
tiJÇtl r?tl ._pjl ùt*V1
z01gû*rt tlôrrÂll

YD -u-,Al- G

****r*****t*+****rÈ* I NS28

^;#trtr:*#-*ffi*
r++3lllg *Utri.rYls ËJÂ:ll sjLJf Jsll

r!.e;$13 *\gr;ilt

iri. tj,;ilt pgldl ,'ti* : 4g;+:lt ÊJhJl 4Fl

.A+â*lJ alUJltC ao*tll a{*.,u| aJYl Jt*ti*! 6*,..r-

.fo.r"rrJl grl:*,LiJl dl+ aSJ*JlJeL*iJl JlârJ

+tk a*!i ?ê'o.{l û4.{é4

:( L:r 71 ùV +'rrll
,'l'+Jl 13":3al *lt^ Jebf ;itjéJl Jt+târJl

a+!o9fl ..r"1+4 4::*.Jl LÉ^J t,it" ùl=" a*"!,t'

:( 1^:: 3,5 ) çitill ùp,ârJl

a+fuK{. b.l.;' ici -

V22 t9tÇl ÂÇ ,-;;t

;( t ;r 4,5 ) &Jlill ùU'dJl

'.ô.t5-n gr*S ùzÀ
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- O g^r.rtt- 2919-!J'llôJ3Jl - LJU'il+lt ,-!r,Jt sjLJ,ttij[.i.ltI#bj*ttl rulrlt ,4i,.,,0 4$r.J+iI ilùJl l*t - ,r++ittg er.j,,iff :!.rlr -

C,Yll". çitltt, rjgït Ote.,t+Jl

c[jll *pl.rJ si|r utJ,lr.ll sjL.Jeslt dblrilt :cbït ej+lt
zni$+zti* cli:ll _1.*l çit- LbL^l,rrt+_Xstt c$*:lt .+:l

,,,rt-:i -iU .ul. r J.:):i É,"uil;Èll cr B; A uù$1,! dt-,j-L
rgli..,. 

"J. 
éIijll ,b C--*, g;r3_!Slyl .sl_-,ltr;.r.rr;t

._,gYl .r3_jSl)l
lrÀ jl+y dl"'i,.ll .r+J*ll q+S-Élt âjl+$ tuit-* d{"ill cJi"J

.ér+_Xsrr dtrl.lrl

:&l+!u
ZnlS /z;n61 :La sil+Jéll dbLtll C OUtis^I 6lq3,jJt -

tlr*r/rr s

! [F=9,65.104C.mo1-t -
.M(Zn;:65,4g.mo1-1: eli:! qlJ^ll llKll -

.d..tl-l+ ;llc .ryTl -13r,,,-TJ ç$l -:3;KIll :-rr ,g3 a Cxr u:Silyl Cr+ Cr. ,l
.Ct+-rc-çtt ,Slàlll ùr ili-.Jl iJ:lJtj ù_!SI cJS .ric &-tJt d'tôtlf a$U-,..r:Sî .Z

Ê+,iiô ,I=0,5A ij+Ë 4:rs ,3r+Jé Jt*j ;Jr-rrr or -r* , 
^t 

4;r.j r"r^r çt'-1éJr J|JljIT ,lL*]! rD: .s
.66 ;:*3ll,r lt ;.rJl '\- .m=1,6g kjtK dL-,ill jli U.;i.,t gd.r-rJlsJyf .-î.,Jc,

4*t aJ.lt rybi; c!.:j+lt oà.rl çjt cJ+lr. Lt+ :ojtilt rSJt
.3-u+tl.n&, c,l;plg..Jr ég.r l.5.Einl, itliib ÂrL+S c6HscooH u+"oJlrj ct-jjcJl *ja.r. û.,.

.rl9.r5 all g-: -l 2a1 ç.iJl cç.irJl

.a+b,Ât .-r'1*â rl.'sl+ c6H5cooH("q) /c6H5coo*, a+rr;-$ pKo â:.ti.fi r{.kr J! ûr,ôrjl l.ia .À.ra i

;Élrhr
:25"C Sc ç3r"Tl 

rrtlJl Otj-3Jl -
I Lr:?'(C,-H'COO-) :3,23.10-3Smt.mol-l J I, : À(FI.O*) :35.10-3Srn2mol-t

d,J=^ll ç-i Ë,'tlJiJl X, ôLjgll4;I-ill +JJ JI jr6,tJËlt eJyq .jL LJJ!=.j o {+L-Ct .1, _,++ _ i

. o =IÀ, [X,] :iiXlt, o+-,.,"'Yt Ll, r lt cg^-lt3
.v=lL 4'cs':. 3 c=10-3mol.rtoj5-É4"-l-,+ll,Jà"-l s l+LYJ.- e25"ciJlJÊJli-:._,p.ric, c.r.àrj

.elJl3 él;Jjlll Uà.r aJ# rêêl;.Sll d'tiill âJ.rLr ,,.1(l .1

. o=8, 6 ro-3r --, Sf,i:,flïiËi :l
.ùjlllle rr+r-s-eït,rug.\t,.#lCr lt jsJllt ["ro.] s ?r"rs r, iJy.q oJ*F.i o. tl J.l

.e^e- dJJt d+L-r^ & HO- V.<_r:+ell c,Urrl j" b J1i;)
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- Ogs-JJt- 291g-!.rtrtl i..,pJt - tu3t+t1.,-,l.ltçltJt gtrirTt
fut,,j$tt tsLlt ,,tt .. 4*rJ+lll pgt'lt fo.! - rçr.ji3 rt+j$!f :!.rr,.. -

.1erçii,.,..-î.r- :é l.S ..,"<r çlclÀIl t ç;$11 Êriill âa.,i ùi ù# .3.2C(À, +Àr)

?çjl*Sll d.Uill lr# âjrJË"lt K ôjtj',ltl!É dl^i liL.s
. C6H5COOH(' / C6H5COO*, 4+l-r.ll pKo L$ AiiLt .6

.S clJ.-ll ,t' û^i3+Il e!+lt LCt , C6H'COO- -r C.H,COOH i1;cCt u# u^ , J\ .J

CÈ$l*.21 1 êrle.,l+ll

4$${;e {-r. jir.,;t*iiit : 1 e*Jt
4"',rÉ d! ôil,.rJt ,y ,r cl l.b .ô.ra.c,i+rtl .;r3.- .!r:-.i ,ttl eh- ,rb a1(1i6$l ab.3{lrr rtl a*bJ

ia 1,5 "- ,i .a+*rK+. a"JÂ ôjFilJÉstill u:rl
i i L.3," ,elJI J,rll e!-ll gr S iÀii cf ,jl*1l i-L-lf ci.r-l
I I rb Éi.+dl oie _r.itji . N:20 g2 lo.rr,j +*l+ a+llÉ

-4. Æl M"'1r+:rlv:::+:j-\_æ .u"rs*ir orrr rr,ôi ù$ s e-Lôrt iF r.uLir e t:0 iÀ.!r
:::i:::::::::::::::::i::::::::::::::::::::::::::::::: glll el- tl. oj+l .ç+T_r çg dl,. oi rl, Li o ++t+ cJSJf ,.ii*

' t, kà-rE â.Ll r:c
.cl+l_n dllÈ fi.-à ,,i*. riUJt elJte-L-,.5lc' 6J.itj^lla.Cl dla .1

L_l_.rr,.ll 4+d f 4.:. J.ll cJst u-.2
.:î-l, lT y,,/.ii:Yl â.c'-1- eiiî-l .3

. t, âJ.=lll ri- i^. -rll LrL e s a-tiill ar^.,ill+ d:sM âil* .-! r.. j ,,Fjll r M il.iill Ll3.j .4
. 1,,,--f .{+J ll T _r_plt âly+ S â-tËtll âr.,,tli+ M iliill L(JÊl r rijl J:hJt i,,' },

222 Ùorlil ô19 '''tit Ltl : 2 r*ll
.+bill Jeà,p At ç3-*l,g,iJlp9-ol.p!J foJhrttc,taa;Jl æ , é.gal;l éyiJtd r+fgff .ô3r!!l_iLÀ eiir
f+t çrrlt ''o:ijl a-,b, ,Jl Êi+Jl uÂ élç .Jct .'i.'rJl çrt-.ly z2z ja:Jl !p;tla,i ô.l.r Rn;,cjl çs ûe.r!y'l

.JûlÀrll

;û$u
ttr,r=3,gjotxs:222 ù_l.rl_,rll, i. ill J.c -
.erC 4+*rll; J,1_jl crtË1J"1 .$l ,,a+ cj_lr+ -

.el+l-'* dtlc rtJtAt JKT|itjilroa u ,2lfro r '??R" dj$rcr u# u^.1

. E,ftie):28,28MeV :d f He e$lt ËlC Ltjl iSt-L irl ùbt .2

0,75

0,75

0r25

0,75

0'5

0'5

0,25

0'5

0r5

0n5

oPs

. rl C âlY+ 
"lJlleJ,l.:-1'r+ll L,j.dr Cl+ cJ'tiiq fu qJiJl K ùjtJrll4illl Jb\yÉ o. _li .4 i

il#JCl gj.rl-,!l t:Jxlt Ërcr
tllpo

'3?n" lle," j^Jll
7,73 7,69 7,07 (MeV i nucléon) qil 4+-Jt.r l+jl iil.L



O gt r.tt - 2019 lrrlrJl ôJLr$l - uJ\r'tl+lt.rr3.Jl slldt gbi..Tl
{s, t;Ett fJrll dt "" {ll*J+lll p3td {fl - eh+511., ptcjrill :i.rte -

tffiRn-tàlPo + lHe :é 1-S 222 ttstl-fçrCl dr.lll ll.rL- '.'i<i .3

'â.rlEll ,3,L=l-jiYl Cl+,y g;..-lt çtJ+ll Jiil
tê 222 g3.rl-il 6. Ë.ulj âly '"''ri'r ouil ;;-.pll â^ïtÀll

Ey6=3420,6MeV r Ey6=6,24MeV r Es6=22,56MeV r E6=7,11MeV r
. 1 = g â!-Jll $c' uo o.ct ,,i')l ktl.l'l //) 6al il cr9 U. i+it rû.r .4

L$t1 1r,i1 oc't*,,iYl -tLlûll 1-# ir! oill t, âlà.llt c jour â:rjl-r cr;3i

"'4* lL'i'rFJl
,4c € ô;Ë1.À<. û*,i a*b. J! u',J,.rJl lia -à.4

.4+IJl J"-ti,ll u^ c,Jsj,"ll rl cJs.l,lti+$ cf d[" ll çibJé]l ,,,i.(Jtll j.:i
t E:10V iSJâ- xSll4Sj -Ë-dtll cli.-r^ "l_r -

iS+ O-n"l^ JJt C 4i'^.' -i'K.o -

L É R4j.JtL o+ji cJ.-;* -
tâJ.aa l$^ji^r L le .' rF d.t- L+.TJ -

.ù-u,-J. ç: f _,,Sllettr -
Llis.tt ôJ l*,,1.;r -1

,tLJ'- éL". êtl'l CË4 .(t:O) g.tlê ).-l tÀJEÀi i-E-l $'(1) e*Cl "J. 
f Jt$lt 6ttl g^-âi

4n" U{sllij=.ill -lrH;-i",JÈ d:.--ll dr é).
$e ,rjsj.lf U*tJl (T) ÊJE 

JI cfu ., t< J] q(t)

.(2 rJel; t:0 ili-lll
ctili q(t) ;i*i'll trti-r ;tl i+Làliill âliJl drt3l .1

.eiK*Jl ù*i
ù.iû.," .ûJl dl^ JS -g'i rË-1l.Jl crl-.!^l-.;r; ilY4 ,.r=. .li .2

"J'lLàli3ll 
di,-ll oia Àc.-r3$ é cr, -l A

. q(0 =A(l- e-"t ):dS,,:'lt

:Sb+^ rr=.3

.Éhll ftÀll d, àT< ll e ii=,j'll4"p .f.f
. t cl"_!l al.ti i+t .f.Z

. C =lgpF :çr.À d:S^ll L- Oi Cfr .+

. p LjtLIl i'a$ .r-. -el .5

1ç i.tl.rll crà 4$L.*stl ci++litl l,.t*r -II
.(t = 0) e1lê lq.ç ).-1 l.l J+i'i 4-L.l sc (2) eàJ.ll J! f -lSJl attl 6+-l+ rt'l.rll ptJilll ,j$-: .ta

.dr^jltâl\J+ dK"ll ç1..-, i)# u":iél ol-,;rrl ri-ù. irt iL-lr cr,f

'ur=T

a!>.3J,l Jtrr?...19 + ôj,.o2'l5 ,a{sL.J#Jl ;;te.V C,. Lrc ç a+.,t*VJ"oldl ;rtr*.'r113 ciLÀfSlt .S.âi
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O AJ.aJ.lt- 2019 furtr'll ôs,rlt - LJu'll+ll '-,r^tl êJt ô[â3.T1

futr;gt illdl dlt ,.4#JÊlll lrt'lt {*f - p\rl<ttt ehi$l :ôrl'.. -

#-#u. = 0 :é lx ..,'i<i rjK-oll çJ+-, dlr, -Éél r*:i-l o:!l i*Làljijt âl-rtJl Ùl dÉ .1

.!J+lll ,iÀ É3 u,(t)-É$l -p.!,3: ds.î,ll q'Eâli^^ll (e):i (ç) ,l (; i:)t:lt el;i-:.ll -r=l 6lt;ç.2

(til 
3,JEil 

tb

.el+l-9+ c!' .qJ+$t o5À d u"(t)-;É1É!l -l-rH #l* çùll.,j=i^ll LP .2.1

.fC ,,-lt+-,téllr-q-ri^l! T6 q;olÂJl -1r'rll r'. rl .2.2

.( n2:10 rri:) .f-fl:tt I ,9". Jl d^t'- u*.3

:t-l+i!l ola ,s u.(t);Ë-5Éll -,rl.jl.Ftll .,iri^lt,rJo l$Jot .{

.4gl+Jéll iJl.ù s,4Sll aiLLll :+:1.4.1

.tr =12ms i-là-lll sc l#it or i:3;.^ll E-rt*{Hlalûll A:i3-1.4.2

in54, t4.4eJ"r.l JJÉTll5y âs.,1* {,',1*,p

J+l ôji3jl4=Jl td ç;*4âJl ,grr*Jl JÉâ{ Ê.a.> ,Z#hl; lifl-.. a.JkJl af lrJl aIÈ..,|$ $t"ttSailt.lt+tt-

.él+- 1+l' Jr L.nL-l bb a+b. cr tur'* (S) a'r,.+f c r,{êÂJl 

"Ë;:j 
:jfr:Ï

:cl^ él+JTa+l O-Ét:

tqsJiTl (.9:3^".11l!,,ill+ I L"ll-x ùL Ag' ç-+i3.r ,Jr+ -

rcls.ill a;_!lr r-riill B'C' i.-or"o -

.(7/6 a-i.-ll 1 dS.l'll) qAi, â-,,r,i-* ,b'i-Jl (æ) âiti^ -

.$rl" lè o rgri ,f::i 6r. - *+ tSl a.e *+-lJ C '*rill -É-, iS> r-r"-lr,l crts\Si-)l 6r.+ cJ"e

:rrt+b.r
t g :10 

'n.s-2 
;âJl-iill i.t i -

t F=10":0!_rl_!l-
m:190kg : (S)ec'J,"+-llâlK -

0,2s

0r5

0r2S

0'5

0'5

0'5

3,JEill



O g.s."rtl - 2O1g UrI eJ3St - LJ\r$*ll s3.ll .jL.ett irtr3^yl
futr.*ltt l+ldl ,,tt,o L.!,.J+ill p3lrJl f,,F.i - rt;.;itt3 etcj;$l :ôrt-c -

43'ei+ll C'lg aslt a*.,t.,p - 1
+p Oé CÊ_r cl. , +$+ i-y ô:+ ,1Syâ-3,.;^tl ûlt]5 r (t:0) ç.;l-ÉX >-i U-l'i*i iÀl .r:c.

.A U'iill 6.o 
lîiLi o 6 -;.r-ill -,f-;'

Ë X-r.- âJil ,LJ31JI Lr ,i., ll -,." i:-l Le.,j-, J â!t àY! e AB,"-,+ll ,,Jc' k$F pbil âeJ,.+.ll ê^àij
.iS!l ,.'stô (J"iil*J_r c jJ jtr. LnJ$b-Li ,ii+t:

eÊ-r *,^.'-, A'B'ç4Éi.,-ll o '+X LJl-r (+ I ) eLàill 1 ù,-o :tiii râL.;.ll o.a ,t' 6 âS_JÊ i-lJ$

.( 1ds.il) x cJ3;1t+ c
c lS! ao f_j*,3J1 _.;,;$ ùi d,"+ ,..l3rJX 4t3ll d,jlill JÉJ+,l.ao: I+gsinB : é rx c..,i+

m

.ir^jltâlY+ C JJ,-ill 5-rl Vots.ttlaell ùl.',û,j 2 dls,i,ll ..5lstq cjt+.2

.ao f-j.'ill L$.+ll .,=j.j^ll liÀ cDij-L
.âSJÊ,.J|Ëyll f ËrÀlleiji-l .3

. G ,SJ.l x:(t) 4$^jll âJ.rl-ll ç.:.uJl J*yùll qjsl .4
.B a-LiiJl cr G _l,ly âÀJ 1"Jrâ. ( AR-36m ùî t-lc .5

. B âlôll os C _tr;tl js-*l V"â-!t ,+"-t .6
yitl tLr rlti c 4s.p. t*.'tjo - 11

AcJ"+ Jl _;.rlii r (r = 0) ètl-Étl l+5 ).-l bJ$ri âLl é
ôiSi V" a-Jr+ e e lLiill d,,^ G _l-ly $e , jôill â-r" (S)

,"t' (S) iÊJ"+.oll t t...t .*;lTl-[ill ê" cr: t8o d+Jlj kjêi.
.(l c-K.llt;r aÀiill Cl 6 qlti cçr 4;e.

2 ds.rJr ._r*ll âL-* c$i .Lii tçjJ eË (S)âe"."+.lt ùl J+i.j

.t dS:Jl *f ,;+"ll f-Lt""ll r^l.i^ll (C,i,l,) plJl ,,s c tS-r= çr:ri

'Yr 
v'('l)' *n''ëli# 

ËT"::.:: iîiîil, ï. i'dtvu-dt!
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- O g.ru.tt- ZOtg.f+Ut ô.rr.ûl- tilrl+ll s.yJ.j!3lti,[si.It
l$+j*ill rddl clt,,- {p.J+îlt fJld {pJ - *t++sb rla;lt ;!.rt r -

:c5li t-S G is-FJ

(s 4rtllt+ 13 p -,P.ll,r ya r xa )

yc(t) _r xc(t) ùS#.jll 6$lrtJl ir" dsl qt*oJl l*rill ,,,'(l .!
yo(t):-5.t2 +6,18.t J xo(t):19,02.t

.Vc =20m.s' : ç+ C âlÂill *+ C i-y Ui ,jLl
. cp >30m .Ljlt ,jÂri til L=. b tjÉilt JÉtrj .3

.â--u J*'è lJlJl o.a .5sôjii^ll i_,)ôi!t 6l Cfr .s.t
iliill dF C h,-r* ùl ,,,iJ Cl V*, biJllc,J*ll rr-.3.2

0'5
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