
!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 33 

52136(/ 70(89*1:; 
!  -$.$/*$/+# )0<81*" (;(µ,=1$./ +,81 )0<81*" 0() .>(%, 
*$"; +.$.;(µ# µ/.& $)6.4.& µ1$.?2"$#& @. -);#8:& µ/. 
)0<81*" .>(%, *$"; ,3;:*$" 0.%,µ1$%(, 9*$: 8 $"& 
+.$.;(µ#& $"& $)6.4.& µ1$.?2"$#& @.  
"  A.%,B1/3µ. 1. 5*$: @ " B/,%+1/. =:#& *)3+1+%/µ9;:; 

2.µ0$#%:; >8(%4(). C;B/.>1%<µ.*$1 ;. 1293D()µ1 .; " µ9*" 
$/µ# $"& $)6.4.& µ1$.?2"$#& @, 9*$: µ, 14;./ 2000h, B"2.B# ;. 
1293D()µ1 .; /*6E1/ " µ"B1;/+# )0<81*" F0: µ=2000 µ1 
1;.22.+$/+# )0<81*" $"; F1: µG2000. F .0<>.*# µ.& 3/. $( 
.; 8. .0(%%4H()µ1 # <6/ $"; µ"B1;/+# )0<81*" 8. 34;1/ µ1 
?,*" $. B1B(µ9;. µ.&.  

"  I(3/+# C2936() 70(89*1:;: J8K(& (F0 *:*$#) µ96%/ 
.0(B14D1:& $() 1;.;$4() (F0 2.;8.*µ9;"). L%. # 8. 96()µ1 
.%+1$9& 1;B14D1/& .0< $. B1B(µ9;. 3/. ;. .0(%%4H()µ1 $"; 
µ"B1;/+# )0<81*" # B1; 8. 96()µ1 .%+1$9& 1;B14D1/& +./ B1; 
µ0(%(Eµ1 ;. $"; .0(%%4H()µ1.   



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 34 

52136(/ 70(89*1:; 

! M 92136(&   F0: 8=80 

    F1: 8G80  
 +.214$./ .µ>4021)%(&. 

! M/ 92136(/ 
       F0: 8=80            F0: 8=80 

       F1: 8<80       F1: 8>80 
 +.2(E;$./ µ(;<021)%(/.  



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 35 

52136(/ 70(89*1:; 
!  N/. $(; 92136( µ/.& (*$.$/*$/+#&) )0<81*"& 
)0(2(34=()µ1 $( *$.$/*$/+< 12936() (test 
statistic). -);#8:& $( *$.$/*$/+< 12936() 
14;./ $"& µ(%>#& 

C+$/µ#$%/. $() 8 – O/µ# $() 8 ?,*1/ $"& F0     
     O)0/+< *>,2µ. 1+$/µ#$%/.& $() 8 

!  A.%.$"%#*$1 <$/ $( *$.$/*$/+< 12936() 
14;./ µ/. B1/3µ.$(*);,%$"*". J)$< *"µ.4;1/ 
<$/ .0< B/.>(%1$/+< B143µ. 4B/() µ1398()& 
1;B961$./ ;. 0%(+EH(); B/.>(%1$/+9& $/µ9& 
3/. $"; 0.%.0,;: 0.%,*$.*".  



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 36 

52136(/ 70(89*1:; 
!  C; *);1614. 6:%4=()µ1 $(; 0.%.µ1$%/+< 
6K%( *1 01%/(6# .0(B(6#& ((/ $/µ9& $() 
*$.$/*$/+(E 12936() 3/. $/& (0(41& B1; 
.0(%%40$()µ1 $"; F() +./ *1 +%4*/µ" 
01%/(6# ((/ $/µ9& $() *$.$/*$/+(E 12936() 
3/. $/& (0(41& .0(%%40$()µ1 $"; F(). M 1; 
2<3: B/.6:%/*µ<& $() 0.%.µ1$%/+(E 6K%() 
1D.%$,$./ 09%.; $"& $/µ#& $() *$.$/*$/+(E 
12936() +./ .0< µ/. 0/8.;<$"$. . $"; (0(4. 
+.2(Eµ1 10401B( *"µ.;$/+<$"$.& $() 
12936() +./ /*(E$./ µ1 $"; 0/8.;<$"$. 
*>,2µ.$(& $E0() P. 



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 37 

52136(/ 70(89*1:; 

A%.3µ.$/+<$"$. 

J0<>.*" H0 J2"8#& H1 J2"8#& 

!1; .0(%%40$: H0 -:*$# J0<>.*" ->,2µ. OE0() PP 
(0/8.;<$"$. ?) 

J0(%%40$: H0 ->,2µ. OE0() P 
(0/8.;<$"$. .) 

-:*$# J0<>.*" 

!  . = P(*>,2µ. $E0() P) = P(.0(%%40$: F( | F0 *:*$#) 
!  ? = P(*>,2µ. $E0() PP) = P(B1; .0(%%40$: F( | F1 *:*$#) 



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 38 

52136(/ 70(89*1:; 
!  C0/293()µ1 $"; +%4*/µ" 01%/(6# 9$*/ K*$1 
;. 12.6/*$(0(/(E;$./ (/ 0/8.;<$"$1& $:; 2 
1/BK; *>.2µ,$:;.  

!  Q,$/ $9$(/( B1; 14;./ 0,;$($1 1>/+$<, (0<$1 
*$"; 0%,D" +%.$,µ1 $( . *$.81%< (0.6. 
.=0.05) +./ 12.6/*$(0(/(Eµ1 $( ?. 

!  F 0/8.;<$"$. P(.0(%%40$: F( | F1 *:*$#) 
= 1-? +.214$./ /*6E& $() 12936().  



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 39 

52136(/ 70(89*1:; 
1.  M%4=()µ1 $" µ"B1;/+# +./ $"; 1;.22.+$/+# )0<81*" 

µ1 ?,*" $( 1%1);"$/+< µ.& 1%K$"µ.. 
2.  70(2(34=()µ1 $( *$.$/*$/+< 12936() 3/. $. B1B(µ9;. 

µ.&. 
3.  M%4=()µ1 $"; +%4*/µ" 01%/(6# µ1 ?,*" $"; 

0%(+.8(%/*µ9;" 0/8.;<$"$. *>,2µ.$(& $E0() P ..  
4.  J; " $/µ# $() *$.$/*$/+(E µ.& 12936() .;#+1/ *$"; 

+%4*/µ" 01%/(6# .0(%%40$()µ1 $"; µ"B1;/+# )0<81*", 
.22/K& B1; 96()µ1 µ1 ?,*" $. B1B(µ9;. *(?.%9& 
1;B14D1/& 3/. ;. $"; .0(%%4H()µ1.  



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 40 

52136(/ 70(89*1:; 
!  -$( 0.%,B1/3µ. 1 892()µ1 ;. 1293D()µ1 .;  " µ9*" 
B/,%+1/. =:#& *)3+1+%/µ9;:; 2.µ0$#%:; >8(%4() 14;./ 
2000h µ1 1;.22.+$/+# <$/ B1; 14;./. 56()µ1 B"2.B#, *1 1.*. 
9*$: ., $(; 1D#& 92136(:  

 F0: µ=2000 
F1: µG2000 

!  J0< $)6.4( B143µ. 50 $9$(/:; 2.µ0$#%:; 9*$: <$/ " 
B1/3µ.$/+# µ9*" $/µ# 0%(9+)H1 1700h. O( 1%K$"µ. 2(/0<; 
14;./ .; " B/.>(%, .)$# µ1$.DE $"& $/µ#&  $() B143µ.$(& +./ 
$"& )0($/89µ1;"& $/µ#& $:; 2000h µ.& B4;1/ *(?.%9& 
1;B14D1/& 1;.;$4(; $"& F0 # .; 0/*$1E()µ1 <$/ 0%(#281 *$"; 
$E6" 2<3: $() *)3+1+%/µ9;() $)6.4() B143µ.$(& 0() 
10/29D.µ1. 

!  A%(>.;K& <*( µ13.2E$1%( 14;./ $( $)0/+< *>,2µ. $"& 
1+$/µ#$%/.& 0() 6%"*/µ(0(/(Eµ1 $<*( 0/( 1E+(2. 
0/*$1E()µ1 <$/ " 0.%.$"%(Eµ1;" .)$# B/.>(%, µ0(%14 ;. 
0%(9+)H1 *$"; $E6".     



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 41 

52136(/ 70(89*1:; 
!  70(2(34=()µ1 2(/0<; $( *$.$/*$/+< 12936() 

!  J; )0(89*()µ1 <$/ 3;:%4=()µ1 $"; $)0/+# .0<+2/*" $() 
02"8)*µ(E, 9*$: *=700h, $<$1 $( 0.%.0,;: *$.$/*$/+< 
3/. $( *)3+1+%/µ9;( B143µ. 0.4%;1/ $"; $/µ# 



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 42 

52136(/ 70(89*1:; 
!  O( 1%K$"µ. 2(/0<; 14;./ 0(/. 14;./ " 0/8.;<$"$. .; 
146.µ1 +,0(/( ,22( B143µ. ;. 0.%.$"%(E*.µ1 µ/. $/µ# 
$<*( “.+%.4.” # +./ .+<µ. 01%/**<$1%( .0< $( z=-3.03. 
C01/B# ( 92136(& µ.& 14;./ .µ>4021)%(& :& .+%.4. 
81:%(Eµ1 (0(/.B#0($1 $/µ# 0() 14;./ >3.03 # <-3.03. 
L%. .%+14 ;. ?%(Eµ1 $"; 01%/(6# (0/8.;<$"$.) +,$: .0< 
$"; *.0.0. $"& $.µ. R B1D/, $() 3.03 +./ .%/*$1%, $()      
-3.03 +./ ;. $/& 0%(*89*()µ1.  

!  J0< $( QMS D9%()µ1 <$/ +,$: .0< $"; µ"B1;/+# )0<81*"  



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 43 

52136(/ 70(89*1:; 

!  J0< $()& 04;.+1& $"& Q.;(;/+#& +.$.;(µ#& ?%4*+()µ1 <$/  

-3.03 

T0.001 

3.03 

T0.001 



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 44 

52136(/ 70(89*1:; 
!  F 0/8.;<$"$. 2(/0<; ;. 0.%.$"%#*()µ1 µ/. $/µ# $<*( 

“.+%.4.” # +./ .+<µ. 01%/**<$1%( .0< $( |z|=3.03, B"2.B# 
" 0/8.;<$"$. $"& 01%/(6#& B1D/, .0< $( 3.03 *); $"; 
0/8.;<$"$. $"& 01%/(6#& .%/*$1%, .0< $( -3.03, 14;./ 
01%40() 0.002. L%. +,$: .0< $"; µ"B1;/+# )0<81*" " $/µ# 
$() B1/3µ.$/+(E µ9*() 1700h 14;./ 0,%. 0(2E .048.;" +./ 
,%. 96()µ1 0(2E *(?.%9& 1;B14D1/& 1;.;$4(; $"& µ"B1;/+#& 
)0<81*"&, +./ (0<$1 $"; .0(%%40$()µ1. 

!  F 0.%.0,;: 0/8.;<$"$. +.214$./ P-$/µ# $() 12936().  
!  A%(*(6#! F P-$/µ# $() 12936() B1; 14;./ " 0/8.;<$"$. " 

µ"B1;/+# )0<81*" ;. 14;./ .2"8#&. 
!  F P-$/µ# $() 12936() 14;./ " 0/8.;<$"$. $( *$.$/*$/+< 
12936() 0() 6%"*/µ(0(/(Eµ1 ;. 0,%1/ *1 +,0(/( ,22( 
B143µ. µ4. $<*( “.+%.4.” # +./ .+<µ. 01%/**<$1%( $/µ# µ1 
.)$# 0() 96()µ1 0.%.$"%#*1/, B16<µ1;(/ $"; µ"B1;/+# 
)0<81*". 

!  -);#8:& <$.; " P-$/µ# < . .0(%%40$()µ1 $"; µ"B1;/+# 
)0<81*".  



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 45 

52136(/ 70(89*1:; 

! J; 892()µ1 3/. $( 1; 2<3: 
0.%,B1/3µ. ;. B"µ/()%3#*()µ1 $"; 
+%4*/µ" 01%/(6# *1 1.*. 9*$: .=0.05 
8. #$.; 2(3/+< ;. 146.µ1 $(; 1D#& 
+.;<;. 3/. $( *$.$/*$/+< 12936() 
µ.&: 

 J0(%%40$: $"; F0 .;: 
 Z<-z./2 # z > z./2  



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 46 

52136(/ 70(89*1:; 

-z./2 z./2 

Q%4*/µ" A1%/(6# Q%4*/µ" A1%/(6# 



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 47 

52136(/ 70(89*1:; 
!  N/. .=0.05 1E+(2. ?%4*+()µ1 .0< $()& 04;.+1& $"& 

$)0(0(/"µ9;"& Q.;(;/+#& +.$.;(µ#& <$/ z0.025=1.96. 
!  L%. z=-3.03<-z0.025=-1.96 (0<$1 .0(%%40$()µ1 $"; µ"B1;/+# 

)0<81*". 
!  P*(BE;.µ. 8. µ0(%(E*.µ1 ;. +.$.*+1),=.µ1 9;. *)µµ1$%/+< 

95% !.C. 3/. $( µ, $( (0(4( B1; 14;./ $40($. ,22( .0< $"; 
01%/(6# .0(B(6#& $() .µ>4021)%() 12936():  

!  A.%.$"%(Eµ1 <$/ $( 0.%.0,;: !C B1; 01%/961/ $"; )0($/89µ1;" 
$/µ# µ1 ?,*" $"; F0 $:; 2000h +./ ,%. (B"3(Eµ.*$1 *$( 
*)µ09%.*µ. ;. .0(%%4H()µ1 $"; F0.  



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 48 

5;. B143µ. 
!  52136(& 3/. $"; µ9*" $/µ# µ/.& 0(*($/+#& 

µ1$.?2"$#&:  
"  J& )0(89*()µ1 <$/ 96()µ1 µ/. $)6.4. µ1$.?2"$# @ .0< 02"8)*µ< 

µ1 µ9*" $/µ# µ +./ B/.*0(%, *2 (µ, *2 ,3;:*$.) +./ 1;B/.>1%<µ.*$1 
;. 1293D()µ1 $"; )0<81*" F0: µ = µ0 9;.;$/ $"& F1: µ ! µ0 *1 1.*. 
.. 5*$: @1,...,@n $)6.4( B143µ.. O( *$.$/*$/+< 12936() µ.& $<$1 
14;./ 

   
  $( (0(4( .+(2()814 $"; U(0,1). C01/B# $( * 14;./ ,3;:*$( $( 

 1+$/µ(Eµ1 .0< $"; B1/3µ.$/+# $)0/+# .0<+2/*" S +./ $( *$.$/*$/+< 
 12936()  34;1$./ 

    



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 49 

5;. B143µ. 
!  J0.%.4$"$" 0%(V0<81*" 3/. $. 0.%.0,;: 14;./ $. B1B(µ9;. 

µ.& ;. 14;./ Q.;(;/+, +.$.;1µ"µ9;.  #  $(   µ9318(& $() 
B143µ.$(& 14;./ µ13,2( (n>50).  

!  -$"; 01%40$:*" µ,2/*$. 0() $( µ9318(& $() B143µ.$(& 14;./ 
µ13,2( " +.$.;(µ# $() Student 0%(*1334=1$./ .0< $"; 
Q.;(;/+# +.$.;(µ#, (0<$1 µ0(%(Eµ1  ;. 81:%#*()µ1 <$/ $( O 
.+(2()814 $";  U(0,1). W1 ?,*" 2(/0<; $()& 04;.+1& $"& 
Student +.$.;(µ#& (# $"& U(0,1) 3/. µ13,2( B143µ.) µ0(%(Eµ1 
;. ?%(Eµ1 $"; P-$/µ# $() 0.%.0,;: 12936(). M 1; 2<3: 
92136(& +.214$./ one sample t-test.  

!  J; $( µ9318(& $() B143µ.$(& B1; 14;./ µ13,2( +./ B1; /*6E1/ " 
+.;(;/+<$"$., $<$1 # µ1$.*6"µ.$4=()µ1 +.$,22"2. $. B1B(µ9;. 
K*$1 ;. 10/$1)6814 " +.;(;/+<$"$. # 6%"*/µ(0(/(Eµ1 $(; 
.;$4*$(/6( µ" 0.%.µ1$%/+< 92136( <0:& 8. B(Eµ1 0.%.+,$:.  

!  P*(BE;.µ. µ1 $(; 0.%.0,;: .µ>4021)%( 92136( 8. 
µ0(%(E*.µ1 ;. +.$.*+1),=.µ1 9;. *)µµ1$%/+< (1-.)% !.C. 3/. 
$( µ,  +./ ;. 12936.µ1 .; " )0($/89µ1;" $/µ# µ0 .;#+1/ *$( 1; 
2<3: B/,*$"µ..  



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 50 

5;. B143µ. 

! F P-$/µ# 3/. $(; 1; 2<3: 92136( 
0%(+E0$1/ µ1 ?,*" $"; 1;.22.+$/+# 
)0<81*": 

!  J; F1 : µ ! µ0 $<$1 " P-$/µ# 14;./ 2 >(%9& " 
0/8.;<$"$. B1D/, $() |O| (# /*(BE;.µ. 2 >(%9& " 
0/8.;<$"$. .%/*$1%, $() -|O|).   

!  J; F1 : µ > µ0 $<$1 " P-$/µ# 14;./ 0/8.;<$"$. B1D/, 
$() O.   

!  J; F1 : µ < µ0 $<$1 " P-$/µ# 14;./ 0/8.;<$"$. 
.%/*$1%, $() O.   



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 51 

5;. B143µ. 
"  A.%,B1/3µ. *$"; R. 5*$: @ " B/,%+1/. =:#& 
*)3+1+%/µ9;:; 2.µ0$#%:; >8(%4(). 
C;B/.>1%<µ.*$1 ;. 1293D()µ1 .; " µ9*" 
$/µ# $"& $)6.4.& µ1$.?2"$#& @, 9*$: µ, 14;./ 
2000h, B"2.B# .; F0: µ=2000 µ1 
1;.22.+$/+# )0<81*" $"; F1: µG2000 *1 
1.*. 0.05. 5*$: 0#%.µ1 $/& .+<2()81& 
0.%.$"%#*1/& .0< $)6.4( B143µ. 20 $9$(/:; 
2.µ0$#%:;: 

 2229.697 2117.296 1907.911 2092.719 1972.783 
2435.007 1866.102 2042.217 2097.514 1733.638 
1885.404 2304.311 2201.424 2035.156 2384.666 
2487.807 1961.931 1711.411 1974.978 1674.833 



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 52 

5;. B143µ. 
!  W/.& +./ $( µ9318(& $() B143µ.$<& µ.& B1; 
14;./ $<*( µ13,2( *$"; .%6# 12936()µ1 .; 
" )0<81*" $"& +.;(;/+<$"$.& 14;./ 2(3/+#.  

   > x<-c(2229.697, 2117.296, 1907.911, 2092.719, 1972.783, 
2435.007, 1866.102, 2042.217,  2097.514, 1733.638, 
1885.404, 2304.311, 2201.424, 2035.156, 2384.666, 
2487.807, 1961.931, 1711.411, 1974.978, 1674.833) 

> hist(x) 
> qqnorm(x) 
> qqline(x) 

!  J0< $. 10<µ1;. 3%.>#µ.$. ?290()µ1 <$/ " )0<81*"  
 $"& +.;(;/+<$"$.& B1; 14;./ 0.%,2(3".  



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 53 

5;. B143µ. 



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 54 

5;. B143µ. 
!  C; *);1614. 6%"*/µ(0(/(Eµ1 $"; 9$(/µ" 
*);,%$"*" t.test. X& ?.*/+, (%4*µ.$. 
B4;()µ1 *$"; *);,%$"*" $. B1B(µ9;. +./ 
$"; )0($/89µ1;" $/µ# $() µ.  
> t.test(x, mu=2000) 

        One Sample t-test 

data:  x  
t = 1.0695, df = 19, p-value = 0.2983 
alternative hypothesis: true mean is not equal to 2000  
95 percent confidence interval: 
 1946.558 2165.122  
sample estimates: 
mean of x  
2055.840  

O/µ# $() *$.$/*$/+(E  
12936() O  

Y.8µ(4 C21)81%4.& $"& 
Student +.$.;(µ#&  

P – $/µ# $() 12936() 

-)µµ1$%/+< 95% !C 3/. $( µ 

!1/3µ.$/+<& µ9*(& 



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 55 

5;. B143µ. 
!  J0< $. .0($129*µ.$. $() 0.%.0,;: 
12936() +.$.2#3()µ1 <$/ B1; 96()µ1 
*(?.%9& 1;B14D1/& 1;.;$4(; $"& µ"B1;/+#& 
)0<81*"&, (0<$1 B1; $"; .0(%%40$()µ1.  

!  F 0.%.0,;: *);,%$"*" *$"; R 961/ :& 
0%(+.8(%/*µ9;" $/µ# 3/. $( . ($( 1.*. $() 
12936()) $( 5%. J; 892()µ1 µ/. ,22" 
$/µ# $"; 01%;,µ1 *.; <%/*µ.. J)$< 8. 
961/ :& .0($921*µ. ;. .22,D1/ $( !.C. 



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 56 

5;. B143µ. 
> t.test(x, mu=2000, conf.level=0.99) 

 One Sample t-test 
data:  x  
t = 1.0695, df = 19, p-value = 0.2983 
alternative hypothesis: true mean is not equal to 2000  
99 percent confidence interval: 
1906.464 2205.217  
sample estimates: 
mean of x  
2055.840  



!"µ#$%"& '()*+,+"& -$.$/*$/+# -)µ01%.*µ.$(2(34. 57 

5;. B143µ. 
!  C04*"& 8. µ0(%(E*.µ1 ;. 146.µ1 81:%#*1/ 
+./ +,0(/(; µ(;<021)%( 92136(, 0.6. .; F0: 
µ=2000 µ1 1;.22.+$/+# )0<81*" $"; F1: µ< 
2000, µ1 $"; ?(#81/. $() (%4*µ.$(& 
alternative. F 0%(+.8(%/*µ9;" $() $/µ# 
14;./ "two.sided" (G) 1;K 1;.22.+$/+, 
µ0(%(Eµ1 ;. 6%"*/µ(0(/#*()µ1 
"greater" (>) or "less" (<).  A%(*9D$1 *1 
.)$#; $"; 01%40$:*" 0:& .22,=1/ " P-$/µ# 
+.8K& 104*"& +./ $( !.C.  
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5;. B143µ. 
> t.test(x, mu=2000, alternative="less") 

        One Sample t-test 

data:  x  
t = 1.0695, df = 19, p-value = 0.8509 
alternative hypothesis: true mean is less than 2000  
95 percent confidence interval: 
     -Inf 2146.123  
sample estimates: 
mean of x  
 2055.840  
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5;. B143µ. 
"  M .;$4*$(/6(& µ" 0.%.µ1$%/+<& 92136(& <$.; B1; 
/*6E(); (/ 0%(V0(89*1/& +.214$./ Wilcoxon test +./ 
*$"; R 6%"*/µ(0(/(Eµ1 $"; 1;$(2# wilcox.test. 

"  W1 $"; ?(#81/. +./ 0,2/ $:; (%/*µ,$:; conf.level +./ 
alternative µ0(%(Eµ1 ;. .22,D()µ1 $( . +.8K& +./ 
$"; 1;.22.+$/+# )0<81*".  

> wilcox.test(x,mu=2000) 

        Wilcoxon signed rank test 

data:  x  
V = 131, p-value = 0.3488 
alternative hypothesis: true location is not equal to 2000  

P – $/µ# $() 12936() 
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5;. B143µ. 
"  Z$.; *$( B143µ. )0,%6(); /*(0.241& (0.%.$"%#*1/& 

µ1 $"; 4B/. $/µ#) # µ"B1;/+, *$. µ1$.*6"µ.$/*µ9;. 
B1B(µ9;. 0() 0%(+E0$(); .>./%K;$.& .0< $. .%6/+, 
B1B(µ9;. $"; )0($/89µ1;" +,$:  .0< $"; µ"B1;/+# 
)0<81*" $/µ# $() µ, " 1;$(2# wilcox.test $"& R µ.& 
B4;1/ 0%(1/B(0(/"$/+< µ#;)µ. +./ B1; )0(2(34=1/ $"; 
.+%/?# P-$/µ# $() 12936() .22, .)$# 0() 0%(+E0$1/ 
.0< µ/. +.;(;/+# 0%(*933/*".  

"  -1 01%/0$K*1/& <0:& " 0.%.0,;: µ0(%(Eµ1 
2.µ?,;(;$.& )0<H/; /*(0.241& +./ µ"B1;/+, ;. 
)0(2(34*()µ1 .+%/?# P-$/µ#, 6%"*/µ(0(/K;$.& $"; 
1;$(2# wilcox.exact 0() ?%4*+1$./ *$( 0.+9$( 
exactRankTests.  
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5;. B143µ. 

! 52136(& 0(*(*$K;:  
"  J& )0(89*()µ1 <$/ 96()µ1 µ/. +.$"3(%/+# B4$/µ" 
$)6.4. µ1$.?2"$# @ µ1 $/µ9& 0 +./ 1 +./ P(X=1)=p 
(,3;:*$(). A%(>.;K& $<$1 " @~Bernoulli(p). 
C;B/.>1%<µ.*$1 ;. 1293D()µ1 $"; )0<81*" F0: p = 
p0 9;.;$/ $"& F1: p ! p0 *1 1.*. .. 5*$: @1,...,@n 
$)6.4( B143µ.. O( *$.$/*$/+< 12936() µ.& $<$1 14;./ 

 " *)6;<$"$. $"& $/µ#& 1 *$( B143µ. µ.&. 
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5;. B143µ. 
"  W1 ?,*" $( Q.M.S., 3/. µ13,2( n, $( R   U(0,1) +,$: .0< 
$"; µ"B1;/+# )0<81*".  -)6;, *$"; 0%(+1/µ9;" 01%40$:*" 
3/. ;. 14;./ 0/( /+.;(0(/"$/+# " 0%(*933/*# µ.& 0%(6:%,µ1 
*1 µ/. B/<%8:*" 3;:*$# :& B/<%8:*" *);961/.& $() Yates 
(Yates continuity correction). O(  *$.$/*$/+< 12936() 34;1$./ 

"  70(2(34=()µ1 $"; $/µ# $() Z µ1 ?,*" $/& 0.%.$"%#*1/& µ.& 
+./ µ1 $"; ?(#81/. $() 04;.+. $"& $)0(0(/"µ9;"& 
Q.;(;/+#& +.$.;(µ#& ?%4*+()µ1 $"; P-$/µ#.  

"  J;$4*$(/6. µ0(%(Eµ1 ;. )0(2(34*()µ1 $( R2 $( (0(4( 
.+(2()814 $"; @2 +.$.;(µ# µ1 1 ?.8µ< 121)81%4.& +./ ;. 
?%(Eµ1 $"; P-$/µ# µ1 $"; ?(#81/. $() 04;.+. $"& @2 
+.$.;(µ#& µ1 1 ?.8µ< 121)81%4.&.  
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5;. B143µ. 
"  P*(BE;.µ. µ1 $(; 0.%.0,;: .µ>4021)%( 
92136( 8. µ0(%(E*.µ1 ;. +.$.*+1),*()µ1 
9;. *)µµ1$%/+< (1-.)% !.C. 3/. $( p, 
!"#$µ%&#'( $( $)0/+< *>,2µ. µ1 $"; 
?(#81/. $()    +./ ;. B(Eµ1 .; " 
)0($/89µ1;" $/µ# p0 .;#+1/ *$( 1; 2<3: 

B/,*$"µ..  
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5;. B143µ. 
!  F P-$/µ# 3/. $(; 1; 2<3: 92136( 0%(+E0$1/ 
+./ 0,2/ µ1 ?,*" $"; 1;.22.+$/+# )0<81*": 

!  J; F1 : p ! p0 $<$1 " P-$/µ# 14;./ 2 >(%9& " 0/8.;<$"$. 
B1D/, $() |Z| (# /*(BE;.µ. 2 >(%9& " 0/8.;<$"$. 
.%/*$1%, $() -|Z|). P*(BE;.µ. .; B()29H()µ1 µ1 $( R2  
" P-$/µ# 14;./ " 0/8.;<$"$. B1D/, $() R2.  

!  J; F1 : p > p0 $<$1 " P-$/µ# 14;./ 0/8.;<$"$. B1D/, $() 
R. P*(BE;.µ. .; B()29H()µ1 µ1 $( R2 " P-$/µ# 14;./ $( 
1/2 $"& 0/8.;<$"$.& B1D/, $() R2.   

!  J; F1 : p < p0 $<$1 " P-$/µ# 14;./ 0/8.;<$"$. .%/*$1%, 
$() R.  P*(BE;.µ. .; B()29H()µ1 µ1 $( R2 " P-$/µ# 
14;./ 4*" µ1 $( *)µ02#%:µ. $() 1/2 $"& 0/8.;<$"$.& 
B1D/, $() R2.    
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5;. B143µ. 
"  N/. ;. 14;./ /+.;(0(/"$/+#  " 0%(*933/*" $"& 
+.$.;(µ#& $() *$.$/*$/+(E 12936() ?,*1/ $() Q.M.S. 
+./ <2. $. 0%("3(Eµ1;. 8. 0%901/ $( µ9318(& $() 
B143µ.$(& ;. 14;./ µ13,2(. To 0<*( µ13,2( 0%901/ ;. 
14;./ $( n *61$4=1$./ µ1 $( 0<*( *)µµ1$%/+# 14;./ " 
B/:;)µ/+# +.$.;(µ# 0() *$"; 0%.3µ.$/+<$"$. 
96()µ1 +./ 3/. .)$< *$"; 0%,D" 12936()µ1 .; 
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5;. B143µ. 
"  A.%,B1/3µ. *$"; R. Q.$.*+1).*$#& 
/*6)%4=1$./ <$/ $( 2% $:; 0%([<;$:; $() 
14;./ 12.$$:µ.$/+,. -1 $)6.4( B143µ. 
n=1000 $9$(/:; 0%([<;$:; ?%98"+.; 
+=30 12.$$:µ.$/+, (              ). 
S92()µ1 *1 1.*. 5% ;. 1293D()µ1 $(; 
/*6)%/*µ< $() +.$.*+1).*$# (H0: 
p=0.02) µ1 1;.22.+$/+#  H1: pG0.02. 

A.%.$"%(Eµ1 <$/ np0= 20 +./ n(1-p0)= 980  
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5;. B143µ. 
"  M 92136(& *$"; R µ0(%14 ;. 34;1/ µ1 $"; ?(#81/. $"& 
1;$(2#& prop.test. 

> prop.test(30,1000, p=0.02) 

        1-sample proportions test with continuity correction 

data:  30 out of 1000, null probability 0.02  
X-squared = 4.6046, df = 1, p-value = 0.03189 
alternative hypothesis: true p is not equal to 0.02  
95 percent confidence interval: 
0.02067971 0.04308482  
sample estimates: 
   p  
0.03  

-)6;<$"$. *$( 
B143µ. $"& $/µ#& 1 

W9318(& B143µ.$(& 

!/<%8:*" *);961/.& 
p0 

P – $/µ# $() 12936() 

-)µµ1$%/+< 95% !C 3/. $( p 

Z2 
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5;. B143µ. 
"  J0< $. .0($129*µ.$. $() 0.%.0,;: 
12936() +.$.2#3()µ1 <$/, *1 1.*. 5%, 
96()µ1 *(?.%9& 1;B14D1/& 1;.;$4(; $"& 
µ"B1;/+#& )0<81*"&, (0<$1 $"; 
.0(%%40$()µ1.  

"  W0(%(Eµ1 ;. ="$#*()µ1 *$"; R ;. µ"; 
34;1/ ( 92136(& *);961/.& +.8K& 104*"& 
+./ ;. .22,D()µ1 $"; 0%(+.8(%/*µ9;" 
$/µ# $() 1.*. 0() +./ 1BK 14;./ 5%. 
O92(& µ0(%(Eµ1 ;. ="$#*()µ1 
µ(;<021)%( 92136(.  
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5;. B143µ. 
> prop.test(30,1000, p=0.02,correct=FALSE) 

        1-sample proportions test without continuity 
correction 

data:  30 out of 1000, null probability 0.02  
X-squared = 5.102, df = 1, p-value = 0.0239 
alternative hypothesis: true p is not equal to 0.02  
95 percent confidence interval: 
 0.02109374 0.04250341  
sample estimates: 
   p  
0.03  
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5;. B143µ. 
> prop.test(30,1000, p=0.02,conf.level=0.99) 

        1-sample proportions test with continuity correction 

data:  30 out of 1000, null probability 0.02  
X-squared = 4.6046, df = 1, p-value = 0.03189 
alternative hypothesis: true p is not equal to 0.02  
99 percent confidence interval: 
 0.01851851 0.04789404  
sample estimates: 
   p  
0.03  
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5;. B143µ. 
> prop.test(30,1000, p=0.02,alternative="greater") 

        1-sample proportions test with continuity correction 

data:  30 out of 1000, null probability 0.02  
X-squared = 4.6046, df = 1, p-value = 0.01594 
alternative hypothesis: true p is greater than 0.02  
95 percent confidence interval: 
0.02188911 1.00000000  
sample estimates 
   p  
0.03  
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5;. B143µ. 
"  Z$.; B1; /*6E(); (/ 0%(V0(89*1/& $() Q.M.S. +./ 
0.%<2. .)$, 1µ14& 1>.%µ<*()µ1 $"; 1;$(2# prop.test 
0.4%;()µ1 9;. 0%(1/B(0(/"$/+< µ#;)µ. 2,8()& .0< 
$"; R. 

"  -1 .)$9& $/& 01%/0$K*1/& 0%901/ ;. 1>.%µ<*()µ1 $( 
!/:;)µ/+< +%/$#%/( (binomial test) µ1 $"; ?(#81/. $"& 
1;$(2#& binom.test. Q./ *$"; 01%40$:*" .)$# µ1 
.;,2(3( $%<0( <0:& +./ 0%/; µ0(%(Eµ1 ;. 
.22,D()µ1 $"; 0%(+.8(%/*µ9;" $/µ# $() 1.*. $() 5%, 
+.8K& +./ ;. ="$#*()µ1 µ(;<021)%( 92136(. 

"  J& )0(89*()µ1 *$( 0%("3(Eµ1;( 0.%,B1/3µ. <$/ 
n=100, k=10 +./ p0=0.01. O<$1  np0= 1. 
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5;. B143µ. 
> prop.test(10,100, p=0.01) 

        1-sample proportions test with continuity correction 

data:  10 out of 100, null probability 0.01  
X-squared = 72.9798, df = 1, p-value < 2.2e-16 
alternative hypothesis: true p is not equal to 0.01  
95 percent confidence interval: 
 0.0516301 0.1803577  
sample estimates: 
  p  
0.1  

Warning message: 
In prop.test(10, 100, p = 0.01) : 
 Chi-squared approximation may be incorrect 
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5;. B143µ. 
> binom.test(10,100,p=0.01) 

        Exact binomial test 

data:  10 and 100  
number of successes = 10, number of trials = 100, p-value = 

7.632e-08 
alternative hypothesis: true probability of success is not equal to 0.01  
95 percent confidence interval: 
 0.04900469 0.17622260  
sample estimates: 
probability of success  
                   0.1  
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