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Zadanie 1.3UHIHUHQFMH GHF\GHQWD Z\UD*D IXQNFMD X*\WHF]QR�FL u x e x( ) = − −2 .
X, Y, ZWR Z\SáDW\ Z WU]HFK Uy*Q\FK JUDFK�

X PD UR]NáDG QRUPDOQ\ R �UHGQLHM � L ZDULDQFML ��

YPD UR]NáDG QRUPDOQ\ R �UHGQLHM � L ZDULDQFML ��

Z PD UR]NáDG ]GHJHQHURZDQ\� Pr( )Z = =2 1.
-H�OL a b R]QDF]D� L* GHF\GHQW SUHIHUXMH a ponad b, a b≈ R]QDF]D� *H MHVW ]H

Z]JO
GX QD a oraz b LQG\IHUHQWQ\� NWyUH ] SRQL*V]\FK ]GD� V� SUDZG]LZH"

(A) X Y Z ≈

(B) Z X Y   

(C) X Z Y  

 
(D) Z X Y ≈

(E) Y X Z≈  
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Zadanie 2.:\NUHV IXQNFML X*\WHF]QR�FL SHZQHJR GHF\GHQWD SU]HMDZLDM�FHJR DZHUVM


GR U\]\ND SU]HFKRG]L SU]H] QDVW
SXM�F\FK � SXQNWyZ�

(0 ; 0) (1 ; 1) (x ; 2.5) (9 ; 3) (13 ; 3,5)

=ELyU ZV]\VWNLFK GRSXV]F]DOQ\FK ZDUWR�FL x WR SU]HG]LDá�

(A) (5 ; 6)

(B) (5 ; 7)

(C) (2.5 ; 7)

(D) (2.5 ; 6)

(E) (5 ; 9)
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Zadanie 3.5R]NáDG SUDZGRSRGRELH�VWZD ]PLHQQHM ; GDQ\ MHVW Z WDEHOL�

x 0 1 2 5 10 20
Pr(X=x) 0.8 0.1 0.03 0.03 0.03 0.01

Wyznacz d� MH�OL ZLDGRPR� *H ( )[ ]E I Xd = 0 37.  .

:\MD�QLHQLH�

I x
x d x d

d ( ) =
− >




gdy  

poza tym0

(A) 2
2

3

(B) 3

(C) 3
1

3
 

(D) 3
2

3

(E) 4
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Zadanie 4.2 UR]NáDG]LH ]PLHQQHM X ZLDGRPR� L* 3U�X=0)=0.8 ,  Pr(X>0)=0.2  ,

E(X / X>�� ��� � =ELyU GRSXV]F]DOQ\FK ZDUWR�FL [ ]E I x10( ) MHVW SU]HG]LDáHP�

(A) [18 ; 20)

(B) [10 ; 20)

(C) (12 ; 18]

(D) (0 ; 20)

(E) [10 ; 18]
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Zadanie 5.5R]NáDG ZDUXQNRZ\ GZyFK U\]\N ; L < SU]\ GDQ\P SR]LRPLH SDUDPHWUX

Θ PD QDVW
SXM�FH FKDUDNWHU\VW\NL�

COV X Y( , / )Θ = =θ θ
1

2
  ,

E X( / )Θ = =θ θ  ,
E Y( / )Θ = =θ θ   ;

SRGF]DV JG\ ]Uy*QLFRZDQLH SDUDPHWUX Θ Z SRSXODFML U\]\N GDMH VL
 RSLVDü

UR]NáDGHP *DPPD ��� �� � 2EOLF] COV(X,Y)  .

(A) 
1

12

(B) 
1

8

(C)
1

6
 

(C) 
1

4

(E)
1

3
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Zadanie 6.=QDMG( Pr(S=3),  gdzie SPD ]áR*RQ\ UR]NáDG 3RLVVRQD R SDUDPHWU]H

F]
VWRWOLZR�FL λ = 2 L JG]LH UR]NáDG ZDUWR�FL SRMHG\QF]HM V]NRG\ GDQ\ MHVW IXQNFM�

SUDZGRSRGRELH�VWZD f(x) :

x 1 2 3 4
f(x) 0.5 0.2 0.2 0.1

(A) 
29

30
2e−

(B) e−2

(C)
16

15
2e−

 

(D) 
7

6
2e−

(E)
4

3
2e−
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Zadanie 7. 0DP\ SRUWIHO URF]Q\FK SROLV QD *\FLH VNáDGDM�F\ VL
 ] GZyFK VXESRUWIHOL�

6XESRUWIHO � ]DZLHUD ��� SROLV ]H ZVSyáF]\QQLNLHP q ����� L NZRW� EHQHILWX �� �
VXESRUWIHO � ]DZLHUD �� SROLV ]H ZVSyáF]\QQLNLHP q ���� L NZRW� EHQHILWX ��� 1LHFK
Si R]QDF]D á�F]Q� ZDUWR�ü Z\SáDW Z i-tym VXESRUWIHOX� ]D�

~
Si  oznacza

DSURNV\PDFM
 ]PLHQQHM Si SRZVWDá� SU]H] ]DVW�SLHQLH UR]NáDGX GZXPLDQRZHJR

WDNLP UR]NáDGHP 3RLVVRQD� *H E S E Si i( ~ ) ( )= � :VND(QLN Z]JO
GQHJR

przeszacowania wariancji  
VAR S S

VAR S S

(
~ ~

)

( )
1 2

1 2

+
+

 wynosi :

(A) 
50

49

(B) 
75

74

(C)
100

99
 

(D)
125

124

(E)
150

149
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Zadanie 8. .ODV\F]Q\ SURFHV QDGZ\*NL XEH]SLHF]\FLHOD FKDUDNWHU\]XM� SDUDPHWU\�

c SRFKRGQD IXQNFML VXP\ ]JURPDG]RQ\FK VNáDGHN�

λ F]
VWRWOLZR�ü �URF]QD� 3RLVVRQRZVNLHJR SURFHVX SRMDZLDQLD VL
 V]NyG�

u QDGZ\*ND SRF]�WNRZD�

F( )⋅ G\VWU\EXDQWD UR]NáDGX ZDUWR�FL SRMHG\QF]HM V]NRG\�

5R]ZD*P\ SURFHV SRGVWDZRZ\ P0  o dodatnich parametrach  c c= 0  , λ λ= 0 ,
u u= 0 RUD] R Z\NáDGQLF]\P UR]NáDG]LH ZDUWR�FL SRMHG\QF]HM V]NRG\ ] GRGDWQL�

ZDUWR�FL� RF]HNLZDQ� 1
β �PQLHMV]� RG c

λ �� 5R]ZD*P\ QDVW
SQLH WU]\

modyfikacje  P P P1 2 3, ,   procesu P0  o parametrach:

c λ u F
P1 c c1 02= λ λ1 02= u u1 0= F x F x x R1 0( ) ( )= ∈   

P2 c c2 02= λ λ2 0= u u2 0= F x F x x R2 0 2( ) ( )= ∈   

P3 c c3 02= λ λ3 0= u u3 02= F x F x x R3 0 2( ) ( )= ∈   

Niech  Ψ Ψ Ψ Ψ0 1 2 3, ,    i   R]QDF]DM� SUDZGRSRGRELH�VWZD UXLQ\ Z RGSRZLHGQLFK

SU]\SDGNDFK� =DFKRG]� PL
G]\ QLPL QDVW
SXM�FH UHODFMH�

(A) Ψ Ψ Ψ Ψ0 1 2 3= = ≠

(B) Ψ Ψ Ψ Ψ0 1 2 3= ≠ =

(C) Ψ Ψ Ψ Ψ0 1 2 3≠ = =

(D) Ψ Ψ Ψ Ψ0 1 3 2= = ≠

(E) Ψ Ψ Ψ Ψ1 0 2 3≠ = =
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Zadanie 9. 3HZLHQ SRUWIHO U\]\N JHQHUXMH V]NRG\ Z WDNL VSRVyE� L* LOR�ü V]NyG MHVW

SURFHVHP 3RLVVRQD ]H VWDá� F]
VWRWOLZR�FL� ��� URF]QLH� ]D� UR]NáDG ZDUWR�FL V]NRG\ Z

momencie t �MH�OL Z W\P PRPHQFLH GR V]NRG\ GRMG]LH� PD G\VWU\EXDQW


F x F x e x Rt
t( ) ( ).= ⋅ ∈⋅

0
0 1 dla � R ZDUWR�FL RF]HNLZDQHM p t e t

1
0 110( ) .= ⋅ ⋅

� 2GVW
S

Z F]DVLH PL
G]\ ]DM�FLHP V]NRG\ D Z\SáDW� RGV]NRGRZDQLD PD UR]NáDG Z\NáDGQLF]\

]H �UHGQL�
10

19
� :DUWR�ü V]NRG\ QLH XOHJD ]PLDQLH SRPL
G]\ PRPHQWHP MHM ]DM�FLD D

PRPHQWHP Z\SáDW\� :DUWR�ü RF]HNLZDQD QLHZ\SáDFRQ\FK RGV]NRGRZD� ]D V]NRG\

]DLVWQLDáH GR PRPHQWX t wynosi:

(A) te ⋅⋅ 1.0450

(B) te ⋅⋅ 1.0475

(C) te ⋅⋅ 1.0500
 

(D) te ⋅⋅ 1.0530

(E) te ⋅⋅ 1.0555
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10.  3RUWIHO U\]\N VNáDGD VL
 ] GZyFK QLH]DOH*Q\FK VXESRUWIHOL� :\]QDF]RQR

FKDUDNWHU\VW\NL UR]NáDGX á�F]QHM ZDUWR�FL V]NyG ] W\FK VXESRUWIHOL�

ZDUWR�ü RF]HNLZDQD wariancja VNR�QR�ü

subportfel 1 5 9 2
subportfel 2 15 16 1/4

5R]NáDG á�F]QHM ZDUWR�FL V]NyG ] FDáHJR SRUWIHOD DSURNV\PXMHP\ SU]HVXQL
W\P

UR]NáDGHP *DPPD ( , , )x0 α β ]DFKRZXM�F\P ZDUWR�ü SLHUZV]\FK WU]HFK PRPHQWyZ

zmiennej aproksymowanej. Parametry ( , , )x0 α β Z\QRV]��

(A) −





10

7

900

49

6

7
, ,

(B)
15

7

625

49

5

7
, ,







(C)
40

7

400

49

4

7
, ,







(D)
65

7

225

49

3

7
, ,







(E)
90

7

100

49

2

7
, ,






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(J]DPLQ GOD $NWXDULXV]\ ] � SD(G]LHUQLND ���� U�

0DWHPDW\ND XEH]SLHF]H� PDM�WNRZ\FK

Arkusz odpowiedzi*

,PL
 L QD]ZLVNR � ������������������������������ ./8&= 2'32:,('=, �������������������������������������

Pesel ...........................................

Zadanie nr 2GSRZLHG( Punktacja♦

1 D
2 B
3 E
4 A
5 E
6 A
7 E
8 D
9 C
10 B

                                                  
* 2FHQLDQH V� Z\á�F]QLH RGSRZLHG]L XPLHV]F]RQH Z Arkuszu odpowiedzi.
♦
:\SHáQLD .RPLVMD (J]DPLQDF\MQD�


