
*I 

3h -~"il 0~ .) . . 

5 J.,ila...11 

lt>,1141 ~t~,it"~ 
2021 ~.)W\ o .JJ.lll 

- tY-G _,,JI -

ssssssssssssssssssss 

~J:ll ¼W\ J#, ¼Akl\ ~W\ JJ\'\ Jl oü~L; ~-< 
~J~\ ~•iJ1hïl\ J~l J:i ~~\ ~wl\ ~-< 

J:iij 7 

J:iij 3,5 

,W.j 3 '-?J,jlll ~I :2 ü,i~I 

,W.i 6,5 

0.11....11 



~, 

~ 
NS 27 t~.JAll- 2021 ~JWI oJJ..1.11- 4~ ~;.li ~_,li ww.a'JI 

~ IJJll 11',Jlt.ll ~J ~jilJ o~\ 11'_,J&, &...w ~~111',Jlt.ll ~ -~~IJ ~4..;:i.11 :oJI.. -

1•~J" .t'..,. -:" -; , •a 0'> -~ 
" " " ."JJ . • 'lJlll • ' \~1i/,:J!'!J.I' ' 

C, _., • \ f ... '-~~;f ~ °', lyiZJI "' l",. "' ";,.. "~~ , ... 'f-~- $ .._, t~ ·•t~ t _ ;c 3,.:.- J•( ~ ·- ,•, ,, ~-, 

1:. :;,r~:i'" )t' -::::~:·:·:-; .:\t ,~m: :f~'Jlf!lt,:~:-:, !i:::E1~,- •!> ~:']~~~1;.] 
~2 J l 61~_►.ll 

~IJ ~ljlill c)&- 4y0u.ll ~b.t.11 ~ ~l__»il:i ùyü 6,1 ô~li. ~J Jljlil. ô~'il ~'i~ wS,..:i 

.4..:!~WIJ 4J,0u.ll ~WI ~l t...lJJJ ,~~ ~~ ~j.ll 

:Jl ~..J-LÜI 1~ Ù.lf-1 
~~~ ~ .;p . jll ~I t...1 .1 --- ~ c.r- . J • 
.(~fo~li) 4J.1J..l ,~,,Q,u.ll ~\!i -1:!~ • 
~~~ .;p . jll ~1 ·l ~_►.JI --- ~ c.r- .. . 

.)c. l,?~ ~_,.:,. ~ m(Zn) = 1,0 g ~ ~)\ J~ 04 4.1:îS '(
0 
= 0 ~1 ~ ,Jl=....:iw 4-J - ... • . . _;.;.-i __?.,-1l 

. CA = 0, 5 mo/.r
1 

_) _,..JI O j#. y H3o(:,/) + cz(-aq ) 4u~.J_,!SJI ~ (S) _;Li J~ 04V=40ml F 1 

-~.:il- ~li..a..& Jcü.:ï \.....1.=,. Zn ~)\ t"1 Ho+ ww~'J\ Je.Lw 
• - • • · (s) 3 (aq) • 

2H30<:,0 + Zn(,> ➔ H 2(xl + Zn(
2
a:) + 2H20u> 

. x = f(t) ~l ..b..J Jcwll x ?~ ~)1 .)_.,.b:i11 & 04 üfii..JI ~.J.)~\ _;U'.ï ~ U"'-:!s ~ 

' x (mmol) M(Zn) = 65, 4 g.moz-1 :~ 
I 1 1 1 1 1 1 1 1 

1 1 1 
1 1 

o..:il.Jl~~Î.1 1 1 n0 (H3O+).J n0 (Zn) 0.5 1 1 1 1 1 1 ./ 1 
1 1 1 1 1 1 

1 1 1 1 .,., 1 .)c. l..i:il 1 ..b.ih.l l ~ Lû.ll · · ..:i _,..J 1 1 y , 1 . _ . - . . ~ y.;,. 
1 1 

1 1 1 ,~ 1 
1 1 1 ~ 1 

1 1 
, 1 1 1 1 1 

1 1 1 1 1 1 1 1 
'1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 - 1 1 1 1 1 1 1 
1 1 1 1 
1 1 1 

1 1 1, I 1 1 1 1 
1 1 1 1 1 1 1 

'--r 1 III , ,,. . - 1 1 1 1 1 1 ,.,., ~ , , 
' 1 1 

1 1 ,, , 1 1 1 1 1 
,/ 1 1 1 1 

1 1 1/1 1 1 '1 1 1 
1 1 V 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 
1 ,,. 1 1 1 1 1 1 

1 1 1 1 1 J 1 1 1 
F 1 1 1 1 I 1 1 

1 / 1 1 1 1 1 1 1 1 1 1 1 1 
~ 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

H-11 1 1 1 1 1 1 ' 1 1 1 1 

; 1 1 1 1 1 1 1 ' ,, 1 
' 1 1 1 

'1 1 1 ' 1 1 1 1 1 1 
1 1 

., 1 1 1 1 J 

/ 1 1 1 1 1 1 1 1 1 1 1 

1 

1 1 1 1 
1 1 1 

1 1 1 1 ' 1 1 1 1 1 1 
' 

1 1 . ' . 
1 0 100 t(s) 1 

_.i.-:;i.J ,~4411 Jcwll r~' J.J~ ~Y-~~ .J.J .)c. Jiji .2 
1 

0.5 1 

~y.4114.J..:ila...JI 2H301:q) + Zn<,> ~H21 x) + 
z ,_ 

n(-a;,) + 2H10 1
, 1 

~~\ 4-Jh (mol)r~I (ma/) o..:il.JI ..:.i4,.S 1 

1 

~~14.Jl..:JI x =O ;; .) >! 
1 ~__,114-Jl..:JI ô.)>! X 
1 

~4-ill ~\.:JI X 
I ;; .) >! 

1 

.~Ife Jk .~\ Jcw.JI ..:lh .3 0.5 
1 

1 

! 
1 
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NS 27 t,~_.,..JI - 2021 ~Jla.11 o.JJ-1ll -~~ ~_,.JI c_ri,b,jll û~"II 

~IJjll t_,Ja.ll ~J i_ia)ilJ olp.ll t.i&-~ ~~I ?,jla.ll ~ -~~IJ ~~_»t.ll :oJL.. -

: 4,i4:i,.a 4 .Ji .4 
. tl/2 Jclüll ~ 0.ci j ~ .Î 

~Lüll ~I ~ ~) LJc 4/ = 400s ~I .l.ic '(mol.r'.s-') ë~_,l~ ,Jcwll ~I A.cy.JI ~ .Y 

.V=40 ml .JA 
· 1-Lüll 1"-· 1 ~I A.J:. · -11 ·- ,l.â..6, . 5 

.L>- ""e"' - • ...r'"" ~ - - y..i9 • 

J_,h.J V = 40 ml ~I .J m(Zn) = 1, 0 g .tli jll ~ ~ ~~ ~~I ~ ,~I....JI Jclüll ~y-i:il .6 

. CA'= 1 mot.r' <)_,.JI oj#.y ~:U~.J_.,lSll ~ (S')~L.i 
. , 

.Jclüll ~y.ou ~1.J.J ~.J:! lj-lll ~_p..ll J,oWI _fiJI .1.6 
.~1_» J1:. f t112 Jcliill ~ 0.cij ~¼ .Ji J\J~ ~ .2.6 

(~fo$.li) 4JJJA.l AJ,4~1 ~l!i ~~ :2 ~~, 
.t..l .J C = 2.10-3 molL' i) _,.JI O j#. y .J V ~ C2H5C02H ~Y4.J_>.ill ~ l.;il..i 'i .>6--a fa 

. 25°C .l.ic pH= 3, 79 

1 

0.25 

0.25 
0.5 

l 

.~WI.J ~Y4.J_>.ill ~ ~ Jcwll 4.i.ù.JI ~~I A .. bl..a...JI ~I .1 0.5 
l 

--- 1 · '-wll Ji:ill ~ W ~1 2 0 5 -~ .<.>- T r' . - . • • 
i o-2 pli 

K - - - · ~ (CH CO H / CH co- ) ~ J •. • 11 K ~ · ~I ~w - · i · 3 0 75 
• Al= C -10-p/-/ . . . 2 5 2 (aq) 2 5 2(aq) ,.J ...r- Al J•OA • ~u ~. . 

K - I 43 10-5 • i -- -• Al- ' · (..J(.j-b,J 

J _L _,, _ _! . J --Il (C H COH / CH c o- ) ~ J"·-11 . 'Li......iS.11. _;ll:i: ..• ,1~ . t':. 4 
~ ~ (..): fe _:,- 2 5 2 (aq) 2 5 2(aq) · .J __r-~ - - I..J:lC-_:,,-~ (J-1-'1 • 

.LJ'I.J_;..l..o.ll 

~ .JJ yJl 411 :.,~I ¼\li KA2 Y Y . C6H 5C02H ~l lj":. ~.JJl:ill ~ fa .5 

~Y4.JP.I ~ ~W\ J_,h.J\ U"" ~I u..iî ë::'._j.iû 'KA2 ~ ~~ • (C6H5CQ2H(aq) / C6H5CO~(aq) ) 

A 

._)~I j#. _jill u..ii 0.!,} _,h.Jl . C6H5CO~(aq) + Na<:q> f .J:lJ_,....JI ûlJJl:il ~Li J.>6--a J 

Ûi.J_pl Ù.J:!l.J C2HsC0 1H(aq) ~y4.,_>.i11 ~~~\.:JI Jcwll ~~\ ~Jl.....JI ~1 .1.5 

K= K_4] 
K_~, 

. C6H 5c o ;r"'v 

-~' cl~ ~1_,..JI w_p..ll ~I.J ,Jl_;.....JI ~_J .cl_):/~ ~_JJ u1=, Ji,iÎ .2.5 
:.JA Jcl.iil.l ~~I ~Jla...J.l ~1_,.JI K üj\jjll ¼w _»:JÜ 

B C D K = I 
K,WK A1 

0.5 

0.5 

0.5 

. K = 0, 23 ..:;i LJc KA? ~ ~ Î .3.5 0.25 

lAJ~I i:.,:-~ ,~~I ÙJ~I ~J .AJSJ~ ~..,.. , ~L411 ~ c)&, A~l.> .JI 41µ1 ~~I 
~ ~~ ü-t llsJ .;~)'I 1-là ~ ül..a_,Ja... ~! ~_.,JI u-e _;àl~I o.là ~l.1J ~ .Ut.i... JAi~ 

.~,~ 
.û~iiJï; e ~Ji) ~l411 ~ c)&, ~_,.JI JL..!.lil ~l.;J ~! ~I 1-là ~ 

H.::..i~_,.Jl~.,,=J~Wl~.j,e S ~~'l,.' :..IIJJt.ioJJ_}jl_jà~l>l •(
11

=0 ~ \~ \~ 

.v-il.S...il 'iJ .)~ _jJJw~_,.JI o~ ~ .~91fa~~ 
----- ------------ -------- - - --- -------,-

1 
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NS 27 e_~_,..11 - 2021 '--'Jla.11 • ~I - 4~ ~;JI ~I ù~"I 

~1.;jll r_,la.ll ~ ,.J,a}JIJ -~, N's-~ ~~' ~I ~ -•\+411J •4.»&11 :oJI.. • 

1~1 

(l) ~I ~J~. N=50Hz ~\ ~ jl_j+ll .).)_fJ~ 

~ ~ ~ WI -l.. ... ·· t:. • . ~ ~ c..-~ 
.d=l5mm: ~ 

.~l_,Lll ¼~14_,.JI ùy .1 0.5 
.~I clfa)U J!l_,.JI ùyJI ~IJ ,Jl.:,..JI ~.J ~.J:l_p,-J ~.JJ .)c. Jiji .2 

~WI .)c. o _fo.JI 4 _,.Jl J 4 _,.JI Jyb ½! .1.2 0.25 
A À=l5mm B À.=5mm D À.=l,5mm 

.)c. 4 _,.JI )...:::iJ'i v ~ y.JI ½!. 2.2 0.5 
A v=0,75m.s-1 B v=0,35m.s-1 D v=0,15m.s-1 

2~1 

À=3mm 

v = 0, 15 m.s-1 

. 1 
- --- t :a 

1~ 

. SM= 17, 5 mm ûp.. ç.\.JI F 0-a M ~ fa .3.2 0.5 
-~ • ,;Ali ( ) '-.llhi....YI '-.IY.l.l M ÂJaiill ( ) Â.11...h:i.....')I · · ~ Ys t • YM 1 

.~l_p.. Jlc ~.)~..b...J ç.WI Jà 

~ ~ J , N = 50 Hz ~I .)c. ~~ 0-a jlj«-11 .).) y~ .4 
~.JC ~ '½ l_►.b w~_,.JI ~y..~ .)_p.._,.JI ç.LJI 

.(2 ~I) a= 4,5mm 

.~1.,p.. Jlc ,û.i:..:ï ~I o_Jà\.l:JI r""" .1.4 

J!l_,.JI wyJI ~IJ ,Jl.:,..JI ~.J ~y,_p.:i :i.:s.JJ .)c. JijÎ .2.4 
- , ..... _ ,, 1 ::â .... 11 -c..-::-- C ~ 

0.5 
0.5 

~ : l4à Wall lAj~I ~ ç.LJI ~.)c. ü~_,.Jl ..>~':Il ~..}MJ~_,.JI Jyb ~ ~ 

À=l5mm À=5mm À=5mm 
B 

v=0,l0m.s-1 C 
v = 0,20m.s-1 D 

v=0,25m.s-1 

~ oJ~ ~I J} ~J ,~IJA'il W"è ,M 6,t ~ ülww~I ~ ù~'i 1Jiêi ~I ~\ 
(:F, 'ô.1'-l&, ~I o.1WI ùJS:i ,~Wall ~_,li .,>1~1 l.J~ ~ .P-~'il JI ~~l ~ J&, ~.,_. .-• .,~; 
t~ i!..-~ .JAJ 99Tc* J.-fa. ~! J.-.J:! (l~IJ ,~I Ji:, f'JJ"'JiSJill~ üji1.ll ~üJÀ,wi.Jill ~~ ~JA 

.y 
.~I ~ ~ ~.» ttJ iSJiJI J..w.w,1 l.....lJJ Jl 0,i~I 1~ U~ 
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NS 27 

99Tc 
~) 

98,882 

t~,.,..JI - 2021 ~.1WI ôJJ.1,11 - l;..ul1,S,+ll À_,..JI ~_,JI ~'il 
~1.;jll f.,i..11 im..,._, d,a..;'il.J ô~I f.,S, im..,. ~~I f.,i..11 ~ -~~I.J ~~I :ô.11... -

99 A f 
42 1v10 

98,884 

. -~<Il LJJJ""-', 

5, 486.10-4 

1 u=931,5 MeV.c-2 

ô 1-.,lll J ~J.11 

u ô~.Jll:, ~, 

99Tc* f-.Ji:' :o;iS;il\ ~~} .l 
.:;Mo ➔ ~~Tc* + ;x : ~.bl...JI ~ :;Mo Ù:!~..,.JI ,-,ïPîJ, (c-JJ·u1ïSJ>ILJ:!~_,.) übl..,.JI ~IJ 

. ..:.üi:ill t~ ,~1~ ~ ,-l~ .1.1 0.5 
. :; Mo Ù:!~ _,.li 0-o o~I_, ol~ 1 - ,iè,i ~ El,bérée = IMI O .)y-}I A..91..hll ~ '(Me V) 0~ ~ ,-l~ .2.1 0.5 

a~IBq) 

0 12 

À= 0 1155 h-1 

' 

~JJ·111iSJill ~4 ~Lwall ~_,li y~l .2 

,ljc. , ~ ...>- ü.ol.! , ~ 1 .);!.,.._:il I ç, \_p.,.'/ 

o..llo 0-o ~ ~ ~...>4 ~ , fo = 0 ~I 

• 
99Tc* u1·u1ïS1îll ~ ~~ 

A,J") ..l.J ~ ·- 1\ .,6Ll.,i _ L~ ,"-.ùb. . IC' .,,, • • ~ 
• ..fi>"' ..)~ . . ~ ~ -

• 
99Tc* f"Jl"'l·.<1ïll ,.:.i:w J)ü.. 0-ojll 

f"Jl"'JïS1îll t,12 ~I ~ ~ y.j~ ~_,I .1.2 0.5 

t(h) 

•
99Tc* 

~I_, ,Jl_,..JI r-3 ..J ~ .J:!_p,.:î Â..! ..JJ ~ JijÎ .2.2 
.~I clfa)U ~l_,.11 ù~I 

:~ 
99Tc* <2Jl"'JïS1îll À ~l......!.'/,1 ¼WI 4 ~ 

B À= 1,453.10-2 h-1 C À= 1,521.10-2 h-' D À= 2,253. 10-2 h-1 

.~1 clfa)U ~l_,.11 ùyJI ~I_, ,Jl_;....11 r-3..J ~ . .>.!._p-j Â..!..JJ ~ JijÎ 

: _,. ..J\.jJ,:,,. Y I ç, 1 Y..! ~ 9'l Tc * r JJ ,f,S f'' "-' _,.ll N ~' 

0.5 

A N= l,23 .1013 B N=4, 32.1013 C N =S,25. 101
~ D N =7,12.101~ 

- -- .:.·~ . :::. _-r _"I .. ~ 1/# • • ...._ - - . -, - ....... -

~ ~J ~ ~\JI~\ o~ ~\ ~ .~4...,..sJI ~IJl~I ~ ~ ~i ~\j ~.JA ~ IJ ~I 
~i.:i) t...l.;JJ ~~ ~J ~ t...lJJ ~ u!llll ~J .~it; • JAi~ J.J..>H ~ 1,1.lll •~I -~~I 

.~l)'~I o~ c) ~\Jal\ ~~J4lll t...l.;J l~J o~I ~4...,..sJI ~~I t...l_;JJ .~I ~l~I JI 

.~J c) ~ •~JI J._o_,. c) ~ &i~ ~IJJ ~ ! ~I 1~ ~ 
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NS27 é.J-4_,..l\ - 2021 ~JWI ô~I -~ .ia._,..JI ~-.,li ~'il 

'+IJJll fJlt.ll ~_, LJ4}11J ô~I ffa ~ ~~I fJlt.ll ~ -~~IJ ~~I :ôJl..a -

(1) (2) · · 4J fii.JI (1) ~I ~ A..w.JI ~w p l ô l.lll - · 

c1r-c 
.(.)-4 J -· - . .) ~ 

l ~ E == 6 V 4-S_;:-pl .i.:ïj yjill Jj.oa_;.o .ll.JA -
~Lû.lJ · ~ . C .o1.:ia....., ~ -- . U~Y,F 

EÎ( D D ~ ~ yi '-? ~ K .Jl+ill tkl.! -
D 1.....1.bill . \.jj -

T 
. . c..r 

ô~I ~I .(1) ~_,.JI i)K .Jl+ill ~\.! ,t0 ==0 ~I _ljc. ~ .1 0.5 

1~1 .C==0,5µF ,) ~ .Q0 ==3µC ~ t.....i:&JI ~ 
:ùfoùi ~iJ~1J ,n ~1 ~1.JjJl-:i....4 ® J@ J CD Y.J~w)w ~ .2 

~ ( CD ~ y.,-'.ill) R 4ÛA Jlio 4o Ji ~ yi -

~(@ ~~I) b,(li; 'i == 0) ~J -

.(@ ~y.,-'.ill) bz(l.i ; r2 == 10 Q) ~J -
~I~ ~ .t0 == 0 _ljc. (2) ~_,.JI~ .J\+ill ~\.! ~~ .i.ë_fa ~ ,4}$-..î&JI ~ ,~_?.J JSl ~ 

.(2~1)w~lu l:i.:ill~~I~ · () 'jillwl --~ ')La~-~ . .) . . . ..)A ~ Uc t _JJ ~ ~ .) • 

l(c)~I uc(Y) (a)~'L_:_ 
uc(V) uc(V) 

' 
r, (\ j l(b) ~ \ /1\ ' 1\ 1 

' 1 \ 
1--

\ I \ 3 \ I 

' 3 
\ I \ 7 ' '\ 1 

0 1 \ 0 
,-- _1,5 t(ms) 1.5 1 \. 2 \ t(ms) r--.... \ J \ j 

\ \ j -~ \ I 1 I \ 1 

V 1 / V 0 0, 5 t(ms) 
\/ \ 1/ \ .. 

2 Js..;.ll 

.t.:iil - _;ill ~ ~ . . ~ ,&I ~ , · ·1 1 2 . JJ - . . . ~ . y.. UY • • 0.5 
R~ --- 1 ô 1.ill · jll ~ww, CD ~~~w ~.i:.. 2 2 . -~-.J TL)-4 • - • •• • • • 0.5 

:@ ~~ ~1_,..JI ~WI ~ .3.2 1 
.o jlyl ~ l?~I w4~1 rlhi r""" .i 

~1~1~!\.b__,b· . . '-F .) u-4 y.d .":-1 
. T .JJ.lll ~ ~ ~ .[ 

:@ ~~ ~1_,..JI ~WI ~ .3 
. T

0 
l.J-4WI .JJ.lll ~ ~.i:.. .1.3 0.25 

- - i ·½ ~ ~J .2.3 0.5 

d
2
q _1_ == 0. 1....-ÛSj ~ ( ) ~\ ~ ~I ~wll 4-bl...JI · i · 3 3 0.5 ~ . , + .q . . q t - u ~ . . 

dr 1i .c 

. q(t) == Qm.cos(2
7Z' J + (fJ) :~ ~wll ~~\....JI ~ .4.3 1.25 

To 
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A 

ê.~-.,..ll - 2021 ~WI o.Jj,lll -~ ~_,..JI ~-.,li wla:w'il 
~l,;jll f,J&II &....._, wÂ.J'ilJ o~I f,Jk, ~ ~~I f,J&II ~ -,-4,4l1_, ,-~I :ô.11.. -

.~I clfa)ll ~\.,..JI u~l yjSIJ ,Jl:,.JI ~.) ~J.t~ Â.!_JJ ~ JijÎ 
:t.,/' ? _,l fi ô~ fa. q ~ ~.)~\ ~\ .i 

q(t) = 3.10-6.cos(500.1Z'.t) B q(t) = o,s.10-6.cos(500.1Z'J) 

C q(t)=6.10-6.cos(500.1Z'1+1Z') D q(t)=3.10-6.cos(500.1Z'1+1Z') 
2 

1 A I Jma.x =7, 33mA I B I f max =6,85mA I C 1 [max =5,22mA ID I f max =4, 71mA 

rljW ->""9 .~ ô ).ill W ~\ Â.!l.\:JI .5.3 0.5 
• . o ).ill W ~\ Â.!l.\:J\ ½9 ~I .6.3 0.5 

~ 4-ï_,_;.:...JI ~~~~\ Â.!l.\:J\ ~ 0fo ~\ ~~, ~ 1 iiSo)\ q(t) ~ lql ~\ ~\ ~i .7.3 0.5 

.~_,li ~ 4-ï_,_µ1g;, 4J11•Jhiir JI ~l..bll A..:Jl....... u:&.11 
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