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ììƴǁä ƕǄǂǀ 
ä ììƴǁä íǆǄ ƑǊƟǄǘǄ Ā ƑǊƗîĀƬ üǄƗǀƗ Ǘ ƕǐǄǂƳ ƕǂƜǄ Ăà þä ýĀǂƴǄǁä þǄ üĀǗ

ǁ Āǀ.ƕƟƮäĀ ƕǂƜǄǁä ûǂƗ ùäìǉäĀ ƞǄǘǄ ƞƓƬƗ çäîäìƬǗä ììƳ æìƑǐï ƲǄ þ 

 ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä  üĀǓä ƑǉììƳ íǆǄ ĀƓ çǄƑƽ ƑǐǄǂƳ ăäîƓǆǄ ƲƮ
 ăƑƟĀƗƻǄ Ā æíƗƑƨǗä ƲǐǄƜǁ  ƕǐǄǂƴǁä çƑƬƬƢƗǁä ùǂƗƢǄ þǄ ÞƑǄǂƴǁäĀ èƑƟƓǁä

ýǁƑƴǁäĀ ƑǐƓǐǁ úôƑǆǄ ƲǐǄƜ þǄ Ā ƕǐƾǐƓôƗǁä ÛƲǄƜä ǐǁìǁ ƑǄ äĀîƪǆǐ åîƑƜƗ þǄ ýǊ
îƑǀƺä Ā èƑƟƓǂǁ ƑǐǄǂƳ äîìƬǄ þĀǀƗǁ ƕǐǄǂƳ çƑƨäîìĀ  çäĀôƢ ƕǐäìƓ Ā þǐîƢǗä

.ǏǄǂƴǁä èƟƓǁä Þäîƙâ Ǐƺ ýǊƨƗ āîƢä ƕǐǄǂƳ  åîƑƜƗǁ 
 ììƴǁä äíǉ Ǐƺ ĀçǁĀƑǆƗ ǁä çƑƽîĀǁäǐƙƟƓ çǗƑƜǄ æìƳ (ýǐîǀǁä ãîƑƾǁä āîǐƨ ƑǄǀ) ƕ

ƮäĀǄǁä üĀƑǆƗǐ ƑǄ ƑǊǆǄ ƕƳĀǆƗǄĀ ƕƻǂƗƢǄ ƕǐǄǂƳ ƕƨìǆǊǁƑǀ ƕƙƟƓǁä ƕǐƨìǆǊǁä Ʋǐ
ƕǐƏƑƓîǊǀǁä Āà ƕǐǀǐǆƑǀǐǄǁä ƕǐƨìǆǊǁä çǗƑƜǄǁä þǄ ƑǉîǐƷĀ  üĀƑǆƗǐ ƑǄ ƑǊǆǄĀ
āîƢǗä ƕǐƾǐƓôƗǁä çǗƑƜǄǁä. 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä çƓàì ƑǄǀĀ  ƕǄǀƟǄǁä ƕǐǄǂƴǁä èĀƟƓǁä îƪǆ Ǐƺ
ìǐä þǐƓ ƲƮƗ ýĀǐǁä Ǐǉ Ƒǉ ÛƕǐîƪƓǂǁ ìǐƻǄ Ā ìǐìƜ Āǉ ƑǄ ýìƾƗ ǏƗǁä æìƳ ýǀǐ

 Ǐƺ þĀǀǐ þä ƞǄôǆ Ăíǁä Ā îƪƳ ǏǆƑƙǁä ƑǉììƳ þǄƮ ƕƬƬƢƗǄ ƕǐǄǂƳ úäîĀä
 .ìäìƨǁä Ā úǐƺĀƗǁä ǍǁƑƴƗ Ŷä þǐǂƏƑƨ .ÞƑǄǂƴǁä Ā ýǂƴǁä ƕǄìƢ 
ǈƗƑǀîƓĀ Ŷä ƕǄƟîĀ ýǀǐǂƳ ýǘƨǁäĀ 

îǐîƟƗǁä ðǐƏî 
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     üĀƴƻǄǁä ƕƜĀìïǄ ǏƬƑƬƗǄä ìǐîƓƗ ƕǄĀõǆǄ ÞäìǓ ƕǐîõǆ ƕƨäîì
ǐǂǁä ìǐǄĀîƓ)ýĀǐƙ- (ÞƑǄ 

ýƏäìǁäìƓƳ îǐƪƓǁä ýƨƑƾǁäĀƓä ìǄƟǄ 1 ÛîƓƜ ŶäìƓƳ ǏǂƳ òǘƢä1üĀƸǁä ìǄƟà ìǄƟǄ ƕǄôƑƺ Û1 Û
ôƓäîǄǁä ìĀƴƨǄ úĀîïǁä ǏǆƑƓǐƪǁä1ìǄƟǄ ƞǁƑƬ ìǄƟǄà Û2 

1( ßƓǒðǒƽǃå þƪƿ- þāǄƶǃå ƗǒǄǂ- Ɠǌƕƪ ƗƶǆƓƞ 
2( Ɨǒǈǀƙǃåā þāǄƶǄǃ ǑǃƓƶǃå íǌƶǆǃå- Ɨǒƕ èǈƕ- ýƓƞǕå ăíåā 

maa273@yahoo.com 

òƢǂǄǁä 

 èåî ýāƶƽǆǃå Ɨƞāíðǆ ǑƮƓƮƙǆã íǒïƕƙ Ɨǆāöǈǆǃ Ɨǒïöǈ Ɨƪåïí Ɨƿïāǃå ǉîǋ þíǀƙ
þāǒƛǒǄǃå íǒǆāïƕ) ăðåāƙǆǃå ûƼíƙǃå- ąǚǂ Ăāƙƪǆ ïǒƛƋƙ ǏǄƵ úïƶƙǄǃ úíǌƙā Ü(ßƓǆ

 ǉîǋ èǒïƞá ÜƗơïƙǀǆǃå Ɨǆāöǈǆǃå ßåíá ǏǄƵ ǑǄƽƪǃå õƺưǃåā õƪāƙǆǃå õƺưǃå ÿǆ
 ïíǃå þǒƿā ÜǑǄƽƪǃå õƺưǃå ÿǆ ÿǒǒāƙƪǆǃā õƪāƙǆǃå õƺưǄǃ ÿǒǒāƙƪǆ þåíƤƙƪƎƕ Ɨƪå

 èǈǒƕ ÜóƓƮƙǆǗå çïåïơ Ɨƞïí ā ƗǒǄƽƪǃå úǒƛǂƙǃå çïåïơ Ɨƞïíǃ çïƓƙƤǆā çííơǆ
 èƓƞïí Ăíǆ ƴƪāǒ õƪāƙǆǃå õƺưǃå Ăāƙƪǆ ƴƼï ÿá ƓǌǒǄƵ ýƮơƙǆǃå ƝƑƓƙǈǃå

 ïơǃå Ɨǒǆǂā Ɨƞƙǈǆǃå íǒïƕƙǃå Ɨǒǆǂ ÿǆ íǒðǒā ÜýǒƺƬƙǃå çïåïơ Ǚ ÿǂǃā çƓõƶǆǃå çïå
 íǒïƕƙǃå Ɨǆāöǈǆ ßåíá ýǆƓƶǆ ÿƪơƙ ÜƗơïƙǀǆǃå Ɨǆāöǈǆǃå ßåíá ýǆƓƶǆ ÿƪơǒ
 Ɠǌƕ ǑǄƽƪǃå õƺưǃå Ăāƙƪǆ ƴƼïƕ ûǀơƙǒ Ɨơïƙǀǆǃå ýāƶƽǆǃå Ɨƞāíðǆ ǑƮƓƮƙǆǗå

 ƸǄƕ éǒơ(COP=1.6) . 

ƕƨäîìǁä îƬƑǆƳ 

Ɠơǃå ƝǆƓǈïƕǃå ÜßåíǕå ýǆƓƶǆ Üýāƶƽǆǃå Ɨƞāíðǆ ǑƮƓƮƙǆǗå íǒïƕƙǃå Ɨǆāöǈǆ Ǒƕāƪ
(EES). 
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1  ƕƴƜäîǄĀ ƕǄìƾǄ 

 Ǒƙǃå ǑƮƓƮƙǆǗå íǒïƕƙǃå èƓǆāöǈǆƕ ÿǒƮƙƤǆǃå þƓǆƙǋå çïǒƤǕå ƗǈāǕå ǑƼ íåð
 ƗƶƑƓƬǃå ǑõƓƺưǈǗå íǒïƕƙǃå èƓǆāöǈǆǃ ąƓƪƼƓǈǆ ąƓǒƑǒƕā ąƓǒíƓƮƙƿå ąåïƓǒƤ èïƓƮ
 íǒïƕƙǃå ïƼāƙ ā Ɨǒǈíƙǆǃå çïåïơǃƓƕ ýǆƶƙ ǑƮƓƮƙǆǗå íǒïƕƙǃå èƓǆāöǈǆƼ ÜýƓǆƶƙƪǗå

çïåïơǃåā ßƓƕïǌǂǄǃ ƗǆƓƶǃå ƗǂƕƬǃå ǏǄƵ ýǆơǃå úǒƽƤƙ ǑƼ ƓǌǆåíƤƙƪá þǌƪǒ ā Ü
 ýǒǄǀƙ ǏǄƵ íƵƓƪǒā ôïǕå ÿõƓƕ ǑƼ íāíơǆǃå ăïāƽơǕå íāƿāǃå ÿāðƤǆ öƽơǒā
 ǑƼ æƕƪƙ Ǚā ƗƑǒƕǄǃ ƗǀǒíƮ Ɠǌƕ ƗǄǆƓƶǃå êåāðǕå ÿá ǏǄƵ çíƓǒð Üăïåïơǃå éāǄƙǃå

.ÿāðāǕå Ɨǀƕõ ýǂƋƙ 

ǃå Ɨƞāíðǆ ǑƮƓƮƙǆǗå íǒïƕƙǃå èƓǆāöǈǆ ÿǆ ÿĊǂǆĈǒ ƴƽƙïǆ ăāǄƵ õƺư Ɠǌǃ ýāƶƽǆ
 èƓǆāöǈǆ ÿǆ ïƕǂá ßåíá ýǆƓƶǆ Ɠǌǃā ÜƗǒǃƓƵ ƗǒǄǒƺƬƙ çïåïơ èƓƞïí þåíƤƙƪã

 ýāƶƽǆǃå ƗǒíƓơá ǑƮƓƮƙǆǗå íǒïƕƙǃå(COP>1) õāƺư Ɨƛǚƛ Ɠǌƕ ÿá Ɠǆǂ Ü
 ƓǌƙƽǄǂƙ úƵƓư ăîǃå ïǆǕå Ɨǈāǂǆǃå ƴõǀǃå ÿǆ ïǒƕǂ ííƵ ǏǄƵ ăāƙơƙ ā ƗǄǆƓƵ

ƕāƶƮ ÿǆ íåð ā ƗǒƪƓƪǕå ýǂƉƙǃå ïõƤ çíƓǒð ÿƵ üǒǋƓǈ ÜƓǌǒƼ þǂơƙǃåā ƓǌǄǒƺƬƙ Ɨ
þāǒƛǒǄǃå íǒǆāïƕ) êāðƕ ƗǄǆƓƶǃå èƓǆāöǈǆǃƓƕ ïǄƕƙǃå éāíơ ƗƮïƼ ā- Ɨƞǒƙǈ (ßƓǆ

 ƗǒǃƓƶǃå ýǒƺƬƙǃå çïåïơ èƓƞïíā ƴƽƙïǆǃå õƺưǃå[3- 1] . 

 Ɨǀǒïõ ǏǄƵ íƓǆƙƵǕƓƕ ýāƶƽǆǃå Ɨƞāíðǆ ǑƮƓƮƙǆǙå íǒïƕƙǃå èƓǆāöǈǆ úǈƮƙ
Ƥåíƕ ýāǄơǆǃå ïǒāíƙ Ǒƪǂƶǃå ăðåāƙǆǃåā ýƪǄƪƙǆǃåā ăðåāƙǆǃå ûƼíƙǃå Ǐǃå ƓǌǄ[5,4] Ü

 Ɨƞāíðǆ ǑƮƓƮƙǆǕå íǒïƕƙǃå Ɨǆāöǈǆ ßåíá ûāƽƙ ǏǄƵ èƓƪåïíǃå þöƶǆ èƶǆƞáā
 ûƼíƙǃå ā Ǒƪǂƶǃå ăðåāƙǆǃå ûƼíƙǃå èåāî ǏǄƵ ăðåāƙǆǃå ûƼíƙǃå èåî ýāƶƽǆǃå

   ýƪǄƪƙǆǃå[7,6]íðǆ ǑƮƓƮƙǆǗå íǒïƕƙǃå èƓǆāöǈǆ ýǆƵ çïǂƼ íǆƙƶƙ . Ɨƞā
 ǑƼ Ɠǌƕ ƓǒǄƶǃå úǒƛǂƙǃå ƗǒǄǆƵ ÿǆ ƗƮǄƤƙƪǆǃå çïåïơǃå Ɨǒǆǂ ïƓǆƛƙƪã ǏǄƵ ýāƶƽǆǃå
 þāǀǈƪ Üéơƕ ýƓƞǆ ƗƽǄƙƤǆǃå ƓǌǄǒƺƬƙ úāïö ýåðƙ Ǚā ÜƓǌǃ ǑǄƽƪǃå íǃāǆǃå ýǒƺƬƙ
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 íǒïƕƙ Ɨǆāöǈǆ ßåíá ǏǄƵ õƪāƙǆǃå õƺưǃå Ăāƙƪǆ ïǒƛƋƙ Ɨƪåïíƕ ýǆƶǃå åîǋ ǑƼ
þāǒƛǒǄǃåíǒǆāïƕ) ýāƶƽǆǃå Ɨƞāíðǆ ǑƮƓƮƙǆã- ýǂƬ) ăðåāƙǆǃå ûƼíƙǃå èåî (ßƓǆ1 (

 Ɨƞïíā èƕƓƛ ăāǄƵ õƺư þåíƤƙƪƎƕ üǃî ðƞǈǒƪā ÜǑǄƽƪǃå õƺưǃå ÿǆ ÿǒǒāƙƪǆǃā
 Ɨǒǈíƙǆ þǒǀǃ Üçïǒƺƙǆ ƗǄǒƺƬƙ çïåïơ èƓƞïí ā ÜăāǄƶǃå úƛǂǆǃƓƕ çííơǆ úǒƛǂƙ çïåïơ
 ûǀơƙ óƓƮƙǆǕå çïåïơ Ɨƞïí ā ǏǄƽƪǃå úƛǂǆǃƓƕ úǒƛǂƙǃå çïåïơ Ɨƞïíǃ çïƓƙƤǆ

 ßåíá ýưƼá[9,8]. 

2 ƕǄĀõǆǄǁä ùƬĀ 

 Ɨơïƙǀǆǃå ăðåāƙǆǃå ûƼíƙǃå èåî ýāƶƽǆǃå Ɨƞāíðǆ ǑƮƓƮƙǆǗå íǒïƕƙǃå Ɨǆāöǈǆ
) ýǂƬǃƓƕ Ɨơưāǆǃå1 ïƤáā ăāǄƵ úƛǂǆ Ü(ăāǄƵā ǑǄƽƪ) ÿǒíǃāǆ ÿǆ Ɨƕǂïǆ (

 Ɨƶƕïáā ýāǄơǆǄǃ  ÿǒƙƤưǆ ÜïƤƕǆ ÜóƓǆ ÜýāǄơǆǄǃ ÿƓǒïåïơ ÿǙíƓƕǆ ÜǑǄƽƪ
ǆǗå íǒïƕƙǃå Ɨǆāöǈǆ ýǆƶƙ Üííǆƙ èƓǆƓǆƮ Ɨơïƙǀǆǃå ýāƶƽǆǃå Ɨƞāíðǆ ǑƮƓƮƙ

 ăāǄƶǃå íǃāǆǃƓƕ ýǆƓƶǃå õƺưǃå āǋā ăāǄƶǃå õƺưǃå ÜõƺưǄǃ èƓǒāƙƪǆ éǚƛƕ
 ÜǑǄƽƪǃå úƛǂǆǃåā ǑǄƽƪǃå íǃāǆǃå õƺư āǋā õƪāƙǆǃå õƺưǃåā ÜăāǄƶǃå úƛǂǆǃåā
 ƗƤưǆǃå Ɨõƪåāƕ ýāǄơǆǃå ƣưǒ ÜóƓǆǃåā ïƤƕǆǃå õƺư āǋā ǑǄƽƪǃå õƺưǃå ā

Ƶ ǑǄƽƪǃå íǃāǆǃå Ǐǃã ƗǒǄƽƪǃå Ɨǒǆǂ ýƮƼ þƙǒā ÜýāǄơǆǄǃ ǑǄƽƪǃå ăïåïơǃå ýíƓƕǆǃå ïƕ
ïƓƤƕ) íïƕǆǃå ÿǆ  ýāǄơǆǃå ǑƿƓƕ ƣư ïǆƙƪǒ ÜǑǄƽƪǃå úƛǂǆǃå Ǐǃã Ǌƞƙƙā (ßƓǆǃå

 ýāǄơǆǄǃ ăāǄƶǃå ăïåïơǃå ýíƓƕǆǃå ïƕƵ ăāǄƶǃå íǃāǆǃå Ǐǃã ƓǒǄƶǃå ƗƤưǆǃå Ɨõƪåāƕ
ǃå Ɨǒǆǂ úǒƛǂƙ þƙǒ Ü(ßƓǆǃå ïƓƤƕ) ƗǒǈƓƛǃå íïƕǆǃå Ɨǒǆǂ ýƮƼ þƙǒ éǒơ íïƕǆ

 ƗǄƮƽǈǆǃå íïƕǆǃå Ɨǒǆǂ ǑǀƙǄƙǃ ǉïíƓƺƙ Ɠǋíƶƕā ăāǄƶǃå úƛǂǆǃƓƕ ƗǒǈƓƛǃå ƗǄƮƽǈǆǃå
 ïƤƕǆǃå ýƮǒā ííǆƙǃå þƓǆƮ ïƕƵ (ßƓǆǃå) íïƕǆǃå ïǆǒ ÜǑǄƽƪǃå úƛǂǆǃå ǑƼ ǏǃāǕå
 ýǆơ ǊƮǚƤƙƪå íƶƕ (ßƓǆǃå) íïƕǆǃå ïƤƕƙǒ ÜƗǒǈíƙǆ çïåïơ Ɨƞïíā ǑǄƽƪ õƺưƕ

ßƓǆǃå ïƓƤƕ) Ǌƞƙǒ þƛ ïƤƕǆǃå ǑƼ íǒïƕƙǃå  ǊƮƓƮƙǆã þƙǒ éǒơ óƓǆǃå Ǐǃã (ƝƙƓǈǃå
 Ɲƙǈǒā ýāǄơǆǄǃ ǑǄƽƪǃå ăïåïơǃå ýíƓƕǆǃå ïƕƵ íƑƓƶǃå ðǒǂïƙǃå ăāǀǃå ýāǄơǆǃå Ɨõƪåāƕ
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 åîǂǋā ƗǆāöǈǆǄǃ úǒƶưǃå ýāǄơǆǃå ƣư íƓƶǒ Üðǒǂïƙǃå úǒƶư ýāǄơǆ üǃî ÿƵ
.ƓǌǄǆƵ ïïǂƙǒ 

 

 

 

 

 

 

 

 

 

) ýǂƬǃå1ƙǀǆǃå ýāƶƽǆǃå Ɨƞāíðǆ ǑƮƓƮƙǆǗå íǒïƕƙǃå Ɨǆāöǈǆ :(.Ɨơï 
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ïĀǄîǁä 

   ǍǆƴǄǁä         ïǄîǁä 

COP          ßåíǕå ýǆƓƶǆ 

        h        ) ǑƕǃƓƛǈǕåkJ/kg  ( 

               ) ƗǄƙǂǃåkg/s( 

P                ) õƺưǃåkPa( 

    Q  →         ) çïåïơǃå ƗǒǆǂkW( 

      T         ) çïåïơǃå ƗƞïíoC( 

       v        ǈǃå þƞơǃå) ǑƵām3/kg( 

             ) ýƺƬǃåkW( 

X              (%) ýāǄơǆǃå ðǒǂïƙ 

 

ƕǐǂƻƨǁä ïĀǄîǁä 

ïǄîǁä     ǍǆƴǄǁä 

a               óƓǆǃå 

   c            ǑǄƽƪǃå úƛǂǆǃå 

cd             ăāǄƶǃå úƛǂǆǃå 

d               íǃāǆǃå 

e          ïƤƕǆǃå 

H            ăāǄƶǃå 

L              ǑǄƽƪǃå 

 m                     õƪāƙǆ 

P              ƗƤưǆǃå 

HX        ýāǄơǆǄǃ ăïåïơǃå ýíƓƕǆǃå 

19-      1   ƗǆāöǈǆǃƓƕ ƗǃƓơǃå õƓǀǈ 



 

 Volume  12العدد 

   7102December  ديسمبر

International 

 Science and Technology 

Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 
 

 حقوق الطبع محفوظة 
 للمجلة الدولية للعلوم والتقنية 

Copyright © ISTJ   мм 

 
 

3 ĂîäîƟǁä üǐǂƟƗǁä 

 ýǂƬ) Ɨơïƙǀǆǃå ýāƶƽǆǃå Ɨƞāíðǆ ǑƮƓƮƙǆǙå íǒïƕƙǃå Ɨǆāöǈǆ1 úƮā ÿǂǆǒ (
:ǑǃƓƙǃƓǂ Ɠǌǃ Ɨǈāǂǆǃå ƴõǀǃå æƪơ ƓǌƙƓǒǄǆƵ- 

¶   ǏǂƗǀǁä úƺìƗǁä 
:Ɨơïƙǀǆǃå ƗǆāöǈǆǃƓƕ ǑǄƙǂǃå ûƼíƙǃå èƓǈðåāǆ- 

:(íïƕǆǃåā ýāǄơǆǃå) ăāǄƶǃå íǃāǆǃå ýǚƤ ƗǀƼíƙǆǃå ýƙǂǃå- 

ά ά ά                                            ρ 
 

ǃå ǑƼ þāǒƛǒǄǃå íǒǆāïƕ ðǒǂïƙ ƗǃǙíƕ ăāǄƶǃå íǃāǆǃƓƕ ƗǀƼíƙǆǃå ýƙǂǃå:ýāǄơǆ- 

ά ὼ ά ὼ                                            ς 
 

:(íïƕǆǃåā ýāǄơǆǃå) ǑǄƽƪǃå íǃāǆǃƓƕ ƗǀƼíƙǆǃå ýƙǂǃå- 

ά ά ά ά ά                      σ 
 

ǆāïƕ ðǒǂïƙ ûƼā ǑǄƽƪǃå íǃāǆǃƓƕ ƗǀƼíƙǆǃå ýƙǂǃå:ýāǄơǆǃå ǑƼ þāǒƛǒǄǃå íǒ- 

άὼ ά ὼ άὼ ά ὼ            τ 
 

:ăāǄƶǃå úƛǂǆǃƓƕ ƗǀƼíƙǆǃå ýƙǂǃå- 
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ά ά                                                         υ 
 

:ǑǄƽƪǃå úƛǂǆǃƓƕ ƗǀƼíƙǆǃå ýƙǂǃå-  

ά ά ά                                                φ 
 

:ïƤƕǆǃƓƕ ƗǀƼíƙǆǃå ýƙǂǃå- 

ά ά                                                          χ 
 

:(íïƕǆǃåā ýāǄơǆǃå) óƓǆǃå ýǚƤ ƗǀƼíƙǆǃå ýƙǂǃå- 

ά ά ά                                               ψ 
 

:ýāǄơǆǃå ǑƼ þāǒƛǒǄǃå íǒǆāïƕ ðǒǂïƙ æƪơ óƓǆǃƓƕ ƗǀƼíƙǆǃå ýƙǂǃå- 

άὼ άὼ                                                   ω 
 
 

¶ æƑôƴǄǁä æîäîƟǁä 
ÿǒƤƪƙ Ɨơïƙǀǆǃå ƗǆāöǈǆǃƓƕ ăāǄƶǃå íǃāǆǃå ýƤåí þƙǒ  ðǒǂïƙǃå úǒƶưǃå ýāǄơǆǃå

 üǃî ÿƵ Ɲƙǈǒā ýāǄơǆǄǃ ăāǄƶǃå ăïåïơǃå ýíƓƕǆǃå ïƕƵ ǑǄƽƪǃå íǃāǆǃå ÿǆ þíƓǀǃå
 ƗǒǄǆƶǃå ǉîǌǃ çƓõƶǆǃåā Ɨǆðǚǃå çïåïơǃå Ɨǒǆǂ Ü(íïƕǆǃå) ßƓǆǃå ïƓƤƕ ÿǆ Ɨǒǆǂ ýƮƼ

:ƗǒƙǕå Ɨƿǚƶǃå ÿǆ æƪơƙ- 
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ὗ ά È ά Ὤ ά Ὤ           ρπ 
 

 Ɨǒǆǂ ÜƓǌƽǒƛǂƙ þƙǒǃ ăāǄƶǃå úƛǂǆǄǃ ăāǄƶǃå íǃāǆǃå ÿǆ ƗǄƮƽǈǆǃå íïƕǆǃå Ɨǒǆǂ ýƤíƙ
 íǃāǆǃå Ɨǒîƺƙ ǑƼ ƓǒǄƤåí ïǆƛƙƪƙ íïƕǆǃå úǒƛǂƙ ƗǒǄǆƵ ÿǆ ƗƮǄƤƙƪǆǃå çïåïơǃå

:ƗǒƙǕå Ɨƿǚƶǃå ûƼā æƪơƙā ƗǆāöǈǆǃƓƕ ǑǄƽƪǃå-  

ὗ ά È Ὤ                                 ρρ 
¶ ǍôƴǄǁä üƸƪǁä 

 úǒƶưǃå ýāǄơǆǃå ƣưƕ ÿƓǆāǀƙ ÿƓƙƤưǆ ǏǄƵ Ɨơïƙǀǆǃå Ɨǆāöǈǆǃå ăāƙơƙ
:ǑƙǕƓǂ æƪơǒ Ɠǆǋïǒāíƙǃ þðǚǃå ýƺƬǃåā ÿǒƙǄơïǆ ǏǄƵ ðǒǂïƙǃå 

:ýāǄơǆǄǃ ǏǃāǕå ƗƤưǆǃå- 

ύ ά Ὤ Ὤ                                      ρς 
ύ άὺ ὴ ὴ                                 ρσ 

:ýāǄơǆǄǃ ƗǒǈƓƛǃå ƗƤưǆǃå- 

ύ ά Ὤ Ὤ                                 ρτ 
ύ ά ὺ ὴ ὴ                            ρυ 

 
¶ æîäîƟǁä æìĀîôǄǁä 

 ýāǄơǆǄǃ ǑǄƽƪǃå ăïåïơǃå ýíƓƕǆǃå ïƕƵ óƓǆǃå Ǐǃã ðǒǂïƙǃå ăāƿ ýāǄơǆǃå íāƶǒ
 ÿǆ çíāǀƽǆǃåā ƗƞƙƓǈǃå çïåïơǃå ƗǒǆǂÜïƤƕǆǃå ÿǆ þíƓǀǃå ßƓǆǃå ïƓƤƕ óƓƮƙǆƓƕ þāǀǒā

:ǑǃƓƙǃƓǂ æƪơƙ ǉîǋ óƓƮƙǆǕå ƗǒǄǆƵ- 

ὗ ά È άὬ άὬ                 ρφ 
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 çïåïơǃå ÿǆ Ɨǒǆǂ ƓǌǈƵ Ɲƙǈǒ Ɨơïƙǀǆǃå ƗǆāöǈǆǄǃ ǑǄƽƪǃå úƛǂǆǃƓƕ úǒƛǂƙǃå ƗǒǄǆƵ
:ǑǃƓƙǃƓǂ æƪơƙ çíāïõǆǃå- 

ὗ άÈ ά Ὤ άὬ                  ρχ 
 
 
¶ ƕƜƗǆǄǁä ìǐîƓƗǁä ƕǐǄǀ 

ýǆơ ǊƮƓƮƙǆå Ɨƞǒƙǈ ïƤƕǆǃå ýƤåí (íïƕǆǃå) ßƓǆǃå ïƤƕƙǒ  íǒïƕƙǃå Ɨǒǆǂā Üíǒïƕƙǃå
:ǑǃƓƙǃƓǂ æƪơƙ Ɨƞƙǈǆǃå- 

ὗ ά Ὤ Ὤ                                      ρψ 
 

¶  ÞäìǓà üǄƑƴǄ 
 íƶƕ æƪơǒ Ɨơïƙǀǆǃå ýāƶƽǆǃå Ɨƞāíðǆ ǑƮƓƮƙǆǕå íǒïƕƙǃå Ɨǆāöǈǆ ßåíá ýǆƓƶǆ

:ƗǒƙǓå Ɨƿǚƶǃå ûƼā ÿǒƙƤưǆǄǃ þðǚǃå ýƺƬǃå ýƓǆǋã- 

     ὅὕὖ
ὗ

ὗ
                                                      ρω      

 
4 çƑǐƮîƻǁä 

 Ɨƪåïíǃå ǉîǋ èǒïƞáíƓǆƙƵǙƓƕ :ƗǒƙǓå èƓǒưïƽǃå  ǏǄƵ- 

o .ýǆǌǆ Ɠǌƕ õƺưǃå íǀƼ ā çïǀƙƪǆ Ɨǆāöǈǆǃå ƗǃƓơ 
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o .ĄƓǆƓƙ Ɠǒïåïơ ĄǙðƵ Ɨǃāðƶǆ Ɨǆāöǈǆǃå 
o  āöǈǆǄǃ ǑǄƽƪǃå õƺưǃå ƗƕāǄõǆǃå íǒïƕƙǃå çïåïơ Ɨƞïíǃ ƴƕƬƙǃå õƺư āǋ Ɨǆ

.ïƤƕǆǃƓƕ 
o  úƛǂǆǃƓƕ úǒƛǂƙǃå çïåïơ Ɨƞïíǃ ƴƕƬƙǃå õƺư āǋ ƗǆāöǈǆǄǃ õƪāƙǆǃå õƺưǃå

.ǑǄƽƪǃå 
o  úƛǂǆǃƓƕ úǒƛǂƙǃå çïåïơ Ɨƞïíǃ ƴƕƬƙǃå õƺư āǋ ƗǆāöǈǆǄǃ ăāǄƶǃå õƺưǃå

.ăāǄƶǃå 
o .çïǒƺƙǆ ăāǄƶǃå íǃāǆǃƓƕ ýǒƺƬƙǃå çïåïơ Ɨƞïí 
o ƙǃå çïåïơ Ɨƞïí çïåïơǃå Ɨǒǆǂ ïƓǆƛƙƪå ÿƵ ƗƞƙƓǈ ǑǄƽƪǃå íǃāǆǃƓƕ ýǒƺƬ

.ăāǄƶǃå úƛǂǆǃå ÿǆ ƗƮǄƤƙƪǆǃå 
o .çííơǆ óƓǆǃƓƕ óƓƮƙǆǕå çïåïơ Ɨƞïí 
o ) èưïƼ Ɨǆāöǈǆǃå ǑƼ ƗǀƼíƙǆǃå ƗǄƙǂǃåkg/s1.( 
o ) èïǒƙƤå ăāǄƶǃåā ǑǄƽƪǃå ÿƓǒïåïơǃå ÿǙíƓƕǆǃå ǚǂǃ ƗǒǄƵƓƽǃå0.65.( 
 
5  ƕƪƽƑǆǄǁäĀ ƛƏƑƗǆǁä 

ǃå Ɨǆāöǈǆ èïƕƙƤá Ăāƙƪǆ íǈƵ Ɨơïƙǀǆǃå ýāƶƽǆǃå Ɨƞāíðǆ ǑƮƓƮƙǆǙå íǒïƕƙ
ííơǆ ăāǄƵ õƺư(PH=62.49kPa)   úƛǂǆǃƓƕ Ǌǃ çïöƓǈǆ ƴƕƬƙ çïåïơ Ɨƞïíā

ăāǄƶǃå(Tcd=87oC)  ýāíƞ) õƪāƙǆǃå õƺưǄǃ ÿǒǒāƙƪǆǃā1 ßåïƞǗå åîǋ úíǌǒ Ü(
 èǆíƤƙƪá ÜƗơïƙǀǆǃå Ɨǆāöǈǆǃå ßåíá ǏǄƵ õƪāƙǆǃå õƺưǃå Ăāƙƪǆ ïǒƛƋƙ ƗƼïƶǆǃ

ơ Ɨƞïí Ǒǈāíǃå íǒïƕƙǃå ûǀơƙ ƗǒǄƽƪ úǒƛǂƙ çïåïơ Ɨƞïí ā Ɨǒǈíƙǆ óƓƮƙǆå çïåï
 ƝƑƓƙǈ ýưƼá ǏǄƵ ýāƮơǄǃ íïƕǆǄǃ[9,8]. 
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o Ǐǂƻƨǁä ôƸƮǂǁ üĀǓä āĀƗƨǄǁä 

 Ɨƞāíðǆ ǑƮƓƮƙǆǙå íǒïƕƙǃå Ɨǆāöǈǆƕ ǑǄƽƪǃå õƺưǄǃ ýāǕå Ăāƙƪǆǃå ííơ
íǈƵ Ɨơïƙǀǆǃå ýāƶƽǆǃå(PL=0.87kPa)   Ăāƙƪǆƕ íǒïƕƙ ǏǄƵ ýāƮơǄǃ

)Te=5oC.( 

 )üĀìƜ1ìǆƳ æîƑƗƢǄǁä üǐƸƪƗǁä ùĀîõ :(PH=62.50 kPa, Tcd=87oC) ( 
 
S.N 

 
Ta 

 (oC) 
 

 
Tc 

 (oC) 
 

 
Pm (kPa) 

 

 
Te 

 (oC) 

 
PL (kPa) 
 

1 
 

20 20 4.25        
5 

 
0.87 
 
 

2 20 30 7.38      

 

) ýǂƬǃå ÿǒƕǒ2 ĄƓǒǄƤåí ƗǄƺƙƪǆǃå çïåïơǃåā çƓõƶǆǃå çïåïơǃå ÿǆ Ąǚǂ èƓǒǆǂ çíƓǒð (
Ƽ ýǂƬǃå ÿǒƕǒ ÜăāǄƶǃå íǃāǆǃƓƕ ýǒƺƬƙǃå çïåïơ èƓƞïí ƴǆ ǑǄƽƪǃå íǃāǆǃå ýǒƺƬƙ Ǒ

 Ɨǒǆǂ çíƓǒð Üõƪāƙǆǃå õƺưǃå ÿǒǒāƙƪǆǃ çƓõƶǆǃå çïåïơǃå èƓǒǆǂ ûƕƓõƙ ĄƓưǒá
 Ăíǆ çíƓǒðǃ íāƶƙ õƪāƙǆǃå õƺưǄǃ ǑǈƓƛǃå Ăāƙƪǆǃå ƗǃƓơ ǑƼ çƓõƶǆǃå çïåïơǃå

ǃå íǃāǆǃƓƕ ýǒƺƬƙǃå çïåïơ èƓƞïí èƓǒāƙƪǆ ÷Ɠƽƙïåā ûƕƓõƙ ĄƓƕǃƓƹ öơǚǈ Ɠǆǂ ÜăāǄƶ
 ǚǂǃ ǑǄƽƪǃå íǃāǆǃå ýǒƺƬƙ ǑƼ ƗǄƺƙƪǆǃå çïåïơǃå èƓǒǆǂ ǑƼ ïǒƕǂ íơ Ǐǃã
 Ăíǆ ÷Ɠƪƙã Ǐǃã íāƶǒ ĄƓǒǄƤåí ƗǄƺƙƪǆǃå çïåïơǃå èƓǒǆǂ ǑƼ çíƓǒðǃå Üÿǒǒāƙƪǆǃå
 Üõƪāƙǆǃå õƺưǄǃ ǑǈƓƛǃå Ăāƙƪǆǃå íǈƵ Ɠǋåāƙƪǆ ÷Ɠƽƙïåā ýǒƺƬƙǃå çïåïơ èƓƞïí
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ǆ öơǚǈ üǃî ÿǆ ïƛǂá íǈƵ íïƕǆǄǃ Ɠǒǈíǃå ýƮƽǃå çïåïơ Ɨƞïí ïǒƺƙ þíƵ ýǂƬǃå ÿ
 ïƛƋƙƙ íïƕǆǄǃ Ɠǒǈíǃå ýƮƽǃå çïåïơ Ɨƞïí Üõƪāƙǆǃå õƺưǃå ÿǆ ÿǒǒāƙƪǆǃå ǚǂ

        .óƓƮƙǆǙå çïåïơ Ɨƞïíā ǑǄƽƪǃå õƺưǃå Ăāƙƪǆƕ 

)ýǂƬǃå2Ɨƞïí ƴǆ ĄƓǒǄƤåí ƗǄƺƙƪǆǃå çïåïơǃåā ăāǄƶǃå íǃāǆǃƓƕ çƓõƶǆǃå çïåïơǃå :( 

ƙǃå çïåïơ ăāǄƶǃå íǃāǆǃƓƕ ýǒƺƬPH=62.50 kPa, Tcd=87oC, PL =0.87kPa) .( 
 

) ýǂƬǃå Ơưāǒ3 ðǒǂïƙǃå úǒƶưǃå ýāǄơǆǃå ÿǆ ƗǄƮƽǈǆǃå íïƕǆǃå èƓǒǆǂ çíƓǒð (
 íǃāǆǃƓƕ ýǒƺƬƙǃå çïåïơ èƓƞïí ƴǆ Ɨơïƙǀǆǃå ƗǆāöǈǆǄǃ ǑǄƽƪǃåā ăāǄƶǃå ÿǒíǃāǆǃƓƕ

ƗǄƮƽǈǆǃå íïƕǆǃå èƓǒǆǂ çíƓǒð ĄƓưǒá ýǂƬǃå Ơưāǒ ÜăāǄƶǃå  úǒƶưǃå ýāǄơǆǃå ÿǆ
 ƝƙƓǈǃå ýǒƺƬƙǃå çïåïơ èƓƞïí Ăāƙƪǆā Ăíǆ çíƓǒð ƴǆ ǑǄƽƪǃåā ăāǄƶǃå ÿǒíǃāǆǃƓƕ

) Ǐǃã ýƮā ăîǃåā ÜƗơïƙǀǆǃå ƗǆāöǈǆǃƓƕ õƪāƙǆǃå õƺưǃå ƴƼï ÿƵTd=135oC (
 ýāǄơǆǃå ÿǆ ƗǄƮƽǈǆǃå íïƕǆǃå èƓǒǆǂ Üõƪāƙǆǃå õƺưǄǃ ǑǈƓƛǃå Ăāƙƪǆǃå íǈƵ
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 ăāǄƶǃå ÿǒíǃāǆǃƓƕ ðǒǂïƙǃå úǒƶưǃå õƺưǄǃ ǑǈƓƛǃå Ăāƙƪǆǃå ƗǃƓơ ǑƼ ǑǄƽƪǃåā
 õƺưǄǃ ýāǕå Ăāƙƪǆǃå ƗǃƓơ ǑƼ ƗǄƮƽǈǆǃå èƓǒǆǂǃå ÿǆ ïƕǂá èǈƓǂ õƪāƙǆǃå

 .õƪāƙǆǃå 

 )ýǂƬǃå3Ɨƞïí ƴǆ ǑǄƽƪǃåā ăāǄƶǃå ÿǒíǃāǆǃå ǑƼ ýāǄơǆǃå ÿǆ ƗǄƮƽǈǆǃå íïƕǆǃå èƓǒǆǂ:(  çïåïơ
íǈƵ ăāǄƶǃå íǃāǆǃå ýǒƺƬƙǃå PH=62.50 kPa, Tcd=87oC, PL =0.87kPa) .( 

 
) ýǂƬǃå4 çïåïơ Ɨƞïí ÷Ɠƽƙïå ƴǆ ïƤƕǆǃå ÿǆ Ɨƞƙǈǆǃå íǒïƕƙǃå èƓǒǆǂ çíƓǒð ÿǒƕǒ (

 Ɨơïƙǀǆǃå ýāƶƽǆǃå Ɨƞāíðǆ ǑƮƓƮƙǆǙå íǒïƕƙǃå Ɨǆāöǈǆǃ ăāǄƶǃå íǃāǆǃƓƕ ýǒƺƬƙǃå
 íǒïƕƙǃå èƓǒǆǂ ăāƓƪƙ ýǂƬǃå ǑƼ öơǚǈā Üõƪāƙǆǃå õƺưǄǃ ÿǒǒāƙƪǆǃå ǚǂǃ

õƪāƙǆǃå õƺưǃå ÿǆ ÿǒǒāƙƪǆǄǃ Ɨƞƙǈǆǃå íǈƵ Ɨƞƙǈǆǃå íǒïƕƙǃå èƓǒǆǂ íǒðƙ þƛ Ü
 ƗǈïƓǀǆ ƗǃƓơǃå çîǌǃ ýǒƺƬƙǃå Ăíǆ ÷Ɠƪƙå æƕƪƕ õƪāƙǆǃå õƺưǄǃ ǑǈƓƛǃå Ăāƙƪǆǃå

   .ýāǕå õƪāƙǆǃå õƺưǃå Ăāƙƪǆƕ 
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         )ýǂƬǃå4 ăāǄƶǃå íǃāǆǃƓƕ ýǒƺƬƙǃå çïåïơ Ɨƞïí ƴǆ Ɨƞƙǈǆǃå íǒïƕƙǃå Ɨǒǆǂ:(
íǈƵPH=62.50 kPa, Tcd=87oC, PL =0.87kPa) (. 

 

) ýǂƬǃå ÿǆ öơǚǈ5 úƛǂǆǃåā óƓǆǃå ÿǆ çíāïõǆǃå çïåïơǃå èƓǒǆǂ çíƓǒð (
 ýǂƬǃå ÿǆ öơǚǈā ÜăāǄƶǃå íǃāǆǃƓƕ ýǒƺƬƙǃå çïåïơ èƓƞïí ÷Ɠƽƙïå ƴǆ ǑǄƽƪǃå
 ǑǈƓƛǃå Ăāƙƪǆǃå íǈƵ úǒƽõ ýǂƬƕ óƓǆǃå ÿǆ çíāǀƽǆǃå çïåïơǃå èƓǒǆǂ çíƓǒð ĄƓưǒá

ǃå íǈƵ çíāǀƽǆǃå çïåïơǃå èƓǒǆǂ ÿƵ õƪāƙǆǃå õƺưǄǃ õƺưǄǃ ýāǕå Ăāƙƪǆ
 Ăāƙƪǆ ƴƼï íǈƵ ýƿá èǈƓǂ ǑǄƽƪǃå úƛǂǆǃå ÿǆ çíāǀƽǆǃå çïåïơǃå èƓǒǆǂ Üõƪāƙǆǃå

) Ǐǃã ƗǆāöǈǆǄǃ õƪāƙǆǃå õƺưǃåPm=7.38oC èƓǒǆǂ ûƕƪ Ɠǆ ǏǄƵ çíƓǒð Ü(
 ǑǄƽƪǃå úƛǂǆǃå ÿǆ çíāïõǆǃå üǄƙ ÿǆ ïƛǂá èǈƓǂ óƓǆǃå ÿǆ çíāïõǆǃå çïåïơǃå

õƪāƙǆǃå õƺưǃå ÿǆ ÿǒǒāƙƪǆǃå ǚǂ íǈƵ . 
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) ýǂƬǃå5çïåïơ Ɨƞïí ƴǆ ǑǄƽƪǃå úƛǂǆǃåā óƓǆǃå ÿǆ çíāïõǆǃå çïåïơǃå èƓǒǆǂ:(  ýǒƺƬƙǃå
íǈƵ ăāǄƶǃå íǃāǆǃƓƕ PH=62.50 kPa, Tcd=87oC, PL =0.87kPa) .( 

 

) ýǂƬǃå ǑƼ ƗǄƛǆǆǃåā ƓǌǒǄƵ ýƮơƙǆǃå ƝƑƓƙǈǃå Ơưāƙ6 ßåíǕå ýǆƓƶǆ ÿƪơƙ (
ƙǀǆǃå ýāƶƽǆǃå Ɨƞāíðǆ ǑƮƓƮƙǆǙå íǒïƕƙǃå Ɨǆāöǈǆǃ ýǒƺƬƙǃå çïåïơ Ɨƞïí ƴǆ Ɨơï

 Ăíǆ çíƓǒð ýǂƬǃå Ơưāǒā Üõƪāƙǆǃå õƺưǄǃ ÿǒǒāƙƪǆǃå ǚǂǃ ăāǄƶǃå íǃāǆǃƓƕ
 Ǐǃã õƪāƙǆǃå õƺưǃå ƴƼï íǈƵ ăāǄƶǃå íǃāǆǃƓƕ ýǒƺƬƙǃå çïåïơ èƓƞïí èƓǒāƙƪǆ

)Pm=7.38kPa ýƮƽǃå çïåïơ Ɨƞïí ǑƼ ïƛâǒ þǃ õƪāƙǆǃå õƺưǃå Ăāƙƪǆ ƴƼï Ü(
ǈíƙ æƕƪ Ǌǈǂǃā ÜíïƕǆǄǃ Ɠǒǈíǃå ýǒƺƬƙ Ɨõǀǈ ýǂ íǈƵ Ɨǆāöǈǆǃå ßåíá ýǆƓƶǆ ǑƼ Ǒ

 ýǆƓƶǆ ǏǄƵá ÿá ĄƓưǒá Ơưāǒā Üõƪāƙǆǃå õƺưǄǃ ýāǕå Ăāƙƪǆǃå ƝƑƓƙǈƕ ĄƗǈïƓǀǆ
 ÿǒǒāƙƪǆǃå íǈƵ Ɨơïƙǀǆǃå ýāƶƽǆǃå Ɨƞāíðǆ ǑƮƓƮƙǆǙå íǒïƕƙǃå Ɨǆāöǈǆǃ ßåíá

) ăāƓƪƙǆ õƪāƙǆǃå õƺưǄǃCOP=1.5 ýǒƺƬƙ çïåïơ Ɨƞïí ǏƮƿá íǈƵ ûǀơƙǒā (
ÜĂāƙƪǆ ýǂǃ .ƓǌƑåíá ýǆƓƶǆ ÿǆ ÿƪơǒ þǃ ƗǆāöǈǆǄǃ õƪāƙǆǃå õƺưǃå Ăāƙƪǆ ƴƼï 
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       )ýǂƬǃå6:( ăāǄƶǃå íǃāǆǃå çïåïơ Ɨƞïí ƴǆ Ɨơïƙǀǆǃå ƗǆāöǈǆǄǃ ßåíǕå èǚǆƓƶǆ 
íǈƵ.(PH=62.50 kPa, Tcd=87oC, PL=0.87kPa)  

o Ǐǂƻƨǁä ôƸƮǂǁ ǏǆƑƙǁä āĀƗƨǄǁä 
å íǒïƕƙǃå Ɨǆāöǈǆƕ ýǆƓƶǃå ǑǄƽƪǃå õƺưǃå Ăāƙƪǆ ƴƼĈï Ɨƞāíðǆ ǑƮƓƮƙǆǙ

) Ǐǃã Ɨơïƙǀǆǃå ýāƶƽǆǃå(PL=1.7kPa  ïåíǀǆƕ íǒïƕƙ Ăāƙƪǆ ûǒǀơƙǃ
)Te=15oC (èïƕƙƤåā  Ɨǈǒƕǆǃå ýǒƺƬƙǃå úāïö æƪơ Ɨơïƙǀǆǃå Ɨǆāöǈǆǃå

)ýāíƞǃƓƕ2.( 

)üĀìƜ2ìǆƳ æîƑƗƢǄǁä üǐƸƪƗǁä ùĀîõ :(PH=62.50 kPa, Tcd=87oC) .(  
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) ýǂƬǃå ǑƼ ƗǄƛǆǆǃå ƝƑƓƙǈǃå Ơưāƙ7 ƗǄƺƙƪǆǃåā çƓõƶǆǃå çïåïơǃå èƓǒǆǂ çíƓǒð (
 ýǂǃ ăāǄƶǃå íǃāǆǃƓƕ ýǒƺƬƙǃå çïåïơ èƓƞïí ƴǆ ǑǄƽƪǃå íǃāǆǃå ýǒƺƬƙ ǑƼ ĄƓǒǄƤåí

ã ûƕƓõƙ ýǂƬǃå ÿǆ öơǚǈ Üõƪāƙǆǃå õƺưǃå ÿǆ Ăāƙƪǆ èƓǒǆǂ ǑƼ ïǒƕǂ íơ Ǐǃ
 èƓǒǆǂ ǑƼ Ɨƽǒƽõ çíƓǒðā õƪāƙǆǃå õƺưǃå ÿǆ ÿǒǒāƙƪǆǃå ǚǂǃ çƓõƶǆǃå çïåïơǃå
 Üõƪāƙǆǃå õƺưǄǃ ǑǈƓƛǃå Ăāƙƪǆǃå íǈƵ ǑǄƽƪǃå íǃāǆǃå ýǒƺƬƙ ǑƼ ƗǄƺƙƪǆǃå çïåïơǃå
 íǃāǆǃå ýǒƺƬƙ ǑƼ ĄƓǒǄƤåí ƗǄƺƙƪǆǃåā çƓõƶǆǃå çïåïơǃå èƓǒǆǂ çíƓǒð öơǚǈ Ɠǆǂ

å Ăāƙƪǆǃå íǈƵ ǑǄƽƪǃå çïåïơ èƓƞïí Ăāƙƪǆ ÷Ɠƽƙïå æƕƪƕ õƪāƙǆǃå õƺưǄǃ ǑǈƓƛǃ
 ǚǂ íǈƵ ƗǒāƓƪƙǆ íïƕǆǄǃ Ɠǒǈíǃå ýƮƽǃå çïåïơ Ɨƞïí ÜăāǄƶǃå íǃāǆǃƓƕ ýǒƺƬƙǃå

    .õƪāƙǆǃå õƺưǃå ÿǆ ÿǒǒāƙƪǆǃå 

) ýǂƬǃå7ýǒƺƬƙǃå çïåïơ Ɨƞïí ƴǆ ĄƓǒǄƤåí ƗǄƺƙƪǆǃåā ăāǄƶǃå íǃāǆǃƓƕ çƓõƶǆǃå çïåïơǃå :(  íǃāǆǃƓƕ
 ăāǄƶǃåPH=62.50 kPa, Tcd=87oC, PL =1.7kPa) .( 

) ýǂƬǃå ÿǒƕǒ8 ðǒǂïƙǃå úǒƶưǃå ýāǄơǆǃå ÿǆ ƗǄƮƽǈǆǃå íïƕǆǃå èƓǒǆǂ çíƓǒð (
 ýǒƺƬƙǃå çïåïơ èƓƞïí çíƓǒð ƴǆ Ɨơïƙǀǆǃå ƗǆāöǈǆǄǃ ǑǄƽƪǃåā ăāǄƶǃå ÿǒíǃāǆǃƓƕ
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 õƺưǄǃ ÿǒííơǆǃå ÿǒǒāƙƪǆǄǃā ǑǄƽƪǃå õƺưǄǃ ǑǈƓƛǃå Ăāƙƪǆǃå íǈƵ ăāǄƶǃå íǃāǆǃƓƕ
Üõƪāƙǆǃå  íǈƵ ăāǄƶǃå íǃāǆǃå ǑƼ ƗǄƮƽǈǆǃå íïƕǆǃå èƓǒǆǂ ÿá ýǂƬǃå ÿǆ öơǚǈ

 íǈƵ ƗǄƮƽǈǆǃå üǄƙ ÿǆ çïǆ ýǂ ǑƼ ïƕǂá èǈƓǂ õƪāƙǆǃå õƺưǄǃ ǑǈƓƛǃå Ăāƙƪǆǃå
 Ăāƙƪǆǃå íǈƵ ǑǄƽƪǃå íǃāǆǃå ǑƼ ƗǄƮƽǈǆǃå íïƕǆǃå èƓǒǆǂ ÜýāǕå õƪāƙǆǃå õƺưǃå

á öơǚǈ üǃî Ǐǃå ĄƗƼƓưã Üýƿá èǈƓǂ õƪāƙǆǃå õƺưǄǃ ǑǈƓƛǃå èƓǒǆǂ çíƓǒð ïåïǆƙƪ
 õƺưǄǃ ǑǈƓƛǃå Ăāƙƪǆǃå íǈƵ ǑǄƽƪǃåā ăāǄƶǃå ÿǒíǃāǆǃå ǑƼ ƗǄƮƽǈǆǃå íïƕǆǃå
 ƗǈïƓǀǆ Ɠǋåāƙƪǆ ÷Ɠƽƙïåā ýǒƺƬƙǃå çïåïơ èƓƞïí Ăíǆ ÷Ɠƪƙã æƕƪƕ õƪāƙǆǃå
 íǃāǆǃå ǑƼ ƗǄƮƽǈǆǃå íïƕǆǃå èƓǒǆǂ ÿá ĄƓưǒá öơǚǈā ÜýāǕå õƪāƙǆǃå õƺưǃƓƕ

 ƗǄƮƽǈǆǃå üǄƙ ÿǆ ïƕǂá èǈƓǂ ăāǄƶǃå ÿǆ ÿǒǒāƙƪǆǃå ǚǂ íǈƵ) ǑǄƽƪǃå íǃāǆǃå ǑƼ
  .(õƪāƙǆǃå õƺưǃå 

) ýǂƬǃå8ǑǄƽƪǃåā ăāǄƶǃå ÿǒíǃāǆǃå ǑƼ úǒƶưǃå ýāǄơǆǃå ÿǆ ƗǄƮƽǈǆǃå íïƕǆǃå èƓǒǆǂ:(  ƴǆ
ƗǒāǄƶǃå ýǒƺƬƙǃå çïåïơ ƗƞïíPH=62.50 kPa, Tcd=87oC, PL =1.7kPa) .( 
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) ýǂƬǃå ǑƼ ƗǄƛǆǆǃå ƝƑƓƙǈǃå9 ïƕƙǃå èƓǒǆǂ èƓƼïƮƙ Ơưāƙ ( ïƤƕǆǃå ÿǆ Ɨƞƙǈǆǃå íǒ
 ǑǈƓƛǃå Ăāƙƪǆǃå íǈƵ Ɨơïƙǀǆǃå ýāƶƽǆǃå Ɨƞāíðǆ ǑƮƓƮƙǆǙå íǒïƕƙǃå Ɨǆāöǈǆƕ
 èƓǒǆǂ çíƓǒð ýǂƬǃå Ơưāǒ Üõƪāƙǆǃå õƺưǄǃ ÿǒííơǆ ÿǒǒāƙƪǆǃā ǑǄƽƪǃå õƺưǄǃ
 ÿǒǒāƙƪǆǃå ǚǂǃ ăāǄƶǃå íǃāǆǃƓƕ ýǒƺƬƙǃå çïåïơ Ɨƞïí ƴǆ ïƤƕǆǃå ÿǆ Ɨƞƙǈǆǃå íǒïƕƙǃå

ǃå õƺưǃå ÿǆ ÿǒííơǆǃå íǒïƕƙǃå èƓǒǆǂ ûƕƓõƙ ĄƓưǒá ýǂƬǃå Ơưāǒ Üõƪāƙǆ
 ýƮơƙǆǃå ĂāƮǀǃå ýǒƺƬƙǃå çïåïơ Ɨƞïí Ǐƙơ Ɨơïƙǀǆǃå Ɨǆāöǈǆǃå ÿǆ Ɨƞƙǈǆǃå
 íǒïƕƙǃå èƓǒǆǂ çíƓǒð ïåïǆƙƪå öơǚǈ þƛ ÜýāǕå õƪāƙǆǃå õƺưǃå íǈƵ ƓǌǒǄƵ
 üǃîā õƪāƙǆǃå õƺưǄǃ ǑǈƓƛǃå Ăāƙƪǆǃå íǈƵ Ɨơïƙǀǆǃå Ɨǆāöǈǆǃå ÿǆ Ɨƞƙǈǆǃå

Ăíǆ ÷ƓƪƙǕ  Ɨƞǒƙǈǂā ÜýāǕå õƪāƙǆǃå õƺưǃƓƕ ƗǈïƓǀǆ ăāǄƶǃå íǃāǆǃƓƕ ýǒƺƬƙǃå
 ǑǈƓƛǃå Ăāƙƪǆǃå íǈƵ Ɨơïƙǀǆǃå ýāƶƽǆǃå Ɨƞāíðǆ ǑƮƓƮƙǆǙå íǒïƕƙǃå Ɨǆāöǈǆ

 .ïƕǂá íǒïƕƙ èƓǒǆǂ ïƼāƙ õƪāƙǆǃå õƺưǄǃ 

        ) ýǂƬǃå9 ăāǄƶǃå íǃāǆǃƓƕ ýǒƺƬƙǃå çïåïơ Ɨƞïí ƴǆ Ɨƞƙǈǆǃå íǒïƕƙǃå Ɨǒǆǂ:(
íǈƵPH=62.50 kPa, Tcd=87oC, PL =1.7kPa) .( 
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) ýǂƬǃå ÿǒƕǒ10 ƴǆ óƓǆǃåā ǑǄƽƪǃå úƛǂǆǃå ÿǆ çíāïõǆǃå çïåïơǃå èƓǒǆǂ çíƓǒð (
 Üõƪāƙǆǃå õƺưǄǃ ÿǒííơǆǃå ÿǒǒāƙƪǆǃå ǚǂǃ ăāǄƶǃå íǃāǆǃƓƕ ýǒƺƬƙǃå çïåïơ èƓƞïí
 ǑǄƽƪǃåā ăāǄƶǃå ÿǒíǃāǆǃå ǑƼ ƗǄƮƽǈǆǃå íïƕǆǃå èƓǒǆǂ çíƓǒðǃ üǃî ǑƼ æƕƪǃå íāƶǒā

åíǃåā Ɠǆǂ ÜóƓǆǃƓƕ ƗƮƙǆǆǃå ßƓǆǃå ïƓƤƕ èƓǒǆǂ çíƓǒðǃ Ɠưǒáā ǑǄƽƪǃå úƛǂǆǄǃ ƗǄƤ
 ǑǈƓƛǃå Ăāƙƪǆǃå íǈƵ óƓǆǃå ÿǆ çíāïõǆǃå çïåïơǃå èƓǒǆǂ çíƓǒð ýǂƬǃå ÿǒƕǒ
 æǈƓƞ ÿǆ Üõƪāƙǆǃå õƺưǄǃ ýāǕå ĂāƙƪǆǃƓƕ ƗǈïƓǀǆ çïǆ ýǂ ǑƼ õƪāƙǆǃå õƺưǄǃ

ǃå ÿǆ çíāǀƽǆǃå çïåïơǃå èƓǒǆǂ ǑƼ Ǒǈíƙ ýǂƬǃå ÿǒƕǒ ïƤá çïǆ ýǂ ǑƼ ǑǄƽƪǃå úƛǂǆ
 ÿǒƕǒ üǃî ÿǆ ïƛǂá ÜýāǕå Ăāƙƪǆǃå ÿƵ õƪāƙǆǃå õƺưǄǃ ǑǈƓƛǃå Ăāƙƪǆǃå íǈƵ
 úƛǂǆǃå ÿǆ çíāǀƽǆǃå üǄƙ ûāƽƙ óƓǆǃå ÿǆ çíāǀƽǆǃå çïåïơǃå èƓǒǆǂ ÿá ýǂƬǃå
 çïåïơǃå èƓǒǆǂ ÿǆ íǒðǒ õƪāƙǆǃå õƺưǃå Ăāƙƪǆ ƴƼï ƗǄƮơǆǂā ÜǑǄƽƪǃå

 .çíāǀƽǆǃå 

                         
) ýǂƬǃå10 ýǒƺƬƙǃå çïåïơ Ɨƞïí ƴǆ ǑǄƽƪǃå úƛǂǆǃåā óƓǆǃå ÿǆ çíāïõǆǃå çïåïơǃå èƓǒǆǂ:(

íǈƵ ăāǄƶǃå íǃāǆǃƓƕ PH=62.50 kPa, Tcd=87oC, PL =1.7kPa) .( 
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) ýǂƬǃå ÿǒƕǒ11 Ɨƞāíðǆ ǑƮƓƮƙǆǙå íǒïƕƙǃå Ɨǆāöǈǆǃ ßåíǕå ýǆƓƶǆ ÿƪơƙ (
ǃå íǃāǆǃƓƕ ýǒƺƬƙǃå çïåïơ Ɨƞïí ƴǆ Ɨơïƙǀǆǃå ýāƶƽǆǃå ÿǆ ÿǒǒāƙƪǆǃå ǚǂǃ ăāǄƶ

 íǈƵ Ɨơïƙǀǆǃå Ɨǆāöǈǆǃå ßåíá ýǆƓƶǆ ÿá ĄƓưǒá ýǂƬǃå ÿǒƕǒā Üõƪāƙǆǃå õƺưǃå
 ǑǈƓƛǃå ĂāƙƪǆǃƓƕ ĄƗǈïƓǀǆ çïǆ ýǂ ǑƼ ǏǄƵǕå ÿƓǂ õƪāƙǆǃå õƺưǄǃ ýāǕå Ăāƙƪǆǃå
 Ɨơïƙǀǆǃå ƗǆāöǈǆǄǃ ßåíá ýǆƓƶǆ ǏǄƵá ÿá öơǚǈ üǃî ÿǆ ïƛǂá Üõƪāƙǆǃå õƺưǄǃ

)COP=1.6ǚǂǃ ăāƓƪƙǆ (  íǈƵ ûǀơƙǒ Ǌǈá Ǚã õƪāƙǆǃå õƺưǃå ÿǆ ÿǒǒāƙƪǆǃå
 Ɨƞïí ăāƓƪƙ ýǂƬǃå Ơưāǒ üǃî ǏǄƵ çíƓǒð ÜƗƽǄƙƤǆ ĂāƮƿ ƗǒǄǒƺƬƙ çïåïơ èƓƞïí
 ÷Ɠƪƙã Ơưāǒ Ɠǆǂ Üõƪāƙǆǃå õƺưǃå ÿǆ ÿǒǒāƙƪǆǃå ǚǂǃ íïƕǆǄǃ Ɠǒǈíǃå ýƮƽǃå çïåïơ

ǃå õƺưǄǃ ǑǈƓƛǃå Ăāƙƪǆǃå íǈƵ Ɠǋåāƙƪǆ ÷Ɠƽƙïåā ýǒƺƬƙǃå çïåïơ èƓƞïí Ăíǆ õƪāƙǆ
 ýǆƓƶǆ ÿǆ ÿƪơǒ þǃ õƪāƙǆǃå õƺưǃå Ăāƙƪǆ ƴƼï ƗƮǚƤǂā ÜƗơïƙǀǆǃå ƗǆāöǈǆǄǃ
 ƴƪā Ǌǈǂǃā íïƕǆǄǃ ǏǃāǕå ýƮƽǃå çïåïơ Ɨƞïí ÿǆ ïǒƺǒ þǃā Ɨơïƙǀǆǃå Ɨǆāöǈǆǃå ßåíá

.ăāǄƶǃå íǃāǆǃƓƕ ýǒƺƬƙǃå çïåïơ èƓƞïí Ăíǆ ÿǆ 

 
) ýǂƬǃå11ǆǃå çïåïơ Ɨƞïí ƴǆ Ɨơïƙǀǆǃå ƗǆāöǈǆǄǃ ßåíǕå èǚǆƓƶǆ:( íǈƵ ăāǄƶǃå íǃā

(PH=62.50 kPa, Tcd=87oC, PL=1.7 kPa). 
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) ýāíƞ Ơưāǒ3 ǑƮƓƮƙǆǙå íǒïƕƙǃå Ɨǆāöǈǆǃ ƓǌǒǄƵ ýƮơƙǆǃå ƝƑƓƙǈǃå þǋá (
 õƪāƙǆǃå õƺưǃå ÿǆ ǚǂǃ ÿǒííơǆǃå ÿǒǒāƙƪǆǃå íǈƵ Ɨơïƙǀǆǃå ýāƶƽǆǃå Ɨƞāíðǆ
ÿá ǑǄƽƪǃå õƺưǄǃ ýāǕå Ăāƙƪǆǃå ƗǃƓơ ǑƼ ýāíƞǃå Ơưāǒ ÜƓǌǃ ǑǄƽƪǃå õƺưǃåā 

) Ǐǃã õƪāƙǆǃå õƺưǃå ƴƼïPm=7.38kPa çïåïơ èƓƞïí Ăāƙƪǆ ÿǆ íåð (
 çïåïơǃå Ɨǒǆǂā Ɨƞƙǈǆǃå íǒïƕƙǃå Ɨǒǆǂ ÿǆ Ɠưǒá  íåð ā ÜăāǄƶǃå íǃāǆǃƓƕ ýǒƺƬƙǃå
 ðǒǂïƙ Ɨƕƪǈ ÿǆ ïǒƺǒ ÿá ÿāí ÜƗơïƙǀǆǃå ƗǆāöǈǆǄǃ ăāǄƶǃå íǃāǆǃƓƕ çƓõƶǆǃå

.ßåíǕå ýǆƓƶǆ ÿƪơǒ āá úǒƶưǃå ýāǄơǆǃå 

ƕƪ Ɠǆ Ǐǃã ĄƗƼƓưã ǑǈƓƛǃå Ăāƙƪǆǃåā ǑǄƽƪǃå õƺưǄǃ ǑǈƓƛǃå Ăāƙƪǆǃå íǈƵā û
 ðǒǂïƙ èāƕƛā ýǒƺƬƙǃå çïåïơ Ɨƞïí Ăāƙƪǆ ǑƼ ÷Ɠƽƙïå öơǚǈ õƪāƙǆǃå õƺưǄǃ
 Ɨƞƙǈǆǃå íǒïƕƙǃå Ɨǒǆǂā çƓõƶǆǃå çïåïơǃå Ɨǒǆǂ çíƓǒð öơǚǈ Ɠǆǂ Üúǒƶưǃå ýāǄơǆǃå

ƺưǃå Ăāƙƪǆ ƴƼïƕ ǉïƛƋƙ þíƵā Ɨơïƙǀǆǃå ƗǆāöǈǆǄǃ ßåíǕå ýǆƓƶǆ èāƕƛā õƪāƙǆǃå õ
 ƗǆāöǈǆǄǃ õƪāƙǆǃå õƺưǃå Ăāƙƪǆ ƴƼï ÿá öơǚǈ ƗǈïƓǀǆǃƓƕā üǃî ǏǄƵ çíƓǒð ÜƓǌƕ
 íǈƵ èǀǀơƙ Ɨƞƙǈǆ íǒïƕƙ Ɨǒǆǂ ïƕǂá ÜƗƞƙǈǆǃå íǒïƕƙǃå èƓǒǆǂ ÿǆ íåð Ɨơïƙǀǆǃå

) èƺǄƕ éǒơ ǑǄƽƪǃå õƺưǄǃ ýāǕå ĂāƙƪǆǃåQe=492kW Ăāƙƪǆ ƴƼï Ü(
 ÿǆ ÜƗƞƙǈǆǃå íǒïƕƙǃå Ɨǒǆǂ ÿǆ ýǄƿ ǑǄƽƪǃå õƺưǃå ÿƪơƙ öơǚǈ ïƤá ǉƓƞƙã

 Ǐǃã ǑǄƽƪǃå õƺưǃå Ăāƙƪǆ ƴƼï Ɨƞǒƙǈ Ɨơïƙǀǆǃå Ɨǆāöǈǆǃå ßåíá ýǆƓƶǆ
)PL=1.7kPa) ƸǄƕ éǒơ (COP=1.6 Ɨƞïí Ăāƙƪǆƕ ǊǒǄƵ ýāƮơǃå þƙā (

 õƺưǄǃ ýāǕå Ăāƙƪǆǃå íǈƵ ûǀơǆ ßåíá ýǆƓƶǆ ǏǄƵƋƕ ĄƗǈïƓǀǆ ýƿá ýǒƺƬƙ çïåïơ
) ǑǄƽƪǃåCOP=1.51 .( 
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) üĀìƜ3ƏƑƗǆǁä ƕǆîƑƾǄ :( ìǆƳ ƑǊǐǂƳ üƬƟƗǄǁä ƛ      .(PH=62.50 kPa, Tcd=87oC) 
S.N  

Ta(oC) 
 

Tc(oC) 
Pm 

(kPa) 
PL 

(kPa) 
 

Td(oC) 
X 

(%) 
Qe 

(kW) 
Qd 

(kW) 
 

COP 

1 20 20 4.25  

0.87 

128 46 397 262 1.51 

2 20 30 7.38 135 46 492 330 1.49 

3 25 20 4.25  

1.7 

112 41 319 189 1.6 

4 25 30 7.38 119 41 461 287 1.6 

 

6 ƕƬǘƢǁä 

 ûƼíƙǃå èåî ýāƶƽǆǃå Ɨƞāíðǆ ǑƮƓƮƙǆǙå íǒïƕƙǃå Ɨǆāöǈǆǃ Ɨƪåïíǃå ǉîǋ Ǒõƶƙ
 þāǒƛǒǄǃå íǒǆāïƕ) ăðåāƙǆǃå-  Ăāƙƪǆ ÿǆ ǚǂ ïǒƙƋƛ ÿƵ Ɨơưåā çïǂƼ Ɨơïƙǀǆǃå (ßƓǆ

 ƝƑƓƙǈǃå èǈǒƕ éǒơ ÜƓǌƑåíá ǏǄƵ Ɠǌƕ ǑǄƽƪǃå õƺưǃå Ăāƙƪǆā õƪāƙǆǃå õƺưǃå
 ÿá ƓǌǒǄƵ ýƮơƙǆǃå ýāǄơǆǃå ðǒǂïƙ ÿǆ ïǒƺǒǙ Ɠǌǃ õƪāƙǆǃå õƺưǃå Ăāƙƪǆ ƴƼï

 ÜßåíǕå ýǆƓƶǆ ÿƪơǒ Ǚā íïƕǆǄǃ ǏǃāǕå ýƮƽǃå çïåïơ Ɨƞïí ÿǆ Ǚ ā úǒƺưǃå
 Ɠǆǂ ÜƗǄƮƽǈǆǃå íïƕǆǃå èƓǒǆǂ ÿǆ íǒðǒā ÜýǒƺƬƙǃå çïåïơ èƓƞïí Ăíǆ ƴƪāǒ Ǌǈǂǃā

í ƗǄƺƙƪǆǃåā çƓõƶǆǃå çïåïơǃå èƓǒǆǂā Ɨƞƙǈǆǃå íǒïƕƙǃå Ɨǒǆǂ ÿǆ íǒðǒ Ɨǒíƺƙ ǑƼ ƓǒǄƤå
 èïǌöá üǃî ÿǆ ïƛǂá Üçíāǀƽǆǃå çïåïơǃå èƓǒǆǂ ÿǆ Ɠưǒá íǒðǒā ÜǑǄƽƪǃå íǃāǆǃå
 ǑƮƓƮƙǆǕå íǒïƕƙǃå Ɨǆāöǈǆ ßåíá ýǆƓƶǆ ÿƪơƙ ÿá ƓǌǒǄƵ ýƮơƙǆǃå ƝƑƓƙǈǃå
 íǆƙƶǒ ăîǃå ÜƓǌƕ ǑǄƽƪǃå õƺưǃå Ăāƙƪǆ ƴƼïƕ ûǀơƙǒ Ɨơïƙǀǆǃå ýāƶƽǆǃå Ɨƞāíðǆ

  .æāǄõǆǃå íǒïƕƙǃå Ăāƙƪǆ ǏǄƵ 
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þāǒƛǒǄǃåíǒǆāïƕ) ýāƶƽǆǃå- ÜƗǒǀǒƕõƙǃåā Ɨƛơƕǃå þāǄƶǄǃ Ɠǌƕƪ ƗƶǆƓƞ ƗǄƞǆ Ü"(ßƓǆ
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]9[ ƑåíǃåíƕƵ íǆơǆÜþ  ƠǃƓƮ íǆơǆá Üõƕåïǆǃå ǑǈƓƕǒƬǃå Üýāƺǃå ƗǆõƓƼ Üïƕƞ óǚƤá
" ǑƮƓƮƙǆá íǒïƕƙ Ɨǆāõǈǆ ßåíá ǏǄƵ ƗǄǆƓƶǃå çïåïơǃå èƓƞïí ïǒƛƋƙ Ɨƪåïí

þāǒƛǒǄǃåíǒǆāïƕ) ýāƶƽǆǃå Ɨƞāíðǆ- þāǄƶǄǃ ƗǒïǆƪǕå ƗƶǆƓƞǃå ƗǄƞǆ "(ßƓǆ
) ǑǈƓƛǃå ííƶǃå ÜǏǃāǕå Ɨǈƪǃå Ɨǒǀǒƕõƙǃåā ƗǒƪƓƪǕå2016.( 
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òƢǂǄǁä  

èƓǈǒƵ ǏǄƵ ƗǒǄǆƶǃå æïƓƞƙǃå ßåïƞã þƙ Ɨƿïāǃå ǉîǋ ǑƼ úǄƙƤǆ ÿǆ ÷åāǈå æǄƮǃå 
Ǒǈāƕïǂǃå Ƥǈǆǃåôƽ C25Ü õƪāƙǆǃåā C45Ü ǑǃƓƶǃåā U10 þǋá ÿǆ ǉïƓƕƙƵƓƕ Ü

üǃîā ÜƗǒƪíǈǌǃå íåāǆǃå ǑƑƓǒǆǒǂǃå æǒǂïƙǃå ÿǆ ûǀơƙǃå íƶƕ ïƓƕƙƤǙå èƓǈǒƶǃ  íǂƋƙǃåā
ÿǆ èƓƽƮåāǆǄǃ ƓǌƙǀƕƓõǆ Ɨǒƪāïǃå ƗǒƪƓǒǀǃå Gost. èǒïƞĈá  ýƕƿ èƓǈǒƶǃå ǏǄƵ

ƗƞǃƓƶǆǃå èåïƓƕƙƤå ǒƓƶǆ èåíƶǆƕ þíƮǃåā çíǚƮǃåā ăïǌƞǆǃå úƬǂǃå ĄƓƽǄƪ çï
 èƓǈǒƶǃå ôǒïƶƙƕ üǃîā ÜƗǒïåïơǃå ƗƞǃƓƶǆǄǃ èƓǈǒƶǃå èƶưƤĈá Ɠǋíƶƕā

èƓƞïíǃ  íǒïƕƙ üǃî íƶƕ Ŋþćƙ ÜǑǈāƕïǂǃå æǄƮǃå ÷āǈ æƪơ ÿǒƽǄƙƤǆ ÿǆðā çïåïơ
ßåāǋ) ƗƽǄƙƤǆ õƓƪāá þåíƤƙƪƓƕ èƓǈǒƶǃå Ĳ ßƓǆ-  Ăíǆ Ɨƕƿåïǆ úíǌƕ üǃîā Ý(èǒð

ǃå üǃîǂā Ɨǒïǌƞǆǃå Ɨǒǈƕǃå ǏǄƵ õƓƪāǕå üǄƙ ïǒƛƋƙ ÜƗǒǂǒǈƓǂǒǆǃå óåāƤ  èǈǒƕ íƿā
ƝƑƓƙǈ ƗƞǃƓƶǆǃå èƓǈǒƶǃå ǏǄƵ èåïƓƕƙƤǙå ÿá  ǑƼ ĄǙƓƶƼ Ąåïāí æƶǄƙ íǒïƕƙǃå õƓƪāá

ǏǄƵ ïǒƛƋƙǃå  æǄƮǃå ïåāõá ǑƼ èåïǒƺƙ éíơƙ Ɠǌǈá éǒơ ÝƗǒïǌƞǆǃå Ɨǒǈƕǃå æǒǂïƙ

mailto:milodnoor@gmail.com
mailto:milodnoor@gmail.com
mailto:mohbaiod63@gmail.com
mailto:mohbaiod63@gmail.com


 

 Volume  12العدد 

   7102December  ديسمبر

International 

 Science and Technology 

Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 
 

 حقوق الطبع محفوظة 
 للمجلة الدولية للعلوم والتقنية 

Copyright © ISTJ   он 

 
 

ǏǄƵ üǃîǂā Ǒǈāƕïǂǃå  ýāƮơǃå þƙǒ ßƓǆǃƓƕ íǒïƕƙǃå íǈƵ ĄǚƛǆƼ ÝƗǒǂǒǈƓǂǒǆǃå óåāƤǃå
Ʈ ǏǄƵ Ɨǆǒǀƕ ÿāƕïǂǃå ǑǃƓƵ æǄƮǃå ǑƼ Ɠǌƙāïî ƸǄƕƙ ƗǒǃƓƵ çíǚ64.33  ǏǄƵ

ƗǆāƓǀǆ ǏǄƵá ÿá íƞǈ ÿǒơ ǑƼ Ü ýǒāǂï ñƓǒǀǆ  Ǒǈāƕïǂǃå æǄƮǃå ǑƼ ÿāǂƙ þíƮǄǃ
ôƽƤǈǆǃå ßåāǌǃƓƕ íǒïƕƙǃå íǈƵ  Ɨǆǒǀƕ ÜÜ380 Ɠǆǂ  Üýāƞ ÿá ÿǒƕƙ  ïǒƺƙǃå ýíƶǆ

ǑƼ Ɨǒƪǂƶǃå Ɨƿǚƶǃå þíƮǃåā çíǚƮǃå ÿǒƕ ÿāǂǒ  íǒïƕƙǃå íǈƵßƓǆǃå ǑƼ  ǏǄƵá
Ǌǈǆ  íǒíơƙ ǑƼ íǒƽƙ Ɨƪåïíǃå ǉîǋ ýƛǆ ÿá íƞǈ üǃîƕ ā .ßåāǌǃå ǑƼ íǒïƕƙǃå íǈƵ
÷āǈ æǄƮǃå Ü ƗǒǄǆƶǃå çƓǒơǃå ǑƼ ƗƽǄƙƤǆǃå èƓǆåíƤƙƪǚǃ ÿǒƕƪƓǈǆǃå íǒïƕƙǃå õƪāā  ā

 Ɨƪåïí ā Ɨƛíơƙƪǆ ĂïƤá íǒïƕƙ õƓƪāá Ɨƕïƞƙ Ɠǌǈǒƕ ÿǆ èƓǒƮāƙ Ɨƿïāǃå èǆíƿ
Ɠǂǒǆ óåāƤ ǏǄƵ ýāƮơǄǃ ƓǋïǒƛƋƙ ÷åāǈǕå ā Ǒǈāƕïǂǃå æǄƮǃå ǑƼ ýưƼá Ɨǒǂǒǈ

. æǄƮǃå ÿǆ ĂïƤǕå 

ƕǐǁǗìǁä çƑǄǂǀǁä  ÜƗǒïǌƞǆ Ɨǒǈƕ Üíǒïƕƙ õƑƓƪā ÜƗǒïåïơ ƗƞǃƓƶǆ ÜǑǈāƕïǂ æǄƮ :
ƗǒǂǒǈƓǂǒǆ óåāƤ. 

Abstract 

          In this paper, practical experiments were carried out on 

samples of various types of carbon steel, low C25, medium C45, 

and high U10, which is considered as an important engineering 

material . After verification of the chemical composition of the test 

samples and that they conform to the international standard( Gost 

specifications) , pre-treatment samples were subjected to 

microscopy, hardness and impact tests with calibrated equipment.  

The samples were subjected to heat treatment by exposing them to 

different temperatures and time; according to the type of carbon 
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steel. The samples were then cooled using different media (air, 

water, oil) to verify the effect of these cooling media on the 

microscopic structure as well as the mechanical properties. The 

results showed that the cooling media play an effective role in 

influencing the microstructure as they cause changes of carbon 

steel phases as well as mechanical properties. It was found that the 

maximum hardness was 64.33 HRC in high carbon steel using 

water cooling media while the maximum impact energy was 380 

Joule in low carbon steel using air cooling media. The study also 

shows that the reverse relationship between hardness and impact 

energy is stronger using water cooling media then air cooling 

media. Such a study is useful in determining the type of steel and 

cooling medium suitable for use in different applications in 

practical life. This paper presents recommendations, one of it is 

testing other new coolants to study their impact on the properties 

of carbon steel and other types of steel for improved mechanical 

properties and better results. 

1. ƕǄìƾǄǁä 
               üƑƓƕùƪǃå ÿùǆ íùƶƙ éùǒơ çïùǒƕǂ Ɨùǒǆǋá ÿāƕïǂǃåā íǒíơǃå üƑƓƕƪ èƕƪƙǂå

 ƓǌùùùùùƮåāƤ ïùùùùùǒƺƙ ÿùùùùùǆ çíƓƽƙùùùùùƪǚǃ ĄƓùùùùùǒïåïơ ƓùùùùùǌƙƞǃƓƶǆ ÿùùùùùǂǆǒ Ǒùùùùùƙǃå ƗùùùùùǄǒǄǀǃå Ɨǒùùùùùƪíǈǌǃå
 ǑùƼ þƙùƙ Ǒùƙǃå ā ƗùǒǄƤåíǃå Ɨùǒǈƕǃå ǑùƼ éíùơƙ Ǒùƙǃå èåïǒƺƙǃå æƕƪƕ üǃîā Ý ƗǒǂǒǈƓǂǒǆǃå

Ƶ ûǒƕõƙ ÿǂǆǒā Ü ƗƕǄƮǃå ƗǃƓơǃå õùǀƼ ñǒùǃ æǄùƮǃå ǏùǄƵ Ɨùǒïåïơǃå ƗùƞǃƓƶǆǃå èƓǒǄǆ
 ýƓùùùǆƙơå ǏùùùǄƵ Ǌùùùƙïíǀǆā Ǌùùùƙǈāïǆā ǊùùùƙǈƓƙǆ ÿǒùùùƪơƙǃ ĄƓùùùưǒá ýùùùƕ ǊƙíǚùùùƮ çíƓùùùǒð úíùùùǌƕ
 Ɨùƞïí Ǐùǃã ÿíùƶǆǃå ÿǒƤƪƙ èƓǒǄǆƵ Ɠǌǈá ǏǄƵ Ɨǒïåïơǃå ƗƞǃƓƶǆǃå úïƶƙ . èƓǆíƮǃå
 Ü óƓùùƤ íùùǒïƕƙ ýíùùƶǆƕ ǉíùùǒïƕƙ þùùƛ Ɨùùǈǒƶǆ çïùùƙƽǃ Ɨùùƞïíǃå ǉîùùǋ íùùǈƵ Ǌùùƙǒƕƛƙā Ɨùùǈǒƶǆ çïåïùùơ
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 . ÿíùùùùƶǆǃå ïƓǌùùùùƮǈå Ɨùùùùƞïí Ǐùùùùǃã ýùùùùƮƙ ÿá ÿāí þƙùùùùƙ ÿǒƤùùùùƪƙǃå Ɨùùùùƞïí ÿá öùùùùơǚǒā
[Frihat,2015] Ü] Khunte,2015 [ 

          Ɨùǒǈƕǃå ÿǒùƪơƙ ǑùƼ ĄƓùǆǌǆ Ąåïāí ƗùƽǄƙƤǆǃå Ɨǒïåïơǃå ƗƞǃƓƶǆǃå èƓǒǄǆƵ æƶǄƙ ā
 ïùǒǆƤƙǃå : èƓùǒǄǆƶǃå ǉîùǋ ÿùǆ ā Ü æǄùƮǃå Ɠǌǈǒƕ ÿǆ Ǒƙǃå Ɨǒƪíǈǌǃå íåāǆǄǃ Ɨǒïǌƞǆǃå

íǒǄƮƙǃå ā  . ƴǒƕõƙǃå ā ƗǃíƓƶǆǃå ā]) [Joshi ;Vinod, et al. ,( May 2014 ̪ 

] Sharma ;Shubham and Sharma;Shalab, ( 17th. June,2017 [ . 

             Ɨƶùùùùƪåā Ɨǒùùùùƪíǈǌǃå íåāùùùùǆǃå þùùùùǋá ÿùùùùǆ Ąåíùùùùơåā Ǒǈāùùùùƕïǂǃå æǄùùùùƮǃå ïùùùùƕƙƶǒā
ƕ íǒǄùùƮƙǃå ƗùùǒǄǆƵ þƙùùƙā ǉíǒǄùùƮƙ ƗùùǒǈƓǂǆƎƕ ðùùǒǆƙǒā ƗƵƓǈùùƮǃå ǑùùƼ ýƓǆƶƙùùƪǙå þåíƤƙùùƪƓ

 ÿùùùǆ Ɨǂǒƕùùùƪ ÿùùƵ çïƓùùùƕƵ æǄùùƮǃå ā . ßåāùùùǌǃåā èāùùǒðǃåā ßƓùùùǆǃå Ɠùùǌǈǆ  ƗùùùƽǄƙƤǆ õƓùùƪāá
 ĄƓùùùǒǄǆƵ ƓùùùǌǒƼ ÿāùùùƕïǂǃå Ɨƕùùùƪǈ Ăíùùùƶƙƙ Ǚ ÿāùùùƕïǂǃåā íùùùǒíơǃå1.7 ôùùùƶƕ íāùùùƞā ƴùùùǆ %

 ïùùùùƕƙƶƙ Ǒùùùùƙǃåā èùùùùǒïƕǂǃåā ïāƽùùùùƪāƽǃåā ÿāǂǒǄǒùùùùƪǃåā ðùùùùǒǈƞǈǆǃå ýùùùùƛǆ ĂïùùùùƤǕå ïùùùƮƓǈƶǃå
á æùƞǒ Ɠùǆǂ ÜæǄùƮǃå êƓùƙǈã ƗǒǄǆƶǃ Ɨƞǒƙǈ æƑåāƬǂ èùǒïƕǂǃåā ïāƽùƪāƽǃå Ɨƕùƪǈ íùǒðƙ Ǚ

 ÿùùƵ Ǒǈāùùƕïǂǃå æǄùùƮǃå ǑùùƼ0.05 ÿùùƵ íùùǒðƙ ǚùùƼ ÿāǂǒǄǒùùƪǃåā ðùùǒǈƞǈǆǃå Ɨƕùùƪǈ Ɠùùǆá %
0.5 æǄùùùùƮǃå : Ǒùùùùǋ ÷åāùùùùǈá Ɨùùùùƛǚƛ Ǐùùùùǃå Ǒǈāùùùùƕïǂǃå æǄùùùùƮǃå úǒǈùùùùƮƙ þùùùùƙ íùùùùƿā . %

 ôƽƤǈùǆǃå æǄùƮǃƓƼ Ý ǑǃƓùƶǃå Ǒǈāƕïǂǃå ā õƪāƙǆǃå Ǒǈāƕïǂǃå ā ôƽƤǈǆǃå Ǒǈāƕïǂǃå
 ÿāƕïǂǃå(C25) å æǄƮǃå āǋ ÿùƵ ǊǒƼ ÿāƕïǂǃå Ɨƕƪǈ íǒðƙ Ǚ ăîǃ0.25 ðùǒǆƙǒā %

 üǚùƪǕåā ƠƑƓƽùƮǃå ƴǒǈùƮƙǃ þíƤƙùƪǒā ÜýǒƺùƬƙǃåā ýǒǂùƬƙǃå ýǌùƪ ÷āǈǃå åîǋā ƗǈƓƙǆǃƓƕ
 ǑǈƓùùƛǃå ÷āùùǈǃå Ɠùùǆá .ƗùùǒǃƓƶǃå çíǚùùƮǃƓƕ ƴùùƙǆƙǒ Ǚ ÿāùùƕïǂǃå ôƽƤǈùùǆ æǄùùƮǃå ÿƋùùƕ ĄƓùùǆǄƵ

 ÿāùùƕïǂǃå õùùƪāƙǆ æǄùùƮǃå āùùǌƼ(C45)  ÿùùǆ ÿāùùƕïǂǃå Ɨƕùùƪǈ ëāåïùùƙƙ ǊùùǒƼ ā0.25 %
 Ǐùùùùǃã0.5 æǄùùùùƮǃå ÿùùùùǆ ïùùùùƛǂá íǒǄùùùùƮƙǄǃ ǊùùùùƙǒǄƕƓƿā ƗùùùùǒǃƓƵ ƗùùùùǈƓƙǆ āî ǊùùùùǈƋƕ ðùùùùǒǆƙǒā %
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 ßåðùùƞǕå ƴǒǈùùƮƙ ǑùùƼ þíƤƙùùƪǒā ÜǊùùǒƼ ÿāùùƕïǂǃå Ɨƕùùƪǈ ÷ƓùùƽƙïǙ üùùǃîā ÿāùùƕïǂǃå ôƽƤǈùùǆ
 éùǃƓƛǃå ÷āùǈǃå Ɠùǆáā .ñāïùƙǃåā ïāƓùơǆǃåā çíùǆƵǕå ýƛǆ ĄƓǒƕƪǈ ƗǒǃƓƵ ƗǈƓƙǆ æǄõƙƙ Ǒƙǃå

 ÿāƕïǂǃå ǑǃƓƵ æǄƮǃå āǌƼ(U10 ǒƼ ÿāǂƙ ā Ü ÿāùƕïǂǃå Ɨƕùƪǈ Ǌ0.75 ïùƛǂá āá %
 ƠǒƙƓùùùƽǆā ôƕåāùùùǈǃå ýùùùƛǆ ƗùùùǒǃƓƵ ƗùùùǈƓƙǆ æùùùǄõƙƙ Ǒùùùƙǃå èåíùùùƶǆǃå ƴǒǈùùùƮƙ ǑùùùƼ þíƤƙùùùƪǒā

.æƿƓƛǆǃåā ñƕƓǂǆǃåā æǃåāǀǃåā Ɨǒíǒíơǃå ïǒƬƓǈǆǃåā õƕïǃå 
           æǄùùƮǃå Ɠùùǌǈǆ Ǒǈāùùƕïǂǃå æǄùùƮǃå ïùùǒƹ æǄùùƮǃå ÿùùǆ ĂïùùƤá ÷åāùùǈá íùùƞāƙ ā

 Ǌùǒǃã úƓùưƙ æǄùƮ ÿùƵ çïƓùƕƵ āùǋ ā Ü ǑǂƑƓƕùƪǃå çíāùƞāǆ ÿùǂƙ þùǃ ƗùƮƓƤ ïùƮƓǈƵ
 æùƪǈǃå ðùǒǈƞǈǆǃåā ÿāǂǒǄǒùƪǃå ÿùǆ ýùǂ Ɨƕùƪǈ Ăíƶƙƙ ƓǆíǈƵ āá ÜǑǈāƕïǂǃå æǄƮǃå ǑƼ
 æǄùƮǃå ǑùƼ ƗǆíƤƙùƪǆǃå ïùƮƓǈƶǃå ïùƛǂá ā ÜǑǈāùƕïǂǃå æǄùƮǃå ǑùƼ çíāùƞāǆǃå ƗǒíƓƶǃå
 Üþāǒíùùùùǒƕǃāǆǃå Üÿƙùùùùƪƞǈƙǃå Üýùùùùǂǒǈǃå ÜÿāǂǒǄǒùùùùƪǃå Üðùùùùǒǈƞǈǆǃå Üþāïùùùùǂǃå Ǒùùùùǋ ǑǂƑƓƕùùùùƪǃå

ǆāǃǕå ÜþāǒǈƓƙǒƙǃåþāǒǈāǂïðǃå ā þāǒǈ [Frihat,2015] . 
         ƗùùƞǃƓƶǆǃå ÷āùùưāǆ èùùǃāƓǈƙ Ǒùùƙǃå ƗǀƕƓùùƪǃå èƓùùƪåïíǃå ÿùùǆ íùùǒíƶǃå èïùùƬǈ íùùƿ ā

 Ɨùùùǒǈƕǃå ǏùùùǄƵ ƓùùùǋïǒƛƋƙ ā ôƽƤǈùùùǆǃå ǑǂƑƓƕùùùƪǃå æǄùùùƮǃå ā Ǒǈāùùùƕïǂǃå æǄùùùƮǄǃ Ɨùùùǒïåïơǃå
 ƗùùƽǄƙƤǆ íùùǒïƕƙ õƑƓùùƪā þåíƤƙùùƪå üǃîùùǂ ā ÿíùùƶǆǄǃ ƗùùǒǂǒǈƓǂǒǆǃå óåāùùƤǃå ā Ɨùùǒïǌƞǆǃå

 æǈƓƞ Ǐǃã Ü ƗƕùƪƓǈǆ çïåïùơ èƓùƞïí íùǈƵ çííùƶƙǆǃå Ɨùǒïåïơǃå ƗùƞǃƓƶǆǃå èƓǒǄǆƵ ßåïƞã
 ā þíùƮǃå ïƓùƕƙƤå ā íùƬǃå ïƓƕƙƤå ā çíǚƮǃå ñƓǒƿ Ɠǌǈǒƕ ÿǆ èåïƓƕƙƤå èǒïƞá íƿ ā

 : èƓƪåïíǃå ǉîǋ ÿǆ Ü ßåāƙǃǙå ïƓƕƙƤå 
 [Kadhim, (September, 2009)]̪ [Çalik , (September, 2009)], 

[Singh ;Bhupinder & Bajawa; Singh (17th. June,2017)] , 

[Frihat,2015]. 
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 التجارب العملية  .2

              æǄùƮǃå ÿùǆ Ɨùƛǚƛǃå ÷åāùǈǕå ǏùǄƵ èåïƓùƕƙƤǙå èùǒïƞĈá Ɨƪåïíǃå ǉîǋ ǑƼ
 ôƽƤǈùǆǃå Ǒǈāùƕïǂǃå æǄùƮǃå ÿùǆ èƓǈǒƵ ǏǄƵ ýāƮơǃå þƙ éǒơ Ü ǑǈāƕïǂǃåC25  

 õùùƪāƙǆǃå āC45  ǑǃƓùùƶǃå āU10 āùùǈá Ɨùùƛǚƛ èǆåíƤƙùùƪåā   Ü íùùǒïƕƙǃå õƓùùƪāá ÿùùǆ ÷å
 æǄùùƮǃå ÷åāùùǈá ǏùùǄƵ ƓùùǋïǒƛƋƙ Ăíùùǆ ǏùùǄƵ úïùùƶƙǄǃ üùùǃî ā ßåāùùǌǃåā ßƓùùǆǃåā èùùǒðǃå Ǒùùǋā

. þíƮǃå ƗǆāƓǀǆā çíǚƮǃåā ăïāǄƕǃå æǒǂïƙǃå éǒơ ÿǆ Ǒǈāƕïǂǃå 

          æǄƮǃå ÿǆ ÷āǈ ýǂǃ Ɨǈāǂǆǃå ïƮƓǈƶǃåā ÿāƕïǂǃå Ɨƕƪǈ ÿǆ íǂƋƙǄǃ ā
Ɠǒǆǒǂǃå æǒǂïƙǃå ÿǆ ûǀơƙǃå èåïƓƕƙƤå èǒïƞĈá ýǒǄơƙǃå ðƓǌƞ þåíƤƙƪƓƕ üǃîā ǑƑ

) Ǒƽǒõǃåspectrometer ÷āǈ ( METAL ANALYZER þƿï3460ARL-   
 ôƽƤǈǆ) Ǒǈāƕïǂǃå æǄƮǃå ÿǆ ÷āǈ ýǂ ÿǆ Ɨƪåïíǃå èƓǈǒƵ ǏǄƵĲ  õƪāƙǆ- 

 ýāõƕ (ǑǃƓƵ2  ïõƿā ïƙǆƙǈƪ4.5 . ïƙǆƙǈƪ 

         ƤƙƪƓƕ Ɨƪåïíǃå èƓǈǒƵ ǏǄƵ Ɨǒïǌƞǆǃå Ɨǒǈƕǃå èåïƓƕƙƤå ßåïƞã þƙ Ɠǆǂ þåí
ïǌƞǆǃå   ÷āǈ ǑƑāưǃåNIKON  þƿï460979  ǑƼ ƗǒƪƓǒǀǃå èåāõƤǃå ÷Ɠƕƙåā

:ǑƙǓå ǏǄƵ úïƶƙǃå úíǌƕ üǃîā ƓǋïƓƕƙƤåā èƓǈǒƶǃå íåíƵã 

1- . ÿíƶǆǄǃ Ɨǈāǂǆǃå èƓƕǒƕơǃå þƞơ íǒíơƙ 
2- . Ɨǒǈíƶǆǃå ïǒƹ æƑåāƬǃåā ƗǒāǈƓƛǃå ǊƞāǙå ƴǒðāƙā ýǂƬā þƞơ íǒíơƙ 
3- ǈƶǄǃ ƴǒðāƙ ßāƪ āå ýƓƮƽǈå íāƞā ÿǆ íǂƋƙǃå. ÿíƶǆǃå Ɨǒǈƕ ýƤåí ïƮƓ 
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4-  ÿíƶǆǃå ǏǄƵ èǒïƞá Ǒƙǃå Ɨǒïåïơǃå ƗƞǃƓƶǆǃå ÷āǈ íǒíơƙ Ɨǈǒƶǆ íāíơ ǑƼ ÿǂǆǒ
.ûƕƓƪ èƿā ǑƼ 

 ôåïƹǕå ǑƼ ǊǆåíƤƙƪåā ÿíƶǆǃå üāǄƪ ƗƼïƶǆ Ɨǃāǌƪƕ ÿǂǆǒ èǙƓơǃå ǉîǋ íǒíơƙƕā
.ƗƽǄƙƤǆǃå 

         дв Имж ЬЪЮ ϤϝжтК ϣϪыϪ ϭϚϝϦж АЂмϦв Ϻ϶ϒ аϦ ϢϸыЊЮϜ ϼϝϠϦ϶Ϝ сТ м

 ЬмАϠм сжмϠϼЪЮϜ ϞЯЊЮϜ дв ϣϪыϪЮϜ ИϜмжцϜ3  ϼАЦм ϼϦвтϦжЂ4.5  ̪ ϼϦвϦжЂ

 Имж ϢϸыЊЮϜ ЀϝтЧЮ ЬтмЪϼ ϾϝлϮ аϜϸ϶ϦЂϝϠ ШЮϺм BUHLER аЦϼ35-4.3  .
 Ǐǃã ǊǄǒƺƬƙā ÿïƽǃå ýƤåí èƓǈǒƶǃå èƶưā Ü Ɨǒïåïơǃå ƗƞǃƓƶǆǃå ƗǒǄǆƵ ßåïƞǗā

ƞïíā ÿǆðǃå èǒƕƛƙ þƙ ā Ɨǒïåïơǃå ƗƞǃƓƶǆǄǃ ƗƕāǄõǆǃå Ɨƞïíǃå ÿǒƕƪƓǈǆǃå çïåïơǃå Ɨ
 Ǒǈāƕïǂǃå æǄƮǃå ÿǆ ÷āǈ ýǂǃ[Frihat,2015]) þƿï ýāíƞ .1 Ɨƞïí Ơưāǒ (

 ÿǒƤƪƙǃå çïƙƿ ƗǒƓǌǈ íǈƵā Ü èƓǈǒƶǃå ÿǆ ÷āǈ ýǂǃ ÿǒƤƪƙǃå ÿǆðā ƗƞǃƓƶǆǃå çïåïơ
 èǒǀǃĈáā ßƓǆǃå ǑƼ Ɨǒƪǀƙǃå ƗǈǒƵā ßåāǌǃå ǑƼ íïƕƙǃ ÿïƽǃå êïƓƤ ǏǃāǙå Ɨǈǒƶǃå èƶưā

ǃå ßƓǆǃå ôāơ ǑƼ çïƬƓƕǆ ĄƓƕǒǄǀƙ ƓǌƕǒǄǀƙ þƙǒā Ćÿåāƛ ñǆƤ ÿǆ ýƿá ÿǆð ǑƼ íïƓƕ
 ǑƼ Ɨǒƪǀƙǃå ƗǈǒƵ Ɠǆǈǒƕ Ü ßƓǆǃå ôāơ ýƤåí íïƕƙ Ǐƙơ èǂïƙā Ɨǀǒƿí çíǆǃ ĄƓǒǈåïāí
 ǑƼ æǒǄǀƙǃå ƴǆ Ćÿåāƛ ñǆƤ ÿǆ ýƿá ÿǆð ǑƼ èǒðǃå ôāơ ǑƼ èƶưā èǒðǃå

 èǒðǃå ǑƼ íïƕƙǃ Ɠǋíƶƕ èǂïƙā Ɨǀǒƿí çíǆǃ Ɠǒǈåïāí ĄƓƕǒǄǀƙ èǒðǃå ôāơ]æāïǒƪ 
ÿƓǒǂǒǃƓǂ[ ïƓƕƙƤǚǃ Ɨǈǒƶǃå íåíƵǗ Ɨǆðǚǃå èƓǒǄǆƶǃå èǒïƞá ƗƞǃƓƶǆǃå ƗǒǄǆƵ íƶƕā  Ü

. çßåïǀǃå Ɨƿí ÿƓǆưǃ (æƑåāƬǃå ÿǆ ƠõƪǕå úǒöǈƙā ƣǒǄƞƙǃå) 
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) þƿï ýāíƞ1ïƓƕƙƤǙå èƓǈǒƶǃ ÿǒƤƪƙǃå ÿǆðā çïåïơǃå èƓƞïí ÿǒƕǒ ( 
 زمن التسخين درجة حرارة المعالجة نوع الصلب

C25 900 دقيقة 45 ةدرجة مئوي 
C45 860 دقيقة 45 درجة مئوية 

U 10 780 دقيقة 45 درجة مئوية 
         ǑƕïƓƬƙ ïƓƕƙƤå þåíƤƙƪƓƕ þíƮǃå èåïƓƕƙƤå èǒïƞĈá íƿ āCharby  ǏǄƵ

 íǒïƕƙǃå õƓƪāƋƕ Ɨǒïåïơǃå ƗƞǃƓƶǆǃå íƶƕā ýƕƿ Ɨƪåïíǃå èƓǈǒƵ éǒơ Ý ƗƽǄƙƤǆǃå
 ÷āǈ  þíƮǃå ïƓƕƙƤå ƗǈǒǂƓǆ èǆíƤƙƪåAsler  å þƿï ýǒíāǆǃPSW 300 M  ā Ü

 ðǒïƽƙǃå ƗǈǒǂƓǆ þåíƤƙƪƓƕ þíƮǃå ïƓƕƙƤå èƓǈǒƵ íåíƵã þƙ(CNC)  íƓƶƕǕƓƕ üǃî ā
)10*10*60  ÿƓǂ ā Ý (ǑƕïƓƬƙ) ïƓƕƙƤǙå ÷āǈǃ þƑǚǆǃå ýǂƬǃå æƪƓǈƙ Ǐƙơ (þƪ

 .ûƑƓƿí ïƬƵ ÿǒƤƪƙǃå ÿǆð ÿƓǂā ƗǈǒƵ çïƬƵ Ǒƙǈƛå ƓǋííƵ ǑǃƓǆƞã  þåíƤƙƪå þƙ
ǒƽǒǂ ÿƓǒƕǃ ǑƕïƓƬƙ ïƓƕƙƤåǊƵåāǈƋƕ Ǒǈāƕïǂǃå æǄƮǃå ǏǄƵ þíƮǃå çāƿ ïǒƛƋƙ Ɨ  ïǒƛƋƙā

 . èƓǆíƮǄǃ ǊǄǆơƙ çāƿ ǏǄƵ Ɨǒïåïơǃå ƗƞǃƓƶǆǃå 

3.  : ƛƏƑƗǆǁä 
1.3 : ǏǆĀƓîǀǁä åǂƬǁä ûƏƑƓƨ çƑǆǐƴǁ ǏƏƑǐǄǐǀǁä åǐǀîƗǁä þǄ úƾƟƗǁä îƑƓƗƢä- 

       þƓƿïá ýāåíƞǃƓƕ Ɨơưāǆ Ǒǋ Ɠǆǂ ƝƑƓƙǈǃå èǈƓǂ4,3,2 . 
) þƿï ýāíƞ2ǒǂǃå æǒǂïƙǃå () ÿāƕïǂǃå ôƽƤǈǆǃå Ǒǈāƕïǂǃå æǄƮǃå èƓǈǒƶǃ ǑƑƓǒǆC25( % 
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) þƿï ýāíƞ3) ÿāƕïǂǃå õƪāƙǆǃå æǄƮǃå èƓǈǒƶǃ ǑƑƓǒǆǒǂǃå æǒǂïƙǃå (C45( % 
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) þƿï ýāíƞ4) ÿāƕïǂǃå ǑǃƓƵ æǄƮǃå èƓǈǒƶǃ ǑƑƓǒǆǒǂǃå æǒǂïƙǃå (U10( 
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2.3  ƕǐîǊƜǄǁä ƕǐǆƓǁäMicrostructure test 

      æǄƮǃå ÿǆ Ɨƛǚƛǃå ÷åāǈǕå èƓǈǒƶǃ ăïǌƞǆǃå æǒǂïƙǃå èåïƓƕƙƤå ßåïƞã íƶƕ
 þƙ çïāǂîǆǃå ƗƽǄƙƤǆǃå õƓƪāǕå þåíƤƙƪƓƕ Ɨǒïåïơǃå ƗƞǃƓƶǆǃå íƶƕā ýƕƿ Ǒǈāƕïǂǃå

) þƿï ýǂƬǃƓƕ Ɨơưāǆǃå ƝƑƓƙǈǃå ǏǄƵ ýāƮơǃå1 ïǒƕǂƙƕ (X600  æǄƮǄǃ
 ïǒƕǂƙ ā õƪāƙǆǃå ā ôƽƤǈǆǃå Ǒǈāƕïǂǃå150X .ǑǃƓƶǄǃ 
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3.3  æìǘƬǁä îƑƓƗƢä 
      ) þƿï ýāíƞǃƓƕ Ɨơưāǆ Ǒǋ Ɠǆǂ ƓǌǒǄƵ ýƮơƙǆǃå ƝƑƓƙǈǃå èǈƓǂ5. ( 
 

) ýāíƞ5ƗƞǃƓƶǆǃå ýƕƿ èƓǈǒƶǄǃ çíǚƮǃå ƝƑƓƙǈ ( 
 المتوسط القيمة الثالثة  القيمة الثانية  القيمة الاولى نوع الصلب 

C 25 77.9 HRB 77.7 HRB 79.5 HRB  78.36 HRB  
C 45 92.8HRB  93.7HRB  92.8 HRB  93.1 HRB  
U 10 86.6 HRB 88.6 HRB  87.7 HRB 87.63 HRB  

  Ɠǆǂ ƓǌǒǄƵ ýāƮơǃå þƙ Ǒƙǃå ïƓƕƙƤǙå ƝƑƓƙǈ èǈƓǂ Ɨǒïåïơǃå ƗƞǃƓƶǆǃå ßåïƞã íƶƕā
 ýāåíƞǃƓƕ Ɨơưāǆ Ǒǋ8,7,6 . 

)  ýāíƞ6) ÿāƕïǂǃå ôƽƤǈǆǃå æǄƮǃå èƓǈǒƶǃ ýǒāǂï  çíǚƮǃå ƝƑƓƙǈ (25C( 
 وسط 

 التبريد
 المتوسط 6القيمة  5القيمة  4القيمة  3القيمة   2القيمة  1 القيمة

 76.6 الهواء

HRB 
77.7 

HRB 
76.9 

HRB 
77.4 

HRB 
77.3 

HRB 
76.4 

HRB 
77.05 
 HRB 

 
 76.7 الزيت

HRB 
82.4 

HRB 
84.8 

HRB 
83.0 

HRB 
82.5 

HRB 
84.1 

HRB 
82.25 
 HRB 

 
 

 29.2 الماء

HRC 
27.4 

HRC 
30.2 

HRC 
30.2 

HRC 
32.3 

HRC 
29.2 

HRC 
29.77 
 HRC 
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)  ýāíƞ7) ÿāƕïǂǃå õƪāƙǆǃå æǄƮǃå èƓǈǒƶǃ ýǒāǂï çíǚƮǃå ƝƑƓƙǈ (C45( 
 وسط 

 التبريد
 المتوسط 6القيمة  5القيمة  4القيمة  3القيمة   2القيمة  1القيمة 

 92 الهواء

HRB 
93.4 

HRB 
94 

HRB 
94.4 

HRB 
91.7 

HRB 
92.3 

HRB 
92.96 
 HRB 

 25.8 الزيت

 HRC 
28.6 

 HRC 
26.3 

 HRC 
26.8 

 HRC 
29.3 

 HRC 
26.1 

 HRC 
27.15 
 HRC 

 56.8 الماء

HRC 
59.9 

HRC 
59.1 

HRC 
60.0 

HRC 
59.4 

HRC 
60.0 

HRC 
59.2 
 HRC 

 
)  ýāíƞ8) ÿāƕïǂǃå ǑǃƓƶǃå æǄƮǃå èƓǈǒƶǃ ýǒāǂï çíǚƮǃå ƝƑƓƙǈ (U10( 

 وسط 

 التبريد
 المتوسط 6قيمة ال 5القيمة  4القيمة  3القيمة   2القيمة  1القيمة 

 92.4 الهواء

HRB 
91.0 

HRB 
91.0 

HRB 
92.8 

HRB 
95.6 

HRB 
93.5 

HRB 
92.7 
 HRB 

 36.8 الزيت

 HRC 
37.8 

 HRC 
39.1 

 HRC 
40.7 

 HRC 
40.4 

 HRC 
40.2 

 HRC 
39.16 
 HRC 

 63.2 الماء

HRC 
63.4 

HRC 
63.7 

HRC 
65.8 

HRC 
64.4 

HRC 
65.5 

HRC 
64.33 
 HRC 

 
4.3  ýìƬǁä îƑƓƗƢä 
       ýāåíƞǃƓƕ Ɨǃāíƞǆǃå ƝƑƓƙǈǃå ǏǄƵ ýāƮơǃå þƙ ÜïƓƕƙƤǙå ßåïƞã íƶƕ

12,11,10,9 . 
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) ýāíƞ9Ɨǒïåïơǃå ƗƞǃƓƶǆǃå ýƕƿ þíƮǃå ïƓƕƙƤå ƝƑƓƙǈ ( 
 زاوية الكسر جهد الكسر نوع الصلب

ST 25 213 JOULE 97 
ST 45 60.7 JOULE 38 
U10 24.5 JOULE 20 

 

) ýāíƞ10ƶƕ þíƮǃå ïƓƕƙƤå ƝƑƓƙǈ ( ÿāƕïǂǃå ôƽƤǈǆ æǄƮǄǃ Ɨǒïåïơǃå ƗƞǃƓƶǆǃå í(C25) 
 زاوية الكسر (JOULE) قيمة الكسر نوع المعالجة  نوع العينة 
ST 25 AIR 380 23º 
ST 25 OIL 298 155º 
ST 25 WATER 55 35 º 

 

) ýāíƞ11 ÿāƕïǂǃå õƪāƙǆ æǄƮǄǃ Ɨǒïåïơǃå ƗƞǃƓƶǆǃå íƶƕ þíƮǃå ïƓƕƙƤå ƝƑƓƙǈ ((C45) 
 زاوية الكسر (JOULE)قيمةالكسر  ع المعالجة نو نوع العينة 

ST 45 AIR 128 65 º 
ST 45 OIL 17 15 º 
ST 45 WATER 16.5 14 º 

 
) ýāíƞ12 ÿāƕïǂǃå ǑǃƓƵ æǄƮǄǃ Ɨǒïåïơǃå ƗƞǃƓƶǆǃå íƶƕ þíƮǃå ïƓƕƙƤå ƝƑƓƙǈ ((U10) 

 زاوية الكسر (JOULE)قيمة الكسر  نوع المعالجة  نوع العينة 
U 10 AIR 24.5 20 º 
U 10 OIL 15.8 12.5 º 
U 10 WATER 15 13 º 
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çƑôôƢǄǁäĀ ƛƏƑƗǆǁä ƕƪƽƑǆǄ 

         ƗƞǃƓƶǆǃå íƶƕ ā ýƕƿ Ü Ǒǈāƕïǂǃå æǄƮǄǃ ăïǌƞǆǃå æǒǂïƙǃå Ɨƪåïí èïǌöá
) ýǂƬ ǑƼ ƗǀƼïǆǃå ïāƮǃå ûƼā Ɨǒïåïơǃå1 íǀƼ Ü ƗƞǃƓƶǆǃå ýƕƿ Ɠǆǃ ƗƕƪǈǃƓƕ Ǌǈá Ü (

) ÿāƕïǂǃå ôƽƤǈǆ æǄƮǄǃ ƗƕƪǈǃƓƕ öơāǃC25 ÿāƕïǂǃå õƪāƙǆ æǄƮǄǃ ā (
)C45 ïƛǂá èǒåïƽǃå ïāõ èƓƕǒƕơ ÿá éǒơƕ Ü èǒǙïƕǃå ā èǒåïƽǃå ăïāõ íƞåāƙ (

 ƗưƽƤǈǆǃå ÿāƕïǂǃå Ɨƕƪǈ ÿƵ ïƕƶǒ ăîǃå èǒǙïƕǃå èƓƕǒƕơ ÿǆ Ɨǒǈƕǃå ǑƼ ĄåïƓƬƙǈå
 ǑƼ çíƓǒð ƴǆ Üÿíƶǆǃå Ɨǒǈƕǃ þƓƶǃå ƴǒðāƙǃå ǑƼ èƓƕǒƕơǃå þƓöƙǈå þíƵ ā ÿíƶǆǃå ǑƼ

ƕǃå ïāõ èƓƕǒƕơ Ǒǈāƕïǂǃå æǄƮǃå ǑƼ þƓƶǃå ƴǒðāƙǄǃ ƗƕƪǈǃƓƕ Ɠǌǆƞơ ïƕǂ ā èǒǙï
 ƗƕƪǈǃƓƕā Ü ÿíƶǆǃå ǑƼ ÿāƕïǂǃå Ɨƕƪǈ íƓǒíðǙ Ąåïöǈ ÿāƕïǂǃå ôƽƤǈǆ ÿƵ õƪāƙǆǃå

) ÿāƕïǂǃå ǑǃƓƵ æǄƮǄǃU10 ÿƵ ïƕƶǒ ăîǃå èǒƓƙǈǆƪǃå ïāõ ǏǄƵ Ăāƙơǒ āǌƼ (
. æǄƮǃå ǑƼ ƗǒǃƓƶǃå ÿāƕïǂǃå Ɨƕƪǈ 

      Ǌùùǈá Ɨùùƪåïíǃå èïùùǌöá Ɠùùǆǂ õƓùùƪāá úǚƙƤƓùùƕ ā Ɨùùǒïåïơǃå ƗùùƞǃƓƶǆǃå ƗùùǒǄǆƵ íùùƶƕ
 Ü íùǒïƕƙǃå ïåāùùõǕå ÿƎùƼ Ü ßåāùùǌǃå ǑùƼ íùùǒïƕƙǃåā æǄùƮǄǃ Ɨùùǒïåïơǃå ƗùƞǃƓƶǆǃå ßåïùùƞã íùǈƶƼ

) Ɨùƛǚƛǃå ǊùƵåāǈƋƕ Ǒǈāùƕïǂǃå æǄùƮǃå ǑùƼ èùǈƓǂ Ǒƙǃå Ɠǌƪƽǈ Ǒǋ ÿāǂƙC25 ÜC45 Ü
U10ƙ ƗùùǒơƓǈ ÿùùǆ ĄƓùùǆƓöƙǈå ïùùƛǂá ā ýùùƿá ƠƕùùƮá þùùƞơǃå ÿá Ǚã Üïùùǒǒƺƙ ÿāí  ( ƴùùǒðā

Ü ÿāƕïǂǃå Ɨƕƪǈ çíƓǒð ƴǆ  èƓƕǒƕơǃå  æǄùƮǄǃ ßåāùǌǃå ǑùƼ íùǒïƕƙǃå ÿá öùơǚǒ ǑǃƓùƙǃƓƕā
 ǑùùƼ ïùùǒǒƺƙ éíùùơǒ Ǚ Ɨùùǒïåïơǃå ƗùùƞǃƓƶǆǃå íùùƶƕ ǊùùǒƼ ÿāùùƕïǂǃå æùùƪǈ úǚƙƤƓùùƕ Ǒǈāùùƕïǂǃå
 èƓùùùùƕǒƕơǃå ƴùùùùǒðāƙ ƗùùùùǒơƓǈ ÿùùùùǆ ÿùùùùǂǃā ïåāùùùùõǕå ƗùùùùǒơƓǈ ÿùùùùǆ Ɨùùùùǒïǌƞǆǃå æǄùùùùƮǃå Ɨùùùùǒǈƕ

ǑǃƓùƙǃƓƕ āùǋā ïƛǂá ĄƓǆƓöƙǈå éíơǒ Ɠǌǆƞơā  ƗùǒǂǒǈƓǂǒǆǃå óåāùƤǃå ÿǒùƪơƙ ǏùǄƵ ïƛâùǒ
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. þíùùùƮǃåā íùùùƬǃå ƗùùùǆāƓǀǆ ÿùùùƪơƙ ƗùùùǒơƓǈ ÿùùùǆ æǄùùùƮǄǃ  ƗùùùƞǃƓƶǆǃå íùùùƶƕ Ǌùùùǈá èïùùùǌöá ā
 Ǚ ǊùùùǒƼ ÿāùùƕïǂǃå æùùùƪǈ úǚƙƤƓùùƕ Ǒǈāùùƕïǂǃå æǄùùùƮǄǃ  èùùǒðǃå ǑùùùƼ íùùǒïƕƙǃå ā Ɨùùǒïåïơǃå
 ƴùǒðāƙ ƗùǒơƓǈ ÿùǆ ÿùǂǃā ïåāùõǙå ƗǒơƓǈ ÿǆ Ɨǒïǌƞǆǃå æǄƮǃå Ɨǒǈƕ ǑƼ ïǒǒƺƙ éíơǒ

éíùơǒ èƓùƕǒƕơǃå  Ɠùùǆ āùǋā èùùǒðǃå ǑùƼ Ɠùǆ ĄƓùùƵāǈ ƴǒïùƪǃå íùǒïƕƙǃå Ɨùùƞǒƙǈ Ɨùǒǈƕǃå ǑùƼ ǉāùùƬƙ
 çíǚùùùƮǃå þǒùùùƿ ÷Ɠùùùƽƙïå ƗùùùǒơƓǈ ÿùùùǆ æǄùùùƮǄǃ ƗùùùǒǂǒǈƓǂǒǆǃå óåāùùùƤǃå ïùùùǒǒƺƙ ǏùùùǄƵ ïƛâùùùǒ
 ßƓùùǆǃå ǑùƼ íùùǒïƕƙǃå ā Ɨùǒïåïơǃå ƗùùƞǃƓƶǆǃå íùƶƕ Ǌùùǈá ā . íùƬǃåā íùùƮǃå ƗùǆāƓǀǆ ôƓùƽƤǈåā

ùùùƼ ïùùùǒǒƺƙ éíùùùơǒ ǊùùùǒƼ ÿāùùùƕïǂǃå æùùùƪǈ úǚƙƤƓùùùƕ Ǒǈāùùùƕïǂǃå æǄùùùƮǄǃ æǄùùùƮǃå Ɨùùùǒǈƕ Ǒ
 Ɲƙùǈǒ ăîùǃå èǒƓùƪǈƙïƓǆǃå ïāùõ ïāùǌö üùǃî ÿùƵ Ɲƙùǈǒā ïåāùõǕå ƗǒơƓǈ ÿǆ Ɨǒïǌƞǆǃå
 ǉāùùƬƙ éíùùơǒ üǃîùùǂā ƗùùǒǃƓƶǃåā Ɨõùùƪāƙǆǃå ÿāùùƕïǂǃå æùùƪǈā ƗùùǒǃƓƵ íùùǒïƕƙ èǙíùùƶǆ ÿùùƵ
 ƗùùǒơƓǈ ÿùùǆ æǄùùƮǄǃ ƗùùǒǂǒǈƓǂǒǆǃå óåāùùƤǃå ïùùǒǒƺƙ ǏùùǄƵ ïƛâùùǒ ǑǃƓùùƙǃƓƕ āùùǋā Ɨùùǒǈƕǃå ǑùùƼ

ƗǆāƓǀǆ ôƓƽƤǈåā çíǚƮǃå þǒƿ ÷Ɠƽƙïå  íùƿ ā Ü ĄƓƽùƮƿ ƠƕùƮǒ æǄùƮǃåā íùƬǃåā þíƮǃå
 ƗǀƕƓùƪ Ɨùƪåïí èïƓùƬá] Kadhim, (September, 2009)[(   ƗùƞǃƓƶǆǃå Ǐùǃã Ü

 ā çíǚùƮǃå ǏùǄƵ üùǃî ïǒƛƋùƙ ā ßƓùǆǃƓƕ íǒïƕƙǃå ā õƪāƙǆǃå Ǒǈāƕïǂǃå æǄƮǄǃ Ɨǒïåïơǃå
 ƗùùùǒǂǒǈƓǂǒǆǃå óåāùùùƤǃå ǏùùùǄƵ ïƛâùùùǒ èǒƓùùùƪǈƙïƓǆǃå ïāùùùǌö ÿá èùùùǈǒƕ ā þíùùùƮǃå ƗùùùǆāƓǀǆ

 ðǒǆƙǒ ăîǃåƗƼƓƮǀǃå ā çíǚƮǃƓƕ . 
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) þƿï ýǂƬ1 ƗƞǃƓƶǆǃå íƶƕā ýƕƿ Ǒǈāƕïǂǃå æǄƮǃå ÿǆ Ɨƛǚƛǃå ÷åāǈǙå èƓǈǒƶǃ ăïǌƞǆǃå æǒǂïƙǃå (
.ƗƽǄƙƤǆǃå íǒïƕƙǃå õƓƪāƋƕ 
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      Ɠùǌǈǆ ýƿáā ßƓǆǃå ǑƼ íǒïƕƙǃå íǈƵ ÿǂǆǒ Ɠǆ ïƕǂá ÿāǂƙ çíǚƮǃå ÿá ƝƑƓƙǈǃå ÿǆ öơǚǒ
ƙǃå íùǈƵ ÿùǂǆǒ Ɠùǆ ýùƿáā èǒðǃƓƕ íǒïƕƙǃå ǑƼ úǚƙƤƓùƕ ĄƓùưǒá ƝƑƓùƙǈǃå úùǄƙƤƙā ßåāùǌǃå ǑùƼ íùǒïƕ

 . ǊƙƓǒƕǄùùƪā ǊùƙƓǒƕƓƞǒå Ɨǒùùƪǀƙǃå õƓùƪāá ÿùùǆ õùƪā ýùùǂǃ ÿã . ƗǂǒƕùƪǄǃ Ɨùùǈāǂǆǃå ÿāùƕïǂǃå æùƪǈ
 Ɠùùǆ āùùǋā Ąåíùùƞ ƗùùǒǃƓƵ íùùǒïƕƙ èǙíùùƶǆ Ǒùùõƶƙ æîùùƶǃå ßƓùùǆǃå ǑùùƼ Ɨǒùùƪǀƙǃå ýƓùùƛǆǃå ýǒƕùùƪ ǏùùǄƶƼ

ǒ ßƓǆǃå ǑƼ íǒïƕƙǃå ÿá æƕƪƕ üǃîā Ü ƝƑƓƙǈǃå ýāíƞ ǑƼ ǉƓǈöơǙ Ǐǃã èǒƓǈƙƪāǙå üǂƽƙ ƴǈǆ
 ǑùùƼ ǑǃƓùùƵ íùùǒïƕƙ Ǒùùõƶǒ èùùƿāǃå ñùùƽǈ ǑùƼ ÿùùǂǃā Ü ǊùùǒƼ æāùùƹïǆ ïùùǆá āùùǋā èǒƓƙǈǆùùƪā èùǒåïƼ
 ìāïùùƬǃå ÿāùùǂƙ ýƓùùǆƙơå çíƓùùǒðǃ ǊùùǒƼ æāùùƹïǆ ïùùǒƹ ïùùǆá āùùǋā Ü ǏƙǒùùƪǈƙïƓǆǃå ýāùùơƙǃå ýƓùùƞǆ

 .èƓǀǀƬƙǃåā 

 ǑùùùƼ èǒƓǈƙùùùƪāǙå üùùùǂƽƙ ÿùùùǆ ƴùùùǈǆǒ Ǚ ßǑùùùõƕ íùùùǒïƕƙ ýíùùùƶǆ ǏùùùõƶƙƼ èùùùǒðǃå ǑùùùƼ Ɨǒùùùƪǀƙǃå Ɠùùùǆá
å çíǚùùƮǃå ÿùùǆ ýùùǒǄǀƙǃå æƕùùƪǒ üùùǃîā èǒƓƙǈǆùùƪǃåā èùùǒåïƽǃå ÿùùǆ õǒùùǄƤ Ǐùùǃã Ǒǈāùùƕïǂǃå æǄùùƮǃ

 ýƓùùùƞǆ ǑùùùƼ ßǑùùùõƕ íùùùǒïƕƙ ýíùùùƶǆ Ǒùùùõƶǒ èùùùǒðǃå ÿǕ ÿùùùǂǃā . ǊùùùǒƼ æāùùùƹïǆ ïùùùǒƹ ïùùùǆá āùùùǋā
 ûāǀùƬǃå ÿāùǂƙ ƴùǈǆǒ ǊùǈǕ Ü ĂïùƤå ƗùǒơƓǈ ÿùǆ ǊùǒƼ æāƹïǆ ïǆá āǋā Ü ǏƙǒƪǈƙïƓǆǃå ýāơƙǃå

Ƽ íǒïƕƙǃå íǈƵ ýƓơǃå üǃîǂā . èƓǋāƬƙǃåā ïƛâùǒ Ǚ ÿùǂǃā ƗùǒǄƤåíǃå èåíƓǌƞǙå ííƕǒ ßåāǌǃå Ǒ
 ÿùǆ ýùǒǄǀƙǃå Ǐùǃå ăíâùǒ Ɠùǆǆ Ɠùǌǆǒöǈƙ ÿùǆ íùǒðǒ ýùƕ ïƛƶƕƙƙ ƓǌǄƶƞǒ Ǚā æǄƮǃå èƓƕǒƕơ ǏǄƵ

) þƿï ýǂƬǃå ā Ü çíǚƮǃå2. ƗƽǄƙƤǆǃå íǒïƕƙǃå õƑƓƪā ā çíǚƮǃå ÿǒƕ Ɨƿǚƶǃå ÿǒƕǒ ( 
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) þƿï ýǂƬ2Ƥǆǃå íǒïƕƙǃå õƑƓƪā ā çíǚƮǃå ÿǒƕ Ɨƿǚƶǃå ( æǄƮǃå ÿǆ Ɨƛǚƛǃå ÷åāǈǕå èƓǈǒƶǃ ƗƽǄƙ

.Ǒǈāƕïǂǃå 

) þùùƿï ýǂùùƬǃå ǑùùƼ þíùùƮǃå ïƓùùƕƙƤå ÿùùǆ ƓùùǌǒǄƵ ýùùƮơƙǆǃå ƝƑƓùùƙǈǃå ýǚùùƤ ÿùùǆ3 ÿá Ơùùưƙǒ  (
 Ąåïāí ÿāùùƕïǂǃå Ɨƕùùƪǈ ĄƓùùưǒá æùƶǄƙā ïùùƪǂǃå þǒùùƿ úǚƙùùƤå ǑùƼ Ąåïùùǒƕǂ Ąåïāí æùùƶǄƙ íùùǒïƕƙǃå õƓùƪāá

 ā þíùƮǃå ƗùƿƓõ ÿǒùƕ Ɨùƿǚƶǃå ýǂùƬǃå ÿǒƕǒ ā Ü üǃî ǑƼ Ąåïǒƕǂ íùǒïƕƙǃå íùǈƶƼ . íùǒïƕƙǃå õƑƓùƪā
 ǑùùùƼ íùùǒïƕƙǃå íùùǈƵ üǃîùùǂā çïùùùǒƕǂ çïāùùƮƕ ýùùǀƙ ïùùƪǂǄǃ ÿíùùùƶǆǃå ƗùùǆāƓǀǆ ÿá öùùơǚǒ ßƓùùǆǃå ǑùùƼ
 Ɠùùùǆǆ  ýùùǀƙ Ɨùùùǈāïǆǃå ÿá ăá ƗùùǒǃƓƵ ÿāùùùǂƙ ÿíùùƶǆǄǃ Ơõùùùƪǃå çíǚùùƮ ÿǕ ƴùùùƞïǒ üùùǃîā èùùǒðǃå
 æƕùùƪƕ üǃîùǂā . ƐƞƓùƽǆ ýùǆơǃ ôïùƶƙǃå íùǈƵ ƗǆíùùƮǄǃ óƓùƮƙǆå íùƞāǒ Ǚ Ǌùǈá Ǐùǃã ăíâùǒ

èåíƓùùǌƞǙå  ǑùùƼ ýùùƮƓơǃå ǉāùùƬƙǃåā ƴǒïùùƪǃå íùùǒïƕƙǃå Ɨùùƞǒƙǈ èùùǈāǂƙ Ǒùùƙǃå èƓǀǀùùƬƙǃåā ƗùùǒǄƤåíǃå
 æƕùùƪƕ üùùǃîā ïùùƪǂǃå þǒùùǀǃ ÷Ɠùùƽƙïå öơǚǒùùƼ ßåāùùǌǃå ǑùùƼ íùùǒïƕƙǃå Ɠùùǆá . ÿíùùƶǆǄǃ ƗùùǒǄƤåíǃå Ɨùùǒǈƕǃå
 æùǒƙïƙ çíƓùƵã ǑùƼ æƕùƪǒ ÿíùƶǆǄǃ ßǑùõƕǃå íùǒïƕƙǃƓƼ Ü Ơõùƪǃå Ɨùǈāïǆ çíƓùǒðā çíǚùƮǃå óǀǈ

 Ǐùùǃã üùùǃî ăíâùùǒā ÿíùùƶǆǃå èåïāùùǄƕ ýùùƮơƙ íùùƿ Ǒùùƙǃå èƓǋāùùƬƙǃåā ƗùùǒǄƤåíǃå èåíƓùùǌƞǗå íùùǒíƕƙ
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 Ơõùùƪ ǑùùƼ çíǚùùƮǃå èíåð ƓùùǆǄǂ Ǌùùǈá ƝƙǈƙùùƪǒƼ . Ǒǈāùùƕïǂǃå æǄùùƮǄǃ ýǒƺùùƬƙǃåā ƴǒǈùùƮƙǃå íùùǈƵ
 çíǚùùùƮ Ɨùùùǆǒƿ çíƓùùùǒð æƓƕùùùƪƋƼ Ü ƗùùùƑƞƓƽǆǃå ýƓùùùǆơǕåā èƓǆíùùùƮǄǃ ǊùùùƙǆāƓǀǆ èùùùƮǀǈ ÿíùùùƶǆǃå

ǀǆ óǀǈ æƕƪƙ Ǒƙǃå ĄƓƕǒïǀƙ æƓƕƪǕå ñƽǈ Ǒǋ  Ǒǈāƕïǂǃå æǄƮǃå üƑƓƕƪ. þíƮǄǃ ǊƙǆāƓ 

 
) þƿï ýǂƬ3 ÿǆ Ɨƛǚƛǃå ÷åāǈǕå èƓǈǒƶǃ ƗƽǄƙƤǆǃå íǒïƕƙǃå õƑƓƪā ā þíƮǃå ƗƿƓõ ÿǒƕ Ɨƿǚƶǃå (

.Ǒǈāƕïǂǃå æǄƮǃå 

        ýƓǂùùùùƬǕå ā4 Ü5  íùùùùùƶƕ ā ýùùùùƕƿ þíùùùùƮǃå ƗùùùùƿƓõ ā çíǚùùùùùƮǃå ÿǒùùùùƕ Ɨùùùùƿǚƶǃå Ơùùùùưāƙ
 ÿùùǆ ÿǒùùƕƙǒ éùùǒơ Ǒǈāùùƕïǂǃå æǄùùƮǃå ÷åāùùǈǕ ƗùùƽǄƙƤǆǃå íùùǒïƕƙǃå õƑƓùùƪāƕ ƗùùƞǃƓƶǆǃå ÿå ƓùùǌǃǚƤ

 ýŊíùùùƶǆïùùùǒƺƙǃå  íùùùǒïƕƙǃå íùùùǈƵ Ǌùùùǈǆ ǏùùùǄƵá ßƓùùùǆǃƓƕ íùùùǒïƕƙǃå ÿùùùƵ çíǚùùùƮǃåā þíùùùƮǃå ƗùùùƿƓõ ÿǒùùùƕ
  .ßåāǌǃƓƕ 
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) þƿï ýǂƬ4 Ɠǋíǒïƕƙ íǈƵ ƗƽǄƙƤǆǃå Ǒǈāƕïǂǃå æǄƮǃå ÷åāǈǕ çíǚƮǃå ā þíƮǃå ƗƿƓõ ƗƿǚƵ (
.ßåāǌǃƓƕ 

 

) þƿï ýǂƬ5ǃå Ǒǈāƕïǂǃå æǄƮǃå ÷åāǈǕ çíǚƮǃå ā þíƮǃå ƗƿƓõ ƗƿǚƵ ( Ɠǋíǒïƕƙ íǈƵ ƗƽǄƙƤǆ
.ßƓǆǃƓƕ 
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 الاستنتاجات والتوصيات  .5

1.5 :çƑƜƑƗǆƗƨǗä- 
1-  ϣҶтЪтжϝЪтвЮϜм ϣҶтϼмЯϠЮϜ йҶЊϜм϶м сжмҶϠϼЪЮϜ ϞЯҶЊЮϜ ϣтжϠ сТ аЪϲϦЮϜ дЪвт

. ϣтϼϜϼϲЮϜ ϣϮЮϝЛвЮϜ ϤϝтЯвК РЯϦ϶вЮ йКϝЎ϶ϖ ФтϼА дК 

2-   ϸҶтϼϠϦ АϝҶЂмϒ сҶТ сжмҶϠϼЪЮϜ ϞЯҶЊЯЮ ϣтϼϜϼϲЮϜ ϣϮЮϝЛвЮϜ ̭ϜϼϮϖ дв ϭϦжт

ыϦ϶Ϝ ϣҶҶҶУЯϦ϶в ϢϸыҶҶҶЊЮϜ )) ЬҶҶҶϪв ϣҶҶҶтЪтжϝЪтвЮϜ йҶҶҶЊϜм϶ сҶҶҶТ ϢϼҶҶҶтϠЪ ϤϝҶҶҶТ- 

 аϸЊЮϜ- .ϝкϼтОм (( ϸІЮϜ 
3-   ϞЯҶҶҶЊЯЮ ϣҶҶҶтЪтжϝЪтвЮϜ ЈϜмҶҶҶ϶ЮϜ дҶҶҶв ϣтҶҶҶЊϝ϶ ЬҶҶҶЪЮ ϼҶҶҶтϠЪ ϼтϪϓҶҶҶϦ ϸҶҶҶϮмт

 ϞЯҶҶҶЊЮϜ ϢϸыҶҶЊ ϤϸϜϾ ϝҶҶвЯЪ ̯ыϪҶҶвТ оϼҶҶҶ϶цϜ ϣтҶҶЊϝ϶ЮϜ пҶҶЯК сжмҶҶϠϼЪЮϜ

 сжмҶҶϠϼЪЮϜ ϞЯҶҶЊЮϜ ϢϸыҶҶЊ ϤϸϜϾ ϝҶҶвЯЪм аϸҶҶЊЯЮ йҶҶϦвмϝЧв ЬҶҶЧϦ сжмҶҶϠϼЪЮϜ

 йϦвмϝЧв ϤϸϜϾ. ϸІЯЮ 
4-  ϞϝϠҶЂцϜ ЀҶУж сҶк  сжмҶϠϼЪЮϜ ϞЯҶЊЮϜ ШϚϝϠҶЂ ϢϸыҶЊ ϣвтЦ ϢϸϝтϾ ϞϝϠЂϒ

. аϸЊЯЮ йϦвмϝЧв ЈЧж ϞϠЂϦ сϦЮϜ ̯ϝϠтϼЧϦ 
5-   ϣҶҶϮЮϝЛвЮϜ ϭϚϝҶϦж пҶЯК ϼтϪϓҶϦЮϜ сҶТ омҶҶЦцϜ ЬҶвϝЛЮϜ сҶк ϸҶтϼϠϦЮϜ АϝҶЂмϒ дϒ

. ϣтЪтжϝЪтвЮϜ ЈϜм϶ЮϜ сТ ЬЊϲϦ сϦЮϜ ϤϜϼтПϦЮϜм ϣтϼϜϼϲЮϜ 
6- ϣҶтЪтжϝЪтвЮϜ ЈϜмҶ϶ЮϜ дҶв ϣтЊϝ϶ ЬЪ дϒ  РҶЯϦ϶в ϸҶтϼϠϦ АҶЂм сҶТ ϸϜϸϾҶϦ

 сҶТ ϸҶтϼϠϦЮϜ сҶТ ЬҶЧϦм ϤҶтϾЮϜм ̭ϝҶвЮϜ сҶТ ϸҶтϼϠϦЮϜ сҶТ ϢϸыЊЮϜ ϸϜϸϾϦ ̯ыϪв

 сҶТ ϸҶтϼϠϦЮϜ сҶТ ЬҶЧϦм ̭ϜмлЮϜ сТ ϸтϼϠϦЮϜ сТ аϸЊЮϜ ϣвмϝЧв ϸϜϸϾϦм ̭ϜмлЮϜ

.̭ϝвЮϜм ϤтϾЮϜ 

2.5 :çƑǐƬĀƗǁä- 
: ǑǄǒ Ɠǆƕ ǏƮāĈǒ Ɨƪåïíǃå ǉîǋ ßåïƞã ƴƿåā ÿǆ- 

1-   ϢϸтϸϮ ϸтϼϠϦ АϝЂмϒ ϣϠϼϮϦ ЬмЊмЯЮ ϣтϼϜϼϲЮϜ ϣϮЮϝЛвЮϜ сТ ϣϪϸϲϦЂвм

 ϤϜϼϝϠϦ϶Ϝ ̭ϜϼϮϖ ШЮϺЪ м ̪ ЬЎТϒ ϭϚϝϦжм ϸмϮϒ ϣтЪтжϝЪтв ЈϜм϶Ю

. ϣжϼϝЧвЮϜ ϣтжϝЪвш ϤϝжтЛЮϜ ЬЪІ ϞЂϲ ̭ϜмϦЮъϜ м ϸІЮϜ ЬϪв оϼ϶ϒ 
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2-  сТ ФвЛϦЮϝϠ ϱЊж̳т ЬϝϮвЮϜ ϜϺк сТ ϣвϸϝЧЮϜ ϤϝЂϜϼϸЮϜ сТ ϼϪЪϒ ϢϸϝУϦЂыЮ

ПϦЮϜм дϸϝЛвЯЮ ϣтϼмЯϠЮϜ ЈϜм϶ЮϜ ϣЂϜϼϸ ̭ϝжϪϒ ϝлтЯК ЬЊϲϦ сϦЮϜ ϤϜϼт

ϣϮЮϝЛвЮϜ  ϣтжϠЮϜ сТ ϼмАϦЮϜ дтϠϦм дϸЛвЯЮ ЬЊϲт ϝв аКϸϦ ϝлжц ϣтϼϜϼϲЮϜ

. йϦϮЮϝЛв ̭ϝжϪϒ 

3-  ϣϮЮϝЛвЮϜ ϤϝтЯвЛЮ ЬϝϪвϦЂϜ м ϢϝЪϝϲв ̭ϜϼϮϖ сТ ϣтЂϸжлЮϜ ϭвϜϼϠЮϜ РтДмϦ

 пЯК ЬЎТϒ ЬЪІϠ  РϼЛϦЯЮ сЪϚϝϠЂЮϜ м сжмϠϼЪЮϜ ϞЯЊЯЮ ϣтϼϜϼϲЮϜ

Ϝ иϺлЮ ϣУЯϦ϶вЮϜ ϞжϜмϮЮϜ сТ ШЮϺ дв ϢϸϝУϦЂъϜ м ϝлТмϼД м ϤϝтЯвЛЮ

. ϣКϝжЊЮϜ 

: ƲƜäîǄǁä 

 أولاً : المراجع العربية:

]м[ ) ̪ сжЧϦЮϜ атЯЛϦЯЮ сϠϼЛЮϜ ϸϝϲϦъϜмффт  ЈмϲУЮϜ (атТыϦϚъϜϣ  ϼтПЮϜ м

тТыϦϚϜϣ .сжЧϦЮϜ атЯЛϦЯЮ сϠϼЛЮϜ ϸϝϲϦъϜ ̪дϸϝЛвЯЮ 

]н[ ̪(Ϥ .Ϟ) ̪дϝтЪтЮϝЪ ϞмϼтЂ .ϸ . ϝтϮмЮмжЪϦЮϜ м ϬϝϦжъϜ ϣЂϸжк 

]о[  ϣтϼϜϼϲЮϜ ϤывϝЛвЮϜ ̪ ϼЎ϶ ФϜϾϼЮϜ ϸϠК .ϸ ̪ рмϜϼЮϜ ШвкϾ ϸтмК .ϸ

. ФϜϼЛЮϜ ̪ ϸϜϸПϠ ̪ ϣтϸтϸϲ ϼтПЮϜ м ϣтϸтϸϲЮϜ дϸϝЛвЯЮ 

]п[ .ФϜϼЛЮϜ ̪ϸϜϸПϠ ̪ ϬϝϦжъϜ ϤϝтЯвК ϘϸϝϠв (Ϥ .Ϟ) ̪сϮϼϾ϶ ϝУЯϲ дϝАϲЦ .ϸ 

]р[ )̪ мтЮ .ϸ ̫ дтϦ϶ъ ϝУтϦж ̪ .ϸмфур .ϼІжЯЮ ϼтв ϼϜϸ ̪ ϸϜмвЮϜ аЯК ̪ (а 
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ƕƟǂƨǄǁä ƕǐǆƑƨîƢǁä çäîǄǀǁä ǍǂƳ ƕǐƜƑƜïǁä ùƑǐǁǓä îǐƙƉƗ 

ùǐƑǆǁä ƕƴǄƜ ùĀáîǁäìƓƳ.à ĂĀäî ĀƓà îǄƴǄ îƑƗƢǄ.ì.à 

Ɨǒǈǀƙǃåā þāǄƶǄǃ ǑǃƓƶǃå íǌƶǆǃå-ñǆƤǃå  æƿïǆǃå ƗƶǆƓƞĲƗƪíǈǌǃå ƗǒǄǂ 

rawoff@yahoo.com Aburawi2010@yahoo.com 

òƢǂǄǁä 

 õƺưǃå ƗǆāƓǀǆǃ çíƶǆǃåā ƗǈƓƪïƤǃå Ɠǆǋ ÿǒƙǒƪƓƪå ÿǒƙíƓǆ ÿǆ ƗơǄƪǆǃå ƗǈƓƪïƤǃå ÿāǂƙƙ
 ƗǒǃƓƶǃå õƓƺưǈǚǃ ƓǌƙǆāƓǀǆ ƗǈƓƪïƤǃå Ɠǒåðǆ ÿǆƼ Ü íƬǃå ƗǆāƓǀǆǃ íƶǆǃå ƠǒǄƪƙǃå íǒíơā

 ÿǆ çíƓƽƙƪǙå þƙǒ îã ƗǒíƓƮƙƿåā ƗǈƓǒƮǄǃ ƗƞƓơǃå ƗǄǒǄƿā ƓǌƞƓƙǈå ǑƼ ƗǒǄơǆǃå íåāǆǃå
 íơå Ǒǋā ƗƑõåā íƬǄǃ ƓǌƙǆāƓǀǆ ƓǌƕāǒƵ ÿǆ ÿå Ǚã Ü ǉíǒƞ ßƓǆǃåā ûǒïơǄǃ ƓǌƙǆāƓǀǆā
 ăîǃ Ü Ɠǌǈǒƪơƙ ǑƼ éơƕǃå ßƓǆǄƶǃå èǄƶƞ Ăíǃå ƗơǄƪǆǃå ƗǈƓƪïƤǃå ǑƼ Ɨǆǌǆǃå óåāƤǃå
 ƗǈƓƪïƤǃå óåāƤ ÿǒƪơƙ ǑƼ íƵƓƪǆ ýǆƓƶǂ èƓƼƓưǙå þåíƤƙƪå ǑƼ éƓơƕǙå èïƛǂ

ǃå ÜƗơǄƪǆǃå ïǒƛƋƙǃåā Ɨƪåïíǃå ǑƼ èǄǆƶƙƪå Ǒƙǃå èƓƼƓưǙå ǉîǋ íơá ƗǀƑƓƽǃå èƓǈíǄǆ
 ýǆƓƶǆƕ ðǒǆƙƙ ăîǃåā úƓǒǃǕå .  ǉïƬǈ āá èǈǆƪǗå ƴǒðāƙ ƗǒƮƓƤ ÿǒƪơƙ Ǌǃ ǑƪǒƑïǃå
 ïǒïơǃå úƓǒǃáā Ɨǒǈāƕïǂǃåā ƗǒƞƓƞðǃåā Ɨǒǈíƶǆǃå úƓǒǃǕå ýƛǆ ƗǒǃƓƵ ƗǆāƓǀǆā ǑǃƓƵ Ɨǈāïǆ

ƓǌǆåíƤƙƪå ǑƼ çðǒǆƙǆ   ïƕƙƶƙ ÜăïƤƮǃå  ƴǆ çðǒǆǆ óåāƤ Ɠǌǃā ßƓƬǈǗå èǙƓƞǆ ǑƼ
 ƓǌƙƼƓưã íǈƵ ƗǈƓƪïƤǃå ƗǆāƓǀǆā ƗƕǚƮ ÿǆ íǒðƙ Ɨǒāƿ èƓƕǂïǆ Ɲƙǈƙ Ɠǌǈá éǒơ ƗǈƓƪïƤǃå

 ā .Ɠǌǃ ƗǒǂǒǆƓǈǒíǃå óåāƤǃå ððƶƙ Ɠǌǈá Ɠǆǂ Ɠǌǃ Ɨƪåïí Ü éơƕǃå ƝǆƓǈïƕ ÿƓǂ Ɠǈǋ ÿǆ
åïǆǂǃå ƗǆāƓǀǆ çíƓǒð ǑƼ ƗǒƞƓƞðǃå úƓǒǃǕå çíƓǆ ÿǆ çíƓƽƙƪǙå ƗǒǈƓǂǆã ƗǒǈƓƪïƤǃå è

mailto:rawoff@yahoo.com
mailto:rawoff@yahoo.com
mailto:Aburawi2010@yahoo.com
mailto:Aburawi2010@yahoo.com
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 ƗơǄƪǆǃå .ïƓǒǌǈǙå éāíơƕ Ǌǒƕǈƙǃå ǑƼ úƓǒǃǕå ïāíā ÜßƓǈơǈǙå þāðƵā óǀǃå Ăāǀǃ
úƓǒǃǕå èõǄƤá ƗǒƞƓƞðǃå ) Ɨƕƪǈƕ ƗǈƓƪïƤǃå ƴǆ0.60 þƪ/þƞǂ3   (èǈǆƪǗå ÿðā ÿǆ

 èðǌƞāñǆƤ èåïǆǂ  ƗǒǈƓƪïƤ ƗơǄƪǆ) íƓƶƕá èåî70Ü20Ü10 èåî ǑǃāǕå çïǆǂǃå.(þƪ 
Ǔåā Ü çïõǒƪǄǃ ƗǒíƓƵ ƗǈƓƪïƤ íƶƕ ǏǄƵ ƗǒƞƓƞðǃå úƓǒǃǕå ƴǆ ƗõǄƙƤǆ èǈƓǂ ĂïƤ

3

1
,

2

1
,

1

1 Ü çïǆǂǃå ûǆƵ ÿǆ ÜóǀǄǃ ƗơǄƪǆ èǈƓǂ çïǒƤǕåā   Ǒǃã èåïǆǂǃå ǉîǋ èưïƶƙ

 Ü ƗǒǈƓƪïƤǃå èǙƓƶƽǈǚǃ Ɨǀǒƿí Ɨƪåïíā Ü ßƓǈơǈǙå ïƓƕƙƤå ïƛǙå ÿƵ Ɨơưåā èǈƓǂ ƝƑƓƙǈǃå
 óåāƤ ÿǒƪơƙǃ úƓǒǃǙå ǊƙƼƓưå ăîǃå ǑƕƓƞǒǙåƗǈƓƪïƤǃå  ƓǋïƓǒǌǈå ïǒƤƋƙā. 

 
Abstract 

Concrete is by far one of the most important building materials and 

its consumption is increasing in all countries and regions around 

the globe. The reasons are many such as: its components are 

available everywhere and relatively inexpensive, its production 

may be relatively simple, and its application covers large variety of 

building and civil infrastructure works .In addition, it has the 

lowest cost to strength ratio compared to other available materials. 

One of the characteristics of the plain concrete is low tensile 

strength, and low tensile strain capacities; that is concrete is brittle 

material. Thus concrete require reinforcement before it can be used 

extensively as construction material. Historically this 

reinforcement has been in the form of continuous reinforcing bars 

which could be placed in the structure at the appropriate locations 

to withstand the imposed tensile and shear stresses. Fibers, on the 

other hand, are generally, short discontinuous, and are randomly 

distributed throughout the concrete to produce a new construction 



 

 Volume  12العدد 

   7102December  ديسمبر

International 

 Science and Technology 

Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 
 

 حقوق الطبع محفوظة 
 للمجلة الدولية للعلوم والتقنية 

Copyright © ISTJ   рр 

 
 

material, known as Fiber Reinforced Concrete (FRC).Fibers used 

in cement-based materials are primarily made of steel, glass, and 

polymer or derived from natural materials. Since fibers to be more 

closely spaced than conventional reinforcing bars, they are better 

at controlling cracking. It is important to recognize that, In general, 

fiber reinforcement is not a substitute for conventional 

reinforcement. Fibers and steel bars has different roles to play in 

modern concrete technology, and there are many applications in 

which both fibers and continuous reinforcing bars should be used.                                       

Accordingly, the aim of this research is studying deflection of the 

concrete beams with fiber glass together with studying the effect of 

the substance on the collapsing load, The fiber glass is mixed with 

the concrete at little rates. Five concrete beams with dimensions 

(70,20,10 cm) in two kinds of concrete; one of them is normal 

concrete for control, and the other was mixed with fiber glass. 

Fibers was put in the costing mould at different depths of the 

bottom level of the beams at distances of 1/3,1/2,1/1 of the beam 

depth ,last one was reinforced by strip , All the beams were 

exposed to bending teste, At the end of the study, It was clear that 

fiber glass had an important role in improving the concrete 

material as it increases the hardness of the concrete, and delayed 

the collapse of the beams as the area of fiber glass in the tensile 

area. 

 

ƕǐƟƑƗƻǄǁä çƑǄǂǀǁä  ÜƗǒǈƓƪïƤ èåïǆǂ Ü þǒƤïƙǃå Ü óǀǃå Ü ßƓǈơǈǙå Ü ƗǒƞƓƞð úƓǒǃá:
. ýƓƶƽǈǙå 
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1.  ƕǄìƾǄǁä: 
Ǒǋ úƓǒǃǙå çïƓƕƵ ÿƵ èåïǒƶƬ ÜƗǀǒƿí ÿāǂƙ ƗǒƵƓǈƮ āá ÜƗǒƶǒƕõ Ɨǈíǃ āá ÜƗƕǄƮ ëāåïƙǒ 

Ɨƕƪǈ ýāõǃå Ǐǃã ôïƶǃå Ɠǆ ÿǒƕ )50 Ĳ 100 ( ĄçíƓƵā Ɠǆ ÿāǂƙ èåî ƴõƓǀǆ ƗǒïƑåí Ɠǆǂ 
Ɠǌǈá úƓưƙ Ǐǃã ƗõǄƤǃå ƗǒǈƓƪïƤǃå Ɨƕƪǈƕ ƗǄǒǄƿ çïāƮƕā  Ǐǃå ƓǌƽǒǈƮƙ ÿǂǆǒ Ü ǑƑåāƬƵ

úƓǒǃǕå Ǒǋā ýāǙå ÷āǈǃåÜ ÿǒǒƵāǈ èåî ýǆƓƶǆ Ɨǈāïǆ ǑǃƓƵ ƗǆāƓǀǆā ƗǒǃƓƵ ýƛǆ úƓǒǃǕå 
Ɨǒǈíƶǆǃå ƗǒƞƓƞðǃåā Ɨǒǈāƕïǂǃåā úƓǒǃáā ïǒïơǃå ïƕƙƶƙā Ü ăïƤƮǃå ǉîǋ úƓǒǃǕå çðǒǆƙǆ ǑƼ 
ƓǌǆåíƤƙƪå ǑƼ èǙƓƞǆ ǈǗåßƓƬ Ɠǌǃā óåāƤ çðǒǆǆ ƴǆ ƗǈƓƪïƤǃå éǒơ Ɠǌǈá Ɲƙǈƙ èƓƕǂïǆ 
Ɨǒāƿ íǒðƙ ÿǆ ƗƕǚƮ ƗǆāƓǀǆā ƗǈƓƪïƤǃå íǈƵ ƓǌƙƼƓưã Ɠǌǃ Ɠǆǂ Ɠǌǈá ððƶƙ óåāƤǃå 

ƗǒǂǒǆƓǈǒíǃå Ɠǌǃ. úƓǒǃá Ü ǑǈƓƛǃå ÷āǈǃå èåî ýǆƓƶǆ Ɨǈāïǆ ôƽƤǈǆ ƗǃƓõƙƪåā ƗǒǃƓƵ ýƛǆ 
úƓǒǃǕå Ɨǒǂǒƙƪǚƕǃå úƓǒǃáā Ǒǃāƕǃå ÿǒǄǒƛǒã úƓǒǃǕåā ƗƵāǈƮǆǃå ÿǆ íåāǆǃå ÜƗǒƙƓƕǈǃå 
þƹïǃƓƕā ÿǆ ÿá þåíƤƙƪå ǉîǋ úƓǒǃǕå ƴǆ ƗǈƓƪïƤǃå Ǚ ăíâǒ Ǐǃã çíƓǒð ƓǌƙǆāƓǀǆ Ǚã Ɠǌǈá 
ðǒǆƙƙ Ɠǌƙǒǃāõǆƕ üǃîǂā Ɠǌǃ ƗǒǄƕƓƿ ƗǒǃƓƵ óƓƮƙǆǙ ƗƿƓõǃå ƗǒǂǒǆƓǈǒíǃå ƗƿƓõǃ þíƮǃå. 

úƓǒǃǕå ƗǒƞƓƞðǃå  Glass fibers  þíƤƙƪƙ ïƓõƿƋƕ ëāåïƙƙ ÿǒƕ )0.005 Ĳ 0.015þǆ (
íƿā õƕïƙ Ǐǃã Ɠǌưƶƕ ýāƮơǄǃ ǏǄƵ úƓǒǃá èåî ïƓõƿá ëāåïƙƙ ÿǒƕ )0.13 Ĳ 1.3þǆ(Ü 
ðƓƙǆƙā ǉîǋ ÿƋƕ Ɠǌǃ çāƿ íƬ ÜƗǒǃƓƵ åîǃ þíƤƙƪƙ ǑƼ ÿǒƪơƙ óåāƤǃå ƗǒǂǒǈƓǂǒǆǃå 

ÜƗǈƓƪïƤǄǃ ýǒǄǀƙǃåā ÿǆ õāƕǌǃå èƓǀǀƬƙǃåā ǑƼ èåïǆǂǃå  ƗǒǈƓƪïƤǃå ăāåïāƕåÜ ǑǈƓƞïƽǃå )
2017 (  . 

èåïǆǂǃå üǄƪƙ   íǈƶƼ Üýǆơǃå ïǒǒƺƙ ƓǆǄǂ ƓƽǄƙƤǆ ƓǒƑƓƬǈå ƓǂāǄƪ ƓǌǄǒǆơƙ íǈƵ ƗǒǈƓƪïƤǃå
 ÜƓǒõƤ ýƓƶƽǈǙåā íƓǌƞǙå ÿǒƕ æƪƓǈƙǃå ÿāǂǒ ƓǌǀǀƬƙ ýƕƿ Ɠǆā ƓǌǒǄƵ ýƓǆơǙå õǒǄƪƙ
 üǃîƕā ýāơǆǃå ƴõǀǆǃå ǏǄƵ ýāƮơǄǃ ƗǈƓƪïƤǃå ÿǆ ǊƑƼƓǂǒ Ɠǆ Ǐǃå íǒíơǃå ýāơǒ ýǒǄơƙǄǃā
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å ÿāǂǒ Ǒƙǃåā Ü ǊƪǈƓƞƙǆ Ɨƕƙƶǃå ƠƕƮƙ ïǆƙƪƙ ÜýǒǄơƙǃå ǑƼ þíƤƙƪǒā ǙƓƶƼ ýǆƓǂǃƓƕ ƴõǀǆǃ
 ßðƞ ÿƎƼ Ü ûǀƬƙǃå ýāƮơā ïƪǂǃå ýǆƓƶǆ Ǐǃå èåíƓǌƞǙå ýāƮā ÿǒơ Ǐǃå ƗǄơïǆǃå ǉîǋ
 ƗǈƓƪïƤǃå ýāơƙƙ îƑíǈƵā íƬ ýǆơƙǒ Ǚ ǊǈǕÜ ýǆǌǒ íāǒơǃå ïāơǆ èơƙ ǑǈƓƪïƤǃå ƴõǀǆǃå

ǒõƤ èåíƓǌƞǙå ßƓǀƕå ƴǆ ûǀƬƙǃå ƗǄơïǆ Ǒǋā ƗǒǈƓƛǃå ƗǄơïǆǃå Ǐǃå ƗǄơïǆǃå ǉîǋ áíƕƙ Ü Ǌ
 ïǒƹ èåíƓǌƞå Ǐǃå èåíƓǌƞǙå ïǒǒƺƙ Ǐǃå ïƪǂǃå ýǆƓƶǆ Ǐǃå íƬǃå èåíƓǌƞå ýāƮā íǈƵ
 ƓǌǄǆơƙǒ íƬǃå Ăāƿ ÿå ôïƙƽǈā ƗǈƓƪïƤǃå ƓǌǄǆơƙƙ Ǒƙǃå íƬǃå ýƓǆǋå þƙǒ Ɠǈǋā Ü ǊǒõƤ

.ƓǋïƓǒǌǈå Ǐƙơ ýƓǆơǙå íƓǒíðƓƕ ƗǄơïǆǃå ǉîǋ ïǆƙƪƙ Ü õǀƼ íǒíơǃå 

 

 
) ýǂƬ1Ɨƿǚƶǃå Ơưāƙ( Ü ǑƛǒǄǃå) ìāïƬǃåā úåïơǈǙå ÿǒƕ2016.( 
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2. ùäìǉà èƟƓǁä :  
: ǑǄǒ Ɠǆǂ ƗǒƞƓƞðǃå úƓǒǃǕƓƕ ƗǆƵíǆǃå ƗǈƓƪïƤǄǃ ǑƑƓƬǈǗå üāǄƪǃå Ɨƪåïíǃ éơƕǃå úíǌǒ-  

2-1 ƗǒǈƓƪïƤǃå èåïǆǂǄǃ þǒƤïƙǃåā ýǆơǃå ÿǒƕ Ɨƿǚƶǃå Ɨƪåïí ƗơǄƪǆǃå . 

2-2  ÿǒƕ Ɨƿǚƶǃå ƗƪåïííƓǌƞǙå  ƗǒǈƓƪïƤǃå èåïǆǂǄǃ ýƓƶƽǈǙåāơǄƪǆǃå Ɨ. 

2-3 ƗǒǈƓƪïƤǃå èåïǆǂǄǃ ǑǈƓƪïƤǃå ƴõǀǆǃå ýǆƓǂ ǑǄƵ ýƓƶƽǈǙå Ɨƪåïí ƗơǄƪǆǃå . 
3 :ǏǆƑƨîƢǁä öƑôƾǁäĀ ƕǐǆƑƨîƢǁä ƕôǂƢǁä ýǐǄƬƗ 

3-1 ƕǐǆƑƨîƢǁä ƕôǂƢǁä åƨǆ: 

õƟǘǄ:çƑ 

 ¯ = õǄƤǃå ßƓǈƛá ýǆƶǆǃå çïåïơǃå Ɨƞïí º20 . 

  - W/C Ò 0.5 ƓǋíǈƵ éíơǒ Ǚ ǏƙơýƓƮƽǈǙå ÜǑƕǒƕơǃå ƛǆǃå Ɨƕƪǈ ïƕƙƶƙā .ƗǒǃƓ 

¯ C=350Kg     ƗǒǃƓƛǆǃå Ɨǒǆǂ ïƕƙƶƙƗǒíƓƮƙƿåā                  ǑƼ ƴƪåā ýǂƬƕ ƗǆíƤƙƪǆā Ü 

                     .ƗǒǄơǆǃå Ɨǒƪíǈǌǃå ƴǒïƓƬǆǃå 

) üĀìƜ1( ƞƮĀǐ . ƕôǂƢǁä ìäĀǄ çƑǐǄǀ 

ùƑǐǁà ÞƑǄ ýƳƑǆ ýƑǀî þƪƢ ýƑǀî çǆǄƨà æìƑǄǁä 

0.6 175 750 1090 350  Ɨǒǆǂǃåkg/m
3 

4- ÞäîƜâ :îƑƓƗƢǗä 
 õƺưǄǃ ƗǈƓƪïƤǃå ƗǆāƓǀǆā õāƕǌǃå ăïƓƕƙƤå ăïƞá ƗǒǈƓƪïƤǃå èåïǆǂǃå îǒƽǈƙā æƮ íƶƕ

 õƺư ƗǆāƓǀǆ āî ƗǒíƓƶǃå ƗǈƓƪïƤǃå èǈƓǂ éǒơMPA 24   ƗǆƵíǆǃå ƗǈƓƪïƤǃåā
 ƓǌƙǆāƓǀǆ ƗǒƞƓƞðǃå úƓǒǃǕƓƕMPA   21  üǃîā çïǆǂǃå ƴõǀǆ ǏǄƵ ïåïðå èǒƕƛƙ þƙǒ
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 ðƓǌƞǃå þåíƤƙƪƓƕ ýƓƶƽǈǙå ñƓǒǀǃ) ýǂƬǃƓƕ ÿǒƕǆǃå2 ïƓƕƙƤǙå Ɨǈǂǆ ǑƼ ƴưāƙ þƛ ÿǆā  (
 (çïǆǂǃå ïơƕ ăá) Ɠǆǌǈǒƕ ƗƼƓƪǆǃå ÿǒƙðǒǂï ǏǄƵ60 ýāõƕ çïǆǂǄǃ) þƪ70 ýưƽǒā Ü(þƪ

 Ǒǃåāơ ïõǀǃå) ƴõǀǆǃå çïǒíƙƪǆ æǄƮ æǒưƿ çðǒǂïǃå ÿāǂƙ ÿá5  ǑƼ ýǒǆơƙǃå þƛ (þƪ
 Ɠǆǌưƶƕ ÿƵ íƶƕƙā çïǆǂǃå úƮƙǈǆǃ ƗƕƪǈǃƓƕ ÿǒƙǄƛƓǆƙǆ ÿǒƙõǀǈ20Ü þƪ ) ýǂƬǃåā2 (

. ïƓƕƙƤǙå õƓǀǈ çïǒƓƶǆ Ơưāǒ 

 
) ýǂƬ2.èåïǆǂǃå ïƓƕƙƤå ðƓǌƞ ǑƼ çïǆǂǃå èǒƕƛƙā ïƓƕƙƤǙå õƓǀǈ çïǒƓƶǆ Ơưāǒ ( 

 

5  ƛƏƑƗǆǁä üǐǂƟƗ: 
5-1 :üǄƟǁäĀ ýǐƢîƗǁä þǐƓ ƕƽǘƴǁä 

) ýǂƬǃå3 ( Ơưāǒ .íƬǃå Ɨǀõǈǆ ǑƼ ƗơǄƪǆǃå èåïǆǂǄǃ þǒƤïƙǃåā ýǆơǃå ÿǒƕ Ɨƿǚƶǃå ÿǒƕǒ
åíƤƙƪå ÿá ýǂƬǃå çïǆǂǃå ïƓƕƙƵƓƕā èåïǆǂǄǃ Ɨǈāïǆǃå ƗǒǈƓǂǆã Ǒõƶǒ ƗǒƞƓƞðǃå úƓǒǃǕå þD 

 Ɠǋïåíǀǆ þǒƤïƙ Ɨǆǒƿ èǄƞƪ ƴõǀǆǃå ýǆƓǂ ǑƼ ƗǒƞƓƞðǃå úƓǒǃǕå ǏǄƵ ăāƙơƙ62  íǈƵ þǆ
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 ïƪǂ ýǆơ5 KN  èǈƓǂ þǒƤïƙǃå Ɨǆǒƿ úƓǒǃǕå ǏǄƵ ăāƙơƙ Ǚ Ǒƙǃå èåïǆǂǃå Ɠǆǈǒƕ40 
 ǉïåíǀǆ ýǆơ íǈƵ þǆ5 KNƓǒǃǕå íāƞā üǃîǃ Ü ƗǈƓƪïƤǄǃ èõƵá ƴõǀǆǃå ǑƼ ƗǒƞƓƞðǃå ú

 ÿāǂƙ ƓǋíǈƵ Ǒƙǃå ÷āưƤǃå Ɨõǀǈ ðǒǆƙ Ơưåāǃå ÿǆ ÿƓǂ çïǆǂǃå ǉîǋ ÿá Ɠǆǂ Üïƛǂá Ɨǈāïǆ
 çïǆǂǃå ǑƼ ƓǌƙíǋƓƬǆ èǆƙ ĄƓưǒá çïǋƓöǃå ǉîǋā Üýǆơǃå ñƽǈ íǈƵ ïƕǂá þǒƤïƙǃå ƗǆǒƿI 

å ƴǒǆƞ ÿá ĂïƤá ĆƗǒơƓǈ ÿǆā .èƓǈƓǂǃå ǏǄƵ ýƕ úƓǒǃǕå ǏǄƵ ăāƙơƙ Ǚ Ǒƙǃå ÿǆā èåïǆǂǃ
 ǉïåíǀǆ ýǆơǃå Ǐƙơ ƗǒõƤ þǒƤïƙǃåā ýǆơǃå ÿǒƕ Ɨƿǚƶǃå ÿá Ơưƙǒ ýǂƬǃå5 KN üǃîƕā Ü

ÿǒƕ Ɨƿǚƶǃå ýǚƤ ÿǆ ïƬƓƕǆ ĆýǂƬƕ èåïǆǂǃå ǉîǌǃ Ɨǈāïǆǃå ýǆƓƶǆ æƓƪƙơå ÿǂǆǆǃå ÿǆ 
.þǒƤïƙǃåā ýǆơǃå 

 ýǂƬǃå)3( : ƠưāǒèåïǆǂǄǃ þǒƤïƙǃåā ýǆơǃå ÿǒƕ Ɨƿǚƶǃå. 
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5-2 ä þǐƓ ƕƽǘƴǁäìƑǊƜǗ  :üƑƴƻǆǗäĀ 

) ýǂƬǃå4 .íƬǃå ƴõǀǆ ǑƼ ƗơǄƪǆǃå èåïǆǂǄǃ ýƓƶƽǈǙåā íƓǌƞǙå ÿǒƕ Ɨƿǚƶǃå Ơưāǒ (
 ǏǄƵ õǀƼ ăāƙơƙ Ǒƙǃå èåïǆǂǃå ÿá öơǚǈ50 Ɨǀõǈǆǃå ǑƼ ăá ƴõǀǆǃå ƗơƓƪǆ ÿǆ %

 ýƓƶƽǈå Ɨǆǒƿ èǄƞƪ Ɠǌǈá éǒơ Üçíǒƞ ƓǌƞƑƓƙǈ èǈƓǂ ƗǒǄƽƪǃå0.0024  ǉïåíǀǆ íǌƞ íǈƵ  
16 KN/m2    Ăïǈ üǃîƕā íƬǃå ƴõǀǆ íǈƵ íǒðƙ Ǚ èåïǆǂǃå ǑƼ úƓǒǃǕå ƗƼƓưã Ɨǆǒƿ ÿá

 ÿá ÿǂǆǆǃå ÿǆ Ǌǈá Ɠǆǂ ÜƗǆāƓǀǆǃå ÿǆ úƶưǒ õƺưǃå ƴõǀǆ ǑƼ úƓǒǃǕå ïǒƛƋƙ ÿá éǒơ
 íǒðƙ ßƓǈơǈǙå ƴõǀǆ ǑƼ ĄƓưǒá úƓǒǃǕå ÿá ĄƗƮƓƤā Üóǀǃå ƗǆāƓǀǆǃ úƓǒǃǕå þåíƤƙƪå þƙǒ

.ýƓƶƽǈǙå ïåíǀǆ ÿǆ 

 
å ýǂƬǃ)4(  Ơưāǒÿǒƕ Ɨƿǚƶǃå ýƓƶƽǈǙåā íƓǌƞǙå èåïǆǂǄǃ 
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5-3 æîǄǀǁä ƲôƾǄ üǄƑǀ ǍǂƳ üƑƴƻǆǗä : 

 Ơưāǒ ýǂƬǃå)5(  çïǆǂǃå ǑƼ ýƓƶƽǈǙå ÿáD  ýǆƓǂǃƓƕ ƗǒƞƓƞð úƓǒǃá ǏǄƵ ăāƙơƙ Ǒƙǃå
 Ǐǃã ýƮǒ28  Ã10-4 çïǆǂǃå ǑƼ Ɠǆǈǒƕ ÜF  èǈƓǂ ƗǒíƓƵ ƗǈƓƪïƤ ǏǄƵ ăāƙơƙ Ǒƙǃå52 

 Ã10-4Ƶ ýǆƶƙ úƓǒǃǕå ÿá ƓǈǆǄƪ åîã ƠǒơƮ āǋā Ü Ɠǆǂā ÜƗǈƓƪïƤǄǃ ƗƕǚƮǃå çíƓǒð ǏǄ
 æƞǒ íǒƞ ÿƓǆá ýǆƓƵ Ǒõƶƙ úƓǒǃǕå ÿá Ơưƙǒ Ɠǈǋ ÿǆā Üèåïǆǂǃå Ɨǒǀƕ ǑƼ Ơưåā āǋ

.þǒǆƮƙǃå ßƓǈƛá ïƓƕƙƵǙå ÿǒƶƕ îƤâƙ ÿá 

 
 ýǂƬ)5(  Ơưāǒèåïǆǂǃå ƴõǀǆ ûǆƵ ýǆƓǂ ǏǄƵ ƗǈƓƪïƤǃå ǑƼ ýƓƶƽǈǙå ƴǒðāƙ. 
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5-4 îƑǐǊǆǗä ƕǁƑƟ 

 
 ýǂƬ)6( åïǆǂǃå ïƓǒǌǈå Ơưāǒè ƗơǄƪǆǃå ƗǒǈƓƪïƤǃå 
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6- îƑǐǊǆǗä üǄƟ  

 üĀìƜǁä)2(îƑǐǊǆǗä üǄƟĀ öĀǆ ƞƮĀǐ :. 

ýƨǗä 
ƲôƾǄǁä  ƞǐǂƨƗ 

 öĀǆîƑǐǊǆǗä ëîƪ üĀà üǄƟ 
(KN) 

 üǄƟîƑǐǊǆǗä 
(KN) 20*10ýƨ 2@8 

D 
  

إنهيار إستطالي في 

 منطقة الانحناء
пΦс рΦл 

E 
 

ي انهياراستطالى ف

 منطقة الانحناء
рΦс сΦн 

F 
 

إنهيار مفاجئ في 

 منطقة الانحناء
- рΦн 

H 
 

إنهيار إستطالي في 

 منطقة الانحناء
рΦн 

рΦс 

I 
 

إنهيار إستطالي في 

 منطقة الانحناء
5.4 сΦу 

 
ƛƏƑƗǆǁä : 
1.  ÿǆ ýǄƿ íƬǃå Ɨǀõǈǆ ǑƼ úƓǒǃǙå íāƞā ǉïǆǂǃå ǑƼ Ơưåā āǋ Ɠǆǂ ǉïǆǂǃå þǒƤïƙH 

 ǉïíƿ þǒƤïƙ èǀǀơ Ǒƙǃåā ( ǉïǆǂǃå ûǆƶǃ ƗƕƪǈǃƓƕ éǄƛǄǃ ƗơǄƪǆǃå)60  ƗǈïƓǀǆǃƓƕ þǄǆ
 ǉïǆǂǃå ƴǆF   Ɠǌƕ þǒƤïƙǃå ÿƓǂ Ǐƙǃåā ( ƗǒƪƓǒǀǃå)80 . Ɠƕǒïǀƙ þǄǆ 
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2. . èåïǆǂǃå ïƓǒǌǈå ýǆơ ÿǆ íǒðǒ íƬǃå Ɨǀõǈǆ ǑƼ úƓǒǃǙå ûǆƵ çíƓǒð 
3. ǒ úƓǒǃǙå ûǆƵ çíƓǒð ÿƵ íǒðǒ Ɠǆ Ǐǃå ƗơǄƪǆǃå ƗǒǈƓƪïƤǃå èåïǆǂǃå ýƓƶƽǈå ÿǆ ýǄǀ

50.% 
4. . ìāïƬǃå ïāǌö ïƤƋǒ íƬǃå Ɨǀõǈǆ ǑƼ úƓǒǃǙå ûǆƵ çíƓǒð 
5. ) Ǐǃå ƗǈƓƪïƤǃå ƠǒǄƪƙ50 èåïǆǂǃå ƝƑƓƙǈ ýưƼá èǈƓǂ ǑǄǂǃå ƴõǀǆǃå ƗơƓƪǆ ÿǆ (%

 Ǐǃã ǏƮƿá Ćíơǂ ýƮā ăîǃå ýƓƶƽǈǙå ïåíǀǆā çïǒƕǂǃå ýǆơǃå Ɨǆǒǀǃ åïöǈ0.0024 
èơƙ  ǉïåíǀǆ ýǆơ6.2 KN .èåïǆǂǃå Ɨǒǀƕ ÿƵ ƗƕǚƮ ïƛǂá èǈƓǂā 

6.  ïǆǕå Üïƕǂá þǒƤïƙǃåā ƗƑǒƪ ƗƕǚƮǃå èǈƓǂ ƓǌǒƽƼ Üõƺưǃå Ɨǀõǈǆ ǑƼ ƗƑǒƪ úƓǒǃǕå
 .èåïǆǂǃå Ɨǒǀƕ úǚƤ ÷ïƪá èåïǆǂǃå ïƓǒǌǈå ýƶƞǒ ăîǃå 

7.  çíƓƽƙƪǙå ÿǂǆǆǃå ÿǆ ƗǒƞƓƞðǃå úƓǒǃǕƓƕ ƗǈƓƪïƤǃå ƠǒǄƪƙ íǈƵ ÿƓǆá ýǆƓƶǆ üƓǈǋ
ǈƵ Ǌǈǆ.ƗǒíƓƮƙƿǙå ƗǒơƓǈǃå ÿǆ ĄƗƮƓƤā ÜþǒǆƮƙǃå í 
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 åîƷ üƑǄƪ ƕƾôǆǄƓ ƕǐƺĀƜǁä ǇƑǐǄǁä Ǐƺ îƟƓǁä ǇƑǐǄ üƢäìƗ æîǉƑõ ƕƨäîì
ǏƺĀƜǁä ǇîƑƻƜǁä üǊƨ óĀƟı ƑǐƓǐǂƓ 

üǀƪǁä Ŷä ìƓƳ ìǄƟà ĂìƑǊǁä / ý 

hadi.68ly@gmail.com 

òƢǂǄǁä 

 ôāơ æïƹ ýƓǆƬ Ɨǀõǈǆƕ Ɠǋßåïƞã þƙ Ɨƪåïíǃå ǉîǋǑƼāƞǃå ïƓƽƞǃå /
ǒǄƕ Ǒǃåāơ íƶƕƙ Ǒƙǃåā Ɠǒƕ45  ĄƓƕïƹ ƗƙåïƕƮ ÿǆ íƙǆƙā ñǄƕåïõ Ɨǈǒíǆ ÿǆ ïƙǆ āǄǒǂ

) ýāõ ǑõƤ ÿǒƕ ĄƓƿïƬ þƑåíāƞ Ǐǃå12.66-12.69   ôïƵ ǑõƤā (ĄƓƿïƬ
)32.70-32.79   ííƶǃ èǒïƞá ýǒǃƓơƙǃåā èåïƓƕƙƤǙå ôƶƕ .(ĄǙƓǆƬ40  ƗǈǒƵ

ǀõǈǆ ǑƼ ƗƵðāǆ ĄƓǒƑåāƬƵ Ɠǋíǒíơƙ þƙ ïƓƕà ÿǆ ƗǒƼāƞǃå ǉƓǒǆǃå ÿǆ ÿǒǒƶƙǃ Ɨƪåïíǃå Ɨ
 ǉƓǒǆǃå ǑƼ ïơƕǃå ǉƓǒǆ  ýƤåíƙ ǏǄƵ ïƬâǆ ÿāǂƙ íƿ Ǒƙǃå ïƮƓǈƶǃå ôƶƕ ðǒǂïƙ
 þāǒíāƮǃå èƓǈāǒá ðǒǂïƙ üǃîǂā ƗǒǄǂǃå ƗƕƑåîǃå ëǚǆǙå ïƮƓǈƶǃå ǉîǋ ÿǆā ƗǒƼāƞǃå

Na+  íǒïāǄǂǃåā CL-  þāǒƪǃƓǂǃåāCa+  þāǒƪǈƹƓǆǃåāMg+   èƓƙǒïƕǂǃåā SO4-
- ǚƤ ÿǆā .ĂïƤǙå ïƮƓǈƶǃå ôƶƕāơāǃ Ɨƪåïíǃå  ǉîǋ ƝƑƓƙǈ ýö  ðǒǂïƙ íāƞā

ïƮƓǈƶǃå ǉîǌǃ ǑǃƓƵ  ïƬâǆ ÿāǂǒ íƿ åîǋā Ü ïơƕǃå ýơƓƪ ÿǆ Ɨƕǒïǀǃå ïƓƕǙå ǑƼ
.ƗǒƼāƞǃå ǉƓǒǆǃå ǑƼ ïơƕǃå ǉƓǒǆ ýƤåíƙ ǏǄƵ ăāƿ 

 

mailto:hadi.68ly@gmail.com
mailto:hadi.68ly@gmail.com
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Abstract 

This study has been conducted in the north western region of 

Aljafarah underground reservoir in Libya, which is located about 

45 km west of Tripoli city which stretches from (32.70 ï 32.79 ) 

.Many chemical analyses were carried out for about 40 samples of 

groundwater to evaluate the concentration of some elements in the 

water such as Na+,CL--,SO4-- , Ca
+
, Mg

+
Aions and total dissolved 

solids (TDS). Monitoring the concentration of these ions  could 

give an indication of sea water intrusion into groundwater 

phenomenon. The results of these analyses appeared high 

concentration of these elements for the wells that located beside 

the sea coast .which is a strong indication of sea water intrusion 

into groundwater phenomenon .                            

ƕǄìƾǄ 
 ăá üǄƙǆƙ Ǚ ǑǌƼ Ɠǒƕǒǃ ǑƼ ǉƓǒǆǄǃ ǑƪƓƪǕå ïíƮǆǃå ƗǒƼāƞǃå ǉƓǒǆǃå ïƕƙƶƙ

ƓƽƤǈǙ Ɨƞǒƙǈ þƑåí Ǒơõƪ ǑƑƓǆ íïāǆ Ǚā Ɠǌƕîƕîƙā ïƓõǆǕå õāǀƪ èǙíƶǆ ô
) ƗǒíǒǄǀƙǃåā Ɨǒơõƪǃå ǉƓǒǆǃå ƗǆǋƓƪǆ Ăíƶƙƙ5 % ÿƎƼ üǃîǃ ÜƗǄƺƙƪǆǃå ǉƓǒǆǃå ÿǆ (

) Ǒǃåāơ ýǂƬƙ éǒơ ƗǒƼāƞǃå ǉƓǒǆǃå ǏǄƵ āǋ ïƕǂǕå íƓǆƙƵǙå95 % íïåāǆǃå ÿǆ (
.ƗǄƺƙƪǆǃå ƗǒƑƓǆǃå  Üăāǚƪǃå)1986 (þ.       

 āǂƙ ƗǒƼāƞǃåā Ɨǒơõƪǃå ǉƓǒǆǃå ïíƓƮǆ çíƵ ïíƓƮǆ ÿǆ éāǄƙǄǃ ƗưïƵ ÿ
 ƓǌǃƓǆƶƙƪå ÿǆ íơƙā ƓǌƮƑƓƮƤ ÿǆ ïǒƺƙ Ɨǈǒƶǆ íåāǆƕ ǉƓǒǆǃå õǚƙƤå Ɨƞǒƙǈ üǃîā
 ƗưïƵ ýƿá ÿāǂƙ ƗǒƼāƞǃå ǉƓǒǆǃå  ÿá ÿǆ þƹïǃå ǏǄƵā . ƗƽǄƙƤǆǃå èǙƓƞǆǃå ǑƼ
 ÿǆ íơǒ Ɠǆǆ ôïǕå Ơõƪ èơƙ Ɠǋíāƞāǃ üǃîā Ɨǒơõƪǃå ǉƓǒǆǃå ÿǆ éāǄƙǄǃ



 

 Volume  12العدد 

   7102December  ديسمبر

International 

 Science and Technology 

Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 
 

 حقوق الطبع محفوظة 
 للمجلة الدولية للعلوم والتقنية 

Copyright © ISTJ   сф 

 
 

 āǄǆǃå íåāǆǃå ÿǆ ïǒƛǂ ýāƮā ÿǆ ÷åāǈå çíƶǃ ǊưïƵ ÿāǂƙ Ɠǌǈá Ǚã ÜƓǌǒǃã ƗƛéāǄƙǃå 
 āå ƗǒƵƓǈƮ āå ƗǒíǄƕ ïíƓƮǆǃå ÿāǂƙ íǀƼ çíƵ ïíƓƮǆ ÿǆ éāǄƙǃå åîǋ éíơǒ íƿā

 ÷åāǈå ïƛǂå ÿǆ ƗǒƑǒƕǃå ïíƓƮǆǃå ïƕƙƶƙā .ƗǒƑǒƕ āå ƗǒƵåïðéāǄƙǃå  ǉƓǒǆǃå Ǒƿ ĄƓƵāǒƬ
ƛāǄƙǃ üǃîā ǉƓǒǆǃå ƗơāǄǆ ǑƼ çíƓǒð ƓǌǈƵ Ɲƙǈǒ  çíƓƵā Ü ƗǒƼāƞǃå ëǚǆǕå ôƶƕƕ Ɠǌ

ƙǈ āå ǑƼāƞǃå ÿåðƤǃå ïāƤƮǃ Ɨǈāǂǆǃåǒ     .üǃåî ïǒƹ āå ïơƕǃå ßƓǆ  ýƤåíƙǃ Ɨƞ
 Ü ñåïāƕå )2005 (þ. 

 ÷åāǈå ïƛǂå ÿǆāéāǄƙǃå  ƝƙƓǈā ƗǒƼāƞǃå ǉƓǒǆǃå ǑƼ ïơƕǃå ßƓǆ ýƤåíƙ ĄƓƵāǒƬ ǑƑǒƕǃå
 Ăāƙƪǆ æāƪǈǆ ǑƼ ôƓƽƤǈå æƕƪǒ Ɠǆǆ ƗǒƼāƞǃå èƓǈåðƤǃå ÿǆ õïƽǆǃå ƣưǃå ÿƵ

ǃå Ơõƪ āá ïơƕǃå Ơõƪ Ăāƙƪǆ Ǐǃã  ăïƙǆāðǒƕǃå Ơõƪǃå æāƪǈǆ āá ƗǒƼāƞǃå ǉƓǒǆ
ýƿá  ýƤåíƙ ǊǈƵ Ɲƙǈǒ Ɠǆǆ ǑƼāƞǃå ÿåðƤǃå ǑƼ õƺưǃå ýǀǒ ôƓƽƤǈǙå üǃîǃ Ɨƞǒƙǈā

 ýǒǃƓơƙǃåā èåïƓƕƙƤǙå ôƶƕ ßåïƞƋƕ þāǀǈƪ çïǋƓöǃå ǉîǋ ƗǒǆǋǕ åïöǈā.ïơƕǃå ǉƓǒǆ
 āƬƵ Ɠǋíǒíơƙ þƙ ïƓƕà ÿǆ ƗǒƼāƞǃå ǉƓǒǆǄǃ ƗǒƑƓǒǆǒǂǃå Ɨƪåïíǃå Ɨǀõǈǆ ǑƼ ƗƵðāǆ ĄƓǒƑå

 ǑƼ ïơƕǃå ǉƓǒǆ ýƤåíƙ ǏǄƵ ïƬâǆ ÿāǂƙ íƿ Ǒƙǃå ïƮƓǈƶǃå ôƶƕ ðǒǂïƙ ÿǒǒƶƙǃ
 ā ƗǒǄǂǃå ƗƕƑåîǃå ëǚǆǙå ïƮƓǈƶǃå ǉîǋ ÿǆā ƗǒƼāƞǃå ǉƓǒǆǃåüǃîǂ  èƓǈāǒá ðǒǂïƙ

 þāǒíāƮǃåNa+  íǒïāǄǂǃåā CL- þāǒƪǃƓǂǃåā Ca+ þāǒƪǈƹƓǆǃåā Mg+   ôƶƕā
  .ĂïƤǙå ïƮƓǈƶǃå 
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ǁäƕƾƓƑƨǁä çƑƨäîì 

      ÿǆ ïǒƛǂǃå óïơ ÜǑƑƓǆ ïíƮǆǂ ƗǒƼāƞǃå ǉƓǒǆǄǃ ƗƺǃƓƕǃå Ɨǒǆǋǖǃ åïöǈ
.ƓǌƙƞǃƓƶǆ ûïõ ā ïíƮǆǃå åîǌǃ éāǄƙǃå ýǂƓƬǆ Ɨƪåïí ǏǄƵ ÿǒƛơƓƕǃå      

 þƓƿ éǒơ  ÿāïƤàā ǑǄǒƞāǙå1962, Ɨƪåïíƕ  Ɨǒāåðǃå Ɨǀõǈǆƕ ýāǕå ǑƼāƞǃå ÿåðƤǄǃ
ÿƓǆïƮ ā  āá Üéơƕǃå Ɨǀõǈǆ ǑƼ ƴǀƙ Ǒƙǃåā ýƤåíƙǃ ôïƶƙǒƪ ÿåðƤǃå ÿá èơư

 āǋā ýíƶǆǃå üǃîƕ ƣưǃå ïǆƙƪå åîá ïơƕǃå ǉƓǒǆ18 āÜ Ɠǒāǈƪ æƶǂǆ ïƙǆ ÿāǒǄǆ 
 èǈǒƕëǚǆǕå ÿǆ ǑǃƓƵ ðǒǂïƙ ǏǄƵ ăāƙơƙ Ǒƙǃå ā Ɨǒơõƪǃå ïƓƕǓå ôƶƕ ÿá 

  Ǐǃã ƴƞåï ƓǋïíƮǆ ÿƓǂ íāƞāìƓƕƪǃå (èƓƤƕƪǃå ) Üïơƕǃå ǉƓǒǆ ýƤåíƙ āá  ǑƼ ā
ƗƑǒǌǃå) Ɠǌƕ èǆƓƿ  Ɨƪåïí  ÜǉƓǒǆǄǃ ƗǆƓƶǃå1975Ü(  ÿǆ çïƙƽǃå ǑƼ21   Ǐǃã  āǒƓǆ /

15   / āǒǈāǒ /1975  Ɨǀõǈǆǃå ǑƼ ƗǒƼāƞǃå ǉƓǒǆǄǃ ƗơǃƓǆǃå ïơƕǃå ǉƓǒǆ āðƹ ÿƵ þ
 ÿá ïǒïǀƙǃå Ơưāá éǒơ ÜĄƓƿïƬ ǊƙåïƮǆ Ǐƙơā ĄƓƕïƹ Ɨǒƪǈāƙǃå íāíơǃå ÿǆ çíƙǆǆǃå

 ÿǆ Ɨƕǒïǀǃå Ɨǀõǈǆǃå ǉîǋ ǑƼ ĄƓơưåā ïơƕǃå ǉƓǒǆ ýƤåíƙõƓƬǃåƐ ǒā ǉƓǒǆ ýƤåíƙ íǆƙƶ
 ƗƞïƓƤǃåā ƗǄƤåíǃå ǉƓǒǆǃå Ɨǒǆǂā Ɨǒƞāǃāǒƞāïíǒǌǃåā Ɨǒƞāǃāǒƞǃå ïǋåāöǃå ǏǄƵ ïơƕǃå
 ƗơāǄǆ çíƓǒð ǑƼ æƕƪƙ ĂïƤá ïíƓƮǆ üƓǈǋ Ǌǈåā Ü ǑƼāƞǃå ÿåðƤǃå ǏǃȒåā ÿǆ

ǃå íāƞā  ýƛǆ ǑƪǒƑïǃå ÿåðƤǃå(èƓƤƕƪ ) ìƓƕƪ  ƗǒƼāƞ èƓǈåðƤ íāƞā Ǐǃã ƗƼƓưǗƓƕ
ÜƗơǃƓǆ ǉƓǒǆ ǏǄƵ ăāƙơƙ ƗǀǒǆƵ ýƞāǄƼ þƓƿ ā  )Floegel, H.,1979 (  Ɨƪåïíƕ

 èƓƪåïíǃå þǋá ÿǆ ïƕƙƶƙ Ǒƙǃåā çïƓƽƞǃå ýǌƪ Ɨǀõǈǆ ǑƼ ïơƕǃå ǉƓǒǆ ýƤåíƙǃ Ɨƶƪāǆ
 ííƵ ƸǄƕ éǒơ  çïƓƽƞǃå ýǌƪ Ɨǀõǈǆ ǑƼ ïơƕǃå ǉƓǒǆ ýƤåíƙ ƗǄǂƬǆǃ èưïƶƙ Ǒƙǃå

 Ɠǌƙƪåïí þƙ Ǒƙǃå èƓǈǒƶǃå139   ÿǆ  çîāƤƋǆ ßƓǆ ƗǈǒƵ42 ïƑƕ ǏǄƵ ƗƵðāǆ13 
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 ƴõǀǆ íǒíơƙ ƓǌǃǚƤ ÿǆ þƙā Ü èƿāǃå üǃî ǑƼ ƗơƓƙǆǃå èƓǈƓǒƕǃå ûƼā ƓǋïƓǒƙƤå þƙ
 ǉƓǒǆ ǑƼ Ɨƕåîǆǃå ëǚǆǕå ðǒǂïƙ ǑƼ çíƓǒð Ɨƪåïíǃå èǈǒƕ íƿā ǉïƓƬƙǈå Ăíǆā éāǄƙǃå
 ÿǆ èƓƪíƵ íāƞāǃ Ɨƞǒƙǈ Ɨƪåïíǃå Ɨǀõǈǆ ÿǆ ǑǃƓǆƬǃå  ßðƞǃå ǑƼ ýāǕå ÿåðƤǃå

ƓǆáÜ ïơƕǃå ǉƓǒǆ ýƤåíƙ ā ÿåðƤǃå èƓǀƕõƕ ñƕƞǃå  ÿǆ ýǂ Ɠǌƕ þíǀƙ Ǒƙǃå Ɨƿïāǃå
ÜïǒƬǈǋ ÜǑǈāïƓƕǃå)1990  þ (  úāïöǃå ïāõƙ ƗƶƕƓƙǆ ƓǌǒƼ åāǃāƓǈƙ éǒơ

 ÿǒƕƓǆ úǒïƮƙǃå ýíƶǆ ƸǄƕǒ éǒơ Ü Ǒǈåāƪǃå ýǀơƕ Ɨǒƞāǃāǒƞāïíǒǌǃå60000 Ǐǃå 
70000  Ǌǈå Ǐǃã Ɨƪåïíǃå èïƓƬá Ü Ǒơõƪǃå ǑƼāƞǃå ÿåðƤǃå ÿǆ ĄƓǒǆāǒ æƶǂǆ ïƙǆ

ǒǆǃ õïƽǆǃå ýǚƺƙƪǚǃ Ɨƞǒƙǈ æāƪǈǆ ǑƼ õāƕǋ éíơ Ǒơõƪǃå ǑƼāƞǃå ÿåðƤǃå ǉƓ
 íåíƙǆå ǏǄƵ ïơƕǃå ǉƓǒǆ ýƤåíƙ çïǋƓö éāíơ Ǒǃã Ăíá ăîǃå ïǆǕå  ƗǒƼāƞǃå ǉƓǒǆǃå
 Ɨƶƿåāǃå ïƓƕǓå ôƶƕ ǑƼ ƗƕƑåîǃå ëǚǆǕå ÷āǆƞǆ ðāƓƞƙ éǒơ ÜǑǄơƓƪǃå õǒïƬǃå

ýǀơǃå ýƓǆƬ5500   ā Ü(ïƙǃ / þåïƞǒǄǆ) Ɨƪåïí ǑƼ Ǒǈõāǃå ăïƓƬƙƪǙå æƙǂǆǃå
)1966 ëǚǆǕå ÿá ƗǒƼāƞǃå ǉƓǒǆǄǃ ƗǒƑƓǒǆǒǂǃå ýǒǃƓơƙǃå èǈǒƕ ÜƗǒāåðǃå Ɨǀõǈǆ ǑƼ (þ

íāíơ ǑƼ ïơƕǃå ÿǆ Ɨƕǒïǀǃå ïƓƕǓå ǑƼ ƗƕƑåîǃå ƗǒǄǂǃå  (1300 ppm)  ýíǒ Ɠǆ āǋā
 .ƓǌƛāǄƙ Ɨǒåíƕ ǏǄƵƓǆå ) ƗơǄõ  Ɠǋåïƞá Ǒƙǃå Ɨƪåïíǃå1984 ǉƓǒǆǃå ƗǒƵāǈ íǒíơƙǃ (

ÿá èǈǒƕ çïƓƽƞǃå ýǌƪ Ɨǀõǈǆƕ ƗǒƼāƞǃå  èåî ǉƓǒǆ Ɲƙǈƙ ïơƕǃå ÿǆ Ɨƕǒïǀǃå ïƓƕǓå
Ɨƕƪǈ èǄƮā éǒơ ƗǒǃƓƵ ƗơāǄǆ Ǐǃå èƓǈǒƶǃå ôƶƕ ǑƼ ßƓǆǃå ǑƼ ëǚǆǙå )ppm 

(1800.  ÜíāƪǕå íāǆơǆ) ýƕƿ ÿǆ Ɨǒāåðǃå Ɨǀõǈǆ ǑƼ Ɨƪåïí èǒïƞá Ɠǆǂ1974( 
ÿǒƕ Ɠǆ ëāåïƙǒ èåïƙǈǃå ðǒǂïƙ ÿá íƞā éǒơ ppm  )45 Ĳ 60 Ɨƕƪǈ ǑƼ ÷Ɠƽƙïåā (

îǃå ëǚǆǙåå.ƗƕƑ ) ñåïāƕå þƓƿā2005  ýƤåíƙ ǏǄƵ Ɨƪåïíƕ (ǉƓǒǆ  ǑƼ ïơƕǃåǉƓǒǆǃå 
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ǆƕ ƗǒƼāƞǃåǈ éǒơ  Ɨǒāåðǃå Ɨǀõ ïǌöåè ðǒǂïƙ ǑƼ öāơǄǆ ÷Ɠƽƙïã Ɨƪåïíǃå ǉîǋ 
Ǐǃå èƓǈǒƶǃå ôƶƕ ǑƼ ýƮā éǒơ ƗǒǄǂǃå ƗƕƑåîǃå ëǚǆǙå  )2571 ppm  Ü(

 āüǃîǂ Ǐǃå èåíǒïāǄǂǃå ÿāǒå ðǒǂïƙ ýƮā  )2193 ppm ( å ðǒǂïƙ ýƮāā ÿāǒ
Ǐǃå þāǒíāƮǃå )400 ppmÜ(  āüǃîǂ  ĂïƤǙå èƓǈāǒǙå ôƶƕ ðǒǂïƙ ǑƼ ÷Ɠƽƙïã

 ýƛǆþāǒƪǃƓǂǃåÜþāǒƪƓƙāƕǃå Ü þāǒƪǒǈƹƓǆǃå Ü  Ɨƕǒïǀǃå ïƓƕǙå ǑƼ ÷ƓƽƙïǙå åîǋ ÿƓǂā
   .ïơƕǃå ÿǆ 

æïƜǆǄǁä ƕǐǂǄƴǄǁäĀ ƕǐǂƾƟǁä üƑǄƳǓä 

1 ļ: ƕƨäîìǁä ƕƾôǆǄ Ǐƺ çƑǆǐƴǁä íƢà ƲƽäĀǄ ìǐìƟƗ 

ǆǃå þǒƪǀƙ þƙ éǒơ ÿǆ ƗƵāǆƞǆ ăāƙơǒ Ɠǌǈǆ íơā ýǂ ƴõåāǀǃå ÿǆ ííƵ Ǐǃå Ɨǀõǈ
 ÿǆ ƗƽǄƙƤǆ èƓƼƓƪǆ ǏǄƵ ÿāǂƙ éǒơƕ õƤǃå ñƽǈ ǏǄƵ ïƓƕǙåǑõƓƬ ïơƕǃå.  þƙā

 ïƓǆƿǕå ûǒïõ ÿƵ ƴƿåāǆǃå íǒíơƙ ðƓǌƞ þåíƤƙƪƓƕ ïƓƕǓå ǉîǋ ƴƿåāǆ íǒíơƙ
ƗǒƵƓǈƮǃå  (GPS)   ÿǒāíƙ þƙā ôïƶǃåā ýāõǃå ǑõƤ íǒíơƙ Ǌƙõƪåāƕ þƙ éǒơ
Ǆƶǆǃåþƿï ýāíƞ ǑƼ èƓǆā .(1) )þƿï ýǂƬǃåā1 .ïƓƕǙå ǉîǋ ƴƿåāǆ ÿǒƕǒ ( 
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ýǂƬ..1 Ɨƪåïíǃå Ɨǀõǈǆ ǑƼ ïƓƕǓå ƴƿåāǆ Ơưāǒ 

2 ļ: ƕǐƺĀƜǁä ǇƑǐǄǁä åĀƨǆǄ ðƑǐƽ 

 ñƓǒǀǆǃå Ɨõƪåāƕ Ɨƪåïíǃå Ɨǀõǈǆ ǑƼ ïƑƕ ýǂǃ ƗǒƼāƞǃå ǉƓǒǆǃå æāƪǈǆ íǒíơƙ þƙ
ǑƑƓƕïǌǂǃå å  Ăāƙƪǆ ÿǒƶƙǃ þíƤƙƪǒ ăîǃå ( æāǂƪǆǙå ) íǒðǒ Ǒƙǃå ƗǒƼāƞǃå ǉƓǒǆǃ

.Ąåïƙǆ ÿǒïƬƵ ǏǄƵ ƓǌǀǆƵ 

3 ļ çƑǆǐƳ ƲǐǄƜƗǇƑǐǄǁä : ƕƨäîìǁä ƕƾôǆǄ Ǐƺ ƑǉìǐìƟƗ ýƗ ǏƗǁä ƲƽäĀǄǁä þǄ 

 ƓǌǀǄƹā èƓǈǒǈƿ ǑƼ Ɠǌƶưā þƙ éǒơ ƓǌǄǒǄơƙ ýƞå ÿǆ ƗǒƼāƞǃå ǉƓǒǆǃå èƓǈǒƵ îƤá þƙ
 Ɨǈǒƶǃå ǏǄƵ Ǌƶƿāǆā ïƑƕǃå þƪå ƗƕƓƙǂƕ üǃîā Ɨǈǒƶǃå ûǒƛāƙ þƙā þǂơǆ ßƓõƺƕ 

 ǑƼ Ɠǌöƽơāúāïö  ƗƕƪƓǈǆ)  Ǒǃåāơ ƗƕƪƓǈǆ çïåïơ Ɨƞïí25  ÿƓǂǆ ÜƗǒāƑǆ Ɨƞïí
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Ü(.... ñǆƬǃå ƗƵƓƬǕ Ɨưïƶǆ ïǒƹ Ü úƓƞ  .ýǆƶǆǄǃ ƓǌǄǀǈ þƛýāíƞǃå þƿï) 1 (
:Ɨƪåïíǃå Ɨǀõǈǆ ǑƼ ïƓƕǙå ôƶƕ ÿǆ Ɠǌƶǒǆƞƙ þƙ Ǒƙǃå èƓǆāǄƶǆǃå ôƶƕ Ơưāǒ 

 üĀìƜ-1 ƾôǆǄ þǄ ƲǐǄƜƗ ýƗ ǏƗǁä ƕǐǂƾƟǁä çƑǄĀǂƴǄǁä þǐƓǐƕƨäîìǁä ƕ 
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 üĀìƜ-1 ƕƨäîìǁä ƕƾôǆǄ þǄ ƲǐǄƜƗ ýƗ ǏƗǁä ƕǐǂƾƟǁä çƑǄĀǂƴǄǁä þǐƓǐ (ƲƓƑƗ) 
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 üĀìƜ-1 ƕƨäîìǁä ƕƾôǆǄ þǄ ƲǐǄƜƗ ýƗ ǏƗǁä ƕǐǂƾƟǁä çƑǄĀǂƴǄǁä þǐƓǐ (ƲƓƑƗ) 
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4: ƕǐǂǄƴǄǁä üǐǁƑƟƗǁä Ā çƑƨƑǐƾǁä . 
 ðǒǂïƙ ǏǄƵ úƬǂǄǃ üǃåîā ýǒǃƓơƙǃåā èƓƪƓǒǀǃå ôƶƕ ßåïƞã þƙ çāõƤǃå ǉîǋ ǑƼ

ǒǆǃå èƓǈǒƵ ǑƼ ïƮƓǈƶǃå ôƶƕǉƓ ǆ ÿāǂƙ íƿ Ǒƙǃåā â ǑǄƵ ïƬƙ éāǄǉƓǒǆǃå  ƗǒƼāƞǃå
ǉƓǒǆƕ ïơƕǃå ýǆƬƙā : 
ļ Ǒǈǒƞāïíǒǌǃå ñǕå ñƓǒƿ (PH) ǑƑƓƕïǌǂǃå ýǒƮāƙǃåā (Ec)  Ɨƞïíā

ƗơāǄǆǃå. 
ļ ƗƕƑåîǃå ƗǒǄǂǃå ëǚǆǕå ñƓǒƿ (TDS). 
ļ èåíǒïāǄǂǃåā èƓǈāƕïǂǒƕǃå Ɨƕƪǈ ÿǒǒƶƙ. 
ļ þāǒƪǃƓǂǃå ÿāǒáā çïƪƶǃå ÿǒǒƶƙ ßƓǆǃå ǑƼ þāǒƪǈƹƓǆǃå ÿāǒáā. 
ļ þāǒƪƓƙāƕǃåā þāǒíāƮǃå Ɨƕƪǈ ÿǒǒƶƙ. 
ļ ßƓǆǃå ǑƼ èåïƙǈǃå Ɨƕƪǈ ÿǒǒƶƙ. 

) þƿï ýāíƞǃƓƕ ýǒǃƓơƙǃå ƝƑƓƙǈ ƴưā þƙ2.( 
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 ýƽî üĀìƜ2  üǐǁƑƟƗǁä ƛƏƑƗǆ ƞƮĀǐçƑǆǐƴǁ ƕƨäîìǁä ƕƾôǆǄ 
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 ýƽî üĀìƜ2  üǐǁƑƟƗǁä ƛƏƑƗǆ ƞƮĀǐçƑǆǐƴǁ ƕƨäîìǁä ƕƾôǆǄ (ƲƓƑƗ ) 

 



 

 Volume  12العدد 

   7102December  ديسمبر

International 

 Science and Technology 

Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 
 

 حقوق الطبع محفوظة 
 للمجلة الدولية للعلوم والتقنية 

Copyright © ISTJ   ул 

 
 

ƗǆǁäƕƪƽƑǆǄǁäĀ ƛƏƑ 
 ôƶƕ ðǒǂïƙ ïǒíǀƙǃ ƗǒƑƓǒǆǒǂǃå ýǒǃƓơƙǃåā èƓƪƓǒǀǃå ôƶƕ ßåïƞã íƶƕ

 ïƮƓǈƶǃåëǚǆǕåā  èƓǈǒƵ ǑƼǉƓǒǆǃå ǆ ÿāǂƙ íƿ Ǒƙǃåā âïƬ ǄƵǏ ïơƕǃå ǉƓǒǆ ýƤåíƙ 
 ǉîǋ ðǒǂïƙ Ơưāƙǃ ƓǂƬå ƗƑǒǋ ǏǄƵ ýǒǃƓơƙǃå ǉîǋ ƝƑƓƙǈ ýǒƛǆƙ þƙÜ Ɨƪåïíǃå Ɨǀõǈǆƕ

ǂā ïơƕǃå ǏǄƵ íƶƕǄǃ ƗƕƪǈǃƓƕ ïƮƓǈƶǃåǑƙƋǒ Ɠǆǂ èǈƓ . 

 ýǂƬ. .2ǒǄǂǃå ƗƕƑåîǃå ëǚǆǙå ðǒǂïƙ ǑƼ ïǒƺƙǃå ƠưāǒƗ   )TDS ïơƕǃå ÿƵ íƶƕǃå ƴǆ((d.f.s) 
ǊƙåïƕƮ Ɨǀõǈǆ ǑƼ ïƓƕǙå ôƶƕǃ 

ýǂƬ3. . þāǒíāƮǃå ÿāǒå ðǒǂïƙ ǑƼ ïǒƺƙǃå ƠưāǒNa)   ïơƕǃå ÿƵ íƶƕǃå ƴǆ ( (d.f.s) Ɨǈƪǃ
)2005  Ü2017ǊƙåïƕƮ Ɨǀõǈǆ ǑƼ ïƓƕǙå ôƶƕǃ ( 
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Ƭ ýǂ .4. ) íǒïāǄǂǃå ÿāǒå ðǒǂïƙ ǑƼ ïǒƺƙǃå ƠưāǒCL-  ïơƕǃå ÿƵ íƶƕǃå ƴǆ  ((d.f.s)  Ɨǈƪǃ

)2005  Ü2017ǊƙåïƕƮ Ɨǀõǈǆ ǑƼ ïƓƕǙå ôƶƕǃ ( 
 

 ýǂƬ.5. èƓƙǒïƕǂǃå ÿāǒå ðǒǂïƙ ǑƼ ïǒƺƙǃå Ơưāǒ  SO4-- ) ïơƕǃå ÿƵ íƶƕǃå ƴǆ ((d.f.s) 
) Ɨǈƪǃ2005  Ü2017Ɨǀõǈǆ ǑƼ ïƓƕǙå ôƶƕǃ ( ǊƙåïƕƮ 
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ýǂƬ ..6 ǒǄǂǃå ƗƕƑåîǃå ëǚǆǙå ðǒǂïƙ ǑƼ ïǒƺƙǃå ƠưāǒƗ )TDS( ïơƕǃå ÿƵ íƶƕǃå ƴǆ    

(d.f.s) ÿƓǆïƮ Ɨǀõǈǆ ǑƼ ïƓƕǙå ôƶƕǃ 

 
 ýǂƬ7.. þāǒíāƮǃå ÿāǒå ðǒǂïƙ ǑƼ ïǒƺƙǃå ƠưāǒNa)   ) ïơƕǃå ÿƵ íƶƕǃå ƴǆ ( +(d.f.s 

Ɨǈƪǃ )2005  Ü2017ÿƓǆïƮ Ɨǀõǈǆ ǑƼ ïƓƕǙå ôƶƕǃ  ( 
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ýǂƬ8. . ƙǃå Ơưāǒ) íǒïāǄǂǃå ÿāǒå ðǒǂïƙ ǑƼ ïǒƺCL- (  ( ) ïơƕǃå ÿƵ íƶƕǃå ƴǆ (d.f.s Ɨǈƪǃ

)2005  Ü2017ÿƓǆïƮ Ɨǀõǈǆ ǑƼ ïƓƕǙå ôƶƕǃ ( 

 
ýǂƬ9. . èƓƙǒïƕǂǃå ÿāǒå ðǒǂïƙ ǑƼ ïǒƺƙǃå Ơưāǒ  SO4-- ))ïơƕǃå ÿƵ íƶƕǃå ƴǆ ((d.f.s 

) Ɨǈƪǃ2005  Ü2017( ÿƓǆïƮ Ɨǀõǈǆ ǑƼ ïƓƕǙå ôƶƕǃ 
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ýǂƬ.10. ïǒƺƙǃå Ơưāǒ ǒǄǂǃå ƗƕƑåîǃå ëǚǆǙå ðǒǂïƙ ǑƼƗ )TDS( )ïơƕǃå ÿƵ íƶƕǃå ƴǆ(d.f.s 
) Ɨǈƪǃ2005  Ü2017ƗƬïơǃå  ǑƼ ïƓƕǙå ôƶƕǃ ( 

 
.ýǂƬ .11 þāǒíāƮǃå ÿāǒå ðǒǂïƙ ǑƼ ïǒƺƙǃå Ơưāǒ Na  ))ïơƕǃå ÿƵ íƶƕǃå ƴǆ (  ( +(d.f.s 

) Ɨǈƪǃ2005  Ü2017( ƗƬïơǃå ǑƼ ïƓƕǙå ôƶƕǃ 
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ýǂƬ .12.  ǑƼ ïǒƺƙǃå Ơưāǒ)  íǒïāǄǂǃå ÿāǒå ðǒǂïƙCL- ) ïơƕǃå ÿƵ íƶƕǃå ƴǆ (  ( (d.f.s 

) Ɨǈƪǃ2005  Ü2017( ƗƬïơǃå ǑƼ ïƓƕǙå ôƶƕǃ 

 
 ýǂƬ. .13èƓƙǒïƕǂǃå ÿāǒå ðǒǂïƙ ǑƼ ïǒƺƙǃå Ơưāǒ  SO4--- )) ïơƕǃå ÿƵ íƶƕǃå ƴǆ ((d.f.s 

) Ɨǈƪǃ2005  Ü2017ƗƬïơǃå Ɨǀõǈǆ ǑƼ ïƓƕǙå ôƶƕǃ ( 
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 ýǂƬ.14. ƙ ǑƼ ïǒƺƙǃå Ơưāǒ) ǊǒǄǂǃå ƗƕƑåîǃå ëǚǆǙå ðǒǂïTDS  ÿƵ íƶƕǃå ƴǆ (
)ïơƕǃå(d.f.s ) Ɨǈƪǃ2005  Ü2017( þƑåíāƞ ǑƼ ïƓƕǙå ôƶƕǃ 

ýǂƬ. .15þāǒíāƮǃå ÿāǒå ðǒǂïƙ ǑƼ ïǒƺƙǃå ƠưāNa ) )ïơƕǃå ÿƵ íƶƕǃå ƴǆ (  ( +(d.f.s 
Ɨǈƪǃ )2005  Ü2017(  āƞ Ɨǀõǈǆ ǑƼ ïƓƕǙå ôƶƕǃíþƑå 
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 ýǂƬ. .16ǒǂïƙ ǑƼ ïǒƺƙǃå Ơưāǒ  ) íǒïāǄǂǃå ÿāǒå ðCL- )ïơƕǃå ÿƵ íƶƕǃå ƴǆ (  ((d.f.s 
) Ɨǈƪǃ2005  Ü2017þƑåíāƞ ǑƼ ïƓƕǙå ôƶƕǃ ( 

ýǂƬ . .17èƓƙǒïƕǂǃå ÿāǒå ðǒǂïƙ ǑƼ ïǒƺƙǃå Ơưāǒ  SO4--- )) ïơƕǃå ÿƵ íƶƕǃå ƴǆ ((d.f.s 
) Ɨǈƪǃ2005  Ü2017Ɨǀõǈǆ ǑƼ ïƓƕǙå ôƶƕǃ ( þƑåíāƞ 
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ÿǆā ǉîǋ ƝƑƓƙǈǃå öơǚǈ ÿã ðǒǂïƙ ǉîǋ ïƮƓǈƶǃå ÿƓǂ ǑǃƓƵ ǑƼ æǄƹá  ïƓƕǓå
Ɨƕǒïǀǃå ÿǆ éǒơ Üïơƕǃå öơǚǈ ÿå ðǒǂïƙ ëǚǆǕå ƗƕƑåîǃå ƗǒǄǂǃå  íơǃå èƿƓƼ

Ǌƕ ëāǆƪǆǃå ǏƮƿǕå (1000ppm)   ïơƕǃå ƐõƓƬ ÿǆ Ɨƕǒïǀǃå ïƓƕǙå ýǂ ǑƼ
ïƑƕǃå ǑƼ Ɠǋðǒǂïƙ ýƮā éǒơ JD1  Ǒǃåāơ Ǐǃå 5847ppm ïƑƕǃå ǑƼā Hr1 

Ǐǃå 3153ppm  ïƑƕǃå ǑƼā Sr1 Ǐǃå 17108ppm  ïƑƕǃå ǑƼ Ɠǆå Sp1 
ðǒǂïƙǃå ÿƓǂ 11238ppm  ðǒǂïƙǃå ÿƓǂƼ ïơƕǃå ǏǄƵ çíǒƶƕǃå ïƓƕǙå ǑƼ Ɠǆå

ïƓƕǙå æǄƹå ǑƼ ýāƕǀǆ . þāǒíāƮǄǃ ƗƕƪǈǃƓƕ ƓǆåǊǈƋǂ  ÿǆ Ɨƕǒïǀǃå ïƓƕǙå ǑƼ ƴƽƙïǆ
ïƑƕǃå ǑƼ ǉðǒǂïƙ ýƮā éǒơ ïơƕǃå ƐõƓƬ JD1 Ǒǃåāơ Ǐǃå1048ppm  ǑƼā

ïƑƕǃå Hr1 Ǐǃå 896ppm  ǑƼ ïƑƕǃå Sr1 Ǐǃå 4288ppm ïƑƕǃå ǑƼ Ɠǆå 
Sp1 ðǒǂïƙǃå ÿƓǂ 3102ppm ðǒǂïƙǃå ÿƓǂƼ ïơƕǃå ǏǄƵ çíǒƶƕǃå ïƓƕǙå ǑƼ þå 

ïƓƕǙå æǄƹå ǑƼ ýāƕǀǆ,  ïƓƕǙå ǑƼ ƴƽƙïǆ Ɠưǒå āǋ ÿƓǂƼ íǒïāǄǂǄǃ ƗƕƪǈǃƓƕ Ɠǆå
ïƑƕǃå ǑƼ ǉðǒǂïƙ ýƮā éǒơ ïơƕǃå ƐõƓƬ ÿǆ Ɨƕǒïǀǃå JD1  Ǐǃå

Ǒǃåāơ3470ppm  ïƑƕǃå ǑƼā Hr1  Ǐǃå 1750ppm  ïƑƕǃå ǑƼā Sr1 Ǐǃå 
10190ppm ïƑƕǃå ǑƼ Ɠǆå Sp1 ðǒǂïƙǃå ÿƓǂ 6350ppm  ïƓƕǙå ǑƼ Ɠǆå

ïƓƕǙå æǄƹå ǑƼ ýāƕǀǆ ðǒǂïƙǃå ÿƓǂƼ ïơƕǃå ǏǄƵ çíǒƶƕǃå .  ǉîǋ ÿå éǒơā
 Ɨƕǒïǀǃå ïƓƕǙå ǑƼ ǑǃƓƵ ðǒǂïƙƕ ƓǋíāƞāƼ ïơƕǃå ǉƓǒǆ èƓǒāƙơǆ ïƕǂå ÿǆ ïƮƓǈƶǃå

ÿǆ  ïƙ óƿƓǈƙā ïơƕǃå ƐõƓƬ ǏǄƵ ăāƿ ýǒǃí åîǋ ïơƕǃå ǏǄƵ Ɠǈíƶƙƕå ƓǆǄǂ Ɠǋðǒǂ
 ǑƼ ïơƕǃå ǉƓǒǆ ýƤåíƙǉƓǒǆǃå ƗǒƼāƞǃå . 
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éƑƗǆƗƨǗä 
 ǏǄƵ ăāƿ ïƬâǆ ýƛǆƙ Ǒƙǃå ïƮƓǈƶǃå ôƶƕǃ ǑǃƓƵ ðǒǂïƙ íāƞā Ɲƙǈƙƪǈ ûƕƪ Ɠǆǆ

ƗǒƼāƞǃå ǉƓǒǆǃå ǑƼ ïơƕǃå ǉƓǒǆ ýƤåíƙ  Ǒǈƶǒ Ɠǆǆ ïơƕǃå ýơƓƪ ÿǆ Ɨƕǒïǀǃå ïƓƕǙå ǑƼ
 ǉíǋ éāǄƙǉƓǒǆǃå ǃåā ǉíǋ ýǚƺƙƪå ƗǒǈƓǂǆã ÿǆ íơǃå Ǐǃå ăíâǒ ăíǉƓǒǆǃå  ïǒƛǂǃå ǑƼ

ƣǃå....... ƗƵƓǈƮǃåā ƗƵåïðǃå ýƛǆ çƓǒơǃå Ǌƞāå ÿǆÜ  ÿǆ íǒðǆǃå ßåïƞã æǄõƙǒ åíǋā
ǑƼ éƓơƕǙå . çïǋƓöǃå ǉîǋ þƿƓƽƙ ÿǆ íơǃå ƗǃāƓơǆǃ üǃîā ýƓƞǆǃå åîǋ 

ƲƜäîǄǁä 

]1[  ) íāǆơǆ ăāǚƪǃå1986  Ɨǒïöǈǃå ÿǒƕ ƗǒƼāƞǃå ǉƓǒǆǃå ( þ āûǒƕõƙǃåÜ  ïåíǃå
.ÿǚƵǗåā ƴǒðāƙǃåā ïƬǈǄǃ ƗǒƕǒǄǃå 

]2[ ) ƗơǄõ1984  ǑǃƓǆƬǃå ßðƞǄǃ Ɨǒƞāǃāïíǒǌǃå ƗõǒïƤǄǃ Ɨǒơǒưāƙ çïǂîǆ (þ
 ÿǆ ǑƕïƺǃåƓǒƕǒǃ  . ǉƓǒǆǄǃ ƗǆƓƶǃå ƗƑǒǌǃå 
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]4[ íǒǆǄǃ ăïƓƬƙƪǙå æƙǂǆǃå ƗƪåïǉƓ ) ƗǒāåðǃƓƕ ƗǒƼāƞǃå1966  ƗǆƓƶǃå ƗƑǒǌǃå (þ
   .ǉƓǒǆǄǃ 

]5[  ) ÿƓƪƹ ñåïāƕå2005 ǒǆ ýƤåíƙ ( þǉƓ ïơƕǃå  Ɨǀõǈǆƕ ƗǒƼāƞǃå ǉƓǒǆǃå ǏƼ
  . Ɠǒƕǒǃ ù ñǄƕåïõ Ü ƗǒƕǒǄǃå ƗǒǆǒíƓǂǙå ÜïǒƙƪƞƓǆ ƗǃƓƪï Ü Ɨǒāåðǃå 

]6[ ýƞāǄƼ )Floegel, H.,1971 ( ǆ ýƤåíƙǃ Ɨƶƪāǆ Ɨƪåïí ǑƼ ïơƕǃå ǉƓǒ
çïƓƽƞǃå ýǌƪ ƗǀõǈǆÜ  ƗǆƓƶǃå  ƗƑǒǌǃåǉƓǒǆǄǃ-  ñǄƕåïõ-   .Ɠǒƕǒǃ 
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]7[ .ïǒƬǈǋ ÜǑǈāïƓƕǃå )1990  Ɨǒƞāǃāǒƞāïíǒǌǃå úāïöǃå ïāõƙ ƗƶƕƓƙǆ .( þ
 ñǄƕåïõ ÜǉƓǒǆǄǃ ƗǆƓƶǃå ƗƑǒǌǃå ÜǑǈåāƪǃå ýǀơǃ-   .Ɠǒƕǒǃ 

]8[ 8-) ǉƓǒǆǄǃ ƗǆƓƶǃå ƗƑǒǌǃå1975 íơǃå ÿǆ ǑǄơƓƪǃå õǒïƬǃå Ɨƪåïí ïǒïǀƙ (þ íā
 ÜǉƓǒǆǄǃ ƗǆƓƶǃå ƗƑǒǌǃå ǑǄơƓƪǃå õǒïƬǃå Ɨƪåïí Ɨǈƞǃ ÜǊƙåïƮǆ Ǐƙơ Ɨǒƪǈāƙǃå

.Ɠǒƕǒǃ ù ñǄƕåïõ 
]9[ 9- ) ÿāïƤàā ǑǄǒƞāǙå1962 Ɨƪåïí (þ  Ɨǀõǈǆƕ ýāǕå ǑƼāƞǃå ÿåðƤǄǃ

 Ɨǒāåðǃå ñǄƕåïõ  ÜǉƓǒǆǄǃ ƗǆƓƶǃå ƗƑǒǌǃå Ü ÿƓǆïƮ ā-    .Ɠǒƕǒǃ 
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äìǓä āĀƗƨǄ Ǐƺ ǏƻǐõĀǁä ƑƮîǁä îƙà ǏǆƾƗǁä ýǐǂƴƗǁä çƑƨƨáǄƓ þǐǂǄƑƴǂǁ Þ
(üƟǐƨǄâ ðǐǄƢǁä úĀƨ  ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ǏǁƑƴǁä ìǊƴǄǁä ƕǁƑƟ ƕƨäîì) 
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ƕƬǘƢǁä 
 þǒǄƶƙǃå èƓƪƪâǆƕ ÿǒǄǆƓƶǄǃ ßåíǕå ăāƙƪǆ ǑƼ Ǒƽǒöāǃå Ɠưïǃå ïƛá Ɨƪåïíǃå èǃāƓǈƙ

Ɨǒǈǀƙǃåā þāǄƶǄǃ ǑǃƓƶǃå íǌƶǆǃå ïƓǒƙƤå þƙ éǒơ Ǒǈǀƙǃå  ƗǃƓơǂ ýơǒƪǆã ñǒǆƤǃå ûāƪ
 āǆƞǆ ƴưā þƙ íƿā Ɨƪåïíǃå Ɠǌƕ èǒïƞá üǃîǂā Ɠǌǀǒǀơƙ ÿǂǆǒ úåíǋǕå ÿǆ ƗƵ

 ÿƓǒƕƙƪå çïƓǆƙƪå íåíƵȒåā  úåíǋǕå íǒíơƙā ôāïƽǃå ƗƹƓǒƮā ƗǄǂƬǆǃå íǒíơƙ
) þǋííƵ ƸǄƕ ÿǒǄǆƓƶǃå ÿǆ ƗǈǒƵ ǑǄƵ Ɠǌƶǒðāƙā62 ýǒǄơƙ þƛā ÿǆā ýǆƓƵ (

 èåïǒƺƙǆǃƓƕ ûǄƶƙƙ ǑǃāǕå èǈƓǂā ýāåíƞǃå ÿǆ ƗƵāǆƞǆ ǑƼ Ɨƶǆƞǆǃå èƓǈƓǒƕǃå
å êåïƤƙƪå þƙ éǒơ ƗǒƮƤƬǃå ăïƓǒƶǆǃå úåïơǈǙåā õǒƪāǃåā ǑƕƓƪơǃå õƪāƙǆǃ

 Ɨƕƪǈǃå êåïƤƙƪå þƛ Ǒƽǒöāǃå Ɠưïǃå ăāƙƪǆ ĄƓǒǈƓƛ þƙā Ü ƠõǄƽƙǃåā ßåāƙǃǙåā
 Ɨƕƪǈǃå êåïƤƙƪå þƙ Ǒƽǒöāǃå ßåíǕå ăāƙƪǆ ĄƓƛǃƓƛā Üõǒƪāǃåā ǑƕƓƪơǃå õƪāƙǆǃåā

. ƝƑƓƙǈǃå ýǒǄơƙā õǒƪāǃåā ǑƕƓƪơǃå õƪāƙǆǃåā 
ǋ ÿƋƕ Ơưƙå éǒơ ƝƑƓƙǈǃå ýǒǄơƙā ăāƙƪǆā Ǒƽǒöāǃå ßƓưïǃå ÿǒƕ ƗƿǚƵ üƓǈ

 ÿá Ơưƙå ÿá Ɠǆǂā ßåíǕå ăāƙƪǆ ÿƪơƙ Ɠưïǃå ûǀơƙ ƓǆǄǂƼ Ü Ǒƽǒöāǃå ßåíǕå
.ÿǒǄǆƓƶǃå ăíǃ Ɠưïǃå ÿǆ ïǒƕǂ ïíƿ ûǒǀơƙ ǑƼ þǋƓƪƙ ýǆåāƶǃå ÿǆ ƗƵāǆƞǆ üƓǈǋ 
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 ǑƑƓƮơǗå ƝǆƓǈïƕǃå þåíƤƙƪƓƕƼSPSS   Ơưƙå Ǒƙǃåā ĄƓǒƑƓƮơã èƓǈƓǒƕǃå ýǒǄơƙ þƙ
ƪå ýǚƤ ÿǆ Ɨƿǚƶǃå ÿá ÿāƪïǒƕ õƓƕƙïå ýǆƓƶǆā Ɨǒðǂïǆǃå ƗƵðǈǃå ñǒǒƓǀǆ êåïƤƙ

 ǑǃƓƶǃå íǌƶǆǃå ǑƼ ÿǒǄǆƓƶǃå ăíǃ Ǒƽǒöāǃå ßåíǕåā Ǒƽǒöāǃå ßƓưïǃå ÿǒƕ Ɨǒāƿ
 ǑǄƵ ĄßƓǈƕā Ɨƪåïíǃå ƗǒƓǌǈ ǑƼā Ü ýơǒƪǆã ñǒǆƤǃå ûāƪ  Ɨǒǈǀƙǃåā þāǄƶǄǃ ǑǃƓƶǃå

èƓǒƮāƙǃå ÿǆ ƗƵāǆƞǆ íåíƵã þƙ íǀƼ ƝƑƓƙǈ ÿǆ Ɨǒǃã èƮǄƤƓǆ  ǑƼ ƗǆǋƓƪǆǄǃ
 .ǑǃƓƶǃå þǒǄƶƙǃå èƓƪƪâǆ ǑƼ ßåíǕå ăāƙƪǆ ÿǒƪơƙ 

 
Abstract 

 

The target of the study is to explain the effect of job satisfaction in 

job performance for employees in the higher technical institutes. 

The institute has been selected as a case study was The Higher 

Institute for sciences and technique. Suk Khamis Emseheel .In 

which the study was conducted and a set of achievable objectives 

were developed, as well as identifying the problem, formulating 

hypotheses, setting goals, (62) workers, and the data collected 

from a set of tables were analyzed and the first was related to the 

personal variables, where the mean, arithmetic mean, standard 

deviation, spacing and flattening were extracted. Second, the level 

of job satisfaction was extracted Ratio, median and arithmetic 

mean, and thirdly the functional level and then extracts the ratio, 

the mean arithmetic and the median for data analysis. 

And analysis of the results where it was found that there is a 

relationship between job satisfaction and the level of job 

performance, the more satisfied the satisfaction of the improved 

performance and it was found that a number of factors contribute 

to the achievement of a great deal of satisfaction among workers. 
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Using the statistical program SPSS, the data were analyzed 

statistically, and from extraction of the measures of central 

tendency and Pearson's correlation coefficient It was found that 

there is strong relationship between job satisfaction and job 

performance among the employees of the Higher Institute for 

sciences and technique in Suk Elkhmis Emseheel, and at the end of 

the study, and according to results, we suggest  a set of 

recommendations to contribute to improving performance in 

higher education institutions. 

 
ƕøøøøøǄìøøƾǄ 

 ǉïƓƕƙƵƓƕ èƓƪƪâǆǃå æǄƹá Ăíǃ íǒåðƙǆ þƓǆƙǋƋƕ Ǒƽǒöāǃå Ɠưïǃå ÷āưāǆ Ǒươǒ
 ñƓǀǒ Ɨƪƪâǆ ăá ëƓƞǈ ÿȒåā Ü íåïƼǕå ăíǃ ßåíǕå èǙíƶǆ ÿǒƪơƙ ǑƼ ĄƓǆƓǋ ïƮǈƵ
 ÿǆ Ɨǒƿåï èƓǒāƙƪǆ ǑƼ üǃî íǒƪƞƙǃ úöāǆǃå Ăíǃ ƗǈǆƓǂǃå ƗƿƓõǃå ýǒǋƋƙ Ăíǆƕ

 åîǋ ïǒāõƙ ǏǄƵ ýǆƶǃåā ÜßƓõƶǃå ƗǒǈƓǂǆã Ɨƞïí ûǒǀơƙ Ǐǃã ýāƮāǄǃ ßƓõƶǃå
 ÿǆ Ɨƪƪâǆǃå Ǌƶưƙ ăîǃå úíǌǃå āǋā Üƴƽƙïǆ ǑǄƶƼ ßåíá åîǂā ýǆƶǃå ÿƵ þǋƓưï
 çïõƪǆǃå ƓǌƞƑƓƙǈ Ǐǃã ýāƮāǄǃ ƠǒơƮǃå ûǒïõǃå ǏǄƵ ïǒƪǄǃ ƓǌƙƓǆƓǆƙǋå Ǐǃāá
 ǑƼ ýǆƶǄǃ ÿǒƽöāǆǃå Ăíǃ ßåíǕåā ýǆƶǃå ÿƵ Ɠưïǃå åîǋ ûǒǀơƙ ýƕƪ ÿƵ éơƕǃåā

ƪƪâǆǄǃ ǑƕƓƞǒǗå ǉƓƞƙǙå èƓ 
 æƕƪ ƗơƞƓǈǃå çïāõƙǆǃå èƓƪƪâǆǃå ÿǆ ïǒƛǂǃå ÿá èƓƪåïíǃå ôƶƕ èƙƕƛá íǀƼ
 ýǆƶƙƪƙā þǌǄǂƓƬǆā ÿǒƽöāǆǃå ƠǃƓƮǆƕ þƙǌƙ çïāõƙǆ çïåíã íāƞā Ǐǃã ƴƞåï Ɠǌƿāƽƙ
 ÿǒǄǆƓƶǃå Ɠưï ÿǒƪơƙ ýƞá ÿǆ ÿåíǒǆǃå åîǋ ǑƼ çðïƓƕǃå æǒǃƓƪǕåā èƓǒǈǀƙǃå éíơá

ïǒƼāƙǃ çïǒƕǂ Ɨǒǆǋá Ǒǃāƙā þǌƑåíá ÿǆ ƴƼïǃåā  ÿǆ þǌƽǒǃ ýǆƶǄǃ þƑǚǆ Ǒǆǒöǈƙ ìƓǈǆ
 üïơƙǒ Ǚ ýǆƶǃå ÿƵ ôåï ïǒƺǃå íïƽǃå ÿǆ ýƶƞƙ Ǒƙǃå Ǒǋ Ɠưïǃå íāíơ ÿá åîǋ
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 ßåíá íǃāǒ ǑǄƶƽǃå Ǒƽǒöāǃå Ɠưïǃå ÿƋƕ ÿǒƛơƓƕǃå ïåïƿ ÿã Ɠưïǃå åîǋ íāíơ ǑƼ Ǚã
 ÿǂǆǒ Ǚ Ǒƙǃåā ǊǄǆƵ ǉƓƞƙ úöāǆǃå úƿåāǆ ǑƼ þƞïƙǒ Ɠǆ åîǋā ƗǃƓƶƼ ƗƪïƓǆǆā ýƓƶƼ

Ɠǋïǒƪƽƙ  ÿȒåā ǊǒǄƵ ƗǄƵƓƽǃå èåííơǆǃåā ǊǒƼ çïƛâǆǃå ýǆåāƶǃå ƗƼïƶǆ Ǐǃã ÷āƞïǃå ÿāí
 óïƼ çíƓǒð Ǐǃã ăíâǒ Ɠǆǆ . Ɨǒíƞƕ ýǆƶǃå ßåíǕ íåïƼǕå ƗǒƶƼåíǃ ǑƪƓƪǕå üïơǆǃå
 þƓǌǆǃå ÿƵ þǋƓưï Ɨƞïí āǋ ëƓƞǈǃå Ɨƕƪǈ çíƓǒðā ýǆƶǃå ǑƼ þíǀƙǃåā Ǒƿïǃå

ǃå ǏǄƵ æƞāá ăîǃå ïǆǕå Ü þǌǒǃã çíǈƪǆǃå úƑƓöāǃåā éíơǒ Ɠǆ ýǂ Ɨƕǂåāǆ Ɨƪƪâǆ
 úǒǂƙǃå ýƞá ÿǆ ƓǌƼåíǋá ûǒǀơƙǃ èƓƪƓǒƪǃå Ơƞǈá ÿƵ éơƕǃåā ïǒǒƺƙ ÿǆ
 ýāƕǀǆǃå ßåíǕå ÿã Ü ǑƞïƓƤǃå Ɠǌõǒơǆ ǑƼ Ɠǋïåïǆƙƪåā ƓǌƑƓǀƕ ǏǄƵ ƗöƼƓơǆǃåā
 ÿƵ ƗƞƙƓǈǃå ƗǒǃƓƶǃå çßƓƽǂǃå ǏǄƵ ÿǋïƕǆǃåā úöāǆǃå Ǌǒǃã ýƮāƙǒ ăîǃå Ǒưïǆǃåā

íåíðƙ Ɠǈǋā èåðƽơǆǃå ÿǆ ƗƵāǆƞǆ  ǏǄƵ ðǒǂïƙǃåā þƓǆƙǋǙå ÿȒåā ýǆƶǃå Ɨǆǒƿ Ɨǒǆǋá
 ǏǄƵ ðǒǂïƙǃå ÿǕ Ɨƪƪâǆǃå ëƓƞǈ çíƓǒðā ÿǒƪơƙǃ ýǒƕƪǃå āǋ úöāǆ ýǂ ßåíá
 ýƓƶƼ ßåíá øāǄƕǃā Ɨƪƪâǆǃå ßåíáā ǊƑåíá ǏǄƵ çïƬƓƕǆ ñǂƶǈǒ Ǌƙåî íơ ǑƼ úöāǆǃå
 Ɠưïǃå ƴƞïǒ .ÿǒƽöāǆǃå Ɠưïƕ Ǚã þƙǒ Ǚ ăîǃåā Ɨƪƪâǆ ýǂ Ơǆõǆ Ǐǀƕǒ çïƬƓƕǆ

ǒöāǃå Ɠưïǃå ýƕƪ ýǂ ýǚƺƙƪƓƕ ǊǆƓǒƿ ā ÜǑǋ Ɠǆǂ Ǌƙƽǒöā ÿƓƪǈǗå ýāƕƿ Ǐǃã Ǒƽ
 íƿ ÿƓƪǈǗƓƼ Ü ïíƮǆ ÿǆ ïƛǂƋƕ Ǒƽǒöāǃå Ɠưïǃå õƕƙïǒā .ƓǌǃǚƤ ÿǆ Ǌǃ ƗơƓƙǆǃå
 èåïƓǌǆ þǄƶƙ āá ÜǊǄǆƵ çíāƞ āá Üýǆƶǃå ǑƼ ǊƑåíá ÷ƓƽƙïǙ Ɨƞǒƙǈ ëƓǒƙïǙƓƕ ïƶƬǒ

Ɠƪǆ üǃîǂ ā Üýǆƶǃå ûǒïƼ ÿǆ ßðƞǂ ýǆƶǃå āá Üçíǒíƞ Ǌƙåïíƿ çíƓǒð āá ßǚǆðǃå çíƵ
 ÿƵ þāǒ ýǂ Ǒƽǒöāǃå ƓưïǃƓƕ ïāƶƬǃå ÿǆǂǒ ā . ßƓǈƛǃå ǑǀǄƙ Ǐƙơ āá ƗǒƮƤƬǃå
 ÿǆ ǏǄƵ Ǐƙơ ûƕõǈǒ ïǆǕå åîǋā ÜƗơƓƙǆǃå Ɠưïǃå ïƮƓǈƵ ýƤåí æǒǀǈƙǃå ûǒïõ
 ÿá ǑƼ  ÿǆǂǒ ïƪǃƓƼ ÜïƤà ýǆƵ ýƓƞǆ Ǐǃã ýƓǀƙǈǚǃ æƪƓǈǆǃå èƿāǃå ÿāïöƙǈǒ

å ǏǄƵ ÜǑǃƓơǃå üǄǆƶƕ ƴƙǆƙƪƙ ñƓǈǃå ÿǆ ïǒƛǂā ÜýưƼá ýǆƶǃ íƶƙƪƙ üǈá ÿǆ þƹïǃ
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 þǌƼ ÜƗǒíǒǄǀƙ ýƓǆƵá ßåíá ýǚƤ ÿǆ ƓưïǃƓƕ ïāƶƬǃå ÿǆ ĄǙāǀƶǆ Ąåïíƿ ÿāǀǀơǒ
.Ɠǌǈāíâǒ Ǒƙǃå þƓǌǆǃå Ɨƶǒƕõ ÿƵ ïöǈǃå ôƺƕ Üýǆƶǃå èƿā ýǚƺƙƪå ÿāǈƪơǒ 

 èƓƪƪâǆƕ ÿǒǄǆƓƶǄǃ ßåíǕå ăāƙƪǆ ǑƼ Ǒƽǒöāǃå Ɠưïǃå ïƛá ýāƓǈƙǃ Ɨƪåïíǃå ǉîǋ ǑƙƋƙ
å Ɨǒǀƕ ǑǄƵ ƝƑƓƙǈǃå þǒǆƶƙ þƛ ÿǆā ǊǃƓơ Ɨƪåïí ǑǄƵ ðǒǂïƙǃå þƙǒƪā .Ǒǈǀƙǃå þǒǄƶƙǃ

.çïöƓǈǆǃå èƓƪƪâǆǃå 
 :  èƟƓǁä ƕǐǄǉàǏöơǒ  úïõ ÿǆ íǒåðƙǆ þƓǆƙǋƓƕ Ǒƽǒöāǃå Ɠưïǃå ÷āưāǆ

 ăîǃå ýǆƶǃå ǑǄƵ ýǆƓƶǃå Ɠưïƕ þƙǌǒ ǉïƓƕƙƵƓƕā ßåāƪ íơ ǑǄƵ ÿǒƮƙƤǆǃåā ÿǒǆƙǌǆǃå
ÿǆ üǃî ǑǄƵ æƙïƙǒ Ɠǆā Ǌƕ þāǀǒ Ɠưïǃå Ɨƞïí æƪơƕ ßåíǕå ǑƼ ÿƓƮǀǈ āá çíƓǒð 

 ÜþƓǆƙǋǙƓƕ ïǒíƞ ÷āưāǆ ǑǄƵ ßāưǃå õǄƪƙ ƓǋïƓƕƙƵƓƕ Ɨƪåïíǃå Ɨǒǆǋá ÿǆǂƙā
 ăá Ü Ɠǌƕ ÿǒǄǆƓƶǄǃ Ɨơåïǃå ýƕƪ ïƼāƙ Ǒƙǃå èƓƪƪâǆǃå üǄƙ Ǒǋ ƗơƞƓǈǃå èƓƪƪâǆǃƓƼ

. ƓƕǃƓƹ þǌǄǆƵ ǑǄƵ ÿǒǄǆƓƶǃå Ǒưï ÿāǂǒ 
ǂåïƙǃå ïƓõã ǑƼ ǑƙƋƙ Ɨƪåïíǃå ǉîǋ ÿá Ɠǆǂ ÿǆ ǑǆǄƶǃå éơƕǃå Ɠǌƕ ðǒǆƙǒ Ǒƙǃå Ɨǒǆ

 ýåðǙ ÷āưāǆ ǑƼ ôāƤǃå ýƞáǏöơǒ . þƓǆƙǋǙåā éơƕǃƓƕ 
  : èƟƓǁä ùäìǉà: ƗǒǃƓƙǃå úåíǋǕå ûǒǀơƙ Ǒǃã Ɨƪåïíǃå ǉîǋ úíǌƙ 

1- . Ǒƽǒöāǃå Ɠưïǃå èåííơǆā ýǆåāƵ ǑǄƵ úïƶƙǃå 
2- . ÿǒǄǆƓƶǄǃ ƗǒƮƤƬǃå èåïǒƺƙǆǃå ôƶƕā Ǒƽǒöāǃå Ɠưïǃå ÿǒƕ Ɨƿǚƶǃå íǒíơƙ 
3- . Ǒƽǒöāǃå ßåíǕåā Ǒƽǒöāǃå Ɠưïǃå ÿǒƕ Ɨƿǚƶǃå Ɨƞïí íǒíơƙ 
4-  íǌƶǆǃƓƕ ÿǒǄǆƓƶǃå ăíǃ Ǒƽǒöāǃå ßåíǕåā Ǒƽǒöāǃå Ɠưïǃå ăāƙƪǆ ǑǄƵ úïƶƙǃå

. ýơǒƪǆã ñǒǆƤǃå ûāƪ Ɨǒǈǀƙǃåā þāǄƶǄǃ ǑǃƓƶǃå 
 : èƟƓǁä ƕǂǀƪǄ ÿá ÿǂǆǒ Ǒƙǃå èǙâƓƪƙǃå ÿǆ ƗǄǆƞ Ɨƪåïíǃå ýơǆ çïǋƓöǃå ïǒƛƙ
ǒ ƓǆǒƼ ƓǋðƞāǈǑǄ : 
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-  Ɠưïǃå ÿǒƕ ƗƿǚƵ üƓǈǋ ýǋā Ü Ǒƽǒöāǃå Ɠưïǃå ýǆåāƵ āá èåííơǆ ǑǋƓǆ
. Ǒƽǒöāǃå ßåíǕåā Ǒƽǒöāǃå 

-  úǒǂā Ǒƽǒöāǃå Ɠưïǃåā ÿǒƽöāǆǄǃ ƗǒƮƤƬǃå èåïǒƺƙǆǃå ÿǒƕ ƗƿǚƵ üƓǈǋ ýǋ
. Ǒƽǒöāǃå ßåíǕå ăāƙƪǆ ǑǄƵ ïƛâǒ úǒǂā Ü Ɠưïǃå åîǋ ûǒǀơƙ ÿǂǆǒ 

 ƕƨäîìǁä çƑǐƮîƺƪåïíǃå ǉîǋ ûǄõǈƙ  :: ƗǒǃƓƙǃå èƓǒưïƽǃå ÿǆ Ɨ 
1-  ßåíǕå èǙíƶǆ çíƓǒð ǑƼ þǋƓƪǒ Ǒƽǒöāǃå Ɠưïǃå èåííơǆ ûǒǀơƙƕ þƓǆƙǋǙå ÿá

. ÿǒǄǆƓƶǃå ăíǃ 
2- . ÿǒǄǆƓƶǄǃ ƗǒƮƤƬǃå èåïǒƺƙǆǃå úǚƙƤƓƕ ïƛƋƙǒ Ǒƽǒöāǃå Ɠưïǃå ÿá 
3- . Ǒƽǒöāǃå Ɠưïǃå ăāƙƪǆƕ çïƬƓƕǆ ïƛƋƙǒ Ǒƽǒöāǃå ßåíǕå ÿá 

: èƟƓǁä ìĀìƟ 
Ɠǆðǃå íāíơǃå: Ɨǒǈ 

.ýơǒƪǆã ñǒǆƤǃå ûāƪ Ɨǒǈǀƙǃåā þāǄƶǄǃ ǑǃƓƶǃå íǌƶǆǃå  : ƗǒǈƓǂǆǃå íāíơǃå 
: ýìƢƗƨǄǁä ƛǊǆǄǁä 

 ÿá ïƓƕƙƵƓƕ ƗǃƓơǃå Ɨƪåïí Ɲǌǈǆ ÷Ɠƕƙá þƙǒƪ ƝƑƓƙǈǃå óǚƤƙƪåā èƓǈƓǒƕǃå ýǒǄơƙǃ
 üǃîǂā ǊǄƛƓǆǆ èǙƓơ ƗƵāǆƞǆ ÿǆ çíơåā ƗǃƓơ Ɨƪåïíƕ þƙǌǒ Ɨƪåïíǃå ÷āưāǆ

ǃå ýǒǄơƙǃ ǑƑƓƮơǗå Ɲǌǈǆǃå ƝǆƓǈïƕǃå þåíƤƙƪƓƕ ĄƓǒƑƓƮơã ƓǌǒǄƵ ýƮơƙǆǃå èƓǈƓǒƕ
 ǑƑƓƮơǗåSPSS . ƝƑƓƙǈǃå óǚƤƙƪåā 

1-  üƢäìǄǁäƕǐîõǆǁä  ƑƮîǂǁǏƻǐõĀǁä 
. ǏƻǐõĀǁä ƑƮîǁä ùǐîƴƗ :ǗĀà 

 Ǌƕơá Ü ǊǈƵ Ǒưïā ǚǋá Ǌǃ ǉàï Ǒǈƶǒ ǉƓưƙïåāÜ õƤƪǃå íư āǋ : ĄƓƙƺǃ Ɠưïǃå
.ǊǒǄƵ ýƕƿáāþĀîƢßĀ îĀõǆǄ þƓà)   Ü2005  : ò168( 
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     āá ïǋƓöǆ çíƵ æơǒ íïƽǃå ÿá āǋ Ɠưïǃå íïāƽǆǆ úïƶƼ : ƓơǚõƮå Ɠǆá
  . Ɠǌƕơǒ Ǚ Ǒƙǃå üǄƙ ÿǆ ïƛǂá ǊǄǆƵ ÿǆ æǈåāƞ Û ìǐƴƨ ìǄƟǄ þƑôǂƨ)2004 Û

 : ò196( 
 Ǌǈǂǃā úöāǆǃå ǊƪïƓǆǒ ăîǃå ýǆƶǃåā Ɠưïǃå ÿǒƕ õƕï íƿ úǒïƶƙǃå åîǋ ÿá öơǚǈ

ǒā ǊƙƓǈāǂǆā ƓưïǄǃ ƗǒƮƤƬǃå ýǆåāƶǃå ÿǆ ƓƕǈƓƞ ýǆǋá Ɠưïǃå úǒïƶƙ Ǐǃã ýƕǆá Ǌƞƙ
 Ɨƶƿāƙǆǃåā íïƽǃå ƓǌǒǄƵ ýƮơǒ Ǒƙǃå Ɨǒǀǒǀơǃå íƑåāƶǃå ÿǒƕ ûƕƓõƙǃå Ɨƞïí ñǂƶǒ ǊǈƋƕ

 .ǊƼïõ ÿǆ Û ǍƻôƬǄ ƕƪƏƑƳ ĂĀƑǆǄǁä)1998 :ò Û122( 
 : ǏƻǐõĀǁä ƑƮîǁä öäĀǆà : ăƑǐǆƑƙ: Ɠǆǋ Ǒƽǒöāǃå Ɠưïǃå ÿǆ ÿƓƵāǈ íƞāǒ  Ăî Ƒƻƨǆ )

 Û ìĀǂǐǄ2007  Û19( 
à-  ýƑƴǁä ƑƮîǁä : ÿāǂǒƼ Ü Ǌƕ þāǀǒ ăîǃå ýǆƶǃå āơǈ íïƽǄǃ þƓƶǃå ǉƓƞƙǙå ǊǈƋƕ úïƶǒ

 æǈåāƞǃå íǒíơƙƕ Ơǆƪǒ Ǚ ýǆƶǃå Ɨƶǒƕõƕ ǑǃāǕå ïƬâǆǃƓƼ Ǒưåï ïǒƹ āá Ǒưåï Ɠǆã
 ǏǄƵ ƗǆƓƵ çïöǈ ßƓǀǃã íǒƽǒ Ǌǈá æƕƪƕ åîǋā Üíïƽǃå ǚƮá ƓǌǈƵ Ǐưïǒ Ǒƙǃå ƗǒƵāǈǃå

ǊǄǆƵ āơǈ ýǆƓƶǃå úƿāǆ. 
 : ǏƳĀǆǁä ƑƮîǁä ø åã ïǒƬǒ ÿǆưƙƙā ÜǊǄǆƵ æǈåāƞ ÿǆ æǈƓƞ ÿƵ íïƽǃå Ɠưï Ǐǃ

ÜïāƞǕå ÜƗǆöǈǆǃå ƗƪƓǒƪ ǚƛǆ æǈåāƞǃå ǉîǋ  ƗǒƓƵïǃå ÜƗǒƿïƙǃå ƗƮïƼ ÜúåïƬǗå
 ā Ɨǆöǈǆǃå ýƤåí ýƓƮƙǙå æǒǃƓƪá Üýǆƶǃå úāïö ÜƗǒƵƓǆƙƞǙå ā ƗǒơƮǃå
 ïǒƹ ïǒƕƶƙ āǋ èƓƕƓƮã éāíơ æƓƕƪá ÿāǂƙ ÿá ÿǂǆǒā Üßǚǆðǃå ƴǆ èƓƿǚƶǃå

 þíƵ ÿǆ ïƬƓƕǆ. Ǌƙåî ýǆƶǃå ǑƼ Ɨƕƹïǃå 
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. ǏƻǐõĀǁä ƑƮîǁä Ǐƺ æîƙáǄǁä üǄäĀƴǁä :ăƑƙǁƑƙ 
 ÿá çïåíǘǃ íƕǙ Ǒƙǃåā Ǒƽǒöāǃå Ɠưïǃå Ɨƞïí ǏǄƵ çïƛâǆǃå ýǆåāƶǃå ÿǆ ííƵ üƓǈǋ

 : ǑǄǒƓǆ ýǆåāƶǃå ǉîǋ þǋáā ÿǒǄǆƓƶǃ Ǒƽǒöāǃå Ɠưïǃå ûǒǀơƙǃ ƓǌǒǄƵ ðǂïƙ ðƑƓƳ)
 Û ìǄƟǄ ƕǂǐǊƨ2006  : ò Û176- 178 ( 

1-  ĀƜǓä: åƗäĀîǁäĀ î  ƗǒíƓǆǃå èƓƞƓơǃå ÷ƓƕƬǗ Ɨǆǌǆ ƗǄǒƪā ïƞǕå íƶǒ
 ÿǒƕ Ɨǒíïõ ƗƿǚƵ íāƞā Ǐǃã èƓƪåïíǃå ÿǆ ïǒƛǂǃå èïƓƬá íƿā íåïƼǖǃ ƗǒƵƓǆƙƞǙåā
 þǋƓưï ƴƽƙïå íåïƼǖǃ ýƤíǃå Ăāƙƪǆ íåð ƓǆǄǂƼ ýǆƶǃå ÿƵ Ɠưïǃåā ýƤíǃå Ăāƙƪǆ

åîǋ úǃƓƤ êïƕðïǋ ÿá ǉïǂî ïǒíƞǃå ÿǆā ƠǒơƮ ñǂƶǃåā ýǆƶǃå ÿƵ  ǑƼ ăáïǃå
 Ɠưïǃå Ǐǃã ăíâƙ Ǚ Ǒƙǃå Ɠǒǈíǃå èƓƞƓơǃå ÿǆ āǋ ïƞǕå ÿƋƕ íǂá ƓǆíǈƵ Ǌƙǒïöǈ

: Ɠǌǈǆ Ǒƙǃå èƓöơǚǆǃå ôƶƕ ǊǒǄƵ ăáïǃå åîǋā Ɠưïǃå þíƵ ƴǈǆƙ õǀƼ ƓǆǈȒåā 
-  ïƤǓå āǋ ïƛâǒ ƴǆƙƞǆǃå ÿáā Ɠǆǂ èƓƞƓơǄǃ þǌƙǚǒưƽƙ Ɨƞïí ǑƼ íåïƼǕå úǄƙƤǒ

 āƞǕå Ɨǒǆǋá ðïƕƙā ÜíåïƼǕå èƓƞƓơ ǏǄƵ ïƕǂá Ɨƞïíƕ ǑǃƓǆƪáïǃå þƓöǈǃå ýö ǑƼ ï
 þƓöǈǃå ǑƼ íåïƼǕå çƓǒơ ǑƼ ƗǒíƓƮƙƿǙå ýǆåāƶǃå ƗǒǆǋǕ åïöǈ ƗǒǆƓǈǃå ýāíǃå ÿǆ

 .ǑǃƓǆƪáïǃå 
-  ƗǒíƓƮƙƿǙå èƓƞƓơǃå ïǒƹ ĂïƤá ƗƽǄƙƤǆ èƓƞƓơǃ èƓƶƕƬǆǃå Ăíơã ïāƞǕå íƶƙ

ëƓƞǈǃåā ûāƽƙǃåā ðǒǆƙǄǃ ƗƞƓơǃƓǂ. 
2- : ýƑǊǄǁä öĀǆƗĀ üǄƴǁä āĀƗƟǄ ƛǆǒ Ɨǒǃāâƪǆǃå ÿǆ Ǌǈǆưƙǒ Ɠǆā ýǆƶǃå Ăāƙơǆ ý

 ǊƙǒǆǋƋƕ íïƽǃå ïƶƬǒ éǒơ ÜíïƽǄǃ Ɨǒǆǋá þƓǌǆǃå ǑƼ ÷āǈƙǃå Ɨƞïíā ƗǒơǚƮǃå ā
 èƓǒơǚƮ Ơǈǆǒ ƓǆíǈƵðƓƞǈǗ . ýǆƶǃå ÿƵ ǉƓưï Ăāƙƪǆ ƴƼïǒ üǃîǃā ǊǄǆƵ 
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 ƓǌƙƓǀǒƕõƙā ƗƶƼåíǃå ýǆåāƶǃƓƕ ûǄƶƙǒ ƓǆǒƼ êïƕðïǋ Ɨǒïöǈ ƴǆ ƗǀƼåāƙǆ Ɨƞǒƙǈǃå ǉîǋ ÿã
ƛǆƙǆǃå ƗǒǃǚǀƙƪǙå þǌơǈǆ ǑƼ ƓǒǄƶǃå èƓƞƓơǃå ăāî íåïƼǕå æƹïǒ Ɨƽǒöāǃå ßåïƛƎƕ ƗǄ

 þƓǌǆ ƴưāā Ɨǒƪǂƶǃå ƗǒîƺƙǃƓǂ Ǒƽǒöāǃå ßåïƛǘǃ ĂïƤǕå ïƮƓǈƶǃå ôƶƕ ïǒƼāƙā
 þǒǆƮƙ çíƓƵã ýǚƤ ÿǆ Ɨƕƹïǃå ǉîǋ ÷ƓƕƬã ÿƎƼ üǃîǃā Üþǌǃ Ɨǒíơƙǆā ƗƵāǈƙǆ

úƑƓöāǃå 
. þǌǒíǃ Ɠưïǃå èǙíƶǆ ƴƼï Ǐǃã ăíâǒ 

3- ƑǀǄâ: üǄƴǁƑƓ ǈƗƺîƴǄĀ ǈƗäîìƽĀ ìîƻǁä ƕǐǆ  Ɨƕƹïǃå ăïǒƺƙǆ ǏǄƵ ßåíǕå úƿāƙǒ
 ƗƼïƶǆā çïíƿ ƴǆ æƪƓǈƙƙ þƓǌǆ āá ýƓǆƵá ƗõƓǈã ÿã ÜƗƼïƶǆǃåā çïíǀǃåā ýǆƶǃå ǑƼ
 þǌǃ ûǀơƙǒ ăîǃåā ÜƓưïǃå ǏǄƵ ñǂƶǈǒ åîǋā ÜþǌƑåíá þǒƵíƙ Ǐǃã ăíâǒ ÿǒǄǆƓƶǃå

õƙǃåā Ɨǒƪǒïíƙǃå Ɲǆåïƕǃå ƗƑǒǌƙ ÿƎƼ üǃîǃā üǃî ßåïƞ èƓǒǈƓǂǆȒåā èåïíƿ ƴƼïǃ Ɨǒïǒā
 üǃî ǏǄƵ æƙïƙǒ ā Ɨǆöǈǆǃå ǑƼ þǌƙǒǆǋƋƕ þǋïāƶƬ ǑƼ þǋƓƪǒ ÿǒǄǆƓƶǃå ƗƼïƶǆā

. þǋƓưï ǑƼ ÷Ɠƽƙïå 
4- : ìîƻǂǁ ƕƟƑƗǄǁä ƕǐƽîƗǁä Ā îĀôƗǁä òîƺ  ƗƮïƼ íåïƼǖǃ Ơǒƙƙ Ɨǆöǈǆǃå ÿã

èƓƞƓơǃå ÷ƓƕƬã ÿá îã Ǒƽǒöāǃå Ɠưïǃå ûǒǀơƙ ǑƼ þǋƓƪƙ Ǒƙǃå çßƓƽǂǄǃ ƓǀƼā Ɨǒƿïƙǃå 
. ƓǒǄƶǃå èƓƞƓơǃå ăāî íåïƼǕå Ăíǃ Ɨǒǆǋá āî (āǆǈǃåā ïāõƙǃå) ƓǒǄƶǃå 

5- : æìƑǐƾǁä ôǄǆ  ăíƓǒǀǃå õǆǈǃƓƼ ÿǒǄǆƓƶǃå Ɠưïā çíƓǒǀǃå õǆǈ ÿǒƕ ƗƿǚƵ íƞāƙ
 íåïƼǕå Ăíǃ Ɨǆöǈǆǃåā ýǆƶǃå āơǈ ƗǒƕƓƞǒǗå ïƵƓƬǆǃå Ɨǒǆǈƙ Ǐǃã ăíâǒ Ǒõåïǀǆǒíǃå

Ɠǀǃå þƓǆƙǋå ðǂïǆ þǌǈƋƕ ÿāïƶƬǒ éǒơ ÿǒǄǆƓƶǃå çíƓǒǀǃå ýö ǑƼ ÿāǂǒ ñǂƶǃåā íƑ
 ßƓǒƙƪǙå ïƵƓƬǆ ïāǄƕƙ Ǐǃã ăíâǒ çíƓǒǀǃå ǑƼ æāǄƪǕå åîǋ ÿá îã ƗǒõåïƿāƙāǕå

.Ɠưïǃå þíƵā 
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6- :üǄƴǂǁ ƕǐìƑǄǁä ùĀîõǁä  çßƓưȒåā Ɨǒāǌƙ ÿǆ ƗǒíƓǆǃå ýǆƶǃå úāïö ïƛâƙ
 ÿƎƼ üǃîǃā ýǆƶǃå ƗƑǒƕǃ íïƽǃå ýƕǀƙ Ɨƞïí ǏǄƵ ßƓưāư ā çïåïơ ā Ɨƕāõïā

ǒƑǒƕǃå úāïöǃå. ýǆƶǃå ƗƑǒƕ ÿƵ íåïƼǕå Ɠưï Ǐǃã ăíâƙ çíǒƞǃå Ɨ 
7- : ìƏƑƾǁä ƕǁäìƳ    ǉíƑåāƵ ýíƶǆ ÿïƓǀǒ íïƽǃå ÿƋƕ Ɨǃåíƶǃå Ɨǒïöǈ ǑƼ ðǆíà Ơưāá

 ýíƶǆ ƴǆ . ǊǆǒǄƶƙ Ăāƙƪǆ Ü ǊƙåïƕƤ Ü ǊƙǒǄƕƓƿ ÜǊƙïƓǌǆ Ü ǊƙǚƤíǆƕ ĄƓƪƓǒƿ ƗǆǄƙƪǆǃå
ǆ ýíƶǆ óǀǈ ÿȒåā þǌƙǚƤíǆƕ ĄƓƪƓǒƿ Ǌƶǆ ÿǒǄǆƓƶǃå íåïƼǕå íƑåāƵ ÿƵ íïƽǃå ǊǆǄƙƪǒ Ɠ

 . Ɠưïǃå þíƵā ßƓǒƙƪǙå Ɨƞǒƙǈǃå ÿāǂƙā Ɨǃåíƶǃå þíƶƕ ǉïƶƬǒā ǉïǒƹ ǊǆǄƙƪǒ Ɠǆ ýíƶǆ
 ýǆƓƵ āǋ Ǒƽǒöāǃå Ɠưïǃå ÿá óǄƤƙƪǈ æǄõǆǃå åîǋ ǑƼ ǉïǂî þíǀƙ Ɠǆ ýǚƤ ÿǆ
 ǉƓưï Ăāƙƪǆ íåíðǒ ÿá éǒơ úöāǆǃƓƕ ƗǀǄƶƙǆǃå ýǆåāƶǃå ÿǆ ïǒƛǂǃå ǊǒƼ ïƛâƙ

åāƶǃå ǉîǋ èǈƓǂ ƓǆǄǂ Ǒƽǒöāǃå úöāǆǃå èƓƕƹïā èƓƞƓơǃ ÷ƓƕƬã ïíƮǆ ýǆ
.ƠǒơƮ ñǂƶǃåā 

2- ǏƻǐõĀǁä ÞäìǓä 
. ÞäìǓä ùǐîƴƗ : ăǗĀà 

 ÿǆ Ɨǆöǈǆǃå úåíǋá ûǒǀơƙ ǑƼ ÿǒƽöāǆǃå ƗǆǋƓƪǆ " ÿƓǆïāƕ æƪơ ßåíǕå ñǂƶǒ
 ýāƮāǄǃ ƗǆǋƓƪǆǃå Ɨǆǒƿ ÿǆ óǀǈ āá çíƓǒð Ǒǃã ăíâƙ Ǒƙǃå èƓǒǂāǄƪǃå ýǚƤ

" ƗǒǄƵƓƽǃå Ǒǃã ƗǆöǈǆǃƓƕǄǐîǀ üǐĀô ) Û ƕ2008  ò Û150( 
 Ǒǃã ƗǃƓơǆ Ǚ ăíâƙƪ ƗǒƕƓƞǒå èǈƓǂ åîã íåïƼǕå èƓǒǂāǄƪ ÿá úǒïƶƙǃå åîǌƕ íƮǀǒ
 úåíǋá ǑǄƵ ĄƓǆƙơ ïƛâƙƪ ƗƕǃƓƪ èƓǒǂāǄƪ èǈƓǂ åîȒåā Ü Ɨƪƪâǆǃå úåíǋǕ ýāƮāǃå

.ĄƓƕǄƪ Ɨƪƪâǆǃå 
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.þǐƻõĀǄǁä Þäìà ǏǂƳ æîƙáǄǁä üǄäĀƴǁä : ăƑǐǆƑƙ 
íǕå ǑƼ ïƛâƙ Ǒƙǃå ýǆåāƶǃå ôƶƕ íƞāǒ Ɠǌǌƞåāǒ Ǒƙǃå èƓƕāƶƮǃå ïƛǂá Ǒǋā ßå

 ǑǄƵ èåïƛâǆ Ǒǋ Ǒƙǃåā ƗǒƑǒƕǃå ýǆåāƶǃå Ɠǌǆǋá ÿǆā Ɠǌǒǃã ïöǈǃå æƞǒƼ Ü ßåíǕå
 ÿá ÿǂǆǒ ðƓǌƞ āá Ɨǃà Ɨǒá ǑƼ ýõƵ ăá ýƓƛǆǃå ýǒƕƪ ǑǄƶƼ ǉƓƞƙǙåā çïíǀǃåā íǌƞǃå
 èƓƪƓǒƪǃå ÿƎƼ Ɠưǒáā Ü ýǆƶǃå ǑƼ úöāǆǃå Ǌǃîƕǒ ăîǃå íǌƞǃå ǑǄƵ Ɨǃāǌƪƕ ïƛâǒ

ǃå ïǒƹ Ü íāǌƞǄǃ ƐõƓƤǃå Ǌǒƞāƙǃå æƕƪǒ ÿǂǆǒ Ɛǒƪǃå úåïƬǕå õǆǈ āá Ɨơưåā
 Ɛǒƪ ýǚƺƙƪå ǑƼ æƕƪƙǒ ÿá ÿǂǆǒ æǒïíƙǃå ǑƼ óǀǈǃå ÿƎƼ Ɨǀǒïõǃå ñƽǈƕā
 Ǒǋ çïåíǗå èƓǒǃāâƪǆ ïƕǂáā þǋá ÿǆ ǊǈƎƼ åîǃ Ü ÿǒƽöāǆǃå ăíǃ çíāƞāǆǃå èåïíǀǄǃ

: Û ǈǐǉï êǗĀƬǐä)2007: ò Û47( 
 ǆā ƗǒƼƓǂ ýǆƵ õāïƬ ïǒƼāƙ ùù. ÿǒƽöāǆǄǃ ƗƕƪƓǈ 

. ÿǂǆǆ íơ Ǒǈíá Ǒǃã ßåíǕå ûƑåāƵ ƓǌǒƼ ýǀƙ ƗǆƵíǆ ýǆƵ ƗƑǒƕ ïǒƼāƙ ùù 
 Ɨƪƪâǆǃå ǑƼ úöāǆǃå Ɠưï ăāƙƪǆ ǑƼ ăāƙƪǆ ǑƼ þǂơƙƙ Ǒƙǃå ýǆåāƶǃå ÿǆ ÿá

 ǑǄǒ Ɠǆǂ ƓǌơïƬ ÿǂǆǒ Ǒƙǃåā 
)1 : îƜǓä þƳ ƑƮîǁä ( ƗƽǄǂƙā úöāǆǃå Ǌǃîƕǒ ăîǃå íǌƞǄǃ ýƕƓǀǆ ïƞǕå ïƕƙƶǒ

 ïǒƼ Ü ƗƪƪâǆǄǃ ïíƮǆ Ǚã ýƛǆǒ Ǚ ïƞǕå ÿá êïƕðïǋ þǌǈǒƕ ÿǆā ÿāƛơƓƕǃå Ă
 ƴƽƙïǆǃå ïƞǕå ÿá îã üǃî ñǂƵ èƕƛǒ ƴƿåāǃå ÿǂǃā Ü ƗǒƪƓƪǕå èƓƞƓơǃå ÷ƓƕƬǗ
 íƞǈ Ɠǆǂ ïǒƺǃå ýƕƿ ÿǆ þåïƙơǙå ǑǃƓƙǃƓƕā Ɨƿāǆïǆǃå ƗǒƵƓǆƙƞǙå ƗǈƓǂǆǃå ǑǄƵ ýǒǃí

. Ɨǒāǈƶǆā ƗǒƵƓǆƙƞå æǈåāƞ 
 ðƽơǆ ïāƞǕå ƗƪƓǒƪ ÿāǂƙ ÿá æƞǒā. ƓưïǃƓƕ úöāǆǃå ïāƶƬ Ǒǆǈƙā ç 

 )2 : üǄƴǁä āĀƗƟǄ þƳ ƑƮîǁä (: ǑǄǒ Ɠǆǂ ƓưïǃƓƕ ýǆƶǃå ăāƙơǆ èƓƿǚƵ ðïƕƙ 
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: üǄƴǁä öĀǆƗ ƕƜîì øø à  ñǂƵÜ Ǒƪƽǈǃå ýǄǆǃå þíƵ Ǒǃã ýǆƶǃå ßåíá ǑƼ ÷āǈƙǃå ăíâǒ
. Ɨǒǂǒƪǚǂǃå Ɨƪïíǆǃå æƓơƮá Ǌǒǃã ƓƵí ăîǃå ûǒƿíǃå óƮƤƙǃå 

ǂǁ ƕǐƗäíǁä æîôǐƨǁä ƕƜîì øø å : ùõĀǄ æǈƓƞ ÿǆ Ɨǒïơā çïõǒƪ üƓǈǋ èǈƓǂ ƓǆǄǂ
 ÿǆ ƗǃƓơ Ǒǃã ăíâǒ üǃî ÿƋƼ Ü ƓǌƑåíá ƗƵïƪā Ɨǀǒïõ ïƓǒƙƤå ǑƼ ýǆƶǃå ǑǄƵ íåïƼǗå
 ÿǆ ÷āǈ Ǒǃã ăíâǒ ÿǒƽöāǆǃå ǑǄƵ ßåíǖǃ ÿǒƶǆ õǆǈ ôïƼ ÿá Ɠǆǂ Ü Ɠưïǃå

. ýǄǆǃåā ßƓǒƙƪǙå 
 : ǈƗäîìƾǁ ùõĀǄǁä ýäìƢƗƨä øø éíƿ þåíƤƙƪƓƕ úöāǆǃå ïāƶƬ ăíâǒ ǊƙƓƿƓõā Ǌƙåï

 ûǒǀơƙ èƓƞƓơ ýƛǆǒ Ǌƙåïíǀǃ úöāǆǃå þåíƤƙƪå ÿǕ ƓưïǃƓƕ ïāƶƬǃå Ǒǃã ýǆƶǃå ǑƼ
. èƓƞƓơǃå èƓƞïí ǑǄƵá ýƛǆǒ āǋā èåîǃå 

)3 : ƕǐƽîƗǁä þƳ ƑƮîǁä ( ăíƓǆǃå ǉåāƙƪǆ ÿǒƪơƙ Ǒǃã ƓǆƑåí úöāǆǃå Ǒƶƪǒ
ǒƕǈƓƞ ïƓǌöã ÿǂǆǒā Ü üǃîǃ ƗǄǒƪā þǋá Ɨǒƿïƙǃå  ïƕƙƶƙā Ü ƗǒƵƓǆƙƞǙå ǊƙǈƓǂǆā ÿ
 üǃîā Ü ƗǒïƬƕǃå ñƽǈǃå ǑƼ ƗǈǆƓǂ Ɨƕƹïǃ ûǒǀơƙ ăá Ɨǒƿïƙǃå ƗǒǄǆƵ ǑƼ ÿǒǆǌǆ

. ƗƪƪâǆǄǃ ƗƕƪǈǃƓƕ ðƼåāơǃå ÷åāǈá ÿǆ ÷āǈǂā úöāǆǄǃ ƗƕƪǈǃƓƕ 
)4 : ùäîƪǕä þƳ ƑƮîǁä ( ƗǒǄǆƶǃå ßƓǈƛá ÿǒƽöāǆǃå Ǌǒƞāƙ çïåíǗå Ɨǆǌǆ ÿã

ƬǗå ÿǆ ÿǒƵāǈ ÿǒƕ ðǒǒǆƙǃå Ɠǈǈǂǆǒā Ü ýƓƶƼ ßåíá ýƞá ÿǆ ƗǒƞƓƙǈǗå üƓǈǌƼ Ü úåï
 Ɨǒǆǈƙ ýƞá ÿǆ üǃîā Ü ÿǒƪāâïǆǃå ǑǄƵ ǊǆƓǆƙǋå ÿāðǂïǒ ÿǒîǃå ÿǒƼïƬǆǃå ÿǆ ÷āǈ
 Ǒǃã ăíâǒ Ɠǆ āǋā ÿǒƽöāǆǃå ÷Ɠưāá þǌƽƙā Ü þǌǈǒƕā Ǌǈǒƕ ƗǒƮƤƬǃå èƓƿǚƶǃå
 þǌǆƓǆƙǋå ÿāðǂïǒ ÿǒƼïƬǆǃå ôƶƕ üƓǈǋā Ü ýǆƶǃå õƓƪāá ǑƼ Ɠưïǃå āƞ ûǄƤ

. êƓƙǈǗå ǑǄƵ 
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ǒƪāǃå ăíƓǆǃå ðƼƓơǃå ïƕƙƶǒā ýƓǆǋã ƴǆ çïõƪǆǃå úåíǋǕå ûǒǀơƙǃ çíǒơāǃå ƗǄ
 ßƓǒƙƪǙå ïƵƓƬǆ ÿƋƼ ǑǃƓƙǃƓƕā ÿǒƽöāǆǃå ÷Ɠưāá þǌƽƙ þíƵā Ü ƗǒǈƓƪǈǗå Ɨƿǚƶǃå

. úåíǋǕå ûǀơƙ þƹï ƗǃƓơǃå ǉîǋ ǑƼ ƴƽƙïƙ Ɠưïǃå þíƵā 
)5 : üǄƴǁä çƑƳƑƨ þƳ ƑƮîǁä ( úöāǆǃå Ǌǒưǀǒ ăîǃå èƿāǃå  Ǐöơǒ ÿá Ǒƺƕǈǒ

 ÿǆ þƓǆƙǋƓƕ Ɨƪƪâǆǃå ýƤåí ƓǌǄƶƞā Ɨơåïǃå èƓƿāá õǒõƤƙƕ üǃîā Ɨƪƪâǆǃå çïåíã
 ÿƎƼ  ƗǄǒǄƿ Ɨơåïǃå èƓƿāá ƴƼƓǈǆā Ɨǒǆǋá èǈƓǂ åîã Ǌǈá îã Ü ÿǒƽöāǆǄǃ Ɨƶƽǈǆ èåî
 Ăïǒā úöāǆǄǃ Ɠưïǃå þíƵ ïāƶƬ ûǄƤǒƪā ýǆƶǃå èƓƿāá ǑǄƵ ƓƕǄƪ ïƛâǒƪ üǃí
 ÿǆ ýǒǄǀƙǃå ýƞá ÿǆ ýǆƶǃå èƓƿāá ƗƑǒǌƙƕ Ǒǆƪǒ Ɠǆ ýƓƤíã ÿǂǆǒ Ǌǈá " : ñƓǆāƙ

å. " Ɨǒǆāǒǃå þǌƙƓƿāǕ ÿǒƽöāǆǃå ïǒǒƪƙƕ Ǐǆƪǒ Ɠǆ ïƓõã ǑƼ êƓƙǈǗå ƴƼïā Ü æǒƺƙǃ 
)6 : üǄƴǁä ƕƳƑǄƜ þƳ ƑƮîǁä ( ƗƵƓǆƞ ÿƎƼ ƗǒǈƓƪǈǗå èƓƿǚƶǃå Ɨƪïíǆ æƪơā

 Ǌƙơưāá Ɠǆǂ Ü ÿƓƮǀǈǃå āá çíƓǒðǃƓƕ ßåāƪ êƓƙǈǗå èƓǒāƙƪǆ ǏǄƵ ïǒƛƋƙ Ɠǌǃ ýǆƶǃå
 ƗƵƓǆƞ ÿƵ úöāǆǃå Ɠưïā " ÿïāƛāƓǌǃå " æïƓƞƙ ƝƙƓǈ Ɠǌƶǆ ýǆƶǒ Ǒƙǃå ýǆƶǃå

 ƴǆ ýƵƓƽƙǃå úƿāƙǒā Ü ƗƵƓǆƞǃå íåïƼá úǄƙƤǆ ÿǒƕ þǋƓƽƙǃåā ýƵƓƽƙǃåā þƓƞƪǈǙå ÿƵ
 üǃî ÿƎƼ Ɨǒāƿ èǈƓǂ åîƎƼ úöāǆǃå Ăíǃ ßƓǆƙǈǙå ƗƞƓơ çāƿ ǑǄƵ ýǆƶǃå ƗƵƓǆƞ

. ƠǒơƮ ñǂƶǃåā ƗƵƓǆƞǃå ǉîǋ ÿƵ Ɠưïǃå ÿǆ Ɨƞïí ûǄƤǒ 
)7: üǄƴǁä ùĀîõ þƳ ƑƮîǁä ( ƓǆƙǋǙå ïƕƙƶǒā ýāá ÿǆ ýǆƶǃå úāïöƕ þ

 íǒíơƙ Ɨǒƺƕ üǃîā Üÿïǀǃå Ɨǒåíƕ ǑƼ èƓƪåïíǃå ƓǌǒǄƵ èƕƮǈå Ǒƙǃå èƓǆƓǆƙǋǙå
 èåïǒƺƙǆƕ ßƓǆǄƶǃå þƙǋå íǀǄƼ Ü ƗǒƞƓƙǈǗå ăāƙƪǆā ýǆƶǃå úāïö ÿǒƕ Ɨƿǚƶǃå
 ýǆƶǃå ßƓǈƛá úöāǆǃå Ɨǒƶưāā  Ü ßƓưāưǃå Ü çïåïơǃåÜ çßƓưǗƓǂ) ýǆƶǃå úāïö

 ƗƿǚƶǃƓƼ ( ǑƞƓƙǈǗå ßåíǕƓƕ ǑǄƵā ÿǒƽöāǆǄǃ Ɨǒƪƽǈǃå ƗǃƓơǃåā èåïǒƺƙǆǃå ǉîǋ ÿǒƕ
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 ïǌöƙā Ü Ɠưïǃå þíƵ ƗǃƓơ Ǒǃã ăíâǒ úāïöǃå ßāƪ ÿá èƕƛǒ ƴƿåāǃåā þǋƓưï
. ÿåïāíǃå èǙíƶǆ ÷Ɠƽƙïåā æǒƺƙǃå èåïƬâǆ ÷Ɠƽƙïå ǑƼ þǌǄƑǙí 

 æǒƺƙǃå ÿǆ ýǒǄǀƙǃå ýƞá ÿǆ Ɠǌǈǒƪơƙā ýǆƶǃå úāïöƕ þƙǌƙ ÿá Ɨƪƪâǆǃå ǑǄƵā
ƞá ÿǆ åîǋā ÿåïāíǃåā. ëƓƕïǗå íåíðƙā êƓƙǈǗå ƴƽƙïǒ ÿá ý 
: ǏǂǄƴǁä ƕƾǐîô 

ǃ ƗǒƵǚõƙƪå çïƓǒð ßåïƞƎƕ Ɨƪåïíǃå èáíƕ ñǒǆƤǃå ûāƪ Ɨǒǈǀƙǃåā þāǄƶǄǃ ǑǃƓƶǃå íǌƶǆǄ
ýơǒƪǆã  þƛ Ü íǌƶǆǃƓƕ çíāƞāǆǃå èåíơāǃåā þƓƪƿǕåā æƙƓǂǆǃå ǑǄƵ úïƶƙǃå þƙ éǒơ
 íƶƕüǃî  ƗǀǄƺǆ ÿƓǒƕƙƪå çïƓǆƙƪå íåíƵã þƙ : îĀƑƟǄ èǘƙ þǄ :üĀǓä èƓǈƓǒƕǃå ÿƵ

  ƗǒƮƤƬǃå :ǏǆƑƙǁäĀ ĄǙâƪ ïƬƵ ƗǒǈƓǆƛ ǑǄƵ Ăāƙơåā Ǒƽǒöāǃå ßƓưïǃå:èǁƑƙǁäĀ Û 
 ǑǄƵ ƓǌưïƵ þƙ éǒơ Ü ĄǙâƪ ïƬƵ ƗǒǈƓǆƛ ǑǄƵ Ăāƙơåā Ǒƽǒöāǃå ßåíǕƓƕ ûǄƶƙǒ
 ƗơƮǃåā Ɨǆǚƪǃå èƓǒǈǀƙǃ ǑǃƓƶǃå íǌƶǆǃƓƕ ñǒïíƙǃå ƗƑǒǋ ßƓưƵá ÿǆ ƗƵāǆƞǆ

 þƛ æǒāƮƙǃåā ƗƶƞåïǆǄǃ Ɨǒǈǌǆǃå íƶƕüǃî  ÿǒǄǆƓƶǃå ÿǆ ƗǒƑåāƬƵ ƗǈǒƵ ïƓǒƙƤå þƙ
 íǌƶǆǃƓƕƗǒǈǀƙǃåā þāǄƶǄǃ ǑǃƓƶǃå ) ƓǋííƵā ýơǒƪǆã ñǒǆƤǃå ûāƪ63 éǒơ . ýǆƓƵ (

 ýƮơƙǆǃå èƓǈƓǒƕǃå Ƹǒïƽƙā Ɠǌƶǒǆƞƙ þƛ ÿǆā Ɨǈǒƶǃå íåïƼá ǑǄƵ çïƓǆƙƪǙå ƴǒðāƙ þƙ
 ǑƑƓƮơǗå ƝǆƓǈïƕǃå þåíƤƙƪƓƕ ƗǒƑƓƮơǗå ýāåíƞǃå ÿǆ ƗǄƪǄƪ ǑƼ ƓǌǒǄƵSPSS  ā

üǃî  ÿǒƕ Ɨƿǚƶǃå ƗƼïƶǆǃ ÿāƪïǒƕ õƓƕƙïå ýǆƓƶǆā Ɨǒðǂïǆǃå ƗƵðǈǃå ñǒǒƓǀǆ êåïƤƙƪǙ
. ßåíǕå ăāƙƪǆā Ǒƽǒöāǃå ßƓưïǃå 
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ƕǐƬƢƪǁä çƑǆƑǐƓǁä :ăǗĀà 
) þƿï ýāíùùùƞǃå1æƪơ Ɨǈǒƶǃå íåïƼá ƴǒðāƙ ÿǒƕǒ ( ǑǆǒǄƶƙǃå ăāƙƪǆǃå 

è ǑǆǒǄƶƙǃå Ăāƙƪǆǃå ííƶǃå % 
1 ǑƪƓƪá 02 3 % 
3 õƪāƙǆ 14 22 % 
4 ǑƶǆƓƞ 39 62 % 
5 ïǂîǒ ïƤá 08 13  % 
6 ÷āǆƞǆǃå 63 100% 

    
 ) þƿï ýāíƞǃå ÿǆ Ơưƙǒ1 ǑƶǆƓƞ ǑǆǒǄƶƙǃå þǋåāƙƪǆ Ɨǈǒƶǃå íåïƼá æǄƹá ÿá Ǐǃã (

 Ǐǃã þǌƙƕƪǈ ýƮƙ éǒơ62 ÿǆ % Ɨƕƪǈā Ü Ɨǈǒƶǃå íåïƼá ÷āǆƞǆ22 þǋåāƙƪǆ %
 Ɨƕƪǈā Ü õƪāƙǆ ǑǆǒǄƶƙǃå13 íǒðƙ Ǚ Ɠǆǈǒƕ  Üïǂîǒ ïƤá ǑǆǒǄƶƙǃå þǋåāƙƪǆ %

 ÿƵ ǑƪƓƪá ǑǆǒǄƶƙǃå þǋåāƙƪǆ ÿǒîùǃå Ɨƕƪǈ3. % 
   èǚǋâǆǃå õƪāƙǆ ÿá Ɠǈǃ ÿǒƕƙ èƙƬƙǃåā Ɨǒðǂïǆǃå ÷ðǈǃå ñǒǒƓǀǆ þåíƤƙƪƓƕā

) èǈƓǂ Ɨǈǒƶǃå íåïƼǕ ƗǒǆǄƶǃå2.841 ā () õǒƪāǃå þǒƿ3.00 úåïơǈǙå þǒƿā (
) ăïƓǒƶǆǃå0.676)ßåāƙǃǙå þǒƿā (0.441-) ƠõǄƽƙǃå þǒƿā (0.610(   Ɠǆǂ .

 ôƓƽƤǈåā Ü õǒƪāǃå þùǒƿ ÿǆ ǑǆǒǄƶƙǃå ăāƙƪǆǄǃ ǑƕƓƪơǃå õƪāƙǆǃå þǒƿ æïƿ Ơưƙå
 åîǋ èƓǈƓǒƕ çíāƞ ǏǄƵ ýíǒ Ɠǆǆ. ƠõǄƽƙǃåā ßåāƙǃǙåā ăïƓǒƶǆǃå úåïơǈǙå þùǒƿ

 ƓǋāǄƤā ïǒƺƙǆǃå Ǒƶǒƕõǃå ƴǒðāƙǃå ÿǆ Ɠǌƕïƿ ǑǃƓƙǃƓƕā Ü ƗǈǒƓƶǆǃåā ñƓǒǀǃå ßƓõƤá ÿǆ

ǏƓƑƨƟǁä ôƨĀƗǄǁä ôǐƨĀǁä ĂîƑǐƴǄǁä ùäîƟǆǗä ÞäĀƗǁǗä ƞôǂƻƗǁä 
2.841 3.00 0.676 0.441- 0.610 
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 ƗǒƑƓƮơã  èǚǒǄơƙ ǑƼ ïǒƺƙǆǃå åîǋ ýƓƤíǗ ĄƓǆƵí Ɠǈǒõƶǒ Ɠǆǆ ((ǑǃåíƙƵǙå))
. Ąåïāõƙ ïƛǂá 
) þƿï ýāíùùùƞǃå2 çïƕƤǃå çíǆ æƪơ Ɨǈǒƶǃå íåïƼá ƴǒðāƙ ÿǒƕǒ ( 

è Ɨǈǌǆǃå ííƶǃå % 
1  ùùùùùùù ïƽƮ ÿǆ5 26 41 % 
2  ÿǆ6   ùùùùùùùù10 20 32 % 
3  ÿǆ11 ûāƼ ƓǆƼ ùùùùùùùùù 17 27 % 
4 ÷āǆƞǆǃå 63 %100 

  
  ) þƿï ýāíƞǃå ÿǆ Ơưƙǒ2 Ɨùùƕƪǈ ÿá (41 þǌƙïƕƤ çíǆ Ɨǈǒƶǃå íåïƼá ÿùùǆ %

 íǒðƙ Ǚ ƗùùǒǄǆƶǃå)  ÿƵ5 Ɨƕƪǈ Ɠǆǈǒƕ Ü èåāǈƪ (32 þǌƙïƕƤ çíǆ ÿǒǄǆƓƶǃå ÿùǆ %
) ÿùǆ ëāåïƙƙ ƗùùǒǄǆƶǃå6  ùùùùùùùù10  çíǆ ÿǒîǄǃå ÿǒǄǆƓƶǃå Ɨƕƪǈ íǒðƙ Ǚ ƓǆǒƼ Ü èåāǈƪ (
) ûāƼ ƗùùǒǄǆƶǃå þǌƙïƕƤ10 ÿƵ èåāǈƪ (27. % 

çïƕƤǃå çíǆ õƪāƙǆ ÿá Ɠǈǃ ÿǒƕƙ èƙƬƙǃåā Ɨǒðǂïǆǃå ÷ðǈǃå ñǒǒƓǀǆ þåíƤƙƪƓƕā  íåïƼǕ
) èǈƓǂ Ɨǈǒƶǃå1.857) õǒƪāǃå þǒƿā (2.000 ăïƓǒƶǆǃå úåïơǈǙå þǒƿā (

)0.820)ßåāƙǃǙå þǒƿā (0.274) ƠõǄƽƙǃå þǒƿā (1.461 þǒƿ æïƿ Ơưƙå Ɠǆǂ (
 ßåāƙǃǙåā ăïƓǒƶǆǃå úåïơǈǙå þùǒƿ ôƓƽƤǈåā Ü õǒƪāǃå þùǒƿ ÿǆ ǑƕƓƪơǃå õƪāƙǆǃå

ǋāǄƤā ïǒƺƙǆǃå åîǋ èƓǈƓǒƕ çíāƞ ǏǄƵ ýíǒ Ɠǆǆ . ƠõǄƽƙǃåā ñƓǒǀǃå ßƓõƤá ÿǆ Ɠ
 ĄƓǆƵí Ɠǈǒõƶǒ Ɠǆǆ ((ǑǃåíƙƵǙå)) Ǒƶǒƕõǃå ƴǒðāƙǃå ÿǆ Ɠǌƕïƿ ǑǃƓƙǃƓƕā Ü ƗǈǒƓƶǆǃåā

. Ąåïāõƙ ïƛǂá ƗǒƑƓƮơã èǚǒǄơƙ ǑƼ ïǒƺƙǆǃå åîǋ ýƓƤíǗ 

ǏƓƑƨƟǁä ôƨĀƗǄǁä ôǐƨĀǁä ĂîƑǐƴǄǁä ùäîƟǆǗä ÞäĀƗǁǗä ƞôǂƻƗǁä 
1.857 2.000 0.820 0.274 1.461- 
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: ǏƻǐõĀǁä ÞƑƮîǁä : ăƑǐǆƑƙ- 
 þƿï ýāíƞǃå) 3Ǒƽǒöāǃå ßƓưïǃå ăāƙƪǆǃ ĄƓǀƼā éơƕǃå ƗǈǒƵ íåïƼá ƴǒðāƙ ÿǒƕǒ ( 

ç ǁä ƑƮîǁäǏƻǐõĀ 
ýƴǆ Ǘ öĀǄƜǄǁä 
ììƴǁä % ììƴǁä % ììƴǁä % 

1 
                                                Ǒƽǒöāǃå üðǂïǆ ÿƵ Ǒưåï èǈá ýǋ 

48 76% 15 24% 63 
100
% 

2 
 ÿǒƕ þƓǌǆǃå ƴǒðāƙ ÿƵ Ǒưåï èǈá ýǋ

                                    ÿǒƽöāǆǃå 
26 41% 37 59% 63 

100
% 

3 
ǋ üƙƽǒöā Ɨƶǒƕõ ÿƵ Ǒưåï èǈá ý

                       ƗǒǆǄƶǃå üƙǚǋâǆƕ ƗǈïƓǀǆ 
42 67% 21 33% 63 

100
% 

4 
 ƗǈƓǂǆǃå  ÿƵ Ǒưåï èǈá ýǋ

                   Ɨƽǒöāǃå üǃ Ɠǌǀǀơƙ Ǒƙǃå ƗǒƵƓǆƙƞǙå 
38 60% 25 40% 63 

100
% 

5 
 Ɨƶǒƕõ ÿƵ Ɨǀǒƿí èƓǆāǄƶǆ üǒíǃ ýǋ

                    üǄǆƵ                        
47 75% 16 25% 63 

100
% 

6 
                                                    üƙßƓƽǂ æƪƓǈǒ üǄǆƵ ÿá Ăïƙ ýǋ 

42 67% 21 33% 63 
100
% 

7 
 üǒǄƵ ôïƵ āǃ  ýǆƶǃå åîǋ üïƙƙ ýǋ
 ƴƽƙïǆ ïƞƋƕā ïƤá ÿƓǂǆ ǑƼ ýǆƵ 

36 57% 27 43% 63 
100
% 

8 
  æƙåïǃå ÿƵ Ɠưïǃå ǉƓưƓǀƙƙ ăîǃå

 üƙƓǒǃāƑƪǆā üǆƓǌǆ þƞơƕ ƗǈïƓǀǆ
   Ɨƪƪâǆǃå ýƤåí 

18 29% 45 71% 63 
100
% 

9 
 èƉƼƓǂǆǃå ƴǒðāƙ ǑƼ ƗǃåíƵ üƓǈǋ ýǋ

                         ƗǒƶǒƞƬƙǃå ðƼåāơǃåā 
07 11% 56 89% 63 

100
% 

1
0 

 üƙƓƿǚƵ ÿƵ Ǒưåï èǈá ýǋ
                   ýǆƶǃå ǑƼ üƑǚǆð ƴǆ ƗǒƮƤƬǃå 

56 89% 07 11% 63 
100
% 
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1
1 

 üǈǒƕ ïǆƙƪǆ ûǒƪǈƙā ÿāƓƶƙ üƓǈǋ ýǋ
 ýǆƶǃå ǑƼ üƑǚǆð ÿǒƕā 

49 78% 14 22% 63 
100
% 

1
2 

 èƿāā èƓǒƿïƙǃå ÿƵ Ǒưåï èǈá ýǋ
                               ƓǌǒǄƵ ýāƮơǃå 

17 27% 46 73% 63 
100
% 

1
3 

 ûǀơǒ ā æƪƓǈǆ ðƼåāơǃå þƓöǈ ýǋ
           ýǆƶǃå ÿƵ üƓưï                     

11 17% 52 83% 63 
100
% 

1
4 

 ƗǒǄƵ ýƮơƙ ăîǃå ðƼƓơǃå ïƕƙƶƙ ýǋ
                                      üǃ Ɠǒưïǆ 

11 17% 52 83% 63 
100
% 

1
5 

 ýƮåāƙǃå æāǄƪá ÿƵ Ǒưåï èǈá ýǋ
                  ƓǒǄƶǃå çïåíǗåā úöāǆǃå ÿǒƕ 
21 33% 42 67% 63 

100
% 

1
6 

ǃå ýǋ                                                    Ɨơưåā üǒǃã çíǈƪǆǃå èƓƕƞåā 
44 70% 19 30% 63 

100
% 

1
7 

 üǃ ûǀơǒ üƑåíǕ üƪǒƑï þǒǒǀƙ ýǋ
                                            Ɠưïǃå 

42 67% 21 33% 63 
100
% 

1
8 

 üƶǆ ýǆƓƶƙǒ ïƬƓƕǆǃå üïǒíǆ ýǋ
            Ɨǃåíƶƕ                                    

43 68% 20 32% 63 
100
% 

  ) þƿï ýāíƞǃå ÿǆ Ơưƙǒ3 ƗǒƮƤƬǃå þǌƙƓƿǚƵ ÿƵ ÿǒǒưåï ÿǒîǃå ÿāǄǆƓƶǃå ÿá (
) Ǒǃã  þǌƙƕƪǈ ýƮƙ éǒơ Ɨƕƪǈ ǑǄƵá ÿāǄƛǆǒ ýǆƶǃå ǑƼ þǌƑǚǆð ƴǆ89 ƓǆǒƼ (%

) ÿƵ þǌƙƓƿǚƵ ÿƵ ÿǒǒưåï ïǒƺǃå Ɨƕƪǈ íǒðƙ Ǚ11 Ü Ɨǈǒƶǃå íåïƼá ÷āǆƞǆ ÿǆ (%
) Ɨƕƪǈ èǈƓǂ Ɠǆǈǒƕ89 èƉƼƓǂǆǃå ƴǒðāƙ ǑƼ Ɨǃåíƶǃå ÿƵ ÿǒǒưåï ïǒƹ þǌǈǆ (%

ǏƓƑøøøøøøøøøøøøøøƨƟǁä ôƨĀøøøøøøƗǄǁä ôøøøǐƨĀøøøøøøøǁä 
33.22 38.66 
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 ƴǒðāƙ ǑƼ Ɨǃåíƶǃå ÿƵ ÿǒǒưåïǃå Ɨƕƪǈ íǒðƙ Ǚ ƓǆǒƼ  Ü ƗǒƶǒƞƬƙǃå ðƼåāơǃåā
) ÿƵ ƗǒƶǒƞƬƙǃå ðƼåāơǃåā èƉƼƓǂǆǃå11ǆ ÿǆ (%                      . Ɨǈǒƶǃå íåïƼá ÷āǆƞ 

 ßƓưïǃå õƪāƙǆ ÿá èƙƬƙǃåā Ɨǒðǂïǆǃå ƗƵðǈǃå ñǒǒƓǀǆ þåíƤƙƪå ýǚƤ ÿǆ Ơưƙǒ ā
 ) Ǒǃã ýƮǒ Ǒƽǒöāǃå33.22 ) èǈƓǂƼ õǒƪāǃå Ɨǆǒƿ Ɠǆá (38.66  . ( 
:ǏƻǐõĀǁä ÞäìǓä : ăƑƙǁƑƙ- 

 þƿï ýāíƞǃå) 4  ăāƙƪǆǃ ĄƓǀƼā éơƕǃå ƗǈǒƵ íåïƼá ƴǒðāƙ ÿǒƕǒ (Ǒƽǒöāǃå ßåíǕå 

è ǏƻǐõĀǁä ÞäìǓä 
ýƴǆ Ǘ öĀǄƜǄǁä 
ììƴǁä % ììƴǁä % ììƴǁä % 

1  ýîƕ ǑƼ ýǆƶǃå ìƓǈǆ üíƵƓƪǒ ýǋ
                                        üíǌƞ ïƓƮƿ 

21 33% 42 67% 63 100% 

2                                             Ǒƽǒöāǃå üƑåíá  ÿƵ Ǒưåï èǈá ýǋ 44 70% 19 30% 63 100% 
3  ƴƞåï üƑåíá Ăāƙƪǆ ÿƵ üƓưï ýǋ

  Ɨƪƪâǆǃå ǑƼ üƙǒǃāâƪǆǃ 
51 81% 12 19% 63 100% 

4  ǊƕǄõƙƙ Ɠǆ ǏǄƵ ïƮƙǀǒ üâåíá ýǋ
                                           Ɨƽǒöāǃå 

33 52% 30 48% 63 100% 

5  ßåíá ǏǄƵ ïƛâǒ Ɠưïǃå ÿá Ăïƙ ýǋ
              ÿǒǄǆƓƶǃå                              

52 83% 11 17% 63 100% 

6  Ǒƽǒöāǃå ßåíǕå ÿǒƕ ƗƿǚƵ üƓǈǋ ýǋ
 ǑƼ üƑǚǆð ƴǆ Ǒƪƽǈǃå þƓƞƪǈǙåā

     ýǆƶǃå 

50 79% 13 21% 63 100% 

7  ýǆƶǃå ƗƮïƼ ïƼāƙǃ ýƓƞǆ üƓǈǋ ýǋ
 ûǒïƽǃå ëāïƕ 

31 49% 32 51% 63 100% 

8  ăîǃå ïƞǕå ÿǒƕ æƪƓǈƙ  üƓǈǋ ýǋ
Ɠǀƙƙ  Ǌǃîƕƙ ăîǃå íǌƞǃåā ǉƓư 

18 29% 45 71% 63 100% 
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9  ǉƓưƓǀƙƙ ăîǃå æƙåïǃå þƞơ ïƛâǒ ýǋ
 Ɨƪƪâǆǃå ǑƼ üƑåíá ǏǄƵ 

43 68% 20 32% 63 100% 

1
0 

 ǑƼ þíǀƙǃåā ƗǒƿïƙǄǃ óïƼ üƓǈǋ ýǋ
                                          ýǆƶǃå 
21 33% 42 67% 63 100% 

1
1 

Ƽ Ɨǒƿïƙǃå óïƼ þǋƓƪƙ ýǋ ÿǒƪơƙ Ǒ
 ýǆƶǃå ǑƼ üâåíá Ăāƙƪǆ 

53 84% 10 16% 63 100% 

1
2 

 ýƕƿ ÿǆ ăíƓǆǃå ïǒƹ ðǒƽơƙǃå ýǋ
ýǆƶǃå ǑƼ üƑåíá ÿǆ íǒðǒ üïǒíǆ 

54 86% 9 14% 63 100% 

1
3 

 ýưƼá Ǐǃã ýƮāƙǄǃ ƴǒƞƬƙ íƞāǒ ýǋ
  ýǆƶǃå ßåíá æǒǃƓƪá 

19 30% 44 70% 63 100% 

1
4 

 ßåïǓå ƓǒǄƶǃå çïåíǗå ƴƞƬƙ ýǋ
 èƓơïƙǀǆǃåā Ɠǌǆíǀƙ Ǒƙǃå ïƓǂƼǕå ā 

22 35% 41 85% 63 100% 

1
5 

 þƓƪƿǕåā èåïåíǗå üíǆƙ ýǋ
 ýǆƶǃå ßåíǕ Ɨǆðǚǃå èƓǆāǄƶǆǃƓƕ

 Ɨǒïāí ƗƽƮƕ 

32 51% 31 48% 63 100% 

1
6 

   ýƮåāƙǆ úåïƬã Ǐǃã êƓƙơƙ ýǋ
  ƗơǒơƮ Ɨǀǒïõƕ Ɨƽǒöāǃå ßåíƋƕ þƓǒǀǄǃ 

32 51% 31 49% 63 100% 

1
7 

 ïǒíǆ ÿǆ Ąåïǒíǀƙ íƞƙ ýǋ ƗǃƓơ ǑƼ üǒ
ǑƼƓưã āá ðǒǆǆ ýǆƶƕ üǆƓǒƿ 

29 46% 34 54% 63 100% 

1
8 

 ÿǆ Ɨǒƕǒïíƙ èåïāí ǏǄƵ ýƮơƙƙ ýǋ
  ßåíǕå ÿǒƪơƙ ýƞá 

06 10% 57 90% 63 100% 

 

ǏƓƑøøøøøøøøøøøøøøƨƟǁä ôƨĀøøøøøøƗǄǁä ôøøøǐƨĀøøøøøøøǁä 
30.94 31.66 
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   ) þƿï ýāíƞǃå ÿǆ Ơưƙǒ4) Ɨƕƪǈ ÿá (90íåïƼá ÷āǆƞǆ ÿǆ (%  èåïāí ǏǄƵ åāǄƮơǒ þǃ Ɨǈǒƶǃå
 ýƞá ÿǆ Ɨǒƕǒïíƙ èåïāí ǏǄƵ åāǄƮơƙ ÿǒîǃå Ɨƕƪǈ íǒðƙ Ǚ ƓǆǒƼ Ü ßåíǕå ÿǒƪơƙ ýƞá ÿǆ Ɨǒƕǒïíƙ

) ÿƵ ýǆƶǃå ǑƼ ßåíǕå ÿǒƪơƙ10) Ɨƕƪǈ ÿáā Ü Ɨǈǒƶǃå íåïƼá ÷āǆƞǆ ÿǆ (%86 ÷āǆƞǆ ÿǆ (%
Ƽ  þǌƑåíá ÿǆ íǒðǒ þǋåïíǆ ýƕƿ ÿǆ ăíƓǆǃå ïǒƹ ðǒƽơƙǃå Ɨǈǒƶǃå íåïƼá Ɨƕƪǈ íǒðƙ Ǚ ƓǆǒƼ Ü ýǆƶǃå Ǒ

) ÿƵ ýǆƶǃå ǑƼ  þǌƑåíá ăāƙƪǆ ǑǄƵ þǋåïíǆ ýƕƿ ÿǆ ăíƓǆǃå ïǒƹ ðǒƽơƙǃå ïƛâǒ Ǚ ÿǒíǃå14 (%
. Ɨǈǒƶǃå íåïƼá ÷āǆƞǆ ÿǆ 

  ýƮǒ Ǒƽǒöāǃå ßåíǕå õƪāƙǆ ÿá èƙƬƙǃåā Ɨǒðǂïǆǃå ƗƵðǈǃå ñǒǒƓǀǆ þåíƤƙƪå ýǚƤ ÿǆ Ơưƙǒ ā
) Ǒǃã30.94) èǈƓǂƼ õǒƪāǃå Ɨǆǒƿ Ɠǆá Ü (31.66. ( 

 þƿï ýāíƞǃå) 5Ǒƽǒöāǃå ßåíǕåā Ǒƽǒöāǃå ßƓưïǃå ÿǒƕ Ɨƿǚƶǃå ÿǒƕǒ ( 

 
 èåïǒƺƙǆǃå ÿǒƕ Ɨƿǚƶǃå ǉƓƞƙåā çāƿ ñƓǒǀǃ ÿāƪïǒƕ õƓƕƙïå ýǆƓƶǆ þåíƤƙƪå þƙ
 ýǆƓƶǆ ÿƓǂ éǒơ Ǒƽǒöāǃå ßåíǕåā Ǒƽǒöāǃå ßƓưïǃå Ɠǆǋā Ɨƪåïíǃå ǑƼ ƗǒƪǒƑïǃå

) =ï õƓƕƙïǙå0.061 Ɨǒāƿ ƗƿǚƵ ÿǒïǒƺƙǆǃå ÿǒƕ Ɨƿǚƶǃå ÿá ǏǄƵ ýíǒ åîǋā   (
) ÿǆ æïƙǀƙ ƓǌǈǕ üǃîā1Ɠƿ ÿá Ɠǆƕā ƠǒơƮǃå ( íǂâǒ ÿāƪïǒƕ õƓƕƙïå ýǆƓƶǆ ÿāǈ

) ÿùùùǆ õƓƕƙïǙå ýǆƓƶǆǃ Ɨǒííƶǃå Ɨǆǒǀǃå èƕïƙƿå ƓǆǄǂ Ǌǈá ǏǄƵ1 ýí ƠǒơƮǃå (üǃî 

 ǏƻǐõĀǁä ÞƑƮîǁä ǏƻǐõĀǁä ÞäìǓä 

Ǒƽǒöāǃå ßƓưïǃå 
Pearson Correlation 1 .061 

Sig. (2- tailed)  .810 
N 18 18 

Ǒƽǒöāǃå  ßåíǕå 
Pearson Correlation .061 1 

Sig. (2- tailed) .810  
N 18 18 



 

 Volume  12العدد 

   7102December  ديسمبر

International 

 Science and Technology 

Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 
 

 حقوق الطبع محفوظة 
 للمجلة الدولية للعلوم والتقنية 

Copyright © ISTJ   ммн 

 
 

 ƗƿǚƵ ÿǒïǒƺƙǆǃå ÿǒƕ Ɨƿǚƶǃå ăá Ɨùùùƪåïíǃå ýơǆ ÿǒïǒƺƙǆǃå ÿǒƕ õƓƕƙïǙå çāƿ ǏǄƵ
 ) =  õƓƕƙïǙå ýǆƓƶǆ Ɨǆǒƿ èǈƓǂ åîã ƠǒơƮ ñǂƶǃåā ƗǆƓƙ Ɨǒíïõ1-  ÿƋƼ (

ƙ Ɨƿǚƶǃå) = õƓƕƙïǙå ýǆƓƶǆ Ɨǆǒƿ èǈƓǂ åîã Ɠǆáā ƗǆƓƙ ƗǒƪǂƵ ÿāǂ0 Ɨƿǚƶǃå ÿƋƼ (
. Ɨǆíƶǈǆ ÿǒïǒƺƙǆǃå ÿǒƕ 

ƛƏƑøøøøøøøƗǆǁä 
: ǑǄǒ ƓǆǒƼ  Ɠǋðƞāǈ ƝƑƓƙǈǃå ÿǆ ƗǄǆƞ Ǒǃã Ɨƪåïíǃå èǄƮāƙ 

1-  ā ƗǒǆǄƵ èǚǋâǆ ÿāǄǆơǒ Ɨǈǒƶǃå íåïƼá ƗǒƕǃƓƹ ÿá Ɨƪåïíǃå ýǚƤ ÿǆ Ơưƙå
ƶǒƙƪå ǑǄƵ çïíǀǃå ǑƼ ñǂƶǈǒ åîǋ. Ɨǈǌǆǃå èƓƕǄõƙǆ æƓ 

2-  åîǋā Ɨǒƽǒöā çïƕƤ þǌǒíǃ Ɨǈǒƶǃå íåïƼá ƴǒǆƞ ÿá Ɨƪåïíǃå ǉîǋ ýǚƤ ÿǆ Ơưƙå
. ÿǒǄǆƓƶǃå Ăíǃ Ǒƽǒöāǃå ßåíǕå èǙíƶǆ ÿǒƪơƙ ǑƼ þǋƓƪǒ 

3-  ýƛǆǒ ÿƓǂ Ǒƽǒöāǃå ßƓưïǃå õƪāƙǆ ÿá Ɨƪåïíǃå ǉîǋ ýǚƤ ÿǆ Ơưƙå
33.22 Ǚå Ɨõǀǈ ăá èƓǈƓǒƕǃå ýǀƛ ðǂïǆ ýƛǆƙ Ɨǆǒǀǃå ǉîǋā ýƮơǒ Ǒƙǃå ðƓǂƙï

.  èƓǈƓǒƕǃå ÿðåāƙ ƓǋíǈƵ 
4-  Ǒǃã ýƮǒ ßåíǕå õƪāƙǆ ÿá Ɨƪåïíǃå ǉîǋ ýǚƤ ÿǆ Ơưƙå30.94 . 
5-  çāƿ ñƓǒǀǃ ÿāƪïǒƕ õƓƕƙïå ýǆƓƶǆ þåíƤƙƪå ýǚƤ ÿǆ ƠưƙåƓƞƙåāǉ  Ɨƿǚƶǃå

 ā Ɨǒāƿ Ɨƿǚƶǃå ÿá Ǒƽǒöāǃå ßåíǕåā Ǒƽǒöāǃå ßƓưïǃå ÿǒƕüǃî  íơåāǃå ÿǆ Ɠǌƕïǀǃ
. ƠǒơƮǃå 

 ĀƗǁäçƑǐƬ 
 ôƶƕ þǒíǀƙ æƞåāǃå ÿǆ ăïǈƼ ƝƑƓƙǈǃå ÿǆ Ɨƪïåíǃå Ǌǒǃã èǄƮāƙ Ɠǆ ýǚƤ ÿǆ
 þǒǄƶƙǃå èƓƪƪâǆ ǑƼ Ǒƽǒöāǃå ßƓưïǃå ûǒǀơƙ ǑƼ þǋƓƪƙ ÿá ÿǂǆǒ Ǒƙǃå èƓǒƮāƙǃå
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 ǑƼ ƗǆíƤǃå çíāƞ ÿǒƪơƙā ǑǆǒǄƶƙǃå ăāƙƪǆǃå ÿǒƪơƙ ǑǄƵ ñǂƶǈǒ åîǋā ǑǃƓƶǃå
. èƓƪƪâǆǃå ǉîǋ 

1 - ǃå ýǆƶǃå ƗƑǒƕ ïǒƼāƙ ǏǄƵ ýǆƶǃå ƗǒơƮǃå õāïƬǃå ƓǌǒƼ ïƼāƙƙ Ǒƙǃåā ƗƕƪƓǈǆ
 ǑƼ üƬ ÿāí þǋƓƪǒ æƪƓǈǆǃå āƞǃå ûǄƤƼ æāǄõǆǃå Ǌƞāǃå ǑǄƵ Ɨǈǌǆǃå ßåíǕ

. ßåíǕå Ăāƙƪǆ ÿǒƪơƙ  
2 -  æƙåāïǃå Ɠǌǈǆā Ǒƽǒöāǃå ßƓưïǃå ǑƼ çïƛâǆǃå ýǆåāƶǃå ÿǒƪơƙƕ þƓǆƙǋǙå

 æƙïƙǒ ăîǃå ïǆǕå èƓǒƿïƙǃåā ðƼåāơǃå þƓöǈā ÿǒƪāâïǆǃå ƴǆ Ɨƿǚƶǃåā ÿǒƪơƙ ƗǒǄƵ
. ßåíǕå ăāƙƪǆ ǑƼ 

3 -  ýǚƤ ÿǆ ƓǒǄƶǃå çïåíǗåā ÿǒǄǆƓƶǃå ÿǒƕ Ɨƿǚƶǃå ÿǒƪơƙ ǑǄƵ ýǆƶǃå çïāïư
 þǌǆƓǆá æƓƶƮǃå ýǒǃîƙā ýǆƶǃå ƗǒíƋƙ ßƓǈƛá þǌǌƞåāƙ Ǒƙǃå ýǂƓƬǆǃƓƕ þƓǆƙǋǙå

.ßåíǕå ÿǒƪơƙǃ Ɠǌǈāǆíǀǒ Ǒƙǃå èƓơïƙǀǆǃƓƕ þƓǆƙǋǙåā 
4 - Ǆǃ Ɨǒƕǒïíƙ èåïāí ƗǆƓƿƎƕ þƓǆƙǋǙå ûƼā Ǒǈǀƙǃå þǒǄƶƙǃå èƓƪƪâǆ ǑƼ ÿǒǄǆƓƶ

 ƗǒǄƵ æƙïƙǒƪ ïǆǕå Ɨǒƕǒïíƙǃå èƓƞƓǒƙơǙå èƓƕǄõƙǆ æƪơā Ɨƪāïíǆ õõƤ
 . ßåíǕå èǙíƶǆ ÿǒƪơƙ 

 ƲƜäîǄǁä ƕǄƏƑƽ 
åƗǀǁä :ăǗĀà 

1- Üæïƶǃå ÿƓƪǃ ÜÿāïƤàā ïāöǈǆ ÿƕá  Üèāïǒƕ ÜïåíƮ ïåí ÜƗƶƕåïǃå Ɨƶƕõǃå
 íǄƞǆǃå05 Ü2005 . 
2- ǏƽõƮǆ ƗƬƑƓƵ ăāƓǈǆǃå  ÿǒƵ Ɨƕƙǂǆ ïåí ÜƗǒǈƓƛǃå Ɨƶƕõǃå ÜüǄǌƙƪǆǃå üāǄƪ Ü

 Ü çïǋƓǀǃå ÜñǆƬǃå1998 . 
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òƢǂǄǁä:  
           ǊǒƙƓƕƛ èåî çíǒíƞ èåïƙƪã Ǒǃāƕǃ úƮāā ïǒươƙ éơƕǃå åîǋ ÿǆưƙǒ

 ûƙƬǆ ǏǄƵ ăāƙơƙ ƗǒǃƓƵ Ɨǒïåïơ3Ü3Ü- ÿāƙǒƪá ÿǒíǒǄǒåðǈƕ ǑƑƓǈƛ  ƗǄƪǄƪǃå ǑƼ
Ɨõƪåāƕ èåïƙƪã Ǒǃāƕǃå ǉîǋ èïươ .ƗǒƪǒƑïǃå  ëāõƪǃå ÿǒƕ úƛƓǂƙǃå çïǆǄƕåïǆǈāǆǃ 

3,1- ) сϚϝзϪ3- уЂϒ (етϹуЯтϜϿзϠ сЃЪмϼϹук Йв днϧ ǑƑƓǈƛ ôƓǆơǕå èåíǒïāǄǂ
 ÜýǒāǃƓƛǒƼïǒƙ ÜýǒāǃƓƛǒƼāðǒá ÜýǒāǂƓƕǒƪ Üýǒāƕǒíá4Ü4Ü- üǒǈǒƼ ǑƑƓǈƛ  Ɨƞïí íǈƵ

ƗƼïƺǃå çïåïơêîāǆǈǃå ïǒươƙ þƙ çïươǆǃå èåïƙƪã Ǒǃāƕǃå úƮā ýƞá ÿǆ . 
ÜýƕƓǀǆǃå  ƗǄƵƓƽǆƕ üǃîā ÿǆ ÿǙāǆ ƴǆ ýǒāðǈƕǃå íǒïāǄǂ ÿǆ íơåā ýāǆ Ɠǆǂ .ïǆǈāǆǃå

æǒǂïƙ èƓƕƛã þƙ  Ɨõƪåāƕ çïươǆǃå èåïƙƪã Ǒǃāƕǃå ƴǒǆƞā êîāǆǈǃåā ïǆǈāǆǃå
 ýǒǄơƙǃåā ǑƪǒõƓǈƺǆǃå ăāāǈǃå ÿǒǈïǃå úǒõā Üßåïǆơǃå èơƙ ƗƶƬǙå úǒõ þåíƤƙƪå
 ýƛǆ èåïƙƪã Ǒǃāƕǃå ǉîǌǃ ƗǒƑƓǒðǒƽǃå óåāƤǃå ôƶƕ Ɨƪåïí þƙ üǃîǂ .ăïƮǈƶǃå

ăïåïơǃå ýǒǄơƙǃå ÜƗƞāðǄǃå ÜƗǒƕǒƑåîǃå  Ɨƪåïí Ǐǃå ƗƼƓưǗƓƕ Ǒǈðāǃåǃå.ƗǒïāǄƕǃå óåāƤ 
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 ÿǂǃā ÜƗǒāưƶǃå èƓƕǒîǆǃå þöƶǆ ǑƼ æāîƙǙ èåïǒǆǒǃāƕǃå æǄƹá ÿá öơāǃ éǒơ
 üǒƙǒïƕǂǃå ôǆƓơ ǑƼ ƗƞāðǄǃå èƓƪƓǒƿ .ðǂïǆǃå üǒƙǒïƕǂǃå ôǆƓơ ǑƼ þƓǆƙ æāîƙ

 :ƗǒǃƓƙǃå þǒǀǃå èõƵá0.91, 0.61, 0.59 dl/g ÿá ăïåïơǃå ýǒǄơƙǃå ïǌöá .
 íǀƽƙ èåïƙƪá Ǒǃāƕǃå ƴǒǆƞ10  Ɠǌǈðā ÿǆ % ăïåïơǃå Ăíǆǃå ǑƼ300 -  377 

 Ɨƞïí Ɠǌǃ èåïƙƪå Ǒǃāƕǃå ÿá Ɨǒǈǒƪǃå ƗƶƬǕå íāǒơ ýǒǄơƙ ïǌöá Ɠǆǂ .ƗǒāƑǆ Ɨƞïí
 Ăíǆǃå ǑƼ ƗǒïāǄƕǃå ÿǆ.2ɗ = 5 ï 50°             

Abstract:  A new interesting class of thermally stable polyesters 

containing 3,3ô-dibenzylideneacetone in the main chain has been 

synthesised via interfacial polycondensation of 1,3-bis(3-

hydroxybenzylidene)acetone I  and diacid chlorides; adipoyl, 

sebacoyl, isophethaloyl, terephethaloyl and 4,4ô-diphinic 

dichloride. The model compound II  was synthesised by reacting 

one mole of monomer I and two moles of benzoyl chloride. The 

structure of I, II  and all synthesised polyesters III ï VII  were 

confirmed by elemental and spectral analysis. The various 

characteristics of the resulting polymers including: solubility, 

viscosity, thermal analysis, and X-ray diffraction analysis were 

determined and discussed. The majority of the polymers were 

insoluble in most common organic solvents. However, they were 

completely soluble in conc. H2SO4. The viscosity measurements in 

conc. H2SO4 showed the values 0.59, 0.61, 0.91 dl/g. Thermal 

analysis showed that the 10 % weight loss for all polyesters are 

ranged from 300 to 377 °C. in additions, X-ray analysis showed 

that the polymers had some degree of crystallinitiy in the region 2ɗ 

= 5 ï 50°. 

Key Words: interfacial polycondensation, unsaturated polyesters, 

TGA, X-ray diffraction.   
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1. Introduction  

               Recently, there has been much attention on high-

performance polymers that have excellent thermal stability and 

solubility which has provided researchers with the impetus that has 

led to the discovery of a variety of thermostable and processable 

polymers. They have found a wide range of applications, such as 

in high-speed aircraft structures, structural components of space 

vehicles, reinforcing chemicals, self-extinguishing materials,
1,2

 

disposable bags, agricultural films, drug carries and matrix resins 

for biomedical materials.
3
 Additionally, Resin systems are 

currently attracting increasing attention as high-performance 

thermosetting resins and they can be used as the matrices for high 

performance composites due to their superior mechanical 

properties which are used in the electronic devices, high-

temperature adhesive and aerospace industries.
4-8

 They also can be 

utilised as a good strength, low dielectric constant, radar 

transparency, low water absorption, and superior metal 

adhesion.
9,10 

Moreover, unsaturated polyesters are one of the most 

important polymer types which have a wide use and excellent 

applications where their low cost chemical resistance and thermal 

stability are key factors. Recently, unsaturated polyesters and 

poly(ester-amid)s have been synthesized by interfacial 

polycondensation of diphenol derivatives with diacids chloride.
11-

14
 The major aim of this work was the synthesis and 

characterisation of new thermally stable unsaturated polyesters of 

diarylideneacetone based on aliphatic and aromatic polyesters. The 

solubility, viscosity, thermal stability and crystallinitiy were 

examined. 
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2. Experimental 

2.1.  Measurements  

             The Elemental analyses were carried out on a Perkin-

Elmer 240 C instrument. IR spectra's were recorded on a Pye 

Unicam PU9712 infrared spectrophotometer using KBr pellet 

technique. 
1
HNMR spectras were run on a Bruker 11.1HO 100 

MHz NMR spectrometer in DMSO using TMS as the internal 

reference. The inherent viscosity of the polymer solutions 0.5 % 

(w/v) in concentrated H2SO4 were determined at 25 °C using an 

Ubbelohde suspended level viscometer. The solubility of the 

polymers was examined using 0.02 g of polymer in (3-5 ml) of 

solvent at room temperature. X-ray diffractgraphs were obtained 

using an XD-610 Shimadzu X-ray Diffractometer, with nickel-

filtered Cu KŬ radiation. Thermogravimetric analysis (TGA) was 

carried out on a Shimazu TGA-50H Thermal analyzer, at a heating 

rate of 10 °C min
-1

 
.  

2.2.  Reagents and Materials 

             4,4ô-diphenic dichloride was prepared according to the 

literature.
15

 All other chemicals were of high purity and further 

purified by standard methods.
16

 
 

2.3.  Synthesis of 1,3-Bis(3-hydroxybenzylidene)acetone I 

            A mixture of (0.02 mol) 3-hydroxybenzaldehyde and (0.01 

mol) acetone was dissolved in (30 ml) ethanol. A catalytic amount 

of conc. HCl was added and the resulting mixture was refluxed for 

4 h. At the end of the reaction time, a green solid product 
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precipitated after the addition of distilled water. The solid product 

was filtered off, washed with several portions of water, dried and 

recrystallized from ethanol. Green needles were obtained; yield 70 

% , mp 202 ï 204 °C. Found: C, 76.23 %; H, 5.36%. Calc. for 

C17H14O3: C, 76.67 %; H, 5.29 %. IR (KBr)/ cm
-1

 1618 (C=C), 

1664 (C=O), 3400 (OH). 
1
HNMR (100 MHz; DMSO-d6) ŭH  6.4 - 

7.2 (8H, m, Ar-H), 7.6 - 7.9 (4H, m, CH=CH), 9.7 (2H, s, OH).  

 

2.4.  Synthesis of Model Compound II, 3,3’-

Dibenzylideneacetone dibenzoate  

             1,3-Bis(3-hydroxybenzylidene)acetone I  (0.005 mol) was 

dissolved in NaOH solution (0.01 mol, 0.4 g/20 ml H2O) and 

stirred at room temperature before the addition of benzoyl chloride 

(0.01 mol) within 30 min. At the end of the reaction time, a 

greenish gray  solid product precipitated. The solid product was 

filtered off, washed with water then ether,  dried in vacuo at room 

temperature and recrystallised from ethanol. Greenish gray crystals 

were obtained; yield 77 %, mp 134 ï 136 °C. Found: C, 78.94 %; 

H, 4.80 %. Calc. for C31H22O5: C, 78.47 %; H, 4.66 %. IR (KBr)/ 

cm
-1

 1610 (C=C), 1645 (C=O), 1710 (C=O of ester group). 
1
HNMR (100 MHz; DMSO-d6) ŭH 7.1 ï 7.9 (18H, m, Ar-H; 

CH=CH), 8.1 ï 8.3 (4H, m, Ar-H). 
 

2.5.  Synthesis of Polyesters 

2.5.1. General procedure 

             A thee-necked flask, equipped with a mechanical stirrer 

(500 rpm), dry nitrogen inlet and outlet and dropper was charged 
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with a mixture of (0.001 mol) diarylideneacetone I , (0.002 mol) of 

NaOH solution in (50 ml) water and (25 ml) methylene chloride. 

Diacid chloride (0.001 mol) in (25 ml) methylene chloride was 

added over a 2 min period at room temperature and vigorously 

stirred. After completing the addition of diacid chloride, the 

reaction mixture was left to stir for 1 h whereby a greenish gray 

solid separated out. Then, the solid was filtered off, washed with 

water, alcohol, acetone and dried under reduced pressure (1 mm 

Hg) at 100 °C for 2 days. By using the above general procedure the 

following polyesters III ï VII  were obtained.  

2.5.2. Polyester III  

           Obtained by the polymerization of 1,3-Bis(3-

hydroxybenzylidene)acetone I  with adipoyl  chloride  as  greenish  

gray  powder   in   90 %   yield.  Found: C, 73.39 %; H, 5.35 %. 

Calc. for C23H20O5: C, 73.68 %; H, 5.28 %. 

2.5.3. Polyester IV 

          Obtained by the polymerization of 1,3-Bis(3-

hydroxybenzylidene)acetone I with sebacoyl  chloride  as  

greenish gray  powder  in  91 % yield.  Found: C, 74.58 %;     H, 

6.05 %. Calc. for C27H28O5: C, 74.98 %; H, 6.51 %. 

2.5.4. Polyester V 

          Obtained by the polymerization of 1,3-Bis(3-

hydroxybenzylidene)acetone I  with isophethaloyl chloride as 

greenish  gray  powder  in 94 % yield.  Found: C, 74.31 %;     H, 

4.21 %. Calc. for C25H16O5: C, 74.75 %; H, 4.06 %. 
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2.5.5. Polyester VI 

          Obtained by the polymerization of 1,3-Bis(3-

hydroxybenzylidene)acetone I  with terephethaloyl chloride as 

greenish  gray  powder  in 96 % yield.  Found: C, 74.81 %;     H, 

4.36 %. Calc. for C25H16O5: C, 75.75 %; H, 4.06 %. 

 

2.5.6. Polyester VII 

          Obtained by the polymerization of 1,3-Bis(3-

hydroxybenzylidene)acetone I  with 4,4ô-diphinic dichloride as 

greenish  gray  powder  in 90 % yield.  Found: C, 78.32 %;     H, 

3.98 %. Calc. for C31H20O5: C, 78.80 %; H, 4.26 %. 

3. Results and discussion 

3.1.   Synthesis of monomer I  

            The preparation of the polyesters III ï VII  was based on 

1,3-bis(3-hydroxybenzylidene)acetone I . This monomeric unit was 

synthesized by the condensation of two moles of 3-

hydroxybenzaldehyde with one mole of acetone in the presence of 

ethanol as a solvent and a catalytic amount of conc. HCl as shown 

in Scheme 1. The monomeric unit was purified by recrystallization 

to get 65 % yield before using it in the polymerization step. The 

structure of this monomer was elucidated by elemental and 

spectral analyses (IR and 
1
HNMR). 

 

 

SCHEME 1.   Synthesis of monomer I  
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3.2.   Synthesis of model compound II 

            Before attempting polymerization, the model compound II  

for the desired polymer was prepared. This was performed by the 

interaction of one mole of monomer I  with two moles of benzoyl 

chloride in the presence of NaOH solution and CH2Cl2 to produce 

compound II  in 80 % yield. On the basis of the good 

agreement between calculated and found elemental 

analyses, IR, IH NMR spectra, the possible reaction is 

depicted in Scheme 2. 
 

 

 SCHEME 2.   Synthesis of model compound II  

 

3.3.    Synthesis of polyesters III ï VII  

           After preparing the monomer I, model compound II  and 

confirming their structures, the next step of this study was the 

polymerization step. The target polyesters III ï VII      
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were synthesized utilising interfacial polycondensation technique 

of monomer I  with adipoyl, sebacoyl, isophethaloyl,  

terephethaloyl and 4,4ô-diphenic dichloride as presented in Scheme 

3. 
 

 

Polyesters III  IV  V VI  VII  

R 
  

   

SCHEME 3.    Synthesis of Polyesters III ï VII  

 The structure of these polymers was also established by elemental 

and spectral analysis. The elemental analyses of all polymers 

coincided with the characteristic repeating units of each polymer; 

the data are included in the experimental part. It should be noted 

that the elemental analysis of these polymers deviated up to 0.9 % 

from the theoretical values. However, it is not uncommon for 

polymers to trap solvent molecules within the polymer matrix.
17

 

Spectral data support the structural assignment of the polyester. IR 

spectra for all polyesters showed the disappearance of the 

characteristic absorption band of the OH group and the appearance 

of new absorption bands at 1730 ï 1754 cm
-1

 characteristics of the 

carbonyl groups of esters, at 1649 ï 1660 cm
-1

 for the carbonyl 
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groups of acetone moieties and at 1598 ï 1618 cm
-1 

for C=C 

groups. In addition, other characteristic absorption bands, due to 

specific groups present in the various polymers, were also evident 

in the IR spectra. 

3.4.   Characterisation of polyesters III ï VII  

           The various characteristics of the resulting polyesters III ï 

VII  including: solubility, X-ray diffraction analysis and TGA were 

also determined and all the data are discussed below. 

3.4.1. Solubility  

          Room temperature solubility characterisations of polyesters 

III ï VII  were tested using various solvents including: THF, 

DMSO,  CHCl3, CCl4, CH2Cl2, acetone, formic acid, and conc. 

H2SO4 (Table 1). 

TABLE 1.   Solubility Characteristics of Polyesters III ï VII  

P
o

ly
m

e
r 

a
c
e

to
n
e 

C
H

C
l
3  

C
C

l
4  

C
H

2 C
l
2  

T
H

F
 

D
M

S
O

 

H
C

O
O

H
 

C
o

n
c 

. H
2 S

O
4  

III  IS IS IS IS S S IS S 

IV  PS IS IS IS PS PS IS S 

V PS IS IS IS PS PS IS S 

VI  IS IS IS IS IS IS IS S 

VII  IS IS IS IS IS IS IS S 

* 
   S = Soluble & PS = Partially Soluble & IS = Insoluble 
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All the polyesters III ï VII  were completely insoluble in most 

solvents such as chloroform, carbon tetrachloride, dichloromethane 

and formic acid. However, they were completely soluble in conc. 

H2SO4. Moreover, all the polymers had the same solubility in 

THF, DMSO and acetone (polymer III  were insoluble in acetone 

and soluble in THF and DMSO. In addition, polymers IV, V  were 

partially soluble in acetone, THF and DMSO, whereas, polymers 

VI, VII  were insoluble in the same solvent). 

        3.4.2 .   Determination of viscosity 

          The reduced viscosity of polyesters V, VI, VII  was 

determined by Ubbelohde suspended level viscometer using conc. 

H2SO4 at 25 °C ± 0.5 °C, and this gave the values, 0.59 dl/g, 0.61 

dl/g and 0.90 dl/g  respectively.
  

        3.4.3.   Thermal analysis 

         The thermal stabilities of polyesters III ï VII  were evaluated 

by TGA in air at a heating rate of 10 °C/min. Table 2 gives the 

temperatures for various percentage weight losses. The 

temperature for 10 % weight loss is considered to be the polymer 

decomposition temperature and it ranges between 300 ï 377 °C. 

Therefore, the data in table 2 indicated the thermal stabilities of 

these polymers are in the order VII  > VI > V > III > IV.  It should 

be noted that the aliphatic based polymer III , IV  are less thermally 

stable than the aromatic based polymers. 
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TABLE 2.   Decomposition temperature of Polyesters III ï VII  

P
o

ly
e

s
te

rs 

Temperature (°C) for various % decompositions 

10 % 20 % 30 % 
40 

% 
50 % 

III  311 381 448 500 537 

IV  300 418 459 485 525 

V 312 396 453 481 511 

VI  377 440 481 503 525 

VII  377 437 485 525 559 

       3.4.4.    X-ray analysis 

              X-ray diffractograms of polyesters III ï VI  are shown in 

Figure 1. It can clarified from this figure that, the majority of the 

polymers showed amorphous halo patterns in the region of 2ɗ = 5 

ï 50° and this indicated a low degree of crystallinitiy especially 

polymer III . However, polyesters IV,  VI  showed reflections of 

sharpness peaks thus, had a higher degree of crystallinitiy in 

comparison with polymer V which were a semi crystalline.
18,19
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III 

IV 

V 

VI 

 

 

FIGURE 1.  X-ray Diffraction Patterns of Polyester III ï VI  

 

4. Conclusions 

 

            A new series of unsaturated polyesters based on 

diarylideneacetone III ï VII  were prepared using interfacial 

polycondensation technique. The various characteristics of 

the resulting polymers were tested. All polyesters had poor 

solubility in most solvents. Moreover, polyesters that have 

methylene groups linkage were more soluble in comparison with 

those connected through aromatic rings linkage. 

Thermogravimetric analysis showed that the aromatic based 

polymers were more thermally stable than the aliphatic based 

polymers. X-ray diffraction analysis showed some degree of 

degree 

in
te

n
s
it
y
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crystallinitiy in the region of 2ɗ = 5 ï 50° except polymer III  

which showed a low degree of crystallinitiy. 
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ABSTRACT  

The Nubian Sandstone Formation (Pre-Upper Cretaceous) in the 

Sirte Basin, Libya is considered an important reservoir for 

hydrocarbons. It is subdivided into three stratigraphic members, 

the Lower Nubian Sandstone, the Middle Shale and the Upper 

Nubian Sandstone. Generally, the oil wells which have been 

drilled by Waha Oil Company in A-Pool, NC98 Block, Eastern 

Sirt Basin, Libya are producing from the Upper Nubian Sandstone 

reservoir. The main trapping systems in APool-NC98 Block are 

structural and stratigraphic combination traps, comprising of at 

least two major NW-SE trending tectonic blocks, with each block 

being further broken up with several more Pre-Upper-Cretaceous 

faults. Four wells have been selected to conduct the formation 

evaluation of the Upper Nubian Sandstone reservoir which lies at a 

depth of between 14,000 and 15,500 feet. This study is an 

integration approach using the petrophysical analysis and 

integrating the sedimentology and petrography from core. The 

geological and petrophysical evaluation were done using the 

Techlog software.  

The clay minerals identification was carried out using the 

Potassium (K) versus Thorium (Th) concentration cross-plot 

technique. The main clay minerals identified were; Kaolinite and 

Chlorite, in agreement with the Petrographical analysis on samples 

from well A4-NC98. The Petrophysical analysis clearly shows that 

mailto:hussin_sherif@hotmail.com
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the Upper Nubian Sandstone is a good reservoir in wells A3, A4 

and A5, whereas low reservoir quality in well A6. 

Introduction  

The term ñNubian Sandstoneôô was first introduced in Egypt to 

include the Paleozoic and Mesozoic continental dominated clastic 

succession indiscriminately (Russegger, 1837). The use of the term 

was restricted to the Late Jurassic ï Early Cretaceous sequence 

across Libya (Conant and Goudarzi, 1964). This formation 

changes in thickness and time depending on the 

tectonostratigraphic setting in different parts of the basin.  

The Nubian Sandstone forms the first mega-cycle of the early rift 

infill during the early stages of the Sirte Basin, and evolved as a 

consequence of interplay between global eustasy and regional 

tectonics. This led to the establishment of a tripartite stratigraphic 

subdivision of the sequence in most parts of the basin (Hawat, , 

1996). Ibrahim (1991) and El-Hawat (1992) recognized and 

divided the sequence into three units, the Lower Sandstone 

Member, the Middle Shale Member and the Upper Sandstone 

Member. Abdulghader (1996) identified four lithofacies within this 

sequence: a meandering river facies with point bars, levees and 

over bank deposits, a relatively high-energy alluvial- plain 

association with low-sinuosity braided-streams, swamp facies and 

a relatively deep-water lacustrine facies.  

This reservoir has been studied petrographically by El-Bakush et 

al., (1997) and El-Bakush and Minas (2007). The Nubian 

Sandstone was found to range from very course to coarse grained, 

is quartzitic and poorly sorted, and often with a clay matrix 

deposited in a fluvial and lacustrine setting. The variation of 

composition and shale content of the Nubian Sandstone make it a 

shaly sand reservoir.  



 

 Volume  12العدد 

   7102December  ديسمبر

International 

 Science and Technology 

Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 
 

 حقوق الطبع محفوظة 
 للمجلة الدولية للعلوم والتقنية 

Copyright © ISTJ   мос 

 
 

The aim of the study is a Formation evaluation of the Upper 

Nubian Sandstone Formation in Block NC98 (A Pool), Eastern 

Sirte Basin, Libya, Which occurs at an  

approximate depth of 14,000 to15,500 feet in the candidate wells 

(A3, A4, A5 and A6). The Concession was awarded in 1983 

Figures (1 and 2).  

In this study the petrophysical analysis and sedimentological study 

in well A4-NC98 integrated paying particular attention to 

authigenic Clay (through clay minerals identification), and to 

describe the textural and compositional petrographic 

characteristics of the Upper Nubian Sandstone reservoir.  

 

Figure 1 Location map of the study area (After Waha Oil Company, 

2006). 
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Figure 2 Location map of the study area (after Waha Oil Company, 

2013) 

Methodology  

The variations in the composition and shale content require 

understanding of the petrophysical behaviour of Upper Nubian 

Sandstone reservoir. Therefore, available wireline log data were 

used to calculate petrophysical properties and the interrelationship 

between reservoir parameters. Techlog (2014.3) was used to carry 

out the interpretation of The Petrophysical properties of the Upper 

Nubian sandstone in the study area. The Natural Gamma Ray 

Spectrometry log (NGS) data was used to recognize the various 

clay assemblages through the reservoir, using the Potassium (K) - 

Thorium (Th) cross-plot technique. This led to clay minerals 

identification. The results from this study were integrated with the 

petrographical analysis results from well A4-NC98, in order to 

corroborate the findings based on both methods in the recognition 

of the clay mineral.  
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Result  

Most sandstone reservoirs, contain varying amounts of clay.  

The A Pool-NC98 Reservoir has two types of non-effective clay 

material which are essentially undetected on wire line curves due 

to their partially zero cation exchanging capacities (C.E.C). Their 

behaviour is similar to sand grains. These clays are Kaolinite and 

Chlorite. The gamma ray log is used in Shaly Sand reservoir 

because of the presence of Uranium, Thorium, and Potassium in 

clay minerals. The clay types can be identified by cross plotting 

Thorium versus Potassium Figure (3).  

The petrographical results of the studied intervals of the Upper 

Nubian Sandstone reservoir have been reviewed prior to selecting 

which results to compare in order to establish a reliable integration 

with the petrophysical analysis. For this reason two representative 

SEM Plates Figures (4 and 5), haves been selected at specific 

depths within the Upper Nubian Sandstone reservoir for detailed 

petrographic description, and to illustrates the type of clay 

minerals present (Kaolinite and Chlorite).  

There is a clear relationship between the increase in volume of 

clay and decrease of both the porosity and permeability of the 

sandstone. The Clay mineralisations took place during the 

locomorphic phase. There two types of clays both grow as discrete 

crystals which diminish porosity and permeability.  

Kaolinite forms authigenically either through the breakdown of 

detrital grains, such as feldspar, or through the recrystallization of 

illite fiberes (Selley, 1978).  
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Figure 3 Clay minerals identification from NGS data in the Upper 

Nubian Sandstone, well A4-NC98. 

 

Magnification: 800 X  

Figure 4 A4-NC98 at 14,279 ft. (Waha internal sedimentological report, 

2002), showing low porosity and permeability (5.6% and 0.79 md 

respectively) containing a well developed chlorite grain-coating (C), 

kaolinite pore filing (K) and locally developed prismatic quartz cement 

crystals (QC). 
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Magnification: 900 X  

Figure 5 A4-NC98 at 14,553 ft. (Waha internal sedimentological report, 

2002), showing low porosity (7.17%) and moderate permeability (11.66 

md). The high magnification view illustrates authigenic chlorite crystals 

(C) partly filling pores, locally developed quartz overgrowths cement 

(QC) and, Chlorite that has converted macroporosity to interclay 

microporosity. 

Discussion  

The petrography of the Upper Nubian Sandstone reservoir was 

carried out at the Libyan Petroleum Institute (LPI) in 2002 on 

behave of  Waha Oil Company as a part of core study and 

conventional core analysis of well A4-NC98.  

The petrographic results were integrated with petrophysical 

analysis results, in order to ascertain the clay minerals present in 

the reservoir. Thin sections were described using Scanning 

Electron Microscopy (SEM). The work was carried out on 

conventionally dried samples from well A4-NC98 in order to 

describe the texture and composition to petrographically 
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characterise the Upper Nubian Sandstone reservoir and more 

importantly the authigenic clays.  

The petrographic results of the studied intervals were precisely 

reviewed prior to selecting the results to work with in order to 

make sure that a reliable integration with the petrophysical 

analysis is established.  

For this reason, two representative thin section were studied using 

SEM (Figures 4 and 5), carrying out a petrographic description, 

and identifying the type of clay minerals, the matrix and the 

diagenetic scenarios (Waha internal sedimentlogical report, 2002).  

The independent petrophysical results support the results obtained 

from the petrographic study with respect to the clay types.  

Conclusion  

The Nubian Sandstone Formation (Pre-Upper Cretaceous) in the 

Sirte Basin is considered as an important hydrocarbon reservoir. 

The Formation is the first mega-cycle of the early rift infill during 

the early stages of Sirte Basin, and evolved as a consequence of 

the interplay between global eustasy and regional tectonics. The 

Upper Nubian Sandstone reservoir is a complex of fine to medium 

grained and angular to rounded grains. It is moderately to well 

cemented, mainly with silica and ferroan dolomite and the 

contacts, are straight, concave-convex and slightly sutured.  

Three main lithofacies have been recognized in the Upper Nubian 

Sandstone through core interpretation; trough cross bedded, 

horizontally laminated and low angle cross bedded sandstones, 

with many minor lithofacies such as rippled and fine laminated 

sandstones.  
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The most important diagenetic processes that have affected the 

reservoir quality are compaction (leading to the reduction of the 

effective porosity), silica cementation and genesis of authigenic 

kaolinite and chlorite.  

In this study of Upper Nubian Sandstone within A Pool-NC98 

Block has highlighted the presence of two types of non-effective 

clay minerals, Kaolinite and Chlorite. These clays have essentially 

insignificant effect on the wire line curves, due to their essentially 

zero cation exchanging capacities (C.E.C) and behave like sand 

grains. Petrophysical investigation of the reservoir intervals using 

Potassium (K) versus Thorium (Th) concentration cross-plot 

technique led to identification of Kaolinite and Chlorite. The 

Petrographic clay minerals identification is supported by the 

petrophysical results. Both Kaolinite and Chloride grow as discrete 

crystals which diminish the porosity and permeability of the 

reservoir.  
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Abstract 

Objective: Diabetes mellitus is the most common metabolic 

disease. One of the most common problems in diabetic patients is 

atherosclerotic cardiovascular disease which is induced by 

hyperlipidemia. Impaired lipid metabolism resulting from 

uncontrolled hyperglycemia has been implicated in cardiovascular 

complications in diabetic new patients. Also, glycated hemoglobin 

(HbA1c) has been regarded as an independent risk factor for 

cardiovascular disease. The aim of this study was to examine the 

correlation between HbA1c, fasting blood sugar (FBS) with serum 

lipid levels in type 2 diabetes. 

Materials and Methods: In this study, 80 diabetic patients in 

(Diabetes & Endocrinology Center Tripoli ï Libya) were chosen. 

FBS, HbA1c and serum lipid levels were analyzed in patients. 

Serum Lipids and glucose were measured by enzymatic method 

COBAS INTEGRA. HbA1c was measured by 

immunoturbidimetrically COBAS INTEGRA. 
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Results: There was significant correlation between FBS and Total 

Cholesterol (TC) (r=0.28, P=0.001), but there were no correlations 

between Glycated haemoglobin (HbA1c) and TC (r=0.13, P=0.28), 

HbA1c and Cholesterol (CH) (P=0.71, r=-0.11), HbA1c and HDL 

(P=0.26 r=-0.11) and HbA1c with LDL (P=0.84, r=-0.05). 

 

Keywords: Fasting blood sugar FBS, Diabetes Mellitus, Glycated 

haemoglobin HbA1c, Lipid profile 

 

INTRODUCTION  

Type 2 diabetes mellitus is a group of metabolic disorder that is 

characterized by hyperglycemia resulting from insulin resistance 

and relative insulin deficiency
[1]

.
 

Diabetes is associated with a greater risk of morbidity and 

mortality from cardiovascular disease (CVD). Serum lipids are 

frequently abnormal and are likely to contribute to the risk of 

coronary artery disease 
[2]

. 

Worsening of glycemic control deteriorates lipid and lipoprotein 

abnormalities and particularly of diabetes mellitus 
[3]

. 

Glycosylated hemoglobin: Hemoglobin to which glucose is bound. 

Glycosylated hemoglobin is tested to monitor the long-term 

control of diabetes mellitus. Glycated  hemoglobin  (HbA1c)  is  

routinely  used  as  a  diagnostic  tool  for  measuring  long term  

glycemic control. In accordance with its function  as  an  indicator 

for the mean blood glucose level, HbA1c predicts the risk for the 

development of diabetic complication in diabetes  new patients
 [4]

. 

Criteria for abnormal lipid profiles were based on the American 

Diabetes Association (ADA) criteria, Hypercholesterolemia refers 

to a total cholesterol level Ó 200 mg/dl, Hypertriglyceridemia 

refers to a level is Ó 150 mg/dl, HDL was considered low when the 
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level is < 40 mg/dl in males and < 50 mg/dl in females, LDL was 

considered high when the level is Ó 100 mg/dl. Dyslipidemia was 

defined as the presence of one or more of the previous 

abnormalities in serum lipids
 [5]

. 

A few studies have previously tried to find the correlation between 

HbA1c levels and lipid profile. Some of these have shown that all 

the parameters of lipid profile have significant correlation with 

glycemic control 
[6]

. 

Fasting blood glucose: A test to determine how much glucose 

(sugar) is in a blood sample after an overnight fast. The fasting 

blood glucose test is commonly used to detect diabetes mellitus. 

Fasting blood glucose FBS is directly proportional to the severity 

of diabetes mellitus and the most commonly used marker for DM. 

In general FBS levels greater than 126mg/ dl on more than one 

occasion are diagnostic of diabetes mellitus, provided that drugs 

such as gluco corticoids are not being administered. 

Lipid profile: A pattern of lipids in the blood. A lipid profile 

usually includes the levels of total cholesterol, high-density 

lipoprotein (HDL) cholesterol, triglycerides, and the calculated 

low-density lipoprotein (LDL) 'cholesterol. 

 

MATERIAL AND METHODS  

Study design: 

Case control study. 

Target population: 

The target population was type-II diabetic new patients males and 

females aged 30- 77 years from diabetes and endocrinology center 

in Tripoli - Libya. 
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Sample size: 

The Sample size was 80 individuals included in this study, of 50 

type-II diabetic new patients and 30 healthy served as controls. 

Patients and controls were matched for age. 

 Sampling: 

A total of 50 blood samples were collected from type-II diabetic 

new patients, which were previously diagnosed according to the 

current WHO diagnostic criteria for diabetes
 [7]

, from the diabetes 

and endocrinology centers in Tripoli - Libya.  

The total of 30 blood samples were also collected from healthy 

persons who were served as controls. 

Specimen collection and biochemical analysis: 

Blood samples were collected from 50 type -II diabetic new 

patients and 30 controls. Fasting overnight venous blood sample 

(about10 ml) were drawn by the researcher himself into vacutainer 

plane tubes from all individuals. The blood was left for a while 

without anticoagulant to allow blood to clot. Then, serum samples 

were obtained by centrifugation at room temperature at 5000 rpm/ 

5 minutes. 

Determination of HbA1c 

Principle 

Total Hb and HbA1c concentrations were determined after 

hemolysis of the anti-coagulated whole blood specimen. Total Hb 

is measured colorimetrically. HbA1c is determined 

immunoturbidimetrically. The ratio of both concentrations yields 

the final percent HbA1c result [HbA1c (%)]. 

The anti-coagulated whole blood specimen is hemolyzed 

automatically on COBAS INTEGRA systems with HbA1c 

Hemolysis Reagent in the predilution cuvette. Erythrocytes are 

lysed by low osmotic pressure. The released Hb is proteolytically 
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degraded by pepsin, to make the ɓ-N-terminal structures more 

accessible for the immunoassay. Additionally, the heme portions 

are oxidized for the Hb assay. 

Total Hb is determined on COBAS INTEGRA systems in the 

hemolysate using a cyanide-free colorimetric method based on the 

formation of a brownish-green chromophore (alkaline hematin D-

575) in alkaline detergent solution
 [8]

. The color intensity is 

proportional to the Hb concentration in the sample and is 

determined by monitoring the increase in absorbance at 552 nm. 

The test result is calculated using a fixed factor determined from 

the primary calibrator chlorohemin 
 [9]

. 

HbA1c is measured on COBAS INTEGRA systems using 

monoclonal antibodies attached to latex particles. The antibodies 

bind the ɓ-N-terminal fragments of HbA1c. 

 

 
                                                     Glycopeptides               Antibody Latex                                  Bound 

Glycopeptides 

 

Remaining free antibodies are agglutinated with a synthetic 

polymer carrying multiple copies of the ɓ-N-terminal structure of 

HbA1c. The change in turbidity is inversely related to the amount 

of bound glycopeptides and is measured turbidimetrically at 552 

nm. 
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Antibody Latex          Agglutinator                     Agglutinated Antibody Latex 

 

Reagents Concentrations are those in the final test mixture. 

Reagents Concentrations 

B: 

MES buffer 

TRIP buffer 

pH  

HbA1c antibody (ovine serum) 

C: 

MES buffer 

TRIP buffer 

pH 

HbA1c polyhapten 

 

0.025mmol/L 

0.015mmol/L 

6.2 

Ó 0.5mg/mL 

 

0.025mmol/L 

0015mmol/L 

6.2 

Ó 8Õg/mL 

 

Determination of serum Glucose 

Principle: - 

Enzymatic reference method with hexokinase.
 
Hexokinase (HK) 

catalyzes the phosphorylation of glucose by ATP to form glucose-

6-phosphate and ADP. To follow the reaction, a second enzyme, 

glucose-6-phosphate dehydrogenase (G6PDH) is used to catalyze 

oxidation of glucose-6-phosphate by NAD
+
 to form NADH. 

$ȤÇÌÕÃÏÓÅ  !40
(+
  $ȤÇÌÕÃÏÓÅȤφȤÐÈÏÓÐÈÁÔÅ  !$0        
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'φ0$(
ựự  $ȤφÐÈÏÓÐÈÏÇÌÕÃÏÎÁÔÅ  .!$((  

 

The concentration of the NADH formed is directly proportional to 

the glucose concentration. It is determined by measuring the 

increase in absorbance at 340nm. 

  

Reagents Concentrations are those in the final test mixture. 

Reagents Concentrations 

B: 

MES buffer 

pH  

Mg
++

 

ATP 

NADP 

C: 

HEPES buffer 

Mg
++

 

pH 

HK (yeast) 

G6PDH 

 

0.5mmol/L 

6 

24 mmol/L 

Ó 4.5 mmol/L 

Ó 7.0 mmol/L 

 

200mmol/L 

4 mmol/L 

8 

Ó 300 Õkat/L 

Ó 300 Õkat/L 

 

Determination of serum LDL 

Principle:Homogeneous enzymatic colorimetric assay. 

This automated method for the direct determination of LDL-

cholesterol takes advantage of the selective micellary 

solubilization of LDL-cholesterol by a nonionic detergent and the 

interaction of a sugar compound and lipoproteins (VLDL and 

chylomicrons). When a detergent is included in the enzymatic 

method for cholesterol determination (cholesterol esterase 

cholesterol oxidase coupling reaction), the relative reactivities of 

cholesterol in the lipoprotein fractions increase in this order: HDL 

< chylomicrons < VLDL < LDL. In the presence of Mg
++

, a sugar 
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compound markedly reduces the enzymatic reaction of the 

cholesterol measurement in VLDL and chylomicrons. The 

combination of a sugar compound with detergent enables the 

selective determination of LDL-cholesterol in serum. In the 

presence of oxygen, cholesterol is oxidized by cholesterol oxidase 

to ȹ4-cholestenone and hydrogen peroxide
 [9]

. 

LDL-cholesterol ester + H2O
detergent cholesterol esterase

ựựựựựựựựựựựựựựựựự cholesterol+free fatty acid  

(selective micellary solubilization) 

LDL-cholesterol + O2 

 
ựựựựựựựựựựựựự ȹτ ÃÈÏÌÅÓÔÅÎÏÎÅ  (/   

ς(/  τ ÁÍÉÎÏÁÎÔÉÐÙÒÉÎÅ  (3$!  (    (ς/

ựựựựựự  ÐÕÒÐÌÅ ÂÌÕÅ ÐÉÇÍÅÎÔ  υ (ς/ 

The color intensity of the blue quinoneimine dye formed is directly 

proportional to the LDL-cholesterol concentration. It is determined 

by measuring the increase in absorbance at 583 nm. 

 

Reagents Concentrations are those in the final test mixture. 

Reagents Concentrations 

B: 

MOPS 

pH 

HSDA 

AOD(recomb) 

POD(horseradish) 

C: 

MOPS 

pH 

POD(horseradish) 

Mg2SO4. 7H2O 

4-aminoantipyrine 

CE (microb.) 

CHOD (microb.) 

 

20.1mmol/L 

6.5 

0.958mmol/L 

Ó 50Õkat/mL 

Ó 167Õkat/mL 

 

20.1mmol/L 

6.5 

Ó 334Õkat/mL 

8.11mmol/L 

2,46mmol/L 

Ó 50Õkat/mL 

Ó 33Õkat/mL 
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Determination of serum cholesterol 

Principle 

 Enzymatic, colorimetric method [cholesterol oxidase (CHOD) / 

phenol + aminophenazone (PAP) ] with cholesterol esterase, 

cholesterol oxidase, and 4-aminoantipyrine
 [10,11]

. Cholesterol 

esterase (CHE) hydrolyzes cholesterol esters to form free 

cholesterol and fatty acids. Cholesterol oxidase (CHOD) then 

catalyzes the oxidation of cholesterol to form cholest-4-ene-3-one 

and H2O2. In presence of peroxidase (POD), the hydrogen 

peroxide formed effects the oxidative coupling of phenol and 4-

amino-antipyrine (4-AAP) to form a red-colored quinoneimine 

dye. 

Cholesterol ester + H2O
CHE        

ựựựự cholesterol + fatty acid 

#ÈÏÌÅÓÔÅÒÏÌ  / 
        

ựựựự ÃÈÏÌÅÓÔÅÒÏÌσ ÏÎÅ  (/  

(/  τ  ÁÍÉÎÏÁÎÔÉÐÙÒÉÎÅ  0ÈÅÎÏÌ
       
ựựự 1ÕÉÎÏÎÅÉÍÉÎÅ  τ  (ς/ 

 

The color intensity of the red quinoneimine dye formed is directly 

proportional to the cholesterol concentration. It is determined by 

measuring the increase in absorbance at 520 nm. 

 

Reagents 

Concentrations are those in the final test mixture. 

Reagents Concentrations 

B: 

PIPES buffer 

Mg
2+

 

Sodium cholate 

4-amino-antipyrine 

Phenol 

Fatty alcohol polyglycol ether 

CE           Cholesterol esterase 

 

225 mmol/L 

10 mmol/L 

0.6 mmol/L 

Ó 0.45 mmol/L 

Ó 12.6 mmol/L 

3% 

Ó 25Õkat/mL (microbe) 
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CHOD      Cholesterol oxidase 

POD           Peroxidase 

C:Empty  

Ó 7.5 Õkat/mL (E.coli) 

Ó 12.5 Õkat/mL (horseradish)  

 

 

Determination of serum triglycerides 

Principle 

Determination of triglycerides after enzymatic splitting with 

lipoproteinlipase Indicator is quinoneimine which is generated 

from 4-aminoantipyrine and 4-chlorophenol by hydrogen peroxide 

under the catalytic action of peroxidase. 

Triglycerides 
LPL

Glycerol + fatty acid 

Glycerol + ATP
GK

 Glycerol-3-phosphate + ADP  

Glycerol-3-phosphate +/ 
GPO

ự   Dihydroxyaceton phosphate + H
2
/  

2H
2
/ + 4-Aminophenazone + 4-Chlorophenol

POD

ự Quinoneimine + HCI + 4H2O 

 

In the presence of peroxidase (POD), hydrogen peroxide effects 

the oxidative coupling of 4-chlorophenol and 4-aminophenazone 

to form a red-colored quinoneimine dye, which is measured at 512 

nm. The increase in absorbance is directly proportional to the 

concentration of triglycerides in the sample. 

 

Reagents Concentrations 

B: 

Pipes 

pH 

Na-cholate 

ATP 

4-aminophenazone 

4-Chlorophenol 

LPL(microb.) 

GK(microb.) 

GPO(E.coli) 

 

50mmol/L 

6.8 

0.20mmol/L 

1.4mmol/L 

Ó0.13mmol/L 

4.7mmol/L 

Ó83 Õkat/L 

Ó3 Õkat/L 

Ó41 Õkat/L 
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POD (Horseradish) 

C: empty 

1.6 µkat/L 

 

Determination of serum HDL  

Principle 

Homogeneous enzymatic colorimetric assay.  

In the presence of magnesium sulfate and dextran sulfate, water-

soluble complexes with LDL, VLDL, and chylomicrons are 

formed which are resistant to PEG-modified enzymes. The 

cholesterol concentration of HDL-cholesterol is determined 

enzymatically by cholesterol esterase and cholesterol oxidase 

coupled with PEG to the amino groups (approximately 40%). 

Cholesterol esters are broken down quantitatively into free 

cholesterol and fatty acids by cholesterol esterase. In the presence 

of oxygen, cholesterol is oxidized by cholesterol oxidase to ȹ4-

cholestenone and hydrogen peroxide
 [9]

. 

HDL-cholesterol esters + H2O
PEG-cholesterol esterase

ựựựựựựựựựựựựựự HDL-cholesterol + RCOOH  

HDL-cholesterol + RCOOH+/ 

PEG-cholesterol oxidase

ựựựựựựựựựựựựựự   ȹ4-cholestenone + H
2
ὕ  

2  H
2O2
 + 4-aminoantipyrine + HSDA +(

peroxidase

ựựựựự purple blue pigment + 4 H2O 

 

The color intensity of the blue quinoneimine dye formed is directly 

proportional to the HDL-cholesterol concentration. It is determined 

by measuring the increase in absorbance at 583 nm. 

 

Reagents Concentrations are those in the final test mixture. 

Reagents Concentrations 

B: 

MOPS 

pH 

HSDA 

PEG 

 

20.1mmol/L 

6.5 

0.958mmol/L 

 Ó 167Õkat/mL 
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C: 

 pH 

 4-aminoantipyrine 

CE (microb.) 

CHOD (microb.) 

 

 6.5 

 2,46mmol/L 

Ó 50Õkat/mL 

Ó 33Õkat/mL 

 

RESULTS: 

The results were analysed using Statistical Package for Social 

sciences (SPSS) 21 version. Quantitative variables were expressed 

as the mean and standard deviation and qualitative as percentages. 

Comparison of mean of different variables between two groups 

was performed using Studentôs unpairedótô test. Comparison of 

mean of variables between all three groups was assessed by using 

one way ANOVA test. The strength of association between HbA1C 

and lipid parameters was assessed by calculating r value 

(Pearsonôs correlation coefficient). A p-value <0.05 was 

considered as significant whereas < 0.001 was considered as 

highly significant.   

Among 50 patients with T2DM. The mean age in patients and 

healthy controls was 49.70±13.74 and 44.4±13.33 years 

respectively. The age and gender distribution was comparable in 

all the groups (Table 1). The variation in mean values of FBS, 

HbA1C among patients and Healthy controls was highly 

significant, p <0.001 and that of TC, TG, LDL and HDL was 

significant, p >0.1 (Table 2). In T2DM patients with control, the 

correlation between HbA1C and FBS was highly significant 

(p<0.001) and correlation with TC, LDL, TG and HDL was 

significant (p>0.1). 
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Table 1: Age and gender wise distribution of Type-II  Diabetes 

Mellitus (T2DM) and healthy control groups  

Age group 

Gender Group 

Total 
Male Female 

New 

Patients 
Control  

30-49 

Count 28 20 26 22 48 

% of 

Total 
35.0% 25.0% 32.5% 27.5% 60.0% 

50-69 

Count 10 14 18 6 24 

% of 

Total 
12.5% 17.5% 22.5% 7.5% 30.0% 

70+ 

Count 4 4 6 2 8 

% of 

Total 
5.0% 5.0% 7.5% 2.5% 10.0% 

Total 

Count 42 38 50 30 80 

% of 

Total 
52.5% 47.5% 62.5% 37.5% 100.0% 

 

Serum analysis: 

 

Table 2: Comparison of mean values of variables in Type-II  Diabetes 

Mellitus (T2DM) and healthy control groups 

Sl 

.No. 

Parameter 

mg/dl 

Group D
iffe

re
n

c
e
 

%
 t 

P-

Value 

New Patients 

(n=50) 

Mean ±SD 

Healthy 

Control  

(n=30) 

Mean ±SD 

1.  FBS 210.17±75.28 90.78±17.02 119.3 8.53 0.001 

2.  HbA1c 9.86±1.90 5.36±.40 4.5 12.75 0.001 

3.  HDL-C 34.46±18.12 27.08±11.79 77.4 2.20 0.26 

4.  LDL -C 117.00±31.48 126.20±30.88 9.1 1.28 0.84 

5.  Triglyceride 173.74±98.92 143.06±81.08 30.6 1.50 0.28 

6.  Cholesterol 185.56±32.87 178.30±28.43 7.2 1.04 0.71 

 

(Reference range of FBS =70-110 mg/dl. Reference range of HbA1c = 4-6 mg/dl. Reference range of 

Cholesterol = 50-200mg/dl. Reference range of Triglycerides = 50-200 mg/dl. Reference range of 

LDL-C = 10-100 mg/dl. Reference range of HDL-C above 55 mg/dl normal.) 
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Serum HbA1c in relation to lipid profile  

Table 3: Correlation of HbA 1c values with lipid parameters and FBS 

in Group A and Group B Type-II  Diabetes Mellitus new patients 

 

Sl. 

No. 

Parameter 

mg/dl 

HbA1c FBS 

Pearson 

correlation(r) 
P-value 

Pearson 

correlation(r) 
P-value 

1.  FBS 0.842
**

 0.001 1  

2.  HDL-C 0.119 0.26 .046 .685 

3.  LDL-C -0.051 0.84 -.037 .743 

4.  Triglyceride 0.136 0.28 .289
**

 0.001 

5.  Cholesterol 0.119 0.71 .161 .154 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is signifi 

 

Discussion 

In our present study we took 50 new cases of diabetic who 

attended (Diabetes & Endocrinology Center Tripoli ï Libya) and 

the study was compared with 30 healthy controls. In both new 

cases and controls HbA1c, FBS, Cholesterol, HDL, LDL, 

triglyceride, and were measured. 

Results of this study showed significant correlation between FBS 

and TC ; but, there was no correlation between HbA1c and serum 

lipid levels. and The present study in type-II diabetic subjects 

shows a highly positive correlation of HbA1c levels with FBS. 

Studies have shown that high level of cholesterol, triglyceride, 

LDL and low HDL in type-II diabetics is well known risk factors 

for cardiovascular diseases. The cause of dyslipidaemia in type-II 

diabetes mellitus may be that insulin is not working well which in 

turn influences the liver apolipoprotein production 
[12]

. 
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 In a study, Khan et al. have shown that there is a direct correlation 

between FBS and HbA1c with TC, TG and LDL and inverse 

correlation with HDL 
[13].

 

In another study, the positive correlation between FBS and 

postprandial blood glucose with TC, TG, LDL and very low-

density lipoprotein (VLDL) indicated the risk of cardiovascular 

diseases in the patients. Thus, it can be deduced that diabetic 

populations with higher blood glucose levels are more fain to 

cardiovascular diseases 
[14]

. 

Also, this study showed that HbA1c can be used as a potential 

biomarker for predicting dyslipidemia in diabetic patients 
[14]

. 

In another study, Mahato et al. observed significant correlations 

between HbA1c with TC, LDL and LDL/HDL ratio 
[15]

. 

 In a study, HbA1c demonstrated significant positive relationship 

with TC, TG, HDL and LDL
[12]

. 

Nishimura et al. reported significantly higher CVD in persons with 

high levels of HbA1c
[16]

. Ahmad khan suggested that HbA1c can 

predict serum lipid levels in both male and female diabetic 

patients
[17]

. Also, Ramona et al. reported that HbA1c is a marker 

routinely used for long-term glycemic control and they observed a 

direct and significant correlation between HbA1c with TC, TG and 

LDL, and reverse correlation with HDL
[18]

. 

Conclusion 

The result of this study showed that high levels of serum glucose 

are associated with high level of TC and LDL. High levels of LDL 

speed up atherosclerosis and thereby increase the risk for heart 

attack and stroke. However, based on our results, it can be 

concluded that HbA1c can also be utilized for screening high risk 

diabetic patients for early diagnosis of dyslipidemia and timely 

intervention with lipid lowering drugs. 
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ABSTRACT  

Design process of any product can consist of examining a design 

need and working on the problem by means of sketches, brain-

storming, models, calculations as necessary, development of 

styling as appropriate and calculation of the costs. In this paper, 

the main aim is to design a supporting bracket of a pipe with a 

good style, a reliable factor of safety and low material cost. Four 

different materials were used to find out the minimum mass and 

cost of each model.  NX8.5 Nastran was used for sketching and 

modeling. Moreover, a static simulation was done by the same 

software where a specific compressive load was applied as well as 

constraints to analyze stresses on the bracket. The load was 

estimated according to the pipe span. The result showed that the 

Steel alloy AISI4340 had the highest safety factor value of the 

design with Low material cost. Therefore, it was the best material 

of the design. Material cost of the model made of cast iron G60, 

Aluminum2014, and Steel AISI4340 were approximately the same 

mailto:Faissel2100sgh@yahoo.com
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despite the different required masses. The copper-c10100 was the 

most expensive with a low value of safety factor. 

ƕƬǘƢǁä 

 âǒ éǒơƕ Ǌǃ Ɨǀǒƿí Ɨƪåïí ÿǆưƙƙ Ɲƙǈǆ ăǕ þǒǆƮƙǃå èƓǒǄǆƵí Ɨƽǒöāǃå ă
 Ǒƙǃå ÿǒǈåāǀǃåā ïƓǂƼǙåā èƓǆāƪïǃå ýǆƬƙ Ɨƪåïíǃå ǉîǋā çßƓƽǂ ýǂƕ Ǌǈǆ ƗƕāǄõǆǃå

 Ɠǌƕ ýǆƶǒ ƗƽǄǂƙ æƓƪơā .Ɨǆðǚǃå ƗǒưƓǒïǃå èƓǒǄǆƶǃåā Ǌǃ þƪƞǆ ýǆƵ üǃîǂā
 úíǌǃå .ñƼƓǈǆ ïƶƪƕ üǄǌƙƪǆǄǃ ǊǃāƮā ÿƓǆưǃ Ɨǒïāïưǃå ßƓǒƬǕå ÿǆ Ɲƙǈǆǃå
 ýāƶǒ ÿƓǆá ýǆƓƶǆā íǒƞ ïǌöǆƕ æǒƕƓǈá èƕƛǆ þǒǆƮƙ āǋ éơƕǃå åîǋ ÿǆ ǑƪǒƑïǃå

ƽǄƙƤǆ íåāǆ ƴƕïá ýƓǆƶƙƪã þƙ .úǒǃƓǂƙǃå ƗưƽƤǈǆ çíƓǆ þåíƤƙƪƎƕā ǊǒǄƵ ýǆƶǃ Ɨ
 ƝǆƓǈïƕ þåíƤƙƪã þƙ .ƓǌƙƽǄǂƙ ïƶƪā êîāǆǈǃå ýǆƶǃ Ɨǆðǚǃå íåāǆǃå ƗǄƙǂ ÿǒƕ ƗǈïƓǀǆ

NX8.5 NASTRAN ǆǃ  íƓƶƕǙå Ǒƛǚƛǃå þƪïǃå ƗǒǄǆƵ ǑƼƛƕè  ýǆƵā æǒƕƓǈǙå
)ǑưƓǒï ǑǂƕƬ ýǒǄơƙFinite Element Method æāƕǈǙå ÿðā ýǒƛǆƙ þƙ.(

ǆǃå ǏǄƵ íǆƙƶǒ ǑǂǒƙƓƙƪå õƺư ýǆơƕ ǊǄƤåíƕ ýƑƓƪǃåā .ïƤåā èƕƛǆ ÿǒƕ èƓƼƓƪ
 ñƓơǈǃå êîāǆǈ ÿå èơưāå ƝƑƓƙǈǃåC10100  ÿƓǆá ýǆƓƶǆƕ ĄƗƽǄǂƙ ǏǄƵǙå ÿƓǂ

.ôƽƤǈǆ íǒíơǃå Ɨǂǒƕƪ ƗƽǄǂƙ ÿá íƞā íǀǃāAISI4340   þāǒǈǆāǃǙå Ɨǂǒƕƪā
2014  ăíƓǆïǃå ïǋðǃå íǒíơǃå üǃîǂāG60  Ɠǆǈǒƕ ƗƕïƓǀƙǆ êîāǆǈǃå ýǆƶǃ Ɨǆðǚǃå

ƕǂ ýǂƬƕ ĄƓƶƽƙïǆ ÿƓǂ ÿƓǆǙå ýǆƓƶǆíǒíơǃå Ɨǂǒƕƪǃ ïǒ .AISI4340 ƓǌǈƎƼ üǃîĊǃ
 .Ɲƙǈǆǃå ýǆƵ ǑƼ ƓǌǆåíƤƙƪǙ çíƓǆ ýưƼá 

INTRODUCTION  

It has become widely recognized that design and selection of pipe 

bracket is an important part of the engineering study of any 

modern steam generating or process installation. Supporting 
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Bracket usually used to hold or support shafts and pipes in their 

position and prevent excessive deflection. Brackets can also be 

used to support and mount motors, generators and assemblies [1]. 

In general, pipes should be adequately supported because they are 

installed in the walls of buildings extending horizontally and 

vertically to carry oil, waters and other liquids. The bracket design 

depends on many variables. The material of the supporting bracket 

should be strength enough to withstand weight of the pipe, 

pressure and vibration.  It should have a low mass as much as 

possible and a good resistance of corrosion. Steel alloys, aluminum 

alloys and ductile iron can be used as a material because their 

properties offer high strength with relatively low cost and weight. 

The alloys of steel and aluminum have a long life with corrosion 

resistance [4]. Installation of the bracket should be easy and taken 

into account. Sometimes, the supporting bracket fixes the pipe 

against the applied axial forces. These forces might result in 

buckling, thermal loads, water hammer and vibrating equipment 

[10]. Therefore, engineers should consider all that factors while 

designing and should make a structurally efficient and economical 

design. In this paper, the designed bracket is subjected to weight of 

the pipe and the liquid that runs inside it. It is represented as a 

compressive load. Value of the load is estimated to be 25000N.  

The illustrated bracket in Fig1 is designed to be fixed on horizontal 

floor and not on walls. It consists of two components, base and 

cover. The base has two holes diameter 15mm to be fixed on the 

floor by bolts. The other part which is the cover is used to fix the 

pipe and prevent it from moving. Two bolts and nuts are used to 

join the cover with the base. Diameter of the pipe is designed to be 

51mm.It is important to verify that actual bracketing requirements 

are in accordance with client specifications [8]. 
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Fig 1 Design of Supporting Bracket of pipe using NX8.5 

 

NX8.5 Software 

In general, NX was formerly known as UG in 2000. Unigraphics 

purchased SDRC I-DEAS and began to integrate aspects of both 

software packages in order to make one single product called 
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Unigraphics NX or just NX. Therefore, NX is advanced high-end 

CAM/CAD/CAE software since 2007 owned by Siemens PLM. It 

is for so many tasks such as design which includes direct solid, 

parametric and surface modeling. It also used for engineering 

analysis comprises static, dynamic, electromagnetic, and thermal 

by using finite element method. Fluid analysis can be done by 

using finite volume method. NX software is considered a direct 

competitor to Catia, Creo, Autodesk Inventor and Solidworks 

software. NX8.5 is software produced by Siemens Company. It 

simplifies complexity during design stages, speeding up design 

processes to introduce the product to the market in a short time. It 

is a powerful tool which has a hybrid modeling capabilities 

because it is integrating explicit geometric modeling and 

constraint-based feature modeling [2]. Complex free-form shapes 

can be designed by this software such as manifolds and airfoils. 

Finally, NX software package is a 3D computer aided design suit 

which allows modeling solid components and assemblies to 

perform engineering analysis. 

Simulation 

The aim of simulation is to show the maximum deformation or 

displacement of the product and also explain stress concentration 

on the model where weak areas can be modified. The simulation 

process is static and linear which comprises, meshing, selecting 

material, making constraints and finally solving the problem. 

1- Meshing: 

 It is a process to create finite element model which enable to 

create a mesh of  4 or 10 nodes on the solid body. Tetrahedral 

nodes were chosen as suitable for 3D model. 10 nodes mesh was 

very small and unable to be applied for the bracket geomtry. 

Therefore, 4 nodes mesh was used. The process of meshing as 

shown in Fig2 enables computational solutions of partial 
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differential equations. It partitions a solid space into elements or 

cells which the equations can be approximated [3,7]. 

 

Fi 2 Finite element model of the bracket 

2- Selecting material: 

Selection of a proper material is usually a difficult job for the 

designer. Generally, while selecting the material the following 

factors should be considered: 

¶ Availability of the material 

¶ Suitability of the materials for working conditions and 

service. 

¶ The cost of materials 

The four selected materials are available; however, suitability of 

the materials and their cost will be investigated and discussed in 

this research. The materials are: high strength Steel AISI4340, 

Aluminum 2014, Cast Iron G60 and Copper-C10100  .The 
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following, Fig 3 shows how to select one of the materials by using 

NX8.5 software. 

 

 
Fig 3 Selection of material 

The properties of each material are available in NX8.5 software 

such as, yield strength, ultimate tensile strength, fatigue coefficient 

and Youngôs Modulus. The Aluminum 2014 is an alloy which 

contains about 93.5% of Aluminum with other elements such as 

copper, Silicon, Magnesium and Chromium. The alloy steel 

AISI4340 contains about 96% of Iron.Cast Iron G60 is a type of 

grey cast iron and has a good strength while Copper-C10100 has 

99.9% of Copper [9]. 

 
3- Making Constraints: 

The constraints represent the real working conditions of the design. 

Therefore, the base of bracket should be fixed as in the real 

condition which is shown in Fig4. Mass of the pipe and liquid is 

represented by a compressive load inside the hoop of the bracket 

as in the figure. 
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Fig 4 Constraints of the model 

Results

 
Fig 5 the maximum stress and deformation of steel AISI4340   

In Fig 5, the maximum deformation of the model made of steel 

AISI4340 is 1.109E-002mm while the maximum stress on the 

model is 105.78 Mpa. Mass of steel AISI4340 required for the 

model can be calculated by the software which is 1.4895kg 
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Fig 6 The maximum stress and deformation of Aluminium2014 

The maximum deformation of the model made of Aluminium2014 

is 0.0289 mm as shown in Fig 6, while the maximum stress on the 

model is 102.36 Mpa. Mass of Aluminum 2014required for the 

model can be calculated by the software which is 0.530162kg 
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Fig 7 the maximum stress and deformation of cast iron G60 

In Fig 7, the maximum deformation of the model made of Cast 

Iron G60 is 0.0136 mm. The maximum stress on the model is 

109.22 Mpa and the calculated mass is 1.3567kg 

 

Fig 8 the maximum stress and deformation of copper- C10100 

The maximum stress on the model made of Copper-C10100 is 

103.83Mpa as shown in Fig 8 while the maximum deformation is 

0.0186 mm. mass of the model is 1.6926kg 

Factor of safety 

In the design process, factor of safety is defined as the ratio of the 

maximum stress to the working stress. 

Factor of safety = 
 

 
 éééééééééé (1) 

When designing machine parts, it is desirable to keep the stress 

lower than the maximum stress at which failure of the material 

takes place. This stress is called as the working stress [5]. In 
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ductile materials, the yield point is clearly defined and considered 

as the maximum stress. 

Factor of safety = 
  

 
  ééééééééé (2) The 

relation for static loads 

In brittle materials such as cast iron, the yield point is not well 

defined. Therefore, factor of safety is based on ultimate stress. 

Factor of safety = 
 

 
  ééééééé..é.... (3) The 

relation for static loads 

Because the main load which applied on the supporting bracket is 

a compressive force. Therefore: 

Factor of safety = 
  

 
 éé...éé (4) 

Table (1) Factor of safety and Stresses 

 

Supporting Bracket 
Material 

Working 
Stress     
(Mps) 

Maximum 
compressive 
stress(Mpa) 

Factor of 
Safety 

Steel AISI4340 105.78  1178 11.13 

Aluminium2014 102.36  422.28 4.12 

Cast Iron G60 109.22  550 5 

Copper-C10100 103.83 400 4.33 

 

Table (1) shows the relation between the maximum compressive 

stress and working stress where the equation (4) is applied to find 

the safety factor. 
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Table (2) Base Metals Historical price Data in U.S Dollars 

 

Table (2) illustrates approximate metals prices in USD per metric 

ton. They were taken from Focus Economics website which 

working with reports used by the worldôs Major financial 

institutions, multinational enterprises and government agencies [6]. 

The prices might changes widely according to the quantity 

demanding, however, they give good indication to the cost.  

Table (3) Specifications of Each Supporting Bracket 

Supporting 
Bracket 
Material 

Maximum 
Deformation 

(mm) 

Material 
Mass     
(Kg) 

Material 
Cost for 

1kg  
(U.S.D) 

Material 
Cost of 

the 
model 

Factor of 
safety 

Steel 
AISI4340 

0.011 1.4895 0.51796 0.771 11.13 

Aluminium
2014 

0.0289 0.530162 1.55326 0.823 4.12 
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Cast Iron 
G60 

0.0136 1.3567 0.51796 0.7027 5 

Copper-
C10100 

0.0186 1.6926 4.8713 8.245 4.33 

 

In table (3), the maximum deformation and the material mass in 

Kilogram are shown. In addition, cost of the required material of 

each supporting bracket is illustrated as well as the factor of safety. 

 

Fig 9 Material cost of the supporting bracket and the safety factor 

 

In Fig 9, it is obvious the relation between cost of materials and 

factor of safety changes significantly.  
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Conclusion 

A supporting bracket was designed by using CAD/CAM software. 

NX8.5 was used for modeling and simulation. Four selected 

materials were used in the design. The aim of using different 

materials is to find out the required quantity of each material of the 

design and to discover the generated stress on the supporting 

bracket. By knowing the maximum stress, the safety factor for 

each material can be specified. A comparison was made between 

the material cost of the supporting bracket and the determined 

safety factor in order to find the cheaper material with a good 

safety factor. Furthermore, the maximum deformation by using 

different material was determined. Prices of the materials were 

taken from Focus Economic magazine. The figures showed no 

significant difference of the maximum deformation of the four 

materials. The maximum deformation was located of the 

Aluminum2014material and was acceptable at the elastic range. 

Mass of the supporting bracket has a significant importance 

because it is related to its cost.  The heaviest mass was for the 

copper-C10100 material while the lightest one was for 

Aluminium2014. There was no big difference of mass between 

cast iron G60 and the alloy steel AISI4340. The safety factor value 

was the highest for Steel AISI4340 and the lowest value was for 

the copper material. Therefore, Copper-C10100 was not good for 
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the design because it was the most expensive with the lowest 

factor of safety. The material cost of the Aluminum 2014 was 

slightly higher than Cast Iron G60, however, the safety factor 

value of the Aluminum 2014 was slightly lower than Cast Iron 

G60. The best material is one which serves the desired objective at 

the minimum cost was the alloy steel AISI4340 with the highest 

safety factor. 
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ABSTRACT:  

This piece of research tends  to study the behavior of optical 

systems by doing a simulation on different sketches of optical 

network designs. The goal is to model a typical fiber network in 

order to study the transmission penalty under two different data 

encoding techniques. Optical data transmitted through optical 

networks undergo multiple impairments contributed to create 

whatôs literally called transmission penalty. Many power margin 

allocators affect the way optical pulses being transmitted and 

received, which leads designers to think previously in 

compensating the losses. The most dominant factors are 

dispersion, system margin, and encoding techniques. Typical 

systems have the components of optical devices that can easily 

simulated using computer softwares in modern studies, in this 

paper OPTIWAVE system software is the key processor to study 

optical power in such systems, itôs similar to Simulink library in 

Matlab except of its concentrated tools in the subject of optics. 

Encoding techniques such as Non  return to zero and Return to 

zero built devices are the focal point in this experimental paper. 

Key words, penalty, RZ, NRZ, power margin. 
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:ƕƬǘƢǁä 
 çƓǂƓơǆ Ɨõƪåāƕ ƗǒƑāưǃå èǙƓƮƙǙå þƓöǈ üāǄƪ Ɨƪåïíǃ úíǌǒ Ǒƛơƕǃå ýǆƶǃå åîǋ
 ǑƑāư ǑƙǙƓƮƙå þƓöǈ çƓǂƓơǆ āǋ ƗǒƓƺǃå ÜþǒǆƓƮƙǃ ƗƽǄƙƤǆ èƓõõƤǆ çíƵ
 āå ðǒǆïƙǃå èƓǒǈǀƙ ÿǆ ÿǒƵāǈ èơƙ ýƓƪïǙå Ɨƕǒïưƕ úïƶǒ Ɠǆ ƗƼïƶǆǃ Ǒõǆǈ

ǒƽƬƙǃå ƗǒƑāưǃå èƓǂƕƬǃå ïƕƵ ƗǄƪïǆǃå ƗǒƑāưǃå èƓǈƓǒƕǃå ÿå úāïƶǆǃå ÿǆ .ï
 üƓǈǋ .ýƓƪïǙå ƗƕāǀƵ āå Ɨƕǒïư Ǐǆƪǒ Ɠǆ Ɠǌưƶƕ ƴǆ ýǂƬƙ æāǒƵ çíƶǃ ôïƶƙƙ
 ǏǄƵ ïǒƛƋƙǃå ǏǄƵ ýǆƶƙ ƗǒïðǒǄǃå èåïƓƬǙå èƓưƕǈ ƗƿƓõ èåííơǆ ÿǆ íǒíƶǃå

Ʈǆ ƴƼíǒ ïǒƛƋƙǃå åîǋ .èåïƓƬǙå üǄƙǃ ýƓƕǀƙƪǙå ā ýƓƪïǙå Ɨƶǒƕõ Ɨǆöǈå Ǒǆǆ
 èåïƓƬǙå çïíƿ ǑƼ çïƓƪƤǃå ôǒāƶƙǃ üǃî ǑƼ Ɠǀƕƪǆ ïǒǂƽƙǄǃ ƗǒïƮƕǃå èǙƓƮƙǙå
 Ɨǆöǈǖǃ ǏƮƿǙå íơǃå ā èƙƬƙǃå íƶǒ ƗǄƪïǆǃå èƓǈƓǒƕǃå èƓõƕƛǆ ÿǒƕ ÿǆ .ƗǄƪïǆǃå
 Ɨƶǒƕõ öơǃå ÿƪơǃ .èƓõƕƛǆǃå üǄƙ þǋå ÿǆ èƓǈƓǒƕǃå ïǒƽƬƙ èƓǒǈǀƙ ā ƗǆíƤƙƪǆǃå

ýƓǆƶƙƪǙå ƗƶƑƓƬ ƗǒïƮƕǃå ƗǆöǈǙå  ƓǌƙƓǂƓơǆ ÿǂǆǒ çðǌƞå ā ïƮƓǈƵ ǏǄƵ ăāƙơƙ
 ÿǆ úǒā āƙƕāǙå ƝǆƓǈïƕ íƶǒ ā ÜƗƛǒíơǃå èƓƪåïíǃå ýǚƤ æƪƓơǃå Ɲǆåïƕ þåíƤƙƪƓƕ
 Ɨƕƙǂǆǃ ƗǌƕƓƬǆ Ɨƕƙǂǆ ǏǄƵ ǊƑåāƙơǙ ƗǒƑāưǃå èǙƓƮƙǙå çƓǂƓơǆ Ɲǆåïƕ þǋå
 Ɨƪåïíǃ .ýƓƞǆǃå åîǋ ǑƼ óƓƮƙƤå ā Ɨƿí ïƛǂå Ɠǌǈå ïǒƹ æǚƙƓǆǃå ǑƼ üǈǒǃāǆǒƪǃå

ǒƛƋƙ çíāƶǃå Ɨǀǒïõƕ ïǒƽƬƙǃå Ɠǆǋ ā ÿǒǆƓöǈ ïƓǒƙƤå þƙǒƪ èƓǈƓǒƕǃå ïǒƽƬƙ Ɨǀǒïõ ï
.ïíǈǒð üƓǆ ÿǆưǆǃ ƗƕƪǈǃƓƕ ïƽƮǄǃ çíāƶǃå þíƵ þƓöǈ ā ïƽƮǄǃ 

INTRODUCTION:  

Since the development of optical communications with fibers in 

the mid-1970s, the major emphasis of research has been on the 
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technology of lightwave devices for long-distance 

telecommunications. There are a number of phenomena that occur 

within an optical transmission system that can be compensated for 

by increasing the power budget. In each case the amount of 

additional power required to overcome the problem is termed as 

the ñpower penaltyò. In all commodity communications products 

and in most pre-planned systems the effects of power penalties are 

already included by means of adjustment of the receiver 

sensitivity, in which the user systems engineer can usually ignore 

them quite safely. However, optical receiver sensitivity of  

approximately -19.5 dBm is good start for such approaches due to 

practical considerations.. Nevertheless it is important to understand 

what they are and get some idea of the magnitude of that 

penalty[1]. In general, optical systems are meant to be ideal 

communication paths with extremely small values of negative 

factors  in conveying data such as dispersion, loss, attenuation 

,reach limitations, and encoding choices. All those values are 

considered a transmission penalty producers, or somehow a part of 

a typical optical system power margins due to multiple optical 

terms. 

BIT ERROR RATE (BER):  

Itôs worth mentioning that a digital communication system 

measure of ñgoodnessò is the bit error rate or BER. This is the 

number of error bits received as a proportion of the number of 

good ones. It is very often expressed just as a single number for 

instance 10-6 which means one in a million. It must be known that 

errors are normal events in communications systems - there is 

always the possibility of an error in one way or another.[1]&[5]. 
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NRZ AND RZ SIGNAL FORMATS:  

These two formats are the simplest methods for encoding data in 

optical systems. (NRZ ) which stands for unipolar non-return-to-

zero. Unipolar means that a logic 1 is represented by a voltage or 

light pulse that fills an entire bit period, whereas for a logic 0 no 

pulse is transmitted. As for the return-to-zero signal format which 

is abbreviated as (RZ). Here the pulse for a 1 bit occupies only the 

first half of the bit interval and returns to zero in the second half of 

the bit interval. No pulse is used for a 0 bit.[2] 

ATTENUATION:  

The pulse will be weaker because all glass absorbs light. More 

accurately ,impurities in the glass can absorb light but the glass 

itself does not absorb light at the wavelengths of interest. In 

addition, variations in the uniformity of the glass cause scattering 

of the light. Both the rate of light absorption and the amount of 

scattering are dependent on the wavelength of the light and the 

characteristics of the particular media. Most light loss in a modern 

fiber is caused by scattering. [1] 

POWER PENALTIES IN GENERAL:  

Due to different propagation impairments power budget is affected 

and as a result power penalty appear and build up by many 

contributed factors. Figure (1) tells a lot about what affects optical 

data transmitted through optical system. 

 

OPTICAL RECEIVERS:  

The first element of the optical receiver is a photodetector. The 

photodetector senses the light signal falling on it and converts the 

variation of the arriving optical power into a correspondingly 

varying electric current. Since the optical signal generally is 
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weakened and distorted when it emerges from the end of the fiber, 

the photodetector must meet strict performance requirements. 

Optical receivers have the sensitivity property which means the 

ability to differentiate between power levels whether they are zero 

or one. Receivers with high sensitivity are most desirable. [2]. 

 

 

  Figure (1) transmission penalty as one of power margin allocators 

 

SIMULATION PROCEDURE:  

Optiwave simulation program makes the process easier in terms of  

building communication systems. 50 % RZ optical transmitter will 

be used once with every part in a typical optical communication 

system, and then will be replaced with NRZ optical transmitter in 

order to find the power penalty in the two cases. Not only are we 

doing that, the same process will be repeated after adding an 

optical fiber link .In more details, The original systemôs 

transmission trip will be extended up to 100 km distance. 
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SYSTEM SANITY TEST:  

First of all, back to back optical system using either RZ or NRZ 

transmitter can be examined as a typical system to start with. Back 

to Back communication system does not include any transmission 

line between the transmitter side and the receiving end. Itôs 

necessary to vary the attenuation values in order to get reasonable 

value of BER. figure (2) shows the block diagram of B2B system. 

letôs start with RZ encoder. 

by changing the value of attenuation and calculating the 

corresponding Q, BER, and the receiver optical power, all can be 

seen in table (1): 

 

Figure (2) B2B optical system in the case of RZ transmission encoding 
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Table (1) RZ utilization  

Attenuation dB power dBm BER Q 

22 -18.0571 8.38E-18 8.51351 

22.5 -18.5571 1.53E-14 7.59459 

23 -19.0571 6.21E-12 6.77427 

23.5 -19.5571 7.56E-10 6.0421 

23.5329 -19.5 1.00E-09 5.996732 

24 -20.0571 3.52E-08 5.38871 

24.5 -20.5571 7.66E-07 4.80573 

25 -21.0571 9.05E-06 4.28562 

25.5 -21.5571 6.58E-05 3.82165 

 

 Note:  

The Q value is a measure of the eye opening. 

after several steps of tweaking, and it was found that at receiver 

power of -19.5 dBm power would give 1E-9 BER, which is the 

best possible value of receiver sensitivity in terms of common 

application. Figure (3) shows the eye diagram for optical pulse 

power for a particular receiver power sensitivity. 

By replacing the RZ transmitter in figure (2) by NRZ, and  

repeating the same steps made before, but the attenuation values 

will start with 20 dB and vary by 0.5dB increments; we find Q, 

BER, and the power at every attenuation increment. 

In table (2) attenuation values less than 20 dB were excluded 

because they would give far away values of BER needed in our 

tweaking process .Also receiver sensitivity was included in the 

same table to avoid table repetition. 
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Figure (3) eye diagram for -19.5 dBm sensitivity of the receiver, and 

BER of 1E-9  

Table (2) NRZ utilization 

Attenuation dB power dBm BER Q 

20 -13.3239 1.60E-61 16.508 

20.5 -13.8239 1.96E-49 14.7333 

21 -14.3239 8.44E-40 13.1502 

21.5 -14.8239 3.71E-32 11.7454 

22 -15.3239 4.94E-26 10.4868 

22.5 -15.8239 3.96E-21 9.36015 

23 -16.3239 3.33E-17 8.35221 

23.5 -16.8239 4.61E-14 7.45098 

24 -17.3239 1.50E-11 6.64557 

24.44821 -17.772 1.00E-09 5.99683 

24.5 -17.8239 1.54E-09 5.92608 

25 -18.3239 6.30E-08 5.28357 

25.5 -18.8239 1.23E-06 4.70998 

26 -19.3239 1.34E-05 4.19803 
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Let us pick the values of attenuation, Q, and power at the BER=E-

9 and plot the related eye diagram as figure (4) shows. 

 

Figure (4) eye diagram for -17.772 dBm sensitivity of the receiver, and 

1E-9 BER  

 

Now by having the receiver sensitivity from table (1) and (2) in 

hand, itôs very feasible to find the power penalty by calculating the 

absolute difference between the two values[3]: 

Power penalty = |-23.5329-(-17.772)| =5.7609dBm. 

The main goal of collecting all data in a table format is to do this, 

plotting Power vs BER. Hence, the plots can be made using Excel. 

As a result, encoding penalty emerged in tables (1) and (2) can be 

expressed in plots as figure (5) shows. 
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Figure (5) dual plot of Power vs. BER in RZ & NRZ application 

 

The only change was made to B2B system is this, we just replaced 

the RZ transmitter by NRZ one, and we made two tables of data, 

the attenuation was applied differently in the two cases, for 

instance (22,22.5,23,é..25.5in RZ case) &(20,20.5,21,ééé26 

in NRZ case) respectively. What happened makes sense, and can 

be interpreted. Also, from figure (3) itôs obvious that power 

penalty has occurred because two different encoding techniques 

were used. This power penalty turned out to be 5.7609dBm. 

since we are dealing with a system calculating the average power, 

not the instantaneous one, the system has to do with average power 

of pulses. Since the RZ encoding technique keeps the zeros and 

takes the half of every pulse equals to 1, we would have the half of 
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the pulses if the original encoding was NRZ. So the power 

calculated would be different, and so is the power sensitivity if we 

are comparing the two cases on the same system. This was one 

way affected the power budget and has to be at least taken in 

consideration letting alone compensated. 

After experimenting the B2B system,  from now on the 

transmission line between the transmitter and the receiver will be 

extended. The same process can be done by  collecting the results 

in both cases òRZ & NRZò to see how the  power penalty emerge. 

The used fiber is 100 km in length. By placing the optical fiber 

after Mach Zhender Modulator, and connect the other end to a 

photodiode. 

The upcoming table (3) contains the data we got after adding the 

optical fiber and keeping the system working with RZ transmitter. 

Yet again and among many increments and tweaking processes, 

we can directly extract the corresponding values of the receiver 

sensitivity of  E-9 BER to get the eye diagram illustrated in figure 

(6). In addition, letôs do the plot  of power vs BER, noting that we 

will need the entire table for the final plot. 

Table (3)  RZ utilization 

Attenuation dB power dBm BER Q 

2 -18.0571 6.94E-18 8.53535 

2.5 -18.5571 1.32E-14 7.61417 

3 -19.0571 5.50E-12 6.79179 

3.5 -19.5571 6.86E-10 6.05778 

3.5443 -19.601 1.00E-09 5.996689 

4 -20.0571 3.26E-08 5.40274 

4.5 -20.5571 7.19E-07 4.81827 

5 -21.0571 8.60E-06 4.29685 

5.5 -21.5571 6.32E-05 3.83172 
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Figure (6) eye diagram for -19.601 dBm sensitivity of the receiver, and 

1E-9 BER 

Now we embed NRZ pulse generator instead of RZ, and varying 

the attenuation from 0 to 6 in steps of 0.5 dB. 

By running the code after sweeping the attenuation we get multiple 

values of receiver sensitivity, and the other related values as table 

(4) shows. However, all values were included as the following: 

 

Table (4) NRZ utilization 

Attenuation dB power dBm BER Q 

0 -13.3239 1.20E-61 16.5254 

0.5 -13.8239 1.60E-49 14.7467 

1 -14.3239 7.18E-40 13.1624 

1.5 -14.8239 3.48E-32 11.7507 

2 -15.3239 4.79E-26 10.4896 

2.5 -15.8239 3.90E-21 9.36161 
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3 -16.3239 3.31E-17 8.35305 

3.5 -16.8239 4.59E-14 7.45139 

4 -17.3239 1.50E-11 6.64568 

4.4482 -17.772 1.00E-09 5.99683 

4.5 -17.8239 1.54E-09 5.926 

5 -18.3239 6.31E-08 5.28336 

5.5 -18.8239 1.23E-06 4.70969 

6 -19.3239 1.34E-05 4.1977 

 

After getting all tables itôs possible to resume the analysis. From 

the previous table itôs easy to plot the eye diagram graph as figure 

( 7 ) shows considering the -17.772 dBm sensitivity: 

 

Figure (7) eye diagram for -17.772 dBm sensitivity of the receiver, and 

1E-9 BER 

Moreover, itôs worth doing to plot the power vs BER in both 

simulations (when RZ P.G was applied on B2B system, and data 

when RZ P.G was applied on fiber link system). This process 

sound to be perfect to make sure what can possibly happen to the 

data after adding the 100 km fiber link. Figure (8) shows the dual 
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plot of RZ P.G usage effect on data in both sketches, B2B and 100 

Km fiber link systems. 

 

Figure (8) dual plot of Power vs. BER in the cases of using RZ P.G 

(tables (1) & (3) 

As seen in figure (8) two plots appear to be identical, which means 

there is no power penalty. 

To confirm the result of zero power penalty by calculation : 

Power penalty=|-17.772-(-17.772)|=0 dBm. 

Again by following the same procedure,  in cases of using NRZ 

P.G applied on both optical systems (B2B and 100 Km fiber link). 

Obviously, both plots from tables (2) and (4) are perfectly identical 

as figure (9) reveals. 
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Figure (9) dual plot of Power vs. BER in the cases of using NRZ P.G 

(Tables (2) & (4)) 

 

Conclusion & discussion: 

As seen from the analysis above the system did not suffer any 

power penalty in the two situations, first after comparing RZ P.G 

data in tables (1) & (3).Also for the use NRZ P.G in tables (2) & 

(4) no power penalty was noticed. That turns out to the 

characteristic of the optical fiber which allow the signal maintain 

its strength and health  similar to back to back system. Apparently , 

(100 km) optical fiber link has no effect on the optical signal 

modulated by MZM fed by RZ P.G or NRZ as long as the 

comparison is made under the same conditions, specially the 

encoding technique (RZ or NRZ).In addition to that, power budget 

and power penalty in optical systems are two different terms when 

they are observed on the same system. However, the fiber link did 
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not affect the power, nevertheless it can affect the signal reach by 

increasing the loss for instance. This can be examined in further 

studies. 
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Abstract 

Diabetes mellitus is the most common metabolic disease. Obesity 

is a physiological variant which leads to various pathological 

complications including Type-II diabetes mellitus. 

Type-II diabetes mellitus, obesity and dyslipidemia are considered 

as independent risk factors for coronary heart disease and 

cerebrovascular disease. In this study is to compare lipid profile in 

Type-II diabetics with obesity & overweight and non diabetic 

obese & overweight people, the control group. This study enrolled 

48 obese & overweight Type-II diabetes mellitus patients and 25 

obese & overweight non diabetic controls of age 30-84 yrs and this 

study, in (Diabetes & Endocrinology Center Hospital Tripoli ï 

Libya) were chosen. FBS, HbA1c and serum lipid levels were 

analyzed in patients. Serum Lipids and glucose were measured by 

enzymatic method COBAS INTEGRA. HbA1c was measured by 

immunoturbidimetrically COBAS INTEGRA. 

Statistical analysis was carried out using standard deviation and 

chi-square from which ópô value is derived, ópô value <0.05 is 

significant. Among 48 obese& overweight diabetic new patients 

triglyceride levels were increased in 17 new patients, total 

cholesterol levels were increased in 17 new patients; LDL-C levels 

were increased in 31 new patients and HDL-C levels were 
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decreased in 44 new patients. This showed not significantly 

triglycerides, LDL-C and low HDL-C in type-II diabetes mellitus 

with obesity& overweight when compared to healthy control 

group; there was no significant change in total cholesterol levels 

between the two groups. This study showed strong evidence of 

Type-II diabetes mellitus associated with obesity leading to high 

levels of lipids which aggravate the atherogenic process, leading to 

increased morbidity and significant mortality compared to non 

diabetes obese population. As diabetes is a chronic disease 

intensive and prolonged medical management is required along 

with hypolipidaemic drugs. 

 

Keywords: Type-II Diabetes Mellitus, Obesity, Lipid profile, BMI 

(Body Mass Index), Coronary heart disease. 

 

INTRODUCTION  

Obesity and overweight is a medical condition in which excess 

body fat has accumulated to the extent that it may impair health
 [1]

. 

The degree of obesity is most commonly classified according to 

the BMI [defined as the weight divided by the square of the height 

(kg/m
2
)] Obesity refers to excess of body-fat which is due to 

greater energy intake compared to the energy expenditure. Obesity 

has been associated with an increased risk for metabolic syndrome 

in adults (Lerario et al.,2002). 

Diabetes mellitus: The World Health Organization (WHO) has 

commented that there is 'an apparent epidemic of diabetes which is 

strongly related to lifestyle and economic change', Type-I and 

type-II are thought to be due to the interaction of genetic and 

environmental risk factors 
[2]

.  
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Diabetes mellitus is a chronic disease that affects the lives of 

millions around the world. It is a metabolic diseases characterized 

by hyperglycemia resulting from defects in insulin secretion, 

insulin action, or both 
[3]

.
 
 

Despite such a strong genetic component, a single gene defect is 

highly unlikely to explain most cases of type-II diabetes. Several 

lines indicate that genetic Heterogeneity exists within the type-II 

phenotype. Thus far no single gene or locus has been 

unequivocally confirmed for type-II diabetes 
[4]

.
 
 

The metabolic defects that ensue in obesity include increased 

levels of free fatty acids resulting from insulin resistance, 

increased LDL-cholesterol, VLDL and triglycerides and decrease 

in HDL-cholesterol. It is most likely that presentation of increased 

free fatty acids to liver as a function of obesity is primarily 

responsible for over production of VLDL and this is probably the 

key to increased LDL via the sequence: VLDL_ intermediate 

density lipoprotein (IDL)_ LDL 
[5]

. VLDL production has also 

been shown to be directly related to insulin levels 
[6]

. and per cent 

body fat 
[7]

. 

 

MATERIAL AND METHODS  

Study design: 

Case control study. 

Target population: 

The target population was type-II diabetic males and females aged 

30 - 84 years from diabetes and endocrinology center Hospital in 

Tripoli - Libya. 
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Sample size: 

The Sample size was 48 type-II diabetic new patients with obesity 

& overweight and 25 obese and overweight healthy served as 

controls. Patients and controls were matched for age. 

 

Sampling: 

A total of 48 blood samples were collected from type-II diabetic 

new patients, which were previously diagnosed according to the 

current WHO diagnostic criteria for diabetes
 [8]

, from the diabetes 

and endocrinology center Hospital in Tripoli - Libya. The total of 

25 blood samples were also collected from healthy persons who 

were served as controls. 

Specimen collection and biochemical analysis: 

Blood samples were collected from 48 type -II diabetic new 

patients and 27 controls. Fasting overnight venous blood sample 

(about10 ml) were drawn by the researcher himself into vacutainer 

plane tubes from all individuals. The blood was left for a while 

without anticoagulant to allow blood to clot. Then, serum samples 

were obtained by centrifugation at room temperature at 5000 rpm/ 

5 minutes. 

Body mass index: 

Body mass index (BMI) was calculated as the ratio of body weight 

in Kg/height in meter square. The subjects were asked to remove 

shoes and heavy clothes before measurement of weight and height. 

Participant with BMI=18.5ï24.9 kg/m2 was considered to have 

normal weight, Participants with BMI=25.0ï29.9 kg/m2 was 

classified overweight, Participants with BMI Ó30.0 kg/m2 was 

considered obese
[8]

. 
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Determination of serum LDL 

Principle 

Homogeneous enzymatic colorimetric assay. 

This automated method for the direct determination of LDL-

cholesterol takes advantage of the selective micellary 

solubilization of LDL-cholesterol by a nonionic detergent and the 

interaction of a sugar compound and lipoproteins (VLDL and 

chylomicrons). When a detergent is included in the enzymatic 

method for cholesterol determination (cholesterol esterase 

cholesterol oxidase coupling reaction), the relative reactivities of 

cholesterol in the lipoprotein fractions increase in this order: HDL 

< chylomicrons < VLDL < LDL. In the presence of Mg
++

, a sugar 

compound markedly reduces the enzymatic reaction of the 

cholesterol measurement in VLDL and chylomicrons. The 

combination of a sugar compound with detergent enables the 

selective determination of LDL-cholesterol in serum. In the 

presence of oxygen, cholesterol is oxidized by cholesterol oxidase 

to ȹ4-cholestenone and hydrogen peroxide 
[8]

. 

LDL-cholesterol ester + H2O
detergent cholesterol esterase
ựựựựựựựựựựựựựựựựựự cholesterol+free fatty acid  

(selective micellary solubilization) 

LDL-cholesterol + O2 

 
ựựựựựựựựựựựựự ɝτ ÃÈÏÌÅÓÔÅÎÏÎÅ  (/   

ς(/  τ ÁÍÉÎÏÁÎÔÉÐÙÒÉÎÅ  (3$!  (    (ς/

ựựựựựựự  ÐÕÒÐÌÅ ÂÌÕÅ ÐÉÇÍÅÎÔ  υ (ς/ 

The color intensity of the blue quinoneimine dye formed is directly 

proportional to the LDL-cholesterol concentration. It is determined 

by measuring the increase in absorbance at 583 nm. 
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Reagents 

Concentrations are those in the final test mixture. 

Reagents Concentrations 

B: 

PIPES buffer 

Mg
2+

 

Sodium cholate 

4-amino-antipyrine 

Phenol 

Fatty alchol polyglycol ether 

CE           Cholesterol esterase 

CHOD     Cholesterol oxidase 

POD        Peroxidase 

C: Empty  

 

225 mmol/L 

10 mmol/L 

0.6 mmol/L 

Ó 0.45 mmol/L 

Ó 12.6 mmol/L 

3% 

Ó 25Õkat/mL (microb) 

Ó 7.5 Õkat/mL (E.coli) 

Ó 12.5 Õkat/mL (horseradish)  

 

 

Determination of serum cholesterol 

Principle 

 Enzymatic, colorimetric method [cholesterol oxidase (CHOD) / 

phenol + aminophenazone (PAP) ] with cholesterol esterase, 

cholesterol oxidase, and 4-aminoantipyrine
 (9)(10)

. Cholesterol 

esterase (CHE) hydrolyzes cholesterol esters to form free 

cholesterol and fatty acids. Cholesterol oxidase (CHOD) then 

catalyzes the oxidation of cholesterol to form cholest-4-ene-3-one 

and H2O2. In presence of peroxidase (POD), the hydrogen 

peroxide formed effects the oxidative coupling of phenol and 4-
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amino-antipyrine (4-AAP) to form a red-colored quinoneimine 

dye. 

Cholesterol ester + H2O
CHE        
ựựựự cholesterol + fatty acid 

#ÈÏÌÅÓÔÅÒÏÌ  / 
        

ựựựự ÃÈÏÌÅÓÔÅÒÏÌσ ÏÎÅ  (/  

(/  τ  ÁÍÉÎÏÁÎÔÉÐÙÒÉÎÅ  0ÈÅÎÏÌ
       

ựựựự 1ÕÉÎÏÎÅÉÍÉÎÅ 

 τ  (ς/ 

The color intensity of the red quinoneimine dye formed is directly 

proportional to the cholesterol concentration. It is determined by 

measuring the increase in absorbance at 520 nm. 

 

Reagents 

Concentrations are those in the final test mixture. 

Reagents Concentrations 

B: 

PIPES buffer 

Mg
2+

 

Sodium cholate 

4-amino-antipyrine 

Phenol 

Fatty alchol polyglycol ether 

CE           Cholesterol esterase 

CHOD     Cholesterol oxidase 

POD        Peroxidase 

C: Empty  

 

225 mmol/L 

10 mmol/L 

0.6 mmol/L 

Ó 0.45 mmol/L 

Ó 12.6 mmol/L 

3% 

Ó 25Õkat/mL (microb) 

Ó 7.5 Õkat/mL (E.coli) 

Ó 12.5 Õkat/mL (horseradish)  
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Determination of serum triglycerides 

Principle Determination of triglycerides after enzymatic splitting 

with lipoprotein lipase Indicator is quinoneimine which is 

generated from 4-aminoantipyrine and 4-chlorophenol by 

hydrogen peroxide under the catalytic action of peroxidase. 

Triglycerides 
LPL
ựGlycerol + fatty acid 

Glycerol + ATP
GK
 Glycerol-3-phosphate + ADP  

Glycerol-3-phosphate +/ 
GPO
ự   Dihydroxyaceton phosphate + H

2
/  

2H
2
/ + 4-Aminophenazone + 4-Chlorophenol

POD
ự Quinoneimine + HCI + 4H2O 

 

In the presence of peroxidase (POD), hydrogen peroxide effects 

the oxidative coupling of 4-chlorophenol and 4-aminophenazone 

to form a red-colored quinoneimine dye, which is measured at 512 

nm. The increase in absorbance is directly proportional to the 

concentration of triglycerides in the sample. 

 

Reagents Concentrations 

B: 

Pipes 

pH 

Na-cholate 

ATP 

4-aminophenazone 

4-Chlorophenol 

LPL  (microb.) 

 

50mmol/L 

6.8 

0.20mmol/L 

1.4mmol/L 

Ó0.13mmol/L 

4.7mmol/L 

Ó83 Õkat/L 



 

 Volume  12العدد 

   7102December  ديسمبر

International 

 Science and Technology 

Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 
 

 حقوق الطبع محفوظة 
 للمجلة الدولية للعلوم والتقنية 

Copyright © ISTJ   нлм 

 
 

GK   (microb.) 

GPO (E.coli) 

POD (Horseradish) 

Ó3 Õkat/L 

Ó41 Õkat/L 

1.6 µkat/L 

 

Determination of serum HDL  

Principle 

Homogeneous enzymatic colorimetric assay.  

In the presence of magnesium sulfate and dextran sulfate, water-

soluble complexes with LDL, VLDL, and chylomicrons are 

formed which are resistant to PEG-modified enzymes. The 

cholesterol concentration of HDL-cholesterol is determined 

enzymatically by cholesterol esterase and cholesterol oxidase 

coupled with PEG to the amino groups (approximately 40%). 

Cholesterol esters are broken down quantitatively into free 

cholesterol and fatty acids by cholesterol esterase. In the presence 

of oxygen, cholesterol is oxidized by cholesterol oxidase to ȹ4-

cholestenone and hydrogen peroxide
 [11]

. 

 

HDL-cholesterol esters + H2O
PEG-cholesterol esterase
ựựựựựựựựựựựựựựự HDL-cholesterol + RCOOH  

HDL-cholesterol + RCOOH+/ 

PEG-cholesterol oxidase
ựựựựựựựựựựựựựự   ȹ4-cholestenone + H

2
ὕ 

2  H
2O2
 + 4-aminoantipyrine + HSDA +(

peroxidase
ựựựựự purple blue pigment + 4 H2O 

 

The color intensity of the blue quinoneimine dye formed is directly 

proportional to the HDL-cholesterol concentration. It is determined 

by measuring the increase in absorbance at 583 nm. 
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Reagents 

Concentrations are those in the final test mixture. 

 

Reagents Concentrations 

B: 

MOPS 

pH 

HSDA 

PEG 

C: 

pH 

4-aminoantipyrine 

CE (microb.) 

CHOD (microb.) 

 

20.1mmol/L 

6.5 

0.958mmol/L 

 Ó 167Õkat/mL 

 

 6.5 

 2,46mmol/L 

Ó 50Õkat/mL 

Ó 33Õkat/mL 

 

 

Results 

 

Table 1: Age, BMI and gender wise distribution of Type -II  Diabetes 

Mellitus (T2DM) and healthy control groups 

 

Group 

Diabetics New Patients 

(n=48) 

Control Subjects 

(n=25) 

Age (years), Mean 

±SD 
49.35 ± 12.7 46.64 ± 13.5 

BMI (Kg/m
2
) 

Obese Weight 
37.16± 6.1 34.57 ± 5.3 

BMI (Kg/m
2
) 

Overweight 

Weight 

27.58±1.49 27.40±1.32 

Males (n)% 25 (34.2%) 13 (17.8%) 

Females (n)% 23 (31.5%) 12 (16.4%) 
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Serum analysis: 

Table 2: Comparison of mean values of variables in Type -II  

Diabetes Mellitus (T2DM) and healthy control groups 

Sl.No. 
Parameter 

mg/dl 

Group obesity and 

overweight 

t 
P-

Value 

New 

Patients 

(n=48) 

Mean ±SD 

Healthy 

Control 

(n=25) 

Mean ±SD 

1.  FBS 
204.09± 

72.7 
92.58± 17.7 7.52 0.001 

2.  HbA1c 9.69± 1.9 5.4± 0.4 11.03 0.001 

3.  HDL-C 34.6± 18.6 27.5± 12.5 1.92 0.310 

4.  LDL-C 
118.2± 

31.0 
127.5± 33.0 1.16 0.734 

5.  Triglyceride 
176.1± 

96.9 
154.5± 84.0 1.01 0.372 

6.  Cholesterol 
187.9± 

33.7 
181.6± 29.3 0.83 0.698 

 

(Reference range of FBS =70-110 mg/dl. Reference range of 

HbA1c = 4-6 mg/dl. Reference range of Cholesterol = 50-

200mg/dl. Reference range of Triglycerides = 50-200 mg/dl. 

Reference range of LDL-C = 10-100 mg/dl. Reference range of 

HDL-C above 55 mg/dl normal.) 

 

DISCUSSION  

This study was conducted on 48 obese & overweight type-II 

diabetes new patients and 25 obese & overweight age matched 

controls. Age, BMI and gender of the study group was shown in 

table no.1. The estimated levels of lipid profile in obese & 
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overweight type-II diabetes and obese & overweight non diabetic 

cases along with fasting blood sugars of obese & overweight 

T2DM were shown in table no.2. It is seen from the table that there 

was no significant difference in cholesterol levels between obese 

& overweight T2DM and obese & overweight non diabetic cases; 

in both groups cholesterol levels were raised. The levels of 

triglycerides were no significant difference in T2DM with obesity 

& overweight when compared to obese & overweight controls. 

Serum HDL cholesterol levels were no significant difference. In 

both groups the LDL-C levels were no significant difference. The 

fasting blood sugars in both the groups were within normal limits 

and very high significant difference. 

The fast sugar FBS levels in 63.0% of obese & overweight T2DM 

new patients and 2.7% of obese & overweight non diabetics 

showed increased values. The HbA1c levels in 64.4% of obese & 

overweight T2DM new patients. The triglycerides were increased 

in 23.3% of obese & overweight T2DM new patients and 5.5% of 

obese & overweight non diabetics showed increased values. The 

cholesterol levels in 23.3% of obese & overweight T2DM new 

patients and 6.8% of obese & overweight non diabetics showed 

increased values. The LDL-C levels were increased in 42.5% of 

obese & overweight T2DM, where only 27.4% of the obese & 

overweight non diabetics had increased values. The HDL-C levels 

were decreased in 60.3% of obese & overweight T2DM, whereas 

only 34.2% of the obese & overweight non diabetics had decreased 

values and were shown in figure no.1 

Obesity, Dyslipidemia and Diabetes were considered as 

independent risk factors for coronary vascular disease and is 

associated with high amount of morbidity and mortality. Even 

though they were independent risk factors, the three entities were 
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closely related i.e. obesity leads to insulin resistance which in turn 

causes type-II  diabetes and both together leads to dyslipidemia.  

ADA (American diabetic association) and AHA (American heart 

association) have declared that diabetes is considered a coronary 

artery disease (CAD) equivalent and patients should be started on 

treatment for secondary prevention of CAD 
[12]

. According to 

guidelines of the ADA and the AHA, the target lipid values in 

diabetic individuals (age >40 years) without cardiovascular disease 

should be as follows: LDL < 2.6 mmol/L (100 mg/dL); HDL >1 

mmol/L (40 mg/dL) in men and >1.3 mmol/L (50 mg/dL) in 

women; and triglycerides <1.7 mmol/L (150 mg/dL). In patients 

>40 years, the ADA recommends addition of a statin, regardless of 

the LDL level in patients with CHD (coronary heart disease) and 

those without CHD, but who had CHD risk factors. The findings in 

this study showed that the obese & overweight T2DM new patients 

had not differ significantly serum triglycerides, LDL-C levels, 

HDL-C levels and serum Total cholesterol levels when compared 

to obese & overweight non diabetic cases. but observed LDL-C 

levels increased in Healthy Control and  HDL-C levels decreased 

in Healthy Control. The serum Triglycerides levels and Total 

cholesterol levels were increased in new Patients without 

significant ópô value. similar results were also seen in others but 

their HDL-C levels did not differ significantly 
[13,14]

. The studies of 

Santen et al (1972) and Peret et al (1974) observed mean serum 

triglyceride levels higher in obese diabetics in comparison to obese 

control subject 
[15,16]

.
 
Sharma (1970) and Jain (1980) observed 

increase in the levels of serum total cholesterol, serum 

triglycerides, and serum phospholipids in diabetic subjects when 

compared to normal controls
 [17,18]

.  
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Because of the high blood sugar caused by the inability of the 

hormone insulin to enter the glucose to the cells of the body to take 

advantage of it or the insufficiency of insulin itself, and this leads 

to burning body fat and muscles to get energy, as the body can not 

take advantage of glucose entering the body through food. This 

weight loss is quick and unintended by the person, and has 

negative effects because it includes the decline of muscle mass in 

the body that burns to get energy, which leads to weakness. This is 

why the values of lipid profile that is low in the new patents are 

more valuable than healthy ones. 

 

CONCLUSION:  As diabetes is a disease of self management, 

appropriate nutrition (low calories, low carbohydrates, and low fat 

with high fiber diet) regular physical activity and proper 

medication to achieve good glycaemic control have to be followed. 

Patients of diabetes with obesity & overweight management are a 

key factor. as it is well established that reducing total cholesterol 

and LDL cholesterol levels can significantly reduce the risk of 

CHD morbidity and mortality; aggressive therapy of 

hyperlipidaemia / dyslipidaemia can help to reduce the epidemic of 

premature coronary artery disease 
[12]

.  HMG CoA Reductase 

inhibitors (statins) should be used to achieve LDL goals 
[19]

. Life 

style modifications like regular exercise, quitting smoking and 

alcohol along will help the diabetic patients to live a better life
 [20]

. 
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òƢǂǄǁä 
Ǒǈǒƕïāƙǃå ÿơƓƬǃå  þƙƓǂā üïơǆǃå ÿǒƕ ƴǀǒ ăîǃåā þíƓƶǃå Ɨǆöǈå íơá ïƕƙƶǒ Ɨǂïơǃå Ǒƙåî

.þíƓƶǃå ßƓưāư íǒǃāƙ ǏǄƵ ǑƕǄƪ ïǒƛƋƙ Ǌǃā .(þíƓƶǃå æāƕǈå) èāƮǃå  þíǀǒ éơƕǃå åîǋ
 ÿǒƕïāƙǃå ýǚƤ ûƼíƙǃå óƑƓƮƤƕ âƕǈƙǄǃ íƶƕǃå ăíƓơå êîāǆǈ íƓƞǒǗ Ɨǒíǒǌǆƙ ƗǃāƓơǆ

õƿ ÿǒƕïāƙ êîāǆǈ ïǒāõƙ ïƮƙƤǒā Ǒǈǒƕïāƙ ÿơƓƬǃ ßåíá ýǒǄơƙǃ ǊǃƓǆƶƙƪå ÿǂǆǒ ăï
 èƿāǃå óǒǄǀƙ ýƞå ÿǆ ïāõǆ êîāǆǈǃå åîǋā .úǄǂǆ ïǒƹ æāǄƪƋƕ Ǒǈǒƕïāƙǃå ÿơƓƬǃå
 .üïơǆǃå ƴǆ Ǒǈǒƕïāƙǃå ÿơƓƬǃå ÿǒƕ ƗǀƕƓõǆǃå ǑƼ ÿǒƪíǈǌǆǃå çíƵƓƪǆǃ ƓǒǄǆƵ üǄǌƙƪǆǃå
Ɨǒííƶǃå ûïõǃƓƕ ĄƓǒǈå íƶƕǃå ăíƓơå êîāǆǈǃ ƗǆǂƓơǃå èǙíƓƶǆǃå ýơ þƙǒ Ɨƪåïíǃå ǉîǋ ǑƼ 
 ǉîǋ ƗƕƓƙǂā (ïāǄǒƓƙ Ɨǀǒïõ) ƠǒơƮƙǃåā âƕǈƙǃå  Ɨǀǒïõ þåíƤƙƪƓƕ èǙíƓƶǆǃå ǉîǋ ýơǃ

 ƗƺǄƕ ǑƕāƪƓơ ƝǆƓǈïƕ ǑƼ èǙíƓƶǆǃåC++ ûƼíƙǃå ýāǀơ ƴǒǆƞ æƓƪơƕ þāǀǒ ƝǆƓǈïƕǃå .
 ƝǆƓǈïƕǃå þíƤƙƪǒ ÿå ÿǂǆǒ üǃîƕā Ü(ƣǃå .......çïåïơǃå èƓƞïíā õāƺưǃåā èƓƵïƪǃå)

 èåïƓƕƙƤǚǃ Ɨǒíƞǆ Ɨǒƪíǈǋ çåíƋǂ.èƓǂïơǆǃå ïǒāõƙā ýǒíƶƙ ýǚƤ ÿơƓƬǄǃ Ɨǒíǒǌǆƙǃå 

1. ABSTRACT 

The turbine of an automotive turbocharger is essentially one of the 

elements in the exhaust system which lies between the engine and 

the silencer. it has a passive effect on the propagation of the 

primary exhaust noise. This paper presents a preliminary attempt 

to create a one-dimensional model to predict the characteristics of 

the flow through the turbine of a turbocharger. The model is a 

mailto:irasle2003@yahoo.com
mailto:alwahab04@yahoo.com
mailto:sharf762001@gmail.com
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purely fluid mechanic one, without recourse to any empiricism 

such as a turbine map. The research outlines the development of a 

redial turbine model for a turbocharger that can be used to 

inexpensively analyze turbocharger performance. The model is 

being developed with the intent to reduce the time taken by 

experiments to help engineers in matching a turbocharger with an 

engine, a task which is a key step to engine emission reductions. 

The model uses a coupled system of one-dimensional continuity, 

momentum and energy equations to analyze the turbine of a 

turbocharger. The governing equations have been solved 

simultaneously using a predictor corrector numerical scheme. For 

this purpose a computer code written in C++ language have been 

developed. The program calculates all flow fields (velocity, 

pressure, temperatures,..ie)  for the turbocharger model, which can 

be used as a cost-effective engineering tool for preliminary 

turbocharger testing during engine upgrades and modifications.  

Keywords: turbocharger, I.C. engine, redial turbine model, 

predictor corrector numerical method, N.S equations. 

2. INTRODUCTION  

The turbocharger can be described as a turbine driven compressor 

that is used to increase the air flow rate into an internal combustion 

engine. This is done by using the compressor to compress air and 

increase the air flow into the cylinders of the internal combustion 

engine. Since the very beginning of the 20th century, inventors and 

industrialists alike have looked for ways to boost the performance 

of engines. As surprising as it may seem, the typical piston engine 

converts only about 1/3 of its potential energy from fuel into useful 

work. The remaining energy is lost to other forces such as friction 

and cooling losses. A major part of the potential energy is simply 
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wasted out the exhaust. Fortunately for us some early inventors 

found the power boost they were looking for. They found it in the 

form of turbochargers and superchargers. The compressor is driven 

by a turbine that extracts energy from the exhaust gases of the 

internal combustion engine and then converts that energy to shaft 

power.  Figure (1) illustrates centrifugal compressor and radial 

turbine turbocharger. The arrangement is ideal because the 

compressor is not using power from the engine drive shaft or any 

other external power source. Turbochargers are efficient in that the 

turbine utilizes the exhaust gas energy that is typically rejected to 

the atmosphere in the case of a naturally aspirated engine [1-2-3]. 

Turbochargers increase the power output of internal combustion 

engines by increasing the air to fuel ratio entering into the piston 

cylinders and are in common use for automobiles diesel engines, 

trucks and marine applications. Diesel engines have lower power-

to-weight ratio compared to gasoline engines; thus, turbocharging 

becomes the most suitable way to improve performance [4]. 

Turbochargers are one of the most important components of diesel 

engines. They increase the power output to the engine weight ratio 

and the efficiency. Using twin-entry radial flow turbines in 

turbocharging systems of small diesels gives the possibility of 

using the energy of pulsating exhaust gases, and is a very common 

practice. Despite its importance, there are not many research 

activities in the area of twin-entry turbocharger turbines [6-7]. 

The one-dimensional modeling of the single-entry radial turbines 

has been studied by many authors for the preliminary design 

procedure and is simpler and easier to use. However, modeling of 

the twin-entry turbines has not been the center of the researchersô 

attention [5]. 
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Figure (1). Cut-away view of centrifugal compressor and radial turbine 

turbocharger (Engine Logics Inc.)[5] 

Turbochargers are one of the most important components of diesel 

engines. They increase the power output to the engine weight ratio 

and the efficiency. Using twin-entry radial flow turbines in 

turbocharging systems of small diesels gives the possibility of 

using the energy of pulsating exhaust gases, and is a very common 

practice. Despite its importance, there are not many research 

activities in the area of twin-entry turbocharger turbines [6-7]. 

The one-dimensional modeling of the single-entry radial turbines 

has been studied by many authors for the preliminary design 

procedure and is simpler and easier to use. However, modeling of 
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the twin-entry turbines has not been the center of the researchersô 

attention [5]. 

The performance of the turbine for the non-pulsatile computations 

have been compared with measured performance for the same 

geometry and the computations slightly over predict the pressure 

ratio and the shaft power for a given mass flow rate. The 

discrepancy between the measured and computed turbine 

performance were attributed, to uncertainties in the walls boundary 

conditions [8]. 

This paper focuses on developing an efficient modeling approach 

to model flow behavior and energy transfer through the redial 

turbine turbocharger, which can be used to: 

Å Calculate individual component of flow properties based on a 

given initial conditions and turbine geometry. 

Å Validate the model using experimental data for a selected radial 

turbocharger turbine published by Volvo. 

Å Estimate the physical characteristics and performance of the 

different internal components of the turbocharger for varying 

operating conditions, such as velocity, pressure and exhaust 

temperature. 

A search of the open literature has shown that a complete model of 

a turbocharger matching system is not in public existence. 

Therefore developing a turbocharger matching system is of great 

interest. To develop this turbocharger matching system as 

mentioned earlier, a compressor model and turbine model need to 

be developed independently and then used as a complete model for 
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a turbocharger matching system. This paper describes the turbine 

modeling process and validation.  

3. Governing Equation: 

The turbine can be considered as being composed of three separate 

sections, a volute, a rotor and a diffuser, see Figure (2).  

 

 

Figure (2):  Sections of the Turbine 

In each section, the required equations for one-dimensional flow (x 

ï direction) have been solved through a tube of varying cross-

sectional area A(x). The rotor consists of a number, say n, of 

identical curved blades with n flow passages between them. We 

consider the entire flow through the volute and diffuser to be 

distributed evenly between the n rotor passages. The local flow 

direction is the same as that of the blades which rotate with the 

rotor at an angular velocity ◗.  The flow velocity u has been taken 

to be the relative velocity component in x-direction. The full 

equations of conservation of mass, momentum and energy 

pertinent to all three sections of the turbine can be written as [9]: 
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ʍÕ                                                                          (1) 

ʍÕ ʍÆ Æ                                         (2)                

ÈʍÕ ʍÕÆ                                                         (3)    

Where  is the density, P is the pressure,  Ὤ   ,  

Æ  
ȿȿ
   is the wall friction per unit volume, Ä     is the 

cross-sectional diameter and Æ is the body force given by: 

Æ Ò ו   
ÄÒ

ÄØ
                 ÉÎ ÒÏÔÏÒ

     Æ                                    ÏÔÈÅÒ×ÉÅÓ
 

In the above equations  ‎ is the ratio of specific heats and r(x) is 

the radial distance of the 1-D flow line from the axis of rotation. 

4. Steady-Flow Analysis: 

The steady-flow solutions to the coupled system of governing 

equations are sought in order to determine the background fluid 

properties for all x in the above equations. We assume that all 

geometrical data is known, in particular A(x) throughout the 

turbine and r(x) through the rotor. All the fluid properties at the 

inlet to the volute are assumed given (A Liner Acoustic Model of 

the passive Effect of The Turbine of An Automotive 

Turbocharger) [10]. Solution for the flow properties as a function 

of distance x throughout each section of the turbine then follows 

from use of a two-step, predictor-corrector forward finite 

difference scheme. Matching conditions at the volute-rotor and 

rotor-diffuser boundaries are also required in order to progress the 

solution from one section of the turbine to the next. At both 

boundaries, continuity of pressure, temperature and mass flow rate 
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is enforced. At the volute-rotor boundary, the outlet flow angle 

from the volute is assumed known together with the assumption 

that the flow through the rotor follows the blades, which is 

sufficient to determine the rotor speed. It is possible to determine 

the overall performance parameters from this analysis, such as the 

torque and power output of the rotor. 

5. Turbocharger layout: 

The radial turbine of the turbocharger is divided to subsystems as 

shown in figure (3). 

 

Figure (3):  The components of radial turbine of the Turbocharger 

6. Assumptions: 

The following main assumptions were considered: 

1. Compressible flow. 

2. Ideal gas behavior. 

3. The flow is one-dimensional along mean stream line in the 

rotor. 
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4. The relative flow velocity at the rotor inlet and exit remains 

constant.  

5. The Body force Æ has a value at the rotor only and equals 

zero elsewhere. 

7. Boundary Conditions:   

The inlet pressure, temperature and mass flow rate were given at 

the inlet. The rotor inlet and exit boundary conditions are defined 

as following: 

 

7.1 Rotor Inlet Boundary Conditions 

Figure (4) illustrates the velocity diagram at the turbine rotor inlet. 

The continuity equation is considered under the assumption that 

the fluid in the rotor flows along the rotor blade. The flow coming 

from the volute will go between two blades and the mass flow rate 

was conserved. 

7.2 Rotor Exit Boundary Conditions 

Figure (5). In case of forward flow from the rotor to the 

surrounding atmosphere, pressure at the rotor exit 0  may be equal 

to the atmospheric pressure 0. In case of forward flow from the 

surrounding atmosphere into the rotor, the following conceptions 

are applied: (a) suction flow at the exit is in the direction of the 

rotor axis; (b) momentum flux in the direction of the rotor blade is 

conserved if forces at the tip of the rotor blade are ignored; (c) the 

flow state variables change isentropically in the external region of 

rotor exit. Basic relations at the boundary then become as follows, 

taking the reverse flow direction as the positive direction. 
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Figure (4): Velocity diagram at 

rotor inlet 
Figure (5). velocity diagram at the 

turbine rotor exit 
 

 

8. Numerical Solution: 

The coupled system of governing equations were analyzed, 

discretized and written in a matrix form and solved using a 

computer program written in C++.  

9. Results and discussions: 

Experimental Results: 

As an industrial tool used by Volvo Company for testing and 

development of IC-engines, AVL-Boost  simulator has been used 

for an identical case of flow through a turbine of a turbocharger to 

verify the validity and accuracy of the constructed model. The 

AVL -BOOST simulator enables a detailed simulation of the entire 

engine, including the complete intake and exhaust systems. The 

calculated flow properties through the turbine of a turbocharger 

have been compared to their corresponding values obtained by the 

simulator AVL ï Boost. Figure (6) shows the simulator model for 

the D12 engine, which is based on drawings obtained from 
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VOLVO. The system boundary SB 1 models the outlet of the air 

cleaner which is connected by pipe1 to the compressor. Pipe 2 

connects the compressor to the charge air cooler AC1. Further on, 

pipe 3 guides the compressed air to the plenum Pl1, which 

represents the intake manifold modeled by pipes 4-9. These pipes 

cover also the length of the intake ports [10]. 

The exhaust manifold including the ports is represented by the 

pipes 10-17 and the plenums PL2 and PL3. Downstream of the 

turbine pipe 18 leads the exhaust gases to the system boundary 

SB2 which models the inlet of the exhaust silencer [4].  

 

 

Figure (6): Boost calculation Mode. 

10. Flow model validation  

The program was tested for a simple one dimensional case which 

considers flow through a diverging ï converging duct. The 

resulting flow properties are compared together with the measured 
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flow properties in table (1). The table shows a very good 

agreement between the computed and measured flow properties 

[1].  

 

Figure (7): Pipe for test case. 

Table (1). Results predicted by the program and ordinary case.  

Predicted by The Program Ordinary Case 

M 0.5273 M 0.521 

P 1643 Ὧὴ P 1654 Ὧὴ 

T 873 ὧЈ T 870.2 ὧЈ 

Ὕ 937 ὧЈ Ὕ 932.2 ὧЈ 

 

11. Results and discussion  

Table (2). The inlet flow properties used in the modeling approach  

value unit Property 

1.00000 kJ/kg.K Specific heat capacity Cp 

0.71428 kJ/kg.K Constant volume Cv 

1.40000 [-] Ratio of specific heat Gama ɾ 

245.000 [-] Universal gas constant R 

21.0000 degree Absolute flow angle Alpha (Ŭ) 

28.0000 [-] Relative flow angle betha  ɓ 
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 Table (3). Computed steady state results compared to their 

Experimental values. 
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Unit Quantity 

0.000 - 45.000 - [mm] Location 

 - - 2.46540 [bar] 
static inlet 

pressure 

1.127 0.78510 2.466 2.52242 [bar] 
Total inlet 

pressure 

868.700 784.49829 997.600 997.60000 [K] 

Inlet static 

temperatu

re 

105.700 115.77307 114.600 106.32850 [m/s] 
Inlet 

velocity 

0.492 - 0492  [kg/s] Mass flow 

- - - 584.95880 [m/s] 

Inlet 

speed of 

sound 

0.180 0.22318 0.190 0.18177 [-] 

Inlet 

Mach 

number 

- 0.40847 - - [Kg/ά ] Density  

- 
97007.1747

3 
- - [rpm] 

Angular 

speed (ɤ)  

 8.28841 - - [N.m] Torque  

 
84198.3655

0 
- - [J] 

Power  

 

12. Computed Flow Properties through the Turbocharger    

Figure (8) presents experimental and theoretical (computed) 

density behavior inside the turbine. A reverse relationship between 

density and distance has been observed. As distance increases the 

density decreases along the turbine but it stays constant along the 

fourth part of the turbine passage up to the turbine exit. 
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Figure (8): Density (ɟ) as a function of (x). 

Figure (9) shows experimental and theoretical (computed) velocity 

behavior through the turbine.  Predicted flow velocity profile 

shows a good agreement with the expected behavior, where its 

values increase as the cross-sectional area of flow passage 

decreases. As the flow enters the rotor, its velocity is subjected to a 

sudden deceleration. As the flow leaves the rotor, its velocity does 

not change and remains constant up to the turbine exit.  

 

 

Figure (9): Relative velocity component (u) as a function of (x).  
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Experimental and theoretical pressure variations inside the turbine 

can be seen in figure (10). The figure reveals a reverse relationship 

between pressure and distance where pressure values decrease as 

the distance increases in the downstream direction. The predicted 

pressure in the part 4 of the flow through the turbine passage 

presents a similar behavior as the pressure values given by the 

simulator, where it remains constant until the flow passage end. 

 

 

Figure (10): Pressure (P). as a function of (x).  

Figure (11) demonstrates experimental and predicted temperature 

behavior inside the turbine. The figure shows that there is a reverse 

relationship also between temperature and distance, where 

temperature decreases as distance increases through the flow 

passage A2 shown in figure (5). The temperature is kept constant 

beyond this point till the turbine exit.  
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Figure (11): Temperature (T) as a function of (x).  

Figure (12) shows practical and theoretical Mach number profile 

inside the turbine. The given profile of Mach number indicates that 

the flow velocity inside the turbine is less than the sound speed 

which is in a good agreement with the practical situation. 

  

 

 

Figure (12). Mach number (Ma) as a function of (x).  
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13. CONCLUSIONS 

In this study a numerical model for a steady flow through a radial 

turbocharger has been constructed and tested successfully. The 

resulting flow behavior through the turbocharger have been 

analyzed and investigated. The computed results were compared to 

their corresponding experimental values and a good agreement 

between the experimental and the computed flow behaviors were 

found The comparison between the computed relative velocity and 

the measured values of the relative velocity shows an increase in 

the prediction error produced by the resolution procedure. 

However, it is difficult to make a numerical turbine model to 

describe, both of mass flow rate and output characteristics of  the 

turbine which can be agreed with the characteristics of a real 

turbine.  
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   Abstract:  

This paper will study Modeling and Control of Servo Rig using 

system identification tool box to model the system ,and applying 

adaptive control in order to have a good control over the (position 

and velocity) of Servo Rig . Firstly, illustrating how we can 

produce a mathematical model represents the chosen variable 

states (position and velocity) of the actual process (servo rig) via 

estimate the parameters of this model by choosing the best 

structure which will minimize Significance measure (S)which in 

turn should reduce the cost (YIC ) in order to decrease the error 

between the identified data and the actual data. Secondly, applying 

an adaptive control to find appropriate controller for the process by 

using the models which will be estimated in part one; therefore we 

will study two different controllers (PI &PIP controllers) by two 

different identification methods. The first one is based on (STPI) 

Self Tuning method to calculate the settings of the PI controller 

mailto:Eldaif_2008@yahoo.com
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automatically using the program (th_m_mex) for both velocity 

and position variable states, and applying these settings on the 

Simulator and the servo rig at the same time to yield a comparing 

response, and according to this result which is between the 

produced model response and the actual model response we will 

decide if the self-tuning method is suit for both variable states or 

only one of them, consequently, we will apply PIP controller 

which based on a Non Minimum State Space (NMSS) 

representation as an alternative method in case of the self tuning 

method did not give an acceptable response.  

 

: òƢǂǄǁä-  
ƙǒƪ Ɨƿïāǃå ǉîǋ ǑƼ  üïơǆ ǑƼ þǂơƙǃå ā Ɨƞîǆǈǃå Ɨƪåïí þ( Servo )   þåíƤƙƪƓƕ

)system identification (  ) ûǒƕõƙ ā þƓöǈǃå åîǋ Ɨƞîǆǈǃadaptive 
control  . üïơǆǄǃ ( ƗƵïƪǃå ā ƴưāǆǃå ) ÿǆ ǚǂǃ íǒƞ þǂơƙ ǑǄƵ ýāƮơǄǃ (

 ) æ óƓƤǃå  ǑưƓǒïǃå ûǒƕõƙǄǃ ƓơïƬ üƓǈǋ ÿāǂǒƪ ǙāáModel  ïƓǒƙƤƓƕ (
ƺƙǆ èǙƓơ) ÿǆ ǚǂǃ çïǒƴưāǆǃåā ƗƵïƪǃå (   ÜǑǀǒǀơǃå ýǒƺƬƙǃå ƗǃƓơ ǑƼ üïơǆǄǃ

 ) ý Ɨǒïǒíǀƙ èǚǆƓƶǆ ïƓǒƙƤá ûǒïõ ÿƵ üǃîModel   (  æǒǂïƙ ýưƼá ïƓǒƙƤƓƕ
 ýǄǀǒ ăîǃå āSignificance measure (S)  Ɨƕƪǈ ýǄǀƙ Ɠǋïāíƕ Ǒƙǃå ācost 

(YIC) ǈƓƛ . Ɨǀǒǀơǃå þǒǀǃå ā ƗƼïƶǆǃå þǒǀǃå ÿǒƕ ßƓõƤǃå ýǒǄǀƙǃ  ûǒƕõƙ  Ɠǒ
adaptive control  þåíƤƙƪƓƕ ýǒƺƬƙǄǃ æƪƓǈǆǃå þǂơƙǆǃå ǑǄƵ ýāƮơǄǃ

models  úāƪ åîǌǃ ā . Ɨƿïāǃå ǉîǋ ÿǆ ýāǕå ßðƞǃå ǑƼ Ɠǋïǒíǀƙ þƙǒƪ Ǒƙǃå
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  èƓǆǂơƙǆǃå ÿǆ ÿǒƵāǈ ñïíǈ(PI &PIP controllers)  ÿǒƙǀǒïõ þåíƤƙƪƓƕ
 ǑǄƵ íǆƙƶƙ ǑǃāǕå Ɨǀǒïõǃå . ÿǒƙƽǄƙƤǆ(STPI) Self Tuning method 

 æƓƪơǃPI   ƝǆƓǈïƕǃå þåíƤƙƪƓƕ Ɠǒǃá(th_m_mex)  ā ƗƵïƪǃå ) ÿǆ ǚǂǃ
 ƗƮƓƤǃå èåíåíƵǗå ǉîǋ ûǒƕõƙ þƙǒ þƙ ÿǆ ā Ü çïǒƺƙǆ ýǒƺƬƙ èǙƓơǃ ( ƴưāǆǃå

 ǑƼ þǂơƙǆǃƓƕSimulator  āservo rig  ǑƼ ƗƕƓƞƙƪǙå ƗǈïƓǀǆǃ èƿāǃå ñƽǈ ǑƼ
ǆ ƓǌǒǄƵ ƗǄƮơƙǆǃå Ɨƞǒƙǈǃå Ǒǃå ƓǀƼā ā . ÿǒƙǃƓơǃå þƓöǈǃå ā  þƓöǈǃå  çƓǂƓơǆ ÿ

 Ɨǀǒïõ èǈƓǂ ÿá ïïǀǈ  úāƪ Ǒǀǒǀơǃå(STPI) Ǖå èåïǒƺƙǆǄǃ ƗƕƪƓǈǆƛ āá ÿǒǈ
 þǂơƙǆǃå ûǒƕõƙ þƙǒ úāƪ . õǀƼ Ɠǆǋåíơá(NMSS)  ýāƮơǃå þíƵ ƗǃƓơ ǑƼ

  Ɨǀǒïõ  þåíƤƙƪá ÿǆ íǒƞ þǂơƙ ǑǄƵ(STPI 

Introduction:  

 Is it widely believed that electrical motor servo systems are 

indispensable in modern industries, for instance, they are used in 

robotics, electrical vehicles and automated factories. [1] Therefore 

most machines that have rotating parts include one or more servo 

control systems. Consequently a Servo Control System is one of 

the most significant forms of control system, In view of its many 

good characteristics, such as, high response performance, high 

start torque characteristics, and easy to be linear control it is used 

widely spread in speed control systems that need high control 

requirements.  

 

1-System Identification: 

System identification is basically about building models for the 

system from data, so we need to collect data for the process (Servo 

Rig). The model is a mathematical description of system behavior 
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under specific situations. There are no general methods to get the 

models of the process. 

In our experiment laboratory the mechanical system (position and 

velocity) has been chosen as state variables to use them to give the 

data which will represent the Servo Rig, by using the SimuLink 

model .  

 

1.1- Models for dynamic system. 

First of all we should represent, briefly, some of models for 

dynamic system in general case as a guideline for constructing the 

pulse transfer function model, as shown in fig (1) . 

 
Figure (1): Basic Concept of Identification. 

 

× Moving Average model (MA). 

0 1 1 2 2
........n n n n

y b u bu b u
- -

= + + +                                    (1) 

×  Auto-Regressive model (AR).  

1 1 2 2 ..........n n na y a yy - -= + +                                                (2) 

× Auto-Regressive -Moving Average model (ARMA). [2] 

In practice the output, ny , consists of (inputs and outputs). 

1 1 2 2 0 1 1 2 2
.......... ........n nn n n n

y a y a y b u bu b u
- - - -

= + + + + + +    (3) 

Thus the pulse transfer function model is: 
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1 2
0 1 2

1 2
1 2

......( )

( ) 1 ......

q
q

p
p

b b z b z zy z

u z a z a z z

b

a

-- -

-- -+

+ + + +
=
+ + +

                                  (4)           

The equation, (3), is the general model structure. And  

1 2 ........,, ,a a
0 1 2, , ,.......b b b   are the coefficients (parameters) 

which should be calculated to build the pulse transfer function (4).  

Noting that, the data which collected from the real process will be 

contaminated by noise, therefore the model structure will be 

affected by noise to yield different results (error) from the 

expected. Our calculating program for the parameters will use a 

technique known as Least Squares (LS).  

1.2- Least Squares Technique (LS). 

  Least Squares technique or (non-recursive least squares) is used 

to overcome the problem of noise by reducing this error between 

the model output and the actual data via minimize the significance 

measure (S) in the equation (5) bellow.  
2

1

( )
r

T
i i

i

y xs q
=

-=ä                                                                   (5) 

By the differentiating the equation (5) ̂
dS

dq

respect toq will yield: 

1
T Tx x yxq

-
è ø
ê ú
=                                                                    (6) 

Where theta (q ) is the parameters, x is the known data vector 

and y is the observation points. 

1
T Torpr x pr invert xx x

-
è ø è ø
ê ú ê ú
= =                      n             (7) 

The equation (6) is the minimum of (S) known as Least Squares 

formula. 
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1.3- Recursive Least Squares Technique (RLS). 

It would be better if the old point (last information) take account of 

the new information. Therefore, the modified equation is; 

 

 
1 1 1 1

T

r r r r r rk xy qq q+ + + +
è ø+ -
ê ú

=                                                   (8) 

1

1 1
1 [1 ]

r r

T
rr r

r

p x

x p x
k +

+ +
+= +

                                                             (9) 

 11[ ]T
r r rrrp p x pk ++= -                                                            (10)                                                                                                                              

Where:     0 , 1 , 2 , 3 , . . .r = ;
   0 0q=   ;

   0 1 0 ^ 6 *p q=  ;   

( ) ; a b
q eye n n n n+= =  

 

   

 

1.4- Sampling Time Selection. 

Too long sampling time causes lost of information because of 

some of important information will be passed. Too short sampling 

time causes all meaningful information will be lost because the 

changes in the output will reach the noise level of the system. So 

the selection of sampling       time should be correctly.  

The sampling time can be calculated if we know the rise time of 

the process. The sampling time should lie in the range   

10 5

rise rise

s

T T
T< < . We can derive the sampling time which we 

choose from the transfer function in continuous time case after 

convert the produced model from discrete time case to continuous 

time case by using (ZOH). [3] 

1.5- Quality of M odel Fit. 

It gives an idea about how well the produced model fits the real 

model of the actual process. The fit explain how much the 
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estimated model (blow curve) matches the actual or measured 

output data & )(PP VVy  (black curve), see figure (2). [4] 

 

 
Figure (2): The fit between the model output and the actual output data 

 

The fit is given by the equation,   

     100*(1 )%fit R= -                                                        (11) 

 Where:  R is the ( fit measure ) or ratio of the error variance 
2
es  

to output variance 2
ys .  

The ratio R is given by Equ. (12). 
2

2

e

y

R
s

s
= ;                                                                                     (12)          

(where R  Programmed as:   r = sigma_e/sigma_y), 

 

Where:  sigma_e = var(y - yp);      sigma_y = var(y)[4]. 
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1.6- Estimate the model. 

For building models should estimate the parameters via select the 

best structure which will give best fit, therefore the next three  

SimuLink  / Matlab programs have been used for that purpose: 

×Data Collection using SimuLink model of servo-rig, 

(data_collect_siac.mdl). 

×Data condition using the Matlab program (datacond.m). 

×Structure selection using the Matlab program (yic.m). 

 

1.6.1-   Data Collection. 

In order to be able to design a controller for any system we should 

have its transfer function, and the transfer function needs to be 

identified by known parameters, and those parameters will be 

estimated by using the data which represents the actual system 

(servo rig) via position or velocity stats. Therefore we have used 

the SimuLink file (data_collect_siac.mdl) to collect the data by 

take a sample from the real process each period of time (the 

sampling time) and export them to the workspace to be ready for 

identifying. 

 

1.6.2-   Data condition. 

Basically, it is data differencing and filtering. The purpose is to 

overcome the offset of the collected data in order to having its 

initial value starting from zero by using the command 

(dataout=datacond(datain,alpha),where: dataout is filter data, 

datain is input data and alpha is filter constant (0<alpha<1). See 

figure (3). 
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Figure (3): Data condition 

 

1.6.3-   Structure Selection. 

× The structure of the discrete time model (ARMA model, 

Equ.(4)) is specified by three values, ( , , )a b k
nn n n n=  or 

( , , )b q d ,where  an and
 b

n  are, respectively, the range of 

denominator and  numerator parameters of the model and 
k

n  is 

the delay(first none zero element in the numerator), Equ.(4).  

× Different structure will give different fits and parameters. 
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× The best range of industrial processes of the parameters are : 

[1 5, 1 5, 1 9]a b k
n n n² ² ²¢ ¢ ¢ , (In this report we chose 

5,5,5 as maximum range of the parameters). 

× The program [yic.m] - (YIC, 'Young Information Criteria')- will 

select automatically the best three structure by searching through a 

number of structures.  

× The program uses the next function to calculate and select the 

structure values. 

[best_nn, best_score, best_fit] = yic(y, u, na, nb, nk) 

Where: (y) is the process output which is (PP for position and VV 

for velocity), and (u) is the process input which is (uu). 

× This program will balance the two factors [fit measure (R) & 

parameter significance measure (S)] using the next formula: 

 log( ) log( )YIC R S= +                                                                (13) 

× Where R is defined previously Equ,(12).    
2

2
1

( )1 Tn
e

i i

x x ii

n
S

s

q=

= ä ; 

 1n p q d= + + -                                                                      (14) 

Where: , ,a b k
p q dn n n= = = 

 (S  Programmed as: s = mean(abs(sigma_i)./theta.^2) 

Where: sigma_i = diag(pr)*sigma_e,  & rp  = ( )Tx x ii . 

And theta is the parameters (1 2, ,........,aa
1 2, ,.......b b ), see Equ.(8). 

× Producing the( ,, p rptheta y ) is by using another function 

which is: [theta, yp, pr] = rlss(y, u, i, j, k). 

Where: (i, j and k) are the selected structures.   

× The best selection of structures will give the smallest value of 

YIC Equ.(13) or as alternative way will give the highest value of 

score, ( 50score YIC= - ). 
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× Finally, using the command ident in the Matlab for importing 

the data (pp, vv, uu) which has been collected from the process 

(servo-rig) to System Identification Toolbox to estimate the model 

and calculate its fit.   

Now, we will apply these concepts on both the simulation and the 

servo-rig and consider the results of both outputs (velocity & 

position) to extract the discrete transfer function of each output. 

 

1.7- Estimate model of Velocity (vel) state. 

× Collecting data using the file (data_collect_siac.mdl). See 

figure (4). 

The main base of constricting model which represents the servo-

rig is to try to collect the best data as much as we can, by repeating 

the incremental build till we get best fit.   

 

Figure (4): Collecting data of servo-rig 

 

When the data being collected successfully, we should save it by 

using the command:  >> save siac.g3  u  vel  pos. where siac.g3 

just choosing file name for saving data.  
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× After that, we need to condition the data to overcome the offset  

to make the initial value starting from zero, see the figures (5) 

below and using the commands: 

>> uu=datacond(u,0.5); 

>> vv=datacond(vel,0.5); 

>> pp=datacond(pos,0.5); 

>> plot(t,u,t,vel,t,vv) 

>> plot(t,u,t,uu,t,vv) 

>> plot(t,u,t,pos,t,pp) 

>> plot(t,u,t,uu,t,pp) 

>> plot(t,u,t,vel,t,vv) ;                  

 >> plot(t,u,t,pos,t,pp)  ;   0.1 sec.sT =     

>> plot(t,uu,t,pp)  ;   0.1 sec.sT =  

 

 Figure (5): Comparing between conditional and unconditional data. 
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× It can be seen from the graphs in figure (5) that the output 

response of the velocity before conditioning (vel) does not exceed 

the amplitude of the input signal whereas the output response of 

the position (pos) dose, even if the input amplitude signal increases 

to be larger than what it appears in the graph the output will 

increase too. That gives an initial sign about the spatial situation of 

position output.          

× We will start to fallow the steps to obtain the best structure for 

velocity model by choosing (0.1 second) as a sampling time. 

Using the command [nn score fit] = yic(vv, uu, 5, 5, 5); to find the 

three best values of (structure, score, fit ). 

 >> [nn score fit] = yic(vv, uu, 5, 5, 5) 

nn =   [1  1  1,      2  1  1,     1  2  1] 

score =   [62.9386,    58.0429,     57.1206] 

fit =[ 99.3141,      99.3410,     99.3360] 

>> [theta, yp ,pr] = rlss(vv, uu, 1, 1, 1) 

>> sigma_e = var(vv - yp) 

sigma_e =1.8453e-004 

>> sigma_y = var(vv) 

sigma_y =0.0269 

>> r = sigma_e/sigma_y 

r =    0.0069 

>> sigma_i = diag(pr)*sigma_e 

sigma_i =1.0e-004 * 
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    0.3455 

    0.1552 

>> s = mean(abs(sigma_i)./theta.^2) 

s = 3.5039e-004 

>> yic = log(r) + log(s) 

yic =  -12.9386 

>> score = 50 - yic 

score =   62.9386 

By repeating the same steps for the other values of the structure we 

got the table below: 

 

Table-1. Comparing between the three best structures 

Yic score nn 

-12.93 62.9 1   1   1 

-8.04 58.04 2   1   1 

-7.12 57.1 1   2   1 

 

The table (1) illustrates that the smallest value of YIC is (-12.93) 

which is related to the first structure( 1, 1, 1)a b k
n n n= = =, 

also it can be seen that the highest score (62.9) is related to the 

first structure as well.   

Thus the structure which has been chosen will be used to estimate 

the parameters of the model using the command ident.  

>> ident 

Opening System Identification Toolbox ....... done.  
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Figure (6): Import data and estimate (velocity) model [Black curve is the 

actual data] 

The data was imported to the Identification Toolbox, see figure 

(6), and then estimated via linear parametric model and choosing 

IV  method, and by click on the estimate bottom the model will be 

imported to be in data/model information window, where the 

model of the velocity is: 

   
1

1

( ) 0.6303

( ) 1 0.2238

vv z Z

uu z Z

-

-
=
-

                                                           (15) 

Thus the parameters (theta) for the position output are: 

1

1

0.2238

0.6303 [ 1 1 1 ] , 91.29%

a

b Its structure is fit

=

= =
 

1.8- Estimate model of Position (pos) state. 

The all data of (vel & pos) will be collected and saved just once, 

and no need to recollect them again except if the results are not 

satisfied. 
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× Finding the best structure for position model by choosing (0.1 

second) as a sampling time and using the command [nn score fit] 

= yic(pp, uu, 5, 5, 5);  

>> [nn score fit] = yic(pp, uu, 5, 5, 5) 

nn =     [2   2   1,     1   3   1,      1   4   1] 

 score = [  61.08   ,   59.54  ,   58.52] 

fit =[   99.28   ,    98.21    ,   99.25 ] 

>> [theta, yp ,pr] = rlss(pp, uu, 2, 2, 1); 

>> sigma_e = var(pp - yp) 

sigma_e =  3.5560e-005 

>> sigma_y = var(pp) 

sigma_y =    0.0032 

>> r = sigma_e/sigma_y 

r =    0.0110 

>> fit = (1 - r)*100 

fit =   99.28 

>> sigma_i = diag(pr)*sigma_e 

sigma_i =  1.0e-003 * 

    0.4852    0.574     0.0037    0.0079 

>> s = mean(abs(sigma_i)./theta.^2) 
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s =    0.0036 

>> yic = log(r) + log(s) 

yic =  -11.08 

>> score = 50 ï yic     

score =   61.08 

By repeating the same steps for the other values of the structure we 

got the table below: 

 

Table-2: Comparing between the three best structures 

Yic score nn 

-11.08 61.08 2   2   1 

-9.13 59.54 1   3   1 

-8.17 58.52 1   4   1 

 

The table (2) illustrates that the smallest value of YIC is (-11.08) 

which is related to the first structure( 2, 2, 1)a b k
n n n= = =

, also it can be seen that the highest score (60.14) is related to the 

first structure as well.   

Thus the structure which has been chosen will be used to estimate 

the parameters of the model using the command ident.  

>> ident 

Opening System Identification Toolbox ....... done.  
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Figure (7): Import data and estimate (position) model [Black curve is the 

actual data]. 

The data imported to the Identification Toolbox, see figure (7), and 

then estimated via linear parametric model and choosing IV  

method, and the estimated (position) model will be imported to the 

data/model information window, where it was: 

1 2

1 2

( ) 0.08381 0.05255

( ) 1 1.261 0.2584

pp z Z Z

uu z Z Z

- -

- -

+
=
- +

                                          (16) 

Thus the parameters (theta) for the position output are: 

1

2

1

2

1.261

0.2584

0.08381

0.05255 [ 2 2 1 ] , 91.68%

a

a

b

b Its structure is fit

=

=-

=

= =

 

2-Adapted Controller:  

2.1- PI controller based on STPI method: 

STPI method is based on the known input/output behavior of real 

plant, the use of self-tuning resolves the problem of the uncertain 
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dynamics by adjusting the PI controller settings ( , )c iK K  

automatically. 

To adapt a controller first we should produce discrete transfer 

function of the process which already has been produced in section 

one in order to be able to calculate the settings of the controller 

( , )c iK K by using the th_m_mex program where the initial 

values of  ( , )c iK K  gains are [0.1   0.1] respectively, see figure 

(8). 

 
Figure (8): SimuLink model of Self tuning method for calculating Kc 

and Ki. 

 

2.1.1-  General formulate of the process: 

Assuming the representation of the process is the First-Order-

Plus-Dead-Time model (FOPDT): 

( )
1

s
p

p

K e
G s

s

q

t

-

=
+

                                                                   (17) 

For design purpose of PI controller we have to convert the 

continuous transfer function (s) to discrete transfer function (z). 
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We can use the Matlab function for that by using Zero-Order Hold 

Conversion Method (ZOH method). 

If c represents continuous-time case and d represents discrete-time 

case, thus we can use the command below to convert (c to d): 

>>hd=c2d(hc, sampling time) 

Also we can use the command below to convert (d to c): 

>>hc=d2c(hd) 

The formula in Equ.(17) can be converted to: 

1( ) (1 )
(1 )

s

P

p

K e
z Z Z

S S
G

q

t

-

- è ø
= - é ù

+ê ú
                                             (18) 

After modified Z transforms we have got this: 
( 1) ( 2)

1 2

1

1

( )
1

D D

D D

p

b Z b Z
G z

a Z

- + - +

+ +

-

+
=

+
                                       (19) 

The acceptable range for D will be 'satisfactory' is:  

10 5
0 4 & rise rise

s

T T
TD when q t < <¢ ¢ <  

If we take account of whole range of D of Equ,(19), we will 

approach to the sixth parameter of the nominator of process 

transfer function Equ,(20). 
1 2 3 4 5 6

1 2 3 4 5 6

1

1

( )
1

p

b Z b Z b Z b Z b Z b Z
G z

a Z

- - - - - -

-

+ + + + +
=

+
  (20) 

Thus the structure of the model Equ.(20) is 

[1 6 1] [ ]a b kas n n n respectively. This model structure must be 

loaded on (RLS_mex) program , by click on its s-function block to 

appear -in the pop up window- these parameters (model structure, 

forgetting factor, sampling time). 

 

2.1.2-  General formulate of PI controller: 

The continuous time case of the PI controller is: 
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1

( ) 1 :i

c c i

i

K
G s K Where K

S T

è ø
= + =é ù

ê ú
                             (21) 

Assuming that the discrete model of S is a Backward Difference 

Approximation: 
11 Z

S
T

--
                                                                                (22) 

Thus the discrete PI controller transfer function is:  

1
( ) 1

(1 )

i

c c

K T
G z K

Z -

è ø
= +é ù

-ê ú
                                                  (23)  

                                                                                                                         

2.1.3- Calculating the setting of PI controller for Velocity 

state. 

Now, we are going to use the discrete transfer function (15) of the 

velocity (vel) state, which was produced in part one of this paper 

and load it in the simuLink model figure (9) to adapt PI controller 

for the process (servo-rig), and we will observe the performance of 

STPI method through the output response.  

× The obtained settings of the controller were
     

0.1276, 34.68c iK K= = . 

× Using the SimuLink model in figure (10), for implementing the 

obtained model which produced in part one, Equ.(15), (
1

1

( ) 0.6303

( ) 1 0.2238

vv z Z

uu z Z

-

-
=
-

) and the setting of the controller.   

× Comparing both (servo fit and real plant) together to see how 

much STPI method is appropriate for velocity model by taking 

both curves in one graph from the scope or exporting data to 

workspace and using the command plot. See figure.   
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Figure (9): Comparing STPI controller between servo rig and servo fit. 

 

 
Figure (10): comparing: servo rig -Red curve- with servo fit using STPI 

controller. 

It can be seen from the graph that the STPI controller is doing well 

with velocity output with small disturbance because the real word 

is in general subject to measurement noise. 

2.1.4- Calculating the setting of PI controller for position 

state. 

The discrete transfer function (16) of (pos) state will be used, 

which was produced in part one and load it in the simuLink model 

figure (9) to adapt its PI controller, and we will observe the 



 

 Volume  12العدد 

   7102December  ديسمبر

International 

 Science and Technology 

Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 
 

 حقوق الطبع محفوظة 
 للمجلة الدولية للعلوم والتقنية 

Copyright © ISTJ   нпф 

 
 

performance of STPI method upon (pos) through the output 

response.  

 

× The obtained settings of the controller were  

0.865 , 0.03493c iK K= =-  using SimuLink model in figure (9).   

× Using the SimuLink model in figure (10) to implement the 

model which produced in part one, Equ.(16), (
1 2

1 2

( ) 0.08381 0.05255

( ) 1 1.261 0.2584

pp z Z Z

uu z Z Z

- -

- -

+
=
- +

) and the setting of the 

controller. 

× Comparing both (servo fit and real plant) together to see if STPI 

method is suit for position model by using the command plot.                               

 

Figure (11): The instability of position -Red curve- model response 

controlling by STPI controller. 

× It can be seen from the graph in figure (11) that the method of 

the STPI is not suit to control the process when it be represented 

by the position state. The output response of the SimuLator (Blow 

curve ) is approximately as the output response of the real model 

(Red curve) where produces unstable response with rise of the 

time, because there was miss matching between the produced 

model of the position Equ.(16) and the general model of STPI 
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method Equ.(20). Therefore we are going to use another method 

called PIP (Proportional-Integral-Plus) controller. 

×  

2.2- PIP controller based on NMSS method: 

The PIP control design was developed for a single input single 

output (SISO) system; basically is a Linear-State-Variable- Feed-

Back (LSVFB) design approach based on a Non Minimum State 

Space (NMSS) representation.[5] 

 [ T

K KU K X=- ]                                                                       (24)  

The general format of the model is 
1 2

1 2

1 2
1 2

......

1 ......
n

n

q

q

p
p

b z b z zY

U a z a z z

b

a

- - -

- - -+

+ + +
=
+ + +

        

                                    (25)

  

                                           

 

 
Figure (12): PIP feedback block diagram 

 

Assuming that the produced model is:    

 3

1 2 3

1 2

1 2 3

1 2 3

( )

( ) 1

b z b z zY z

U z a z a z z

b

a

- - -

- - -
+

+ +
=
+ +

                                                                                

(26)                                 
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 Where:   3 , 3P q= =  . 

× The discrete State-Space description is: 

( )

1

1 1 11 2 3

2 1 2

33 1

1

1 2 3 2

3

( )

1

1 0 0 0

0 1 0 0

k k k

K K

K K K

KK

T

k k

K

K K

K

X AX BU state vector

X Xa a a

X X U

XX

Y C X

X

Y b b b X

X

+

+

+

+

= +

å õ - - -å õå õ å õ
æ ö æ öæ ö æ ö

= +æ ö æ öæ ö æ ö
æ öæ ö æ öæ öæ öç ÷ ç ÷ç ÷ç ÷

=

å õ
æ ö

= æ ö
æ ö
ç ÷

                                 (27) 

× NMSS description is: 

  

( )

1

1 1 2 3 2 3 1

1

1 2

1

1 2

1

2

1

2

1 0 0 0 0 0

0 1 0 0 0 0

0 0 0 0 0 1

0 0 0 1 0 0

1 0 0 0 0

k k k

n n

n n

n n n

n n

n n

T

k k

n

n

K n

n

n

X AX BU

Y Ya a a b b b

Y Y

Y Y U

U U

U U

Y C X

Y

Y

Y Y

U

U

+

+

-

- -

-

- -

-

-

-

-

= +

- - -å õ å õå õ å õ
æ ö æ öæ ö æ ö
æ ö æ öæ ö æ ö
æ ö æ öæ ö æ ö= +
æ ö æ öæ ö æ ö
æ ö æ öæ ö æ ö

æ öæ öæ ö æ ö
ç ÷ç ÷ç ÷ ç ÷

=

å õ
æ ö
æ ö
æ ö=
æ ö
æ
æ
ç ÷

ö
ö

                                 (28) 

× Modified NMSS description is: 
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1
1

1 2 3 2 3 11

1

1 2

1

1 2

1 2 3 2 31 1

0

1 0 0 0 0 0 0

0 1 0 0 0 0 0

0 0 0 0 0 0 1

0 0 0 1 0 0 0

1

n
k k k

n n

n n

n n

n n

n n

n n

d
X AX BU DY

a a a b b bY Y

Y Y

Y Y
U

U U

U U

a a a b bM M b

+
+

+

-

- -

-

- -

+

= + +

- - -å õ å õå õ å õ
æ ö æ öæ ö æ ö
æ ö æ öæ ö æ ö
æ ö æ öæ ö æ ö
æ ö= +æ öæ ö æ ö
æ ö æ öæ ö æ ö
æ ö æ öæ ö æ ö
æ ö æ öæ ö æ ö

æ ö æ öæ öæ ö -ç ÷ ç ÷ç ÷ç ÷

( )

1 1 1

1

2

1

2

1

0

0

0

0

0

1

1 0 0 0 0

(29)

n

n n n

T

k k

n

n

n

K

n

n

n

nd
Y

M M

Y C X

Y

Y

Y
Y

U

U

M

e+ + +

-

-

-

-

+

å õ
æ ö
æ ö
æ ö
+æ ö
æ ö
æ ö
æ öæ ö
ç ÷

= +

=

å õ
æ ö
æ ö
æ ö

= æ ö
æ ö
æ ö
æ ö
æ ö
ç ÷

 

× The controller gains for the assuming model, are: 

   
0 1 1 1 1p q ik f f f g g k- -
è ø
ê ú
= -                       (30)                            

× Calculate the controller gains ( K ) using the Matlab: 

The conventional method for calculating the controller gains in 

such problem is Linear Quadratic (or optimal) Regulator Design 

(LQR ), which maintain the system at the set point or make the 

system starts from non-zero initial state in shortest possible time. 

That will be derived when the controller gains minimizes the cost 

function: 
1

k
T T

i i i i

i

J X Q X U R U
=

= +ä , and via the Matlab the 

gains of the obtained model in part one Equ.(17), can be calculated 

using the command   
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 k = optpip(a, b, q, r)  

>> a=[1.261     -0.2584    0.05255    0    

           1               0             0                0 

           0               0             0                0 

         -1.261      0.2584    -0.05255   1] 

>> b=[ 0.08381 

            0 

            1 

            -0.08381] 

>> q =eye(4) 

      q= [1     0     0      0 

            0     1      0      0 

            0     0      1      0 

            0     0      0      1] 

>> r=[1] 

>> k = optpip(a, b, q, r) 

 

k = 3.5262   -0.8559    0.1741   -0.5431 

 

 

Thus the gains are: 

0 1 13.5262, 0.8559, 0.1741, 0.5431if f g k= =- = =   

We will substitute these gains to the SimuLink model in figure 

(12) for testing. And the SimuLink model in figure (13) to 

compare the output response between the actual process (servo rig) 

and the servo fit. 
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Figure (13): Comparing PIP controller between the (servo rig) and the 

servo fit. 

 
Figure (14): comparing: servo rig -Red curve- with servo fit using PIP 

controller. 

 

× The graph in figure (14)  illustrates that the PIP controller is 

giving robust control with position output comparing with the 

STPI controller with small disturbance as normal case for the real 

word in general where is subject to measurement noise. Although 
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the Proportional-Integral-Plus (PIP) control system design slightly 

more complex than a PI controller, achieves much tighter control 

of the position variables.  

Conclusion: 

The Model validation is based on how will the model fit the 

response of the original model or real system when the input 

variable is different from that used for identification and 

estimation. 

Both of the algorithms used to identify the Model structure/order 

and the model coefficient have been assessed by means of testing 

using data generated from system with know TF, the tests outcome 

were satisfactory, all of the obtained models mimics the behavior 

of the used TF  the higher order when noise added to the used data. 

The results prove that the performance of the STPI controller is 

very good and it has an added advantage of having a PI like 

structure and self tuning algorithm. Moreover, the STPI controller 

performs better than the conventional PI controller especially when 

there are changes in the process dynamics over the velocity, 

whereas on position we have observed that the self tuning method 

is not appropriate to adapt a PI controller for the position output . 

 Therefore, we chose PIP controller to control the output of the 

position was more steady with acceptable response.  
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