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!" #$%& 

$'()*#&+,-.  -%-#$.-,. -.'-+,/(* -/,$,(* )*0-,(* 
'$+$.0-*& 9 ,(*/,(* 2000 
-%-#$1(2-/(  2$3&2$ :  

2$3&2$#,0$  #-4/()(5,0&. 0$#-*3*/.&. 
(0$, #6/ !*( 0*0)6/) 

.*/()( .-),!6/ : #-..-+,. (4)  
 

3-2$ 17 

$. ),-./01 2 µ13041567 0819µ67 z= 0 + :i 6;2< 0,:!R. 
 %/= >/?@= ( /2< .;6µ.-2< ;,-050 4,-2-/01 

281>µA-0 >Bµ:2@0 501 ;080>/C>.17 ;2< AD2<- 
>DA>= µ. /2 µ1304156 0819µ6 z. KC9. A-0 0;6 0</C 
.,-01 ,>2 µ. µ,0 µ6-2 0;6 /17 .5E8C>.17 ;2< 
4,-2-/01 >/= >/?@= (( 

.#&)& , .#&)& ,, 

 A. Re(z) 

 8. "z"  

 5.   z  

 !. z   z  

 -.  z +  z  

 .#.  z -   z  

   Z. Im(z)  

 

1.     !" 22 #   

2.   !

3. :i  

4. 0 - :i 

5. 02 + :2  

6. 0 

7. 20 

8. 2:i 

9. -0 + :i  

 F0 38CG./. >/2 /./8C416 >07 /0 38Cµµ0/0 /=7 
;8H/=7 >/?@=7 501, 4,;@0 0581:H7, /2- 0819µ6 /=7 
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!"#$ 2$% %&'()!% 

 

 

4.B/.8=7 >/?@=7 ;2< 0-/1>/21D., >/= >I>/? 
0;C-/=>= . 
     !"#$%&' 14 

 

8. ),-./01 2 µ13041567 0819µ67 z = 3-4i. F0 :8.,/. : 

9) /2 ;803µ0/156 µA827 Re(z) 501 /2 E0-/0>/156 
µA827 Im(z) /2< µ1304152B 0819µ2B z 

!"#$%&' 3 

:) /2- ><J<3?   z  /2< µ1304152B 0819µ2B z 
!"#$%&' 4 

;) /2 µA/82 "z" /2< µ1304152B 0819µ2B z. 
!"#$%&' 4 

 
3-2$ 27 

),-2-/01 21 ;,-05.7  

    ! =   
10

21
  $

%

&
'
(

)
,  ( =  

10

01
 $

%

&
'
(

)
 . 

9) F0 4.,K./. 6/1 1>DB.1 !2 = 2! - ( . 
!"#$%&' 9 

:) F0 4.,K./. 6/1 1>DB.1 ! (2( - !) = ( . 
!"#$%&' 8 

;) F0 :8.,/. /2- ;,-050 X H>/. -0 1>DB.1 2X - ( = !2. 

!"#$%&' 8 
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3-2$ 37 

),-./01 = ><-C8/=>= f(x) =   
1x

x
 

2 #
. 

 
9) F0 :8.,/. /2 6812 .    )x(flim 

1x*
!"#$%&' 12 

:) F0 :8.,/. /=- ;08C3I32 /=7 ><-C8/=>=7 f . 

!"#$%&' 13 

 
3-2$ 47 

L-07 1D9<250@@1.83=/?7 ;?8. C4.10 -0 D8=>1µ2;21?>.1 µ,0 
90@C>>10 ;.812D? >D?µ0/27 28923I-,2< /=- 2;2,0 90 
;.81E8CK.1 µ. 4,D/< µ?52<7 600 µA/8I-. M6-2 21 /8.17 0;6 
/17 /A>>.817 ;@.<8A7 ;865.1/01 -0 ;.81E80D/2B- µ. 4,D/<, 
6;I7 E0,-./01 >/2 ;0805C/I >D?µ0.  
 

x xE(x)

!"#$

9) F0 0;24.,K./. 6/1 /2 .µ:046- &(x) /=7 90@C>>107  
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!"#$ 4$% %&'()!% 

 

 

;.812D?7 ;2< 90 D8=>1µ2;21=9., 4,-./01 0;6 /2- 
/B;2  

&(x) = -2x2 + 600x 

(<;29A/2<µ. 6/1 0 < x < 300). 

!"#$%&' 6 

 
:) F0 <;2@23,>./. /=- /1µ? /2< x A/>1 H>/. /2 

.µ:046- &(x) /=7 ;.812D?7 -0 3,-.1 µA31>/2. 
 !"#$%&' 14 

 
;) F0 <;2@23,>./. /= µA31>/= /1µ? /2< .µ:042B. 

!"#$%&' 5 
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*&'+% 1$% %&'()!% 

 

!"#$%&'()*+  *,*&!+*)+ -. &!,'+ 
*+"*()/#% */)!)#% $%0*)#% 

"!(!+0*%' 25 1!2#%  2001 
*,*&!3#1*/#  1!4'1! :  

1!4'1!&)0!  4*&)0'+ 0!) &*5/#$#6)0'+ 
0!&*%4%/+'+  

+%/#$# +*$)-7/ : &(*)+ (3)  
 

4*1! 18 
!. 9) !, z1  =  -1  (./,  01  +  i  1µ01) 234 z2  =  -2  (./,  02  +  i  1µ02) 

56,34 789 µ4:374296 3-40µ96 .5 ;-4:<,9µ5;-42= 
µ9->=, ,3 3?9756@5;5 A;4: 

z1 ·  z2  =  -1  -2  [./,  (01+02)+i  1µ  (01+02)] 
!"#$%&' 6,5 

 :) !,  z  =  3  +  B  i µ5 3, B ! R, 56,34 C,3D µ4:3742AD 
3-40µAD, ,3 :-EF5;5 .;9 ;5;-E74A .3D ;3 
:-Eµµ3;3 ;1D +;<=>? ) ;9/ 5?Aµ5,9/ ?6,323, 234 
76?G3 .5 2E05 :-Eµµ3 ;9, 3-40µA ;1D +;<=>? )) 
?9/ 3,;4.;94H56 .;1 .<.;= 3?E,;1.1 . 

+;<=> ) +;<=> )) 

  A.   Re(z) 

  @.   Im(z)  

  6.   -z 

  -.     z   

  *.   z   

  +&.   z z "   

1.   -3 - Bi 

2.   3 - Bi 

3.   3 + B 

4.   3 

5.     !" 22 #   

6.   32 + B2

7.   B 

 !"#$%&' 6 
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@. )6,9,;34 94 µ4:374296 3-40µ96  z1  =  1  +  i   234 z2  =  i  . 

 9) I3 :-EF5;5 ;9/D z1 234 z2    .5 ;-4:<,9µ5;-42= 
µ9->=.  

!"#$%&' 8
 

 :) I3 B-56;5 ;1, ;-4:<,9µ5;-42= µ9->= ;9/ 
:4,9µC,9/  z1 ·  z2 . 

!"#$%&' 4,5
 

4*1! 28 

)6,5;34 1 ./,E-;1.1 f(x) = x2 - 4x + 3,  x ! R . 

9) I3 B-56;5 ;3 .1µ563 ;9µ=D ;1D :-3>42=D 
?3-E.;3.1D ;1D f µ5 ;9/D E@9,5D xJx 234 yJy. 

!"#$%&' 7 

:) I3 B-56;5 ;1, 5@6.<.1 ;1D 5>3?;9µC,1D ;1D 

:-3>42=D ?3-E.;3.1D ;1D f .;9 .1µ569 !  (3,  f(3)) . 
!"#$%&' 9 

A) I3 B-56;5 ;3 743.;=µ3;3 µ9,9;9,63D ;1D 
./,E-;1.1D f. 

!"#$%&' 9
 

4*1! 38 

)6,5;34 1 ./,E-;1.1 f: R$R, :43 ;1, 9?963 4.H854 

2 - x4 % f(x) % 2 + x4,  :43 2E05 x ! R . 

I3 3?9756@5;5 A;4:  

9) f(0) = 2 
!"#$%&' 6

 

:) H ./,E-;1.1 f 56,34 ./,5H=D .;9 .1µ569 x0 = 0 . 
!"#$%&' 9 

A) $ ./,E-;1.1 f 56,34 ?3-3:<:6.4µ1 .;9 .1µ569 
x0 = 0 . 

!"#$%&' 10 
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4*1! 48 

K,3 ;9/-4.;42A G5<>9-569 CH54 ,3 743,8.54 3?A.;3.1 
625  km µ5 .;305-= ;3H8;1;3   x  km  ;1, L-3. %8µ><,3 µ5 
;9, ML7423 +742=D M/2G9>9-63D ;9 µC:4.;9 A-49 ;3H8;1;3D 
56,34 90  km  ;1, L-3. *3 238.4µ3 29.;6N9/, 160 7-3HµCD ;9 

G6;-9, 1 <-4363 23;3,EG<.1 56,34  &&  G6;-3 

234 1 3µ94B= ;9/ 971:98 56,34 2000  7-3HµCD ;1, L
'

(
))
*

+
#

200

x
5,5

2

-3. 
9) I3 3?9756@5;5 A;4 ;9 ./,9G42A 2A.;9D  M (x)  ;1D 

7437-9µ=D 56,34: 

 ,x500
x

1800000
)x(K #,  0 - x % 90 . 

!"#$%&' 12 

:) I3 B-56;5 ;1, ;3H8;1;3 ;9/ G5<>9-569/ :43 ;1, 9?963 ;9 
2A.;9D ;1D 7437-9µ=D :6,5;34 5GEH4.;9. 

!"#$%&' 13
 

+)$O(&% (:43 ;9/D /?9F1>69/D) 

1. %;9 ;5;-E749 ,3 :-EF5;5  µA,9 ;3 ?-923;3-2;42E  (1µ5-9µ1,63,  
23;580/,.1 ,  5@5;3NAµ5,9 µE01µ3). *3 0Cµ3;3 75, 03 ;3 3,;4:-E-
F5;5 .;9 ;5;-E749 .  

2. I3 :-EF5;5  ;9 9,9µ3;5?L,/µA .3D .;9 ?E,< µC-9D ;<, 
><;93,;4:-E><,  3µC.<D µAG4D .3D ?3-379098, .    

 )5,  5?4;-C?5;34  ,3 :-EF5;5  23µ4E EGG1 .1µ56<.1 .
 M3;E  ;1, 3?9HL-1.=  .3D ,3 ?3-37L.5;5  µ3N6 µ5 ;9 ;5;-E749  234 

;3 ><;93,;6:-3>3 .  
3. I3 3?3,;=.5;5  B;8 ;C;DEFGH B9? BC H=9 ;3 0Cµ3;3 .  
4. ME05 G8.1 5?4.;1µ9,42E ;52µ1-4<µC,1 56,34  3?9752;= .  
5. )4E-2543  5@C;3.1D :  *-54D (3) L-5D µ5;E ;1 743,9µ= ;<,  

><;93,;4:-E><, .  
6. #-A,9D 7/,3;=D 3?9HL-1.1D  : P63 (1) L-3 µ5;E ;1 743,9µ= ;<, 

><;93,;4:-E><, .  

K!$' *")&%5)!  
*&'+% P$IQP!*+% 
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!"#$ 1$% %&'()!% 
)* +!,$  

!"#$%&'()*+  *,*&!+*)+ -. &!,'+ 
*+"*()/#% */)!)#% $%0*)#% 

&*&!(&' 5 )#%/)#% 2002 
*,*&!1#2*/#  2!3'2! 3*&)0'+ 0!) 

&*4/#$#5)0'+ 0!&*%3%/+'+ : 2!3'2!&)0!  
+%/#$# +*$)-6/ : &*++*()+(4) 

3*2! 17 

!. !- ./ 01-234506/7 f, g 68-2/ 9232:;:80/µ67 04. xo, 
-2 29.<68=646 >4/ ? 01-@34?0? f+g 68-2/ 
9232:;:80/µ? 04. xo A2/ /0BC6/: 

(f+g)* (xo) = f* (xo)+g* (xo) 
!"#$%&' 9 

8. ()* +*,&µ)$ *-. /)' -*0*+$/1 -0"/$2&)' #* 
30$4&/& 2/" /&/0$%). 2*' /"# *0),µ. /5' +*), 
*+0)67' %8-9*, /5# :#%&);5 !, *# 5 -0./*25 &8#*) 
212/<, < ", *# *=/< &8#*) 9*#,*2µ:#5. 

1. !- µ82 01-@34?0? f 68-2/ 9232:;:80/µ? 0' D-2 
0?µ68. xo , 4>46 68-2/ A2/ 01-6B57 04. 0?µ68. 
214>. 

!"#$%&' 2
 

2. !- µ82 01-@34?0? f 68-2/ 01-6B57 0' D-2 0?µ68. 
xo ,  4>46 68-2/ A2/ 9232:;:80/µ? 04. 0?µ68. 
214>. 

!"#$%&' 2 

3. !- µ82 01-@34?0? f 68-2/ 01-6B57 0' D-2 
</@04?µ2 ) A2/ /0BC6/ f*(x) = 0 06 A@E6 60;463/A> 
0?µ68. x 4.1 ), 4>46 ? f 68-2/ :-?08;7 FE8-.102 
04. ) . 

!"#$%&' 2 
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!"#$ 2$% %&'()!% 
)* +!,$  

4. !- µ82 01-@34?0? f 68-2/ 01-6B57 0' D-2 
</@04?µ2 ) A2/ /0BC6/ f*(x) > 0 06 A@E6 60;463/A> 
0?µ68. x 4.1 ), 4>46 ? f 68-2/ :-?08;7 2C=.102 
04. ) . 

!"#$%&' 2 

5. !- 19@3B.1- 42 >3/2 4;- 01-234506;- f A2/ g 
04. xo ,  4>46 /0BC6/ : 

! " )()()()( xglimxflimxgxflim
ooo xxxxxx ###

$%$  

!"#$%&' 2 

6. !- 19@3B.1- 42 >3/2 4;- 01-234506;- f A2/ g 
04. xo ,  4>46 /0BC6/ : 

! " )()()()( xglimxflimxgxflim
ooo xxxxxx ###

&%'  

!"#$%&' 2 

7. H/2 A@E6 µ/:2</A> 23/Eµ> i!"z $%  /0BC6/ : 

22 !"z $%  

!"#$%&' 2 

8. H/2 4. µ/:2</A> 23/Eµ> i /0BC6/ :   i4 = 1  . 

!"#$%&' 2 

3*2! 27 

)8-.-42/ ./ µ/:2</A.8 23/Eµ.8 z1 = -1+i , z2 = 3-4i 

9. I2 19.J.:80646 4. µ/:2</A> 23/Eµ> z1+5z2

!"#$%&' 6 

:. I2 19.J.:80646 4. µ/:2</A> 23/Eµ> 
1

2

z

z
 

!"#$%&' 6 
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!"#$ 3$% %&'()!% 
)* +!,$  

;. I2 29.<68=646 >4/ 4. 93;46C.- >3/0µ2 4.1 

µ/:2</A.C 23/Eµ.C z1 68-2/ : !rg(z1) = 
4

#3
   

!"#$%&' 6 

<. I2 19.J.:80646 4. µ/:2</A> 23/Eµ>   . 8
1z

!"#$%&' 7 

3*2! 37 

)8-642/ ? 01-@34?0? f(x) = x3- 6x2+9x-2  . 

9. I2 µ6J6450646 4? 01-@34?0? f ;7 93.7 4? 
µ.-.4.-82 A2/ 42 4.9/A@ 2A3>4242. 

!"#$%&' 10 

:. I2 K36846 4?- 6=80;0? 4?7 6F294.µD-?7 4?7 
:32F/A57 923@0420?7 4?7 f 04. 0?µ68. ! ")( 11 f,A &&  . 

!"#$%&' 5 

;. I2 29.<68=646 >4/ ? 6=80;0? f(x) = 0 DB6/ 2A3/KL7 
µ82 38M2 04. </@04?µ2 (0 , 1)  . 

!"#$%&' 10 

3*2! 4o  

)8-642/ ? 01-@34?0? : 

(
(

)

(
(

*

+

,$&

-
&
&

%

2x"$,kx

2x"$,
2x
x4x

xf

2

3

)(  

>9.1 k.!. I2 K36846 : 
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!"#$ 4$% %&'()!% 
)* +!,$  

9. 4. k, L046 ? 01-@34?0? f -2 68-2/ 01-6B57 04.  
x0 = 2  ,  

!"#$%&' 7 

:. 4. >3/. f(x)  , 
1x

lim
#

!"#$%&' 5 
;. 4. 31Eµ> µ642K.J57 4?7 f 04. x0 = 4  A2/ 

!"#$%&' 5 

<. 4?- 9J@:/2 20Cµ94;4? 4?7 :32F/A57 923@0420?7 

4?7 01-@34?0?7  
3x

xf
xg

)(
)(

$
%   04.   /& . 

!"#$%&' 8 
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!"#$ 1$% %&'()!% 
)* +!,$  

!"#$%&'()*+ *,*&!+*)+ -. &!,'+ 
*+"*()/#% */)!)#% $%0*)#% 

&*&!(&' 4 )#%/)#% 2003 
*,*&!1#2*/# 2!3'2! 3*&)0'+ 0!) 

&*4/#$#5)0'+ 0!&*%3%/+'+: 2!3'2!&)0! 
+%/#$# +*$)-6/: &*++*()+ (4) 

3*2! 17 

!. -./0 1 .2345/1.1 f(x) = 67x. 

89 9:;<6=>6/6 ?/@ 1 .2345/1.1 f 6=39@ 
:959A0A=.@µ1 ./; R1 = IR – {x!.23x = 0} B9@ @.CD6@ 

f*(x) =   
x.23

1
  

2
. 

!"#$%&' 10 

8. !"# $#%&µ"' #() *"+ (#,#$'*- (,.*'/&"+ 0# 
1,'2&*& /*. *&*,'3") /#+ *.0 #,"%µ) *4+ $#", 
#$,"56+ 37(8#, *40 903&":4 ((), #0 4 (,)*#/4 
&70#" /-/*;, ; ()), #0 #<*; &70#" 8#0%#/µ904. 

1. +; µE/5; /;2 µ@A9<@B;D 95@Fµ;D  z = x + yi, 
?:;2 x, y :59Aµ9/@B;= 95@Fµ;=, <=36/9@ 9:? /;3 

/D:;   y  x   z  22 "#  . 

2. !3 <D; µ6/9GH1/4 µ6AEF1 x, y .23<E;3/9@ µ6 /1 
.CE.1 y = f(x), ?/93 f 6=39@ µ=9 :959A0A=.@µ1 
.2345/1.1 ./; x0, /?/6 ;3;µ4I;2µ6 52Fµ? 
µ6/9G;HJK /;2 y 0K :5;K /; x ./; .1µ6=; x0 /13 
:954A0A;  f*(x0) . 
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!"#$ 2$% %&'()!% 
)* +!,$  

3. -./0 µ=9 .2345/1.1 f :959A0A=.@µ1 .’ E39 
<@4./1µ9 (9, G), µ6 6>9=56.1 =.0K E39 .1µ6=; 
/;2 x0, ./; ;:;=; ?µ0K 1 f 6=39@ .236CJK. !3 
f*(x) > 0 ./; (9, x0) B9@ f*(x) < 0 ./; (x0, G), /?/6 
/; f(x0) 6=39@ /;:@B? 6H4C@./; /1K f . 

4. L .2I2AJK B4F6 µ@A9<@B;D 95@Fµ;D z = x + yi, 
?:;2 x, y :59Aµ9/@B;= 95@Fµ;=, 6=39@ ; 

µ@A9<@B?K = – x + yi  .   z  
_

5. !3 2:45C;23 /9 ?5@9 /03 .2395/J.603 f B9@ g 
./; x0,  /?/6 @.CD6@ 

  
xglim

xflim
  

)x(g

)x(f
lim   

)(

)(

0

0

0
xx

xx

xx
$

$

$
# ,  67?.;3 .  0  g(x)lim  

0xx
%

$

!"#$%&' 15 

3*2! 27 

-./0 1 .2345/1.1   
2-x

3x - x
    f(x)

2

# ,  x & IR – {2} . 

9. 89 G56=/6 /;  
x

f(x)
lim  

0x$
. 

!"#$%&' 7 

:. 89 9:;<6=>6/6 ?/@ 1 62F6=9 y = x – 1 6=39@  :H4A@9 
9.Dµ:/0/1 /1K A597@BJK :954./9.1K /1K f ./; +' . 

!"#$%&' 8 

;. 89 9:;<6=>6/6 ?/@ 1 f 6=39@ A31.=0K 9D>;2.9 ./; 
(2, +'). 

   
!"#$%&' 10 
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!"#$ 3$% %&'()!% 
)* +!,$  

3*2! 37 

-./0 1 .2345/1.1  

  
5  x  9325, - 10x

5  x  93,x
    f(x)

2

(
)
*

+

,
#  

B9@ /; .1µ6=; x0 = 5 . 

9. 89 9:;<6=>6/6 ?/@ 1 f 6=39@ .236CJK ./; x0 = 5. 

!"#$%&' 5 

:. 89 9:;<6=>6/6 ?/@ 1  f :959A0A=I6/9@ ./; x0 = 5  

B9@ 39 G56=/6 /13 f*(5) . 

!"#$%&' 8 

;. 89 G56=/6 /13 6>=.0.1 /1K 679:/;µE31K /1K 

A597@BJK :954./9.1K /1K f ./; .1µ6=; !(5, f(5)). 

!"#$%&' 4 

<. 89 G56=/6 /9 /;:@B4 9B5?/9/9 /1K .2345/1.1K f .  

!"#$%&' 8 

3*2! 4o  

-./0 ;@ µ@A9<@B;= 95@Fµ;= z = x + yi, ?:;2 x, y 

:59Aµ9/@B;= 95@Fµ;= B9@   
zi

)zi(i
w 

-
"

#  µ6 z % i . 

89 9:;<6=>6/6 ?/@ : 

9.   i 
)1y(x

y - x - 1
  

)1y(x

x2
w 

22

22

22 -"
"

-"
# , 

!"#$%&' 8 
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!"#$ 4$% %&'()!% 
)* +!,$  

:. 93 ; w 6=39@ :59Aµ9/@B?K 95@Fµ?K, /?/6 1 6@B?39 
/;2 z 93JB6@ .6 BDBH; BE3/5;2 L(0  ,  0) B9@ 9B/=39K 
51 = 1 B9@ 

!"#$%&' 8 

;. 93 ; z 6=39@ :59Aµ9/@B?K 95@Fµ?K, /?/6 1 6@B?39 
/;2 w 93JB6@ .6 BDBH; BE3/5;2 L(0 , 0) B9@ 
9B/=39K 52 = 1 . 

!"#$%&' 9 

 
 
 

#-'5)*+ (;=9 >7?@ ?A7BCDE7?@) 

1. %/; /6/54<@; 39 A54M6/6 µ?3; /9 :5;B9/95B/@B4  (1µ65;µ13=9 , 
B9/6DF23.1, 6>6/9I?µ63; µ4F1µ9). +9 FEµ9/9 <63 F9 /9 93/@A54-
M6/6 ./; /6/54<@; .  

2. 89 A54M6/6 /; ;3;µ9/6:N32µ? .9K ./; :430 µE5;K /03 
70/;93/@A54703  9µE.0K µ?H@K .9K :959<;F;D3 .   

 )63 6:@/5E:6/9@ 39 A54M6/6 B9µ@4 4HH1 .1µ6=0.1 .

 O9/4 /13 9:;CN51.J .9K 39 :959<N.6/6  µ9I= µ6 /; /6/54<@; 
B9@ /9 70/;93/=A5979 .  

3. 89 9:93/J.6/6 F>7 >G>HI<=J F9@ FG JK9 /9 FEµ9/9 .  

4. O4F6 HD.1 6:@./1µ;3@B4 /6Bµ15@0µE31 6=39@ 9:;<6B/J .  

5. )@45B6@9 6>E/9.1K :  +56@K (3) N56K µ6/4 /1 <@93;µJ /03 
70/;93/@A54703 .  

6. #5?3;K <239/JK 9:;CN51.1K :  P=9 (1) N59 µ6/4 /1 <@93;µJ /03 
70/;93/@A54703 .  

 
K!$' *")&%4)!  

 
&*$#+ 2'/%2!&#+ 
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!"#$ 1$% %&'()!%
)* +!,$

+&'-% 1$% %&'()!%

!"#$%&'()*+ *,*&!+*)+ -. &!,'+
*+"*()/#% */)!)#% $%0*)#%
"!(!+0*%' 4 )#%/)#% 2004

*,*&!1#2*/# 2!3'2! 3*&)0'+ 0!)
&*4/#$#5)0'+ 0!&*%3%/+'+: 2!3'2!&)0!

+%/#$# +*$)-6/: &*++*()+ (4)

3*2! 17

!. !. / + 0i, 1+2i 34./5 µ51/25674 /859µ74, :;7< /, 0, 1, 2 ! IR 6/5
1+2i "0, ./ /;7234=3>3 :>5 : 

i  
2  1

/2– 01
  

2  1

02  /1
  

2i1

0i/
2222 #

#
#

#
$

#
#

!"#$%&' 9

8. !"#$ %&'&()"* %+$&(&, (),- µ./&0.(12 &'.,µ32 "42
()*+,' - -+$&. +5#2 µ- 6$& µ3$# &'.,µ1 "42 ()*+,' --
(07# &'.,µ#8 5"4 ()*+, -- %-'.55-7#9$).

+9:;< ) +9:;< ))

  !.   i1

  B.   i2

  5.   i3

  -.   i4

  1.   – i

  2.   + 1

  3.   i 

  4.   – 1

  5.   0

  6.   4

?/ 18@A3>3 B>7 >3>8@25: B/C >/ 18@µµ/>/ >DC +9:;<= )
>7< ;/8/;E.F ;4./6/ 6/5 /6850GC 24;H/ B3 6@93 18@µµ/
>7. /859µ: >DC +9:;<= )), IB>3 ./ 2Dµ57<813J>/5 D BFB>K
/.>5B>75L4/ .

!"#$%&' 4 
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!"#$ 2$% %&'()!%
)* +!,$

+&'-% 2$% %&'()!%

:.& (&,-µ.) &%3 ".2 %&'&()"* %'#")5-.2 ., /, 0 (&. (1,
$& /');-"- 5"# "-"')0.3 5&2 "# /'<µµ& "42 (&., &('.=>2
0+%?&, "4$ @$0-.A4 ((), &$ 4 %'3"&54 -+$&. 5*5"B, B (2),
&$ &9"B -+$&. ?&$,&5µ@$4.

5. MB>F 2N7 B<./8>OB35C f, g 785BµP.3C B3 P./ 25@B>Dµ/
). !. 75 f, g 34./5 B<.3L34C B>7 ) 6/5 f*(x) = g*(x) 15/
6@93 3BF>3856: BDµ347 x >7< ), >:>3 <;@8L35 B>/938@
c >P>75/, GB>3 15/ 6@93 x ! ) ./ 5BLN35 : f(x) = g(x) + c.

!"#$%&' 3

-. Q4/ B<.@8>DBD f HP13>/5 1.DB4FC R94.7<B/ B3 P./
25@B>Dµ/ ) >7< ;3247< 785Bµ7N >DC, :>/. 15/
7;75/2O;7>3 x1 , x2 ! ) µ3 x1 < x2 5BLN35 : f(x1) < f(x2).

!"#$%&' 3

*. MB>F D B<.@8>DBD x  f(x) $  . H B<.@8>DBD f 34./5

;/8/1F14B5µD B>7 (0,+%) 6/5 5BLN35 
x

2
  (x)f $&  .

!"#$%&' 3

+&. - B<.>3H3B>OC 253N9<.BDC, H, >DC 3R/;>7µP.DC B>7
BDµ347 !(x0, f(x0)), >DC 18/R56OC ;/8@B>/BDC Cf µ5/C
B<.@8>DBDC f, ;/8/1F14B5µDC B>7 BDµ347 x0 >7< ;3247<
785Bµ7N >DC 34./5 H = f*(x0).

!"#$%&' 3  

3*2! 27

)4.3>/5 D B<.@8>DBD, 
'
(
)

*#

+#
$

1x     k,  6x

1 x   3,  x4
)x(f

2

   , :;7< k ! IR . 

>. ?/ 0834>3 >D. >5µO >7< k, GB>3 D f ./ 34./5 B<.3LOC B>7
x0 = 1.

!"#$%&' 10
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!"#$ 3$% %&'()!%
)* +!,$

+&'-% 3$% %&'()!%

?. ?/ 0834>3 >D. 3=4BFBD >DC 3R/;>7µP.DC >DC 18/R56OC
;/8@B>/BDC >DC f B>7 BDµ347 !(–1, f(–1)).

!"#$%&' 8

@. ?/ 0834>3 >7. ;8/1µ/>56: /859µ:  µ, GB>3 ./ 5BLN35 :  

µ, f*(–5) + f*(5) + 34 = 0.
   
!"#$%&' 7

3*2! 37

)4.3>/5 D B<.@8>DBD f(x) = 2x3 – 3x2 + 6/x + 0, :;7< x ! IR
6/5 / , 0 ;8/1µ/>5674 /859µ74 .  $ B<.@8>DBD f ;/87<B5@S35
>7;56:  /68:>/>7 B>7 BDµ347 x0 = –2 6/5 34./5 f(–2) = 98.

>. ?/ /;7234=3>3 :>5 / = –6 6/5 0 = 54 .

!"#$%&' 6

?. ?/ µ3H3>OB3>3 >D. f FC ;87C >D µ7.7>7.4/ .

 !"#$%&' 9

@. ?/ 6/9784B3>3 >7 3427C >F. /687>@>F. >DC B<.@8>DBDC f.

!"#$%&' 4

A. ?/ /;7234=3>3 :>5 D  3=4BFBD f(x) = 0 PL35 /6850GC µ4/
84S/ B>7 25@B>Dµ/ (–1, 2).

!"#$%&' 6

3*2! 4o 

T3F87Nµ3 >7<C µ51/2567NC /859µ7NC z = x + yi, :;7< x, y
;8/1µ/>5674 /859µ74, 15/ >7<C 7;747<C <;@8L35 / ! IR GB>3
./ 5BLN35 :

- . i / – 1  /    i
2i

z– z
   

2

z  z
22

#$//
0

1
22
3

4
#//

0

1
22
3

4 #
 .

?/ /;7234=3>3 :>5 : 
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!"#$ 4$% %&'()!%
)* +!,$

+&'-% 4$% %&'()!%

>. /. Im(z) = 0, >:>3 / = 1.

!"#$%&' 5

?. /. / = 0, >:>3 z2 + 1 = 0.

!"#$%&' 5

@. 15/ >7. ;8/1µ/>56: /859µ: / 5BLN35 :  1  /  0 55  .

!"#$%&' 7

A. 75 356U.3C Q >F. µ51/256I. /<>I. /859µI. z B>7
µ51/256U 3;J;327 /.K67<. B3 6V6H7, >7< 7;7J7< ./
0834>3 >7 6P.>87 6/5 >D. /6>4./.

!"#$%&' 8 

#-'5)*+ 5)! &#%+ *,*&!1#2*/#%+

1. %>7 >3>8@257 ./ 18@A3>3 µ:.7 >/ ;876/>/86>56@
(Dµ387µD.4/, 6/>3N9<.BD, 3=3>/S:µ3.7 µ@9Dµ/). +/
9Pµ/>/ 23. 9/ >/ /.>518@A3>3 B>7 >3>8@257 .

2. ?/ 18@A3>3 >7 7.7µ/>3;G.<µ: B/C B>7 ;@.F µP87C >F.
RF>7/.>518@RF. /µPBFC µ:H5C B/C ;/8/2797N. . 

)3. 3;5>8P;3>/5 ./ 18@A3>3 7;75/2O;7>3 @HHD BDµ34FBD .

W/>@ >D. /;7LG8DBO B/C ./ ;/8/2GB3>3 µ/S4 µ3 >7
>3>8@257 6/5 >/ RF>7/.>418/R/ .

3. ?/ /;/.>OB3>3 B97 9C9DEAFG B>= BC G;> >/ 9Pµ/>/.

4. W@93 HNBD 3;5B>Dµ7.56@ >36µD85FµP.D 34./5 /;7236>O .

5. )5@8635/ 3=P>/BDC : >835C (3) G83C µ3>@ >D 25/.7µO >F.
RF>7/.>518@RF. .

6. #8:.7C 2<./>OC /;7LG8DBDC : µ4/ (1) G8/ µ3>@ >D
25/.7µO >F. RF>7/.>518@RF. .

K!$' *")&%4)!

&*$#+ 2'/%2!&#+
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!"#$ 1$% %&'()!%
)* +!,$

+&'-% 1$% %&'()!%

!"#$#%&"'()!* #"+%,'&-(!* !.!'#*!(* 
/0 '#.&* !*"!-($+, !$(#(+, %,)!(+,

'!'#-'& 7 (+,%(+, 2004
!.!'#1+2!$+ 2#3&2# 3!'()&* )#(

'!4$+%+5()&* )#'!,3,$*&*: 2#3&2#'()#
*,$+%+ *!%(/6$: '!**!-(* (4)

3!2# 17

#. !. z1 = / ! 0i  1/2  z2  = 3 ! 4i , 5678 /,0,3,4  " IR    ,     9:./2 µ23/4217:
/;2<µ7:, ./ /6749:=9>9 5>2: 

2121 zzzz !#!

!"#$%&' 10

!"# $#%&µ"' #() *"+ &()µ&,&+ (-.*'/&"+ (, ), *, + $#" ,-,
,# 0-'1&*& /*. *&*-'2") /#+ *. 0-3µµ# *4+ $#", #$-"56+
27(8#, *4, 9,2&":4 (,), #, 4 (-)*#/4 &7,#" /;/*< < (.), #,
#=*< &7,#" 8#,%#/µ9,4 .

8. !. ?1(/  ,  0) 1/2 ?2(3  ,  4) 9:./2 72 9215.9@ >A. /!0i 1/2
3!4i /.>2B>7:CA@ B>7 µ23/4215 96:6947, >5>9 D
42/.8Bµ/>21E /1>:./ >D@ 42/F7;G@ >A. µ23/421H. /!0i
1/2 3!4i 9:./2 D 42/F7;G >A. 42/.8Bµ/>21H. /1>:.A.
>78@.

!"#$%&' 3

5. I2/ 1G<9 µ23/4215 /;2<µ5 z = / ! 0i, 5678  / , 0 " IR  ,  2BCJ92

z  = $ / ! 0i .

!"#$%&' 3

/. KB>A D B8.G;>DBD  f(x) = B8.x , 5678 x " IR . H B8.G;>DBD  f
9:./2 6/;/3A3:B2µD 1/2 2BCJ92  f*(x) = $Dµx.

!"#$%&' 3
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!"#$ 2$% %&'()!%
)* +!,$

+&'-% 2$% %&'()!%

!. KB>A µ2/ B8.G;>DBD f 7;2BµL.D B9 L./ 42GB>Dµ/ ). !.

% D f 9:./2 B8.9CE@ B>7 ) 1/2

% f*(x) = 0 32/ 1G<9 9BA>9;215 BDµ9:7 x >78 ),
>5>9 D f 9:./2 B>/<9;E B9 5M7 >7 42GB>Dµ/ ).

!"#$%&' 3  

*'. KB>A µ:/ B8.G;>DBD f, D 767:/ 9:./2 B8.9CE@ B9 L./
42GB>Dµ/ ). !.  f*(x)  <  0  B9 1G<9 9BA>9;215 BDµ9:7
x >78 ), >5>9 D f 9:./2 3.DB:A@ /J=78B/ B9 5M7 >7 ).

!"#$%&'  3

3!2# 27

):.9>/2 D B8.G;>DBD :

f(x)= x21x4 2 !! ,     x " IR    .

9 )  N/ /6749:=9>9 5>2 :

i )   2
x

1)x(f

0x
lim #

$

&

 ,

!"#$%&' 10

i i )  f * (0)= 2 f (0).

!"#$%&'  5

:) N/ 867M73:B9>9 >7 :     )x(f
x
lim

'$&

 .

!"#$%&' 10

3!2# 37

):.9>/2 D B8.G;>DBD f(x) = 
2x

3x0x/ 2

$

!!
 ,  x  "  IR $ { 2 } ,   5678

/ , 0 B>/<9;7:  6;/3µ/>217: /;2<µ7: .  $ 3;/F21E 6/;GB>/BD

C f >D@ B8.G;>DBD@  f 42L;C9>/2  /65 >7 BDµ9:7 !(1,$4) 1/2

2BCJ92 D BCLBD      f(3) ! 3  f(1) = 0.

9) N/ /6749:=9>9 5>2 /  =  1 1/2 0  =  0.

!"#$%&' 9
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!"#$ 3$% %&'()!%
)* +!,$

+&'-% 3$% %&'()!%

:) N/ 0;9:>9 >D. 9=:BABD >D@ 9F/6>7µL.D@ >D@ 3;/F21E@
6/;GB>/BD@ >D@ f B>7 BDµ9:7 >D@ ! (1,$4) .

!"#$%&' 8

;) N/ /6749:=9>9 5>2 D 98<9:/   y = x ! 2  9:./2 /BJµ6>A>D
>D@ 3;/F21E@  6/;GB>/BD@  >D@ B8.G;>DBD@ f B>7 !' .

!"#$%&' 8 

3!2# 4o 

O9A;7Jµ9 >78@ µ23/4217J@ /;2<µ7J@ z = x ! yi, 5678 x, y
6;/3µ/>217: /;2<µ7:, 32/ >78@ 767:78@ 86G;C92 k " IR HB>9
./ 2BCJ92 : 

x = 3$k   1/2   y = 2k!1 .

N/ /6749:=9>9 5>2 : 

9) /.  3  Re(z) ! 4  Im(z) = 3,    >5>9 k = $2.

!"#$%&' 9

:) /. 51z #$ , >5>9 10z #  .

!"#$%&' 10

;) 72 9215.9@ ? >A. µ23/421H. /8>H. /;2<µH. z B>7
µ23/4215 96:6947 /.E178. B9 98<9:/, >D@ 767:/@ ./
0;9:>9 >D. 9=:BABD .

!"#$%&' 6

+/&5(!* 5(# '+,* !.!'#1+2!$+,*

1. %>7 >9>;G427 ./ 3;GP9>9 µ5.7 >/ 6;71/>/;1>21G
(Dµ9;7µD.:/, 1/>9J<8.BD, 9=9>/Q5µ9.7 µG<Dµ/). +/
<Lµ/>/ 49. </ >/ /.>23;GP9>9 B>7 >9>;G427 .

2. N/ 3;GP9>9 >7 7.7µ/>96H.8µ5 B/@ B>7 6G.A µL;7@ >A.
FA>7/.>23;GFA. /µLBA@ µ5M2@ B/@ 6/;/47<7J.. 
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!"#$ 1$% %&'()!% 
)* +!,$  

 

+&'-% 1$% %&'()!% 

!"#$%&'()*+ *,*&!+*)+ -. &!,'+ 
*+"*()/#% */)!)#% $%0*)#% 

&*&!(&' 8 )#%/)#% 2005 
*,*&!1#2*/# 2!3'2! 3*&)0'+ 0!) 

&*4/#$#5)0'+ 0!&*%3%/+'+: 
 2!3'2!&)0! 

+%/#$# +*$)-6/: &*++*()+ (4) 

3*2! 17 
!.  

1. ./ /012345363 768, /9 :4/ ;<9=>6?;? f 349/8 
0/>/@A@4;8:? ; ’ B9/ ;?:341 x1, 6763 349/8 C/8 
;<93DEF ;61 ;?:341 /<67 . 

2789:;< 12 

2.  G;6A H(x,y) ? 38C79/ 61< :8@/28C1I />8J:1I          
z = x+yi  ;61 :8@/28C7 3040321 . 

  +8 1>4K1<:3 AF :B6>1 61< z; 

2789:;< 3 

=. !"# $#%&'"( #)* +", &)*'&-&, )./+(0&", -# 1.(2&+& 0+/ 
+&+.(3"* 0#, +/- #."%'* +4, $#" #$."56, 37)8# +4- 9-3&":4 (!), #- 
4 ).*+#04 &7-#" 0;0+<, < ("), #- #=+< &7-#" 8#-%#0'9-4. 

1. H4/ ;<9=>6?;? f : !! (R.    LB@36/8 ;<9=>6?;? 1-1, 76/9 @8/ 
1018/2E0163 x1  , x2"! 8;DI38 ? ;<930/@A@E: 

/9 x1 M x2, 6763 f(x1) M f (x2). 

2789:;< 2
 

2. M4/ ;<9=>6?;? f :3 03241 1>8;:1I ! J/ LB:3 768 
0/>1<;8=K38 ;61 xo"A (1L8C7) 3L=D8;61, 61 f(x1), 76/9 

f(x) < f (x1) @8/ C=J3 x"A. 

2789:;< 2 
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!"#$ 2$% %&'()!% 
)* +!,$  

3. !9 18 ;<9/>6E;38F f, g BD1<9 7>81 ;61 xo C/8 8;DI38  
f(x) N g (x) C196= ;61 x1, 6763   

)x(flim
oxx!

  > )x(glim
oxx!

. 

2789:;< 2 

4. !9 z1  C/8 z2  349/8 :8@/28C14 />8J:14, 6763 
 

                               
.2121 zzzz #$#

                 
2789:;< 2

 

5. !9 :4/ ;<9=>6?;? f 349/8 ;<93DEF ;61 CL38;67 
28=;6?:/ [/,O] C/8 0/>/@A@4;8:? ;61 /918C67 
28=;6?:/ (/,O) 6763 <0=>D38 B9/, 61<L=D8;619, 
5"(/,O) 6B6181, P;63 : 

f*(5) = .
/O

)/(f)O(f

#

#
 

2789:;< 2 

3*2! 27 

)49196/8 18 :8@/28C14 />8J:14 : 

z = L2- 2 + (3-2L)i,  L"(R. .   C/8   w = k+4i,  k > 0. 

Q8/ 61<F z, w 8;DI1<9 : 

Re(z) + Im(z) = 0    C/8    w = 5. 

>. ./ /012345363 768  z = -1+i. 

2789:;< 8 

?. ./ /012345363 768  k = 3. 

2789:;< 8 

@. ./ /012345363 768 <0=>D38 :" (R. ., @8/ 61 10141 8;DI38 
w.-3i z:z $%  

2789:;< 9 
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!"#$ 3$% %&'()!% 
)* +!,$  

3*2! 37 

)4936/8 ? ;<9=>6?;? f(x) = x3+kx2+3x-2, x"(R. , k"(R. ,   6?F 
1014/F  ? @>/R8CE  0/>=;6/;?  28B>D36/8  /07 61  ;?:341  

!(1,1). ./ /012345363 768 :  

>. k = -1. 

2789:;< 5 

?. $ ;<9=>6?;? f 239 BD38 6108C= /C>76/6/ . 

2789:;< 10 

@. $ 354;A;?   f(x) = 0   BD38 /C>8OPF :4/ >4K/ ;61 28=;6?:/  

(0, 1). 

2789:;< 10 
 

3*2! 4o  
)4936/8 ? ;<9=>6?;? 

 
3-x

2kx/)x2(
)x(f

2
%##

$   :3 /, k" (R. . C/8 x M 3. 

>. !9 ? 3<J34/ y = x 349/8 0L=@8/ /;I:06A6? 6?F @>/R8CEF 
0/>=;6/;?F 6?F ;<9=>6?;?F f ;61 +&, 6763 9/ 
/012345363 768 / = 1 C/8 k = 3. 

2789:;< 10 

?. ./ /012345363 768 <0=>D38 B9/ 61<L=D8;619 ;?:341 
5"(1, 2),  ;61 10141 ? 3R/061:B9? 6?F @>/R8CEF 0/>=;6/;?F 
6?F ;<9=>6?;?F f 349/8 0/>=LL?L? ;619 =519/ x*x. 

2789:;< 8 
@. ./ O>3463 6?9 354;A;? 6?F 3R/061:B9?F 6?F @>/R8CEF 

0/>=;6/;?F 6?F f ;61 ;?:341 :3 636:?:B9? x1  = 1. 

2789:;< 7 
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!"#$ 1$% %&'()!% 
)* +!,$  

!"#$#%&"'()!* #"+%,'&-(!* !.!'#*!(*  
/0 '#.&* !*"!-($+, !$(#(+, %,)!(+, 

"#-#*)!,& 8 (+,%(+, 2005 
!.!'#1+2!$+ 2#3&2# 3!'()&* )#( 

'!4$+%+5()&* )#'!,3,$*&*: 
 2#3&2#'()# 

*,$+%+ *!%(/6$: '!**!-(* (4) 

3!2# 17    
#.  

1. -./0 123 .4567/8.8 f 97:.1;58 .< ;53 =:6./813 ) . 
!5 8 f <253: .45<>?@ ./9 ) A3: f*(x) = 0 B:3 A6C< 
<.0/<7:AD .81<29 x /94 ), /D/< 53 3E9=<2F</< D/: 8 f 
<253: ./3C<7? .< DG9 /9 =:6./813 ). 

2789:;< 12 

2.  -./0 ! ;53 4E9.H59G9 /94 (R.. . +: 95916I941< 
E73B13/:A? .4567/8.8 1< E<=29 97:.19H /9 !;  

2789:;< 3 
 

=. !"# $#%&'"( #)* +", &)*'&-&, )./+(0&", -# 1.(2&+& 0+/ 
+&+.(3"* 0#, +/- #."%'* +4, $#" #$."56, 37)8# +4- 9-3&":4 (!), 
#- 4 ).*+#04 &7-#" 0;0+<, < ("), #- #=+< &7-#" 8#-%#0'9-4. 

1. !5 z  = x+yi,   1< x, y ! (R. ,  /D/< :  .z–    z "  

2789:;< 2
 

2. !5 z = 3+Ji,  /D/<:  3  z z "# ,  B:3 A6C< 3, J ! (R. .  

2789:;< 2 

3. !5 x  K 0, /D/< :.>H<:  .–    
x

1
 lim

20  x
$"

%
 

2789:;< 2 
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!"#$ 2$% %&'()!% 
)* +!,$  

4. -./0 8 .4567/8.8 f(x) = <Mx. $ .4567/8.8 f <253: 
E373B0B2.:18 ./9 (R    1  =  (R. – {x & .45x = 0} A3: :.>H<: :  

 
x.45

1
    (x) *f

2
"  . 

                                            
2789:;< 2

 

5. !5 4E67><: /9 D7:9 /8@ .4567/8.8@ f ./9 x0 ! (R. , 
/D/<:  ' ( ' ( ,f(x)limk   f(x)k lim

00 x xx x %%
"  B:3 A6C<  ./3C<76  

k! (R       . 
2789:;< 2 

3!2# 27 

)25</3: 9 1:B3=:AD@ 37:C1D@  ,
i–2

3ix
    z

#
"   x!(R.  . 

>. N3 J7<2/< /9 x, O./< 9 37:C1D@ z 53 <253: M35/3./:AD@ . 

2789:;< 10 

?. !5 x = –6, 53 3E9=<2F</< D/: 9 z <253: E73B13/:AD@ 
37:C1D@ . 

2789:;< 6 

@. !5 x = 4, 53 J7<2/< /9  z .  

2789:;< 9 
 

3!2# 37 

)25</3: 8 .4567/8.8                . 
)
*

)
+

,

-

.#

"

1x   ,          1– x

1x   ,       1  x–

    f(x)
4

3

 

>. N3 1<G</?.</< /8 .4567/8.8 f 0@ E79@ /8 .45;><:3 . 

2789:;< 6 
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!"#$ 3$% %&'()!% 
)* +!,$  

?. N3 J7<2/< /3 =:3./?13/3 1959/9523@ /8@ .4567/8.8@ f. 

2789:;< 10 

@. N3 <F</6.</<, 35 8 .4567/8.8 f :A359E9:<2 /:@ 4E9C;.<:@ 
/94 C<07?13/9@ Rolle ./9 =:6./813 [–1,2]. 

2789:;< 9 
 

3!2# 4o  

)25</3: 8 .4567/8.8 
4

x–kx
    )x(f

2

" ,   x ! (R ,  /8@ 9E923@ 8 

<M3E/91;58 /8@ B73M:A?@ /8@ E376./3.8@ ./9 .81<29 L(0,0) 
;><: .45/<G<./? =:<HC45.8@ G = 1.   
 
>. N3 3E9=<2F</< D/: k = 4. 

2789:;< 7 

?. N3 3E9=<2F</< D/: 8 .4567/8.8 f ;><: 9G:AD 1;B:./9, /9 
9E929 A3: 53 J7<2/<. 

2789:;< 8 

@. N3 3E9=<2F</< D/: ./9 =:6./813 (2,4) 4E67><: 1953=:AD 
.81<29 F, ./9 9E929 8 <M3E/91;58 /8@ B73M:A?@ 
E376./3.8@ /8@ .4567/8.8@ f <253: E376GG8G8 ./85 
<4C<23 !P, DE94 !(2, f(2)) A3: P(4, f(4)). 

2789:;< 10 

 

 

+/&5(!* 5(# '+,* ,"+A&B(+,* 

1. %/9 /</76=:9 53 B76Q</< 1D59 /3 E79A3/37A/:A6 
(81<7918523, A3/<HC45.8, <F</3ID1<59 16C813). +3 
C;13/3 :;8 C> D> >8DE@F9G;D; ./9 /</76=:9. 

2. N3 B76Q</< /9 95913/<EO541D .3@ ./9 <E650 1;79@ /05 
M0/935/:B76M05 31;.0@ 1DG:@ .3@ =9C9H5.   
/;8 ;HEDFIH;D>E 8> @F9G;D; 7H7E>:JH7D; 9KKL 
MLN;OPML. 

 

+&'L% 3$% %&'()!% Pappas ....page  29



!"#$ 1$% %&'()!% 
)* +!,$  

!"#$%&'()*+ *,*&!+*)+ -. &!,'+ 
*+"*()/#% */)!)#% $%0*)#% 

&*&!(&' 31 MA1#% 2006 
*,*&!2#3*/# 3!4'3! 4*&)0'+ 0!) 

&*5/#$#6)0'+ 0!&*%4%/+'+: 
 3!4'3!&)0! 

+%/#$# +*$)-7/: &*++*()+ (4) 

 

4*3! 18 

!.  !- z1, z2 ./-01 21304156/ 071826/, 9:9. -0 4./;.9. :91 : 

2121 zz   zz  !"!  . 

389:;<= 7 

 

>. !"# $#%&'"( #)* +", &)*'&-&, )./+(0&", -# 1.(2&+& 0+/ 
+&+.(3"* 0#, +/- #."%'* +4, $#" #$."56, 37)8# +4- 9-3&":4 !, 
#- 4 ).*+#04 &7-#" !"#$%, ; &, #- #<+; &7-#" &'()'#*+(,. 

1. <=9> f ?70320915@ =A-B79C=C 2. ?.4/6 671=26D 96 ) 
501 x6#). <=9> .?/=CE f(x)F0 310 5B8. x#).  

!- $%"
&

   )x(flim
oxx

 9:9. $'"
&

   
)x(f

1
lim

oxx
. 

389:;<= 3
 

2. <=9> 0, G ?703209156/ 071826/ . %96 2130415: .?/?.46 
61 .15:-.E H(0,G) 501 H*(0,–G) 9>- =AIA3J- 
2130415J- z=0+G i  501 iG–0z "  ./-01 =C2./0 

=A22.9715B >E ?76E 96- ?70320915: B;6-0 . 

389:;<= 3 

3. !- 210 ?70320915@ =A-B79C=C f 4.- ./-01 =A-.K@E =. 
L-0 =C2./6 x6, 9:9. 4.- 2?67./ -0 ./-01 ?0703>3/=12C 
=96 x6.  

389:;<= 3 
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!"#$ 2$% %&'()!% 
)* +!,$  

4. <=9> C =A-B79C=C  x  )x(f "  2. ?.4/6 671=26D ) = [0, +$), 

9:9.  
x

1
  (x)f "(  310 5B8. x #  (0, +$). 

                                              
389:;<= 3

 

5. !- L-0 96ANBK1=96- 0?: 90 :710  )x(flim
oxx %&

, 

./-01 +$ @ –$, 9:9. C .A8./0 x=x)x(flim
–
oxx&

6 NL3.901 

671I:-910 0=D2?9>9C 9CE 370O15@E ?07B=90=CE 9CE f. 

389:;<= 3 

6.  <=9> 4D6 =A-079@=.1E f, g 671=2L-.E =. L-0 41B=9C20 
). !- 

) 61 f, g ./-01 =A-.K./E =96 ) 501 

) f*(x) = g*(x) 310 5B8. .=>9.715: =C2./6 x 96A ),  

9:9. A?B7K.1 =908.7B c 9L9610, J=9. 310 5B8. x#) 
1=KD.1 : 

  f(x) = g(x) + c .      
389:;<= 3 

 

4*3! 28     

)/-.901 C .;/=>=C  

x2 – 4x + 13 = 0   (1) 

?. P0 NA8./ =96 =D-6N6 9>- 2130415J- 07182J- C .;/=>=C (1). 

389:;<= 9 

@. !- z1, z2 61 7/I.E 9CE .;/=>=CE (1), 9:9. -0 A?6N631=9./ C 

912@ 9CE ?07B=90=CE 2006
221

2

1 i z13  z z 2– z  A  %%!"  . 

389:;<= 9 
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!"#$ 3$% %&'()!% 
)* +!,$  

A. !- z1 = 2+3i, 9:9. -0 G7.8./ 6 3.>2.9715:E 9:?6E 9>- 
.15:->- 9>- 2130415J- 07182J- z 310 96AE 6?6/6AE 
1=KD.1 : 

 . 5  z – z  1 "  

389:;<= 7 

4*3! 38 

)/-.901 C =A-B79C=C  

1  x,
4x

4  8x – x

1x,N  x 
4

3
– 

   f(x)
2

*
+

*
,

-

.%

/%
"     2. N#(R. .     . 

 

). P0 G7./9. 9C- 912@ 96A N#(R. 310 9C- 6?6/0 C =A-B79C=C f 
./-01 =A-.K@E =96 x6 = 1. 

389:;<= 10 

)). Q10 N=0 

?. -0 .;.9B=.9. 0- C =A-B79C=C f ./-01 ?0703>3/=12C 
=96 (R. . 

389:;<= 7 

@. -0 G7./9. 9C- ?NB310 0=D2?9>9C 9CE 370O15@E 
?07B=90=CE 9CE =A-B79C=CE f =96  +$ . 

 389:;<= 8 
 

 

4*3! 4o  

Q10 k# (R. . 4/-.901 C =A-B79C=C 

  310 5B8. x# (R. ..  ,01kxx2 )x(f 23 %'"

). P0 G7.8./ C 912@ 96A k# (R 310 9C- 6?6/0 C .O0?962L-C 
9CE 370O15@E ?07B=90=CE 9CE =A-B79C=CE f =96 =C2./6 
! (1, f(1)) ./-01 ?07BNNCNC =96- B;6-0 x*x. 

389:;<= 5 
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!"#$ 4$% %&'()!% 
)* +!,$  

 

+&'M% 4$% %&'()!% 

)). Q10 k = 3  

?. -0 2.N.9@=.9. 9C- f >E ?76E 9C- 26-696-/0 501 90 
057:9090 .  

389:;<= 8 

@. -0 G7./9. 96 =D-6N6 912J- 9CE f =96 41B=9C20 (–$, 0]. 

389:;<= 5 

A. 501 310 5B8. 0# ( 14,15) -0 0?64./;.9. :91 C .;/=>=C 
f(x) = 0–5 LK.1 0571GJE 2/0 ND=C =96 41B=9C20 (0,1). 

389:;<= 7 

 

#-'6)*+ 6)! &#%+ *,*&!2#3*/#%+ 

1. %96 9.97B416 -0 37BR.9. 2:-6 90 ?76509075915B 
(C2.762C-/0, 509.D8A-=C, .;.90I:2.-6 2B8C20). +0 
8L2090 4.- 80 90 0-9137BR.9. =96 9.97B416. 

2. P0 37BR.9. 96 6-6209.?J-A2: =0E =96 ?B-> 2L76E 9>- 
O>960-9137BO>- 02L=>E 2:N1E =0E ?0704686D-.   
).- .?197L?.901 -0 37BR.9. 6?6104@?69. BNNC 
=C2./>=C .

 S09B 9C- 0?6KJ7C=@ =0E -0 ?0704J=.9. 20I/ 2. 96 
9.97B416 501 90 O>960-9/370O0 . 

3. P0 0?0-9@=.9. BC8 C<CD:;EF B?= B< FG? C? HIJ?C?. 
4. SB8. ND=C .?1=9C26-15B 9.52C71>2L-C ./-01 0?64.59@. 
5. )1B75.10 .;L90=CE : +7.1E (3) J7.E 2.9B 9C 410-62@ 9>- 

O>960-9137BO>- . 
6. #7:-6E 4A-09@E 0?6KJ7C=CE : H/0 (1) J70 2.9B 9C 

410-62@ 9>- O>960-9137BO>- . 
 

*%5#3!+&* *")&%5)! 

 
&*$#+ 3'/%3!&#+ 
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!"#$ 1$% %&'()!% 
)* +!,$  

!"#$%&'()*+ *,*&!+*)+ -. &!,'+ 
*+"*()/#% 0*/)1#% $%1*)#% 

&*&!(&' 30 MA2#% 2007 
*,*&!3#4*/# 4!5'4! 5*&)1'+ 1!) 

&*6/#$#0)1'+ 1!&*%5%/+'+: 
 4!5'4!&)1! 

+%/#$# +*$)-7/: &*++*()+ (4) 

 

5*4! 18 

!. 1. -./0 1 .2345/1.1  3! ( 6. –{0,1}.  ,x)x(f !"

  67 789:;<=;/; >/? 1 .2345/1.1 f ;<37? 8757@0@<.?A1 

./9 ! B7? ?.CD;? 1!x)x(f " #$%" . 

489:;<= 10 

 2. N7 95<.;/; 8>/; A?7 .2345/1.1 f EF@;/7? @31.<0G 
7D=92.7 .’ F37 :?4./1A7 ) /92 8;:<92 95?.A9D /1G. 

489:;<= 5 

 

>. !"# $#%&'"( #)* +", &)*'&-&, )./+(0&", -# 1.(2&+& 0+/ 
+&+.(3"* 0#, +/- #."%'* +4, $#" #$."56, 37)8# +4- 9-3&":4 !, 
#- 4 ).*+#04 &7-#" !"#$%, ; &, #- #<+; &7-#" &'()'#*+(,. 

1. H?7 B4I; A?@7:?B> z ?.CD;? 
#
$" zzz . 

489:;<= 2
 

2. J?7 .2345/1.1 f ;<37? 1-1, 73 B7? A>39 73 B4I; 
95?K>3/?7 ;2I;<7 (8754EE1E1 ./93 xx*) /FA3;? /1 
@57L?BM 8754./7.M /1G /9 89ED .; F37 .1A;<9 . 

489:;<= 2 

3. !3 2845C;? /9 >5?9 /1G .2345/1.1G f ./9 x0!! B7? 
0)x(flim

0
xx

&
'

, />/; f(x)<0 B93/4 ./9 x0. 

489:;<= 2 
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!"#$ 2$% %&'()!% 
)* +!,$  

4. A3 f ;<37? .23;CMG .2345/1.1 ./9 [7,O], />/; 1 f 87<53;? ./9 
[7,O] A?7 AF@?./1 /?AM J B7? A?7 ;E4C?./1 /?AM m. 

489:;<= 2
 

5. -./0 1 .2345/1.1 f(x)=1Ax A; 8;:<9 95?.A9D /9 !, 
/>/; f  *(x)=–.23x, @?7 B4I; x!!. 

489:;<= 2 

 

5*4! 28     

P;059DA; /92G A?@7:?B9DG 75?IA9DG z=(E-2)+2Ei, >892 E!!. 

?. 67 O5;</; /9 @;0A;/5?B> />89 /03 ;?B>303 /03 A?@7:?BQ3 z. 

489:;<= 9 

@. !3 ?.CD;? 2zz "( , 37 O5;</; /9 Re )
*

+
,
-

.

z

1
.   

489:;<= 7 

A. !3 2z "  B7? Im(z)R0, 37 O5;</; /9 E . 

489:;<= 9 

5*4! 38 

)<3;/7? 1 .2345/1.1 
x

4
)x(f "  , A; x>0. 

 

?. 67 O5;</; /7 >5?7 

 i) 
)x(f

)x(f "
lim

x (/'
  ii) 

2
2x )2x(

)x(fx
lim

#'
 

489:;<= 8 

@. N7 O5;</; /9 .1A;<9 J /1G @57L?BMG 8754./7.1G /1G 
.2345/1.1G f 892 78FC;? 78> /9 .1A;<9 N(0,0) /1 
A?B5>/;51 78>./7.1 . 

 489:;<= 9 
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!"#$ 3$% %&'()!% 
)* +!,$  

 

 

A. N7 789:;<=;/; >/? 2845C;? A937:?B> .1A;<9 /1G 
@57L?BMG 8754./7.1G /1G .2345/1.1G f, ./9 989<9 1 
;L78/9AF31 ;<37? 8754EE1E1 859G /13 ;2I;<7 y=-2x+6. 

 489:;<= 8 

 

5*4! 4o  

-./0 A?7 .2345/1.1 f, 1 989<7 ;<37? .23;CMG ./9 !. A3 @?7 
B4I; xR0 ?.CD;? xf(x)=x+21Ax, />/;:  

?. 67 O5;</; /9 f(0). 

489:;<= 7 

@. 67 789:;<=;/; >/? f(x)<3 @?7 B4I; x! )
*

+
,
-

. 0

2
,0 . 

489:;<= 10 

A. 67 789:;<=;/; >/? 1 ;=<.0.1 f(x)=2 FC;? /92E4C?./93 A?7 

5<K7 ./9 )
*

+
,
-

.
0

0
,

2
. 

489:;<= 8 

 

 

#-'0)*+ 0)! &#%+ *,*&!3#4*/#%+ 

1. %/9 /;/54:?9 37 @54S;/; A>39 /7 859B7/75B/?B4 
(1A;59A13<7, B7/;DI23.1, ;=;/7K>A;39 A4I1A7). );3 I7 
73/?@54S;/; /7 IFA7/7 ./9 /;/54:?9. 

2. 67 @54S;/; /9 939A7/;8Q32A> .7G ./9 8430 AF59G /03 
L0/973/?@54L03 7AF.0G A>E?G .7G 8757:9I9D3 .   
);3 ;8?/5F8;/7? 37 @54S;/; 989?7:M89/; 4EE1 
.1A;<0.1 .

 T7/4 /13 789CQ51.M .7G 37 8757:Q.;/; A7K< A; /9 
/;/54:?9 B7? /7 L0/973/<@57L7 . 

3. 67 7873/M.;/; ./9 /;/54:?> .7G .; >E7 /7 IFA7/7 . 

 

+&'N% 3$% %&'()!% Pappas ....page  36



!"#$ 1$% %&'()!% 
)* +!,$  

 

+&'-% 1$% %&'()!% 

!"#$#%&"'()!* #"+%,'&-(!* !.!'#*!(*  
/0 '#.&* !*"!-($+, 1!$()+, %,)!(+, 

'!'#-'& 4 (+,%(+, 2007 
!.!'#2+3!$+ 3#4&3# 4!'()&* )#( 

'!5$+%+1()&* )#'!,4,$*&*: 
 3#4&3#'()# 

*,$+%+ *!%(/6$: '-!(* (3) 

 

4!3# 17 

#. 1. ./ /012345363 768 : /9 18 :;9/<6=:38> f , g  349/8 
0/</?@?4:8A3> :61 x0 , 6763 B :;9C<6B:B f+g 349/8 
0/</?@?4:8AB :61 x0 D/8 8:EF38 :  

  (f+g)* (x0) = f*(x0) + g*(x0). 

  3789:;< 12 

 2. G763 2F1 :;9/<6=:38> f D/8 g HI?196/8 4:3>; 

3789:;< 5 

=. !"# $#%&'"( #)* +", &)*'&-&, )./+(0&", -# 1.(2&+& 0+/ 
+&+.(3"* 0#, +/- #."%'* +4, $#" #$."56, 37)8# +4- 9-3&":4 !, 
#- 4 ).*+#04 &7-#" !"#$%, ; &, #- #<+; &7-#" &'()'#*+(,. 

1. J8/ 2F1 10181;:2=0163 A8?/28D1F> /<8KA1F> /+Li D/8 
?+2i B 28/9;:A/68D= /D649/ 61; /K<14:A/67> 61;> 
8:1F6/8 A3 6B 28/M1<C 6@9 28/9;:A/68DN9 /D649@9 
61;> . 

3789:;< 2
 

2. $ ?</M8D= 0/<C:6/:B 6B> :;9C<6B:B> –f 349/8 
:;AA36<8D=, @> 0<1> 619 C519/ x*x, 6B> ?</M8D=> 
0/<C:6/:B> 6B> f. 

3789:;< 2 

3. !9 f, g, h 349/8 6<38> :;9/<6=:38> D/8 1<4O36/8 B ho(gof), 6763 

1<4O36/8 D/8 B (hog)of D/8 8:EF38 ho(gof) = (hog)of. 

3789:;< 2 
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!"#$ 2$% %&'()!% 
)* +!,$  

4. -8 01H;@9;A8DI> :;9/<6=:38> L/KA1F A3?/HF63<1; = 
4:1; 61; 2 IE1;9 /:FA06@63> . 

3789:;< 2
 

 

4!3# 27     

P3@<1FA3 61;> A8?/28D1F> /<8KA1F> z ?8/ 61;> 10141;> 
8:EF38 zii  1–z !"  . 

>. i) ./ L<3463 61 ?3@A36<8D7 6701 6@9 38D79@9 M 6@9 

A8?/28DN9 z. 

 3789:;< 10 

 ii) ./ L<3463 018/ /07 6/ :BA34/ Q /0IE1;9 /07 6B9 

/<E= -(0,0) /07:6/:B 4:B A3 5  . 

3789:;< 10 

?. !9 Re(z)=0, 6763 9/ 2345363 768 z=–i. 

3789:;< 5 

4!3# 37 

)4936/8 B :;9C<6B:B 
2  x,

1)–2(x

6 5x –x

2x

  f(x)  
2

,
2

1
  

2
 x

8

1
–

#
#
$

##
%

&

'"

(
!

"

    . 

 

>. ./ /012345363 768 B :;9C<6B:B f 349/8 :;93E=> D/8 
0/</?@?4:8AB :61 x0=2. 

3789:;< 12 

?. ./ L<3463 6B9 354:@:B 6B> 3M/061AI9B> 6B> ?</M8D=> 
0/<C:6/:B> 6B> :;9C<6B:B> f :61 :BA341 Q (0,f(0)). 

3789:;< 6 
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!"#$ 3$% %&'()!% 
)* +!,$  

@. ./ /012345363 768 B 3;K34/ 2–x
2

1
 y !  349/8 /:FA06@6B 

6B> ?</M8D=> 0/<C:6/:B> 6B> :;9C<6B:B> f :61  +) . 

3789:;< 7 
 

4!3# 4o  

)4936/8 A8/ :;9C<6B:B f, 0/</?@?4:8AB :61 !, ?8/ 6B9 

1014/ 8:EF38  , ?8/ DCK3 x*!. 2–8x  12x–  8x  f(x)  (x)f 233 "!"
>. ./ /012345363 768 B f 349/8 :;9C<6B:B 1-1. 

3789:;< 8 

?. ./ /012345363 768 B 354:@:B f(x)=0 IE38 A8/ A791 <4O/ :61 (0, 1). 

3789:;< 9 

@. !9 ?8/ 6B :;9C<6B:B g: !+! 8:EF38 768 , - )2x(fx3–)x(gf 2 "! , 

?8/ DCK3 x*!, 9/ L<3463 61 x0 :61 10141 B g 0/<1;:8CO38 
3HCE8:61.                                                                       3789:;< 8 

  

+/&1(!* 1(# '+,* !.!'#2+3!$+,* 

1. %61 636<C281 9/ ?<CR363 A791 6/ 0<1D/6/<D68DC (BA3<1AB94/, 
D/63FK;9:B, 3536/O7A391 ACKBA/). )39 K/ /968?<CR363 6/ 
KIA/6/ :61 636<C281. 

2. ./ ?<CR363 61 191A/630N9;A7 :/> :61 0C9@ AI<1> 6@9 
M@61/968?<CM@9 /AI:@> A7H8> :/> 0/</21K1F9.   
)39 3086<I036/8 9/ ?<CR363 1018/2=0163 CHHB :BA34@:B.

 S/6C 6B9 /01EN<B:= :/> 9/ 0/</2N:363 A/O4 A3 61 636<C281 
D/8 6/ M@61/964?</M/. 

3. ./ /0/96=:363 :61 636<C287 :/> :3 7H/ 6/ KIA/6/. 
4. SCK3 HF:B 308:6BA198DC 63DAB<8@AI9B 349/8 /0123D6=. 
5. )8C<D38/ 35I6/:B>: +<38> (3) N<3> A36C 6B 28/91A= 6@9 

M@61/968?<CM@9. 
6. #<791> 2;9/6=> /01EN<B:B>: Q4/ (1) N</ A36C 6B 28/91A= 6@9 

M@61/968?<CM@9. 

!,5+3#*'! !"(',5(# 
'!%+* 3&$,3#'+* 
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!"#$ 1$% %&'()!% 
)* +!,$  

!"#$%&'()*+ *,*&!+*)+ -. &!,'+ 
*+"*()/#% 0*/)1#% $%1*)#% 

&*&!(&' 28 MA2#% 2008 
*,*&!3#4*/# 4!5'4! 5*&)1'+ 1!) 

&*6/#$#0)1'+ 1!&*%5%/+'+: 
 4!5'4!&)1! 

+%/#$# +*$)-7/: &*++*()+ (4) 

 

5*4! 18 

!. 1. !- z1 = . + /i 0.1 z2 = 2 + 3i 45-.1 367 812.31075 

.91:875, -. .;7345<4=4 >=1 2121 z  z  z  z !"! .  

489:;<= 7 

 2. ?@=A f 81. @B-C9=D@D 0.1 x0 E-. @D8457 =7B ;4357B 
791@876 =DF. G>=4 HE84 >=1 D f 45-.1 @B-4IJF @=7 x0 ; 

489:;<= 6 
 

>. !"# $#%&'"( #)* +", &)*'&-&, )./+(0&", -# 1.(2&+& 0+/ 
+&+.(3"* 0#, +/- #."%'* +4, $#" #$."56, 37)8# +4- 
9-3&":4 !, #- 4 ).*+#04 &7-#" !"#$%, ; &, #- #<+; 
&7-#" &'()'#*+(, . 

1. !- z1, z2 45-.1 812.31075 .91:875, =>=4 1@I641 : 

2121 z  z  z  z !#!  . 

489:;<= 3 

2. K1. 0C:4 x  $! 1@I641 : (D8x)% = – @B-x. 

489:;<= 3 

3. !- 81. @B-C9=D@D f 45-.1 @B-4IJF @4 E-. 31C@=D8. ) 
0.1 34- 8D34-5L4=.1 @ ’ .B=>, =>=4 .B=J J 45-.1 :4=10J 
21. 0C:4 x$) J 45-.1 .9-D=10J 21. 0C:4 x$), 3DH.3J 
31.=D945 ;9>@D87 @=7 31C@=D8. ). 

489:;<= 3 
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!"#$ 2$% %&'()!% 
)* +!,$  

4. !- 81. @B-C9=D@D f 45-.1  

& @B-4IJF @=7 0H41@=> 31C@=D8. [., /] 

& ;.9.2A25@18D @=7 .-71I=> 31C@=D8. (., /) 0.1 

& f(.) = f(/) 
=>=4 B;C9I41 E-., =7BHCI1@=7-, < $ (., /) =E=717, 
N@=4 :  f% (<) = 0. 

489:;<= 3 

5*4! 28 

)5-4=.1 D 4<5@A@D    3z2 + Hz + 8 =  0,  

>;7B H, 8 45-.1 ;9.28.=1075 .91:875. 

!. !- 7 .91:8>F z1 = 1 + i 45-.1 95L. =DF 4<5@A@DF, -. 

.;7345<4=4 >=1 H = –6, 8 = 6 0.1 -. /945=4 =D 346=49D 95L. z2  

=DF 4<5@A@DF . 

489:;<= 14 

>. O. .;7345<4=4 >=1 : 

?.  0  z  z 2
2

2
1 "!

489:;<= 6 
 

@.  10052008
2

2008
1 2  z  z "!

489:;<= 5 

 

5*4! 38 

?@=A D @B-C9=D@D f  84   

1x

1x

,)1x(

,x1

)x(f
2 #

'

(
)

(
*

+

,

,

"  

 

A. O. 4<4=C@4=4 .- D @B-C9=D@D f 45-.1 : 

?. @B-4IJF @=7 @D8457 x0 = 1  
489:;<= 8 
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!"#$ 3$% %&'()!% 
)* +!,$  

@.  ;.9.2A25@18D @=7 @D8457 x0 = 1.  
489:;<= 10 

>. N. /945=4 =D- 4<5@A@D =DF 4P.;=78E-DF =DF 29.P10JF 
;.9C@=.@DF =DF f @=7 @D8457 =DF !(2, 1). 

489:;<= 7 
 

5*4! 4o  

?@=A D @B-C9=D@D f 84 
x

k 2x   x
  f(x) 

2 !!
"  , 

>;7B k 45-.1 ;9.28.=10>F .91:8>F . 

!. O. /945=4 =7 ;4357 791@876 =DF f. 

489:;<= 3 

>. !- D 4P.;=78E-D =DF 29.P10JF ;.9C@=.@DF =DF f @=7 

@D8457 =DF Q(1, f(1)) 45-.1 ;.9CHHDHD @=7- C<7-. x%x, 
-. /945=4 =D- =18J =7B k. 

489:;<= 8 

0. K1. k = 1,  

?. O. /945=4 =1F .@68;=A=4F =DF 29.P10JF ;.9C@=.@DF 
=DF f. 

489:;<= 8 

@. O. 84H4=J@4=4 =D- f AF ;97F =D 87-7=7-5. @=7 
31C@=D8. [1, +-). 

489:;<= 6 

 

 

#-'0)*+ "(#+ &#%+ %"#A'B)#%+ 
 

1. %=7 =4=9C317 -. 29CR4=4 8>-7 =. ;970.=.90=10C 
(D84978D-5., 0.=46:B-@D, 4<4=.L>84-7 8C:D8.). -<9 C? 
?9DEFG:H<D< =. :E8.=. @=7 =4=9C317 . 
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!"#$ 1$% %&'()!% 
)* +!,$  

 

+&'-% 1$% !.- 4 %&'()&% 

!"#$%&'()*+ *,*&!+*)+ -. &!,'+ 
*+"*()/#% 0*/)1#% $%1*)#% 

&()&' 26 MA2#% 2009 
*,*&!3#4*/# 4!5'4! 5*&)1'+ 1!) 

&*6/#$#0)1'+ 1!&*%5%/+'+: 
 4!5'4!&)1! 

+%/#$# +*$)-7/: &*++*()+ (4) 
 

 
5*4! 18 

!. 1. ./01 2 134156 0xx !  789106: ;606;/<3=2 6>?@A0B02 

02C 9<6=:;DC A6<E>06>2C @:6C >3FE<02>2C f;  

489:;<= 5 

 2. !F G: >3F6<0D>1:C f, g 15F6: A6<69B95>:@1C >0G x0, 
F6 6AGH15I101 /0: 2 >3FE<02>2 gf "  15F6: 

A6<69B95>:@2 >0G x0 ;6: :>J?1: : 

)x(g)x(f)x()gf( 000 #"#!#"  

489:;<= 8 

>. !"# $#%&'"( #)* +", &)*'&-&, )./+(0&", -# 1.(2&+& 0+/ 
+&+.(3"* 0#, +/- #."%'* +4, $#" #$."56, 37)8# +4- 
9-3&":4 !, #- 4 ).*+#04 &7-#" !"#$%, ; &, #- #<+; 
&7-#" &'()'#*+(, . 

1. 22
zz ! , 9:6 ;E41 @:96H:;/ 6<:4@/ z . 

489:;<= 3 

2. $ 1:;/F6 0G3 @:96H:;G? 6<:4@G? 6+Ki, 6,K$! >0G 
@:96H:;/ 1A5A1HG 15F6: 0G >2@15G L(6,K). 

489:;<= 3 

3. 0
x

x
lim

0x

!
%&

'
. 

489:;<= 3 
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!"#$ 2$% %&'()!% 
)* +!,$  

 

+&'-% 2$% !.- 4 %&'()&% 

4. !F @56 >3FE<02>2 f 15F6: >3F1JDC >0G ;71:>0/ 
H:E>02@6 [6,K] ;6: A6<69B95>:@2 >0G 6FG:;0/ 
H:E>02@6 (6,K), 0/01 3AE<J1: 8F6 0G37EJ:>0GF 
I$(6,K) 080G:G, M>01 : 

()*
()*

!+#
)(f)(f

)(f . 

489:;<= 3 

5*4! 28 

)5FGF06: G: @:96H:;G5 6<:4@G5  

i32z1 "!   ;6:  .1i3)i1(z 20092
2 "")!  

?. N6 6AGH15I101 /0: i1z2 "! . 

489:;<= 8 

@. N6 K<1501 0G @80<G 0G3 @:96H:;G? 6<:4@G? 21 zz ) . 

489:;<= 7 

A. N6 1;=<E>101 0G A275;G 
2

1

z

z
 >02 @G<=D ;+7i, /AG3  

;, 7$! . 

489:;<= 10 

5*4! 38 

)5F106: 2 >3FE<02>2 
1x

1x

,3x2

,x

)x(f

2

,

-

./

.
0

1

"

*"(
!     @1 6, K$! .   

?. !F 2 >3FE<02>2 f 15F6: >3F1JDC >0G 1x0 ! , F6 6AGH15I101 

/0: 5!*"( .  

489:;<= 5 
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!"#$ 3$% %&'()!% 
)* +!,$  

 

+&'-% 3$% !.- 4 %&'()&% 

@. !F 2 >3FE<02>2 f 15F6: A6<69B95>:@2 >0G 1x0 ! , F6 

6AGH15I101 /0: 1!(  ;6: 4!* .  

489:;<= 10 

A. O:6 1!(  ;6: 4!* , F6 A<G>H:G<5>101 0:C 6>?@A0B01C 02C 

9<6=:;DC A6<E>06>2C 02C >3FE<02>2C 
x

)x(f
)x(g ! , 0x 2 , 

>0G 3)  ;6: >0G 3" . 

489:;<= 10 

5*4! 4o  

O:6 7$! H5F106: 2 >3FE<02>2  

1x3x xf(x) 23 ")4"! , x$! . 

I. !F 2 >3FE<02>2 f A6<G3>:EP1: 0GA:;/ 6;</060G >0G 
1x0 ! , F6 K<1501 02F 0:@D 0G3 7 . 

489:;<= 4 

)). O:6 7 = 0  

?. F6 @1710D>101 02F f BC A<GC 02 @GFG0GF56 ;6: 06 
6;</0606 . 

489:;<= 8 

@. F6 K<1501 0:C 1I:>M>1:C 0BF 1=6A0G@8FBF 02C 
9<6=:;DC A6<E>06>2C 02C f AG3 15F6: A6<E77271C 
A<GC 02F 134156 x9y ! . 

489:;<= 8 

A. F6 6AGH15I101 /0: 2 1I5>B>2 0x)x(f !)  8J1: @56 

0G37EJ:>0GF 7?>2 >0G 6FG:;0/ H:E>02@6 (0,1). 

489:;<= 5 
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!"#$ 1$% %&'()!% 

 

*&'+% 1$% !,+ 3 %&'()&%

!"#$%&'()*+ *,*&!+*)+ -. &!,'+ 
*+"*()/#% 0*/)1#% $%1*)#% 1!) "!/*$$!-)1*+ 

*,*&!+*)+ *+"*()/#% *"!$ (#2!-!+ 3.) 
&()&' 25 MA4#% 2010 

*,*&!5#2*/# 2!6'2! 6*&)1'+ 1!) 
&*7/#$#0)1'+ 1!&*%6%/+'+: 

 2!6'2!&)1! 
+%/#$# +*$)-8/: &(*)+ (3) 

 
6*2! ! 

!1. -. ./01234252 657, .8 93. :;8<=5>:> f 238.7 
/.=.?@?3:79> :’ A8. :>9230 x0,  5652 238.7 B.7 :;82CDE 
:50 :>9230 .;56 .  

29:;<=> 10 

!2. ,652 93. :;8<=5>:> f FA?25.7 ?8>:3@E GH380;:. :’ A8. 
17<:5>9. ) 50; /2130; 0=7:90I 5>E; 

29:;<=> 5 

!3. !"# $#%&'"( #)* +", &)*'&-&, ).-+& (5) )/0+(1&",, !. 
.2, "., -# 3/(4&+& 1+0 +&+/(5"* 1#, +0 3/(''# +6, $#" 
#$/"78, 59):# +6- .-5&";6 #, #- 6 )/*+#16 &9-#" 
#$%&', < (, #- #=+< &9-#" (!)*!%+,)- . 

?. *0 /2130 0=7:90I 97.E :;8<=5>:>E f 238.7 50 :I80F0 
! 5@8 5259>9A8@8 5@8 :>923@8 5>E ?=.G7BDE 
/.=<:5.:>E Cf  5>E :;8<=5>:>E .  

@. J7. B<H2 :;8<=5>:> f /.=.?@?3:79> : ’ A8. 17<:5>9. 
) B.7 ?7. B<H2 /=.?9.57B6 .=7H96 c, 7:CI27 657 :  

! " )x(f)x(cf #$
# , ?7. B<H2 x%). 

A. !8 z1, z2 97?.17B03 .=7H903 92 z2&0, 5652 7:CI27 657 : 

2

1

2

1

z

z

z

z
$  

<. *0 :I80F0 579K8 97.E :;82C0IE :;8<=5>:>E f 92 
/2130 0=7:90I 50 BF27:56 17<:5>9. [., L] 238.7 50 
BF27:56 17<:5>9. [m, M], 6/0; m > 2F<C7:5> B.7 M > 
9A?7:5> 579D 5>E. 

 Pappas ....page  46



!"#$ 2$% %&'()!% 

 

*&'+% 2$% !,+ 3 %&'()&%

 

=. !8 
0

xx
lim
'

)x(f = , 5652 f(x)<0 B085< :50 x() 0. 

29:;<=> 10 

6*2! 3 

N:5@ 0 97?.17B6E .=7H96E z = x+yi 92 x,y%!. 

B1. !8 7:CI27 657 2z – i  = 3, 5652 8. L=2352 508 97?.17B6 
.=7H96 z. 

*z

29:;<=> 8 

B2.  !8 z=2+i, 5652 8. L=2352 508 ?2@925=7B6 56/0 5@8 
27B68@8 5@8 97?.17BK8 .=7H9K8 w ?7. 50;E 0/030;E 

7:CI27 657 : 2zzw $) .  

29:;<=> 7 

B3.  !8 z=2+i B.7 u=
1z

izz

*

)
, 5652 8. ./01234252 657 :  u2010=–1.  

29:;<=> 10  

6*2! 0 

)3825.7 > :;8<=5>:> f(x) = x3+3x+:;8x–2,   x%!.   

01. -. ./01234252 657 > :;8<=5>:> f 238.7 ?8>:3@E 
.I40;:. :50 !.  

29:;<=> 5 

02. -. ./01234252 657 > 243:@:> f(x)=0 AC27 .B=7LKE 93.  
=3O. :50 17<:5>9. (0,/). 

29:;<=> 10 

03.  -. FI:252 5>8 243:@:> :  f(x2+8) = f(6x) 

29:;<=> 5 

04. -. L=2352 50 6=70 : 
x

1)x(f
lim

0x

)

'
 

29:;<=> 5 
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!"#$ 3$% %&'()!% 

 

*&'+% 3$% !,+ 3 %&'()&%

 

6*2! -  

)3825.7 > :;8<=5>:> f(x) = ,x2
x

3x2

)
)

  x&0. -. L=2352 :  

-1.  T. 50/7B< .B=65.5. 5>E f.  

29:;<=> 8 

-2.  T7E .:I9/5@52E 5>E ?=.G7BDE /.=<:5.:>E 5>E f. 

29:;<=> 8 

-3. T>8 243:@:> 5>E 2G./509A8>E 5>E ?=.G7BDE /.=<:5.:>E 
5>E f :50 :>9230 !(1, f(1)). 

29:;<=> 4 

-4. To :>9230 M(4, f(4)), 4>0, 5>E ?=.G7BDE /.=<:5.:>E Cf  

5>E f, :50 0/030 > 2G./509A8> 5>E Cf   238.7 /.=<FF>F> 
/=0E 50 2;HI?=.990 59D9. !P 92 !(1, f(1)), B(3, f(3)). 

29:;<=> 5 

 

#-'0)*+ (AB? C9D> =E=C?F9GH:9D>) 
 

1. %50 525=<170 8. ?=<Q252 9680 5. /=0B.5.=B57B<  (>92=09>83. , 
B.52IH;8:> , 2425.O69280  9<H>9.). /? GI: ?:CBAJ;K=C= 5. 
HA9.5. :50 525=<170 .  

2. -. ?=<Q252 50 0809.52/K8;96  :.E :50 /<8@ 9A=0E 5@8 
G@50.857?=<G@8 , .9A:@E 96F7E :.E /.=.10H0I8 .  -=: 
=LBCJHL=C?B :? AJ;K=C= 0/07.1D/052 <FF> :>923@:>. R.5< 5>8 
./0CK=>:D :.E 8. /.=.1K:252 9.O3 92 50 525=<170 B.7 5. 
G@50.853?=.G. .  

3. -. ./.85D:252 MC9 C=CJ;<BN M?> :2 6F. 5. HA9.5. .  
4. -. ?=<Q252 57E ./.85D:27E :.E GN:9 G= GLO= P GN:9 G= G?QJ9 MCDON 

<B?JR=S?> R?B GN:9 ?:=ESCIOI> G=O;:I>. 
5. R<H2 ./<85>:> 2/7:5>9087B< 52B9>=7@9A8> 238.7 ./012B5D .  
6. )7<=B27. 24A5.:>E :  5=27E (3) K=2E 925< 5> 17.809D 5@8 

G@50.857?=<G@8 .  
7. #=680E 1;8.5DE ./0CK=>:>E :  93. (1) K=. 925< 5> 17.809D 5@8 

H29<5@8 .   
K!$' *")&%7)!   

&*$#+ 2'/%2!&#+ 
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!"#$ 1$% %&'()!% 

 

*&'+% 1$% !,+ 4 %&'()&%

 
!"#$#%&"'()!* #"+%,'&-(!* !.!'#*!(*  
/0 '#.&* !*"!-($+, 1!$()+, %,)!(+, 

"!2"'& 8 (+,%(+, 2010 
!.!'#3+2!$+ 2#4&2# 4!'()&* )#( 

'!5$+%+1()&* )#'!,4,$*&*: 
 2#4&2#'()# 

*,$+%+ *!%(/6$: '!**!-(* (4) 
 
4!2# # 

#1. -./0 123 .4567/8.8 f, 8 9:9;3 <;532 972.1=58 .< =53 
>?<2./@ A26./813 [3,B]. !5 8 f <;532 .45<CDE ./9 [3,B] 
>32 f(3)Ff(B), 53 A<;G</< @/2 H23 >6I< 372I1@ 7 1</3GJ 
/05 f(3) >32 f(B) 4:67C<2 =53E /94?6C2./95 372I1@E 
x0!(3, B) /=/929E K./< f(x0)=7. 

289:;<= 10 

#2. ,@/< 123 .4567/8.8 f ?=H</32 H58.;0E 3JG94.3 .< =53 
A26./813 ) /94 :<A;94 972.19J /8E; 

289:;<= 5 

#3. !" #"$"%&'$()*&* &+, -$.&/)*+, -.0 "%.1.02.34, 
5$/6.4&", )&. &*&$/7+8 )", 7(-1" )&. 5$/99" -.0 
"4&+)&.+#*( )* %/2* -$8&")' &' 1:;' !"#$%, "4 ' 
-$8&")' *(4"+ )<)&=, = &'()*, "4 ' -$8&")' *(4"+ 
1"42")9:4' .  

 >) !5 3,B,H,A!! 2.CJ<2 : 

  3+Bi=H+Ai" 3=H >32 B=A 

?) L23 >6I< .4567/8.8 f 8 H73M2>D :376./3.8 /8E f  

3:9/<?<;/32 3:@ /3 /1D13/3 /8E Cf, :94 B7;.>95/32 
:650 3:@ /95 6G953 xNx, >32 3:@ /3 .411</72>6, 0E 
:79E /95 6G953 xNx, /05 /1816/05 /8E C f, :94 
B7;.>95/32 >6/0 3:@ /95 6G953 xNx. 

 

 

 

ΕΚΠΑΙΔΕΥΤΙΚΗ ΚΛΙΜΑΚΑ
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!"#$ 2$% %&'()!% 

 

*&'+% 2$% !,+ 4 %&'()&%

@) !5 92 .4537/D.<2E f, g =C945 @729 ./9 x0, >32 2.CJ<2 
f(x)Og(x) >95/6 ./9 x0, /@/< 2.CJ<2 : 

)x(glim)x(flim
xxxx

00
##

$  

;) !5 92 .4537/D.<2E f, g <;532 :373H0H;.21<E ./9 x0 

>32 g(x0)F0, /@/< >32 8 .4567/8.8 
g
f

 <;532 

:373H0H;.218 ./9 x0 >32 2.CJ<2 : 

% &20

000
0

)x(g

)x(g)x(f)x(g)x(f
)x(g

f o '('
)

'
**
+

,
--
.

/
 

<) -./0 P(x), Q(x) :9?4K5413 A26M973 /94 18A<52>9J . 

+2 78/=E .4537/D.<2E 
)x(Q

)x(P
, 1< B3I1@ /94 372I18/D 

P(x) 1<H3?J/<79 /94?6C2./95 >3/6 AJ9 /94 B3I19J 
/94 :3735913./D, =C945 :?6H2<E 3.J1:/0/<E . 

289:;<= 10 
4!2# A 

);5</32 8 .4567/8.8 f: [3, B]#!, @:94 3,B!! 1< 3<0<B, 8 
9:9;3 <;532 .45<CDE ./9 [3, B] >32 :373H0H;.218 ./9 (3, B). 

!5 2.CJ<2 f(3)=5B >32 f(B)=53, 53 3:9A<;G</< @/2 : 

B1. $ <G;.0.8 f(x)=0 =C<2 123 /94?6C2./95 7;P3 ./9 
A26./813 (3, B). 

289:;<= 10 

B2.  Q:67C<2 .81<;9 R 0 )(f, 122  /8E H73M2>DE :376./3.8E Cf 

/8E f, ./9 9:9;9 8 <M3:/91=58 /8E Cf <;532 >6I</8 ./85 
<4I<;3 < : x–5y+2010=0

289:;<= 10 

B3.  $ .4567/8.8 f :3;75<2 /85 /21D 
2

5
(3+B) 

289:;<= 5  
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!"#$ 3$% %&'()!% 

 

*&'+% 3$% !,+ 4 %&'()&%

 

4!2# 1 

S<079J1< /85 <G;.0.8 z2
–6z+H=0 1< H!!, 8 9:9;3 =C<2 7;P<E 

/94E 12H3A2>9JE 372I19JE z1,z2 1< Im(z1)>0 >32 51 )z  

11. T3 3:9A<;G</< @/2 H=25.  

289:;<= 8 

12. !5 H=25, 53 B7<;/< /2E 7;P<E /8E :373:650 <G;.0.8E . 

289:;<= 5 

13.  !5 H23 /95 12H3A2>@ 372I1@ w 2.CJ<2 21 zwzw ()( , 53 

3:9A<;G</< @/2 w!!. 

289:;<= 6 

14. T3 4:9?9H;.</< /85 /21D /8E :376./3.8E 

(z1–2–3i)8+( z2–4+5i)8

289:;<= 6 

 

4!2# /  

);5</32 8 .4567/8.8 f(x) = (x+3) 29 x(   

/1.  T3 B7<;/< /9 :<A;9 972.19J /8E .4567/8.8E . 

289:;<= 4 

/2.  T3 B7<;/< /85 :376H0H9 /8E f: 

  >. ./9 3592>/@ A26./813 (–3, 3)   (R956A<E 3) 

 ?. ./9 .81<;9 x0 = –3     (R956A<E 3) 

289:;<= 6 

/3. T3 B7<;/< /3 A23./D13/3 1959/95;3E /8E f. 

289:;<= 9 

/4. T3 B7<;/< /3 3>7@/3/3 /8E f. 

289:;<= 6 
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 !"# 1#$ $%&'( $ -  ! "#$"%&'('  

 

 

)%&*$ 1#$  +* 4 $%&'(%$

$)'"**+'&"# ","-)#"&#  ! -),+# 

"#$"%&'./ 0"'&1./ */1"&./ 1)& "$)* (.2) ) 3!) 

 "/-"%)  16 2)4./  2011 
","-)5.2"'.  2)6+2) 6"-&1+# 1)& 

-"7'.*.0&1+# 1)-"/6/'#+# : 2)6+2)-&1)  
#/'.*. #"*& (' : -"##"%&# (4) 

 
6"2) ) 

A1. ,-./ 012 -3456.7-7 f 861-0947 -: 942 ;15-.702 ( <21 
x0 942 :-/.:61<= -70:>8 .83 (.  4 7 f ?2683-15@:1 
.8?1<= 2<6=.2.8 -.8 x0 <21 :>421 ?262A/A>-107 -.8 
-70:>8 23.=, 42 2?8;:>B:.: =.1 : f (x0) = 0 

289:;<= 10 

A2. (>4:.21 -3456.7-7 f 861-0947 -.8 . +=.: 7 :3C:>2 
y=Dx+E D9A:.21 2-F0?./.7 .7G A62H1<IG ?265-.2-7G 
.7G f -.8 ; 

289:;<= 5 

A3.  ! "!#!$%&#'()%) %*+ ,#-%.()*+ ,-/ !$-0-/1-23, 
4#.5-3%!+ (%- %)%#.6*7 (!+ 6',0! (%- 4#.88! ,-/ 
!3%*(%-*")' () $.1) ,#7%!(& %& 09:&  !"#$, !3 & 
,#7%!(& )'3!* (;(%<, < %&'(), !3 & ,#7%!(& )'3!* 
0!31!(893& .  

>) J12 <5C: 01A2;1<= 261C0= z  0 86>@830: z0=1 

?) K12 -3456.7-7 f:A  D9A:.21 -3456.7-7 1-1, =.24 
A12 8?812;I?8.: Ax,x 21  1-LF:1 7 -34:?2A/AI :  

24  x1 x2,  .=.:  f(x1)  f(x2) 

@) J12 <5C: x 1= –{x -34x=0} 1-LF:1 : 
x

1
)x(

2
 !"

#$   

;) '-LF:1 =.1 : 1
x

 x
lim

  x
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 !"# 2#$ $%&'( $ -  ! "#$"%&'('  

 

 

)%&*$ 2#$  +* 4 $%&'(%$

)) *, -./0,123 4/./56758,3 C 1/, C9 6:; 5<;/.6=58:; 
f 1/, f–1 8>;/, 5<??86.,123 :3 4.@3 6A; 8<B8>/ y=x 
4@< C,D@6@?8> 6,3 -:;>83 xOy 1/, x9Oy9. 

*+,-.)/ 10 

 
0"*1 2 

E56: @, ?,-/C,1@> /.,B?@> z 1/, w, ?8 z 3i, @, @4@>@, 
,1/;@4@,@F; 6,3 5D258,3 : 

1i3z   1/,  
i3z

1
i3zw  

B1. G/ H.8>68 6@; -8:?86.,1I 6I4@ 6:; 8,1I;:; 6:; 
?,-/C,1J; /.,B?J; z 

*+,-.)/ 7 

B2.  G/ /4@C8>K868 I6, : 

i3z

1
i3z  

*+,-.)/ 4 

B3.  G/ /4@C8>K868 I6, @ w 8>;/, 4./-?/6,1I3 /.,B?I3 1/, 
I6, 2 w 2  

*+,-.)/ 8 

B4.  G/ /4@C8>K868 I6, :  zwz  

*+,-.)/ 6 

 

0"*1 3 

(>;86/, A 5<;7.6A5A f(x)=
x

2
x2 ,  x 0  

31. G/ ?8L86=5868 6A 5<;7.6A5A f :3 4.@3 6A ?@;@6@;>/ 
1/, 6/ /1.I6/6/ .  

*+,-.)/ 6 
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 !"# 3#$ $%&'( $ -  ! "#$"%&'('  

 

 

)%&*$ 3#$  +* 4 $%&'(%$

)2. ,- ./0120 234 0516763 238 09-:2;<=438 238 >/-9?@A8 
:-/B62-638 238 6C4B/23638 f 62; 63<01;   )2(f,2

*+,-./0 6 

)3.  ,- ./0120 2?8 -6D<:27208 238 >/-9?@A8 :-/B62-638 238 
6C4B/23638 f. 

*+,-./0 6 

)4. ,- ./0120 2; E/?; : 
1x

3
x

1
f

lim
21x

 

*+,-./0 7 

1"*2    

(1402-? 3 :-/->7>16?<3 6C4B/2363 f : , <0 f(0)=0, 3 
;:;1- ?@-4;:;?01 23 6F=63  f(x)+x f (x)=3<x, >?- @BG0 x . 

 1. ,- -:;H015020 E2? 3 6C4B/2363  g(x)=xf(x)+6C4x, x  
014-? 62-G0/A 62; .  

*+,-./0 6 

 2.  ,- -:;H015020 E2? :  

,
x

 !"x
)x(f

1
 x  @-? xI0 

*+,-./0 6 

 3. ,- -:;H015020 E2? 3 0516763 1–6C4x = x3<x =F0? <1- 

2;CJBF?62;4 /1K- 62; H?B623<- 
2

3
,

2
 

*+,-./0 6 

 4. ,- -:;H015020 E2? C:B/F0? =4- 2;CJBF?62;4 5 (0,:) 
2=2;?; L620 : 

53<5+6C45=1+ 2

2

2
 

*+,-./0 7 
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 !"# 1#$ $%&'( $ -  ! "#$"%&'('  
 

 

)%&*$ 1#$  +* 5 $%&'(%$

"$)')*+$,&-"# $)'"**+'&"# ".",)#"&# 

 ! ,).+# "#$"%&'/0  1"'&-/0 *0-"&/0  

 "0,"%)  6 &/0'&/0 2011 

".",)2/3"'/  3)4+3) : 3)4+3),&-) 4",&-+#  

-)& ,"5'/*/1&-+# -),"040'#+# : 

 #0'/*/  #"*& (' : $"'," (5) 

4"3) ) 

A1. ,- -./0123141 546 7 89:;<4787 f(x)=89:x 12:-6 
.-<-=>=286?7 84/  @-6 =6- @;A1 x  68BC16         

= –7?x )(89:x

36789:; 10  

A2. D84> E (x,y) 7 16@5:- 4/9 ?6=-06@/C -<6A?/C z=x+yi 
84/ ?6=-06@5 1.2.10/ . ,- 06-49.F8141 4/: /<68?5 4/9 
?G4</9 4/9 ?6=-06@/C -<6A?/C z 

36789:; 5 

)3.  ! "!#!$%&#'()%) %*+ ,#-%.()*+ ,-/ !$-0-/1-23, 
4#.5-3%!+ (%- %)%#.6*7 (!+ 6',0! (%- 4#.88! ,-/ 
!3%*(%-*")' () $.1) ,#7%!(& %& 09:&  !"#$, !3 & 
,#7%!(& )'3!* (;(%<, < %&'(), !3 & ,#7%!(& )'3!* 
0!31!(893& .  

<) H6- @;A1 ?6=-06@5 -<6A?5 z=-+Ii, -,I  68BC16  
     z– z=2I  

 

=) E6- 89:;<4787 f ?1 .102/ /<68?/C   A- JG?1 546 
.-</986;K16 84/ x0 A (/J6@5) ?G=684/ 4/ f(x0), 54-:   
f(x)  f(x0) =6- @;A1 x A  

 

>)  : ?6- 89:;<4787 f 12:-6 =:782>L ?/:54/:7 81 G:- 

06;847?- ( 4541 12:-6 @-6 1-1 84/ 06;847?- -945 . 

9)  : 0 @-6 f(x)>0 @/:4; 84/ x)x(f
0xx

lim 0, 4541 

)x(f

1
lim

0xx
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 !"# 2#$ $%&'( $ -  ! "#$"%&'('  
 

 

)%&*$ 2#$  +* 5 $%&'(%$

)) ,-./ 012-34505 f 671 /829: 012/;<= 0/ >29 05?/87 
x0 471 6/@871 73:0?7A 45= /829: B9: 6939CDC80:?5 
047 05?/87 914E . 

*+,-.)/ 10 
 

0"*1 2 

(827249: 7: ?:C9@:B78 93:.?78 z, w, 7: 76787: :B92767:7A2 

9248047:;9 4:= 0;>0/:=: 

iz =1+Im(z)   (1) 

w( w +3i)=i(3 w +i)  (2) 

 

B1. F9 967@/8G/4/ E4: 7 C/D?/43:BE= 4E67= 4D2 /:BE2D2 
4D2 ?:C9@:BH2 93:.?H2 z /829: 5 6939I7J< ?/ /G80D05 

y=
4

1
x2

*+,-.)/ 7 

B2. F9 967@/8G/4/ E4: 7 C/D?/43:BE= 4E67= 4D2 /:BE2D2 
4D2 ?:C9@:BH2 93:.?H2 w /829: 7 BABJ7= ?/ B>2437 47 
05?/87 ,(0,3) B9: 9B4829 3=2 2 . 

*+,-.)/ 7 

B3. F9 I3/84/ 49 05?/89   B9: K 471 ?:C9@:B7A /6:6>@71, 
49 76789 /829: /:BE2/= 4D2 ?:C9@:BH2 93:.?H2 z, w ?/  
z = w. 

*+,-.)/ 5 

B4.  2 & /829: 5 /:BE29 471 ?:C9@:B7A 93:.?7A u=–i 047 
?:C9@:BE /686/@7, 4E4/ 29 967@/8G/4/ E4: 47 
4/43-6J/137 ?/ B731L>= 49 05?/89 ,, ,&,K /829: 
4/43-CD27 . 

*+,-.)/ 6 
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 !"# 3#$ $%&'( $ -  ! "#$"%&'('  
 

 

)%&*$ 3#$  +* 5 $%&'(%$

)"*+ , 

 !" #$!%&' ( #$!)*&"$ #"&+ ,-#./ &%/ #",012%/ y= x , x .0

,-./ 0.1.231324/ 5167892.: 723 ;<73 +(0,1) 9-=/ 
7>724?.2@/ 7>-292.A?<-B- *xy 8.: 0.1.23196 2@ 8:-32= 
.0= 23- .1C4 *, =0B/ D.6-92.: 72@ 0.1.8E2B 7C4?. . 

 

 

 
 
 
 
 
 
 
 
 
 
(6-92.: =2: @ 1>;?=/ ?92.5@F4/ 23/ 292?3?<-3/ 2@> 8:-32@G 
A:. 8E;9 C1@-:84 72:A?4 t, t  96-.: 0 m/min16)t(x  

 
,1. H. .0@I96J929 =2: 3 292?3?<-3 2@> 8:-32@G, A:. 8E;9 C1@-:84 

72:A?4 t, t  I6-92.: .0= 2@- 2G0@: 0

     x(t)=16t 
*-./012 5 

,2. H. .0@I96J929 =2: 2@ 73?96@ 23/ 8.?0GF3/, ?<C1: 2@ @0@6@ @ 
0.1.231324/ <C9: @02:84 90.D4 ?9 2@ 8:-32= 96-.: 2@  (4,2) 
8.:, 723 7>-<C9:., -. >0@F@A67929 0=7@ C1=-@ I:.1896 3 
@02:84 90.D4. 

*-./012 6 

,3. H. 519629 2@ 1>;?= ?92.5@F4/ 23/ 292.A?<-3/ y(t) 2@> 
8:-32@G A:. 8E;9 C1@-:84 72:A?4 t, t>0 8.: 723 7>-<C9:. 
-. 01@7I:@167929 23 C1@-:84 72:A?4 8.2E 23- @0@6. @ 
1>;?=/ ?92.5@F4/ 23/ 292.A?<-3/ 2@> 8:-32@G 96-.: 
4m/min.  

*-./012 6 

3(0,1) 

 4(4,2)

 y x

 ( 

 y 

 O  x
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 !"# 4#$ $%&'( $ -  ! "#$"%&'('  
 

 

)%&*$ 4#$  +* 5 $%&'(%$

)4. ,- -./0123141 546 7.89:16 :9/;6<= >46?@= t0  (0,
4

1
), <-48 4A; 

/./2- A -.5>4->A d=(+B) 4/7 .-9-4A9A4= -.5 4/ <6;A45 
?2;14-6 1C8:6>4A. 

*+,-./0 8 

,- D1E9=>141 546 4/ <6;A45 B <-6 / .-9-4A9A4=F + 12;-6 
>A@12- 4/7 >7>4=@-4/F >7;414-?@G;E; *xy. 

 

1"*2    

(2;14-6 A >7;894A>A f(x) = 
2x

 
–

!x

1
 5./7 -, H -<G9-6/6 

-96D@/2. # ?9-I6<= .-98>4->A 4AF >7;894A>AF f >4/ >A@12/ 

4AF  (-2, 
12

5
) 0G:14-6 1I-.4/@G;A 4AF /./2-F / >7;41C1>4=F 

061JD7;>AF 12;-6 
18

5
. 

 1.  ,- -./0123141 546 -=1 <-6 H=4.  

*+,-./0 5 

 2.  ,- @1C14=>141 4A >7;894A>A f EF .9/F 4A @/;/4/;2- 
<-6 4- -<954-4- >4/ .102/ /96>@/J 4AF. 

*+,-./0 6 

 3. ,- H91241 4/ >J;/C/ 46@K; 4AF >7;894A>AF f. 

*+,-./0 7 

 4. ,- -./0123141 546 A 132>E>A : 

 "x3+(1–4")x2
–x+4=0   (1) 

12;-6 6>/0J;-@A @1 4A; f(x)=", "  <-6, >4A >7;G:16-, 
;- H91241 4/ .C=D/F 4E; 96LK; 4AF 132>E>AF (1) ?6- 46F 
068I/91F 46@GF 4/7 " . 

*+,-./0 7 

 
 
 

 Pappas Ath........page  58


