wlkblly alisllg Sgull
Noyau , masse Et energie

adlbllg alis)l L $91Sil @dMe I
owliin] @dMe _ 1
b Ol ek &,k o 1905 & ulivin] sl sibsuall 809 elwlas ST &gl Glargoll wlyaig cLilSuoll Gk Joxd
. @8lallg aliSUl ¢ §81S5
E=mc® : alsS @l (sle m laliS wgSew al> sd dcgozxo JS ,99i
- (M/s) © lpic e ghedl (88 sgall ,Lisil dcyw o kg o m g (J) JexJL E
AE =AM’ @ cu> AE ¢a aliSIl @l jui 09S) « (S9gi Je=i M Am © aliSIl a0 Lodic
bowgl) Lpxini a8l Al 0id W\ acgooll H i 1 23S adlw weSs AE Ol (JWlg Jlw aliSUl ,ue5 AM<0
. Q>0 ‘ \.S\>)Lz”
bowgll (o a8l Al 04d 5\ acgomeodl S § UiS a>90 VST AE U Wby g0 aliSl e AM>0
. Q<0 o, I
adlbllg alis)l ba>g — 2
&, alisSJl da>g - |
P Lpdyeig L U w L) 5o, @)l @liSHl 8a>g (oo Sa>gs aliSUl (e s @uggill sbsusll (59
12 U9y ,SJl 8,5 alis o 1/12 Soluw 1u
ol sl 8,5 N=6,02.10% _sde Jgo 1 Sgizeg 12.107 kg Soluws 12 wer,SIl wbyd o a>lg Jgo aliS ol plss
1 1210°
12 6,03.10%
» &y,All alisdl a>gs wgig ] aliS Ll ¢ Jlo
m, =1,6725.10°"kg

1,6725.107%
m, = 27
1,66.10

1u=1,66.10"2"kg sJWULg 1u =1,66.10 % kg

=1,0073u

. (MeV)kJgs
1eV =1,602177.10°J
IMeV =10%eV =1,602177.10 %)
LU @, alis)l ba>g) aislSoll aslall -2
D od 1U &8lS5 (sl @dlall bl @dMe o>
E =1,66054x (299792458)° =1492,42.103J
£ = 1492 421078
1,602177.10°%3

=931MeV

E:m.c2:>m=52:>1u=931,5|v|eV/c2
c

T ugySHI aé8lb Ll @ JUo

Me=9,1.10%kg vl “usw E=mc?

E=0,512MeV vls 1eV=1,6.10"J ol loy § E=9,1.1031.9.10'%1=81,9.10""]
Me=0,512MeV/c? : alssJl @slall 8a>g) U IV aliS O guiiws

: Energie de liaison ku,Jl aslb — I1

: | uoiidl -1

pisSs ol (358l S ggozo o JST Ladls weSs blgadl aliSUl Hlso alawlyy smul @auds Glwld o
m(3H) =2,0109u : 3H pos,9i9 Ml 8lgs aliS : Jlio

N=1g9Z=1: g8 pgs,55Ml 8lg &gl 5Bl gg0x0

m, +m, =2,0199u : &bl LS ggoxo

b JlLg

Allal mahdade www.chimiephysique. ma Page 1




Am =(my, +m, )= m(3H) = 2,019 - 2,0109 = 0,0050u
B8l ¢ blgd AM sLiSUl Lasdl oo | dsle dan
a . w>g0 Losls Hlaie gog . dlgil aliSe wledl JiS ggomo
(m, +m,) = 2.019% Am=(Zmp+Nmn)—m(§X)

m{ JH) = L0109 .
- Lo bl a8s _ 2
T . Qiseadl anyac Wligyigig dumgo G WIS Wlhigigyw (o @gSo dlgill
- agall awdl oluwilid o8 sg>g) dlgdl clwlod Husy
CE, byl @l (o . @b Wajlac] waxy dloill wlgy Juas)
es0lS, blga) (sliSUl Lasidl ol @slally alis)l ow §91SHI &8Me >
s by Jas) aslac] do;MI aslall

AE = Amc? = [(Zmp +Nm, ) —m(21X)].cz
: @gi) AU bl @Bl _ 3

E asllall E

A on p s =TZ
Ear- -'.I- —-.- il Sl MeV/nucléon : s& * 3i>9
s alawgiall by )| @5l Jios 9
- @i Al byl Blb Hlicl g daugi Hlhsiwl Saw e pS=l
E, 6y o) @b bl @8ls olS WS |)lssiwl ST 82ug5 weSs
a0l aslal : by 200
tH “lodl s 28Ra ¢ posslyll g5 puis
el O®___|____ - b9 Apaailly Loyl @8l puaiiasly o3l l 81093 bay,Jl @Sl onus]
Silleslll olgy m,=1,00867u 9 m,=1,00728uy m(Ra)=225,977u :  shs
c=3.10°m/s ¢ 1u=1,66.107kg o
t ol |

: UgSew Al> b 859>90ll Blgill Wlhigs Juas) do;WI aslall (s oy, @8ls
E, =Amc? = [(88mp +138mn) - m( ZggRa)}cz
E, = (88x1,00728+138x1,00867).9.10"° = 2,779.10°J=1736,90MeV

E, ~1736,90
226

cr
-

9%

=7,68MeV /¢? : &g JSJ awil b))l aslb
Aston vebuwl (sixio — 4
&V (—%) eugi) il byl @8l Llio ol Jios cus « olougidl wliseo ,Lsiwl @,lao oo Ughwl sisio oS0

- Jseadl Lkl . A ol sac
s bW Csusodl JMS o

o . |yLysiwl SVl el o @ilaioll 01s . 8MeV/E w)las dallaoll Lpioud ol cu> Lis (-%j oud 20<A <195 _

. 8,99 azulall (59 00z Lig) |)hawl LiSVI slgdl EFe =l
sosaid| danen @il il oyl @l Ol Sl x> 800 adllholl lpiowd Ol Si 6 S [—%) psd A<20 9 A>195 _

- Lhssowl 38T e ol Jgmel @wslSon] o) wgSiw sJilg 8 iimn pue UgSiw Seil 048 Ol L S

: ool wMelasl o pucel (399 Jozii Of Sl 0ig) Sy

. S99l ,UbLiw VU 6, DUl 01 (souuiiy . Guitass> ouilei (sl saiisi 8 siued| e aluaill sqill A >195 _
. S99l 2loiVl 8,DUI 0is (swois Wi ST blgs Lsdnesd Lpiw Llowd axs danasdl gl A <20 _

. Ulo =0 Ulggs UMcelsi ;UnisVlg zloasVI : abexlo

Allal mahdade www.chimiephysique. ma Page 2




E; . , . 1 -
—_—i' en MeV par nucléon Ush'wl SO

[I] 'jn 10 30 =0 100 120 140 160 180 200 220 241) A

1 |2
>Hl

lan
|
}

) 1
'\“ T | 92U

56 8 Ol
—10

Ubggl 2loaiVlg UiV - IIT

Sogill UiVl — 1

w,eilal

ol (0,1MeV (o S8l s > a8l ) sy W igis 19936 Ay « shaiis 0l Mo posisiold! ol posiloVIS alyii Soil ¢,San
 aqyisll wgyigillg fissile 8,glaidl Sgll alisdl Seill sy ¢ Segadl HUnisVIl Jg=idl 138 (swomuny . e (uilgs

- Sl wg gl

: Jbwo

%#U+on — 's5Cs+ 57Rb+35n

Jodowiio Jelai 2 -1

s ol assll ©lgigll Sey « Segill HUaiuVl M

. osdeladl bwgll oo wdai —

s et o Lpaialiof -

18 Ol Lo @l (88 @ yumdi @anSo piy 38 oo Jelsi (08 pdlus Al 03d (s « 5,31 Soi HUaniil (08 i ol —
quy > dggill oMelaol (89 Gaxy Lo 13y alarog a9 pS=ill Seus -+ @)l dlisll (39 Gazy bo lidg « a9 pSio

Sogall , Uiyl
La fission nucleaire

o

i &

Ug yigi 8, WL’

Allal mahdade www.chimiephysique. ma Page 3




Sogill gloaiVl - 2
@i la2
M5 ST 8lgy ousSi) cuiinss cuiles plouasl M pi Jelos 9 Segill LoVl
oo W (899 Guz9,updl o Bl pgalipll Slei LeSs LIS iy Caus Guouid] 31 oMelail 0ia gas @ Jlo
H+IH - 2H+ Se
SH+1H - 3He
SHe+ 3He - SH+IH+1H
S99l 2oVl (Buixi bguis 2 - 2
aslall 03 ,udgi wllning . @,90dl duudl wlsll g8 (sl el oo lpiSos @8l sde Guianasd] ouilgd] 1995 Of L
- Sl Sogill Jeled Segill zlowVl ey ol ligly alle 8)l,> @)

< <.

Tritium "] Hélium

- %,
Deutérium Neutron

. Segi Jelad adlally alis)l auasdl — IV

! Ao ,x0 499 wilelad audlall Aol - 1

S99l Ui W audlall Aol

1 bliu

s aJll aowVl sde el 1 @8lall bt JMaiwl

§ Weo ossil,oVS Lpsbgs Juad) alyss blgd 3lhac] ey sl dugid &y @8lal (o Lo — 1

i) 5wVl Jlxo oo 8,99 dugiall dilioll (28 6359>90 danas Sgi WeSi JMs asslll ¢l alaxell @Sla)l (sd Lo — 2
¢ alusil 8loil) aladioll wlgdl o Bl « wglawl
¢ Jog=dl 13 JMs assll sl ol — 3

[ LFT T
LT

" s aduan
1AMV _ion o

i -8, 7MeV
Lol Glgs

aslali
- IMaV Jiz o mealdl
SMade NI olg

sl aboso
g | g Uouesd U

wlgxl

a8l alusil slgll slac] s Mio 09,018 @luss 8lgy coo BVl @ladio Wy (sle Jgaml @il @slall abzeo (o — 1
g JSJ @il + 7,7MeV Solus dugid duwsll

gl o Bl e Jazig wglhwl (sizin) &g50l ddhioll (50 3>gig daras d:giall of assll gl colS 15] — 2
8,20l @8Ua)ld (sJls . g dwll- 8,7MeV hhaxoll o> Soluws dudosll 03 ¢ assill asla)ld aa Ll aladioll
A== =-1IMeV b dlosll 0is JUs

Allal mahdade www.chimiephysique. ma Page 4




Cmy

AE = 235x A" = =235MeV Ly osd axilill aslall sl augs 235 (sde (Sgizs osilly osailioVl 8loa) auuidl — 3

U5 po.il,sVl oo 8151s dlgs O sy 1idg Q = —AE = ~235X A/ = +235MeV &l rusiSy 509 woor bl bawgl) nill
. 235MeV Ly Solui @8l (s>l gl =i )UainV

: Sogill ;Unuini W audlall ozl

: a Wl 235 posil,oVl 8lod (Segill HUniVl @sles i

25U+ N — 3gSr+1uXe+35n+y

: 98 Sogill Jeladl lig) colaoll alisll a2

AM = Mpge = Migitiae

Am = m(sr) +m(Xe) +m(n) |~[m(U) +3m(n)]  m(y) =0

Am = 93,89446 +138,89194 + 1, 00866 — 234, 99332 — 3x1, 00866 = —0,18960u
Am = -0,18960u = -0,18960x1,66045.10 %' kg = -3,1482.10 ®kg

AE = Amc? = -3,1482.10 % x9.10'

AE =-2,8334.101

_ -11
AE = —1. Z(’)SZ?.:;‘; ]Zi_(())_m =-176,8MeV

Q=-AE=176,8MeV s>, ll bowgl @8lb 5,z 235 pguiloVl (o 83>lg 8lgs HUnisl O Guns 1idg
. Segi 2oV adlall aluasl - 2
2 bl
s a Wl alewVl (sle ol 2 @)l e JMaiwl
E Jasl asss slgid Wilac| oy sl aygid duidl Blall s b - 1
U § Wio pguy95908  Lpilgs
Measla dlodl oo M5 ST Sy WeST JMs @il gl alazeol! @8la)l sd bo — 2
Oglawl suzein) LaiwVl Jlxo o Luyd 839>g0lls Mio poulip)lS LoVl

1MeV o= | as i) el

IMevesd], Susdl JLaal ylg:_di

o ey aaus> oo BUbl alasio whei sle Jgaxl wl @8lhll bhso ¢y — 1
B 3MeV | IMeV (o 53 dnaily @5l @l algal elac] m Mio
- 4MeV oo g ) ) ] - g0 JSJ auilly
- emevel [ 5 : 9 32539 Joll Se o Jiil g0l ol &l Sgall ls 15] - 2

Zlouyl Bainio lpde Jamig ,LaiwVl Jlo oo @y gkl (simiod uginll aslnioll
"""""""""""" alosl 03 ¢e assll a8Ua)ld sl alasioll wlgdl (o BMbl

e byl @8Ualls sJWls . dgi) didb-7MeV lahseodl o> Solus

Sepidl zlouyl A =i5- =-4MeVou-6MeV (s adosll 0id JU>
N> ppo 8l Jlawl g sliS Lo s UeSy Je=ill 11 JM>
1 Sggi 2oV avlall aluaxll
P Wl gVl Jelas s
2H+3H -~ SHe+gn
: 98 Sogill Jg=il lig) wslaoll aliSJl us
AM = Mg = Minige =| M(He)+m(n) | —[m(iH) + m(?iH)}

Am = -0,18729u = —0,18729x931,5MeV / c® = -17,585MeV / c?
AE = Am.c? = -17,585MeV

2 3 4 1
H H ,He ohn

2,01355u 3,01550u 4,00150u 1,00866u

. 200MeV Ll a8l = HUauioVl Jelos loww « 18MeV ,les @lb = 2oVl Jelas

8>lg @gi) awill ail sl ag 236 Jba HUaioVl Jelod aowilb bl wlss 5 Js zlowVl Jelod dwil wbgil sac
UiV 6),m0dl @8Ua)l o Olio paede ST asslbd zloasVI Jelas old

aulali ag99) WV adlall Aozl - 3

Allal mahdade www.chimiephysique. ma Page 5




Q=- AE>0 (ol nymeod] LSy @8l ym sl ST 6,1,mel) 6,00 dcgazoll wgSs AE<O

Q= AE<0 sl lwgll o @8l ousSs sl ST a8lal) dslo dcgazall weSs AE>0

cswouniy E 8,2dU Lp) 50,59 8,15l 6,00 Losls weSs dcgaall Of (SI AE<O losls wgSs aslalil &9el wMelail) awil
. caiaill DM @euoll 3Bl pogazl sle lowiSs &S,> aslb JSib (sle pbi (spd 8,0l @8l
o el bl 1.3

o wselewVl blal) caadl @sleo

X - Y +a

Lo wselewVl blasdl JWs 6,,mi0ll sl

E=[m(a)+m(Y)-m(X)]c?

: b Ly a0

.o blasl daclens] pasll lg ol lale 226 ogs51)l oo 83>lg blgi cuiai e bl @sUall o

. &5l o Jlasiwl @bl auazl Jio

RN ry

226 222 4
wRa s RN ,He

225,977u 221,9702u 4,00150u

: Glg=d]
226 pgs>lyl dlgi il (sggill Jelail dsleo —

Z°Ra - %2Rn+ 3He
 Jelal i) adlll aleasdl _
E =[ m(a) +m(Rn) -m(Ra) | .¢* = (—5,3.10‘3u).c2

1u=931,5MeV / ¢?
E = -4, 94MeV
aS,> aslb JSiw (sle yplaiw wsdg Q=-E=Eq(a1) : sd oo, Ll bwgll (I Jeladl [id o 85,50l @8lald sJWLg

o Bl pogasdl sde Qs
: a5l babaseo Jlosiwl adUall aluazl

RN+ He

B~ elesiwVl blail 2 3
B oclaoVl blaill caad] @sles

X o Y +BT

E=[m(e+m(Y)-m(X)]c® : adlhll alraxll
B*oelei Yl blil 3 - 3

B* cneleYl blal) sl aslas

X o ALY +B*

Allal mahdade www.chimiephysique. ma Page 6




E=[m(e)+m(Y)-m(X)].c* : aslll alraxl
Jozidl 13s e asslll 8581y 8:)giall Seill &S, @8l (sJ] dugeill wMeladl JUs 6,,%0ll @dlall Jg=is & albgedo
1y olelewW éwpieo,pS a@dlb (sJ| 2UiSg

Q=-0E=Y Ec(AY)+E, Ey=h§

. Sioll glenYl @590 Jgb A 9 €=3.10°m/s 9 h=6,63.10>"1.s L\, auli h ol cus
. adlall bhoskog Asle anay Segi Jelaill adlall Aol — 4
§1x1+ ‘;zxz R §§x3+ §3x4 s aJUl @sleall aic e > Lggs Meles s
. 35> ol aslouS Lolic Sg sde Jai X;
: Jeladl Ligy &g aall d,8Unll alpazll
aslall ol Jeladl @l AE g X; a8l of blgall byl @8l E(X) > AE=[E,(X;) +E, (X,) | -[E,(X5) +E, (X4) ]
- Jelaidl e asslll
T osde Jazs dygd byl @8l usi o>
AE =[ m(X3) +m(X,) ] =[m(Xy) +m(X,)].c?
AE = Amc? = (m(produit) — m(reactif )).c2
: ple Segi Jelad aslall bioso
. degozxol) auadl aslall E
degozxol) aulpdl adlall Ef
Xy 9 Xy owileil lSai) dcgazoll pawiSs ol @lll E, (X,) +E, (X))
- 0lgidl o Bl X4 5 Xsowilesdl wsSi dic acgomall ), sl @Slall —[E, (X3) +E,(X,) ]
il ST pual Cum dcgazoll WByb o 6,0l @lll by Jeladl adlb AE <0

o
Bl
...... pm——————
El ) , o A
woliapid! s
E.00) ¥ ;
€ i -[Exa+E (¥,)]
L}
I

S0l asasses

el Yl bliul) dasglaadl wlwlll -V

: daiVl sl pozdl lpaioy ol @xaStl cows g Wlasll pous (sle 55U geil wlelas\l

ozl e b By o . polasY @8, (niSi 3] ¢ dsgmay kol By o wlelabyl _

il ] LMl asdlan) oleletYl 0ia Jomiows . pdlaY @hisde sac o3l o oo aslas ,iST B olelewyl
28:all L2Vl Lasis Jasiwis « yoloyl o Whiawiiow 81c o3k LpdlaVg « »uS Had) 8230 v wlelewYl —
pszdland ol uolroVl Lariis) yaisS > ayis GloSy whll b assil wleledbl Jasiws

¢ Olwll (sle @geidl wlelew)l yig s

vasd LWl whs @lisys] g lssl Say 3] « olunVl pozd @igSall 3t go alle @lb wls el wlelesYl Jelas

Allal mahdade www.chimiephysique. ma Page 7




