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ÿĀĢĵã êĺĶı 
 þǚƪǃåā çǚƮǃå ā ƓǈǒǄƵ Ɠǌƕ þƶǈå Ǒƙǃå çïǒƛǂǃå ĉǊĉǆćƶĉǈ ǏǄƵ Ąåïǒƛǂ Ąåíǆơ Ÿ íǆơǃå

 .ÿǒƶǆƞá ǊƕơƮ ā Ǌǃå ǏǄƵ ā íǆơǆ Ɠǈíǒƪ ÿǒǄƪïǆǃåā ßƓǒƕǈǕå íǒƪ ǏǄƵ 

 ííƶǃå ßåðƵǕå ßåïǀǄǃ þíǀƙ ÿá ƗǄƞǆǃƓƕ ïǒïơƙǃå ƗƑǒǋ ïƪǒ þĀîƪƴǁä Ā ƲƓäîǁä ÿǆ
äĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁäƕǐǆƾƗǁ  Ǒƙǃå úāïöǃå þƹï ǉïåíƮã ǑƼ Ÿå ƓǈǀƼā ăîǃåā

 ā åāƵƓõƙƪå ÿǒîǃå ýưƓƼǕå éƓơĈƕǃå þðƵ ā ƓǈǆðƵ ǑǈƛĈƙ þǃ Ǒƙǃåā íǚƕǃå Ɠǌƕ ïǆƙ
 Ǒƙǃå ā þǌǃƓǆƵá ā þǌƛāơƕ þǒíǀƙƕ üǃîā ƗǒǆǄƶǃå çïǒƪǆǃå ýƓǆǂƙƪã ǏǄƵ åāïƮá

 ÿǆ ÿāǂƙǃ íǚƕǃå ÿƋƬ ÿǆ ƴƼïǃå ǑƼ ǑƕƓƞǒã ĂíƮ Ɠǌǃ ÿāǂǒ ÿá ýāƶĈǈ ǑƼƓƮǆ
. Ɨǆíǀƙǆǃå ýāíǃå 

 ÿāǂƙ ÿƋƕ ƗǀƕƓƪǃå íåíƵǕå ǑƼ íāǌƶǆ āǋ Ɠǆǂ ííƶǃå åîǋ ǑƼ ƓǈƮïơ íƿ ā
 ƗǒǆǄƶǃå ƗǒơƓǈǃå ÿǆ æāǄõǆǃå Ăāƙƪǆǃå ǑƼ çïāƬǈǆǃå ƗǒǆǄƶǃå èƓƿïāǃå ƴǒǆƞ
 þƑåíǃå ƓǌƮïơ ííƞƙ ƗǄƞǆǃå ïǒïơƙ ƗƑǒǋ ÿƎƼ ûǄõǈǆǃå åîǋ ÿǆ ā .Ɨǒǈǀƙǃåā

ǌǈǆ ā ƗǈƓƮïƕ ƗǄƞǆǃå ïāíƮ ïåïǆƙƪƓƕ ÷ƓƕƙƎƕ üǃîā çíāƞ èåî ƗǒǆǄƵ Ɨǒƞ
 çîƙƓƪá úåïƬƎƕ ƗǒǆǄƶǃå éāơƕǃå þǒǒǀƙ ǑƼ ƗǆĊǂơĈǆǃå ƗǒǆǄƶǃå æǒǃƓƪǕå
 ÿǆƛĈǈ ÿá Ɠǈïƪǒ ƗƕƪƓǈǆǃå ǉîǌƕā .Ɨǒǈǀƙǃå ā þāǄƶǃå ÷āïƼ ƴǒǆƞ ǑƼ ÿǒƮƮƤƙǆ
 ā þǌƛƓơƕá ïƬǈǃ ƗǄƞǆǃå ǉîǋ èƓơƽƮ åāïƓƙƤå ÿǒîǃå éƓĊơĈƕǃå ƴǒǆƞ íāǌƞ ĄƓǒǃƓƵ

ǆǂ ÜƗǒǆǄƶǃå þǌƿåïāá ǑƼ þǋƓƪ ÿǆ ýǂǃ ÿƓƼïƶǃå ā ïǂƬǃå ýǒðƞƕ þíǀƙƙ Ɠǈǈá Ɠ
 .ýǆƶǃå åîǋ ðåïƕã ā ëƓƞǈ 

îǐîƟƗǁä ƕƏǐǉ ..... 
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ƕǐƮƑǐîǁä çäîƑǊǄǂǁ ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ Ƒǐǂƴǁä ìǉƑƴǄǁä ƕƓǂô þƑƾƗâ āìǄ 

ä ìƓƳ ǈôäîƪ ìǄƟǄ ôƨƑƓǁ1     ûîƑƓǄâ êƑƓƬǄ þƑƮǄî2      ǈƓǐƪĀƓä êƑǄîǁä ƕƻǐǂƢ3 

1 Ɨǒāåðǃå Ɨǒǈǀƙǃåā þāǄƶǄǃ ǑǃƓƶǃå íǌƶǆǃå /ƗǆƓƶǃå þāǄƶǃå þƪƿ 
2 Ɨǒāåðǃå ƗƶǆƓƞ /èǚǒƞƶǃå þāǄƶǃå ƗǒǄǂ /èƓǒưƓǒïǃå þƪƿ 
3 Ɨǒāåðǃå ƗƶǆƓƞ /ǏƪǒƵāƕå Ɨǒƕïƙǃå ƗǒǄǂ /èƓǒưƓǒïǃå þƪƿ 

    ra208020@gmail.com2basit2014sh@gmail.com1 

:òƢǂǄǁä 
 èåïƓǌǆ Ǐǃã êƓƙơƙ Ɨǒǈǀƙǃåā þāǄƶǄǃ ƓǒǄƶǃå íǋƓƶǆǃƓƕ Ɨǒǀǒƕõƙǃåā Ɨǒǈǀƙǃå èåïïǀǆǃå Ɨƪåïí
 ñǒïíƙǃå ƗƑǒǋ ßƓưƵá ÿǆ ïǒƕǂ ííƵ ĂāǂƬǃ Ɨƞǒƙǈā Ü ûƕƪǆ ǑưƓǒï íåíƶƙƪåā ƗǒưƓǒï

Ǚå þǌǒíǃ ñǒǃ Ɨǒǈǀƙǃåā þāǄƶǄǃ ƓǒǄƶǃå íǋƓƶǆǃå ƗƕǄõ ÿƋƕ íǋƓƶǆǃå ǉîǌƕ Ɨƪåïíǃ ǑƼƓǂǃå íåíƶƙƪ
 ǏǄƵ úāƿāǄǃ Ɨõǒƪƕǃå Ɨƪåïíǃå ǉîǌƕ þƓǒǀǄǃ ÿāƛơƓƕǃå ƓƵí ăîǃå ïǆǕå ƗǒǆǄƶǃå þǌƙƓƮƮƤƙ
 ƗƕǄõǃå ÿǆ ƗǒƑåāƬƵ Ɨǈǒƶǃ ÿƓơƙǆå ßåïƞƎƕ ÿāƛơƓƕǃå þƓƿ éǒơ èåßƓƵíǙå ǉîǋ ƗơƮ Ăíǆ
Ǚâǋ ÿƓǀƙã Ăíǆ ñǒǀǒ Ɨǒāåðǃå Ɨǒǈǀƙǃåā þāǄƶǄǃ ǑǃƓƶǃå íǌƶǆǃå þƓƪƿá úǄƙƤǆ ÿǆ ííƞǃå ß
 èïǌöá éǒơ ĄƓǒƑƓƮơã ƝƑƓƙǈǃå ýǒǄơƙƕ åāǆƓƿ þƛ ƗǒưƓǒïǃå èåïƓǌǆǃå ÿǆ ííƶǃ ƗƕǄõǃå
 þǋíåíƶƙƪå ÿƎƼ ǑǃƓƙǃƓƕā Ɨƽǒƶư ƗǒưƓǒïǃå èåïƓǌǆǄǃ ííƞǃå ƗƕǄõǃå ÿƓǀƙã Ɨƞïí ÿã ƝƑƓƙǈǃå
 ǏƮāá ƝƑƓƙǈǃå ǉîǋ ǏǄƵ ĄßƓǈƕā þƓƪƿǕå úǄƙƤǆƕ ûơǚǃå þǄƶƙǄǃ ǑƼƓǂ ïǒƹ ǑưƓǒïǃå

 ï ïïǀǆ ƗƼƓưƎƕ ÿāƛơƓƕǃå ûïõǃåā èƓƿǚƶǃåā þǒǋƓƽǆǃå ǊǒƼ ôïƶƙ ăíǒǌǆƙ ǑưƓǒ
 ÿƵ çïƓƕƵ ïïǀǆǃå åîǋ ÿāǂǒā Ɨǀơǚǃå èåïïǀǆǃå Ɨƪåïíǃ æǃƓõǃå ƓǌƞƓƙơǒ Ǒƙǃå èåïƓǌǆǃåā

 ǑƪƓƪá) ƗǀƕƓƪ ƗǒǆǒǄƶƙ ýơåïǆ ǑƼ Ǌƙƪåïí ûƕƪ Ɠǆǃ ƗƶƞåïǆĲ .(ăāǈƓƛ 
 

Abstract  

The study of technical and applied courses at the Higher Institutes 

of Sciences and Technology requires mathematical skills and a 
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prior mathematical readiness, and as a result of a complaint by a 

large number of faculty members in these institutes that students of 

higher institutes of science and technology do not have sufficient 

mathematical readiness to study their scientific specialties, which 

called on researchers to do this simple study to find out the extent 

of the allegations, as the researchers conducted an examination for 

a random sample of new students from the various departments of 

the Higher Institute for Sciences and Technology at  Zawia, which 

measures the extent of these student's mastery of a number of 

mathematical skills, and then analyzed the results  statistically, as 

the results showed that the degree of student's  mastery of 

mathematical skills is weak and thus their mathematical readiness 

not sufficient for subsequent learning in the various departments, 

and based on these results, the researchers recommended adding an 

introductory mathematical course in which the concepts, 

relationships, methods and skills that the student needs to study the 

subsequent courses are presented and this course is a review of 

what has been studied in previous educational stages(primary-

secondary) . 

1. ƕƨäîìǁä ƕôƢ 
1.1ƕǄìƾǄǁä . 

         Ɨǒǀǒƕõƙǃå þāǄƶǃå ƗƮƓƤā þāǄƶǃå Ɨǒǀƕ þǒǄƶƙā þǄƶƙ ǑƼ ĄƓǆǌǆ Ąåïāí èƓǒưƓǒïǃå æƶǄƙ
 ïǌöƙā Ü÷āïƽǃå ÿǆ Ɠǋïǒƹā ƗǒíƓƮƙƿǙåā ƗǒƑƓǒðǒƽǃåā Ɨǒƪíǈǌǃå ƓǌƵāïƼ ƗƼƓǂƕ Ɨǒǈǀƙǃåā
 ïǒƪƽƙ ǑƼ Ɠǌƽǒöāƙ āǋ ƓǌƙƓǀǒƕõƙ þǋá ÿǆā ÜƗƽǄƙƤǆǃå ƓǌƙƓǀǒƕõƙ ýǚƤ ÿǆ Ɠǌƙǒǆǋá

Ɠƙǈƙƪåā Ɨƞîǆǈƕ üǃîā Ɨǒƪíǈǌǃåā ƗǒƑƓǒðǒƽǃå èƓǒïöǈǃå èƓƕƛȒåā ƗǒưƓǒïǃå ÿǒǈåāǀǃåā èƓƿǚƶǃå ê
 ǏǄƵ ƓǌƙơƮ èƓƕƛã íǆƙƶǒ ƗǒưƓǒï èǙíƓƶǆā ƸǒƮ ǑƼ Ɨǒƪíǈǌǃå þǒǋƓƽǆǃåā èƓǒïöǈǃå
 èåïƓǌǆǃåā úïƓƶǆǄǃ ǑǄƕǀǃå íåíƶƙƪǙå æǄõƙǒ ăîǃå ïǆǕå ÜƗǒưƓǒïǃå úïƓƶǆǃåā þǒǋƓƽǆǃå

 ā Üüǃîǃ Ɨǆðǚǃå ƗǒưƓǒïǃå ÿǒƕƪǈǆǃå ƗƕǄõǄǃ ǑǄƕǀǃå íåíƶƙƪǙå Ăíǆ Ɨƪåïíǃ ƓǈƶƼí Ɠǆǆ åîǋ
 Ǒƙǃå ƗǒưƓǒïǃå èåïƓǌǆǄǃ þǌǈƓǀƙã Ăíǆ ïǌöǒ ăîǃåā ÜƗǒāåðǃƓƕ Ɨǒǈǀƙǃåā þāǄƶǄǃ ǑǃƓƶǃå íǌƶǆǄǃ
 þǒǋƓƽǆǃå üåïíȒåā þǌƼ ǑƼ þǄƶƙǆǃå íƵƓƪƙ ǑǌƼ ßåāƪǃå íơ ǏǄƵ þǄƶƙǆǃåā þǄƶǆǃå íƵƓƪƙ
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ǒïǃå ǏǄƵ çíǆƙƶǆǃå Ɨǒǈǀƙǃå èƓƿǚƶǃåā èƿāǃåā íǌƞǃå ïƓƮƙƤå ǑƼ þǄƶǆǃå íƵƓƪƙā èƓǒưƓ
.ñïíǃå æǄƮ ÿƵ êïƓƤǃå 

2.1ƕƨäîìǁä ƕǂǀƪǄ .: 
 þāǄƶǄǃ ƓǒǄƶǃå íǋƓƶǆǃå þƓƪƿá ƴǒǆƞƕ ñǒïíƙǃå ƗƑǒǋ ßƓưƵá ÿǆ ïǒƕǂ ííƵ āǂƬǒ
 ƗǀǄƶƙǆ ƓǒƓưƿ ƗƞǃƓƶǆǃ ƗǒƼƓǂǃå ƗǒưƓǒïǃå èåïƓǌǆǃå þǌǒíǃ ñǒǃ ƗƕǄõǃå ÿã ÿǆ Ɨǒǈǀƙǃåā

ÿǒïíƓƿ ïǒƹ þǌƼ ÜóƮƤƙǃƓƕ  ƗƞǃƓƶǆ ǑƼ èƓǒưƓǒïǃå ǑƼ ĄƓǀƕƓƪ ǉāƪïí Ɠǆ þåíƤƙƪå ǏǄƵ
 ßƓưƵá ÿȒåā ÜƗǒưƓǒïǃå úïƓƶǆǃåā þǒǋƓƽǆǃå ǏǄƵ Ąåïǒƛǂ íǆƙƶƙ Ǒƙǃåā þǌƮƮƤƙ èåïïǀǆ
 Ɠǈǋ ÿǆā ÜƗƕǄõǃå ßǙâǋ ñǒïíƙ ǑƼ ƗƕāƶƮ åāíƞā þǌǈá ÿǆ üǃîǂ ÿāǂƬǒ ñǒïíƙǃå ƗƑǒǋ

èåßƓƵíǙå ǉîǋ ƗơƮ Ăíǆ ǏǄƵ úāƿāǄǃ Ɨƪåïíǃå ǉîǋ çïǂƼ èïǌö. 
3.1ƑǊƗǐǄǉàĀ  ƕƨäîìǁä ùäìǉà .: 

:ǑǄǒ Ɠǆ ûǒǀơƙ ǑƼ ƓǌƼåíǋáā Ɨƪåïíǃå Ɨǒǆǋá ïǌöƙ 
1 Ĳ  ƗǀǄƶƙǆǃå ƗǒưƓǒïǃå èåïƓǌǆǄǃ þǄƶƙǆǃå ÿƓǀƙã Ɨƞïí ñƓǒǀǃ Ɨõƪƕǆ ƗǄǒƪā þǒǆƮƙ

.Ɨǒāåðǃå Ɨǒǈǀƙǃåā þāǄƶǄǃ ǑǃƓƶǃå íǌƶǆǃå þƓƪƿá èåïïǀǆƕ 
2 Ĳ ǋíåíƶƙƪåā ǑưƓǒïǃå ÿǒǆǄƶƙǆǃå Ăāƙƪǆ ýāơ ïƬâǆ ßƓõƵã.ûơǚǃå þǄƶƙǄǃ Ǒǆǂǃå þ 
3 Ĳ  ïāƮǀǃå Ɨǒõƺƙǃ ƗǒƞǚƵ Ɲǆåïƕ õǒõƤƙā ƗǒưƓǒïǃå þǄƶƙǆǃå èƓƞƓǒƙơå ǏǄƵ úïƶƙǃå

.þǌǒíǃ 
4.1ƕƨäîìǁä çǗáƑƨƗ  .: 

:ÿǒǒƙǓå ÿǒǃâƓƪƙǃå ÿƵ ƗƕƓƞǗå Ɨƪåïíǃå ǉîǋ ýāƓơƙ 
1-  ǑƼƓǂǃå ǑưƓǒïǃå íåíƶƙƪǙå þǌǒíǃ Ɨǒǈǀƙǃåā þāǄƶǄǃ ƓǒǄƶǃå íǋƓƶǆǃå þƓƪƿá ƗƕǄõ ýǋ

åïíǃ  ÞƗǒưƓǒïǃå Ɨƶǒƕõǃå èåî þǌƮƮƤƙ èåïïǀǆ Ɨƪ 
2-  Ɨǆðǚǃå ƗǒưƓǒïǃå èåïƓǌǆǃå ÿāǈǀƙǒ Ɨǒǈǀƙǃåā þāǄƶǄǃ ƓǒǄƶǃå íǋƓƶǆǃå þƓƪƿá ƗƕǄõ ýǋ

ÞþƓƪƿǕå ƴǒǆƞƕ èƓǒưƓǒïǃå ǏǄƵ çíǆƙƶǆǃå Ɨǒǈǀƙǃå èåïïǀǆǃå Ɨƪåïíǃ 
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ƕƨäîìǁä ƕǆǐƳĀ ƲǄƗƜǄ: 
þƓƪƿƋƕ þǌǃāƕƿ þƙ ÿǒîǃå ííƞǃå ƗƕǄõǃå āǋ Ɨƪåïíǃå ƴǆƙƞǆ  þāǄƶǄǃ ƓǒǄƶǃå íǋƓƶǆǃå

 ǑƼ ÿǒǄƞƪǆ þǋ ÿǒîǃåā þƓƪƿǕå üǄƙ ÿǆ ƓǋïƓǒƙƤå þƙ íǀƼ Ɨƪåïíǃå ƗǈǒƵ Ɠǆã ÜƗǒǈǀƙǃåā
 ÿǆ íǌƶǆǃå åîǋ ÿǕ üǃîā ƗǒāåðǃƓƕ Ɨǒǈǀƙǃåā þāǄƶǄǃ ǑǃƓƶǃå íǌƶǆǃƓƕ ǏǃāǕå Ɨǒƪåïíǃå ýāƮƽǃå

ǃå ÿǆ ïǒƕǂ ííƵ Ǌƕ ñïíǒ éǒơ Ɨǒǈǀƙǃåā ƗǒǆǄƶǃå èƓƮƮƤƙǃå ƗǄǆƙǂǆǃå íǋƓƶǆǃå ÿǆ ƗƕǄõ
 ƓǋííƵ Ǒƙǃåā Ɨǈǒƶǃå ǉîǋ ÿƎƼ ǑǃƓƙǃƓƕā ƓǌƞïƓƤā Ɨǒāåðǃå Ɨǈǒíǆ ýƤåí33  Ąǚƛǆǆ ïƕƙƶƙ ĄƓƕǃƓõ

.Ɨƪåïíǃå  ƴǆƙƞǆǃ Ąåíǒƞ 
 

2:ƕƨäîìǂǁ Ăîõǆǁä îƑôǕä . 
1.2 .ƕǐǆƾƗǁäĀ ƕǐƨìǆǊǁä ýĀǂƴǁƑƓ ƑǊƗƽǘƳĀ çƑǐƮƑǐîǁä : 
       ǃå ƗǂǄǆ ƓǌǈƋƕ èƓǒưƓǒïǃå (ñāƓƞ) ǑưƓǒïǃå þǃƓƶǃå úƮā íǀǃ ñǒƵí þǒï) þāǄƶ
2009 ÜǑǆǄƵ ðƓƞǈã ýǂ ǑƼ þǋƓƪƙā Ɨǒǀǒƕõƙǃå þāǄƶǃå æǈåāƞ ýǂ ǑƼ ýƤíƙ ǑǌƼ (

 èƓǒưƓǒïǃå Ɨǒǆǋá üåïíã ÿǆ åāǈǂǆƙ āǃ  þǌǈá Ǐǃã Ɨǒǀǒƕõƙǃå æǈåāƞǃƓƕ ÿāǆƙǌǆǃå ïǒƬǒā
 ƗǒíƓƮƙƿǙåā ƗǒïƬƕǃå íïåāǆǃå þíǀƙ ǑƼ þǋƓƪƙ ǑǌƼ ýƛǆǕå Ɠǌǃǚƺƙƪåā ƓǌƙƓǀǒƕõƙ Ɨǒǆǋáā

ǈƙ ǏǄƵ ýǆƶƙāñǒƵí þǒï) èïƓƬá íǀǃā ÜƓǌƙǒǆ2009(  Ǚ èƓǒưƓǒïǃå ÿāí ÿǆ Ǌǈá Ǐǃã
 èƓǆāƪïǃåā êîƓǆǈǃå ïǒƪƽƙ ƴưā ǑƼ þíƤƙƪƙ ǑǌƼ ÜƓǌƙƓǀǒƕõƙǃ Ǚā Ɨǒƪíǈǌǃå þāǄƶǄǃ íāƞā
 ÜĂïƤǕå èƓƿǚƶǃåā þǒǋƓƽǆǃå ÿǆ íǒíƶǃåā ñƓǒǀǃå þǒǋƓƽǆ ƗƼïƶǆā ƴƿåāǃå çƓǂƓơǆā Ɨǒƪíǈǌǃå

ǌǃ èƓǒưƓǒïǃå  ÿá Ǐǃã ĄƓưǒá èïƓƬáā úǄƙƤǆ ǑƼ ƗǆƓǋ èƓǀǒƕõƙā ƗƽǄƙƤǆ æǈåāƞ Ɠ
 .Ɠǌǈǆ Ɨǒƪíǈǌǃå ƗƮƓƤā èƓǀǒƕõƙǃå ôƶƕ ïǂîǈā èǙƓƞǆǃå 

 ļ-  êƓƙǈǗå ƗǒǄǆƵ ýǒǌƪƙ ǑƼ ĄƓǆǌǆ Ąåïāí èƓǒưƓǒïǃå æƶǄƙ èåïƓǒƪǃå ƗƵƓǈƮ þǃƓƵ ǑƼ
 èǚǂƬǆǃå ýơā Ɨƪåïíā ïǒāõƙǃåāƗǌƞåāǆǃå  èåïǒƺƙǆǃå ýǂ ïƛá Ɨƪåïí ÿǂǆǆǃå ÿǆ ƠƕƮáā

ƪǃå ýǂǒǋ  ǏǄƵ .çïƓǒ 

 ļ-  ýưƓƽƙǃå) ÿƓƕƪơǃå þǄƵ ïāõƙ Ǚāǃ ýǆƙǂǒ þǃ āǌƼ èåïƑƓõǃå ƗƵƓǈƮ æǈƓƞ ǑƼ
 ñǒƵí þǒï) ïǒƬƙ ÿƋƬǃå åîǋ ǑƼā (ýǆƓǂƙǃåā2009 āǋ Ɠǈǃāơ ïāíǒ ßǑƬ ýǂ ÿá Ǐǃã (
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 ƗǒƵƓǈƮǃå ïƓǆƿǕåā æǂåāǂǃåā ƗǒưƓǒï çíƵƓƿ āá ÿǒǈåāǀƕ ýǆƶƙā ïāíƙ Ɨǃá ýǂƼ èƓǒưƓǒï
 íƵåāƿ Ɠǌǆǂơƙ ÿāǂǃå ǑƼ ïāíƙ.ƗǒưƓǒï ÿǒǈåāƿā 

 Ǒƪǒƕǂǃå Ɠǌǆ)èïƓƬá íǀǃā2004 ÿǆ èƪïí ƗǒǄưƓƽƙǃå èǙíƓƶǆǃå ÿá Ǐǃã (
 ÿá Ǐǃã ĄƓưǒá ïǒƬƙā ÜßƓǒðǒƽǃå ßƓǆǄƶǃ Ɨǒïāïư Ǒǋā (ýǆƓǂƙǃåā ýưƓƽƙǃå) ÿƓƕƪơǃå Ɨǒåíƕ
 ïǒƛǂ ǑƼ ïǌöƙ Ǒƙǃå ýƑƓƪǆǃå ÿǆ íǒíƶǃå ýơ ǑƼ Ɨǆǌǆ Ɨǀǒïõ ïƕƙƶƙ ñǚƕǙ èǚǒāơƙ

ǒƑƓǒðǒƽǃå èƓǀǒƕõƙǃå ÿǆ ÿǆ íǒíƶǃå ǑƼ ƗǒƑðƞǃå ƗǒǄưƓƽƙǃå èǙíƓƶǆǃå  çïǂƼ ïǌöƙā ÜƗ
 èƓƕƙƶǃåā üǄƪǃå ðåðƙǋåā Ǒǈíƶǆ æǒưƿ ýǚƤ çïåïơǃå ýƓǀƙǈå ýƛǆ ƗǒƑƓǒðǒƽǃå úƿåāǆǃå
 ƓǌǄǒƺƬƙā Ɠǌƙƞǆïƕā ƓǌǆǒǆƮƙ ǑƼ íǆƙƶƙ ƗǒǈāïƙǂǃǙå çðǌƞǕå ýǂ üǃîǂā Ɠǋïǒƹā

.ƗƽǄƙƤǆǃå ƓǌƵāïƽƕ èƓǒưƓǒïǃå ǏǄƵ ƓǌƙǙƓǆƶƙƪåā 
2.2ǁä .:ýĀǂƓ ìǆƳ úǐƓôƗǁäĀ çƑǐƮƑǐî 

ǊƿƓƼïā þāǄƕ úƮǒ )þāǄƕ 1956:Ǒǋ èǙƓƞǆ éǚƛ ǑƼ Ɨǒāƕïƙǃå úåíǋǕå ( 
 èåïƓǌǆǃåā èåïíǀǃåā ïǂîƙǃåā ƗƼïƶǆǃƓƕ ƗǀǄƶƙǆǃå úåíǋǕå ýāƓǈƙǒ āǋā :ǑƼïƶǆǃå ýƓƞǆǃå

.Ɨǒǈǋîǃå ƗǒǄǀƶǃå 
 Ɨǂïơǃåā ýāǒǆǃåā ïƵƓƬǆǃƓƕ ƗǀǄƶƙǆǃå úåíǋǕå ýāƓǈƙǒ āǋā :Ǒǂïơǃå ýƓƞǆǃå.ƗǒǂǒǈƓǂǒǆǃå 

 èƓǋƓƞƙǙåā èƓƕƹïǃåā ýāǒǆǃåā ïƵƓƬǆǃƓƕ ƗǀǄƶƙǆǃå úåíǋǕå ýāƓǈƙǒ āǋā :Ǒǈåíƞāǃå ýƓƞǆǃå
 Ǐǃã Ɠǈǋ ïǒƬǈ ÿå íǒïǈā ÜèƓǆƓǆƙǋǙåāã ýƓƞǆǃå āǋ Ɨƪåïíǃå ǉîǋ ǑƼ Ɠǈǆǌǒ ăîǃå ýƓƞǆǃå ÿ

 ƗƕāƶƮ æƪơ üǃîā ĄƓǒíƵƓƮƙ Ɨƕƙïǆ èƓǒāƙƪǆ èƪ ǑƼ þāǄƕ ǊƽǈƮ ăîǃå (ǑƼïƶǆǃå)
ƙǆǃå üāǄƪǃå.þǄƶƙǆǃå ýƕƿ ÿǆ þǄƶƙǃå ƗǒǄǆƵ íƶƕ Ǌƛāíơ ƴƿā 

 ƗƼïƶǆǃå Ăāƙƪǆ :Ǒǋ Ɨƙƪǃå èƓǒāƙƪǆǃåāĲ  þǌƽǃå ĂāƙƪǆĲ  ûǒƕõƙǃå ĂāƙƪǆĲ  Ăāƙƪǆ
 ýǒǄơƙǃåĲ  æǒǂïƙǃå ĂāƙƪǆĲ  Ăāƙƪǆǃå āǋ Ɨƪåïíǃå ǉîǋ ǑƼ Ɠǈǆǌǒ ăîǃåā Üþǒāǀƙǃå Ăāƙƪǆ

ƙ Ɠǆ úǒöāƙā þåíƤƙƪå ǏǄƵ çïíǀǃå Ǌƕ íƮǀǒ ăîǃåā (ûǒƕõƙǃå) éǃƓƛǃå ýāƮơǃåā ǊǆǄƶƙ þ
 çíǒíƞ úƿåāǆ ǑƼ ƓǌƕƓƶǒƙƪåā ƓǌǆǌƼā  èåïƓǌǆā ûïõā íƵåāƿā ÿǒǈåāǀǃ ƗƼïƶǆ ÿǆ ǊǒǄƵ

.Ǌǌƞåāƙ  ýǂƓƬǆā ýƑƓƪǆ ýơā 
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 ăáá Ǐǃã ïǒƬǒ Ăāƙƪǆǃå  åîǋ ÿã Ǒƽǒïƶǃå úǈƮ íǀǃā ÜĂïƤá úƿåāǆ Ǐǃã þǄƶƙǃå ïƛá ýƓǀƙǈ
 Ǒƽǒïƶǃå íǆơå)1997 āǈá Ɨƛǚƛ Ǐǃã èƓǒưƓǒïǃå ýƓƞǆ ǑƼ ûǒƕõƙǃå (:Ǒǋ ÷å-  

 ǑƼ ƗǒưƓǒïǃå èƓƿǚƶǃåā þǒǋƓƽǆǃå þåíƤƙƪå ǏǄƵ çïíǀǃå ýǚƤ ÿǆ ïǌöƙā :ƗǒǄƤåí èƓǀǒƕõƙ
.(èƓǒưƓǒïǃå) çíƓǆǃå èåíơā ÿǒƕ ýǆƓǂƙǃå āǋā ĂïƤá ƗǒưƓǒï þǒǋƓƽǆ ƗƞǃƓƶǆ 

 ýǂƓƬǆ ýơ ǑƼ èƓǒưƓǒïǃå þåíƤƙƪå ǏǄƵ çïíǀǃå ýǚƤ ÿǆ ïǌöƙā :ƗǒƞïƓƤ èƓǀǒƕõƙ
ǒơǃå ÿǆ ýƑƓƪǆā ýǂƓƬǆ ƗƞǃƓƶǆā.Ɨǒǆāǒǃå çƓ 

 Ɨƪåïí ǑƼ Ɠǌƽǒöāƙā èƓǒưƓǒïǃå þåíƤƙƪå ǏǄƵ çïíǀǃå ýǚƤ ÿǆ ïǌöƙā :Ɨǒƞǌǈǆ èƓǀǒƕõƙ
.Ɨǒǈǀƙǃå þāǄƶǃå ƗƼƓǂā Ɨƪíǈǌǃåā ßƓǒðǒƽǃå ýƛǆ ĂïƤá Ɨǒƞǌǈǆ íåāǆ 

  Ǒƙǃåā çííƶƙǆǃå ƓǌƙƓǀǒƕõƙ ýǚƤ ÿǆ ïǌöƙ èƓǒưƓǒïǃå Ɨǆǒƿ ÿá Ǐǃã Ɠǈǋ ïǒƬǈ ÿá íǒïǈā
ǒǄƵ ÿǒǆǄƶƙǆǃå ýƓƕƿã ÿǆ íǒðƙ.Ɠǌǈǆ çíƓƽƙƪǙåā Ɠǌ 

 ăîǃå āǋā (Ɨǒƞǌǈǆǃå) èƓǀǒƕõƙǃå ǉîǋ ÿǆ éǃƓƛǃå ÷āǈǃå āǋ ĄƓưǒá Ǌǒǃã ïǒƬǈ ÿå íǒïǈ ăîǃåā
.Ɨƪåïíǃå ǉîǋ ǑƼ Ɠǈǆǌǒ 

3.2:ýǂƴƗǂǁ ìäìƴƗƨǗä . 
         íåíƶƙƪåā ðǒǌƞƙ Ǐǃã êƓƙơǒ Ɨǒǆāǒǃå ƓǈƙƓǒơ ǑƼ ÷āïƬǆ ăƋƕ  þƓǒǀǃå ÿå íǂâǆǃå ÿǆ

 èƓƕǄõƙǆǃåā èƓǈƓǂǆǘǃ ûƕƪǆ ƗǄǒƮơ ǏǄƵ íǆƙƶǒ åîǋā Ü÷āïƬǆǃå üǃî îǒƽǈƙ ƓǌƞƓƙơǒ Ǒƙǃå
 ïƓƬá íǀǃā èåïíǀǃåā èƓǒǈƓǂǆǗå üǄƙ ÿǆ ÷āïƬǆǃå åîǌƕ þƑƓǀǃå ǊǂǄƙǆǒ Ɠǆǃ ûƕƪǆ íǒƮïā

Ǒƽǒïƶǃå íǆơå ÿƵ Ąǚǀǈ) ǊǒǈƓƞ1997 Ɨǆǌǆƕ þƓǒǀǃåā þǄƶƙǄǃ íåíƶƙƪǙå ƗǒǄǆƵ ÿá Ǐǃã (
ƙǆǃå Ăíǃ þǂåïƙ Ɠǆ "Ɨǒǆǂ" ïåíǀǆ ǏǄƵ íǆƙƶƙ Ɨǈǒƶǆ íƿ ƗǀƕƓƪ èåïƕƤā èƓǆāǄƶǆ ÿǆ þǄƶ

 íǒíƞ ǑǆǒǄƶƙ úƿāǆǃ ǊƙǌƕƓƞǆ íǈƵ Ɠǋïǌöǒ ƗǀƕƓƪ ƗǒǆǒǄƶƙ úƿåāǆ ÿǆ Ɠǌƕƪƙǂåā ƓǌǆǄƶƙ
 þǄƶƙǃ ûơǚǃå ǉíåíƶƙƪåā þǄƶƙǆǃå çïíƿ ííơƙ ƗǀƕƓƪǃå úïƓƶǆǃåā èåïƕƤǃå ÿá Ǐǃã ïǒƬǒ åîǋā

ǆ ǑƼ ǊǄƶƞƙ èƓǆāǄƶǆǃå ÿǆ çïǒƕǂ ƗǄǒƮơ üǄƙǆǒ ăîǃå þǄƶƙǆǃå ÿá ăá ÜûơǙ ïƛǂá úƿā
 þǄƶƙǄǃ ƗǒƼƓǂǃåā  Ɨǒïāïưǃå èƓǆāǄƶǆǃå ÿǆ ïǒƕǂ ííƵ Ǐǃã ïǀƙƽǒ ăîǃå ǉïǒƹ ÿǆ Ąåíåíƶƙƪå
 úǚƙƤƓƕ üǃîā ïƤǓ óƤƬ ÿǆ úǄƙƤƙ  Ɨǒåíƕǃå Ɨõǀǈ ÿá ǏǄƵ íǂâǒ åîǋā Üûơǚǃå
 ýǂ ÿá Ǐǃã ĄƓưǒá ǊǒǈƓƞ ïƓƬá óāƮƤǃå åîǋ ǑƼā þǌǈǆ Ąǚǂ Ăíǃ ƗǒƼïƶǆǃå ƗǄǒƮơǃå
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ÿá ÿǆ ĊíƕǙ ƗǒƑƓǌǈ Ɨǆǌǆ  þǄƶƙǆǃå ƓǌƞƓƙơǒ Ǒƙǃå ƗǒƑðƞǃå þƓǌǆǃå ÿǒƕǒ Ǒǆïǋ ûƪǈ Ɠǌǃ þƪïǒ
.Ɨǆǌǆǃå üǄƙǃ Ɨǒåíƕǃå Ɨõǀǈ ííơƙ Ɠǌǀǒïõ ÿƵ Ǒƙǃåā Ɨǆǌǆǃå üǄƙƕ þāǀǒ Ǒǂǃ 

 4.2:ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ǏǁƑƴǁä ìǊƴǄǁä åǁƑôǁ ǏƮƑǐîǁä ìäìƴƗƨǗä . 
íåíƶƙƪǙƓƕ Ǐǆƪǒ íåíƶƙƪǙå ÿǆ ÷āǈ Ǐǃã ïƓƬá ǊǒǈƓƞ ÿá ĄƓƽǄƪ Ɠǈơưāá Ɠǆǂ 
 èåïïǀǆ Ɨƪåïíǃ ƓǌƞƓƙơǒ Ǒƙǃåā þǄƶƙǆǃå Ăíǃ Ɨǆǂåïƙǆǃå úïƓƶǆǃå Ɨǒǆǂƕ ñƓǀǒ éǒơ ÜǑǆǂǃå
 ƗǒƑƓƕïǌǂǃå Ɨǒǈǀƙǃå èåïïǀǆ þǄƶƙ ÿá Ǐǃã ïǒƬǈ ÿá íǒïǈ ýƓƞǆǃå åîǋ ǑƼā ÜǊƮƮƤƙ
 ÿǆ ïǒƕǂ ííƶǃ ûƕƪǆ üåïíȒåā þƓǆǃȒåā  þǄƶƙ Ǐǃã êƓƙơǒ Ɠǋïǒƹā ƗǒƑƓǒǆǒǂǃåā ƗǒǂǒǈƓǂǒǆǃåā

ǃåā èƓƿǚƶǃåā þǒǋƓƽǆǃå þǄƶƙǆǃå ÿá Ǐǃã ĄƓưǒá ïǒƬǈ ÿá íǒïǈā ÜƗǒưƓǒïǃå ûïõǃåā èåïƓǌǆ
Ƽ Ɠǌƕ ƗǀǄƶƙǆǃå èåïƓǌǆǃå üǄǆǒ Ǚā èƓǒƪƓƪǕå ǉîǌƕ þǄǆ ïǒƺǃåƎ íƶƙƪǆ ïǒƹ ÿāǂǒƪ Ǌǈ
.èƓǒưƓǒïǃå ǏǄƵ íǆƙƶƙ Ǒƙǃåā ǊƮƮƤƙ èåïïǀǆ þǄƶƙǃ ĄƓǒưƓǒï 

þāǄƶǄǃ ƓǒǄƶǃå íǋƓƶǆǃå ǑƼ ñǒïíƙǃå ƗƑǒǋ ßƓưƵá ÿǆ ïǒƕǂ ííƵ ǏǂƙƬå íǀǃā 
 þāǄƶǄǃ ƓǒǄƶǃå íǋƓƶǆǃå ƗƕǄõǃ Ɨǒƪíǈǌǃå èåïïǀǆǃåā èƓǒưƓǒïǃå ÿāƪĊïíǒ ÿǒîǃåā Ɨǒǈǀƙǃåā
 ƴƕƙƙ ǏǄƵ ÿǒïíƓƿ ïǒƹ ƗƕǄõǃå ßǙâǋ ÿǆ Ąåïǒƕǂ ĄåííƵ ÿƋƕ þƓƪƿǕå ƴǒǆƞƕ Ɨǒǈǀƙǃåā
 þǄƶƙǃ ƗƕǄõǃå ßǙâǋ íåíƶƙƪå Ăíǆ Ɨƪåïí çïǂƼ èƶƕǈ Ɠǈǋ ÿǆā Üíåāǆǃå ǉîǋ ǑƼ èåïưƓơǆǃå

 ƗǒưƓǒïǃå èåïïǀǆǃå.ĂïƤǕå Ɨǒƞǌǈǆǃåā Ɨǒƪíǈǌǃå 
5.2:ƕǐƮƑǐîǁä çäîƑǊǄǁä þƑƾƗâ ƕƜîì ðƑǐƾǄ ýǐǄƬƗ . 

 ûơǚǃå þǄƶƙǃå ƓǌǒǄƵ íǆƙƶǒ Ǒƙǃåā ƗǆƓǌǃå èǙƓƞǆǃå ÿǆ ƗƵāǆƞǆ ƓǈïƙƤå íǀǃ
 þƙā  ƗǒƼïƶǆǃå ǊƙǄǒƮơ ÿǆư ÿǆ ÿāǂƙ ăá ĄƓǀƕƪǆ Ɠǌƕ ĄƓǆǄǆ þǄƶƙǆǃå ÿāǂǒ ÿå æƞǒ Ǒƙǃåā

Ɨƞǆïƕǆ ƗǄƑƪá çïāƮ ǑƼ ñƓǒǀǆǃå þǒǆƮƙ  ÿǆ ÿǒǆǂơǆǃå ÿǆ ííƵ ǏǄƵ ôïƶƙ éǒơƕ
 ƓǌƙƹƓǒƮ ýāơ ăĊåïǃå ßåíƕǗ Ɨǒǈǀƙǃåā þāǄƶǄǃ ƓǒǄƶǃå íǋƓƶǆǃƓƕ ñǒïíƙǃå ƗƑǒǋ ßƓưƵá
 Ǒƙǃå èåïƓǌǆǃåā þǒǋƓƽǆǃå ǏǄƵ ñƓǒǀǆǃå ƗǒǄǆƵ ïƮƙǀƙā ÜƗƪåïíǄǃ ƓǌƙǆƑǚǆā Ɠǋåāƙơǆā

ƙ Ǒǋā Üèåïïǀǆǃå  ǉîǌƕ íǒíƞǃå þǄƶƙǃå ÿǆư ÿǆ ñǒǃā ĄƓǀƕƪǆ þǄƶƙǆǃå Ɠǌƪïí  Ǐǃã þƪǀǈ
:ǑǄǒ Ɠǆǂ èǙƓƞǆ ƗƪǆƤ 

1 Ĳ  .ƗơǒơƮǃå íåíƵǕå ǏǄƵ èƓǒǄǆƶǃå 
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2 Ĳ  .ïāƪǂǃå ǏǄƵ èƓǒǄǆƶǃå 
3 Ĳ  .Ɨǒïƕƞǃå ïǒíƓǀǆǃå ǏǄƵ èƓǒǄǆƶǃå 
4 Ĳ .Ɨǒïƕƞǃå ïǒíƓǀǆǃå ýǒǄơƙ 
5 Ĳ .ǏǃāǕå Ɨƞïíǃå ÿǆā íơåā ýāǌƞǆ ǑƼ Ɨǒïƕƞǃå èǙíƓƶǆǃå ýơ 
ð1 ı ƕƟǐƟƬǁä ìäìƳǗä ǍǂƳ çƑǐǂǄƴǁä: 

ýǂ ăïƞå    :ƗǒǃƓƙǃå èƓǒǄǆƶǃå ÿǆ 
1    (- 9    +3  =---------------------------                   
 2   (-2  - 8  =----------------------------   
3    (3 Ĳ 4 Ĳ 10  =--------------------------                      
4   (-1 x  -7  x  - 2   =---------------------- 
 5  (  )4  x  -2  Î (2    =---------------------             
ð2 ı îĀƨǀǁä ǍǂƳ çƑǐǂǄƴǁä: 

             :ƗǒǃƓƙǃå èƓǒǄǆƶǃå ÿǆ ýǂ ăïƞå                                          
   
1  (   =--------------------- 

-------------------    =     (2    
3     (   ς 1  =----------------      
4    (1 -  = À---------------- 
5 āǋ Ɠǆ     ( ¾ ííƶǃå60   Þ---------------------     
 
ð3- ƕǐîƓƜǁä îǐìƑƾǄǁä ǍǂƳ çƑǐǂǄƴǁä: 

:ƗǒǃƓƙǃå ïǒíƓǀǆǃå ÿǆ ýǂ õƪƕ          
1   (3ñ́  -  )2 - ñ́  = (---------------------------      
2  )    (2ñ2  +5  ) +  (2  -  ñ2   = (------------------ 
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3)  (1 -  ñ ) ( ñ2  -  3   = (------------------------        
 4   (20ñ4  Î4ñ3   =------------------------------ 
5   ( ñ2 ñ )3 -1  = (------------------------------ 
ð4 ı :ƕǐîƓƜǁä îǐìƑƾǄǁä üǐǂƟƗ 

çïāƮ õƪƕå Ǐǃã ƗǒǃƓƙǃå Ɨǒïƕƞǃå ïǒíƓǀǆǃå ÿǆ ýǂ ýǄơ 
1 ñ  (2 - 2   = ñ----------------------                              
2 æ    ( ́- 16  =----------------------                                   
3 ñ   (2 -  4 ñ- 21  =------------------                     
4 ñ   (3 - 27  =-----------------------                       
5     (2ñ3 Ĳ 8 = ñ--------------------                          
ð5  :çǗìƑƴǄǁä üƟ 
1ñ ƗǃíƓƶǆǃå ûǀơƙ Ǒƙǃå ñ Ɨǆǒƿ íƞāá  (2- ñ- 6  =0  

---------------------------------------------------
-------------- --------------------------- 

2     ƗǃíƓƶǆǃå ûǀơƙ Ǒƙǃå ñ Ɨǆǒƿ íƞāá  (   2 =   ñ 

 
---------------------------------------------- 

3  (    ƗǃíƓƶǆǃå ûǀơƙ Ǒƙǃå ñ Ɨǆǒƿ íƞāá2 ñĲ 1  =4 Ĳ 3ñ 
---------------------------------------------------

----------------------------------------- 
4 ïåíǀǆǃå ýƶƞƙ Ǒƙǃå ñ Ɨǆǒƿ íƞāá    (5 + ñ ïåíǀǆǃå ăāƓƪǒ ñ8 

---------------------------------------------------
----------------------------------------- 
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5  (   íåíƵǖǃ Ǒƕïưǃå ñāǂƶǆǃåā Ǒƶǆƞǃå ñāǂƶǆǃå íƞāá   āσ    āς   
------ ---------------------------------------------

----------------------------------------- 
3 :ƕƾƓƑƨǁä çƑƨäîìǁä . 
1 Ĳ  Ɠǌƕ èǆƓƿ Ɨƪåïí) ƓǒǈƓõǒïƕƕ ýǒǈāïƕ ƗƶǆƓƞ1973(  Ǒƙǃå èƓƕāƶƮǃå èƪïí Ǒƙǃåā

åïïǀǆ ÿǆ Ǌǈāƪïíǒ Ɠǆƕ ƓǌƙƿǚƵā Ɨǒƪíǈǌǃå ƗǒǈǀƙǄǃ ƓǒǄƶǃå íǋƓƶǆǃå ƗƕǄõ Ɠǌƞåāǒ ƗǒưƓǒï è
 éǒơ Ɨǒƪíǈǌǃå Ɨǒƪåïíǃå þǌǄǂƓƬǆ ýơ ǑƼ Ɠǌǈāƪïíǒ Ǒƙǃå èƓǒưƓǒïǃå ÿǆ þǌƙíƓƽƙƪå Ăíǆā
 èåïƓǌǆǃå ÿǆ ííƶǃ ƗƕǄõǃå ßǙâǋ üåïíã Ăāƙƪǆ ÿǒƕ çïƬƓƕǆ ƗƿǚƵ Ɨƪåïíǃå ǉîǋ èǄƞƪ

.èƓǒưƓǒïǃå ǑƼ úƶưǃåā ƗǒưƓǒïǃå 
2 Ĳ  ǑǈāïƓƕǃå þƮƓƵ) Ɠǌƕ þƓƿ Ɨƪåïí2013íåíƶƙƪǙå ƓǌǒƼ ñïí Ǒƙǃåā (  ǑưƓǒïǃå

 èǄƞƪ Ǒƙǃåā Ɠǒƕǒǃ ñǄƕåïõƕ õƽǈǄǃ ǑǃƓƶǃå íǌƶǆǃå ƗƕǄõ Ăíǃ Ɨǒƪíǈǌǃå Ɨǒǈǀƙǃå íåāǆǃå Ɨƪåïíǃ
 Ɨǒǈǀƙǃå íåāǆǃå Ɨƪåïí ǏǄƵ çïíǀǃåā ƗƕǄõǃå Ăíǃ ǑưƓǒïǃå Ăāƙƪǆǃå ÿǒƕ çïƬƓƕǆ ƗƿǚƵ
 ǑƼ ƗǌƕƓƞǆǃå ýǂƓƬǆǃåā ýƑƓƪǆǃå ýơ ǑƼ èƓǒưƓǒïǃå ûǒƕõƙ ǏǄƵ çïíǀǃåā Ɨǒƪíǈǌǃå

.óƮƤƙǃå 
3 Ĳ í úǒïƤǃå ǑǄƵ) ÿǆ ýǂ Ɠǌƕ þƓƿ Ɨƪåï-  Ǒƽǒïƶǃå íǆơá2017(  ƓǌǒƼ èƪïí Ǒƙǃåā

) ƗưƓǒï Ăāƙơǆ ÿǒƕ Ɨƿǚƶǃå1) ƗưƓǒïā (2 ƓǌƙƿǚƵā Ɠǒƕǒǃ ǑƼ Ɨƪíǈǌǃå èƓǒǄǂƕ (
 .ƗǒƮƮƤƙǃå íåāǆǃƓƕ ƓǌõƓƕƙïåā 

 úǒöāƙ þíƵ ǑƼ Ơưåā ïāƮƿ íāƞā ÿƵ Ɨƪåïíǃå ǉîǋ ǑƼ ýǒǄơƙǃå ƝƑƓƙǈ èƽƬǂā
ƗưƓǒï1 ā2 ǃƓõǃå ƗǆíƤǃ.Ǒƪíǈǌǃå ǊƮƮƤƙ ýƓƞǆ ǑƼ æ 
4 -  Ǒƽǒïƶǃå íǆơá) ÿǆ ýǂ Ɠǌƕ þƓƿ Ɨƪåïí- üïƓƕǆ ÿƓưǆï-  ƗǆõƓƼ2017 Ǒƙǃåā (

 èƓǒǄǂƕ ßƓǒðǒƽǃå æǃƓõ Ɠǌƪïíǒ ÿå æƞǒ Ǒƙǃå ƗǒưƓǒïǃå èåïïǀǆǃå ÿǆ ííƵ ƓǌǒƼ åāơïƙƿå
 Ɨƙƪ ÿǆ ÿāǂƙƙ Ǒƙǃå Ɨƪåïíǃå ƗǈǒƵ ǏǄƵ ƓǌƙƓƽǒƮāƙā èåïïǀǆǃå ǉîǋ ôïƵ þƙā Ɨǒƕïƙǃå

 ÿǒïƬƵā)26 èåïïǀǆǃå ÿá Ǐǃã Ɨƪåïíǃå èƮǄƤā ƗǒƑƓǒðǒƽǃå íåāǆǃå ñǒïíƙ ƗƑǒǋ āưƵ (
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 þǄƶƙǆǃå èƓƞƓǒƙơå ǑƕǄƙ Ǚā ƗǒƼƓǂ ïǒƹ ßƓǒðǒƽǃå þƪƿ ƗƕǄõ Ɠǌƪïíǒ Ǒƙǃå ƗǒưƓǒïǃå
 .Ɨǒǆāǒǃå ǊƙƓǒơ ǑƼ ƗǒǆǄƶǃåā ƗǒǆǒíƓǂǕå 
 :ƕƾƓƑƨǁä çƑƨäîìǁä ǍǂƳ úǐǂƴƗǁä 

ÿá öơǚǈ ƗǀƕƓƪǃå èƓƪåïíǄǃ Ɠǈưåïƶƙƪå ýǚƤ ÿǆ  ǏǄƵ ðǂïƙ èƓƪåïíǃå æǄƹá
 þāǄƶǄǃ ƓǒǄƶǃå íǋƓƶǆǃå ƗƕǄõǃ ƗǒưƓǒïǃå èåïƓǌǆǃå ƗƼïƶǆǃ ǑǄƕǀǃåā Ǒǆǂǃå íåíƶƙƪǙå Ɨǒǆǋá

.ƓǌƙƓƮƮƤƙā ƓǌǆƓƪƿá úǄƙƤǆƕ  Ɨǒǈǀƙǃåā 
4ƕƨäîìǁä çäÞäîƜâ .: 
 1.4:ƕƨäîìǁä æäìà  . 

)íǈƕǃå ǑƼ Ǌǒǃã ïƓƬǆǃå ïƓƕƙƤǙå þǒǆƮƙ þƙ ƓǌƼåíǋáā Ɨƪåïíǃå Ɨƶǒƕõǃ ĄƓǀƼā5.2( 
 Ăíǆ ñǒǀǒ ăîǃåāã ÿǆ ííƶǃ Ɨǒāåðǃå Ɨǒǈǀƙǃåā þāǄƶǄǃ ǑǃƓƶǃå íǌƶǆǃƓƕ ÿǒǆǄƶƙǆǃå ÿƓǀƙ

 èåïïǀǆǃå Ɨƪåïíǃ ƗƕǄõǃå ßǙâǋ íåíƶƙƪå Ăíǆ ñƓǒƿ üǃî ÿǆ úíǌǃåā ƗǒưƓǒïǃå èåïƓǌǆǃå
 ƗǄƑƪá çïāƮ ǑƼ ßƓƞ ăîǃåā ƗǒưƓǒïǃå èƓƿǚƶǃåā ƸǒƮǃå ǏǄƵ íǆƙƶƙ Ǒƙǃå ƗǒƮƮƤƙǃå

ƕ þƓǒǀǃå ǏǄƵ þǌƙåïíƿ ñǒǀƙ íƵåāƿā ÿǒǈåāƿ ïǂîƙā ƗƼïƶǆ Ăíǆƕ ƗǀǄƶƙǆ ƗǒưƓǒï èåïƓǌǆ
 ÿá ǏǄƵ ƓǈƮïơ íƿā ÜƗǒƮƮƤƙǃå Ɨǒƪíǈǌǃå èåïïǀǆǃå Ɨƪåïí ÿǆ þǌǈǂǆƙ  ƗǒưƓǒï ûïõā
 þǄƶƙǆǃå çïíƿ Ăíǆ ƗƼïƶǆǃ üǃîā ƗǒƵāưāǆ ñǒǃā (ǊǒǃƓǀǆ) ƗǒíǒǄǀƙ çïāƮ ǑƼ ƗǄƑƪǕå ÿāǂƙ

 Ɠǌǀǒƕõƙā ÿǒǈåāǀǃåā íƵåāǀǃåā ûïõǃå ǉîǋ þåíƤƙƪå ǏǄƵ ÿǆ Ɠǌǆöƶǆ ƗǄƑƪǕå èǈƓǂ éǒơ
.ǊǈƓǀƙã æǃƓõǃå ÿǆ æāǄõǆǃå āǋā (ƗƼïƶǆǃå)ïǂîƙǃå Ăāƙƪǆ 

2.4:îƑƓƗƢǗä úǐƓôƗ .  
 ǏǄƵ Ɨǒāåðǃå Ɨǒǈǀƙǃåā þāǄƶǄǃ ǑǃƓƶǃå íǌƶǆǃå çïåíã ƴǆ ÿāƓƶƙǃƓƕ ïƓƕƙƤǙå ûǒƕõƙ þƙ

 úǒïƤ Ǒƪåïíǃå ýƮƽǃå ýƑåāá ǑƼ ííƞǃå ÿǒƕƪǈǆǃå ƗƕǄõǃå2018  /2019  Ɨƪåïíǃå ýƕƿā
ǃå.Ɨǒǆƪï 

3.4ƕǐƏƑƬƟǕä ƕƜǁƑƴǄǁä .: 
 þƙā üǃîǃ íƵå ýāíƞ ǑƼ èƓƞïíǃå Ƹǒïƽƙā ïƓƕƙƤǙå ƠǒơƮƙƕ ÿāƛơƓƕǃå þƓƿ
 èƓƕƓƞǗå æƓƪơƕ Ɨƪåïíǃå ǉîǋ ǑƼ èǙâƓƪƙǃå ïƓƕƙƤǙ ǑǄǒǄơƙǃå ǑƽƮāǃå Ɲǌǈǆǃå þåíƤƙƪå
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 úåïơǈǙåā ǑƕƓƪơǃå  õƪāƙǆǃå æƓƪơā Ɠǌǈǆ ýǂǃ ƗǒāƑǆǃå æƪǈǃåā ƗƑõƓƤǃåā ƗơǒơƮǃå
Ɠǒƶǆǃå) ÿƓƙƞïí ýåâƪ ýǂǃ èǒõƵá íǀǃā ăï2 ƗƕƓƞǘǃ çíơåā Ɨƞïíā ƗơǒơƮǃå ƗƕƓƞǘǃ (

) Ɨõƪāƙǆǃå1 Ɨƞïíǃå èïƕƙƵåā ƗƑõƓƤǃå ƗƕƓƞǘǃ ïƽƮā (75 Ɨƞïí Ɠǌǈá ǏǄƵ ûāƼ ƓǆƼ %
 ÿǆā ýåâƪǃå üǃîƕ ƗǀǄƶƙǆǃå çïƓǌǆǄǃ ƗǒǃƓƵ ÿƓǀƙã50 Ǐǃã %74 ÿƓǀƙã Ɨƞïí Ɠǌǈá ǏǄƵ %
 ÿƓǀƙã Ɨƞïí ǑǌƼ üǃî ÿǆ ýƿáā Ɨõƪāƙǆ Ǒǋā ĄƓǈåðāå èƓǒāƙƪǆǃå ǉîǌǃ èǒõƵáā  Ɨƽǒƶư

) Ɨƛǚƛ3) ÿƓǈƛåā  ƗǒǃƓƶǃå ÿƓǀƙǗå Ɨƞïíǃ (2) íơåāā Ɨõƪāƙǆǃå ÿƓǀƙǗå Ɨƞïíǃ (1 Ɨƞïíǃ (
.ƗǒƑƓƮơǗå èåßåïƞǗå ýǒǌƪƙǃ üǃîā Ɨƽǒƶưǃå ÿƓǀƙǗå 

4.4:çƑƓƙǁäĀ úìƬǁä . 
ǒƑåāƬƵ ƗǈǒƵ ïƓǒƙƤå þƙ ïƓƕƙƤǙå ïāƓơǆǃ ǑǄƤåíǃå ûƓƪƙǙå Ăíǆ æƓƪơǃ ÿǆ ĄƓ

 ăāƓƪǒ íƞāā ìƓǈāƕïǂ Ɠƽǃå ýǆƓƶǆ æƓƪơā ƗƕǄõ ƗƪǆƤ ƗƕƓƞã èƓƪåïǂ0.81  ýíƶǆ āǋā
 āǋā Ǌƕ ëāǆƪǆǃå ǏǈíǕå íơǃå ÿǆ ǏǄƵáā ƴƽƙïǆ0.60 ) þƿï ýāíƞǃƓƕ Ơưāǆ Ɠǆǂā1.( 

) ýƽî üĀìƜ1( 
îƑƓƗƢǗä îĀƑƟǄ 
 

ƕǆǐƴǁä ìäîƺà 
1 2 3 4 5 öĀǄƜǄǁä 

1 1 1 1 1 1 5 
2 1 1 1 2 1 6 
3 1 1 1 1 1 5 
4 1 2 1 1 1 6 
5 3 3 2 1 2 11 

öĀǄƜǄǁä 7 8 6 6 6 33 
ôƨĀƗǄǁä 1.4 1.6 1.2 1.2 1.2 6.6 
 çäìîƻǄǁä þǐƑƓƗ³S 0.64 0.64 0.16 0.16 0.16 5.04 
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ƕïǂƓƽǃå ýǆƓƶǆ ÿá ăá ăāƓƪǒ ìƓǈā0.81  ǏǈíǕå íơǃå ÿǆ ïǒƛǂƕ ïƕǂáā ƴƽƙïǆ ýíƶǆ āǋā
 āǋā  Ǌƕ ëāǆƪǆǃå0.60. 

 
5.4:ƛƏƑƗǆǁä üǐǂƟƗ . 

) ýƽî üĀìƜ2 üĀƟ  ƕƨäîìǁä ƕǆǐƳ ìäîƺà çƑƓƑƜǕ ƕǐĀƏǄǁä åƨǆǁäĀ ĂîäîǀƗǁä ƲǐïĀƗǁä þǐƓǐ (
ƕǐƮƑǐîǁä çäîƑǊǄǂǁ ýǊǆƑƾƗâ ƕƜîìƓ ƕƾǂƴƗǄǁä  ƕǂƏƨǓä. 

 îĀƑƟǄ
îƑƓƗƢǗä 

ƕǂƏƨǓä 
æîǐƓǀ ƕôƨĀƗǄ ƕǂǐǂƽ 

ííƶǃå 
 Ɨƕƪǈǃå
% 

ííƶǃå % Ɨƕƪǈǃå ííƶǃå % Ɨƕƪǈǃå 

 îĀƟǄǁä
üĀǗä 

Q_1 19 57.58 0 0 14 42.42 
Q_2 19 57.58 0 0 14 42.42 
Q_3 13 39.39 0 0 20 60.61 
Q_4 23 69.70 0 0 10 30.30 
Q_5 21 63.64 0 0 12 36.36 

îĀƟǄǁä üìƴǄ 13 39.39 4 12.12 16 48.48 

 îĀƟǄǁä
ǏǆƑƙǁä 

Q_1 11 33.33 0 0 22 66.67 
Q_2 12 36.36 0 0 21 63.64 
Q_3 8 24.24 3 9.09 22 66.67 
Q_4 16 48.48 0 0 17 51.52 

Q_5 22 66.67 2 6.06 9 27.27 
îĀƟǄǁä üìƴǄ 7 21.21 6 18.18 20 60.61 
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 îĀƟǄǁä
èǁƑƙǁä 

Q_1 8 24.24 0 0 25 75.76 
Q_2 6 18.18 0 0 27 81.81 
Q_3 5 15.15 1 3.03 27 81.81 
Q_4 9 27.27 3 9.09 21 63.64 
Q_5 15 45.45 0 0 18 54.55 

îĀƟǄǁä üìƴǄ 3 9.09 7 21.21 23 69.70 

 îĀƟǄǁä
ƲƓäîǁä 

Q_1 4 12.12 0 0 29 87.88 
Q_2 8 24.24 0 0 25 75.76 
Q_3 4 12.12 4 12.12 25 75.76 
Q_4 0 0 6 18.18 27 81.81 
Q_5 1 3.03 2 6.06 30 90.91 

îĀƟǄǁä üìƴǄ 2 6.06 3 9.09 28 84.85 

 îĀƟǄǁä
ðǄƑƢǁä 

Q_1 5 15.15 1 3.03 27 81.81 
Q_2 10 30.30 1 3.03 22 66.67 
Q_3 11 33.33 0 0 22 66.67 
Q_4 10 30.30 0 0 23 69.70 
Q_5 2 6.06 4 12.12 27 81.81 

îĀƟǄǁä üìƴǄ 5 15.15 4 12.12 24 72.73 
ýƑƴǁä üìƴǄǁä 2 6.06 6 18.18 25 75.76 
) þƿï ýāíƞǃå2 ƗǀǄƶƙǆǃå ƗǄƑƪǕå ǏǄƵ Ɨƪåïíǃå ƗǈǒƵ íåïƼá èƓƕƓƞǗ ăïåïǂƙǃå ƴǒðāƙǃå ÿǒƕǒ (

 ÿǒîǃå Ɨǈǒƶǃå íåïƼá æƪǈ  ÿá öơǚǈ ýāíƞǃå ýǚƤ ÿǆā  ƗǒưƓǒïǃå èåïƓǌǆǃå ÿƓǀƙã Ɨƞïíƕ
 āƙǒ þǃ ÿǒîǃåā ƗơǒơƮ èƓƕƓƞã Ǐǃã åāǄƮāƙ ƗǄƑƪá ǏǄƵ ƗơǒơƮ èƓƕƓƞã Ǐǃã åāǄƮ

 ƗơǒơƮǃå íåíƵǕå ǏǄƵ ƗǒƕƓƪơǃå èƓǒǄǆƶǃƓƕ ÿǒƮƓƤǃåā ǑǈƓƛǃåā ýāǕå ÿǒïāơǆǃå
 åāǄƮāƙǒ þǃ ÿǒîǃå Ɨƕƪǈ Ɠǆǈǒƕ  ƗƕïƓǀƙǆ æƪǈ Ǒǋ æǒƙïƙǃå ǏǄƵ ïāƪǂǃå ǏǄƵ èƓǒǄǆƶǃåā
 ïǒíƓǀǆǃå ǏǄƵ èƓǒǄǆƶǃå) æǒƙïƙǃå ǏǄƵ Ǒǋā ïāƓơǆǃå Ɨǒǀƕ ǏǄƵ ƗơǒơƮ èƓƕƓƞã Ǐǃã

ƞǃå ƗǒïƕĲ  Ɨǒïƕƞǃå ïǒíƓǀǆǃå ýǒǄơƙĲ  ûāƽƙā Ɨƶƽƙïǆ æƪǈ Ǒǋ (èǙíƓƶǆǃå ýơ75 %
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 ǑǃƓƶǃå íǌƶǆǃå ƗƕǄõ ÿƓǀƙã Ɨƞïí Ǐǃã ïǒƬǒ Ɠǆǆ çïāǂîǆǃå ïāƓơǆǃå ƗǄƑƪá ƴǒǆƞ ǏǄƵ üǃîā
. çïǒƕǂ Ɨƞïíƕ Ɨƽǒƶư Ɨǒāåðǃå Ɨǒǈǀƙǃåā þāǄƶǄǃ 

) ýƽî üĀìƜǁä3 ƕǄǐƽĀ  ĂîƑǐƴǄǁä ùäîƟǆǗäĀ ǏƓƑƨƟǁä ôƨĀƗǄǁä þǐƓǐ ( îƑƓƗƢäZ 
 îĀƑƟǄ
îƑƓƗƢǗä 

ƕǂƏƨǗä  ôƨĀƗǄǁä
ǏƓƑƨƟǁä 

 ùäîƟǆǗä
ĂîƑǐƴǄǁä 

 ƕǄǐƽZ  ƕǁǗìǁä
ƕǐƏƑƬƟǗä 

 îĀƟǄǁä
üĀǗä 

Q_1 2.15 1.01 0.85 0.972 
Q_2 2.15 1.01 0.85 0.972 
Q_3 1.79 0.99 - 1.22 0.888 
Q_4 2.39 0.94 2.38 0.991 
Q_5 2.27 0.97 1.60 0.945 
ƟǄǁä þƑƾƗâ ƕƜîìüĀǗä îĀ 1.91 0.95 - 0.54 0.705 

 
 îĀƟǄǁä
ǏǆƑƙǁä 

Q_1 1.67 0.95 - 1.99 0.977 
Q_2 1.73 1.45 - 1.07 0.857 
Q_3 1.58 0.86 - 2.81 0.997 
Q_4 1.97 1.01 - 0.17 0.567 
Q_5 2.39 0.91 2.46 0.993 

ǏǆƑƙǁä îĀƟǄǁä þƑƾƗâ ƕƜîì 1.61 0.82l - 2.73 0.996 

 îĀƟǄǁä
èǁƑƙǁä 
 

Q_1 1.48 0.88 - 3.93 1.000 
Q_2 1. 36 0.79 - 4.65 1.000 
Q_3 1.33 0.74 - 5.20 1.000 
Q_4 1.64 0.89 - 2.32 0.989 
Q_5 1.91 1.01 - 0.51 0.685 

èǁƑƙǁä îĀƟǄǁä þƑƾƗâ ƕƜîì 1.39 0.67 - 5.23 1.000 

 îĀƟǄǁä
ƲƓäîǁä 

Q_1 1.24 0.67 - 6.52 1.000 
Q_2 1.48 0.88 - 3.39 0.999 
Q_3 1.36 0.71 - 5.18 1.000 
Q_4 1.18 0.40 - 11.78 1.000 
Q_5 1.12 0.42 - 12.04 1.000 

ƲƓäîǁä îĀƟǄǁä þƑƾƗâ ƕƜîì 1.21 0.55 - 8.25 1.000 
 îĀƟǄǁäQ_1 1.33 0.74 - 2.20 0.986 



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нл 

 
 

ðǄƑƢǁä Q_2 1.64 0.92 - 2.25 0.987 
Q_3 1. 67 0.95 - 1.99 0.976 
Q_4 1.61 0.93 - 10.62 1.000 
Q_5 1.24 0.57 - 7.66 1.000 

ðǄƑƢǁä îĀƟǄǁä þƑƾƗâ ƕƜîì 1.42 0.78 - 4.38 1.000 
ýƑƴǁä ôƨĀƗǄǁä 1.30 0.59 - 6.82 1.000 

 
) ýāíƞǃå ýǚƤ ÿǆ3 èåïǀƽǃå ǏǄƵ Ɨƪåïíǃå ƗǈǒƵ íåïƼá èƓƞïí õƪāƙǆ ÿå öơǚǈ  (1Q Ü

Q2  Ü4Q Ü5Q ǒƕƓƪơǃå íåíƵǕå ǏǄƵ èƓǒǄǆƶǃƓƕ óƓƤǃå ýāǕå ïāơǆǃå ÿǆ  Ɨ5Q  ÿǆ
 = õƪāƙǆǃå) õƪāƙǆǃå ÿǆ ǏǄƵá ïāƪǂǃå ǏǄƵ èƓǒǄǆƶǃƓƕ óƓƤǃåā ǑǈƓƛǃå ïāơǆǃå2 Ɠǆá (

 þƓƶǃå õƪāƙǆǃå ÿáā õƪāƙǆǃå ÿǆ ýƿá ïāƓơǆǃå ƴǒǆƞƕ ƗǄƑƪǕå Ɨǒǀƕ ǏǄƵ þǌƙƓƞïí õƪāƙǆ
 ǑǃƓƙǃƓƕā õƪāƙǆǃå ÿǆ ýƿá ïāƓơǆǃå ƴǒǆƞ ǏǄƵ þƓƶǃå õƪāƙǆǃåā Ăíơ ǏǄƵ ïāơǆ ýǂǃ

 ƗǈǒƵ ÿƓǀƙã Ɨƞïí ÿƎƼ ÜƗƽǒƶư ïƕƙƶƙ ƗǒƮƮƤƙǃå þǌƙƪåïíǃ Ɨǆðǚǃå èåïƓǌǆǄǃ Ɨƪåïíǃå
 èåïƓǌǆǄǃ Ɨƪåïíǃå ƗǈǒƵ ÿƓǀƙã Ɨƞïí ÿá ǏǄƵ óǈƙ Ǒƙǃå ƗǒïƽƮǃå Ɨǒưïƽǃå ïƓƕƙƤǙā

 ïƓƕƙƤå ßåïƞã þƙ õƪāƙǆǃå ÿǆ ýƿá ƗǒưƓǒïǃåZ  Ɨǒāǈƶǆ Ăāƙƪǆƕ0.05  ƴǒǆƞ ÿå íƞā
Ɨǒǃāíƞǃå Ɨǆǒǀǃå) Ɨǒǃāíƞǃå þǒǀǃå ÿǆ ýƿá Ɨƕāƪơǆǃå þǒǀǃå  =1.65 ôƼïǈ Ǚ ƗǒǄƵā (

  Ɨǒāåðǃå Ɨǒǈǀƙǃåā þāǄƶǄǃ ǑǃƓƶǃå íǌƶǆǃå ƗƕǄõ ÿƓǀƙã Ɨƞïí ÿá üǃî Ǒǈƶǒā ƗǒïƽƮǃå Ɨǒưïƽǃå
 .Ɨƽǒƶư ïƕƙƶƙ  ƗǒƮƮƤƙǃå þǌƙƪåïíǃ Ɨǆðǚǃå ƗǒưƓǒïǃå èåïƓǌǆǄǃ 

) ýƽî üĀìƜ 4ƑƓƗƢä ƛƏƑƗǆ ƞƮĀǐ ( îZ ƕǐƮƑǐîǁä çäîƑǊǄǁä þƑƾƗâ ƕƜîì ôƨĀƗǄ üĀƟ 

ôƨĀƗǄǁä  ùäîƟǆǗä
ĂîƑǐƴǄǁä 

 ƕǐƮîƻǁä
ƕǐîƻƬǁä ƕǂǐìƓǁä ƕǐƮîƻǁä  îƑƓƗƢäz  āĀƗƨǄ

ƕǐĀǆƴǄǁä îäîƾǁä 

 
1.30 
 

 
0.59 
 

 
õƪāƙǆǃå 

 
õƪāƙǆǃå 
 
 

 
- 6.82 

 
1.000 

 ƕƜîì óƑƻƢǆä
 çäîƑǊǄǁä þƑƾƗâ
ƕǐƮƑǐîǁä 

) þƿï ýāíƞǃå4 Ɨǒāåðǃå Ɨǒǈǀƙǃåā þāǄƶǄǃ ǑǃƓƶǃå íǌƶǆǃå ƗƕǄõ ÿƓǀƙã Ɨƞïí õƪāƙǆ ÿá ÿǒƕǒ (
 èåïƓǌǆǄǃ ăāƓƪǒ ƗǒưƓǒïǃå1.30  ăïƓǒƶǆ úåïơǈƓƕ0.59  ƗǒïƽƮǃå Ɨǒưïƽǃå ïƓƕƙƤǙā
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 ýƿáā Ɨƽǒƶư Ɨǒāåðǃå Ɨǒǈǀƙǃåā þāǄƶǃå ǑǃƓƶǃå íǌƶǆǃå ƗƕǄõ ÿƓǀƙã Ɨƞïí ÿã ǏǄƵ óǈƙ  Ǒƙǃå
 = õƪāƙǆǃå ) õƪāƙǆǃå ÿǆ2 ÿƓǀƙã Ɨƞïí ÿá ǏǄƵ óǈƙ Ǒƙǃå ƗǄǒíƕǃå Ɨǒưïƽǃå ýƕƓǀǆ (
 ÿǆ ïƕǂá ƗưƓǒïǃå èåïƓǌǆǃå2 ƪāƙǆǃå) ïƓƕƙƤå þåíƤƙƪå þƙ (õZ  Ɨǆǒƿ ÿá éǒơ-6.82 

 ƗǃǙíǃå ýƓǆƙơƓƕ1.000  Ɨǒāǈƶǆǃå Ăāƙƪǆ ÿǆ ïƕǂá āǋā0.05  Ɨƞïí ÿá Ǐǃã ïǒƬǒ Ɠǆǆ
 ÿǆ ýƿá ƗǒưƓǒïǃå èåïƓǌǆǃå ÿƓǀƙã2 .õƪāƙǆǃå ÿǆ ýƿá ăá 

:çǗáƑƨƗǁä þƳ ƕƓƑƜǕä 
 ÿǆýǚƤ ǃå íǋƓƶǆǄǃ ííƞǃå ÿǒƕƪǈǆǃå ƗƕǄõǃå ÿá ÿǒƕƙ ƗǒƑƓƮơǗå ƝƑƓƙǈǃå ƓǒǄƶ

 ƗǒƮƮƤƙǃå èåïïǀǆǃå Ɨƪåïíǃ Ɨǆðǚǃå ƗǒưƓǒïǃå èåïƓǌǆǃå ÿāǈǀƙǒ Ǚ Ɨǒǈǀƙǃåā þāǄƶǄǃ
 Ɨƪåïíǃ ǑƼƓǂǃå ǑưƓǒïǃå íåíƶƙƪǙå ÿāǂǄƙǆǒ Ǚ þǌƼ ǑǃƓƙǃƓƕā ÜèƓǒưƓǒïǃå ǏǄƵ çíǆƙƶǆǃå

 .èåïïǀǆǃå ǉîǋ 

5:çƑƜƑƗǆƗƨǗä . 
:ÿå Ɲƙǈƙƪǈ Ɨƪåïíǃå ǉîǋ ÿǆ 

1 Ĳ  ïǆǃå ǑƼ åāǀǄƙǒ þǃ ííƞǃå ƗƕǄõǃå ÿá þǌǄǋâǒ Ąåíǒƞ ƓǆǒǄƶƙ ƗǀƕƓƪǃå  ƗǒǆǒǄƶƙǃå ýơå
.Ɨǀơǚǃå þǌƙƪåïíǃ 

2 Ĳ  ÿǒǀơƙǄǆǃå ƗƕǄõǃå Ăíǃ Ǒƿǚƶǃå þǄƶƙǃå ǑƼ íǒíƬ úƶư üƓǈǋ ÿá ƝƑƓƙǈǃå èïǌöá
.Ɨǒāåðǃå Ɨǒǈǀƙǃåā þāǄƶǄǃ ǑǃƓƶǃå íǌƶǆǃƓƕ 

3 Ĳ  āïưǃå ƗǒưƓǒïǃå èåïƓǌǆǃå ÿāǈǀƙǒ Ǚ Ɨǒǈǀƙǃåā þāǄƶǄǃ ƓǒǄƶǃå íǋƓƶǆǃƓƕ ƗƕǄõǃå æǄƹá Ɨǒï
.þǌƮƮƤƙ èåïïǀǆ Ɨƪåïíǃ 

6:çƑǐƬĀƗǁä . 
 ĄƓƿǚõǈå  Ǐǃã ÿǒƕƪǈǆǃå ƗƕǄõǃå Ăíǃ ĄåíǒíƬ åïāƮƿ èïǌöá Ǒƙǃå Ɨƪåïíǃå ƝƑƓƙǈ ÿǆ

 Ɨƪåïíǃ Ɨǆðǚǃå ƗǒưƓǒïǃå èåïƓǌǆǃå ÿƓǀƙã ǑƼ Ɨǒāåðǃå Ɨǒǈǀƙǃåā þāǄƶǄǃ ǑǃƓƶǃå íǌƶǆǃå
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ƙƪå þíƵ ïǌöǒ  ăîǃå ïǆǕå ƗǒưƓǒïǃå Ɨƶǒƕõǃå èåî ƗǒƮƮƤƙǃå èåïïǀǆǃå Ɨƪåïíǃ þǋíåíƶ
:ǑǄǒ Ɠǆƕ ǑƮāǈ  ǊǒǄƵā èåïïǀǆǃå ǉîǋ 

1Ĳ  ƓǌƞƓƙơǒ Ǒƙǃå èåïƓǌǆǃåā ûïõǃåā èƓƿǚƶǃåā þǒǋƓƽǆǃå ǊǒƼ ôïƶƙ ăíǒǌǆƙ ïïǀǆ ƴưā
 Ǌƙƪåïí ûƕƪ Ɠǆǃ Ɨƶƞåïǆ ÿƵ çïƓƕƵ ïïǀǆǃå åîǋ ÿāǂǒā Ɨǀơǚǃå èåïïǀǆǃå Ɨƪåïíǃ þǄƶƙǆǃå

 ǑƪƓƪá) ƗǀƕƓƪ ƗǒǆǒǄƶƙ ýơåïǆ ǑƼ èƓǒƪƓƪǕå ǉîǋ ÿǆĲ Ɠƛ.(ăāǈ 
2Ĳ  ƗǒāǈƓƛǃå ǑƼ ÿǒƿāƽƙǆǃå ÿǆ ƗǒǈǀƙǄǃā þāǄƶǄǃ ƓǒǄƶǃå íǋƓƶǆǄǃ ÿǒƕƪǈǆǃå ƗƕǄõǃå ïƓǒƙƤå

.ßƓǒðǒƽǃåā èƓǒưƓǒïǃå íåāǆ ǑƼ ƗǆƓƶǃå 
3-  ñǒïíƙ ƗƑǒǋ ßƓưƵá ÿǒƕ ƗǂïƙƬǆ èåïǆƙâǆā èåāíǈā éāơƕā èƓƪåïí íǀƵ

ƓǒưƓǒïǃå èåíïƽǆ ƴưāǃ Ɨǒǈǀƙǃåā þāǄƶǄǃ ƓǒǄƶǃå íǋƓƶǆǃå þƓƪƿáā èƓǒưƓǒïǃå ƗƕǄõǃå ßǙâǌǃ è
 èƓǀǒƕõƙǃå íǒíơƙǃā ĄǚƶƼ ǊǈāƞƓƙơǒ Ɠǆ ǏǄƵ úïƶƙǃåā þǌƼāïöǃ ƗǆƑǚǆ ïƛǂá çïāƮ ǏǄƵ

.ĄƓǒưƓǒï ƓǌƙƞǃƓƶǆ ÿǂǆǒ Ǒƙǃåā Ɨǆðǚǃå 

:ƲƜäîǄǁä 
]1[ ) úïƓƬǃå Ǒƽǒïƶǃå íǆơá1997èƓǒưƓǒïǃå ñǒïíƙǃ ýƤíǆǃå .(-  Ɨơāƙƽǆǃå ƗƶǆƓƞǃå

.Ɠǒƕǒǃ ÜñǄƕåïõ 
]2[ Ǒƽǒïƶǃå íǆơá- ƗǆõƓƼ- üïƓƕǆ ÿƓưǆï )2017 þǄƶǆ íåíƵǗ ëïƙǀǆ ƝǆƓǈïƕ .(

 ƗƶǆƓƞǃå èƓǒưƓǒïǄǃ ýāǙå ïǆƙâǆǃå .Ɨǒƕïƙǃå èƓǒǄǂƕ ƗǒāǈƓƛǃå ƗǄơïǆǃƓƕ èƓǒưƓǒïǃå
.ƗǒïǆƪǙå 

]3[  ǑƼ Ɨǒƕïƙǃå èƓǒǄǂƕ ßƓǒðǒƽǃå þƪƿ ƗƕǄõǃ ƗǆƵåíǃå ƗǒưƓǒïǃå èåïïǀǆǄǃ ëïƙǀǆ ƝǆƓǈïƕ
Ɠǒƕǒǃ. 

]4[  āǄƕ) þ1956õǈǃå ýāǙå ßðƞǃå .Ɨǒāƕïƙǃå úåíǋǙå úǒǈƮƙ .(  Ɲǈāǃ ïåí .ôïƶǆǃå ûƓ
.ñǈƓǆ 

]5[ ) ýǒǈāïƕ ƗƶǆƓƞ1973 ÜƓǒǈƓõǒïƕ ǑƼ ÿǒǒǈǀƙǃå ƗƕǄõǃå Ɠǌǌƞåāǒ Ǒƙǃå èƓƕāƶƮǃå .(
.Ɨǒǈåíǒǆ Ɨƪåïí 
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]6[  ñǒƵíå èǂāƬ þǒï)2009 Ɨǂïơǆ çāǀǂ èƓǒưƓǒïǃå þǄƵ Ǌƞåāƙ Ǒƙǃå èƓǒíơƙǃå .(
.ÿǒõƪǄƼ ÿǒǈƞ ƗǒǂǒïǆǙå ƗƶǆƓƞǃå Ɨǒǀǒƕõƙ Ɨƪåïí .ƴǆƙƞǆǃå þíǀƙǃ  

]7[  ŸåíƕƵ þƮƓƵ) ǑǈāïƓƕǃå2013( Ăíǃ Ɨǒǈǀƙǃå íåāǆǃå Ɨƪåïíǃ ǑưƓǒïǃå íåíƶƙƪǙå .
õƽǈǃå íǌƶǆƕ ÿǒƕïíƙǆǃå- ñǄƕåïõĲ  ƓǒǄƶǃå èƓƪåïíǄǃ ƗǒǆǒíƓǂǙå ïǒƙƪƞƓǆ ƗǃƓƪï

.ñǄƕåïõ 
]8[ ) Ǒƽǒïƶǃå íǆơáā úǒïƤǃå ǏǄƵ2017(ƗưƓǒï èåïïǀǆ Ăāƙơǆ ýǒǄơƙ .  èƓǒǄǂǃ)āá

þǒǄƶƙǃå ƗǄơïǆ) èƓǒưƓǒïǃå èåïïǀǆ Ăāƙơǆā (Ɨƪíǈǌǃå  ǑǆǄƶǃå þƪǀǃå (ăāǈƓƛǃå
.èƓƪåïíǄǃ ƗǒƕǒǄǃå ƗǄƞǆǃå .ƗǒāåðǃƓƕ 

]9[ ) Ǒƪǒƕǂǃå Ɠǌǆ2004.(  ïåí ïƓƙƤǆǃå ïǆƵ ƗƶǆƓƞ èåïāƬǈǆ .Ɨǆíǀƙǆǃå èƓǒưƓǒïǃå
.ăðƓƺǈƕ Ɨǒǈõāǃå æƙǂǃå 
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 ǏǂƟǄǁä îǐƬƴǁä öäĀǆà óƴƓǁ ƕõƺƑƟǁä ýĀǐìĀƬǁä çäĀïǆƓ æìƑǄ ïǐǀîƗ ðƑǐƽ
 úäĀƨǓä Ǐƺ ìĀƜĀǄǁä ìîĀƗƨǄǁäĀƕǐƓǐǂǁä 

ðäîĀƓä ìǄƟǄ ǇƑƜǆ1 ýǁƑƨ ýǘƨǁä ìƓƳ ƕǐîìƓ Û2 
,21  íƵƓƪǆ îƓƙƪáĲ  ßƓǒǆǒǂǃå þƪƿĲ  þāǄƶǃå ƗǒǄǂĲ æƿïǆǃå ƗƶǆƓƞĲ ñǆƤǃå 

Email: Frausalem@gmail.com  

:èƟƓǁä òƢǂǄ 
Ɠǆā ÿƓǂ çíǒƞ ƗǒƵāǈ èåî èƓƕāïƬǆǃåā ƗǒîƹǕå ǏǄƵ ýāƮơǃå  ðǒ ǑƪǒƑïǃå úíǌǃå ýå

ÿƓƪǈǘǃ  .Ɠǌƙíāƞǃ ǑƪƓƪá õïƬ æåïƬǃåā ßåîƺǃå ƗǆǚƪƼ ôïǕå Ơõƪ ǏǄƵ ǉíāƞā îǈǆ
 çíƓǆ ăå ÿǆ Ɠǌƕ ëāǆƪǆā Ɨǈāǆưǆ ðǒǂåïƙ ǏǄƵ Ɠǋßåāƙơå āá ÜƓǋāǄƤ Ɠǌƙǆǚƪƕ íāƮǀǆǃåā

Ɠǆā èƓƕǄƶǆǃå ƗƮƓƤā çïƓư ƓǌǄƶƞƙ íƿ ĂïƤå çíƓǆ āå Ɨǒƶǒƕõ  æǒǄƶƙǃå ßƓǈƛå Ɠǌǒǃå úƓưǒ
Ƽ ƴǈǆ ôïƺǃ ƗƼƓưǆǃå íåāǆǃåāÜ úǄƙǄǃ Ɠǌưïƶƙā ƓǋíƓƪǑǋ ăá  ßåîƺǂ üǄǌƙƪƙ çíƓǆ

 ÿāǂǆǂ þíƤƙƪƙāǑƑåîƹ  ôåïƹå ûǒǀơƙ ýƞå ÿǆ Ǚ þå ƗǒƑåîƹ Ɨǆǒƿ Ǌǃ èǈƓǂ ßåāƪ
 èƓƼƓưǆǃå ǉîǋ ƠƕƮƙā ƓǌǈǒðƤƙ āå ƓǌǄǀǈ āå ƓǌƕǒǄƶƙ āå Ɠǋïǒươƙ íǈƵ çíǒíƵ ƗǒƶǒǈƮƙ

 ßðƞáðƞƙǒ Ǚ  ǏǄƵ Ɨƪåïíǃå ǉîǋ èíǆƙƵá .èƓƕǄƶǆǃå ÿǆ ƗöƼƓơǃå çíƓǆǃå ðǒǂåïƙ ñƓǒƿǑƼ 
 íïāƙƪǆǃåā ǏǄơǆǃå ïǒƮƶǃå èƓǈǒƵ ÿǆ ôƶƕǑƼ  ƴǆƞ þƙƼ Ü Ɠǒƕǒǃ7  ÿǆ èƓǈǒƵ

 ƗǒïƓƞƙǃå èǚơǆǃåǑƼ  Ü ñǆƤǃå Ɨǈǒíǆ3 ā ƗǒǄơǆ èƓǈǒƵ4  ðǒǂåïƙ èƪǒƿā çíïāƙƪǆ
 (ƗöƼƓơǃå çíƓǆǃå ) þāǒíāƮǃå èåāðǈƕǑƼ  éǒơ ƗǈǒƵ ýǂǃ ÿǒïïǂǆ ýíƶǆƕā èƓǈǒƶǃå ǉîǋ

 óǚƤƙƪå þƙ ôǆơǃå ðǒǂïƙ ñǒƿ þƛ üǒāðǈƕ ôǆơ ýǂƬ ǏǄƵ þāǒíāƮǃå èåāðǈƕ
 ăíƵƓƿ ýāǄơǆ ƴǆ çïƬƓƕǆǃå çïǒƓƶǆǃƓƕèƓǈǒƶǃ  ýƿå èǈƓǂ éǒơ íïāƙƪǆǃåā ǏǄơǆǃå ïǒƮƶǃå

) þƿï èƓǈǒƶǄǃ ƗöƼƓơǃå çíƓǆǃå ðǒǂïƙǃ Ɨǆǒƿ ǏǄƵåā Ɨǆǒƿ2,4 èƺǄƕ éǒơ (
)274.50ppm 1830-  ǏǄƵ (Ǒǃåāƙǃå å ðǒǂïƙ ƝƑƓƙǈ ïƕƙƶƙ þƓƵ ýǂƬƕ ƗöƼƓơǃå çíƓǆǃ

)  èƓǈǒƶǃå Ǚå Ɠǌƕ ëāǆƪǆǃå íāíơǃå ÿǆư4  &6 éǒơ ƗǒƪƓǒǀǃå èƓƽƮåāǆǃå èðāƓƞƙ (
) ÿǆ ïƛǂå ƗöƼƓơǃå çíƓǆǃå ðǒǂïƙǃ þǒƿ èõƵå1000ppm .( 

mailto:Frausalem@gmail.com
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:ƕǐǁǗìǁä çƑǄǂǀǁä ïǒƮƶǃåĲ  çíƓǆǃåƗöƼƓơǃå- èåāðǈƕ   þāǒíāƮǃå-  ßåîƺǃå-   ñǆƤǃå 

Abstract:   

Obtaining good quality food and beverages has been and remains 

the main goal of man since he is on the surface of the earth. Safety 

of food and drink is a prerequisite for its quality. What is meant by 

its safety is that it is free, or it contains guaranteed and permitted 

concentrations of any natural substance or other substance that 

may make it harmful, especially canned food, and what is added to 

it during canning in order to prevent its corruption and its exposure 

to damage, and additives are any material that is consumed as food 

and used as a food ingredient whether it has a nutritional value or 

not In order to achieve many manufacturing purposes when they 

are prepared, canned, transported or stored, and these additives 

become an integral part of the cans. This study relied on measuring 

preservative concentrations in some of the local and imported juice 

samples in Libya. 7 samples were collected from shops in Al-

Khoms, 3 local samples and 4 imported. Sodium benzoate 

concentrations were measured in these samples at a rate of two 

replications for each sample where Sodium benzoate was extracted 

in the form of benzoic acid and the acid concentration was 

measured by direct titration with a basic solution for the local and 

imported juice samples where the lowest value and the highest 

value for the preservative concentration of samples No. (2.4) 

reached (1830- 274.50ppm) respectively, in general it is 

considered Results of preservative concentration within pain limits 

Only samples (4 & 6) were allowed to exceed the standard 

specifications, as they gave values for preservative concentration 

more than (1000ppm).  

Key-words: Juice - Preservative - Sodium Benzoate - Food - Al 

Khoms0 

 



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нс 

 
 

1-  ƕǄìƾǄǁä 
  ûāùƪǃå Ǐùǃå Ɠùǌǈǆ ƗƽǄƙƤǆ ÷åāǈá íåïǒƙƪå ïƑƓƮƶǃå ƗƵƓǈƮ èƓǂïƬ èíåð çïǒƤǕå ƗǈāǓå ǑƼ

ùùǆǃå ýƓùùƕƿã íåðā ǑùùƕǒǄǃå Ǌùùǂåāƽǃå ÿǙ åïùùöǈā Ü èƓùùƞƙǈǆǃå ǉîùùǋ ßåïùùƬ ǏùùǄƵ ÿǒǈõåāǑùùƙǃå  ƴǈùùƮƙ
 íāƞā Ɨƕƪǈ úǄƙƤƙ éǒơ (ǑƪǒƑï ÿāǂǆ) Ɨǒāưƶǃå ôƓǆơǕå ǏǄƵ ăāƙơƙ ïƑƓƮƶǃå Ɠǌǈǆ

 Ɨǒāưƶǃå ôƓǆơǕåǑƼ  ÿǒðùƤƙǃåā íƓùƮơǃåā ƗùƵåïðǃå úāïùöā ƗùǌǂƓƽǃå ÷āùǈ æƪơ ƗǌǂƓƽǃå
 ƕǐîìƓĀ ǇƑƜǆ)2018(. 

 Ɨùùùǒîƹǖǃ ƗùùùǒƑƓǒǆǒǂǃå ýùùùǒǃƓơƙǃå ÿã ÿùùùǆ ĂïùùùƤǕå íåāùùùǆǄǃ ƗùùùǒƑƓǒǆǒǂǃå ýùùùǒǃƓơƙǃå ÿùùùƵ úùùùǄƙƤƙ Ǚ
 ïƓùùõƤǕå ïíƓùùƮǆ ƴùùǒǆƞ ƗùùƼïƶǆā Ɠùùǌƙǒǆǂ íùùǒíơƙ þùùƛ ÿùùǆā ƓùùǌƵåāǈåā ƓùùǌƙƓǈāǂǆ ƗùùƼïƶǆ éùùǒơ

Ǒùùùùƙǃå  çïùùùùưǆ èƓƕāïùùùùƬǆǃåā ƗùùùùǒîƹǕå ýùùùùƶƞƙ íùùùùƿ Ǒùùùùƙǃåā çíƓùùùùơā Ɨùùùùǈǆðǆ ôåïùùùùǆã æƕùùùùƪƙ íùùùùƿ
. üǄǌƙƪǆǄǃ 

2- ƕƾƓƑƨǁä çƑƨäîìǁä 
ǑùƼ ƗùöƼƓơǃå íåāùǆǃå Ɨùƪåïíƕ éƓơƕǃå þƙǋå  āå èƓùƕǄƶǆǃƓǂ ƗƕǄùƮ èùǈƓǂ ßåāùƪ ƗùǒƑåîƺǃå íåāùǆǃå

 íùùǒïƼ úùùƬǂ Ǐùùǃå èǄùùƮāƙā āǂùùƪāǆ ƗùùƶǆƓƞ ǑùùƼ èùùǒïƞá Ɨùùƪåïí Ɠùùǌǈǆā èƓƕāïùùƬǆǃƓǂ ƗǄƑƓùùƪ
 éùùơƕǃå ÿùǆ ǑùƪǒƑïǃå úíùǌǃå ÿƓùǂ ā çíǒíùƬ Ɨùùƿíƕ ïƑƓùƮƶǄǃ ǑƑƓùǒǆǒǂǃå æùǒǂïƙǃå íùǒíơƙ Ơǒùƙǒ

íùùƵ îùùǈǆ èƓùùƞƙǈǆǃå ǑùùƼ òùùƹ üƓùùǈǋ ÿå éùùơƕǃå ǑùùƼ åāïƓùùƬá ā ƗùùƮƓǆ çíƓùùǆ ïƓùùǂƙƕå èåāǈùùƪ ç
 Ɨùùùǒƶǒƕõ ïƑƓùùùƮƵ Ɠùùùǌǈå ƓǌƙƓǀùùùƮǄǆ íùùùǂâƙ éùùùǒơ ïƑƓùùùƮƶǃå èƓƕāïùùùƬǆ ǑùùùƼ òùùùƹ íùùùƞāǒ Ɠùùùǆǂ

100 Ɨǀǒǀơǃå ǑƼ Ɠǌǈǂǃ %Ǒǋ  éùǒơ ƗǒƵƓǈùƮ íåāùǆ Ɠùǌƕǒǂïƙ ǑùƼ ýƤíǒā ƗǒƵƓǈƮ ïƑƓƮƵ
 ôƓùùùùǆơǕå ÿùùùùǆ ƗùùùùǒǃƓƵ Ɨƕùùùùƪǈ ǏùùùùǄƵ ƓùùùùǌƑåāƙơå æƕùùùùƪƕ ǑƵƓǈùùùùƮǃå ïǒùùùùƮƶǃå ðùùùùǒǒǆƙ æƶùùùùƮǒ

èƓƼƓùùùưǆǃå ǉîùùùǋ ýùùùƮƼ ÿùùùǂǆǒ éùùùǒơ èƓǒïǂùùùƪǃåā ƗùùùƽǄƙƤǆǃå  ðïùùùƼā ïƑƓùùùƮƶǃå ÿùùùǆ Ɨǃāǌùùùƪƕ
å ƓùùǒƼåïƺƙƓǆāïǂ þåíƤƙùùƪƓƕ ƓùùǌƙƓǒāƙơǆðƓùùƺǃǊùùƕ þƓùùƿ ĂïùùƤå Ɨùùƪåïí .  þĀîøøƢßĀ Ŷä ìøøƓƳ āìøøǉ)

Û2017(  úíùùǌƙ Ɠùùǆǂ .Ɠùùǌƕǈƞƙ ûïùùõā ƗùùǒƑåîƺǃå èƓƼƓùùưǆǃå þåíƤƙùùƪå ïåïùùưå ǏùùǄƵ úïùùƶƙǄǃ
 ƗùùùǒƕǒǄǃå ûåāùùùƪǙå ǑùùùƼ çíāùùùƞāǆǃå ïǒùùùƮƶǃå èƓùùùƞƙǈǆ ôùùùƶƕ çíāùùùƞ ñƓùùùǒƿ Ǐùùùǃå Ɨùùùƪåïíǃå ǉîùùùǋ

ùùƪå ïùùƛǂǙåā ÿǒðùùƤƙǃå Ǐùùǃå ƗùùưïƵ ïùùƛǂǙåā ƓǂǚǌƙƐǒùùƪǃå  ǏùùǄƵ Ɨùùƕāƙǂǆǃå èƓùùǈƓǒƕǃå ƗùùǈïƓǀǆā
 ýùùùùǒǄơƙǃå þåíƤƙùùùùƪƓƕ üùùùùǃîā ƗǒùùùùƪƓǒǀǃå èƓƽùùùùƮåāǆǃå ƴùùùùǆ æùùùùǄƶǃå èƓǀùùùùƮǄǆǑƵāùùùùǈǃå  ā Ǒùùùùǆǂǃå
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 ÛþĀîøøøƢßĀ üøøøǐǄƜ ìøøǄƟǄ)2015( ðùùùǒǂïƙ ïǒíùùùǀƙǃ Ǌùùƕ þƓùùùƿ Ăîùùǃå Ǌùùùƛơƕ ǑùùùƼ éùùơƓƕ ïƓùùùƬå .
 èƓƕāïùùƬǆǃå ôùùƶƕ ǑùùƼ þāǒíāùùƮǃå èåāðùùǈƕā üùùǒāðǈƕǃå ôùùǆơ Ǌùùǈå Ǐùùǃå ïƑƓùùƮƶǃåā ƗùùǒðƓƺǃå

 Ɨùùǆöǈǆā ƗùùǒǆǒǄƿǙåā Ɨùùǒƕïƶǃå èƓƽùùƮåāǆǃƓƕ ǊùùǈïƓǀǆ üùùǒāðǈƕǃå ôùùǆơ Ɨƕùùƪǈ ǑùùƼ ÷Ɠùùƽƙïå íùùƞāǒ
) ƗǒǆǃƓƶǃå ƗơƮǃåWHO íùǈƵ Ǌùƕ ëāǆùƪǆǃå íùơǃå ÿå éǒơ (1000 ÿùǆ íùƞā Ü ïùƙǃ/þåïƺǄǆ

 èåāðùùùùǈƕ ƗƼƓùùùùưå íùùùùǈƵ ÿǒƙƓùùùùǒïǂǃåā ÿǒƙāïùùùùƕǃåā Ɠùùùùǒïāǒǃå ǑùùùùƼ ÷Ɠùùùùƽƙïå ýāùùùùƮơ Ǌƙùùùùƪåïí ýǚùùùùƤ
 þāǒíāƮǃå ðǒǂïƙƕ120,60,30  çíǆǃ  ïƙǃ/þåïƺǄǆ14  ïǒíùǀƙǃ ĂïùƤå Ɨùƪåïí èùǒïƞåā Üþāùǒ

 çíïāƙùƪǆǃåā ƗùǒǄơǆǃå ƗùǒƑåîƺǃå íåāùǆǃå ôùƶƕ  ǑùƼ ƗùöƼƓơ çíƓùǆǂ þíƤƙùƪǆǃå üùǒāðǈƕǃå ôǆơ
 ûāùùƪǃå ǑùùƼǑùùƿåïƶǃå  íāíùùơǃå ÿǆùùư üùùǒāðǈƕǃå ôùùǆơ ðùùǒǂïƙ ÿå ƝƑƓùùƙǈǃå ýǚùùƤ ÿùùǆ öơāùùǃā
óāùùǆǃå îùùƺǃåā ƗùùǒǆǃƓƶǃå ƗơùùƮǃå èƓùùǆöǈǆ ÿùùǆ ƓùùǌƕƗùùƵåïðǃåā ßå þøøƨĀƨĀ üƏƑǄøøƪ)2016( 

 ÿåíāùƪǃå ǑùùƼ ÿǒƛơƓùƕǃå ÿùùǆ ƗùƵāǆƞǆ þƓùƿāßåïƞƎùùƕ  ïùùǆƙǃåā Ǌùǒíǂïǂǃå ÿùùǆ èƓùǈǒƵ ǏùùǄƵ éùơƕ
ăíǈǌǃå  ƗùǒƑƓǒǆǒǂǃå óåāùƤǃå ǏùǄƵ (þāǒíāùƮǃå èåāðùǈƕ )ƗùöƼƓơǃå çíƓùǆǃå ƗƼƓưå ïƛå ƗƼïƶǆǃ

 āùùùùǆǈǃåā ƗùùùùǒƑƓǒðǒƽǃåāăïùùùùǒƙǂƕǃå  Ɨùùùùƞïí ǏùùùùǄƵ èƓùùùùǈǒƶǃå èùùùùǈðƤ éùùùùǒơ èƓùùùùǈǒƶǃå ǉîùùùùǌǃ4  āƑǆ Ɨùùùùǒ
ā ƗùǒǄǂǃå ƗƕǄùƮǃå íåāùǆǃåā Ɨùưāǆơǃå ñƓǒƿ èåïƓƕƙƤå ƓǌǒǄƵ èǒïƞåāpH   ÿå ƝƑƓùƙǈǃå èùǈǒƕā

íƞāǒ Ǚ Ǚā ÿǒðùƤƙǃå çíùǆ ýāùõ èƓùǈǒƶǃå óåāƤ ǑƼ ïǒƺƙ  āùǆǈ íùƞāǒăïùǒƙǂƕ  ƗùǈǒƵ ǑùƼ Ǚå
Ǌǒíǂïǂǃå )ÛþĀîƢßĀ ýǐî2018.( 

ǃā ÿǒðùƤƙǃå ôïùƺǃ ƗƶǈùƮǆǃå ïƑƓùƮƶǃå Ǐùǃå ƗöƼƓơǃå íåāǆǃå ƗƼƓưå ƗǒǆǋǙ åïöǈā āùǆǈ ƴùǈǆ
 ïåïưǙå üǃîǂā ƓǒïǒƙǂƕǃåǑƙǃå  ƓǆíùǈƵ ÿƓùƪǈǙå þùƪƞ ǏùǄƵ ƗùǒƑåîƺǃå èƓƼƓùưǙå ǉîǋ Ɠǌƕƕƪƙ

 þāǒíāùƮǃå èåāðùǈƕ ðǒǂåïƙ ñƓǒƿ Ɨƪåïíǃå ǉîǋ ÿǆ úíǌǃå ÿƓǂ ƗǒǃƓƵ ðǒǂåïƙƕ çíāƞāǆ ÿāǂƙ
 ǑùùƼ Ɠǂǚǌƙùùƪå ïùùƛǂǙå  çíïāƙùùƪǆǃåā ƗùùǒǄơǆǃå ïƑƓùùƮƶǃå èƓùùƞƙǈǆ ôƶƕùùǃ  (ƗùùöƼƓơǃå çíƓùùǆǃå)

ǒǄǃå ûåāƪǙå. Ɨǒƕ 

3-  ǍǂǄƴǁä ÞïƜǁä 
à -  çƑǆǐƴǁä ƲǄƜ 
  Ɨƪåïíǃå èǄǆƬ3 ā ƗǒǄơǆ èƓǈǒƵ4  ÜƗùƽǄƙƤǆ èƓǂïƬā ƗƽǄƙƤǆ èƓǌǂǈƕā çíïāƙƪǆ èƓǈǒƵ

 ƗǒǄơǆǃå èƓǂïƬǃåǑǋ çíïāƙùƪǆǃå èƓǂïùƬǃå Ɠùǆå ( āƙǒǄǒíā ïƓƮƙǈåā êāïǆǃå ) :Ǒùǋ ÿùƪ ) :
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 íùùùǒǂā æāùùùƙǑùùùƙǒƕā ǒǄƵ Ăïùùùƞåā ñùùùǆƤǃå Ɨùùùǈǒíǆǃ ƗùùùǒǄơǆǃå ûåāùùùƪǙå ÿùùùǆ èùùùƶǆƞā ( ƓùùùƽǒƼā Ɠùùùǌ
. þāǒíāƮǃå èåāðǈƕ ǑƼ ƗǄƛǆƙǆǃå ƗöƼƓơǃå çíƓǆǃå ðǒǂïƙ ñƓǒǀǃ ƗǒǄǆƶǃå Ɨƕïƞƙǃå 

å -  ƕǂǄƴƗƨǄǁä çäĀìǓä 
 ƗǒƪƓǒƿ ûïåāíĲ  Ɨǒǆƞơ ûïåāíĲ  ƗùƮƓǆ ýùƮƼ ÷ƓùǆƿåĲ  Ɨùƞïíǆ ïǒƕƓùƤǆ ƗơƓơùƪĲ  ûïā

 ƠǒƬïƙ 

é -   ƕǂǄƴƗƨǄǁä ìäĀǄǁä 
 ïǒùùùùƮƶǃå èƓùùùùǈǒƵĲ  þāǒíāùùùùƮǃå íùùùùǒïāǄǂ ƠùùùùǄǆĲ  èƓùùùùǈāǒǕå ÷āðùùùùǈǆ ïùùùùõǀǆ ßƓùùùùǆĲ ǆ ýāùùùùǄơ

ǉðùùùùùùùùùùǒǂïƙ þāǒíāùùùùùùùùùùƮǃå íǒùùùùùùùùùùƪǂāïíǒǋ 10 %-  ñǆùùùùùùùùùùƬǃå íƓùùùùùùùùùùƕƵ ûïāĲ ôùùùùùùùùùùǆơ ýāùùùùùùùùùùǄơǆ
) üǒïāǄǂāïíǒǌǃå3:1 (ĲþïāƼïāǄǂ-  ǏǄǒƛǒǙå ýāơǂǃå96%-  ÿǒǃƓƛƽǃāǈǒƽǃå ýǒǃíĲ  ýāùǄơǆ

 ǉðǒǂïƙ þāǒíāƮǃå íǒƪǂāïíǒǋ0.1 ăïƓǒƵ. 
ì-  üǄƴǁä ƕƾǐîô 

 þùƞơ Ɠùùǌǈǆ îùƤåā åíùùǒƞ Ɨùǈǒƶǃå õùùǄƤ þùƙ20 ïùùƙǒǄǄǆ  íùǒïāǄǂ ƠùùǄǆ úǒùưå ā Ǐùùƙơ þāǒíāùùƮǃå
 ƓǒíùùƵƓƿ õǒùùǄƤǃå ýùùƶƞ þùùƛ Ü ƴƕùùƬƙǃåƗƼƓùùưƎƕ 2 ïùùƙǒǄǄǆ  þāǒíāùùƮǃå íǒùùƪǂāïíǒǋ ýāùùǄơǆ ÿùùǆ

10Ü(ÿāùùùùǄǃå ûïðå ñǆùùùùƬǃå íƓùùùùƕƵ ûïāùùùùƕ ƗùùùùǒíƵƓǀǃå ïùùùùƕƙƤå ) %  ûïāí Ǐùùùùǃå õǒùùùùǄƤǃå ýùùùùǀǈā
Ǒùùùǆƞơ  Ɨƶùùùƪ100 ïùùùƙǒǄǄǆ  Ǐùùùƙơ þāǒíāùùùƮǃå íùùùǒïāǄǂ ÿùùùǆ ƴƕùùùƬǆ ýāùùùǄơǆƕ þùùùƞơǃå ýƓùùùǆǂåā

Ƥǃå ƴǆ ƗƵƓƪ çíǆǃ üïƙǒā Ɨǆǚƶǃå.ïƤǓåā ÿǒơǃå ÿǒƕ õǄ   
 ûïāí ǑùƼ ƠùƬåïǃå îùƤåā ƠǒùƬïƙ Ɨùƿïā Ɨõùƪåāƕ  ƠǒùƬïƙǃå þƙǑƞƓùƞð  ƠùƬåïǃå ýíƓùƶǒā úùǒöǈ

 ýāǄơǆ ƗõƪåāƕǑưǆơ ) Ɨƕƪǈƕ3:1 íùƶƕā .(ñǆùƬǃå íƓùƕƵ ûïā Ɨõùƪåāƕ õùƪāǃå ïƕƙƤå) (
 þùùùùùƞơ ýùùùùùǀǈ üùùùùùǃî20 ïùùùùùƙǒǄǄǆ  þåíƤƙùùùùùƪƓƕ óǚƤƙùùùùùƪǙå ßåïùùùùùƞȒåā ýùùùùùƮƽǃå ûïāí Ǐùùùùùǃå Ǌùùùùùǈǆ
 èƓùùǒǆǂƕ þïāùùƼāïāǄǂǃå ïïùùǂƙā ǏǄƽùùƪǃå Ɨùùǀƕõǃå ƴùùǆƞƙā ûƑƓƿíùùǃ ïǀƙùùƪǒ ûïāíùùǃå üïùùƙā ƗùùƕƿƓƶƙǆ

 ǏǄƽùùƪǃå Ɨùùǀƕõǃå ƴùùǆƞƙā þïāƼïāǄǂǃƓùùƕ óǚƤƙùùƪǙå ƗùùǒǄǆƵǑùùƙǃåā Ǒùùǋ  Ăāùùùƙơǒā þïāùùƼïāǄǂǃå)
üùǒāðǈƕǃå ôùǆơ ǏǄƵ úǒùưå .(20  Ɨùǈǒƶǃåā ýāùơǂǃå Ɲǒðùǆ Ǐùǃå ïùõǀǆǃå ßƓùǆǃå ÿùǆ ïùƙǄǄǆ
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 úǒùùưå þùùƛ āƕ çïǒƓùùƶǆǃåā ÿǒǃƓùùƛƽǃāǈǒƽǃå ýùùǒǃí ÿùùǆ èåïùùõƿ ýāùùǄơǆ ƗõùùƪåăíùùƵƓƿ  íǒùùƪǂāïíǒǋ)
 ǉðǒǂïƙ þāǒíāƮǃå0.1 ăïƓǒƵ(. 

 ÿùùǆ èåāùùõƤǃå ïïùùǂƙ1-7   èùùǈƓǂā ƗùùǈǒƵ ýùùǂǃ ÿǒïïùùǂǆ ýíùùƶǆƕā Ɨùùƪāïíǆǃå èƓùùǈǒƶǃå ýùùǂǃ
 èƓùùǈǒƶǃå çïåïùùơ Ɨùùƞïí25 æƓùùƪơ þùùƙā .ƗùùǒāƑǆ Ɨùùƞïí  ýùùƛǆǒ Ăîùùǃå üùùǒāðǈƕǃå ôùùǆơ ðùùǒǂïƙ

ǃå ÿùùùùǆ ßðùùùùƞǃå çíùùùùơāƕ (þāǒíāùùùùƮǃå èåāðùùùùǈƕ ) ƗùùùùöƼƓơǃå çíƓùùùùǆǃå ðùùùùǒǂïƙ) ÿāùùùùǒǄǆppm(  ǑùùùùƼ
 Ɨƪāïíǆǃå èƓǈǒƶǃåĀ ýǐî) A.G.AĀIndian Û1986 Û2002,2018(. 

4- ƕƪƽƑǆǄǁäĀ ƛƏƑƗǆǁä 
Ɠǆǂ  Ɨƪåïíǃå ǉîǋ ǑƼ ƓǌǒǄƵ ýƮơƙǆǃå ƝƑƓƙǈǃå ÿǒƕƙ  ýāíƞǃå ǑƼ Ơưāǆ āǋǑǃƓƙǃå 

) ýǂƬǃåā1,2 ëāåïƙǒ ƗǒǄơǆǃå èƓǈǒƶǃå ǑƼ ƗöƼƓơǃå çíƓǆǃå ðǒǂïƙ ÿå (ÿǒƕ Ɠǆ)457.5-
1830ppm ǏǄƵå éǒơ Ü(  ǑƼ ÿƓǂ ƗǒǄơǆǃå èƓǈǒƶǃå ǑƼ ƗöƼƓơǃå çíƓǆǃå ðǒǂïƙǃ Ɨǆǒƿ

 þƿï Ɨǈǒƶǃå4  þƿï Ɨǈǒƶǃå ǑƼ ƗǒǄơǆǃå èƓǈǒƶǃå ǑƼ Ɨǆǒƿ ýƿåā (āƙǒǄǒí)2 Ɠǆá (êāïǆǃå)
Ɠǆ ƗöƼƓơǃå çíƓǆǃå ðǒǂïƙ  ëāåïƙǒ çíïāƙƪǆǃå èƓǈǒƶǃå ) ÿǒƕ950-1372 èõƵå éǒơ (

þƿï Ɨǈǒƶǃå 6 )Ǒƙǒƕ þƿï Ɨǈǒƶǃå Ɠǆǈǒƕ Ɨǆǒƿ ǏǄƵå (3  Üðǒǂïƙǃå ǑƼ Ɨǆǒƿ ýƿå èõƵå (íǒǂ)
 þƿï ƗǒǄơǆǃå ïǒƮƶǃå ƗǈǒƵ ÿƎƼ  þƓƵ ýǂƬƕ4 þƿï íïāƙƪǆǃå ïǒƮƶǃå ƗǈǒƵā (āƙǒǄǒí) 6  )

 ÿǆ ïƛǂå ðǒǂåïƙ èõƵå éǒơ ƓǒǆǃƓƵā ƓǒƕïƵā ƓǒǄơǆ Ɠǌƕ ëāǆƪǆǃå íāíơǃå èðāƓƞƙ ( Ǐƙǒƕ
1000ppm ) ýāíƞǃå ǑƼ Ɠǆǂ1&2) ýǂƬǃåā (2,1ǒ Ǌǈå Ǐǃå æƕƪǃå íāƶǒ Ɠǆƕïā ( þƙ

 ïǒƮƶǃå Ǐǃå ƗǒƵƓǈƮ íåāǆ ƗƼƓưãǑƵƓǈƮǃå  þƙā ƗöƼƓơ íåāǆā èƓǒïǂƪā ôƓǆơå ÿǆ
 ýǒāõǃå ÿǒðƤƙǃå ßƓǈƛå ïƑƓƮƶǃå íƓƪƼ ƴǈǆǃ ƴǈƮǆǃå ïǒƮƶǃå Ǐǃå ƗǒǃƓƵ ðǒǂåïƙƕ ƓǌƙƼƓưå

. ïƓƕƙƵǕå ÿǒƵ ǑƼ Ɠǌƕ ëāǆƪǆǃå íāíơǃå îƤå ÿāí 

)üĀìƜ1ƞƮĀǐ ( ƕǐǁĀìǁä Ā ƕǐǂƟǄǁä ƕǐƨƑǐƾǁä çƑƻƬäĀǄǁä ä çäĀïǆƓǁ ýĀǐìĀƬǁ 
ƗǒǄơǆǃå èƓƽƮåāǆǃå Ɨǒǃāíǃå èƓƽƮåāǆǃå 

1000ppm 1000ppm 
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) üĀìƜ2 ƕƨĀîìǄǁä îƏƑƬƴǁä çƑǆǐƳ Ǐƺ ûǐĀïǆƓǁä óǄƟ ïǐǀîƗ þǐƓǐ  :( 

ƕǆǐƴǁä ýƽî  öĀǆ
îǐƬƴǁä 

 ýƨä
ƕǀîƪǁä éƑƗǆǕä ơǐîƑƗ  ûǐĀïǆƓǁä óǄƟ ïǐǀîƗ

 æìƟĀƓPPM 
1 íïāƙƪǆ åĀƗ þƨ 2019 915.00 
2 ǏǄơǆ éĀîǄǁä 2019 274.50 
3 íïāƙƪǆ ìǐǀ 2019 915.00 
4 ǏǄơǆ ĀƗǐǂǐì 2019 1830.00 
5 ǏǄơǆ îƑƬƗǆä 2019 457.50 
6 íïāƙƪǆ ǍƗǐƓ 2019 1372.50 
7 íïāƙƪǆ Ƒƻǐƺ 2019 457.50 

ƕǐƨƑǐƾǁä çƑƻƬäĀǄǁä  1000 
 

 
) ýǂƬǃå1) çíơāƕ üǒāðǈƕǃå ôǆơ ðǒǂïƙ Ơưāǒ (ppmïǒƮƶǃå èƓǈǒƶǃ ( 
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)ýǂƬǃå2ƕǃå ôǆơ ðǒǂïƙ Ơưāǒ () çíơāƕ  üǒāðǈppm èƓƽƮåāǆǃƓƕ ƗǈïƓǀǆ ïǒƮƶǃå èƓǈǒƶǃ (

ƗǒƪƓǒǀǃå 

5-  éƑƗǆƗƨǗä 
 ƗöƼƓơǃå çíƓǆǃå ðǒǂåïƙǃ þǒƿ èõƵå Ɨƪāïíǆǃå èƓǈǒƶǃå æǄƹå ÿå Ɨƪåïíǃå ǉîǋ ƗƮǚƤ

.ƓǒǆǃƓƵā ƓǒǄơǆ Ɠǌƕ ëāǆƪǆǃå íāíơǃå ÿǆư 
6-  çƑǐƬĀƗǁä 
1-  ƓùùǆƙƵǙåā ƗùùƕǄƶǆǃå èƓƕāïùùƬǆǃå ýāƓùùǈƙ ÿùùǆ ýǚùùƿǗå ÿùùǆ ÿǒǈõåāùùǆǃå ǏùùƮāǈ ǏùùǄƵ í

 .ýƓƽõǕå ƗƮƓƤā ÿƓǂǆǙå ïíƿ Ɨǒƶǒƕõǃå èƓƕāïƬǆǃå āå Ɨǒƶǒƕõǃå Ǌǂåāƽǃå  ýāƓǈƙ 
2-   ǑƵāùùùǃå ÿùùùǆ ïíùùùƿ ǏùùùǄƵ åāùùùǈāǂǒ ÿå ƗùùùƕǄƶǆǃå èƓƕāïùùùƬǆǄǃ ÿǒǂǄǌƙùùùƪǆǃå ǏùùùǄƵ æùùùƞǒ

 Ɨùùƕāƙǂǆǃå èƓùùǈƓǒƕǃå ûùùƮǄǆ ǏùùǄƵ Ɨùùǈāíǆǃå ƗǒơǚùùƮǃå ƗùùǒƓǌǈā êƓùùƙǈá ƣǒïƓùùƙ ÿùùǆ íùùǂƋƙǃƓƕ üùùǃîā
.èƓƕǄƶǆǃå  ǏǄƵ 
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3-  ǈùùùùƮƙǃå èƓǂïùùùùƬ ǏùùùùƮāǈ Ơùùùùưåā ýǂùùùùƬƕ Ɲƙùùùùǈǆǃå ƗùùùùƕǄƵ ǏùùùùǄƵ èƓùùùùǈƓǒƕǃå ƗùùùùƕƓƙǂƕ ƴ
 ƠǒơƮāƴǒõƙƪǒ éǒơƕ .Ɠǌƙßåïƿ üǄǌƙƪǆǃå 
4-  ÿāùùùùǂƙ ÿå èƓùùùùƕǄƶǆǄǃ ƗùùùùöƼƓơǃå íåāùùùùǆǃå ƗƼƓùùùùưå íùùùùǈƵ ƴǒǈùùùùƮƙǃå èƓǂïùùùùƬ ǏùùùùƮāǈ

 Ɠùǌƕ ëāǆùƪǆǃå ƗùǒǆǒǄƿǗåā Ɨùǒƕïƶǃåā ƗǒƕǒǄǃå èƓƽƮåāǆǃå ÿǆư Ɠǋðǒǂåïƙóāùǆǃåā  ýùƕƿ ÿùǆ Ɠùǌƕ
. ƗǒǆǃƓƶǃå ƗơƮǃå Ɨǆöǈǆ 

5- åîǋ ïåïǆƙƪå  . ƗƽǄƙƤǆ èƓǌǂǈƕā çíïāƙƪǆā ƗǒǄơǆ ĂïƤå èƓǈǒƵ ǏǄƵ éơƕǃå 
 

6-  îìƑƬǄǁäĀ ƲƜäîǄǁä 
ƕǐƓîƴǁä ƲƜäîǄǁä 

]1[ ÿāïùùùƤå íùùùǆơå þùùùǒï )2018Ü( ïƑƓùùùƮƶǃå çíāùùùƞ ôùùùƶƕ ïǒíùùùǀƙā êƓùùùƙǈå"  ƗùùùǒíǒǄǀƙǃå
çðùùǂïǆǃå Ɨǒǈåíāùùƪǃå ÜǊùùǒíǂïǂǃå) Üăíùùǈǋïǆƙ ÜþāùùǄƶǄǃ ïƓùùƙƤǆǃå ƗùùǄƞǆÜ"(ăíǄƕƙǃå33)3Ü(222-

230  . 
]2[ ùùùùùƪāƪ Ü ÿåāǒùùùùùƮ ýƑƓǆùùùùùƬ)ÜǏùùùùùƽǄơǃå ÿ2016 üùùùùùǒāðǈƕǃå ôùùùùùǆơ Ɨƕùùùùùƪǈ ïǒíùùùùùǀƙ"Ü(

 þùƪƿ ÜçïùƮƕǃå Ɨùǈǒíǆ ûåāùƪå ǑùƼ ƗƶǈùƮǆǃåā ƗùƞðƓõǃå ƗùǒîƹǙå ôùƶƕ ǑùƼ ƗùǄǒǀƛǃå ïƮƓǈƶǃåā
 ƗǒîƹǙå þāǄƵĲ ƗƵåïðǃå ƗǒǄǂ-  çïƮƕǃå ƗƶǆƓƞĲûåïƶǃå. 

]3[ )ÿāïùùùùƤåā ýùùùùǒǆƞ íùùùùǆơǆ2015 ÷åāùùùùǈå ǑùùùùƼ üùùùùǒāðǈƕǃå ôùùùùǆơ íāùùùùƞā ïǒíùùùùǀƙ " Ü(
 ûåāùùƪǙå ǑùùƼ ïƑƓùùƮƶǃå ÿùùǆ ƗùùƽǄƙƤǆ ƗùùǒƞƓƙǈǙå ïǒǒƓùùƶǆǃå ôùùƶƕ ǑùùƼ ïǒƛƋùùƙǃå íùùǒíơƙā Ɨùùǒƿåïƶǃå

 ƗǒƵåïðǃå þāǄƶǄǃ èǒïǂƙ ƗƶǆƓƞ ƗǄƞǆÜ"ÿåîïƞǃå ǑƼ Ɨǒāǒơ āǆǒǂǃåā15)2 (22-33. 
]4[ )þǃƓùùùƪ Ɨùùùǒïíƕ Üñåïāùùùƕå ǉƓùùùƞǈ2018 ïǒùùùƮƶǃå ÷åāùùùǈå ôƶƕùùùǃ Ɨùùùưāǆơ ñƓùùùǒƿ "Ü(

 Ü Ɨǒǈǀƙǃåā þāǄƶǄǃ Ɨǒǃāíǃå ƗǄƞǆǃå Ü ǏǒƕǒǄǃå ûāƪǃå ǑƼ íïāƙƪǆǃåā ǏǄơǆǃå13 Ü1-9 . 
]5[ ÿāïùùƤåā Ÿå íùùƕƵ Ăíùùǋ  )2017 (  ïƑƓùùƮƶǃå ôƶƕùùǃ çíāùùƞǃå ýùùǆåāƵ Ɨùùƪåïí "Ü

 Ɨǒƕïƙǃå ƗǒǄǂ Ü"Ɨǒǆǂǃåā ƗǒƵāǈǃå ƗǒƑƓǒǆǒǂǃå ýǒǃƓơƙǃå þåíƤƙƪƓƕ ƗǒǄơǆǃåĲ Ɠǌƕùƪ ƗƶǆƓƞ-  þùƪƿ
 ßƓǒǆǒǂǃåĲ  ßǑõƓƬǃå üåïƕĲ .Ɠǒƕǒǃ 
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ƕǐƓǆƜǓä ƲƜäîǄǁä 
[6] A.G.A..C17 end, official; method 963.19Benzoic foods 

TitrimericMethod(2002). 

[7] Indian Standard,12014-1(1986). Methods for determination 

of organic preservatives in foodstuffs, part 1: benzoic acid and its 

salts, P:1-12. 

[8] Manual of Methods analysis of food Additives Ministry of 

Health family, welfare Gevernmentludia, New Delhi(2005). 
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 ƕƨäîìîǐƙƉƗ  ǏƗƑƓǆ ĀǄǆĀ çƑƓǆâ ǍǂƳ üǀǐǆǁä çƑƗǐîƓǀ þǄ ƕƻǂƗƢǄ çäïǐǀîƗ
 îǐƴƪǁäƞǄƾǁäĀ 

A study of the effect of different concentrations of nickel 

sulfate on germination and growth of barley and wheat plants 

 îìƓ ìƴƨ æìǐƑƳ- üĀǂǀƪ ìǄƟǄ ìƑƴƨ-ǏƗǐîƨǁä ìǄƟǄ ìƑƴƨ 
 āĀǂƨ üǐôǐĀƳä ìƴƨ-ôǐƟƽ ýǁƑƨ ìƴƨǁä ýà 

 þƪƿßƓǒơǙå -þāǄƶǃå ƗǒǄǂ-  æƿïǆǃå ƗƶǆƓƞ- ñǆƤǃå-Ɠǒƕǒǃ 
Aida_Saad20013@yahoo.Com Email: 

òƢǂǄǁä 
 ǉîǋ èǒïƞáå Ơǆǀǃåā ïǒƶƬǃå ǑƙƓƕǈ āǆǈā èƓƕǈã ǏǄƵ ýǂǒǈǃå èƓƙǒïƕǂ ïǒƛƋƙ ƗƼïƶǆǃ Ɨƪåïíǃ

) ƗǒǃƓƙǃå ðǒǂåïƙǃƓƕ þåíƤƙƪƓƕ150Ü100Ü50Ü0.(  å èïǌöå Ɨƞïí ǑƼ úǚƙƤå íāƞā ƝƑƓƙǈǃ
 ǑƼ ýǂǒǈǃå ðǒǂïƙ ÷Ɠƽƙïå ăíá éǒơ ÜƗǆíƤƙƪǆǃå ðǒǂåïƙǄǃ Ơǆǀǃåā ïǒƶƬǃå ÿǆ ǚǂ ƗǆāƓǀǆ
 íǈƵ ǉíơåā Ɨƞǒƙǈǃå èǈƓǂ .ÿǒƙƓƕǈǃå ǚǂ ǑƼ èƓƕǈǗå Ɨƕƪǈ ôƓƽƤǈå Ǐǃã ăïǃå ǉƓǒǆ

ðǒǂïƙǃå50  èƓƕǈǗå Ɨƕƪǈ èƽǄƙƤå ǏǄƵǕå ðǒǂåïƙǃå ǑƼ Ɠǆá ÜÿǒƙƓƕǈǃå ýǂǃ ýāǆāïǂǒǆ ǉîǌǃ
 èåðǒǂïƙǃå ÿå Ɨƪåïíǃå ǉîǋ èǈǒƕ .ýǂǒǈǃå ïƮǈƶǃ ƓǌƙƕƓƞƙƪå æƪơ ïāîƕǃåƗƶƽƙïǆǃå  èïƛå

ðǒǂïƙ íǈƵ ǚƛǆƼ Üāǆǈǃå ýíƶǆ ǏǄƵ ƓƕǄƪ150 ) èƓƕǈǙå Ɨƕƪǈ èǈƓǂ ýāǆāïǂǒǆ13 %
ā37Ǒǃåāƙǃå ǏǄƵ ïǒƶƬǃå èƓƕǈā Ơǆǀǃå èƓƕǈǃ (%Ü  ǑƼ úǄƙƤƙ èƓƙƓƕǈǃå ÿá ǏǄƵ ýíǒ Ɠǆǆ

.ƗǒǆƪǄǃ ƓǌƙǆāƓǀǆ 
ƕƙ Ɠǆǂ ïǒƶƬǃå ǑƙƓƕǈǃ ýāõǃåā ýǂǒǈǃå ðǒǂïƙ ÿǒƕ ƗǒƪǂƵ ƗƿǚƵ íāƞā ƝƑƓƙǈǃå ýǚƤ ÿǆ ÿǒ

 ðǒǂïƙ íǈƵ ĄƓƮāƮƤā Ơǆǀǃåā150  ǉîǋ ƝƑƓƙǈ óǒƤǄƙ Ɠǈǈǂǆǒ ƗǆƓƵ çïāƮƕā Üýāǆïǂǒǆ
 ÿǆ ïƛǂá Ơǆǀǃå ïāîƕ èƓƕǈã ǏǄƵ èåïǒƛƋƙ Ɠǌǃ ýǂǒǈǃå ïƮǈƶǃ ƗǒǃƓƶǃå èåðǒǂïƙǃå ÿƋƕ Ɨƪåïíǃå

ǂƶǈå ǑǃƓƙǃƓƕā ïǒƶƬǃå ïāîƕ çíƓǒðǃå èíá Ɠǆǂ .èƓƕǈǄǃ ƗǒƞāǃāƼïāǆǃå èƓƽƮǃå ǏǄƵ üǃî ñ
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 ÿǆ ýǂ ǑƼ úƓƞǃåā æõïǃå ÿðāǃå ǑƼ ôƓƽƤǈǗå Ǐǃã ăïǃå ǉƓǒǆ ǑƼ ýǂǒǈǃå ðǒǂïƙ ǑƼ
) ǏǄƵǕå ðǒǂåïƙǃå ǑƼ Ɠǆǒƪ Ǚā ïāîƞǃåā ÿƓǀǒƪǃå150 .ÿǒƙƓƕǈǃå ÿǆ ýǂǃ (ýāǆāïǂǒǆ 

 :çƑǄǂǀǁä êƑƗƻǄ-èƓƙǒïƕǂ ýǂǒǈǃå-ïǒƶƬǃå-Ơǆǀǃå-èƓƕǈǗå-åāǆǈǃ  . 
 

Abstract 
  This study was conducted to investigate the effect of nickel 

sulphate on the germination and growth of Triticum aestivum L. 

and Hordeum vulgairs L. plants at concentrations of (50, 100, and 

150 micromoles). Results indicated that there is a difference in the 

degree of resistance of both Hordeum vulgairs L. and Triticum 

aestivum L. to the applied concentrations. 

The increased concentration of nickel sulphate in the irrigation 

water led to a decrease in the germination ratio on both plants, 

which showed almost same response to the concentration of 

50ɛmol of used heavy metal and both seeds germinated at the same 

rate.  

However, at higher concentrations, the germination percentage of 

both plants differed according to their response to nickel sulphate. 

For example, at 150 micromoles, the germination percentage of 

Triticum aestivum L. was only 13% compared to 37%  showed by 

Hordeum vulgairs L., indicating that the plants differ in their 

resistance to the heavy metals toxicity 

Moreover, it was found that there is an inverse relationship 

between the concentration of nickel sulphate and the length of both 

plants, especially at a concentration of 150 micromoles. 

 In addition, the increase in the concentration of nickel sulphate in 

irrigation water resulted in a decrease in the wet and dry weight of 

both the stems and roots of both plants, especially at higher 

concentrations (150 ɛmol). Generally, it can be concluded that the 

high concentrations of nickel sulphate have obvious effects on the 

germination and growth of both Triticum aestivum L. and 

Hordeum vulgairs L. seeds. These effects are more obvious on the 
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germination and growth of the Triticum aestivum L. seeds. This 

can reflect the genetic characteristics of each plant. 

 

             ƕǄìƾǄǁäIntroduction                                            
      ïƛǂá ǑƑǒƕǃå ïāǋíƙǃƓƕ Ɨõƕƙïǆǃå ƓǒƓưǀǃå èơưå þǃƓƶǃå ǑƼ ÿƓǂƪǃå ííƵ íǒåðƙ ƴǆ

Ǚā ÜçïāõƤ  ƗƵïƪ çíƓǒð ǑƼ ÿƓƪǈǗå ïāí ǑƽƤǒã ïǒƹā Ɨǒāưƶǃå èƓƛāǄǆǃå þǂåïƙā éƓƶƕǈ
ýāïƙƕǃå èƓǀƙƬǆā ëǚǆǕåā ƗǒïƬơǃå èåíǒƕǆǃƓǂ Ɨǒāưƶǃå  ÜƗǄǒǀƛǃå ÿíƓƶǆǃåā ôƓǆơǕåā

 ĄåïíƮǆ ǊǄƶƞǒ Ɠǆǆ ƗƑǒƕǃå ǑƼ þǂåïƙǒ ǑǃƓƙǃƓƕā Ɨǃāǌƪƕ ýǄơƙǒ ÿá ÿǂǆǒ Ǚ Ɠǌǆöƶǆ ÿá éǒơ
ïïưǃåā éāǄƙǄǃ (Ahmad & Ashraf, 2011) íƶƙ  . ÿǒƕ ÿǆ ƗǄǒǀƛǃå ÿíƓƶǆǃå

 ïƪǃåā íǒåðƙǆǃå Ɠǋðǒǂïƙ ÷Ɠƽƙïå æƕƪƕ ïǒƕǂ þƓǆƙǋƓƕ ĄåïƤâǆ èǒöơ Ǒƙǃå ƗǒƑǒƕǃå èƓƛāǄǆǃå ƴǒ
 íïåāǆǃå ÿǆ íǒíƵ íāƞā þƹïǃƓƕā .þǃƓƶǃå ÿǆ ƗƽǄƙƤǆ ßåðƞá ǑƼ ǉƓǒǆǃåā ßåāǌǃåā Ɨƕïƙǃå ǑƼ

 ÜÿíƓƶǆǃå ǉîǋ éƓƶƕǈǙ ĄåïíƮǆ íƶƙ Ǒƙǃå Ɨǒƶǒƕõǃå ÿǆ ÿåíƶƙ ƗƵåïðǃåā ƗƵƓǈƮǃå ÿá Ǚã
 ƗǒƑǒƕǃå ǑƼ ƗǄǒǀƛǃå ÿíƓƶǆǃƓƕ éāǄƙǄǃ Ɨƕƕƪǆǃå ĂïƬƕǃå ýƮǙå èåî ƗǒƪǒƑïǃå ïíƓƮǆǃå

),2014 .(Taiwo et al èƓƛāǄǆǃå ÿǆ  ƗǒƪǒƑïǃå ƗƵāǆƞǆǃå ƗǄǒǀƛǃå ÿíƓƶǆǃå ïƕƙƶƙ .
 ǊǒāưƵ ïǒƺǃåƗƞƙƓǈǃå   ýƓǆƵá èǚưƼ ÿǆ èƓƛƓƶƕǈǙåā çíǆƪǕƓǂ ƗǒïƬƕǃå ƗõƬǈǙå ÿƵ

 úïƮǃåā ÜïǌƮǃå èƓƵƓǈƮā ÿǒíƶƙǃå þƞƓǈǆ ƓǒƓǀƕā ÜèåïƓǒƪǃå þíåāƵā Üÿíǆǃå ǑƼ úïƞǃå
 ƗǒïƬơǃå èåíǒƕǆǃå þåíƤƙƪåā ǑơƮǃå ÛþƨƟĀ ìǄƟǄ)2014(  ƗǒǃƓƶǃå ðǒǂåïƙǃå ýƛǆƙ éǒơ

 ýƤåí þǂåïƙǃå ǏǄƵ Ɠǌƙïíǀǃ Ąåïöǈ Ɨǒơǃå èƓǈƑƓǂǃå ǏǄƵ çïāõƤ ƗƑǒƕǃå ǑƼ ƗǄǒǀƛǃå ïƮƓǈƶǃå ÿǆ
 ïƕƵ ïƮƓǈƶǃå ǉîǋ ýƓǀƙǈå Ǒǃã ƗƼƓưǗƓƕ Ɨǒāǒơǃå ƓǌƽƑƓöā ǑƼ ĄǚǄƤ éíơǒ Ɠǆǆ ÜƓǋíƓƪƞá

 ƗǒơƮǃå ïåïưǕå ÿǆ ïǒƛǂǃå Ǌǃ Ɨƕƕƪǆ ÿƓƪǈǘǃ ƗǒƑåîƺǃå ýƪǚƪǃå) ÛìĀǄƟǄ2010(. 
 ǑƵåïðǃå êƓƙǈǗå ǑǄƵ Ąåïǒƕǂ ĄƓǀǄƿ Ɨƕïƙǃå ǑƼ ƗǄǒǀƛǃå ÿíƓƶǆǃå þǂåïƙ ýǂƬǒ Üüǃî Ǐǃã ƗƼƓưǗƓƕ
 Ɨǒǆƪǃå æƕƪƕ ýāƮơǆǃå āǆǈā ÜǊǀǒāƪƙā þƓƶõǃå Ɨǆǚƪ ǏǄƵ çïƓưǃå ïƓƛǕå æƕƪƕ

Ɨƕïƙǃå ǑƼ Ɨǒơǃå èƓǈƑƓǂǄǃ ƗǒƑǒƕǃå ƗơƮǃåā ÜƗǒƙƓƕǈǃå (Gill, 2014). 

ýǂǒǈǃå ïƕƙƶǒ ǈƶǃå āǋ ƗƮƓƤ ƗǈƓǂǆƕ Ǐöơǒā ôïǕå çïƬƿ ǑƼ çïƼā ÿǒïƬƶǃåā ǑǈƓƛǃå ïƮ
 Ǌǈá éǒơ ÿǆ èƓƙƓƕǈǄǃ Ɨǒïāïưǃå ĂïƺƮǃå èƓǒîƺǆǃå ÿǆ ïƕƙƶǒ Ɠǆǂ ÜƗǄǒǀƛǃå ÿíƓƶǆǃå ÿǒƕ
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 þǒðǈǗ õƬǈǃå ðǂïǆǃåurease    ǑƼ ÿǒƞāïƙǈǄǃ ǑƑåîƺǃå ýǒƛǆƙǃå ƗǒǄǆƶǃ ăïāïưǃå
èƓƙƓƕǈǃåPolacco et al.,2013)  (ýǂǒǈǃå èƓƕǂïǆǃā .  èƓǆåíƤƙƪǙå ÿǆ íǒíƶǃå

 ƗƑǒƕǃå ǑƼ ǊƛƓƶƕǈå çíƓǒð Ǒǃå ăíá Ɠǆǆ ÜƗǒïƓƞƙǃåā ƗǒíƓƮƙƿǙåā ƗǒƵƓǈƮǃå)Celis et al 
.,2018 .( 

 þƳ üǀǐǆǁä ƲǐïĀƗ æìƑƳäĀ òƑƬƗǄä ǍǂƳ îìƑƽ çƑƓǆǁä þä çƑƨäîìǁä þǄ ìǐìƳ çǆǐƓ
þĀǐƗƑǀǁä úǐîô )Bhalerao et al., 2015 Ǐƺ îƬǆƴǁä äíǉ ïǐǀîƗ æìƑǐï þàĀ (

Ɠǁä) ýǄƨƗǂǁ çƑƗƑƓǆǁä þǄ ƕƻǂƗƢǄ öäĀǆà óîƴǐ çƑƓǆǁƑƓ ǈôǐƟǄǁä ǈƓîƗǁäĀ ǈƏǐYan et 
al., 2008 .( 

 ǏǄƵā Ɠǒƕǒǃ ǑƼ ßåíƺǃå êƓƙǈȒåā ǑƵåïðǃå êƓƙǈǘǃ ƗǒƪƓƪǕå çðǒǂïǃå æāƕơǃå ýǒƮƓơǆ ïƕƙƶƙ
 ƴǄƪǃå þǋá ÿǆ ÿåïƕƙƶǒ éǒơ Ơǆǀǃåā ïǒƶƬǃå ÿǆ ǚǂ ýāƮơǆ ǑƙƋǒ ýǒƮƓơǆǃå ǉîǋ ñáï

å æƕƪƕ ƗǒƑåîƺǃå ǏǄƵ ƓǌƶǒǈƮƙ ǑƼ íǆƙƶƙ Ǒƙǃå ƗǒƑåîƺǃå èƓƞƙǈǆǃå ǏǄƵ íǒåðƙǆǃå æǄõǃ
 éǒơ ÿǆ ǏǃāǕå Ɨƕƙïǆǃå ýƙơƙ èƓƞƙǈǆǃå ǉîǋ èơƕƮá íǀƼ åîǃ ÜÿǒǃāƮơǆǃå ÿǒîǋ

 ƗǒǈƓǂƪǃå èåíƓǒðǄǃ Ɨƞǒƙǈ Üýāíǃå ôƶƕ ǑƼ ÿǒǒíƓƮƙƿǙå èƓǆƓǆƙǋå ÛǍƨǐƳ)2011(. 
ƴǆā ïāǋíƙ ƗƪƓǆ ƗƞƓơ üƓǈǋ èơƕƮå ÜǉƓǒǆǃåā Ɨƕïƙǃå çíāƞ     ÿǒîƓǋ üāǄƪ þǌƽǃ

ÜƗƑǒƕǃå õāƺưǃå ǉíǋ ǉƓƞƙá ÿǒǃāƮơǆǃå  þǌƽǃāïǒƛƋƙ  ǑƙƓƕǈ ǏǄƵ ƗǒƑǒƕǃå èƓƛāǄǆǃå ôƶƕ
èǒïƞá ïǒƶƬǃåā Ơǆǀǃå  ǉîǋƗƪåïíǃå   èåðǒǂïƙ  ïǒƛƋƙ ƗƼïƶǆǃƗƽǄƙƤǆ  ýǂǒǈǃå ïƮǈƵ ÿǆ

     .ÿǒƙƓƕǈǃå ǚǂ āǆǈ ā èƓƕǈå ǏǄƵ 
 

èƟƓǁä úîôĀ ìäĀǄǁä                                  Materials and Methods  
íǀǃ ïƕƙƤǆƕ Ɨƪåïíǃå ǉîǋ èǒïƞá  æƿïǆǃå ƗƶǆƓƞ þāǄƶǃå ƗǒǄǂ ßƓǒơǕå þƪǀƕ èƓƕǈǃå þǄƵ

 ÜñǆƤǃå ǑƵåïðǃå þƪāǆǃå ýǚƤ2017 /2018  ǑƕƶƬǃå ûāƪǃå ÿǆ ïāîƕǃå ïƓươã þƙ
.Ɨǒāǌƙā Ɨƕāõïā çïåïơ ÿǆ ƗǆƑǚǆ ƗǒƑǒƕ úāïö ǑƼ ƗǒǄơǆǃå úƓǈƮǕå ÿǆ ñǆƤǃå Ɨǈǒíǆǃ 

þƙ  ǏǄƵ Ɨƕïƞƙǃå þǒǆƮƙǑƑåāƬƶǃå þƓƙǃå þǒǆƮƙǃå ýǂƬ  ñƓƪá ǑǄƵ4  èƓƕǈ ýǂǃ èǚǆƓƶǆ
 Ɠǋïåïǂƙ þƙ ƗǄǆƓƶǆ ýǂā4 ǑǃƓƙǃå ýāíƞǃå ǑƼ Ơưāǆ āǋ Ɠǆǂ èåïǆ. 
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) üĀìƜ1ƕƓîƜƗǁä ýǐǄƬƗ þǐƓǐ ( 
ƕǂǄƑƴǄǁä ƕǂǄƑƴǄǁä çäîƗƺ çäîîǀǄǁä 

ý1 C ĂìƑƳ ÞƑǄ (ìǉƑƪǁä) ý1 ý2 ý3 ý4 
ý2 50 mM ý1 ý2 ý3 ý4 
ý3 100 mM ý1 ý2 ý3 ý4 
ý4 150 mM ý1 ý2 ý3 ý4 

 
1-                         рϽϡϧϷгЮϜ ϤϝϡжшϜ Petri plate experiment 

:üǐǁƑƟǄǁä îǐƮƟƗ- 
) ƗǒǃƓƙǃå ðǒǂåïƙǃå ïǒươƙ þƙ50 Ü100 Ü150 .íǋƓƬǃå ƗǄǆƓƶǆǃ ƗƼƓưǗƓƕ (ýāǆ āïǂǒǆ 

1-  :úƑƓôǓä îǐƮƟƗ- 
          ƗǒƞƓƞðǃå ûƓƕõǙå þǒǀƶƙ þƙ çíǆǃ þǒǀƶƙǃå ðƓǌƞ ǑƼ ƠǒƬïƙ ûåïāá ǏǄƵ ƗǒāƓơǃå
15  çïåïơ Ɨƞïíā Ɨǀǒƿí121.ƗǒāƑǆ Ɨƞïí 
2-  :îĀíƓǁä ƕƳäîï-   

 ýāǄơǆƕ ïāîƕǃå þǒǀƶƙ þƙHgCl2 ðǒǂïƙ0.1) %1981 ÛEllis and Roberts ( çíǆǃ
5 ) ƗƼƓưã þǒǀƶƙǃå ýāǄơǆǃ ïƓƛá ăá ƗǃåðǗ ïõǀǆ ßƓǆƕ èåïǆ çíƵ ƓǌǄƪƹā ûƑƓƿí(10mL .

NiSOϞ (HϜO) Ϡ  ƴưā þƙ ÿǆā ûƓƕõǙå Ǐǃã ðǒǂïƙ ýǂ ÿǆ16  þƞơǃƓƕ ƗƪǈƓƞƙǆ çïîƕ
 íǋƓƬǃå ƗǄǆƓƶǆ ǑƼ ïõǀǆǃå ßƓǆǃå þåíƤƙƪå ƴǆ ûƕõ ýǂ ǑƼ Ơǆǀǃåā ïǒƶƬǃå èƓƕǈ ïāîƕ ÿǆ

ƗǒāƑǆǃå Ɨƕƪǈǃå æƓƪơ þƙ ƗƵåïðǃå ÿǆ þƓǒá çïƬƵ ïāïǆ íƶƕā Gp) ( ā ýåāõá ñƓǒƿ þƙ
ƗƬǒāïǃå )(PL ) ïǒîƞǃå ýåāõåā (RL. 
ǃå èïíƿ õƪāƙǆ æƓƪơƕ üǃîā ƗƵåïðǃå ÿǆ þƓǒá çïƬƵ ïāïǆ íƶƕ èƓƕǈǘǃ ƗǒāƑǆǃå Ɨƕƪǈ

:ƗǒǃƓƙǃå ƗǃíƓƶǆǃå æƪơ üǃîā ïïǂǆ ýǂ ǑƼ ƗƙƕƓǈǃå ïāîƕǃå ííƵ 

=   çƑƓǆǖǁ ƕǐĀƏǄǁä ƕƓƨǆǁä 
ƕƗƓƑǆǁä îĀíƓǁä ììƳ 

Â100 
ƕƳĀîïǄǁä ƕǐǂǀǁä îĀíƓǁä ììƳ 
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2- ƕƳäîïǁä òƬǓä Ǐƺ                                      experiment   Pot  

 ïāõƙā āǆǈ ǏǄƵ ýǂǒǈǃå èƓƙǒïƕǂ ÿǆ ƗƽǄƙƤǆ ðǒǂåïƙ çíƵ ïǒƛƋƙ Ɨƪåïíǃ Ɨƕïƞƙǃå ßåïƞå þƙ
 þíƤƙƪå éǒơ ÜƠǆǀǃåā ïǒƶƬǃå ǑƙƓƕǈ ÿǆ ýǂ16  ýíƶǆƕ üǃîā Ɨƕïƞƙ ýǂǃ óǒƮá4 

Ɨǒǒǆõ ƗǒǄǆï Ɨƕïƞƙǃå ǑƼ Ɨƕïƙǃå þåāƿ ÿƓǂ ƗǄǆƓƶǆ ýǂǃ èåïïǂǆ  ïïǂǆ ýǂ ǑƼ ÷ïð éǒơ8 
 āîƕ ûǆƶƕ ï2  Ǐǃå3þƙā þƪ  ƗƕƓƙǂèƓǈƓǒƕǃå  þƿï ýǆƬƙā ûǒƿí ýǂƬƕ óǒƮá ýǂ ǏǄƵ

ðǒǂïƙǃå ÷āǈā ïïǂǆǃå þƿïā ƗǄǆƓƶǆǃå  þǒǆƮƙǃå ýǂƬ ǏǄƵ ýǆƶǆǃå ǑƼ èåïïǂǆǃå ƴǒðāƙ þƙ
 ǑƑåāƬƶǃå þƓƙǃå) èåðǒǂïƙƕ óƮǙå ăï þƙ50 Ü100 Ü150  èƓƙǒïƕǂ ÿǆ (ýāǆ āïǂǒǆ

.íǋƓƬǃå ƗǄǆƓƶǆǃ ƗƼƓưǗƓƕ ýǂǒǈǃå 
  èíƮơïǆƵ íǈƵ èƓƙƓƕǈǃå20  ÜèƓƕǈǗå ÿǆ ĄƓǆāǒ ƓǌǄƪƹā ƗƪǈƓƞƙǆǃå èƓƙƓƕǈǃå íƓƮơ þƙ

ƗǀƮƙǄǆǃå Ɨƕïƙǃå èƓƑǒðƞ ÿǆ åĄíǒƞ  æõïǃå ÿðāǃåā ýāõǃå ýƛǆ èƓƪƓǒǀǃå ôƶƕ îƤǕ Ɠǌƕ
Üăïîƞǃåā ăïưƤǃå ÷āǆƞǆǄǃ úƓƞǃåā ÜñƓƪơǃå ÿåðǒǆǃå ðƓǌƞ Ɨõƪåāƕ ÿåðāǕå æƓƪơ þƙ 

ßðƞǃå íƤá éǒơ  ýǂǃ ăïîƞǃåā ăïưƤǃå ÿðāǃå ïǒíǀƙ íƶƕ èƓƪƓǒǀǃå íƤáā Ǌǈðā þƙā ÷āǈ
 çïåïơ Ɨƞïí èơƙ ƗǈưƓơ ǑƼ èƓǈǒƶǃå ƴưā þƙ æõïǃå65  çíǆǃā ƗǒāƑǆ Ɨƞïí48  ƗƵƓƪ

 ÿðāǃå èƓƕƛ  ǑƙơÛýƗƨî)1985(. 

    ƛƏƑƗǆǁä                                                     Results           
             ĂîƓƗƢǄǁä çƑƓǆǕä           

) ýƽ üĀìƜ2ƞǄƾǁäĀ îǐƴƪǁä æîíƓǁ çƑƓǆǕä ƕƓƨǆ ǍǂƳ üǀǐǆǁä çƑƗǐîƓǀ îǐƙƉƗ þǐƓǐ ( 

  çǘǄƑƴǄǁä  îǐƴƪǂǁ çƑƓǆǕä ƕƓƨǆ ƞǄƾǂǁ çƑƓǆǕä ƕƓƨǆ 
C 94% 94% 

50 mM 68% 68% 
100 mM 56% 37% 
150 mM 37% 13% 
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) ýǂƬǃå1ǃ èƓƕǈǕå Ɨƕƪǈ ǏǄƵ ýǂǒǈǃå èƓƙǒïƕǂ ïǒƛƋƙ  Ơưāǒ  (Ơǆǀǃåā ïǒƶƬǃå çïîƕ 

 
) þƿï ýāíƞǃƓƕ çíïåāǃåā ƓǌǒǄƵ ýƮơƙǆǃå ƝƑƓƙǈǃå èïǌöá2) þƿï ýǂƬǃåā (1 íƞāƙ ǊǈƋƕ (

 ƗƽǄƙƤǆ èåðǒǂïƙ þåíƤƙƪƓƕ Ơǆǀǃåā ïǒƶƬǃå ïāîƕǃ èƓƕǈǘǃ ƗǒāƑǆǃå Ɨƕƪǈǃå ǏǄƵ Ɨǃåí ûāïƼ
   ðǒǂïƙ íǈƵïǒƶƬǃå ïāîƕ èƓƕǈǕ ƗǒāƑǆǃå Ɨƕƪǈǃå èǈƓǂ .ýǂǒǈǃå èƓƙǒïƕǂ ÿǆ150mM  

ǆǂǒǈǃå  èƓƙǒïƕǂ ÿ Ǒǃåāơ ý)37)  Ǒǃåāơƕ ƗǈïƓǀǆ ðǒǂïƙǃå ñƽǈ ÿǒơ ǑƼ (%13 (%
  ðǒǂïƙǃå ñƽǈ íǈƵ Ơǆǀǃå èƓƕǈǃ ƗƕƪǈǃƓƕ. 

 
) üĀìƜ3(ýƨ )ƞǄƾǁäĀ îǐƴƪǁä ǏƗƑƓǆǁ ƕƪǐĀîǁä üĀô ǍǂƳ üǀǐǆǁä çƑƗǐîƓǀ îǐƙƉƗ þǐƓǐ ( 
çǘǄƑƴǄǁä P ( H) P ( T) 

C 4.9 4.7 
50 mM 4.6 4 

100 mM 3.5 3.5 
150 mM 3.1 1 
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) ýǂƬǃå2 )ïǒƶƬǃå ǑƙƓƕǈǃ ƗƬǒāïǃå ýāõ ǏǄƵ ýǂǒǈǃå èƓƙǒïƕǂ ïǒƛƋƙ Ơưāǒ (PH Ơǆǀǃåā ( PT)( 

 
) üĀìƜ4(ýƨ) ƞǄƾǁäĀ îǐƴƪǁä ǏƗƑƓǆǁ îǐíƜǁä üĀô ǍǂƳ üǀǐǆǁä çƑƗǐîƓǀ îǐƙƉƗ þǐƓǐ ( 

çǘǄƑƴǄǁä  ýƨ 
)RH îǐƴƪǂǁ îǐíƜǁä üĀô ( 

  ýƨ 
R (T)  ƞǄƾǂǁ îǐíƜǁä üĀô  

C 5.5 4.2 
50 mM 1.2 0.9 

100 mM 0.7 0.5 
150 mM 0.4 0.2 
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) ýǂƬǃå3Ơǆǀǃåā ïǒƶƬǃå ǑƙƓƕǈǃ ïǒîƞǃå ýāõ ǏǄƵ ýǂǒǈǃå èƓƙǒïƕǂ ïǒƛƋƙ Ơưāǒ ( 

  
 èƓƙǒïƕǂǃ ðǒǂïƙǃå èƓǒāƙƪǆ úǚƙƤå ÿá ÿǒǀƕƓƪǃå ÿǒǄǂƬǃåā ÿǒǃāíƞǃå ǑƼ ƝƑƓƙǈǃå èǈǒƕ

ïǒîƞǃå ýāõā ƗƬǒāïǃå ýāõ ýíƶǆ ǑƼ ïƛá ýǂǒǈǃå             ðǒǂïƙā íǋƓƬǃƓƕ ƗǈïƓǀǆ
)50 mM(  ðǒǂïƙ çíƓǒð ÿá éǒơ  ƗƬǒāïǃå ýāõ ǑƼ ĄƓưƓƽƤǈå ƓǌǀƼåï ýǂǒǈǃå èƓƙǒïƕǂ

) ƗǄǆƓƶǆǃå íǈƵ ýāõ ýƿá ýƞƪ ăîǃå ïǒîƞǃå ýāõā150mM Ơǆǀǃå èƓƕǈǃ ĄƓƮāƮƤā (
 Üðǒǂïƙǃå çíƓǒðǃ ƗǒǃƓƶǃå ǊƙǒƪƓƪơ èïǌö éǒơ äîƙƉƗ üƽà îǐƴƪǁä çƑƓǆ îǊõä þǐƟ Ǐƺ

ƑƓǁ ïǐǀîƗ ìǆƳ ƕƪǐĀîǁä üĀôǁ ƕƓƨǆ 150µM ïǐǀîƗƓ ƕǆîƑƾǄ100µM .  
 

        çƑƓǆǁä üĀô Ǐƺ ĀǄǆǁä 
)þƿï ýǂƬǃå ýǚƤ ÿǆ4 íǈƵ ýƞƪ íƿ Ơǆǀǃåā ïǒƶƬǃå èƓƕǈǃ ýāõ ǑǄƵá Ǌǈá öơāǃ (

 ðǒǂïƙǃå íǈƵ ÿƓǂ ýāõ ýƿáā íǋƓƬǃå150mM  ƸǄƕ éǒơ Ơǆǀǃåā ïǒƶƬǃå èƓƕǈǃ
)14.5 Üþƪ9  Ơưƙǒā .Ǒǃåāƙǃå ǏǄƵ (þƪ Ɨơưåā èǈƓǂ ýǂǒǈǃå Ɨǒǆƪ ïƛá ÿá ýāíƞǃå ÿǆ

ðǒǂïƙ ĄƓƮāƮƤā ƗǒǃƓƶǃå ðǒǂåïƙǃå íǈƵ100 Ü150  .Ơǆǀǃå èƓƕǈǃ 
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)  üĀìƜ5( ýƨ ) ƞǄƾǁäĀ îǐƴƪǁä çƑƓǆǁ ĂîƮƢǁä öĀǄƜǄǁä üĀô þǐƓǐ ( 
çǘǄƑƴǄǁä îǐƴƪǁä çƑƓǆ üĀô ƞǄƾǁä çƑƓǆ üĀô 

C 19.3 20.3 
50mM 18.6 18.9 

100mM 16.3 13.4 
150mM 14.5 9 

 

 
) ýǂƬǃå4Ơǆǀǃåā ïǒƶƬǃå èƓƕǈǃ ăïưƤǃå ÷āǆƞǆǃå ýāõ Ơưāǒ ( 

 ĂîƮƢǁä öĀǄƜǄǂǁ ùƑƜǁäĀ åôîǁä þïĀǁä 
) ýƓǂƬǕå ǑƼ çíāƞāǆǃå ƝƑƓƙǈǃå èïǌöá5 Ü6 ÿðāǃå ǏǄƵ ýǂǒǈǄǃ ǑƕǄƪ ïǒƛƋƙ üƓǈǋ ÿƋƕ (

 ÷āǆƞǆǄǃ õƪāƙǆ ýƿá ÿƓǂ Ơǆǀǃå èƓƕǈǃ ĄƓƮāƮƤā ÜăïưƤǃå ÷āǆƞǆǄǃ úƓƞǃåā æõïǃå
 ăïưƤǃåõïǃåæ ) Ǒǃåāƙǃå ǏǄƵ èƓƕǈǃå åîǌǃ úƓƞǃåā0.2 Ü0.06  ƝƑƓƙǈǃå èǈǒƕ Ɠǆǂ Ü(þƹ

 .Ơǆǀǃå ÿƵ ýǂǒǈǄǃ ƗǆāƓǀǆ ïƛǂǙå āǋ ïǒƶƬǃå ÿá 
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) üĀìƜ6(ýƷ)îǐƴƪǁä çƑƓǆǁ ĂîƮƢǁä öĀǄƜǄǂǁ ùƑƜǁäĀ åôîǁä þïĀǁä þǐƓǐ ( 
çǘǄƑƴǄǁä (ýƷ) åôîǁä þïĀǁä (ýƷ) ùƑƜǁä þïĀǁä 

 C  1.64 0.1 
50mM 1.31 0.1 

100mM 1.21 0.07 
150mM 0.94 0.06 

 

 
) ýǂƬǃå5ïǒƶƬǃå èƓƕǈǃ ăïưƤǃå ÷āǆƞǆǄǃ úƓƞǃåā æõïǃå ÿðāǃå Ơưāǒ ( 

)  üĀìƜ7 çƑƓǆǁ ĂîƮƢǁä öĀǄƜǄǂǁ ùƑƜǁäĀ åôîǁä þïĀǁä þǐƓǐ (å(ýƷ) ƞǄƾǁ 
çǘǄƑƴǄǁä ( ýƷ ) åôîǁä þïĀǁä ( ýƷ ) ùƑƜǁä þïĀǁä 

C 1.32 0.23 
50mM 1.02 0.071 

100mM 0.7 0.070 
150mM 0.2 0.064 
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) ýǂƬǃå6Ơǆǀǃå èƓƕǈǃ ăïưƤǃå ÷āǆƞǆǄǃ úƓƞǃåā æõïǃå ÿðāǃå Ơưāǒ ( 

 ĂîíƜǁä öĀǄƜǄǂǁ ùƑƜǁäĀ åôîǁä þïĀǁä 
) þƿï ýǂƬǃå ÿǒƕǒ7Ü8 Ơǆǀǃå ÿǆ ǚǂǃ ăïîƞǃå ÷āǆƞǆǄǃ úƓƞǃåā æõïǃå ÿðāǃå õƪāƙǆ (

ǃåā æõïǃå ÿðāǃå çíƓǒð èƕƕƪ ýǂǒǈǃå ðǒǂïƙ çíƓǒð ÿá öơāǃ éǒơ ÜïǒƶƬǃåā íǈƵ úƓƞ
 ðǒǂåïƙ50ā100ïǒƶƬǃå èƓƕǈǃ  èƓƕǈǄǃ úƓƞǃå ÿðāǃå óǀǈ èƕƕƪ ýǂǒǈǃå çíƓǒð ÿǂǃā

 ðǒǂïƙ ĄƓƮāƮƤā100 mM ā150 mM .Ơǆǀǃå èƓƕǈǃ  
 

) üĀìƜ8(ýƷ )îǐƴƪǁä çƑƓǆǁ ĂîíƜǁä öĀǄƜǄǂǁ ùƑƜǁäĀ åôîǁä þïĀǁä þǐƓǐ ( 
  çǘǄƑƴǄǁä (  ýƷ ) åôîǁä þïĀǁä (  ýƷ ) ùƑƜǁä þïĀǁä 
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) ýǂƬǃå7ïǒƶƬǃå èƓƕǈǃ ăïîƞǃå ÷āǆƞǆǄǃ úƓƞǃåā æõïǃå ÿðāǃå Ơưāǒ ( 

) üĀìƜ9çƑƓǆǁ ĂîíƜǁä öĀǄƜǄǂǁ ùƑƜǁäĀ åôîǁä þïĀǁä þǐƓǐ ( (ýƷ ) ƞǄƾǁä 
                  çǘǄƑƴǄǁä     ( ýƷ ) åôîǁä þïĀǁä ( ýƷ ) ùƑƜǁä þïĀǁä 

 C  0.4 0.07 
50mM 0.3 0.06 

100mM 0.07 0.06 
150mM 0.07 0.05 
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) ýǂƬǃå8Ơǆǀǃå èƓƕǈǃ ăïîƞǃå ÷āǆƞǆǄǃ úƓƞǃåā æõïǃå ÿðāǃå Ơưāǒ ( 

                                                             ƕƪƽƑǆǄǁäDiscussion                                                                            
 ĄƓƕǄƪ èïƛƋƙ Ơǆǀǃåā ïǒƶƬǃå èƓƕǈǃ èƓƕǈǘǃ ƗǒāƑǆǃå Ɨƕƪǈǃå ÿá Ɨƪåïíǃå ǉîǋ ƝƑƓƙǈ èïǌöá
 ƗǒǄǆƵ ǏǄƵ ýǂǒǈǃå èƓǈāǒǕ þƓƪǃå ïǒƛƋƙǃå æƕƪƕ Ɠǆƕï üǃîā ýǂǒǈǃå ðǒǂïƙ çíƓǒð ƴǆ
ƗǒưǒǕå èƓǒǄǆƶǃå ǏǄƵïƛâǒ ăîǃåā ǑǆǒðǈǗå þƓöǈǃå ǏǄƵ þƓƪǃå ïƛǕå ƴƞïǒ íƿā ÜèƓƕǈǗå 

èƓƕǈǗå ýƓǆǂƙƪǙ ƗƕāǄõǆǃå ƗƽǄƙƤǆǃå. 
    ǑƼ  ƗǌƕƓƬǆ ƗƪåïíöơǙRahman Khan and Mahmud Khan,2010)  ( 
   ÜèǃƓƕāǂǃåā ýǂǒǈǄǃ Ɠǌưïƶƙ ƓǆíǈƵ óǆơǃå ǑƼ ƗǄƙƬǃå èƓƕǈåā ïîƕǃå èƓƕǈã ǑƼ ƓƮǀǈ

 ïǂîā)Azmat et al., 2006(  ƓǌƙǄǆƓƶǆ íǈƵ úƿāƙ Ɠǌǃ éíơ ñíƶǃå çïîƕ èƓƕǈã ÿã
) óƓƮïǃƓƕpb Ɨõƪåāƕ ßƓǆǃå óƓƮƙǆå ƴǈǆ ǑǄƵ ýǆƶƙ ƗǄǒǀƛǃå ÿíƓƶǆǃå ÿá ïǂîā (

ÜèƓƙƓƕǈǃåā æāƕơǃå  ïǒƪǂƙ ǑƼ ÷åïƪǙå æƕƪƕ ÿāǂǒ ÿå ÿǂǆǒ ïāîƕǃå èƓƕǈã ǑƼ óǀǈǃåā
ýǂǒǈǃå íāƞāǃ çïîƕǃå ǑƼ ÿāðƤǆǃå ßåîƺǃå2013)   Nasr,(.  ƝƑƓƙǈǃå ǏǄƵ åíƓǆƙƵå

 ïíƿ ǑƼ ÿǒƓƕƙǃå ÿƎƼ Ɨƪåïíǃå ǉîǋ ÿǆ ƓǌǒǄƵ ýƮơƙǆǃå íƿ Ɠǆƕï ÿǒƙƓƕǈǃå ÿǒƕ ïāîƕǃå èƓƕǈã ç
.ÿǒƙƓƕǈǄǃ Ǒǈǒƞǃå ÷āǈƙǃå æƕƪƕ ÿāǂǒ 
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 ïǒƛƋƙ Ɠǌǃ ÿƓǂ ýǂǒǈǃå èƓƙǒïƕǂ ÿá Ǒǃå ƗǒǃƓơǃå Ɨƪåïíǃå ÿǆ ƓǌǒǄƵ ýƮơƙǆǃå ƝƑƓƙǈǃå ïǒƬƙ
 ǑƼ ƗƬǒāïǄǃ ýāõ ǑǄƵá ÿá öơāǃ Ơǆǀǃå èƓƕǈǃ ĄƓƮƓƤā ïǒîƞǃåā ƗƬǒāïǃå ýāõ ǏǄƵ ǑƕǄƪ

 ǑƼ ƗƬǒāïǄǃ ýāõ ïƮƿáā íǋƓƬǃåðǒǂïƙ150 Ɨƪåïíǃå ƴǆ ûƽƙƙ ƝƑƓƙǈǃå ǉîǋā ýāǆāïǂǒǆ
 Ɠǋåïƞá Ǒƙǃå)Athar and Ahmad, 2010( ǑƼ ûāïƽǃå æƕƪƕ ÿāǂǒ Ɠǆƕï ăîǃåā .

.ÿǒƙƓƕǈǄǃ ýǆơƙǃå çïíƿā ýǂǒǈǃå óƓƮƙǆå 
 þöƶǆ ǏǄƵ Ǌƕ þǆƪƙǃå ôåïƵá ïǌöƙ éǒơ èƓƕǈǃå ýƤåí üïơƙǆ ïƮǈƵ ýǂǒǈǃå ÿá Ɠǆƕā

å íơǃå ÿƵ ǉðǒǂïƙ íåð åîã èƓƙƓƕǈǃå ßƓǆǃå ǑƼ ýǂǒǈǃå Ɨƕƪǈ ÿá ăá ÜƗƽǄƙƤǆ èƓƞïíƕ æāǄõǆǃ
 ÿƵ ƓǌǒƼ ǉðǒǂïƙ íåð ƓǆǄǂ éǒơ ÜāǆǈǄǃ çííơǆǃå ýǆåāƶǃå ÿǆ50  ĄƓǒƕǄƪ ïƛâƙ ÿāǒǄǆǃƓƕ ßðƞ

 íāƞā ǏǄƵ ƗǀƕƓƪǃå èƓƪåïíǃå èǃíā  .èƓƙƓƕǈǃå ôƶƕǃ þƓƵ ýǂƬƕ ƓǌǃƓǆƶƙƪå ƠǄƮǒ Ǚā
ǃå ýāõ óǀǈā ƗǄǒǀƛǃå ÿíƓƶǆǃå ðǒǂïƙ ÿǒƕ çïƬƓƕǆ ƗƿǚƵ ïǒîƞǃå ýāõ ýƿ éǒơ Üïǒîƞ

 āǆǈǃå çïƙƼ ýǚƤ ýǒǀƛǃå ÿíƶǆǃå ðǒǂïƙ çíƓǒð ƴǆ ƗƬǒāïǃå ýāõ ÿƵ ïƕǂá çïāƮƕ ûƽƙǒ åîǋā
.Ǌƕ ßƓƞ Ɠǆ ƴǆ )(John et al., 2009 

 ÷āǆƞǆǃå ÿðāā ăïưƤǃå ÷āǆƞǆǃå ÷Ɠƽƙïå ÿǆ ýǂ ǑƼ ĄƓơưåā ôƓƽƤǈå öơāǃ Ɠǆǂ
 æƕƪ ÿá ƗǈïƓǀǆǃå ƗǄǆƓƶǆƕ ƗǈïƓǀǆ úƓƞǃåā æõïǃå ăïưƤǃå ÿá Ǐǃå Ăðƶǒ Ɠǆƕï ïǒƛƋƙǃå åîǋ

 ĂāǄƤǃå ÷ƓƪƙǙåā þƓƪǀǈǙå ƗǒǄǆƵ ǑƼ ǑƕǄƪ ïǒƛƋƙ Ǒǃå ăíâǒ ƗǄǒǀƛǃå ÿíƓƶǆǃå ǉîǌƕ éāǄƙǃå
 Ǌƕ ßƓƞ Ɠǆ ƴǆ ûƽƙƙ ƝƑƓƙǈǃå ǉîǋā Ǌǈǒāǂƙā èƓƕǈǃå āǆǈǃ Ǐǈāǆïǌǃå þǒöǈƙǃåā

)Vijayarengan and Dhanavel, 2005(  ëïƙƿå éǒơ   Ɠǌǃ ƗǄǒǀƛǃå ÿíƓƶǆǃå ÿá
ƙ ïǒƛƋƙ.āǆǈǃå ýåðƙƤå ýǚƤ ÿǆ Ǒõǒƕƛ 
 ) ðǒǂïƙǃƓƕ ƗǄǆƓƶǆǃå èƓƙƓƕǈǃå ÿá Ɨƪåïíǃå ǉîǋ ǑƼ öơāǃ Ɠǆǂ100ā150 ÿāǂǒ (ýāǆāïǂǒǆ

 çïǒƺƮ ûåïāǙå èǈƓǂ éǒơ ýāƕîǃå āá āǆǈǄǃ õǒƕƛƙǃå Ɨƞïí Ǐǃã ýƮǒ íƿ ýƕ Ɠƽǒƶư Ɠǋāǆǈ
.ƓǌǒǄƵ ýƮơƙ Ǒƙǃå ƝƑƓƙǈǃå ƴǆ ƝƑƓƙǈǃå ǉîǋ èǀƽƙå éǒơƕā ïƽƮá Ɠǌǈāǃā 

 )2006., et al  Gajewska ( 

 æǒǂåïƙǃåā Ɨǒāǒơǃå èƓǒǄǆƶǃå ÿǆ íǒíƶǃå ǏǄƵ ĄåïǒƛƋƙ Ǌǃ ýǂǒǈǃå ïƮǈƵ ÿá ïƪƽǒ åîǋā
óǀǈ Ɨƞǒƙǈ üǃî ÿāǂǒ Ɠǆƕïā ÜèƓƕǈǄǃ ƗǒơǒïƬƙǃå  ÜßƓǆǃå ÿåíǀƼ çíƓǒð āá ßƓǆǃå óƓƮƙǆå
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ßƓƬƺǃå ïǒǆíƙ íǈƵ éíơǒăāǄƤǃå Ɠǆƕï āá ƗǒǄƤǃå þƓƪǀǈå ǏǄƵ ǉïƛá Ǐǃã ƴƞïǒ Ɠǆƕï üǃîā Ü
 ÿǆæǒǂïƙ ǏǄƵ ǉïƛá ýǚƤ DNA āRNA æƕƪƕ āǆǈǃå Ơƕǂ ÿƋƼ Üüǃî Ǐǃã ƗƼƓưǗƓƕ .

 ßƓǆǃåā ßåíƺǃå ýāơƙā ÜôǒǙå æåïõưå ÿǆ ƝƙƓǈ ÿāǂǒ íƿ ýǂǒǈǃå Ɨǒǆƪ
Gopal,2014)( ßƓǈƕǄǃ ǑƼƓƮǃå ýíƶǆǃå ǑƼ ïǒƺƙǃå ǏǄƵ ßƓǆǃå óǀǈ ïƛá üǃîǂā .

ǑǃƓƙǃƓƕā èƓǈǒƙāïƕǃå āá èåïíǒǋāƕïǂǃå íåíǆå ýǄǀǒ ăîǃå ǑƑāưǃå  .āǆǈǃå ǑƼ óǀǈ 
 ïǐǀäîƗ ìǆƳ îǐƴƪǁä çƑƓǆǁîĀíƜǁ ùƑƜǁäĀ åôîǁä þïĀǁä æìƑǐï õƟĀǁ ƑǄǀ50 

Ā100.çƑƓǆǁä Ǐƺ üǀǐǆǁä ýǀäîƗ ƕƜǐƗǆ þĀǀƗ ƑǄƓî ǏƗǁä æìƑǐïǁä Ǉíǉ üĀǄĀîǀǐǄ 
 ÿá ÿǂǆǒ ĂïƤǕå èƓƕǈǃå ßåðƞƋƕ ƗǈïƓǀǆ èƓƙƓƕǈǃå ïāîƞ ǏǄƵ ýǂǒǈǄǃ ïǒƕǂǃå ïǒƛƋƙǃå ÿã

 ǑƼ Ǒǋ ïāîƞǃå ÿá Ǐǃã Ăðƶǒ þǂåïƙ Ɠǌƕ ÿāǂǒ Ɠǆƕïā öƺưǃå æƕƪ ƴǆ ïƬƓƕǆ üƓǂƙơå
ăïưƤǃå ÷āǆƞǆǃƓƕ ƗǈïƓǀǆ ýǂǒǈǃå ÿǆ ïƕǂá (Gajewska & Sklodowska, 

2008). ÿǆ ýǂ íǂá Ɠǆǂ )Das and Maiti, 2007(.  ƗǄǆƓƶǆǃå èƓƙƓƕǈǃå ƗǒƕǃƓƹ ÿã 
ǆǆ ïƛǂá ïāîƞǃå Ɨǀõǈǆ ǑƼ ƗǄǒǀƛǃå ïƮƓǈƶǃå ǉîǌǃ ƴǒǆƞƙǃå ÿāǂǒ ƗǄǒǀƛǃå ïƮƓǈƶǃƓƕ āǋ Ɠ

 .ăïưƤǃå ÷āǆƞǆǃå ǑƼ íāƞāǆ îǐƴƪǁä çƑƓǆǁ îĀíƜǁä ĀǄǆ Ǐƺ òƾǆǁä îƨƻǆ þä þǀǄǐĀ
ƞǄƾǁäĀ ƕǐǂƢǁä ýƑƨƾǆä Ǐƺ üǂƢ åƓƨǐ üǀǐǆǁä ýǀäîƗ þà ðƑƨä ǍǂƳ  ôƶƕ óǀǈā

 èƓƕǈǄǃ ƓǌǃāƤí ǑƼ ñƼƓǈƙǃå Ǒǃå ƴƞïǒ íƿ þāǒƪƓƙāƕǃåā þāǒƪǃƓǂǃå ýƙǆ Ɨǒǈíƶǆǃå ïƮƓǈƶǃå
ÿƵ Ɲƙǈǒ íƿā Ǒǆðǚƕǃå ßƓƬƺǃå ýǚƤ  ôƶƕ ǑǄƵ ïƛâǒ íƿ ăîǃåā Ɠǋðǒǂïƙ ǑƼ ýǚƤå üǃî

 Ɨǒƞāǃāǒƪƽǃå èƓǒǄǆƶǃå )Kukier and chaney,2004(. 
  ÜƗƙǒõƓõǆ āá Ǌƙǈāǒǃ ǑƼ ïƛá Ǌǈá ýǆƙơǆǃå ÿǆ ƗǒǄƤǃå ïåíƞ èƓǈāǂǆ ǑƼ ýǂǒǈǃå þǂåïƙ ÿã

ǃå ăíâǒ ƓǆǆǏ  ǑƼ ĄƓƮǀǈ æƕƪǒ ÿá ÿǂǆǒ ăîǃåā Ɲǒƪǈǃå ïåíƞ ƗƕǚƮ ǑƼ ƗǒǄǂǃå çíƓǒðǃå
 óƓƮƙǆå Ɠǆǆ ƗƪƼƓǈǆǃå ûǒïõ ÿƵ ƗǒƑåāǌǃå ßåðƞǕå Ǒǃå ǊǃāƮāā íǒíơǃå āá þāǒƪǈƺǆǃå

 Ơƕǂā èƓƕǈǗå ïƤƋƙ Ǐǃã ăíâǒ íƿ üǃîƕā ÜèƓƙƓƕǈǃå ǑƼ ïƮƓǈƶǃå ǉîǋ ǑƼ ĄƓƮǀǈ üǃî æƕƪǒ
.ýāƮơǆǃå óǀǈā Üāǆǈǃå 
 èƓƪåïíǃå èƙƕƛå íƿāƗǀƕƓƪǃå  íǈƵ Ɨƪāïíǆǃå èƓƙƓƕǈǃå ǑƼ èƓƕǈǙåā āǆǈǃå õǒƕƛƙ ƗǒǆǄƵ ÿá

íƤƙƪå Ǐǃå çïƓƬǗå þƙ þǃā ýǂǒǈǃå ïƮǈƵ þǂåïƙ çíƓǒð ÿƵ ǊƞƙƓǈ èǈƓǂ ýǂǒǈǃå èƓƙǒïƕǂ þ
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 èǒïƕǂǃå āå èƓƙǒïƕǂǄǃ ǑƕǄƪ ïǒƛƋƙ ăá(Nie el al ., 2015, Tammam et al. 
,2019, Abou- Zeid et al., 2020)   

 ƕƬǘƢǁä                                                         Conclusion 
 èƮǄƤ ǑǄƵ Ơưåā ïǒƛƋƙ Ɠǌǃ  Ɠǋðǒǂåïƙ úǄƙƤǆƕ ýǂǒǈǃå èƓƙǒïƕǂ ÿá Ǐǃã Ɨƪåïíǃå ǉîǋ

 ïƮǈƶǃ ƓǌƙƕƓƞƙƪå æƪơ ïāîƕǃå ǉîǌǃ èƓƕǈǗå Ɨƕƪǈ èƽǄƙƤåā èƓƕǈǗå Ɨƕƪǈ ǑƼ ôƓƽƤǈå
 ĄƓǒǄƞ üǃî Ơưƙåā ïǒîƞǃå ýāõā ƗƬǒāïǃå ýāõ ǑƼ Ơưåā Ơƕǂ éíơ Ɠǆǂ ýǂǒǈǃå  èƓƕǈ ǑƼ

 ðǒǂïƙ ǑƼ çíƓǒðǃå èíá Ɠǆǂ ƠǆǀǃåƙǒïƕǂèƓ ǃå ýāõ ǑƼ ôƓƽƤǈǙå Ǒǃã ýǂǒǈǃå ÷āǆƞǆ
ăïưƤǃå  ÿǒƙƓƕǈǃå ǚǂ ǑƼ ăïưƤǃå ÷āǆƞǆǃåā ïāîƞǃå ÿǆ ýǂ ǑƼ úƓƞǃåā æõïǃå ÿðāǃåā

 )ðǒǂïƙǃå ǑƼ ƓǆǒƪǙā150  ƝƑƓƙǈǃå èíǂá Ɠǆǂ ǊǄǆƓƶǆ ïǒƺǃå èƓƙƓƕǈǃƓƕ ƗǈïƓǀǆ (ýāǆāïǂǒǆ
 ǊǒƪƓƪơ ïƛǂá ÿƓǂ Ơǆǀǃå ÿá ýǂǒǈǃå èƓƙǒïƕǂǃïǒƶƬǃå ÿǆ . 

 
çƑǐƬĀƗǁä            Recommendations                                      

 ǑǄƵ ƓǋïǒƛƋƙ ăíǆā ýǂǒǈǃå ÿǆ ăïƤá ðǒǂåïƙ þåíƤƙƪƓƕ ƗǌƕƓƬǆ èƓƪïåíā éāơƕ ßåïƞã
 Ơǆǀǃåā ïǒƶƬǃå èƓƕǈ 

1- .Ɨǒǀǒƕõƙ ƝƑƓƙǈ ǏǄƵ ýāƮơǄǃ Ɨƪåïíǃå ǉîǋ ƝƑƓƙǈ þåíƤƙƪƓƕ ƗǒǄǀơ Ɨƪåïí ßåïƞã  
2- åíƤƙƪƓƕ ýǂǒǈǃå ðǒǂïƙ ñƓǒƿ.èƓƕǈǃåā Ɨƕïƙǃå ǑƼ çïāõƙǆā Ɨƛǒíơ çðǌƞá þ
  
3-  ïƓǆƛǙå ƗǄơïǆ Ǐƙơ Ɨƕïƞƙǃå ïǆƙƪƙ Ǒǂǃ ýƿá ðǒǂåïƙ þåíƤƙƪƓƕ Ɨƪåïíǃå ǑƮāƙ

 ïƛá éǒơ ƗǒǃƓƵ èǈƓǂ Ɨƪåïíǃå ǉîǋ ǑƼ ƗǆíƤƙƪǆǃå ðǒǂåïƙǃå ÿǙ ðǒǂåïƙǃå ÿǒƕ ƗǈïƓǀǆ ýǆƵā
 .Ɨƕïƞƙǃå ßƓǌǈá Ǐǃã ăíá Ɠǆǆ èƓƙƓƕǈǃå ǏǄƵ é 

4- ǆ íơǃå ƗǒǈƓǂǆå Ɨƪåïí èƓƕƮƤǆǃå ôƶƕ þåíƤƙƪƓƕ ýǂǒǈǄǃ ïƓưǃå ïǒƛƋƙǃå ÿ
 ÿǆ ƗǒƑåîƺǃå ïƮƓǈƶǃå þåíƤƙƪå ÿǆ ÿƪơƙā ýǂǒǈǄǃ ƗǒƕǄƪǃå ƝǃƓƶƙ íƿ Ǒƙǃå Ɨǒƕāïǂǒǆǃå

.Ɨƕïƙǃå 
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ƕƨäîì  ƕǐƨìǆǊǁä òäĀƢǁä óƴƓ ǍǂƳ ƕƾƏƑƻǁä çƑǆìǂǄǁä ƕƺƑƮâ îǐƙƉƗ
ƕǆƑƨîƢǂǁ 

       Ûîìǆǉ ìǄƟà îǄƴǄ ÛìǄƟǄ Ǐƺǘǁä ƕǄƑƨà Ûîǐǆƺ ǏǄƑǊƗǁä îƓƑƬ ÛƕǐƓǆä ƞƏƑƨǁä ìǁƑƢ
éîƺ ǏǂƳ îǄƴǄ 

 ƗǒƑƓƬǈǗå Ɨƪíǈǌǃå þƪƿ- Ɨƙǚƪǆ Ɨǒƪíǈǌǃå Ɨǒǈǀƙǃå ƗǒǄǂ 
saberfneer@gmail.com 

 òƢǂǄǁä 
) ƗǀƑƓƽǃå èƓǈíǄǆǃå ƗƼƓưã ïǒƛƋƙ ñïíǒ éơƕǃå åîǋLIBOMENT- FFÜ (LIBO AER 

 õƪāƙǆ Üõƺưǃå ƗǆāƓǀǆ) üāǄƪ òƿƓǈǒ éǒơ ƗǈƓƪïƤǄǃ Ɨǒƪíǈǌǃå óåāƤǃå ôƶƕ ǏǄƵ
) ûƑƓƽǃå ÿíǄǆǃå ƗƼƓưã ýǚƤ ÿǆ üǃîā Ü(ƗǒǄǒƺƬƙǃåā ƗǈƓƪïƤǄǃ ÿðāǃåLIBO AER (

 Ɨƕƪǈƕ0.15%  ðā ÿǆ Ɠƶǆ ÿǒǀƑƓƽǃå ÿǒǈíǄǆǃå ƗƼƓưã þƛ ÿǆā Ǚāá ƗǈƓƪïƤǄǃ èǈǆƪǙå ÿ
)LIBO AER  Ɨƕƪǈƕ0.15% āLIBOMENT- FF  Ɨƕƪǈƕ2% èǈǆƪǙå ÿðā ÿǆ (

) ïǆƵ íǈƵ èƓǈíǄǆ ƗƼƓưã ÿāíƕ Ɨǒƶƞïǆǃå ƗõǄƤǃƓƕ ƓǆǌƙǈïƓǀǆā28,7,3 .(þāǒ 
 ƗƼƓưã íǈƵā(LIBO AER)  ǉïāíƕ ăîǃåā Üñāƕơǆ ßåāǋ èåî ƗǈƓƪïƤ ǏǄƵ ƓǈǄƮơƙ

á ƗƼƓưã íǈƵā Üõƺưǃå ƗǆāƓǀǆā ÿðāǃå ǑƼ óǀǈā ƗǒǄǒƺƬƙǃå ǑƼ çíƓǒð éíơ
(LIBOMENT- FF) .ƗǆāƓǀǆǃå óǀǈ ǑƼ Ǒƕƪǈ ôǒāƶƙ éíơ 
ƕǐƟƑƗƻǄǁä çƑǄǂǀǁäƗƼƓưã :- ƗǀƑƓƽǃå èƓǈíǄǆǃå-  LIBOMENT- FF-  LIBO AER  

Abstract 

This paper outlines an experimental study that measures the effects 

of superplasticizer admixture (LIBOMENT-FF̪  LIBOAER) on 

some proprieties of concrete (compressive strength, average 

weight of concrete and workability), The dosages of super 

plasticizer (LIBO AER) were adopted as 0.15% by weight of 

cement first, then add the two superplasticizers together (LIBO A 

mailto:saberfneer@gmail.com
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by 0.15% and LIBOMENT-FF at 2%) by weight of cement and 

compare them with the mixture without adding plasticizers at age 

(28,7,3 days). 

When adding (LIBO AER) got Air Entraining concrete, which 

leads to decrease in weight and compressive strength, and when 

adding (LIBOMENT-FF) a proportional compensation occurs in 

compressive strength. 

Keywords: superplasticizer - LIBOMENT-FFLIBOAER  

1  ƕǄìƾǄ 
 ăîǃå þƓǂïǃå ÿǆ Ɨǈāǂǆ ÜƓǒƵƓǈƮ Ąåïƞơ ƓǋïƓƕƙƵå ÿǂǆǆǃå ÿǆ ïǆǕå ƴƿåā ǑƼ ƗǈƓƪïƤǃå

] ƗǀƮǙ çíƓǆǂ ýǆƶƙ Ǒƙǃå ƗǒƙǈǆƪǙå Ɨǈǒƞƶǃåā ƗƑǃƓǆǃå çíƓǆǃå ïƕƙƶǒ2,1 çíƓǆ þƓǂïǃå íƶǒā [
 ÿƵ ƝƙƓǈǃå ƗǈƓƪïƤǄǃ Ǒǆƞơǃå ïǒƺƙǃå ýǒǄǀƙ ǏǄƵ ýǆƶǒ Ǌǈá Ǐǃã ƗƼƓưǗƓƕ ÜƓǒƕƪǈ ƗƮǒƤï

 ǑƙǒǄǆƵ Ɨǈǒƞƶǃå ƴǆ ÿĊāǂǒƼ ÜƗǒƙǈǆƪǗå Ɨǈǒƞƶǃå ǑƼ Ɨƕāõïǃå ïǒƺƙ ÿǆā ÜíǄƮƙǃåā üƬǃå
] ßƓǆǃåā èǈǆƪǗå ÿǒƕ ǑƑƓǒǆǒǂǃå ýƵƓƽƙǃå ýƶƽƕ íǄƮƙƙ óåāƤ èåî ƗǄƙǂ ƗǒƙǈǆƪǗå1.[ 

) ƗǒƙǈǆƪǗå Ɨǈǒƞƶǃå ƓǆáCement Paste ÿǒƕ üƪƓǆƙǃå ýǆƶƕ üǃîā ƗǃƓƶƼ Ɨƽǒöāƕ þāǀƙƼ (
ǆāƓǀǆǃå ƗǈƓƪïƤǃå ßƓõƵȒåā þƓǂïǃå ýǒǌƪƙā þƓǂïǃå èƓƕǒƕơ ÿǒƕ èƓƹåïƽǃå ßýǆā ƗƕāǄõǆǃå Ɨ
] æƮǃå ßƓǈƛá þƓǂïǃå ûǙðǈå3 èǈǆƪǗå ƴǆ ýƵƓƽƙǒ ăîǃå ǑƪƓƪǕå ïƮǈƶǃå āǋ ßƓǆǃåā Ü[

 èƓǈāǂǆ ÿǒƕ õƕåïƙǃå þƙǒ Ǚā ýƵƓƽƙǃå þƙǒ Ǚ Ǌǈāíƕā ÜƗǒƙǈǆƪǙå Ɨǈǒƞƶǃå ÿǒāǂƙǃ
]ƗǈƓƪïƤǃå4.[ 

å íåāǆǃå ÿǆ ÷āǈ ƗƼƓưã þƙǒ ÿá ÿǂǆǒ ĄƓưǒáā óåāƤ ǏǄƵ ýāƮơǄǃ ƗǒƑƓǆǒǂǃå āá Ɨǒƶǒƕõǃ
 õǄƤǃå ßƓǆ Ǐǃã úƓưƙ çíƓǆ Ǒǋ ƗǄƑƓƪǃå èƓƼƓưǗå ÿƋƕ ýāǀǃå ÿǂǆǒā ÜƗǈǒƶǆ èƓƽƮåāǆā
 ƗǈƓƪïƤǃå ßƓõƵã āá ÿǒƪơƙ ôïƺƕ ÿƓǒơǕå ôƶƕ ǑƼ ƗƞðƓõǃå ƗǈƓƪïƤǄǃ õǄƤǃå íƶƕ āá

] Ɨǈǒƶǆ èƓƽƮ çíǄƮƙǆǃå āá ƗƞðƓõǃå1.[ 
á èƓƼƓưǗƓƕ þƓǆƙǋǙå çíƓǒð ÿá Ǚã ÜƗǒǃƓƶǃå ƗǒǄƵƓƽǃå èåî ƗǈƓƪïƤǃƓƕ ÿǓå úïƶĈǒ Ɠǆ Ɲƙǈ

 ƗǈƓƙǆ ƴƼï úíǌƕ èƓƼƓưǗå ǉîǋ ÿƵ éƓơƕǕå èíǒåðƙ ǑưƓǆǃå íǀƶǃå ïƤåāá ǑƼā
 ÿǒƕ Ɨƿǚƶǃå Ɨƶǒƕõ þǌƼā ßƓǒðǒƽǃåā ßƓǒǆǒǂǃå þǄƵ ǑƼ ýƮƓơǃå ïāõƙǄǃ Ɨƞǒƙǈā ÜƗǈƓƪïƤǃå
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ƙ ÜƗƿǚƶǃå ǉîǋ ǏǄƵ þāǄƶǃå ǉîǋ ïǒƛƋƙ ýƶƽƕā ƗǈƓƪïƤǃå èƓǈāǂǆ íåāǆǃå ôƶƕ úƓƬƙǂå þ
 ßƓǆǄƶǃå ýƮāƙ íƿā ÜƓǌƙǆāƓǀǆ çíƓǒðā ƗǈƓƪïƤǃå ƗǒǄǒƺƬƙ ÿǒƪơƙ Ǐǃã èíá Ǒƙǃå ƗǒƑƓǒǆǒǂǃå
 íåāǆǃå ǉîǋ ƗƼƓưƎƕ ßƓǆǃå ÿǆ ƗǄǒǄƿ èƓǒǆǂ þåíƤƙƪåā õǄƤǄǃ Ɨǆíǀƙǆ Ɠǒƞāǃāǈǂƙ þåíƤƙƪƓƕ

) ƗǀƑƓƽǃå èƓǈíǄǆǃå Ǐǆƪƙ Ǒƙǃå ƗǒƑƓǒǆǒǂǃåSuper Plasticizers.( 
å èƓǈíǄǆǃå ýǆƶƙ) ƗǀƑƓƽǃSP íǒíƶǃå êïíǈƙā ƗǈƓƪïƤǄǃ úƓưǆǃå ßƓǆǃå Ɨǒǆǂ ôƽƤ ǏǄƵ (

 ëāǆƪǆǃå ǏƮƿǕå íơǃåā ǏǈíǕå íơǃå çíƓǆ ýǂǃ ííơǒ éǒơ ÜþƪǙå åîǋ èơƙ íåāǆǃå ÿǆ
]èǈǆƪǗå ÿðā ÿǆ æƪǈƕ ƗǒǈƓƪïƤǃå èƓõǄƤǃå ǑƼ íåāǆǃå ǉîǋ ƗƼƓưã Ɨǒǆǂ ïíǀƙā ÜǊƕ5.[ 

å íơǃå ÿƵ ƗǈƓƪïƤǃå ǑƼ ÿíǄǆǃå Ɨƕƪǈ çíƓǒð ÿã ÜƓǌƮåāƤ ǏǄƵ ƓƕǄƪ ïƛâǒ Ǌƕ ëāǆƪǆǃ
 éǒơǑǄƵā ăāïǀǃå Ɠǌƕ þƓƿ Ɨƪåïí èïǌöá ]6[  ÿíǄǆǃå ƗƿƓưã Ɨƕƪǈ çíƓǒð ÿáCORMIX 
P.7  ƗǈƓƪïƤǃå èơƕƮá Ǐƙơ ƗǒǄǒƺƬƙǃå èíåðā üƬǃå ÿǆð ïƤƋƙ Ǐǃã Ăíá ƗǈƓƪïƤǃå Ǐǃã

 Ɨƕƪǈ íǈƵ ƗǄƑƓƪ1.5%  íƶƕ óƿƓǈƙǃå ǑƼ áíƕƙ õƓƺưǈǙå ƗǆāƓǀǆā0.8%   ƴǒǆƞ íǈƵ
ƵǕåăíƶƪǃå íƞāā .ïƓǆ]7[  ÿíǄǆǃå þåíƤƙƪå íǈƵ ǊǈáSikament-  R2002  íåíðƙ

 Ɨƕƪǈ Ǐƙơ ƗǆāƓǀǆǃå1%   .óƿƓǈƙǃƓƕ áíƕƙ þƙ ÿǆā 
ŸåíƕƵ ÿƪơ ýƮāƙ]8 [Ǐǃã ÿá Ɨƕƪǈǃå ƗǒǃƓƛǆǃå  çíƓǆ ƗƼƓưǗSikament- R2004    

ā Sikament163Ǒǋ %0.8 ÿǆ ÿðā ïåíǀǆ ǏǄƵ åíƓǆƙƵå èǈǆƪǗå Üõāƕǌǃå ƗǆāƓǀǆ 
ƺưǃåÜõ ÿǆð ā üƬǃå Ɨƕƪǈ  Ǐǃã ăíāǒ Ɨƕƪǈǃå ǉíǋ ǏǄƵ ÿíǄǆǃå çíƓǒð ÿáā óƓƮƙǆǙå

.ƗǒƪǂƵ ƝƑƓƙǈ 

2 ƕǐǂǄƴǄǁä ƕƨäîìǁä 

1.2 ƕǄìƢƗƨǄǁä ìäĀǄǁä 
1.1.2 çǆǄƨǕä 

 êƓƙǈã ÿǆ Ɲƙǈǆǃå ƗǒǈƓƪïƤǃå èƓõǄƤǃå ƴǒǆƞǃ ăíƓƶǃå ăíǈǚƙïāƕǃå èǈǆƪǗå þåíƤƙƪã þƙ
 ð êïƕǃå ƴǈƮǆ èǙāƓǀǆǄǃ Ǒƕïƶǃå íƓơƙǗå ƗǂïƬ ƗǒƕǒǄǃå ƗǒƪƓǒǀǃå èƓƽƮåāǆǄǃ ûƕƓõǆǃå ÿƙǒǃ
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) ƗǒǈƓõǒïƕǃåāBS821- 1992ǃå ÿǒƕǒā Ü( ýāíƞ1  ǊƮåāƤā èǈǆƪǘǃ ǑƑƓǆǒǂǃå æǒǂïƙǃå
.ƗǒƑƓǒðǒƽǃå 

 üĀìƜ1 :ƕǐƏƑǐïǐƻǁä ǈƬäĀƢĀ çǆǄƨǖǁ ǏƏƑǐǄǐǀǁä åǐǀîƗǁä 

ƑǐǄǐǀǁä åǐǀîƗǁäǏƏ  ƕǐĀƏǄǁä ƕƓƨǆǁä 
(%) 

ƕǐǂǄƴǄǁä çäîƑƓƗƢǗä ƛƏƑƗǆǁä 

úîƟǁä ìǆƳ ìƽƑƻǁä 0.3 ƕǐƨƑǐƾǁä ÞƑǄǁä ƕƓƨǆ 0.3 

SiO2 20.14 ǏƳĀǆǁä þïĀǁä 3.15 

Fe2O3 2.99  (þǐǂƓǁä) ƕǐƟôƨǁä ƕƟƑƨǄǁäg/cm2 2977 

Al2O3 5.91 (ƕƳƑƨ :ƕƾǐƽì) ǏƏäìƗƓǗä ûƪǁä þǄï 3:25 

CaO 62.9 ǐƽì) ǏƏƑǊǆǁä ûƪǁä þǄï(ƕƳƑƨ :ƕƾ 5:30 
MgO 1.59 (ýǄ) ýƜƟǁä çƑƓƙ 1 

SO3 2.13 % (æïĀƜƟǄǁä ƕƓƨǆǁä) çǆǄƨǕä ƕǄĀƴǆ 4 

Na2O 0.19 þƑǄĀǐ ìƴƓ ÞƑǆƟǆǕä ƕǄĀƑƾǄ 2.1 ýǄ/þ2 

K2O 0.97  ìƴƓ ÞƑǆƟǆǕä ƕǄĀƑƾǄ28 ýĀǐ 7 ýǄ/þ2 
 ýĀǐƨǁƑǀǁä ìǐƨǀà

îƟǁä 2.4 þƑǄĀǐ ìƴƓ ôƸƮǁä ƕǄĀƑƾǄ 26 ýǄ/þ2 

- - ôƸƮǁä ƕǄĀƑƾǄ  ìƴƓ28 ýĀǐ 44  ýǄ/þ2 

2.1.2 ýƳƑǆǁä ýƑǀîǁä 
 èƓƽƮåāǆǃå æƪơ ÿƙǒǃð Ɨǈǒíǆ ïƞƓơǆ ÿǆ íïāǆ Ǒƶǒƕõ ýǆï āǋ þíƤƙƪǆǃå þƵƓǈǃå þƓǂïǃå

) ƗǒǈƓõǒïƕǃåā ƗǒƕǒǄǃå ƗǒƪƓǒǀǃåBS882- 1992ǃåā Ü( ýǂƬ1  Ǒƕǒƕơǃå êïíƙǃå Ǐǈơǈǆ ÿǒƕǒ
ǃåā ƓǒǄƶǃå íāíơǃåāǃåā .Ɠǒǈí ýāíƞ2 .ýǆïǄǃ Ɨǒƶǒƕõǃå óåāƤǃå ÿǒƕǒ 
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 ýǂƬ1þƵƓǈǃå þƓǂïǄǃ ǑǄƤǈǆǃå ýǒǄơƙǃå Ǐǈơǈǆ : 

 üĀìƜ2 :ýƳƑǆǁä ýƑǀîǂǁ ǏƳĀǆǁä þïĀǁä 

çäîƑƓƗƢǗä ƛƏƑƗǆǁä  ƕƻƬäĀǄǁä ìĀìƟ
ƕǐƓǐǂǁä 

ïĀǁäǏƳĀǆǁä þ 2.66 2.5 ı 2.7 

ýĀƜƟǁä æìƟĀ þïĀ 1690.86 ý / ýƜǀ3 1400 ı 1800 
ý/ýƜǀ3 

 ìäĀǄǂǁ ÞƑǄǁä ƕƓƨǆ
ƕƺƑƮǄǁä 0.0298  þƳ ìǐïƗ Ǘ4% 

òƑƬƗǄǗä ƕƓƨǆ 0.0028  þƳ ìǐïƗ Ǘ5% 

3.1.2 þƪƢǁä ýƑǀîǁä 
 ÿǆ õǒǄƤ āǋā çïǒǌǃå Ɨǀõǈǆ ïƞƓơǆ ÿǆ íïāǆ Ǒƶǒƕõ þƓǂï āǋ þíƤƙƪǆǃå ÿƬƤǃå þƓǂïǃå

) þƞơǃå éǒơ1.5,0.5 Ɨƕƪǈƕ ǊõǄƤ þƙ (3:2ǃåā Ü ýǂƬ2  Ǒƕǒƕơǃå êïíƙǃå Ǐǈơǈǆ ÿǒƕǒ
) ƗǒǈƓõǒïƕǃå èƓƽƮåāǆǃå æƪơ Ɠǒǈíǃåā ƓǒǄƶǃå íāíơǃåā ÿƬƤǃå þƓǂïǄǃ õǒǄƤǃBS812-

1992(ǃåā . ýāíƞ3  āƤǃå ÿǒƕǒ èƓƽƮåāǆǃå æƪơ þƓǂïǄǃ ƗǒǂǒǈƓǂǒǆǃåā ƗǒƑƓǒðǒƽǃå óå
 ƗǒǈƓõǒïƕǃå)BS- En1197- 1992(. 
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 ýǂƬ2 :õǒǄƤǃå ÿƬƤǃå þƓǂïǄǃ ǑǄƤǈǆǃå ýǒǄơƙǃå Ǐǈơǈǆ 

 üĀìƜ3 :þƪƢǁä ýƑǀîǂǁ ƕǐǀǐǆƑǀǐǄǁäĀ ƕǐƏƑǐïǐƻǁä çäîƑƓƗƢǕä ƛƏƑƗǆ 

ƕǐǂǄƴǄǁä çäîƑƓƗƢǗä äƛƏƑƗǆǁ 
ƕǐǆƑôǐîƓǁä çƑƻƬäĀǄǁä 

BS ı En ı 1197 -  
2009 

 ìĀìƟǁä
ƕǐƴǐƓôǁä 

òƑƬƗǄǗä ƕƓƨǆ 1.74  þƳ ìǐïƗ Ǘ3% - - 
ýìƬǁä üǄƑƴǄ 0.2272  þƳ ìǐïƗ Ǘ45% - - 
ýǐƪǊƗǁä üǄƑƴǄ 0.2443  þƳ ìǐïƗ Ǘ45% - - 
ǏƳĀǆǁä þïĀǁä 2.69 - 2.6 ı 2.7 

ýĀƜƟǁä æìƟĀ þïĀ 1478 - 
1400-
1800 
ý/ýƜǀ5 

4.1.2 ôǂƢǁä ÞƑǄ 
 èƓƽƮåāǆǃå æƪơ ƗǒǈƓƪïƤǃå èƓõǄƤǃå íåíƵã ǑƼ æïƬǄǃ ƠǃƓƮǃå ßƓǆǃå þåíƤƙƪå þƙ

) ƗǒƕǒǄǃåLQS 294,1988 Ɨƕƪǈƕ (W/C= 0.5. 
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5.1.2 çƑƺƑƮǕä 
 ƗǀƑƓƽǃå èƓǈíǄǆǃå ƗƼƓưã èǆƙ(LIBOMENTĲFF, LIBO AER)  ƓǆǋïǒƛƋƙ Ɨƪåïíā

Ɠƿ ÿǆư ÿƓƞïíǈǒ Ɠǆǌǈã éǒơ ÜƗǒǈƓƪïƤǃå èƓõǄƤǃå ǏǄƵ æƪơ ƗǀƑƓƽǃå èƓǈíǄǆǃå ÷åāǈá ƗǆƑ
ƗǒǈƓõǒïƕǃåā ƗǒǂǒïǆǕå èƓƽƮåāǆǃå 

(ASTM C260- 81, ASTM C 494 TYPE AND B.S 5057 PART 3) 
) þíƤƙƪǒ éǒơLIBO AER ǉîǋ çßƓƽǂ íǆƙƶƙā ƗǈƓƪïƤǃå ǑƼ ñāƕơǆǃå ßåāǌǃå êƓƙǈǗ (

Ɠƪƙǆǃåā Ɨǆöƙǈǆǃåā ƗơǒơƮǃå þƓƞơǕå èåî ƗǒƑåāǌǃå þƓƪǆǃå ííƵ ǏǄƵ çíƓǆǃå ƴǒðāƙǃå Ɨǒā
ǃåā ýāíƞ4 .ÿíǄǆǄǃ Ɨǒƶǒƕõǃå óåāƤǃå ÿǒƕǒ 

 üĀìƜ4 : þìǂǄǂǁ ƕǐƴǐƓôǁä òäĀƢǁä)LIBO AER( 

ƕǐǆƻǁä çƑǆƑǐƓǁä 

þĀǂǁä îƻƬä üƏƑƨ 

) ƕƺƑƙǀǁä20 ±(ý 1.01  ²0.005 Kg/L 

) þíƤƙƪǒāLIBOMENT- FFǈ êƓƙǈǗ ( ƗǒǃƓƵ ƗǒƕƓǒƪǈåā Ǌǃāǒƪ èåî ƗǈƓƪïƤ ƗǒƵā
 èåíƓǌƞǗåā íǄƮƙǃå ƗƵïƪ ÿǒƪơƙǃ ßƓǆǃå Ăāƙơǆ ôƽƤǃ çßƓƽǂǃå ǑǃƓƵ ýǆƓƶǂ Ɠưǒåā

 ƗǒǈƓõǒïƕǃåā ƗǒǂǒïǆǕå èƓƽƮåāǆǄǃ ûƕƓõǆ .ƗǒƑƓǌǈǃåā çïǂƕǆǃå(ASTM C 494 TYPE 
F AND B.S.5075PART 3 FOR SUPERPIASTICISER) 

 ǃåā) ýāíƞ5( ƕõǃå óåāƤǃå ÿǒƕǒ.ÿíǄǆǄǃ Ɨǒƶǒ 

 üĀìƜ5 : þìǂǄǂǁ ƕǐƴǐƓôǁä òäĀƢǁä)LIBOMENT -  FF( 

ƕǐǆƻǁä çƑǆƑǐƓǁä 

þĀǂǁä þǀäì ǏǆƓ üƏƑƨ 
) ƕƺƑƙǀǁä20 ±(ý 120  ²0.005 Kg/L 
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2.2 ƕôǂƢǁä ƕǐǆƑƨîƢǁä 
Ɠǆǃåā þƓǂïǃåā èǈǆƪǗå ÿǆ ýǂǃ ÿðāǃƓƕ Ɨƕƪǈǃå íƓƞǒǗ ûǄõǆǃå þƞơǃå ƗǃíƓƶǆ þåíƤƙƪå þƙ ß
 íåíƵå þƙā ƝƑƓƙǈǃå ýưƼá ǏǄƵ ýāƮơǄǃ ƗǒǈƓƪïƤǃå ƗõǄƤǃå îǒƽǈƙǃ Ɨǆðǚǃå èƓƼƓưǗåā

:ǑǃƓƙƓǂ èƓõǄƤ éǚƙ 

M1 (ƗǒƪƓǒǀǃå) Ɨǒƶƞïǆǃå ƗõǄƤǃå 

M2 ) ÿíǄǆǃå ƗƼƓưã ƴǆ ƗǒƪƓǒƿ ƗõǄƤLIBO AER Ǌƕƪǈƕ (0.15èǈǆƪǕå ÿðā ÿǆ % 

M3  ÿǒǈíǄǆǃå ÿǆ Ɲǒðǆ ƗƼƓưã ƴǆ ƗǒƪƓǒƿ ƗõǄƤ 

ǃåā ýāíƞ6 .ƗǒǈƓƪïƤǃå èƓõǄƤǃå èƓǈāǂǆ Ɨƕƪǈ Ơưāǒ 

 üĀìƜ6 :ƕǄìƢƗƨǄǁä ƕǐǆƑƨîƢǁä çƑôǂƢǁä çƑǆĀǀǄĀ ƕƓƨǆ 

 ýƽî
ƕôǂƢǁä 
 

 āĀƗƟǄ
çǆǄƨǕä 
Kg/m3 

ÞƑǄǁä 
L/m3 

% çƑǆìǂǄǁä ýƑøøøøøøǀîǁä 
Kg/m3 

çƑõƟǘǄ 
LIBO 
AER 

LIBOMENT-  
FF ýƳƑǆǁä äþƪƢǁ 

M1 430 215 - - 573 1147  
M2 430 215 0.15 - 573 1147  
M3 430 215 0.15 2 573 1147  

3.2 çäîƑƓƗƢǗä    ƕǐǂǄƴǄǁä 
1.3.2 ƕƜïƑôǁä ƕǆƑƨîƢǂǁ üĀôǊǁä îƑƓƗƢä 

 æƞāǆƕ óơƽǃå þƙ .Ɠǌõāƕǋ ƗƼïƶǆ ûǒïõ ÿƵ ƗǈƓƪïƤǃå þåāƿ ñƓǒǀǃ ïƓƕƙƤǙå åîǋ úíǌǒ
ǃ ƗǒǂǒïǆǕå Ɨǒƶǆƞǃå ƗƽƮåāǆ) þƿï íåāǆǃå óơƽASTM C143.( 
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2.3.2 ƕǆƑƨîƢǂǁ ôƸƮǁä ƕǄĀƑƾǄ îƑƓƗƢä 
) íƓƶƕƋƕ ƗǒǈƓƪïƤǃå èƓƕƶǂǆǃå èƓǈǒƵ ǏǄƵ õƺưǃå ƗǆāƓǀǆ ïƓƕƙƤå ßåïƞã þƙ15Ã15Ã15 

) çíǆǃ ßƓǆǃƓƕ ƓǌƙƞǃƓƶǆ íƶƕ (þƪ28,7,3  ïƓƕƙƤå þƙ éǒơ Ü(þāǒ3  ƗõǄƤ ýǂǃ èƓƕƶǂǆ
) ƗǒǈƓõǒïƕǃå èƓƽƮåāǆǄǃ ƓǀƼāBS812:1992.( 

3 ƗƛƏƑƗǆǁä ƕƪƽƑǆǄĀ üǐǂƟ 

 èƓǈíǄǆǃå ƗƼƓưã ïǒƛƋƙ öơǚǈ ƓǌǒǄƵ ýƮơƙǆǃå ƝƑƓƙǈǃå ýǚƤ ÿǆLIBOMENTĲFF, 
LIBO AER).èåïƓƕƙƤǙå ýǂ ǑƼ ƗǈƓƪïƤǃå ǏǄƵ ( 

) þƿï ýǂƬǃå ýǚƤ ÿǆ3(  ƗǈƓƪïƤǃå èƓõǄƤǄǃ õāƕǌǃå ïƓƕƙƤå Ɨƞǒƙǈ Ơưāǒ ăîǃå
) èƓǈíǄǆǃå ƗƼƓưã ÿƋƕ öơǚǈ ƗƞðƓõǃåLIBO AER ÜLIBO MENT- FF ÿǚǆƶǒ (

 éǒơ æǃåāǀǃå ǑƼ ýǌƪá ýǂƬƕ ƴưāǄǃ ƗǄƕƓƿ Ɨǒïõ ƠƕƮƙƼ ƗǈƓƪïƤǃå ƗǒǄǒƺƬƙ ÿǒƪơƙ ǏǄƵ
 ƗǒƪƓǒǀǃå ǑƼ õāƕǌǃå ïåíǀǆ ÿƓǂ80  õāƕǌǃå çíƓǒð öơǚǈā ÿíǃ þåāǀǃå åîǋ ïƕƙƶǒ éǒơ Üþǆ

 ƗƼƓưã íǈƵ(LIBO AER)  Ǐǃå ýƮǒǃ145  ƓǌƙƓƞïí ǏǄƵá õāƕǌǃå Ɨǆǒƿ èǄƞƪā Üþǆ
 ƗƼƓưã íǈƵLIBO AER) (LIBO MENT- FF and ýƞƪƙǃ Ɠƶǆ180  þåāƿ āǋā Üþǆ

) ƗǒǈƓõǒïƕǃå èƓƽƮåāǆǃå ǑƼ Ɠǌƕ ëāǆƪǆǃå íāíơǃå ýƤåí Ɠǌǈá ÿǒƕƙā ýƙƕǆBS 
882:1992.( 

 
 ýǂƬ3 :èƓǈǒƶǃå ÷åāǈá ƴǒǆƞǃ õāƕǌǃå ïåíǀǆ 
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 ÿǚǂƬǃå ýǚƤ ÿǆā4,5 ǒǈƓƪïƤǃå ƗõǄƤǃå ÷āǈ ÿǒƕ Ɨƿǚƶǃå ÿƓơưāǒ ÿåîǄĊǃå ÿðāǃåā Ɨ
 ƗǆāƓǀǆǃåā ÿðāǃå ǑƼ ôƓƽƤǈå öơǚǈ ÜƗƪåïíǃå ïƓǆƵá ƴǒǆƞ íǈƵ õƺưǃå ƗǆāƓǀǆā

 èƓõǄƤǄǃM2,M3  ƗõǄƤǃå ÿá öơǚǈ Ɠǆǂ ÜƗǒƶƞïǆǃå ƗõǄƤǃƓƕ ƗǈïƓǀǆ ƗƽǄƙƤǆ æƪǈƕ
M3  ÿǆ ïƕǂá Ɠǌǈðāā ýưƼá ƓǌƙǆāƓǀǆ ÿǒǈíǄǆǃå ǏǄƵ ƗƕāƓơǃåM2 .ïƓǆƵǕå ƴǒǆƞ íǈƵ 

 
 ýǂƬ4ǆ :èƓǈǒƶǃå ƴǒǆƞǃ õƺưǃå ƗǆāƓǀ 

 
 ýǂƬ5èƓǈǒƶǃå ƴǒǆƞǃ ÿðāǃå : 

4 çƑƜƑƗǆƗƨǗäĀ ƕƬǘƢǁä 
 :ƗǒǃƓƙǃå õƓǀǈǃå êƓƙǈƙƪå þƙ ƝƑƓƙǈǃå ýǒǄơƙā èǒïƞĈá Ǒƙǃå ƗǒǄǆƶǆǃå Ɨƪåïíǃå ýǚƤ ÿǆ 
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1. õāƕǋ  ƗƼƓưã íǈƵā Üÿíǃ ÿƓǂ ƗǒƪƓǒǀǃå ƗǈƓƪïƤǃå(LIBO AER)  Ɨƕƪǈ èíåð
ƪǈǃƓƕ õāƕǌǃå ƗƼƓưå íǈƵ Ɠǆå ÜĄǚƙƕǆ ĄƓǆåāƿ ÿƓǂā ƗǒƪƓǒǀǄǃ Ɨƕ(LIBO AER 

LIBO MENT- FF)  ƝƑƓƙǈǃå ƴǒǆƞā ÜĄåāƤï ĄƓǆåāƿ ÿƓǂā õāƕǌǃå íåð íǀƼ ĄƓƶǆ
 ƗǒǈƓõǒïƕǃå èƓƽƮåāǆǃå æƪơ Ɠǌƕ ëāǆƪǆǃå íāíơǃå ÿǆư èǈƓǂ)BS 

882:1992(   
2.  ƗƼƓưã íǈƵ ÿðāǃåā ƗǆāƓǀǆǃå èǄƿ(LIBO AER) ƗǈïƓǀǆ ïƓǆƵǕå ƴǒǆƞ íǈƵ 

.ƗǒƪƓǒǀǃå ƗõǄƤǃƓƕ 
3.  ƗƼƓưã íǈƵ ÿðāǃå ǑƼ Ɨõǒƪƕ çíƓǒðā ƗǆāƓǀǆǃå ǑƼ Ǒƕƪǈ ÿƪơƙ éíơ(LIBO 

AER LIBO MENT- FF)  ƗõǄƤǃå ǑƼ ïƓǆƵǕå ƴǒǆƞǃ ƓƶǆM3 ƗǈïƓǀǆ 
 ƗõǄƤǃƓƕM2 ÿǂǃā .ƗǒƪƓǒǀǃå ÿǆ ýƿá èǃåðƓǆ 

5 :çƑǐƬĀƗǁä 
 ûƑƓƽǃå ÿíǄǆǃå Ɨƕƪǈ çíƓǒð æǒïƞƙƕ ǑƮāǈLibo- Aer  Ɨƕƪǈƕ0.30%C çíƓǒðǃ  èƓƹåïƽǃå

) èǈǆƪǗå Ǐǃã ßƓǆǃå Ɨƕƪǈ ýǒǄǀƙ ƴǆ ƗõǄƤǃå ǑƼw/c.( 
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 ǏǄìƢƗƨǄ ǍǂƳ þǐƜĀîìǐǊǁä ìǐƗǐîƓǀ ïƑƸǁ ǏƟƬǁäĀ ǏƏǐƓǁä îǐƙƉƗǁä ƕƨäîì
(ïƑƸǁä Ā ôƻǆǂǁ ǈƗǐǂǄ ƕǀîƪ) ƕǁƑƟ ƕƨäîì :ƕǐôƻǆǁäĀ ƕǐƳƑǆƬǁä úôƑǆǄǁä 

ǐõƴǁä ìƓƳ .à Û ìĀƨǓä ĂìƑǊǁä ǏǂƳ.àǏǄĀƗǁä ǏǂƳ îƬƑǆ .à Û ĂìƑǊǁä ìǄƟǄ ý 
Ɨǒāåðǃå ƗƶǆƓƞ ÜðƓƺǃåā õƽǈǃå Ɨƪíǈǋ ƗǒǄǂ 

alielaswed@gmail.com  
òƢǂǄǁä: 

 åïöǈ Ɨǒõƽǈǃå èƓƵƓǈƮǃå ÷Ɠõƿ ǑƼ Ɨǆǌǆǃå èåðƓƺǃå ÿǆ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ ïƕƙƶǒ
ǈƓǒơá ăíâƙ Ǒƙǃå çïǒƕǂǃå ǊƙïāõƤǃ íǈƵ õƽǈǄǃ ƓƕơƓƮǆ çíƓƵ ðƓƺǃå åîǋ ÿāǂǒā èāǆǃå Ǐǃã Ɠ

 Ǌǈå ǑƼ ðǂïƙƙ ǊƙïāõƤā ðƓƺǃå åîǋ ûƓƬǈƙƪå ÿǆ ïîơǃå íƤá þǌǆǃå ÿǆ åîǌǃ ǊƞåïƤƙƪå
 ÿǆ ïƕƙƶǒ åîǌǃ íƪƓƽǃå ôǒƕǃå ƗơƑåï ǊƕƬƙ ǊƙơƑåïā ûƓƬǈƙƪǙå íïƞǆƕ þƬǃå ƗƪƓơ ýƙǀǒ

ǆƶǃå ÿǆ íǒíƶǃå èāǆ Ǐǃã ăíâƙ Ǒƙǃåā çïāõƤ ïƛǂǕå èåðƓƺǃå ïǒƛǂǃå èƛíơ éǒơ Ü ýƓ
 íǒƙǒïƕǂ ÿǆ æƪǈ Ɠǌƕ íƞāǒ Ǒƙǃå ƗǒƵƓǈƮǃå ûõƓǈǆǃå ÿǆ íǒíƶǃå ǑƼ çƓƼāǃå èǙƓơ ÿǆ
 èƓƪƪâǆǃå ÿƓƼ ǊƙơƑåï þƬ íƶƕ Ǐǃã ǉíāƞā ƗƼïƶǆ æƶƮǒ Ǌǈå éǒơā ÿǒƞāïíǒǌǃå

 úíǌƙ ƗǒƵƓǈƮǃåǑǃã  íāƞā ÿǂƓǆá íǒíơƙā úƓƬǂƙƪå ǏǄƵ çïíƓƿ çðǌƞá ïǒāõƙā ýƓǆƶƙƪå
ƼƓưǗƓƕ ðƓƺǃå åîǋ ûïõǃå ĂíơȒåā ƗơƮǃå ǏǄƵ ƓƕǄƪ ïƛâƙ ĂïƤá èåðƓƹ ăá Ǐǃã Ɨ

 õǀƼ ïƛâǒ Ǚ ðƓƺǃå åîǋ .(ßåïǆơǃå èơƙ ƗƶƬǕå Ɨǒǈǀƙ Ǒǋ çðǌƞǕå ǉîǋ ǑƼ ƗǄǆƶƙƪǆǃå
 ǑƼ æƕƪǒ éǒơ Ɨõǒơǆǃå ƗƑǒƕǃå üǃîǂā æǒƕƓǈǕåā èǙǓå ǏǄƵ Ɠưǒá ýƕ ïƬƕǃå ǏǄƵ

ÜƓǌǃ ǑưåïƙƼǙå ïǆƶǃå ÿǆ ýǄǀǒā æǒƕƓǈǕå ýǂƋƙ ƗǒǄǆƵ ƴǒïƪƙ  ǊǈƓƼ ƗǒƑǒƕǃå ƗǒơƓǈǃå ÿǆ Ɠǆã
 ïƓõǆǗå ÿāǂƙ ǑƼ þǋƓƪǒ Ɠưǒáā þƓƪ ðƓƹ ǊǈǕ Ɨǒơǃå èƓǈƑƓǂǃå ƗơƮ ǏǄƵ ïƛâǒ
 Ǚã ƗǄƙƓǀǃå èåðƓƺǃå ÿǆ ïƕƙƶǒ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ ÿã ǑƼ üƬ Ǚ åîǌǃā .Ɨǒưǆơǃå

ǑǃƓƶǃå õƺưǃå èåî þǒơƬƙǃå íåāǆ ýƛǆ çíǒƽǆǃå èǙƓǆƶƙƪǙå ôƶƕ Ǌǃ ÿã. 
 å ǉîǋ ýāƓǈƙƙāƗƼïƶǆ Ɨƪåïíǃ  ǏǄƵ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƺǃ ǑơƮǃåā ǑƑǒƕǃå ïǒƛƋƙǃå

 ðƓƺǃå éƓƶƕǈå ïíƮǆ ÿǆ èƓƼƓƪǆ çíƵ íƶƕ ǏǄƵ Ɨǒõƽǈǃåā ƗǒƵƓǈƮǃå ûõƓǈǆǃå ǑǆíƤƙƪǆ
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 èǆƙ íƿā .èƓƕƓƮǗå ǉîǋ íư èƓõƓǒƙơǙå ßåïƞã Ɨǒƽǒǂā èƛíơ Ǒƙǃå èƓƕƓƮǗå ÷åāǈáā
ǌöá éǒơ õƽǈǄǃ ƗǈǒǄǆ ƗǂïƬ ǑǆíƤƙƪǆ ǏǄƵ Ɨƪåïíǃå ƗǀǄƶƙǆǃå éíåāơǃå ÿá ƝƑƓƙǈǃå èï

.Ɨǒǈǌǆǃå Ɨǆǚƪǃå íƵåāǀƕ ÿǒǄǆƓƶǃå þåðƙǃã þíƵ Ɨƞǒƙǈ èǈƓǂ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƺƕ 
 

Abstract 

Hydrogen sulfide (H2S) is a vital component of oil and gas 

upstream production, where Hydrogen sulfide is naturally 

generated in situ from reservoir and from sulfate-containing 

minerals through microbial sulfate reduction and (or) 

thermochemical sulfate reduction. On the other hand, the 

technologies employed in oil and gas production, especially from 

unconventional resources, also can contribute to generation or 

delay of appearance of Hydrogen sulfide. Human health effects of 

exposure to hydrogen sulfide, an irritant depend of the 

concentration of the gas and the length of exposure. Hydrogen 

sulfide acts similarly to hydrogen cyanide, interfering with 

cytochrome oxidase and with aerobic metabolism. Essentially, 

hydrogen sulfide blocks cellular respiration, resulting in cellular 

anoxia, a state in which the cells do not receive oxygen and die. 

The human body detoxifies hydrogen sulfide by oxidizing it into 

sulfate or thiosulfate by hemoglobin-bound oxygen in the blood or 

by liver enzymes. Lethal toxicity occurs when H2S is present 

in concentrations high enough to overwhelm the bodyôs 

detoxification capacity. Hydrogen Sulfide gas is very corrosive 

and causes metals to become brittle.  Therefore, employers need to 

take special precautions when choosing equipment when they may 

reasonably expect to encounter H2S.  This may include appropriate 

H2S trimming of equipment. The recommendations and employee 

instruction will vary depending on the type of area. The effect of 

Hydrogen sulfide on the employersô health and the environment of 

oil and gas industrial locations will be studied in this research 

taken Meliatha oil and gas location as a model example for this 
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study. The results showed that following safety instruction can 

eliminate or reduce all types of accidents including H2S accidents. 

 
1- ƕǄìƾǄ 

ðƓƹ ïõƤǃ ƗǒƑƓǒǆǒǂā ïƙƕǃå èƓƵƓǈƮǃåā õƽǈǃå ƗƵƓǈƮ ǑƼ ÿāǄǆƓƶǃå ôïƶƙǒ  íǒƙǒïƕǂ
ƙ çïǒƮƿ āá ƗǄǒāõ èåïƙƽǃ ÿǒƞāïíǒǌǃå ôƶƕ ǑƼ ýƮƙ èƓǒǆǂǃā þǌǄǆƵ Ɨƶǒƕõƕ ûǄƶƙ

 Üýǆƶǃå Ɨǌƞ ÿǆ āá þíƤƙƪǆǃå ÿǆ ýǋƓƞƙƕā üåïíƓƕ üǃî þƙǒā Üïāöơǆ íơ Ǐǃã ƴƿåāǆǃå
ƗǒíïƼ éíåāơƕ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ Ǐǃã ôïƶƙǃå ïõƓƤǆ õƕƙïƙā  íƿ ƗǒƛïƓǂ ƗǒƵƓǆƞā

 ā Ɨǒāǀǃå Ɨǌǒïǂǃå ǊƙơƑåïƕ ĄƓƕǃƓƹ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ úïƶǒā .éíơƙ ǑƼ çîƓƽǈǃå
 ðƓƺǃƓƕ üƽǈá ƐǄƙǆǒ ÿá ÿǂǆǆǃå ÿǆā Ɨƶƽƙïǆǃå èƓǒāƙƪǆǃå ǑƼā ƗưƽƤǈǆǃå èƓǒāƙƪǆǃå
 üǄƶƞǒ ÿá ÿǂǆǆǃå ÿǆ Ɨƶƽƙïǆǃå èƓǒāƙƪǆǃå ǉîǋ ǑƼā ÜǊǆƬƙ ÿá ƴǒõƙƪƙ Ǚ íƿ üǈá Ɨƞïíǃ
 þíƤƙƪǆ ýǂ ÿá Ɠǈíƞā üǃîǃ Ü üǄƙƿ ǑƼ æƕƪƙǒ íƿ āá ĄƓưǒïǆ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ

å ôïƶƙǃå ûõƓǈǆ ǑƼ Ɨõƕƙïǆǃåā Ü çíǂâǆǃå ûõƓǈǆǃå ƓǆǒƪǙā ÜðƓƺǃå åîǌǃ ƗǄǆƙơǆǃ
 ðƓƺǃå êƓƙǈá ýāǀơ üǃîǂā þƓƤǃå õƽǈǃå ïǒïǂƙā ƴǒǆƞƙā ƗƞǃƓƶǆā êƓƙǈȒåā úƓƬǂƙƪƓƕ
 ïõƓƤǆā ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ óƑƓƮƤ üïíǒ ÿá æƞǒ ǊƙƞǃƓƶǆ ýǆƓƶǆā ƴǈƓƮǆā

ƪǆǃåā ýǆƶǃå Ɨǆǚƪ ÿƓǆưǃ Ǌƶǆ ÿǆǓå ýǆƶǃå æǒǃƓƪáā Ǌǃ ôïƶƙǃå ÿǒǆíƤƙ]6[  þƙǒā Ü
 ôǒïƶƙ ÿǆ ƗǒƓƿāǃåā ǊƽƬǂǃ Ɨǒƪíǈǌǃåā ƗǒïåíǗå èåßåïƞǗå éíơá ûǒƕõƙƕ üǃî
 ôïƶƙǃå íǈƵ êǚƶǃåā ƗǒƓƿāǃå ýƑƓƪā íƓǆƙƵåā ÜǊǈǆ çïõƤǃå èƓǒāƙƪǆǄǃ ÿǒǆíƤƙƪǆǃå
 Ǐǃã ăíâƙā ǑƕƮƶǃå ðƓǌƞǃå ýǄƬǃ ăíâƙ ÿá ÿǂǆǒ Ǒƙǃåā Ǌǈǆ ƗǒǃƓƵ èƓǒāƙƪǆǃ ƐƞƓƽǆǃå

.ƐƞƓƽǆǃå èāǆǃå 
ƕƙƶǒā íƪƓƽǃå ôǒƕǃå ƗơƑåï ǊƕƬƙ Ɨǒāƿā Ɨǌǒïǂ ƗơƑåï āî ðƓƹ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ ï

 èƓǒƓƽǈǃå ÿāǂƙ Ɠǆƛǒơ éƶƕǈǒā ÿāǂƙǒ íƿā ƗƑǒƕǃå ǑƼ Ɨǒƶǒƕõ çïāƮƕ íƞāǒā ÿāǃ Ǌǃ ñǒǃ
 Ɨǈƽƶƙǆǃå èƓǈåðƤǃåā èƓƶǀǈƙƪǆǃƓƼ Ɠǒïǒƙǂƕǃå ýƶƽƕ èƙƽƙ íƿ èǒïƕǂǃå ǏǄƵ ăāƙơƙ Ǒƙǃå

áā Ɨǒāưƶǃå èƓƽǄƤǆǃåā èƓǒƓƽǈā èƓǈơƓƬǃå üǃîǂ ÿƓƪǈǗƓƕ ƗƮƓƤǃå ǉƓǒǆǃå úǒïƮƙ ÿǂƓǆ
 ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ ƗơƑåï Ɠǌǈǆ éƶƕǈƙ íƿ ƗǒƑƓǒǆǒǂǃå èƓƽǄƤǆǃåā èƓǒƓƽǈǃå ýǀǈƙ Ǒƙǃå
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 ýāǀơ æïƿ ïƓƕǓå ǑƼ ĄƓƮāƮƤ ƗǒƼāƞǃå ǉƓǒǆǃå ǑƼ ðƓƺǃå åîǋ íƞāǒ ÿá ÿǂǆǆǃå ÿǆā
 āƙǒ üǃîǂā .ƗǒǄǆïǃå ïāƤƮǃå ýǄƤƙƙ Ǒƙǃå ïƓƕǓå āá õƽǈǃå Ɨǒõƽǈǃå èåðƓƺǃå ǑƼ ðƓƺǃå íƞå

 ǏǄƵ Ǒƶǒƕõǃå ðƓƺǃå ăāƙơǒā Ɨǒƶǒƕõǃåā28 íǀƼ åîǃ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ ÿǆ %
 ǑƼ üǃîǂā Ǒƶǒƕõǃå ðƓƺǄǃ êƓƙǈã Ɠǌƕ íƞāǒ Ǒƙǃå ûõƓǈǆǃå ǑƼ ßåāǌǃå éāǄƙ ǑƼ æƕƪƙǒ
 ýǚƤ ÿǆ ðƓƺǃå éƶƕǈǒ ÿá ÿǂǆǆǃå ÿǆ üǃîǂ õƽǈǃå ïǒïǂƙ ǑƼƓƮǆā ýǆƓƶǆ ûõƓǈǆ

å èƓƵƓǈƮǃå] èǒïƕǂǃå èƓƕǂïǆ ǏǄƵ ðǂƙïƙ Ǒƙǃ8[.  õƽǈǄǃ ƗƙǒǄǆ ƗǂïƬ þíǀƙ Ɨƪåïíǃå ǉîǋ
 ííƵ Ɨƪåïíǃ ýƓƛǆǂ ðƓƺǃåāèƓƕƓƮǗå éíåāơǃåā  ǉîǋ ÿƵ ƗƞƙƓǈǃå úǒǃƓǂƙǃå üǃîǂā Ɨǒāǈƪǃå

 .ƓǌƙƞǃƓƶǆ Ɨǀǒïõā Ɠǌƙāíơǃ èíá Ǒƙǃå æƓƕƪǕåā éíåāơǃå 
 :èƟƓǁä þǄ ùìǊǁä- 

 úïƶƙǃå āǋ éơƕǃå åîǋ ÿǆ ǑƪƓƪǕå úíǌǃåā ǉïǒƛƋƙ ăíǆā çïāõƤ èåðƓƺǃå þǋá íơá ǏǄƵ
.ûõƓǈǆǃå ǉîǌƕ ÿǒǄǆƓƶǃåā ƗǒƵƓǈƮǃå ûõƓǈǆǃå ƗƑǒƕ ǏǄƵ 

2- þǐƜĀîìǐǊǁä ìǐƗǐîƓǀ ïƑƷ îìƑƬǄ 
à .  ƕǐƴǐƓô 

 Ǒǃåāơ Ɨǒƶǒƕõǃå ïíƓƮǆǃå íǃāƙ80 Ǒǋā ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ÿǆ % ]4[: -  
1. èǒïƕǂǃå ǏǄƵ Ɨǒāƙơǆǃå Ɨǒāưƶǃå íåāǆǃå ýǄơƙ ÿǆ ðƓƺǃå ƋƬǈǒ. 
2. ǈ èƓǒǄǆƵ.Ɨǒõƽǈǃå èƓǀƙƬǆǃå ÿǆ èǒïƕǂǃå ÷ð 
3. .Ơƕåîǆǃåā Ǒǈåāǒơǃå ÿǒƙāïƕǃåā èƓƕǈǃå ïǆƤƙ 
4. .ûƓƽǈǕå þƞƓǈǆǃåā ÿǒǂåïƕǃå ÿåïāƛ ƗǒǈƓǂïƕǃå èåðƓƺǃå 
5. .Ɨǒǈǂƪǃå èƓƶǆƞƙǄǃ Ɨǒƙơƙǃå Ǒǈƕǃåā ăïƓƞǆǃå ǑƼ Ɠǒïǒƙǂƕǃå ýƶƽƕ Ɲƙǈǒ 
6. .çïƓơǃå Ɨǒƙǒïƕǂǃå èåïǒơƕǃå ǉƓǒǆǃå 
7.  ƗǒơǄǆǃå èƓƶǀǈƙƪǆǃå āá èåïǒơƕǃå8.5*105 .Ɨǈƪ/ÿõ 
8. ǑơƮǃå úïƮǃå ǉƓǒǆ ƗƞǃƓƶǆ 
9.  .þƓƤǃå õƽǈǃå ƗƞǃƓƶǆā ÿǒðƤƙā ýǀǈ 
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å . þƑƨǆǕä ôƑƪǆ þƳ ƕƜƗƑǆǁä îìƑƬǄǁä: - 
1. ƗǒƑƓǒǆǒǂǃå ýǆƓƶǆǃå. 
2. ƗƿƓõǃå íǒǃāƙ èƓõơǆ. 
3. èǒïƕǂǃå þíƤƙƪƙ Ǒƙǃå èƓƵƓǈƮǃå. 
4. ýǒǀƛǃå ßƓǆǃå êƓƙǈã. 
5. Ƥǃå õƽǈǄǃ ƓĄƕơƓƮǆ éƶƕǈǒ éǒơ Ɨǒõƽǈǃå ǑƼƓƮǆǃåā Ɛǈåāǆǃåā ýāǀơǃå ÿǆ êïƤƙƪǆǃå þƓ

.ƴƽƙïǆ ðǒǂïƙƕ ýǀơǃå āƞ ĄƓƛāǄǆ Ɨǒõƽǈǃå ïƓƕǓå 
6. Ǒƶǒƕõǃå ðƓƺǃå ǏǄƵ çíǆƙƶǆǃå èƓƵƓǈƮǃå. 
7. ) Ǒƶǒƕõǃå ðƓƺǃå ïƓƕàā ýāǀơ42] (%4.[ 
8. íƑƓưǈǄǃ Ǒƕïǌǂǃå ÿơƬǃå èƓǒǄǆƵ. 
3- ïƑƸǁä çƑƻƬäĀǄ 

 ƗƑïǃåā ûǄơǃåā úǈǕåā ƗƼāƬǂǆǃå ÿāǒƶǃå Ɨƞƪǈá ïǒƛǒ Üåíƞ þƓƪ ÜýƓƶƙƬǚǃ ýƕƓƿ ðƓƹ
íǈƵ ýƬǒā ǑƕƮƶǃå ðƓǌƞǃå íƪƽǒ ÿã ÿǂǆǒ ăîǃå ǑǄƤåíǃå þƪǃƓǂ ýǆƶǒƼ þƪƞǃå ǊƮƙǆǒ Ɠǆ

ñƽǈƙǃå þƓöǈ. 
üïơƙǒ úƮƓƶǃå āƞǃå ǑƼ æïƪƙǃå íǈƵ Ǌƙǒâï ÿǂǆǒ Ǚ åîǌǄƼ ÿāǄǃå þǒíƵ  íǒƙǒïƕǂ ðƓƹ

ÿǒƞāïíǒǌǃå  õƕǌǒ ÿá ýǒǆǒā ßåāǌǃå ÿǆ ýǀƛá .Ơǒïǃå ǉƓƞƙå ǑƼ çíƓƵ ƗǒƑïǆ ïǒƹ ƗƕƓơƪǂ
ƽƤǈǆǃå ûõƓǈǆǃå ǏǄƵ ƗǒāǄƶǃå ûõƓǈǆǃå ÿå ÿǆ þƹïǃƓƕ ïƽơǃåā úïƓƮǆǃåā ûíƓǈƤǃå ýƛǆ Ɨư
 ÿǆ ƗǒǃƓƤ ÿāǂƙ íƿðƓƺǃå  ýƕƓƿ ÜƗǒǄƽƪǃå ûõƓǈǆǃå ǑƼ åíƞ ýƙƓƿ ðƓƺǂ íƞåāƙǒ ÿǂǃā

ƗǒíƓƶǃå Ɨǒāƞǃå õāïƬǃå èơƙ ïƓƞƽǈǙåā ýƓƶƙƬǚǃ  Ɲǒðǆǃå ýǒǂƬƙǃ ăāƞǃå ßåāǌǃƓƕ íơƙǒ ā
) åíƞ ïǒƕǂ Ăíǆ ǏǄƵ ýƶƙƬǒ úāƪ ăîǃå4.3 %- 46 ýƕƓǀǃå Ăíǆǃå Ǐǆƪǒā (%

ïƓƞƽǈǙå āá ýƓƶƙƬǚǃ]3[  ýƓƶƙƬǚǃ ýƕƓǀǃå Ăíǆǃå ÿǆ ïƕǂá èåïǆ Ɨƶƕƪ Ɠƕǒïǀƙ Ăíǆǃå åîǋā
.ÿǒǃāðƓƞǄǃ 

  Ɲǒðǆ ăāƞǃå ÿǒƞƪǂāǕå ƴǆ ýǂƬǒ ÿá ÿǂǆǒā ÜûåïƙơǙå íǒíƬ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ
èǒïƕǂǃå íǒƪǂá ǑǈƓƛ ðƓƹ Ǌƿåïƙơå ÿƵ Ɲƙǈǒā ÜăïƓƞƽǈå. (SO2) 
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 Ǌǈá éǒơ ăāƓơǃåā ôƑƓƽǃå Ǒƶǒƕõǃå ðƓƺǃå ûåïơã þƙǒ ÿá Ɨǒõƽǈǃå ýāǀơǃå ǑƼ úāǃƋǆǃå ÿǆ
 ƴǒǆƞƙ èƓõơǆ ǑƼ ýƮƽǃå Ɲƙåāǈā ðƓƺǃå ƴǒǆƞƙ èƓõơǆ ǑƼ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ǏǄƵ

èǒïƕǂǃå íǒƪǂá ǑǈƓƛ ðƓƹ Ɨõǒơǆǃå ƗƑǒƕǃå Ǐǃã ûǄõǒ ÿá ÿǂǆǒ Üõƽǈǃå  ÜƓưǒá Ɨǒǆƪǃå íǒíƬ
ƗǃíƓƶǆǃå ûƼā:  

H2S+3/2 O2ŸH2O+Sʆ2 
 þǓå ĄƓƛíơǆ ÿƓƪǈǘǃ Ǒƪƽǈƙǃå ðƓǌƞǃå ǏǄƵ ïƛâ Ǌǈá èǒïƕǂǃå íǒƪǂá ǑǈƓƛ ðƓƹ ïåïưá ÿǆā
 ƝǈƬƙ æƕƪƙ Ǌǈǆ ƗǒǃƓƶǃå èåðǒǂïƙǃåā ñƽǈƙǃå ûǒưā ƗǒƑåāǌǃå èƓƕƮǀǃå æƓǌƙǃȒåā ïíƮǃå ǑƼ
 ðƓƺǄǃ ýǒāõǃå ôïƶƙǃå üǃîǂā ûƓǈƙƤåā ƐƞƓƽǆ ƝǈƬƙ Ǐǃã ăíâƙ íƿā ƗǒƙāƮǃå ýƓƕơǃå

åā ûāîƙǃå ƗƪƓơ ǏǄƵ ïƛâǒ Ɲǒǌƙ Ɠưǒá æƕƪǒā ăāƑïǃå æǄƮƙǃå Ǐǃã ăíâƙ ÿá ÿǂǆǒā þƬǃ
] íǄƞǃå üǃîǂā ÿāǒƶǃå9.[ 

4- :ƕǐƏƑǐǄǐǀǁäĀ ƕǐƏƑǐïǐƻǁä òäĀƢǁä 
 ÜßƓǆǃå ÿǆ íơåā þƞơ ǑƼ .íƪƓƽǃå ôǒƕǃå ƗơƑåïƕ ÿāǄǃå þǒíƵ ðƓƹ āǋ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ

 Ɨƕåîã þƙǒ3  Ǒǃåāơ ÿāǂƙǒā Üÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ÿǆ þƓƞơá0.1 .Ǒǃāǆ ýāǄơǆ  Ɨƞïí
 Ǒǋ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ïƓǌƮǈå-83  Ǒǋ ÿƓǒǄƺǃå Ɨõǀǈā ÜƗǒāƑǆ Ɨƞïí-61  Ɨƞïí

 ýǆƶǃå Ǐǃã êƓƙơƙ üǃîǃ ÜăïƬƕǃå ǑƕƮƶǃå ðƓǌƞǃå ǏǄƵ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ïƛâǒ .ƗǒāƑǆ
ÿƓƤíǃå ßƓõƹ èơƙ Ǌƶǆ. 

 åĄïåïǀƙƪå ýƿá āǌƼ Üüǃî ƴǆā ÜßƓǆǃå ßăðƞǃ ƗǌƕƓƬǆ Ɨǒǈƕ Ǌǃ Üæǂïǆ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ
 ǑƼ ûåïƙơǙå éíơǒ ÿá ÿǂǆǒ .ƗǒǃƓƵ çïåïơ èƓƞïí Ǐǃã ÿǒƤƪƙǃå ƗǃƓơ ǑƼ .Ǌƕ ƗǈïƓǀǆ

 .ÿǒƽǄƙƤǆ ÿǒǋƓƞƙå) ýāíƞǃå1 íǒƙǒïƕǂ ðƓƺǃ ƗǒƑƓǒǆǒǂǃåā ƗǒƑƓǒðǒƽǃå óåāƤǃå êïíǈ (
ÿǒƞāïíǒǌǃå ]3[  . 
) ýƽî üĀìƜǁä1þǐƜĀîìǐǊǁä ìǐƗǐîƓǀ ïƑƸǁ ƕǐƏƑǐǄǐǀǁäĀ ƕǐƏƑǐïǐƻǁä òäĀƢǁä :( 
ùƬĀǁä Colorless gas Description 
ƗƺǒƮǃå H2S Molecular formula 
ǑƑǒðƞǃå ÿðāǃå 34.08 Molecular weight 
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ƗƼƓƛǂǃå 1.4 g/L @ 25 °C (air = 1) Density 
ÿƓǒǄƺǃå Ɨƞïí - 60.7 °C Boiling point 
ïƓǌƮǈǙå Ɨƞïí - 85.5 ºC Melting point 
ïƓƤƕǃå õƺư 15,600 torr @ 25 ºC Vapor pressure 

ƗǒǄƕƓƿ ÿƓƕāîǃå 
Soluble in water, hydrocarbon 
solvents, ether, and ethanol 

Solubility 

þƬǃå ƗƕƙƵ 8.1 ppb (11 mg/m3 ) Odor threshold 
ƗơƑåïǃå úƮā Resembles rotten eggs Odor description 
ýǒāơƙǃå ýǆƓƶǆ 1 ppm = 1.4 mg/m3 @ 25 °C Conversion factor 

 
5- ýäìƢƗƨǗäĀ îǐƮƟƗǁä  

ðƓƹ ƴǈƮǒ :ƗǒǆǃƓƵ èƓƽƮåāǆƕ ƓǒïƓƞƙ ûāƪǒā ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ 
CAS registry number: 7783- 06- 4 

   DOT Number: UN 1053  

ϣУЯϧϷв ̭ϝгЂϓϠ РϽЛтм :ϝлзв "ϝЏЛϠ ϸϼнж сгЯК ϝлЏЛϠм ЙϚϝІ ϝлЏЛϠ 

)hydrogen supplied ; dihydrogen sulfide; dihydrogen 

monosulfide; sulfur hydride; sulfureted hydrogen; hydro sulfuric 

acid) [19].  

íǒíơǃå íǒƙǒïƕǂ ƴǆ ðǂïǆǃå üǒïāǄǂāïíǒǌǃå ôǆơ ýƵƓƽƙ ûǒïõ ÿƵ ïươǒ  þåíƤƙƪƓƕ
 þāǒíāƮǃå íǒƙǒïƕǂ ƴǆ ðǂïǆǃå üǒƙǒïƕǂǃå ôǆơ ýƵƓƽƙƕ āá æǂ ðƓǌƞ þƪƓƕ úïƶǒ ðƓǌƞ

 āǒá ǏǄƵ ßƓǆǃå ǑƼ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ýǒǃƓơǆ ăāƙơƙ .þāǒǈāǆǙå āáèƓǈ HS  èƓǒǆǂā
ÿāǒá ÿǆ åíƞ ƗǄǒǄƿ S  íǒƙǒïƕǂ ïƕƙƶǒ .çïǀƙƪǆ ïǒƹā Ɨƽǒƶư ïƕƙƶƙ ýǒǃƓơǆǃå ǉîǋā

 éǒơ ăíƓƶǃå ǑƵāǈǃå ýǒǄơƙǃå ǑƼ ƓǆƓǋ åïāí æƶǄǒ āǋā ýíƙƶǆ ýðƙƤǆ ýǆƓƵ ÿǒƞāïíǒǌǃå
 Ǒưǆơ õƪā íāƞā ǑƼ ßƓǆǃå ǑƼ æāîƙ Ǚ èåíǒƙǒïƕǂ ýǂƬ ǏǄƵ èåðǄƽǃå ôƶƕ æƪïǒ

ýƛǆ Cu ÜHg ÜCd ÜBi ÜSb ÜSn  üǒƙǒïƕǂǃå ôǆơ ƗƵƓǈƮ ǑƼ þíƤƙƪǒ Ɠǆǂ Ɠǋïǒƹā
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ýǒǀƛǃå ßƓǆǃå ƗƵƓǈƮ ǑƼ þíƤƙƪǒ Ɠǆǂ ÜăïƮǈƶǃå èǒïƕǂǃåā.  êƓƙǈǗ ƓǒƵƓǈƮ þíƤƙƪǒā
 .èǒïƕǂǃå ïǋð Üèǒïƕǂǃå ôǆơ Üèǒïƕǂǃå íǒƪǂá ǑǈƓƛ]4[.  

 
6- :ïƑƸǂǁ óîƴƗǁä ƕǐƻǐǀ  

 āá ǊƿƓƬǈƙƪå ûǒïõ ÿƵ Ǒǋ ðƓƺǃå åîǌǃ ôïƶƙǄǃ ƗǒƪǒƑïǃå Ɨǀǒïõǃå ïƕƙƶƙ ûǒïõ ÿƵ
 āá ýðǈǆǃå ǑƼ éíơǒ íƿ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƺǃ ôïƶƙǃƓƼ .Ǌǃ ÿǒƶǃå āá íǄƞǃå ôïƶƙ
 èåî ăïƓƞǆǃå Ơǆƪƙ íǀƼ ƗƑǒƪǃå ƗǂƓƕƪǃå æƕƪƕ ÿāǂǒ íƿ ýðƓǈǆǃå ǑƽƼ Ü ýǆƶǃå ÿƓǂǆ ǑƼ
 ÿǆ Ǌǃ ôïƶƙǃå éíơǒ íƿ üǃîǂā ýðǈǆǃå ýāƤíƕ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƺǃ ƗƼƓƞǃå èƓơƙƽǃå

ƙǃå ïƓƕǓå ǉƓǒǆ " ƗơƑåï óƑƓƮƤ ǉƓǒǆǃå ǉîǌǄƼ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ ǏǄƵ ăāƙơƙ Ǒ
 ÿǕ ƗǒơƮ ïõƓƤǆ ǏǄƵ ƓǆƑåí ýíƙ Ǚ ïƑƕǃå ǉƓǒǆǃ Ɨǌǒïǂǃå ƗơƑåïǃåā " çíƪƓƽǃå ôǒƕǃå
 ƗưƽƤǈǆ èƓǒāƙƪǆ ǑƼ Ɠǌƙöơǚǆ ÿǂǆǆǃå ÿǆ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ ƗơƑåï

å ƗƞǃƓƶǆā ǑƬåāǆǃå ýƓƞǆ ǑƼ ÿāǄǆƶǒ ÿǒîǄǃå ÿǒǆíƤƙƪǆǃåā ǑƼƓƮǆā ǑơƮǃå úïƮǃ
 íƿā þǌǄǆƵ ýƓƞǆ ǑƼ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƺǃ ƗưïƵ ÿāǈāǂǒ íƿ õƽǈǃåā ðƓƺǃå ýǆƓƶǆā

 Ăāƙƪǆ ǏùǄƵ ÿùǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓùƹ ƗơƑåï þƬƙ10 ÿāǒǄƕ ýǂǃ ßåðƞá  ( ppb 
)   ïǒƕǂ ëïƪǆ ǑƼ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ ÿǆ ïǒƺƮ æāƕǈá ýíƓƶǒ ÿāǒǄƕǃå ǑƼ ßðƞǃå

Ü ßåāǌǃƓƕ ƐǄǆ  ƗưƽƤǈǆ èƓǒāƙƪǆ ǏǄƵ Ǐƙơ ðƓƺǃå þƬ þǌƙƵƓõƙƪƓƕ íåïƼǕå ôƶƕā
 ÿǒƶǃå Ɲǒǌƙ Ǐǃã ăíâǒ íƿ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ ÿǆ ǏǄƵǕå èƓǒāƙƪǆǄǃ ôïƶƙǃåā
 ƗƪƓơǃ ƗƕƪǈǃƓƕ Ɨǒāƿ Ɨǌǒïǂ ƗơƑåï ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƺǃ ÿá ÿǆ þƹïǃƓƕā .ƗƑïǃåā úǈǕåā

 Ăāƙƪǆ ǏǄƵ ǊǈƎƼ þƬǃå50 Ĳ 100  āǒǄǆ ýǂǃ ßðƞÿ ( ppm )   Ɠǆ ßåāǌǃå ǑƼ ðƓƺǃå ÿǆ
] ßåāǌǃƓƕ ƐǄǆ èǒƕ ǑƼ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƺƕ ÿǒƙƑǒǄǆ åíāƮǃå ÿǆ ÿǒƙƕǄƵ ăðåāǒ2 Ü[

 ÿƓǂ åîã ƓǆǒƼ ïïǀƙǃ üƕ ƗƮƓƤǃå þƬǃå ƗƪƓơ ǏǄƵ íǆƙƶƙ ÿá æƞǒ Ǚ Ăāƙƪǆǃå åîǋ ǑƼ
ƕǂ ðƓƹ ñƓǒǀǃ çåíá þåíƤƙƪå þƙǒ ÿá æƞǒā ßåāǌǃå ǑƼ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ íǒƙǒï

 ƗǒƪƓƪơǃå æƕƪǒ üǃî ÿƎƼ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ èƓǒāƙƪǆ íǒåðƙƙ Ɠǆǈǒƕā ÿǒƞāïíǒǌǃå
 ÿǆ ǏǄƵá èƓǒāƙƪǆ ǏǄƵā ÷åíƮǃå üǃîǂā Ɨơǂǃåā ïåāíǃåā ÿǒƶǄǃ Ɲǒǌƙǃåā25 ( ppm ) 
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 ÿǆ ïƛǂǕ ôïƶƙǃåā ñƽǈƙǃå ǏǄƵ üƙïíƿ ǏǄƵ ïǒƛƋƙǃƓƕ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ áíƕǒ
600 ( ppm )  Ɠƿ ÿāǂǒ íƿ Ǐǃã ñƓǈǃå ýƤíǒ ƓǆíǈƵ éíơƙ èƓǒƼāǃƓƼ Ü ƗƵïƪƕā ǚƙ

 ýƑåāƪǃå ƝǒïƓǌƮā Ɨǀǒǆƶǃå ïƓƕǓåā ǑơƮǃå úïƮǃå Ɨǆöǈá ýƛǆ Ɨǒāǌƙǃå ƗƑǒƪ ÿǂƓǆǕå
 ǉîǋ ÿƓƶǒƿ ÿǆ æïǀǃƓƕ ǏǄƵá ǉðǒǂïƙ ïƕƙƶǒ åîǃ ßåāǌǃå ÿǆ ýǀƛá ðƓƺǃå åîǋā ƗǒƼāƞǃå

ÿǂƓǆǕå, ÿǆ ýƿǕå èƓǒāƙƪǆǃå ǑƼā25 ( ppm ) ƪƕ ǑƼƓƶƙǃå éíơǒ ôïƶƙǃå íǈƵ ƗƵï
 ñƓǈǃå ǑƼ íǆǕå ƗǄǒāõ ǑƕƮƶǃå ðƓǌƞǃå ýǂƓƬǆ èíƞā íƿā Ü ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƺǃ
 íƮï þƙ üǃîǂ Ɨƶƽƙïǆ èƓǒāƙƪǆ íǈƵ ÿǂǃā ïǒƮǀǃå Ăíǆǃå ǏǄƵ ðƓƺǄǃ åāưïƶƙ ÿǒîǃå
 íǒƙǒïƕǂ ðƓƹ ðǒǂïƙƼ æïƬǃå ǉƓǒǆǃ ƗƕƪǈǃƓƕā èǙƓơǃå ǉîǋ ýƛǆ ǑƼ æǄǀǃå èƓƕƓƮã ôƶƕ

 Ɨƕƪǈƕ ÿǒƞāïíǒǌǃå70 (ppm)  ] ÿāǒǄǆǃå ǑƼ ßðƞ8åîǌǃā Ü [  ǑƼ ýǂƓƬǆ æƕƪǒ íƿ
 ǏǄƵ ăāƙơǒ ăîǃå ßƓǆǃåā Ü Ǒǆưǌǃå ðƓǌƞǃå700( ppm )   íǒƙǒïƕǂ ðƓƹ ÿǆ

 ǉîǋ ǏǄƵ ăāƙơƙ Ǒƙǃå ǉƓǒǆǄǃ ïƬƓƕǆǃå ôïƶƙǃåā ƗǃƓơǃå ǉîǋ ǑƼ ƓǆƓƪ ïƕƙƶǒ ÿǒƞāïíǒǌǃå
þǃǕåā ïåïǆơǙå æƕƪƙ íƿ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ ÿǆ èƓǒāƙƪǆǃå ǑƼ ÿǒƶǃå Ɲǒǌƙƙ íǀƼ .

 ƗǆƑåíǃå æāíǈǃåā æƓǌƙǃǙå üǃîǂā ßƓǆǃå ǑƼ ƗưƽƤǈǆǃå ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ èƓǒāƙƪǆ
 ýǒāõǃå ôïƶƙǃå ÿƓǂ åîã íǂâǆǃå ÿǆ ñǒǃā .Ɨƶƽƙïǆǃå èƓǒāƙƪǆǃå ǑƼ éíơƙ íƿ ÿǒƶǃå ǑƼ
 ƴǆ èƓƪåïíǃå èïǌöá íƿā ôïǆǃå Ǐǃã ăíâǒ íƿ ðƓƺǃå ÿǆ ƗưƽƤǈǆǃå èƓǒāƙƪǆǄǃ íǆǕå

ǒơǃå Ǐǃã ăíâǒ íƿ ƗǄǒāõ çíǆǃā ðƓƺǃå åîǋ ÿǆ ƗưƽƤǈǆ èƓǒāƙƪǆ ǑƼ ñƽǈƙǃå ÿã èƓǈåā
 .ƗƑïǃåā ûǄơǃåā úǈǕå æƓǌƙǃåā Ɲǒǌƙ 

7- ïƑƸǁä çäîǐƙƉƗ  
à . :üĀƾƟǁäĀ ǏƺƑƬǄǁäĀ ƕǐƳƑǆƬǁä úôƑǆǄǁƑƓ þǐǂǄƑƴǁä ǍǂƳ ǇîǐƙƉƗ  

ðǒǂïƙǃ (Ăíǆǃå ýǒāõ) ÿǆðǆǃå ôïƶƙǃå ÿã Ǐǃã (ýƙƓƿ ïǒƹ) ôƽƤǈǆ  íǒƙǒïƕǂ ðƓƹ
ƞāïíǒǌǃå ÿǂƪǃåā ýǆƶǃå ûõƓǈǆ æïƿ) ÿǒƶǃåā ñƽǈƙǃå ðƓǌƞā íǄƞǃå ûǒïõ ÿƵ ÿǒ

 ƗǆƑåí ƗǒƪƓƪơ :Ɠǌǆǋá ÿǆā ïõƓƤǆā ƓưåïƵá Ɠƕƕƪǆ (ǚƛǆ Ɨǒõƽǈǃå ýāǀơǃåā ƴǈƓƮǆǃåā
Ɨǒâï òāƬƙā Üþǃá ƴǆ ûƼåïƙǆ ÿǒƶǄǃ 

1. èāƮǃåā ûāîǃåā þƬǃå ƗƪƓơ ǏǄƵ ïƛâƙ çïƞǈơǃåā úǈǕå Ɨǈǆðǆ ƗǒƪƓƪơ 
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2. ýƓƶƪ ƴǆ ûƼåïƙǆ ñƽǈƙ ûǒư 
3. íǀƼƗƤāíā ÿƓǒƛƹ èƓƕāǈā ƗǒǌƬǃå ÿå 
4. Ɨǒƪƽǈā ƗǒƕƮƵ èƓǆðá ƴǆ ÷åíƮ 
5. (èāǆǄǃ ăíâǒ íƿ) ǑƵāǃå ÿåíǀƼ èƓƕāǈ  

 ÿāǂƙ íƿ Ɨǒõƽǈǃå èƉƬǈǆǃå ǑǆíƤƙƪǆ Ɠǌǈǆ ǑǈƓƶǒ íƿ Ǒƙǃå Ɨǈǆðǆǃå ôåïƵǕå ǉîǋ ýǂ
 þƪƞǃå ƗƵƓǈǆā ǉåāƙƪǆā (ƗǆƓƿǗå āá ýǆƶǃå ÿǆð) ôïƶƙǃå çíǆ æƪơ Ɨƶǆƙƞǆ āá çíïƽǈǆ

å ƗǒƵāǈā ăïƬƕǃå ôåïƵǕå ǉîǋ ýǂ āá ôƶƕ ïāǌö þƓƵ ýǂƬƕā ÿǂǃā Üƣǃå... þƓƶõǃ
 þǄƿƋƙ ƗƕāƶƮ ýǚƤ ÿǆ ýǆƶǃå ƗǒíƓƮƙƿåā ǉƋƽǂā çíāƞ ǏǄƵ ñǂƶǈƙƪ þíƤƙƪǆǃå Ăíǃ

þíƤƙƪǆǃå ǑǄƵ Ǌƙïíƿ ÿǆ ýǄǀǒ ăîǃåā ýǆƶǃå āƞ ƴǆ  Ǌƕ õƓǈǆǃå ýǆƶǃå ßåíá]3[.  üǃîǃ
Ƽ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƺǃ ôïƶƙǃå ïõƓƤǆ ǏǄƵ úïƶƙǃå æƞǒ ƴƿāƙǆǃå ûõƓǈǆǃå Ǒ

 êƓƙǈȒåā úƓƬǂƙƪƓƕ Ɨõƕƙïǆǃåā çíǂâǆǃå ûõƓǈǆǃå Ɠǆǒƪ Ǚā ÜðƓƺǃå åîǌǃ ôïƶƙǃå ýǆƙơǆǃåā
 ýǆƶǃå æǒǃƓƪáā .ðƓƺǃå ƗƞǃƓƶǆ ýǆƓƶǆā ðƓƺǃåā þƓƤǃå õƽǈǃå ïǒïǂƙā ƴǒǆƞƙā ƗƞǃƓƶǆā
 ƗǒïåíǗå èåßåïƞǗå éíơá ûǒƕõƙƕ üǃîā ÿǒǆíƤƙƪǆǃåā ýǆƶǃå Ɨǆǚƪ ÿƓǆưǃ Ǌƶǆ ÿǆǓå

 Ɨǒǈƽǃå  íƓǆƙƵåā ÜǊǈǆ çïõƤǃå èƓǒāƙƪǆǄǃ þíƤƙƪǆǃå ôǒïƶƙ ÿǆ ƗǒƓƿāǃåā ǊƽƬǂǃ Ɨǒƪíǈǌǃåā
 ýǄƬǃ ăíâƙ ÿá ÿǂǆǒ Ü ƗǒǃƓƵ èƓǒāƙƪǆǃ ƐƞƓƽǆǃå ôïƶƙǃå íǈƵ êǚƶǃåā ƗǒƓƿāǃå ýƑƓƪā

èāǆǃƓƕ Ǒǌƙǈƙ ƗǒāƑï Ɨǆîā āá ǑƕƮƶǃå ðƓǌƞǃå   íāƞāƕ ÿƓƪǈǗå ñơǒ ÿá ÿǂǆǆǃå ÿǆā
 ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ ǃāƮā íǈƵ ëāǆƪǆǃå íāíơǃå ÿǆ ïǒƛǂƕ ýƿá ÿǒƶǆ ðǒǂïƙ Ǐǃã Ǌ

 ǊƪƓǒƿ çïāïư ǏƵíƙƪǒ Ɠǆǆ íāíơǃå ǉîǋ ÿƵ ǉðǒǂïƙ çíƓǒðƕ ñƓƪơǗå ÿǂǆǒ Ǚ Ǌǈá Ǚã Ɠǌƕ
 ðƓƺǃå Ɨǒǆƪ Ɨƞïí ƗƼïƶǆǃ üǃîƕ ƗƮƓƤǃå çðǌƞǕƓƕ]2[. 

å . ƕǐƏǐƓǁä çäîǐƙƉƗǁä 
 :ǑƙǓå ǑƼ èåïǒƛƋƙǃå ǉîǋ ÿǆǂƙ 

1. ǃ Ɨǈāǂǆǃå Ɨǒơǃå èƓǈƑƓǂǄǃ ðƓƺǃå ƗǒǆƪǑƑǒƕǃå þƓöǈǄ.   
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2.  Ɨƕāõïǃå ƴǆ ýƵƓƽƙƙ Ǒƙǃå èǒïƕǂǃå íǒƪƓǂá Ǐǃã ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ íƪǂƋƙ
 Ɨǒíâǆ Ɨǒưǆơ ïƓõǆá ƗƑǒǋ ǏǄƵ õǀƪǒ ăîǃå üǒƙǒïƕǂǃå ôǆơ Ɨƞƙǈǆ Ɨǒāƞǃå

ǊǒǄƵ õǀƪƙ ăîǃå ǑƑǒƕǃå þƓöǈǃƓƕ ïåïưǗå Ǐǃã.  
3. ǆ Ɨǒîƺǆǃå íåāǆǃå óƓƮƙǆå ǏǄƵ ƓĄƕǄƪ ïƛâǒ Ɠǆǆ Ɨƕïƙǃå Ɨưāǆơ çíƓǒð ýƕƿ ÿ

èƓƕǈǃå.  
é . ƕǐìƑƬƗƽǗä çäîǐƙƉƗǁä: 

1. ƗǒïƛǕåā Ɨǒǈǂƪǃå ǑǈƓƕǆǃå ýǂƉƙ. 
2. Ɨǒǈíƶǆǃå èƉƬǈǆǃåā íåāǆǃå ýǂƉƙ. 
3. ƗǒƙƓƕǈǃåā Ɨǒǈåāǒơǃå çāïƛǃå ǏǄƵ çïƓư èåïǒƛƋƙ. 
 ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ ïƛâǒ  Üÿåāǒơǃå ÜÿƓƪǈǗå :ƓǋïƮƓǈƵ ýǆƓǂƕ ƗƑǒƕǃå ǏǄƵ

 ýǂƉƙ æƕƪǒ āǌƼ .ÿíƓƶǆǃå ÜƗƕïƙǃå ÜèƓƕǈǃå ýƵƓƽƙǒ éǒơ Üýǀǈǃåā úǒǄƺƙǃåā êƓƙǈǗå ïǒƪåāǆ
 Ǐǃã Ǌƕïƪƙ ǏǄƵ üǃî íƵƓƪǒā ÜƓưǒá ýƓƶƙƬǚǃ ýƕƓǀǃå ăíǒíơǃå èǒïƕǂ ǚǂƬǆ îǙāƽǃå ƴǆ
 ÿã .ûƼåïǆǃåā Ǒƶǒƕõǃå ðƓƺǃåā þƓƤǃå õƽǈǃå ýǀǈ ïǒƪåāǆā ïƓƕǓå ñāâï ÿǆ ăāƞǃå ßåāǌǃå

 ƴǆ ýǂƬǒ ÿá ÿǂǆǒā ÜûåïƙơǙå íǒíƬ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ Ɲǒðǆ ăāƞǃå ÿǒƞƪǂāǕå
] èǒïƕǂǃå íǒƪǂá ǑǈƓƛ ðƓƹ Ǌƿåïƙơå ÿƵ Ɲƙǈǒā ÜăïƓƞƽǈå8[ úāǃƋǆǃå ÿǆ Ǌǈá éǒơ .

ǑƼ ǏǄƵ ăāƓơǃåā ôƑƓƽǃå Ǒƶǒƕõǃå ðƓƺǃå ûåïơã þƙǒ ÿá Ɨǒõƽǈǃå ýāǀơǃå  íǒƙǒïƕǂ
 ÿǂǆǒā õƽǈǃå ƴǒǆƞƙ èƓõơǆ ǑƼ ýƮƽǃå Ɲƙåāǈā ðƓƺǃå ƴǒǆƞƙ èƓõơǆ ǑƼ ÿǒƞāïíǒǌǃå

ƗƑǒƕǃå Ǐǃã ûǄõǒ ÿá  ƗǃíƓƶǆǃ ƓǀƼā Ɠưǒá Ɨǒǆƪǃå íǒíƬ èǒïƕǂǃå íǒƪǂá ǑǈƓƛ ðƓƹ Ɨõǒơǆǃå
:ƗǒǃƓƙǃå  

H2S + 3/2 O  2 Ÿ H2O + Sʆ2 
ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ íơƙǒ ƓǆíǈƶƼ  ýǂǓå ôǆơǃå ýǂƬǒ ăāƞǃå ßåāǌǃå ǑƼ ƗƕāõïǃƓƕ

 Üïǒƪåāǆǃå ÿíƶǆ ôǆơǃå ýǂƋǒ éǒơ çïǒõƤ èƓƕǒïƪƙ ǊǈƵ Ɲƙǈǒā ÿíƓƶǆǃå úǄƙǒ ăîǃå
 èƓǆƓǆƮǃåĂïƤǕå èåíƶǆǃåā èƓǈåðƤǃåā.  ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ ýǂƉƙ  ǑƪƓƪá ýǆƓƵ

 íåāǆ ÿǒāǂƙ ǑƼ(Pyrophoric) ýƵƓƽƙǒ ƓǆíǈƵ  æǄƮǃå ƴǆ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ
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Ǐǃã Ǌưïƶƙā ßåāǌǃå.  Üõƽǈǃå ýāǀơ ÿǆ Ɨƕǒïǀǃå ûõƓǈǆǃå ÿāǂƙ ÿá Ǒƶǒƕõǃå ÿǆ åîǃ
å ôƶƕ ǑƼ ƗǒƼāƞǃå ǉƓǒǆǃåā ÜǑơƮǃå úïƮǃå èƓǂƕƬā ƗƑǒƕǃå Ǒǋ ƴƿåāǆǃåā ÿǆƓǂǆǃ

 Ǒƙǃå ÿǂƓǆǕå Ǐǃã ƗƼƓưȒåā ǉïƓƬƙǈåā ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ éƓƶƕǈåā íǃāƙǃ ƗǆƑǚǆǃå
 èƓƕǂïǆ ƴǆ ýǆƓƶƙƙ Ǒƙǃå ƴǈƓƮǆǃå āá ăïǒƞǃå ïƞơǃå èƓǀƕõ ƗǒƼāƞǃå ǉƓǒǆǃå ƓǌǒƼ ûïƙƤƙ

] ƓǌƞƓƙǈã ǑƼ èǒïƕǂǃå4 .[ 
8- ǁä ìǐƗǐîƓǀ ïƑƸǁ óîƴƗǁä þǄ üǐǂƾƗǁäĀ ƕǐƑǄƟǁä ƕǐƻǐǀþǐƜĀîìǐǊ  
-  åāƶƕƙǒ ÿá æƞǒ ðƓƺǃå åîǌǃ ÿāưïƶƙǒ ÿǒîǃå  ƗǒƵƓǈƮǃå ûõƓǈǆǃƓƕ ÿǒǄǆƓƶǃå

ƗǒǂǒïǆǕå Ɨǆǚƪǃåā ƗơƮǃå çïƑåí Ɠǌƙƶưā Ǒƙǃå èåíƓƬïǗå ( OSHA )    Ǒƙǃåā
 íǒƙǒïƕǂ ðƓƹ ýƛǆ èƓǒāƓǆǒǂǄǃ ôïƶƙǄǃ Ɨƞǒƙǈ èƓǒƼāǃå ƴǈǆǃ ïǒǒƓƶǆ èƶưā

ÿǒƞāïíǒǌǃå . 
-   Ǒƙǃå Ɨǒǈǂƪǃå ûõƓǈǆǃåā ýðƓǈǆǃå ýǄǀƙ ÿǂǆǆ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ƗǄǂƬǆ ÿǆ ǑǈƓƶƙ

 ǑơƮǃå úïƮǃå æǒƕƓǈá ÿá ÿǆ íǂƋƙǃå ûǒïõ ÿƵ üǃîā ðƓƺǃå åîǌǃ ôïƶƙǃå Ɨƕƪǈ
 ÿƵ ǉåāƙƪǆ ôǒƽƤƙ ÿǂǆǆǃå ÿǆ üǃîǂā þǒǄƪ ýǂƬƕ ƓǌƙǈƓǒƮā Ɠǌƕǒǂïƙ þƙ Ǒƙǃå

 ýǂƓƬǆǃå  ƗƞǃƓƶǆā ƠǒơƮƙ ûǒïõ ÿƵ üǃîā Ǌƙǃåðã þƛ ÿǆā ïíƮǆǃå íǒíơƙ ûǒïõ
 ƗƕơƓƮǆǃå Ɨǒāǌƙǃå çíƓǒðƕ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƺƕ Ɨõƕƙïǆǃåā]8[ . 

9-  :ƑǊƓ êĀǄƨǄǁä þǐƜĀîìǐǊǁä ìǐƗǐîƓǀ ïƑƸǁ óîƴƗǁä çƑǐĀƗƨǄ 
 þƮåāƶǃåā ÿíǆǃå þöƶǆ ǑƼ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƺǃ ôïƶƙǄǃ ëāǆƪǆǃå ǑǃƓơǃå Ăāƙƪǆǃå

 ÿǒƕ ëāåïƙǒ ƗǒǆǃƓƶǃå0.050 Ƹǆ\ þ3 )0.13PPM çāïîǃå èƿā ǑƼ ýƮǒā (.
Ǐǃã     0.33 PPM. Ăïƕǂǃå ƗǒǃƓǆƶǃå èƓƶǆƞƙǃå ǑƼā  çïƙƽǃā Ɨǒǈǂƪǃåā8  èƓƵƓƪ

 ÿǆư ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƺǃ ôïƶƙ Ăāƙƪǆƕ èƓǆāǂơǃå ôƶƕ Ơǆƪƙ
ýƓƞǆǃå PPM 7-  10  ǑǂǒïǆǕå ïǆƙâǆǃå ǑƼā .Hygienists  Ǒǆāǂơǃåā ǑƵƓǈƮǃå)

 Ǐǃã ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƺǃ ôïƶƙǃå ƗƕƙƵ ƴƼïƕ ǏƮāá)10  (ppm  ôïƶƙ  ýǒāõ
Ăāƙƪǆǃå ýƮǒā ) íǆǕå   Ċíơ Ǐǃãppm 15  ÿǆ ïƕǂá ñǒǃ ÿǆðǃ15  ïƛǂá ñǒǃā Ɨǀǒƿí
þāǒǃƓƕ èåïǆ ƴƕïá ÿǆ]1[ . 



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   тф 

 
 

) ýāíùùƞǃå ǑùùƼā2 ÿǒùùƕā ÿǒƞāïíùùǒǌǃå íùùǒƙǒïƕǂ ðƓùùƺǃ ôïùùƶƙǃå Ăāƙùùƪǆ ÿǒùùƕ Ɨùùƿǚƶǃå óùùƤǄǈ (
Ăāƙƪǆ ýǂǃ ƗǀƼåïǆǃå ôåïƵǕå ]1[ . 

 õāïƬ æƪơāAPI ƙơǒ āƞ ǑƼ ýǆƶǄǃ õāïƬ Ɨƶƕïá íƞāǒ íǒƙǒïƕǂ ðƓƹ ǏǄƵ ăā
 :ÿǒƞāïíǒǌǃå- 

1. :ïǒõƤ ïǒƹ ƗǒƓƿā çðǌƞá æǄõƙǒ Ǚ 
2. ) ċÿĉǆ ýƿá :ôƽƤǈǆ ïõƤ ppm10 ƗǒƓƿāǃå çðǌƞá Ǐǀƕƙā ïưƤǕå þǄƶǃå ƴưāǒ (

ýāƓǈƙǃå ƗǄǌƪā æǄõǃå èơƙ 
3. ) ċÿĉǆ ǏǄƵá :õĊƪāƙǆ ïõƤppm 10) ċÿĉǆ ýƿáā (  ppm 30  þǄƶǃå ƴưāǒ (

Ǘå Ɨǆöǈá ýǒƺƬƙā ïõƤǃå íāíơ ǏǄƵ ïƽƮǕå úƬåāǂǃåā Ɨǒƶǆƪǃåā ƗǒïƮƕǃå ïåîǈ
 èåíāðǆā ƗǒƮƤƬǃå ƗǒƓƿāǃå çðǌƞá ßƓǀƕ ǏǄƵ óïơǃåā ƗǒƑïǆā ƗǄǆƓƵ ƗǒǂǒƙƓǆāƙǙå

 èåíƶǆǃåā ÿǒƞƪǂǕåƗǒƼƓƶƪǗå  ƗǒǃƓƵ ƗǒðǋƓƞƕ]10[ 
4. ) ÿǆ ïƕǂá :ǑǃƓƵ ïõƤppm30 íƶƕ ǏǄƵ ïǆơǕå þǄƶǃå ƴưāǒ (500  ċÿĉǆ ćþíƿ

ƿāǆǃå Ǐǃã ăĊíâĈǒ ûǒïõ ĊýĈǂ ǏǄƵā ĉƴƿāǆǃå äïåāõǃå ƗǃƓơ ǑƼ ýāƤíǄǃ íåíƶƙƪǙåā .ĉƴ
 Ơǆƪƙ Ǚā Ü(çðǌƞǆ èǚƮåāǆ ýƑƓƪā ÿǒƕïíǆ óƓƤƬá) ƴƿāǆǃå Ǐǃã ýāƤíǃå íǒíơƙā

 ïǒǒƓƶǆ  API  ƗƕƙƵ ðāƓƞƙƙ èƓǒāƙƪǆ íǈƵ ƗǃƓƶƼ ƗǒƞƓƙǈã Ɨǒõƽǈ ýƓǆƵá ƗǒƋƕ þƓǒǀǃå
.ƗǒíƓƵ ûāƼ ăá ñƪơƙǃå 

) ýƽî üĀìƜǁä2ǁä îǐƙƉƗǁäĀ óîƴƗǁä āĀƗƨǄ þǐƓ ƕƽǘƴǁä :(îƪƓǁä ǍǂƳ ùĀîƴǄ 

Ăāƙƪǆǃå ïƬƕǃå ǏǄƵ úāïƶǆǃå ïǒƛƋƙǃå 
ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðǒǂïƙ 

PPM mg/m3 

ýƙƓƿ Ǒƪƽǈƙ ýǄƬ ƴǆ ăïāƼ ïƓǒǌǈå 1000- 2000 1400- 2800 

åíƞ ǑǃƓƵ èāǆǃå ûƕƪǒ Ǒƪƽǈƙ ýǄƬ ăðǂïǆǃå ǑƕƮƶǃå ðƓǌƞǃå ƓǒǚƤǃ úǄƙ 530-  1000 750- 1400 
ǑǃƓƵ  āǆǃå ïõƤ ƴǆ çíƓơ ƗǒāƑï Ɨǆîāè 320-  530 450-  750 
õƪāƙǆ þƬǃå ƗƪƓơ ÿåíǀƼ 150 Ĳ 250 210-  350 
ôƽƤǈǆ ÿǒƶǄǃ ăíƞ ïïưƙ 50-  100 70-  140 
ăíƓƵ ÿǒƶǃå ñƪơƙ ƗƕƙƵ 10 -   20 15-  30 
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 ) ϝІмцϜ ϣвДжв ϼттϝЛв сЯт ϝвтТOSHA) :(Occupational Safety and 
Health Administration:( 

å ïǒǒƓƶǆ ÿǒƕ úǚƙƤå ăá íƞāǒ Ǚ éǒơ ÜéơƕǃƓƕ ƗǀƕƓƪǃå èƓǆāǄƶǆǃå ƴǆā ƓƬāǙ
 Ǐǃã ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ ðǒǂïƙ ýāƮā íǈƵ ýǆƵ ăƋƕ þƓǒǀǃå ïöơƙ20 PPM  Ɠǆǌǆ

 ƗǒƓǆơǄǃ Ɨƶƕƙǆǃå ƗǒƓƿāǃå ïǒƕåíƙ èǈƓǂ]10[ ðƓƹ ðǒǂïƙ íāíơ ĂïƤá ƗǒƑǒƕ èƓǆöǈǆ íǒǀƙā .
 Ǐǈíá þǒƿ Ǐǃã ßåāǌǃƓƕ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ]10[. 

) ýƽî üĀìƜǁä3:(  ) ƕǄõǆǄ þǐƓ ƕǆîƑƾǄNIOSH  ) ƕǄõǆǄĀ (ACGI ( 
 ϣгЗзвNIOSH 

National Institute for Occupational 

Safety and Health 

 ϣгЗзвACGI 

American Conference of 

Governmental Industrial Hygienists 

 ̮̮̮̮̮̮̮Ϡ   ϿуЪϽϧЮϜ ϹуЧϦPPM 10 
  ̮̮̮̮̮̮̮Ϡ   ϿуЪϽϧЮϜ ϹуЧϦ PPM8   ϢϹгЮ8 

ϤϝКϝЂ 

 
- :þǐƜĀîìǐǊǁä ìǐƗǐîƓǀ ïƑƷ þƳ ùƪǀǁä úîô 
  ÿǒƞāïíùǒǌǃå íùǒƙǒïƕǂ ðƓùƹ íāùƞā ÿùƵ úùƬǂǃå ǑƼ þƬǃå ƗƪƓơ ǏǄƵ íƓǆƙƵǙå ðāƞǒ Ǚ

     ýùùǆƶǃå āá ÿǂùùƪǃå ƴùùƿåāǆ ǑùùƼ ßåāùùƪ]1[ ÿùùƵ úùùƬǂǄǃ ûïùùõ çíùùƵ þåíƤƙùùƪå þƙùùǒ ƓùùǒǄǀơ .
ÿǆ ǉîǋā .ǉðǒǂïƙā ǉíāƞā  ÿǆ ÷āǈǃå åîǋ ýƛǆƕ þǂơƙǄǃ Ɨǒƪíǈǌǃå ïǒƕåíƙǃå þǋá ÿùǆ .ïõƓƤǆǃå

:ûïõǃå ǉîǋ 
 -  (ýƮƽǃåā ƴǒǆƞƙǃå èƓõơǆā èåïƓƽơǃå ðǂåïǆā ïƕƓƤǆǃå) ƗƙƕƓƛǃå ÿǂƓǆǕå ǑƼ 

-  ûïðá ƗǀǒïõÿǒǄǒƛǒǆǃå .Ǌƙƕƪǈ ïǒíǀƙā ǊǈƵ úƬǂǄǃ 
- .ƗǒðƓƺǃåā ƗǄƑƓƪǃå ƓǒƼåïƹāƙāǆāïǂǃå 
- .æǌǄǃå ÿāǃ Ɨǀǒïõ 

 - :(...èƓǆíƤ ÜëǚƮã èåïƓƽơ ÜƗǒƓǆơ ÜèƓǒǃà) Ɨǃåāƞǃå ÿǂƓǆǕå ǑƼ Ɠǆá 
- Ǒǆƿïǃå èåðƓƺǃå úƬǂ ðƓǌƞ )Gas Detector.( 
-  .ƗǒðåðƙǆǙå ñƓǒǀǃå æǒƕƓǈá 

ǑƵƓǈƮǃå ÿǆǕå èƓƕǄõƙǆ ÿǆ ðƓƹ éƓƶƕǈǙ Ɨưïƶǆǃå ûõƓǈǆǃå ǑƼ  :ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ 
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1.  ǉîǋ ðǒǌƞƙā ǑƞƓƙǈǗåā ăïåíǗå ýǆƶǃå ÿǂƓǆá ǑƼ ǑơƮǃåā ÿǆǓå ýǆƶǃå ÿƓǆư
ƴƿåāǆǃå åîǈã çðǌƞá ÜƗǒāǌƙ) ƗƕƪƓǈǆǃå ýƑƓƪāǃƓƕ ..ðǒǂïƙǃå ñƓǒƿ èåíƶǆ ÜƗǒƓƿā èåíƶǆ Üï

 ûƛāǆ ýǂƬƕā Ɨǆǚƪǃåā ÿǆǕå ïǒƕåíƙā ßǚƤǗå õõƤ ǏǄƵ ÿǒǄǆƓƶǃå æǒïíƙā Ü(ƣǃå]6[. 
2.  ýǀǈǃå õāõƤā èƓǈåðƤǃåā èåíƶǆǃå ýǂƉƙ ƴǈǆǃ Ɨǒƞāǃāǈǂƙǃå ïǒƕåíƙǃå ƗƼƓǂ îƓƤƙå

 ƗǒƓǆơ ÜƗǃƓƶƼ ýǂƉƙ ƴǈåāǆ).Ǌǒõƕǌǆ..Ü( åïǆǃå ïǒƹ æïƪƙǃå èǙƓǆƙơå ÿǆ íơǄǃ æƿ]6[. 
3. ƗǒƼƓǂǃå ƗǒƓǆơǃå ÿǒǆƋƙ ôïƶƙǃå ÿǆ  õƑƓƪāǃå þåíƤƙƪƓƕ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƺǃ

.(ƣǃå ..èåïƓƬã ÜƗǒƮƤƬ ƗǒƓǆơ ýƑƓƪā Üïåîǈã) ƗƕƪƓǈǆǃå 
4.  ƗǒƪƓǒǀǃå ÿƓǆǕå èåïƓƬã ýǆơƙā çïƕƙƤǆ ïǒƹ èåíƶǆ Ɨǒá þåíƤƙƪå ƴǈǆ

.(ƣǃå... Üïǒƪåāǆ ÜèǚƮā ÜèƓǆƓǆƮ) 
5. ǆ ǏǄƵ ǑǃǓå þǂơƙǃå þƓöǈ ûǒƕõƙ õƽǈǃå ƗƞǃƓƶǆā ÿǒðƤƙā ýǀǈ ā êƓƙǈã èƉƬǈ

 õƺư ÷Ɠƽƙïå íǈƵ ïåîǈǗå ÜõāõƤǃå ÿǆ èƓƕǒïƪƙǃå ñƪơƙ íǈƵ ûǚƹǗå Ǌƙǆƙá) ðƓƺǃåā
 (èƓǈåðƤǃå]1[ . 

 Üÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƺǃ ôïƶƙǃå ïõƤ ÿǆ ƗǒƮƤƬǃå ƗǒƓǆơǃå ýƑƓƪā ÿǒǆƋƙ ÿã
ƗƮƓƤā ǀƵ ăá ÿǆư ǑƪƓƪá õïƬ ïƕƙƶǒ ÜïõƤǃå èƓƵƓõƿ ǑƼ ÿǒǄǆƓƶǄǃ ÿǆā Ǒõƽǈ í

ýƑƓƪāǃå ǉîǋ ]5[:-  
1. :þƪƞǃå ƗǒƓǆơ ýƑƓƪā ýǆƓǂ ǑƑƓƿā ñƓƕǃ  (ñáï ßƓõƹ ÜèåðƓƽƿ ÜƗǒîơá ÜèǙíƕ)

 ƗǒîơǕå úöǈƙā þåíƤƙƪå ýǂ íƶƕ ƗƪƕǃǕå ýƪƺƙ .íǄƞǃå Ǐǃã ðƓƺǃå ýƺǄƺƙ þíƵ ÿǆưǒ Ü
.ôïƶƙā ßåíƙïå ƗǒǄǆƵ ýǂ íƶƕ ýǆƓǂǃå ýƓƪƙƹǙå ýǆƓƶǃƓƕ ôïƙƽǒ Ɠǆǂ .èåðƓƽǀǃåā 

2. ǒƓǆơ ýƑƓƪā:ñƽǈƙǃå Ɨ  ïǒǒƓƶǆ ûƼā Ɠǒƕõ ûƼåāƙǆ ýǂƬƕ ïƓƙƤƙ ñƽǈƙǃå çðǌƞá ÿã
 )OSHA 1910.134 :Ɠǌǃ þíƤƙƪǆǃå ýǆƓƶǄǃ ƗǒơƮǃå ƗǃƓơǃå ƴǆ ( 
-  (ïõƤ ïǒƹ āá) ëāǆƪǆ ðǒǂïƙǃ ā ĄƓǒǈǆð íāíơǆ ôïƶƙ ƗǒǈƓǂǆã íāƞā íǈƵ

. ƗǃðƓƵā Ɨǒƿåā èåïƓöǈ ƴǆ Ǌƞāǃå ÷ïí þåíƤƙƪƓƕ Ơǆƪǒ 
-  ïƛǂǕ ôïƶƙ ƗǒǈƓǂǆã íāƞā íǈƵÿǆ 5PPM    ýǆƓǂ Ǒõƺƙ çðǌƞá þíƤƙƪƙ

 ǏǄƵáā õƪāƙǆ ðǒǂïƙǃ ôïƶƙ ƗǒǈƓǂǆã íāƞā íǈƵ .ǑƕƓƞǒå ßåāǋ õƺư íāðǆ ƴǆ Ǌƞāǃå
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ÿǆ 100PPM  ßåāǋ õƺư íāðǆ ƴǆ ýāðƶǆǃåā ýǆƓǂǃå Ǒƪƽǈƙǃå ÷Ɠǈǀǃå þåíƤƙƪå þƙǒ
÷Ɠõǀǃå Ǐǃã ýāƤíǃå ýƕƿ ïƕƙƤǆ ǑõƓǒƙơåā ǑƕƓƞǒå  .éāǄǆǃå 

Ɨƶǒƕõ æƪơ ñƽǈƙǃå çðǌƞá úǈƮƙā  :ƓǌǆåíƤƙƪå Ɨǆǌǆ- 
- ýǀƙƪǆ ñƽǈƙ ðƓǌƞ  Self-Contained Breathing Apparatus):SCBA. ( 

- ) çƓƞǈǃå çíơāEscape Unit ( 
- îƓǀǈã çíơā  )Rescue Unit  ) þåíƤƙƪǚǃ ííơǆ ÿǆð èåî (30 . ( Ɨǀǒƿí 

Ü Ɨǆǌǆǃå Ɨƶǒƕõ ÿƵ ïöǈǃå ôƺƕā Ü ƗƛāǄǆǃå ƴƿåāǆǃå Ǐǃã ýāƤíǃå ýƕƿā   ñƓǒƿ þƙǒ
ǃåā ðǒǂïƙǃå ÿǆ îƓǀǈã ïöơǒ Ɠǆǂā . êïơǃå ăïƓƞƽǈǙå ðǒǂïƙǃå ÿƵ ǉíƓƶƙƕå ÿǆ íǂƋƙ

. ƗƕƪƓǈǆǃå ñƽǈƙǃå ƗǒƓǆơ çðǌƞá þåíƤƙƪå ÿāí ôïƶƙ  

10- þǐƜĀîìǐǊǁä ìǐƗǐîƓǀ ïƑƷ þǄ ƕǐƑƽĀǁä úîô 
:ðƓƺǃå ǑƼ þǂơƙǄǃ ƗǒƪƓƪá ûïõ Ɨƶƕïá üƓǈǋ-  ƗǒƓǆơǃå Ü úƬǂǃå Ü Ɨǒƪíǈǌǃå èƓƪƓǒǀǃå

 .ïƛâǆǃå æǒïíƙǃåā Ü Ɨǒƪƽǈƙǃå 
à . äƕǐƨìǆǊǁä çäÞäîƜǕ 

ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƺǃ ôïƶƙǃå íư ÷ƓƼíǄǃ ýāǕå õƤǃå   āǋ ýǆƶǃå èƓƑǒƕ ýƤåí ǑƼ
 Ɨǒāǌƙǃå Ü þƓöƙǈƓƕ èåíƶǆǃå ƗǈƓǒƮ ƗǒǄǆƶǃå èåíƶǆǄǃ ÿǆà þǒǆƮƙ ýƛǆ Ǒƪíǈǌǃå þǂơƙǃå
 Ǒǋ Ɨǒāǌƙǃå Ü ïƓõƤǕå ÿǆ íơǒ ïƮƓǈƶǃå ǉîǋ íǒơāƙ æïƪƙǃƓƕ þǂơƙǃåā Ü ƗƕƪƓǈǆǃå

ǈǌǃå Ɨǀǒïõǃå āå ƗǒǂǒǈƓǂǒǆ Ɠǆã Ǒǋā Ɨǒāǌƙǃå ƴƪåā ûƓõǈ ǏǄƵ þíƤƙƪƙā ǏǄƛǆǃå Ɨǒƪí
 ƴǈǆ ǏǄƵ ÿǚǆƶƙ ÿǒƙǀǒïõǃå ƓƙǄǂ éǒơ Ɨǒƶǒƕõ10 ppm  ýƿá ðǒǂïƙǃå ÿāǂǒ ÿå æƞǒ

 Ǒǈƶƙ ðǒǂïƙǃå çíƓǒð ÿǆ]5[. 
å . ùƪǀǁä 

 ǏǄƵ çïǆƙƪǆǃå ƗƶƕƓƙǆǃåā ðƓƺǃå æïƪƙ ƓǌǈƵ Ɲƙǈǒ ÿá ÿǂǆǒ Ǒƙǃå ûõƓǈǆǃå þǒǒǀƙ æƞǒ :Ǚāá
ǃå ýǒƕƪ ïƓƕàā ÜƗǒõƽǈǃå èƓǈåðƤǃå ýāǀơā Üïǒïǂƙǃå ýǆƓƶǆ ÜðƓƺǃå ƗƞǃƓƶǆ ƴǈƓƮǆ ýƓƛǆ

 ƗǃƓơ ǑƼ ûõƓǈǆǃå ǉîǋ ǑƼ ƗƙƕƓƛǃå èåðƓƺǃå óơƼ çðǌƞá æǒǂïƙ æƞǒ þƛ ÿǆ .õƽǈǃå
ïǒîơƙ ôǒǆā ǊǈƵ ïíƮǒā ÿïǒ ïõƤǃå ïåîǈã ÿƎƼ æïƪƙǃå]5[. 
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íơǆ èåïƙƼ ǏǄƵ èåðƓƺǃå ÿƵ úƬǂǄǃ Ɨǃāǆơǆǃå çðǌƞǕå þåíƤƙƪå :ƓǒǈƓƛ ƗǈƓǒƮǃå ßƓǈƛã çí
 ƓǌǃāƤí íåïǆǃå ûõƓǈǆǃå óơƼā ƓǀƕƓƪ èïǂî Ǒƙǃå ûõƓǈǆǃå ǑƼ þƙƙ Ǒƙǃå èƓơǚƮǗåā

ïƓõƤǕå ăíƓƽƙǃ ýǆƶǃå çíǆ ýǚƤ ïïǂƙǆ ýǂƬƕ óơƽǃå ƗƶƕƓƙǆā ýāƤíǃå ýƕƿ]1[. 
é . ƕǐƨƻǆƗǁä ƕǐƑǄƟǁä üƏƑƨĀ 

Ǐǃã ôïƶƙǃå íǈƵ  ƗǒƓǆơǃå èåíƶǆǃ ÿǒǒƪƓƪǕå ÿǒƵāǈǃå íơå þåíƤƙƪå ÿǂǆǒƼ ðƓƺǃå
 ƗƕƪƓǈǆǃå Ɨǒƪƽǈƙǃå ƗǄǆƓǂǃå ñƽǈƙǃå çðǌƞá Ǒǋā (SCBA ) ÿƵ ïǌöǃå ûāƼ ýǆơƙ Ǒƙǃå

 çíǆǃ ýƿǕå ǏǄƵ ßåāǋ íǒāðƙǃ íƶƙ ÿå æƞǒ èƓǈåāõƪǕåā õāƺưǆ ßåāǋ Ɨǈåāõƪå ûǒïõ
30 .Ɨǀǒƿí  ƗƕƪƓǈǆ èåíƶǆǃå ÿāǂƙ ÿá æƞǒ Ɨǒƪƽǈƙǃå ƗǒƓǆơǃå èåíƶǆ ýǆƶƙƪƙ ÿå ýƕƿ

ǃƓǆƶƙƪå Ɨǒƽǒǂ ǑƼ æǒïíƙǃå ǏǀǄƙƙā üǃ ƗǈƓǒƮǃåā úǒöǈƙǃåā òǒƙƽƙǃå Ɨǒƽǒǂ ǑƼā Ɠǌ
äïåāõǃå ƗǃƓơ èåßåïƞȒåā ÿǒðƤƙǃåā. 

ì . îƙáǄǁä åǐîìƗǁä 
 åîã ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ ƓǌǒƼ íƞåāƙǒ Ǒƙǃå ûõƓǈǆǃå ǑƼ ÿƓǆƋƕ ýǆƶƙ ÿå ÿǂǆǒ
:Ǒƙǚǃ ƓƵƓƕƙáā Ɨǒíƞǃå æǒïíƙǃåā ÿǆǕå èƓõƓǒƙơå èîƽǈā ÿǆǓå ýǆƶǃå èåíƓƵ èǄǄƺƙƪå- 

- æïƪƙǃå ÿƓǂǆ íǒíơƙ ïƓõƤǕƓƕ ƗƮƓƤǃå äïåāõǃå ƗõƤƕ 
- - äïåāõǃå êïƓƤǆ íǒíơƙ ƗƕƪƓǈǆǃåā ïǒîơƙǃåā ñƽǈƙǃå çðǌƞá þåíƤƙƪåā  
- Ơǒïǃå ǉƓƞƙå ííơ 
-  ƴǆƞƙǄǃ ƗƮƮƤǆǃå ƗǈǆǓå ÿǂƓǆǕå Ǐǃã æāïǌǃå 

11- ƛƏƑƗǆǁä 
 ƗǄƞƪǆǃå èåßåïǀǃåā ðƓƺǃåā õƽǈǄǃ ǊƙǒǄǆ ƗǂïƬ ÿǆ ƓǌǒǄƵ ýƮơƙǆǃå èƓǆāǄƶǆǃå ýǚƤ ÿǆ

ǃå ÿǆ ïǌƬá çíƵ ýǚƤ èƓƕƓƮã Ǐǃã ÿǒưïƶƙǆǃå ÿǒǆíƤƙƪǆǃå ā ýƓǆƶǃå Ɨƕƪǈǃ Ɨǈƪ
 ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ ïǒƙƓƛǃ Ɨƞǒƙǈā ƗǆƓƵ ƗƽƮƕ ƗǒƵƓǈƮǃå éíåāơǃå ïǒƛƋƙ Ɨƞǒƙǈ

ƗƮƓƤ ƗƽƮƕ.   
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) þƿï ýǂƬǃå1 Ɨǈƪ ÿǆ ýāǕå ƴƕïǃå ýǚƤ ƗǄƞƪǆǃå éíåāơǃå ýíƶǆ :(2016  

 ðƓƺǃåā õƽǈǄǃ ƗƙǒǄǆ ƗǂïƬ ƴǆƞǆƕ 

 
) þƿï ýǂƬǃå2(:   Ɨǈƪ ÿǆ ïǒƤǕå ƴƕïǃå ýǚƤ ƗǄƞƪǆǃå éíåāơǃå ýíƶǆ2016  

ðƓƺǃåā õƽǈǄǃ ƗƙǒǄǆ ƗǂïƬ ƴǆƞǆƕ 
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 úǒǃƓǂƙǃå ǑƼ ïǒƕǂ úǚƙƤå íƞāǒ Ǚ Ǌǈå íƞǈ ƓǌǒǄƵ ýƮơƙǆǃå ƝƑƓƙǈǃå ýǚƤ ÿǆā
 .Ɨǈƪǃå ÿǆ ïǒƤǕåā ýāǕå ƴƕïǃå ǑƼ éíåāơǃå ÿǆ ƗƞƙƓǈǃå 
å íǒƙǒïƕǂ ðƓƺǃ æïƪƙ ƗƛíƓơǃ ǑǄǒƮƽƙ ïǒïǀƙ ǑǄǒ ƓǆǒƼā :ÿǒƞāïíǒǌǃ- 

"  þƿï êîāǆǈǃå ýǚƤ ÿǆ2  Ɨǈƪǃ ǑǈƓƛǃå ƴƕïǃƓƕ óƓƤǃåā2016  éíåāơǃå óāƮƤƕ
 ǉíƓƽǆ Ɠƹǚƕ èǒïƕǂǃå óǚƤƙƪå çíơā úïƬǆ ÿǆ Ɨǆǚƪǃå þƪǀƕ þíƤƙƪǆ þǄƙƪå ÜƗǄƞƪǆǃå
 Ɨǀõǈǆ ǑƼ ǉƓǒǆǃå ƴǒǆƞƙ ÿåðƤ ǑƼ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƹ ÿǆ çïǒƕǂ Ɨƕƪǈ æïƪƙ íāƞā

F2 ƙ çíơā ÿǆ ƗǆíƓǀǃåā Ɨǀõǈǆ ǑƼ ÿǒǆǕå ƴǒǆƞL2  ǉîǋ ÿāǂƙ ÿå ôïƙƽǆǃå ÿǆ Ǒƙǃåā
.ðƓƺǃå ÿǆ ƓǆƓǆƙ ƗǒǃƓƤ ǉƓǒǆǃå 

 ǏǄƵ ðƓƺǃå ýƮƼ ǏǄƵ íƵƓƪǒ ăîǃåā ïƓƤƕǃå óǀǈǃ Ɨƞǒƙǈ æïƪƙǃå åîǋ éíơ éǒơ
 ǑƼ éíơ ăîǃå ýõƶǃå æƕƪƕ üǃîā ßƓǆǃåÿǒƕïāƙǃå  ƗǒïƓƤƕǃåa. 

 

ǃå) þƿï ýǂƬ3:( å éíåāơǃå ïåïưã ÿǆ ƗƞƙƓǈǃå úǒǃƓǂƙǃåƗǒƵƓǈƮǃ 

 èƓǈǒƵ íƤá þƙ þƛ ÿǆā Ǌƿǚƹã þƙā ïāǂîǆǃå ÿƓǂǆǃå Ǐǃå Ɨǆǚƪǃå íåïƼã Ǌƞƙå ïāƽǃå ǏǄƵ
 éāǄǆǃå ǉƓǒǆǃå ÿåðƤ ÿǆ ǉƓǒǆǄǃboiler blow down pit  èƓǈǒƵ íƤå þƙ Ɠưǒå üǃî íƶƕā
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ǑƼ ÿǒǆǙå ƴǒǆƞƙ çíơā ǑƼ çíāƞāǆǃå ǉƓǒǆǄǃL2   ƗƶƕƓƙǆā ïƕƙƤǆǃå Ǐǃã ƓǌǃƓƪïȒåā
".÷āưāǆǃå 
å ýǚƤ ÿǆā æƓƕƪǕå ýāơ ðƓƺǃåā õƽǈǄǃ ƗƙǒǄǆ ƴǆƞǆ ÿǆ Ɠǌƶǒǆƞƙ þƙ Ǒƙǃå èƓǆāǄƶǆǃ

 :ƗǒǃƓƙǃå ƝƑƓƙǈǃå ǏǄƵ ƓǈǄƮơƙ èƓƕƓƮǗå ǉîǋ éāíơ Ǐǃã èíá Ǒƙǃå 
1. .Ɨǆǚƪǃå ïǒǒƓƶǆǃ ýƓƛƙǆǙå þíƵ 
2. .ïāïǆǃå Ɨǂïơ þǒöǈƙǃ ýƓƛƙǆǙå þíƵ 
3. .ýǒƺƬƙǃå èåßåïƞǗ ýƓƛƙǆǙå þíƵ 
4. ƗǒƮƤƬǃå ƗǒƓǆơǃå èåíƶǆ þåíƤƙƪå ǑƼ ýƬƽǃå. 
5.   .Ɠǌƕ ëïƮǆ ïǒƺǃå ýƓǆƵǗå ßåïƞã 

 
12- çƑǐƬĀƗǁä 
1.  íƓƶƕã æƞǒ èƓƕƓƮã éāíơā ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðƓƺƕ ƗƑǒƕ ăá éāǄƙ ƗǃƓơ ǑƼ

 ñƽǈƙǃå çíƓƵǗ þǌǒǄƵ ǏǆƺǆǄǃ ǑƵƓǈƮ ñƽǈƙ ýǆƵā éāǄƙǃå Ɨǀõǈǆ ÿƵ ÿǒƕƓƮǆǃå
æǒƕõǃå ßƓƵíƙƪå þƛ ÿǆā þǌǆƓƪƞá ÿǆ ðƓƺǃå êåïƤȒåā þǌǒǃã.  

2. ǒïƕǂ ðƓƹ ýƮƼ ǏǄƵ ýǆƶǃå ǊǃåðƙƤåā þƓƤǃå õƽǈǃåā Ǒƶǒƕõǃå ðƓƺǃå ÿǆ ÿǒƞāïíǒǌǃå íǒƙ
 Ǌǂïƙ ÿǆ Ǚíƕ üǒƙǒïƕǂ ôǆơǃ ǊǄǒāơƙā èǒïƕǂǃå íǒƪƓǂá Ǐǃã Ǌƙíƪǂá āá èǒïƕǂ Ǐǃã

.Ɨǒõƽǈǃå ýāǀơǃƓƕ Ɨõǒơǆǃå ƗƑǒƕǃƓƕ éƶƕǈǒ 
13- ƲƜäîǄǁä  
]1[ ) Ǒǈǒǆǒǃå ïƮƓǈ ÿƕ íǆơǆā ÿǒƪơ þƶǈǆǃå íƕƵ þïǂá2009 ÜƗƑǒƕǃå èƓƛāǄǆ ñƓǒƿÜ (

Ǆǆǃå ƗƶǆƓƞ. íāƶƪ ü 
]2[ ) ïåïƞā ÿƓǆǒǄƪ ā ǑǄǒǀƶǃå ïǒƬƕ1990 ýāíǃ Ǒƕïƶǃå Ɨǒƕïƙǃå æƙǂǆ Üßåāǌǃå éāǄƙ Ü(

.ôƓǒïǃå ÜƝǒǄƤǃå 
]3[ ) þǒǄƪ æƞï ïǒǆƪ1990 çïǋƓǀǃå ïƬǈ ïåí ÜçïõƤǃå ƗǒƑƓǒǆǒǂǃå íåāǆǃå ýǒǃí Ü(

.ƗƵƓƕõǄǃ Ɨƛǒíơǃå 
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]4[ ) úāõƮǃå ÿǒƪơǃå ǊǃǗå íƕƵ1995ǉïíƓƮǆ ǑƑǒƕǃå éāǄƙǃå Ü( -  ǉïƓƛàĲ ûïõ
ǒƓǆơǃå.Ɠǌƕƪ ƗƶǆƓƞ :Ɠǌƕƪ ÜƗ 

]5[ ) æǒƕõǃå ëƓƕƮǆ íǆơǆā þïƤǆǃå ïāƮǈǆ ÿǆơïǃå íƕƵ2015 Ăāƙƪǆ ñƓǒƿÜ (
 çïāƼƓǈǃå ýǀơ ǏǄƵ Ɨǒǀǒƕõƙ Ɨƪåïí Ü Ɨǒõƽǈǃå èƉƬǈǆǃƓƕ ÿǒƞāïíǒǌǃå íǒƙǒïƕǂ ðǒǂïƙ

 Ɨǒāåðǃå : Ɨǒǈǀƙǃåā þāǄƶǃå ƗǄƞǆ Ü õƽǈǄǃ Ǒƕïƶǃå ƝǒǄƤǃå ƗǂïƬǃ ƴƕƓƙǃå- .Ɠǒƕǒǃ 
]6[ ) ýǒǆƪ ú ýǂƓƼ2003õǃå Ü(ûïõǃå ûïƙƽǆ ǑƼ ƗƿƓ: ÜƗǄǆƓƬ èƓƶƿāƙā çïöǈThe 

MIT PRESS. 
]7[ ) Ɨǒƕïƶǃå ýǆƶǃå Ɨǆöǈǆ1999 ÜǑǈǌǆǃå ôïƶƙǃå èåïƬâǆ íāíơā ïǒǒƓƶǆ Ü(

.ûƬǆí Ɨǒǈǌǆǃå Ɨǆǚƪǃåā ƗơƮǄǃ Ǒƕïƶǃå íǌƶǆǃå èåïāƬǈǆ 
]8[ ) ïåïƞ íāǆơǆ ÿƕ ïǒƬƕā æǒõǃå ïǋƓõ ÿƕ ăïāǈ2005 ÜýðƓǈǆǄǃ ǑǄƤåíǃå éāǄƙǃå Ü(

ǆǃå ƗƶǆƓƞ èåïāƬǈǆ.Ɨǒíāƶƪǃå Ɨǒƕïƶǃå ƗǂǄǆǆǃå ÜƗǒǈǀƙǃåā þāǄƶǄǃ ðǒðƶǃå íƕƵ üǄ 
]9[  .ðƓƺǃåā õƽǈǄǃ ǊƙǒǄǆ ƗǂïƬ ƴǆƞǆǄǃ éíåāơǃå ïǒïǀƙ 

 
[10] Biology and therapeutic potential of hydrogen sulfide and 

hydrogen sulfide-releasing chimeras, Biochemical 

Pharmacology, Volume 85, Issue 5, 1 March 2013, Pages 689-

703 

[11] International Union of Pure and Applied Chemistry 

(IUPAC), Compendium of Chemical Terminology Gold Book, 

Version 2.3.2, 2012. 

 
 

 

 

 

 

https://www.sciencedirect.com/science/journal/00062952
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https://www.sciencedirect.com/science/journal/00062952/85/5
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ǏƓĀǆƜǁä ìǐǁĀ ǏǆƓ üƢìǄ ƲôƑƾƗǁ ĂîĀîǄǁä ÞäìǗä ýǐǐƾƗ 

ЀϝгІ Ϲгϳвϒ  ϹϡК СЂнт 

ϹуЮм сзϠ ϣузЧϧЮϜ анЯЛЮϜ ϣуЯЪ 

yusefsam5@gmail.com 

òƢǂǄǁä 
íǒǃā Ǒǈƕ Ɨǈǒíǆǃ èƓƶõƓǀƙǃå ăíơá ǑǄƵ ïāïǆǃå Ɨǂïơ þǒǒǀƙ ǑƼ Ɨƪåïíǃå ÷āưāǆ óƤǄƙǒ Ü

ǄƬā Ɨǒïāïǆ èƓƿƓǈƙƤå çïǒƤǙå ƗǈāǓå ǑƼ èíǌƬ Ǒƙǃåā ǑƼ Üïāïǆǃå æƓǒƪǈǙ þƓƙ ǊƕƬ ý
ÜƗƪåïíǃå Ɨǀõǈǆǃ ƗǒǄǀơǃå Ɨƪåïíǃå ßåïƞá þƙǒƪ Ɨƪåïíǃå  ǉîǋ  ƴǆƞ ƗǒǄǆƵ ýǆƬƙƪ Ǒƙǃåā

 çïāƓƞǆǃå ǑǈƓƕǆǃåā Ɨǀõǈǆǃå ƗǒƼåïƹāƕõā èåïƓơǃå ôïƵā ûïõǃå ƗǃƓơ ƗƼïƶǆǃ èƓǈƓǒƕǃå
üǃîā Üïāïǆǃå Ɨǂïơ èƓǋƓƞƙåā ÜƠƪǆǃå ƗǒǄǆƵ ûǒïõ ÿƵ ǀǃåā íƶǃå ƗǒǄǆƵ þíƤƙƪǈƪā ñƓǒ

 ïāïǆ ÿǆðā ƴõƓǀƙǃå ǑǄƵ Ɨǂïơǃå èƓǋƓƞƙåā Ɨǒƽǒöāǃå ƓǌƵåāǈáā èƓƕǂïǆǃå ííƵ ƗƼïƶǆǃ
 õƓǀǈ íǒíơƙā ƴõƓǀƙǃå Ɨƶƪā ƗǆíƤǃå ăāƙƪǆā ïāïǆǃå æƓǒƪǈå æƓƪơā ƗƼïƶǆā ÜèƓƕǂïǆǃå

.ƴõƓǀƙǃå  åîǋ ƗǒƵāǈ íǒíơƙā þíƓƮƙǃå 
ƪå ÿǂǆǒ ƴƿāǆǃå þǒǒǀƙ ƗǒǄǆƵ ÿǆ èƓǈƓǒƕā èƓƞƓƙǈƙƪå Ǒǃå Ɨƪåïíǃå èǄƮāƙ ƓǌǆåíƤƙ

ÜƴƿāǆǄǃ ïǒǒƺƙ āå ïǒāõƙ èƓǒǄǆƵ ăǕ ƓǌǒǄƵ íƓǈƙƪǙåā  èƓǆāǄƶǆǃåā èƓǈƓǒƕǃå ýǂ ýǒǄơƙ þƙ
 ǑƼā Üÿåïāí çïǒðƞ Ǒǃå ƴõƓǀƙǃå ïǒǒƺƙ Ɠǌǆǋá èƓǒƮāƙ Ǒǃå Ɨƪåïíǃå èǄƮāā Ɨǀõǈǆǃå ÿƵ
 þǒǒǀƙ Ǒǋ Ɨƪåïíǃå  ǉîǋ ÜþíƓƮƙǃå èƓǒǄǆƵ ăíƓƽƙǃ Ɨǒõƪā çïðƞ ƗƼƓưá èǙƓǆƙơǙå ýƿå

èƓǆāǄƶǆ ƴǆƞā. 

Abstract 

This study target focusses on traffic evaluation for one of the road 

intersections in BaniWalid city. Since, the road traffic congestion 

recently occurred which caused traffic obstruction and scarcely 

move. Consequently, in this study, the field study is curried out for 

a particular area. The scanning process is utilized for data 

collection in order to investigate road condition, lane width, area 
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topography, around buildings and traffic directions. In addition, 

the account mode and measurement used to demonstrate the 

vehicles number and their functional types, directions movement 

throughout the intersection, traffic time, as well as to know and 

measure the traffic flow, service level, intersection capacity, 

determination of collisional points and intersection type.  

Therefore, the deduction of the study and reporting assessment 

results about the location illustrated that can be a reliable source of 

information and utilized for any development operations or 

location change. Moreover, the data analysis and information 

about the studied area were conducted; it revealed that the 

intersection is recommended to be substantially changed to the 

roundabout or at least to add a roundabout in the center of the 

intersection to avoid traffic collision events. 

 

1. äƕǄìƾǄǁ 
ǑƼ íǒǃā Ǒǈƕ Ɨǈǒíǆ ƴǀƙ ƓǒƕǒǄǃ Ǒƕïƺǃå ǑǃƓǆƬǃå ßðƞǃå Ü  ÿíǆ ýƓǆƬǃå ÿǆ Ɠǋíơǒ éǒơ

 ÿƓƕïƶǃå Ǒƙǈǒíǆ æïƺǃå ÿǆā èïƪā ßƓƹïāƓƙ Ǒƙǈǒíǆ ûïƬǃå ÿǆā ƗƙåïƮǆā ÿƙǒǃðā Ɨǈāǋïƙ
úïǒāƬǃåā ǉíðǆ æāǈƞǃå ÿǆā ÿƓǒïƹā Ü ýǂƬƕ èƓƕǂïǆǃåā ăïƕǃå ýǀǈǃå ǑǄƵ Ɨǈǒíǆǃå íǆƙƶƙ

ýǆƓǂÜ îüǃ  ƓǌƶƿāǆǃƗǌƞ ÿǆ ïơƕǃå ÿƵ íǒƶƕǃå Ü  Ɨǌƞ ÿǆ Ɨǒāƞ Ɨơǚǆ íāƞā þíƵā
 ïƓƪǆǃå āá ýǀǈǃå Ɨõƪåā ïƓǒƙƤåā æƓƤƙǈå ǑƼ ƗƮƓƤ çïǒƕǂ Ɨǒǆǋá ǑƼåïƺƞǃå ƴƿāǆǄǃ ÜĂïƤá

ǑǄǀǈǃå ǑǄǀǈǃå óƮƤƙǃå ÿǆ ÷āǈ ßƓõƵá ÿƵ ýāƑƪǆ ƴƿāǆǃå ÿá éǒơÜ  ǑƼ ûïõǃå þƪǀƙ
Ɨǈǒíǆǃå Ɨǈāǋïƙ Ǐǃã ñǄƕåïõ ÿǆ íƙǆǒ ûǒïõ Ǐǃã  āǈƞ Ǌƞƙǒāíǒǃā Ǒǈƕ Ǐǃã Ɠƕ Ü ýƮåāǒā

Ɨǒƕāǈƞǃå ûõƓǈǆǃå Ǐǃã ýƮǒǃ Ɠƕāǈƞ ǉíåíƙǆå Ü ǋ Üǉíðǆā Ɨǆƪǈ Ǐǃã ĂƓǈǒǈǒƙā ƣǒǆƬáî  ǉ
 ïāƓƞǆǃå ûõƓǈǆǃå ÿǒƕ ýƮƙ ûïõǃåç ƗǈǒíǆǃƓƕ ƗƽǄƙƤǆǃåā Ü ƗǒƪǒƑïǃå ûïõǃƓƕ Ɠǌõƕïƙā.  

1.1ϣЂϜϼϹЮϜ РϜϹкϒ . 

 āƙƪǆ ƗƼïƶǆ Ǒǋ Ɨƪåïíǃå ǉîǋ ÿǆ ƗǒƓƺǃåĂ  ïāïǆǃå Ɨƶƪǃåā ƗǆíƤǃå Ăíơá ǑǄƵ Ɨǒ
 èƓƶõƓǀƙǃå Üíǒǃā Ǒǈƕ Ɨǈǒíǆƕ Ǒƙǃå ûïõǃå ýǂ ǑǄƵ ïƛâǒ èƓƶõƓǀƙǃå ǉîǋ íåíƪǈå ÿá éǒơ

 ýāǄơǃå íƓƞǒȒåā Ɨƪåïíǃå Ɨǀõǈǆ ǑǄƵ ăïāïǆǃå ßåíǕå þǒǒǀƙǃ Ɠưǒáā èƓƶõƓǀƙǃå ǉîǌƕ ïǆƙ
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 ûǒïõ ÿƵ üǃî þƙǒā ƗǀõǈǆǄǃ ăïíƞ ïǒǒƺƙ āá èƓǆǒǆƮƙ Ǒǃå ûïõƙǃå ÿāí Ɨǈǂǆǆǃå
ǒǀǃåā íƶǃåā ƠƪǆǃåƗƪåïíǃå ǉîǌǃ ƗǄƛƓǆǆǃå ƗǀƕƓƪǃå èƓƪåïíǃå Ɨƶƞåïǆā ñƓ ā Ü ǑƪǒƑïǃå úíǌǃå

ǌǃîƗƪåïíǃå ÷āưāǆ ƴõƓǀƙǄǃ ǑǃƓơǃå ƴưāǃå ƗƼïƶǆ āǋ Ɨƪåïíǃå ǉ Ü āî Ơƪǆǃå ßåïƞƋƕ üǃ
ñƓǒǀǃåā íƶǃå ā ßƓƮǀƙƪǙå ßåïƞáā ýǆƓƬǃå ƗǒǃƓơǃå Ɨǒïāïǆǃå Ɨǂïơǃå ƗƼïƶǆǃ Ü óƤǄƙƙā

:ƗǒǃƓƙǃå õƓǀǈǃå ǑƼ Ɨƪåïíǃå úåíǋá 

1. ƪơǃ èƓǋƓƞƙå ýǂǃ ƗǆíƤǃå ăāƙƪǆā ïāïǆǃå æƓǒƪǈå æƓ.Ɨǂïơǃå 
2. ƴõƓǀƙǃå ÷āǈ ƗƼïƶǆā Ɨǒïāïǆǃå þíƓƮƙǃå õƓǀǈ íǒíơƙǃ 
3. Ɠƞƙá ýǂǃ ƴõƓǀƙǃå Ɨƶƪ ƗƼïƶǆǃǉ Ɨǂïơǃå 
4. ƗǆƑǚǆ ăíǆ ƗƼïƶǆǃ å ā Ɨǒâïǃå èƓƼƓƪǆ ƗǒơƓǈ ÿǆ ƗǒǃƓơǃå Ɨǒïāïǆǃå ƗǃƓơǃ

.ƗǒƪƓǒǀǃå èƓƽƮāǆǃƓƕ ƓǌƙǈïƓǀǆ 
 

2. ƕƨäîìǁä ƕǂǀƪǄ 
ǋ ƴǀǒîǃå åƕ āǋā ƗǈǒíǆǄǃ Ǒƕāǈƞǃå ýƤíǆǃå ǑƼ ƴõƓǀƙî ïåāðǄǃ æǒơïƙ Ɨõǀǈ ýāá ÿāǂǒ üǃ

Ɨǒƕāǈƞǃå ƗǒơƓǈǃå ÿǆ  çïāƓƞǆǃå ÿíǆǃå ÿǆüǃî ÿƵ Ɲƙǈǒā Ü  íƓƤƙå ƗƵïƪ þíƵā üƓƕƙïá
þƓơíðå æƕƪǒ Ɠǆǆ ïåāðǄǃ ïåïǀǃå ÜþƓƙ ǊƕƬ ýǄƬā ƗǂïơǄǃ úƿāƙ ÿƓǒơǕå ôƶƕ ǑƼā 

ïāïǆǃå æƓǒƪǈǙ Üǋ ýƛǆ ÿá éǒơîèƓƶõƓǀƙǃå ǉ .ÿíǆǄǃ Ǒǃāá æǒơïƙ Ɨõǀǈ ÿāǂƙ Ǚ 
ǋ þơíðƙî ǑǄƵ Ɨǈǒƶǆ þƓǒá ǑƼā Ɨǒǆāǒǃå èƓƵƓƪǃå ïåíǆ ǑǄƵ Ɨǈǒƶǆ èƓƿāá ǑƼ Ɨǀõǈǆǃå ǉ

÷āƕƪǕå ïåíǆ Ü Ǒǈƕ ƗƶǆƓƞ èƓǒǄǂ íāƞāǃ Ɨǒāǒơ õƕï Ɨǀõǈǆ ǑƼ ƴõƓǀƙǃå åíǋ ƴǀǒ éǒơ
íǒǃā ÜßƓƛǚƛǃåā èƕƪǃå Ǒǆāǒǃ ǑƕƶƬǃå ûāƪǃå íāƞāā ÜƼ îƤâƙ þǃ ïāǆǕå ǉîǋ ýǂā ÿǒƵ Ǒ

ƴõƓǀƙǃå íǒƽǈƙā þǒǆƮƙ ßƓǈƙá ïƓƕƙƵǙå Üāá üƓǈǋ ÿá  éåíơƙƪåíơ ïǒǒƺƙāé  ýƓǆƶƙƪǙ
 ǑưïǙåçïāƓƞǆǃå ǒƽǈƙ íƶƕåîǋ î ƴõƓǀƙǃå. 

 èƓƵƓƪ ÿǆ Ɨǈǒƶǆ èƓƵƓƪ ǑƼ íǒíƬ þƓơíðå çïǒƤǕå ƗǈāǓå ǑƼ íǒǃā Ǒǈƕ Ɨǈǒíǆ ǑǈƓƶƙ
ïƓǌǈǃå Ü üǃî æƕƪ ƴƞïǒāǃ þíƵā èƓƕǂïǆǃå ííƵ ǑƼ ƗƑƞƓƽǆǃå çíƓǒðǄ èƓƿïõǃå æƓƶǒƙƪå

 ÿǆ ïǒƛǂǃå ǑǄƵ ïāïǆǃå æƓǒƪǈå ǑƼ ýǄƤ æƕƪ Ɠǆǆ çíƓǒðǃå ǉîǌǃ.èƓƿïõǃå 
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3.  èƟƓǁä ƕƾǐîô 
ǋ ýƛǆ ǑƼ ƗǀƕƓƪǃå èƓƪåïíǃå Ɨƶƞåïǆ ǑǄƵ éơƕǃå Ɨǀǒïõ íǆƙƶƙî ßåïƞã Ɠưǒá ā ýƓƞǆǃå å

 èåïƓơǃå ôïƵā ûïõǃå ƗǃƓơ ƗƼïƶǆǃ èƓǈƓǒƕǃå ƴǆƞ ƗǒǄǆƵ ýǆƬƙƪ Ǒƙǃåā Ɨǒǈåíǒǆ Ɨƪåïí
ǒƼåïƹāƕõā.ïāïǆǃå Ɨǂïơ èƓǋƓƞƙåā çïāƓƞǆǃå ǑǈƓƕǆǃåā Ɨǀõǈǆǃå Ɨ 

ûǒïõǃå úƓƙǂáā Ɨǒõƪāǃå ïðƞǃåā êïƓƤǆǃåā ýƤåíǆǃå ýǂ Ɨƪåïíǃå Ǒõƺƙƪ   ýƤåíǆā
 ïõǃå êïƓƤǆāû þƓƵ ýǂƬƕ Ɨǒïāïǆǃå Ɨǂïơǃå ýǂā ƗƼāƮïǆ ïǒƺǃåā ƗǒƑåāƬƶǃå Ü ǑǈƓƕǆǃåā
 çïāƓƞǆǃå āƼƓƪǆǃ) Ɨ500Ɨǂïơǃå èƓǋƓƞƙå ýǂǃ (þ  ā üǃîǂ èǙƓǆƶƙƪå Ɨõǒơǆǃå ǑưåïǙå
Ɨǀõǈǆǃ Ɨƪåïíǃå. 
1.3  .ƕƾƓƑƨǁä çƑƨäîìǁä 

 ǑƼ Ɨǆāíƶǆ ǊƕƬā Ɠǒƕǒǃ ǑƼ åíƞ ƗǄǒǄƿ ýǀǈǃå ýƓƞǆ ǑƼ èƓƪåïíǃå íƶƙ Üíǒǃā Ǒǈƕ Ɨǈǒíǆ Ɠǆá
  ýƤíǆ ƗƕƓƙǂ ǑƼ íāƞǕå Ɨƪåïí èǈƓǂƼ Ɠǒƕǒǃ ǑƼ ýǀǈǃå ÷āưāǆ èǃāƓǈƙ Ǒƙǃå èƓƪåïíǃå ÿƵ

ăîǃå ýǀǈǃå ƗǒƼåïƺƞ Ǒǃã Ü  ïƺƞ ïāõƙ ǊǒƼ ñïí ƗǒƼåïƺƞ ǑƼ éơƕǃå ûƑåïõā ýǀǈǃå ƗǒƼå
ýǀǈǃå Ü ýǀǈǃå ƓǌƽǄƤǒ Ǒƙǃå ïƓƛǓåā ýǀǈǃå æƓƕƪáā ƴƼåāí ā Ü ǑƼ Ɠǒƕǒǃ ÿƵ èƓƪåïíǃå þǋá Ɠǆá

 ǑƼ ăíƓƮƙƿǙåā ǑƵƓǆƙƞǙå ïǒƺƙǃåā ăïƕǃå ýǀǈǃåā ûïõǃå ÿåāǈƶƕ ƗǃƓƪï ǑǌƼ ýƓƞǆǃå åîǋ
ƿíǃå çðƓƞǗå Ɨƞïí ýǒǈǃ Ɨǆíǀǆ Ɨƪåïí Ǒǋā ǑƼåïƺƞ ýǒǄơƙ ƓǒƕǒǃǄǃ (ǉåïāƙǂíǃå) Ɨǀǒ ïƺǑƕå Ü

 ƣǒïƓƙƕ èïƬǈā)1981 Ü( ßƓǈƕ íåāǆā ûïõǃå ƗǂƕƬā ăïƕǃå ýǀǈǃå ƴƪāǆ ýǂƬƕ ƓǌǒƼ ýāƓǈƙ
ûïõǃå Ü ýƕǀƙƪǆǃå ǑƼ ýǀǈǃå Ɨǂïơ æǈƓƞ Ǒǃã ƗǒíƓƮƙƿǙå èƓõƓƬǈǃåā ýǀǈǃå ïāõƙ üǃîǂ

. èƓǒƮāƙā èƓơåïƙƿåā 
 Ɠǌƕ þƓƿ Ǒƙǃå Ɨƛǒíơǃå Ɨƪåïíǃå èǈƓǂƼ Ɨǈǒíǆǃå ÿƵ Ɨƪåïíǃå Ɠǆá ÷ƓƮāƕåǑƼ  ÿåāǈƶƕ ƗǃƓƪï
Ɨǀõǈǆǃå õõƤǆ ǊǒƼ ñïí íǒǃā Ǐǈƕ Ɨǈǒíǆ õõƤǆ þǒāǀƙ Ü  ýǀǈǃå ÷Ɠõƿ Ǐǃå ôïƶƙā

õõƤǆǃå èƓǒāƙơǆ íơå ïƓƕƙƵƓƕ ÜƗƪåïíǃå èǈƓǂƼ Ɨǈǒíǆǃå ÿƵ Ɨƛǒíơǃå ĂïƤǕå Ɨƪåïíǃå Ɠǆå 

 èƓǆåíƤƙƪǙ ǑǈƓǂǆǃå ýǒǄơƙǃå ÿåāǈƶƕǑưåïǕå  ƗǒïươǃåǑƼ íǒǃā Ǐǈƕ Ɨǈǒíǆ Ü ƗƪåïíǑƼ 
Ƽåïƺƞÿíǆǃå Ɨǒ Üƪïí íƿāè  Ɨǈƪǃ ôïǕå èƓǆåíƤƙƪå)1980 Ü(þ ôïǕå èƓǆåíƤƙƪåā
 Ɨǈƪ )2000(þ õõƤǆǃå åíǋ þǒǒǀƙā õõƤǆǃå èƓǒƮāƙ æƪơ.  
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 íƵá ñƼïǒƪǃāƕ Ǒƪíǈǌǃå ăïƓƬƙƪǙå æƙǂǆǃåĲ  āǂíƓƼĲ  úåïƬá èơƙ åíǈǃāƕ āƪïåā
ûƼåïǆǄǃ ƗǆƓƶǃå ƗǈƞǄǃå  åïǒïǀƙ ÜƓǀƕƓƪ ā Ǐǈƕ Ɨǈǒíǆǃ ýǆƓƬǃå õõƤǆǃå ýāƓǈƙíǒǃ Ɨǈƪǃ 

)2000(þ ñïíǒ ǊǒƼ ƓǌƵåāǈå úǄƙƤǆƕ Ɨǒǆǈƙǃå Ü. ƗǈǒíǆǃƓƕ ýǀǈǃå ÷Ɠõƿ ƓǌǒƼ Ɠǆƕ 
1.1.3  .Ǐƺ ƕƾƓƑƨǁä çƑƨäîìǁä çƑƴôƑƾƗǁä üƑƜǄ  

 ǑƼ Ǐǆǒïǂǃå þǒǋåïƕã Ɠưïǃå íƕƵ .í ïǂî ÜûåïƶǃƓƕ ƗǄơǃå Ɨǈǒíǆ èƓƶõƓǀƙǃ Ǌƙƪåïí   ïƕƙƶƙ
ÿåíǄƕǃå ÿǆ íǄƕ ăá ǑƼ çïƓươǃå çàïǆ ƓǌƙƓƶõƓǀƙā ûïõǃå  ǑƼ ýƮƓơǃå ïāõƙǃå ñƓǀǒā

 ƴõƓǀƙǃå úïƶǒā èƓƶõƓǀƙǃå ǑƼ ïāïǆǃå ƗǒƕƓǒƪǈåā ûïõǃå ííƵā ƗǒƵāǈ ýǚƤ ÿǆ ÿåíǄƕǃå
 ýǒǌƪƙǃ þíƤƙƪƙ éǒơ Ɠǆǌưƶƕ ƴǆ ïƛǂá āá ÿǒǀǒïõ ßƓǀƙǃå ÿǆ ƗƞƙƓǈǃå ƗơƓƪǆǃå Ǌǈá ǏǄƵ

ăïāïǆǃå ÿƓǒïƞǃå ǉƓƞƙå ïǒǒƺƙ èƓǒǄǆƵ. 
ǃ ǑǃƓơǃå ƴƿåāǃå ïǒāõƙā þǒǒǀƙƕ Ɨƪåïíǃå èǆƓƿ ƴõƓǀƙā ïíƓǈ Ǒơ ǑƶõƓǀƙ Ǒơ ā çïāƛǃå

ƕ ñƓƪá ǏǄƵā èƓǂïơǃå ÿǆ Ɨǂïơ ýǂǃā ǉƓƞƙå ýǂǃā ÿǒƶõƓǀƙǄǃ Ɨǒïāïǆǃå þāƞơǃå  ƴǆƞ
ǒïāïǆǃå çāïîǃå ƗƵƓƪƗ  Ɨǒïāïǆǃå þāƞơǃå úǒǈƮƙ üǃîǂā ÿǒƶõƓǀƙǄǃ ƗǒƑƓƪǆǃåā ƗǒơƓƕƮǃå

ƓǆǌǃǚƤ ÿǆ ïǆƙ Ǒƙǃå èƓƕǂïǆǃå ÷åāǈá æƪơā ÜƙƪƓƕ Ɨǒïāïǆǃå èƓǈƓǒƕǃå ƴǆƞ þƙ þåíƤ
 éǒơ ïǒāƮƙǃå Ɨǀǒïõ þƛƗǆðǚǃå èƓõõƤǆǃåā ýāåíƞǃƓƕ èƓǈƓǒƕǃå üǄƙ ýǒƛǆƙ Ü èǆƓƿ

ǀƙǃå ǑƼ ïāïǆǃå ýƓơ ƴƿåāǃ èƓǈƓǒƕǃå ýǒǄơƙƕ ƗƪåïíǃåÿǒƶõƓ Ɠǆǌǃ ƗǆíƤǃå Ăāƙƪǆ ÿǒǆƤƙǃÜ 
) ÷āǈ ÿǆ Ɠǆǌǃ ƗǆíƤǃå Ăāƙƪǆ ÿá ýǒǄơƙǃå ƝƑƓƙǈ ýǚƤ ÿǆ ÿǒƕƙ íƿāF    æƓǒƪǈå

æïõưǆ ßåïƞã Ɨƪåïíǃå èǃāƓơ (  þƛ ÿǆā ÿǒƶõƓǀƙǄǃ Ǒƪíǈǌǃå þǒǆƮƙǄǃ ïǒāõƙǃåā ýǒíƶƙǃå
ýǒǄơƙÜ Ǐǃã ƗǆíƤǃå Ăāƙƪǆ ƴƼï Ǐǃã üǃî Ăíá íƿā èƓǈƓǒƕǃå) C  (ïǀƙƪǆ æƓǒƪǈå èƮāá

 æåïǆ ýǆƵ ƴǆ ƴõƓǀƙǃå Ɨǀõǈǆ ǑƼ óƓƤǃåā þƓƶǃåÜ ýǀǈǃå èƓƕǂïǆ úƿāƙ ƴǈǆƕ Ɨƪåïíǃå
 Ǌƞƙǆǃå ïāïǆǃå ÿƵ ïíƓǈ ƴõƓǀƙ ǑƼ ÿǒǆǒǃå Ɨǂïơ ýðƵ ƴǆ ǊƞïƓƤ üǃîā þƓǆǕå Ǐǃã

 ûǒïõ ßƓƬǈƎƕ ǑƵïƼ  ƓǌǄƶƞā èƓƶõƓǀƙǃå ýǒƺƬƙ üǃîǂā ƴõƓǀƙǃå ǑƼ úƿāƙǃå Ɨǀõǈǆ ýƕƿ
 ÷āǈā Ɨǒïāïǆǃå þāƞơǃå æƪơ ÿƓǆðǕå þǒǆƮƙ ǏǄƵ íǒǂƋƙǃå ƴǆ ƗǒƑāưǃå çïƓƬǗƓƕ ýǆƶƙ

÷āƿā ƗǒǃƓǆƙơå ýǒǄǀƙǃ ǉƓƞƙå ýǂ ǑƼ ïāïǆǃå . Ɨǒïāïǆǃå éíåāơǃå 
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Ƽ þƶǈǆǃå íƕƵ íǆơǆ ǑǄƵ .í.á ïǂííƓƕǆ ïāïǆǃåā ýǀǈǃå Ɨƪíǈǋ ǊƕƓƙǂ Ǒă  ýǀǈǃå õǒõƤƙ
 :èƓƶõƓǀƙǃå þǒǆƮƙ íǈƵ ƗǒǃƓƙǃå ýǆåāƶǃåā ñƪǕå Ɠǌǈǆ ÿíǆǃå ýƤåí ïāïǆǃåā 

ƲôƑƾƗǁä ýǐǄƬƗ ðƨà:   
ƴõƓǀƙǃå þǒǆƮƙ íǈƵ ƓǌƙƓƵåïǆ æƞåāǃå ÿǆ ñƪá çíƵ üƓǈǋ  ā: Ǒǋ 

1. ƓǌƙƞǃƓƶǆā èƓƕǂïǆǃå ÿǒƕ ßƓǀƙǃǙå õƓǀǈ ýǒǄǀƙ 
2. ǃå ƗƵïƪǃå ǏǄƵ çïõǒƪǃåƴõƓǀƙǃåā ûǒïõǄǃ ƗǒǆǒǆƮƙ 
3. ƴõƓǀƙǃƓƕ ïāïǆǄǃ Ɨǂïơǃå ǉƓƞƙå ïǒǒƺƙ ǏǄƵ çïõǒƪǃå 
4.  ÿǆ ăïāïǆ þƞơ ǏǄƵá ýǆơǒ ăîǃå ǉƓƞƙǚǃ ÿƓǆðǕå āá çïƓƬǗƓƕ ƗǒǆǋǕå ßƓõƵã

 Ɨǒǀƕ ÿǒƕ.èƓǋƓƞƙǙå 
5. . ñǈƓƞƙǆ ïǒƹ ïāïǆǄǃ ƗƕƪǈǃƓƕ èƓǂïơǃå ýƮƼ 
 

ƕǐƮîǓä çƑƴôƑƾƗǁä ýǐǄƬƗ îƬƑǆƳ: 
 ƗǒïƬƕ ýǆåāƵ)- ǃå èåíƓƵ ûƑƓƪ-  ûƑƓƪǃå ƴƿāƙ- ïåïǀǃå îƓƤƙå ǏǄƵ ƗǒǄƕƓǀǃå-  íïā ïåïǀǃå

(ýƶƽǃå. 
îƤƋƙ  ā Ü Ɨǒïươǃå ûõƓǈǆǃå ǑƼ ƗƮƓƤ Ɨǒǆǋá èƓƶõƓǀƙǃåîýǆåāƶǃå ÿǆ ïǒƛǂǄǃ åïöǈ üǃ Ü

 ÿǆ çíāƶǃåā æƓǋîǃå èǚơïƕ Ɨõƕƙïǆǃå çïǒƕǂǃå ƗǒƑƓƪǆǃåā ƗǒơƓƕƮǃå ïāïǆǃå þƓƞơá ýƛǆ
ýǆƶǃå Ǐǃåā ǃåā ƗǒơƓƕƮǃå çāïîǃå èƿā) èƓƿāá ǑƼ èƓƶõƓǀƙǃå ǉíǋ þíƤƙƪƙ Ǒƙǃå ( ƗǒƑƓƪǆ

þƓƞơǕå ǉíǋ æāƓǈƙǃ ƗƼƓưǗƓƕ Ɠǒƕƪǈ çïǒƮƿ  ā èƓƶõƓǀƙǃ ǑǈƓǂǆǃå ýƮƽǃå îǒƽǈƙ èƓǒǃƓǂƬȒå
ÿíǆǃå Ü ĂïƤǕå ýǆåāƶǃå ÿǆ Ɠǋïǒƹā. 
ǃî Ɨƶƪ ǏǄƵ ïƛå ÿǆ Ǌǃ Ɠǆǃ ÿíǆǃƓƕ èƓƶõƓǀƙǄǃ þǒǒǀƙ èƓǒǄǆƵ ßåïƞã ăïāïưǃå ÿǆ üǃ

 ǏǄƵ üǃîā Üăïāïǆǃå þƓöǈǃåýǄƤǃå ƴưåāǆǃ ûǒƿíǃå íǒíơƙǃå ÿǆ Ɠǈǈǂǆƙ ƗǒǆǄƵ ñƪá Ü
.ÿƓǂǆǗå ïíƿ èƓƶõƓǀƙǃå ǉíǋ ßåíá ÿǒƪơƙƕ ƗǄǒƽǂǃå Ɨǈǂǆǆǃå èåßåïƞǗå îƓƤƙå ǑǃƓƙǃƓƕā 

ƴõƓǀƙǃå ïƓǒƙƤå ǑƼ çïƛâǆǃå ýǆåāƶǃå: 

1. ǉƓƞƙå ýǂǃ Ɨǒïāïǆǃå þāƞơǃå 
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2. úǒǃƓǂƙǃå 
3.  ßƓƬǈǗ çïāƓƞǆǃå ƗǒǂǄǆǃå ƗǃƓơā ôïǕå ƗǒƼåïƹāƕõ ƗǆƑǚǆ ĂíǆƴõƓǀƙǃå 
4. ƗǒǆǒǆƮƙǃå ƗƵïƪǃå 
2.3 .ƕǐǂƾƟǁä ƕƨäîìǁä 

 ƓǌǒǄƵ íǆƙƶƙ Ǐƙǃå Ɨǆǌǆǃå æǈåāƞǃå íơå Ɨǒǈåíǒǆǃå èƓƪåïíǃå íƶƙéƓơƕǕå  Ɠǆǃ Ü èƓƪåïíǃåā
 Ɨǒƶǒƕõǃå ƓǌƵāǈƕ Ɨƪåïíǃå ÿǆ åïǒƕǂ åïíƿ Ǐõƺƙā éơƓƕǃå íǒƽƙ Ɨǆǌǆ èƓǆāǄƶǆ ÿǆ Ǌǆíǀƙ

í æƓǒƹ ýö ǏƼā ÜƗǒïƬƕǃåāåïǆ ýǂ Ăāƙƪǆ ǏǄƵ ƗǄǆƓƬ èƓƪ ÷Ɠõƿ çïåíå ā þǒöǈƙǃ Ɨǈǒí
 ûǄƶƙǒ Ɠǆ ýǂ Ɨƪåïíā ýǂǂ ýǀǈǃå ÜǊƕ ÿƵ çïƓƕƵ Ǐǀƕƙ Ɨǒïāïǆǃå èƓƪåïíǃå þöƶǆ ÿá îã

ýǀǈǃå ƓǒƓưƿ ƗƞǃƓƶǆǃ ƗǄǆƓƬ Ɨǒƞǒƙåïƙƪå çïöǈ ÿāí ƗǒíïƼ èǙƓơǃ èƓƞǃƓƶǆ. 
1.2.3 . çƑǆƑǐƓǁä ƲǄƜ 

ǋ ǑƼ ðǒǂïƙǃå þƙî þǒǒǀƙƕ ÜǑƕāǈƞǃå íǒǃā Ǐǈƕ ýƤíǆ ƴõƓǀƙ ǏǄƵ Ɨƪåïíǃå ǉ Ăïāïǆǃå ßåíǙå
 Ɨǈǆðå ƗƼïƶǆǃ Ăíơ ǏǄƵ ǉƓƞƙå ýǂ Ɨƪåïí þƙǒƪā èƓƕǂïǆǃå ƗƵïƪā ǉƓƞƙåā ïāïǆǃå þƞơā
 ƗƕǄõ çíƵƓƪǆƕ Ơƪǆǃåā íƶǃå ƗǒǄǆƵā èƓǈƓǒƕǃå ƴǆƞ þƛ íǀǃ ÜèåïƓǒƪǄǃ ïƓöƙǈǙåā úāƿāǃå
 æǒïíƙǃå ÿǆ ßðƞǂ Ü íǒǃā Ǒǈƕ Ɨǒǈǀƙǃå þāǄƶǃå ƗǒǄǂƕ Ɨǒǈíǆǃå Ɨƪíǈǌǃå þƪƿ ñíƓƪǃå ýƮƽǃå

ǄǆƶǃåǑ 
2.2.3 .ðƑǐƾǁäĀ ìƴǁä ƕǐǂǄƳ 

 ƗƽǄƙƤǆ èƓƵƓƪǃā ƴõƓǀƙǃå èƓǋƓƞƙå ýǂǃ ïǆƙ Ǒƙǃå èƓƕǂïǆǃå ííƵ æƓƪơ )þāǒǃ  èƕƪǃå
 ûƼåāǆǃå7  Ɨǈƪ ñïƓǆ2020 þƛā ( ƙ ÿāíî ôïƶƕ Ǒƽƙǂǈƪ) :ƗǒǃƓƙǃå ýāåíƞǃå ǑƼ üǃ

Ɨƶƕïå ÿǆ íơåā êîāǆǈ (ƗǒǄǀơ ýāåíƞ åïƬƓƕǆ åíƵ ƗƵƓƪǃå ǑƼ çïƓǆǃå èƓƕǂïǆǃå íƵ þƛǒā .
ƕā.ăāíǒ íåíƵ þåíƤƙƪƓ 
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  ЬмϹϮ )1 (ЮϜ иϝϯϦϜ ) ϣтнϛгЮϜ ϼмϽгЮϜ ϣϡЃжм ЙАϝЧϧЮϜ сТ ϤϝϡЪϽгЮϜ ϼмϽв ϸϹК еуϡт(ЬϝгЇ 

ЮϜϧЦнуϥ ϣЪϽϳЮϜ иϝϯϦϜ 
 ϸϹК

ϤϜϼϝуЃЮϜ 

 ϸϹК

ϤϝзϳЇЮϜ 

 БЂнϧв

евϾ  ϼмϽв

ϤϝϡЪϽгЮϜ  /

ϣужϝϫЮϜ 

ϣКϽЃЮϜ 

km/h 

 ϣϡЃзЮϜ

%ϣтнϛгЮϜ 

8  сЮϜ9 Ј 

  

NW  ϞϽО  ЬϝгІ 

NS  ЬϝгІ  ϞнзϮ 

NE  ЬϝгІ  ФϽІ 

228 

140 

68 

ϹϮнт ъ 

4 

4 

22 

27 

34 

16.6 

13.3 

10.6 

52.3% 

32.1% 

15.6% 

    =   ИнгϯгЮϜ436 100% 

10  сЮϖ11 Ј 

  

NW ЬϝгІ  ϞϽО 

NS  ЬϝгІ ϞнзϮ 

NE ФϽІ  ЬϝгІ 

284 

148 

116 

4 

ϹϮнт ъ 

ϹϮнт ъ 

22 

27 

34 

16.6 

13.3 

10.6 

51.9% 

27% 

21.1% 

  =     ИнгϯгЮϜ548 100% 

1  сЮϖ2 Ќ 

  

NW ЬϝгІ ϞϽО 

NS ЬϝгІ ϞнзϮ 

NE ЬϝгІ ФϽІ 

392 

308 

184 

4 

ϹϮнт ъ 

ϹϮнт ъ 

22 

27 

34 

16.6 

13.3 

10.6 

44.3% 

34.9% 

20.8% 

 =    ИнгϯгЮϜ884 100% 

2  сЮϖ3 а 

  

NW  ЬϝгІ  ϞϽО 

NS  ЬϝгІ  ϞнзϮ 

NE  ЬϝгІ  ФϽІ 

300 

208 

132 

4 

ϹϮнт ъ 

4 

22 

27 

34 

16.6 

13.3 

10.6 

46.9% 

32.5% 

20.6% 

 =    ИнгϯгЮϜ640 100% 

4  сЮϖ5 а 

NW ЬϝгІ    ϞϽО 

NS  ЬϝгІ  ϞнзϮ 

NE  ЬϝгІ  ФϽІ 

156 

144 

148 

4 

ϹϮнт ъ 

ϹϮнт ъ 

22 

27 

34 

16.6 

13.3 

10.6 

34.8% 

32.1% 

33.1% 

 =  ИнгϯгЮϜ448 100% 

6  сЮϖ7 а 

NW  ЬϝгІ ϞϽО 

NS ЬϝгІ  ϞнзϮ 

NW ЬϝгІ  ФϽІ 

268 

340 

228 

ϹϮнт ъ 

4 

4 

22 

27 

34 

16.6 

13.3 

10.6 

32.1% 

40.6% 

27.3% 

                      =  ИнгϯгЮϜ836 100% 

 

3.2.3 .ƺîǁä ƕǐǂǄƳƲ ǏƟƑƨǄǁä   

 ƗǒǄǆƵ ïƕƙƶƙ Ơƪǆǃåā ǑơƓƪǆǃå ƴƼïǃå  ƗǒƼåïƹāƕõā èƓƪƓǒƿ ƗƼïƶǆǃ ýƛǆǕå Ɨǀǒïõǃå Ǒǋ
 íǒíơƙ ƓǌǃǚƤ ÿǆ þƙǒƪ Ǒƙǃå èåïƓƪǆǃåā ûƑåāƶǃå ƗƼïƶǆā ôïǕå ïƵ ƗƼïƶǆā èåïƓơǃå ô

 úƓõƶǈǙå Ɠǒåāðā ƗƽƮïǙåā  Ɨǒïāïǆǃå èåïƓƬǗåāǑǄƵ ÜƴõƓǀƙǃå   ā ƗǒǄǆƵ ýǚƤ ÿǆ
Ơƪǆǃå ) þƿï ýǂƬǃå ïöǈå) ǑơƓƪǆǃå ƴƼïǃåā1 Ơưƙå ((:ǑƙǙå Ɠǈǃ 
o  Ɠǌưƶƕ ÿƵ ûǒïõǃå ǑƼ èåïƓơǃå ôïƵ úǚƙƤå 
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o  ûǒïõǃå çïƓơ ôïƵw1    =m8.6  
o ûǒïõǃå çïƓơ ôïƵw2   =m10.5 
o ƕ ýƮƓƽǃå úǒƮïǃå ôïƵ ÿǒƙïƓơǃå ÿǒ2.9m  = w1 ,w2  
o  ûǒïõǃå çïƓơ ôïƵs1    =m7.7  
o  ûǒïõǃå çïƓơ ôïƵs2    =m7.2  
o ÿǒƕ ýƮƓƽǃå úǒƮïǃå üǆƪs1, s2  úǒƮïǃå Ɨǆíǀǆ ÿǆ m1.35   ǑƼā

úǒƮïǃå ǊǒƽǄƤ 0.55m 
o  ûǒïõǃå çïƓơ ôïƵE1  =m 7.8  
o  úǒƮïǃå ôïƵE  ûǒïõǃå ǑƼ ýƮƓƽǃåE=2.90 m 
o  ûǒïõǃå çïƓơ ôïƵN1=9.9m 
o  ôïƵ ûǒïõǃå ÿǒƕ ýƮƓƽǃå úǒƮïǃåN1 ÜN2  úǒƮïǃå Ǌǆíǀǆ ÿǆ 

m0.75   úǒƮïǃå ǊǒƽǄƤ ÿǆā m0.35  
o  ƗƼƓƪǆƗǒƑðƞǃå ÿƵ úƓõƶǈǙå Ɨǒāåð A Ɨǒåíƕǃå íǈƵ m 6.3  ƗǒƽǄƤǃå íǈƵā m 

6.25  Ɨõǀǈǃå íǈƵ  A 
o  úõƶǈǆǃå ǑƼB  Ɨǒåíƕǃå íǈƵ ïƪǒǕå úƓõƶǈǙå ƗƼƓƪǆm7.40   íǈƵā

ƗǒƓǌǈǃå7.7m       
o ƶǈǆǃå íǈƵā úõ S  ƗƼƓƪǆ Ɨǒåíƕǃå íǈƵ Ɨǒâïǃå Ɨǒāåðm6.60   ƗǒƓǌǈǃå íǈƵā

6.80m 
o   úǒƮïǃå ÿǒƕ ƗǄƮƓƽǃå ƗƼƓƪǆǃåS úǒƮïǃåā= N    23.7m 
o  úǒƮïǃå ÿǒƕ ƗǄƮƓƽǃå ƗƼƓƪǆǃåWúǒƮïǃåā E 23.8 m = 
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ЭЫІ) .1 (ЙАϝЧϧЮϜ сЯК ϣУЊϼъϜм ϤϜϼϝϳЮϜ ЌϽК 

4.2.3. ХтϽГЮϜ ϢϸнϮнгЮϜ ϤϝϡГгЮϜ 

Ǚå ǑǄƵ èƓƕõǆǃå ýǆƶƙ ǉƓƕƙǈǑǄƵ  ƴõƓǀƙǃå ǑƼ èƓƕǂïǆǃå Ɨǂïơ ƗƵïƪ úǒƽƤƙā ûǒïõǃå
ăïāïǆǃåÜ  ÷ƓƽƙïƓƕā ƗǒƙǄƽƪã èƓƕõǆǃå ÿǆ ÿǒǈƙá ííƵ Ɨƪåïíǃå Ɨǀõǈǆ ǑƼ íƞāƙā cm30 
Ɠƕǒïǀƙ  ôïƵā90cm  ôïƶƕā.7.2m  
5.2.3 .ƕǐîĀîǄǁä çäìƑƪîǕä 

ơƙ èǒơ ûïõǃåā ÷ïåāƬǄǃ ăïāïǆǃå ßåíǕå ÿǒƪơƙ Ǐǃã Ɨǒïāïǆǃå èåíƓƬïǗå úíǌƙ öƼƓ
  èƓǆǚƵ ăá Ɠǌƕ íƞāƙ Ǚ Ɨƪåïíǃå Ɨǀõǈǆ ǑƼā Üûǒïõǃå ǑƼ ăïāïǆǃå ïǒƪǃå ƗǒƕƓǒƪǈå ǏǄƵ
 ǑǄƵ ǑƑāư ñǂƓƵ ăá íƞāǒ Ǚā ßåïƽƮ āá ßƓưǒƕ ƗǒïāƽƪƼ õāõƤ ăá Ǚā ƗǒíƓƬïã
 åíǋ ÿāǂǒ ǑǃƓƙǃƓƕā ÜƗǒíƓƬïã āá Ɨǒïǒîơƙ èåïƓƬã ăá íāƞā þíƵ Ǐǈƶǒ åíǋā Üûǒïõǃå

ǄƵ èƓƕǂïǆǃå Ɨǂïơǃ Ɠǂƕïǆ ƴưāǃåƗǒïāïǆ ǏưāƼ ǑƼ Ɠƕƕƪǆā ûǒïõǃå Ǐ. 
6.2.3 .æîĀƑƜǄǁä ǏǆƑƓǄǁä  

 ƗǒǆǒǄƶƙ) úƑƓöāǃå ƗƽǄƙƤǆ ƴõƓǀƙǄǃ çïāƓƞǆǃå ǑǈƓƕǆǃå ÿǆ íǒíƶǃå íƞāǒĲ  ƗǒǈǂƪĲ  ƗǒïƓƞƙ
ĲƗǒïåíã ǑǈƓƕǆ) þƿï ýǂƬǃå ïöǈå) (2 (( 
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1. Ǒǈíǆǃå ÷ƓƼíǃå çïíá Ǒǈƕǆ 
2. Ɨǒǈǒāǆƙǃå ƴǄƪǃå ÿðƓƤǆ 
3. ăíǄƕǃå ñïơǃå ðǂïǆ 
4. ƗǒïƓƞƙ èǚơǆ 

5. ûāƪ þāơǄǃåā èåāåïưƤǃå 
6. Ɨǒǈǂƪǃå ÿƓǆưǃå èåïƓǆƵ 
7. èƓǈƕǄǃ Ǒǃíǒơǆ ßƓǈƪ ƗǒāǈƓƛ

 
Ϝ ЭЫЇЮ)2 (ϣЂϜϼϹЮϜ ϣЧГзгЮ ϢϼмϝϯгЮϜ сжϝϡгЮϜ ϱЎнт    
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4.  ƕǄìƢƗƨǄǁä æïǊƜǗä Ā  çäĀìǗä 
 ƗǄǆƓƬǃå Ɨõơǆǃå ðƓǌƞ)LEICA TS16P 3ǌ R1000 þƿï ýǂƬǃå Ǐǃå ïöǈå)  (

)3ƗǒǃƓƙǃå èƓƽƮåāǆǃƓƕ Ɨǒíǒāƪ ƗƵƓǈƮ .((: 

o çāƿ  ïƓöǈǆǃå ïǒƕǂƙX 30 . 
o  ñǂƓƵ ÿāíƕ èƓƼƓƪǆǃå ñƓǒƿ390 .ïƙǆ 
o  ñǂƓƶǃƓƕ èƓƼƓƪǆǃå ñƓǒƿ3000 .ïƙǆ 
o  ñǂƓƶǃƓƕ èƓƼƓƪǆǃå ñƓǒƿ Ɨƿí1.ǑǄǄǆ 
o  ñǂƓƶǃå ÿāíƕ èƓƼƓƪǆǃå ñƓǒƿ Ɨƿí2 .ǑǄǄǆ 
o  çïǂåîǃå þƞơ99000 .Ɨõǀǈ 
o  ðƓǌƞǃå ÿðā4.85 .þåïƞāǄǒǂ 

 
) ЭЫІ3) Инж ϣЯвϝЇЮϜ ϣГϳгЮϜ ϾϝлϮ (LEICA TS16P 3ǌ R1000( 

рϺънТ ЀϝуЦ БтϽІ 

) þƿï ýǂƬǃå Ǐǃå ïöǈå)ÿïǆǃå îǙāƽǃå ÿǆ ÷āǈƮǆ õǒïƬ4  ā5 ƗõïƬǙå ǉîǋ ïƕƙƶƙā Ü((
 ƗƽƤā Ɠǌƙƿíā ƓǌƙƕǚƮǃ åïưǈ ƗơƓƪǆǃå ýƓǆƵá ǑƼ  ƗǆíƤƙƪǆǃå ƗõïƬǙå ÷åāǈå ýưƼá ÿǆ

.íƬǃƓƕ ïƛƋƙǒ Ǚā Ɠǌǈðā 
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ЭЫІ )4 (БтϽІ ЀϝуЦ рϺънТ ЭЫІ )5 (ϸϜϹК рмϹт 

 íǀǃā ǑǄƵ èƓǆǚƵ ƴưāǃ ìƓƤƕ ǚõā) ïǒāƮƙ Ɨǃáā óƤåāƬǃå ôƶƕ Ɠưǒå èǆíƤƙƪå
 èƓǈƓǒƕǃå æƪơ ƓǌƙƵƓƕõ þƛ ýāåíƞ ÿƵ  çïƓƕƵ Ǒǋā ýǀơ ïƙƓƼí èǆíƤƙƪåā (èǄƽƪǙå
 íåíƵ ÿƵ çïƓƕƵ ðƓǌƞǃåā ÜèåïƓǒƪǃå íƵ ƗǒǄǆƵ ýǒǌƪƙǃ ăāíǒ íåíƵ þíƤƙƪåā ÜƗƕāǄõǆǃå

.þƙƓƤ ýǂƬ ǑǄƵ íǒǃå þƓǌƕá ǑƼ ñƕǄǒ ïǒƺƮ 

5. ä üǐǂƟƗƛƏƑƗǆǁäĀ çƑǆƑǐƓǁ  )(ƛƏƑƗǆǁä ƕƪƽƑǆǄ 
1.5. ƕǄìƢǁä ĂĀƗƨǄĀ îĀîǄǁä åƑǐƨǆä åƑƨƟ 

 = ïāïǆǃå æƓǒƪǈå ) :ƗǒƙǙå ƗǃíƓƶǆǃå þåíƤƙƪƓƕ ïāïǆǃå Ɨǂïơ æƓƪơ þƛǒM\C( 
:ïíƮǆǃå ÿíǆǃå ýƤåí ïāïǆǃåā ýǀǈǃå õǒõƤƙ ăíƓƕǆ ïāïǆǃåā ýǀǈǃå Ɨƪíǈǋ æƓƙǂ  ƗơƽƮ
140 .:éǒơ 

MƵƓõƿ ïƕƶƙ Ǒƙǃå ïǒƪǃå èåíơā ííƵ : çííơǆ Ɨǒǈǆð çïƙƼ ýǚƤ ûǒïõ ǑǄƵ ĄƓǒưïƵ ĄƓ
(ǑǄƶƽǃå ïāïǆǃå þƞơ) 

C  ýǚƤ ûǒïõƕ ĄƓǒưïƵ ĄƓƵƓõƿ ïƕƶƙ ÿá ÿǂǆǒ Ǒƙǃå ïǒƪǃå èåíơā ÿǆ ííƵ ǑƮƿá :
.ÿǒƶǆ ƗǆíƤ ăāƙƪǆƕ çííơǆ Ɨǒǈǆð çïƙƼ 
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) ЬмϹϮ2:ϼϹЋгЮϜ ϼмϽгЮϜ ϞϝуЃжϜм ϣвϹϷЮϜ ϤϝтнϧЃв ЉϚϝЋ϶ (  ϼмϽгЮϜм ЭЧзЮϜ ϣЂϹзк ϞϝϧЪ

уГϷϦ рϸϝϡв ϣϳУЊ дϹгЮϜ Э϶Ϝϸ ϼмϽгЮϜм ЭЧзЮϜ Б140 

 

 ƗǆíƤǃå ăāƙƪǆā ïāïǆǃå Ɨǂïơ æƓƪơǃ ýāåíƞ Ɨƶƕïå ÿǆ íơåā  êîāǆǈ ôïƶƕ Ǒƽƙǂǈƪ
Ɨǂïơǃå èƓǋƓƞƙå ƴǒǆƞǃÜ  ýāíƞ ÜƗǀƕƓƪǃå ýāåíƞǃå ÿǆ Ɨƶǆƞǆǃå èƓǈƓǒƕǃå êåïíá þƛǒ éǒơ

)1 ā2óƑƓƮƤǃƓƕ ǊƙǈïƓǀǆā ǉƓƞƙå ýǂǃ ƗǆíƤǃå ăāƙƪǆā ïāïǆǃå æƓǒƪǈå æƓƪơǃ ( 
) ýāíƞ ǑƼ çíïåāǃå3( 

) ЬмϹϮ3ϞϽПЮϜ иϝϯϦϜ сЯК ϣвϹϷЮϜ ϤϝтнϧЃвм ϼмϽгЮϜ ϞϝуЃжϜ ϞϝЃϳЮ ϬϺнгж  ( 
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 ϱуЎнϦ   :M ϹϲϜм иϝϯϦц ϤϝϡЪϽгЮϜ Ингϯв ск:: C  ЁУзЮ ϤϝϡЪϽгЯЮ ϸϹК сЯКϒ ск

иϝϯϦъϜ 

 ϤϝкϝϯϦϜ ев ϹϲϜм иϝϯϦϜ сТ ϢϼϝгЮϜм ϤϝкϝϯϦъϜ ЭЪ ев ϣвϸϝЧЮϜ ϤϝϡЪϽгЮϜ ϞϝЃϲ бϫт

.ЙАϝЧϧЮϜ 

2.5 .ƲôƑƾƗǁä ƕƴƨ åƑƨƟ 

 õƤǃå ǑǄƵ üïơƙƙ ÿå ÿǂǆǒ Ǒƙǃå ýǀǈǃå èåíơā ÿǆ ííƵ ǑƮƿá ƓǌǈƓƕ ƴõƓǀƙǃå Ɨƶƪ úïƶƙ
ýǀǈ çíơā ) çíāíơǆ Ɨǒǈǆð çïƙƼ ýǚƤ ǉƓƞƙå ýǂ ǑƼ\ ÿǆ ííƵ ǑƮƿå āá (ǉƓƞƙå ýǂǃ ƗƵƓƪ

 . çíāíơǆ Ɨǒǈǆð çïƙƼ ýǚƤ ǉƓƞƙá ýǂ ǑƼ ïƓƪǆǃå ǑǄƵ ǊǄǀǈ ÿǂǆǒ èƓƕǂïǆǃå æƓƪơ þƙǒā
 Ɨƶƪ] :ƗǒƙǙå Ɨƿǚƶǃå þåíƤƙƪƓƕ ƴõƓǀƙǃåN= M/(e^M*tg/3600- 1[(( :ïíƮǆǃå) 

 ƗơƽƮ ÿíǆǃå ýƤåí ïāïǆǃåā ýǀǈǃå õǒõƤƙ ăíƓƕǆ ïāïǆǃåā ýǀǈǃå Ɨƪíǈǋ æƓƙǂ92( 

  :éǒơN ƴõƓǀƙǃå Ɨƶƪ :Veh\hçïƓǆǃå ïǒƪǃå èåíơā ííƵ :Ü   tg ûƼíƙǃå ÿǆð :
ƗǒǈƓƛǃƓƕ Ǒǀǒǀơǃå Veh\h , Ɨƕǂïǆ :\ ƗƵƓƪ 

)üĀìƜ5ƨƟ  (ƲôƑƾƗǁä ƕƴƨ åƑ 
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6. éƑƗǆƗƨǗä 
1.6. ðƑǐƾǁäĀ ìƴǁä ƕǐǂǄƳ üǘƢ þǄ éƑƗǆƗƨǗä 

 ûǒïõǃå ǉƓƞƙå ÿá)SE æāǈƞ-(ûïƬ   Ǒǃåāơƕ èåïƓǒƪǄǃ åïāïǆ ïƛǂǕå åāǋ2212  çïƓǒƪ
 ƗƵƓƪǃå ÿǆ ǉïíƿ èǒƿāƙ ǑƼ8  Ǐƙơā ƓơƓƕƮ7  ßƓƪǆ ûƼåāǆǃå èƕƪǃå þāǒǃ7  ñïƓǆ

2020. 

 ǉƓƞƙǙå ÿáSW) æāǈƞ- (æïƹƪǄǃ åïāïǆ ýƿǕå èåïƓǒ308  ƗƵƓƪǃå ÿǆ çïƓǒƪ8 
 Ǐƙơ ƓơƓƕƮ7  ßƓƪǆ 

 ûǒïõǃå ǑƼ èåïƓǒƪǃå ïāïǆ ǉƓƞƙå ÿã  WE)æïƹ-  (ûïƬ ƴǒǆƞ ǑƼ åïāïǆ ïƛǂǕå åāǋ
 Ǒǃåāơ ĂïƤǕå èƓǋƓƞƙǙå2400 .åïāïǆ ïƛǂǕå åāǋā çïƓǒƪ 

 ǉƓƞƙå āá ÷Ɠõǀǃå ǑƼ èåïƓǒƪǃå ïāïǆ ǉƓƞƙå ÿáWN)  (ýƓǆƬ æïƹ åāǋ228 .çïƓǒƪ 

Ɠǒƪǃå ïāïǆ ÿá ÷Ɠõǀǃå ǑƼ èåï  EW)  (æïƹ ûïƬ Ǒǃåāơ436 .çïƓǒƪ 

 ǉƓƞƙǙå āá ÷Ɠõǀǃå ǑƼ èåïƓǒƪǃå ïāïǆ ÿáES) ûïƬ-(æāǈƞ  Ǒǃåāơ1268 .çïƓǒƪ 

 ǉƓƞƙǙå āá ÷Ɠõǀǃå ǑƼ èåïƓǒƪǃå ïāïǆ ÿá)  ENûïƬ-(ýƓǆƬ  Ǒǃåāơ560.ǉïƓǒƪ 

2.6  .úǐîôǁä ƕǁƑƟ 

 èƓƕǂïǆǃå ïǒƪ ǏǄƵ ïƛâƙ  ûǒïõǃå ǑƼ çíƞāǆǃå èƓƵíƮƙǃå ÿá Ɨǒïāïǆǃå ƗǒơƓǈǃå ÿǆ 
 ûāǀƬǃåā ïƽơǃåā èƓƵíƮƙǃå ýǂ ûǆƵā þƞơ ÿå Ơưƙå Ǒǈåíǒǆǃå Ơƪǆǃå ýǚƤ ÿǆā

 ā ïƬƓƕǆ ýǂƬƕ ïāïǆǃå Ɨǂïơ ûǒƶƙ Ǚ ûǒïõǃå ǏǄƵ çíāƞāǆǃåÿǂǃ   ôƶƕ ǑƼ æƕƪƙ
ǋ Ɨǒāƪƙā ƓǌƙƞǃƓƶǆ æǄõƙǒ Ɠǆǆ ƗƑƞƓƽǆǃå èƓƽƿāƙǃåî.èƓƵíƮƙǃå  ǉ 
Ƥƙā ûǒïõǃå ǑƼ ǉƓƕƙǈǙå ǑǄƵ èƓƕõǆǃå ýǆƶƙ ƴõƓǀƙǃå ǑƼ èƓƕǂïǆǃå Ɨǂïơ ƗƵïƪ úǒƽ

 ÷ƓƽƙïƓƕā ƗǒƙǄƽƪã èƓƕõǆǃå ÿǆ ÿǒǈƙá ííƵ Ɨƪåïíǃå Ɨǀõǈǆ ǑƼ íƞāƙā ăïāïǆǃå30  þƪ
.Ɠƕǒïǀƙ 
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 öƼƓơƙ èǒơ ûïõǃåā ÷ïåāƬǄǃ ăïāïǆǃå ßåíǕå ÿǒƪơƙ Ǐǃã Ɨǒïāïǆǃå èåíƓƬïǗå úíǌƙ
.ûǒïõǃå ǑƼ ăïāïǆǃå ïǒƪǃå ƗǒƕƓǒƪǈå ǏǄƵ 

ǌƕ íƞāƙ Ǚ Ɨƪåïíǃå Ɨǀõǈǆ ÿá āá ßƓưǒƕ ƗǒïāƽƪƼ õāõƤ ăá Ǚā ƗǒíƓƬïã  èƓǆǚƵ ăá Ɠ
ßāưǄǃ ñǂāƵ ăá íƞāƙ Ǚā ßåïƽƮÜ ǋāî āá Ɨǒïǒîơƙ èåïƓƬã ăá íāƞā þíƵ Ǐǈƶǒ  å

 ǑƼ Ɠƕƕƪǆā ûǒïõǃå ǏǄƵ èƓƕǂïǆǃå Ɨǂïơǃ Ɠǂƕïǆ ƴưāǃå åíǋ ÿāǂǒ ǑǃƓƙǃƓƕā ÜƗǒíƓƬïã
.Ɨǒïāïǆ ǏưāƼ 

3.6. ƕǄìƢǁä ĂĀƗƨǄĀ îĀîǄǁä åƑǐƨǆä 

 ýǒǄơƙ ýǚƤ ÿǆ ÿå íƞǈ èƓǈƓǒƕǃåǉƓƞƙå  Ǌǈå ǑǄƵ úǈƮǒ ýƓǆƬǃå Ǒǃå æïƺǃå ÿǆ Ɨǂïơǃå
 ïǀƙƪǆ ïǒƹ æƓǒƪǈå)Ĳ  ûƓǈƙƤå õƓǀǈĲ .(ƗǄǒǄƿ èƓƵïƪ 

 æïõưǆ æƓǒƪǈå) úǈƮǒ æāǈƞ ýƓǆƬ ǉƓƞƙǙåĲ  þƓƙ ýǄƬĲ  ÿǆ æïƙǀƙ èƓƵïƪ
.Ɨǈǒíǆǃå æāǈƞ ǑƕƶƬ ûāƪ íāƞāǃ ÷āƕƪå ýǂ ÿǆ ƓơƓƕƮ èƕƪǃå þāǒ ƓƙƮƓƤā (ïƽƮǃå 

ƓǋƓƞƙå ǑƿƓƕǆ Ǒǃå ïǀƙƪǆ æƓǒƪǈå Ɨǂïơǃå èư çāïíǃå èƓƵƓƪ ǑƼ  æïõ 

ǃå èƓƵƓƪ ǑƼ ƴõƓǀƙǃå èƓǋƓƞƙå ýǂ ǑǄƵ ïơ æƓǒƪǈå íƞāǒ Ǚî.çāï 
4.6 .ЙАϝЧϧЮϜ ϣЛЂ 

 ýǒǄơƙ íƶƕƓǈƓǒƕǃåè   ïāïǆǃå Ɨǂïơ æƵāƙƪƙ Ǚ ā åíƞ Ɨƽǒƶư ƴõƓǀƙǃå Ɨƶƪ ÿå íƞā
ǃå èƓƶƪ ǑƼ ƓƙƮƓƤāî ǑƼ þƓƙ ǊƕƬ ýƬƼ Ǒǃå Ăíå Ɠǆǆ Ɨǒǆāǒǃå  çāïǋ ǑƼ æƓǒƪǈǙåî  ǉ

  .èƓƵƓƪǃå 
6.5 .äæîĀƑƜǄǁä ǏǆƑƓǄǁ 

 ÜƴõƓǀƙǃå ÿǆ Ɠǌƕïƿā Ɠǋíƶƕā  ƓǌƙƓǆåíƤƙƪå ƗǒơƓǈ ÿǆ çïāƓƞǆǃå ǑǈƓƕǆǃå Ɨƪåïí ýǚƤ ÿǆ
Ɨǃāƕǀǆ  èƓƼƓƪǆƕ íƶƕƙ Ɠǌǈå Ơưƙå) Ǒǋ ăïƓƞƙ Ǒǈƕǆ æïƿå ƗƼƓƪǆ èǈƓǂ éǒơ Ü12 (þ

 ǑǈƓƕǆǃå ÷Ɠƽƙïåā Ǒƕāǈƞǃå ƴõƓǀƙǃå ÷åïí ÿǆ úǒƮïǃå çåîƓơǆƕ Ɠǆǆ ÜÿǒǀƕƓõǃå ðāƓƞƙǒ Ǚ
 ýƶƞǒǌǃ ïǒāõƙ ăá ßåïƞáîǚƕǀƙƪǆ ƴõƓǀƙǃå å Ɠǈǂǆǆ ǋ ïƛâǒ Ǚ āî Ɨƽǒöā ǑǄƵ ïǒāõƙǃå å

.ǑǈƓƕǆǃå  çíǋ 
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7 .ƕƨäîìǁä çƑǐƬĀƗ 

1.  çïǒðƞ ýƛǆƙ Ɨǒõƪā çïǒðƞ ƗƼƓưã āá ÿåïāí çïǒðƞ Ǐǃã ƴõƓǀƙǃå ïǒƺƙ ƗǒǈƓǂǆá
.ǑǃƓơǃå ƴõƓǀƙǃå ǏǄƵ ÿåïāí 

2.  ƴưā āá ƗƼƓưãèåïƓƬã  íƓƬïã ƴõƓǀƙǃå èåïƓƪǆ ýǂǃ Ɨǂïơǃå ǉƓƞƙå ǏǄƵ ýíƙ Ɨǒ
 ƴǒǆƞ ǑƼ ïơ æƓǒƪǈå Ǒõƶǒā ûƑƓƪǄǃ ïåïǀǃå îƓƤƙǙ èƿāǃå ïƼāǒ ÿã ǊǈƓƬ ÿǆ

. ƴõƓǀƙǃå èƓǋƓƞƙå 
3.   èƓƵíƮƙǃå ƗǈƓǒƮ æƞǒǊǃðáā . ûǒïõǃå ǑƼ çíāƞāǆǃå ïƽơǃå ā ûāǀƬǃå 

ýǒƺƬƙā ƗǈƓǒƮ æƪƓǈƙǒ Ǒƙơ ăïāïǆǃå èǒƿāƙǃå ýǒíƶƙ ƴǆ ƗǒƑāưǃå  èåïƓƬǗå  Ɨǂïơǃå ƴǆ
.èƓƕǂïǆǃ Ɨǒïāïǆǃå 

îǀƪǁä 
 þíǀƙáïǂƬǃƓƕ  Ɨǒǈíǆǃå Ɨƪíǈǌǃå þƪƿ íǒǃā Ǒǈƕ Ɨǒǈǀƙǃå þāǄƶǃå ƗǒǄǂƕ ñíƓƪǃå ýƮƽǃå ƗƕǄõǃ

 ǑǄǆƶǃå Ǒƕǒïíƙǃå ïƓõá ǑƼ ƗǒǄǀơǃå èƓǆāǄƶǆǃåā èƓǈƓǒƕǃå ôƶƕ ƴǆƞ ÿǆ Ǌƕ åāǆƓƿ Ɠǆ ǑǄƵ
íǈƵ ïƬƓƕǆ ýǂƬƕ Ɠǌǈǆ èíƽƙƪå Ǒƙǃåā Ü (ýǀǈǃå Ɨƪíǈǋ ýƤíǆ)  çíƓǆǃ ǋ ßåïƞáîƗƪåïíǃå ç 

 ÷Ɠõǀƕ  ƴǒïƓƬǆǃå çïåíƎƕ èǚƮåāǆǃåā ýǀǈǃå ƗǈƞǄƕ ÿǒƪíǈǌǆǄǃ ýāƮāǆ Ɠưǒå ïǂƬǃåā
.èƓǆāǄƶǆǃå ÿǆ ïǒƛǂā õƑåïƤǃåā èƓõõƤǆǃƓƕ ăíǒāðƙ ǑǄƵ íǒǃā Ǒǈƕ ûƼåïǆǃå 

 ƗǀƬǆ ǑǄƵ Ɨǒǈǀƙǃåā þāǄƶǄǃ Ɨǒǃāíǃå ƗǄƞǆǃƓƕ ïǒïơƙǃå ƗƑǒǋ ßƓưƵ Ǚ ýāƮāǆ ïǂƬǃå åïǒƤå
íǋ Ɨƶƞåïǆā þǒǒǀƙ.Ɨƿïāǃå ǉ 

ƲƜäîǄǁä 
 ÿƪơ þƶǈǆǃå íƕƵ íǆơǆ ǑǄƵ .í.á)1994 ýǀǈǃå õǒõƤƙ ăíƓƕǆ Üïāïǆǃåā ýǀǈǃå Ɨƪíǈǋ (

.æƓƙǂ Üÿíǆǃå ýƤåí ïāïǆǃåā 

)Ǐǆǒïǂǃå þǒǋåïƕã Ɠưïǃå íƕƵ .í 2009(   Ɨǈǒíǆ ǑƼ èƓƶõƓǀƙǃå ôƶƕ ïǒāõƙā þǒǒǀƙ
íåāǆǃå Ɨƪíǈǋā ƗǒǂǒǈƓǂǒǆǃå ƗƪíǈǌǄǃ Ɨǒƿåïƶǃå ƗǄƞǆǃåÜ ƗǄơǃå 
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ƕã ýưƼ) íåāƞǙå þǒǋåï2019 æƓƙǂ Üýǀǈǃå ƗǒƼåïƺƞ Ǐǃã ýƤíǆǃå ( 

) íǆơǆ þƪƓƿāƕá Ǒƕåïƺǃå1981 ( ǑƼ ăíƓƮƙƿǙåā ǑƵƓǆƙƞǙå ïǒƺƙǃåā ăïƕǃå ýǀǈǃåā ûïõǃå
ƓǒƕǒǃÜ ǑƼåïƺƞ ýǒǄơƙæƓƙǂ Ü 

) ăíǆƓƺǃå íǒƶƪ ÿƕ ǑǄƵ1418ăïƞǋ ïƮƓǈƵ ôƶƕ þǒǆƮƙǃ Ɨǒƞîāǆǈǃå èƓƽƮåāǆǃå (
ûïõǃå ƗǂƕƬ.æƓƙǂ Ü 

íǆơǆ þƪƓƿāƕá) ǑưƓǀǃå ëƓƕƮǆ2005  ǑƼ ǑưåïǕå èƓǆåíƤƙƪǙ ǑǈƓǂǆǃå ýǒǄơƙǃå (
 ïǒƙƪƞƓǆ ƗǃƓƪï Üíǒǃā Ǒǈƕ Ɨǈǒíǆ.ƓǒǄƶǃå èƓƪåïíǄǃ ƗǒƕǒǄǃå ƗǒǆíƓǂǙå 

ǏƞƓƞơǃå þǃƓƪ)1988 èåïāƬǈǆ Ü ƗǒíƓƮƙƿå ƗǒƵƓǆƙƞå ƗǀõǈǆǃƓƕ ïāïǆǃå Ɨǂïơ ïāõƙ (
 Ɨǈƪ ƗƶƕƓƙǆǃå ïǒïǀƙ Ü ƓǀƕƓƪ íǒǃā Ǒǈƕ èǚƮāǆǄǃ ƗǆƓƶǃå ƗǈƞǄǃå1988  ïǒƹ ïǒïǀƙ Ü

.ïāƬǈǆ 

 ƴǒïƓƬǆǃå æƙǂǆā Ɨǒƪíǈǌǃå èåïƓƬƙƪǙå ñƼïǒ ñǃāƕ ƗǂïƬ ƴǆ ÿāƓƶƙǃƓƕ ûƼåïǆǄǃ çïåðā
 āƪïåā Ü āǂǒíƓƼ ƗǒíǄƕǃåĲ  Ü ýǆƓƬǃå õõƤǆǃå íǒǃā Ǒǈƕ Ü åíǈǃāƕ2000  ǑƑƓǌǈǃå ïǒïǀƙǃå

 þƿï ïǒïǀƙ57  ó Ü65  Ɨǈƪ Ɨǒïươǃå ǏưåïǙå þåíƤƙƪåÜ2000 . 
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 ýǐǐƾƗĀ ýǐǄƬƗçĀǁƑǆ ƕǆǐìǄǁ îĀƟǄǁä ĂìĀǄƳ êƑǐî þǐƓîĀƗǁ îäĀì Þäìà 

1ǑƤƓǆƬǃå íơåāǃåíƕƵ ǑǄƵa 2þǒơïǃåíƕƵ ŸåíƕƵ ÿǒƪƓǒb 

3ǑǈƓǒïƺǃå Ɨƶǆƞ ÿǒíǃåïíƕc 4ăƓƬǆǃå üāïƕǆǃå íǃƓƤd 

)4,3,2,1(êƓƙǈǗåā æǒïíƙǄǃ ǑǃƓƶǃå Ǒǈǀƙǃå ðǂïǆǃå 
a
ali.shommaki@tpc.ly

 b
yaseen.76.2015@gmail.com 

c
badreddin.giuma@tpc.ly 

d
khaled.elmashai@tpc.ly 

òƢǂǄǁä 
 ÿǒƕ ÿǆ ƗǒƪǆƬǃå ƗƿƓõǄǃ ïƬƓƕǆ ïǒƹ ÷āǈ Ǒǋ ëƓǒïǃå ƗƿƓõ1-2 ǑƪǆƬǃå ÷ƓƶƬǗå ÿǆ Ė

ǃå ăāƞǃå õƺưǃå ûāïƽǃ Ɨƞǒƙǈā ÜëƓǒï ƗƿƓõ Ǐǃã ǊǄǒāơƙ þƙǒ ôïǕå Ǐǃã ýƮǒ ăî
 Ɨǂïơ ëƓǒïǃå üïơƙƙǊǒƵïƓƪƙ  õƺưǃå ûõƓǈǆ Ǐǃã ƴƽƙïǆǃå õƺưǃå ûõƓǈǆ ÿǆ

 çííƞƙǆǃå ƗƿƓõǃå ïíƓƮǆ ÷åāǈá þǋá ÿǆ çíơåā ëƓǒïǃå ƗƿƓõ ÿá Ơưƙǒ åîǌǃ ÜôƽƤǈǆǃå
ƗǒǀƼǕå ëƓǒïǃå èƓǈǒƕïāƙ ýƓǆƶƙƪƎƕ ƗƿƓõ ǏǄƵ ýāƮơǄǃ  ā .ïāơǆǃå Ɨǒíāǆƶǃåā ǉîǋ ǑƼ

þǒǆƮƙ þƙ Ɨƪåïíǃå ïåāí  ĄåíƓǈƙƪã ïāơǆǃå ăíāǆƵ ëƓǒï ÿǒƕïāƙǃ  þƙ Ǒƙǃå ƗơƓƙǆǃå èƓǈƓǒƕǄǃ
 .ƗǒƕǒǄǃå èāǃƓǈ Ɨǈǒíǆǃ Ɨǒāƞǃå íƓƮïǕå ðǂïǆ ÿǆ ƓǌǒǄƵ ýāƮơǃåǊǈá ƗƼƓưã  âƕǈƙǃå þƙ

ƗƬǒïǃå ïƮǈƵ Ɨǒïöǈ þåíƤƙƪƎƕ ïāơǆǃå ăíāǆƶǃå ëƓǒïǃå ÿǒƕïāƙǃ ïåāíǃå ßåíƋƕ  Ɨǒǆǂā
 ƴƿāǆǄǃ çïíǀǃå ýǆƓƵā Ɨǒāǈƪǃå ƗƿƓõǃå ïǒíƓǀǆ ÿá ƗǒƑƓǌǈǃå ƝƑƓƙǈǃå ïǌöƙ üǃîǂā ÜƗǂïơǃå

.þǆƮǆǃå ÿǒƕïāƙǃå ßåíá ǏǄƵ ƓƕƓƞǒã ïƛâƙ ïƓƙƤǆǃå 

:ƕǁäìǁä çƑǄǐǂǀǁä  ëƓǒïǃå ƗƿƓõĲ  ïāơǆǃå ăíāǆƵ ëƓǒï ÿǒƕïāƙ ïåāíĲ .ÿǒƕïāƙǃå ßåíá 

Abstract:   
Wind energy is an indirect type of solar energy, from between 1-

2% of the solar radiation that reaches the earth is converted into 

wind energy, and as a result of the differences in atmospheric 

pressure, the wind moves rapidly from areas of high pressure to 

areas of low pressure, so it is clear that wind energy is one of the 

mailto:ali.shommaki@tpc.ly
mailto:yaseen.76.2015@gmail.com
mailto:badreddin.giuma@tpc.ly
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most important types of renewable energy sources by using 

vertical axis wind turbine and horizontal axis wind turbine. In this 

study, the rotor vertical axis wind turbine was designed based on 

the available data obtained from the Meteorological Center of 

Nalut Libya. In addition, the performance of the rotor vertical axis 

wind turbine was predicted using the momentum and blade 

element theory, and the final results show that the annual energy 

amounts and the power factor of the selected site positively affect 

the performance of the designed rotor turbine. 

Key words: Wind power; rotor vertical axis wind turbine; turbine 

performance. 

1. ƕǄìƾǄǁä 
 ǑƼ çííƞƙǆǃåā ƗǄǒíƕǃå èƓƿƓõǄǃ ƗơƓƙǆǃåā ƗǒíƓƮƙƿǙå ïíƓƮǆǃå þǋá ÿǆ ëƓǒïǃå ƗƿƓõ ïƕƙƶƙ
 ýǒíƕǂ ĄƓǒǆǃƓƵ Ɠǌƕ þƓǆƙǋǙå çïǒƤǕå èåāǈƪǃå ǑƼ èáíƕ ăîǃåā ƗǒƑƓƕïǌǂǃå ƗƿƓõǃå êƓƙǈã
 éāǄƙǃå ïõƓƤǆƕ ǑǆǃƓƶǃå ǑƵāǃå ǑǆƓǈƙ ƴǆā ÜƗƿƓõǄǃ ííƞƙǆā úǒöǈ Ǒƞǒƙåïƙƪå ïíƮǆā

Ɠǈǃå ǑƑǒƕǃå íāƿāǃå ýƓǆƶƙƪå ÿǆ ƝƙăïāƽơǕå  Ǒƶǒƕõǃå ðƓƺǃåā õƽǈǃåā þơƽǃå ǑƼ ýƛǆƙǆǃåā
 æǄõǃå çíƓǒð üǃîǂā ÜǊƕāưǈ ƗǒǃƓǆƙơå ƴǆ ƗƿƓõǄǃ þƑåí ïǒƹ ïíƮǆ Ǌǈāǂ Ǐǃã ƗƼƓưǗƓƕā
 çííƞƙǆǃåā ƗǄǒíƕǃå èƓƿƓõǃå ýǚƺƙƪƓƕ þƓǆƙǋǙå Ǐǃã Ăíá üǃî ýǂ .ƗƿƓõǃå ǏǄƵ ǑǆǃƓƶǃå

Ɠǒïǃå ƗƿƓõā ƗǒƪǆƬǃå ƗƿƓõǃå ýƛǆ] ë1 .[úǈƮĈƙ  ïāơǆ æƪơ Ɨƛǒíơǃå  ëƓǒïǃå èƓǈǒƕïāƙ
Ɠǆǋ ÿǒƵāǈ Ǒǃã ÿåïāíǃå  èƓǈǒƕïāƙā ïāơǆǃå ƗǒǀƼá èƓǈǒƕïāƙƗǒíāǆƵ ïāơǆǃå èåî ǑƼā Ü

 ǉƓƞƙã ǏǄƵ ƓǒíāǆƵ Ɠǌǈïāí ïāơǆ Ǒƙǃå ïāơǆǃå Ɨǒíāǆƶǃå ëƓǒïǃå èƓǈǒïāƙ ÿƎƼ ûƓǒƪǃå
Ɨƪåïíǃå ǉîǋ ÷āưāǆ ôïǕå Ơõƪ ǏǄƵ ƓǒíāǆƵā ëƓǒïǃå Ɠǆƙǋå íƞƙ ÿǒƛơƓƕǃå ÿǆ ąåïǒƕǂ Ɠǆ

 ĂïƤǕå ÷åāǈǕƓƕ ƗǈïƓǀǆ Ɠǒåðǆǃå ÿǆ íǒíƶǃƓƕ Ɠǌƶƙǆƙ æƕƪƕ þāǒǃå  ëƓǒïǃå ƗƿƓõ ýƓƞǆ ǑƼ
 ïƛǂǕå ïāơǆǃå ƗǒǀƼá ëƓǒïǃå èƓǈǒƕïāƙ ƴǆ ƓǌƑåíá ƗǈïƓǀǆ ÿǂǆǒ Ɠǆǂ ÜëƓǒïǃå èƓǈǒƕïāƙ ÿǆ

ǆǂ ÜƗƽǄǂǃåā ƗǈƓǒƮǃåā þǒǆƮƙǃå ǑƼ ƗõƓƪƕǃå ƗǒơƓǈ ÿǆ Ɠǌǈǆ ýưƼá ïƕƙƶƙā ƓƵāǒƬ Ɠǌǈá Ɠ Ǚ
ǆƙƶƙí  Ɠưǒá Üåíǒǀƶƙ ïƛǂǕå ëƓǒïǃå ýƓƕǀƙƪǗ Ǌǒƞāƙ þƓöǈ Ɠǌƕ íƞāǒ Ǚā ëƓǒïǃå ǉƓƞƙã ǏǄƵ

 ûǒïõ ÿƵ òƓǒïǕå ÿǆ ƝƙƓǈǃå þðƶǃå ýǒāơƙ þƙǒ Ɨǒíāǆƶǃå ëƓǒïǃå èƓǈǒƕïāƙǃå ǑƼ ýƽǈ íāǆƵ
Ɨǂïơǃå  ǑƼ ýƓơǃå āǋ Ɠǆǂ ñāïƙ ûāíǈƮ íāƞā ÿāíƕ çïƬƓƕǆ ßƓƕïǌǂǃå íǃāǆ Ǐǃã
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Ǖå èƓǈǒƕïāƙǃå íǒðƙ Ɨǒƪíǈǌǃå èƓǆǒǆƮƙǃå ǑƼ çíƓǒðǃå ÿá Ɠǈǃ Ơưƙǒ ƗǈïƓǀǆǃå ǉîǋ ÿǆā ÜƗǒǀƼ
] ƗǒƞƓƙǈǗå ÿǆ ýǄǀƙā ÿðāǃåā ƗƽǄǂƙǃå ÿǆ3Ü2.[ 

 åíƓǈƙƪã èāǃƓǈ Ɨǈǒíǆǃ ëƓǒïǃå ƗƿƓõ ïǒíǀƙā þǒǒǀƙ Ɨƪåïíǃå ǉîǋ ÿǆ ǏǃāǕå ƗǄơïǆǃå ýƛǆƙƙ
å íƓƮïǗå ðǂïǆ ÿǆ ƓǌǒǄƵ ýāƮơǃå þƙ Ǒƙǃå ƗơƓƙǆǃå èƓǈƓǒƕǃå ǏǄƵ ƗǄơïǆǃå Ɠǆá .Ɨǒāƞǃ

 Ăāƙƪǆ Ǐǃã ýāƮāǄǃ æƪƓǈǆǃå ïåāíǃå þǒǆƮƙ þƙǒ çïƼāƙǆǃå èƓǈƓǒƕǃå ýƓǆƶƙƪƎƕā ƗǒǈƓƛǃå
 .Ɨǂïơǃå Ɨǒǆǂ Ɨǒïöǈā ƗƬǒïǃå ƴõǀǆ ïƮǈƵ Ɨǒïöǈ ûǒïõ ÿƵ ßåíǕå ÿǆ Ǒưïǆ

) þƿï ýǂƬǃƓƕ Ơưāǆǃå (ðƙǒƕ íāíơ) ûƼíƙǃå æāƕǈá êîāǆǈ ýƓǆƶƙƪƎƕā1](3 ûǒïõ ÿƵā Ü[
ƙƪǈ Ǒǃāǈïƕ ƗǃíƓƶǆ æƓƪơ ƴǒõƙƪǈ Ɠǌǈǆā ïåāíǃå ƗƬǒï ǏǄƵ ƗƞƙƓǈǃå ƗƵïƪǃå íƓƞǒã ƴǒõ
) æơƪǃå çāƿὊ) ƴƼïǃå çāƿā (Ὂ Ɨǒāåð ǑƼ Ɨǃåíǂ Ơǒǈƞǃå èƓǈƓǒƕ þåíƤƙƪã ûǒïõ ÿƵ (
) þāƞǌǃå‌) ðíǃāǈǒï þƿïā (Ὑ Ɨõƪåāƕ ëïƙǀǆǃå êîāǆǈǄǃ ǑƕƓƪơǃå ýǒǄơƙǃå ǑǂƓơǒ Ü(

 ïƕƵ ƗǒƑåāǌǃå ƓǂǒǆƓǈǒíǃå äíƓƕǆ ÿǆ ýǆƓǂ ûƓõǈ²ρψπ Ǐǃã Јρψπ  ïǒƛƋƙ Ɨƪåïíǃ
.ƗǂïơǄǃ Ǒƙåíǃå ßíƕǄǃ þǒǆƮƙ ÿƪơá íƓƞǒǗā ïåāíǃå ßåíá ǏǄƵ Ɨǒƪíǈǌǃå èåïǒƺƙǆǃå 

 
) ýǂƬ1 êîāǆǈ (æāƕǈá ûƼíƙǃå 

2. êƑǐîǁä çƑǆƑǐƓ üǐǂƟƗ 
 ƗǒƑƓǒðƽǃå óƑƓƮƤǃå ǏǄƵ ëƓǒïǃå ƗƿƓõ ïǒāõƙ Ăāíƞ íǆƙƶƙƗǒíƓƮƙƿǙåā  üǃîǂā

 ýǂǃ ƗƮƓƤǃå ƗǒƵƓǆƙƞǗå Ɨǈǒíǆ ïƓǒƙƤã þƙ .ëƓǒïǃå ïíƓƮǆǃ Ɨƪåïíǃå ûõƓǈǆ ÿǆ Ɨǀõǈǆ
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 æƪƓǈǆǃå ïåāíǃå þǒǆƮƙǃ ëƓǒïǃå ƗƿƓõ ïƼāƙ Ăíǆ ƗƼïƶǆ þƙǒǃ Ɨƪåïíǃå ǉîǌǃ ƴƿāǆǂ èāǃƓǈ
 Ǒƙǃåā ƗơƓƙǆǃå èƓǈƓǒƕǃå ûǒïõ ÿƵ Üèåāǈƪ çíƶǃ ëƓǒïǃå ƗƵïƪ õƪāƙǆ ƗƼïƶǆ ýǚƤ ÿǆ

 Ɨǈƪǃ Ɨǒāƞǃå íƓƮïǗå ðǂïǆ ÿǆ ƓǌǒǄƵ ýāƮơǃå þƙ2006  ûƑƓƿí çïƬƵ ýǂ ƗƪƓǀǆ
 ýíƶǆƕ144  ƗƿƓõǃå æƓƪơǃ ëƓǒïǃå ƗƵïƪ èƓǈƓǒƕ ýǒǄơƙā Ɨƪåïí þƙ éǒơ Üþāǒǃå ǑƼ çßåïƿ

 ëƓǒïǃå ƗƵïƪ õƪāƙǆ ÿá Ơưƙáā ÜèāǃƓǈ Ɨǈǒíǆǃ ëƓǒïǃå ƗƵïƪ õƪāƙǆā ƗơƓƙǆǃå Ɨǒāǈƪǃå
) ƗƼíǌƙƪǆǃå ƗǈǒíǆǄǃ5.84 m/s) þƿï ýǂƬǃƓƕ Ơưāǆ āǋ Ɠǆǂ (2 .( 

 
) ýǂƬǃå2 õƪāƙǆ Ơưāǒ (ëƓǒïǃå ƗƵïƪ 

) ýƕǒā Ɨǀǒïõ þåíƤƙƪƎƕ ëƓǒïǃå èƓǈƓǒƕ ýǒǄơƙ þƙ éǒơWeibull ÿǒƙǃåí ǏǄƵ íǆƙƶƙ Ǒƙǃå (
 èāǃƓǈ Ɨǈǒíǆ ÿá ÿǒƕƙ ÿǒƙǃåíǃå ýǚƤ ÿǆā ÜǑǆǂåïƙǃå ýíƶǆǃå Ɨǃåíā ƗǒǃƓǆƙơǗå Ɨǃåí Ɠǆǋā
 ƗƽǄƙƤǆ èƓƵƓƽƙïá ǏǄƵ ëƓǒïǃå ƗƵïƪ ƗƼïƶǆ ÿǂǆǒ ĄƓưǒá ÜƗƕƪƓǈǆ ëƓǒï ƗƿƓõƕ ƴƙǆƙƙ

 þåíƤƙƪƎƕ) ýāíƞǃƓƕ Ơưāǆ Ɠǆǂ ñǒïƓưƙǄǃ ƗǈāƬƤ Ɨƞïí ýǆƓƶǆā ƗǒƪǕå Ɨǃåíǃå2] (4.[ 
ƕǐǁƑǄƗƟǕä ƕǁäì 

ὖὠ Ὡὼὴ                                               ρ  
éǒơ 

2

3

4
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6

7

8
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ὖὠ  ÜƗǒǃƓǆƙơǙå Ɨǃåí(ὠ )  ïǃå ƗƵïƪ õƪāƙǆ ÜëƓǒὯ  ÜýǂƬǃå ýǆƓƵὧ  ýǆƓƵ
 ƗǆƑǚǆ ƓǌǈǕ ƗơƓƙǆǃå ëƓǒïǃå ƗƿƓõ ƗǒǃƓǆƙơå íǒíơƙǃ ƓǆƑåí þíƤƙƪƙ ýƕǒā Ɨǃåí .ñƓǒǀǆǃå

.ƓǒǄƶǃå āƞǃå èƓǀƕõā ôïǙå Ơõƪǃå íǈƵ ëƓǒïǃå ƗƵïƪ èƓǈƓǒƕǃ 
ǏǄǀäîƗǁä üìƴǄǁä ƕǁäì 

ὖὠ ρ Ὡὼὴ
ὠ

ὧ
                                                              ς 

ƕǐƨǓä āĀƾǁä ƕǁäì 
  ὠ ὠϳ

ᾀ

ᾀ
                                                                                    σ 

éǒơ 
6  ÷ƓƽƙïǙå íǈƵ ëƓǒïǃå ƗƵïƪἨ 
ὠ å íǈƵ Ɨǒƶƞïǆǃå ƗƵïƪ ÷ƓƽƙïǙὂἺ 
 ) ýāíƞǃƓƕ Ơưāǆ Ɠǆǂ ƴƿāǆǃå ǑƼ ñǒïƓưƙǃå ƗǈāƬƤ ÷āǈ ǏǄƵ íǆƙƶƙ2(. 

) üĀìƜ2ðǐîƑƮƗǁä ƕǆĀƪƢ Ǐƺ ùǘƗƢǕä þǐƓǐ ( 

 
3. îäĀìǁä Þäìà ýǐǐƾƗĀ ýǐǄƬƗ 

 ĄßƓǈƕ ïāơǆǃå ăíāǆƵ ëƓǒï ÿǒƕïāƙǃ ïåāíǃå þǒǆƮƙ  ƗƕơƓƮǆǃå èåïǒƺƙǆǃå ïƓǒƙƤã ǏǄƵ
) þƿï ýāíƞǃƓƕ Ơưāǆ āǋ Ɠǆǂ ƗǒǃƓƙǃå ýƓƤíǗå èƓǒõƶǆā þǒǆƮƙǄǃ3.( 

ðǐîƑƮƗǁä öäĀǆä  ƕƜîì
ƕǆĀƪƢǁä 

 ƕǆĀƪƢ üĀô
 ƞôƨǁäἨ  ðǓäŬ 

ƕǐƏƑǄǁä çƑƟôƨǄǁä 0 0.001 0.01 
ƕƟĀƗƻǄǁä úôƑǆǄǁä 1 0.05 0.12 

) ƕǐƳäîï ǏƮîà(ïƜäĀƟ ǏǆƑƓǄ 2 0.12 0.16 

āîƽĀ çƑƓƑƷĀ îƑƜƪà ƲǄ ƕǐƳäîï ǏƮîà 3 0.3 0.28 
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) üĀìƜ3 Ā üƑƢìǕä îƬƑǆƳ (ýǐǄƬƗǁä 

) æāǄõǆǃå úíǌǃå ûƼā ïåāíǃå þǒǆƮƙǃ æāƪƓơ ƝǆƓǈïƕ ýƓǆƶƙƪƎƕā Pd = 500W Ü(
] ƗǒǃƓƙǃå ƗǃíƓƶǆǄǃ ĄƓǀƼā ïåāíǃå ƗơƓƪǆ íǒíơƙ þƙ éǒơ1 ƗǒǆǒǆƮƙǃå ýƓƤíǗå èƓǈƓǒƕā [

) ýāíƞǃƓƕ Ɨơưāǆǃå3.( 
ὖ

ρ

ς
 ” ὠ ὃ ὅ  – –                                                                   τ 

 éǒơ  .ïåāíǄǃ ƗǒǄƶƽǃå ƗơƓƪǆǃå Ǒǋ 
 ýāõā ÜǊǆǒǆƮƙ íåïǆǃå ïåāíǃå ƗơƓƪǆ ǏǄƵ ýāƮơǃå þƙ ƗǒǆǒǆƮƙǃå èƓǈƓǒƕǃå ƗƼïƶǆƕā

) ƗƬǒïǃå ƴõǀǆǃ ïƙāǃåCā Ü( ã) (ƗƬǒïǃå ýāõ) ïåāíǃå ÿǆ üïơƙǆǃå ßðƞǃå ÷ƓƽƙïH Ü(
) ïåāíǃå ïõƿ úƮǈāR) ƗƬǒïǃå ƴõǀǆ ƗƼïƶǆ ûǒïõ ÿƵ (NACA- 0018 ƝƑƓƙǈǃåā (

) ýāíƞǃƓƕ Ơưāǆ āǋ Ɠǆǂ ƗǒƑƓǌǈǃå4.( 
 
 
 

çäîǐƸƗǄǁä ƕǐǄǐǄƬƗǁä çäîƑǐƗƢǓä 
ýǐǄƬƗǁä æîìƽ ╟▀ ╦ 

ƕǐǄǐǄƬƗǁä ƕƳîƨǁä ╥▀ Ȣ □ ▼ϳ 
ƕƪǐîǁä ƲôƾǄ ╝═╒═  

 ƕƳîƨǁä Ǎǁâ ƕƪǐîǁä ƕƳîƨ ƕƓƨǆ
ƕǐǄǐǄƬƗǁä ⱦ▀ Ȣ 

ƕǐǄǐǄƬƗǁä æîìƾǁä üǄƑƴǄ ╒▬▀ Ȣ 
ñǐîǁä ììƳ ╝  

ƑƻǀǏƏƑƓîǊǀǁä ìǁĀǄǁä æÞ Ɫ▌ Ȣ  
ðĀîƗǁä úĀìǆƬ æÞƑƻǀ Ɫ◄ Ȣ  
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) üĀìƜ4ƑǊǐǂƳ üƬƟƗǄǁä ƕǐǄǐǄƬƗǁä çƑǆƑǐƓǁä ( 
H (m) R (m) C (m) G (H/2R) H/C 

1 1.518 0.379 0.329 2.635 
1.25 1.214 0.304 0.515 4.117 
1.5 1.012 0.253 0.741 5.929 
1.75 0.867 0.217 1.009 8.070 
2 0.759 0.190 1.318 10.540 
2.25 0.675 0.169 1.668 13.340 
2.5 0.607 0.152 2.059 16.469 

) ýāíƞ ÿǆ4 Ɨõƪåāƕ ƗǆƑǚǆǄǃ Ɨƞǒƙǈ ƓǌǒǄƵ ýāƮơǃå þƙ þǒƿ ýưƼá ÿá Ơưƙǒ (
ǃå ǏǄƵ æāƪƓơǃå:ǑǃƓƙǃå āơǈ 

 ) ƗǒǄƶƽǃå ïåāíǃå ƗơƓƪǆσȢπσφά    .( 
 ) ïåāíǃå ƗơƓƪǆ Ǐǃã ƗƬǒïǃå ƗơƓƪǆ Ɨƕƪǈ„ ὔὅςὙϳ πȢςυ  .( 

) (ƗƬǒïǃå ýāõ) ïåāíǃå ÿǆ üïơƙǆǃå ßðƞǃå ÷ƓƽƙïãὌ ρȢχυά.( 
) ïåāíǃå ïõƿ úƮǈὙ πȢψφχά.( 

) ƗƬǒïǃå ƴõǀǆǃ ïƙāǃå ýāõὅ πȢςρχά.( 
ã ÷ƓƽƙïǗå Ɨƕƪǈ)ïõǀǃå ǏǃὋ ὌȾςὙḙρȢππ.( 

 ýǂƬǃƓƕ Ɨơưāǆ ƗǒǆǒǆƮƙǃå ăíāǆƶǃå ÿǒƕïāƙǄǃ ïåāíǃå íƓƶƕáā ǑƑƓǌǈǃå ýǂƬǃå ÿāǂǒ åîǌǃ
) þƿï3- a) þƿï ýǂƬǃƓƕ Ơưāǆ Ɠǆǂ ƗǒõǒõƤƙǃå êïƕǃå íƓƶƕá üǃîǂā Ü(3- b.( 
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) ýǂƬǃå3êïƕǃåā ƗƬǒïǃå ƴõǀǆā ïåāíǃå èƓƪƓǀǆ Ơưāǒ ( 

4. ƕǐƏäĀǊǁä ƑǀǐǄƑǆǐìǁä éíĀǄǆ 
åíƤƙƪƎƕ êîāǆǈ þæāƕǈá  ƗƬǒïǃå ƴõǀǆ ïƮǈƵ Ɨǒïöǈ ÿǆ ýǂǃ Ɠƞǒðǆ ýƛǆǒ ăîǃå ûƼíƙǃå

 ßðƞǃå íǈƵ Ɨƛíơƙƪǆǃå Ɨǒïāơǆǃå ƗƵïƪǃå æƪơƙ êîāǆǈǃå åîǋ ǑƼā ÜƗǂïơǃå Ɨǒǆǂ Ɨǒïöǈā
 ßåāǌǃå Ɨǂïơ Ɨǒǆǂ õƪāƙǆƕ ƗƬǒïǃå ǏǄƵ æơƪǃå çāƿ õƪāƙǆ çåāƓƪǆ ýǚƤ ÿǆ üïơƙǆǃå

 êîāǆǈ ýƤåíæāƕǈá  ýǂƬǃƓƕ Ơưāǆǃå ûƼíƙǃå)1 ĄßƓǈƕā Ü(  ýƤåí ëƓǒïǃå ƗƵïƪ ǏǄƵæāƕǈá 
 ǑƼ Ɨǃåíǂ ƴƼïǃå ýǆƓƶǆā æơƪǃå ýǆƓƶǆ æƓƪơ ÿǂǆǒ ƠǒǈƞǃƓƕ ƗƮƓƤǃå èƓǈƓǒƕǃåā ûƼíƙǃå
 ǏǄƵ ýāƮơǃå þƙ ïåāíǃå íƶƕā ýƕƿ Ǒǃāǈïƕ ƗǃíƓƶǆ ûǒƕõƙƕā Üðíǃāǈǒï þƿïā þāƞǌǃå Ɨǒāåð

:ƗǒǃƓƙǃå èǙíƓƶǆǃå Ɲƙǈƙƪǈ þǆƮǆǃå ëƓǒïǃå ÿǒƕïāƙ ßåíá 
ὖ

ρ

ς
”ὠ ὖ

ρ

ς
”ὠ ὠ                                                   υ 

ὖ
ρ

ς
”ὠ ὠ ὖ Ўὖ

ρ

ς
”ὠ ὠ                           φ 

å ÿǒƕ õƺưǃå ǑƼ úǚƙƤǗå ÿƵ ƗƞƙƓǈ æơƪǃå çāƿ ÿǕ Ąåïöǈā Ơõƪǃåā ǑǄƽƪǃå Ơõƪǃ
:ƗǒǃƓƙǃå ƗǃíƓƶǆǃå Ɲƙǈƙƪǈ ÿƎƼ ǊǄǆǂƋƕ óïǀǃå ǑƼ Ơǒǈƞǃå ǏǄƵ ăāǄƶǃå 
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Ὀ ς”ὃὠ ὠ ὠ                                                                           χ 
ǑƼ Ɠǌǃ ƗƕơƓƮǆǃå Ɨǒƕƪǈǃå ƗƵïƪǃåā þāƞǌǃå Ɨǒāåð ǏǄƵ ýāƮơǃå þƙǒā  ÿåïāíǃå Ăāƙƪǆ

) þƿï ýǂƬǃƓƕ Ơưāǆ āǋ Ɠǆǂ ƠǒǈƞǄǃ4:ƗǒǃƓƙǃå èǙíƓƶǆǃå Ɲƙǈƙƪǈ ( 

‌ ὸὥὲ
ὠίὭὲ‍

ὠὧέί‍ ‫Ὑ
                                                              ψ 

ὡ

ὠ
‗ ὧέί‍ ίὭὲ‍                                                         ω 

 

 
) þƿï ýǂƬǃå4Ơǒǈƞǃå ƴõǀǆ ǏǄƵ ƗƵïƪǃå èƓƕǂïǆ Ɠǒåāðǃå Ơưāǒ ( 

5. ýïƴǁäĀ æîìƾǁä 
) ƗǒƪƓǆǆǃå çāǀǃå èǙíƓƶǆ ƗǃǙíƕ þðƶǃåā çïíǀǃå æƓƪơ þƙὊ) Ɨǒíāǆƶǃå çāǀǃåā (Ὂ (

ƕƿ æƓǒƪǈǗå ÿǆ ƗƞƙƓǈǃå êîāǆǈ ǑƼ ïåāíǃå íƶƕā ýæāƕǈá  Ɨǆǒƿ æƓƪơ ÿǂǆǒ ûƼíƙǃå
 èǙíƓƶǆǃƓƕ Ơưāǆ āǋ Ɠǆǂ çïíǀǃå ýǆƓƶǆ Ɨǆǒƿ æƓƪơ üǃîǂā ƝƙƓǈǃå þðƶǃå ýǆƓƶǆ

]ƗǒǃƓƙǃå1:[ 
Ὂ‏ ‌ὒ ίὭὲ‏  Ὀὧέί‌                                                       ρπ‏
Ὂ‏ ‌ὒ ὧέί‏   ὈίὭὲ‌                                                      ρρ‏
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ā ) ƗƬǒïǃå ÿåïāí Ɨǒāåð ǑƼ ïǒƺƙǃƓƕɓ) þðƶǃå ýǆƓƶǆ æƓƪơ ÿǂǆǒ (ὅ ƗǃíƓƶǆǃå ÿǆ (
)12) çïíǀǃå ýǆƓƶǆ æƓƪơ ÿǂǆƕ ǑǃƓƙǃƓƕā (ὅ) ƗǃíƓƶǆǃå ÿǆ (13 .ǑǃƓƙǃƓǂ ( 

ὅ
ρ

ς

ὠ

ὠ

ὔὅ

Ὑ

ρ

ς“

ὡ

ὠ
ὅ ‏ ‍‏

ώ

ὋὙ
                         ρς 

ὅ ‗ ὅ                                                                                              ρσ 

6. ǄǁäĀ ƛƏƑƗǆǁäƕƪƽƑǆ 
 à. þäîĀìǁä ƕǐĀäï ƲǄ ýĀƜǊǁä ƕǐĀäï Ǐƺ îǐƸƗǁä 

) ýǂƬǃå Ơưāǒ5) ýǂƬǃåā (6) ÿåïāíǃå Ɨǒāåð ÿǒƕ Ɨƿǚƶǃå (ɓ) þāƞǌǃå Ɨǒāåðā (Ŭ Ɨǃåíǂ (
) ƗǒƼïõǃå ƗƵïƪǃå Ɨƕƪǈ ǑƼɚ Ɨǒāåð ÿá Ơưƙǒā Ü(ëƓǒïǃå ƗƵïƪ Ǐǃã ƗƬǒïǃå ƗƵïƪ Ɨƕƪǈ) (

) çïāíǃå ǑƼ ëƓǒïǄǃ ñǂƓƶǆǃå úƮǈǃå ǑƼ Ɨƕƞāǆ þāƞǌǃå0ÓɓÒ180 ǑƼ ƗƕǃƓƪ ÿāǂƙā (
) çïāíǃå ǑƼ ëƓǒïǄǃ Ǌƞåāǆǃå úƮǈǃå180ÓɓÒ360 èƓǒǈơǈǆǃå ÿǆ ĄƓưǒá Ơưƙǒ Ɠǆǂ Ü(

 þƛ Ɠǌǃ Ɨǆǒƿ ǏƮƿá Ǐǃã ýƮƙ Ǐƙơ ÿåïāíǃå Ɨǒāåð çíƓǒðƕ íåíðƙ þāƞǌǃå Ɨǒāåð Ɨǆǒƿ ÿá
 .ÿåïāíǃå Ɨǒāåð çíƓǒð ƴǆ þāƞǌǃå Ɨǒāåð ôƽƤǈƙ 
íðƙ ÿåïāíǃå Ɨǒāåðǃ Ɨǈǒƶǆ þǒƿ íǈƵ Ǌǈá öơǚǒā Ɨƕƪǈ ǑƼ ôƓƽƤǈã ƴǆ þāƞǌǃå Ɨǒāåð Ɨǆǒƿ íå

) ƗǒƼïõǃå ƗƵïƪǃåɚ þðƵ ôƓƽƤǈã Ǐǃã ăíâǒ Ɠǆǆ ßåāǌǃå ƓǂǒǈƓǂǒǆ úƿāƙ Ǐǃã ăíâǒ åîǋā (
.(Ǒƙåîǃå ÿåïāíǃå ƗǄǂƬǆ) ÿåïāíǃå 
) ýǂƬǃƓƕ Ơưāǆ āǋ Ɠǆǂ ÿǂǃā6 þāƞǌǃå Ɨǒāåð þǒƿ óƿƓǈƙƙ ÿåïāíǃå Ɨǒāåðǃ ƗƙƕƓƛ þǒƿ íǈƵ (
Ƽïõǃå ƗƵïƪǃå Ɨƕƪǈ çíƓǒð ƴǆ) Ɨǒɚ ƗƵïƪǃå Ɨƕƪǈǃ ƗǒǃƓƶǃå þǒǀǃå íǈƵ Ąåíƞ çïǒƺƮ ƠƕƮƙā (

) ƗǒƼïõǃåɚ.ǑƕǄƪ ƴƼí ýǆƓƶǆ Ǐǃã ăíâǒ ĄƓưǒá åîǋā ( 
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) ýǂƬǃå5) ÿåïāíǃå Ɨǒāåð ÿǒƕ Ɨƿǚƶǃå Ơưāǒ (‍) þāƞǌǃå Ɨǒāåðā (‌( 

 (ɚ=0.5, ů=0.25, Cd0=0.017) 

 
) ýǂƬǃå6) ÿåïāíǃå Ɨǒāåð ÿǒƕ Ɨƿǚƶǃå Ơưāǒ (‍å Ɨǒāåðā () þāƞǌǃ‌( 

 (0.5 Ò ɚ Ò 4.5, ů=0.25, Cd0=0.017) 
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 å. þäîĀìǁä ýïƳ ƛƏƑƗǆ 
 ÿåïāíǃå Ɨǒāåð ÿǒƕ Ɠǌǈǆ èåïǒƺƙǆǃå ÿǆ íǒíƶǃå ƴǆ ïƬƓƕǆ ýǂƬƕ ÿåïāíǃå þðƵ ýǆƓƶǆ íǆƙƶǒ

)‍) ƗǒƼïõǃå ƗƵïƪǃå Ɨƕƪǈā (‗) ýǂƬ Ơưāǒ éǒơ Ü(7 þðƵ ýǆƓƶǆ ÿǒƕ Ɨƿǚƶǃå (
) ÿåïāíǃåὅ) ÿåïāíǃå Ɨǒāåðā (‍ǃ () ƗǒƼïõǃå ƗƵïƪǃå Ɨƕƪǈǃ ƗƙƕƓƛ Ɨǆǒǀ‗ ÿǆ öơǚǈā Ü(

 Ǐǃã ýƮǒ Ǐƙơ ÿåïāíǃå Ɨǒāåð Ɨǆǒƿ èíåð ƓǆǄǂ íåíðǒ ÿåïāíǃå þðƵ ýǆƓƶǆ ÿá ýǂƬǃå åîǋ
 Ǐǃã ýƮǒ Ǐƙơ ÿåïāíǃå þðƵ ýǆƓƶǆ ýǀǒ ÿåïāíǃå Ɨǒāåð ǑƼ çíƓǒðǃå ƴǆā ÜǊǃ Ɨǆǒƿ ǏƮƿá

ƕƞāǆ ƠƕƮǒǃ ÿåïāíǃå þðƵ ýǆƓƶǆ íåíðǒ üǃî íƶƕā Ɨǆǒƿ Ǐǈíá) çïāíǃå ǑƼ ĄƓπ ‍

ρψπ Ơǒǈƞǃå ƴõǀǆ ýƛƓǆƙǃ Ąåïöǈā Ü()NACA- 0018( ) èƓǒǈơǈǆ ÿƎƼὅ ‍ ( ïïǂƙ
 çïāíǃå ǑƼ ñǂƓƶǆǃå ǉƓƞƙǗå ǑƼ Ɠǌƪƽǈ)ρψπɼ σφπ.( 

 
) ýǂƬǃå7) ǑöơǄǃå ÿåïāíǃå þðƵ ýǆƓƶǆ ÿǒƕ Ɨƿǚƶǃå (ὅ) ÿåïāíǃå Ɨǒāåðā (‍( 

 (ɚ=0.5 , ů=0.25 , Cd0=0.017) 
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 Ơưāǒā) ýǂƬǃå8) ƗǒƼïõǃå ƗƵïƪǃå Ɨƕƪǈ Ɨǆǒƿ çíƓǒð ƴǆ Ǌǈá (‗ τȢυ Ɨǆǒƿ íåíðƙ (
) ýǂƬǃƓƕ Ɠǆǂ ǏǃāǕå ƗǃƓơǃƓƕ ƗǈïƓǀǆ ǑöơǄǃå ÿåïāíǃå þðƵ ýǆƓƶǆ7) ƓǆíǈƵ (‗ πȢυ (

) ƗǒƼïõǃå ƗƵïƪǃå Ɨƕƪǈǃ Ɨǈǒƶǆ þǒƿ Ǐƙơ ƠǒơƮ åîǋā‗ .( 

 
) ýǂƬǃå8) ǑöơǄǃå ÿåïāíǃå þðƵ ýǆƓƶǆ ÿǒƕ Ɨƿǚƶǃå (ὅ () ÿåïāíǃå Ɨǒāåðā‍( 

 (ɚ=4.5 , ů=0.25 , Cd0=0.017) 

) ýǂƬǃå ôïƶǒā9) Ǐǈơǈǆ (ὅ ɚ () ƗƙƕƓƛǃå ƗǆǒǀǄǃὅ πȢπρχ Ɨǆǒƿā (
)G=1.009 Ɨǆǒƿā (ïåāíǃå ƗơƓƪǆ Ǐǃã ƗƬǒïǃå ƗơƓƪǆ Ɨƕƪǈ )„ πȢςȟπȢςυȟπȢσ Ü(

çíƓǒð ƴǆ íåíðƙ ÿåïāíǃå þðƶǃ ĂāƮǀǃå Ɨǆǒǀǃå ÿã ýǂƬǃå åîǋ ïǒƬǒ éǒơ  ƗơƓƪǆ Ɨƕƪǈ
ïåāíǃå ƗơƓƪǆ Ǐǃã ƗƬǒïǃå )ů) ûƓõǈǃå ǑƼ (ςȢυ ‗ ψ .( 

 ïǒƛƋƙāïåāíǃå ƗơƓƪǆ Ǐǃã ƗƬǒïǃå ƗơƓƪǆ Ɨƕƪǈ )ů Ɨƕƪǈ ÿāǂƙ ƓǆíǈƵ ƗưƽƤǈǆ ÿāǂƙā (
) ûƓõǈ ǑƼ ƗǒƼïõǃå ƗƵïƪǃåπȢυ ‗ ςȢυ)ā (ψ ‗ ρπ.( 
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) ýǂƬǃå9 Ɨƿǚƶǃå () ÿåïāíǃå þðƵ ýǆƓƶǆ ÿǒƕὅ ā (Ƽïõǃå ƗƵïƪǃå Ɨƕƪǈ) Ɨǒ‗( 

(0.2 Ò ů Ò 0.3, Cd0=0.017) 

 é. ƑǊǐǂƳ üƬƟƗǄǁä þǐƓîĀƗǁä æîìƽ ƛƏƑƗǆ 
  Ɨƕƪǈ Ɠǋðïƕá èåïǒƺƙǆǃå ÿǆ íǒíƶǃå ǏǄƵ ïƬƓƕǆ ýǂƬƕ þǆƮǆǃå ïåāíǄǃ çïíǀǃå ýǆƓƶǆ íǆƙƶǒ

) ƗǒƼïõǃå ƗƵïƪǃåɚ) þðƶǃå ýǆƓƶǆā (ὅ) ýǂƬǃå Ơưāǒ éǒơ (10 ÿǒƕ Ɨƿǚƶǃå (
)ὅ ɚǆ çïíǀǃå ýǆƓƶǆ õƪāƙǆ () ûƓõǈ ǑƼ ƗǒƼïõǃå ƗƵïƪǃå Ɨƕƪǈ ƴπȢς ‗

ρπ) ăïƽƮǃå æơƪǃå ýǆƓƶǆǃ ƗƙƕƓƛǃå ƗǆǒǀǄǃ (ὅ πȢπρχ Ɨƕƪǈǃ ƗƙƕƓƛǃå ƗǆǒǀǄǃā (
) ïõǀǃå Ǐǃã ÷ƓƽƙïǗåὋ ρȢππω ǑƼ ïǒƺƙǃå ƴǆ () Ɨǆǒƿ„ πȢςȟπȢςυȟπȢσ Ü(

) èíåð ƓǆǄǂ íåíðǒ çïíǀǃå ýǆƓƶǆ ǏƮƿá ÿá Ǐǃã ƝƑƓƙǈǃå ïǒƬƙ éǒơůÿāǂƙ ƓǆíǈƵ (  Ɨƕƪǈ
) ƗǒƼïõǃå ƗƵïƪǃåτ ‗ φ) ƗǒƼïõǃå ƗƵïƪǃå Ɨƕƪǈ Ɨǆǒƿ ôƽƤǈƙ ƓǆíǈƵ üǃîǂā Ü(‗ (

 çíƓǒðƕ íåíðǒ çïíǀǃå ýǆƓƶǆ ÿƎƼïåāíǃå ƗơƓƪǆ Ǐǃã ƗƬǒïǃå ƗơƓƪǆ Ɨƕƪǈ )ů ƓǈíƵƓƪǒ åîǋā (
 ÿāǂǈ ÿá ƴǒõƙƪǈ ƝƑƓƙǈǃåā èƓǒõƶǆǃå üǄƙ ýǚƤ ÿǆā ÜƗǂïơǄǃ Ǒƙåîǃå ßíƕǃå ƗǄǂƬǆ ǑƼ

 Ɨõǀǈ ïƓǒƙƤǗ ƗƼïƶǆ) ýǂƬǃƓƕ Ơưāǆ āǋ Ɠǆǂ þǒǆƮƙǃå10.( 
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) ýǂƬǃå10 Ɨƿǚƶǃå () çïíǀǃå ýǆƓƶǆ ÿǒƕὅ ā () ƗǒƼïõǃå ƗƵïƪǃå Ɨƕƪǈ‗( 

(0.2 Ò ů Ò 0.3, Cd0=0.017) 

7 ƕƬǘƢǁä . 
Ɨƪåïíǃå ǉîǌǃ ƗƮǚƤ ƗǒǃƓƙǃå õƓǀǈǃå ïƕƶƙ 

1.   èāǃƓǈ Ɨǈǒíǆ ǏǄƵ ëƓǒïǃå ƗƵïƪ õƪāƙǆ ÿá Ɨƪåïíǃå ïǒƬƙ5.84 .é/þ 
2. Ɨǆǒƿ íåíðƙ  çíƓǒðƕ þǆƮǆǃå ïåāíǃå ǑƼ çïíǀǃåā þðƶǃå ƗơƓƪǆ Ǐǃã ƗƬǒïǃå ƗơƓƪǆ Ɨƕƪǈ

ïåāíǃå )ů ƓǆíǈƵ ïāơǆǃå ƗǒíāǆƵ Ɨǒơǒïǃå èƓǈǒƕïāƙǃå ßåíá ÿǒƪơƙ ǑƼ íƵƓƪǒ åîǋā (
) ƗǒƼïõǃå ƗƵïƪǃå Ɨƕƪǈ ÿāǂƙ‗.ƗưƽƤǈǆ ( 

3.  çíƓǒð ƴǆ çïíǀǃå ýǆƓƶǆ íåíðǒïåāíǃå ƗơƓƪǆ Ǐǃã ƗƬǒïǃå ƗơƓƪǆ Ɨƕƪǈ )ů ƓǆíǈƵ (
 āǂƙ) ƗǒƼïõǃå ƗƵïƪǃå Ɨƕƪǈ ÿ‗ Ǒƙåîǃå ßíƕǃå ƗǄǂƬǆ ýơ ǑƼ íƵƓƪǒ åîǋā ƗưƽƤǈǆ (

 Ǐǃã ƴƞïƙ ƗǂïơǄǃ Ǒƙåîǃå ßíƕǃå ƗǄǂƬǆ ÿá Ɨƪåïíǃå ǉîǋ ƝƑƓƙǈ ïǒƬƙ üǃîǂā ÜƗǂïơǄǃ
) þāƞǌǃå Ɨǒāåðǃ ƗǒǃƓƶǃå þǒǀǃå‌) ƗǒƼïõǃå ƗƵïƪǃå Ɨƕƪǈǃ ƗưƽƤǈǆǃå æƪǈǃå íǈƵ (‗.( 
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4. ǆƮƙǃå Ɨõǀǈǃå ÿá Ɨƪåïíǃå ǉîǋ ïǒƬƙ ƗǒƼïõǃå ƗƵïƪǃå Ɨƕƪǈ ÿāǂƙ ƓǆíǈƵ ïåāíǄǃ Ɨǒǆǒ
)‗ τȢυ) þðƶǃå ýǆƓƶǆā (ὅ πȢπω) çïíǀǃå ýǆƓƶǆā (ὅ πȢσυ.( 
5.  Ɨǈǒíǆ ýƛǆ ƗǒƕǒǄǃå ûõƓǈǆǃå ôƶƕ ǑƼ çïƼāƙǆ ëƓǒïǃå ƗƿƓõ ÿá Ɨƪåïíǃå ǉîǋ Ơưāƙ

 ǑƼ ëƓǒïǃå ƗƿƓõ þåíƤƙƪå ÿǂǆǒ Ɠǆǂ ÜßƓƕïǌǂǃå íǒǃāƙǃ ƓǌǆåíƤƙƪå ÿǂǆǒā èāǃƓǈ
ƕõƙ èƓǀǒĂïƤá. 
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 þǒǆƮƙ ßåíǕ ǑǂǒǆƓǈǒíāǆïǒƛǃå ýǒǄơƙǃå Ɨƪåïí Ǒǃã éơƕǃå åîǋ úíǌǒèǙíƓƕǆ  íǒïƕƙǃå
 þåíƤƙƪƓƕ ôïƓƶƙǆǃåā ñǂƓƶƙǆǃå ûƼíƙǃå āî Ǒƛơǃá æơƪǃå èåî ƗǒƑåāǌǃå ā çíƓǆǃå Ɨǈðåāǆ

 þǒǒǀƙā êïƕǃå ÿǆ êïƓƤǃåā ýƤåíǃå ßåāǌǃå/ßƓǆǃå ûƼíƙ ýíƶǆ æƪơ íǒïƕƙǃå êïƕ þƓöǈǃ ƗƿƓõǃå
 ƗƞǃƓƶǆ Ɨǒǆǋáā íǒïƕƙǃå êïƕ ýǆƵ ßåíá ǑǄƵ çïƛâǆǃå ƗǒƑǒƕǃå ýǆåāƶǃåā ƗǒǄǒƺƬƙǃå úāïöǃå

.íǒïƕƙǃå ǉƓǒǆ  ƓǌƵāǈ ÿǆ çíǒïƼ ƗǒƑåāǌǃå íǒïƕƙǃå êåïƕá ýǆƵ ƓǂǒǈƓǂǒǆ ïƕƙƶƙ üǃîǃ Ɠǌǈāǂ ǑƼ
 ƗǄƙǂǃå ýƓǀƙǈå èƓǒǄǆƵā çïåïơǃå ýƓǀƙǈå èƓǒǄǆƵ Ǒǃã ƗƼƓưǗƓƕ ăïǒƤƕƙǃå íǒïƕƙǃå áíƕǆ þíƤƙƪƙ

.Ɨƕāõïǃå ƗǃåðȒåā æǒõïƙǃå èƓǒǄǆƶƕ Ǒǆƪǒ íǒïƕƙǃå ÿǆ ÷āǈǃå åîǋā çíƓǆǃåā  þíƤƙƪƙ åîǌǃā
ƗǒƵƓǈƮǃå èƓǒǄǆƶǃå ǑƼ ǑƑåāǌǃå ýíƓƕƙǃå èåíƶǆ Ɨǒïåïơ ƴƑåāǆǂ  ƗǒǃƓƵ Ɨǒïåïơ çïíƿ Ɠǌǃ

åā æǄƹǕå ǑƼ ÿāǂǒ ăîǃ)ßåāǋ/ßƓǆ(  èǙíƓƕǆǃå Ɠǆá ßåāǌǃå þíƤƙƪƙ ëāåïǆǃå ýƛǆ èåíƶǆǃƓƼ
 ïƓƪǆǃå Ɨǆöǈá ǑƼ ðƞåāơƕ Ɲƙǈǆǃå ÿƵ ǙāƮƽǆ ÿāǂǒ ăîǃåā ƴƑƓǆǃå þíƤƙƪƙƼ Ɨǒïåïơǃå
 ïƓơƕǃå ǑƼ ýƓơǃå Ɨƶǒƕõƕ Ǌơïõ þƙǒƼ ÿƤƓƪǃå ßƓǆǃå þåíƤƙƪå çíƓƵã ÿǂǆǒ Ǚā íơåāǃå

ƽǄǂǆ ƗǒǄǆƶǃå ǉîǋā ïƓǌǈǕåā.ƗǒíƓƮƙƿå ïǒƹā Ǌ ǃāåîǌ  èïǌöá ǉîǋ ƝƑƓƙǈ ýǚƤ ÿǆ Ɨƪåïíǃå
 çïåïơ Ɨƞïí èíåð ƓǆǄǂ Ǌǈå íǒïƕƙǃå êåïƕá þǒǆƮƙ ßåíǕ ǑǂǒǆƓǈǒíāǆïǒƛǃå ýǒǄơƙǃå

)ßåāǌǃå/ßƓǆǃå(  ÷āǈ Ǒǃã ƴƞïǒ åîǋā íǒïƕƙǃå êïƕ ßåíá ýíƶǆ óǀǈ êïƕǃå Ǒǃã ýƤåíǃå
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Ǆǃ ýƤåíǃå ßƓǆǃå Ɨưāǆơ Ɨƞïí Ɨƕƪǈā íǒïƕƙǃå êïƕ èåāƬơ ăïåïơǃå ïǒƤƕƙǃå ýíƶǆ ā êïƕ
ǃ  .ǑƑåāǌǃå íǒïƕƙǃå êïƕ 

 çƑøøøøøøøǄǂǀǁäƕøøøøøøøǁäìǁä :  Ü ǑǂǒǆƓùùùùùùùǈǒíāǆïǒƛǃå ýùùùùùùùǒǄơƙǃå èǙíƓùùùùùùùƕǆ Ü ǑƑåāùùùùùùùǌǃå íùùùùùùùǒïƕƙǃå êåïùùùùùùùƕá
Ü Ǒƛơǃá æơƪǃå  Ü ǑƕǃƓƛǈǙåñǂƓƶƙǆǃå ûƼíƙǃå  .ôïƓƶƙǆǃå/  

 
Abstract:  

This article aims to study the thermodynamics analysis of the 

performance design of pneumatic induction air-cooler with 

opposite and unopposed flow using the material and energy 

balance of the cooling tower system according to the flow rate of 

water/air entering and exiting the tower and assessing operational 

conditions and environmental factors affecting the performance of 

the cooling tower work and the importance of treatment Cooling 

water. So that, The mechanics of the work of the air-cooling 

towers are unique in that they use the principle of evaporative 

cooling in addition to heat transfers and mass transfers. This type 

of cooling is called humidification. Therefore, The air-cooler 

equipment is used in industrial processes as heat fluids with a high 

thermal capacity which is mostly (water/air). The Equipment as 

fans use air but, Heat exchangers use the fluid, which is separated 

from the product by barriers in single track systems. Hot water 

cannot be reused but, Put it out naturally in seas and rivers, and 

this process is costly and not economical. However, This study 

showed through the results of the thermodynamics analysis of the 

performance of the design of cooling towers, that the higher 

(water/air) temperature entering in tower, the lower performance 

rate of the cooling tower and this is due to the type of cooling 

tower fillings and the ratio of the ph of the water entering the 

tower and the rate of thermal evaporation of the air-cooling tower.   
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  : ƕǄìƾǄǁä 
 íïƓõ ðƓǌƞ ÿƵ çïƓƕƵ ƓƪƓƪá āǋā ïƬƵ ƴƪƓƙǃå ÿïǀǃå Ɨǒåíƕ îǈǆ èǆíƤƙƪå íǒïƕƙǃå êåïƕá
 ßƓǆǃƓƕ ßåāǌǃå ýƓƮƙå ÿƵ çïƓƕƵ Ǒǋā ăïǒƤƕƙǃå íǒïƕƙǃå Ɨǒǈǀƙ þíƤƙƪǒ ăîǃåā çïåïơǄǃ
  èƓǀǒƕõƙ Ɠǌƪƽǈǃ èơƙƼ Ɨǒǈǀƙǃå ǉîǋ ÿá ƐƞƓƽǆǃå ïǒƹ ÿǆā  ßƓǆǃå çïåïơ Ɨƞïí ôǒƽƤƙǃ

Ʈǃå ǑƼ Ɨƶƪåā ïǒïǂƙǃå ǑƼƓƮǆ ǑƼ Ɨǆǂơƕ Ɨǒǈǀƙǃå ǉîǋ èǄƺƙƪå Ɠǋïāǌö îǈǆƼ ƗƵƓǈ
 ýƛǆ çíāíơǆǃå ƗǒïƓƞƙǃå èƓǆåíƤƙƪǙå ā ðƓƺǃå ƗƞǃƓƶǆ ƴǈƓƮǆ ā ƗƿƓõǃå íǒǃāƙ èƓõơǆā
 Ɠǌƕǒǂïƙ ƗõƓƪƕā íǒïƕƙǃå  êåïƕǕ ǑǄǒƺƬƙǃå þāǌƽǆǃå  Ɨǃāǌƪ þƹïā .Ɨǒǈǂƪǃå ǑǈƓƕǆǃå íǒïƕƙ

 ā æāǒƵā èåðǒǆǆƕ ǑƙƋƙ èåíƶǆ ăƋǂ Ɠǌǈǂǃā öƓƽơǄǃ Ɨƕƿåïǆǃåā ƗǈƓǒƮǄǃ Ɨǒïāíǃå ƗƞƓơǃå
ƓǌƑåíá ǑǄƵ[1] . ïƕƙƶƙā íǒïƕƙ Ɨǆöǈá ßƓǆǃå èåî çßƓƽǂ ƗǒǃƓƵ ǑƼ íǒïƕƙ ā æǒõïƙ ßåāǌǃå 
ƗƮƓƤ ǑƼ ûõƓǈǆ ăāåïơƮǃå ìƓǈǆǃå ïƓơǃå úƓƞǃåā üǃîā çïíǀǃ ßåāǌǃå ƗǒǃƓƶǃå ǑǄƵ 
ïǒƤƕƙ ßƓǆǃå éǒơ þƙƙ ƗǒǄǆƵ íǒïƕƙǃå ÿƵ ßåāǌǃå ñǆǚƙ ûǒïõ ƴǆ ßƓǆ Ɨƞïí Ǌƙïåïơ 
ƗǒāƓƪǆ Ɨƞïíǃ çïåïơǃå Ɨƕõïǃå ßåāǌǄǃ ýǆƶƙā çïåïơǃå Ɨƪāƪơǆǃå ǏǄƵ ßåāǌǄǃ ïǒƤƕƙ ßƓǆǃå 
Ɠǆǆ ăíâǒ Ǒǃã ôƓƽƤǈå Ɨƞïí çïåïơǃå ƗƼƓƞǃå ßåāǌǄǃ ā ÷Ɠƽƙïå ýíƶǆ ǊǒƼ Ɨƕāõïǃå[1,2] . 
íǈƵā ñƓǒƿ Ɨƞïí çïåïơ ßåāǌǃå úƓƞǃå Ɨƞïíā çïåïơ ßåāǌǃå æõïǃå Ǒƙǃå ïƕƙƶƙ ñƓǒǀǆǂ 
çïíǀǃ ßåāǌǃå éåíơã ǑǄƵ íǒïƕƙǃå ăïǒƤƕƙǃå Ɨǒǆǂǃ üǃî ßåāǌǃå éǒơ ÿå íǈƵ çíƓǒð ûïƽǃå 
ÿǒƕ èƓƞïí çïåïơǃå éíơǒ æƕƪƕ íǒïƕƙ üǃî ăïǒƤƕƙ ïƕǂå üǃîǃ ßåāǌǃå ƓǆíǈƵā ýǀǒ ûïƽǃå 
ÿǒƕ èƓƞïí çïåïơǃå ƠƕƮƙā Ɠƕǒïǀƙ ƗǒāƓƪƙǆ Ǚ éíơǒ ǑƼƓƮ ïƤƕƙ  ÿá Ɠǆǂ .ßƓǆǄǃ

 ÿǆ êïƕǃå ýƤåí ïƼāƙƙ Ǒƙǃå úāïöǃå ßƓǒơǗå āǆǈǃ ƗƕƮƤ ûõƓǈǆ ƓǌǄƶƞǒ Ɨƕāõïā çïåïơ
 ƗǒƑƓǒǆǒǂ íåāǆ èƼƓưǕ ƗƞƓơǃå ǑǃƓƙǃƓƕ Ǒǈƶǒ ăîǃåā ýǂƉƙǃå èƓǒǄǆƵ ƴǒïƪƙ ā Ɨǀǒƿíǃå
 ýǒǄǀǃå üǚǌƙƪǙå ăïƤá ƗǒơƓǈ ÿǆā çíǒƞǃå íǒïƕƙǃå ǉƓǒǆ èƓƽƮåāǆ ǑǄƵ öƓƽơǄǃ ƗƮƓƤ

ƪíǈǌǃå þǒǆƓƮƙǃå ÿǆ ïǒƛǂǃå ǑƼ Ɨƕāƹïǆ ƓǌǄƶƞǒ ßƓǆǃåā ƗƿƓõǃå ǑƼƗǒ [2,3].  ǉîǋ ǑƼ
 èåî ǑƑåāǌǃå íǒïƕƙǃå êïƕ þǒǆƮƙ ßåíǕ ǑǂǒǆƓǈǒíāǆïǒƛǃå ýǒǄơƙǃå Ɨƪåïí èǆƙ éơƕǃå
 Ɨǈðåāǆ ýǒǄơƙ ā æƓƪơ þƙ Ɠǆǂ ƓǌǄǆƵ ƓǂǒǈƓǂǒǆā ñǂƓƶƙǆǃå ûƼíƙǃå āî Ǒƛơǃá æơƪǃå
 ýíƶǆ æƪơ þǒǆƮƙǃå èƓǒƪƓƪá ƗƬƿƓǈǆā ǑƑåāǌǃå íǒïƕƙǃå êïƕ þǒǆƮƙǃ ƗƿƓõǃå ā çíƓǆǃå
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 ûƼíƙ)å/ßƓǆǃåßåāǌǃ(  ƗǒƑǒƕǃå ýǆåāƶǃåā ƗǒǄǒƺƬƙǃå úāïöǃåā êïƕǃå ÿǆ êïƓƤǃå ā ýƤåíǃå
.íǒïƕƙǃå êïƕ ýǆƵ ßåíá ǑǄƵ çïƛâǆǃå   

 
1. ìǐîƓƗǁä éäîƓà :ƕǐƏäĀǊǁä )(Air- cooling tower 

 Ǒǃã ƓǌǒƼ æāƹïǆ ïǒƺǃå çïåïơǃå íïõƕ þāǀǒ ăîǃåā çïåïơǄǃ íïƓõ ðƓǌƞ āǋ íǒïƕƙǃå êïƕ
Ɠǒƙ íǒïƕƙ ýǚƤ ÿǆ ăāƞǃå ßåāǌǃå ïǒƤƕƙǃå ƗǒǄǆƵ ýǆƶƙƪƙ íǒïƕƙǃå êåïƕá ÿƤƓƪǃå ßƓǆǃå ÿǆ ï

 çïåïơ Ɨƞïí ÿǆ Ɨƕǒïƿ Ɨƞïíǃ çïåïơǃå ƗǃåðǗƗǄƮƕǃå ƗǄǄƕǆǃå  ÿǆ ăïƤƕƙǃá íǒïƕƙǃå ýǆƶǒā
ăïåïơǃå Ăāƙơǆǃå úǒöāƙ ýǚƤ  ßåāǌǃå çïåïơ Ɨƞïí ôǒƽƤƙƕ þāǀƙ Ǒƙǃå ïƤƕƙǃå ÿǆ ǉƓǒǆǄǃ

úƓƞǃå ÿǆ ƗǒǃƓǀƙǈǙå ƗǄơïǆǃå ýǚƤ öāơǄǆ ýǂƬƕ  Ǒƙǃåā ßƓǆǃå ïƓƤƕ Ǐǃã ýƑƓƪǃå ßƓǆǃå
ƗǒǂǒǈƓǂǒǆǃå íǒïƕƙǃå Ɨǆöǈá ÿǆ ïǒƛǂƕ ýƿå ƗƿƓõ æǄõƙƙ [3,4] ƗǒǄǆƵ ā . Ǒǋ æǒõïƙǃå

 Ɨǃåðã ƗǒǄǆƶƕ Ǒǆƪƙ Ɠǌǈǆ Ɨǒƪǂƶǃå ƗǒǄǆƶǃåā ðƓƺǃå ǑƼ ßƓǆǃå ïƓƤƕ Ɨƕƪǈ þǒāǀƙ ƗǒǄǆƵ
 Ɨƕāõïǃå ā ïƕƙ ýƛǆ ƗǒƵƓǈƮǃå èƓǀǒƕõƙǃå ÿǆ íǒíƶǄǃ ÿƓƙǆǌǆ ÿǒƙǒǄǆƶǃå ÿǆ ýǂ ßåāǌǃå íǒ

ƗƕǄƮǃå íåāǆǄǃ  úǒƽƞƙǃå èƓǒǄǆƵ ǑƼ þǂơƙǃåā ßƓǆǃåā çïåïơǃå ÿã üǃîǃ  āßƓǆǃå ïƓƤƕ 
 āǋ ßåāǌǄǃ ǑƕǃƓƛǈǙåþ  ïƓƤƕ ýƓǀƙǈå ýíƶǆā æǒõïƙǃå èƓǒǄǆƵ ǑƼ ƗǄǆƶƙƪǆǃå èƓǒǆǂǃå þǋá

 ÿǆ ÿƓƵāǈ íƞāǒ Ɠǆǂ ßåāǌǃå æǒõïƙ Ɨƞïíā ßƓǆǄǃ ăïƓƤƕǃå õƺưǃå ǑǄƵ íǆƙƶǒ ßƓǆǃå
 Ɠǆǋ æǒõïƙǃå èƓƞïíǄƮƕǃå ƗƞïíƗ  ƗƼƓƞǃå ā ƗǄƮƕǃåƗƕõïǃå.  

 
2.  : ǏƏäĀǊǁä ìǐîƓƗǁä çǗìƑƓǄ(Air cooled heat exchanger) 

 æǒƕƓǈá Ɨõƪåāƕ āƞǃå Ǒǃã ƴƑƓǆǃå ÿǆ çïåïơǃå ýǀƙǈƙ ǑƑåāǌǃå íïƕǆǃå āá ǑƑåāǌǃå ýíƓƕǆǃå
ƗƼƓƞǃå çïåïơǃå Ɨƞïí ǑǄƵ èǙíƓƕǆǃå ÿǆ ÷āǈǃå åîǋ ßåíá íǆƙƶǒā ƗƽǈƵðǆ ā  ƗǒǄƮāǆǃå

 ïåïơǃå Ɨƶƪåā èǙƓǆƶƙƪå èǙíƓƕǆǃå ǉîǌǃā ƓǌǒǄƵ çïǒƕǂ ëāåïǆ èƕƛƙ íǒïƕƙǃå çßƓƽǂ çíƓǒðǃā Ɨǒ
 ƴǈƓƮǆǃå ǑƼ ƓǋíƞǈƼ çïǒƕǂǃå Ɠǆá çïǒƺƮǃå ƗǒǈāïƙǂǃǙå çðǌƞǕå ǑǄƵ æǂïƙ Ɠǌǈǆ çïǒƺƮǃƓƼ
 :Ɠǆǋ ÿǒƪǒƑï ÿǒƵāǈ Ǒǃã þǒǆƓƮƙǃå ǉîǋ úǒǈƮƙ ÿǂǆǒā ƗƿƓõǃå íǒǃāƙ èƓõơǆā ƗǒƑƓǒǆǒǂǃå

 ûƼíƙ æƪơ úǒǈƮƙǃåßåāǌǃå æơƪ æƪơ úǒǈƮƙǃå ā ßåāǌǃå [3,5]. 
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1.2.  : ǏǀǐǆƑǀǐǄǁä åƟƨǁä çäí ƕǐƏäĀǊǁä ìǐîƓƗǁä çǗìƑƓǄ 
 ïƓǒƙ íǒǃāƙǃ ǉíǒïƕƙ íåïǆǃå ƴƑƓǆǄǃ ƗǄǆƓơǃå æǒƕƓǈǕå ÿǆ Ɨǆðơ ǑǄƵ çïǒƕǂ ëāåïǆ æǒǂïƙ þƙǒ

íïƓƕǃå ßåāǌǃå ÿǆ  ïǒïǂƙ ǑƼƓƮǆ ǑƼ ƗǆíƤƙƪǆǃå ǉƓǒǆǃå íǒïƕƙ ÿǆưƙƙ ƗǒǄǆƶǃå èƓǀǒƕõƙǃåā
ƽǈǃåíǆƙƶǒā ƗƿƓõǃå íǒǃāƙ èƓõơǆā ƗǒƑƓǒǆǒǂāïƙƕǃåā ƗǒƑƓǒǆǒǂǃå ƴǈƓƮǆǃåā õ  ǑǄƵ ƓǌƽǒǈƮƙ

 ā ăïƓƕƞǗå æơƪǃå êåïƕá : Ɠǆǋ Ɠǌǈǆ ÿǒƵāǈ þǋáā êïƕǃå ýǚƤ ÿǆ ßåāǌǃå ïāïǆ Ɨǀǒïõ
Ǒƛơǃá æơƪǃå êåïƕá [2,3]. ) ýǂƬǃå ǑƼ Ơưāǆ āǋ Ɠǆǂ üǃîā1) ýǂƬǃå ā (2 .( 

 

  
üǀƪ )1(  éäîƓàǏƙƟǁà åƟƨǁä ƪüǀ )2(  éäîƓàĂîƑƓƜǕä åƟƨǁä 

 
¶  éäîƓàĂîƑƓƜǕä åƟƨǁä :(Forced Draft)     

 āá ăðǂïǆǃå íïõǃå ÷āǈ ÿǆ ïƛǂá āá Ɨơāïǆƕ íāðƙ  ăïƓƕƞǗå æơƪǃå èåî íǒïƕƙǃå êåïƕá
 ǉîǋ çāƬơǃå ǑǄƵá Ǒǃã íāƶƮǄǃ ßåāǌǃå ïƕƞƙǃ êïƕǃå ýƽƪá çíƓƵ èƕƛƙ Ǒƙǃåā ăïāơǆǃå

ýǆƶǃå ǑǄƵ Ɠǌƙïíǀƕ ðƓƙǆƙ  ëāåïǆǃå  ÿǆ ßðƞ ÿá Ɠǆǂ  Ɨƶƽƙïǆ ƗǒǂǒƙƓƙƪå õāƺư íǈƵ
 Ǒƛơǃá æơƪǃå êåïƕá ÿǆ ýưƼá ßåíá Ǒǈƶǒ ăîǃåā õƺư Ǒǃã ýāơƙƙ ßåāǌǃå ƗƵïƪ

íïõ ÷āǈ ÿǆ ëāåïǆ èǒƕƛƙ  ÿá Ǒǃã ƗƼƓưǗƓƕ  ýƽƪá ăðǂïǆ ÿïǆ  ýƓƮƙå Ǒõƶǒ êïƕǃå
ßƓưāưǃå ăāƙƪǆ ā èåðåðƙǋǙå ÿǆ ýǄǀǒ Ɠǆǆ Ɠǌǆƪƞā Ɨơāïǆǃå ÿǒƕ ǂǆã ÿá Ǒƪǈǈ Ǚā ƗǒǈƓ
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 ðïƕá ÿǆā èƓǀǒƕõƙǃå ÿǆ ïǒƛǂǃå ǑƼ ƗǄưƽǆ Ɠǌǈǆ ýƶƞǒ èƓƑƬǈǆǃåā ǑǈƓƕǆǃå ýƤåí ƓǌǄǒƺƬƙ
 þƓƞơǗå ǑƼ ƗƮƓƤā ûƪƓǈƙǆ ÿāǂǒ Ǚ íƿ ßåāǌǃå ûƼíƙ ÿá ăïƓƕƞǗå æơƪǃå êåïƕá æāǒƵ
 ïƛâǒ Ɠǆǆ ǊǃƓƤíã çíƓƵã þƙƙ íƿ êïƕǃå ÿǆ êïƓƤǃå æõïǃå ßåāǌǃå ÿǆ ßðƞ ÿá Ɠǆǂ çïǒƕǂǃå

ǃå ßåíá ǑǄƵ ƓƕǄƪƗõƪāƙǆǃåā çïǒƺƮǃå èåïíǀǄǃ ƗƕƪƓǈǆ ƓǌǄƶƞǒ åîǋā êïƕ [4,5].  
 

¶  éäîƓà  : ǏƙƟǁà åƟƨǁä(Induced Draft)  
 ǑƼ êïƕǃå ǑǄƵå ïƛǂá āá Ɨơāïǆ æǂïƙ þǒǆƮƙǃå åîǋ ǑƼ Ǒƛơǃá æơƪǃå èåî íǒïƕƙǃå êåïƕá
ǑǄƵá ÿǆ ǊƼîǀƙ ā ýƽƪǕƓƕ íāƞāǆǃå ýƤíǆǃå ÿǆ ßåāǌǃå æơƪƙ éǒơ ßåāǌǃå êāïƤ ïƓƪǆ  

ƪ ÿǕā ëāåïǆǃå èƓǂïơǆ ÿāǂƙ ýƕƓǀǆǃƓƕ ÿǂǃā Ɨǃāǌƪƕ ƓǌǒƼ þǂơƙǃå ÿǂǆǒ ßåāǌǃå ǉƓƞƙåā ƗƵï
 Ɨǒāǌƙǃå èƓơƙƼ ÿǆ ßåāǌǃå  ýāƤí ā íǒƞ ýǂƬƕ ýðƶƙ ÿá æƞǒā Ɨƕāõïǃå ýǂƓƬǆǃ ƗưïƵ
 èƓƛāǄǆƼ ǑǄǂǃå ßåíǕå ǑǄƵ ïƛâǆ ýǆƓƵ ëƓǒïǃå ƗƵïƪ ýƶƞǒ  êïƕǃå ǑƕǈƓƞā çíƵƓƿ íǈƵ

 ýƤåí ýǆơƙ íƿ ïƓƕƺǃåā ƗƕïƙǕƓǂ.Ɨǃāǌƪƕ êïƕǃå  ā çíƓƶǃå ǑƼ þƙǒ æơƪǃå êåïƕá úǈƮƙ
ôïƓƶƙǆǃå ûƼíƙǃå āî þǒǆƮƙǃå ā ñǂƓƶƙǆǃå ûƼíƙǃå āî þǒǆƮƙǃå : ÿǒƵāǈ Ǒǃã Ǒƛơǃá 

[4,5]. 
 
2.2 .ǐƏäĀǊǁä ìǐîƓƗǁä éäîƓà ùǐǆƬƗƕ  :   
1.2.2 .: ÞäĀǊǁä úƺìƗ åƨƟ ùǐǆƬƗǁä  
¶ ýǐǄƬƗǁä ðǀƑƴƗǄǁä úƺìƗǁä Āí  : 

 āǌǃå ûƼíƙǒ þǒǆƮƙǃå åîǋ ǑƼ ýƽƪá ÿǆ ßåāǌǃå ýƤíǒ Ɨǒåíƕǃå ǑƼ ßƓǆǃå ûƼíƙ ǉƓƞƙå ñǂƵ ßå
 Ǒǃã Ǌƕơƪ þƙǒǃ çāƬơǃå èơƙā êïƕǃåǏǄƵǕå  èƓƬïǆ ÿǆ ǑǃƓƵ õƺưƕ ßƓǆǃå òïǒ Ɠǆǈǒƕ

Ǒǃã íƵƓƮǃå ßåāǌǃå ƴǆ ñǆǚƙǒ ā èåāƬơǃƓƕ ïǆǒǃ êïƕǃå ǑǄƵá .ǑǄƵá  āǋ Ɠǆǂ üǃîā
) ýǂƬǃå ǑƼ Ơưāǆ3) ýǂƬǃå ā (4 .( 
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ýǂƬ )3(  þǒǆƮƙǃåƓƶƙǆǃå ûƼíƙǃå āîñǂ ýǂƬ )4( ƶƙǆǃå ûƼíƙǃå āî þǒǆƮƙǃåôïƓ 
 

¶ óîƑƴƗǄǁä úƺìƗǁä Āí ýǐǄƬƗǁä  :  
 ÿāǂǒ ā æǈƓƞǃå ÿǆ èåāƬơǃå ýǄƤƙǒ éǒơƕ êïƕǃå Ǒǃã ßåāǌǃå ýƤíǒ þǒǆƮƙǃå åîǋ ǑƼ
 ßåāǌǃå êïƤǒ þƛ ƗǒƕîƓƞǃå ýƶƽƕ  ýƽƪá Ǒǃã æƓƪǈǒ ăîǃåā ßƓǆǃå ûƼíƙ ǉƓƞƙå ǑǄƵ ƓǒíāǆƵ

 æǈƓƞǃå ÿǆ ƴƕƬǆǃå. çāƬơǄǃ ïƤǕå    
2.2.2 . åƟƨ åƨƟ ùǐǆƬƗǁä :ÞäĀǊǁä 
¶  úƺìƗǁä Āí ýǐǄƬƗǁä:ðǀƑƴƗǄǁä  
 ǑƼ þǒǆƮƙǃå åîǋ ðïƕáā ǑǄƵá ÿǆ òïǒ ăîǃåā ßƓǆǃå ǉƓƞƙå íư ƓǒíāǆƵ ßåāǌǃå ăïƪǒ

 Ɠǆǈǒƕ ÷Ɠǀǃå ǑƼ íïƓƕǃå ßƓǆǃå ƴǆ ñǆǚƙǒ Ɠǒƕƪǈ úƓƞǃå ßåāǌǃå ÿá āǋ ÷āǈǃå åîǋ èåðǒǆǆ
å ƴǆ ñǆǚƙǒ æõïǃå ßåāǌǃå ÿǆ ÿǂǆǆ ïíƿ ïƕǂá ýƺƙƪǒ åîǋā Ɨǆǀǃå ǑƼ ÿƤƓƪǃå ßƓǆǃ
 .ƗǄƙǂǃåā çïåïơǃå ýƓǀƙǈå èǙíƶǆ 

¶  úƺìƗǁä Āí ýǐǄƬƗǁä:óîƑƴƗǄǁä   
 ǑƼ þǒǆƮƙǃå åîǋ ăïƪǒ ßåāǌǃåǑǀƼá ûƼíƙƕ çāƬơǃå ýǚƤ  ǑǀƼǕå ßåāǌǃå ïƓƪǆ ƴõƓǀƙǒā

ǃå æǈƓƞ ýāõ ǑǄƵ ßåāǌǄǃ ýƤåíǆ íƞāƙā çāƬơǃå ýƤåí ăíāǆƶǃå ßƓǆǃå ïƓƪǆ ƴǆêïƕ  Ɠǆǂ
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 ǑǄƵá õƪāƙƙ Ǌơāïǆ íāƞā ƴǆ êïƕǃå ǑƕǈƓƞ ǑǄƵ ÿǒƙāƬơ ÿǆưƙƙ þǒǆƓƮƙǃå ôƶƕ ÿá
ßåāǌǃå ûƼíƙ ýíƶǆ ñƽǈǃ êïƕǃå  āǑǄƵá ÿāǂƙ êïƓƤǃå Ǒǃã ßåāǌǃå íïõ ƗƵïƪ [3,4].  

3.2 .  : ìǐîƓƗǁä ǇƑǐǄ ƕƜǁƑƴǄ 
ǌǆǋá ƓǌǈƵ ǑưƓƺƙǃå ÿǂǆǒ Ǚ Ɨǒǈǀƙā ƗǒƑǒƕ ýǂƓƬǆ íǃāǒ êåïƕǕå ǑƼ íāƞāǆǃå ßƓǆǃå Ɠ
 ÿá Ɠǆǂ èƓƤưǆǃåā èƓǆƓǆƮǃåā Ɨǒïåïơǃå èǙíƓƕǆǃå ǑƼ ýǂƉƙǃåā èƓƕƪïƙǃå ýǂƓƬǆ
 èƓƕāïǂǒǆǃå āǆǈǃ ƗƕƮƤ ƗƑǒƕ ýǂƬǒ åîǋā íǒïƕƙǃå ßƓǆ ƓǌƕơƮǒ íƿ Ǒƙǃå èƓƛāǄǆǃå

ăïƤá ôåïǆáā ăāƞǃå ßƓƕǌǃå ýƛǆ ýǂƓƬǆ ÿāǂƙ Ǒƙǃå Ɨǀǒƿíǃå èƓǈƑƓǂǃåā [5] . 
 
3 .ǁä éäîƓà ýƑõǆǁ ǏǀǐǄƑǆǐìĀǄîǐƙǁä üǐǂƟƗǁä  : ǏƏäĀǊǁä ìǐîƓƗ 

 èƓǆāöǈǆ ÿá ƗǒǄǆƶǃ ǑƑåāǌǃå íǒïƕƙǃå êåïƕá èǙíƓƕǆûƼíƙ ƴƑåāǆǃå  ÿāǂƙ èƓǒƪƓƪá ÿǆ
 ƗǒƵƓǈƮ Ɨƪƪâǆ ăǕ Ɨǒƪíǈǌǃå ƗǒǆǒǆƮƙǃå èƓǒǄǆƶǃåǃ åîǌ ăïāïưǃå ÿǆ æƞǒƗǒǃà þǌƼ 

 : þǒǆƮƙǃå èƓǒƪƓƪá Ɨƪåïí ā ǑǂǒǆƓǈǒíāǆïǒƛǃå ýǒǄơƙǃå ýǚƤ ÿǆ ƴƑåāǆǃå ǉîǋ ýǆƵ 
1.3. ǐǄƬƗ çƑǐƨƑƨà : ǏƏäĀǊǁä ìǐîƓƗǁä éîƓ ý 
¶  ýǂ  íƞāǈ  ÿǆåðƙǆ ýǂƬƕ éíơƙ ƗǄƙǂǃåā çïåïơǃå ýƓǀƙǈå èƓǒǄǆƵ ÿá ñƓƪá ǑǄƵ

 ƴõǀǆ íǈƵ ßåāǌǄǃ ā ßƓǆǄǃ ƗǄƙǂǃå ýƓǀƙǈåā ǑƕǃƓƛǈǙƓƕ ƗƮƓƤǃå ÿåðƙǙå èǙíƓƶǆ
.çāƬơǃå ÷Ɠƽƙïå íƓƞǒǗ ýǆƓǂƙǃå ƗǒǄǆƵ ăïƞǈ þƛ êïƕǃå ÿǆ ïǒƺƮ 

¶ ǆ ïǒƛǂƕ ýƿá ßƓǆǃå ïǒƤƕƙ ýíƶǆ ÿã% ăāƓƪǒ Ɠƕǒïǀƙ)  êïƕǄǃ ǊǃāƤí ýíƶǆ ÿ1 (
 ÿǂǆǒ åîǌǃāÿá .èƕƓƛ Ǒǀƕǒ ûƼíƙǃå ýíƶǆ ÿá ïƕƙƶǈ 

¶ íǒïƕƙǃå ƗǒǄǆƵ  çïåïơǄǃ ƗǆöƓǂ ƗǒǄǆƵ)Adiabatic ProcessǙ) (  ÿåíǀƼ éíơǒ
.(êïƕǃå ÿåïíƞ íǈƵ çïåïơǄǃ æƪǂ āá 

¶ .ƗƕāǄõǆǃå íǒïƕƙǃå Ɨƞïíǃå Ǒǃã ýāƮāǄǃ æƪƓǈǆǃå çāƬơǃå ÷Ɠƽƙïå æƓƪơ  
2.3 .ǄçƑǆïäĀ  : ǏƏäĀǊǁä ìǐîƓƗǁä éîƓ ìǆƳ ƕƽƑôǁäĀ æìƑǄǁä  

ôïƽǈ Ɨǒåíƕǃå ǑƼ ÿá )LßƓǆǄǃ èƕƓƛǃå ûƼíƙǃå ýíƶǆ āǋ ( ) āGs ûƼíƙǃå ýíƶǆ āǋ (
) ïåíǀǆƕ ßƓǆǃå çïåïơ ôƽƤǈƙā ßåāǌǄǃdTL) ïåíǀǆƕ ßåāǌǃå ǑƕǃƓƛǈå ƴƽƙïƙ Ɠǆǈǒƕ (dH'  (
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) ăāƓƪǒā çāƬơǄǃ ǑǄưƓƽƙǃå üǆƪǃå ýǚƤdz( Ƽ ïǒƺƙǃå ÿāǂǒāăāƓƪǒ ßƓǆǄǃ ǑƕǃƓƛǈǙå Ǒ 
)ὒὧύὒὨὝὒ(  ) ăāƓƪǒ ßåāǌǄǃ ǑƕǃƓƛǈǙå ǑƼ ïǒƺƙǃåā ὋίὨὌ( ) ýǂƬǃåā5 Ơưāǒ (

 .ǑƑåāǌǃå íǒïƕƙǃå êïƕ íǈƵ ƗƿƓõǃå ā çíƓǆǃå Ɨǈðåāǆ õõƤǆ 
  

 
) ýǂƬ5 ( ǑƑåāǌǃå íǒïƕƙǃå êïƕǃ ƗƿƓõǃåā çíƓǆǃå èƓǈðåāǆ õõƤǆ 

 
 ƗǆƓƶǃå ƗǃíƓƶǆǃå æƙǂǈ ÿá ÿǂǆǒ ǊǒǄƵāíǈƵ ǑƕǃƓƛǈǙå Ɨǈðåāǆǃ  êïƕ íǒïƕƙǃå ƗǃíƓƶǆǃƓǂ Ǒǋā

)1 (: 
ὒὧύὒὨὝὒ   ὋίὨὌᴂĽĽĽĽĽĽĽĽĽĽĽĽĽĽ..(1) ƗǃíƓƶǆ 
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 ā ) ƴõǀǆǃå íǈƵ ǑƕǃƓƛǈǙå Ɨǈðåāǆ ƗǃíƓƶǆI : ( 
ὒὧύὒὝὒ Ὕὒρ ὋίὌ  ὌρĽĽĽĽĽĽĽ  ) ƗǃíƓƶǆ2(  

 
Ƽ ÿîá) ƗǃíƓƶǆǃƓ2ßåāǌǃå ýƓƮƙǙ ýǒƺƬƙǃå õƤ Ǒǋ (  ßƓǆǃå ûƼíƙ ýíƶǆ ÿá Ɠǆƕā ßƓǆǃƓƕ

Üïǒƺƙǒ Ǚ ßåāǌǄǃ ƗǒƵāǈǃå çïåïơǃåā ßåāǌǃåā  õƤ ÿƵ çïƓƕƵ ƗǃíƓƶǆǃå ÿá Ɲƙǈƙƪǈ ÿá ÿǂǆǒ
) þǋ ăíƓƮǃåā Ǒǈǒƪǃå ǉïāơǆ ÿāǂǒ ăāƙƪǆ ǑƼ þǒǀƙƪǆT- L   &H' (  Ɠǆǂ Ǒǃåāƙǃå ǑǄƵ

 ) āǋ ǊǄǒǆ ÿá ὒ ,'ϳ( . [6,7] 
 

ǚǃ ăïƤá Ɨǈðåāǆ ăïƞǈ ÿá ÿǂǆǒā ) ƴõǀǆǃå íǈƵ êïƕǃå ýǆƓǂ ǑǄƵ ǑƕǃƓƛǈ II (  ýƮơǈā
: ǑǃƓƙǃå ǑǄƵ 

ὒὧύὒὝὒς Ὕὒρ ὋίὌς ὌᴂρĽĽĽĽĽ ) ƗǃíƓƶǆ3..(  
 
 ā) ÿǒƙǃíƓƶǆǃå ÿǆ2) ā (3õƤ ǑǄƵ ýƮơǈ ( ýǒƺƬƙ ÿǒƕ íƙǆǒ õƤ ÿƵ çïƓƕƵ āǋ êïƕ 

 ÿǒƙõǀǈǃå)H'1  ÜTL1 ā  ( )TL2 , H'2(  ßƓǆ ) þƓöǈǃ ÿåðƙǙå Ǒǈơǈǆā ǑǄƵ ( ßåāǋ /
 ) ăāƙƪǆTL , H' ( ) ýǂƬǃƓƕ Ơưāǆ Ɠǆǂ2 ƴƕƬǆǃå ßåāǌǄǃ ǑƕǃƓƛǈǙå ÿƵ çïƓƕƵ āǋā (

ÿåðƙǙå åîǋ íǈƵ ýƑƓƪǃå çïåïơ ýƕƓǀǆ   ÿåðƙǙå üǃî ïƓƕƙƵå þƙǒ ñǈƓƞƙǆ ïǒƹ þƓöǈ ăƋǂā
ýƑåāƪǄǃ Ǒǈǒƕǃå Ơõƪǃå íǈƵ  ( ßåāǋ / ßƓǆ ) þƓöǈǃ[7,8]  ýǚƤ ÿǆā) ýǂƬǃå6 Ơưāǒ (

Ƭƙǃå õƤ õõƤǆ.íǒïƕƙǃå êïƕ þƓöǈǃ ÿåðƙǙå Ǒǈơǈǆ ā ýǒƺ 
: ßåāǌǃå Ǒǃå ßƓǆǃå ïƓƤƕ ýƓǀƙǈå ýíƶǆ 

ὋίὨὣ  ὯὣᴂὥὨᾀὣὭ ὣᴂĽĽĽĽĽĽĽĽĽĽĽ) ƗǃíƓƶǆ4(  
 

 ýƓǀƙǈǙ ðƓƺǃå çïåïơ ôƓƽƤǈå ÿå éǒơ ăïƤǙå èƓƿǚƶǃå ôƶƕ ûƓǀƙƬǙ êƓƙơǈ Ɠǈǈá Ɠǆǂ
ǃíƓƶǆǃƓƕ ûƙƬƙ ßƓǆǃå Ǒǃã Ɨƪāƪơǆǃå çïåïơǃå: ƗǒǃƓƙǃå Ɨ  
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'Ã4 ÈàὨᾀὝ Ὕ  ĽĽĽĽĽĽĽĽĽ...(5)  ƗǃíƓƶǆ 
 

 
) ýǂƬ6 ( ā ýǒƺƬƙǃå õƤ ÿåðƙǙå Ǒǈơǈǆ 

 
 

 ) Ɨǆǒƿ ǑƼ æïưƕ ÿāǂƙ ðƓƺǃå ǑƕǃƓƛǈá ƗǃíƓƶǆǃ ǑǄưƓƽƙǃå ýǂƬǃåāGs  ǑƼ þƛ (
)ƗǃíƓƶǆǃå4)ƗǃíƓƶǆǃåā  (5: ƗǒǃƓƙǃå Ɨƞǒƙǈǃå ǑǄƵ ýƮơǈā (  

 
╗ǋ  ╨ǋⱦʦ ╒▐  ╣╖ ╣   
ὋὨὌ Ὃ‗Ὠὣ ὋὧὨὝ Ὃ‗Ὠὣ ὬàὨᾀὝ Ὕ  
ὬàὨᾀὝ Ὕ  ‗ὯàὨᾀὣᴂ ὣᴂ  (6) ƗǃíƓƶǆ 

ὋὨὌ ὯàὨᾀὬ Ὧϳ Ὕ Ὕ  ‗ ὣᴂ ὣᴂ  
 ...........................................) ƗǃíƓƶǆ6(  
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 : Ǌǈá ƓǆƕāὬ Ὧϳ  =ὧ    : ƗǀƕƓƪǃå ƗǃíƓƶǆǃå ǑƼ ƓǌǈƵ ôāƶǈ ÿá ÿǂǆǒ 
  

ὋὨὌ ὯàὨᾀὧ Ὕ Ὕ  ‗ ὣ ὣ     
ὋὨὌ  ὯàὨᾀὣ‗ ‗ὣᴂ ὧ Ὕ

Ὕ ...........................................) ƗǃíƓƶǆ7(  
 

) ƗǃíƓƶǆǃå ǑƼ ûƓǀƙƬǙå ýǚƤ ÿǆā6) ƗǃíƓƶǆǃåā (7  : (  
ὋὨὌ Ὧ àὨᾀὌᴂ ὌĽĽĽĽĽĽĽĽĽĽĽĽ) ƗǃíƓƶǆ8(  

 
) ƗǃíƓƶǆǃå8 íǈƵ ðƓƺǄǃ ăïåïơǃå ăāƙơǆǃå ǑƼ ïǒƺƙǃå úƮƙ Ǒǋā çíǒïƼ ƗǃíƓƶǆ ïƕƙƶƙ (

 ) üǆƪǃå ûïƼdz  (ýƓǀƙǈǙå ýǆƓƶǆƕ  ýǆƓǂƙǃå ƗǒǄǆƵ Ɠǈǒïƞá åîá ā ƗƶƼåí çāǀǂ ǑƕǃƓƛǈǙåā
ơǃå ÷Ɠƽƙïå ǑǄƵ ýƮơǈ ÿá ÿǂǆǒ ƗǃíƓƶǆǃå ǑǄƵíǒïƕƙǃå êïƕǃ çāƬ   .ǑƑåāǌǃå 

 
᷿   

à
᷿Ὠᾀ  

à ĽĽĽĽĽĽĽĽ.) ƗǃíƓƶǆ9(  
 

)  āǋ ðƓƺǃå ǑƕǃƓƛǈǙ ƗǄǀƙǈǆǃå èåíơāǃå þāǌƽǆ ïƓươƙƪƓƕāNtG    &HtG : ( 
ὔ ᷿   ÁÎÄ  (

à
 ĽĽĽĽĽĽĽ. ) ƗǃíƓƶǆ10(  

: ÿá éǒơ 
NtG    ðƓƺǃå ǑƕǃƓƛǈǙ ƗǄǀƙǈǆǃå èåíơāǃå ííƵ āǋ : 
HtG     ðƓƺǃå ǑƕǃƓƛǈǙ ƗǄǀƙǈǆǃå èåíơāǄǃ ÷ƓƽƙïǙå āǋ : 
 

) çāƬơǃå ÷Ɠƽƙïå ýíƶǆ ÿáāZ èåíơāǃå ííƵā ƗǄǀƙǈǆǃå èåíơāǃå ÷Ɠƽƙïå æïư ýƮƓơ āǋ (
ƗǄǀƙǈǆǃå ) ƗǃíƓƶǆǃå ǑƼ Ɠǆǂ11 . ( 

ὤ ὔ (  ĽĽĽĽĽĽĽĽĽĽĽĽĽĽĽĽĽĽ) ƗǃíƓƶǆ11(  



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   мор 

 
 

 
 ƗǃíƓƶǆǃå ǑƼ ýǆƓǂƙǃå Ɨǆǒƿ íƞāǈ ÿá æƞǒ ƗǄǀƙǈǆǃå èåíơāǃå ííƵ Ɨǆǒƿ ǑǄƵ ýƮơǈ Ǒǂǃā

)10íǈƵ ǑƕǃƓƛǈǙå ÿǒƕ çïƬƓƕǆ ƗƿǚƵ üƓǈǋ ñǒǃ ÿǂǃā (  ) ðƓƺǃåH'   (íǈƵ ǑƕǃƓƛǈǙå ā 
) Ǒǈǒƕǃå ƠõƪǃåH'i     ( ÿǆ āá ƓǒííƵ ïíǀǒ  ƓǆǈȒåā ƓǒǄǒǄơƙ ǉíƓƞǒã ÿǂǆǒ Ǚ ýǆƓǂƙǃƓƼ åîǌǃā
 . Ǒǈơǈǆǃå ýǚƤ 

 
)  ÿƓǂ åîãὬà   ÿƓƼ Ǒǈǒƕǃå Ơõƪǃå íǈƵ ßƓǆǃå æǈƓƞǃ ăïåïơǃå ýƓǀƙǈå ýǆƓƶǆ āǋ (

: ƗǃíƓƶǆǃå Ǒǋ ÿāǂƙƪ çāƬơǃå ÿǆ ïǒƺƮ ƴõǀǆ íǈƵ çïåïơǃå Ɨǈðåāǆ ƗǃíƓƶǆ 
ὒὧὨὝ ὬàὨᾀὝ Ὕ ĽĽĽĽ ) ƗǃíƓƶǆ12..................( 

 
) èǙíƓƶǆǃå ÿǆ ǚǂ Ɲǆíƕā1) ā (8) ā (12) ƗǃíƓƶǆǃå ǑǄƵ ýƮơǈ (13: ( 

Ὧ àὨᾀὌᴂ Ὄᴂ ὬàὨᾀὝ Ὕ ựựự 

. .....................................) ƗǃíƓƶǆ13( 
 

 ýǚƤ ÿǆā ăāƓƪǒ ýǒǆ õƤ Ɠǈǃ ÿǒƕƙ ƗǀƕƓƪǃå ƗǃíƓƶǆǃåὬ Ëϳ     Ɨõǀǈǃå ÿǆ ûƛƕǈǒā
ὝȟὌ   Ɨõǀǈǃå íǈƵ ÿåðƙǙå õƤ ýƕƓǀǒǃ ýǒƺƬƙǃå õƤ ǑǄƵ4ȟ(ᴂ   ýƛǆƙ Ǒƙǃåā

å Ɨƕāõï ýíƶǆ ā ýƑƓƪǃå çïåïơ õāõƤǃå ÿǆ ƗƵāǆƞǆ Ɠǈǆƪï åîȒåā Ǒǈǒƕǃå Ơõƪǃå íǈƵ ßåāǌǃ
 ƓǌǄǒǆ ÿāǂǒ Ǒƙǃåā ƗǒðåāƙǆǃåὬ Ëϳ  ýƮơǈ ýǒƺƬƙǃå õƤ ǑǄƵ õƓǀǈ çíƵ ÿǆ

  þǒƿ ǑǄƵὌȟὌ Ǒƙǃåā ) ƗǃíƓƶǆǃå ÿǆ ýǆƓǂƙǃå íƓƞǒǗ ƓǌǆíƤƙƪǈƪ10( ýǚƤ ÿǆā .
) ƗǃíƓƶǆǃå10( å ÷Ɠƽƙïå ýíƶǆ íƓƞǒã þƙǒíǒïƕƙǃå êïƕ ǑƼ èåāƬơǃ[8,9,10]. 
3.3 .çƑǆïäĀǄ ÞƑǄ  (ìƽƑƻǁä) îǐƢƓƗǁä: ǏƏäĀǊǁä ìǐîƓƗǁä éîƓ ýƑõǆ Ǐƺ  
¶ îǐƢƓƗǁƑƓ ÞƑǄǁä ìƾƺ : 

: ƗǒǃƓƙǃå ƗǃíƓƶǆǃå ÿǆ ǊƕƓƪơ ÿǂǆǒā Ɨƕāõïǃå ā çïåïơǃå ǑǄƵ ïǒƤƕƙǃƓƕ íǀƽǃå íǆƙƶǒ  
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Ὁ  ЎὝ Ὑ πȢπππψυ ύὬὩὲώ Ὕ Ὥὲ ὪὩὬὶὩὲὬὩὭὸ                           
Ὁ  ЎὝ Ὑ πȢππρυσ ύὬὩὲώ Ὕ Ὥὲ ὅὩὲὸὭὫὶὥὨὩ  

 ..................................)  ƗǃíƓƶǆ14(  
 

 ) : éǒơR  () ƣưǃå ýíƶǆ Ǒǋά Ὤὶϳ     ( 
 

¶ : ïǐǀîƗǁä çäîĀìCycles of concentration )  ( 
ƕ Ɨƕƪǈǃå ýíƶǆ Ǒǋā ðǒǂïƙǃå èåïāí ƓǌƕƓƪơ ÿǂǆǒ Ǒƙǃåā úǒïƮƙǃåā ôǒāƶƙǃå ßƓǆ ÿǒ

 Ɨõƪåāƕ ƓǋíƓƞǒã ÿǂǆǒā úǒïƮƙǃå ßƓǆ ā ôǒāƶƙǃå ßƓǆ ÿǒƕ Ɨǒǆƞơǃå Ɨƕƪǈǃå íƓƞǒƎƕ
 : ƗǒǃƓƙǃå ƗǃíƓƶǆǃå 

ὅὙ   ĽĽĽĽĽĽĽĽĽĽĽĽĽĽ.ĽĽĽĽĽ () ƗǃíƓƶǆ15  
 

¶   : ǇƑǐǄǁä ùǐîƬƗ( Blow down of water ) 
 ßƓǆǃå ÿǆ Ɨǒǆǂ āǋā ßƓǆǃå úǒïƮƙ ûǃåāƶǃåā ÿíƓƶǆǃå ÿǆ ǑǃƓƵ ðǒǂïƙ ǑǄƵ ăāƙơƙ Ǒƙǃåā

: ƗǒǃƓƙǃå ƗǃíƓƶǆǃƓƕ þƓöǈ ăǕ úǒïƮƙǃå ýíƶǆ æƓƪơ ÿǂǆǒā 
ὄὈ   ĽĽĽĽĽĽĽĽĽĽĽĽĽĽĽĽ ) ƗǃíƓƶǆ16...... ( 

éǒơ ÿá : 
BD   úǒïƮƙǃå ýíƶǆ =ὓ ÈÒϳ 

E    êïƕǄǃ ïǒƤƕƙǃå ýíƶǆ =  ὓ ÈÒϳ 
CR ðǒǂïƙǃå èåïāí =  
 

¶ ÞƑǄ óǐĀƴƗǁä :( Water make up )  
 úƓưǆǃå ßƓǆǃå ÿāǂǒ éǒơ ïǒƤƕƙǃå ǑƼ íƿƓƽǄǃ úƓưǒ ÿá æƞǒ āǋā ôǒāƶƙǃå ßƓǆ

 ßƓǆǄǃ ăāƓƪǆ ïƤƕƙǆǃåç  : ƗǒǃƓƙǃå ƗǃíƓƶǆǃƓƕ þƓöǈ ăǕ ôǒāƶƙǃå ýíƶǆ æƓƪơ ÿǂǆǒ Ɠưǒáā 
ὓὟ Ὁ ὄὈ ĽĽĽĽĽĽĽĽĽĽĽ. ) ƗǃíƓƶǆ17.............. ( 
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MU  ôǒāƶƙǃå ßƓǆ =ά Ὤὶϳ 
E     ïǒƤƕƙǃå ýíƶǆ =ά Ὤὶϳ 

BD  ëïõǃå ýíƶǆ =ά Ὤὶϳ 
 

 ýíƶǆ íƓƞǒã ÿǂǆǒ ÿǒǆāǄƶǆ ƣưǃå ýíƶǆā êïƕǃå ýāơ çïåïơǃå ǑƼ ôƓƽƤǈǙå ÿƓǂ åîȒåā
 ÿǆ ôǒāƶƙǃå ßƓǆ æƓƪơ ÿǂǆǒ üǃîǂ ƗǆāǄƶǆ ðǒǂïƙǃå Ɨƕƪǈ èǈƓǂ åîȒåā ïǒƤƕƙǃƓƕ íǀƽǃå

: ƗǒǃƓƙǃå ƗǃíƓƶǆǃå  
ὓὟ  

  ĽĽĽĽĽĽĽĽĽĽĽĽĽĽĽĽĽ..) ƗǃíƓƶǆ18 (  
 

 Ɠǌǈǆā  : íǒïƕƙǃå ßƓǆǃ ƗǒƪƓƪǕå èƓǈðåāǆǃå ÿǆ Ɨƿǚƶǃå ûƓǀƙƬå þƙ 
 

ὓὟ Ὁ ὄὈ   
ὅὙ ὓὟὄὈϳ             ) ƗǃíƓƶǆ19         (
                           

 
 

) ƗǃíƓƶǆǃå Ɨǆǒƿ ǑƼ ôǒāƶƙǃƓƕā19) ƗǃíƓƶǆǃå íƓƞǒá ƴǒõƙƪǈ (20( . 
 

  ὓὟ Ὁ ὓὟὅὙϳ   
ὓὟ ὅὙ Ὁ ὅὙ ὓὟ                                              

   ) ƗǃíƓƶǆ20(  
ὓὟ ὅὙ ὓὟ Ὁ ὅὙ 

ὓὟ  
Ὁ ὅὙ

ὅὙ ρ
 

 
 ýǚƤ ÿǆāíƓƶǆǃå) Ɨǃ20 .íǒïƕƙǃå êïƕ ÿǆ íāǀƽǆǃå āá ïǒƤƕƙǃå ýíƶǆ íƓƞǒã ƴǒõƙƪǈ ( 
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4.3 .ǁä åƑƨƟ : ǏƏäĀǊǁä ìǐîƓƗǁä éîƓ ýƑõǆ Ǐƺ Ǐǂǀǁä ôƸƮ  
¶ ) : ôƸƮǁä Ǐƺ óƑƻƢǆǗäPressure drop   ( 

Ɨǒïöǈǃ Ɠƶƕƙ ) ăíǒïƕPriddy et al. , 1985ÿã ( ) ǑǄǂǃå õƺưǃå ôƓƽƤǈåPȹ ǑƼ (
ǑǂǒƙƓƙƪǙå õƺưǃåā ǑǂǒǆƓǈǒíǃå õƺưǃå ÷āǆƞǆ ăāƓƪǒ Ǒƛơǃá æơƪǃå èåî íǒïƕƙǃå êåïƕá 

Ǚå õƺưǃå ǑƼ õāƕǌǃå ýíƶǆ ÿåā èåāƬơǃå íǈƵ õƺưǃå ǑƼ õāƕǌǃå ÿǆưƙǒ ǑǂǒƙƓƙƪ
Ɨǈǒƶǆ ƗǒǄǒƺƬƙ úāïö æƪơ üǃîā  ā āƬơǃå íǈƵ õƺưǃå ǑƼ íǀƽǃå æƓƪơ þƙǒèå 
) ïƿāïǂā ā ðïƕāǄǂ ƗǃíƓƶǆ ƗõƪåāƕKloppers & Kroger, 2003( [8,9,10].  ā Ɠǆǂ

) ýāíƞǃƓƕ Ơưāǆ āǋ1.(    
 

) üĀìƜ1(   ýǐƽìƾƻǁä   ìǐîƓƗǁä éîƓ ìǆƳ çäĀƪƟǁä Ǐƺ 
ƪƟ æĀÞƑƪƸǁä 

ὒ  (m) 
ñƑƪîǁä æĀƪƟ 
ὒ  (m) 

ƪƟǁä Ǐƺ ìƾƻǁä üìƴǄçäĀ 
ὑ  (mm) 

3.897830 3.179688 100 
0.777271 1.083916 200 
2.114727 1.965418 300 
1.532747 0.639088 400 
0.215975 0.684936 500 
0.079696 0.642767 600 

 
¶  : ǏǀǐƗƑƗƨǗä ôƸƮǁä 

ῳὖ  ὑὒ ĽĽĽĽĽĽĽĽĽĽĽĽĽ.) ƗǃíƓƶǆ21..(  
 : ÿá éǒơ 

 ὑ   çāƬơǃå ǑƼ íǀƽǃå ýǆƓƶǆ  =ά ά  
 ὒ  çāƬơǃå ÷Ɠƽƙïå  =    ά  
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”  ýƤåí (ßåāǋ/ßƓǆ) õǒǄƤǃ ûƼíƙǃå ýíƶǆ  =  ) ăāƓƪǒā çāƬơǃå æāǒƞάὥὺ  (
 : ƗǒǃƓƙǃå ƗǃíƓƶǆǃå ýǚƤ ÿǆ ǊƕƓƪơ þƙǒ ăîǃåā (ßåāǋ/ßƓǆ) õǒǄƤ ûƼíƙ õƪāƙǆ āǋā 

 
 

άὥὺ  
   

άὥὺ ά ύ ά        )  ƗǃíƓƶǆ22                                   (
                                 

άὥὺ ά ύ ά    
 

 : ÿá éǒơ 
  )   &   : êïƕǃå ÿǆ ƗƞïƓƤǃåā ƗǄƤåíǃå Ɨƕāõïǃå Ǒƙƕƪǈ Ɠǆǋ (

ὯὫ ύὸὶ
ËÇ ÁÉÒ 

 
: ƗǒǃƓƙǃå ƗǃíƓƶǆǃƓƕ ǉíƓƞǒã þƙǒ çāƬơǃå æāǒƞ ýƤåí ûƼíƙǃå ýíƶǆ Ɠǆã 

ʍ  ρ ρʍϳ ρʍϳ ĽĽĽĽĽĽĽĽĽ..) ƗǃíƓƶǆ23...(  
: ÿá éǒơ   

 ) ʍ &ʍ  ÿǆ ïƤǕå ßðƞǃå Ɠǆá Ǒǃåāƙǃå ǑǄƵ ƗƞïƓƤǃåā ƗǄƤåíǃå ßåāǌǃå ǑƙƼƓƛǂ Ɠǆǋ (
: ƗǒǃƓƙǃå ƗǃíƓƶǆǃå Ɨõƪåāƕ æƪơǒƼ ǑǂǒƙƓƙƪǙå õƺưǃå ǑƼ íǀƽǃå 

ɝὖ φȢυ  ĽĽĽĽĽĽĽĽĽĽĽĽĽ..) ƗǃíƓƶǆ24.(  
 

¶ ƸƮǁäǏǀǐǄƑǆǐìǁä ô   : 
Ɨǒïöǈǃ Ɠƶƕƙ ) ăíǒïƕPriddy , 1985(  ăāƓƪǒ ǑǂǒǆƓǈǒíǃå õƺưǃå ǑƼ íǀƽǄǃςσϳ  ÿǆ

ǑǂǒƙƓƙƪǙå õƺưǃå ǑƼ íǀƽǃå.   
Ўὖ ςσϳ Ў0  ЎÐ  ĽĽĽĽĽĽĽĽ ) ƗǃíƓƶǆ25.(  
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) èǙíƓƶǆǃå ÿǆ ǚǂ Ɲǆíƕā21) ā (24) ā (25 ǑǄǂǃå õƺưǃå ǑƼ õāƕǌǃå ÿāǂǒƪ  (
ǃå æƪơƗǒǃƓƙǃå ƗǃíƓƶǆ :   

Ўὖ ρȢφφχЎὖ Ў0  ĽĽĽĽĽĽĽĽĽ ) ƗǃíƓƶǆ26.....( 
 

 üǘƢ þǄĀ ìƑƜǐâìƑƴǄǁä) ƕǁ26 üìƑƓǄ ìǆƳ éîƓǂǁ Ǐǂǀǁä ôƸƮǁä üìƴǄ ìƑƜǐâ ƲǐôƗƨǆ (
ǏƏäĀǊǁä ìǐîƓƗǁä . 

 
¶ ) : ƕƽƑôǁä ûǘǊƗƨä ( Power consumption  

) ƗơāïǆǄǃ ƗƕāǄõǆǃå ƗƿƓõǃåHP ÿǆ ƓǌƕƓƪơ ÿǂǆǒ ( õƺưǃå ǑƼ íǀƽǃå æïư ýƮƓơ
Ɨơāïǆǃå ƴƿāǆ ǑǄƵ íǆƙƶǒ ăîǃåā Ǒǆƞơǃá ûƼíƙǃå ýíƶǆ ǑƼ ǑǄǂǃå [11]. 

Ὄὖ  
Ł

 ĽĽĽĽĽĽĽĽĽĽ. ) ƗǃíƓƶǆ27.............( 
) : ÿá éǒơŁ  .Ɨơāïǆǃå çßƓƽǂ Ǒǋ ( 

 
¶ ) : éîƓǁä æÞƑƻǀ( Tower efficiency  

 ÿƵ ïƕƶǒ ÿá ÿǂǆǒ ýíƶǆ ƓǌǒƼ çíƓƶǃå ǑƼ ÿāǂƙ Ǒƙǃåā ƗǒǃƓƙǃå ƗǃíƓƶǆǃƓƕ íǒïƕƙǃå êïƕ çßƓƽǂ
 ÿǆ çßƓƽǂǃå70Ǒǃã % 80 %íǒïƕƙǃå êïƕǃ çßƓƽǂ ýíƶǆ ǏǄƵƋǂ ƗƑƓǆǃå ǑƼ  æƕƪƕ üǃîā

êïƕǃå ǑƼ ïǒƤƕƙǃå ýíƶǆ ÷Ɠƽƙïåā èƕƓƛ ïǒƺǃå ûƼíƙǃå ýíƶǆ [11,12]. 
ɛ   ὼ ρππ ĽĽĽĽĽĽĽĽĽĽĽĽ. ) ƗǃíƓƶǆ28.....( 

5.3 . ƕǐǂǐƸƪƗǁä ùĀîõǁä îǐƙƉƗìǆƳ  : ǏƏäĀǊǁä ìǐîƓƗǁä éîƓ   
 þǋá ÿã ƗơƓƪǆǃåā ÷ƓƽƙïǙå éǒơ ÿǆ êïƕǃå þǒǆƮƙ ǑǄƵ ïƛâƙ Ǒƙǃå ýǆåāƶǃå āá úāïöǃå

ýǒƺƬƙǃå úǒǃƓǂƙ ā Ɨǒƶõǀǆǃå  ǑǋƗƙƪ  þǒǆƮƙǃå ǑǄƵ çïƛâǆ ýǆåāƵ [13,14] āǋ Ɠǆǂā .
) ýǂƬǃå ǑƼ Ơưāǆ7ơ êîƓǆǈ ƴǒǆƞ ( Ɨƿǚƶǃå èǙƓçïåïơǃå èƓƞïíā ǑƕǃƓƛǈǙå ÿǒƕ  . 
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) üǀƪ7 Ā ǏƓǁƑƙǆǗä þǐƓ ƕƽǘƴǁä ƕôƨäĀƓ ýǐǄƬƗǁä ǏǂƳ æîƙáǄǁä üǄäĀƴǁä ( ƕƜîìæîäîƟǁä 

¶ ) : ƲƓƪǄ îǐƷ þĀǀǐ ƑǄìǆƳ üƢäìǁä ÞäĀǊǁä Unsaturated ( 
)A ƗǄƮƕǃå Ɨƞïí ñǒǃā ýƤåíǃå ßåāǌǄǃ Ɨǒƶƞïǆ Ɨõǀǈǂ Ɨƕõïǃå ƗǄƮƕǃå Ɨƞïí ïƓǒƙƤå þƙ (
å Ɨƞïí ƓǈîƤá åîã ÿǂǃā (çïåïơǄǃ þöƓǂ ƴƕƬƙ) ÿǒƙǒāƓƪƙǆ Ɠǆǌǈá ôåïƙƼå þƙ ǊǈǙ ƗƼƓƞǃ

) ÿǆ ýǒƺƬƙǃå õƤ ôƓƽƤǈå ǑƼ æƕƪǒƪ åîǋ Ɨǒƶƞïǆ Ɨƞïíǂ ƗƼƓƞǃå ƗǄƮƕǃåὌ Ὄ   
 ) Ǒǃã (Ὄ (  .ǊǃƓǆǋã ÿǂǆǒā õǒƪƕ úǚƙƤå āǋā ( 

 
¶  åäîƗƽǗä:îǐƓǀǁä  )Close Approach ( 
)B ÿá (ǑõƤ ) ýǂƬǃå ǑƼ ýǒƺƬƙǃåb ) Ǌƕƪǈ ñƽǈ Ɠǆǌǃ (╛╖ϳ  ñƽǈā (ýǒǆǃå) ăã (

ǒƺƬƙǃå õƤ ā ăïåïơǃå ýǆơǃå ăíǆùùùùùùùùùùùùùùùùùùùùùùùùù ) ýὌ (  Ǒƙǃå íǒïƕƙǃå ƗǒǄǆƵ ñƽǈ Ǌǃ (
 ) ýǒƺƬƙǃå õƤ Ɠǌƕ þāǀǒὌ (  Ɨƞïí íǈƵ ÿǂǃā ýƤåíǃå ßåāǌǄǃ úāïöǃå ñƽǈ íǈƵ (



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   мпн 

 
 

)  çïåïơρρυ ὥὲὨ ψπὪ   ) ÿǆ Ǚíƕ (ρςπ ὥὲὨ ψυὪ  ÷Ɠƽƙïå ǑƼ æƕƪǒƪ åîǋā (
 . ýāõáā ïƕǂá Ɠƞïƕ Ǒǈƶǒ Ɠǆǆ ƗơƓƪǆǃå ýǒǄǀƙā ýǒƺƬƙǃå õƤ 

 
¶ îǐƸƗ ƕƓƨǆǁä  úƺìƗ þǐƓäĀǊǁä/ÞƑǄǁä :ÞRatio Changing) (   
)C ( ûāƼ æǂïƙ Ǒƙǃå êåïƕǕå ǑƼ Ɠǆǂ çíāíơǆ êïƕǃå ƓǌǒǄƵ þƓǀǆǃå ƗơƓƪǆǃå èǈƓǂ åîã
ǆǃå ßåāǌǃå ûƼíƙ ýíƶǆ ïǒǒƺƙ ÿāíƕ ßƓǆǃå ÿǆ ïƕǂá Ɨǒǆǂ úöāǈ ÿá Ǒǃã êƓƙơǈ íƿ ǑǈƓƕ

ýǒƺƬƙǃå ǑõƤǃ ýǒǆǃå íǒðǒƪ ýƕƓǀǆǃå ǑƼ ÿǂǃā Ɨǒƶõǀǆǃå ƗơƓƪǆǃå ýǒǄǀƙ Ǒǃã ăíâǒƪ åîǋā 
 ) ÿǆὌ (   ) Ǒǃå (( (  ýƿå ăïåïơ íǌƞ Ǒǃå ăíâǒƪ ǑǃƓƙƕ ăîǃåā (

á ǑǄƵ ýǒǃí ǉîǋā ýāõá êïƕā ƗǄƙǂ çíơā ýǂ ƴǆ ñǆǚƙƙ Ǒƙǃå ßåāǌǃå Ɨǒǆǂ èǄƿ ƓǆǄǂ ÿ
 .íǒïƕƙǃå ýƿ ƓǆǄǂ ßƓǆǃå ÿǆ 

 
¶  ĂìǄ ƲƽĀǄ:üǐƸƪƗǁä )Location of Operating Range  ( 
 )D () ýǂƬǃå ǑƼ3 ) ýǒƺƬƙǃå õƤ (Ὄ ( ) ăíǆƕ ïǌöǒ (ρπυ ὸέ χπὪ  (

 íïƕǒ ÿǂǃā ýƤåíǃå ßåāǌǃå ñƽǈƕ êïƕǄǃ ïƤá þǒǆƮƙ ÿá ôïƽǈǃ) ăíǆƕ ßƓǆǃåωυ ὸέ φπὪ 
 Ɨǆǒƿ ñƽǈƕ ǚǒơƙƪǆ üǃî ÿāǂǒƪ ( )╛╖ϳ  () ýǒƺƬƙǃå õƤ ÿǕὌ (    (

 ƴõƓǀƙǃå Ɨõǀǈ íǈƵ úƿāƙǒƪ çïåïơǃå ýƓǀƙǈå ǑƶǒƕõǃƓƕā ƴƕƬƙǃå õƤ ƴǆ ƴõƓǀƙǒƪὌᴂ 
 .Ɨõǀǈǃå ǉîǋ íǈƵ ïƽƮ ÿāǂǒƪ íǌƞǃå ÿǙ 

 
¶ ) : üƟäîǄǁä ýƑõǆ Staging ( 
)Eá ÿǆ (Ɨƕƪǈ ïƺƮ ƗǄǂƬǆ ǑǄƵ æǄƺƙǄǃ ûïõǃå þǋ ) ╛╖ϳ  ÿǒƞïƕ þåíƤƙƪå Ǒǋ (

ýơåïǆǃå þƓöǈƕ ǑƵíƙ Ǒƙǃåā íǒïƕƙǄǃ  ýƮƙǒā ÿƤƓƪ ÿāǂǒƪ ýāǕå êïƕǃå ǑǄƵá íǈƵ ßƓǆǃå
 ) ǑƕǃƓƛǈå íǈƵ ßåāǌǃå ƴǆ╗  ) ýǒƺƬƙǃå õƤ ýāõ ǑǄƵ (╗ ἒ ýǂƬǃå ǑƼ Ɠǆǂ ( 

)3 íǈƵ ôāơǃå ǑƼ ăîǃå ßƓǆǃåā ( ) çïåïơ ƗƞïíὝ  þíƤƙƪǒ ăîǃåā ǑǈƓƛǃå êïƕǄǃ ƣưǒ (
) ǑƕǃƓƛǈå íǈƵ ăāƞ ßåāǋ╗ .( 
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¶ :öƑƻƗîǗä üìƴǄ )  ( Changing of Operating Pressure   
)F õāƺưǃå íǈƵā ïơƕǃå Ơõƪ ăāƙƪǆ ÿǆ ǑǄƵá èƓƵƓƽƙïå ǑǄƵ ƴǈƓƮǆǃå ôƶƕ ƋƬǈƙ (

) ýǂƬǃƓƕ Ơưāǆ Ɠǆǂ ƗưƽƤǈǆǃå3ǄƵå ÿāǂǒ ƴƕƬƙǃå õƤā ( þƞơ ÿǆ ýǄǀǒ ā íǌƞǃå ÿǆ Ǒ
 ǑǄǂǃå õƺưǃå Ɠǆǈǒƕ èƕƓƛ ßƓǆǃå ïƓƤƕǃ ǑƑðƞǃå õƺưǃå ÿǙ éíơǒ åîǋā æāǄõǆǃå êïƕǃå

  .ôƽƤǈǒ 
 üǃîǃā ǑǂǒǆƓǈǒíāǆïǒƛǃå ýǒǄơƙǃå ÿá ïƕƙƶǈ æơƪǃå èåî ǑƑåāǌǃå íǒïƕƙǃå êïƕ þǒǆƮƙā ßåíǕ

Ǒƙǃå ƗǒƑƓǌǈǃå ƝƑƓƙǈǃå éǒơ ÿǆ þǒǆƮƙ ýưƼá ñǂƓƶƙǆǃå ûƼíƙǃå āî Ǒƛơǃá  ƓǋíƓƞǒã þƙ
 .ǑƑåāǌǃå íǒïƕƙǃå êåïƕǕ ƗǒíƓǒƙƵǙå ƗǒǄǒƺƬƙǃå úāïöǃå æƪơā 

 
4. : çƑƜƑƗǆƗƨǗä  

 üƮƺà þǄ úƾƟƗǁ ǏǀǐǄƑǆǐìĀǄîǐƙǁä üǐǂƟƗǁä üƟäîǄ ƲǐǄƜǁ ƕƨäîìǁä Ǉíǉ ƛƏƑƗǆ üǘƢ þǄĀ
 : ǏƗǓä ƛƗǆƗƨǆ ìǐîƓƗǁä éäîƓǓ ýǐǄƬƗ 

1. íǒïƕƙǃå êåïƕá ǆ çíǒïƼ Ǒǋā ïǒƤƕƙǃåā íǒïƕƙǃå ñƓƪá ǑǄƵ ýǆƶƙ Ɠǌǈāǂ ǑƼ ƓǌƵāǈ ÿ
õǒƪā ÿāí ƗǄƙǂǃåā çïåïơǃå ýƓǀƙǈå èƓǒǄǆƵ ÿǆưƙƙ  ïƕƙƶƙā íǒïƕƙǃå èåíƶǆ
 úāïöǃå ǑƼ èåïǒƺƙǃå õƪƕǕ åíƞ ƗƪƓƪơ ăïǒƤƕƙǃåƗǒǄǒƺƬƙǃå. 

2.  êïƕ Ǌǃ ýƮǒ ÿã ÿǂǆǒ íǒïƕƙ ăíǆ ǑƮƿáǃåāǋ íǒïƕƙ  ƗǄƮƕǃå Ɨƞïí ÿǒƕ ûïƽǃå
 ā ƗƼƓƞǃå ƗǄƮƕǃåƗƕõïǃå  üǃîǃā æơƪǃå êåïƕá ýưƽƙ Ǒƛơǃá ûƼíƙǃå āî ñǂƓƶƙǆǃå

.Ɠǋíǒïƕƙ çíāƞā ƗƿƓõǃå ǑƼ ƓǋíƓƮƙƿǙ ôïƓƶƙǆǃå ǑǄƵ 
3. íǒïƕƙǃå ýíƶǆ ǑƼ çíƓǒð Ǒǈƶƙ ßåāǌǄǃ ûƼíƙǃå ýíƶǆ çíƓǒð ÿã  ǑǄƵ ßƓǆǃå ïǒƛƋƙ ÿǕ

 .ƴƽƙïǒƪ çāƬơǃå ýǚƤ ǑƑðƞǃå õƺưǃå ûïƼā ýƿá ƠƕƮǒƪ Ɨƕāõïǃåā çïåïơǃå 
4. îơƕ ðǒǂåïƙǃå ǑƵåïƙ ÿá æƞǒ þǀƶǆǂ ïāǄǂǃå ƗƼƓưã íǈƵ Ɠǈāǂǆ ýƵƓƽƙǒ ǊǈǕ ï

ÿǆ íǒðǒ Ɠǆǆ ßƓǆǄǃ Ɨưāǆơǃå Ɨƞïí ÿǆ ôƽƤƙ Ɠǋïāíƕ Ǒƙǃåā ôƓǆơá . ýǂƉƙǃå  



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   мпп 

 
 

5. ) èƓƬïǆǃåNozzles(  ýƽƪá Ǒǃã ßƓǆǃå æāƮƙ ñǂƓƶƙǆǃå ûƼíƙǃå êåïƕá ǑƼ
) ăāƓƪǒ õƺưƕ5 bar   õƕƙïǆ åîǋā ƗƕāǄõǆǃå ûƼíƙǃå ýíƶǆ Ɨƞïí ûǒǀơƙǃ (

ýāõá ÿāǂǒ êåïƕǕå ÿǆ ÷āǈǃå åîǋ ÿƋƕ ǒ Ɠǆǆ. ƣưǄǃ ïƕǂá ǊǒǈƓƮơ çāƿ Ǒǈƶ  
6.  ƗƶǒƕõƕƼ ǑǄǂǃå íǌƞǃå ñƓǒǀǆ Ǒǋ ýǒƺƬƙǃåā ƴƕƬƙǃå ǑõƤ ÿǒƕ ƗơƓƪǆǃå ÿá

 üǄƙ íǈƵ ýǆƶǄǃ êïƕǃå ýāõ íåð ƓǆǄǂ Ɠǆǌǈǒƕ ƗơƓƪǆǃå èïƺƮ ƓǆǄǂ ýƓơǃå
úāïöǃå ƗǒǄǒƺƬƙǃå . 

 
 : ƲƜäîǄǁä Ā îìƑƬǄǁä  
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òƢǂǄǁä 
å ǉîǋ èƼíǋ èǆƙā ÜƗǒƛơƕǃå ðǂåïǆǃå ǑƼ çïǒƕƤǃå þöǈǃå þåíƤƙƪå ƴƿåā Ɨƪåïí Ǐǃã Ɨƪåïíǃ

 Ɨǒïöǈ ƗǒƽǄƤ þǒíǀƙ ýǚƤ ÿǆ ÜßåïāƞƓƙƕ Ɨǒāāǈǃå éāơƕǃå ðǂïǆ ǏǄƵ Ɨǒǈåíǒǆǃå Ɨƪåïíǃå
üǃîǂā .ƓǌƮƑƓƮƤā ÜçïǒƕƤǃå þöǈǄǃ ƗǒƪƓƪǕå þǒǋƓƽǆǃå ǏǄƵā ÜçïǒƕƤǃå þöǈ çƋƬǈ ýǆƬƙ 

 þöǈǃå èƓǀǒƕõƙ ǏǄƵ úïƶƙǃåçïǒƕƤǃåÜ  ǑƼ çïǒƕƤǃå þöǈǃå þåíƤƙƪå èåïïƕǆā ǑƵåāí ǏǄƵā
 ǏǄƵ íƵƓƪƙ ÿå ƓǌǈƋƬ ÿǆ Ǒƙǃå èƓǒƮāƙǃå ÿǆ ííƵ þǒíǀƙā .ƗǒǆǄƶǃå éāơƕǃå ýƓƞǆ

.Ɠǒƕǒǃ ǑƼ Ɨǒƛơƕǃå ðǂåïǆǃå ǑƼ çïǒƕƤǃå þöǈǃå þåíƤƙƪå 
 ƗǄǂƬǆ èåïǒƺƙǆǃ Ɨǒǈåíǒǆ Ɨƪåïí Ǐǃå úíǌƙ ÜƗǈƓƕƙƪå þǒǆƮƙ þƙ Ü Ɨƪåïíǃå úåíǋá ûǒǀơƙǃā

 Ɨƪåïíǃå æāǄƪǕƓƕ ǑƽƮāǃå Ɲǌǈǆǃå þåíƤƙƪå ýǚƤ ÿǆ èƓǒưïƽǃå ïƓƕƙƤå ýƞǕ Ü
 :Ɠǌǆǋá Ǒƙǃåā ƝƑƓƙǈǃå ÿǆ ƗƵāǆƞǆ Ǐǃã Ɨƪåïíǃå èǄƮāƙā ÜǑǄǒǄơƙǃå Ǒƙǃå æƓƕƪǕå ÿå

ƕ çïǒƕƤǃå þöǈǃå þåíƤƙƪå ÿāí ýāơƙ Ü Ɨƪåïíǃå ƴǆƙƞǆ èƓƪƪâǆ Ǐǃã ƴƞïǒ èåïƓǌǆǃå ƗǄƿ
çíāƞ ƗǄƿ ā ÿǒƛơƓƕǃåā ÿǒǄǆƓƶǄǃ Ɨǒƞāǃāǈǂƙǃå  ǏǄƵ ýāƮơǃå ƗƕāƶƮā Ɨǆíǀǆǃå èƓǆāǄƶǆǃå

 .ýƓƞǆǃå èåî ǑƼ èƓǆāǄƶǆǃå Ɠǆǂ íǒƮï Ǒǈíƙ Ɨƪåïíǃå èǈǒƕƗǒāāǈǃå éāơƕǃå ðǂïǆ 
 ýƮǒ éǒơ ƓǌǃƓǂƬá ā ƓǌƵåāǈá úǚƙƤå ǏǄƵ èƓǆāǄƶǆǃ ïíƓƮǆ ÿǆ Ɨƪåïíǃå ÷āưāǆ

 ííƶƕ æƙǂǃå ÿǆ ƓǋíǒƮï10900  ùƓǌǈǆ Ü ÿåāǈƵ37  Ɨǒïāí ÿǆ ƗƵāƞǆ Ǐǃå ýƮāƙǃå þƙā
 āƙǃå:Ɠǌǆǋá ÜèƓǒƮ  þǒǆƮƙƕ ƗƮƓƤǃå èƓƪåïíǃåā éāơƕǃå ßåïƞã ǏǄƵ ÿǒƛơƓƕǃå ðǒƽơƙ

 èǙƓƞǆǃå ǑƼ èƓǈƓǒƕ íƵåāƿ ßƓǈƕ Ǐǃã Ǌǒƞāƙǃå ā ƗƽǄƙƤǆǃå èǙƓƞǆǃå ǑƼ çïǒƕƤǃå þöǈǃå
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.çïǒƕƤǃå þöǈǃå ñǒƪƋƙ çåāǈ ïƕƙƶƙ Ǒǋā Ɨǒƛơƕǃå  Ɨƪåïíǃå èƮāå Ɠǆǂ èƓƪƪâǆ ǏǄƵ
 ïåíǗåā Ɨǒǈƽǃå ïíåāǂǃå íåíƵá Ɨƪåïíǃå.Ɠǌƕǒïíƙā Ü ƗƮƮƤƙǆǃå Ɨǒ 

 :ƕǐǂǐǁìǁä çƑǄǂǀǁäçïǒƕƤǃå þöǈǃå ÛƗǒƛơƕǃå ðǂåïǆǃå ÛƗǒāāǈǃå éāơƕǃå ðǂïǆ Û íƵåāƿ ßƓǈƕ
èƓǈƓǒƕ 

Abstract 

This study aimed to study the reality of using expert systems in 

research centers, and the field study was carried out on the Nuclear 

Research Center in Tajura, by providing a theoretical background 

that includes the emergence of expert systems, and the basic 

concepts of expert systems, and their characteristics. As well as 

learning about the applications of expert systems, and the reasons 

and justifications for using expert systems in the field of scientific 

research. and presenting a number of recommendations that would 

help in the use of expert systems in research centers in Libya. 

In order to achieve the objectives of the study, a questionnaire was 

designed, aiming at a field study of the variables of the study 

problem, in order to test hypotheses by using the descriptive 

method in the analytical method, and the study reached a set of 

results, the most important of which are: The reasons that prevent 

the use of expert systems in the institutions of the study 

community, refer to Lack of technological skills for workers and 

researchers, the low quality of the information provided, and the 

difficulty in obtaining information in the same field. The study 

also revealed the low balance of the Nuclear Research Center, 

which is the subject of the study, from sources of information of 

various types and forms, as the balance of books reaches 10900 

titles, of which 37 periodicals were reached and a set of 

recommendations were reached, the most important of which are: 

Motivating researchers to conduct research and studies on the 

design of expert systems in various fields, and directing to building 

databases in research fields, which are considered the nucleus for 

establishing expert systems. The study also recommended that the 
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study institutions prepare and train the specialized technical and 

administrative cadres. 

ƕǄìƾǄǁä 
ǋïāîƞ ƴƞïƙ Ǒƙǃå èƓǒǈǀƙǃå þǋå íơå ƗǒǆǄƶǃå éāơƕǃå ýƓƞǆ ǑƼ çïǒƕƤǃå þöǈǃå þíƤƙƪå ÿå Ɠ
 ƠƕƮá Ǐƙơ åïǒƕǂ åïāõƙ þāǌƽǆǃå åîǋ íǌƬ éǒơ  èƓƕƪƓơǃå ïƓƬƙǈå ƴǆ èƓǒǈǒƶƕïǕå Ǐǃã
 ßƓǂîǃå èǙƓƞǆ ïƛǂå ÿǆ çíơåā çïǒƕƤǃå þöǈǃå íƶƙ éǒơ Ü ĄƓƮƮƤƙǆ ĄƓǒǆǄƵ ǚǀơ þāǒǃå
 ßƓǂîǃå èǙƓƞǆ Ǐǃāå íƶƙ Ǒǋā Ü ƗǒïƓƞƙǃåā Ɨǒǀǒƕõƙǃå ÿǒƙǒơƓǈǃå ÿǆ ĄƓơƓƞǈ  ǑƵƓǈõƮǙå

áíƕ Ǒƙǃå  ǑƵƓǈõƮǙå ǑƼ íåð Ɠǆǆ . ƗǒǄǆƶǃå èƓǀǒƕõƙǃå Ǐǃå éāơƕǃå ðǂåïǆ ÿǆ ýǀƙǈƙ è
 èƙƕƛá éǒơÜ ĄƓǒƕƪǈ çíāíơǆ ïǒƹā Ǌƶƪåā çïǒƕƤǃå þöǈǃå èƓǀǒƕõƙ íƶƙā ÜýƓƞǆǃå åîǋ Ɨǒǆǋå
 ǑƼ íƵƓƪǒ ĄƓƪāǆǄǆ ĄƓǒǆǄƵ ĄƓƞǌǈ ýƕ ƗǀǒƬ Ɨǒïöǈ ïƓǂƼá íïƞǆ õǀƼ èƪǒǃ Ɠǌǈã æïƓƞƙǃå

Ƭǈ ǑƼ çïíƓǈǃå ƗǒïƬƕǃå çïƕƤǃå ǏǄƵ öƓƽơǃå ǑǈƓƶǈ āå Ɠǌǒǃã ïǀƙƽǈ ÿǂƓǆá ǑƼ ƓǌǆåíƤƙƪå ï
 . ƓǌǒƼ óǀǈǃå ÿǆ 

 åîǋ ǑƼ çïƕƤǃå æƓơƮå óƓƤƬǙå ÿǆ ĄǙíƕ ýǂƓƬǆǃå ƗƞǃƓƶǆ ƗǆöǈǙå ǉîǋ ƴǒõƙƪƙ éǒơ
 ā ÿǒƛơƓƕǄǃ íƵƓƪǆǃå ïāí ăíâƙ íƿ āå ĄƓǒǄǂ ýǂƓƬǆǃå ýơƕ þāǀƙ Ɠǆå ǑǌƼ åîǃ Üýǀơǃå

å ÿāǂǒ ÿƓƪǈǙå ýǆƓƶƙ ÿå Ǒǈƶǒ åîǋāÜ ÿǒǒïƓƬƙƪǙå ǏǄƵ ĄåïíƓƿ ÿāǂǒ ăîǃå þƓöǈǃå ƴǆ Ɠǆ
 þƓöǈǃå þíƤƙƪǒ ǉïāíƕ ăîǃåā çïƕƤǃå æơƓƮ óƮƤƙǆǃå ÿƓƪǈǙå ƴǆ āå ýǂƓƬǆǃå ýơ

. ǉïåïƿ îƓƤƙå ǏǄƵ ǉíƵƓƪǒǃ ïǒƕƤǃå 
:ƕƨäîìǁä ƕǂǀƪǄ 

 ôƶƕ ßƓƽǒƙƪå ǑƼ ĄåïāƮƿ ā ĄƓƽƶư ÿǒƛơƓƕǃå Ɨöơǚǆ ýǚƤ ÿǆ Ɨƪåïíǃå ƗǄǂƬǆ èïǌö
 Ü Ɨǆǌǆǃå èƓǆāǄƶǆǃåāÜ èƓǈƓǒƕǃå ýƓƞǆƕ ƗƮƓƤǃåā  Ɨƛǒíơǃå þöǈǃåā èƓǒǈǀƙǃå þåíƤƙƪå ƗǄƿā

 çïǂƼ ÿāǂ Ɠǆǆ Ý þƓƵ ýǂƬƕ ÿāƛơƓƕǃåā ÿāƪíǈǌǆǃå ƓǌƞƓƙơǒ ÿƓǂ Ǒƙǃå ÜǑǆǄƶǃå éơƕǃå
 ƓǌǃƓǂƬƋƕ èƓǆāǄƶǆǃå ïíƓƮǆ Ǐǃã Ɨǒƛơƕǃå ðǂåïǆǃå ïƓǀƙƼå ÿá ǑƼ ýƛǆƙƙ ÿǒƛơƓƕǃå íǈƵ ƗǆƓƵ

ǌǆíǀƙ ÿá ôïƙƽǒ Ǒƙǃå Ɨƛǒíơǃåā ÜƗƽǄƙƤǆǃå ƓǌƵåāǈáā þåíƤƙƪå ƗǄƿ Ǐǃåā èƓƪƪâǆǃå ǉîǋ Ɠ
 ÿǒƛơƓƕǃå ƴƼí ăîǃå ïǆǕåÝ ýƓǆƵǕå ôƶƕ ðƓƞǈã ǑƼ  ƓǌǒǄƵ ïƛá Ɠǆǆ Ü çïǒƕƤǃå þöǈǃå
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 ǑƼ Ɨƪåïíǃå ƗǄǂƬǆ èïāǄƕƙ åîǋ ÿǆā .Ɠǌǃ ýāǄơ íƓƞǒã ƗǃāƓơǆā ƗǄǂƬǆǃå ǉîǋ Ɨƪåïíǃ
: ǑǃƓƙǃå ýâƓƪƙǃå ƴưā- 

 ǐƙƟƓǁä ïǀäîǄǁä Ǐƺ æîǐƓƢǁä ýõǆǁä ýäìƢƗƨä îĀì Āǉ ƑǄÝƑǐƓǐǂƓ ƕ  ýâƓƪƙǃå åîǋ ÿǆ ÷ïƽƙǒā
:ƗǒǃƓƙǃå èǙâƓƪƙǃå- 

1ÞƓǌƮƑƓƮƤā çïǒƕƤǃå þöǈǄǃ ƗǒƪƓƪǕå þǒǋƓƽǆǃå Ɠǆ . 
2Þ ƓǌƙƓǀǒƕõƙ Ɠǆā çïǒƕƤǃå þöǈǄǃ ƗǒƪƓƪǕå èƓǈāǂǆǃå Ɠǆ . 
3ÞǑƛơƕǃå ýƓƞǆǃå ǑƼ çïƕƤǃå þöǈ þåíƤƙƪå èåïïƕǆā ǑƵåāí Ɠǆ . 
4å ðǂåïǆǃƓƕ çïǒƕƤǃå þöǈǃå ûǒƕõƙ ïƛƋƙǒ åîƓǆƕ .Þ  Ɨǒƛơƕǃ 

:ƕƨäîìǁä çƑǐƮîƺ 
 : ÿǒƙǒǃƓƙǃå ÿǒƙǒưïƽǃå ûǒǀơƙ Ǐǃå Ɨƪåïíǃå Ǐƶƪƙ 
1ïǆƛƙƪǒ. ÿāƛơƓƕǃå ƕèƓƪƪâǆǃƓ íǒƿ Ɨƪåïíǃå Ɠǒƞāǃāǈǂƙ èƓǆāǄƶǆǃå  þöǈǃåāçïǒƕƤǃå ǑƼ 
þǒíǀƙ èƓǆíƤǃå Ɨǒƛơƕǃå ƗǒïƓƬƙƪǙå. 
2ƴƿåā. þöǈǃå çïǒƕƤǃå ǑƼ èƓƪƪâǆǃå íǒƿ Ɨƪåïíǃå èƪǒǃ ĂāƙƪǆǃƓƕ æāǄõǆǃå. 
äìǉä:ƕƨäîìǁä ù 
1. .Ɨǒāāǈǃå éāơƕǃå ðǂïǆƕ çïǒƕƤǃå þöǈǃå þåíƤƙƪå ƴƿåā Ɨƪåïí 
2.  Ɨǒïöǈ ƗǒƽǄƤ þǒíǀƙ ýǚƤ ÿǆ ƓǌƙƓǀǒƕõƙ ǏǄƵā çïǒƕƤǃå þöǈǃå Ɠǒƞāǃāǈǂƙ ǏǄƵ úïƶƙǃå

.÷āưāǆǃå ÿƵ 
3. .Ǒƛơƕǃå ýƓƞǆǃå ǑƼ çïƕƤǃå þöǈ þåíƤƙƪå èåïïƕǆā ǑƵåāí ǏǄƵ úïƶƙǃå 

 : ƕƨäîìǁä ƕǐǄǉä 
1. ǒƕƤǃå þöǈǃå ÷āưāǆ Ɨƛåíơ.ǑǆǄƶǃå éơƕǃå ýƓƞǆ ǑƼ ƓǌƙƓǀǒƕõƙā þƓƵ ýǂƬƕ Ɠǒƕǒǃ ǑƼ çï 
2.  ƴǆ ǏƬƓǆƙƙ çïǒƕƤǃå þöǈǃƓǂ Ɨƛǒíơ ƗǒƙƓǆāǄƶǆ þöǈ Ǐǃå Ɨǒƛơƕǃå ðǂåïǆǃå ƗƞƓơ

. ƓǆāǆƵ ǑǆǄƶǃå éơƕǃå ïǒāõƙƕ ôāǌǈǃå ýƞå ÿǆ ǊƙǙāơƙā ïƮƶǃå èåïǒƺƙǆ 
3. Ƶ ƗƮƓƤƕā ǑǆǄƶǃå éơƕǃå ýƓƞǆ ǑƼ ĄƓƛǒíơ ĄƓǒǆǄƵ Ąǚǀơ çïǒƕƤǃå þöǈǃå íƶƙ ƗõïƓƤ ǏǄ

 Ɨƪåïíǃå ǉîǋ ýǚƤ ÿǆ éơƓƕǃå ýǆƋǒ åîǃ ÜĄƓƮāƮƤ Ɠǒƕǒǃā ĄƓǆāǆƵ Ǒƕïƶǃå ÿõāǃå
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 ÿǆ íǒðǆ ßåïƞã ǏǄƵ ÿǒƛơƓƕǃå ƴǒƞƬƙā Ü íǒíƞǃå ýƓƞǆǃå åîǋ ǏǄƵ ßāưǃå ßƓǀǃã
.Ǌǃāơ èƓƪåïíǃå 
ƕƨäîìǁä ƕǐƜǊǆǄ 

 úƮǒ ăîǃå ǑǄǒǄơƙǃå æāǄƪǕƓƕ ǑƽƮāǃå Ɲǌǈǆǃå ǏǄƵ Ɨƪåïíǃå ǉîǋ ǑƼ ÿǒƛơƓƕǃå íǆƙƵå
å ñƓùùùùùùǒƿā ƓǌǄǒǄơƙā Ɠǋïǒƪƽƙā èƓǆāǄƶǆǃåā ûƑƓǀơǃå ƴǒǆƞƙ ǏǄƵ íǆƙƶǒ ăîǃåā Üïǋåāöǃ

 ƝǆƓǈïƕ þåíƤùùùƙƪƓƕ ƝƑƓùùùùùùƙùùǈǃå 
) ƗǒƑƓƮơǙå ƗǆðơǃåSpss( 
 çƑǆƑǐƓǁä ƲǄƜ çäĀìä 

:ǑǃƓƙǃå āơǈǃå ǏǄƵ èƓǈƓǒƕǃå ƴǆƞǃ ÿǒǒƪƓƪá ÿǒïíƮǆ ǏǄƵ Ɨƪåïíǃå èíǆƙƵå- 
ǚƤ ÿǆ Ɠǌƶǆƞ þƙ :ƗǒāǈƓƛ èƓǈƓǒƕ ƴƞåïǆǃåā æƙǂǃåā Ɨǒïöǈǃå èƓƪåïíǃå Ǐǃã ÷āƞïǃå ý

.÷āưāǆǃå åîǋ èƓǒƕíá èǃāƓǈƙ Ǒƙǃå èƓǒïāíǃåā èǚƞǆǃå ǑƼ ƗǒǆǄƶǃå éāơƕǃåā 
 ƓǌǒƼ éāơƕǆǃå Ɨǈǒƶǃå úíǌƙƪƙ Ǒƙǃå ƗǈƓƕƙƪǙå ƗǆƑƓƿ èƓǈƓǒƕ ýǒǄơƙ ǑƼ ýƛǆƙƙ :Ɨǒǃāá èƓǈƓǒƕ

Ɠƕ çïǒƕƤǃå þöǈǃƓƕ ƗǀǄƶƙǆǃå ƗǄƮǃå èåî ûƑƓƛāǃå ǏǄƵ ÷ǚõǙåā.Ɨƪåïíǃå íǒƿ ðǂïǆǃ 
ƕƨäîìǁä ìĀìƟ : 

ƓǒƕǒǄƕ Ɨǒāāǈǃå éāơƕǃå ðǂïǆ ǑƼ èǄƛǆƙ :ƗǒǈƓǂǆǃå íāíơǃå 
 Ɨǒƛơƕǃå èƓƪƪâǆǃå ǑƼ çïǒƕƤǃå þöǈǃå  ÷āưāǆ ǏǄƵ Ɨƪåïíǃå èïƮƙƿå : ƗùùùùùùùùùùùùùùùùùùùǒƵāưāǆǃå 

 Ɨǈƪ :Ɨùùùùùùùùùùùǒǈǆðǃå íāíơǃå2018-2019 þ 
 :ƕƨäîìǁä ƲǄƗƜǄ 

Ɨƪåïíǃå ƴǆƙƞǆ ýƛǆƙ  ƸǃƓƕǃåā ßåïāƞƓƙƕ Ɨǒāāǈǃå éāơƕǃå ðǂïǆƕ Ɨǒǀƕõ ƗǒƑåāƬƵ ƗǈǒƵ ǑƼ
 þǋííƵ166 ) ƴǒðāƙ þƙā ýƓƞǆǃå ǑƼ ĄƓƮƮƤƙǆā ĄƓƪíǈǌǆ60 Ɠǌǈǆ íïƙƪå Ü ƗǈƓƕƙƪå (

)54  Ɨƕƪǈƕ ăá ƗǈƓƕƙƪå (90. % 
ƕƾƓƑƨǁä çƑƨäîìǁä : 
] ǏǃāǙå Ɨƪåïíǃå1[:  ǑƬā íƓǂǃå íǆơá ÿǒƪơ ùǃǆǃ þåíƤƙƪǙå ƗǒǂǒǆƓǈǒí  ÿåāǈƶƕ. ïíƓƮ

ÿƙǒǃð èǈǆƪá ƴǈƮǆƕ ÿǒǄǆƓƶǄǃ ƗǒǆǄƶǃå ƗƼïƶǆǃå ûǒƕõƙ ǑƼ Ɠǋïāíā èƓǆāǄƶǆǃå 
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 ăƑƜíĀǄǆÛ ǑƽƮāǃå Ɲǌǈǆǃå ÷āïƼ íơá āǋā Ü"Ɨǒïǒāõƙǃå" ƗǒƑƓǆǈǗå èƓƪåïíǃå Ɲǌǈǆ îƤƙå éǒơ
 èǈǆƪá ƴǈƮǆ ǑƼ ÿǒǄǆƓƶǃå ýƕƿ ÿǆ èƓǆāǄƶǆǃå ïíƓƮǆ þåíƤƙƪå āơǈ Ǌƞāǆǃå āÜ ÿƙǒǃð

ǃå æǒǃƓƪǕå ÿǆ ĄåííƵ þíƤƙƪá ïíƓƮǆ þåíƤƙƪå ǏǄƵ èǀƕõ Ǒƙǃå ƗǒƵāǈǃåā Ɨǒǆǂ
 ýƶǃāÜ ƝƑƓƙǈǃå ÿǆ ƗƵāǆƞǆ Ǐǃã ýƮāƙ āÜ Ɨƪåïíǃå íāíơ ǑƼ ÿǒǄǆƓƶǃå ýƕƿ ÿǆ èƓǆāǄƶǆǃå
 ñǆƤ ýǚƤ ýǆƶǃå ƗƑǒƕ ǑƼ ƗǆíƤƙƪǆǃå èƓǆāǄƶǆǃå ïíƓƮǆ ǑƼ āǆǈ íāƞā ǑƼ Ɠǌǆǋá

.èƓǆāǄƶǆǃå ïíƓƮǆǃ þåíƤƙƪǙå ǑƼ ûƕƓõƙƙ þíƵ ƗǃƓơ íāƞā ā Üèåāǈƪ ƕ Ɠǆǂ èǈǒ
 èƓƽƮåāǆǃå : Ǒǋ ÿǒǒǈƽǃåā ÿǒƪíǈǌǆǃå Ăíǃ ƓǆåíƤƙƪå ïƛǂǕå ïíƓƮǆǃå ÿá Ɨƪåïíǃå

 ƗǒƪƓǒǀǃåĲ  èƓƪåïíǃåā éāơƕǃå ïǒïƓǀƙĲ ïƞƓơǆǃå õƑåïƤ- .Ɨǒǈƽǃå èƓƞāǃƓƙǂǃå 
  ƗƞƓơ Ɨƪåïíǃå èïǌöá95 ïíƓƮǆ þåíƤƙƪå ǏǄƵ æǒïíƙǃå Ǐǃã ÿǒíǒƽƙƪǆǃå ÿǆ %

å" ƗǒíƓƬïǗå ƗǃíǕåā .ƗƽǄƙƤǆǃå èƓǆāǄƶǆǃå ïƛǂǕå èƓǆāǄƶǆǃå ïíƮǆ Ǒǋ Ɨǒǈƽǃå "èƓƞāǃƓƙǂǃ
ǋ  .ýǆƶǃå ƗƑǒƕ ǑƼ çíāƞāǆǃå ïíƓƮǆǃå ÿǒƕ ÿǆ ĄƓǆåíƤƙƪå ƗǒǂǒǆƓǈǒí ǑƼ éơƕƙ Ɨƪåïíǃå ǉî

 ǑƼ ăá) õǀƼ ÿƙǒǃð ÿǆƪá ƴǈƮǆƕ ƗǒƼïƶǆǃå ƓǌƙƓǀǒƕõƙāÜ èƓǆāǄƶǆǃå ïíƓƮǆǃ þåíƤƙƪǙå
 . ƗǃƓơ Ɨƪåïí Ǒǋā (õǀƼ èǈǆƪǕå ƗƵƓǈƮ ýƓƞǆ 

ƕǐǆƑƙǁä ƕƨäîìǁä]2[  ùǃ :Alison Jane & Pat Dixon   þäĀǆƴƓ 
  Measuring electronic information resorces use.- a trasferable 

qualit fromework for measuring value VINE  
ǋ èƼíǋî ÿǆ ƗƵāǆƞǆ ÿǒƕ ƗǒǈāïƙǂǃǗå èƓǆāǄƶǆǃå ïíƓƮǆ þåíƤƙƪå çïǒƓƶǆ Ɨƪåïíǃå ǉ

 Ɨƪåïíǃå èïāơǆƙāÜ Ɠǌǈǆ ÿǒíǒƽƙƪǆǃå ƗǒǈāïƙǂǃǗå èƓǆāǄƶǆǃå ïíƓƮǆ þåíƤƙƪå ýǒǄơƙ ǑƼ
 çïǒƓƶǆ ǑƼ ƓǌǒǄƵ íǆƙƶǒ ÿá ÿǂǆǒ Ɨǀǒïõ íǒíơƙ Ǐǃã èǄƮāƙā Ü Ɨƪåïíǃå ƗǈǒƵ ÿǒƕ
 ÿǆ íơåā ÷āǈ þåíƤƙƪå ǑƼ éơƕƙ Ɨƪåïíǃå ǉîǋ ÿá Ǚá ÜƗǒǈāïƙǂǃǗå ïíƓƮǆǃå þåíƤƙƪå

. èƓǆāǄƶǆǃå ïíƓƮǆ 
] ƕƙǁƑƙǁä  ƕƨäîìǁä3 [ ùǃ Sharon Manel De Silva ÿåāǈƶƕ 
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  Ɨƪåïíǃå èưïƶƙƪå éǒơ422  þöǈǃå  èƓǀǒƕõƙ  ǑƼ çïāƬǈǆǃå ïíƓƮǆǃå ÿǆ ïíƮǆ
  çïǒƕƤǃåexpert system (ES)   èƽǈƮ Ǐƙǃåā . èƓƕƙǂǆǃåā èƓǆāǄƶǆǃå þǄƵ ýƓƞǆ ǑƼ

èƓƽǒǈƮƙ ñǆƤ èơƙ  ÷āưāǆǃå åîǋ èƓǒƕíå ƓǌǒƼ   þöǈǃå èƓǀǒƕõƙ èơưāā  èơïƬ
) èƓƕƙǂǆǃåā èƓǆāǄƶǆǃå þǄƵ ýƓƞǆ ǑƼ çïǒƕƤǃålibrary and infor- mation science 

(LIS) èƓƽǒǈƮƙǃå ǏǄƵ èāƙơå Ǒƙǃåā ƗǆíƤƙƪǆǃå Ɨǒǈǀƙǃå èƓǆíƤǃåā : þƓƵ ýǂƬƕ (
 ÿƵ éơƕǃå ƗǆíƤ Ü Ɨǒƶƞïǆǃå ƗǆíƤǃå ǏǄƵ ăāƙơƙ Ǒƙǃå ƗǆƓƶǃå èƓǆíƤǃå Ü èƓǀǒƪǈƙǃåā

ƓǆāǄƶǆǃå æƓƪƙǂå ā Ɨƪïǌƽǃåā óǚƤƙƪǙå Üèåíǈƙƪǆǃå ýǒƮāƙ ƗǆíƤ ā ÷ƓƞïƙƪǙå Ü è
 éơƓƕǃå þåíƤƙƪå. çïǒƕƤǃå þöǈǃå ýƓƞǆǃ ǑƤǒïƓƙ ôåïƶƙƪå þƙ éǒơ .ƴǒǆƓƞǆǃå ïǒāõƙ ā
 çííơǆ Ɨǒǈǆð çïƙƼ ýǚƤ ǑƼ ïíƓƮǆǃå ÿǆ  ƗƵāƞǆǃ Ǒơƪǆǃå Ɲǌǈǆǃå Ɨƿïāǃå ǉîǋ ǑƼ

ǈǃåā èƓǒƮāƙǃå ÿǆ ƗƵāǆƞǆ Ǐǃå Ɨƪåïíǃå èǄƮāƙā:Ɠǌǆǋá Ǒƙǃåā ƝƑƓƙ 
 ÿǆ ƗƽǄƙƤǆ èǙƓƞǆ ǑƼ çïǒƕƤǃå þöǈǃå èƓǀǒƕõƙ èƬƿƓǈ Ɨƪåïíǃå ǉîǋLIS Ɠǌǈå Ɠǆǂ  Ü

 ǑƼ þǂơƙǃå Ü èƓǆāǄƶǆǃå çïíå ýƛǆ ƗƽǄƙƤǆ èǙƓƞǆ ǑƼ óǀǈǃå āå ðƞƶǃå Ɨǒǆǈƙǃ èǆíƿ
 ýƓƞǆ ǑƼ çïǒƕƤǃå þöǈǃå  þåíƤƙƪå ïƛå èƪïíā Üæƙǂǃå ïƓǒƙƤåā ƗǒǄƤåíǃå çïƓƵǙå Ü ƣƪǈǃå

ǆǃå þǄƵ ǑƼ ǊƙǄǒƮơā èƓƕƙǂǆǃåā èƓǆāǄƶ30  èǃåðƓǆ ǊǈƋƕ Ɨƪåïíǃå èǈǒƕ Ɠǆǂ . Ɨǈƪ
 ïƓǂƙƕå ƴǆ  ÷āưāǆǃå ïǋāƞ ǑƼ  çïǒƕǂ æïƓƞƙ  ÿāǂƙǃ þƙǌƙ ýƓƞǆǃå åîǋ ǑƼ éāơƕǃå
 çƓǒơǃå ǏǄƵ  ĄåïíƓƿ  ÿāǂǒǃ íāíơǆǃå ëƓƞǈǃåā ïǒāõƙǄǃ Ɨǒåíƕǂ  ƗǒǃāǙå êîƓǆǈǄǃ  çïǒƕǂ íåíƵå

ƞƙ  ƗƪƼƓǈǆǃå ýƓƞǆ ýƤíǒā āǆǈǃåā èƓƕǄõƙǆ ÿǆ ƠƕƮƙ ÿå ÿǂǆǆǃå ÿǆ Ɠǌǈå éǒơ Ü ĄƓǒïƓ
 èǈǒƕ Ɠǆǂ .çïǒƕƤǃå þöǈǃå ǑƼ èƓƪåïíǃåā æïƓƞƙǃå ÿǆ ǑǃƓƵ Ăāƙƪǆ ǑƼ  ƗƼïƶǆǃå Ɨƪíǈǋ
 Ǌǈå Ǚå ýƓǆƵǙå èƓƪƪâǆ ÿǆ úƑƓöāǃå ßåíǕ ƗƕāǄõǆ ÿǂƙ þǃ þöǈǃå èƓǀǒƕõƙ ÿå Ɨƿïāǃå

ǑƼ çíƓǒðǃå Ăíǆ èƓƪåïíǃåā éāơƕǃå èïǌöå çïǒƤǕå ƗǈāǓå ǑƼ  èåïåíǗ ƗǒǄƵƓƽǃåā çßƓƽǂǃå
. ƗƼïƶǆǃå ïƓǆƛƙƪå ïƮƓǈƵ ÿǆ ïƮǈƵ ýƛǆƙ Ǒǋā ýƓǆƵǙå èƓƪƪâǆ 

 ǑƼ ƓǌǈƵ úǄƙƤƙ Ɠǌǈå Ǚå ƗǀƕƓƪǃå èƓƪåïíǃå ƴǆ æǈåāƞǃå ôƶƕ ǑƼ ûƼåāƙƙ Ɨƪåïíǃå ǉîǋ Ɠǆå
 éǒơ .ƗǒǈƓǂǆǃå íāíơǃå üǃîǂā ûǒƕõƙǃå éǒơ ÿǆ çïǒƕƤǃå þöǈǃå ÷āưāǆ ýāƓǈƙƙ þƓƿ

íǃå ǉîǋ ǑƼ ÿǒƛơƓƕǃå " ÷āưāǆ ýāƓǈƙƕ ƗƪåïƕǐƙƟƓǁä ïǀäîǄǁä Ǐƺ æîǐƓƢǁä ýõǆǁä ýäìƢƗƨä 
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" ƑǐƓǐǂƓ  æǒƞǒǃ ƓǌǒƼ éơƕǃå Ăïƞā ÜýƓƞǆǃå èåî ƗǒƕǒǄǃå èƓƪƪâǆǄǃ ǉíƶƕā ǊǈƓǒƕ ǑƼ ïƼåāǃå
 .Ɨǒƛơƕǃå ƗǄǂƬǆǄǃ ƓǀǄõǈǆ ýƛǆƙ Ǒƙǃå èǙâƓƪƙ ƗƵāǆƞǆ ǏǄƵ 

ƕƨäîìǂǁ Ăîõǆǁä åǆƑƜǁä 
1- æîǐƓƢǁä ýõǆǁä: ]4[ 

ïƕƙƶǆǃå þíǀƙǃå íƶƕ  Ɨǈƪ ïǌö ÜƗƮƓƤǃå èǙƓƞǆǄǃ ïǒǂƽƙǃå ûïõ ǑƼ éơƕǃå ÿƵ ƝƙƓǈǃå
1974  ƗƶùǆƓƞƕStanford  ā Ǒƕõǃå óǒƤƬƙǃå Ǌƙǆǌǆ æõǃå ýƓƞǆ ǑƼ ïǒƕƤ þƓöǈ ýāá

ā Üßåāíǃå úǒƮāƙProspector  ýƑƓƪā ïǒāõƙǃ çïíƓƕǆ èïǌö üǃîƕā .Ɠǒƞāǃāǒƞǃå ǑƼ
èðƞǈá Ɠǆǂ ÜƗƮƓƤǃå ÿǒíƓǒǆǃå úǄƙƤǆ ǑƼ úïƓƶǆǃå ýǒƛǆƙǃ çíǒíƞ  Ɨǈǋïƕƕ þƙǌƙ éāơƕ

 íǒ ǏǄƵ ýǂƓƬǆǃå ýơ ā èƓǒïöǈǃåNewell Simon  íƵåāƿ êƓƙǈã Ǐǃã èǄƮāƙ íƿ Ü
 úïƓƶǆǃå ÿǒƕ Ɲǆí üƓǈǋ ÿƓǂ Ɠǆǂ ÜúïƓƶǆǃå çíƵƓƿ ǏǄƵ ƗǆƑƓǀǃå ƗǆöǈǕå Ɨǒƞǌǈǆǃ Ɨǒïöǈ
 ÜƓǆǌǈǒƕ ýƮƽǃå çïāïư èïǌö éāơƕǃå ïāõƙƕ ā Üïǒǂƽƙǃå èƓǒǃà ā ÿǒƶǆ ýƓƞǆƕ ƗƮƓƤǃå

ǃå ÿǆ êåïƤƙƪå ăá ƓǌǆåíƤƙƪå çíƓƵã ƴǒõƙƪƙ Ǒƙǃå ā ïǒǂƽƙǄǃ ƗǆƓƶǃå ûïõǃå ïǒƕƤǃå þƓöǈ
 ǊǒƼ ƴưāƙ ăîǃå ÜèƓƞƓƙǈƙƪǙå üïơǆ çïǂƼ èßƓƞ Ɠǈǋ ÿǆ ā ÜĂïƤá èǙƓƞǆ ǑƼ

 .ÿǒƶǆ ýƓƞǆ óƤƙ Ǒƙǃå ā Ɠǒƞǒïíƙ úïƓƶǆǃå 
 þƙǒ ƗƼïƶǆǃå ǏǄƵ Ɨǒǈƕǆ èƓǆāǄƶǆ þöǈ ƓǌǈƋƕ : çïǒƕƤǃå þöǈǃå ÿǒƛơƓƕǃå ôƶƕ úïƶǒā

ǑƼ ƓǌǆåíƤƙƪå  ăïƓƬƙƪå ïǒƕƤǂ ƓǋïƓƕƙƵå ÿǂǆǒ éǒơƕ çíǀƶǆā Ɨǈǒƶǆ Ɨǒǀǒƕõƙ èǙƓƞǆ
.þƓöǈǄǃ ÿǒǒƑƓǌǈǃå ÿǒǆíƤƙƪǆǄǃ 

2- :æîǐƓƢǁä ýõǆǁä ùäìǉà 
 : Ɠǌǆǋá Ǒƙǃåā úåíǋǕå ÿǆ ƗƵāǆƞǆ Ǐǃå ýƮǈ ÷āưāǆǃå èƓǒƕíå ǑƼ éơƕǃå ýǚƤ ÿǆ 

1.  ýǂ ǑƼ þāǄƶǃåā èåïƕƤǃåā úïƓƶǆǃå ÿǆ ïíƿ ïƕǂá ýāơ ƗõƓơǗå ǏǄƵ ýǆƶǃå
ǙƓƞǆǃå .è 

2. .èǙƓƞǆǃå ǉîǋ ǑƼ ÿǒƮƮƤƙǆ ßåïƕƤ úǒöāƙ úǒǃƓǂƙ öƽơ ǏǄƵ þöǈǃå ǉîǋ ýǆƶƙ 
3.  .èåïåïǀǃå îƓƤƙåā ýǂƓƬǆǄǃ ýāǄơ Ǐǃã ýāƮāǃå ǑƼ ƗǀƑƓƽǃå ƗƵïƪǃå ûǒǀơƙ 
4. .ĂïƤá Ǐǃã Ɨƪƪâǆ ÿǆā ïƤà Ǐǃã ÿƓǂǆ ÿǆ ƓǌǄǀǈā èåïƕƤǃå ýíƓƕƙ ƗǒǈƓǂǆã ïƼāƙ 
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5. .ƗǒǃƓƵ ƗƵïƪƕ Ɨǒǆǂ èƓǒǈǀƙǃ êƓƙơƙ Ǒƙǃå ýǂƓƬǆǃå ýơ 
3- :æîǐƓƢǁä ýõǆǁä ìƏäĀƺ 

:Ɠǌǆǋá ÿǆā íƑåāƽǃå íǒíƵ Ǌǃ çïǒƕƤǃå þöǈǃå Ɠǒƞāǃāǈǂƙ ûǒƕõƙ 
1.èƓƞïƤǆǃåā ƗǒƞƓƙǈǗå çíƓǒð . 
2.ƋõƤǃå æƪǈ ýǒǄǀƙ ƴǒõƙƪƙ çïǒƕƤǃå þöǈǃƓƼ Üçíāƞǃå çíƓǒð . 
3.çïõƤǃå ƗƑǒƕǃå ǑƼ ýùǆƶǃå . 
4ǆ Ǐƙơ Üçíǂâǆǃå ïǒƹ āá ƗƮƿƓǈǃå èƓǆāǄƶǆǃå ƴǆ ýǆƶǃå ǏǄƵ ƗǒǄƕƓǀǃå . Ǚ ƗƕƓƞǗå ƴ

 ÿāǂƙ íƿ Ɠǌǈá ÿǆ þƹïǃå ǏǄƵ ƗƕƓƞã íǃāǒ ÿá ïǒƕƤǃå þƓöǈǃå ƴǒõƙƪǒ íǂƋƙǆ ïǒƹ āá úïƵå
.çíǂâǆ ïǒƹ ]5 [ 

4-  :æîǐƓƢǁä ýõǆǁä çƑǆĀǀǄ 
  ǏǄƵ ýǆƶǄǃ Ɠǌǈǒƕ ƓǆǒƼ ýǆƓǂƙǃƓƕ ýǆƶƙ ƗǒƵïƽǃå þöǈǃå ÿǆ Ɨǆðơ ÿǆ ïǒƕƤǃå þƓöǈǃå ÿāǂƙǒ

ƙ Ǒƙǃåā èåïƓǌǆǃåā úïƓƶǆǃåā èåïƕƤǃå úǄƙƤǆ ÿðƤ íǈƵ Ɠǌǒǃã çíāƶǄǃ ßåïƕƤǃå íǈƵ ïƼāƙ
:ǑǃƓƙǃå ýǂƬǃå ǑƼ Ɠǆǂ ÿǒƮƙƤǆǃåā ßåïƕƤǃå Ǐǃã ÷āƞïǃå ÿāí ƓǌǄơǃ ƗǄǂƬǆ ăá éāíơ 

 

 
) ýǂƬ1ó Üǉïǂî ûƕƪ ƴƞïǆ Üèåïåïǀǃå çíǈƓƪǆ þöǈ ÜǑƙǒïǂƙǃå ÿǒƪƓǒ æǃƓƹ íƶƪ :(204. 
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 ïǒƕƤǃå þƓöǈǃå Ɠǌǈǆ æǂïƙǒ Ǒƙǃå ƗǒǄƤåíǃå ïƮƓǈƶǃå ûƕƓƪǃå ýǂƬǃå Ơưāǒ éǒơ Ǒǋā
:ǑǃƓƙǃƓǂ 

à- ƕƺîƴǄǁä æìƳƑƽ: 
  ïǒƕƤǃå ÿǆ ûƙƬƙā Üííơǆ ýƓƞǆǃ ƗƮƮƤƙǆ ƗƼïƶǆ ǊǒƼ ÿðƤƙ ǑƵïƼ þƓöǈ Ǒǋā

:Ǐǃã þƪǀǈƙ íƵåāǀǃåā þƓöǈǃå ƗƼïƶǆ çíƵƓƿ ǑƼ ÿðƤƙā ƝǆƓǈïƕ ǑƼ ïƽƬƙā æƵāƙƪƙā 
o èìäĀƟǁä æìƳƑƽ.çíƵƓƿ ÿǆ óǄƤƙƪǒ éíơ ýǂ éǒơ : 
o ìƳäĀƾǁä æìƳƑƽþƓƵ ýǂƬƕ úïƓƶǆǃå çíƵƓƿ :. 
å- íǁäƕǂǄƑƴǁä æîǀä  Working memory ƗƮƓƤǃå ûƑƓǀơǃå ǏǄƵ ăāƙơƙ Ǒǋā :

 Ǒƙǃå Ɨƿǚƶǃåā Ɨơāïõǆǃå ƗǄǂƬǆǃå ÿǒƕ ƗǈïƓǀǆǃå ƗǒǄǆƵ þƙƙā Üéơƕǃå ƴưāǆ ƗǄǂƬǆǃƓƕ
 Ǐǃã çíǒíƞǃå èƓǆāǄƶǆǃå ýƤíǈ üǃî íƶƕ ÜƗƼïƶǆǃå çíƵƓƿ ǑƼ çíāƞāǆǃåā ÜþƓöǈǃå Ɠǌǒāƙơǒ

þƓöǈǃå ÿǆ èƓƞƓƙǈƙƪǙå åîǂā ƗǄǆƓƶǃå çïǂåîǃå èƓǈƓǒƕǃå ýǂ ǏǄƵ çïǂåîǃå ăāƙơƙ éǒơƕ Ü
 .çíǒíƞǃå āá Ɨǆǒíǀǃå ßåāƪ ƗǄǂƬǆǃƓƕ ƗǀǄƶƙǆǃå 

 é- üǗìƗƨǗä ƕǁß Machine heuristics ƗǒǄǆƵ Ɨƞîǆǈ ǏǄƵ ýǆƶƙ Ǒƙǃå Ǒǋā :
 çïǂåîǃå ǑƼ íƞāƙ Ǒƙǃå ûƑƓǀơǃå ƗǈïƓǀǆā êðǆ Ɨƽǒöāƕ þāǀƙā ÜǑǈƓƪǈǗå üåïíǗåā ïǒǂƽƙǃå

ƮƮƤƙǆǃå ƗƼïƶǆǃå ƴǆ ƗǄǆƓƶǃå .ƗǄǂƬǆǄǃ ýāǄơ ûƓǀƙƬǙ ƗƼïƶǆǃå çíƵƓƿ ǑƼ çíāƞāǆǃå Ɨ 
îǐƨƻƗǁä çǘǐǊƨƗ .ì Interpretation facilities ǏǄƵ ïǒƕƤǃå þƓöǈǃå Ăíǃ çïíǀǃå Ǒǋā :

 çíāƞāǆǃå ßƓõƤǕå íǒíơƙ üǃîǂā ÜǊƕ ƠƮǈǒ ăîǃå ýơǃåā üåïíǗåā ïǒǂƽƙǃå ëïƬā ïǒƪƽƙ
 .þƓöǈǃå ǑƼ 

ìǐƻƗƨǄǁä ƕǊƜäĀ .ÿ Interface beneficiary íƵƓƪƙ ÜèåßåïƞǗå ÿǆ ƗƵāǆƞǆ Ǒǋā  :
 .õƪƕǆǃå ïåāơǃå æāǄƪá íǆƙƶƙ æõƓƤƙ Ɨƺǃ ýǚƤ ÿǆ þƓöǈǃå ƴǆ ýƵƓƽƙǃå ǏǄƵ þíƤƙƪǆǃå 

  :æîǐƓƢǁä ýõǆǁä òƏƑƬƢ 
Ɠǋðǒǆƙ ÜóƑƓƮƤǃå ÿǆ ƗƵāǆƞǆ çïǒƕƤǃå þöǈǃå ǑƼ ïƼāƙƙ  ƗǒíǒǄǀƙǃå þöǈǃå ǑƿƓƕ ÿƵ

:Ɠǌǈǆ ƗƼāïƶǆǃå 
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1-ôïƶƙ éǒơƕ ĄƓǒðǆï ƗƼïƶǆǃå ýǒƛǆƙ  ǑƼ ðāǆï ýǂƬ ǏǄƵ íƵåāǀǃåā ûƑƓǀơǃåā þǒǋƓƽǆǃå
]ïǒƕƤǃå þƓöǈǃå7   .[ 

2- èåïƓǌǆǃå ƗƼƓǂ Ǌƕ ÿðƤƙā ÜïǒƕƤǃå þƓöǈǃå þǒǆƮƙ íǈƵ íơåā ýƓƞǆ ǏǄƵ ðǒǂïƙǃå þƙǒ
Ǌƕ ƗǀǄƶƙǆǃå 

3-Ɨǒðǆïǃå ƗƞǃƓƶǆǃåā Ǒƕǒïƞƙǃå ýǒǄơƙǃå ñƓƪá ǏǄƵ þāǀǒ ]8. [ 
4- ǑƼ þíƤƙƪƙ Ɨƞǆïƕǃå éǒơ ƗƼïƶǆǃå ýƕƓǀǆ Ɨƞǆïƕǃå Ɲǆåïƕǃå Ɠǆá ÜƗǒíǒǄǀƙǃå Ɲǆåïƕǃå ƗƼƓǂ

 þƓöǈǃå ßƓǈƕ ÿǆưƙƙ Ǒƙǃå ƗǒǄǆƶǃå Ǒǋā ÜƗƼïƶǆǃå Ɨƪíǈǋ íǆƙƶƙ çïǒƕƤǃå þöǈǃƓƕ ƗƮƓƤǃå
]ïǒƕƤǃå9[. 

5îǐƓƢǁä ýƑõǆǁä üǄƳ ƕǐǁß.: 
 þíƤƙƪǆ ÿǒƕ çïïǂƙǆǃå ƗǒǄƵƓƽƙǃå èƓǒǄǆƶǃå ǑƼ ƓƪƓƪá ýƛǆƙƙ ïǒƕƤǃå þƓöǈǃå Ɨƶǒƕõ ÿã

ǃå ýǆƵ Ɨƶǒƕõā æƪƓơǃåā þƓöǈǃå:ǑƙǓå ǑƼ ýƛǆƙƙā ïǒƕƤǃå þƓöǈ 
1.  ýǚƤ ÿǆ ïǒƕƤǃå þƓöǈǄǃ ƗǄǂƬǆǃå úƮāƕ þƓöǈǃå þíƤƙƪǆ þāǀǒ

.æƪƓơǃå ƗƬƓƬ Ǐǃã ƓǌǃƓƤíã 
2.  āá ýǂƓƬǆ ÿƵ Ǌƕ ƗƮƓƤǃå ƗƼïƶǆǃå çíƵƓƿ ǑƼ þƓöǈǃå éơƕǒ

.þƓǆƙǋǙå ýơǆ çƓõƶǆǃå ýǂƓƬǆǄǃ ƗǌƕƓƬǆ èǙƓơ 
3.  ûǒǒưƙǃ ĂïƤá ƗǒƼƓưã ƗǄƑƪá þíƤƙƪǆǃå ïǒƕƤǃå þƓöǈǃå ýƓƪǒ

ǈ.ƗǒƼïƶǆǃå çíƵƓǀǃå ýƤåí éơƕǃå ûƓõ 
4. .ƗǄǂƬǆǃå ýơǃ ƗǆƑǚǆǃå ýƑåíƕǃå æïƿå ïǒƕƤǃå þƓöǈǃå íƞǒ 
5.  ƗǄǂƬǆǃå ƴǆ ïƕǂå çïāƮƕ þßǚƙǒ Ǐƙơ ýơǃå ýǒíƶƙƕ þƓöǈǃå þāǀǒ

. 
6. . èƓǈƓǒƕǃå çíƵƓƿ ǑƼ Ɠǌǃ ƠǃƓƮǃå ýơǃåā ƗǄǂƬǆǃå þƓöǈǃå ÿðƤǒ 
7. ýāǄơǃƓƕ ƗǀǄƶƙǆǃåā þíƤƙƪǆǄǃ çïǒƕƤǃå ƗơǒƮǈǃå þƓöǈǃå þíǀǒ  Ǒƙǃå

 ýơǃå Ǒǋ çïǒƕƤǃå ƗơǒƮǈǃå ÿã üǃî Ǒǈƶǒā Ɠǌǒǃã ýƮāƙǃå þƙ
. þíƤƙƪǆǃå ǏǄƵ ǊưïƵ þƙā þƓöǈǃå Ǌǒǃã ýƮāƙ ăîǃå 
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ƕƨäîìǂǁ ǏǂǄƴǁä åǆƑƜǁä 
 ƕǐĀĀǆǁä èĀƟƓǁä ïǀîǄ 

 þƓƵ îǈǆ Ɨǒāāǈǃå éāơƕǃå ðǂïǆ ƐƬǈá1981 ǑƼ ƗǄǆƓƬ ƗǒǆǄƵ Ɨǒǈǀƙ ûǒǀơƙ úíǌƕ  þ
ǃå ƗǒǈǀƙǄǃ ƗǒǆǄƪǃå èƓǆåíƤƙƪǙå ýƓƞǆ þāǄƶǃå ýƓƞǆ ǑƼ ƗǒǆǄƵ çíƵƓƿ ÿǒāǂƙā Ɨǒāāǈ

 þƓƵ ǑƼā .ƗƑǒƕǃåā ƗƵƓǈƮǃåā ƗƵåïðǃåā Ɨƪíǈǌǃåā æõǃå ǑƼ ƓǌƙƓǀǒƕõƙā Ɨǒāāǈǃå èƓǒǈǀƙǃåā
2004 ƗƿƓõǃå éƓơƕá ðǂïǆā "ǉƓǒǆǃå ǊǒǄơƙ ðǂïǆā Ɨǒāāǈǃå éāơƕǃå ðǂïǆ Ɲǆí þƙ þ

ǒǄơƙā çííƞƙǆǃå èƓƿƓõǃå éāơƕ ðǂïǆ " þƪá èơƙ íơåā ðǂïǆ ǑƼ ƗǒƪǆƬǃå Ü ǉƓǒǆǃå Ǌ
 óƤǄƙƙā .Ǌǃ Ąåïǀǆ ñǄƕåïõ Ɨǈǒíǆ ÿǆ îƤƙǒā ïǒāõƙǃåā éơƕǄǃ Ǒǈõāǃå æƙǂǆǃå ƴƕƙǒā
 ǑƼ Ɨǒāāǈǃå ƗǒǈǀƙǄǃ ƗǒǆǄƪǃå èƓǆåíƤƙƪǙå èǙƓƞǆ ǑƼ ǑǆǄƶǃå éơƕǃƓƕ þƓǒǀǃå ǑƼ ǊƼåíǋá
 õõƤǃå ƴưāā èƓƪåïíǃåā éāơƕǃå ßåïƞȒåā ÜƗƑǒƕǃåā ƗǒƵƓǈƮǃåā ƗǒƵåïðǃå Ɨǒƕõǃå èǙƓƞǆǃå

 ǑƼ Ɲǆåïƕǃåā Ü ǉƓǒǆǃå ƗƞǃƓƶǆā ǊǒǄơƙ èƓǒǈǀƙ ýƓƞǆ ǑƼā çííƞƙǆǃå èƓƿƓõǃå èƓǀǒƕõƙ ýƓƞǆ
 èƓƵƓõǀǄǃ ðǂïǆǃå óƮƤƙƕ Ɨƿǚƶǃå èåî Ɨǒǈƽǃå èåïƓƬƙƪǙåā ƗǒǆǄƶǃå èƓǆíƤǃå þǒíǀƙā

] .ƗƽǄƙƤǆǃå10ā [ :ǏǄƵ Ɨƕƙǂǆǃå ăāƙơƙā Ɨƕƙǂǆ ðǂïǆǃƓƕ íƞāƙ  
1 . :æƙǂǃå10900   ÿåāǈƵ 
2:ƗǒƶǆƓƞǃå ýƑƓƪïǃå.150  ā ƗǃƓƪï Ɨƪíǈǌǃå èǙƓƞǆ ǑƼ üǃîĲ  Ü ƗǒƑƓƕïǌǂǃå Ü Ɨǒǈíǆǃå

 Ü Ɠǒƞāǃāǒƞǃåā Ü ßƓǒðǒƽǃå ýƓƞǆ ǑƼ üǃîǂā Ɨǒāāǈ Ü ƗǒƑƓǒǆǒǂ Ü æāƪƓơǃå Ü ƗǒǂǒǈƓǂǒǆǃå
.ăāāǈǃå æõǃåā ÜßƓǒơǕåā 

3( Ɨǒāǈƪ úƮǈ Ɨǆǂơǆ ƗǒǆǄƵ ƗǄƞǆ) çåāǈǃå ƗǄƞǆ : Ɨǒïāíǃå èåïāƬǈǆǃå.-  ïƓƕƤá çïƬǈ
.( ƗǒǄƮƼ) ðǂïǆǃå 

4 :èƓǂƕƬǃå . ƗơƓƙǆǃå ( èƓǂƕƬǃå èƓǆíƤ) èƓǂƕƬǄǃ ƗƪǒƑïǃå æāƪƓơǃå çðǌƞá ðƓƙǆƙ
 ïƼāƙ Ǒƙǃåā èƓƞǃƓƶǆǄǃ ƗƕƪǈǃƓƕ çíǒƞ ƗǒǈƼ èƓƽƮåāǆƕ çííƞƙǆǃå èƓƿƓõǃå éāơƕ ðǂïǆƕ

) ƗǒǄơǆ èƓǂƕƬ ƗƵāǆƞǆ ÿǆ çíāƞāǆǃå ƗǂƕƬǃå ÿāǂƙƙā .çíǒƞ ƗǒǄǒƺƬƙ çßƓƽǂLAN  (
) èǙāơǆ Ɨõƪåāƕ ðǂïǆǃå ǑǈƓƕǆ ýƤåí Ɠǌưƶƕƕ èõƕƙïåswitches èǚƕƓǂǃåā (
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 íǆƙƵåā .èǚƕƓǂǃå  þåíƤƙƪƓƕ çíƵƓƕƙǆ ǑǈƓƕǆ çíƵ ÿǒƕ õƕïǃå Ǐǃã ƗƼƓưǗƓƕ Ɨƞāíðǆǃå
 ïǒöǈ ƗǂƕƬ ÷āǈ ðǂïǆǃåĲ ). ïǒöǈworkgroup  .( èƓǆāǄƶǆǃå ïíƓƮǆ ÿǆ Ɠǋïǒƹā

 ĄƓǀơǙ Ɠǌǃ óƤǄǆ ýāíƞ ǑƼ Ɠǋðƞāǈƪ Ǒƙǃåā ƗƽǄƙƤǆǃå 
5Ƥ ÿǆ èƓǂƕƬǃƓƕ Ɨǒǀǒƕõƙǃå èƓǒƞǆïƕǃåā þöǈǃå . þöǈǄǃ ƗƕƪǈǃƓƕ ÜƗǒǈåíǒǆǃå çïƓǒðǃå ýǚ

 ǑƼ ïƮơǈƙ Ɠǌǈá ĄƓơưåā āíƕǒ ÜèƓǂƕƬǃå ǏǄƵ þåíƤƙƪǚǃ ƗơƓƙǆǃå Ɨǒǀǒƕõƙǃå èƓǒƞǆïƕǃåā
:ƗǒǃƓƙǃå èƓǀǒƕõƙǃå 

¶  úåïƮǈǙåā ïāươǃå Üÿǒƽöāǆǃå þƓöǈ ÜèƓƕƙïǆǃå þƓöǈ) ƗǒǃƓǆǃå ƗǒïåíǗå èƓǀǒƕõƙǃå
.(Ɨõǈƺǆǆǃå èƓƿƓõƕǃå þåíƤƙƪƓƕ 

¶  ) ƴǒǈƮƙǃå èƓǀǒƕõƙ èƓǒƞǆïƕTeamset  èƓǒƞǆïƕ ÜPro Ĳ eng ( 
¶   Ɨǒƕƙǂǆǃå èƓǀǒƕõƙǃåoffice2000 , officexp  . 
¶  ) çðǈƙǂǆǃå óåïƿǕå ǏǄƵ çðǋƓƞǃå èƓǆāǄƶǆǃå íƵåāƿ èƓǀǒƕõƙCD- ROM  ( 

 ÷ƓƬ Ǒƙǃå ā çðǋƓƞǃå ƗǄǆƓǂƙǆǃå þöǈǃå èƓǒƞǆïƕ þåíƤƙƪå æƓǒƹ ǉƓƕƙǈǙå èƽǄǒ Ɠǆǆā
ƶǆǃå ûƼåïǆ ÿǆ íǒíƶǃå ǑƼ ƓǌǆåíƤƙƪå þöǈ ßƓǈƕ ǑƼ ƗƮƮƤƙǆǃåā ÜƗƛǒíơǃå èƓǆāǄ

 Ɠǌǈǆ Ǒƙǃåā ƗǒǆǄƶǃå èǙƓƞǆǃå ǑƼ ĂïƤǕå þöǈǃå æƓǒƹ ƗƼƓưǗƓƕ åîǋ .ƗǄǆƓǂƙǆ èƓǆāǄƶǆ
) ßƓƮơǗå ýǒǄơƙ þƓöǈspss  ( 

 ĂāƙƪǆǃƓƕ èƓǂƕƬǃå þåíƤƙƪå ǑƼ Ơưåāǃå óǀǈǃå ĄƓǒǄƞ áíƕ çïƬƓƕǆǃå Ɨöơǚǆǃå ýǚƤ ÿǆā
Ɠǒƞǆïƕǃå ííƶƙā ÷āǈƙ éǒơ ÿǆ æāǄõǆǃå éǒơ ÜƗǂƕƬǃå ǑǆíƤƙƪǆǃ ƗơƓƙǆǃå èƓǀǒƕõƙǃåā è

.èǈïƙǈǙå þíƤƙƪåā ( íïāāǃå èƓƽǄǆ ûƑƓƛā ) èƓƽǄǆǃå ýǀǈ ǏǄƵ þåíƤƙƪǙå ïƮƙǀǒ 
1. : çƑǆƑǐƓǁä ìƳäĀƽ  þāǄƶǃå ýƓƞǆ ǑƼ èƓǆāǄƶǆ çíƵƓƿ Ɨǒāāǈǃå éāơƕǃå ðǂïǆ Ăíǃ ïƼāƙƙ

ǃƓƕ èƛíơƙƪå ƗǒƼåïƹāǒǄƕƕ èƓǆāǄƶǆ çíƵƓƿ Ǐùùùùùùùùùùùùùùǋā Ɨǒǀǒƕõƙǃå Ɨǈƪ ðǂïǆ2004  Ǒǋā
) ñǒǈǒá  èƓǆāǄƶǆ çíƵƓƿInternational Nuclear Information System: 

INIS   èƓǆāǄƶǆǃå ƗǂƕƬ èƓǆāǄƶǆ çíƵƓƿ ÿƵ çïƓƕƵ Ǒǋā ïƬƓƕǆǃå õƤǃå ǏǄƵ (
 ííƵ ǏǄƵ çíƵƓǀǃå ăāƙơƙā Ɨǒāāǈǃå ƗƿƓõǄǃ ƗǒǆǄƪǃå èƓǆåíƤƙƪǙƓƕ ƗƮƓƤǃå ƗǒǆǃƓƶǃå

 ƗǒǆǄƶǃå ïǒïƓǀƙǃå Ɠǌǈǆ Ü ïíƓƮǆǃå Ǒƙǃåā  ÷åïƙƤǙå èåßåïƕā èƓơāïõǕå ā èåïƬǈǃåā
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 ïíǀǒ ăîǃåā Ɨǒāāǈǃå ƗƿƓõǄǃ Ɨǒǃāíǃå ƗǃƓǂāǃå ǑƼ ßƓưƵǕå ýāíǄǃ ăïǂƽǃå êƓƙǈǃå ýƛǆƙ
) þǋííƵ103 îǈǆ ƓǌƙƓǆíƤ þíǀƙ Ǒǋā Ü ßƓưƵá (1969 ýƮǒā Ü ƓǈǒǒƼ Ɨǈǒíǆƕ þ

ǀǃå éǒíơƙ) çíƓǒðǃå ýíƶǆ Ɠǆá . çíƓǆ ÿāǒǄǆ ÿǆ ïƛǂá Ǐǃã Ɠǌƙǚǒƞƪƙ ííƵ ( çíƵƓ
 ÿǒƕ Ɠǆƕ ïíǀǒƼ70-80  þāǄƶǃå ǑǃƓƞǆƕ èƓƵāưāǆǃå çíƵƓǀǃå ÿǆưƙƙā Ü çíƓǆ úǃá

:ǑƙǓå ûƼā Ɨǒāāǈǃå Ɨǒǈǀƙǃåā 
¶  Ɨǒāāǈǃå ƗƿƓõǃå 
¶ ăāāǈǃå ÿƓǆǕå 
¶ ăāāǈǃå õƓƬǈǃƓƕ Ɨƿǚƶǃå èåî íåāǆǃå 
¶ (Ɨǒāāǈǃå ïǒƹā Ɨǒāāǈǃå ƗƿƓõǃå ïíƓƮǆǃ ) ƗǒƑǒƕǃå ïǋƓöǆǃå 
¶ ƗƿƓõǃå ïíƓƮǆǃ) ƗǒíƓƮƙƿǙå ïǋƓöǆǃå (Ɨǒāāǈǃå ïǒƹā Ɨǒāāǈǃå 
¶ Ɨǒāāǈǃå ƗơǄƪǕå ïƓƬƙǈå þíƵā ÜèƓǈƓǆưǃå 
¶ Ɨǒāāǈǃå èƓǀǒƕõƙǃå 
¶ ßƓǒðǒƽǃå ǑƼ Ɨǒāāǈǃå æǈåāƞǃå 
¶ ßƓǒǆǒǂǃå ǑƼ Ɨǒāāǈǃå æǈåāƞǃå 
¶ ƗǒǈāǈƓǀǃå æǈåāƞǃå 

 ýǚƤ ÿǆ çíƵƓǀǃå ǉîǋ èƓǆíƤ ðǂïǆǃƓƕ ƗǒǈāïƙǂǃǙå ƗǈƓǒƮǃåā æāƪƓơǃå þƪƿ þíǀǒā
Ƶ çíƵƓǀǃå ǉîǌƕ ïƬƓƕǆǃå ýƓƮƙǙåƗǒïîǃå ƗƿƓõǄǃ Ɨǒǃāíǃå ƗǃƓǂāǃå ƴƿāǆ) èǈïƙǈǙå ƗǂƕƬ ïƕ- 

 ÿǆ . Ɨǒāāǈǃå èƓǆāǄƶǆǃå ÿǆ Ǒǃāíǃå ƴǆƙƞǆǃå èƓƞƓơǃ ñǒǈǒå çíƵƓƿ æǒƞƙƪƙā .( ƓǈǒǒƼ
 ƗǄǆƓǂǃå óāƮǈǃåā èƓƮǄƤƙƪǆǃåā ƗǒƼåïƹāǒǄƕƕǃå èƓǆāǄƶǆǃå Ǐǃå ýāƮāǃå ýǒǌƪƙ ýǚƤ

Ɠƕ èƓǆāǄƶǆǃå ûƼïǆ þāǀǒ éǒơ ÜƓǌƕ ÿðƤǆǃå (òǒƼāïǂǒǆǃå) ôƶƕ ïǒƼāƙƕ (Ɨƕƙǂǆǃå) ðǂïǆǃ
 Ɨǒǃāíǃå ƗǃƓǂāǃå ÿǆ ƓǌƕǄõ āá ÜòǒƼāïǂǒǆǃå ƠƑåïƬ ǏǄƵ Ǌǒíǃ ƗơƓƙǆǃå ƗǄǆƓǂǃå óāƮǈǃå

.Ɨǒïîǃå ƗƿƓõǄǃ 
 :îƪƑƓǄǁä üƑƬƗǗƑƓ çƑǄĀǂƴǄǁä ìƳäĀƽ þǄ þĀìǐƻƗƨǄǁä ýǚƤ ÿǆ çíƵƓǀǃå þåíƤƙƪå þƙǒ

ǆǃå çíƵƓƪǆƕ þāǀǒ Ü ƗǃƓǂāǃå ÿǆ íǆƙƶǆ (èƓǆāǄƶǆǃå ǑƮƓƮƙƤå) õǒƪā ýāƮơǄǃ ÿǒíǒƽƙƪ
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 ǏǄƵ ñǒǈǒá èƓǆāǄƶǆǃå çíƵƓƿ þåíƤƙƪå ïƮƙǀǒā . çíƵƓǀǃå ǉîǋ ÿǆ èƓǆāǄƶǆǃå ǏǄƵ
 ÿǒíǒƽƙƪǆǃå ííƶǃ ăāǈƪǃå ǑǃƓǆƞá ÿá ïƪƽǒ Ɠǆ åîǋā Ɨǒāāǈǃå éāơƕǃå ðǂïǆ ýƤåí ÿǒƛơƓƕǃå

 ðāƓƞƙǒ Ǚ éǒơƕ Ąåíƞ ÿíƙǆ Ɠǌǈǆ100 íǒƽƙƪǆ 
1-  ƑǐƜĀǁĀǆǀƗ îƑǄƙƗƨä āìǄýõǆǁäĀ çƑǄĀǂƴǄǁä ƺ æîǐƓƢǁä Ā ƕǐƙƟƓ ƕǄìƢ ýǐìƾƗ Ǐ

ƕǐĀĀǆǁä èĀƟƓǁä ïǀîǄƓ ƕǐîƑƪƗƨä 
üĀìƜ1āìǄƓ  ƕƾǂƴƗǄǁä çäîƑƓƴǁä ǍǂƳ ƕƨäîìǁä ƕǆǐƳ çäìîƻǄ ƕƓƑƜƗƨä. îƑǄƙƗƨä 

ƕǐîƑƪƗƨä ƕǄìƢ ýǐìƾƗ Ǐƺ æîǐƓƢǁä ýõǆǁäĀ  çƑǄĀǂƴǄǁä ƑǐƜĀǁĀǆǀƗ 

 
 

 ƝƑƓƙǈ ýǚƤ ÿǆûƕƓƪǃå ýāíƞǃå ) ÿǒƕƙǒïƓǆƛƙƪå  Ɠǒƞāǃāǈǂƙþöǈǃåā èƓǆāǄƶǆǃå Ƥǃå ǑƼ çïǒƕ
ƗǒïƓƬƙƪå ƗǆíƤ þǒíǀƙ) ƸǄƕ éơƕǃå ƗǈǒƵ èåíïƽǆǃ (3.60 ǉïíƿ ăïƓǒƶǆ úåïơǈƓƕā (

)0.57 Ăāƙƪǆ ÿá ÿāïǒ Ɨƪåïíǃå ƗǈǒƵ íåïƼá  ÿá ǏǄƵ ýíǒā Ü (ïƓǆƛƙƪå  Ɠǒƞāǃāǈǂƙ
ƗǒïƓƬƙƪå ƗǆíƤ þǒíǀƙ ǑƼ çïǒƕƤǃå þöǈǃåā  èƓǆāǄƶǆǃå   Üçíǒƞ  Ɨƞïíƕ āǋ þƓƵ ýǂƬƕ

) Ɨƕƪǈƕā65Ü (%á ÿá öơǚǒ Ɠǆǂåîǋ èåïǀƽǃ  Ơƞïǆ ǑƕƓƪơ õƪāƙǆ ǏǄƵ  íƶƕǃå
)āǋ3.66) Ǐǃã ïǒƬƙ Ǒƙǃå çïǀƽǃå ÿƵ (.Ɨǀǒƿí çïƓƬƙƪå þǒíǀƙǃ çïǒƕƤǃå þöǈǃå þíƤƙƪƙ ǑƼ Ü(

) Ǐǃã ïǒƬƙ Ǒƙǃå çïǀƽǃå íǈƵ ǑƕƓƪơ õƪāƙǆ ýƿá ÿƓǂ ÿǒơ ýǒǌƪƙǃ çïǒƕƤǃå þöǈǃå þíƤƙƪƙ
ßƓǈƕā èåïāƓơǆǃå Ɨǒǈǆưǃå ƗƼïƶǆǃå ()ǑƕƓƪơǃå õƪāƙǆǃå ƸǄƕ éǒơ3.57.( 
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2- ƕǐĀĀǆǁä èĀƟƓǁä ïǀîǄƓ æîǐƓƢǁä ýõǆǁä ýäìƢƗƨä þĀì üĀƟƗ ǏƗǁä åƑƓƨǓä 
üĀìƜ2 ǍǂƳ ƕƨäîìǁä ƕǆǐƳ çäìîƻǄ ƕƓƑƜƗƨä. ýõǆǁä ýäìƢƗƨä þĀì üĀƟƗ ǏƗǁä åƑƓƨǓä
æîǐƓƢǁä  

 
 

 ÿå ÿǒƕƙǒ ûƕƓƪǃå  ýāíƞǃå ƝƑƓƙǈ ýǚƤ ÿǆ þöǈǃå þåíƤƙƪå ÿāí ýāơƙ Ǒƙǃå æƓƕƪǕå
:ǑǄǒ Ɠǆǂ Ǒǋ çïǒƕƤǃå 

¶  Ʈ) Ɨƕƪǈƕ  ƗƵïƪƕ ƗǒïƓƬƙƪǙå èƓǆāǄƶǆǃå ǏǄƵ ýāƮơǃå Ɨƕāƶ81.(% 
¶ ) Ɨƕƪǈƕ ÿǒǄǆƓƶǄǃ Ɨǒƞāǃāǈǂƙǃå èåïƓǌǆǃå ƗǄƿ76.(% 
¶ ) Ɨƕƪǈƕ ƓǌǒȐǄƵ ýāƮơǃå ƗƕāƶƮā Ɨǆíǀǆǃå èƓǆāǄƶǆǃå çíāƞ ƗǄƿ74.(% 
¶  ƗƮƮƤƙǆ ýāǄơǃ ƗǒǃƓƵ þāƪï ôïƼā  ƗǒïƓƬƙƪǙå èƓǆāǄƶǆǃå ïíƓƮǆ ƗǄƿ

) Ɨƕƪǈƕ73.(% 
¶ Ɠơǆǃå ǏǄƵ ðǒǂïƙǃåƗǒǃƓƵ Ơƕï òǆåāǋ ǏǄƵ ƗöƼ ) Ɨƕƪǈƕ70.(% 
¶  ƗǒïƓƬƙƪǙå èƓǆāǄƶǆǃå þǒíǀƙ ǑƼ Ɨǒƪíǈǌǃå çïƕƤǃå æƙƓǂǆ ƴǆ èƓǒƿƓƽƙå íāƞā ƗǄƿ

)Ɨƕƪǈƕ68.(% 
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¶  ăïƓƬƙƪǙå æƙǂǆǃå ýǆƓƶƙā ƗǒïƓƬƙƪǙå  çïǒƕƤǃå þöǈǄǃ ƗǒǃƓƶǃå ƗƽǄǂƙǃå
) Ɨƕƪǈƕ ƗǒïƓƬƙƪǙå ǊƙƓǆāǄƶǆ ƴǆ ƗǒƮāƮƤƕ67.(% 

¶  ƶǆ ïƼāƙ þƹï çßƓƽǂǃå ƗǄƿ ƗǒǃƓƵ ƗǒǄǂ íƑåāƵ íǒǃāƙ ǏǄƵ ðǒǂïƙǃåā ƗǒïƓƬƙƪå èƓǆāǄ
) Ɨƕƪǈƕ65.(% 

¶  ) Ɨƕƪǈƕ çíǒïƼ èǚǂƬǆ ǏǄƵ ƗǒǃƓƵ þāƪï ôïƼ63(% 
3-  ƲƽäĀæîǐƓƢǁä ýõǆǁä :ƕƨäîìǁä ìǐƽ çƑƨƨáǄǁä Ǐƺ 

 üĀìƜ3  æîǐƓƢǁä ýõǆǁä ƲƽäĀƓ  ƕƾǂƴƗǄǁä çäîƑƓƴǁä ǍǂƳ ƕƨäîìǁä ƕǆǐƳ çäìîƻǄ ƕƓƑƜƗƨä 

 
 ƝƑƓƙǈ ýǚƤ ÿǆå ýāíƞǃåûƕƓƪǃ  ǑǃƓǆƞǗå ÿāðāǆǃå ǑƕƓƪơǃå õƪāǃå Ɨǆǒƿ ÿá ÿǒƕƙǒ

 éơƕǃå ƗǈǒƵ èåíïƽǆǃ (Ɨƪåïíǃå íǒƿ èƓƪƪâǆǃå ǑƼ çïǒƕƤǃå þöǈǃå ƴƿåāƕ) ƗƮƓƤǃå èåïǀƽǄǃ
) ƸǄƕ3.23) ǉïíƿ ăïƓǒƶǆ úåïơǈƓƕā (0.36 ÿāïǒ Ɨƪåïíǃå ƗǈǒƵ íåïƼá  ÿá ǏǄƵ ýíǒā Ü (

 Ăāƙƪǆ ÿá Ɨƪåïíǃå íǒƿ èƓƪƪâǆǃå ǑƼ çïǒƕƤǃå þöǈǃå Ɨƕƪǈƕā  ÜƗõƪāƙǆ  āǋ þƓƵ ýǂƬƕ
)56Ü (%åîǋ èåïǀƽǃ  Ơƞïǆ ǑƕƓƪơ õƪāƙǆ ǏǄƵá ÿá öơǚǒ Ɠǆǂ )āǋ íƶƕǃå3.85 ÿƵ (

) Ǐǃã ïǒƬƙ Ǒƙǃå çïǀƽǃåüƙƪƪâǆ ƝƑƓƙǈ Ǐǃã Ɨǆǒƿ úǒưƙ çïǒƕƤǃå þöǈǃå ÿƋƕ ÿǆâƙ ǑƼ Ü(
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) Ǐǃã ïǒƬƙ Ǒƙǃå çïǀƽǃå íǈƵ ǑƕƓƪơ õƪāƙǆ ýƿá ÿƓǂ ÿǒơ þöǈǃå ƠǄõƮǆ ýāåíƙ þƙǒ
 ïǒƕƤǃå(üƙƪƪâǆƕ úƛǂǆ ýǂƬƕ ç)ǑƕƓƪơǃå õƪāƙǆǃå ƸǄƕ éǒơ2.73 .( 

 ƕƨäîìǁä çƑǐƮîƺ îƑƓƗƢä:  
1 . ƑǐƜĀǁĀǆǀƗ ƕƨäîìǁä ìǐƽ çƑƨƨáǄǁä ĀƨìǆǊǄ îǄƙƗƨǐýõǆǁäĀ çƑǄĀǂƴǄǁä  Ǐƺ æîǐƓƢǁä

.ƕǐîƑƪƗƨǗä çƑǄìƢǁä ýǐìƾƗ 
ýāíƞǃå ǑƼ çíïåāǃå ƝƑƓƙǈǃå ýǚƤ ÿǆ3 ýāơ éơƕǃå ƗǈǒƵ ƗƕƓƞƙƪƓƕ óƓƤǃåā   Ăíǆ

Ɠǆƛƙƪå ïƗǒïƓƬƙƪǙå èƓǆíƤǃå þǒíǀƙ ǑƼ çïǒƕƤǃå þöǈǃåā èƓǆāǄƶǆǃå Ɠǒƞāǃāǈǂƙ  þåíƤƙƪå þƙ
z- test  ƗǒǈƓƛǃå Ɨǒưïƽǃå ïƓƕƙƤǙ: 
¶ ƕǐîƻƬǁä ƕǐƮîƻǁäNull Hypothesis  HO  ýāơ éơƕǃå ƗǈǒƵ ƗƕƓƞƙƪå õƪāƙǆ :

 ïƓǆƛƙƪå ĂíǆƗǒïƓƬƙƪǙå èƓǆíƤǃå þǒíǀƙ ǑƼ çïǒƕƤǃå þöǈǃåā  èƓǆāǄƶǆǃå Ɠǒƞāǃāǈǂƙ 
ăāƓƪǒ)3 Ü( èïǂǒǃ ñƓǒǀǆ æƪơ Ɨõƪāƙǆǃå Ɨƞïíǃå Ǒǋ Ɨǆǒǀǃå ǉîǋ ÿƋƕ þǄƶǃå ƴǆ

.þíƤƙƪǆǃå 
¶  ƕǂǐìƓǁä ƕǐƮîƻǁäH1 Alternate Hypothesis   éơƕǃå ƗǈǒƵ ƗƕƓƞƙƪå õƪāƙǆ :

 ýāơ ïƓǆƛƙƪå Ăíǆ èƓǆíƤǃå þǒíǀƙ ǑƼ çïǒƕƤǃå þöǈǃåā èƓǆāǄƶǆǃå Ɠǒƞāǃāǈǂƙ
ƗǒïƓƬƙƪǙå ) ÿǆ ïƕǂá3.( 

H0 : m = 3 

H1 : m > 3 
) ïƓƕƙƤǙå ßƓƮơã Ɨǆǒƿ ÿá ûƕƓƪǃå ýāíƞǃå ƝƑƓƙǈ ýǚƤ ÿǆ ÿǒƕƙǒ13.52 (   ïƕǂá Ǒǋ

) ƗƺǃƓƕǃå Ɨǒǃāíƞǃå Ɠǌƙǆǒƿ ÿǆ1.64 ƗǒǃƓǆƙơǙå Ɨǆǒǀǃå ÿáā Ü ( ) ăāƓƪƙ00.0 ýƿá Ǒǋā (
) ƗǃǙí Ăāƙƪǆ ÿǆ0.05 ƗǄǒíƕǃå Ɨǒưïƽǃå ýāƕƿā  þíƶǃå ôïƼ ôƼï  āǋ ïåïǀǃå ÿƎƼ Ü (

ƶǃå ƗƕƓƞƙƪå õƪāƙǆ ÿá ăá Ý) ñƓǒǀǆǃå õƪāƙǆ ÿǆ ïǒǂá Ɨǈǒ3ÿá Ǒǈƶǒ Ɠǆǆ .(  āƛơƓƕ
 ÿāïǆƛƙƪǒ Ɨƪåïíǃå íǒƿ èƓƪƪâǆǃå þǒíǀƙ ǑƼ çïǒƕƤǃå þöǈǃåā  èƓǆāǄƶǆǃå Ɠǒƞāǃāǈǂƙ

ƗǒïƓƬƙƪǙå èƓǆíƤǃå  üƓǈǋ. 
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üĀìƜ5îƑƓƗƢä ƛƏƑƗǆ .Z    ƕǐƮîƻǁä  üĀƟ ƕƨäîìǁä ìǐƽ çƑƨƨáǄǁä ĀƨìǆǊǄ îǄƙƗƨǐ :
ƓƢǁä ýõǆǁäĀ  çƑǄĀǂƴǄǁä ƑǐƜĀǁĀǆǀƗƕǐîƑƪƗƨǗä çƑǄìƢǁä ýǐìƾƗ Ǐƺ æîǐ. 

        ôƨĀƗǄǁä  Mean: 3.60 

   : ăïƓǒƶǆǃå úåïơǈǙå Standard Deviation (ů) 0.57 
    Ɨǈǒƶǃå þƞơn: 165 

  :ăïƓǒƶǆǃå ƋõƤǃåStandard Error   0.044 
   : Ɨǒǃāíƞǃå ƗǆǒǀǃåCritical z for Ŭ = 0.05, 1- tailed 1.64  

 : ïƓƕƙƤǙå ƗǆǒƿObserved  z 13.52 
    ƗǒǃƓǆƙơǙå ƗǆǒǀǃåSignificance (p- value) 0.00 

ïåïǀǃå  þíƶǃå ôïƼ ôƼï 

 

 
) ýǂƬ2(" Ɨǒưïƽǃå ïƓƕƙƤå :  èƓǆāǄƶǆǃå Ɠǒƞāǃāǈǂƙ Ɨƪåïíǃå íǒƿ èƓƪƪâǆǃå āƪíǈǌǆ ïǆƛƙƪǒ

 "ƗǒïƓƬƙƪǙå èƓǆíƤǃå þǒíǀƙ ǑƼ çïǒƕƤǃå þöǈǃåā ïƓƕƙƤå þåíƤƙƪƓƕz 
 

2.  îǐƓƢǁä  ýõǆǁä ƲƽäĀ.åĀǂôǄǁä āĀƗƨǄǁƑƓ çƨǐǁ ƕƨäîìǁä ìǐƽ çƑƨƨáǄǁä Ǐƺ æ 
 ýāíƞ ǑƼ çíïåāǃå ƝƑƓƙǈǃå ýǚƤ ÿǆ3  ïƓƕƙƤå þåíƤƙƪƓƕ Ɨƶƕåïǃå Ɨǒưïƽǃå ïƓƕƙƤå þƙz 

:ǑǄǒ Ɠǆǂ ƝƑƓƙǈǃå èǈƓǂā 
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ƕǐîƻƬǁä ƕǐƮîƻǁäNull Hypothesis  HO  ýāơ Ɨƪåïíǃå ƗǈǒƵ ƗƕƓƞƙƪå  õƪāƙǆ  :
 íǒƿ èƓƪƪâǆǃå ǑƼ çïǒƕƤǃå  þöǈǃå ƴƿåā)ăāƓƪǒ Ɨƪåïíǃå3 Ǒǋ Ɨǆǒǀǃå ǉîǋ ÿƋƕ þǄƶǃå ƴǆ Ü(

.þíƤƙƪǆǃå èïǂǒǃ ñƓǒǀǆ æƪơ Ɨõƪāƙǆǃå Ɨƞïíǃå 
 ƕǂǐìƓǁä ƕǐƮîƻǁäH1 Alternate Hypothesis   Ɨƪåïíǃå ƗǈǒƵ ƗƕƓƞƙƪå  õƪāƙǆ :

) ÿǆ ýƿá Ɨƪåïíǃå íǒƿ èƓƪƪâǆǃå ǑƼ çïǒƕƤǃå  þöǈǃå ƴƿåā ýāơ3.( 

H0 : m = 3 

H1 : m <   3 
 üĀìƜ6 ƛƏƑƗǆ .îƑƓƗƢäZ    :ƕǐƮîƻǁä  üĀƟ ƕƨäîìǁä ìǐƽ çƑƨƨáǄǁä Ǐƺ æîǐƓƢǁä  ýõǆǁä ƲƽäĀ

.åĀǂôǄǁä āĀƗƨǄǁƑƓ çƨǐǁ 
        õƪāƙǆǃå  Mean: 3.23 

   : ăïƓǒƶǆǃå úåïơǈǙå Standard Deviation (ů) 0.36 
    Ɨǈǒƶǃå þƞơn: 165 

  :ăïƓǒƶǆǃå ƋõƤǃåStandard Error   0.028 
   : Ɨǒǃāíƞǃå ƗǆǒǀǃåCritical z for Ŭ = 0.05, 1- tailed 1.64-  

 : ïƓƕƙƤǙå ƗǆǒƿObserved  z 8.20 
    ƗǒǃƓǆƙơǙå ƗǆǒǀǃåSignificance (p- value) 1.00 

ïåïǀǃå  þíƶǃå ôïƼ ýāƕƿ 
 ƗǒǃƓǆƙơǙå Ɨǆǒǀǃå ÿá ûƕƓƪǃå ýāíƞǃå ƝƑƓƙǈ ýǚƤ ÿǆ ÿǒƕƙǒ ) ăāƓƪƙ1.00 ïƕǂá Ǒǋā (

) ƗǃǙí Ăāƙƪǆ íǈƵ ÿǆ0.05 Ü ( Ɨǒưïƽǃå ôƼïā  þíƶǃå ôïƼ ýāƕƿ āǋ ïåïǀǃå ÿƎƼ
) ñƓǒǀǆǃå õƪāƙǆ íāíơ ÿǆư  Ɨǈǒƶǃå ƗƕƓƞƙƪå õƪāƙǆ ÿá ăá Ý ƗǄǒíƕǃå3 Ǒǈƶǒ Ɠǆǆ . (

 Ǒǋ Ɨƪåïíǃå íǒƿ èƓƪƪâǆǃå ǑƼ çïǒƕƤǃå þöǈǃå ƴƿåā ÿá ÿāïǒ Ɨƪåïíǃå ƗǈǒƵ íåïƼá  ÿá
.ïǒāõƙ Ǐǃã ƗƞƓơƕ Ǒǋā æāǄõǆǃå ĂāƙƪǆǃƓƕ èƪǒǃā Ɨõƪāƙǆ Ɨƞïíƕ 
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) ýǂƬ3 Ɨƞïơǃå Ɨǀõǈǆǃå :("ƗǒưïƽǄǃ  èƪǒǃ Ɨƪåïíǃå íǒƿ èƓƪƪâǆǃå ǑƼ çïǒƕƤǃå  þöǈǃå ƴƿåā

"æāǄõǆǃå ĂāƙƪǆǃƓƕ 
ƕƨäîìǁä ƛƏƑƗǆ 

1. ƕ çïǒƕƤǃå þöǈǃå þåíƤƙƪå ÿāí ýāơƙ Ǒƙǃå æƓƕƪǕå Ɨƪåïíǃå ƴǆƙƞǆ èƓƪƪâǆ ƴƞïǒ
:Ǐǃã 

o ) Ɨƕƪǈƕ ƗƵïƪƕ èƓǆāǄƶǆǃå ǏǄƵ ýāƮơǃå ƗƕāƶƮ81.(% 
o ǃāǈǂƙǃå èåïƓǌǆǃå ƗǄƿ) Ɨƕƪǈƕ ÿǒǄǆƓƶǄǃ Ɨǒƞā76.(% 
o ) Ɨƕƪǈƕ èƓǆāǄƶǆǃå ǏǄƵ ýāƮơǃå ƗƕāƶƮā Ɨǆíǀǆǃå èƓǆāǄƶǆǃå çíāƞ ƗǄƿ74..(% 
o ) Ɨƕƪǈƕ çíǒïƼ èǚǂƬǆ ǏǄƵ ƗǒǃƓƵ þāƪï ôïƼ63.(% 
o .ƗǒǄơǆǃå èƓǆāǄƶǆǃå íƵåāƿ êƓƙǈá úƶư 
o  èƓǆāǄƶǆǃå èƓǆíƤ þǒíǀƙ ǑƼ çíāƞǃå ïǒǒƓƶǆ ýƓǆǋã ā èƓǆāǄƶǆǃå èƓǆíƤ úƶư

ƕǃå öơǙ éǒơ) ǏǄƵ ýāƮơǃå ǑƼ þǌǆ ýǆƓƵ ƗǒƮƤƬǃå èƓƿǚƶǃå þåíƤƙƪå ÿá éơƓ
.(ƓǌƙƓǆíƤā èƓǆāǄƶǆǃå ôƶƕ 

2. .ƗƮƮƤƙǆǃå èƓǆāǄƶǆǃ ïíƓƮǆǃ Ɨǒāāǈǃå éāơƕǃå ðǂïǆ íǒƮï Ǒǈíƙ Ɨƪåïíǃå èǈǒƕ 
3.  Ǐǃã ƓǋííƵ ýƮǒ ƗǒǆǄǒƽǃå èåïƺƮǆǃå ÿá öơǚǒā7500  ðǂïǆƕ òƼ āïǂǒǆ õǒïƬ

 .Ɨǒāāǈǃå éāơƕǃå 
4. ôƶƕ ÿǆ ðǂïǆǃå íǒƮï ƗǃƉư  èƓƪåïíǃå Ɠǌǈǆ Ǒƙǃåā Ɨǆǌǆǃå èƓǆāǄƶǆǃå ïíƓƮǆ

 èåïǆƙâǆǃå ƴƑƓƿāā ƗǒǆǄƶǃå ïǒïƓǀƙǃåā éāơƕǃåāÜèåāíǈǃåā  þƓƿïƋƕ ƓǋíåíƵá ëāåïƙƙ éǒơ
.Ɨƶưåāƙǆ 
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5.  ÿǒíǒƽƙƪǆǃå èƓƞƓǒƙơå ƗǒƕǄƙ ÿǆ èƓǆāǄƶǆǃå ïíƓƮǆ ÿǆ ƴưåāƙǆǃå íǒƮïǃå íơǒ
 ÷āưāǆ èƓƪƪâǆǃƓƕ èƓǆāǄƶǆǃå ÿǆ ƗǒǄƕǀƙƪǆǃåā ƗǒǃƓơǃåƗƪåïíǃåÜ  óïƽǃå āíƕƙ Ɠǈǋā

 ïƕǂáÿāƓƶƙǃå ïǒāõƙǃ .ǑǈāƓƶƙǃå íǒāðƙǄǃ Ɨǒǃà ƴưā ýǚƤ ÿǆ 
6.  Ăïǒ ƗǈǒƵ íåïƼáÿá Ɨƪåïíǃå  Ăāƙƪǆƕ ýƑåíƕǃå ûƼā èƓǆāǄƶǆǄǃ ƗƞƓơǃå āǋ þƓƵ ýǂƬ

ƗǒǃƓƵ Ɨƞïíƕ) Ü éǒơ íǒíƞ éơƕ ǑƼ ÷āïƬǃå íǈƵ ƗǃƓơǃå ǉíǋ ïǌöƙ : ƗǄǆƓƬ ƗƞƓơ
 āưāǆǃ ƗƕƪƓǈǆǃå èƓǆāǄƶǆǃå ƴǒǆƞ Ɨƶƞåïǆ æƞǒéơƕǃå åîǋ ÷.( 

7.  ÿá ǑƼ çíƓƵ ÿǒƛơƓƕǃå Ɠǌǒǃã ƴƞïǒ Ǒƙǃå ƓǌƙƓǒǈǀƙā èƓǆāǄƶǆǃå ïíƓƮǆÿǆ þǌǄǆƵ  éǒơ
Ɠǌƙƛåíơ .ĄƓǒƕƪǈ ƗǆíƓǀƙǆ èǈƓǂ { ƣǒïƓƙǃå} 

8.  Ăïǒ Ăāƙƪǆ ÿá Ɨƪåïíǃå ƗǈǒƵ íåïƼáïƓǆƛƙƪå  Ɠǒƞāǃāǈǂƙþöǈǃåā èƓǆāǄƶǆǃå  ǑƼ çïǒƕƤǃå
ƗǒïƓƬƙƪå ƗǆíƤ þǒíǀƙ  āǋ þƓƵ ýǂƬƕçíǒƞ Ɨƞïíƕƪǈƕā  Ü) Ɨƕ65. (% 

9.  ĂïǒĂāƙƪǆ ÿá Ɨƪåïíǃå ƗǈǒƵ íåïƼá ûǒƕõƙ ƗǒǆǄƶǃå ƗƼïƶǆǃå æǒǃƓƪá  āǋ þƓƵ ýǂƬƕ
çíǒƞ Ɨƞïíƕ Ɨƕƪǈƕā  Ü)76.(% 

10.  Ăïǒ Ăāƙƪǆ ÿá Ɨƪåïíǃå ƗǈǒƵ íåïƼá ƗƼïƶǆǃå èåāíá þåíƤƙƪå āǋ þƓƵ ýǂƬƕ Ɨƞïíƕ
çíǒƞ Ɨƕƪǈƕā  Ü)78.(% 
11.  Ăïǒ Ăāƙƪǆ ÿá Ɨƪåïíǃå ƗǈǒƵ íåïƼáǆǃå ǑƼ çïǒƕƤǃå þöǈǃå Ɨƪåïíǃå íǒƿ èƓƪƪâ ýǂƬƕ

 þƓƵƗõƪāƙǆ āǋ) Ɨƕƪǈƕā  Ü56 (% 
 

çƑǐƬĀƗǁä 
1.  ýƓƞǆǃ ƓǌǆƵíā ƓǌƙǒǆǋǕ Ąåïöǈ Ɨǒƛơƕǃå èƓƪƪâǆǃå ǑƼ çïǒƕƤǃå þöǈǃå þåíƤƙƪå çïāïư

.éāơƕǃåā èåïƓƬƙƪǙå 
2.  ǑƼ çïǒƕƤǃå þöǈǃå þǒǆƮƙƕ ƗƮƓƤǃå èƓƪåïíǃåā éāơƕǃå ßåïƞã ǏǄƵ ÿǒƛơƓƕǃå ðǒƽơƙ

.ƗƽǄƙƤǆǃå èǙƓƞǆǃå 
3. ƞāƙǃå.ƗƽǄƙƤǆǃå ƗǒǆǄƶǃå èǙƓƞǆǃå ǑƼ èƓǈƓǒƕǃå íƵåāƿ ßƓǈƕ Ǐǃã Ǌǒ 
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4.  æƞǒ ƗƮƮƤƙǆǃå ƗǒïåíǗåā Ɨǒǈƽǃå ïíåāǂǃå íåíƵã Ɨƪåïíǃå ÷āưāǆ Ɨƪƪâǆǃå ǏǄƵ
.ƗǆǒǄƪǃå ÷ƓƞïƙƪǙå ûïõ ǏǄƵ Ɠǌƕǒïíƙā 

5.  Üÿǒíǒƽƙƪǆǃå èƓƞƓơ ûƼā Ɨƛǒíơǃå ïíƓƮǆǃƓƕ ĄƓǒāǈƪ ðǂïǆǃƓƕ èƓǆāǄƶǆǃå ïíƓƮǆ Ɨǒǆǈƙ
 èåïāõƙǃå Ɨƕǂåāǆǃ.ÿǒƛơƓƕǃåā ÿǒƪíǈǌǆǄǃ ƗǒǆǄƶǃå ƗƼïƶǆǃå Ɨǒǆǈƙā 

6.  Ǒǈāïƙǂǃå ƴƿāǆ ýǚƤ ÿǆ èǈïƙǈǙå ƗǂƕƬƕ ýƓƞǆǃå èåî ƗƽǄƙƤǆǃå èƓƪƪâǆǃå õƕï
 ǑƼ Ɨǒƕǒïíƙ èåïāíƕ ÿǒíǒƽƙƪǆǃå èåïƓǌǆ çíƓǒð ā ǑǆǄƶǃå éơƕǃå ýƓƞǆ ǑƼ óƮƤƙǆ

.èƓǆāǄƶǆǃå Ɨǒǈǀƙ ýƓƞǆ 
îìƑƬǄǁä 

]1[ƤƙƪǙå ƗǒǂǒǆƓǈǒí . ǑƬāíƓǂǃå íǆơá ÿǒƪơ. ǑƼ Ɠǋïāíā èƓǆāǄƶǆǃå ïíƓƮǆǃ þåí
 ƗǒǆǒíƓǂá :ïāðǈƞ ù.ĄƓƞîāǆǈ ÿƙǒǃð èǈǆƪá ƴǈƮǆƕ ÿǒǄǆƓƶǄǃ ƗǒǆǄƶǃå ƗƼïƶǆǃå ûǒƕõƙ

ÜƓǒǄƶǃå èƓƪåïíǃå2007 )ƗǃƓƪï ïǒƙƪƞƓǆ.( 
[2].Alison Jane & Pat Dixon . Measuring electronic information 

resources use.- a transferable quality framework for measuring 

value VINE; Emerald Group ,2004 available at 

www.ingentactionnect.com  visited date  10/09/2019. 

[3].Malaysian Journal of Library & Information Science, Vol.2, 

no.2, December 1997: 57-92   

]4[.ǈ ëƓƙǆ :ïƑåðƞǃå .ïǒǒƪƙǃå þāǄƵā ƗǒíƓƮƙƿǙå þāǄƶǃå ƗǒǄǂ Ü ƗǒíƓƮƙƿǙá èƓƪåïíǃå ăíƓ
: ǏǄƵ   www.clubnada.jeeran.com : çïƓǒðǃå ƣǒïƓƙ12/12/2019 
]5[. :ǏǄƵ ëƓƙǆ .ïǆƙâǆǃå ƗƽǒơƮ .ïǒíāǃ üåðǒƓǂ ÿǒǃƓƙ

http://www.almutmar.com/index.php?id=20089854  çïƓǒðǃå ƣǒïƓƙ
:12/12/2019 
]6[. Ɨǒƞāǃāǈǂƙǃå ƗƶǆƓƞǃå-  èƓƕƪƓơǃå þāǄƵ þƪƿ-  ǑƵƓǈõƮǙå ßƓǂîǃå ÷ïƼ. ǏǄƵ ëƓƙǆ

 :ǏǄƵ ëƓƙǆ .ƗƞǆïƕǄǃ Ǒƕïƶǃå ûǒïƽǃå  ƴƿāǆhttp://arabteam2000- forum.com  
 :çïƓǒðǃå ƣǒïƓƙ02/01/2019þ 

http://www.ingentactionnect.com/
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]7[. Ɨǆíǀƙǆǃå ƗǒƕƪƓơǆǃå èƓǆāǄƶǆǃå þöǈ ÜôāƵ ƗƙƓơƬ ïǒǆƪā ăíǒƶƮǃå íǆơá þǒǋåïƕã
ùùùùù.  ÜƗǒƪíǈǌǃå ïåíǃå ÜçïǋƓǀǃå2000.þ 
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Ј϶ЯвЮϜ 

 ÷āǈǃå åîǋ áíƕ éǒơ ÜþƓǒǙå ǉîǋ åïƓƬƙǈå þǄƶƙǃå èåāíá þǋá ÿǆ ǑǈāïƙǂǃǗå þǄƶƙǃå íƶǒ
 þǄƶƙǃå íƵƓƪ  éǒơ .èƓǆāǄƶǆǃå Ɨǒǈǀƙ ýƓƞǆ ǑƼ ïǆƙƪǆǃåā öāơǄǆǃå ïāõƙǃå íƶƕ ïāǌöƕ

ǑǈāïƙǂǃǗå  ăá ÿǆ ïǒƕǂ ƗƵïƪā Ɨǈāïǆƕ èƓǆāǄƶǆǃå Ǐǃå ýāƮāǃå ǏǄƵ ïǒƕǂ ýǂƬƕā
ǏǄƵ ā .èƿā ăá ǑƼā ÿƓǂǆ  ƗǒǆǒǄƶƙ ßåíá ǊǈƋǂā āíƕǒ íƿ ǑǈāïƙǂǃǗå þǄƶƙǃå ÿá ÿǆ þƹïǃå

 ÿǆ ǉïǒƕǂ ƗƵāǆƞǆ ÿá öơǚǒ éǒơ Üüǃî ñǂƵ āǋ ƴƿåāǃå ÿǂǃā ÜóƤƬ ăǕ ǊơƓƙǆ
 úƶư ÿǆ ÿåíǄƕǃå ÿǆ íǒíƶǃå ǑǈƓƶƙ Ɠǆǂ èǈïƙǈǗå Ǐǃã ýāƮāǃå ÿāƶǒõƙƪǒ Ǚ ñƓǈǃå

 ǑƼ Ɠǈðǂï Üæƕƪǃå åîǌǃ .èǈïƙǈǗåā èǙƓƮƙǚǃ Ɨǒƙơƙǃå Ɨǒǈƕǃå õǒǄƪƙ ǏǄƵ Ɨƿïāǃå ǉîǋ
 Ɠǌǆǋåā çïǒƕǂ èåðǒǆ ÿǆ Ǌǃ Ɠǆǃ ƗǒǈāïƙǂǃǙå þǒǄƶƙǃå ÷åāǈá ÿǆ ÷āǈǃå ǉîǋ ǏǄƵ ßāưǃå
 èǈïƙǈǙå ƗǆíƤ Ǐǃå ǊƞƓơǃå ÿāíƕ þǄƶƙǃå ƗǒǈƓǂǆåā èƓǈƓǒƕǃåā èƓǆāǄƶǆǃå Ǒǃå ýāƮāǃå

 ûƕƓƪǃå ýǂƓƬǆǃå ā èƓƕāƶƮǃåā èƓǒíơƙǃå  ǏǄƵ æǄƺƙǃå ǑǃƓƙƕāƓǋïǂîÜ éǒơ  ƓǈǃāƓǈƙ
ǃå ôƶƕ ā ƗǆíƤƙƪǆǃå ƗǒǆǄƶƙǃå èƓƮǈǆǃåā Ɲǆåïƕǃåā ǑǈāïƙǂǃǙå þǒǄƶƙǃå ÷åāǈå ÿǆ æǈåāƞ

 ÿāíƕ ôƶƕǃå Ɠǌưƶƕ ƴǆ ƗƽǄƙƤǆǃå çðǌƞǙå ýǒƮāƙ Ɨǒƽǒǂ Ǒǃå ƗƼƓưǗƓƕ ƓĄǒǃƓơ ƗơƓƙǆǃå
ƗǒƑƓƮǀƙƪå Ɨƪåïí ýǆƶƕ Ɠǈǆƿ Ü åĄïǒƤá .èǈïƙǈǙå ƗǆíƤ Ǒǃå ǊƞƓơǃå  ƴǆ (ÿƓǒƕƙƪå)

mailto:Abdelsalam.elrashdi@gmail.com
mailto:mjdy161616@gmail.com
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íƶƙǆ èƓǆāǄƶǆ ƴǆƞǃ  Ǌǒơưāƙ èƓõõƤǆ þǒǄƶƙǃå èƓƕāƶƮǃåā ýǂƓƬǆǃå Ɠǌǈǆ Üçí
 ǏǄƵ íǆƙƶǆ ïǒƺǃå ǑǈāïƙǂǃǙå þǒǄƶƙǃå ǑƼ ÿǒǆƙǌǆǃå  ßåïå îƤå Ɠưǒå ǑǃƓơǃå ǑǈāïƙǂǃǙå

ýǒǄơƙ þƙ éǒơ .èǈïƙǈǙå ƗǆíƤ ǉîǋ ƝƑƓƙǈǃå  ÷āǈǃå ǉîǋ þåíƤƙƪå ƗǒǈƓǂǆå Ăíǆ Ɠǆ ƗƼïƶǆǃ
.ƗǒǆǄƶƙǃå ƓǈƙƓƪƪâǆ ǑƼ þǒǄƶƙǃå ÿǆ 

:ƕǐƟƑƗƻǄǁä çƑǄǂǀǁä Ǘå þǄƶƙǃå èƓƮǈǆǃå ÜèǈïƙǈǗå ïƕƵ ǑǈāïƙǂǃǗå þǄƶƙǃå ÜǑǈāïƙǂǃ
èǈïƙǈǗå ÿāíƕ ǑǈāïƙǂǃǗå þǄƶƙǃå Ü ƗǒǆǒǄƶƙǃå 

 

Abstract:   

E-learning is one of the most important tools for education today, 

this type of learning has started after the remarkable and 

continuous development in information technology. E-learning 

provides good opportunities for many people to access information 

anytime, anywhere, even in difficult environments. Although e-

learning may seem available to anyone, but the reality is the 

opposite, It is noted where many people do not have access to the 

Internet also many countries suffer from poor communication 

infrastructure and bad Internet connection. For this reason, In this 

paper, we focused on shedding light on this type of e-learning 

because of its great advantages, the most important of which is 

access to information and data and the possibility of learning 

without the need for internet service, and thus overcoming the 

aforementioned challenges, difficulties and problems. . Where we 

dealt with some aspects of the types of e-learning, programs and 

learning platforms used and currently available, in addition to how 

to connect the different devices with each other without the need 

for internet service. Finally, we conducted a survey (questionnaire) 

with clarifying charts to collect multiple information, including 

problems and difficulties, current e-learning as well as taking 
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opinions of those interested in e-learning that is not dependent on 

the Internet service. Where, these results were analysed to see the 

extent of the possibility of using this type of education in our 

learning institutions. 

Keywords: (E-learning, online E-learning, offline E-learning, 

educational platforms, E learning without internet) 

1- Introduction  

Since the beginning of the year, the world is going through a rare 

pandemic, Covid-19 Coronavirus pandemic that put the world into 

economic andsocial crises. Without a doubt, the new pandemic as 

negatively affected all aspects of life. The education is one of 

purviews that   have been affected by this pandemic. Where, most 

of the universities, schools and educational centers have been 

closed. Thus a lot of educational institutes and organizations have 

to find a suitable solution for this problem. One of these solutions 

is E-learning which provides good opportunities for many learners 

to access information at anytime, anywhere, even in difficult 

environments. As e-learning contains two types that are offline and 

online E-learning. We will discuss the first type (offline E-

learning) and its features well as the most important educational 

platforms that are used to interact between learners and 

information stored in central servers.    

2- Problem statement 

Even though the E-learning term has existed for over a decade, 

scientific research has not given enough attention to studying 

methods that helps to motivate e-learning. In this paper we focused 

on many problems related to online E-learning, for example. The 

availability of E-learning since a lot of people does not have access 

to the Internet. Many countries suffer from poor communication 



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   мту 

 
 

infrastructure and bad internet connections. Furthermore there is 

no sufficient knowledge of the various platforms concerned with e-

learning as well as no motivation from software developers to 

design platforms related to E-learning.  

3- Paper objectives 

Main   paper objectives have been divided into three  part, the  first 

one is concentration on types of E-learning as well as the 

similarities and differences each type also make some comparisons 

between the different types. Second one the hardware solutions, 

trying to provide some solutions that may contribute to solving the 

problem of unavailability of internet service or weak 

communication infrastructure. Last part about software, and 

highlighting the importance of educational platforms the e-learning 

process as well as taking hint the most important educational 

platforms used. 

4- Electronic learning 

E-learning refers to the use of information and communication 

technologies to access online learning and teaching resources [1]. 

E-learning is one of the most important tools for education today, 

This type of learning has started after the remarkable and 

continuous development in information technology. We can have a 

access to the libraries situated in different countries[2]. E-learning 

provides good opportunities for many people to access information 

anytime, anywhere, even in difficult environments.  EΆlearning 

approaches are becoming more popular in the world.[3] .E-

learning comes at a time of great transformation in how individuals 

and organizations learn and how they transfer learning into 

performance in the  classroom [4]. 
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5- Types of E-learning 

5.1- Online E-learning (Synchronous E-learning) 

Online E-learning is the most E- learning prevalent and popular 

type. This type depends on direct and rapid interaction between 

learner and teacher. Synchronous learning is one type of electronic 

learning that depends on real-time learning, where a group of 

people are engaging in learning process simultaneously. Even 

though online learning occurs at the same time, learners donôt have 

to be in the same place, or even in the same location. Synchronous 

E- learning enables learners to ask questions and receive answers 

in real time, so both teacher and learner have to access internet at 

the same time. Some examples of online E-learning are Interactive 

lectures, Video conferencing and Google classroom [1]. 

5.2- offline E-learning (Asynchronous E-learning) 

On the other hand, asynchronous E-learning students are able to 

obtain information and knowledge without needing to access 

internet. The learners and teachers can share information and ask 

questions but in different times. Where, all these activities are not 

simultaneous. We define the off-line learning as one in which the 

learner knows the sequence of elements in advance [5]. In an 

asynchronous learning environment students are able to actively 

get information, share knowledge and interact with their 

colleagues with no need to access the internet. Where storing data 

on a local server. We can connect to it at any time without the need 

for an Internet service. Examples about data stored in   server   off-

line: video courses on YouTube, Email messaging, TV lectures 

and offline assignments, Offline learning also supports working as 

team between learners and teachers, even when participants cannot 

be online at the same time. [6]. 

 



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   мул 

 
 

6- Comparison between  Synchronous E-learning and  

Asynchronous E- Learning 

Without a doubt, the comparison between synchronous E- learning 

and asynchronous E- Learning is very important to determine the 

appropriate type that is suitable to our environment and existing 

capabilities. we have to know more about all challenges and 

difficulties, as well as numerous studies related to E-learning in 

generally then we will  try to find the appropriate solutions [7]. For 

example: offline interaction issues. The most important problems 

of e-learning are due to teacherôs inability to answer studentôs 

questions immediately. On the other hand during online- learning, 

students can make real time interaction, as shown in table 1.  

 

Table 1: Comparison between online and offline e learning 

 

Online e learning 

 

Offline e learning 

Student learns at the same 

time 

Student learns at 

different times 

Interactive  happens in 

real time 

Interactive  is not real 

time 

Possibly more engaging 

and effective 

Possibly more convenient 

and flexible  

Allows feedback 

immediately  

Not Allows feedback 

immediately 

 

7- Hardware solutions 

The hardware solution is connecting different devices that used in 

E learning such as (desktop, laptop, tablet, iPad, mobile telephone  

...etc.), with the central server of the university or Institute via 

telephone networks without needing to access an internet service. 

In other words, we just need to connect the university's local server 

with data center of communication companies to ensure that there 

is a connection between clients and local server [10]. 



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   мум 

 
 

8- Educational platforms for  E-learning 

An educational platform is a set of interactive online services that 

provides many features for teachers, learners and others. These 

services help us in sharing data and information as well as 

exchanging experiences. Using this platform improved professor-

student communication and increased students satisfaction for 

courses[8]. The most two educational platforms used nowadays 

are: Moodle and Google Classroom. 

8.1-Moodle 

Moodle stands for Modular Object-Oriented Dynamic Learning 

Environment is the most used educational platform in university 

courses came after a series of international internships.  Moodle is 

a learning platform originally designed by Martin Dougiamasit 

was released on 20 August 2002[8].   It is an educational platform 

that provides many features and services   for both leaners and 

teachers. Teachers can use Moodle to manage courses, interact 

between students and teachers as well as making lessons. Learners 

can use Moodle to view lectures and videos related to courses, 

submit reports, assignments and take exams. Moodle is used by 

many educational organizations over the world to provide a 

controlled   and centralized management for e-learning. 

8-2- Google Classroom 

   Google Classroom is educational platform from Google 

Company with G -Suite for Education. It was released publicly on 

August 12, 2014 [10]. Google Classroom has been introduced as 

an educational platform  of the Google Suite for educational 

purposes[9]. It enables Teachers to make an online classroom then 

invite learners to the class, as well as they can create assignments, 

reports, and quizzes. Within the Google Classroom teachers can 

evaluate all activities online [11]. 

9- Results and Discussions 



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   мун 

 
 

In order to support our paper we did questionnaires for a group of 

teacher and professors interested in e-learning. We asked questions 

regarding E-learning especially offline learning including 

advantages and disadvantages as well as education a platforms 

used in E learning. After collecting and analyzing data from 

questionnaires, the results of the most important questions were 

presented in charts. The results for each question will be viewed as   

percentage.  The questions were as following: 

What is your information about electronic Learning (E-

learning)? 

The result was 44.8%  of teachers had an intermediate knowledge  

of  E learning, Whereas 37.9%  of teachers  their knowledge of e-

learning were  good enough, and 10.3% of teachers and professors 

had got a very high knowledge of e-learning as shown in figure(1). 

 
 

Fig. 1: Information about E learning  

 

Do you think that e-learning will be useful for different 

educational institutions? 

Most of the participants agreed on the importance of using e-

learning within educational institutions. (58.6%) of them ñstrongly 

agree,ò while (37.9%)òsomewhat agreeò and ( 3.5%) ñdidnôt  have 
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any answerò and (0%)òSomewhat disagreeò. As shown in figure 

(2). 

 

Fig. 2: E-learning  useful  for  institutions. 
 

Does   your institute use e-learning as an addition or support to 

regular classes? The answers were, (55.2%)ò yesò Whereas 

(44.8%)ò noò. Figure 2 illustrate the results. 

 

Fig. 3: Support to regular classes 

 

What are the most important problems and difficulties facing 

e-learning? 

When I asked about the most important problems related to E-

learning, (76.7%) of the problems were about accessing internet 

services, while (30%) of the problems were related to time 
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management, and (30%), (20%) of the problems were about 

interaction among the students and teachers. Last but not least 

(12%) of the problems were related to technical issues. Note that, 

the participants could choose more than one answer. As shown in 

figure 4. 

 

Fig. 4: The most important problems 

If we apply e-learning without needed access to internet 

service, do you think it would be a good idea?  

The largest percentage of answers to this question was (46.7%) 

ñstrongly agreeò,(33.3%) ñsomewhat agreeò, (13.3%) ñneither 

agree nor disagreeò (not having answers) ,(6.7%)  ñsomewhat 

agreeò. In general, there is agreement from the participants to 

motivate the idea of offline learning. As shown in figure 5. 

If we can access to educational platforms such as (Moddle, 

Google classroom) without needed access to internet service, to 

overcome the problems of Poor, unreliable or very limited 

data, it would be a good idea? 
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Fig. 5: E learning without internet services 

 

Most of the participants liked the idea of using educational 

platforms without internet service. (60 %) ñstrongly agree,ò.(23%) 

ñsomewhat agreeò,(13.3%) ñdon't have any answerò. (5.7%) 

ñstrongly disagreeò. As shown in figure(6) 

 

Fig. 6:  Access to educational platforms without internet 

 

Conclusion 

This paper discussed many important subjects related to offline E 

learning. We introduced many questions to the participants, the 

most important research questions were :  Does your institute use 

e-learning as  an addition or support to regular classes?, What are 

the most important problems and difficulties facing e-learning?, If 

we apply e-learning without  needed  access to  internet service, do 

you think  it would be a good idea? 
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After collecting information and analyzing data, we have 

unequivocally confirmed the importance of focusing on e-learning 

that does not require internet service. As this type of e-learning 

contributes to the increase and spread of e-learning significantly.  

Offline learning helps us to save a lot of time and effort to 

complete different educational activities; moreover, we highlighted 

the importance of educational platforms in the e-learning and 

encouraged developers to design offline platforms. 
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Abstract 

The utilization of WiMAX technology has led to an increasing 

number of base stations being built in populated regions. Repeated 

exposure to WiMAX electromagnetic radiation has raised public 

worry of probable health impacts to individuals in the vicinity of 

WiMAX Base Stations. The estimation of the power density of the 

radiation is achievable by knowing the antennaôs technical data 

and the location of the exposed person. In this a paper, Theoretical 

assessment of power density is performed on areas near WiMAX 

base stations and compared to the recommendations provided by 

the International Commission on Non-Ionizing Radiation 

Protection (ICPNIR).[1] 

ЉϷЯгЮϜ 

ƗǒƪƓƪǕå èƓõơǆǃå ííƵ çíƓǒð Ǐǃã ñǂƓǆ ăåā Ɨǒǈǀƙ þåíƤƙƪå Ăíá  ǑƼ ƓǋâƓǈƕ þƙ Ǒƙǃå
 ïƓƛá ǑƪǒõƓǈƺǆāïǌǂǃå ñǂƓǆ ăåā ÷ƓƶƬǗ ïïǂƙǆǃå ôïƶƙǃå .ÿƓǂƪǃƓƕ ƗǃāǋƋǆǃå ûõƓǈǆǃå
 ǉîǋ ÿǆ æïǀǃƓƕ ÿāƬǒƶǒ ÿǒîǃå íåïƼǕå ǏǄƵ ƗǄǆƙơǆǃå ƗǒơƮǃå ïƓƛǓå ÿǆ ñƓǈǃå ûǄƿ

 .èƓõơǆǃå 
ǆā ǑƑåāǌǄǃ Ɨǒǈƽǃå èƓǈƓǒƕǃå ƗƼïƶǆ ýǚƤ ÿǆ ÷ƓƶƬǗå ûƼíƙ çïíƿ ƗƼƓƛǂ ïǒíǀƙ ÿǂǆǒ ƴƿā

 ǑƼ çïíǀǃå ƗƼƓƛǂǃ ăïöǈǃå þǒǒǀƙǃå ßåïƞã þƙ ÜƗƿïāǃå ǉîǋ ǑƼ .÷ƓƶƬǘǃ ôïƶǆǃå óƤƬǃå
 ÿǆ Ɨǆíǀǆǃå èƓǒƮāƙǃƓƕ ƓǌƙǈïƓǀǆā ƗǒƪƓƪǕå ñǂƓǆ ăåā èƓõơǆ ÿǆ Ɨƕǒïǀǃå ûõƓǈǆǃå

) ÿǒâǆǃå ïǒƹ ÷ƓƶƬǗå ÿǆ ƗǒƓǆơǄǃ Ɨǒǃāíǃå ƗǈƞǄǃåICPNIR.( 

mailto:zeyad.alkawash@sabu.edu.ly


 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   муф 

 
 

Introduction 

The amount of power density radiated from WiMAX base-station 

antennas and its impact on the individuals, is an issue that has been 

concerning the general public, researchers and experts for a long 

time. The limits for occupational and public exposure in a certain 

distance from antennas are published by some international 

organizations like World Health Organization (WHO) and 

International Commission on Non-Ionizing Radiation 

Protection (ICNIRP) . These recommendations are used as a 

reference to make a decision if the radiation level is permissible 

for occupational and public.[1] 

Despite all these researches and debates that differ about the 

existence of environmental and health damages, it is compulsory to 

evaluate the radiation and use these technologies in a rational way 

to protect our health from damages that may be hidden at the 

present time.  

WiMAX base stations employ collinear antennas which are 

generally an array of dipole antennas. Theoretical methods are 

utilized to estimate the radiation level versus distance for these 

antennas. The theoretically estimated values are then compared to 

ICNIRP guidelines for public. A Matlab code is used to estimate 

power density in the vicinity of WiMAX base station . [2] 

 

Power density 

The power density can be defined as the flow rate of 

electromagnetic energy per unit area. It is used to measure the 

amount of radiation at a given point from a transmitting antenna. 

This quantity is expressed in W/m
2
. [3] 

Theoretical power density estimation can be used to establish 

guidelines for limiting EMF exposure that will  give protection 

against health effects.  
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The power density (Pd) of the Table below gives a summary of the 

exposure limits  for the three areas that have become the focus that 

concerning the general public.[2] 

TABLE  1. ICNIRP,  EMF guidelines, Health Physics  

The formula below can be used to approximated Power density at 

the antenna aperture:[3] 

3
0'

τʌ2
                                                  ρ 

S = power density  ὡȾά . 

R = distance to the center of radiation of the antenna in ά. 

G = power gain of the antenna in the direction of interest relative 

to an isotropic radiator. 

P = power input to the antenna  ὡ. 

The power density of aperture antennas can be calculated using the 

formula showed below: 

 

3
τ0

!
                                   ς 

3  = maximum power density at the antenna surface. 

ὃ  “z ὈȾς   Physical area of the aperture antenna and  

D = antenna diameter. 

P = power fed to the antenna. 

For the far-field region which is described by the following 

equation: 

Frequency 900 MHz 1.8 GHz 2.45 ï 3.5 GHz 

Public 4.5 (W/m
2
) 9 (W/m

2
) 10 (W/m

2
) 

Occupational 22.5 (W/m
2
) 45 (W/m

2
) 50 (W/m

2
) 
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Ὑ
ςὈ

‗
                                                σ 

‗  wave length. 

Ὀ linear dimension of the antenna. 

In the far-field region of the antenna the power density declines 

inversely as the square of the distance, and can be approximated by 

equation (1). By assuming field impedance  Zo = 120ˊ å 377 ɋ, 

the equivalent power density (ὖ) can be calculated by the next 

formula: [4] 

ὖ πȢπχωφ ὔ 
ὖ

Ὑ
ρπ                       τ 

0 = power density in 7ȾÍ  

0  is the radiated power from each antenna in W. 

'  gain of base station antenna in dB. 

. number of antenna. 

RESULTS AND DISCUSSIONS 

The peak power density over the distance was estimated by means 

of the above mentioned theoretical scheme in WiMAX 

applications.[5] 

It is clear from figures (1) (2) and (3) that the power density 

radiated form one antenna with power gain ranges from 5dB to 

15dB and input power ranges from 30 to 100 watts complies with 

ICNIRP guidelines.  
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Figure(1). The relationship between power density and distance when 

N= 1 ,G=5dB and ὖ [30 50 80 100] 

 
Figure(2). The relationship between  power density and distance when 

N=1, G=10dB and  0 [30 50 80 100] 
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Figure (3). The relationship between power density and distance when 

N=1,G=15dB and  0 [30 50 80 100] 

Figures (4) (5) and (6) demonstrate that the power density radiated 

form three antennas with power gain  extends from 5dB  to 15dB 

and input power ranges from 30 to 100 watts is less than 10 

(W/m
2
) which is works in allowable range. 

 
Figure (4). The relationship between power density and distance 

when N=3, G=5dB and    0 [30 50 80 100] 
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Figure (5). The relationship between  power density and distance when 

N=3, G=10dB and  0 [30 50 80 100] 

 
Figure (6). The relationship between power density and distance when 

N=3, G=15dB and  0 [30 50 80 100] 

It is obvious from figures 7 and 8 that the power density radiated 

form five antennas with 5dB and 10dB gain and input power 

ranges from 30 to 100 watts is still permissible in reference with 
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ICNIRP guidelines (for General public 10 W/m
2). However, in 

case of a base station with five antennas and 15dB power gain the 

power density exceeds the recommended value when transmitting 

at 100 w and the individual is not far from the base station by 13m. 

 
Figure (7).  The relationship between power density and distance when 

N=5, G=5dB and    0 [30 50 80 100] 

 
Figure(8).  The relationship between power density and distance when 

N=5, G=10dB and 0 [30 50 80 100] 
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Figure (9).  The relationship between power density and distance when 

N=5, G=15dB and 0 [30 50 80 100] 

Conclusion: 

Power Density over distance can be estimated using a simplified 

theoretical scheme considering ideal circumstances for wave 

propagation. [3] 

Theoretical estimation of power density was executed on locations 

tens of meters far from WiMAX base stations and then compared 

to the recommendations provided by International Commission on 

Non-Ionizing Radiation Protection. The estimation procedure was 

made using a MATLAB code and the antennaôs technical data. 

The results show that the experimented base stations comply with 

ICPNIR regulations and exposure is within the permitted levels 

except for the base station that has five antennas when transmitting 

at 100 W and 15dB gain. it exceeds the recommended level. 
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 òƢǂǄǁä 
 ā ÜƗǒǆāǒǃå ƓǈƙƓǒơ ǑƼ Ɨǒǆǋá ÿǆ Ǒǃðǈǆǃå ðƓƺǃå ǊǄǂƬǒ Ɠǆǃ "åïöǈ ǑƼ ýƑƓƪā ăá ïƼāƙ þíƶǃ

) èƓǈåāõƪǕå ïǒƹ Ǒǃðǈǆǃå ðƓƺǃå ƴǒðāƙǃ ƓǈíǚƕLPG éơƕǃå ăïāïưǃå ÿǆ ÿƓǂ üǃîǃ (
) þƞơ èåî ðƓƺǃå èƓǈåāõƪå óƑƓƮƤ ÿǒƪơƙā ïǒāõƙ ƗǒǈƓǂǆã ƗƪåïíāLPG36L.( 

 ýǀǈǃå ýǒǌƪƙǃ üǃîā ƗǈåāõƪǙå ÿðā ÿǆ ýǒǄǀƙǃå āǋ ÷āưāǆǃå ǑƼ ƗǆƓǌǃå õƓǀǈǃå íơá ÿǆā
ǀƙā ƗǃāƓǈǆǃåā ÷āưāǆ ƗǈåāõƪǙå ÷āǈ íǒíơƙ þƙ úíǌǃå åîǋ ûǒǀơƙǃā .êƓƙǈǙå ƗƽǄǂƙ ýǒǄ
 Ǒǋā ƗƪïåíǃåLPG 36L) þƞơ ǏǄƵ Ɨƪåïí èǒïƞå ÿåā ûƕƪ Ǌǈå ÿǒơ ǑƼ (LPG26L 

 ñïƓǆ ƣǒïƓƙƕ Ɨǒǈǀƙǃåā þāǄƶǃå ƗǄƞǆ )ǑƼ ƴƕƓƪǃå ííƶǃå èïƬǈ Ǒƙǃå2016  ÿåāǈƵ èơƙ
Development of Locally) Produce Gas Cylinder Design (LBG) and 

Compared the Design with International Standards.)  

 ƴǒǈƮƙ ǑƼ ýǆƶƙƪǆǃå ÿíƶǆǃå üǆƪ ýǒǄǀƙ ýǚƤ ÿǆ ÿāǂǒ ƗǈåāõƪǙå ÿðā ýǒǄǀƙ ÿå
 èƓƽƮåāǆǃå ǑƼ Ǌƕ ëāǆƪǆǃå ïƓõǙå ÿǆư ýǒǄǀƙǃå üǃî ÿāǂǒ ÿå ǑǄƵ ƗǈåāõƪǙå ýǂǒǋ

) èƓǈåāõƪǕå ƴǒǈƮƙ ǑƼ ƗǄǆƶƙƪǆǃå ƗǒǃāíǃåISO4706 ĲISO 6892- ISO22991 
and BSI5045  ƓǋííƵ ÿƓǂā èƓǈåāõƪǙå ÿǆ ƗƵāǆƞǆ ƴǒǈƮƙ þƙ Ɨƪåïíǃå ëƓƞǈǃā (
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 Ɨƶƪ èåî èƓǈåāõƪá ƗƪǆƤ36L   üǆƪƕā Ü3mm  ýíƕ ïƙǆǒǄǄǆ3.5mm  þƙā
. çíǆƙƶǆǃå èƓƽƮåāǆǄǃ ûƕƓõǆǃå ÿíƶǆǃå þåíƤƙƪå 

 ïƓƕƙƤǙå èƓǒǄǆƶǃ èƓǈåāõƪǕå ýǂ èƶưƤå ƝƑƓƙǈǃå íƓǆƙƵå çïāïưǃā ƗǒƶǒǈƮƙǃå èå
 ïƓƕƙƤåā ǑǂǒƙƓƙƪǙå õƺưǃå ïƓƕƙƤåā ăïƮƕǃå úƬǂǃå ïƓƕƙƤå èǄǆƬ íƿā Ɨǒƕǒïƞƙǃåā
 ǏǄƵ èƓƪƓǒǀǃå èǒïƞå üǃîǂā Ɨǒǈǒƪǃå ƗƶƬǕƓƕ úƬǂǃå ïƓƕƙƤåā ßƓǆǃå èơƙ ßåāǌǃå õƺư
 ïƓƕƙƤå ßåïƞå þƙā èƓǈåāõƪǙå Ɨƶƪā üǆƪ ñƓǒƿā íƓƶƕǙåā ÿðāǃå ñƓǒƿ èǄǆƬā èƓǈǒƶǃå

ǒǂǒǈƓǂǒǆǃå óåāƤǄǃ èåïƓƕƙƤǙå ƝƑƓƙǈ ýǂ èǈƓǂā  .èƓǈǒƶǃå ǏǄƵ ïǒƞƽƙǃå ïƓƕƙƤåā Ɨ
 Ɨƕƪǈƕ ƗǀƕƓõǆ èƓƪƓǒǀǃåā99 ƗǒǆǃƓƶǃå èƓƽƮåāǆǄǃ %   . 

) ÿðāǃå ǑƼ ôƓƽƤǈǙå ïåíǀǆ ÿƓǂ íƿā(2.9 Kg  ûƕƓƪǃå ƗǈåāõƪǙå ÿðā ÿǆ
)19.21Kg) Ɨƪïåíǃå ÷āưāǆ ƗǈåāõƪǕå ÿðā ÿāǂǒǃ (16.8KG èîá Ɨƞǒƙǈǃå ǉîǋā (

ǃå ýǒǄǀƙ Ǒǃå) Ɨƕƪǈƕ ƗƽǄǂƙ15.1% .ÿðāǃå ôǒƽƤƙ ýƕƿ èƓǈåāõƪǖǃ êƓƙǈǙå ƗƽǄǂƙ ÿǆ (
.ýƓƞǆǃå åîǋ ǑƼ ïǒāõƙǃåā éơƕǃå çíƓǒðǃ íǒƞ ïƬâǆ Ǒǋ ƝƑƓƙǈǃå ǉîǋ ÿå  

Abstract  

Given the importance of domestic gas in our daily life, and the 

lack of any means in our country to distribute household gas other 

than cylinders (LPG), therefore It is necessary to look for the 

possibility of developing and improving the properties of gas 

cylindersô (LPG36L). One of the important goals in the matter is to 

reduce the weight of the cylinder to facilitate transportation, 

handling and decrease the cost of production.  The cylinder type is 

specified in this paper (LPG 36L). In contrast, of the paper 

published in March 2016 titled with (Development of Locally 

Produce Gas Cylinder Design (LBG) and Compared the Design 

with International Standards, which used cylinder size of 26L).          

Reducing of the cylinder weight is achieved by reducing the 

thickness of the metal used in the manufacture of the cylinder body 
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within the permitted framework in the international standards used 

in the manufacture of cylinders (ISO4706 - ISO 6892 - ISO22991 

and BSI5045). To investigate the success of the study, a group of 

five cylinders with a capacity of 36L was manufactured with a 

thickness of 3mm instead of 3.5mm, and the metal was used 

according to the approved specifications. 

Given the necessity of adopting the results, all cylinders were 

subjected to manufacturing and experimental testing processes, 

which included visual detection, static pressure testing, underwater 

air pressure testing, and X-ray detection tests, as well as 

measurements made on samples, including measuring weight, 

dimensions, thickness and capacity of cylinders. Also, the tests for 

mechanical properties and blasting test have been done on the 

samples. All the tests and measurements were 99% in accordance 

with international standards. [ISO 4706 First Edition 1989-12-01-

Refillable] 

The amount of weight reduction was ((2.9 kg) from the weight of 

the previous cylinder (19.21 Kg), so the weight of the cylinder 

under study was (16.8 kg), and this result reduced (15.1%) of the 

production cost of the cylinders before reducing the weight. The 

results encourage us to do more research and development in this 

area. 

Keywords: Reduce the weight, Dimensions, Thickness, Capacity, 

International standards, Mechanical Properties, Production cost, 

Blasting, Manufacture of cylinders, Gas cylinders. 

1. Introduction 

Liquid petroleum gases were discovered in 1912, realized that 

these gases could be changed into liquids and stored under 

moderate pressure. From 1912 and 1920, LP-gas uses were 

developed. The first LPG cook stove was made in 1912. Varieties 



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нлм 

 
 

of LPG bought and sold include mixes that are primarily propane, 

mixes that are primarily butane, and the more common, mixes 

including both propane (60%) and butane (40 %)  .This paper 

gives the opportunity to modify the standards of gas cylinder that 

are related to reducing of the weight throughout minimizing the 

thickness for domestic gas cylinder.   Minimizing the weight 

means low cost and light product which helps to keep safety, in 

this study a number of gas cylinder with various thicknesses was 

Manufactured in the (77) factory. Then a set of mechanical tests 

was done separately and which, are collecting all the tests results. 

AII the previous tests were the actual application of the gas 

cylindersô specifications relying upon the obtained results a new 

product with new specifications could be adopted.[ Pressure 

Vessel Publishing, Inc:. Design handbook for pressure vessels 

based on the ASME code13. Tulsa, Oklahoma, USA-2004] 

  

2. Experimental Part 

The main objective of this experimental work is to improve the 

design and specifications of the local LPG cylinder for this project; 

a sample of the LPG cylinder was manufactured in the Ibn Al 

Haytham plant. There are gas cylinders manufactured according to 

local specifications, except for metal thickness and sizes. Various 

tests were conducted on the selected gas cylinders and the results 

were compared to international standards. 

2.1 Manufacturing of LPG cylinders.  
The Research samples (LPG36) was manufactured at Ibn Al 

Haytham Center (77), and each sample gave a special symbol and 

a number, so the first cylinder of LPG is (K1) and the second is 

(K2) and so on (K3, K4, K5 .Kn). The LPG cylinder made form 

carbon steel which produced in china. 

2.1.1 Manufacturing Stages in LPG cylinders  

These stages divided into four essential steps: 

2.1.2 Cutting and forming operations. 
This stage involves different steps starting from cutting the raw 

material into the metal passes through the following machines, 

http://en.wikipedia.org/wiki/Propane
http://en.wikipedia.org/wiki/Butane
http://en.wikipedia.org/wiki/Propane
http://en.wikipedia.org/wiki/Butane
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cutting steep of row material , deep drawing step trimming and 

bending operations, bending lower shell. 

  [Design ISO/TC58/SC: Cylinder geometry 

http://en.wikipedia.org/wiki/  2006] 

2.1.3 Welding process:-  

In LPG cylinder two essential types are used, Inert gas electrical 

arc welding and submerged arc welding. 

 [ISO 7406, Construction International Standard: steel products for 

welded gas cylinders: (1.12.1981)] 

  2.1.3.1 Inert Gas Electrical Arc welding.  
The Inert gas electrical arc welding operation is used in LPG 

cylinders to weld the base and the handle of cylinder.  

 2.1.3.2 Submerged Arc Welding  

In this process, the upper and lower sections of cylinders were 

welded together by Automatic submerged arc welding to 

circumferential   the joint of upper and lower sections of the 

cylinders... 

2.1.3.3 Weld of bung 

The valve base welded by Automatic submerged arc welding on 

the upper section of the cylinders.. 

Development of Locally Produce Gas Cylinder Design (LBG) and 

compared the design with International Standards.  

3. Heat Treatment Process  

After completion of welding, the integral cylinders treated at a 

Temperature of (900 ~920 C) for a period of ( 10 ~15 minutes ) to 

relief stress of cylinders as shown in figure(1),[ Refillable Welded 

Steel Gas cylinders For LPG. 2007-08-01] 

 

4. Final product cylinder 

After treating the cylinder with heat, the surface of final product 

clean by shot of metal granule to remove any oil, grease, dirt, 

black layer or foreign material from the surface of LPG cylinder. 

http://en.wikipedia.org/wiki/
http://en.wikipedia.org/wiki/2006
http://en.wikipedia.org/wiki/August_1
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This part includes the description of the tests carried out to 

investigate the quality of the cylinders manufactured with new 

dimensions. 

The mechanical tests and the macro examination have been 

done to check the properties of the parent metal and welds of 

pressure container part of the cylinders were carried out on test 

species taken from finished cylinders. [48. American Society for 

Testing and Materials, ASTM D 2784-98 Standard Test Method 

for Sulfur in Liquefied Petroleum Gases]  

 
Figure (1) finish product of LPG samples (cylinders) 

 

5. Visual examination  
All cylinders K group were subjected to a visual examination after 

the weld has been completed, by. [ Megyesy, Eugene F:Pressure 

Vessel Handbook: (2004, 13th ed.)]   

5.1 Hydrostatic Pressure Test 

In this test, the cylinder remain under pressure large enough to 

ensure that no leakages observed, but not lay than 30 sec. Then the 

gas cylinder is inspected visually by monitoring the pressure drop 

or the water leakage from the cylinder. [ISO6892: Hydrostatic test 

topic is a stub: Retrieved from (2003-1-5)]  

5.2 Pneumatic Test 

 It is made after painting process where an air pressure of 

(15Kg\Cm) is injected in the cylinder then the cylinder submerged 

in the water.                                            
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A specialist checks the section visually to detect any air leakage 

from the cylinder or the valve. Thirty seconds are enough to detect 

any leakages. 

5.3 Radiographic Examination  

This test is conducted on the welding joint of gas cylinder. The 

circumference and longitudinal welds are exposed to X-ray to 

inspect the internal defects for the K samples.  

5:4 Burst TestAs can be seen in the table (1) "17" gas cylinder 

checked for burst test.  
Table (1) (K) samples tests burst and mechanical 

 

An empty cylinder and a water filled cylinder are both weighed 

separately and then they connected by a burst deuce.  The water 

quantity sucked by the pump is registered when the pressure 

reaches 35 Bars. The pump is kept pressurizing the water into the 

cylinder until the indicator stops then the reading of the pressure 

indicator is registered. 

5.5 Tensile and bending tests 

Tensile specimens perpendicular to the weld were machined 

according to ISO 6890 standard,  

two specimens tested for each gas cylinders, the testes were carried 

out using a Machine-Type WE -600 B- Grade of Max testing force 

600KN the ultimate tensile strength elongation at average were 

determined for each cylinder, the bend test specimens were 

perpendicular in accordance with ISO 6892 standard shown in 

table (2 ) dimensions of tensile and bending in metal piece LPG 

[ISO 4136 Tensile test on welds] 
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      Table (2) Dimensions Tensile & Bend  in metal  piece LPG 

 

(K3,K4)tensile test parent metal in the geometric longitude 

direction of the cylinder and tensile  test  perpendicular to the 

circumferential  weld and bend test on the  topside of the 

circumferential  weld and  bend test on the  underside  of the  

circumferential weld as shown in figure ( 2 ).    

 
Figure (2) tensile and bend specimens 

 

.6Results and Measurements of LPG 36L 

6.1 Hardness Measurements  

Eight gas cylinders were selected for hardness test, the average test 

of "k" samples 114.6±14027.Applied test force (30Kg f ), duration 

time of test force (15 s) 

Standards Dimensions of the test piece (Tensile) Samples 

 

ISO 6892 

 

Total 

length. 

(mm) 

Width of test 

piece (mm) 

Carve (R) 

25-40mm 

Thickness 

 

± 0.1m 3 

 

K grope 

 

80150-1 ± 0.530 

Dimensions of the test piece (Bend) 

150-180 20 ----------- 3± 0.1m 
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Test method was carried out according to [BS EN ISO 6507-

1:2005.]  

 6.2 Results Of Tensile Stress At Fracture 

Tensile strength test for the weld of the cylindrical part was 

achieved in the perpendicular direction to the weld and then the 

results of this test put in a comparison with the international 

standard as in the Table (4.8).The tensile strength was within the 

range of [ ISO6892 and BS5045 standard ]  

6.3 Dimensions and Measurements 

Figure and table ( 3 ) shows the exterior diameter, total height, 

outside diameter of footing ,Measuring the dimensions of the new 

cylinders were also necessary, outside diameter of shroud for (k1 to 

k5)samples  ,which were produced at Factory (77) ïEbn  

Alhaitham Centre for industries 

 
Table ( 3 ) Dimensions of the cylinder  dimensions  in millimeters 

Outside 

diameter of 

shroud 

Outside 

diameter of 

footing 

Total height 
Interior 

diameter mm 

Exterior 

diameter mm 

200±5 264±2 668±5 311 317 
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Figure ( 3 ) dimensions of the cylinder 

 

6.4 Thickness Uniformity Test:  

Ultrasound device (DM3) is used to measure the thickness of 

the cylinder. Thickness measurements were made at different 

locations on the cylinder's body and values of the thickness 

were obtained as in  the table and the  figure (4). [Cylinder 

(geometry): In Wikipedia, The Free Encyclopedia: 

(2006,December 13)].  
Table ( 4) measuring new thickness  (The second  samples K1 to K5 ) 

Thicknes

s of foot 

ring(base

) 

Thicknes

s of 

shroud 

(base) 

Thicknes

s at joint 

of weld 

Thicknes

s at carve 

Min 

wall 

thicknes

s 

Nominal thickness of 

material 

2.5±0.1 2.5±0.1 3.35±0.2 

0.2

±

2.8 

0.22.8

± 

3±0.

1 

 

 
 

Figure ( 4 ) Thickness of the cylinder used in this work 
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Table ( 5) weight for cylinders (Kg) 

Produced 

by(77) factory 

kg 

 

Serial No Age-

Old For 

Cylinder 

Project 

Samples 

Kg 

Serial no 

Of cylinders 
Samples no 

19.200 4791 16.4 41152 K1 

19.300 3230 16.35 40061 K2 

19.250 32833 16.4 21055 K3 

19.10 33344 16.42 17703 K4 

19.20 33543 16.4 41137 K5 

19.21 kg ------- 16.394 kg Average weight 

19.21-16.394=2.816 kg  weight loss of LPG cylinder®15% 

6.5 Measuring of weight for new cylinders (Kg)  
The cylinder was weighed by means of a digital balance whose 

sensitivity of ± 1g. From figure (5), and table (5) It is obviously to 

note that the percentage of weight loss is about 15.1% which it is 

considered as good percentage in compression with the weight 

now used at Factory (77)  

 
Figure (5) weight loss of LPG 

 

6.6 Measurement of nominal capacity for cylinder  
Such a test  was accomplished  according to the  international 

standards  as the capacity is measured by litters which is equal to 

the difference between the weight of the cylinder in (kg) and its 
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weight when it is empty at room temperature, as shown in the 

figure (6) Accordingly, all the samples are accepted according to 

the International Standards. 

 
Table ( 6 ) capacity for Cylinder 

WATER CAPACITY'' 

LT'' 

 

CYLINDER SERIAL NO 
SAMPLES OF 

CYLINDERS 

35.9 41152 K1 

36 40061 K2 

39.94 21055 K3 

35.8 17703 K4 

36 41137 K5 

36.728 Lt Average 

 
 

Figure (6) Water Capacity of LPG Cylinder 

 

Results of the mechanical properties test 

 

7. Tensile test on parent metal  

Tensile test for the parent metal of the cylindrical part was 

achieved in the longitudinal direction the results were obtained as 

in the tables    (7, 8, 9 )  

Tensile test results for stresses at yield as in the table (10) and 

Tensile strength test as in table (11) and engineering strain test on 



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нмл 

 
 

the parent metal as in the table (12) were compared with 

international standards all of results 

 
Table( 7 ) Comparison of the Stresses at yield 

International standard produced in (77) ïEbn  Alhaitham Centre 

for industries 

ISO 

22991: 

2004(E) 

min 240 

MPa 

BSI-BS 

5045 

min 

215MPa 

ISO-6892  

 

min 240 

MPa 

Stress at yield 

MPa 

cylinder 

serial no 
Samples 

Accepted Accepted Accepted 315 21055 K3 

Accepted Accepted Accepted 300 17703 K4 

 
Table( 8 ) Comparison between tensile strength and international 

standards   

       International standard 
produced in (77) ïEbn  Alhaitham 

Centre for industries 

ISO 22991: 

min 

350 to 440 

Rm(MPa) 

BSI-BS 

5045min 

340 to 430 

Rm(MPa) 

ISO-6892 

min 

350 to 440 

Rm(MPa) 

tensile 

strength 

Rm(MPa) 

cylinder 

serial 

no 

Samples 

Accepted Accepted Accepted 435 21055 K3 

Accepted Accepted Accepted 430 17703 K4 

 

Table (9) Comparison between the strain test results and the 

international standards 

 

 

 

International standard 
produced in (77) ïEbn  Alhaitham 

Centre for industries 

ISO 22991: 

2004(E) 

Min 

(22%) 

BSI-BS 

5045 

min (28%)  

ISO-6892 

min (22%) 

strain 

% 

cylinder 

serial no 
Samples 

Accepted Accepted Accepted 27.6 21055 K3 

Accepted Accepted Accepted 28.3 17703 K4 
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7.1 Tensile Test on Welds 

Results for tensile test on welds of cylindrical part on the 

perpendicular to weld direction. Results of     tensile tests for stress 

at yield, tensile strength and results of strain comparison with the 

international standards as shown in Tables (10, 11, 12) 
 

Table (10) Comparison between the test results of the tensile stress 

at yield and the international standards 

International standard produced in (77) ïEbn  Alhaitham 

Centre for industries 

ISO 22991: 

2004(E) 

min 240 

MPa 

BSI-BS 

5045 

min 

215MPa 

ISO-6892  

 

min 250 

MPa 

Stress at 

yield 

MPa 

cylinder 

serial no 
Samples 

Accepted Accepted Accepted 325 21055 K3 

Accepted Accepted Accepted 344 17703 K4 

Table (11) Comparison between the test results of the tensile stress 

at fracture and the international standards 

 International standard 
produced in (77) ïEbn  Alhaitham 

Centre for industries 

ISO 22991: 

min 

350 to 440 

Rm(MPa) 

BSI-BS 

5045min 

340 to 430 

Rm(MPa) 

ISO-6892 

min 

340 to 440 

Rm(MPa) 

tensile 

strength 

Rm(MPa) 

cylinder 

serial no 
Samples 

Accepted Accepted Accepted 460 21055 K3 

Accepted Accepted Accepted 458.7 17703 K4 

 
Table (12) Comparison between the strain test results and the 

international  standards. 

International standard 
produced in (77) ïEbn  Alhaitham 

Centre for industries 

ISO 22991: 

2004(E) 

Min 

(22%) 

BSI-BS 

5045 

min  

(28%)  

ISO-6892 

min  

(22%) 

strain  

% 

cylinder 

serial no 
Samples 

Accepted Accepted Accepted 31 21055 K3 

Accepted Accepted Accepted 33.3 17703 K4 
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7.2 Results of bend test  
The test was carried out perpendicular to the weld using mandrel 

with angle of 180, the specimen has been bent through angle180. 

by the same tensile machine . The results showed that there were 

no cracks,  existed i.e., there are no defects in the welding joints . 

[A.Snafey .E.S:Mechanical.Engineering:.Wikipedia.by.Expandingt 

Man45 (2004).],  

7.3 Results of burst pressure test  
The test results of burst pressure were obtained by burst pressure 

device  and  then compared with the minimum values of the burst 

pressure according to the International Standards. as shown in 

table(13) 

 
Table (13) Burst pressure test results compared with international 

standards  

 

one of the samples, which have been selected and subjected to the 

burst pressure, the shear was perpendicular to the weld while 

others were sheared only in the weld zone as shown in the figure  

(7 )Accordingly, this does not make any difference to the quality 

of the cylinder and all the samples are accepted according to the 

International Standards. [51.ISO 4256:1996 Liquefied petroleum 

gases - Determination of gauge pressure - LPG method (IP 

410/99)] 

 

 

 

ISO 

22991: 

2004(E) 

Min-50 

BAR 

BSI-BS 

5045 

Min -60 

BAR 

ISO-6892 

Min -81 

BAR 

Presser 

at burst 

bar 

presser 

at yield 

bar 

cylinder 

serial no 

sample 

of 

cylinder 

 

Accepted Accepted Accepted 86 52 1152 K1 

Accepted Accepted Accepted 86 54 40061 K2 

accepted accepted accepted 84 51 41137 K5 

http://en.wikipedia.org/wiki/Mechanical_engineering
http://en.wikipedia.org/w/index.php?title=Pneumatic_cylinder&action=edit
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K5-Presser at burst 

84bar 

K1-Presser at burst 

86bar 

K2-Presserat burst 

86bar 

 
 

  

Figure (7) Burst shape of the (K) samples, which have been selected and 

subjected to the burst pressure. 

7.4 Volumetric Expansion At Burst pressure 

After the burst pressure, an expansion has happened to the 

cylinder, which is volumetric expansion at burst. This expansion 

was within the allowable range of the International Standards as 

shown in table (14). 

 
Table (14) Results of the volumetric expansion at burst pressure 

compared with International Standards 

 

7.5 Results of Volumetric expansion at (35bar) Hydraulic Test 

All cylinders were subjected to hydraulic pressure of 35 Kg/ cm 

and maintained for at least thirty seconds to detect if there is any 

leakage in each cylinder. Consequently, the pressure was stable 

International standard Produced in Arrabta Factory 

ISO22991 

min(20%) 

BSI-BS 

5045 

min(22%) 

ISO-6892 

min(22%) 

Volumetric 

expansion at 

burst( %) 

Volumetric 

expansion at 

burst(Lt) 

cylinder 

serial 

no 

Accepted Accepted Accepted 36.1 13 41152 

Accepted Accepted Accepted 40.5 14.5 40061 

accepted accepted accepted 34.2 12.3 41137 
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and did not suffer from any drop so there was  no leakage through 

all the selected samples .as shown in the table (15). 

Table (15) Results of Hydraulic Test 

 

7.6  Results of Permanent Volumetric expansion test 
permanent volumetric expansion values are within the 

allowable range of the International Standards accordingly, all 

the samples are accepted as in the table (16) 

[design,ISO/TC58/SC:Pneumatic. Cylinder] 

Table ( 16) Results of Permanent Volumetric expansion 

 

7.7 Chemical Analysis (Wt. %).  
To determine the chemical composition of the material used the 

two sample were cut and prepared from the metallic body of the 

cylinder and then subjected to a chemical analysis using. The 

obtained results were compared   with the international standards 

and were found accepted as in the table (17). [William Augustus 

 

Results 
Volumetric expansion at (35bar) Cylinder 

serial no % Lt 

no leakage 0.83 0.3 41152 

no leakage 0.84 0.3 40061 

no leakage 0.55 0.2 21055 

no leakage 1.12 0.4 17703 

no leakage 0.97 0.35 41137 
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Tilden. Chemical Discovery and Invention in the Twentieth 

Century. Adamant Media Corporation, 80. ISBN0543916464] 

                                                                                 
Table(17)Chemical Composition (K) Samples 

 

7.8 Radiographic Examination. 

This test was made to the welding joint of the two halves of the 

cylinder. As can be seen in figure (8) results showed that there 

were no cracks, no poor penetration and no infused areas existed 

except for some defects in a form of spatters in the welding joints 

for the (k3) samples . 

 

 

 
 

Figure (8) Radiographic Examination films for (K1 to K4) samples 

 

7.9 Hardness measurements.  

Hardness testing is one of the oldest mechanical testing methods , 

it is widely used in Quality control because it is a relatively cheap 

test , rapid to  non-perform destructive Hardness is the ability of a 

Materially China Steel 

Company 

Sampler  k1  :  k4 

BSI-BS %wt 5045: part :        

1978 

Element 

0.0657 0.20max Carbon 

0.0177 0.30 max Silicon 

0.3401 0.60 max Manganese 

0.0122 0.05 max phosphorus 

0.0083 0.05 max Sulpur 
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material to resist surface indentation or scratching .it therefore 

indicates resistance to abrasion or wear however its main use is to 

check the Quality of product e.g. whether a heat treatment process 

has been carried out correctly So that the component's hardness 

meets that specified by the designer.  

In this project the hardness results is shown in the table (18) which 

obtained by Vickers test machine according to [BS EN ISO 6507-

1:2005.] 

 
Table (18) Hardness Measurements . 

 

Sample's (K) 

 

Hardness Value(HV 30/15) 

K1 114.5±13.97 

K2 116.7±13.76 

K3 114.1±14.32 

K4 113.1±14.06 

Average 114.6±14027 

7.10 Economic Results of new products LPG  

It was obviously to found out that the percentage of weight loss is 

about 15.1%, it is therefore considered as a good percentage 

compared with the previously adopted weight. Accordingly, this 

weight loss will certainly lead to cost reduction of the product. 

Table (7.2) the quantities of metal reduction in (kg) as well as the 

reduction of the cost estimated in (LD) annually.  

 
Table (19) the reduction of weight and cost 

 

8. Discussion of results test of new products LPG 

As can be seen in table (4) the thickness change from 3.5 mm to 3 

mm has affected the outside diameter of the cylinder which 

resulted in a reduction of (1mm) in the outside diameter.  The 

Annual 

cylinders 

production 

Weight 

loss per 

cylinder  

(Kg) 

Annual 

weight 

loss (Kg) 

Annual 

cost 

reduction 

Euro 

Annual 

cost 

reduction 

(LD) 

50,000 2.9 140800 59136 109401.6 
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outside diameter of gas cylinder after the thickness reduced was 

changed from 317 mm to 311 mm.  Figure (4) shows the 

measurements of the wall thickness which are taken at different 

places of the cylinder's body after production. The figure also 

shows that at some places, the thickness is reduced by (0.2 mm) 

which resulted with a remained wall thickness of wall thickness of 

(2.8±0.2 mm). Table (5) clearly shows the weight of the new 

manufactured cylinder of (3mm) Thickness, which has an average 

weight of (16.8 Kg). The figure also shows the weight of the old 

thickness (3.5mm), which has an average weight of (19.21 Kg). 

From the previous information it is obviously to note that the 

change of the thickness resulted in a reduction of weight by (2.816 

Kg).  

Figure (6) shows the nominal capacity for each (K-36 Lt) cylinder. 

As each column represents a cylinder from K1 to K5 and shows 

the average capacity of the cylinder to be equal to (36.728 Lt.). 

 It is remarkably notified that the change in capacity was very 

small because of the very small change of the inside diameter. 

And      The X-ray Results did not show any defective areas at the 

welding joints and it is within the specifications allowance figure 

(8) . Also the mechanical properties were compared with 

International standard Table (7 to 9)the average yield strength of 

the cylinder is 307.5 The previously mentioned  results table (7) 

are acceptable according to  the International Standards .                                                                                              

Table (8) illustrates the results of the tensile strength test for the 

material of the cylinders and the average value of maximum 

tensile strength is (432.5MPa); this value is also within the 

International Specifications. From table (9) the average value of 

the rate of strain for the weld(28.4%) which is within the 

International Specifications. 

The results of test specious for cross ïweld tensile test are 

illustrated in table (10 to12) . Table (11) shows the tensile test at 

the welding areas for the sample (K-36Lt) Where the average 

value of the yield tensile is (325MPa). Table (11) shows the 

Maximum stress value to be (459.35MPa). Table (12) shows the 
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reaction value at the welding point to be (32.15%) all the previous 

results are within the International Specifications. 

Table (13) shows the values of the burst test results for all samples 

(K1-K2-K5). From the table, the mean value of the yield point is 

equal to ''52.33 bar'' and the mean pressure at the burst moment is 

equal to ''85.33 bar ''. 

The discussion of the results for the volumetric of the cylinders 

which were obtained from the table (13),it is obviously noticed 

that the percentage of the volumetric expansion at the burst point is 

greater than allowable values of the standards except  

The table (16) includes the values of the volumetric expansion of 

the sample (K1-K2-K5) and showed no leakage from the cylinders. 

Consequently; the result of the test is acceptable and are in 

accordance with the Standards. 

The volumetric deformation of the cylinders for all the samples did 

not exceed (2.7%) which is less than the maximum allowable limit 

of the standards.  

Accordingly, this value of deformation of the cylinder is 

acceptable as shown the table ( 17 ) , and the results for the 

chemical analysis of the cylinders were obtained    From the table 

(17) includes the results of the chemical analysis of the samples 

which Were extracted from the metal of the cylinder for the 

samples (K1) the results were Compared with the standards ( 

BSI5045 , EN1442 and 4706 ) which are utilized in manufacturing 

the cylinders in the local factories according to the Comparison 

between the analysis values of the samples and the relevant 

standards. All The values are within the range of these standards. 

 

 9. Conclusion 

The most important points resulting from this paper were 

1. The new design of LPG cylinder of 36Lt size has a reduction in 

a raw material cost of 15%. The amount of weight reduction was 

((2.9 kg) from the weight of the previous cylinder (19.21 Kg), so 

the weight of the cylinder under study was (16.8 kg). 
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2. The new design of LPG cylinder of 36 Lt size has less weight 

than the previous LPG cylinders. 

 

3. The cylinder under study has a great degree of safety and 

security for the purpose of domestic use after performing all the 

tests stipulated in the international specifications 

 

4. This paper gives the opportunity to modify the standards of gas 

cylinder that are related to reducing of the weight throughout 

minimizing the thickness of domestic gas cylinder. 4. Cylinders (k, 

35 Lt.) with wall thicknesses of (3mm.) both have better 

advantages to customers easier in handling and transportation .etc. 

 

10. Suggestions for the work 

As a result of this study, the following are strongly recommended : 

1.Utilizing the cylinder of (3-mm.) wall thickness, which is made 

in ibn Alhythem Factory instead of the old cylinder of (3.5mm.) 

wall thickness.  

2. We recommend continued research and development in the field 

of gas cylinders. 
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The Effect of Teacherô Experiences on Studentsô 

Mathematics Achievements 

ĂîƑǄƴǁä ìǄƟǄ îǄƴǄ ǁä ìǐäï ìǄƟǄýǘƸ  

Ɨǒƪíǈǌǃå èƓǒǈǀƙǄǃ ǑǃƓƶǃå íǌƶǆǃå- еϧуЮϾ ÿƓǒïƹ ƗƶǆƓƞ 
moamaralamari514@gmail.com 

Abstract:  

The aim of this study is to examine the effect of teachersô 

experiences on studentsô mathematics achievement of 406 students 

enrolled in various secondary schools in Libya, studentsô ages 

averaged between 15 and 19 years, located at three different 

locations in Libya. Of this total, 29.6% of students were from 

urban schools, 34.2% of students were from Semi-urban schools, 

and 36.2% of students were from rural schools. The students were 

asked to respond to the questionnaire items using a 5-point Likert 

scale. The data was analyzed using Statistical Package for the 

Social Sciences (SPSS). One-way ANOVA test were run to 

determine whether there were any differences in the studentsô 

achievement in mathematics based on school features such as: 

teachers' characteristics. The results of One-way ANOVA test 

showed that there are significant differences in mean of 

mathematics achievement scores based on teachersô experience.  

Keywords: teachersô experiences, mathematics achievement, 

secondary schools, Libya.  

òƢǂǄ 
 ǏǄƵ çïƕƤǃå éǒơ ÿǆ þǄƶǆǃå óƑƓƮƤ ïǒƛƋƙ Ăíǆ Ɨƪåïí āǋ Ɨƪåïíǃå ǉîǋ ÿǆ úíǌǃå

 ýǒƮơƙǃå Ɨǈǒƶǃ èƓǒưƓǒïǃå çíƓǆ ǑƼ ǑǆǄƶǃå ÿǆ ÿāǂƙƙ406  ñïåíǆ ôƶƕ ǑƼ æǃƓõ
 ÿǆ ƗƕǄõǃå ïƓǆƵá ëāåïƙƙā ÜƗƽǄƙƤǆǃå ƗǒāǈƓƛǃå ƗǄơïǆǃåƗƪǆƤ  ïƬƵ Ɨƶƪƙ Ǐǃã Ɨǈƪ ïƬƵ

ƕǃå úǄƙƤǆ ǑƼ ƴǀƙ ñïåíǆǃå ǉîǋ .Ɨǈƪ Ǌƙƕƪǈ Ɠǆ ÿƓǂ éǒơ .èƓƑǒ29.6 ÷āǆƞǆ ÿǆ  %
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 ÜƗǒǈíǆǃå ûõƓǈǆǃå ǑƼ ƗƕǄõǃå34.2ā ÜƗǒǈíǆǃå ƴƕƬ ûõƓǈǆǃå ǑƼ %36.2  ǑƼ %
 ÿǆ õƓǀǈ ñǆƤ āî ÿƓǒƕƙƪå ǏǄƵ ƗƕƓƞǗå ƗƕǄõǃå ƗǈǒƵ ÿǆ æǄõ  .Ɨǒāïǀǃå ûõƓǈǆǃå

 ïƓƕƙƤå Ɨƪåïíǃå ǉîǋ ǑƼ éơƓƕǃå þíƤƙƪå .èïǂǒǃ ñƓǒǀǆǑƼ ÿǒƓƕƙǃå ýǒǄơƙ ǉƓƞƙå íơåā 
(One- way ANOVA)  ïƼ üƓǈǋ ÿƓǂ åîã Ɠǆ Ɨƪåïíǃ ǑƑƓƮơǗå ā ýǒƮơƙǃå ǑƼ û

 ƝƑƓƙǈ .çïƕƤǃå éǒơ ÿǆ ñïíǆǃå óƑƓƮƤ ñƓƪá ǏǄƵ èƓǒưƓǒïǃå ǑƼ ƗƕǄõǄǃ ǑǆǄƶǃå
 ïƓƕƙƤá ÿǒƓƕƙǃå ýǒǄơƙ ǑǆǄƶǃå ýǒƮơƙǃå Ăāƙƪǆ ǑƼ ƗǒƑƓƮơã ƗǃǙí āî ûïƼ íāƞā èïǌöá

 .ñïíǆǃå çïƕƤ éǒơ ÿǆ èƓǒưƓǒïǃå ǑƼ ƗƕǄõǄǃ 

1- INTR ODUCTION  

It is plausible to suppose that the teachersô characteristics and their 

experiences and behaviors in the classroom, enrich the educational 

environment of the students, which consequently have an effect on 

student achievement. Even though we do not undermine the role of the 

parents in influencing student learning. Also Acknowledged is the 

difficulty to establish causal relationships between these factors and 

student achievement. There is a common assumption with regard to the 

relationship between teacher experience and student achievement is that 

students taught by the most experienced teachers achieve a higher level, 

because their teachers have mastered the content and obtained classroom 

management skills to deal with different types of classroom problems [1, 

2]. In addition, teachers who have more teaching experience are 

considered to be more able to focus on the most appropriate way to teach 

subjects for students who their abilities, prior knowledge and 

backgrounds are different [3, 4]. Greenwald, Hedges et al. [5], Al -Agili, 

Mamat et al. [6] and Hanushek [7] examined the relationship between 

school resources such as the ability, education and experience of the 

teacher and student achievement. The result indicated that the measures 

teacher experiences were more consistently related to achievement than 

measures teacher education. Ashton [8] suggests that teachers who have 

regular state certification and more experiences receive higher supervisor 

assessments than other teachers. Teachers Without preparation have 

difficulty in predicting and overcome barriers to student learning, and 

likely to hold low expectations for children with limited income. 

Darling-Hammond [9] concluded that the preparation of teachers 
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associated with the students performance before and after controlling of 

the poverty and the language status. The researcher restricted the teacher 

characteristics to a category of measurable variables as teaching 

experience, and teachers' beliefs about mathematics and teaching.  

This study answered the following research hypothesis: There is no 

significant difference in mean of mathematics achievement scores across 

teachersô experience. 

2- RESEARCH METHODOLOGY  

The target population consisted of first, second and third grade students 

enrolled in various secondary schools in Libya, the population of these 

schools is around 2300 students, studentsô ages averaged between 15 and 

19 years, located at three different locations in Libya, (urban schools, 

semi-urban schools, and rural schools). Although the researcher 

distributed the questionnaires to a sample consisting of 750 students, a 

total of 406 students responded these questionnaires. The demographic 

characteristics of students are shown in Table 1 . Fifty-seven students 

were in the first grade, hundred and eighty students were in the second 

grade, and hundred and sixty-nine students were from the third grade. 

Table 1. Student demographic 

 

These students were taught by 29 teachers, all of them were 

females, nineteen teachers had more than 10 years of experience, 

seven teachers had experience of 5 ï 9 years and while just three 
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teachers had experience of less than five years. These teachers 

have bachelor degrees except three teachers who had obtained high 

diploma from Higher Institute of Teachers, as showed in Table 2. 

Table 2. Teacherôs characteristic 

Teachers characteristic  Urban Sub-Urban Rural  Total 

 < 5 years  1 1 1 3 

experience 5 ï 9 2 3 2 7 

 >10 7 5 7 19 

      Total 10 9 10 29 

 bachelor 10 6 10 26 

qualificati

on 

high diploma 
0 3 0 3 

       Total 10 9 10 29 

3- DATA ANALYSIS  

one-way analysis of variance techniques (one-way ANOVA) using 

SPSS 18.0 computer software package was used to examine the 

differences in the students achievement in mathematics based on 

teachers' experience, since there are more than two groups [10].  

4- Teachersô experience-based Differences 

One-way ANOVA with post-hoc test was conducted to explore the 

effect of teachersô experience on studentsô achievement in 

mathematics. Teachersô experience was divided into three groups 

according to their experience (more than 10 years; 5 to 9; less than 

5 years). 
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Table 3. Differences in mean of mathematics achievement based on 

teachersô experience 

Based on the one-way ANOVA test analyses of the effect  of 

teachersô experience on students achievement in mathematics 

Table 2, there was a statistically significant difference at the p<.05 

level in students achievement scores for the three teachersô 

experience groups (F(2, 405) =32.143, p =.000). The actual 

difference in mean scores between the groups was (eta squared 

=.137) would be considered a large effect size. The magnitude of 

the differences between groups proposed by Cohen, [11] which are 

.01=small effect, .06=moderate effect, .14=large effect.  

The effect size eta squared for ANOVA test calculated by using 

the formula as follows: 

ÅÔÁ ÓÑÕÁÒÅÄ 
   

   
  [11]. 

Post-hoc comparisons using the Tukey HSD test Table 4 showed 

that the mean score for students who are studying with teachers 

their experience is more than 10 years (M=3.271, SD= 1.049) was 

did not differ significantly from students who are studying with 

teachers have experience 5 to 9 years (M=3.195, SD=.983). And 

students who are studying with teachers have experience less than 

5 years (M= 2.474, SD=.841) was significantly different from 

students who are studying with teachers have experience is more 

than 10 years and teachers their experience 5 to 9 years. That is 

  

Sum of 

Squares df 

Mean 

Square F Sig. 

Between 

Groups 
58.497 2 29.248 32.143 .000 

Wi thin 

Groups 
366.705 403 .910 

  

Total 425.202 405 
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mean, students who are studying with teachers have 5 years' 

experience or more reported higher levels of achievement in 

mathematics than students who are studying with teachers have 

experience less than 5 years.  

Table 5. Post Hoc test TUKEYHSD 

(I) teachexpe (J) teachexpe Mean Difference Sig. Mean S. D. 

more than10 

years 

5-10 years .07607 .823 

3.2715 1.049 

les than 5 years .79727
*
 .000 

5-10 years more than10 years -.07607 .823 

3.1955 .983 

les than 5 years .72120
*
 .000 

les than 5 years more than10 years -.79727
*
 .000 2.4743 

 

.841 

 5-10 years -.72120* .000 

Also, the one-way ANOVA test analyses, indicated that there were 

statistically significant differences at the p<.05 level in teaching 

practices and methods for the three teachersô experience groups. 

5- DISCUSSION AND CONCLUSION 

The results of One-way ANOVA test showed that there are 

significant differences in mean of mathematics achievement scores 

based on teachersô experience groups. That is mean students who 

are studying with teachers who their experience 5 years or more 

were significantly different from students who are studying with 

teachers have experience less than 5 years, this finding consist 

with the finding of Bodenhausen [12], Darling- Hammond [9], 

Fetler [13], and Klecker [14] who indicated that there is a 

significant positive relationships between teachers' experience and 

student achievement in secondary schools, and students who 
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taught by teachers have more than 10 years of experience had 

higher scores than students who taught by teachers have less than 

10 years of experience. 
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Abstract : 

Polyaniline Nanocomposites is very important to understand and 

evaluate the mechanical, thermal, and chemical stability properties 

of the nanocomposite materials. Polyaniline/layered Titanosilicate 

(PANI/JDF-L1) nanocomposites were prepared by in situ 

polymerization of anilinium monomer with layers of (Na+- JDF-

L1) using ammonium peroxy disulfate (APS) as an oxidizing 

agent. Different amounts of aniline were used to verify this effect 

on the characteristics of the formed nanocomposites. The prepared 

PANI/JDF-L1 nanocomposites were characterized  by UV-VIS, 

Fourier Transform Infrared (FT-IR), X- ray diffraction (XRD), 

Thermo Gravimetric Analysis (TGA), and conductivity 

measurement. The formation of nanocomposites was confirmed by 

FT-IR, UV-VIS. The basal spaces of PANI/JDF-L1 

nanocomposites which decreased after the polymerization process 

as evidenced from X-ray diffraction (XRD). At a higher level of 

loading the polyaniline, layered structure of nanocomposite breaks 

forming exfoliated nanocomposite, revealing well-defined 

nanosized morphology of polyaniline Titanium Silicate (JDF-



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нол 

 
 

L1).The PANI/JDF-L1 nanocomposite was found to be thermally 

stable up to 340Co and showed conductivity value 4.9 × 10-4 S/cm 

with 13.4 wt % loading of  PANI-ES in JDF-L1 . 

Key-words: Titanium Silicate, conductive Polyaniline, 

Nanocomposites, In-Situ Polymerization, Conductivity . 

 :òƢǂǄǁä 
 ǑǂǒǈƓǂǒǆǃå ïåïǀƙƪǙå óƑƓƮƤ þǒǒǀƙā þǌƽǃ åĄíƞ Ɨǆǌǆ ƗǒāǈƓǈǃå ÿǒǄǒǈƓǒǃāƕǃå èƓƕǂïǆ ïƕƙƶƙ
 ƗǒāǈƓǈǃå èƓƕǂïǆǃå ïǒươƙ þƙ .ƗǒāǈƓǈǃå èƓƕǂïǆǃå íåāǆǄǃ ǑƑƓǒǆǒǂǃåā ăïåïơǃåā

Polyaniline / Titanosilicate (PANI / JDF- L1 çïǆǄƕ Ɨõƪåāƕ (In- situ 
ǀƕõā þāǒǈǒǄǒǈǕå ïǆāǈāǆǃ) ÿǆ èƓNa+- JDF- L1 èǒƽǄƪ íǒƪǂāïǒƕ þåíƤƙƪƓƕ (

 ïǒƛƋƙǃå åîǋ ÿǆ ûǀơƙǄǃ ÿǒǄǒǈǕå ÿǆ ƗƽǄƙƤǆ èƓǒǆǂ þåíƤƙƪå þƙ .íƪǂâǆ ýǆƓƶǂ þāǒǈāǆǕå
 Ɨõƪåāƕ ƗǒāǈƓǈǃå èƓƕǂïǆǃå ÿǒāǂƙ íǒǂƋƙ þƙ .Ɨǈāǂƙǆǃå ƗǒāǈƓǈǃå èƓƕǂïǆǃå óƑƓƮƤ ǏǄƵ

FT- IR  āUV- VIS Ɠǈǃå èƓƕǂïǆǄǃ èƓǀƕõǃå ÿǒƕ ƗƼƓƪǆǃå èƮǄǀƙ çïǆǄƕǃå ƗǒǄǆƵ íƶƕ Ɨǒāǈ
ÿǆ ǏǄƵå íǈƵ çïǀƙƪǆ ƗǒāǈƓǈǃå èƓƕǂïǆǃå  .Ɨǒǈǒƪǃå ƗƶƬǕå íāǒơ ÿǆ Ơưƙǒ Ɠǆǂ340  

 ƗǒǄƮāǆǃå Ɨǆǒƿ èïǌöáā ƗǒāƑǆ Ɨƞïí4-10Ã4.9 cm /S   íǈƵ13.4 ÿǆ ĖPANI-
ES  . ǑƼJDF- L1  

1. Introduction : 

One of the synthesis methods of polymer/layered silicate 

nanocomposites is In situ intercalative polymerization method. In 

this method, the layered silicate is swollen within the liquid 

monomer or a monomer solution so the polymer formation can 

occur between the intercalated sheets. Polymerization can be 

initiated either by heat or radiation, by the diffusion of a suitable 

initiator, or by an organic initiator or catalyst fixed through cation 

exchange inside the interlayer before the swelling step [1]. The 
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properties of a nanocomposite are greatly influenced by the size 

scale of its component phases and the degree of mixing between 

the two phases. Depending on the nature of the components used 

(layered silicate, cation exchange capacity, and polymer matrix) 

and the method of preparation, significant differences in composite 

properties may be obtained [2]. The two-dimensional frameworks 

are typical of layered inorganic solids such as layered silicates are 

the most common two dimensional solids and their distinctive 

properties, such as high part ratio as well as high surface area, 

make a valuable donation to new properties of nanocomposites [3]. 

Layered silicates such as montmorillonites and hectorites have the 

same structural properties as the recognized talc and mica [4]. One 

of the most studied pairs in conducting polymer/layered inorganic 

solid nanocomposites are the nanocomposites consisting of 

polyaniline (PANI) chains pawned in the two dimension of layered 

silicates with the distinctive properties raised above. A number of 

studies on the preparation, properties and applications of 

PANI/layered silicate nanocomposites were carried out [5ï14]. 

Jilin Davy Faraday-Layered solid-1 (JDF-L1). The chemical 

composition of layered titan silicate JDF-L1 is 

[Na4Ti2Si8O22·4H2O]. The refined unit cell parameters in space 

group P4212 (no. 90) are a = b = 7.3740 Å, c = 10.7030 Å. This is 

an unusual non-centrosymmetric, tetragonal layered solid.  Its  

contains five-coordinated Ti (IV) ions in the form of TiO5 square 

pyramids where each of the vertices of the base is linked to SiO4 

tetrahedra  [TiO·O4(SiO3)4] forming continuous sheets with 

exchangeable interlamellar Na+ ions [15]. Sodium cations and 

water molecules are located between the layers, with the former 

neutralizing the framework charge [16]. In the [001] direction, the 

layers also contain six-member rings composed of two square 

pyramids and two pairs of tetrahedral giving rise to a pore size 
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across the layers of approximately 3 Å (smaller than the kinetic 

diameter of O2: 3.46 Å) [17]. In this work the Polyaniline/JDF-L1 

nanocomposite were prepared by In-Situ polymerization of aniline 

in JDF-L1 using ammonium persulphate as an oxidizing agent. 

According to the Previous literature review, there not too many 

researchers have worked on the layered nanocomposite. The 

objective of this work was to study conductivity and thermal 

stability of the resulting nanocomposite. 

2. Experimental and Methods: 

2.1Chemicals and Solutions 

Aniline, C6H5NH2 (Aldrich, 99.9%), Hydrochloric acid 

(Anachemia), Sulfuric acid (Anachemia), Nitric acid (Anachemia) 

Hydrofluoric acid (Anachemia), Ammonium peroxydisulfate, 

(NH4)2S2O8, (Mallinckrodt) , Sodium silicate solution (27wt% 

SiO2, 14 wt% Na2O, and 59 wt% H2O), Sodium hydroxide 

(Aldrich), Titanium chloride,TiCl3 (30wt% TiCl3 in 24wt% HCl 

solution, Merck), and Potassium fluoride, KF.2H2O (Aldrich). All 

solutions were prepared using 18.30 Mɋ/cm water obtained from a 

Barnstead E-pure water filtration system.  

 

2.2. Synthesis Methods 

2.2.1. Synthesis of conducting Polyaniline (PANI-ES) 

The synthesis PANI was based on mixing aqueous solutions of 

anilinium saltand ammonium peroxydisulfate by chemical 

oxidation polymerization [18]. In a typical procedure, anilinium 

salt (26.73 g , 20 mmol) was dissolved in distilled water in a 

volumetric flask to 50 ml. Ammonium peroxydisulfate (58.22 g , 

25 mmol) was dissolved in distilled water also to 50ml. Both 

solutions were kept for one hour at room temperature, then mixed 
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and shortly stirred in a beaker, and carried out in an ice bath at 0-

2°C for the completion of polymerization. The color of the 

reaction mixture was observed to change from light blue to blue-

green and finally to dark green. After 24 hours, the dark green 

precipitate was collected on a filter paper, washed with three 

100ml portions of  0.2 M HCl, and likewise with acetone. The 

final product of Polyaniline (emeraldine) hydrochloride powder 

was dried in air. 

2.2.2. Synthesis of Titanosilicate (JDF-L1) 

The layered Titanosilicate (JDF-L1) was synthesized by a 

hydrothermal process [19]. A weight of 33.6 g sodium silicate 

solution (27 wt% SiO2, 14 wt% Na2O, and 59 wt% H2O) was 

stirred with 10 g distilled water. To this solution was added a 

solution of 4.2 g NaOH in 30 ml distilled water. The resulting gel 

was stirred for 1 hour at room temperature, A second solution of 

13.5 g TiCl3 (30 wt% TiCl3 in 24 wt% HCl solution) in 13.5 ml 

distilled water. The second solution was added drop wise to the 

first and continued stirring for 1 hour. At this time was added 4.7 g 

of KF.2H2O and 0.65 g of JDF-L1 seed crystals were added 

respectively, and the mixture stirred until became homogeneous. 

Then, the gel was autoclaved under autogenous pressure in a 

Teflon-lined autoclave for 10 days at 180°C. The resulting material 

was filtered and washed three times with distilled water, and dried 

at 100Co. 

2.2.3. Synthesis of PANI/ JDF-L1 Nanocomposite 

PANI/JDF-L1 Nanocomposites were prepared by the initial 

intercalation of anilinium chloride into layered Titan silicate (JDF-

L1) and subsequent polymerization of aniline. The procedure was 

carried out by stirring 2.0 g of JDF-L1, dried at 100oC, in 100 ml 

of 0.2 M aniline hydrochloride aqueous solution for 24 hours. 

After that, the aniline HCl/JDF-L1 was filtered and added to 
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200ml of 0.0022 M ammonium peroxydisulfate solution under 

stirring for 2 days. The colloidal color changes from white to pale 

green. The filtered solid obtained is dried in air and denoted as 

PANI/JDF-L1 nanocomposite. The in-situ polymerization of 

polyaniline (PANI) in layered titanium silicate (JDF-L1) was 

proposed and illustrated in scheme 1.  

 
Scheme 1. The in-situ polymerization process of polyaniline in layered 

titanium silicate (JDF-L1) 

2.3. Characterization 

The diffuse reflectance spectra of the resulted powdered samples 

were analyzed using the standard sampling cup supplied with the 

Praying Mantis accessory, using a Varian Cary 5000 UV-V is NIR 

Spectrophotometer fitted with a Cary diffuse reflectance accessory. 

The spectra were collected in absorbance at a spectral bandwidth 

of 2 nm and at a rate of 200 nm/min between 200 and 800 nm. The 

PANI nanocomposites samples were mulled with dry potassium 
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bromide crystals and these were mounted in IR cell in the 

conventional way to record the IR spectra using Bruker IFS-25 

DPUS/ IR spectrometer. FT-IR spectra were recorded at room 

temperature over the wave number range 4000ï600 cm-1 with a 

resolution of about 4cm-1. Powder X-ray diffraction studies were 

carried out using Philips DW 1800 diffracto meter interfaced to a 

PC and using X pert industry operating software. The samples 

were pressed into an Aluminium holder for analysis. The powder 

patterns were recorded for 2ɗ over the range of 2Á to 45Á. This 

experimental set-up under a 40 KV accelerating voltage and a 

current of 30 mA, and employed nickel-filtered Cu k Ŭ radiation 

(ɚ=1.5412 AÁ). Coupled ɗ-2ɗ scans with a step size of 0.02Á and a 

scan rate of 2°/minute were used. Thermogravimetric and 

differential thermal analyses were performed on SETARAM a 

simultaneous TG-DSC thermoanalyzer, model TG-DSC111, with a 

heating rate of 10 degree/min, in static air, from room temperature 

to 850 C° using a platinum crucible, and flow rate of the 

controlling gas (air) of 20 ml/min. The conductivity measurements 

were carried out by a two-probe technique recorded at different 

temperatures by a Keithley electrometer, model 614. Samples were 

tested in a surface cell as well as in a sandwich cell form. Pellets 

were also used in the case of pure conducting polymers. 

3. Results and Discussion 

Nanocomposites consisted of the emeraldine salt form of PANI 

and layered titanium silicate JDF-L1 were prepared by the ion 

exchange process of anilinium cation into interlayer spacing of 

layered titanium silicate JDF-L1 by the oxidative polymerization 

of aniline with ammonium persulfate. In order to confirm the 

removal of sodium cations out of the interlayer spacing of JDF-L1 

layers due to the ion exchange process of anilinium, elemental 
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analysis with ICP-AES was performed and the results are reviewed 

in Table 1. The amount of sodium cation present in the 

nanocomposites was found to be trivial compared with the sodium 

amount in the original layered titanium silicate JDF-L1. Therefore, 

we deduce that the interlayer sodium cations initially present in the 

layered titanium silicate JDF-L1 have completely been replaced by 

anilinium. All the nanocomposites prepared in the present study 

will be hereafter denoted as PANI/JDF-L1 nanocomposites  . 

Table 1: Characteristics of polyaniline/JDF-L1 and nanocomposites 

(PANI/JDF-L1) 

 
 

Note: Samples:- 1-Determined by Thermo-gravimetric analysis. 2-

Determined from inductively coupled plasma-atomic emission 

spectroscopy (ICP-AES). 3-Calculated from the Scherrer equation. 

3.1. XRD Study 

XRD spectra were recorded to determine the formation and 

structure of these nanocomposites. Figure 1 shows the XRD 

patterns of JDF-L1, which to exhibited several sharp reflection 

peaks with high intensity, indicating a basal spacing (001) of inter 

layers 12.32 Aę at 2ɗ = 8.33. As far as polyaniline is concerned, it 

is a semi crystalline material, which shows broad and less intense 

band in XRD spectra. The characteristic band is shifted to a wide 

diffracted angle found at 2ɗ = 9.34Á (figure 1b and 1c) for 

PANI/JDF-L1 nanocomposites with polyaniline weight % of 8.7 
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and 13.4 respectively. At the same time the solid turns from white 

to pale green. PANI/JDF-L1 crystals are shown to have a few 

equivalent (00l) reflections shifting to the wide-angle range, 

resulting in a lattice contraction in a-axis and c-axis directions. 

This decrease in basal spacing relative to the Na+ form indicates a 

loss of interlayer H2O due to anilinium cation for Na+ exchange 

and forming polyaniline after the oxidation process. Besides, the 

general broadening of diffraction peaks indicated that stacking 

disorder had taken place during the proton exchange process [20]. 

Similar behavior has been noticed that reflections of (00l) plane 

shifting to a wide angle in XRD spectrum is used as the exfoliation 

operation of layered titanium silicate JDF-L1 [17]. This deviation 

may be due to asymmetry in the arrangement of polyaniline 

molecules in the layer platform, which also can be seen from the 

larger peak width compared to original layered Titanium Silicate 

JDF-L1. 

 
Figure 1. XRD spectra of: (a) pure JDF-L1; (b) polyaniline-JDF-L1 (13.4 

wt% PANI) nanocomposite; (c) polyaniline-JDF-L1 (8.7 wt% PANI) 

nanocomposite; (d) pure polyaniline 
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3.2. FT-IR Study 

FT-IR spectra of pure JDF-L1, PANI (PANI-ES), and PANI/ JDF-

L1 nanocomposites are shown in Figure 2. The major peaks of 

JDF-L1 (figure 2a) can be divided into the following four main 

vibration peaks. The asymmetric stretching vibration of SiïOïSi at 

1054 cm-1. The symmetric stretching vibration of SiïOïSi at 672 

cm-1. The stretching vibration of TiïO at 762 cm-1. The peak at 

982cm-1 is assigned to the tetrahedral titanium. However, The 

bending of water molecule ŭ(OïH)  shows at 1622 cm-1. These 

observed bands are in good agreement with previously published 

values [21]. FT-IR spectra of PANI-ES (figure 2d) shows four 

major vibration peaks at 1550,1435, 1281,and 1230 cm-1 

suggested that all the polyaniline compounds have the emeraldine 

salt structure. The 1550 and 1435 cm-1 peaks characteristic of the 

quinoid and benzenoid rings, respectively. The 1281 and 1230 cm-

1 peaks characteristic of the conducting polar on structure C-N+ of 

doped PANI associated with the oxidation or protonation states of 

PANI [13]. We observe on closer look at the FT-IR spectra of 

PANI/JDF-L1 nanocomposites that there is a slight difference, as 

shown in figures 2(b) & 2(c). The wide absorption band at 3440 

cm-1 corresponded to the hydrogen-bonded stretching vibrations 

(NH···O) of intra molecular and intermolecular secondary amines. 

As shown in figure 2(a), the peaks mentioned previously still 

existed but with a significant decrease in the peak intensity when 

PANI was intercalated into JDF-L1. The band at ~1281 cm-1 for 

the PANI-ES is assigned to the stretching vibration of CïN as 

indicated by a thick arrow in figure 2(d). It is significantly shifted 

to ~1308 cm-1 for PANI intercalated nanocomposite shows that 

figure 2(b& c). consequently, the frequently shift of CïN observed 

in nanocomposites is believed to be caused by hydrogen bonding 

between PANI and surface layered of JDF-L1 . 
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Figure 2.FT-IR spectra of: (a) pure JDF-L1; (b) polyaniline-JDF-L1 

(13.4 wt% PANI) nanocomposite; (c) polyaniline-JDF-L1 (8.7 wt% 

PANI) nanocomposite; (d) pure polyaniline 

3.3. UV/VIS Study 

UVïVIS spectroscopy was employed to characterize the optical 

properties of the synthesized nanocomposite materials. Figure 3 

shows the UVïVIS absorption spectra of pure JDF-L1, polyaniline 

emeraldine salt (PANI-ES), and PAN1/JDF-L1 nanocomposites 

respectively. In the UV-VIS spectra of pure JDF-L1 in figure 3(a), 

a single absorption peak is observed at 230 nm with the estimated 

band gap was 5.39 eV a blue shift indicating particle size of JDF-

L1 in the nanorange. Both UV-VIS spectra of  PANI-ES and PANI 

nanocomposites show similar three peaks at 270, 350, and 570 nm 

which are assigned to a ˊ-ˊ* transition of benzene rings in the 

PANI-ES chains, radical cations of quinonoid structure of  PANI 

(polaron ˊ*), and ˊ polaron transitions, respectively [22]. 

However, the broad peak was observed at 410 nm in the spectra of 

PAN1/JDF-L1 nanocomposite (Figure 3 (b&c)), which is 
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attributed to the p- ˊ * transition of the quinonoid structure of 

PANI. Therefore, the content of quinonoid units of PANI in the 

nanocomposite was higher than that in the neat PANI [14]; this 

was in good agreement with the Fourier transform infrared results. 

 
Figure 3.UV-VIS spectra of: (a) pure JDF-L1; (b) polyaniline-JDF-L1 

(13.4 wt% PANI) nanocomposite; (c) polyaniline-JDF-L1 (8.7 wt% 

PANI) nanocomposite; (d) pure polyaniline. 

3.4. Thermal Stability Study 

Thermal gravimetric analysis is used to studied thermal stability of 

polymer composite. TG-DTA data of (a) pure JDF-L1, (b) pure 

PANI-ES, and (c) PANI/JDF-L1 nanocomposite under a N2 purge 

at a heating rate of 10 oC/min are shown in Figures 4&5 (a,b)   

A) Thermal analysis of Titanosilicate (JDF-L1):  

The TG-DTA curve of as synthesized JDF-L1 are presented in 

figure 4. it shows two temperature regions of the weight loss 

process. At the low-temperature region three endothermic effects. 

The first effect is typical of adsorbed water, where the other two 

are characteristic of a shrinkage of the interlayer space along the c-
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axis direction perpendicular to the basal plane [23]. The total water 

loss between 120 and 255 oC is 8.56 wt%, which is exactly with 

theoretical value of 8.6 wt% corresponding to four H2O molecules 

per formula unit. At high-temperature region, there are  two  

isothermal effects. The endothermic effect at 700 oC 

corresponding the collapse of the structure of JDF-L1 and the 

exothermic effect at 755 oC for formation of Narsarsukite 

compound on the DTA curve [21]. These data can be expected, 

JDF-L1 shows a high thermal stability. 

 
Figure 4. TG-DTA curves of Titan silicate (JDF-L1) 

B) Thermal analysis of PANI-ES and PANI-JDF-L1 nanocomposite: 

Pure PANI-ES shows three temperature regions of the weight loss 

process as  shown in figure 5(a). The first weight loss (43.16% ) at 

about 150 oC and  it has been attributed to the evaporation of 

water moieties (the endothermic effect). The second weight loss is 
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(11.6%) at range 150ï300 oC and  it has been explained by the 

elimination of acid dopant (HCl). The third and major weight loss 

process (18%) at 550 oC, and it has been assigned to the thermal 

decomposition of PANI backbone chains [13,14]. In this stage, 

pure PANI loses the majority of its weight, on contrast to PANI-

JDF-L1 nanocomposite which showed better thermal stability and 

retaining (78 %) of its initial mass at 570 oC shows that figure 

5(b). Hence, the shifting of TDTA in PANI-JDF-L1 

nanocomposite confirms that PANI-JDF-L1 nanocomposite is 

more thermally stable shows that figure 6, which is due to the 

interaction between the positively charged nitrogen of the 

anilinium moiety and the negatively charged surface of the  JDF-

L1 layer. This behavior confirms PANI/JDF-L1 nanocomposite 

good thermal stability . 

 
Figure 5. TG-DTA curves of (a) pure PANI-ES  
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Figure 5. TG-DTA curves of (b) PANI-JDF-L1 nanocomposite 

3.5. Electrical Conductivity Measurements 

Figure 6 shows the temperature dependence of dc-conductivity (ů 

dc) for JDF-L1, PANI-ES and PANI/JDF-L1 nanocomposite in a 

temperature range between 300 and 700 K. The nanocomposite 

with 13.4 wt% loading of PANI-ES in JDF-L1 was prepared. The 

room temperature conductivity of PANI-ES and PANI/JDF-L1 

nanocomposite was found to be 0.98 Scmī1, 4.9Ĭ10ī4 Scmī1, 

respectively. Initially there is an increase in conductivity followed 

by a decrease. This dip in electrical conductivity may be due to the 

loss of moisture, since the conductivity depends on the moisture 

content. It is noted that the dc conductivity of the nanocomposite 

decreases with a decrease in temperature, indicating typical 

semiconducting behavior [3, 24]. The decrease in conductivity of 

nanocomposite after 155 Co ( Transition Temperature (Tt) ), which 

is attributed to the release of the do pant ions from the PANI 

structure [25], as confirmed by thermal analysis. 
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 Figure 6. Effect of temperature on the conductivity of: (a) PANI-ES, and 

(b) 13.4 wt% PANI/JDF-L1 nanocomposite 

Conclusion : 

We have successfully prepared a PANI/JDF-L1 nanocomposites. 

The PANI/JDF-L1 nanocomposites were prepared by in situ 

polymerization of aniline using ammonium peroxodisulfate as an 

oxidizing agent within the layers of JDF-L1.  The PANI/JDF-L1 

nanocomposites were characterized for its structural, spectral, 

thermal, and electrical properties as follows: 

Å The XRD formation of the nanocomposite is affected by 

the PANI concentrations. At 8.6 wt% loading of PANI, No 

exfoliation was observed, whereas at 13.4 wt% loading of PANI, 

layered structure of nanocomposite breaks forming exfoliated 

nanocomposite due to pressure exerted by the intercalated PANI . 

Å FT-IR and UV-Vis analysis confirm that there are chemical 

interactions between PANI-ES and JDF-L1, and the optical  band 

gap energy was found to be 4.77 eV. 



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нпр 

 
 

Å TGA-DTA analysis result suggest that the PANI/JDF-L1 

nanocomposite is thermally more stable than the pure PANI . 

Å The conductivity of nanocomposite was found to be in the 

semiconducting range. The room temperature conductivity of the 

nanocomposite was found to be 4.9 Ĭ 10ī4 Scmī1 at 13.4 wt% 

loading of PANI in JDF-L1 . 

We recommend for future work to enhancement the  conductivity 

of  PANI / JDF-L1 nanocomposite . 

Abbreviations Definitions 

DTA Differential Thermal Analysis 

FT-IR Fourier Transforms Infra Red spectroscopy 

JDF-L1 Jilin Davy Faraday-Layered solid #1 

PANI Poly aniline  

PANI-ES Polyaniline-Emeraldine Salt 

PANI/JDF-L1 Polyaniline/Clay 

UV-VIS Ultra violet-Visible 

TGA Thermo Gravimetric Analysis 

XRD X-Ray Diffraction 
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òƢǂǄǁä 
ǈƗƞîǆ ÿǒƓƕƙǃå ǑƼ ǉƓƞƙå ýƑåíƞǃå ăîǃåā ǑǂƓơǒ õƕưǃƓƕ ÿǒƓƕƙǃå ǑƼ Ɲǒƪǈǃå Ǒƪíǈǌǃå 

Ǒǀǒǀơǃå èơƕƮå çïāïư ƗơǄǆ ÿǆ ýƞå ïǒíǀƙ Ǒƶƿåā ƗƕǚƮǃ ā çïíƿ ýǆơƙ ýǒǆơƙǃå 
ơƽƮƙǆǃèƓ íåāǆǃå Ɨƕǂïǆǃå .üǃîǂā ƴǒǈƮƙ èƓơƽƮƙǆ íåāǆǃå Ɨƕǂïǆǃå ƗǒíƓơá ǉƓƞƙǙå āá 
Ɨǒƞǒƪǈǃå ƗƕǚƮƕ çïǒƺƙǆ ÿǂǆǆ ƓǌƞƓƙǈã üǃîā Ɨõƪåāƕ çíƓƵå Ǌǒƞāƙ āå Ǌǒƞāƙ ăïƕƞ 
ýƑåíƞǃ āå õāǒƤ íåāǆǃå Ɨƕǂïǆǃå ƗǒíƓơá ǉƓƞƙǙå āå Ɨǒƞǒƪǈǃå .ÿǒîƓǌǃ ÿǒƕƕƪǃå ÿǒǀƕƓƪǃå 
ïǂîǃå þƙ ïǒāõƙ æǚƙƓǆ íāǂ Steered- Tow ÿǆ æǚƙƓǆ íāǂ Ǌǆƪå Varifab ăîǃåā 
þƙ ǉïǒāõƙ Ɨõƪåāƕ ÿǒƕƙƓǂǃå ]88  [ýǆƶǒā åîǋ íāǂǃå Varifab ǏǄƵ Ɨƞîǆǈ ÿǒƓƕƙǃå ǑƼ 

èƓǋƓƞƙå Ɠǒåāð ýƑåíƞǃå Ǒƙǃå èƞƙǈå ÿǆ Ǌǒƞāƙ Ɲǒƪǈ Ǒƪíǈǋ êāƪǈǆ .èåïǒāơƙǃå èǆƙ ǑƼ 
èƓǒǆðïåāƤ Varifab èǈƓǂā Ɨƞǒƙǈǃå êƓƙǈã íāǂ Steered- Tow ïíƓƿ ǏǄƵ çíƓƵå 
êƓƙǈå ƗǂƕƬ ÿǆ ïƮƓǈƶǃå ƗǒǋƓǈƙǆǃå Ɠǒåāðƕ óƿ ƗƽǄƙƤǆ ǑƼ ýǂ ïƮǈƵ ǑǋƓǈƙǆ .ƗǂƕƬǃå 
Ɨƞƙǈǆǃå ƗǆƑǚǆ Ǒǂǃ þíƤƙƪƙ ǑƼ çƓǂƓơǆ ïƮƓǈƶǄǃ ƗǒǋƓǈƙǆǃå ûǀơƙǃ ā îƤå çïǂƼ ƗǆƓƵ 
ǏǄƵ ïāí ýƑåíƞǃå Ɨǌƞāǆǃå ǑƼ ïǒǒƺƙ ā êƓƙǈã ƗƕǚƮ ƗǈǒƓƕƙǆ íåāǆǄǃ Ɨƕǂïǆǃå Ɨǒƞǒƪǈǃå ǑƼ 

ƗơƽƮƙǆǃå .ƪƓƕþåíƤƙ Ɨǀǒïõ Ɨõƪƕǆ ƗǃāƓơǆǄǃ ÝßƓõƤǃåā þƙ Ɨƞîǆǈ ÿǒƓƕƙǃå ǑƼ ǉƓƞƙå 
ýƑåíƞǃå ăîǃå Ɲƙǈå ǊǒƞāƙǃƓƕ ëƓƞǈƕ ǑƼ íāǂ ïƮƓǈƶǄǃ ƗǒǋƓǈƙǆǃå Ɨõƪåāƕ Steered-      

   Tow íāǂ .èïǌöáā ƝƑƓƙǈǃå Ɨǒǆƿïǃå Ǒƙǃåā èǈƓǂ ǏǄƵ ýǂƬ ƗǂƕƬ Ɨǒǆƿï ÿǆ ïƮƓǈƶǃå 
ƗǒǋƓǈƙǆǃå ûƼåāƙ ïǒƕǂ Ɠǌǈǒƕ ÿǒƕā Ɲǒƪǈǃå åǑƪíǈǌǃ Ǒǀǒǀơǃå. 
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ABASTRACT:  

Since generating a textile composite lamina with variable stiffness 

is possible now by steering tows, modeling the variation in the 

orientation of tows as exactly as possible is a clamant need for 

more realistic estimation of the stiffness and loading carrying 

capacities of textile composite laminate. A Matlab numerical 

'Steered-Tow' code was modified from an existed Matlab code 

Varifab created by the author [88] to model the variation in the 

tows orientation angles that generated from steering a woven 

engineering fabric. The modification was taken place in the 

Varifab algorithm. The new code is able to reproduce a finite 

element mesh with different shear angle in each single element. 

The generated mesh is suitable for further finite element 

simulation to investigate and take general view about the role of 

steered-tows on alteration of textile composite stiffness within a 

lamina. Using a simple try and error method the variation in tows 

due to steering was successfully model in a finite element code by 

'Steered Tows' code.   

Keywords: Steered-tow, Varifab, FE mesh, fabric varibility, mesh 

generation, woven fabric, textile composite, local stiffness   

INTRODUCTION:  

The second largest market after wind energy is predicted to be 

advanced composite market. However, the high cost of production 

and unit production of their products is still the major barrier that 

prevent it from spreading and broader development. 

One important factor of reducing emissions of fuel combustion 

from vehicles is by replacing ordinary used relatively heavy 

vehicles with light weight ones that produced from advanced 

composite material. Accordingly, saving our environment and fuel 

resources is a significant economic and environmental feasibility 

issues to take in account by manufacturing products from 

composite materials.   

Introducing mass production into composite material 

manufacturing is the key element of reducing costly composite 
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material product. This would not be achievable unless automation 

of all 2D and 3D composite material design and manufacturing 

processes take place. Design and manufacturing processes of 

composite materials and their products are a chain of a number of 

rings. Examples of those rings include 1) Design processes include 

actual and numerical modeling processes. 2) Manufacturing 

processes of composite material such as hand layup, vacuum 

infusion, vacuum bagging, pultrusion, filament winding, deep 

drawing, press forming and.... ext.   

The manufacturing and design processes of composite material is a 

chain with many rings and automating those processes in order to 

reduce cost have passed with several attempts. 

In the past, design procedures were based on empirical trial and 

error methods. Those methods rely on designers' skills. By 

adopting those procedures not likely to obtain ideal design from 

first try which means consume more time, money and efforts. 

Thus, replacing those procedures with new faster, economical and 

less efforts is a vital necessitate. Finite element method is a 

numerical method of simulation used by many researchers in 

forming process modeling. This method can eliminate or even 

reduce the costly and time consuming in developing forming tools 

(die, punch and blank-holder). It is also a reliable computation tool 

used as a means of products quality improvement and to eliminate 

the dependency on employee's ability and to analyze a variety of 

composite forming processes.  

In order to obtain a predictable design process of advanced 

composite forming, a sophisticated method such as finite element 

method is required.  Finite element method gives approximate 

numerical solution. Though, the given approximate solution can be 

amended to reduce the error between the exact and approximate 

solution to a considerable percentage. That can be done by taking 

into account a number of constituents. Examples of those 

constituents are reliable constitutive model, reliable friction 

representative-model, and realistic full -domain textile variability 

model. Many attempts were performed by researchers in this field. 
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The first attempts to model the an-isotropy behavior in textile 

composite forming in large deformation condition, performed 

using kinematic pin-jointed model [1-10]. Despite the fact 

kinematic approach is comparatively realistic in terms of 

anisotropy modeling, it is computationally very expensive. The 

less computationally expensive approach is continuum approach. 

In which the textile composite lamina is considered as a continuum 

i.e. one material. The preference of using continuum approach 

owing to the potentiality of utilizing structural elements in 

modeling textile composite. The second reason is because a 

continuum approach need less computational time than the 

kinematic approach [11-21]. 

Most of researchers use Coulomb's Law of Friction which a simple 

friction model, in modeling 'tool-ply' and 'ply-ply' friction in textile 

composite material forming process. However, in the way of 

constructing a dependable numerical design prototype, various 

researches have been carried out in this course. From those 

researches a practical and analytical friction models were built 

which can be implemented in finite element software to construct 

realistic forming predictions [22-38].      

Textile composite material is sensitive soft material which 

handling and forming process can be a major cause of making 

variability i.e. the yarns became no more straight. This variability 

effect negatively the forming processes and characterization tests. 

To understand and predict the behavior of materials and 

applications in such case successful efforts to develop numerical 

tools have taken place. Efforts to determine fiber path on three 

different crimp fabrics and one non-crimp fabric have been taken 

place using spectrum image processing method [39, 40]. 

Experimental methods have also been built-up for measuring fiber 

driftage in simple and advanced composite [41-43]. Another image 

processing method has been developed for investigating fiber 

drifting throughout a woven prepare using Fourier transform for 

first tow edge detection and image correlation for improve the 

results [43]. In early 2012 researchers developed a spectrum 
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technique based on shadow and light reflecting to show the tows 

crossover as black points. Fiber drifting can be measured In this 

technique by searching for the neighboring black point using 

build-in new innovated algorithm [42]. In March 2012 the author 

investigated the variability of yarn path in different types of fabrics 

and developed a Matlab code able to produce FE meshes from the 

statistical information obtained from the statistical characterization 

of fabrics variability. 

In investigating the validity, efficiency and limitation of the 

numerical modeling  approaches that are used in modeling textile 

composite under forming, researchers have utilized different 

geometries such as a: hemisphere [15, 44-53], double-dome [54-

62] , pilot helmet [63-65], cylinder [66-68], car hood [69] , cone-

shapes [70], aerospace part [71] , tetrahedron [72], square box 

[73], an industrial complex part [74], a helicopter part [75], and 

complex multi-cavity part [45]. All the geometries contain double 

curvatures providing useful case studies in exploring the potential 

and limitations of different constitutive models under different 

forming conditions. Particularly extensive numerical and 

experimental studies have been carried out using hemispherical 

and double dome geometries [15, 44-61]. Much of the recent 

benchmarking work concentrates on using the double dome 

geometry [54-62] due to some advantages of this geometry over 

the previous hemisphere benchmark geometry. 

'localized stiffness laminate', 'steering fiber laminate' or 'variable 

stiffness composite panel' is a sophisticated tool for its several 

advantages over laminates with straight fiber. Laminates used in 

many aerospace structures and a cutouts need to be made for 

propose of joining and connecting. Notches, holes, cutouts all of 

these lead to stress concentration around the perimeters. Many 

ways have been innovated to reduce or even terminate stress 

concentration (fillet, curves and ext.). However in top of obtaining 

a laminate with variable distributed-stiffness, steering fiber within 

a laminate can lead also to increase compressive strength and 
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resistance to buckling, reduced weight, reduced stress gradients 

and improved damage tolerance [76,77].    

The importance and the advantage of using steered fiber composite 

is increasing buckling load, improving tensile strength and 

attaining variable stiffness. Changing fiber or tow from ideal 

straight direction to curvilinear is the key factor of relocation the 

loads away from stress concentrations (holes, notches, sharp edges 

....etc.). 

Altering a composite panel in-plane and transverse mechanical 

properties according to the service requests, where requests is two 

opposite aspects; minimizing weight or maximizing stiffness.     

Typically changing number and type of laminate composite plies is 

a mean cause of increasing or decreasing laminate strength and 

stiffness.   

Moreover, the number of laminas with different fibers or tows 

directions is the major basis of altering in-plane laminate 

mechanical properties. Whereas, laminas stacking sequence and 

reinforcement and matrix type are the accountant of effecting the 

bending properties.   

The orientation angle in which commonly used composite 

laminates is regularly maintained as it. Conversely, laminas 

stacking sequence is different from laminate to laminate according 

to the given performance requirements. According to research 

results of long period of time, changing laminate stiffness is 

possibly accomplished by one of these two processes; number of 

plies and layers stacking sequence, while changing localized in-

plane ply stiffness by altering the fiber direction from linear to 

curvilinear.      

Early in composite material industry, when composite material 

was produced by manual processes such as hand layup and spry 

up, unidirectional composite laminate normally fabricated with 0, 

90, ±45 orientation angles. Because, it was uneasy to fabricated 

with orientation angle rather than that. Lately, bidirectional plies 

which called advanced composite material or textile composite 

substituted the unidirectional composite to improve coherence 
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ability. Employ those 0, 90, Ñ45Ǔ orientation angles merely is 

insufficient for loading directions rather than 0Ǔ, 90Ǔ, Ñ45Ǔ.             

The key element of increasing stiffness of composite laminate is 

by increasing their thickness and that being possible by increasing 

the number of plies or by changing plies stacking sequence. 

Moreover, introducing automation in composite manufacturing 

processes eased setting fiber orientations angles other than 

ordinary used orientation angles 0Ǔ, 90Ǔ and Ñ45Ǔ. Including fiber 

orientation angles other than the ordinary used fiber angles 0Ǔ, 90Ǔ 

and Ñ45Ǔ need to change design customary in composite laminate 

industries. The motivation after changing composite design 

customary must be extremely promising such as improving their 

mechanical properties or decreasing weight. The new class of 

composite laminate is that consists of plies that have different fiber 

orientation resulted in a variable local stiffness within each ply. 

Composite laminate with localized stiffness 'variable-stiffness' turn 

out to be ordinary with Automated Fiber Placement (AFP) 

technology since the variable stiffness of composite lamina and its 

mechanical properties depends significantly on the layout of fiber 

or yarns within a ply.       

The most important constituent in composite laminate with 

localized stiffness is individual fiber or in yarn that laid in a wavy 

path within a ply which play substantial role in optimizing local 

stiffness.  Developing FEA tools which can predict this inherent 

variability is vital in order for designers to make informed 

decisions in material selection and in allowing more accurate 

safety factors without the need for destructive testing. Developing 

CAE tool that implement curvilinear fiber layout within a FE mesh 

and then used in FE composite laminate simulation is a key factor 

for providing inclusive knowledge to engineers about local 

mechanical properties (stiffness and strength), buckling load as 

well as the thermal properties which depends typically on local 

fiber orientation.      

This means that a suitable kinematic code can be used to predict 

the required perimeter displacements to produce a desired full -field 
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steered fiber pattern across the sheet. Such a code need to be 

developed, though here the aim was to generate finite element 

meshes containing realistic fiber directional variability, typical of 

commercial materials when taken óoff-the-roleô. To achieve this 

realistic variability, a simple genetic algorithm needs to be used to 

mutate the parameters of the mesh-generation algorithm until the 

final mesh had  

The ability to produce steered-fiber laminates containing non-

linear fiber paths creates a step change in the design space for 

advanced composite structure. The designer is able to reposition 

stress concentrations away from holes and inserts, improve a 

laminate's resistance to buckling and failure, and to enhance a 

laminate's dynamic response to vibrations. Ultimately this can lead 

to tighter, more optimized structures for use in the automotive 

sectors, enhancing fuel efficiency and contributing to the cost and 

lower emissions across the transport sector. The aim of the 

proposed project is to implement and demonstrate a novel and 

disruptive manufacture process that can produce low-cost high-

quality steered-fiber laminates, without use of expensive, capital 

intensive automated fiber placement machines (the current 

solution). The new process is best described as 2-D forming; in 

order to support this novel manufacture process, a custom-

designed suite of computer aided design and manufacture software 

will be developed. Computational tools for digital manufacturing 

are essential if 2-D forming is to be successfully achieved without 

including severe wrinkling and buckling of the deforming biaxial 

sheet. Reducing cost will effectively bring fiber-steering 

technology to a border range of applications, increasing its 

economic impact and bringing new manufacturing capabilities to a 

wider industrial base, with the UK leading the way in this 

important area of manufacturing.        

LITRUTURE REVIEW:  

K. Chauncey Wu designed tow-steered course for fiber placement 

machine using a simple approach. The approach based on defining 
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a circular arc with constant radius G with an angle ɗ0=10Á at the 

head of the arc and another angle ɗ1=45Á at the tale of the arc. As a 

final point, the circular arc is mapped about the circumferential 

and axial axes to form the whole configuration of fiber course. If 

the paths are strongly curved, adjacent courses will overlap at 

certain points in the structure.  These overlaps can either be 

allowed to occur (providing a build-up in the local laminate 

thickness), or tow cutters can be used to adaptively ñdropò portions 

of the current course being laid down on the surface, to maintain a 

uniform thickness.  For all of the results given in this report, the 

latter situation is assumed. Wu assumed a steering fiber concept 

that take in account two fiber angles at the wing root and at the 

wing tip with a nonlinear difference between the two angle points 

which results in curves starts from 0° and 90°. However, the fiber 

placement cause tows overlaps in certain positions. The drawback 

of overlaps is increasing the lamina thickness at overlaps which 

leads to weight increase. On the other hand, a tow cutter used to 

cut the overlaps which insure an equal thickness a cross the 

lamina.    

Bret and Christine come up with a parallel path strategy that 

creates paths insure the angles on the paths to be equal along the 

diagonal while the angles along the horizontal and vertical lines of 

different paths not have same angle. This technique construct a 

distributed fiber orientation and stiffness in xô and yô direction. 

Besides they utilized a shifted ply strategy which based mapping a 

reference fiber path with constant distance along y axes            

Gürdal et. al. used a fiber orientation function to define a fiber 

paths across a plate. To allocate the fiber tows a first fiber 

orientation angle starts from the origin of the plate and a second 

fiber orientation angle ended at half distance of the plate's width. 

To insure symmetry the path of the fibers mapped with equal 

distances along y axes at x=0. 

Huang et. al. used unique approach to altering fiber orientation 

around a hole in composite plate. They vary the fiber orientation 

angles around the hole by continuous bilinear interpolation 
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function.  They found that, increasing the load carrying capacity of 

six layers composite plate with orientation angles varied with 

continuous bilinear interpolation function around the plate's hole 

with 100%.   

Varying fiber orientations of 3D cylindrical composite geometry 

for obtaining a maximum buckling load was carried out [82]. They 

used a cosine function to define a single fiber reference path with 

varied orientation angles. The reference path then distributed with 

equal distances across the whole curved area of the cylinder. 

Fayazbakhsh et. al. used a similar method that adopted [82] to 

define and allocate a reference fiber path and then shifted to cover 

the entire 3D truncated cone geometry. 

Finite element modeling of the variation of fiber orientation in 

each element was performed by assigning an angle in each centre 

of element. That has been performed by considering the orientation 

of any coordinate over the mesh as a function of y axes (see 

equation 6 in [84]). In fact the fiber path is curvilinear that 

modeled using four non-linear function (1- geodesic paths, 2- 

constant angle paths, 3- paths with a linearly varying ýber angle, 

and 4- paths with a constant curvature). However the fiber 

orientation is linear in each element and has different orientation 

when the size of element is as small as possible [84]. 

Tanut and Baier used B-spline method to create a constant and 

perturbed control point to be a nuclei for the distributed steered-

tow path with varied orientation angles. 

Schueler et. al. and Gurdal et. al. (2008) have also use fiber placed 

composite plate to investigate the effect of steering fiber technique 

on composite stiffness and buckling loading capacity. The 

technique he used to steer the fiber is by creating two points say 

one at origin coordinate and one at the right tip of the plate. The 

curve in between the two points formed by allocating a non-linear 

perturbation along x axis (see equation 2 in Schueler et. al.. 

Lopes et. al. (2010) have modeled composite steered-fiber panels 

with hole at the center. They used finite element modeling method 

to assign each orientation angle in 5 mm 'sub-region' ( four node 
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shell finite element) using simple algorithm based on the right and 

left most angles and fiber directions in the sub-region. 

The propose of the contemporary effort is to innovate a Matlab 

code that generate a hybrid finite element mesh with orientation 

angles that inherent in steered-tows engineering fabrics. The 

produced finite element mesh can be utilized in further finite 

element simulations.     

MATERIAL AND METHOD:  

One engineering fabric have been analyzed in this investigation. a 

plain weave glass fabric (weft tow width = 2.18 mm  +/- 0.038 mm 

mm, warp tow width =2.12  +/- 0.052mm). The glass fabric was 

analyzed after taking directly óoff the rollô. In order to obtain of an 

engineering fabric with steered-yarns, a 300 mm glass fabric sheet 

was deformed bio-axially from eight locations on sheet's perimeter 

(see Figure 1). An optimized steered-fabric is possible to obtain by 

applying a tension load (on the eight position shown in Figure 1) 

with different values. The magnitude of the applied loads depends 

on the shape of steered-fabric desired and locations of the stiffness 

variations.     

 
Figure 1. A 300 mm glass engineering fabric manipulated manually to 

demonstrate the steered-fabric. 

Modelling a finite element mesh with orientation angles identical 

to the statistical distribution of steered-tows engineering fabric is a 
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step on the way of building a predictable design instrument to 

predict the behaviour (variable stiffness) of composite laminates. 

A novel computer aided manufacturing Matlab code that generated 

a finite element mesh with steered-tows has been innovated by 

modifying an existing Matlab code (VariFab [88]) developed by 

the author. 

Measuring the orientation angle of each unit cell result from a 

manual deformation of an engineering glass fabric (Figure 1) has 

been performed using imageJ software [89]. That orientation 

angles of the glass engineering fabric have been used as input data 

to the steered-tows software to generate a finite element mesh with 

orientation angles identical to the orientation angles in the 

engineering glass fabric (Figure 2 -a and 2-b). 

 
 

Figure 2. (a) An image of a mutually constrained mesh of membrane and 

truss elements of steered fibre and (b) An image of a square piece of 

fabric deformed manually to obtain the pattern of steered fibre lamina. 

IMPLEMENTATION STEERED -TOW MODEL:  
VariFab code [88] that developed by the author has been modified 

to convey the steered-tow inherent in manipulated real engineering 

fabric into hybrid finite element mesh [90, 91]. The length of the 
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perturbed horizontal diagonal of each unit cell and the length of 

the perturbed vertical diagonal is determining from the modified 

Eqs. (1-5).  

ὭὲὧςpȾὲ ρ   (1)                                                                                     

ὸ πȟὭὲὧȟςὭὲὧȟσὭὲὧȟȢȢȢȢȢȢȢȢȟςp               (2)                                    

e πȢππσςzÔȢ  πȢπυπυzÔȢ  πȢςυχχzÔ  πȢχπυχ   (3)                               

ςὥ m
D
ez                      (4)                                                                                   

ςὦ
L

            (5) [88]                                                                                         

where L the element length, Dm  the horizontal diagonal length, an 

is the length of the x-component of the horizontal diagonal of 

element n and similarly bn is the length of the y-component of the 

vertical diagonal of element n, k is the number of elements. e  is 

an equation produce an array defined by Eq (3) and t variable as 

function in equatione  and it increased with values from 0 to 2p. 

For more details about modeling algorithm refer to [88].  

GENERATING OF STEERED-TOWS MESH: 

Generating steered-tows finite element mesh with identical 

orientation angles distribution that obtained in real manipulated 

glass engineering fabric has been reproduced by try and error 

method. The method based on inputting parameters (steered-tows 

code's parameters) and change their values until attain the required 

mesh (Figure 3 illustrates the orientation angles distribution of (b) 

real fabric and (a) predicted finite element mesh. Good agreement 

is obtained between the two methods (see Figure 3- c). However, 

this try and error method is a very tedious, time and effort 

consuming method. In near future I am going to use Genetic 

algorithm method to get reasonable and faster converge between 

the orientation angles of the real fabric and finite element mesh.  
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Figure 3. (a) Image of steered-tows mesh with same distribution as 

that in figure (b) the real glass engineering fabric manipulated, (c) 

Comparison the orientation angles distribution of the manipulated 

real engineering fabric (a) with the finite element mesh (b) 

 

 Acknowledgment: 

The authors wish to thank Engineering and Physical Sciences 

Research Council for the feasibility study grant óLow-cost 

manufacture of high-quality steered-fibre laminatesô, 

(EP/1033513/1)ô. 

 



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нсо 

 
 

REFERENCES: 

[1] P. Boisse, A. Gasser, B. Hagege, and J. L. Billoet, 

"Analysis of the mechanical behavior of woven fibrous 

material using virtual tests at the unit cell level," Journal of 

materials science, vol. 40, pp. 5955-5962, 2005.  

[2] D. Laroche, T. Vu-Khanh, I. Industrial Materials, and i. 

Institut des matériaux, Modelling of the forming of 

complex parts from fabric composites. Boucherville, 

Québec: Industrial Materials Institute, National Research 

Council of Canada, 1991. 

[3] P. Boisse, N. Hamila, F. Helenon, B. Hagege, and J. Cao, 

"Different approaches for woven composite reinforcement 

forming simulation," International journal of material 

forming, vol. 1, pp. 21-29, 2008.  

[4] I. Verpoest and S. V. Lomov, "Virtual textile composites 

software WiseTex: Integration with micro-mechanical, 

permeability and structural analysis," Composites Science 

and Technology, vol. 65, pp. 2563-2574, 2005.  

[5] M. Sherburn, "TexGen v2," v2 ed, 2007.  

[6] M. Sherburn, "TexGen v3," v3 ed, 2007.  

[7] G. Hivet, J. Launay, A. Gasser, J. L. Daniel, and P. Boisse, 

"Mechanical behavior of woven composite reinforcements 

while forming," Journal of Thermoplastic Composite 

Materials, vol. 15, pp. 545-555, 2002.  

[8] M. Komeili and A. Milani, "The effect of meso-level 

uncertainties on the mechanical response of woven fabric 

composites under axial loading," Computers & Structures, 

2011.  

[9] P. Boisse, N. Hamila, P. Wang, S. Gatouillat, S. Bel, and 

A. Charmetant, "COMPOSITE REINFORCEMENT 

FORMING SIMULATION: CONTINUOUS AND 

MESOSCOPIC APPROACHES."  

[10] H. Lin, M. J. Clifford, A. C. Long, and M. 

Sherburn, "Finite element modelling of fabric shear," 



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нсп 

 
 

Modelling and Simulation in Materials Science and 

Engineering, vol. 17, p. 015008, 2008.  

[11] G. E. Mase, Schaum's outline of theory and 

problems of continuum mechanics / by George E. Mase. : 

New York : McGraw-Hill, c1970, 1970. 

[12] Y. Aimene, E. Vidal-Salle, B. Hagège, F. Sidoroff, 

and P. Boisse, "A hyperelastic approach for composite 

reinforcement large deformation analysis," Journal of 

Composite materials, vol. 44, pp. 5-26, 2010.  

[13] G. A. Holzapfel, "Nonlinear solid mechanics: a 

continuum approach for engineering," 2000.  

[14] X. Peng, Z. Guo, and P. Harrison, "A simple 

anisotropic fiber reinforced hyperelastic constitutive model 

for woven composite fabrics," International journal of 

material forming, vol. 3, pp. 723-726, 2010.  

[15] E. Vidal-Salle, Y. Aimene, and P. Boisse, "Use of a 

hyperelastic constitutive law for dry woven forming 

simulations," AIP Conference Proceedings, vol. 1353, pp. 

883-888, 2011. 

[16] P. Boisse, Y. Aimène, A. Dogui, S. Dridi, S. 

Gatouillat, N. Hamila, M. Aurangzeb Khan, T. Mabrouki, 

F. Morestin, and E. Vidal-Sallé, "Hypoelastic, hyperelastic, 

discrete and semi-discrete approaches for textile composite 

reinforcement forming," International journal of material 

forming, vol. 3, pp. 1229-1240, 2010. 

[17] P. Xue, X. Peng, and J. Cao, "A non-orthogonal 

constitutive model for characterizing woven composites," 

Composites Part A: Applied Science and Manufacturing, 

vol. 34, pp. 183-193, 2003. 

[18] X. Peng and J. Cao, "A continuum mechanics-based 

non-orthogonal constitutive model for woven composite 

fabrics," Composites Part A: Applied Science and 

Manufacturing, vol. 36, pp. 859-874, 2005. 

[19] W.-R. Yu, P. Harrison, and A. Long, "Finite 

element forming simulation for noncrimp fabrics using a 



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нср 

 
 

non-orthogonal constitutive equation," Composites Part A: 

Applied Science and Manufacturing, vol. 36, pp. 1079-

1093, 2005. 

[20] W. R. Yu, F. Pourboghrat, K. Chung, M. 

Zampaloni, and T. J. Kang, "Nonorthogonal constitutive 

equation for woven fabric reinforced thermoplastic 

composites," Composites Part A: Applied Science and 

Manufacturing, vol. 33, pp. 1095-1105, 2002.  

[21] P. Harrison, M. Clifford, A. Long, and C. Rudd, "A 

constituent-based predictive approach to modelling the 

rheology of viscous textile composites," Composites Part 

A: Applied Science and Manufacturing, vol. 35, pp. 915-

931, 2004. 

[22] P. Morgan, Carbon fibers and their composites vol. 

27: CRC, 2005.  

[23]  (19Sep2012). 

http://www.shopmaninc.com/epoxy.html  

[24]  (29May2012). 

http://bateau2.com/howto/cure_times.php    

[25] S. Sandler, W. Karo, J. Bonesteel, and E. Pearce, 

"Polymer synthesis and characterization: a laboratory 

manual. 1998," ed: San Diego: Academic Press.  

[26] [26] F. C. Campbell Jr, Manufacturing processes for 

advanced composites: Elsevier Science, 2003.  

[27]  (20Sep2012). 

http://scholar.lib.vt.edu/theses/available/etd-

42198113329/unrestricted/ch1.pdf  

[28] D. Mann, Automotive Plastics & Composites-

Worldwide Markets & Trends to 2007: Elsevier Science & 

Technology, 1999.  

[29] C. Maier and T. Calafut, Polypropylene: the 

definitive user's guide and databook: William Andrew, 

1998.  

[30] TORAYCA®. (2010, 22 Sep 2012). 

EXPLANATION OF PRODUCT CODE. Available: 



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нсс 

 
 

http://www.toraycfa.com/pdfs/ExplanationofProductCode.

pdf                  

[31] K. Friedrich, S. Fakirov, and Z. Zhang, Polymer 

composites: from nano-to macroscale: Springer, 2005.  

[32] X. Li, Y. Shimizu, A. Pyatenko, H. Wang, and N. 

Koshizaki, "Tetragonal zirconia spheres fabricated by 

carbon-assisted selective laser heating in a liquid medium," 

Nanotechnology, vol. 23, p. 115602, 2012.  

[33]  (29May2012). 

www.bolton.ac.uk/codate/spguidetocomposites.pdf.  

[34]  (29May2012). 

http://www.advancedcomposites.co.uk/data_catalogue/cata

logue%20files/sm/SM10 10-

INTRO%20TO%20ADV%20COMPS-Rev06.pdf. 

[35] T.-W. Chou, Microstructural design of fiber 

composites: Cambridge University Press, 2005. 

[36] J. Wang, "Predictive modelling and experimental 

measurement of composite forming behaviour," University 

of Nottingham, 2008.  

[37] J. R. Thagard, "Investigation and development of 

the resin infusion between double flexible tooling (RIDFT) 

process for composite fabrication," 2003.  

[38] A. Willems, "Forming simulation of textile 

reinforced composite shell structures," PhD, Faculteit 

Ingenieurswetenshapen Arenbergkasteel, Katholieke 

Universiteit Leuven, Leuven Leuven, 2008. 

[39] [39] A. Endruweit, A. C. Long, F. Robitaille, and C. 

D. Rudd, "Influence of stochastic fibre angle variations on 

the permeability of bi-directional textile fabrics," 

Composites Part A: Applied Science and Manufacturing, 

vol. 37, pp. 122-132, 2006. 

[40] A. Endruweit, Long, A., Robitaille, F., and Rudd, 

C., "Dependence of permeability variations on the textile 

structure," presented at the Proc. 11th ECCM, Euro. Conf. 

Comp. Mat, Rhodes, Greece, 2004. 



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нст 

 
 

[41] C. Creighton, M. Sutcliffe, and T. Clyne, "A 

multiple field image analysis procedure for characterisation 

of fibre alignment in composites," Composites Part A: 

Applied Science and Manufacturing, vol. 32, pp. 221-229, 

2001.  

[42] J. Gan, S. Bickerton, and M. Battley, "Quantifying 

Variability within Glass Fiber Reinforcements using an 

Automated Optical Method," Composites Part A: Applied 

Science and Manufacturing, 2012.  

[43] A. A. Skordos and M. P. F. Sutcliffe, "Stochastic 

simulation of woven composites forming," Composites 

Science and Technology, vol. 68, pp. 283-296, 2008. 

[44] H. Lin, J. Wang, A. Long, M. Clifford, and P. 

Harrison, "Predictive modelling for optimization of textile 

composite forming," Composites Science and Technology, 

vol. 67, pp. 3242-3252, 2007. 

[45] M. Duhovic, P. Mitschang, and D. Bhattacharyya, 

"Modelling approach for the prediction of stitch influence 

during woven fabric draping," Composites Part A: Applied 

Science and Manufacturing, vol. 42, pp. 968-978, 2011. 

[46] P. Badel, S. Gauthier, E. Vidal-Sallé, and P. Boisse, 

"Rate constitutive equations for computational analyses of 

textile composite reinforcement mechanical behaviour 

during forming," Composites Part A: Applied Science and 

Manufacturing, vol. 40, pp. 997-1007, 2009.  

[47] F. Abbassi, I. Elfaleh, S. Mistou, A. Zghal, M. 

Fazzini, and T. Djilali, "Experimental and numerical 

investigations of a thermoplastic composite (carbon/PPS) 

thermoforming," Structural Control and Health Monitoring, 

vol. 18, pp. 769-780, 2011.  

[48] L. Dong, C. Lekakou, and M. Bader, "Processing of 

composites: simulations of the draping of fabrics with 

updated material behaviour law," Journal of Composite 

Materials, vol. 35, pp. 138-163, 2001.  



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нсу 

 
 

[49] J. S. Lee, S. J. Hong, W.-R. Yu, and T. J. Kang, 

"The effect of blank holder force on the stamp forming 

behavior of non-crimp fabric with a chain stitch," 

Composites Science and Technology, vol. 67, pp. 357-366, 

2007.  

[50] X. Peng and F. Ding, "Validation of a non-

orthogonal constitutive model for woven composite fabrics 

via hemispherical stamping simulation," Composites Part 

A: Applied Science and Manufacturing, vol. 42, pp. 400-

407, 2011.  

[51] S. Sadough, F. Biglari, M. Shirani, and A. Agahi, 

"Reinforced thermoplastic sheet composite deep drawing 

investigation."  

[52] A. A. Skordos, C. Monroy Aceves, and M. P. 

Sutcliffe, "A simplified rate dependent model of forming 

and wrinkling of pre-impregnated woven composites," 

Composites Part A: Applied Science and Manufacturing, 

vol. 38, pp. 1318-1330, 2007. 231  

[53] K. Vanclooster, S. V. Lomov, and I. Verpoest, 

"Simulation of multi-layered composites forming," 

International Journal of Material Forming, vol. 3, pp. 

695698, 2010. 

[54] W. Lee, M. K. Um, J. H. Byun, P. Boisse, and J. 

Cao, "Numerical study on thermostamping of woven fabric 

composites based on double-dome stretch forming," 

International Journal of Material Forming, vol. 3, pp. 1217-

1227, 2010.  

[55] K. Vanclooster, S. V. Lomov, and I. Verpoest, 

"Experimental validation of forming simulations of fabric 

reinforced polymers using an unsymmetrical mould 

configuration," Composites Part A: Applied Science and 

Manufacturing, vol. 40, pp. 530-539, 2009. 

[56] M. A. Khan, T. Mabrouki, E. Vidal-Salle, and P. 

Boisse, "Numerical and experimental analyses of woven 

composite reinforcement forming using a hypoelastic 



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нсф 

 
 

behaviour. Application to the double dome benchmark," 

Journal of materials processing technology, vol. 210, pp. 

378-388, 2010. 

[57] P. Harrison, P. Gomes, R. Correia, F. Abdiwi, and 

W. Yu, "Press forming the double-dome benchmark 

geometry using a 0/90 uniaxial cross-ply advanced 

thermoplastic composite," 2012. 

[58] M. A. Khan, T. Mabrouki, S. Gauthier, E. Vidal-

Salle, and P. Boisse, "Preforming simulation of the 

reinforcements of woven composites: continuous approach 

within a commercial code," International Journal of 

Material Forming, vol. 1, pp. 879882, 2008.  

[59] X. Peng and Z. U. Rehman, "Numerical Simulation 

of Textile Composite Stamping On Double Dome," in AIP 

Conference Proceedings, 2011.  

[60] K. Vanclooster, S. V. Lomov, and I. Verpoest, 

"Simulating and validating the draping of woven fiber 

reinforced polymers," International Journal of Material 

Forming, vol. 1, pp. 961-964, 2008/04/01 2008.  

[61] A. Willems, S. Lomov, D. Vandepitte, and I. 

Verpoest, "Double dome forming simulation of woven 

textile composites," in Proceedings of the 9th ESAFORM 

conference on material forming. Publishing House Akapit, 

Poland, 2006, pp. 747750.  

[62] A. Willems, S. Lomov, I. Verpoest, D. Vandepitte, 

P. Harrison, and W. Yu, "Forming simulation of a 

thermoplastic commingled woven textile on a double 

dome," International Journal of Material Forming, vol. 1, 

pp. 965-968, 2008. 

[63] H. Lin, A. Long, M. Clifford, J. Wang, and P. 

Harrison, "Predictive FE modelling of prepreg forming to 

determine optimum processing conditions," in AIP 

Conference Proceedings, 2007, p. 1092. 

[64] A. Long, A. A. Skordos, P. Harrison, M. Clifford, 

and M. P. Sutcliffe, "Optimisation of Sheet Forming for 



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нтл 

 
 

Textile Composites using variable Peripheral Pressure," 

presented at the 27th International Conference SAMPE 

EUROPE Paris, France, 2006.  

[65] S. Sharma and M. Sutcliffe, "Draping of woven 

fabrics: Progressive drape model," Plastics, rubber and 

composites, vol. 32, pp. 57-64, 2003. 

[66] P. Boisse, N. Hamila, E. Vidal-Sallé, and F. 

Dumont, "Simulation of wrinkling during textile composite 

reinforcement forming. Influence of tensile, in-plane shear 

and bending stiffnesses," Composites Science and 

Technology, vol. 71, pp. 683692, 2011. 

[67] N. Hamila, P. Wang, E. VidalπSallé, and P. Boisse, 

"Simulation of Forming and Wrinkling of Textile 

Composite Reinforcements," in AIP Conference 

Proceedings, 2011, p. 942.  

[68] P. Wang, N. Hamila, and P. Boisse, "Numerical 

simulation of multiπlayered textile composite reinforcement 

forming," in AIP Conference Proceedings, 2011, p. 918. 

[69] A. Cherouat and H. Borouchaki, "Present State of 

the Art of Composite Fabric Forming: Geometrical and 

Mechanical Approaches," Materials, vol. 2, pp. 18351857, 

2009. 

[70] J. Wiggers, "Analysis of textile deformation during 

preforming for liquid composite moulding," University of 

Nottingham, 2007.  

[71] N. Burnford, "Development of Drape Simulation 

Software and the Optimisation of Variable-Length 

Textiles," 2011.  

[72] N. Hamila, P. Boisse, F. Sabourin, and M. Brunet, 

"A semi-discrete shell finite element for textile composite 

reinforcement forming simulation," International Journal 

for Numerical Methods in Engineering, vol. 79, pp. 1443-

1466, 2009.  

[73] Q. Chen, P. Boisse, N. Hamila, A. Saouab, C. Park, 

and J. Bréard, "A finite element method for the forming 



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нтм 

 
 

simulation of the reinforcements of thermoplastic 

composite," International Journal of Material Forming, vol. 

2, pp. 213-216, 2009.  

[74] F. Dumont, C. Weimer, D. Soulat, J. Launay, S. 

Chatel, and S. Maison-Le-Poec, "Composites preforms 

simulations for helicopters parts," International Journal of 

Material Forming, vol. 1, pp. 847-850, 2008.  

[75] M. R. Garnich and N. A. Klymyshyn, "Multiscale 

analysis of stamp forming of a woven composite," Journal 

of Thermoplastic Composite Materials, 2011. 

[76] Progressive failure analysis of tow-placed, variable-

stiffness composite panels CS Lopes, PP Camanho, Z 

Gürdal, BF Tatting, International Journal of Solids and 

Structures 44 (25-26), 8493-8516. 

[77] Tailoring for strength of composite steered-fibre 

panels with cutouts, CS Lopes, Z Gürdal, PP Camanho 

Composites Part A: Applied Science and Manufacturing 41 

(12), 1760-1767 

[78] K. Chauncey Wu, "Design and Analysis of Tow-

Steered Composite Shells Using Fiber Placement"  NASA 

Langley Research Center Hampton, Virginia. 

[79] Bret K. " Aeroelastic Tailoring via Tow Steered 

Composites," Stanford Langley Research Center, Hampton, 

Virginia. NASA/TMï2014-218517. Christine V. Jutte 

Craig Technologies, Inc., Cape Canaveral, Florida. 

[80] Gürdal, Z. and R. Olmedo, "In - plane response of 

laminates with spatially varying fiber orientations: variable 

stiffness concept,". AIAA journal, 1993. 31(4): p. 751-758. 

[81] Huang, J. and R.T. Haftka, "Optimization of fiber 

orientations near a hole for increased load-carrying 

capacity of composite laminates,". Structural and 

Multidisciplinary Optimization, 2005. 30(5): p. 335-341. 

[82] Blom A.W., List J., Stickler P.B. and Gürdal Z., 

Design and Manufacture of a Composite Cylinder with 

Circumferentially Varying Stiffness. In Proceedings of the 



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нтн 

 
 

American Society for Composites ï Twenty-third 

Technical Conference, 9-11 September 2008, Memphis, 

TN, USA. 

[83] Fayazbakhsh, K., Prabhakar, S., Pasini, D. and 

Lessard, L., "A study of the influence of gaps and overlaps 

on the strength of composite panels made by automated 

fiber placement," . In Proceedings of the American Society 

for Composites ï Twenty-sixth Technical Conference , 26- 

28 September 2011, Montreal, QC, Canada. 

[84] Fayazbakhsh, K., D. Pasini, and L. Lessard, "The 

Effect Of Manufacturing Parameters On The Tow Drop 

Regions Of A Variable Stiffness Composite Cone Made 

Out Of Autometed Fiber Placement,". In 42 nd ISTC , 

SAMPE,2010. Salt Lake City, UT;USA. 

[85] Tanut Ungwattanapanit, "Postbuckling 

Optimization of Composite Stiffened Fuselage Panels using 

Steered Fibers, "Horst Baier Institute of Lightweight 

Structures, Technical University Munich  Boltzmannstr. 

15, 85747 Garching b. München, Germany. 

[86] Kurt Schueler, James Miller, Richard Hale, 

"Approximate Geometric Methods in Application to the 

Modeling of Fiber Placed Composite Structures," Journal 

of Computing and Information Science in Engineering 

SEPTEMBER 2004, Vol. 4. 

[87] C. S. Lopes, Z. Gurdal, P.P. Camanho, "Tailoring 

for strength of composite steered-fibre panels with 

cutouts,". Composite: part A. Vol 41. 210. 1760-1767.  

[88] Abdiwi, F., Harrison, P. , Koyama, I., Yu, W.R., 

Long, A.C., Corriea, N., and Guo, Z. (2012) Characterising 

and modelling variability of tow orientation in engineering 

fabrics and textile composites. Composites Science and 

Technology , Volume 72, Issue 9, 1034ï1041. 

[89] R. WS., "ImageJ, U. S. National Institutes of 

Health," ed. U. S. National Institutes of Health, Bethesda, 

Maryland, USA: Rasband WS. , 1997-2005.  



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нто 

 
 

[90] Abdiwi, F., Harrison, P. , Yu, W.R. and Guo, Z., 

Modelling the Shear-Tension Coupling of Engineering 

Fabrics, 8th ESMC July 2012, Graz, Austria Available 

upon request. 

[91] Abdiwi, F., Harrison, P., and Yu, W.R. (2013) 

Modelling the Shear-Tension Coupling of Woven 

Engineering Fabrics. Submitted to Advances in Materials 

Science and Engineering Journal.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нтп 

 
 

Min imizing the specific energy consumption of 

Tajoura SWRO plant by comparative a different 

types of energy recovery devices 

Abdulmenam A. Abdalla, Nafaa A. Albohli 

Department of Mechanical Engineering, Faculty of Engineering, 

Sabratha University, Libya 

nafaa.albohli@sabu.edu.ly 

Abstract  

Producing fresh water from seawater by using RO desalination 

plants is known to be expensive due to its high energy 

requirements, so the main subject of desalination companies is to 

reduce the cost of producing water, one way to reduce the cost of 

water production is done by reducing the specific energy 

consumption (SEC) which is the most determinant factor in 

operation cost of seawater reverse osmosis (SWRO) desalination 

plants. The energy consumption is reduced by using the energy 

recovery devices (ERDs), these devices exploit the waste energy in 

the concentrated brine and return it to the feeding line. This paper 

aims to study the possibility of reducing the SEC of the Tajoura 

SWRO desalination plant by replacing the ancient ERD (reverse 

running pump) by a modern efficient ERD, therefore, the SEC by 

using different types of ERDs has been calculated and compared 

with the reverse running pump.   

The results confirmed that the lowest value of SEC was when 

using the pressure exchanger (PX) with value of 2.12 kWh/m
3
, 

while it was 3.89 kWh/m
3
 by using the currently device. The PX 

device saved 61.7% of the energy compared with 29.7% saving in 

the reverse running pump. In general, for all studied ERDs, it was 

mailto:nafaa.albohli@sabu.edu.ly
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found that the energy savings in the positive displacement devices 

are greater than the saving in centrifugal devices. 

Key words: specific energy consumption (SEC), energy recovery 

device (ERD), high pressure pump (HPP), brine, produced water. 

òƢǂǄǁä 
 ƠưƓǈƙǃƓƕ ïơƕǃå ǉƓǒǆ ƗǒǄơƙ èƓõơǆ þåíƤƙƪƓƕ æïƬǄǃ ƠǃƓƮǃå ßƓǆǃå êƓƙǈã ƗƽǄǂƙ ÿã
 èƓǂïƬǃ ǑƪǒƑïǃå úíǌǃå ÿƎƼ üǃîǃā .ƗǒǃƓƶǃå ƗƿƓõǃå èƓƕǄõƙǆ æƕƪƕ ǑǃƓƵ Ǒƪǂƶǃå
 êƓƙǈã ƗƽǄǂƙ ÿǆ ýǒǄǀƙǃå ûïõ Ăíơã ÿǆ .çǚơǆǃå ǉƓǒǆǃå êƓƙǈã ƗƽǄǂƙ ýǒǄǀƙ āǋ ƗǒǄơƙǃå

ǌƙƪǙå ýǒǄǀƙ āǋ ǉƓǒǆǃå) ƗƿƓõǄǃ ǑƵāǈǃå üǚSEC ƗǒǂǒǈƓǂǒǆ çðǌƞá þåíƤƙƪƓƕ üǃî þƙǒā Ü(
) ƗƿƓõǃå íåíïƙƪå çðǌƞá ǏǆƪƙERDs ÿǆ ƗǒǃƓƶǃå õƺưǃå ƗƿƓõ óǄƤƙƪƙ çðǌƞǕå ǉîǋ Ü(

 ƗǒǈƓǂǆã Ɨƪåïí āǋ Ɨƿïāǃå ǉîǌǃ ǑƪǒƑïǃå úíǌǃå .Ɨǒîƺƙǃå õƤǃ ƓǌƵƓƞïǗ çíāïõǆǃå ǉƓǒǆǃå
 Ɨõơǆǃ ƗƿƓõǄǃ ǑƵāǈǃå üǚǌƙƪǙå ÿǆ ýǒǄǀƙǃå ýåíƕƙƪƓƕ üǃîā ïơƕǃå ǉƓǒǆ ƗǒǄơƙǃ ßåïāƞƓƙ

 ǑƵāǈǃå üǚǌƙƪǙå æƓƪơƕ üǃîā ÜƗƛǒíơ çðǌƞƋƕ ƗõơǆǃƓƕ þǒíǀǃå ƗƿƓõǃå íåíïƙƪå ðƓǌƞ
.ƗõơǆǃƓƕ ƓǒǃƓơ íāƞāǆǃå ðƓǌƞǃƓƕ þǌƙǈïƓǀǆā ðƓǌƞ ýǂǃ ƗƿƓõǄǃ 

 ðƓǌƞ þåíƤƙƪå íǈƵ ÿƓǂ ǑƵāǈǃå ƗƿƓõǃå üǚǌƙƪǙ Ɨǆǒƿ ýƿá ÿá ƝƑƓƙǈǃå èïǌöáPX 
 Ɨǆǒǀƕ2.12 kWh/m3  ÿƓǂ Ɠǆǈǒƕ3.89 kWh/m3  ǑǃƓơǃå ðƓǌƞǃå þåíƤƙƪå íǈƵ

 ðƓǌƞ .ƗõơǆǃƓƕPX  ïĄƼā61.7 ùƕ ƗǈïƓǀǆǃƓƕ ƗƿƓõǃå ÿǆ %29.7 ïǒƼāƙ ðƓǌƞ ǑƼ %
 ƗơåðǗå èåî ƗƿƓõǃå íåíïƙƪå çðǌƞá ǑƼ ƗƿƓõǃå ǑƼ ïǒƼāƙǃå Üþāǆƶǃå ǑƼ .ǑǃƓơǃå ƗƿƓõǃå

çíïƓõǃå ƗƿƓõǃå íåíïƙƪå çðǌƞá ǑƼ Ǌǈǆ ïƕǂá Ɨƕƞāǆǃå Ɨǒðǂïǆǃå. 

1. Introduction  

Water is the basic base of the life above the earth surface, due to 

the rapid increasing of population, the high standard of living, 

industrial and agricultural development, caused shortage of potable 

water, although more than three quarters of the earth's surface is 

water, but the drinkable is only 3% because of its salinity or 
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pollution due to the environmental pollution that accompanied the 

industrial revolutions [1], so the thinking of finding alternative 

solutions to reduce the growing crisis became the interest of a lot 

of researchers. Desalination was one of the most important 

alternative solutions to get potable water, especially in countries 

which suffer from shortage of potable water and scarcity of its 

sources. 

Desalination is a series of processes aimed to removing all or a 

part of excess salts and minerals found in the composition of 

undrinkable water such as seawater. Water treatment and 

desalination operations are carried out by different methods, some 

of which are known centuries ago, and some are modern. 

Desalination methods are divided into two main types: thermal and 

membrane methods. 

The thermal desalination methods have been used in the early of 

1950s, in this process; the salty feed water is evaporated by raising 

its temperature to a boil, and then condensed into the water again, 

so that the distilled water becomes free of salt. This distilled water 

has no taste, so it is treated with additives to make it suitable for 

drinking or irrigation. The thermal water desalination process is 

carried out in several ways, including: Multi-Stage Flash 

Distillation, Multi effect Distillation and Compressor steam ejector 

[2]. While the membrane desalination methods depend on the 

presence of a driving force to pass water through a semi-permeable 

membrane that allows the passage of water and does not allow the 

passage of the salts. The membrane desalination methods are 

divided into: ElectroïDialysis methods and Reverse Osmosis 

methods, where the reverse osmosis method (which is known as 

RO) is one of the most used desalination methods recently due to 

its high efficiency, but its disadvantage is the large consumption of 

energy to produce drinking water. In recent years, the membrane 
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technologies have surpassed the thermal technologies [3]. It was 

used for the first time in the 1970s, and since that time, 

improvements and developments have continued until it has 

become the most widely used method of desalination, accounting 

for about 53% of the world's desalination plants [4].  

The process of reverse osmosis is defined as the process of reverse 

transfer of fresh water from the more concentrated solution to the 

less concentrated solution through a membrane, where the feed 

water (salt water) is pumped through high pressure pumps to 

pressure higher than the osmotic pressure in closed vessel called 

the pressure vessel, which containing membranes allow to passage 

the water and not allow to passage the salts. These membranes are 

called reverse osmosis membranes (RO membranes), the amount 

of feed water that passes through the reverse osmosis membrane 

does not fully cross the membrane, usually, about 30-45% of it 

passes as fresh water, this part of the water is called product or 

permeate, when a fresh water passes through the membrane, the 

salinity of the water inside the membrane increases, so a fraction 

of the feeding water is disposed to the atmosphere without passing 

through the membrane to flush the salts out of the membrane to 

prevent these from accumulating on the membrane surface. This 

fraction of the feed water is known as concentrate, reject or brine. 

As shown in figure 1 [3].  

 

Figure 1. Reverse osmosis schematic 
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Any RO plant contains the following essential sections: Water 

intake, Pretreatment, Main RO process and Posttreatment section. 

The main parts of the desalination process includes; high pressure 

pumps (HPPs), a membrane unit and energy recovery devices, as 

shown in figure 2, the most focus on RO plant development was in 

these main parts, therefore, the currently improvements and 

developments in this sections have made the RO desalination 

plants the preferred choice for desalination [5].  

 

Figure 2. Layout of SWRO desalination plant sections 

In order to provide the necessary pressure to pass the fresh water 

through the membranes and reserve the salts, high pressure pumps 

(HPP) are used, which are usually a multi-stage centrifugal pump, 

where the salt water is pressurized to a pressure higher than the 

osmotic pressure to reach the pressure required for the process of 

extracting salts inside the membranes. This pressure ranges 

between 17-27 bar for well water, and between 45-80 bar for sea 

water depending on the salinity of the water and production rates. 

The high pressure pump is the main and largest part in the 

desalination plants which consume energy. The selection of high 

pressure pump depends on the amount of the feed water flow, 

membrane pressure and the operating temperature [2].  
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The membranes are the core of the desalination process, the 

recent design engineering of RO membranes has increased their 

efficiencies and improving their running life and cleaning costs 

[2], the commonly configurations of reverse osmosis membrane 

are: plate and frame, tubular, hollow fiber and spiral wound [2] 

which is the most common membrane recently used as shown in 

figure 3, where a seven or eight connected membranes are placed 

in series inside a vessel called a pressure vessel, and a group of 

pressure vessels are placed parallel to form a row. These 

membrane wound around a perforated tube which that collects the 

permeate [5].  

 

Figure 3. Spiral wound membrane module 

In seawater reverse osmosis (SWRO) desalination plants, 

almost between 55 to 60% of the pressure of feed water leaves the 

membrane through the brine flow, and the pressure dropping due 

to the passage of feed water through the membranes is small 

(approximate 2 bar), although the brine is sent for disposal, it 

carries a large amount of energy, therefore, it became necessary to 

recover this energy to decrease the energy consumption of the 

plant and improve the overall efficiency of the operation by using 

a technology allow this energy to recycling back into the process 
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[6]. Usually the energy recovery is done by a mechanical system, 

which extract this energy from the brine and return it to the feed 

water, this system is called energy recovery device, abbreviated as 

(ERD). The ERD began to be used in 1980ôs SWRO plants [7].  

Several types of devices have been developed to recover pressure 

energy from the brine flow. The first device used was a turbine 

that connected its shaft to a high pressure pump (HHP), which are 

a Francis turbine and a wheel or Pelton turbine, these devices have 

been developed with devices that operate efficiently when used in 

large desalination plants [8].  

Energy recovery devices can be classified according to the 

principle of their operation in how to recover the remaining energy 

from the brine expelled from the membranes in two classes, either 

Centrifugal or Positive Displacement Devices. Positive 

displacement devices are also called Pressure Exchanger. 

Examples of centrifugal energy recovery devices are the Pump 

reverse running or Francis turbines (FT), a Pelton wheel and 

hydraulic Turbocharger, while the positive displacement devices 

transfer pressure directly from the brine to feed water, examples 

include Inc.ôs pressure exchanger PX from ERI company, iSave by 

Danfoss, SALINO by KSB and Desalcoôs Work Exchanger 

Energy Recovery (DWEER) [8].  

One of the main differences between the two classes of energy 

recovery devices is the method of pumping the feed water with the 

high pressure pump, in a centrifugal energy recovery device, the 

high pressure pump pumps all of the feed water, while in a 

pressure exchanger the high pressure pump pumps a portion of 

feed water [9]. Due to the high electricity prices all over the world, 

energy recovery devices in reverse osmosis plants have become of 

interest the designers.  
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The reverse osmosis is a process that mainly depends on provide a 

high pressure to enter the membranes, this pressure is obtained 

from HPPs. 50-75% of the energy consumed in a reverse osmosis 

plant is used to drive the motors of HPPs, so the main energy 

consumption in the reverse osmosis plants is HPPs, therefore, 

reducing the energy consumption of the pumps reduces the cost of 

produced desalinated water [10]. The assessment of the energy 

consumption of the RO plant is by calculating the energy required 

for HPPs to produce a cubic meter of produced desalinated water, 

this factor is called (Specific Energy Consumption) and 

abbreviated as (SEC). It is used to measure the efficiency of the 

reverse osmosis desalination plant, and it is calculated by dividing 

the total electricity input to the HPPs in (kW) with the total 

product flow (m
3
/h), therefore, It is measured in (kWh/m

3
) [7].  

The reduction of specific energy consumption (SEC) became the 

focus of researches by searching on the best design of HPPs, 

membrane materials and energy recovery devices. One of the 

important research issues in improving the SWRO plant is the 

reducing of the SEC by using the ERDs, therefore, there are 

several published research works concerning to improving the 

performance of  the SWRO plant by reducing the SEC [4, 6, 11, 

12, 13 and 14]. 

The main objective of this paper is to study the possibility of 

decreasing the SEC of the Tajoura SWRO desalination plant by 

using a different types of energy recovery devices (ERDs) through 

exploit the high pressure energy of the brine, and finding the best 

alternatives to the energy recovery device currently in the plant 

(the revers running pump), where the plant data of pressures and 

flow rates through the membranes were collected. 
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2. Tajoura SWRO Desalination Plant 

Tajoura SWRO desalination plant is located on the Mediterranean 

coast. It was built in 1983 and began to operate in 1984 by 

capacity of 10,000 m
3
/day of potable water with a salinity of less 

than 500 ppm. 

The desalination process in the plant is achieved by passage of the 

seawater through the main stages of any reverse osmosis plant, 

where about 1500 m
3
/h of the seawater is pumped to the pre-

treatment section to pass through the filters, in addition, four 

chemicals (sulphuric acid, Copper sulphate, sodium sulphate and  ferric 

chloride sulphate ) are inject in order to purify seawater to a quality 

acceptable by RO membranes characteristics. 

Then the feed water is pumped to the reverse osmosis section, 

which consists of two stages, where the first stage, which contains 

four racks is fed by four high pressure pumps connected to the 

energy recovery turbines, the produced water from the first stage 

collects in two reservoirs before being pumped to the second stage 

by two high pressure pumps. The brine of the second stage return 

back to mix with the feed water of the first stage. The produced 

water is fed to the post-treatment section to adjust the pH, as well 

as dosing the chemicals. The design parameters of the membranes 

and the desalination process are presented in table 1 [15].   

 

Table 1. The design and working parameters of Tajoura desalination 

plant. 

Item First stage Second stage 

Number of RO racks 4 2 

Pressure vessels configuration 1 stage 3 stages 

Number of pressure vessels 396 84 

Number of membranes 2376 504 

Number of membranes per pressure 

vessel 
6 6 
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Nominal diameter, inch 6 8 

Membrane model TFC 1501 PA TFC 8600 PA 

Design pressure, bar 69 41 

Working pressure, bar 55 25 

pH 5ï6 5ï6 

Maximum temperature, 
°
C 45 45 

Feed flow, m
3
/h 1576 552 

Permeate flow, m
3
/h 552 468 

Concentrate flow, m
3
/h 1024 84 

Design salt rejection, % 98.6 98 

Recovery, % 35 85 

Permeate salinity, mg/L 1940 170 

Feed salinity, mg/L 36,204 1940 

The ERD used in the Tajoura SWRO plant to recover the high 

energy from the brine is the reverse running pump, where the brine 

of the first stage fed to the ERDs which coupled to the HPPs by 

free wheel clutch to recover about 30% of the HPPs energy. The 

table 2 illustrates the major design parameters of the ERD [13].    

 .            Table 2. The design parameters of the ERD. 

Manufacturer  KSB, Germany 

Turbine type HDANO 100 

Rated capacity 256 m
3
/h 

Efficiency %78 

The feeding of seawater to the first stage is done by four HPPs; 

these pumps raise the pressure to membrane working pressure, 

while two pumps feeding the second stage. The major design 

parameters of the HPPs are shown in the table 3 [13].  

Table 3. The design parameters of the HPPs. 

Pumps Specification First Stage Second Stage 

Manufacturer  KSB, Germany 

Type HDAO 150 

Pumping medium Seawater Permeate of first stage 

Flow rate 394 m
3
/h 275 m

3
/h 
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Pump efficiency 76 % % 72 

Working pressure 55 bar 25 bar 

Construction 
Horizontal type, multistage, with vertical split 

casing 

3. Theoretical Background  

The major component of the RO process that consumes the 

large portion of the energy is the HPPs, therefore, the energy 

consumption is evaluated in the study analysis as the specific 

energy consumption (SEC) which is calculated by dividing the 

total electricity input to the HPP in (kW) with the total product 

flow (m
3
/h). The SEC can be reduced by using ERDs which 

exploit the high pressure in brine by recover its hydraulic energy. 

3.1 The Centrifugal ERDs  

The centrifugal devices usually extract the energy from the 

brine pressure by using a turbine, then converting it into 

mechanical energy by a shaft. The ERD existed in the Tajoura RO 

desalination is a centrifugal type (revere running pump). Figure 4 

shows the scheme of the Francis turbine and the hydraulic 

turbocharger ERDs in the plant. 

Figure 4. Scheme of the Francis Turbine and Turbocharger in the plant. 
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3.2 Positive Displacement (Pressure Exchanger) ERDs  

The positive displacement devices transfer the energy of the 

brine directly to the feed water stream, where, the water leaving 

the pressure exchanger to pass to the feed water stream is pumped 

through a booster pump to reach the pressure of HPP, therefore, 

the HPPs do not pump all amount of feed water, but they pump a 

part of the feed water, which is usually equal to the produced water 

[5]. As shown in figure 5. 

 

Figure 5. Scheme of SWRO plane with Pressure Exchanger ERD 

4. Methodology 

To reducing the energy consumption of Tajoura SWRO 

desalination plant the SEC of HPPs was calculated. The 

calculations were done when using the current ERD (Revers 

Running Pump) and by using different types of devices, and 

compared the SEC of these devices with the SEC of the RO 

process without ERD. 

4.1 Specific energy consumption of Plant without ERD 

Figure 6 shows a diagram of the main section of RO 

desalination plant without ERD, where the SEC in this case is the 

energy consumption of high pressure pumps divided by the flow 

rate of water produced, so the SEC is calculated from the equation 

(1) [16].  
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Figure 6. The main RO section diagram. 

3%#
 

                                                     (1) 

Where, 7  is the high presure pump power (kW), ὗ  is the 

produced water flow rate (m
3
/h), ὗ  is the feed water flow rate 

(m
3
/s), ὖ & ὖ are the pressures at the exit and entrance of HPP 

respectively (kPa) and –   is the HPP efficiency.  

4.2 Specific energy consumption with the FT ERD 

The revers running pump used in the plant as an ERD which 

its efficiency and the flow rate are showed in table 2. The SEC is 

calculated from the equation (2) according to the figure 4. 

3%#                                                                              (2) 

Where, 7  is calculated from the equation (1) and 7  is the FT 

power (kW), which is calculated from the equation (3): [13] 

7 ρȢχσ 6 ) Ù                                                               (3) 

Where, V is voltage (kV), I is the current (A) and y is the power 

factor (decimal), the constant 1.73 is based on phasor analysis 

(vectors) (it is necessary with 3 phase) 
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4.3 Specific energy consumption with the Turbocharger ERD 

The turbocharger which selected in this study is manufactured 

by the Pump Engineering Inc. (PEI), model AT-6000, the selection 

was done by determine the pressures and flow rates, referring to 

the figure 4, and the table 4 illustrates the details of the points on 

the plant scheme with turbocharger ERD. 

                  Table 4. Description of the points on figure 4. 

Diagram Location Description 

O  Feed water supply  

A  HPP outlet / Turbocharger Inlet    

F  
High Pressure (Turbocharger Out / Membrane 

Inlet)  

B 
High Pressure (Membrane Out / Turbocharger 

Inlet)   

D Low Pressure Outlet from Turbocharger 

P Product water  

 

The SEC is calculated by the equation (4):  

3%#
 

                                                               (4)                                                                                                                

The pressure different between exit and inlet turbocharger pump is 

calculated from the equation (5): 

Ў0 0 0 .ÔÅ 2 0 0                                       (5) 

Where, Nte is the Hydraulic Energy Transfer Efficiency, which 

determined from turbocharger characteristic curve, Rr is the ratio 

of brine flow to feed flow. Where, the only unknown parameter in 

the equation (5) is the turbocharger inlet pressure (PA). 

4.4 Specific energy consumption with the PX ERD 

Referring to the figure 5 and Table 5 which illustrate the flow 

path of a PX energy recovery device in SWRO plant, the brine 

high pressure from the membranes [B] passes into the PX unit 
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where its pressure is transferred directly to a portion of the 

incoming feed water (H). This pressurized stream of feed water 

(G), which is approximately equal in volume and pressure to the 

brine stream, passes through a PX booster pump to make up the 

small amount of pressure losses through the membranes, PX and 

from friction in the piping, therefore the booster pump rises the 

pressure from (G) to (C) to merges with the main feed water line 

pressure (F) which is the RO working pressure. Where the booster 

pump deliveries a portion of the incoming feed water, so the main 

pump is sized to equal the RO permeate flow plus a small amount 

of rotor lubrication flow. Therefore, the PX reduces flow through 

the main pump which reduces in its size results in lower power 

consumption. 

              Table 5. Description of the points on figure 5 

Diagram Location Description 

O  Feed water supply  

H  PX low pressure inlet  

A  HPP outlet  

G  PX high pressure outlet/BP inlet  

C  BP outlet  

F  RO feed Flow  

B  PX high pressure inlet/Brine  

D  PX low pressure outlet/Brine  

P Product water 

Depending on the brine flow rate from the RO membrane of 

the first stage, the PX unit model was selected. Then the SEC is 

determined from the selection tool provided by ERI Company 

(PX-POWER-MODEL-SELECTOR-1) [17]. 
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4.5 Specific energy consumption with the iSave ERD 

The SEC of the iSave ERD is determined from the selection 

tool version 606 provided by Danfoss group, after filling the 

required data of pressures and flow rates [18]. 

4.6 Specific energy consumption with the Salino ERD 

The SEC of the Salino ERD is determined from the design tool 

provided by KSB, after filling the required data of pressures and 

flow rates [19]. 

5. Results and Discussion 

By using the Tajoura SWRO plant operation data which 

detailed in the table 1, the SEC of HPPs by using different types of 

ERDs is calculated.  

5.1 SEC without ERD 

      Referring to the figure 6 and by using the equation (1) the SEC 

is      3%#
Ȣ  

Ȣ  
 υȢυσ Ë7ÈȾά       

 

5.2 SEC of the FT ERD  

The Francis turbine power is calculated from the equation (3) 

The power factor of the motor is usually 0.88, so 

7 ρȢχσ ρρ υτπȢψψ ωπτȢσ Ë7 

Then the SEC is calculated from the equation (2). 

3%#
σπυσωπτȢσ

υυς
 σȢψω Ë7ÈȾά  

 

5.3 SEC of the Turbocharger ERD  

      The turbocharger AT-6000 was selected as an ERD depending 

on the brine flow rate, so the SEC is calculated from the equation 
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(4) after calculating the turbocharger inlet pressure (PA) from the 

equation (5). 

Ў0 υυ 0 πȢψρ 
ρπςτ

ρυχφ
 υσπȢυ 0 ςχȢτ ὦὥὶ 

So, the HPP rises the pressure to about 27 bar instead of 55 bar 

which lead to decreasing the pump power.  

 

3%#
Ȣ  

Ȣ  
 ςȢυφ Ë7ÈȾÍ    

 

5.4 SEC of the PX ERD 

The SEC of PX is calculated by the selection tool, where the 

necessary data have been input to the tool, as shown in the figure 7 

[17]. 

 
Figure 7. Selection tool of the PX. 

From the selection tool results, the model of PX unit is PX-

Q300 with a PX total numbers of 64, and the SEC as shown in the 

figure 8 is:     3%#ςȢρς Ë7ÈȾÍ  
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Figure 8. The results of PX selection tool. 

 

5.5 SEC of the iSave ERD 

From the results of the selection tool version 606, the model of 

iSave unit is iSave70 with a total numbers of 15 units, the 

efficiency is 92.8% and the SEC as shown in the figure 9 is:  

3%#ςȢςψ Ë7ÈȾά  

 
Figure 9. The iSave selection tool results. 
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5.6 SEC of the Salino ERD 

Also the SEC of the Salino ERD was calculated from the design 

tool provided by KSB, as shown in the figure 10. Where the results 

shown that the total numbers of units are 25 with efficiency of 

97%, and the SEC is:   3%#ςȢρχ Ë7ÈȾά  

 
Figure 10. The Salino selection tool results. 

5.7 The Comparison of SEC results for the ERDs 

The comparative analysis of the SEC and percentage saving by 

using different ERDs were performed and tabulate in the table 6. 

Table 6. SEC of the studied ERDs. 

ERD Type 
Without 

ERD 

Centrifugal ERDs 
Positive Displacement 

ERDs 

Revers 

Running 

Pump 

Turbocharger  PX  iSave Salino 

SEC, 

(KWh/m 3) 
5.53 3.89 2.56 2.12 2.28 2.17 

Saving in 

SEC 

(KWh/m 3) 

0 1.64 2.97 3.41 3.25 3.36 

% of SEC 

saving  
0.0% 29.7% 53.7% 61.7% 58.8% 60.8% 
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From the table 6 and the figure 11, it is clear that the lowest 

SEC value found to be 2.12 kWh/m
3
 when using the PX pressure 

exchanger with saving of 61.7% in the SEC of the plant when 

there are not any ERD used. The current device saves only 29.7% 

of the SEC which is the lowest percentage saving value in all 

ERDs studied. It is interesting to note that the all ERDs in the 

study have SEC values lower than the SEC value of the current 

ERD used in the plant which is 3.89 kWh/m
3
.Also, from the 

results, it is noticed that the SEC of the positive displacement 

devices are higher than the SEC of the centrifugal devices, where 

the maximum SEC in centrifugal ERDs was 2.56 kWh/m
3
 in AT 

turbocharger, while it found that the SEC in all positive 

displacement ERDs used are higher than this value. 

 
Figure 11. ERDs percentage saving of energy 

6. Conclusions 

The Tajoura SWRO plant has been working with the reverse 

running pump as an energy recovery device since it was in 

operation in 1984, which is no more considered to be applied to 

modern SWRO plants due to its low efficiency. So improvement 
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of the plant by replacing the ERD with a modern device will be 

made the plant saving more energy, in the result reduces the cost 

of produced desalinated water. 

The results showed that the revers running pump ERD was 

found to give the highest value of SEC compared with other ERDs 

used, while the PX pressure exchanger was found to give the 

lowest value of SEC. the comparative analyses of different types 

of ERDs were done, where, the PX saved 61.7% with reduction in 

SEC to 2.12 kWh/m
3
 compared to 3.89 kWh/m

3
 with using the 

current ERD, also the use of PX not only reduces the SEC but also 

reduces the HPPs size. By comparing the results of all studied 

ERD, it could be concluded that the SEC in the positive 

displacement ERDs (pressure exchangers) are lower than the SEC 

when using the centrifugal ERDs. 
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Abstract:  

The study investigates the effect of adding castor oil (CO) as the 

coupling agent on the mechanical properties of linear low density 

polyethylene (LLDPE)/cement kiln dust (CKD) composites. 

Composites containing various amounts of the CKD (2, 4, 6, and 8 

wt% relative to polymer) were initially prepared by melt mixing 

method and their mechanical properties, namely the tensile 

strength, elastic modulus, elongation at break, impact strength and 

shore D hardness were studied. The addition of CKD clearly 

affected the stress-strain curves of the composites, where 6 wt% 

CKD relative to polymer seems to be the threshold value at which 

the mechanical properties of the composite downgraded 

dramatically. At this CKD content, the composite changed from 

soft/tough material to hard/brittle material with high tensile 

strength, high elastic modulus, high shore D hardness, low impact 

strength and low elongation at break value. The effect of adding 

CO as the coupling agent on the mechanical properties of the 

obtained composites was investigated. Results indicate that the 

addition of CO led to increase the CKD content and the formation 

of soft/tough material with improved impact resistance and better 

elasticity. CO acted as a coupling agent as well as a plasticizer, 

which led to increase the amount of CKD content in the composite 

mailto:hmetmimi@prc.ly
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without affecting the mechanical properties of the polymer. The 

latter was attributed to a better CKD particle distribution in the 

polymer matrix at the presence of CO molecules. CO played a vital 

role in increasing the interaction between CKD particles and 

polymer chains, therefore good dispersion of CKD particles in the 

polymer matrix could be achieved, leading to composites with 

good mechanical properties.  

Key-words: Linear low density polyethylene, coupling agent, 

cement dust, castor oil. 

:òƢǂǄǁä 
 þƙǑƼ ǉîǋ  óåāƤǃå ǏǄƵ õƕåï ýǆƓƶǂ ÷āïƤǃå èǒð ƗƼƓưã ïǒƛƋƙ éơƕ Ɨƪåïíǃå

 ƗǒǂǒǈƓǂǒǆǃåǒïǒǆǒǃāƕ íåāǆǃƗ Ɨƕǂïǆ  ƴǆ ǑõƤǃå ƗƼƓƛǂǃå ôƽƤǈǆ ÿǒǄǒƛǒã Ǒǃāƕ ÿǆ Ɨǈāǂǆ
 ïƓƕƹèǈǆƪǗå .èïươ Ɨǒåíƕǃå ǑƼ  ƗƽǄƙƤǆ èƓǒǆǂ ǏǄƵ ăāƙơƙ Ǒƙǃåā Ɨƕǂïǆǃå íåāǆǃå ǉîǋ

 ïƓƕƹ ÿǆèǈǆƪǗå )2 Ü4  Ü6  Ü8  .ïāǌƮǆǃå õǄƤ Ɨǀǒïõƕ (ïǆǒǃāƕǃå Ǐǃå  Ɨƕƪǈ %
 ƗǃƓõƙƪǙåā ÜƗǈāïǆǃå ýǆƓƶǆā ÜíƬǃå ƗǆāƓǀǆ Ǒǋā ÜƗǒǂǒǈƓǂǒǆǃå ƓǌƮƑƓƮƤ èƪïí üǃî íƶƕ

 .þíƮǃå ƗǆāƓǀǆ ā çíǚƮǃåā Ü ïƪǂǃå íǈƵ ÿå Ơưåāǃå ÿǆ ïƓƕƹ ƗƼƓưãèǈǆƪǗå  èïƛá
 íƓǌƞǗå Ǐǈơǈǆ ǏǄƵ-  ýƓƶƽǈǙåå íåāǆǄǃƕǂïǆǃƗ ǒơ Ü çïươǆǃå ÿá āíƕǒ é6 ïƓƕƹ ÿǆ Ė

èǈǆƪǗå  óƑƓƮƤǃå ôƽƤ ƓǋíǈƵ þƙ Ǒƙǃå Ɨƞïơǃå Ɨǆǒǀǃå Ǒǋ ïǆǒǃāƕǃå Ǐǃã Ɨƕƪǈ
 ǉîǌǃ ƗǒǂǒǈƓǂǒǆǃåƗƕǂïǆǃå íåāǆǃå  ïƓƕƹ ÿǆ Ăāƙơǆǃå åîǋ íǈƵ .ïǒƕǂ ýǂƬƕèǈǆƪǗå  ïǒƺƙ

æǂïǆǃå ïươǆǃå Ăïǆǒǃāƕǃå  ƗƬǋ / ƗƕǄƮ çíƓǆ Ǐǃã Ɨǒāƿ / Ɨǈïǆ çíƓǆ ÿǆǑƙǃåā  èðƓƙǆå
Ƶ íƬ çāǀƕ  .ƗưƽƤǈǆ ïƪǂǃå íǈƵ ƗǃƓõƙƪåā Ü ƗǒǃƓƵ çíǚƮā ÜǑǃƓƵ Ɨǈāïǆ ýǆƓƶǆā Ü ƗǒǃƓ

ǆƙè ǆǄǃ ƗǒǂǒǈƓǂǒǆǃå óåāƤǃå ǏǄƵ õƕåï ýǆƓƶǂ ÷āïƤǃå èǒð ƗƼƓưã ïǒƛƋƙ Ɨƪåïí íåā
ǒïǒǆǒǃāƕǃåƗ Ɨƕǂïǆǃå  çíƓǒð Ǐǃã èíá ÷āïƤǃå èǒð ƗƼƓưã ÿá Ǐǃã ƝƑƓƙǈǃå ïǒƬƙ .çïươǆǃå

 ïƓƕƹ Ăāƙơǆ ƗǒǆǂèǈǆƪǗå ǆǃå ǑƼíåā  ƗǒǂǒǈƓǂǒǆǃå óåāƤǃå ǏǄƵ ïǒƛƋƙǃå ÿāí ƗƞƙƓǈǃå
 çíƓǆ Ǐǃã ƗƼƓưǗƓƕ õƕåï ýǆƓƶǂ ÷āïƤǃå èǒð ýǆƶǒ éǒơ ÜïǆǒǃāƕǄǃ ĂïƤǕåǊǈíǄǆ Ɠǆǆ Ü

 ÿǒāǂƙ Ǐǃã Ăíáǒïǒǆǒǃāƕ íåāǆƗ  ƗƕǂïǆƗǒāƿ/Ɨǈïǆ çíǒƞ ƗǒǂǒǈƓǂǒǆ óƑƓƮƤƕ ðƓƙǆƙ Ǒƙǃåā .



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нфф 

 
 

ǒǃāƕǃå ǑƼ èǈǆƪǙå ïƓƕƺǃ ýưƼá ƴǒðāƙ Ǐǃã ïǒƤǕå åîǋ ĂðƶĈǒ èǒð èƓƑǒðƞ íāƞā ǑƼ ïǆ
 āí ÷āïƤǃå èǒð æƶǄǒ éǒơ Ü÷āïƤǃå Ąåï  ïƓƕƹ èƓƑǒðƞ ÿǒƕ õƕåïƙǃå çíƓǒð ǑƼ Ɠǆǌǆ

 ǑƼ èǈǆƪǙå ïƓƕƹ èƓƑǒðƞǃ íǒƞ ƴǒðāƙ ûǒǀơƙ ÿǂǆǒ ǑǃƓƙǃƓƕā ïǆǒǃāƕǃå ýƪǚƪā èǈǆƪǙå
ÿǒƪơƙ Ǐǃå Ăíâǒ Ɠǆǆ ïǆǒǃāƕǃå  ǑƼ ïǒƕǂƮƑƓƮƤ .ƗǒǂǒǈƓǂǒǆǃå Ɠǌ 

 

1. Introduction:  

Polymer composites are multi component materials, which consist 

of a filler material that is dispersed in a polymer matrix.  Fillers 

include calcium carbonate, kaolin, talc, and carbon black, which 

can improve specific properties, make the product cheaper, or a 

mixture of both[1-4]. In general, polymer composites exhibit 

improved properties, and their use can even lead to certain new 

properties that cannot be derived from pure polymers Thus, 

polymer composites usually have unique functional and physical 

properties, such as superior mechanical properties as well as 

enhanced thermal performance. However, in these polymer 

composites, the dispersed filler particles play a significant role in 

the absorption and distribution of the stress evenly in the matrix. 

Several studies have been carried out, which focused on 

polyolefin/calcium carbonate (CaCO3) and/or silicon dioxide 

(SiO2) composites [5-11]. It has been shown that the addition of 

CaCO3 and SiO2 to polyethylene could improve some mechanical 

and thermal properties without affecting other properties of the 

polymer [11-14]. The enhancement depends greatly on the shape, 

surface area and dispersion of the filler particles on the polymer 

matrix. Hence, a poor interfacial adhesion between the inorganic 

fillers and the organic polymer molecules will weaken the 

properties of such composites. Long et al.[13] studied high density 

polyethylene (HDPE)/silica composites, where a significant 

increase in the tension yield strength and a decrease in the 

elongation at break of the polymer were observed. El-Tonsy et 

al.[10] investigated the influence of SiO2 particle size on the 

performance of linear low density polyethylene (LLDPE)/SiO2 
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composites. They observed that smaller particles caused a 

considerable increase in mechanical properties at lower 

concentration compared with bigger particles. The effect of 

morphology of filler particles of SiO2 on dynamic rheological and 

modelling was also studied by Dorigato et al.[11]. They found a 

strong dependence of the rheological parameters on the filler 

surface area. A remarkable enhancement of storage shear modulus 

and viscosity caused by fumed silica while glass micro beads 

slightly affected.  

The production of cement as many other industries produces 

massive quantities of waste materials, which cause a very big 

environmental concern. The main waste material is known as 

cement kiln dust (CKD), which has a huge negative accumulated 

impact on air, water and land. For several years a number of 

industrial applications have been utilizing CKD to minimize its 

impact on the environment [15-19]. Although, dramatic advances 

have been achieved in these solid waste management applications, 

however new research areas need to be investigated to reduce the 

pollution caused by the cement industry. Combining CKD with 

polymer matrix is another solution to minimize this environmental 

pollution, which has been recently investigated. Moreover, the 

addition of CKD as a filler to polymers could provide some 

improvement in their properties as well as reducing the cost of the 

final polymeric product [20-22]. In general, cement consists of 

four basic complexes: Tricalcium Silicate (3CaO·SiO2), Dicalcium 

Silicate (2CaO·SiO2), Tricalcium Aluminate (3CaO·Al2O3), 

and Tetra-Calcium Aluminoferrite (4CaO·Al2O3Fe2O3), which can 

all co-exist [21, 23]. However, CKD contains primarily CaCO3 and 

SiO2, which is similar to the cement kiln raw material, but the 

amount of alkalis, chloride and sulphate is usually considerably 

higher in the cement dust [18, 19].   

The addition of coupling agents in polymer composites has 

been studied for many years [24, 25]. Coupling agents are 

chemicals which interact with the filler surface but exhibit at least 

one side group which interact with the polymer matrix or at least 
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compatible with it. They usually improve the interfacial properties 

between fillers and polymers by reducing the interfacial tension. 

They simultaneously reduce the agglomeration tendency of filler 

particles, thus greatly improving their accessibility to polymer 

molecules, which usually result in polymer composites with 

enhanced properties. Asewailem & Binkhder [26] studied 

polymer/date pits composites, where they found that there was an 

improvement in the mechanical properties of these composites as a 

result of the addition of 4,4ǋ-diphenylmethanediisocyanate (DPMI) 

and ethylene propylene grafted with malice anhydride (EP-g-MA) 

as coupling agents. Ozen et al. [27] found that the dispersion 

quality of coated CaCO3 in LLDPE matrix at the presence of 

different saturated fatty acids was improved. They pointed out that 

1-2 wt% of saturated fatty acids were the best to cause a significant 

decrease in the crystallization temperature of polymer.   

In recent years, other researches have studied the use cement dust 

as a filler in polymers [20], however very few studies addressed 

the addition of coupling agents to these composites. In our 

previous work [22], the CKD has been used as a filler in HDPE, 

where polyethylene glycol (PEG) was used as the coupling agent. 

It has been clearly shown that the mechanical properties of HDPE 

was improved when PEG was added compared to pure HDPE and 

HDPE composites containing only CKD. These agents could cause 

an increase in the interaction, thus adhesion between filler particles 

and polymers. Therefore, better dispersion of the filler particles in 

the final composite matrix could be obtained, which could result in 

a very big improvement in properties of these polymer composites 

[26, 28, 29].  

The main purpose for this study is to investigate the effect of 

castor oil (CO) as a coupling agent on mechanical properties of 

LLDPE/cement dust composites. We hypostasize that the addition 

of CO as the coupling agent could improve the interaction and thus 

dispersion of CKD particles in the polymer matrix resulting in 

LLDPE composites with better filler particle distribution and 

improved mechanical properties.  



 

ϸϹЛЮϜVolume 24   

 ϽтϝзтJanuary 2021 

International 

 Science and Technology Journal 

ƕǐǆƾƗǁäĀ ýĀǂƴǂǁ ƕǐǁĀìǁä ƕǂƜǄǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   олн 

 
 

 

2. Experimental methods and materials:   

2.1.Materials:   

Linear low density polyethylene was supplied by Ras-Lanuf Oil & 

Gas Processing Company (RASCO) and used as the matrix 

(LANUFENE LLF 181N, meltindex =1.0g/10min (190
o
C, 21.6 

kg)). Castor oil was purchased from local pharmacy and used as 

received, xylene (99%, Alfa Aesar). Cement kiln dust was supplied 

by Alborj company (Zliten, Libya), which was sieved to remove 

impurities and obtain particle sizes of <75ɛm. The chemical 

composition of CKD is shown in Table. 1.   

Table 1: Chemical Composition of CKD obtained from Alborj 

company  
Oxide (wt%)  

CaO 43.87 

SiO2 10.17 

Al 2O3 1.88 

Fe2O3 1.03 

MgO 0.52 

Na2O 2.66 

K 2O 6.27 

SO3 1.15 

Cl 5.60 

Free lime 23.40 

 

2.2.Composite Preparation:    

Liner low density polyethylene/cement kiln dust(LLDPE/CKD) 

composites were obtained by using a twin screw extruder 

(HAAKE Mini CTW) at 190
o
C with screw speed of 70 r.p.m.. 

Various amounts of 2, 4, 6, and 8wt% CKD relative to polymer 

were used. To ensure that better filler particle distribution can be 

obtained, part of the LLDPE (10 % of the desired amount) was 

melted in a small quantity of xylene at 120
o
C in separate bowls 

and mixed with the CKD. The resultant mixture was then air dried 

at room temperature overnight before mixing it with the rest of 

LLDPE using the extruder. Another set of polymer composites 
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containing 6 wt% CKD with various amounts of castor oil (CO) (2, 

4, 6, 8, and 20wt% relative to CKD) as the coupling agent was 

prepared at the same conditions. The extruded composite materials 

were dried in air overnight at room temperature and then grinded 

to smaller pieces. Specimens for stress-strain measurements and 

impact strength were prepared using injection molding machine 

(Xplore 12ml). The melting temperature was set at 190
o
C and 

mold temperature at 50
o
C. All samples were injected at a pressure 

of 1.4 MPa with a holding time of 6 sec. Details of the obtained 

composites and their compositions are reported in Table. 2.   

 
Table 2: Details of the prepared composites and their compositions  

CO (wt%)  

Relative to CKD 

CKD (wt%)  

Relative to 

polymer 

LLDPE 

(wt%)  
Composite code 

0 0 100 LDP 

0 2 98 LPC2 

0 4 96 LPC4 

0 6 94 LPC6 

0 8 92 LPC8 

2 6 94 LPCC2 

4 6 94 LPCC4 

6 6 94 LPCC6 

8 6 94 LPCC8 

20 6 94 LPCC20 

 

2.3.Composite Characterization:    

Mechanical properties of the prepared polymer/cement dust 

composites were investigated. Stress-strain properties were 

investigated by using the Universal Tensile testing machine (Prodit 

3kN) operating at a crosshead speed of 5 mm/min at room 

temperature. Charpy impact test was carried out using (CEAST 

Resil-Impactor tester) at room temperature with impact energy of 

15 J. The sample specimens for impact testing were prepared and 

notched according to ASTM (D256-10) [30]. A minimum of four 

specimens were tested and an average value was taken. Shore D 
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hardness was investigated by a Shore Durometer in Shore D scale 

at room temperature according to ASTM (D2240) [31] (A 

minimum of 10 measurements were taken for each sample). 

 

3. Results and Discussions:  

3.1.Characterization of composites containing CKD without 

CO: 

Mechanical properties of the LLDPE/CKD composites containing 

various amounts of CKD of 2, 4, 6 and 8 wt% were determined. 

LLDPE belongs to a group of polymers (known as soft and tough 

polymers), which are generally characterized by relatively low 

modulusand low tensile strength.LLDPE is mostly amorphous 

polymer with few crystalline areas, so when the specimen sample 

is pulled, polymer chain start to move in the direction of stress 

with a slight resistance to the applied stress (few crystalline areas 

and chain entanglement). More pulling will lead to all polymer 

chains being lined in the direction of stress before it is completely 

broken.In this study, any significant change in stress-strain curve 

and properties can be attributed to the presence of CKD particles. 

Figure 1 shows the stress-strain curve of the LLDPE/CKD 

composites prepared with different CKD content. Figure 2 shows 

the elastic modulus (a measure of the rigidity of the sample) and 

elongation at break (a measure of elasticity) of the LLDPE/CKD 

composites with various CKD content. 
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Figure 1. Stress-strain curves of LLDPE/CKD composites containing 

various CKD amount. 




































































































































































































































































































































































