
O GeoGebra no desenvolvimento dos temas da Álgebra 
e da Geometria no 3º Ciclo do Ensino Básico e no 
Ensino Secundário, tarefas para a sala de aula e 
conhecimento do software necessário à ação do 
professor
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<.#6=.&>&?&!%3$1#";#&"0&=#;$%&"$.3@%&.$&=6##.0631.$&@%&56%567#.-

+2I&%J61K(2+%*,(3,4#'#(-(5-,$,(6*(&7-(47-0*7(&$148-"6'(4#'7*%,4-#9(:#-,(-(+-,,-(6*(3*,,-7*"%-#("-(;'"-(
),<=>-(6*(7'6'(-(4"#*,4,(47-0*"#(?&*(#*,@'('+A*>%'(6*(64B*,#-#(%,-"#3',7-CD*#(0*'7E%,4>-#9
( M&6&'(-8-4Q&6<)8'#<'F6$8)'4-2-88$=&<)8'(-'#<',-=)6L'=6&48.&9:-8'-')#=6&8'$8)<-=6$&8'&(-"#&(&8L'
($8%)4$,-$8'4)8'<-4#8'(-'F-66&<-4=&8'()'N-)N-H6&C

1. 7H6&')'%6);6&<&'N-)N-H6&'' '-'&66&8=-'#<&'$<&;-<'&'8#&'-82).Q&'%&6&'& '@&4-.&L'&'$<&;-<'(-'
#<&'%-;&(&'G'&'$(-&.C

2. [-2)66-4()'\'F-66&<-4=&'(-'26$&9E)'(-'%)4=)8' L'<&6"#-'=6R8'%)4=)8C'
3. !82).Q&'&'8-=&'2)<)'F-66&<-4=&'-'F&9&'(#%.)'2.$"#-'4&'$<&;-<'$4=6)(#J$(&C
4. *&'%6)%6$-(&(-']M)8$9E)]' $4($"#-')8 '2&4=)8'^L'_' '-'0'(&'$<&;-<L'2)<)'8-4()')8'%)4=)8 '7L'Z'-'VL'

6-8%-2K,&<-4=-C'7.=-6-'&'%)8$9E)'()8'%)4=)8'(-'<)()'&'2).)2&6'&'$<&;-<'4&'Q)6$J)4=&.C

5. [-2)66&'\'F-66&<-4=&',-=)6'(-B4$()'%)6'()$8'%)4=)8' %&6&L'&'%&6K6'(-'()$8 '%)4=)8L' (-B4$6'#<'
,-=)6C'

6. `8-'\'F-66&<-4=&'=6&48.&9E)'%)6'#<',-=)6' ' %&6&'F&J-6'&'=6&48.&9E)'(&'$<&;-<'8-;#4()')',-=)6'
(-B4$()'4)'%)4=)'&4=-6$)6C'V.$"#-'4&'$<&;-<'-'4)',-=)6C

7. N#&6(-')'B2Q-$6)'2)<')'4)<-'!"#$%&#'()*++,
8. 7.=-6-'&8 '%6)%6$-(&(-8'(&'$<&;-<'4&')%9E)'&8%-2=)'(-'<)()'&'B2&6'=6&48%&6-4=-'%&6&'%-6<$K6'&'

8)H6-%)8$9E)C'!?%.)6-'<&$8'2P%$&8'&.=-6&4()'&'4)6<&'()',-=)6C

9. N#&6(-')'B2Q-$6)'2)<')'4)<-'-..*++,
10. V)48=6#&')#=6)8'K%)8'(-'F6$8)8L'"#-'$42.#&<'6-a-?:-8'-'<-$&8',).=&8C

.$-&A$!$($B4$($!CD)1!3$#4)1*.-)/$()E!>??FG
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<.#6=.&A&?&B%$CD6.$&D%0&$;061#;.&@6&#6E6FG%&

+2I&%J61K(2+%*,(,'#<>*-#( (-(5-,$,(6*( &7-(47-0*7(&$148-"6'(4#'7*%,4-#9(:#-,(-(+-,,-(6*(3*,,-7*"%-#("-(
;'"-( ),<=>-( 6*( 7'6'( -( 4"#*,4,( 47-0*"#( ?&*( #*,@'( '+A*>%'( 6*( 64B*,#-#( %,-"#3',7-CD*#( 0*'7E%,4>-#(
*F>1&4"6'.#*(%,-"#1-CD*#9
/ b-@&<)8'2)<)'2)48=6#$6'#<&'6)852-&'#8&4()'&8 'F-66&<-4=&8L' 2)<&4()8'-'&'c)4&'(-'5.;-H6&'4)'
N-)N-H6&'M6$<C

1./d4$2$-')'N-)N-H6&'-?$H$4()'&'0)$#/12/3&+2,"#'-'&'4#""#/12/5)6#$1)%C
2.' b&<)8' &.=-6&6' &' H&66&' (-' F-66&<-4=&8' (-' <)()' &%-4&8' B;#6&6' &8' 4-2-8856$&8C' [-2)66&' &)' <-4#'
72""#62$!#%'-'&)'8#H<-4#'82"%)$#&9:#"/4#""#/12/72""#62$!#%/***'e&9& '&'-82).Q&'(&8 'F-66&<-4=&8'2)<)'8-'
$.#8=6&'4&'$<&;-<'8-;#$4=-/'

3.'d48$6&'#<&'$<&;-<'"#-'2)66-8%)4(&'&'#<'8-2=)6'(-'#<&'@&4=-'2)<)'&'$<&;-<'8-;#$4=-C

4.,d48$6&'()$8'%)4=)8'7'-'ZC

5.' 74&.);&<-4=-'&)'"#-'F)$' F-$=)' 4&'=&6-F&'fL'-82).Q&'&'F-66&<-4=&'<),-6L'F&9&'(#%.)' 2.$"#-'4&'$<&;-<'
$4=6)(#J$(& '-'4&8'%6)%6$-(&(-8'(&'$<&;-<' 4)' 8-%&6&()6' ]L15$GH1]' $4($"#-')8'2&4=)8'^'-'g' (&'$<&;-<L'
2)<)'8-4()')8'%)4=)8'Z'-'7L'6-8%-2K,&<-4=-C'*)=-W8-'"#-')'%)4=)'ZL'2)66-8%)4(-4=-'&)'2&4=)'^L'8-65')'
2-4=6)'(&'6)852-&C
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6.'V)<'&'F-66&<-4=&' '=6&2-'&'6-=&'7ZC'`8-'& 'F-66&<-4=&' '%&6&'F&J-6'&'6-a-?E)'(&'(&'$<&;-<'%-.& '6-=&'
7ZC

7.'[-2)66&'\ 'F-66&<-4=&' '%&6&'F&J-6'#<&'6)=&9E)'(-'.-<,"1,5&"J#1,#$3&%91L,&4KWQ)656$)L'()'%)4=)'M,-<'
=)64)'(-'>L')H=-4()'&88$<')'%)4=)'MNO

8.'V)48=6#&'&'6-=&'>MNC'`8-'&'F-66&<-4=&' '%&6&'F&J-6'&'6-a-?E)'(&8'$<&;-48L'=-4()'2)<)'-$?)'&'6-=&'>MNC
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'
9.'[-%$=&')8'()$8'%&88)8'&4=-6$)6-8'&=G'2)42.#$6')'<)K,)C

+,C4#3H1,12J#1,C1#&3?,5&3,12J#1,4C&"45,C13,3194GH1,#1,8P#@71, Q,=RC&3$8&"9&S

.$-&A$!$($B4$($!CD)1!3$#4)1*.-)/$()E!>??FG
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*+,9+-./@&849+-./&+&&I?0GJ+2

<.#6=.&(&?&!%36FG%&56%061#;.&H&)9867#.I="3JK6$

+2I&%J61K(G'6*1-,( #4%&-CD*#(?&*( *"B'1B*7(-(<,*-(*( '(5*,H7*%,'(6*(5'1H0'"'#( ,*0&1-,*#9( ( I*5,*#*"%-C@'(
0,<=>-(6*(3&"CD*#(14"*-,*#(*(?&-6,<$>-#(6*="46-#(*7(!I69(:#-,(A-"*1-(6*()*'7*%,4-(*(J-"*1-(6'(),<=>'("'(
)*')*+,-(B*,#D*#(K9L(*(#&5*,4',*#9

1. S$6$@&W8-'&)'<-4#';<9,9"'-'2).)"#-')',$8=)'-</
a. '=">?@)Ah'i,$8+,-.'^1'"#&(6&4=-j
b. T17D4,#&,%?7%@71C
c. *&'%6$<-$6&'@&4-.&';65B2&'6-K6-')',$8=)'4)8'-$?)8'2))6(-4&()8

UO'S-%)$8'(-'%6)2-(-6'2)<)'8-'(-826-,-'4&8'&.+4-&8'&4=-6$)6-8L'(-,-65')H8-6,&6'&'@&4-.&'&H&$?)

3. M&6&'2)48=6#$6')'"#&(6&()'%)(-65'%6)2-(-6'(-'($F-6-4=-8'<)()8/
/V&"#1,&8,%1"94,45,C31C3$&#4#&5,#1,W@4#34#1,X74#15,$;@4$5,&,Y";@715,3&%915Z

/,M9346[5,#1,3&%@351,4,3194G\&5

/,)&%133&"#1,],B&3348&"94,C17^;1"1,3&;@743,%18,_,74#15

A#";&$',"$-#"B"#'&'C(D;&',&$'#"E"#.,&$6
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4. S-B4$6'#<'5&7&%913,i-4=6-'Y'-'^Yj'-'#<'%)4=)'i7j

5. S-B4$6'4&'@&4-.&'(-'-4=6&(&')'%)4=)'Z'2)<)'8-4()'&'&($9E)'(-'7'2)<')',-=)6'i&LYj

`O S-B4$6'%).+;)4)'6-;#.&6'(-',G6K2-8'7'-'Z'-'2)<'"#&=6)'.&()8'i)%9:-8'&'F&J-6'2.$2&4()'4)8'%)4=)8'-'
6-8%-2K,&<-4=-'%)6'-8=&')6(-<j'-'6-4)<-5W.)'%&6&'"#&(6&()C

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
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7. V&.2#.&6'&)'%-6+<-=6)'()'"#&(6&()'-'6-4)<-&6'-8=-'(&()'%&6&'M'

8. V6$&6'%)4=)L'(-'&H2$88&'&'-')6(-4&(&'$;#&.'&)'%-6+<-=6)'()'"#&(6&()L'!ki&LMj' -'2).)2&W.)'#4$2&<-4=-'
,$8+,-.' 4&' @&4-.&' _' i2.$2&6' -<' &,&49&()jC' 7.=-6-' &8' %6)%6$-(&(-8' (-8=-' %)4=)/' 4)' =&H#.&()6' Z58$2)'
&2K,&4()'&')%9E)'=6&9)h'4)'=&H#.&()6'V)6L'2).)6$4()'-<'&J#.C

!! !!
9. V.$2&4()'2)<')'H)=E)'($6-$=)'()'6&=)'-82).Q-6'!4,$&6'=6&9)'%&6&'F).Q&'(-'2&.2#.)C

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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10. e&9&'<),-6')'8-.-2=)6'-'&4&.$8-'&'$4a#-42$&'4)'=6&9)'()'%)4=)'!'-')8',&.)6-8'(&'F).Q&'(-'25.2#.)

11. e&9&'4&'@&4-.&'(-'-4=6&(&'lkg?'-',-6$B"#-'"#-'2)66-8%)4(-'\'4#,-<'(-'%)4=)8';-6&(&'%-.)'%)4=)'!C

12. !?%-6$<-4=-' 6-%-K6' )' 6)=-$6)' %&6&' -8=#(&6' &' 56-&' ()' "#&(6&()' -' 4),&<-4=-' %&6& ' #<' =6$>4;#.)'
-"#$.5=-6)C

13. M&6&'2)<%&6&6',56$)8';65B2)8'(-'F#49:-8'.$4-&6-8'-?%-6$<-4=-'26$&6'&4=-8'#<'8-.-2=)6'i4j'"#-',&6$-'(-'
0'&'^Y'2)<'$426-<-4=)'^'#4$(&(-'-'(-%)$8'(-B4$6'%).+;)4)'6-;#.&6'2)<'4'.&()8C

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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<.#6=.&L&?&56%567#.&6&<6$16$&2316#0M@;%$&H&NO&6&PO&.3%-

+2I&%J61K,:#-,('()*')*+,-(5-,-(*F51',-,(4%*"#(6'#(%*#%*#( 4"%*,7E64'#(6'(MN-"'(6*(O+,41(PLLQ(*(6*(QN-"'(
6*(PLRL9(SF5',%-,(&7-(47-0*7(6-(8'"-(0,<=>-(6'()*')*+,-(6*(7'6'(-(5'6*,(&#-.1-("-(>'75'#4C@'(6*(
6'>&7*"%'#9

' V)48$(-6-<)8L'$4$2$&.<-4=-L')'$=-<'^^'()'=-8=-'$4=-6<G($)'()'m1'&4)'(-'7H6$.'_YYnC

11. Na figura 4 sabe-se que:
• [ACDF] é um quadrado de lado 4. • B é o ponto médio do segmento de reta [AC ].
• EF=1.

10. Ao vencedor de um torneio foi entregue um ramo de flores com 24 rosas amarelas e vermelhas. 

O ramo tem mais 6 rosas amarelas do que vermelhas.

Quantas rosas vermelhas tem o ramo?

Mostra como chegaste à tua resposta.

11. Na figura 4 sabe-se que:

•  [ACDF ] é um quadrado de lado 4.

•  B é o ponto médio do segmento de recta [AC ].

•  .

Fig. 4

11.1. Qual é a medida do comprimento de [AE ]?

Apresenta os cálculos que efectuares e, na tua resposta, escreve o resultado arredondado às

décimas.

11.2. Qual é a área da região sombreada?

Mostra como chegaste à tua resposta.

! "

#

$%

&

EF = 1
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Fig. 4
11.1. Qual é a medida do comprimento de [AE ]? Apresenta os cálculos que efectuares e, na tua 
resposta, escreve o resultado arredondado às
décimas.
11.2. Qual é a área da região sombreada? Mostra como chegaste à tua resposta.

>-&F"')-&#,&'-&;'&',"$-#./&'*)'/)#"E)'G'-&*$/#HI;&$'H;'JH),#),&'-&;')';",.,)',"'(),&'
2#"/"*,.,)6'K"*&;")#'&$'2&*/&$'',"')-&#,&'-&;')$'("/#)$'JH"'-&*$/);'*)'L7H#)6
_C ,S-=-6<$4&W8-')'%)4=)'<G($)'(-'o7Vp'-')'%)4=)'!'i&=6&,G8'(-'2$62#4F-6R42$&'(&()'2-4=6)'-'6&$)')#'
=6&48.&9E)'-'e'(-'&2)6()'2)<')',-=)6'iYL^jj'-'(-B4-W8-')'=6$>4;#.)'7!ZC'

(-'M)(-H()>$"')';",.,)',&'-&;2#.;"*/&',&'$"7;"*/&'NOPQ'JH"')*)(.D-);"*/"'$"'#"-&##"')&'
R"&#";)',"'S./T7&#)$',"'-)/"/&$'9'"'U',)*,&'9VU<6

M)(-'#K.$J&6L'%)6'-?-<%.)L'&'.$4Q&'(-'2)<&4()8'-'$4=6)(#J$6/
D$C19&"@54MT=a5W39X#$59Y"%$4bMATcdUe#$59Y"%$4bTA=cdUZ

V)<%&6&4()'2)<'&'<-($(&'(-'o7!p'-'o!ZpL'<-($()8'#K.$J&4()'&'H&66&'(-'F-66&<-4=&8C,

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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gC M&6&' &' #.K<&' &.+4-&L' 6-.&K,&'&'56-&'(& '6-;$E)' 8)<H6-&(&L' %)(-W8-' 8$<%.-8<-4=-' F&J-6' 4&' @&4-.& '(-'
-4=6&(&' q8)<H6-&()k%).+;)4)^W%).+;)4)_rL' 4)=&4()' "#-' &'%6-8-49&'(-' q%).+;)4)^k^fr' 4&' @&4-.& '(-'
5.;-H6&' 8#6;$#' &"#&4()' (&' 2)48=6#9E)' ()' "#&(6&()' -' ($J' 6-8%-$=)' \' 8#&' 56-&C' S&' <-8<&' F)6<&'
q%).+;)4)_kgr' ($J' 6-8%-$=)'& '56-&'()'=6$>4;#.)' &'8#6;$#'&"#&4()' (&'8#&'2)48=6#9E)C' iS-,-W8-'2).)2&6''
&2-4=)'-<'$jC'DH,$&<-4=-'8-65'&'56-&'8)<H6-&(&'^fWgk^_C

XC 7@#8=-'&' $<&;-<' -' #K.$J-' )' <-4#'SF5',%-,' &' 8#&';'"-( ),<=>-' 2)<)' $<&;-<'(-'<)()' &' 2)<%)6')'
-4#42$&()')#'&'8#&'8).#9E)'4#<'%6)2-88&()6'(-'=-?=)C

W6'S#&-",)',"';&,&')*T(&7&'2)#)'#"$&(B"#'&'JH"'$"'$"7H"6

K(L&H$!IJ6-$!K*!&14L!-&B-&1&#4$()!)!M6$(-$()!N*7)5'O!3$=&P1&!M6&Q
• R!+$()!()!M6$(-$()!2!@?!
• !8*!9*!:'&!;'1S)!)1!B)#4)1!<2(8)1!()1!+$()1!N*7'O*!N7)'O*!N)5'O!&!N5*'O*!-&1B&/T'$<&#4&U

13. Na figura 5, está representado o quadrado [ABCD ]

Sabe-se que: 

•  O lado do quadrado é 10

•  E, F, G e H são os pontos médios dos lados [AB ], [BC ], [CD ] e [DA ], respectivamente.

Figura 5

13.1. Qual é a medida de [EF ]?

Apresenta os cálculos que efectuaste.

Escreve o resultado arredondado às décimas.

13.2. Qual é a área da região sombreada [AEFCGH ]?

Escreve a letra que apresenta a resposta correcta.

(A)  100 (B)  75 (C) 50 (D)  45

FIM

A B

CD

E

F

G

H
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V8J6-$!K
K(LKL&W6$+!2!$!<&(8($!(&!N89OX!"B-&1&#4$!)1!/L+/6+)1!M6&!&A&/46$14&U
Y1/-&'&!)!-&16+4$()!$--&()#($()!Z1!(2/8<$1U
K(LML&W6$+!2!$!L-&$!($!-&J8S)!1)<=-&$($!N*89):;OX!Y1/-&'&!$!+&4-$!M6&!$B-&1&#4$!$!-&1B)14$!/)--&4$U

NOP&@??!!!!N=P&[K!!!!!N!P&K?!!!!!NQP&;K

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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<.#6=.&Q&?&*#%7960.$&@%&5)RS&H&>'O&.3%-

+2I&%J61K,:#-,('()*')*+,-(5-,-(*F51',-,(&7(5,'+1*7-(5,'5'#%'(5*1'()-B*(5-,-('(RLN(-"'T(*#%-+*1*>*"6'(
>'"*FD*#(*"%,*(-()*'7*%,4-(*(-(U10*+,-9

V)48$(-6-<)8')'%6)H.-<&'()'N&,-'%&6&'^Y1'&4)L'8#6;$()'4&'8#&'%5;$4&'4)'&4)'.-2K,)'_YYns_Y^YC
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6. Na figura 3, está representado um triângulo  ,  isósceles  .! "!"# $!" % "#&

 Sabe-se que:

 •   é a altura do triângulo ,  relativa ao lado  ! " ! " ! ""' !"# !#

•   e  "' % ( !# % )

Considere que um ponto    se desloca sobre o segmento*! ""' '+ ,,  nunca coincidindo com    e que um ponto    se
desloca sobre o segmento  ,  de tal forma que se tem! "!#

sempre  ,! % *"

 Para cada posição do ponto  ,  seja    a distância de   a  * - * "

$- % *" &

 Seja    a função que, a cada valor de  ,  faz corresponder  a. -

área do triângulo  ! ",*#
 

                Figura 3

6.1. Determine  .$/&

 : Comece por desenhar o triângulo    que se obtém para  Sugestão ! ",*# - % /

6.2. Qual é o domínio e qual é o contradomínio da função  ?.

6.3. Mostre que  .$-& % - 012-32)
4

4

7. Considere as funções    e  ,  representadas graficamente no referencial o.n. da figura 4. A unidade, em5 6

qualquer dos eixos, é o lado da quadrícula.

Figura 4

7.1. Indique o domínio da função    e o domínio da função  5 6

7.2. Indique o contradomínio da função    e o contradomínio da função  5 6

7.3. Indique o conjunto solução de cada uma das condições seguintes:

 7.3.1. 7.3.2. 7.3.3.         5$-& % 4 5$-& % 0 7 6$-& % 0 1    

   7.3.4. 7.3.5. 7.3.6.         5$-& % 0 1 5$-& 8 9 6$-& : 9

  7.3.7. 7.3.8. 7.3.9.         6$-& ; 0 1 5$-& % 6$-& 5$-& 8 6$-&  

25C@'(R(.(SF51',-,('(5,'+1*7-(,*>',,*"6'(-(>'"#%,&C@'(6'(7'6*1'(-%,-BE#(6-(+-,,-(6*(3*,,-7*"%-#9

BC+2%!()D

1. S-B4$6'8-;<-4=)'(-'2)<%6$<-4=)'m'(-'-?=6-<)8'7'-'V

2. V)48=6#$6'&'%-6%-4($2#.&6'%-.)'%)4=)'<G($)'-'&'2$62#4F-6R42$&'(-'2-4=6)'S'-'6&$)'f

3. S-B4$6'=6$>4;#.)'(-',G6K2-8'7L'Z'-'V'-'-82)4(-6'6-8=&4=-8'2)48=6#9:-8

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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4. S-B4$6' %)4=)' t' .$,6-' 4)' 8-;<-4=)' oZSpL' %)6' -?-<%.)' #8&4()' &' .$4Q&' (-' 2)<&4()8' tkM)4=)
o3-;<-4=)oSLZpp' L' <-($6' 2)<%6$<-4=)' ()' 8-;<-4=)' Zt' i(-4)<$4-W)' (-' ??j' -' 2)48=6#$6'
2$62#4F-6R42$& '2)<'-88-'6&$)'-'2-4=6)'7C'DH=-4Q&'%)4=)'M'(-'$4=-68-29E)'(-8=& '#.K<&'.$4Q&'2)<'
o7Vp

5. S-B4&'=6$>4;#.)'(-',G6K2-8'ML't'-'VC

6. V&.2#.-'<-($(&8'(-'2)<%6$<-4=)'()8'8-;<-4=)8'oMVp'-'oStp'-'4&'@&4-.&'(-'-4=6&(&'(-B4&'
56-&k($8=&42$&Stu($8=&42$&MVs_

7. V).)"#-',$8+,-$8')8'-$?)8'-'(-B4&'%)4=)'(-'2))6(-4&(&8'i??L56-&j'-'&2K,-W.Q-')'=6&9)C'v),&')'
%)4=)'t'-'&4&.$8-')'8#2-($()C

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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8. d4=6)(#J&''&'F#49E)'3VFWXVFYP.RKZF[KMW\P'4&'.$4Q&'(-'2)<&4()8'-'2)4B6<-'"#-')'=6&9)'()'%)4=)'()'
;65B2)'(-'-'2)66-8%)4(-'&'%&6=-'()';65B2)'(-'3C'*&',-68E)'gCY'Y#'8#%-6$)6'%)(-65'-?$H$6')'

25C@'(P(.(SF51',-,('(5,'+1*7-(,*>',,*"6'(-(14"]-(6*(>'7-"6'#(*##*">4-17*"%*9

BC+2%!()D

`K.$J-''&'.$4Q&'(-'2)<&4()8'%&6&'(&6'-4=6&(&L'8#2-88$,&L'()8'2)<&4()8/

Da`

7af

MaX-A-Z

'aMeX7A-Z

>aL1"918[#$1bMA'ceX-ADZ

ga,L1"91h[#$1bMA,'c

ia,L1"91b*&;8&"91bL1"91h[#$1bMA,'cA,>cc,,,X'Y&/)'$"'S&*/&'*%&'EH*-.&*)#'H$"'&'-&;)*,&'";'.*7(Z$'S&.*/'[

La$"9&35&943b%$3%@"B&3j"%$4bMA#$59Y"%$4b>AiccA5&;8&"91bMA'cc

V3$Y";@71'iLaL17^;1"1b'AiALc

L0aX,#$59Y"%$4b>AicA,V3$Y";@71'iLZ

V)<'&',-68E)'gCY')#'XCY'
=R$2$3,=">?@)/A

72K,&6'.)2#8'()'%)4=)'MN'4&'';'"-(),<=>-'-'4)'),<=>'(P
03?k%1a,l1%@5bL0A,ic

BXRZaXRdU/m_nRe_fZoU

V)<%&6-')'6-8#.=&()')HK()'4&8'(#&8'&H)6(&;-48'%6)%)8=&8C

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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<.#6=.&T&H&U"3JK6$&V6W3;@.$&3"0&2316#X.9%Y&*#%/#;6@.@6$&6&<.386316$-

+2I&%J61K, I*5,*#*"%-C@'( 0,<=>-( 6*( &7-( 3&"C@'( "&7( 4"%*,B-1'( 6'( 6'7H"4'T( -10&7-#( 5,'5,4*6-6*#( *(
,*5,*#*"%-C@'( 6*( &7-(,*%-( %-"0*"%*9( :$148-,( '( ^O_( 5-,-( '+%*,( -( ,*#'1&C@'(6*( *?&-CD*#( *( '( >-1>&1'(6*(
643*,*"%*#(*F5,*##D*#9

<.3$,'+"=>0/.'$%'$#3"?$@A"%'/"'B0$#'/"'*=.%3.'$'1"?%C.'/.':".:"D?$'$'>%$?' 3"?E'/"' %"?'$'

FGH&' /2%I.0J1"#'"(,'KLI,MMNNNG=".="D?$G.?=MN"D%3$?3MFGHM=".="D?$OFHGP0#I'G' *' 1"?%C.'FGQ'

%"?E'#$0@$/$'%"(')*+G

M&6&' 6-%6-8-4=&6<)8' #<&' F#49E)' (-B4$(&' %-.&' 8#&' -?%6-88E)' &4&.+K2&' 4#<' (&()' d4=-6,&.)L' H&8=&'
6-2)66-6<)8'&)'2)<&4()/

T@"GH1bp&RC3&55H1q#4qB@"GH1rApRq$"$%$47rApRqk"47rc

mO'[-%6-8-4=-'&'F#49E)'(-B4$(&'%)6 '4)'$4=-6,&.)' C

M&6&'6-%6-8-4=&6'6-2)66&'&)'2)<&4()/'T@"GH1bRdU/_A,/UA,.c

UO,[-%6-8-4=-';6&B2&<-4=-')8'J-6)8'(&'F#49E)'&=6&,G8'(&'F-66&<-4=&' ')#'()'2)<&4()/')4$sbBc,
.O,[-%6-8-4=-';6&B2&<-4=-')'<+4$<)'(&'F#49E)'&=6&,G8'()'2)<&4()/'=R93&81bBcO

!82)4(&')8'%)4=)8'&4=-6$)6-8C

gC [-%6-8-4=-';6&B2&<-4=-'&8'8).#9:-8'(&'-"#&9E)' C'M&6&'$88)'6-%6-8-4=-';6&B2&<-4=-'&'6-=& '(-'

-"#&9E)' ' -' (-=-6<$4-' )8' %)4=)8 '(-' $4=-68-29E)' iS' -' !j' 2)<' )' ;65B2)' (-' ' &=6&,G8' (&'

F-66&<-4=&' ' )#' &=6&,G8'()' 2)<&4(), t"9&35&943bBA, 4cL' )4(-'4' G')' 4)<-' &=6$H#+()' \ '6-=&'%-.)'
N-);-H6&C'X'Y&/)V' *)$'B"#$\"$'8"/)' &'-&;)*,&'2&,"' ).*,)' *%&'"$/)#'/#),H].,&'*"$$"' -)$$&'H$)#'&')*T(&7&'";' .*7(Z$'2&,"' )-&*/"-"#' /"#'

,"'H$)#'R03"?%"-S.0'[

XC V&.2#.-' C'7=6&,G8 '()'2)<&4()'BX5W39XUZZ'%)(-65')H8-6,&6'4&'@&4-.&'(-'5.;-H6&')',&.)6'%6-=-4($()C'

!82)4(&')8'%)4=)8'&4=-6$)6-8'-'&'6-=&C

fC v&6"#-'#<'%)4=)'"#&."#-6'iej'8)H6-')';65B2)'(-' C'[-%6-8-4=-'&'=&4;-4=-'&)';65B2)'(-' '"#-'%&88&'

%)6'e'&=6&,G8'()'2)<&4()'V4";&"9&bTA,BcO

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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wC `K.$J-'&''F-66&<-4=&'(-2.$,-' %&6&')H=-6')'(-2.$,-'(&'=&4;-4=-'4)'%)4=)'eC

u4815,@J7$s43,1,'M*,C434,129&3,47;@"5,#15,3&5@794#15,4"9&3$13&5O

mC *)'<-4#'-?$H$6')'V73C'DH8-6,-'&8'($F-6-4=-8'F-66&<-4=&8',&<)8'#K.$J&6'&8'"#-'&H&$?)'$.#8=6&<)8/'

nC 3$;& '&'.$8=&'(-'-4=6&(&8'4&'@&4-.&'(-'V73' "#-'8-'8#;-6-<'4&' $<&;-<'&H&$?)'(-'<)()'&'2)4B6<&6')8'
6-8#.=&()8')HK()8'&4=-6$)6<-4=-C

^YC'`K.$J-')'$48%-2=)6'(-'F#49:-8' C'!?%.)6-'&8'8#&8'%)=-42$&.$(&(-8')H=-4()'$4F)6<&9E)'8)H6-'&'F#49E)C
.$-&A$!$($B4$($!CD)1!3$#4)1*!\&-$+(&1*!!]8=&8-)*!.-)/$()*!>?@?G

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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!,015GJ+2&0,&*+,*+-./

<.#6=.&Z&H&236[".JK6$&3%&56%567#.&L

V)<' &' 4),&' ,-68E)' g' o)#' 8#%-6$)6p' ()' N-)N-H6& ' i&$4(&' -<' ,-68E)' H-=&jL' @5 ' G' %)88+,-.' 6-%6-8-4=&6'
;6&B2&<-4=-'$4-"#&9:-8C'

V)<)'-?-<%.)'(-8=&'%)88$H$.$(&(-L',&<)8',-6'2)<)'8-'%)(-'6-%6-8-4=&6'&'8-;#$4=-'2)4($9E)/
il'x'&'i?'W'Qjy'z'2j'∧'il'{'<'?'z'Hj

^C *)'<-4#'!?$H$6L'-82).Q&'N65B2)'_L'"#-'G'#<&'8-;#4(&'c)4&';65B2&'-?$8=-4=-'4&',-68E)'g'()'N-)N-H6&'-'
"#-'%)88$H$.$=&'#<&'<-.Q)6')6;&4$J&9E)'-8%&2$&.'()8')H@-2=)8'26$&()8C

b-65'&%&6-2-6'#<&'4),&'J)4&'@&4-.&'2)<')'4)<-'N65B2)'_C'3-'"#$8-6'"#-'-8=&'4),&'@&4-.&'&%&6-9&'$48-6$(&'
4&'@&4-.&'%6$42$%&.L'2.$"#-'8)H6-')'8-;#4()'H)=E)'8$=#&()'4&'%&6=-'8#%-6$)6'($6-$=&L'2)4F)6<-'G'$4($2&()'4&'
B;#6&'8-;#$4=-/

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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_C *&'c)4&';65B2&'Q&H$=#&.L'26$-')8'8-.-=)6-8'&L'QL'2L'<LHC

0C *&'-4=6&(&'(-'2)<&4()8L'-826-,&'&'2)4($9E)'il'x'&'i?'W'Qjy'z'2j'∧'il'{'<'?'z'Hj

b-65'"#-'=&.'2)4($9E)L'(L'.Q-'&%&6-2-'6-%6-8-4=&(&'4&'c)4&'&.;GH6$2&'-'=&<HG<'4&'c)4&';65B2&'Q&H$=#&.C
+25&364GH1/'(-'F&2=)L'Q5'%&6=-8'(&'%&65H).&'-'(&'6-=&'"#-'-8=E)'%&6&'&.G<'(&'6-%6-8-4=&9E)';65B2&'(&'
2)4($9E)'|'

gC M&6&'"#-'&'6-%6-8-4=&9E)';65B2&'(&'2)4($9E)'&%&6-9&'&%-4&8'4&'4),&'J)4&'2Q&<&(&'N65B2)'_L'8$;&'&8'
$48=6#9:-8'8-;#$4=-8/

_Om'4&'c)4&'&.;GH6$2&L'2.$"#-'($6-$=)'8)H6-'('-'-82).Q&'M6)%6$-(&(-8h
_OU'4-8=&'@&4-.&'(-'M6)%6$-(&(-8L'&H6&')'8-%&6&()6'7,&49&()L'(-8<&6"#-'c)4&';65B2&'-'<&6"#-'e).Q&'
N65B2&'_C'

XC 3-'"#$8-6'"#-'&'2)4($9E)'.Q-'&%&6-9&'2)<)'=-?=)'i-<'}&~-�j'4&'c)4&';65B2&/

vOm''8-.-2$)4&6'&'F-66&<-4=&'=-?=)'
vOU'2.$"#-'4&'c)4&';65B2&'-L'4&'@&4-.&'(-'=-?=)L'-826-,&'(zrr
vO.'<&6"#-'&')%9E)'}&~-�'-'(-%)$8'2.$"#-'-<'DÄ

C]8=&8-)*!>?@@G

V43&B4,f,/,L3127&845,#&,L31;3484GH1,l$"&43,%18,1,0&10&234,

+2I&%J61K,:#-,('()*')*+,-(5-,-(*F51',-,(5,'+1*7-#(6*(5,'0,-7-C@'(14"*-,T(*#%-+*1*>*"6'(>'"*FD*#(*"%,*(
-()*'7*%,4-(*(-(U10*+,-9

b-@&<)8'2)<)'%)(-<)8'#8&6')'N-)N-H6&'XCY'%&6&'6-8).,-6')'8-;#$4=-'%6)H.-<&/

' `<&'-<%6-8&'%6)(#J'()$8 'K%)8 '(-'<$8=#6&8'(-'2&FGL'v^'-'v_C'*-8=&8'<$8=#6&8'#K.$J&W8-'2&FG'(-'&.=&'

"#&.$(&(-'%6),-4$-4=-'(-'=6R8'%&+8-8'7L'ZL'VC'7'F5H6$2&'($8%:-'(-'0_Y'Ä;'%6),-4$-4=-'(-'7L'^mY'Ä;'(-'Z'-'_YY'

Ä;'(-'VC'fÄ;'(-'<$8=#6&'v^'.-,&<'0'Ä;'(-'7L'_'Ä;'(-'Z'-'^'Ä;'(-'V'-'8E)',-4($()8'%)6'^_Y'-#6)8C'fÄ;'(-'

<$8=#6& 'v_'.-,&<'g'Ä;'(-'7L'^'Ä;'(-'Z'-'^'Ä;'(-'V'-'8E)',-4($()8'%)6'^YY'-#6)8C'V)<')'2&FG'($8%)4+,-.L'

"#&4=)8'"#$.);6&<&8'(-'2&(&'#<&'(&8'<$8=#6&8'(-,-'F&J-6'&'F5H6$2&'%&6&')H=-6'&'<5?$<&'6-2-$=&'%)88+,-.Å

4"(`*,"-,6*#T(O9T( a'&,*4,'T( ^9T(b4-"-T(J9(/9T(`-#%'#T( I9T(G-%*7<$>-(RR(c( )*'7*%,4-T(/',%'T(S64CD*#(

^'"%,-5'"%'9

[-B6&W8-'"#-'& '8).#9E)'&"#$'%6)%)8=&'F)$'#8&(&'4)'(-8-4,).,$<-4=)'()'<P(#.)')%K<$J&9E)L'4#<&'=#6<&'
()'!48$4)'M6)B88$)4&.C
'

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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^C'd4$2$-<)8'(&4()'-4=6&(&'(&8'3&593$G\&5,1@,%1"5934";$8&"915,4&'H&66&'(-'2)<&4()8C

3x/6+4y/6 !320

2x/6+y/6 !180

x/6+y/6 !200

x"0

y"0

_C'DH8-6,&6'-'2)48=6#$6'&'3&;$H1,4#8$55^6&7L'(-=-6<$4&4()')8'8-#8'6[3J%&5C

O=intersetar[y=0, x=0]

A=intersetar[y=0, 2 x/6+y/6 =180]

B=intersetar[3 x/6+4 y/6 =320, 2 x/6+y/6 =180]

C=intersetar[3 x/6+4 y/6 =320, x=0]

r=polígono[O,A,B,C]

0C'b-6$B2&6')'64713,#4,B@"GH1,12I&%J61'-<'C1"915,#4,3&;$H1,4#8$55^6&7C

z=120x/6+100y/6
P=pointin[r]
zP=120 x(P) / 6 +100 y(P)/6

gC'[-%6-8-4=&6')8'%)4=)8'(&'B@"GH1,12I&%J61'(-'64713,"@71L'-'(-'64713,wr-C

120 x/6+100 y/6=0

!=0

120 x/6+100 y/6=!

PF= intersetar[h, r]

XC S-=-6<$4&6')'%)4=)'(&'6-;$E)'&(<$88+,-.'"#-'2)66-8%)4(-'&)'<&$)6',&.)6'(-'wL'<),-4()')'%)4=)'LC'M&6&'
=&.'&.=-6-')8',&.)6-8'()'%&6><-=6)'4&'@&4-.&'(-'5.;-H6&')#'-?$H&')'8-.-2=)6'&.=-6&4()')'$4=-6,&.)C

R)#"E)'/"$/),)'-&;'&'^"&^"8#)'96_6:6:'`"8$/)#/'X<9'OH7&$/&'<:UU[6'a)B)3'U6W6:b<W6'Mc,.7&'8)$"3'01234455567"&7"8#)6&#745"8$/)#/4=6:4'6'
K")(.]),)'-&;')(H*&$',)'PdFOdV',&'U<e')*&V'";'f)#+&',"'<:UU'2&#'a&$g'f)*H"('F&$'d)*/&$'F&$'d)*/&$

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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%.9/05R/GH,&+&S./7/6+07,2&1+&Q/1,2&;,6&,&*+,9+-./

<.#6=.&P&H&S$1.\$4D.&V6$D#;4X.

+2I&%J61K

.(:$148-,(-(3'1]-(6*(><1>&1'(*(-10&"#(>'7-"6'#(,*1->4'"-6'#(>'7(-(S#%-d#$>-9(

.((G'6-e(GE64-e(G*64-"-e(f*#B4'.5-6,@'(g&-,$#9

.(^'"#%,&4,(&7(0,<=>'(6*(+-,,-#(*(&7(64-0,-7-(6*(*F%,*7'#(*(?&-,$#9

b=*V-mc'V)48$(-6-')8'8-;#$4=-8'(&()8L'2)66-8%)4(-4=-8'\'&,&.$&9E)'(-'#<&'B2Q&C

1 2 3 4 2 2 2 4 5 3 3 2 3
3 3 3 3 4 5 2 4 4 3 3 3 3

L31%&#$8&"915

bLmc'!<'%6$<-$6)'.#;&6',&<)8'&2-(-6'\'E)&F#/12/@>&@C&)C'M&6&'-88-'-F-$=)'&22$)4-'&)'<-8<)'=-<%)'&8'

=-2.&8/''937e*D$Ee*O,V)4,G<'=&<HG<'=)64&6',$8+,-.'&'x1"4,M7;[23$%4O

,bLUc'd48-6$6')8'1#1)%/,"C!)%'4&'2).#4&'7C

bL.c'8-.-22$)4-'2)<')'"#!)')'H.)2)'(-'2G.#.&8'Mm,49[,MU`'-'-<'8-;#$(&'&H6&')'62$C/12/@)$!2<!)'2)<')'

H)=E)'()'.&()'($6-$=)'()'"#!)*/3-.-22$)4-'&')%9E)''3$43,l$594O

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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*&'x1"4,M7;[23$%4'B2&'(-B4$(&'&'.$8=&^'i}Uj

7;)6&'%)(-<)8'$48-6$6')8'2)<&4()8'"#-'%-6<$=-<'2&.2#.&6'&'h[#$4'i^j'm<i@43J7'i_jL'h&#$4"4'i0jL'.<,
i@43J7'igjL'h1#4'iXj'-'g&56$1/L4#3H1'ifjC
*&'H&66&'(-'2)<&4()8'($;$=&<)8C

i^j''*&'x1"4,M7;[23$%4,=-<)8')'6-8#.=&()'i&j/

i_j'*&'x1"4,M7;[23$%4,=-<)8')'6-8#.=&()'iHj/

i0j'*&'x1"4,M7;[23$%4,=-<)8')'6-8#.=&()'i2j

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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igj'*&'x1"4,M7;[23$%4,=-<)8')'6-8#.=&()'i(j/

iXj'*&'x1"4,M7;[23$%4,=-<)8')'6-8#.=&()'i.$8=&^kÇ0Éj

ifj'*&'x1"4,M7;[23$%4,=-<)8')'6-8#.=&()'i-j/

*)=&/'%&6&'2&.2#.&6')'64713,8?R$81,&,1,64713,8^"$81,#1,%1"I@"91,#&,#4#15L'#K.$J&<)8')8'2)<&4()8/
' h?R$81blqmc,&,h^"$81,blqmcO

'1"593@GH1,#&,@8,;3?k%1,#&,>43345,X#4#15,"H1,%7455$k%4#15Z

bL.c'*&'H&66&'(-'2)<&4()8L'($;$=&<)8/

'''''''*)=&/'-Ov,(-B4-'&'.&6;#6&'(&8'H&66&8

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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'3-'K,G88-<)8')8'6-6'#(',0-"48-6'#("&7-(%-+*1-(6*(3,*?&h">4-#L'

'

!<'%6$<-$6)'.#;&6'Ñ4Q&<)8'"#-'(-B4$6'&'7$594,%18,15,#4#15,%7455$k%4#15,XlqmZ'-'-<'8-;#$(&'(-B4$6'
&'7$594,%18,45,B3&W@j"%$45,XlqUZO

D'2)<&4()'8-6$&/'

'1"593@GH1,#&,@8,#$4;3484,#&,&R93&815,&,W@43J5,O

bL_c'*&'H&66&'(-'2)<&4()8L'($;$=&<)8/'g$4;3484=R93&815i@43J5bm_AmAlqmc'

bLvc'N6&,-'&'&2K,$(&(-'2)<')'4)<-'=*VM-mO

C"%&'&()*!!D)1!3$#4)1*!\&-$+(&1*!!]8=&8-)*!.-)/$()*!>?@@G

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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<.#6=.&>'&H&B68#6$$G%&];3"%$;@.@6

O'2"#-"*/)7";',) 'hH) '.(H;.*),)',H#)*/"'H;'-.-(&'(H*)#'B)#.) '*&'.*/"#B)(&'N:VUQ6'S&,"'B"#'

H;)'$.;H()+%&',&'E"*c;"*&'";3'

i01234455567"&7"8#)6&#762/4.*,"?62024;>"$4Gj>UU>)*&4j<>2"#-"*/)7";,"(H]*)(H)'k

O'2)#D#',&$',),&$ '#"()DB&$'l'2"#-"*/)7";',)'hH)'.(H;.*),) ',H#)*/"'&$ 'GU',.)$ ',"'a)*".#&'

,"'<:U:V' l$ ']"#&'0&#)$V' 2#"/"*,">$"'-&*$/#H.#'H;) ')2(.JH"/)'-&;'&$ '2&*/&$ 'X,.)V'm'(H][V' )'-H#B)'

$.*H$&.,)( 'JH" ';&,"()')',.$/#.8H.+%&',"$/"$ '2&*/&$V'H;)'/)8"() '-&;')(7H*$'2&*/&$',"$$)'-H#B)'"'

-).?)$'8&&(")*)$ '2)#) '"?.8.#4"$-&*,"#' &8@"-/&$6' M&*E&#;"')'L7H#) ')8).?&V'&$',.)$ '-&*$.,"#),&$'

"$/%&'*) '-&(H*) 'O'"')$'#"$2"-DB)$ '2"#-"*/)7"*$ '," '(H]'"$/%&'*) '-&(H*) 'n6'o$ ',),&$ ',)'-&(H*) 'n'

JH" '*%&'$"'BZ;'$%&'&$ '$"7H.*/"$3' :6:U'V' :6:G' V' :6:p' V' :6UG' V':6<' V':6<j' V':6Gj' V':69j' V':6=j'V':6Wj'V'

:6pj'V':6jp'V':6_9'V':6_j'V'U'V':6__

T/22,2&1/&;,027.?GH,U

>6'231#%@"JG%&@%$&X.9%#6$&3.&!"#$%&'(&)*#)+#"

Y&';"*H'8T2D2?V' $"("--.&*"'9.#K$' /"' -E#->#.6' A*/#&,H])'&$ ',&.$ '2#.;".#&$ 'B)(&#"$'*)' -&(H*) 'OV'

$"("--.&*">&$ '-&;'&'#)/&'" '2H?"'2)#) '8).?&'&'JH),#),.*0&')]H( '$./H),&'*&'-)*/&'.*E"#.&#',.#"./&',)'

$"("-+%&V')/g'l'(.*0)'GU6'A*/#&,H])'&$'B)(&#"$'2"#-"*/H).$'*)'-&(H*)'n6

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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http://www.usno.navy.mil/USNO/astronomical-applications/data-services/frac-moon-ill
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A6'!#;.JG%&@6&/%31%$&.&/.#4#&@.&!"#$%&'(&)*#)+#"
M&;'&'8&/%&'"$JH"#,&',&'#)/&V'$"("--.&*"'&'8(&-&'," '-g(H()$ 'OU3nGUV'-(.JH"',.#"./&'*)'$"("-+%&'"'

"$-&(0)' )' &2+%&' )?2$?' #2%3$' /"' I.03.%6' o$ '2&*/&$' SUV' qV' SGU' )2)#"-";' *) 'U.0$' :?EB-$' "' )'

#"$2"-DB)'(.$/)'X(.$/)U[')2)#"-"'*)'U.0$'$#=VD?2-$6

M(.JH" '*) '8&(.*0)'JH"'2#"-","' ) '"?2#"$$%&',)' (.$/)U' *)'U.0$' $#=VD?2-$6' F"2&.$V' -&;' &'8&/%&'

"$JH"#,&',&'#)/&V' $"("--.&*" '&$'2&*/&$ '"V' -&;' &'8&/%&',.#"./&V' -(.JH"'*) '$"("-+%&'2)#) ')8#.#' )'

@)*"() ',"'W?.I?2"/$/"%' "',"$;)#JH"') '&2+%&' 8T2D2?' ?X3>#.r' *&'$"2)#),&#' ).?V' )(/"#" ')'-&#' ,&$'

2&*/&$'2)#)'X:V':V'<==[6

(6'!#;.JG%&@%&0%@69%&$;3"$%;@.9

Y) '803?$/$' /"' -.($0/.%V' .*$.#) ') '"?2#"$$%&' K"7#"$$%&d"*&N(.$/)UQ' "' )2)#"-">(0"' &' 7#TL-&' ,&'

;&,"(&'EX?['s':6=:9UW't':6=UWU='$.*X:6U_j=W'?'t'U6Wj9p['N-&;'='-)$)$',"-.;).$Q6

+25/'%)6'(-F-$=)L')'N-);-H6& '&%6-8-4=&')8',&.)6-8'2)<'(#&8'2&8&8'(-2$<&$8h'8-'%)6,-4=#6&'"#$8-6'
&.=-6&6')'4A<-6)'(-'2&8&8'(-2$<&$8L'&H6&')'<-4#'25CD*#'-'4&')%9E)'O,,*6'"6-,'F&9&'&'8#&'-82).Q&C
7.=-6-'&'2)6'(-'F'%&6&'iYL'YL'_XXjC'M&6&'=&.L'2.$"#-'($6-$=)'8)H6-'FL'-82).Q&'/,'5,4*6-6*#'-'(-%)$8'&H6&'
)'8-%&6&()6'^',C

L6'!#;.JG%&@6&"0.&1.769.&@6&X.9%#6$&^FY&=^F__

S)#) '-#.)#'H;)'/)8"()',"'B)(&#"$ 'X?V'EX?[['*)'U.0$'=?EB-$V' .*$.#) '*) '803?$/$'/"'-.($0/.%')$ '(.$/)$'

$"7H.*/"$3

(.$/)<'s'OU3OGU
(.$/)G's'EX(.$/)<[

M&;')'E"##);"*/)' '+"#"-3.?V'-#."'&'$"("-/&#'/V')'B)#.)#',"'U')'<UV'-&;'.*-#";"*/&'U6

Y)'803?$/$'/"'-.($0/.%V'.*$.#)')'$"7H.*/"'"?2#"$$%&3

(.$/)9's'S)#/"F)h.$/)N(.$/)<V/V/tU:Q
(.$/)='s'S)#/"F)h.$/)N(.$/)GV/V/tU:Q
R)8"()NuA*$"#.#Nv,.)vV(.$/)9VUQVA*$"#.#NvmvV(.$/)=VUQwVvB(vQ
+25/'&'=&H-.& '26$&(&'(-8=&'F)6<&'G'#<'=-?=)'-L'=&. '2)<)'"#&."#-6'=-?=)'26$&()'&'%&6K6'(&'S"%,-6-(6*(
^'7-"6'#L' &%&6-2-' @#4=)' \')6$;-<' ()' 6-F-6-42$&.'2&6=-8$&4)'<&8'%)(-'8-6' &66&8=&()' %&6&')#=6&'
"#&."#-6'%)8$9E)'(&';'"-(0,<=>-h'8-'"#$8-6'"#-'&'=&H-.&'=-4Q&'#<'&.$4Q&<-4=)'Q)6$J)4=&.L'=6)"#-'
)'A.K<)'%&6><-=6)L',.'i,-6K2&.'.-TjL'%)6'Q.'iQ)6$J)4=&.'.-Tjh'

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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M&6&' ,$8#&.$J&6' =)()8' )8'(&()8' (-8=&' =&H-.&L' <),&')' 8-.-2=)6' =C' V.$"#-' ($6-$=)' 8)H6-' &' =&H-.&'-'
-82).Q&'/,'5,4*6-6*#C' *)' 8-%&6&()6'i*F%'L' &.=-6-')'=&<&4Q)'(&'F)4=-'%&6& '^fh'4)' 8-%&6&()6'^','
&.=-6-'&'2)6'%&6&'iYLYL_XXjC'

Q6'!#;.JG%&@6&"0&16F1%&D%0&.&6F/#6$$G%&.3.9`4D.&@.&="3JG%&=

o8/"*0) '*) 'U.0$'=?EB-$'&'/"?/&'-&;') '"?2#"$$%&')*)(ID-)',)'EH*+%&'EV' .*$"#.*,&'*) '803?$/$'/"'

-.($0/.%'xEX?['s'xtE6'F"2&.$')(/"#"')'-&#',"$/"'/"?/&'2)#)'X:V:V<==[6

T6'!#;.JG%&@6&D.;F.$&7%%96.3.$&/.#.&6F;7;#I6$D%3@6#&%7a6D1%$

'M(.JH"'*&'2"JH"*&'/#.y*7H(&'$./H),&'*&'-)*/&'.*E"#.&#',&'I-&*"'+"#"-3.?'"'"$-&(0)')'&2+%&'

,-.(/0/&1%02%&3"#(%-%''

F"2&.$ '-(.JH" '*&'(&-)(',)'z&*)'7#TL-) '&*," '2#"/"*,"'JH"')'-).?)'8&&(")*)')2)#"+) '"')8#">$"'H;)'

-).?)',"',.T(&7&6'Y) '-).?) ',"'/"?/&'Y"="0/$V' '"$-#"B) 'R)8"()V'-(.JH"'$&8#"'&'/"?/&'JH" '-&*$D/H. ')'

/)8"() '" '$&8#" '&'$"("-/&#' /r' ,"2&.$ '-(.JH"'*&'8&/%&'*I#2-$?6' P?2"#.;"*/" '-(.-)#' $&8#"'"$/)'-).?)'

8&&(")*)6'Y)'-#.)+%&'," 'H;)'-).?) '2)#)'"?.8.#4"$-&*,"#'&$ '2&*/&$V'";'B"]'," '-(.-)#'$&8#"'-),)'H;'

,"("$V'-(.JH" '*&'8&/%&'*I#2-$?'$";'"$-&(0"#'*),) '"') '-).?) ')2)#"-"'*)'U.0$'=?EB-$r'-(.JH"',.#"./&'"'

#"*&;".">) '2)#) '8<6'F"2&.$V'$"("--.&*" '&$'2&*/&$ '/&,&$ ',"'H;)'B"]V'-(.JH"',.#"./&'*)'$"("-+%&'"V'

*&'$"2)#),&#')B)*+),&V'"$-#"B)')'-&*,.+%&'2)#)';&$/#)#'&$'2&*/&$3'8<'ss'/#H"6

C"%&'&()*!!D)1!3$#4)1*!\&-$+(&1*!!]8=&8-)*!.-)/$()*!>?@@G

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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*+,6+7.5/&0,&<2B/G,&;,6&,&*+,*+-./

+2I&%J61K,:#-,('()*')*+,-(j9L(5-,-(*F51',-,(-(,*5,*#*"%-C@'(6*(&7(5'"%'("'(*#5-C'(>&A-#(>'',6*"-6-#(
B-,4-7(>'7(%,h#( 5-,k7*%,'#9(SF51',-,(-("'C@'(6*(51-"'(7*64-6',9(l-7414-,48-,(>'7(-#( 5'%*">4-146-6*#(6'(
)*')*+,-(B*,#@'(j9L("-(0*'7*%,4-("'(*#5-C'9

<.#6=.&>>&?&231#%@"JG%&.%&(V

^C d4$2$-')'N-);-H6&'XCY'iZ-=&j
*)'<-4#'!?$H$6L'-82).Q&'&')%9E)'c)4&'N65B2&'0S

7%&6-2-65'-<'8-;#$(&'#<&'4),&'@&4-.& '"#-'%)(-6-<)8'$42.#$6'@#4=)'\'@&4-.&'%6$42$%&.'-82).Q-4()'&'
)%9E)',$8#&.$J&(&'4&'$<&;-<'8-;#$4=-/

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
_C !82)4(&'')8'-$?)8'4&'c)4&'N65B2&h
0C *&'H&66&'(-'-4=6&(&'$4=6)(#J&')8'2)<&4()8'4amL'2amL'%amy
gC ~)64-')8'%&6><-=6)8',$8+,-$8'8)H'&'F)6<&'(-'8-.-2=)6-8'4&'c)4&'N65B2&

XC *&'H&66&'(-'-4=6&(&'$4=6)(#J&')'2)<&4()'zaX4A2A%ZO
fC 7.=-6-')8' ,&.)6-8 '()8'%&6><-=6)8'4L'2L' %, -' ,-6$B"#-' &' $4a#R42$&'()8'<-8<)8'4& '6-%6-8-4=&9E)'

-8%&2$&.'(-'zC
wC M&6&'<-.Q)6',$8#&.$J&9E)'#K.$J-'&'H&66&'(-'-4=6&(&'%&6&'6-%6-8-4=&6/

&C 7ki&LYLYjh
HC ZkiYLHLYjh
2C VkiYLYL2jh
(C Ski&LHLYjh

-C 3-;<-4=)o7LSph
FC 3-;<-4=)oZLSph
;C 3-;<-4=)oVL�ph
QC 3-;<-4=)oSL�pC

mC *&'%&6=-'8#%-6$)6'(&'c)4&'N65B2&'0S'&.=-6-')'-8K.)'(&'H&66&L'2.$2&4()'4&')%9E)'8-;#$4=-/

'''''''''''''''''''''''
!<'8-;#$(&'8-65'%)88+,-.'2)4=6).&6'&',$8#&.$J&9E)'-8%&2$&.'-'&.=-6&6'%6)%6$-(&(-8'(-')H@-2=)8C

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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nC 7.=-6-'&8'%6)%6$-(&(-8'()8'8-;<-4=)8 '-'()8 '%)4=)8'(-'<)()'&')H=-6'#<&'6-%6-8-4=&9E)'&45.);&'\'
8-;#$4=-/

^YC [-2)66&'\'F-66&<-4=&' '%&6&'26$&6'#<&'2&$?&'"#-'%-6<$=&'-82)4(-6s<)8=6&6' )8'%)4=)8'-')8'
8-;<-4=)8'26$&()8'&4=-6$)6<-4=-C

^^C !82)4(&')'%)4=)'�h

^_C [-2)66&' \' F-66&<-4=&' ' %&6&' 26$&6' #<' %)4=)' 4)' -8%&9)' i%)4=)' !jC' DH8-6,-' "#-')' %)4=)'
&4=-6$)6'-42)4=6&W8-'2)48=6#+()'8)H6-')'%.&4)'(-'-"#&9E)'JkYC

^0C 7.=-6-'&'%)8$9E)'()'%)4=)'!'-',-6$B"#-'"#-'&%-4&8'8-'<),$<-4=&'4)'%.&4)'JkYC

^gC V.$"#-')'%)4=)'!'(-'F)6<&'&')H=-6'&'$4($2&9E)'"#-'.Q-'%-6<$K65'&.=-6&6'&'2)=&'()'%)4=)'!C'

^XC ~)64-')'%)4=)'�',$8+,-.'-L'2)<'&'F-66&<-4=&' 2)48=6#&')'8-;<-4=)'(-'6-=&'o!�pC

^fC [-2)66&'\'F-66&<-4=&' '%&6&'2)48=6#$6')'%)4=)'<G($)'()'8-;<-4=)'(-'6-=&'o!�pC

^wC V)<'&'F-66&<-4=&' '2)48=6#&')'%.&4)'<-($&()6'()'8-;<-4=)'(-'6-=&'o!�pC

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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<.#6=.&>A&H&!"7%&@6&)#6$1.&%-

' +2I&%J61K,,M6-=-4(-W8-'26$&6'#<'2#H)L'%)(-4()',&6$&6'&'<-($(&'(&'&6-8=&'2)<'#<'8-.-2=)6C
' d4$2$-<)8'2)<')'N-)N-H6&'2)<'&'c)4&'(-'O.;-H6&L'&'c)4&'N65B2&'-'c)4&'N65B2&'0SC

^C'S$;$=&6'4&'Z&66&'(-'2)<&4()8'&k0L'(&6'-4=6&(&L'-'-?$H$6')'8-.-2=)6C
_C'S-B4-<W8-')8',G6K2-8'()'2#H)'&'%&6K6'()',G6K2-'7'&($2$)4&4()')',-=)6'6-8%-2K,)C

MaX-A-A-Z

>aMeX4A-A-Z

'aMeX4A4A-Z

gaMeX-A4A-Z

=aMeX-A-A4Z

0C'M)6'#.K<)')'2#H)'G'(-B4$()'2)<)'#<'%6$8<&'(-'bG6K2-8'7LZLV'-'S'4&'H&8-L'#<'"#&(6&()'2#@& '<-($(&'
()'.&()'G'&L'-'(-'&6-8=&'7!'"#-'<-(-'&C

'4aC3$584bMA>A'AgA=c
.$-&A$!$($B4$($!CD)1!3$#4)1*!>?@@G

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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<.#6=.&>(&H&!%3$1#"JK6$&D%0&!"7%$&@6&)#6$1.$&!%38#"6316$

' S-%)$8'(-'2)48=6#+()'#<'2#H)L'8-.-22$)4-'#<&'(&8 'F&2-8L'-'#8&4()' &'F-66&<-4=&'%6$8<&L'2)<')'

,&.)6'(&'&.=#6&'&L'26$-'#<&'2)48=6#9E)'2)<'2#H)8C

' `K.$J-')'H)=E)'($6-$=)'()-'6&=)'8)H6-'#<'%)4=)'%&6&'&2-(-6'&)'<-4#'M6)%6$-(&(-8'()8')H@-2=)8'CCC

' *)'<-4#' M6)%6$-(&(-8'()8')H@-2=)8L'-82)4(&')8'%)4=)8'0(L'&.=-6-' &8'2)6-8'()8' 2#H)8'2)<)' 8-'

8#;-6-'4&8'$<&;-48'8-;#$4=-8C

.$-&A$!$($B4$($!CD)1!3$#4)1*!>?@@G

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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V43&B4,m_,/,'@21,&,V&934&#31

+2I&%J61K, V)<' -8=&' =&6-F& '%6-=-4(-W8-' 2)48=6#$6' #<' 2#H)L' 2#@&' &6-8=&' <-(-' .L' -' #<' =-=6&-(6)' 2#@)8'
,G6K2-8'8E)',G6K2-8'()'2#H)'$4$2$&.C'3-65'#8&(&'&'4)9E)'(-'8)<&'(-'#<'%)4=)'2)<'#<',-=)6L'-'2)<&4()8'
-.-<-4=&6-8'()'N-)N-H6&C

^C'!<'%6$<-$6)'.#;&6',&<)8'#8&6')'<-4#'=R$2$3'%&6&',$8#&.$J&6'&'x1"4,;3?k%4,.g

_C'd48$6&W8-'4&'.$4Q&'(-'2)<&4()8')'%&6><-=6),7,2)<'&'$48=6#9E)/'

7a.

0C'S-'8-;#$(&'(-B4&<W8-'2$42)',G6K2-8'()'2#H)'2#@&'&6-8=&'<-(-'7/

MaX-A-A-Z

>aMeX7A-A-Z

'a>eX-A7A-Z

gaMeX-A7A-Z

=aMeX-A-A7Z

gC'D'2#H)'G'%6$8<&'(-'&6-8=&8'2)4;6#-4=-8L'(-8=-'<)()'H&8=&'#8&6')'2)<&4()/'

%@21aC3$584bMA>A'AgA=c

XC'M&6&'(-B4$6')'=-=6&-(6)'(-,-<)8'(-B4$6')8 '"#&=6)'=6$>4;#.)8'-"#$.5=-6)8'"#-'$4=-;6&<'& 'F&2-'()'8P.$()'
&88$<'=-<)8'(-'&8'(-B4$6'#8&4()'&'F-66&<-4=&'%).+;)4)')#')8'2)<&4()8'8-;#$4=-8/

BmaC17^;1"1bMA'ATc

BUaC17^;1"1bMA'A{c

B.aC17^;1"1bMATA{c

B_aC17^;1"1b'ATA{c

fC'e$4&.<-4=-'&.=-6&6'%6)%6$-(&(-8'()8')H@-2=)8'(-'<)()'&'&@#8=&6'&8'2)6-8'-'&',$8$H$.$(&(-'()')H@-2=)C

wC'[-a$2=&' 8)H6-' &'%)=-42$&.$(&(-' (-'6-&.$J&9E)' (-8=&' =&6-F&'4)' n1')#' 4)' ^Y1' &4)L'-')' $4=-6-88-' %&6&'&'
&%6-4($J&;-<'(&'<&=-<5K2&'%6-826$=&'4)8'%6);6&<&8'(&'($82$%.$4&C

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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V43&B4,mv,|,*&%G\&5,#1,'@21

^C *&'H&66&'(-'2)<&4()8 '$4=6)(#J&')8 '2)<&4()8' L' A, '

-' C'[-%&6-'"#-'&'c)4&';65B2&'G'2)48$(-6&(&')'%.&4)'(-'-"#&9E)' C

_C d4=6)(#J&')'2)<&4()'8"9%6#GHIJI4I5IKL'%&6&'26$&6'#<'2#H)C

0C N#&6(-')'B2Q-$6)'2)<')'4)<-''@21O;;2

gC D2#.=-')'"#&(6$2#.&()'-')8'!$?)8'V))6(-4&()8C

XC [-2)66&'\'F-66&<-4=&' '%&6&'26$&6'=6R8'%)4=)8'IL'dL'Ö'8)H6-'&6-8=&8'()'2#H)'2)<)'<)8=6&'&'B;#6&'
8-;#$4=-C

'

XC !<'8-;#$(&L'&'%&6K6'(&'F-66&<-4=&' )#'()'2)<&4()'8&#$)GMINIOL'2)48=6#&')'%.&4)'m!J9

fC ,V.$"#-'8)H6-')'%.&4)'-'6-2)66-4()'\'H&66&'"#-'8-'-42)4=6&'4&'%&6=-'8#%-6$)6'(&'@&4-.&L'&.=-6-'&'2)6'
()'%.&4)'%&6&'#<&'2)6'-82#6&'%)6'F)6<&'&'=)64&6'&'8-29E)'4)'2#H)'<&$8',$8+,-.C

wC *&'@&4-.&'(-'5.;-H6&'8-.-2$)4-'=)()')'%).$-(6)'2.$2&4()'8)H6-'#C'!<'8-;#$(&'&'&.=-6-'&8'2)6-8'()'
%).$-(6)'%&6&'2)6-8'2.&6&8'%6P?$<&8'()'H6&42)C

mC v),&')8'%)4=)8'ILd'-'Ö'-',$8#&.$J-'&8'($F-6-4=-8'8-29:-8'(-B4$(&8'%-.)'%.&4)'4)'2#H)'-'2.$2&4()'2)<'
)'H)=E)'($6-$=)'()'6&=)'%)(-65'&.=-6&6'&8',$8=&8'()'2#H)'-'(&8'8-29:-8'%6)(#J$(&8C

nC N#&6(-')'B2Q-$6)'2)<')'4)<-'*&%%1&5O;;2

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.

35    de 44
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V43&B4,m`,|,)&945,

^C S-B4&'#<'%&6><-=6)'4,"#-',&6$-'-4=6-'WX'-'X'&=6&,G8'(-'#<'8-.-=)6'4&'s1"4,;3?k%4O
_C S-B4&')8'%)4=)8'DiYLYLYjL7i&LYLYj'-'#<'%)4=)'Z'"#&."#-6C
0C S-B4&')',-=)6'&=6&,G8'()'2)<&4()'u&913b+AMcC
gC V)48=6#&'#<&'6-=&'"#-'%&88-'-<'Z'-'=-4Q&'&'($6-9E)'()',-=)6''&=6&,G8'()'2)<&4()'3&94b>A@c ')#'(&'

F-66&<-4=&' C
XC S-B4&')8'%.&4)8'()$8'%.&4)8'&=6&,G8'()8'2)<&4()8/

&C ?k?iZj
HC 2)=&ZkJiZj
2C Jk2)=&Z'C"!'&-1S)!(&!"J)14)!(&!>?@@!B&-<84&!)=4&-!)!B+$#)!(8-&4$<&#4&!$4-$'21!($!/)4$!(&!6<!B)#4)!%^%C_GG

fC 7.=-6-')'%)4=)'Z'-',$8#&.$J-'&'%)8$9E)'(&'6-=&'-'()'%.&4)L'&.=-6&4()'&'%-68%-2K,&'4&'!"#$%&'()*+%&,-C

V43&B4,m},|,h1#&743,*&G\&5,"1,'@21O

^C 7H6&')'B2Q-$6)'26$&()'&4=-6$)6<-4=-''@21O;;2

_C S-B4&')',-=)6''&=6&,G8'()'2)<&4()'u&913b=A0c,)#'&=6&,G8'(&'F-66&<-4=&' '
0C S-B4&'#<'8-.-=)6'Ä'"#-',&6$-'-4=6-'Y'-'^C
gC S-B4&')'%)4=)'�'"#-'%-6=-42-'&)'8-;<-4=)'(-'6-=&'o!Np'&=6&,G8'()'2)<&4()/

za=e~n@

XC V)48=6#&' )' %.&4)' %-6%-4($2#.&6' &)' 8-;<-4=)' (-' 6-=&' o!Np' "#-' %&88&' 4)' %)4=)' �L' &=6&,G8' (&'

F-66&<-4=&'' '')#'&=6&,G8'()'2)<&4()'L74"1L&3C&"#$%@743bzA@c,i%.&4)'Hj
fC 7.=-6-'&8'2)6-8'()'%.&4)'-'()'2#H)'%)6'F)6<&'&'=)64&6',$8+,-.'&'2)6'(&'8-29E)'%6)(#J$(&C

wC S-B4&')8'%)4=)8'(-'$4=-68-9E)'()'%.&4)'H'2)<'&8'&6-8=&8'()'2#H)'6-2)66-4()'\'F-66&<-4=&' ')#'
6-2)66-4()'&)8'2)<&4()8/

&C {at"9&35&GH1b2A&#;&=Tc

HC tat"9&35&GH1b2A&#;&g=c

2C �at"9&35&GH1b2A&#;&M+c

(C Äat"9&35&GH1b2A&#;&M>c

mC S-B4&')'%).+;)4)' 6-8#.=&4=-'(& '$4=-68-9E)'()'%.&4)'2)<')'2#H)L'&=6&,G8 '(&'F-66&<-4=&' ' ')#'
&=6&,G8'()'2)<&4()'CmaC17^;1"1b{AtA�AÄcO

nC DH=-4Q&'#<&'6-%6-8-4=&9E)'8-<-.Q&4=-'\'8-;#$4=-/

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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^YC 74&.);&<-4=-'&)'"#-'F)$'6-&.$J&()'4)'%&88)'}O'S-B4&')8 '%)4=)8'"#-'6-8#.=&<'(&'$4=-68-9E)'2)<'&8'
&6-8=&8'2)66-8%)4(-4=-8C'

&C lat"9&35&GH1b2A&#;&T0c

HC hat"9&35&GH1b2A&#;&g0c

2C Åat"9&35&GH1b2A&#;&'+c

(C Lat"9&35&GH1b2A&#;&>'c

^^C S-B4&')'%).+;)4)'blhÅLc'&=6&,G8'()'2)<&4()'CUaC17^;1"1blAhAÅALc

^_C S-B4&')'%&6><-=6)'2#@)',&.)6'2)66-8%)4(-'G')',&.)6'(&'56-& '(&'8-29E)'-<'F#49E)'()'()'%&6><-=6)'
ÄC

4 3 & 4 a * & b ~ p - O _ A C m A * & b ~ r - O v A C U A 5 W 3 9 X U Z c c

^0C S-=-6<$4-'&'($8=>42$&'-4=6-'!'-'�L'&=6&,G8'()'2)<&4()'#$59a#$59Y"%$4b=Azc')#'(&'F-66&<-4=&C
^gC D2#.=-'&'s1"4,47;[23$%4'-'=)64-',$8+,-.'&'@&4-.&'03?k%1,UL'2).)2&4()'&8'=6R8'@&4-.&8'-<'%&6&.-.)C
^XC 7=6&,G8'()'2)<&4()'iaX#$59A43&4Z'(-B4&'#<'%)4=)'"#-'&88)2$&'\'($8=>42$&'-4=6-'!'-'�')',&.)6'(&'

56-&'(&'8-29E)'%6)(#J$(&C
^fC S-%-4(-4()'(&'@&4-.&'"#-'=-<'8-.-2$)4&(&')'%)4=)'t' ()'%&88)'&4=-6$)6'%)(-65 '8-6'(-B4$()'-<'

"#&."#-6' #<&'(&8'=6R8' @&4-.&8C' M&6& '"#-'-8=-'%)4=)' -8=-@&'4&' @&4-.& '03?k%1, U,(-,-65'(-B4$6' &'
.)2&.$J&9E)'()'%)4=)'4)'8-%&6&()6

^wC M)(-65'&;)6&'&K,&6')'=6&9)'()'%)4=)'Ü'-')H8-6,&6'&'6-%6-8-4=&9E)';65B2&'(& 'F#49E)'"#-'<)(-.&'&'
8$=#&9E)C' *)'-4=&4=)L' %&6& '8-6' %)88+,-.' (-B4$6' )' .#;&6' ;-)<G=6$2)' ()8' %)4=)8 't' -<' F#49E)' ()'
%&6><-=6)'ÄL'-8=-'%&6><-=6)'(-,-65'-8=&6'.)2&.$J&()'=&<HG<'4&'@&4-.&'03?k%1,UC

^mC S-B4&')'.#;&6';-)<G=6$2)'()8'%)4=)8't'-<'F#49E)'()'%&6><-=6)'ÄL'&=6&,G8'(&'F-66&<-4=&' '')#'
()'2)<&4()'l1%@5biA~cC

.$-&A$!$($B4$($!C.-)/$()*!>?@@G

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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VW6+.,2&!,6B4+X,2&;,6&,&*+,*+-./

<.#6=.&>N&H&b/6#.JK6$&cC$;D.$&D%0&de06#%$&!%0/96F%$

b7a6D4X%f&K")(.])#'&2"#)+\"$'8T$.-)$'-&;'*C;"#&$'-&;2("?&$6

mO'd4$2$-'#<'4),)'()2#<-4=)'4)'N-);-H6&'-?$H$4()')8'-$?)8'2))6(-4&()8C

UO'[-%6-8-4=-')8'4A<-6)'2)<%.-?)' '-' C'*&'H&66&'(-'-4=6&(&'H&8=&'$4=6)(#J$6'&8'

-?%6-88:-8' '-' C

.O'[-%6-8-4=-')8',-=)6-8'"#-'2)66-8%)4(-4=-8'&'2&(&'#<'()8'%)4=)8' '-' C'M&6&'=&.'%)(-65'6-2)66-6'

\'F-66&<-4=&' )#'-4=E)'&=6&,G8'()8'2)<&4()8'qb-=)6oJá^pr'-'qb-=)6oJá_prC

_O'M&6& '6-&.$J&6')%-6&9:-8'-4=6-')8'2)<%.-?)8' '-' '-')H8-6,&6'& '6-%6-8-4=&9E)'()'6-8#.=&()L'H&8=&'

$4=6)(#J$6'4&'H&66&'(-'=&6-F&8')8'2)<&4()8'2)66-8%)4(-4=-8C

Operação Comando
z_3=z_1+z_2
z_4=z_1-z_2
z_5=z_1*z_2

z_6=z_1/z_2

XC 7.=-6-'&'<&.Q&'(&'x1"4,03?k%4'6-2)66-4()'&)'q~$%)'(-'t#&(6$2#.&()r'L1743C

!?%.)6-' &8' %)=-42$&.$(&(-8' (-8=&' &%6-8-4=&9E)' c)4&' N65B2&' %&6&' -?%.)6&6' &8' )%-6&9:-8' 2)<'

2)<%.-?)8'-'&8'2))6(-4&(&8'%).&6-8C

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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<.#6=.&>P&H&!%3a"8.@%&6&];0M1#;D%

+2I&%J61K,!?%.)6&6'&.;#<&8'%6)%6$-(&(-8'i2)4@#;&()'-'8$<G=6$2)j'(-'4A<-6)8'2)<%.-?)8C
F),&'H;'JH)(JH"#'*C;"#&'-&;2("?&'*)'E&#;)')(7g8#.-)V'JH"'2#&2#.",),"',"B"#T'/"#'"$$"'*C;"#&'
2)#)'JH"')'.;)7";'7"&;g/#.-)V'*&'2()*&',"'O#7)*,V',&'$"H'-&*@H7),&'-&.*-.,)'-&;'&'$"H'
$.;g/#.-&6

mO'' [-%6-8-4=-' )' 4A<-6)' 2)<%.-?)' C' *&'H&66&' (-' -4=6&(&'H&8=&' $4=6)(#J$6' &' -?%6-88E)'

h

UO' M&6&'6-%6-8-4=&6' 'H&8=&'6-a-2K6')'%)4=)'J'4)'-$?)'6-&.L'6-2)66-4()'\'F-66&<-4=&' h

.O' 3-')H8-6,&6<)8L' ,-6$B2&<)8'"#-')' 2)4@#;&()'(-' 'G'(-4)<$4&()'%-.)'N-);-H6&'%)6' C'3-'

%6-=-4(-6<)8'"#-'@#4=)'()'&B?)'()'2)4@#;&()'8#6@&'&'(-8$;4&9E)' L'=-6-<)8'(-L'-<'%6$<-$6)'

.#;&6L' -82)4(-6' )' 6P=#.)' (-' ' -' -<' 8-;#$(&' $48-6$6' #<&' 2&$?&' (-' =-?=)' 2)<' #<&' FP6<#.&'

Ç16&37$"&ÉsÑ'-<'}&=-?h

!<'8-;#$(&'(-,-6-<)8'&2-(-6'\8'%6)%6$-(&(-8'(&'2&$?&'(-'=-?=)'-'4)'8-%&6&()6'%)8$9E)'$4($2&6'"#-'

)'%)4=)'(-'%&6K(&'G'Jàh

_C' 7=6&,G8' ()' 2)<&4()' qWJr' G' 6-%6-8-4=&()' )' 8$<G=6$2)' (-' JC' M&6&' "#-' @#4=)' ()' &B?)' 8#6@&' &'

(-8$;4&9E)'âJ' G'4-2-8856$)'"#-'4&8'%6)%6$-(&(-8'(-8=-'2)<%.-?)')'6P=#.)'8-@& '(-B4$()'2)<)'

q}-;-4(&r'-'4&'.-;-4(&'(-,-65'8-6'-826$=)'qWJrh

vC'7=6&,G8 '(&'<&4$%#.&9E)'()'%)4=)'J' 8-65 '%)88+,-.'(-82)H6$6'"#&.'&'%6)%6$-(&(-'(-'J'%&6&'"#-'' '

2)$42$(&'2)<'âJC

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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<.#6=.&A'&H&*%1g3D;.$&@6&SF/%6316&d.1"#.9&@6&"0&de06#%&!%0/96F%

b7a6D4X%f&P?2(&#)#'2#&2#.",),"$',&$'*C;"#&$'-&;2("?&$'X2&/Z*-.)$',"'"?2&"*/"'*)/H#)(['-&;'
#"-H#$&'l'E&(0)',"'-T(-H(&6

K"2#"$"*/)+%&'7#TL-)',)$'2&/Z*-.)$',"'"?2&"*/"'*)/H#)(',"'H;'*C;"#&'-&;2("?&
>-''K"2#"$"*/"'&'*C;"#&'-&;2("?&' 6
A-''P;'$"7H.,)V'-&*$/#H)'&'$"("-/&#'*V'JH"'B)#."'"*/#"'U'"'<:'-&;'.*-#";"*/&$',"'U6

.O'7=6&,G8'()'2)<&4()'qJ4kJä4r'2)48=6#&'&'%)=R42$&'(-'H&8-'J' -'-?%)-4=-'4Cg1C'V)<')'H)=E)'($6-$=)'()'

6&=)'8)H6-'J4'&2K,-')'=6&9)'(-'J4C
L-''Y&';"*H'"?.8.#V'"$-&(0)')'&2+%&'{&(0)',"'MT(-H(&6

XC V)<')'H)=E)'($6-$=)'()'6&=)'8)H6-')'%)4=)'J4'-82).Q&'&')%9E)'q!4,$&6'=6&9)'%&6&'&'F).Q&'(-'25.2#.)r

fC '3-'&.=-6&6')8 ',&.)6-8'(-'4'%)(-65')H8-6,&6'"#-'& '%&6=-'6-&.'-'&'%&6=-'$<&;$456$&'(-'J4'8-6E)'6-;$8=&(&8'4&'

F).Q&'(-'2&.2#.)C

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.
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}O'M&6&')H8-6,&6')'<P(#.)'-')'&6;#<-4=)'(-'J4'(-,-65'&2-(-6'\8 '%6)%6$-(&(-8'(-'J4'-'4)'8-%&6&()6'

qO.;-H6&r'-82).Q-6'&')%9E)'qV))6(-4&(&8'M).&6-8rC

<.#6=.&A>&H&*%1g3D;.$&@6&"0&!%0/96F%&6&S$/;#.;$

b7a6D4X%f&P?2(&#)#')'#"7H()#.,),"'7"&;g/#.-)$'')$$&-.),)$')$'2&/Z*-.)$',"'"?2&"*/"'#")(',"'H;'
*C;"#&'-&;2("?&'-&;'#"-H#$&')&'h&-H$6

mO''[-%6-8-4=-')'4A<-6)'2)<%.-?)' C

UO''[-%6-8-4=-'#<'%)4=)'3'8)H6-')'-$?)'6-&.C

.C'7=6&,G8'()'2)<&4()'s3asdRX3Z'6-%6-8-4=&'&'%)=R42$&'(-'J'(-'-?%)-4=-'6-&.C

_O'[-2)66&'\'F-66&<-4=&' -'8-.-22$)4-')8'%)4=)8'3' -'s3,%&6&'6-%6-8-4=&6')' .#;&6';-)<G=6$2)'(&8'

%)=-42$&8'(-'#<'4A<-6)'2)<%.-?)'(-'-?%)-4=-'6-&.C

vO'7=6&,G8'(&'<&4$%#.&9E)'()'2)<%.-?)'sL'%)(-6-<)8')H8-6,&6'-8%$6&$8 '26-82-4=-8L'(-26-82-4=-8'-'#<&'

2$62#4F-6R42$&'2-4=6&(&'4&')6$;-<'2)<'#<&'#4$(&(-'(-'6&$)C

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.

41    de 44
!"#$!"%&'&()*!"+&,$#(-&!.-)/$()*!!0)12!3$#4)1!()1!3$#4)1*!5$6+)!7)--&8$

9:;!3&4&<=-)!>?@@



Bibliografia

Azevedo, A. Dos Santos, J. Geraldes, J. Ribeiro, A. Trocado, A. (2011) Usar o GeoGebra para 
ensinar e aprender Matemática. Notas da Ação de formação CCPFC/ACC-62549/10 
ESE - IP Porto. Porto.( Materiais  poli-copiados)

Dos Santos, J. (2011) Notas da disciplina Matemática. Materiais e Tecnologias, opção do 3º 
ano do Curso de Educação Básica, ESE - IP Porto. Porto. (Materiais  poli-copiados))

Dos Santos, J. Geraldes, J. Ribeiro, A. Trocado, A. (2010) Como usar o GeoGebra para ensinar 
e aprender Matemática. Curso n.3 , ProfMat 2010. Aveiro.

Dos Santos, J.  (2009) El GeoGebra y el Analisis de Relaciones Matemáticas en el Arte, cap.V, 
in Giménez J. La Proporción: Arte y matemáticas. Editorial Graó. Barcelona.

Dos Santos, J. Geraldes, J. Ribeiro, A. Trocado, A. (2009) Como usar o GeoGebra para ensinar 
e aprender Matemática. Curso n.3 , ProfMat 2009. Viana do Castelo.

Dos Santos, J. Trocado, A. (2008) Estudo de isometrias com o GeoGebra como abordagem 
possível para o 1º e 2º Ciclo do Ensino Básico no contexto do reajustamento do 
Programa de Matemática do Ensino Básico . Sessão Pratica, MinhoMat 2008. Vila 
Verde.

Ribeiro, A. (2011) Inequações no GeoGebra 4. 1º Dia GeoGebra Portugal. ESE IP Porto.

Trocado, A. (2011) GeoGebra 5.0 (Beta) - 3D Tarefas Possíveis. 1º Dia GeoGebra Portugal. ESE 
IP Porto.

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.

42    de 44
!"#$!"%&'&()*!"+&,$#(-&!.-)/$()*!!0)12!3$#4)1!()1!3$#4)1*!5$6+)!7)--&8$

9:;!3&4&<=-)!>?@@



!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.

43    de 44
!"#$!"%&'&()*!"+&,$#(-&!.-)/$()*!!0)12!3$#4)1!()1!3$#4)1*!5$6+)!7)--&8$

9:;!3&4&<=-)!>?@@



d%1.$

!"#$%& '(& )& %& *+,*+-./& 0,& 1+2+03,4356+07,& 1,2& 7+6/2& 1/& 849+-./& +& 1/&
*+,6+7.5/&0,&(:&!5;4,&1,&<0250,&=>25;,&+ &0,&<0250,&$+;?01>.5,@&7/.+A/2&B/./& /&
2/4/&1+&/?4/&+&;,0C+;56+07,&1,&2,DE/.+&0+;+22>.5,&F&/GH,&1,&B.,A+22,.

44    de 44
!"#$!"%&'&()*!"+&,$#(-&!.-)/$()*!!0)12!3$#4)1!()1!3$#4)1*!5$6+)!7)--&8$

9:;!3&4&<=-)!>?@@


