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طبع في مطابع الرسالة

الطبعة الأولى
الطبعة الثانية

٢٠١٣ - ٢٠١٤م 
٢٠١٦ - ٢٠١٧ م
٢٠١٨ - ٢٠١٩ م
٢٠٢١ - ٢٠٢٢ م
٢٠٢٢ - ٢٠٢٣ م
٢٠٢٣ - ٢٠٢٤ م
٢٠٢٤ - ٢٠٢٥ م

القناة التربوية






















































































































































































































































































































































































































á```````eó`≤e

 ǝƃƇǧȶ ʇȚǋƃŸ ǜŮ ǋƵƇž ȆƞƴŴǍƓȚ ǋƸŴ ǟƴŸ ȳǾƉŽȚȶ ȜǾƫŽȚȶ ȆƞƓƾƯŽȚ țȤ ʇǋƵƑȚ
.ƞƯƵűȖ

 ǀƴƵű  ǟŽȘ  ǙŽȣ  Ǡź  ȝǋƶƄŴȚ  ȆǃƀƾƶƓȚ  ǍƁǞƭů  ǀƸƴƵŸ  Ǡź  ǀƸŮǍƄŽȚ  ȜȤȚȥȶ  ǁŸǍŵ  ƾžǋƶŸ
 ȪƾƃůȤȚȶ  ǀŽȶǋŽȚ  ȝƾƃƴƭƄž  ǁŸȚȤ  ǂƸŲ  ȆǀƸƶƷƓȚȶ  ǀƸƶƱŽȚȶ  ǀƸƵƴƯŽȚ  ȝȚǎƳůǍƓȚȶ  ǏŴǈȚ  ǜž
 ǜž ǀƴƵű ǟŽȘ ǀźƾǤȁƾŮ ȆǠƵƴƯŽȚȶ ǠźǍƯƓȚ ȤǞƭƄŽȚȶ ƞƵƴƯƄƓȚ ȝƾűƾŲȶ ȆǚƵƯŽȚ ȰǞƉŮ ǙŽȣ
 ȆƾƀǍƸŹȶ  ǠűǞŽǞƶƳƄŽȚȶ  ȸȢƾƫƄŻǽȚȶ  ǠŸƾƵƄűǽȚȶ  ǠƵƸƲŽȚ  ȸǋƇƄŽƾŮ  ǁƴƅƢ  ǠƄŽȚ  ȝƾƁǋƇƄŽȚ
 ǃƀƾƶƓȚ ǏƸŽȶ ȳƾŸ ǚƳƪŮ ǠƵƸƴƯƄŽȚ ȳƾƮƶŽƾŮ ǀƲƸŰȶ ǀƴǧ ƾƷŽ ƿſȚǞƐȚ ȵǌƀ ȴȖ ȱȤǋſ ƾƶż ȴȘȶ

.Ȩƾų ǚƳƪŮ
 ȳǋƲȽů ǠƄŽȚ ǀƸƵƸƴƯƄŽȚȶ ǀƁǞŮǍƄŽȚ ȝȚǍƃƒȚ Ǜż ǜŸ ȜȤƾƃŸ ǃƷƶƓȚ ȴȖ ȆǝƸƴŸ ǋƸżƺƄŽȚ ƿƆƁ ƾƛȶ
 ǀƸǣƾƷƶŽȚ ƾƷƄƴƫƇž Ǡź ǠƄŽȚȶ ȆǌƸƱƶƄŽȚȶ ǓƭƈƄŽȚ ȝƾƸƴƵƯŮ ƾ ȹƬƁȖ ǓƃůǍƁ Țǌƀȶ ȆǛƴƯƄƵƴŽ
 ǛƀȖ  ǜž  ǀƸŴȚȤǋŽȚ  ǃƀƾƶƓȚ  ȔƾƶŮ  ǀƸƴƵŸ  ǁƇƃǧȖ  ǝƸƴŸȶ  ȆǀƁǞŮǍƄŽȚ  ȯȚǋƀǈȚ  ǘƸƲƇƄŽ  Ǡůƺů
 ȆǠƵƸƴƯƄŽȚ ȳƾƮƶŽȚ ȜȔƾƱż ȦƾƸƲŽ ƞƵƷž ƞƃſƾű Ǡź Ǡůƺů ƾƷſǈ ȆǠƵƸƴƯƄŽȚ ȳƾƮƶŽȚ ȝƾſǞƳž
 ǜž ǝůȔƾƱż ǍƸƁƾƯž ǜž ȚȹȤƾƸƯž ȶȖ ƾ ȹŴƾƸƲžȶ ǀƸŴƾŴǈȚ ȝǾųǋƓȚ ǋŲȖ ǚƅƢ ǀƷű ǜž ǠƷź
 ƾƷƃſȚǞű ǕƸƵű Ǡź ǛƴƯƄƓȚ ǀƸƫƈŵ ȔƾƘȘ ǀƸƴƵŸ Ǡź ǚųǋů ǃƀƾƶƓȚ ȴȖ ȚǋŸ ȆȷǍųȖ ǀƷű

.ǀƸŸƾƵƄűǽȚȶ ǀƸŲȶǍŽȚȶ ǀƸſȚǋűǞŽȚȶ ǀƸƴƲƯŽȚȶ ǀƸƵƉƐȚ
 ǀƸƴƵŸ  Ǡź  Ȗǋƃſ  ƾžǋƶŸ  ȆǃƀƾƶƓȚȶ  ǀƁǞŮǍƄŽȚ  ȞǞƇƃŽȚ  ȬƾƭŻ  Ǡź  ǜƇƶź  ȆǍųȕ  ƿſƾű  ǜž
 ƾƀȚǍſ ƾƶſȘ ǚŮ ȆƾƀǍżȣ ǘƃŴ ǠƄŽȚ ȝȚǎƳůǍƓȚȶ ǏŴǈȚ ǚż ǜž ǘƴƭƶſ ȆǀƸŴȚȤǋŽȚ ǃƀƾƶƓȚ ǍƁǞƭů
 ȝȚǋƆƄƉƓȚ  Ǡź  ǂƇƃŽȚ  Ǡź  ƾ ȹžǋŻ  ǠƬƓȚȶ  ƾſǋƷű  ȷȤƾƫŻ  ȲǌƃŽ  ƾƶƯźǋů  ǀƸƯŻȚȶ  ȝȚǎƱƇž
 ȝȚǞƶƉŽȚ ȲǾų ȬƾƭƲŽȚ ǝŮ ȳƾŻ ƾž Țǌƀȶ ȆƾƷƶƸžƾƬž Ǡź ȳȖ ǃƀƾƶƓȚ ǚƳŵ Ǡź ȔȚǞŴ ǀƁǞŮǍƄŽȚ
 ǛŰ ǜžȶ ȆǀƸŴȚȤǋŽȚ ǃƀƾƶƓȚ ǀŸƾƶǧ ǀƸƴƵŸ ǝƸŽȘ ǁƴǧǞů ƾž ǚƬźȖ ǜŸ ǂƇƃŽȚ ǂƸŲ ȆǀƸǤƾƓȚ

.ǀƸƵƸƴƯƄŽȚ ǀƂƸƃŽȚ Ǡź ƾƷƲƸƃƭƄŽ ȚȹȢȚǋƯƄŴȚ ǀƸƓƾŸ ǍƸƁƾƯž ǘźȶ ƾƷƱƸŽƺůȶ ƾƀȢȚǋŸȘ






































































































































 ƾȹſƾƚȘ ȆǍƁǞƭƄŽȚ ǀƸƴƵŸ ƾƷŮ ƾſȖǋŮ ǠƄŽȚ ǃƀƾƶƓȚ ȲȶȖ ǜž ȝƾƸǤƾƁǍŽȚȶ ȳǞƴƯŽȚ ǃƀƾƶž ǁſƾż ǋƲŽȶ
 ǠƄƁǞƳŽȚ ǕƵƄƣȚ ǀƸǧǞƫų ȴƾƃƉƑƾŮ ǌųǈȚ Ǖž ȆǀƸƓƾŸ ǀƱǧ ȝȚȣ ƾƷſȖ ǜž ƾȹŻǾƭſȚȶ ƾƷƄƸƵƀƺŮ
 ǀźǍƯƓȚ  ǙŽǌŮ  ǠƶƯſȶ  ǛƴƯƄŽȚ  ǀƸƴƵŸ  ƿſȚǞű  ǜƵƬƄů  ƾƷſȖ  ƾƶżȤȢȖ  ƾžǋƶŸȶ  ȆǀƸƴƤȚ  ǝƄƂƸŮȶ
 ȆǁƁǞƳŽȚ  ǀŽȶȢ  Ǡź  ǛƸƴƯƄŽȚ  ȳƾƮſ  Ǖž  ǘźȚǞƄů  ƾƷƴƯűȶ  ƾƷƄŴȚȤǋŮ  ƾƶƵŻ  ȆȝȚȤƾƷƓȚȶ  ǛƸƲŽȚȶ
 ǀƂƸƃŽȚȶ ǏƁȤǋƄŽȚ ƿƸŽƾŴȖȶ ǘǣȚǍŶ ǙŽȣ ǚƵŵ ǜƳŽȶ ȤǍƲƓȚ țƾƄƳŽȚ ǟƴŸ ǓƲź ǏƸŽ ǜƁǎżǍž
 ǀƸƲƸƃƭƄŽȚȶ ǀƸƵƴƯŽȚ ƿſȚǞƐȚ ƞŮ ǚžƾƳƄŽȚ ǀƸƵƀȖ ǟƴŸ ǜƁǋżƻž ȆǛƴƯƄƓȚ ȤȶȢȶ ǀƸƵƸƴƯƄŽȚ

.ǛƴƯƄƓȚ ȜƾƸƇŮ ǀƭƃůǍž ǀƸƱƸŷȶ ǀƯƸƃŶ ȝȚȣ ȴǞƳů ǟƄŲ
 Ɩ ǀƁǞŮǍƄŽȚȶ ǀƸƵƸƴƯƄŽȚ ǀƱƫŽȚ ȝȚȣ ƿſȚǞƐȚ ǜž ƾƀǍƸŹȶ ȝƾƸƭƯž ǜž ǘƃŴ ƾž ȔǞǤ Ǡźȶ
 ǘƲƇƶŽȶ ȆƞƃŴƾƶž ǁŻȶȶ ǚƳƪŮ ƾƀƾƶƴƵżȖ ǠƄŽȚ ȝƾƸǤƾƁǍŽȚȶ ȳǞƴƯŽȚ ǃƀƾƶž ǀƴƉƴŴ ȤƾƸƄųȚ
 ȸǌŽȚ ǍŰȀŽ ȦƾƸƲŽȚȶ ƗǞƲƄŽȚ ǀƸƴƵŸ Ǖž ǜžȚǎů ǝƴż Țǌƀȶ ȆȢȚǞƓȚ Ǚƴů ǃƀƾƶž Ǡź ǀƸŸǞſ ǀƴƲſ
 ǋƸżƺƄŽȚ Ǖž ȆƾƀǌƸƱƶů ǋƯŮȶ ȔƾƶŰȖ ȝȖǍŶ ǠƄŽȚ ǚƁǋƯƄŽȚ ȝƾƸƴƵŸ ǛŰ ǜžȶ ȆǃƀƾƶƓȚ Ǚƴů ǝƄżǍů
.ǀƸƴŸƾƱů ǍƅżȖ ƾƶƆƀƾƶž ȴǞƳů ǟƄŲ ǀƵǣȚǋŽȚ ǀƯŮƾƄƓȚȶ ǍƵƄƉƓȚ ȦƾƸƲŽȚ Ǡź ȤȚǍƵƄŴǽȚ ǟƴŸ

د. سعود هلال الحربي 
ǃƀƾƶƓȚȶ ǀƁǞŮǍƄŽȚ ȞǞƇƃŽȚ ȬƾƭƲŽ ǋŸƾƉƓȚ ǚƸżǞŽȚ






































































































































ØšŚƿ ×ƺŤŰưƫř

Ȉȇ   ǀƸƲƸƲاد الحǋŸǈا :ǟŽȶǈا ȜǋŲوŽا
Ȉȉ   ƾƷƸƴŸ ȝƾƸƴƵƯŽȚȶ ǀƁȤǌƐȚ ȝȚǍƸƃƯƄŽȚȶ ȤȶǌƐȚ  Ȉ-Ȉ
Ȉȉ   ǀƁȤǌƐȚ ȝȚǍƸƃƯƄŽȚȶ ȤȶǌƐȚ  ($-Ȉ-Ȉ)  
ȈȊ   ǀƁȤǌƐȚ ȝȚǍƸƃƯƄŽȚ ǓƸƉƃů  (ț-Ȉ-Ȉ)  
Ȉȋ   ǀƁȤǌƐȚ ȝȚǍƸƃƯƄŽȚ ȠǍŶȶ ǕƵű  (Ȯű-Ȉ-Ȉ)  
ȈȎ  ǀƁȤǌƐȚ ȝȚǍƸƃƯƄŽȚ ǀƵƉŻȶ țǍǤ  (Ȣ-Ȉ-Ȉ)  
ȉȇ  ǝžȚǋƈƄŴȚȶ ǘźȚǍƓȚ  (Ȯƀ-Ȉ-Ȉ)  
ȉȋ  ƾƷǧȚǞųȶ ǀƸƃƉƶŽȚ ǏŴǈȚ  ȉ-Ȉ
ȉȋ   ǀƸƃƉƶŽȚ ǏŴǈȚ  ($-ȉ-Ȉ)  
ȉȐ   ǀƸƃƉƶŽȚ ǏŴǈȚ ȨȚǞų  (ț-ȉ-Ȉ)  

Ȋȍ   ȝƾƶƸعŽا ȬواſȖ :ǀƸſƾƅŽا ȜǋŲوŽا
Ȋȏ  ............................................................................................................................................................................................................................ ǠǣƾƫŲȁȚ ǕƵƄƣȚ  Ȉ-ȉ
ȋȇ   ȝƾſƾƸƃŽȚ ǕƵű  ($-Ȉ-ȉ)  
ȋȈ   ƾƷƯƵű ǘǣȚǍŶȶ ȝƾſƾƸƃŽȚ ȬȚǞſȖ  (ț-Ȉ-ȉ)  
ȋȌ   ȝƾƶƸƯŽȚ  ȉ-ȉ
ȋȌ   ǀƭƸƉƃŽȚ ǀƸǣȚǞƪƯŽȚ ǀƶƸƯŽȚ  ($-ȉ-ȉ)  
ȋȎ   ǀƸƲƃƭŽȚ ǀƸǣȚǞƪƯŽȚ ǀƶƸƯŽȚ  (ț-ȉ-ȉ)  
ȋȐ   ǀƵƮƄƶƓȚ ǀƸǣȚǞƪƯŽȚ ǀƶƸƯŽȚ  (Ȯű-ȉ-ȉ)  
Ȍȉ   țǞŴƾƑȚ ȳȚǋƈƄŴƾŮ ǀƸǣƾƫŲȘ ȝƾƲƸƃƭů  Ȋ-ȉ

ȍȏ  ȝƾſƾƸƃŽا ȩرŸ ƿƸŽƾسȖ :ǀƅŽƾƅŽا ȜǋŲوŽا
Ȏȇ   ȝƾſƾƸƃŽȚ ǚƸƅƢȶ ȩǍŸ  Ȉ-Ȋ
ȎȈ   ȸǞƂƓȚȶ ǠƃƉƶŽȚ ȸȤȚǍƳƄŽȚ ȲȶǋƐȚ  ($-Ȉ-Ȋ)  
Ȏȉ   ȝƾſƾƸƃƴŽ ǠſƾƸƃŽȚ ǚƸƅƵƄŽȚ  (ț-Ȉ-Ȋ)  
Ȏȉ   ǀƁǍǣȚǋŽȚ ȝƾŸƾƭƲŽȚ ȳȚǋƈƄŴƾŮ ǀƸƱƸƳŽȚ ȝƾſƾƸƃŽȚ ǚƸƅƢ  (Ȉ-ț-Ȉ-Ȋ)   
ȎȊ   ȸȤȚǍƳƄŽȚ ǕƴƬƓȚ - ȸȤȚǍƳƄŽȚ ǟƶƇƶƓȚ - ȸȤȚǍƳƄŽȚ ȟȤǋƓȚ ȳȚǋƈƄŴƾŮ ȝƾſƾƸƃŽȚ ǚƸƅƢ  (ȉ-ț-Ȉ-Ȋ)   
Ȏȍ   ȲȥƾƶŽȚ ǕƵƆƄƓȚ ȸȤȚǍƳƄŽȚ ǕƴƬƓȚ - ǋŸƾƫŽȚ ǕƵƆƄƓȚ ȸȤȚǍƳƄŽȚ ǕƴƬƓȚ  (Ȋ-ț-Ȉ-Ȋ)   
Ȏȏ   ǍƉƳƶƓȚ ǓƒȚ ȳȚǋƈƄŴƾŮ ȝƾſƾƸƃŽȚ ǚƸƅƢ  (ȋ-ț-Ȉ-Ȋ)   
ȏȉ   țǞŴƾƑȚ ȳȚǋƈƄŴƾŮ ǀƸǣƾƫŲȘ ȝƾƲƸƃƭů  ȉ-Ȋ






































































































































şŶůƺƫř
ƼƫƹǃřŠǀƤǀƤŰƫř ŵřŶƗǃř

Real Numbers

ŠǀƤǀƤŰƫř ŵřŶƗǃřƹ ŠſŶƴƸƫř Ʋǀŝ ŠƣǈƘƫř :şŶůƺƫř ƕƹźƄƯ
 !"#$%&$ '()* +, -. /01 !2,0)(34 !"#$%&$ !3567 869)9, :M,= >0M ?#,@3&$ $AB C)D -3(&$ E6FGH :?#,@3&$ !,IJ,  K

L,=0&$ /01 M6N"O PQ0?692S T0U67 VWX= :G ,!356J&$
L!WM6Y$ !&Z$ [$I\]M$ T#M ^F ,_F ,`F !327 M6ab:>Ic$  `

L!3567 !"#$d ,Q6e,S ,f,Xg, :[d$0)&$  _
:V2WX]&$ /0h !)FMH  j

L:MK !356J&$ k]"#$d '()* +, -. /01 ,+2()l&$ V46X], ,!"#$%&$ :567 6m9)9, :MQ$  H
•  ?n]F]g= $o6, f,Xgp$ [$I\]M64 :G ,PQ0?692S T0U67 V2WX]4 ,=0&$ /01 Ie#H
•  LLL o  `F

L:M `F ,:M K !356J&$ !"#$%&$ '()* /01 ,!"#$%&$ :567 6m9)9, :MQ$  q
•  ?n]F]g= $o6, f,Xgp$ [$I\]M64 :G ,PQ0?692S T0U67 V2WX]4 ,=0&$ /01 Ie#H
•  LLL o  _F

LLL ,^F   ,   jF  !327 Ie#H 6rgsU !J",X&64  te
 +u2W" 6 mJv), w* :G LLL , _F # `F t& !2W",J= !327 M6N"O !MIFr&$ x,I\]M$ y2. k2S +2W= mzvs, $ m,",J= w* :,",J]&$  ^

!6r]3MQ ']&$ /6=|}$

fIh0&$ ~#QM
6r2)D 862)3(&$# !"QA�$ 8$�W(]&$# Q#A�$  K−K6r�$0�# !2WgF&$ �M}$  `−K

!"QAN&$ 8$,2W(]&$# Q#AN&$  j$−K−Kj!2WgF&$ �M}$  j$−`−Kj
!"QAN&$ 8$,2W(]&$ �2gW=  jq−K−Kj!2WgF&$ �M}$ �$0�  jq−`−Kj

!"QAN&$ 8$,2W(]&$ �,1# w3e  jte−K−Kj
!"QAN&$ 8$,2W(]&$ !3g7# q,*  jM−K−Kj

k,$I\]M$# VS$,3&$  jtB−K−Kj

__F_
Ie

_
#H#H

],, ,!"* +,

__F_
JJ" X te

J= w*
3MQ 

fIh &$ ~#

!356J&$ k]"#$d '()* +, -. 0  ,+2()l&$ V46X], ,!"#$%
I\ 64 G ,PQ0?692S T0U67 V2WX]4 ,

J&$ ! #$%&$ '()* /01 ,!"#$%&$ :567 6m9)  :MQ
F]g= $o6, f,Xgp$ [$I\ 64 ::G ,PQ0?692S T0U67 V2WX]4 ,=0&$ 1 Ie#H

^ !
v), FF `F t& !2W ,J= !327 M6N"O !MIFr&$ x, ] $ y2. k2S +2W= 

00

+FF
�FF

^FF
jj
FFF _
FF

_
`
FF

"#






































































































































IóMƒdG

 'J2Jh  MID  -=&  −�&$  ~0=(p$
 'J2Jh MID 0B Ih$# +, �.H �e0,

LIh$# +, ,��H �e0,
 ,��H !We0, !2J2Jh M$IDH Ie0" $ mob
 !2J2Jh M$IDH Ie0" 6, QIJ4 Ih$# +,

LIh$# +, �.H !We0,

ƦţŚƯƺƬƘƯ Ƽƫœ ƞƋŏ  (ŠŞƀŤƨưƫř ŠƤŝŚƀƫř ƝŹŚƘưƫř) Ʊǁř ŢƳŏ Ʋƿŏ
•  L!2J2JY$ M$ID}$ xS u,(=
•  L!2(24U&$ Q#A�$ xS u,(=
•  L!2(24U&$ Q#A�$ M6aO !WM6Y$ !&Z$ x,I\]M$

®ƮƬƘŤţ Ɲƺſ řŷŚƯ
•  L!"QA�$ 8$�W(]&$# Q#A�$
•  L!"QA�$ 8$�W(]&$ �2gW=
•  L!"QA�$ 8$�W(]&$ �,1# w�
•  L!"QA�$ 8$�W(]&$ !3g7# q�
•  Lk,$I\]M$# VS$,p$ M6ab
•  L!"QA�$ fQ0v&64 'J2Jh MID !46].
•  L!2M}$ fQ0v&64 'J2Jh MID !46].

ŠǀſŚſǃř šŚŰƬƐƈưƫř
L!2M}$ fQ0v&$ − Q#ANp$ − !"QA�$ fQ0v&$ − QA�$ -2&M − VS$,p$ − ;0F&$ QA�$ − 'W2(=]&$ QA�$ − '(24U&$ QA�$

D !46].
a

L!

!46].
 MID !46].

ŠǀſŚſǃř šŚŰƬƐƈư
W2(=]&$ QA�$ − '(24U&$ QA�

"Q
!"QA�

A�$ 8$�W(]&
�$ 8$�W(]&$ !3g7#

$ M6a
�$ fQ0v&64 'J2Jh MID !46].
}

A�$ -2&M − VS$, $ − ;0F&$ QA�$ −
ưƫřưƫř

&$&$

+FF
$S$,$,F$,pp$ ,

^F0F&$FF
j
FF _
FF

_
`
FF

""






































































































































º∏©àJ ±ƒ°S

•  L!2W2(=]&$# !2(24U&$ Q#A�$
•   8$�W(]&$  �,1#  w� 

L!"QA�$
•  L!"QA�$ 8$�W(]&$ q�
•  L!"QA�$ 8$�W(]&$ !3g7 
•   !46]=&  VS$,p$  [$I\]M$ 

 k,6J,  �.  fQ0v4  �.
L'WgU MID

 �76F]U# ,=sU 6FDM
!$ %&'() * %(+) ", = - × - /0 1$+)2 - 3&45 678 9:'() ;<$=)  K

!$ %&'() * %(+) ,- /0 9'() ;<$=)  H  `
!3&45 678 >?@2   

!$ %&'() * %A) ,+ 3+<$=) 9'() 945 678 D$EF ;G:$I* ;JK* L>M+:*  q  
?1$+)2 N 3&45 678 O$P *QR S&F) UV< $)  _

?$%G&F) * %(+) +, W@$=X 3YV< O$P *QR S&F) 945 678 $)  j

Roots and Radical Expressions  ŠƿŹŸŬƫř šřźǀŞƘŤƫřƹ ŹƹŸŬƫř ($-Ý-Ý)
!+N D>&4J O$Z&Z'(+J* O*1[VJ* $Y0 N−@ N ]XD>&J* O^_ , +N = +

`N−j = +N  O2 $Y'
!`"+N+j D>&4J /GZ&F+J* 1[VJ* 70 `N+j D>&J* O^_ ,"+N+ = ``N+j O2 $Y'
!a"+N−b D>&4J /GZ&F+J* 1[VJ* 70 aN−b D>&J* O^_ ,"+N− = `aN−b $ %cX2@

:/J$+J$'@
•  !SJ$: (dK*@ S?7) $e><2 O$Z&Z'(f O*1[? S?7) /gZg< D>h iFJ
•  !><*@ /GZ&Ff 1[? /gZg< D>h iFJ

'J2Jh MI(& Q#A�$ MID �\),
'J2J�&$ MI(&$!2(24,]&$ Q#AN&$ MID!2W2(=]&$ Q#AN&$ MID

S?7)+"
(jk""

SJ$:#"
Cubic Roots  ŠǀŞǀƘƨŤƫř ŹƹŸŬƫř

!Q#AN3&$ 70 l ,QAN&$ -2&M 70 ` ,l D>&4J 'W2(=]&$ QAN&$ 70 lF̀  = $ O^_ l = `$ O$P *QR
:m$+J$'@l D>&4J /GZ&F+J* 1[VJ*

QAN&$ -2&M  
  

Q#AN3&$     qF̀   =  $  

 :~ 'J2Jh MID -=&
~ =_

`~F
_
j

~ = _~F
_

ŚƸǀƬƗ šŚǀƬưƘƫřƹ ŠƿŹŸŬƫř šřźǀŞƘŤƫřƹ ŹƹŸŬƫř
Roots and Radical Expressions and Operations

Ý-Ý
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:!"# $%& '() *+, !-./+0,1 234,1 (567
89: ;  <=  7

:*>1
<=F?  @A B<=C '(/", !-./+0,1 23D1  7

*&$E F/+& G2@H I) `<=j F0E1  ?B9=CF?  = <=F?  
!J.JK '() L *+,  L = ?LF?  9= =  

9= = <=F?     �
89:F?  @A 89: '(/", !-./+0,1 23D1  ;

*&$E F/+& G2@H I) B89:C F0E1  ?:F?  = 89:F?  
!J.JK '() L *+,   L = ?LF?  : =  

:!"# $%& '() *+, !-./+0,1 234,1 (567  8
MN ;  9O= 7

Simplifying Radical Expressions  ŠƿŹŸŬƫř šřźǀŞƘŤƫř ƎǀƀŞţ  B;=8=8C
?!"#$ %&'( )* +",-./ 01234./ 5#67 849

::9;<= !"#$ %&'( )* +",-./ 01234./ 5#67
¡  >? @AF

B  :CD9 ",=/ C1.F +G:&H G( I9 JK( !#L. M=#*09 C9/#= "G,-NO. 5#67 P
¡  QF

:F G( B
9F CD9 R:LS/ T ",U ;U#7 P

¡  V B@F CD9 / WXK "G,-S/ 5#67 P
¡  V!"#$ %&'( T Y1. Z[F\Q  CD9 I6] ^U#9 _1`$ F;= PQH7 ",=/ C1.F 5#67

VQF = \QQ = Z
\QQ = ZQF\Q = Z[F\Q :5a  

:R&@"/&
•   1 S2635  T%U0#  21(J&  *E

V$ S#235 1 SW-/X Y%Z#
•   23D1  *.,'  [@+#  $&(\)

VF0+# ]^ 9 _6$Z#
•  F0+# L  ̀!/.ab,1 23D1

Vc ≤ L d.K LF

•   '() L *+, |L| = 9LF

V!J.JK

\B






































































































































:!"#$%#& !'()*#& +&,"-.%#& /0 123 4 567
89 :;<8F  =>  ?;@F?  A  8;:F  B

:CD&
            !E0$3 +$.7,0 F(GH I? 8;: K%3&  LM?;N × LLF = 8;:F B

P
j9 × ;j = P9 × P;  LM?; × LNF =  

|;| = L;F  |?; × L| =  
|;| L; L = |?;|L =  

!E0$3 +$-.Q0 F(GH I? ?;@ K%3&  ?; ?LF?  = ?;@F?  A
P
j9 × ;j = P9 × P;  ?M;LNF?  =  

; = ?;F?  ;L =  
!E0$3 +$-.Q0 F(GH +E? 89 :;<8 K%3&  LM?9N LML;N LM:NF = 89 :;<8F  =>

P
j9 × ;j = P9 × P;  LM?9 L;:NF =  

|;| = L;F  |?9 L;:| =  
|?9| L;: =  

|9| L9 L;: =  

:!"#$%#& !'()*#& +&,"-.%#& /0 123 4 567  L
89 @;F  =>  8;LS−F?   A  :9 L;UF  B

 ŠƿŹŸŬƫř šřźǀŞƘŤƫř ŭźƏƹ Ɩưū M=>−<−<N
Addition and Subtraction of Radical Expressions  

!!V7$W%0 "#$% "& '() *)+,(-. /.0,234-. 5067 89(-
XY6Z[ (\)*]&\ Y6Z[ ()^& C"#_ `a PGQ' $0bc? de$W%0 P$'()^& P&f-.%#& PGQ'  

!: ;& *<=>?4@ AB>C .DE >@ *F039= >G- H9I) >9@ F(GH 467B JF *)+,(-. /.0,234-. 8K7 '()
:"& LM:

P$V7$W%0 P$'()> P&,"-.g  ?FN     ,        ?FO
P$V7$W%0 P$'()> P&,"-.g  ̀ P f Qj ;FR−    ,      ;FT

M?&h$i#N P$V7$W%0 P$'()> P&,"-.g  UNF      ,        NVF
UW






































































































































:O2 ]Z< /_
+2r46@], ,2? T6"QAe T$,2W(=  ̂ F`           ,  _FN

:,.A=
 !"QA�$ 8$�W(]&$ w, -,6(]U
 w,  6F),6(=  -9,  !�6@]p$

L!�6@]p$ !"��$ M#IY$  +2r46@], ,2? T6"QAe T$,2W(=  ̀ # f n ,# f oj  �F`  −    ,  ~Fp

:')" 63, -. 'S fQ0� �g4H 'S n=6F&$ Ie#H
+^F − K`F_ + `+F q  ̂ Fj + ^F_  H

:-Y$
w�$  ̂ F`j + _j = ^Fj + ^F_  H

^F+ =  
!),6. 86(4,, fQ0� �D �].$  _ × `^F − _ × ``F   _+ _ × `_F = +^F − K`F_ + `+F  q

� f ~  ,  ~ = `~F  _F^ − _F` × _ + _F_ =  
w�$  _F^ − _F� + _F_ =  

_Fj =  

:fQ0� �g4H � �" 6� -. n=6U Ie#H  _
�F − ^�F − j�F q  ̀ �F + ^F H

:fQ0� �g4H 'S n=6F&$ Ie#H
��F − _`F_ q   _+^F_

 ^ + _F_
 `  H

`^�F_ ` − ^jF_  + K`�F_ M  +`F − ^�F + K�F  te

"N






































































































































:!"#
!$%& '()$ *+,- ./ 012 '3&#   4 × 012F4  2 + 4F4 1 = 462F4 2 + 4F4 1  7

8 = 48F4  4 × 42F4 2 + 4F4 1 =  
4F4  2 × 2 + 4F4 1 =  

9 :;<  4F4  12 + 4F4 1 =  
4F4  16 =  

=>$%& ?%(<@$ *+,- ./ AB ,0C '3&#  1 × ABF − 1 × 0CF 4 = BEF − 41F4  F
G f 8  ,  8 = 18F  1 × 16F − 1 × 1AF 4 =  

1F6 − 1FA × 4 =  
9 :;<  1F6 − 1F01 =  

1F2 =  
=>$%& ?%(<@$ *+,- ./ 4C ,12 ,B '3&#  1 × 4CF − 1 × 12F    + 1 × BF = 61F − 2GF + 0EF  HI

G f 8  ,  8 = 18F  1 × 1CF − 1 × 12F    + 1 × 14F =  
1FC − 1F2 + 1F4 =  

9 :;<  1F1 =  
1 × 012F4  1 − 1 × 16F4  − 1 × CAF4  = 12GF4 1 − 2AF4  + 01EF4  J

=>$%& ?%(<@$ *+,- ./ 012 ,16 ,CA '3&#  
8 = 48F4  1 × 42F4 1 − 1 × 44F4  + 1 × 4AF4  =  

1F4 2 × 1 − 1F4 4 + 1F4  A =  
9 :;<  1F4  4− =  

K*+,- 9;<7 L MN%OP# QIR7  A
16F − 62F1 F  CAF4 1 + EF4  A 7

042F4  − AGF4  − 41GF4  J  0GEF − 0A6F + 01F HI

!"






































































































































ŠƿŹŸŬƫř šřźǀŞƘŤƫř Šưƀƣƹ śźƋ   M−K−K¡
Multiplication and Division of Radical Expressions  

!2(24,]&$ Q#AN&$!2W2(=]&$ Q#AN&$
¢W&6M �? T62J2Jh T$MID � ,~

~ = |~| = `~F

~ = ``~Fj

� × ~F = �F × ~F

� ≠ �  ,     ~�F = 
~F

�F

T62J2Jh T$MID � ,~
~ = _~F

_

~ = ``~F
_
j

� × ~F
_  = �F

_  × ~F
_

� ≠ � ,     ~�F_ = ~F
_

�F
_

:+22&6]&$ +2"QAN&$ +",2W(]&$ +, £z. � ug4
^T��F_  q  � ≤ ~  ¤2h  _~ +`F  H

:-Y$
!),6. 86(4,, fQ0� �D _~ ,+` �].$  ~ × `~ × ` × `�F = _~+`F  H

� ≤ � ,� ≤ ~ ¤2h �F × ~F = � × ~F  ~ × `F × `~ ×`�F =   
|~| = `~F   ~`F × |~|� =   

� ≤ ~  T} ~ = |~|   ~`F ~� =   
!),6. 86W(=, fQ0� �D ^T ,�� �].$   `T × _T × K� × _`F_  = ^T��F_  q

!2J2Jh M$IDH � ,~ -=& �F_  × ~F_  = � × ~F_   `TK�F_  × _T × _`F_  =   
~ 'J2Jh MID -=& ~ = _~F_   `TK�F_  T` =   

:+22&6]&$ +2"QAN&$ +",2W(]&$ +, £z. � ug4  ^
_~K�F_   q  j~^�F  H

",






































































































































:')" 63, £z. � ug4 :G q,*$
_� `~^jF_  × j� _~^F_   q  �F × `F  H

:-Y$
� ≤ � ,� ≤ ~ ¤2h � × ~F = �F × ~F  � × `F = �F × `F  H

q�$  K�F =   
� ug4  j =   

� × ~F_  = �F_  × ~F_  _� `~^j × j� _~^F_  = _� `~^jF_  × j� _~^F_  q
!),6. 86W(=, fQ0� �D �].$  _� × `~ × __ × ` × � _� _~^F_  =  

� × `~ × _� × _� × _~ × __ × K�F_  =  
�F_  × ~F_  = � × ~F_  � `~K�F_  × _ `�¡ _~ __F_  =  

~ =  _~F_  � `~K�F_  `� ~_ =  

:!2&6]&$ !"QA�$ 8$�W(]&$ +, £z. � ug4 :G q�$  �
� `~F

_^ × � j~F
_j  q  �≤ ~ ¤2h  `� _~F` × _~+F_  H

:')" 63, £z. � ug4 :G :g7$
� < ~ ¤2h   _~`^�F

~_`F   te  � ≠ ~ ¤2h    ^~K�`F_

`~_F_   q  _`F_

j−F_   H
:-Y$

� ≠ � ¤2h    ~�F_  = ~F_

�F_  _`
j−F_  = _`F_

j−F_  H
:g7$  �−F_  =  

-,6. �(=, fQ0� �D �− �].$  _ `−¡F_  =  
~ = _~F_   ̀ − =  

"p






































































































































� ≠ � ¤2h    ~�F_  = ~F_

�F_  
^~K�`

`~_ F_  = ^~K�`F_
`~_F_  q

:g7$  _~^jF_  =  
-,6. �(=, fQ0� �D ^j �].$  _~ × __ × `F_  =  

�F_  × ~F_  = � × ~F_  _~ __F_  × `F_  =  
~ = _~F_  ̀ F_  ~_ =  

� ≠ � ¤2h     ~�F = ~F

�F
 
_~`^�

~_` F   = 
_~`^�F

~_`F  te

:g7$  ̀ ~�F =  
!),6. 86(4,, fQ0� �D `~� �].$  ̀  ~`¡`F =  

|~| = `~F  ̀ F|~`| =  
|~| `F` =  

� < ~ ¤2h  ~`F` =  

:!2&6]&$ !"QAN&$ 8$,2W(]&$ +, £z. �g4 :G :g7$  +

� ≠ ~ ¤2h K^~K`�F_
`~`F_   te  � < ~ ¤2h 

j~K`F
~_F   q  ̀ j_F

`+F   H

"q






































































































































:!2&6]&$ !"QAN&$ 8$,2W(]&$ +, £z. � ug4
ìF − `i i_F + �i  te  i_F − j i i_F + ji  q  ̀ i_F + ji  H

:-Y$
`q + q$` + `$ = ` iq + $i   _ + _F� + K� = ` i_F + ji  H

 !r46@]3&$ M#I�&$ w3e  _F� + K� =  
`q − `$ = iq − $i iq + $i   _ − K� = i_F − ji i_F + ji  q

K_ =  
�F − _F` + `F� − K` =  ìF − `i i_F + �i  te

:!2&6]&$ !"QAN&$ 8$,2W(]&$ +, £z. � ug4
îF + �i îF − �i   te  ìF − _i îF + +i   q  ̀ i_F− ^i  H  �

Conjugate and its Use  ƶƯřŶŴŤſřƹ ƢƟřźưƫř   tB−K−K¡
!a/G=r D>hb + = +F × +F Os ,+F tuJ v_*() wY=X +F

!a/G=r D>hb , = + − q = i+F − `i × i+F + `i Os ,+F − ` tuJ v_*() wY=X +F + `:!2*6"Q !,0)(,
 qF  −   $F  ,qF  +  $F

LT6JS$U, T$Q$IJ,  !a/G=r D>hb N = `NF̀  = NF̀  × +NF̀  Os ,NF̀  tuJ v_*() wY=X +NF̀

!O$g_*(+) n ,o O^_ $ x:ZG=r * %D>h n /_ o l(5 Mf$r O$P@ ,;ZG=r (Zz * %D*>h2 O{|YX O$X1[? O*(ZG&f n ,o O$P *QR
 (=FJ* }=' l(c' ~JQ@ ,/G=r D>h 3)$g) (=P �17�' ;ZGZ&Ff * %1@[? @2 ;Z&Z'(f * %1@[? 3)$g) W7�X (=P ;'$+P �D$hR ]FYX

![6J3&$ VS$,, /_ 3)$g)@

+#






































































































































L6m2WgU $ mMID [6J3&$ T0=" ¤2�4 ')" 63, £z. ,v]�$
K − `F
`F − _  q  ̀ F + K

_F   H
:-�&$

[6Jp$ VS$,, � k,6J,# �=&$ �g4 q�$  _F_F  × `F + K
_F  = `F + K

_F  H

w"d0]&$ !2�6�  ̀ F × _F + _F
` i_Fi  =   

� ug4  �F + _F
_  =   

¥2�� MID [6Jp$  �F + _F
_  = `F + K

_F
    ∴

[6Jp$ VS$,, � k,6J,# �=&$ �g4 q�$  ìF + _i
ìF + _i × iK − `Fi

ìF − _i  = 
K − `F
`F − _  q

`q − `$ = iq + $i iq − $i  ̀ F − _ − `F × `F + `F_
` ìFi − `_  =   

� ug4   `F − _ − ` + `F_
` − �  =   

  K − `F`
+  =   

L6m2WgU $ mMID [6J3&$ T0=" ¤2�4 ')" 63, £z. ,v]�$  �
`F − _
`F − `   q  ̀ F + _F

_F   H

+"






































































































































şŚǀŰƫŚŝ ƎŝŹ   

L~ E0l&$ !D,M# ¦ !)]=&$# § !76X&$ +24 �4," `~ × ¦ = § +"6]@F"H T0U67
L¦ ,§ !&¨I4 ~ !327 Ie#H  H

LQ#AN&$ +, 6m2&6� [6J3&$ T0=" ¤2�4 H  'S ©]46eb !46]. IDH  q

:-Y$
T0U6J&$ �].$  ̀~ × ¦ = §  H

� ≠ ¦ ;¦ �D !&M6(p$ �,1 :g7$   §
¦  = `~  

� < ~  ,  §¦F = ~  
§¦F = ~  q

� < q ,� <  $ ¤2h   $FqF
 = $qF  §F¦F  = ~  

[6Jp$ VS$,, � k,6J,# �=&$ �g4 q�$  ¦F¦F  × §F¦F  = ~  

¦ × §F
¦  = ~  

L!3ª]F, !)N(4 ¦,�], :gN& T x70&$# ,> !S6g3&$# ,? !)N(&$ +24 �4," > × `
`T  = ? T0U6J&$  K�

L> ,? !&¨I4 T Ie#H  H
LQ#AN&$ +, 6m2&6� [6J3&$ T0=" ¤2�4 H  'S ©]46eb !46]. IDH  q

++






































































































































 

!"#$%& ' ()* +,  -. − 0F = 1      234      i0 − 15i 0 i. + 1i

6 − 17  :839:;%& <=3> ?@AB

:CD&

#E;=3F* 1 G (HI     
i0 − i . − 0Fi 5i 0 i. + . − 0Fi

6 − i. − 0Fi7  = i0 − 15i 0 i. + 1i

6 − 17

' ()*  i? − 0F5i ! i0Fi
 .. − 0F7  =  

K#FL& MN&8O P QO#FOA +S%& ')* TU&  i.. + 0F7i i? − 0F5i0
i.. + 0F7i i.. − 0F7i =  

VWXH;%& <3Y#Z  i?? − 0F5? − 0F55 + 60i0
0
i..i − 0 i0F7i  =  

<[#\;L& ]A?D& V^  i0F0 − .5−i0
.0. − _`  =  

i0F0 + .5i0−
05−  =  

' ()*  0F6 + 0a
05  =  

!"#$%& ' ()* +,  -5F − 0 = 1       234       
5
i0 − 1i

. + 1  :839:;%& <=3> ?@AB  ..

!"






































































































































ŚƸƇřƺųƹ ŠǀŞƀƴƫř žſǃř
Rational Exponents and Properties

Þ-Ý

º∏©àJ ±ƒ°S

•   �  'J2Jh  MID  !46]. 
L!"QA�$ fQ0v&$

•   �  'J2Jh  MID  !46]. 
L!2M}$ fQ0v&$

•   !"QA�$ fQ0v&$ +, -"0« 
L!2M}$ fQ0v&$ ¬b

•   !2M}$ fQ0v&$ +, -"0« 
L!"QA�$ fQ0v&$ ¬b

 �76F]U# ,=sU 6FDM
a, = ` + `b  ,o = `o × `o O2 $ %g'$: �_(h
`,

+ = `j  ,o tuJ /&Z'(f 1[? 70 `o O2 $�4�@
-o = +o × +o ~J[P

!-o tuJ /&Z'(f 1[? +o  ∴
+−o = "−o × "−o

# ≠ o , +−o tuJ /&Z'(f 1[? "−o  ∴
oF 70 o S?7YJ* D>&4J /:$:s* /&Z'(+J* 1[VJ*

o = oF × oF :O7FX@
;Z:s* �17�J* /_ �1$G&J* �[0 $�G+P *QR@

a?*Q$YJb  Ko = o =  o  ×  o
:S+Fr O2 9Z�+=r �{h2 D1@ $) 9) ;r1$gYJ$'

" =  + 
K̀ =   ∴

o = "+o × "+o S+Ff o = oF × oF

!W1[? (ZG&f W2 ;'$+FJ �YYh@ �17�J* �[0 �>Y+h* >�@

Rational Exponents  ŠǀŞƀƴƫř žſǃř  $ − `−K¡
!"QAN&$ fQ0v&$!2M}$ fQ0v&$

+NF"
++N

+,F̀"
`+,

,-F-"
-,-

!v'$=J* 6@>VJ* /_ ]:ZG) 70 $YP o�J $ %)$g) 1[VJ* iZJD �G�X ;Z:s* �17�J* /_@ ,�>X(f W[J* 1[VJ* ]h 1[VJ* iZJD (:G&X

+-






































































































































nth root  ƾƳƺƴƫř ŹŸŬƫř
•   6£2J2Jh $ mMID ­#6g"#  $FT  %,,&64 k& %,," $ MI()& ;0F&$ QA�$ T®S ,` ≤ T ,+X  D  T ,6£2J2Jh $ mMID $ T6. $ob 

L$ = Tq ¤2�4 q

•  :T®S ,  ̀≤ T ,+X  D T ,6 m�2�� $ mMID [ ,6m2J2Jh $ mMID 0B $ MI()& ;0F&$ QA�$ T6. $ob
•  KT $ =  $FT
•  [

T$ = KT [$¡ = [ $FT ¡ =  L$FT
•  6m2e#d $ mMID T T6. $ob |$|

6 m"M,S $ mMID T T6. $ob $ 2 =  O$F
T

•  :T®S ,¢2J2Jh +"MID qF
T  ,  $FT  T6. $ob

•  q × $FT  = qF
T  ×  $FT

•  � j q  , $qFT =  $FTqF
T

 

:!2&6]&$ !"QAN&$ 8$,2W(]&$ +, £z. � ug4
K`~�jF�   te  _`−F̂   q  K�Fj   H

:-Y$
'e#d MID T   |~| = T~FT  j`Fj  = K�Fj  H

� ≤ ~   ~ = |~|  |`| =  
` =  

­M,S MID T   ~ = T~FT  ̂  `−¡F̂  = _`−F̂  q
`− =  

� `~¡ �`F�  = K`~�jF�  te
'e#d MID T   |~| = T~FT  � `~`¡F�  =  

� ≤ ~   ~ = |~|  |`~`| =  
`~` =  

+N






































































































































:!2&6]&$ !"QAN&$ 8$,2W(]&$ +, £z. � ug4  K
Kj~F

+   te  �`^Fj   q  ̀ j_F̂ −  H

 

:� ug4 :G ,!"QAN&$ fQ0v&$ 'S ')" 63, MID -. �].$
K_K�� × K_K�  te  K̀^ × K̀^  q  K_K`^  H

:-Y$
!"QA�$ fQ0v&64 K_K`^ MI(&$ �].$   K`^F_  = K_K`^  H
-,6. �(=, fQ0� �D K`^ �].$   _^F_  =  

~ = _~F_   ^ =  
^ = K_K`^ ∴  

!"QA�$ fQ0v&64 K̀^ �].$   ^F × ^F = K̀^ × K̀^  q
� ≤ ~ -=& ~ = ``~Fj = ~F × ~F  ̂  =  

^ = K̀^ × K̀^ ∴  

!"QA�$ fQ0v&64 K_K��# K_K� �].$  K��F_  × K�F_  = K_K�� × K_K�  te
� × ~F_  = �F_  × ~F_  K�� × K�F_  =   

`K� × K�F_  =   
T + [~ = T~ × [~  _K�F_  =   

~ = _~F_  K� =  
K� = K_K�� × K_K� ∴  

:� ug4 :G ,!"QAN&$ fQ0v&$ 'S ')" 63, MID -. �].$  `
K_j� × K_+  te  K̀_ × K̀_  q  KjK�  H

+,






































































































































 

:� ug4 :G ,!"QAN&$ fQ0v&64 _̀`^ MI(&$ �].$
:-Y$

KT × [ = [T  K̀ × _`^ = _̀`^
T
i[~i = T [~  K̀ i_`^i =  

� ≤ ~ -=& ~F = K`~   _`^F =  
[
i~FT

i = [~FT  K`^ = _^ = _ ì^Fi =  
K`^ = _̀`^ ∴  

L� ug4 :G ,!"QAN&$ fQ0v&64 j_�j MI(&$ �].$  _

 

:+=,H Tb � ug4 :G ,� < � -=& !"QAN&$ fQ0v&64 ^̀� , `̂~ �].$  H
L� < q -=& !2M}$ fQ0v&64 ^`~F_

j ,_qF ,�F̂ �].$  q
:-Y$

T
i[~i = T × [~  ̀ `K̂~j = `̂~  H

~F̂  = K^~  ̀ `~F̂j =  
`~F̂  =`

`~F̂j  ̀ ~F̂  =  
`~F̂  = `̂~ ∴  

T
`

[~j = T × [~  K̀`^�j = ^̀�    
� < ~ -=&  , ~F = K`~  � ` `�¡F = ^�F =  

�F × |`�| =  
`~ = |`~|  �F `� =  

�F   `� = ^̀� ∴
+,






































































































































! < " #$%  , &'" = "F'  &() = )F
(  *

' × ," = '`,"j  &-./*0 = /*F  
*12  &- × /* =  

/-* =  
/-* = /*F  ∴  

&/" = "F/  (`&/"j = (`"F
/
j  

' × ," = '`,"j  ( × &/" =  
*12  (/" =  

(/" = (`"F
/
j  ∴  

345678%2 96:;%<= ! < ) #$% />) ?@A2  B  C
345678%2 96:;%<= ?@A2 DE ! ≤ " #$% !FC" G HI=  *  

34?KL2 96:;%<= ! ≤ ) #$% /`)Fj ,-"F
/ ?@A2  MN  

 şŚǀŰƫŚŝ ƎŝŹ    

 OP85 Q<+N '26ST U%V T:W5 4?X<YZ 4P[6 \Z 'Q:%2 ,2]W^<= _<Y`%2 ]X26 6:Wa ,], 'V
34?c6L2 d?=e<8%2 \A<fg 4?hiS 4?=e<8= jkWl5S ,d?P,

:4?c<5k%2 4%T<Wh%2 mZS Q<+8%2 6S]5
!F(S

!F(N × π × -  = '
34?^<n%2 \Z 96S]%<= "<ogS 4?^26S]%2 4,kI%2 :' p?[

3k@h%<= "<o5S '26S]%2 Q<+N kqr M;^ :N
34?c6L2 4?=e<8%2 \A<fg \@%2 4?hi:%2 4?=e<8%2 :S

3-tu,vF> wS<Ig \@%2 4?c6L2 4?=e<8%2 \A<f?% 6S]5 ,k@x &FI jkqr M;^ z:{ Q<+N '26ST 4,kK ?I[2
!"






































































































































:-Y$
!&M6(p$ �].$  �¯^#

�¯^N × π × `  = T

° u0D  �¯^ �¯�¡
�¯^ K¯+¡ × π × `  =  

!WM6Y$ !&Z$ [I\]M$   �¯_�` o  
L!2U69&$ 'S fQ#M �¯_�` 6mW",J= ­#6g= d6rN&$ T$Q#M !D,M ∴

L!2*Q}$ !24o6N&$ Q$IJ, yvU /M6(= !24o6e '.6�2&  ^¡ /693&$ 'S d6rN)& !40)X3&$ !2U$Q#I&$ !D,g&$ �gh$  ^

Properties of Rational Exponents  ŠǀŞƀƴƫř žſǃř ƅřƺų  q−`−K¡
!;ZgZg< D*>h2 Ol ,Ll ,O$ ,L$ −Z< ]ZZgZg< ]XD>h l ,$@ ]ZZG=r ]XD>h O ,L ]FZJ

:!2&6]&$ �$0\&$ �]=U

 8$Q0s�3&$ ,3D Q6GZ$ E63)D Q uIJ"
!2WgF&$ �M}$ [$I\]M64

 
�$0�!)9,H

T + [q = Tq × [q� = K� = __� = _̀� × K_�
T × [q = T [q¡`^ =`^ = j × K̀^ = j_K̀^i

Tq × T$ = T q × $¡K̀^ × ` = K̀^ × K̀j = K̀ ^ × j¡
 � ≠ q -=&  KTq = T−qK

_ = K
�F = K

K̀�  = K̀  −�

� ≠ q -=&  T − [q = [qTq� = K� = K̀ − _̀� = _̀�
K̀�

 � ≠ q -=&  L$[q = [_ $qi K_
_̂  = K_^K_`+ = K__ ^̀+i

+q






































































































































 

:')" 63, £z. � ug4
_̂K+K̀K+  tB  K̀ −_  M  K̀`+ × ^j  te  _`K̀^j  q  K̂j × `̂j  H

:-Y$
`F̂ ` = �jF̂  = _jF̂  =  _̂j = K̂ + `̂j = K̂j × `̂j  H

^F^ = _^F   =  _̀^ = _ × K̀^ = __K̀^i  q
_^F = +F × ^F =  K̀+ × K̀^ = K̀_+ × ^i  te

_F _  = "
 _F  =   "K̀_  = K̀ −_  M

K+F� K+ = +�K+ = _� − K�� K+ =  K̀ − _̂K+ = _̂",
K̀",  tB

:')" 63, £z. � ug4  �
K_�
K_�   tB  K̀ −�  M  K̀``_j  te  ̀ `K_+j  q  _̀^ × K_^  H

 

:!2&6]&$ M$ID}$ +, £z. � ug4
_¯^j  q  _̂`_`j  H

:-Y$
T
_

[~i = T × [~  _`K̂ _`¡j = _̂ _`¡  H
^` = _`  _`K̂

_^ `¡ij =  
T × [~ = T_[~i  __K̂ × ^ `¡i =  

q�$  � = __`i =  
� = _̂ _`¡  ∴

`#






































































































































�.,, �. ¬b _¯^ / u0h   +̀j = _¯^j  q
`` = j  +̀_``i =  

T
_

[~i = T × [~  +_ K̀ ``¡i =  
T × [~ = T_[~i  +_ K̀  × ``i =  

q�$  K`� = +` =  
K`� = _¯^j   ∴ 

:!2&6]&$ M$ID}$ +, MID -. � ug4  +
ĵ
`_`j  te  _jK�  q  _̀^  H

 

:')" 63, -. n=6U Ie#H
K�F_

`F_    q  +Fj  × ^Fj   H
:-Y$

:¬#H !J",1
KT~ = ~FT  Kj+ × Kj^ = +Fj  × ^Fj  H

[
_� × ~j = [� × [~  Kj`+ × ^j =  

q�$  Kj`_^j =  
~FT  = KT~  _^Fj  =  

:!2U6G !J",1
� × ~FT  = �FT  × ~FT  + × ^Fj  = +Fj  × ^Fj

q�$  _^Fj =  

_^Fj = +Fj  × ^Fj   ∴

`"






































































































































:¬#H !J",1
KT~ = ~FT  

K_K�
K_`  = K�F̀

`F̀   q

� ≠ � -=& T_~
�i = 

T~
T�  K__K�

` i =  
:g7$  K_� =

~FT  = KT~  �F̀  =
� ug4  ̀  =  

:!2U6G !J",1
� ≠ � ¤2h , ~

�FT = ~FT

�FT  K�
` F_ = K�F̀

`F̀
:g7$  �F̀  =  

-,6. �(=, fQ0� �D � �].$  _`F̀  =  
~ = _~F_  ̀  =  

` = K�F̀
`F̀   ∴

:')" 63, -. 'S n=6F&$ Ie#H  �
 `j_F̀

_F̀    q  ̀ +F̂  × �F̂   H

`+






































































































































ƪŗŚƀưƫř ƪŰƫ Ŷƃźưƫř

!"#$%&'() *+$,-. I0123)1 '45 6*75 ,89:*3)1 ;') 6'<)1 =>? 8@*%& A4 B%B,C D'#E
:!"#$%&' ()*+,'

 !F A,-G)1 84*H. 8I.2-,GE ,+ A,-G)1 &2J K2L 8M>,G) FFN = +
!OE>. >(. P :RR 8I)*S)1 A,-G)1 84*H. T-$C  -

?U(L*4V 6WX)1 &2H)1 K2L *GM  
 8YM*S. UI-Z [M*? *. K*].5 N ^$_() A,-G)1 84*H. =0*%W I0*3)1 =&10  ̀a&>7  .

!*#-b: c-Z
?dM*@V1 &2H)1 K2L *GM  

:/0"'
!FFN = + 8)0*,G)1 dM P :RR eE F fZ g2Z5 ,&2H)1 K2L 8M>,G)  -

P:Nhij o P :RRFN = +  
!1 +>(. P:: c)124 &2H)1 K2L T-$%  

!OE>. >(.k RRR =N × P :RR = =0*%B)1 ',E A,-G)1 84*H.  .
:c-Z m_SM , FFN = + 8)0*,G)1 61'n(J*E  

oRihp o k RRRFN = +  
!&*(.5 oPR c)124 I5  

!1 +>(. P:: = P:: − oPR :dM*@V1 &2H)1 K2L  
!rE*H)1 &2H)1 K2L d-]. d)*S)1 &2H)1 K2L ^$s5 ,rE*H)1 dM UI-Z [M*? *. K*].5 N A,-G)1 84*H. [S$s5 *.'3Z :!1234

!56$78 !"9:4
!OE>. >(. j tRR *#(4*H.u ,*#@>Z K*].5 8vXv *#)2L Iu*H% ,mbw)1 8-Ix(H. g&5 8,x7 0*,E5 'yu5

oo






































































































































Ƽƫƹǃř şŶůƺƬƫ ƾưǀƔƴţ ƎƐŴƯ

 M$ID}$
!2J2JY$

 �M}$
6r�$0�# !2WgF&$

 Q#A�$
 !"QA�$ 8$�W(]&$#

6r2)D 862)3(&$#

 +24 -"0�=
+2=Q0v&$

 �M}$ �$0�
!2WgF&$

 fQ0v&$
MI()& !2M}$

 !"QAN&$ fQ0v&$
MI()&  Q#AN&$

!2W2(=]&$

 �2gW]& 862)3D
Q#AN&$

 [$I\]M$
VS$,3&$

 Q#AN&$
!2(24,]&$

`-






































































































































•  !SJ$: (dK*@ S?7) $e><2 O$Z&Z'(f O*1[? S?7) /gZg< D>h iFJ
•  !><*@ /GZ&Ff 1[? /gZg< D>h iFJ
•  :a# ≤ n ,# ≤ ob ;Z&Z'AJ* 1@[�* n*7d

o = |o| = +oF  

o = ``oFj  

n × oF = nF × oF  

# ≠ n , o
nF = oF

nF
 

•  :;ZGZ&F+J* 1@[�* n*7d
o = `oF̀  

o = ``oF̀j  
n × oF̀  = nF̀  × oF̀  

# ≠ n , o
nF` = oF̀

nF̀
 

•  O$g_*A) O*1*>g) nF + oF , nF − oF
[
To = LoF

O   , K_o S+Ff oF̀   , K̀o S+Ff oF  

•  :;ZG=�J* �:s* n*7d
!;ZgZg< D*>h2 Ol , Ll ,O $ ,L$ −Z< ]ZZgZg< ]XD>h l ,$@ ]ZZG=r ]XD>h O ,L ]FZJ  

O + Ll = Ol × Ll  
O × Ll = OaLlb  

Ol × O$ = Oal × $b  
# ≠ l , "Ol = O−l  

# ≠ l , O − Ll = Ll
Ol  

# ≠ l , 
[$[l =L

` $lj  

ƆŴƬƯ

`N
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ƩƹźŤƀǀƫƺƨƫř Ōřŵ :şŶůƺƫř ƕƹźƄƯ
 !"#"$ %&' ()* +(,&-. /,# 01 2345. %6789 ,:"),9 +' +;<%>45. ?M9 ()* <AB5. C.! ;' ,D;<7,%5"45. :E;<F)5. G$2H$  I
 ,C.<)M5. J"MK5. ,+(%I;<5. ,M(N(O85. ,G%K45. ,2345. ,P%35. Q(RS  :T>$ 0&."%M5. Q2A)5. M.U MV"*W)5. 01 X<%3* M(%)4I
 01 2345. %6789 %8$ %YZ; J(B[5. \$ ]789 D;<7,%5"45. \$ %^Z +' M(_.Q25. `73a' 2b; ccc%d(H7F$; /_25. T$(45. ?%KM5.

c+(,&-. /,#
 G9(b"5. ef.<g c+(,&-. X(%h iN :?aWd ,%k(RO&.; %N(RdQ. U.<N' :D;m,%5"45. C.! D"h G_.Q2I J"Hd n"_ :n2o5.  ^
 D;2# \9"4d cD;m,%5"45. C.2I pI(Aq. r(Ost. !2B5 G9"uq. G3,85. c%B%8Ad v G)Bgt.; Ga.Q"5. ?aWd c:Q([w' x!(R75

cr(Ost. \$ G8%N 28N D;m,%5"45. M(%)4I
cQ(F7&V. G5;2# y.Q;' − G3_(h G5{ :J|."K5.  }

:e%3[75. D"h GKu_'  ~
c?%3g X!(%N ;' �7� ;' �RF7,$ :%dQ(9�I J"Hd n"_ x�5. +(4q. !2h  

:(oh<g 29<d 075. GKu_t(I XQ�7_. /�&  
?D;<7,%5"45. E(RdQ. U.<N' ($  '  

…  ,�865.; <)B5. ,G*<M5.; �(F85. ,+|"5. ,Ga.Q"5. T$."N ,C.��5. ?D;<7,%5"45. �KN X<a�)5. T$."B5. ($  −  
?D;<7,%5"45. PRw �%[7,d �%*  �#  

?()o8$ T45 0B%3[5. D2B)5. ($; ?LDL FQ(�5.� ,HDL F2%R)5.� :D;<7,%5"45. E."&' +|."d 01 G9;!t. Q;! ($   
?D;<7,%5"45. E(RdQ. \N G6d(85. U.<$t. ($  !  

?:<%aWd ($; ?D;<7,%5"45. C.! \N G6d(85. M(%1"5. G3,& ($  ��  
cG89(B)K5 %dmw. x�5. +(4q. v r(Ost. \$ !2B5 F2h."5. mK%,925(I J.<6%KK$� D;m,%5"45. G%)* \)�79 �V;2# +"*

 G%k(9<5. M(g(F85. ?aWd \N; ,M(89(B)K5 �(�-. !2B5. �� D;m,%5"45(I pI(Aq. r(Ost. G3,& \N (=mw. 075. G8%B5. DW_.
cD;m,%5"45. G3,& T92Bd iN

 (o7&"* 075. D;.265.; (odQ| 075. FM(8%B5.� G8%B5. \$ (o%KN `KAh 075. M(I(#-. \)�79 ��AR$ . �<9<Hd ?7*. :<9<H75.  +
c�Mf(A&; �d(h.<7b. <9<H75. \)�79 +' ?69 ()* c%I \%I(A)5. r(Os�5 G9"u)5. ?,85.;

şŶůƺƫř ŽƹŹŵ

 0f(Ah-. �)76)5.  I−^M(8%B5. E."&'  ^−^−"_(M5. J.2O7_(I G%f(Ah� M(H%3[d }−^
M(&(%35. �)#  jh −I−^jG[%,35. G%f."FB5. G8%B5.  jh −^−^j

M(&(%35. E."&'  j− −I−^j
(oB)# ef.<g;

G%H3[5. G%f."FB5. G8%B5.  j− −^−^j
G)�78)5. G%f."FB5. G8%B5.  j�# −^−^j

šŚƴǀƘƫř
Samples

şŶůƺƫř
ŠǀƳŚŨƫř

!"






































































































































!#

 M(#(%7h(I G%)5(B5. GMA5. G)�8$ /7od
 G>%3O5. U.<$t. \$ G%f(b"5. +(,&-.
 x<4,5.  C.!  0dW9;  cG8$�)5.;
 ,U.<$t. :�� !.2N 01 D;<7,%5"45.;
 U.<$t <s(3$ <%aWd 2#"9 %&� �%h
 2345.; G%K45.; G%bQ25. X2�5.; x<4,5.
cJ25. 01 D;<7,%5"45. G3,& E(RdQ. �KN
 J()7�V.  .��  G$2H$  01  0dW9;
 \N  G%o%#"75.;  G9!(sQ-.  M.<F85.
 T$(B75. G%R%*; U.<$t. :�� M(33,$
 G%h�S \$ e3,)5. eHM75.; ,(oB$
(o#(7&�  X!"#;  G$2O7,)5.  G9;!t.
 �KN U.<$t. :�oI −(A)5. 2N(,75

c2�B5.

ƦţŚƯƺƬƘƯ Ƽƫœ ƞƋŏ
 (ŠŞƀŤƨưƫř ŠƤŝŚƀƫř ƝŹŚƘưƫř) Ʊǁř ŢƳŏ Ʋƿŏ

 :( �HI(_ `)KBd
•  M(&(%35. �)#
•  0f(Ah-. �)76)5.
•  G8%B5.
•  G%f."FB5. G8%B5.

®ƮƬƘŤţ Ɲƺſ řŷŚƯ
•  cT$(F5. <AM5.; 0f(Ah-. �)76)5.
•  c(od($.2O7_.; G8%B5.
•  cG%)* ;' G%R%* :M(&(%35. �%8Ad
•  cG%f."FB5. M(8%B5. E."&'
•  c]f(785. r�O7_.; M(&(%35. T%6,75 −"_(M5. J.2O7_. G%R%*

ŠǀſŚſǃř šŚŰƬƐƈưƫř
 − G%f."FN G8%N − G8%B5. − T$(F5. <AM5. − <%�7)5. − G%o78)5. <%1 M(B)76)5. − G%o78)5. M(B)76)5. − 0f(Ah-. �)76)5.
 ef.<g − GB[H7$ G%)* M(&(%I − X<)7,$ G%)* M(&(%I − G%)* M(&(%I −G3d<$ G%R%* M(&(%I − G%)_. G%R%* M(&(%I − G%R%* M(&(%I

cG)�78$ G%f."FN G8%N − G%H3g G%f."FN G8%N − G[%,I G%f."FN G8%N − M(&(%35. �)#

!#






































































































































0&;(Bd T)N

º∏©àJ ±ƒ°S
•  c0f(Ah-. �)76)5.
•  cG%o78)5. M(B)76)5. 
•  cG%o78)5. <%1 M(B)76)5. 
•  c<%�7)5. 
•  cT$(F5. <AM5. 
•  cG89(B)5.
•  cM(&(%35. E."&'
•  cM(&(%35. �)# ef.<g

 $%&'() *(+, -. /0123() 45656 728 M:5;<() =5>?: @A6 BCD E@FG *HI J: -.
LJM>1() @AN(5O *P5D *<A? 4CQ2Q?

LJQ2Q? J'( R%S,5N<() ,S8 B&U VCW3I5O X5MY() MZC?[+ $\] S%@G
 *(+S() *U5Q? 728 ^,_):` =&F2W3QG a&I R%b() c5d6e) ,S8 fgC?[ h? ,SU  I

L5A2:
:VCW3Ii) )b, _)@jk -. *F;3<() Ig)@W() fgC?[ h? ,SU  ^

L*MmdN() *2O5Y<()  '
L*\5;3Ii)  −

Ln&2d() oG5A() +] -(0H<() oG5A()  �#
L-\+@3'(p) S%@;() +] n,5F() S%@;()  !

 ,5A2M2qG+ 5Ar@8+ 5A1MHmG+ 5A<MsHG+ 45\5M;() h<tO ^3A% ^28 &, uMU ,*MYM;W3() 45Mr5%@() 4i5t? SU] &, _5mUp)
L45j53H3I)+ 45Fv&G 728 *MH;? *qMqP 4):)@v w5dG) 728 S85QM(

cG*<7F$ 3f(Aw (o5 +"49; G_.Q25. 2%b <S(8B5. T* GN")6$ "� 0f(Ah-. �)76)5.
cF!;2M$ <%1 (�<S(8N !2N� G%o78$ <%1 ;' F!;2M$ (�<S(8N !2N� G%o78$ G%f(Ah-. M(B)76)5. +"4d +' \4)9

:�)76$ T* 01 G_.Q25. X2h;; FG%o78$ <%1 − G%o78$� (oN."&'; G%f(Ah-. M(B)76)5. !2h
cM."8,5. 02h� 01 `9"45. G5;! 01 G9"&(>5. GKh<)5. −�g  '

c/5(B5. D;! �%)# 01 +"8w2)5.  −
:TM5.

cM."8,5. 02h� 01 `9"45. G5;! 01 G9"&(>5. GKh<)5. −�g :�)76)5.  '
c05()#-. !2B5. G1<B$ \4)9 ,%78$ :�)76)5. E"&  

c?5([5. :G_.Q25. X2h;  

ƾŗŚƈůǅř ƖưŤŬưƫř

Statistical Population

 Ý-Þ

!x






































































































































c/5(B5. D;! �%)# 01 +"8w2)5. :�)76)5.  −
c05()#-. !2B5. G1<B$ \4)9 V ,%78$ <%1 :�)76)5. E"&  

c\w2)5. :G_.Q25. X2h;  

:�)76$ T* 01 G_.Q25. X2h;; FG%o78$ <%1 − G%o78$� (oN."&'; G%f(Ah-. M(B)76)5. !2h  I
cJ(9t. 2h' 01 0)KB5. �*<)5. XQ(9| 01 +"*Q(F)5. −�[5.  '

cM(&."%M5. GH92h Q.;|  −

c0f(Ah-. �)76)5. 01 G_.Q25. Q"M$ +"4d 075. GRA5. "� <%�7)5.

c(o7_.Q2I J"Hd +' \4)9 075.; �RS −�[5 M.<%�7)5. PBI U<N.
:TM5.

:G84)$ M(I(#� cM(I(#-. E"87d
c<7)%78,5(I ?5(g T45 G$(H5. D"g  '

cJ.<#"K%45(I ?5(g T* +|;  −
c?5(g T45 +"%B5. +"5  �#
c?5(g T45 <BF5. +"5  !

c(o7_.Q2I J"Hd +' \4)9 075.; �7_Q2$ G374$ 01 X!"#")5. ?74K5 G84))5. M.<%�7)5. PBI U<N.  ^

!F






































































































































Collecting Data  šŚƳŚǀŞƫř Ɩưū  (h-Ý-Þ)

 h<t( *123d? zM(5I] M5H,+ L45\5M;() h<tO ]S;% ^? *I):S() Jq? h<3t<() S%Sq3O uU5;() X&Y% *Mg5mUk *I):SO X5MY() SH8
:-,+ h<3t<() =g5mD+ *I):S() V&\ 728 S<3FG 45\5M;()

 :ƪƯŚƄƫř źƈŰƫř -Ý
 T4* �)76)5. M.!<R$ G_.Q! ?BAd ($ (�35(1� ,G_.Q25. TM$ �)76)5. \$ M.!<R)5. �%)# M(&(%I �)# G%K)N 0�
 <Ah G5(M7_V G%o78)5. <%1 M(B)76)5. 01 ¡KA9 V T$(F5. <AM5. +' ()* 2o#; `b;; M(HR& \$ %#(7Md ()5

cFG)f(b 01 (od.!<R$
ŠƴƿŚƘưƫř-Þ

cG_.Q25. n.2�' eHMd; �)76)5. T>)d M.!<R)5. :�� TB6d G_;Q2$ GH9<[I �)76)5. M.!<R$ \$ C�# Q(%7w. G%K)N 0�

c?3,5. <*U �$ ?V J' G%5(75. G%f(Ah-. M(B)76)5. G_.Q! 01 T$(F5. <AM5. J.2O7_. \4)9 T�
cx<4,5. C.2I −(A$ P9<$ 28N J25. 01 <4,5. G%)* G3,& G_.Q!  '

GKh<)5. 01 −�[5. !2N �5� 0<,%5. 2%5(I +"3749 \9�5. −�[5. !2N G3,& D"h G_.Q!  −
c�7_Q2$ 01 G9"&(>5.  

:TM5.
 n"_ P9<)5. /,# 01 X!"#")5. J25. G%)* G1(* J.2O7_. +t ,�)76)5. .�� 01 T$(F5. <AM5. J.2O7_. \4)9 V  '

c<4,5. G%)* G_.Q25 J25. .�� \$ C�# �5� 2(7M& .�5 c%d(%h G9(o& �5� x!�9
 +"3749 \9�5. −�[5. !2N G_.Q2I ¡),9 G9"&(>5. GKh<)5. 01 −�[5. !2N +t ,(8� T$(F5. <AM5. J.2O7_. \4)9  −

cG3,85. GI(7* \4)9 05(75(I; 0<,%5. 2%5(I

:\N �V(>$ ?7*.  }
c%%1 T$(F5. <AM5. J.2O7_. \4)9 0f(Ah� �)76$ 01 G_.Q!  '

c%%1 T$(F5. <AM5. J.2O7_. \4)9 V 0f(Ah� �)76$ 01 G_.Q!  −
}~






































































































































 Þ-Þ

 cG%*�o7_V. y."_t. �KN (oB9|"d; D(Hd<35. <%AN \$ M."3N 2(7&¢I M(*<F5. 02h� J"Hd
?%7%N"& X!"# \$ 2*W79 �%* c<%AB5. .�� \$ X<%3* G%)* C.<s Q(675. 2h' 29<9

:TM5.
 Q<H9 (o%5� TS"79 075. ]f(785. C"k �KN; <37O)5. 01 (oKKM9; M."3B5. \$ . �!2N <#(75. Q(7O9

cV J' X2%# <%AB5. .��  G%N"& `&(* .U� ($

 ?`9"45. G5;! 6Q.2$ �%)# 01 G9"&(>5. GKh<)5. −�g M($(b D."g' G1<B$ M!Q' .U� TBRd .U($  ~

?TBRd .U($ cM."8,5. 02h� 01 +(4,5. !2N �5� /5(B5. 01 \%8%$t. G3,& G_.Q! 29<d
:TM5.

cGI"K[)5. G3,85. �b"7& /a ,%8$ ( �)o$ . �C�# T>)d G8%N Q(7O& +' ?69 .�5 ,. 42# <%3* (8� 0f(Ah-. �)76)5.

 ?J(B5. .�� `9"45. G5;! 01 G%3Bs <>*t. T>))5. "� \$ n<B75 TBRd .U($  +

Types and methodes of Data Collection  ŚƸƘưū ƢŗřźƏƹ šŚƳŚǀŞƫř ƕřƺƳŏ  (ś-Ý-Þ)
LRM8&\ 7(k ^QYHG+ *Mg5mUp) 45F<3t<() -. 4),@1<() *I):, �M(k �j&3G nb() aSA() zQqO 45\5M;() V&H3G

Qualitative Data  ŠǀƠǀƨƫř šŚƳŚǀŞƫř  : ÔǇƹŏ
:*M1M'() 45\5M;() R? =58&\ Sj&%+ @M�3<2( 5? *(5U S%Sq3( 451P +] _5<I] BCD R? 5AH8 @;F\ 45\5MO -, *M1M'() 45\5M;()

 − B)&t() V&\ − *MQHt() − =&MF() =&( − @FN() =&( J�? @M�3<2( 5�\)&H8 +] *1P -WFG -3() :*M<Ii) *M1M'() 45\5M;()  '
LLL ^Ii)

 −  ) �SjSMj  −  [53<?�  5?  /,5?  -.  �CW()  4)@%SYG  J�?  5 �HMF?  5�;MG@G  -8)@G  451P)&<O  ,SqG  :*;G@<()  *M1M'()  45\5M;()  −
L�oMFr − B&;Y? − SMj

}�






































































































































Quantitative Data  Šǀưƨƫř šŚƳŚǀŞƫř :ŚÔǀƳŚŧ:=58&\ -,+ *%,S8 ^MYO 5AG),@1? R8 @;F\ 45\5MO -, *M<'() 45\5M;()
 −  =)[+e)  −  B)&�e)  :J�?  5 �MYMYU  ) �,S8  @M�3<()  *<Mv  5AM.  =&'G  45\5MO  -,+  : �*2m3?�  /@<3Q<()  *M<'()  45\5M;()  '

LLL 45U5Q<() − X&tq()
 ,S8  −*MHOe)  IO)&�  ,S8  J�?  5 �qMqP  ) �,S8  @M�3<()  *<Mv  5AM.  =&'G  45\5MO  -,+  :�*2m1H?�  *FWY3<()  *M<'()  45\5M;()  −

LLL_5Y6e) ,S8 −^2Q() 45j:,

:0K9 ()* MC(61 <FN x!(M5. �A5. 01 −�g X<FB5 <BF5. +."5' T%6,d /d
c08I ,!"_' ,0f(87,* ,08I ,!"_' ,!"_' ,<Hs' ,08I ,!"_' ,08I

?M(&(%35. :�� E"& ($
:TM5.

cG%)_� G%R%*

 T)B5. MV(6$ 01 /oK3H7,)5 /od(Bb"d \N 0I!' <FN x!(M5. �A5. \$ (�35(g X<FN G,)w �KN D.�_ ¦<g 28N  §
 ,?_(M$ ,<#(d ,J(M$ ,?_(M$ ,/KB$ ,¨I(k ,/KB$ ,J(M$ ,?_(M$ ,¨I(k :05(75. T4F5. �KN /od(I(#� `d'

?M(&(%35. :�� E"& ($ c¨I(k ,?_(M$ ,X<* ?NV ,/KB$ ,?_(M$

 M(%5.2%)K5 05()#-. !2B5. ?,MI D;25. ?%d<d +(*; ,J^ZZY G8_ \%A5. G)S(N \%4I 01 G%3)5;t. −(B5�5 XQ;! `)%b'
?M(&(%35. :�� E"& ($ c(%5.<7_' ,(%&()5' ,(%&([9<I ,(%_;Q ,G%*<%$t. X2M7)5. M(9V"5. ,\%A5. :0K9 ()*

:TM5.
cG3d<$ G%R%*

:(o%KN ?7* −�[5. �KN XQ()7_. �9|"7I `)H1 G%o%1<75. G892)5. �5� GKhQ D"h E�[7_. C.<#� 29<d  ©
FGI(#� V − ( �HhV ?%#W_ −e1."$ <%1 − e1."$�  

c¦<s. ?M(&(%35. :�� E"& ($  
}−






































































































































:0K9 ()* G#Q! ^Z �)�B5. G9(o85. �%h M.Q(37wV. 2h' 01 <FN x!(M5. �A5. 01 −�[5. M(#Q! `&(*
   ,II   ,I+ª+   ,I+   ,«ª+   ,©   ,I~ª+   ,I^   ,IZª+   ,IZ   ,IZ   ,«   ,Yª+   ,I§ª+   ,I©   ,I}ª+   ,I^

?M(&(%35. :�� E"& ($ cI}ª+   ,I+ª+   ,I} ,IIª+
:TM5.

cX<)7,$ G%)*

:05(75(* `&(41 M(%RF7,)5. 02h� 01 D(Rg' G,)w XQ.<h M(#Q! T%6,d /d  Y
c°}©ª+   ,°}«   ,°}©ªY   ,°}Y   ,°}§ ª+  

?M(&(%35. :�� E"& ($  

 ,F~� +(I(%5. ,F+� .285"� ,F+� (%&()5' :G%5(75. n.2�t. D;25. PBI `HHh ,J^ZIZ J2H5. X<45 /5(B5. 6W* M(%f(o& 01
 cF~� (%&(3_� ,F+� T9|.<35. ,F~� (%5([9� ,F^� +;<%$(45.

 ?M(&(%35. :�� E"& ($
:TM5.

cGB[H7$ G%)*

,F«� \%78#Qt. ,FI� (,&<1 :0K9 ()* D;25. PBI �(H& `&(* ,J^ZIZ J2H5. X<45  /5(B5. 6W* M(%f(o& 01  «
cF+� D(�d<35. ,F~� (&(1 ,FI� <f.�65.  

?M(&(%35. :�� E"& ($  

}!






































































































































Methods of Data Collecting   šŚƳŚǀŞƫř Ɩưū ƢŗřźƏ

:ef.<[5. :�� \$ cTo_' "� ($; /o925 <1"7$ "� ($ ?,MI �5U; X!2B7$ ef.<g +"%f(Ah-. J2O7,9 M(&(%35. �)# 28N
•  cX2�(F)5. ;' G�h�)5.
•  cG&(37_V.
•  c0&;<745-. 29<35. ;' x!(B5. 29<35.
•  cx"KO5. �d(o5. ;' 05�8)5. �d(o5.
•  cG%AOF5. GKI(H)5.
•  cM�6,5.; ef(a"5.
•  c�%sQt.; G%O9Q(75. ¬(MIt.
•  cM(&(%35. 2N."b

?�5U /7%_ �%* c�%3)5. 2BI G*<F5. M($2w 01 \f(I�5. C.Q{ �5� n<B75. M.Q(%,5. �%I M(*<s 02h� M!.Q'  '
c/o5 (�([N' 075. X!(9�5. G3,& 2BI \%R­")5. C.Q{ �KN n"b"5. M(,_�)5. 02h� 01 05()5. <92)5. !.Q'  −

?�5U /7%_ �%*  
:TM5.

c0&;<745-. 29<35. ;' x"KO5. �d(o5. G[_."I ;' 05�8)5. �d(o5. G[_."I \f(I�5(I D(AdV.  '
 c�­"$ T* �$ X<s(3)5. GKI(H)5(I ;' GKA5. M.U GKu_t. PBI (o%KN ?74d G&(37_. G[_."I   −

c/o7$(b� C(8a' /o5 (�<1"9 075. G$2O5(I /5(B5. C(M&' �K7O$ \$ CV�85. C.Q{ G1<B$ y!(8R5. 2h' 29<9  IZ
?E�[7_V. .�� 01 (�.<d GH9<g T�1' 0� ()1  

}}






































































































































 Ý-Ý

®b(8&; <4R& (8N!
º∏©àJ ±ƒ°S

•  cG[%,35. G%f."FB5. G8%B5.
•  cG%H3[5. G%f."FB5. G8%B5.
•  cG)�78)5. G%f."FB5. G8%B5.

تتكون أسرة إحدى المستشفيات من ١٠٠ إداريًّا، ١٥٠ طبيبًا، ٢٥٠ ممرضًا. 
 :5M3D) *M1M: � �r+ ,-;%:SG �?5\@;O �5q3(C( 5 �r@<? −� :5M3D) 71N3Q<() @%S? ,):]  I

L0MqG =+, RMr@<<()
 LRM2?5F() 45�. o23d? R? _5>8] �~ R? =&'? J<8 I%@. 71N3Q<() @%S? S85Q%  ^

LRM2?5F() R? *�. J: ,)S8] h? zI5H3% B,58 J'NO ^,:5M3D) *M1M: � �r+

Random Sample  ŠǀŗřƺƄƘƫř ŠƴǀƘƫř
هي جزء من المجتمع الإحصائي يتم اختيارها عشوائيًّا بطريقة علمية دون تحيز كي تمثل هذا المجتمع أفضل تمثيل بأقل تكلفة 

ممكنة. تختلف العينة بحسب طبيعة المجتمع الإحصائي محل الدراسة. في ما يلي بعض من العينات العشوائية:

Simple Random Sample  ŠƐǀƀŞƫř ŠǀŗřƺƄƘƫř ŠƴǀƘƫř Fh−^−^�
 *Mg)&N8 *HM8 728 ) �,5<38) RMF? �5tG5O 5A3I):, 5\,:]+ *Q\5t3<() 4),@1<() R? = ,S8 R<>3% -g5mUp) h<3t<() =5: )wk
 *HM8 5H%S( =&'M. 5,:53d\ =] -. 5AQ1\ *P@1() 5A( -g5mUp) h<3t<() )b, R? *Mg)&N8 *HM8 J: $\5: )wk+ ,X 5AG),@1? ,S8

L:&As() -. 5AQ1\ *P@1() -g5mUp) h<3t<() 4),@1? R? /,@1? J'( =&'% *HMF() �b, J�? -. L*WMQO *Mg)&N8
 �?)@O +] *mmd3? *;I5U 4i` +] *Mg)&NF() ,)S8e) B+Sj X)Sd3I5O 5?k ,*WMQ;() *Mg)&NF() *HMF() :5M3Di /S8 Ig)@� Sj&%

LMicrosoft Excel �?5\@O B5�<() JM;I 728 ,*Mg5mUk

cYZ �5� I \$ \%)b<$ (�35(g YZ 2#"9 G%)%KB75. M(,_�)5. 02h� 01
 !.2Nt.  D;2#  J.2O7_(I  G,_�)5.  01  Q"$t.  PBI  G_.Q25  −�g  ©  (o)6h  G[%,I  G%f."FN  G8%N  ?M_  −"K[)5.

c0&(>5. !")B5.; D;t. �A5. \$ �C.27I. G%f."FB5.

šŚƴǀƘƫř ƕřƺƳŏ

Samples Types

Þ-Þ

}�






































































































































:!"#$
 !%&'$ (#) *+,&-. /0"12 34 52*6#$ ,89:#$; <;'$ =>#$ ?@ .*A,#$ BCD# ?,9E. <;- MGH2 *I2JK LM N91D9#$ 3DO P- *9Q

RST ,LU ,VW ,XU ,VT ,?V ,ZL :B,#*1#$ ,$[\'$ [D2
RST ,VW ,VT ,?V ,ZL :*I][# (^_] $M# `ab#$ 3,E0c 5K *9C# !Q*^@ [I8] e LU ,XU P$,[\ [I8] ?f#;

ملاحظة
 =>#$  .*,1G$  31]
 <;'$ ,89:#$; <;'$
 ,$[\'$  <;[I  ?@
 31]  3#  $g)  B,h$8i:#$

R[]["1#$

 RV? ,Z :[DIK j_& *9# $ k.$0fc P8f] e- (l\ ?]0G=$ ?],[:#$ [DI# !9fIK
RV? ,Z ,ST ,VW ,VT ,?V ,ZL :5#*1#$ 3,E01#$ nA"Q `ab#$ *I][# o_>] p#MQ;

 =>#$ ?@ kq$[1Q$ B,h$8i:#$ ,$[\'$ <;[I ?@ BI,:#$ n"& `8lb9#$ P*r $g) sTt <*6@ 5K  T
?*C,l\ !>"] u8& 51#$ ,$[\'$ 5v *9K  Rw@*x#$ ,89:#$; 0y*:#$

 BI,\ n"& `8lb9#$ ,SMM (#) ZMT ?@ ?,9E0@ !@*\ ZMM <*9:#$ ,[\ P*r z]8f#$ B#;, 5K +0,_f#$ B][2'$ [O- 5K
 =>#$ ?@ q$[1Q$ B,h$8i:#$ ,$[\'$ <;[I |$[x1&*Q <*9:l# 5I%#$ }81A9#$ B&$.[# <*9\ TM ?@ B28f@ Bb,AQ B,h$8i\

RNQ$0#$ ,89:#$; w@*x#$
:!"#$

ZLL ,VUL ,ZWT ,VTL ,ZUW ,ZT? ,VST ,VSX ,VLV ,ZSU
RBb,AQ B,h$8i\ BI,\ P8lfi] B^Q*A#$ ,$[\'$ 5l@*O <*9:#$ P8f,K

 BI,\ n"& `8lb9#$ ,XMM (#) UMT ?@ ?,9E0@ =~8@ VMM ?,%~89#$ ,[\ P*r z]8f#$ B#;, 5K N2*>9#$ [O- 5K  Z
R0i\ NQ$0#$ ,89:#$; 0y*:#$ =>#$ ?@ q$[1Q$ B,h$8i:#$ ,$[\'$ <;[I |$[x1&*Q ?,%~8@ U ?@ B28f@ Bb,AQ B,h$8i\
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Stratified Random Sample  ŠǀƤŞƐƫř ŠǀŗřƺƄƘƫř ŠƴǀƘƫř  F−−^−^�
 *8&<t? J: R? *WMQO *Mg)&N8 *HM8 bD�\ ^? ,�F;() 5A>FO h? h�5Y3G i 458&<t? 7(k -g5mUp) h<3t<() ^MQYG R'<%

L*MY;� *Mg)&N8 *HM8 728 JmqH.
 5A>FO h? *F�5Y3? @M� *123d? 45Y;� 7(k -g5mUp) h<3t<() ^MQYG =5'?k *(5U -. /,58 *MY;W() *Mg)&NF() *HMF() XSd3QG

L5A1(�G -3() 4),@1<() uMU R? *Q\5t3? *Y;� J:+ �F;()

G8%B5. /6h
0f(Ah-. �)76)5. /6h = G89(B)5. <,*

X<­(8)5. GH3[5. /6h × G89(B)5. <,* = GH3g x' \$ G8%B5. /6h

 TS' \$ . �!<1 YZ \$ G&"4$ G%H3g G8%N ?M_ /d ,M(,_�)5. 02h� 01 \%R­")5. 28N XC(R45.; 0R%­"5. C.!t. G_.Q25
:05(75. D;265. \%39 ()* \%N|"$ �­"$ I §ZZ

E")6)5.  +"$2O7,$; D()N +"%81; +"%8Hd  +"9Q.!�
I §ZZ I ^ZZ }ZZ IZZ

?GH3g T* \$ GI"M,$ G[%,I G%f."FN G8%N T* /6h ($
:TM5.

ZªZ+ = YZ
I §ZZ  = G8%B5. /6h

0f(Ah-. �)76)5. /6h = G89(B)5. <,*

:X2N(H5. �wW& G%H3[5. G8%B5. /6h !(69-
cX<­(8)5. GH3[5. /6h × G89(B)5. <,* = G%H3[5. G8%B5. /6h

:G,_�)5. 01 GH3g T45 G8%B5. /6h . �U� 2#"&
+ = IZZ × ZªZ+ = \%9Q.!-. G8%N /6h

I+ = }ZZ × ZªZ+ = \%%8R5.; \%%8H75. G8%N /6h
§Z = I ^ZZ × ZªZ+ = \%$2O7,)5.; D()B5. G8%N /6h

cF( �$2O7,$; ��$(N� §Z ,F(4%81; (4%8Hd� I+ ,F\%9Q.!�� + :\$ G&"4$ G%H3[5. G%f."FB5. G8%B5. +"4d 05(75(I;

}#






































































































































!"  #$%&'  (  !"  )*+,"  )-./0  )1-2  345  6,  ,89:;<=$  >?'  @&  !-AB+<=$  C>=  DE:A,=$M  @A-B+=$  E$#G$  )5$9>=  H
 :@=:I=$ JM>K=$ !-/L :<M !-2N+" : OAB+" HP

Q+<K<=$  R+">SIT"M J:<2 R+.U>"M R+/5:4" V:TU' E$9>"
HP P WX ?X

?)./0 ZM !" )[+4T" )\-T[ )-]$+^2 )1-2 ZM 6K? :"  

 ,H__ `=a WXX !" !-<U%" @1.,M b>1c" WXX ,?__ `=a ?XX !" !-<U%" I9$#a ?XX >e+L f:T5g<=$ C>?a @&
 DE:AM )5$9>= $ O#%& ?h !" )*+," )-./0 )-]$+^2 )1-2 345 i+j\<=$ k___ `=a lXX !" !-<U%" V>SIT"M Z":2 =XX

k%n:o=$ #+<o=$M @*:p=$ q;=$ !" OE$>I[$ )-]$+^o=$ #$>2r$ JM>e V$>SI5:[ )T5g<=$ stu @& !-j":o=$
:Z4=$

)1-o=$ 6K?
@]:;?v$ w<IK<=$ 6K? = )1L:o<=$ %TM >e+* : OxM'

XyXW = ?h
_XX =  

k)\-T[ )1-2 ZM 6K? >e+* ::O-*:z
ملاحظة

 JM$>e  V$>SI5$  !,<L
 34T=  )-]$+^o=$  #$>2r$
 )*+," )-./0 )-]$+^2 )1-2
k)\-T[ )-]$+^2 f:1-2 !"

 W = ?XX + XyXW = !-L9$#v$ )1-2 6K?
l = WXX + XyXW = !--1.I=$M !-5>1c<=$ )1-2 6K?

?W = =XX + XyXW = !-">SIT<=$M J:<o=$ )1-2 6K?
:@jL :<M )\-T[ )-]$+^2 f:1-2 !" )*+," )-./\=$ )-]$+^o=$ )1-o=$ R+,I&

k|: O">SIT"M O}":2~ ?W ,|!--1.,M !-5>1c"~ l ,|!-L9$#a~ W
:V:U9' #:KLv )-]$+^o=$ #$>2r$ JM>e V>SIT* ::Op=:z

k?__ `=a ?XX #$>2r$ !-[ !" !-L9$#a W
kH__ `=a WXX #$>2r$ !-[ !" !--1.,M !-5>1c" l

k___ `=a lXX #$>2r$ !-[ !" : O">SIT"M O}":2 ?W
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 Ý-Ý

•  ! "#$%& '()*& +, (-./01 234/01$ ,5&.601 7801 9: ;.<=01 >?@0 >,A601 M.C;D1 EFG& :9=H;12I1
!JKI ,JJM 21NOD1 N@PQ  

•  ! "#$%& '()*& +, (-./01 234/01$ 5&.601 7801 9: ;.<=01 >?@0 >,A601 M.C;D1 EFG& :9==PR*01$ 9=SNP?401
!TIU ,TJT ,VII ,TJW :21NOD1 N@PQ  

•  ! "#$%& '()*& +, ,(-./01 234/01$ 5&.601 7801 9: ;.<=01 >?@0 >,A601 M.C;D1 EFG& :9=:NX*<401$ Y.4/01
!WUZ ,Z[K ,WIW ,ZIM ,WKJ ,[ZM ,[T[ ,WUT ,IV[ ,WJ[ ,UWV ,MKM :21NOD1 N@PQ  

:50.*01 +=C(*01 \<)] >==<] >=_13`O a.P=O 9: >&3b: >=Rc=01 >=_13`/01 >P=/01 d3b*Q
•  !JKI ,JJM :9=H;12e0
•  !TIU ,TJT ,VII ,TJW :9==PR*01$ 9=SNP?4f0
•  !WUZ ,Z[K ,WIW ,ZIM ,WKJ ,[ZM ,[T[ ,WUT ,IV[ ,WJ[ ,UWV ,MKM:9=:NX*<401$ Y.4/f0

:21(Qg M 9: >&3b: >=Rch >=_13`O >P=O \)S ><Si401 \1.3 21;g 12m nIo Y.6: 5Q  I
!>PH./401 (<F Nq$g  g

!>=Rc=01 >=_13`/01 >P=/01 rE?0 >&3b401 >==<c01 >=_13`/01 a.P=/01 +@1 Nq$g  s
!>==<] >P=O tF 5Q \S.P401 +=C(*01 N@*0 ,u].<01 234/01$ v0.601 7801 MNX*S1  wq

Systematic Random Sample  ŠưƔŤƴưƫř ŠǀŗřƺƄƘƫř ŠƴǀƘƫř n wq−V−Vo
 !"#$%& '()*+ ,-&!./0 1+2/3 4*5 67/87*+ 9:.;< 9/- =:> ,,7?/@7*+ ,:A+(BC*+ ,@:C*+ ! D0+$E/F+ ,:A+(BC*+ 1!@:C*+ 2GHI J0

K,@:C*+ 98> L&!.-

:v=1 ><&.@*401 >=_.81I1 a./4*@401 5Q >4y*P401 >=_13`/01 >P=/01 MNX*<z
5_.81I1 u4*@401 +@1

>P=/01 +@1  = {(*|01 Y3h

MN






































































































































c0f(Ah-. <37O)5. e9<g \N ;' G%f."FB5. !.2Nt. D;2# J.2O7_(I G8%B5. 01 �5;t. X!<R)5. ?M_ \4)9

 D"h D()B5. CV�� GFb(8$ �8A)5. .�� ?h(S !.Q' ,«ZZ �5� I \$ \%)b<$ «ZZ D()B5. !2N �%h �&(A)5. 2h' 01
 G%f."FB5. !.2Nt. D;2# ( �$2O7,$ ,I+ (o)6h G)�78$ G%f."FN G8%N ?M_ −"K[)5. c2(7&-. X!(9|; C.!t. \%,Md G%R%*

c<s(B5. !")B5.; \$(>5. �A5. \$ �C.27I.
:TM5.

 §Z = «ZZ
I+  = 0f(Ah-. �)76)5. /6h

G8%B5. /6h  = X<7R5. D"g :2#"&
 !.2Nt. D;2# J.2O7_(I Q(,%5. Go65 \%)bQ \$ �5�$ 0f."FN !2N D;' Q(7O&

c§Z !2B5. \N 29�9 V' �KN G%f."FB5.
c<s(B5. !")B5.; \$(>5. �A5. \%I �g(H75. �KN }I !2B5. 26&

:0K9 ()* !.2Nt. +"471
}I

«I = §Z + }I
I+I = §Z + «I

^II = §Z + I+I
^©I = §Z + ^II
}}I = §Z + ^©I
}«I = §Z + }}I
~+I = §Z + }«I
+II = §Z + ~+I
+©I = §Z + +II
§}I = §Z + +©I
§«I = §Z + §}I
©+I = §Z + §«I
YII = §Z + ©+I
Y©I = §Z + YII

:G%5(75. !.2Nt(I /o)%b<d �%h D()B5. \$ +"47d G)�78)5. G%f."FB5. G8%B5.;
cY©I ,YII ,©+I ,§«I ,§}I ,+©I ,+II ,~+I ,}«I ,}}I ,^©I ,^II ,I+I ,«I ,}I

 ( �$2O7,$ ,IZ (o)6h +"49 +' �KN (oK%4Fd �8A)5. ?h(S !.Q' .U� G)�78)5. G%f."FB5. G8%B5. ($ F+� D(>$ 01   +
?�I(,5. !")B5.; <FN �$(O5. �A5. \$ �C.27I. G%f."FB5. !.2Nt. D;2#

�~






































































































































 Ý-Ý

 !"#$% &'( )* +,-!. /-!01%2 3405 62!, ,8** 9%. ) :5 :;1<35 ,=>%,( 8** ?4"@%2 A!205 B0C. &'( 60D EM>4
 +G0H I20JK-,L )* ,M1NC /1OKP5 /;Q2"RD /P;D S$- &"MT1%2 UVW23X?Z,L [60M1%2 \,?2";$%2 /4,1C] +"C [G0?

U^%,_%2 6"1`%2G aG3R`%2G b?,_%2 cI%2 :5 2 =e20KL2 /;Q2"R`%2 620Df2
:g$%2

8* = 8**
)*  = bQ,ICh2 i1KN1%2 jNC

/P;`%2 jNC  = [3Kk%2 +"( :0H"?

 [3Kk%2 +"( :D 04l4 Z ^;$L /;Q2"R`%2 620Df2 +G0H I20JK-,L !,=;%2 /MN% :;1<! :5 cn%o5 bQ2"RD 60D +G, !,KJ?
Upq 60`%2 0NPr ^%,_%2 6"1`%2G aG3R`%2G b?,_%2 cI%2 :5 =e20KL2 s8*t

pq
)*q = 8* + pq

)8q = 8* + )*q
uvq = 8* + )8q
p)q = 8* + uvq
pqq = 8* + p)q
vwq = 8* + pqq
wuq = 8* + vwq
wxq = 8* + wuq
yyq = 8* + wxq

:/;%,K%2 620Df,L jM1;<3z ^;C &'T%2 :5 /;Q2"R`%2 /P;`%2 a"@Kz
Uyyq ,wxq ,wuq ,vwq ,pqq ,p)q ,uvq ,)8q ,)*q ,pq

 S$- &"MT1%2 U )v* 9%. ) :5 :1;<35 , =>%,( )v* EM>4 A!201%2 B0C. br b1MD 3RD +6,$%2 cI%2 />M( 60D   y
 ,0;`=%2  3Tk%2  0;D  +"MC  />-,P1L  jM%  ,420|  j40XzG  :;P=1%2  !G6  B0C.  [!,4l%  8  ,M1NC  /1OKP5  /;Q2"RD  /Pn;D

Ui-,K%2 6"1`%2G A6,=%2 cI%2 :5 e20KL2 /;Q2"R`%2 620Df2 +G0H I20JK-,L

!"






































































































































º∏©àJ ±ƒ°S
:\9"475 −"_(M5. J.2O7_.

•  cG[%,I G%f."FN G8%N
•  cG%H3g G%f."FN G8%N
•  cG)�78$ G%f."FN G8%N

 0&;(Bd T)N
:Excel �?5\@O JM�NG R? R'<33( *M(53() 4)&Wd() h;G)

 °All Programs±  ^?  R?+  L°Start±  728  5 �85;G  /:�12(  @Q%e)  :0()  ��r)
 5AH?  :53d\  *<g5v  @As3.  °Microsoft Office±  *<g5Y()  R?  :53d\  5,SFO+
 �?5\@;(  /S%Sj  *q1P  �3.  ^3M.  5AM28  ��r)  °Microsoft Office Excel±

L�5\,] J'N() -. 5<: ,Excel

śƺſŚŰƫř ƭřŶŴŤſŚŝ ŠǀŗŚƈůœ šŚƤǀŞƐţ

Statistical Applications Using Computer

ß-Þ

�−






































































































































Simple Random Sample  ŠƐǀƀŞƫř ŠǀŗřƺƄƘƫř ŠƴǀƘƫř  ÉI

TS'  \$  (4%f."FN  −�g  X<FN  Q(%7w.  D;25.  02h�  MQ<b  , M(8%k(9<5.  01  G%)5(B5.  Timss  �5.  GHI(,$  01  ².<7s�5
c0)KN <FN x!(M5. �A5. 01 M(%k(9<5. 01 \%b"R7)5. (o_Q.2$ −�g \$ ?5(g ^ZZ

c−"_(M5. �KN 0f(Ah� ]$(&<I J.2O7_(I −�g IZ (o)6h G%f."FN G8%N ?M_ −"K[)5.
:TM5.

•  cExcel T,*� ]$(&<I J.2O7_(I /b
•   G%KO5. �5� A2 G%KO5. \$ C.27I. (9�O5. 01 ^ZZ :I \$ −�[5. ?dQ; A1 G%KO5. 01 °T,K,$± A !")B5. +"8N

 ()* A3; A2 \%7%KO5. 292Md /a \$; A3 G%KO5. 01 ^ /b<5. GI(7*; A2 G%KO5. 01 I /b<5. GI(74I �5U; A201
cFI� T4F5. 01

FI� T4s

•   P3H$ <s�$ �5� F  :<%�S !"_' �I<$� Gu3B75. P3H$ <%�79 n"_ FHandle Cell� G%KO5. P3H$ �KN XQWR5(I ��r)
/%b<d /7%1 A201 G%KO5. �7h TR_t. �5� /o,5. :(6d. 01 F+� Gu3B75. P3H$ <s�$ ?M_. F+ :C.!"_ �)# G$�N� Gu3B75.

 c^ZZ �5� I \$ ?%d<75(I (9�O5.
•  c0&(>5. !")B5. 01 G%f."FN J(bQ' �KN D"AMK5 �5U; B1 G%KO5. 01  °0f."FN± B !")B5. +"8N
•  cF¿� D(w!-. ¦(7R$ ¨�k. /a \$; B2 G%KO5. 01 = RAND F� ?7*.

 !")B5. (9�w T* 01 ( ��9' G%f."FN ]f(7& �KN D"AMK5 05(75(I; B2 G%KO5. 01 X!"#")5. G5!(B)5. ³,8I J"Hd +' T#' \$;
cB201 G%KO5. �7h %3M_.; B2 G%KO5. \$ 0KR,5. <,9t. \*<5. ¨�k. /a \$; B2 G%KO5. !2h B

�!






































































































































cB201 G%KO5. �7h B2 G%KO5. \$ (9�O5. !2h
 ¦(7R)5. ¨�k. cMV!(B)5. GI(7* <[_ 01 = RAND F� G)K* <o�d G%f."FB5. ]f(785. (9�w \$ G%Kw x' �KN ¨��5. 28N

cF^� T4F5. �KN TAM71 /%b �5� MV!(B)5. T9"M75 ³,& <7w.; XQWR5. \$ \)9t.

F^� T4s
•   0<w'  X<$  <o�d  X!2M)5.  (9�O5.  \$  x'  �KN  `&';  XQWR5.  \$  \)9t.  ¦(7R)5.  ¨�k.  ³,85.  G%K)N  \$  C(o7&V.  2BI

 /%b eA5 /7%5 �5U; /%H5. �KN ¨�k. cr(w eA5 :G&"8B$ X�1(& <o�71 ,r(w eA5 G)f(H5. \$ <7w. ,�$($' GMfV
cF}� T4F5. 01 ()* (9�O5.

F}� T4s

�}






































































































































•  cB201 G%KO5. �7h B2 G%KO5. \$ G3d<)5. <%1 G%f."FB5. J(bQt. \$ T$(* !")N �KN TAM75 e1."$ Q| y"1 ¨�k.
•   cB1;  A1 +(7%KO5. (o%1 ()I G3d<)5. <%1 G%f."FB5. J(bQt. (9�w; F−�[5.� �)76)K5 GK,K,7)5. J(bQt. (9�w !2h

cB201 G%KO5. �7h A1 G%KO5. \$ (9�O5. !2h XQWR5. G[_."I
•  :05(75. T4F5. �KN  G52,8)5. G)f(H5. \$ �5U; G%f."FB5. J(bQt. /%b �KN C(8I ( 492N(Ad \9!")B5. 0"7M$ ?%d<7I /b
•   M(&(%35. x"7Md Q(%7w.± D�w \$ M.<%�7)5. C()_' �KN x"7M9 D;t. �A5. +"49 �%MI |<1 /a M(&(%I �KN ¨�k.

 <�St. \$ Q(%7w. D�w \$ ( 492N(Ad ?%d<75. GH9<g 292Md; °?,h |<1± G&(w 01 0f."FN /a \$; °6;´Q �KN
cF~� T4F5. 01 ()* ?%d<d G&(w 01 <3*t. �5�

F~� T4s
•   T4F5. 01 ()* ( 492N(Ad G3d<$ G%f."FB5. J(bQt. <o�d �%h 292# ?%d<7I \9!")B5. �KN TAM75 e1."$ Q| y"1 ¨�k.

 ,©§ ,©}: J(bQt. TI(Hd G8%B5. +' x' cXQ(7O)5. G8%B5. FT,K,$�  A1 !")B5. 01 �5;t. X<FB5. !.2Nt. T>)d cF+�

F+� T4s

ملاحظة
 �KN  X2)7B)5.  ]f(785.  T*
 =  RAND  F�  GR%­"5.
 J"H&  X<$  T*  01  <%�7d  n"_
 +"8B)5.   !")B5.  \9"47I  (oI
 M(&(%35. +¢1 05(75(I; ,0f."FN
 T,K,$  +"8B)5.  !")B5.  01

c( ��9' <%�7d n"_

cIZZ ,}+ ,«Z ,©Z ,^« ,§« ,^+ ,I^

 ^Z\$ G8%N Q(%7wV %,R& −"K_t. 2)7N.  I
 !."$ 01 (�35(g ~+Z TS' \$ ( �b"R7$ (�35(g

 cJ"KB5.

��






































































































































Stratified Random Sample  ŠǀƤŞƐƫř ŠǀŗřƺƄƘƫř ŠƴǀƘƫř  �^

   

 G%)5(B5. J2H5. X<* M.Q;! 02h� 01 �5;t. G#Q25. G92&' 01 \%1<7M)5. \%3N�5. !2N +�
:05(75. T4F5. �KN \%),H$ J2b X<* ?NV ~§Z "� 

 ¨w IYZ ,I~Z �5� §I \$ \%)b<$ ( �)#(o$ YZ ,§Z �5� I \$ \%)b<$ �$<$ 6Q(h §Z
c~§Z �5� }^I \$ \%)b<$ ( �B1.2$ I~Z ,}^Z �5� I~I \$ \%)b<$ ¨_;

 xQ;25. ?O78$ \9"475 GRK7O)5. M(uR5. \$ (�3NV ^} (o)6h G%H3g G8%N ?M_ −"K[)5.
c−"_(M5. �KN 0f(Ah� ]$(&<I J.2O7_(I �5U;

:TM5.
(�3NV ^} T$(45. e9<R5.

ZªZ+ = ^}
~§Z = G89(B)5. <,*

E(1! ¨_; J"6� �$<$ 6Q(h
© = ZªZ+ × I~Z « = ZªZ+ × IYZ ~ = ZªZ+ × YZ } = ZªZ+ × §Z

•  cExcel T,*� ]$(&<I J.2O7_(I /b
•   +"49 +' ?69 ?M,5. cFE(1! ,¨_; ,J"6� ,�$<$ 6Q(h� \%3N�5. \$ Gu1 T* \$ G[%,I G%f."FN G8%N ?M_.

cX<$ \$ <>*' !<1 x' Q(%7wV GS<1 ²(8� +"49 V 0* X2h.; X<)5
�)76)5. J(bQWI GS(O5. M(&(%35. �%o6d : �V;'

•   A61 G%KO5. �5� A2 G%KO5. \$ C.27I. (9�O5. 01 §Z:I \$ /o3dQ; °�$<$ 6Q(h± A1 G%KO5. 01 A !")B5. +"8N
 XQWR5(I ¨�k. cA3; A2 \%7%KO5. 292Md /a \$; A3 G%KO5. 01 ^ /b<5. GI(7*; A2 G%KO5. 01 I /b<5. GI(74I �5U;

c(4%f."FN (9�O5. /%b<75 A61 G%KO5. �7h TR_t. �5� Gu3B75. P3H$ <s�$ ?M_.; G%KO5. P3H$ �KN
•   �$<)5. 6.<M5 GKI(H$ G%f."FN J(bQ' �KN D"AMK5 �5U;  B1 G%KO5. 01 °�$<$ 6Q(h 0f."FN±  B !")B5. +"8N

c0&(>5. !")B5. 01
•  cC81 G%KO5. �5� C2 G%KO5. \$ C.27I. (9�O5. 01 I~Z:§I \$ /o3dQ; C1 G%KO5. 01 °J"6�± C !")B5. +"8N
•   01  J"6o5.  03N�5  GKI(H$  G%f."FN  J(bQ'  �KN  D"AMK5  �5U;  D1 G%KO5.  01  °J"6�  0f."FN±  D  !")B5.  +"8N

c�I.<5. !")B5.
•  cE181 G%KO5. �5� E2 G%KO5. \$ C.27I. (9�O5. 01 }^Z:I~I \$ /o3dQ; E1 G%KO5. 01 °¨_;± E !")B5. +"8N

�"






































































































































•   !")B5. 01 ¨_"5. 03N�5 GKI(H$ G%f."FN J(bQ' �KN D"AMK5 �5U; F1 G%KO5. 01 °¨_; 0f."FN± F !")B5. +"8N
c6!(,5.

•  cG141 G%KO5. �5� G2 G%KO5. \$ C.27I. (9�O5. 01 ~§Z �5� }^I \$ /o3dQ; G1 G%KO5. 01 °E(1!± G !")B5. +"8N
•   !")B5. 01 E(125. 03N�5 GKI(H$ G%f."FN J(bQ' �KN D"AMK5 �5U;  H1 G%KO5. 01 °E(1! 0f."FN±  H !")B5. +"8N

c\$(>5.
•  cF§� T4F5. <�&.

F§� T4s
M(8%B5. ?M_ : (�%&(a

�$<)5. 6.<h G8%N ?M_  '
•  cF¿� D(w!-. ¦(7R$ ¨�k. /a \$; B2 G%KO5. 01 = RAND F� ?7*.

 B2 G%KO5. !2h ( ��9' G%f."FN ]f(7& �KN D"AM5. 05(75(I; B2 G%KO5. 01 X!"#")5. G5!(B)5. ³,8I J"Hd +' T#' \$;
cB61 G%KO5. �7h %3M_.; B2 G%KO5. \$ 0KR,5. <,9t. \*<5. ¨�k. /a \$;

•  cB61 G%KO5. �7h B2 G%KO5. \$ (9�O5. !2h
•   ¨�k. cMV!(B)5. GI(7* <[_ 01 = RAND F� G)K* <o�d G%f."FB5. ]f(785. (9�w \$ G%Kw x' �KN ¨��5. 28N

cF©� T4F5. �KN TAM71 /%b �5� MV!(B)5. T9"M75 ³,& <7w.; XQWR5. \$ \)9t. ¦(7R)5.

�#






































































































































F©� T4s

•   <o�71 ,0<w' X<$ X!2M)5. (9�O5. \$ x' �KN `&'; XQWR5. \$ \)9t. ¦(7R)5. ¨�k. ³,85. G%K)N \$ C(o7&V. 2BI
cFY� T4F5. 01 ()* r(w eA5 <7w. X�1(&

FY� T4s

�x






































































































































•  cF«� T4F5. 01 ()* (9�O5. /%b eA5 /7%5 �5U; /%H5. �KN ¨�k.

F«� T4s
cB61 G%KO5. �7h B2 G%KO5. \$ G3d<)5. <%1 G%f."FB5. J(bQt. \$ T$(* !")N �KN TAM75 e1."$ Q| y"1 ¨�k.

 G[_."I cB1; A1 +(7%KO5. (o%1 ()I G3d<)5. <%1  �$<)5. 6. 8<M5 G%f."FB5. J(bQt. (9�w; �$<)5. 6.<h J(bQ' (9�w !2h
cB61 G%KO5. �7h A1 G%KO5. \$ (9�O5. !2h XQWR5.

 �KN G52,8)5. G)f(H5. \$ �5U; �$<)5. 6.<M5 G%f."FB5. J(bQt. /%b �KN C(8I ( 492N(Ad \9!")B5. 0"7M$ ?%d<7I /b
cFIZ� T4F5. 01 ()* 3AO$ |<1 /a |<1 /a M(&(%I �KN ¨�k. :05(75. T4F5.

FIZ� T4s

�F






































































































































•   M.<%�7)5. C()_' �KN x"7M9 D 8;t. �A5. +"49 �%MI FIZ� T4F5. 01 ()* |<1 X�1(& <o�d 3AO$ |<1 Q(%7w. 2BI
c6;´Q �KN M(&(%35. x"7Md Q(%7w. D�w \$

 <3*t. �5� <�St. \$ Q(%7w. D�w \$ ( 492N(Ad ?%d<75. GH9<g !2h; ?,h |<1 G&(w 01 �$<$ 6Q(h (4%f."FN <7w.  
cFII� T4F5. 01 ()* ?%d<d G&(w 01

FII� T4s
•   ()* ( 492N(Ad G3d<$ G%f."FB5. J(bQt. <o�d �%h 292# ?%d<7I B;  A \9!")B5. �KN TAM75 e1."$ Q| y"1 ¨�k.

cFI^� T4F5. 01

FI^� T4s
•  c~~ ,}+ ,+~ :J(bQt. TI(Hd G8%B5. +' x' cXQ(7O)5. G8%B5. �$<)5. 6Q(h A1 !")B5. 01 �5;t. G7,5. !.2Nt. T>)d

"~






































































































































J"6o5. 03NV G8%N ?M_  −
 �KN  TAMd  �7h  D81 G%KO5.  �5�  C1 G%KO5.  \$  �I.<5.;  �5(>5.  \9!")B5.  J.2O7_(I  \45;  GHI(,5.  M."[O5.  Q<*

FI}� T4F5.

FI}� T4s

¨_"5. 03NV G8%N ?M_  �#
 �KN TAMd �7h F181 G%KO5. �5� E1 G%KO5. \$ 6!(,5.; �$(O5. \9!")B5. J.2O7_(I \45; GHI(,5. M."[O5. Q<*

FI~� T4F5.

FI~� T4s

"�






































































































































E(125. 03NV G8%N ?M_  !
 �KN TAMd �7h H141 G%KO5. �5� G1 G%KO5. \$ \$(>5.; �I(,5. \9!")B5. J.2O7_(I \45; GHI(,5. M."[O5. Q<*

FI+� T4F5.

FI+� T4s
:0K9 ()* �IQt. M(H3[5. \$ G%H3[5. G8%B5. J(bQ' �KN (8KAh 2b +"4& �5�I;

E(1! 03NV ¨_; 03NV J"6� 03NV �$<$ 6.<h T,K,$
}}Y }Z§ I}^ +~ I
}Y« IY} IZ© }+ ^
}}© I+I §+ ~§ }
}©Z I§« II+ ~
}Y§ ^Z^ +
}^I I+« §
~^^ ^«© ©

^©Y Y
^~+ «

:05(75. T4F5. �KN \%),H$ ?NV }ZZ "� D;25. 02h� 01 GK,5. X<* G92&' 01 \%1<7M)5. \%3N�5. !2N +�  ^
 \$ \%)b<$ |(4dQ. ¦(8# ©+ ,I©+ �5� +I \$ \%)b<$ n. 82� ¦(8# I^+ ,+Z �5� I \$ \%)b<$ −(B5' �&(S +Z  

c}ZZ �5� ^+I \$ \%)b<$ |(4dQ. +Z ,^+Z �5� I©§
 ]$(&<I J.2O7_(I �5U; xQ;25. ?O78$ \9"475 GRK7O)5. M(uR5. \$ (�3NV I^ (o)6h G%H3g G8%N ?M_ −"K[)5.  

c0f(Ah�
"−






































































































































Systematic Random Sample  ŠưƔŤƴưƫř ŠǀŗřƺƄƘƫř ŠƴǀƘƫř  !"
ŠƋŚƿźƫř  

 #$%&'() #*$) +,- .'/012& 3456$- 789 :6;<(2& =>?@ AM :&56$C2& D>) E6; &F@
3A%6G?@ HI6J<K I&>MN-6K O2FP 6Q*$K 6I AM R6S- T&<UV 3456$- 79 6Q1W? #1XN*I

 :Y,2&
3Z7 = 789

79  = 4<N[2& \']
 #*$=2& T6*K AM _I&>MN-` Z7 a2@ Z bI I6c5d& b$K bI eA%&'() >?&P fc5 56$Ng& >h<J i1

3#1XN*12& #$%&'(=2&
•  3Excel YC;@ HI6J<K I&>MN-6K fc
•   3A13 #$/M2& a2@ A2 #$/M2& bI T&>NK& 6h3M2& AM Z7:Z bI D&>)d& +25P A1 #$/M2& AM mYC/CIn A D'1=2& E'*)
•  3AJ6o2& D'1=2& AM #$%&'() I6c51 a/) \'G,/2 O2FP B1 #$/M2& AM mA%&'()n B D'1=2& E'*)
•  3F¿q \6gDV& r6N[I stu& fv bIP B2 #$/M2& AM = RAND Fq +N;&
•   B2 #$/M2& D>? 6 wxh1 #$%&'() H%6NJ a/) \'G,2& A26N26KP B2 #$/M2& AM 4D'U'12& #2D6=12& yC*K I'z2 E1 YU1 bIP

3B13 #$/M2& aN? _S,-&P B2 #$/M2& bI A/[C2& <Chd& b;<2& stu& fv bIP
•   stu& 3:`D6=12& #K6N; <0- AM = RAND Fq #1/; <QX2 #$%&'(=2& H%6N*2& 6h3g bI #$/g i1 a/) stx2& >*)

3FZ{q Y|(2& a/) YG,NM f$c a2@ :`D6=12& Yh',N2 yCJ <Ng&P 45}[2& bI b1hd& r6N[12&

FZ{q Y|~

!"






































































































































 <7w. G)f(b <o�d 0<w' X<$ X!2M)5. (9�O5. \$ x' �KN `&'; XQWR5. \$ \)9t. ¦(7R)5. ¨�k. ³,85. G%K)N \$ C(o7&V. 2BI
cFI©� T4F5. 01 ()* (9�O5. /%b eA5 /7%5 �5U; /%H5. �KN ¨�k. r(w eA5 :G&"8B$ X�1(& <o�71 ,r(w eA5 (o8$

FI©� T4s

•  cB13 G%KO5. �7h B2 G%KO5. \$ G3d<)5. <%1 G%f."FB5. J(bQt. \$ T$(* !")N �KN TAM75 e1."$ Q| y"1 ¨�k.
•   +(7%KO5. (o%1 ()I G3d<)5. <%1 G%f."FB5. J(bQt. (9�w; FG%k(9<5. M.Q(%,5.� �)76)K5 GK,K,7)5. J(bQt. (9�w !2h

cB13 G%KO5. �7h A1 G%KO5. \$ (9�O5. !2h XQWR5. G[_."I cB1; A1
•  :05(75. T4F5. �KN G52,8)5. G)f(H5. \$ �5U; G%f."FB5. J(bQt. /%b �KN C(8I ( 492N(Ad \9!")B5. 0"7M$ ?%d<7I /b
•   �KN x"7M9 D;t. �A5. +"49 �%MI FIY� T4F5. 01 ()* X�1(& <o�d 3AO$ |<1 /a |<1 /a M(&(%I �KN ¨�k.

c6;´Q �KN M(&(%35. x"7Md Q(%7w. D�w \$ M.<%�7)5. C()_'
•   G&(w 01 <3*t. �5� <�St. \$ Q(%7w. D�w \$ ( 492N(Ad ?%d<75. GH9<g !2Md; ?,h |<1 G&(w 01 0f."FN Q(7Od

cFIY� T4F5. 01 ()* ?%d<d

"}






































































































































FIY� T4s
cFI«� T4F5. 01 ()* ( 492N(Ad G3d<$ G%f."FB5. J(bQt. <o�d �%h 292# ?%d<7I \9!")B5. �KN TAM75 e1."$ Q| y"1 ¨�k.
 G8%B5. �KN TAM75 I^ !2B5. G1(k� Q.<47I �5U; J(�7&(I G8%B5. T)*' cG9.235. G[H& T>)9 T,K,$ !")B5. 01 D;t. /b<5.
 ,I§+ ,I+} ,I~I ,I^« ,II© ,IZ+ ,«} ,YI ,§« ,+© ,~+ ,}} ,^I ,« :G%5(75. J(bQt. M.U M.Q(%,5. \$ G&"4)5.

c^}© ,^^+ ,^I} ,^ZI ,IY« ,I©©

FI«� T4s   

 −(7*  GN(3g  n2oI  c. �2%#  D2B)5.  <37B9  GH%b25(I  G)K*  IZZ  �5.  −"_(M5.  <3N  385.  D(w!�  GN<_  �[O7d  ($28N  }
 c−"_(M5. <3N r"A& Tw2$ ~ZZ TS' \$ Q(%7w. −"K[)5. ,\4)$ `b; E<_WI G)K* +"%K$ �5."h \$ �5�$

c0f(Ah� ]$(&<I J.2O7_(I �5U; /o8%I ($ 01 E<_t. !(69- ( �AOs ^+ (o)6h G8%f."FN G8%N

"�






































































































































ƪŗŚƀưƫř ƪŰƫ Ŷƃźưƫř

 ,!"# $%& !'( )* )+,-.* /0+123 /0+145 "# ,(!# $%& ('( )* )+,-.* / 06789& !# :;<6 =+1>4%8 ?@A,%8 =B/+C% =DEF* G2
H"'' $%& I'( )* )+,-.* J*/K L''

 )+6789& =K<,M,%8 NOP ),QR5 ST $?K =+V67:5 W739 G2 XY%/E7Z =DEF,%8 NOP )* / [I=  ̂!' 7/+R:8 =DEF,%8 `a/b 987T
H [c/ d,K3 )++1453 )++123

?=K<,M,%8 NOP .b/1K 7/+R:8 $?K =DEF,%8 NOP `a/b W:K/D* e1f,6 g+B
:!"#$%

H:6:CR%8 XR6 X% hi& j+a =+k8<lm%8 98:Kn8 o3:; )* o3n8 9<,m%83 o3n8 gI%8 7/+R:8 XR6
:&'()

H=,pR1* =+4Vq =1+K )6<f5 `;<R6 8O% o/,K ,)++145 ,)++12 ,)+6789& /16:%
#'' = =DEF,%8 G2 )+?*/m%8 9:K

!' = =K<,M,%8 r/QKT 9:K
:$?K JICi h1*3 's'L = !'

#'' :=16/m,%8 .DB :Mi
( = 's'L × !# = )+6789Z8 9:K

I = 's'L × "# = )++14R%83 )++1u%8 9:K
(v = 's'L × L'' = o/,m%8 9:K

Hw [A*/Kx(v )*3 wG1453 G12xI ,wy789&x( )* =i<f* S<fRE =+4V>%8 =+k8<lm%8 =1+m%8 ST yT
 9<,m%83 o3n8 gI%8 )* 7/D+%8 =YM% =zA{%8 |/-7n8 O:}i [A{,2 =+k8<lm%8 98:Kn8 o3:; |8:=RE/@ y789Z8 7/+R:8 )f,6  −

H(!( 9:m%8 $?K JIC12 [c3�i �.CR%83 o3n8
 o3n8 gI%8 )* 7/D+%8 =YM% =zA{%8 |/-7n8 O:}i [A{,2 =+k8<lm%8 98:Kn8 o3:; |8:=RE/@ )++14R%83 )++1u%8 7/+R:8 )f,6  −

H!!" ,!'� ,!'( :98:Kn8 $?K JIC12 [c3�i �.CRi Xz o3n8 9<,m%83
 9<,m%83 o3n8 gI%8 )* 7/D+%8 =YM% =zA{%8 |/-7n8 O:}i [A{,2 =+k8<lm%8 98:Kn8 o3:; |8:=RE/@ o/,m%8 7/+R:8 )f,6  −
 ,Iv' ,I(# ,vv# ,L(! ,#LI ,vI' ,#�' ,Lv� ,vv' ,Lv! ,v"! ,#�! :98:Kn8 $?K JIC12 [c3�i �.CRi3 o3n8

Hv!' ,v#" ,L(L ,I#�

!*+,-. !(/0%
 W789Z8 �987T H=%3:%8 G2 =?*/m%8 �3.u%8 JB G2 )+K�<* !'' $%& ( )* )+,-.* g�<* !'' :;<6 �.Vf%8 �7/I,%8 :aT G2
 �* J*/mR%8 =+u+f@ =4?mR,%8 $?Qu%8 J,m%8 `+%/ET =E87:% / [u�<* !' )* =,pR1* =+k8<lK =1+K J+fl5 �.I,%8 G2 =*/m%8

H=,pR1,%8 =+k8<lm%8 =1+m%8 NOP J+fl5 $?K W789Z8 :K/E H)k/@�%8

vv






































































































































ŠǀƳŚŨƫř şŶůƺƬƫ ƾưǀƔƴţ ƎƐŴƯ

 E."&'
M(8%B5.

 �)76)5.
0f(Ah-.

 M(B)76)5.
G%o78)5.

 G8%B5. Q(%7w.
G[%,35. G%f."FB5.

 G8%B5. Q(%7w.
G%H3[5. G%f."FB5.

 G8%B5. Q(%7w.
G)�78)5. G%f."FB5.

 G%f."FB5. G8%B5.
G[%,35.

 G%f."FB5. G8%B5.
G)�78)5.

 G%f."FB5. G8%B5.
G%H3[5.

 M(B)76)5.
G%o78)5. <%1

<%�7)5.
 <AM5.
T$(F5.

 M(H%3[d
 J.2O7_(I G%f(Ah�

−"_(M5.

 �)#
M(&(%35.

M(8%B5.

 M(&(%35. E."&'
(oB)# ef.<g;

G89(B)5.

 �)76)5.
0f(Ah-.

ƆŴƬƯ
•  L*:@3N? =g5mD 5A( =&'%+ *I):S() SMv @P5HF() J: *8&<t? &, -g5mUp) h<3t<()
•  L-g5mUp) h<3t<() -. *I):S() :&q? =&'G -3() *1m() &, @M�3<()
•  L*I):S() Jq? h<3t<() R? 4),@1<() hM<j 45\5MO h<j *M2<8 -, J?5N() @mq()
•   =&'M( *%+5Q? *P@. h<3t<() R? ,@. J'( =&'% uMqO 5,:5M3D) ^3% *I):S() Jq? h<3t<() R? _0j -, *Mg)&NF() *HMF()

L*HMF() R<r
•  L=)[+e)+ B)&�e) J�? ^'() B+5H3G *M<'() 45\5M;()
•  L4)@%SY3()+ =)&(e) J�? oM'() B+5H3G *M1M'() 45\5M;()
•  L:&As() -. 5AQ1\ *P@1() 5A( -g5mUp) h<3t<() R? *Mg)&N8 *HM8 -, *WMQ;() *Mg)&NF() *HMF()
•  L�F;() 5A>FO h? h�5Y3G i *WMQO *Mg)&N8 45HM8 R? =&'3G *MY;W() *Mg)&NF() *HMF()
•  L*HMF() ^tU n+5Q% 5,,S8+ B&W() *%+5Q3? 4)@3. 7(k h<3t<() ^MQYG 5AM. ^3% *<s3H<() *Mg)&NF() *HMF()
•  L *HMF() ^tU

-g5mUp) h<3t<() ^tU  = *H%5F<() @Q:
•  L/@�5H<() *Y;W() ^tU × *H%5F<() @Q: = *MY;W() *HMF() -. *WMQ;() *HMF() ^tU
•  L -g5mUp) h<3t<() ^tU

*HMF() ^tU  = /@31() B&�
"#






































































































































šŚƳŚǀŞƫř ƉźƗ ŜǀƫŚſŏ
Ways to Display Data

ŠŘŞƘŤƫř şŵƺū ŠſřŹŵ :şŶůƺƫř ƕƹźƄƯ
 !"#$% &'( )))* +,-. !/01'2 3450'2 62789 :;80< 6*=3> ?% ,@3A-' :B'*5'2 C*41'2 :;80< 6*=3> D*EB< :F?3A1'2 :G/HG  I
 :41J'2 K4L MG N-EO< P27.U2 RS !T7$71'2 C*41'2 62789 U% * +1V2T MLXY ?-#E[1'2 MJ'? )6*1#1'2 C\#] ^7HE' 6_`?

)*#Y7B< RE'2
 :41= a4HE' P27.U2 RS !T7$71'2 2 +3E-4-G bc :;S C*41'2 62789 MG :4V27A9 :F49 e*EO< f7. ,F?3A1'2 2\g RS :f/#'2  h

)62780'2 C\g :;80E] ^*i j\'2 k*#l-' !T7l'2 m?3> * +,-. T/B< U% /0] !789 n= RS !T7$71'2 C*41'2
)Ro*4] p.e Pe? − :8.*L :'` :^k27-'2  r

:s48tE'2 u7L :-;.%  v
?w<e*Y"] ^7H< f7. j\'2 je*lE'2 x y1l1'2 7g *G  %  

?62780'2 C\g :;80E] zG*i RE'2 C*41'2 :=3> p.2 *G  @  
?*#4S !T7$71'2 C*41'2 :41= :.2e/' e*EO< f7. 2 +3E-4-G bc :;S MG !789 p=  {$  

?:;80E'2 !T7$ MG sHBE-' *#E0|? RE'2 m?3A'2 Rg *G  T  
):1V*i RS ?<*o*4] pIo  {g  

?=.*F1'2 e23H'2 �*O<_ �4.7'2 ^% ,R]*[B'2 �.7E1'2 ^/OE[E. ng  ?  
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Frequency Table  ƽƺŘưƫřƹ ƾŞƀƴƫř ƽŹřźƨŤƫř ƩƹŶŬƫř 6$-I-r�
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Graph of Data  šŚƳŚǀŞƬƫ ƾƳŚǀŞƫř ƪǀŨưŤƫř  !"-#-$%
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ƽŹřźƨŤƫř ƖƬƌưƫř - ƽŹřźƨŤƫř ƼƴŰƴưƫř - ƽŹřźƨŤƫř ũŹŶưƫř ^2/OE.*] 6*o*48'2 n4�1< 6h−@−I−r�
Representing Data UsingHistogram�Frequency Curve and Frequency 
Polygon
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 6*GX9 *+F48G pl-G 7 j?*[Y :;,'2 u7� U7JY U% &-9 ,6r� u*�1'2 nL RS Te27'2 u?/l-' , +X�*1G +_?/$ U7=  %  r
):;,'2 "=3G? e23JE'2? e23JE'2

)6*;,'2 C\#' je23JE'2 x-�1'2 − je23JE'2 &FBF1'2 − je23JE'2 De/1'2 p.e2  @  

ƩŻŚƴƫř ƖưŬŤưƫř ƽŹřźƨŤƫř ƖƬƌưƫř - ŶƗŚƈƫř ƖưŬŤưƫř ƽŹřźƨŤƫř ƖƬƌưƫř 6r−@−I−r�
Increasing Cumulative Polygon and Decreasing Cumulative Polygon
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):H]*['2 m7tO'2
•  

6h�� nJ>

 ):4$e*� :Y*#o &-9 �−|2 :41[E'2 F7|7G RS
•   PX�( &-9 p� MG? :41[E'2 RS ¤*�Y�2 :-4.? ¤*E,G M41�< &-9 �−|2 

)6h�� nJ> ,RV*#F'2 j3V2/'2 Ro*48'2 n4�1E'2 3#I4S

        RS A ,B ,C ,D ,F f7,5'2 RS *+8'*� vc �V*Eo N4F5< yp<  rABABCBDFAC
DCBFBACBDF
BABDADFBAB
FCDBCBBACB  :R'*E'2 u?/l'2 RS Te? *1= 6*0G*l'2 1/L(

)@7.*B'2 &-9 *54V*5L( * +lG*o3] * +G/OE[G 6*o*48'2 C\#' 2 +T3,G * 5Ye23J< +_?/$ xF�2  %
 )@7.*B'2 &-9 *54V*5L( * +lG*o3] * +G/OE[G * 5Y3V2T * 54o*4] +X4�1< 6*o*48'2 C\g ny�G  @

#L






































































































































)�,F'2 n4G23] M4YX1] hcII ^*0'2 &'( hccI ^*0'2 MG zY7J'2 RS RG74'2 �,F'2 D*Eo( u/0G R'*E'2 u?/l'2 ny�1Y
:F['2hccIhcchhccrhccvhccbhcc9hcc�hcc7hcc%hcIchcII

*54G7Y n4G238'2 M4YX1] �,F'2 D*Eo(I�%%7I�7%vh�Ir9h�r�9h�bh%h�bhvh�v9vh�b79h�rbh�rh�br

)@7.*B'2 &-9 *54V*5L( * +lG*o3] * +G/OE[G 3[JF1'2 �O'*] :4FG"'2 6*o*48'2 C\g ny�G
:nB'2

•  )Excel n[=( �G*o3] ^2/OE.*] pi
•  ,A12 :4-O'2 &'( A2 :4-O'2 MG 627F['2 A T710'2 RS n�T%

6h7� nJ>

       )T710'2 2\#' U27F9 /$7Y _ wo% * +1-9  
•  )B1 :4-O'2 RS ¢RG74'2 D*Eo�2£ B T710'2 U7F9

)B12 :4-O'2 &'( B2 :4-O'2 MG RG74'2 D*Eo�2 6*o*4] n�T% p�
•  )B12 :4-O'2 &'( A1 :4-O'2 MG B? A MYT710'2 !e+,'*] T/L
•  )6h%� nJA'2 RS *1= Rt� p� :1V*H'2 MG D2eT( 3E�2

6h%� nJ>

 
•  :6rc� nJA'2 RS M48G 7g *1= 6*GX0] Rt� 3E�2 ,T*0]U2 RV*F� Rt� :o7F0G !\S*o 3#I< Rt� &-9 �−�'2 /0]

6rc� nJ>

 
#K#K






































































































































•   !"#$%&' () *+,-. /01'I 3456&' 789 :;<&$= ,?@F B/,C-"&' :D&$= EF$+G&' H+I"0&' /JKL M$)NO= EP1 789 :;<&' @O= 
 3456&' !PQ'R= SR8&' /01'  BTUVW HCX&' EY (+G) RZ $"[ EF$+G&' H+I"0&' !+681 SR& @L@\0& HCX&' !]GO. 789 :;^'I

BEF$+G&' H+I"0&' !+681 SR& /++;0& _+89 :;^'I

TUVW HC`

 
•   @L@\. /01' BTUaW HCX&' EY (+G) RZ $"[ 4$+01b' !"#$c /JK0Y 34568& ("Ld' 4e&' 789 :;^'I EF$+G&' H+I"0&' ?@F

BM$F$+G&'

TUaW HC`

 
•   4@f) @L@\0& *Y'R) 789 :;^' TUUW HCX&' EY $"[ M$F$+G&' 4@f) @L@\. 3gY$F /JK. M$F$+G&' @L@\. 789 :;<&' @-9I 

BM$F$+G&' U8. H[

TUUW HC`

 
•   M$+",. !Y$^i /01' TUjW HCX&' EY $"[ !"#$c /JK0Y 34568& ("Ld' 4e&' 789 :;^' kl ()I m$%-&' n@Fi 3456&' !PQ'R= ?@F 

BM$F$+=
!"






































































































































6rv� nJ>

 
•   �−|2? !e+,'2 :t.27] *g2/L( &-9 �−�'2 uX� MG p4H'2 T/L p� MG ,6*41[E'2 3#I< 6*o*4] 6*41[< :S*|( &-9 �−|2 

)6*o*48'2 6*41[< s4[F< 3E�2 )6rb� nJA'2 RS *1= :1V*H'2 3#IES ,!e+,-' M1YU2 e"'2 &-9

6rb� nJ>

    
•  )PX�( p� e*[Y &-9 :41[E'2 x|7G RS �−|2 p� :14i &-9 �−|2 ,6r9� nJA'2 RS :B|71'2 !\S*F'2 3#I<

6r9� nJ>

 
•   :t.27] �−|2 ):J8A'2 m7t� p� MG? �4tO< :1V*H'2 MG 3E�2 ,Ro*48'2 n4�1E'2 RS RHSU2? jT710'2 �4tOE'2 /Y/BE' 

)6r�� nJA'2 &-9 n5BES ,:4[4V3'2 :J8A'2 m7t� 3E�2 ):4.*.U2 :4HSU2 :J8A'2 m7t� &-9 !e+,'2

#!






































































































































6r�� nJ>

 
•  )6r7� nJA'2 &-9 n5BES :4[4V3'2 :J8A'2 m7t� &-9 �−|2 ,:4.*.U2 :YT710'2 :J8A'2 m7t� !e+,'2 :t.27] 3E�2

6r7� nJ>

 
•  :w4-9 n5BE. j\'2 RV*#F'2 nJA'2 ¥|7Y 6r%� nJA'2

6r%� nJ>

 

#J






































































































































:R'*E'2 nJA'2 &-9 Rg? U*F�U2 M4YX1] 627F. 3A9 3�  ̀uX� p'*0'2 RS ¥1H'2 D*Eo( 6_/0G R'*E'2 u?/l'2 M48Y  v
:F['2hccIhcchhccrhccvhccbhcc9hcc�hcc7hcc%hcIc

U*F�U2 M4YX1] ¥1H-' R1'*9 D*Eo(b%cb�bb9c9rr9h%9c99c�97r9799bI  
)@7.*B'2 &-9 *54V*5L( * +lG*o3] * +G/OE[G 3[JF1'2 �O'*] 6*o*48'2 C\g ny�G  

Frequency Histogram  ƽŹřźƨŤƫř ũŹŶưƫř ƭřŶŴŤſŚŝ Šǀưƨƫř šŚƳŚǀŞƫř ƪǀŨưţ

 je23JE'2 De/1'2 p.e2? 6*;S 2� * 5Ye23J< +_?/$ U7= )�e2/1'2 1/L( RS *+8'*� hv MG :971lG u27�% n�1Y R'*E'2 u?/l'2
)@7.*B'2 &-9 *54V*5L( * +lG*o3] * +G/OE[G w' x]*E'2

I9IIb%Ib9I99I9�I%hI�vI99
I9vI9bI7hI9hI�bI�II�%I�7
I�%I�9I�rI7bI�hI�7I7hI7c
:nB'2

•  )Excel n[=( �G*o3] ^2/OE.*] pi
•  )A1 :4-O'2 RS ¢@Xt'2 u27�%£ A T710'2 U7F9

)A11 :4-O'2 &'( A2 :4-O'2 MG @Xt'2 u27�% n�T% p�
•  )B1 :4-O'2 RS ¢u7t'2 6*;S£ B T710'2 U7F9 

 ))),6I9v − I9c� ,6Ib% − Ibb� @Xt'2 u27�% xYk7< 6*;S n�T%?  
)B2 :4-O'2 MG 22/E]2 6I%v − I%c�  

•  

6vc� nJ>

     )C1 :4-O'2 RS ¢u27�U2£ C T710'2 U7F9 
 −I7v − I�% − I�v − I9% − I9v − Ib% 6*;,-' *4-0'2 T?/B'2 n�T%?  

6vc� nJ> )C1 :4-O'2 MG 22/E]2 I%v − I7%

#"






































































































































,OK &-9 �−|2 p� Histogram 3E�2 ,Data Analysis  :o7F01'2 !\S*F'2 MG? :1V*H'2 MG 6*o*48'2 3E�2
)6vI� nJ>

6vI� nJ>
 

•   T710'2 !e+,'*] T/L R'*E'*]? Input Range n4tE[G n�2T 3>01'2 T7$? MG /=+< :Histogram :o7F01'2 !\S*F'2 3#IES 
)A25 :4-O'2 &'( A7 :4-O'2 MG A

•   C9 :4-O'2 &'( C1 :4-O'2 MG C T710'2 !e+,'*] T/L )Bin Range :o*� &'( 3>01'2 nHEF4S Tab ¤*E,G &-9 �−|2 
)Bin Range :o*� RS 3#IES

•   !e+,'*] T/L )Output Range x]31'2 &'( nHEFFS Output Range :1-= &-9 p� ,Labels :1-= &-9 !e+,'*] �−|2 
) D1 :4-O'2 &-9

•  

6vh� nJ>

 6vh� nJ> )Chart Output :1-= &-9 !e+,'*] �−|2
•  )T719 p� MG? D2eT( :1V*H'2 MG 3E�2 p� MG? OK &-9 �−|2
•  6vr� nJA'2 &-9 n5BFS T*0]U2 RV*F� T719 &-9 �−|2

)6vv� p�

 6vr� nJ>

##






































































































































6vv� nJ>

•  )e23JE'2 :1-J] Frequency :1-= u/8E.2
•  )B9:B2 *YXO'*] D9:D2 *YXO'2 u/8E.2
•   &'( !T7$71'2 Frequency :1-=? p.3'2 &-9% RS !T7$71'2 Frequency :1-= f\L2? E10? D9 M4E4-O'2 f\L2 

:6vb� nJA'2 RS *1= �V*EF'2 &-9 n5BES p.3'2 e*[Y

6vb� nJ>  

NOO






































































































































•  ):1V*H'2 MG 6*o*48'2 :-[-. s4[F< 3E�2? !e+,-' M1YU2 e"'2 :t.27] p� MG? *g/Y/BE' !/19U2 /L% &-9 !e+,'2 :t.27] �−|2
:6v9� nJA'2 RS M48G 7g *1=

6v9� nJ>  
)6*o*48'2 :-[-. s4[F< 3E�2? !/19U2 T/L

6vv� nJ>
6v�� nJ>  

NON






































































































































 )6*o*48'2  :-[-.  s4[F<  ::4'*E'2  !\S*F'2  &-9  n5BES  6v��  nJA'2  ,!e+,'2  :t.27]  6*o*48'2  :-[-.  s4[F<  &-9  �−|2
P6v7� nJA'2 ,PX�( &-9 �−|2? %c ¥854' /9*8E'2 �39 3>0G :L2k�] pi p� MG ,:-[-['2 62e*4� &-9 �−|2

6v7� nJ>
 

)6v%� nJA'2 RS *1= je23JE'2 De/1-' :4V*#F'2 !e75'2 &-9 :Y*#F'2 RS n5BES

6v%� nJ>  

::t-EO1'2 :�*O'2 �e2/1'2 1/L( RS R]T% 3A9 jT*B'2 N5'2 RS *+8'*� r9 U2k?% 6*o*4] R'*E'2 u?/l'2 n�1Y  b
bcv�9c9b�hbr7r�v7b
7b99v%b79r%h9b97�9
bv79�I7%bb7��79hb7
�r9v7h979��c9��b7c  

  )@7.*B'2 &-9 *54V*5L( * +lG*o3] * +G/OE[G w' x]*E'2 je23JE'2 De/1'2 p.e2 p� MG? 6*;S 2� * 5Ye23J< +_?/$ U7=  
NOM






































































































































P$7'89.) s'QtY HOO 9(U3 :'>'h3'8 5M1Yu34 ^B(34 $3'034 RUB/34 XMQ&
66*9*['*]� 310'2−rcc−bcc−�cc−%cc

e23JE'2vbIbbh�crc
 5&pw(34  5Qh134U  $Qh134  W49,034U  Rb'134  x(/0(34  W49,034U  B>'t34  x(/0(34  W49,034  5-'yz8  RUB/34  4F{  =()@  %  

PW49,0%3
PrW49,034 x%[(34 − rW49,034 a1\1(34 − rW49,034 fWB(3'8 :'+'MQ34 |F{ =}~Y  @  

P5&974B34 :'>'�n3'8 :'+'MQ34 |F{ =}~Y  {$  
:nB'2

−%cc −�cc −bcc −rcc 66*9*['*]� 310'2  %

rc h�c Ibb vb e23JE'2
bcc v�c hcc vb /9*5'2 x1lE1'2 e23JE'2
rc rcc vbb bcc uk*F'2 x1lE1'2 e23JE'2

rbc  = rcbcc h�bc  = h�cbcc rIIcc = Ibbbcc %Icc = vbbcc R8[F'2 e23JE'2
æ 9 æ bv æ rI æ % e23JE-' :Y7;1'2 :8[F'2

 PrW49,034 x%[(34 − rW49,034 a1\1(34 − rW49,034 fWB(3'8 =M~(034  @

rcc

je23JE'2 x-�1'2

:;,'2

e23JE'2
je23JE'2 De/1'2

h�c
hvc
hIc
I7c
Ibc
Ihc
%c
9c
rc

rcc

je23JE'2 &FBF1'2

:;,'2

e23JE'2
je23JE'2 De/1'2

rccrcc bccbcc �cc�cc %cc%cc IIccIIcc

h�c
hvc
hIc
I7c
Ibc
Ihc
%c
9c
rc

 

ƪŗŚƀưƫř ƪŰƫ Ŷƃźưƫř

NOL






































































































































P5&974B34 :'>'�n3'8 $+'MQ34 =M~(034  {$
°LM�K = °NM!H  = °L!O × #NOO  

°I%v�v
°III�9

°rh
�v°hI

�9

 °NNN�! = °HH"H  = °L!O × LNNOO  
°N#K�K = °#JMH  = °L!O × MJHO  
°MN�! = °NO"H  = °L!O × LHO  

:4S*|( :'+[G
:$%& 'Y XMQ2 ,'�Q3'� MH B1> �@934 9U? �4p3S �'tEF $-

 ,$18 ,ApG@ ,ApG@ ,$7'10h) ,$18 ,ApG@ ,$18 ,$7'10h) ,9n?@ ,ApG@ ,9n?@ ,$18 ,ApG@ ,ApG@ ,$7'10h) ,ApG@ ,$18 ,ApG@
P$18 ,$7'10h) ,ApG@ ,9n?@ ,$18 ,ApG@ ,ApG@

PW49,0%3 5&pw(34 5Qh134 ,$Qh134 W49,034 ,W49,034 :'Y�> �M%> XMQ2 �;UBi �p)  %  
P 5&974B34 :'>'�n3'8 :'+'MQ34 |F{ =}~Y  @  

NOK






































































































































ŠŨƫŚŨƫř şŶůƺƬƫ ƾưǀƔƴţ ƎƐŴƯ

 =4'*.%
6*o*48'2 �39

 6*H48t<
 ^2/OE.*] :4V*5L(

@7.*B'2

je23JE'2 De/1'2

3[JF1'2 �O'2

je23JE'2 &FBF1'2

:Y3V2/'2 6*9*tH'2

 6*GX9
e23JE'2

e23JE'2

 e23JE'2
 x1lE1'2

uk*F'2

 e23JE'2
R8[F'2

 :Y7;1'2 :8[F'2
e23JE-'je23JE'2 De/1'2

 &FBF1'2
je23JE'2

 �39
6*o*48'2

3[JF1'2 �O'2

 e23JE'2
 x1lE1'2

/9*5'2
 6*9*tH'2

:Y3V2/'2

je23JE'2 x-�1'2

ƆŴƬƯ
•  P:'+'MQ34 $- 5(M� =) �'MQ03 W49,034 :'Y�> gB]0h2
•  PVMn34 :4W49,2 −p(/Y a%> 5(M� =) W49,2 5(h� Z2'+ =~(& 9h) p{ $Qh134 W49,034
•  PNOO $- $Qh134 W49,034 �9y Z2'+ rU'h2 W49,2 =,3 5&pw(34 5Qh134
•  P°L!O × W49,0%3 5&pw(34 5Qh134 rU'h& '.G'M� 5&u)9Y 5&U4b �3 r974A −'�� =)
•  P:'+'M8 XY :'w�34 =M~(2 $- rW49,034 fWB(34 gB]0h&
•   ,=M�0hY =) $- 5%8'n(34 5(Mn0h(34 5U�n34 �t01Y Fe�+ �1YU =M�0hY =) $- 5w�34 u)9Y Fe�+ rW49,034 a1\1(34 VG93

 a%> ^9MeS4 BU8 5M+'q 5w-U a3US4 =Q� 5w- 5-'yz8 �M-9� XY �n%d+U rW49,034 a1\1(34 a%> =t\13 :'�t01(34 |F{ =t+ Vq
P4 �9�� rU'h& 5-'[Y 5w- =) W49,2 �p,& �@

•  P:'+'MQ34 $- X&9Md0Y =~(2 �'n134 |F{ :'Mq4BEFU ,5(Mn0hY x�� 5�G4p8 TU8 xY '.[U8 '��'n+ c89& 9h,1(34 c]34
NOH






































































































































  1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 28138 28596 04819 50138 12598 96878 55684 01488 58963 25896 36987 47856 20150 18965 

2 01055 53625 47739 51063 08445 33254 22542 50954 73949 11945 29947 86107 35420 77076 

3 79603 31075 71532 38497 08236 78411 18237 48743 81472 31761 49582 70411 64708 59416 

4 79261 96010 82558 15977 15827 55768 29668 73188 65198 24483 16219 63827 05092 47495 

5 00005 37153 07206 78041 09457 97003 49739 75180 74018 90951 96161 31749 23314 55471 

6 59282 86004 13259 59537 75702 66287 77941 27095 46176 67215 93007 84125 89302 92843 

7 20119 41234 01600 61772 57765 43965 60952 86606 47653 71502 85121 56804 03494 98302 

8 67205 41113 34514 03273 95516 68365 79855 50202 66262 31348 37260 56557 15116 38645 

9 06244 02595 08941 24615 92256 43007 05022 48195 91554 42525 30499 92203 70717 92685 

10 46210 35683 67486 77091 58196 08010 54826 97006 76740 76343 93982 66126 91164 53560 

11 80851 80252 02993 92649 12421 00480 53258 45140 57226 10428 36478 24600 01401 29179 

12 74684 98726 87312 70956 49731 45504 70689 57849 77383 53581 05100 07629 04450 54826 

13 82136 32120 31733 10371 01132 25110 67123 59517 89996 58905 75260 21509 87839 68376 

14 73419 88893 89748 44745 46390 54781 31307 62656 69777 24494 91659 29133 46122 75769 

15 66082 76594 77480 38397 64521 18712 50625 39027 39168 07835 13446 17758 19166 86050 

16 72300 93912 87548 69024 17509 52647 64335 84663 79524 34618 72718 51651 10486 81509 

17 46805 82648 27550 65291 27181 92637 13539 87601 15442 70131 62278 99491 41647 11029 

18 59068 93270 15829 34926 46252 90487 92734 04850 90175 84906 46435 91518 86972 25705 

19 63089 93954 30250 80347 81506 53768 75611 62054 89867 16083 45585 39555 96236 37875 

20 54384 64888 28929 46575 08301 86288 52656 19225 65019 74795 25915 71637 49063 17695 

21 41219 63211 39429 15290 78067 66741 08485 64653 87698 04983 47255 72768 90770 82930 

22 20939 02271 71831 53134 73002 86087 98213 24484 08574 34915 03881 26259 83583 55337 

23 66587 02998 73357 00128 97188 71660 47602 52022 28157 21602 30212 53762 94149 66526 

24 71255 04641 38419 79552 62599 76281 10226 60287 16627 85028 41218 20667 63917 49254 

25 08584 91510 57892 75011 49221 69960 90413 62400 23239 76854 66983 15964 70808 41341 

26 31552 70340 48274 81006 74831 19177 49160 50762 89666 93535 12381 29770 33895 90381 

27 02779 92197 83606 60964 65448 64964 19444 31357 16774 68021 46076 43831 09372 71527 

28 22739 38348 29275 50087 91312 68984 37018 03447 05352 00798 61243 86397 98949 07622 

29 21255 64526 97920 04791 77315 49905 74232 67222 89562 14683 81533 60057 31164 21824 

30 95796 88317 77167 07879 03499 00804 27377 18693 75652 32509 38279 28588 16753 86119 

31 75902 33821 35579 75020 78575 43912 99570 79216 04682 53316 95976 11938 56490 43868 

32 36028 73731 05339 82203 22856 72459 00237 17627 50326 98629 71967 48402 61549 83717 

33 06836 03795 80497 34107 29215 17117 69538 63274 96690 78884 38149 84592 67096 84551 

34 35984 71052 01657 19690 99783 13513 37517 96508 49098 86592 10874 18125 00876 14549 

35 87635 49443 55077 18157 20552 27316 12591 68157 34316 20447 53989 40096 69123 74210 

36 41484 58832 43633 92072 54522 60783 05639 78371 20340 90174 90549 60250 80858 97632 

37 65736 34031 37846 47294 50168 96397 50329 17390 04554 96190 02594 44229 24198 03064 

38 16118 88260 28975 20036 77353 96179 08143 29222 57871 01292 52420 07130 11896 94088 

39 62064 36947 31193 72328 10262 75428 50450 31620 17855 27018 75910 60965 39988 73389 

40 23472 61332 48829 99113 90538 74066 38628 09270 72856 71411 78860 50745 42966 27424 

41 05654 41781 99888 60787 56313 83221 82631 91989 32577 68175 24897 23456 16419 41727 

42 83428 17512 78322 01942 42061 60659 32746 95367 20551 99885 79334 03732 97058 80356 

43 65126 87369 56266 48697 33094 07522 92724 05676 91022 64262 24239 60242 01049 42945 

44 28042 84729 34846 05880 34188 27048 30623 23204 05034 93136 19192 91674 47022 48523 

45 53148 70847 48117 16103 83773 13224 76143 39148 06742 08298 52014 61711 79466 78334 

ŠǀŗřƺƄƘƫř ŵřŶƗǃř ƩƹŶū

!"#






































































































































ŠǀŗřƺƄƘƫř ŵřŶƗǃř ƩƹŶū ƖŝŚţ
  1 2 3 4 5 6 7 8 9 10 11 12 13 14 

46 13560 38973 76536 54464 57626 10247 67051 83850 93002 30930 83842 09990 39203 85693 

47 74560 04842 75720 98173 35124 18019 70681 73624 86300 76894 55504 20022 27144 03239 

48 27449 10887 55047 76702 62587 20131 63452 96127 15802 65271 74663 37237 95812 19427 

49 44413 47571 63342 67062 19900 42511 71024 44364 02775 41081 33177 09580 71047 33820 

50 64512 50481 41107 21553 86471 16380 45959 16065 75195 31120 33822 43200 82566 43078 

51 00095 29635 33618 55201 12075 97285 80296 92250 92579 69296 68423 91353 35553 77036 

52 09638 68500 84152 55279 29481 48723 87785 06304 53198 79425 41344 87395 54720 72911 

53 08589 28972 20500 26761 61852 87387 17967 50345 20479 37841 16337 88163 38585 02798 

54 54883 36854 75468 31821 08464 13393 24322 56872 39507 16845 92039 13209 47035 57686 

55 15444 18858 69256 81949 85766 20284 15914 76382 25665 84484 36409 87271 14949 12069 

56 71565 25235 48604 04697 60513 89675 34337 06619 67509 03365 67431 43725 60359 33823 

57 92871 06972 97272 98081 58945 98039 47815 55173 93203 03385 58309 47970 27985 73782 

58 68849 33525 22034 44200 90628 39212 75363 00247 96303 51838 99956 34321 85809 87275 

59 98827 81751 86350 27162 56861 00566 32360 52560 05152 97370 29229 98503 44100 59854 

60 66803 20412 23097 36884 14158 51578 82839 04323 01877 91180 22403 31175 67942 14508 

61 41516 62122 37492 78385 08100 01107 49028 80607 92813 75169 25796 12643 75026 04170 

62 12162 72695 70213 28844 94220 04677 63128 96254 60006 42148 63974 24739 46064 93416 

63 13274 51517 40925 25926 47062 06867 80018 43394 68316 19197 74832 95805 26126 29623 

64 52918 26336 17452 70092 22425 68294 14624 12683 60030 18091 76824 45533 29768 59678 

65 30361 58894 77995 22650 20266 21791 25773 37748 38058 73835 57440 33610 24749 56691 

66 46377 07121 20251 41301 07635 66029 80470 25523 16429 40640 40041 79302 98712 95368 

67 27423 28968 39623 90457 26780 14540 15082 90327 56459 77107 60727 26328 59556 93557 

68 73886 44934 65197 86001 51613 92940 24998 35378 35732 05469 05791 07309 23107 37543 

69 70336 30279 09961 58625 11044 73699 32481 85490 58333 12277 98355 86413 87883 23945 

70 97903 34498 31282 11249 13179 41489 87962 89071 61922 02704 83626 67269 26568 09110 

71 86205 97851 61543 40666 78098 05621 86072 21202 84985 65253 09306 56791 86227 73343 

72 70718 31353 96295 21718 03495 83149 48733 21496 68430 91459 18409 86552 53261 30280 

73 79073 05288 57087 27201 29661 08888 42984 96272 93656 50805 32057 36231 03532 64408 

74 37479 85240 68508 36333 90080 46063 78129 96854 65844 71369 15432 66145 29223 87139 

75 56009 81470 06181 98341 92406 61704 57770 28984 92858 88178 80042 83674 23736 64497 

76 97012 75201 16764 31720 59414 81005 63959 15445 12347 71939 23651 29846 20962 77463 

77 89839 94534 78223 94989 54376 61163 21914 19430 86856 38116 83201 10117 77879 04504 

78 81048 37891 24924 18757 54550 54788 72430 24611 18643 55647 11806 78567 76679 58222 

79 96743 96838 50696 57648 15325 72557 77193 50894 33206 44420 37986 84257 02031 65384 

80 87649 00751 47483 48564 13103 20941 49793 68972 27994 75845 84616 37040 97110 95953 

81 18173 87553 45854 18750 16506 57202 60428 61710 35887 19879 49893 04512 62556 63742 

82 27613 72032 94334 38239 00395 05486 96365 01758 99314 41866 25760 74573 72169 25744 

83 67517 04195 89100 21434 52923 90818 09206 19493 00233 62413 39127 76457 39419 35023 

84 23574 88907 08133 85126 84643 94128 89259 18791 71035 84179 82500 92193 31383 34150 

85 98721 90145 05695 14882 11827 56881 14143 68069 88481 08328 58607 81737 11660 96892 

86 85556 83652 92934 55451 94792 45056 50732 83305 46303 37510 15539 52534 47250 75231 

87 63282 48334 46961 05993 16605 63422 23375 44298 16226 10617 96722 42776 53376 94366 

88 34033 36344 41107 77495 73985 79352 14844 44334 30781 16339 38031 28104 60054 05725 

89 75567 31423 72507 48162 30150 44912 76250 12017 12136 47687 90279 67127 83889 87957 

90 45101 69475 96924 76548 57756 14741 26052 42807 52824 61981 87866 35512 23771 43130 
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