k tkrk gSA

'khryd dks fo[kaMu ls izkIr ÅtkZ dks vo'kksf"kr djus osQ fy, lapkfjr fd;k tkrk gSA lkekU;r%]
Hkkjh ty ;k lkekU; ty dk iz;ksx 'kkhryd osQ #i esa fd;k tkrk gS

,d fjÝysDVj (ijkorZd) gksrk gS tks ØksM osQ cxy esa j[kk jgrk gSA bldk eq[;
mís'; ØksM ls U;wVªkWuksa dk fjlko jksduk gksrk gSA

izs'kj&osgly% ;g ,d fo'ks"k izdkj dk ik=k gksrk gS ftlosQ vUnj fj,DVj dh laiw.kZ
vlsEcyh j[kh tkrh gSA oqQN bap eksVh ijr okyh LVsuysl LVhy dk iz;ksx bl izs'kj
osgly esas gksrk gSA

ifjj{kd ('khYM)% fj,DVj ØksM ls fudyus okyh jsfM;ksèkehZ fofdj.kksa ls oSKkfudkasa
,oa lg;ksfx;ksa dks lqj{kk dop osQ :i esa ,d eksVh oaQØhV dh nhokj fj,DVj dh iwjh
lajpuk (vlsEcyh) osQ pkjks vksj cukbZ tkrh gS vksj mls lhls (ysM) dh irZ ls vkPNkfnr
dj fn;k tkrk gSA

fj,DVj Hkou% lEiw.kZ ukfHkdh; fj,DVj dks viuh lajpukRed (,lsEcyh ;wfuV osQ lkFk
,d ,sls Hkou esas LFkkfir fd;k tkrk gS tks iw.kZr% ok;q#¼ (,;j VkbV) gks rFkk ogk¡
ncko lkekU; okrkoj.kh; nkc ls de j[kk tkrk gS rkfd iwjh rjg ,;j VkbV jgsA

Å"ek] tks fj,DVj ØksM Hkou esa fo[k.Mu vfHkfØ;k ls mRiUu gksrh gS] mls ckgj fudkyus
osQ fy, fdlh 'khryd (owQysaV) dh vko';drk gksrh gS ftls fp=k esa n'kkZ, vuqlkj lapkfjr
fd;k tkrk gSA rIr owQysUV dks ,d rkih; fofue;d (ghV ,Dlpsat) ls lapkfjr fd;k
tkrk gS tgk¡ rIr 'khryd viuk rki BaMs ty dks iznku djrk gS vkSj blls ikuh dh ok"i
curh gSA bl ok"i dk iz;ksx Vjckbu&tujsVj dks lapkfyr djus osQ fy, fd;k tkrk gSA
Vjckbu dks pykus osQ i'pkr Hkki iqu% la?kud (dUMsUlj) esa vkrh gS vkSj iqu% ty esa
ifjofrZZr gks tkrh gSA ;g ty iqu% Å"ek fofuek;d esa pyk tkrk gSA

IkkBxr iz'u 27.2

1. 238
92 U ;wjsfu;e dk ukfHkd ,d U;wVªksu dks vo'kksf"kr djus osQ i'pkr~ β–lfØ; D;kasa

gks tkrk gS\

2. fuEufyf[kr esa ls dkSu&lk ukfHkd fo[k.Muh; gSμ 238
92 U , 141Ba, 239Pu, vkSj 12

6 C

3. tc
235

U
92 osQ fo[k.Mu esas fdruh ÅtkZ eqDr gksrh gS\
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27.3 ukfHkdh; lay;u

vc vki tkurs gSa fd ;wjsfu;e osQ ukfHkd dks gyosQ ukfHkdksa esas i`Fkd fd;k tk ldrk
gS vkSj ,slk djus esas Hkkjh ek=kk esas ÅtkZ eqDr gksrh gSA vc vki iwN ldrs gSa% ;fn ge
gYosQ ukfHkdksa dks feyk nsa rks D;k ÅtkZ mRiUu gksxh\ bl iz'u osQ mÙkj dks <aw<+us osQ fy,
vkb, ge izfr U;wfDyvku caèku ÅtkZ (BE/A) oØ (fp=k 26-2) dk voyksdu djsaaA vki
ik,axs fd tSls&tSls ge gkbMªkstu ls ghfy;e rRo dh vksj c<+saxs izfr U;wfDyvksu ca/u
ÅtkZ esa Hkh o`f¼ gksrh tk,xhA bldk eryc ;g gqvk fd  gkbMªkstu dh vis{kk ghfy;e
vfèkd fLFkj gSA vc fuEufyf[kr lehdj.k ij è;ku nsaμ

2 2 4
1 1 2D D He Q+ → +

vki cM+h vklkuh ls vfHkdkjdksa ,oe~ mRiknksa osQ caèku ÅtkZ dk vodyu dj ldrs gSa%

vfHkdkjdksa dh oqQy caèku ÅtkZ BE
1
 = 2 × 2.22 = 4.44MeV

mRiknksa dh oqQy caèku ÅtkZ BE
2
 = 28.295 MeV

  Q  = (BE
2
 – BE

1
) ~ 24MeV

è;ku nsa fd bl vfHkfØ;k esa izfr U;wfDyvksu eqDr ÅtkZ 24@4 = 6MeV gS] tks ukfHkdh;
fo[k.Mu vfHkfØ;k ls mRiUu ÅtkZ (200/238 = 0.83 MeV) dk yxHkx 7 xquk gSA

og izfØ;k ftlesaa nks gYosQ ukfHkd ijLij feydj vFkkZr~ layf;r gksdj ,d Hkkjh
ukfHkd dk fuekZ.k djrs gSa] ukfHkdh; lay;u dgykrh gSA

ukfHkdh; lay;u izfØ;k vius vkidks vfèkd mi;qDr laHkkfor ÅtkZ fodYi osQ :i esa
izLrqr djrh gSA ;g ckr vyx gS fd UkkfHkdh; lay;u dh vfHkfØ;k dks dk;kZfUor djuk
ukfHkdh; fo[k.Mu dh  vfHkfØ;k osQ eqdkcys T;knk dfBu gSA bldk izeq[k dkj.k nksuksa
M~;wVªkWuksa dk /ukosf'kr gksuk gSA blfy, lay;u izfØ;k esas ikl vkdj feyus dh txg os
izR;kdf"kZr gks tkrs gSaA izR;kd"kZ.k bruk izcy gksrk gS fd vfHkfØ;k gksuk lk/kj.kr;k vlaHko
lk yxrk gSA

bl vfHkfØ;k dks laHko cukus osQ fy, M~;wVªkWuksa dks yxHkx 10 fefy;u osQfYou rki rd
rkfir fd;k tkrk gS ftlosQ dkj.k mldh xfrt ÅtkZ bruh vfèkd c<+ tkrh gS fd M~;wVªkWu
osQ ukfHkd ml izR;kd"kZ.k cy dks yka?kdj ghfy;e osQ ukfHkd esas layf;r gks tkrs gSaA ijUrq
brus vfèkd&rki dks fujarj cuk, j[kuk rFkk vfHkdkjdksa dks lkFk j[kus dh leL;k vkt
rd cuh gqbZ gSA vc og le; nwj ugha jgk tc bl ÅtkZ lzksr osQ nksgu osQ fy, fu;af=kr
rki ukfHkdh; vfHkfØ;k dks laiUu djuk laHko gks ik,xkA

M~;wVkfj;e (Hkkjh gkbMªkstu) osQ yxHkx v{k; Hk.Mkj leqnz esa fo|eku gSaA ;fn ,d ckj
bl Ïksr dk nksgu 'kq: dj nsaa rks ÅtkZ dh leL;k dk LFkk;h lekèkku fey tk,xkA blls
ge de ykxr esa fctyh dh vlhfer vkiwfrZ izkIr dj losaQxs vkSj og Hkh fcuk fdlh
iznw"k.k dh leL;k osQA ,slk blfy, gS D;kasfd ,d xzke M~;wVhfj;e 100]000 kwh dh ÅtkZ
nsrk gSA
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27.3.1 lw;Z vkSj rkjksa esa ÅtkZ

gekjs lw;Z osQ leku rkjksa dk nzO;eku cgqr vfèkd gksrk gSA os fiNys vjcksa o"kks± ls yxkrkj
vlhfer ÅtkZ dk mRltZu djrs vk jgs gSaA

bruh fo'kky ÅtkZ ikjaifjd b±èku tSls fd dks;ys osQ tykus ls dHkh Hkh izkIr ugha dh
tk ldrhA ukfHkdh; fo[k.Mu dh vfHkfØ;k Hkh bruh ÅtkZ mRiUu ugha dj ldrh D;ksaafd
lw;Z esa Hkkjh rRo vfèkd ek=kk esa ugha ik, tkrsA lw;Z esas izeq[k :i ls gkbMªkstu vkSj ghfy;e
xSl gksrh gSaA rc vki ;g tkuuk pkgsaxs fd lw;Z esasa ÅtkZ dk dkSu lk Ïksr gS\ ;g iz'u
ekuo efLr"d esa lfn;ksa ls mBrk jgk gSA cipu esa vkius Hkh fuEu f'k'kq xhr dks ;kn
djrs le; vkdk'k dks fugkjk gksxk% fV~oUdy fV~oUdy fyfVy LVkj] gkÅ vkbZ oUMj OgkV
;w vkjA

vki tkurs gksaxs fd vius fo'kky nzO;eku osQ dkj.k lw;Z cgqr 'kfDr'kkyh xq#Rokd"kZ.k {ks=k
mRiUu djrk gSA ;g izcy {ks=k lw;Z osQ ?kVd xSlksa dks cgqr vfèkd ncko ls lEihfM+r
djrk gSA ifj.kkeLo:i] lw;Z osQ osQUnz esa rki djksM+ksa osQfYou rd tk igq¡prk gSA vuqeku
yxk;k tkrk gS fd lw;Z osQ osQUnz esa fo|eku rki yxHkx nks djksM+ (20 fefy;u) osQfYou
osQ cjkcj gksrk gSA brus mPp ncko ,oe~ rki ij xSl osQ v.kq cM+h mPp pky ls xfreku
gksdj vkil esa Vdjkrs gSa ftlls rki&ukfHkdh; vfHkfØ;k izkjaHk gks tkrh gS vkSj fo'kky
ek=kk esas ÅtkZ eqDr gksrh gSA

csFks us ;g izLrkfor fd;k fd gkbMªkstu ukfHkdksa dk ghfy;e esa lay;u gh rkjksa esa ÅtkZ
osQ mRiknu osQ fy, mÙkjnk;h gksrk gS%

4 1
1
H   →    4

2 He   +   2 o
1e+   + Q

vFkkZr~ laiw.kZ lay;u dh vfHkfØ;k esa pkj  gkbMªkstu osQ ukfHkd ghfy;e osQ ukfHkd esasa
layf;r gks tkrs gSa] lkFk gh nks ikWftVªkWuksa (bysDVªkWu tSls lw{e d.k ftudk nzO;eku  bysDVªkWu
osQ cjkcj fdUrq vkos'k /ukRed gksrk gS) osQ eqDr gksus osQ lkFk 26-8 MeV dh ÅtkZ
Hkh eqDr gksrh gSA ,d rki&ukfHkdh; vfHkfØ;k esa foiqy ifj.kke esa eqDr gksus okyh ÅtkZ
gh rkjksa esa ÅtkZ lzksr dk dk;Z djrh gSA vuqeku osQ vuqlkj lw;Z esa fo|eku gkbMªkstu vHkh
bruh ek=kk esa miyCèk gS fd og lw;Z dks 8 vjc o"kks± rd izdk'keku j[k ldrh gSA

ikBxr iz'u 27.3

1. 235
92 U5 ;wjsfu;e osQ ,d ukfHkd osQ fo[k.Mu ls 200 MeV ÅtkZ eqDr gksrh gS vkSj

4 izksVksuksa osQ lay;u (Ý;w”ku) ls 26.8 MeV ÅtkZ fudyrh gSA bu nksuksa esa ls dkSu&lh
vfHkfØ;k esas izfr bdkbZ nzO;eku (ij ;wwfuV ekl) vfèkd ÅtkZ fudyrh gS\

2. fuEufyf[kr vfHkfØ;kvksa ij fopkj dhft,A

 (a) 1
1
H   +    7

3
Li → 4

2
He + Q .
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 (b) 2
1
H   + 2

1
H → 3

1
H   +   1

1 H   + 4MeV.

izFke vfHkfØ;k esa Q dk eku vkSj f}rh; vfHkfØ;k esa Vªhf'k;e dk nzO;eku Kkr dhft,A

fn;k gqvk gS fd  m ( )2
1 H = 2.014103u, m ( )4

2 H = 4.002604u, m ( )1
1H  = 1.007825u

vkSj

m ( )7
3 Li = 7.015982u.

27.4 ukfHkdh; ÅtkZ

gekjh lHkh vkfFkZd xfrfofèk;ksa osQ fy, gesas ÅtkZ dh vko';drk gksrh gSA izfr&O;fDr [kir
dh tkus okyh ÅtkZ dh ek=kk fdlh Hkh ns'k dh izxfr dh ifjpk;d gSA 2007 dh ;wusLdks
fjiksVZ esas fn, x, ,d vuqeku osQ vuqlkj ge gekjh /jrh ekrk }kjk iSnk fd, tkus okys
Hkkstu] ikuh vkSj ÅtkZ ls 40» vfèkd ek=kk esa miHkksx dj jgs gSaaA oLrqr% ekuo lekt
yxkrkj ÅtkZ dh lqj{kkRed ,oa fo'oluh; miyCèkrk osQ ckjs ls dksf'k'ksa djrk jgk gS vkSj
blhfy, u,&u, ÅtkZ Ïkssrksa dh [kkst djrk jgk gSA vR;fèkd [kir ,oa ÅtkZ osQ iz;ksx
ls gekjs ikjaifjd ÅtkZ Ïksr ?kVrs jgs gSa vkSj gks ldrk gS vkusokys 100 o"kks± esas iw.kZr%
lekIr gks tk,aA ukfHkdh; ÅtkZ 'kk;n vkxkeh Hkfo"; dh t:jrksa dks iwjk dj ldus dk
,d egRoiw.kZ fodYi fl¼ gksxk ftls ge 'kkfUriw.kZ vuqiz;ksxksa esas yxk ldrs gSaA vkb,
bl ij ppkZ djsaA

27.4.1 'kkfUriw.kZ vuqiz;ksx

ukfHkdh; ÅtkZ dk loZJs"B vuqiz;ksx fo|qr&'kfDr osQ mRiknu esas gksrk gSA ukfHkdh; 'kfDr
la;a=k osQ vusdksa ykHkksa esa ls izeq[k ykHk ;g gS fd bl la;a=k esa fdlh Hkh rkih;&fo|qr
mRiknd la;a=k esas yxus okys ikjaifjd b±/u tSls fdlh ba/u dh vko';drk ugha gksrh gSA
nwljk ykHk ;g gS fd vU; la;a=kksaa esas tgk¡ ikjaifjd b±/u tSls xSl ;k dks;ys dk iz;ksx
gksrk gS ftlls mRiUu /qvka ,oa jk[k i;kZoj.k dks cgqr vfèkd iznwf"kr djrs gSa] bu ukfHkdh;
ÅtkZ la;a=kksa esa u /qvk¡ vkSj u jk[k mRiUu gksrk gSA vr% fctyh 'kfDr mRiknu iw.kZr% iznw"k.k
jfgr gksrk gSA tks b±/u ijek.kq HkV~Vh (fj,DVj) esa iz;qDr gksrk gS mls ,d ckj HkV~Vh esa
Mky fn;k tk, rks yxkrkj N% eghuksa rd ÅtkZ mRiknu gksrh jgrh gSA blh fo'ks"krk osQ
dkj.k ukfHkdh; ÅtkZ la;a=kksa dk vuqiz;ksx cM+s&cM+s leqnzh tgktksa ,oa iuMqfCc;ksa dks fo|qr
'kfDr iznku dus osQ fy, gksrk gSA

ijek.kq HkV~Vh (fj,DVj) esas iz;ksx osQ ckn cpk bZaèku dkiQh jsfM;ksèkehZ gks tkrk gS D;ksafd
blesas cgqr ek=kk esas jsfM;ksvkblksVksIl ekStwn gksrs gSaaA Hkkjr esa vof'k"V b±/u osQ iqu% iz;ksx
osQ fy, 'kks/u dh rduhd fodflr gks pqdh gSA bl 'kks/u dh rduhd ls iz;qqDr b±/
u osQ vo'ks"k ls vusd jsfM;ks vkblksVksIl fudky fy, tkrs gSa ftudk vuqiz;ksx fofHkUu
{ks=kksa tSls Ñf"k] vkS"kfèk] m|ksx ,oa 'kks/dk;Z (fjlpZ) esa gksrk gSA jsfM;ks ,fDVo dpjk dks
mfpr vkSj  lqjf{kr rjhosQ ls fu"dkflr fd;k tkrk gSA bu jsfM;k/ehZ VqdM+ksa ls fofdj.k
osQ izlkj dks b/j&mèkj [kqyh txg ;k ty esas tkus ls jksdus osQ fy, bUgsa Hkkjh eksVh ijr
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okyh LVhy osQl esa cUn djosQ ;k rks ued dh xgjh [knkuksa esas ;k tehu dh dkiQh xgjkbZ
esa xkM+ fn;k tkrk gSA ijek.kq mQtkZ osQ gkfudkjd ;k dgsaa foèoaldkjd {kerk ,oa izHkko
us rhoz izfrjksèk ,oa fookn [kM+s fd,A bldk uewuk 6 vxLr 1945 esa ns[kus dks fey pqdk
gSA ijek.kq ce dks tkiku ns'k osQ fgjksf'kek esa fxjkus ls cgqr de le; esa gtkjksaa&yk[kksa
yksxksa dh e`R;q gks xbZA blosQ oqQN o"kks± i'pkr blls Hkh vfèkd fouk'kdkjh gkbMªkstu ,oa
ukbVªkstu ce rS;kj dj fy, x, tks bl lewps i`Foh dks vusd ckj fou"V djus dh {kerk
j[krs gSaA

Hkkjr esas ukfHkdh; 'kfDr

Hkkjr dks Lora=krk feyus osQ oqQN gh o"kks± ckn Mk- gkseh tgk¡xhj HkkHkk (,p-ts- HkkHkk)
us loZizFke ukfHkdh; ÅtkZ dks lkoZtfud mi;ksx esa ykus dh laHkkouk dh igpku
,oa igy dhA mUgksaus ns'k dh ijek.kq 'kfDr dh vko';drkvkssa dh vkiwfrZ dks è;ku
esa j[krs gq,] ,d f=kpj.kh; fodkl dh ;kstuk :ijs[kk rS;kj dhA ;s rhu pj.k gSa%

• fctyh dks mRikfnr djus osQ fy, izko`Qfrd ;wjsfu;e dk bZaèku osQ :i esa mi;ksx
djosQ nkfcr Hkkjh tyfj,DVjksa dk fuekZ.k ftuls IywVksfu;e ,d mi mRikn osQ :i
esa izkIr gksrk gSA

• IywVksfu;e osQ ngu ls rhoz iztud fj,DVj LFkkfir djuk vkSj bl rjg Fkksfj;e
ls U-233 izkIr djuk

• mijksDr f}rh; pj.k esasa vkSj fodkl ykrs gq, vfèkd ls vfèkd fo[k.Muh; inkFkks±
dk czhMj fj,DVj esa mRiknuA

Hkkjr esa ukfHkd 'kfDr dk mRiknu okf.kfT;d :i esaas] 14 NksVs fj,DVjksa rFkk 1 eè;
vkdkj osQ fj,DVj }kjk fd;k tk jgk gSA blosQ vykok 8 fj,DVj vHkh fuekZ.k dh
izfØ;k esa gSa rFkk vkSj Hkh fj,DVjksa osQ fuekZ.k dh ;kstuk py jgh gSA vc rd tks
ukfHkdh; ÅtkZ fodflr gqbZ gS mlls 2×1010kWh dh fctyh fey jgh gS tks oqQy
miyCèk {kerk dk ek=k 3» gh gSA

ljdkjh uhfr osQ vuqlkj 2020 rd 20GWe dh ukfHkdh; {kerk izkIr djuk gS vkSj
2050 rd ukfHkdh; ÅtkZ osQ ;ksxnku dks 3% ls c<+kdj 25» rd ykus dh ;kstuk
gSA

ikBxr iz'u 27.4

1. Hkkjr esa fdl izdkj osQ fj,DVj fo|qr mRiknu osQ fy, iz;ksx esas yk, tk jgs gSa\

2. ,d ijek.kq ce esas  235
92 U  dk fdruh ek=kk esaa fo[k.Mu gksrk gS ftlls 20]000 Vu

TNT osQ lerqY; ÅtkZ dk foLiQksV gks\ (fn;k x;k gS fd 1 g TNT yxHkx 1000
osSQyksjh Å"ek nssrk gSA
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27.4.2 ukfHkdh; fofdj.k osQ [krjs ,oa lqj{kk&mik;

ltho ,oa futhzo inkFkZ] tks gekjs pkjksa vksj osQ ifjos'k esas O;kIr gSa] muls gh gekjs i;kZoj.k
dk fuekZ.k gksrk gSA gekjs bl i;kZoj.k esasa isM+&ikSèks] tho&tUrqvksa] tyh; tho rFkk ekuo
thou osQ chp ,d uktqd larqyu djksM+ksa o"kks± ls cuk gqvk gSA vc bl larqyu osQ fcxM+us
dk [krjk mRiUu gks x;k gSA cgqr ls dkj.kksa osQ chp lcls cM+k [krjk c<+rk gqvk iznw"k.k
gSA i;kZoj.k esa fo|eku iznw"k.k osQ dkjdksa esas lcls [krjukd dkjd ftldk nh?kZdkyhu
nq"izHkko tSfod txr esa gks ldrk gS og gS ukfHkdh; fofdj.kA izÑfr esas fo|eku jsfM;ksèkehZ
[kfutksa ls mRlftZr fofdj.k rFkk vUrfj{k ls vkifrr fofdj.k rks gekjs i;kZoj.k esas cgqr
igys ls gh O;kIr gSaA fdUrq budh ek=kk esas ekuo fufeZr lzksrksa ls mÙkjksÙkj o`f¼ gks jgh gSA
orZeku esa ukfHkdh; fofdj.kksa osQ iz/ku ekuo&fufeZr lzksr gSa %

ukfHkdh; ijh{k.k] ukfHkdh; 'kksèkdk;Z osQ mís';ksa osQ fy, LFkkfir fd, tk jgs fofHkUu izdkj
dh ukfHkdh; lajpuk,a] ukfHkdh; fj,DVj] ,oa jsfM;ks leLFkkfudksa dk chekfj;ksa osQ bykt
esa O;kid iSekus ij iz;ksxA

ukfHkdh; fofdj.k thfor dksf'kdkvksaa dh tfVy lajpukvksa dks vk;uhÑr dj mudk fouk'k
dj nsrk gSA buls oSaQljdkjh o`f¼ gks ldrh gS] oaè;kiu vk ldrk gS [krjukd Ropk nkg
mRiUu gks ldrs gSa rFkk chekfj;ksa osQ izfr 'kjhj dh izfrjksèkdrk ?kV ldrh gSA fofdj.k
vkuqoaf'kd izfØ;k dks] fo'ks"k #i ls vtUesa f'k'kqvksa esa] fNUu&fHkUu dj nsrk gS vkSj viuk
nq"izHkko vkus okyh ikap ihf<+;ksa rd NkssM+ tkrk gSA izR;{k nq"izHkko osQ vykok ukfHkdh;
fofdj.k dk ijks{k izHkko gekjs isM+&ikSèkksa ,oa tyh; izkf.k;ksa ij Hkh iM+rk gSA ;g fofdj.k
ouLifr] eNfy;ksa ,oa tho&tarqvksa dks u"V djrk gSA

ukfHkdh; fofdj.k }kjk {kfr] 'kjhj osQ [kqys gq, vaxkasa osQ lkFk&lkFk fofdj.k dh ÅtkZ rhozrk
,oa izo`Qfr ij Hkh fuHkZj djrh gSA ekuo 'kjhj osQ fofHkUu vaxksa dh fofdj.k osQ xfr
vyx&vyx laosnu'khyrk gksrh gSA α&d.k viuh mPp vk;uu 'kfDr osQ dkj.k cgqr
{kfrdkjd gksrs gSaA fofHkUu izdkj osQ fofdj.kksa dh {kfrdkjd {kerk dh rqyuk mudh vkisf{kd
tSo izHkko'khyrk (fjysfVo ck;ykWftdy bisQfDVousl) ls dh tkrh gS ftls vkj ch bZ xq.kd
dgrs gSaA fofHkUu d.kksa@fdj.kksa osQ fy, bu xq.kkdksa osQ eku lkj.kh 27-3 esa fn, x, gSaA

izkÑfrd inkFkks± ls mRiUu fofdj.kksa ij rks dksbZ fu;a=k.k ugha gks ldrkA fdUrq os lHkh iz;kl
rks fd, gh tk ldrs gSa ftuls ekuo&fufeZr jsfM,'ku osQ Ïksrksals fofdj.k dks de fd;k
tk losQA buesas ls oqQN fuEuor iz;kl gks ldrs gSa%

ukfHkdh; foLiQksVksa dks Vkyuk

jsfM;ks vkblksVksIl osQ mRiknu esa deh ykuk

dkj[kkuksa osQ dpjksaa esasa ftuesa jsfM;ksèkehZ U;qfDyvkbMksa osQ lw{e va'k gksa] mudk
fu"iknu vR;Ur lkoèkkuh ls djukA

lkj.kh 27.2 : oqQN gYosQ
ukfHkdksa dh izfr U;qfDy;kWu

ca/u ÅtkZ (BE/A)

U;qfDy;kWu BE/A(MeV esa)

2D 1.11

3 T 2.827

3He 2.573

4He 7.074

6Li 5.332

7Li 6.541
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ukfHkdh; fpfdRlk dh nok,a] vkSj jsfM,'ku }kjk mipkj rHkh djuk pkfg, tc
vkSj dksbZ fodYi gh ugha cpk gks vkSj bldh ek=kk Hkh mfpr fopkj&foe'kZ osQ
ckn gh lqfuf'pr djuk pkfg;sA

vkius D;k lh[kk

jklk;fud vfHkfØ;k esas la;ksth bysDVªksu Hkkx ysrs gSa vkSj bl vfHkfØ;k esa lfEefyr
ÅtkZ 10 eV dksfV dh gksrh gSA

ukfHkdh; vfHkfØ;k esas ukfHkdh; d.kksa }kjk vU;ksU;fØ;k (bUVj,D'ku) ls u, rRo
dk fuekZ.k gksrk gSA

ukfHkdh; vfHkfØ;k esas lfEefyr ÅtkZ MeV dksfV dh gksrh gSA

ukfHkdh; vfHkfØ;k esas ijek.kq la[;k] nzO;eku la[;k vkSj vkos'k lajf{kr jgrs gSaA

tc fdlh Hkkjh ukfHkd (tSls ;wjsfu;e) ij /heh xfr osQ U;wVªkWuksa }kjk ceckjh djkbZ
tkrh gS rks ;g Hkkjh ukfHkd 2 Hkkxksa esaa foHkDr gks tkrk gS rFkk 2&3 U;wVªksu eqDr gksrs
gSa vkSj blosQ lkFk&lkFk 200MeV 'kfDr dh ÅtkZ Hkh eqDr gksrh gSA bl vfHkfØ;k
dks ukfHkdh; fo[k.Mu dgrs gSaA

,sls inkFkZ tks fo[k.Mu dh izfØ;k esa fo[kf.Mr gksrs gSa] bUgsa fo[k.Muh; inkFkZ dgrs
gSaaA  233Th, 233U, 235U, vkSj  239Pu blosQ mnkgj.k gSaA

Ükà[kyk vfHkfØ;k rc gh gks ikrh gS tc ,d ls vfèkd mRlftZr U;wVªkWu fo[k.Mu dh
vfHkfØ;k esas  izkFkfed fo[k.Mu dks vfHkizssfjr djrk gqvk  Ükà[kyk dh vfHkfØ;k dks
Lo:i nsrk gSA

U;wfDy;j fj,DVj ,d ,slh ;qfDr gS ftlosQ }kjk fu;af=kr Jà[kyk vfHkfØ;k Lor% LiwQfrZ
osQ lkFk pyrk jgsA

ukfHkdh; lay;u esa nks gYosQ ukfHkd vkil esas ?kqyfey dj ,d gks tkrs gSaA

ukfHkdh; lay;u dks mRiUu djus osQ fy, vfHkdkjd ukfHkdksa dks 20 fefy;u (2
djksM+) osQfYou rki ij rik;k tkrk gSA bl rki ls ukfHkdh; d.kksa esas i;kZIr xfrt
ÅtkZ vk tkrh gS vkSj ;s owQykWe csfj;j dks vklkuh ls ikj dj ysrs gSaA

rkjksa esas ÅtkZ mRiknu ukfHkdh; lay;u vfHkfØ;k }kjk gksrk gSA

gkbMªkstu dh ftruh ek=kk dh [kir lw;Z esa gksrh gS og yxHkx 400×106 Vu izfr lsoQUM
osQ cjkcj gksrh gSA

jsfM;ks vkblksVksIl osQ fofHkUu vuqiz;ksx Ñf"k] vkS"kfèk ,oa m|ksx osQ {ks=kksa esas gksrs gSaA
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ikBkUr iz'u

1. ukfHkdh; vfHkfØ;k fdl izdkj ls jklk;fud vfHkfØ;k ls fHkUurk j[krh gS\

2. fo[k.Mu fj,DVj esasa eand (ekMjsVj) vkSj vo'kks"kd (,ClkscZj) osQ D;k mi;ksx gSa\

3. cU/u ÅtkZ izfr U;wfDyvksu rFkk nzO;eku la[;k xzkiQ osQ vk/kj ij ukfHkdh; lay;u
dh vfHkfØ;k dks le>kb;sA

4. ukfHkdh; vfHkfØ;k D;k gS\ bl ukfHkdh; vfHkfØ;k osQ vUrxZr laj{k.k fu;eksaa dk
vuqikyu gksrk gS mls Li"V dhft,A ukfHkdh; vfHkfØ;kvksa osQ rhu mnkgj.k nhft,A

5. ukfHkdh; fo[k.Mu D;k gS\ mnkgj.k lfgr vius mÙkj ij izdk'k MkysaA

6. fdruh ek=kk (fdyksxzke) esa  235U dh vko';drk gksxh tks 100 esxkokV dh 'kfDr
yxkrkj 30 fnuksa rd mRiUu dj losQA

7. Hkkjh gkbMªkstu esas fuEufyf[kr lay;u dh vfHkfØ;k gksrh gSμ

2
1 D  +  2

1
D  →  4

2 He  +  24 MeV

mijksDr lehdj.k esa n'kkZ, x, ÅtkZ osQ mRiknu osQ fy, fdruh ek=kk esaas Hkkjh gkbMªkstu
dh vko';drk gksxhμbldk ifjdyu dhft,A

8. ukfHkdh; lay;u D;k gS\ vius mÙkj dks Li"V djus osQ fy, ukfHkdh; lay;u dk
,d lehdj.k fy[ksaA

9. lw;Z esa ÅtkZ dk dkSu lk Ïksr gS\ ;g ÅtkZ fdl izdkj mRiUu gksrh gS\ mnkgj.k osQ
}kjk bl ij izdk'k MkysaA

10. ijek.kq fj,DVj dh lajpuk dk o.kZu dhft,A

11. fuEufyf[kr lehdj.k ftl lay;u vfHkfØ;k dks n'kkZ jgk gS] mlesa eqDr gksus okyh
ÅtkZ dk ifjdyu djsaμ

3 ( 4 12
2 6He) C→

fn;k gSμ,d α-d.k dk nzzO;eku = 4.00263u.

ikBxr iz'uksa osQ mÙkj

27-1

1. a. 19
9 F + 1

1
H → 16

8
O + 4

2
He;       b. 27

13 AI + 1
0
n → 24

11 Na + 4
2
He;
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c. 234
90

Th → 234
90

Pa + 0
1−
e;      d. 63

29 Cu + 2
1
D → 64

30
Zn + 1

0
n

2. 17.9MeV

3. 14
7 N + 4

2 He → 17
8

O + 1
1 H + 6.5MeV.

27-2

1. n/p osQ vuqikr esas o`f¼ mlosQ LoHkkfod vuqikr ls gksus osQ dkj.k mldk LFkkf;Ro
?kV tkrk gSA vr% bl vuqikr dks ?kVkus osQ fy,] D;ksafd rHkh LFkkf;Ro izkIr gks ldrk
gS] ;g β-d.k dks mRlftZr djrk gSA

2. 239Pu

3. 200 MeV.

27-3

1. (1) fo[kaMu esa mRlftZr gksus okyh ÅtkZ 0.84 MeV/u tcfd lay;u esa ;g 6.7 MeV/

u gSA bl izdkj izfr bdkbZ nzO;eku osQ fy, mRlftZr ÅtkZ lay;u esa vfèkd gSA

2. (a) 17.3 MeV, (b) 2.69 MeV.

27-4

1. nkfcr Hkkjh ty fj,DVj  2. yxHkx 1 kg

ikBkar iz'uksa osQ mÙkj

6. 30.6 kg 7. 146.6 g 11. 7.35 MeV
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