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ABSTRACT 

In Libya, there are many quarries that produce limestone, for example the quarry 
in Suk Alkamees Emisahil. The lack of use of advanced technology for planning and 
design of blasting methods led to the under production of raw material. Significantly 
lower amounts of raw material are generated from the blasting operation than the 
amount needed by the company. There is also an important issue of producing large 
sized rock blocks that are not suitable to go through the equipment. These oversized 
rocks blocks need to be reduced in size leading to a significant increase in the cost of 
production. 

The objective of this study is to find methods to control the size of the rock blocks 
that are blasted which would be cost effective. This is done by studying the relation 
between the drilling and blasting variables as explanatory variables and the weekly 
production as response variables of limestone by using the linear regression techniques 
with the help of the statistical computer program software (MINITAB). The best fit 
regression equation that will help in making a best estimate of the weekly production of 
limestone was provided by undertaking a complete set of statistical tests indicating best 
subset as well stepwise techniques. The results of this study indicate that there is a 
linear relation between the weekly production of rock blocks and the other variables 
taken into consideration in this study that affects the end product of the blasting. This 
result also depicts the importance of the elements that influence the weekly production 
that must be taken into consideration when designing blasting cycle. 
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X4 Êìjþa@À@ñ‹vÐn¾a@‹Ð¨a@lìÔq@†‡Ç 
X5 âa‹u@ìÜîØÛbi@ìÐãüa@òîà× 
X6 �¾bi@‹÷jÛa@ÕàÇ 
X7 �¾bi@ñ‡ÇbÔÛa@òäz’@Þì  
X8 �¾bi@†ìàÈÛa@òäz’@Þì  
X9 �¾bi@ñì“¨a@Þì  
X10 �¾bi@lìÔrÛa@µi@òÏb¾a 
X11 �¾bi@:vÐnÛa@Šbie@ÒìÐ–@µi@òÏb¾a 
X12 –@†‡Ç:vÐnÛa@Šbie@ÒìÐ 
X13 @:‚dnÛaïÜ¾biòîãbq@ 

 
ò§bÈ¾aò§bÈ¾aò§bÈ¾aò§bÈ¾a@@@@pbãbîjÜÛ@òîöb—yapbãbîjÜÛ@òîöb—yapbãbîjÜÛ@òîöb—yapbãbîjÜÛ@òîöb—ya@ @@ @@ @@ @

@¸@LòaŠ‡Ûa@Òa‡çc@ÕîÔznÛ@@bçŒìßŠ@‡í‡¥ë@pbãbîjÛa@É»@òîÜàÇ@o@µjß@ìç@bà×@
@Þë‡§bi)1( ë )2( âa‡ƒnbiòßìÄäß@ MINITAB [3].

  

  

pbãbîjÛa@ÝîÜ¥pbãbîjÛa@ÝîÜ¥pbãbîjÛa@ÝîÜ¥pbãbîjÛa@ÝîÜ¥ 

wßbã‹i@ âa‡ƒna@ Õí‹ @ åÇ@ pbãbîjÛa@ Þb‚†g@ r@MINITAB �@ sîy@ r†bÈjna½@@
ïçë@ïö‡j¾a@ÝîÜznÛa@À@òÜÔnß@pa:Ìnß@I@L�¾bi@†ìàÈÛa@òäz’@Þì @L�¾bi@ñ‡ÇbÔÛa@òäz’@Þì 

¾bi@ñì“¨a@Þì L�¾bi@lìÔrÛa@µi@òÏb¾a@L�@ÒìÐ–@µi@òÏb¾ae:vÐnÛa@Šbi@�¾bi@@bèãþpa:Ìnß@
òàîÔÛa@ònibqN @Þë‡§a)2( @òß‡ƒn¾a@pa:Ìn¾a@|šìíÀ@ÝîÜznÛa@ïöb—ya‡í‡§a@bèàîÓ�Û@bÔÏë@N 

 

§a§a§a§aÞë‡Þë‡Þë‡Þë‡ :2 @òß‡ƒn¾a@pa:Ìn¾a@òß‡ƒn¾a@pa:Ìn¾a@òß‡ƒn¾a@pa:Ìn¾a@òß‡ƒn¾a@pa:Ìn¾a@‡Èi@‡Èi@‡Èi@‡Èi†bÈjna†bÈjna†bÈjna†bÈjna@pa:Ìn¾a@@pa:Ìn¾a@@pa:Ìn¾a@@pa:Ìn¾a@ònibrÛa@áîÔÛa@paˆònibrÛa@áîÔÛa@paˆònibrÛa@áîÔÛa@paˆònibrÛa@áîÔÛa@paˆNNNN@ @@ @@ @@ @
  

Y åÛbi@‹vzàÜÛ@òîÇìjþa@òîubnãa 

X1 bîÛì @ñŠìÐ&a@Šbnßþa@†‡Ç 

X2 µmýî§a@”î a‹‚@†‡Ç 

X3 âa‹u@ìÜîØÛbi@ìÐãüa@òîà× 

X4 ¾a@‹Ð¨a@lìÔq@†‡ÇÊìjþa@À@ñ‹vÐn 

X5 �àîÜÜ¾bi@‹÷jÛa@‹Ó 

X6 �¾bi@‹÷jÛa@ÕàÇ 

X7 :vÐnÛa@Šbie@ÒìÐ–@†‡Ç 

X8 @@åßÛaïÜ¾biòîãbq@ 
 

@óÜÇ@Þì—¨a@r@kb¨a@åß@òu‹ƒn¾a@wöbnäÛa@åß@òîÐ–ìÛa@òîöb—ya@pbßìÜÈ¾a@òîmaZ@ @
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üëcüëcüëcüëc@Z@Z@Z@Z@ÝîÜznÛa@ÝîÜznÛa@ÝîÜznÛa@ÝîÜznÛaïöb—yaïöb—yaïöb—yaïöb—ya@@@@ïÐ–ìÛaïÐ–ìÛaïÐ–ìÛaïÐ–ìÛa@pbãbîjÜÛ@@pbãbîjÜÛ@@pbãbîjÜÛ@@pbãbîjÜÛ@@ @@ @@ @@ @
§bÈß@o¸ò@Èi@ÔÛaáî@aòÏ‹n¾@pbãbîjÜÛ@ïöa‹Ônüa@ÝîÜznÛa@ õa‹ug@ÝjÓL@æc@‡uë@ bà×@

Áìn¾a@ïÇìjþa@òîubnã@ñ†b¾a@âb©a@æb×@òaŠ‡Ûa@ñ�Ï@Þý‚@21,833 å OÊìjc@@]Ûaë@åß@
��Ð¾a@æc@æìØm 3x104 å OÊìjc@òÓb×@òîàîà—m@‹vzàÜÛ@@À@ òÜØ“ß@ †ìuë@ óÜÇ@ Þ‡í@ b¿

v&a@ À@ âb©a@ ñ†b¾a@ òîubnãg‹Nbßc@òjäÛbi@ÛÒa‹®ý@ŠbîÈ¾að@òîàØÛ@xbnãa@À@Êìjþa@oãbØÏ@ 
8,920 bîÇìjc@å @çëa‰@Þ‡í@óÜÇ@@†ìuëÒýn‚a@:j×@‡Çëâ@À@ãb¤@òîà×@ñ†b¾a@âb©a@Þý‚@

ñ�Ï@òaŠ‡ÛaN@@ÙÛ‰×†ìuë@Ša‡Ô·@Áîi@kuìß@õaìnÛa 0.47 ÝîÛ‡×@óÜÇ@â‡Ç@âbÄnãüa@@ïÈîjÛa
@ ÝßbØÛaÀ@ÉíŒìm@pbãbîjÛa@ La‰çë@�Èí@æcáîÔÛa@ åß@ ‡í‡ÈÛa@ bèi@ ‡uìí@ pa:Ìn¾a@ Èi@ò›Ðƒä¾a@@
òÏ‹n¾a@ Nbà×@p‹Ðc@wöbnã@pýîÜznÛa@†‡Ç@æc@püìj×@µmýî§aL@@oß‡ƒna@]ÛaÞý‚@ñ�Ï@
òaŠ‡Ûa@yëa‹mo@µi 350  ë 1,433 òÛìj×@N@ @

æc@ÅyìÛ@ bà×@Áìnß@òîà×@ìÐãüa@òß‡ƒn¾a@À@Êìjþa@oãb× 3,036 uìÜî×âa‹L@@bàäîi
òîàØÛa@òîÜØÛa@ìÐãýÛ@òß‡ƒn¾a@Þý‚@ñ�Ï@òaŠ‡Ûa@oyëa‹m@bßµi 328 �5,613 âa‹uìÜî×L@
òÜvß@òàîÓ@Òa‹®a@ðŠbîÈß 1,132 qnÈí@ a‰çë@ Lâa‹u@ ìÜî×@üìjÔß@¶g@‡yë@ bß@@ óÜÇ@ Þ‡íæc@

@ Lïib¨a@ bèë@ åÇ@ ònn“nß@ oîÛ@ pbãbîjÛaðc@æc@ òaŠ‡Ûa@ ñ�Ï@ Þý‚@ pbãbîjÛa@ ÉíŒìm@@æb×
ãbvnßb@Næc@b›íc@ÅyìÛ@Áìn¾a@ïib¨a@ŠbÓþ@Šbia@†a‹¾a@Éšë@pa‹vÐn¾a@bèi@ïÛaìy 88.2 � 
�àÜÛ@a‰çë@æc@ ‡×ûí@Ý›Ïc@òîÇìjc@ òîubnãg@ñ†bàÜÛ@âb©a@åØº@Þì—¨a@bèîÜÇ@âa‡ƒnbi@a‰ç@

L‹ÔÛa@@pa‹vÐn¾a@ÉšìÛ@‹Ð¥@]Ûa@Šbia@ÕàÈÛ@ïib¨a@Áìn¾a@æc@¶g@òÏbšbiïÛaìy 7.145 
L�ß@µjm@sîyi@dÇc@ÕàÈÛa@a‰ç@æóâb©a@ñ†bàÜÛ@òîÇìjc@òîubnãg@Ý›Ïc@N@@ÙÛ‰×@ÅyìÛæcÝ›Ïc@@

òîubnãg@òîÇìjc@ñ†bàÜÛ@âb©a@åØº@Þì—¨a@bèîÜÇ@@ âa‡ƒnbi6 na@ ð‰Ûaë@ ÒìÐ–@åß@ wnä
:vÐnÛa@ lìÔq@ ÉíŒìm@ À@ òß‡ƒn¾a@ ÒìÐ—Ûa@ †‡ÈÛ@ ïib¨a@ Áìn¾a@ NÒa‹®üa@ŠbîÈ¾að@†‡ÈÛ@

ÒìÐ—Ûa@À@Êìjþa@:Ì–@æb×abîjã@@sîy@ÍÜi 1.1452 å N 
 

bîãbqbîãbqbîãbqbîãbq@@Z@@Z@@Z@@Z@òaŠ†@òaŠ†@òaŠ†@òaŠ†@ÝîÜ¥ë@ÝîÜ¥ë@ÝîÜ¥ë@ÝîÜ¥ë@ÂbjmŠüa@ÂbjmŠüa@ÂbjmŠüa@ÂbjmŠüa@ @@ @@ @@ @
òaŠ‡Û@òuŠ†@ÂbjmŠüa@µi@òîubnãa@òîÇìjþa@ë@ ‹vzàÜÛpa:Ìn¾a@òÜÔn¾a@r@†a‡Çg@

òÏìÐ—ß@ÂbjmŠüa@)Correlation Matrix( òuŠ‡¾a@ÕzÜ¾bi )c@M1(.òÓýÈÛa@s¢ë@òaŠ†@o¸@@µi@
òîubnãa@òîÇìjþa@‹vzàÜÛ@ÝßbÈ·@òãbÈnübi@ÙÛˆë@òÜÔn¾a@pa:Ìn¾aë ÂbjmŠa Pearson �îys@

@‡uëæc@Úbäç@òÓýÇ@ÂbjmŠa@òíìÓ@òjuìß@µi@:Ìn¾a@ÉibnÛa Y ëòîubnãa@òîÇìjþa@‹vzàÜÛ@ë†‡Ç@
Šbnßþa@ñŠìÐ&a@rYX1=0.804)( �†‡Çë@püìj×@µmýî§a@rYX2= 0.811)( ‡Çë†@lìÔq@‹Ð¨a 

(rYX4=0.856)�@ðcæcpa:Ìn¾a@ê‰ç@ñ†bíi@‡ín@‹vzàÜÛ@òîÇìjþa@òîubnãa@.bà×@‡uìm@òÓýÇ@
@ÂbjmŠaòíìÓ@òîØÇ@µi Y ‹vzàÜÛ@òîÇìjþa@òîubnãa@ÕàÇë@‹÷jÛa rYX6='0.63  @�Èí@b¿æc@

L‹÷jÛa@ ÕàÇ@ ñ†bíi@ ÝÔm@ Òì@ òîubnãa@bà×@åØº@òÄyýß@†ìuë@òÓýÇ@aÂbjmŠ@òÐîÈš@µi Y 
@‹vzàÜÛ@òîÇìjþa@òîubnãaïÓbië@pa:Ìn¾a@@òÜÔn¾aIìÐãüa@òîà× X3 ŠìÐ&a@‹÷jÛa@‹Óë  X5 

@ÒìÐ–@†‡Çëe:vÐnÛa@Šbi X7  ë@:‚dnÛa@åßŒïÜ¾biòîãbq@ X8( �@óÜÇ@Þ‡í@a‰çëæc@pa:Ìn¾a@ê‰<@
‹vzàÜÛ@òîÇìjþa@òîubnãa@óÜÇ@ÑîÈš@:qdmN@ @

bßc@òÓýÇ@pa:Ìn¾a@Èji@bè›Èi@@ÅyìÛ@‡ÔÏ†ìuë@òÓýÇ@òíìÓ@µi@†‡Ç@
@püìj×@µmýî§a X2  †‡Çë@Šbnßþa@ñŠìÐ&a X1@@òÓýÇ@†ìuë@b›íc@ÅyìÛ@bà×@Lµi@
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†‡Ç@lìÔq@‹Ð¨a@ X4†‡Çë@Šbnßþa@ñŠìÐ&a X1� ë@ÙÛ‰×µi@†‡Ç@püìj×@µmýî§a 
X2 @†‡Çë@lìÔq@‹Ð¨a X4� bà×@‡uìm@òÓýÇ@ÂbjmŠa@òîØÇ@òíìÓë@iµ@†‡Ç@lìÔrÛa X4  

ÕàÇë@‹÷jÛa X6 µië@†‡Ç@ÒìÐ—Ûa@X7  åßŒë@:‚dnÛa X8  b¿@:“í@‡Ó@òîÛbànybi@
ñ:j×@Ò‰¨@Èi@@@ê‰ç@åßpa:Ìn¾aL@þ@@òÓýÇ@†ìuë@æÂbjmŠaòíìÓ@@@@@‡Ó@pa:Ìn¾a@µi
kjm@òÜØ“ß@À@‹í‡Ôm@@xbnãg@òí‹ƒ—Ûa@ÝnØÛa@L˜ÜƒnÛ@åß@ê‰ç@òÜØ“¾a@@@ñ†bÇ@|—äí
ñ†bíi@†‡Ç@nßþaŠb@ñŠìÐ&aë@lìÔrÛa@†‡Ç@ÝîÜÔmN@@òèuaìÛa@ávy@˜îÜÔm@‡äÇI@†‡Ç@ÝîÜÔm
lìÔrÛa@H@ání@Òì@bîÛì @ñŠìÐ&a@Šbnßþa@†‡Ç@ñ†bíŒë@Ûa@åß@˜ÜƒnÛaÝnØ@Ûaòàƒ›]Ûaë@@
@êŠë‡iÝÜÔí@åß@ÑîÛbØm@vÐnÛapa:@íìãbrÛaòN@Û@@Ša‡®üa@òÛ†bÈß@òz–@åß@‡×dn@¾aß‡ƒnò@

@a@òàîÔi@ûjänÜÛ@@òîÇìjþa@òîubnãL‹vzàÜÛ@@Õîjm@r �����	()��� ��������
�* ��+�,���-� 
��
�(
�: ]5،4[  

• pbîÔjn¾a@pbÈi‹ß@Áìnß@)MSE(.  
• ‡í‡znÛa@ÝßbÈ¾@òíì÷¾a@òàîÔÛa %)R2(.  
• Šbjn‚a F xˆìàäÜÛ@òîÜØÛa.  
• pbîÔjn¾a@ pbßìŠ@ Šbjn‚aN@@ ¶g@ òÏbšbiòÜÔn¾a@ pa:Ìn¾a@ åß@ Ý×@ ò×Šb“ß@ ô‡ß@À@ûjänÛa@

@òàîÔÛbiòîubnãa@Õí‹ @åÇ@‹vzàÜÛ@âa‡ƒnapbîäÔm@(Best Subset & Stepwise Techniques). 
  

brÛbqbrÛbqbrÛbqbrÛbq: Ša‡®üa@òÛ†bÈß@xˆì¹Ša‡®üa@òÛ†bÈß@xˆì¹Ša‡®üa@òÛ†bÈß@xˆì¹Ša‡®üa@òÛ†bÈß@xˆì¹@ @@ @@ @@ @
@ÝîÜznÛa@Õîjm@Þý‚@åßïöb—ya@ïubnänücòßìÄäß@âa‡ƒnbië@@Minitab@Þì—¨a@r@

òîÛbnÛa@òÛ†bÈ¾a@óÜÇ:]6،7[  
Y = - 7489 + 2.80 X1 + 2.05 X2 - 0.023 X3 + 52.6 X4 - 30.2 X5 - 263 X6 + 1223 X7+ 

4170 X8 
 

S = 3656.46   R
2
 = 82.5% F=80.04        ) 1(  

 

Ša‡®üa@òÛ†bÈß@:ÐmŠa‡®üa@òÛ†bÈß@:ÐmŠa‡®üa@òÛ†bÈß@:ÐmŠa‡®üa@òÛ†bÈß@:Ðm@ @@ @@ @@ @
õbäië@xˆìàäÛa@a‰<@òÜßbØÛa@òîöb—ya@pbßìÜÈ¾a@óÜÇ@òuŠ‡¾aÕzÜ¾bi@ Ic-2H :“m@òÛ†bÈß@

Ša‡®üa@¶g@æc@Z@ @
• òîà×@xbnãa@òîÇìjþa@‹vzàÜÛ@åß@ñ†b¾a@âb©a@ìÒ@Ðƒäm@Ša‡Ô· 97,48@å @À@

Êìjþa@À@òÛby@ÑÓìm@pbîÜàÇ@:vÐnÛa@À@‹v&aN 

• òîà×@xbnãa@òîÇìjþa@‹vzàÜÛ@ÉÓìní@æc@‡ím@Ša‡Ô· 2.8 å @‡äÇ@ñ†bíŒ@†‡Ç@Šbnßþa@
ñŠìÐ&a@bîÛì @@ bà×ÉÓìní@æc@‡ím@Ša‡Ô·@2.05 å @‡äÇ@ñ†bíŒ@†‡Ç@püìj×@µmýî§a@

Lñ‡yaë@ñ‡yë@ëbi@Ýr¾bi@pa:Ìn¾a@òîÔjÛ@òjäÛô‹‚þaN 

• ‡í‡znÛa@ÝßbÈß@òàîÓ@Þý‚@åß R2 Åyýã@æc@Û@Ša‡®üa@xˆì¹pa:ÌnàÜ@òÜÔn¾a@Êbna@æc@
í‹Ð 82.5%  åß@pa:ÌnÛaòîÜØÛa@@òÜ–b¨a@À@@ ‡í‡¥òîà×@xbnãa@òîÇìjþaòìn¾a@@

‹vzàÜÛ@åß@ñ†b¾a@âb©a@ïÓbjÛaë 17.5 % :Ë@‹Ðß@ÙÛˆë@:qdnÛ@ÝßaìÇ@‹‚cô@ïÛbnÛbië@æhÏ@
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òÛ†bÈß@Ša‡®üa@ÔibÛa@ òí‹í‡ÔnÛaò@åØº@†bànÇüa@bèîÜÇ@ãbîj@À@‹í‡Ôm@òîà×@xbnãa@
òîÇìjþa@åß@ñ†b¾a@âb©a@aˆg@bß@p‹Ïìm@pbßìÜÈß@åÇ@pa:Ìn¾a@òÜÔn¾aN@ @

• òàîÓ Fcal (80.04) @wßbãqÛbi@òiì&ac@q×ß@:rØiåòàîÓ@ (1.94) Ftab òîÛë‡§a@äÇ@òuŠ†@‡
òí‹y 8 ñ‹ b¬@ôìn·ë 0.05  =α� aˆg@Ï‹ã@òîš‹ÐÛa@òí‹Ð—Ûa@ÝjÔãë@�‹ÐÛa@LÝí‡jÛa@

ðc@éãc@åØº@ÞìÔÛa@bäãdi@óÜÇ@òÔq 95 % Éß@Þbànya@†ìuë@d‚@êŠ‡Ó@5 %L@ædi@a‰ç@xˆìàäÛa@
‹Ðí@òÓýÈÛa@µi@Ï@ ïÛbnÛbië@ òÜÔn¾a@ pa:Ìn¾a@ Ý×ë@ ‹vzàÜÛ@ òîÇìjþa@ òîubnãah@Ý×@ æ
Ìn¾a‹vzàÜÛ@òîÇìjþa@òîubnãa@óÜÇ@‹qûm@òÜÔn¾a@pa:@N@ @

• æc@ ÙÛ‰×@ ‡uëMSE = 13,369,681  bîjã@ ñ:Ì–i@ bènãŠbÔß@ r@ bß@ aˆg@òàîÔ  
1,070,087,484= MSR Ï@ ïÛbnÛbiëh@ Á‚@ Ýî¾@ ðŠbîÈ¾a@ d©a@ æ†a‡mŠüa:Ì–@ qnÈí@a0         

)S = 3,656.46.(  
• @ åßµi@ pbÓýÈÛa@ áŠ@ Þý‚ Standardized Residuals @ Ý×ë@ åßòîubnãÛ@ òÈÓìn¾a@ áîÔÛa 

)(Y òÜÔn¾a@pa:Ìn¾aë )(X1,---,X8 �îÈîj @ÞbØ’þa@æc@‡uëò@Læc@óÜÇ@Þ‡í@a‰çë@xˆìàäÛa@
@ xˆì¹@ Ý›Ïc@ qnÈíïšbíŠbÔj @ÜÛ@@ pbãbîjïöb—ya@ ÝîÜznÛaë@ ñ‹Ïìn¾aâ‡ƒn¾a@N@‡ÔÛë@r@

ÖbÏŠgòîubnãÛ@òÈÓìn¾a@áîÔÜÛ@pbîÔjn¾a@áŠ@ÕzÜ¾bi@ )1-3( @xbînyüa@â‡Ç@åß@‡×dnÜÛ@bèjîm‹më
éÜí‡Èm@ëc@xˆìàäÛa@‹íìznÛN 

 

@òÛ†bÈß@xˆì¹@òÛ†bÈß@xˆì¹@òÛ†bÈß@xˆì¹@òÛ†bÈß@xˆì¹†a‡mŠüa†a‡mŠüa†a‡mŠüa†a‡mŠüaïöbèäÛa@ïöbèäÛa@ïöbèäÛa@ïöbèäÛa@@ @@ @@ @@ @
ˆì¹@æc@åß@‡×dnÛa@‡Èix@†a‡mŠüa@pa:Ìnß@ðc@ñ†bíŒ@ëc@ïšbíŠ@‹íì¥@¶g@xbn±@ü@ÕibÛa@

@pa:Ìn¾a@Èi@Ò‰y@æbØßbi@æb×@aˆg@bß@À@szjÛa@ïmdí@Lò–b‚@ò§bÈß@ëc@‹í‡Ôm@À@ñ‹qûß@:ÌÛa
‹vzàÜÛ@òîÇìjþa@òîubnãa@òàîÔÛaë@@ÙÛˆâa‡ƒnbiòÔí‹ @ )Stepwise Regression � 

[8](Best 

Subsets òîÛbnÛa@:íbÈ¾a@óÜÇ@õbäiZ@ @
  c‡í‡znÛa@ÝßbÈ¾@òàîÓ@q× )% (R

2  
  cðŠbîÈ¾a@Òa‹®ýÛ@òàîÓ@ÝÓ )X.YS (  
  cÝßbÈß@òàîÓ@l‹Ó CP bÈ¾a@xˆì¹@pýßbÈß@†‡ÈÛòÛ†) .(CPP  

@ óÜÇ@ Êý a@ ‡ÈiÝîÜ¥ )Best subsets&Stepwise Regression ( |šì¾aë@ÕzÜ¾a@ À Ic'4H 
ìÛ@bàèîÜÇ@Þì—¨a@åØº@µuˆì¹@Ý›Ïc@æc@ÅyI@ŠbjnÇüa@À@‰‚þa@ÉßòÔibÛa@:íbÈ¾aHbàç@Z@ @

� òÜÔn¾a@pýßbÈ¾a@óÜÇ@ðìn±@ð‰Ûa@xˆìàäÛa )X1, X4, X7, X8(  
� ˆìàäÛaòÜÔn¾a@pýßbÈ¾a@óÜÇ@ðìn±@ð‰Ûa@x )X1, X4 X5, X7, X8(. @Éßbärnaõ@xˆìàäÛa@

òÜÔn¾a@pa:Ìn¾a@Ý×@óÜÇ@ðìn±@ð‰Ûa@ïbþaN 

  

§a§a§a§aÞë‡Þë‡Þë‡Þë‡ 3: Šbjn‚a@åß@òy�Ô¾a@xˆbàäÛaŠbjn‚a@åß@òy�Ô¾a@xˆbàäÛaŠbjn‚a@åß@òy�Ô¾a@xˆbàäÛaŠbjn‚a@åß@òy�Ô¾a@xˆbàäÛa Stepwise Regression ë Best Subsets  
 

CP X.YS 100R
2

 Modal 

1.9 3615 82.4 F(X1,X4,X7,X8) 

3.3 3621 82.4 F(X1,X4,X5,X7,X8) 
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@ Þë‡§a)3( @ µi@ Öë‹ÐÛa@ æcµi@ µuˆìàäÜÛ@áîÔÛa ))X.YS(2% وR( @ ñ:Ì–ë@ a‡uïÛbnÛbi@æhÏ@
âa‡ƒna@@µuˆìàäÛaô†ûí@bjí‹Ôm@wöbnäÛa@Ðã@¶g@@ìàäÛa@æc@ügˆ@x@ïãbrÛa)3.3= (Cp  óÈí@@wöbnã

@åß@ÝîÜÔi@Ý›ÏcxˆìàäÛaÞëþa@ )1.9=Cp( .Û‰a @ædi@ÞìÔÛa@åØºaxˆìàäÛîÔi@ûjänÜÛ@bjbäß@Þëþa@@òà
òîubnãa@‹vzàÜÛ@òîÇìjþa@éöaìnyüØmë@a‡èu@ÝÓc@éÜÈ°@b¿@pa:Ìnß@ÝÓc@óÜÇ@Üi@òÐ@¶g@òÏbšh
:Ìn¾a@æc X5 @éí‡ÛÂbjmŠaa‡u@ÑîÈš@bi@ã@ÙÛˆ@óÜÇ@õbäië@òîÇìjþa@òîubnÏh@Šbnƒ¾a@xˆìàäÛa@æ

òÜÔn¾a@pa:Ìn¾a@óÜÇ@ðìn±@ð‰Ûa@ìç (X1, X4, X7, X8). 
 

@Ša‡®üa@òÛ†bÈß@xˆì¹@Ša‡®üa@òÛ†bÈß@xˆì¹@Ša‡®üa@òÛ†bÈß@xˆì¹@Ša‡®üa@òÛ†bÈß@xˆì¹ïöbèäÛaïöbèäÛaïöbèäÛaïöbèäÛa@ @@ @@ @@ @
‡Èi@Þb‚†g@pa:Ìn¾a@òîÛbnÛa )X1, X4, X7, X8 (¶g@wßbã‹iMinitab  óÜÇ@ Þì—¨a@ r@

@Ša‡®üa@xˆì¹@ïöbèäÛaïÛbnÛb×@Z@ @
Y = - 11910 + 2.75 X1 + 60.6 X4 + 1166 X7 + 4117 X8 S = 3615.87  R2% = 82.4%                

F= 163.46             (2) 
  

òÔibÛa@Ša‡®üa@òÛ†bÈß@åßÕzÜ¾a@À@òuŠ‡¾a@ë@ Ic5-H ‡uëæc@Z  
� òàîÓ@ibrÛa@‡¨ao -1,1910=β0 òíìäÈß@ïçë@‡äÇ@ôìnß@ñ‹ bƒ¾a α = 0.05� @óÜÇ@Þ‡mëc@éã

Ï@ :vÐnÛa@ pbîÜàÇ@ ÑÓìm@ òÛby@ Àh‹²@ Òì@ ‹v&a@ æ1,1910  @âb©a@ ñ†b¾a@ åß@ å 
bîÇìjc@ Na@ óÜÇ@ Þ‡í@ a‰çë@ òÜÔn¾a@ pa:ÌnàÜÛ@ :jØÛa@ :qdnÛI@†‡Çë@ bîÛì @ ñŠìÐ&a@ Šbnßþa

:‚dnÛa@åßŒ@ñŠìÐ&a@lìÔrÛa@H‹vzàÜÛ@òîÇìjþa@òîubnãa@ÀN@ @
� æc@‡uëR2 %  ðëbm 82.4 % ،¹@æc@Þ‡í@ b¿@åØº@Ša‡®üa@xˆìéßa‡ƒna@‹í‡Ôm@À@

òÜÔn¾a@pa:Ìn¾a@áîÓ@†ìuë@À@‹vzàÜÛ@òîÇìjþa@òîubnãaN@ @
� òàîÓ@ æc@ b· Fcal @ òiì&acåß@ q× Ftab �@µi@ òíìÓ@ òî‚@ òÓýÇ@ ÚbäèÏ@ aˆg@ LòîÛë‡§

òÜÔn¾a@pa:Ìn¾aë@‹vzàÜÛ@òîÇìjþa@òîubnãaN 
  

ÛaÛaÛaÛa@wöbnä@wöbnä@wöbnä@wöbnä@ @@ @@ @@ @
a†bäna@ pýîÜznÛa@ wöbnã@ ¶g@òîöb—yaL@r@ Þì—¨a@À@ òîrzjÛa@ òÓŠìÛa@ ê‰ç@óÜÇ@
pbubnänüaòîma@Z@ @

� @ oäîi@ pbßìŠpaŠbjn‚a@¾apbîÔjn¾a@ Éî»@ æc@@ ÝØ“i@ oÇŒìm@ ‡Ó@pa:ÌnïÈîj @ ‡Èi@Ò‰y@
@ áîÔÛa‡í@ b¿@ a‰çë@ Lñˆb“Ûa@ åíbjnÛa@ ÉíŒìm@ æc@ óÜÇ@ ÞxˆìàäÜÛ@pa:Ìn¾a@ Éîà§@ oibm@

îzîšìnÛaòòîubnãÛ@òÈÓìn¾a@áîÔÛa@ÙÛ‰×ë@N 
� ‡í‡znÛa@ÝßbÈß@òàîÓ@oäîi ) = 0.82%R2( @ædixˆì¹@Ša‡®üa@åØº@éßa‡ƒna@À@‹í‡Ôm@

ãaòîubn‹vzàÜÛ@òîÇìjþa@N 

� òiì&a@ òàîÔÛa )Fcal( òàîÔÛa@ åß@ :rØi@ q×c@òîÛë‡§a@)Ftab(� @ µjí@ a‰çë@ †ìuë@òÓýÇ@
@:Ìn¾a@µjm@òíìÓ@òî‚@ÉibnÛaòÜÔn¾a@pa:Ìn¾aë@N 

� @õa‹ug@‡ÈipaŠbjn‚üa@r@™ýƒna@Ý›Ïc@xˆì¹@pa:Ìn¾a@áçc@óÜÇ@ôìn±@]Ûa@ÜÇ@‹qûmó@
îubnãaòìjþa@ìçë@‹vzàÜÛ@òîÇZ 

Y = -11910 + 2.75X1 + 60.6X4 + 1166X7 + 4117X8 
 

‹Ðí@ a‰çë@ædi@Èß@ Á‚@ òÛ†bŠa‡®üa@�Ô¾a‹Ðm@@nàîÓ@ b·é% 82.4 ß@@ åïÛb»g@Òýn‚üa@
@Ý–b¨aÀ@pbãbîjÛaN 
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� @òÛ†bÈ¾@�Ô¾a@xˆìàäÛa@ÕîjmŠa‡®üaâb©a@ñ†b¾a@åß@òîubnãg@Ý›Ïc@óÜÇ@Þì—zÜÛ@@N@ @
� k°@æc@óÇa‹í@‹v&a@òîàçc@‹–bäÈÛa@]Ûa@òîÇìjþa@‹v&a@òîubnãg@óÜÇ@‹qûm@]Ûaë@

oÜ–ìm@bèîÛg@:vÐnÛa@ñŠë†@áîà—m@‡äÇ@ŠbjnÇüa@µÈi@bç‰‚cë@LòaŠ‡ÛaN 
� @lìÔrÛa@ ‹Ðy@ Þbª@ À@ ò–b‚ë@ :vÐnÛa@ pbîÜàÇ@ À@ ò——ƒn¾a@ paõbÐØÛbi@ ‹v&a@ áÇ†

ëz’@pbîÜàÇ@Àë@ÝÔäÛa@püe@ñ†bîÓë@Ýîà¥pa‹vÐn¾bi@lìÔrÛa@Ú†ë@åN 
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Õyý¾aÕyý¾aÕyý¾aÕyý¾a@ @@ @@ @@ @
@ÕzÜ¾a@ÕzÜ¾a@ÕzÜ¾a@ÕzÜ¾aIIIIccccHHHH 

aÕzÜ¾ÕzÜ¾ÕzÜ¾ÕzÜ¾@IIIIcccc@M@M@M@M1HHHH@ÂbjmŠüa@òÏìÐ—ß@wöbnãÂbjmŠüa@òÏìÐ—ß@wöbnãÂbjmŠüa@òÏìÐ—ß@wöbnãÂbjmŠüa@òÏìÐ—ß@wöbnãòaŠ‡Ûa@Êìšìß@pa:ÌnàÜÛ@òaŠ‡Ûa@Êìšìß@pa:ÌnàÜÛ@òaŠ‡Ûa@Êìšìß@pa:ÌnàÜÛ@òaŠ‡Ûa@Êìšìß@pa:ÌnàÜÛ@ 

 

Correlations: Y, X1, X2, X3, X4, X5, X6, X7, X8 
 

         Y      X1      X2      X3      X4      X5      X6      X7 

X1   0.804 

     0.000 

 

X2   0.811   0.859 

     0.000   0.000 

 

X3   0.434   0.495   0.512 

     0.000   0.000   0.000 

 

X4   0.856   0.864   0.952   0.516 

     0.000   0.000   0.000   0.000 
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X5  -0.044  -0.055  -0.066  -0.059  -0.045 

     0.588   0.502   0.420   0.470   0.579 

 

X6  -0.629  -0.549  -0.512  -0.267  -0.720  -0.082 

     0.000   0.000   0.000   0.001   0.000   0.314 

 

X7  -0.203  -0.216  -0.158  -0.114  -0.195   0.091   0.229 

     0.013   0.008   0.052   0.163   0.017   0.265   0.005 

 

X8   0.373   0.338   0.295   0.135   0.331  -0.036  -0.307  -0.830 

     0.000   0.000   0.000   0.097   0.000   0.663   0.000   0.000 

 

@ÕzÜ¾a@ÕzÜ¾a@ÕzÜ¾a@ÕzÜ¾a)c@M2(@Ša‡®üa@òÛ†bÈß@xˆì¹Ša‡®üa@òÛ†bÈß@xˆì¹Ša‡®üa@òÛ†bÈß@xˆì¹Ša‡®üa@òÛ†bÈß@xˆì¹pa:Ìn¾a@Éîà§@pa:Ìn¾a@Éîà§@pa:Ìn¾a@Éîà§@pa:Ìn¾a@Éîà§@@ @
Regression Analysis: Y versus X1, X2, X3, X4, X5, X6, X7, X8 
 

The regression equation is 

Y = - 7489 + 2.80 X1 + 2.05 X2 - 0.023 X3 + 52.6 X4 - 30.2 X5 - 263 X6 + 1223 X7 

    + 4170 X8 

 

145 cases used, 7 cases contain missing values 

 

Predictor     Coef  SECoef      T      P 

Constant     -7489     6975  -1.07  0.005 

X1           2.796    1.194   2.34  0.021 

X2           2.049    6.813   0.30  0.764 

X3         -0.0235   0.3212  -0.07  0.942 

X4           52.60    22.17   2.37  0.019 

X5          -30.16    34.80  -0.87  0.388 

X6          -263.5    522.7  -0.50  0.615 

X7          1222.9    500.3   2.44  0.016 

X8            4170     1212   3.44  0.001 

 

S = 3656.46   R-Sq = 82.5%   R-Sq(adj) = 81.5% 

 

Analysis of Variance 

 
Source           DF           SS          MS      F      P 
Regression        8   8560699875  1070087484  80.04  0.000 
Residual Error  136   1818276580    13369681 
Total           144  10378976455 
 

@ÕzÜ¾a@ÕzÜ¾a@ÕzÜ¾a@ÕzÜ¾aIIIIcccc@M@M@M@M3HHHH@@@@òîÇìjþa@òîubnãÛ@ñŠ‡Ô¾a@òàîÔÜÛ@pbîÔjn¾a@áŠòîÇìjþa@òîubnãÛ@ñŠ‡Ô¾a@òàîÔÜÛ@pbîÔjn¾a@áŠòîÇìjþa@òîubnãÛ@ñŠ‡Ô¾a@òàîÔÜÛ@pbîÔjn¾a@áŠòîÇìjþa@òîubnãÛ@ñŠ‡Ô¾a@òàîÔÜÛ@pbîÔjn¾a@áŠ@ @@ @@ @@ @
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(Stepwise Regression and Best subset) @ÕzÜ¾a@ÕzÜ¾a@ÕzÜ¾a@ÕzÜ¾aIIIIcccc@M@M@M@M4HHHH òÔí‹ @ÝîÜ¥@wöbnãòÔí‹ @ÝîÜ¥@wöbnãòÔí‹ @ÝîÜ¥@wöbnãòÔí‹ @ÝîÜ¥@wöbnã  

 

Stepwise Regression: Y versus X1, X2, X3, X4, X5, X6, X7, X8 
 

Backward elimination.  Alpha-to-Remove: 0.05 

Response is Y on 8 predictors, with N = 145 

Step             1      2      3      4       5 

Constant     -7489  -7509  -8411  -9858  -11910 

 

X1             2.8    2.8    2.8    2.7     2.7 

T-Value       2.34   2.35   2.42   2.39    2.42 

P-Value      0.021  0.020  0.017  0.018   0.017 

 

X2             2.0    2.1 

T-Value       0.30   0.31 

P-Value      0.764  0.756 

 

X3           -0.02 

T-Value      -0.07 

P-Value      0.942 

 

X4            52.6   52.3   58.6   60.6    60.6 

T-Value       2.37   2.42   7.53   9.56    9.58 

P-Value      0.019  0.017  0.000  0.000   0.000 

 

X5             -30    -30    -29    -26 

T-Value      -0.87  -0.87  -0.84  -0.78 

P-Value      0.388  0.386  0.400  0.437 

 

X6            -263   -270   -143 

T-Value      -0.50  -0.53  -0.46 

P-Value      0.615  0.598  0.643 

 

X7            1223   1227   1222   1201    1166 

T-Value       2.44   2.48   2.48   2.45    2.40 

P-Value      0.016  0.014  0.014  0.015   0.018 

 

X8            4170   4182   4172   4175    4117 

T-Value       3.44   3.49   3.50   3.51    3.47 

P-Value      0.001  0.001  0.001  0.001   0.001 
 

S             3656   3643   3631   3621    3616 

R-Sq82.48  82.48  82.47  82.44   82.36 

R-Sq(adj)    81.45  81.59  81.71  81.81   81.86 

Mallows C-p    9.0    7.0    5.1    3.3     1.9 

 

 

Best Subsets Regression: Y versus X1, X2, X3, X4, X5, X6, X7, X8 
 

                       Mallows          X XXXXXXX 

Vars  R-Sq  R-Sq(adj)      C-p       S  1 2 3 4 5 6 7 8 

1  79.7       79.6     16.3  3835.1        X 

1  72.7       72.5     70.9  4451.2    X 

2  80.9       80.6      9.5  3739.1        X       X 

2  80.7       80.5     10.5  3752.2  X     X 

3  81.6       81.3      5.5  3676.2  X     XX 

3  81.6       81.2      5.6  3677.4        X     XX 

4  82.4       81.9      1.9  3615.9  X     XXX 

4  81.7       81.2      6.9  3681.2        X XXX 

5  82.4       81.8      3.3  3621.0  X     XXXX 

5  82.4       81.7      3.8  3627.5  X     XXXX 

6  82.5       81.7      5.1  3631.2  X     XXXXX 

6  82.4       81.7      5.3  3633.6  X XXXXX 

7  82.5       81.6      7.0  3643.2  X XXXXXX 
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7  82.5       81.6      7.1  3644.3  X   XXXXXX 

8  82.5       81.5      9.0  3656.5  X XXXXXXX 
 

@ÕzÜ¾a@ÕzÜ¾a@ÕzÜ¾a@ÕzÜ¾aIIIIcccc�5@H@H@H@H@Ša‡®üa@òÛ†bÈß@xˆì¹@Ša‡®üa@òÛ†bÈß@xˆì¹@Ša‡®üa@òÛ†bÈß@xˆì¹@Ša‡®üa@òÛ†bÈß@xˆì¹ïöbèäÛaïöbèäÛaïöbèäÛaïöbèäÛa  

Regression Analysis: Y versus X1, X4, X7, X8  
 

The regression equation is 

Y = - 11910 + 2.75 X1 + 60.6 X4 + 1166 X7 + 4117 X8 

145 cases used, 7 cases contain missing values 

 

Predictor    Coef  SECoef      T      P 

Constant   -11910     4765  -2.50  0.014 

X1          2.749    1.138   2.42  0.017 

X4         60.637    6.331   9.58  0.000 

X7         1166.3    486.8   2.40  0.018 

X8           4117     1186   3.47  0.001 

 

S = 3615.87   R-Sq = 82.4%   R-Sq(adj) = 81.9% 

Analysis of Variance 

Source           DF           SS          MS       F      P 

Regression        4   8548540245  2137135061  163.46  0.000 

Residual Error  140   1830436210    13074544 

Total           144  10378976455 

Source  DFSeq SS 

X1       1  7072515818 

X4       1  1307283895 

X7       1    11237901 

X8       1   157502631 

 


