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13.1 yftem

el 31 ® T el © R Yeieh TRATY] T ST SIS elehd S8k hy H Gehfad
B W € 1R TRATY] 1 A9 S B A 1 pot TIgs WA o HIEST i gerT
T Ih! ®HH Bl 21 Q-HUN o Yehiv Heell YA A UE wefi fhen € b Aifves
1 o, T 1 B &1 ge § 10% 4 9 oft % e w=ifew) ghen o @ fm
ek o1 TG TCATY] ok 3T o 10712 T4 o o9 1 TR 9Isa) | e al AT
H srfurhierd: faa T & 21 9% 0 TRA] 1 WE TG FEl F FHR ok I
# Tl Tfes zd T o o o o wres o1 e i qenfy, WAy ot e
Gt SoTEM (99.9% T eifue) iy & & gHifed g 2

TCH] 1 G o FHEY 1 AMHE H1 o B = 22 AT U@ R A 36
e -1 €2 9 WER fohd YR 2 €2 39 A U gH W YR o el oh
IW @ISH 1 FAE 31| gH AM9ehi o fafyme o, SH—s7eh WEs, Teq0H el
i # == & WY Y Gag dednfrad, faued @ HopH St afae
e i ot foeem

13.2 UIHIU] GHHN T AT sl QLo

AT 1 FAHH fReiu™ i ol § 9gd %W Bl €1 SSEl & oy, e o
AT 1°C T SSHM 1.992647 x 1072° kg B1 T SISt URE 1 A ok g
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fehciom agd Gaersie A el €1 3Td: AT SeTHHl ol o hid ok forg
SETHA 1 Uk 3= WISk WA {1 1| S8 W 1 URHIY] SeAH HI (1) FeEd
21 THeR! 2C WA % FHH o aNes 1/12% 9 9 o i 2

37d: T TR & STER

2C QAT kT SHHH
12

lu =

_ 1.992647 x102° kg
12

=1.660539 x107*" kg (13.1)

] SHE AE (u) B e & R A= adl o W] soomH, SRgeH
WHY] o ST o U1 TS ok e WY ST €1 W 39 O o e geEeiedt
e, ff ¥ S % AU, S 1 9§ 35.46 u @

TRHIY] SeFM ol ALY WO, FoHH duishEardt (TeRHIe) g fhen S ?)
TCATY] S o HIO © a1 =erdl € foh T &) qed o fafie YR o T aeEme
o1 e © TSer TEmEfes o7 § SHE B € W 3ok S|l | S Bl 81 T
& q HI Gl WA gt Teeh STl § STt eial €, HEHe HEeldl ©
(A 9% erEEierT 1 ored T W wEeenfreh €, 7@ AW 3 gHfere fmn e @
Fifer dedll w1 3Ted AR § 3 Feft Tk & M W A S ) | 9 Y g e R
Seleh el SAEEIeh &Y ¥ hs HEeehi o1 o 21 fafa= weeenfenl 1 wmer
IEAd A SSei o GTY aRed @l

IR & U, FAT & q gLt & 5o §99F HuY: 34.98 u T§
36.98 u ¥, Sl foh TIESIoH WA SoadH o qul Turel o Wi-The B1 57 Heet-ien]
1 WU SEerdl HHY: 75.4 T 24.6% T 36 TN, Uhfdeh FoAl- AT
ST 3 THEehT o1 YIRA-371Gd €1 37d:, Wiehfdeh Sl qHIY] <l SoTdH,

_ 75.4%x34.98+24.6x36.98
100

= 35.47 u

€ A € S SR 1 AT S B

Tl q% Th Wad ecieh acd eRelSH o i diF wwedties ® fSer germ
1.0078 u, 2.0141 u Td 3.0160 u €| T8 Bcieh BEgSH W] fSaent dmder
Tl 99.985 % ®, ol HIHeh, W HEawdl €| Teh FeiH i Foq9H €,

m, =1.00727 u = 1.67262 x 10" kg (13.2)
g TS THT] o FAAM 1.00783 u H W, SUH fo=MM T Soided o FoadH
m_=0.00055 u FI ¥H ¥ W FHHM o SR Tl TGS o SO I THeenfeh
memﬁ%lmﬁwmﬁéﬁwwﬁﬁﬁ
T S SR Sk fafeEl g wEmeenet @ ffifa fy S 2

A & o SEe WA %1 & e B1 W W Tkl ot A9 gl § R T
Tl 01 81 Yed I8 fomr o fof e o soieei[ B © W Faie fagid W sneaia
Teh! o HRUT T H=IT i THR &2 7| fonedt wemm] o |eft seiee SHeh i
o S8 BId | BH Wd © foh forel O] o AR o Wl 59 goiel i e
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IHoh TR Al Z, o SXE Bidl €1 37d: TRHIY] | Sl i el STET (—Ze)
3Gk TR o el AT (+Ze) & SR 2l €, it TCAr] fodia €9 @ 3EH
Bl 81 gHfere fordlt wam] o Tifwres W Wi ) HE, aead: SEehl IRHTI] ShHieh,
Z =t R

LT & @I
Fiifer ggAfiam e Efean argnm o & gaeenfis 2, e O Yo o A
o TH UM BT =1feq| wifhd BrEgisH, SYRTm Td grefeam o el o g™ ml
H eud 1:2: 3 71 zafaw ggdifem ud 2efeam o fusht o e & sl
FS I T ol AT AW 37 FHEAR] oF AR H faed@ S| srifase
ToF I U R GEH-SSAHM o WIS W ¥ Wi dl HHY: Tk TS & W
o T Bl 1 98 ded $ATa hial © b wRwmveti o Afien] § Wil o srfafie
formm wH aren 98 I]EH 54 ff Th qd "Ee o U o &9 H OEl OBl
21 39 URemed &1 gfie, 1932 §, S <efas g & T = <@ S
Sfferom TfgRi W Tew FON (Tt Fui, Eferm Tfgw B § e fawm
o B9 3Te S9N W == 1) HI SBR H S €, o 39 5w S fafwo
Scafsta g €1 g8 ot qrEn e o 3 serie fafwtr, €iferm, e ue e
Y T AR ¥ THTRL 3T YA ael e 71 39 Y 9% 91 U
e 3 fafe wie (foga gaenta fafewon) 2 <) s ©@ Hom weeo
fradl &1 9E w3 W ga 9en R Ak I 7 fafewor wem % .

Ed
B A AR el 3 fafeRwon w1 gor H Sga Afue Bl s aRfeem Afent
W U N HT AOR ° WE B B T g o g 1 g, o wefaw
3 GdoSHE €1 9 g fRA, 39 weuw ¥ uWifed e fF S fafwon #
Th U YHR % SIEM KU B € R 2T hed B el UH Heml G
e 1 ITART A, I T AT H FH FATH I FH § TEHAD WD H,
59 9o o TME % T SXER U I

I TH I H1 FEH STcfs AUl § Sd 81 98 €,

m, = 1.00866 u = 1.6749x10*" kg (13.3)

L H G F fau defaw #1935 & Aed [WEHR ¥ gEif e
T U HH WM % fawia UF qe 2 swerl g 81 T T W, T
TARA T U Wfed (379 9ol 601) o &9 H efdd g S 8| sEent sied
A @MHT 1000 s et 21 aerfy, Afw o fiw qe wowEh g 2

a4, ﬂg‘wﬁ = freafafea uef e Hord fogl 1 SUAM wieh THHAE
S gehdl 2

Z - THY] HF = YAl i HEA [13.4(a)]
N - =ZMH &1 = =2l Sl GEA [13.4(b)]
A - SEE 9= = Z+ N

= =eHl Td JeHl i ol g& [13.4(c)]

W Td = % fAau faerarT sk w1 st SwEn fRar S "eRdr ®1 e
foredl T § feer Gem Sl S H WeN A gl Rl

foreht Mt wonfa =1 Tfas o Hord fog 4X gR TR fFn s 2
SRl X 39 g w1 qOEtie o 1 SSeRw o fou, wui-Afas i Hekd
197 Au BRI FEd A §1 T 197 JfaeE B § S 79 We T 118
2 T Tl
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s@ fordt a8 o wEefeR] #1 GE H Wod 9 99l ST 9w e
Rl feu U 9@ & STl o AIfYeR] § Uil S 9@ 9 §EF e R,
WY 4 TH-GR Y A A Fen w1 gfe ¥ fo e € ggdfem dH W

R TrEfeay SHﬁQ‘cFQﬁ?HQ‘orQ‘f?EH%ﬁ%I Teal 0l o 32 HHEh
R § R 3o HETs F WE A =173 8 A = 204 7% &1 31 7€ €W
el € Wl goh € T dodl oh WA U1 Seh sl foerd W R
HTd B Hfeh, THENleh TRAET & selaieh famE WHH B § SRl THEfTh
aer i TH S B T SR sEfin SRl oed ORell H wh @ wH W
@ S

W gt Tfvs e some 9@ A 999 2§ GHYRE Fedd B
IR, A9k SH T SHe HHHINS 2l Q@ Tifyer SRt =I2iM S N 99H
& ot WY FEE 2 P A Tl Fean €| Ieewnd, 9Hg e

197 Au THRE €
13.3 -rf¥er 1 @SS

S B 1A 12 | 3@ ®, WIS o8 SOl Asifer o RS A Aifves o
I &1 IRERETT T LI il W{IHIS oF Folld | IR Td Aded 7 @l &
Feh T UTHT HUI o YehIUH § Hafed Ufag TarT fowam S7ek W § I8 ¥ gal
% 5.5 MeV TIfdst 31t o UeWhT U 1 w01 AIfaehi o Feherer wga 1 gt Tem
4.0x 10 m e = B WA F o -H01 o TRV hI ETIHE 3 I8 THEH THAA
o Wehivi o fIU el Fettm 1 Ffaswyor So & STarE €1 <, SFeH e
wifs o ffed gran €, ek o1 areafae @8 4.0 x 1074 m 9 w9 g =)

IfE 9 5.5 MeV § 31fue& sl o o -0 TAN HL Al 4k 0l AT
o freey w9 #1 S0 I FH B el iR a9 YEvH ey W AR
Tl ¥ yifad B o iR WIS g fRT T qftemerl @ 9w WH - SEd
AT RIS o IR Uehl HUT T Tl Aif9sh o oFee g Ol o
¥ @ Gl Y hel WideRtul od W enenRd €S9 g0 o g e W
EIHIE o UReherl § M Ol S TR EM o €, AHHE Wigs o o
o frerd feren ST Gewar 2l

TH YU TN Hch S o-F0T oh & T e 7T Seteel o1 fafa= qal
o W DR HI T €, T qel o AR g T aRgrga 9 9 fhe T

I U@ T TR A SHHE GEA o AR i B o

R=R A"? (13.5)
W&l R, =1.2 % 10"°m (= 1.2 fm; 1 fm = 10'°m) 38a1 31 2 & s a1
A (S R® o STAMI €) FeawH W&l A o STHAMI! 8idl 81 37d: e
1 ¥l Ta g ©, ateifa, Sl e o fow gment 71 A W R @ e )
fafa=t e 5@ o e o 59 #1 95 HT WE T 1 AMARTT S FI A
2.3 x 10 kg m™® o Wi-Tehe BIdl 21 W IE1ei ot Gorl | Sl o1 T T wgd
Aferer i1 8, S Sl o felq =l sharel 10° kg m €1 &Il €1 39 e i @M
T guen ff <1 Ul 2, Fih T¢ 70 TEd & 3@ Ioh ¢ foh ) rfurepier: i
¥ o e 81 g wEgEt @ 9H gor | 92l wnen | R e e 2
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3dTe0r 13.1

33(g 0l 13.2

IITEIT 13.1 AR o T14F 61 TSI 55.85u T A=56 ¢, THH] AMTHT B
AT Hifg|
'A

m,, = 55.85
u=9.27x102% kg

T 9.27x10%° 1
AEad (@r/3)(1.2x107'°)° 56

=2.29 x 10" kg m™
M IR (TF Tt ikt fig) ® uared 1 o9 50 T & W qoria 81 98
Tuiian & foF 39 dRF @ %o 39 Himn 9ok e & T ? R g R e s ae
Tfush #1 WE FIeR H &l

13.4 THEAH-FSA q9T AR SeT-Selt

13.4.1 SHH-SSl

SMERTEA A o9 fafdre smufiear fagid o STUR W I8 <A foh SHAM SHe1i
& % o0 w9 ¥ fafire smifarerar fagid © Teel 98 AF S o fo feRdht sifufman
H S T Sl STeTTT-3fer Terd B €1 T ST 3 T <9 foh oA shed
Foll o1 THYU B & S EH S-Sl 1 Foll o 3 B, ST Soff §, et
F GHA ¢ a1 Toada g s1efd S i goaHH § wuidid & o g9d 2

e ToIU SERET 4 S WG SoTHH-Sel Gogedd Hay o o8 2 ¢

E = mc? (13.6)

el E, 5o9HM moh THqed ol 8 Td ¢ Tefd o Wehtet w1 o € TSt wfeene
T 3%x10%m s %I

IR 13.2 1 g T oF AT o0l ol GRepfad hifs]

'
e E =107 x (3 x 108)2J
E=10°x9x10'*J=9x 103J
9 YR, AR Tk U U=1ef i ot So1 ° TWaRa fohan S df s Feil i fowna
e g Bt 2
STERTEA oh SHHAM-Sell qa i UEfith gfte, =fererail, ekl seraemi

3T T B B @IS T FHN o o g drelt Akt stfafwenstt o etem | wl
b1 21 fordlt erfferan & il geeror fam @ eifur © T aft soqmm @ dag s
w1 ot gRererl o wftnferd w @ grfies Sl Afad Sl o SUe Bl Bl T8 Gk,
Teh! T IREARE T ohaneti Td A SMEl 1 99 o faw dgergul
21 TS e P A B fovE—aeq B

13.4.2 TR FIqT-Shall

AN 13.2 | THA <@ ok Toer =2 Te W2 1 & 21 37d: ¥ sTiferd § fom
TfTeh 1 ST, SHH f9=MM =2l T Wi oh SSHMI oh el AT Tm o e
BT AR, TR SME M, 989 Tm 9 HH U S 81 S0 % fau, ST
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%0 @l | 399 8 Ul W 8 =g 21 e,

8 <&Ml 1 §HAH =8 x 1.00866 u

8 Ml &1 FHH =8 x 1.00727 u

8 TRl sl SHHM = 8 x 0.00055 u

ZHfey Qo Af9eh &1 suferd 599 = 8 x 2.01593 u = 16.12744 u

FEH AUIHEATH o A R W 80 1 A T 15.99493 u Bl T
Y 8 3ol 1 FFHM (8 X 0.00055 1) MM W 160 o AWk 1 Yl a
15.99053 u #l

3q: TH UM € R SHISH 160 Ak T FHWH, THEF Hhl o Pl FAUH
¥ 0.13691u FH ¢ fF o SHAH TS SHF Heh] o §ATH & 3R AM, i
FoTq &7 Fed €, IR TR UM 39 YhR oI TR S €

AM=[Zm, +(A-Z)m, |-M (13.7)

seAaH-aifd a1 1o 1 22 A W SAEREA H SHEH-Sel qagedd fagia
T gftreet fromar 21 <ifeh, SHeRAST YR 1 SAUM ST SI2shi o RerH oh AN
(erafud staeen & 8 Wl Ud 8 =2 1) W W Bl §, SIS M 1 GAqed
TSl Heh SIS 1 THAET Sl o A W HY et | 4K 3T SfRdreH e
H 8 UMl Td 8 =gl H fowfed & =€ @ el ¥ sifdfem e,
AM &, 38 e 1 Y& T BT $heh Qe T8 ol E, , Seqq &ffd
¥ frefafad e grn wefua it §

E,=AMc (13.8)

IETEAOT 13.3 T WHY] SUH U & Goged el 1 91 T8el g 3R R
MeV ¥ J1d ST $HHT TN H¥eh 50 T 59 &fd MeV/c® H o4 Hifoy
&
lu = 1.6605 x 10" kg
THH! o1l o Al § UREfid i o T B0 $Uh! ¢ @ 0N id @ UH UM ©
foh 3ok
TAGEd S91 = 1.6605 X 10727 x (2.9979 x 10°%)? kg m?/s?

=1.4924 x 10'°J
1.4924x107'°
1.602x10° ©
0.9315 x 10° eV
931.5 MeV
FUEl 1u = 931.5 MeV/?
50 & faw AM = 0.13691 u = 0.13691x931.5 MeV/c?

= 127.5 MeV/c?

~ 180 1 THF Tew! ¥ famfm w % fau sevasw wui 127.5 MeV/ Rl

I FS =Ml T YHl 1 qE-919 ke, Ffv=m eew @ sem™ o T
THE SR S qSH YR HAE, TS JoK MM TS FS AE, AHE H 311

€°€T lnr2Ibe
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% HifaeRt

FYT-Foll FEAl eI afe 'Y TRt e o AMHh-H0l 1 S-S HE
B @ BH 3 N Hl FA Foll E, T HA BT T AAE HI EH 3H TR
e T whd, ey off, e 1 deA-oei g9 df Sadt & 2 T fee s
H fererai WeR fardl o=t @@ ¥ WS 2| AAE o HUN b e vl bl
T R eifus SWER A9 Fya-ger gfd Ffwra, E, 2, o fo g =+t
qeA-Ssl, E, T8 399 fagam Ffeasi@ &1 5 A %1 g 2

AE, =AE, /A (13.9)

0 Ufd fFeE SeH-Se w T AF Ghd © fe g TR ifas & sEeh
feastii § guerd w3 & AU srevass siga sl 2l

fos 13.1 ® 9gd ¥ vk o
faw ufd feeriT s o= E, T
T & A § WS fE@mEn @ 2

—
=)

56

g Fe 0odre -

20 o [O—— SW 197 238y 1
Y

; s | WU A 3 fefafen dgu w

(#1: foret gfter=r &9 & —
oLy (i) weEEd FemE Hemsd (30 < A
< 170) = fou, 9fa —Ffeema
. qUA-FS1, E,, 1 A @RI
2 ¥ w9 4 fa @ €, steld s
H I & Y qiefdd el e 2
0 50 100 150 200 250 WA=56Q;1\FTQF’WW’T 8.75
ST HEA (A) MeV &1 sifushad 7H To A =
forT 13.1 S99 9@ & %o o ®9 H 238 & T 7.6 MeV S¥idm 2
wfa et TuT-S| (i) g1k Rl (A< 30) W& Wl
TRl (A >170) IH 6 foag &t
E,, %1 9 WeFerd] qCHI] ShHish
o IRl i o | STUehd

4 el 2

gfd =IfFAsta FeF Ssll (MeV)
N

7 YR e frehel @ wgw g ©
() T St TR § T Wi R 5 MeV siuF Sa i o oy, i Yo €|
(i) 30 <A< 170 % T § SeA-Foll ! 3=l 36 94 61 UROH ¢ T 719t
T o7 WIE o7 B B 1 9 ek oh fier feerd et et W fomm whifem)
T 3T GH-USHH o Shadl 31 Jaasil ° gifad s S 39k AR 9
o URER ¥ ot €1 Ak HE o feera 5w fafre =feea o Afvwta a9
o IR @ eifush g R 2, df 7 foamei Aifus &t S-St 1 afe ot
yurfad & wom A fed mifas o e oo & 9 § eifeerad p
=JfFeTar 8 Thd B, Al SHHR! SHF-Fell p oh AHAMA et A T foreht
TF T S-Sl ph®, & k Tk Fadin © et fommd o€t € St St
Bl 1 37 AR g Rl ol WA SRl A 1 WM S, ol 399 AR o ofie
Rl 1 TA-Sell Ifad @l R ik, foRdl o 9 Afwes # eifteRi
feeri e ek Ted T 9 T3 Y ST, AR kT S-Sl W AT I
312 e TAE 0T & B I A SR sA-S e dt § 3R swe e
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M pl % R 2l 81 A9t T o8 07 Ffdeh SR i e heret 210 fahe
o e ol & Teler el €, AYFIT Tl T g o7 wEewa Bl

(i) T offeer W) AR, S A = 240, #1 ufa i SuE-Se,
A= 120 % TfYF H g H HH Bl 21 3T, AR A = 240 T I ATF,
A=120% 3 TRl H 221 € A, 391 faera A gear @ uias 8l T8
$fira e € o 28 wisan o St foer Bl 98 fage g St fae 8 i
el HremT i Afrersd & € fomes fawa § eq e 13.7.1 § ==
Eaull

(iv) T HIFTT TR ) goteh MWF (A< 10) HAld 2ot Teh A9/ AT oA 2
oo B o1 39 9 AR o1 Ufd =Ifeerdi SuA-Sel, goioh ATWehl i U
e e St 9 atferek €t €1 Rt 219 9 g ok sifem Freerr o mor wRfue
e 1 gor o eifuss S o sfua §1 78T Gorg 1 38 wieea § ot ol fagea
et I g w1 St k1 G € fomer fava | ww emgam 13.7.2 ® == w4

13.5 YR oA

e o S TRAT] H geieeEl wt 1fa fafra s § R guikfea s s g1 e
13.4 % &0 3@ T ligd so9mm o s o fog wfa =i S-St o
8 MeV & il TWHIT] 1 SeA-Foll shi qoil § agd ifush 81 31d: =19k H o ol
TER ) W o fou T a1 SRR o wifeiedt STeRd ool 1 Savasdl 21 I8
A 31 A feRTeel 1 =T o (UEIfeT) Ui o ofte ol gfaeRdor ael
Y affueh gl IR WeHl Te =gl JH1 i AIfYe o g&H oTRad |

Y 7@ G| BH T Ted € 3@ b € foh i feerde sum St w5

=T 1 3 Sl 1 oY TE Yeptd © HHS S Hehel €| AT &
T ocl o F AT I HaY § = K @ ) T 9= 1930 §
1950 & d= fohy Tu fafe=1 =i g Wi gem 2l

(i) YeRTT e, STEEN o did O dlel Shalid 9ol T SeaHMl o o
A ol TeceehtUl el i qoil § STcafees vifeenel el €l

feerfast =t (MeV)
SN
——)-/

Yfaertur ae W SATUY T B 21 9 et Hwe 81 U ©,

TG S T Y, AF F AR/ T o A= T e el k
100

—

Hifeh TR o1 Feld ol i gorT B fcAfs goed B €l 1 2 3

TEH YUl §iel dl Shelld ot &1 gl o o 37ed oot gl 21

r (fm)

(i) AT oF o S TR TS HRIMIR ¥ A A W 37 a4 for 13.2 T Tifwewa g
T A AE T I Y T Y A I TE B, S 0 T ST A= e
o a2 W < A § ael B wged’ a1 fef on sk & 7 0 1 ¥ A g A A
s TRUTHREEY i e S e @ ST S w0 o E T

o1 Tt il 3IR Sk == o1 50 © Heiel 9 ol T TR
s o 13.2 ® SRifen T 1 e 0.8 fm 0 r, W feufrw
Foll T HH =JFdH BT 7| THRT 1 g gan fon A it % =
T 0.8 fm ¥ 31k it € A & et SR 9 B § W 0.8 fm
¥ w9 g o g 3 wfdsmdor 9 e 2
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9p)
(o))
—
1
0~
©
0
—
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(iii) =[SH-=IH, =SH-TIeH Td WeH-HeH o sfte o alel Aehd 9l o1
T URA o e & AW o faga smae W T2 )
FAm o a9 S1eren e o e g #1 Aifa e ael w1 wE WA

it w9 & 7

T WS = (1867-
1934) Teie H S

¥ team fueftl 1896 # T
ohte g1 eantfaedd #1 @iw
I A ok 3 Ul frer el
IR STHYEl TS favemon &
fere ufka foran, fomeh woraey
Ti— eom W@ weEH—
JUFRRLU] HYG g o8 YoH
At off foe 1 il qEEhR
U §C : Tl 1903 | sifaent
& fau ok g 1911 ¥
TEAfeRH o fou)

13.6 3Ifsaufeeaan

eanifoeaar 1 @iVl L. Sehiel 4 T 1896 | HANTEET H1|

A T v B AR e S w T

PRI 1 I HId Y Sehlel 7 Weh Uk UREel @

PFTFH-TRE Tethe & $ THEl W ITT FohTl SeH & 91

3T 3T el TS T ove K 29 Yo 3R wiemnftee wie

% o T A<t HT HST W T TR H3 5 9k WH F %

9 WA e S Saerd fohal 7= @t 78 =N 71 foh 9% wie

el o T off| e ferdlt Ut =i o srRoT gan g W Afies

Y IcEfld g2 BN qen el & SR e gF 98 W

HITRe @i dh UEH TS B
. # fRu U yErn | gwin fo fednfeaa Tt

uftere © foew sremd Tifes afad g @1 39 el o

FEd &l THA H 9 TR & feanfaey a9 aa ©

@ o-&, foem dferm Aifaes (‘He) Seafsfa e 2,

() P-e=, fEd soEe s1emE wisieq (T8 o /e semmH
Al ol & SR E Bl § W A9 Sk gl o
foamda & ©) sfsia & 2

(i) -2, 599 I=9 I (100 keV 312 31fieh) wieH
Ieafld g 2
T Y% YehR oh &F T AMTH YT | fo=m fran
Sia(

13.7 AfTeRT St

o= 13.1 9 9l U 9fq Ffasiy suT-Ss E,_ 9% H A=30Td A= 170 % a4
Teh oS WA 9 €1 TH A H Ui SRS S-Sl T 3R (8.0MeV) B geteh
feRi, A > 30, 916t 9T T 9 A9, A > 170, 9Tl 9T H, S/91 84 Teed € <@
Wb €, fd ferAsi S-Sl 8.0 MeV © A B A% se-Sstl 31fersh 81 dl 39 sifera
e S ek 1 el SoTHM %A NN GROTHEEY I i A el se-Soll
e Iy fhdt eAfte dem-sl arel AIfYer | ®9aid o df el Sell Toed |
forelt Wi fer o6 1 a1 A W sife At s H @i (faged) siear gash
TRt 1 forelt Ol e o HeSE (HerH) 1 ufma | e @ e 2l
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HIFel Tol Uiy S qRufier ol Hidl | Soerdt werEfTe sAfafwmand g 2
el foqe B aTedl ol Soiae diee i hife i el ¢ Safh fehe Tiaen
Ui &, MeV hife 1 So1f faqaa gl €1 o7d: 51 %1 GHH 9161 o e, It
il sh1 37U 9T Hid el T ST forer hid €1 SETedul o ferw, 1 kg R
o foraed | @ 10" Soft Ut Bl ®, Sefeh 1 kg F o <69 @ 107J Sl
e gt 2l

13.7.1 fa@s=

Urepfash eaiifaea et o ot AIfWeRl W 3= A9 &l S Wie,
I, TeHT FHU1 1< o JohR | B aTcll AHh1E Gishanet 0 & <4 9 18
EUEEICE RIS

forgen s Hewqul =geH-URe it giwan 21 foae & Smeom: s frd
e gt 25y R =2 9 YeR @ Sl @ @ 98 <1 AreAfis SeFHE

92

Tfqeta el § fawfed & 9 ¢ :

N+’ U 5 2°U - ¥ Ba+5 Kr + 3\ n (13.10)
7t foran o weafie geauE ool el & e g oft Sooe B W ©
N+ 28U - 2°U - °Sb+ INb+4.n (18.11)

T 37 3T ®
on+ o U — 10Xe + 55Sr+2)n (13.12)

3 foafed SR Weanfmes s g € oIk 50 a9 qoh B-2/ 1 A e
wdl & 59 7 T oid § ol we yrw | e W)

Pfrem S e 1 faaea erfufwan & Frjs St (Q -AF) Wi forafed =i
200 MeV &1 Sife &1 el 31 THeHT SMher & Fefed i ©

o R TR TR B A =240 % IR T8 A= 120 % < Gei ¥ forafed @ 31 @

A =240 ek o fow E, @9 7.6 MeV ¢ (fo 13.1 )1

A =120 91 fawifeq Mifass o fow E, w1 8.5 MeV 21

. 9fa feeraa dUF-Sel i @fed o 0.9 MeV 21

q: S-Sl H el @ied 240%0.9 ¥ 216 MeV #1

forge w1 weTistl w1 foeed sl 9gel &F-3cRl 9o =LAl i TAS HSl ok
®Y § HeAd el ¢l 3fd § T8 SAHUE o Fo ] B Sl O o &Y §
it & S @1 e Rl o Ayt fodea st 9 forE scaed g @)
W] 59 U foe e el ged el At s faged ¥ € S gl 2

13.7.2 AR Hoaga-arl | Sl o7

o1 13.1 o <ifan v S-St oo 7 off <wiian @ T Al S wereh ek e
Teh 3Telhd o] AR SAIG al Sretl e Bl B1 39 iRl Wl AYHTT Gorad
FEd 2| TH qE F1 S foEes sAfafmaet % o Seew an fay
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'H+ H—2H+ e +v+0.42 MeV [13.13(a)]
*H+2H— He+ n+ 3.27 MeV [13.13(b)]
H+2H— SH+ |H+ 4.03 MeV [13.13(c)]

arfaferan 13.13 (a) ® < Wi et T <72 e U uifsrei s & 31k 39
R W 0.42 MeV it Fererd! €1 siffeman 13.13 (b) o 3 g7 ferr ifersm
1 ToART GEENTeh oA 21 1fafman 13.13 (o) o < <792 foae w dfean wd
T JIH T €1 oA ok fo &1 iRt 1 3o eifursh o o7 st € forad
o 37op o eThftid o wEE YR o wE w | glelitn <Al A
IS AT B, 37d: Sk sie cheid WidehtUl eIl oTd: 19 Sholid Sfele UR
FE o e ggfad S e oTava® T 39 o™ STeNid HY HaE awl ud
AR T ARl w1 Bemet W AR wd {1 SR & faw, 7w e o
T S Heha @ T < WieiHl & fIT g% StekiUgen (barrier height) RIS 400
keV B @1ereh Saeedl eent o foiu sraivguer X off siferes =il fenelt wief
T H Wi gRI ™ 3TeRiY il IR w4 % fa gafe Se 8x10° K g o 9T
&1 Tehdll &1 TH 19 1 Gfehe, G (3/2)k T= K ¥ K& 71 400 keV W@ ™
ERIES EECT

Fsll Rl ITANT A 391 ki o foQ Tfveta Herad Ta-5e4 9 81 A1sul
ATl a9 59 a1 1 2 oh 54 1 19 99 qeh o9&/ ST S e Toh 39eh 01
A 39T AT TG oF HROT, Sheltd STERIY i UR A HR SMU| 39 URAT HI a9
TIFTT Yoo Fed

AR o 3fd: T2l § Tl Sl o1 Gia @9 AR E HoreE 21 g o shig w1 dd
T 1.5 x107 K €, S foh 3iiea il o vl oF Gerad o forg sfagesh 1A
A9 § TR KT T TRd: GA H g ol Hored gimane o oiga Seietl ¥ ¥y
AAferss ot ATt W 90 o B

31d: 19 AR TT Gera ogd S=d a9 T <6 W & 8l Tehal & AR a9 T <@
1 el Feerfaat hoel dRY o AT W & Syeed 1 ARl § Sl S - AT
Gerg o W o & g 2l

g o B Al Gorad sfufwmen uw SgeR yiwan @ e wrge dfae §
TRt €1 31: G o i W BRSSH $UF B iZH-912i (p - p) T € 5N T
Hfed g =, Frfafaa sfafwaet o qq==a g0 =Fed fonan S ehdl 21

'H+ H—2H+ €'+ v+0.42 MeV §)
e’ +e - y+y+1.02 MeV (ii)
H+1H — SHe+ y+ 5.49 MeV (iii)
H +%H —iHe+ H+!H+ 12.86 MeV  (iv) (13.14)
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et sl R & fau o7 oeves © foF teeh dF efufrand -3 e &
3R 39 YR ) Boioh SIferad Afeh THeTeht War gifeam &1 Teh A1 aq1d| 3R
T 2(i) + 2(ii) + 2(iii) +(iv) W TR *X a1 Fa 491G g,

4 H+2e - 3He+2v+6y+26.7MeV

A (4 H+4e) - ((He+2e) +2v+6y +26.7MeV (13.15)
IFd: IR TESSH WA fAae T% He WA SN © iR W WRmaAr
26.7 MeV Sl e 2idt 21

fopedl AR ok 37d: Yed | ohew diferaw w1 & o T g S-S we |
TEgSH (e o o5 #Y) %W Bl 8, i 3T e @l 21 SEY q 39 T
o SHIU Hepfed Bl @ S shig 1 a19 g Sl €1 7% shie 1 a9 10°K e ¢
S A G| & foRel I 8 O, W $9 9R Bifaad sred | giafda s sd
TR 1 Uik o HeAd" g1 o€ SoFHM W&l arel dcdl sl S €l Hehdll 81 T%
FeA-Fet gk (1 13.1) o e R fee@ 98 qeat o1 et 59 gfsean 9 72
Bl Fehdll

g T Y A 5 x 10° 96 T q1 T€ SHH oA S € foh gd e
5 3RE ol qoh S W@ o fu SIevdeh BEgIS SUeisd | SHeh UYHd, SRS
T ST T STCM 92 gF ST 8 | 39 g ST e oh Rl Hepfad B
o fSEd gd Y e w1 a9 a3 398 gH 1 el SeRer o o e
T4 TH et 39 (red giant) § gRaEfdd gl Smam

13.7.3 It ama fvesta @@=

forelt AR H B arelt ar-ATfeRTa gfshal o1 TUIR0T Teh qrd-ATenta gfo & foha
STl 21 fore it o Ruael &1 329 AfYeia S99 &1 10°K a9 o o0 |
TR Y TR W SA RO BT €S9 919 W SUA eFcHeR ST 9 Seieel
(AT 1 fagon g 21 S 58 9 S W o fau 1 a5 Suersd el
%, o7d: 39 19k S WA Tk TH ¢ 9Ra Gfed fave o @E <9 39 ded o
feral o T o yarERd €1 37 T o Whd BH W, Wl € o Horr g
AN & T A i 9gH Y "

ISEI0T 13.4 Fr=Afafad goai o W 9T .

(a) = T sfafwanet & et (Ser fe 9 13.7 § fiu ®) vEEtes
T (ITE & fAU2H, + O, -~ 2 H,0) % &9 ¥ Fgfem €2 afx 7
fore &9 H A1 IR FHEH Ffad gl

(b) =% Fieii 3R =g =i W, Yok Aeh T arfafemen & wifera @t €, fomelt
et afafswan § fohe YR Seaum, S § (A1 SHR Soidl) aeerdl 872

(c) T R ? o oheel TR e § € godm-Setl Toh SR | agel S Fehdl
& Sefer TEEtes e § 98 w9t TEl e 21 ¥E e e 81 SHeR
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(a)

(b)

(c)

3TeYor 13.4

et TEmafeR stfuafshan oF wgfera g &1 feafa o for sifufsran o TR o6
Tl R gl qel o AR i wE g9 et 21 Rl wemEte srfafwmen
o wRATET o gl HaeH | uRed= @ e 81 W Rl Tifenta erfufmer §
ALl oft Bl Tehdll B o1q: AARTT tfAfHan § Yo dedl oh TRATYSH i TEA
1 Werd €T STavEs el R eleilte, ARt afufsman | e qen =gt
Tl 1 GEAd gk ®Y U GG Tedl €1 [arEdd |, oreiush Sl o uResd
o =g o ff gifiea g T 81 o%qa: $ol e a1 et (o g’
Gferd &d €1 BH 39 fave W gl e @R formR el i ] et srfufsmansti
[S9 o THiehoT (13.10)] § TRt o Sl SR FieiHi ot Geard qen =g
%1 T gUh-gos &9 | g9 2

B WA € foh ek ol S-Sl o1 AT & A9 § FUMHS AR
(5oTu &ifd) = @1 <feh fohelt fereRtar siffshan & Wil qen =g ST T
FEATd TRfed et 7, o stfuferan o S SR =gt qon g 1 et foRm
T (rest mass) THM Bdl €1 WXq fepel fyentd eifferan & sl ik o
T T Spel FeT-Zoll SATTTHAT oF SR TR oF AR i FA dEH-Fsl oh
THM BT a9 el 1 37 SUF-Setieh o1 Sl Arwenta sl § st
T arelt St Fehe aelt STl oF ®9 § Wohe BT 71 Hfeh SEF-Sel SoHEM
o I <t 7, o7 W shed @ fon foRdlt Tt sifafwan § S IR & e
AU 1 FR ol o &Y H URafad g S § (A 39 faudd et $a
TAUH o 3 o ®Y ¥ URdidd g Wl 21)| 39 ®9 | kg rfafman
FAUA-Fll o 3 EAL0T H1 Th SEET 2

S-S oh 3 Tl i 3t 9, Tagiad: woh Temfen stfafswan Tifvent
arfafsran o wuey 21 fohdt wamEte sifufwan § sresiifia steen ferer ot
Sl AR o6 AT 3TR oF TRATULSTl Qe TS i qEmEfew (Tfawta &)
T Seiiel o SR 1 TR FHIA 2| e THEAE TeH-Ser oft ferdt
A 3] o el SN H RO AR (SeHH- &t ) whi g9iidl €, gt
&0 frehd fehrel wend € o fenelt Tamafer sifuferean o ST 3K o aeamoged den
SN o el TSAAMl H1 AT o1l o ®Y | YRATId el Sl § A1 Sell e
Al % A oh ®Y § uRafdd Beh GHIER B Sl €1 g, TRt
AR AfafsRar § Hord oM afadl w1 aiEmn ATt e o derd
SoAu i@l i ol § he @@ T HH Bl 81 G ®9 H TE URon @
foF T wiiq @@ € (S W T ?) fv fEe wamte sfafea § wE
FHANH-FSl h1 S EIR & 2l

.

TRATY] i 551 @ 10 T BIE It {1 WA HT 99.9% U Aferh FeAHE
iy & wmifEd e 2

2. THISN o TR R SHH, THY] FeAHM ThEAl (u) H A ST @1 R

o STTER 1 TWHV] SH9H 3HE (1u), 2C & Tk W] o Feq9H o 1/129
AT o SR B
lu = 1.660563 x 107" kg

1. Y% W] | T AN B 1 AMHE SHERE g 1 e i e
318
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10.

11.

12.

EIREY

e o T FREfE w1 g € o =g wed &) SUhT SHHE SRt Sl
& B ® fSa W i
Topeft el o1 TRHY] WA Z 9 el o WHITVeeh e § Wil et W gt 2
SHAM &A1 A, THIUEe A4 | WAl T =gl ol el HeAl o aUal sl
2 A=2Z+ N Tl N9k o fomme =gl w1 gen e s 2
Teh IRTT TSI 3Fefe Tk <FAEE (nuclide) 1 7 X gRI o4 hd &,
SRl X 59 TG S &1 Gohd 2
UM 9] G z, W fafe= =g 9@ Noh FFise gaee head
&1 3 gaeree e o SomM 9em A 1 U 99 8 gaFiie qen o e
Q=124 S&n N &1 5F 99H 8 g9ggife wedd 2|
AfUehTer el < A1 3ifereh qHEenfeRl o T B &1 el 1 AT SeHH
SHoh GHEeh o SoAAMI 1 9T A7 2idl ©1 STel 9R | dreaed qeeent-ieni
1 Trdel gl 9 2
T I AR R IEh! Teh T fuffia &1 S gkt 21 SeieeH
WhTUT FENT o SR TR AR w1 B2 S 6t ST Gehddl €1 7€ I T @
fo fuesnt &1 e freafafed g9 @ = 2t 21
R=ROA1/3,
W&l R, =T Fdish = 1.2 fm. 98 <@l 8 fo ek o1 sed AW fsf e
I SN FE 107 kg/m> 1 HIfE 1 Bl B
Ak o R = T FieH T WE Yoot Af9hF o gRI o B F
AT 9 =P T W 9 favg T8
AT FAAM M EHI 19 STaFdi & el SAHM Tm H HH Bl 81 ek
3R gTh Tl o FAHH hT HR FoTAM &ifd FHEa 2
AM=(Zmp+(A—ZJmn]—M
ST 1 FHATH-Is1 (9510 E = m ¢ 36 SHAM i@ il Holl o &9
A 39 YehR oA hidl ©
AE, =AM ¢’
il AE, T H1 47-F7 weand 21 A= 30 ¥ dH A= 170 T
TEA % T W i feeri SeE-gsl ol HH e e 81 T @ 8
MeV 9fa =ferai 2
AT fshaneti | S[Et Sl Tt Yfharsti i qol | o+ 39 aa
T SR B 2l
ol ferenta wfeman &1 @-9H @

Q = Afqm nfas et — yRfae TIfast e
S-Sl GLETUT o HRUT, HE Hehd § Toh

Q = (IR A HT AN - AfTTH T T A >

eamifeeaar og afteeT & foed & 7 ysifa o ifaes, o =1 g an y fehsot
Scafsia ieh ®UARd 8l Sl €, el o-foheol Eifem o At §; p-forol
ToIa € aen y-fepol X-foholl, 9 oft Bt aeed o T gaenta fafereon 2
e & gadl ¥ SiHd s A ggar § |fud e o uRafdd g @
St foqea Bt B e § w9l e <1 ok @l | faufsa € e €
3N, 25U+in »1% Sh+ 9 Nb+ 4in
Gorgd H gtk ek fieiet U 991 Ak s €1 g afed weft ari |
BRSS! o1 e ARl | Goram Sl 1 Fid 2
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1/2

witer ~ femd TR femuit

[M] u T A1 AR FHAH I HK
F oh foTT 3o A | T A
AT TR, *C W] oh FHHH
% o 1/128 90 & UK 2

[T s

[T] s ae wug fomd Aeafeesa a9 ok

Rl T TN YRS & i

et w® S R

[T Bq w feanifoes & =1 tfeead

1 A

fammona fau

. AT g4 o1 T AT o Figsl W R e il €1 IRAT] SeAmE S

39 | &1 g[8 Sl

. TR YehIU §RI ST i TE e 1 B 1 WM Qe U1 YU ok

SR T 1 1 TS 52 © o =1 aren 2 21 UEn sEfeiy ©, i, gl
YeRTUT ATes o 3freT feraeor ¥ geiferd Bid @ Seifer Uethl U1 31K 39 Sid
= U AR 554 ¥ gifed e 8

T SN SN U Soll 1 FAEA E = mc” T&feia vy oI o o1% o790
BH SAYM WU TS el WAV % gUEk Rl w1 A6 A8l e, 9
S-S T8I0 o Ueh Uehishd [74W hi o1 &hid 81 Wehid o T e o
e © e ST faveraa FHIor ARty SifgRt § e S 7| geeE e
Sell i FEgead o a9, MAHE el 1@ 39k Wi Hd o €9 H 3TN
1 MUR 21 3 F9 1 SUAM ek, fRE AR wfwa (&g ereren
afufsran) o Q-9 o1 Ui TE Afad Sedm o 9ol § o5 TRl ST Hehdl B
(9fq foeraia) sem-Seit 9% 1 Hfd Te A T fop Femerd it
rffepand S € i <1 etk AHeh| o TordA | 91 Teh R ek o HieAfih
THM ol &1 AR o forged | <@l ST Hehdl 2

oo o foTT geteh ATWeh! § qai< GRS el ol =1feC difsh o hard favd
3ERIY 1 IR Y Feh| &1 HRO1 € foh Herar o oIy e1eg= 1d &1 feggshal
Bl 2l

TEfy (i o) duq-Seil o Tad © iR 3od -+ & ufkeds s
? W TUH *He, 160 % =qoazel o fou frer g &) 78 W) #1 @
& g o off A1 T w1 TR 1 YHOT /A S 2

& < foh soieA-UITSig Teh SHU-Sidehol 0 2| $7oh SeAWH THEHM Bl
Toh YA o URET THE WY faudia yeid & e 2
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(1€ 9 T © TR STel Ush gl U Wb Uifeei Ueh |1l S € ol Teh-ge i
felltF (annihilation) X 34 § 3R y-feTo1 Sl o €9 H St 9&H i 21)
8. feamfaedd sk o srenfae 1 Tge €1 gofeh el H wifae & fag
21 Ta W hi HEAT Tl ST I 1:1 BHT =feT| R AIfR] o T
o faU I8 ST 3:2 BT =fewl (Wl o Hed TR dTel Uiaehyol o 94Te o
e o6 o sifvek g2l ot STERaehdl BFfl) 3 Tl STgami i 7 @
et Tk STl € §1 T ARl | =gt sterr WieiHi skt stfereher B /1
o W, (Feft i o) I FHET R o | SRTSHT 10% € Tt €1 o1 fieh
FOME TG Y FETRI § T1E S € (3 Ll A weifed W oo, p, d. n
AT 31T U o T G o S €1) | STt weeentes fove o e o

et ol | ot steeifrd fRT S 2 ‘
HEH
AT F Y9 BA HA H FAfafad s euer faw syanh fag =it :
e = 1.6x107'°C N = 6.023x10%° yfg @A
1/(4ne,) =9x10° N m*/C” k =1.381x10*°J K"
1 MeV = 1.6x107'3J 1 u=931.5 MeV/c?
1 year = 3.154x10" s
m, = 1.007825 u m_ = 1.008665 u
m(4He) = 4.002603 u m. = 0.000548 u

13.1 S AfHeE (‘2 N) T geF-3si MeV 9 Fd Hifslg m =14.00307 u
13.2 frAfafad sfiwsl o SHR W 5Fe T *0Bi e &1 d6d-3si MeV | 7
FST m (3Fe) = 55.934939 u m (22Bi) = 208.980388 u
13.3 UF U U fogeh %1 go7mM 3.0 g €1 SH Sl 1 AT FifC S 59 faweh %
[eff < TF Wl Sl TH-TH § Te Hhid o faQ Tewae gl 9iad o fag
79 e R faee pofa: $Scu weEmet w1 a € (Scu w1 gemm =
62.92960u)|

13.4 Tl o qEEE 197 Au ol TS o HHEAITR 107 Ag o iRt e o s1gua
%1 Giehe AMH 1T SIS

13.5 f&dr My sifufen A+ b — C + d &1 QAW fr=fafad Teieor gr gienfya
g E,
Q=[m,+m,-m.-mJ]c*
el f5u MU germE, A9 foim oMM (rest mass) B f&U U st o
YR W waEy T frefofad sfafwmand soaed & =1 s
() JH+H —»? H+*H
(i) ?C+C -2 Ne+;He
faQ T ] T W TSR €
m (?H) = 2.014102 u
m (°H) = 3.016049 u

m (12¢C) = 12.000000 u
m (2Ne) = 19.992439 u 321
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13.6

13.7

13.8

13.9

13.10

A o6 89 SFe AW o < GHM stagel 28 Al § foreed W foe=m 3| s Sl
1 gfie § 78 fage wa 8?2 39 Yo" &1 Q- T1d Hieh 101 deh T&d il
@ 2+ m (¥Fe) = 55.93494 u T m (2 Al) = 27.98191 u

2%9pu o foed o1 9gd F9 255U ¥ faen-ge €1 foees fagea i

94

ol 180 MeV 13K 1 kg I *9Pu & w+ft wm] foaifed & at fohat MeV
TSl faqe M2

2.0 kg SgEIEH & Gergd ¥ Tk 100 o1 1 fagd ofq fohat 3 yehifyra
S Hehdl 82 HordA eifafsman feed off S geRdt @

H+>H— SHe+n+3.27 MeV

T EYSHI o SHA-TEA T THHR ok [T Helid TR hi SHaE A hire)
(Hha-pelim 3T i HEE H1 0F 39 S o o9 FH oIl 39 heli|
iRt e o SIS idl € S Teh-S ol Gueh | @ S R S ae AR
BT Bl 98 I Gehd ¢ TR g2 2.0 fm gurd e et g et #1)

T R= R,AY? & ¥R W, T9ET foF AMTRTT 509 1 9 e 3R ©
(s1efd A W fAsft 78 e @)1 7=l R, u fodis ¥ ud A s # ger s
e 2|
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