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ge ARY fRan fSTEeh SMUR W Ta W1 I 1 9 9 stemas feman
ST Heh |

5.1 JATARYT ki TARYT HTT—acdl o AThIOT o
PINECRD L
T Tel foh % fafi= oegell wd Wil 1 Sk TuieEl & SfER W
efiepe fopen = Wehan €1 3t Teerferat o oft = orerf o MR W et
B o ISR e €1 9, ShEl | WAl $ Th WY Tk W W @l
STl €, Sefer fagepel bl T WY g T W @1 Wl 81 T8l aeh R
Al o oft, M o WigH i hUel UM o WeH 9 STe W S ¢l g6
YT SRl A oft el W1 Ik U o SMUR W eNiiRd I o
gy fopu aifer eTogafera =i =gafea foan weh)
Ged B, T dodl i oTg TS 1¢Iq | afieRd TR T S-S el
TF 3ok TUTE oh IR H TERI 9 dgdl T, S9-99 3% 9ified &
BRI CaR I

5.1.1 SER & fw

T 1817 H THA TS, I SORER F HHM TUIEH ot qll
qoEl H efterd 3 1 T fRAl SR dH-1 qcd Al FB Tl
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A1 T 37 Gl ol Tk 81| SR A Farn for ek o il deil
I 3Tk TV SFHM o MRl HH H WA W HE ol qd
1 A SAUME, 3 T dedl oh YH] FAHM sh1 O S
2T 2

3 o oy, wfiferm (L), @ifesm (Na) T 9iefiEm () o
e W oam {fNY, fS9eh T S2WE %A 6.9, 23.0 e 39.0
& <fiform wd WefEm & W] gemEl w1 Sigd @ 72 Gifead
o TWHI] SoAHM W ! qoil i i S Hehdl 872

f1 wwoft 5.1 ® 7 9wl o F@ wE fu M E T a6
Y] THAM o SRR %A H W 9 A= &l IR =Zafed e

T B1 1 MY Wl Hehd € TR S W HH-O1 99 SegR e forT 5.1
ERIGI FHEYAT FHITT T STTHT T
i e e 5T
|Ruft 5.1 goT T RN faerar & st
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@ d Fd o ciferd 37
M < foh T B A WHE C SR e o € SToRER SH UHA  effwr oo srema F FE

T T T H hed i R € 9 R Weh o (AR 5.2) | safae e faf T 7T e
T oiihd I i I8 IS Thd Tal @il

. &9 STORETR ( 1780-1849 ) -

SIET= Seh i SlaER 3 S oh FRE § siiufy TR
o =1 e &1 iR SHk oI WHe H WA e
w1 31emeE fowan fR 3 S favafaemea o W @
Sy fage & THRE 99 U 3=H § 999 Yed Na Sr Br
THfETH i SR o ®Y § GEGE a1 GHH 5k i
TS #1998 q@ll it STad Aol w1 fasra e

Li Ca Cl

K Ba I

5.1.2 <JigH okl T<eh Tagia

TSR o JATHl 7 SE WA ol qcdl oh TUIEHl 1 3ok ILATY] SHMH
o WY Geel T HeA o Ty WiedTed a1l T 1866 | SIS SR
W Fofed T @l H WA FAHH SR FwH § et fwa
IR FoH FY TEN] FATH 91l qcd TR ° IR A qen 569 ad
ARTH W 38 g9 fohan 3= 9 foh U oTed d i TUIEH T8al
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ARUM 5.3 olgd H TFH

| oF | T 3 m o o ar | 1
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F Na Mg Al Si P S

Cl K Ca Cr Ti Mn Fe
Co dM Ni Cu Zn Y In As Se
Br Rb Sr Ce d¥l La Zr — —

T AT G &k GO A ufifea €7

IR Hild gonelt § Hifd oh WM WEd B @ ¥ WM W w e
el Gha W, A U R W ST AW B8 ¥ 1 oW @ o fa W
o Thal, QUieH @R oTgeM emgfa it @ etem fRU MU B ¥ 3 g %1 SwEm
FX IS FdHR Giid 1 T il 81 TR € o F9 G aR-9R I 9K €1 T&h
el YR UES GU Sl Il © AT WA Ul w1 gl §X Bl @

J
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TUEH, e f9gid 9 Ao T8 @rd 9

= IO GRoft § 39 qcl i gEied wE % T eied 3 < 9@l |l T
e @ & iR EHM dol i Tk wE § W@ #noe
arolt 5.3 H TH SN B¢ Wehd B2 oA ST foR e qen fched
Tk W W ¥ a5 Uk WY I W o @ e # o weqeiid,
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e T ohel W R T@I T & Selfeh ok ToTerdl | THAC et €|

= TH UHN, Feied o fOgia ohad geich ddl o fow & dis @ @
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w e T W WIS oh YvE 3T ol THgid ST € T
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5.2 HARITd | HARId HT—HSclF oht 3Tad
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Toieq o o1 fagid & SRR g9 & a5 ff & SAfRl 4 @
gfoeal st @is S W {59 T o TOIEE 1, Sk WRHTY] SHH o
Y HaY TAfd 8 o |

qeall oh SeR0] 1 & 99 TH WS Sl saHifos S-ecl® i
STl &1 dcall okl 3Ted WROM o YRYer foenmd o Sl W@ ANEH @
IR AT AR H qel SR Hol O, W] FEEE ql qEEf
Tl § HHMAT o SHR W St fea
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el o1 S § HIed 1834 |
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TE H gaT ol oTu URfwe forem

% 9% HSoll® AT W oh WA

& &Ru & favafaeme § wowr W
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W Ty = M | TR 98

St off T famm &1 meg =@, fon fear &, afe =R & gea
T sffavar™, ST SRSt TS TeAfaat i T fRAr S Tk €1
3ok GNI WRATfoid dcall ohi STaEell hl Hreellth ohi 3Ted HROM hal
S B1 e WRO WWEA W Twde fagia @ifed gail ey g
qal &1 @i o e won et

Id Hedi® A A9 hd WY fwen 99 d% 63 dcd Id 91 S=iA
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&1 1T e T et o sfdvid Oeeelt A dcdl oh TRt
T BRSNS o WY S99 ol ARl 9 SO S ohigd (Rl S
HATeFiSH T BESISH 1 SHfAT SAE e w=ifer 4 ofera @fepa € qen
AMIHRTST Tl o Y Ak a9 21 dcd 9 a9 ol eESEe UE
STATES o YA I ol o TR0l oh fad Faqd Tored A/ T e
3= 63 FE fAU T8 Y& HIE W STE-TA el oh TOTEHl i
for@n| 34 THM Ui ATl Il i 3T e @ qe 59 9« i fiA
TRy SIaR T e A1l 3= 3@ T Afahier aai i ofad arof
o wE fid T o du1 S0 TR S oh ARl %A H ¥ dc
Safeerd g MU g8 ot 3@ v R guE difas o qEEtie o o
fafa= a T ffyed ofael & 9] fR on W ®) s efUR ™
ASelith 3 afred dRofl s+, fraent fagia @—dct o Toured Seh AT
SSIHM 1 SAed Teld B B

ASclits 1 oTad Rl § Sed W i ‘qu’ (THE) qen afas dfwE
H ‘HfEe’ (TEd) Fed B (AR 5.4)1

WRUN 5.4 H<<cli® ohi 3Ted HROT

| wF | 1 | o | m | v | v | W | | vm
SRS R,0 RO R,0, RO, R,0. RO, R,0, RO,

HESES) RH RH, RH, RH, RH, RH, RH
p— A BA B A BA BA BA B A B TF S
H
1 1.008
9 Li Be B C N O F
6.939 9.012 10.81 12.011 14.007 15.999 18.998
5 Na Mg Al Si P S cl
22.99 24.31 29.98 28.09 30.974 32.06 35.453
4 99H K Ca Sc Ti Y4 Cr Mn Fe Co Ni
it 39.102 40.08 44,96 47.90 50.94 50.20 54.94 55.85 58.93 58.71
QIR Cu Zn Ga Ge As Se Br
it 63.54 65.37 69.72 72.59 74.92 78.96 79.909
5 99Hq Rb Sr Y 7r Nb Mo Tc Ru Rh Pd
Bl 85.47 87.62 88.91 91.22 92.91 95.94 99 101.07 102.91 106.4
fgdta Ag Cd In Sn Sb Te I
gt 107.87 112.40 114.82 118.69 121.75 127.60 126.90
6 9IH Cs Ba La Hf Ta W Os Ir Pt
gofts 132.90 137.34 138.91 178.49 180.95 183.85 190.2 192.2 195.09
fgdta Au Hg Tl Pb Bi
goft 196.97 200.59 204.37 207.19 208.98
92 IERIE]
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FS TH d@l oh I w1 STAM fhal St 39 99T T 91 @l 9| SRl
TR IBH I T H THY U8 3T Al d o AW H T (FEhd
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o TUIEH HAYT: ThI-aRH, THI-UHHad qen Thi-fafcs= o T8E o)
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IR 5.5 § g TR T R

WRUR 5.5 ThH-UgfafEa qen fifaa & Tored

TRTY] ST 68

69.7
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T Hrecilh Rl offed ORUl i IRYGd qo YA o 3F G
e MUl THe STTEl WSl °h STIHM i STHTHRU WAl oh R
WA A 39! oTEad WRON il 7 had wWieR fear sifug 39! 39
fogid 1 eI 1 gorh ot 7 Sepe T S—gifedd (He), FeiE
(Ne) TF o (An) 1 Tea ff ¢ wed o Soor@ fFan mm =3 i =
U W W e iR A AfHd B qul aHed W gk Wl 9gd %
TSl w1 aTerd |ROft ki Tk fagivdr ww ot off fF wi@ =9 W @ wa
aen a9 foee Heeen w1 ¥ fo € 3 ¢ wgg | W@ S w9

5.2.3 U=tk ok SIiiehT0T ehl HHTd
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o I St € SR enged e stengati st st
& H1ol GeHASe AR et 8 2 %

ferareRea 5.1

& HTgeT T TS e ol WAMA 1t W TEd g eEgiS i
HSelith okl rerd |RO  3fed Tom W fam)
BIESISH i fhE THE T e § WA =1feu?

faftad &9 9 o7ad 9Rol ¥ TR @i fEa e @l fean s o'
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TEESA 1 TS T &l 3 T

U2elih o deol o ofed oMUl GO BM oh YA WY WG
FEELh| o1 Ol STl B9 WA € foh ohell qoal o Soeiieht o THEtieh
o A B § i Sk T SeEE aE-fae g €

TeRameReTT 5.2

FARA o FHEE C1-35 qe Cl-37 R fa=r wifsm)
3ok THTY] SN 9= 8 o R0 901 379 3= STRT-STerT W@ ?
1 TEEF TOEH TAF B o HROT 39 ST i Th & T W W2

TH YR gt dcal oF gEEeMfieh Ueolih o ofed 9w o foau uew
AT offl S THEn 7% of fF TH 9 ¥ TR 9 H1 AN M dgd W
T AT At €9 9 721 9gd| s8fae I8 ST{AM ST hicd = T
o < deol o i Tohdd dcd @ISl ST Hehd @, To9ivet S/ g W) Ao
W R #W € wieTE ol 2l
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T2ell% ol Ve AR 1 ITAN R F=fafad d@i o Siamss o g3 &1 STIAH
FHIWT: K, C, Al, Si, Ba

Tiferem o Afafe, 31a doh hid—ohid W deoll o1 Ul el & Toreeh foru Sreelis = 1o
3Tad AR | @relt T B fe o7 |1 TR e

Teeli® 3 319t aTad GRofl JIR W o fAU SF 91 HIuee SAOHE?

Yok ITER St 1191 1 7o T8 o =i W T
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5.3 JTHANRAT N AARYT HIAT—MEfTeh oTTad |Ui

T 1913 H I Aisel 7 9 TR T oF TH] SHAM i Ol H SHR
TWH-GE (7z) Afus SMURYd U ¥ AEIER, Weeellh okl afed
grolt ¥ aRads fean T qun TEm-Hen & ey ofad ARl oh
SMYR o ¥4 | WaR fohan 711 39 NYfie 3fed 99 i 39 YR afvla
fepan <1 bl 2

‘qeall o T SRl TCHIO-EEAT 1 STEd hed e gl

Y S ® foh O] gem @ v ) o e o feed diet a6
& 1 Ul FAdl € 9 Tk qcd ¥ TR qh e W 39 G H Th hI
TG Bl 81 dedl Wi SR WHI-GEA o SNEl %A § et s
W S e g g ® S9 eyfeR STed WRUM shel Sl € (HRof
5.6)| Tl ol THI-HEA o AN@El HH H FAAd HH W q@ll oh
ol w1 feeh IRYGE W SIHH oA S Hehdl B

feraTeRea 5.3

MR 3TEd RO W whisTee Te fHohel o M 9 fuiia fe w2
aeyfieh e ARoft | fafir= ae oF weeenfehl 1 T e giHfvea
fopan T )

1 1.5 THV-HEA 9Tt Rl de 1 erEgien Ud Eiferam & 7o @l
ST ekl &2

MUk STTHR 3Tk 3Tad TR § BESISH i gl WAl =1feu?

9 3@ Tehd € foh enyfien aad Rl o Bt it e wRol skt e
Tl 1 G T {1 Sy e aRolt ® a1 e R am W ek
FIAN 8, TE S o 9% B BESH hi STETA TRl i ==l sl

5.3.1 3Tk TTad ARUT § del ot fearfa

MY ST AROM § 18 e w ¥ 9= ‘Te’ w1 9 € qen 7 afes
uferel € f5= ‘ermad’ el Wl 21 ey, SEd § fob fedt ‘wme’ steen
‘arad’ W deel ot feufa few e w sl st R

TerareRea 5.4

ST 3Tad ARON o §8 1 § 3Uferd d@ll oh 19 Jamsy|
TYE 1 % Yedl dF dcdl o seieiteh fa=me fafam)

T el o SoieRie farE o S EHEd B2

o A dedl B o HaStRar selaq 22
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g Hem

G- T

| BTl ol TR

Y ST F B

e "em 18
1 2
1
Hy}r_}gen He
1.0 2 1 3 14 1 5 1 6 1 7 Helium
4.0
3 4 5 6 7 8 9 10
2| Li Be Ne
Lithium Beryllium - Boron Carbon Nitrogen Oxygen Fluorine Neon
6.9 9.0 W qEn 10.8 12.0 14.0 16.0 19.0 20.2
1 11 12 < > 13 14 15 16 17 18
3 i | Ar
Sodium Magnesium 3 4 5 6 7 8 9 10 1 1 1 2 Aluminium Siliclon Phosphorus Sulphur Chlorine Argon
|U' 23.0 24.3 27.0 28.1 310 32.1 355 399
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
4| K Ca Sc Ti \Y% Cr Mn Fe Co Ni Cu Zn | Ga Ge As Se Br Kr
E Potassium Calcium Scandium Titanium A di Ct i M Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
39.1 40.1 45.0 47.8 50.9 52.0 549 559 589 587 63.5 654 69.7 726 79.0 799 838
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
5| Rb | Sr Y Zr | Nb [ Mo| Tc | Ru | Rh [ Pd | Ag Cd|[ In | Sn | Sb| Te I Xe
Rubidium Strontium Yittrium Zirconium Niobium |Molybdenum| Technetium | Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium Todine Xenon
85.5 87.6 889 912 929 95.9 99) 101.1 102.3 106.4 107.9 1124 1148 118.7 121.8 127.6 126.9 131.3
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
6| Cs Ba a* [ Hf Re _ Ir [ HL% Tl Pb Bi Po At Rn
Caesium Barium Lanthanum Hafnium Tantalum Tungsten Rhenium Osmium Tridium Platinum Gold Merc Thallium Lead Bismuth Polonium Astatine Radon
1329 137.3 138.9 178.5 181.0 183.9 186.2 190.2 192.2 195.1 197.0 200.6 204.4 207.2 209.0 (210) (210) (222)
87 88 89 104 105 106 | 107 108 109 110 111 112 113 | 114 | 115 116 117 | 118
71 Fr Ra A&*| Rf Db Sg Bh Hs Mt Ds Rg Cn Nh F1 Mc Lv Ts Og
Francium Radium Actinium | (Rutherfordium)| Dubnium Seaborgium | Bohrium Hassium Meitnerium |Darmstadtium| Roentgenium| Copernicium| (Nihonium) | Flerovium | Moscovium |Livermorium| Tennessine | Oganesson
(223) (226) (227) (267) (268) (269) (270) (277) (278) (281) (282) (285) (286) (289) (290) (293) (294) (294)
& 58 59 60 61 62 63 64 65 66 67 68 69 70 71
* a:ngg
Ce Pr Nd Pm Sm | Eu Gd Tb D Ho Er Tm Yb Lu
Cerium dymi dymi F thi Samarium Europium Gadolinium Terbium DysproSium Holmium Erbium Thulium Yitterbium Lutetium
140.1 140.9 144.2 (145) 150.4 152.0 157.3 158.9 162.5 164.9 167.3 168.9 173.0 175.5
90 91 92 93 94 95 96 97 98 99 100 101 102 103
skok
W= 2 | P Am | Cm | Bk | Cf | Es | Fm |
Thorium Protactinium Uranium Neptunium Plutonium Americium Curium C: Femium Mendelevium Nobelium Lawerncium
2320 (231) 238.1 (237) (242) (243) (247) (245) (251) (254) (253) (256) (254) (257)
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M9 2@ for 5 et doal o GaSTehdl SoieeAl 1 e WA Tl gE
bR 319 3@ foh T & TE oF 9t q@ll oh HASTohdl SolaeHl i HEA
TAE Bl S9 GSA (F) 99 FAA (Cl) S SHE-17 o qc 81 TRfeiia
TS FARH o SEd IS | fohad ToeR €7 SE Tal ol © foh S
e Gl o TuE, Sl IV o WAEd solaeieh T sl g9ar 2
Tt gqg ® SR ¥ A9 #1 R I W KN w1 FEA ggdl Sl ?

TEeleH &1 frafd afafyed wdt @ Fife 58 Teat oad o wge 1
Tge 17 FFEt o off @1 S gehdr @1 A A9 o Gehd € 2

feraTeRea 5.5

g T oTed AR oF SYfeh (WRON 5.6) &9 i 3@ dl STIhI Tal
9@ f% Li, Be, B, C, N, O, F @ Ne & 37ad o dcd 2| T
SR fa=ama fafau)

1 3 Tl qell o off TSRl gereRAl %1 Ee g9H 2l

F1 Tk I H G A 2l

39 @ foh 39 T e oh dcdl oh HANIhdl SolaeHl i & dl
fr=-fo= ® <frT =79 e =1 S 99F 81 39 I8 Wt 2uW foh emed
4 o 9 € R WM W AR WHO-Een ¥ 3hE & gig e € ol
GaASTR 3ol i WEm § ot g gy el B

MM F8 Gehd © T qeafia w9l &1 GHF G o fofa= qei o
AT Tk € erred | feerd €1 Na, Mg, Al Si, P, S, Cl Us Ar 3¥fieh 31
aroflt & AR eed A feord ® fen goh TR % TR K, LTS M
el o frem €1 3 qll o TR fomE faeet 39 wed &1 gfie
HITT| Y&k e g9l @ foF Wk 99 I9 SoieREl ¥ 99 T

B, T, dE TE =Y oed § fhad qe ©2

fafr= well § R 99 916l SoiaeiHl i & o STER W X 34 &l
T deol h1 G ol Hehd B S W1 hel H o9 3@ 9R A fowR 9
I HU| AT A ¢ T Tmdt v o el o1 Afueshan 9@ Th
T 2n? W s wTdlt & Sl n, 7w 9 Fad e S gen w1 g )
S,

K T -2 % (1)> =2, W 376d o 3 qd B

L ¥ -2x (22 =8, TW ’Iad § 373 I T

R, A, Gr=E, Ted T Giqs ofed § dcdl i §eN wu: 8, 18, 18,
32, 32, B ©, SHHT HWU Y I=F Hal W w_A|

3Ted ARl ® qc i feafd o It qwEte sifafwanefiaar ®1 9o
eIl B M9 S § Th acd g Tfia ey o 9w a SHe! HE
HoArSTehdl SorsrAl g el el €1 R 1™ Y ol Wehd © b Aeell®
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3 oot grelt § a1 feafa fuifa w6 o faw Aifiest & g3 #1 emer
S A, 9 IS ATl TH SR W FAM THEAS TOEH ofel deell Sl Teh
& g | Sy @1 S Hehal 87

5.3.2 amgfer MEd WRUMN i Ygfa

HASTeRT : 319 Sd € T forelt oft e 6t aishal SEeh W] o Hed
aed HY | SURYd HAIShRdl TeeAl 1 e 9§ fuif| g 7

foraTeRea 5.6

fordt @ o Iolaeie fa=ard @ o9 3T GAShdl &1 UReaH
HY HA?

AT 12 O e del WA-GE 16 9 Gewl
GrSTeRal o1 &2

T YR T8l 20 el i HAISThdld G ShifeTu)

ed o 91 W < SR WM W HASehdl [hH bR qRafdd gt 872
e ¥ $W ¥ A9 SH W ekl Y ¥R aRafid e 82

U] |
AT WSS W TLAT] 1 A1 1 Ul ol §1 Ueh Tods AT o g d

STk Ho At ISl i S0 € TRAW] & WES i WAl B SRSISH A
% B0 37 pm (WK, 1 pm = 102 m) 2l

3TEW, BH g qoO1 3Tad § TR §es i fafsg=ar 1 e7eme il
ToraTeReTTa 5.7

TR A ok Tl I TR e e § o 2

TE STEd o q B Be O N L C
A1) 5541 (pm) 8 111 66 74 152 77
T WA a1 o STeRiEl % H orafeerd wifs)

1 4 T o7 3T RO o Sfed i e € oHareerd &7
fohe a1 1 W] GEg 99 © TS fhden ged B 2?2
e o€ 9 TE SR WM W WA B R YRR aeerd @2

g 3@ fop ormad o1 W T SR WM W qwer] B sedt @)1 At
T 9T o 9gH W U8 ToaAl ol AW Wi R wiwar @ e 9w

hl MRS ¥dl ST %l
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foraTeRea 5.8
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