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&:.$)807 C$?9,*9 8,C.78O :&$9,.5 >& -.7 :&$9,E (, 'B+-,-.7<

, &1+'&9-.75 @&+.--& +.� 24E/ $%)*(*8.: 0(&'. ;!<#(5===

U 978 $,(78 $7'.. T -,=(.--.7 $9&$&+,-4 87$9 ?,:.$/ <40.! :-&'!45

V?4+.O.7 -.7 L&1?. 9) & I.?2� &$B2 9,( +4$9�:)804L5 U,D

(4$*7( ,)9&', 87$9/ >8-+(: 0(&'( ;!<#(5 &("'4 #(05 # :&1D

'�?-.C,L $?C&I-4L -,I7;4 );4+,E $*B+ . ?+'&9B+ :&9&?-4L

+ .L +*,O.+4L ?-,?7-.,L5
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" #$% & '()*+, ./ *0.1$ 2$3$ 40+ &/2#$5.$6 7$8.�:0+8 ;'<.0

' *0.1� .$=02$4> & 40+8$&4+8 ?'530+@ 7$ =5./%A$< .4$8<B8+3/

2?'53BA'&$40+C  !#$% &'()%! a = 5n − 5* + % n ∈ N@ D4$8<B8+ 20�

#B %0*%$ 1A�<4/; .$=02)&, $*+ ' #/3 =)E40+8@ F #/3 =5./=$<%B

='=5$&40+ 3'G+3/ 4$=02$HC  !#$% 5n−5, &'#!( n ∈ N *B1 8+2..+

*+=0+8C  !#$% 5n − 5, &'#!( n )(*+ )%,-.  !#$- /%+01% /-@

I5B(03 1A�<+3, &/2#�=B8>/3 & ='&/G2./3 =5./%A$<.0+, 8+2#

&=*$#$40+ 2/31'*0%0 3$#+3$#/.4+8 & #+%2# 2A'&4/@ J< 10+</

3'G4$ =5./8>H #� 3$40+5�, $*+ #/*%' &#+</, (</ 2/31'*+ 2A'&4+

2> <'2#'2'&$4+ <' (5$3$#/%0 .<$40$@ F ='&/G2./3 =5./%A$<.0+

3$3/C ,!#$% 5n− 5 -.() &'+#!. /% &0#.# 5 + % n ∈ N@ K5.+./#$8L

3/ #+4 #+%2#, .('<40+ . 8+(' .$=02+3 2/31'*0.4/3C  !#$% 5n−5
&'() *+,#!'-.% */#'# 0 ,-% n &'() '-'1'.)'1 #$!+/2 N@

• F &0+*B 30+82$; ='8$&0$8> 20� 40+='#5.+14+ *0#+5/@ 7$ =5./%A$<C

1112 (3% ! k = 2@ M%$*$ 8+2# *0.1> 0 4$*+G/ ?'53BA'&$H #+ .<$40$

4$2#�=B8>'C 2 *,% ! 2@ N$%0 2='2)1 ?'53BA'&$40$ 1$5<.' &0+*B

.<$O &=5'&$<.$ 40+='#5.+14/ 2.B3 04?'53$/84/@ N' #$% 8$%1/

40(</ 2%$*0 40+ 3'G4$ 1/A' '.4$./H 044> *0#+5>@

N$%0 2='2)1 ?'53BA'&$40$ &/2#�=B8+ & 40+.*0.'4+8 *0.10+ #+%2#)&

3$#+3$#/.4/;@

70+&A$:0&+ 2> #+G 2?'53BA'&$40$, (<.0+ .4$8<B8+3/ 4=@C 4/'5646

&0#.#  !#$� k 6= 0@ D$=02 k 6= 0 40+ '.4$.$ *0.1/@ D$=02 #+4 '%5+:*$

=+&4> 5+*$8�, 30$4'&00+C 5+*$8�, '%5+:*$8>>, G+ k 8+2# *0.1>

5)G4> '< .+5$@ K'308$8> &#5>$40+ 2/31'*0 3$#+3$#/.4/;

& #+%2# 2A'&4/, ' 40+ ='&044' 20� .<$5.$H, #' <'<$#%'&' .$=02 #$%0

8+2# '1$5.'4/ 1A�<+3@ " =5.+0+G #' .<$40+ 3'G4$ 2?'53BA'&$HC

333 41#(#  !#$� k 167/- 8' #(1%333

P.�2#' 2='#/%$4/ 8+2# 2='2)1 .$=02BC ,!#$6 b = 2 ! c = −1 (8111

Q0.1$30 2> #B 2 '5$. −1@ D$=02 b = 2 0 c = −1 8+2# %'40B4%8>

<&); 5)&4':0 R5+*$80, ?'53 .<$40'&/;S@ F/2#�=B8> #B #$% 8$%

='=5.+<40' <&$ 1A�</C ='30+2.$40+ #+%2#B 2A'&4+(' . 2/31'*$30

3$#+3$#/.4/30 0 4$.&$40+ 5+*$80 *0.1>@

• 70+5$. ./#$3/C 2%0)'9: 2!. '4!%/; + % x = 31 NB 5)&40+G

30+2.$8> 20� 1A�</ 2+3$4#/.4'L2/4#$%#/.4+ . 1A�<$30 +=02#+L

3'*'(0.4/30@ F0+*'30$4/ <+?040B8+3/ & 2.%'*+ 8$%' ?B4%8+@
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#$%&''( x )*+,�./0& ,/ ) 1&2%'%0% )%&45$%('/6 7(,&$ 5)5 x '%&

$58& )*+,9.%: ) %''&0 .5+,(%; <25=$/>5)('%& x = 3 0&+, )%� ,/

25=$9 71('%5)9;

?58'( 0&1'(@ 15A: >(,)5 /+/'9: ,&' =517(0 B>�1/C  !"#% &'()

*+,- &#."+/#'01W (x)6 234 x = 3 4/BC  !"#% &'(*+,- &#."+)

/#'01 W (x) 3"' '(21/.0*1 3;

D )%&4/ ,&@+,(E )*+,�./09 +25=$/>5)('%( '.;C  !"#$%&$%# "'!�)*

+%,- .$012 r = 2333 F=7&%&8 .=5$%&'%&$ G7*4% 4%7B9H6 5 @,I=&0

$5)(6 0&+, 26 '%& )%(15$5 .5 56 E*B( ,*4@5 14( /,=/1'%&'%(

7=57/$%&'%( ,&@+,/ 0&+, ).=5)(175'* +*$B54 r; J&+, 5' '%& ,*4@5

7B�1'*$ +7/$&$ %'25=$(*0'*$6 (4& 7(.%+ 0&+, B>�1'* 7 ./'@,/

)%17&'%( 45K%@%; ?%('5)%%&6 r = 2 0&+, =&4(096 '%& 4%7B9;

F515B'& B>�1* 7'(01/09 +%� ) )%&4/ 7(K(1'%&'%(E 7)%97('*E

7 )%&45$%('($%; L ,(@6 )%&4/ (/,5=I) .51=�7'%@I) +,5+/0& +25=M

$/>5)('%&C 4 !25678 09 .$012 x = 2 +%,-  $%!5$2,-'$%# 5$%.":

#$2&* φ(x); #'5)/ $($* ,/ 15 7*'%&'%( 7 1)5$( B>�1($%;

F%&=)+7*$ 0&+,C x = 2 '%& 0&+, 7(.%+&$ 4%7B*6 4&7 =&4(096 ( 1=/K%$C

.%&=)%(+,@%&$ 0&+, 4%7B( x = 2N O 4%7B9 ,9 0&+, 2;

F5)%''5 )%� B*:C 56('&378 %4 "#%!' 2 9.:* 6#.(&#':*;#./
&#."+/#'01<

?58'( G+77&KI4'%& ) $>51+7*E @4(+(EH +25=$/>5)(: 7(1('%& '.;

,(@C #'(01P 4%7B� x +.&>'%(099 7(4&8'5A: x2 − 4 = 0;
D,&1* 51.5)%&1P x = 2 0&+, )>(A%)(6 (4& '%& 0&+, ,5 .=()%1>5)(

51.5)%&1P '( .5.=7&1'%& .*,('%&;

D.=5)(17('%& ) 5$()%('*E )*8&0 7(.%+(E +*$B54/ 4%,&=5)&K5

r 7* ,&8 x 0&+, 7B�1'*$ % '%&.5,=7&B'*$ +7/$&$ %'25=$(*0'*$6

/,=/1'%(09*$ 7=57/$%&'%& %+,5,* 7(K(1'%&'%(;

• ?I)%9 5 .=5$%&'%/ 5@=�K/6 .50()%( +%� '%&@5'+&@)&','& +,5+5)(M

'%& .50�%(C .=5$%&Q; F=5$%&'%&$ 5@=�K/ 0&+, 4%7B( 151(,'%(6

'(,5$%(+, 7�+,5 7'(01/0&$* +25=$/>5)('%&C 6;*)"<=  !"#$%&$2

"'!�)* +%,- !>5&2 1; R)+7&$6 ) )%&4/ .=7*.(1@(E 1&2%'%/0&$*

.=5$%&Q 0(@5 @,I=*@54)%&@ 7 51%'@I)6 >979*E A=51&@ 5@=�K/

7 ./'@,&$ '( 5@=�K/6 (4& 0&+, ,5 .50�%& ),I='&; D 1&2%'%0% 5@=�K/

.=5$%&Q 0&+, 4%7B9 151(,'%96 0&+, )%� ,5 .50�%& )7&A'%&0 )*M

+,�./09&6 '%8 .=5$%&Q ,=(@,5)('* 0(@5 51%'&@; D*+,(=7* )%�

.%+(:C 6(+/#.= +;(�21 9.:* (?&04 @;
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• #$%&'()* &+,-$%&'() + +&&, .,/' .012 3%-'.0 3�6.' .,7 1-'%893:

9' &+,1'-'32;+,<= #$%&'() >&+,-$%&'()* 1'-3:9,? +.1=@ A,6. -,B

C8A:* ;'7, %+� D0) 61,E&+'&8 1-3,3 A8?+( ,C,;,&. >A8?+,( ,C,B

;,&.0@= F'%+&&' 6+� 1+68)G  !"#%# %!&' &(!)*+,*#* 8C, &+,G

 !"#%# &#'()&* = H+D0 9'?:9 ;+8E8D0 38I'93+)J

K3�6.' 61'.0?8;0 -$%&+,7 6L'-;2E'%8&+,G &#'()&*  +,-(./0 "12

-34 5,*! )&!-*!= #$%&'() A,6. 1,%&: -,C8A:= -./*,01 2,3!

451 &(!)*+,*#6 7/+! 89!*+! 2,3! 451 ( #/89+/!6 H8.'B

;+86. M38I'93+N A,6. 78-/'&,; 6.'6'%8&0;* &+,6.,.0* 1-3,3 %+,C2

;8.,;8.0?$%= #$%&'() ;'7, D0) 61,E&+'&8 C2D &+,* 8C, &+, %'C&'

1+68)G  +,-(./ 3 #,)&*,#=

O,633, /'-3,A D-3;+ .0C?'  +,-(./ 6#78&9,#=

P8-93' 3�6.' 6E0630;0* 7, 5,*! )&!-*! &#'()&* = Q%+,-93,&+, ;8B

.,;8.03&, A,6. 398&+,;* ;'7, %+� D0) 1-8%93+%, >C2D &+,* 8C,

%.,90 &+, &830%8 6+� .%+,-93,&+,;@=

:# 89, /#3*# ;/#<#=== Q%+,-93,&+, A,6. 398&+,; >1-8%93+B

%0;@ 29'%'9&+'&0; % 98&,A .,'-++= H+, %'C&' 38.,; 1+68) 5,*! :

)&!-*! 3 #,)&*,! 8&+ .0; D8-93+,A 5,*! )&!-*! 6#78&9,!= R'7,;0

;$%+) ' +;1C+?8A8IG 1-'6.,A* '9%-'.&,A* 1-3,+%&,A + 1-3,+%B

6.8%&,A* 8C, &+, ' .%+,-93,&+8I* % 60.28A+* /90 10.8;0 ' +I

1-8%93+%'()SSS

• T&8A92A,;0 .,7 &+,%E8(+%, 6L'-;2E'%8&+8 .012 ;)"!<7(./ , 1=7#:

)&*! ,83+7 &�)-9'= U9C,/E'() '9&'6+ 6+� 9' 1E863303&0* %01'68B

7'&,A % 2?E89 %61$E-3�9&0I= Q8?+, &+,%E8(+%, 6L'-;2E'%8&+8

1'A8%+8A: 6+� % %+,C2 .,?6.8I= F'%+&&' 6+� 1+68)G >8"!<),01 *#

()#&995?*+! 9 ;@)#8!2 /&(.) 9�8*5B6

F'9'D&+,* %+,C'?-'.&+, 82.'-30 1+63:G ?# 981% , 1=7#)&*! ,83+7:

 &�)-9'=== U.$7 23&+'%+, ;8A: '( .8; &8-06'%8)* 8C, *# ()#&9C

95?*+! 9 ;@)#8!2 /&(.) 9�8*5B + .8? &8C,70 .' L'-;2E'%8)=

• K3�6.' 3&8A92A,;0G

444 (2 #&!@ 31-=51 P = (x, y) %!85 5#=* 31-=5 P ′ = (x′, y′)0 A! 444

V .0; 6L'-;2E'%8&+2 ;8;0 9%+, 61-8%0 381+68&, % A,9&0; %+,-B

632= U.$7* %0D+,-8;0 12&?. P * 8 &86.�1&+, 26.8C8;0 >&830%8;0@

A,/' %61$E-3�9&,= Q8? 68;' 1'6.�12A,;0 3 12&?.,; P ′=

O,6. .' DE:9* ?.$-0 ;'7&8 &83%8) M9%8 % A,9&0;N=
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#$%&''$ (&� *&(+,-    !"#$%&' ()*+,) P ! -.(/0#%�2*35

(x, y) 6&., ()*+, P ′7 '$683 -.(/0#%�2*& (x′, y′) ,$+9&7 :&    

#$.$/'&01 2'+3.43056-  !"#$%' ()* ! +*,)"# W = (0, 0)..7
8&092;$<0= *+9+/$>& 30(? *4'=?051 '+>0@6 %&� 2+*&(+, ! -9&#%;

5!0+) W 7 A % $BC>01 ?$ *$ $ 30(? ?4 >&?09+ W D 8&092;$<=&05

30(? *920&0@ *4'=? (0, 0)7

• E$95F (?$($%+'F % ?0=(?+; 5+?05+?62'6; G& &''6;H 30(? 2+I

(+.+ %6(?+%&+'&+ %2$9C% *$2+ ?0=(? (<$%'67 J652+(05 90B4<+

?+ 30(? '+B5&''&0 <+5+'+ *9202 +4?$9C%7

K6%+ %&� ?+=- --- ./0 +#!,1' /"%2 0() !"31' a " b 6= 07
J+= % *$.9�2'&=+; '&0 '+>0@6 *&(+,7 L2�(?$ (?$(43F ?0' (?6>

5+?05+?66 % 2+(&0 %6=<+.C%1 +>0 '&0 *$%&''$ ?$ %6(?�*$%+,

% *$.9�2'&=+; (2=$>'6;7 E+>0@6 '+*&(+,- <9%"� x *$%3-$'3

=9%"8 -3'9&#*87 >23 x =
a

b
7 2=$ (&-*35 =9%" $0+!;

-9,35 a 9 b7 >2%9& b 6= 0 

• 8 %&0>4 ?0=(?+; +4?$926 *&(2F '*7 ?+=-

n

√
a·b = n

√
a · n

√
b dla a ≥ 0 i b ≥ 0.

M+5&+(? (<$%+ N.>+O *$%&''$ /6, (<$%$ NB.6O7 M'+2'&0 >0*&03

$'$ ?4 *+(4301 '&0 (2=$.2& *$*9+%'$P& B9+5+?62'03 +<0B$ 2.+I

'&+ & 2.+'&0 (?+30 (&� 2.+'&05 %+94'=$%651 B.2&0 (<$%05 >23

*$<F2$'0 (F *0%'0 %+94'=&7

Q$92031 B.6 2'+3.43056-

|x− 1|+ |x|+ |x− 2| dla 0 < x < 1.

L26 $P ?+5 5+ /6, (*0<'&$'0 .>+ 209+D E&01 (24=+56 '+3*9$(?(203

*$(?+& %69+@0'&+ 2+*&(+'0B$ *$%6@03 .>+ 0>050'?C% x1 '+>0@F6;

.$ *920.2&+<4 (0, 1)7 M+?051 5$@'+ ?0' %&09(2 2+*&(+, '+(?�*43F$-

|x− 1|+ |x|+ |x− 2|, gdy 0 < x < 1.

8?0.6 %(26(?=$ 30(? 29$245&+<0 & *$*9+%'0 ?+= *$. %2B>�.05

>$B&=&1 3+= & B9+5+?6=& 3�26=+ *$>(=&0B$7
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#$%$&'()* +',-%.-)/0 &,1%+$ +�45$ '67 5,8( +,6(49

:,;%)- <(+&() ',5.1,<')- 1 ≤ n ≤ 10 61+06$1+=%8.-/0777

>+0?(@()* 8?,'50A(8,5$1 B%<, 8,;%)C$D E5.9 8,;%)-F $%'$4( 4(�

5. %$ <(+&0 n , '() %$ <(+&0  * ,<) 5$ ?G,@'() ',<);0 +,6(4,H

6$61,?'()9  !"#$% &')*'$ +!,-.!&+$% n/ 01$2+'!%3$% +'$.456

+789 17#54%+3 1 ≤ n ≤ 10*777

• I0?, 5);9 777 $ ?48,J'(8. n > M ',<);0 %$ $5$+)'(, <(+&0

U
(

0, 1

2

)

7

K +%,'(. 50/ 4= %?, &G�%0 +,6(4.7

L,6(4 n > M '() $+',+, ?48,J'(8,M

L,6(4 U
(

0, 1

2

)

'() $+',+, <(+&0M

#$?(''$ &0H9 ::: 7 50;!<+';- n/ 5'�;0)>? +'" M / +!&$"!2

#7 7,7)$+'! U
(

0, 1

2

)

&')*> 07

• N()1,+ +05,/09  !"#$" &"'()" x = 07 K()14+ %,<)-9 *** +'($,-

( '.)/-/!0 x = 07

K %1.C(/ /()-4. +,6(4 -)45 6$61,?'0O ? 6()1?4+0/ +,6(4 -)45

'()61)0+0-'0* ',<);0 C$ .'(8,H* , %$%,58$?$ ? +)45,?()'(.

+ %1.C(/ +,6(4)/ ?61$?,%+, +05)<'(8, ? &G=%7

#1+06$/'(-/09 P()-4)/ +)1$?0/ A.'8-( E<(+&$?)-F f ',+0?,Q

/0 ,1C./)'5 A.'8-( f * %<, 85R1)C$ ?,15$@H A.'8-( f -)45 1R?', 0
<.&9

P()-4)/ +)1$?0/ A.'8-( f ',+0?,/0 ,1C./)'5 x0 A.'8-( f 5,8(*

;) f(x0) = 07

@'$%0$? )$.75>? %$0, !.A-?$+, B-+;%'/ 5 ,>? 1.)>6

1!#;- &')*!: L,6(4 x = 0 '() ?48,+.-) ', <(+&�* /$;', $%+0Q

5,H C$ -,8$ 1R?','()7 STU NVU TVWLIX7

• L',-%.-)/09 10/2#- $!/0$ '(3/!" ) +'&"4&!-5-6

(

−π

2
+ 2kπ;

π

2
+ 2kπ

)

(5%7 >5R; A.'8-, 4('.4 -)45 1$4'=, ? 8,;%0/ 61+)%+(,<)* /,-=0/

5,8= 6$45,H* ,<)

  !""#% & '(") "!*+!(,-.#% & . '#/ /!*012 "!* /-3"4 /5.!67 .!� ! '-

9-94':-.* -:;*<+*"!* /-3"4 ,# -=2<!6)
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 !" #"$% &'$ (* + $,-!" %./ 0&1"21!*34+#

% &%'( )*+(,%-./ 0.12) - 1%3,�0526*7

8*569. :;-. ,%)5<. =*: &.=(9<. - 0:2%,0( =*: 1,0(302.=(7 >2(

-%=5% -2� 12)./?  !"#%& %'() *&+'%,& -+& x ∈ (2; 4). >.=(';

)@%)%-./ 0.12)? 5, 6#* #"$% -*7"#(* + 0&1"21!*7" (2; 4)7

• A.12) 1 < x ≥ 2 52( 9()@ %05.0(52(& 0:2%,*BBB C%0. @;& 52(

-%=5% 12)./ 0(+%D @.62(+%BBB E(D=2 9*' .*@%,%& F%302 % 0:2G,

@;F (=(&(5@G- x# 3=. 6@G,;F )1(H52%5( )< -.,*562 1%3%:5( 3%

@(+% 0 1*56@* .I# @% 5.=('; 5.12)./? 8*1 *1  * '$! 7!19'+"#

:#";7! %' -'<7!+"= 19!'&. %./ "7"-" %4+ x> 6%4&" $0"3 !*#(

+*&, "6?

1 < x i x ≥ 2.

• J.,30% -.'5(BBB KL0�)@% 1%1(H52.5; 1,0(0 5.*0;2(=2 :H<3I7 E()@?

E('(=2 0.)@<12&; -.,*5(6 x > −1 1,0(302.H(& (−1,∞)777

M.,*5(6 52( &%'( :;/ 0.)@<12%5; 520;& 255;& 9.6 @(' -.,*5N

62(&7 C,0(302.H 9()@ %:2(6@(& .H62(& 255(+% ,%30.9*7 >2( -%=5%

2F &;=2/7

O*@%,%& @.62F @(6)@G- &;=< )2� 05.0(52. %31%-2(352F );&:%=2#

52( -230< - @.62F 0.12).F ,G'52; - %31%-2(352F %05.0(52.F7

P(&.5@;05. Q*569. %05.0.52. -)6.0*9( 5. )@%)*5(6 5.0-; 3%

0:2%,* 9(9 3();+5.@G- 2 @% -H.D52( *&;6. *-.30( .*@%,G- @.62F

)Q%,&*H%-.R7

• S,.Q2.9< )2� ,G-52(' 2 @.62( 03.52.? /!"#%& f *& *0"0*!* 1 2!"#3

0' x = 2 0 f(2) = 57 C%-255% :;/? @@@ -* + 0, 6!" 2 '&*1

f(2) = 5. C%3%:52(# 0;@.&;? -+& x = −1 2456%*!%' 1&4)789

f(−1) = −27 C%-255% :;/? 27* *&A,-" %, −1 0&1.#-,#"

+*&%';B −2.

• A+%352( 0 0.).3.&2 Q%,&*H%-.52. 3(Q25292 &.@(&.@;05;F )6H.N

3.9< )2� %5( 0.0-;0.9 0 3-GF 0�D2T 0�D2 3(Q252%-.5(9 2 0�D2

3(Q252*9<(97 U(Q2529( @.62( 1%-255; &2(/ 6)0@.H@? 7:0'#) ... "&563

1&*6 ... ;)&#0*<= %'8+0 (2'>"0& "&()�2!%,' 1&4!"#0...;%&#0'8 )&*<.
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